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MEDICAL APPLICATIONS

Hitachi’s products are not authorized for use in MEDICAL APPLICATIONS,
including, but not limited to, use in life support devices without the written
consent of the appropriate officer of Hitachi’s sales company. Buyers of
Hitachi’s products are requested to notify Hitachi’s sales offices when planning
to use the products in MEDICAL APPLICATIONS.

When using this manual, the reader should keep the following in mind:

1. This manual may, wholly or partially, be subject to change without notice.
2. Allrights reserved: No one is permitted to reproduce or duplicate, in any
form, the whole or part of this manual without Hitachi’s permission.

3. Hitachi will not be responsible for any damage to the user that may result
from accidents or any other reasons during operation of his unit according
to this manual.

4. This manual neither ensures the enforcement of any industrial properties
or other rights, nor sanctions the enforcement right thereof.

5. Circuitry and other examples described herein are meant merely to indi-
cate characteristics and performance of Hitachi semiconductor-applied
products. Hitachi assumes no responsibility for any patent infringements
or other problems resulting from applications based on the examples
described herein.

6. No license is granted by implication or otherwise under any patents or
other rights of any third party or Hitachi, Ltd.

March 1988 © Copyright 1987, 1988, Hitachi America Ltd. Printed in U.S.A.
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B QUICK REFERENCE GUIDE TO HITACHI MEMORIES

HEMOS RAM
Access | Cycle *1
- . ! Supply | Power Package
Mode Tgti?l Type No. Process (()rv;goarr:&a;%n ”I(‘:]ns‘n)e Fl;ln';'; Voltage | Dissipation Page
max | min | W pinNo| G | P [Ep|sp[zplcalce|ip M
HM6147H-35%2 35 35 L] 63
HM6147H-45%2 45 45 [ ] 63
HM6147H-55*2 55 55 [ ] 63
4096 x 1 0.1m/0.15| 18
HMG6147HL-35%2 35 35 ° 63
HM6147HL-45%2 45 45 (] 63
HM6147HL-55%2 55 55 ® 63
HM6116-2%2 120 120 0.1m/0.2 o0 70
HM6116-3%2 150 150 o0 70
0.1m/0.18
HM6116-4%2 200 200 o0 70
CMOS
Akebit HM6116L-2%2 120 120 10p/0.18 ol 70
" [aM6116L 3% 150 | 150 oo 70
104/0.16
HM61 16L-4*2 200 200 e|® 70
HM6116A-12%2 120 120 L] ° 77
2048 %8 24
HM6116A-15*2 150 150 0.1m/15m [ ] ° 77
HM6116A-20%*2 200 200 [ ] [ 77
HM6116AL-12%2 120 120 [ [} 77
HM6116AL-15%2 150 150 5u/10m ® [ 71
HM6116AL-20%2 200 200 ° ® 71
HM6716-25 ) 25 25 [ ] 85
Bi-CMOS 0.28
HM6716-30 30 30 ) 85
HM6168H-45%2 45 45 ® 90
. HM6168H-55%2 55 55 0.1m/0.2 [ ] 90
Static +5
HMG6168H-70%2 70 70 [ 90
HM6168HL-45%2 45 45 [ ] 90
HM6168HL-55*2 55 55 5p/0.2 L] 90
4096 x4
HM6168HL-70%2 70 70 [ 90
HM6268-25 25 25 [ 97
’0. 1m/0.25
HM6268-35 35 35 L] 97
HM6268L-25 25 25 [ ] 97
54/0.25
HM6268L-35 35 35 o 97
. | HM6167-6*2 85 85 ° 104
16k-bit CMOS 0.1m/0.15| 20
HM6167-8*2 100 100 [ 104
HM6167L-6%2 85 85 (] 104
54/0.15
HM6167L-8%2 100 100 [ ] 104
HM6167H-55*2 o
67H-55 55 55 0.1m/0.2 111
HM6167H-70*2 70 70 ] 111
16384 x 1
HM6167HL-55%2 55 55 5,02 [ ] 111
HM6167HL-70*2 70 | 70 e ° 111
HM6267-35 [ ] 118
33 35 0.1m/0.2
HM6267-45 45 45 ] 118
HM6267L-35 35 35 ° 118
51/0.2
HM6267L-45 45 45 [ ] 118
HMG6719-25%2 25 25 [ 85
18k-bit ————————1{Bi-CM0S| 2048 X9 0.28 24
HM6719-30*2 30 30 ] 85
@HITACHI
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QUICK REFERENCE GUIDE

- Acpess Cy cle Package*!
Mode Tgti?l Type No. Process ?\:f)‘:_':;ag%" ’I(N:IT)E 1;:2)6 \S/gﬁgge Dils);‘;:tz-on : Page
max | min | V) (W) PinNo|G | P [FP|SP|ZP|CG|CP|IP|M
HM6264-10% 100 | 100 oo 125
HM6264- 122 120 | 120 0.1m/0.2 ole 125
HM6264-15% 150 | 150 ole 125
HM6264L-10% 100 | 100 °le 125
HM6264L-12% 120 | 120 104/0.2 oo 125
HM6264L-15% 150 | 150 ole 125
HM6264L-10L 100 | 100 oo 125
HM6264L-120 81925 | 120 | 120 1060.2 | 58 ole 125
HM6264L-15L 150 | 150 ole 125
HM6264A-12 120 | 120 olo|e 133
HMO264A-15 | 150 | 150 0-1m/15m ole|e 133
HM6264AL— 12 120 | 120 ole|e 133
HM6264AL-15 150 | 150 104/15m ole|e 133
HM6264AL-12L 120 | 120 olele 133
HM6264AL-15L 150 | 150 104/15m ole|o 133
HM6288-25 25 | 25 . . 145
HM6288-35 35 | 35 0.1m/0.3 . ° 145
HM6288-45 45 | 45 . . 145
HM6288L 25 | 16384455 | 25 2 . o |15
HM6288L-35 35 | 35 0.1m/0.3 0 ° 145
HM6288L-45 45 | 45 Py ° 145
64k-bit| HM6788-25 25 25 ° 150
HM6788-35 35 | 35 ° 150
HMG6788H-15 15 | 15 10m/0.23} 22 . 154
HM6788H-20 20 | 20 . 154
Static HM6780-25  |PrCMOS|I6384X4 557175 5 o o| | 160
HM6789-30 30 | 30 Py . 160
HM6789H-15 15 15 10m/0.23) 24 ° ° 167
HM6789H-20 20 | 20 . . 167
HM6287-45 45 | 45 . 175
HM6287-55 55 | 55 0.1m/0.3 . 175
HM6287-70 70 | 70 . 175
HM6287L45 45 | 45 . 175
HM6287L-55 55 | 55 104/0.3 . 175
HM6287L-70 | CMOS 70 | 70 . 175
HM6287H-25 65536 X1 75 25 22 ° ° 182
HM6287H-35 35 | 35 . ° 182
HM6287HL 25 25 | 25 0-1m/0.3 o o | 2
HM6287HL-35 35 | 35 . . 182
HM6787-25 25 | 25 o (o 190
HM6787-35 ' 30 | 30 38m/0.15 o |o 190
HM6787H.15 _ |PrCMOS 15 15 ° 195
HM6787H-20 20 | 20 10m/0.28 . 195
HM62256-8 85 | 85 ole 201
HM62256-10 100 | 100 o|e 201
HM62256-12 120 | 120 0-2m/40m oo 201
HM62256-15 150 | 150 oo 201
256k-bit pvieanser g |CMOS 32768 X8 g5 28 ol o1
HM62256L-10 100 | 100 oo 201
HM62256L-12 120 | 120 104/40m oo 201
HM62256L-15 150 | 150 ole 201
@ HITACHI
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QUICK REFERENCE GUIDE

Access | Cycle *1
Mode| T8 | Type No. [process Optn| Time: | Time RERL oS00, ke Page
max | min | W (W) [PinNo| G | P |FP|SP|ZP|CG|CP|IP|M
HM62256SL-10 100 | 100 oo 201
HM62256SL-12 32768 8| 120 120 104/40m | 28 ole 201
HM62256SL-15 150 | 150 ole 201
HM6208-35 35 35 0. 1m/0.3 ° 209
HM6208-45 45 45 ” . 209
HM6208L35 | MOS 35 35 ° 209
HM6208L-45 65536 x4 45 | 45 10w/0-3 ° 209
HM6708-20 20 20 ° ° 215
Static |256k-bit| M6708-25 25 25 10m/0-175 ° ° 215
HM6207-35 35 35 0.1m03) ,, ° 221
HM6207-45 45 45 ° 221
HM6207L-35 hea1aax1] 35 35 10503 ° 221
HM6207L-45 45 45 ° 221
HM6707-20 BCMOS 20 20 LOm/0.175 ° 227
HM6707-25 25 25 ° ° 227
HM66203-10 100 | 100 o 233
HM66203-12 120 | 120 0.8m/40m o 233
HM66203-15 131072x8|_150 | 150 o 233
HM66203L-10 100 | 100 o 233
HM66203L-12 120 | 120 40u/40m e 233
HM66203L-15 150 | 150 o 233
HM66204-12% 120 | 120 | 45 {0 s0m o 239
Static HM66204-15* 131072x8| 150 | 150 e 239
RAM | IM-bit| gMe6204L-12% Wih Decoder)] 120 | 120 32 o| 239
Module HM66204L-15% 150 | 150 40u/50m o 239
HM628128-7 70 70 ole 245
HM628128-8 85 85 S/ 75m ole 245
HM628128-10 100 | 100 oo 245
HM628128-12  [CMOS| 3,177 ol 120 | 120 ole 245
HM628128L-7 70 70 oo 245
HM628128L-8 85 85 104/75m oo 245
HM628128L-10 100 | 100 oo 245
HM628128L-12 120 | 120 ole 245
HM6526A-12 120 | 190 o |o 259
HMG6526A-15 150 | 235 ol |o 259
HM6526A-20 200 | 310 of [eo 259
HM65256B-10 100 | 180 olele 265
Pseudol g gy [TV 0200 12 7688 [ 2m0.175] 28 ot ot 20
Static HM65256B-15 150 | 235 olele 265
HM65256B-20 200 | 310 NG 265
HM65256BL-10 100 | 180 olofe 265
HMG65256BL-12 120 | 190 ojo(e 265
HMG65256BL-15 150 | 235 ojo|e 265
HMG65256BL-20 200 | 310 olo|e 265
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QUICK REFERENCE GUIDE

Access | Cycle *1
Total .| Organization | Time | Time Supply | Power Package
Mode 4 Type No. Process . X Voltage | Dissipation Page
Bit (wordxbit) | (ns) (ns) v i
max | min 1 W) PinNo| G | P |FP|SP|ZPCG|CP|JP|M
HM658128-10 100 | 180 ole 272
HM658128-12 120 | 210 5m/0.2 oo 272
HM658128-15 150 | 250 ole 2
Pseudol | g 15 1310728 » 2
Static HM658128L-10 100 | 180 ole 272
HM658128L-12 120 | 210 0.3m/0.2 oo 272
HM658128L-15 150 | 250 o0 272
| HM63021-28 2048x8| 20 28 . 321
16k-bit ] 0.25 | 28
HM63021-28 CMOS |Line Memory | 25 34 o 321
HMS53461-10 100 | 190 ° ° 289
HM53461-12 120 | 220 . ° 289
Video
HMS53461-15 150 | 260 . ° 289
Memory 256k bit 655364 40m/0.38 | 24
HMS53462-10 Multi-port {100 | 190 . . 302
HM53462-12 120 | 220 . ° 302
HM53462-15 150 | 260 ° . 302
1M-bit | HM53051%3 S 40 60 0.3 18 ° 280
HMS50464-12 120 | 220 ° ° 336
HMS50464-15 150 | 260 . ° 336
HMS50464-20 555364 200 | 330 om/0.35] 18 . ° 336
HMS50465-12 120 | 220 e ° 344
HMS50465-15 150 | 260 . 344
HMS50465-20 NMOS 200 | 330 . 344
HMS50256-12 120 | 220 . . ° 352
HM50256-15 150 | 260 . ° ° 352
HMS50256-20 200 | 330 | +5 ° ° ° 352
20m/0.35| 16
HMS50257-12 120 | 220 . ° . 360
HMS50257-15 150 | 260 . ° ° 360
ek HM50257-20 200 | 330 . ° ° 360
" | HM51256-8 85 | 155 ° o | 368
HMS51256-10 100 | 180 . ° ° 368
5m/0.2
HM51256-12 120 | 210 . ° ° 368
262144 1
) HMS51256-15 150 | 250 ° ° . 368
Dynamic
HM51256L-8 85 | 155 . ° ° 368
HMS51256L-10 100 | 180 . ° Y 368
0.3m/0.2| 16
HMS51256L-12 120 | 210 ° ° . 368
HMS51256L-15 150 | 250 . . ° 368
HMS51258-8 85 | 155 . 376
HM51258-10 MO 100 | 180 /0.2 ° 376
HM51258-12 120 | 210 e o 376
HMS51258-15 150 | 250 . 376
HMS514256-10%3 100 | 180 . ° . 384
HM514256-12%3 120 | 210 10m/0.3 . ° ° 384
HMS514256-15% 150 | 250 ° . ° 384
262144 x4 20
IM.bit HMS514258-10% 100 | 180 ° ° ° 393
! HM514258-12% 120 | 210 11m/0.3 ° ° . 393
HMS514258-15% 150 | 250 ° . ° 393
HMS511000-10 100 | 180 B ° ° 395
1048576 1 10m/0.3 | 18
HMS511000-12 120 | 210 oo ° ° 395
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QUICK REFERENCE GUIDE

Access | Cycle *1
Mode Tg?tll Type No. Process (();,g;'gflg:?)n ’1;:2; T(‘;T)e \S/gﬁla?lg)é P.Pqtve!' n _PaCkage Page
max | min V) (W) PinNo.|G | P |[FP|SP|ZPICG|CP|JP|M
HM511000-8S*3 80 160 [ [} [ 404
HM511000-10S*? 100 190 . 11m/0.33 L] [ [ 404
HM511000-128*3 120 220 ° [} o 404
HMS511001-10 100 180 oo ) ° 414
10m/0.3
HM511001-12 120 210 o0 L] [ 414
Dynamic| 1M-bit | HM511001-8S*? |CMOS |1048576x1|{ 80 160 18 ° [ ° 423
HM511001-10S*3 100 190 11m/0.33 L] [ ° 423
HM511001-128*2 120 220 [ ° [} 423
HMS511002-8S*3 80 160 ° ° ° 432
HMS511002-10S*3 100 190 10m/0.3 L] ° ° 432
HM511002-12S*3 120 220 [ [ [ 432
HB561008-12 120 220 0.12/2.42 ® | 470
HB561008-15 150 260 +5 0.12/1.92 ® | 470
HB561008-20 NMOS 200 330 0.12/1.51 ® | 470
HB561003-12 120 220 0.135/2.55 o 444
2M-bit | HB561003-15 262144 x8{ 150 260 D0.135/2.1 ® | 444
HB561003-20 200 330 0.135/1.7 ® | 444
Dynamic HB561409-10 100 180 90m/2.7 ®| 452
RAM HB561409L-10 100 180 30 ® ! 460
Module HBS561409L-12 120 | 210 oom/2.7 ® | 460
HB56A18-10 100 180 o 479
8M-bit | HB56A18-12 CMOS [1048576x8| 120 210 20m/0.18 ® | 479
HB56A18-15 150 250 ® | 479
HB56A19-10% 100 180 ® | 486
9M-bit | HBS6A19-12*3 1048576 x9{ 120 210 22m/2.0 ® | 486
HB56A19-15*3 150 250 ® | 486

Notes) #*1. The package codes of G to M are applied to the package materials as follows.
G: Cerdip, P: Plastic DIP, FP: Plastic Flat Package(SOP), SP: Skinny Type Plastic DIP, ZP: Plastic ZIP, CG: Ceramic Leadless Chip Carrier, CP: Plastic
Leaded Chip Carrier, JP: Plastic Small Outline J-bend Package, M: Module
*2. Maintenance Only. This device is not available for new application.
* 3. Preliminary.
*4. Under Development.
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QUICK REFERENCE GUIDE:

HMOS ROM
L Suppl: Power Package*!
Program Tg;ctal Type No. Process ?v:ﬁ';?s;r; él(‘:ic;zs Voﬂgg}; Dissipation - ackes Page
’ (ns)max | (V) (W) PinNo.f| G | P |FP

256k-bit | HN623257 32768 x 8 150 51/0.1 o|l@®| 4%

Mask HN62321 CMOS 150 . 2 ° 497
IM-bit | HN62321B 131072 %8 200 5u/0.1 ° 500

HN62321E [ ) 503

2M-bit | HN62412 131072 = 1607 200 ® 506

4M-bit | HN62404 WI=I80r | 200 5u/0.1 0 ) 508

HN27128A-17 170 ® 529

| HN27128A-20 250 [ ) 529

128k-bit HNZII28A.25 ios 16384 %8 7 80m/0.3 ° 59

HN27128A-30 300 [ 529

HN27256-25 350 50m/0.2 J 543

HN27256-30 300 ® 543

HN27C256-17 170 28 |@ 553

HN27C256-20 200 60/20m ® 553

256k bit HN27C256-25 12768 X8 250 J 553

HN27C256-30 CMOS' 300 - J 553

UV Erasable’ HN27C256H-70*3 70 4/ com ° 564
& Electrically HN27C256H-85%*3 85 +5 [ ] 564
HN27512-25 250 ® 570

512k-bit HN2Z512.30 NMOS| 655368 200 50m/0.2 ° 50

HN27C101-17 170 [ ) 585

HN27C101-20 200 ® 585

1M-bit :g;zggifi CMOS | 131072x8 f?g 5./50m 32 : 23(5)

HN27C301-20 200 ® 600

HN27C301-25 250 ® 600

128k bit | LINET128A-20 16384 %8 200 35m/0.15 hd 336

HN27128A-25 NMOS 250 [ 536

HN27256-25 250 50m/0.225 [ 548

HN27256-30 300 |- @ 548

256k-bit | HN27C256-25 327688 250 54/20m 28 ®| 559

One Time HN27C256-30 CMOS 300 ®| 55
HN27512-25 250 [ 577

512k-bit HNZ7S12.30 NMOS| 65536x8 300 40m/0.225 ° =7

HN27C101-20 200 ol®| 593

HN27C101-25 250 ® @ 593

1M-bit HNZIC30120 CMOS | 131072x8 200 5u/50m 32 oo oo

HN27C301-25 250 ®|®| 609

Electricall . HN58064-25 NMOS 250 01/0.2 ® e 54
Erasable & | 64k-bit | HN58064-30 8192x 8 300 +5 28 ° 514

Programmable | HN58C65-25 CMOS 250 54/20m ®| @] 52 !

Notes) *1. The package cades of G. P and FP are applied to the package material as follows.
G: cerdip, P: Plastic DIP, FP: Plastic Flat Package(FPP and SOP)
*2. Maintenance Only. This device not available for new aplication.
*3. Preliminary
* 4. Under Development

@ HITACHI

Hitachi America Ltd. ¢ 2210 O’Toole Ave. ¢ San Jose, CA 95131 e (408) 435-8300 XV



QUICK REFERENCE GUIDE

HECL RAM
L Access |Supply| Power Package*!
Level Tgitta l Type No. (()‘Li r:;?gﬁ'; Output Time |Voltage| Dissipation Rf;’:‘t:e' Page
(ns)max | (V) (W) |PinNo.|G | F |CG
HM10422 10 0.8 6
95654 2 [ ] F10422 18
Lkebit HM10422-7 7 1.0 [ ] 623
Pt THM2112 Lo2ux1 10 s |6 @ 626
HM2112-1 8 ' o 626
HM10474 25 0.8 [ J F10474 631
HM10474-8 1024 x4 8 12 24 |@ 636
HM10474-10 10 ’ [ 636
4k-bit | HM10470 25 08 o F10470 639
ECL 10K HM10470-1 10961 15 52 ’ 13 |@ 639
HM10470-20 20 1.0 ® 644
HM2142 10 1.2 20 @ 647
HM10484-10*3 4096 X 4 10 0.8 28 | @ 650
. HM10480 Open 25 0.8 (JL ] F10480 654
16k-bit .
HM10480-15 16384 X1 Emlttgr 15 1.0 20 9O 657
HM10480L 25 0.35 [ J 660
. | HM10494L*3 16384 X4 25 0.5 28 ® 663
64k-bit
HM10490-15*3 | 655361 15 0.42 22 |@ 669
lebit HM100422 256 X4 10 0.8 24 |0|®|@®]| F100422 672
i HM100415 1024 X1 10 0.6 16 @ | F100415 675
HM100474 25 0.8 [ JLJ F100474 678
Ak-bit HM100474-8 1024 x4 8 10 24 @@ 683
ECL 100K e HM100474-10 10 —4.5 ’ [ I 683
: HM100470 4096 X1 25 0.8 18 |@ F100470 686
.. | HM100484-10*3| 4096 < 4 10 0.8 28 |@ 689
16k-bit
HM100480-15 16384 %1 15 0.8 20 @@ 693
64k-bit | HM100490-15*3| 65536 % 1 15 0.42 22 000 696

Notes) *1. The package cades of G, F and CG are applied to the package material as follows.

G; cerdip, F; Flat Package, CG; Ceramic Leadless Chip Carrier
* 2. Maintenance Only. This device is not available for new aplication.

* 3. Preliminary
* 4. Under Development
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PACKAGE INFORMATION
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l PACKAGE INFORMATION

® Dual-in-line Plastic

Unit: mm (inch) Scale 1/1
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PACKAGE INFORMATION
Unit: mm (inch) Scale 1/1
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PACKAGE INFORMATION
Unit: mm (inch) Scale 1/1
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Applicable ICs
DP-16B HM50256P Series, HM50257P Series, HM51256P Series, HM51256LP Series, HM51258P Series
DP-18 HM6148HP Series, HM6148HLP Series, HM6147HP Series, HM6147HLP Series
DP-18B HM50464P Series, HM50465P Series, HM53051P
DP-18C HM511000P Series, HM511000SP Series, HM511001P Series, HM511001SP Series, HM511002SP Series,
DP-20N HM5168HP Series, HM6168HLP Series, HM6268P Series, HM6268LP Series, HM6167P Series, HM6167LP Series,
HM6167HP Series, HM6167HLP Series, HM6267P Series, HM6267LP Series
DP-20NA HM614256p Series, HM514258P Series
DP-22N HM6287P Series, HM6287LP Series, HM6787P, Series, HM6288P Series, HM6788P Series
DP-24 HMS6116P Series, HM6116LP Series, HM6116AP Series, HM6116ALP Series, HN61365P, HM61366P

DP-24A HM53461P Series, HM53462P Series
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PACKAGE INFORMATION

DP-24N HM6116ASP Series, HM6116ALSP Series, HM6208P Series, HM6208LP Series, HM6207P Series, HM6207LP Series
HM6264P Series, HM6264LP Series, HM6264LP-L Series, HM6264AP Series, HM6264ALP Series,
HMB6264ALP-L Series, HM62256P Series, HM62256LP Series, HM65256AP Series, HM65256BP Series,

DP-28 HM65256BLP Series, HN61364P, HN613128P, HN623257P, HN62321P, HN62321BP, HN62321EP, HN27128AP Series,
HN27256P Series, HN27C256AP Series, HN27512P Series, HN58064P Series, HN58C65P Series

HMB6264ASP Series, HM6264ALSP Series, HM6264ALSP-L Series, HM65256ASP Series,

DP-28N
HM65256BSP Series, HM65256BLSP Series, HM63021P Series
DP-32 HM658128P Series, HM658128LP Series, HN27C101P Series, HN27C301P Series
DP-40 HN62412P, HN62404P
@CERDIP Unit: mm (inch) Scale 1/1
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PACKAGE INFORMATION
Unit: mm (inch) Scale 1/1
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PACKAGE INFORMATION
Unit: mm (inch) Scale 1/1
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Applicable ICs
DG-16A HM2112 Series, HM100415
DG-18 HM10470 Series, HM100470
DG-18A HM511000 Series, HM511001 Series
DG-20NA  HM2142, HM10480 Series, HM10480L, HM100480
DG-22N HM10490, HM100490
DG-24A HM10422 Series, HM104747 Series, HM100422, HM100474 Series
DG-24N HM6716 Series, HM6719 Series, HM6789 Series
DG.28 HN27128AG Series, HN27256G Series, HN27C256G Series, HN27C256AG Series,
HN27C256HG Series, HN27512G Series
DG-28A HM10484, HM100484
DG-32 HN27C101G Series, HN27C301G Series
® Zigzag-in-line Plastic
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Applicable ICs
ZP-16 HM50256ZP Series, HM50257ZP Series,
~ o 5“((! 20 ce- : HM51256LZP Series, HM51256LZP Series
1 HM511000ZP Series, HM511000SZP Series,
g HM511001ZP Series, HM511001SZP Series,
2| ZP-20 X
=i HM511002SZP Series, HM514256ZP Series,
| ik HM514258ZP Series
J‘Tnn.:wa;w’ 1120050 ~s 1 Lo ZP-24 HMS53461ZP Series, HM53462ZP Series
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PACKAGE INFORMATION

® Flat Package Unit: mm (inch) Scale 1%
®FP-24D ®FP-28D
15.80(0.622)
16.21 max.(0.638max.) 18.30(0.720)
- 8. (0.7 .
RAARAARARA _ 18 78max (0, 750men)
2 13 2|2 AARARAAAARRRAR _
oz 3|3 28 15 _ 8|3
M T ] 515
< g2 2| =|e 8l
I 12 Zs=|e $ 1 - Z|E
R ELLLEERE — ’ <
T LEELLEEEEEELLLL] L
0915 0.17:38 o170
: (0.007 +0.003) 0.895 (0.007 +0.003)
(0.036) ~
<3 (0.035)
E £ .2.50max.
Sg S isistminimisiniatniatatal; I(0.0SBmal.)
1212015 |3 ~Ne 127+0.15 €12
040%3, | (0500+0.006) £ E oa00l  (0500+0006) &|E
(0.01623.88%) s 8 (0.0160980) s3
s 0162000z e
®FP-28DA ®FP-32D
3|
18.30(0.720) 0-10° s
18.75max.(0.750max.) = 20.45(0.805) 8 o~
70, 35max (0. 825max) L
fARARAAARARAAN i RRRRAARRRRAAAAAE
28 s 8|3 32 13
e i s H
“le 3le s o
1" =le g s
FELLLEELLLELLLL L . 2 -
017238y TEREEUUERRRTE e
0.895 (0.007 +0.003) (0.009%5:589) 2
. 1.00max S
(L. 3 0.039man) [ S
gl E
i s= t ol
> = 0.40%500
1.2740.15 5,"5" “s (0016705 § 3
o0y, (0.0s0t0008) &|§ o 28
. ] 82
(0.016+3%%) s g g
®FP-54 oFG-20D
25.6+04
(1.008+0.016) 2.9max.
20 (0.114max) 11.68max. (0.460max.)
. (0.787) 33
50 32
@ Ei
HEE H
54 asals g Iz
| 3| e S| 88
<l o= | ElS
= S 3128
& ]E'l
5 23 3 3 LE
6 22 X
1£0.15 0.35+0.1
(0.039+0.006) (0.014+0.004) 0.15+£0.05 ; o 0.13+0.05
. (0.006+0002) | 1] (0.005+0.002)
o 043+0.1 12702 035£0.19 (0.037+0.007)
7103 A (0.017£0.004)  (0.050+0.008) 2.35max.
1.720. 2 ® (0.093max.)
(006700
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PACKAGE INFORMATION

Unit: mm (inch) Scale 1%

®FG-22D
gl
8|8
slo
;I ;I 24.99%4max )
NI (0.984max)
ole offset
)
~ Tz 12 L]
3| 8
E|E
ols
SIS
N
e 22 |
-~ —
S
£
o |~
2 52
S =is
I ole
j ' 1
T ; —
HIE ! =g
ElE 13.818max ol
XS (0.544max) ole
~le

OFG-24
28.1max. (1.106max.)
 9max. (0.390max.) =
18 13 8 €
=
H 8
g <
o £
=~ E
oS
L o| &
38 M
E ET I 12| "'
=113 D — —
2R —
28| —— —
% | & e=—0cx—xnr] _—
El§| ==——— —
©|?) 28 L 78 a
S 3lg HH
o
Q2+
3=
J =4
s
] 6 0.13:38%
2.38max. (0.005+3:337)
(0.098max.) | | 1.02max.
(0.040max.)

Applicable ICs

FP-24D HM6116FP Series, HM6116LFP Series
FP.28D HM6264FP Series, HM6264LFP Series, HM6264LFP-L Series, HM6264AFP Series,
HM6264ALFP Series, HM6264ALFP-L Series
HMG6264FP Series, HM6264LFP Series, HM6264LFP-L Series, HM6264AFP Series,
FP-28DA HM6264ALFP Series, HM6264ALFP-L Series, HM62256FP Series,
HM62256LFP Series, HM65256 BFP Series, HM65256 BLFP Series, HN58C65FP,
HN27C256FP Series
FP-32D HM658128FP Series, HM658128LFP Series, HN27C 101FP Series, HN27C301FP Series, HM628128FP Series, HM628128LFP Series
FP-54 HN61364FP, HN613128FP
FG-20D HM10480F Series, HM100480F
FG-22D HM10490F, HM100490F
FG-24 HM100422F, HM100474F Series
@ CHIP CARRIER
eCG-20 ®CG-22A oCG-24
10.16+0.3
10800381 oz, =
80 +0. G S
[oaszona] Civaan) x B BE
~ N =[S Ig
3le S D 2
+ ; S g 20, 12|+
3% ] 19 13 JE’
(v N i CHITAAEL &2
He 1} [ ) s
s =8
= SE=ET) 20 28
Ty, =) 21 ss
S5 ! = 88
= 10 .i“‘l
0.64 9if BE . P
.LI._ e e e
(0. . 064 127 .76 (0.
050) (0.025) 0.64(0.025) 1.27(0.05) ©025) ;0.050) 0.76(0.030)
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PACKAGE INFORMATION

Unit: mm (inch) Scale 1%

* CG-28 * CP-18
1339.20.12(0.527 +0.005)
12.45(0.430)
~ 73‘ I anonn |
s 3|88
=§lg/dlo
- 0.74
[ (0.029)
yd \ S o
[a[0.10(0.004) - “ﬂﬂm—lj ;v:
(SEATING PLANE) = m:n.m 7 3
SISEpnannaf 11 ~8  [0017£0004) 0._0§01 =
1. 062 Sa
Io%’%%%&f‘(‘lfm) 13 1ssosour sonz)
(0.35) g
e CP-20D e CP-24D
22002
15.63(0.615) 008755569
16.9(0.665) 16.00max (0. 63max. .| 0.60(0.024)
l'l 27max.(0.680max. ) 4 = .
233 i
; g < | 12 ~
0.74(0.029) 5 0.74(0.029) o2
33 j‘; %
- o J = ERTTCRTDA A U1 Hi
“Z m (SEATING PLANE) || '] =
0.43+0.10 [I-27(0.050) = 0. u+o 0 [L27.050) =
(0.017 +0.004) (0.01740.004)
Applicable ICs
CG-20 HM6267CG Series
CG-22A HM6287CG Series, HM6787CG Series, HM100490CG
CG-24 HM100422CG, HM100415CG
CG-28 HM10494LCG
CP.18 HMS50464CP Series, HM50256CP Series, HM50257CP Series, HM51256CP Series,
HMB51256LCP Series, HM51258CP Series
CP-20D HMS511000JP Series, HM511000SJP Series, HM511001JP Series, HM511001SJP Series,
HM511002SJP Series, HM514256JP Series, HM514258JP Series
CP-24D HM6288JP Series, HM6789JP Scrics, HM6789HIP Series, HM6287HIP Series, HM67075JP Series, HM6708JP 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
P Bipolar memory Bipolar memory NMOS memory » W NMOS memory
Classification (RAM) (PROM) (Dynamic RAM) (smm{fﬂ) (PROM)
Buffer memory, X For
Applicati control memory Microcomputer Main memory of computer, microcomputer
pplication of high-speed control use microcomputer memory control

computer

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 IC 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

@ HITACHI
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Reliability of Hitachi IC Memories

® 28 Pin with Lid ® 32 Pin with Lid

® Plastic DIP
® 16 Pin ® 18 Pin ® 24 Pin
® 24 Pin ® 28 Pin ® 28 Pin

B Leadless Chip Carrier
@ 20 Pin ® 22Pin © 24 Pin

o

i

= SOP = PLCC 8 S0J
® 24 Pin ® 28 Pin ® 18 Pin ® 26/20 Pin ® 24 Pin

-
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12 Hitachi America Ltd. e 2210 O'Toole Ave. ® San Jose, CA 95131  (408) 435-8300



Reliability of Hitachi IC Memories

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-

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 (Cerdip) HM10470 (Cerdip) HM100422 (Flat Package)
Test item Test sam- cor}::‘lem Fail- F[:itleu.re Test sam- Total gy Fr:i‘l:.re Test sam- Total ey l-;:x‘l::e
ctzndmon ples hours | Ures (1/hr) condition | ples hours | Ur€S (1/hr) condition | ples hours | UTes (1/hr)
=125°C CH. s | Ta=125°C CH. i
High- {,"EE‘#.SV 40 | 4 Gos | 0 | 230 | PGV 02s | yG0s | O | 2360% | e I IS I
(Operating) 'T,,,;El__sggv 40 | 40x10* | 0 | 23x10° ,T,"E;‘f_o;gv 80 | 27x10° | 0 | 3ax107 | VEETSOV 8.0x10
HERE™ | Ta=150°C | 80 T 80x 168 | 0 | 12x10% | Ta=150°C | 120 | 12x10° | 0 | 7.7x10° | Ta=150°C | 80 | 8.0x10° | 0 | 1.2x107
% Confidence level 60%
® Table 4 Results on Bipolar Memory Reliability Test (2)
HM 10480 HM10470 HM 100422
Test item Test condition (Cerdip) (Cerdip) (Flat Package)
Samples| Failure | Samples| Failures | Sample |Failures
Temperature cycling -65°C~+150°C, 10 cycles 40 0 120 0 40 0
Soldering heat 260°C, 10 seconds 22 0 22 0 - —
Thermal shock 0°C~+100°C, 10 cycles 30 0 36 0 20 0
: 1500G, 0.5ms, Three times )
Mechanical shock each for X, Y and Z 30 0 30 0 60 0
: 100~2000Hz, 200G, Three
Variable frequency times each fof X, Y and Z 40 0 40 0 60 0
Constant- 20000G, 1 minute, each for
acceleration X,Y and Z 40 0 40 0 60 0
2.2 Reliability test data on MOS memories The life test is performed at high temperature and

2.2.1 Reliability test data on MOS DRAM and
SRAM

Table 5 and table 6 shows the reliability test

data on the representative types of 256k DRAM

(HM50256P), 1M DRAM (HM511000P), 64K

SRAM (HM6264P), 2566k SRAM (HM62256P).

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.

® Table5 Reliability Data on 256K and 1M DRAM
HM50256P (Plastic) HM511000P (Plastic)
Test item c o:.fisé on Sam- Total Fail- F;itl:,f e Sam- Total Fail- Faitln:e Remaks
ples | test time | ures (‘1 Thr) ples | testtime | ures (rf /ﬁr)
150°C/8V 180 | 0.44x10° | 2*' | 7.05x10° | — — _ — o
High- 150°C/7V 300] 0.60x10°| 0 | 1.53x10% | 150 0.3x10° | 0 [ 3.07x10% | PG
;euxgxe)eratme 125°C/8V 1100 | 1.28x10° | 5** | 4.89x10-° | — — - - ij_de film
operation 125°C/7V_ | 15477 | 1.66x10° | 0 5.53x10~7 |2338 | 0.70x10° | 1** | 2.89x10~ |pSG X
125°C/5.5V | 380 | 1.32x10° | 0 6.96x10~" | 300 | 0.60x10° | 0 | 1.53x10~ |wlure x2
Moisture | B3.C80% | 680 192x10° | 1*° | 1.05x10% | 300 | 0.60x10° | 0 | 1.53x10- corrosion, |
Pressure LAFCI100% | 260 | 0.13x10° | 0 | 7.07x10 | 100 | 0.03x10° | 0 | 3.07x10° Paide
@ HITACHI
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Reliability of Hitachi IC Memories

® Table 6. Reliability Data on 64K and 256K SRAM

HM6264P (plastic) HM62256P (plastic)

Test item c o:gistti on Sam- Total Fail- Iizit]:*re Sam- Total Fail- lie;itl::e Remarks

ples | test time | ures (1/hr) ples | testtime | ures (1/hp)

] 150°C/7V 100 | 0.10x10° | 1*! | 2.02x10°° | 206 | 0.41x10° | 1*¢ | 4.90x10% | ;.3
g‘ghx;mme 125°C/8V_ | 162 | 0.20x10° | 2** | 1.55x10~° | 1394 | 0.84x10° | 3*° | 4.96x10< | Foreien .
pulse _ 125°C/7V | 1014 | 1.16x10° | 2#% | 2.67x10° | 2578 | 0.69x10° | 0 | 1.34x10° |E30 .
operation  ["y550C/s.5v | — - - - 12748 [ 0.61x10° | 0 | 1.50x10% %‘ﬁ,‘,;’?; «1
Moisture 85°C/85% 3 -6 6 -7 | fail 1
e s | BTV 304 |0.30x10° |0 | 3.07x10 540 | 1.08x10° | 0 | 5.52x10 ;"sl‘ﬁfsec x1

° ailure  x
Pressure FTn 55 |2.20x10* | 0 | 4.18x10°° | 180 |5.40x10* | 0 | 1.70x10- |Foreign

* Confidence level 60%

2.2.2 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

7 shows reliability test data on ‘the representative
EPROM types of 256k EPROM (HN27256,
HN27256P), 1M EPROM (HN27C101, HN27C301).

® Table 7. Reliability Data on 256K and 1M EPROM
HN27256 (Cerdip/Plastic) HN27C101/HN27C301
Test item Test Sam- Total | Fail- Failu:e Sam- Total | Fail.| Failure Remarks
condition ples | test time | ures rate les | test time | ures rate*
amnp | P (1/hr)
Hlilgnétemp. 125°C/5.5V | 240 |0.32x10¢ | 0 2.88x10% - - - -
gperation 125°C/7V 832 |0.52x10° | O 1.78x10% 206 |0.16x10° | 0 5.90x10% |*1
. ° s 1 -6 s - | Data
High- 200°C 280 | 2.80x10 1* | 7.21x10 80 |1.05x10° | 0 8.76x10 dissipation
temperature | 250°C 220 |2.20x10° | 9*!' | 4.75x10"° 80 | 1.05x10° | 4*' | 4.99x10-° x67
bake 300°C 86 | 0.43x10° |53*' | 1.23x10° | - - - -
Moisture 85°C/85% " Data of
endurance RH 5V 225 1 0.23x10° | 0 4.09x10 B B B B 256k
B OTPROM
Pressure 121°C/ _
cooker 100% RH 60 | 0.12x10° 0 7.67x10°% - - - —

* Confidence level 60%.

The failure shown in table 7 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 8 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.

@ HITACHI
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Table 8 Example of EPROM Derating

Reliability of Hitachi IC Memories

Factor Temperature

Electrical Characteristics,

Failure criteria Function Test

Increase of leak current

Failure mechanism and others

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

108

107

10

10%

MTTF (hr)

10

100

.
N

70°C/W with 2.5 m/s air flow.

o
& BEEER| &
- I |
15 0 2.5 30 5
10%/Tj (K™Y
Note: Decreasing junction temperature shown in the figure will promise the higher reliability. The junction temperature
can be calculated by a formula : Tj=Ty + oja‘Pd 0, in about lOO"‘C/V& with no air flow and about 60 to

2.2.3 Reliability Data on MASK ROM
Table 9 shows the reliability test data on 256k and
1M 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 9. Reliability Data on 256K and 1TM MASK ROM

HN613256P (Plastic) HN62301P (Plastic)
Test item ¢ oI;?:i on Sam- Total | Fail- P;zitl::e Sam- Total | Fail- F;:itl:,{e Remarks
ples | test time | ures (1/h0) ples | test time | ures (1/h1)
Hli‘%he"eml" 125°C/5.5V 90 | 0.9x10° 0 | 1.02x10"° - - — -
gp:,aton 125°C/71V 50 | 0.5x10° 0 | 1.84x10~° | 246 |2.46x10°| 0 3.74x10°
Moisture 85°C/85% s -
endurance RH 5V 120 | 1.2x10 0 ' 7.67x10-° | 120 |1.20x10°| O 7.67x10°
Pressure 121°C/ -
cooker 100% RH 80 | 0.8x10° 0 | 1.15x10* 78 |1.56x10* | 0 | 5.90x10°

* Confidence level 60%.

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

Table 10 shows examples of each environment test

data. They show good results without any failure

even in severe environment.

Vrn of MOS transistor is one of the basic process

® Table 10 Reliability Data on MOS Memories

parameters in MOS memory, which has almost no
change using surface stabilization technology and
clean process. Table 2 shows the examples of time
changes for 256K DRAM; Vcc min. (Vn) and
access time (tgac) in high temperature pulse test.

H1¥50256P ECPROM HMS511000P H]L)‘IIG 264P Hlsl{)G 2256P
. . (Plastic) (Cerdip) (Plastic) (Plastic) (Plastic)
Test item Test conditio: R k
. s n Sam- | Fail- | Sam- | Fail- | Sam- | Fail- | Sam- | Fail- | Sam- | Fail- emarks
ples | ure | ples | ures | ples | ures | ples | ures | ples | ures
Tem : -55°C~150°C
perature cycling 10 cycle 4680 0 (2334, 0 2238 0 (3315 O |828 0
Temperature cycling | 5oy f;}jo C {s40] o |260] 0 | 200 0 | 150 0 |318 o
Thermal shock ?555c}?ge15° C | 38/ 0 |210]0 500 0 | 76| 0 | 55| 0
Soldering heat 2H0C, o 2|0 | 500 sol o | 76| 0 | 77] 0
Mechanical shock 1,500G, 0.5ms — - 38 - - — - - —
Variable frequency 58%"2’000}“ - - 38 - - _ _ _ _
Constant-acceleration | 20,000G - - 38| 0* - - - - - - *6,000G
@ HITACHI
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2.3 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-

Fig. 1 Time Dependence in Access Time for HM10470

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.

Example Example of time change in access time for Bipolar memory
Device name HM10470
Test condition Ta=125°C, VEg=-5.2V Measuring Condition {{‘\43:;':;?
Failure criteria taA=25ns Minimum
Failure mechanism Surface degradation sy Marching Pattern
Results: 30}

Access time (t A) is stabilized and is within the failure
criteria.

“L ]
A | | |

n
i

] 500 1,000 2,000

Time (hr)

Fig. 2 Time Dependence in Vpp min and tgac for HM50256

Example

Examples of time change in access timer for MOS memory

Device name HM511000P
Vee=1V, T,=125°C, all bit scanning
Vpp=4.5V, AVpp=1.0V

Surface degradation

Test condition

Failure criteria

Failure mechanism

Results:
Both of Vpp (min) and ¢ 4¢ are stabilized.

Note: Test accuracy is 0.2V, 2ns.

sk
s
Ty 1 I I
=g I T T 1
=
E
32 -
= Test Condion Mesinun
- Ta=25C § Average
F - v=100PCS Minimum
- Marching Pattern
OF
. L L et
] 500 1,000 2,00
Time thr!
160
1501
2 Mof L ]- -|- I
2 b 1 ) 1
120
110
L N »

L
0 500 1,900
Time thr!

—
2,000

2.4 Failure Mode Rate

Figure 3 and 4 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
process, Hitachi has improved the process and
performed 100% burn in screening under high tem-
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Reliability of Hitachi Memories

perature. Hitachi has been collecting and checking
customers’ process-data and marketing data for
higher reliability of our products. To analyze them

Defectve Insulauon
Layer Due 10 Foreign

Defective Photo-
lithography 2%

Non

reappearing
ailures

2%

Statistics
for 1979~ 1986
20~60FIT

Defective
Metalization 2%

Destruction
40%

Fig. 3 Failure Mode Rate of Bipolar Memory

3. SOFT ERROR
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

is very helpful for the improvement of designing and
manufacturing.

Fig.

Others 2%

Defective Photo-
lithography 2%

Oxide
Film Failures
18%

Statistics
for 1984~1986
10~100FIT

Destruction
35%

4 Failure Mode Rate of MOS Memory

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.

improved by combining highly reliable components (7) Component reliability may depend on device
along proper environmental conditions. This mounting, conditions for use, and environment.
section describes reliability characteristics, failure Device reliability is affected by such factors as
types and their mechanisms in terms of devices. voltage, electric field strength, current density,
First, semiconductor device characteristics are temperature, humidity, gas, dust, mechanical
examined in light of their reliability. stress, vibration, mechanical shock, and radia-
(1) Semiconductor devices are essentially structure tion magnetic field strength.

sensitive as seen in surface phenomenon. Fab-

ricating the device requires precise control of a

large number of process steps. Initial failure region
(2) Device reliability is partly governed by elec- * Declining falure rates (m<1)

trode materials and package materials, as well as Wearout failure region

by the coordination of these materials with the i * Riing fulure raes (m>1) Reduced failure rate

device materials. p Speicied failure rate 7 meenence
(3) Devices employ thin-film and fine-processing ; """"" | ———— S

techniques for metallization and bonding. Fine 3 ! Random failure region m : Weibull distribution

materials and thin film surfaces sometimes I Constant falure ates (m=1) form parameter

exhibit physically different characteristics from J: Useful longevity

the bulks. o - -
(4) Semiconductor device technology advances Time ()

drastically: Many new devices have been Fig.5 Typical failure rate curve

developed using new processes over a short

period of time. Thus, conventional device re- Device reliability is generally represented by the

liability data cannot be used in some cases. failure rate. ‘Failure’ means that a device loses
(5) Semiconductor devices are characterized by its function, including intermittent degradation

volume production. Therefore, variations as well as complete destruction.

should be an important consideration. Generally, the failure rate of electric com-
(6) Initial and accidental failures are only con- ponents and equipment is represented by the
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bathtub curve shown in Fig. 5. 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 1 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 3 um to 1.3 um. Generated hot
carriers may affect surface boundary characteristics
on a part of the gate oxide film, resulting in de-
gradation of threshold voltage (V) 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.

(@ 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
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. 6). Under high-tempera-
ture and high-humidity, corrosions are randomly
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Fig. 6 Categorized Al corrosion mode

generated over the element surface. However, after
an extended period of time, the corrosions have not
significantly increased. Accordingly, this failure is
possibly due to an initial failure associated with
manufacturing. It is also verified that this type of
failure can be generated when the adhesion surface
between an element and resin is separated or when
foreign materials are attached to the element with
human saliva. Under a bias-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
Moisture Melting
Penetration Corrosive Impurity Mechanism
Moisture Penetrat- Impurity Moisture
es Resin Bulk in Resin Penetration

Chip & Lead
Contamination

Passivation Film

Adhesion Surface
Sepated

Melting Corrosive
Impurity in Moisture

Chip-resin
Separated

Corrosive
Water film
U

(Bonding Pad

Passivation
Defect

—]
K —]

Mqld i ) Al Electrode
Exposed
Chip-resin
Boundary Stress
Chip-resin Boundary ! Bt l Sorge Troe
I Separabed Al Corrasion | | Al Corrosion

Fig. 7 Plastic package cross section and Al corrosion
mechanism

| Al Electrode Exposed

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-
scopic volume resistivity of sealed resin. The Al line

Reliability of Hitachi IC Memories

corrosion mechanism described above is summarized
in Fig. 7.
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to 1% failure

(3) Bonding related failures

(D 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

G HITACHI

Hitachi America Ltd. ¢ 2210 O'Toole Ave. * San Jose, CA 95131 e (408) 435-8300 19




Reliabillty of Hitachi IC Memories

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 c‘rystal 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,O 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

@Electrostatic 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
with 2000V, the dissipated energy is obtained as
follows: With a time constant of 1077 sec, the dis-
sipated energy is 2 KW, which is enough to destroy
a small area of a chip.

F——e

(&7 Rb Rd Re

Cb — Human Body Capacity

Rb — Human Body Resistance

Rd— Device Resistance

Re — Resistance Between Device and Ground

E= 2 CbV* =02x10°]
Fig. 10 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. 11.
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.
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Fig. 11 Equivalent circuit of charging model

2 Latch up

Latch up is a problem unique to CMOS devices.
This problem is a thyristor phenomenon caused by
a parasitic PNP or NPN transistor formed in the
CMOS configuration. Latch up occurs when an
accidental surge voltage exceeding a maximum

Reliability of Hitachi IC Memories

forward current flows through the input protection
diodes or output parasitic diodes.

@ Soft errors

When a particles are generated from uranium or
thorium in a package the silicon surface of an LSI
chip, electron-hole pairs are formed which act as
noise to data lines and other floating nodes, causing
temporary soft errors. This phenomenon is shown
in Fig. 12. Only electrons from among the electron-
hole pairs are only collected to a memory cell. As a
result, the cell changes from a state of 1 to 0, which
is a softerror.

Hitachi devices have been subjected to simulation
and irradiation tests to prevent soft errors. In some
cases, organic material, P1Q, is applied to the surface
of the device.

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
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

Fig. 12 Soft error caused by « particles in dynamic memory

Table 11 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
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Failure related causes

Failure mechanisms

Failure modes

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
and package

Peeling chip, Crack

Open, Short, Unstable
operation, Thermal
resistance increased

Package sealing

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

Integrity,

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

Short, Leak current
Increased, Open, Corrosion
disconnection, Soldering

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

a particle

Electron hole generated

Soft error

High electric field

Surface inversion

Leak current increased

(6) Fine geometry related problems

In response to higher integration requirements for
memories and microcomputers, LS| geometry has
been reduced in the way of 5 um -3 um —> 1.3 um.

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 12.

Table 12 Finer g y related p

Item

Problems

Countermeasure

5V single supply voltage

+ Breakdown voltage of gate oxide films
- 8i0, defects

Oxide film formation process improved
« Cleaning

- Gettering

« Screening

Horizontal dimension
reduction

« Soft errors by a 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 & hprizontal
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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B 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 foilows;
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) P!an and execute the sub-programs of design
changes proposed by individual specialists, for
tests, experiments and calculation to confirm the
design change.

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

In Hitachi, these study and decision at design review

are made using the individual check lists according

3. QUALITY ASSURANCE SYSTEM OF
SEMICONDUCTOR DEVICES

3.1 Activity of Quality Assurance

The following items are the general views of overall

quality assurance in Hitachi;

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

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

As the result, we assure the reliability.

to its objects.

Target
Specification

Step

Contents

I - -
1 Design Review 1

Design
Trial =1

Production

Material~, Parts Characteristics of Material and
Approval Parts

Appearance

Dimension

Heat Resistance
Mechanical
Electrical
Others

Purpose

Confirmation of
Characteristics and
Reliability of Materials
and Parts

[ Characteristics Approval J

Electrical
Characteristics

Function

Voltage
Current
Temperature
Others
Appearance, Dimension

Confirmation of Target
Spec. Mainly about
Electrical
Characteristics

Quality Approval (1)

] Reliability Test
Life Test

Thermal Stress
Moisture Resistance
Mechanical Stress
Others

Confirmation of Quality
and Reliability in Design

l Quality Approval (2) ]

Reliability Test

Mass
Production

Process Check same as
Quality Approval (1)

Confirmation of Quality
and Reliability in Mass
Production

Fig. 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

Quality Assurance of IC Memory

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

i

]

Material, Parts ]

Material,
Parts

Quality Control

Inspection of
Material and Parts

Method

Inspection on Material and

Parts for Semiconductor

Devices

Lot Sampling,
Confirmation of

Quality Level

Manufacturing

Manufacturing Equipment,
Environment, Sub-material,
Worker Control

Confirmation of
Quality Level

I
N ———

I

Screening

Inner Process

Quality Control

Lot Sampling,
Confirmation of
Quality Level

|

100% Inspection

|

Products

—
|

100% Inspection on
Appearance and Electrical

Characteristics

Testing,

Inspection

Products
Inspection

Sampling Inspection on

Appearance and Electrical

Characteristics

Lot Sampling

Reliability Test

Confirmation of
Quality Level, Lot
Sampling

]

Receiving }

Quality Information.
Claim
Field Experience
General Quality
Information

Fig.2 Flow Chart of Quality Control in Manufacturing Process

Feedback of
Information
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3.3 Quality and Reliability Control in Mass Produc-
tion

To assure quality in mass production, quality is

controlled functionally by each department, mainly

by manufacturing department and quality assurance

department. The total function flow is shown in

Fig. 2.

3.3.1 Quality Control on Parts and Materials

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

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

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

(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.
o 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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Material, Important : N
Parts Contl:ol Items Point 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 Contamirgat_ion. Scratch,
Wire for . . Bend, Twist
Wire Dimension .
Bonding Purity 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
Composition Characteristics of
Plastic Material
Electrical
r('.‘haraclerislics
; Thermal
Plastic Characteristics
Molding Molding Performance
Performance
Mounting Mounting Characteristics
Characteristics
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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

Quality Assurance of IC Memory

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
—TPurchase of Material
+Wafer 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 (VT"- etc) Cleaness of surface,
! Breakdown Voltage Prior Check of Vin
' 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 Quality 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~| X
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
Fig.3 E ple of Inner P Quality Control
@ HITACHI

Hitachi America Ltd. ® 2210 O'Toole Ave. * San Jose, CA 95131  (408) 435-8300 27




Quality Assurance of IC Memory

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)

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.
Sales Engineering Dept.

(Failures, Information)

lf_ _______ e 1
. . |
| Quality Assurance Dept. Failure Analysis |
I [
[ i |
| i { |
| ] ) Countermeasure |
| Manufacturing Dept. Design Dept. Execution of |
| Countermeasure |
| l [
: Report |
I
| I
: I
| Quality Assurance Dept. Follow-up and Confirmation :
| of Countermeasure Execution |
| I
| Report |
e 1
Sales Engineering Dept.
Reply
Customer
Fig. 4 Process Flow Chart of Coping with Failure to a Cutomer
@ HITACHI
28 Hitachi America Ltd. ¢ 2210 O’'Toole Ave. * San Jose, CA 95131 e (408) 435-8300




B OUTLINE OF TESTING METHOD

1. INSPECTION METHOD

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

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

(1) All “Low"”, All “High”

(2) Checker Flag

(3) Stripe Pattern

(4) Marching Pattern

(5) Galloping

(6) Waling

(7) Ping-Pong

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

2. MARCHING PATTERN

The marching pattern, as its name indicates, is a pat-

tern in which “1”’s march into all bits of “0”’s. For

example, a simple addressing of 16 bit memory is

described below.

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

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

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

(4) Read "0 from 1st address. :

(5) Write “1” on 1st address.

(6) Read 0" from nth address.

(7) Write “1” on nth address .. . ... See Fig. 1(c)

(8) Repeat (6) to (7) to the last address. Finally,
all data will be “1”,

(9) After all data become “1”, repeat from (2) to
(8) replacing 0" and “1”.

In this method, 5N address patterns are necessary

for the N-bit memory.

0 0 0 0 1 0 0 0 1 1 1 1
0 0 0 0 0 0 0 0 1 1 1 1
0 0 0 ¢ 0 0 0 0 1 1 0 0
0 0 0 0 0 0 0 0 0 0 0 0
Fig. 1 Addressing method of for 16 bit memory in the

Marching pattern

3. GENERATION OF MARCHING
PATTERN

The simple method of generating the marching
pattern and displaying failure bits of the memory on
the braun tube will be introduced. Fig. 2 shows the
block diagram. The address pattern is generated
using four synchronous 4 bit counters. Fig. 4 shows
the entire pulse relations. This example is for 16K
bit memory and shows that A14, which has a half
frequency of A13, is the same as the data inputs.
A15 signal, together with the carrier signal of
HD74161, is used to determine the termination of
the sequence.

As shown in Fig. 2, in the read and write cycles
after clearing all bits, addressing is twice the period
of clearing. This switching is performed at the
binary gate, following the reference pulse generating
circuit. Output of HD74161 is input to D/A con-
verter and input to the oscilloscope as an analogue
signal of X-Y matrix. The output of the comparator
circuit is input to the Z axis and performed lumi-

@ HITACHI
Hitachi America Ltd. ® 2210 O'Toole Ave. * San Jose, CA 95131 * (408) 435-8300 29




Outline of Testing Method

—iGi—q . Therefore, the fail bit map as shown in Fig. 5 is very
Clock Gen xS useful for observing the operation of IC memories.

:IA. Yip——= 4DDRo
A 4DDR,
—CP HDIQI6 é; HDTIST Y ADDR:
Carey Oux —HR: Yif—ADDRs
S
T A —
N ET] ==
¢—iCcP HDTOI6L A N i iggii
Gy on [ ], HOWIS? Y)l——= ADDRG
8
T Hy
D
—cP horaist [
to Din of memory
1o Comparator Crreont of Memory

AQ AL,
Ay —1
A2 —]
As—— D/A Converter b—m—— 0P ANP b3 7 Axis of Oscilloscope
e |
AS"““
Ay ——
Ay — .
Ay ——
Ao — (B)
Ato—— D/ A Converter L, 0P AMP ——> Y Axis of Oscilloscope
A ——
Az
An—ry
-
ac
From Comparator Circuit
A\ OP AMP ——3 X Axis of Oscilloscope

Fig. 3 Fail Bit Map Dilplay Circuit

S -
1 1

fo— A0~ "0 Resd" 1" Write —emfm——"1"Read 0" Write —= )
O 11T | B I U T O IR I

R e B LT |
o— L
(Dini

—
A
Fig. 4 Entire Pulse Relation

nous intensity modulation. In this way, the fail bit
map is displayed on the CRT. Compared with (D)

others like TTL, the operation of IC memories is Fig.5 Example of 1 bit Solid Failure
too complicated to understand only by puise wave-

form observed with an ordinary oscilloscope.
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Outline of Testing Method
4. FAILURE MODE

Generally, 70% — 90% of failures at users are called
solid failures. This failure mode has no relation
with access time, voltage margin or timing. In this
mode, a certain specified bit is stuck in “0” or “1”,
The simple methods previously mentioned is useful
to detect such failures. Therefore, high-precision
measurements such as those performed in memory
IC manufactures are not necessary except any spe-
cial cases.

Hitachi performs 100% inspection on the worst
conditions for devices so as to guarantee sufficient
operations under all power voltage conditions and
timing conditions specified.

An extremely accurate memory tester is necessary
to perform high-precision inspection considering 1ns
accuracy. Hitachi has been developing testers to
supply excellent memory ICs in characteristics and
quality to users, and establishing the system capable
of developing further high-efficiency memory ICs.
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l 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

(D)

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
N\ Vor 22.0V // 22V

CS(CE)2 Vor—0.2V-
V= e —— ——

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.

Vpr (data retention voltage): The voltage applied in

data retention mode. Normally, the minimum

supply voltage needed to retain memory datais 2 V.

lccpr (data retention current): The current con-

sumption in data retention mode. It depends on

memory power supply voltage and ambient tem-

perature. It is specified at supply voltage (Vpg) =

3.0V.

Battery Back-up System: battery back-up sequence

is described in the following:

1. External circuit detects failure of system power
“supply.

2. External circuit changes RAM to standby mode.

3. External circuit separates RAM from system
power supply.

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

System Ve w Memory Vee
o 2 g
5
L
e
T3
- % 3
= ]
£3 £
S 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 Vpp —
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. CS, which can intercept current path of
other pins in the input buffers, is for control
signal input of data retention mode.

Using memory with 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-

Application

up to the memory power supply level is not

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

Regulating circuit

System V M v, ———
15V o cc emory Vee !"" j
I—- ‘——'—“—'——] CMOS RAM | | 1
| X
1 Detective LAl
circuit
| of system ‘
Vee !
I ' .
Chip Back-up ~

circuit

Control circuit

circuits

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
Address Single Address I[;{g(ljtrigslsexed
Refresh Nor 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

‘TE ——1t [

OE

] Data
¢ Address =

I——
Ref. Address
Generator

Timer &
L Busy Control

(DRAM)

Address
Selector

AN

Data
Address

Timer &

Control

(PSRAM)

Figure 2-1. System Organization

Memory Array

T 11+ 1c/ca

-
Refresh ‘r Refresh U

Add 5
nter Timer Column I/0 K= Data

Counter

’ Column Decoder
CE 1 Control
OE —* Logic -
WE—~|

Column Address

Row Decoder

Row Address
Row 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.

WE

S ~
TROC XXX

S
iy

Ccs

HHE

JTRNINNRNAY

LT AMAANNN

tera

g
E

toea

(a) (T; access (b) (—)—E 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).

& X [ R
aaress (NEOC TR 3K
& [117 I

Standby

| E—
1 ‘ ‘ ‘ , Figure 2-5. CS Standby Mode

W

VB

r—
(XXX
I
111
-

Data { Din 3 ,‘ Din
(a) Write at the rising edge of WE (b) Write at the rising edge of CE

Figure 2-4. Write Cycle

Address Refresh: Address refresh mode performs distributed mode). In this mode, CS should be high
refresh by access to row address (A0 — A8) 0 — 511 at falling edge of CE.
sequentially within 8 ms, as shown in figure 2-6 (in

15us

7
y/a
Don’t Don’t Don't
A0~A8 0N cme 1 ey 511 X oo 0

as~ate K| Do Y >) X[ Do X » Y| Do X » X | Dot

Cs ¥ ) 4

:
]
.
B
E
]
.

Refresh R/W

Figure 2-6. Address Refresh

Automatic Refresh: The HM658128 goes to auto- address pins A0 — 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 onlyﬁand RFSH are specified.

= _J SR W e W W
S S U WA/ S e 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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Applicatic

CE _/ 4 !L_
w7 A |

Refresh
Z28us =180ns

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

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

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

23 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

=

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 = 3.7V, it is

destroyed.

PSRAM must be used at supply voltage from 4.5V

t0 5.5V,

Second self refresh current increases at low supply
voltage.

Spec

Read Voltage

Fail

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

Spec
0C

\

‘Temperature

Current

Figure 2-12. Self-Refresh Current vs Temperature

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

3.1. Multi-Port 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 RAM for graphic processor drawing and the
(SAM) with the memory (RAM). Both of them serial port of the SAM part for CRT display.

can be accessed asynchronously. Effective graphic

RAM SAM

() Serial port

Data register

DRAM
Random port memory cell
Drawing ﬁ 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- 3-1 shows the operation modes of the HM53461.
kbit multi-port video RAM HM53461, and table

DT/OE
) RAM SAM !
‘ Dynamic AL A ,:';Z ‘
1/0 L:> ooy H sl/o
cells \r Y, 2
Random [ S:::‘l
port
Temporary
write mask
i register i
WE 1
i — Z . N — |
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 mod
CAS | DT/OE WE SOE modes 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/Ois 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.
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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.

Data register
Selector

Column 1/0

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.

A0~A7

DRAM
memory
cell

Column I/0
Data register

Column decoder'
Selector

1/01—1/04

Figure 3-4. Temporary Masked Write Operation

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

|

— S1/01~S1/04

Column decoder
Column 1/0
Selector

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.

A0~A7

1%
>
==l

tart addre:
Row decoder ¢ s

K——

DRAM
memory
cell

K s1/01~s1/04

Data register

Selector

Column decoder
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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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
SAM start address 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.

Figure 3-7. Pseudo Transfer Operation Row

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

A0—A7

DRAM
memory
cell

(‘:J SI/01—S1/04

Column decoder

Column 1/0
Data register
Selector

DRAM
memory
cell

K= s1/01-s1/04

Column I/0
Data register
Selector

N

Column Row Refresh address
latch latch counter

Figure 3-9. Serial Read/Write Operation

Row
decoder
The HM53462 is a multi-port video RAM, adding
*g ° 5 logic operation capability to the advantages of
HIF ey HE HM53461.
§ 3 el gl Figure 3-10 shows the block diagram. Table 3-2
describes the operation modes.

Figure 3-8. CAS Before RAS Refresh

DT/OE
RAM SAM i
|
DRAM Data AN
memory j reagister K ) SI/0
cells 4
'
‘ Serial
Write Temporary ) port
| mask write mask
register register |
== |
WE——— - - - B - ]
—e
sC SOE

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
Lo x| | x| s simfout | 12

H: High L: Low X: Don’t Care
Note: 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. HM5 3462 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.

i
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(dotted lines indicate 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 -R_K§cycle in
the automatic reset time of the processor.

® Bypass capacitor. One bypass capacitor should
be inserted between Ve and Vgg to each device.
The V¢e pin should be connected to the capaci-
tor by the shortest path. A capacitor of several
uF 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/8fsc) or NTSC TV
signal (4 fsc/8fsc).
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® Data inputs/outputs separated 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
4fsc/8fsc of 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 standard organization of line memory.

Line Buffer
Interleaving,

-

SRAM

Address Address

Figure 3-12. Standard Or
Line Buffer

Read
Address
Counter

Read
Clock

Input Output
Buffer 1H Memory Buffer

Write Add
Clock Com:ec:rs

Figure 3-13. Standard Organi of Line M Y

» Output

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 8fsc
of NTSC TV signal)
— HM63021-28: 28 ns min (corresponds to 8fsc
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)
4. dropout canceller
. time-base corrector
6. noise reducer

[$)
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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 500 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.

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 1048,576 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.

AO - A9| Address Inputs
CAS | Column Address Strobe
Din | Dataln Memory Cycle
Dout | Data Out RAS
RAS | Row Address Strobe
WE | Read/Write Input AS
Vcc | Power (+5V) Row Address Column Address
Vss | Ground Address %W;
AQ — A8| Refresh Address Inputs
(a) Pin Arrangement (b) Address Latch
External pen'pllernl—-l— Internal memory LSI
Cireuit ! RAS Row
Address Word Lin
Row " Latch . c
Address . ' Circuit @ =
Column 32 Tatch ] *
Address Circuit A
Multiplexed 1 1
Address CAS
Column address
(c) 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.

tre ol
e

RAS

CAS * [

Don’t Care
WE teac High
trac
Dout High Z

(a) Read Cycle

Dout Theh Z

Application

trc:  Random Read or Write Cycle Time
trep: RAS to CAS Delay Time
trac: Access Time from RAS
tcac: Access Time from CAS
: Row Address
C: Column Address

(Delayed Write)

(b) Write Cycle (Early Write)

- trwe ,

Dout - H—igh.Z-_"_ < >

(c¢) Read Modify Write Cycle

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. 1fWE is high, the data is read
out from Dout depended on the later of tcac
{Access time from CAS) or tgac (Access time from
RAS).

The tgep 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 tgcp to the
specified maximum value. The tgcp maximum
depends on the other timings being at minimum in
its application.

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
(tawce) 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:

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. Comparison of Dynamic RAM High Speed Access Modes

ms e/
Normal N
Mode Address 2K
R : Row Address
Dout C : Column Address
RAS
Page CAS
Mode Address
Dout
RAS LN /
Nibble CAs
Mode Address 2KEXD %%, 777777777
Dout (1) -, {3 .
RAS
Static Column s
Mode
Address
Dout
RAS
High-Speed —
Page Mode Cas
Address
Dout
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data from 4 sequential addresses is stored in the
4-bit output latch circuits. Output is provided by
the msignal, 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
row address is switched without the synchronized
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 mproviding
the address latch function.

\pplication

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 Y ‘an
RAS Only ST ,
Refresh e
Dout Dout : High Impedance
~———Read Cycle ———~ -——Refresh Cycle —
CAS before RAS VAR X /
RAS CAS /
Refresh Address r r—yy
Dout <
<«———Read Cycle—_u < Refresh Cycle —
Hidd RS /
idden _
Refresh CA /-
Address
Dout < S—
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5. EPROM

5.1. EPROM 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.

Poly-
“ // L silicon
SisNe
Si0;
l N* N*
P-Well
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. Write cycle time is specified as 10 ms (typ.).

The effective byte write speed of HN58C65 in page

write mode is:

10 ms/32 bytes = 0.31 ms/byte

Thus it takes only 2.66 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 AO — 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 (Aill 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.

MNOS memory cell

A5~A13 l:

...... T I TR
R 7 7

Row decoder

®
in (= 32-byte latch Db i > 1o

®
Column Decoder

_{r

L]
A0~A4

Figure 5-2. HN58C65 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
HN58C65 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 writed-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
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with a higher voltage (Vpp) than power supply

voltage (Vcc). The HN58C65 internally generates

Vpp 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 (CE, OE, 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 risesto 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 yield voltage.

Hitachi’s EPROMs can usually be written and erased
more than 100 times.

Control Gate

Si0,
Floating Gate

Source W Drain

i P Substrate :

Cross Section of EPROM Memory Cell

Figure 6-1.

I

Non- programmed

Memory cell
Programmed
Memory cell

/

Fundamental Characteristic of EPROM
Memory Cell

Figure 6-2.

Programming Conditions ;
8 Vee=6.0V,
Vpp =125V

Stored Charge (Relative)
=

A L s s
0.1 0.2 0.5 1 2 5 10
Program Pulse Width tpw (ms)

Figure 6-3. Standard Programming Charaeterlstlec
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

[ S ——

4000; Wavelength

g

Figure 6-4. Erasure Efficiency of EPROM

For erasure, the wavelength and minimum irradia-
tion rate of ultraviolet light must be 2,537A 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

- g

o

<
-
B

Static Charge (Relative)

2 4
W - Irradiation (W - sec/cm®)

Figure 6-5. Standard Erasure Characteristics

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.

107
£ 10°
B8
[: 10°
=1/

4
10°
.
300 200150 100
Stored temperature ("C)
Figure 6-6. 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

Direct sunlight

100

102

Eradiation Time (relative)

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

1 h
03 04 05 06 07 08 09
Writing Charge (relative)

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 High-Performance EPROM Programming

As EPROM density increases, the time for pro-
gramming becomes more important. High-perform-
ance programming method has been developed and
put to practical use.

Generally, EPROM programming has been per-
formed by a pulse of 50 * 5 ms. Yet, to program
within an optimum time, it is best to monitor the
programming condition from time to time rather
than accomplish the entire programming with a uni-
form pulse of 50 ms. Figure 6-8 shows how such
high-performance programming is implemented.

@

[ Set program/Verify mode I

Figure 6-8. High-Performance Programming Flow Chart

This method has two key points. The first attempt
at programming consists of a short pulse (approxi-
mately 1 ms), repeating programming and reading
(verifying) until data is programmed correctly (i.e.
until data transcription is verified). This programs
the EPROM efficiently according to memory
capacity. Second, after verification, data is pro-
grammed using three times as long a pulse before
proceeding to the next address. This provides a
safety margin in the amount of electric charge
programmed (or poured into the floating gate).
Figure 6-9 shows the comparison of programming
times between using this high-performance pro-
gramming method and using the conventional
method.

The reliability of this high-performance program-
ming method should be mentioned. The program-
ming is performed with optimum program time
depending on the capability of each memory cell.
Therefore, it is the same as or a little superior to the
conventional method. The data retention charac-
teristic is unaffected by the programming method,
though it depends upon the quantity of electric
charge stored in the floating gate. Their data reten-
tion time does not heavily depend upon the amount
of electric charge in the floating gate. Adequate
data retention is achieved so long as a minimum
necessary amount of electric charge is provided.

Conventional
14}  programming

High-performance

programming
(average)

Program time (min.)
)

[ J
Page mode
programming

-0 ! L L s .
8KX8 16KX8 32K X8 64K X8 128K X8
(64K) (128K) (256K) (512K) (1M)

Storage capacity
Figure 6-9. Shortened Program Time by High-Performance
Programming Algorithm

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.
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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 6-10.

E:W/Devu identifier code area

AddressE> ~_

Din & Dout

Figure 6-10. Device Identifier Code

| __Data access area

Address Decoder

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 O0
— O7 output the programming condition code with
V||_ or VIH of AO.

Tablel 6-1. Hitach EPROM Device Identifier Code
A0 [07]06]05]04]03]02][01]00[Hex Data

Manu-
fac- Ihitachi |V |olo]ololo|1{1]|1]0 7
turer IL
code

HN27128A ojojojoj1|{1|of{1]0 D
ROM [HN27256 |, [0[0]0|T[0[0[0[0[ T ©
code [HN27C256 | f[1{of1[1]ofofof0o]{3 O

HN27512 1[ofof1fo[1[ofo[ 9 4

A9: 12V

Al -A8, A10-A13: Vg,
A14, A15: Don’t care

6.6 Shielding Label

When using an EPROM in an environment where it

can be exposed to ultraviolet light, Hitachi recom-

‘mends putting a shielding label on its transparent lid

to absorb ultra-violet light. In choosing a shielding

label, the following points should be carefully
checked.

* Adhesiveness (mechanical strength). Avoid
repeated attaching or exposure to dust that may
reduce the adhesive strength. Ultraviolet erasing
and reprogramming are recommended after
stripping off an attached label. (When the need
arises to change a label, it is advisable to put a
new one on over the old one since peeling may

Application

create a static charge.)

* Allowable temperature range. Use the shielding
label in an environment whose temperature falls
within the specified allowable temperature range.
Beyond the specified temperature range, the
paste on the label may harden or stick too fast:
When it hardens, the label may come off easily.
When it sticks too fast, the paste may remain on
the window glass after the label has been re-
moved.

* Moisture resistance. Use the shielding label in an
environment whose humidity falls within the
specified allowable humidity range.

6.7 EPROM Programmer

The EPROM programmer stores the user’s program

in its internal RAM and writes the program in the

EPROM. For this programming, 3 functions at least

are necessary: blank check function prior to pro-

gramming, programming function, and the verify

function after programming. Figure 6-11 shows the

programming flow chart. Some programmers check

for pin contact failure or the reverse insertion

before the blank check.

The outline of each block is as follows.

1. Pin contact check
In the ROM pin and socket connection test,
checking is normally performed by detecting the
forward current at each EPROM pin. Care is
necessary as this forward biased resistance differs
in products of each company.

2. Reverse insertion check
This check detects the reverse insertion of the
device, places the equipment in reset mode and
protects the device and equipment.

3. Blank check
This check is performed before programming. It
checks whether the device is an erased EPROM,
or it preventing EPROM reprogramming. Since
the output data in the erased condition are 1
(high level), check whether or not data in
EPROM are all 1. It will fail-stop even when one
bit is O (low level). Normally, it is designed to
provide warning with a lamp or buzzer.

4. Programming
The function of programming the data in the
internal RAM of the programmer into EPROM
will fail-stop when programming cannot be done.
The normal flow is as shown in figure 6-12. The
EPROM data will be read out prior to pro-
gramming and compared with programming data.
If they coincide, programming will be skipped
and if they differ, programming will be per-
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Programming
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Y

Figure 6-12. Programming
Flow Chart of EPROM
Programmer (2)

9%

Figure 6-11. Programming
Flow Chart of EPROM
Programmer (1)

formed. Then, the data will be read out again
and compared with the programming data, and if
they coincide, the programmer will progress to
the next address.

5. Verify
This function checks after programming com-
pletion whether or not the programming is
correct when comparing with the data in the
internal RAM of the programmer. It performs
fail-stop when they do not coincide. Normally,
when it fails, it lights the fail lamp and displays
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

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 LS| chips,
this is due to the prolonged retention of electric
charge (resulting from the static electricity) on the
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). It 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

Method Content Zrovmg test. def in th bl
- N owever, rare defects may occur in the assem
Copy input Input by copying the master ROM. eve are v o s M
- - process cannot be completely removed in final test
Manual input Input by the keyswitch on the front . hich i | ding t
panel. Used for correction or screening w '_c is only a reading test.
revision of program Therefore, Hitachi recommends that users perform
Paper tape input | Read the paper tape furnished high temperature baking after programming devices
from the host system with the to ensure high reliability. :
o tape reader Detailed conditions and procedures for screening are
elety pewriter Input with the teletypewriter. f - _ i i
input Preparation, correction, and list Sho‘,Nn in figure 6-13. FlrStf prograr.n and verify
preparation of the program can be devices. Then, leave them without bias at 125 to
made, 150°C for 24 to 48 hours.
@ HITACHI
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After that, check read-out function and remove the
chips with data retention failures. Frogramming,
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.

by Programmer

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

Ensuring
Read-out

Recommended
Screening Conditions

Figure 6-13. 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 EPROM:s.

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.

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

D7D6D5D4 D3 D2D1DO0O (ROM output

1 1 00 0 1 1 0 equivalence)

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

B T T
0 Block 1 Block 2 Block 3 M M 0
T
P
Figure 7-1. Magnetic Tape Format
Data End of
Heade! record file record
Record Start ) s 5 3 S 5 3 S
Record Type 30 0 3 1 1 39 9
e 31 30
03
Byte Count ; 2 06 3§ 16 3 3
31 30
N 31 30 0000
. 30 0000 30 1100 30
Address Size 30
30 30 30
39 48 ( Check
Dute ; | e sa] *° 3| FC s
30
34 02
Dati -
8 3 4 44-D 32
35
Data 32 52-R
31 41
Check Sum ‘2 1B ( Check Sum ) 38 A8 (Check Sum )

Figure 7-2. HMCS68000 Load Module Data Format

@ HITACHI

54

Hitachi America Ltd. * 2210 O’Toole Ave. * San Jose, CA 95131 e (408) 435-8300



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

Application

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 —-+S59030000FC

Header Record =S00B000058204558414D504CB5S
—-S113F0007EF5587EF7897EFAA77EF9CO07EF9C47E24
—-S112F010FA657EFA8BTEFAAO7EF9DC7EFA247E06

Figure 7-3. HMCS6800 Load Module Example

If an address is skipped, enter the skipped address
into the ““ROM Specification Identification 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 to B
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
e
\
M
\
N
Dl ——= P
Dn——=
B
t
N
pe
—

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
pi  Sector 02
Sector 21 ;
,Sector 03
/
Sector 16
Track 74 N
One Record
Track 00

(Index - Track)
Figure 7-56. 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 75,76 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 L Sector 2 Sector 3 o Sector 24 v-Sec!or 25 - ‘Seclor 26
(128 bytes) r (128 bytes) (128 bytes) ' i (128 bytes) H (128 bytes) (128 bytes)
7 2
Record 1 Record 2 Record 3 Record 24 Record 25 Record 26
(80 bytes) (80 bytes) (80 bytes) (80 bytes) (80 bytes) (80 bytes)
%

Figure 7-6. Floppy Disk Sector Format ’
: unused
%

Customer Hitach:

ROM Cod “Customer
ROM e Part Number'
Chip Select
and Other

Select Information

Ouigut Wit
the Sume as

1
g

Toput

Check
Mask Preparation
Instruct
Investion
Patrern 0K
Check

Figure 7-7. Mask ROM Develop 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
0.2 V or above Voc — 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,y and maximum V,_ and that
with 0.2 V or Ve — 0.2V, 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

N

P
Input Output
N
Figure 8-1. CMOS Inverter
5 —
~ Voe=5.0V
:;E, 4
I
2
<2
F N
E TN
o ’ \
0 4 5
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 (V)
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:
Viy max 6.0V  (not depending on V)
V)L min3.0V (pulse width = 50 ns)
-0.3 V (DC level)

Internal Input

Vee(+5V)  Vee

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

p [Tl Lf
Internal Input Pin A
Rn
N A
Vss ¢ (0V)

(a)

Figure 8-3. Cross Section Structure of CMOS Inverter

Closed Loop

Pn | oVe

Positive Ty, ON T
ositive

Voltage " IA I
1
Tes ON | |

]
] ]
Ta ON LT ____ J

(a) Thyristor Effect by
Positive Voltage

Negative Try ON
Voltage f

Tri ON

i
Ta: ON

(b) Thyristor Effect by
Negative Voltage

Figure 8-4. Equivalent Circuit of Parasitic Thyristor

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. If 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).

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.

High-frequency Noi:
Not More than 1095 of Standard
Power Supply Voltage.

—
T

Low-| Noise

Not %ﬁm‘% f Standard Power
s .

Total of Low-snd High-frequency

Not More than -+ 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

i

4 $——4 $——

St — LI,

4 ¢

-~ 00D
Enlniy

Vee  Vss Vee VssVee Vss

Data 1/0

Application

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¢ pin to Vgg
pin through the bypass capacitor must be as little
as possible.

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

It is preferrable for the power supply line to be
at right angles to devices selected at the same
time, 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 I/0

Figure 8-6. Examples of Power Supply Board Pattern
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HM6147H Series —— Maintenance Only

4096-word x 1-bit High Speed CMOS Static RAM

BFEATURES
® High Speed: Fast Access Time 35ns/45ns/55ns (max.)
® Low Power Standby and Low Power Operation,
Standby: 100uW (typ.)/5uW (typ.) (L-version),
Operation: 150mW typ.
Single 5V Supply and High Density 18 Pin Package
Completely Static Memory — No Clock nor Timing Strobe
Required

® No Peak Power—On Current
® No Change of t4 og with Short Chip Deselect Time (DP-18)
® Equal Access and Cycle Time
® Directly TTL Compatible — All Input and Output
® Separate Data Input and Output: Three State Output HPIN ARRANGEMENT
® Plug-In Replacement with Intel 2147H NMOS STATIC RAM ———
® Capability of Battery Back Up Operation (L-version) ‘“E E Vee
a[ op
I ORDERING INFORMATION "E E N
Type No. Access Time Package A A
HM6147HP-35 35ns E )
HM6147HP-45 45ns aff] 1] ~
HM6147HP-55 56ns 300mil 18pin [:
HM6147HLP-35 3ns Plastic DIP AL 5] Ao
HM6147HLP-45 45ns Dout E E An
HM6147HLP-55 55ns _—
WE E E Din
MBLOCK DIAGRAM w ] 1] cs
Avo——LF ] (Top View)
yo——fg——] Kow Memory Array R
W °_K Decoder :> 64 x o4 Ves
A+ o—F ]
wo—F
A o——F ]
U
Din Column 170 Dout
Column Decoder

HABSOLUTE MAXIMUM RATINGS

Item Symbol Rating Unit
Voltage on Any Pin relative to Vss Vr —0.5*'to +7.0 \'
DC Output Current 1. 20 mA
Power Dissipation Py 1.0 w
Operating Temperature Tore 0 to +70 °'C
Storage Temperature under bias Towwin —10 to +85 ‘C
Storage Temperature Toe -55 to +125 °C

Note) *1 —3.5V for pulse width=20ns
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HM6147H Series

ERECOMMENDED DC OPERATING CONDITIONS (0°C<Ta<70C)

Parameter Symbol min typ max Unit
Vee 4.5 5.0 5.5 \
Supply Volt
pply Toltage Vs 0 0 0 v
Input High (logi~ 1) Voltage Viu 2.0 3.0 6.0 v
Input Low (logic 0) Voltage Vi —0.5"! - 0.8 v
Note) * 1. —3.0V for pulse width=20ns
DC AND OPERATING CHARACTERISTICS (0'C=Ta=70'C, Vec=5Vt10%, Vss=0V)
Parameter Symbol Test Condition min typ*? max Unit
Input Leakage Current (ym Vee=5.5V, Vssto Vec - - 10 HA
Output Leakage Current | 1o CS=Vin, Vie=Visto Ve — — 10 HA
Operating Power Supply Current(l) Icc CS=Vi, Output open — 30 80 mA
Operating Power Supply Current(2) Icc: CS=Vi.. Minimum Cycle - 40 80 mA
A — 8 20
Standby Power Supply Current (1) Isp CS= Vi, Vec=Min to Max " ; mA
- 5% 15*3
CS= Vec—0.2V, - 20 800
Standby Power Supply Current (2) Is nA
Vinz0.2V or Vinz Vec—0.2V - 1*3 100*2
Output Low Voltage Vo ToL=8mA - - 0.40
Output High Voltage Vou Ion=—4mA 2.4 - — v
Notes) * 1. The operating ambient temperature range is guaranteed with transverse air flow exceeding 400 linear feet minute.
* 2. Typical limits are at Vee =5.0V, 72=25°C and Specified loading.
* 3. This characteristics are guaranteed only for L-version.
BECAPACITANCE (Ta=25C, f=1.0MHz)
Item Symbol Conditions max Unit
Input Capacitance C. V.=0v 5 pF
Output Capacitance Cuut Var=0V 6 pF
Note) This parameter is sampled and not 100% tested.
m AC CHARACTERISTICS (72 = 0 to +70°C, Ve = 5V + 10%) Ve
® AC TEST CONDITIONS
s10Q
® Input pulse levels: Vgg to 3.0V
® Input rise and fall times: 5 ns Dout
@ Input timing reference levels: 1.5V Output Load A re
e Output load: See Figure
e Output timing reference levels: 1.5V (HM6147H-35)
0.8 to 2.0V (HM6147H-45/55)
#* Including scope & jig
Ve
10
. o—g
Output Load B - -
(for tyz, trz, twz, tow) "% '
@ HITACHI
64 Hitachi America Ltd. ¢ 2210 O’'Toole Ave. ® San Jose, CA 95131 ¢ (408) 435-8300




HM6147H Series

® READ CYCLE

HM6147H-35 HM6147H"-45 HM6147H-55
Parameter Symbol - - - Unit | Notes

min max min max min max
Read Cycle Time trc 35 - 45 - 55 - ns | (1)
Address Access Time tan - 35 - 45 - 85 ns
Chip Select Access Time tacs - 35 - 45 - 55 ns
Output Hold from Address Change ton 5 - 5 - 5 - ns
Chip Selection to Output in Low Z tez 5 - 5 — 5 — ns |(2),(3), (7
Chip Deselection to Output in High Z thz 0 30 0 30 0 30 ns |(2),0), ()
Chip Selection to Power Up Time tey 0 - 0 - 0 — ns
Chip Deselection to Power Down Time trp - 20 — 20 - 20 ns

© TIMING WAVEFORM OF READ CYCLE NO.1“¢® e ¥
Address )(
[m |
ton

Data Out Previous Data Valid

>< >< Data Valid

|

C‘S_\ 7

tacs

ez
High Impedance 4 . High Impedance
Data Out Aama—— Data Vahd
tre

Ve Supplv T
Ice
{501/.,, 50

Current

Notes: 1. All Read Cycle timings are referenced from last valid address to the
first transitioning address.
2. At any given temperature and voltage condition, f//Z max. is less than
t7,Z min. both for a given device and from device to device.

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

is high for READ Cycle.
. Device is continuously selected, CS=VjL .
Addresses valid prior to or coincident with CS transition low.
. This parameter is sampled and not 100% tested.

w

[OR- V¥
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HM6147H Series

® WRITE CYCLE

HM6147H-35 HM6147H-45 HM6147H-55
Parameter Symbol - - - Unit Notes

min max min max min max

Write Cycle Time twe 35 - 45 - 55 - ns | (2)

Chip Selection to End of Write tew 35 — 45 - 45 — ns

Address Valid to End of Write taw 35 - 45 - 45 - ns

Address Setup Time tas 0 - 0 - 0 - ns

Write Pulse Width twe 20 - 25 — 30 - ns

Write Recovery Time twr 0 - 0 — 0 - ns

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

Data Hold Time tow 10 - 10 - 10 - ns

Write Enabled to Output in High Z twz 0 20 0 25 0 30 ns | (3], (4)

Output Active from End of Write tow 0 — 0 — — ns | (3), 4)

© TIMING WAVEFORM OF WRITE CYCLE (WE Controlled)

twe

tcw

-
[

Dute In

Dats In Vald

[I7]

Data Out Data Undefined

High Impedance

® TIMING WAVEFORM OF WRITE CYCLE (CS Controlled)

twe

Address ;

e

Dets In

" Dst in Vald

Data Out

Notes:

n LN

Data Undefined
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High Impedance

. If TS goes high simultaneously with WE high, the output remains in a high impedance states.
. 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.
. CS or WE is high for address transition.



HM6147H Series

BLOW V. DATA RETENTION CHARACTERISTICS (Ta=0T to +70TC)

This characteristics are guaranteed only for L-version.

Item Symbol Test Condition min typ max Unit

=Vec—0.2V
Vce for Data Retention Vor €S2 Vec—0.2 2.0 —

VinzVec—0.2V or Vins0.2V

Vec=3.0V, CS22.8V
Data Retention Current Iccor < 2.8 — - 50 uA

Vinz2.8V or Vins0.2V

Chip Deselect to Data Retention Time tcor 0 - —

See Retention Waveform
Operation Recovery Time te tre*! — —

ns

ns

Note) * 1. fzrc = Red Cycle Time.
®LOW V. DATA RETENTION WAVEFORM

Data Retention Mode

CS2 Voa-02V

@ HITACHI

Hitachi America Ltd. ¢ 2210 O’Toole Ave. * San Jose, CA 95131 ¢ (408) 435-8300 67



HM6147H Series

ACCESS TIME VS. SUPPLY VOLTAGE

Access Time ua,tacs (Normalized)

0.

0.

0.

3
Ta=25C

2

1
° \

9

8

7

45 4.75 5.0 5.25 8.5

Supply Voltage Vec (V)

ACCESS TIME VS. LOAD CAPACITANCE

Access Time tas, tacs (Normalized)
~

/

~ Ta=25C
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13
Vec =5.0V

12
FERE! ]
: L
5 L
2 /
3 - L~
< /
=
E o9
e
"
2
3
g o8

0.7

0 20 40 50 80

Ambient Temperature Ta ('C)

SUPPLY CURRENT VS. FREQUENCY

1.3
1.2
3
B
s Ll
£
2
s 10
< L
s 09
S
>
E
2 08
0.7
0 10 15 20 25 30

Frequency f (MHz)
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Input High Voltage Vi (Normalized)
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HM6147H Series

OUTPUT CURRENT VS. OUTPUT VOLTAGE OUTPUT CURRENT VS. OUTPUT VOLTAGE
16 16
\ o /
14 14
—é 1.2 TE‘ 1.2
s \ 3
% 10 % 10
£ \ H Ta=25C
B s Vee=5V
© o8 © 08
0.6 0.6
\ /
0.4 04 0.2 0.4 0.6 0.8
Output Voltage Vou (V) Output Voltage Vor (V)
STANDBY CURRENT VS. AMBIENT TEMPERATURE STANDBY CURRENT VS. SUPPLY VOLTAGE
10°% 14
Vee =3V
CS=28V /
= 1.2
3_ 107 ,/ 5 10
§ / f 0.8
S / g /
2 3
T 107 » 06
& / 3 Ta=25C
3 C3=Vec—0.2v
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STANDBY CURRENT VS. INPUT VOLTAGE
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HVM6116 Series

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

BFEATURES
@ Single 5V Supply

® High speed: Fast Access Time

® Low Power Standby and Standby:

Low Power Operation Operation:

120ns/150ns/200ns (max.)
100uW (typ.)
10uW (typ.) (L-version)
180mW (typ.)
160mW (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
® Equal Access and Cycle Time
® Capability of Battery Back Up Operation (L-version)
HORDERING INFORMATION

Type No. Access Time Package
HM6116P-2 120ns
HM6116P-3 150ns
HM6116P-4 200ns 600mil 24pin
HM6116LP-2 120ns Plastic DIP
HM6116LP-3 150 ns
HM6116LP-4 200ns
HM6116FP-2 120ns
HM6116FP-3 150ns
HM6114FP-4 200ns  Plastic SOP
HM6116LFP-2 120ms 24pin Plastic =
HM6116LFP-3 150 ns
HM6116LFP-4 200ns

EFUNCTIONAL BLOCK DIAGRAM

—O Vss

A
L.

@ HITACHI
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Maintenance Only

HM6116P Series

(DP-2¢)

HMG6116FP Series

(FP-24D)

HPIN ARRANGEMENT

A,E I EV{(
~[2] EA.
AsE _'__z__a—]‘,
A‘E 21 | WE
Al s 20 | O
N% %A..

+ ] =
8

A 17 | vos

1o E 16 | 1700

170 | 10 15 ] 1os

Lo [T BT\

Ves Ll—z_ 13] /0
(Top View!

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

BMABSOLUTE MAXIMUM RATINGS

Item Symbol Rating Unit
Voltage on Any Pin Relative to Vss Vr -0.5* to +7.0 \
Operating Temperature T.,. 0to +70 ‘C
Storage Temperature T.. —55 to +125 ‘C
Storage Temperature Under Bias Toss —10 to +85 ‘C
Power Dissipation Pr 1.0 w

Note) * 1. --3.5V for pulse width=50ns

BTRUTH TABLE

|

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

H x X Not Selected Iss, Iss High Z

L L H Read Icc Dout Read Cycle (1)~(3)
L H L Write Icc Din Write Cycle (1)

L L L Write Icc Din Write Cycle (2)

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

Item Symbol min typ max Unit

Supply Voltage Vee 4.5 5.0 5.5 v
Vss 0 0 0 v

Input Voltage Vin 2.2 3.5 6.0 v
Vie —0.3% —_ 0.8 v

Note) * 1. —3.0V for pulse width=50ns.

HEDC AND OPERATING CHARACTERISTICS (Vec=5V+£10%, Vss=0V, Tu=0to +70°C)

HM6116-2 HM6116-3/-4 i
Item Symbol Test Conditions - - Unit
min | typ*! | max min | typ*! | max
- - 10 - - 10
Input Leakage Current |ILr| Vee=5.5V, Vin=Vss to Vcc — — s — — e rA
o Leakage C \fzo] CS= Vin or OE= Vin, - - 10 - - 10 uA
tput t
utput Leakage Lurren L Vivo= Vss to Vee - - 2*3 - - 2%3
S=vi 1 omA - 40 80 - 35 70 A
Icc = Vi, [1r0=0m. m
Operating Power Supply - 35%3)  70*3 - 30*3| 60*3
Current Vio=35V, ViL=0.6V, - 35 - - 30 -
Icc1*? mA
Ii/0=0mA - 30%3|  — - 25%3 | —
- 40 80 - 35 70
Average Operating Current Icce Min. cycle, duty=100% — 353 7008 - 0% vy mA
I == - 5 15 - 5 15 A
sB =V m.
Standby Power Supply - 4*3 12%3 — 4*3 12*3
Current CS= Vee—0.2V, - 0.02 2 - 0.02 2
IsB1 e A
Vinz Vec—0.2V or Vin=0.2V - 2%3 50*3| — 2%3 50
IToL=4mA - - 0.4 - - - v
VoL
Output Voltage ToL=2.1mA - - - - - 0.4 v
Vou ITon=—10mA 24 - - 2.4 - - \%

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

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

Item Symbol Test Conditions typ max Unit
Input Capacitance C.. V=0V 3 5 pF
Input/Output Capacitance Cro Vio=0V 5 7 pF
Note) This parameter is 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
HM6116-2 HM6116-3 HM6116-4
Item Symbol - - - Unit
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 tcLz 10 — 15 — 15 - ns
Output Enable to Output Valid tor - 80 - 100 - 120 ns
Output Enable to Output in Low Z torz 10 - 15 — 15 - ns
Chip Deselection to Output in High Z tewz 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 ton 10 — 15 - 15 — ns
® WRITE CYCLE
HM6116-2 HM6116-3 HM6116-4
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 20 — 20 — 20 - ns
Write Pulse Width twp 70 — 90 - 120 — ns
Write Recovery Time twe 5 — 10 - 10 - ns
Output Disable to Output in High Z towz 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 tow 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

ETIMNG WAVEFORM
®READ CYCLE (1)

Address

top

b try ¢~

tacs

ters
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®READ CYCLE(2)"V®

Address

Dout

tac

X A

D oot X

®READ CYCLE (3) "V

Cs

Dout

NOTES:

o WRITE CYCLE(1)

tacs [ tnz
tewz

1. WE is High for Read Cycle.
2. Device is continuously selected, TS = V.

3. Address Valid prior to or coincident with CS transition Low.
4. UE—= VIL'

Address )( )(
mr(?2)
3 : :,l \F: E : E
NN NN G ) YOOI
—
" AONNK ¥
rone L 0

4 XXXX
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HM6116 Series

®WRITE CYCLE (2)®

Address )(

X_

tcn (2}

AN\

ke 7777777

tan
»(1)

}\\\\ /

M tas bt nz 3
Dout

p—tow ton

(8)

NOTES: 1. A write occurs during the overlap (f3p) of a low CS and a low WE.
2. tyg is measured from the earlier of gf

of write cycle.

3. During this period, 1/O pins are in the output state so that the input

or WE going high to the end

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.

[ B K- .}

. D
X lfo&

. OE s continuously low. (OE = V;)

. Doyt is the same phase of write data of this write cycle.
is the read data of next address.

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.

BLOW 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, V.e2Vee —0.2V or V..s0.2V 2.0 - - \'

Data Retention Current Iccor*!| Vec=3.0V, CS22.8V, V..22.8V or V..50.2V — - 30 HA

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

Operation Reéovery Time tr trc - ns

Notes) * 1. 10uA max at Tz=0°C to +40°C, ViL min=~0.3V

*2. tre = Real Cycle Time.

®Low Vcc Data Retention Waveform

Dats Retention Mode
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Supply Current Icc.lcca(Normalized)

Access Time taatacs(Normalized)

Access Time taa.tacs(Normalized)

SUPPLY CURRENT
vs. SUPPLY VOLTAGE
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ACCESS TIME
vs. SUPPLY VOLTAGE

Ta=25C

09

08

0.7

45 475 50 525 S5
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ACCESS TIME
vs. LOAD CAPACITANCE
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Load Capacitance Cu (pF)
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Supply Current Icc.dccz (Normalized)

Access Time tastacs(Normalized)

Supply Current Iccr (Normalized)

HM6116 Series

SUPPLY CURRENT
vs. AMBIENT TEMPERATURE

16
Vee =50V
14
12
10 \‘
\'\
08
06
04
0 20 40 60 80
Ambient Temparature Ta ('C*
ACCESS TIME
vs. AMBIENT TEMPERATURE
13
Vee=5.0V
12
11 /
10 -
09
08
0.7
0 20 40 60 80

Ambient Temperature Ta ('C)

SUPPLY CURRENT
vs. FREQUENCY
13

20:)111 lS‘Om 120ns
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0.7
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Frequency / (MHz)
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HM6116 Series

76

Low Input Voltage Vii(Normalized)

Output Current Jow(Normalized)

Standby Current Iss1 (A)

LOW INPUT VOLTAGE
vs. SUPPLY VOLTAGE

13
Ta=25C
12
11
10 e |
-
0.9
08
0.7
45 475 5.0 5.25 5.5
Supply Voltage Vcc (V)
OUTPUT CURRENT
vs. OUTPUT VOLTAGE
1.6
Ta=25C
Vee =5V
4
12 \\
10 \
2.8
0.6
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4
Output Voltage Vou (V)
STANDBY CURRENT vs.
AMBIENT TEMPERATURE
107¢
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107!

v

20 40 60 80
Ambient Temperature Ta (°C)

HIGH INPUT VOLTAGE
vs. SUPPLY VOLTAGE

1.3
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T
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2
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/
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Output Voltage Voo (V)
STANDBY CURRENT vs.
SUPPLY VOLTAGE
14
¥ /|
H
-E 1.0
2
2 s
3 o6 /Z
2 Ta=257C
E / 8= Vec 0.2V
@ 0.4 /
0.2
4
Supply Voltage Vec (V)
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HMG6116 A Series ——  Maintenance Only

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

® 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-20)
® Pin Out Compatible with Standard 16K EPROM/MASK ROM HM6116ASP Series
® Equal Access and Cycle Time
@ Capability of Battery Back Up Operation (L-version)
HORDERING INFORMATION
Type No. Access Time Package
HM6116AP-12 120ns
HM6116AP-15 150ns
HM6116AP-20 200ns 600mil 24pin
HM6116ALP-12 120ns Plastic DIP (DP-24N)
HM6116ALP-15 150ns
HM6116ALP-20 200ns
HM6116ASP-12 120ns EPIN ARRANGEMENT
HM6116ASP-15 150ns \J
HM6116ASP-20 200ns 300mil 24pin Arj 1l E Vee
HM6116ALSP-12 120ns Plastic DIP A2 23] A
HM6116ALSP-15 150ns == A
HM6116ALSP-20 200ns As| 3 é___ !
M 21| WE
HFUNCTIONAL BLOCK DIAGRAM ald o A
A [ Ay ’ _!u_f [=
w_-ﬂ: o Ve a ’:- 1/0s
1 S Row | |  Memory Matrix — Vs %) [I 16| 170,
! Decoder 128128 T
W i — vo. L2 L] /0
:E vos LY 14| 1/0s
— I 1 Vss E 13)1/04
/0, N § — Column 1/0 [—
': E :';::: Column Decoder (Top View)
' : S Control
V/0yo—g—ti w b
p—————— & A A A S -
1 o

So—e

kS

WE o—————

OE

Note) This device is not available for new application.
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HM6116A Series

HABSOLUTE MAXIMUM RATINGS

Item Symbol Rating Unit
Voltage on Any Pin Relative to V5ss Vr —0.5* to +7.0 \'
Operating Temperature T.,. 0 to +70 ‘C
Storage Temperature T —55 to +125 C
Storage Temperature Under Bias T —10 to +85 ‘C
Power Dissipation Pr 1.0 w
Note) * 1. —3.5V for pulse width<50ns.
BTRUTH TABLE
CS OF. WE Mode Vee Current 1/0 Pin Ref. Cycle
H x x Not Selected Iss, Ise: High Z
L L H Read Icc Dout Read Cycle (1)~(3)
L H L Write Icc Din Write Cycle (1)
L L L Write 1133 Din Write Cycle (2)
HRECOMMENDED DC OPERATING CONDITIONS (Ta=0 to +70°C)
Item Symbol min typ max Unit
Vee 4.5 5.0 5.5 v
Supply Voltage
Vss 0 0 0 \'
Input Voltage Vin 2.2 3.5 6.0 \
Vi —0.3*! - 0.8 \

Note) * 1. —3.0V for pulse width=50ns.

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

. 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 _ _ _
Current Upr! to Ve - - 2 - 2 2 KA
Output Leakage CS=Vg or OE=Vpy, _
Current Lo! V1jo=Vss to Vee B B 2 - B 2 B L
CS=V1,I1/0=0mA - 5 15 | - S 15 | - 5 15
I i A
Operating Power | | Vin=VIr or ViL T VT e I T TV e P T Ve
Supply Current Vig=Vce, ViL=0V,
Iccr |TS=Vy - 3 6= 3611316 m
Ijo=0mA, f=IMHz | — | 2%* | 5%2 | _ | 2%2 |5%2 | _ | 2¥2 | 5%2
Average Operating I min, cycle - 35 60 - 25 | 45 - 20 | 35 mA
Current C€C2 | quty = 100% — 130*150%2] — | 202 40™] — | 15*2] 30"
o 11 la ] -] 1 1a] -1 4
Standby Power Isp CS=Vin — ] 0.5%2 3%2 — [ 0.5%2 | 3%z — |0.5%2| 3%2 mA
Supply Current — ~Joo2[ 2 [ —Joo02] 2 | —Joo02] 2 [ma
Isp1 CS > Vee-0.2V — 1*2 |50*2 — 1*2 [50%2 — 1*2 | 50%2 A
V Ipy, = 4mA - - 0.4 - - 0.4 - - 0.4 \%
OQutput Voltage oL oL
Vo |Ion=-1.0mA 2.4 - - 2.4 - - 2.4 - - \%

Notes) *1. Vgoe=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 Unit
Input Capacitance C.. V..—0V 3 5 pF
Input/Output Capacitance Cuo Vio=0V 5 7 pF

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

BAC CHARACTERISTICS (Vcc=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 irr 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 Output in High Z tcHZ 0 40 0 50 0 60 ns
Chip Disable to Output in High Z toHZ 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 twRr 0 - 0 - 0 — ns
Output Disable to Output in High Z toHZ 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 tDH 0 - 0 - 0 - ns
Output Active from End of Write tow 10 - 10 - 10 - ns
ETIMING WAVEFORM
®READ CYCLE (1)
trRcC
Address )( )K
taA
CANNNNNNNY 7777
tOE— -toH~
& \\X ~ ‘oLz SVI0.0
facs i
Dout ferz ( Sm-
@ HITACHI
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HM6116A Series

®READ CYG.E(Z)""”“’

trRC

Address

lOH

taa

tOH —

Dout

XX

/

®READ CYCLE (3)""

Cs

tacs
tcLz
Dout -

NOTES: 1. WE is High for Read Cycle.

[' CHZ

Sl

2. Device is continucusly selected, CS = V.
3. Address Valid prior to or coincident with TS transition Low.
4. OE= ViL.

OWRITE CYCLE(1)

twce
Address )( )(
twr(2]
OF N : : E :
tew
& NONRNN R X/
- T 54 Aw
—
RONNNK /
%—'ouz:_:lm twpll)
Dout
LLLLLLS oWt
Din <X XXXX
@ HITACHI
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HM6116A Series

®WRITE CYCLE(2)®

Address )(
— few

ég ; : \; : : : *UZ )

v NN

kA s IWHZ .,
Ef DW—

Din K

twe

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

2. twg is measured from the earlier of ggorWEgoing high to the end

of write cycle.

3. 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.

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. (OE = V)
. Doyt is the same phase of write data of this write cycle.
. Doyt is the read data of next address.

If & 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.

o N »

B LOW 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 CS2Vee 0.2V 2.0 - - v
Data Retention Current Iccon*!| Vec=3.0V, CS22.8V — - 30 HA

Chip Deselect to Data Retention Time | tcox
See Retention Waveform Py
Operation Recovery Time ta tec

Notes) * 1. 10z A max at Ta=0°C to +40°C, Vi min=—0.3V
* 2.trc = Read Cycle Time.

®Low Vcc Data Retention Waveform
{ Data Retention Mode
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HM6116A Series

SUPPLY CURRENT VS. SUPPLY VOLTAGE

Ta=25C

]

08

Supply Current Iccu, Iccz (Normalized)
5

06

04
45 475 5.0 5.25 5.5

Supply Voltage Ve (V)

ACCESS TIME VS. SUPPLY VOLTAGE

Ta=25C

09

Access Time taa, tacs (Normalized)

0.8

07
45 [%3 50 5.25 55

Supply Voltage Vcc (V)

ACCESS TIME VS. LOAD CAPACITANCE

Supply Current Iccr, Ieez (Normalized ¥

Access Time t4a, tacs {Normalized)

SUPPLY CURRENT VS.
AMBIENT TEMRERATURE

16
Ve =30V

1

12

1.0 \-\

08

0.6

0.4

i 20 n Hlh Ll
Ambient Temperaure T 171

ACCESS TIME.VS.
AMBIENT TEMPERATURE

13

Ve =50V

L

o e

09

0.8

o 40 60 B

Ambient Temperature Ta (11

SUPPLY CURRENT VS. FREQUENCY

12 T T T
Ta=25C 2ns 150ns 120ns
Vee=MIN
13 10
3 5 S
E £ Vee=50V
5 12 &0,
é z .8 v
¢ B
S =
§ L1 / g 0.6
E s}
>
§ 10 g oo
R
09 0.2
08 0
100 2 300 400 500 0 2 4 6 R 10
Load Capacitance v (pF) Frequency f (MHz}
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HM6116A Series

INPUT LOW VOLTAGE VS. SUPPLY

VOLTAGE

13

Ta=25C

11

0.9

Low Input Voltage Vi, (Normalized

08

07

45

.75 5.0 5.25 55
Supply Voltage Ve (V)

OUTPUT CURRENT VS. OUTPUT

VOLTAGE

16

x Vee =5V

Ta=25"C

=
S

=
&

Output Current Ioy (Normalized)
o -
® <

14
=3

04

\

2 3 4 5
Output Voltage Vou (V)

STANDBY CURRENT VS. AMBIENT

Output Voltage Iy, (Normalized)

High Input Voltage Viy (Normalized)

INPUT HIGH VOLTAGE VS. SUPPLY
VOLTAGE

Ta=25C
1.2

11

09

0.8

07

4.5 4.75 5.0 5.25 5.5
Supply Voltage Vec (V)

OUTPUT CURRENT VS. OUTPUT
VOLTAGE

/

Ta=25C
Vee=5V

L/

0.6 v

0.4
0 02 0.4 0.6 08

Output Voltage Vo, (V)

STANDBY CURRENT VS. SUPPLY

TEMPERATURE VOLTAGE
107 14
Vee=3V
CS=28V 2
2 ]
5_ 107 E 10
2 -
£ i o8
3
° / 3
g 107 // g 06
“ & / Ta=25C
g CS5=Vec—02V
/ oo
1075 20 %0 % 80 o E
Ambient Temperature Ta (°C) Supply Voltage Vec (V)
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HM6116A Series

OPERATING SUPPLY CURRENT VS. INPUT VOLTAGE

10 T
Tu=25C
Vee=5.0V

Operating Supply Current /cc {Normalized !

Input Voltage Via (V)
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HMM6716 Series
HMM6719 Series

2048-word x 8-bit High Speed Static RAM
2048-word x 9-bit High Speed Static RAM

Features

Fast Access Time: 25/30ns (max)
Low Power Dissipation (DC): 280mW (typ.) DP-24NC
+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 24-pin Cerdip (300mil) and Plastic DIP (300mil)

m ORDERING INFORMATION

Type No. Access Time Package
HM6716-25 25ns
FM6716-39 %0ns 300 mil 24 Pin = PIN ARRANGEMENT
HM6719-25 25ns Cerdip and Plastic DIP
HM6719-30 30ns ® HM6716
Aq 1 ~ 24 [ Vee
m Block Diagram Ag 2 23 [ Ag
AsO 3 22 [JAg
A ¢ 21 [JWE
A4°_F A3 s 20 {1 OE
r | | —OV¢e A ] 6 19 [J Ao
S - ! s Row Memory Matrix | —°GND A7 18 [1CS
E Decoder || 128X 128 Aol] 8 17 [11/0g
Ajo 1 (144) vo, [ ¢ 16 [11/07
V0, [ 10 15 [ /Og
— [ [ 10, O 11 14 1105
UOLO—T Column L/O GND [ 12 13 bl/04
i Input
g ':‘: S Column Decoder (Top View)
i ! e HV6719
o ] 1 H
1/0(3) ; S E i A0 1 e M Vee
_ : E ' AgO 2 23 [ Ag
CoS-—Dc i Lﬁ_l As[ 3 22 jA—g
WE Ay 4 21 [JWE
_O—— A s 20 [1TS
(©F) A s 19 JAg
A0 18 [J /09
. Ao 8 17 [ 1/0g
u Absolute Maximum Ratings vo, g o 16 {J 1/Oq
Ttem Symbol Rating Unit 10, 0} 10 15 [11/0
Terminal Voltage to GND Pin Vr —0.5to +7.0 v V0s g 1t 14 [110s
Power Dissipation Py 1.0 w GND [ 12 13 1/
Operating Temperature Range Topr 0to +70 °C (Top View)
Storage Temperature Range Tstg —55 to +125 °C
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HM6716, HM6719 Series

® Truth Table
® HM6716
Cs OE WE Mode Ve Current Pin Ref. Cycle
H HorL HorL Not selected Igp, Isp; High Z -
L L H Read IcesIeci Dout Read Cycle (1) (2) (3)
L H L Write Ice. Iccl Din Write Cycle (1)
L L L Write IccsIcci Din Write Cycle (2)
®HM6719
TS WE Mode Ve Current 1/0 Pin Ref. Cycle
H HorL Not selected Isg, Igp; High Z - '
L H Read Icc,Icci Dout Read Cycle (2) (3)
L L Write Ice,Icci Din Write Cycle (2)
w Recommended DC Operating Conditions (72 = 0 to +70°C)
Item Symbol min typ max Unit
Swooly Vol Vee 4.5 5.0 5.5 v
upPly Yoltage GND 0.0 0.0 0.0 v
Input High Voltage Vin 2.2 - 6.0 A\
Input Low Voltage ViL® -3.0 - 0.8 \4
*) Pulse Width: 20ns, DC: —0.5V
= DC and Operating Characteristics (Vo =5V + 10%, T, =0 to +70°C)
Item Symbol Test Conditions min typ max Unit
Input Leakage Current Ipp 1| Vec=5.5V, Vin=0V to Ve - - 2 uA
Output Leakage Current Lol | CS=Vig, V1/0=GND to Ve - - 2 BA
Operating Power Supply Current| Icc | CS=Vip, Iy/0=0mA - - 120 mA
Average Operating Current Iccy | Min. Cycle, Duty: 100% - - 130 mA
ISB C_S=VIH, 11/o=0mA ‘ - - 30 mA
Standby Power Supply >
Current Ispi G52 Vec-0.2v - - 10 mA
VinS0.2Vor Vin2 Vee—0.2V
Output Low Voltage Vor |Ior=4mA - - 0.4 v
Output High Voltage Vou |log=—1mA 2.4 - - v
B AC Test Conditions
Input pulse levels: GND to 3.0V
Input and Output reference levels: 1.6V £200mV from steady level (Output Load B)
Input rise and fall time: 4ns
Output Load: See Figure
+5V +5V
910Q 91
Dout Dout 0Q
6200 30pF* 6200
*including

Output Load A
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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 - - 6 pF
1/0O Capacitance Cro V10=0V - - 8 pF

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

mAC Characteristics (Ve SV + 10%, T, = 0 to +70°C, unless otherwise noted.)

OREAD 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 Output 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 torLz 0 - 0 - ns *1,%2
Chip Deselection to Output in High Z tcHz 0 10 0 12 ns *2
Chip Disable to Output in High Z toHZ 0 10 0 10 ns *1,%2
Output Hold from Address Change toH N - 5 - ns -
©® Write Cycle
HM6716-25 HM6716-30
Item Symbol HM6719-25 HM6719-30 Unit 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 taAw 20 - 25 - ns -
Write Pulse Width twp 20 - 25 - ns -
Write Recovery Time twr 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 - 5 - ns -
Output Active from End of Write tow 0 - 0 - ns -

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.

@ HITACHI
Hitachi America Ltd. ® 2210 O’Toole Ave. * San Jose, CA 95131 e (408) 435-8300 87



HM6716, HM6719 Series

® Timing Waveforms
® Read Cycle (1)""

&

< tre

A\ 4

Address X

X

o Tk

Y

X/ ///

4—— tog —»

1/

Dout

CS -\. ; N\ < toLz ¥ /
< tacs > :_ QHZ >
< touz > HE : 3'

High impedance

e Read Cycle (2)°1-"2*4

( Data Valid

) -

A4

|« tre
Address j{

< taa >

~— ton —> ton -

Dout  Previous Data Valid K Data Valid >\
® Read Cycle (3)°1:"3"4
CS
tacs -»>
torz tcHz

Dout Data Valid

High impedance \V:

Notes) *1. WE is High for Read Cycle. ~ ___
*2. Device is continuously selected, CS=Vy .

*3. Address Valid prior to or coincident with CS transition Low.
*4. OE=V/.

G HITACHI
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® Write Cycle (1)

|« twe >
Address ﬁ( X
«—>twr "2
oE /X SO
— tcg ——»

ANNANNNN Y 77y,
< AW >

WE <

« tonz ——— twp
T\_T—TM wP High Impedance
Dout

> tas \ /
SONNCR 7

<4 tpw —»>l<4— tpy >

® Write Cycle (2)™3

Q Data Valid  YOX X,

Address >

C X

wR 2

< tcw

CANNN

\4
N4
v

W4

NN

v Ny

taw

—W_E ¢— t i.l______>
N WP \/
ASI\\\\ N A fe—ton—>
l‘WHL *3 « > 6 *7
Dout S S NN S N High Impedange tow N
L L/ VA VAV \ VAV
tow tDH | +g
i id NODLNLNL
Din Data Valid MXHHHHC
Notes) *1. A write occurs during the overlap (twp) of a low CS and low WE.

*2.
*3.

*4,

*5.

*7.
*8.

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

During this period, 1/O pins.are in the output state so that the input
sugnals 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. (OE=V/ ).

. 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.
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HM6168H Series ———Maintenance Only

(Substitute HM6268P)
4096-word x 4-bit High Speed CMOS Static RAM
BFEATURES
® High Speed: Fast Access Time 45/55/70 ns (max.)
® Single +5V Supply and High Density 20 Pin Package
® Low Power Standby: 100uW typ, 5uW typ. (L-version)
Active: 200mW typ.
® Completely Static Memory
No Clock or Timing Strobe Required
® Equal Access and Cycle Times
® Directly TTL Compatible — All Inputs and Outputs
® Capability of Battery Back Up Operation (L-version)
(DP 20N
M ORDERING INFORMATION
Type No. Access Time Package EPIN ARRANGEMENT
HM6168HP-45 45,
HM6168HP-55 53ns M [j BR
HM6168HP-70 70ns 300mil 20pin N E 1‘;] .
HM6168HLP-45 45ns Plastic DIP :
HMG6168HLP-55 55ns x5 (]
HM6168HLP-70 70ns
AyE E] A
~E |_—6| A
HFUNCTIONAL BLOCK DIAGRAM s[5 (5] von
Ao—¥ ae[7] W] Vo
Ao P . An E E Vs
Ao Py— ——wo0 Vec _
ow Memory Array cs 12|V
Y P S— Di.,d., 128X 128 o Vs E ) f
Ao Dy— Vss (._T_ 1| WE -
s N —
:‘ [: (Top View)
|
1/0: °__'B_— Column 1/0
1/0. Input Column Decoder
Data
1/0s Control
Ar

As As Aw An

-]
WE
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HM6168H Series

HMABSOLUTE MAXIMUM RATINGS

Item Symbol Rating Unit
Voltage on Any Pin Relative to V55 Vr 0.5*"to +7.0 V_
Power Dissipation Pr 1.0 w
Operating Temperature T.,. 0 to +70 C
Storage Temperature (Plastic) Tue -55 to +125 ‘C
Storage Temperature under Bias Ti... —10 to +85 ‘C
Note) * 1 3.5V for pulse width=20ns,

® TRUTH TABLE

Cs WE Mode Vcc Current 1/O Pin Reference Cycle
H X Not selected Isp,Isg) High Z

L H Read Icc Dout Read Cycle 1, 2
L L Write Ice Din Write Cycle 1, 2

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

Item Symbol min typ max Unit
V. 4.5 5.0 5.5 \%
Supply Voltage e
Vss 0 0 0 \%
Vv, 2.2 - 6.0 v
Input Voltage H 5
ViL 0571 - 0.8 v

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

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

Item Symbol Test Conditions min [typ*1lmax | Unit

Input Leakage Current Upy! Vee=5.5V, Vin=Vgs to Voo - |- 20| uA
Output Leakage Current Lo | CS=Viy, Vijo="Vssto Vee — | - 120 | A
Operating Power Supply Current Icc CS=Vir,I1/0=0mA - |40 |90 | mA
Standby Power Supply Current Isp CS=Viy - [1S |25 | mA
Standby Power Supply Current(1) Isg; | CS=Vce—0.2V, ViNS0.2V or VN2V e —0.2V] — [0.02 (2.0 | mA
- |1°2 [50"2] A

Output Low Voltage VoL |lIoL=8mA - - |04 v

Output High Voltage Vou |loyg=-4mA 24— - \4

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

® CAPACITANCE (72=25°C, f=1MHz)

Item Symbol | Test Conditions | min | max | Unit
Input Capacitance Cin ViN=0V - 6 pF
Input/Output Capacitance | Cp0 Vio=0V - 8 pF

Note: This parameters are sampled and not 100% tested.
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HM6168H Series

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

® AC TEST CONDITION
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

480Q

nAl

Dout

2550 o
s
Output Load (A)

® READ CYCLE

Dout

255Q

5

AAA

v

> 480Q

= SpF*°

B

-

Output Load (B)
* Including scope and jig.  (for tyz, t1z, twz, tow)

HM6168H-45 HM6168H-55 « HM6168H-70
Item Symbol - - - Unit

min max min max min max
Read Cycle Time trRc 45 - 55 - 70 - ns
Address Access Time taa - 45 - 55 - 70 ns
Chip Select Access Time tacs - 45 - 55 - 70 ns
Output Hold from Address Change toH 5 - 5 - 5 - ns
Chip Selection to Output in Low Z*1 tLz 20 - 20 - 20 - ns
Chip Deselection to Output in High z*1 tHz 1] 20 0 20 0 20 ns
Chip Selection to Power Up Time tpu 0 - 0 - 0 - ns
Chip Deselection to Power Down Time tpp - 30 — 30 - 30 ns

Note) *1. Transition is measured +500mV from steady state voltage with Load (B).

This parameter is sampled and not 100% tested.

® TIMING WAVEFORM OF READ CYCLE NO. 1)+ @

tac

e X

)

taa {
tow
- %{ XX K oo s

@ HITACHI
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HM6168H Series

® TIMING WAVEFORM OF READ CYCLE NO. 21): 3

— t
3 e
tacs tuz
ter
Dout High Impedance x X >< Data Valid Tgh
teu tro Impedance
lec
Veo supply —mm—m—m——— -y 4 -
current 50% 50% X

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.

® WRITE CYCLE

HM6168H45 HM6168H-55 HM6168H-70
Item Symbol - - - Unit

min max min max min max
Write Cycle Time twe 45 - 55 - 70 - ns
Chip Selection to End of Write tcw 40 - 50 - 60 - ns
Address Valid to End of Write tAw 40 - 50 - 60 - ns
Address Setup Time tas 0 - 0 - 0 - ns
Write Pulse Width twp 35 - 45 - 55 - ns
Write Recovery Time twR 0 - 0 - 0 - ns
Data Valid to End of Write tpw 20 - 25 - 30 - ns
Data Hold Time tDH 0 - 0 - 0 - ns
Write Enabled to Output in High Z*1 twz 0 15 0 20 0 25 ns
Output Active from End of Write*! tow 0 - 0 - 0 - ns

Note) *1. Transition is measured +500mYV from steady state voltage with Load (B).
This parameter is sampled and not 100% tested.

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

=

M_* X

s ORL KTTT7TXT77

@
,._us--i twp"

oW - —and 1OH s
Din
o o ]
sy - it
VA4 Va4 High impedance
Dout ———C < al

N
N
N
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HM6168H Series

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

- twe

it X X

cs 5‘( A

twp b

LN\ 2 77

Din ZZZZZZZZEEZZ* ——— ;222552522

4

High Impedance

Dout

. 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.

. Duri‘r)\g thishperiod, 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 transition or after the WE transition, the output buffers
remain in a high impedance state.

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

. Dout is the same phase of Write data of this write cycle, if #yyg is long enough.

Notes)

A B W

HMLOW V. DATA RETENTION CHARACTERISTICS (0'C=Ta=70C)

This characteristics is guaranteed only for L-version.

Parameter Symbol Test Conditions min typ max Unit
Vec for Data: Retention Vor 2.0 - — \
CS2Vec—0.2V 30+2
Data Retention Current Iccor — - 20%3 HA
Va2 Vec—0.2V or
Chip Deselect to Data Retention Time tcon OVs V.$0.2V 0 - — ns
Operation Recovery Time tr Lre*1 - — ns
Notes) * 1. frc =Read Cycle Time.
*2. Vec=3.0V
*3. Vee=2.0V

®LOW V.. DATA RETENTION WAVEFORM

DATA RETENTION MODE

CS2Vcc—02V
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HM6168H Series

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

K Ih

Ta =257 Vee=50V

werent Tee Normalized

Suppiv Carrent loc Normalied

10 1 ——]
—
ux / 0
0b 0
oy oy
1 175 S 5.2 35 o 20 10 0 [l
Supply Ve Ve \ Ambienn Temperature Tu <

ACCESS TIME VS. SUPPLY VOLTAGE ACCESS TIME VS. LOAD CAPACITANCE

14 1%
T - 237
L2 16 //
—é I E Nl /
z \ ” /
— : ,/
: B
0y £ L0
“71:'. 175 a0 ke a5 “h]m K 300 1 o
Suppls Vol Vee -V Load Capaentanen 1 pl
ACCESS TIME VS. AMBIENT TEMPERATURE SUPPLY CURRENT VS. FREQUENCY
14 L1 200 100 ot 50 [
Vee =50V
1.2 Lo v
/

v

\

I I
3 3
£ g 09l ]
P / B /
;, 10 L ; R
p / i
= -
2 09 e
H £ "
4 7
z

[ 06

0z 04

0 20 0 w A0 0 5 0 15 0
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HM6168H Series

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

Ta=25¢ Ta=25C
R 12
5 11 _é 1l
2w g
0% 08
T T 50 505 55 0T i 0 5 55
Supply Volage Vee 1V Supply Voltage Vee Vi
OUTPUT CURRENT VS. OUTPUT VOLTAGE OUTPUT CURRENT VS. OUTPUT VOLTAGE
15 Y
Ta=250

Vee=5v Ta=25T

1 \ y / [P

" /
‘ /

Ton * Normalized

X \ 0x
0.6 06 /

[R] - 0.4
1 2 3 i . 5 o 02 o 06 038

x
Output Cuerent for, * Normalized

Output Voltage Von 1\ Output Voltage Vor (V)

STANDBY CURRENT Vs.
AMBIENT TEMPERATURE STANDBY CURRENT VS. SUPPLY VOLTAGE

1072 L1

Tee=3v
CS=28V /

- 107

0x

. e -

/ CS=Vee—02v
/ " /

6 " 02
107° 0 0 0 A0 = ) 1 5 3

Standby Current Tsmn (A
Standby Cureent [sgi ¢ Normalized)

Ambient Temperarure Ta (1 Supply Voltage Ve (V)
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HMG6268P 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 25/35ns (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)

(DP-20N)
I ORDERING INFORMATION
Type No. Access Time Package EPIN ARRANGEMENT
HM6268P-25 25ns d \J .
HM6268P-35 35ns 300mil 20pin afd [20] vee
HM6268LP-25 25ns Plastic DIP as[2] 1] s
HM6268LP-35 35ns [ A
N [17) w0
As| 5 16| A
BWBLOCK DIAGRAM E % '
a6 15] 1/0u
A |
o Vee . Mo 7] 1] 102
A h[k:‘ Iv:jzm}:ry Array Vss An E El 1/0a
As oD 256 Catonms & z
Row Decoder. [ & [12] 100
A7 o—-‘%:
(Top View)
A % |
»
1/0 —1
' E — Column 1/0
1/0z 1
1os Ic'if:"r‘g“‘“ Column Decoder
0. o %é % )ﬁ % #

Ao Ar Az A3 An As

BMABSOLUTE MAXIMUM RATINGS

Item Symbol Rating Unit
Voltage on Any Pin Relative to V5s Vin —0.5* to +7.0 \
Power Dissipation Py 1.0 w
Operating Temperature Torr 0to +70 c
Storage Temperature Tue —-55to +125 ‘c
Temperature under Bias Toree —10 to +85 ‘c

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

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

IRECOMMENDED OPERATING CONDITIONS (7a=0to +70C)

Parameter Symbol min typ max Unit
Vee 45 5.0 55 v
Supply Voltage
Vss 0 0 0 \Y
Input High (logic 1) Voltage Vin 2.2 - 6.0 A%
Input Low (logic 0) Voltage ViL —0.5%! - 0.8 \Y

Note) * 1.—3.0V for pulse width=10ns.

HDC AND OPERATING CHARACTERISTICS ( Vcc=5V+10%, Vss= 0V, Ta=0to +70T)

Parameter Symbol Test Condition min | typ*! | max | Unit
Input Leakage Current | ILr | | Vee=55V, V= Vss to Vec - - 2.0 HA
Output Leakage Current | Iro| | CS= Vi, Vi/o= Vss to Vcc - - 10 uA
Operating Power Supply Current Icc CS= Vi, I /o=0mA - 50 90 | mA
Standby Power Supply Current 13 CS="Vim - 15 25 | mA
. - 0.02 | 2.0 mA
Standby Power Supply Current (1) Isp CS= Vee—0.2V, Vins0.2V or Vin= Vec—0.2V — i 50| A
Output Low Voltage Vo JToL=8mA - - 0.4 A
Output High Voltage Vou Ton=—4.0mA 2.4 - - v
Notes) * 1. Typical limits are at Vec=5.0V, Ta= +25'C and specified loading.
* 2. T'his characteristics is guaranteed only for L-version.
BCAPACITANCE ( 7a=25C, f=1.0MHz)
Parameter Symbol Test Conditions min | max | Unit
Input Capacitance Civ Vin=0V - 6 pF
Input/Output Capacitance Ci/o Vi/o=0V - 9 pF

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

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

® AC Test Conditions
Input pulse levels: Vss to 3.0V
Input rise and fall times: 5ns

Input and Output timing reference levels: 1.5V

Output load: See Figure

98

Output Load (A)

5V

480Q

Dout

255Q 30pF*

Output Load (B)
(for tHZ, tLZ, tWZ & tOw)

5V

480Q

Dout

255Q 5pF*

* Including scope and jig.
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HM6268 Series

O READ CYCLE
HM6268-25 HM6268-35
Parameter Symbol - - Unit
min max min max

Read Cycle Time tre 25 - 35 - ns
Address Access Time taa - 25 - 35 ns
Chip Select Access Time tacs - 25 - 35 ns
Output Hold from Address Change ton 5 - 5 - ns
Chip Selection to Qutput in Low Z tLz*! 10 - 10 - ns
Chip Deselection to Output in High Z R thz *! 0 15 - 0 20 ns
Chip Selection to Power Up Time tru 0 - 0 - ns
Chip Deselection to Power Down Time tep - 25 - 25 ns

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

® Timing Waveform of Read Cycle No. 1102

tRe |

X
tas .
ton
Data Valid

tow

Dout

® Timing Waveform of Read Cycle No. 213

CS tae
— —
N 7
tACS . thz
1Lz
Dout High Impedance Data Valid S High
Imped-
try tep fnce
Vee Suppiy T(Z __________
Current 50% 50%
Iss
Notes: 1. WE is High for Read Cycle.
2. Device is continuously selected, CS= Vy7,.
3. Address Valid prior to or coincident with CS transition Low.
® WRITE CYCLE
HM6268-25 HM6268-35
Parameter Symbol Unit
min max min max

Write Cycle Time twe 25 - 35 - ns
Chip Selection to End of Write tew 20 - 30 - ns
Address Valid to End of Write taw 20 - 30 - ns
Address Setup Time tas 0 - 0 - ns
Write Pulse Width twp 20 - 30 - ns
Write Recovery Time twr 0 - 0 - ns
Data Valid to End of Write tow 12 - 20 - ns
Data Hold Time ton 0 - 0 - ns
Write Enabled to Output in High Z twz*! 0 8 0 10 ns
Output Active from End of Write tow*! 0 - 0 - ns

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

This parameter is sampled and not 100% tested.
G HITACHI
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HM6268 Series

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

twe

Address ><

(6)
twz (3) tow ® ton )

Dout 7 ([ [ ] < High Impedance

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

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

w N

100

X X

taw.

tas twr_(2)

cs '——_‘\ tew /
" N i /1

tow 1DH .
Din Data in Valid M

Dout High Impedance  (4)

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

must not be applied.

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

buffers remain in a high impedance state.

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

the outputs must not be applied to them.

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

@ HITACHI
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ELOW V. DATA RETENTION CHARACTERISTICS (0°C<Tas70C)

This characteristice is guaranteed only for L-version.

HM6268 Series

Parameter Symbol Test Conditions min typ max Unit
Vcc for Data Retention Vor 2.0 - — \
C8z Vec—0.2V oz
Data Retention Current Iccor - - 203 KA
Va2 Vec—0.2V or
Chip Deselect to Data Retention Time tcon 0VS V.50.2V 0 - — ns
Operation Recovery Time tr tre *1 - - ns
Notes) * 1. tac=Read Cycle Time. *2. Vec=3.0V
%3, Vec=2.0V
O®LOW V. DATA RETENTION WAVEFORM
DATA RETENTION MODE
——e¥ L
TS2Vec-02v
@ HITACHI
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HM6268 Series

Supply Current Icc (Normalized)

Access Time t44, tacs (Normalized)

Access Time ta4, tacs (Normalized)

102

SUPPLY CURRENT VS. SUPPLY

SUPPLY CURRENT VS. AMBIENT

VOLTAGE TEMPERATURE
16 16
Ta=25C Vee=5.0V
14 14
] Z
1. g1
2 = E 12
z \
1.0 3 10 ——
M S ——
£
08 — 3 os
2
a
@
06 06
04 04
45 475 5.0 5.25 55 20 40 60 80
Supply Voltage Ve (V) Ambient Temperatare Ta (°C)
ACCESS TIME VS. SUPPLY ACCESS TIME VS. LOAD
VOLTAGE CAPACITANCE
13 18
Ta=25C
12 16 /
3 "
11 T e
\ £ /
3 /
10 HRT -
09 \‘ £ 10
g
08 < o8
07— 06
. 475 5.0 5.25 55 100 200 300 400 500
Supply Voltage Veo (V) Load Capacitance C; (pF)
ACCESS TIME VS. SUPPLY CURRENT VS.
AMBIENT TEMPERATURE FREQUENCY
T (ns)
13 11 100 50 33 25 20
Vee =5.0V
12 10
I
11 'g 0.9 /
/ S /
sl € /
1.0 > 3 os :
09 S o7
2
&
08 06
075 20 40 60 80 055 10 20 30 40 5
Ambient Temperature Ta (°C) Frequency f (MHz)
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Low Input Voltage V; (Normalized)

Output Current Ioy (Normalized)

Standby Current Iz, (A)

INPUT LOW VOLTAGE VS. SUPPLY
VOLTAGE

Ta=25C

1.0

09

08

07

45 4.75 5.0 5.25 55

Supply Voltage Ve (V)

OUTPUT CURRENT VS. OUTPUT
VOLTAGE

16

14

Ta=25C
Vee=5V

P

0.8

\

0.6

\

04

2 3 4 5
Qutput Voltage Voy (V)

STANDBY CURRENT VS. AMBIENT

Output Voltage Io, (Normalized )

High Input Voltage V;y (Normalized)
s

HM6268 Series

INPUT HIGH VOLTAGE VS. SUPPLY
VOLTAGE

Ta=25C

0.9

0.8

0.7

45 4.75 5.0 5.25 55
Supply Voltage Ve (V)

OUTPUT CURRENT VS. OUTPUT

VOLTAGE

16
Ta=257C
Vee=5V

14 //

12

1.0

08 /

06 7

04

0 02 04 06 08

Output Voltage Vo, (V)

STANDBY CURRENT VS. SUPPLY

TEMPERATURE VOLTAGE
10 14
Vee=3V
Cs=2.8V 12 y
:
10 9 10
£
z
2 08
/ 2
H
/ £
107 > S 08 /
5 Ta=25'C
| CS=Vec—02V
/ @ o4
107 02
0 20 40 60 80 2 3 4 5
Ambient Temperature Ta (°C) Supply Voltage Ve (V§
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Maintenance Only
(Substitute HM6267P)

‘HM 6167 Series

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

BFEATURES
@ Single +5V Supply and High Density 20 Pin Package
o Fast Access Time — 85ns/100ns
o Low Power Stand-by and Low Power Operation
Stand-by 100uW typ./5uW typ. (L-version)
and Operating 150mW typ.
o Completely Static Memory No Clock nor Refresh Required
o Fully TTL Compatible — All Inputs and Output
® Separate Data Inputand Output . .. ...... Three State Output
@ Pin-Out Compatible with Intel 2167 Series
® Capability of Battery Back Up Operation (L-version)

DP 20N

ORDERING INFORMATION

Type No. Access Time Package HPIN ARRANGEMENT
HMS167P-6 85ns U
HM6167P-8 100ns 300mil 20pin A.,[_T E Vee
HM6167LP-6 85ns Plastic DIP —
HM6167LP-8 100ns a2 [19] 40
Az E E An
.BLOCK DIAGRAM A,E 17} An
w1 —_— w[E] oL
A ¥ Row Memory Array
a—LF] vecoder 128x 128 A‘E EN
A —w Dout E E A
A ——w — .
an—F] - WEE 12 | Din
I [ s [ 10 1n|cs
Din Column 1/0 Dout
Column Decoder (Top View)
An Ao As As Ar As As
WABSOLUTE MAXIMUM RATINGS
Item Symbol Rating Unit
Terminal Voltage with Respectto Vss | Vr —0.5""t0 +7.0 \'
Power Dissipation Pr 1.0 w
Operating Temperature Topr 0 to +70 °C
Storage Temperature Toe ~55 to +125 °C
Storage Temperature under bias Totgtvian —10 to +85 °C
Note) *1. —3.5V for pulse width=<20ns.
@ HITACHI
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HM6167 Series

BRECOMMENDED DC OPERATING CONDITIONS

(0°C=<Ta=1707C)

Item Symbol min typ max Unit
Supply Voltage | Vee 4.5 5.0 5.5 A%
Vss 0 0 0 v
Input High Voltage Viu 2.2 - 6.0 A
Input Low Voltage Vi —0.3*  — 0.8 v
Note) * 1. --3.0V for pulse width<=20ns.
B TRUTH TABLE
cs WE Mode Vee Current Output Pin Reference Cycle
H X Not Selected Iss, Iss High Z
L H Read Icc Dout Read Cycle 1, 2
L L Write Icc High Z Write Cycle 1, 2

HDC AND OPERATING CHARACTERISTICS (Vcc=5V+10%, Ta=0T to +70TC)

Item Symbol Test Conditions min typ*! max Unit
Input Leakage Current |1 | Vee=5.5V, Vin=0V~Vcc — - 2 KA
Output Leakage Current 11L0] CS = Vin, Vour=0V~Vcc — — 2 uA
Operating Power Supply Current Icc CS =V, Output Open - 30 60 mA
Iss | CS=Vi - 5 20 mA
Standby Power Supply Current ' CS=Vec—0.2V - 0.02 2 mA
| Vie=0.2V or Vix 2 Vec—0.2V - 250 | kA
Output Low Voltage Vo Tor=8mA - — 0.4 \Y%
Output High Voltage Vou Ton=—4mA 2.4 - -
Notes) * 1. Typical limits are at Vec=5.0V, Ta=25°C and specified loading.
* 2. This characteristics is guaranteed only for L-version.
BCAPACITANCE (Ta=25C, f=1.0MHz)
Item Symbol max Unit Conditions
Input Capacitance Cin 5 pF Vin=0V
Output Capacitance Cour 6 pF Vour=0V
Note) This parameter is sampled and not 100% tested.
BAC CHARACTERISTICS ( Vece=5V+10%, Ta=0to +70°C, unless otherwise noted)
®AC TEST CONDITIONS
Output Load A Output Load B
Input pulse levels: Vgg to 3.0V +5V (for thz, tiz, twz & tow)
Input rise and fall times: 5 ns Y
Input timing reference levels: 1.5V
Output reference levels: 1.5V 4802 .
Output load: See Figure Dout
255Q 300F* Dout O———q
25508 soF*
1
* Including scope and jig.
@ HITACHI
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HM6167 Series

@®READ CYCLE

HM6167-6 HM6167-8
Item Symbol - - Unit
min max min max
Read Cycle Time tre 85 - 100 - ns
Address Access Time taa - 85 - 100 ns
Chip Select Access Time tacs - 85 - 100 ns
Output Hold from Address Change toun 5 - 5 - ns
Chip Selection to Output in Low Z tiz 5 - 5 - ns
Chip Deselection to Qutput in High Z tuz 0 40 0 40 ns
Chip Selection to Power Up Time ter 0 0 - ns
Chip Deselection to Power Down Time tep - 40 - 45 ns
@WRITE CYCLE
HM6167-6 HM6167-8
Item Symbol - - Unit Notes
min max min max
Write Cycle Time twe 85 - 100 - ns 2
Chip Selection to End of Write tew 65 - 80 - ns
Address Valid to End of Write taw 65 - 80 - ns
Address Setup Time tas 0 - 0 - ns
Write Pulse Width twp 45 - 55 - ns
Write Recovery Time twr 0 - 0 - ns
Data Valid to End of Write tow 35 - 40 - ns
Data Hold Time ton 0 - 0 - ns
Write Enable to Output in High Z twz 0 40 0 40 ns 3,4
Output Active from End of Write tow 0 - 0 - ns 3,4

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

e TIMING WAVEFORM OF READ CYCLE NO.1V

tac

Address

Data Out

Previous Data Valid

Dats Valid

@ HITACHI
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® TIMING WAVEFORM OF READ CYCLE NO.2"-¥

High lmped
Date Out Data Valid L e

Vee Sepply
50%

Cerreat

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 +500mV from steady state voltage with
specified loading in Load B.

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

— X

-\ V7
— o EEm—
- \\\ _f m%
Data Out Data Undefined /' Hiah lupedance

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

twc

- X X

3

NANANANANE 1/ /7

| ton tox
Data_In Valid
1 Ovt
Dets Data Undefined Hugh Impedance
@ HITACHI
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HM6167 Series

BLOW V.. DATA RETENTION CHARACTERISTICS (Ta=0C to+70°C)

This characteristics is guaranteed only for L-version.

Parameter Symbol Test Condition min typ max Unit
Vcc for Data Retention Vor 2.0 - - \
CS2Vec—0.2V - - 2072
Data Retention Current Iccor MA
Va2 Vec—0.2V or - - 303
Chip Deselect to Data Retention Time tcor ov=sV.=s0.2V 0 -— - ns
Operation Recovery Time tr tac* 1 - - ns
Notes) * 1. tac=Read Cycle Time *2. Vec=2.0V
*3. Vec=3.0V

© LOW V.c DATA RETENTION WAVEFORM

Data Retention Mode

SUPPLY CURRENT vs. SUPPLY VOLTAGE

Ta=25C

/

08 [

Supply Current Icc (Normalized)

06

04

45 475 50 525 55

Supply Voltage Vec (V)

SUPPLY CURRENT vs. AMBIENT TEMPERATURE

Vee=5.0V

08

06

Supply Current Icc (Normalized)

04

0 20

@ HITACHI

40 60
Ambient Temperature Ta (C)

108 Hitachi America Ltd. * 2210 O’Toole Ave. * San Jose, CA 95131 e (408) 435-8300



Access Time taa,tacs (Normumlized) Access Time taa,tucs (Normalized)

Input Low Voltage Vir (Normalized)

ACCESS TIME vs.
SUPPLY VOLTAGE

13
Ta=25C
12
1l \
10
09
08
0.7
45 475 50 525 55
Supply Voltage Vcc (V)

ACCESS TIME vs.

LOAD CAPACITANCE
18

P

//
12

Ta=25C
V¢¢=MIN.
10
08
06
100 200 300 400 500
Load Capacitance Cu (pF)
INPUT LOW VOLTAGE vs.
SUPPLY VOLTAGE
13
Ta=25C
1.2
1.1
1 e //
"1
0.9
08
0.7
4.5 4.75 5.0 5.25 5.5

Supply Voltage Vcc (V)

Supply Current lccs (Normalized)

Access Time taa, tacs (Normalized)

Input High Voltage Vin (Normalized)

@ HITACHI
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ACCESS TIME vs.
AMBIENT TEMPERATURE

13
Vee=5.0V
12
11 //
10 ,/
09
08
0.7
0 20 40 60 80
Ambient Temperature Ta ('C)
SUPPLY CURRENT vs.
FREQUENCY
13
12
11
1.0
09
08
0.7
0 4 6 10
Frequency f (MHz)
INPUT HIGH VOLTAGE vs.
SUPPLY VOLTAGE
L3

Ta=25C

0.8

0.7
45 475 5.0 5.25 5.5

Supply Voltage Vec (V)
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HM6167 Series

OUTPUT HIGH CURRENT vs.
OUTPUT HIGH VOLTAGE

16
Ta=25C
Vee=5V
3 M
3 \
3 12 k
3 \
g 10
£ 08
x
E
3 06
04
4
Output High Voltage Vou (V)
STANDBY CURRENT vs.
AMBIENT TEMPERATURE
-
Vee=3v
CS=2.8v
<
=
3 /
? 0 /
8 L~

7

1077
20 40 60 80
Ambient Temperature Ta ('C)
STANDBY CURRENT vs.
INPUT VOLTAGE
10 T
Ta=257C
Vee =5.0V
i CS=4.8V
88
]
£
2
H 6
H
b
3 4
2
2
s
&
: N
\'\
0 4
Input Voltage Vi (V)
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OUTPUT LOW CURRENT vs.
OUTPUT LOW VOLTAGE

/

/

LX)

0.6

Output Low Current I8, (Normalized)

V4

1o

[

Standby Current Issi (Normalized)
o
x

X}

0.2

G HITACHI

Ta=25C
Vee =5V

0.2 04 0.6 0.8

Output Low Voltage Vor (V)

STANDBY CURRENT vs.
SUPPLY VOLTAGE

=
.
won
!
~
=

i

Supply Voltage Vec (V)
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HM6167H Series —  Maintenance Only

(Substitute HM6267P)
16384-word x 1-bit High Speed CMOS Static RAM
= FEATURES
® Fast Access Time. . ......... 55/70ns (max)

® Low Power Standby and Low Power Operation
Standby 100uW (typ)/5uW (typ) (L-version),
Operating 200mW (typ)

e Single +5V Supply and High Density 20 Pin Package
e Completely Static Memory . . . .No Clock nor Refresh Required
® Fully TTL Compatible . . . . ... All Inputs and Output
® Separate Data Input and Output. . . ... ... Three State Output
® Capability of Battery Back Up Operation (L-version) (DP-20N)
= ORDERING INFORMATION
Type No. Access Time Package = PIN ARRANGEMENT
HM6167HP-55 55ns o Um
HM6167HP-70 70ns 300 mil 20 pin “E Z]r«
plastic DIP
HM6167HLP-55 55ns w[Z] Tl
HM6167HLP-70 70ns -
AIE EAI!
A:E 17 |An
A.E 16] Awo
s BLOCK DIAGRAM
AsE EM
v—L3] - v A.E 1) A
»—LF] -— s Dom[z 3] Ar
—L Memory Array _
v—LF] tecoder 128 128 WEE 12 | Vi
A —1 §
\“-—w (Top View)
[
Ihn Column 1 0 Dout
.
Column Decoder

Z

il

' Ao Ay An Ar Ao As

WE ‘
.

R

= ABSOLUTE MAXIMUM RATINGS

Item Symbol Rating Unit
Terminal Voltage with respect to Vgg vr 05 Tt0+70| V
Power Dissipation Pr 1.0 w
Operating Temperature Topr Oto +70 °C
Storage Temperature Tstg ~55to +125 °C
Storage Temperature under bias Tbvias | —10to +8S °C

Note) *1. -3.5V for pulse width < 20ns

@ HITACHI
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HM6167H Series

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

Item Symbol min typ max Unit
Vce 4.5 5.0 5.5 \'

Supply Volt:
upply Voltage Vss 0 0 0 v
Via 2.2 - 6.0 v

I t Volt
nput voltage viL | 05| - 08 v

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

8 TRUTH TABLE
(3 WE Mode Ve Current Dout Pin Ref. Cycle
H X Not selected Ise, Iss High-Z
L H Read Icc Dout Read Cycle
L L Write Icc High-Z Write Cycle
DC AND OPERATING CHARACTERISTICS (Vcc=5V110%, Ta=0T to +70TC)
Item Symbol Test Conditions HM6167H-55 HM6167H-70 Unit
min | typ*!| max | min | typ*!| max
Input Leakage Current [Iur| | Vec=55V, Vin=Vss to Vec - - 2 - - 2 LA
Output Leakage Current |Irol | CS= Vin, Vour=Vss to Vec - - 2 - - 2 | pA
Operating Power Supply Current Icc CS= Vi, Output Open - 40 80 - 30 60 mA
Iss | CS=Vum - 0] 2 | - 51 20 | mA
Standby Power Supply Current Tan1 CS= Vec—0.2V — 10.02 2 — 0.02 2 mA
Vin=0.2V or Vinz Vec—0.2V - 1*1 50*% — 1*2]  50*% wA
Output Low Voltage Vo | Ior=8mA - - 0.4 - - 0.4 A
Output High Voltage Vor | Ion=—4mA 24 - - 24 . - A
Notes) * 1. Typical limits are at Vec=5.0V, 72=25C and specified loading.
* 2. This characteristics is guaranteed only for L-version.
BCAPACITANCE (Ta=25C, f=1.0MHz)
Item Symbol typ max Unit Conditions
Input Capacitance Cin - pF Vin=0V
Output Capacitance Cour - 7 pF Vour=0V

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

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

AC TEST CONDITIONS

Input pulse levels: Vgs to 3.0V
Input rise and fall times: 5 ns
Input timing reference levels: 1.5V
Output reference levels: 1.5V
Output load: See Figure

112

Output Load A

Dout Qg

¢ Including scope and jig.

@ HITACHI
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Output Load B

(for tuz, trz, twz & tow)
+5V

480Q

Dout Ot

5508 ;

¢ Including scope and jig.

SpF*
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HM6167H Series

OREAD CYCLE

HM6167H-55 HM6167H-70
Item Symbol - - Unit Notes
min max min max
Read Cycle Time tRC 55 - 70 - ns 1)
Address Access Time tAA - 55 - 70 ns
Chip Select Access Time tacs - 55 - 70 ns
Output Hold from Address Change tOH 5 - 5 - ns
Chip Selection to Output in Low Z tLz s - s - ns @3
Chip Deselection to Output in High Z tHZ 0 30 0 35 ns 23
Chip Selection to Power Up Time tpU 0 - 0 - ns
Chip Deselection to Power Down Time tPD - 30 - 35 ns
Notes) All Read Cycle timing are referenced from last valid address to the first transmomng address.

1.

2. At any given temperature and voltage condition, 7z max. is less than r; 7 min. both for a given device and
from device to device.

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

WE is High for READ cycle.

. Device is continuously selected, CS = Vip.

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

. This parameter is sampled and not 100% tested.

Novnbew

@ TIMING WAVEFORM OF READ CYCLE NO.14):%)

IRC -
Address >
~-foH
Data Out \P,l’:lVlllOIlS Data% >S Data Valid

® TIMING WAVEFORM OF READ CYCLE NO.2 4).6)

Irc
cs 5\ ]
tacs 5774
l—1ILZ s
. H]gh I
High Impedance .
Data Out 1gh 'mp Data Valid
tpp

I

cc
V S 1 -------
CC Supply p 50% 50%
Current SB

@ HITACHI
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HM6167H Series

® WRITE CYCLE
HM6167H-55 HM6167H-70
Item Symbol - " Unit Notes
min max min max

Write Cycle Time twe 55 - 70 - ns 2)
Chip Selection to End of Write rcw 50 - S5 - ns
Address Valid to End of Write tAw 50 - 55 - ns
Address Setup Time tAS 0 - 0 - ns
Write Pulse Width twp 35 - 40 - ns
Write Recovery Time tWR 0 - 0 - ns
Data Valid to End of Write tDw 25 - 30 - ns
Data Hold Time tDH 0 - 0 - ns
Write Enable to Output in High Z twz 0 25 0 30 ns 3)@4)
Output Active from End of Write tow 0 - 0 - ns 3)@)

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 transitioning 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.

O TIMING WAVEFORM OF WRITE CYCLE (WE Controlled)

twe
Address >( )(
tew
s X 17V /7,
——'AS—-1 Taw twp I~ WR~
— ——
WE X\ -
——!DW:
Data In i Data In Valid
~wz tow
Data Out Data Undefined H
© TIMING WAVEFORM OF WRITE CYCLE (CS Controlled)
) twe
Address K X
_ las tew
cs \ ¥
tAw IwR
‘ twp—o
WE_\ O\ N\ O\ \ X £ 77/
1 IDw IDH,
Data In Data In Valid
lwz
Data Out Data Undefined Tiigh Impedance
@ HITACHI
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HM6167H Series

BLOW V. DATA RETENTION CHARACTERISTICS (72=0°C to +70°C)

This characteristics is guaranteed only for L-version.

Parameter Symbol Test Condition min typ max Unit
Vcc for Data Retention Vor 2.0 - - v
CSz Vee—0.2V - - 20+2
Data Retention Current Iccon MA
Viez Vec—0.2V or - - 30*3
Chip Deselect to Data Retention Time tcon ovsV.so0.2v 0 - - ns
Operation Recovery Time ta trc*l — - ns
Notes) * 1. tac =Read Cycle Time *2. Vec=2.0V
*3. Vee=3.0V

oLOW V.. DATA RETENTION WAVEFORM

Data Retention Mode

CS 2 Vee-0.2V

SUPPLY CURRENT vs. SUPPLY CURRENT vs.
SUPPLY VOLTAGE AMBIENT TEMPERATURE
16 - 16
Ta=25C Vec =5.0V
14 14
o < é i ‘
2 / ) \\\
< z T
£ oos ]/ 3 o8
o =
% 0.6 A 06
wv
43 .75 5.0 5.25 5.5 o 20 40 0 80

Supply Voltage Vec (V) Ambient Temperature Ta ('C)
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HM6167H Series

ACCESS TIME vs.
SUPPLY VOLTAGE

Ta=25C

0.9

0.8

0.7

Access Time taa,tacs (Normalized)
5

45 475 5.0 5.25 5.5

Supply Voltage Vec (V)

ACCESS TIME vs.
LOAD CAPACITANCE

Access Time taa.tacs (Normalized)

08

0.6

100 200 300 400 500

Load Capacitance C. (pF)

INPUT LOW VOLTAGE vs.
SUPPLY VOLTAGE

13
Ta=25C
E 1.2
-
H
N
2 11
S /
N
% 1.0
s —
= /
3 oo
3
£
0.8
0.7
45 4.75 5.0 5.25 5.5

116

Supply Voltage Vec (V)

Input High Voltage Vis (Normalized)

Access Time taa,tacs (Normalized)

Supply Current Icc (Normalized)

GO HITACHI
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Vec =5.0V
12
11 e

0.

0.

0.

ACCESS TIME vs.
AMBIENT TEMPERATURE

9

8

7

0 20 40 60 80
Ambient Temperature Ta ('C)

SUPPLY CURRENT vs.

FREQUENCY

L

10 7z

yd
. pd

0.6

0.5

0.9

0.8

0.7

Cycle Time (ns)

1 200 100 66 50 40

/

/|

10 15 20 2!
Frequency f (MHz)

INPUT HIGH VOLTAGE vs.
SUPPLY VOLTAGE
13

Ta=25'C

45 4.75 5.0 5.25 5.5

Supply Voltage Vec (V)



Output High Current ’ny (Normalized)

Standby Current [ss1 (A)

OUTPUT CURRENT vs.
OUTPUT VOLTAGE

OUTPUT CURRENT vs.
OUTPUT VOLTAGE

1.6

/

/

Ta=25C
Vee =5V

/

/

0.2 0.4 ch

Output Low Voltage Vor (V)

STANDBY CURRENT vs.
SUPPLY VOLTAGE

0.8

/]

/ éa= 25C

Vec-0.2V

16
Ta=257C
Ve =5V
14 5 14
12 5 12
1.0 3 ; 1.0
0.8 X 3 0.8
06 \ & 06
0.
04y 2 3 4 s ‘
Output High Voltage Vou (V)
STANDBY CURRENT vs.
AMBIENT TEMPERATURE
107¢ 14
Vec =3V
CS=2.8v
12
R4
107° E 1.0
- 2
/ I o
16 // :3 B
/ a
04
1077 :
20 40 60 30 02
Ambient Temperature Ta (C)
STANDBY CURRENT vs.
INPUT VOLTAGE
10 —
Ta=25¢C
Vee =5.0V
TS=4.8V
~ 8
3
g 6
H
P \
3
2
3 2
@
\
0
Input Voltage V. (V)
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HM6267 Series

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

m FEATURES

High Speed: Fast Access Time 35/45 ns (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
® Directly TTL Compatible: All Input and Output
® Capability of Battery Back Up Operation (L-version)

m ORDERING INFORMATION

Type No. Access Time Package
HM6267P-35 35ns
HMG6267P-45 45ns 300 mil 20 pin
HM6267LP-35 35ns Plastic DIP
HMG6267LP-45 45ns

HM6267P Series

(DP-20N)

= PIN ARRANGEMENT

HM6267P Series

‘-\.\E ~ E\'{r

Ax[z

® BLOCK DIAGRAM
Ao ——w — Veo
»—L3 _—
»—W‘ Row Memory Array
a——LF] Decoder 12128
A.—m
e
A
T
Din Column 10 Dout
Column Decoder

%{*TMTM

WE
A A A A A A A
m_ABSOLUTE MAXIMUM RATINGS
- Item Symbol Rating Unit
Voltage on Any Pin*! Vi -0.5"2t0 +7.0 v
Power Dissipation Pr 1.0 w
Operating Temperature Topr 0to +70 °C
Storage X . °
Temperature HMG6267P Series Ty -55to +125 C
Storage Temperature Under Bias Toias -10to +85 °C
Notes: *1. With respect to Vgg.
*2. -3.5V for pulse width < 20ns. @ HITACHI

Dout E I3

A:E E:\n
A)E . E:‘\n
f\cE 16§
A,E 15
AsE 14

ﬁE 12
[/SS[E n|cs

(Top View)
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HM6267 Series

Il TRUTH TABLE

[ WE Mode Vce Current Dout Pin Ref. Cycle
H X Not selected Iss, Iss: High-Z

L H Read lec Dout Read Cycle

L L Write Icc 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
Supply Voltage Vss o 0 0 v
VIiH 2.2 - 6.0 v
\Y
Input Voltage ViL o5 — 08 v

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

® DC AND OPERATING CHARACTERISTICS (Ve = 5V + 10%, Vgg = OV, T, = O to +70°C)

HM6267-35 HM6267-45 )

Item Symbol Test Conditions + - + Unit
min | typ*!| max | min [typ*!| max

Input Leakage Current 13q Vee=5.5V, Vin=Vss to Vee| — - 10| - | — |10 | A
Output Leakage Current ol | CS=Vim, Vour=Vssto Veeo| - - 10 | - - | 10 | A
Operating Power Supply Current | Ioc ‘CS=Vjyz,, Output Open — | 40 | 100 | — | 40 | 80 | mA
Isg. | C8=Viy ~J1w] 20 -1 |2 |ma

Stand by Power Supply Current CS 2 Vee-0.2v, — 10.02 2| - 10.02 2 | mA
Ispy VIN £0.2V or Vi 2 VeC _ 1*2 | 50%2| - |1*2 |50*2| pA

-0.2V
Vor IpL = 8mA - - 0.4 - - 0.4 v
Output Voltage Vou Ipp = 4mA 2.4 - — 24 - - v

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

® CAPACITANCE (7, = 25°C, f = IMHz)

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

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

m AC CHARACTERISTICS (Ve = 5V £10%, T, = 0 to +70°C, unless otherwise noted)
® AC TEST CONDITIONS :

Input pulse levels: Vgg to 3.0V Output Load A Output Load B
Input rise and fall times: 5ns +5V (for tnz, tez, twz se tow)
+
Input and Output timing reference levels: 1.5V
Output load: See Figure 802 w0
NIIH
2550 %. 30pF* Dout O———vg
zssa%; SoF*
* Including scope and jig. » Including scope and jig.
G HITACHI
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HM6267 Series

@ Read Cycle
HM6267-35 HM6267-45
Item Symbol - Unit Notes
min max min max
Read Cycle Time tre 35 — 45 — ns 1
Address Access Time taa — 35 — 45 ns
Chip Select Access Time tacs — 35 — 45 ns
Output Hold from Address Change toH 5 — 5 — ns
Chip Selection to Output in Low Z tLz 5 — 5 — ns 2,3,7
Chip Deselection to Output in High Z thz 0 30 0 30 ns 2,3,7
Chip Selection to Power Up Time tpy 0 — 0 — ns
Chip Deselection to Power Down Time tpp — 20 — 30 ns
® TIMING WAVEFORM OF READ CYCLE NO.1% %
trc |
Address ><
. tAA |
llOH
Previous Data i
Data Out Valid >< Data Valid
® TIMING WAVEFORM OF READ CYCLE NO.2% ®
trC
S X £
———'acs 'Hz
l—"*"LZ
i ( 5 High
Data Out High Im, pedance X X Data Valid igh Impedance
py
I P—‘i [59))
Vce Supply e

Current IsB / 50% 50%

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

. At any given temperature and voltage condition, ry;z max. is less than t; z min. both for a given device and
from device to device.

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

WE is High for READ cycle.

. Device is continuously selected, CS = V.

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

. This parameter is sampled and not 100% tested.

® Write Cycle

Notes)

~ -

\la’\‘l\.&u

HM6267-35 HM6267-45

Item Symbol - - Unit Notes
min max min max
Write Cycle Time twe 35 - 45 — ns 2
Chip Selection to End of Write tew 30 — 40 — ns
Address Valid to End of Write taw 30 — 40 — ns
Address Setup Time tas 0 — 0 —_ ns
Write Pulse Width twp 20 — 25 — ns
Write Recovery Time twr 0 —_ 0 - ns
Data Valid to End of Write tow 20 — 25 — ns
Data Hold Time tpH 0 — 0 — ns
Write Enable to Output in High Z twz 0 20 0 25 ns 3,4
Output Active from End of Write tow 0 — 0 — ns 3,4
@ HITACHI
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HM6267 Series

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

Address

tcw

tas
" K i
tow tow
Data In Data In Valid
iwz low
Data Out Data Undefined
ﬂ High Impedance

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

twe
Address DK
taw ,
—1as —IWR
cs ﬁ few G -
twp
WE NN 1/
IDW—= tDH
Din Data in Valid
twz )
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

Hitachi America Ltd. » 2210 O’Toole Ave. * San Jose, CA 95131 o (408) 435-8300 121



HM6267 Series

BLOW V. DATA RETENTION CHARACTERISTICS (0°C <Ta<70C)

This characteristics is guaranteed only for L-version.

Parameter Symbol Test Conditions min typ max Unit
Vcc for Data Retention Vor 2.0 - — \
CS2Vec—0.2V 30*2
Data Retention Current Iccor - - 20*3 HA
Vie2 Vec—0.2V or
Chip Deselect to Data Retention Time tcon OVS V.50.2V 0 - — ns
Operation Recovery Time ta Lae *1 —_ - ns
Notes) * 1. tac=Read Cycle Time. *2. Vee=3.0V
*3. Vee=2.0V

OLOW V.« DATA RETENTION WAVEFORM

DATA RETENTION MODE

SUPPLY CURRENT VS. SUPPLY VOLTAGE

Ta=25C

0.8

Supply Current Icc (Normalized)
B

0.6

0.4

15 475 5.0 5.25
Supply Voltage Vec (V)
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5.5

Vee=5.0V
14
]
E 12
T . [ ———
5 —
o
z 08
S
n
06
04 '
0 20 10 6 80
Ambient Temperature Ta (C)
@ HITACHI
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HM6267 Series

ACCESS TIME VS. SUPPLY VOLTAGE ACCESS TIME VS. AMBIENT TEMPERATURE
13 13
Ta=25C Vee=50V
12 12
z z
E T ou —
© :
P Y]
0.8 ) 08
07 07
15 175 50 525 55 0 El 10 60 B0
Supply Voltage Vee (V) Ambient Temperature Ta (C)
ACCESS TIME VS. LOAD CAPACITANCE SUPPLY CURRENT VS. FREQUENCY
) T tns)
” . 20 100 66 50 10 3
6 10
-
g D) /
L L — ///
& — &
Y 07 /
08 06
06 05
10 200 300 100 50 o 5 10 15 2 25 30
Load Capacitance (1 'pF1 Frequency / (MHz)

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

13 13
Ta=25C Ta=25C

12 12
3 3
! :
] 1=
£l 5 u
S z
2 / z /
= 10 E’ 1.0
% g —
£ |_— = /
. 5
2 09 £ 09
3 H
g £
£

08| 08

07 o7

45 4.75 5.0 5.25 55 45 4.75 50 525 5.5
Supply Voltage Vcc (V) Supply Voltage Vec (V)
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HM6267 Series

OUTPUT CURRENT VS. OUTPUT VOLTAGE

Standby Current Iss1 (A)

Output Current fon (Normalized)

16
Ta=25C
Vee=5V
14 \
12
\\
06 \
. \
3 1
Output Voltage Vow (V)
STANDBY CURRENT VS.
AMBIENT TEMPERATURE
04
Vee=3v
CS=28v
10
/ -
106 // /
107 20 4 60
Ambient Temperature Ta (C)
124

OUTPUT CURRENT VS. OUTPUT VOLTAGE

16

" /!
. /
g
= 12
£
5 /
z
2
g Ta=25C
E Vee=5V
= 08
g /
g
S

06 /

04

0 0.2 04 0.6 08

Output Voltage Vor (V!

STANDBY CURRENT VS. SUPPLY VOLTAGE

/]

06

d

Standby Current Iss (Normalized)

04

S

Ta=25C
CS=Vec—0.2V

02

@ HITACHI
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Supply Voltage Vcc (V)
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HM 6264 Series Maintenance Only

(Substitute HM6264A)
8192-word x 8-bit High Speed CMOS Static RAM
® FEATURES HM6264P Series
® Fast access Time 100ns/120ns/150ns (max.)
® Low Power Standby Standby: 0.1mW (typ.)
10uW (typ.) L-/LL-version

Low Power Operation Operating: 200mW/MHz (typ.)
® Single +5V Supply
® Completely Static Memory. .. .. No clock or Timing Strobe Required
® Equal Access and Cycle Time
® Common Data Input and Output, Three State Output
® Directly TTL Compatible: All Input and Output
® Standard 28pin Package Configuration (DP-28)
©® Pin Out Compatible with 64K EPROM HN482764 -
® Capability oprattery Back Up Operation (L-/LL-version) HME264FP Serics

® ORDERING INFORMATION

Type No. Access Time Package
HM6264P-10 100ns
HM6264P-12 120ns
HM6264P-15 150ns
HM6264LP-10 100ns o
HM6264LP-12 120ns f;?: "mlpzli P (FP-28D/DA)
HM6264LP-15 150ns stie
HM6264LP-10L 100ns = PIN ARRANGEMENT
HM6264LP-12L 120ns .
HM6264LP-15L 150ns Ne (1 ] 28] vee
HM6264FP-10 100ns —_
A
HM6264FP-12 120ns |2 [27] WE
HM6264FP-15 150ns A,l3 26| Cs,
HM6264LFP-10 100ns ;
HM6264LFP-12 120ns piitﬁénsop A (4] 25] A,
3 1
HM6264LFP-15 50ns (Nt NG 7] A,
HM6264LFP-10L 100ns
A
HM6264LFP-12L 120ns €] 23] A,
HM6264LFP-15L 150ns A, E E OF
Note) A character T is added to the end of type No. for SOP A, E E A,
of 3.00 mm (max.) thickness. A E E—
1 CS,
A, [10 E] 1/0,
s
ABSOLUTE MAXIMUM RATINGS 10, [l_—l E 1o,
Item Symbol Rating Unit
Terminal Voltage *1 VT 05210 +7.0 v 1/0, ['1__2 17] vo,
Power Dissipation Pt 1.0 w
1/0 I
Operating Temperature Topr 0to+70 °C 10,13 E 104
Storage Temperature Tstg —-55to+125 °C Vss [14 _I-E] 1/0,
Storage Temperature Under Bias Thias -10to +8S °C
(Top View)

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

Note) This device is not available for new application.

G HITACHI
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HM6264 Series

8 BLOCK DIAGRAM Ao -
A Ot
V- S— r"r || —0 Vcc
2.’ O——r] ! Row . Memory Matrix —0 Vs
A o—nu]! Decoder : 256 %256
A @——o | —
An o0—— | [&
f,
Vo \ = I I
l Column 1/0
| Input
\ Data Column Decoder
|
} 1
N "
[
|
b

Control
g
VOs ©-
n Aol Ar A1 Aw A S
1

ey

5.0 Timing Pulse Gen.

Read. Write Control

® TRUTH TABLE o_sv————J

WE |{CS, |Cs, | OF Mode 1/0 Pin Vcc Current Note
X | H | X X__| Not Selected High Z IsB, ISB1
X | x L | x |(Power Down) High Z IsB, IsB2
H L H H ' | Output Disabled High Z Icc, Icch
H L H L |Read Dout Icc, Icci
L L H H Write Din Icc, Icc1 Write Cycle (1)
L L H L Din Icc, Icc1 Write Cycle (2)
X:HorL
= RECOMMENDED DC OPERATING CONDITIONS (7 =0 to +70°C)
Item Symbol min typ max Unit
Vee 4.5 5.0 5.5 A"
Supply Volt
upply Voltage Vs o 0 5 v
ViH 2.2 - 6.0 A%
A\
Input Voltage VL 03T — 08 v

Note) *1. -3.0V for pulse width < 50ns
m DC AND OPERATING CHARACTERISTICS (Voo =5V £10%, Vgs =0V, T,=0to +70°C)

Item Symbol Test Condition min |typ*! | max | Unit
Input Leakage Current ! Vin=Vss to Voo - - 2 | uA
TS1=Vy or CS2=V 1, orOE=Vyy or
Output Leakage Current Uzo! putecin — - 2 A
P £ LOT | WE=VyL, Vyj0=Vss to Veo #
Operating Power Supply Current | Ioc CSI=Vpy,, CS2=V}x, Iyjp=0mA - | 40 80 | mA
Average Operating Current Iccy Min. cycle, duty=100%, I1/o=0mA - 60 110 { mA
Isp CS1=V g or CS2=V7;, -~ 1 3 | mA
. - Joo2] 2 [ma
Isppe gg ; igcz%-o.zv, CS22Vee-0.2V or 2% 1000
Standby Power Supply Current e _ '2.4 504 HA
- 10.02 2 | mA
Ispa#2 | cS250.2V = |2 |00
_ 20 | soa | ®
Vor Ior, = 2.1mA - - 0.4 A\
Output Voltage
uiput Voltag Vo |log=-1.0mA 24 - | - |v
Notes) *1. Typical limits are at VoC=5.0V, Ty=25°C and specified loading.

*

*2. VIL min=-0.3V

*3. This characteristics is guaranteed only for L-version.
*4. This charactoristics is guaranteed only for LL-version.

G HITACHI
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HM6264 Series

® CAPACITANCE (f= IMHz, T, = 25°C)

Item Symbol | Test Condition | typ | max | Unit
Input Capacitance Cin Vin = 0V - 6 pF
Input/Output Capacitance Cr/o Vijo = OV - 8 pF

Note) This parameter is sampled and not 100% tested.
= AC CHARACTERISTICS (V¢ = 5V£10%, Ta = 0 to +70°C)
o AC TEST CONDITIONS
Input Pulse Levels: 0.8 to 2.4V
Input Rise and Fall Times: 10ns
Input and Output Timing Reference Level: 1.5V
Output Load: 1TTL Gate and C, (100pF) (including scope and jig)
e READ CYCLE

HM6264-10 HM6264-12 HM6264-15
Item Symbol - - - Unit
min max min max min max

Read Cycle Time tRC 100 - 120 - 150 - ns

Address Access Time tAA - 100 - 120 - 150 ns

_ Cs1 1co1 - 100 - 120 - 150 ns
Chip Selection to Output

€S2 1co2 - 100 - 120 - 150 ns

Output Enable to Output Valid 1OE - 50 - 60 - 70 ns

Chip Selection to st Lz 10 - 10 - 15 - ns

Output in Low Z CS2 1Lz2 10 - 10 - 15 - ns

Output Enable to Output in Low Z toLz N - S - 5 - ns

Chip Deselection to csi IHZ1 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 - 15 - ns

Notes) 1. ?yz and topz are defined as the time at which the outputs achieve the open circuit condition and are not referred
to output voltage levels.
2. At any given temperature and voltage condition, t/yz max is less than t; z min both for a given device and from
device to device.

e READ CYCLE

Address )( — ) (

A )lV// T,
I .. PANIAINN
NN LTI

GO HITACHI
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HM6264 Series

® WRITE CYCLE
HM6264-10 HM6264-12 HM6264-15
Item Symbol - - - Unit
min max min max min max

Write Cycle Time twe 100 120 - 150 - ns
Chip Selection to End of Write tew 80 - 85 - 100 - ns
Address Setup Time tAs 0 - 0 - 0 - ns
Address Valid to End of Write tAw 80 - 8s - 100 - ns
Write Pulse Width twp 60 - 70 - 90 - ns
Write Recovery Time 51, WE [WR1 5 _ 5 _ 10 - »

CSs2 twR2 15 - 15 - 15 - ns
Write to Output in High Z twHZ 0 3$ 0 40 0 50 ns
Data to Write Time Overlap tpw 40 - 50 - 60 - ns
Data Hold from Write Time IDH 0 - 0 - 0 - ns
OE to Output in High Z toHZ 0 35 0 40 0 50 ns
Output Active from End of Write tow N - 5 - 10 - ns

© WRITE CYCLE (1) (OE clock)

o X

X

RS A 4

R

bygy % 4 -

i

&

SOOI

N\

N

*6

it

X

C

Ed

W

RN

NN

‘AV

v ¥ 1 oty —o

— TN 7
Do NN AN ’_"’{' 5j
DO /] e -

Din

N
V4

@ HITACHI
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® WRITE CYCLE (2) (OE Low Fix)

Address

Cs2

Dout

HM6264 Series

X

Y\ W - Fd /f

twri ¥ 4

tew*2

twrz ¥ 4

/LS EARAARRRAY

twri* 4

twp k1

e XA\X f e

*5
twnz tow

*7

* 8

>\\\\\\\\\\

*9

NN

Notes) 1.

g\f-h HWN

0@

NAN
LN

A write occurs during the overlap of a low CS1, a high CS2 and a low
WE. A write begins at the latest transition among CS1 going low, CS2
going high and WE going low. A write ends at the earliest transition
among CS1 going high, CS2 going low and WE going high. twp is
measured from the beginninng of write to the end of write.

. tow 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 end of write to the address change.

twr1 applies in case a write ends at CS1 or WE going high.

twRr2 applies in case a write ends at CS2 going low.

During this period, 1/O pins are in the output state, therefore the input
signals of opposite phase to the outputs must not be applied.

If CS1 goes low simultaneously with WE going low or after ‘WE going
low, the outputs remain in high impedance state.

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

. If CS1 is low and CS2 is high during this period, I/O pins are in the

output state. Therefore, the input signals of opposite phase to the
outputs must not be applied to them.

G HITACHI
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HM6264 Series

® LOW V¢c 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
v CS12Vece -0.2V, CS22Vee-0.2V or 2.0 _ _ v
Vcc for Data Retention DRI CS250.2V
VDR2 CS250.2V 2.0 - - v
" | Voo =3.0V,CS12 Ve -0.2V - 1*¥! |50%!
IcCDRI 7.
< — *2 2
Data Retention Current €S2 2 Vce -0.2V or €52 £0.2V 1 25*
_ 1%1 | 50%!
Iccpr2 | Voo =3.0V,CS2 € 0.2V — e [25er | HA
Chip Deselect to Data Retention
Time cDrR 0 - e
See Retention Waveform
Operation Recovery Time tR tRC*3 — _ ns

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

*2. VI min = 0.3V, 10uA max at T;=0 to 40°C. This characteristics is guaranteed only for LL-version.
*3. trC = Read Cycle Time

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

Data Retention Mode

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

Data Retention Mode

CS2 € 0.2V

NOTE: In Data Retention Mode, CS2 controls the Address, WE, CS1, 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 > Vcc—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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HM6264 Series

SUPPLY CURRENT vs. SUPPLY CURRENT vs.
SUPPLY VOLTAGE AMBIENT TEMPERATURE
16 - 16
§ Ta=25°C § Vee=5.0V
é 14 g 14
S A s
Z 1 C
5 — 8
'S:’ 10 "2 10 —~——]
§ 0.8 g 0.8
£ 5
§. 0.6 ; 06
s g
3
a o 45 4.75 5.0 5.25 5.5 @G 2 40 60 80
Supply Voltage Ve (V) Ambient Temperature Tg co)
SUPPLY CURRENT vs. FREQUENCY ACCESS TIME vs. LOAD CAPACITANCE
H PR S P 27
s 3
3 1of S
N <
Fi g
/] 9 A
no- 0.9 E 14
¢ P / S ] /
O o8 < 2
(8) 7 < L~ ]
= 3 Ta=25C
] - Vee =MIN
S g7 o 10
5 g
o =
Z 0s g o8
a 8
a <
05 2 T s 0 T 200 300 400 500
Frequency (MHz) Load Capacitance Cy, (pF)
ACCESS TIME vs.
ACCESS TIME vs. SUPPLY VOLTAGE AMBIENT TEMPERATURE
13 13
5 Ta=25C - Vee=5.0V
82 T 12
3 3
£ E
5 11 SN =) s
Z o
S g >
S 8 1.0 //
: < /
b ) I 09
9 08 =g
8 g
Q o
< o
13 47 50 5.5 5.5 < o 0 2 10 50 Iy
Supply Voltage Voe (V) Ambient Temperature Tq (°C)
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HM6264 Series

Output High Current Iog (Normalized) Input Low Voltage Vi g, (Normalized)

Standby Current IccpRr, IsB1. Isp2 (Normalized)

132

INPUT LOW VOLTAGE vs.
SUPPLY VOLTAGE

Ta=25C

0.9

0.8

"5 %3 30 3.5 55

Supply Voltage Ve (V)

OUTPUT CURRENT vs.
OUTPUT VOLTAGE

Ta=25C
Vee =5V

N\

\

0.6

\

\

0.4

2 4

Output High Voltage Voy (V)

STANDBY CURRENT vs.
AMBIENT TEMPERATURE

v

e

Input Low Voltage Vg, (Normalized)

Output Low Current Igy, (Normalized)

0.5

0.1

e

Ambient Temperature Tq (°C)

20 10 60 80

Standby Current IccpRr. Isp1, Isp2 (Normalized)
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HMG6264A Series

8192 x 8 Bit Low Power Static Hi-CMOS Ram PryvEy—

B FEATURES

® Various package types
600 mil 28 pin plastic DIP
300 mil 28 pin plastic DIP
SOP 28 pin

¢ Low power dissipation
Active mode 15 mW (typical) (f = 1 MHz) (DP-28)
Standby mode 100 W (typical)
10 uW (typical) (L version/LL version)
Two chip selection for battery back up.
Capability of battery back up operation (L version/LL version)

HAG6264ASP Series

¢ High speed
Access time 100/120/150 ns (maximum)
(Equal access and cycle time)

* Single 5V supply

¢ Directly TTL compatible

DP-28N
Al input and output { )

¢ Common data input and output, three state output HAG264AFP Series

e Completely static RAM
No clock or timing strobe required

B PIN ARRANGEMENT

(FP-28D/DA)
NC[T] 1 28] JVee
A[] 2 27[JWE
Al s 26[]csz B PIN DESCRIPTION
As 4 25 JAg
asC] s 241 A Pin Name Function
A 6 23[JAn Ag-Ap Address
a7 22[T)0E
1/0,-1/0 Input/Oy
6 o e o 1 3 nput/Output
) 200768, CS, Chip Select
A0 19[J1/0g CS, Chip Select
oy 11 18[J07 WE Write Enable
10212 17[J10s o8 P o
103 []13 16[ ] 105 utput Enable
vss 14 1511104 Vee Power Supply
Vss Ground
Vi
(Top View) NC No Connection

© HITACHI
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HMG6264A Series
M ORDERING INFORMATION

Type No. Access Package
HM6264AP-10 100 ns
HMG6264AP-12 120 ns
HMG6264AP-15 150 ns
600 mil
HMG6264ALP-10 100 ns o
HM6264ALP-12 120 ns leig'["m,
HMG6264ALP-15 150
ns (DP-28)
HMG6264ALP-10L 100 ns
HM6264ALP-12L 120 ns
HMG6264ALP-15L 150 ns
HMG6264ASP-10 100 ns
HMG6264ASP-12 120 ns
HM6264ASP-15 150 ns
HM6264ALSP-10 100 ns 320: mil
HMG6264ALSP-12 120 s Plasﬁf']';lp
M _
HMG6264ALSP-15 150 ns (DP3N)
HMG6264ALSP-10L 100 ns
HMG6264ALSP-12L 120 ns
HM6264ALSP-15L 150 ns
HMG6264AFP-10 100 ns
HMG6264AFP-12 120 ns
HMG6264AFP-15 150 ns
HM6264ALFP-10 100 ns 28 pin
HM6264ALFP-12 120 ns Plastic SOP
HM6264ALFP-15 150 ns (FD-28D/DA)
HM6264ALFP-10L 100 ns
HM6264ALFP-12L 120 ns
HMG6264ALFP-1SL 150 ns

SOP whose thickness is 3.00 mm (max.) has “T™ in its typename’s end.

B FUNCTIONAL BLOCK DIAGRAM

LI S— . Ve ey
:: o—oA —o Ve
A7 o "
Ao ! S Row [e] Memory Marrix | W
P E— Decoder | 2 | 256256
A o—— !
A o— 1 5]
—
LY
Lo ™ Column 1,0
! {nput Column Decoder
) Control
l

—_~

1.0s M S
Az v A A
TL H
[ — Timing Pulse Gen. ——3—‘

Column Decoder
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HM6264A Series

B FUNCTION TABLE

WE C§, Cs, OE Mode /0 Current Note

* * * Not Selected High-Z Isg, Isps

* * L * (Power Down) High-Z |

H L H H Output Disabled High-Z Icc

H L H L Read Dout Iec

L L H H ) Dy Icc Write Cycle !

Write
L L H L Din Icc Write Cycle?

*Don’t Care (H or L)

B ABSOLUTE MAXIMUM RATINGS

Item Symbol Rating Unit
Terminal Voltage ' Vp -0.52to +7.0 \%
Power Dissipation Pt 1.0 w
Operating Temperature Topr 0to +70 °C
Storage Temperature Ty -55to +125 °C
Storage Temperature (Under Bias) Thias -10to +85 °C

NOTES: 1. With respect to Vss.
2. -3.0V for pulse width < 50 ns.

B TRUTH TABLE

WE C§, CS, OE Mode /O Pin Ve Current Note
X H X X Not Selected High Z Isg. Issi
X X L X (Power Down) High Z Isp. Isp
H L H H Output Disabled High Z Icc
H L H L Read Dour Icc Read Cycle
L L H H ) Dy Ice Write Cycle!
Write
L L H L Din Ice Write Cycle?
X:HorL
@ HITACHI
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HM6264A Series

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

Item Symbol Min. Typ. Max Unit
Vee 4.5 5.0 5.5 Y
Supply Voltage
Vss 0 0 0 \Y
Vin 22 — 6.0 %
Input Voltage
Vi -3.0! — 0.8 \%
NOTE: 1. -3.0V for pulse width < 50 ns.
B ELECTRICAL CHARACTERISTICS
* DC Characteristics (Tp = 0°C to 70°C, Vec = 5V + 10%, Vgs = 0V)
Parameter Symbol Test Conditions Min Typ.! Max Unit
Input Leakage Current Il VN = Vs to Ve — — +2 A
CS; = VyorCs, = Vi,
Output Leakage Current Lol OE = Vjyor WE = V. — — +2 Py
Vio = Vssto Ve
. . CS; =V, CS, = Vi _
Operating Power Supply Current: DC Iccpe Other input = Vig/ViL» Iyo = 0 mA 7 15 mA
Min. Cycle, Duty = 100% 45
Icch CS; =V, CS; = Vi — 30 553 mA
Other input = Viy/Vy, Iy = 0 mA
Operating Power Supply Current Cycle = 1 ps Duty = 100%
Iyo = 0 mA, CS; < 0.2V, _
lecx | ¢s, = Ve 02V 3 3 mA
V= Vee -0.2V, Vi < 0.2V
Standby Current (1) Isp CS, = ViyorCS, = V. — 1 3 mA
CS, = Ve -0.2V, — 0.02 2 mA
Standby Current (2): DC? Isg) CS; = Vg -0.2V — 2 100 uA*
or CS, < 0.2V — 2 50 uAd
Output Low Voltage VoL IoL =2.1mA — — 0.4 \%
Output High Voltage Vou Ioy = -1.0mA 2.4 — — v

NOTES:
ViL min. = -0.3V

Available for L version

Available for LL version

136

1.
2.
3. -12/-15 = 45 mA, -10 = 55 mA
4.
5.

Typical limits are at Vcc = 5.0V, TA = +25°C and specified loading.
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HM6264A Series

B CAPACITANCE (f = 1 MHz, Ty = 25°C)

Item Symbol Typ Max. Unit Conditions
Input Capacitance Cin — 5 pF VN =0V
Input/Output Capacitance Cro — 7 pF Vyo = 0V

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

B AC CHARACTERISTICS (T, = 0°C to 70°C, Vo = 5.0V =+ 10%, unless otherwise noted)

AC Test Conditions

Input pulse levels: 0.8V/2.4V

Input rise and fall times: 10 ns

Input timing reference levels: L5V

Output timing reference levels: 0.8V/2.0V (1.5V/1.5V)!

Output load: 1 TTL gate and CL = 100 pF
(including scope and jig)

NOTE:  I. Available for 100 ns version.

* Read Cycle

Parameter symbol HMG6264A-10 HMG6264A-12 HM6264A-15 Unit

Min. Max. Min. Max. Min. Max.
Read Cycle Time tre 100 — 120 — 150 — ns
Address Access Time taa - 100 — 120 — 150 ns
Chip Selection (CS;) To Output Valid tcol — 100 - 120 — 150 ns
Chip Selection (CS,) to Output Valid tcoz - 100 — 120 — 150 ns
Output Enable (OE) to Output Valid tog — 50 — 60 — 70 ns
Chip Selection (CS)) to Output in Low Z tLz 10 — 10 - 15 — ns
Chip Selection (CS;) to Output in Low Z tLzo 10 — 10 — 15 — ns
Output Enable (OE) to Output in Low Z toLz 5 — 5 - 5 — ns
Chip Deselection (CS,) to Output in High Z thz1 0 35 0 40 0 50 ns
Chip Deselection (CS;) to Output in High Z tyz2 0 35 0 40 0 50 ns
Output Disable (OE) to Output in High Z tonz 0 35 0 40 0 50 ns
Output Hold From Address Change ton 10 — 10 — 10 — ns
NOTE: 1. tyz defines the time at which the output achieves the open circuit condition and is not referenced to output voltage level.

2. At any given temperature and voltage condition, tHz max. is less than tz min. both for a given device and from device to device.
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HM6264A Series

* Read Cycle

WD X
&5 MMV AN
A S AV
SN NARNANNNNNRNR NN L
Dout — Data Valid — KX)’"—'
@ HITACHI
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HM6264A Series

W Write Cycle
HM6264A-10 HM6264A-12 HM6264A-15
Parameter Symbol Unit
Min. Max. Min. Max. Min. Max.
Write Cycle Time twe 100 — 120 — 150 — ns
Chip Selection to End of Write tew 80 — 85 — 100 — ns
Address Setup Time tas 0 — 0 — 0 — ns
Address Valid to End of Write taw 80 — 85 — 100 — ns
Write Pulse Width twp 60 — 70 — 90 — ns
Write Recovery Time twr 0 — — — ns
Write to Output in High Z twHZ 0 35 40 50 ns
Data to Write Time Overlap tow 40 — 40 — 50 — ns
Data Hold From Write Time tpH 0 — 0 — 0 — ns
Output Active From End of Write tow 5 — 5 — 5 — ns
 Write Cycle No. 1 (OE Clock)
twC
Address K >F
OF / 4 4] \
tew 2] 'WR
ot N ya%
(6]
cs2 4
i N
tys (3] twp [1]
WE
N \
N N
toHz [5]
ANEAY A\ A\ A\ AN
Dout 4 bW 'DH
< OO\
@ HITACHI
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HM6264A Series

o Write Cycle No. 2 (OE Low Fix)

twe
\
Address 7( ><
A rwR 141
\ tew (2]
cst x__© 7 //
tew (2]
cs2 £ X AN
WE twp [1]
st X\N\X 4 fon
i3] 'WHZ tow
[7] [8]
PR W W W U VA W W W WA WA WL A LY
| DW IDH
91
Din > N /w\/ AVAN
NOTES: 1. A write occurs during the overlap of a low CS, a high CS; going low, CS; going high and WE going low. A write ends at the carliest transition among CS) going high,

CS$; going low and WE going high. twp is measured from the beginning of write to the end of write.

2. tcw is measured from the later of CS; going low of CS going high to the end of write.

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

4. twr is measured from the earliest of CS| or WE going high or CS; going low to the end of write cycle.

5. 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.

6. 1f CS| goes low simultaneously with WE going low or after WE going low, the outputs remain in high impedance state.

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

8. Dour is the read data of next address.

9. If CS) is low and CS; is high during this period, /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

B Low V¢ Data Retention Characteristics (T, = 0 to 70°C)

This characteristics is guaranteed for L/LL-version.

Item Symbol Min. Typ. Max. Unit Test Conditions
’ ) CS| = Ve - 0.2V, CSy = Ve - 0.2V
V¢ for Data Retention Vpr 2.0 A% or CS, = 0.2V
- ! so' Vee = 3.0V, TS5 = Ve - 0.2V
. cc OV, L5 = Vee - 0.
Data Retention Current Iccpr — z 251 pA CS, = Ve - 0.2V or CS, = 0.2V
Chip Deselect to Data Retention Time tcDR 0 — — ns .
- " 3 See Retention Waveform
Operation Recovery Time tR tRC — — ns
NOTES: 1. ViLmin. = -0.3V, 20 uA max. at TA = 0 to 40°C, this characteristics is guaranteed ony for L-version.

2. ViL min. = -0.3V, 10 pA max. at TaA = 0t0 40°C, this characteristics is guaranteed only for LL-version.

3. trc = Read Cycle Time

« Low V¢c Data Retention Waveform No. 1 (CS;Controlled)
Data Retention Mode

CS12Vee - 0.2V

OV m mmmmmmm e e o e e — e

¢ Low V¢ Data Retention Waveform No. 2 (CS,Controlled)

______ Data Retention Mode

CS2 € 0.2V

NOTE: In Data Retention Mode, CS; controls the Address, WE, CS1, OE and Din buffer. If CS controls data retention mode, ViN for these inputs can be in the high impedance
state. If CS| controls the data retention mode, CS2 must satifsy either CS2 = Vee - 0.2V or CSp < 0.2V. The other input levels address, WE, OE, 1/O) can be in the high

impedance state.
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HM6264A Series

SUPPLY CURRENT VS. SUPPLY CURRENT VS.
SUPPLY VOLTAGE AMBIENT TEMPERATURE
13 T 1.6 T
—_ Ta = 25°C = Vee = 5.0V
E 12 z 1.4
. g L
E s ZE 1.2
z L1 Z L
3 — 5 //
o]
<10 =10 e
8 3
Q =
fé 0.9 ,/ g 08
8 S
> 2
208 g 06
3 3
0.7 0.4
4.5 4.75 5.0 525 55 0 20 40 60 80
Supply Voltage for Vcc (V) Ambient Temperature Ta (C°)
SUPPLY CURRENT VS. ACCESS TIME VS.
FREQUENCY LOAD CAPACITANCE
12 T T 150 Su— 1.8
200ns 150ns 120ns 100 ns
1.0 1.6

e
%

Y

/|

/

IS

prd

/

: :
< &
o~ ~
19}
= 06 / g 12 ]
g / E ~ Ta = 25°C
:‘:" / .:. Ve = min.
g o4 ‘ g 10
£ / £
S
> 9
a 02 3 0.8
£ :
0 0.6
0 2 4 6 8 10 100 200 300 400 500
Frequency f MHz Load Capacitance CL (pF)
ACCESS TIME VS. ACCESS TIME VS.
SUPPLY VOLTAGE AMBIENT TEMPERATURE
13 T 13
Ta = 25°C Vce = 5.0V
g 1.2 -g 1.2 /
E 1.1 \ E 1.1 /
3 ~ g -
o
8 8 o A
ﬁ 1.0 ﬁ E -
F ‘ B— 2
& 0.9 [_: 0.9
2 8
g o8 £ os
0.7 0.7
4.5 4.75 5.0 5.25 5.5 0 20 40 60 80
Supply Voltage Ve (V) Ambient Temperature Ta (C°)
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HM6264A Series

INPUT LOW VOLTAGE VS. INPUT HIGH VOLTAGE VS.
SUPPLY VOLTAGE SUPPLY VOLTAGE
13 I 1.3 |
- Ta = 25°C 3 Ta =25°C
g $12
812 s L
£ £
] Z 1l
£ 11 % /
b o
s £
g —] z 10
;-! 10 / i
] — | 209 —
3 09 S
e 5
§ T 0.8
5 08 ES
g £
0.7
07 YT =5 =55 < s 45 4.75 50 525 5.5
Supply Voltage for Vcc (V) Supply Voltage for Vcc (V)
OUTPUT CURRENT VS. OUTPUT CURRENT VS.
OUTPUT VOLTAGE OUTPUT VOLTAGE
o i 1.6
- Ta = 25°C /
Vce =5V 1.4

/

SN\

YA

0.8

Ta = 25°C
Vee =5V

Output Current Ioy (Normalized)

Output Current Iop. (Normalized)
s

/

/

0 0.2 0.4 0.6
Output Voltage Vo (V)

STANDBY CURRENT VS.
SUPPLY VOLTAGE

0.8

I
TA = 25°C /

/

o

—

N
0.6
0.6
\ 9
0.4
! 2 3 4 5
Output Voltage VoH (V)
STANDBY CURRENT VS.
AMBIENT TEMPERATURE
_ 10 14
g E
] =
ES < E 12
s -~ e
/ 5 10
F FS
—: Lo / 208
8 d 8
é) 0.5 / é) 0.6
- Vg g
3 3
0.4
£ £
= =
§ 3
“ o 0.2
0 20 40 60 80

Supply Voltage Vcc (V)
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HMMG6288 Series

16384-word X 4-bit High Speed CMOS Static RAM

MFEATURES
® Single 5V Supply and High Density 22 Pin Package.
® High Speed: Fast Access Time 25/35/45 ns (max.)
® Low Power dissipation
Active made 300mW (typ.)
Standby mode 100uW (typ.)
® Completely Static Memory HM6288JP Series
No Clock or Timing Strobe Required.
® Equal Access and Cycle Times.
® Directly TTL Compatible — All Inputs and Outputs.

HM6288P Series

DP-22NB

m ORDERING INFORMATION

Part No. Access Time Package CP-24D
HM6288P-25 25ns
HM6288P-35 35ns H PIN ARRANGEMENT
HM6288P-45 45ns 300 mil 22-pin HM6288P
HM6288LP-25 25ns Plastic DIP
HM6288LP-35 35ns ro[]1 2 Jvee
HM6288LP-45 45ns a2 2 ]An
HM62881P-25 25ns 300 mil 24-pin A 13 20 ]an
HM6288JP-35 35ns X
Plastic SOJ az[C]e [ An
HM6288JP-45 45ns
a5 18] a0
HM62881P
HEBLOCK DIAGRAM as[le 1[7 Ao
v oyt | as[]7 6[Jwoy ALt 24[] vee
Vo] Memory N ar[s 15[ Juop M (]2 =[Jas
Az ) i)
% Row Array Ag l: 9 4 :I 1/03 A2 ’: 3 22:' A2
A o—Le== Decode
ecoder 128 Kowes . Ax[]4 2 j All
Ao 512 Columns S B Juos
v oy vss [ |1 e[ ]WE asls 200 A0
o] — as[J6 197 A
[y a— — — (Top View as[]7  8[]nNcC
— olumn | (
1 opat 1 a7 |8 nm[]Jvor
Data Column Decoder
ton Control As |9 6] ] voz
o #%#%#%% TS ]w 15[ Jvos
A As A Aw An An An Ne [ ul] vos
_ vss |2 B[ ]WE
s
WEA (Top View)
HEABSOLUTE MAXIMUM RATINGS MPin Description
Item Symbol Rating Unit Pin Name Function
A0 - Al13 Address
Voltage on Any Pin Relative to Vss Vr —0.5" to +7.0 \
1/01 -1/04 Input/Output
Power Dissipation Pr 1.0 w TS Chip Select
Operating Temperature To- 0to +70 C WE Write Enable
Storage Temperature Tue —55to +125 ’C Vee Power Supply
Temperature under Bias Touas ~10 to +85 ‘C Vss Ground
Note: 1. Vr min.= — 3.5V for pulse width<10ns
@ HITACHI
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HM6288 Series

B TRUTH TABLE
cs WE Mode Vce Current 1/0 Pin Ref. Cycle
H X Standby Iss, Isp High Z
Read Icc Dout Read'Cycle 1, 2
L Write Icc Din Write Cycle 1, 2
BRECOMMENDED DC OPERATING CONDITIONS ( 72=0to +70°C)
Parameter Symbol min typ max Unit
Vee 45 5.0 5.5 \Y
Supply Voltage Vs ) 5 ) v
Input High (logic 1) Voltage Viu 2.2 - 6.0 \Y
Input Low (logic 0) Voltage Vi —0.5*! - 0.8 \Y
Note: *1. Vi min.= 3.0V for pulse width<10ns
BDC AND OPERATING CHARACTERISTICS (7a=0to +70°C, Vcc =5V +10%, Vss=0V)
Parameter Symbol Test Condition min typ*! max Unit
Input Leakage Current | Ir | Vee=MAX. Vin=0V to Vcc - - 2.0 uA
Output Leakage Current [Iro| | CS=Vin,Viro=0V to Vec - - 10 LA
Operating Power Supply Current Icc CS= Vi, [110=0mA - 60 120 mA
Standby Vee Current Iss | CS=Vm - 15 30 mA
Standby Vee Cu;rent ) Isp1*2 | CS= Vec—0.2V - 0.02 2.0 mA
Isp1*3 | Vin=0.2V or Vin2 Vec—0.2V - 0.02 0.1 mA
Output Low Véltagé VoL ToL=8mA - - 0.4
Output High Voltage Vou Ion=—4.0mA 2.4 - - \'
Notes: :; gyf;i:ilolnimits are at Vee=5.0V, Ta=+25'C and specified loading.
*3. LP version
BCAPACITANCE ( Tu=25°C, f =1.0MHz)
Parameter Symbol Test Conditions min max Unit
Input Capacitance Cin Vin =0V - 6 pF
Input/Output Capacitance Ci/o Vi/o=0V - 8 pF

Note: This parameter is sampled and not 100% tested

HBAC CHARACTERISTICS
® AC Test Conditions

Input pulse levels: OV to 3.0V
Input rise and fall times: 5ns sv

Dout

255Q

Input and Output timing reference levels: 1.5V

Output load: See Figure
5V

480Q

Output Load (A)

Output Load (A)

146

30pF*

Dout

255Q

5pF*

Output Load (B)

(fortyz, tr.z, twHz & tow)

*Including scope & jig.
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@ READ CYCLE (7,=0 to +70°C, V=5V * 10%, unless otherwise noted.)

HM6288 Series

HM6288-25 HM6288-35 HM6 28845 3
Parameter Symbol - - - Unit
min max min max min max
Read Cycle Time trRC 25 - 35 — 45 - ns
Address Access Time ta4 - 25 - 35 - 45 ns
Chip Select Access Time tacs - 25 - 35 - 45 ns
Output Hold from Address Change toH 3 - 5 - 5 - ns
Chip Selection to Output in Low Z trz* 5 - 10 - 10 - ns
Chip Deselection to Qutput in High Z tHz* 0 12 0 20 0 20 ns
Chip Selection to Power Up Time tpy 0 - 0 - 0 — ns
Chip Seselection to Power Down Time tpp - 25 - 30 — 30 ns
* Transition is measured +200mV from steady state voltage with Load(B).
This parameter is sampled and not 100% tested.
® Timing Waveform of Read Cycle No.1 (1121
trc
Address >{ ><
tan |
ton ton
Provious Valid
Dout Data Valid Data
® Timing Waveform of Read Cycle No.2 (11131
s tre
tuz
’ACS '—-——.‘
tiz
Dout Data Valid /
High Impedance lmm!:::l:
tep
Vee supply ‘——J' £y
Icc 50% 50%
current
Iss e
Notes: 1. WE is High for Read Cycle. _
2. Device is continuously selected, CS= V1. .
3. Address Valid prior to or coincident with CS transition Low.
s WRITE CYCLE
HM6288-25 HM6288-35 HM6288-45 5
Parameter Symbol - - ~ Unit
min max min max min max
Write Cycle Time twe 25 — 35 - 45 - ns
Chip Selection to End of Write tcw 20 - 30 - 40 - ns
Address Valid to End of Write taw 20 - 30 - 40 - ns
Address Setup Time tAs 0 - 0 - 0 - ns
Write Pulse Width twp 20 - 30 - 35 - ns
Write Recovery Time twr 0 - 0 - 0 - ns
Date Valid to End of Write tpw 12 - 20 - 20 - ns
Data Hold Time tpH 0 - 0 - 0 - ns
Write Enabled to Output in High Z twaz O 8 0 10 0 15 ns
Output Active from End of Write tow* S - S - N - ns
* Transition is measured +200mV from steady state voltage with Load (B).
This parameter is sampled and not 1007 tested.
@ HITACHI
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HM6288 Series-

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

twe
Address >£ ><
| — tew

: . i / /

taw

twr %2
tas
WE twp k1
WE \ \ /
N N /]
\ tow ton*5
Din Data in Valid
ton*6
tow*5

twiz %3

Dout / : High Impedance N\

NN

® Timing Waveform of Write Cycle No.2 (C—S Controlled)

Address

twr %2

\ tow y/

twp %1

Data in Valid

Dout

High Impedance *4

148

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

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

3. During this period, I/0 pins are in the output state so that the input signals of opposite phase to the
outputs must not be applied.

4.1f 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. :

5.1 CS is low during this period, I/0 pins are in the output state after tow. Then the data input signals
of opposite phase to the outputs must not be applied to them.

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

@ HITACHI
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HM6288 Series

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

Parameter Symbol| Min Typ Max | Unit Test Conditions
Vee for data retention Vor 2.0 - = v
2) ==
Data retention current Iccor - - ggg, uhA | CSZ Vee—02V
Vin2 Vee —0.2V or
Chip deselect to data tebR 0 — _ ns
retention time o 0V Vias0.2V
Operation recovery time tr trc? - - ns

NOTE: 1. tre = Read cycle time
2. Vee=3.0V
3. Vee=2.0V

Low Vcc Data Retention Waveform

Vcc—-————-\
45V — —— ——

Data Retention Mode

tcor

CSz Vec—02V'

Hitachi America Ltd. ® 2210 O’'Toole Ave. * San Jose, CA 95131 e (408) 435-8300
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HMGE6788 Series

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

BFEATURES

® Super Fast Access Time: 25/35 ns (max.)

® Low power Operation

Operating: 230mW (typ), Standby: 10mW (typ)

(] +5y Single Supply

® Completely Static Memory —

No Clock or Timing Strobe required
® Balanced Read and Write Cycle Time

® Fully TTL compatible Input and Output

= ORDERING INFORMATION (DP-22NB)
Type No. Access Time Package
HMG6788P-25 25ns 300 mil 22 pin BPIN ARRANGEMENT
HMG6788P-35 35ns Plastic DIP N E‘—V*E e
:\IIZ [21] A
A §
MBLOCK DIAGRAM 8 ]
AT [1s]Au
MO D ] A5 [18] Ao
MO—X —OVer ‘\SE EA’
amo——L3—] )
As : gzcv:, o ]Mz;n;)g{zMamx —OVss ,.\,;E E] /01
As0—— 5] A[H] [15]1/02
ro— 3] Mo [14)1/0,
AO——L 3] e T &[] 3]0,
1/010— % Column 1/0 VSSE 12)WE
1/0:0— -?—- l[;\::: Column Decoder (Top View)
1/03 Control % % % % % %
V0o E An Az A As A A0 A
o
e 4

EABSOLUTE MAXIMUM RATINGS

Item Symbol Rating Unit
Terminal Voltage to Vss pin Vr —05to +7.0 \%
Power Dissipation Pr 1.0 w
Operating Temperature Topr 0to +70 °C
Storage Temperature (with bias) Tue(bias) —10to +85 °C
Storage Temperature Tug —55to +125 °C
@ HITACHI
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HM6788 Series

HETRUTH TABLE
CS WE Mode Vec Current Output Pin Ref. Cycle
H X Not selected Iss, Ispi High Z -
L H Read Icc, Icc Dout Read Cycle (1) (2)
L L Write Icc, Iccr Din Write Cycle (1) (2)
X:HorL

BRECOMMENDED DC OPERATING CONDITIONS (0°C = Ta=70°C)

Item Symbol min typ max Unit
Vee 45 5.0 5.5 \%
Supply Voltage Vo o ) o v
Input High Voltage Vin 2.2 - 6.0 A%
Input Low Voltage Vi —0.5*! - 0.8 \'

Note) * 1. —3.0V with 20ns pulse width.

EDC AND OPERATING CHARACTERISTICS ( Vecc=5V £ 10%, Ta=0"C to +70°C)

Item Symbol Test Conditions min typ max Unit
Input Leakage Current | Iur| Vee=5.5V, Vin=Vss to Vec - - 2 uA
Output Leakage Current [Iro| | CS= Vi, Vi/o= Vss to Vec - - 2 uA
Opearating Power Supply Current Icc CS= Vi, I /o=0mA - - 80 mA
Average Operating Current Icch Min. Cycle, Duty: 100% - - 120 mA
Standby Power Supply Current fsn E.S ~ Vin 1o~ 0mA — — % mA
Isp CS2 Vee—0.2V, Ving0.2V or Vix2 Vec—0.2V - - 10 mA
Output Low Voltage VoL ITo.=8mA - - 0.5 A%
Output High Voltage Vou Ton=—4mA 24 - - v

mAC CHARACTERISTICS (Ve =5V £10%, T, = 0 to +70°C, unless otherwise noted)
® 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: See Figure
+5V
+5V
480Q
Dout
4800 fo —
Dout
o—9 %03 SoF*
mi: 300F*

#Including scope and jig.

Output Load B
Output Load A (tCHZ, tWHZ, tCLZ. tOW)

O HITACHI
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HM6788 Series

®READ CYCLE

Ltem Symbol HM6788-25 HM6788-35 Unit
min max min max
Read Cycle Time tre 25 - 30 - ns
Address Access Time taa - 25 - 35 ns
Chip Select Access Time tacs - 25 - 30 ns
Chip Selection to Output in Low Z tcrz 0 — [} - ns
Chip Deselection to Output in High Z tcHz 0 10 0 12 ns
Output Hold from Address Change ton 5 — 5 - ns
Chip Selection to Power Up Time*! try 0 - 0 — ns
Chip Deselection to Power Down Time*! trp - 20 — 30 ns
Note) * 1. This parameter is sampled and not 100% tested.
® Timing waveform of Read Cycle No. 1 1.2
™
Address >< ){
(7Y
ton loy.
> ¥
® Timing waveform of Read Cycle No. 2°7-*3
‘ i
1eHz
Dout |
Note) *1. WE = Vg
*¥2.CS=Vpr, o
*3, Address valid prior to or coincident with CS transition Low.
® WRITE CYCLE
HM6788-25 HM6788-35
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 [1} — 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
@ HITACHI
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HM6788 Series

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

Address

- W\ T
" N J
CTIINNY \W

[/ /)
i <}< 9___

Iwe

X

A

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

- X X
s X 7
O NNNY 1111
) oy L
- . Lo

X XXX

Notes) *1. A write occurs during the overlap (fyp) of a low CS and a low WE.
*2. During this period, 1/O pins are in the output state so that the input signals of
opposite phase to the outputs must not be applied.

*3. Dout is the same phase of write data of this write cycle.

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

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

BMCAPACITANCE ( 72=25°C, f/=1.0MHz)

Item Symbol min typ max Conditions
Input Capacitance Civ - - 6.0 Vin=0V
Input/Qutput Capacitance Ci/o - - 8.0 Vour=0V
Note) This parameter is sampled and not 100% tested.
@ HITACHI
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HM6788H Series

16384-word x 4-bit High Speed Static RAM

W FEATURES

* Super fast access time: 15/20 ns (max.)
e +5V Single supply
* Low power dissipation (DC) operating: 280 mW (typ.)

e Completely static memory
No clock or timing strobe required

e Balanced read and write cycle time
e Fully TTL compatible—all inputs and outputs
B ORDERING INFORMATION

(DP-22NB)

Type No. Access Time Package
HM67SSHP-15 5 B PIN ARRANGEMENT
- ns
300 mil 22 pin
Plastic DIP
HMG6788HP-20 20ns
Ao 1 22[ JVee
B BLOCK DIAGRAM a2 21 A
A B 20[JAr
A 4 19 JAn
A :‘;o___E: B :‘;‘é’ﬁo ml s 18 A
[ S— 6 17[ A
A Row Memory Matrix . %
As 0o———— S Decoder 128X 512 Al 7 16110y
A o——37] aml 8 15{1u0,
: o——% 1 sl o 14[ 03
. S - cslio 13100,
/0y o- _?—J ot Column /O ano Tl owE
:;g: o ._gj Dot Column Decoder
© Control y
> (Top View)
oo flES] T | R
) A2 Ay Ao Ag At Ag Agg
e i
WE o—
]
B ABSOLUTE MAXIMUM RATINGS
Item ' Symbol Rating Unit
Terminal Voltage to Vgg Pin Vr -0.5t0 +7.0 A\
Power Dissipation Pr 1.0 w
Operating Temperature Topr 0to +70 °C
Storage Temperature (with bias) Tstg (vias) -10to +85 °C
Storage Temperature Tyg -55to +125 °C
@ HITACHI
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B RECOMMENDED DC OPERATING CONDITIONS (0°C < T, < 70°C)

HM6788H Series

Item Symbol Min. Typ. Max Unit
Vee 4.5 5.0 5.5 \%
Supply Voltage
GND 0.0 0.0 0.0 \Y
Input High (logic 1) Voltage Vi 22 — 6.0 v
Input Low (logic 0) Voltage Vi -3.0% — 0.8 v
*Pulse width < 10 ns, DC: -0.5V
B TRUTH TABLE
[ WE Mode Ve Current /O Pin Ref. Cycle
H X Not Selected Isp, Isp) High Z —
L Read Ice, Ieci Dout Read Cycle (1), (2)
L L Write Icc, Iccr Din Write Cycle (1), (2)

M DC AND OPERATING CHARACTERISTICS (Vcc = SV + 10%, Tp = 0°C to 70°C, GND = (V)

Item Symbol Test Conditions Min. Typ. Max Unit
Input Leakage Current [Tyl Vee = 5.5V, Viy = GND to Ve — — 2 A
Output Leakage Current [Teol CS = Vi, Vyo = GND to Ve — - 10 A
Operating Power Supply Current Icc CS = vy, Iyjo = 0 mA — — 100 mA
" Average Operating Current Icci Min. Cycle, Duty: 100% Ij;o = 0 mA — — 120 mA
Standby Power Supply Current Isg CS=vy — — 30 mA
CS = Ve -0.2V, _ _
Standby Power Supply Current (1) Ispi Vin = 0.2V o Viy = Ve 0.2V 10 mA
Output Low Voltage VoL IoL = 8 mA — — 0.4 v
Output High Voltage Vou oy = -4 mA 2.4 — — \Y
W AC TEST CONDITIONS
Input pulse levels: GND to 3.0V
Input timing reference levels: L5V
Input rise and fall times: 4ns
Output load: See figure
Output reference levels: 1.5v
+5V +5V
800
4800
- Dout
L
25508 F e 3: .
#lncluding scope and jig.
Output Load B
Output Load A ('CHZ, tWHZ, tCLZ, tOW)
*including scope and jig cap
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HM6788H Series

M CAPACITANCE (T4 = 25°C, f = 1.0 MHz)

Item Symbol Max. Unit Conditions
Input Capacitance CiN 6.0 pF ViN =0V
Input/Output Capacitance Cyo 10.0 pF Vour = 0V

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

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

¢ Read Cycle
Ltem Symbol HMG6788HP-15 HM6788HP-20 Unit Notes
Min. Max. Min. Max.
Read Cycle Time tre 15 — 20 — ns —
Address Access Time taa — 15 — 20 ns —
Chip Select Access Time tacs — 15 — 20 ns —
Output Hold from Address Change toH 3 — 3 — ns —
Chip Selection to Output in Low Z tiz 3 — 3 — ns 1,2
Chip Deselection to Output in High Z thz 0 6 0 8 ns 1,2
NOTES: 1. This parameter is sampled and not 100% tested.
2. Transition is measured 200 mV from steady state voltage with specified loading in Load B.
* Write Cycle
Hem Symbol HMG6788HP-15 HM6788HP-20 Unit Notes
Min. Max. Min. Max.

Write Cycle Time twe 15 — 20 — ns 2
Chip Selection to End of Write tew 10 - 15 — ns —
Address Valid to End of Write taw 10 —_ 15 - ns -
Address Setup Time tas 0 — 0 — ns —
Write Pulse Width twp 10 — 15 — ns —
Write Recovery Time twr 3 — 3 — ns —
Data Valid to End of Write tow 9 — 12 — ns —
Data Hold Time tbH 0 — — ns -
Write Enable to Output in High Z twz 0 6 8 ns 3,4
Output Active from End of Write tow 0 — — 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 + 200 mV from steady state voltage with specified loading in Load B.
4. This parameter is sampled and not 100% tested.
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HM6788H Series

B TIMING WAVEFORM

* Read Cycle (1)(1) (2)

RC

Address

3[
7Y

——toH—>

Dout

* Read Cycle (2)() (3

cs

«—toH—>]

Data Valid

\

tacs
fe———t z—>

Dout:

High Impedance

NOTES: 1. WE is high for read cycle.

2. Device is continuously selected, CS=viL

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

@ HITACHI
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HM6788H Series

« Write Cycle (1) (WE Controlled)

wC —>

—— X
_\\\a 777777777,

taw twrl2]—

twel1]
we AN 7

ton, [5]

—tpw—>
on Data Valid —
+ton[6]>
F-twz[3] |
\lHigh Impedance l—towls]—|

Dout 7 1 X

|

GO HITACHI
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* Write Cycle (2) (CS Controlled)

Address

Al

Din

Dout

twe

taw twrl2]—

AARARARRS

1
N

/LT

Data Valid

High Impedance [4]

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

o v AW

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

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.

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

@ HITACHI
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HM6788H Series

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

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.
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HM6789 Series

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

Features

® Super Fast Access Time:. . .. ........... 25/30 ns (max)

® | ow Power Dissipation (DC) Operating
® +5V Single Supply
® Completely Static Memory

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

Ordering Information

..... 230 mW (typ.)

Type No. Access Time Package
HM6789P-25 25ns . . .
DIP
HM6789P-30 30ms 300 mil 24 pin Plastic
HM6789JP-25 25ns . .
SOJ
HM6789JP-30 30ns 300 mil 24 pin

Block Diagram

HMG6789P Series

DP-24NC

HM6789JP Series

CP-24D

L

azo—— % u -0 Ve
A3 ~=—0 Vss
A4
Row Memory Matrix
aso—— 5
Decoder 128X512
soo——{5]
A ——
A8 O— 6 T
I |
1/01 o———«—?— u Column 1/0 —
1/020- E Input Column Decoder
Data
/03 0 »E_ Control
1/04 0 »?—
All Al12 A13 A9 Al0 A0 Al

g3la
Q 00
@ ﬁJ

=
]/\}_.

Pin Arrangement

a0 1] ~ 24] Ve
a1 [z 23] A13
Az 3] 22] A12
A3[4] [21] A1t
a4[3] [20] A10
As[6] 19] A9
a6 [7] [18] Ne
a7 8] E] 1/01
a8 5] [16] 1/02
csfio) [15] 1/03
oE 1] [14] 1/04
Vss [12] [13] WE
(Top View)

M ABSOLUTE MAXIMUM RATINGS

Item Symbol Rating Unit
Terminal Voltage to Vg Pin Vi -0.5t0 +7.0 v
Power Dissipation Py 1.0 w
Operating Temperature Topr 0to +70 °C
Storage Temperature (with bias) Tag (hias) -10 to +85 °C
Storage Temperature Tye -55to +125 °C
@ HITACHI
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HM6789 Series

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

Item Symbol 7 min typ max Unit
Vee 4.5 50 | 5.5 v
Supply Voltage
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 < 20ns.

Function Table

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

H HorL HorL Not selected Isg, Ispy High Z -

L H H Output Disabled Icc, Icc High Z -

L L H Read Icc, Icca Dout Read Cycle (1) (2) (3)

L H L B Iccs Icct Din Write Cycle (1) (2) (3) (4)
L L L Write Icc, Icc Din Write Cycle (5) (6)

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

Item Symbol min typ max Unit Test Conditions
Input Leakage Current Ly - - 2 vA | Vec=5.5V, VN =Vgsto Ve
CS=Vyor OE = Vy,
Output Leakage Current Lol - - 2 A Vyjo =Vssto Vee
Operating Power Supply Current Icc - - 100 mA | CS=vy, Iyjo = OmA
Average Operating Current Iccy _ _ 120 | mA | Min.Cycle,Duty:100%,lj,0=0mA
Isp - | - | 30| ma |[CS=Vm lyo=0mA
Standby Power Supply Current CS> Vee - 0.2V
Isp - - 10 mA | =
INL0.2VorViN 2 Vcc -0.2V
Output Low Voltage VoL - - 0.4 v IoL = 8mA
Output High Voltage Vou 24 - - v IoH = -4mA
AC Test Conditions
® |nputpulselevels .................... Vgs to 3.0V
® Input and Output reference levels . ............. 1.5V
1200 mV from steady level (Output Load B)
® Inputriseandfalltime ...................... 4 ns

® Output Load: See Figure

+5V +5V
480Q
4800 Dout
Dout
* including
SpF* scope and jig

S
ook * . 550 S

Output Load A

Output Load B
('CHZ, tWHZ, ICLZ, 1OW)
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HM6789 Series

Capacitance (7, = 25°C, f= 1.0MHz)

Item Symbol min typ max Unit Test Conditions
Imput Capacitance CIN - - 6 pF VIN =0V
Input/Output Capacitance Cy /0 - - 8 pF A% /0= ov
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
HM6789-25 HM6789-30
Item Symbol - - 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 tcLz*t 0 - 0 - ns
Output Enable to Output Valid tOE 0 15 0 15 ns
Output Enable to Output in Low Z toLz*t 0 - 0 - ns
Chip Deselection to Output in High Z tcHz*1 0 10 0 12 ns
. Output Hold from Address Change toH 5 - 5 - ns
Write Cycle
ltem Symbol : HM6789-25 .HM6?89-30 Unit
min max min max
Write Cycle Time twe 25 - 30 - ns
Chip Selection to End of Write tow 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 - - ns
Write to Output in High Z twHZ*1 10 0 12 ns
Data Valid to End of Write tpw 15 — 20 — ns
Data Hold Time tpH 5 - - ns
Output Disable to Output in Hihg Z toHZ*1 0 10 10 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

G HITACHI
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Timing Waveform

Read Cycle (1) "

HM6789 Series

Address ><

tan

ton

tonz

tenz

Dout High Impedance <

Data Valid >

Read Cycle (2)"1."2.3

Address ><

Dout >

Read Cycle (3)"1."3.°4
[ 5’\
tacs | tcnz
terz
Dout Data Valid
ou High Impedance

Notes) :1. WE = ViH

2. CS= VL
*3 GE=V
*4,

G HITACHI
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HM6789 Series

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

; - X X
= TR Y7777777

tas

— 1 twp X1
WE

1 tow

ton
o ><><><>O<W e

High Impedance

Dout

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

- X X

/

1
.

AW

- SN 77777
~ SOOI = XXX

High Impedance

m

Dout

@ HITACHI
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HM6789 Series
Write Cycle (3) (OE = Clocked, WE Controlled)

- X X

« 77777 T
=\ b 1N

| twp*1

torz %2
touz %2
High Impedance
Dout

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

- K A

tew

|
]

| tup¥1

o >O<>/ Das vl ><><>é____

High Impedance

Dout.
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HM6789 Series

Write Cycle (5) (OE = L, WE Controlled)

SANR S L7777
e \\ \\ //
ANEAN N\ High Inpedne -

/ / tow ton

N

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

- X X
& _\\ /Z )
NN\ NS 77770

AXXAX)

Notes) *1.
*2.

*3.
*4,
*5.

*6.

166

A write occurs during the overlap (tjyp) 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 thiﬂrite cycle.
If the CS is low transition occurs after the WE low transition, output remain in a high impedance state.

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

the__outputs must not be applied to them.

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

in high impedance state.
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HM6789H Series

16384-word x 4-bit High Speed Static RAM (with OE) y
HM6789HP Series
B FEATURES
e Super fast access time: 15/20 ns (max.)
* Low power dissipation (DC) operating: 280 mW (typ.)
* +5V Single supply DP-24NC
* Completely static memory
No clock or timing strobe required HM6789HIP Series
¢ Balanced read and write cycle time
¢ Fully TTL compatible input and output '
H ORDERING INFORMATION
Type No. Access Time Package
" . CP-24D
HM6789HP-15 15ns 300 mil 24 pin
HM6789HP-20 20ns Plastic DIP
HM6789HIP-15 15ns . . B PIN ARRANGEMENT
HMG6789HJP-20 20ns 300 mil 24 pin SOJ
W BLOCK DIAGRAM
Ao E 1 \./ 24 Vee
A A A 2 23[JA3
N o——] | | :.?‘éﬁo A 3 22[ JA2
: o Rtw; Me]mor))z Matrix Pal] 21 An
NO—-—— ecoder 28X 512 A s 20[J A1
A o—n— As[] 6 19 JAg
A o—n i i Al 7 18[INC
10 o— Column 110 Al 8 17[Juo,
02 0- ; Igg:"; Column Decoder As] 9 16[ 10z
:;:; :} Control %§¥%%§% 7 fg 10 |5§|/03
Ar2 A Arg Ag Ay Ag Az oEL o
GND[12 13 JWE
= L
Gr—e0
OE °1
1
B ABSOLUTE MAXIMUM RATINGS
Item Symbol Rating Unit
Terminal Voltage to Vgg Pin Vr -0.5t0 +7.0 v
Power Dissipation Py 1.0 w
Operating Temperature Topr 0to +70 °C
Storage Temperature (with bias) Titg (bias) -10to +85 °C
Storage Temperature Tyg -55to +125 °C
@ HITACHI
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HM6789H Series

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 v
GND 0.0 0.0 0.0 A%
Input High Voltage Vi 2.2 — 6.0 v
Input Low Voltage \Th -3.0 — 0.8 v
*Pulse width < 10 ns, DC: -0.5V
B TRUTH TABLE
[ OE WE Mode Ve Current 1/0 Pin Ref. Cycle
H HorL HorL Not Selected Isp, Ispi High Z —
L H H Output Disabled Ices Iecr High Z —
L L H Read Ice Icc Dour Read Cycle (1), (2), (3)
L H L Write Iccs Icct Dy Write Cycle (1), (2), (3), 4)
L L L Ices Iecr Dy Write Cycle (5), (6)

B DC AND OPERATING CHARACTERISTICS (Vcc = 5V + 10%, Tp = 0°C to 70°C)

Item Symbol Test Conditions Min. Typ. Max Unit
Input Leakage Current T4l Vee = 5.5V, Viy = 0V to Ve — — 2 A
Output Leakage Current Lol CS = Vpy, or OE = Vyy, Vyo = GND to V¢ — — 10 nA
Operating Power Supply Current Icc CS = Vi, Ijo = 0mA — — 100 mA
Average Operating Current Iccy Min. Cycle, Duty: 100%, Iyo = 0 mA — - 120 mA
Isp CS =Vy — — 30 mA
Standby Power Supply Current CS _
by pp - CS = Ve -0.2V, _ _ " A
Viny < 0.2V or Viy = Ve -0.2V
Output Low Voltage VoL IoL = 8 mA — — 0.4 v
Output High Voltage Vou Ioy = 4mA 2.4 — — v
B AC TEST CONDITIONS
Input pulse levels: GND to 3.0V
Input and output reference levels: L5V
+ 200 mV from steady level
(Output Load B)
Input rise and fall time: 4 ns
Output load: See figure
+5V
+5V
4800
Dout
4800 o4
po—
=03 SoF?
=03 30eF*
#Including scope and jig.
Output Load B
Output Load A (tCHZ, tWHZ, tCLZ. tOW)
*including scope and jig capacitance
@ HITACHI
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HM6789H Series

B CAPACITANCE (T, = 25°C, f = 1.0 MHz)

Item Symbol Min. Typ. Max. Unit Conditions
Input Capacitance Cin - — 6 pF Vin =0V
Input/Output Capacitance Cio — — 10 pF Vyo =0V

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

B AC CHARACTERISTICS (Ve = 5V + 10%, Tp = 0°C to 70°C, unless otherwise noted.)
¢ Read Cycle

Item Symbol HMGTSOH-13 FIMG785KH-20 Unit Notes
Min. Max. Min. Max.
Read Cycle Time tre 15 — 20 — ns —
Address Access Time tAA — 15 — 20 ns —
Chip Select Access Time tacs — 15 — 20 ns —
Chip Selection to Output in Low Z teLz 3 — 3 — ns 1
Output Enable to Output Valid toE 0 12 0 15 ns —
Output Enable to Output in Low Z toLz 3 — 3 — ns 1
Chip Deselection to Output in High Z tcuz 0 6 0 8 ns 1
Output Hold from Address Change ton 3 — 3 — ns —
¢ Write Cycle
HM6789H-15 HM6789H-20
Item Symbol v v i v Unit Notes
Write Cycle Time twe 15 — 20 — ns —
Chip Selection to End of Write tow 10 - 15 — ns —
Address Setup Time tas 0 — 0 — ns —
Address Valid to End of Write taw 10 — 15 — ns —
Write Pulse Width twp 10 — 15 — ns —
Write Recovery Time twr 3 — 3 — ns —
Write to Output in High Z twHz 0 6 0 8 ns 1
Data Valid to End of Write tbw 9 — 12 - ns —
Data Hold Time by 0 — 0 — ns —
Output Disable to Output in High Z tonz 0 6 0 8 ns 1
Output Active from End of Write tow 0 — 0 — ns 1
NOTE:  I. Transition is measured + 200 mV from steady state voltage Load B. This parameter is sampled and not 100% tested.
@ HITACHI
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HM6789H Series

B TIMING WAVEFORM

¢ Read Cycle (1)(1)

Address ><

taa
@;;Q;;ii 7[;;;;
‘ l——tog—>| Ton
torz
cs ; ; _\\ 7l / / / /
tacs [e——toHz—
terz tenz
Dout ( Data Valid >Z ><>r-
High Impedance
¢ Read Cycle (2)(1) (2 3) ‘ l
RC -
Address )(
taa | “—toH—>
——ton—>

Dout Data Valid W

« Read Cycle (3)() (3) 4
s X’:

Dout Data Valid
oul High Impedance !

tacs | —toHz—]
toLz—>

NOTES: 1. WE = Vi
2.CS=vL
3.0E = VIL.
4. Address valid prior to or coincident with CS transition low.
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HM6789H Series

¢ Write Cycle (1) (OE = H, WE Controlled)

T ¢ X

taw
4—1/.\5—»’ etwr>
e TN £
tpw———»DH

High Impedance

Dout

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

twe >
Address >< )(
& 0 tow
cs L 7
taw >« twr >
tDW_“"——"tDH’
Din Data Valid

High Impedance

Dout

G HITACHI
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HM6789H Series

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

—— | ~ X
=___|f ~_
= NN\ ATTTTTT7

"tAS“” ‘ AVY e 74—1wn-*
we X 7

l—toLz—
tonz
Dout High Impedance

N

tow tDH"|

Din \/>< ><— Data Valid %)()————

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

Address >< %

OE { f f (6) X; 5 5 : :
[—tas tew

R

> twr—>

m

NN " ATTTTTT

tow < tL)|-|~>|

Din ><><>: Data Valid %—

High Impedance

=
m

Dout
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HM6789H Series

 Write Cycle (5) (OE = L, WE Controlled)

WC

S -

=N\ ATTT77 ‘
ths o [+ twR—>
N‘

WE
« toH
twHz [2] e tow
VAV VAVAVAVAN High Impedance 3]
L L/ .
DH

‘—tva

Din

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

Address )(

B
tow N
= )\ jf

WC

taw twr->

twpll—]

o T, TTTTTTT

terz, [twhz

- .
Dout [4] High Impedance

tDW—’*tDH*.

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

. During this period, 1/O pins are in the output state so that the input signals of opposite phase to the outputs must not be applied.
. Dour is the same phase of write date of this write cycle.

1

2

3

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

5. 1f 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.

. If CS low transition occurs simultaneously with the OE high transition of after the OE transition, output remain in high impedance state.
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HMVM6287 Series

6553-word x 1-bit High Speed CMOS Static RAM

FEATURES
High Speed: Fast Access Time 45/55/70ns (max.)
Single 5V Supply and High Density 22 Pin Package
Low Power Standby and Low Power Operation
Standby: 100uW (typ.)/10uW (typ.) (L-version)
Operation: 300mW (typ.)
® Completely Static Memory

No Clock or Timing Strobe Required
® Equal Access and Cycle Times
® Directly TTL Compatible: All Inputs and Output
® Capability of Battery Back Up Operation (L-version)

® ORDERING INFORMATION

Type No. Access Time Package
HM6287P45 45ns
HM6287P-55 55ns
HM6287P-70 70ns 300 mil 22 pin
HM6287LP-45 45ns Plastic DIP
HM6287LP-55 55ns
HM6287LP-70 70ns

® BLOCK DIAGRAM

"~ —D]
v —LF Ve
A”—k for < Vss
A,,__(}_.';u..an Memory Array
A —L3 128 x 512
Din Column 170 Dest
= Column Decoder
w0 RERRAARAR

@ HITACHI

HM6287P Series

(DP-22N)

® PIN ARRANGEMENT
® HM6287P Series

A.m ~ 22)vee
A.IZ Ems
AxE [20] Ave
m ] [19] Ans
AaG] T_s]Au
A;E E Ao
ar 3] F_s'] As
Do [® (1] A
WE [10 [13] 0.
m [12]T3
(Top View)
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HM6287 Series

s TRUTH TABLE

cs WE Mode Vec Current Dout Pin Ref. Cycle
H X Not Selected Isp,Isp) High Z -
L H Read Icce Dout Read Cycle
L L Write Icc High Z Write Cycle
® 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
Plastic —55 to +125 o
Storage Temperature - Totg C
Ceramic —65 to +150
Temperature Under Bias Thias —10 to +85 °C
Note) *1. -3.5V for pulse width < 20ns
s RECOMMENDED DC OPERATING CONDITIONS (73 =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
Vig 2.2 - 6.0 \'
Input Voltage ViL YR . 08 v

Note) *1. -3.0V for pulse width £ 20ns
= DC AND OPERATING CHARACTERISTICS (V¢e =5V + 10%, Vgg =0V, Ta = 0 to +70°C)

Item Symbol Test Conditions min | typ*l| max |Unit
Input Leakage Current I Ipr! Vee=55V, Vin=Vssto Vee - - | 20 {uA
Output Leakage Current 1 ILo | CS=Vig, Vour=Vssto Vee - — 120 |wA
Operating Power Supply Current | Icc CS = Vi, Ious = OmA - | 60 | 100 |mA
Isp CS=Vmy - | 10| 30 |mA
Standby Power Supply Current I CS2 Vge-0.2V, Vv S 0.2V or - 10.02{ 20 |mA
SBI | Viv2ZVcc-0.2V ~ [ 22100 ua
= - Toa v
Output Voltage ng, fﬁz = ii-n;?)mA 24| — | - |V
Notes) *1. Typical limits are at V¢ = 5.0V, T, = 25°C and specified loading.
*2. This characteristics is guaranteed only for L-version.
® CAPACITANCE (f=1MHz, T, =25°C)
Item Symbol Test Conditions min typ max Unit
Input Capacitance Cin Vin =0V - - 5 pF
Output Capacitance Cout Vout =0V - - 1.5 pF

Note) This parameter is sampled and not 100% tested.
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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: b5ns

Input and Output Timing Reference Levels: 1.5V

Output Load: See Figure

Output Load A Output Load B
5V
5V
4802 4802
Dout Dout 0—1 .
» 5503 SoF
2552 300F e |
% Including scope & jig capacitance *Including scope & jig capacitance

® READ CYCLE

HM628745 HM6287-55 HM6287-70 .
Item Symbol -~ - - Unit Notes
min | max | min | max | min | max
. Read Cycle Time tRC 45 - 55 - 70 - ns 1
Address Access Time tAA - 45 - 55 - 70 ns
Chip Select Access Time tACS - 45 - 55 - 70 ns
Output Hold from Address Change tOH 5 - 5 - 5 - ns
Chip Selection to Output in Low Z tLz 5 - 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 tpy 0 - 0 - 0 - ns 7
Chip Deselection to Power Down Time tPD — 40 - 40 - 40 ns 7

o Timing Waveform of Read Cycle No. 1(4)(5}

taa {
Pty ton
ut Previous Data Valid X X Data Valid

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

tRC {

Address

N

trC

N /|

tacs

i e HZ
a— ——«I
Dout - X X Data Valid -
High Imped N High
I - bt Impedance
Vee supply ===~ "" """ 7 . - q """"
current ﬂ 507, 507

Notes: 1. All Read Cycle timings are referenced from last valid address to the first transitioning address.
2

. At any given temperature and voltage condition, ff7Z max. is less than t 7 min. both for a given device
and from device to device.

. Transition is 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 — 55 - 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 twpP 25 - 35 - 40 - ns

Write Recovery Time tWR 0 - 0 - 0 - ns

Data Valid to End of Write tDw 25 - 25 - 30 - ns

Data Hold Time tDH 0 - 0 - 0 - ns

Write Enabled to Output in High Z twz 0 25 0 25 0 30 ns 3,4

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

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

Address :)L

15

=

X

tew ————————e}
s — }
tAw
et AS ——uf fe—tWR—e
WE tws
A\ ¥
D —f thH
Din ;Da(a in Va]]id{
fo-tiwz L*luu
Dout High Impedance

Data Undefined

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

Address D(

Din

Dout

Notes)

PN -

178

twe

re—las—ef

taw

fe—twk

N

—

¥

tow — ton
ata in Valid

twz

High Impedance

Data Undefi

. 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.
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® LOW Vcc 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
Vcc for Data Retention VDR CS 2 Vee-02v 2.0 - - v
Data Retention Current Iccpr Vin—z Vec-02v ,or - 1 50°2 HA
Chip Deselect to Data Retention Time tCDR ov .<TV- <0 72V 0 - - ns
Operation Recovery Time IR ="m=" tRC‘l - - ns

Note) *1. tgpc = Read Cycle Time
*2. Veco=3.0V

® LOW Voo DATA RETENTION WAVEFORM

Data Retention Mode

CSz2Vee 0.2V

SUPPLY CURRENT vs. SUPPLY VOLTAGE

Supply Current Iccy, Icc: (Normalized)

SUPPLY CURRENT vs. AMBIENT TEMPERATURE

16 1.6
Ta=25C Vee =5.0V

14 14

3
12 E 12

g

8

10 / RERT —

§ ‘\\
08 / £ os

3

g
06 2 06
04 04

4.5 4.75 5.0 5.25 5.5 0 20 40 60 80
Supply Voltage Vee (V) Ambient Temperature Ta (°C)
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HM6287 Series

ACCESS TIME vs. SUPPLY VOLTAGE

13 13
Ta=25C Vee=5.0V
12 12
I 3 v
T ou 2 1 e
é \ ZE /
u z
< 10 ———— g 10 /
3 ——— : /
£ o9 é 09
< o8 2 o8
07 07
45 4.75 5.0 525 5.5 0 20 40 60 80
Supply Voltage Ve (V) Ambient Temperature Ta (°C)
STANDBY CURRENT vs. STANDBY CURRENT vs.
SUPPLY VOLTAGE AMBIENT TEMPERATURE
14 10
Vee=3V
CS=2.8V
12
i 1
E 1.0 1
: 2 -
i os 3 /
(i 0.6 A L:. 107 7
= Ta=25C =
;,i; / CS=Vee—0.2V é
0.4 /’
0.2 10-?
4 0 20 40 60
Supply Voltage Ve (V) Ambient Temperature Ta (°C)
SUPPLY CURRENT vs. STANDBY CURRENT vs.
FREQUENCY INPUT VOLTAGE
T (ns)
1 200 100 66 50 40 10 1
Ta=25C
Ve =5.0V
1.0 / CS=48V
.§ / ;g 8
i yd i
5 09 7 k:
o / =6
S os 2
H V H
£ / g, \
S 3
= 07 L <
=) =
-4 3 \
@
06 J \
0% 10 15 20 25 0 4
Frequency f (MHz) Input Voltage Vo (V)
@ HITACHI
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Input Low Voltage V. (Normalized)

Output High Current Ioy (Normalized)

INPUT LOW VOLTAGE vs.

SUPPLY VOLTAGE

13
Ta=25C
12 ~
3
8
11 —E
z
/ >E
10 %
] s
0.9 ]
S
5
08
07
45 475 5.0 5.25 5.5
Supply Voltage Ve (V)
OUTPUT HIGH CURRENT vs.
OUTPUT HIGH VOLTAGE
3.0
Ta=25C
Vee =5V
\ ~
25 3
g
£
2.0 \ Z
5 \ E’
\ &
z
10 . 3
3
05
0
1 2 3 4
Output High Voltage Vou (V)
@ HITACHI

HM6287 Series

INPUT HIGH VOLTAGE vs.
SUPPLY VOLTAGE

13
Ta=25C

12

" /

10

09

0.8

0.7

4.5 4.75 5.0 5.25 55
Supply Voltage Vee (V)

OUTPUT LOW CURRENT vs.
OUTPUT LOW VOLTAGE

1.6

/
/
/

Ta=25"C
Vec=5V
0.8
os //
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 Static C-MOS RAM

B FEATURES

e Single 5 V supply and high density 22 pin DIP and 24 pin SOJ

¢ High Speed

Access time 25/35 ns (max.)

e Low power

Active mode 300 mW (typical)
Standby mode 100 W (typical)

s Completely static memory
No clock or timing strobe required

* Equal access and cycle times

e Directly TTL compatible—all inputs and outputs

M ORDERING INFORMATION

Part No. Access Package
HMG6287HP-25 25 ns .
HM6287HP-35 35ns 300 mil

22 pin
HM6287HLP-25 25 ns Plastic DIP
HM6287HLP-35 35ns
HM6287HIP-25 25ns 300 mil
HM6287HIP-35 35 ns 24 pin SOJ

B PIN ARRANGEMENT

(DIP)

Ao] 1 22[JVee
Al 2 21 JAss
Al 3 20[ J A
Al 4 19 Ars
AT s 18[ JA+w
Al e 17[JAn
Al 7 16[J A1
Al 8 15[ JAg
Dour] o 14[JAg
WE[ 10 130w
vss 11 12[]TS
(Top View)

B PIN ARRANGEMENT

HMG6287HP Series

(DP-22NB)

HMG6287HIP Series

«

(CP-24D)

B PIN DESCRIPTION

Pin Name Function
Ap-Ajs Address
Dy Input
Dout Output
CS Chip Select
WE Write Enable
Vee Power Supply
Vss Ground

Ao 1 24[ JVee
Ml 2 23[JAss
A] 3 22[ A
A 4 21[ A
Al s 20[JAr
As] 6 19[INC
Nc[] 7 18 JAn
As] 8 17[J A
Al o 16[_JAg
Dour[]10 15[ 1Ag
WE 11 14 Jow
vss[112 13[]Cs
(Top View)
(SOJ)
@ HITACHI
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HM6287H Series

B BLOCK DIAGRAM

Aro— u —oVee
Ay o] —0Vss

Row Memory Array
As o———— 1 Decoder 128 X 512

I T Dout
Din o > Column /O

Column Decoder

o 0| BERERRR

A7 Ag Ag AigA11 Az Az ArgAss

W ABSOLUTE MAXIMUM RATINGS

Item Symbol Rating Unit
Voltage on any pin relative to Vgg Vr -0.5'to +7.0 v
Power Dissipation Pr 1.0 w
Operating Temperature Topr 0to +70 °C
Storage Temperature Tsg -55to +125 °C
Storage Temperature Under Bias Thias -10 to +85 °C
NOTE: I. Vrmin = -2.0V for pulse width < 10 ns.

B FUNCTION TABLE

CS WE Mode Ve Current Dgy¢ Pin Ref. Cycle

H X Standby Isp, Isp; High Z —

L H Read Icc Dout Read Cycle 1, 2

L L Write Icc High Z Write Cycle 1, 2
@ HITACHI
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HM6287H Series

B ELECTRICAL CHARACTERISTICS
¢ Recommended DC Operating Conditions (T, = 0 to 70°C)

Parameter Symbol Min. Typ. Max. Unit Note
Vee 4.5 5.0 5.5 \Y
Supply Voltage
Vss 0.0 0.0 0.0 v
Input High (logic 1) Voltage Viu 2.2 — 6.0 A%
Input Low (logic 0) Voltage Vi -0.5! — 0.8 \'
NOTE: 1. Vi min = -2.0V for pulse width < 10 ns.

W DC CHARACTERISTICS (T = 0to +70°C, Ve = 5V = 10%, Vgs = 0V)

Parameter Symbol | Min. Typ.*! Max. Unit Test Conditions
Input Leakage Current [Tl — — 2.0 A Vee = max., Viy = 0V to Ve
Output Leakage Current Lol — — 10.0 A CS = Vi, Vo = 0V to Ve
Operating V¢ Current Icc — 60 120 mA CS = Vi, Iyo = 0mA
Standby Ve Current Isg - 15 30 mA | CS=Vy
Is” — 0.02 2.0 mA | TS = Ve - 0.2V, 0V = Viy =< 0.2V or
Standby V¢ Current! cc iy IN
v Yee Tsa — 002 | 20 mA | Vin = Voc - 0.2V
Output Low Voltage VoL — — 0.4 v IoL = 8 mA
Output High Voltage Vou 24 — — v Iog = 4.0mA
NOTE: 1. This parameter is sampled and not 100% tested.
B CAPACITANCE (T4 = 25°C, f = 1.0 MHz)1
Parameter Symbol Min. Typ Max Unit Test Conditions
Input Capacitance Cin — — 6 pF Viy =0V
Output Capacitance Cour — — 8 pF Vour = 0V
NOTE:  This parameter is sampled and not 100% tested.
@ HITACHI
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HM6287H Series

B AC CHARACTERISTICS (T4 = 0to +70°C, Vcc = 5V + 10%, unless otherwise noted)

Test Conditions

Input pulse levels: 0.0V to 3.0V
Input rise and fall times: Sns
Output load: see figure
Input and output timing reference levels: L5V
+5V +5V
480Q 480Q
Doyt 0—— Dourt
255Q 3: 30 pF* 255Q 5 pF*
Output Load B
Output Load A (for thz. tLz, twz,
tow)
*including scope and jig capacitance
¢ Read Cycle
HM6287H-25 HM6287H-35 .
Item Symbol Unit
Min. Max. Min. Max.
Read Cycle Time tRC 25 — 35 — ns
Address Access Time tAA — 25 — 35 ns
Chip Select Access Time tacs — 25 — 35 ns
Output Hold from Address Change ton 3 — 5 — ns
Chip Selection to Output in Low Z trz! 5 — 5 — ns
Chip Deselection to Output in High Z tuz! 0 12 0 20 ns
Chip Selection to Power Up Time tpy! 0 — 0 — ns
Chip Deselection to Output in Down Time tpp — 25 — 30 ns
NOTE: 1. Transition is measured + 200 mV from steady state voltage with Load B. This parameter is sampled and not 100% tested.
G HITACHI
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HM6287H Series

¢ Timing Waveform of Read Cycle No. 1(1); (2), (4)

tRc >
Address >
N\
taa |
[e——toH—> ton—>|
Dout Data Valid
* Timing Waveform of Read Cycle No. 2(1) (3)
the
cs
tacs | —tyz—>
tz
High
Dout Data Valid L
Vee supol | High Impedance ped.
ccsupply  lcc Lftpu———* ety
50% 50%
current
IsB
NOTES: 1. WE is high for read cycle.

2. Device is continuously, CS = VIL.
3. Address valid prior to or coincident with CS transition low.

4. All read cycle timing are referenced from last valid address to the first transitioning address.
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HM6287H Series

B Write Cycle

Parameter Symbol HM6287H-25 HM6287H-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 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 tpH 0 — 0 — ns
Write Enable to Output in High Z twz! 0 8 0 10 ns
Output Active From End of Write tow' 5 - 5 = ns
NOTE: 1. Transition is measured + 200 mV from steady state voltage with Load B. This parameter is sampled and not 100% tested.
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HM6287H Series

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

WC

e 5
- TR\ JTTTITTT777

tAW
2
l—twr—> 2l

<

‘—tAS—’I

o KRR X RRXOOQCRR X2 XX KRRXYX

—ton—>|

[«—twz—>| tow—>

oot LdALLLLL L] High Impedance
MMMV ANNV AN AAWAVAWAR

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

twe
Address ‘> )
N\
tl'\\ﬂl [2]
tas —twp—>
tew
G /
. toll
wpP
— /
WE /
tpw——>l«tpH—>|
High Impedance Bl
Dout
NOTES: 1. A write occurs during the overlap of a low CS and a low WE (twp).

2. twR is measured from the earlier of CS or WE going high to the end of write cycle.
3. If the CS low transition occurs simultaneously with the buffers remain in a high impedance state.

4. Dour is the same phase of write data of this write cycle, if twr is long enough.
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HM6287H Series

B Low V¢c Data Retention Characteristics (T, = 0to +70°C)

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

Parameter Symbol Min. Typ. Max. Unit Test Conditions
V¢ for Data Retention Vbr 2.0 - — v _
Data Retention Current Icepr — - 502, 353 pA CS = Vee - 0.2V,
i , - - Vin = Ve -0.2Voor
Chip Deselect to Data Retention Time tcpr 0 — — ns 0V < Viy < 0.2V
Operation Recovery Time tr trc! — — ns

NOTES: 1. trc = Read cycle time.
2. Vee = 3.0V.
3. Vee = 2.0V.

* Low V¢ Data Retention Waveform

l«——Data Retention Mode ——|

CS = vwpr-02V

@ HITACHI
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HM6E6787 Series

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

HM6787P Series
= FEATURES
Super Fast Access Time: 25ns/30ns (max.)
® Low Power Dissipation (DC):
Operating 180mW (typ)
® High Driving Capability: |5, 16mA
® +5V Single Supply
® Completely Static Memory

(DP-22N)

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

HM6787CG Series

= ORDERING INFORMATION
Type No. Access Time Package
HM6787P-25 25ns 300 mil 22 pin (CG-22A)
HMG6787P-35 35ns Plastic DIP
HM6787CG-25 25ns 22 pin ceramic
HM6787CG-30 30ns Chip Carrier = PIN ARRANGEMENT
® HMG6787P Series
= BLOCK DIAGRAM WG Y @
A2 211 Ass
Ai—3] - Ve E
- Vss A2 E 20 A1s
Ai—3]
As E E A
Ai—m Memory Matrix
o 128X 512 a5 18] Asc
Ai—KSelect
Ai —m As E E An
Ai—L3] || as[7] 16] Aso
- r NG o
Di 4 Column 10 Dout Dout | 9 E As
C—S_M H u R u g E R R VV_E - E -
WE—— Ai Ai A A A A A Ai A Vss (11 12]CS
- (Top View)
® HM6787CG Series
sABSOLUTE MAXIMUM RATINGS AR Vee A
Item Symbol Rating Unit
Terminal Voltage to Vgg Pin vr -0.5to +7.0 v ig ; ; %)
Power Dissipation PT 1.0 w Eﬁ EE
Operating Temperature Range Topr 0to +70 °C %; ;ll_-g
o - w2
Storage Temperature Range Tstg -55to +125 C g2 i
2 £
—— 1\_ -
1
(Top View)
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HM6787 Series
= TRUTH TABLE
CS WE Mode Ve Current Output Pin
H X Not Selected Isp,Isp; High Z
L Read Ice Dout
L L Write Icc High Z
= RECOMMENDED DC OPERATING CONDITIONS (0°C £7z £70°C)
Item Symbol min. typ. max. Unit
Vee 4.5 5.0 5.5 \Y%
Supply Voltage
Vss 0 0 0 v
Input High Voltage Vin 2.2 - 6.0 v
Input Low Voltage ViL -0.5"1 - 0.8 \'
Note) *1. -3.0V for pulse width < 20ns.
= DC AND OPERATING CHARACTERISTICS (Vcc = 5V+10%, T, =0°C to +70°C)
Item Symbol Test Conditions min. | typ. | max. | Unit
Input Leakage Current rr! Vee=5.5V, Vin=VgstoVee - - 2 | wA
Output Leakage Current 1ol CS=Viy, Vour=Vssto Vee -l - 2 | uA
Operating Power Supply Current | Ioc CS=Vi1,I;j0=0mA -] - (100 | mA
ISB C_S= VIH’ 11/0=0mA - - 40 mA
Standby Power Supply Current CS2 Vee 0.2V
Isp; - | - | 20) ma
VIN § 0.2V or VIN ;VCC —0.2V
Output Low Voltage VoL Ior=16mA - - 0.5 v
Output High Voltage. Vou Ioyg=-4mA 24 - - A\
s AC TEST CONDITIONS Output Load A Output Load B
Input pulse levels: Vgg to 3.0V +5V (for tuz, 1Lz, twz & tow)
Input rise and fall times: 4ns +5v
Input timing reference levels: 1.5V
Output reference levels: 1.5V 480 Q
Output load: See Figure 4809
Dout
Dout
2559 30pF %
255 Q 5pF *
* Including scope and jig.
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HM6787 Series

= CAPACITANCE (7,=25°C, f=1.0MHz)

Item Symbol typ. Unit Conditions
Input Capacitance Cin 2.0 pF Vin= 0V
Output Capacitance Cout 3.0 pF Vour=0V

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

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

® READ CYCLE

HM6787-25 HM6787-30/35 .
Item Symbol - - Unit
min. max. min. max.
Read Cycle Time tRC 25 - 30 - ns
Address Access Time t44 - 25 - 30 ns
Chip Select Access Time tACS - 25 - 30 ns
Output Hold from Address Change toH 5 - S - ns
Chip Selection to Output in Low Z trz 5 - 5 - ns
Chip Deselection to Output in High Z tHZ 0 15 0 15 ns
Chip Selection to Power Up Time tpy 0 - 0 - ns
Chip Deselection to Power Down Time tPD - 25 - 30 ns
® WRITE CYCLE
HM6787-25 HM6787-30/35
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 tpw 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.

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

3
4. This parameter is sampled and not 100% tested.
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HM6787 Series

o TIMING WAVEFORM OF READ CYCLE NO. 1)+ 2

trC |

Address X
tAA

|
toH
Data Out Previous Data Valid X x Data Valid

® TIMING WAVEFORM OF READ CYCLE NO. 2! 3

tRC
® A /
tACS |
tHZ
tLz
High Impedance High Impedance
Data Out Data Valid [rom—
tPD.
trU
Vee Supply = = = = = = = = - - -
Icc
50% 50%
sB
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 +500mV from steady state voltage with specified loading in Load B.
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HM6787 Series

e TIMING WAVEFORM OF WRITE CYCLE NO. 1 (NE CONTROLLED)

twe
Address >< X
| tcw
s\ \ X £/V//,
tAw
tas twr
twp
s N /
L tow ton |
Data In Data In Valid
twz tow
Data Out -Data Undefined

H

igh Impedance

Note: 1. Transition is measured +500mV from steady state voltage with specified loading in Load B.

.

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

| twe |
Address * *
tAs
tcw
& e Vi
tAw twr
twp .
AN ¥ 1// /7
| tow o4
Data In Data In Valid
Towz
Data Out Data Undefined
High Impedance

Note: 1. Transition is measured +500mV from steady state voltage with specified loading in Load B.
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HM6787H Series

65536-word x 1-bit High Speed Static RAM

W FEATURES

* Super fast access time: 15/20 ns (max.)

* Low power dissipation (DC) operating: 280 mW
* +5V Single supply

* Completely static memory
No clock or timing strobe required

e Balanced read and write cycle time
* Fully TTL compatible input and output

B ORDERING INFORMATION

(typ.)

Type No. Access Time Package
HMG6787HP-15 15ns 300 mil 22 pin
HM6787HP-20 20ns Plastic DIP

B BLOCK DIAGRAM

(DP-22NB)

B PIN ARRANGEMENT

Ao 1 22[JVee
a2 21[JAss
A ro— -] —oVee Azg 3 20 A
:; o—] —oGND A3 4 19 JAs3
© Row Memory Matrix A 5 18[JA
As 0————13 Decoder 128 X 512 - —
As[] 6 17[ 1Ay
Al 7 16[ JAs0
A8 15[ 1Ag
Dour(] o 14 ] Ag
WE[ 10 13 E Din
GND[C] 11 12[]Ts
(Top View)
H ABSOLUTE MAXIMUM RATINGS
Item Symbol Rating Unit
Terminal Voltage to GND Pin Vr -0.5t0 + 7.0 v
Power Dissipation Pr 1.0 w
Operating Temperature Range Topr 0to +70 °C
Storage Temperature Range Tag -55to +125 °C
Temperature Under Bias Thias -10to +85 °C
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HM6787H Series

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

Item Symbol Min, Typ. Max Unit
Vee 4.5 5.0 5.5 v
Supply Voltage
GND 0.0 0.0 0.0 \%
Input High Voltage Vi 22 —_ 6.0 v
Input Low Voltage Vi -3.0*% — 0.8 v
*Pulse width < 10 ns, DC: -0.5V
B TRUTH TABLE
[ WE Mode V¢c Current V¢c Current Output Pin
H X Not Selected Isg, Ispi Isp, Isp; High Z
H Read Icc Ieci Ices Iect Doyr
L Write Icc, It Iccs Iecy High Z
B DC AND OPERATING CHARACTERISTICS (Vcc = 5V = 10%, T4 = 0°C to 70°C, GND = 0V)
Item Symbol Test Conditions Min. Typ. Max. Unit
Input Leakage Current [Tl Vee = 5.5V, Viy = 0V to Ve — — 2 pA
Output Leakage Current Lol CS = Vi, Vour = 0V to Ve — — 10 pA
Operating Power Supply Current Icc CS = Vy, Ioyr = 0 mA — — 100 mA
Average Operating Current Icci Min. Cyclé, Duty: 100% Ioyt = 0 mA — — 120 mA
Isg CS=vVvy — — 30 mA
Standby Power Supply Current Cs |
by pply Teen CS = Ve -0.2V, _ _ " mA
ViN = 0.2Vor Viy = Ve -0.2V
Output Low Voltage VoL IoL = 8mA — — 0.4 v
Output High Voltage Vou Ioy = 4mA 2.4 — — A%
B AC TEST CONDITIONS
Input pulse levels: GND to 3.0V
Input timing reference levels: L5v
Output load: See figure
Input rise and fall times: 4 ns
Output reference levels: 1.5V
+5V +5V
4800
e Dout
Dout Oo——
O—1
| . 2550 S SpF*
%50 F
#lncluding scope and jig.
Output Load B
Output Load A ((CHZ, tWHZ, tCLZ. tOW)

*including scope and jig capacitance
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HM6787H Series

B CAPACITANCE (T, = 25°C, f = 1.0 MHz)

Item Symbol Max. Unit Conditions
Input Capacitance Cin 6.0 pF Vin = 0V
Output Capacitance Cour 10.0 pF Vour = 0V

NOTE:  This paramcter is sampled and not 100% tested.

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

HMG6787HP-15 HM6787HP-20

Item Symbol v Max. Min. Mok Unit Notes
Read Cycle Time tre 15 — 20 - ns —
Address Access Time tAA — 15 — 20 ns —
Chip Select Access Time tacs — 15 — 20 ns —
Output Hold from Address Change toH 3 — 3 — ns —
Chip Selection to Output in Low Z tLz 3 — 3 — ns 1,2
Chip Deselection to Output in High Z thz 0 6 0 8 ns 1,2
NOTES: 1. This parameter is sampled and not 100% tested

2. Transition is measured + 200 mV from steady state voltage with specified loading in Load B.
* Write Cycle
em Symbol HMG6787HP-15 HM6787HP-20 Unit Notes
Min. Max. Min. Max.

Write Cycle Time twe 15 — 20 — ns 2
Chip Selection to End of Write tew 10 — 15 — ns —
Address Valid to End of Write taw 10 — 15 — ns —
Address Setup Time tas 0 — 0 — ns —
Write Pulse Width twp 10 — 15 — ns —
Write Recovery Time twr 3 — 3 — ns —
Data Valid to End of Write tpw 12 — 15 — ns —
Data Hold Time tpH 0 - 0 - ns —
Write Enable to Output in High Z twz 0 6 0 8 ns 3,4
Output Active from End of Write tow 0 — 0 — ns 3,4
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 + 200 mV from steady state voltage with specified loading in Load B.
4. This parameter is sampled and not 100% tested.
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HM6787H Series

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

< tre >

X

< taa »>|
|€— ton —> \I/
>< >< - Data Valid

Data Out Previous Data Valid /!\ A

* Read Cycle (2)(1) (3)

tre

A

\

< tacs > thg,
A
— tiz —»>
High Impedance High Impedance
Data Out \ >< >< Data Valid >.____.
NOTES: 1. WE is high and CS is low for read cycle.

2. Address valid prior to or coincident with CS transition low.
3. Transition is measured =+ 200 mV from steady state voltage with specified loading in Load B.
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« Write Cycle (1) (WE Controlled)

Address

Data In

Data Out

NOTE:

twe

)

N~ Y
O\

tew

\ 4

NS

:
ARt

tas —>|

v NI

taw

\[ e —>

NN/

tow ——>

= twa —

/‘ Data In Valid

(tDH :I

< tyy —>|

Data Undefined

« Write Cycle (2) (CS Controlled)

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

High Impedance

/N
L—‘ow

< twe >
i Y \
< tAs > tow > -
e i
< tAW >l twr
w \\\\\\\Y__ " /77
<—] tpw ———» o
Data In Data In Valid
< twz >
Data Out Data Undefined

NOTE:

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

G HITACHI
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HMN62256 Series

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

® FEATURES HM62256P Series
® High Speed: Fast Access Time 85/100/120/150ns (max.)
® | ow 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 Compatibie: All Input and Output (DP-28)
Capability of Battery Back Up Operation (L-/L-SL version)

HM62256FP Series

m 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 = PIN ARRANGEMENT

HM62256LP-12SL 120ns

HM62256LP-15SL 150ns ]
AHE 28] Vee

HM62256FP-8T 85ns

HM62256FP-10T 100ns A2 [27]WE

HM62256FP-12T 120ns

HM62256FP-15T 150ns Ar E 26JA1

HM62256LFP-8T 85ns A [4] [25] s

HM62256LFP-10T 100ns 28 pin

HM62256LFP-12T 120ns Plastic SOP As E 24]As

HM62256LFP-15T 150ns A E Z]A.

1
HM62256LFP-10SLT 100ns
HM62256LFP-12SLT 120ns As E 22|OF
LFP-15SLT
HM62256LFP-15S 150ns o E 3_T]Am

A [9] 2]cs
Ao [10] [19]1707

® ABSOLUTE MAXIMUM RATINGS

Item Symbol Rating Unit 170 E El/O«
Voltage on any pin with relative to Vggs | Vo 05" to+7.0] V /o E 17]1/05
Power Dissipation Pr 10 w l/OzE EI /04
Operating Temperature Topr 0to +70 °C Vs E E 1/0s
Storage Temperature Torg ~55t0+125 | °C
Temperature Under Bias Tpigs | —10to +85 | °C (Top View)

Note) *1. -3.0V for pulse width < 50ns
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HM62256 Series

= BLOCK DIAGRAM
2:3 : : : Memory Array
PO B g !
A9 o |Address| + | po" '
AN, . coder| |
Mo Buffer |, ) 512%512
A — _— —]
1/00 vo [ Column 1/0
1/07—’———' Buffer Column Decoder
WE
OE ADAT AZA0A3AY
C‘—s_’
® TRUTH TABLE
CcS OF WE Mode Ve Current 1/0O Pin Reference Cycle
H X X Not Selected Isp.Ispi High Z -
L L H Read Ice Dout Read Cycle No. 1~3
L H L Write Icc Din Write Cycle No. 1
L L L Write Icc Din Write Cycle No. 2

X means Hor L

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

Item Symbol min. typ. max. Unit
V 45 5.0 55 v
Supply Voltage cc
Vss 0 0 0 \%
vV 22 - 6.0 \%
Input Voltage H =
ViL -0.5"1 - 0.8 %
Note) *1. -3.0V for pulse width < 50ns
m DC AND OPERATING CHARACTERISTICS (Voc =5V £10%, Vgs=0V,T,=0to +70°C)
Item Symbol Test Condition min |typ*!| max [ Unit
Input Leakage Current Urrl | Viv=Vssto Voo - - 2 BA
Output Leakage Current iIzo1| C8=Vir ot OE=Vigor WE=Vy 1, Vj0=VsstoVec| — | — | 2 | uA
Operating Power Supply Current | Ioc | CS=Vyg, I1j0=0mA - 8 15 | mA
HM62256-8 - 50 | 70
Average
Operating HM6223610 | Jcs | Min. Cycle, duty=100%, T8=Vyy, I7/0=0mA il E L
in. Cycle, duty= , CS=V|L, =0m,
Power HM62256-12 |V Y y= e =L g0 — 35 [ 70
Supply
Current HM62256-15 _ - 33 | 70
Iccy | CS=Vi, Vin=Vce, ViL=0V,11j0=0mA f~1MHZ - 8 15 | mA
Isp CS=Vy - 0.5 3 | mA
Standby Power Supply Current - 10.04 2 | mA
Igp; | CS 2 Vee-0.2V — | 2*2 [100*2 N
- 2*3 | 50*3 “
Vor | IoL=2.1mA - - 04| V
Output Voltage Vor | Iop=-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

m CAPACITANCE (7,=25"C,f=1MHz)

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

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

® AC CHARACTERISTICS (Vcc=5V* 10%, T, =0 to +70°C unless otherwise noted)
® AC Test Conditions
O Input pulse levels: 0.8V to 2.4V 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 .
Item Symbol - - - - Unit
min. | max. | min. | max. | min. | max. | min. | max.
Read Cycle Time tRC 85 - 100 - 120 - 150 - ns
Address Access Time t44 - 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 OQutput in Low Z toLZ 5 - S - 5 - S - ns
Chip Deselection to Output in High Z | tcyz 0 30 0 35 0 40 0 50 ns
Output Disable to Output in High Z tOHZ 0 30 0 35 0 40 0 50 ns
® Timing Waveform of Read Cycle No. 1
trC
Address >< ><
tAA
F AN /S
N V.
toe ton
CS N t (7777 77
oLz
R i
tonz
tacs {cHz
tcLz
Dout < Data Valid />\
® Timing Waveform of Read Cycle No. 2011121141
trC
Address >< y<
taa tox
toH
Dout ) Data Valid ><
G HITACHI
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HM62256 Series

® Timing Waveform of Read Cycle No. 3lsIe
CsS |
Tacs — tcHz
tcrLz
Dout .
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 - 5 - 5 — ns
® Timing Waveform of Write Cycle No. 1 (OE Clock)
twe
Address >< >/
N\
{wR ()~
e /[/X RN
| tcw
CEEANNN \\x{; A77777,
tas taw
WE N \ Kk 2
N\ /|
torz3) twe (1)
Dout NN NN NVNNN
[/ / tow tpH
< XXX
N\
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HM62256 Series

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

| tuc
Address ><
B tew m[]:]
> ANNNNNNR LN
taw
WE tup (1) [
t‘AS}\\Y\\ /| ton
tll‘HZ[:” tow 6) | (D
Dout ANANAN ANAN
L L /
tpw ton ()
o 772K

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

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

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

. 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.

. OE is continuously low. (OE = Vi)

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

. Dout is the read data of next address.

. 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.

kaN

00~ O\ L

® LOW Vcoc 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
Vec for Date Retention VDR CS 2Vpe -0.2V 2.0 - - v
- - | 50**
Data Retention Current Iccpr | Vee=3.0V,CS 22.8V - 0w LA
Chip Deselect to Data Retention Time t 0 — - ns
P CDR See Retention Waveform
Operation Recovery Time tR tRe*¥ | — - ns

Note) *1. frc = Read Cycle Time o
*2. This characteristic is guaranteed only for L-version, 20uA max. at T, = 0 to 40°C
*3. This characteristic is guaranteed only for L-SL version, 3uA max. at Tz = 0 to 40° C

® Low V¢ Data Retention Waveform

Vee DATA RETENTION MODE

V) — S

tcpr
2.2V-—mma- = Vor=2.0V
Vor \
CS=Vee—0.2V
Cs N
OV = e e

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
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Ta=25C Vee=5.0V
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04450 475 5.00 5.25 5,50 04 20 10 50 30

Supply Voltage Ve (V)

SUPPLY CURRENT vs. SUPPLY VOLTAGE (2)

1.6

Ambient Temperature Ta (°C)

SUPPLY CURRENT vs. AMBIENT TEMPERATURE (2)

13
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Supply Voltage Vec (V)

SUPPLY CURRENT vs. SUPPLY VOLTAGE (3)

16

Ambient Temperature Ta (°C)

SUPPLY CURRENT vs. AMBIENT TEMPERATURE (3)
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HM62256 Series

ACCESS TIME vs. SUPPLY VOLTAGE ACCESS TIME vs. AMBIENT TEMPERATURE
1.3 13
Ta25C Vee =5.0V
1.2 1.2

e

Normalized

Access Time ¢, Normalized
=

:* 1.0 v
E
&
0.9 z2 09~
2
0.8 0.8
0.7 0.7
450 4.75 5.00 5.25 5.50 0 20 40 60 80
Supply Voltage Vee (V1 Ambient Temperature Ta (°C}
STANDBY CURRENT vs. SUPPLY VOLTAGE STANDBY CURRENT vs. AMBIENT TEMPERATURE
14 10
/ Vee =5.0V
5 12 =
E P
S 10 z
H Ta=25C 3 /
z 08 ;
z z 107
£ 08 74 2 -
S / s
wn wn
0.4 /
027 3 4 5 [ 75 20 40 60 80
Supply Voltage Vee (V) Ambient Temperature Ta (C)
SUPPLY CURRENT vs. FREQUENCY (READ) SUPPLY CURRENT vs. FREQUENCY (WRITE)
12 T T 12 TT T T
150ns 20ns  100ns 85ns 50ns  120ns 100ns 85ns
b 7 . e
e 0.8

0.8 /

) / Ta=25C
/ Vee =50V
0.4 /

0 4 10 12 0 2 4 8 10 12
Frequency f (MHz) Frequency f (MHz)

0.6 /
Ta=25C
Vee =5.0V

0.4 A

Supply Current Icey, Icc, (Normalized)
Supply Current Icci, Iec2 (Normalized !

0.2 A 0.2
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HM62256 Series

1.8
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INPUT LOW VOLTAGE vs. SUPPLY VOLTAGE

13
Ta=25C
T 12
Z 11
I
= 10
E 0.9
Z
£ 08
0.7
450 475 5.00 5.25 5.50
Supply Voltage Vee (V)
OUTPUT CURRENT vs.
OUTPUT VOLTAGE
16
14

1.2 \
1.0
Ta=25C
Vee =5.0V
(L8]

\

Output High Current Ioy (Normalized |

0.6

\

0.4

1 2 3 4 5
Output High Voltage Voy (V)

ACCESS TIME vs. LOAD CAPACITANCE

Input High Voltage Vyymin ' Normalized )

Output Low Current Io, (Normalized!

INPUT HIGH VOLTAGE vs.

SUPPLY VOLTAGE

Ta- 25°C

0.9
0.8
0.7
4.50 4.75 5.00 5.25 5.50
Supply Voltage Ve (V)
OUTPUT CURRENT vs.
OUTPUT VOLTAGE
1.6
1.4 /
1.2
L0
Ta=25°C
Vee =5.0V
0.8
0.6 //
0.4
0.2 0.4 0.6 08
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HM6208 Series

65536-word x 4-bit High Speed CMOS Static RAM

The Hitachi HM6208 is a high speed 256k static RAM orga-
nized as 64-k word x 4-bit. It realizes high speed access time
(35/45 ns) and low power consumption, employing the advanced
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 HM6208, packaged in a 300 mil plastic DIP, is available
for high density mounting. Low power version retains the data
with battery back up.

Features
® High Speed: Fast Access Time 35/45 ns (max.)
® | ow Power
Standby: 100 uW (typ.)/10 uW (typ.) (L-version)
Operation: 300 mW (typ.)
® Single 5V Supply and High Density 24 Pin Package
® Completely Static Memory:
No Clock or Timing Strobe Required
® Equal Access and Cycle Time
Directly TTL Compatible: All Inputs and Outputs
® Capability of Battery Back Up Operation (L-version)

Ordering Information

(DP-24N)

Pin Arrangement

~ 24

23| A15

z B

>
1)

22 | Al4

>
@

21| A13

20 l A12

18 | Al0

1__7| 1/01

FEEAFCEEC R

>
<

Type No. Access Time Package A8 E 102
HM6208P-35 ) 35ns A9 E /03
HM6208P-45 45ns )

300 mil 24 pin Plastic DIP CcS 14 | 1704
HM6208LP-35 35ns T
HM6208LP-45 45ns Vss [ 12 13
(Top View)
. X Pin Description
Absolute Maximum Ratings - .
- - Pin Name Function
Item Symbol Rating Unit
Voltage on Any Pin Relative to Vgg | VT -0.5"Tt0+47.0] V AQ - ALS Address
3 Dissipati P W 1/01 - 1/04 Input/Output
ower Dissipation T 1.0 CS Chip Select
Operating Temperature Topr 0 to +70 °C WE Write Enable
Storage Temperature Tstg —55to +125 °C Vece Power Supply
Storage Temperature under bias Tbias —10 to +85 °C Vss Ground
Note) *1. —3.5V for pulse width <10 ns
Note) The specifications of this device are subject to ch with notice. Please contact your nearest Hitachi’s Sales Dept.
Dept. regarding specifications.
@ HITACHI
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HM6208 Series

Block Diagram
a0 o—— — v
A1 o—y—1 “
A2 o—3—— Vs
A3 0—% Row Memory Array
A4 o—{g——{ Decoder 256 1,024
A5 o—y——
A6 o—a——
A7 O—k
1/01 06— E Column 1/0
1/02 o Input ]
Data Column Decoder
1/03 Control
vore T L
A8 A9 A10 A11A12A13A14A15
gﬁ
WE
Function Table
CS | WE Mode Vec Current | 1/0 Pin Ref. Cycle
H X NOT SELECTED Isp. Isp1 HIGH 2 _—
L H READ Icc Dout READ CYCLE
L L WRITE Icc Din WRITE CYCLE
Note) X means don’t care.
Recommended DC Operating Conditions (Ta = 0 to +70°C
Parameter Symbol min typ max Unit
Vee 4.5 5.0 5.5 v
Supply Voltage
pply Voltag Vss 0 0 0 v
Input High (logic 1) Voltage ViH 2.2 — 6.0 v
Input Low (logic 0) Voltage ViL —0.5™ - 0.8 \4

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

DC and Operating Characteristics (Tz = 0 to +70°C, Vcc = 5V * 10%, Vss = 0V)

*1

Parameter Symbol min typ max Unit Test Condition
Input Leakage Current gt - - 2.0 HA Yec=MAX.
Vin = Vgs to Ve
Output Leakage Current ol - - 10.0 MA (\j,s = YIH
1/0=Vssto Vec
Operating Power Supply Current Icc — 60 100 mA (IZS = ViL
1/0= OmA
Standby Power Supply Current Isp - 15 30 mA CS=Viy
_ 0.02 2.0 CS > Vee-0.2V
Standby Power Supply Current (1) IsBi1 - 0.002"2 01" mA VIN <0.2Vor
) . VinN 2 Vee-0.2V
Output Low Voltage VoL - - 0.4 v IoL = 8mA
Output High Voltage Vou 24 - — \" IoH = 4.0mA

Note) *1. Typical limits are at Voo = 5.0V, Ta = 25°C and specified loading.
*2. This characteristics is guaranteed only for L-version.
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HM6208 Series

Capacitance (Ta = 25°C, f = 1 OMHz)

Parameter Symbol min max Unit Conditions
Input Capacitance CIN - 6 pF Vin=0V
Input/Output Capacitance Cyo - 10 pF Vyjo=0v

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

AC characteristics (Ta = 0 to +70°C, V¢ = 5V * 10%, unless otherwise noted.)
AC Test Conditions

® |nput pulse fevels: Vgg to 3.0V ® [nput and Output timing reference levels: 1.5V
® |nput rise and fall times: 5ns ® Qutput load: See Figure
Output Load (A) Output Load (B)
+5V (for fenz, terz, twuz & tow)
+5V
4809 4809
Dout Dout
255 Q 30pF % 255 Q SpF #
* Including scope & jig.

Read Cycle
Parameter Symbol 5M6208-35 ITIM620845 Unit
min max min max
Read Cycle Time tre 35 — 45 — ns
Address Access Time taa — 35 — 45 ns
Chip Select Access Time tacs — 35 — 45 ns
Output Hold from Address Change tox 5 — 5 . ns
Chip Selection to Output in Low Z terz™! 10 - 10 —_ ns
Chip Deselection to Output in High Z tenz"! 0 20 0 20 ns
Chip Selection to Power Up Time tpy 0 — 0 — ns
Chip Deselection to Power Down Time tpp - 30 — 30 ns

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

Timing Waveform of Read Cycle No. 1.2

Address ><

Dout Data Valid

@ HITACHI
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HM6208 Series

Timing Waveform of Read Cycle No. 2",

tenz

tacs |

terz

Dout ><>< Data Valid
High Imped High

Impedance
tep
Vee supply try
Tec 50% 507
current
Iss
Note) *1. WE is High for Read Cycle. _
*2. Device is continuously selected, CS = VL.
*3. Address Valid prior te or coincident with CS transition Low.
Write Cycle
HMG6208-35 HM6208-45 .
Parameter Symbol - - Unit
min max min max
Write Cycle Time twe 35 - 45 - ns
Chip Selection to End of Write tow 30 — 40 — ns
Address Valid to End of Write taw 30 — 40 — ns
Address Setup Time tas 0 — 0 — ns
Write Pulse Width™! twp 30 —_ 35 - ns
Write Recovery Time twr 3 — 3 = ns
Data Valid to End of Write thw 20 — 20 — ns
Data Hold Time tbH 0 - 0 - ns
Write Enable to Output in High Z twz'7 0 10 0 15 ns
Output Active from End of Write tow™? 0 — 0 — ns

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

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

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

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

*5. If CS is low during this period, I/O pins are in the output state. 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.

*7. Transition is measured +200mV from steady state voltage with load (B). This parameter is sampled and not 100%
tested.
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HM6208 Series

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

twe
Address >< : :
. . S tew
—_ g
CcS V
taw
tup*2
tas
WE twp¥1
WE
PN F
| tow Lou¥5
P Data in Valid
ton*6
tow*5
funz*3
High Impedance
Dout r
Timing Waveform of Write Cycle No. 2 (CS Controlled)
twe
Address >< ><
taw
tas twp *2
CS \ tew /
twpk1
w \C 4 7
L tow ton ¢

Din Data in Valid
Dout High Impedance *4

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

2. twr is measured from the earlier of CS orVEgomg high to the end of write cycle.

3. 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.

4.1f 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, 1/0 pins are in the output state after tow. Then the data input signals
of opposite phase to the outputs must not be applied to them

6. Dout is the same phase of write data of this write cycle, if fws is long enough.
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HM6208 Series

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

Parameter Symbol | min typ. max. Unit Test Condition
Vc for Data Retention Vpr 2.0 - - A -
Data Retention Current Iccpr — 1 5072 HA ?/S % ¥CC - g;z’

T " " inZVee —-VY. or
Chip D.eselect to Data Retention Time tcDR 0 - - ns OVE Vin<02v
Operation Recovery Time tR tre™! _ _ ns

Note) *1. tgpc = Read Cycle Time *2. Vcc=3.0V

Low V¢ Data Retention Waveform

CS2 Vee—02V
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HM6708 Series Preliminary

65536-word x 4-bit High Speed Static RAM

HM6708P Series
B FEATURES
* Super fast access time: 20/25 ns (max.)
¢ Low power dissipation (DC) operating: 250 mW (typ.)
* +5V Single supply
e Completely static memory (DP-24NC)
No clock or timing strobe required
HMG6708JP Series

¢ Balanced read and write cycle time
¢ Fully TTL compatible input and output

B ORDERING INFORMATION w
Type No. Access Time Package

HM6708P-20 20ns
HM6708P-25 25ns 300 mil 24 pin
CP-24D
HM6708JP-20 20ns Plastic DIP { )
HM6708JP-25 25ns
B BLOCK DIAGRAM H PIN ARRANGEMENT
S —
Ao o—% —oVee
Alo— ] | | —0GND Aol 1 24["Vee
A2 O]
Aso—— T Row Memory Matrix ML 2 2 A
Ao X Decoder 256 X 1024 A 3 22[ JAu
As (>——-§ Asl] 4 21 JAss
290 o——_E: L Al 5 20[J A
© T T As] 6 19 J Ay
110, o 2— Column /O As] 7 18 J A0
11020 0 Input
"g: Data Column Decoder a8 17[Juo,
1103 © N Control As] 9 16110,
110 © >
- Ag[]10 15[ 1103
As A7 Ag Aty Az Az AgAs sOn 14T,
! GND 12 13[JWE
TS
EC] (Top View)
[ ;]

B ABSOLUTE MAXIMUM RATINGS

Item Symbol Rating Unit
Terminal Voltage to GND Pin Vr -0.5t0 +7.0 A%
Power Dissipation Pr 1.0 w
Operating Temperature Range Topr 0to +70 °C
Storage Temperature Range (with bias) Titg (bias) -10 to +85 °C
Storage Temperature Range Tyig -55to +125 °C
@ HITACHI
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HM6708 Series

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

Item Symbol Min. Typ. Max Unit
Vee 4.5 5.0 5.5 \%
Supply Voltage GND 0.0 0.0 0.0 \%
Input High (logic 1) Voltage Vi 2.2 — 6.0 v
Input Low (logic 0) Voltage Vi -3.0% — 0.8 v
*Pulse width < 20 ns, DC: -0.5V
B TRUTH TABLE
CcS WE Mode V¢c Current 1/0 Pin Ref. Cycle
X Not Selected Isg, Isp; HighZ —
L H Read Ice Iecr Dour Read Cycle (1), (2)
L L Write Icc, Icct Din Write Cycle (1), (2)

B DC AND OPERATING CHARACTERISTICS (Vcc = 5V + 10%, Tp = 0°C to 70°C, GND = 0V)

Item Symbol Test Conditions Min. Typ. Max Unit
Input Leakage Current [Tyl Vee = 5.5V, Viy = GND to Ve — — 2 nA
Output Leakage Current IIol | €S = Vim, Vyo = GND to Ve — — 10 rA
Operating Power Supply Current Iec CS = Vi, Iyo = 0mA - — 100 mA
Average Operating Current Icci Min. Cycle, Duty: 100% I;o = 0 mA — — 120 mA
Isg CS = Vi, Vix = Vg or Vi - - 30 mA
Standby Power Supply Current Cs 4
Yy pply Isg! CS = Ve -0.2V, _ _ 10 mA
Vin = 0.2Vor Vy = Ve -0.2V
Output Low Voltage VoL IoL = 8 mA — — 0.4 mA
Output High Voltage Vou Iog = 4mA 2.4 — - v
B AC TEST CONDITIONS
Input pulse levels: GND to 3.0V
Input timing reference levels: L5V
Output load: See figure
Input rise and fall times: 4ns
Output reference levels: 1.5V
+5V +5V
480Q 480Q
Dout 0—— Dout
3 30 pF* o
255Q P 255Q 5 pF
Output Load B
Output Load A (for tHZ, tLZ, tWZ, tOW)
*including scope and jig capacitance
@ HITACHI
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HM6708 Series

B CAPACITANCE (T5 = 25°C, f = 1.0 MHz)

Item Symbol Max. Unit Conditions
Input Capacitance Cin 6.0 pF Viny = 0V
Output Capacitance Cyo 10.0 pF Vo = 0V

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

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

Item Symbol HMG708-20 HMG708-25 Unit Notes
Min. Max. Min. Max.
Read Cycle Time tre 20 — 25 - ns —
Address Access Time taa — 20 — 25 ns —
Chip Select Access Time tacs — 20 - 25 ns —
Output Hold from Address Change toH 5 — 5 — ns —
Chip Selection to Output in Low Z tLz 0 — 0 — ns 1,2
Chip Deselection to Output in High Z thz 0 8 0 10 ns 1,2
NOTES: 1. This parameter is sampled and not 100% tested.
2. Transition is measured = 200 mV from steady state voltage with specified loading in Load B.
* Write Cycle
HM6708-20 HM6708-25
Item Symbol . Mox, Min. Mox, Unit Notes
Write Cycle Time twe 20 — 25 — ns 1
Chip Selection to End of Write tew 15 — 20 - ns —
Address Valid to End of Write taw 15 — 20 — ns —
Address Setup Time tas 0 — 0 — ns —
Write Pulse Width twp 15 — 20 — ns —
Write Recovery Time twr 3 — 3 — ns —
Data Valid to End of Write tpw 12 - 15 - ns -
Data Hold Time tbH 0 — 0 — ns —
Write Enable to Output in High Z twz 0 8 0 10 ns 2,3
Output Active from End of Write tow 0 — 0 — ns 2,3
NOTES: 1. All write cycle timings are referenced from the last valid address to the first transitioning address.

3. Transition is measured + 200 mV from steady state voltage with specified loading in Load B.
4. This parameter is sampled and not 100% tested.
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HM6708 Series

H TIMING WAVEFORM
¢ Read Cycle (1)(1) (2

Address ><

tAA rI
——toH—> ton—|
Dout Previous Data Valid Data Valid
* Read Cycle (2)(1 (3)
tre >
o5 &_
tacs >|
tz > thz—
Dout - ; Data Valid Hi
High Impedance : Imped.
NOTES: 1. WE is high for read cycle.

2. Device is continuously selected, CS = ViL.

3. Address valid prior to or coincident with CS transition low.
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* Write Cycle (1) (WE Controlled)

Address

Din

Dout

twe
X X
[ tew
AN /1]
taw twrl2] —
«—tag—>
twel1]
A\K 1
tpy, [5]
Data Valid

«twz[3] >

High Impedance

* Write Cycle (2) (CS Controlled)

NOTES:

Address

7l

Din

Dout

X : >
tas F o 7[
NN 77777777,

High Impedance [4]

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/0 pins are in the output state so that the input signals of opposite phasc to the outputs must not be applied.

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

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

Output data is the same phase of write data of this write cycle.
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HM6207 Series

262144-word x 1-bit High Speed CMOS Static RAM

The HitachiHM6207 is a high speed 256k static RAM organized
as 256-k word x 1-bit. It realizes high speed access time
(35/45 ns) and low power consumption, employing the advanced
CMOS process technology and high speed circuit designing tech-
nology. It is most advantageous for the field where high speed and
high density memory is required, such as the cache memory for
main frame or 32-bit MPU. The HM6207, packaged in a 300 mil

plastic DIP, is available for high density mounting.

Low power version retains the data with battery back up.

Features

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

® Low Power

Standby: 100 uW (typ.)/10 uW (typ.) (L-version)

Operation: 300 mW (typ.)

® Single 5V Supply and High Density 24 Pin Package

® Completely Static Memory:

No Clock or Timing Strobe Required

® Equal Access and Cycle Time

Directly TTL Compatible: All Inputs and Outputs

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

Ordering Information

Type No. Access Time Package
HM6207P-35 35ns
HM6207P-45 45ns 300 mil 24 pin
HMG6207LP-35 35ns Plastic DIP
HM6207LP-45 45ns

Absolute Maximum Ratings

(DP-24N*

Pin Arrangement

Item Symbol Rating Unit
Voltage on Any Pin Relative to Vgg VT -0.5"t0+7.0 V
Power Dissipation Pt 1.0 w
Operating Temperature Topr 0to+70 °C
Storage Temperature Tstg —55to +125 °C
Storage Temperature under bias Tbias —10 to +85 °C

Note) *1. —3.5V for pulse width < 10ns.

]

A17|I 24| Vee
AOE 23[A16
m[3] 22| A5
AZE 21| Al4
ABE 20] A13
At E 19] A12
ASE 18] A11
AGE 17] 10
a7[s] 16] A9

Dout E 15] A8
WE E 14 | Din
Vss Ez 13] CS

(Top View)
Pin Description
Pin Name Function
A0 - A17 Address

Din Data Input
Dout Data Output
[ Chip Select
WE Write Enable
Vee Power Supply
Vss Ground

Note) The specifications of this device are subject to change without notice. Please contact your nearest Hitachi’s Sales

Dept. regarding specifications.
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HM6207 Series

Block Diagram
0 —F
M3
A2—31 Row ] -~ Vec
RS -
rM—3 1,024 Columns
45—
r—x
a1 —F]
[ I
Din Column 1/0 Dout
& —DC ! Column Decoder
ap ) RARARRARRY
A8 A9 A10 All Al12 A13 Al4 Al5 Al6 A17

Function Table

CS WE Mode Vec Current  1/O Pin Ref. Cycle
H X NOT SELECTED Isp, Isp1 HIGH Z S

L H READ Icc Dout READ CYCLE
L L WRITE Icc Din WRITE CYCLE

Note) X means don’t care.

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

Parameter Symbol min typ max Unit
Vee 4.5 5.0 5.5 \4
ly Volt.
Supply Voltage Vss 0 0 0 v
Input High (logic 1) Voltage ViH 2.2 - 6.0 \%
Input Low (logic 0) Voltage ViL -0.5*1 - 0.8 A"

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

DC and Operating Characteristics (Ta = 0 to +70°C, Ve =5V  10%, Vgg = ov)

Parameter Symbol min typ 1 max Unit Test Condition
Input Leakage Current Myl - 2.0 A Vee = MAX.
P € U . K VIN = Vss to Ve
CS=Viy
I - _
Output Leakage Current Lol 10.0 HA Vout = Vgs to Vo
Operating Power Supply Current: DC Icc - 60 TBD mA Cs=vi
Iout = OmA
Standby Power Supply Current: DC Isp - 15 TBD mA CS= Vg
_ 0.02 2.0 CS 2 V=02V,
Standby Power Supply Current (1): DC  Igpj 2 - mA ViN 0.2V or
- 0.002 0.1 VIN > Vee-0.2V
Output Low Voltage VoL - - 0.4 v IoL = 8mA
Output High Voltage VoH 24 - - v IoH = -4.0mA

Note) *1. Typical limits are at Voc = 5.0V, T, = 25°C and specified loading.
*2. This characteristics is guaranteed only for L-version.
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HM6207 Series

Capacitance (Tz = 25°C, f= 1 .0MHz)

Parameter Symbol Min Typ Max Unit Conditions
Input Capacitance Cin — — 6.0 pF Vin =0V
Input/Output Capacitance Cout - — 10 pF Vout = 0V

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

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

AC Test Conditions
® Input pulse levels: Vggto 3.0V ® [nput and Output timing reference levels: 1.5V
® Input rise and fall times: 5ns ® Qutput load: See Figures.
Output Load (A) Output Load (B)
+5V (for tuz, trz, twz & tow)
+5V
480 Q 480 Q
Dout Dout
Q
255 30pF * 255 9 SoF +
* Including scope & jig.
Read Cycle
HM6207-35 HM6207-45 .
Parameter Symbol - - Unit Notes
min max min max
Read Cycle Time tre 35 — 45 — ns *1
Address Access Time taa — 35 - 45 ns
Chip Select Access Time tacs - 35 — 45 ns
Output Hold from Address Change ton 5 — 5 — ns
Chip Selection to Output in Low Z tz 5 = 5 — ns *2, %3, *7
Chip Deselection to Output in High Z tyz 0 30 0 30 ns *Q, *3*7
Chip Selection to Power Up Time tpy 0 = 0 - ns *7
Chip Deselection to Power Down Time tpp — 30 — 40 ns *7
Timing Waveform of Read Cycle No. 1%*s
tre
Address >< ><
tan |
ton ton
Dout Data Valid
G HITACHI
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HM6207 Series

Timing Waveform of Read Cycle No. 2™

cs tac

\ /]

tacs | tuz

Dout Data Valid -
High Imped; High
Impedance

Vee supply — — - - —— — — — — — — — — —

507, 507, \L

current

Notes) *1. All Read Cycle timings are referenced from last valid address to the first transitioning address.
*2. At any given temperature and voltage condition, #zjz max. is less than #;, 7 min. both for a given device and from
device to device.
*3. Transition is measured +200mV from steady state voltage with specified loading in Load B.
*4. WE is high for READ Cycle.
*5. Device is continuously selected, while CS = V.
*6. Addresses valid prior to or coincident with CS transition low.
*7. This parameter is sampled and not 100% tested.

Write Cycle
Parameter Symbol ].-IM6207435 ]_{M6207_45 Unit Notes
min max min max
Write Cycle Time twe 35 — 45 — ns *2
Chip Selection to End of Write tew 30 - 40 — ns
Address Valid to End of Write taw 30 — 40 — ns
Address Setup Time tas 0 — 0 — ns
Write Pulse Width twp 25 — 25 — ns
Write Recovery Time twr TBD — TBD = ns
Data Valid to End of Write tow 20 — 25 — ns
Data Hold Time tpu 0 — 0 — ns
Write Enable to Output in High Z twz 0 20 0 25 ns *3, ¥4
Output Active from End of Write tow 0 - 0 - ns *3, %4

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 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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HM6207 Series

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

Address ><

tas

~ ———T - e
WE N \\ /
ANANIN /|
| tow ton__|
!
Din X Data in Valid
twz tow
Dout
High Impedance

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

Address ><

tas | tew

= JTTIRIIRRINRY T

High Impedance
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HM6207 Series

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

Parameter Symbol  min typ. max. Unit Test Condition
V ¢ for Data Retention VDR 2.0 - - \4 _
A ¥ CS ;VCc—OAZV,
Data Retention Current Iccbr - 1 50 uA Ve v 0.2V
Chip Deselect to Data Retention Time tCDR 0 — - ns 0\',n<= V-CCS_O éV or
Operation Recovery Time trR tRc*l — - ' ns -
Note) *1. trc = Read Cycle Time *2. Veco=3.0V

Low V¢ Data Retention Waveform

TS 2 Vee—02V
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HM6707 Series

262144-word x 1-bit High Speed Static RAM

B FEATURES

Super fast access time: 20/25 ns (max.)

Low power dissipation (DC) operating: 175 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
e Skinny 24 pin DIL plastic package (300 mil) and 24 pin SOJ (300 mil)
B ORDERING INFORMATION

Type No. Access Time Package
HM6707P-20 20ns
HM6707P-25 25ns 300 mil 24 pin
HM6707IP-20 20ns Plastic DIP
HM6707JP-25 25ns

B BLOCK DIAGRAM

Ao o——— | |
A Ao } —oVee

Ao o —oGND
As o— Memory Matrix
A o——] 256 X 1024
As o——
Ao o— |
A100—]

| E: T T— Dout
Din o lf — Column /O

Column Decoder

PBBERS

Ag A7 Ag A1 A Az ArsAisAig Aty

B ABSOLUTE MAXIMUM RATINGS

Preliminary

HM6707P Series

(DP-24NC)

HMG6707JP Series

«

(CP-24D)

B PIN ARRANGEMENT
(24 pin DILP)

Ao 1 24{ Voo
Al 2 23 JAyy
A 3 22[JAse
As[] 4 21[ A
AAQ 5 20[ JAus
a6 19[J Ars
Al 7 18[JAr
Al 8 17 Ay
nsl] o 161 Ao
Dour [ 10 15[ JAg
We 11 14 Jow
GND 12 13[1c8
(Top View)

Item Symbol Rating Unit
Terminal Voltage to GND Pin Vr -0.5t0 +7.0 A%
Power Dissipation Pr 1.0 w
Operating Temperature Range Topr 0to +70 °C
Storage Temperature Range (with bias) Tstg (bias) -10to +85 °C
Storage Temperature Range Tsg -55t0 +125 °C
G HITACHI
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HM6707 Series

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

Item Symbol Min. Typ. Max Unit
' Vee 4.5 5.0 5.5 v
Su, Voltage
el ¢ GND 0.0 0.0 0.0 v
Input High Voltage Vi 2.2 — 6.0 \Y%
Input Low Voltage Vi -3.0* — 0.8 v
*Pulse width 20 ns, DC: -0.5V
B TRUTH TABLE
CcS WE Mode Ve Current Output Pin
H X Not Selected Isp, Isp) High Z
L Read Icc, Iccr Dout
L Write Iccs Iccr High Z
B DC AND OPERATING CHARACTERISTICS (Ve = 5V + 10%, Tp = 0°C to 70°C, GND = 0V)
Item Symbol Test Conditions Min. Typ. Max Unit
Input Leakage Current [Tyl Vee = 5.5V, Viy = 0V to Ve — — 2 A
Output Leakage Current ol | S = Vi, Vour = 0V to Ve - — 10 nA
Operating Power Supply Current Icc CS = Vi, Ioyr = 0 mA — — 100 mA
Average Operating Current Iccy Min. Cycle, Duty: 100% Iyt = 0 mA — — 120 mA
Isg CS = Vi, Vin = Vg or Vi - — 30 mA
Standby Power Supply Current CS = Ve -0.2V,
Isg) = i — - 10 mA
Vin = 0.2Vor Vg = Ve -0.2V
Output Low Voltage VoL IoL = 8 mA — — 0.4 mA
Output High Voltage Vou Iog = 4 mA 2.4 — — v
B AC TEST CONDITIONS
Input pulse levels: GND to 3.0V
Input timing reference levels: 1.5V
Output load: See figure
Input rise and fall times: 4 ns
Output reference levels: L5V
+5V +5V
480Q 480Q
Dout 0——¢ Dourt
< F* *
255Q :Lﬂ; sop 255Q SpF
Output Load B
Output Load A (for tHz, tLZ, tWZ, tow)
*including scope and jig capacitance ‘
@ HITACHI
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HM6707 Series

W CAPACITANCE (T4 = 25°C, f = 1.0 MHz)

Item Symbol Max. Unit Conditions
Input Capacitance Cin 6.0 pF Vin = 0V.
Output Capacitance Cyo 10.0 pF Vour = 0V

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

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

Item Symbol HM6707:20 HM6707:25 Unit Notes
Min. Max. Min. Max.
Read Cycle Time tre 20 — 25 — ns —
Address Access Time tAA — 20 — 25 ns —
Chip Select Access Time tacs — 20 — 25 ns —
Output Hold from Address Change ton 5 — 5 — ns —
Chip Selection to Output in Low Z tLz 5 — 5 — ns 1,2
Chip Deselection to Output in High Z tyz 0 15 0 15 ns 1,2
NOTES: 1. This parameter is sampled and not 100% tested.
2. Transition is measured + 200 mV from steady state voltage with specified loading in Load B.
* Write Cycle
Item Symbol HMG708-20 HM6708 25 Unit Notes
Min. Max. Min. Max.

Write Cycle Time twe 20 — 25 — ns 1
Chip Selection to End of Write tow 15 — 20 — ns —
Address Valid to End of Write taw 15 — 20 — ns —
Address Setup Time tas 0 — 0 — ns —
Write Pulse Width twp 15 — 20 — ns -
Write Recovery Time twr 3 — 3 — ns —
Data Valid to End of Write tpw 15 - 20 — ns -
Data Hold Time tbH 0 — 0 — ns —
Write Enable to Output in High Z twz 0 15 0 15 ns 2,3
Output Active from End of Write tow 0 - 0 — ns 2,3

NOTES: 1. All write cycle timings are referenced from the last valid address to the first transitioning address.
3. Transition is measured £ 200 mV from steady state voltage with specified loading in Load B.
4. This parameter is sampled and not 100% tested.
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HM6707 Series

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

RC

Address }K

4————10H

Dout Previous Data Valid *yy X X i Data Valid

¢ Read Cycle (2)(2

RC

T

cs \

tacs >|

[31

High Impedance

Dout Data Valid

NOTES: 1. WE is high and CS is low for read cycle.
2. Address valid prior to or coincident with CS transition low.

3. Transition is measured + 200 mV from steady state voltage with specified loading in Load B.
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HM6707 Series

 Write Cycle (1) (WE Controlled)

twe >

Address ><

t tew
= Ty 2L
taw twr—>|
tas
twp———|
WE \\}5 /
tow toH|
Data In Data In Valid
Q—lwz—b <—t0w—>
Data Out Data Undefined (.58
High Impedance
NOTE: 1. Transition is measured £ 200 mV from steady state voltage with specified loading in Load B.
 Write Cycle (2) (CS Controlled)
twe
Address >Z ><
<—tAs-——->
[« tow
— /
cs 7
taw <« twr—>
x < lwp——-———->
7 MM /1117777,
1
I tow o {
Data in * Data In Valid %
<—-—-th—>[1]
Data Out - i
A " High Impedance Data Undefined High Impedance
NOTES: 1. Transition is measured + 200 mV from steady state voltage with specified loading in Load B.

2. If the TS goes simultaneously with WE high, the output remains in a_high impedance state.
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HMG66203 Series — Maintenance Only

131072-word x 8-bit High Density Static RAM Module

Features
® High Density Industry Standard 32 Pin DIP Mounting 4pcs of
256k Static RAM (SOP).
Single +5V Supply.
High speed: Fast Access Time 100/120/150ns max.
Equal Access and Cycle Time.
Completely Static RAM: No Clock or Timing Strobe Required.
Low Power ‘
Standby: 40uW typ. (L-version)
Operation: 50mW typ. (f = TMHz)
® Capability of Battery Back-up Operation (L-version). (DM-32)
® Common Data Input and Output, Three State Outputs.
® Directly TTL Compatible: All Inputs and Outputs.

Ordering Information

Type No. Access Time Package Pin Arrangement
HM66203-10 100ns 0
HM66203-12 120ns s 7 vee
HM66203-15 150ns 600 mil 32 pin CS‘E‘ ECT:
HM66203L-10 100ns DIP ] w]ne
HM66203L-12 120ns *% 9] WE
HM66203L-15 150ns a5 8] An

As| 6 271 As

Functional Block Diagram As

! 26 | Ag
Al 8 25 | An
AocAu © A3 24 | OE

EFEE

§ @ Az 23] Aw
E_z' g____ﬁ A 2] G5
c_si Ao f12 21] 1/0s
&
1/01-1/0s © - ro (2] 2] 1/00
WE 0— 10, [14] [19] 1706
0F ©— — @ Ve "U’E [18] 1/0s
Vss[ 16 17 1/04
—0 Vs
| o (Top View)
] RAM No.1 I Ram vo.2
RAM No.3 B RAM No. 4
Truth Table
Mode CSi ‘WE OE 1/0 Current Note
Not Selected *1 .
(Power Down) H X X High-Z !sB IsB1
Read L*2 H L Dout Icc Read Cycle (1) to (3)
Write L*2 L H Din Ioc Write Cycle (1)
L*2 L L Din Icc Write Cycle (2)

Note) *1. X: Don’t Care (H or L);i =1, 2, 3,4 All chips are nbt selected.
*2. CS1,CS2, CS3 and pins are used for chip decoding.
Only one chip should be selected.
Two or more chips must not be selected at one time.
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HM 66203 Series

Absolute Maximum Ratings

Item Symbol Rating Unit
Voltage on Any Pin Relative to Vgs Vr ~0.5"Tto +7 v
Operating Temperature Topr 0 to +70 °C
Storage Temperature Tstg —55 to +125 °C
Temperature under Bias Thigs —10 to +85 °C
Power Dissipation Pq 1.0 w

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

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

Parameter Symbol min typ max Unit
Vee 4.5 5.0 55 v
Supply Voltage Vss 0 5 5 v
Input High _
(logic 1) Voltage Via 22 6.0 v
Input Low . ~
(logic 0) Voltage ViL -0.5 0.8 \'

Note) *1. ~3.0V for pulse width < 50ns
DC and Operating Characteristics (T, = 0 to +70°C, V¢ = 5V £10%, Vgg = 0V)

Parameter Symbol Test Conditions min. typ. *1 max. Unit Notes
Input Leakage Current L1l Vin=Vss toV¢e - - 2 pA
CSn=VyorOE =V,
Output Leakage Current IH H - 2 uA )
P Vol Vyo=Vss to Vec
Operating Power Supply CSN=Vp «
Current: DC Tec I0 = 0OmA B 10 2 mA 3
A Operati MIN. cycle - 42 80 HM66203/L —10
verage Operating _ — —
Power Supply Current (1) Iccr  duty =100% 37 80 mA HM66203/L —12
110 = OmA - 35 80 HM66203/L —15
CSN = VIL
Average Operating ! Z’H - (;,\‘z:c 10 15 mA *3
cec2 IL ™ -
Power Supply Current (2) Iy = OmA
f=1MHz
Standby Power Supply — _ *
Current: DC ISB CSn = VIH - 2 12 mA 2
Standby Power Supply J— — 8 400 uA HM66203L Series
1, CSn2Vee - 0.2V
Current (1): DC sB1 n=Vee ~ 016 8 mA HM66203 Series
Output Low Voltage VoL Ior =2.1mA - - 0.4 \4
Output High Voltage Voru Iopg =—-1.0mA 24 - - \4

Note) *1. Typical values are at Vo = 5.0V, T, = +25°C and specified loading.
*2. CSn; All chips are not selected.
*3. CSN pins are used for chip decoding. Only one chip should be selected.
Two or more chips must not be selected at one time.

® CAPACITANCE (T, = 25°C, f=1.0MHz)

Parameter Symbol Conditions min. typ. max. Unit
Input Capacitance CIN Vin=0V - - 45 pF
Input/Output Capacitance Cro Vio =0V - - 50 pF

Note) This parameter is sampled and not 100% tested.
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HM 66203 Series

AC Characteristics (T, = 0 to +70°C, V¢ = 5V £10%, Vgg = OV)
AC Test Conditions

sInputpulselevels . ..................... 0.8V to 2.4V
*Inputriseand falltimes . ................. bns
* Input and Output timing reference level .. .. ... 1.5V
eQOutputload. .. ........... ... 1 TTL Gate and C; (100pF) (Including scope & jig)
Read Cycle
HM66203-10 HM66203-12 HM66203-15 .
Parameter Symbol - - - Unit
min. max. min. max. min. max.
Read Cycle Time tre 100 - 120 - 150 - ns
Address Access Time taa - 100 - 120 - 150 ns
Chip Select Access Time tacs - 100 - 120 - 150 ns
Output Enable to Output Valid tor - 50 - 60 - 70 ns
Output Hold from Address Change toH 10 - 10 - 10 - ns
Chip Selection to Output in Low Z teLz 10 = 10 = 10 - ns
Output Enable to Output in Low Z toLz 5 - S — 5 - ns
Chip Deselection to Output in High Z tcHZ 0 35 0 40 0 50 ns
Output Disable to Output in High Z toHZ 0 35 0 40 0 50 ns

Timing Waveform of Read Cycle No. 1 *2

Address )( ><

% TITIII YI77777777
csn K toz AALLL LA
Dout [ ( Data ValidCHZ XK

Timing Waveform of Read Cycle No. 2 *1.°2,*3,*5

trc

Y0 X

[Z%) | ton

tox

Deut ) Data Valid ><
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HM 66203 Series

Timing Waveform of Read Cy;cle No. 3 *2,*4,*5

@N(l)——\

tacs

fcLz

Dout

(s

Data Valid

tcHz

Note) *1. CSI, CS2, CS3 and CS4 pins are used for chip
decoding. Only one chip should be selected.
Two or more chips must not be selected at one

*3. Device is continuously selected, CSN = V1.
*4. Address should be valid prior to or coincic{ém
with CSN transition low.

time. *5. O_E = VIL
*2. WE is high for read cycle.
Write Cycle
HM66203-10 HM66203-12 HM66203-15 .
Parameter Symbol - - - Unit
min. max. min. max. min. max.
Write Cycle Time twe 100 - 120 - 150 — ns
Chip Selection to End of Write tew 90 - 100 - 120 - ns
Address Valid to End of Write taw 90 - 100 — 120 - ns
Address Set Up Time tAs 0 - 0 - 0 - ns
Write Pulse Width twp 75 = 90 — 110 - ns
Write Recovery Time twr 10 - 0 - 0 - ns
Write to Output in High Z twHZ 0 35 0 40 0 50 ns
Data to Write Time Overlap tpw 40 - 50 - 60 - ns
Data Hold from Write Time tpy 0 - 0 - 0 - ns
Output Disable to Output in High Z toHZ 0 35 0 40 0 50 ns
Output Active from End of Write tow 5 - 5 - S — ns
Timing Waveform of Write Cycle (1) (OE Clock)
twe
Address )( )(
{WR* 3+
OE [/ //
| tcw
(1
CSN \ \\\{ /777727
tas taw
WE \ N\ //
N\
tonz ¥4 twp %2
Dout N N NN NNNNN
(LT tow toH
< XXX
\
@ HITACHI
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HM 66203 Series

Timing Waveform of Write Cycle (2) (OE Low Fixed)"®

twc

A

Address >< ___ /
cw

S EEANRARNANNY YITT7777777

twp *2

W EBANN 7 tos

*4
twhz tow *7 | *8

NSNNNNANNN
/77 /

Dout

N NN
VA4

tpw tDH

*9

Notes)

*1. 'CSI, CS2, CS3 and CS4 pins are used for chip decoding. ~ *5. If the CSN low transition occurs simultaneously with

Only one chip should be selected.
Two or more chips must not be selected at one time,
*2. A write occurs during the overlap (fyp) of a low CSN
and a low WE. .
*3. twpg is measured from the earlier of CSN or WE going
h‘gﬁ to the end or write cycle.
*4. During this period, I/O pins are in the output state.
The input signals out of phase must not be applied.

the WE low transition or after the WE low transition,
output remain in a high impedance state.

. OE is continuously low. (OE = V)
. Dout should be held in phase of tfle written data during

this write cycle.

*8. Dout is the read data of next address.
. If CSN is low during this period, 1/O pins are in the

output state. The input signals which are opposite to the

output level should not be applied to I/O pins.

Low V¢ Data Retention Characteristics (T, = 0°C to +70°C)
(Data retention characteristics is guaranteed only for HM66203L Series.)

Parameter Symbol min. typ. max. Unit Test Conditions

Ve for Data Retention Vbr 2.0 - - v CSn2 Ve - 0.2V
: p Vcc =3.0V
Data Retention Current Iccpr - - 200 HA TSn = 2.8V™2
Chip Deselect to Data Retention Time tCDR 0 — — ns
See Retention Waveform
Operation Recovery Time tR t“] * - - ns
RC

Note) *1.tpc = Read Cycle Time.
*2. &ﬁ: All chips are not selected.
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HM66203 Series

Low V¢ Data Retention Waveform

Vee .
Data Retention Mode

Vor22.0V

CS=Vec—0.2V

Package Outline (Unit: mm)

42.00(43.18max)

2.54min
7.70
0.10min
8.50max

2.54 102

1.95
@.54max) 0.35~0.59
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HM66204 Series

131072-word x 8-bit High Density Static RAM Module

The HM66204 is a high density 1 M-bit static RAM module
consisted of 4 pieces of HM62256FP/LFP products (SOP type
256k static RAM) and a HD74HC138FP equivalent product (SOP
type CMOS decoder logic).

An outline of the HM66204 is the standard 600 mil width 32
pin dual-in-line package. Its pin arrangement is completely com-
patible with 1 M-bit monolithic static RAM.

The HM66204 offers the features of low power and high speed
by using high speed CMOS devices. And, the HM66204 makes
high density mounting possible with no surface mount technolo-
gy.

These features make the HM66204 ideally suited for high
density compacted memory systems.

(DM-32A)

Pin Arrangement

Features
® High density 32 pin DIP Ne [T [32] Vee
— Mounting 4 pcs. of 256k static RAM (SOP; HM62256FP/ a6 [Z] [31] A1
LFP) and CMOS decoder logic (SOP; HD74HC138FP A1[3] 30] NC
equivalent) az[4] 2] WE
® Pin compatible with 1M monolithic static RAM a7[5] 28] A13
® High speed a6 6] [27] s
— Fast access time 120 ns/150 ns (maximum) As[7] @ A9
® Equal access and cycle time a4fg] [25] A1t
® Completely static RAM A3[e] [24] o1:
— No clock or timing strobe required A2 [10] 23] a10
® Low power standby and low power operation atm] 7] s
— Standby 40 uW (typical) (L-version) Ao [ % o8
— Operation 50 mW ((typical) (f=1 MHz) o1 [i3] 3] 1707
® Common data input and output, three state outputs m 9] 106
® Capable of battery backup operation (L-version) 1/03% 9] /05
. . Vss [16 [17] 1/04
Ordering Information (Top View)
Part No. Access Time Package
HM66204-12 120 ns Pin Description
HM66204-15 150 ns 600 mil 32-pin DIP Pin Name Function
HM66204L-12 120 ns AO - Al6 Address
HM66204L-15 150 ns 1/01;]/08 Input/Output
(é Chip Select
Absolute Maximum Ratings . . %53 ?v‘:itt‘;"éi‘:;:b
Item Symbol Rating Unit Voo Power Supply
Voltage on any pin relative to Vgg vt -0.5 to +7.0 v Vss Ground
Operating temperature range Topr 0to+70 °C NC No Connection
Storage temperature range Tstg —55to+125 °C
Storage temperature range under bias  Tbias —10 to +85 °C
Power dissipation Pt 1.0 w
@ HITACHI

Hitachi America Ltd. 2210 O'Toole Ave. ¢ San Jose, CA 95131 e (408) 435-8300 239



HM66204 Series

Block Diagram

A0 -Al4 ©-
A15@ *2 —
@] P
s ©— -
1701 - 1708 —1—4: Vee
2@ Ve
mumn Y F Raw [ QOO e dTanC e P or
No.l No.2 its equivalent
s Y =r
No.3 No.4
Mode Selection
Mode Cs . WE OE 1/0 Current Note
Not selected (Power down) H X X High-Z Igs, IsB1
Read L H L Dout Icc Read cycle (1) — (3)
. L L H Din Icc Write cycle (1)
Write : :
L L L Din Icc Write cycle (2)
Note) X = Don’t care (Hor L)
Electrical Characteristics
Recommended DC Operating Conditions (Ta = 0 to +70°C)
Parameter Symbol Min Typ Max Unit Notes
Vee 4.5 5.0 5.5 \
Supply voltage Vss 0 0 0 v
3.85 - 6.0 v AlS, A16,CS
Input high (logic 1) Voltage Vv, . —
put high (logic 1) Voltag H 22 - 6.0 V_ Others except A15, Al6, CS
Input low (logic 0) Voltage Vi -0.5 — 0.8 A\
DC Characteristics (Ta = 0 to +70°C, Ve = 5V + 10%, Vgg = 0V)
Parameter Symbol Min Typ*l Max  Unit Test Conditions Notes
Input leakage current 1551 - - 2 uA  VIN=Vgsto Ve
é§=VlHOI(ﬁ=VIH
Output leakage current ILo! - - 2 rA
y Lo Vio=VsstoVce
) ] I Cs=vp
Operating power supply current: DC cc - 10 25 mA I j0= OmA
Average operating power supply I - 37 80 mA MIN. cycle duty =100% 12
current (1) CC1 _ 35 80 Ijj0 = 0mA —15
. CS=VIL, Vin=Vcc
Average operating power suppl;
pinioie (2‘)’ gp PPl Icca - 10 15 mA VL =0V,Iyo=0mA
f=1MHz
Standby power supply current: DC Isp - 2 12 mA CS=V
CS > Vee-0.2V HM66204L
- 8 400 A = .
Cmdby power supply cusrent Isp1 “% A15,A16 > Voo-0.2V  Series
- 0.16 8 mA or AlS, A16 <0.2V
Output low voltage VoL - - 0.4 V  IpL=21mA
Output high voltage VoH 24 - - V IoH=-1.0mA
Note) *1. Typical values are at Voc = 5.0V, Ta = +25°C and specified loading.
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HM66204 Series

Capacitance (Ta = 25°C, f = 1 MHz)

Parameter Symbol Min Typ Max  Unit Test Conditions
Input capacit;ﬁc_g Cin - - 45 pF B Vin = 0V
Input/output capacitance Cyo - - 50 pF Vyo =0V

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

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

® |nput pulse levels: ® |nput rise and fall times: 5 ns
0.8V to4.0V... CS, A15, A16 ® [nput and output timing reference level: 1.5V
0.8V to 2.4V . .. Other pin except CS, ® Output load: 1 TTL Gate and C_ (100pF)
A15, A16 (Including scope & jig)
Read Cycle
HM66204-12 HM66204-15 X
Parameter Symbol - - Unit
min max min max
Read cycle time trRC 120 — 150 — ns
Address access time tAA - 120 - 150 ns
Chip select access time tacs - 120 - 150 ns
Output enable to output valid tOE - 60 - 70 ns
Output hold from address change toH 10 - 10 - ns
Chip selection to output in low Z tcLz 10 — 10 - ns
Output enable to output in low Z toLz 5 — N - ns
Chip deselection to output in high Z tcHZ 0 40 0 50 ns
Output disable to output in high Z toHZ 0 40 0 50 ns

Read Cycle Timing No. 1™

trc
Address >< )L
taA ,
S BANNNNRNNY T77777777
toe toH
s : :\ torz 7 /l// //
Dout L ( Data Valid
Read Cycle Timing No. 2°1.72.°4
tre
Address >< )K
taa | ton
ton
P ) Data Valid >
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HM66204 Series

Read Cycle Timing No, 3> "3 ™

|
tacs y tenz
tcrz
Dout Data Valid
Notes) *1. WE is high for read cycle.
*2. Device is continuously selected, CS = Vyg.. _
*3. Address should be valid prior to or coincident with CS transition low.
*4. OE= V.
Write Cycle
HM66204-12 HM66204-15
Parameter Symbel - 6 - Unit
min max min max
Write cycle time twe 120 - 150 - ns
Chip selection to end of write tcw 100 - 120 — ns
Address valid to end of write tAw 100 — 120 - ns
Address setup time tAS 0 - 0 - ns
Write pulse width twp 90 - 110 - ns
Write recovery time twR 5 - S - ns
Write to output in high Z twHZ 0 40 0 50 ns
Data to write time overlap tpw 50 - 60 — ns
Data hold from write time tpH 0 - 0 - ns
Output disable to output in high Z tOHZ 0 40 0 50 ns
Qutput active from end of write tow 5 — 5 - ns
Write Cycle Timing No. 1 (OE Clock)
twe
Address X )(
tWR*2+
OE i // m\
1 tcw
s\ \\\4\ Y
tas taw
WE N \\\\K 4
\\ /|
tonz *3 twp *1
Dout NN NN NNNNN
LLLL L L tow toy
¢ XXX
\
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HM66204 Series

Write Cycle Timing No. 2" (OE Low Fixed)

twe
Address
>{ | few l'l;;?i
SN\ NN 75 sssssssv4
taw
fwp * 1
v _@q\\\\\\ - /] d ton
twuz* 3 tow *6 | *7
Dout N NN ANNNANANN NN
L7
tpw tpH .8
Din Z%

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

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

*3. During this period, I/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,
output remain in a high impedance state.

*5. OE is continuously low. (OE = Vyy)

*6. Doyt should be held in phase of the written data during this write cycle.

*7. Doyt 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 which are opposite to the
output level should not be applied to I/O pins.

Low V¢ Data Retention Characteristics (Ta = 0°C to +70°C)
Data retention characteristics is guaranteed only for L version.

Parameter Symbol Min Typ Max Unit Test Conditions
CS > Ve -0.2v
Vcc for data retention VDR 2.0 - - v AlS,A16 2 Voo -0.2V

or Al15, A16 <0.2V

Vee=3.0V,CS > 2.8V

Data retention current Iccpr — — 200 BA Al15,A16 > 2.8V or
A15,A16 <0.2V

Chip deselect to data retention time tCDR 0 - - ns
See retention waveform

Operation recovery time tR tRC*1 — - ns

Note) *1. trc = Read Cycle Time.

Low Vo Data Retention Waveform

--- 4.5V
tr
Vor22.0V N _--2. 2V
/
CS=Vec—0.2V
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HM66204 Series

Package Dimensions; Unit: mm (inch)

47.50(1.870)
(48.26max. (1.900max.))
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AN R —~
8 & Ao
NI
Sl 8 E2
| 8 82 3T
i o~ S =
.3
s
NS
2.54(0.100) 1.02(0.040)
T Ll
4.70(0.185) 0.35-0.59
(5.08max. (0.200max.) } (0.014—0.023)
, L\
7 \
i/ \
/ 4
Vi A
i
4
0.20-0.36 7
(0.008—0.014) o ~15
15.24(0.600)
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HM628128 Series

HMG628128P Serics

B DESCRIPTION

The Hitachi HM628128 is a CMOS static RAM organized
128k-word x 8-bit. It realizes higher density, higher performance
and low power consumption by employing 0.8 um Hi-CMOS
process technology.

It offers low power standby power dissipation, therefore it is
suitable for battery back-up systems. The device, packaged in a
525 mil SOP (460 mil body SOP) or a 600 mil plastic DIP, is
available for high density mounting.

(DP-32)

HM628128FP Series
B FEATURES

¢ High speed: Fast Access time 70/85/100/120 ns (max.)
* Low power
Standby: 10 uW (typ.) (L-version)
Operation: 75 mW (typ.)
* Single 5V supply
e Completely static memory
No clock or timing strobe required (FP-32D)

¢ Equal access and cycle times
» Common data input and output—Three state output B PIN ARRANGEMENT

e Directly TTL compatible—All inputs and outputs
¢ Capability of battery back up operation (L-version) Ne[d 1 32[Vee
2 chip selection for battery back up AsC] 2 31 A
Al 3 s0[]cs2
B PIN DESCRIPTION [ 20[IWE
- 28 b A
Pin Name Function a6 27578
Ap-Aj Address As] 7 26 JAg
1/0yp-1/07 | Input/Output Al e 25 ]An
—— . Al e 24 ]OE
CS, Chip Select relro 2 A0
Cs, Chip Select an 22[7]1CSy
WE Write Enable A ]12 21{J1o;7
OE Output Enable 10013 20 w0
o, 14 19 J10s
NC No Connection 10, C1s 187104
Vee Power Supply ves[]16 17[ 103
Vss Ground
(Top View)
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HM628128 Series

B ORDERING INFORMATION

Part No. Access Package

HMG628128P-7 70 ns

HM628128P-8 85ns

HM628128P-10 100 ns

HM628128P-12 120 ns 600 mil
32 pin

HMG628128LP-7 70 ns Plastic DIP

HM628128LP-8 85 ns

HM628128LP-10 100 ns

HM628128LP-12 120 ns

HM628128FP-7 70 ns

HM628128FP-8 85ns

HM628128FP-10 100 ns

HMG628128FP-12 120 ns 525 mil
32 pin

HMG628128LFP-7 70 ns Plastic SOP

HM628128LFP-8 85ns

HM628128LFP-10 100 ns

HM628128LFP-12 120 ns

l BLOCK DIAGRAM

A130——’_|>r(

Q}go—‘ —oVce
:};0——‘ : Row | * | Memory Matrix —OVss
A7 o— | Decoder| + 512 x 2048
A6 o— | 1
A5 o— |
A4 o— |

T T T T
/00 o L - .
{ﬂ : Column /0 .
1 Input Column Decoder
! S Data
: Control T -
70 > S5 0.0 0 0 00 ]
1 A6 A9 AhiaTo 0 B R 3 I
. |
cS2o——

J— Read/Write Control

OEo l
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B ABSOLUTE MAXIMUM RATINGS

HM628128 Series

Hitachi America Ltd. ® 2210 O’'Toole Ave. ® San Jose, CA 95131 e (408) 435-8300

Item Symbol Value Unit
Voltage on any Pin Relative to Vgg Vr -0.5""to + 7.0 A
Power Dissipation Pr 1.0 w
Operating Temperature Topr Oto +70 °C
Storage Temperature Tag -55to +125 °C
Sterage Temperature Under Bias Thias -10to +85 °C
NOTE:  1.-3.0V for pulse half-width < 30 ns
B FUNCTION TABLE
WE CS, CS, OE Mode Vcc Current Doy Pin Ref. Cycle
X H X X Isp, Isp; High Z
X X L X Not Selected Isp, Isp; High Z
H L H H Output Disable Icc High Z
H L H L Read Icc Dout Read Cycle
L L H H ) Icc Din Write Cycle(D
L L H L Wite Icc Din Write Cycle®
NOTE: 1. X:HorL
B RECOMMENDED DC OPERATING CONDITIONS (T, = 0 to +70°C)
Parameter Symbol Min. Typ. Max Unit Note
Supply Voltage Vee 4.5 5.0 55 v
Vss 0 0 v
Input High (Logic 1) Voltage Vi 2.2 — 6.0 v
Input Low (Logic 0) Voltage ViL -0.3" — 0.8 v
NOTE: 1. -3.0V for pulse half-width < 30 ns
@ HITACHI
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HM628128 Series

B DC CHARACTERISTICS (Tp = Oto +70°C, Ve = 5V + 10%, Vs = 0V)

Parameter Symbol | Min. Typ."! Max. Unit Test Conditions
Input Leakage Current [l — — 2 uA Vin = Vssto Voe
CS| = Vjyor CS; = Vi,
Output Leakage Current 1ol — — 2 rA OE = Vjyor WE = Vy,
Vo = Vssto Ve
CS, = Vi1, CSy = Vi,
Operating Power Supply Current: DC Icepe — 15 35 mA others = Viu/Vy,
Iyo = 0 mA
Min. cycle, duty = 100%,
CS| = Vy, CS; = Vi,
— 4,
Teci 5 70 mA others = Viy/Vy,
Ijo = 0 mA
Operating Power Supply Current
Cycle time = lps,
duty = 100%, Iyo = 0 mA,
Iecz - 15 0 MA | TS, = 0.2V, CS, = Vee- 02V,
Vi = Voo - 0.2V, Vi < 0.2V
CS| = Vi, CS, = Viy
: —_ A
Standby V¢ Current: DC Isp I 3 m orCS; = Vi1
. - 0.02 2 mA Vin 2 0V,
. CS; = Vee-0.2V,
Standby V¢ Current (1): DC Isp) CS, = Ve - 0.2V o
- 272 100" A | OV =CS, =02V
Output Low Voltage VoL — - 0.4 v Iop =2.1mA
Output High Voltage Vou 2.4 — - A Ioy = -1.0mA
NOTE: 1. Typical values are at Ve = 5.0V, Ta = +25°C and specified loading.
2. This characteristic is guaranteed only for L-version.
B CAPACITANCE (T = 25°C, f = 1.0 MHz)
Parameter Symbol Min. Typ. Max Unit Test Conditions
Input Capacitance Cin — — 8 pF Vip =0V
Input/Output Capacitance Cio — — 10 pF Vio = 0V
NOTE: I. This parameter is sampled and not 100% tested.
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HM628128 Series

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

Test Conditions

Input pulse levels: 0.8V t02.4V

Input rise and fall times: S5ns

Input and output timing reference levels: L5V

Output load: 1 TTL Gate and CL (100 pF)

(Including scope & jig)

B Read Cycle

HM628128-7 HM628128-8 | HM628128-10 | HM628128-12
Parameter Symbol Unit

Min. | Max. | Min. | Max. | Min. | Max. | Min. | Max.
Read Cycle Time tre 70 — 85 — 100 — 120 — ns
Address Access Time tAA - 70 — 85 — 100 — 120 ns
Chip Selection (CS)) to Output Valid tcoi - 70 — 85 — 100 — 120 ns
Chip Selection (CS,) to Output Valid tcon — 70 - 85 — 100 — 120 ns
Output Enable (OE) to Output Valid tog — 35 - 45 — 50 -~ 60 ns
Chip Selection (CS;) *!*2 to Output in Low Z tLz) 10 — 10 — 10 — 10 — ns
Chip Selection (CS,) *! *2 to Output in Low Z t 7o 10 — 10 — 10 — 10 - ns
Output Enable (OE) *" *2 to Output in Low Z toLz 5 — 5 — 5 - 5 — ns
Chip Deselection (CS,) *! *2 to Output in High Z tuzi 0 25 0 30 0 35 0 45 ns
Chip Deselection (CS,) *! *2 to Output in High Z tuza 0 25 0 30 0 35 0 45 ns
Output Disable (OE) *! *2 to Output in High Z ton2 0 25 0 30 0 35 0 45 ns
Output Hold From Address Change ton 10 — 10 — 10 — 10 — ns
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HM628128 Series

Read Cycle Timing
tRC
Y
Address X X
tAA
Tsi \ N tcot /[
tLz1
tcoz thz1
4 N
cs2 /1 tLze N
\ptOE tHz2
SF torz — 4
OE
! /]
toHz
Dout Data vaid| PO
toH
NOTE: 1. thz and toHz are defined as the time at which the outputs achieve the open circuit conditions and are not referenced to output voltage levels.

2. Atany given temperature and voltage condition, tyz max is less than t_z min both for a given device and from device to device. This parameter is sampled and not
100% tested.

3. WE is high for read cycle.
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HM628128 Series

B Write Cycle

HM628128-7 HM628128-8 | HM628128-10 | HM628128-12
Parameter Symbol Unit
Min. | Max. | Min. | Max. | Min. | Max. | Min. | Max.
Write Cycle Time twe 70 — 85 — 100 — 120 — ns
Chip Selection to End of Write tow 60 —_ 75 — 90 — 100 — ns
Address Setup Time tas 0 — 0 — 0 — 0 - ns
Address Valid to End of Write tAw 60 — 75 — 90 — 100 — ns
Write Pulse Width twp 55 — 65 — 75 — 85 — ns
5 — 5 — 5 — 10 - ns
Write Recovery Time twR o7 — o7 — o — 5 — ”
Write to Output in*'" High Z twHz 0 25 0 30 0 35 0 40 ns
Data to Write Time Overlap tow 30 — 35 — 40 — 45 — ns
Write Hold From Write Time tpH 0 — 0 — 0 — 0 — ns
Output Active From*!? End of Write tow 5 - 5 — 5 — 5 — ns

Write Cycle Timing (1) (OE Clock)

twe
Address >< ><
taw
oF i X
tew"2 ’
Cst \& ]
6 twr'4
cs2 K \‘
. le—1AS™3 L»’ twp! —|
WE ﬂ we J/
tonz'>
Dout J\

tow toH
Din X ;
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HM628128 Series

Write Cycle Timing (2) (OE Low Fix)

NOTE:

252

twe
Address X ><
J— tcw'2 L
CS1 \\ 7
'6 twr'4
cs2 g \‘
tAw
WE | twp™1 B
-~ tAS3 _}f\ | . [+——10H —|
twHz
e—tow—- 7 ‘8
Dout -
— NAA
tDW —e-{a—t DH— .

A write occurs during the overlap of a low CS). a high CS; and a low WE. A write begins at the latest transition among CS; going low, CS2 going high and WE going low.
A write ends at the earliest transition among TS going high, CS going low and WE going high. twp is measured from the beginning of write to the end of write.

tcw is measured from the later of CS| going low or CS2 going high to the end of write.

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

twg is measured from the earliest of CS| or WE going high or CS2 going low to the end of write cycle.

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

1f CS; goes low simultaneously with WE going low or after WE going low. the outputs remain in high impedance state.

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

Dou is the read data of next address.

1f CS is low and CS; is high during this period, 1/O pins are in the output state. Therefore, the input signals of opposite phase to the outputs must not be applied to them.
mpled and not 100% tested.

11. This value is measured from CS2 going low to the end of write cycle.

R

10. This parameter i
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HM628128 Series

B Low V¢ Data Retention Characteristics (T, = 0to +70°C)

(These characteristics are guaranteed only for L-version.)

Parameter Symbol Min. Typ. Max. Unit Test Conditions™2
CS; = Ve -0.2V.
V¢ for Data Retention Vpr 2.0 — — \ CS; = Ve -0.2Vor

OV = CS, < 0.2V V,, = 0V

Vee = 3.0V, Vi, = 0V,

. CS| = Vee - 0.2V,
Data Retention Crrent ! - 1 50*! A L= )
CCDR K CS; = Vee - 0.2V or
0V = CS; = 0.2V
Chip Deselect to Data Retention Time tcpR 0 — — ns
- " See Retention Waveform
Operation Recovery Time R 5 — — ms

Low Vcc Data Retention Waveform (1) (CS; Controlled)

Data Retention Mode

Low V¢ Data Retention Waveform (2) (CS; Controlled)

Data Retention Mode

CS2 = Ve 0.2V

NOTE: 1. 20 yA max. at Ta = 010 40°C.

2. €S controls address buffer, WE buffer, CS1 buffer and OF buffer and Dip buffer. If CS3 controls data retention mode. Vip levels (address, WE. OE. CS. 1/0) can be in
the high impedance statc. If TS| controls data retention mode. CS2 must be €S2 = Ve - 0.2V or OV < CS) < 0.2V. The other input levels (addresses. WE. OE. 1/0)
can be in the high impedance state.
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HM628128 Series

Package Outline

DP-32
41.9(1.650) —_
>
32 42.5max.(1.673max.) 7 8
Ogooononnoonononnn g';
HE
D EE
S|E
il o
—lil UUUUUUUUUTJUUUI'.g
1.2
(0.047) 15.24
: < -
E E x®
S STES
2.54+0.25 04801 £ 'é *0
0°~ ¢ ’
(0.100+0.010) (0.01940.004) §§ 5 ( ’0\0,:%,%%;)
o
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HM628128 Series

FP-32D —~
(Yo
3
e
- 20.45(0.805) S| 0~10
20.95max (0.825max) - [7 N
AAARAAAAAAAAAAAAR
32 13 =
E ~o O/\T\:
© ]
. + 129
. s 3
% | @
E e
| 16 _|[i \‘4—][_
L EEEELL L B
N —0.07 ||
+0.005y 1
| .00max (0009 0:003) =
(0.039max) g
=
0.40%040 = e
(0.016%5-5% [1.27(0.050)] § § ’~‘§
—1#{0.12(0.005)®@] S| § @
I~ - ;
@ HITACHI
255

Hitachi America Ltd. ¢ 2210 O'Toole Ave. ¢ San Jose, CA 95131 e (408) 435-8300



@ HITACHI
256 Hitachi America Ltd. e 2210 O’Toole Ave. * San Jose, CA 95131 e (408) 435-8300



MOS PSEUDD STATIC RAM
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HMG65256A Series  Maintenance Only

. (Substitute HM65256B)
32768-word x 8-bit High Speed CMOS Pseudo Static RAM
= FEATURES HM65256AP Series
® Single 5V (£10%)
® High Speed
Access Time
CEAccessTime . ................... 120/150/200ns
Address Access Time . . . ................ 60/75/100ns
(in static column mode)
Cycle Time
Random Read/Write Cycle Time . ........ 190/235/310ns
Static Column Mode Cycle Time . ... ....... 65/80/105ns
® Low Power (DP-28)
175mW typ. Active. HM65256ASP Series
® All inputs and outputs TTL compatible
® Static Column Mode Capability
® Non Multiplexed Address
® 256 Refresh Cycles (4ms)
® Refresh Functions
Address Refresh
Automatic Refresh
Self Refresh
Hidden Refresh (DP-28N)
m ORDERING INFORMATION
Type No. Access Time Package = PIN ARRANGEMENT
HM65256AP-12 120ns . .
HM65256AP-15 150ns ggg il 28 pin
HM65256AP-20 200ns w1 e
HM65256ASP-12 120ns 300 mi 28 pin an [Z] (7] we
HM65256ASP-15 150ns Plastic DIP a (3] [26] A
HM65256ASP-20 200ns [ A a
s 5] [24] Ao
A E 23] Au
= BLOCK DIAGRAM w7 7] 58
NHE ] | a [8] (2] Aw
Address | | Row Memoy Matrix A E 2] CE
: ::::rol et rrezmxe ’ Ao E E 1707
! 1700 (1] (18] 1706
E 1o 1] [7) 1705
'__ 1/02 E E 1/04
o g I A l l Vss E E 1703
7 toput | ]
H ora com 70 _._l, (Top View)
/0 Control Column Decoder |
A — |
Asd A :
Control
3 Timig Putze Gen._}
OF [ S Read Write Control
WE
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HM65256A Series

= TRUTH TABLE

OE at CE . i .
CE going Low OE E 1/0 Pin Mode Notes
H L H Low Z Read
H H L High Z Write
H H H High Z -
Hidden Output Buffers must keep Low Impedance State in
L L L X Low Z Refresh previous Precharge Cycle.
Auto- . .
: Output Buffers must turn off in previous Precharge
X X High Z matic
L L 8 Refresh Cycle.
L X X X | Highz | S | CEPulse Width > 300u sec.
H X H X High Z Standby
Once Dout Buffers turn off, Qutput Buffers remain
H X L X X - in High Impedance State,
= ABSOLUTE MAXIMUM RATINGS
Item Symbol Ratings Unit
Voltage on any pin relative to Vgg Vr -1.0to +7.0 v
Power Dissipation P 1 w
Operating Temperature Topr 0 to +70 °C
Storage Temperature Tyt —55 to +125 °C
Temperature under Bias : Thias —10 to +85 °C

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

Item Symbol min typ max Unit
Vee 4.5 50 55 A%
Supply Voltage
Vss 0 0 0 A\
V 2.2 - 6.0 v
Input Voltage H
ViL -1.0 - 0.8 v

m DC ELECTRICAL CHARACTERISTICS (V¢c=5V £10%, T, =0 to +70°C)

Parameter Symbol Test Condition min typ max Unit
Operating Power Supply Current Iccy 1o f 0 . - 35 65 mA
teye = min.
Standby Power Supply Current Isp CE=Vy,OE=Vy - 1 2 mA
CEzVce-0.2V
Standby Power Supply Current Ispo OFE= Vee - 0.2V - 0.4 0.6 mA
Operating Power Supply Current in ==
Self Refresh Mode fecz | CE=ViL B 06 ! mA
Input Leakage Current Irr ::.CC.:VE;\:O Vee -10 - 10 KA
in=
Output Leakage Current Iro gl}jO: ZI{’{S‘S 1o Ve -10 - 10 kA
V Ior = 2.1 mA - - 0.4 \Y%
Output Voltage oL oL
Vo | Iog=-1mA 24 - - v
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HM65256A Series

® AC CHARACTERISTICS (Vcc =5V +10%, T, =0 to +70°C)

©® AC TEST CONDITIONS

O Input Pulse Levels . .. 0.4 to 2.4V
O Input Rise and Fall Times ... 5ns

® READ AND WRITE MODE

O Input Timing Reference Levels . . . 0.8V, 2.2V
O Output Timing Reference Levels ... Vgy =2.0V,

Voo = 0.8V

O OQOutput Load ... 1TTL Gate and C; = 100pF

(including jig and scope)

HM65256A-12 | HM65256A-15 | HM65256A-20
Item Symbol - - - Unit Note
min max min max min | max

Random Read or Write Cycle Time tRC 190 - 235 - 310 - ns

Read Modify Write Cycle Time tRWC 265 - 325 - 425 - ns

Chip Enable Access Time tCEA - 120 - 150 - 200 ns

Address Access Time tAA - 60| - 75 - 100 ns

Output Enable Access Time tOEA - 50 - 60 - 75 ns

Output Buffer Turn-off Delay tOFF 5 20 5 25 S 35 ns 1)
Chip Enable Pulse Width tCE 120 | 10000 | 150 |10000| 200 | 10000 ns

Chip Enable Precharge Time p 60n 4m 75n 4m 100n 4m s

Address Set-up Time 148 0 = 0 - 0 - ns

Row Address Hold Time tRAH 20 - 25 - 30 - ns

Column Address Hold Time tCAH 120 - 150 - 200 - ns

@lun’!n Ad}iress Hold Time from A 0 _ 0 _ 0 _ ns

CE going High

Static Mode Read or Write Cycle Time | tRsC 65 = 80 - 105 = ns

Read Command Set-up Time tRCS - 0 - - ns

Read Command Hold Time tRCH - 0 - - ns

Output Enable Set-up Time tOES - 0 - - ns

g:'lr;pe Enable to Output Enable Delay tcop 20 B 25 B 30 B ns
2:;1?::sﬂold Time from Column toH 5 _ 5 B 10 _ ns

Write Command Set-up Time twes 0 - 0 - 0 - ns

Write Command Hold Time tWCH 30 - 35 - 40 - ns

Write Command Pulse Width twp 20 - 25 - 30 - ns

TW‘irmit: Command to Chip Enable Lead twel 45 B 55 B 70 _ ns

Column Address Set-up Time for Write | 45w 0 -~ 0 - 0 - ns
%’;;tde%;n;mand to Column Address WAL 45 _ 55 _ 70 _ ns

Data In Set-up Time tps 0 - 0 - 0 - ns

Data In Hold Time for Early Write tDHC 30 - 35 - 40 - ns

Data In Hold Time for Late Write IDHW 20 - 25 - 30 - ns

Output Enable to Data In Delay Time topD 20 - 25 - 35 - ns “)
g:ll:ylr’;‘il;:za!mg to Output Enable DFO 0 0 B 0 ~ ns @
Transition Time (Rise and Fall) tr 3 50 50 50 ns ()]
Refresh Command Set-up Time IRFS 0 - 0 - 0 - ns

Refresh Command Hold Time IRFH 20 - 25 - 30 - ns
gl;lr;:elsi}?able Pulse Width for Self (CEF 300 B 300 B 300 B us

(to be continued)
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HM65256A Series

HM65256A-12 | HM65256A-15 | HM65256A-20

Item Symbol Unit Note
min max min max min max
Chip Enable Pre-charge Time after
_ - 10 -
Self Refresh PR 190 235 3 ns
. 256
Refresh Period !IREF - 4 - 4 - 4 ms cycle
Notes: toFF (max) defines the time at which the output achieves the open circuit condition.

1.

2. Write starts with the later of CE or WE going low (exept during a refresh cycle).

3. If the first write pulse is applied within ¢Cg (min), the second write pulse must be applied after ¢Cg (min).

4. If input signals of opposite phase to the outputs are applied in write cycle, OE must disable output buffers prior
to applying data to the device and data inputs must be floating prior to OE turning on output buffers.

5. Once OE goes high and output buffers turn off in precharge cycle, automatic refresh cycle can start. Output
buffers remain in high impedance state in automatic refresh cycle.

6. Output buffers are in high impedance state, and not controlled by OE in self refresh mode.

7. Vg (min) and Vj7, (max) are reference levels for measuring timing of input signals. Also, transition times are
measured between Vyg and Vyy .

8. An initial pause of 100us is required after power-up followed by a minimum of 8 initialization cycles.

® READ CYCLE L -

\ 7

CE

1As 1RAK

ww QKK
ICan
v XXX XXX

trcH

10es| | tcop

] BARARAY )

I
|

torp (11 10£4 Iow torrll)
Valid
Dout Data Out
® EARLY WRITE CYCLE? — —

E N ,|Z \
f‘IA_s- IRAH

t("hlm\“ m ) ‘A“A‘A‘A‘A‘A’A’A‘A’A‘A’A’A’A‘A‘A‘A’A‘A’A’A‘A’A‘A‘A’A’A‘A’A‘
[‘&‘ Ican

Address
Ar~An

WCH

togs tcop
™ 7/ AL VANNNRNNNNN
mn: 1Ds tohe ID(F‘ID‘
Din ]
okt 1)
(77 VA [ [T 77777777
Dout £ NV W W . W W W W WL L WL
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HM65256A Series

(2) e
o LATE WRITE CYCLE — —
= N RN
tas _M_‘
s X004 IOXXX
riAi- tcan
pame OOOK
WAL

togs tcon -

=
1000 104w

torr (1) torr (1)
=~ VAVAVY
Dos 77 AVAVAVAVAN 4
e READ MODIFY WRITE CYCLE®?
CE ‘\ A
rlﬂ_J IRAN
g XXX XX AKX
'.l‘_s_ tcan
WAL
LRC twer
-~ WP e
7 /) Y
'l_ogl tcop,

. /l \ y—

4

10Dy 105, town
Din £ %

toFrF(1) 104 10rF(1)

e /@j
Dou 7777F <

® STATIC COLUMN MODE READ CYCLE

tce vl
_;lj
1as 1RAH
Address
Ao~ A7 $
tcan JLETS IR
1as
e
Address
7Y 144 L
- IhCH
= 3
" /] N
1CEA
toes| | tcov,
el
o ARNRRNY /
LM— lorr i
torr (1) 1oy ton. ton
o loton
A\ NK L Valid Valid Valid
Dout p'4 \ Data Out Data Out Data
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HM65256A Series

e STATIC COLUMN MODE WRITE CYCLE2.3)

IcE e —l
_ —
CE
i OO
as 1CAH. 1RS¢ IRsC o
s X0 XK
WAL L Ther
. N_ V7777 Y
= U ) NAANARAN e
N \ alul“”"‘ K ' \'AII:J”-
Din Data In Data In ﬁ
toFF' ] torrt]y
Dout ? (qsy AN ’L(XX(;
® HIDDEN REFRESH CYCLE
] e .
K i X /
CE
r_li)_ IRAN
e —XXRXX SR RK
e OOKX QIO
" 7 X
w AN Y l
torril) 10£4 tore 1
N\ VY
Dour [T 1TF
Read Cycle Refresh Cyele
e AUTOMATIC REFRESH CYCLE®
Ice = L i J|
N r N
CE
OF Z ’—\L; 7/ / /
ANANANE
Dout 7 L ¥

e SELF REFRESH CYCLE®
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HM65256A Series

® CAPACITANCE (7, = 25°C, f= 1MHz)

Item Symbol min typ max Unit Conditions
Input Pin Capacitance Cin - - s pF Vin=0V
1/0 Pin Capacitance C10 - - 7 pF Vijo=0V
Note) These parameters are not 100% tested.
@ HITACHI
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HMG65256B Series

32768-word X 8-bit High Speed Pseudo Static RAM

® FEATURES HM65256BP Series
Single 5V (x10%)

® High Speed

Access Time

CE Access Time .. ............. 100/120/150/200ns
Address Access Time . . . ............ 50/60/75/100ns
(in Static Column Mode)

Cycle Time

Random Read/Write Cycle Time .. .. 160/190/235/310ns (DP-28)
Static Column Mode Cycle Time . ... .. 55/65/80/105ns
Low Power

175mW typ. Active.

All inputs and outputs TTL compatible

Static Column Mode Capability

Non Multiplexed Address

256 Refresh Cycles (4ms)

Refresh Functions

Address Refresh

Automatic Refresh (DP-28N)
Self Refresh HM65256BFP Series

HM65256BSP Series

® ORDERING INFORMATION

Type No. Access Time Package

HM65256BP-10 100ns

HM65256BP-12 120ns

HM65256BP-15 150ns

HM65256BP-20 200ns 600 mil 28 pin

HM65256BLP-10 100ns Plastic DIP (FP-28DA)

HM65256BLP-12 120ns = PIN ARRANGEMENT

HM65256BLP-15 150ns An ETE vee

HM65256BLP-20 200ns v gl
27 WE

HM65256BSP-10 100ns G o

HM65256BSP-12 120ns

HM65256BSP-15 150ns o BE

HM65256BSP-20 200ns 300 mil 28 pin » ] ul m

HM65256BLSP-10 100ns Plastic DIP A [5] 73] An

HM65256BLSP-12 120ns a0 2] o

HM65256BLSP-15 150ns 5] s

HM65256BLSP-20 200ns NG =g

CE

HM65256BFP-10T 100ns “@ 5o

HM65256BFP-12T 120ns = o

HM65256BFP-15T 150ns i

HM65256BFP-20T 200ns 28 pin m [17] 1:05

HM65256BLFP-10T 100ns Plastic SOP vor (i ig] o

HM65256BLFP-12T 120ns ves [14] [15) 110,

HM65256BLFP-15T 150ns (Top View)

HM65256BLFP-20T 200ns
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HM65256B Series

® BLOCK DIAGRAM

A
Address Row Memary Matrix
Latch Decoder (256% 1281 %8

Control

Ar -
. I
Vo : ::" Column 1/0 —’—j
vor Control Column Decodes !
|
N b i
Refresh
Control
3 Timm Pl Cen |
o Read Write Control
WE
8 TRUTH TABLE
CE OE WE 1/0 Pin mode
L L H Low Z Read
L X L High Z Write
L H H High Z -
H L X High Z Refresh
H H x High z Standby
= ABSOLUTE MAXIMUM RATINGS
Item Symbol Rating Unit
Terminal Voltage with Respect to Vgg Vp -1.0to +7.0 v
Power Dissipation Pr 1.0 w
Operating Temperature Topr 0to +70 °C
Storage Temperature T;Q —55 to +12§ °C
Storage Temperature Under Bias Thias ' —10 to +85 °C

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

Item Symbol min, typ. max. unit
1 4.5 5.0 5.5 A%
Supply Voltage ce
Vss 0 0 0 \%
|4 22 - 6.0 A%
Input Voltage il
ViL -1.0 - 0.8 \Y%
GO HITACHI
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HM65256B Series

= DC ELECTRICAL CHARACTERISTICS (7, = 0 to +70°C, Ve = 5V £10%)

HM65256B Seri i
Parameter Symbol Test Conditions ories | HM63256BL Serics Unit
min. | typ. | max.| min. | typ. | max.
Operating Power Iy = OmA
Supply Current Icct teye = min. - 35 | 65 - | 35| 65 |mA
Standby Power Isp1 | CE= vy, OE= vy - 1 2 - 1 2 |mA
Supply Current Isgz | CE>Vee—02V,0E>Vee—02V | — [ — | — | — [005] 0.1 |mA
Operating Power Supply Iccz |CE=Vy,OE=vy - 1 2 - 06| 1 |{mA
Current in Self Refresh Mode Iccs CE>Vc—-0.2V, OE<0.2V - _ _ — 50 | 100 | pA
Input Leakage Vee = 5.5V
Current U Vin= Vg to Vee -10| - | 10 | -10| - | 10 |pA
Output Leakage OE=7V,
T IH
Current Lo Vijo = Vssto Vee -10 - 1010 | - 10 | uA
V Ipr = 2. — — _ _
Output Voltage oL oL =2.1mA 0.4 04 |V
VoH Iop = -1 mA 24 - - | .24 - - \"
s CAPACITANCE
Item Symbol Test Conditions typ. max. Unit
Input Capacitance Cin Vin = 0V - 5 pF
Input/Output Capacitance 10 Vijo= 0V - 7 pF

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

® AC CHARACTERISTICS (7, =0 to +70°C, Voe = 5V +10%)
® AC Test Conditions

Input Pulse Levels . . . ................. 24Vv,04V

Input Rise and Fall Times . .................. 5ns

Timing Measurement Level . . ............ 2.2v,0.8V

Reference Level .. ......... Vow =20V, Vo, =0.8V

Outputload .................. 1 TTL and 100pF (including scope and jig)
HM65256B-10 | HM65256B-12 | HM65256B-15 | HM65256B-20
Item Symbol — - - - Unit
min. | max. | min. | max. | min. | max. [ min. | max.
Radom Read or Write Cycle Time trRC 160 | - 190 | - 235 - 310 | - ns
%?ctli: Column Mode Read or Write tRSC 55 _ 65 _ 80 _ 105 _ ns
Chip Enable Access Time tCEA - 100 | - 120 | - 150 | - 200 ns
Address Access Time tAA - 50 - 60 | - 75| - 100 | ns
Output Enable Access Time tOEA - 40 | - 0| - 60 | - 75| ns
Chip Disable to Output in High Z ICHZ - 25 - 25 - 30 - 35| ns
Chip Enable to Output in Low Z tcLz 30 - 30 - 35 - 40 - ns
Output Enable to Output in Low Z toLz 10 - 10 - 10 - 10 - ns
Output Disable to Output in High Z tOHZ - 25 - 25 - 30 - 35| ns
Chip Enable Pulse Width tCE 100n | 4m 120n | 4m 150n | 4m | 200n | 4m s
Chip Enable Precharge Time tp 50 - 60 - 75 - 100 - ns
Address Set-up Time tAS 0| - 0 - 0 - 0| - ns
Row Address Hold Time tRAH 20| - 20 - 25 - 30 | - ns
Column Address Hold Time tCAH 100 { - 120 | - 150 | - 200 | - ns
Read Command Set-up Time trCS 0 - 0 - 0 - 0 - ns
Read Command Hold Time tRCH 0 - 0 - 0 - 0 - ns
Output Enable Hold Time toHC 0 - 0 - 0 - 0 - ns
?:‘t‘;;ut Enable to Chip Enable Delay tocp ol - o| - ol - ol - ns
%ag:;sﬂold Time from Column ton 5 _ 5 _ 5 _ 10] - ns
Write Command Pulse Width twp 25| - 25| - 30 - 35 | - ns
Chip Enable to End of Write tew 100 { - 120 | - 150 - 200 | - ns
Column Address Set-up Time tASw 0 - 0 - 0 - 0 - ns
(to be continued)
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HM65256B Series

HM65256B-10 | HM65256B-12 | HM65256B-15 {HM65256B-20| .
Item Symbol - - - " Unit
min. | max. | min. | max. [ min. | max. | min. | max.
Column Address Hold Time after Write |t 417y 0 - 0l - 0 - Q| - ns
Data Valid to End of Write tpw 20 - 20 - 25| - 30| - ns
Data In Hold Time for Write tDH 0| - 0] - 0] - 0 - ns
Output Active from End of Write tow 51 - 5| - 5| - S| = |ns
Write to Output in High Z twHZ - 25 - 25 - 30 - 35| ns
Transition Time (Rise and Fall) tr 3 50 3 50 3 50 3 50| ns
Refresh Command Delay Time tRFD 50 - 60 - 75 - 100 - ns
Refresh Precharge Time trp 30 - 30| - 30| - 30 - ns
Refresh Command Pulse Width for - 1p 80 10000 | 80 {10000 | 80 {10000 | 80 {10000 | ns
Automatic Refresh Cycle Time trC 160 | - 190 | - 235 - 310 | - ns
1%:2::2 Command Pulse Width for Self tras |1 0000 | - J10000| - 10000] — 10000 _ ns
Refresh Reset Time for Self Refresh tFRS 160 ~ 190 — 235 — 310 — ns
Refresh Period tREF - 4 - 4 - 4 - 4 ms

Notes:

(1) tcHz.toHz and tyyz define the time at which the output achieves the open circuit conditions.
(2) tcLzrtopz and toy are sampled under the condition of t7=5ns, and not 100% tested.

(3) A write occurs during the overlap of a low CE and low WE.

(4) If CE goes low simultaneously with WE going low or after WE going low, the outputs remain in high impedance state.
(5) If input signals of opposite phase to the outputs are applied in write cycle, OE or WE must disable output buffers
prior to applying data to the device and data inputs must be floating prior to OE or WE turning on output buffers.

(6) Vpy (min) and Vp, (max) are reference levels for measuring timing of input signals. Also, transition times are meas-
ured between Vpy and Vpp .
(7) An initial pause of 100us is required after power-up followed by a2 minimum of 8 initialization cycles.

s TIMING WAVEFORMS
e Read Cycle Na. 1 (CE controlied)

the
Ik Lt
CE——
N N
tas| | than
Address
Ao~A7
tas tcan
l.—’
As~Aun 4
trCsS tRCH
tcra
OE
tcLz ton, | McHZ
Valid
Dout Data Out
|
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HM65256B Series
® Read Cycle No. 2 (OE controlled)

the

{83 r

CE X Jlf—_-\
gz KRR KRR KX KX KRR KKK KKK KRR

tas tcan |

o 4 A7 T TT77777

tora
torLz toHz tCHZ
tcrz
f i A ANNNNY
Dout Bt out 00777
e Write Cycle No. 1 (OE Clock)
trRc
_ ICE te
CE B A \_
e XX
1as } tCAH
Address QZZX
Avhu tew tAHWw
WE L wy
/V
tocn
O L1 AN
W M
Din w

Loz | tenz
1.z 10HZ [ N
—ef 22 Loy

Dout LVavATs¥
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HM65256B Series

® Write Cycle No. 2 (OE low fix)

tRC

KRR KRR KRR KR KKK R
M3 XK
A NIIANARRNNNNAW

tcAH

tup
L

OE
tow toH
=
g <X K-
icLz LW_H.A
Dout
e Static Column Mode Read Cycle
t&e
ICE tp
CE ————\
/| N
AS tRAH
fo—o

KRR R XK KX RXK KK KK RN KKK

Address
Ao ~A7

tas tcan | tRsc_ . trsC
Address f ¥ \
T H—XRUXKXXXK
. tRPC_S‘ ! taa taa IR;H
vE [/ teea AN
toHC fouz
OE Vil
tOE, tciz
g N L ) 7 WK M
Dout (e o AT 0, KO0 IO
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e Static Column Mode Write Cycle

Address
Ao~A7

Address
A8~Al4

trC

tcE

CE ————y

(2

tRAH

)
tas

tcan |

trRsc

tew

tanw
twp -——1

tasw

tAHW

wp

/1]

N

;;;;/

toco

OE Z{{{{

AN

ANNN\N

W\ Y

tow toH

tow toH

Din < Valid Data In Valid Data l:}——
WHZ tow twHz
Lz oz toLz
e Automatic Refresh Cycle

& /f tRFD trC tFC 1\

trp tFAP tFp tFaP
o [T W ‘ (/1111 ]]

o Self Refresh Cycle
6]::" / tRFD
tFp tFAs tFRS
ok [T N
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HM6E658128 Series

131072-word x 8-bit High Speed CMOS Pseudo Static RAM

The Hitachi HM658128 is a pseudo-static RAM organized as HM658128P Series
131,072-word x 8-bit. HM658128 realizes low power consump-
tion and high speed access time by employing 1.3um CMOS
process technology.

The HM658128 supports 3 refresh functions: Address Refresh,
Auto Refresh and Self Refresh. Low power version dissipates
only 0.5mW (typ.) in Self Refresh Mode and retains the data with
battery backup for short time.

The HM658128 is pin-compatible with 256k-bit PSRAM and

static RAM. (DP-32)
HM658128FP Series

s FEATURES

® Single 5V (£10%)

® High Speed

O Access Time
CE Access Time . .. 100/120/150ns
O Cycle Time
Random Read/Write Cycle Time . .. 180/210/250ns

® Low Power ... 200mW typ. (Active) (FP-32D)
0.5mW (standby) (L-version)
a
@ All inputs and outputs TTL compatible PIN ARRANGEMENT
® Non Multiplexed Address 137 vie
® 512 Refresh Cycles (8ms) 131 A
® Refresh Functions 3 Cs
Address Refresh 29) WE
Automatic Refresh [28) A
Self Refresh [27] A
E Ay
® ORDERING INFORMATION [25) An
Type No. Access Time Package 2] OF
HM658128P-10 100ns 23] A
HM658128P-12 120ns E CE
HM658128P-15 150ns 600 mil 32 pin ,
HM658128LP-10 100ns Plastic DIP 2 1o
HM658128LP-12 120ns E 1:0s
HM658128LP-15 150ns E 10n
HM658128FP-10 100ns '
HM658128FP-12 120ns IBI 1O
HM658128FP-15 150ns g% f;’i“ Plastic ] 1 o
HM658128LFP-10 100ns (Top View)
HM658128LFP-12 120ns ’
HM658128LFP-15 150ns = PIN DESCRIPTION
Symbol Pin Name
A0 — Al6 Address Inputs
1/0 - 1/07 Data Input/Output
RFSH Refresh
CE Chip Enable
OE Output Enable
WE Write Enable
CcS Chip Select
Vee Power Supply
Vss Ground
G HITACHI
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HM658128 Series

= BLOCK DIAGRAM

R

Ao

1

Address|
Laich

Control

ee o o o

As

—

H H

i

-

-

MEMORY MATRIX
(512X 256) X8

—

oo m’z
.

110 7 Oy

[ I

Input

Column 10

Data

“ontrol

IV.

S

Column Decoder

Address Latch Control

As

_
|

RFSH Ref

Control

resh

1
¥

Timing Pulse Generator

M

EEEE

Read Write Control

® TRUTH TABLE

CE CS at CE going Low RFSH OE WE 1/O Pin Mode
L H X L H LowZ Read
L H X X L High Z Write
L H X H H High Z -
L L X X X High Z CS Standby
H X L X X High Z Refresh
H X H X X High Z Standby
8 ABSOLUTE MAXIMUM RATINGS
Item Symbol Rating Unit
Terminal Voltage with Respect to Vgg Vp -1.0to +7.0 v
Power Dissipation Pp 1.0 w
Operating Temperature Topr 0 to +70 °C
Storage Temperature Tstg —55 to +125 °C
Storage Temperature Under Bias Thias —10 to +85 °C
= RECOMMENDED DC OPERATING CONDITIONS (T, =0 to +70°C)
Item Symbol min. typ. max. Unit
V, 4.5 5.0 5.5 \4
Supply Volta cc
pply Yoltage Vss 0 0 0 v
Vin 2.2 - 6.0 v
Input Voltage ViL ~10 — 0.8 v
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HM658128 Series

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

Parameter Symbol Test Condition min. typ. | max. | Unit
o foor |42 o o Il
Somty ot oot | s il B N
St e L N I Il el R
Operating Power fecz l(:_II:E%V:I;IL - ' 2 m

Supply Current in Self Refresh Mode 1 | CE2 Ve -02V

*
- 00
lecs ™ | RESH< 0.2V 100 [ 200 | wA

VCC =55V
Input Leakage Current Iy Vi = Vssto Ve -10 - 10 pA
Output Leakage Current Ito OF = Vi -10 - 10 | uA
Vi/0 = VsstoVee
Output Voltage :;g; Ilg:[ - 2_;:: 274 = 0_'4 X
Note) *1. This characteristics is guranteed only for L-version.
® CAPACITANCE (T, = 25°C, f = IMHz)
Item Symbol Test Condition typ. max. Unit
Input Capacitance C; Vin =0V — 8 pF
Input/Output Capacitance Cro Vijo =0V - 10 pF
Note) This Parameter is sampled and not 100% tested.
m AC CHARACTERISTICS (T, =0 to +70°C, Vee =5V £ 10%)
® AC Test Conditions
Input Pulse Levels —  ........... 24Vv,04V
Input Rise and Fall Times ........... 5ns
Timing Measurement Level ........... 2.2v,08V
Reference Level ................... Vox =2.0V, Vo, =0.8V
Output Load  ................... 1 TTL and 100pF (including scope and jig)
HM658128-10 | HM658128-12 | HM658128-15 X
Item Symbol - ) - Unit
min. | max. | min. | max. | min. | max.
Random Read or Write Cycle Time trRC 180 - 210 - 250 - ns
Random Read Modify Write Cycle Time trwc| 240 - 280 — 330 - ns
Chip Enable Access Time CEA | ~— 100 - 120 - 150 ns
Output Enable Access Time tOEA - 30 - 40 - 50 ns
Chip Disable to Output in High Z tcHZ - 30 - 35 - 40 ns
Chip Enable to Output in Low Z tcerLz 30 - 35 - 40 - ns
Output Disable to Output in HighZ tOHZ - 25 - 30 | - 35 ns
Output Enable to Output in Low Z toLz 5 - 5 - 5 - ns
Chip Enable Pulse Width tcE 100n Ip | 120n Ip | 150n ln s
Chip Enable Precharge Time tp 70 - 80 - 90 - ns
Address Set-up Time tas 0 - 0 — 0 - ns
Address Hold Time tAH 30 - 35 - 40 - ns
Read Command Set-up Time trRCS 0 - 0 - 0 - ns
Read Command Hold Time tRCH 0 — 0 — 0 — ns
RFSH Hold Time ) trac| 15 - 15 — 15 —~ ns
Refresh Command Delay Time (Standby Mode) tRCD - 5 - S - 5 ns
(to be continued)
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HM658128 Series

HM658128-10 | HM658128-12 | HM658128-15 .
Item Symbol - - - nit

min. max. min. max. | min. max.
Chip Select Set-up Time tess 0 - 0 - 0 - ns
Chip Select Hold Time tosH 30 — 35 - 40 - |nms
Write Command Pulse Width twp 30 - 35 - 40 - ns
Chip Enable to End of Write tew 100 - 120 - 150 - ns
Data In to End of Write tpw 25 - 30 - 35 - ns
Data In Hold Time for Write tDH - 0 - - ns
Output Active from End of Write tow N - N - 5 - ns
Write to Output in High Z twHZ - 25 - 30 - 35 |ns
Transition Time (Rise and Fall) tp 3 50 3 50 3 S0 |ns
Refresh Command Delay Time tRFD 70 - 80 - 90 - ns
Refresh Precharge Time tpp 40 - 40 = 40 - ns
lé:gzg: Command Pulse Width for Automatic tpap 80n 8u 80n 8 80n 8ul s
Automatic Refresh Cycle Time trc 180 - 210 - 250 - ns
Refresh Command Pulse Width for Self Refresh | tpag 8 - 8 - 8 = us
Refresh Reset Time for Self Refresh tRFS 180 - 210 - 250 - |ns
Refresh Reset Time for Automatic Refresh IRFA 0 - 0 — 0 — ns
Refresh Period (512 cycles) IREF — 8 - 8 _ 8 ns

Notes:

(1) tcHz, tonz and tyyz define the time at which the
output achieves the open circuit conditions under the
condition of 7= 5ns and not 100% tested.

(2)tCHZ, tCLZ, 'QHZ, tOLZ, tWHZ and tQWw are sampled
under the condition of ¢7 = 5ns and not 100% tested.

(3) A_write occurs during the overlap of a low CE and low
WE. Write end is defined at the earlier of WE going high
or CE going high. _

(4) If CE_goes low simultaneously with WE going low or
after going low, the outputs remain in high im-
pedance state.

(5) If input signals of opposite phase to the outputs are

® TIMING WAVEFORMS
® Read Cycle

applied in write cycle, OE or WE must disable output
buffers prior to applying data to_the device and data
inputs must be floating prior to OE or WE turning on
output buffers.

(6) Vig (min) and Vy; (max) are reference levels for
measuring timing of Input signals. Also, transition times
are measured between Vg and VIL'

(7) An initial pause of 100us is required after power-up
followed by a minimum of 8 initialization cycles.

(8) After Self Refresh, Auto Refresh should be started with-
in 15us.

tRC
tcE | tp
= N )H‘
CE d
rt_cgi tesH
” A1 N AN ANV NARNNNNNNNY
] |
re OO XOOAAAAAIOTONNK X
wE /T 199 1\
% OO AL
toEA trep
tRHC
RFSH
Mo A,
terz toKZ
Dout g:i:d()ul >\7 -
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HM658128 Series

e Write Cycle-1 (OE Clock)

tRC

tCE

zdf 124 )L

tCcSH

ALELALARAARRRRARRARARRRRGRRRANY

Address
Ao—~Ass
WE
OE tRHC
RFSH ROV NN N NN N NANVN NN RN AN NN N NN
Din tWHZ< ) tcHz
tcLz -_’1' tow
Dout '
Write Cycle-2 (OF Low Fix)
TE ———l\ - ]
@ Ll H"!\ ANV NN
- ( ) /
o IR NANAVARARNANNY i
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HM658128 Series

® Read Modify Write Cycle

,J
?

t

-
F:ffi-

25 LALAALAALARRR AR AARAANRN
R II T ILXIARTIIIIIIIS

tren

\ i N
‘"\ N7 777777 Iy

Ccs

YL

trep

- -t o
s ENNNAN LS

Din Valid Data Out

iz
s
Dout ———————-——g g g x Valid Data Out

® Automatic Refresh Cycle

%

treo trap tr trap oy |itea

o Self Refresh Cycle

TE —/ LRFD

tren tFAS RES

ww LT /

® CS Standby Mode

tRC

ICE -

p |
- N e N

tesH

© N[ 77T T T T

@ HITACHI
Hitachi America Ltd. e 2210 O'Toole Ave. ¢ San Jose, CA 95131 ¢ (408) 435-8300 277



@ HITACHI
278 Hitachi America Ltd. ¢ 2210 O'Toole Ave. ® San Jose, CA 95131 e (408) 435-8300



IDEQ MEMOR

@ HITACHI

Hitachi America Ltd. * 2210 O’Toole Ave. * San Jose, CA 95131 o (408) 435-8300 279



HM53051P Preliminary

262144-word x 4-bit Frame Memory

HM53051P is a 262,144-word x 4-bit frame memory, using
most advanced 1.3um CMOS process. It performs serial access by
internal address generator.
It offers high speed cycle time, 60 ns (min). As input data and
output data are written or read in any cycle synchronized with a
system clock, and the delay between them is arbitrary, Y/C sepa-
ration or freezed picture is realized easily in 4fsc NTSC digital TV
or VTR systems. Also, it performs random access by 32-word (DP-18B)
X 4-bit data block. By this function, picture in picture or multi-
plexed picture is displayed with ease. Pin Arrangement
Features bz (1]  ~  [38] ves
® 262,144-word x 4-bit serial access memory Dous [ 2 | [17] Dount
® Organized with dual ports _
Serial input  x 4-bit ] 16] Douo
Serial output x 4-bit Tas [ ] 15 ] sap
® High Speed CIK [5 | [14] SAS
Read/Write Cycle Time. .. .............. 60ns (min) cow [ | 13 | CGR
AccessTime . ...................... 40ns (max) o3 [7] 1 WE
® Semi-synchronous Read/Write Cycle
e Low Power Din2 [ 8 | [ 11 ] Dino
ACtVE ..ot 200mW (typ) vee [2] [ 10] pim
® Random Access per 32-word x 4-bit (Top View)

® External Refresh Control is unnecessary
Pin Description

Block Diagram Din Data Input
Dout Data Output
OE Output Enable
SAD TAS Transfer Address Strobe
Ad
S50 Eﬁﬁf;;‘sl ::> Co::::rs N Row Memory Array CLK System Clock
Register R _&l I Decoder 262,144 4 CGW Clock Gate (Write)
egister ——
TAS O—— CGR Clock Gate (Read)
SAD Serial Address
a SAS Serial Address Strobe
WE Write Enable
Column Decoder ]
L1 Read/Write/Refresh v
CE o— ] Control N
CGR O— Timing Generator Read D Write D.
CGWO— ? Register Register
Shift Register Shift Register
OE Dout0  Dout2 Din0 Din2 WE

Doutl Dout3 Dinl Din3

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

Serial access memory with 1/0 separated

Read cycle and write cycle of HM53051 can be
operated independently synchronized with a system
clock. It realizes time compression or expansion for
picture in picture in digital TV, for example.

HM53051P

® Write cycle by CGW

Write data are taken in at the falling edge of the
system clock CLK when CGW is low. If CGW is
high, HM53051 does not enter write cycle (cycle
time is defined by system clock cycle time). Time
compression is realized easily with CGW.

e T e

I L | L

CGW | I I

Din Xx Dn

X XXX XXX

® Read Cycle by CGR

Read data are put out at the falling edge of the
system clock CLK when CGR is low. If CGR is
high, HM53051 does not enter read cycle (cycle

time is defined by system clock time). Time expan-
sion is realized easily with CGR.

K ] | ] |

L ] 1 |

|

CGR | | |

Dout Dn

Dn+t2 )@( Dnt3

Random Access

The HM53051 is also capable of random access by
serial address input, SAD. Random access by the
unit of 32-word x 4-bit is performed, when TAS is
low after read address (ARO — AR12), write address
(AWO — AW12) and mode setting flags, RF (Read

Flag), WF (Write Flatg) and MF (Mode Flag) are
read into by SAD synchronized with SAS. In order
to output data continuously, the address specified
by SAD incrments automatically.

— T AL
SURRYTTS €D 1 QLI Y S G €N G ) Gl W G Y
_ -

Mode Programming
Operation mode in HM53051 is programmed by the combination of SAD 5-bit.
‘MF WF RF AW0 ARO Mode
0 0 0 X X Write/read address asynchronous transfer
0 0 1 X X Write address asynchronous transfer
0 1 0 X x Read address asynchronous transfer
0 1 1 X X -
1 0 0 X X Write/read address synchronous transfer
1 0 1 X X Write address synchronous transfer
1 1 0 X X Read address synchronous transfer
1 1 1 1 1 System reset
1 1 1 0 0
1 1 1 0 1 Inhibit
1 1 1 1 0
Note) x means Don’t care.
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HM53051P

Read/Write Address Asynchronous Transfer Mode
©® Read address asynchronous transfer mode
(1) Read address asynchronous transfer mode (1) (CGR: Low)

1 2 3 31 32 33 63 64 65

< S I e T e N e e S iy
N T

R G G — D (R 00 G |
|

Add AR _| Add AR+1
u

Note) The data block at read address AR, specified by SAD, is put out starting from the 32-nd system clock after the falling
of TAS.

(2) Read address asynchronous transfer mode (2) (CGR: High)

1 2 3. 31 32 33 34 35 36

Dow T ae--- XX o1 X oz o XX o X

| Add AR

Notes) *1. The data block at read address AR, specified by SAD, is put out starting from the 32-nd system clock after
the falling of TAS.
*2. If CGR is tumned to low after 33-rd clock from the falling edge of TAS, the data at read address AR (D2, D3,
D4 .. ) are put out synchronously with CLK while CGR is low.

® Write address asynchronous transfer mode
(1) Write address asynchronous transfer mode (1) (CGW: Low)

1 2 3 31 32 33 63 64 65

S T T T e 0 Y s I il
e T B

cw -~~~
Din D1 YR D2 X o3 Y ----- OC_ 0o )Rz - - o3 YR D3z Qo Y o2

Add AW Add AW+1 | Add AW+2
T | |

Note) The data block at write address AW, specified by SAD, is taken in starting from the 1-st clock after the falling of
TAS.

(2) Write address asynchronous transfer mode (2) (CGW; High)

1 2 3 31 32 33 34 35 36

ak L rerrote e re rere rerer

cw - ~--=== |

D XXOOGAC00XXGONHO — = = == = R o1 XX 2 X3 X KK
Add AW

Note) If CGW is turned to low after falling of TAS, the data block at write address AW is taken in synchronously with
CLK.
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HM53051P

Read/Write Address Synchronous Transfer Mode
® Read address synchronous transfer mode

R 1 2 % n 4 31 32 33 34 63 64 65 66

1L 1 e T T O s N o Y B

TAS i —L_LJJ i 5

ToR i 5 5

S v’z (TSSY o O (D ) G G G0 1) D /G G
Add ARN Add ARN+1 __J_AR

Note) When TAS turns to low, the data block at read address AR, specified by SAD, is put out after the data block at the
present read address ARN, and the next address ARN+1 is put out.

® Write address synchronous transfer mode

X 1 2 n n+1 31 32 33
TAS L *
CGwW 45— S
S§ BT IR ) 0 0 D
Din Add AW I Add AW+1

Note) When TAS turns to low, the data block being written is taken into write address AW.

System Reset Mode
System reset mode is the same as read/write address asynchronous transfer mode except that read/write
address are reset to 0.

® System reset by SAD
Note) System reset mode starts when MF, WF, RF, AWO and ARO are all high.

® System reset by SAS and TAS

(@]
wl
-

L
T

I-—System reset mode

Note) System reset mode starts when both SAS and TAS are low at the falling edge of the CLK.

|

v
>
[

A

-
2]

® 1 field delay

Note) 1. Field-delayed data are put out, when CGR and CGW turn to high before system reset at the beginning of every field,
and turn to low simultaneously after 33-rd clock from system reset.
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HM53051P

Considerations on Using HM53051

® Input/output data of less than 32-word, inread/ @
write address asynchronous transfer mode or sys-
tem reset, are not written or read out. The data
are written or read out by the block of 32-word
x 4-bit. Input data of less than 32-word are not
written in write address asynchronous transfer
mode or system reset. When asynchronous read
address transfer mode or system reset mode is
activated, output from present data block will
continue. When output data from present data
block are over, next data block of less than 32-
word is not read out.

(1) Read/write address asynchronous transfer mode

The input data are not read out immediately.
The data (32-word x 4-bit) are written into the
memory array in the following 32-cycle after
they are taken in.

They can be read out only after writing into
memory array is completed. If read address
transfer mode is programmed after 33-rd clock
from input data block, new data can be read out.
If mode is programmed before 33-rd clock, new
data or old data are put out.

CIK lI2!3I~~I$2JxI2]31---|3z

cycle

1|2[3|~-l32|1|zlal~~|3zl

TAS | l

(Write Address
AN)

Din of " Writting on
Address AN | Address AN

L]

(Read Address
AN)

Reading from Dout of
| Address AN | Address AN

Dout ’
|
I

(2) Read/write address synchronous transfer mode

CLK 1[2!3|~~|32]1]2'3'~-—[32

cycle

N R R B E) M X ) EER

TAS | I

(Write Address
AN)

L

(Read Address
AN)

Din
Din of Writting on
Address AN Address AN
Dout l l,
Dout of
Dout of Reading from Address
. Address AR | Address AR+1 | AN
I | il
® Mode programming ® Address should be set by read/write address

Mode should not be reprogrammed with in 32
clocks from previous mode programming or
system reset.

asynchronous transfer or system reset after 100
us from power on.
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HM53051P

Absolute Maximum Ratings

Parameter Symbol Rating Unit
Voltage on Any Pin Relative to Vgg vV -1.0to +7.0 v
Power Dissipation Py 1.0 w
Operating Temperature Topr 0 to +70 °C
Storage Temperature Tstg -55to +125 °C
Storage Temperature (under bias) Tbias -10 to +85 °C
Recommended DC Operating Conditions (Ta = 0 to +70°C)
Parameter Symbol min typ max Unit
Vce 45 5.0 5.5 v
Supply Voltage
Vss 0 0 0 v
Via 24 - 6.5 v
Input Voltage
ViL -1.0 - 0.8 v
DC and Operating Characteristics (Ta = 0 to +70°C, Vo = 5V £ 10%, Vgg = 0V)
Parameter Symbol Test Conditions min typ max Unit
: Min. cycle,
Operating Power Supply Current Icc Tout = 0 mA - 40 60 mA
Vee=55V
Input Leakage Current I Vin = Vgg to Ve -10 - 10 HA
OE=Viy _ _
Output Leakage Current ILo Vout = Vsg to Ve 10 10 HA
A" IoL=4.2mA - - 0.4 v
Output Voltage oL oL
Vo Iog = -2 mA, 2.4 - - v
Capacitance (Ta = 25°C, f = 1.0 MHz)
Parameter Symbol Test Conditions min typ max Unit
Input Capacitance Cin Vin=0V - — 5 pF
Output Capacitance Cout Vout=0V - - 7 pF

Note) This parameter is sampled and not 100% tested.
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HMS53051P

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

AC Test Conditions
e Input and output timing reference levels: 1.5V
e Input pulse levels: Vggto 3V
® Input rise and fall times: 5 ns
® OQutput Load: 2 TTL + 50 pF
(Including scope and jig)
Parameter Symbol min max Unit
System Clock Cycle Time tce 60 300 ns
CIX Pulse Width feL 1 - s
tcH 15 - ns
Access Time from CLK taC - 40 ns
Output Hold Time toH 5 - ns
Output Enable Access Time tOEA - 30 ns
Output Enable to Output in Low Z toLz 5 - ns
Output Disable to Output in High Z toHZ 0 20 ns
CGR Setup Time tGRS 15 - ns
CGR Hold Time tGRH s - ns
CGW Setup Time tews 15 - ns
CGW Hold Time tGWH S - ns
Write Command Setup Time twcs 15 - ns
Write Command Hold Time twCH 5 - ns
Data Input Setup Time tps 15 — ns
Data Input Hold Time » tpH 5 - ns
SAS Cycle Time tse 60 - ns
SAS Pulse Width 'sL 13 — 1
tsH 15 - ns
Serial Address Setup Time tsAs 15 - ns
Serial Address Hold Time tSAH S — ns
SAS Setup Time during Mode Programming tSSH 15 - ns
SAS Hold Time during Mode Programming tSHH 5 - ns
TAS Setup Time tTs 15 - ns
TAS Hold Time tTH 5 - ns
SAS Setup Time during System Reset by SAS/TAS tssL 15 - ns
SAS Hold Time during System Reset by SAS/TAS tSHL 5 - ns
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HM53051P
Read/Write Cycle

CLK K—*_—XK—__*—XL—_
tows town Lews town tows town |
CGW ;3( 7 i }IZ;

twes twen twes twen
tos ton tps toy

1 t
tons tonn tors teru GRS, GRH. |
&R N T IRRKF ROk 77
OE Low
tac tac
ton ton
Dout

Notes) *1. Write Cycle starts when CGW is low and WE is low. Data are not written when WE is high.
Time-compression mode is realized by controlling CGW.
*2. Read cycle starts when CGR is low. Time-expansion mode is realized by controlling CGR.

Read Cycle (OE control)

CLK N\ /

ters

- =TT TTTTTTT777

toea

touz

torz

Notes) *1. topg is defined by the time at which the output achjeves the open circuit condition.
*2. toLgz and toyz are sampled and not 100% tested.
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HM53051P

Mode Selection
tec
ter | ten ter tew
CIK L—]i/———\ % \
tsc tsc
tse | tsw s I tssu tsuu
- ‘L_zk_\i_ﬁ/ ENNNN
Isas tsan Esas tsan : tsas
WF MF
SAD F MF
try | trs tru |
TAS \\\\\ \ \ / : :

Note) SAS operates asynchronously with CLK. When TAS is low at the falling edge of the CLK, the address transfer cycle starts. SAS
should be high during the address transfer cycle.

SAS, TAS Reset Mode

[ | tey ter |

= Y £ X A
« N\ [ NTTTTT77777777777
N T 77
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HM53461 Series

65,536-word x 4 bit Multi Port CMOS Dynamic Random Access Memory

The HM53461P is a 262, 144 bit multi port memory equipped HMS53461P Series
with a 64k word x 4 bit Dynamic RAM port and a 256 word x 4
bit Serial Access Memory (SAM) port. The SAM port is connected
to an internal 1,024 bit data register through a 256 word x 4 bit
serial read or write access control. In the read data transfer cycle,
the memory cell data is transferred from a selected word line of
the RAM port to the data register. The RAM port has a write
mask capability in addition to the conventional operation mode.
Write bit selection out of 4 data bit can be achieved.

Utilizing the Hitachi 2um CMOS process, fast serial access (DP-24A)
operation and low power dissipation are realized. All inputs and
outputs, including clocks, are TTL compatible.

HMS53461ZP Series

s FEATURES
® Multi port organization
(RAM; 64k word x 4 bit and SAM; 256 word x 4 bit)
® Double layer polysilicon/polyicide n-well CMOS process
® Single 5V (+10%)
® Low power Active RAM; 380mW max.
SAM; 220mW max.
Standby 40mW max.
® Access Time RAM; 100ns/120ns/150ns
SAM; 40ns/40ns/60ns
® Cycle Time Random read or write cycle time (RAM)
190ns/220ns/260ns
Serial read or write cycle time (SAM)
40ns/40ns/60ns
® TTL compatible
256 refresh cycles . . . .. 4ms
® Refresh function RAS only refresh
CAS before RAS refresh
Hidden refresh
® Data transfer operation (RAMZ SAM)
® Fast serial access operation asynchronous from RAM port
except data transfer cycle
® Real time read transfer capability
® Write mask mode capability

(ZP-24)

= ORDERING INFORMATION

Type No. Access Time Package
HM53461P-10 100ns o
HM53461P-12 120ns | 400 mil 24 pin
HM53461P-15 150ns | Plastic DIP
HM53461ZP-10 100ns
HM53461ZP-12 120ns | 24 pin Plastic ZIP
HM53461ZP-15 150ns
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HM53461 Series

= PIN ARRANGEMENT m PIN DESCRIPTION
® HMb3461P Series ® HMb53461ZP Series Pin Name Function
SCE Vot 2 1 103 A0 - A7 Address Inputs
s1/0,[Z] $103 4 3 SOE 1/01 - 1/04 RAM Port Data Input/Output
s1/0,(3] Vss 6 g glém SI/O1 - SI/04 | SAM Port Data Input/Output
DT/OE [4] §I/01 8 RAS Row Address Strobe
BT/0E 10 9 Sl/02 —
1/0,[5] 10212 11 1/01 CAS Column Address Strobe
1/0,[8] Loy 13 WE e Serial Clock
RASI15 A6 —
we[7] A516 7 Ad WE Write Enable
RAs &] ‘;Cg ;g 19 A7 DT/OE Data Transfer/Output Enable
A A122 21A2 SOE SAM Port Enable
As [10] 23 A0
N CAS 24 Vee Power Supply
vee [13 (Bottom View) Vss Ground
(Top View)
= BLOCK DIAGRAM
10: 102 103 104
? ? ? ?
1.0 buffer l 1 0 buffer | 10 buffer I 10 buffer OF clook |
WE clook I t t I o DT.OE
WE generator Y decoder Y decoder Y decoder Y decoder

Transfer
control

= 64K memory 64K memory 64K memory 64K memory
array array array array

CAS clook
generator

SOE clook

t 3 t t generator
RAS RAS clook
generator 256 data 256 data 256 data 256 data
register register register register
Ai .
F ) Pointer Pointer Pointer Pointer :«?\ei]a':;kr l osC
X address

| SI O buffer I SI O buffer l S1 O buffer I SI'0 huffe;}c-

SIO: S102 SI0s SI104

Refresh Vi generator
address

counter

buffer

Y address
buffer
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HM53461 Series

B ABSOLUTE MAXIMUM RATINGS

Voltage on any pin relativetoVgg . . . ........... -1V to +7V
Power supply voltage relative toVgg . ......... -0.5V to +7V
Operating temperature, Ta (Ambient) . . ... ... .. 0°Cto +70°C
Storage temperature . . ................. -55°C to +125°C
Short circuit outputcurrent . .. .................. 50mA
Power dissipation . .. ........... ... . .. .. ... 1w

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

Parameter Symbol min. typ. max. Unit
Supply voltage Vee 4.5 5.0 5.5 \'
Input High voltage Vin 2.4 - 6.5 \%
Input Low voltage ViL -1.0 - 0.8 \%

Note: All voltages referenced to Vgg

s DC ELECTRICAL CHARACTERISTICS (T, = 0 to +70°C, Ve = 5V £10%, Vgg = OV)

SAM PORT HM53461 | HM53461 | HMS53461
RAM PORT Symbol i
Y Standby | Active -10 -12 -15 Unit
Operating current RAS, CAS cycling Iccr o X 70 60 50 mA
trc = min. Iccr X fe) 110 100 80 mA
—_— 7
Standby current RAS, CAS = ¥y fec o X ! ! mA
Tccs X o 40 40 30 mA
RAS only refresh current Iccs O X 60 50 40 mA
CAS =V, RAS cycling tg - = min. Icco % o 100 90 70 mA
Page mode current RAS = Vg, Icca O X 50 40 35 mA
CAS cycling tpc = min. Iccio X o 90 80 65 mA
CBR refresh current RAS cycling Iccs o) X 60 50 40 mA
frc = min. Iccin X 0 100 90 70 mA
Data transfer current ) Icce [0) X 75 65 55 mA
RAS, CAS cycling trc = min, Icc1z X o 115 105 85 mA
Parameter Symbol min. max. Unit
Input leakage Ipg -10 10 MA
Output leakage Ito -10 10 MA
Output high voltage Iog=—2mA Vou 2.4 - v
Output low voltage /o7, =4.2mA VoL - 0.4 \4
= INPUT/OUTPUT CAPACITANCE
Parameter Symbol typ. max. Unit
Address CIl — 5 pF
Clocks CI2 — S pF
1/0, S1/O CI3 - 7 pF
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HM53461 Series

= ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING
CONDITIONS (T, =0 to +70°C, Vcc=5V+10%, Vgg=0V)b).10),11)

HM53461-10 | HM53461-12 | HMS3461-15
Parameter Symbol - - - Unit | Note
min. | max. | min. | max. | min. | max.

Random Read or Write Cycle Time tre 190 - 220 - 260 - ns
Read Modify Write Cycle Time trwc 260 - 300 - 355 - ns
Page Mode Cycle Time tpc 70 - 85 - 105 - ns
Access Time from RAS traC - 100 | - 120 | - 150 | ns | 2,3
Access Time from CAS tcac - 50| - 60 | — 75 | ns | 3,4
Output Buffer Turn Off Delay referenced to CAS| torg; 0 25 0 30 0 40 | ns S
Transition Time (Rise and Fall) tp 3 50 3 50 3 50 | ns 6
RAS Precharge Time trp 80 - 90 - 100 - ns
RAS Pulse Width tRAS 100 {10000 | 120 |10000 | 150 |10000 | ns
CAS Pulse Width tcas 50 |10000 | 60 [10000 | 75 |10000 | ns
RAS to CAS Delay Time trRCD 25 50| 25 60 | 30 75 | ns | 7
RAS Hold Time tRSH 50 - 60 - 75 - ns
CAS Hold Time tesH 100 - 120 - 150 - ns
CAS to RAS Precharge Time tcrp 10 - 10 - 10 - ns
Row Address Set-up Time tASR 0 - 0 - 0 - ns
Row Address Hold Time tRAH 15 - 15 - 20 - ns
Column Address Set-up Time tasc 0 - 0 - 0 - ns
Column Address Hold Time tCAH 20 - 20 - 25 - ns
Write Command Set-up Time twes 0 - 0 - 0 - ns 8
Write Command Hold Time twel 25 - 25 - 30 - ns
Write Command Pulse Width twp 15 — 20 - 25 - ns
Write Command to RAS Lead Time tRWL 35 - 40 - 45 - ns
Write Command to CAS Lead Time tewL 35 - 40 - 45 - ns
Data-in Set-up Time tps 0 - 0 - 0 - ns 9
Data-in Hold Time tpH 25 - 25 - 30 - ns | 8,9
Read Command Set-up Time trRCS 0 - 0 - 0 - ns
Read Command Hold Time tRCH 0 - 0 - 0 - ns
Read Command Hold Time referenced to RAS | tppy 10 - 10 - 10 - ns
Refresh Period t R_L:J_“ - 4 - 4 - 4 | ms
RAS Pulse Width (Read Modify Write Cycle) tRWS 170 | 10000 | 200 | 10000 | 245 |10000 | ns
CAS to WE Delay tcwp 85 - 100 - 125 - ns | 8
CAS Set-up Time (CAS before RAS refresh) tcSR 10 - 10 - 10 - ns
CAS Hold Time (CAS before RAS refresh) tCHR 20 - 25 - 30 - ns
'RAS Precharge to CAS Hold Time tRPC 10 - 10 - 10 - ns
CAS Precharge Time tcp 10 - 15 - 20 - ns
Access Time from OE toac - 30 | - 35| - 40 | ns
Output Buffer Turn-off Delay referenced to OE| toprfa 0 25 0 30 0 40 | ns
OE to Data-in Delay Time topD 25 - 30 - 40 - ns
OE Hold Time referenced to WE tOEH 10 - 15 - 20 - ns
Data-in to CAS Delay Time tpzc 0 - 0 - 0 - ns
Data-in to OE Delay Time tpzo 0 - 0 - 0 - ns
OE to RAS Delay Time tORD 35 - 40 - 45 - ns
Serial Clock Cycle Time tscc 40 - 40 - 60 - ns
Access Time from SC tsca - 40 - 40 — 60 ns | 10
Access Time from SOE tSEA - 25 - 30 - 40 | ns | 10
SC Pulse Width tsc 10 - 10 - 10 - ns

) (to be continued)
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HM53461 Series

HM53461-10 | HMS3461-12 | HMS53461-15 .
Parameter Symbol - n - Unit | Note
min. | max. | min. | max. | min. | max.

SC Precharge Width tscp 10 - 10 - 10 - ns

Serial Data-out Hold Time after SC High tSOH 10 - 10 - 10 — ns

Serial Qutput Buffer Turn-off Delay from SOE | t5gz 0 25 0 25 0 30 ns

Serial Data-in Set-up Time ts1s 0 - 0 - 0 - ns

Serial Data-in Hold Time tSIH 15 - 20 - 25 - ns

DT to RAS Set-up Time IDTS 0 - 0 - 0 ~ ns

DTto RAS Hold Time(Read Data TransferCycle) | tgpg 80 - 90 - 110 - ns

DT to RAS Hold Time IDTH 15 - 15 — 20 - ns

DT to CAS Hold Time tcDH 20 — 30 - 45 - ns

Last SC to DT Delay Time tspp 5 - s - 10 - ns

First SC to DT Hold Time tSDH 25 — 25 - 30 - ns

DT to RAS Delay Time tDTR 10 - 10 - 10 - ns

'WE to RAS Set-up Time tws 0 - 0 - 0 - ns

WE to RAS Hold Time twy 15 - 15 - 20 - ms

1/0 to RAS Set-up Time IMS 0 - 0 - 0 - ns

1/0 to RAS Hold Time tMH 15 - 15 = 20 — ns

Serial Output Buffer Turn off Delay from RAS | tgpz 10 50 10 60 10 75 ns

'SC to RAS Set-up Time SRS 30 - 40 - 45 - ns

RAS to SC Delay Time tSRD 25 - 30 - 35 - ns

Serial Data Input Delay Time from RAS tsID 50 - 60 - 75 - ns

Serial Data Input to DT Delay Time tszp 0 - 0 - 0 - ns

SOE to RAS Set-up Time tgs 0 - 0 - 0 - ns

SOE to RAS Hold Time tgy | 15 — 15 - 20 - ns

Serial Write Enable Set-up Time tsws 0 - 0 - 0 — ns

Serial Write Enable Hold Time tSWH 35 - 35 - 55 - ns

Serial Write Disable Set-up Time tswis 0 - 0 - 0 - ns

Serial Write Disable Hold Time tSWIH 35 - 35 - 55 - ns

DT to Sout in Low-Z Delay Time tpLz S - 10 - 10 - ns

Notes)

1. AC measurements assume t7-=5ns. 8.twcs and tcwp are not restrictive operating parameters.

2.Assumes that tpcpSrpop(max). If tgep is greater They are included in the data sheet as electrical charac-
than the maximum recommended value shown in this teristics only: if fcs2 tycs(min), the cycle is an early
table, f p 4 ¢ exceeds the value shown. write cycle and the data out pin will remain open circuit

3.Measured with a load circuit equivalent to 2TTL loads (high impedance) throughout the entire cycle; if tcwp

,and 100pF . Z¢cwp(min), the cycle is a read/write and the data

4.Assumes that frcp 21 p o p(max). output will contain data read from the selected cell; if

5.topr(max) defines the time at which the output neither of the above sets of conditions is satisfied, the
achieves the open circuit condition and is not referenced condition of the data out (at access time) is indeter-
to output voltage levels. minate.

6.V y(min) and Vjy (max) are reference levels for measur- 9.These parameters are referenced to CAS leading edge in
ing timing of input signals. Also, transition times are early write cycle and to WE leading edge in delayed
measured between Vyyand Vyy. write or read-modify-write cycles.

7.0Operation with the  pcp(max) limit insures that tp4c  10.Measured with a load circuit equivalent to 2TTL and
(max) can be met, g cp(max) is specified as a reference SOpF.
point only, if tgcp is greater than the specified tgcp 11.An initial pause of 100us is required after power-up.
(max) limit, then access time is controlled exclusively be Then execute at least 8 initialization cycles.
tcac.
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HM53461 Series

= WAVE FORMS

tRC

® READ CYCLE RAS . IRAS |
k tRP \
tRCD. tRSH ’
tcsH tCRP
CAS tcas /l_'
|
task ﬁ\ tasc tcaH
Address ROW p COLUMN ///////////
mcl.s‘ tRRH al
Ve L7 | e W\,
RAC torrl
v < D>
tozc
torD
Vo 7 < Z
(Input) N

tDTH

® EARLY WRITE CYCLE

10FF2

Y/ Do not care

|

=
)
7

tRAS

—_—
\‘ A tRP \
tRCD tRSH
tcsH
CAS tcas /—___
|\ S
tASR tRAH tasc tcaH
Addressz{ ROW COLUMN
b
twcs

High Z

IDTH

YLLLLLL L 7

Do not care

Note) *1. When WE is “H” level, the all data on the I/O can be written into the cell.
When WE is “L” level, the data on the I/O are not written except for when I/O is ‘high’ at the falling edge of RAS.
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HM53461 Series

® DELAYED WRITE CYCLE

IRC

tRAS

=)

S

ol
Vel

tRCn tRSH .
CAS \ tcas /_—.
tCSH
task
tASC f—nd

Address% ROW m COLUMN
7
s l thAH :

WZ( *1

tors WH

/////////////

tewe

oroeff ////7/////////f/

| | e | o0
) S ><X>¢H T WIIITTIITITT]

1/0 High-Z
(Output)

tRUL.

thH

l///] Do not care

Note) *1. When WE is “H” level, all the data on I/O1-1/O4 can be written into the memory cell.
When WE is “L” level, the data on I/Os are not written exept for when 1/O="H" at the falling edge of RAS.

® READ MODIFY WRITE CYCLE

tRUC
RAS —————— tRWS
tRP
tcRP CSH —ps
‘ tRCD cas
i /|
LASR tRAH tasc tCAH thsH

o XTI
_.[

lu’ ,'li tRCS
. p
WE *1 tcwp
tlh;
m 0. SR,
Input < .
(Input) tou Din
teac
tRAC
1/0 A VALID
(Output) tnz0 X Dout
o7 WTH toac t0FF2 t0EH

proE ‘ (s

[7ZA Do not care
Note) *1, When WE is “H” level, all the data on 1/01-1/04 can be written into the memory cell.
When WE is “L” level, the data on 1/Os are not written except for when I/O="H" at the falling edge of RAS.
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HM53461 Series

® PAGE MODE READ CYCLE

trC
tRAS
RAS _.—.!\ 1 \
thee ~—
CSH
e tcs oS tpc |e——trsH
CAS \ tcas
tRAH \( / [
Mlik“ .lusc ptf:‘n b vcan
Addressu ROW X:OLUMW
1 N | T Yooy
thes RCH tRRH
s COLUMN theh
ve777777F Y/
4 ‘I" torrl tcac torrl tcAc
tcac > torrl
1/0 ¥ VALID X FVaLID ¥ vaup
(Output) \ Dout Y Dout ¥ g Dout >___
nzC tnzc tnze
1/0 K. . K K.
(Input) . 4 y
27 poac zo torr2 toAc torr2

mP‘ #,_". torr2 Hl tnzo
PR X toac
DT/OE /, [/I

'/ /1 Do not care

® PAGE MODE WRITE CYCLE (Early Write)

tRC
RAS =y 1RAS
\ tRP \
[ 1C $ H —————an{ tec le— tRSH—e|
CAS rea—— R C )] tcas \ tcas ‘\ tcas
tRAH \ tcp / /
taskr t £ fasc
AS ASC sc |1 CAH ~>t- 9
S *_,'C-A_H tasc “r’ COLUMN\l IL[AH
s X KT T TTL LR KITITTITT
tws i 'S .
tues|  JtiCH tues tacy sl twen
e
WE *1 4 ; ; ; A VA
tus sH— twp - ayypm—— v
bk tos D tosjee] | tDH tDsfee] ta—toH—|
/o *1 VALID VALID VALID
(Input) Din Din Din
1/0 High-Z
DTS
t
(utput) tTH

w72 TTTTIIT

72 Do not care

Note) *1. When WE is “H” level, all the data on [/O-I/O4 can be written into the memory cell.
When WE is “L” level, the data on I/Os are not written except for when I/0=*H" at the falling edge of RAS.
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HM53461 Series

® PAGE MODE WRITE CYCLE (Delayed Write)

tRC

— tRAS
RAS ——1\ /
tesH tre le—— trsH (RP
trken tcas tcas el tcrP
CAS - tcas I
4
IRAH ;/ tcp 9 / \ ﬁ
task " tasc
™ tasc "‘1""‘" tasc fcan tcan
Addressb ROW OLUMN]| COLUMN]
twH ' tew. tewe - tCWI.
s 38 tup COLUMN RWL

l///] Do not care

Note) *1. When WE is “H” level, all the data on 1/O-1/O4 can be written into the memory cell.
When WE is “L” level, the data on I/Os are not written except for when I/O=“H" at the falling edge of RAS.

©® RAS ONLY REFRESH CYCLE

i tRC
RAS ——— tRAS ol
N J/ 1P j\
"l
tcrP RPC
CAS/ZZ; ?{Z{{Z{{Z{{{{
tAsk IRAH
g
Addressmt ROW !{{{!!!!!!!!{!!!!!!!!{!!!{!!
torrl
/0
(Output)
) /M“{M{{{Z{M“M{H“M“{,
(Input)
tpTS iDTH

[ZZ2 Do not care
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HM53461 Series

© CAS BEFORE RAS REFRESH

IrRP trp
RAS —/ N \T_
trRrC tcsr tcrp
tCHR L
CAS i

Ad

weess LU LY,
VE LU T
t 2L/ LT LT ITLTTTTTT T LTI LTI T,

170 High-Z
(Output)

DT/OE

§

l// A Do not care

® HIDDEN REFRESH CYCLE

=7 e A
e Jx“ 1271 TITTTTTTIIL
w 77777 Y/JI/////////M//,
(T — e {_ B __
e ST

7
tozo
ipzc
— High-Z
———)

ZZZ Do not care
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HM53461 Series
® READ DATA TRANSFER CYCLE (1)*! *2

tRC

RAS — LrAS \
tRP N
tRCD tRSH tcrp
CAS 73 tcas
tRAH laﬂ
LaSR 1CAH
SAM START
Address LR()w 0 ADD
)| iCSH

WE tws | tun l

IDTR
Lo High Z

(Output) tCOH

o LI .@:{///////[[

IRDH

T OF 7)™ A o NI

! tsce | s
I tscr | )
sc o N1
1S0H
)
SL'0 Valid Valid vord Y Valid
(Output) Sout Sout Sout Sout
1sCa Previous
N R
S1/0 High-Z Row v
Note (Input)
*1) In the case that the previous data transfer cycle was read data transfer. m Do not care

*2) Assume that SOE is “L” level.
*3) CAS and SAM start Address need not be supplied every cycle, only when it is desired to change to a new SAM start Address.

e READ DATA TRANSFER CYCLE (2)*1*2

tRC

AS —— IRAS
S N

tRCD IRSH {CRI

hE] { tcas
tRAH tasc
task tcAH

4 ~
Address ROW EO(SA%DSDTART‘

|

|

|

O
>
w

T tcsH .
WEWL_ w LTI,

—
(e 21/, l//////[/ LT
DT/OE -\F“ o |15

sc _/] [j‘“ \__/ \
SRS ts tsce
N ser toLz|  tsca tsoH
Isc
o 52 )
utpu ISIH out
tsis tszp m Do not care
S1/0 VALID A Inhibit rising transient
Note) (Input) /R Sin___4 f

*1) In the case that the previous data transfer cycle was write data transfer or pseudo data transfer.
*2) Assume that SOE is “L” level,
*3) CAS and SAM start address need not be supplied every cycle, only when it is desired to change to a new SAM start address.
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HM53461 Series

© PSEUDO DATA TRA

NSFER CYCLE

IRC

N

tRAS

tRP

trRCD

IRSH

*1

icAs

tcrpP

\

IRAH

F

tasc|\

(' Row
R

ican
SAM START
ADD
d
icsH

=TT TT77 T TTTTTIT]

iDTH

IEH

ISRD

tscc

SI/0

(Input)

S1/0
Note) *1.

tscp

/

tsc

-l
1s1D 1s1s I ISIH
VALID Y
ISRz Sin

tSOH
o]

ha ol

Do not care
XA Inhibit rising transient

CAS and SAM start address need not be supplied every cycle, only when it is desired to change to a new SAM start address.
® WRITE DATA TRANSFER CYCLE

trRC

|
172

I

tRAS

4

tRP

tRCD

tRSH

tasr

tcrp

),———

A

! tasc \

tRAH

-

iCAH
a—

SAM START

Address D‘ ROW m 'ADD

1
icsH

= JT17T1]

7777777777777777777:

|

YT

s

r—.

J/ lsc‘:—'
—

w'//A LTI

tsce

tsc

High-Z

Note) *1.

m Do not care

A Inhibit rising transient

CAS and SAM start Address need not be supplied every cycle, only when it is desired to change to a new SAM start Address.
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HM53461 Series

® SERIAL READ CYCLE

IRAS

- A
wwoe [/// 111111/ ]/ 1 /][] i
o/ A

wl

tsce Isce tsce
s tsc tsc
's
. NN N
_j K \x
tscp tscp tscp | LsoH
ISEA
S1'0 Valid /J vaid Valid
(Output) Sout N\ Sou Sout
tSEZ tsca | sca
==
Do not care
® SERIAL WRITE CYCLE
tRAS

|
[2]

I toTH /
mrsl\t y
ﬁ/ﬁf{!{{f{f{{{{{f{{f{{{{fA Y!f{{{{

tswis \(
tSwH ISWIH tSws

w
o}

tscc tscc tscc

tscp tscp Y tscp \
sC |
tsc tsc tsc 9 tsc

519, '_—_)@ja;« J777777777) ﬁm X7IX_

VZA Do not care
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HVMN53462 Series

65,536-word x 4 bits Multi Port DRAM (with Logic operation mode)

The HM53462P is a 262,144 bit multi port memory equipped
with a 64k word x 4 bit Dynamic RAM port and a 256 word x
4 bit Serial Access Memory (SAM) port. The SAM port is con-
nected to an internal 1,024 bit data register through a 256 word
x 4 bit serial read or write access control. In the read data
transfer cycle, the memory cell data is transferred from a selected
word line of the RAM port to the data register. The RAM port
has a write mask capability in addition to the conventional opera-
tion mode. Write bit selection out of 4 data bit can be achieved.
RAM port has another new function, logic operation capability.
By this function logic operation between memory data and input
data can be done in one cycle. Utilizing the Hitachi 2um CMOS
process, fast serial access operation and low power dissipation are
realized. All inputs and outputs, including clocks, are TTL
compatible.

= FEATURES
® Multi port organization
(RAM; 64k word x 4 bit and SAM; 256 word x 4 bit)
® Double layer polysilicon/polyicide n-well CMOS process
Single 5V (£10%)
® Low powr Active RAM; 380 mW max.
SAM; 220 mW max.
Standby 40 mW max.
® Access Time RAM; 100ns/120ns/150ns
SAM; 40ns/40ns/60ns
® Cycle Time Random read or write cycle time (RAM)
190ns/220ns/260ns
Serial read or write cycle time (SAM)
40ns/40ns/60ns

® TTL compatible

256 refresh cycles . . 4ms

® Refresh function RAS only refresh
CAS before RAS refresh
Hidden refresh

® Bidirectional data transfer operation (RAM 2 SAM)

cept data transfer cycle

HMS53462P Series

(DP-24A)

HM53462ZP Seires

(ZP-24)

‘Fast serial access operation asynchronous from RAM port ex-

® Real time read transfer capability

® Write mask mode capability

® | ogic operation capability between Din and Dout

® SAM organization can be changed to 1024 x 1

m ORDERING INFORMATION

Type No. Access Time Package
HM53462P-10 100ns . . .
HM53462P-12 120ns 409 mil 24 pin Plastic
HM53462P-15 150ns
HM53462ZP-10 100ns
HMS53462ZP-12 120ns 24 pin Plastic ZIP
HM53462ZP-15 150ns
@ HITACHI
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= PIN ARRANGEMENT
® HMB53462P Series

sc 1] 24] Vss
s1/0,[Z] 23] s1/0,
s1/0. 3] 22] s1/0,

DT/0E (4] 21) SOE
1/0, [5] 20] 1/0,
[&] [19] 1/0,
18] TAS
17] Ao
16] A
15] A.

| g5

mlals)

>
&

As@

As E E As
Vee E E A7
(Top View)

= BLOCK DIAGRAM

® HM53462ZP Series

==k
104 Q;I_ 103
—{3 SOE
s103 4= |0 2V
5 Si/o4
Vss 61— | <
L7 sC
S1:01 8= .
5 oF 109 SI02
0 ﬁ:11101
1,02 12k —_
10z L-—13 WE
RAS 14F={ |
—115 A6
A516=_|
117 A4
Vee 18
419 A7
A320=_ 151 )
A122—
CAS24 =] 123 A0

(Buttom View)

HM 53462 Series

= PIN DESCRIPTION

Pin Name Function
A0 — A7 Address Inputs
1/01 - 1/04 RAM Port Data Input/Output
SI/01 — S1/04 SAM Port Data Input/Output
RAS Row Address Strobe
CAS Column Address Strobe
SC Serial Clock
WE Write Enable
DT/OE Data Transfer/Output Enable
SOE SAM Port Enable
Vee Power Supply
Vss Ground

Other S1/0 (2-4)
Are in High-Z State.

BY 4 Mode 256X 4

4
3
2 T i
I Dout jJ~ —
1 18 1 I
[ ]

Dout
8 "
H k] g
- o
L > Memory Array d:u %
== ] *
3 =] (256 % 256) 2 ©
2 k5 Din 218
Din}—[ -a?é 3 s

I 1f S& :5;
-
— 1
s
S|P
’-4
(Normal Mode)
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HM53462 Series

m ABSOLUTE MAXIMUM RATINGS

Voltage on any pin relativeto Vgg . . . ......... -1V to +7V
Power supply voltage relativeto Vgg . ......... -0.5V to +7V
Operating temperature, 7a (Ambient) . ... ... .. 0°Cto +70°C
Storage temperature . ... .............. -55°C to +125°C
Short circuit outputcurrent . .. ................. 50mA
Power dissipation .. .............. ... 1w

= INPUT/OUTPUT CAPACITANCE

Parameter Symbol typ. max. Unit
Address CI, - 5 pF
Clocks Cl, - 5 pF
1/0, S1/O Cl, - 7 pF

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

Parameter Symbol min, typ. max. Unit
Supply voltage Vee 4.5 5.0 5.5 \%
Input High voltage Vig 24 - 6.5 \4
Input Low voltage ViL -1.0 - 08 v

Note) All voltages referenced to Vgg.

= DC ELECTRICAL CHARACTERISTICS (72 = 0 to +70°C, V¢c = 5V +10%, Vss = 0V)

SAM PORT HMS53462 | HM53462 | HM53462 .
R P bol
AM PORT Symbol Standby | Active -10 -12 -15 Unit
Operating current RAS, CAS cycling Icci o X 70 60 50 mA
trc = min, Iccq X fo) 110 100 80 mA
[, Icca (@] X 7 7 7 mA
Standby current RAS, CAS=V
Y H Tccs X S 30 30 30 mA
RAS only refresh current Iccs o X 60 50 40 mA
CAS = Vi, RAS cycling tpe=min. [ 7o X o 100 90 70 mA
Page mode current RAS = ¥y, Icca o X 50 40 35 mA
CAS cycling tpc = min, Iccio X 0 90 80 65 mA
CBR refresh current RAS cycling Iccs o X 60 50 40 mA
trc = min. Iccrt X o 100 90 70 mA
Data transfer current ] Iccs o X 75 65 55 mA
RAS, CAS cycling tgc = min, Icc12 X o 115 105 85 mA
Parameter Symbol min, max. Unit
Input leakage Iy -10 10 uA
Qutput leakage Io -10 10 MA
Qutput high voltage Ioy= -2mA VOH 24 - v
Output low voltage oy = 4.2 mA VoL - 0.4 v
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HM 53462 Series

= ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING
CONDITIONS (Ta = 0 to +70°C, Ve = 5V + 10%, Vs = OV)D. 10,11

HMS53462 HMS53462 HMS53462
Parameter Symbol —10 —12 —15 Unit Note
min. | max. | min. | max. | min. | max.
Random Read or Write Cycle Time tRC 190 - 220 - 260 - ns
Read Modify Write Cycle Time IRWC 260 - 300 - 35§ - ns
Page Mode Cycle Time tpc 70 - 85 - 105 - ns
Access Time from RAS tRAC - 100 | — 120 - 150 ns 2,3
Access Time from CAS tcAC - 50 | — 60 | — 75 ns 3,4
Ot‘:pélA%Buffer Turn Off Delay referenced tOFF1 ° 25 0 30 0 40 ns s
Transition Time (Rise and Fall) tr 3 50 3 50 3 50 ns 6
RAS Precharge Time tRP 80 - 90 - 100 - ns
RAS Pulse Width tRAS 100 | 10000 | 120 |10000 | 150 |10000 ns
CAS Pulse Width tcas 50 |10000 | 60 {10000 75 [10000| ns
RAS to CAS Delay Time tRCD 25 50 | 25 60| 30 75 ns 7
RAS Hold Time tRSH 50 - 60 - 75 - ns
CAS Hold Time tcsy | 100 - 120 - 150 - ns
CAS to RAS Precharge Time ICRP 10 - 10 - 10 - ns
Row Address Set-up Time tASR [ - 0 - 0 - ns
Row Address Hold Time tRAH 15 - 15 - 20 - ns
Column Address Set-up Time tASC 0 - ] - ] - ns
Column Address Hold Time tCAH 20 - 20 - 25 - ns
Write Command Set-up Time twCs 0 - 0 - 0 - ns 8
Write Command Hold Time tWCH 25 - 25 - 30 - ns
Write Command Pulse Width twp 15 - 20 - 25 - ns
Write Command to RAS Lead Time tRWL 35 - 40 - 45 - ns
Write Command to CAS Lead Time tCWL 35 - 40 - a5 - ns
Data-in Set-up Time tps 0 - 0 - 0 - ns 9
Data-in Hold Time tDH 25 - 25 - 30 - ns 8,9
Read Command Set-up Time tRCS 0 - [ - 0 - ns
Read Command Hold Time tRCH [ - 0 - 0 - ns
Rte;\di(/i_gmmand Hold Time referenced RRH 10 _ 10 _ 10 _ ns
Refresh Period REF - 4 - 4 - 4 ms
N et Mottt Write Cycte) tRws | 170 |10000 | 200 |10000| 245 [10000| ns
CAS to WE Delay tcwp 85 - 100 - 125 - ns 8
C(%_Sf\—sselt)eut'zr]e-l% refresh) ICSR 10 - 10 - 10 - ns
C(ACS—ALSR:JISI'S;“I%A—S refresh) ICHR 20 - 25 - 30 - ns
RAS Precharge to CAS Hold Time tRPC 10 — 10 - 10 - ns
CAS Precharge Time tcp 10 - 15 - 20 - ns
Access Time from OE tOAC - 30 - 35 - 40 ns
Otl:)tput Buffer Turn-off Delay referenced 1OFF2 0 25 0 30 0 40 ns
OE to Data-in Delay Time toDD 25 - 30 - 40 - ns
OE Hold Time referenced to WE tOEH 10 - 15 - 20 - ns
Data-in to CAS Delay Tims tpZC 0 - 0 — 0 - ns
Data-in to OE Delay Time tpzo 0 - 0 - 0 - ns
OE to RAS Delay Time tORD 35 - 40 - 45 - ns
(to be continued)
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HMS.

3462 sﬂl ;UO

HM53462 HM53462 HMS53462
Parameter Symbol 0 -12 - —-15 Unit Note
min. | max. | min. | max. | min. | max.

Serial Clock Cycle Time tscc 40 - 40 - 60 - ns

Access Time from SC tscA - 40 - 40 - 60 ns 10
Access Time from SOE 1SEA - 25 - 30 — 40 ns 10
SC Pulse Width tsc 10 - 10 - 10 - ns

SC Precharge Width tscp 10 - 10 - 10 - ns

Serial Data-out Hold Time after SC High tSOH 10 - 10 - 10 - ns

S:::L %tggut Buffer Turn-off Delay 1SEZ ° 25 ° 25 0 30 ns

Serial Data-in Set-up Time tSIS 0 - ] - 0 - ns

Serial Data-in Hold Time tSIH 15 - 20 - 25 = ns

DT to RAS Set-up Time DTS 0 - 0 - [ - ns
D('Il‘l;:de?ast:l 'l?:gng::'eCycle) 'RDH | 80 | ~ 9% | - | 10 | - ns

DT to RAS Hold Time tDTH 15 - 15 - 20 - ns

DT to CAS Hold Time tcDH 20 - 30 - 45 - ns

Last SC to DT Delay Time tSDD 5 - 5 - 10 - ns

First SC to DT Hold Time tSDH 25 - 25 - 30 - ns

DT to RAS Delay Time tDTR 10 - 10 - 10 - ns

WE to RAS Set-up Time tws 0 - 0 - 0 - ns

WE to RAS Hold Time twH 15 - 15 - 20 - ns

1/O to RAS Set-up Time tMS ] - [} - o - ns

1/O to RAS Hold Time tMH 15 - 15 - 20 - ns
Sg:(i)a':]qru%%ut Buffer Turn off Delay tSRZ 10 50 10 60 10 75 ns

SC to RAS Set-up Time tSRS 30 - 40 - 45 - ns

RAS to SC Delay Time 'SR.D 25 - 30 - 35 - ns

Serial Data Input Delay Time fn-)-r-r:l_(—»/;_fsr tSID 50 - 60 - 75 - ns

Serial Data Input to DT Delay Time tSZD 0 — — 0 - ns

SOE to RAS Set-up Time tes - - 0 - ns

SOE to RAS Hold Time tEH 15 - 15 - 20 - ns

Serial Write Enable Set-up Time tSWS — 0 - 0 - ns

Serial Write Enable Hold Time ISWH 35 - 35 - 5S - ns

Serial Write Disable Set-up Time tSWIS 0 - ] - 0 - ns

Serial Write Disable Hold Time tISWIH 35 - 35 - 55 - ns

DT to Sout in Low-Z Delay Time tpLZ 5 - 10 - 10 - ns

Notes)
1. AC measurements assume f7 = Sns. meters. They are included in the data sheet as electri-

2.

© b

306

Assumes that trcp S trep (max). If tgcp is greater
than the maximum recommended value shown in this
table, 1g 4 c exceeds the value shown.

Measured with a load circuit equivalent to 2TTL loads
and 100 pF.

Assumes that rrcp 2 trcp (max).

toFF (max) defines the time at which the output
achieves the open circuit condition and is not refer-

cal characteristics only: if twes 2 rwcs (min), the
cycle is an early write cycle and the data out pin will
remain open circuit (high impedance) throughout the
entire cycle; if rcwp 2 tcwp (min), the cycle is a
read/write and the data output will contain data read
from the selected cell; if neither of the above sets of
conditions is satisfied, the condition of the data out
(at access time) is indeterminate.

enced to output voltage levels. 9. These parameters are referenced to CAS leading edge
Viy (min) and Vj; (max) are reference levels for in ga.tly write cyc!e and to WE leading edge in delayed
measuring timing of input signals. Also, transition write or read-modify-write cycles.

times are measured between V gyand V. 10. Measured with a load circuit equivalent to 2TTL and
Operation with the rgcp (max) limit insures that 50 pF.

tRr 4 (max) can be met, tpcp (max) is specified as a 11. After power-up, pause for more than 100us and
reference point only, if 1gcp is greater than the speci- execute at least 8 initialization cycles. Then execute
fied 1rcp (max) limit, then access time is controlled at least one logic reset cycle including write mask
exclusively be 1o reset (on the falling edge of RAS, WE = “Low” and
twcs and towp are not restrictive operating para- I/01 — 1/O = “High™), and execute one or more trans-

port cycle for initiation of SAM port.
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s WAVE FORMS

e READ CYCLE

tRC

RAS J Y
AS ﬁ\‘ tRAS ? - \
tRCD IRSH
fcsH tery
CAS tcAs "
N/
task tRAH tasc 1CAH
Addressmw coLumy ] /////////////
trCs s ‘Ml.(‘H
VE LS | e Kyt
R AC torrl
o < D>
thzc ok
o 7 }Z
(Input) 7o '
s thTH torr2
.08 7 ) e
Y./ / Do not care

e EARLY WRITE CYCLE

HM 53462 Series

the

|

b
>
(2]

tkAS

tkCn

tCsH

ki

I

tDTH

UL

Do not care

Note) *1. When WE is “H” level, the all data on the I/O can be written into the cell. When WE
is ““L” level, the data on the I/O are not written except for when I/O is “H” level at
the falling edge of RAS.
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HM 53462 Series

® DELAYED WRITE CYCLE

tRC
RAS —— tRAs
\ tRP .\

RCD tRSH

CAS ‘\ tcas /_-___—_
tCSH
1ASK
LASC sy

Address% ROW m COLUMN
i N

/////////////

tewe

mo | “</////////////////
N XX XIITTIITIIT]

I/0 High-Z
(Output)

IRWL

VIL Do not care
Note) *1. When WE is “H” level, all the data on 1/01-1/04 can be written into the memory cell.
When WE is “L” level, the data on I/Os are not written except for when I/O = “H” at the falling edge of
RAS.

® READ MODIFY WRITE CYCLE

thwe
RAS =] thws /m
ki CSH ———
| tRCT cas
< Il .
AS * 1\ /-
task tran tasc Can ths
4
Addressm ROW w COLUMN /////// ////////
tws wn tres el ul
"l !‘" "_’ fe———— .
WE ol . b twr
)
- /
AS . tH !
e tns
n p— 0, SR U
(Input) 1o ”‘ N Din / /
r tcac
trac
1/0 A vaLID X
(Output) 70 N Dout &
rs rH toac 10FF2 tOEH

5 [//] i

[7ZA Do not care
Note) *1. When WE is “H” level, all the data on 1/O1-1/O4 can be written into the memory cell.
When WE is “L” level, the data on I/Os are not written except for when I/O = “H” at the falling edge of
RAS.
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HM 53462 Series
® PAGE MODE READ CYCLE

trRC
IRAS
RAS — \
N Ao
tcsH tec le—— tRSH ——] R
tRCD tcas
I tcas
CAS ir
tRAH N
tAsk "‘lus(: 1A b ican
Address ROW LCOLUMN
wes] | [T T SoLumn tRRH
- 1 tRCH
vel/[[11 X
trac torrl tcac torrl tcac
llc,u' torrl
y
170 F vALD X VALIDN K van
(Output) y Dout 4 \ Dout ¥ \ Dout >
nzC tnze tnze
1/0 L K, ((
(Input) 4
P A oo t0AC 20, w0rF2 10AC torr2

wrs| torn tork2 1.1 tnzo
r. r._: toac
wor 70 N 4

l ZA Do not care

® PAGE MODE WRITE CYCLE (Early Write)

the

RAS tRAS
ke \
I e ths H—o
FAG teas
CA | \r teas g
/ e N ]/ N /
n tasc
tasce | tean - tean
e iy COLUMNY <L
. s tWCH twes wen
e =
Fef—F- tit7— e
tDsfwe] = thH™ ths|ee] [o—thH—f
1o VALID VALID Y
(Input) Din Din
1/0 High Z
tput) thrs
(Outpu tTH

1
worlp NLLL L T T

[7Z2 po not care
Note) *1. When WE is ‘‘H” level, all the data on IJO1-I/O4 can be written into the memory cell.

When WE is *“L*" level, the data on I/Os are not written except for when I/O = “H” at the falling edge of
RAS.
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HM 53462 Series

® PAGE MODE WRITE CYCLE (Delayed Write)

trC

RAS tRAS

N _ 1 N

trp
tec le— tRSH
tRCD tcas 1CRP

tcas

tcas

e
| 1
tRAN / tcr A \L /
task - N tas
tasc tcan tasc tcAn 1Can
|

AddressD ROW NCOLL‘MN OLUMN 3

O
>
)

Qi o tewn " tewe COLUMN pe-teui L
{ tuy
WEDL - W////N f 1
s 13H L N !
T
170
(Input) X *1
10
(Output)
tors tOEH
DT OE 4 3

Do not care
Note) *1. WhenE is ‘““H” level, all the data on 1/0O1-I/O4 can be written into the memory cell.

When WE is “L” level, the data on I/Os are not written except for when I/O = “H” at the falling edge of
RAS.

o RAS ONLY REFRESH CYCLE

tre

RAS —_— tRAS -

k1

trrc
tere

las, tRAH

Mdress@l;ow K77 T T

1/0
(Output)

Howo LT

tors ITH

woe I LTI T

[ZZ3 Do not care
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HM 53462 Series

o CAS BEFORE RAS REFRESH CYCLE

R_E_/ twre \tcrﬁ\ _ A N
Md'essﬁ/{s/ﬁ/]'/i{//////////////////////

W LT
LY

HIGH-Z

1/0
(OUTPUT)

wor 1111111 T

Do not care

o HIDDEN REFRESH CYCLE

RAS — tRAS r \ IRAS ¥
1138 Ik’ \

CRI IRsH
1k f_-
CAS | | tran \
/ Ll 9
tAsk
AH

ress ROW
K.
[ I IRRH “Eyws | tw
11 -
v /([ N/
LORD l l’:’fl
1
—
1’0 Y, VALID >
(Output) h Dot /
torr2

tRA
[l g
ToTH tcac
). /777

pZO f

pzc
N
4

Do not care
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HM 53462 Series

® READ DATA TRANSFER CYCLE (1)°1.*2

trC

RAS —— thas - ‘
RP
tkCn thSH 7 tekp
Cas *3 teas S ——
than™ Lasc
LAiSk tCaH
Address m ROW WMAS?;ARTA
' 1 1CsH |
WE tus | otan /
Tk
I/0 High 7
(Output) oo
o LI T TT LT DTTTTT Y
TS tury
DT/ 0F %l tRDH /T

tsce | tsnp

se \__f= i /\__/

tson ! !

N |
S1/0 Vahd Vahd vard Y Vahd
(Output) Sout A Sout Sout Sout
150 Previous l——>
31/0 High Z Row New Row

(Input)
NOTE *1) In the case that the previous data transfer cycle was read data transfer. [7Z2 Do not care
*2) Assume that SOE is ‘‘Low”.

*3) CAS and SAM start Address need not be supplied every cycle, only when it is desired to change to a new SAM
start Address.

e READ DATA TRANSFER CYCLE (2)*1.*2

1R

RAS —— RS
tr1
then ki 1R \_—
CAS *3 | tcas —
_’M tasce
fask lean
Address % ROW SAXIS;K"ART‘
X ) Tl tesH B |
WE % w T,
. P e
1/0 High Z
(Output)
tehH

(XY//// I/ I

torn
[ — ks IRUH.
DT/OE _-\r.‘ ]l.\lll
J L}
SC s Is¢ \ j \

SkS Iscr Isce
- ) oz tsca tson
Is¢
SI/0 \EI'AI.ID
(Output) TSIH Sout
b €
Isls tszn m Do not car

(Slln/;‘)“) YALID ¥ /llllllllllllll ™A Inhibit rising transient

NOTE *1) In the case that the previous data transfer cycle was read data transfer.
*2) Assume that SOE is “Low” o )
*3; CAS and SAM start Address need not be supplied every cycle, only when it is desired to change to a new SAM

start Address. @ HITACHI
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HM 53462 Series

® PSEUDO DATA TRANSFER CYCLE

tRC

RAS D—— tRas

tRCD tRSH {CRrI

’/ trp &

el
wn

ASC

e Q}WW )LO(H\ s i //I/ /{// i

tesH

o tus tun
'

T T
o il tor
T O ; ;\J
I
]

I

ISKD. 15ce

tscr
\
sC /i Isc ; ;
N

ten

[
= Isin tsis IsiH
S10 Y
=TT XX
tson ///] Do not care
SI'0 Y ibit rising transient
(Output) ,m; m Inhibit rising transien
*1) CAS and SAM start address need not be supplied every cycle, only when it is desired to change to a new SAM
start address.
® WRITE DATA TRANSFER CYCLE
trC
RAS —— tRAS y Y

tcrr

trCD tRSH
CAS *1 \ CAS F
IRAH ,  lASC

tasr tCAH

iress U o KNSR W/ /77777 l//J [/

(
tcsH

v W = [T TTTTT 7
e 58 P 7777777777777 777777

tR1 \

o YT
s KXY XK
tors iSIH Tore PM.‘
o 5 R o
Do not care
%(I)/“ ?p“t) HighZ g Inhibit rising transient
*1) CAS and SAM start address need not be supplied every cycle, only when it is desired to change to a new SAM
start address.
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HM 53462 Series

® SERIAL READ CYCLE

|
v

tors

tRAS

IDTH

oT/08 ////////////////////Z/f
—

SO

tsce

tsce

\

K

N

tscc

isc

K

Isc

tsc |
-
SC / k
tscr

tscr

tscre

S1 0
(Output)

XZIX

Valid

ISEA

i -

tsoH
ool

Sout
Sou y

Isca

I IskEZ

-

® SERIAL WRITE CYCLE

re

N

Valid
Sout

Valid
Sout

Isca

tsca

73 Do not care

tRAS

RAS

iDTH

s

lDr1'i }

woe [ [/T7 77177 1//1/ 11117

192}

OE

tscc

tswH

\i

tSWIH

tsws

iscc

tscc

sc_/

Iscp 2

iscp

tscp

tsc

tsc

N

tsc

S1/0
(Input)

KX

Valid

Sin

S

tsis

5

tsiH

tsis

FZA Do not care

m ELECTRICAL AC CHARACTERISTICS (Logic operation mode)

HM53462-10 HM53462-12 HM53462-1

Parameter Symbol - 6 - - S Unit

min, max. min. max. min. max.
Write cycle time tERC 230 - 265 - 310 - ns
RAS pulse width in write cycle tRFS 140 10000 165 10000 200 10000 ns
CAS pulse width in write cycle tcrs 80 10000 95 10000 105 10000 ns
CAS hold time in write cycle tFCSH 140 - 165 = 200 - ns
RAS hold time in write cycle tFRSH 80 - 95 - 105 - ns
Page mode cycle time (Write cycle) trpC 100 - 120 - 135 - ns
CAS hold time
(Logic operation set/reset cycle) !FCHR 90 - 100 - 120 - ns
CAS hold time from RAS precharge
(X, = X, sét cycle) PSCH 0 - 0 - 0 - ns

GO HITACHI
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HM 53462 Series

m LOGIC CODE (FCO ~ 3 are AX0 ~ AX3 in Logic Operation Set Cycle)

LOGIC
FC3 FC2 FC1 FCO Symbal T—
0 0 0 0 0 Zero
0 0 0 1 ANDI1 Di - Mi
0 0 1 0 AND2 Di - Mi
0 0 1 1 X4 >X1 - —  SAM organization changes to 1024 x 1
0 1 0 0 AND3 Di * Mi
0 1 0 1 THROUGH Di —  Logic operation mode reset
0 1 1 0 EOR | Di-Mi+Di'Mi
0 1 1 1 OR1 Di+ Mi
1 0 0 0 NOR Di - Mi
1 0 0 1 ENOR | Di'Mi+ Di‘'Mi
1 0 1 0 INV1 Di
1 0 1 1 OR2 Di+ Mi
1 1 0 0 INV2 Mi
1 1 0 1 OR3 Di+ Mi
1 1 1 0 NAND Di+ Mi Di : External Data-in
1 1 1 1 1 ONE Mi : The data of the memory cell

e LOGIC OPERATION SET/RESET CYCLE (With CAS before RAS refresh)

tRP tRC

v TTIINC = XITTTTITTTTTTTTIITT]
= 777D VI
s T = KIZTTTTTITITTTITTIT

(Output)

wee [ /[ 1771777717771

Z Do not care

*1) Logic code A0-A3 (A4-A7: don’t care)
*2) Write mask data

 @HITACHI
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HM 53462 Series

= LOGIC OPERATION MODE

® EARLY WRITE CYCLE

tFRC

tREFS

R

%2

S \\

trCD

tFCSH

(el
>
w

task

Address %

s

s

1/0
(Input)

72X

1/0

HIGH-Z

(Output)
trs

thTH

DT/0E _’//’

L

Note) *1. When WE is ‘high’, the all data on the 1/O can be written into the cell.
When WE is ‘low’, the data on the I/O are not written except for when 1/O is ‘high’

¥///A Do not care

N

—

NI

LU

Xz

XL

at the falling edge of RAS.
® DELAYED WRITE CYCLE trRC
IRES
RAS \
then LFRSH
— \ Crs
CAS task
ASC \
tresH
Address ROW COLUMN
N 7
s tRAH tCAH
l-.-’ tweH
WE *1 }\ =
tors uH tRw,
e tewe
DT/OE ’/
tms tMH tns
l(/ll?put) *1 VALID DATA IN
1
/o HIGH- Z
(Output)

NOTE 1) When WE is “‘H” level, all the data on I/01-4 can be written into the memory cell.

{///A Do not care

When WE is “L”" level, the data on I/Os are not written except for when I/O = “H" at the falling edge of RAS.
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HM 53462 Series
® PAGE MODE WRITE CYCLE (Delayed Write)

trRC
tRFS -\
J— D! 2
RAS \ p N\
tFCSH trpc tFRSH kP
tRCD tCFs ICFs tCFs tcrp
cAS N\ / /
tep Lise
tas *4 A .
24 tasc -.'-L‘” Lasc fesn ":‘“
=
)
Address ROW COLUMN| COLUMN]
e tews, tewt, coLusy o
WS A

] tur i, tup
v« DL WIZZIN VTTT777N V77778 YTTT7777777
s I;_,I"H s ot s, o I s | oty

o ' 1

I VALIL

(/) i @L_‘ /
1

VALID VALID
10 HIGH 7 Din Din
(Output)
tors tOEH
o7 oF /| i
Note) *1. WhenE is ‘high’, the all data on the I/O can be written into the cell. m Do not care

When WE is ‘low’, the data on the I/O are not written except for when I/O is ‘high’
at the falling edge of RAS.

® PAGE MODE WRITE CYCLE (Early Write)

tFRC
_ Ty tRES \
RAS \ k1 \
trCSH trre tFRSH
fe— trCD }
tcrs tcks kS
CAS [ - z}
AS ‘ﬁi \ / = \ tasc \
task tasc '[C;“‘ tasc _fﬁ‘” coLum 11&;4
Address & ROW COLUMNWCOLUMN . N W///////////
s tweH 'lwcs twel twes ‘ WeH
. twp— twp twp——s]
| " toH U o toH tns LH—
/0 VALID VALID
(Input) *1 R et Din Din
1/0 HIGH-Z
(Output) ors
+ tDTH
DT/0E NLLLLLLLLL L L
Note) *1. When WE is ‘high’, the all data on the I/O can be written into the cell. ///] Do not care

When WE is ‘low’, the data on the 1/O are not written except for when 1/0 is ‘high’
at the falling edge of RAS.
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HM 53462 Series

= DESCRIPTION

1. LOGIC OPERATION MODE

HMS53462 has an internal logic operation unit

which makes a process of graphics simple. The logic
is determined in ‘“Logic operation set/reset cycle”,
and the operation is executed in every write cycle
succeeding to the logic operation set/reset cycle. In
this mode the internal read-modify-write operation
is executed and the cell data is converted into the
new data given by the logic operation between Din
and the old cell data.

2. LOGIC OPERATION SET/RESET CYCLE

A logic operation set/reset cycle is performed by
bringing CAS and WE low when RAS falls (Fig. 1).
The logic code and the bits to be masked are dater-
mined respectively by Ax0-3 state and [/01-4 state
at the falling edge of RAS. Furthermore, in this
cycle CAS before RAS refresh operation is executed,
too. In the case of executing the conventional CAS
before RAS refresh operation, WE must be high
when RAS falls.

2.1. Logic code
The logic code is shown in Table 1.

RAS \

When power

is turned on, the logic code is initialized to
“THROUGH?”. If the logic code is (Ax3, Ax2, AxI,
Ax0) = (0,0, 1, 1), the SAM organization is changed
to 1,024 x 1 using the internal parallel to serial
converter (Fig. 2). In the case that the SAM orga-
nization is changed to 1,024 x 1, one data transfer
cycle is needed to initialize the SAM selector.

Once the SAM organization is changed to 1024 x 1,
this code is maintained unless power is turned off.

2.2. Write mask

HM35462 has two kinds of mask registers (register
1, 2). The register 1 is set by bringing WE low at
the falling edge of RAS during the write cycle, and
the mask data is available only in this cycle. The
register 2 is set by level of I/O in the logic operation
set/reset cycle, and the mask data is available until
the next logic operation set/reset cycle. If the re-
gister 1 is set during the current logic operation
mode, the mask data of the register 1 is preferred
(that of the register 2 is ignored) and the logic be-
comes “THROUGH” only in this cycle (Fig. 3).

—

cAs \ "

/

Addres

x FC0-FC3 X

N\ v/

TS YLLLLLLLIL L

1/0 X Mask Reg. 2 X

|

/' / /] Do not care

Fig. 1 LOGIC OPERATION SET/RESET CYCLE

@ HITACHI
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HM53462 Series

— SAM organization changes to 1024 x 1

— Logic operation mode reset

Di : External Data-in
Mi : The data of the memory cell

Table 1. LOGIC CODE (FCO — FC3 are AX0 — AX3 in Logic Operation Set Cycle)
LOGIC
FC3 FC2 FCl1 FCO Symbol Writ Dot
0 0 0 0 0 Zero
0 0 0 1 AND1 Di * Mi
0 0 1 0 AND2 Di ' Mi
0 0 1 1 X4 »X1 -
0 1 0 0 AND3 Di - Mi
0 1 0 1 THROUGH Di
0 1 1 0 EOR | Di‘'Mi+ Di'Mi
0 1 1 1 ORI Di + Mi
1 0 0 0 NOR Di - Mi
1 0 0 1 ENOR | Di-Mi+ Di'Mi
1 0 1 0 INV1 Di
1 0 1 1 OR2 Di+ Mi
1 1 0 0 INV2 Mi
1 1 0 1 " OR3 Di+ Mi
1 1 1 0 NAND Di+ Mi
1 1 1 1 1 ONE
Fig. 2 THE SHIFT WAY OF SAM DATA
SAM Data Register Serial 1/0
i+1

a '——-l SI/OlI

b l——[ SI/OZ]

g

)

1) By 4 mode (SAM organization: 256 x 4)

tscc |

SI 01 X a X e X

SI 02 ) & b ) & f X

SI 03 ) G c X g X

SI 04 X d X h X
O HITACHI
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HM53462 Series

2) By 1 mode (SAM organization: 1024 x 1)

1sce

P
s
CJ\U\\)‘(Lb/\Q /\XX dl\‘x\ /

SI 01 X
s1 02 High 2
SI 03 High-Z
S1.04 High- Z
Fig. 3 EXAMPLE OF LOGIC OPERATION MODE
I;:ﬁ/':e:ztel;t;:’: Write cycle Write cycle Write cycle Write cycle
RAS \ ’ \ f\ ,—-\ F\ —
s | — & T T N
WE “L” / “H” "L / H\ / H\ /
S e Y 0" Write Masked f o Write \_" 0" Write
102 | =t Masked 1" Write Masked Masked
103 Masked [ \ "0 Write Masked / Masked
1/04 O W
1" Write \ Masked 0" Write / 1" Write
Logic _ AND1 AND1 AND1
Mask reg.2 is set Mask regl i
A g.1 is set,
1'023 :Masked and valid only in
IAssume that the this cycle.
ogic is set to .
“ANDL”. I 01,4:Masked
G HITACHI
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HM63021 Series

2048-word x 8-bit Line Memory

HM63021 is a 2048-word x 8-bit static Serial Access Memory
(SAM) with separate data inputs and outputs. Owing to internal
address counter, no address signal from outside is required and
internal addresses are scanned serially. Using five different address
scan modes, it is applicable to FIFO memory, double speed
conversion, 1H delay line and 1H/2H delay line for digital TV
signals. The minimum cycle times are 28 ns and 34 ns, each of
which corresponds to 8 fsc of PAL TV signal and NTSC TV
signal. All inputs and outputs are compatible with TTL. This
device is packaged in 300 mil dual-in-line plastic package.

(DP-28N)

Features

® Five modes for various applications

® Corresponding to Digital TV system of 4 fsc sampling
(PAL, NTSC)

® Decoder signal output pin; Fewer external circuits

® Asynchronous Read/Write operation; Ordering Information
Separate address counters for Read/Write
No Address Input required Type No. %':11: Package
® High Speed; Cycle Time 28/34 ns (min) HM63021P-28 28 ns 300 mil 28 pin
® Completely Static Memory; No refresh required HM63021P-34 34 ns Plastic DIP
® x8-bit SAM with separate 1/0
® | ow Power; 250 mW typ. Active
® Single 5 V supply
® TTL compatible

Pin Arrangement

D I lH/ZHI TBC l DSC [TBCE Modes TBCE l DSC I TBC | 1H/2H I D

MopE1 | 1] - | 28] | Vee

pn— — Read

CLK ! RCLK | [2] Control 27| mopE2

RES ! rres_| [9] 26] | MopE3 [ ®oec | oEcz
b0 | 4] 25] | O
Dinl E 24 Dout0
Din2 E E Doutl
Din3 71 B 22 Dout2
Din4 E '_'% §. % Dout3
Din5 E g 20| | Doutd
Din6 @ % Dout$
Din7 r]T _l_il Dout6
WE EZ_ '1—7| Dout?

DECL | woec | Highz | [13 wie |16 | WRES DS DEC3.
Vs 14 Control E WCLK WT DEC:
(Top View)
G HITACHI
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HM63021 Series

Pin Description

Pin No. Pin Name Functions
1 MODE1 Mode Input 1 (All Modes)
ST Read Clock Input (TBCE, DSC, TBC)
2 RCLK/CLK Clock Input (1H/2H, D)
S RTETI BTG Read Reset Input (TBCE, DSC, TBC)
3 RRES/RES Reset Input (1H/2H, D)
4-11 Din0 — Din 7 Data Inputs (All Modes)
12 WE Write Enable Input (All Modes)
High Impedance (TBCE, DSC)
13 High Z/WDEC/DEC1 Write Decode Pulse Output (TBC)
Decode Pulse Output 1 (1H/2H, D)
14 Vss Ground (All Modes)
- Write Clock Input (TBCE, DSC, TBC)
15 WCLK/WT/DEC4 Write Timing Input (1H/2H)
Decode Pulse Output 4 (D)
Write Reset Input (TBCE, DSC, TBC)
16 WRES/DS/DEC3 Delay Select Input (1H/2H)
Decode Pulse Output 3 (D)
17-24 Dout 0 — Dout 7 Data Outputs (All Modes)
25 OE Output Enable Input (All Modes)
Mode Input 3 (TBCE)
26 MODE3/RDEC/DEC2 Read Decode Pulse Output (TBC)
Decode Pulse Output 2 (1H/2H, D)
27 MODE2 Mode Input 2 (All Modes)
28 Vee Power Supply (+5V) (All Modes)
Mode Table
Mode Signals Mod Application E-
MODEIL MODE2 MODE3 ode pplication Example
H H H Time base compression/expansion (TBCE) Picture in Picture
H H L Double speed conversion (DSC) Non interlace
H L _M Time base correction (TBC) Time Base Corrector
L H _* 1H/2H delay (1H/2H) Vertical filter
L L -M Delay line (D) Delay line
Note) *1. Decoder Output Signal (RDEC, DEC2)

Absolute Maximum Ratings

Parameter Symbol Rating Unit
Terminal Voltage relative to Vss Vr —0.5"t0+7.0 V
Power Dissipation Pt 1.0 w
Operating Temperature Topr 0to+70 °C
Storage Temperature Tstg —55to +125 °C

Note) *1. —3.5V for pulse width <10ns
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HM63021 Series

Block Diagram

Vee Vss WE Din0  Din7
LO L.d WE L_Q Input
Write Address t Lw.i]. g I.?apt:h
a Control

JE— (2047)
Address
WDEC Decoder I {:
p—=1  Write Column Decoder
RCLK/CLK— Write Column Switch
(Write Stop)

RRES/RES — v
WCLK/WT = Y
Timing '
WRES/DS — EZ:{‘;OI Memory i Matrix
'
- Write ' Read
MODE1 B E ][l)ow )
MODE2  _] Decoder A . ecoder
MODE3 — (128x64) E (128x64)
1
\/ 1(2047) RDEC
900, 181 ——
Read Column Switch (_QL—DECI
Sgﬂ;ﬁﬁ (909, 1819) DEC?
" R
Read Column Decoder o [A38)  prcs
- (1125) DECA
>—C¥ Output Latch l ———P  Read Address
Control
~
Dout0 Dout? OE

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

Parameter Symbol  min typ max Unit
Vee 4.5 5.0 5.5 A\
Supply Voltage
€ Vss 0 0 0 v
\Y% —
Input Voltage H 2'4.1 6.0 M
Vi,  -0.5 - 0.8 \%

Note) *1. V7, min = —3.0V for pulse width <10 ns

@ HITACHI
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HM63021 Series

DC and Operating Characteristics (Ta= 0 to +70°C, Vcc =5V £ 10%, Vgg = ov)

Parameter Symbeol min typ max Unit Test Conditions
Vee=5.5V
Input Leakage Current 1Lyl - - 10 uA Vin = Vgg to Ve
6E= VIH
- - A
Output Leakage Current Lol 10 s Vout = Vssto Voe
Operating Power Supply Current Icc — 50 90 mA Min. cycle, Iout = 0 mA
lpr, = 8 mA, Dout 0 to Dout 7,
VoL - - o v DEC Output pin
Output Voltage 24 _ _ IoL = 4 mA, Dout 0 to Dout 7
VoH ) pin
24 - - IoH = -1 mA, DEC Output pin
Capacitance (Ta = 25°C, f = 1.0 MHz)
Parameter Symbol min typ max Unit Conditions
Input Capacitance Cin - - 6 pF Vin = 0V
Output Capacitance'z Cout - - 9 pF Vout = 0V

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

*2. 13,15 — 24, 26 pin

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

® AC Test Conditions

Input and Output timing reference levels: 1.5V

Input pulse levels: Vgg to 3V
Input rise and fall times: 5 ns

DEC Output Load Output Load (A) Output Load (B)
i (torz, tonz)
+5V 45V
+5V
s1e 4800 4800
DEC Dout Dout
1
50 30pF %1 2550 300 2550 5,,?1
*Including scope and jig.
Read Cycle
HM63021-28 HM63021-34 R
Parameter Symbol = - Unit
min max min max
Read Cycle Time trC 28 - 34 - ns
t 10 - 10 -
Read Clock Width RWL =
tRwWH 10 - 10 = ns
Access Time tac - 20 - 25 ns
Decode Output Access Time (f?") 'DA1 - 20 - 25 ns
(rise) tpa2 - 40 - 50 ns
Output Hold Time toH 5 — 5 — ns
fall t 5 - 5 -
Decode Output Hold Time (al) _ pom1 ns
(rise) tDOH2 N - 5 = ns
Output Enable Access Time tOE - 20 - 25 ns
Output Disable to Output in High Z tOHZ 0 15 0 20 ns
Output Enable to Output in Low Z toLz 5 - 5 - ns
@ HITACHI
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HM63021 Series

Write Cycle
HM63021-28 HM63021-34 X
Parameter Symbol " — ) Unit
min max min max
. § twe 28 — 34 — ns
Write Cycle Time twe(1H/2H Mode) 56 — 68 - s
t 10 - 0 -
Write Clock Width WWL ! s
twwH 10 = 10 = ns
Input Data Setup Time tps 5 - 5 = ns
Input Data Hold Time tpH 5 — 5 — ns
e tWESL 5 - S - ns
WE Setup Time
i tWESH S - S - ns
— tWEHL 5 - 5 - ns
WE Hold Time
tWEHH 5 — 5 - ns
— twTSL 5 - 5 - ns
WT Setup Time
P tWTSH 5 - 5 - ns
__ t 5 - -
WT Hold Time WTHL 5 i
tWTHH 5 - 5 - ns
Reset Cycle
HM63021-28 HM63021-34
Parameter Symbol - - Unit
min max min max
Reset Setup Time tRES 8 - 9 — ns
Reset Hold Time tREH 5 - 5 - ns
Clock Setup Time Before Reset tREPS 8 - 9 - ns
Clock Hold Time Before Reset tREPH 5 - 5 - ns

Mode Description

® Time base compression/expansion Mode

This mode turns HM63021 to 2048-word x 8-bit
FIFO memory with input/output asynchronized.
The HM63021 provides 2 clocks (RCLK, WCLK)
and 2 resets (RRES, WRES) each for read and
write. The internal address counters increase 1
address by 1 clock and turn to address O by reset.
Write stop function in HM63021 stops writing
automatically after the data is written into all
addresses 0 to 2047. Write stop function is
released by reset using WRES and the HM63021
restarts writing into address 0.

Double Speed Conversion Mode

This mode turns HM63021 to 1024-word x 8-bit
x 2 memory with input/output asynchronized. It
is used for generating non-interlaced TV signals.
When the original signal and the interpolation
signal (1 field delay) of interlaced signals are put
into the HM63021, being multiplexed per dot, it
outputs non-interlaced signals per line. 8 fsc

vided in this mode. Using write stop function,
this mode is also applicable to PAL TV, where
extra data (1135-1024 = 111 bits) are neglected.

e TBC Mode

This mode turns HM63021 to 2048-word x 8-bit
FIFO memory with input/output asynchronized.
The HM63021 provides 2 clocks (RCLK, WCLK)
and 2 resets (RRES, WRES) each for read and
write. The internal address counters increase 1
address by 1 clock and turn to 0 address by reset.
The internal address counters return to 0 address
after they reached address 2047. The HM63021
outputs write decode pulse from WDEC, syn-
chronizing with address 2047 in the write address
counter and read decode pulse from RDEC, syn-
chronizing with address 2047 in the read address
counter. Using these pulses, memory area can be
extended easily (multi-HM63021s are used with
ease).

® 1H/2H Delay Mode
should be put into RCLK and WCLK. Standard This mode turns HM63021 to 1024-word x 8-bit
H synchronizing signal and non-interlace H x 2 delay line with input/output synchronized.
synchronizing signal are put into WRES and Delay time is defined by reset period of RES. As
RRES respectively. Write stop function is pro- the HM63021 outputs 901 decode pulse (DEC1)
@ HITACHI
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and 910 decode puise (DEC2), for example,
connecting DEC2 to RES outputs 1H and 2H
delayed signal alternately at 8 fsc cycle when
original signal is put into' at 4 fsc cycle. Write
stop function is provided in this mode. Using
write stop function, this mode is also applicable
to PAL TV, where extra data (1135-1024 = 111
bits) are neglected. '

Delay Line Mode

This mode turns HM63021 to 2048-word x 8-bit
delay line with input/output synchronized. Delay
time (3 — 2048-bit) is defined By reset period of
RES. 2048-bit is delayed when RES is fixed
High. Signals delayed by 910, 1126 or 1135 bits
for example, can be easily obtained without
external circuits by connecting selected decoded
pulses on DEC1 — DEC4 to RES.

(1) Read after Write (3 bits delay)

Considerations on Using HM63021

It is recommended that pin. No. 13 (High Im-
pedance) is pulled up or pulled down with the
resistor (several k§2) in TBC or DSC mode.

It is recommended that mode signal input pins
are pulled up or pulled down with the resistor
(several k§2).

Data integrity is not guaranteed when mode is
changed in the operation.

When read address coincides with write address
in TBCE, TBC and DSC modes, the data is
written correctly but is not always assured to be
read correctly.

WLCK
n—1 }——{ n n+2 '— <—  Write Cycle
t
t Ztyemin
RCLK
n—1 <4— Read Cycle
(2) Write after Read (2048 bits delay)
WCLK
<4— Write Cycle
£ -
t=0ns

n+3 <4— Read Cycle

RCLK
n n+l1
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Decode Signal

When internal address counter reaches the specified address as shown below, Decode outputs become low.

Pin  Pin Internal Address Timing of the

Mode No. Name counter Output Signal Operation
TBC 13 WDEC  Write 2047 After Write 2047 Completion of Writing on all bits is detected.
26 RDEC  Read 2047 Output of 2046 Completion of Reading from all bits is detected.
— By inputting this signal to pin #3, 901/1802 bits
/2K 13 DEC1 Read 900 (2H) Output of 900 (1H) délay output is obtained.
TS By inputting this signal to pin #3, 910/1820 bits
26 DEC2  Read 909 (2H) Output of 909 (1H) délay output is obtained.
Read 900 Output of 899 g‘)l/tg:lptultstg;’gt ;gli: l1iignal to pin #3, 901 bits delay
13 DECI By inputting this signal to pin #3 after the
Read 1810 Output of 1809 frequency of DECI is devided into two, 1811 bits
delay output is obtained.
Read 909 Output of 908 gl);tg:lptultst:)nbi ;111:2 3ignal to pin #3, 910 bits delay
lli),?éay 26  DEC2 By inputting this signal to pin #3 after the
Read 1819 Output of 1818 frequency of DEC2 is devided into two, 1820 bits
delay output is obtained.
16 DEC3 Read 1134 Output of 1133 g’]’tg‘u"t"i‘s‘?ﬁﬂ‘gz signal to pin #3, 1135 bits delay
15 DECa4 Read 1125 Output of 1124 By inputting this signal to pin #3, 1126 bits delay

output is obtained.
Note) When counter is reset by Reset Signal (RRES, RES, WRES), address becomes 0.

Write Stop Function

When internal counter address is as follows, writing is stopped automatically for the next cycle. The write
stop is cancelled by reset through WRES or RES.

Write Stop Function

Mode (internal counter address)
TBCE Write stop after address 2047
DSC Write stop after address 1023 x 2
TBC No function
1H/2H Write stop after address 1023
D No function

Note) When address counter is reset by WRES or RES, address becomes 0.

G HITACHI
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Read Reset Cycle (TBCE, TBC Modes)

Address

.l n-1 Cyele }.._! n Cycle ]_«l First Cycle—l..j‘—-l Second Cycle Third Cycle_]
m tre tre tre
Y N _ /N / ./ {___/
tRwL 1 trwH t REPH tres tren .|
RRES®2 A 77777
ton Lon tou
trers S | Loy ...1
tac tac tac
Dout *2.4% (n-3) )®( n2) (a1) @ (n) m’ T3 By

Notes) *1. Read address counter is reset at the first falling edge of RCLK after RRES falls meeting the specifications
tREPS and tREPH, and is not reset at the next falling edge of RCLK even if RRES keeps low.
When tRES, tREH, tREPS and tR gpy can not meet the specifications, reset operation is not guaranteed.
*2. Output is read address of previous cycle.
*3, When RRES is fixed high, the data at the read address counter is reset after the data of address 2047 outputs,
and then circulates.

Write Reset Cycle (TBCE, TBC Modes)

Reset
Address 0
n-1 Cycle }.4..L n Cycle i..._l First Cycle Second Cycle Thirfi Cycle ]
ek SN TN S / S

Lreps | ErePH tres | trew

wies*1 7777777774 NN ‘J/ /71777

ps |t pH,

o XX XOO0OK w0 X00CK_0) X1 XXXXX 22 X000

twest |t wenL

O\ /NN /N N [N

Note) *1. Write address counter is reset at the first falling edge of WCLK after WRES falls meeting the specifications
tREPS and tREpPH, and is not reset at the next falling edge of WCLK even if WRES keeps low.
When tRES, tREH, tREPS and tR EpH can not meet the specifications, reset operation is not guaranteed.
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Reset Cycle (DSC Mode)

HM63021 Series

tRes

L/ \/ L

N

A VA VAVAVAVAVAVA VA

= Y | 227

o rs0ra xﬁ\r  TIITIT
‘_.12,_, I . ‘Kir - ton

Dout Bl (B2 B3) Y (A0 Al m zAar)( (B0)

Reset Timing 1

Reset Timing 2

o X Xm0

Notes) *1.

*2.

*3,
*4.

Write address counter is reset at the first falling edge of WCLK after WRES falls meeting specifications fREPS
and tREPH, and is not reset at the next falling edge of WCLK even if WRES keeps low.
When fRES, tREH, tREPS and tREPH can not meet the specifications, reset operation is not guaranteed.

Read address counter is reset at the first falling edge of RCLK after RRES falls meeting specifications R EpS
and tREPH, and is not reset at the next falling edge of RCLK even if RRES keeps low.
When tRES, tREH, tREPS and tREPH can not meet the specifications, reset operation is not guaranteed.

When fRES, tREH, tREPS and tREPH can not meet the specifications, output of video signal A is not guaran-
teed. (Reset Timing I).
When fRES, tREH, tREPS and tREPH can not meet the specifications, interpolation signal B is not guaranteed.
(Reset Timing II)
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Reset Cycle (1H/2H Mode)

Address
0 Input

Reset Address Address
S 0(1H )Output|{0(2H iOutput

twe

77

*1

" 7T

(4fsc)

twrse|{twraL

twrsh | twran

treps | trepn tres | trew

*2

ws o STV IANN R L7777 777777

tps|ton *1
*1, %3
Din o2 XORXXXXXX (=1 XX XXXOKXK_101 XXXXX
tac tac tac
*3
o™ XXX XX XX KA KR X R
2H 1H 2H 1H 2H 1H 2H 1H

tyest | twent
ey

v\ / N/ \ [/ N/

*3 -
DS (High) or (Low)

Notes)*1. WT is_input in a half cycle of CLK meeting specification twrsL, tWTHL, twTsH and twTHH. Data is written

when WT is Low. Reset is possible when WT is High. _

*2. Read address counter is reset at the first falling edge of CLK after RES falls meeting specifications zR Eps and
tREPH, and is not reset at the next falling edge of CLK even if RES keeps low.
When fRES, tREH, tREPS and tR EPH can not meet the specifications, reset operation is not guaranteed.

*3, When DS is fixed high, 1H output data is delayed by n bits and 2H output data is delayed by 2n bits where 2n
is the reset cycle of RES.
When DS is fixed low, 1H output data is delayed by n-5 bits and 2H output data is delayed by 2n-5 bits.
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Reset Cycle (D Mode)

/Y

tres | trew g

s Z7TE T AT 77T T

treps trepH

twesL| twen

LEANEYANYANE VA

AN
Din S ED N CED (..T%( © )®( ) )®( (2) XZ)C

tac tac

/N /N /N

ton ton

Dout (n-3) (n-2) (n-1) (n} (0) (1) (2)

Note) *1. Read address counter is reset at the first falling edge of CLK after RES falls meeting specifications tREPS
and tREPH, and is not reset at the next falling edge of CLK even if RES keeps low.
When tpgs, tREH, tREPS and tR EpH can not meet the specifications, reset operation is not guaranteed.

Write Enable (TBCE, DSC, TBC, D Modes)

n+2 Cycle n+3 Cycle n+4 Cycle

-—I n Cycle }—"—[ n-+1 Cycle

WCLK *2 \ / \
(CLK) T~ b

W 174 T

tos|ton

's

)
T
-
—/

XXX QXXX+ XX

Notes) *1. When twWEHL,'WESH, tWEHH and twESL can not meet this specifications, Write Enable operation is not
guaranteed.
*2. In delay line mode, CLK takes the place of WCLK.
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Write Enable (1H/2H Mode)

ax, ) /Y

twwe | Ewwn | twwe | Ewwn
T T

twrsh|t wrin
twrse|twrH

AN//ann \\ i 77aa\\N 7/ g \ 7/

twesH|t wenn
' twenL F
WESL]

vero N\ Vo s |

tps|ton,
Bin XX XXXRXXKXR, -+ 1 XXORXOOOKRIRNX -+ 3 XXXX

When twTSL, tWTHL, tWEHL and twgHH can not meet the specifications, Write Enable operation is not
guaranteed.

Note) *1.

i Decode Output (TBC, D Modes)

oz S/ N/
WCLK
RCIK ton, toas
toom ponz
e N

Notes) *1. In TBC mode, WCLK or RCLK takes the place of CLK.
*2. DEC is WDEC or RDEC in TBC, DEC1, DEC2, DEC3 or DEC4 in D.

Decode Output (1H/2H Modes)

X (VA SV SVA SV WA VA N

twrsi)t wrne twrsi|t wrae
twrst \ yrwn twrsn [t wran)
toar toaz
DEC1 L‘L"L'l‘ ooz
DEC2 K

Note) *1. When twTsL, tWTHL, tWTSH> tWTHH can not meet the specifications, decode output operation is not guaran-
teed.
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HM63021 Series

Output Enable (All Modes)

tonz

High Z

Data Valid

g

Dout*1 Data Valid

Note) *1. Transition of toHz and tw] zis measured $200 mV from steady state voltage with Output Load B.
This parameter is sampled and not 100% tested.
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HM50464 Series

65536-word x 4-bit Dynamic Random Access Memory

s FEATURES

® Page mode capability HMS50464P Series

® Single 5V (£10%)

® On chip substrate bias generator

® Low power: 350 mW active, 20 mW standby

® High speed: Access Time 120ns/150ns/200ns

® Output data controlled by CAS or OE

® TTL compatible

® 256 refreshcycles . . ....... 4ms (DP-18B)
® 3variations of refresh ... ... RAS only refresh HM350464CP Series

CAS before RAS refresh
Hidden refresh

ORDERING INFORMATION m

.
Type No. Access Time Package
HM50464P-12 120ns T
HM50464P-15 150ns ;?Ot’,“‘;)llﬁ pin (CP-18)
astic
HM50464P-20 200ns s
HM50464CP-12 120ns = PIN ARRANGEMENT
HM50464CP-15 150ns 18 pin PLCC ®HM50464P Series
HMS50464CP-20 200ns @ o~ @
17012} [17]1/04
= BLOCK DIAGRAM 1/02[3] [16]CAS
WE [4 15]1/03
1/0 1/0 1/01/0 __l: )
1 4 RAS(5 ] 14 A,
(6 13)A
Data Input Buffer Clock gemuw ’ % %A‘
As 2
ok
a3 mey
WE— v [3] 10)A:
% (Top View)
CAS—| Chet | N § N ® HM50464CP Series
1 2 10y GE Vs 10y
3
RAS— gwk — Index Corner”
il X Decoder X Decoder
—I r J 1702[J3 16JCAS
C[x 4B WEQ4 1501 04
Ai-p=] Address Vemrs A 3 Memrr Areas RASP LA
e e | | | o o iy
- Hin 120\,
ERCRN

L
Mlee A g
(Top View

RAS CAS Ao —A; | Address Inputs

CAS | Column Address Strobe

I/l(/)é; Data In/Data Out

OE Output Enable

RAS | Row Address Strobe

WE | Read/Write Input

Vce | Power (+5V)

Vss |Ground
A(°R:”¢)’ Refresh Address Inputs

G HITACHI
336 Hitachi America Ltd. * 2210 O'Toole Ave. * San Jose, CA 95131 ¢ (408) 435-8300



= ABSOLUTE MAXIMUM RATINGS

HM504 64 Series

Item Symbol Rating Unit
Voltage on any pin relative to Vgg Vr -1to +7 \4
Supply Voltage relative to Vgg Vee —1to +7 A\
Operating Temperature (Ambient) Topr 0Oto +70 °C
Storage Temperature (Ambient) Tstg —55 to +125 °C
Power Dissipation Pr 1.0 w
Short Circuit Qutput Current Tout 50 mA

= RECOMMENDED DC OPERATING CONDITION (Tz =0 to +70°C)

Parameter Symbol min. typ. max. unit
Supply Voltage Vee 45 5.0 55 A\
Input High Voltage Vin 24 - 6.5 \4
Input Low Voltage Vi -1.0 - 0.8 v

Note) All voltage referenced to Vgg.

s DC ELECTRICAL CHARACTERISTICS (Vcc = 5V £10%, Vss =0V, Ta = 0 to +70°C)

HM50464-12 HM50464-15 HMS50464-20 .
Parameter Symbol . . n Unit |Note
min. max. min max. min. max.

Operating Current (rgc = min.) Iccy - 83 - 70 - 55 mA 1
Standby Current (RAS = Vg, Dout = Disable) e - 4.5 - 4.5 - 4.5 mA
Refresh Current (RAS only refresh, tpc = min.) Iccs - 62 - 53 - 42 mA
Standby Current (RAS = V. Dout = Enable) Iccs - 10 - 10 - 10 mA 1
Refresh Current (CAS before RAS refresh, rg = min.) Icce - 69 - 58 - 45 mA | 1
Operating Current (Page mode, f pc = min.) Iccr - 57 - 48 - 37 mA 1
Input Leakage Current (0 < Vin < 7V) Iry -10 10 -10 10 -10 10 HA
Output Leakage Current (0 < Vour < 7V, Dout = Disable) | /7 -10 10 -10 10 -10 10 HA
Output High Voltage (Jout = -5 mA) Vou 24 Vee 24 Vee 24 Vee v
Output Low Voltage (Jout = 4.2 mA) VoL 0 04 0 0.4 0 0.4 \

Note)
condition.

® CAPACITANCE (V¢ = 5V £10%, Ta = 25°C)

1. I¢c depends on output loading condition when the device is selected, /¢ max. is specified at the output open

Parameter Symbol typ. max, Unit Note
X Address cn - 5 pF 1
Input Capacitance RS S —
RAS, CAS, WE, OE cn - 10 pF 1
Output Capacitance Data In/Data Qut Crjo - 10 pF 1,2

Notes) 1. Capacitance measured with Boonton Meter or effective capacitance measuring method.

2. CAS = Vy to disable Dout.

® ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS

(Vee =5V £10%, Vss =0V, Ta = 0 to +70°C)
- HM50464-12 HMS50464-15 HM50464-20 | A
Parameter Symbol - . - Unit |Note
min max. min max. min. max.
Access Time from RAS IRAC - 120 - 150 - 200 | ns [2,3
Access Time from CAS tcac -~ 60 - 75 - 100 [ ns [3,4
Output Buffer Turn-off Delay referenced to CAS tOFF1 - 30 - 40 - 50 ns 5
Transition Time (Rise and Fall) tr 3 50 3 50 3 50 ns 6
Random Read or Write Cycle Time tRC 220 - 260 - 330 - ns
RAS Precharge Time tRP 90 - 100 - 120 - ns
RAS Pulse Width IRAS 120 10000 150 10000 200 10000 | ns
CAS Pulse Width lcas 60 10000 75 10000 100 10000 | ns
RAS to CAS Delay Time tRCD 25 60 25 75 30 100 | ns 7
RAS Hold Time IRSH 60 - 75 - - 100 - ns
CAS Hold Time tCSH 120 - 150 - '| 200 - ns
CAS to RAS Precharge Time tCRP 10 - 10 - 10 - ns
Row Address Set-up Time ' ASR 0 - 0 - 0 - ns
Row Address Hold Time tRAH 15 - 15 - 20 - ns
(to be continued)
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HM504 64 Series

Parameter Symbol PfM50464-|2 HMSO“M-IS FMSW*ZO Unit |Note
min. max. min. max. min. max.
Column Address Set-up Time tasC 0 - 0 - 0 - ns
Column Address Hold Time tCAH 20 - 25 - 30 - ns
Cdlumn Address Hold Time referenced to RAS AR 80 - 100 - 130 - ns
Write Command Set-up Time twes 0 - 0 - 0 - ns 8
Write Command Hold Time twCH 40 - 45 - 55 - ns
Write Command Hold Time referenced to RAS twCR 100 - 120 - 155 - ns
Write Command Pulse Width twp 40 - 45 - 55 - ns
Write Command to RAS Lead Time tRWL 40 - 45 — S5 - ns
Write Command to CAS Lead Time tewr 40 - 45 - S5 - ns
Data-in Set-up Time tps 0 - 0 - 0 - ns | 9
Data-in Hold Time tDH 40 - 45 - 55 - ns | 9
Data-in Hold Time referenced to RAS IDHR 100 ~ 120 - 155 - ns
Read Command Set-up Time tRCS 0 - 0 - 0 - ns
Read C d Hold Time refe d to CAS tRCH 0 - 0 - 0 - ns
Read Command Hold Time referenced to RAS tRRH 10 - 10 - 10 - ns
Refresh Period tREF - 4 - 4 - 4 ms
Read-Write Cycle Time tRwC 305 - 360 - 450 - ns
CAS to WE Delay Time tcwp | 100 - 125 - 160 - ns | 8
"RAS to WE Delay Time tRwp | 160 = 200 = 260 - ns | 8
CAS Precharge Time tepN 50 - 60 - 80 - ns
'CAS Set-up Time (CAS before RAS refresh) tCSR 10 - 10 - 10 - ns
CAS Hold Time (CAS before RAS refresh) tCHR 120 - 150 = 7200 - ns
RAS Precharge to CAS Hold Time tRPC 0 - 0 - 0 - ns
Access Time from OF toAC - 30 = 35 = 45 ns
Output Buffer Turn-off Delay referenced to OE LOFF2 - 30 - 40 - 50 ns
OE to Data-in Delay Time topp 30 - 40 - 50 - ns
OE Hold Time referenced to WE tOEH 25 - 30 - 40 - ns
Page Mode Cycle Time tpc 120 - 145 - 190 - ns
CAS Precharge Time (for Page-mode Cycle Only) tcp 50 - 60 - 80 - ns
CAS Read-modify-write Cycle Time (Page-mode) tpcm 205 - 245 - 310 - ns
Notes)
1. AC measurements assume ¢ = Sns. 8. twcs, tcwp and tRpwp are not restrictive operating
2. Assume that tgep S trep (max). If tgrep is parameters. They are included in the data sheet as
greater than the maximum recommended value electrical characteristics only: if t yeg 2 weg (Min),
shown in this table, 1g 4 exceeds the value shown. the cycle is an early write cycle and the data out pin
3. Measured with a load circuit equivalent to 2TTL will remain open circuit (high impedance) through-
loads and 100pF. out the entire cycle; if tcwp 2 tcwp (min) and
4. Assumes that tpcp 2 tRep (max). trwp 2 trwp (min), the cycle is a read/write and
S. torr (max) defines the time at which the output the data output will contain data read from the
achieves the open circuit condition and is not selected cell; if neither of the above sets. of condi-
referenced to output voltage levels. tions is satisfied, the condition of the data out (at
6. Vyy (min) and Vj; (max) are reference levels for access time) is indeterminate,
measuring timing of input signals. Also, transition 9. These parameters are referenced to CAS leading edge
times are measured between Vg and V. in early write cycles and to WE leading edge in
7. Operation with the fgpeop (max) limit insures that delayed write or read-modify-write cycles.
fRAC (max) can be met, trcp (Max) is specified as 10. An initial pause of 100 us is required after power-up
a reference point only, if tgcp is greater than the followed by a minimum of 8 initialization of cycles.
specified tpcp (max) limit, then access time is 11. Minimum of 8 CAS before RAS refresh is required
controlled exclusively be tcy ¢ before using internal refresh counter. _
12. In delayed write or read-modify-write cycles, OE
must disable output buffers prior to applying data to
the device.
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HM50464 Series

= TIMING WAVEFORMS
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HM504 64 Series

e DELAYED WRITE CYCLE
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HM504 64 Series

e RAS ONLY REFRESH CYCLE
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e HIDDEN REFRESH CYCLE
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e CAS BEFORE RAS REFRESH CYCLE
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e PAGE MODE WRITE CYCLE
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HM50465 Series

65536-word x 4-bit Dynamic Random Access Memory

8 FEATURES

® Nibble mode capability

® Single 5V (£10%)

® On chip substrate bias generator

® | ow power; 350 mW active, 20 mW standby

® High Speed: Access time 120 ns/150 ns/200 ns (max.)
® Output data controlled by CAS or OE

® TTL compatible

® 256 refreshcycles . ... ... 4ms

°

3 variations of refresh . ... RAS only refresh
CAS before RAS refresh

Hidden refresh

m ORDERING INFORMATION

Type No. Access Time Package
HM50465P-12 120ns o
HM50465P-15 150ns ;?agt‘i‘;‘:)llg pin
HM50465P-20 200ns

= BLOCK DIAGRAM

1/0 1/0 1/01/0
34

OE
Data tnpw Buffer Clock Generator

Data Output Buffer OE
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Clock
Generator] ' Weke Swch

|
s>
o>
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I 1 .
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""1"" X Decoder | L X Decoder |

Memarv Arvav

X
Ai-ye Address
Buffer Memory Arrav
2

Memorv Arrav
3

A
Address.
Buffer

SV Decter |

efresh Address.

RAS Ci

@ HITACHI

(DP-18B)
= PIN ARRANGEMENT
OE|1! W E Vss
voi[2] 7] 1704
102 3] 16 CAS
wE [+ 15]1/0:
&S5 [14] A
As[6] 13] A
As E7: E A2
A E E As
vee [9] [10])4;
(Top View)
Ao — A, | Address Inputs
CAS Column Address Strobe
1/01 —1/04 | Data In/Data Out
OE Output Enable
RAS | Row Address Strobe
WE Read/Write Input
Vee Power (+5V)
Vss Ground
'}i’{;“:‘)’ Refresh Address Inputs
Aoy Ar | Nibble Address Inputs
(Column)
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HM50465 Series

8 ABSOLUTE MAXIMUM RATINGS

Item Symbol Rating Unit
Voltage on any pin relative to Vgg Vr -1to  +7 \"
Supply Voltage relative to Vgg Vee ~1to  +7 A%
Operating Temperature (Ambient) Topr Oto +70 °C
Storage Temperature (Ambient) Tstg —55 to +125 °C
Power Dissipation Pr 1.0 w
Short Circuit Qutput Current Tout 50 mA

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

Parameter Symbol min. typ. max. unit
Supply Voltage Vee 4.5 5.0 5.5 v
Input High Voltage Vig 24 - 6.5 A\
Input Low Voltage ViL -1.0 - 0.8 v

Note) All voltage referenced to Vgg.

® DC ELECTRICAL CHARACTERISTICS (Voo = SV £10%, Vsg =0V, Ta =0 to +70°C)

Parameter Symbol I-fM50465-I2 I-!M50465-15 HM50465-20 ) Unit |Note
min max. min. max. min max.

Operating Current (fgc = min.) Iccy - 83 - 70 - 5S mA | 1
Standby Current (RAS = ¥y, Dout = Disable) Icca - 45 - 4.5 - 45 [mA
Refresh Current (RAS only refresh, t g = min.) Icca - 62 - 53 - 42 mA
Standby Current (RAS = ¥y, Dout = Enable) Iccs - 10 - 10 - 10 mA | 1
Refresh Current (CAS before RAS refresh, tRC = min.) Icce - 69 - 58 - 45 mA | 1
Operating Current (Nibble mode, zy¢ = min.) Iccs - 57 - 48 - 37 mA 1
Input Leakage Current (0 < Vin < 7V) Inr -10 10 -10 10 -10 10 uA
Output Leakage Current (0 < Vout < 7V, Dout = Disable) ILo -10 10 -10 10 -10 10 uA
Output High Voltage (Jout = -5 mA) Vou 24 Vee 24 Vee 24 Vee v
Output Low Voltage (Jout =4.2 mA) VoL 0 04 0 0.4 0 04 \"

Note) 1. ¢ depends on output loading condition when the device is selected, Ioc max. is specified at the output open

condition,

® CAPACITANCE (Vce = 5V £10%, Ta = 25°C)

Parameter Symbol typ. max. Unit Note
Input Capacitance id_dres_s—- — cn — 5 Lad !
RAS, CAS, WE, OE cn - 10 pF 1

Qutput Capacitance Data In/Data Qut Cl/0 - 10 pF 1,2

Notes) 1. Capacitance measured with Boonton Meter or effective capacitance measuring method.

2. CAS = Vpy to disable Dout.

= ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS
(Vec = 5V £10%, Vss =0V, Ta = 0 to +70°C)

HMS50465-12 HM50465-15 HM50465-20 .
Parameter Symbol ~ - - Unit |Note

min. | max. | min. | max. | min. | max.
Access Time from RAS tRAC - 120 - 150 | - 200 | ns [2,3
Access Time from CAS tcac - 60 | - 5] - 100 | ns |3,4
OQutput Buffer Turn-off Delay referenced to CAS tOFF1 - 30 - 40 - 50 | ns 5
Transition Time (Rise and Fall) tr 3 50 3 50 3 50 | ns 6
Random Read or Write Cycle Time trRC 220 - 260 - 330 - ns
RAS Precharge Time tRP 90 - 100 - 120 - ns
RAS Pulse Width tR4as | 120 [10000 | 150 [10000 | 200 [10000 | ns
CAS Pulse Width tcas 60 (10000 [ 75 10000 [ 100 [10000 | ns
RAS to CAS Delay Time tRCD 25 60 | 25 75| 30 100 | ns 7
RAS Hold Time tRSH 60 - 75 - 100 - ns
CAS Hold Time tesH 120 - 150 - 200 - ns
CAS to RAS Precharge Time tCRP 10 - 10 - 10 - ns
Row Address Set-up Time tASR 0 - 0 - 0 - ns
Row Address Hold Time IRAH 15 - 15 - 20 - ns

(to be continued)
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HM50465 Series

[ HM50465-12 HMS50465-15 HM50465-20 .
Parameter Symbol - - - Unit | Note
min, max. min. max. min. max.
Column Address Set-up Time tasc 0 - 0 - 0 - ns
Column Address Hold Time tCAH 20 - 25 ~ 30 - ns
Column Address Hold Time referenced to RAS AR 80 - 100 - 130 - ns
Write Command Set-up Time twes 0 - 0 - 0 - ns 8
Write Command Hold Time twCH 40 - 45 - 5S - ns
Write Command Hold Time referenced to RAS tWCR 100 - 120 - 155 - ns
Write Command Pulse Width twp 40 - 45 - 55 - ns
Write Command to RAS Lead Time tRWL 40 - 45 - S5 ~ ns
Write Command to CAS Lead Time tewL 40 - 45 - 55 - ns
Data-in Set-up Time DS 0 - 0 - 0 — ns 9
Data-in Hold Time tpH 40 - 45 - 55 - ns 9
Data-in Hold Time referenced to RAS tpyr | 100 - 120 - 155 - ns
Read Command Set-up Time IRCS 0 - 0 - 0 - ns
Read Command Hold Time referenced to CAS tRCH 0 - 0 - 0 - ns
Read Command Hold Time referenced to RAS tRRH 10 - 10 - 10 - ns
Refresh Period tREF - 4 - 4 - 4 ms
Read-Write Cycle Time trwe | 305 - 360 - 450 - ns
CAS to WE Delay tewp | 100 - 125 - 160 - ns | 8
RAS to WE Delay trwp | 160 - 200 - 260 - ns | 8
CAS Precharge Time tcPN 50 - 60 - 80 - ns
CAS set-up Time (CAS before RAS refresh) ICSR 10 — 10 — 10 — ns
CAS Hold Time (CAS before RAS refresh) tcyr | 120 - 150 - 200 - ns
RAS Precharge to CAS Hold Time tRPC 0 - 0 - o - s -
Access Time from OE toac - 30 - 35 - as s [T
Output Buffer Turn-off Delay referenced to OE tOFF2 - 30 - 40 - 50 ns
OE to Data-in Delay Time topD 30 - 40 - 50 - ns
OE Hold Time referenced to WRITE tOEH 25 - 30 - 40 - ns
Nibble Mode Access Time INAC - 30 = 35 - 45 ns
Nibble Mode RAS Cycle Time tNRe | 410 - 480 - 610 - ns
Nibble Mode RAS Pulse Width tyra | 310 - 370 - 480 - ns
Nibble Mode Cycle Time Ine 60 - 70 - 90 - ns
Nibble Mode CAS Precharge Time INCP 20 - 25 - 35 - ns
Nibble Mode CAS Pulse Width tNCa 30 - 35 - 45 - ns
Nibble Mode Write Command Hold Time INWCH 30 - 35 - 45 - ns
Nibble Mode RAS Hold Time tnrsy | 40 - 45 - 55 - ns
Nibble Mode Read-Write Cycle Time tNRwC | 135 - 160 - 200 - ns
Nibble Mode CAS to WE Delay INCWD 70 - 85 - 105 - ns
Nibble Mode Write Command to CAS Lead Time INCWL 30 - 3s - 45 - ns
Nibble Mode Write Command Pulse Width INWP 30 — 35 — 45 — ns
Notes)
1. AC measurements assume T = 5 ns. 8. twcs tcwp and trwp are not restrictive operating
2. Assumes that tpep S trep (max), If tgrep is parameters. They are included in the data sheet as

greater than the maximum recommended value
shown in this table, g 4 exceeds the value shown.

electrical characteristics only: if  wcs 2 twcs (min),
the cycle is an early write cycle and the data out pin

3. Measured with a load circuit equivalent to 2TTL will remain open circuit (high impedance) through-
loads and 100 pF. out the entire cycle; if rcwp 2 tcwp (min) and
4. Assumes that tpcp 2 trcp (max). tRWD 2 tgwp (min), the cycle is a read/write and
5. topr (max) defines the time at which the output the data output will contain data read from the
achieves the open circuit condition and is not re- selected cell; if neither of the above sets of condi-
ferenced to output voltage levels. tions is satisfied, the condition of the data out (at

6. Vyy (min) and V;; (max) are reference level for access time) is indeterminate. o
measuring timing of input signals. Also, transition 9. These parameters are referenced to CAS leading edge
times are measured between Vg and V. in early write cycles and to WE leading edge in de-

7. Operation with the tgcp (max) limit insures that layed write on read-modify-write cycles.
tRAC (max) can be met, tgcp (mMax) is specified as 10. An initial pause of 100 us is required after power-up
a reference point only, if tgcp is greater than the followed by a minimum of 8 initialization of cycles.
specified tgcp (max) limit, then access time is con- 11. Minimum of 8 CAS before RAS refresh is required
trolled exclusively be tcqc. before using internal refresh counter. o
12. In delayed write or read-modify-write cycles, OE
must disable output buffers prior to applying data to

the device.
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= TIMING WAVEFORMS
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e Delayed Write Cycle
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o RAS Only Refresh Cycle
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'HM50465 Series

e© Counter Test

trp

(REFRESH) (READ/WRITE) /

OE

Notes) 1. Dotted Line Means Read Cycle.
2. 7772 Don’t care

o Nibble Mode Read Cycle

INRC
RAS— ror
N ' —
pe——IINC
. le— tRC )—sfa— L AS: Incp  INCA NRSH
CAS trar I\ L N / \ / \I /
T T tcan

Column

Note) [7Z) : Don’t care
o Nibble Mode Write Cycle

N P——
N

te—trC D—o

CAS

tRAH \

A“"“ o WLLLLL LTI

InwcH

twCs—e |«

010 \ W00 W0 Nt N1

tos| | ton

~ e 2
T E DN E XN

Notes). 1. OE : Don’t care

2. {77] : Don’t care
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350 Hitachi America Ltd. ¢ 2210 O’Toole Ave. * San Jose, CA 95131 e (408) 435-8300



HM50465 Series

o Nibble Mode Read Modify Write Cycle

s F -
INRWC: '
CP pe tRC 11— NC I
1*\ [
1asr

tasc
IRan — 4

1C AHey

LTI T

L tewr tyonn fvewe 'WL’AL
tocsof =" sl T -
v wr
w77777777 =7 /N
fo—te AC
10/// [Bawi’Cate "/ /

toon

Note) /7] : Don’t care
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HM50256 Series

262144-word X 1-bit Dynamic Random Access Memory

B FEATURES

TTL compatible

256 refresh cycles
3 variations of refresh - - - RAS only refresh, CAS before RAS
refresh, Hidden refresh

.+ (4ms)

® ORDERING INFORMATION

Industry Standard 16-Pin DIP, 18-Pin PLCC, 16-Pin ZIP
Single 5V (+10%)
On chip substrate bias generator

Low Power: 350mW active, 20mW standby
High speed: Access Time 120ns/150ns/200ns(max.)
Common 1/0 capability using early write operation
Page mode capability

Type No. Access Time Package
HM50256P-12 120ns . . -
HM50256P-15 150ns ]3)(;}2 mil 16 pin Plastic
HMS50256P-20 200ns
HMS50256ZP-12 120ns
HM50256ZP-15 150ns 16 pin Plastic ZIP
HMS50256ZP-20 200ns
HM50256CP-12 120ns
HM50256CP-15 150ns 18 pin PLCC
HM50256CP-20 200ns
WPIN ARRANGEMENT
© HM50256P Series ® HM50256CP Series @ HM50256ZP Series
U Din Ax \ss CAS
~ E £ Vss S Lead No. 1 Ae
Dout 2]
Dinf 2 15 | CAS o
E j Vss 4 ;o
WEE Ebout wE []» bj[lnm . 5 An
WE 13] Ae RTSE‘ ”‘%\“ s e e
NC 5 B} NC 9 Ao
A’E EA' \o E 5 n] i A1 0
R , veerzed |
A'E EA. '\ZE' ’]\' I:— 13 Ar
M E EA‘ o i-:— 15 A
As 160
Ve E 3 Ar X9 q0 N
A Vee Ar As
(Top View) (Top View) (Bottom View)
© HITACHI
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HMS50256P Series

(DP-16B)

HMS50256CP Series

-

(CP-18)

HMS50256ZP Series

(ZP-16)

= PIN DESCRIPTION

Ao~A, Address Inputs

CAS Column Address Strobe
Din Data In

Dout Data Out

RAS Row Address Strobe
WE Read/Write Input

Vee Power (+5V)

Vss Ground

Ac~A, Refresh Address Inputs
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HM 50256 Series

EBLOCK DIAGRAM

R
R |
Data-In Main Amps Data-Out
WE H Buffer Buffer
WE o Cluck
Generator| T T
l 1 Din Dout
_[eas il
CXSe{Clock = S| u|3
~| o~
Generator, |gl<
—|3|=
T Memor, 2|&l% Memory
Array . " Array
il E|e ’
— ElE|E
RIS Michis
mo-(l:]m'k Hr¢] 5O1%
< S
£ |5
I'— Row Row
Decoder Decoder
|- ard|
An o H—ac
\: o SlglS
<<
—g|—
Address Memory |3 (% Memory
Buffers \rray EN Array
g5 8
<|35|<
2O | o
Ao o % 2
N l/).'

ar-ar7,act-ac7

EABSOLUTE MAXIMUM RATINGS

B
nerator

Voltage on any pin relative to Vgg . .. ......... -1V to +7V

Operating temperature, Ta (Ambient) . . . .. .. .. 0°C to +70°C

Storage temperature .. ................ -556°C to +125°C

Short circuit outputcurrent . .. ............. .... 50mA

Power dissipation .. ............. e e 1w

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

Parameter Symbol min typ max Unit Note

Supply Voltage Vee 4.5 5.0 5.5 v 1
Input High Voltage Vin 2.4 — 6.5 \4 1
Input Low Voltage Vie —-1.0 — 0.8 v 1

Note) 1. All voltages referenced to Vss

HDC ELECTRICAL CHARACTERISTICS (Ta=0 to +70°C, Vec=5VE10%, Vss=0V)

HM50256-12 | HM50256-15 | HM50256-20
Parameter Symbol - - - Unit | Notes
min max min max min max
Operating Current(RAS, CAS =Cycling * trRc=min) Icer — 83 — 70 - 55 mA 1
Standby Current(RAS = Viu, Dout = High Impedance) Icc: — 4.5 - 4.5 — 4.5 mA
Refresh Current(RAS only Refresh, tac=min) Iccs - 62 - 53 — 42 mA
Standby Current(RAS = V,», Dout =Enable) Tccs — 10 - 10 — 10 mA 1
Refresh Current(CAS before RAS Refresh, tsc=min) Tecs — 69 — 58 - 45 mA
Page Mode Supply Current (RAS= Vi1, CAS =Cycling, tec =min) I - 57 - 48 - 37 mA
Input leakage(0< V.. <7V) Iy —10 10 —10 10 -10 10 uA
Output leakage(0< V...< 7V, Dout = Disable) I —-10 10 —10 10 -10 10 uA
Output levels High(l.,,= —5mA) Vo 2.4 Vee 2.4 Vee 2.4 Vee \
Output levels Low(l...=4.2mA) Vou 0 0.4 0 0.4 0 0.4 v

Notes) 1. Icc depends on output loading condition when the device is selected. Icc max is specified at the output open condition.

@ HITACHI
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HM50256 Series

B CAPACITANCE (Vec=5VE10%, Ta=25C)

Parameter Symbol typ max Unit Notes
Input Capacitance Address, Data-in Cn — 5 1
Clocks Cn - 7 pF 1, 2
Output Capacitance Data-out G 7 1,2

Notes) 1. Capacitance measured with Boonton Meter or effective capacitance measuring method.

2. CAS =V to disable Dout.

B ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC- OPERATING CONDITIONS

(Ta=0 to +70°C, Vec=5V+10%, Vss=0V) 1-10-1D

HM50256-12 | HM>50256-15 | HM50256-20 .
Parameter Symbol - - . Unit | Notes
min | max | min | max | min | max
Random Read or Write Cycle Time tre 220 260 330 - ns
Read-Write Cycle Time thec | 265 310 390 ns )
RAS to CAS Delay Time tken 25 60 | 25 75| 30 100 | ns 7
Access Time from RAS™ trac - 120 150 200 | ns 2.3
Access Time from CAS teac 60 75 100 | ns 3.4
Output Buffer Turn-off Delay torr - 30 40 50 ns 5
Transition Time (Rise and Fall) tr 3 50 3 50 3 50 ns 6
RAS Precharge Time tree 90 100 120 ns
RAS Pulse Width tras 120 10000 150 10000 200 10000 ns
RAS Hold Time trsi 60 75 - | 100 ns
CAS Hold Time tesn 120 150 200 ns
CAS Pulse Width teas 60 | 10000 | 75 | 10000 | 100 | 10000 | ns
CAS to RAS Precharge Time terr 10 10 - 10 ns
Row Address Set-up Time task 0 0 - 0 - ns
Row Address Hold- Time tran 15 15 20 - ns
Column Address Set-up Time tasc 0 0 0 - ns
Column Address Hold Time tean 20 25 30 ns
Column Address Hold Time referenced to RAS tak 80 100 130 ns
Read Command Set-up Time tres 0 0 0 ns
Read Command Hold Time referenced to CAS ke 0 —~ 0 0 - ns
Write Command Set-up Time tes 0 - 0 0 ns 8
Write Command Hold Time then 40 15 55 ns
Write Command Hold Time referenced to RAS trek 100 120 155 ns
Write Command Pulse Width ter 40 45 55 ns
Write Command to RAS Lead Time thi L, 40 45 55 ns
Write Command to CAS Lead Time tewt, 40 - 45 55 - | ns
Data-in Set-up Time tns 0 - 0 0 ns 9
Data-in Hold Time ton 40 45 55 ns 8.9
Data-in Hold Time referenced to RAS toHR 100 120 -1 155 ns
RAS to WE Delay tRwD 120 150 200 - | ns
CAS to WE Delay tewp 60 75 — | 100 ns 8
Page Mode Read or Write Cycle trc 120 145 190 ns
Page Mode Read Modify Write Cycle teer 165 195 250 ns
CAS Precharge Time, Page Cycle tep 50 60 - 80 ns
Read Command Hold Time referenced to RAS IRRH 10 10 10 ns
Refresh Period trEF 4 4 4 ms
CAS Set-up Time tesk 10 10 10 ns
CAS Hold Time (CAS before RAS Refresh) fenk 120 150 200 ns
RAS Precharge to CAS Hold Time trre 0 0 0 ns
@ HITACHI
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HM 50256 Series

Hitachi America Ltd. ¢ 2210 O’Toole Ave. ® San Jose, CA 95131 o (408) 435-8300

Notes
1. AC measurements assume {7 = Sns. 8. twcs, tcwp and tRrwp are not restrictive operating
2. Assumes that frcp < trep (max). If tgep is greater parameters.
than the maximum recommended value shown in this They are included in the data sheet as electrical
table, fg 4 exceeds the value shown. characteristics only; if fycg 2 twes (min), the cycle
3. Measured with a load circuit equivalent to 2TTL loads is an early write cycle and the data output pin will
and 100pF. remain open circuit (high impedance) throughout the
4. Assumes that tgep > 1R cp (max). entire cycle; if tcwp 2 tewp (min) and tRwD 2
5. tofFr (max) defines the time at which the output trwp (min), the cycle is a read-write and the data
achieves the open circuit condition and output voltage output will contain data read from the selected cell; if
levels are not referred. neither of the above sets of conditions is satisfied the
6. Viy (min) and Vj; (max) are reference levels for condition of the data out (at access time) is indeter-
measuring timing of input signals. Also, transition minate. .
times are measured between Vyyand Vyy . 9. These parameters are referenced to CAS leading edge
7. Operation with the tgrcp (max) limit insures that in early write cycles and to WE leading edge in delayed
R 4C (max) can be met, tpcp (max) is specified as a write or read-modify-write cycles. .
reference point only; if tgep is greater than the 10. An initial pause of 100us is required after power-up
specified tpep (max) limit, access time is controlled then execute at least 8 initialization cycles.
exclusively by tcac- 11. At least, 8 CAS before RAS refesh cycles are required
before using internal refresh counter.
HETIMING WAVEFORMS
®READ CYCLE
tac
Vi ras
N
D
RAS i \( / [ ) V.
tcsH
e tasK tar
Vi Icas
= \’\ [{
ViL K A
task lax {
(RAN tAsC,
——’——l tcan
Vin
Mt R S X
n
IRCS treH
Vin
- 7777 *
Vie / Icac
loFr
trac
Dout o High Impedance J; Valid Data 1@—
Note) [/77]: Don’t care
G HITACHI
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HM 50256 Series

® WRITE CYCLE

© READ MODIFY WRITE CYCLE

356

nc
1RAS
. Vin ——
RAS i \K W, [ | .
lesH
o IRsH
v, lcas
w \
™ N 1’4
Vi an
1ASR
1RAN L4SC. .
Vi
Colt
Address e k _/_ ﬁx Address / /
Vi
tawL
lewe
wes wew
Vin v
w LN — /S
Vi -
VCR
tos ton
Vin N
w LS e K
Vi
1pHR
- Von High Impedsnce * 2
Vo Notes) *1.[__]: Don't care
*2. twes = twes(min)
awc
ras
Vin R
W) -
Vi K (rP
e fcas
Vin # 4
s N /
Vi
tar tawe
task ¢ e SRS tean fowt
T = 77K
jumn
A v % Address ;@x Address ///
n
1awp
Ircs tcwp
| wp
Vin
W T N Y/
Vie
ns tow
Vin
777707777777 7K vaaow $(// /)
Din
Vi / /
lcac
loFF
tRAC
Von High Impedance r il Valid Daa F——‘
Dout Vou * 7
Notes) *1.[//) Don'’t care
*2. tawp = trwo(min)
tewn= tewp(min)
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HM 50256 Series

®RAS ONLY REFRESH CYCLE

tRC

RAS

W N

:

ICRP.
- trpc
Vi 4}
i¥
= 777 X/
Vi /
lasr
e {RAH
Vi )
Address Row Address *2 /></
Vi s
Vou High Impedance
Dout o
Notes) *1.[//}: Don't care
*2. Refresh Address A0-A7(AX0-AX7)
® HIDDEN REFRESH CYCLE
tRC
RAS L L tRas 1RAS thp
Vi —— (Read! (Refresh) (Refresh)
RAS N
Vie
! taR
tRCD tcas
Vin e || jp————
CAS V|
Vi sk asc| N 4t
| tcan
tRAH I
Viy 4
e DN K TTLIITLTTITTTIZK R,
Address Add. Add.
Ve 7 2l
tRes l l IReH
. T I
_ Vin {5 Y
WE v
i teaC IRRH

IRAC {oFF
4
. s
o —— 7 Valid Data
Vou K

if
Note)  Don’ t care

®CAS BEFORE RAS REFRESH CYCLE

X ™ A IRAs L tre - [R4S
Ui
RAS
Vi
hpe ICHR
1 1CSR
Vi —_—
CAS
Vi
Vin
Address Don't care
ti
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HM 50256 Series

®COUNTER TEST

{RP
. Vin —
RAS
VL !Refresh ‘Read Wrie /
lesk fCHR ep Ay "
Vir y———
Cas N
. .
Vi 1as¢ .
tea {
Vin
T7777 -
Address Don't care (A8 Kopamn //
Vi
IWCH {RCH
tkes L—“—‘_ﬂ
[ RRH.
bl
“ Vi B [ -
WE /f \ % N
Ve e e e e e e e e — -
1Wes
Notes) *1.£771: Don't care
*2. Dotted Line Means Read Cycle.
® PAGE MODE READ CYCLE
tRP
Vi =
RAS N
Vie N
. Vin y———
CAS
VL
IA%'H
{RAH
Vin
Address 233
Vi
— Vin 4
WE / F /
Vi
leac CAC
Vo T
Valid

358

Note) : Don’t care
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® PAGE MODE WRITE CYCLE

RAS

CAs

Address

Dout

Vi

Vi

Vin

Vi

Vou

VoL

RAS

LASR

IcAs

tcas

\ tap
! "ZF:I\_
4Y

tasc fep
N tasc
"ﬂﬂ 1CAH
Row Co. Y
Add. Add.
IWCS WCS

W//»

tos

toH

/L

Valid
Data

o
“IDM ‘_ IDH
4}
’W / Valid /
Data 5

£ Valid
R Data

High Impedance %2

©® PAGE MODE READ MODIFY WRITE CYCLE

RAS

Address

Notes) *1.[//]: Don't care
*2. twes 2 twes(min)

| tre

N\

& Y

/a4

IRAS
Vin __}’S
Ve N =)
trco | leas tcr
lpCu
Vin Z‘ ~
Ve
AR
tasr
than | few,
T
Vin
/ Row Col. ,
Add. Add.
Vi N—
o | |
e
Vin
7 M
vin
DS
e
toH
Vin
Valid ) Valid %
Daa 4 Data /
\Y7A
Icac toFx
IRAC
Von Valid >_< Valid
Vor \  Daa Data

Valid
Data

o

HITACHI

Notes) *1.[/7J Don't care
*2. trwp 2 trwp(min)
tcwp 2 tewp(min)
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HM50257 Series

262144-word X 1-bit Dynamic Random Access Memory

M FEATURES

Industry standard 16-pin DIP, 18-pin PLCC, 16-Pin ZIP

Single 5V (£10%)

On chip substrate bias generator

Low Power: 350mW active, 20mW standby

High speed: Access Time 120ns/150ns/200ns (max.)

Common |/0 capability using early write operation

Nibble mode capability

TTL compatible

256 refresh cycles . . . .. (4ms)

3 Variations of refresh; RAS only refresh, CAS before RAS
refresh, Hidden refresh

HMS50257P Series

(DP-16B)

HM350257CP Series

m ORDERING INFORMATION
Type No. Access Time Package
HM50257P-12 120ns 300 mil 16 oin Placti
HM50257P-15 150ns 2909 mil 16 pin Plastic
HMS50257P-20 200ns
HMS50257ZP-12 120ns
HMS50257ZP-15 150ns 16 pin Plastic ZIP
HMS50257ZP-20 200ns
HM50257CP-12 120ns
HMS0257CP-15 150ns 18 pin PLCC (CP-18)
HM50257CP-20 200ns
HMS0257ZP Series
B PIN ARRANGEMENT
® HM50257P Series ® HM50257CP Series ®HM50257ZP Series
\ Din As Vss CAS
MK 16] vss T 1 18 17 b
3 (XS
Din| 2 CAS
E 15]Cx -
WE| 3 14 | Dout W_F_E;; : WE
RAs [ 4 wla s o
NC E 5 (ZP-16)
A 11\
.E 12 As (s
13 A7
Mo 1) w7
E j : E 15 A4
A'E 0] A - Ao~As |Address Inputs
(Bottom View? CTAS Column Address Strobe
V“E 9 | Ar B9 10 1l Din Data In
- Al Vee A As Dout Data Out
(Top View) (Top View) RAS Row Address Strobe
WE Read/Write Input
Vee Power (+5V)
Vss Ground
Ao~A; |Refresh Address Inputs
G HITACHI
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[l BLOCK DIAGRAM

arRack J
[N
Data In Shift reg & Switches Data-Out
WE Buffer Buffer
E o] Cloc T 13
G
| 2
_leas el |
CASe{Clock 1= KIME
o % <
l Memory Sl 8ls Memory
Array °: e f Array
&ls|&
RS HHE
RASo{Clock ¢ 4S8
H $
o )
l~_— Row Row
Decoder Decoder
= ar
As = ac. - ”
gl 1
sluls
Ar o Ole |
=|8]|c
8=
Address Memory 28 |% Memory
Buffers Array @ E » Array
2lEl&
E|3|E
<|3|<
Aoo-] 519/ s
2 £
S

ar0-ar7, act-ac7

BB
Generator

I ABSOLUTE MAXIMUM RATINGS

HM50257 Series

Voltage on any pinrelativetoVgg . . . .. ......... -1V to +7V

Operating temperature, Ta (Ambient) . .. .. ..... 0°C to +70°C

Storage temperature . .. ............... .- 55°C to +125°C

Short circuit output current . .. ... ..... e 50mA

Power dissipation . .............. e e 1w

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

Parameter Symbol min typ max Unit Note

Supply Voltage Vee 4.5 5.0 5.5 A% 1
Input High Voltage Viu 2.4 — 6.5 \ 1
Input Low Voltage Vi -1.0 — 0.8 \ 1

Note 1) All voltages referenced to Vss.

EDC ELECTRICAL CHARACTERISTICS (Ta=0

to +70°C, Vec=5V£10%, Vss=0V)

Parameter Symbol H.M50257' 12 H.M 50257-15 H,M 50257-20 Unit | Notes
min max min max min max
Operating Current (RAS, CAS Cycling: trc=min) Icc) — 83 — 70 — 55 mA 1
Stand by Current (RAS = V,4, Dout = High Impedance) Icc. — 4.5 — 4.5 — 4.5 mA
Refresh Current (RAS only Refresh, tac=min) Iccs — 62 - 53 - 42 mA
Standby Current (RAS= V.4, Dout Enable) Iccs — 10 — 10 — 10 mA 1
Refresh Current (CAS before RAS Refresh, tac=min)| Iccs — 69 — 58 - 45 mA
Nibble Mode Supply Current (RAS= Vi1, CAS Cycling, fvc =min) Iecs - 57 - 48 - 37 mA
Input leakage (0< Vin <7V) I —10 10 —10 10 —10 10 KA
Output leakage (0< V... <7V, Dout=Disable) 1.0 —10 10 —10 10 —10 10 HA
Output levels High (L. =—5mA) Vou 2.4 | Ve 2.4 Vee 2.4 Vee \'
Output levels Low (/i =4.2mA) Voo 0 0.4 0 0.4 0 0.4 A
Note) 1. Icc depends on output loading condition when the device is selected. Icc max, is specified at the output open condition.
@ HITACHI
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HM50257 Series

BMCAPACITANCE (Vcc=5V+10%, Ta=25C)

Parameter Symbol typ max Unit Notes

. Address, Data-In - 5 1
Input Capacitance Clocks — 7 oF 1. 2
Output Capacitance Data-Out - 7 1, 2

Notes) 1. Capacitance measured with Boonton Meter or effective capacitance measuring method.

2. CAS=Vux to disable Dout.

MELECTRICAL CHARACTERISTICS AND RECOMMENDED
(Ta=0 to +70°C, Vec=5V£10%, Vss=0V) 1010

AC OPERATING CONDITIONS

HM50257-12 HM50257-15 HM50257-20 .
Parameter Symbol - - - Unit | Notes

min | max | min | max | min | max
Random Read or Write Cycle Time tre 220 — | 260 — | 330 - ns
Read-Write Cycle Time trwe 265 - 310 — | 390 - ns
RAS to CAS Delay Time then 25 60 | 25 75| 30 100 | ns 7
Access Time from RAS trac - 120 150 - 200 ns 2,3
Access Time from CAS teac - 60 — 75 . 100 | ns 3.4
Output Buffer Turn-off Delay torr - 30 - 40 - 50 ns 5
Transition Time (Rice and Fall) tr 3 50 3 50 3 50 ns 6
RAS Precharge Time tre 90 ~ | 100 - | 120 — | ns
RAS Pulse Width tras 120 | 10000 | 150 | 10000 | 200 | 10000 | ns
RAS Hold Time trsH 60 75 - 100 — 1 ns
CAS Hold Time tesu 120 - | 150 - | 200 - ns
CAS Pulse Width tcas 60 | 10000 | 75 | 10000 | 100 | 10000 | ns
CAS to RAS Precharge Time terr 10 10 = 10 -1 ns
Row Address Set-up Time task 0 - 0 - 0 - ns
Row Address Hold Time tran 15 - 15 - 20 - ns
Column Address Set-up Time tasce 0 - 0 = 0 = ns
Column Address Hold Time tean 20 - 25 - 30 - ns
Column Address Hold Time referenced to RAS “tar 80 -1 100 130 —~ | ns
Read Command Set-up Time tres 0 0 - 0 - ns
Read Command Hold Time referenced to CAS tken 0 - 0 - 0 —~ 1 ns
Write Command Set-up Time tves 0 - 0 — 0 - ns 8
Write Command Hold Time twen 40 45 - 55 — ns
Write Command Hold Time referenced to RAS twer 100 - 120 - 155 — ns
Rrite Command Pulse Width twr 40 - 45 - 55 - ns
Write Command to RAS Lead Time triws, 40 - 45 - 55 -] ns
Write Command to CAS Lead Time tews. 40 - 45 - 55 - ns
Data-in Set-up Time tos 0 - 0 - 0 - ns 9
Data-in Hold Time ton 40 - 45 - 55 - ns 8.9
Data-in Hold Time referenced to RAS tonr 100 —~ ] 120 ~ | 155 - | ns
RAS to WE Delay trn 120 — | 150 - | 200 - | ns
CAS to WE Delay tewn 60 = 75 - | 100 — | ns 8
Read Command Hold Time referenced to RAS trin 10 - 10 . i0 — | ns
Refresh Period trER - 4 - 4 - 41 ms
CAS ‘Setup Time tesk 10 - 10 - 10 -| ns
CAS Hold Time (CAS before RAS Refresh) tenr 120 - | 150 -- | 200 - | ns
RAS Precharge to CAS Hold Time trre 0 - 0 - 0 ~ 1| ns
Nibble Mode Access Time tNac - 25 - 25 - 35| ns
Nibble Mode RAS Cycle Time tyre 390 -~ | 460 — 1 590 ns
Nibble Mode RAS Pulse Width INRA 290 -~ | 350 - | 460 ~ | ns
Nibble Mode Cycle Time txe 55 - 60 - 80 - ns
Nibble Mode CAS Precharge Time [ 20 25 - 35 ~ | ns
Nibble Mode CAS Pulse Width xea 25 - 25 - 35 -1 ns

(to be continued )
@ HITACHI
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HM50257 Series

R T HM50257-20 )
Parameter Symbol | T . - Unit | Notes
_ o 1 | mimn : max | l“ll]”#”ﬂ\ﬂ.‘( min I max

Nibble Mode RAS Hold Time IR |45 255 | ns
Nibble Mode CAS to WE Delay RS IR 3 | ns
Nibble Mode Write Lummand to C: \\ L (dd Inne | Ieur 20 25 35 | ns
Nibble Mode Write (,ommdnd to RAS Lmd lmu J|[ /\mu ) 41)? o ) 45 55 ns
Nibble Mode Write Command Pulse W ld;h_- T T 25 o 35 ns
Nibble Mode Read \\mc L)clv lmu T T /\,m, J 75 “Jr"—' ,,,;, ;()7 120 ns
Nibble Mode Read Write C! \\ I’ul\e W dth L fveas 1 5 WJT )_3 ! 75 ns

Notes

1.
2.

AC measurements assume 7 = 5ns.

Assumes that frcp < trep (max). If tgcp is greater
than the maximum recommended value shown in this
table, IR 4 ¢ exceeds the value shown.

Measured with a load circuit equivalent to 2TTL loads
and 100pF.

Assumes that tgrcp 2 trcp (max).

torr (max) defines the time at which the output
achieves the open circuit condition and output voltage
levels are not referred.

Vig (min) and Vj; (max) are reference levels for
measuring timing of input signals. Also, transition
times are measured between Vg and Vpy .

Operation with the fgpcp (max) limit insures that
tR 4c (max) can be met, trcp (max) is specified as a
reference point only; if tgcp is greater than the
specified tpcp (max) limit, access time is controlled

8.

9.

twes, tcwp and g wp are not restrictive operating
parameters.

They are included in the data sheet as electrical
characteristics only; if fycs 2 fwcs (min), the cycle
is an early write cycle and the data output pin will
remain open circuit (high impedance) throughout the
entire cycle; if tcyp 2 tocwp (min) and tgyp 2
trwp (min), the cycle is a read-write and the data
output will contain data read from the selected cell; if
neither of the above sets of conditions is- satisfied the
condition of the data out (at access time) is indeter-
minate.

These parameters are referenced to CAS leading edge
in early write cycles and to WE leading edge in delayed
write or read-modify-write cycles.

10. An initial pause of 100us is required after power-up

then excute at least 8 initialization cycles.

Hitachi America Ltd. 2210 O’Toole Ave. ® San Jose, CA 95131 (408) 435-8300

exclusively by tcac- 11. At least, 8 CAS before RAS refresh cycle are required
before using internal refresh counter.
HETIMING WAVEFORMS
O READ CYCLE
1RC
V. 1RAS
. IH ———\\
R K A e N
tcsu
tRCD RSH teap
Vin N 1CAS
TAS
\n \F A/
1ASR AR
1RAH tasc,
1can
Vin
Row £ Column ‘K/
Add
ress Vie Address | Address
trCS IRCH
w Vin / i <
Ve teac
lorr
{RAC
Dow  pov High Impedarce — Valid Data —
Note) : Don’t care
@ HITACHI
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HM50257 Series

® WRITE CYCLE

RAS

N
tpp N\

/

—

}

tean I

—— ]

tar
tasn tran
ddress Row
Address
gl

NI

””””” il

twen
|
s

Y,

W,

© READ MODIFY WRITE CYCLE

Notes) *1.[//]: Don't care
*2. twes Z twes (mi

RAS 3

o

Y

v

7

/. /

Address Row
Addr

Ny
tar
traw tasc tean
oot
F Column
(3 Address
IR

s
r—c- ha—tcwo

7/ IIIII

S Y,

1D

" T

Dava

tr

Ac

@ HITACHI

i i,

/ alid Dava
N

otes) *1.[/7): Don't care
2. tawp = trwp(min)
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HM50257 Series

®RAS ONLY REFRESH CYCLE

{RC

(RAS

= R

Vie
task
f—— IRAH
v g
" 2 Y L4
Address / Row Address’ “ -
Vi v <45~
Do Vou High Impedance
tou Notes) * 1.7/ Don't care

*2. Refresh Address A0-A7(AX0-AX7)

O HIDDEN REFRESH CYCLE

tRC

RP

IRAS ;L LRP L 1RAS IRAS
Vin — (Read) (Refresh) (Refresh)
s N TN
Vi

4R
tRCD teas

Vin IeHR | y—
CAS /
Vi lask 4sc i
' Ican
1RA I
Vin 4f
Row Col. Y Y
Address Add. Add. A
Vie : 4
tres | I L
- Vin 4 4 X
WE
Vie ya ; tca IRRH
1RAC 1OFF,
- 4
Vou "
————{ Valid Data
Dout Vou K "

Note) : Don’t care

®CAS BEFORE RAS REFRESH CYCLE

tRe A IRAS i L IRP o [RAS

7
RAS
Vi
IcHR
— Vin
CAS
Vi d

Address

Don't care

@ HITACHI
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HM50257 Series.

® COUNTER TEST

Vin
RAS Y —
Refresh - Read Wrire
Ve
fCHR ) ter Ieay ,
Vin
Cas N 4
te }A;t
1CAH
ol
Address ‘\‘.l.i‘Qil / g
L._.L. RCH
RO
wp IRRH
LN
Vin ¥ D) S
WF ( /*\

x
\
\
N — e

wes
Notes) * 1.7 Don't care
*2. Dotted Line Means Read Cycle.
o NIBBLE MODE READ CYCLE
twre |
tNRra
Vi
— '
RAS / o N 5
Va P
teas
Viy &
CAS
Vi
tasc
tasr toan

Vig " Y
Address oW d W /
Add. Add.
mm-m 7 -
RCH
e
_ Viu
Y Y
Vi
trac
of Valid Valid Valid
Dout Data Data Data
Vor
Note) £/ZJ: Don't care
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HM50257 Series

o NIBBLE MODE WRITE CYCLE

INRC ]
INRA
v
" p'
RAS / S
Vie K 7
INC
lcas INRSH
I
v \ nca a——
CAS S S (_/_——
Vie RAH INCP
. 1asc
task tean
Vin

S, @; i L

twes

twes twek
— Vin tWeH tweH
" VN WINC VTN 7 7
Vi + T
tDH o1
tos =" lps *
f-— -
Vin p
Di Valid Valid Valid Valid
" Data Data Data Data
Vi A
Von High Impedance * 2
Dout
VoL Notes) *1.[//): Don't care

*2. twes 2 twes (min)

©® NIBBLE MODE READ MODIFY WRITE CYCLE

{RAS
Vin ——
RS \ /
Vie 7
tkep teas tNRWC .
Vin \r ~ S—
CAS N ] /
Vie tRAK = 7
LASC| Ince. INCAS,
gy lcan
Vin
S Row Col.
Address Add. Add ;
Vi
fcwL Eacwe INCwL
tcwp ticwo tNRWL
et
Viu
w e Ian\NVan W
Vi P TP
tos
tou tos| | ton
Vin -
Din Valid Valid Valid Valid
Data Data Data Data
Vi K
tea
IRAC tnac

Vou Valid Valid Valid Valid
Dot o | Data Data Data Data

Notes) *1.///: Don’t care
* 2. tawp = trwp(min)

tcwp 2 tewp(min)
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HM51256 Series

262144-word X 1-bit CMOS Dynamic Random Access Memory

sFEATURE
® 262, 144 word x 1 bit DRAM
Plastic 16 pin DIP & 18 pin PLCC
Double layer Poly-Si/Policide Process, high performance CMOS
Power supply voltage: 5V = 10%
Access time
Row access time: 85/100/120/150ns
Address access time: 40/45/55/70ns
® Cycle time
Random read/write cycle time: 155/180/210/250ns
High speed page mode cycle time: 50/55/65/80ns
® | ower power
Standby: 1TmW (TTL Level)
1.1mW (CMOS Level: L-version)
Active: 385/330/275/220mW
® |nput and output: TTL compatible
® Refresh: 256 cycles/4ms
256 cycles/32ms (L-version)
® Refresh function: RAS only refresh, CAS before RAS refresh,
Hidden refresh
o High speed page mode capability
® Edge triggered write capability
® Fast CAS output control

m ORDERING INFORMATION

Type No. Access Time Package
HMS51256P-8 85ns
HMS51256P-10 100ns 300 mil 16 pin Plastic
HM51256P-12 120ns DIP
HM51256P-15 150ns
HM51256CP-8 85ns
HM51256CP-10 100ns .
HM51256CP-12 120ns 18 Pin PLCC
HM51256CP-15 150ns
HM51256LP-8 85ns
HM51256LP-10 100ns 300 mil 16 pin Plastic
HM51256LP-12 120ns DIP
HM51256LP-15 150ns
HM51256LCP-8 85ns
HMS51256LCP-10 100ns )
HM51256LCP-12 120ns 18 pin PLCC
HMS51256LCP-15 150ns
HM512562P-8 85ns
HMS51256ZP-10 100ns
HM51256ZP-12 120ns
HMS51256ZP-15 150ns 16 pin Plastic
HM51256LZP-8 85ns ZIp
HM51256LZP-10 100ns
HM51256LZP-12 120ns
HM51256LZP-15 150ns

@G HITACHI

HMS51256P Series

1

(DP-16B)

HMS51256CP Series

>

(CP-18)

HM512562ZP Series

(ZP-16)
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HM51256 Series

W PIN ARRANGEMENT

® HM51256P Series ® HM51256CP Series ® HM512562ZP Series
U Din A8 Vss CAS —
AI[I 6] tss INDEX L .A_o___A. Address Inputs
CORNER 21 CAS Column Address Strobe
DmE 15 | CAS Din Data In
Dout Data Out
WE| 3 14 [ Dou ——
[: o WEE : RAS Row Address Strobe
mE E As RT\'SE ¢ WE Read/Write Input
ol I] . xefls Vee Power (+5V)
OE ol '“)E 6 Vss Ground
A:E I] A ‘z[ 7 Ac—A; Refresh Address Inputs
[ - '
s s 10 1 (Bottom View)
e E Z] A oo o
Al Vec A7 AS
(Top View) (Top View)
H ABSOLUTE MAXIMUM RATINGS
Voltage on any pinrelativeto Vgg . .. ........... -1V to +7V
Operating temperature, Ta (Ambient) . . . . . . ....0°Cto+70°C
Storage temperature . . . . .. e -55°C to +125°C
Short circuit outputcurrent . .. .. ................ 50mA
Power dissipation . ............................. 1w
s BLOCK DIAGRAM Din Dout
WE o RW Clock T ?
Generator — Data in Data out
Buffer Buffer
cas CAS Clock f
Generator
R |
RAS RT< Clack
Generator
_Refresh c| £
Control = g
Memory Array R -
1 —t 262,144bits b
£ |2
Address Row e
Counter Address 4
Buffer &
A j Column
. \;n v Row Decoder
Buffer
Vee O—
V'ss O Van Generator

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

Parameter Symbol min typ max Unit Note
Supply Voltage i Vee 4.5 5.0 5.5 \4 1
Input High Voltage Vin 2.4 — 6.5 A 1
Input Low Voltage Vie —-1.0 — 0.8 \4 i 1

Note) 1. All voltages referenced to Vss

G®HITACHI
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HM51256 Series

MDC ELECTRICAL CHARACTERISTICS (7z=0to +70°C, Vec=5V£10%, Vss=0V)

HM51256-8 |[HM51256-10{HM51256-12| HM51256-15 .
Parameter Symbol N N " " Unit |Notes
min | max | min | max | min | max | min | max
Operating Current (RAS, CAS Cycling: frc =min) Iecr — 70 - 60 — 50 - 40 | mA 1
Standby Current (RAS= Viu, Dout = High Impedance) Icc2 - 2 - 2 - 2 - 2 mA
Refresh Current (RAS only Refresh, tk¢=min) Iecs - 70 - 60 - 50 - 40 | mA
Standby Current.(RAS = Vin, Dout Enable) Ieca - 6 - 6 - 6 - 6 mA 1
Refresh Current (CAS before RAS Refresh, fkc =min) Iecs - 60 - 55 - 45 - 35 | mA
High Speed bPage Mode Supply Current (RAS= Vi1, CAS Cycling, frc=min.) Iccs — 70 - 60 - 50 - 40 | mA 1
Standby Current (RAS, CAS= Vee—0.2V) Iecr — 1200 | — |[20]| — |20 ]| — | 20| xA 2
Input leakage (0< Vin<7V) Iu —10| 10 | —-10]| 10 | —=10| 10 | —10| 10 | pA
Output leakage (0< V.. <7V, Dout = Distable) Iro —10} 10 | =10} 10 |{-10| 10 | —10| 10 | mA
Output levels High (Zour= —5mA) Vou 24 | Vec| 24 | Vee | 24 | Veec | 24 | Vee | V
Output levels Low ([ =4.2mA) VoL 0 0.4 0 0.4 0 04 0 0.4 \%
Notes ' 1. fee depends on output loading condition when the device is selected. e max, is specified at the output open condition.
2. This specification is guaranteed only for L-version :
B CAPACITANCE (Vec=5V+10%, Ta=25C)
Parameter Symbol typ max * Unit Notes
) Address, Data-in Cn - 5 1
Input Capacitance Clocks cn — 7 oF 1
Qutput Capacitance Data-out Co - 7 1,2
Notes) 1. Capacitance measured with Boonton Meter or effective capacitance measuring method.
2. CAS = Vix to disable Dout.
B ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS
(Ta=0 to +70°C, Vcc=5V£10%, Vss=0V)
@ Read, Write, Read-Modify-Write and Refresh Cycles (Common Parameter)
HM51256-8 |[HM51256-10 HM51256-12 HM51256-15 .
Parameter Symbol - - " N Unit |Notes
min | max | min | max | min | max | min | max
Random Read or Write Cycle Time tre 155 - 180 - 210 — 250 - ns
RAS Precharge Time trp 60 | — | 70| — | 80 | — |9 | - | ns
RAS Pulse Width tias 55 }10000{ 65 10000 75 |10000| 95 |10000| ns
CAS Pulse Width tcas 25 | — |25 — [ 3 | - |3 | - |ns
Column Address Set-up Time tasc 0 - 0 - 0 - 0 - ns
Column Address Hold Time tean 15 - 20 — 25 - 30 - ns
Column Address Hold Time to RAS tar 60 | — | 75| - |9 | — |110| — | ns
RAS to CAS Delay Time treo | 20 | 60 | 25 | 75 | 25 | 90 | 30 | 115| ns | 8
RAS to Column Address Delay Time traD 15 45 1 20| 55 20 65 25 80 ns 9
RAS Hold Time tesw | 20 | — |25 | — |3 | - |3 | - | ns
CAS Hold Time tesu 85 - 100 | — 120 | — 150 - ns
CAS to RAS Precharge Time terp 0 —-]10|—-]10]|—-1]10|-1|ns
Row Address Set-up Time tasr 0 - 0 - 0 - 0 - ns
Row Address Hold Time tRaH 10 - 15 - 15 - 20 - ns
Transition Time (Rise and Fall) tr 3 50 3| 50 3 50 3 50 ns
Refresh Period tREF - 4 - 4 - 4 - 4 ms
- 32 - 32 - 32 - 32 | ms | 21
® Read Cycle
HM51256-8 |[HM51256-10{ HM51256-12| HM51256-15 .
Parameter Symbol - - - - Unit | Notes
min | max | min | max | min | max | min | max
Access Time from RAS trac - | 8 | ~ J100| - |120] — [150 | ns |23
Access Time from CAS teac - 25 - 25 - 30 - 35 ns 3,4
Access Time from Address taa — 40 - 45 - 55 - 70 ns |3,5,14
Read Command Set-up Time tres 0 - 0 - 0 - 0 - ns
Read Command Hold Time to CAS treH 0| —lo |l ~-1lo | -]0]|-1|ns
Read Command Hold Time to RAS tRRH 10 - 10 - 10 - 10 - ns
Column Address to RAS Lead Time traL 40 - 45 - 55 - 70 - ns
Output Buffer Turn-off Time torr 0 20 0 25 0 30 0 35 ns 6
@ HITACHI
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HM51256 Series

® Write Cycle
Parameter Symbol HM51256-8 HM51256-10 HM51256-12 HM51256~15 Unit | Notes
min | max | min | max | min | max | min | max
Write Command Set-up Time twes 0 - 0 - 0 = 0 = ns 10
Write Command Hold Time twen 20 25 - 30 - 35 - ns
Write Command Hold Time to RAS twer 65 - 80 — 95 - | 115 | — ns
Write Command Pulse Width twp 15 - 20 - 25 - 30 - ns
Write Command to RAS Lead Time tRwL 20 | = |25 | - |3 |- ]3| ~-|mns
Write Command to CAS Lead Time tewn, 20 - 25 - 30 - 35 - ns
Data-in Set-up Time tns 0 - 0 - 0 - 0 - ns 11
Data-in Hold Time ton 15 - 20 - 25 - 30 - ns |10, 11
Data-in Hold Time to RAS tonr 60 | — | 75| — |9 | - 10| — | ns
® Read-Modify-Write Cycle
HM51256-8 |HM51256-10/ HM51256-12| HM51256-15
Parameter Symbol Unit | Notes
min | max | min | max | min | max | min | max
Read-Write Cycle Time trwe 180 | — [ 210 | — |245| — | 290 | — ns
RAS to WE Delay Time thwp | 85 | — [ 100 | ~ | 120 | = |15 | — | ns | 10
CAS to WE Delay Time tewp | 20 | — | 25 | — 130 | — |3 | — | ns | 10
Column Address to WE Delay Time tawp 40 - 45 - 55 - 70 - ns 10
® Refresh Cycle
. HM51256-8 |HM51256-10 HM51256-12| HM51256-15
Parameter Symbol Unit |Notes
min | max | min | max | min | max | min | max
CAS Set-up Time (CAS before RAS Refresh) tesk | 10| = [ 10| = 10| =10 |=]ns
CAS Hold Time (CAS before RAS Refresh) tenw | 10| = | 10| — |10 — | 10|~ | ns
RAS Prechange to CAS Hold Time trre 5| - |15 -1} —-|1] - ns

® High Speed Page Mode Cycle

HM51256-8 |HM51256-10 HM51256-12| HM51256-15
Parameter Symbol Unit |{Notes

min | max | min | max | min | max | min | max
High Speed Page Mode Cycle Time trc 50 - 55 - 65 - 80 - ns |18, 20
High Speed Page Mode RAS Pulse Width trare 55 |75000| 65 [75000{ 75 |75000| 95 |75000| ns 19
RAS to Second WE Delay Time trsw 9 | — [105| — [125| — |15 | — | ns
CAS Precharge Time ter 10 - 15 - 20 - 20 - ns
Write Invalid Time twr 10 - 10 - 15 - 15 - ns
Access Time from Column Precharge Time tear - 45 - 50 - 60 - 75 ns 20

® High Speed Page Mode Read-Modify-Write Cycle

) HMS51256-8 |HM51256-10 HM51256-12| HM51256-15
Parameter Symbol Unit |Notes

min | max | min | max | min | max | min | max
High Speed Page Mode Cycle Time on Read-Write trwpC 85 - 95 - 115 - 145 - ns 12
Access Time from Previous WE trwa - 80 - 90 - | 110 | — 140 | ns | 3,13
Previous WE to Column Address Delay Time twap 20 | 40 | 25 | 45 | 30 | 55 | 35 | 70 | ns | 15
Notes: AC measurements assume ¢ = Sns.

1.

2. Assumes that tRcp S tRCD (max) and tRAD S tRAD (max). If tRCD o1 tRAD is greater than the maximum
recommended value show in this table, 1R 4 ¢ exceeds the value shown.

Measured with a load circuit equivalent to 2TTL loads and 100pF.

Assumes that tRcp 2 tRCD (max), tR4AD = tRAD (max).

Assumes that trcp S tRep (max) and tR4D 2 tRAD (max).

toFF (max) defines the time at which the output achieves the open circuit condition and is not referenced to
output voltage levels.

Al il od
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HM51256 Series

7. ViH (min) and Vjz (max) are reference levels for measuring timing of input signals. Also, transition times are
measured between Vygand Vi,
8. Operation with the g cp (max) limit insures that tg 4 ¢ (max) can be met, tRcp (max) is specified as a reference
point only, if tRp is greater than the specified 1R cp (max) limit, then access time is controlled exclusively by tcqC.
9. Operation with the fg 4 p (max) limit insures that tg 4 (max) can be met, tg 4 p (max) is specified as a Re-
ference point only, if 1R 4 p is greater than the specified g 4 p (max) limit, then access time is controlled
exclusively by 144.

10. twcs. tRwWD. tCwD and 14 wp are not restrictive operating parameters. They are included in the data sheet as
electrical characteristics only: if tcs 2 ty¢s (min), the cycle is an early write cycle and the data out pin will
remain open circuit (high impedance) throughout the entire cycle; if tgyp 2 trwp (min), tcwp 2 tCwD
(min) and t4wp 2 t4 wp (min), the cycle is a read/write and the data output will contain data read from the
selected cell; if neither of the above sets of conditions is satisfied, the condition of the data out (at access
time) is indeterminate. o o

11. These parameters are referenced to CAS leading edge in early write cycles and to WE leading edge in delayed
write or read-modify-write cycles.

12. tRwpC (min) = t4wp (min) + rty4p (max) + t7.

13. Assumes that tyqp < twqp (max). If tyqp is greater than the maximum recomended value shown in this
table, tpy 4 exceeds the value shown.

14. Assumes that tyqp = tw4p (max).

15. Operation with the ty4 p (max) limit insures that tpy 4 (max) can be met, fyy 4 p (max) is specified as a
reference point only, if ¢ty 4p is greater than the specified 4 p (max) limit, then access time is controlled
exclusively.by t44.

16. An intial pause of 100us is required after power-up then execute at least 8 initialization cycles.

17. At least, 8 CAS before RAS refresh cycles are required before using internal refresh counter.

18. Assumes that t4§C =tCP - 5 ns.

19. tr4pc defines RAS pulse width in High Speed Page mode cycle.

20. Access time is determined by the longer of £44 or tc4 ¢ or tc4p.

21. This specification is guaranteed only for L-version.

B TIMING WAVEFORMS
®Read Cycle

LRC

R_Ag —_3_\ e / tRP. \

LRSH

T / .
s o N e KT ITITITTL
w 17T N

Dout

Dout

tRAC

Note) 7] Don’t care
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HM51256 Series

1RC

® Write Cycle RAS ———y thas
\ 113
LRWL
RsH
LRCD tcas LcRP
tesk

A
i

LRAH

siaes 77X o el

= TN 77777
o TITTTTIIN. o XITTTTTTTTTTTT]

*2
Dout Open
. . Notes) *1.777/): Don't care
® Read Modify Write Cycle 2 twes® twes(min)
tRwC
\ trp \
IRCD. LcRp

CAS 1\ ¢ \
lﬂ {RAD
1RA _’.‘5’5__ tean
tAwD
Address Row @ Column x /; / 7 // //
{
tewt
”'C;‘ LRWL r
F tewn
e LI N/ /1111111111
T
LRWD toH
i_l)_ﬂ

w /L1 [ R

taa

Do ___@< Do o
I
thac Notes) *1.[/////): Don't care
*2. trwp Z trwp (min)
tewp Z tewp (min)
@ H lTAcH | tawp Z tawp (min)
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HM51256 Series

®RAS Only Refresh Cycle

tre

\ 1RAS | tRP

RAS

tRPC

NLLLLLLL L

3
N
E_l

® Hidden Rafresh Cycle

Address

Dout

®CAS Before RAS Refresh Cycle

Address

Dout

374

task LRaH
s IR~ XL
Dout Open
Note) : Don't care
tre lre
— tRAs tRAs
1 tae J/T'_ tar N—
trcp thsn_| Lenn tcrp)
pran AR '3
1ask Lar tean
tRaH tRaL
Row Column s
1RAD
i 1 RRH|
[~Taes
LT rexe Z
tas L0FF.
]
1RAC
AC d
} Read | Refresh ]
T 1
Note) /772 Don't care
tre 114
. LRAS LRAS
tre. tRp
CHR
tesr tesr teHR - Lerp
[T
i [/ [/ / /L
Open
Note) : Don't care
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HM51256 Series

® High Speed Page Mode Read Cycle

i nare
RAS 4
1
k
T
ar 1 LAt

3 s, tcnp
taco ]
— teas s A teas
€S taap te tasc
| tew
i ‘ el [rcan t,
tas mn_ o lasc

« 000 || [0 VAN Y

tory.

M M
Dout 1 Do 2 }4@ Dour N S
Do YR ot ]
; o

e - .
i Note) 7773 Don't care
® High Speed Page Mode Write Cycle
—_
TAg Laarc tar
T i esn ] \_—
1acp e 17} l 1CRP

toay toas teas
. c
tase A 1asc tean lasc fean tasc loan

Address ﬂ Row m Column 1 Column 2 Column N %b ; ; ; ; ; ; ; ; ; ; ; ; 7 ; ;1

fal
tem | | tcw
wes 1—-—'"" s e, twey
towp
—
WE
tecs tvr. twr
twr,
tase
tos | | ton tos ton tos | |tow
! Din 1 Din2 Din N
tour
*2
Dout Open "

Notes) * 1.{77}: Don't care
*2. twes@ twes(min)

® High Speed Page Mode Read Modify Write Cycle

trarc
fAS )
/ e
R b
L
xco Lowre 1n tcar
jr— 4y
(AY i 3 N, teas Y
X T ¥
an
tas ' : fc.

. @( tow W Cu'\:m"' Km ol 2 W Column N ES// / /Z/// // / ///

i
cwe
Ay Ly
W e ™ wr e/
! *
ton

tos | ok tosf |0

=
NI

tan tas tas

Dhou ——@( Dou 1 Dour 2 )@( [ —

Note) {777} Don't care
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HM51258 Series

262144-word x 1-bit Static Column CMOS Dynamic RAM

The HM51258 is the 262,144 word by 1 bit static
column dynamic random access memory utilizing the
Hitachi 2um CMOS process.

This device has static column circuit and it is good for

high performance main storage or for page access
applications. L
While the row circuitry is still dynamic, and it controls B 'ﬂ,

the power consumed in the static circuitry. It realizes
very low power dissipation.

Multiplexed address and the 16 pin pinout are com- (DP-16B)
patible with the fully dynamic 256K DRAM
HM50256.
mPIN ARRANGEMENT

= FEATURES "
® 262,144 word x 1 bit SCRAM [ 0] b
® Double layer Poly-Si/Policide Process, high n;nE 15[ CS

performance CMOS E = o

® Power supply voltage 5V + 10% WK

® Access time ““5E E A

Row access time: 86/100/120/150ns *"E

Address access time: 40/45/55/70ns Bl
® Cycle time Arf 6 1
Random Read&Write cycle time: 155/180/210/250ns NE E,\s
Static Column cycle time: 45/560/60/75ns
® Lower power ‘“E Sl
Standby: 11mW (Top View)

Active: 385/330/275/220mW

® |nput and output: TTL compatible

Refresh: 256 cycles/4ms

® Refresh function: RAS only refresh, CS before
RAS refresh, Hidden refresh

® Static column mode capability

Edge triggered write capability

® Fast CS output control

m ORDERING INFORMATION
Type No. Access Time Package
HM51258P-8 85ns
HM51258P-10 100ns 300 mil 16 pin Plastic
HM51258P-12 120ns DIP
HMS1258P-15 150ns
G HITACHI
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HM51258 Series

= BLOCK DIAGRAM Din Dout
WE EM Clock T T
enerator D in
— L] [ ]
ol Fom ll L__H
RAS RAS Clock
RAS 09 Genermtor [
H
G ™
Refresh 14
Control ; g
X3 Memory Array 4 2
262, 144bits gl g
85 @ < | 2
33 S3& &
A,Bj g8 Row Decoder J
A0 235
o<m
Vee O—=
Ve F.
Vss O—= Generator
= ABSOLUTE MAXIMUM RATINGS
Parameter Symbol Rating Unit
Voltage on any pin relative to Vgg Vr -1.0to +7.0 v
Supply Voltage relative to Vgg Vee -1.0to +7.0 v
Short circuit output current Iout 50 mA
Power dissipation Pr 1.0 w
Operating temperature Topr 0to +70 °C
Storage temperature Tstg —-55to +125 °C
= RECOMMENDED DC OPERATING CONDITIONS (7,=0to +70°C)
Parameter Symbol min typ max Unit
Supply voltage Vee 4.5 50 5.5 v
Input high voltage Vig 24 — 6.5 A\
Input low voltage ViL -1.0 - 0.8 v

Note) All voltages referenced to Vgg.
® DC ELECTRICAL CHARACTERISTICS (V¢c=5V+10%, Vsg=0V, T,=0 to +70°C)

o HM51258-8 [HM51258-10|HMS 1258-12]HM51258-15]
Parameter Sybmol Test conditions - - - - Unit | Note
min max min max min max min max

Operating current "ICEI"]:R‘A—s,c_sici?c:[ing;'{);_}}fﬁ Tl T - Teo ] 1o - |40 [mall
Standby current Icc2 | RAS=Vjy. Dout=High I 2 - 2 - 2 - 2 | mA
Refresh current | Icc3 | RAS only Refresh, tre=min ~ T 0 - lTeo | - {so] - 40 [ ma
Standby curir‘egl‘__ilccty“ Vm;V[H_, Dout Enable . 6 - 6 - 6 - 6 | mA 1
Refresh currcﬁhclrcé_saa.(‘_s before RAS Refresh. fgC=min 60 - 55 - 45 - 35 | mA
Operating current Iccs ’S;;gg (;;,];g‘:mb?:de’ 70 - 60 - 50 - 40 | mA 1
Input leakage Irr | Vin=0to 7V -10 10 |-10 10 {-10 10 | -10 10 | uA
Output leakage | 110 | Vour=0 o 7V 10 | 10 |-10 | 10 |[-10 | 10 [-10 | 10 | wA
Output high voltage| Vog | four=-5SmA 24 |vee| 24 Tvee| 24 [veel 24 [vee] v
Output low voltage | VoL, | lour=4.2mA 0[04] 0 04| 0 [04] 0 [04] V

Note) 1. I¢c depends on output loading condition when the device is selected.
Icc max is specified at the output open condition.
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HM51258 Series

® CAPACITANCE (Vce=5V+10%, T,=25°C)

Parameter Symbol | typ |max |Unit |Note Note) 1.-Capacitance measured with
‘Address. Data-In c _ 5 oF 1 Boom.on Meter or e.ffective
Input capacitance ’ u capacitance measuring method.
Clock Cr2 - |7 |pF |1 2. CS=V¥ y to disable Dout.
Output capacitance | Data-Out Co - 7 pF 1,2

m ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING
CONDITIONS (7,=0 to +70°C, Vo =5V£10%)

® Read, Write, Read-Modify-Write and Refresh Cycles (Common Parameter)

HM51258-8 [HM51258-10(HM51258-12[HM51258-15 .
Parameter Symbol — " " - Unit |Notes
min | max | min | max | min | max | min | max
Random Read or Write Cycle Time tRC 1ss{ — | 180 | — | 210 | - |250 | - ns
RAS Precharge Time IRP 60 | - 70 | - 80 | - 90 | - | ns
RAS Pulse Width tRAS | 55 [10000] 65 [10000] 75 {10000] 95 {10000{ ns
CS Pulse Width tcs 25| - 25| - 30| - 35{ — | ns
RAS to CS Delay Time tRCD | 20| 60 | 25 751 25| 90| 30 {115 | ns 8
RAS to Column Address Delay Time tRAD | 15| 45| 20| 55| 20| 65| 25| 80 | ns 9
RAS Hold Time tRsH | 20 | - 25| - 30 | - 351 — ns
CS Hold Time tcsyg | 85| - [100| - [ 120 — | 150 | - ns
CS to RAS Precharge Time tcrp | 10| - 10 | - 10| - 10 | - ns
Row Address Set-Up Time tASR 0 - 0 - 0 - 0 - ns
Row Address Hold Time IRAH | 10| - 15| - 15| - 20| - ns
Transition Time (Rise and Fall) tT 31 50 3 50 3 50 3 50| ns 7
Refresh Period tREF | — 4 - 41 - 4| - 4| ms
@ Read Cycle
Access Time from RAS trRaC | - 85| — |100| — [120] - [150| ns | 2,3
Access Time from CS tcAac | - 25| - 25| - 30 | — 35| ns | 3,4
Access Time from Address t44 - 40 - 45 - 55 - 70 | ns (35,14
Column Address Hold Time to RAS on Read | 4R 85| - |100| - | 120 - | 150 | — ns
Read Command Set-Up Time tRCS 0| - 0| - 0| - 0| - ns
Read Command Hold Time to CS tRCH 0 - 0] - 0| - 0| - ns
Read Command Hold Time to RAS tRRH | 10| - 10| - 10| - 10| - ns
Column Address to RAS Lead Time trRAL | 40| - 45 | - 55| — 70 | — ns
RAS to Column Address Hold Time tAH 10} - 15 - 15 —~ 20 | - ns 1