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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: 

I. This manual may, wholly or partially, be subject to change without notice. 

2. All rights 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. 
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•au1cK REFERENCE GUIDE TO HITACHI MEMORIES 

•MOS RAM 

Access Cycle Supply Power Package*' 
Total Organization Time Time Mode Bit Type No. Process (wordxbit) (ns) (ns) Voltage Dissipation Page 

max mm 
(V) (W) Pin No. G p FP SP ZP jCG CP JP M 

HM6l47H-35*2 35 35 • 63 

HM6147H-45*2 45 45 • 63 

HM6147H-55*' 55 55 • 63 
4096x I O.lm/0.15 18 

HM6l47HL-35*' 35 35 • 63 

HM6147HL-45*2 45 45 • 63 

HM6147HL-55*' 55 55 • 63 

HM6116-2*' 120 120 O.lm/0.2 • • 70 

HM6116-3*' 150 150 • • 70 
O.lm/0.18 

HM61 l6-4*' 200 200 • • 70 
CMOS 

HM6116L-2*2 120 120 101'/0.18 • • 70 
4k-bit 

150 HM6116L-3*2 150 • • 70 

HM6l 16L-4*2 200 200 
101'/0.16 • • 70 

HM6l 16A-12*2 120 120 • • 77 
2048X8 24 

HM6l l6A-15*' 150 150 O.lm/l5m • • 77 

HM6l l6A-20*2 200 200 • • 77 

HM6l l6AL-12*2 120 120 • • 77 

HM6l l6AL-15*2 150 150 51</IOm • • 77 

HM6l l6AL-20*' 200 200 • • 77 

HM67l6-25 25 25 • 85 
Bi-CMOS 0.28 

HM67l6-30 30 30 • 85 

HM6168H-45*2 45 45 • 90 

HM6168H-55*' 55 55 O.lm/0.2 • 90 
Static +5 

HM6168H-70*2 70 70 • 90 

HM6 l 68HL-45*2 45 45 • 90 

HM6l68HL-55*2 55 55 51'/0.2 • 90 
4096x4 

HM6 I 68HL-70*2 70 70 • 90 

HM6268-25 25 25 • 97 
O.lm/0.25 

HM6268-35 35 35 • 97 

HM6268L-25 25 25 • 97 

HM6268L-35 35 35 
51'/0.25 • 97 

HM6l67-6*2 85 85 • 104 
\6k-bit CMOS O.lm/0.15 20 

HM6l67-8*2 100 100 • 104 

HM6167L-6*2 85 85 • 104 

HM6167L-8*2 100 100 
51'/0.15 • 104 

HM6167H-55*2 55 55 • 111 
O.lm/0.2 

HM6167H-70*2 70 70 • Ill 
16384X I 

HM6167HL-55*2 55 55 • 111 

HM6 l 67HL-70*2 70 70 
51</0.2 • ll I 

HM6267-35 35 35 • 118 
O.lm/0.2 

HM6267-45 45 45 • 118 

HM6267L-35 35 35 • 118 

HM6267L-45 45 45 
51'/0.2 • 118 

HM67l9-25*2 25 25 • 85 
!8k-bit Bi-CMOS 2048x9 0.28 24 

HM67l9-30*2 30 30 • 85 
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-----------------------------QUICK REFERENCE GUIDE 

Access Cycle Supply Power l"dckage* 1 

Mode Total Type No. Process Organization Time Time Voltage Dissipation Page Bit (wordxbit) (ns) (ns) 
max min 

(V) (W) !Pin No. G p Fl' SP ZP ~G CP JP M 

HM6264- I 0*' 100 100 • • 125 

HM6264-12*2 120 120 O.lm/0.2 • • 125 

HM6264-l 5*' 150 150 • • 125 

HM6264L-l0*' 100 100 • • 125 

HM6264L-12*2 120 120 10µ/0.2 • • 125 

HM6264L-15*' 150 150 • • 125 

HM6264L-IOL 100 100 • • 125 

HM6264L-l2L 8192X8 120 120 !01t!0.2 28 • • 125 

HM6264L-15L 150 150 • • 125 

HM6264A-l2 120 120 • • • 133 

HM6264A-l5 
CMOS 

150 150 
O. lm/l5m • • • 133 

HM6264AL-l2 120 120 • • • 133 

HM6264AL-l5 150 150 
l01</l5m • • • 133 

HM6264AL- I 2L 120 120 • • • 133 

HM6264AL-l5L 150 150 
I01<1l5m • • • 133 

HM6288-25 25 25 • • 145 

HM6288-35 35 35 O.lm/0.3 • • 145 

HM6288-45 45 45 • • 145 

HM6288L-25 
16384X4 

25 25 
22 • • 145 

HM6288L-35 35 35 O.lm/0.3 • • 145 

HM6288L-45 45 45 • • 145 
64k-bit HM6788-25 25 25 • 150 

HM6788-35 35 35 • 150 

HM6788H-l5 15 15 
lOm/0.23 22 • 154 

HM6788H-20 20 20 • 154 

Static HM6789-25 Bi-CMOS l6384x4 25 25 +5 • • 160 

HM6789-30 30 30 • • 160 

HM6789H-l5 15 15 
IOm/0.23 24 • • 167 

HM6789H-20 20 20 • • 167 

HM6287-45 45 45 • 175 

HM6287-55 55 55 O. lm/0.3 • 175 

HM6287-70 70 70 • 175 

HM6287L-45 45 45 • 175 

HM6287L-55 55 55 101</0.3 • 175 

HM6287L-70 CMOS 70 70 • 175 

HM6287H-25 65536X l 25 25 22 • • 182 

HM6287H-35 35 35 • • 182 

HM6287HL-25 25 25 
O. lm/0.3 • • 182 

HM6287HL-35 35 35 • • 182 

HM6787-25 25 25 • • 190 

HM6787-35 30 30 
38m/O. l5 • • 190 

HM6787H-l5 
Bi-CMOS 

15 15 • 195 

HM6787H-20 20 20 
!Om/0.28 

195 • 
HM62256-8 85 85 • • 201 

HM62256-l0 100 100 • • 201 

HM62256-12 120 120 
0.2m/40m • • 201 

HM62256-l5 150 150 • • 201 
256k-bit HM62256L-8 CMOS 32768X8 85 85 28 • • 201 

HM62256L- l0 100 100 • • 201 

HM62256L-l2 120 120 
I0µ/40m • • 201 

HM62256L-l5 150 150 • • 201 

@HITACHI 
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QUICK REFERENCE GUIDE----------------------------

Access Cycle Supply Power Package*' 
Total Organization Time Time 

Mode Bit 
Type No. Process (wordXbit) (ns) (ns) Voltage Dissipation Page 

max min (V) (W) IPin No. G P FP SP ZP ra CP JP M 

HM62256SL- IO 100 100 • • 201 

HM62256SL-12 32768x8 120 120 101'/40m 28 • • 201 

HM62256SL-15 150 150 • • 201 

HM6208-35 35 35 • 209 
O.lm/0.3 

HM6208-45 45 45 
24 • 209 

CMOS 
HM6208L-35 35 35 • 209 

65536x4 IOl'/0.3 
HM6208L-45 45 45 • 209 

HM6708-20 20 20 • • 215 

Static 256k-bit 
IOm/0.175 

HM6708-25 25 25 • • 215 

HM6207-35 35 35 • 221 
O.lm/0.3 

HM6207-45 45 45 24 • 221 

HM6207L-35 262144xl 35 35 • 221 
101'/0.3 

HM6207L-45 45 45 • 221 

HM6707-20 20 20 • • 227 
Bi-CMOS IOm/0.175 

HM6707-25 25 25 • • 227 

HM66203-IO 100 100 • 233 

HM66203-12 120 120 0.8m/40m • 233 

HM66203-15 131072X8 150 150 • 233 

HM66203L-10 100 100 • 233 

HM66203L-12 120 120 401'/40m • 233 

HM66203L-15 150 150 • 233 

HM66204-12*' 120 120 +5 • IOm/50m 
239 

Static HM66204-15*3 13I072x8 150 150 • 239 

RAM IM-bit HM66204L-12*' (With Decoder) 120 120 32 • 239 
Module 40µ/50m 

HM66204L- l 5*3 150 150 • 239 

HM628128-7 70 70 • • 245 

HM628128-8 85 85 
5m/75m • • 245 

HM628128-IO 100 100 • • 245 

HM628128-12 CMOS 
I3I072x8 120 120 • .. 245 

HM628128L-7 70 70 • • 245 

HM628128L-8 85 85 
I0µ/75m • • 245 

HM628128L-10 100 100 • • 245 

HM628128L-12 120 120 • • 245 

HM6526A-12 120 190 • • 259 

HM6526A-15 150 235 • • 259 

HM6526A-20 200 310 • • 259 

HM65256B-10 100 180 • • • 265 

Pseudo HM65256B-12 120 190 • • • 265 
256k-bit 32768 x 8 2m/0.175 28 

Static HM65256B-15 150 235 • • • 265 

HM65256B-20 200 310 • • • 265 

HM65256BL- l 0 100 180 • • • 265 

HM65256BL- l 2 120 190 • • • 265 

HM65256BL- l 5 150 235 • • • 265 

HM65256BL-20 200 310 • • • 265 

@HITACHI 
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-----------------------------QUICK REFERENCE GUIDE 

Access Cycle Supply Power Package*' 
Mode Total Type No. Process Organization Time Time Voltage Dissipation Page 

Bit (wordxbit) (ns) (ns) 
max min (V) (W) Pin No. G p FP SP ZP k=o CP JP M 

HM658128-IO 100 180 • • 272 

HM658128-12 120 2to 5m/0.2 • • 272 

Pseudo HM658 I 28- I 5 150 250 • • 272 
IM-bit I3l072x8 32 

Static HM658I28L-IO too I80 • • 272 

HM658I28L-I2 120 210 0.3m/0.2 • • 272 

HM658 I 28L-15 150 250 • • 272 

HM6302I-28 2048x8 20 28 • 32I 
I6k-bit 0.25 28 

HM63021-28 CMOS Line Memory 25 34 • 32I 

HM53461-IO IOO I90 • • 289 

HM53461-I2 I20 220 • • 289 
Video HM53461-15 I50 260 • • 289 
Memor~ 256k-bit 65536x4 40m/0.38 24 

HM53462-to Multi-port IOO I90 • • 302 

HM53462-I2 120 220 • • 302 

HM53462-15 150 260 • • 302 

IM-bit HM5305I *' !(iC144A4 
40 60 0.3 18 • 280 h.llll<' 

\km"" 

HM50464-12 120 220 • • 336 

HM50464-15 I50 260 • • 336 

HM50464-20 200 330 • • 336 
65536x4 20m/0.35 I8 

HM50465-I2 120 220 • 344 

HM50465-15 I50 260 • 344 

HM50465-20 200 330 • 344 
NMOS 

HM50256-12 I20 220 • • • 352 

HM50256-15 I50 260 • • • 352 

HM50256-20 200 330 +5 • • • 352 
20m/0.35 16 

HM50257-12 I20 220 • • • 360 

HM50257-15 150 260 • • • 360 

HM50257-20 200 330 • • • 360 
256k-bit 

HM5I256-8 85 155 • • • 368 

HM51256-to 100 180 • • • 368 
5m/0.2 

HM51256-12 I20 2to • • • 368 
262I44XI 

HM51256-15 150 250 • • • 368 
Dynamic 

HM5I256L-8 85 155 • • • 368 

HM5 I 256L- to IOO 180 • • • 368 
0.3m/0.2 16 

HM51256L-12 120 2to • • • 368 

HM51256L-15 150 250 • • • 368 

HM51258-8 85 155 • 376 

HM51258-to IOO I80 • 376 
CMOS 5m/0.2 

HM51258-12 120 2to • 376 

HM51258-15 150 250 • 376 

HM5 I 4256- to*3 IOO 180 • • • 384 

HM5I4256-12*3 I20 2IO tom/0.3 • • • 384 

HM514256-15*3 150 250 • • • 384 
262144X4 20 

HM5 I 4258- to*' too 180 • • • 393 
IM-bit 

HM514258-12*4 I20 2to llm/0.3 • • • 393 

HM514258-15*' 150 250 • • • 393 

HM5I to00-to 100 180 • • • • 395 
1048576x I IOm/0.3 18 

HM5 II 000-12 I20 210 • • • • 395 

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



QUICK REFERENCE GUIDE----------------------------

Access Cycle Supply Power Package*' 
Total Organization Time Time Mode Bit Type No. Process (wordXbit) (ns) (ns) Voltage Dissipation Page 

max min (V) (W) Win No. G P FP SP ZP ~G CP JP M 

HM5 l 1000-8S*3 80 160 • • • 404 

HM511000-10S*3 100 190 llm/0.33 • • • 404 

HM511000-12S*3 120 220 • • • 404 

HM511001-10 100 180 • • • • 414 
lOm/0.3 

HM511001-12 120 210 • • • • 414 

Dynamic IM-bit HM511001-8S*3 CMOS 1048576X I 80 160 18 • • • 423 

HM511001-10S*3 100 190 l lm/0.33 • • • 423 

HM51 l001-12S*' 120 220 • • • 423 

HM5l1002-8S*' 80 160 • • • 432 

HM511002-10S*3 100 190 lOm/0.3 • • • 432 

HM511002-12S*' 120 220 • • • 432 

HB561008-12 120 220 0.12/2.42 • 470 

HB561008- l 5 150 260 0.12/1.92 • 470 
+5 

HB561008-20 200 330 0.12/1.51 • 470 
NMOS 

HB561003-12 120 220 p.135/2.55 • 444 

2M-bit HB561003- l 5 262144x8 150 260 p.135/2.16 • 444 

HB561003-20 200 330 ti_-135/1. 7() • 444 

Dynamic HB561409-10 100 180 90m/2.7 • 452 

RAM HB561409L-10 100 180 30 • 460 

Module 
90m/2.7 

HB561409L-12 120 210 • 460 

HB56Al8-10 100 180 • 479 

SM-bit HB56Al8-12 CMOS I048576x8 120 210 20m/0.18 • 479 

HB56Al8-15 150 250 • 479 

HB56A 19-10*' 100 180 • 486 

9M-bit HB56Al9-12*3 1048576x9 120 210 22m/2.0 • 486 

HB56Al9-15*' 150 250 • 486 

Notes) * 1. The package codes of G to M are applied to the package materials as follows. 

xiv 

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 }-bend Package, M: Module 

*2. Maintenance Only. This device is not available for new application. 
* 3. Preliminary. 
* 4. Under Development. 
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•MOS ROM 

Total Organization Access 
Program 

Bit 
Type No. Process (wordXbit) Time 

(ns)max 

Mask 
256k-bit HN623257 

HN62321 
CMOS 

32768X8 150 

150 

lM-bit HN62321B 

HN62321E 

131072 XS 
200 

2M-bit HN62412 131072 x 16 or 200 262144X8 

4M-bit [HN62404 262144 x 16 or 
524288X8 200 

HN27128A-17 170 

HN27128A-20 250 
128k-bit 16384X8 

HN27128A-25 250 
NMOS 

HN27128A-30 300 

HN27256-25 350 

HN27256-30 300 

HN27C256-17 170 

HN27C256-20 200 

HN27C256-25 250 
256k-bit 32768X8 

HN27C256-30 
CMOS' 

300 

UV Erasable' HN27C256H-70•3 70 

& Electrically HN27C256H-85•3 85 

512k-bit 
HN27512-25 

HN27512-30 
NMOS 65536X8 

250 

300 

HN27C101-17 170 

HN27Ctol-20 200 

HN27C101-25 250 
lM-bit CMOS 131072 X8 

HN27C301-17 170 

HN27C301-20 200 

HN27C301-25 250 

HN27128A-20 200 
128k-bit 16384X8 

HN27128A-25 250 
NMOS 

250 HN27256-25 

HN27256-30 300 

256k-bit HN27C256-25 32768X8 250 

One Time HN27C256-30 CMOS 300 

512k-bit 
HN27512-25 

HN27512-30 
NMOS 

250 
65536X8 

300 

HN27Ctol-20 200 

HN27C101-25 250 
lM-bit CMOS 131072 XS 

HN27C301-20 200 

HN27C301-25 250 

Electricall HN58064-25 250 
NMOS 

Erasable & 64k-bit L HN58064-30 8192 x 8 300 
Programmable HN58C65-25 CMOS 250 

Notes) * L The package cS:des 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 

QUICK REFERENCE GUIDE· 

Supply Power Package•• 
jvoltag~ Dissipation Page 

(V) (W) PinNo. G p FP 

5µ/0.1 • • 494 
28 • 497 

5µ/0.1 • 500 

• 503 

• 506 
5µ/0.1 40 • 508 

• 529 

80m/0.3 • 529 

• 529 

• 529 

50m/0.2 • 543 

• 543 

28 • 553 

5µ/20m • 553 

• 553 

• 553 
5µ/25m- • 564 

+5 • 564 

• 570 
50m/0.2 • 570 

• 585 

• 585 

5µ/50m • 585 
32 • 600 

• 600 

• 600 

• 536 
35m/0.15 • 536 

• 548 
50m/0.225 • 548 

!--
5µ/20m 28 • 559 

• 559 

40m/0.225 • 577 

• 577 

• • 593 

• • 593 
5µ/50m 32 • • 609 

• • 609 

• • 514 
0.1/0.2 

+5 28 • 514 ---
5µ/20m • • 520 
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QUICK REFERENCE GUIDE----------------------------

•ECL RAM 

Total Organization Access 
Level Type No. Output Time 

Bit (wordXbit) 
(ns)max 

HM10422 10 
256X4 

HM10422-7 7 
lk-bit 

HM2112 10 
1024 x 1 

HM2112-l 8 

HM10474 25 

HM10474-8 1024 x 4 8 

HM10474-10 10 

4k-bit HM10470 25 

ECL !OK HM10470-l 15 

HM10470-20 
4096x1 

20 

HM2142 10 

HM10484-10* 3 4096 X4 10 

HM10480 Open 25 
16k-bit 

HM10480-15 16384 x 1 Emitter 15 

HM10480L 25 

HM10494L*3 16384 x 4 25 
64k-bit 

HM10490-15 • 3 65536 x 1 15 

HM100422 256X4 10 
lk-bit 

HM100415 1024 x 1 10 

HM100474 25 

HM100474-8 1024 x 4 8 
4k-bit 

ECL lOOK HM100474-10 10 

HM100470 4096X 1 25 

HM100484-10*3 4096 x 4 10 
16k-bit r-------

HM100480-15 16384 x 1 15 

64k-bit HM100490-15*' 65536x1 15 

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 

$HITACHI 

Supply Power Package* 1 

Voltage Dissipation 
(V) (W) PinNo. G F CG 

0.8 • 24 • 1.0 

0.8 16 • • 
0.8 • 

24 • 1.2 • • 0.8 • -5.2 18 

1.0 • 
1.2 20 • 
0.8 28 • 
0.8 •• 
1.0 20 •• 

0.35 • 
0.5 28 • 

0.42 22 • 
0.8 24 •• • 
0.6 16 • 
0.8 •• 

24 •• 1.0 •• -4.5 

0.8 18 • 
0.8 28 • 
0.8 20 •• 

0.42 22 •• • 
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623 

626 

626 

Fl0474 631 
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639 
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650 

Fl0480 654 

657 

660 

663 

669 
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Fl00415 675 

Fl00474 678 

683 

683 

Fl00470 686 

689 

693 

696 
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•PACKAGE INFORMATION 

•Dual-in-line Plastic 

•DP-188 

22.0(0.866) 

~·! !!!.,; ·- . .:-..., 1;, ~j 
_))_ .... -.. 

0.48 ± 0.1 2.54 ± 0.25 s -
(0.019 ± 0.004) (0.1OD±0.010) 

•DP-20N 

]! 

7.62 
(0.300) 

O·,,s-R G.!l!IJ.l 
~-~10'.\·\I\) 

.,.,..,.,,..,,,.,.,..,.,,:n:,..,,..,,.. 
_j~9 .uj~ - 762 

(0035) (0051) s ~ = ~ 1(0300)1 
E o ec 

~~~Iii _M1 aio~~,..1 ;J±h; I U o~1 V,- N;;' rt- 15' ..\\(0011!'..o°" 

(O.I00+0.010) (0.019±0.004) -

Unit: mm (inch) Scale 1/1 

•DP-18 , 

22(0.866) 
Z2.86max. 

•DP-18C 

22.26(0.876) 

c:::~~l~nl 
I 9 

~· ~? fi ~~ .. --it-- ~_;____j..; __ ~ ~ N ~ 
0.48±0.1 2.54±0.25 -

(0.019±0.004) (0.100±0.010) 

•DP-20NA 

.HITACHI 
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~~~~~~~~~~~~~~~~~~~~~~~~~~~~PACKAGE INFORMATION 
Unit: mm (inch) Scale 1 /1 

• DP-24A 

• DP-24NC 

29.88(1.176) 

~~--~1 --- ~~ 
£ '2 .n,g 

--- E ·e --- """ ~~~·~·~ 
0.48±0.1 2.54±0.2S 8 ~ 8 

(Q.Ql 9 ± Q.QQ4) (Q. I QQ ± Q.QIQ) N ~ 

•DP-22NB, 
27.08(1.066) 

~~I~~ 

,t::::;:)~l!~j 
0.88(G_035) l.3{0_051) 

~~1·~ ~I"," "Jlu u_,hn 
048•01 2_541025 ~~:::~ 

(0019-+0004) (0.IOOt:0.010) 

• DP-24N 

• DP-28 

@HITACHI 
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PACKAGE INFORMATION----------------------------
Unit: mm (inch) Scale 1 /1 

•DP-28N 
36.0(1.41 J) 

lm1!mlrmfflil 
__J_ ~~ ::;~ 
0.48±0.J 2.54±0.25 -

(0.019±0.004) (0.100±0.010) 

•DP-32 

15.24 

(0.600) 

•DP-40 
52 8(2 079) 

40 54.0max. (2. I 26max.) 21 

Applicable ICs 

DP-16B 

DP-18 

DP-18B 

DP-18C 

DP-20N 

DP-20NA 

DP-22N 

DP-24 

DP-24A 

4 

HM50256P Series, HM50257P Series, HM51256P Series, HM51256LP Series,HM51258P Series 

HM6148HP Series, HM6148HLP Series, HM6147HP Series, HM6147HLP Series 

HM50464P Series, HM50465P Series, HM53051P 

HM511000P Series, HM511000SP Series, HM511001P Series, HM511001SP Series, HM511002SP Series, 

HM5168HP Series, HM6168HLP Series, HM6268P Series, HM6268LP Series, HM6167P Series, HM6167LP Series, 

HM6167HP Series, HM6167HLP Series, HM6267P Series, HM6267LP Series 

HM614256p Series, HM514258P Series 

HM6287P Series, HM6287LP Series, HM6787P, Series, HM6288P Series, HM6788P Series 

HM6116P Series, HM6116LP Series, HM6116AP Series, HM6116ALP Series, HN61365P, HM61366P 

HM53461P Series, HM53462P Series 

@HITACHI 
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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, 

HM6264ALP-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 

DP-28N 
HM6264ASP Series, HM6264ALSP Series, HM6264ALSP-L Series, HM65256ASP Series, 

HM65256BSP Series, HM65256BLSP Series, HM63021P Series 

DP-32 HM658128P Series, HM658128LP Series, HN27Cl01P Series, HN27C301P Series 

DP-40 HN62412P, HN62404P 

ecERDIP 

e DG-16A 

193 

116 ( 0 760) ; I 
~~ 
~~;~101 

IO 0391 IO 0601 c E • ; 7o3ooi1 
~s 

so-; Uf\' 
E E .. o 11 

II 00 0 o2S~oo~ 

2 54 0 25 *· 0 I "'~ 0 15 lOOIO:.i~~) 
(0 100. 0 010) (0.019 ~ 0.004) 

•DG-18A 

:!l.X-1 11.1\(i(I 

~:t::::J 
...,.,..._ -..;....J.!l)'ti.IJ:iil . 

11. ~111 11,i 1'.)!) 

• DG-22N 

t::~::::''.lc/! 
-I-!-- 1.54(0.061)-1+-- 11 

, .01(0.04(,, 7.62(0.300) 

~!~ ~ ! :! 
0.48±0.1 2.54±0.25 

(0.019±0.004) (0.100±0.010) 

Unit: mm (inch) Scale 1 /1 

•DG-18 

11.80 I (0.898) I 

c::::~:1,1~ 
Ci"'" ·~I-' ~ ~ '" 

(0035) (0051) . E .. " f\(0300) . 

~ii . ' ~~ 

~~ .. o.1l ~ ~~ll ois_,., ) 
2.s4±0.2s ~ Neo·-1 5· lo.0 10~~:; 

(0.100±0.010) (0.019±0.004) 

•DG-20NA 

10 

~ 
0.99(0 039) 

24 13 
(0.950) II 

--fl-- 10 
1.53(0.060) 

~H 
0.48±0.1 2.54±0.25 ~ ! ""'~ 

(Q.019±0.004) (0.100±0.010) 
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PACKAGE INFORMATION----------------------------

Unit: mm (inch) Scale 1/1 

•DG-24A 

I 30.30 
24 (1.193) 131 

[:::::::::::i~~ 
I _j~ 12 

(0055) 7.62 

muuootJWl~d~ 
11~2~ 6 ~01 fiJl 11025:~;; 

(0.100±0 010) co.019 ± o.004) "'~ o·- 15· -"'To.01o~~:i~) 

•DG-24N 

093(0.037) 

~~{ UY.r U ~ U ~~ll!r!f~= 
048+-0 I 2.54+-025 e e 

(0 019-t: 0.004) (0.100 t-0.010) 

•DG-28 

•DG-28A 
36 83 

f::::: :':'~': :: :: : 1~~ 
I __jWz 14 

(0052\ -::.; ~ 10.16 
• ~ >< iii I (0.400) I 

~~Ui!g~''"" ~025 -+------ ~g~ ~ 10·'~~~1 
(0 100 t- 0 010) 0 48 ::': 0 I ~ ci 0 IS" (OO -o 

(QQl9::-QQQ4) N ~ 
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~~~~~~~~~~~~~~~~~~~~~~~~~~~~PACKAGEINFORMATION 

U'lit: mm (inch) Scale 1 /1 

•DG-32 -U.91 
!l.tirlll) 

32 11 

0 
15.24 

(0.600) 

Applicable ICs 
DG-16A 

DG-18 

DG-18A 

DG-20NA 

DG-22N 

DG-24A 

DG-24N 

DG-28 

DG-28A 

DG-32 

HM2112 Series, HM100415 

HM10470 Series, HM100470 

HM511000 Series, HM511001 Series 

HM2142, HM10480 Series, HM10480L, HM100480 

HM10490, HM100490 

HM10422 Series, HM104747 Series, HM100422, HM100474 Series 

HM6716 Series, HM6719 Series, HM6789 Series 

HN27128AG Series, HN27256G Series, HN27C256G Series, HN27C256AG Series, 

HN27C256HG Series, HN27512G Series 

HM10484, HM100484 

HN27Cl01G Series, HN27C301G Series 

•Zigzag-in-line Plastic 

eZP-16 

•ZP-24 

20.13(0.793) 

3050(1.201) 
31.00ma-x(l.220-max) 

eZP-20 

·"""--~ 26.llma"i11028max.) I 
I 

~l~fi 
'""'-~~ ........... -rn1 ~1"~i 

c:.!i: 

~! 

Applicable ICs 

ZP-16 

ZP-20 

ZP-24 

@HITACHI 

HM50256ZP Series, HM50257ZP Series, 

HM51256LZP Series, HM51256LZP Series 

HM511000ZP Series, HM511000SZP Series, 

HM511001ZP Series, HM511001SZP Series, 

HM511002SZP Series, HM514256ZP Series, 

HM514258ZP Series 

HM53461ZP Series, HM53462ZP Series 
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•Flat Package 

•FP-240 

15.80(0.622) 
16.21 max.(0.638max.) -

0.915 

(0.036) 

,.--------4.1----- ~ ~ 
'!J:=l~~l=l):lj::ll~~~==l=.-1~ ~ 

o.40.!:U5 
(o.016:!8:88U 

•FP-280A 

N 8. 

a· - 10· 

-v-

_J__'._!'.1 7!8 81 
(0.007 ±0.003) 

•FP-54 

25.6±0.4 
(1.008±0.016) 

6 

I~ 
(0.039 ± 0.006) 

~J 
(0.067±0.012) 

2.9max. 
(0.114max.) 

Jl__ 
0.15±0.05 

(0.006 ± 0.002) 

•FP-280 

18.30(0. 720) 

18. 75max.(O. 750max.) 

•FP-320 

•FG-200 

Unit: mm (inch) Scale 1V.. 

_J__'._!'17!88! 
(0.007±0.003) 

0.13±0.05 
IO (0.005±0.002) 

0.43±0.1 1.27±0.2 0.95±0.19 (o.037±0.007) 
(0.0 17 ± 0.004) (0.050 ± 0.008) ~x. 

(0.093max.) 
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•FG-220 •FG-24 

28. t max. (I I 06max.) 

9.9max. (0.390max.) 

~"~' 
~ 
~ ~ 

19 

"' 
8 

" " ~ ~ 
~ 

a; 
24 

Applicable ICs 
FP-24D 

FP-28D 

FP-28DA 

HM6116FP Series, HM6116LFP Series 

HM6264FP Series, HM6264LFP Series, HM6264LFP-L Series, HM6264AFP Series, 
HM6264ALFP Series, HM6264ALFP-L Series 

HM6264FP Series, HM6264LFP Series, HM6264LFP-L Series, HM6264AFP Series, 

HM6264ALFP Series, HM6264ALFP-L Series, HM62256FP Series, 
HM62256LFP Series, HM65256BFP Series, HM65256BLFP Series, HN58C65FP, 
HN27C256FP Series 

Unit: mm (inch) Scale 1Y:. 

J_ 

7 ~~!"' d g 
t. c::i 

~g 
s 

0.13:!:8:8i 
2.38max. (0.005:!:8:880 

(0.094max.) I .02max. 

(0.040max.) 

FP-32D HM658128FP Series, HM658128LFP Series, HN27CIOIFP Series, HN27C301FP Series, HM628128FP Series, HM628128LFP Series 

FP-54 HN61364FP, HN613128FP 

FG-20D HM10480F Series, HM100480F 

FG-22D HM10490F, HM100490F 

FG-24 HM100422F, HM10047 4F Series 

e CHIP CARRIER 

•CG-20 

"" =.=:.=:.=:o=:.:::::;::. =i;I~] ~ 

~n~·,· 
~ (0.050) (0.025) 

•CG-22A 

12.45±0.3 

i !11,,...... l ~ 
.11 H [hhtFtfi DD D 

"'e13Ql4 20 ~I 
10 

9 I iJ 
-W-

0.64(0.025) 1.27(0.05) 

$HITACHI 

•CG-24 

.c "; !•. 
l'HHHHHHHI -t~j 

CJ~~ 

~;I 
:' . ··t 1 

_.._ - .... ·--
0.64 1.27 o. 76 (0.030) 

(0.025) (0.050) 
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Unit: mm (inch) Scale 1% 

• CG-28 • CP-18 

l 1.35 ± 0.5(0.447 ±0.020) 

• CP-200 • CP-240 

,zzo+o'" ' -0.ll 

1s.6J(o.s1s) (o.osr!~:gg~) 
16.9(0.665) ~ 

120 17.27mad0.680mad 11 [ ~ ~ 

c:JITT~ 

16.00max 0.63max) 0.60(0.024) 

CJ,. "11~1~1 rrr~ 
j:; Lil~ ~! 

0 I --U- 12 

0.74(0.029) 
0 74(0 029) d . ., 

ci~~ - - +I +1 ~ ~~ 79±032 

0.43±0.10 [1.27(0.0SO)j S (0.267± 0013) 
(O.O 17 ± 0.004) 

Applicable ICs 

CG-20 

CG-22A 

CG-24 

CG-28 

CP-18 

CP-20D 

CP-240 

10 

HM6267CG Series 

HM6287CG Series, HM6787CG Series, HM100490CG 

HM100422CG, HM100415CG 

HM10494LCG 

HM50464CP Series, HM50256CP Series, HM50257CP Series, HM51256CP Series, 

HM51256LCP Series, HM51258CP Series 

HM511000JP Series, HM511000SJP Series, HM511001JP Series, HM511001SJP Series, 

HM511002SJP Series, HM514256JP Series, HM514258JP Series 
HM6288JP Series, HM6789JP Series, HM6789HJP Series, HM6287HJP Series, HM67075JP Series, HM6708JP Series 
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• 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 

Classification 

Application 

Example of 
basic cell 
circuit 

Bipolar memory 
(RAM) 

Buffer memory, 
control memory 
of high-speed 
computer 

Bipolar memory 
(PROM) 

Microcomputer 
control use 

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 

• Cerdip 

• 16 pin • 18 Pin 

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 memory 
(Dynamic RAM) memories 

Static RAM 

Main memory of computer, 
microcomputer memory 

NMOS memory 
(PROM) 

For 
microcomputer 
control 

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

• 20 Pin • 24 Pin 

@HITACHI 
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• 28 Pin with Lid 

•Plastic DIP 

• 16 Pin 

• 24 Pin 

• Leadless Chip Carrier 

• 20 Pin 

•SOP 

• 18 Pin 

• 24 Pin • 28 Pin 

• 28 Pin 

• 22 Pin 

• 32 Pin with Ud 

• 20 Pin 

e 28 Pin 

• 24 Pin 

• 
• PLCC •SOJ 

• 18 Pin • 26/20 Pin 

@HITACHI 
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---------------------------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 I 

!-------
HM!0480 (Cerdip) HM!0470 (Cerdip) HM100422 (Flat Package) 

-----,--- ---- - -
Failure Total Failure Total Failure Test item Test sam- Total Fail-
rate* Test sam- Fail- rate* Test sam- component Fail- rate• 

condition Jes component ures condition pies component ures condition pl es ures 
P t-- J:o~rs (!/hr) hours (!/hr) hours (I/hr) 

Ta=125°C 
40 4~~~o· 2.3xl0" 5 

Ta=125°C 
125 

C.H. 2.3xlO·s 
High- VEE=4.SV VEE=-5.2V 4.Qx105 Ta=150°C 80 C.H. l.2x!0-5 temperature 

Ta=150°C VEc-5.0V 8.0xl0 4 
(Opera ring) Ta=l50°C 40 4.0xl04 0 2.Jxl0-5 80 2.7xl05 3.4xlff2 

VEE=-4.SV VEc-5.2V 

~mp. Ta=J50°C 80 
---cc~ 

8.0x 104 0 T2xToT -T~150°C t---i2o l.2xl0 5 7.7x!0- 5 Ta=150°C 80 8.0x 104 0 l.2xl0·5 

*Confidence level 60% 

•Table 4 Results on Bipolar Memory Reliability Test (2) 

Test item Test condition 

Temperature cycling -65°C-+!50°C, 10 cycles 
Soldering heat 260°C, 10 seconds 
Thermal shock 0°C-+100°C, 10 cycles 

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

Variable frequency 100-2000Hz, 200G, Three 
times each for X, Y and Z 

Constant- 20000Gd I minute, each for 
acceleration X, Yan Z 

2.2 Reliability test data on MOS memories 
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), 256k SAAM (HM62256P). 

HM10480 HM10470 HM100422 
(Cerdip) (Cerdip) (Flat Package) 

Samples Failure Samples Failures Sample Failures 
40 0 120 0 40 0 
22 0 22 0 - -
30 0 36 0 20 0 

30 0 30 0 60 0 

40 0 40 0 60 0 

40 0 40 0 60 0 

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

• Table 5 Reliability Data on 256K and 1M DRAM 

HM50256P (Plastic) HM511000P (Plastic) 

Test item Test Sam- Total Fail- Failure Sam- Total Fail- Failure Remaks condition rate* rate* pies test time ures (1/hr) pies test time ures (I/hr) 

150°C/8V 180 0.44xl06 2*1 7.05xl0_. - - - - •1 

!50°C/7V 300 0.60xl06 0 1.53x!O_. 150 0.3xl06 0 3.07xJ0..6 Oxide film 
High- Failure x2 
temperature 125°C/8V 1100 l.28x106 5*2 4.89x 10-• •2 

- - - - Oxide film pulse 
125°C/7V 15477 1.66xl06 0 5.53xlO-' 2338 0.70xl06 I*• 2.89d0-" 

Failure x3 
operation PSG 

125°C/5.5V 380 l.32xl06 0 6.96x 10-1 300 0.60xl06 0 l.53xl0_. failure x2 
*3 

85°C 85% 
Al 

Moisture 680 l.92xl06 I*' l.05x!O_. 300 0.60xl06 0 l.53xl0_. corrosion 
endurance RH5.5V xl 

*4 
Pressure !21°C/IOO% 260 Q_J3xl06 0 7.07x10-6 100 0.03xl06 0 3.07xJO-' 

Oxide film 
cooker RH Failure xl 

@HITACHI 
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• Table 6. Reliability Data on 64K and 256K SRAM 

HM6264P {plastic) HM62256P {plastic) 

Test item Test Sam- Total Fail- Failure Sam- Total Fail- Failure Remarks condition rate* rate* pies test time ures (I/hr) pies test time ures (1 /hr) 

150°C/7V 100 0.10xl06 1 *' 2.02xIO·' 206 0.4lxl06 1 *4 4.90x10·• • 1-3 
High-

125°C/8V 162 o.2ox10• 2*' 1.55x!O·' 1394 0.84xl06 3*' 4.96x10 ... Foreign 
temperature material x2 

125°C/7V 2.67x10 ... 0.69x!06 1.34xIO·• PSG pulse 1014 !. l 6x 106 2*~ 2578 0 failure xi 
operation 125°C/5.5V - - - - 12748 0.61xl06 0 l.50xl0·6 crr.stal 

failure xi 
Moisture 85°C/85% *4 PSG 

304 0.30xl06 0 3.07xl0·6 540 l.08xl06 0 5.52x10·' failure xl 
endurance RH7V *S PSG 

failure xl 
Pressure 121°C/ 55 2.2ox10• 0 4.18xl0·' 180 5.40xl04 0 l.70x10·' Foreign 
cooker 100%RH matenal xl 

* 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) HN27Cl01/HN27C301 

Test item Test Sam- Total Fail-condition pies test time ures 

~~f~temp. 125°C/5.5V 240 0.32x!06 0 
operation 125°C/7V 832 0.52xl06 0 

High- 200°C 280 2.80x!O' I*' 
temperature 250°C 220 2.20x!O' 9*' 
bake 300°C 86 0.43xl0 5 53*' 

Moisture 85°C/85% 225 0.23xl06 0 endurance RH5V 

Pressure 121°C/ 
cooker 100% RH 60 0.12xl0 5 0 

* 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. 

Failure Sam- Total Fail- Failure Remarks rate* rate* 
(I/hr) pies test time ures 

(1 /hr) 
2.88x10 ... - - - -

1.78x10 ... 206 0.16xl06 0 5.90x10 ... *1 
7.21x10 ... 80 l.05xl05 0 8.76xl0 ... Data 

dissipation 
4.75x10·' 80 l.05x!O' 4*' 4.99xl0·' x67 
l.23x10"3 - - - -

4.09x10 ... Data of - - - -
256k 
OTPROM 

7.67x10·' - - - -

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. 
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• Table 8 Example of EPROM Derating 

Factor Temperature 

Failure criteria Electrical Characteristics, 
Function Test 

IO'~[l~ 

10' f----+----lf----f----1 

Failure mechanism 

Results: 

Increase of leak current 
and others 

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

Note: Decreasing junction temperature shown in the figure will promise the "iJ!her reliability. The junction temperature 
can be calculated by a formula : Tj = Ta + 8 ja •Pd 8 ja in about I 00° C/W with no air flow and about 60 to 
?0°CfW with 2.5 m/s air flow. 

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

HN613256P (Plastic) HN62301P (Plastic) 

Test item Test Sam- Total Fail-condition pies test time ures 

High-temp. 125°C/5.5V 90 0.9x10' 0 
pulse 

125°C/7V 50 0.5xl05 0 opera ton 

Moisture 85°C/85% 120 l.2xl0 5 0 endurance RH5V 

Pressure 121°C/ 80 0.8x10• 0 cooker 100%RH 

• 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. 
V TH of MOS transistor is one of the basic process 

• Table 10 Reliability Data on MOS Memories 

HM50256P 

Test item Test condition 
(Plastic) 

Failure Sam- Total Fail- Failure Remarks rate* rate• 
(1/hr) pies test time ures (1/hr) 

l.02xlO-' - - - -

l.84x10-' 246 2.46x!O' 0 3.74x10_. 

7.67x10·' 120 l.20x10' 0 7.67x10 ... 

l.15x10-"' 78 l.56xl04 0 5.90x10-' 

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; Vee min. (V min) and 
access time (tRAC) in high temperature pulse test. 

EPROM HM511000P HM6264P HM62256P 
(Cerdip) (Plastic) (Plastic) (Plastic) 

Sam- Fail- Sam- Fail- Sam- Fail- Sam- Fail- Sam- Fail-
Remarks 

pies ure pies ures pies ures pies ures pies ures 

Temperature cycling -55°C-150°C 4680 0 2334 0 2238 0 3315 0 828 0 10 cycle 

Temperature cycling -55°C-150°C 540 0 260 0 200 0 150 0 318 0 500 cycle 

Thermal shock -65°C-150°C 38 0 210 0 50 0 76 0 55 0 15 cycle 

Soldering heat 260°C, 22 0 50 0 50 0 76 0 77 0 10 seconds 

Mechanical shock l,500G, 0.5ms - - 38 0 - - - - - -

Variable frequency 100-2,oooHz 
20G - - 38 0 - - - - - -

Constant-acceleration 20,000G - - 38 o• - - - - - - *6,000G 
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2.3 Change of Electrical Characteristics on IC 
Memory 

The degradation of lceo and hFE are the main 
factors of degradation in inner cell transistor of 
bipolar memory. In actual element designing, how-

Fig. 1 Time Dependence in Ac- 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=l25°C, VEE=-S.2V Measuring Condition I Maximum 

Failure criteria 
Average 

tAA=2Sns Minimum 

Failure mechanism Surface degradation 
35 Marching Pattern 

Results: 30 -

! I I I Access time (tAAl is stabilized and is within the failure ..§ 25 
criteria. ~ 

~ 

211 

159 

.. 
0 500 1.000 2,000 

Time lhrl 

Fig. 2 Time Dependence In Yoo min end tRAC for HM50256 

Example Examples of time change in access timer for MOS memory 

Device name HM511000P 

Test condition Vcc=1V, T4 =125°C, all bit scanning 
.5 

Failure criteria Vvv=4.5V, l>VBB=l.OV 

' I I i I Failure mechanism Surface degradation -. :.-
~ 

Results: • 
Both of Vvv (min) and tRAC are stabilized. .• 2 

Test~ f ~ax1mum 
· Ta=25t . .\1~a,e 

I • .l=lOOPCS Minimum 
·~!arching Pattern 

" _,,_ 

" ~Kl l,Otkl ~om 
Time 1hrl 

160 

ISO 

] 1•0 

I I I I ~ 130 

120 

llO 

Note: Test accuracy is 0.2V, 2ns. 0 sm l,Otk1 wm 
Time 1hr1 

2.4 Failure Mode Rate 
Figure 3 and 4 show examples of failure mode photoresist and foreign materials, tends to increase. 
happened in users' application. Since IC memories To eliminate the defects in the manufacturing 
require the finest pattern process technology, the process, Hitachi has improved the process and 
percentage of failures, such as pinholes, defects on performed 100% burn in screening under high tem-
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perature. Hitachi has been collecting and checking 
customers' process-data and marketing data for 
higher reliability of our products. To analyze them 

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 
improved by combining highly reliable components 
along proper environmental conditions. This 
section describes reliability characteristics, failure 
types and their mechanisms in terms of devices. 
First, semiconductor device characteristics are 
examined in light of their reliability. 
( 1) Semiconductor devices are essentially structure 

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

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

(3) Devices employ thin-film and fine-processing 
techniques for metallization and bonding. Fine 
materials and thin film surfaces sometimes 
exhibit physically different characteristics from 
the bulks. 

(4) Semiconductor device technology advances 
drastically: Many new devices have been 
developed using new processes over a short 
period of time. Thus, conventional device re
liability data cannot be used in some cases. 

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

(6) Initial and accidental failures are only con-

is very helpful for the improvement of designing and 
manufacturing. 

Others 2% 

Fig. 4 Failure Mode Rate of MOS Memory 

Defective Photo
lithography2% 

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. 

(7) Component reliability may depend on device 
mounting, conditions for use, and environment. 
Device reliability is affected by such factors as 
voltage, electric field strength, current density, 
temperature, humidity, gas, dust, mechanical 
stress, vibration, mechanical shock, and radia
tion magnetic field strength. 

Initia1 failure region 
: Declining failure rates ( m < 1) 

W earout failure region 
: Rising failure rates ( m> 1) 

---~~~~~~~-"', 
I 

Random failure region I m : Weibull distribution 
: Constant failure rates ( m = 1) \ form parameter 

I 
I 

'---~---Useful longevity---~----

Time (t) 

Fig. 5 Typical failure rate curve 

Device reliability is generally represented by the 
failure rate. 'Failure' means that a device loses 
its function, including intermittent degradation 
as well as complete destruction. 
Generally, the failure rate of electric com
ponents and equipment is represented by the 
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bathtub curve shown in Fig. 5. For semicon
ductor devices, the configuration parameter of 
the Weibull dis~ribution 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 11 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 1014 -

1020 /cm 3 • 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 Si02 

film and is in an inactive state, the possibility of 
deterioration caused by surface channels still exists. 
Surface deterioration depends heavily on applied 
temperature and voltage and is often 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 BV 08 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 µm to 1.3 µm. Generated hot 
carriers may affect surface boundary characteristics 
on a part of the gate oxide film, resulting in de
gradation of threshold voltage (VTH) 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. 
CD Electromigration 
This is a phenomenon in which metal atoms are 
moved by a large current of about 106 A/cm2 

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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Pit Corrosmns 

Moiture Resistance Test 

High Temp and 
High Himidity 
and Bias 

Pit Corrosions Intergranular 
Corrosions 

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 

Fig. 7 Plastic package cross section and Al corrosion 
mechanism 

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 

corrosion mechanism described above is summarized 
in Fig. 7. 
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(3) Bonding related failures 

3.5 

CD 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 
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products are subjected to a lower-temperature, 
shorter-period bonding whenever possible. 
® Wire creep 
Wire creep is wire neck destruction in an Au bail 
along an intergranular system occurring when a 
plastic sealed device is subjected to a long-term 
thermal cycling test. This failure results from 
increased crystal grains due to heat application 
when forming a bail 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. 
@ Chipcrack 
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. Ideally, Au-silicon 
eutectic should be evenly applied over the entire 
surface. However, this is difficult due to the 
existence of a silicon oxide film on the silicon back 
surface. Therefore, specifications for Au-silicon 
eutectic have been established based on stress 
analysis and thermal cycling test results. 
@ Reduced maximum power dissipations 
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 H20 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, PINO (Particle Impact 
Noise Detection) Test. The PINO test consists of 
filtering a particle impact waveform (ultrasonic 
waveform), detecting it with a microphone, and 
then amplifying. 
(5) Disturbance 
G)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 2000.Q, respectively. Assuming a body is charged 
with 2000V, the dissipated energy is obtained as 
follows: With a time constant of 10·7 sec, the dis
sipated energy is 2 KW, which is enough to destroy 
a small area of a chip. 

Cb - Human Body Capacity 
Rb - Human Body Resistance 
Rd- Device Resistance 
Re - Resistance Between Device and Ground 

E= ..!.cbV2 =02x10-s1 2 . 
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 I 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 
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 <Vee or Vin< GND for' input level 
Vout > Vee or Vout < GND for input level 

Therefore, circuits should be designed so that no 

forward current flows through the input protection 
diodes or output parasitic diodes. 
@ Soft errors 
When 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 soft error. 
Hitachi devices have been subjected to simulation 
and irradiation tests to prevent soft errors. In some 
cases, organic material, PIO, is applied to the surface 
of the device. 

a 

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--0hmic 
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 Interpal connection Disconnection, Open, Short 
Sagging, Short 

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

Photo resist mismatching 

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

resistance increased 

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

contamination, Lead 
rust, Lead bend, break 

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

-------------

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

Disturbance a particle Electron hole generated Soft error 

High elect* field Surface inversion Leak current increased 

(6) Fine geometry related problems 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. 

In response to higher integration requirements for 
memories and microcomputers, LSI geometry has 
been reduced in the way of 5 µm-+ 3 µm-+ 1.3 µm. 

Table 12 Finer geometry related problems 

Item Problems Countermeasure 

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

• Gettering 
•Screening 

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

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

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

• Protection circuits enhanced 
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• QUALITY ASSURANCE OF IC MEMORY 

1. VIEWS ON QUALITY AND 
RELIABILITY 

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

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

ing process. 

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

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

Furthermore, to get higher quality and reliability, 
we cooperate with our research laboratories. 
With the views and methods mentioned above, 
Hitachi makes the best efforts to meet the users' re
quirements. 

2. RELIABILITY DESIGN OF 
SEMICONDUCTOR DEVICES 

2.1 Reliability Target 
Establishment of reliability target is important in 
manufacturing and marketing as well as function 
and price. It is not practical to determine the re
liability target based on the failure rate under single 
common test condition. So, the reliability target is 
determined based on many factors such as each 
characteristics cf equipment, reliability target of 
system, derating applied in design, operating condi
tion and maintenance. 

2.2 Reliability Design 
Timely study and execution are essential to achieve 
the reliability based on reliability targets. The main 
items are the design standardization, device design 
including process and structural design, design 
review and reliability test. 
(1) Design Standardization 

Design standardization needs establishing design 
rules and standardizing parts, material, and 
process. When design rules are established on 
circuit, cell, and layout design, critical items 
about quality and reliability should be ex
amined. Therefore, in using standardized 

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

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

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

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

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

1. Purposes of Test Site are as foilows; 
• Making clear about fundamental failure mode; 
• Analysis of relation between failure mode and 

manufacturing process condition. 
• Analysis of failure mechanism. 
• Establishment of QC point in manufacturing. 

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

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

• Factors dominating failure mode can be 
picked up, and compared with the process 
having been experienced in field. 

• Able to analyze relation between failure 
causes and manufacturing factors. 

• Easy to run tests. 

2.3 Design Review 
Design review is a method to confirm systematically 
whether or not design satisfies the performance 
required including by users, follows the specified 
ways, and whether or not the technical items 
accumulated in test data and application data are 
effectively applied. 
In addition, from the standpoint of competition 
with other products, the major purpose of design 
review is to insure quality and reliability of the 
product. In Hitachi, design review is performed 
in designing new products and also in changing 
products. 
The followings are the items to consider at design 
review. 
(1) Describe the products based on specified design 

documents. 
(2) Considering the documents from the standpoint 

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

ity test based on design document and drawing. 

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

3. QUALITY ASSURANCE SYSTEM OF 
SEMICONDUCTOR DEVICES 

3.1 Activity of Quality Assurance 

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

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

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

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

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

As the result, we assure the reliability. 

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

Step Contents 

[foget l 
Spei.:if1catw'i { Design Review 

_l [ [)'""" j[ Material:-., Parts JJ- Characteristics of Material and 
Trial Approva I Parts 
Production Appearance 

Dimension 
Heat Resistance 
Mechanical 
Electrical 
()1_hcrs 

ll Characteristics Approval l}-- Electrical 
Characteristics 

Function 
Voltage 
Current 
Temperature 
Others 

Appearance. Dimension 

[I Quality Approval (I) r Reliability Test 
Life Test 
Thermal Stress 
Moisture Resistance 
Mechanical Stress 
Others 

II Quality Approval (2) H- Reliability Test 

Process Check same as 

Quality Approval(!) 

[Mass ] 
Production 

Fi . 1 Flow Chart of Qualification 9 
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3.2 Qualification customers. 
(3) Qualify every change in design and work. 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. 

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

The followings are the views on qualification in 
Hitachi: 

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

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

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

(2) Consider the failure experiences and data from 
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3.3 Quality and Reliability Control in Mass Produc-
tion 

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

3.3.1 Quality Control on Parts and Materials 
With the tendency toward higher performance and 
higher reliability of devices, quality control of parts 
and materials becomes more important. The items 
such as crystal, lead frame, fine wire for wire bond
ing, package and materials required in manufactur
ing process like mask pattern and chemicals, are all 
subject to inspection and control. 
Besides qualification of parts and materials stated in 
3.2, quality control of parts and materials is defined 
in incoming inspection. Incoming inspection is per
formed based on its purchase specification, drawing 
and mainly sampling test based on MI L-STD-1050. 
The other activities for quality assurance are as 
follows. 

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

Material, Important 
Point for Check Parts Control Items 

Appearance Damage and Contamina-
tion on Surface 

Wafer Dimension Flatness 
Sheet Resistance Resistance 
Defect Density Defect Numher~ 
Crystal Ax is ----
Appearance Defect Numbers, Scratch 

Mask Dimension Dimension Level 
Resistoration 
Gradation Uniformity of Gradation 

Fine Appear-ance Contamination. Scrat<.:h, 

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 Bond ability, Solderability 

Ceramic Mounting Heat Resistance 
Package Characteristics 

Electrical 
Characteristics 

Mechanical Mechanical Strength 
Slren_g_th 

Composition Characteristics of 
Plastic Material 

Electrical 
Characteristics 

Plastic Thermal 
C'h ar act eris tics 

Molding Molding Performance 
Performance 

Mounting Mounting Characteristics 
Characteristics 

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

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

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

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

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

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

ances and Sub-material. 

Dust control is essential to realize higher in
tegration and higher reliability of devices. To 
maintain and improve the clearness of manufac
turing site, we take care buildings, facilities, air

conditioning system, materials, clothes and 
works. Moreover, we periodically check on 
floating dust in the air, fallen dust or dirtiness 

on floor. 

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

Frame 

Package 

Process 

Purchase of Material 

Surface Oxidation 
Inspection on Surface 
Oxidation 
Photo Resist 

Inspection on Photo Resist 

0 PQC Leve I Check 

Diffusion 

Inspection on Diffusion 
0 PQC Leve I Check 

Evaporation 

Inspection on Evaporation 

0 PQC Level Check 

Wafer Inspection 

Control Point 

Wafer 

Oxidation 

Photo 
Resist 

Diffusion 

Evapo
ration 

Wafer 

Characteristics, Appearance 

Appearance, Thickness of 
Oxide Film 

Dimension, Appearance 

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

Thickness of Vapor Film, 
Scratch, Contamination 

Thickness, Vrn Characteris-
tics 

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

0 PQC Lot Judgement 

Assembling 

0 PQC Leve I Check 

[nspection after 
Assembling 

0 PQC Lot Judgement 

Sealing 

Appearance of Chip 

Assembling Appearance after Chip 
Bonding 
ApPearance after Wire 
Bonding 

Sealing 

Marking 

Pull Strength, Compres ion 
Width, Shear Strength 
Appearance after Assembling 

Appearance after Sealing 
Outline, Dimension 
Marking Strength 

Purpose of Control 

Scratch, Removal of Crystal 
Defect Wafer 
Assurance of Resistance 

Pinhole, Scratch 

Dimension Level 
Check of Photo Resist 
Diffusion Status 

Control of Basic Parameters 
(Vrn, etc) Cleaness of surface, 
Prior Check of V1H 
Breakdown Voltage Check 

Assurance of Standard 
Thickness 

Prevention of Crack, 
Quality Assurance of Scribe 

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

Guarantee of Appearance 
and Dimension 

0 PQC Leve I Check 
Final Electrical Inspection 

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

Appearance Inspection 
Sampling Inspection on 
Products 
Receiving 

Shipment 

Mode, Mechanism mation 

Fig. 3 Example of Inner Process Quality Control 
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3.3.3 Final Tests and Reliability Assurance The inspection is executed not only to confirm 
that the products meet users' requirement, but 
to consider potential factors. Our lot inspec
tion is based on MI L-STD-1050. 

(1) Final Tests 

28 

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

Customer 

Claim 

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

(Failures, Information) 

Sales Dept. 

Sa le s Engineering Dept. 

,------------ ------ ------- --------1 
1 

I 
I 

I 
I 
I 

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

Manufacturing Dept. Design Dept. 

Report 

Quality Assurance Dept. 

Countermeasure 
Execution of 
Countermeasure 

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

Follow-up and Confirmation I 
of Countermeasure Execution 

I 
I 

Report I L ___________ _ 
--------------------~ 

Sales Engineering Dept. 

Reply 

Customer 

Fig. 4 Process Flow Chart of Coping with Failure to a Cutomer 

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



• 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 !Cs are 
all performed by IC manufacturers. Consequently, 
as the electrical inspection of IC memories are 
becoming more systematic, conventional IC inspec
tion facilities are becoming useless. This has led to 
the development and introduction of a memory 
tester with pattern generator to generate the inspec
tion pattern of the memory IC at high speed. A 
function test for such as TTL gates can be per
formed even by a simple DC parameter facility. 
However, when the address input becomes multi
plexed as in 16K, 64K and 256K memory, even the 
generation of the function test pattern becomes a 
serious problem. 
In the memory IC inspection, its quality cannot be 
judged by DC test on external pins only, because the 
number of the element such as transistor which can 
be judged in the DC test is only 1/1000 of all ele
ments. The followings are the address patterns pro
posed to inspect whether the internal circuits are 
functioning correctly. 
(1) All "Low", All "High" 
(2) Checker Flag 
(3) Stripe Pattern 
(4) Marching Pattern 
(5) Galloping 
(6) Waling 
(7) Ping-Pong 
Those are not all, but only representative ones. 
There are the pattern to check the mutual inter
ference of bits and the pattern for the maximum 
power dissipation. Among the above mentioned 
patterns, those of (1) to (4) are called N pattern, 
which can check one sequence of N bit IC memory 
with the several times of N patterns at most. Those 
of (5) to (7) are called N3 pattern, which need 
several times of N2 patterns to check one sequence 
of N bit IC memory. Serious problem arises in using 
N2 pattern in a large-capacity memory. For ex
ample, inspection of 16K memory with galloping 
pattern takes a lot of time - about 30 minutes. (1 ), 
(2) and (3) are rather simple and good methods, 
however, they are not perfect to find any failure in 
decoder circuits. Marching is the most simple and 
necessary pattern to check the function of IC 
memories. 

2. MARCHING PATTERN 

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

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

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

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

(8) replacing "O" and "1". 
In this method, 5N address patterns are necessary 
for the N-bit memory. 

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 A 13, is the same as the data inputs. 
A 15 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 CV'Cles 
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-
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i\DDRo 
A.ODR1 
\ODR1 
ADIJRi 

""'---..--- c., D111 "f mt'rTP•n 

Therefore, the fail bit map as shown in Fig. 5 is very 
useful for observing the operation of IC memories. 

(A) 

,., f .. mpardt"r C1rru11 .,f \J,.m.i1y 

Fig. 2 Marching Pattern Generating Circuit 

A. 
A, 

"' A, DJ A Converter l Axis of Oscdloscope 
A, 
Ao 
A, 

A, 
Ao 
Ao 

'" DI A Converter Y Axis or Oscilloscope 

'" A., 

'" 
from Comparator Circuit 

X Axis of Os_cdloscope 

Fig. 3 Fail Bit Map Dilplay Circuit 

i--------1 Sequence---------! 

~A11·0· -+-·o"Read" 1 "W me--+--·1 "Read"O"W r11e--f 

A,, _JI_ ___ _. 

A,.---~ 
!Dini 

A" -----------~ 

Fig. 4 Entire Pulse Relation 

nous intensity modulation. In this way, the fail bit 
map is displayed on the CRT. Compared with 
others like TTL, the operation of IC memories is 
too complicated to understand only by pulse wave· 
form observed with an ordinary oscilloscope. 
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(C) 

(D) 

Fig. 5 Example of 1 bit Solid Failure 
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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 "O" 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 1 ns 
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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• 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 

Voe 

Data 

Line 
(DJ 

Figure 1-1. Static RAM Memory Cell 

1.2. Data Retention Mode and Battery Back-up 
System 

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

Data retention mode 

v .. 0:2.ov 
(CEJ 

Cs(CE)'1: v .. _:o.2v· OY--------------------------
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= VoR - 0.2V). 

tcoR (time for chip select to data retention): The 
minimum time needed to change from operating 
mode to data retention mode. Normally 0 ns. 
tR (Operation recovery time): The minimum time 
needed to change from data retention mode to 
operating mode. Normally, it is the same as the 
cycle time of the memory. 
VoR (data retention voltage): The voltage applied in 
data retention mode. Normally, the minimum 
supply voltage needed to retain memory data is 2 V. 
lccDR (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 (VoRl = 
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 Vee ,.. Memory Vee 
<>-'-~-.----! •!! ·• 1--------

l a 
~ 

P ·a 
l ·• l a 
~ ·a Memo..,. 

i---+---------con~l~ 

Figure 1-3. Example of Battery Back-up Sy1tem 

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

between the control signal and chip select signal 
should be connected to CS. As the level of CS in 
data retention mode must be higher than VoR -
0.2V, the power supply for this NANO gate must 
either be shared with the memory power supply, 
or be pulled up to the memory power supply. 

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

* Using memory with CS and CS. As CS selects 

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

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

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

Regulating circuit 

,-
' 
I 
' 
I 

generating 
circuit ' i 

~~ol circuit _ ____J 

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 4 Tr+ 2 R 1Tr+1 C 

Organization xl,x4,x8 x8 xl,x4 

Address Single Address Multiplexed 
Address 

Refresh Nor Necessary Necessary 

External Circuits Simple<: ~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 

(a) CE access 

C j==::A:;dd=re="==l[=~ 
p 

IDRAMJ 

.- Data 

Address ~ 

c 
p } 

Status 
u -{ Timer& 1 

a .. , Control J 
'-

IPSRAMI 

Figure 2-1. System Organization 

Cll 
6E 
WE-t __ i----~ 

Memory Array 

I IT,+ IC/Cell I 

Column Address 

.-

i 
::;: 

'--

Figure 2-2. Block Diagram (PSRAMI 

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 TIE specifica
tion at the falling edge of CE as it provides both TIE 
pin and RFSH pin. 

(b) QE access 

Figure 2-3. Read Cycle 
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CS Standby Mode: The HM65S12S enters CS 
standby mode for one cycle if CS turns to low 
at the falling edge of CE (figure 2-5). 

Address 

cs 

Data 

Standby 

Figure 2-5. CS Stendbv Mode 

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

Figure 2-4. Write Cvcle 

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

AO-AS 

A9-A16 

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

am, 

-~•+-..=;;--''--l>--''+--='---''----1.1----''+-"'"--''---.lr--•'f-=--

Refre•h R/W 

Figure 2-6. 

Automatic Refresh: The HM65S12S goes to auto
matic refresh mode if RFSH falls while CE is high 
and it is kept low for more than 1SO ns. 
It is not required to input the refresh address from 

Address Refresh 

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

~~ 
180ns:iRefresh<8µs 

Figure 2-7. 

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

Automatic Refresh 

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

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

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

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

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

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

Word Line 

Figure 2-9. Memory Cell of PSRAM 

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

Second self refresh current increases at low supply 
voltage. 

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). 

Power Supply Voltage 

Figure 2-11. Self Refresh Current vs. Voltage 

Spec 
o·c 
r'""'"''"'"''''1 ----=------:_ 

Temperature 

Figure 2-12. Self-Refrsh Current vs Temperature 

Please use PSRAM within the recommended opera
tion range (Vee more than 4.5 V, temperature more 
than 0°C) for data retention, especially using a 
battery. 
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3. Video RAM 
3.1. Multi-Port Video RAM 
Figure 3-1 shows general idea of video RAM. Multi
port video RAM provides an internal data register 
(SAM) with the memory (RAM). Both of them 
can be accessed asynchronously. Effective graphic 

display memory is realized by using the random 
port of RAM for graphic processor drawing and the 
serial port of the SAM part for CRT display. 

Random port 

Drawing 

Graphic 
Processor 

RAM 

DRAM 
memory cell 

Address 

SAM 

Multi-port 
Video RAM 

Figure 3-1. Generel ldee of Multi-port Video RAM 

Figure 3-2 shows the block diagram of the 256-
kbit multi-port video RAM HM53461, and table 

3-1 shows the operation modes of the HM53461. 

iiT;oE" 

1/0 

SC SOE 

Figure 3-2. Block Diagram of HM53461 

The operation modes shown in table 3-1 are described as follows. 

CAS 

H 

H 

H 

H 

H 

L 

At the falling edge of RAS 

DT/OE 

H 

H 

L 

L 

L 

x 
H: High 
L: Low 
X: Don't Care 

WE 

H 

L 

H 

L 

L 

x 

Table 3-1 _ Operation Modes of HM53461 

SOE 
RAM modes 

x Read/write 

x Temporary write mask data program 

x Read transfer 

L Write transfer 

H Pseudo transfer 

x CBR refresh 

Transfer cycle executed previously d~s SI/O direction. 
SI/0 is in high impedance state with SOE high, even if the direction is SQJ!!. 

SI/O 

Serial 
port 

SAM modes 
SI/O direction 

Sin/Sout 

Sin/Sout 

Sout 

Sin 

Sin 

Sin/Sout 

Notes 

1, 2, 3 
1, 2, 3 

2 

1,2 

Notes: I. 
2. 
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. 

AO-A7 

g l--+--EY----1-

1/01-l/04 

DRAM 
memory 

.,.u 

Temporary 
writ.e mask ......... 

Fi .. ra 3-3. Raad/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. 

1/01-1/04 

AO-A7 

DRAM 
memory 

cell 

~po.....,, 

writ.e mask 
register 

Fi .. re 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 
OT/OE. 

AO--A7 

DRAM 
memory 

<ell 

Figure 3-6. Raad 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. 

AO--A7 

·I ~~ DRAM ! memory Sl/01-Sl/04 

8 "'° e "' Q 

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. 

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



----------------------------------------Application 

AO-A7 

DRAM 
memory 

cell 
Sl/01-Sl/04 

Figure 3-7. Pseudo Transfer Operation 

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

Row 
decoder 

DRAM 
memory 

oell 

Refresh address 
counter 

Figure 3-8. CAS Before RAS Refresh 

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

I Row 
decoder 

DRAM 
memory 

cell 

\ 

Figure 3-9. Serial Read/Write Operation 

The HM53462 is a multi-port video RAM, adding 
logic operation capability to the advantages of 
HM53461. 
Figure 3-10 shows the block diagram. Table 3-2 
describes the operation modes. 

DT/OE ,---------
' RAM 

---, 
SAM 1 

Random 
port 

DRAM 
memory 

cells 

Data 
register 

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

SAM modes At the falling edge of RAS 

DT/OE 
RAM modes 

CAS WE SOE SI/O direction Notes 

H H H x Read/write Sin/Sout l, 2, 3 

H H L x Temporary masked write Sin/Sout l, 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 

L x L x 
Logic operation program Sin/Sout 1,2 (CBR Refresh) 

H: High L: Low X: Don't Care 

Note: 1. 
2. 
3. 

Transfer cycle previously executed defines SI/O direction. 
Sl/0 is in high impedance with SOE high, even if SlLQJlirection is Sout. __ 
HMS 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 1 
: : 
I I 

! ! illill I I t 
: l "C 0 --
' I 8 ;:::,. 
I '-" -l! • 
L_ll' ~ § 

~ ~ 

r:::.====~ ; 
I I 
I I 
I I 
I I 
I I 
I I 
I I 

AO-A7 

I 

J.. --1.tr--------- --
' 1 DRAM 
I memory 
I <ell 
I 
I 
I 

I/OJ-1/04 
( 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 RAS cycle in 
the automatic reset time of the processor. 

• Bypass capacitor. One bypass capacitor should 
be inserted between Vee and Vss to each device. 
The Vee pin should be connected to the capaci
tor by the shortest path. A capacitor of several 
µF is suitable. 

• Negative voltage input. Negative polarity input 
level to input pin or 1/0 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/Bfsc) or NTSC TV 
signal (4 fsc/Bfsc) . 
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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. 

Address------! Address 
Control 

Figure 3-12. Standard Organization of Conventional 
Line Buffer 

Input 
Buffer 

Write Clock-+----• 

, ___ __,_ __ ~ 

lH Memory 

Figura 3-13. Standard Organization of Line Memory 

The Hitachi HM63021 is a 2048-word x 8-bit line 
memory storing 2 horizontal lines of data. 
It has five different modes for various video graphic 
system applications. It realizes high speed opera
tions for PAL and NTSC TV signals, and dissipates 
little power employing 1.3 µm 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 1 H/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 
5. 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 
densify 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. 

Fl .. re 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 µs, 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. 

AO-~ Address Inputs 
CAS'" Column Address Strobe 
Din Data In 

Dout Data Out 
"RAS Row Address Strobe 
WE Read/Write Input 
Vee Power (+SV) 
Vss Ground 

AO -A_! Refresh Address Inputs 

(a) Pin Arnnlement 

4.3 Address Multiplexing 
Dynamic RAMs are used to increase capacity be
cause of their smaller cell area. In using dynamic 
RAMs 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 CAS, 
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. 

(b) Addttsa Latch 

( c) Bloclt diqrom of Address Multiplexin1 

Fi .. re 4-2 Add,.. Multiplexing of Dynamic RAMs 
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4.4. Dynamic RAM Function 
Figure 4-3 shows the normal function of Dynamic 
RAM. 

RAS 

CAS 

Don't Care 

Address 

Dout 

(a) Read Cycle 

RAS 

~mmZ;; CAS 

Address 

~~um® WE 

Din 

Dout igh z 

tRc: 
fRcD: 
fRAC: 

1cAc: 
R: 
C: 

Random Read or Write Cycle Time 
RAS to CAS Delay Time 
Access Time from RAS 

Access Time from CAS 
Row Address 
Column Address 

RAS 

CAS 

Address 

WE 

Din 

(Delayed Write) 

(b) Write Cycle (Early Write) 

tRwc: Read-Write Cycle Time 
Address 

Din !f/(l/][!/Jll[m&~ 
Dout ~--:H~ig~h~Z----i( }--

(c) Read Modify Write Cycle 

Figura 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 fa Iii ng edge of GAS after 
the RAS falling edge. If WE is high, the data is read 
out from Dout depended on the later of tcAC 

(Access time from GAS) or tRAC (Access time from 
RAS). 
The tRco maximum (RAS to GAS delay time) is 
specified only to guarantee the specified minimum 
values of other timings such as the cycle time, 
RAS/GAS pulse width. Therefore, when using these 
timings with more than the specified minimum 

value, there is no need to limit the tRcD to the 
specified maximum value. The tRco 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 GAS. 
In delayed write cycle, when WE is high, data is 
written into Din at the falling edge of WE after GAS 
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 
ltRwcl is longer than the cycle time in read/write 
mode (tRcl· 

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 

44 

Normal 
Mode 

Page 
Mode 

Nibble 
Mode 

Static Column 
Mode 

High-Speed 
Page Mode 

R : Row Address 
C : Column Address 

RAS 

CAS 

Address 

Dout 

Add~~~ Dout~G· 

RAS 

CAs~ Address RCC CC 

Dout 1 2 3 4 b::>--
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data from 4 sequential addresses is stored in the 
4-bit output latch circuits. Output is provided by 
the CAS signal, which cont~ols' 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 (tNAcl 
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 CAS providing 
the address latch function. 

4.6 Refresh 
Refresh operation is performed by accessing every 
word line within the specified time (refresh cycle). 
Table 4-2 compares the following refresh modes in 
dynamic RAM. 
RAS Only Refresh: In RAS only refresh mode, 
refresh can be completed by selecting only row 
addresses synchronized with RAS. 
CAS Before RAS Refresh: This mode refreshes by 
the CAS falling edge before RAS in the period de
fined by the internal refresh address generator. This 
mode simplifies the external address multiplexer. 
Hidden Refresh: In hidden refresh, CAS before 
RAS refresh is performed while output data is valid. 

Tabla 4-2. Comparison of Dynamic RAM Refresh Modes 

Read 

RAS Only 
Refresh 

CAS before 
RAS 
Refresh 

Hidden 
Refresh 

Dout --c::::>- R : Row Address 
C : Column Addreas 

Ad:•3Yuu///////i 
Dout-------- Dout : Hish Impedance 

-Read Cycle--Refresh Cycle----

Dout -----<c:=:::>r-------

__ Read Cycle- --Refreah Cycle-

Dout -----<=========~ 
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5. EPROM 
5.1. EPROM Memory Cell 
EEPROM is 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 
!':!itride Qxide .§_emiconductor) 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 ta, catch electrons. Electrons 
move by the tunneling phenomenon between the 
substrate and traps. 

P·Well 

NSubstnte 

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 2.56 seconds to write the whole 
HN58C65. Figure 5.2 shows internal operation. 
The following describes operation sequence: 
1. 32-byte memory cell data at the row address 

selected by address pins AS - A 12 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 
( 11 are erased (All 1 ). 

4. Latched data is written into the selected row (3). 
5. CPU acknowledges the completion of write cycle 

by the internal timer. The HN58C65 provides 

ROY/BUSY and Data polling to indicate the 
write completion. 

A5-A13 

RDY/BUSY 
@ 

MNOS memory cell 

1/0 

AO--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, ROY/BUSY and Data 
polling, to indicate the completion of data write. 
The ROY/BUSY approach indicates the completion 
of data write by using pin 1. It is low when the 
HN58C65 is in data write operation (BUSY) and 
turns to high impedance state at the end of data 
write (ROY). ROY/BUSY pin should be pulled up 
as it uses open drain output. The ROY/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, 
ROY/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 (V cc). 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 Si02 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 Si02 film. 
Therefore, it is evident that the quality of Si0 2 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 Si02 

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

6.2. Erasing EPROM 
When shipped, all bits of the EPROM are at logic 1 
with all electrons in the floating gate released 
(erase). Changing the logic 1 to logic 0 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 
tpw. 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 

SiO, f77//J' . 
\--.: Floating Gate 

Sou'" \j///zV D"in 

P Substrate 

Figure 6-1. Cross Section of EPROM Memory Cell 

Io 

I 
Non-programmed 
Memory cell I 

Programmed 
Memory cell 

Figure 6-2. Fundamental Characteristic of EPROM 
Memory Cell 

Programming Conditions ; 
Vee =6.0V, 
Vpp=l2.5V 

Program Pulse Width lpw (ms) 

10 

Figure 6-3. Standard Programming Characteristics 
of EPROMs 

EPROMs are erased by ultraviolet light exposure 
through a transparent window on the package. 
Electrons in the floating gate get energy from 
photons and become hot electrons again with 
enough energy to go over the energy barrier of Si02 
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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 Si02 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. 

Wavelength 

Figura 6-4. Erasure Efficiency of EPROM 

For erasure, the wavelength and minimum irradia
tion rate of ultraviolet light must be 2,537 A and 15 
W•s/cm2 respectively. These conditions can be met 
by placing the device 2 - 3 cm below a 12,000 
W/cm2 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 

• 8 
·~· 

~ 7 

! 
4 
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[D7 
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/ 

~ I\ 

v12 )... DI 
0 

W ·Irradiation (W • sec/cm2 ) 

Figura 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 10·14 coulomb of electrons are 
accumulated in the floating gate when programmed. 
However, these electrons dissipate with time. Then 
the data may be inverted. The mechanism of 
electron dissipation is generally explained as fol
lows. 
Data Dissipation by Heat: The electrons at the 
floating gate are in a non-equilibrium state, so the 
dissipation of electrons by thermal energy is un
avoidable. Therefore, the data retention time 
depends on temperature. Figure 6-6 shows typical 
data retention characteristics. The data retention 
time is proportional to the reciprocal of absolute 
temperature. 

10 ' 

! 10• . . ~ 10 

10 

10 ' 

~ 
v 
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300 200150 100 
Stored temperature ("C) 

Figure 6-6. EPROM's Data Rantantion 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 

::y 
] ! 10' 

~10'~ 
-~ 
i 10' 

"' 

Writing Charge (relative) 

Figura 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 

Address+ 1:
Address 

Figure 6-8. High-Performance Progremming 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. 

18 

16 

14 

! 12 

·~ 10 

~ 8 

~ 6 
0. • Page mode 

programming 

8KX8 16KX8 32KX8 64KX8 128KX8 
(64K) (128K) (256K) (512K) (lM) 

Storage capacity 

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

6.5 Device I ndentifier 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. 

rr==~~~~~~r--Device identifier code area 

Data access area 

1/0 control circuit ¢ Dout 

Figure 6-10. Device Identifier Coda 

Table 6-1 describes how to use the device identifier 
code. Setting A9 at 12 V and A1 - AB, A 10- A13 
at VIL access the device identifier code area and 00 
- 07 output the programming condition code with 
V1L or V1H of AO. 

Tablal 6-1. Hitach EPROM Device Identifier Coda -- AO 07 06 
Manu-
fac-
turer 
code 

ROM 
code 

Hitachi VrL 0 0 

HN27128A 0 0 
HN27256 0 0 
HN27C256 VIH 1 0 
HN27512 1 0 

A9: 12V 
Al -AB, AlO -Al3: VrL 
Al4, AlS: Don't care 

6.6 Shielding Label 

05 

0 

0 
0 
1 
0 

04 03 02 01 00 Hex Data 

0 0 1 1 1 0 7 

0 1 1 0 1 0 D 
1 0 0 0 0 1 0 
1 0 0 0 0 3 0 
1 0 1 0 0 9 4 

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 

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 0 (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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(sT1RT) 

/ ' 
/ ' 

/ ' 
(/ Ch~eck Pin ') 

' Contact / ' / ' / ' / 

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

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

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. 

Tabla 6-2. EPROM Data Input 

Method Content 

Copy input 

Manual input 

Paper tape input 

Teletypewriter 
input 

Input by copying the master ROM. 

Input by the keyswitch on the front 
panel. Used for correction or 
revision of program 

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

Input with the teletypewriter. 
Preparation, correction, and list 
preparation of the program can be 
made. 

6.8 Handling EPROMs 
Touched with a charged human body or rubbed 
with plastics or dry cloth, the glass window of an 
EPROM generates static electricity which causes de
vice malfunctions. Typical malfunctions are faulty 
blanking and write margin setting that give the false 
impression that information has been correctly 
written in. As already reported at the international 
conferences concerning the reliability of LSI chips, 
this is due to the prolonged retention of electric 
charge (resulting from the static electricity) on the 
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 I Cs. 
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 
proving test. 
However, rare defects may occur in the assembly 
process cannot be completely removed in final test 
screening which is only a reading test. 
Therefore, Hitachi recommends that users perform 
high temperature baking after programming devices 
to ensure high reliability. 
Detailed conditions and procedures for screening are 
shown in figure 6-13. First, program and verify 
devices. Then, leave them without bias at 125 to 
150°C for 24 to 48 hours. 
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After that, check read-out function and remove the 
chips with data retention failures. 
From the results of devices in which the recom
mended screening test is properly performed, we 
confirm that the data retention characteristics of 
OTPROMs are equal to general EPROMs. 

Programming. 
,__r_'°_'""'-· _(_I l__, Reading-out 

Dau 
'--~----' Retention 

Wafer Screenin1 

Program and 
Verify 

by Prolf'alllmer 

Baking at 
125 to ISO"C 

for 24 to 48hrs 

Enaurin1 
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 Identifi
cation Sheet" 

7.1 Specification of EPROM 
1. Submit the three sets of the EPROM-stored data. 

Specify the address of the EPROM in the case of 
two or four EPROMs. 

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

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

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

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

patible) 

7.2 Specification of Magnetic Tape 
1. Use the following type of magnetic tape which 

can be used by a magnetic tape device com
patible with the IBM magnetic tape device. 

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 
Sheet".) 

2. Use EBCDIC as the use code. 

I ndetification 

3. Follow the format of the magnetic tape as de-
scribed below 
No leading tape mark 
No label 
Record size ............. 80 byte/1 record 
Block size ............. 10 records/1 block 
The end of the file should be indicated by 2 
successive tape marks (TM) (figure 7-1 ). 

4. HMCS6800 load module data mode. This mode 
is the object mode output from the assembler 
HMCS6800. 
Divide the 8-bit code into the upper and lower 
4-bit codes, and convert each into hexadecimal 
notation. 
Example: The code 1100 0110 is as follows 

under binary notation. 
(Upper 4-bits) (Low 4-bits) Bit weight 
D7 D6 D5 D4 D3 D2 D1 DO (ROM output 

1 0 0 0 1 1 0 equivalence) 

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

I~! ___."'"'I _"'"'" 
2 __.__"'----L-"' 3 

_____ ?~ I I : I I I 
Figure 7-1. Magnetic Tape Format 

Header 
lJata End of 

record 
record file record 

Record Start s I 3 s I 3 s 
5 3 

Record Type 3 I I 3 ' ' 3 0 0 

3 0 
3 I 3 0 

0 3 I 6 
Byte Count 

3 6 0 ' 
3 6 3 3 

3 I 3 0 
3 0 

3 I 3 0 
1100 0000 

0000 3 0 3 0 
Address Size 

3 0 3 0 
3 0 

3 • 3 ' ' 8 
• 6 FC ( Check 

Data 
3 8 

48-H 3 8 • 3 ·Sum) 

3 • 3 0 
0 2 

Data 44-0 3 2 
3 • 

Data 
3 I 

52-R 
3 2 EJ-3 I I 

Check Sum • 2 
IB (Check Sum) A8 (Check Sum ) 

Figure 7-2. HMCS68000 Load Module Data Format 
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SO indicates the head of the file and S9 indicates the 
end of the file. The actual data starts following S1. 
This means that the data starts from the address 
(hexadecimal) indicated in the address size. The 
address of the address size of the data recorder is 

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

Header Record _, S 0 0 B 0 0 0 0 5 8 2 0 4 5 5 8 4 I 4 D 5 0 4 CB 5 

Data Record _, S I I 3 F' 0 0 0 7 E F' 5 5 8 7 E F' 7 8 9 7 E F' A A 7 7 E F' 9 C 0 7 E F' 9 C 4 7 E 2 4 

Data Record _, S I I 2 F' 0 I 0 F' A 6 5 7 E F' A 8 B 7 E F' A AO 7 E F' 9 DC 7 E F' A 2 4 7 E 0 6 
End of 
File Record _, S 9 0 3 0 0 0 0 F' C 

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. 
F ............... Indicates end of 1 word. 

[l~-~ 

Ill 
!)11 

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 
Number of Tracks . . . . . . . . . . . . . . . . . . 77 

Sector 26 

Sector 01 

Sector 16 

Track 74 

Track 00 
(Index· Track) 

Figure 7-5. Floppy Disk Format 

2. Use EBCDIC as the use code. 

Sector 03 

3. Format the floppy disk as described below. 
Composition is described in table 7-1. 
Record size ............. 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 
for one record, that is, 80 bytes out of 128 bytes 

used for one record. 
4. Data Mode. See data mode for magnetic tape. 

56 

I Track --------------------------·----j 
Sector I Sector 2 Sector 3 Sector 24 I Sector 25 

1 
! • Sector 26 __J 

f------,--1--:-:=-::---:---t--,,-=--:-.. I.. niK b)·te!;;) • '. (128 bytes) : 028 bytes) 

Record 1 
(80 bytes) 

Figure 7-6. Floppy Disk Sector Format 

Hit&(' I 

llK 

OK 

Supply 

Figure 7-7. ·M•k ROM Development 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 ( 1 Mn 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 
109 ohm/o) 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 V cc - 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 V1H and maximum V1L and that 
with 0.2 V or Vee - 0.2 V, and the difference in 
value is remarkably great. Some memory devices 

are designed to cut off such current flow in standby 
mode by the control of input signals, but it depends 
on device type. This should be confirmed in data 
sheets for each device type. 

Figure 8-1. CMOS Inverter 

-;:;
5 

• .,,,~5.0V ;g 4 

i 3 

~ 2 

1 I 
u 

0 123456 

Input Voltage 

Figure 8-2. Relationship between Input Voltage & Currant 
In CMOS Inverter 

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 eel 
through the base resistance of TR1 (RNl. which 
puts TR 1 into conduction, too. Then, as the base 
of TR2 is re biased by collector current from TR 1, 
the closed loop consisting of TR 1 and TR2 reacts. 
Thus current flows constantly between power 
supply (Vccl 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: 

V1H max 6.0 V (not depending on Vccl 
V11 .. min 3.0 V (pulse width= 50 ns) 

-0.3 V (DC level) 

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

Pin 

Vss 

(al (bl 

Figure 8-3. Cross Section Structure of CMOS Inverter 

Closed Loop 
Pin r--Vcc ___ i 

I 
I 

Rn: 
I 
I 
I 

'--'~-.rTR2: 
I 
I 
I 
I 

j I : 
TRI ON L ______ _J 

(a ) Thyristor Effect by 
Positive Voltage 

Pin 

(b) Thyristor Effect by 
Negative Voltage 

Figure 8-4. Equivalent Circuit of Parasitic Thyristor 

8.3 Noise Prevention 8.3.2 Power Supply Noise 
Noise in semiconductor memories is roughly clas
sified into input signal noise and power supply 
noise. 

8.3.1 Input Signal Noise 
In.put 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). 

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.se 
Not More than 10% of Standard 
Power Supply Voltage. 

~L -r-- -----r 
·High-frequency 

10% of Stand.rd Power 

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 µF 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-

cs 
Signal 

Preferred 

Vee Vss Vee Vss Vee Vss 
~ 

Data I/O 

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 cc pin to V ss 
pin through the bypass capacitor must be as little 
as possible. 

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

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

Non-preferred 

r.:=:;'S.~~=-j -Faults-
1. Bypath Lines are too 

Long. 
2. Devices Selected at 

a Time are on the 
Same Mother Line. 

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 

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

Standby: 100µW (typ.)/SµW (typ.) (L-version), 
Operation: 1 SOmW typ. 

• Single SV Supply and High Density 18 Pin Package 
• Completely Static Memory - No Clock nor Timing Strobe 

Required 
• No Peak Power-On Current 
• No Change of tACS with Short Chip Deselect Time 
• Equal Access and Cycle Time 
• Directly TTL Compatible - All Input and Output 
• Separate Data Input and Output: Three State Output 
• Plug-In Replacement with Intel 2147H NMOS STATIC RAM 
• Capability of Battery Back Up Operation (L-version) 

•ORDERING INFORMATION 

Type No. Access Time 

HM6147HP·35 
HM6147HP·45 
HM6147HP·55 

HM6147HLP·35 
HM6147HLP·45 
HM6147HLP·55 

•BLOCK DIAGRAM 

Um 

;.-_.,......_., 
.\· --a---i 

·--es-~ 
"--tt=:l 

35ns 
45ns 
55ns 

35ns 
45ns 
55ns 

•ABSOLUTE MAXIMUM RATINGS 

Item Symbol 

Voltage on Any Pin relative to Vss Vr 

DC Output Current /, 

Power Dissipation Pr 

Operating Temperature T.,. 

Storage Temperature under bias T.111•1•1) 

Storage Temperature T •• , 

Note) * 1 -3.SV for pulse width~20ns 

Package 

300mil 18pin 
Plastic DIP 

~Vee 

Rating Unit 

-0.5' 1 to +7.0 v 
20 mA 

1.0 w 
0 to +70 ·c 

-10 to +85 ·c 
·-55 to +125 ·c 
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•RECOMMENDED DC OPERATING CONDITIONS (O"C:;;; Ta:>;1o·c) 

Parameter Symbol min typ max 

Supply Voltage 
Vee 4.5 5.0 5.5 

Vss 0 0 0 

Input High (logi-. l) Voltage v,. 2.0 3.0 6.0 

Input Low (logic 0) Voltage VIL -0.5* 1 - 0.8 

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

•oc AND OPERATING CHARACTERISl'ICS (0°C:>;Ta:>;70'C, Vcc-5V±l0%, Vss=OV) 

Parameter Symbol Test Condition min 

Input Leakage Current I lu I Vcc-5.SV, Vss to Vee -
Output Leakage Current lhol cs-v, •. V..,-Vss to Vee -

Operating Power Supply Current(!) Ice cs-v,L, Output open -

Operating Power Supply Current (2) /cc1 cs-v,L. Minimum Cycle -
--

Standby Power Supply Current (1) fsB CS~ Vin, Vcc~Min to Max 
-

CS;;: Vcc-0.2V. -
Standby Power Supply Current (2) lss1 

V1N;;:;o.2v or ViN;,; Vc-c-0.2V -

Outpat Low Voltage VoL loL-8mA -
Output High Voltage v •• lo.--4mA 2.4 

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, Ta=25"C and Specified loading. 
* 3. This characteristics are guaranteed only for L-version. 

•CAPACITANCE (Ta-25"C, /-1.0MHz) 

Item Symbol Conditions 

Input Capacitance c .. v .. -ov 
Output Capacitance c ... v •• -ov 

Nole) nia pe.rameler is uapled ... not 100" tested. 

• AC CHARACTERISTICS (Ta= 0 to +70°C, V cc= SY± 10%) 
•AC TEST CONDITIONS 

• Input p~lse lewls: Vssto 3.0V 

typ•2 

-

-

30 

40 

8 

5'' 

20 

l" 

-

-

max 

5 

6 

• Input rise and fall times: 5 ns 
• Input timing reference levels: 1.5V Output Load A """' 

• Output load: Saa Figura 
• Output timing raferance levals: 1.5V (HM6147H·35) 

0.8 to 2.0V (HM6147H-45/55) 

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

3JOQ 

Unit 

v 
v 
v 
v 

max Unit 

10 µA 

10 µA 

80 mA 

80 mA 

20 
mA 

15' 3 

800 

JOO" 
µA 

0.40 v 
- v 

Unit 

pF 

pF 

Vtt 

Slllll 



----------------------------------- HM6147H Series 

•READ CYCLE 

HM6147H-35 HM6147H-45 HM6147H-55 
Parameter Symbol 

min max min max min max 

Read Cycle Time he 35 - 45 - 55 

Address Access Time ,., - 35 - 45 -

Chip Select Access Time tACS - 35 - 45 -

Output Hold from Address Change '"" 5 - 5 - 5 

Chip Selection to Output in Low Z hz 5 - 5 - 5 

Chip Deselection to Output in ·High Z ,., 0 30 0 30 0 

Chip Selection to Power Up Time fpu 0 - 0 - 0 

Chip Deselection to Power Down Time ,,,,, - 20 - 20 -

•TIMING WAVEFORM OF READ CYCLE N0.1""" 
"' 

Add nu 

Dua Out Data \."alid 

•TIMING WAVEFORM OF READ CYCLE N0.2'"'" 

"' 

0.11 Ou1 0.11 \'1hd 

Current 

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

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

3. Transition is measured ±SOOmV from steady state voltage with 
~cified loading in Load B. 

4. WE is high for READ Cycle. 
S. Device is continuously selected, C!=YJL· 
6. Addresses valid prior to or coincident with "CS transition low. 
7, This parameter is sampled and not 100% tested. 
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Unit Notes 

ns OJ 
ns 

ns 

ns 

ns (2), (3), (7) 

ns (2), (3), (7) 

ns 

ns 
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e WRITE CYCLE 

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

min max min max min max 

Write Cycle Time lrrc 35 - 45 - 55 - ns (2) 

Chip Selection to End of Write lcw 35 - 45 - 45 - ns 

AddreBS Valid to End of Write l•w 35 - 45 -
' 

45 - ns 

Address Setup Time '•• 0 - 0 - 0 - ns 

Write Pulse Width lwp 20 - 25 - 30 - ns 

Write Recovery Time lw• 0 - 0 - 0 - ns 

Data Va lid to End of Write '"" :io - 25 - 25 - ns 

Data Hold Time '•• 10 - 10 - 10 - ns 

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

Output Active from End of Write low 0 - 0 - 0 - ns (3), (4) 

•TIMING WAVEFORM OF WRITE CYCLE (WE Controlled) 

'"' 

... 

Dua In 

Dua 0.1 0.1a Undefined 

•TIMING WAVEFORM OF WRITE CYCLE (CS Controlled) 
, .. , 

A.Writ• ------. -
1::::::-L "' "( 

... . .. 
'"' 

:s:: :s:: :s:: :s:: :s:: ~ 1777 
I ... ,, • .J 

f i ' 0.11 In V1IMI 

Dita I• 

.. , 
j 

_/ Data Undefined "'II 

' J H11hl ... ••11tt 

Data 0.1 

Notes: 1. If Cl 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. 

66 

3. Transition is measured ±SOOmV from steady state voltage with specified loading in Load B. 
4. This parameter is sampled and not 100% tested. 
S. CS or WE is high for address transition. 
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•LOW Vee DATA RETENTION CHARACl'ERISTICS (Ta= O't to + 70't) 
This characteristics are guaranteed only for L-version. 

Item Symbol Test Condition min 

Vee for Data Retention v •• cs~ Vcc-0.2V 

ViN~ VL'c-0.2V or v,.:;;o.2v 
2.0 

Vcc-3.0V, CS~2.8V 
Data Retention Current lccoff. -

v,.~2.sv or V,.:>0.2V 

Chip Deselect to Data Retention Time le DR. 0 
See Retention Waveform 

()per at ion Recovery Time '• l111c•I 

Note) *I. t11c= l~ed Cycle Time. 

•LOW Vcc DATA RETENTION WAVEFORM 
Data Retention Mode 

Vee 
4.5V 

2.1\· - - - - - -

VDI------

cs----J 

typ 

-

-

-

-

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

$HITACHI 
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max Unit 

- v 

50 µA 

- ns 

- ns 
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HM6147H Series-----------------------------------

68 

ACCESS TIME VS. SUPPLY VOLTAGE 

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

T11=2s·c 
1.2t----+----+----+-----l 

1.11;;;;:,-----+----t----t------1 

~ 1.ot----+----""t-;::---t------1 

~ 0.91------+---1--............... ---+~---< . 
~ o.8t----+----t----+----l 

0·7 .,.,.5=---....,.,.~75:----:5"'.o----,,5."'25=-----='5.5· 

Si;pplJ Voltage Vee (VJ 

ACCESS TIME VS. LOAD CAPACITANCE 

... 
i 

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

1.61-----+----+----t-------t 

1.•l---+---+--=-""~F----t 
~ 1.2 l----+-"'--+----+-----1 

~ 
Ta=25"C 
Vcc=MlN 

J.O 1£----+---+----t------1 

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

0·6 100 200_ 300 400 500 

Load Capacitance Ct ( pFl 

INPUT LOW VOLTAGE VS. SUPPLY VOLTAGE 

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

Tca=25"C 

1.2t----+---+----+-----l 

l.lt----+---+----+-----l 

--r--1.01-----+---=---t-=--+---; 

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

J o.st----+---+----+----l 

0 · 7 ,~.5:----4...,.7,...5 ___ 5,..o ___ 5 .... 2_5 __ _.5.5 

Supply Voltage Vee ( Vl 

ACCESS TIME VS. AMBIENT TEMPERATURE 

~ • :i 

"" c 

u 

"i: 
Jl 

1.3....---....... ---..---....... ----. 
Vcc=S.OV 

1.2t----+----+----t-------t 

/'-' 1.11----+---+--::;;,,..,.:+-----I 

/v 
1.01-----t-:.,,..."--t----t------1 

0.9~ 
0.8 l-----+----1-----+------< 

0·7 .. 0 ----','"'o ---, .. o--___,6.,.0----180 

Ambient Temperature Ta (°Cl 

SUPPLY CURRENT VS. FREQUENCY 

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

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

I.I 

1.0 

0.9 

0.8 

0.1 0 10 15 20 25 30 
Frequency J (MHz) 

INPUT HIGH VOLTAGE VS. SUPPLY VOLTAGE 

1.3 

To=25"C 

1.2 

---v-I.I 

; 
~ •l.0 r--I--~ 
~ 0.9 

" ! 0.8 

0.1 
4.5 4.75 5.0 5.25 5.5 

Supply Voltage \tc (VJ 
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----------------------------------- HM6147H Series 

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

1.6 1.6 

~ 
Ta=25"C 
Vcc=SV 

\ 
\ 

1.2 

1.0 

0.8 

0.6 

i v 
-l- Ta=25'C 

Vee =5V 

v 

1.4 

.e 1.0 

0 0.8 

0.6 

0.2 o.• 0.6 0.8 

Output Voltage VoN ( Vl Output Voltage Vot. ( V) 

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

10-$..----.----.,-----,.----, Ur----,.---...--------

] 
... 
E 

.@ 

~ 
0.8 

v 
0.6 

~ 
u; 

0.4 

io-•o,__ ___ 2"'"0----",o----'60 ___ _,80 

Ambient Tempera1ure Ta \C) Supply Voltage Vee (VJ 

STANDBY CURRENT VS. INPUT VOLTAGE 

10 
r.:1s·c 
Vcc=5.0V 
CS:4.8V 

~ 
l 

'\ 

N 
Input Voltage V.. ( V) 

@HITACHI 
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HM6116 Series----Maintenance Only 

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

•FEATURES 
• Single 5V Supply 
• High speed: Fast Access Time 
• Low Power Standby and Standby: 

Low Power Operation Operation: 

120ns/150ns/200ns (max.I 
100µW (typ.l 

10µW (typ.l (L-versionl 
180mW (typ.) 

160mW (typ.) IL-version) 
• Completely Static RAM: No clock or Timing Strobe Required 
• Directly TTL Compatible: All Input and Output 
e Pin Out Compatible with Standard 16K EPROM/MASK ROM 
• Equal Access and Cycle Time 
• Capability of Battery Back Up Operation (L-versionl 

•ORDERING INFORMATION 

'fYpe No. Access Time Package 

HM6116P-2 120ns 
HM6116P-3 150ns 
HM6116P-4 200ns 600mil 24pin 
HM6l16LP-2 120ns Plastic DIP 
HM6116LP-3 150ns 
HM6116LP-4 200ns 

HM6116FP-2 120ns 
HM6l16FP-3 150ns 
HM6114FP-4 200ns 

HM6116LFP-2 120ns 
24pin Plastic SOP 

HM6116LFP-3 150ns 
HM6116LFP-4 200ns 

•FUNCTIONAL BLOCK DIAGRAM 

110. 

.. .. .. A., 

OE" 

iiE 

cs 

• HITACHI 

HM6116P Series 

(DP-24) 

HM6116FP Series 

(FP-240) 

•PIN ARRANGEMENT 

(Tap View! 

Notel This device is not available 
for new application • 
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------------------------------------ HM6116 Series 

•ABSOLUTE MAXIMUM RATINGS 

Item Symbol Rating Unit 

Voltage on Any Pin Rt>lative lo V.'is v, ~-0.5* 1 to +7.0 v 
Operating Temperature T.,. 0 to +70 ·c 
Storage Temperature T.c, -55 to +125 ·c 
Storage Temperature Under Bias r .... -10 to +85 ·c 
Power Dissipation p, 1.0 w 

Note) *I 3.5V for pulse width~SOns 

•TRUTH TABLE 

cs OF. WE Mode Ver Current 1/0 Pin Ref. Cycl• 

H x x Not Selected I SB, I SBl High Z 

L L H Read Ice Dout Read Cycle 1 l>-131 

L H L Write Ice Din Write Cycle (!) 

L L L Write Ice Din Write Cycle 121 

•RECOMMENDED DC OPERATING CONDITIONS (Ta-0 to +70'C) 

Item Symbol min typ max Unit 

Vee 4 .5 5.0 5.5 v 
Supply Voltage 

Vss 0 0 0 v 
v.. 2.2 3.5 6.0 v 

Input Voltage 
-0.3"' 1 Vn - 0.8 v 

Note)* I. -3.0V for pulse w1dth~50ns. 

•DC AND OPERATING CHARACTERISTICS (Vcc=5V±10%, Vss=OV, Ta=O to +70'C) 

Item 

Input Leakage Current 

Output Leakage Current 

Operating Power Supply 

Current 

Average Operating Current 

Standby Power Supply 

Current 

Output Voltage 

Notes) * 1. Vcc=5V, Ta=25"C 
* 2. Reference Only 

Symbol 

llu I 

lhol 

Ice 

/cc1 *2 

Jeez 

fsB 

JsBI 

VoL 

VoH 

Test Conditions 
min 

-
Vee =5.5V, VIN= Vss to Vee 

-

CS= Vrn or OE= Vrn, -

Vuo = Vss to Vee -

-
-

CS= VrL, !1!0 =OmA 
-

Vuo =3.5V, VrL =0.6V, -

Jr,o=OmA -

-
Min. cycle, duty= 100% 

-

-
CS= VrH 

-

CS~ Vcc-0.2V, -

v;.~ Vce-0.2V or v;,:o;o.zv -

loL=4mA -

loi=2.lmA -

loH=-1.0mA 2.4 

* 3. This characteristics are guaranteed only for L-version. 

@HITACHI 

HM6116-2 HM6116-3/-4 

typ•l max min typ* l 

- 10 - -

- 2•3 - -

- 10 - -

- 2*' - -

40 80 - 35 

35• 3 70* 3 - 30* 3 

35 - - 30 

30* 3 - - 25* 3 

40 80 - 35 

35• 3 70* 3 - 30* 3 

5 15 - 5 

4•3 12*' - 4•3 

0.02 2 - 0.02 

2•3 50* 3 - 2•3 

- 0.4 - -

- - - -

- - 2.4 -

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

Unit 
max 

10 

2*3 
µA 

10 

2•3 
µA 

70 
mA 

60* 3 

-
mA 

-

70 
mA 

60* 3 

15 
mA 

12* 3 

2 

50* 3 
µA 

- v 
0.4 v 
- v 

71 



HM6116 Series----------------------------------

•CAPACITANCE {f-lMHz, Ta-25"C) 

Item Symbol Test Conditions 

Input Capacitance c .. v..-ov 
Input/Output Capacitance C,,o v,,.,-ov 

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

•AC CHARACTERISTICS (Vcc=5V±10%, Ta=O 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 CL (100pF) (including scope and jig) 

•READ CYQ.E 

Item 

Read Cycle Time 

Address Access Time 

Chip Select Access Time 

Chip Selection to Output in Low Z 

Output Enable to Output Valid 

Output Enable to Output in Low Z 

Chip Deselection to Output in High Z 

Chip Disable to Output in High Z 

Output Hold from Address Change 

•WRITE CYQ.E 

Item 

Write Cycle Time 

Chip Selection to End of Write 

Address Valid to End of Write 

Address Set Up Time 

Write Pulse Width 

Write Recovery Time 

Output Disable to Output in High Z 

Write to Output in High Z 

Data to Write Time Overlap 

Data Hold from Write Time 

Output Active from End of Write 

•m4NG WAVEFORM 

•READ CYQ.E (1)'" 

.\ddrus 

HM6116·2 
Symbol 

min max 

he 120 -

1 .. - 120 

IACs - 120 

lcLZ 10 -
lo£ - 80 

loLZ 10 -

le Hz 0 40 

loHZ 0 40 

loH 10 -

HM6116-2 
Symbol 

min max 

lwc 120 -
lcw 70 -
l•w 105 -
1 .. 20 -
lwp 70 -
lw• 5 -
to11z 0 40 

hr11z 0 50 

low 35 -
lo• 5 -
low 5 -

@HITACHI 

typ max 

3 5 

5 7 

HM6116-3 HM6116-4 

min max min max 

150 - 200 -

- 150 - 200 

- 150 - 200 

15 - 15 -
- 100 - 120 

15 - 15 -

0 50 0 60 

0 50 0 60 

15 - 15 -

HM6116-3 HM6116-4 

min max min max 

150 - 200 -
90 - 120 -

120 - 140 -
20 - 20 -
90 - 120 -
10 - 10 -
0 50 0 60 

0 60 0 60 

40 - 60 -
10 - 10 -
10 - 10 -
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Unit 

pF 

pF 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 



---------------------------------- HM6116 Series 

•READ CYCLE(2)'"'""' 

Addrus =L .. ~_t~···=i 
Dout 

•READ CYCLE(3)"'""" 

Dout 

NOTES: I. W£ is High for Read Cycle. 
2. Device is continuously selected, rS" = VJL· 
3. Address Valid prior to or coincident with "CS"° transition Low. 
4. 0£°= VIL. 

e WRITE CYCLE(1) 

i---------••c--------.... 
Addrus 

(l) ----... ---... 
u. .. 

Uon ----<l~----'+4><>< ............... X 

@HITACHI 
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HM6116 Series----------------------------------

•WRITE CYQ.E(2)m 

Addrt11 

°""' 

Din 

NOTES: l. 
2. 

i---------1"---------

A write occurs during the overlap (t.ll!E) of a low CS and a low WE. 
t WR is measured from the earlier of CS or W!" going high to the end 
of write cycle. 

3. During this period, 1/0 pins are in the output state so that the input 
signals of opposite phase to the outputs must not be applied. 

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

S. M°is continuously low. (0£ = V1L> 
6. Dout is tlie same phase of write data of this write cycle. 
7. 0 0..llLis the read data of next 'address. 
8. If CS is Low during this period, 1/0 pins are in the output state. 

Then the data input signals of opposite phase to the outputs must 
not be applied to them. 

•LOW Vee DATA RETENTION CHARACTERISTICS (Ta-0 to +70"C) 
This characteristics are guaranteed only for L-version. 

Item Symbol 

V cc for Data . Retention v •• 
Data Retention Current lcco11 *1 

Chip Deselect to Data Retention Time tcoa 

Operation Recovery Time " Notes) * 1. lOµA max at Ta=O'C to +40"C, Vii mm= -0.3V 
•Z. IRc=RealCycleTime. 

•Low Vee Data Retention Waveform 

•« --------.. 

Test Conditions 

CS;;; Vee -0.2V. V .. ;;; Vee -0.2V or V .. :!i0.2V 

Vcc-'3.0V. cs;;;2.sv. v .• ;;;2.sv or v .. :oo.2v 

See Retention Waveform 

Dua Retention Mode 

4.5V--------- ------ - - - --- - --- - -------

"' 
B~ Vo.-0.2V 

i:'S---~ 

min 

2.0 

-
0 

I RC* 2 

typ 

-
-
-
-

·-------------------------------------------
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max Unit 

- v 

30 µA 

- ns 

- ns 



------------------------------------ HM6116 Series 

SUPPLY CURRENT 

vs. SUPPLY VOLTAGE 
l.6r-----.----.-----,-----, 

Ta:2s·c 

U!-----t----t----+----1 

1.2f---+----+---t---::;l' .. /"'-i 

~ 1.01----+---::;l'f""----+--·--t 

~ 0.817" 

0.6 t-----+----t-----+-----< 

O.•~--~---~--~--~ 
4.S 4.75 5.0 5.25 s.s 

Supply Volta1e Vee ( V) 

ACCESS TIME 

vs. SUPPLY VOLTAGE 
1.3 .----.----,..-----,------. 

Ta=25"C 

1.21-----+----1-----t-----I 

l.lf"'"'<;::--+---f---+---J 

~ 1.of---+--"""k--+---J ---+--0.9 f-----+----f-----t----':::o..j 

0.8f-----+----f-----+-----I 

0·' .... ,_-:-s ---',_':::,s,.----:si....o ___ s21...s __ __,s5 

Supply Voltage Vee (VJ 

ACCESS TIME 
vs. LOAD CAPACITANCE 

1.s.----,----.-----.------. 

1~1-----+----+---+-v~-L. ...... 

u1-----+----,__.., .. L~-t----; 

L 
Ta=25"C 121 ~ 

1.0~ 
Vcc=MIN 

0.81-----+----+----+-----I 

o.6 ~100 ___ 20·0---3·00---, ... 00,...--~soo 

Load Capac111nce c, (pf) 

@HITACHI 

SUPPLY CURRENT 

vs. AMBIENT TEMPERATURE 
1.6 .-----.----..-----.------. 

Vee =5.0V 

Uf-----+----f-----+-----1 

~ 
~ 1.2 f-----+----f-----+-----1 

f-r--
0.8 f-----+----f-----+-----1 

l 0.6f-----+----f-----+-----I 

O.•~--~---~--~--~ 
0 20 40 60 80 

Ambient Temp1r11ure Ta i"C · 

ACC.ESS TIME 

vs. AMBIENT TEMPERATURE 
1.3 .----,----,..-----,------. 

Vcc=S.OV 

1.2>-----+----+----+-----< 

1.11-----t----+---~~v1-----t 
~ 

0.91-----+----+----+-----I 

0.81-----t----+----t-----I 

o.1.,.o __ --:2"="0---.·0---,..,0--~ ... 

SUPPLY CURRENT 

vs. FREQUENCY 

1.3 
200111 150na 

1.2 

I.I 

!----' i---
1.0 

0.9 

0.8 

0.7 
0 

Frequuey I (MHz) 

l20n1 

10 
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HM6116 Series------------------------------------

76 

LOW INPUT VOLTAGE 
vs. SUPPLY VOLTAGE 

I. 3 

1.2 

; 
'i I. 
:i 

I 

;; 
::. 1.0 
~ 

~ 
0.9 

• 
j 0.8 

i--

0.7 
4.5 4.75 5.0 5.25 

Supply Volt11e Vee ( Vl 

OUTPUT CURRENT 
vs. OUTPUT VOLTAGE 

1.6 

] \ 
I 1.2 

~ i 
j 

1.0 

0.6 

0.4 
I 

~ 
~ 

<Ntput Voltage Vo11 (VJ 

STANDBY CURRENT vs. 
AMBIENT TEMPERATURE 

To=25'C 

-

s.s 

To=2S"C 
Vcc=SV 

10-•..---~---...-----.,..---.., 

VcczJV 
Cs•2.8V 

~ 10-11----+---+-----1r----1 
~ 

~ 
d 

f 10-•t----+--~+----+-----1 
~ 

io-• o!----,z!::o---4*.0,-----1'60:-----!s·o 

Ambient Temperature Ta ("C) 

~ 

HIGH INPUT VOLTAGE 
vs. SUPPLY VOLTAGE 
1.3.----~---~--~--~ 

To=25'C 

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

~ 1.11-----+---+----+----l 
~ ___.J-----

1.01----+---==--+-"=--+--~ 

~ 
0.9>-----+----+----+----< 

::C 0.8t----+---+----+-----I 

o.~.,_5----,4"'=.1s=---s'°".o---...,s'°".2""s __ _.,,s.s 

Supply Voltage Vee {VJ 

OUTPUT CURRENT 
vs. OUTPUT VOLTAGE 

1.6 

1.4 
_.iJ 

~ 1.2 
i 
~ 1.0 

a o.s 

'3 
0.6 

0.4 
0 

i 
L 

L v 
0.2 0.4 

Output Voluge Vol (V) 

STANDBY CURRENT vs. 
SUPPLY VOLTAGE 

0.6 

Ta=25"C 
Vcc=SV 

0.8 

1.4..-----.---...----.-----. 

~ 
I 1.01----+----+-------.r----1 

i 
..§ 11.al----+----1--.~-l-----I 

~ 
d 0.6f----t---7"-+---l----I 

f 
.;; 

Supply Volt11e Vee (V) 
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HM6116A Series---Maintenance Only 
2048-word x 8-bit High Speed Static CMOS RAM 

• FURTURES 
• High speed: Fast Access Time 
• Low Power Standby and 

Low Power Operation 

120ns/150ns/200ns (max.) 

Standby: 100µW (typ.) 
5µW (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 

• Pin Out Compatible with Standard 16K EPROM/MASK ROM 
• Equal Access and Cycle Time 

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

•ORDERING INFORMATION 

Type No. Acces.s Time Package 

HM6116AP-12 120ns 
HM6116AP-15 150ns 
HM6116AP-20 200ns 600mil 24pin 
HM6116ALP-12 120ns Plastic DIP 
HM6116ALP-15 150ns 
HM6116ALP-20 200ns 

HM6116ASP-12 120ns 
HM6116ASP-15 150ns 
HM6116ASP-20 200ns 300mil 24pin 
HM6116ALSP-12 120ns Plastic DIP 
HM6116ALSP-15 150ns 
HM6116ALSP-20 200ns 

•FUNCTIONAL BLOCK DIAGRAM 

Ao 

) 
--<> K(· 

Row Memoiy Matrix ~Vss 

Decoder 128Xl28 

A,. 

1/0, Column l/O 

~ ) Column Decoder 

~-~ 1/0, 

Ao A, A• A, 

Note) This device is not available for new application. 

@HITACHI 

HM6ll6AP Series 

( DP-241 

HM6 l 16ASP Series 

(DP-24N) 

•PIN ARRANGEMENT 

A; I 

A, 2 

As 3 

(Top View) 

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

23 AH 

22 A9 

21 WE 

20 BE 
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HM6116A Series-----------------------------------

•ABSOLUTE MAXIMUM RATINGS 

hem Symbol Rating Unit 

Voltage on Any Pin Relative to Vss v, -0.5* 1 to +7.0 v 
~rating Temperature T.,. 0 to +70 ·c 
Storage Temperature T.., -SS to +12S ·c 
Storage Temperature Under Bias T .... -10 to +8S ·c 
Power Dissipation p, 1.0 w 

Note) * L -3.SV for pulse w1dth~50ns. 

•TRUTH TABLE 

cs OF. WE Mode Vee Current 1/0 Pin Ref. Cycle 
H x x ~ot Selected lu, /511 High Z 

L L H Read Ice Dout Read Cycle lll-131 
L H L Write Ice Din Write Cycle t 11 
L L L \\'rite he Din Write Cycle 121 

•RECOMMENDED DC OPERATING CONDITIONS ( Ta-0 to +1o·c) 
Item Symbol min typ max Unit 

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

Vis 0 0 0 v 
v.. 2. 2 3.S 6.0 v 

Input Voltage 
-0.3' 1 v,, - 0.8 v 

Note)* l. -3.0V for pulse width~SOns 

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

Item Symbol Test Condition 
HM6116A-12 HM6116A-15 HM6116A-20 

Unit 
min typ*' max min typ*' max min typ*' max 

Input Leakage 
llul Vcc=5.5V, V;n=Vss 

- - 2 - - 2 - - 2 /JA Current to Vee 
---
Output Leakage 

lhol 
CS= V1H or OE= VJH, 

- - 2 - - 2 - - 2 /JA Current V110= Vss to Vee 

Ice 
CS=Vn,h1o=OmA - 5 15 - 5 15 - 5 15 

mA 
Operating Power V;n=V1Hor VIL - 4*' 12* 2 - 4*' 12* 2 - 4*' 12* 2 

Supply Current Vm=Vcc. VJL=OV, - 3 6 - 3 6 - 3 6 
Icc1 CS=Vn' mA 

lJ1o=OmA, f=lMHz - 2*' 5*' - 2*' 5*' - 2*' 5*' 

Average Opera ting 
Icc2 

min. cycle - 35 60 - 25 45 - 20 35 
mA 

Current duty= 100% - 30*2 50*2 - 20*2 40*2 - 15*2 30*2 

Isn CS=Vm 
- 1 4 - 1 4 - 1 4 

mA 
Standby Power - 0.5*' 3*' - 0.5* 2 3*' - 0.5* 2 3*' 
Supply Current - 0.02 2 0.02 2 - 0.02 2 mA 

IsBJ cs ~ v cc-o.2v 
- 1 *2 50* 2 - 1*' 50* 2 - 1 •2 50* 2 µA 

VoL loL =4mA - - 0.4 - - 0.4 - - 0.4 v 
Output Voltage 

loH= -1.0mA 2.4 2.4 2.4 v VoH - - - - - -

Notes) *l. Vcc=5V, Ta=25°C 
*2. This characteristics is guaranteed only for L-version. 
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----------------------------------- HM6116A Series 

•CAPACITANCE (f-lMHz, To-25°C) 

Item Symbol Test Conditions 

Input Capacitance c .. v..-ov 
Input/Output Capacitance c~. v,,,,-ov 

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

•AC CHARACTERISTICS ( Vcc-SV± 10%, Ta-0 to +70°C J 

•AC TEST CONDITIONS 
Input Pulse Levels: 0.8 to 2.4V 
Input R15e and Fall Times: 10 ns 
Input and Output Timing Reference Levels: 1.5V 

Output Load: 1TTL Gate and Cl~ 100pF (onclud1ng scope and jig) 

• READ CYCLE 

Item 

Read Cycle Time 

Address Access Time 

Chip Select Access Time 

Chip Selection to Output iir Low Z 

Output Enable to Output Valid 

Output Enable to Output in Low Z 

Chip Deselection to Output in High Z 

Chip Disable to Output in High Z 

Output Hold from Address Change 

e WRITE CYCLE 

Item 

Write Cycle Time 

Chip Selection to End of Write 

Address Valid to End of Write 

Address Set Up Time 

Write Pulse Width 

Write Recovery Time 

Output Disable to Output in High Z 

Write to Output in High Z 

Data to Write Time Overlap 

Data Hold from Write Time 

Output Active from End of Write 

•TIMING WAVEFORM 

•READ CYCLE (1)'" 

Symbol 
HM6116A-12 

min max 

tRc 120 -
tAA - 120 

tAcs - 120 

tcLz 10 -
toE - 55 

toLZ 10 -
tcnz 0 40 

tonz 0 40 

ton 10 -

HM6116A-12 
Symbol 

min max 

twc 120 -
tcw 70 -
tAw 105 -
tAs 0 -

twp 70 -
twR 0 -
tonz 0 40 

twnz 0 35 

tvw 35 -
tvn 0 -
tow 10 -

@HITACHI 

typ .... 
3 5 

5 7 

HM6116A-15 HM6116A-20 

min max min max 
150 - 200 -

- 150 - 200 

- 150 - 200 
10 - 10 -
- 60 - 70 

10 - 10 -
0 50 0 60 
0 50 0 60 

15 - 20 -

HM6116A-15 HM6116A-20 

min max min max 

150 - 200 -
90 - 120 -

120 - 140 -
0 - 0 -

80 - 100 -
0 - 0 -
0 50 0 60 

0 40 0 50 

40 - 50 -
0 - 0 -

10 - 10 -

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

Unit 

pF 

pF 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Unit 

ns 

ns 
ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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HM6116A Series-----------------------------------

•READ CYQ.E(2)'""'"' 

•READ CYQ.E(3)'""'"' 

NOTES: 1. WF: is High for Read Cycle. 
2. Device is continuously selected, CS'= VIL. 
3. Address Valid prior to or coincident with -CS-transition Low. 
4. 0£'= VIL· 

•WRITE CYCLE(1) 

Address 

OE 

----tcw---

cs 

twp-1 _1 I __ .., 

Dout 

Din -----------~.i:-~+.--'o_w ___ 'v_H_~~i-.... ........ -..--. 
<4- ¢XXX 

@HITACHI 
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--------------------------------- HM6116A Series 

e WRITE CYCLE (2)"' 

NOTES: I. 
2. 

A write occurs during the overlap (I ..w.e> of a low cr and a low "Wr". 
t WR is measured from the earlier of CS-or "WI: going high to the end 
of write cycle. 

3. During this period, 1/0 pins are in the output state so that the input 
signals of opposite phase to the outputs must not be applied. 

4. If the CS" low transition occurs simultaneously with the "WI: low 
transitions or after the W£ transition, output remain in a high im
pedance state. 

S. UE"is continuously low. (0£= VrL> 
6. Dout is t'ie same phase of write data of this write cycle. 
7. 0 0.1&1.is the read data of ne)\I address. 
8. If CS is Low during this period, 1/0 pins are in the output state. 

Then the data input signals of opposite phase to the outputs must 
not be applied to them. 

•LOW Vee DATA RETENTION CHARACTERl~TICS tTa-0 to +70"C I 
This characteristics is guaranteed only for L-version. 

Item Symbol Test Conditions min typ 

Vee for Data Retention v •• 
Data Retention Current lcco•* 1 

Chip Deselect to Data Retention Time lco• 

Operation Recovery Time " Notes) *I. lOµA max at Ta-0 C to + 40 C, Vn mm- -0.3V 
* 2.IRc=Read Cycle Time. 

•low Vee Data Retention Wa11eform 

CS ii: Vrc -0.2V 

Vcc-3.0V, CSi:2.8V 

See Retention Waveform 

0..11 Retention Mode 

4.SV--------- ------ - - - --- - - -- ------ --

"' 
~,iii Vo.-0.ZV 

ct---~ 

2.0 

-
0 

t •c*2 

w-------------------------------------------

.HITACHI 

-

-
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max Unit 

- v 
30 /IA 

ns 

- •• 
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SUPPLY CURRENT VS. SUPPLY VOLTAGE 

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

- 1.41------+-----+-------< 

z_l - l.21-----+-----+---1------1 

] i--------
~ --~ 1.01-----+---:::::;"""'"""=---1-------1 

j~ l 0.8 

0.61------+-----+-------< 

0.4~ __ _._ __ _... ___ ~-~ 
4.5 4.75 ri.O 5.25 5.5 

Supply VoltaRe \'cc (V) 

ACCESS TIME VS. SUPPLY VOLTAGE 

1.3 

Ta=25t: 

L2 

·~ r--~ 
~ 1.0 

~ j 0.9 

0.8 

0.7 
4.5 

---.. 
~ 

us 5.0 

Supply Voltage Vee ( V) 

ACCESS TIME VS. LOAD CAPACITANCE 

1.4 

I 

i.---____..... 

0.9 

0.8 
100 200 

fo=25t 
\'cc= MN 

~ l---' 

3fX) "" 
Load Capacitance CL (pfl 

SUPPLY CURRENT VS. 
AMBIENT TEMflERATURE 

Lo~------------~ 

1.11-----+-----+---+-----I 

1.~L-----+-----+---+----' 

f-.--
1.n f===t----9=:::::=:t::::---l -
11.X 1-----+-----+---.f-----1 

O.ti 1-----+-----+---.f-----I 

tUL-----+--------'----'------' 
n :11 .io "' 

ACCESS TIME. VS. 
AMBIENT TEMPERATURE 

., 

U.----~--~---.---~ 

l.21-----+----1----1-----l y 
1.11---_.__/_v.______.____. 

Lil~ 

0.9'-----+----+---+-----' 

ll.Hl----4----+---.f----l 

Cl.7 .___ __ _...,_ __ ___,_ ___ ...._ _ ___, 

() ~ ~ ~) ~) 

SUPPLY CURRENT VS. FREQUENCY 

' :.1011n~ lSCJn~ l~!lm, 

() 

\iT=:iJ)\' 
H 

; / 
f7 I 

17 
DZ 0.2 

( 

0 '" 
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-----------------------------------HM6116A Series 

INPUT LOW VOLTAGE VS. SUPPLY 
VOLTAGE 

1.3 

Ta=25'C 

~ --1.0 

~ ~ ~ 
:> 1 0.9 

• 
j 0.8 

0.7 
4.5 4.75 5.0 5.25 

Supply Voltage Vee (V) 

OUTPUT CURRENT VS. OUTPUT 
VOLTAGE 

1.6 
Ta=25°C 

1 Vcc=SV 

1.4 

[\._ 

\ 
_l 

\ 

i 
~ 1.2 

~ 
Ji 1.0 

~ 
8 0.8 

i 
0 

0.6 

Output Voltage VoH (V) 

STANDBY CURRENT VS. AMBIENT 
TEMPERATURE 

5.5 

10-3.----.-----------~ 

Vcc=3V 
cs~2.8V 

~ io-'+----+----+----+----1 

j 

J 
i w-•t----t----!7"""---t-----1 

20 40 60 80 

Ambient Temperature Ta ('C) 

INPUT HIGH VOLTAGE VS. SUPPLY 
VOLTAGE 

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

Ta=25'C 

1.21----+-----<----1-----< 
1l 
~ ! I.I t-----+----+-----+-----1 

~ t.ol----'1-----.,,....<~=----+----l 

I v-r j 0.9 

~ 0.81----f-----l----+-----I 

0·7, ~.5,,_---4-.7~5----'5.-o---5 .... 25 ___ _.5.5 

1.6 

1.4 

Supply Voltage Vee (V) 

OUTPUT CURRENT VS. OUTPUT 
VOLTAGE 

Ta=25°C 
Vcc=SV 

1 
~ 

J 1.2 

~ 1.0 

l ~ 0.8 

0.6 

0.4 

1.4 

1.2 

i 
1 1.0 

~ 
j 0.8 

J 0.6 

~ 
! 
"' 0.4 

0.2 
2 

j_ 
L 

0 0.2 0.4 0.6 

Output Voltage VoL (V) 

STANDBY CURRENT VS. SUPPLY 
VOLTAGE 

r.~25·c 

CS~Vcc-0.2V 

Supply Voltage Vee (V) 

0.8 

@HITACHI 
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HM6116A Series-----------------------------------

OPERATING SUPPLY CURRENT VS. INPUT VOLTAGE 

) 

7",J,1: 
\"f('"=:i.OV 

~ t(~'" 
2SI 

lnpll! Volta~· \"., ( \' i 
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HM6716 Series--------
HM6719 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.) 
• +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) 

• ORDERING INFORMATION 

Type No. Access Time Package 

HM6716-25 25ns 
HM6716-30 30ns 300 mil 24 Pin 

HM6719-25 25ns Cerdip and Plastic DIP 

HM6719-30 30ns 

• Block Diagram 

--ovcc 
Memory Matrix --oGND 

1/05 
(9) 

• Absolute Maximum Ratings 

Item 

Terminal Voltage to GND Pin 

Power Dissipation 

Operating Temperature Range 

Storage Temperature Range 

Symbol 

VT 
PT 
Topr 

Tstg 

128Xl28 
(144) 

Rating 

-0.5 to +7.0 

1.0 

0 to +70 

-55 to +125 

Unit 

v 
w 
oc 
oc 

@HITACHI 

DP-24NC 

DG-24N 

• PIN ARRANGEMENT 

• HM6716 

A1 24 Vee 

As 23 As 

As 22 Ag 

A4 21 WE 

A3 20 OE 

A2 19 A10 

Al 18 cs 
Ao 17 I/Os 

1101 16 l/07 

1102 10 15 l!Os 

1/03 11 14 1105 

GND 12 13 1/04 

(Top View) 

• HM6719 

A1 24 Vee 

As 23 As 

As 22 Ag 

A4 21 WE 

A3 20 cs 
A2 19 A10 

Ai 18 l/09 

Ao 17 I/Os 

1/01 16 1/07 

1/02 10 15 I/Os 

1/03 11 14 l/05 

GND 12 13 1/04 

(Top View) 
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HM6716, HM6719 Series-------------------------------

• Truth Table 
• HM6716 

cs OE WE Mode Vee Current Pin Ref. Cycle 

H Hor L Hor L Not selected lsB·,JSBl HighZ -

L L H Read IccJcc1 Dout Read Cycle (1) (2) (3) 
L H L Write IccJcc1 Din Write Cycle (1) 

L L L Write IccJcc1 Din Write Cycle (2) 

•HM6719 
cs WE Mode Vee Current I/O Pin Ref. Cycle 
H Hor L Not selected lsB,!SBl High z -
L H Read IccJcc1 Dout Read Cycle (2) (3) 
L L Write IccJcc1 Din Write Cycle (2) 

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

Item Symbol min typ max Unit 

Vee 4.5 5.0 5.5 v 
Supply Voltage 

GND 0.0 0.0 0.0 v 
Input High Voltage Vm 2.2 - 6.0 v 
Input Low Voltage V1L •) -3.0 - 0.8 v 

•)Pulse Width: 20ns, DC: -0.5V 

• DC and Operating Characteristics (Vee= SV ± 10%, Ta= 0 to +70°C) 

Item Symbol Test Conditions min typ max Unit 

Input Leakage Current llu I v cc=5.5V, VIN=OV to v cc - - 2 µA 

Output Leakage Current I/Loi CS=Vm. Vuo=GND to v cc - - 2 µA 

Operating Power Supply Current Ice CS=V[L, li;o=OmA - - 120 mA 

Average Operating Current Icc1 Min. Cycle, Duty: 100% - - 130 mA 

lsB CS=V1H,fi;o=OmA - - 30 mA 
Standby Power Supply cs G; v cc-0.2V Current lsBl - - 10 mA 

VIN;:;;; 0.2V or VIN G; V cc-0.2V 

Output Low Voltage VoL IoL=4mA - - 0.4 v 
Output High Voltage VoH loif-lmA 2.4 - - v 

•AC Test Conditions 

Input pulse levels: GND to 3.0V 
Input and Output reference levels: 1.5V ±200mV from steady level (Output Load B) 
Input rise and fall time: 4ns 
Output Load: See Figure 

Output Load A 

@HITACHI 

Output Load B 

(tcHZ• twHZ• tcLZ• tow) 
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------------------------------ HM6716, HM6719 Series 

•Capacitance (Ta = 25°C,f = 1.0 MHz) 

Item Symbol Test Conditions min typ 

Input Capacitance CIN VIN=OV - -

1/0 Capacitance C110 Vr;o=OV - -
Note) This parameter Is sampled and not 100%, tested. 

•AC Characteristics (Vee SV ± 10%, Ta= 0 to +70°C, unless otherwise noted.) 
•READ CYCLE 

HM6716-25 HM6716-30 

Item Symbol HM6719-25 HM6719-30 

min max min max 

Read Cycle Time tRc 25 - 30 -
Address Access Time tAA - 25 - 30 

Chip Select Access Time tACS - 25 - 30 

Chip Selection to Output in Low Z tcLz 0 - 0 -

Output Enable to Output Valid toE 0 20 0 20 

Output Enable to Output in Low Z toLz 0 - 0 -
Chip Deselection to Output in High Z tcHz 0 10 0 12 

Chip Disable to Output in High Z toHZ 0 10 0 10 

Output Hold from Address Change toH 5 - 5 -

•Write Cycle 

HM6716-25 HM6716-30 

Item Symbol HM6719-25 HM6719-30 

min max min max 

Write Cycle Time twc 25 - 30 -
Chip Selection to End of Write tcw 20 - 25 -
Address Setup Time tAs 0 - 0 -
Address Valid to End of Write tAw 20 - 25 -
Write Pulse Width twp 20 - 25 -
Write Recovery Time twR 0 - 0 -
Output Disable to Output in High Z toHz 0 10 0 10 

Write to Output in High Z twHz 0 10 0 12 

Data Valid to End of Write tDw 15 - 15 -

Data Hold Time tDH 5 - 5 -

Output Active from End of Write tow 0 - 0 -

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 • (408) 435-8300 

max Unit 

6 pF 

8 pF 

Unit Notes 

ns -

ns -
ns -

ns *2 

ns *1 

ns *1,*2 

ns *2 

ns *1,*2 

ns -

Unit Notes 

ns -
ns -
ns -
ns -
ns -
ns -

ns *1,*2 

ns *2 

ns -

ns -

ns -
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HM6716, HM6719 Series-------------------------------

• Timing Waveforms 
• Read Cycle (1) 01 

1+------- tRc _______ .. , 

Address 

High impedance 

• Read Cycle (2) 01 • 02• • 4 

• Read Cycle (3) 01 ."3 .•4 

cs 

~~ 
Dout 

High impedance 

Notes) •1. WE is High for Read Cycle. 
•2. Device is continuously selected, CS•VtL· _ 
*3. Address Valid prior to or coincident with CS transition Low. 
*4. OE=VtL· 

.HITACHI 

Data Valid 

t~~+ 
Data Valid 
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------------------------------ HM6716, HM6719 Series 

• Write Cycle (1) 

twc 

Address 

14---- tcw ---.. 1 

~~--"'------- ·-------~ ////// 

High Impedance 
Dout-+-+--l>--+--+--+-..._------------i,__ _______ _ 

• Write Cycle (2) •s 

Notes) •1. 
*2. 

*3. 

*4. 

*5. 
*6. 
*7. 
•a. 

A write occurs during the overlap (twp) of a low CS and low WE. 
twR is measured from the earlier of CS or WE going high to the end 
of write cycle. 
During this period, 1/0 pins.are in the output state so that the input 
signals of opposite phase to the outputs must not be applied. 
If the CS low transition occurs simultaneously with the WE low tran
sitions or after the WE transition, output remain in a high impedance 
state. 
OE is continuously low. fOE=V1Ll. 
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, 1/0 pins are in the output state. 
Then the data input signals of opposite phase to the outputs must 
not be applied to them . 

• HITACHI 
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HM6168H Series--Maintenance Only 

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

•FEATURES 
• High Speed: Fast Access Time 45/55/70 ns (max.I 
• Single +5V Supply and High Density 20 Pin Package 
• Low Power Standby: 100µW typ, 5µW typ. IL-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 IL-version) 

•ORDERING INFORMATION 

Type No. Access Time Package 

HM6168HP-45 45ns 
HM6168HP-55 55ns 
HM6168HP-70 70ns 300mil 20pin 
HM6168HLP-45 45ns Plastic DIP 
HM6168HLP-55 55ns 
HM6168HLP-70 70ns 

•FUNCTIONAL BLOCK DIAGRAM 

"' C>---{X==l 
"' 0----a==:::::l 

Row 
As 0----Q===:j Decode• 

"' o----Q===:j 
A•o----Q:==:::J 
Aoo----(;C!;:=:==:t_ _ __j 

Memory Array 

128X 128 

Column 1/0 

Column Decoder 

Vee 

@HITACHI 

(Substitute HM6268P) 

IDP 20N· 

.PIN ARRANGEMENT 

!Top View) 
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----------------------------------HM6168HSeries 

•ABSOLUTE MAXIMUM RATINGS 

Item I Symbol RatinK Unit 

VoltagP on Any Pin Relative to V'is Vr 0.5"' 1 to +7.0 v 
Power Dissipation Pr 1.0 w 
Operating Temperature r ... 0 to +70 ·c 
Storage Temperature (Plastic) T,,, -55 to + 125 ·c 
Storage Temperature under Bias r-... -· 10 to +85 ·c 

Note) * 1 :LiV for pllbl' width~20ns. 

•TRUTH TABLE 

cs WE Mode Vee Current 1/0 Pin Reference Cycle 

H x Not selected lss.lss1 High Z 

L H Read Ice Dout Read Cycle 1, 2 

L L Write Ice Din Write Cycle l, 2 

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

Item Symbol min typ max Unit 

Vee 4.5 5.0 5.5 v 
Supply Voltage 

Vss 0 0 0 v 
V1H 2.2 - 6.0 v 

Input Voltage 
V1L -0.5• 1 - 0.8 v 

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

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

Item Symbol Test Conditions ~in 

Input Leakage Current llu I Vcc=5.5V, V;n= Vss to Vee 

Output Leakage Current lhol CS=V1H. V11o='Vssto Vee 

Operating Power Supply Current Ice CS= V1L. li;o=OmA 

Standby Power Supply Current lss CS= VIH 

Standby Power Supply Cunent(l) lss1 CS= Vcc-0.2V, VJN~0.2V or VIN~ Vcc-0.2vj 

Output Low Voltage VoL loL=8mA 

Output High Voltage VoH loH=-4mA 

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

•CAPACITANCE (Ta =25°C,f= I MHz) 

Item Symbol Test Conditions min max Unit 

Input Capacitance Cin VJN=OV - 6 pF 

Input/Output Capacitance C110 V11o=OV - 8 pF 

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

@HITACHI 
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-
-
-
-
-
-

-
2.4 

typ*l max Unit 

- 2.0 µA 

- 2.0 µA 

40 90 mA 

15 25 mA 

0.02 2.0 mA 

1 •2 50•2 µA 

- 0.4 v 
- - v 
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HM6168H Series---------------------------------

•AC CHARACTERISTICS (Vcc=SV ±10%, Ta=O to+ 70uC, unless otherwise noted.) 

•AC TEST CONDITION 

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 

00111 

255.Q 

sr 

Dou1 

~55Q 

Output Load (A) Output Load (B) 
• Including scope and jig. (for tHz, tLz, twz, tow) 

•READ CYCLE 

HM6168H-45 HM6168H-55 • HM6168H-70 
Item Symbol 

min max min max min max 

Read Cycle Time 1RC 45 - SS - 70 -
Address Access Time 1AA - 4S - SS - 70 

Chip Select Access Time tACS - 4S - SS - 70 

Output Hold from Address Change toH s - s - s -
Chip Selection to Output in Low z*l 1Lz 20 - 20 - 20 -
Chip Deselection to Output in High i*1 1Hz 0 20 0 20 0 20 

Chip Selection to Power Up Time tpu 0 - 0 - 0 -
Chip Deselection to Power Down Time tpn - 30 - 30 - 30 

Note) :"!. Transition is measured tSOOmV from steady state voltage with Load (B). 
This parameter is sampled and not 100% tested. 

•TIMING WAVEFORM OF READ CYCLE NO. 1111. <2> 

'" 

Addreu ... ... 
Oout Da11 Valid 

@HITACHI 
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Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 



----------------------------------HM6168H Series 

•TIMING WAVEFORM OF READ CYCLE NO. 211>. <3> 

'" 

"' '" 
Ua11 \'alid 

Impedance 

'" 
Notes) 1. WE is High for Read Cycle. 

2. Device is continuously selected, CS" Vn. 
3. Address Valid prior to or coincident with CS transition Low. 

•WRITE CYCLE 

HM6168H45 HM6168H-55 HM6168H-70 
Item Symbol Unit 

min max min max min max 

Write Cycle Time twc 45 - SS - 70 - ns 

Chip Selection to End of Write tcw 40 - so - 60 - ns 

Address Valid to End of Write tAw 40 - so - 60 - ns 

Address Setup Time tAs 0 - 0 - 0 - ns 

Write Pulse Width twp 3S - 4S - SS - ns 

Write Recovery Time twR 0 - 0 - 0 - ns 

Data Valid to End of Write tnw 20 - 25 - 30 - ns 

Data Hold Time tnn 0 - 0 - 0 - ns 

Write Enabled to Output in High z*l twz 0 lS 0 20 0 2S ns 

Output Active from End of Write *1 tow 0 - 0 - 0 - ns 

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

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

[J, ···; (((((((()I 

@HITACHI 
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HM6168H Series----------------------------------

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

>---------~<---------< 

Doo 

Dou I 

Notes) 1. A write occurs during the overlap of a low CS and a low WE, (twp) 
2. tw~ is measured from the earlier of CS or WE going high to the end of write cycle. 
3. Dunng this period, I/O pins are in the output state so that the input signals of opposite phase to the outputs must 

not be _M!.plied. _ _ 
4. 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. 
5. If CS is low during this period, I/O pins are in the output state. Then the data input signals of opposite phase to 

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

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

Parameter 

Vee for Data· Retention 

Data Retention Current 

Chip Deselect to Data Retention Time 

Operation Recovery Time 

Notes)* 1. t11c=Read Cycle Time. 
* 2. Vcc = 3.0V 
•3. W:c=2.0V 

Symbol Test Conditions 

v •• 
CS'1: Vcc-0.2V 

lcco11. 
V. • .O: Vcc-0.2V or 

tco11 ov:s; v .. ;0;0.2v ,. 

•LOW Vee DATA RETENTION WAVEFORM 

DATA RETENTION MODE 

-- _ _!D!_ - -- - - - - - - -

ts----.1 

min 

2.0 

-

0 

l11c:•l 

typ 

-
-
-

-

"---------------------------------------------
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max Unit 

- v 

30'2 µA 20'3 

- ns 

- ns 



----------------------------------HM6168H Series 

SUPPLY CURRENT VS. SUPPLY VOLTAGE 
,, 

1;1-:!'i"(' 

I 

~ 
~ 

I 

[:.--? ---
~ I 

~ ,, 

11.t 

'" , .. , .. ~. 
SL!pph \ il1.1~·· \,, \ 

ACCESS TIME VS. SUPPLY VOLTAGE 

< 

~ I I t----!----1-----1-----~ 
/ 

- ,,,1---t--

rJ7L----'-----'---...l.....--.....J 
l.:1 17.l -,:!-, 

ACCESS TIME VS. AMBIENT TEMPERATURE 

1.--------------

, r---t----+-~v---1 
~ 

11.~r---+---l----l---_.j 

ll.l'l t-----1-----1'----+------1 

o.7 11',----,L11 ___ 1L11 __ _J_1~l--__J 

SUPPLY CURRENT VS. 
AMBIENT TEMPERATURE 

,, ~---------~--~ 
r~,. = 'i.ll\' 

111---------+-----1---+----~ 

- ) I) t------4--

II.I f-----1-----/----J------i 

"I...._ __ _;_ __ __,, ___ ..__ __ _, 

" '" 

ACCESS TIME VS. LOAD CAPACITANCE 

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

,, L 
'"~ 
I).)~ f-----!-----IC----4--------1 

ll.t ~--~--~---~----' 
JI~ I :!1111 .\I~ I 

SUPPLY CURRENT VS. FREQUENCY 

'~-----"~"'--~--"-' __ 111 ! fh 

"t---+---t---t----t--7'./""--j 

v~ 
"t----+---v+--~L-...---'<----' 

,/ 

~ 11.71---+---+---+-----l----I 
} 

11.01----1---+---+-----I--~ 

-,.__ _ __,, __ __,___ __ ,.L_ _ __,...J __ _, 

'" 
,, 

@HITACHI 
Hitachi. America Ltd. • 2210 O'Toole Ave. • San Jose, CA 95131 • (408) 435-8300 95 



HM6168H Series---------------------------------

INPUT LOW VOLTAGE VS. SUPPLY VOLTAGE 

.5 
~ 

1.:-1..---~---..------~ 

1.2 t-----+----t----+------t 

~ 1.11-----1----~1----+-----t 

o.x t----+----1-----+------l 

n.7 ~----+----~--~--~ 
L'i ."i.O :i,!i 

Suppl~· \'"ha!U' \iT '\' 1 

OUTPUT CURRENT VS. OUTPUT VOLTAGE 

I.I i 

I.I 

I 

O.ti 

n.1 1 

fo='.!5"(' 

1 
l'i'r=W 

~ 
= l 

\ 
Cl111put \'nlt11MP \"11H ! \") 

STANDBY CURRENT VS. 
AMBIENT TEMPERATURE 

w-•..----,----..-----.-----, 
\"cr=:l\' 
fS='.!.K\' 

io-4 l-------+----1-----+------1 

.-\mbi1.>nt Tl'm111•ramrt• fo rt· l 

INPUT HIGH VOLTAGE VS. SUPPLY VOLTAGE 

1:-1..----,----..---.------, 
fo=25t: 

!.'.! t------+----t-----+-------1 

] 

~ 1.l t------+----t-----+-------1 

~ 1.11 t---t--~F.........--1-----11---11--------i 
j v-r 

IU! 

l))i l-----+----1-----+---~ 

ll.i '-----'--------''-------'----' __ 
1.r. '·'"' 1.0 ·1.'.!!i 

Suppl\ \'ultal(I' \"er '\'I 

OUTPUT CURRENT VS. OUTPUT VOLTAGE 

; 

LI 

~ l 1.2 

:.'. 

i ll,K 

()Ji 

l!,\ 

" 

_Lj 
'/i1=".~5"C 
\'l"c='i\' 

~ 
t v 

fl..! '·' O.K 

flmpu1\",.haRt·fo1.(\'l 

STANDBY CURRENT VS. SUPPLY VOLTAGE 

LI,-----,----,...----.,..----, 

n.2':----'c---"'-----'-----' 

Sup11ly \'nl1aw \"ic· 1Vl 
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HM6268P Series 

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

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

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

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

•ORDERING INFORMATION 

Type No. Access Time 

HM6268P-25 
HM6268P-35 

HM6268LP-25 
HM6268LP-35 

•BLOCK DIAGRAM 

Row Deco<ler 

Input Data 

Control 

25ns 
35ns 

25ns 
35ns 

Memory r\rray 
6~ Rows 

256 Columns 

•ABSOLUTE MAXIMUM RATINGS 

Package 

300mil 20pin 
Plastic DIP 

-- ~·cc 

--rss 

Item Symbol Rating Unit 

Voltage on Any Pin Relative to Vss v,. -0.5' 1 to +7.0 v 
Power Dissipation Pr 1.0 w 
Operating Temperature T.,. 0 to +70 ·c 
Storage Temperature T.,, -55to+l25 ·c 
Temperature under Bias r .... -IO to +85 ·c 

Note) * 1. -3.SV for pulse width~lOns. 

@HITACHI 

I 
I 

(DP-20N) J 
1-------

•PIN ARRANGEMENT 

(Top View) 
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HM6268 Series------------------------------------

•TRUTH TABLE 

cs WE Mode Vee Current l/O Pin Ref. Cycle 

H x Not Selected lss. ISB1 HighZ -

L H Read lee Dout Read Cycle 

L L Write lee Din Write Cycle 

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

Parameter Symbol min typ max Unit 

Vee 4.5 5.0 5.5 v 
Supply Voltage 

Vss 0 0 0 v 
Input High (logic I) Voltage ViH 2.2 - 6.0 v 
Input Low (logic 0) Voltage VIL -0.5* 1 - 0.8 v 

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

•oc AND OPERATING CHARACTERISTICS ( Vee=5V ± 10%, Vss = OV, Ta =Oto +70'C) 

Parameter Symbol Test Condition 

Input Leakage Current I Iu I Vec=5.5V, Vi.= Vss to Vee 

Output Leakage Current I ho I CS= V1H, Vilo= Vss to Vee 

Operating Power Supply Current lee CS= V1L, 11/o=OmA 

Standby Power Supply Current fsB CS= V1H 

Standby Power Supply Current (1) fsBI CS"' Vcc-0.2V, ViN;i;O.ZV or Vi,,"' Vcc-0.ZV 

Output Low Voltage VoL loL=BmA 

Output High Voltage VoH loH= -4.0mA 

Notes) * l. Typical limits are at Vcc=5.0V, Ta= +25'C and specified loading. 
* 2. '1 his characteristics is guaranteed only for L-version. 

•CAPACITANCE ( Ta=25'C,/=l.OMHz) 

Parameter Symbol Test Conditions 

Input Capacitance CIN ViN=OV 

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

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

min 

-

-

--

-

-

-

-

2.4 

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

typ*l max 

- 2.0 

- 10 

50 90 

15 25 

0.02 2.0 

I'' 50'2 

- 0.4 

- -

min max 

- 6 

- 9 

Unit 

µA 

µA 

mA 

mA 

mA 

µA 

v 
v 

Unit 

pF 

pF 

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

Output Load (B) 
Output Load (A) (for rnz. tLz. rwz & rowl 

5V 5V 

480Q 

Dout Dout 

255Q 30pF' 255Q 5pF' 

•Including scope and jig. 
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----------------------------------HM6268 Series 

•READ CYCLE 

HM6268-25 HM6268-35 
Parameter Symbol Unit 

min max min max 

Read Cycle Time I Re 25 - 35 - ns 

Address Access Time IAA - 25 - 35 ns 

Chip Select Access Time fACS - 25 - 35 ns 

Output Hold from Address Change Ion 5 - 5 - ns 

Chip Selection to Output in Low Z fLz* 1 10 - 10 - ns 

Chip Deselection to Output in High Z tnz • 1 0 15 0 20 ns 

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

Chip Deselection to Power Down Time iPD - 25 - 25 ns 

Note) * L Transition is measured ±200mV from steady state voltage with Load (8). 
This parameter is sampled and not 100% tested. 

• Timing Waveform of Read Cycle No. 1!1 l.(2 l 

"' 
Address 

IOH ION 

Dout Data Valid 

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

'" 
I Hz 

tu 

Dou! High Impedance Data Valid 

Current 50% 

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

•WRITE CYCLE 

HM6268-25 HM6268-35 
Parameter Symbol Unit 

min max min max 

Write Cycle Time twc 25 - 35 - ns 

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

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

Address Setup Time IAs 0 - 0 - ns 

Write Pulse Width fwp 20 - 30 - ns 

Write Recovery Time fWR 0 - 0 - ns 

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

Data Hold Time IDH 0 - 0 - ns 

Write Enabled to Output in High Z twz* 1 0 8 0 10 ns 

Output Active from End of Write tow* 1 0 - 0 - ns 

Note)* 1. Transition is measured ± 200mV from steady state voltage with Load (8). 
This parameter is sampled and not 100% tested. 

@HITACHI 
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HM6268 Series------------------------------------

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

toe 

Address 

tew 

... 
twp (1) 

... 
Din 

Data in Valid 

Dout 

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

Notes: 1. 
2. 
3. 

4. 

s. 
6. 

100 

hl'C 

Address 

... 
'" lWR (2) 

tew 

Din 

Dout 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, 1/0 pins are in the output state so that the input signals of opposite phase to the outputs 
must not be applied. 
If the CS low transition occurs simultaneously with the WE low transition or after the WE transition, the output 
buffers remain in a high impedance state. 
If CS is low during this period, 1/0 pins are in the output state. Then the data input signals of opposite phase to 
the outputs must not be applied to them. 
Dout is the same phase of write data of this write cycle, if twR is long enough. 
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----------------------------------HM6268 Series 

•LOW Vee DATA RETENTION CHARACTERISTICS (0'C~Ta~70"C) 
This characteristice is guaranteed only for L-version. 

Parameter Symbol 

Vee for Data ReJention v •• 

Data Retention Current lccu 

Chip Deselect to Data Retention Time lco1t 

Operation Recovery Time 

Notes)* I. ta~-Rud Cyl"le Time. 

,. 
•2. Vt·c-3.0\' 
•3. Vcc:-2.0V 

Test Conditions 

CS;;: Vcc-0. 2V 

V..~ Vcc-0.2V or 

ov:o v .. :oo.2v 

•LOW Vee DATA RETENTION WAVEFORM 

DATA RETENTION MODE 

---!''!.------ - - --

CS----.-1 

min 

2.0 

-

0 

ht.: •l 

typ 

-

-

-
-

ov _____________ -- ___ --- ___ --- __________ ----- ---

$HITACHI 
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max Unit 

- v 

30 ., 
20'' pA 

- ns 

- ns 
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HM6268 Series------------------------------------

SUPPLY CURRENT VS. SUPPLY 
VOLTAGE 

1.6.---~-----...----r-----. 

Ta=25°C 

l.41----lf.----+---+-----l 

l E i.2 

~ 
.§ 

] 
j 

l 

1.0 

0. SP"' 

0. 6 

0.4 
4.5 4.75 5.0 5.25 

Supply Voltage Vee (V) 

ACCESS TIME VS. SUPPLY 
VOLTAGE 

1.3 

1.2 

E u 

1--~ t--.. 

5.5 

Ta=25'C 

J 1.0 

j 

~ 0.9 ----t---
~ 
< O.P 

0.7 
4.5 4.75 5.0 5.25 

Supply Voltage Vee (V) 

ACCESS TIME VS. 
AMBIENT TEMPERATURE 

5.5 

1.3~--------------

Vcc=5.0V 

1.21----4----1-----l------I 

l l.if----1---~-~f----,,..-1~~--l 
J 1.011----1..,,.. .. ....---"'--+----f.----

j v 
~ 0.91----<----'-----1------' 

j 
0.81----<----'-----1------' 

0·7 "°0 ___ .... 20 ____ 4.._o ___ ..J60 ___ _,80 

Ambient Temperature Ta ("C) 

1.6 

1.4 

SUPPLY CURRENT VS. AMBIENT 
TEMPERATURE 

Vcc=5.0V 

l 1.2 

I---
~ 1.0 

I--
U! 0.8 

0.6 

t--

20 40 60 

Ambient Temperatare Ta ('C) 

ACCESS TIME VS. LOAD 
CAPACITANCE 

80 

1.8~--~----------~ 

i.61------+----+---v,____...,.L"-' 

} 1.4 t------1-L---+v-./"----+--~ 
jl.21 ./ 

~ 1.0lL__ 

0.81----1----4----1-----1 

0.6~---'----'----'-----' 
100 200 300 400 

Load Capacitance CL (pF) 

SUPPLY CURRENT VS. 
FREQUENCY 

500 

T (ns) 

I.I ~--'l'i'00'---'5"'0 ___ 3"13'---'2*5 __ ::;:20 

1.01---1----+---+v--IL_ _ _, 

10.9 ~ 
~ / 
~ o.s.1----...,...L_~--+----1---..1.----' 

iV 
u o.1·1---+---+---+---+----1 

0.61---+---+---..J.---+----' 

o.5.,,....--1"'0 ___ 2..,o---.,;,30---,""o--""'50 

Frequency f (MHz) 
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----------------------------------HM6268 Series 

INPUT LOW VOLTAGE VS. SUPPLY 
VOLTAGE 

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

1.21-----+------jl-----+------I i I.I >------+-------<r----+-----t 

--+----1 i.ol----+----="""'f-'=-+--~ 

l~ ! 0.9 

j 
0.81-----+------<l-----+------I 

0.7 .._ __ __.., __ __,.__ __ __._ __ ____, 

4.5 4.75 5.0 5.25 5.5 

Supply Volt.age V cc {V) 

OUTPUT CURRENT VS. OUTPUT 
VOLTAGE 

1.6 
Ta=25"C 

-1 Vcc=SV 
1.4 

I\ 

~ 
J 1.2 

..!i 1.0 

] 
J 

$ 
j 

] 
f 

~ 
0.8 

0.6 

Output Voltage Von (V) 

STANDBY CURRENT VS. AMBIENT 
TEMPERATURE 

10-1·~--~---~----.----. 

10~ 

Vcc=3V 
Cs=2.8V 

10-1'------'-----'----I-----' 
0 ~ ~ 00 00 

Ambient Temperature Ta (-C) 

INPUT HIGH VOLTAGE VS. SUPPLY 
VOLTAGE 

1.3 .------r----.----.,.----; 

1.21------t----1----;----t 

J I.I t-----+----+---+-----1 __;---
1.ot---+--:::: ...... 1"""'"---+----i 

l~ 1 0.9 

~ 0.8 t------t----1----;----t 

0·7 4~.5:----.,-4.7':::5------=5'=".o---:5~.2=-5 ---=-5.5 

1.6 

1.4 

0 

Supply Voltage V cc (V) 

OUTPUT CURRENT VS. OUTPUT 
VOLTAGE 

Ta=25'C 
Vcc=SV 

L 
lL 

j_ 

I-
>! 0.8 

0.6 

4 
0.2 0.6 

Outp~t Voltage Voi (V) 

STANDBY CURRENT VS. SUPPLY 
VOLTAGE 

OA 

1.4 ...----y----,.-----r------. 

11.01----1------t---;lf"---; 

~ 
j OAt-----+---:lo"'----;----; 

j 
1., ... Ta=25'C 

Cs=Vcc-0.2V 
0.41-----+---+-----;----; 

0.2~2 ___ ._ ___ 4._ __ ~--~ 

Supply Valtase V cc (V) 
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HM6167 Series 
16384-word x 1-bit High Speed CMOS Static RAM 

•FEATURES 
• Single +5V Supply and High Density 20 Pin Package 
• Fast Access Time - 85ns/100ns 
• Low Power Stand-by and Low Power Operation 

Stand-by 1 OOµW typ./5µW typ. ( L-version) 
and Operating 150mW typ. 

• Completely Static Memory . . . . . No Clock nor Refresh Required 
• Fully TTL Compatible - All Inputs and Output 
• Separate Data Input and Output ......... Three State Output 
• Pin-Out Compatible with Intel 2167 Series 
• Capability of Battery Back Up Operation ( L-version) 

•ORDERING INFORMATION 

Type No. Access Time 

HM6167P·6 
HM6167P-8 

HM6167LP-6 
HM6167LP-8 

•BLOCK DIAGRAM 

Ao 

A, 

,,,_ 
Row 

A, Decoder 

A, 

A" 

Din 

cs 

WE 

85ns 
lOOns 

85ns 
IOOns 

Memory Array 
12!1Xl28 

•ABSOLUTE MAXIMUM RATINGS 

Item Symbol 

T enninal Voltage with Respect to Vs s Vr 

Power Dissipation Pr 

Operating Temperature T.,, 

Storage Temperature T.1B 

Storage Temperature under bias T,,,(bj{U) 

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

Package 

300mil 20pin 
Plastic DIP 

-- Vee 

-vss 

Rating Unit 

-o.5"' 1 to +7.0 v 
1.0 w 

0 to +70 'C 

-55 to +125 ·c 
-IO to +85 'C 

@HITACHI 

Maintenance Only 
(Substitute HM6267P) 

DP 20N 

•PIN ARRANGEMENT 

(Top View} 

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



------------------------------------HM6167 Series 

•RECOMMENDED DC OPERATING CONDITIONS 
( 0 ·c ;;;; Ta;;;; 70'C ) 

Item Symbol min typ max 

Vee 4.5 5.0 5.5 
Supply Voltage 

Vss 0 0 0 

Input High Voltage v,. 2.2 - 6.0 

Input Low Voltage v,, -0.3' 1 - 0.8 

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

•TRUTH TABLE 

Unit 

v 
v 
v 
v 

cs WE Mode Vee Current Output Pin Reference Cycle 

H x Not Selected Isa, Issi High Z 

L H Read Ice Dout Read Cycle 1, 2 

L L Write Ice High Z Write Cycle I, 2 

•DC AND OPERATING CHARACTERISTICS (Vcc~5V±l0%, Ta~o'C to +70'C) 

Item Symbol Test Conditions 

Input Leakage Current I lu I Vcc-5.5V, ViN-OV- Vee 

Output Leakage Current lhol CS-ViH, Vour-OV- Vee 

Operating Power Supply Current Ice cs-v,,, Output Open 

lss cs-v,. 
Standby Power Supply Current CS-Vcc-0.2V 

Issi 
ViN~0.2V or Vi.,~ Vcc-0.2V 

Output Low Voltage VoL /o,-8mA 

Output High Voltage VoH loH- -4mA 

Notes)* 1. Typical limits are at Vt:c=S.OV, Ta=25°C and specified loading. 
* 2. This characteristics is guaranteed only for L-version. 

•CAPACITANCE ( Ta=25'C, /=1.0MHz) 

Item Symbol max Unit Conditions 

Input Capacitance clN 5 pF v,"-ov 
Output Capacitance Cour 6 pF Vour-=OV 

l\:ote) This parameter is s.ampled and not 100% tested. 

min typ•l 

- -

- -

- 30 

- 5 

- 0.02 

- I'' 

- -

2.4 -

•AC CHARACTERISTICS ( Vcc=5V±l0%, Ta=O to +70°C, unless otherwise noted) 
•AC TEST CONDITIONS 

Output Load A Output Load B 

max 

2 

2 

60 

20 

2 

50* 2 

0.4 

-

Input pulse levels: Vss 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 

+SV (for tHz, lLz, twz & tow) 

+5V 

... ~·::, 
including scope and jig. 

@HITACHI 
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Unit 

µA 

µA 

mA 

mA 

mA 

µA 

v 
v 
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HM6167 Series------------------------------------

•READ CYCLE 

HM6167-6 HM6167-8 
Item Symbol Unit 

min max min max 

Read Cycle Ti me f HC 85 - 100 ns 

Address Access Time I AA 85 - 100 ns 

Chip Select Access Time f ACS - 85 - 100 ns 

Output Hold from Address Change f rm 5 - 5 ns 

Chip Selection to Output in Low Z f LZ 5 -- 5 ns 

Chip Deselection to Output in High Z fHz 0 40 0 40 ns 

Chip Selection to Power Up Time f /'C 0 0 ns 

Chip Deselection to Power Down Time fpJJ - 40 45 ns 

•WRITE CYCLE 

HM6167-6 HM6167-8 
Item Symbol Unit Notes 

min max min max 

Write Cycle Time !we 85 - 100 - ns 2 

Chip Selection to End of Write few 65 - 80 - ns 

Address Valid to End of Write IAW 65 - 80 - ns 

Address Setup Time f AS 0 - 0 - ns 

Write Pulse Width fwp 45 - 55 - ns 

Write Recovery Time twn 0 - 0 - ns 

Data Valid to End of Write fvw 35 - 40 - ns 

Data Hold Time IDH 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 ~oes 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 ±SOOmV from steady state voltage with specified loading in Load B. 
4. This parameter is sampled and not 100% tested. 

•TIMING WAVEFORM OF READ CYCLE N0.1 1' 

Addnn 

O.ta Out O.ta Valid 
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------------------------------------HM6167 Series 

•TIMING WAVEFORM OF READ CYCLE NO. 2 tl. 31 

Dua 0111 

C.rrNI 

NOTES: 1. WE is high and CS is low for READ cycle. 
2. Addresses valid prior to or coincident with C:S transition low. 
3. Transitfon is measured t 500 m V from steady state voltage with 

specified loading in Load B. 

•TIMING WAVEFORM OF WRITE CYCLE N0.1 (WE Controlled) 

... 

... 

Dara la 

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

'"' 
Mdreu 

0.1al11 

0..1• l11 ValHI 

Dua 0111 
Data Undefined Hoah hnp1d1nu 
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HM6167 Series----------------------------------

•LOW Vee DATA RETENTION CHARACTERISTICS (Ta-O"C to+70°C) 
This characteristfos is guaranteed only for L-version. 

Parameter 

V~c for Data Retention 

Data Retention Current 

Chip Deselect to Data Retention Time 

Operation Recovery Time 

Notes) •l. hr.-Read Cyc:le Time •2. Vcc-2.0V 
•3. Vcc-3.0V 

Symbol Test Condition 

v •• 
CS<: Vcc-0.2V 

lcco11 
V..<: Vcc-0.2V or 

lcoR ov:a v..,.;o.2v 

h 

min typ max 

2.0 - -
- - 20"' 

- - 3Q•3 

0 - -
he* 1 - -

•LOW Vee DATA RETENTION WAVEFORM 

Dahl Retention Mode 

cs ____ _, 

"---------------------------------------------

SUPPLY CURRENT vs. SUPPLY VOLTAGE SUPPLY CURRENT vs. AMBIENT TEMPERATURE 

u 

IA 

~ I.I 
! 
~ 
u 1.0 

.Ji 

i o.a 
d I' 
~ 

J OJ 

OA 
4.5 

108 

Ta=-=ZS'"C 

....-1 v ......--1 
V' .......-1 

4.75 5.0 5.25 5.5 

Supply Voha1e Vee ( V) 

IJ~--~---~-----~ 
Vcc=5.0V 

IAl------1----1------1------1 

] 
• 121------1----1------1------1 

I.Or---
~ z 

T---4-E OAl------1----1------1------1 a 

l OAl------1----1------1------1 

OA~o--....,2~0---,~o---~'----...JH 

Ambient Temperature Ta ('C) 

$HITACHI 
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----------------------------------HM6167 Series 

.3 

.z 

ACCESS TIME vs. 
SUPPLY VOLTAGE 

To=Z5't 

.1"-
............. 

" .. 
.; 1.0 .. 
• t= o_ 9 

0.8 

0.7 

t'............ 
............... 

I'--

4.5 4.75 5.0 5.25 

Suppl7 Voltage Vee ( Vl 

ACCESS TIME vs. 
LOAD CAPACITANCE 

5.5 

./ v 
L 

~ 

~ v To=ZS't 
Vcc=MIN 

.. 1.2 

3 
2 
;:: 1.0 . 
~ 0.8 

0.6 

I. 3 

I. 2 

I 

100 200 300 400 

Load Capacitance Q. (pf) 

INPUT LOW VOLTAGE vs. 
SUPPLY0 VOLTAGE 

Ta::2S't 

500 

--$ 1.0 

i ....-
;: 0.9 
• .'.'! 

1 0.8 

0.7 
4.5 

-

4.75 5.0 5.25 5.5 

Supply Volta1e Vee ( V) 

] 1.2 .. • 
~ l. l 

.. l.O 

.; 
; 
f.: 0.9 

0.8 

0.7 

ACCESS TIME vs. 
AMBIENT TEMPERATURE 

Vcc•5.0V 

~ v 
./ 

~ 

0 20 40 60 

Ambient Temperature T1111 re> 

SUPPLY CURRENT vs. 

FREQUENCY 

80 

1.zt---f---+---+--+--~ 

l.lt---i---+--+---1--~ 

~ 1.ot---1---+---+--==*'--~ 
L--1---r---.i--< : a o.9,1--__,1----+---1----1----l 

'i: 
~ OBl--__,l----+---1----1----l 

] 

O.T':0--+--.._--!----'--.....110 

Frequency / (MHz) 

INPUT HIGH VOLTAGE vs. 
SUPPLY VOLTAGE 

Ta=25'C 

1.21----+----i---~----I 

~ ut----f---+--~f------l 
i . 
;;: 1.0 I~ 

i~ 
;: 0.9t----+----I---__,---~ . 
;;: 

J o.at----+----1---__,'---~ 
0·~•~.5---,-1,.1""5 __ ....J5,1...o ---'5.L.,25--......15.5 

SupplJ Voltage Vee ('V) 

@HITACHI 
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HM6167 Series------------------------------------

I. 6 

] .. 
E 

• 

~ I. 2 

0 

8 

; 
0 0. 6 

0 . • 

OUTPUT HIGH CURRENT vs. 
OUTPUT HIGH VOLTAGE 

' I\ 
\ 
\ 

I\ 

Output High Voltage VoH ( V) 

STANDBY CURRENT vs. 
AMBIENT TEMPERATURE 

Ta=25"C 
Vee =SV 

w•..----.----..,.------.----. 

< 
• .:: 

E 
(l 

f 
.;; 

w·) 

hr=J\' 
f5=2.8V 

io-'!-o ---~20,__--_.40,..---.,,,.,_o --~so 

0 

8 

6 

• 

2 

Ambient Temperature Ta ('Cl 

STANDBY CURRENT vs. 
INPUT VOLTAGE 

~ 
I\ 

°" i'--. 
Input Voltage V,. (V) 

To=~s·c 
Vee =S.OV 
CS=4.8V 

.6 

.4 

.2 

0 

u 
• 0 ' j 

b 

4 

@HITACHI 

OUTPUT LOW CURRENT vs. 
OUTPUT LOW VOLTAGE 

I 

i 
} 

v 
u.z O.I 0.b 

Output Low Voltage VoL ( V) 

STANDBY CURRENT vs. 

SUPPLY VOLTAGE 

Supply Voltage Vee ( V) 

Ta =25°( 
Ice =5\' 
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HM6167H Series 

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 lOOµW (typ)/5µW (typ) IL-version), 

Operating 200mW (typ) 
• Single +5V Supply and High Density 20 Pin Package 
• 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) 

• ORDERING INFORMATION 
Type No. Access Time Package 

~~~~-------------+----~--~~~-+~~~~~~~~-

HM 6l67HP-55 55ns 
HM6!67HP-70 70ns 

~~~--~-+-~~~~~~-4 

HM6167HLP-55 55ns 
HM6167HLP-70 70ns 

• BLOCK DIAGRAM 

.\, 

,, 
,, 

Huw ,, llt>lLJdt>r 

.\, 

.\ I ~ 

-\11 

IJ1n 

l":-, 

WE 
·\11 .\10 

\it'mury .'\r ray 

128 >< 128 

• ABSOLUTE MAXIMUM RATINGS 

300 mil 20 pin 
plastic DIP 

Item Symbol Rating 

Terminal Voltage with respect to Vss Vr -o.s*1 to+ 7 .o 
Power Dissipation Pr 1.0 
Operating Temperature Topr 0 to +70 

Storage Temperature Tst11 -55 to+!25 

Storage Temperature under bias Tbia& -10 to +85 

Note) *I. -3.SV for pulse width~ 20ns 

Vee 

Dou1 

Unit 

v 
w 
oc 
oc 
oc 

@HITACHI 

Maintenance Only 
(Substitute HM6267P) 

~ 
~ti' 

(DP-20N) 

•PIN ARRANGEMENT 

(Top View) 
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HM6167H Series---------------------------------

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

Item Symbol min typ max Unit 

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

Vss 0 0 0 v 
VrH 2.2 - 6.0 v 

Input Voltage 
VIL --0.S *I 0.8 v -

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

• TRUTH TABLE 

cs WE Made Vee Current Dout Pin Rel. Cycle 

H x Not selected IH, 1 .. , Hi11h-Z 

L H Read Ice Dout Read Cycle 

L L Write Ice Hi11h-Z Write Cycle 

•oc AND OPERATING CHARACTERISTICS (Vcc-SV±10%, Ta-O'C to +70'C) 

HM6167H-S5 HM6167H-70 
Item Symbol Test Conditions 

Input Leakage Current I Iu I Vcc=5.5V, V1N= Vss to Vcc 

Output Leakage Current llwl CS= V1H, Vour= Vss to Vcc 

Operating Power Supply Current Ice CS= VIL, Output Open 

lss CS= V1H 

Standby Power Supply Current 
Issi 

CS<:; Vcc-0.2V 

V1N~0.2V or V1N<i:; Vcc-0.2V 

Output Low Voltage Voi /oi=8mA 

Output High Voltage VoH loH=-4mA 

Notes) * 1. Typical limits are at Vc:c =5.0V. Ta=25"C and specified loading. 
* 2. This characteristics is guaranteed only· for L-version. 

•CAPACITANCE ( Ta-25°C, /-1.0MHz) 

Item Symbol typ 

Input Capacitance c,. -

Output Capaeitanee Cour -

Now) This ,.r•..ter ia NmplH uil not 100% testal. 

max Unit 

s pF 

7 pF 

min typ•l max min typ'' max 

- - 2 - - 2 

- - 2 - - 2 

- 40 80 - 30 60 

- 10 20 - 5 20 

- 0.02 2 - 0.02 2 

- 1 '' 50'2 - l" 50" 

- - 0.4 - - 0.4 

2.4 - - 2.4 - -

Condition• 

v,.-ov 
Vour-OV 

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

AC TEST CONDITIONS 

Input pulse levels: V ss to 3 .OV 
Input rise end fell times: 5 ns 
Input timing reference l1111els: 1.5V 
OutpUt ref-nee levels: 1.5V 
0utpUt load: See Figure 

Output Load A 
+SY 

-~: .. 

.HITACHI 

Output Load B 
( for ,., • hz. '"' a low) 

+SY 

IOll 

11o •• 

s .. r· 

• IMIUllli .. ac• .... iii-
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mA 
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------------------------~-------- HM6167H Series 

•READ CYCLE 

HM6167H-S5 HM6167H-70 
Item Symbol Unit Notes 

min max min max 

Read Cycle Time IRC 55 - 70 - ns (I) 

Address Access Time IAA - 55 - 70 ns 

Chip Select Access Time IACS - 55 - 70 ns 

Output Hold from Address Change IOH s - s - ns 

Chip Selection to Output in Low Z ILZ s - s - ns (2) (3) (7) 

Chip Deselection to Output in High Z IHZ 0 30 0 35 ns (2) (3) (7) 

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

Chip Deselection to Power Down Time IPD - 30 - 35 ns 

Notes) 1. All Read Cycle timing are referenced from last valid address to the first transitioning address. 
2. At any given temperature and voltage condition, t HZ max. is less than t LZ min. both for a given device and 

from device to device. 
3. Transition is measured ±500mV from steady state voltage with specified loading in Load B. 
4. WE is High for READ cycle. 
5. Device is continuously selected, CS= VIL. _ 
6. Addresses valid prior to or coincident with CS transition low. 
7. This parameter is sampled and not 100% tested. 

•TIMING WAVEFORM OF READ CYCLE N0.1 4),S) 
1-,-------IRC'------~ 

Address 

toH~ltAA==1.~-
Data Out c~r~ous Data f x x l ..... __ D_ata_V_ali_'_d ___ _ 

•TIMING WAVEFORM OF READ CYCLE N0.2 4),6) 

Data Out 

Vee Supply 

Current 

Data Valid 

@HITACHI 
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HM8187H Series----------------------------------

•WAITE CYCLE 

HM6167H-SS HM6167H-70 
Item Symbol Unit 

min max min max 

Write Cycle Tune twc 55 - 70 - ns 

Chip Selection to End of Write ICW 50 - 55 - ns 

Address Vllld to End of Write IAW 50 - 55 - ns 

Adchess Setup Time IAS 0 - 0 - ns 

Write Pulse Width IWP 35 - 40 - ns 

Write Recoveiy Time IWR 0 - 0 - ns 

Data Vllid to End of Write IDW 25 - 30 - ns 

Data Hold nme IDH 0 - 0 - ns 

Write Enable to Output in High Z IWZ 0 25 0 30 ns 

Output Active from End of Write tow 0 - 0 - ns 

Notes) 1. If CS goes high simultaneously with WE high, the output remains in a high impedance states. 
2. All write cycle timinp are referenced from the last valid address to the first transitioning address. 
3. Transition is measured :tSOOm V from steady state voltage with specified loading in Load B. 
4. This parameter is sampled and not 100% tested. 

•TIMING WAVEFORM OF WRITE CYCLE (iNE Controlled) 

Address 

Data In 

Data Out Data Undefined 

•TIMING WAVEFORM OF WRITE CYCLE (CS Controlled) 
twc 

Address 

Cs 'cw 

twp 

WE 

tow 

Data In 

twz 

Data Out Data Undefined 

twR 

toH 

High Impedance 

.HITACHI 
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----------------------------------- HM6167H Series 

•LOW Vee DATA RETENTION CHARACTERISTICS ( Ta=0°C to +70°C) 
This characteristics is guaranteed only for L-version. 

Parameter Symbol Test Condition min typ max Unit 

Vee for Data Retention v •• 2.0 ..,. - v 
CS<: Vcc-0.2V - - 20" 

Data Retention Current lccD" l'A 

Chip Deselect to Data Retention Time 

Operation Recovery Time 

Notes)* l. l.c-RHd Cyclr Timi' *2. Vcc-2.0V 
*3. Vcc-3.0V 

V..<:Vcc-0.2V or 

lcD" OV:> V..:>0.2V 

t. 

•LOW Vee DATA RETENTION WAVEFORM 

- - 30*' 

0 - -
hc* 1 - -

Data Retention Mode 

v cc --------..1 
4.5V---------

2.2V-----
VvR- ----

cs----
CS~ Vcc-0.2V 

OV-------------------~-------------------------

SUPPLY CURRENT vs. 
SUPPLY VOLTAGE 

1.6~--~-------~---~ 

To=25"C 

1.4 t----t----+----+----l 

1.21-----+----+----+---L.'--i 

~ 1.0 f-----!---=""'£:..---+----1 

~ 
0.8 I-""" 

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

0.4~--~---~---~----< 
4.5 4.75 5.0 5.25 5.5 

Supply Voltage Vee ( V) 

SUPPLY CURRENT vs. 
AMBIENT TEMPERATURE 
1.6,----.----.---....----~ 

Vee =5.0V 

I.4t----t----+---+------l 

1.21---·--+----t----+---~ 

I.Or--
1----

u 0.8 t----1----+---+-----1 

} 
0.6 r-----t----+---+-----1 

0-" o!'.---~20 ____ 4.._o ___ _.60 ___ _,so 

Ambient Temperatllre Ta ("C) 

@HITACHI 
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HM6167H Series-----------------------------------

116 

] 
... 
E 

ACCESS TIME vs. 
SUPPLY VOLTAGE 

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

Ta=25°C 

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

~ I.I 

r--+--_ 
" t.ol----+---'="1-"""':::--!----t 
" 1-----
E 

f= 0.91-----+---+----f----I 

~ 0.81-----+---+----f----I 

0·7 '"u:------,,'=.1s:----""s.o:----:-'s.2"'s __ _.,,.s.s 

Supply Voltage Vee (V) 

ACCESS "flME vs. 
LOAD CAPACITANCE 

1.s..-----..----.----..,.---~ 

t.6t-----+---1---L_---1v~L'--I 

41----1------1]:/"'c----::">"'--t---; 

2 ~ 
1.0~ 
0.81-----t----t-----1----t 

0·61 ._0_0 ___ 2_..oo ___ _.30-0 ----',oL-0-----'500 

Load Capacitance CL ( pFl 

INPUT LOW VOLTAGE vs. 
SUPPLY VOLTAGE 

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

To=25'C 

1.21----+----+----t----1 

1.11----t----+----1----; 

1.0 .i---
1---

0.91----+----+----t-----< 

o.sl----+----+----1----; 

o.1.__ __ _.. ___ _._ ___ .__ __ __, 
4.5 4.75 5.0 5.25 5.5 

Supply Voltage Vee (Vl 

ACCESS TIME vs. 
AMBIENT TEMPERATURE 
1.3,-----,----..,.----.,.----, 

Vcc=5.0V 

1.2r----r---;-----t-----l 

1.11----t----+----::lo-,....._"----I 

A---
1.0~ 

o.9i----t----+----+----! 

o.si----t----+----+----1 

0 · 1 '::-o----,2~0---,:'::0,----6:'::0--~.o 

Ambient Temperature Ta ('C) 

SUPPLY CURRENT vs. 
FREQUENCY Crcle Time (nsl 

1,..... __ 20,...o __ ""T10_0 __ 6T6 ___ s.-o __ ...,•o 

~ 1.01----r---t---t---+-v_,..L"'--i 

~ o.•r----i-----r----rv7L,._-;----1 

~•t---t---f~~"'--+---t----1 
0.70----__ L__y,.___,___,_____.., 

l / 
0.61---1---;---i-----t-----i 

0·5 ~o --7---:'::10,---"°'1~5---:,'::-o ---:!25 

Frequency f (MHz) 

INPUT HIGH VOLTAGE vs. 
SUPPLY VOLTAGE 

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

To=25'C 

21----t----+----1-----1 

Ir-----i-----t----1-----1 

0.9 t----+---+-----'t----1 

0.8 t----+---+-----it----1 

0·7 -,.s:----,-=.1s:----:'"s.o:----:--s.2::::5---:-,.·s 

Supply Voltage Vee ( Vl 

@HITACHI 
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---------------------------------HM6167H Series 

J.6 

1.0 

OUTPUT CURRENT vs. 

OUTPUT VOLTAGE 

~ 

\ 
Ta=2s·c 
Vcc=5V 

0 

OUTPUT CURRENT vs. 

OUTPUT VOLTAGE 
1.6 

L 

1.2 L 
J.U lL 

Ta=25"C 
Vee =SV 

x 0.8 \ j 0.8 ) 
8 

• .::: 

] 
; 
i 
;; .., . 
a 
~ 

l 

0.6 

\ 
0.41 

Output High Voltage VoH (VJ 

STANDBY CURRENT vs. 

AMBIENT TEMPERATURE 

10-4 .----......,----,..----,..-----., 

Vee :=JV 
ES=Z.BV 

10~1 ~o----;020:----...J'°::-----6.J.,o----...J,o 

Ambient Temperature 1Q ("Cl 

STANDBY CURRENT vs. 

INPUT VOLTAGE 

10---.--..... ~--.---~-r.-.J..,.2-s·c---, 
Vcc=5.0V 
l:S=UV 

6 

• 

J_ 
Input Volta1e V.. (V) 

8 0.6 v 
0.40 0.2 0.4 o.o 

Output Low Voltage Voi IV) 

STANDBY CURRENT vs. 

SUPPLY VOLTAGE 

0.8 

1.4.----.----.----,..-----, 

0.2'<"2----;----~--~---~ 

Supply Voltage Vee ( V) 

@HITACHI 
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HM6267 Series 

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

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

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

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

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

• ORDERING INFORMATION 

Type No. Access Time 

HM6267P-35 
HM6267P-45 

HM6267LP-35 
HM6267LP-45 

• BLOCK DIAGRAM 

Ao 

·" 
A' 

ffow 
.A.1 Uecodf:'r 

A• 

A!l 

Ail 

Din 

cs 

WE 
A11 Aio 

35ns 
45ns 

35ns 
45ns 

Mem<>ry Array 

IZ!IX 128 

• ABSOLUTE MAXIMUM RATINGS 
Item Symbol 

Voltage on Any Pin'l VT 

Power Dissipation PT 

Operating Temperature Topr 

Storage 
] HM6267P Series Tstg Temperature 

Storage Temperature Under Bias Tbias 

Notes: *!. With respect to Vss· 
*2. -3.5V for pulse width s 20ns. 

Package 

300 mil 20 pin 
Plastic DIP 

-- Vee 

--Vss 

Rating Unit 

-0.5'2 to + 7.0 v 
1.0 w 

0 to +70 oc 

-55to+125 oc 

-10 to +85 oc 

@HITACHI 

HM6267P Series 

(DP-20N) 

• PIN ARRANGEMENT 

• HM6267P Series 

(Top View) 
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----------------------------------HM6267 Series 

.TRUTH TABLE 

cs WE Mode Vee Current Dout Pin Ref. Cycle 

H x Not selected lu. lu1 High-Z 

L H Read Ice Dout Read Cycle 

L L Write Ice High-Z Write Cycle 

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

Supply Voltage 
Vee 4.5 

~---l_te_m ____ +-Sy_m_bo_l-+-_m_in__~+--t_Y_P_+-_m_ax___ Un_it_ 
5.0 5.5 v 

Vss o 0 0 v 

0.8 v 
VIH 2.2 

Input Voltage 
VJL -0.5*1 

6.0 v 

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

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

Item Symbol Test Conditions 

Input Leakage Current l/ul Vcc=5.5V, Vm=Vss to Vee 
Output Leakage Current lhol CS=V1H. Voui=Vssto Vee 

Operating Power Supply Current Ice CS=VJL, Output Open 

lsB CS=VIH 

Stand by Power Supply Current cs ~ Vcc-o.2v, 
lsBJ Vm ~ 0.2V or Vm ~ V cc 

-0.2V 

VoL loL = 8mA 
Output Voltage VoH loH=4mA 

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

• CAPACITANCE (T0 = 25°C,f= lMHz) 

HM6267-35 

minl typ*l max 

- - 10 

- - 10 

- 40 100 

- 10 20 

- 0.02 2 

- 1 •2 50•2 

- - 0.4 

2.4 - -

Item Symbol typ. .... Unit Conditions 

Input Capacitance c,. - 5 pF 11;.-ov 
Output Capacitance Cour - 7 pF v ••• -ov 

Nole) This paratne&er is ...,led and not 100% tested. 

HM6267-45 
Unit 

min typ*l max 

- - 10 µA 

- - 10 µA 

- 40 80 mA 

- 10 20 mA 

- 0.02 2 mA 

- 1 *2 50•2 µA 

- - 0.4 v 
2.4 - - v 

• AC CHARACTERISTICS (Vee= SV ±10%, Ta= 0 to +70°C, unless otherwise noted) 
• AC TEST CONDITIONS 
Input pulse levels: Vss to 3.0V 
Input rise and fall times: Sns 
Input and Output timing reference levels: 1.SV 
Output load: See Figure 

Output Load A 
+SV 

• Including scope and jig. 

@HITACHI 

Output Load B 
(for h1z, lu, twz A low) 

+SV 

IOQ 

lloUI 

Spr9 

• Including scope and jig. 
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HM6267 Series,----------------------------------

• Read Cycle 

HM6267-35 HM6267-45 
Item Symbol 

min max min max 

Read Cycle Time !Re 35 - 45 -
Address Access Time !AA - 35 - 45 

Chip Select Access Time !ACS - 35 - 45 

Output Hold from Address Change Iott 5 - 5 -
Chip Selection to Output in Low Z !Lz 5 - 5 -
Chip Deselection to Output in High Z !Hz 0 30 0 30 

Chip Selection to Power Up Time tpu 0 - 0 -
Chip Deselection to Power Down Time tpo - 20 - 30 

•TIMING WAVEFORM OF READ CYCLE N0.1 4 > &> 

Address 
--f== 'Rc·--L 
_J~·~·-

Data Out Previous Data 
Valid 

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

Data Out 

Vee Supply 

Current 

,--------~ 
Data Valid 

Data Valid 

Unit Notes 

ns I 

ns 

ns 

ns 

ns 2, 3, 7 

ns 2, 3, 7 

ns 

ns 

Notes) I. All Read Cylce timing are referenced from last valid address to the first transitioning address. 
2. At any given temperature and voltage condition, IHz max. is less than tiz min. both for a given device and 

from device to device. 
3. Transition is measured ±500mV from steady state voltage with specified loading in Load B. 
4. WE is High for READ cycle. 
5. Device is continuously selected, CS= VIL· 
6. Addresses valid prior to or coincident with CS transition low. 
7. This parameter is sampled and not 100% tested. 

• Write Cycle 
HM6267-35 HM6267-45 

Item Symbol Unit Notes 
min max min max 

Write Cycle Time !we 35 - 45 - ns 2 

Chip Selection to End of Write !cw 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 lwR 0 - 0 - ns 

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

Data Hold Time Iott 0 - 0 - ns 

Write Enable to Output in High Z lwz 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 

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

'" 

Addru• 

' . 

'" '"' 

... 
Data In 0.11 In Valid 

,., 

Da11 Out Data Undef1neJ 
Hi.ch lmiiedance 

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

... ~~---------twc----------~--t 

Admou =* ... ~:==t=A=S=====~~~-t-A-W---_-_-_-_-_-_-:_-_ ---_-_-_-_-:,--t-W_R_j;.__ ____ _ 

Dout 
,.----- High Impedance twz~ 

---------<( .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. 
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HM6267 Series------------------------------------

•LOW Vee DATA RETENTION CHARACTERISTICS (O"C;;;;; Ta;;>;10"C) 
This characteristics is guaranteed only for L-version. 

Parameter Symbol 

Vee for Data Retention v •• 

Data Retention Current Ice DR 

Chip Deselect to Data Retention Time lcu 

Operation Recovery Time 

Notes) * 1. l •l -Read Cyde Time. 

1, 

*2. Va-3.0\' 
*3. Vc,-2.0V 

Test Conditions 

C'S<: Vcc-0. 2V 

V..<: Vcc-0.2V or 

OV:> V .. :>0.2V 

•LOW Vee DATA RETENTION WAVEFORM 

DATA RETENTION MODE 

v .. ------------ - --

CS~Vtt -o.2v 

R-----..1 

min 

2.0 

-

0 

IRr *I 

typ 

-

-

-
-

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

max Unit 

- v 
30' 2 

20' 3 
µA 

- ns 

- ns 

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

1.6~-------------~ 1.6 

T11=25'C 
!/cc=S.OV 

ur-----t-----+-----+-----< 1.4 

~ 

l 1.2 

z 

~ 1.0 

! 
r---l -,-_ 

t--
j O.B 

0.6 r-------j----+----+-----l 0.6 

0-'._ '-5---~0-5---,"'".o----,'-.2s----'s.s 0.40 60 

Supply VnltaRe rcr (Vl Ambient Temperature T11 ("C) 
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------------------------------------ HM6267 Series 

ACCESS TIME VS. SUPPLY VOLTAGE 

u ...-----.------,---...,----

L' f----+-----1----+----

~ 

~ ltf----+----4----+----
z !---
• 10 t---
-
~ 

"' 
j 

119 f----+-----+----+-----< 

11.H t----+----f-----1----

0.7 ._ __ _._ ___ ,__ __ __J.__ __ _ 

1.5 LIS S_(I ),:!5 :i.5 

Supµ[;· \"ultal{C i'lr I\"\ 

ACCESS TIME VS. LOAD CAPACITANCE 

~ 
~ 

H,..-----,-----,---...,----

6J-----t------l---+-----j 

~ 4f----+-----+----+-----< 
7 

: L"t----+--t-------::~---=-i 

~ ~ 
~ !_() ------

~ 

0.H J-----f------j---+---_._j 

O.fl 'ILIX,-1 --~li'-Xl----'\1,.,-1 ----'-,IX-I ---,J.,m 

LoaJ Capar·11anrt' ('1 pFI 

INPUT LOW VOLTAGE VS. SUPPLY VOLTAGE 

fo=25"C 

21-----+---+----+---~ 

'] 

1 I 

g 
!JI o I --

~ v----
..5 0.911----+---+----+-----1 

.811------1----+----+----I 

O.?i4t.,.5,.-----.,4,J,.75,...---5,J,.0----,5J,,.25,------,J5.5 

Supply Voltage Vee (V) 

ACCESS TIME VS. AMBIENT TEMPERATURE 

.1 

Vcc=5.0V 

') 

.::: l. 

I 
_.,..., 

---i..----II 

~ 
9 

0.8 

0.7 
II 111 60 HO 

.\mbierl! Temperature fo l"CJ 

SUPPLY CURRENT VS. FREQUENCY 
[Im;) 

I ,..---'':;c'":..1 _ _;.l<;::X1--1''6c.._ _ _:;50::,__ _ _.:1~0-~:JJ 

111-----+---+---+-----l---+-~_...~ 

Y" 
0.9 f---+---+---+---1.,..L_L-_+---" 

11.H f----+---f---_,,,£-y+---+----J.-----1 

"" 1----+--/--+-v-+---+---1--

0.61---+---+---+----+---+---I 

O.:JIJ L--..L....--,-'-o --./-Ll __ ....i!0---,.1,.5----.J.~I 

Frequency J (MHzl 

INPUT HIGH VOLTAGE VS. SUPPLY VOLTAGE 
3 

Ta=2St: 

2 

I --J---
0 

L--.i---

.9 

.8 

0 .7 
4.5 4.75 5.0 5.25 5.5 

Supply VoltaRe Vee (V) 
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HM6267 Series------------------------------------

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

:0 

~ 
~ a 
~ 
; 

6 

4 

2 

0 

8 

0.6 

04 
I 

~ 
\ 
~ 

Output Volta~ Vm1 (Vl 

STANDBY CURRENT VS. 
AMBIENT TEMPERATURE 

fo=25't 
\'n =5V 

10 ·~---,----...-----,-----, 

10-s 

Vcc=3V 

C5=2.RV 

10-11..0---,'co---,1::-o---60;!;,----t, 

Ambient Temperature Ta ( "C) 

1.6 

06 

i 
l7 

i 
Ta=25°C 
Vcr=5V 

l7 

14 

~ 1.0 

4 
0.2 0.4 0.6 08 

Output Voltage V()L (V) 

STANDBY CURRENT VS. SUPPLY VOLTAGE 

u~--~------~--~ 

/ 1.2 

1 
1.0 

l 
[7 

~ 0.8 

] 
0.6 

1 
" 

Ta=25'C 
CS= Vcc~0.2V 

0.4 

0.21..,---L----l----L----J 

Supply Voltage ~·cc IV) 
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HM6264 Series Maintenance Only 

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

•FEATURES 
• Fast access Time 
• Low Power Standby 

Low Power Operation 

100ns/120ns/150ns (max.) 
Standby: O.lmW (typ.) 
lOµW (typ.) L-/LL-version 
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 
• Pin Out Compatible with 64K EPROM HN482764 
• Capability of Battery Back Up Operation (L-/LL-version) 

• ORDERING INFORMATION 

Type No. Access Time Package 

HM6264P-10 IOOns 
HM6264P-12 120ns 
HM6264P-15 150ns 

HM6264LP-10 !OOns 
HM6264LP-12 120ns 600 mil 28 pin 

HM6264LP-15 150ns Plastic DIP 

HM6264LP-!OL IOOns 
HM6264LP-12L 120ns 
HM6264LP-!5L 150ns 

HM6264FP-10 !OOns 
HM6264FP-!2 120ns 
HM6264FP-!5 150ns 

HM6264LFP-10 !OOns 
28 pin 

HM6264LFP-12 120ns 
HM6264LFP-!5 150ns Plastic SOP 

(Note) 
HM6264LFP-!OL !OOns 
HM6264LFP-12L 120ns 
HM6264LFP-15L 150ns 

Note) A character Tis added to the end of type No. for SOP 
of 3.00 mm (max.) thickness. 

• ABSOLUTE MAXIMUM RA TINGS 
Item Symbol Rating 

Terminal Voltage •1 VT -0.s•2 to +7.0 
Power Diuipation PT 1.0 
Operating Temperature Topr 0 to +70 
Storage Temperature T1t1 -55 to+125 
Storage Temperature Under Bias Tbias -10 to +85 

Notes) *1. With respect to Vss 
*2. -3.0V for pulse width;:::! SOns 

Note) This device is not available for new application. 

Unit 
v 
w 
•c 
•c 
•c 

@HITACHI 

(Substitute HM6264A) 

HM6264P Series 

(DP-28) 

HM6 264 FP Series 

(FP-280/DA) 

•PIN ARRANGEMENT 

NC 

A,' 
A, 

A, 

A, 

A, 

A, 

A, 

(Top View) 

Vee 

A, 

A, 

1/0, 

I/O. 

1/0, 
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HM6264 Series------------------------------------

• BLOCK DIAGRAM 

•TRUTH TABLE 

WE cs, cs, OE 
x H x x 
x x L x 
H L H H 
H L H L 
L L H H 
L L H L 

X: Hor L 

"'--+=iia::=r1 A• 
A. 
A• 

'" A• 
An 
An 

cs.----1 
cs.----1 Timing Pulse Gen 

Read. Writ' Control 

Memory Murix 
256X256 

WE0-----1.. ____ ,_ ____ _j 

OEO-------~ 

Mode 1/0 Pin 

Not Selected High Z 
(Power Down) High Z 
Output Disabled High Z 
Read Dout 

Write 
Din 
Din 

V cc Current 
/SB, /SBl 

/SB, /SB2 

/CC, /CCl 

/CC, /CCl 

/CC,/CCl 

/CC,/CCl 

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

Item symbol min typ max Unit 

s Vee 4.5 5.0 5.5 v 
upply Volfage 

Vss 0 0 0 v 
Vm 2.2 - 6.0 v 

put Voltage 
Vn -o.3*1 0.8 v -

In 

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

Note 

Write Cycle (1) 

Write Cycle (2) 

• DC AND OPERATING CHARACTERISTICS (Vee= 5V ± 10%, Vss = OV, Ta= 0 to +70°C) 
Item Symbol Test Condition 

Input Leakage Current llu I V;n=Vss to Vee 

Output Leakage Current llLO I 
(;SJ.=V1H or CS2=VIL or•<ffi=V1H or 
WE=VfL, v110=Vss to Vee 

Operating Power Supply Current Ice CSl=V[L, CS2=V[H, l!Lo=OmA 

Average Operating Current Icc1 Min. cycle, duty=l00%, I11o=OmA 

isB CSl=V1H or CS2=VIL 

lsBJ*2 
CSl;?Vec-0.2V, CS2~Vcc-0.2V or 

Standby Power Supply Current 
CS2~.2V 

ISB2•2 cs2:;;0.2v 

VoL IoL = 2.lmA 
Output Voltage 

VoH IoH= -1.0mA 

Notes) •1. Typical limits are at Vcc=s.ov, Ta=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. 

@HITACHI 

min typ•l 

- -

- -

- 40 

- 60 

- 1 

- 0,02 

- 2*3 

- 2•4 

- 0.02 

- 2•3 

- 2o<1 

- -

2.4 -
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max 

2 

2 

80 

110 

3 

2 

100*3 

50"4 

2 

100•3 

50•4 

0.4 

-

Unit 

µA 

µA 

mA 

mA 

mA 

mA 

µA 

mA 

µA 

v 

v 



----------------------------------HM6264 Series 

•CAPACITANCE(/= !MHz, Ta= 25°C) 
---

Item Symbol Test Condition typ max 

Input Capacitance Cin Vin: OV - 6 

Input/Output Capacitance Cuo V110: OV - 8 

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

•AC CHARACTERISTICS (Vee; 5V±10%, Ta: 0 to +70°C) 

• AC TEST CONDITIONS 
Input Pulse Levels: 0.8 to 2.4V 
Input Rise aniJ Fall Times: lOns 
Input and Output Timing Reference Level: 1.5V 
Output Load: lTTL Gate and CL (lOOpF) (including scope and jig) 

•READ CYCLE 

HM6264-10 
Item Symbol 

min max 

Read Cycle Time IRC 100 -

Address Access Time IAA - 100 

l CS! ICO/ - 100 
Chip Selection to Output 

ts2 100 rco2 -
-

Output Enable to Output Valid IQE - 50 

Chip Selection to 

1-
CS! ILZ/ 10 -

Output in Low Z CS2 lLZ2 10 -

Oulput Enable to Output in Low Z IOLZ 5 -

Chip Deselection to l CS! IHZJ 0 35 

Output in High Z CS2 IHZ2 0 35 

Output Disable to Output in High Z IOHZ 0 35 

Output Hold from Address Change IQH 10 -

Unit 

pf 

pf 

HM6264-12 HM6264-15 
Unit 

min max min max 

120 - 150 - ns 

- 120 - 150 ns 

- 120 - 150 ns 

- 120 - 150 ns 

- 60 - 70 ns 

10 - 15 - ns 

10 - 15 - ns 

5 - 5 - ns 

0 40 0 50 ns 

0 40 0 50 ns 

0 40 0 50 ns 

10 - 15 - ns 

Notes) 1. tHz and toHZ 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, IHZ max is less than tLz min both for a given device and from 
device to device. 

•READ CYCLE 

OE 

>-------------f Rc-----

t-----ILZJ-----. 

t------'co2---t---i 

Dout~~~~~~~~~~~~~~~~~~~~~~ 

Note) 1. WE is high for Read Cycle 
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Hitachi America Ltd. • 2210 O'Toole Ave. • San Jose, CA 95131 • (408) 435-8300 127 



HM6264 Series------------------------------------

•WRITE CYCLE 

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

min max min max min max 

Write Cycle Time 1wc 100 120 - 150 - ns 

Chip Selection to End of Write tcw 80 - 85 - 100 - ns 

Address Setup Time tAs 0 - 0 - 0 - ns 

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

Write Pulse Width twp 60 - 70 - 90 - ns 

J CSl,WE twn1 5 - 5 - 10 - ns 
Write Recovery Time 

CS2 twR2 15 - 15 - 15 - ns 

Write to Output in High Z twHZ 0 35 0 40 0 50 ns 

Data to Write Time Overlap tvw 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 5 - 5 - 10 - ns 

•WRITE CYCLE (1) (OE clock) 

----------'wc---------""1 
Addreu 

cs, 

cs. 

Do"' 

Din 
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------------------------------------HM6264 Series 

•WRITE CYCLE (2) (OE Low Fix) 

Address 

CS2 

WE 

Dout 

Din 

twc 

tcw*2 

•6 

tcw*2 

lwP* 1 

l;1.s*3 

•5 
lwnz tow 

'"" '"" 

Notes) 1. ~_write occurs during the overlap of a low CS!, a3h CS2 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 CS! going high, CS2 going low and WE going high. twp is 
measured from the beginninng of write to the end of write. 

2. tcw is measured from the later of CS! going low or CS2 going high to 
the end of write. 

3. tAs is measured from the address valid to the beginning of write. 
4. twn is measured from the end of write to the address change. 

twn1 applies in case a write ends at CS! or WE going high. 
twn2 applies in case a write ends at CS2 going low. 

5. During this period, 1/0 pins are in the output state, therefore the input 
signals of opposite phase to the outputs must not be applied. 

6. If CS I goes low simultaneously with WE going low or after WE going 
low, the outputs remain in high impedance state. 

7. Dout is the same phase of the latest written data in this write cycle. 
8. Dout is the read data of next address. 
9. If CS! is low and CS2 is high during this period, 1/0 pins are in the 

output state. Therefore, the input signals of opposite phase to the 
outputs must not be applied to them. 
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HM6264 Series------------------------------------

• LOW Vee DATA RETENTION CHARACTERISTICS (Ta; 0 to +70°C) 
This characteristics is guaranteed only for L/LL-version. 

Item Symbol Test Condition 

VDRl cst;?Vcc -0.2v, cs2;?vcc-o.2v or 
Vee for Data Retention cs2~0.2v 

VoR2 CS2~0.2V 

ICCDRJ 
Vee= 3.0V;CSl;? Vee -0.2V 
CS2 ;,;- V cc --0.2V or CS2 ~ 0.2V Data Retention Current 

IccoR2 Vee= 3.0V, CS2 ~ 0.2V 

Chip Deselect to Data Retention 
tcvR Time 

See Retention Waveform 
Operation Recovery Time tR 

min typ max 

2.0 - -

2.0 - -

- 1 *' 50*' 
- 1 •2 25* 2 

- 1 *' 50*' 
- 1 *2 25*2 

0 - -

tRC*3 - -

Notes) •1. V1L min= -0.3V, 20µA max at Ta=O to 40°C. This characteristics is guaranteed only for L-version. 
•2. V/L min= -0.3V, lOµA max at Ta·=o to 40°C. This characteriBtics is guaranteed only for LL-version. 
*3. tRc =Read Cycle Time 

•LOW Vee DATA RETENTION WAVEFORM 111 (CS1 Controlladl 

Vcc------

4.SV- - - -

CSl~Vcc -0.2V 

ov- - - - -- - - -- - - - - - - - - - -· - - - - - - - - - - - - - - - - - - - - - -- -- - -- - --

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

Vee---------.. 
Data Retention Mode 

4.SV-- -- --- - ----

cs2----.. 

VDR2--~--

0.4V- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
CS2 ~ 0.2V 

ov- - - - - - - - - - - - - - - - - - . - - - - - -- - - - - - - - - - - - - - - - - - - - - - - - - -

NOTE: In Data Retention Mode, CS2 controls the Address, WE, CSl, OE" and Din 
buffer. lf CS2 controls data retention mode, Vin for these inputs can be in 
the high impedance state. If CS! 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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Unit 

v 

v 

µA 

µA 

OS 

ns 



------------------------------------HM6264 Series 

SUPPLY CURRENT vs. 
SUPPLY VOLTAGE 

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

'O 

:: Ta=25'C 

:; l.4 >------+----->------+--------< 
E 
~ e u 1----+----1---+--=,,,,.....,.,..."-l 

g 101---+--~-l""~'----1v1---l 
~ __y 
;; 0.81""' 

~ 
::l 
u ,.. 0.61-----t----1-----t-----l 

a. 
Q, 
::l 

"' 0.4L----'----'-----'-----' 
4.5 4.75 5 0 5.25 5.5 

Supply Voltage Vee (V) 

SUPPLY CURRENT vs. FREQUENCY 

1.1.-----~---.-.----.....-.....--T""r-~ 

200ns ISOns 120ns IOOn 

"' IQ 1.01----+---+---+---+-v--.,. 

~ A 
~ 0 ,1----1----1--L--+--V-,.,C..l----l 

~ 08 I / 
~ 0.7 __..,....1.L__ 
:; -u 
-a 0.6 >------+---+----+----+--------< 
Q, 
::l 

"' 0.5 ~.-_ ...... __ ..._ __ .__ _ __._ __ _,10 

Frequency (MHz) 

ACCESS TIME vs. SUPPLY VOLTAGE 

~ 

'O 

l.3,----,----...----,-----. 
Ta=25'C 

,; l.2 r-----+----t------+-----1 
;; 
E 
~II~ e ......., 
~ 1.0 t'--........ 
j0.9 ~ u l-----+----1-----t----'"""' 
E 
i= 

= 
0.81-----+----l-----t-----I 

u 

~ 
0·7 4~.5r-----:-4 .:,5----=s"-".o---='s.""2sr-----!s.5 

Supply Voltage V cc (V) 

SUPPLY CURRENT vs. 
AMBIENT TEMPERATURE 

Vcc=S.OV 

40 

Ambient Temperature Ta \ C) 

80 

ACCESS TIME vs. LOAD CAPACITANCE 

l.8,----.----.,.----,----... 

"' .. 
~ l.6t----t----t------t-----t 

~ v 
~ 14t----+---/--+-v--,,""+----l 

~ 1.21----t-=-C.....-+----+----l 

/ [;,";~~N 
IQ 1.01£'---+---+----l-~~~ 
E 
i= e 0.81----+---+-----+-----l 
u 

< 

"' 

0 · 6 ~100:-----=200.,,.._ ___ 3.._00 ___ 4._oo __ ___,soo 

Load Capacitance CL (pF) 

ACCESS TIME vs. 
AMBIENT TEMPERATURE 

l.3,----.,----.,.----,------. 
Vee =5.0V 

~ l.2t----+---+-----+----t 
:; 
E 
~ I.I t----+---+----:,,,,.../:'+----l 

~ ~ 
~ l.OVj 

~ 0.91-----t----+----+--------t .. 
E 
i= 
~ 
u 
u 

0.81-----+----+----+--------t 

< o.? '-o---,'-o---,""o---60'------'80 

Ambient Temperature T8 re) 
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HM6264 Series------------------------------------

:;-
"' .!:! 
;; 
e 
15 e 
~ 
E 
...i 
~ 
"' .. 
!? 
0 
> 
~ 
0 

....l 
; 
Q. 

.s 

1.3 

L2 

I 

LO 

0.9 

O.R 

0.7 

L6 

INPUT LOW VOLTAGE vs. 
SUPPLY VOLTAGE 

r--~ 

4.5 4.75 '·" 5.25 

Supply Voltage Vee (V) 

OUTPUT CURRENT vs. 
OUTPUT VOLT AGE 

Ta=25'C 
Vcc=S\' 

~ 

~ 
'\ 

~ 
Output High Voltage VoH (V) 

STANDBY CURRENT vs. 
AMBIENT TEMPERATURE 

0.----..----.----.-----. 

51----t---+----t-...,,,.~-I v 
j 0 ~ 
~ L (:l 0.5t-v__,,.~__,t----+-----;----i 
!: 
= § 
u 
~ 0.1,_ __ _._ ___ _._ ___ .__ __ _. 

"O lO 40 60 RO 
c: 
" iii Ambient Temperature T0 ("C) 

INPUT HIGH VOLTAGE vs. 
SUPPLY VOLTAGE 

.,;- l.Jr----r----...-----r----, 

"' .!:! 
;; 
E 
0 e 

:;-
"' .!:! 
;; 
e 
15 e 
~ 
c 
"' t: 
" u 
~ 
0 

....l 
; 
Q. 
; 
0 

:;-
ii 
:; 
e 
15 e ... 
~ 

"' ... 
;q 
"' ... 
~ 
Cl 
(.) 
(.) ... 
c 
~ 
" u ,., ,, 
" c: 
" iii 

Ta=25'C 

2>-----+----+-----t------1 

lt----+---+----t----t 

•1----t---+-----;---~ 

0.7J.-__ _._ ___ _._ __ __.~ __ _. 

4.5 4.75 5.0 5.25 5.5 

L6 

L2 

LO 

0.8 

0.b 

0.4 
ll 

1.4 

Supply Voltage V cc (V) 

OUTPUT CURRENT vs. 
OUTPUT VOL tAGE 

l. 

L 
~ 

i Ta=25'C 
Vcc=SV 

v 
0.2 0.4 0.6 

Outut Low Voltage VoL (V) 

STANDBY CURRENT vs. 
SUPPLY VOLTAGE 

Supply Voltage Vee (V) 

0.8 
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HM6264A Series 
8192 x 8 Bit Low Power Static Hi-CMOS Ram 

•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) 
Standby mode 100 µW (typical) 

10 µW (typical) (L version/LL version) 
Two chip selection for battery back up. 

Capability of battery back up operation (L version/LL version) 

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

• Single 5V supply 

• Directly TTL compatible 
All input and output 

• Common data input and output, three state output 

• Completely static RAM 

No clock or timing strobe required 

• PIN ARRANGEMENT 

NC Vee 

A,, WE 

A, cs, 

As As 

Ae Ag 

A, A,, 

A9 OE 

A, A1o 

A, CS1 

Ao 10 I/Os 

1/01 11 1/07 

1102 12 1/06 

1/03 13 I/Os 

Vss 14 1104 

(Top View) 

@HITACHI 

HA6264AP Series 

(DP-28) 

HA6264ASP Series 

(DP-28N) 

HA6264AFP Series 

(FP-28D/DA) 

• PIN DESCRIPTION 

Pin Name Function 

Ao-A12 Address 

IIO,-I/Og Input/Output 

cs, Chip Select 

CS2 Chip Select 

WE Write Enable 

OE Output Enable 

Yee Power Supply 

Yss Ground 

NC No Connection 
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HM6264A Series------------------------------------
• ORDERING INFORMATION 

Type No. Access Package 

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

HM6264ALP-10 100 ns 
600mil 

HM6264ALP-12 120 ns 
28pin 

HM6264ALP-15 150 ns 
Plastic DIP 

(DP-28) 
HM6264ALP-IOL lOOns 
HM6264ALP-12L 120ns 
HM6264ALP-15L 150 ns 

HM6264ASP-10 100 ns 
HM6264ASP-12 120 ns 
HM6264ASP-15 150 ns 

HM6264ALSP-10 100 ns 
300mil 

HM6264ALSP-12 120 ns 
28 pin 

HM6264ALSP-15 150 ns 
Plastic DIP 
(DP-28N) 

HM6264ALSP-IOL IOOns 
HM6264ALSP-12L 120 ns 
HM6264ALSP-15L 150 ns 

HM6264AFP-IO 100 ns 
HM6264AFP-12 120 ns 
HM6264AFP-15 150 ns 

HM6264ALFP-IO IOOns 28 pin 
HM6264ALFP-12 120ns Plastic SOP 
HM6264ALFP-15 150 ns (FD-280/DA) 

HM6264ALFP-IOL 100 ns 
HM6264ALFP-12L 120ns 
HM6264ALFP-15L 150 ns 

SOP whose thickness is 3.00 mm (max.) has "T" in its typename's end. 

• FUNCTIONAL BLOCK DIAGRAM 
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------------------------------------HM6264A Series 

• FUNCTION TABLE 

WE cs, CS2 OE Mode 110 Current Note 

* H * * Not Selected High-Z Isa. Issi 

* * L * (Power Down) High-Z lsB• lsBt 

H L H H Output Disabled High-Z Ice 

H L H L Read DouT Ice 

L L H H DrN Ice Write Cycle 1 
Write 

L L H L DrN Ice Write Cycle 2 

*Don't Care (Hor L) 

• ABSOLUTE MAXIMUM RATINGS 

Item Symbol Rating Unit 

Terminal Voltage 1 VT -0.5 2 to +7.0 v 
Power Dissipation PT 1.0 w 
Operating Temperature To pr 0 to +70 "C 

Storage Temperature Tstg -55 to + 125 "C 

Storage Temperature (Under Bias) Tbias -IO to +85 "C 

NOTES: I. With respect to Vss. 

2. -3.0V for pulse width ::=; 50 ns. 

• TRUTH TABLE 

WE cs, CS2 OE Mode 110 Pin Yee Current Note 

x H x x Not Selected HighZ lsB• lsBt 

x x L x (Power Down) High Z lsB• lsB1 

H L H H Output Disabled High Z Ice 

H L H L Read Do UT Ice Read Cycle 

L L H H D1N Ice Write Cycle 1 
Write 

L L H L DrN Ice Write Cycle2 

X: Hor L 

@HITACHI 
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HM6264A Series------------------------------------

• RECOMMENDED DC OPERATING CONDITIONS (TA = Oto 70°C) 

Item Symbol Min. Typ. Max. Unit 

Vee 4.5 5.0 5.5 v 
Supply Voltage 

Vss 0 0 0 v 
Vrn 2.2 - 6.0 v 

Input Voltage 
-3.0 1 V1L - 0.8 v 

NOTE: I. -3.0V for pulse width :S 50 ns. 

• ELECTRICAL CHARACTERISTICS 

• DC Characteristics (TA= 0°C to 70°C, Vee= 5V + 10%, Vss = OV) 

Parameter Symbol Test Conditions Min. Typ.1 Max. Unit 

Input Leakage Current IIul VIN= Vss to Vee - - ±2 l'A 

CS1 = V1H or CS2 = V1L 
Output Leakage Current IIwl OE= Vrn or WE= V1L - - ±2 l'A 

V110 = Vss to Vee 

Operating Power Supply Current: DC Iccoc 
CS1 = VIL• CS2 = Vm - 7 15 mA 
Other input = Vm/VIL• 1110 = 0 mA 

Min. Cycle, Duty = 100% 
45 

Icc1 CS1 = VIL• CS2 = Vm - 30 
553 mA 

Other input = Vrn/VIL• I110 = 0 mA 

Operating Power Supply Current Cycle = 1 f.<S Duty = 100% 

Icc2 
1110 = 0 mA, CS1 s 0.2V, - 3 5 mA 
CS2 2: Vee -0.2V 
Vm2: Vee -0.2V, V1L s 0.2V 

Standby Current (I) Ise CS1 = Vm or CS2 = V1L - 1 3 mA 

CS 1 2: V cc -0.2V, - 0.02 2 mA 
Standby Current (2): DC2 lse1 CS2 2: V cc -0.2V - 2 100 l'A4 

or CS2 s 0.2V - 2 50 f.'A5 

Output Low Voltage VoL ioL = 2.1 mA - - 0.4 v 
Output High Voltage VoH loH = -1.0mA 2.4 - - v 
NOTES: I. Typical limits are at Vee= 5.0V, TA= +25°C and specified loading. 

2. VJL min. = -0.3V 

3. -121-15 - 45 mA, -IO - 55 mA 

4. Available for L version 

5. Available for LL version 
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------------------------------------ HM6264A Series 

• CAPACITANCE (f = I MHz, TA= 25°C) 

Item Symbol Typ Max. Unit Conditions 

Input Capacitance CIN - 5 pF V1N = OV 

Input/Output Capacitance Cua - 7 pF Vuo = ov 

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

• AC CHARACTERISTICS (TA = 0°C to 70°C, V cc = 5 .OV ± 10%, unless otherwise noted) 

AC Test Conditions 

Input pulse levels: 
Input rise and fall times: 
Input timing reference levels: 
Output timing reference levels: 

Output load: 

NOTE: L Available for 100 ns version. 

•Read Cycle 

0.8V/2.4V 
JO ns 
l.5V 
0.8V/2.0V (l.5V/l.5V) 1 

I TTL gate and CL = JOO pF 
(including scope and jig) 

Parameter 

Read Cycle Time 

Address Access Time 

Chip Selection (CS 1) To Output Valid 

Chip Selection (CS2) to Output Valid 

Output Enable (OE) to Output Valid 

Chip Selection (CS 1) to Output in Low Z 

Chip Selection (CS2) to Output in Low Z 

Output Enable (OE) to Output in Low Z 

Chip Deselection (CS 1) to Output in High Z 

Chip Deselection (CS2) to Output in High Z 

Output Disable (OE) to Output in High Z 

Output Hold From Address Change 

Symbol 

!Re 

tAA 

tc01 

tco2 

toE 

ILZI 

tLZ2 

toLz 

tttz1 

lttz2 

to Hz 

toH 

HM6264A-JO HM6264A-12 

Min. Max. Min. Max. 

JOO - 120 -

- JOO - 120 

- JOO - 120 

- JOO - 120 

- 50 - 60 

IO - JO -

JO - 10 -

5 - 5 -

0 35 0 40 

0 35 0 40 

0 35 0 40 

JO - JO -

NOTE: I. tHz 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, lHZ max. is less than ttz min. both for a given device and from device to device. 

@HITACHI 

HM6264A-15 

Min. Max. 

150 -

- 150 

- 150 

- 150 

- 70 

15 -

15 -

5 -

0 50 

0 50 

0 50 

IO -
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Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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HM6264A Series------------------------------------

•Read Cycle 

Address 

1----------~tRc------------+I 

i-----tLZJ----.i 

i------tco2---+--

NOTE: I. WE is high for read cycle. 
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------------------------------------ HM6264A Series 

• Write Cycle 

HM6264A-10 HM6264A-12 HM6264A-IS 
Parameter Symbol Unit 

Min. Max. Min. Max. Min. Max. 

Write Cycle Time twc 100 - 120 - 150 - ns 

Chip Selection to End of Write tcw 80 - 8S - 100 - ns 

Address Setup Time tAs 0 - 0 - 0 - ns 

Address Valid to End of Write !Aw 80 - 85 - 100 - ns 

Write Pulse Width twp 60 - 70 - 90 - ns 

Write Recovery Time twR 0 -- 0 - 0 - ns 

Write to Output in High Z twHz 0 3S 0 40 0 so ns 

Data to Write Time Overlap tow 40 - 40 - so - ns 

Data Hold From Write Time tnH 0 - 0 - 0 - ns 

Output Active From End of Write tow 5 - 5 - 5 - ns 

• Write Cycle No. 1 (OE Clock) 

i---------twc---------1 

@HITACHI 
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HM6264A Series------------------------------------

• Write Cycle No. 2 (OE Low Fix) 

i---------~twc----------i 

Address 

i.----------IAW--------"I 

tcwr21 
[6] 

rcwf21 

CS2 

IDW IDH 

NOTES: I. A write occurs during the overlap of a low CS1. a high CS1 going low, CS2 going high and WE going low. A write ends at the earliest transition among CS1 going high, 

140 

CS2 going low and WE going high. twp is measured from the beginning of write to the end of write. 

2. tcw is measured from the later of CS1 going lc:n.v of CS2 going high to the end of write. 

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

4. twR is measured from the earliest ofCS1 or WE going high orCS2 going low to the end of write cycle. 

S. During this period, 1/0 pins are in the output state, therefore the input signals of opposite phase to the outputs must not be applied to them. 

6. IfC51 goes low simultaneously with WE going low or after WE going low, the outputs remain in high impedance state. 

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

8. DoUT is the read data of next address. 

9. If CS1 is low and CS2 is high during this period, 1/0 pins are in the output state. Therefore, the input signals of opposite phase to the outputs must not be applied to 
them. 
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---------------------------------- HM6264A Serles 

• Low Vee Data Retention Characteristics (TA= o to 70°C) 

This characteristics is guaranteed for LILL-version. 

Item Symbol Min. Typ. Max. Unit Test Conditions 

Y cc for Data Retention YoR 2.0 y CS 1 ;,, Yee - 0.2Y, CS2 ;,, Yee -0.2Y 
- -

or CS2 :,; 0.2Y 

- 11 501 Yee= 3.0Y, CS1 ;,, Yee -0.2Y 
Data Retention Current IccoR 12 251 

µ.A 
CS2 ;,, Y cc - 0.2Y or CS2 :,; 0.2Y -

Chip Deselect to Data Retention Time tcoR 0 - - ns 

tRc3 
See Retention Waveform 

Operation Recovery Time tR - - ns 

NOTES: I. V1L min. = -0.3V, 20 µ.A max. at TA = 0 to 40°C, this characteristics is guaranteed ony for L*version. 

2. V1L min. = -0.3V, 10 µ.A max. at TA = 0 to 40°C, this characteristics is guaranteed only for LL-version. 

3. IRC = Read Cycle Time 

• Low Vee Data Retention Waveform No. 1 (CS1Controlled) 

-+-~~~~~~D~a~ta~R~•t~•~nt~io~n~M~o=d•~--~~~-r-~tn 

cs1;;;vcc -o.2v 
ov - - - - - - - - - - - - - - - - - - -

• Low Vee Data Retention Waveform No. 2 (CS2Controlled) 

v cc ~---__ pat~R~t~:o: ~~d~ _ -)-_ -- ___ _ 
4.SV-- ---------- -----

tcDR tn 

CS2 ,.----

VDR2----

0.4V-
CS2 1' 0.2V 

ov- - -- -· - -

NOTE: In Data Retention Mode, CS2 controls the Address, WE, CS:t, OE and DtN buffer. IfCSi controls data retention mode, VIN for these inputs can be in the high impedance 

state. If CS1 controls the data retention mode, CS2 must satifsy either CS2 ~ Vee - 0.2V or CS2 s 0.2V. The other input levels address, WE, OE, 1/0) can be in the high 
impedance state. 
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HM6264A Series-----------------------------------

142 

SUPPLY CURRENT VS. 
SUPPLY VOLTAGE 

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

, 1.2 

~ I.I l-----t---+----+--:::1 ............ "'--I 

~ ~ ..:: 1.0 1----t---::;;o-t""'-----r---i 

~ ~ 
~ 0.9 "'l"""""""--+-----11-------t---i 

a 
i; 0.8 1---+---+----t-----1 
Jl 

] 
l 
0 

~ 
0 
::,; 
u ::,; 
l! 
~ 
" u 
>. -a. 
Q, 

" "' 

0.7 1.-------..... ~-......,,.,,..,,.--:~ 
4.5 4.75 5.0 5.25 5.5 

1.2 

1.0 

0.8 

0.6 

0.4 

0.2 

0 

Supply Voltage for V cc (V) 

SUPPLY CURRENT VS. 
FREQUENCY 

200 ns 150 ns 120 ns 100 ns 

7-

0 

/ z y 
v 

/ 
2 4 6 

Frequency /MHz 

ACCESS TIME VS. 
SUPPLY VOLTAGE 

10 

1.3 I 
TA= 25°C 

11.2 

~ I.I 1-b-..~""'1-t~---+----+---t 
• 1.0 1----t---~~::::----it------i 

j ~ 
~ 0.9 l---+---+----+----1 

j 0.8 1---+---+----+------i 

0.7 .._ __ .,,.,,.. __ ~--~:--~ 
4.S 4.15 S.O S.25 5.5 

Supply Voltage V cc (V) 

1.6 

I 1.4 

1.2 

0 
::,; 

~ 
1.0 

l! 
0.8 ~ 

" u 
>. 
"§: 0.6 
Jl 

0.4 
0 

1.8 

~ 1.6 

SUPPLY CURRENT VS. 
AMBIENT TEMPERATURE 

20 40 

I 
Vee= 5.ov 

60 
Ambient Temperature TA (C 0 ) 

ACCESS TIME VS. 
LOAD CAPACITANCE 

80 

v ] l 1.4 

L 
v 

I-'" 
~ 1.2 

~ TA= 25°C 

~ 1.0 
/ Vee= min. 

j 0.8 

0.6 
100 200 300 400 

Load Capacitance CL (pF) 

ACCESS TIME VS. 
AMBIENT TEMPERATURE 

500 

1.3 .----..,.----,-----r-1----. 
Vee = 5.ov 

t 1.21---+----+---L---t-v-"CT-I I I.I 1------+-L--+v-7"'---+-----t 

; 1.0 L 
~ o.91o""'--+----+---+---t 

J 0.81----+--~---t---1 
0.1..._ __ ..._ __ _._ __ ...... __ __, 

0 20 40 60 80 
Ambient Temperature TA (C 0 ) 
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-----------------------------------HM6264A Series 

] 
~ 
0 

~ 

INPUT LOW VOLTAGE VS. 
SUPPLY VOLTAGE 

1.3 
TAI= 25'C 

1.2 

I.I 
,; 
g --~ ..J 1.0 > 
i 

i--~ 
.g 0.9 

~ 
g_ 0.8 

.s 
0.7 

4.5 4.75 5.0 5.25 

Supply Voltage for V cc (V) 

OUTPUT CURRENT VS. 
OUTPUT VOLTAGE 

1.6 

] 1.4 

~ 1.2 
0 

b s 1.0 

~ 
=> 0.8 
u 
=> e-c: 0.6 

0.4 
I 

TA= 25°C 
Vee= 5V 

~ 

~ 
\ 

3-
Output Voltage VoH (V) 

STANDBY CURRENT VS. 
AMBIENT TEMPERATURE 

5.5 

INPUT HIGH VOLTAGE VS. 
SUPPLY VOLTAGE 

1.3 ..----r-----.---1-----. 
TA = 25'C 

~ " 1.2 1-----+-----l---+----l 

~ 
~I.I 

~ J--1 
z 1.0 !----+-----:~---=---+] __ -I 

~~ 
~ 0.9 

Tu 
:;:: 0.8 1-----+-----lr---+----l 

i 

j 
~ 
0 

~ 
..J 

SI 
E 
~ 
=> u 
=> e-c: 

] 

0. 7 L-. __ _,_ __ __,c-__ ...._ __ _, 
4.5 4.75 5.0 5.25 5.5 

Supply Voltage for V cc (V) 

OUTPUT CURRENT VS. 
OUTPUT VOLTAGE 

1.6 

1.4 

1.2 

1.0 

0.8 

0.6 

0.4 

1.4 

i 
kZ 

} TA= 25'C 
Vee= 5V 

v 
0 0.2 0.4 0.6 

Output Voltage VoH (V) 

STANDBY CURRENT VS. 
SUPPLY VOLTAGE 

11.2 

0.8 

~ l.O t----1----+-----,F---~ 

~ 
-: 0.8 r----j---+-..,,c_-1---~ 

~ 
- 0.6 t------1r---7"-:+----1------l 
~ 
=> 

~ 0.4 t--~~r----+----+---~ 
~ 
"' 0.2 ':----~---....L..-----,!----...J__ 

4 6 

Ambient Temperature TA (C 0 ) Supply Voltage Vee (V) 
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HM6288 Series 
16384-word X 4-bit High Speed CMOS Static RAM 

•FEATURES 

• 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 lOOµW (typ.) 

• Completely Static Memory 
No Clock or Timing Strobe Required. 

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

• ORDERING INFORMATION 

Part No. 

HM6288P-25 
HM6288P-35 
HM6288P-45 

HM6288LP-25 
HM6288LP-35 
HM6288LP-45 

HM6288JP-25 
HM6288JP-35 
HM6288JP-45 

•BLOCK DIAGRAM 

'" ,, 

:\.i 

cs 

WL 

Access Time 

!{ow 

lJPt<odt'r 

25ns 
35ns 
45ns 

25ns 
35ns 
45ns 

25ns 
35ns 
45ns 

•ABSOLUTE MAXIMUM RATINGS 

\1Pmorv 

\rrav 

Item Symbol 

Voltage on Any Pin Relative to Vss Vr 

Power Dissipation Pr 

Operating Temperature T.p. 

Storage Temperature T,1, 

Temperature under Bias r~ ... 
Note: l. VT min ·- - 3.5V for pulse width:;;;; lOns 

Package 

300 mil 22-pin 
Plastic DIP 

300 mil 24-pin 
Plastic SOJ 

Rating 

-0.5u to +7.0 

1.0 

0 lo + 70 

--55to+l25 

-10 lo +85 

Unit 

v 
w 
·c 
·c 
·c 

@HITACHI 

HM6288P Series 

DP-22NB 

HM6288JP Series 

CP-240 

• PIN ARRANGEMENT 
HM6288P 

AO vcc 

AJ AJ3 

A2 AJ2 

A3 All 

A4 AJO 
HM6288JP 

As A9 

A6 I/OJ 
AO 

A7 I/02 AJ 

As I/03 A2 

cs I/04 A3 

vss WE 
A4 

As 
(Top View) 

A6 

A7 

As 

cs 
NC 

vss 

(Top View) 

•Pin Description 
Pin Name Function 

AO-AJ3 Address 

1 /01 -1/04 Input/Output 

cs Chip Select 

WE Write Enable 

Vee Power Supply 
--Vss Ground 

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

vcc 

AJ3 

AJ2 

All 

AJO 

A9 

NC 

I/OJ 

l/02 

l/03 

I/04 

WE 
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HM6288 Series-----------------------------------

•TRUTH TABLE 

cs WE Mode Vee Current 1/0 Pin 

H x Standby lsB, lsBI High z 
L H Read Ice Dout 

L L Write Ice Din 

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

Parameter Symbol min typ max 

Vee 4.5 5.0 5.5 
Supply Voltage 

Vss 0 0 0 

Input High (logic !) Voltage VIH 2.2 - 6.0 

Input Low (logic 0) Voltage VIL -0.5* 1 - 0.8 

Note:• l. Vn min.'· 3.0V for pulse width~lOns 

•DC AND OPERATING CHARACTERISTICS (Ta=Oto +70°C, Vcc=5V±l0%, Vss=OV) 

Parameter Symbol Test Condition 

Input Leakage Current I /u I Vcc=MAX. V1N=OVto Vee 

Output Leakage Current 1 lw I CS= VIH, Vuo= OV to Vee 

Operating Power Supply Current Ice CS= V1L, luo=OmA 
-----·· 

Standby Vee Current fsB CS= VIH 
-- _,, 

fsB1* 2 CS= Vcc-·0.2V 
Standby V cc Current I 

/sB1*3 v;. ;;;o.2v or v;. <:: Vee -0.2V 
... 

Output Low Voltage VoL loL=8mA 

Output High Voltage VoH loH=-4.0mA 

Notes: * 1. Typical limits are at Vee =5.0V, Ta= +2s•c and specified loading. 
* 2. P version 
* 3. LP version 

•CAPACITANCE ( Ta=25°C,/=l.OMHz) 

Parameter Symbol Test Conditions 

Input Capacitance Cin V..=OV 

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

Note: This parameter is sampled and not 100% tested 

•Ac CHARACTERISTICS 

min typ•l 

-- -

- -

-- 60 

- 15 

- 0.02 

- 0.02 

- -

2.4 -

min 

-

-

Ref. Cycle 

Read'Cycle !, 2 

Write Cycle !, 2 

Unit 

v 

v 

v 

v 

max Unit 

2.0 µA 

IO µA 

120 mA 

30 mA 

2.0 mA 

0.1 mA 

0.4 v 

- v 

max Unit 

6 pf 

8 pF 

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

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

SY SY 

480!2 

Dout Dout 

25SQ 30pF' 2SSQ 

Output Load .(A) 
Output Load (B) 
(for tHz. tLz, twHz & tow> 

•Including scope & jig. 

Output Load (A) 
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------------------------------------HM6288 Series 

• READ CYCLE (T0 =0 to +70°C, Vcc=SV ± 10%, unless otherwise noted.) 

Parameter Symbol 

Read Cycle Time 

Address Access Time 

Chip Select Access Time 

Output Hold from Address Change 

Chip Selection to Output in Low Z 

Chip Deselection to Output in High Z 

Chip Selection to Power Up Time 

Chip Seselection to Power Down Time 

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

This parameter is sampled and not 100° o tested. 

•Timing Waveform of Read Cycle No.1 [ 11 [21 

Address 

Dout 
Provious 
Data Valid 

loH 

•Timing Waveform of Read Cycle No.2 [ 11 C3l 
cs 

Dout 
High Impedance 

Vee supply 

tRC 

tAA 

tACS 

toH 

tLz* 

tHz* 

tpu 

tpv 

HM6288-25 HM6288-35 

min max min max 

25 - 35 -

- 25 - 35 
- 25 - 35 

3 - 5 -

5 - 10 -

0 12 0 20 

0 - 0 -

- 25 - 30 

Data Valid 

Data Valid 

HM628845 

min max 

45 -
- 45 
- 45 

5 -
10 -

0 20 

0 -

- 30 

''" 

,., 

'" 
- - - - - --- -- -----1-r---------------------, 

he 50% 50% 

current 

Notes: L WE is High for Read Cycle. 

2. Device is continuously selected, Cs= V11 .. 
3. Address Valid prior to or coincident with CS transition Low. 

• WRITE CYCLE 
HM6288-25 HM6288-35 HM628845 

Parameter Symbol 
min max min max min max 

Write Cycle Time twc 25 - 35 - 45 -

Chip Selection to End of Write tcw 20 - 30 - 40 -
Address Valid to End of Write tAw 20 - 30 - 40 -

Address Setup Time tAs 0 - 0 - 0 -

Write Pulse Width twp 20 - 30 - 35 -
Write Recovery Time twR 0 - 0 - 0 -
Date Valid to End of Write tvw 12 - 20 - 20 -
Data Hold Time tvH 0 - 0 - 0 -
Write Enabled to Output in High Z twHz• 0 8 0 10 0 15 

Output Active from End of Write tow• 5 - 5 - 5 -
* Transition is measured ± 200mV from steady state voltage with Load (B). 

This parameter is sampled and not 100°0 tested. 

@HITACHI 
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Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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HM6288 Series----------------------------------

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

!we 

Address 

tcw 

WE 

Din 

low*5 

lwnz*3 

Dout 
High Impedance 

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

Address 

cs 

Din 

Dout 

148 

'"' 

!cw 

High Impedance * 4 

Notes) LA write occurs during the overlap of a low CS and a low WE. (hrP) 
2. lwR is measured from the earlier of CS or WE going high to the end of write cycle. 
3. During this period, I/O pins are in the output state so that the input signals of opposite phase to the 

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

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

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

@HITACHI 
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------------------------------------HM6288 Series 

•Low Vee Data Retention Characteristics ( Ta= 0 to + 70°C) 

(This Characteristics is guaranteed only for L version.) 

Parameter Symbol Min Typ Max Unit 

Vee for data retention VvR 2.0 - - v 

Data retention current lccvR - - 50" µA 
35" 

Chip deselect to data 
{CDR 0 - - ns retention time 

Operation recovery time IR lRc1> - - ns 

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

Low Vee Data Retention Waveform 

Data Retention Mode 

2.2V------ -----

Test Conditions 

CS<:; Vee -0.2V 

v;. <:; Vee - 0.2V or 

OV;:;: v;.;:;: 0.2V 

Vmt----- -------+-------------< 

cs-----' 
W---------------------------------------------

@HITACHI 
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HM6788 Series----------
16384-word·x 4-bit High Speed Hi-BiCMOS Static RAM 

•FEATURES 
• Super Fast Access Time: 25/35 ns (max.) 
• Low power Operation 

Operating: 230mW (typ), Standby: 10mW (typ) 
• +5V Single Supply 
• Co.;,pletely Static Memory -

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

• ORDERING INFORMATION 

Type No. Access Time Package 

HM6788P-25 25ns 

HM6788P-35 35ns 

•BLOCK DIAGRAM 

A• 

Ao 

As 

•ABSOLUTE MAXIMUM RATINGS 

Item Symbol 

Terminal Voltage to Vss pin VT 

Power Dissipation PT 

Operating Temperature T.,, 

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

Storage Temperature T.i(J 

300 mil 22 pin 
Plastic DIP 

Memory Matrix 
128 X512 

Rating 

-0.5to +7.0 

1.0 

Oto +70 

-!Oto +85 

-55to+125 

--OVcr 

---OVss 

Unit 

v 
w 
·c 
"C 

·c 

@HITACHI 

(DP-22NB) 

•PIN ARRANGEMENT 
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------------------------------------HM6788 Series 

•TRUTH TABLE 

cs WE Mode Vee Current Output Pin Ref. Cycle 

H x Not selected lsB, lsBt HighZ -
L H Read Ice, lcc1 Dout Read Cycle (1) (2) 

L L Write Ice, /cc1 Din Write Cycle (I) (2) 

X: Hor L 

•RECOMMENDED DC OPERATING CONDITIONS ( 0°C ~ Ta~ 70°C) 

Item Symbol min typ max Unit 

Vee 4.5 5.0 5.5 v 
Supply Voltage 

Vss 0 0 0 v 
Input High Voltage Vin 2.2 - 6.0 v 
Input Low Voltage V11. -0.5* 1 - 0.8 v 

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

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

Item Symbol Test Conditions min typ max 

Input Leakage Current I Iu I Vee=5.5V, V1N= Vss to Vee - - 2 

Output Leakage Current llwl CS= Vin, Vi!o= Vss to Vee - - 2 

Opearating Power Supply Current Ice CS= ViL, Ii /o=OmA - - 80 

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

/sB CS= Vin, Ii !o=OmA - - 30 
Standby Power Supply Current 

fsBI CS<: Vrc-0.2V, V1.v~0.2V or Vis<: Vcc-0.2V - - 10 

Output Low Voltage VoL /o1,=8mA - - 0.5 

Output High Voltage Von IOH=-4mA 2.4 - -

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

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

+5V 

Doot 

Output Load A 

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

Dout 

~HITACHI 

+5V 

255'2 
5pF' 

• lncludi111 scope and jig. 

Output Load B 
(tCHZ. twnz. tCLZ. tow> 

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

Unit 

µA 

µA 

mA 

mA 

mA 

mA 

v 
v 
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HM6788 Series------------------------------------

•READ CYCLE 

HM6788-25 HM6788-35 
Item Symbol Unit 

min max min max 

Read Cycle Time IRC 25 -· 30 - ns 

Address Access Time IAA - 25 - 35 ns 

Chip Select Access Time fACS -- 25 - 30 ns 

Chip Selection to Output in Low Z ICl.Z 0 - 0 -- ns 

Chip Deselection to Output in High Z tcHz 0 10 0 12 ns 

Output Hold from Address Change /OH 5 - 5 - ns 

Chip Selection to Power Up Time"' 1 IPU 0 - 0 - ns 

Chip Deselection to Power Down Tirne' 1 /po - 20 - 30 ns 

Note) * 1. This parameter is sampled and not IOO'?-o tested. 

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

'" 

\ddn'.'>.'• 

/tJH 

llo11t 

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

Dri111 

Note) *1. WE= VJH 
*2. CS= VJL _ 
*3. Address valid prior to or coincident with CS transition Low. 

e WRITE CYCLE 

HM6788-25 HM6788-35 
Item Symbol Unit 

min max min max 

Write Cycle Time twc 25 - 30 - ns 

Chip Selection to End of Write tcw 20 ·- 25 - ns 

Address Setup Time fAs 0 - 0 - ns 

Address Valid to End of Write fAW 20 -- 25 - ns 

Write Pulse Width firp 20 - 25 - ns 

Write Recovery Time fWR 0 -·- 0 - ns 

Write to Output in High Z fwHZ 0 10 0 12 ns 

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

Data Hold Time fvu 5 - 5 - n~ 

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) 

lll'C 

Address 

''" 

''" 
IWP *I 

t01r 

Dout 

IDW lDH 

Din 

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

Address 

'" tcw 

twp 

tow tDH 

Din 

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

opposite phase to the outputs must not be applied. 
*3. 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, 1/0 pins are in the output state. Then, the data 

input signals of opposite phase to the outputs must not be applied to them. 

•CAPACITANCE ( Ta=25°C, f= l.OMHzJ 

Item Symbol min typ max 

Input Capacitance CIN - - 6.0 

Input/Output Capacitance C1/o - - 8.0 

Note) This parameter is samoled and not 100°/o tested. 

@HITACHI 
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Conditions 

VrN=OV 

Vocr=OV 
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HM6788H Series 

16384-word x 4-bit High Speed Static RAM 

•FEATURES 

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

• + 5V Single supply 

• Low power dissipation (DC) operating: 280 mW (typ.) 

• Completely static memory 
No clock or timing strobe required 

• Balanced read and write cycle time 

• Fully TTL compatible-all inputs and outputs 

• ORDERING INFORMATION 

Type No. Access Time 

HM6788HP- l5 15ns 

HM6788HP-20 20ns 

• BLOCK DIAGRAM 

1/01 o---.--D.....\ 

l/020--.+H::l.....\ 

1/0,, o--o-l+H'>-l 
1/0< 0-_...,++H J>-1 

Package 

300 mil 22 pin 
Plastic DIP 

Memory Matrix 
128 x 512 

CSo-t-~-'---...-<r>-J 

WEo-t===::::::!'==:3...<Cl-~~~~~1'.=<' 

• ABSOLUTE MAXIMUM RATINGS 

Item Symbol 

Terminal Voltage to V ss Pin VT 

Power Dissipation PT 

Operating Temperature Topr 

Storage Temperature (with bias) Tstg (bias) 

Storage Temperature Tstg 

-oVcc 
-oGND 

Rating 

-0.5 to +7.0 

1.0 

0 to +70 

-!Oto +85 

-55to+125 

@HITACHI 

(DP-22NB) 

• PIN ARRANGEMENT 

Ao Vee 

A1 21 A13 

A2 A12 

AJ A11 

A4 Aw 

As Ag 

A5 1101 

A7 1102 

Aa 1/03 

cs J/04 

GND WE 

(Top View) 

Unit 

v 
w 
oc 
oc 
oc 
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--------------------------------------HM6788H Series 

•RECOMMENDED DC OPERATING CONDITIONS (0°C,;; TA,;; 70°C) 

Item Symbol Min. Typ. Max. Unit 

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

GND 0.0 0.0 0.0 v 
Input High (logic l) Voltage Y1H 2.2 - 6.0 v 
Input Low (logic 0) Voltage VrL -3.0* - 0.8 v 
*Pulse width !O IO ns, DC: -0.5V 

• TRUTH TABLE 

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

H x Not Selected lss. Issi High Z -

L H Read Ice. Icc1 DouT Read Cycle(!), (2) 

L L Write Ice. lcc1 DIN Write Cycle (l), (2) 

•DC AND OPERATING CHARACTERISTICS (Yee= 5V ± 10%, TA= 0°C to 70°C, GND = OV) 

Item 

Input Leakage Current 

Output Leakage Current 

Operating Power Supply Current 

Average Operating Current 

Standby Power Supply Current 

Standby Power Supply Current (I) 

Output Low Voltage 

Output High Voltage 

• AC TEST CONDITIONS 

Input pulse levels: 
Input timing reference levels: 
Input rise and fall times: 
Output load: 
Output reference levels: 

Symbol 

IIul 

IIwl 

Ice 

Icc1 

lss 

Issi 

VoL 

VoH 

GND to 3.0V 
I.SY 
4 ns 
See figure 
I.SY 

Test Conditions Min. 

Yee= S.SV, V1N = GND to Yee -

CS= Yrn, V110 = GND to Yee -

CS= VIL• 1110 = 0 mA -

Min. Cycle, Duty: 100% 1110 = 0 mA -

CS= Yrn -

CS:>: Yee -0.2V, -
Y1N :5 0.2V or Y1N "'Yee -0.2V 

IoL = 8 mA -

loH = -4 mA 2.4 

+SV +SV 

4800 
Dout 

JOoF' 255" 
SpF" 

•lncludingscope and jig. 

Output Load A 

Output Load B 
(tCHZ. tWHZ. tCLz. tow> 

*including scope and jig capacitance 

@HITACHI 

Typ. 

-

-

-

-

-

-

-

-
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Max. Unit 

2 µA 

10 µA 

100 mA 

120 mA 

30 mA 

10 mA 

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

•CAPACITANCE (TA= 25°C, f = 1.0 MHz) 

Item Symbol Max. Unit Conditions 

Input Capacitance C1N 6.a pF VrN =av 

Input/Output Capacitance Cvo 10.0 pF VouT =av 

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

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

•Read Cycle 

HM6788HP-15 HM6788HP-2a 
Item Symbol 

Min. Max. Min. Max. 

Read Cycle Time !Re 15 - 2a -

Address Access Time !AA - 15 - 2a 

Chip Select Access Time !ACS - 15 - 20 

Output Hold from Address Change toH 3 - 3 -

Chip Selection to Output in Low Z ILz 3 - 3 -

Chip Deselection to Output in High Z !Hz 0 6 0 8 

NOTES: I. This parameter is sampled and not 100% tested. 

2. Transition is measured ± 200 mV from steady state voltage with specified loading in Load B. 

• Write Cycle 

HM6788HP-15 HM6788HP-2a 
Item Symbol 

Min. Max. Min. Max. 

Write Cycle Time twc 15 - 20 -

Chip Selection to End of Write tcw 10 - 15 -
Address Valid to End of Write !Aw 10 - 15 -
Address Setup Time !AS a - 0 -

Write Pulse Width twp 10 - 15 -

Write Recovery Time twR 3 - 3 -
Data Valid to End of Write tow 9 - 12 -

Data Hold Time toH 0 - a -

Write Enable to Output in High Z lwz 0 6 0 8 

Output Active from End of Write tow 0 - 0 -

NOTES: I. IfCS 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. 

@HITACHI 
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Unit Notes 

ns -

ns -

ns -

ns -

ns I, 2 

ns 1. 2 

Unit Notes 

ns 2 

ns -

ns -
ns -

ns -

ns -

ns -

ns -

ns 3,4 

ns 3,4 



------------------------------------ HM6788H Series 

• TIMING WAVEFORM 

• Read Cycle (1)!1) (2) 

Address 

Dout 

• Read Cycle (2)!1)(3) 

---r~---------IRc---------t 

CS t==-ILz~ - <~~ 
Dout------------< Data Valid 

High Impedance 

NOTES: I. WE is high for read cycle. 

2. Device is continuously selected, CS = V1L 

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

@HITACHI 
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HM6788H Series------------------------------------

• Write Cycle (1) (WE Controlled) 

..--------~twc---------+1 

Address 

@HITACHI 
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------------------------------------HM6788H Series 

• Write Cycle (2) (CS Controlled) 

~~-----------twc----------~ 

Address --1 
i+r-------1Aw--------+~<--lwR!2]_.. ....._ __ _ 
i+-------IAS--+ 

Dout 
High Impedance (4] 

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

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

3. During this period, 1/0 pins are in the output state so that the input signals of opposite phase to the 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. lfCS is low during this period, 1/0 pins are in the output state. Then the data input signals of opposite phase to the outputs must not be applied to them. 

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

• HITACHI 
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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) 
• Low Power Dissipation (DC) Operating ..... 230 mW (typ.) 
• +5V Single Supply 
• Completely Static Memory 

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

Ordering Information 

Type No. 

HM6789P-25 
HM6789P-30 

HM6789JP-25 
HM6789JP-30 

Block Diagram 

A2 

A3 

A4 

A5 

A6v ..... , ..... 

A7 

ABO----j 

Row 

Decoder 

Input 
Data 

Control 

CSt>-4-----.--a--, 
WEQ-1-----;~-u._.J 

OECH-------t-t:::SJ-, 

----- -
Access Time Package 

25ns 
300 mil 24 pin Plastic DIP 

30ns 

25ns 
300 mil 24 pin SOJ 

30ns 

----<> Vee 

Memory Matrix 

!28X 512 

• ABSOLUTE MAXIMUM RATINGS 

Item Symbol Rating Unit 

Terminal Voltage to V ss Pin VT -0.5 to + 7.0 v 

Power Dissipation PT 1.0 w 
Operating Temperature To pr 0 to +70 'C 

Storage Temperature (with bias) Tstg (hias) -IO to +85 oc 
Storage Temperature Tstg -55 to + 125 'C 

@HITACHI 

HM6789P Series 

HM6789JP Series , 
CP-240 

Pin Arrangement 

(Top View) 
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------------------------------------HM6789 Series 

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

Item Symbol min typ max Unit 

Vee 4.5 5.0 5.5 v 
Supply Voltage 

Vss 0.0 0.0 0.0 v 

Input High Voltage VIH 2.2 - 6.0 v 
Input Low Voltage V1L -0.5*' - 0.8 v 

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

Function Table 

cs OE WE Mode Vee Current 

H Hor L Hor L Not selected IsB. lsB1 

L H H Output Disabled Ice. Icc1 

L L H Read Ice. Icc1 

L H L Ice. Icc1 
Write 

L L L Ice. Icc1 

DC and Operating Characteristics (V cc=SV±10%, T0 =0 to +70°C) 

Item Symbol min typ max 

Input Leakage Current ilLJI - - 2 

Output Leakage Current ii Loi - - 2 

Operating Power Supply Current Ice - - 100 

Average Operating Current Icc1 - - 120 

lsB - - 30 
Standby Power Supply Current 

IsB1 - - 10 

Output Low Voltage VoL - - 0.4 

Output High Voltage VoH 2.4 - -

AC Test Conditions 
• Input pulse levels .................... V55 to 3.0V 
• Input and Output reference levels . . . . . . . . . . . . . . 1.5 V 

±200 mV from steady level (Output Load Bl 
• Input rise and fall time . . . . . . . . . . . . . . . . . . . . . . 4 ns 
• Output Load: See Figure 

+5V 

IROQ 
Dout 

/Jout 

255Q 

@HITACHI 

1/0 Pin Ref. Cycle 

High z -

High z -

Dou! Read Cycle (l) (2) (3) 

Din Write Cycle (l) (2) (3) (4) 

Din Write Cycle (5) (6) 

Unit Test Conditions 

µA Vee= 5.sv, v 1N = Vss to Vee 

µA 
CS= V1H or OE= V1H, 
V110 = Vss to Vee 

mA CS= VJL, 1110 = OmA 

mA Min.Cycle,Duty: lOO%,I11o=Om A 

mA cs= Vrn. 1110 = OmA 

cs~ v cc - o.2v 
mA 

VIN;£ 0.2V orV1N ~Vee -0.2 v 
v 

v 

IoL = 8mA 

IoH = -4mA 

+sv 

SpF" 
• including 

scope and jig 

Output Load B 
(tCHZ. rwnz. tCLZ. row> 
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HM6789 Series------------------------------------

Capacitance (Ta = 25°C,f = l.OMHz) 

Item Symbol min typ max 

lmput Capacitance CJN - - 6 

Input/Output Capacitance C1/0 - - 8 

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

AC Characteristics (V cc=5V±10%, Ta=O to +70°C, unless otherwise noted.) 

Read Cycle 

HM6789-25 
Item Symbol 

min max 

Read Cycle Time tRc 25 -

Address Access Time tAA - 25 

Chip Select Access Time tAcs - 25 

Chip Selection to Output in Low Z tcLz•1 0 -
Output Enable to Output Valid toE 0 15 

Output Enable to Output in Low Z t0Lz•1 0 -
Chip Deselection to Output in High Z tcttz•1 0 10 

, Output Hold from Address Change tott 5 -

Write Cycle 

HM6789-25 
Item Symbol 

min max 

Write Cycle Time twc 25 -
Chip Selection to End of Write tcw 20 -
Address Setup Time tAS 0 -

Address Valid to End of Write tAw 20 -

Write Pulse Width twp 20 -

Write Recovery Time twR 0 -
-----

Write to Output in High Z twttz*1 0 10 

Data Valid to End of Write tnw 15 -

Data Hold Time tnH 5 -
Output Disable to Output in Hihg Z tottz•1 0 10 

Output Active from End of Write tow*1 0 -

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

@HITACHI 

Unit 

pF 

pF 

HM6789-30 

min max 

30 -

- 30 

- 30 

0 -
0 15 

0 -

0 12 

5 -

HM6789-30 

min max 

30 -
25 -

0 -

25 -

25 -

0 -

0 12 

20 -

5 -

0 10 

0 -
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Test Conditions 

VJN = OV 

V1/0 = OV 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 



------------------------------------HM6789 Series 

Timing Waveform 

Read Cycle (1) ' 1 

Address 

OE 

Dout 

Read Cycle (2) ' 1 • ' 2 • ' 3 

Address 

Dout 

Read Cycle (3) ' 1 • ' 3 • ' 4 

cs 

Dout 

High Impedance 

ton 

lcLZ 

High Impedance 

Notes) *1. WE= VIH 
*2. CS= VIL 

to, 

lou 

*3. OE= V1L _ 

Data Valid 

Data Valid 

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

@HITACHI 

Ion 

lcHz 
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HM6789 Series----------------------------------

Write Cycle 111 (OE= H, WE Controlledl 

twc 

Address 

... 

. .. . .. 
DU. Data Va1id 

High Impedance 
Dout 

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

Address 

'" 

... 

. .. . .. 
Din Data Valid 

Dout 
High Impedance 

@HITACHI 
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------------------------------------HM6789 Series 

Write Cycle (31 (OE= Clocked,We Controlledl 

Address 

cs 

twp+ I 

tonz*2 

Dout 
High Impedance 

low loH 

Dm Data Valid 

Write Cycle (41 {OE= Clocked, CS Controlled) 

two 

Address 

OE 

lwr* 1 

WE 

low loH 

Dm Data Valid 

Dout. 
High Impedance 

~HITACHI 
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HM6789 Series----------------------------------

Write Cycle (51 (OE = L, WE Controlled) 

lwc 

Address 

lcw 

twHz*2 

low 

High Impedance 
Doot 

tow loH 

Din Data Valid 

Write Cycle (61 (OE= L, CS Controlled) 

lwc 

Address 

Notes)*l. 
•2. 

166 

*3. 
*4. 
*S. 

*6. 

Doot 
Hiehlmoedance 

low loo 

Din DataValUI 

A write occurs during the overlap (twp) of a low CS and a low WE. 
During this period, 1/0 pins are in the output state so that the input signals of opposite phase to the outputs 
must not be applied. 
Dout is the same phase of write data of this write cycle. 
If the CS is low transition occurs after the WE low transition, output remain in a high impedance state. 
If CS is low during this period, 1/0 pins are in the output state. Then, the data input signals of opposite phase to 
the outputs must not be applied to them. 
If CS low transition occurs simultaneously with the OE high transition or after the OE transition, output remain 
in high impedance state. 

@HITACHI 
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HM6789H Series 
16384-word x 4-bit High Speed Static RAM (with OE) 

•FEATURES 

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

• Low power dissipation (DC) operating: 280 mW (typ.) 

• + 5V Single supply 

• Completely static memory 
No clock or timing strobe required 

• Balanced read and write cycle time 

• Fully TTL compatible input and output 

• ORDERING INFORMATION 

Type No. Access Time Package 

HM6789HP-l5 l5ns 300 mil 24 pin 
HM6789HP-20 20ns 

HM6789HJP-l5 l5ns 
HM6789HJP-20 20ns 

• BLOCK DIAGRAM 

Plastic DIP 

300 mil 24 pin SOJ 

Memory Matrix 
128X512 

-<>llcc 
4JGND 

• ABSOLUTE MAXIMUM RATINGS 
Item Symbol 

Terminal Voltage to V ss Pin VT 

Power Dissipation PT 

Operating Temperature Topr 

Storage Temperature (with bias) Tstg{bias) 

Storage Tumperature Tstg 

Rating 

-0.5 to +7.0 

l.O 

0 to +70 

-10 to +85 

-55 to + 125 

.HITACHI 

HM6789HP Series 

4!! 
HM6789HJP Series 

CP-240 

• PIN ARRANGEMENT 

Vee 

A, Arn 

A,, 

A11 

A, A10 

As ... 
Ae NC 

A1 J/01 

Aa l/02 

cs 1103 

1104 

GND WE 

(Top View) 

Unit 

v 
w 

·c 
·c 
•c 
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HM6789H Series------------------------------------

• RECOMMENDED DC OPERATING CONDITIONS (0°C :s; TA :s; 70°C) 

Item Symbol Min. Typ. Max. , Unit 

Vee 4.5 5.0 5.5 v 
Supply Voltage 

GND 0.0 0.0 0.0 v 
Input High Voltage Vrn 2.2 - 6.0 v 
Input Low Voltage V1L* -3.0 - 0.8 v 
*Pulse width :S 10 ns, DC: -0.5V 

• TRUTH TABLE 

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

H HorL HorL Not Selected Isa. lsBI HighZ -

L H H Output Disabled Ice. Icc1 HighZ -

L L H Read Ice. lcc1 Do UT Read Cycle(!), (2), (3) 

L H L Ice. lcc1 DIN Write Cycle (1), (2), (3), (4) 
Write 

L L L Ice. Icc1 DIN 

• DC AND OPERATING CHARACTERISTICS (V cc = 5V ± 10%, TA = 0°C to 70°C) 

Item 

Input Leakage Current 

Output Leakage Current 

Operating Power Supply Current 

Average Operating Current 

Standby Power Supply Current 

Output Low Voltage 

Output High Voltage 

• AC TEST CONDITIONS 

Input pulse levels: 
Input and output reference levels: 

± 200 m V from steady level 
(Output Load B) 

Input rise and fall time: 
Output load: 

Symbol Tust Conditions Min. 

IIul Vee= 5.5V, V1N = OV to Vee -

IIwl cs = Yrn. or OE = YIH• Y110 = GND to v cc -

Ice CS = VIL• 1110 = 0 mA -

lcc1 Min. Cycle, Duty: 100%, 1110 = 0 mA -

Isa CS= Vrn -

CS 2: V cc -0.2Y, -lse1 
Y1N s 0.2Y or YIN "' Yee -0.2Y 

VoL loL = 8mA 

VoH Iott= -4 mA 

GND to3.0V 
l.5V 

4ns 
See figure 

+5V 

-
-· 

Output Load A 

-

2.4 

..... 

• lnchdns 9Cll:ipt and iis

Output Load B 
(tcnz. tWHZ. tCLZ. tow> 

*including scope and jig capacitance 

$HITACHI 

Write Cycle (5), (6) 

Typ. Max. 

- 2 

- 10 

- 100 

- 120 

- 30 

- 10 

- 0.4 

- -
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Unit 

µA 

µA 

mA 

mA 

mA 

mA 

v 
v 



------------------------------------ HM6789H Series 

• CAPACITANCE (TA = 25°C, f = 1.0 MHz) 

Item Symbol Min. Typ. Max. Unit 

Input Capacitance CrN - - 6 pF 

Input/Output Capacitance Clio - - IO pF 

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

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

•Read Cycle 

HM6789H-15 HM6789H-20 
Item Symbol 

Min. Max. Min. Max. 

Read Cycle Time !Re 15 - 20 -

Address Access Time !AA - 15 - 20 

Chip Select Access Time tAcs - 15 - 20 

Chip Selection to Output in Low Z !cLz 3 - 3 -

Output Enable to Output Valid toE 0 12 0 15 

Output Enable to Output in Low Z !oLz 3 - 3 -
Chip Deselection to Output in High Z !cttz 0 6 0 8 

Output Hold from Address Change Iott 3 - 3 -

• Write Cycle 

HM6789H-15 HM6789H-20 
Item Symbol 

Min. Max. Min. Max. 

Write Cycle Time !we 15 - 20 -

Chip Selection to End of Write tew IO - 15 -

Address Setup Time !As 0 - 0 -

Address Valid to End of Write !AW IO - 15 -
Write Pulse Width twp IO - 15 -
Write Recovery Time lwR 3 - 3 -
Write to Output in High Z lwttz 0 6 0 8 

Data Valid to End of Write tow 9 - 12 -

Data Hold Time Iott 0 - 0 -

Output Disable to Output in High Z tottz 0 6 0 8 

Output Active from End of Write tow 0 - 0 -

NOTE: I. Transition is measured ± 200 mV from steady state voltage Load B. This parameter is sampled and not 1003 tested. 

@HITACHI 
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Conditions 

VrN = OV 

Vlio = OV 

Unit Notes 

ns -
ns -

ns -

ns I 

ns -

ns I 

ns I 

ns -

Unit Notes 

ns -

ns -

ns -

ns -
ns -
ns -
ns I 

ns -

ns -

ns 1 

ns I 
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HM6789H Series------------------------------------

• TIMING WAVEFORM 

• Read Cycle (1)111 

i.--------IRc--------.1 

Address 

Dout --..,.,......,..,.------< 
High Impedance 

• Reod Cydo ::~~-----------------------·-R-C~~~~~~~~~~~-~ 
IAAg loH-+~ 

------•-o_H_---+~ 
Dout ~ ~-----o_a_i_a_~_a_lid----~ ...... ><--

• Read Cycle (3)111 (31 (41 

OS -i---.A-CS-___..--------{lcHz-+ 
~lcLz----+ 

Dout ---------< High Impedance 
Data Valid 

NOTES: I. WE = VJH 

2. CS= V1L 

3. OE= VIL· 

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

• HITACHI 
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------------------------------------ HM6789H Series 

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

Address 

cs 

WE 

Din 

Dout ~~~~~~~~~~H_.ig~h_lm....._p_ed_a_n_c_e~~~~~~~~~~ 

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

1+---------twc--------.-1 

Address 

cs 

.1:--tow---* 10~~1 ~ 
Din ......... X_XX_._...,X ....... X ....... XX ........ ~ Data Valid ~ 

@HITACHI 
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HM6789H Series-------------------------------------

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

1+--------twc--------+1 

Address 

WE 

Din ---------,()( = Data ValidX)i------

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

1<--------twc---------+1 

Address 

(6) 

i<-----tcw------+1 

Din 

rlow---+ toH= ~ 
---------X-'l()()Loata Valid ~ 

Dout 
High Impedance 

@HITACHI 
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------------------------------------HM6789H Series 

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

Address 

WE 

Din------------< [SJ 

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

Address 

Dou! 
Hi h Impedance 

Din -----------~ oata va1idXXXXX 

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

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

3. DouT is the same phase of write date 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, I/O pins are in the output state. Then, the data input signals of opposite phase to the outputs must not be applied to them. 

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

@HITACHI 
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HM6287 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: 100µW (typ.)/10µW (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 

HM6287P-45 45ns 
HM6287P-55 55ns 
HM6287P-70 70ns 300 mil 22 pin 
HM6287LP-45 45ns Plastic DIP 
HM6287LP-55 55ns 
HM6287LP-70 70ns 

• BLOCK DIAGRAM 

+--Vee 

+--Vss 

Oott 

@HITACHI 

HM6287P Series 

(DP-22N) 

• PIN ARRANGEMENT 
• HM6287P Series 

(Top View) 
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HM6287 Serles--------------------------------

• TRUTH TABLE 

cs WE Mode Vee Current Dout Pin Ref. Cycle 

H x Not Selected lssJssi High Z -
L H Read Ice Dout Read Cycle 

L L Write Ice HighZ Write Cycle 

• ABSOLUTE MAXIMUM RATINGS 

Item Symbol Rating Unit 

Voltage on Any Pin Relative to Vss VT -0.5*1 to +7 .o v 
Power Dissipation PT 1.0 w 
Operating Temperature Topr 0 to +70 •c 

Storage Temperature 
T Plastic -55 to +125 ·c r Ceramic 

Tita 
-65 to +150 

Temperature Under Bias Tb1at1 -10 to +SS •c 
Note) *1. -3.SV for pulse width~ 20ns 

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

Item Symbol min typ max Unit 

Vee 4.S s.o S.5 v 
Supply Voltage 

Vss 0 0 0 v 
VIH 2.2 - 6.0 v 

Input Voltage 
VrL -o.s*t 0.8 v -

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

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

Item Symbol Test Conditions 

Input Leakage Current llLII Vee= S.5V, Vin= Vssto Vee 

Output Leakage Current lhol CS= V1H. Vout= Vss to Vee 

Operating Power Supply Current Ice CS = VIL• lout= OmA 

lsB CS= VJH 

Standby Power Supply Current CS iE: V cc-0.2V, VIN~ 0.2V or 
lsBl VJN~ Vcc-0.2V 

VoL loL= SmA 
Output Voltage 

VoH loH= -4.0mA 

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

• CAPACITANCE(/= lMHz, Ta =25°C) 

Item Symbol Test Conditions min 

Input Capacitance Cin Vin =OV -
Output Capacitance Cout Vout= OV -

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

@HITACHI 

min typ*l 

- -
- -
- 60 

- 10 

- 0.02 

- 2*2 

- -
2.4 -

typ max 

- 5 

- 7.5 
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max Unit 

2.0 µA 

2.0 µA 

100 mA 

30 mA 

2.0 mA 

100*2 µA 

0.4 v 
- v 

Unit 

pF 

pF 



------------------------------------HM6287 Series 

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

• AC TEST CONDITIONS 
Input Pulse Levels: Vss to 3.0V 
Input Rise and Fall Times: 5ns 
Input and Output Timing Reference Levels: 1.5V 
Output Load: See Figure 

Output Load A 
SV 

480JI 

30pF• 

Output Load B 

sv 

itc Including scope & jig capacitance *Including scope & jig capacitance 

• READ CYCLE 

HM628745 HM6287-55 HM6287-70 
Item Symbol Unit 

min max min max min max 

Read Cycle Time tRe 45 - 55 - 70 - ns 

Address Access Time tAA - 45 - 55 - 70 ns 

Chip Select Access Time tAeS - 45 - 55 - 70 ns 

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

Chip Selection to Output in Low Z tLz 5 - 5 - 5 - ns 

Chip Deselection to Output in High Z tnz 0 30 0 30 0 30 ns 

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

Chip Deselection to Power Down Time tPD - 40 - 40 - 40 ns 

• Timing Waveform of Read Cycle No. 1 c4 H5 > 

Address 
Fr~--------- IHc-----------i}-

=t~,,,., --L-,(),, 
Dout 

Data Valid 

• Timing Waveform of Read Cycle No. 2< 4 H6 > 

i---------/HC--------

Dout Data Valid 

V cc supply ~ c_c _ - - - - - 1~''-1----.,-------------
current _ 50 ·(j 

fSH 

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

Notes 

1 

2, 3, 7 

2, 3, 7 

7 

7 

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

3. Transition is measured ±500 mV from steady state voltage with specified loading in Load B. 
4. WE is high for READ Cycle. 
5. Device is continuously selected, while CS= VfL· 
6. Address valid prior to or coincident with CS transition low. 
7. This parameter is sampled and not I 00% tested. 
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HM6287 Series----------------------------------

•WRITE CYCLE 

Item Symbol 
HM6287-45 HM6287-55 HM6287-70 

Unit Notes 
min max min max min max 

Write Cycle Time rwc 45 - 55 - 70 - ns 2 

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

Address Valid to End of Write tAW 40 - 50 - 55 - ns 

Address Setup Time tAS 0 - 0 - 0 - ns 

Write Pulse Width twp 25 - 35 - 40 - ns 

Write Recovery Time twR 0 - 0 - 0 - ns 

Data Valid to End of Write tvw 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) 

f--------111"("------

Address 

Din 

Dout 

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

Notes) l. 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 ±500mV from steady state voltage with specified loading in Load B. 
4. This parameter is sampled and not 100% tested . 
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------------------------------------ HM6287 Series 

• LOW Vee DATA RETENTION CHARACTERISTICS (T0 = 0 to +70°C) 
This characteristics is guaranteed only for L-version. 

Parameter 

V CC for Data Retention 

Data Retention Current 

Chip Deselect to Data Retention Time 

Operation Recovery Time 

Note) *I. fRC =Read Cycle Time 
•2. Vcc=3.0V 

Symbol 

VDR 

ICCDR 

fCDR 

fR 

• LOW Vee DATA RETENTION WAVEFORM 

cs----"' 

Test Condition min. typ. 

cs;:; Vee- o.2v, 
2.0 -

V;n;:; Vcc-o.2v or 
- I 

OV ~ V;n ~ 0.2V 
0 -

tR;!I -

Data Retention Mode 

fS~Vcc -0.2V 

w---------------------------------------------

max. Unit 

- v 

so*2 µA 

- ns 

- ns 

SUPPLY CURRENT vs. SUPPLY VOLTAGE SUPPLY CURRENT vs. AMBIENT TEMPERATURE 

1.6 

j 
J 1.0 

] 08 

1 
rfJ 0.6 

0.4 
4.5 

Ta=25"C 

~ ----~ ..............-

4.75 5.0 5.25 5.5 

Supply Voltage V cc t V) 

1.6~-------------

Vcc=5.0V 

1.4 >-----+----+----+------l 

1 ~ 1.2 

J 1.01-----L 

j 

] O.Bf-----+---1----+-----l 

~ .... "; 0.6>-----+----+----+------l 

0.4<-----+----+-----'-----' 
0 20 40 60 80 

Ambient Temperature Ta ('C) 
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ACCESS TIME vs.SUPPLY VOLTAGE 

1.3 

r.~25·c 

11.1 
~ 

~ 1.0 
j 

r---r--
~ 0.9 

j 
0.8 

l 
~ 

j 

! 
11 
] 
"' 

0.7 
4.5 

1.4 

1.2 

1.0 

0.2 
2 

I.I 

i 1.0 

1 3 0.9 

j 
0.8 

! 
... 0.7 

l 
0.6 

--t--

4.75 5.0 5.25 5.5 

Supply Vol- Vee (V) 

STANDBY CURRENTvL 
SUPPLY. VOLTAGE 

Supply Vol- Vee (V) 

SUPPLY CURRENT vs. 
FREQUENCY 

T(ns) 

200 100 66 50 40 

~ 
L_ 

~ 
v 

L 
/1 

10 15 20 25 
Frequency f (MHz) 

ACCESS TIME vs. AMBIENT TEMPERATURE 

1.3 

Vcc=S.OV 

1.2 

~ 
v 

/ 
1 1.1 

3 
J 1.0 

j ~ 
~ 0.9 

j 0.8 

0.7 0 
20 40 60 

Ambient Temperature Ta ("C) 

STANDBY CURRENT vs. 
AMBIENT TEMPERATURE 

80 

10..-----..---..,.-----,r----i 

1 
1 
~ 

j 

i 
8 

i 
"' 

10-1 

10-z 
0 20 40 60 

Ambient Temperature Ta ("C) 

STANDBY CURRENT vs. 
INPUT VOLTAGE 

Vcc=3V 
cs~2.sv 

80 

IO~-~-~-------~-a~~2-5~-~ 

Vcc=S.OV 
CS~4.8V 

\ 

I~ 
Input Voltage V,o (V) 
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----------------------------------HM6287 Series 

INPUT LOW VOLTAGE vs. 
SUPPL V VOLTAGE 

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

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

11.11------+----1-----+-------I 

1.01-----+----::=--i""""___,:;___J..--t------t 

~~ 
j 0.9 

j 
0.81-----+----l---+------I 

3.0 

i 2.5 

~ ! 2.0 

.. 1.5 

j 
~ 1.0 

! 0.5 

0 
1 

Supply Voltage Vee (V) 

OUTPUT HIGH CURRENT vs. 
OUTPUT HIGH VOLTAGE 

Ta=25"C 

~ 
Vcc=SV 

} 
~ 

Output High Voltage V08 (V) 

i 

INPUT HIGH VOLTAGE vs. 
SUPPLY VOLTAGE 

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

1.21-----+-----t---+-----t 

! l.11-----+------+----+-----I 

~ __J---
11, 1.0 

1 0.9~ ~ 
j 

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

0.7~--~--~---~--~ 

1.6 

4.5 4. 75 5.0 5.25 5.5 

Supply Voltaee V cc (V) 

OUTPUT LOW CURRENT vs. 
OUTPUT LOW VOLTAGE 

.L 

~ 
i 1.4 

"'1. - 1.2 

0.4 
0 

-J 
Ta=25~ 
Vcc=SV 

v 
0.2 0.4 

Output Low Voltage VoL (V) 
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HM6287H Series 
65536-word x 1-bit High Speed Static C-MOS RAM 

•FEATURES 

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

• High Speed 
Access time 25/35 ns (max.) 

• Low power 
Active mode 300 mW (typical) 
Standby mode 100 µW (typical) 

• Completely static memory 
No clock or timing strobe required 

• Equal access and cycle times 

• Directly TTL compatible-all inputs and outputs 

• ORDERING INFORMATION 

Part No. Access Package 

HM6287HP-25 25 ns 
HM6287HP-35 35 ns 300mil 

HM6287HLP-25 25 ns 
22 pin 

Plastic DIP 
HM6287HLP-35 35 ns 

HM6287HJP-25 25 ns 300 mil 
HM6287HJP-35 35 ns 24 pin SOJ 

• PIN ARRANGEMENT • PIN ARRANGEMENT 

Ao Vee 

Ao Vee A, A'5 

A, 21 A'5 A, A,, 

A, A,, Ao 21 A,, 

Ao A,, A, A,, 

A, A,, As NC 

As An NC An 

Ao Am Ao Am 

A1 Ag A1 Ag 

Dour As Dour As 

WE D1N WE D1N 

Vss cs Vss cs 

(Top View) (Top View) 
(DIP) (SOJ) 

@HITACHI 

HM6287HP Series 

(DP-22NB) 

HM6287HJP Series 

(CP-240) 

• PIN DESCRIPTION 

Pin Name Function 

Ao-A15 Address 

DrN Input 

DouT Output 

cs Chip Select 

WE Write Enable 

Yee Power Supply 

Yss Ground 
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------------------------------------ HM6287H Series 

• BLOCK DIAGRAM 

.& Ao -oVcc 
A, -oVss ,,., 

Memory Array 
Ao 128 x 512 
A, 

Ae 
Ae 

Dout 

Din Column 1/0 

cs 

• ABSOLUTE MAXIMUM RATINGS 

Item Symbol Rating Unit 

Voltage on any pin relative to V ss VT -0.5 1 to +7.0 v 
Power Dissipation PT 1.0 w 
Operating Temperature Topr 0 to +70 ·c 
Storage Temperature Tstg -55to+125 'C 

Storage Temperature Under Bias Tbias -10 to +85 ·c 
NOTE: I. VT min = -2.0V for pulse width :S 10 ns. 

• FUNCTION TABLE 

cs WE Mode Vee Current Dout Pin Ref. Cycle 

H x Standby Isa. Ise1 High z -

L H Read Ice DouT Read Cycle 1, 2 

L L Write Ice HighZ Write Cycle 1, 2 
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HM6287H Serles----------------------------------

• ELECTRICAL CHARACTERISTICS 

• Recommended DC Operating Conditions (TA= o to 70°C) 

Parameter Symbol Min. Typ. Max. Unit Note 

Yee 4.5 5.0 5.5 v 
Supply Voltage 

Yss 0.0 0.0 0.0 v 
Input High (logic I) Voltage Vm 2.2 - 6.0 v 
Input Low (logic 0) Voltage VrL -0.51 - 0.8 v 
NOTE: I. V1L min = -2.0V for pulse width s IO ns . 

• DC CHARACTERISTICS <TA= Oto +70°C, Vee= sv ± 10%, Vss = OV) 

Parameter Symbol Min. Typ.*I Max. Unit Test Conditions 

Input Leakage Current IIul - - 2.0 µA Yee= max., V1N = OV to Yee 

Output Leakage Current IIwl - - 10.0 µA CS = Vm, Vl/o = OV to Yee 

Operating V cc Current Ice - 60 120 mA CS = VIL• Il/o = 0 mA 

Standby V cc Current Ise - 15 30 mA CS= Vm 

Standby V cc Current1 lsei2 - 0.02 2.0 mA CS ~ Yee - 0.2V, OV s VIN s 0.2V or 

Ise13 - O.Q2 2.0 mA V1N ~Yee -0.2V 

Output Low Voltage VoL - - 0.4 v IoL = 8mA 

Output High Voltage VoH 2.4 - - v ioH = -4.0mA 

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

• CAPACITANCE (TA= 25°C, f = 1.0 MHz)! 

Parameter Symbol Min. Typ Max. Unit Test Conditions 

Input Capacitance C1N - - 6 pF VIN= OV 

Output Capacitance CouT - - 8 pF YouT = OV 

NOTE: This parameter is sampled and not 100% tested. 
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------------------------------------HM6287H Series 

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

Test Conditions 

Input pulse levels: 
Input rise and fall times: 
Output load: 
Input and output timing reference levels: 

O.OV to 3.0V 
5 ns 
see figure 
l.5V 

+5V 

Output Load A 
tow) 

4800 

30 pF* 

*including scope and jig capacitance 

•Read Cycle 

DouT 

2550 

Output Load B 

(for tttz. tLZ, twz, 

+5V 

HM6287H-25 HM6287H-35 
Item Symbol 

Min. Max. Min. Max. 

Read Cycle Time !Re 25 - 35 -

Address Access Time !AA - 25 - 35 

Chip Select Access Time !ACS - 25 - 35 

Output Hold from Address Change toH 3 - 5 -

Chip Selection to Output in Low Z tLzl 5 - 5 -

Chip Deselection to Output in High Z 1Hz1 0 12 0 20 

Chip Selection to Power Up Time tpu' 0 - 0 -

Chip Deselection to Output in Down Time tpo - 25 - 30 

NOTE: I. Transition is measured ± 200 mV 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 • (408) 435-8300 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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HM6287H Series------------------------------------

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

Address 

Dout 

• Timing Waveform of Read Cycle No. 2(1), (3) 

l+---------IRc----------+1 

Data Valid 

lpo71 
50% '\ 

'-----

Vee supply Ice 
High Impedance lpu1 

50% 

current 
Isa 

NOTES: I. 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 

• Write Cycle 

HM6287H-25 HM6287H-35 
Parameter 

Max. 
Symbol Unit 

Min. Min. Max. 

Write Cycle Time twc 25 35 ns 

Chip Selection to End of Write tcw 20 30 ns 

Address Valid to End of Write 30 ns 

Address Setup Time 0 ns 

Write Pulse Width ~ w - ~ - ns 
-----------------t------+----+----+------t----·· -+----

Write Recovery Time twR 0 0 ns 

Data Valid to End of Write tow 15 20 ns 

Data Hold Time 0 0 ns 

Write Enable to Output in High Z twz1 0 0 10 ns 

Output Active From End of Write tow 1 ns 

NOTE: I. Transition is measured ± 200 mV from steady state voltage with Load 8. This parameter is sampled and not 100% tested. 
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HM6287H Series------------------------------------

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

~---------twc----------+1 

Address 

...-------tcw-------1 

[2] 

~~~~~~....+.-..-..i+-----twpr_1_1 ___ _.,,..._'_w_R_---+~+-~~~~~~-

Din 

+-lwzl 
Dou1(((((((((((( 

I ~ 
OH--+ 

tow-+ 

High Impedance ~ ( xx 
• Timing Waveform of Write Cycle No. 2 (CS Controlled) 

1+-----------lwc-----------+1 

Address 

IAS---+ I (2] 
WR--+ 

1+--------IAw--------1 

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

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

3. If the CS low transition occurs simultaneously with the buffers remain in a high impedance state. 

4. DoUT is the same phase of write data of this write cycle, if twR is long enough. 
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------------------------------------HM6287H Series 

• Low Vee Data Retention Characteristics (TA = o to +70°C) 

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

Parameter Symbol Min. Typ. Max. 

V cc for Data Retention VoR 2.0 ~ -

Data Retention Current IeeoR - - soZ, 353 

Chip Deselect to Data Retention Time teoR 0 - -
Operation Recovery Time tR !Re1 - -

NOTES: I. tRC = Read cycle time. 

2. Vee = 3.ov. 

3. Vee = 2.ov. 

•Low Vee Data Retention Waveform 

Data Retention Mode---+ 

4.5 V- - - - - - - - - -

r-tcoR-+ 

2.2V----t- CS 2' VoR - 0.2 V 

Unit Test Conditions 

v 
µ.A CS ;;, Vee - 0.2V, 

V1N ;;, Vee - 0.2V or 
ns OV :5 VIN :5 0.2V 
ns 

OV-------------------------------------------
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HM6787 Series 

65536-word x 1-bit High Speed Hi-BiCMOS Static RAM 
HM6787P Series 

• FEATURES 
• Super Fast Access Time: 25ns/30ns (max.) 
• Lbw Power Dissipation (DC): 

Operating 180mW (typ) 
• High Driving Capability: loL 1 BmA 
• +5V Single Supply 
• Completely Static Memory 

No Clock or Timing Strobe Required 
(DP-22N) 

• Balanced Read and Write Cycle Time HM6787CG Series 

• Fully TTL Compatible Input and Output 

• ORDERING INFORMATION 
Type No. Access Time Package 

HM6787P-25 2Sns 300 mil 22 pin (CG-22A) 
HM6787P-35 35ns Plastic DIP 

HM6787CG-25 2Sns 22 pin ceramic 
HM6787CG-30 30ns Chip Carrier • PIN ARRANGEMENT 

• HM6787P Series 
• BLOCK DIAGRAM 

Vee 

A1 AIS 

A, A" 

A" 

A, A12 

As A11 

A& Aio 

A1 A• 

Dout Dout A, 

WE Din 

Vss cs 

(Top View) 

• HM6787CG Series 

•ABSOLUTE MAXIMUM RATINGS A1 Ao Vee A1s 

Item Symbol Rating Unit 

Terminal Voltage to Vss Pin Vr -0.S to +7.0 v 
Power Dissipation Pr 1.0 w 
Operating Temperature Range Topr 0 to +70 •c 
Storage Temperature Range Tstg -55 to +125 •c 

(Top View) 

@HITACHI 
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----------------------------------HM6787 Series 

• TRUTH TABLE 

cs WE Mode V cc Current Output Pin 

H x Not Selected IssJss1 HighZ 

L H Read Ice Dout 

L L Write Ice HighZ 

• RECOMMENDED DC OPERATING CONDITIONS (0°C ~Ta~ 70°C) 

Item Symbol min. typ. max. Unit 

Vee 4.5 5.0 5.5 v 
Supply Voltage 

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

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

• DC AND OPERATING CHARACTERISTICS (Vcc=SV±IO%, Ta =0°C to+70°C) 

Item Symbol 

Input Leakage Current i/LJI 

Output Leakage Current lhol 

Operating Power Supply Current Ice 

Iss 
Standby Power Supply Current 

Issi 

Output Low Voltage VoL 

Output High Voltage VoH 

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

Test Conditions 

Vcc=5.5V, VIN=Vssto Vee 

CS= VIH• VouT= Vssto Vee 

CS= V1LJIJo=OmA 

CS= vJHJIJo=OmA 

CS~ V cc -0.2V 

VIN~0.2Vor VIN~Vcc-0.2V 

IoL=l6mA 

IoH=-4mA 

Out put Load A 

+5V 

480Q 

255 Q 

• Including scope and jig. 

$HITACHI 

min. typ, max. Unit 

- - 2 µA 

- - 2 µA 

- - 100 mA 

- - 40 mA 

- - 20 mA 

- - 0.5 v 
2.4 - - v 

Out put Load B 

(for IHZ, ILZ, twz & tow) 

+5V 
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HM6787 Series----------------------------------

• CAPACITANCE (Ta= 25°C,f= l.OMHz) 

Item Symbol typ. Unit Conditions 

Input Capacitance CIN 2.0 pF VIN= OV 

Output Capacitance CouT 3.0 pF VouT=OV 

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

• AC CHARACTERISTICS (Vcc=5V±IO%, Ta =0°C to 70°C, unless otherwise noted.) 

• READ CYCLE 

Symbol 
HM6787-25 HM6787-30/35 

Unit Item 
min. max. min. max. 

Read Cycle Time tRC 25 - 30 - ns 

Address Access Time tAA - 25 - 30 ns 

Chip Select Access Time tACS - 25 - 30 ns 

Output Hold from Address Change toe 5 - 5 - ns 

Chip Selection to Output in Low Z tLZ 5 - 5 - ns 

Chip Deselection to Output in High Z tnz 0 15 0 15 ns 

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

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

• WRITE CYCLE 

HM6787-25 HM6787-30/35 
Item Symbol Unit Notes 

min. max. min. max. 

Write Cycle Time twc 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 - s - ns 

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

Data Hold Time tDH 0 - 0 - ns 

Write Enable to Output in High Z twz 0 15 0 15 ns 3,4 

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

Note: 1. If CS goes high simultaneously with WE high, the output remains in a high impedance state. 
2. All Write Cycle timings are referenced from the last valid address to the first transitioning address. 
3. Transition is measured ±SOOmV from steady state voltage with specified loading in Load B. 
4. This parameter is sampled and not 100% tested. 
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-------------------------------------HM6787 Series 

• TIMING WAVEFORM OF READ CYCLE NO. 11» 2> 

!RC 

Address 

!AA 

toH 

Data Out Previous Data Val id Data Valid 

• TIMING WAVEFORM OF READ CYCLE NO. 21>· 3> 

!RC 

tACS 

!HZ 

tLZ 

Data Out 
High Impedance 

Data Valid 
High Impedance 

!PU 

Vee Supply 

Current 

Note: 1. WE is high and CS is low for READ cycle. 
2. Addresses valid prior to or coincident with CS transition low. 
3. Transition is measured tSOOmV from steady state voltage with specified loading in Load B. 
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HM6787 Series----------------------------------

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

twc 

Address 

Data In 

Data Out Data Undefined 
High Impedance 

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

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

WC 

- ) ~l-_\. _/ '\. Address 

IAS 

1 tcw 

t fi 
IAW IWR 

IWP 

~~~~~'~ ~ZZllL 
IDW IDH 

Data In ~f 
_)\_ 

Data Jn Valid ~f 
_}I\. 

""• :· IWZ 

Data Undefined ' ..I High Impedance 
Data Out 

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 

•FEATURES 

• Super fast access time: 15120 ns (max.) 

• Low power dissipation (DC) operating: 280 mW (typ.) 

• + 5V Single supply 

• Completely static memory 
No clock or timing strobe required 

• Balanced read and write cycle time 

• Fully TIL compatible input and output 

• ORDERING INFORMATION 

Type No. 

HM6787HP-15 
HM6787HP-20 

Access Time 

15ns 
20ns 

• BLOCK DIAGRAM 

& Aa 0----ti=r--1 
A10----j_;:j:::J 

Aao----cq 
Aao----l:D 
A.o----l~ 
AoD. --rn 
""o-----j.6=L._ _ _J 

Dino----<>-~ 

Package 

300 mil 22 pin 
Plastic DIP 

Memory Matrix 
128X512 

---oVcc 
---0GND 

cs 8====tt=Li' WE '--<' , __________ ~ 

• ABSOLUTE MAXIMUM RATINGS 

Item Symbol 

Terminal Voltage to GND Pin VT 

Power Dissipation PT 

Operating Temperature Range Topr 

Storage Temperature Range Tstg 

Temperature Under Bias Tbias 

Rating 

-U.5 to+ 7.0 

1.0 

0 to +70 

-55to+125 

-!Oto +85 

@HITACHI 

(DP-22NB) 

• PIN ARRANGEMENT 

Ao 

A, 

A, 

A3 

A, 

Ao 

Ao 

A, 

DouT 

WE 10 

GND 11 

(Top View) 

Unit 

v 

w 
oc 
oc 
oc 

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

Vee 

A,, 

A,, 

A'3 

A,, 

A,, 

Arn 

Ag 

As 

D,N 

cs 
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HM6787H Series----------------------------------

• RECOMMENDED DC OPERATING CONDITIONS (0°C s TA s 70°C) 

Item Symbol Min, Typ. Max. 

Vee 4.5 5.0 5.5 
Supply Voltage 

GND 0.0 0.0 0.0 

Input High Voltage V1H 2.2 - 6.0 

Input Low Voltage V1L -3.0* - 0.8 

*Pulse width S 10 ns, DC: -0.SV 

• TRUTH TABLE 

cs WE Mode Yee Current Yee Current 

H x Not Selected IsB• IsBI IsB• IsBI 

L H Read Ice. Icc1 Ice• Icc1 

L L Write Ice. Icc1 Ice. Icc1 

• DC AND OPERATING CHARACTERISTICS (V cc = 5V ± 10%, TA = 0°C to 70°C, GND = OV) 

Item 

Input Leakage Current 

Output Leakage Current 

Operating Power Supply Current 

Average Operating Current 

Standby Power Supply Current 

Output Low Voltage 

Output High Voltage 

• AC TEST CONDITIONS 

Input pulse levels: 
Input timing reference levels: 
Output load: 
Input rise and fall times: 
Output reference levels: 

Symbol 

IIul 

IIwl 

Ice 

Icc1 

IsB 

IsBI 

YoL 

YoH 

GNDto3.0V 
1.5V 
See figure 
4 ns 
1.5V 

Test Conditions Min. 

Vee= 5.5V, Y1N = ov to Yee -

CS= Yrn. YouT = OVtoYcc -

CS = VIL• iouT = 0 mA -

Min. Cycle, Duty: 100% IouT = 0 mA -

CS= Yrn -

CS~ Yee -0.2V, -
YrN ,;; 0.2V or VIN ~ Yee -0.2V 

IoL = 8mA -

IoH = -4mA 2.4 

+SV +SV 

-
...... 

Output Load A 

•Jnclmli.- ... andill
Output Load B 

(tCHz. tWHZ. tCLZ. tow> 

*including scope and jig capacitance 

@HITACHI 

Typ. 
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-
-
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-

-
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Unit 

v 
v 
v 
v 

Output Pin 

HighZ 

DouT 

HighZ 

Max. Unit 

2 µA 

IO p.A 

100 mA 

120 mA 

30 mA 

IO mA 

0.4 v 
- v 



------------------------------------HM6787H Series 

• CAPACITANCE (TA = 25 °C, f = 1.0 MHz) 

Item Symbol Max. Unit Conditions 

Input Capacitance CrN 6.0 pF VIN= OV 

Output Capacitance Co UT 10.0 pF VoUT = OV 

NOTE: This parameter is sampled and not 1003 tested. 

•AC CHARACTERISTICS (Yee= 5V ± 10%, TA= 0°C to 70°C, unless otherwise noted.) 

•Read Cycle 

HM6787HP-15 HM6787HP-20 
Item Symbol 

Min. Max. Min. Max. 

Read Cycle Time tRc 15 - 20 -

Address Access Time tAA - 15 - 20 

Chip Select Access Time tAcs - 15 - 20 

Output Hold from Address Change toH 3 - 3 -

Chip Selection to Output in Low Z tLz 3 - 3 -

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

NOTES: I. This parameter is sampled and not 100% te~ted. 

2. Transition is measured ± 200 mV from steady state voltage with specified loading in Load B. 

• Write Cycle 

HM6787HP-15 HM6787HP-20 
Item Symbol 

Min. Max. Min. Max. 

Write Cycle Time twc 15 - 20 -

Chip Selection to End of Write tcw 10 - 15 -

Address Valid to End of Write !Aw 10 - 15 -

Address Setup Time !AS 0 - 0 -

Write Pulse Width twp 10 - 15 -

Write Recovery Time twR 3 - 3 -

Data Valid to End of Write low 12 - 15 -

Data Hold Time Iott 0 - 0 -

Write Enable to Output in High Z twz 0 6 0 8 

Output Active from End of Write tow 0 - 0 -

NOTES: I. If CS goes high simultaneously with WE high, the output remains in a high impedance state. 

2. All write cycle timings are referenced from the last valid address to the first transitioning address. 

3. Transition is measured ± 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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Unit Notes 

ns -

ns -

ns -

ns -

ns 1, 2 

ns I, 2 

Unit Notes 

ns 2 

ns -

ns -

ns -

ns -

ns -

ns -

ns -

ns 3, 4 

ns 3,4 
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HM6787H Series--------------------------------------

• TIMING WAVEFORM 

• Read Cycle (1)(1)(2) 

,, _________ tuc ----------1 

Address 

Data Out Previous Da,ta Valid Data Valid 

• Read Cycle (2)(1) (3) 

14----------t&c ---------~ 

cs 

14----- tAcs ---+I 

Data Out High Impedance 
Data Valid 

NOTES: I. 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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------------------------------------ HM6787H Series 

•Write Cycle (1) (WE Controlled) 

1•-------- lwc ----------1 

Address 

WE 

Data In Data In Valid 

+ lwz _..I 
Data Out Data Undefined l-~~~~~~~-J 

High Impedance 

NOTE: I. Transition is measured ± 200 mV from steady state voltage with specified loading in Load B. 

• Write Cycle (2) (CS Controlled) 

1•---------twc _________ _.._, 

Address 

WE 

Data In Data In Valid 

+twz~ 
Data Out Data Undefined I-:~.,-.,.--..,--------

----------------' High Impedance 

NOTE: l. Transition is measured ± 200 mV from steady state voltage with specified loading in Load B. 
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HM62256 Series--------
32768-word x 8-bit High Speed CMOS Static RAM 

• FEATURES 
• High Speed: Fast Access Time 85/100/120/150ns (max.) 
• Low Power Standby and Low Power Operation; 

Standby: 200µW (typ)/10µW {typ) (L-version). 

Operation: 40mW {typ.) {f= 1MHz) 
• Single 5V Supply 
• Completely Static RAM: No clock or Timing Strobe Re· 

quired 

• Equal Access and Cycle Time 

• Common Data Input and Output. Three·state Output 

• Directly TTL Compatible: All Input and Output 

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

• ORDERING INFORMATION 

Type No. Access Time Package 

HM62256P-8 85ns 
HM62256P-IO IOOns 
HM62256P-12 120ns 
HM62256P-15 150ns 

HM62256LP-8 85ns 
HM62256LP-10 !OOns 600 mil 28 pin 
HM62256LP-12 120ns Plastic DIP 
HM62256LP-15 150ns 

HM62256LP-IOSL IOOns 
HM62256LP-12SL 120ns 
HM62256LP-15SL 150ns 

HM62256FP-8T 85ns 
HM62256FP-1 OT IOOns 
HM62256FP-12T 120ns 
HM62256FP-!5T 150ns 

HM62256LFP-8T 85ns 
HM62256LFP-IOT IOOns 28 pin 
HM62256LFP-12T 120ns 
HM62256LFP-!5T 150ns 

Plastic SOP 

HM62256LFP-!OSLT !OOns 
HM6 2256LFP-12SLT 120ns 
HM62256LFP-15SLT 150ns 

•ABSOLUTE MAXIMUM RATINGS 
Item Symbol Rating Unit 

Voltage on any pin with relative to Vss VT -0.s*1 to +7.~ v 
Power Dissipation PT 1.0 w 
Operating Temperature Topr 0 to +70 oc 
Storage Temperature Tst11 -55 to +125 oc 
Temperature Under Bias Tbias -10 to +85 oc 

Note) *l. -3.0V for pulse width~ 50ns 

@HITACHI 

HM62256P Series 

(DP-28) 

HM62256FP Series 

(FP-28DA) 

•PIN ARRANGEMENT 

(Top View) 
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HM62256 Series-----------------------------------

•BLOCK DIAGRAM 

•TRUTH TABLE 

cs OE WE 

H x x 
L L H 

L H L 

L L L 

X means Hor L 

Al:? 
Al~ 

~~'.! I x 
A9 • Address 

~.!, 1 Buffer 
A6 
Ai 

I/00-----1 

I/07------1 

Row 

Decoder 

WE----~ 

OE-----~ 

Memory Array 

5}2X512 

AO Al AZ AIOAJA-1 

Mode V cc Current I/O Pin 

Not Selected lsBJSBl High z 
Read lee Dout 

Write Ice Din 

Write lee Din 

•RECOMMENDED DC OPERATING CONDITIONS (T0 = 0 to +70°C) 

Reference Cycle 

-

Read Cycle No. 1-3 

Write Cycle No. 1 

Write Cycle No. 2 

Item Symbol min. typ. max. Unit 

Vee 4.5 5.0 5.5 v 
Supply Voltage 

Vss 0 0 0 v 
VIH 2.2 - 6.0 v 

Input Voltage 
-o.5*1 VIL - 0.8 v 

Note) *l. -3.0V for pulse width~ 50ns 

• DC AND OPERATING CHARACTERISTICS (Vee= SY± 10%, Vss = OV, Ta= 0 to +70°C) 
Item Symbol Test Condition 

Input Leakage Current 11u1 V1N= Vss to Vee 

Output Leakage Current lhol CS=V1Hor OE=V1HorWE=V1L, V1;o=Vss to Vee 

Operating Power Supply Current Ice CS=VJL,h;o=OmA 

HM62256-8 
Average 

HM62256-10 Operating 
Min. Cycle, duty=100%, CS=VIL• IJ1o=OmA Icc1 

Power HM62256-12 
Supply 

HM62256-15 
Current 

Icc2 CS=V1L. V1e=Vcc. V1L=OVJ11o=OmAf=lMHZ 

IsB CS=VIH 

Standby Power Supply Current 

IsBJ cs~ Vcc-0.2V 

VoL loL=2.lmA 
Output Voltage VoH loH=-1.0mA 

Notes) * 1. Typical values are at V cc=5.0V, Ta= 25°C and specified ioadmg. 
*2. This characteristics is guaranteed only for L-version. 
*3. This' characteristics is guaranteed only for L-SL version. 
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typ*l max 

- 2 

- 2 

8 15 

50 70 

40 70 

35 70 

33 70 

8 15 

0.5 3 

0.04 2 

2•2 100•2 

2•3 50*3 

- 0.4 

- -

Unit 

µA 

µA 

mA 

mA 

mA 

mA 

mA 

µA 

v 
v 



-----------------------------------HM62256 Series 

•CAPACITANCE (T0 =25°C,f=IMHz) 

Item Symbol Test Condition typ. max. Unit 

Input Capacitance Cin V;n=OV - 6 pF 

Input/Output Capacitance Cuo Vuo=OV - 8 pF 

Note) This parameter is sampled and not I 00% tested. 

•AC CHARACTERISTICS (Vcc=SV± 10%, T0 =0 to +70°C unless otherwise noted) 

• AC Test Conditions 
o Input pulse levels: 0.8V to 2.4V 

o Input rise and fall times: 5ns 

• Read Cycle 

o Input and Output timing reference levels: 1.5V 

o Output load: 1TTL Gate and CL (100pF) 

(Including scope and jig) 

Symbol ,__H_M_6_2~2_5_6-_8--+_H_M62 25 6-10 HM62256-12 HM62256-15 
Item 

min. max. min. max. min. max. min. max. 
Unit 

Read Cycle Tim_e __ -_-_-_··~---_-_-_-_·-_-_-:_-~-t R=C=====s_.S_--_r--1--_·-_---1--it-_·-_1=0=0=:===-==:==1-2_0=:~==-==:==1=5-0_-_+t------==::=n=s= 

Address Access Time IAA - 85 - 100 - 120 - 150 ns 

Chip Select Access Time ------+-~IA~C~S=--+----+--_8_5__,1-----+-_l_0_0_+----+-_1_2_0--+----+--_1_50_,__n_s _ 

_ O_u_tp_u_t ~nab~e_t_o_O_ut~_ut_Va_Ii_d ___ _.._r.o_E--1~---+--4_5_1------1--5_0-+----1---6_0--1----+-_7_0-1-_ns_ 
Output Hold from Address Change IOH 5 10 10 10 ns 

Chip Selection to Output in Low Z tCLZ 10 10 10 10 ns 

Output Enable to Output in Low Z IOLZ 5 5 5 ns 

Chip Deselection to Output in High Z ICHZ 0 30 0 35 0 40 0 50 ns 

Output Disable to Output in High Z toHZ 0 30 0 35 0 40 0 50 ns 

• Timing Waveform of Read Cycle No. 1 (1) 

fRC 

Address 

{AA 

Dout 

• Timing Waveform of Read Cycle No. 21111 21 l 4 I 

lRC 

Address 

{AA loH 

{OH 

Dout 
Data Valid 
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HM62256 Series-----------------------------------

• Timing Waveform of Read Cycle No. 3Ul c31 £41 

1------o,-C-L-Z--IAcs------...f 
ICHZ 

Dout 
Data Valid 

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

• Write Cycle 

HM62256-8 HM62256-JO HM62256·12 HM62256-15 
Item Symbol Unit 

min. max. min. max. min. max. min. max. 
Write Cycle Time twc 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 tAS 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) 

/we 

Address 

!cw 

/wp (I) 

Dout 
low IDH 

Din 
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-----------------------------------HM62256 Series 

• Timing Waveform of Write Cycle No. il 51 (OE Low Fixed) 

twc 

Address 

tea 

lit/' [ l) 

tow 

Dout 

tnw tu11 

Din 

Note>: 1 A write occurs during the overlap Uwp) of a low C'S and a low WE. 
2. twR is measured from the earlier of C'S or WE going high to the end of write cycle. 
3. During__0is period, 1/0 pins are in the output state. The input signals out of phase must not be applied 
4. If the CS low transition occurs simultaneously with the WE low transition or after the WE low transition. 

outputs remain in a high impedance state. 
5. OE is continuously low. (OE= Vn) 
6. Dout is in the same phase of written data of this write cycle. 
7. Dout is the read data of next address. 
8. If C'S is low during this period, 1/0 pins are in the output state. The input signals out of phase must not be 

applied to 1/0 Pins. 

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

(This characteristics is guaranteed only for L-and L-SL version) 

Item Symbol Test Conditions 

V cc for Date Retention VnR cs ;?vcc-o.2v 

Data Retention Current IccnR Vee= 3.0V, cs;? 2.8V 

Chip Deselect to Data Retention Time tcnR 
See Retention Waveform 

Operation Recovery Time tR 

Note) *I. IRC = Read Cycle Time 
*2. This characteristic is guaranteed only for L-version, 20µ.A max. at Ta = 0 to 40° C. 
*3. This characteristic is guaranteed only for L-SL version, 3µA max. at Ta= Oto 40°C. 

• Low V cc Data Retention Waveform 

Vee DAT A RETENTION MODE 

min. typ. max. 

2.0 - -

- - 50* 2 

- - 10*3 

0 - -

tRC* 1 - -

Unit 

v 

µA 

ns 

ns 

----------- 4. 5V 

IR 

VDR~2.0V ---2.2V 
VoR 

CS~ Vee-0.2V 
cs--~ 

OV------------------------------------------------------------
Note) In Data Retention Mode, CS controls the Address, WE, OE, and Din Buffers. Vin for these inputs can be in 

high impedance state in data retention mode. 
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HM62256 Series-----------------------------------

SUPPLY CURRENT vs.SUPPLY VOLTAGE(1) 

l.6r----.----.,.-----.-----, 
Ta=25°C 

1.41----+-----+-------r----. 

1 ~ 1 1.21-----t----1-----V"',-,,.L.-J __ _, 

~ / 
.] / ' 

1.o!-------lr----7!""----t----+ 

J y 
j 08v 

0.61-----+-----+-----+-----I 

4.75 5.00 5.25 5.50 

Supply Voltage Vee {V) 

SUPPLY CURRENT vs. SUPPLY VOLTAGE (2) 

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

Ta=25°C 

0.61-----+-----+-----..-----; 

0· 4 4L.-50---4~.1""5----=5.~oo=----,5~.2:::5----::-!5.50 

Supply Voltage V cc ( V l 

SUPPLY CURRENT vs.SUPPLY VOLTAGE (3) 

1.5.-----.,...---~-----,---~ 

Ta=25"C 

1.4 

1 
" § 1.2 

~ 

.§ !. 0 

J o. sv j 
"' o. 6 

4.75 5.00 5.25 5.50 

Supply Voltage Vee (V) 

SUPPLY CURRENT vs.AMBIENT TEMPERATURE (1) 

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

Vcc=5.0V 

J.41----+-----+-----+-----< 

] 

1 i.21----+-----+-----+-----< 

~ 
JJ 1.0 t------
~ 
8 

:;... 0.81-------+-----+----r----; 

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

20 40 60 80 

Ambient Temperature Ta (°C) 

SUPPLY CURRENT vs. AMBIENT TEMPERATURE (2) 

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

Vcc=S.OV 

1.2 l----+----+----r------1 

] 

1 I.I 
~ 

~ 1.0 
c -
~ 
i 

0.9 

Jl 
0.8 

0.7 0 20 40 60 80 

Ambient Temperature Ta ('C) 

SUPPLY CURRENT vs. AMBIENT TEMPERATURE (3) 

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

Vcc=S.OV 

1.21-----+-----+------r-----j 
1l 

1 1.11-----+-----+------r-----1 
~ 

~ 1.0r------
J --+-------
j 0.9 

"' 
o.81----+-----+-----+----t 

20 40 60 80 

Ambient Temperature Ta ("C) 
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-----------------------------------HM62256 Series 

ACCESS TIME vs. SUPPLY VOLTAGE ACCESS TIME vs. AMBIENT TEMPERATURE 

1.3~---------------~ 1.3-----------------

Ta 25'C Vcc=S.OV 

1.2f----+----+-----t------1 

~ 

§ 1.1 ,...._=c---+----+-----+------1 

}~ 
- 1.01-----1------="""1-:::---l------1 

! --i--_ 
0.9f----+-----+------+---= 

- 1.0 

5 

"' 0.9 

"' 
..;: 

0.8f----+-----+------t-----1 0.8 

0.7~---~---~---~---~ 
4.50 4.75 5.00 5.25 5.50 

0.7 
0 40 60 80 20 

Supply Voltage vi(' 1V I Ambient Temperature Ta (·cl 

STANDBY CURRENT vs. SUPPLY VOLTAGE STANDBY CURRENT vs. AMBIENT TEMPERATURE 

1.4~---~-------~--~~ 10-----------------

Vee "5.0V 

] 
1.2 

~ 
E 

] 
~ z 1.0 z 

j .] 

" 0.8 

~ 
0 

§ 
u 

"' 
0.6 

~ 
"' I 

10-1 

0.4 

rn-i Lo ___ __,_20 ____ 4L0 ____ 6J..O ___ _J80 

Supply Voltage Vee 'VI Ambirnt Temperature Ta ( T) 

SUPPLY CURRENT vs. FREQUENCY (READ) SUPPLY CURRENT vs. FREQUENCY (WRITE) 

l.2 ~-~-----r1~50-,,-~,ll'2~0-,,-1-J~.n-,-85rn<, 

~ 1.0 t----1----+----+----+----+ .Av--,.-1 
z 0.81----+---+---l----+-~LJ~+-----l 

/ 
Ta· 25°C 
Vcc=-5.0V ~ 06 I / 

~ 0.41----+---J]L__,.__-+----+---+--~ 

i 0.2 I7 
7 

ooc __ .J_ _ __,J __ _._ __ _._ __ J..10--~12 

Frequency f I MHz 1 

1.2 

] 1.0 
-;; 

§ 
z 0.8 

j 

i 0.6 

~ 
0 0.4 

1 0.2 

0 
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HM62256 Series-----------------------------------

~ 

INPUT LOW VOLTAGEvs.SUPPLV VOLTAGE 

1.3---------------~ 

Ta 0-025°C 

] 1.2 

l 
z 1.11------1----+----+-----I 

s I -
S; J.Of---f--:=__....f-""--=--t-r------l 

~ ~ , 
0 
~ 0.91------11-----+----+----l 

.5 

1 0.81------1----+----+-----I 

0.7~---+---~---~---~ 

1.6 

2 

"E 1. 
§ 0 

u 

~Cl. g 

B 

0 0. 6 

0. 4 

4.50 4. 75 5.00 5.25 5.50 

Supply Voltage V cc ( V 1 

OUTPUT CURRENT n. 
OUTPUT VOLTAGE 

\ 

~ Ta'--o25°C 
Vrr"'--S.OV 

\ 
J',. 

\ 

Output High Voltage VoH {V) 

ACCESS TIME vs. LOAD CAPACITANCE 

1.8·~-------------------, 

l.6·~----+-----1------1------+ 

1.41------1-------1------1--------1.2!------+----+-=--F~-----j 

~ 1.oi--==------11------!------1-----; 

~ 0.81-----·-1-------1----·--I-----; 

0·610L-0----20"=0----::'30"°0----,~o"'o---~soo 
Load Capacitance CL ( pF ) 

INPUT HIGH VOLTAGE vs. 
SUPPLY VOLTAGE 

1.3,----------------~ 

Ta- 25'C 

~ l.2t----1------1----+-----I 

1 
z 1.1r----r-----1----+------j 

o I ---J I _____..,..-;; r---
~ 0.9r----1------1----+-----I 
:I: 

o.sr----+----1-----!----+ 

0·1, :-.5;;0:---~,.=:75:----"'"5.o"'o=-----,5="'.2"'5--~s.so 

1.6 

"tJ 1.4 

§ 
z 1.2 

i::: 1.0 
~ 
8 
j 0.8 

~ 

0 0.6 

0.4 
0 

Supply Voltage \/u , V 1 

OUTPUT CURRENT vs. 

OUTPUT VOLTAGE 

i 
ii 

} 
Ta 2s·c 
Vee -0 5.0V 

v 
0.2 0.4 0.6 
Output Low Voltag(' 1/111. (V 1 

0.8 
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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.) 

• Low Power 
Standby: 100 µW (typ.)/10 µW (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 

HM6208P-35 35ns 
HM6208P-45 45ns 

35ns 
300 mil 24 pin Plastic DIP 

HM6208LP-35 
HM6208LP-45 45ns 

Absolute Maximum Ratings 
Item Symbol Rating Unit 

Voltage on Any Pin Relative to Vss VT -o.5*1 to +7.0 v 
_R~~I)!ssipation PT 1.0 w 

Operating Temperature Topr 0 to +70 oc 
~o~age Temperature Tstg -55 to+l25 oc 

Storage Temperature under bias Tbias -10 to +85 oc 
Note) *!. -3.SV for pulse width~ 10 ns 

(DP-24N) 

Pin Arrangement 

(Top View) 

Pin Description 

Pin Name Function 

AO-A15 Address 
1/01 -1/04 IIIl'Ut/Output 

cs Ch.!P._Select 
WE Write Enable 
Vee Power Supply --
Vss Ground 

Note) The specifications of this device are MJbjact to change without notice. Please contact your nearest Hitachi's Sales Dept. 
Dept. regarding specifications. 
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HM6208 Series------------------------------------

Block Diagram 

1/01 

1/02 

1/03 

1/04 

cs 

WE 

Function Table 
-

cs WE Mode 

AO 

Al 

A2 

A3 

A4 

A5 

A6 

A7 

Row 

Decoder 

Input 

Data 

Control 

Memory Array 

256X 1,024 

Vee Current 1/0 Pin Ref. Cycle 

HI GHZ 1--· 
H x NOT SELECTED Isa. Issi 

- -·· 
L H READ Ice Dout READ CYCLE 

. 

L L WRITE Ice Din WRITE CYCLE 

Note) X means don't care. 

Recommended DC Operating Conditions (Ta= 0 to +70°C) 
Parameter Symbol min typ max Unit 

Supply Voltage Vee 4.5 5.0 5.5 v 

Vss 0 0 0 v 
--· 

Input High (logic I) Voltage VIH 2.2 - 6.0 v 
Input Low (logic 0) Voltage V1L -o.5*1 - 0.8 v 

Note) *!. -3.0V for pulse width ~ I 0 ns 

DC and Operating Characteristics (Ta = 0 to +70°C, Vee= SY± 10%, Vss = OV) 

Parameter Symbol min typ •1 

lnpu t Leakage Current llul - -

Output Leakage Current ilLol - -

Operating Power Supply Current Ice - 60 

Standby Power Supply Current Isa - 15 

- 0.02 
Standby Power Supply Current_ (1) Issi 0.002*2 -

Output Low Voltage VoL -

Output High Voltage VoH 2.4 -

Note) *I. Typical limits are at V CC= 5.0V, Ta= 25°C and specified loading. 
*2. This characteristics is guaranteed only for L·version. 

@HITACHI 

max Unit 

2.0 µ,A 

10.0 µ,A 

100 mA 

30 mA 

2.0 

0.1 •2 
mA 

0.4 v 
- v 

---Vee 

--Vss 

Test Condition 
·--

Vee= MAX. 
VIN= Vss to Vee 

CS= VIH 
V110 = Vss to Vee 

CS= VIL 
1110= OmA 
CS= VIH 

cs 2. v cc-o.2v 
V1N ~0.2Vor 
v IN 2. v cc-0.2V 
IoL = 8mA 

IoH = -4.0mA 

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



------------------------------------HM6208 Series 

Capacitance (Ta= 25°C, f = l.OMHz) 
Parameter Symbol min max Unit Conditions 

Input Capacitance CIN 6 pF VIN= OV 
---·------ - --·-- ---··-------·-·. --+----+-------

Input/Output Capacitance C110 10 pF V110=.0V 
-------------------~--~-~----~---~---+---+-----

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

AC characteristics (Ta= 0 to +70uC, V cc = SV ± 10%, unless otherwise noted.) 
AC Test Conditions 
• Input pulse levels: V ss to 3.0V • Input and Output timing reference levels: 1.5V 

• Input rise and fall times: 5ns 

Read Cycle 

• Output load: See Figure 

Output Load (A) 

+5V 

30pFot< 

*Including scope & jig. 

Output Load (B) 

(for lcHz, tcLz, tirnz & low) 

+sv 

HM6208-35 HM6208-45 
Parameter Symbol 

min max min max 

Read Cycle Time !RC 35 - 45 -

Address Access Time !AA - 35 - 45 

Chip Select Access Time !ACS - 35 - 45 

Output Hold from Address Change Iott 5 - 5 -

Chip Selection to Output in Low Z tcLz* 1 10 - 10 -

Chip Deselection to Output in High Z tcttz* 1 0 20 0 20 

Chip Selection to Power Up Time tpu 0 - 0 -

Chip Deselection to Power Down Time !po - 30 - 30 

Note) *I. 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 *1·*2 

lac 

Address 

Dout Data Va1id 

@HITACHI 
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Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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HM6208 Series------------------------------------

Timing Waveform of Read Cycle No. 2•t, •3 

cs 

lAcs 

ltLZ 

Dout Data Valid 

High Impedance 

\·cc supply 

- - - - - - -- - - -- - --!-----------------------~ 

Note) *I. WE is High for Read Cycle. 
*2. Device is continuously selected, CS :::: VIL· 
*3. Address Valid prior to or coincident with CS transition Low. 

Write Cycle 

HM6208-35 
Parameter Symbol 

min max 

Write Cycle Time lwc 35 -

Chip Selection to End of Write !cw 30 -

Address Valid to End of Write !Aw 30 -

Address Setup Time !AS 0 -

Write Pulse Width'' lwr 30 -

Write Recovery Time twR 3 -

Data Valid to End of Write low 20 -

Data Hold Time !DH 0 -

Write Enable to Output in High Z t '7 wz 0 10 

Output Active from End of Write t '7 ow 0 -

Notes) *!. A write occurs during the overlap of a low CS and a low WE. (twp) 
*2. twR is measured from the earlier of CS or WE going high to the end of write cycle. 
*3. During this period, 1/0 pins are in the output state. 

The input signals of opposite phase to the outputs must not be applied. 

HM6208-45 

min max 

45 -

40 -

40 -

0 -

35 -

3 -

20 -

0 -

0 15 

0 -

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

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

212 

*5. If CS is low during this period, 1/0 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) 

lwc 

Addrl:'ss 

·- ------~~--------

t.i11· 

WE 

tow lnu*S 

Din 
Data in Valid 

ioH•6 

low*5 

lwnz*3 

Dout 
High Impedance 

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

Address 

cs 

WE 

Din 

Dout 

''" 

High Impedance * 4 

Notes) 1. A write occurs during the overlap of a low CS and a low \VE. (IM'P) 

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

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

transition, the output buffers remain in a high impedance state. 
5. If CS is low during thisperiod, 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 /11·R is long enough. 

@HITACHI 
Hitachi America Ltd. • 2210 O'Toole Ave. • San Jose, CA 95131 • (408) 435-8300 213 



HM6208 Series------------------------------------

Low Vee 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 cc for Data Retention VoR 2.0 - - v 
Data Retention Current IccDR - 1 5i)"2 µA cs~ Vcc-o.2v, 

Chip Deselect to Data Retention Time tcoR 0 
Vin~ Vee -0.2V or 

- - ns OV;;::; Vin;;::; 0.2V 
Operation Recovery Time tR tRc•1 - - ns 

Note) *L tRc = Read Cycle Time •2. v cc=3.0V 

Low V cc Data Retention Waveform 

Data Retention Mode 

CS~ Vcc-0.2V 

Cs'----~ 

W---------------------------------------------
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HM6708 Series 
65536-word x 4-bit High Speed Static RAM 

•FEATURES 

• Super fast access time: 20/25 ns (max.) 

• Low power dissipation (DC) operating: 250 mW (typ.) 

• + 5V Single supply 

• Completely static memory 
No clock or timing strobe required 

• Balanced read and write cycle time 

• Fully TTL compatible input and output 

• ORDERING INFORMATION 

Type No. Access Time 

HM6708P-20 20ns 

Package 

HM6708P-25 25ns 300 mil 24 pin 
HM6708JP-20 20ns 
HM6708JP-25 25ns 

• BLOCK DIAGRAM 

Ao o---tti-1 
A,~--,,.__, 

A,o---cw 
Ao~--,,.__, 

At.o---cw 
Aoo---~ 
Aa~--,,._... 
Aoo----t.a:..i __ _J 

110, 0---0--f >-< 

l/02 0--.+t-i::>--i 

1/0., 0-.,.....++1'1'>~ 

1/04 0-...++H-l :>--i 

Plastic DIP 

Memory Matrix 
256 x 1024 

• ABSOLUTE MAXIMUM RATINGS 
Item Symbol 

Terminal Voltage to GND Pin VT 

Power Dissipation PT 

Operating Temperature Range Topr 

Storage Temperature Range (with bias) Tstg(bias) 

Storage Temperature Range Tstg 

-oVcc 
-oGNO 

Rating 

-0.5 to +7.0 

1.0 

0 to +70 

-JO to +85 

-55 to + 125 

@HITACHI 

Preliminary 

HM6708P Series 

4' 
(DP-24NC) 

HM6708JP Series 

(CP-240) 

• PIN ARRANGEMENT 

"" Vee 

A, A15 

A, A14 

'"" 
A,, 

A.i A,, 

As A11 

As A10 

A1 1101 

As 1102 

As 1/03 

cs 1/04 

GNO ii\iE 

(Top View) 

Unit 

v 
w 
·c 
•c 
•c 
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HM6708 Series-----------,,.-----------------------------

• RECOMMENDED DC OPERATING CONDITIONS (0°C s TA s 70°C) 

Item Symbol Min. Typ. Max. Unit 

Vee 4.5 5.0 5.5 v 
Supply ~ltage 

GND 0.0 0.0 0.0 v 
Input High (logic 1) ~ltage V1H 2.2 - 6.0 v 
Input Low (logic 0) Voltage V1L -3.0* - 0.8 v 
*Pulse width :s 20 ns, DC: -0.SV 

• TRUTH TABLE 

cs WE Mode Vee Current I/OPin Ref. Cycle 

H x Not Selected Ise. Issi HighZ -
L H Read Ice. Icc1 Do UT Read Cycle (1), (2) 

L L Write Ice. Icc1 D1N Write Cycle (I), (2) 

• DC AND OPERATING CHARACTERISTICS (Vee= 5V ± 10%, TA= 0°C tci 70°C, GND = OV) 

Item 

Input Leakage Current 

Output Leakage Current 

Operating Power Supply Current 

Average Operating Current 

Standby Power Supply Current 

Output Low Voltage 

Output High Voltage 

• AC TEST CONDITIONS 

Input pulse levels: 
Input timing reference levels: 
Output load: 
Input rise and fall times: 
Output reference levels: 

Symbol 

IIul 

IIwl 

Ice 

Icc1 

Ise 

Ism 

VoL 

VoH 

GNDto3.0V 
l.5V 
See figure 
4ns 
l.5V 

Test Conditions Min. Typ. 

Vee= 5.5V, V1N = GND to Vee - -

CS = Vrn, V110 = GND to Vee - -

CS = VIL• I110 = 0 mA - -

Min. Cycle, Duty: 100% I110 = 0 mA - -

CS = Vrn, VIN = Vrn or VIL - -

CS 2: V cc -0.2V, - -
V1N :5 0.2V or V1N 2: Vee -0.2V 

IoL = 8mA - -

IoH = -4mA 2.4 -

+5V +5V 

4800 4800 

Dour 
30 pF* 

2550 5 pF* 

Output Load B 
Output Load A (for tHz. tLZ, twz. tow) 

*including scope and jig capacitance 
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Max. Unit 

2 µ.A 

IO µ.A 

100 mA 

120 mA 

30 mA 

IO mA 

0.4 mA 

- v 



-------------------------------------- HM6708 Series 

• CAPACITANCE (TA = 25°C, f = 1.0 MHz) 

Item Symbol Max. Unit Conditions 

Input Capacitance CIN 6.0 pF VIN= OV 

Output Capacitance Cvo IO.O pF Vv0 = OV 

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

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

•Read Cycle 

HM6708-20 HM6708-25 
Item Symbol 

Min. Max. Min. Max. 

Read Cycle Time !RC 20 - 25 -

Address Access Time !AA - 20 - 25 

Chip Select Access Time tAcs - 20 - 25 

Output Hold from Address Change !oH 5 - 5 -

Chip Selection to Output in Low Z !Lz 0 - 0 -

Chip Deselection to Output in High Z !Hz 0 8 0 IO 

NOTES: I. This parameter is sampled and not 100% tested. 

2. Transition is measured ± 200 mV from steady state voltage with specified loading in Load B. 

• Write Cycle 

HM6708-20 HM6708-25 
Item Symbol 

Min. Max. Min. Max. 

Write Cycle Time !we 20 - 25 -

Chip Selection to End of Write !cw 15 - 20 -

Address Valid to End of Write !Aw 15 - 20 -

Address Setup Time !AS 0 - 0 -

Write Pulse Width twp 15 - 20 -

Write Recovery Time twR 3 - 3 -

Data Valid to End of Write tow 12 - 15 -

Data Hold Time toH 0 - 0 -

Write Enable to Output in High Z twz 0 8 0 IO 

Output Active from End of Write tow 0 - 0 -

NOTES: I. All write cycle timings arc 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. 

@HITACHI 
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Unit Notes 

ns -

ns -

ns -

ns -

ns 1, 2 

ns I, 2 

Unit Notes 

ns 1 

ns -

ns -

ns -

ns -

ns -

ns -

ns -

ns 2,3 

ns 2,3 
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• TIMING WAVEFORM 
• Read Cycle (1){1) (2) 

Address =t.,,~AA 
Dout Previous Data Valid 

• Read Cycle (2)(1) (3) 

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. 

I Re 

E.00~ 
Data Valid 

Data Valid 

~HITACHI 
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------------------------------------ HM6708 Series 

• Write Cycle (1) (WE Controlled) 

1+----------~twc-----------+1 

Address 

WE 

Din 

Dout 

• Write Cycle (2) (CS Controlled) 

=i
---------~twc~--------~f 

Address i+----tAw--•>+--lwR[2]---+ ......__ 

+--lAS-------+-

Din 

Dout ____ H_i~g_h_lm~p_e_d_a_nc_e~[4~]'------------------~ 

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

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

3. During this period. 1/0 pins are in the output state so that the input signals of opposite phase to the 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. Then the data input signals of opposite phase to the outputs must not be applied to them. 

6. Output data is the same phase of write data of this write cycle. 

@HITACHI 
Hitachi America Ltd. • 2210 O'Toole Ave. • San Jose, CA 95131 • (408) 435-8300 219 



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



HM6207 Series 
262144-word x 1-bit High Speed CMOS Static RAM 

The Hitachi HM6207 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: 100µW (typ.)/10µW (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 24pin 

HM6207LP-35 35ns Plastic DIP 

HM6207LP-45 45ns 

Absolute Maximum Ratings 
Item Symbol Rating 

Voltage on Any Pin Relative to Vss VT -0.5 *1 to +7.0 

Power Dissipation PT 1.0 
Operating Temperature Topr 0 to +70 

Storage Temperature Tstg -55 to +125 

Storage Temperature under bias Tbias -10 to +85 

Note) *!. -3.SV for pulse width~ lOns. 

Unit 

v 
w 
oc 
oc 
oc 

IJ)P-24N' 

Pin Arrangement 

(Top View) 

Pin Description 

Pin Name 

AO-A17 
Din 
Dout 
cs 

--WE 

Vee 
Vss 

Function 

Address 
Data Input 
Data Output 
Chip Select 
Write Enable 
Power Supply 
Ground 

Note) The specifications of this device are subject to change without notice. Pleasa contact your nearest Hitlichrs Sal• 
Dept. regarding specifications. 

@HITACHI 
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HM6207 Series------------------------------------

Block Diagram 

Function Table 
cs WE 

H x 
L H 

L L 

A.O 

A.I 

A2 

A3 

A4 

A5 

A6 

A7 

Mode 
NOT SELECTED 

READ 
WRITE 

Note) X means don't care. 

Memory Array 
256 Rows 
1,024 Columns 

AB A9 AIO All Al2 Al3 Al4 Al5 A!6 Al7 

Vee Current 1/0 Pin Ref. Cycle 
lsB, IsB1 HIGHZ 

Ice Dout READ CYCLE 

Ice Din WRITE CYCLE 

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 

Yss 0 0 0 v 
Input High (logic 1) Voltage V1H 2.2 6.0 v 
Input Low (logic 0) Voltage VIL -0.5 •1 0.8 v 

Note) •1. -3.0V for pulse width~ 10 ns 

DC and Operating Characteristics (Ta= 0 to + 70°C, V cc = 5V ± I 0%, V ss = OV) 

.__Vee 

-Vss 

Dout 

Parameter Symbol min typ*l max Unit Test Condition 

Input Leakage Current IILII 

Output Leakage Current IILol 

Operating Power Supply Current: DC Ice 60 

Standby Power Supply Current: DC IsB 15 

Standby Power Supply Current (1): DC isB1 
0.02 

0.002•2 

Output Low Voltage VoL 
Output High Voltage VoH 2.4 

Note) •1. Typical limits are at Vee= 5.0V, T8 = 25°C and specified loading. 
•2. This characteristics is guaranteed only for L-version. 

@HITACHI 

2.0 µA 
Vcc=MAX. 
V1N = Vss to Vee 

10.0 µA CS= VIH 
Vout = Vss to Yee 

TBD mA CS= V1L 
lout= OmA 

TBD mA CS- VIH 

2.0 cs ~ v cc-0.2V, 

0.1 *2 
mA VIN ::;.o.2Vor 

VIN2'..Vcc-0.2V 
0.4 v ioL= 8mA 

v loH--4.0mA 
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------------------------------------HM6207 Series 

Capacitance (Ta= 25°C,f= ! .OMHz) 
------------------·--

Parameter Symbol Min Typ Max Unit Conditions 
----- ------------------------

Input Capacitance C in 6.0 pF Vin= OV 
-- .. ---------------

Input/Output Capacitance Cout 10 pF Vout = OV 

Note) This parameter is sampled and not I 00% tested. 

AC Characteristics (Ta= 0 to +70°C, V cc= SV ± I 0%, unless otherwise noted.) 

AC Test Conditions 
• Input pulse levels: V55 to 3.0V • Input and Output timing reference levels: 1.5V 

• Input rise and fall times: 5ns • Output load: See Figures. 

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

Read Cycle 

Output Load (A) 

+sv 

*Including scope & jig. 

Output Load ( B) 

(for lHz, liz, lwz & tow) 

+sv 

HM6207-35 HM6207-45 
Parameter Symbol 

min max min max 

Read Cycle Time !Re 35 - 45 -

Address Access Time !AA - 35 - 45 

Chip Select Access Time tACS - 35 - 45 

Output Hold from Address Change toH 5 - 5 -

Chip Selection to Output in Low Z lLz 5 - 5 -

Chip Deselection to Output in High Z !Hz 0 30 0 30 

Chip Selection to Power Up Time lpu 0 - 0 -

Chip Deselection to Power Down Time tPD - 30 - 40 

Timing Waveform of Read Cycle No. 1 *4 • •s 

Address 

lou 

Dout Data Valid 

@HITACHI 
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Unit Notes 

ns *l 

ns 

ns 

ns 

ns *2, *3, *7 

ns *2, *3, *7 

ns *7 

ns *7 
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HM6207 Series------------------------------------

Timing Waveform of Read Cycle No. 2"4•*6 

1,c 

'"' 
la 

Dout -----+----------{ Data Valid 

High Impedance 

lpo 

Vee supply 

50"v 

current 
1,. 

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

High 
lmpedanrt• 

Notes) •1. 
*2. At any given temperature and voltage condition, tHz max. is less than tLz min. both for a given device and from 

device to device. 
•3. 
*4. 
•s. 
*6. 
*7. 

Transition is measured ±200m V from steady state voltage with specified loading in Load B. 
WE is high for READ Cycle. 
Device is continuously selected, while CS =_J[JL. 
Addresses valid prior to or coincident with CS transition low. 
This parameter is sampled and not 100% tested. 

Write Cycle 

HM6207-35 
Parameter Symbol 

min max 

Write Cycle Time twc 35 -
Chip Selection to End of Write tcw 30 -
Address Valid to End of Write !Aw 30 -
Address Setup Time !As 0 -
Write Pulse Width twp 25 -
Write Recovery Time twR TBD -
Data Valid to End of Write low 20 -
Data Hold Time !DH 0 -
Write Enable to Output in High Z lwz 0 20 

Output Active from End of Write low 0 -

HM6207-45 

min max 

45 -
40 -
40 -
0 -
25 -

TBD -
25 -
0 -
0 25 

0 -

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

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 ±200m V from steady state voltage with specified loading in Load B. 
*4. This parameter is sampled and not 100% tested. 

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

Notes· 

*2 

*3, *4 
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-------------------------------------HM6207 Series 

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

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

Addreu 

cs 

_______ _!_~----··· 

WE 

ln11• '•• 

Din Data in Valid 

'"' 
Dout 

High Impedance 

Timing Waveform of Write Cycle No. 2 (<:8 Controlled) 

lwc 

Address 

'" tcw 

cs 

,., 

low 

Din Data in Valid 

lwz 

Dout Data Undefined 
High Impedance 

.HITACHI 
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HM6207 Series-----------------------------------

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

Parameter 

V cc for Data Retention 
Data Retention Current 

Chip Deselect to Data Retention Time 
Operation Recovery Time 

Note) •1. IRc = Read Cycle Time 

Low V cc Data Retention Waveform 

Symbol min 

VoR 2.0 

IccoR 

•2. v cc= 3.ov 

typ. 

Data Retention Mode 
Vee-------~ I 

4.5V---------

2.2V----

VaR -----

CS-----' 

Cs;;;:;Vcc-0.2V 

max. Unit Test Condition 

v 
so•2 µA cs~ Yee - o.2v, 

V;n ~Vee- 0.2V or 
ns OV ~ V;n ~ 0.2V 
ns 

w-----------------------------------------
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HM6707 Series 
262144-word x 1-bit High Speed Static RAM 

•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 

• Skinny 24 pin DIL plastic package (300 mil) and 24 pin SOJ (300 mil) 

• ORDERING INFORMATION 

Type No. Access Time 

HM6707P-20 20ns 
HM6707P-25 25ns 

HM6707JP-20 20ns 
HM6707JP-25 25ns 

• BLOCK DIAGRAM 

""o----td-1 
AiA1~--.~ 

Aoo---C:O 
Aoo----1.U 
"'40---C:O 
Aoo----1.U 
!>.;~---,,.,_.. 

A,oo---ta=L _ _J 

Package 

300 mil 24 pin 
Plastic DIP 

Memory Matrix 
256 x 1024 

• ABSOLUTE MAXIMUM RATINGS 

Item Symbol 

Terminal Voltage to GND Pin VT 

Power Dissipation PT 

Operating Temperature Range Topr 

Storage Temperature Range (with bias) Tstg (bias) 

Storage Temperature Range Tstg 

-oVcc 
-oGND 

Rating 

-0.5 to +7.0 

1.0 

0 to +70 

-!Oto +85 

-55to+125 

@HITACHI 

Preliminary 

HM6707P Series 

(DP-24NC) 

HM6707JP Series 

(CP-240) 

• PIN ARRANGEMENT 
(24 pin DILP) 

Ao Vee 

A, Au 

A, A15 

A3 21 A1s 

A, A,. 

As A13 

As A,, 

A, A11 

As Arn 

Dour Ag 

D1N 

GND cs 

(Top View) 

Unit 

v 
w 
oc 
oc 
oc 
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HM6707 Series--------------------------------------

• RECOMMENDED DC OPERATING CONDITIONS (0°C :5 TA :5 70°C) 

Item Symbol Min. Typ. Max. 

Vee 4.5 5.0 5.5 
Supply Voltage 

GND 0.0 0.0 0.0 

Input High Voltage Vrn 2.2 - 6.0 

Input Low Voltage V1L -3.0* - 0.8 

*Pulse width 20 ns, DC: --0.SV 

• TRUTH TABLE 

cs WE Mode Vee Current Output Pin 

H x Not Selected Iss. Issi High Z 

L H Read Ice. Icc1 DouT 

L L Write Ice. Icc1 High z 

• DC AND OPERATING CHARACTERISTICS (V cc = 5V ± 10%, TA = 0°C to 70°C, GND = OV) 

Item 

Input Leakage Current 

Output Leakage Current 

Operating Power Supply Current 

Average Operating Current 

Standby Power Supply Current 

Output Low Voltage 

Output High Voltage 

• AC TEST CONDITIONS 

Input pulse levels: 
Input timing reference 1eve1s: 
Output load: 
Input rise and fall times: 
Output reference levels: 

Symbol 

IIul 

IIwl 

Ice 

Icc1 

lss 

Ise1 

VoL 

VoH 

GNDto3.0V 
l.5V 
See figure 
4 ns 
1.5V 

Test Conditions Min. Typ. 

Vee= 5.5V, V1N = OV to Vee - -

CS= Vrn, VouT = OV to Vee - -

CS = VIL• louT = 0 mA - -

Min. Cycle, Duty: 100% IouT = 0 mA - -

cs = Vrn. VIN = Vrn or V1L - -

CS ;;,, V cc -0.2V, 
- -

VIN :5 0.2V or VIN 2' V cc -0.2V 

loL=8mA - -

IoH = -4mA 2.4 -

+5V +5V 

4800 4800 

Dour 
30 pF* 

2550 
5 pF* 

Output Load B 
Output Load A (for !HZ, tLz, twz, tow) 

*including scope and jig capacitance 
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Unit 

v 
v 
v 
v 

Max. Unit 

2 µ.A 

IO µ.A 

100 mA 

120 mA 

30 mA 

IO mA 

0.4 mA 

- v 



-------------------------------------HM6707 Series 

• CAPACITANCE (TA = 25°C, f = 1.0 MHz) 

Item Symbol Max. Unit Conditions 

Input Capacitance C1N 6.0 pF VIN= OV 

Output Capacitance C110 10.0 pF VouT = OV 

NOTE: This parameter is sampled and not 1003 tested. 

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

•Read Cycle 

HM6707-20 HM6707-25 
Item Symbol 

Min. Max. Min. Max. 

Read Cycle Time !RC 20 - 25 -

Address Access Time !AA - 20 - 25 

Chip Select Access Time !ACS - 20 - 25 

Output Hold from Address Change toH 5 - 5 -

Chip Selection to Output in Low Z !Lz 5 - 5 -

Chip Deselection to Output in High Z !Hz 0 15 0 15 

NOTES: I. This parameter is sampled and not 100% tested. 

2. Transition is measured ± 200 mV from steady state voltage with specified loading in Load B. 

• Write Cycle 

HM6708-20 HM6708-25 
Item Symbol 

Min. Max. Min. Max. 

Write Cycle Time !we 20 - 25 -

Chip Selection to End of Write tcw 15 - 20 -
Address Valid to End of Write !AW 15 - 20 -

Address Setup Time !AS 0 - 0 -

Write Pulse Width twp 15 - 20 -

Write Recovery Time twR 3 - 3 -
Data Valid to End of Write tow 15 - 20 -

Data Hold Time toH 0 - 0 -

Write Enable to Output in High Z twz 0 15 0 15 

Output Active from End of Write low 0 - 0 -

NOTES: I. All write cycle timings are referenced from the la.st 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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Unit Notes 

ns -

ns -

ns -
ns -

ns I, 2 

ns I, 2 

Unit Notes 

ns I 

ns -

ns -

ns -
ns -

ns -
ns -

ns -
ns 2,3 

ns 2, 3 
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• TIMING WAVEFORM 

• Read Cycle (1)!1) 

Address 

Dou! 

• Read Cycle (2)(2) 

~~-
!RC 

Previous Data Valid 

131 tAcs---+ 
ILZ-

Dout ~~H_i~g_h_lm_,_pe~d~a~n~c~e~-r 

NOTES: I. WE is high and CS is low for read cycle. 

2. Address vaJid prior to or coincident with CS transition low, 

3. Transition is measured :t: 200 mV from steady stale voltage with specified loading in Load B. 

@HITACHI 

t 
Data Valid 

Data Valid 
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--------------~--------------------- HM6707 Series 

•Write Cycle (1) (WE Controlled) 

Data Out Data Undefined 
High Impedance 

NOTE: I. Transition is measured ::!:: 200 mV from steady state voltage with specified loading in Load B. 

• Write Cycle (2) (CS Controlled) 

& Data Out ....,.,.,...,,....,..-..,...---< 
High Impedance 

Data Undefined 

NOTES: 1. Transition is measured ::1:; 200 mV from steady state voltage with specified loading in Load B. 

2. If the CS goes simultaneously with WE high, the output remains in a high impedance state. 

@HITACHI 

High Impedance 
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HM66203 Series 

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: 40µW typ. ( L-version) 
Operation: 50mW typ. (f = 1 MHz) 

• Capability of Battery Back-up Operation (L-version). 

• Common Data Input and Output, Three State Outputs. 
• Directly TTL Compatible: All Inputs and Outputs. 

Ordering Information 

Type No. 

HM66203-10 
HM66203-12 
HM66203-15 

HM66203LIO 
HM66203L-12 
HM66203L-15 

Functional Block Diagram 

.\o,A1, 1.9, 

CSi @-

cs;@-

cs; .g, 

cs. .gr 

110, 1;0. @-

WE -er 
6E @-

Truth Table 
Mode 

Not Selected 
(Power Down) 
Read 

Write 

t-
'-t-

>-+----+-

~ 

'--
~ 

Access Time 

lOOns 
120ns 
150ns 

lOOns 
120ns 
150ns 

RAM '.\lo. I 

RAM No. 3 

CSi 

H*I 

WE 

x 

Package 

600 mil 32 pin 
DIP 

---@ i·cr 

--@Vu 

~ 
'-!--

t+-t- kAM No. 2 

~ 

'--
~ RAM No. 4 

OE 1/0 

x High-Z 

L*2 H L Dout 
L02 L H D1n 
L*2 L L Din 

Note) *1. X: Don't Care (H oL!Jj i = 1, 2, 3, 4 All chips are nbt selected. 
*2. CST, c::s2, 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 time. 

@HITACHI 

Maintenance Only 

(DM-32) 

Pin Arrangement 

(Top View) 

Current Note 

lsB> Issi 

Ice Read Cycle (1) to (3) 

Ice Write Cycle (1) 

Ice Write Cycle (2) 
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HM66203 Series-------------------------'----------

Absolute Maximum Ratings 

Item Symbol Rating Unit 

Voltage on Any Pin Relative to Vss VT -0.5 1 to +7 v 
Operating Temperature Topr 0 to +70 •c 
Storage Temperature T.tg -55 to+l25 •c 
Temperature under Bias Tblu -10 to +85 ·c 
Power Dissipation PT 1.0 w 

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

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 

Vss 0 0 0 v 
Input High 

VIH 2.2 6.0 v (logic 1) Voltage 

Input Low 
V1L -0.5*1 0.8 v (logic 0) Voltage 

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

DC and Operating Characteristics (Ta = 0 to +70°C, V cc= SV ±10%, Vss = OV) 

Parameter Symbol Test Conditions min. typ. *l max. Unit Notes 

Input Leakage Current lh1I VIN=VsstoVcc 2 µA 

Output Leakage Current VLOI CSn = VIH or OE= VIH 2 µA *2 
V110 = Vss to v cc 

Operating Power Supply 
Ice 

~=V1L 10 25 mA *3 
· Current: DC fi;o = OmA 

MIN. cycle 42 80 HM66203/L -10 
Average Operating 

Icc1 duty= 100% 37 80 mA HM66203/L -12 
Power Supply Current (1) 

/i;o = OmA 35 80 HM66203/L -15 

CSN = V1L 

Average Operating V1H= Vee 

Power Supply Current (2) Icc2 V1L = OV 10 15 mA *3 
li;o =OmA 
!=!MHz 

Standby Power Supply 
lsB CSn = VIH 2 12 mA *2 

Current: DC 

Standby Power Supply 
CSn ~ V cc - 0.2V 

8 400 µA HM66203L Series 
Current (1): DC lsBJ 

0.16 8 mA HM66203 Series 

Output Low Voltage VoL IoL = 2.lmA 0.4 v 
Output High Voltage VoH loH = -1.0mA 2.4 v 

Note) *1. ~ical values are at V Cfi = 5.0V, T0 = +25°C and specified loading. 
*2. Sn· All chips are not se ected. 
*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 (Ta= 25°C,f = l.OMHz) 

Parameter Symbol Conditions min. typ. max. Unit 

Input Capacitance CIN VIN=OV 45 pF 

Input/Output Capacitance C110 V110 = OV 50 pF 

Note) This parameter is sampled and not 100% tested . 
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AC Characteristics (Ta= 0 to +70°C, Vee= SY ±10%, Vss = OV) 

AC Test Conditions 
·Input pulse levels ...................... O.SV to 2.4V 
• Input rise and fall times .................. 5ns 
• Input and Output timing reference level ....... 1 .5V 
•Output load .......................... 1 TTL Gate and CL ( 100pF) (Including scope & jig) 

Read Cycle 

Parameter 
HM66203-10 HM66203-12 HM66203-15 

Unit Symbol 
min. max. min. max. min. max. 

Read Cycle Time fRC 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 toE 50 60 70 ns 

Output Hold from Address Change toH 10 10 10 ns 

Chip Selection to Output in Low Z tcLZ 10 10 10 ns 

Output Enable to Output in Low Z toLZ 5 5 5 ns 

Chip Deselection to Output in High Z tcHZ 0 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 

IRC 

Address 

IAA 

CSN111 

Dout 

Timing Waveform of Read Cycle No. 2 •1.•2,•3,•5 

IRC 

Address 

loH 

IOH 

Dout 
Data Valid 
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Timing Waveform of Read Cycle No. 3 *2,*4,*6 

f--·---,/,--C-1.Z--/.<CS 

Dout 

Note) *l. CSl, 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 
time. 

*2. WE is high for read cycle. 

Write Cycle 

HM66203-10 
Parameter Symbol 

min. max. 
Write Cycle Time twc 100 

Chip Selection to End of Write tcw 90 
Address Valid to End of Write 90 
Address Set Up Time 0 
Write Pulse Width 75 

Write Recovery Time twR 10 

Write to Output in High Z twnz 0 3S 

Data to Write Time Overlap tvw 40 

Data Hold from Write Time tvn 0 
Output Disable to Output in High Z tonz 0 3S 

Output Active from End of Write tow s 

Timing Waveform of Write Cycle (1) (OE Clock) 

twc 

Address 

tcw 

CSN<u 

Dout 

Din 

fcHZ 

Data Valid 

*3. Device is continuously selected, CSN = VJJ..· 
*4. Address should be valid prior to or coincident 

with CSN transition low. 
*5. OE= VrL 

HM66203-12 HM66203-15 

min. max. min. max. 
Unit 

120 150 ns 

100 120 ns 

100 120 ns 

0 0 ns 

90 110 ns 

0 0 ns 

0 40 0 50 ns 

so 60 ns 

0 0 ns 

0 40 0 so ns 

5 5 ns 

twp *2 

tow tDH 

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



-----------------------------------HM66203 Series 

Timing Waveform of Write Cycle (2) (OE Low Fixedf 6 

twc 

Address 

CSN 111 

IAW 

WE 

Dout 

Din 

Notes) 
* 1. CSl, 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 ti~ 

*2. A write occurs during the overlap (twp) of a low CSN 
anda low WE. 

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

*4. During this period, 1/0 pins are in the output state. 
The input signals out of phase must not be applied. 

/cw* 5 

twp *2 

*5. 

*6. 
*7. 

*8. 
*9. 

low 

tow foH 

If the CSN low transition occurs simultaneously with 
the WE low transition or after the WE low transition, 
output remain in a high im~dance state. 
OE is continuously low. (OE : Vn) 
Dout should be held in phase of the written data during 
this write cycle. 
Dout is the read data of next address. 
If CSN is low during this period, 1/0 pins are in the 
output state. The input signals which are opposite to the 
output level should not be applied to 1/0 pins. 

Low V cc Data Retention Characteristics (Ta = 0°C to +70°C) 
(Data retention characteristics is guaranteed only for HM66203L Series.) 

Parameter Symbol min. typ. max. Unit Test Conditions 

V cc for Data Retention Vvn 2.0 v CSn ~ V cc - 0.2V 

Data Retention Current IccvR 200 µ.A Vee- 3.0V 
csn ~ 2.sv•2 

Chip Deselect to Data Retention Time tevn 0 ns 

[l) See Retention Waveform 
Operation Recovery Time tn tRc*I 

ns 

Note) *1. ~=Read Cycle Time. 
* 2. n: All chips are not selected. 

@HITACHI 
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Low V cc Data Ratantion Waveform 

Vee 
Data Retention Mode 

- ---------- 4. 5 v 

fR 

2.2V----- VDR~2.0V 

VoR 
CS~ l'ee-0.2V 

cs---
ov------------------------------------------------------------

Package Outline (Unit: mm) 

42.00(43.JSmax) 

2.54 
1.02 

1.95 
0.35-0.59 (2.54max) 

$HITACHI 
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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. 

Features 
• High density 32 pin DIP 

Mounting 4 pcs. of 256k static RAM (SOP; HM62256FP/ 
LFP) and CMOS decoder logic (SOP; HD74HC138FP 
equivalent) 

• Pin compatible with 1 M mono I ithic static RAM 

• High speed 
- Fast access time 120 ns/150 ns (maximum} 

• Equal access and cycle time 
• Completely static RAM 

- No clock or timing strobe required 
• Low power standby and low power operation 

- Standby 40 µW (typical) ( L-version} 
- Operation 50 mW(typical} (f = 1 MHz} 

• Common data input and output, three state outputs 
• Capable of battery backup operation ( L-version} 

Ordering Information 

Part No. Access Time Package 

HM66204-12 120 ns 
HM66204-15 150 ns 

--------------- 600 mil 32-pin DIP 
HM66204L-12 120 ns 
HM66204L-15 150 ns 

Absolute Maximum Ratings 
Item Symbol Rating Unit 

Voltage on any pin relative to V SS VT -0.5 to +7.0 v 
Operating temperature range To pr 0 to +70 QC 

Storage temperature range Tstg -55to+l25 QC 

Storage temperature range under bias Tbias -10to+85 oc 
Power dissipation PT 1.0 w 

@HITACHI 

(DM-32A) 

Pin Arrangement 

(Top View) 

Pin Description 
--------~ 

Pin Name Function 

AO - Al 6 Address 
1/01 - l/08 ___ 1_n_pu_t~/O_u_t~p_ut __ 

CS Chip Select 
OE Output Enable 
WE Write Enable 
Vee Power Supply 
Vss Ground 
NC No Connection 
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HM66204 Series-----------------------------------

Block Diagram 

Mode Selection 
Mode cs WE OE 

Not selected (Power down) H x x 
Read L H L 

L L H 
Write 

L L L 

Note) X =Don't care (Hor L) 

Electrical Characteristics 

Recommended DC Operating Conditions (Ta= 0 to +70°C) 
Parameter Symbol Min Typ 

-----···--

Supply voltage Vee 4.5 5.0 
Vss 0 0 

3.85 
Input high (logic 1) Voltage VJH 2.2 
Input low (logic 0) Voltage Vn -0.5 

DC Characteristics (Ta = 0 to + 70° C, V cc = 5V ± 10%, V SS = OV) 
Parameter Symbol Min Typ*l 

Input leakage current llul 

Output leakage current llLQI 

Operating power supply current: DC Ice 10 

Average operating power supply 37 
lcc1 current (1) 35 

Average operating power supply 
current (2) Icc2 10 

Standby power supply current: DC Iss 2 

Standby power supply current 8 
(1): DC Issi 

0.16 
Output low voltage VoL 
Output high voltage VoH 2.4 

>ltl. RAM No.l~No.4: HM62256FP/U'P 
•2. C~OS Dl'~odl'r HD74HC138FP or 

ibl'qllivalent 

1/0 Current Note 
High-Z Iss. Issi 
Dout Ice Read cycle (1) - (3) 
Din Ice Write cycle (1) 

Din Ice Write cycle (2) 

Max Unit Notes 
5.5 v 

0 v 

6.0 v A15, A16, CS 
6.0 v Others except Al5, Al6, CS 

0.8 v 

Max Unit Test Conditions Notes 
2 µA VIN= Vss to Vee 

2 µA CS=VmorOE =Vm 
vl/0 = Vss to Vee 

25 mA 
CS= V1L 
1110 =OmA 

80 MIN. cycle duty= 100% -12 
mA 

80 1110 = OmA -15 

cs= VJL. V1H =Vee 
15 mA V1L = OV, 1110 = OmA 

f= !MHz 

12 mA CS= V1H 

400 µA cs ~ v cc-o.2v HM66204L 
Al5, A16 ~ Vcc-0.2V Series 

8 mA or A15, A16 .$ 0.2V 
0.4 v IoL = 2.1 mA 

v Iott= -1.0 mA 
Note) •1. Typical values are at Vee= 5.0V, Ta= +25°C and specified loading . 

• HITACHI 
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-----------------------------------HM66204 Series 

Capacitance (Ta= 25°C, f = 1 MHz) 
-----··-------------·······-------------------------------

Parameter Symbol Min Typ Max Unit 
--------------- ------- -----------------

Input capacitance Cin 45 pF 
- ·------------- -- ----

Input/output capacitance C1/0 50 pF 

Note) This parameter is sampled and not I 00% tested. 

AC Characteristics (Ta= 0 to +70°C, V cc= SV ± I 0%, unless otherwise noted) 

AC Test Conditions 

Test Conditions 
Vin= OV 

• Input pulse levels: • Input rise and fall times: 5 ns 
0.8Vto4.0V ... CS,A15,A16 • Input and output timing reference level: 1.5V 
0.8V to 2.4V ... Other pin except CS, 

A15, A16 

Read Cycle 

• Output load: 1 TTL Gate and CL (lOOpF) 
(Including scope & jig) 

-------· 
HM66204-12 

Symbol -----------------
min max 

HM66204-15 

min 
Unit 

max 
Parameter 

Read cycle time tRC 120 150 ns 
----

Address access time tAA 120 150 ns 

tAcs 120 150 ns __ Chip selec_t_ac_c_e_ss_t_im_e _____________________________________ _ 

Output enable to output valid 

Output hold from address change 
----

Chip selection to output in low Z 

toE 

toH 

tcLz 

10 

10 

Output enable to output in low Z toLZ 5 

60 

-------------------- --·-----.---------------------------
Chip deselection to output in high Z tcHZ 0 40 

70 ns 

10 ns 

10 ns 

5 ns 

0 50 ns 
·-----------------------

Output disable to output in high Z toHZ 0 40 0 50 ns 

Read Cycle Timing No. 1 *1 

IRC 

Address 

IAA 

Dou! 

Read Cycle Timing No. 2•1, '2,'4 

IRC 

Address 

IAA loH 
IOH 

Dout 
Data Valid 

@HITACHI 
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HM66204 Series--------------------------------

Read Cycle Timing No. 3°1• •3, "4 

>---1-C-LZ--/ACS-----< 

Dou! 
Data Valid 

Notes) •1. WE is high for read cycle. 
•2. Device is continuously selected, CS= VIL· 
•3, Address should be valid prior to or coincident with CS transition low. 
0 4. OE= VIL· 

Write Cycle 

Symbol 
HM66204-12 

Parameter 
min max 

Write cycle time twc 120 
Chip selection to end of write tcw 100 
Address valid to end of write tAw 100 
Address setup time tAS 0 
Write pulse width tWP 90 
Write recovery time twR s 
Write to output in high Z tWHz 0 40 
Data to write time overlap tow so 
Data hold from write time toH 0 
Output disable to output in high Z toHZ 0 40 
Output active from end of write tow s 

Write Cycle Timing No. 1 ((5E Clock) 

twc 

Address 

OE 
tcw 

cs 

WE 

twp *I 

Dout 

Din 

tow 

ICHZ 

HM66204-1S 
min max 

150 
120 

120 
0 

110 
s 
0 so 

60 

0 
0 so 
5 

242 
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Unit 

ns 

ns 

ns 
ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 



-----------------------------------HM66204 Series 

Write Cycle Timing No. 2*5 (OE Low Fixed) 

!we 

Address 

few 

* 4 

IAW 

twp* 1 

tow 

Dout 

tnw lDH 

Din 

Notes) •1. A write occurs during the overlap (twp) of a low CS and a low WE. 
*2. twR is measured from the earlier of CS or WE going high to the end of write cycle. 
*3. During this period, 1/0 pins are in the output state. 

The input signals out of phase must not be applied. 
*4. If the CS low transition occurs simultaneously with the WE low transition or after the WE low transition, 

output remain in a high impedance state. 
*S. OE is continuously low. (OE= V1L) 
*6. Dout should be held in phase of t"he written data during this write cycle. 
*7. Dout is the read data of next address. 
*8. If CS is low during this period, 1/0 pins are in the output state. The input signals which are opposite to the 

output level should not be applied to 1/0 pins. 

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

Parameter Symbol Min Typ 

V cc for data retention 2.0 

Max Unit Test Conditions 

CS ?_ V cc -0.2V 
v A15, A16 ?_ Vcc-0.2V 

or AIS, A16 _:s; 0.2V 

V cc~ 3.0V, CS ?_ 2.8V 
Data retention current 

Chip deselect to data retention time 

Operation recovery time 

Note) * J. !Re= Read Cycle Time. 

Low V cc Data Retention Waveform 

l'cc 

VoR 

lccoR 

tcoR 0 
----

lR 

FoR;f;;2.0V 

CS;;;; l'cc-0. 2V 

200 µA Al5, A16 ?_ 2.8V or 
A15, A16 _:s; 0.2V 

ns 
See retention waveform 

ns 

5V 

0 v ---------------------------------------- ------------------ - -
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HM66204 Series:-----------------------------------

Package Dimensions; Unit: mm (inch) 

2.54(0.100) 

____ ,__,4_.70(0.185) 

(5.08max. ( 0-:2°00max.)) 

47.50( 1.870) 
(48.26max.(1.900max.)) 

1.02(0.040) 

0.35-0.59 
( 0.014 -0.023 I 

@HITACHI 

0.20-0.36 
(0.008-0.014) 

15.24 ( 0.600) 
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HM628128 Series 

• DESCRIPTION 

The Hitachi HM628128 is a CMOS static RAM organized 
128k-word x 8-bit. It realizes higher density, higher performance 
and low power consumption by employing 0.8 µm Hi-CMOS 
process technology. 

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. 

•FEATURES 

• High speed: Fast Access time 70/85/100/120 ns (max.) 

• Low power 
Standby: 10 µW (typ.) (L-version) 
Operation: 75 mW (typ.) 

• Single SV supply 

• Completely static memory 
No clock or timing strobe required 

• Equal access and cycle times 

• Common data input and output-Three state output 

• Directly TTL compatible-All inputs and outputs 

• Capability of battery back up operation (L-version) 
2 chip selection for battery back up 

• PIN DESCRIPTION 

Pin Name Function 

Ao-A16 Address 

1/00-1/07 Input/Output 

cs, Chip Select 

cs, Chip Select 

WE Write Enable 

OE Output Enable 

NC No Connection 

Vee Power Supply 

Yss Ground 

@HITACHI 

HM628128P Series 

(DP-32) 

HM628128FP Series 

(FP-32D) 

• PIN ARRANGEMENT 

,-----.. 

NC 

A.e 

A" 

A,, 

A, 

As 

A; 

A, 

AJ 

A, 

A, 

Ac 

l/Oo 

1101 

1102 

Vss 

(Top View) 
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Vee 

A>0 

cs, 
WE 

A,, 

As 

Ag 

An 

OE 

Aw 

CST 
1/07 

I/Os 

1105 

1/04 

1/03 
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HM628128 Series----------------------------------

• ORDERING INFORMATION 

Part No. 

HM628128P-7 
HM628128P-8 
HM628128P-!O 
HM628128P-12 

HM628128LP-7 
HM628128LP-8 
HM628128LP-!O 
HM628128LP-12 

HM628128FP-7 
HM628128FP-8 
HM628128FP-!O 
HM628128FP-IZ 

HM628128LFP-7 
HM628128LFP-8 
HM628128LFP-!O 
HM628128LFP-12 

• BLOCK DIAGRAM 

246 

Access Package 

70ns 
85 ns 

IOOns 
120ns 600 mil 

32pin 
70ns Plastic DIP 
85 ns 

IOOns 
120ns 

70ns 
85 ns 

IOOns 
120ns 525 mil 

32pin 
70ns Plastic SOP 
85 ns 

100 ns 
120 ns 

CS2o-----t 
CS10-----1 Timing Pulse Gen. 

Memory Matrix 
512x2048 

Column 1/0 

Read/Write Control 
WEo--~~-t_~~~-.-~~~~-l 

OE<>--------~ 

@HITACHI 

--<>Vee 

--<>Vss 
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------------------------------------HM628128 Series 

• ABSOLUTE MAXIMUM RATINGS 

Item Symbol Value Unit 

Voltage on any Pin Relative to V ss VT -0.5'1 to + 7.0 v 

Power Dissipation PT 1.0 w 
Operating Temperature Topr 0 to +70 ·c 
Storage Temperature Tstg -55 to +125 ·c 
Storage Temperature Under Bias Tbias -IO to +85 ·c 

NOTE: I. -3.0 V for pulse half-width :s; 30 ns 

• FUNCTION TABLE 

WE cs, CS2 OE Mode Yee Current Dout Pin Ref. Cycle 

x H x x Ise. Ise1 HighZ 
Not Selected 

x x L x Ise. Ise1 HighZ 

H L H H Output Disable Ice HighZ 

H L H L Read Ice Dout Read Cycle 

L L H H Ice Din Write Cycle() l 
Write 

L L H L Ice Din Write Cycle(2l 

NOTE: I. X: HorL 

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

Parameter Symbol Min. Typ. Max. Unit Note 

Vee 4.5 5.0 5.5 v 
Supply Voltage 

Vss 0 0 0 v 
Input High (Logic I) Voltage V1H 2.2 - 6.0 v 
Input Low (Logic 0) Voltage V1L -0.3*1 - 0.8 v 

NOTE: I. -3.0V for pulse half-width s 30 ns 

$HITACHI 
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HM628128 Series------------------------------------

• DC CHARACTERISTICS (TA = 0 to + 70°C, V cc = 5V ± 10%, V ss = OV) 

Parameter Symbol Min. 

Input Leakage Current IIul -

Output Leakage Current IIwl -

Operating Power Supply Current: DC Iccoc -

Icc1 -

Operating Power Supply Current 

Icc2 -

Standby V cc Current: DC Isa -

-

Standby Vee Current (I): DC Issi 

-

Output Low Voltage VoL -

Output High Voltage VoH 2.4 

NOTE: L Typical values are at Vee"" 5.0V, TA== +25°C and specified loading. 

2. This characteristic is guaranteed only for L-version. 

•CAPACITANCE (TA 25°C, f = l.O MHz) 

Parameter Symbol Min. 

Input Capacitance c'" -

Input/Output Capacitance Cvo -

NOTE: I. Thi~ parameter is ~ampled and not 100% tested 

Typ.'' Max. 

- 2 

- 2 

15 35 

45 70 

15 30 

I 3 

0.o2 2 

2•2 100·2 

- 0.4 

- -

Typ. Max. 

- 8 

- 10 

@HITACHI 

Unit Test Conditions 

µA Vin= Yss to Vee 

CS1 = Vm or CS2 = VIL• 

µA OE = Vrn or WE = VIL• 

Vvo = Vss to Vee 

CS1 = VIL• CS2 = Vm, 

mA others = Vm/VIL• 

lvo = OmA 

Min. cycle, duty = 100%, 

mA 
CS1 = VIL• CS2 = Vm, 

others = Vrn/VIL• 

lvo = OmA 

Cycle time= lµs, 

mA 
duty = 100%, lvo = 0 mA, 

CS1 ,; 0.2V, CS2 2 Vee - 0.2V, 

V1H 2 Vee - 0.2V, V1L "' 0.2V 

mA 
CS1 = VIH• CS2 = Vm 

orCS2 = V1L 

mA Vin~ OV, 

CS1 2 V cc - 0.2V, 

CS2 2 Vee - 0.2V or 
µA OV ,; CS2 ,; 0.2V 

v IoL = 2.1 mA 

v IoH = -1.0 mA 

Unit Test Conditions 

pF Vin =OV 

pF V110 = OV 
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----------------------------------HM628128 Serles 

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

Test Conditions 

Input pulse levels: 
Input rise and fall times: 
Input and output timing reference levels: 
Output load: 

•Read Cycle 

O.SV to 2.4V 
5 ns 
I.SY 
I TTL Gate and CL ( 100 pF) 
(Including scope & jig) 

HM628128-7 
Parameter Symbol 

Min. Max. 

Read Cycle Time !Re 70 -

Address Access Time !AA - 70 

Chip Selection (CS1) to Output Valid tco1 - 70 

Chip Selection (CS2) to Output Valid tc02 - 70 

Output Enable (OE) to Output Valid toE - 35 

Chip Selection (CS1) ' 1· ' 2 to Output in low Z tLZI 10 -

Chip Selection (CS2) ' 1· ' 2 to Output in Low Z !Lz2 10 -

Output Enable (OE) ' 1· ' 2 to Output in Low Z to~z 5 -
Chip Deselection (CS1) ' 1· ' 2 to Output in High Z !Hz! 0 25 

Chip Deselection (CS2) ' 1· ' 2 to Output in High Z tHZ2 0 25 

Output Disable (OE) ' 1· ' 2 to Output in High Z loH2 0 25 

Output Hold From Address Change loH 10 -

HM628128-8 

Min. Max. 

85 -

- 85 

- 85 

- 85 

- 45 

10 -

10 -

5 -
0 30 

0 30 

0 30 

10 -

@HITACHI 

HM628128-10 

Min. Max. 

100 -

- 100 

- 100 

- 100 

- 50 

10 -

10 -

5 -

0 35 

0 35 

0 35 

IO -

HM628128-12 

Min. Max. 

120 -
- 120 

- 120 

- 120 

- 60 

IO -

10 -
5 -

0 45 

0 45 

0 45 

10 -
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Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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HM628128 Series------------------------------------

Read Cycle Timing 

1~-------~!Rc---------~1 

Address 

OE 

Dout 

NOTE: I tHz and !OHZ are defined as the time at which the outputs achieve the open circuit conditions and are not referenced 10 output voltage levels. 

250 

2. At any given temperature and voltage condition, tHz max is less than ILz 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 

• Write Cycle 

HM628128-7 HM628128-8 HM628128-10 HM628128-12 
Parameter Symbol Unit 

Min. Max. Min. Max. Min. Max. Min. Max. 

Write Cycle Time 'we 70 - 85 - 100 - 120 - ns 

Chip Selection to End of Write tcw 60 - 75 - 90 - 100 - ns 

Address Setup Time IAS 0 - 0 - 0 - 0 - ns 

Address Valid to End of Write !AW 60 - 75 - 90 - 100 - ns 

Write Pulse Width twp 55 - 65 - 75 - 85 - ns 

5 - 5 - 5 - IO - ns 
Write Recovery Time twR 

10*1! 10*11 10*11 15* 11 - - - - ns 

Write to Output in* IO 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 toH 0 - 0 - 0 - 0 - ns 

Output Active From* 10 End of Write tow 5 - 5 - 5 - 5 - ns 

Write Cycle Timing (1) (OE Clock) 

Address 

Dout 

Din -----------------.oot-'o_w_-____ io_H_~)k-+--..X~ 
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Hitachi America Ltd. • 2210 O'Toole Ave. • San Jose, CA 95131 • (408) 435-8300 251 



HM628128 Series----------------------------------

Write Cycle Timing (2) (OE Low Fix) 

i-----------~twc-------~1 

Address 

CS1 

CS2 

Dout 

_ r-:1ow- !DH? .9 
Din -----~Q()K__ ~)))))@ 

NOTE: I. 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 beginning of write to the end ofwricc. 

2. tcw is measured from the later of CSt going low or CS2 going high to !he end of write. 

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

4. twR is measured from the earliest of CS1 or WE going high or CS2 going low to the end of write cycle. 

5. During this period, 1/0 pins are in the output state, therefore the input signals of opposite phase to the outputs must not be applied 

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

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

8. Dout is the read data of next address. 

9. If CS1 is low and CS2 is high during this period. l/O pins are in the output state. Therefore, the input signals of opposite phase to the outputs must not be applied to them. 

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

11. This value is measured from CS2 going low to the end of write cycle 
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------------------------------------ HM628128 Series 

• Low V cc Data Retention Characteristics (TA = O to + 70°C) 

(These characteristics are guaranteed only for L-version.) 

Parameter Symbol Min. Typ. 

V cc for Data Retemion YoR 2.0 -

Data Retention C!urent IccoR - I 

Chip Deselect to Data Retention Time tcoR 0 -

Operation Recovery Time tR 5 -

Low Vee Data Retention Waveform (1) (CS, Controlled) 

Data Retention Mode 

CS1 2 Vee -0.2 V 

Low Vee Data Retention Waveform (2) (CS2 Controlled) 

Max.. Unit 

- y 

50' 1 µ.A 

- ns 

- ms 

0.4 V - - - - - - - - - - - - - - Cs2 S Ve~ 0.2-v - - - - - - -

Test Conditions *2 

cs, 2 Yee - 0.2Y. 

cs, 2 Yee - 0.2Y or 

OY :s CS2 :s 0.2V Y;,, 2 OY 

Yee = 3.0Y, Y;" 2 OY, 
cs, 2 Yee - 0.2Y, 

CSz 2 Yee - 0.2Y or 
OY :s CS2 :s 0.2Y 

See Retention Waveform 

OV--------------------------------------

NOTE: I. 20 µA max. at TA == 0 to 40°C. 

----

2. CS2 contmls address buffer, WE buffer, CS1 buffer and OE buffer and Din buffer. 1fCS2 conimls datJ retention mode, Yin levels (address, WE. OE. CS1. 1/0) can be in 

the high impedance state. lfCS1 controb. data retention mode, CS2 must be CS2 ;?: Vee - 0.2V orOV :S CS2 :S 0.2V. The other input levels (addresses. WE. OE. 110) 

can be in the high impedance state. 
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HM628128 Series--------------------------------

Package Outline 

DP-32 

41.9( 1.650) 

I 11 1.2 
16 

• • (0.047) 

c .S >< .E E x IV 

-cel~TU 0 cioN 
- u-)8 

2.54 ± 0.25 0.48 ± 0.1 f~ 
---i---i-...-(~0.-100 ± 0.0 I 0) (O:{)i9± 0.004) ~ g 

@HITACHI 

N-: 
2 

15.24 
(0.600) • 1 
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----------------------------- HM628128 Series 

FP·32D 

I .OOmax 
(0. 039max) 

0 40 +0. IO 
. -0.05 

20.45(0.805) 
20. 95max (0. 825max) 

,....... 
x 
<l:J 
E 

c.o 
~ 

0 -x 
<l:J 
.E 
r-

0 22+0. t3 
• -0.07 

,....... 
,.._O O"IN 

~':co 
C> C> .. 

+I oo 
Lil + I 
M ~ 

LO 

~ 0 ·-
(0 009 +0.005),....... 

• -0.003 -
M 

,....... 
--i-+""r=========~ c c 

11.27(0.050)1 ~ £ 
.....,...------,....,,.~o o 

~--~0.12(0.005)@ c:i <=? 
0 -

.HITACHI 

,....... 
x x 
<l:J <l:J 
E E 

LO 00 

<=? = 
M • 

0 -

0 

0 -00 

0 
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MOS PSEUDO STATIC RAM 
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HM65256A Series Maintenance Only 
32768-word x 8-bit High Speed CMOS Pseudo Static RAM 

(Substitute HM65256B) 

• FEATURES 
• Single 5V (±10%) 

HM65256AP Series 

• High Speed 
Access Time 

CE Access Time . . . . . . . . . • . . . . . . . . . . 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 

• ORDERING INFORMATION 

Type No. Access Time 

HM65256AP-12 120ns 
HM65256AP-1S lSOns 
HM65256AP-20 200ns 

HM65256ASP-12 120ns 
HM65256ASP-1S lSOns 
HM65256ASP-20 200ns 

• BLOCK DIAGRAM 

a---+
~--~L...!'.'.::'...:~:.'.:~ 
WF;o----~ 

(DP-28N) 

Package •PIN ARRANGEMENT 
600 mil 28 pin 
Plastic DIP 

300 mil 28 pin 
Plastic DIP 

(Top View) 
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---------------------------------HM65256A Series 

•TRUTH TABLE 

CE OE at CE OE WE 1/0 Pin Mode Notes 
going Low 

L H L H LowZ Read 

L H H L High Z Write 

L H H H High Z -

L L L x Low Z Hidden Output Buffers must keep Low Impedance State in 
Refresh previous Precharge Cycle. 

Auto- Output Buffers must turn off in previous Precharge 
L L x x High z ma tic 

Refresh Cycle. 

L x x x High Z Self CE Pulse Width 2'. 30011 sec. Refresh 

H x H x High Z Standby 

H x L x x - Once Dout Buffers turn off, Output Buffers remain 
in High Impedance State. 

•ABSOLUTE MAXIMUM RATINGS 
Item Symbol Ratings Unit 

Voltage on any pin relative to V ss VT -1.0 to +7.0 v 
Power Dissipation PT 1 w 
Operating Temperature Topr 0 to +70 •c 
Storage Temperature Ta11 -55 to +125 ·c 
Temperature under Bias Tbiaa -10 to +85 •c 

•RECOMMENDED DC OPERATING CONDITIONS (T0 =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 
V1H 2.2 - 6.0 v 

Input Voltage 
VIL -1.0 0.8 v -

•DC ELECTRICAL CHARACTERISTICS (Vee=SV ±10%, Ta=O to +70°C) 

Parameter Symbol Test Condition min typ max Unit 

Operating Power Supply Current IeCJ 
11/0 = 0 - 35 65 mA 
tcyc =min. 

Standby Power Supply Current IsBJ CE= VJH, OE= VJH - 1 2 mA 

Standby Power Supply Current iSB2 
CE 6 Vee - 0.2V 

- 0.4 0.6 mA 
OE 6 Vee - 0.2V 

Operating Power Supply Current in 
Iee2 CE= VIL. - 0.6 1 mA 

Self Refresh Mode 

Input Leakage Current ILJ 
Vee= 5.sv -10 - 10 µA 
Vin= Vss to Vee 

Output Leakage Current ho 
OE= VJH -10 - 10 µA 
V1/o = Vss to Vee 

VoL IoL = 2.1 mA - - 0.4 v 
Output Voltage 

VoH IoH= -1 mA v 2.4 - -

.HITACHI 
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HM65256A Series---------------------------------

•AC CHARACTERISTICS (Vee= SY± 10%, Ta = 0 to +70°C) 
•AC TEST CONDITIONS 

o Input Pulse Levels ... 0.4 to 2.4V 
o Input Rise and Fall Times ... 5 ns 

• READ AND WRITE MODE 

Item Symbol 

Random Read or Write Cycle Time tRe 

Read Modify Write Cycle Time tRWC 

Chip Enable Access Time teEA 

Address Access Time tAA 

Output Enable Access Time tOEA 

Output Buffer Turn-off Delay tOFF 

Chip Enable Pulse Width ICE 

Chip Enable Precharge Time tp 

Address Set-up Time tAS 

Row Address Hold Time tRAH 

Column Address Hold Time tCAH 

Column Address Hold Time from 
fAH CE going High 

Static Mode Read or Write Cycle Time tRse 

Read Command Set-up Time tRCS 

Read Command Hold Time tRCH 

Output Enable Set-up Time tOES 

Chip Enable to Output Enable Delay 
tcoD Time 

Output Hold Time from Column 
TOH Address 

Write Command Set-up Time twcs 

Write Command Hold Time twcH 

Write Command Pulse Width twp 

Write Command to Chip Enable Lead 
twCL Time 

Column Address Set-up Time for Write tASW 

Write Command to Column Address 
tWAL Lead Time 

Data In Set-up Time tDS 

Data In Hold Time for Early Write tDHC 

Data In Hold Time for Late Write TDHW 

Output Enable to Data In Delay Time TODD 

Data In Floating to Output Enable 
tDFO Delay Time 

Transition Time (Rise and Fall) tr 

Refresh Command Set-up Time tRFS 

Refresh Command Hold Time tRFH 

Chip Enable Pulse Width for Self 
TCEF Refresh 

o Input Timing Reference Levels ... O.BV, 2.2V 
o Output Timing Reference Levels ... VoH = 2.0V, 

VoL = O.BV 
o Output Load ... 1TTL Gate and CL = lOOpF 

(including jig and scope) 

HM65256A-12 HM65256A-15 HM65256A-20 
Unit Note 

min max min max min max 

190 - 235 - 310 - ns 

265 - 325 - 425 - ns 

- 120 - 150 - 200 ns 

- 60 - 75 - 100 ns 

- 50 - 60 - 75 ns 

5 20 5 25 5 35 ns (I) 

120 10000 150 10000 200 10000 ns 

60n 4m 75n 4m IOOn 4m s 

0 - 0 - 0 - ns 

20 - 25 - 30 - ns 

120 - 150 - 200 - ns 

0 - 0 - 0 - ns 

65 - 80 - 105 - ns 

0 - 0 - 0 - ns 

0 - 0 - 0 - ns 

0 - 0 - 0 - ns 

20 - 25 - 30 - ns 

5 - 5 - 10 - ns 

0 - 0 - 0 - ns 

30 - 35 - 40 - ns 

20 - 25 - 30 - ns 

45 - 55 - 70 - ns 

0 - 0 - 0 - ns 

45 - 55 - 70 - ns 

0 - 0 - 0 - ns 

30 - 35 - 40 - ns 

20 - 25 - 30 - ns 

20 - 25 - 35 - ns (4) 

0 -- 0 - 0 - ns (4) 

3 50 3 50 3 50 ns (7) 

0 - 0 - 0 - ns 

20 - 25 - 30 - ns 

300 - 300 - 300 - µs 

(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 
tpF 190 - 235 - 310 - ns Self Refresh 

Refresh Period fREF 4 4 4 
256 - - - ms 

cycle 

Notes: I. to FF (max) defines the time at which the output achieves the open circuit condition. 
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 tcE (min), the second write pulse must be applied after tcE (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. V[H (min) and V[L (max) are reference levels for measuring timing of input signals. Also, transition times are 

measured between V[ff and V[L· 
8. An initial pause of IOOµs is required after power-up followed by a minimum of 8 initialization cycles. 

• READ CYCLE '" 

>\ddress 
Ao-.A.1 

Address 
. .\~ - . .\ ll 

Dou! 

• EARLY WRITE CYCLE(2;_l ------------"'-"-"-----------:::--1 
"' 

·\ddn•,,,, 
..\A-:\J( 

Din 
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HM65256A Series-----------------------------------

• LATE WRITE CYCLE 12l 

Addr$S 
Ai-Ai. 

Din 

Doul 

• READ MODIFY WRITE CYCLE 121 

Address 
. .\1-A1 

Din 

Dout 

IOff(l) 

ICAH 

• STATIC COLUMN MOl:'E READ CYCLE 

:\ddrt·~' 
·\0-.l.1 

:\ddn•ss 
:\i-:\10 

!lntll 

@HITACHI 

"' 

lWAL 
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---------------------------------HM65256A Series 

• STATIC COLUMN MODE WRITE CYCLE(2l,(Jl 

Dm 

l>oul 

• HIDDEN REFRESH CYCLE 

,\,I.Jn•..,, 
:\M-:\it 

Oou1 

• AUTOMATIC REFRESH CYCLE(5l 

""" 
• SELF REFRESH CYCLE(Sl 
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HM65256A Series---------------------------------

• CAPACITANCE (Ta= 25°C, [= lMHz) 

Item Symbol min typ max Unit Conditions 

Input Pin Capacitance Ctn - - s pf Vin =OV 

1/0 Pin Capacitance C110 - - 7 pf V11o=OV 

Note) These parameters are not 100% tested. 
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HM65256B Series 
32768-word X 8-bit High Speed Pseudo Static RAM 

• FEATURES 
• Single 5V (±10%) 
• High Speed 

Access Time 
CE Access Time ............... 100/120/150/200ns 
Address Access Time ............... 50/60/75/100ns 
(in Static Column Mode) 
Cycle Time 
Random Read/Write Cycle Time .... 160/190/235/310ns 
Static Column Mode Cycle Time ...... 55/65/80/105ns 

• Low Power 
175mW typ. Active. 

• All inputs and outputs TTL compatible 
• Static Column Mode Capability 
• Non Multiplexed Address 
• 256 Refresh Cycles (4ms) 
• Refresh Functions 

Address Refresh 
Automatic Refresh 
Self Refresh 

• ORDERING INFORMATION 

Type No. Access Time 

HM65256BP-10 lOOns 
HM65256BP-12 120ns 
HM65256BP-15 150ns 
HM65256BP-20 200ns 

HM65256BLP-10 lOOns 
HM65 256BLP-12 120ns 
HM65256BLP-15 lSOns 
HM65256BLP-20 200ns 

HM65256BSP-10 lOOns 
HM65256BSP-12 120ns 
HM65256BSP-15 150ns 
HM65256BSP-20 200ns 

HM65 256BLSP-10 lOOns 
HM65 256BLSP-12 120ns 
HM65256BLSP-15 lSOns 
HM65256BLSP-20 200ns 

HM65256BFP-10T lOOns 
HM65256BFP-12T 120ns 
HM65256BFP-15T 150ns 
HM65256BFP-20T 200ns 

HM65256BLFP-10T lOOns 
HM65256BLFP-12T 120ns 
HM65256BLFP-1ST 150ns 
HM652S6BLFP-20T 200ns 

Package 

600 mil 28 pin 
Plastic DIP 

300 mil 28 pin 
Plastic DIP 

28 pin 
Plastic SOP 

@HITACHI 

HM6S256BP Series 

(DP-28) 

HM6S256BSP Series 

(DP-28N) 

HM652S6BFP Series 

(FP-28DA) 

• PIN ARRANGEMENT 

(Top View) 
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HM652568 Series---------------------------------

• BLOCK DIAGRAM 

ao-_.._ 
ilE ---'L'::.:...::.:,::;:.::::::::..J 
wt<>-----~ 

• TRUTH TABLE 

CE OE WE 1/0 Pin 

L L H LowZ 

L x L High Z 

L H H High Z 

H L x High Z 

H H x High Z 

• ABSOLUTE MAXIMUM RATINGS 

Item 

Terminal Voltage with Respect to V ss 
Power Dissipation 

Operating Temperature 

Storap:e Temperature 

Storage Temperature Under Bias 

mode 

Read 

Write 

-
Refresh 

Standby 

Symbol Rating 

Vr -1.0 to +7.0 

Pr 1.0 

Topr 0 to +70 

r.1, -SS to +12S 

Tbias -10 to +8S 

• RECOMMENDED DC OPERATING CONDITIONS (Ta = 0 to +70°C) 
Item Symbol min. typ. max. unit 

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

Vss 0 0 0 v 
Vm 2.2 - 6.0 v 

Input Voltage 
Vn - 1.0 0.8 - v 
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-----------------------------------HM65256B Series 

• DC ELECTRICAL CHARACTERISTICS (Ta= 0 to +70°C Vee= sv +10%) . -

Parameter Symbol Test Conditions 
HM65256B Series HM65256BL Series 

min. 

Operating Power 
lcc1 

fi10 = OmA 
Supply Current fcyc =min. 

-

Standby Power lsBJ CE= VJH, OE= VJH -
Supply Current -----~----- --

lsB2 CE;o, v cc-0.2V, OE;o, v cc-0.2V -

Operating Power Supply lcc2 CE= VJH• OE= Vn -
Current in Self Refresh Mode lceJ CE2' v ce-0.2V, OE~0.2V -

Input Leakage 
ILJ 

Vee= 5.5V 
Current Vin= Vss to Vee 

-10 

Output Leakage 
ho 

OE= V[H 
-10 Current V110 = Vss to Vee 

... 

Output Voltage VoL loL = 2.1 mA -

VoH loH= -I mA 2.4 

• CAPACITANCE 
Item Symbol Test Conditions 

Input Capacitance Cin Vin= OV 

Input/Output Capacitance el/O Vt/o= OV 

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

• AC CHARACTERISTICS (Ta= 0 to +70°C, V cc= SV ±10%) 
• AC Test Conditions 

Input Pulse Levels ..... . 
Input Rise and Fall Times 
Timing Measurement Level 
Reference Level 

. . 2.4V,0.4V 

....... 5ns 

.. 2.2V, 0.SV 

· VOH =2.0V, Vol =0.SV 

typ. max. min. typ. max. 

35 65 - 35 65 

1 2 - l 2 

- - - 0.05 0.1 

1 2 - 0.6 1 

- - - 50 100 

- 10 -10 - 10 

- 10 -10 - 10 

- 0.4 - - 0.4 

- - .. 2.4 - -

typ. max. Unit 

- 5 pF 

- 7 pF 

Output Load . . . . . . . . . . ..... 1 TTL and 1 OOpF (including scope and jig) 

HM65256B-10 HM65256B-12 HM65256B-15 HM65256B-20 
Item Symbol 

min. max. min. max. min. max. min. max. 

Radom Read or Write Cycle Time I Re 160 - 190 - 235 - 310 -

Static Column Mode Read or Write 
IRSC 55 - 65 - 80 - 105 -Cycle 

Chip Enable Access Time teEA - 100 - 120 - 150 - 200 

Address Access Time IAA - 50 - 60 - 75 - 100 

Output Enable Access Time toEA - 40 - 50 - 60 - 75 

Chip Disable to Output in High Z teHZ - 25 - 25 - 30 - 35 

Olip Enable to Output in Low Z ICLZ 30 - 30 - 35 - 40 -

Output Enable to Output in Low Z IOLZ 10 - JO - 10 - 10 -

Output Disable to Output in High Z IOHZ - 25 - 25 - 30 - 35 

Chip Enable Pulse Width teE lOOn 4m !20n 4m 150n 4m 200n 4m 

Chip Enable Precharge Time tp 50 - 60 - 75 - 100 -

Address Set-up Time IAS 0 - 0 - 0 - 0 -
Row Address Hold Time IRAH 20 - 20 - 25 - 30 -
Column Address Hold Time teAH 100 - 120 - 150 - 200 -

Read Command Set-up Time IRCS 0 - 0 - 0 - 0 -
Read Command Hold Time IRCH 0 - 0 - 0 - 0 -

Output Enable Hold Time IOHC 0 - 0 - 0 - 0 -
Output Enable to Chip Enable Delay 

tocn 0 - 0 - 0 - 0 -
Time 

Output Hold Time from Column 
toH 5 - 5 - 5 - 10 -Address 

Write Command Pulse Width twp 25 - 25 - 30 - 35 -

Chip Enable to End of Write tcw 100 - 120 - 150 - 200 -
Column Address Set-up Time IASW 0 - 0 - 0 - 0 -

Unit 

mA 

mA 

mA 

mA 

µA 

µA 

µA 

v 
v 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
ns 

s 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

(to be continued) 
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HM65256B Series-----------------------------------

Item Symbol 
HM65256B-10 HM65256B-12 HM65256B-15 HM65256B-20 
min. max. min. max. min. max. min. 

Column Address Hold Time after Write tAHW 0 - 0 - 0 - Q 
Data Valid to End of Write tDw 20 - 20 - 25 - 30 
Data In Hold Time for Write tDH 0 - 0 - 0 - 0 
Output Active from End of Write tow 5 - 5 - 5 - 5 
Write to Output in High Z IWHZ - 25 - 25 - 30 -
Transition Time (Rise and Fall) tr 3 50 3 50 3 50 3 
Refresh Command Delay Time tRFD 50 - 60 - 15 - 100 
Refresh Precharge Time tpp 30 - 30 - 30 - 30 
Refresh Command Pulse Width for 

IFAP 80 10000 80 10000 80 10000 80 Automatic Refresh 
Automatic Refresh Cycle Time tpc 160 - 190 - 235 - 310 
Refresh Command Pulse Width for Self 

tFAS 10000 - 10000 - 10000 - 10000 Refresh 

Refresh Reset Time for Self Refresh tFRS 160 - 190 - 235 - 310 
Refresh Period tREF - 4 - 4 - 4 -

Notes: 
(1) tcHZ• toHz and twHz define the time at which the output achieves the open circuit conditions. 

(2) t CLZ• t OLZ and tow are sampled under the condition of tr=Sns, and not 100% tested. 
(3) A write occurs during the overlap of a low CE and low WE. 

max. 
-
-
-
-

35 
so 

-
-

10000 

-
-

-
4 

Unit 

ns 

ns 

ns 
ns 

ns 
ns 
ns 
ns 

ns 

ns 

ns 

ns 
ms 

(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) Vm (min) and V1L (max) are reference levels for measuring timing of input signals. Also, transition times are meas

ured between V IH and VIL. 
(7) An initial pause of I OOµs is required after power-up followed by a minimum of 8 initialization cycles. 

• TIMING WAVEFORMS 
• Reed Cycle No. 1 (CE controlled) 

CE------..1 

Address 
Ao-A1 

Address 

IHC 

II' 

A•-A1.1 _._..~_,, l'--1-.j.-----------------------i ,._... ...... ......,..._..._ ............ _._ .......... _. 

268 

IHCS 

tn:A 

tcr.x 

Valid 
Data Out 

@HITACHI 
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-----------------------------------HM652568 Series 

• Read Cycle No. 2 {OE controlled) 

CE------..1 

Address 
Ao-A, 

Address 

IH< 

//' 

Ax- A'" _,......._~J l-1-+------------------------lr-'1 "'-"'-~~~ 

WE 

Ill/IC 

fOJJ 

tCJJ 

Dou!----------------\ 

• Write Cycle No. 1 {OE Clock) 

CE-----..i 

Address 
Ao-A1 

Address 
A,.,-A11 

lo FA 

Valid 
Data Out 

fOfl/. 

WE-----._-----.. 1---~'"~1'--oi !~----------+!----
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HM65256B Series-----------------------------------

• Write Cycle No. 2 (OE low fix) 

lRC 

CE-----J 

Address '(7''71-:J\.-J<--tt--,.t-l't?;?;)ll;;-:7[?;7<;)11;;o;'?t?;7<;)11;;o;?°"":J<;.7"7'\JC71t?;7"i'd~C'l:7"7'\1-
Ao - A, C:.O/.:Y-'!<--l-l---'lf"'Dt.'::.L~.O.Dt.'::.L~.O.O/.::i.t:::l.C.O.O/.::i.t:::l.Cll:lC:.1.::i.t:::l.C~4l1~~1l:l-

Address 

As-AuL>'-"'-Vl'--t------------------------"+-~'UJ.-"<.L.. 

• Static Column Mode Read Cycle 

270 

IRC 

CE 

Address Tinlf""J'J:::j..j::========::::;h===::::;!V===~ /"O'~t71:7t~IU't7 
A8-Al4 ..L.l"""''-V"J'-.+-1----------'1"1~----'lr---~~Q.!::.QC;l.:),CID;~ 

WE 

OE 
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---------------------------------HM65256B Series 

• Static Column Mode Write Cycle 

CE 

Address 
Ao-A7 

Address 
A8-Al4 .l..:>i.~Yl'---1---------------'1'1'-~~~~~~++~ 

OE 

Din 

• Automatic Refresh Cycle 

CE----- /RFD IFC IFC 

IFAP IFP IFAP 

OE 

• Self Refresh Cycle 
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HM658128 Serles-------
131072-word x 8-bit High Speed CMOS Pseudo Static RAM 

The Hitachi HM658128 is a pseudo-static RAM organized as 
131,072-word x 8-bit. HM658128 realizes low power consump
tion and high speed access time by employing 1.3µm 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. 

• 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) 
0.5mW (standby) (L-version) 

• All inputs and outputs TTL compatible 
• Non Multiplexed Address 
• 512 Refresh Cycles (8ms) 
• Refresh Functions 

Address Refresh 
Automatic Refresh 
Self Refresh 

• ORDERING INFORMATION 

Type No. Access Time 
HM6S8128P-10 lOOns 
HM658128P-12 120ns 
HM658128P-15 150ns 

HM658128LP-10 lOOns 
HM658128LP-12 120ns 
HM658128LP-15 lSOns 

HM6S8128FP-10 lOOns 
HM6S8128FP-12 120ns 
HM658128FP-1S lSOns 

HM658128LFP-10 lOOns 
HM658128LFP-12 120ns 
HM658128LFP-15 lSOns 

Package 

600 mil 32 pin 
Plastic DIP 

32 pin Plastic 
SOP 

.HITACHI 

HM658 l 28P Series 

(DP-32) 

HM658128FP Series 

(FP-32D) 

• PIN ARRANGEMENT 

(TopVi<w) 

• PIN DESCRIPTION 

Symbol Pin Name 

AO -Al6 Address Inputs 

1/0 -1/07 Data Input/Output 

RFSH Refresh 

CE Chip Enable 

OE Output Enable 

WE Write Enable 

cs Chip Select 

Vee Power Supply 

Vss Ground 
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-----------------------------------HM658128 Series 

• BLOCK DIAGRAM 

MEMORY MATRIX 

15l2X2561XH 

Column i ·() 

Column llen1der 

Address l.al("h Contrnl 

Timing Pulse Generator 

iiFo-----~--------; 
WEo------t Read Write Control 

• TRUTH TABLE 
CE CS at CE going Low RFSH OE WE 1/0 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 

• ABSOLUTE MAXIMUM RATINGS 

Item Symbol Rating Unit 

Terminal Voltage with Respect to V ss VT -1.0 to +7 .0 v 
Power Dissipation PT 1.0 w 
Operating Temperature To pr 0 to +70 oc 
Storage Temperature T,lL -55 to +125 oc 
Storage Temperature Under Bias Tbtas -10 to +85 oc 

• RECOMMENDED 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 
V1H 2.2 - 6.0 v 

Input Voltage 
V1L - 1.0 - 0.8 v 
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HM658128 Series-----------------------------------

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

Parameter Symbol Test Condition 

Operating Power 
Icc1 

li10 = 0 
Supply Current tcyc =min. 

Standby Power 
lsBJ 

CE= VIH 
Supply Current RFSH = Vm 
Standby Power 

lsB2 
•1 CE~ V cc -0.2V 

Supply Current RFSH 2:. V cc -0.2V 

Icc2 
CE= V1H 

Operating Power RFSH =VIL 
Supply Current in Self Refresh Mode 

Icc3 
•1 CE 2:. V cc -0.2V 

RFSH S0.2V 

Input Leakage Current /LI 
Vee= 5.5V 

V;n = Vssto Vee 

Output Leakage Current ho 
OE= Vm 
V110 = Vss to V cc 

Output Voltage VoL IoL- 2.lmA 

VoH IoH= -lmA 

Note) *l. This characteristics is guranteed only for L-version. 

• CAPACITANCE (T0 = 25°C.f= !MHz) 

Item Symbol Test Condition 

Input Capacitance C;n V;n = OV 
Input/Output Capacitance C!LO V110 = OV 

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

• AC CHARACTERISTICS (Ta= 0 to +70°C, Vee= SV ± 10%) 
• AC Test Conditions 

Input Pulse Levels 
Input Rise and Fall Times 
Timing Measurement Level 

2.4V, 0.4V 
5ns 
2.2V, 0.SV 
VoH = 2.0V, VoL = o.sv 

min. 

-

-

-

-

-

-10 

-10 

-
2.4 

typ. 
-

-

Reference Level 
Output Load 1 TTL and 100pF (including scope and jig) 

typ. max. Unit 

40 75 mA 

1 2 mA 

100 200 µA 

1 2 mA 

100 200 µA 

·- 10 µA 

- 10 µA 

- 0.4 v 
- - v 

max. Unit 

8 pF 

10 pF 

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

Item 
HM658128-10 HM658128-12 HM658128-15 

Symbol min. max. min. max. min. max. Unit 

Random_R~ad or Write Cycle Time tRe ·1so - 210 - 250 - ns 

Random Read Modify_W __ ri_te_C_y_c_l_e_T_i_m_e _____ -+-~tR=W,£+_ __ 24_0_+-------+---2_8_0_+--------+-_3_3_0_+--------+-__ ns __ 

Chip Enable Access Time teE4 ___ - __ +-_l_0_0-+-----+--__ 1_2_0---+-----+-_1_5_0---+ __ n_s _ 

_ o __ u_t_pu_t_E_n_a_b_le_A_c_ce_s_s_T_im_e ________ ---+-_t~o __ E_A---+----+--3_0-+-----+--40 __ +-----+--50 __ +-_n_s_ 
Chip Disable to Output in High Z teHz - 30 - 35 - 40 ns 
Chip Enable to Output in Low Z te~?Jo__, ___ --+--3--5__, ____ --+--_40 ~- --n-s -

Output Disable to Output in HighZ toHz 25 30 35 ns 
------------+-------T-----+---+----+---t-----t----+--

Output Enable to Output in Low Z toLZ 5 - 5 - 5 -
---+-------t----+------+----c-:--+-------i----

t e E 1 OOn Iµ l 20n-+-__ lµ_+--1_5_0_n---+-~ll'_+----s _ 

ns 

Chip Enable Pulse Width 

Chip Enable Precharge Time tp 70 - 80 - 90 - ns 

Address Set-up Time t AS 0 - 0 - 0 - ns 

Address Hold Time 30 35 - 40 ns 

Read Command Set-up Time 0 0 - 0 ns 

Read Command Hold Time 0 0 - 0 ns 

RFSH Hold Time 15 15 - 15 ns 

Refresh Command Delay Time (Standby Mode) 5 5 ns 

(to be continued) 
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-----------------------------------HM658128 Series 

Item Symbol 

Chip Select Set-up Time tcss 

Chip Select Hold Time tcsn 

Write Command Pulse Width twp 

Chip Enable to End of Write tcw 

Data In to End of Write tvw 

Data In Hold Time for Write tvn 

Output Active from End of Write tow 

Write to Output in High Z twnz 

Transition Time (Rise and Fall) tr 

Refresh Command Delay Time tRFD 

Refresh Precharge Time tFp 

Refresh Command Pulse Width for Automatic 
tFAP Refresh 

Automatic Refresh Cycle Time tFC 

Refresh Command Pulse Width for Self Refresh tFAS 

Refresh Reset Time for Self Refresh tRFS 

Refresh Reset Time for Automatic Refresh tRFA 

Refresh Period (512 cycles) tREF 

Notes: 
(1) tcnz, t OHZ and twnz define the time at which the 

output achieves the open circuit conditions under the 
condition of tr= 5ns and not 100% tested. 

(2)tcnz. tCLZ, tonz. toLz. twnz and tow are sampled 
under the condition of tr = 5 ns 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__gQes low simultaneously with WE going low or 
after WE 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 

cs 

Address 
Ao-A10 

Dout 

HM658128-10 HM658128-12 HM658128-15 
nit 

min. max. min. max. min. max. 

0 - 0 - 0 - ns 

30 - 35 - 40 - ns 
30 - 35 - 40 - ns 

100 - 120 - 150 - ns 

25 - 30 - 35 - ns 

0 - 0 - 0 - ns 

5 - 5 - 5 - ns 
- 25 - 30 - 35 ns 

3 50 3 50 3 50 ns 
70 - 80 - 90 - ns 

40 - 40 - 40 - ns 

80n 8µ 80n 8µ 80n 8µ s 

180 - 210 - 250 - ns 

8 - 8 - 8 - }JS 

180 - 210 - 250 - ns 

0 - 0 - 0 - ns 
- 8 8 - 8 ns 

applied in write cycle, OE or WE must disable output 
buffers prior to applying data to_..!.he device and data 
inputs must be floating prior to OE or WE turning on 
output buffers. 

(6) VIH (min) and V/L (max) are reference levels for 
measuring timing o mput signals. Also, transition times 
are measured between V1n and V1~· 

(7) An initial pause of lOOµs is requued after power-up 
followed by a minim um of 8 initialization cycles. 

(8) After Self Refresh, Auto Refresh should be started with
in lSµs. 
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HM658128 Series---------------------------------

• Write Cycle-1 (OE Clock) 

cs 

Address 
Ao-A1& 

Din 

Dout 

!RC 
!------------------

tcr: 

twP 

1. tcu 

Write Cycle-2 (OE Low Fix) 

276 

cs 

Address 
Ao-A16 

Din 

Dout 
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--------------------------------HM658128 Series 

• Read Modify Write Cycle 

cs 

WE 

OE 

Din 

Dout 

• Automatic Refresh Cycle 

tFAP 

• Self Refresh Cycle 

1~a~nz.,......,....,.z1§~~.....+-."" -i_· __ ., .. __ 
• CS Standby Mode 

cs 
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VIDEO MEMORY 
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HM53051 P--------Preliminary 

262144-word x 4-bit Frame Memory 

HM53051 P is a 262, 144-word x 4-bit frame memory, using 
most advanced 1.3µm 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 IC sepa
ration or freezed picture is realized easily in 4fsc NTSC digital TV 
or VTR systems. Also, it performs random access by 32-word 
x 4-bit data block. By this function, picture in picture or multi
plexed picture is displayed with ease. 

Features 
• 262, 144-word x 4-bit serial access memory 
• Organized with dual ports 

Serial input x 4-bit 
Serial output x 4-bit 

• High Speed 
Read/Write Cycle Time ................. 60ns (min) 
Access Time ....................... 40ns (max) 

• Semi-synchronous Read/Write Cycle 
• Low Power 

Active . . . . . . . . . . . . . . . . . . . . . . . . . 200mW (typ) 
• Random Access per 32-word x 4-bit 
• External Refresh Control is unnecessary 

Block Diagram 

SAD 

Read/W dte/Refresh 
Control 

& 
Timing Generator 

Row 
Decoder 

Memory Array 

262,144X4 

DoutO Dout2 DinO Din2 WE 
Doutl D"out3 Dinl Din3 

Note) The specifications of this device ara subject to change without notice. 
Plea• contact Hitachi's Salas Dept. regarding speclflcationL 

@HITACHI 

(DP·!BBI 

Pin Arrangement 

Dout2 

Dout3 

TAS 

CLK 

CGW 

Din3 

(Top View) 

Pin Description 

Din Data Input 

Dout Data Output 

OE Output Enable 

Doutl 

DoutO 

SAD 

TAS Transfer Address Strobe 

CLK System Clock 

CGW Clock Gate (Write) 

CGR Clock Gate (Read) 

SAD Serial Address 

SAS Serial Address Strobe 

WE Write Enable 
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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. 

CLK 

CGW 

• 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. 

Din ::ZX~_D_n _)@( Dn+ I xxxxxxxxx Dn+ 2 x xxxxxxx 
• 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, H M53051 does not enter read cycle (cycle 

CLK 

CGR 

Dout On xzx Dn+l xzx 
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 - AR 12), write address 
(AWO - AW12) and mode setting flags, RF (Read 

SAS - - -

Mode Programming 

time is defined by system clock time). Time expan
sion is realized easily with CGR. 

Dn+2 Dn+3 

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. 

Operation mode in HM53051 is programmed by the combination of SAD 5-bit. 

MF WF RF AWO ARO Mode 

0 0 0 x x Write/read address asynchronous transfer 

0 0 x x Write address asynchronous transfer 

0 0 x x Read address asynchronous transfer 

0 1 1 x x 

0 0 x x Write/read address synchronous transfer 

0 1 x x Write address synchronous transfer 

0 x x Read address synchronous transfer 

1 System reset 

0 0 
0 1 Inhibit 
1 0 

Note) x means Don't care. 

@HITACHI 
Hitachi America Ltd. • 2210 O'Toole Ave. • San Jose, CA 95131 • (408) 435-8300 281 



Read,Write Address Asynchronous Transfer Mode 
• Read address asynchronous transfer mode 
(1) Read address asynchronous transfer mode (1) (CGR: Low) 

---, 1 r1 2 r1 3 r-----, 31 r1 32 r1 33 r-----, 63 r1 64 r1 65 ,-
CLK L-J L...J L...J L...J L-J L.......J L.......J L.......J L...J 

Dout ~------~2--- D31~ 

.. 1, Add AR , 1, Add AR+l 

Note) The data block at read address AR, specified by SAD, is put out starting from the 32-nd system clock after the falling 
ofTAS. 

(2) Read address asynchronous transfer n:iode (2) (C'Gi'I: High) 

2 3, 

CLK 
--i___n__n_r-----

TAS ~-----

CGR 

Dout 

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~. 

*2. If CGR is turned 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 
CLK ~-----L...11___JL_J-----~ 

TAS ~-----

Din ~ - -- -- J1l''--JV'\...:::.:...111lr'-'D:;;2:_--~ 
Add AW Add AW+l Add AW+2 

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) 

~----~ 

---------- - --- - -----------. 

Din 

Note) If CUW" is turned to low after falling of TAS, the data block at write address AW is taken in synchronously with 
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Read/Write Address Synchronous Transfer Mode 
• Read address synchronous transfer mode 

CLK Lr--L_r~~r---ITTJ-LJ-L6 
TAS ~ 

CGR 

Dout • ~)~ -~SJ/J:jf~;/~~ 
, Add ARN • I Add ARN+ 1 .1. 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 

CLK ~r--L__ri)~ 
TAS ~ 

CGW 

Din 

~))~)-
• Add AW .1. Add AW+ I 

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 

----uLJl 
-i____r-

-i____r-
l----system reset mode 

Note) System reset mode starts when both SAS and T AS are low at the falling edge of the CLK. 

• 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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Considerations on Using HM53051 
• Input/output data of less than 32-word, in read/ 

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 

CLK 
cycle 

Din 

Dout 

{Write Address 
ANI 

Din of 
Address AN 

32 

Writting on 
Address AN 

(2) Read/write address synchronous transfer mode 

CLK 
cycle 

Din 

Dout 

(Write Address 
ANI 

Din of 
Address AN 

• Mode programming 

32 

Writting on 
Address AN 

Mode should not be reprogrammed with in 32 
clocks from previous mode programming or 
system reset. 

I • 

• The input data are not read out immediately. 

32 

32 

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. 

(Read Address 
ANI 

Reading from 
Address AN 

(Read Address 
ANI 

Dout of 
Address AR • I • 

32 

32 

Dout of 
Address AN 

Reading from 
Address AR+l ·I· 

32 

32 

Dout of 
Address 
AN 

• Address should be set by read/write address 
asynchronous transfer or system reset after 100 
µs from power on. 
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HM53051P 

Absolute Maximum Ratings 

Parameter Symbol Rating Unit 

Voltage on Any Pin Relative to V ss VT -1.0 to +7.0 v 
Power Dissipation PT 1.0 w 
Operating Temperature Topr Oto +70 ·c 
Storage Temperature Tstg -55 to +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 

Vee 4.5 5.0 5.5 v 
Supply Voltage 

Vss 0 0 0 v 
Vrn 2.4 6.5 v 

Input Voltage 
V1L -1.0 0.8 v 

DC and Operating Characteristics (Ta= 0 to +70°C, V cc= SY± 10%, V ss = OV) 

Parameter Symbol Test Conditions min typ max Unit 

Operating Power Supply Current Ice 
Min. cycle, 

40 60 mA 
lout= 0 mA 

Input Leakage Current ILJ 
Vcc=5.5V -10 10 µA 
Vin= Vss to Vee 

Output Leakage Current I Lo 
OE= Vrn -10 10 µA 
Vout = Vss to Vee 

VoL IoL=4.2mA 0.4 v 
Output Voltage 

VoH IoH=-2mA, 2.4 v 

Capacitance (Ta= 25°C, f= 1.0 MHz) 

Parameter Symbol Test Conditions min typ max Unit 

Input Capacitance Cin Vin= OV 5 pF 

Output Capacitance Cout Vout=OV 7 pF 

Note) This parameter is sampled and not 100% tested. 
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HM53051P 

AC Characteristics (V cc = 5 V ± 10%, Ta= 0 to +70°C) 
AC Test Conditions 

• Input and output timing reference levels: 1.5 V 

• Input pulse levels: V ss to 3 V 

• Input rise and fall times: 5 ns 

• Output Load: 2 TTL+ 50 pF 
(Including scope and jig) 

Parameter Symbol min max Unit 

System Clock Cycle Time tee 60 300 ns 

teL 15 ns 
CLK Pulse Width 

teH 15 ns 

Access Time from CLK tAe 40 ns 

Output Hold Time toH 5 ns 

Output Enable Access Time to EA 30 ns 

Output Enable to Output in Low Z toLz 5 ns 

Output Disable to Output in High Z to Hz 0 20 ns 

CGR Setup Time tGRS 15 ns 

CGR Hold Time tGRH 5 ns 

CGW Setup Time tGws 15 ns 

CGW Hold Time tGWH 5 ns 

Write Command Setup Time twes 15 ns 

Write Command Hold Time twCH 5 ns 

Data Input Setup Time tos 15 ns 

Data Input Hold Time toH 5 ns 

SAS Cycle Time tsc 60 ns 

SAS Pulse Width 
tsL 15 ns 

tsH 15 ns 

Serial Address Setup Time tsAS 15 ns 

Serial Address Hold Time tsAH 5 ns 

SAS Setup Time during Mode Programming tssH 15 ns 

SAS Hold Time during Mode Programming tsHH 5 ns 

T AS Setup Time tTS 15 ns 

TAS Hold Time tTH 5 ns 

SAS Setup Time during System Reset by SAS(f AS tssL 15 ns 

SAS Hold Time during System Reset by SAS(f AS tsHL 5 ns 
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Read/Write Cycle 

tee tc< 

"' leH tc11 

CLK 

''"" fGWH 1,., 

CGW 

twcs twca 

WE 

,,,, '•• 
Din 

fGllS fGllH 

CGR 

OE Low 

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 

ta11s 

CGR 

toiz 

Dout 

Notes) * 1. toHZ is defined by the time at which the output achieves the open circuit condition. 
*2. toLz and toHz are sampled and not 100% tested. 
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Mode Selection 

Ice 

SAD 

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, T AS Reset Mode 

Ice 

'" 
.,. 

CLK 

lssL tsHL 
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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 
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 2µm 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 power Active RAM; 

SAM; 
Standby 

• Access Time RAM; 
SAM; 

380mWmax. 

220mW max. 
40mW max. 

100ns/120ns/150ns 
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 (RAM~SAM) 

• Fast serial access operation asynchronous from RAM port 
except data transfer cycle 

• Real time read transfer capability 
• Write mask mode capability 

• ORDERING INFORMATION 

Type No. Access Time Package 

HM53461P-10 !OOns 
400 mil 24 pin HM53461P-12 120ns 

HM53461P-15 150ns Plastic DIP 
--· 

HM53461ZP-10 lOOns 
HM53461ZP-12 120ns 24 pin Plastic ZIP 
HM53461ZP-15 150ns 

@HITACHI 
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HM53461 Series 

•PIN ARRANGEMENT • PIN DESCRIPTION 

• HM53461 P Series • HM53461ZP Series Pin Name Function 

SC Vs.o; l/03 
AO-A7 Address Inputs 

Sl/01 SI/O, SOE 1/01 - I/04 RAM Port Data Input/Output 

Sl/O, Sl/O, Sl/04 
SC 

DT/OE 9 SI/02 

SI/O 1 - SI/04 SAM Port Data Input/Output 

RAS Row Address Strobe 

1/0, 1/0, 11 l/01 CAS Column Address Strobe 

1/0, 13WE SC Serial Clock 

WE 15 A6 
17 A4 

WE Write Enable 

DT/OE Data Transfer/Output Enable 
A• 

SOE SAM Port Enable 
As A, 

A, A> 
Vee Power Supply 

Vee (Bottom View) Vss Ground 

(Top View) 

• BLOCK DIAGRAM 

I01 I02 J03 JO. 

~clook 
gt"nerator 

DT.10E 
Y decodt'r Y decoder 

64K memory 64K memory 64K memory 64K memory 
array array array array 

SOE 

SC clook SC gt>nt"rater 

$HITACHI 
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-----------------------------------HM53461 Series 

•ABSOLUTE MAXIMUM RATINGS 

Voltage on any pin relative to Vss .............. -lV to +7V 
Power supply voltage relative to V ss .......... -0.5V to +7V 
Operating temperature, Ta (Ambient) .......... 0°C to +70°C 
Storage temperature ................... -55°C to +125°C 
Short circuit output current ..................... 50mA 
Power dissipation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 W 

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

Parameter Symbol min. typ. max. Unit 
Supply voltage Vee 4.5 5.0 5.5 v 
Input High voltage VrH 2.4 - 6.5 v 
Input Low voltage Vn -1.0 - 0.8 v 

Note: All voltages referenced to V ss 

• DC ELECTRICAL CHARACTERISTICS (Ta= 0 to +70vC, Vee= SV ±10%, Vss = OV) 

SAM PORT HM53461 HM53461 HM53461 
RAM PORT Symbol -10 -12 -15 Unit 

Standby Active 

Operating current RAS, CAS cycling Icc1 0 x 70 60 50 mA 
tRc= min. Icc1 x 0 110 100 80 mA 

---- Icc2 0 x 7 7 7 mA 
Standby current RAS, CAS = V1H 

Ices x 0 40 40 30 mA 

RAS only refresh current Icc3 0 x 60 50 40 mA 
CAS = VJH• RAS cycling tRc =min. IcC9 x 0 100 90 70 mA 

~mode current RAS= Vrv Iec4 0 x 50 40 35 mA 
cycling t PC = min. Icc10 x 0 90 80 65 mA 

CBR refresh current RAS cycling Ices 0 x 60 50 40 mA 
tRc= min. Ice11 x 0 100 90 70 mA 

Data transfer current Iee6 0 x 75 65 55 mA 
RAS, CAS cycling tRe =min. Iee12 x 0 115 105 85 mA 

Parameter Symbol min. max. Unit 

Input leakage ILJ -10 10 µ.A 

Output leakage ILO -10 10 µ.A 

Output high voltage I oH=-2mA VoH 2.4 - v 
Output low voltage loL =4.2mA VoL - 0.4 v 

•INPUT/OUTPUT CAPACITANCE 

Parameter Symbol typ. max. Unit 

Address en - 5 pF 

Clocks CI2 - 5 pF 

1/0, SI/O CI3 - 7 pF 
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HM53461 Series----------------------------------

•ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING 
CONDITIONS (Ta=O to +70°C, v cc=SV±l0%, Vss=OV)IJ, IO), ll) 

HMS346l-10 HMS3461-12 
Parameter Symbol 

min. max. min. max. 
Random Read or Write Cycle Time tRc 190 - 220 -
Read Modify Write Cycle Time tRwc 260 - 300 -
Page !>fode Cycle Time tpc 70 - 8S -
Access Time from RAS tRAC - 100 - 120 
Access Time from CAS tcAC - so - 60 
Output Buffer Turn Off Delay referenced to CAS toFF1 0 2S 0 30 
Transition Time (Rise and Fall) tT 3 so 3 so 
RAS Precharge Time fRp 80 - 90 -
RAS Pulse Width tRAS 100 10000 120 10000 
CAS Pulse Width tcAS so 10000 60 10000 

RAS to CAS Delay Time tRCD 2S so 2S 60 
RAS Hold Time tRSH so - 60 -
CAS Hold Time tcsH 100 - 120 -
CAS to RAS Precharge Time tcRP 10 - 10 -
Row Address Set-up Time tASR 0 - 0 -
Row Address Hold Time tRAH 15 - 15 -
Column Address Set-up Time 'Ase 0 - 0 -
Column Address Hold Time tcAH 20 - 20 -
Write Command Set-up Time twcs 0 - 0 -
Write Command Hold Time twcH 25 - 2S -
Write Command Pulse Width twp 15 - 20 -
Write Command to RAS Lead Time fRWL 35 - 40 -
Write Command to CAS Lead Time tcwL 35 - 40 -
Data-in Set-up Time tDS 0 - 0 -
Data-in Hold Time tDH 2S - 2S -
Read Command Set-up Time tRCS 0 - 0 -
Read Command Hold Time IRCH 0 - 0 -
Read Command Hold Time referenced to RAS IRRH 10 - 10 -
Refresh Period IREF - 4 - 4 

RAS Pulse Width (Read Modify Write Cycle) IRWS 170 10000 200 10000 

CAS to WE Delay tcwD 85 - 100 -
CAS Set-up Time (CAS before RAS refresh) tcsR 10 - 10 -
CAS Hold Time (CAS before RAS refresh) tcHR 20 - 2S -
RAS Precharge to CAS Hold Time 11.fpc 10 - 10 -
CAS Precharge Time tcp 10 - lS -
Access Time from OE IOAC - 30 - 3S 
Output Buffer Turn-off Delay referenced to OE toFF2 0 25 0 30 

OE to Data-in Delay Time toDD 25 - 30 -
OE Hold Time referenced to WE toEH 10 - lS -
Data-in to CAS Delay Time IDzc 0 - 0 -
Data-in to OE Delay Time tDzo 0 - 0 -
OE to RAS Delay Time IORD 3S - 40 -
Serial Clock Cycle Time tscc 40 - 40 -
Access Time from SC tscA - 40 - 40 

Access Time from SOE ISEA - 25 - 30 

SC Pulse Width 1sc 10 - 10 -

$HITACHI 

HMS346l-1S 
Unit Note 

min. max. 

260 - ns 

3SS - ns 

lOS - ns 

- lSO ns 2, 3 

- 15 ns 3,4 

0 40 ns s 
3 so ns 6 

100 - ns 

lSO 10000 ns 

1S 10000 ns 

30 75 ns 7 

75 - ns 
150 - ns 

10 - ns 

0 - ns 

20 - ns 

0 - ns 

25 - ns 

0 - ns 8 

30 - ns 

2S - ns 

4S - ns 

45 - ns 

0 - ns 9 

30 - ns 8, 9 

0 - ns 

0 - ns 

10 - ns 
- 4 ms 

24S 10000 ns 

125 - ns 8 

10 - ns 

30 - ns 

10 - ns 

20 - ns 

- 40 ns 

0 40 ns 

40 - ns 

20 - ns 

0 - ns 

0 - ns 

4S - ns 
60 - ns 

- 60 ns 10 

- 40 ns 10 

10 - ns 

(to be continued) 
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-----------------------------------HM53461 Series 

Parameter Symbol 

SC Precharge Width tscP 

Serial Data-out Hold Time after SC High tsoH 

Serial Output Buffer Turn-off Delay from SOE tsEZ 

Serial Data-in Set-up Time tsrs 

Serial Data-in Hold Time tsrH 

OT to RAS Set-up Time IDTS 

DTto RAS Hold Time(Read Data Transfer Cycle) IRDH 

OT to RAS Hold Time IDTH 

OT to CAS Hold Time tcDH 

Last SC to OT Delay Time ISDD 

First SC to OT Hold Time ISDH 

OT to RAS Delay Time IDTR 

WE to RAS Set-up Time tws 

WE to RAS Hold Time twH 

1/0 to RAS Set-up Time IMS 

1/0 to RAS Hold Time tMH 

Serial Output Buffer Turn off Delay from RAS lsRZ 

SC to RAS Set-up Time lsRS 

RAS to SC Delay Time lsRD 

Serial Data Input Delay Time from RAS ts1D 

Serial Data Input to OT Delay Time tszD 

SOE to RAS Set-up Time IES 

SOE to RAS Hold Time IEH 
Serial Write Enable Set-up Time tsws 

Serial Write Enable Hold Time tswH 

Serial Write Disable Set-up Time tsw1s 

Serial Write Disable Hold Time tswIH 

OT to Sout in Low-Z Delay Time IDLZ 

Notes) 
1. AC measurements assume tT=Sns. 
2.Assumes that tRcD~tRcD(max). If tRcD is greater 

than the maximum recommended value shown in this 
table, t RAC exceeds the value shown. 

3.Measured with a load circuit equivalent to 2TTL loads 
and lOOpF. 

4.Assumes that tRcD!i::tRcD<max). 
S. topp(max) defines the time at which the output 

achieves the open circuit condition and is not referenced 
to output voltage levels. 

6. V1H(min) and VJL(max) are reference levels for measur
ing timing of input signals. Also, transition times are 
measured between V1H and VIL· 

7.0peration with the IRcD(max) limit insures that IRAC 
(max) can be met, t RCD(max) is specified as a reference 
point only, if t RCD is greater than the specified t RCD 
(max) limit, then access time is controlled exclusively be 
tcAc. 

HM53461-10 HM53461-12 HMS3461-15 
Unit Note 

min. max. min. max. min. max. 

10 - 10 - 10 - ns 

10 - 10 - 10 - ns 

0 25 0 25 0 30 ns 

0 - 0 - 0 - ns 

15 - 20 - 25 - ns 

0 - 0 - 0 - ns 

80 - 90 - 110 - ns 

IS - 15 - 20 - ns 

20 - 30 - 45 - ns 
5 

25 

10 

0 

15 

0 

IS 
10 

30 

25 

so 
0 

0 

lS 

0 

35 

0 
35 

s 

- s - 10 - ns 

- 25 - 30 - ns 

- 10 - 10 - ns 

- 0 - 0 - ns 

- 15 - 20 - ms 

- 0 - 0 - ns 

- 15 - 20 - ns 

so 10 60 10 1S ns 

- 40 - 45 - ns 

- 30 - 35 - ns 
- 60 - 1S - ns 

- 0 - 0 - ns 

- 0 - 0 - ns 

- lS - 20 - ns 

- 0 - 0 - ns 

- 3S - SS - ns 

- 0 - 0 - ns 

- 3S - 55 - ns 

- 10 - 10 - ns 

8.twcs and tcwD are not restrictive operating parameters. 
They are included in the data sheet as electrical charac
teristics only: if twcs!i:: twcs(min), the cycle is an early 
write cycle and the data out pin will remain open circuit 
(high impedance) throughout the entire cycle; if t CWD 

!i::t cwD(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. 

9. These parameters are referenced to CAS leading edge in 
early write cycle and to WE leading edge in delayed 
write or read-modify-write cycles. 

IO.Measured with a load circuit equivalent to 2TTL and 
SOpF. 

11.An initial pause of lOOµs is required after power-up. 
Then execute at least 8 initialization cycles. 
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HM53481 Series----------------------------------

•WAVE FORMS 
•READ CYCLE 

CAS ---+-+------......., 

Address 

1/0 
(Output) 

1/0 
(Input) ;..c-'.....,~'-'""""-"-' 

•EARL V WRITE CYCLE 

IRAS 

IRC 

IRC 

IRCD IRSH 

tCSH 

CAS---+-+-------..1 

Address 

1/0 
(Input) 

110 
(Output) 

Note) * l. When WE is "H" level, the all data on the 1/0 can be written into the cell. 

r2a Do not care 

IRl' 

m0onotcare 

When WE is "L" level, the data on the 1/0 are not written except for when 1/0 is 'high' at the falling edge of RAS. 
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-----------------------------------HM53461 Series 

•DELAYED WRITE CYCLE 

Address 

1/0 
(Input) 

1/0 
(Output) 

IRC 

High·Z 

~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 exept for when I/O~"H" at the falling edge of RAS. 

•READ MODIFY WRITE CYCLE 

Address 

1/0 
(Input) 

1/0 
(Output) 

DT/OE 

IZZ2J Do not care 

Note) *I. When WE is "H" level, all the data on I/Ol-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. 
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HM53461 Series-----------------------------------

•PAGE MODE READ CYCLE 

Address 

1/0 
(Output) 

1/0 
(Input) 

•PAGE MODE WRITE CYCLE (Early Write) 

Adress 

1/0 
(Input) 

1/0 

Note) * 1. When WE is "H" level, all the data on I/0-1/04 can be written into the memory cell. 

L?z:2I Do not care 

IZZ2I 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. 

®HITACHI 
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-----------------------------------HM53461 Series 

•PAGE MODE WRITE CYCLE (Delayed Write) 

Address 

I.'O 
(Input) 

L'O 
(Output) 

lH.C 

Note) * l. When WE is "H" level, all the data on I/O-I/04 can be written into the memory cell. 

IZZ2I Do not care 

When WE is "L" level, the data on I/Os are not written except for when l/O="H" at the falling edge of RAS. 

•RAS ONLY REFRESH CYCLE 

CAS 

Address 

1/0 
(Output) 

1/0 
(Input) 

DT/OE 

tDTS tDTH 

IRC 

IZZl Do not care 
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HM53461 Series-----------------------

• CAS BEFORE RAS REFRESH 
tHC 

tRP lRI' 

Address /jj//////////1////////////1////// llJ, 

WE J///l///////l/1/////////1 ///////fl// 

t~ut) ///////////// ///11/////////////////Z 
1/0 
(Output) 

High-Z 

llZd Do not care 

• HIDDEN REFRESH CYCLE 

Address 

1/0 
(Output) 

1/0 
(Input) ---

lRC lRC 

High-Z 

@HITACHI 
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•READ DATA TRANSFER CYCLE<1>*1 *2 

Address 

I 0 
(Output) 

IO 

lRC 

llnput) .J...J....j4 +.r..L.L..U...L..L.l...L.L.l...L.L.AU,+'-'-'-L.I.+'"""-'-'-'-'-.._......_.._..._ 

Note 

SC 

SI 0 
(Output) 

Sl/O 
(lnput) 

*l) In the case that the previous data transfer cycle was read data transfer. 
*2) Assume that SOE is "L" level. 

IZZ2J Do not care 

*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. 

• READ DATA TRANSFER CYCLE (2)* 1•*2 
!RC 

RAS 

CAS 

Address 

WE 

l/O 
(Output) 

[;0 
(Input) 

SC 

1ZZ2J Do not care 

Sl/0 
Note) (Input) 

~ Inhibit rising transient 

•l) 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 TRANSFER CYCLE 

Address 

SC 

Sl/O 
(Input) 

Sl/O 
(Output) 

Note) *1. ---.11 , ...... '--"_._"-'f" 

l2'Z2I Do not care 

m 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 
IRC 

Address 

DT/OE 

SC 

Sl/0 
(Input) 

m0onotcare 

Sl/0 High-Z DVlll Inhibit rising transient 
(Output) 1XX1 

Note) *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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•SERIAL READ CYCLE 

SC 

SI'O 
(Output) 

•SERIAL WRITE CYCLE 

SC 

51/0 
(Input) 

llZJ Do not care 

~Do not care 
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HM53462 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 2µm 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 "i SAM) 
• Fast serial access operation asynchronous from RAM port ex-

cept data transfer cycle 
• Real time read transfer capability 
• Write mask mode capability 
• Logic operation capability between Din and Dout 
• SAM organization can be changed to 1024 x 1 

• ORDERING INFORMATION 

Type No. Access Time Package 

HM53462P-10 lOOns 
400 mil 24 pin Plastic 

HM53462P-12 120ns 
HM53462P-15 lSOns 

DIP 

HMS3462ZP-10 IOOns 
HM53462ZP-12 120ns 24 pin Plastic ZIP 
HMS3462ZP-15 150ns 

@HITACHI 
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-----------------------------------HM53462 Series 

• PIN ARRANGEMENT 

• HM53462P Series • 
SC Vss 

Sl/O, Sl/O, 

Sl/02 Sl/O, 

1/0, 1/0, 

1/0, 1/0, 

RAS 

A, 

As A1 

A, A, 

t'cc A1 

(Top View) 

• BLOCK DIAGRAM 

HM53462ZP Series 

I 04 2 
1 l/03 

Sl103 4 
3 SOE 
5 Sl/04 v:,., 6 
7 SC 

SIOI 8 
9 Sl/02 
11 l/01 

RAS 14 
13 WE 

A516 
15 A6 
17 A4 
19 A7 
21 A2 
23 AO 

(Buttom View) 

Dout 

Memory Array 

(256X256) 

• PIN DESCRIPTION 

Pin Name Function 

AO-A? Address Inputs 

1/01 - 1/04 RAM Port Data Input/Output 

SI/01 - SI/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 

~ EJ z 
~ 
ril 
<O 

"' "' 

Are in High-Z State. 

BY 4 Mode 256X 4 

(Normal Mode) 

@HITACHI 
Hitachi America Ltd. • 2210 O'Toole Ave. • San Jose, CA 95131 • (408) 435-8300 303 



HM53462 Series---------------------------------

• ABSOLUTE MAXIMUM RATINGS 

Voltage on any pin relative to Vss . ........... -1V to +7V 
Power supply voltage relative to Vss .......... -0.5V to +7V 
Operating temperature, Ta (Ambient) ......... 0°C to+ 70°C 
Storage temperature .................. -55°C to +125°C 
Short circuit output current .................... 50mA 
Power dissipation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 W 

• INPUT/OUTPUT CAPACITANCE 
Parameter Symbol typ. max. Unit 

Address CI1 - 5 pF 

Qocks CI2 - 5 pF 

1/0, SI/O CI3 - 7 pF 

RECOMMENDED DC OPERATING CONDITIONS (Ta= 0 to +70°C) 
Parameter Symbol min. typ. max. Unit 

Supply voltage Vee 4.5 5.0 5.5 v 
lnpu t High voltage V1H 2.4 - 6.5 v 
Input Low voltage VJL -1.0 - 0.8 v 
Note) All voltages referenced to V SS· 

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

RAM PORT Symbol 
SAM PORT HM53462 HM53462 HM53462 

-10 -12 -15 Unit 
Standby Active 

Operating current RAS, CAS cycling Iee1 0 x 70 60 50 mA 

tRe"'min. Iee1 x 0 110 100 80 mA 

Standby current RAS, CAS = Vm lee2 0 x 7 7 7 mA 

lees x 0 40 40 30 mA 

RAS only refresh current lee3 0 x 60 50 40 mA 
CAS = VJH•RAS cycling fRe= min. lee9 x 0 100 90 70 mA 

Page mode current RAS= Viv lee4 0 x 50 40 35 mA 
CAS cycling tpe = min. Iee10 x 0 90 80 65 mA 

CBR refresh current RAS cycling lees 0 x 60 50 40 mA 
fRe= min. lee11 x 0 100 90 70 mA 

Data transfer current lee6 0 x 75 65 55 mA 
RAS, CAS cycling fRe =min. lee12 x 0 115 105 85 mA 

Parameter Symbol min. max. Unit 
Input leakage Iu -10 10 µA 
Output leakage ho -10 10 µA 

Output high voltage loH = -2 mA VoH 2.4 - v 
Output low voltage loL = 4.2 mA VoL - 0.4 v 

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



-----------------------------------HM53462 Series 

• ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING 
CONDITIONS (Ta= 0 to +70°C, V cc= 5V ± 10%, Vss = OV)O. 10>. 11> 

HM53462 HM53462 HM53462 
Parameter Symbol -10 -12 -IS Unit 

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 - 3SS - ns 

Page Mode Cycle Time rpc 70 - 8S - lOS - ns 

Access Time from RAS tRAC - 100 - 120 - lSO ns 

Access Time from CAS tcAC - so - 60 - 7S ns 

Oute.<1.!_Buffer Turn Off Delay referenced 
toFF1 0 25 0 30 0 40 ns to CAS 

Transition Time (Rise and Fall) tr 3 so 3 so 3 so ns 

RAS Precharge Time IRP 80 - 90 - 100 - ns 

RAS Pulse Width tRAS 100 10000 120 10000 ISO 10000 ns 

CAS Pulse Width tcAS so 10000 60 10000 7S 10000 ns 

RAS to CAS Delay Time tRCD 25 so 25 60 30 7S ns 

RAS Hold Time tRSH so - 60 - 7S - ns 

CAS Hold Time tcsH 100 - 120 - ISO - 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 IS - IS - 20 - ns 

Column Address Set-up Time tASC 0 - 0 - 0 - ns 

Column Address Hold Time tCAH 20 - 20 - 2S - ns 

Write Command Set-up Time rwcs 0 - 0 - 0 - ns 

Write Command Hold Time twcH 2S - 2S - 30 - ns 

Write Command Pulse Width twp IS - 20 - 2S - ns 

Write Command to RAS Lead Time IRWL 3S - 40 - 4S - ns 

Write Command to CAS Lead Time tcwL 3S - 40 - 4S - ns 

Data-in Set-up Time rvs 0 - 0 - 0 - ns 

Data-in Hold Time tDH 2S - 2S - 30 - ns 

Read Command Set-up Time IRCS 0 - 0 - 0 - ns 

Read Command Hold Time tRCH 0 - 0 - 0 - ns 

Read Command Hold Time referenced 
tRRH 10 - 10 - 10 -

to RAS ns 

Refresh Period tREF - 4 - 4 - 4 ms 
RAS Pulse Width 

(Read Modify Write Cycle) tRWS 170 10000 200 10000 245 10000 ns 

CAS to WE Delay tcwv 8S - 100 - 125 - ns 

CAS Set-up Ti~ 
1csR (CAS before RAS refresh) 10 - 10 - 10 - ns 

CAS Hold Time 
tcHR 20 2S 30 (CAS before RAS refresh) - - - ns 

RAS Precharge to CAS Hold Time tRff:_ 10 - 10 - 10 - ns 

CAS Precharge Time tcp 10 - IS - 20 - ns ----- -~ 

Access Time from OE toAC - 30 - 35 - 40 ns 

Output Buffer Turn-off Delay referenced 
toFF2 0 2S 0 30 0 40 ns to OE 

OE to Data-in Delay Time IODD 2S - 30 - 40 - ns 

OE Hold Time referenced to WE IOEH 10 - lS - 20 - ns 

Data-in to CAS Delay Tim• tvzc 0 - 0 - 0 - ns 

Data-in to OE Delay Time tvzo 0 - 0 - 0 - ns 

OE to RAS Delay Time to RD 35 - 40 - 45 - ns 
-

Note 

2,3 

3,4 

s 

6 

7 

8 

-

9 

8,9 

8 

(to be continued) 
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Parameter Symbol 
HMS3462 

-10 
HMS3462 

-12 
HMS3462 

-lS Unit Note 

Serial Clock Cycle Time 

Access Time from SC 

Access Time from SOE 

SC Pulse Width 

SC Precharge Width 

Serial Data-out Hold Time after SC High 

Serial Output Buffer Turn-off Delay 
from SOE 

Serial Data-in Set-up Time 

Serial Data-in Hold Time 

DT to RAS Set-up Time 

DT to RAS Hold Time 
(Read Data Transfer Cycle) 

min. 

1scc 40 

tscA 
tsEA 
tsc 10 

tscP 10 

tsoH 10 

'SEZ 0 

rs1s 0 

'SIH IS 

0 

'RDH 80 

max. min. max. min. max. 

40 60 ns 

40 40 60 ns 10 

2S 30 40 ns 10 

10 10 ns 

10 ' 10 ns 

10 10 ns 

2S 0 2S 0 30 ns 

0 0 ns 

20 2S ns 

0 0 ns 

90 110 ns 

-D=T-t_o_R_AS_H_o_ld_T_im_e ________ i---:'D_T.._'H_-+-_1_s_+-----+ __ 1_s__,1-------+--2_0_+----+-_n_s_----l----
DT to CAS Hold Time tcoH 20 - 30 - 4S ns 

Last SC to DT Delay Time tsoo s - S - 10 - ns 

~F=ir_s_t_S=C=t=o-D_T_H_o_l_d_T_i_m_e ______ _,_-'tS~D"-"H'-+--2_S_+------+--2_S_-t-----+ __ 3_0---ll------+--n_s_-+---
DT to RAS Delay Time tDTR 10 - 10 - 10 - ns 

_W_E_to_R_A_S_S_et_-u_p::__T_im_e _______ J___rl.l(~S. __ +-__ 0_1------+--o'---+------+-----'o----'-1-----+----'n=s'--__._---

WE to RAS Ho_ld __ T_im_e _______ -'-_r-=.wH._-+-_l_S_l------+--l-S----1-------+--2_0_+-----+--n_s _ __._ ___ _ 

1/0 to RAS Set-up Time -----+-----''M=S'-----+---o-+-----+--o-+------+---o-+-----+--n-s _ __._ __ _ 
1/0 to RAS Hold Time fMH IS - IS - 20 - ns 

Serial Output Buffer Turn off Delay 'SRZ I 
from RAS 10 so 10 60 10 7S ns 

-=S=C=t-o_R_A_s_s_e_t_-u---'p_T_1_·m_e _________ -+-_'SR~'---+--30_-+---·---l--4-o_-l----+--4_S_f------+--n_s_-+----
RAS to SC Delay Time 'SRD 2S - 30 - 3S 

--------------~~=-----+--==::....-+-----+---+------1----11------1---+----+----
ns 

Serial Data Input Delay Time from RAS ts10 SO - 60 - 7S ns 

Serial Data Input to DT Delay Time tszo O - O - 0 ns 

-=S=O=E-t_o_R~A=S-S_e_t_·u~p'---T_im_e ___________ i---!~~-·~-<------+---0-·+-----+---o __ ,___---+ __ n_s _ __._ __ _ 
SOEtoRASHoldTime 'EH IS - IS - 20 - ns - ·:---c:---=-,---------+--~~::__-+----+----+-----11----1----+-----+-----+----
Serial Write Enabl_e_S_e_t_-u___cp_T_im_e ____ -+-__,rs'-'w=s----1 __ 0_+-----+---=-o---1f------+--o::__-1----+-n=s::__--+----
Serial Write Enable Hold Time rswH 3S - 3S - SS - ns 

Serial Write Disable Set-up Time tsw1s o - O - o - ns 

Serial Write Disable Hold Time tsWJH 3S - 3S - SS - i ns 

DT to Sout in Low-Z Delay Time toLZ s - 10 - 10 - ns 
-----------'-------__JL_~=----'----L------'-----'-----'----+-----1----1----

Notes) 
1. AC measurements assume tT = Sns. 
2. Assumes that IRCD ~ tRcD (max). If tRcD is greater 

than the maximum recommended value shown in this 
table, 'RAcexceeds the value shown. 

3. Measured with a load circuit equivalent to 2TTL loads 
and lOOpF. 

4. Assumes that tRCD ~ IRCD (max). 
5. 'OFF (max) defines the time at which the output 

achieves the open circuit condition and is not refer
enced to output voltage levels. 

6. VJH (min) and Vn (max) are reference levels for 
measuring timing of input signals. Also, transition 
times are measured between v IH and VIL· 

7. Operation with the IRCD (max) limit insures that 
'RAC (max) can be met, IRCD (max) is specified as a 
reference point only, if IRCD is greater than the speci
fied tRCD (max) limit, then access time is controlled 
exclusively be t CA C· 

8. rwcs and tcwo are not restrictive operating para-

meters. They are included iri the data sheet as electri
cal characteristics only: if twcs ii:: 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 tcwo ~ rcwo (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. 

9. These parameters are referenced to CAS leading edge 
in early write cycle and to WE leading edge in delayed 
write or read-modify-write cycles. 

10. Measured with a load circuit equivalent to 2TTL and 
SOpF. 

11. After power-up, pause for more than lOOµs and 
execute at least 8 initialization cycles. Then execute 
at least one logic reset cycle including write mask 
reset (on the falling edge of RAS, WE= "Low" and 
1/01 - 1/0 ="High"). and execute one or more trans
port cycle for initiation of SAM port. 

@HITACHI 
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•WAVE FORMS 
• READCYCLE 

Address 

110 
(Output) 

1/0 

tRC 

(Input) '-"'""'-"'"'ff-i"-'....,....._....,.-

• EARLY WRITE CYCLE 

Address 

I 0 
(Input) 

I 0 
(Output) 

txc 

lNAS 

lHCIJ IRSJI 

lCSH 

lRI' 

Note) *1. When WE is "ff" level, the all data on the 1/0 can be written into the cell. When WE 
is "L" level, the data on the 1/0 are not written except for when 1/0 is "ff" level at 
the falling edge of RAS. 

@HITACHI 
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• DELAYED WRITE CYCLE 

Address 

1/0 
(Input) 

110 
(Output) 

IRC 

High-Z 

fZZ2I Do not care 
Note) * 1. When WE Is "H" Jevel, 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 1/0 • "H" at the falling edge of 
RAS. 

• READ MODIFY WRITE CYCLE 

Address 

110 
(Input) 

1/0 
(Output) 

lNKt: 

Note) *1. When WE Is "H" level, all the data on 1/01-1/04 can be written into the memory cell. 
IZZ2I Do not care 

308 

When WE is "L" level, the data on I/Os are not written except for when 1/0 • "H" at the falling edge of 
RA'S. 
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• PAGE MODE READ CYCLE 

Address 

1/0 
(Output) 

1/0 
(Input) 

• PAGE MODE WRITE CYCLE (Early Write) 

Adress 

1/0 
(Input) 

l/0 
!Output I 

moo not care 

Note) * 1. When WE is "ff" 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 1/0 = "H" at the falling edge of 
RAS. 

@HITACHI 
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• PAGE MODE WRITE CYCLE (Delayed Write) 

Address 

110 
(input) 

IO 
(Output) 

IZZ2I 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 1/0 = "H" at the falling edge of 
RAS. 

• RAS ONLY REFRESH CYCLE 

310 

CAS 

Address 

1/0 
(Output) 

110 
(input) 

DT/OE 

le HJ' 

l1'1'S l1J1'H 

lHC 

tHAS 

lHI' 

tHJ'(" 

!Zn Do not care 

@HITACHI 
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• CAS BEFORE RAS REFRESH CYCLE 

IRP IRC 

IRAS 

tRP 

lCHR 

1/0 HIGH-Z 
(OUTPUT) 

DT/OE lllOl71/711///////07llll0///l 

• HIDDEN REFRESH CYCLE 

Address 

1'0 
(Output) 

l'O 
(input) 

tHC 

lHAS 

to AC 

lORD 

VALID 
Dout 

High-Z 

@HITACHI 
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t1u 

lHA.'i 

IZZd Do not care 
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• READ DATA TRANSFER CYCLE (1)*1, •z 
RAS 

Address 

110 
(Output) 

1/0 

IH< 

(Input I -L.L.L+!-'.L.Jr...t..L.J.r...t..L.1.-L.L.L..LU.+..L...L..L.<t:..L+,J...L'-L..Lt:..LL<r...L.L 

SC 

Sl/0 
Wutput) 

Sl/0 (Input) ___________ __;;,._ ____________ _ 

NOTE *1) In the case that the previous data transfer cycle was read data transfer, IZZ2I 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, 
• READ DATA TRANSFER CYCLE (2)*1. *2 

IH< 

RAS IH:l."> 

IH.'ill 

CAS 

Address 

WE 

1/0 
(Output) 

1/0 
(Input) 

DT/OE 

SC 

Sl/O 
(Qutputi IZZ2I Do not care 

SI/O 
~ Inhibit rising transient 

(Input) 

NOTE *l) In the case that the previous data transfer cycle was read data transfer, 
*2) Assume that SOE is "Low" -
*3) CJ\S 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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• PSEUDO DATA TRANSFER CYCLE 
!RC 

Address 

SC 

SI 0 
(Input) --+-t--------<Y """ ............................................ , IZZ2J Do not care 

SI 0 
(Output) 

m Inhibit rising transient 

*I) CAS and SAM stait address need not be supplied every cycle, only when it is desired to change to a new SAM 
s tait address. 

• WRITE DATA TRANSFER CYCLE 

Address 

DT/OE 

SC 

Sl/0 
(input) 

fRC 

2'.Z2I Do not care 

Sl/0 
(Output) 

High-Z l!il!!I! 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 
stait address. 
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e SERIAL READ CYCLE 

~'~ 1r 
ITT!oE llll/ZWl77//////zm~ 

SC 

SI 0 
(Output) 

e SERIAL WRITE CYCLE 

SC 

51/0 
(Input) ----

• ELECTRICAL AC CHARACTERISTICS (Logic operation mode) 

Parameter Symbol 
HM53462-10 HM53462-12 

min. max. min. max. 
Write cycle time fFRC 230 - 265 -
RAS pulse width in write cycle fRFS 140 10000 165 10000 
CAS pulse width in write cycle tcFS 80 10000 95 10000 
CAShold time in write cycle fFCSH 140 - 165 -
RAS hold time in Write cycle fFRSH 80 - 95 -
Page mode cycle time (Write cycle) fFPC 100 - 120 -
~old time 

fFCHR 90 - 100 -(Logic operation set/reset cycle) 

CAS hold time from RAS precharge 
ex .... x, set cycle) tpscH 0 - 0 -

@HITACHI 
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eza Do not care 

HM53462-15 
min. max. 

310 -
200 10000 
105 10000 
200 -
105 -
135 -

120 -

0 -
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• LOGIC CODE (FCO - 3 are AXO- AX3 in Logic Operation Set Cycle) 

FC3 FC2 FCI FCO 
LOGIC 

Symbol Write Data 

0 0 0 0 0 Zero 

0 0 0 I ANDI Di·Mi 

0 0 I 0 AND2 Di·Mi 

0 0 I I X4 -+XI - -+ SAM organization changes to 1024 x I 

0 I 0 0 AND3 Di·Mi 

0 I 0 I THROUGH Di -+ Logic operation mode reset 

0 I I 0 EOR DI ·Mi+ Di · Mi 

0 I I I ORI Di+Mi 

I 0 0 0 NOR DI ·Mi 

I 0 0 I ENOR Di ·Mi+ Di · Mi 

I 0 I 0 INVI Di 

I 0 I I OR2 Di+ Mi 

I I 0 0 INV2 Mi 

I I 0 I OR3 Di+Mi 

1 1 I 0 NAND Di+Mi Di : External Data-in 

1 I 1 1 I ONE Mi : The data of the memory cell 

• LOGIC OPERATION SET/RESET CYCLE (With CAS before RAS refresh) 

WE 

1/0 
(Input) 

-1/0 
(Output) 

lRAH 

*I 

tRC 

lRAS 

fCRP 

lFCHR 

HIGH-Z 

DT!oE/7117117171////71171171117!////I 
*I) Logic code A0-A3 (A4-A7: don't care) 
*2) Write mask data 

@HITACHI 
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• LOGIC OPERATION MODE 
• EARLY WRITE CYCLE 

Address 

l/0 
(input) 

l/0 
(Output) 

tors 

iHCIJ 

lFHC 

lHFS 

IRP 

lFRSH 

lFCSH 

HIGH Z 

Note) * 1. When WE is 'high', the all data on the 1/0 can be written into the cell. UlJA Do not care 

• 

NOTE 1) 

316 

When WE is 'low', the data on the 1/0 are not written except for when 1/0 is 'high' 
at the falling edge of RAS. 

tFHC 

iHFS 

RAS 

lHCIJ IFR:SH 

CAS 

Address 

WE 

DT/OE 

l/O 
(Input) 

HIGH· Z 

lilt' 

1/0 
(Output) 

When WE is "H" level, all the data on 1/01-4 can be written into the memory cell. fZZlA Do not care 
When WE is "L" level, the data on I/Os are not written except for when 1/0 = "H'' at the falling edge of RAS. 
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• PAGE MODE WRITE CYCLE (Delayed Write) 

Address 

I 0 
(Input) 

IO 
(Output) 

Note) *1. When WE is 'high', the all data on the 1/0 can be written into the cell. 
When WE is 'low', the data on the 1/0 are not written except for when 1/0 is 'high' 
at the falling edge of RAS. 

• PAGE MODE WRITE CYCLE (Early Write) 

Address 

1/0 
(input) 

1/0 
(Output) 

DT/OE 

Note) * 1. When WE is 'high', the all data on the 1/0 can be written into the cell. 
When WE is 'low', the data on the 1/0 are not written except for when 1/0 is 'high' 
at the falling edge of RAS. 

@HITACHI 
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HM53462 Series-----------------------------------

• DESCRIPTION 
1. LOGIC OPERATION MODE 
HM53462 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 1/01-4 state 
at the falling edge of RAS. Furthermore, in this 
cycle CAS before RAS refresh operation is executed, 
too. Jn the case of executing the conventionai'CAS 
before RAS refresh operation, WE must be high 
when RAS falls. 

2.1. Logic code 
The logic code is shown in Table 1. When power 

"L" 

Add res FCO-FC3 

1/0 

is turned on, the logic code is initialized to 
"THROUGH". If the logic code is (Ax3, Ax2, Ax!, 
AxO) = (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 I 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 1/0 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 I is preferred 
(that of the register 2 is ignored) and the logic be
comes "THROUGH" only in this cycle (Fig. 3). 

llZZI Do not care 

Fig. 1 LOGIC OPERATION SET/RESET CYCLE 
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Table 1. LOGIC CODE (FCO - FC3 are AXO - AX3 in Logic Operation Set Cycle) 

FC3 FC2 FCI FCO 
LOGIC 

Symbol Write Data 

0 0 0 0 0 Zero 

0 0 0 I ANDI Di·Mi 

0 0 I 0 AND2 Di·Mi 

0 0 1 I X4 -+Xl - -+ SAM organization changes to 1024 x I 

0 1 0 0 AND3 Di·Mi 

0 I 0 1 THROUGH Di -+ Logic operation mode reset 

0 1 I 0 EOR Di ·Mi+ Di · Mi 

0 I I I ORI Di+Mi 

I 0 0 0 NOR Di ·Mi 

I 0 0 1 ENOR Di ·Mi+ Di · Mi 

I 0 I 0 INV! Di - -
I 0 1 I OR2 Di+Mi 

I 1 0 0 INV2 Mi 
---1 ---· 

I I 0 I OR3 Di+Mi 

I I I 0 NAND Di+Mi Di : External Data-in 

I 1 1 1 I ONE Mi : The data of the memory cell 

Fig. 2 THE SHIFT WAY OF SAM DATA 

SAM Data Register Serial 1/0 
i+l 

' : e : a 

' g : c 

11 By 4 mode (SAM organization: 256 x 4) 

SC ---1Cz '~-~ 
SIOI~-~~~~~~~~JX~~~~~~~~---X::: 

tscc 

, ____ _,! 

SI 02 )( .__~~~~~__,X X:::::: 
SI 03 x ---~~~~~~Jx g x::::: 
SI 04 x '--~~~~~~X X:.:: 

@HITACHI 
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2) By 1 mode (SAM organization: 1024 x I) 

tscc 

,,':.= 
SI 02~-------------H-·~·g_h-~Z.;._ ____________ ~ 

Fig. 3 EXAMPLE OF LOGIC OPERATION MODE 

320 

Logic operation 
set/ reset cycle Write cycle Write cycle Write cycle Write cycle 

RAS ~ rl _r-1 r-' ,....... 
I'-----' I'------' ~1-----J 11'-----J 1~---....1 

1/01 

1/02 

1/03 
1/04 

_._"L_" __ _,r "H" "\~-_,~ ~ ~'----' 
"L" J " H':\ ,, L" J "H::\ r-t;\'----' 

"\ "O"Write Masked J "l"Write "\ "O"Write 

I Masked "!"Write Masked Masked 

Masked J ~--+------..,.--~M~a~s~ke~d_,,.--t--\._"_O_"_w_r_it_e_-+-------+-' Masked 

"O"Write I ,, !"Write "\4 __ .:;M;;;a;;;sk;,;;e,;;,d __ -i--~...;.=~-.µ "!"Write 

Logic ANDI ANDI ANDI 

Mask reg.2 is set 
I 0 2,3 :Masked 
Assume that the 

logic is set to 
"ANDI". 

Mask reg.l is set, 
and valid only in 
this cycle. 

I 01,4:M asked 
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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, 1 H delay line and 1 H/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. 

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; 

Separate address counters for Read/Write 
No Address Input required 

• High Speed; Cycle Time 28/34 ns (min) 
• Completely Static Memory; No refresh required 
• x8-bit SAM with separate 1/0 
• Low Power; 250 mW typ. Active 
• Single 5 V supply 
• TTL compatible 

Pin Arrangement 

D I IH/2H I TBC I DSC I TBCE Modes 

MODE! ~ 
CLK 1 RCLK ~ ~:t.1 s 
RES 1 RRES ~ ~ 

DinO 4 ~ 
Dinl ~ 24 

Din2 ~ ~ 

~ 
I::: 

Din3 1 CTJJ 
Din4 ~ 0 s 

~ a Ffo DinS 6 
Din6 ~ Fi;= 
Din7 ~ ~ 
- 12 ~ WE 

--
I WDECI Si ~ DEC! H;gbZ 

'= n ~.'!~, v,. ~ ~ 
(Too Vw) 

.HITACHI 

TBCE l 

v" 
MODE2 

MODE3 

OE 

DoutO 

Doutl 

Dout2 

Dout3 

Dout4 

Dout5 

Dout6 

Dout7 

WRES 

WCLK 

(DP-28N) 

Ordering Information 
--------

Cycle 
Type No. Time Package 

HM63021P-28 28 ns 300 mil 28 pin 
HM63021P-34 34 ns Plastic DIP 

DSC l TBC l IH/2H l D 

l RDEC I DEC2 

l OS l DEC3 

I WT I DEC4 
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HM63021 Series---------------------------------

Pin Description 
Pin No. Pin Name 

MODEl 

2 RCLK/CI:R 

3 RRES/RES 

4-11 Din0-Din7 

12 WE 

13 High Z/WDEC/DECl 

14 Vss 

15 WCLK/Wf/DEC4 

16 WRES/DS/DEC3 

17-24 Dout 0 - Dout 7 

25 6E 

26 MODE3/RDEC/DEC2 

27 MODE2 

28 Vee 

Mode Table 
Mode Signals 

MODE! MODE2 MODE3 

H H H 

H H L 

H L 

L H •1 

L L *I 

Functions 

Mode Input 1 (All Modes) 

Read Clock Input (TBCE, DSC, TBC) 
Clock Input (1H/2H, D) 

Read Reset Input (TBCE, DSC, TBC) 
Reset Input (1H/2H, D) 

Data Inputs (All Modes) 

Write Enable Input (All Modes) 

High Impedance (TBCE, DSC) 
Write Decode Pulse Output (TBC) 
Decode Pulse Output 1 (1H/2H, D) 

Ground (All Modes) 

Write Clock Input (TBCE, DSC, TBC) 
Write Timing Input (1H/2H) 
Decode Pulse Output 4 (D) 

Write Reset Input (TBCE, DSC, TBC) 
Delay Select lnpu t (1H/2H) 
Decode Pulse Output 3 (D) 

Data Outputs (All Modes) 

Outpu.t Enable Input (All Modes) 

Mode lnpu t 3 (TBCE) 
Read Decode Pulse Output (TBC) 
Decode Pulse Output 2 (1 H/2H, D) 

Mode Input 2 (All Modes) 

Power Supply (+5V) (All Modes) 

Mode 

Time base compression/expansion (TBCE) 

Double speed conversion (DSC) 

Time base correction (TBC) 

1H/2H delay (1H/2H) 

Delay line (D) 

Note) *1. Decoder Output Signal (lll'.IBc, DEe2) 

Absolute Maximum Ratings 
Parameter Symbol Rating Unit 

Terminal Voltage relative. to V SS -0.5 *I to +7 .0 v 
Power Dissipation PT 1.0 w 
Operating Temperature Topr 0 to +70 oc 
Storage Temperature Tstg -55 to +125 oc 

Note) *1. -3.SV for pulse width~ 10 ns 

~HITACHI 

Application Example 

Picture in Picture 

Non interlace 

Time Base Corrector 

Vertical filter 

Delay line 
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-----------------------------------HM63021 Series 

Block Diagram 

Vee 

I 

WDEC ----<c--+-12_04_7_l_, 

RCLK/CLK 

RRES/RES 

WCLK/WT 

WRES/DS 

MODEi 

MODE2 

MODE3 

Timing 
Control 
Logic 

v., 

I 

Address 
Decoder 

(Write Stop) 

Output Latch 

DoutO Dout7 

Write 
Row 
Decoder 

Write Address 
Control 

WE 

Write Column Decoder 

Writ.e Column Switch 

Read Column Switch 

Read Column Decoder 

Read Address 
Control 

Recommended DC Operating Conditions (Ta= Oto +70°C) 
Parameter Symbol min typ max Unit 

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

Input Voltage 
Vm 2.4 6.0 v 
VIL -0.5 0.8 v 

Note) 0 1. Vn min= -3.0V for pulse width S: 10 ns 

@HITACHI 

DinO Din7 

Read 
Row 
Decoder 

(2047) 

(900, 1810) 

Address (909, 1819) 
Decoder 

(1134) 

(1125) 
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DEC3 

DEC4 
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HM63021 Series-----------------------------------

DC and Operating Characteristics (Ta= 0 to +70°C, Yee= SV ± 10%, Yss = OV) 
Parameter Symbol min 

Input Leakage Current llLII 

Output Leakage Current 1Iw1 

Operating Power Supply Current Ice 

VoL 

Output Voltage 
2.4 

Yott 
2.4 

Capacitance (Ta= 25°C,f = 1.0 MHz) 
Parameter Symbol min 

Input Capacitance Cin 

Output Capacitance "2 Cout 

Notes) *l. This parameter is sampled and not 1 00% tested. 
*2. 13, 1 S - 24, 26 pin 

typ max 

10 

10 

50 90 

0.4 

typ 

AC Characteristics (V cc= SV ± 10%, Ta= 0 to + 70°C) 
• AC Test Conditions 

Input and Output timing reference levels: 1.5V 
Input pulse levels: V ss to 3V 
Input rise and fall times: 5 ns 

DEC Output Load 

+5V 

5100 

DECO---+---_. 

395!2 30pF01 

Output Load (A) 

+SV 

4800 

*I 
30pF 

Unit 

µA 

µA 

mA 

v 

v 

v 

max 

6 

9 

Test Conditions 

Vee= 5.5 v 
Vin= v88 to Yee 

OE= Vrn 
Yout = Yss to Vee 
Min. cycle, lout= 0 mA 

IoL = 8 mA, Dout 0 to Dout 7, 
DEC Output pin 

loL' = -4 mA, Dout 0 to Dout 7 
pin 

Iott = -1 mA, DEC Output pin 

Unit 
pF 
pF 

Conditions 
Vin= OV 
Vout= OV 

Output Load ( B) 
( tou, toHz) 

*Including scope and jig. 

Read Cycle 

Parameter Symbol 
ttM63021-28 HM63021-34 

Unit 
min max min max 

Read Cycle Time tRc 28 34 ns 

Read Oock Width 1RWL 10 10 ns 

fRWH 10 10 ns 

Access Time fAC 20 25 ns 

Decode Output Access Time (fall) fDAJ 20 25 ns 
(rise) tnA2 40 50 ns 

Output Hold Time toH 5 5 ns 

Decode Output Hold Time 
(fall) tnoH1 5 5 ns 
(rise) tnoH2 5 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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Write Cycle 

Parameter Symbol 

twc 
Write Cycle Time 

twcOH/2H Mode) 

Write Qock Width twwL 
twwH 

Input Data Setup Time tDs 
Input Data Hold Time toH 

WE Setup Time 
twESL 
twESH 

WE Hold Time 
twEHL 
twEHH 

WT Setup Time 
lWTSL 
lWTSH 

WT Hold Time 
tWTHL 
lWTHH 

Reset Cycle 

Parameter Symbol 

Reset Setup Time IRES 

Reset Hold Time tREH 

Oock Setup Time Before Reset !REPS 
Clock Hold Time Before Reset !REPH 

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 (ARES, WRES) each for read and 
write. The internal address counters increase 1 
address by 1 clock and turn to address 0 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 
should be put into RCLK and WCLK. Standard 

HM63021 Series 

HM63021-28 HM63021-34 
----··-- Unit 

min max min max 
28 34 ns 
56 68 ns 
10 10 ns 
10 10 ns 

5 5 ns 
5 5 ns 
5 5 ns 
5 5 ns 
5 5 ns 
5 5 ns 
5 5 ns 
5 5 ns 
5 5 ns 
5 5 ns 

HM63021-28 HM63021-34 
Unit 

min max min max 
8 
5 

8 
5 

9 ns 
5 ns 
9 ns 
5 ns 

vided in this mode. Using write stop function, 
this mode is also applicable to PAL TV, where 
extra data ( 1135-1 024 = 111 bits) are neglected. 

• 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 (ARES, 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). 

• 1 H/2H Delay Mode 
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 
ARES respectively. Write stop function is pro- the HM63021 outputs 901 decode pulse (DEC1) 

@HITACHI 
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HM63021 Series----------------------------------

and 910 decode pulse (DEC2). for example, 
connecting DEC2 to RES outputs 1 H 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) 

WLCK 

RCLK 

(2) Write after Read (2048 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 kil) in TBC or DSC mode. 

• It is recommended that mode signal input pins 
are pulled up or pulled down with the resistor 
(several kil). 

• 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 correct! y. 

t ;;;;twcmin 

t ;:;;;ons 

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



----------------------------------HM63021 Series 

Decode Signal 

When internal address counter reaches the specified address as shown below, Decode outputs become low. 

Mode Pin Pin -Internal Address Timing of the Operation No. Name counter Output Signal 

13 WDEC Write 2047 After Write 204 7 Completion of Writing on all bits is detected. 
TDC 

26 RDEC Read 2047 Output of 2046 Completion of Reading from all bits is detected. 

13 DEC! Read 900 (2H) Output of 900 (lH) By inputting this signal to pin #3, 901/1802 bits 
delay output is obtained. 

1H/2H 
By inputting this signal to pin #3, 910/1820 bits 26 DEC2 Read 909 (2H) Output of 909 (1 H) delay output is obtained. 

Read 900 Output of 899 By inputting this signal to pin #3, 901 bits delay 
output is obtained. 

13 DEC! By inputting this signal to pin #3 after the 
Read 1810 Output of 1809 frequency of DEC! is devided into two, 1811 bits 

delay output is obtained. 

Read 909 Output of 908 By inputting this signal to pin #3, 910 bits delay 
output is obtained. 

Delay 26 DEC2 By inputting this signal to pin #3 after the line 
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 By inputting this signal to pin #3, 1135 bits delay 
output is obtained. 

15 DEC4 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 O. 

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. 

Mode 

TBCE 

DSC 

TBC 

1H/2H 

D 

Write Stop Function 
(internal counter address) 

Write stop after address 204 7 

Write stop after address 1023 x 2 

No function 

Write stop after address 1023 

No function 

Note) When address counter is reset by WRES or RES, address becomes 0. 
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Read Reset Cycle (TBCE, TBC Modes) 

Notes) *J. 

*2. 
*3. 

Read address counter is reset at the first falling edge of RCLK"" after RllES falls meeting the specifications 
tREPS and tREPH• and is not reset at the next falling edge of !lcrK even if RltElrkeeps low. 
When tRES• tREH• tREPS and tREPH can not meet the specifications, reset operation is not guaranteed. 
Output is read address of previous cycle. 
When RJlES 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) 

WCLK 

Din 

WE 

Note) *1. Write address counter is reset at the first falling edge of WCLK after WRES falls meeting the specifications 
tREPS and tREPH. and is not reset at the next falling edge of WCLK even if WRES keeps low. 
When tRES, tREH· tREPS and tREPH can not meet the specifications, reset operation is not guaranteed. 
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Reset Cycle (DSC Mode) 

Reset Timing 1 Reset Timing 2 

Notes)* I. Write address counter is reset at the first falling edge of WCLK after WRES falls meeting specifications tREPS 
and tREPH, and is not reset at the next falling edge of WCLK even if WRES keeps low. 
When tRES, tREH, fREPS and fREPH can not meet the specifications, reset operation is not guaranteed. 

* 2. Read address counter is reset at the first falling edge of RCLK after RRES falls meeting specifications fREPS 
and tREPH, and is not reset at the next falling edge of RCLK even if RRES keeps low. 
When tRES, tREH, tREPS and fREPH can not meet the specifications, reset operation is not guaranteed. 

*3. When fRES, fREH, fREPS and tREPH can not meet the specifications, output of video signal A is not guaran
teed. (Reset Timing I). 

*4. When tRES, fREH, fREPS and fREPH can not meet the specifications, interpolation signal B is not guaranteed. 
(Reset Timing II) 
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Reset Cycle ( 1 H/2H Model 

CT:K 
(Bise) 

*I 
WT 

(4fscl 

*2 
RES 

*1. *3 
Din 

*3 
Dout 

WE" \ 

*3 
DS 

~ Address Address 
~ OflH)Output 0(2Hl0utput 

I 

(Hjgh) or {Low) 

Address 
0 Input 

Notes)*l. WT is.Jm!ut in a half cycle of CLK meet.!!!&_ specification fWTSL, fWTHL, 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 fREPS and 
tREPH, and is not reset at the next falling edge of CI:K" even if RES keeps low. 
When fRES, tREH, tREPS and fREPH can not meet the specifications, reset operation is not guaranteed. 

*3. When OS is fixed high, lH 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 OS is fixed low, lH 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) 

CLK 

WE 

Din 

Dout 

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 tRES• tREH• lREPS and tREPH can not meet the specifications, reset operation is not guaranteed. 

Write Enable (TBCE, DSC, TBC, D Modes) 

~WCLK *2 
ICLK) 

Din 

Notes) *J. When twEHL, twESH, twEHH and twESL can not meet this specifications, Write Enable operation is not 
guaranteed. 

•2. In delay line mode, C[]{ takes the place of~ • 
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Write Enable (1 H/2H Mode) 

CLK 
(Bisel 

WT 
{4fsc) 

WE"*! 

Din 

Note) *I. When tWTSL• tWTHL• twEHL and twEHH can not meet the specifications, Write Enable operation is not 
guaranteed. 

Decode Output (TBC, D Modes) 

Notes) *l. In TBC mode, WCI:K or lfCI:K"takes the place of CLR. 
*2. DEC is Wl5EC or RD.EC in TBC, DECT, DE<;2, ~or rrnOi in D. 

Decode Output (1H/2H Modes) 

Note) *l. When twTSL• tWTHL• tWTSH· twTHH can not meet the specifications, decode output operation is not guaran
teed. 
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Output Enable (All Modes) 

OE 

'"' 
tottl 

Dout*l Data Valid 
High Z 

Data Vahd 

Note) *1. Transition oftoHZ and twLzis 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 

• FEATURES 
• Page mode capability 
• 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 refresh cycles . . . . . . . . . 4 ms 
• 3 variations of refresh . . . . . . RAS only refresh 

CAS before RAS refresh 
Hidden refresh 

• ORDERING INFORMATION 

Type No. Access Time Package 
__ H_M_5_o464P-i2----+----12o_n_s---+-----=-----

HM50464P-15 150ns 

HM50464P-20 200ns 
---------+---~ 

HM50464CP-12 !20ns 

HM50464CP-15 150ns 
HM50464CP-20 200ns 

• BLOCK DIAGRAM 

300 mil 18 pin 
Plastic DIP 

18 pin PLCC 

1/0 1/0 1/01/0 
I 2 3 4 

AA 
,...J.----YY 

I 0 

Memnrv Arra\' 
4 

X Ot~uder 

Mtmnn· Arr.w 

3 

@HITACHI 

HM50464P Series 

(DP-18B) 

HM50464CP Series 

(CP-18) 

• PIN ARRANGEMENT 

• HM50464P Series 

(Top View) 

• HM50464CP Series 

(Top \'ipw\ 

A.-A, Address Inputs 

CAS Column Address Strobe 

1/01 - Data In/Data Out I/04 

OE Output Enable 

RAS Row Address Strobe 

WE Read/Write Input 

Vee Power (+5V) 

Vss Ground 

A0 -A, Refresh Address Inputs (Row) 
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• ABSOLUTE MAXIMUM RATINGS 

Item Symbol Rating Unit 

Voltage on any pin relative to V SS Vr -1 to +7 v 
Supply Voltage relative to Vss Vee -1 to +7 v 
Operating Temperature (,b.mbient) Topr 0 to +70 •c 
Storage Temperature (Ambient) Tstg -55 to+l25 •c 
Power Dissipation Pr 1.0 w 
Short Circuit Output Current lout 50 mA 

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

Parameter Symbol min. typ. max. unit 

Supply Voltage Vee 4.5 5.0 5.5 v 
Input High Voltage VJH 2.4 - 6.5 v 
Input Low Voltage VfL -1.0 - 0.8 v 

Note) All voltage referenced to V SS· 

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

HM50464-12 HM50464-15 HM50464-20 
Unit Parameter Symbol Note 

min. max. min. max. min. max. 

Operating Current URc= min.) tcc1 - 83 - 70 - 55 mA J 
Standby Current (RAS= Vm. Dou!= Disable) fcci - 4.5 - 4.5 - 4.5 mA 

Refresh Current (RAS only refresh, lRC =min.) lcCJ - 62 - 53 - 42 mA 

Standby Current (RAS = Vm. Dou!= Enable) Ices - JO - 10 - JO mA 1 
Refresh Current (C' AS before RAS refresh, t RC= min.) tcc6 - 69 - 58 - 45 mA 1 
Operating Current (Page mode, t PC= min.) tcC7 - 51 - 48 - 37 mA 1 
Input Leakage Current (0 < Vin < 7V) tu -IO 10 -10 10 -10 JO µA 
Output Leakage Current (0 < Vout < 7V, Dout = Disable) !LO -10 10 -10 10 -10 JO µA 
Output High Voltage (lout= -5 mA) VoH 2.4 Vee 2.4 Vee 2.4 Vee v 
Output Low Voltage (lout= 4.2 mA) VoL 0 0.4 0 0.4 0 0.4 v 
Note) 1. Ice depends on output loading condition when the device is selected, I cc max. is specified at the output open 

condition . 

• CAPACITANCE (Vee= sv ± 10%, Ta= 25°C) 

Parameter Symbol typ. max. Unit 

Input Capacitance 
Address CIJ - 5 PF 
RAS, CAS, WE, OE Cl2 - 10 pF 

Output Capacitance Data In/Data Out CI/0 - 10 pf 

Notes) I. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. CAS = VIH to disable Dout. 

Note 

1 

1 

1, 2 

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

HM50464-12 HM50464-15 HM50464-20 
Parameter Symbol Unit 

min. max. min. max. min. max. 

Access Time from RAS IRAC - 120 - 150 - 200 ns 

Access Time from C AS tcAC - 60 - 15 - JOO ns 

Output Buffer Turn-off Delay referenced to .CAS IOFFI - 30 - 40 - so ns 

Transition Time (Rise and Fall) tr 3 50 3 50 3 50 ns 

Random Read or Write Cycle Time IRC 220 - 260 - 330 - ns 

RAS Precharge Time IRP 90 - 100 - 120 - ns 

RAS Pulse Width IRAS 120 10000 150 10000 200 10000 ns 

CAS Pulse Width ICAS 60 10000 15 10000 100 10000 ns 

l<A-S to C'AS Delay Time IRCD 25 60 25 15 30 100 ns 

RAS Hold Time IRSH 60 - 15 - 100 - ns 

C AS Hold Time tcsH 120 - 150 - 200 - ns 

C AS to RAS Precharge Time ICRP 10 - 10 - 10 - ns 

Row Address Set-up Time IASR 0 - 0 - 0 - ns 

Row Address Hold Time IRAH 15 - 15 - 20 - ns 
--------

Note 

2, 3 

3,4 

5 

6 

7 

(to be continued) 
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Parameter Symbol 

Column Address Set-up Time IASC 

Column Address Hold Time ICAH 

Column Address Hold Time referenced to RAS IAR 

Write Command Set-up Time twcs 

Write Command Hold Time twcH 

Write Command Hold Time referenced to RAS twcR 

Write Command Pulse Width twp 

Write Command to RAS Lead Time IRWL 

Write Command to CAS Lead Time 1cwL 
Data-in Set-up Time tos 

Data-in Hold Time IDH 

Data-in Hold Time referenced to RAS IDHR 
Read Command Set-up Time IRCS 
Read Command Hold Time referenced to CAS IRCH 

Read Command Hold Time referenced to RAS IRRH 

Refresh Period IREF 
Read-Write Cycle Time IRWC 
CAS to WE Delay Time tcwo 
RAS to WE Delay Time IRWD 

CAS Precharge Time ICPN 
CAS Set-up Time (CAS before RAS refresh) tcsR 
CAS Hold Time (CAS before RAS refresh) ICHR 

RAS Precharge to CAS Hold Time IRPC 
Access Time from OE IOAC 
Output Buffer Turn-0ff Delay referenced to OE IOFF2 

OE to Data-in Delay Time tooo 

OE Hold Time referenced to WE IOEH 
Page Mode Cycle Time tpc 

Ci\S Precharge Time (for Page-mode Cycle Only) tcp 

~Read-modify-write Cycle Time (Page-mode) IPCM 

Notes) 
1. AC measurements assume tr= 5ns. 
2. Assume that fRCD ~ fRCD (max). If fRCD is 

greater than the maximum recommended value 
shown in this table, t RA c exceeds the value shown. 

3. Measured with a load circuit equivalent to 2TIL 
loads and lOOpF. 

4. Assumes that fRCD !i:: fRCD (max). 
5. toFF (max) defines the time at which the output 

achieves the open circuit condition and is not 
referenced to output voltage levels. 

6. V1H (min) and V1L (max) are reference levels for 
measuring timing of input signals. Also, transition 
times are measured between V IH and VIL· 

7. Operation with L'te fRCD (max) limit insures that 
fRAC (max) can be met; fRCD (max) is specified as 
a reference point only, if fRCD is greater than the 
specified t RCD (max) limit, then access time is 
controlled exclusively be tcAC· 

HM50464-12 HM50464-I S HMS0464-20 
Unit Note 

min. 

0 

20 

80 

0 

40 

100 

40 

40 

40 

0 

40 

100 
0 

0 

10 

-
30S 

100 

160 

50 

10 

120 

0 

-

-
30 

25 

120 

so 
20S 

max. min. max. min. max. 

- 0 - 0 - ns 

- 2S - 30 - ns 

- 100 - 130 - ns 

- 0 - 0 - ns 8 
- 4S - SS - ns 

- 120 - ISS - ns 

- 45 - 55 - ns 

- 4S - SS - ns 

- 4S - SS - ns 

- 0 - 0 - ns 9 

- 4S - 5S - ns 9 

- 120 - IS5 - ns 
- 0 0 ns 

- 0 - 0 - ns 

- 10 - 10 - ns 

4 - 4 - 4 ms 

- 360 - 4SO - ns 

- 125 160 ns 8 

- 200 - 260 - ns 8 

- 60 - 80 ns 

- IO - 10 - ns 

- lSO - ·200 - ns 

- 0 - 0 ns 

30 - 3S - 4S ns 

30 - 40 - so ns 

- 40 - so - ns 

- 30 - 40 - ns 

- 145 - 190 - ns 

- 60 - 80 - ns 

- 245 310 ns 

8. twcs. tcwv and fRWD are not restrictive operating 
parameters. They are included in the data sheet as 
electrical characteristics only: if twcs !i:: twcs (min), 
the cycle is an early write cycle and the data out pin 
will remain open circuit (high impedance) through· 
out the entire cycle; if tcwD !i:: tcwD (min) and 
fRWD !i:: fRWD (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 condi· 
lions is satisfied, the condition of the data out (at 
access time) is indeterminate. 

9. 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 100 µsis required after power-up 
followed by a minimum of 8 initialization of cycles. 

11 . Minimum of 8 CAS before RAS refresh is required 
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. 

@HITACHI 
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-----------------------------------HM50464 Series 

• TIMING WAVEFORMS 
• READ CYCLE 

• EARLY WRITE CYCLE 

'""~ ml//////!///// ' 
-+-+-'"'" Jz~1z~1z~z1~zz~1 

Nete) UZJ : Don't care 

@HITACHI 
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HM50464 Series----------------------------------

• DELAYED WRITE CYCLE 

RAS 

Address 

• READ MODIFY WRITE CYCLE 

Note) m : Don't care 

$HITACHI 
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------------------------------------HM50464 Series 

• RAS ONLY REFRESH CYCLE 

"'~l<SR IRAH~ 
Address--r-1/~7/~/.,....,Zffif ROW VZ--r/--r-l.,-,/l--r/--r-1..,...,1......,.//--r-/,.....,/Z-r/-,-,//,-r/'"'Z 

1 0 ______ H_i~sh_-_z __________________ _ 

• HIDDEN REFRESH CYCLE 

m~l/~1..,....,1~/ 1~z~1~;J'"'c 

@HITACHI 

Notes) !. OE, WE : Don't care 

2. t2ZJ : Don't ca~e 

Note) ~ : Don't care 
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HM50464 Series-----------------------------------

• CAS BEFORE RAS REFRESH CYCLE 

• COUNTER TEST 

ICHR 

( READ'WRITE) 

Address 

WE------------------------------------------J-,~~ 

OE---------------- -- --- --7 
' ' 

Notes) 1. Dotted-line Means Read Cycle. 2. t'ZZJ : Don't care 

• PAGE MODE READ CYCLE 

Address 

WE 

Note) l'Z2J: Don't care 

.HITACHI 
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-----------------------------------HM50464 Series 

• PAGE MODE WRITE CYCLE 

I·O 

• PAGE MODE READ MODIFY WRITE CYCLE 

Address 

I 0 
-"--'--'--"--''-'-'-'--'--'--"--'--'-' 

OE 
~~'--'-~~~~_..,._~ 

Xl///11 
Note) IT_I] : Don't care 

Note) E!LJ : Don't rarf' 

@HITACHI 
Hitachi America Ltd. • 2210 O'Toole Ave. • San Jose, CA 95131 • (408) 435-8300 343 



HM50465 Series 
65536-word x 4-bit Dynamic Random Access Memory 

• FEATURES 
• Nibble mode capability 
• Single 5V (± 10%) 
• On chip substrate bias generator 
• Low 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 refresh cycles . . . . . . . 4 ms 
• 3 variations of refresh . . . . RAS only refresh 

CAS before RAS refresh 
Hidden refresh 

• ORDERING INFORMATION 

Type No. 

HMS046SP-12 
HMS046SP-15 
HMS046SP-20 

• BLOCK DIAGRAM 

Access Time 

120ns 
lSOns 
200ns 

Package 

300 mil 18 pin 
Plastic DIP 

1/0 1/0 1/01/0 
1 2 3 4 

X l>r:rodtr 

M~rvArnw 

3 

at 

@HITACHI 

(DP-18B) 

• PIN ARRANGEMENT 

(Top View) 

Ao-A, Address lnpu ts 

CA5 Column Address Strobe 

I/01-1/04 Data In/Data Out 

OE Output Enable 

RAS Row Address Strobe 

WE Read/Write Input 

Vee Power (+SV) 

Vss Ground 

Ao-A, Refresh Address Inputs (Row) 

Ao,A1 Nibble Address Inputs (Column) 
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-----------------------------------HM50465 Series 

• ABSOLUTE MAXIMUM RATINGS 
[tern Symbol Rating Unit 

Voltage on any pin relative to V SS Vr -1 to +7 v 
Supply Voltage relative to V SS Vee -I to +7 v 
Operating Temperature (Ambient) Topr 0 to +70 ·c 
Storage Temperature (Ambient) Tstg -55 to+l25 •c 
Power Dissipa lion Pr 1.0 w 
Short Circuit Output Current lout 50 mA 

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

Parameter Symbol min. typ, max. unit 

Supply Voltage Vee 4.5 5.0 5.5 v 
Input High Voltage Vm 2.4 - 6.5 v 
Input Low Voltage Vn -1.0 - 0.8 v 

Note) All voltage referenced to V SS· 

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

Symbol 
HMS0465-12 HMS0465-I 5 HM50465-20 1 

Unit Parameter Note 
min. max. min. max. min. max. 

Operating Current <tRe- min.) Ieei - 83 - 70 - 55 mA 1 
Standby Current (RAS= VfH, Dout •Disable) lcci - 4.5 - 4.5 - 4.5 mA 
Refresh Current (RAS only refresh, I Re= min.) leCJ - 62 - 53 - 42 mA 
Standby Current (RAS= VfH. Dout =Enable) lees - 10 - 10 - 10 mA l 
Refresh Current <CAS before RAS refresh, tRe =min.) Iee6 - 69 - 58 - 45 mA 1 
Operating Current (Nibble mode, INC =min.) lees - 57 - 48 - 37 mA l 
Input Leakage Current (0 < Vin < 7V) lu -10 10 -10 10 -10 10 µA 

Output Leakage Current (0 < Vout < 7V, Dout = Disable) !Lo -10 10 -10 10 -10 10 µ.A 

Output High Voltage (lout= -5 mA) VoH 2.4 Vee 2.4 Vee 2.4 Vee v 
Oµtput Low Voltage (lout= 4.2 mA) 1'.'.w. 0 0.4 0 0.4 0 0.4 v 

Note) I. Ice depends on output loading condition when the device is selectedJec max. is specified at the output open 
condition. 

• CAPACITANCE (Vee= SV ± 10%, Ta= 25°C) 

Parameter Symbol typ. max. Unit 

Input Capacitance 
Address Cl! - 5 pf 

RAS, CAS, WE, OE Cl2 - 10 pf 

Output Capacitance Data In/Data Out Cl/O - 10 pf 

Notes) I. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. CAS = Vm to disable Dout. 

Note 

I 

I 

1, 2 

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

Parameter Symbol 
min. min. 

l---H-cM_5_0T4_6_5-_12--t-H7M_5_0,46_5_-1_5-+-H~M-5~04r6-5_-2_0_, Unit Note 
min. max. max. max. 

Access Time from RAS 'RAC - 120 - 150 - 200 ns 2, 3 

Access Time from CAS • teAe - 60 -
Output Buffer Turn-off Delay referenced to CAS ----rr;;-FFi - 30 -

75 - 100 
40 - 50 

ns 3, 4 

ns 5 
Transition Time (Rise and Fall) IT 3 50 3 50 3 50 ns 6 

- 330 -
- 120 -

10000 200 10000 
10000 100 10000 

75 30 100 
- 100 -
- 200 -
- 10 -
- 0 -
- 20 -

Random Read or Write Cycle Time _J_~1R~e~.-t--22_0_t-------+--2_6_0--t----t---+----t-n-s -+---
RAS Precharge Time 1 t R p 90 - I 00 ns 
lfAS Pulse Width lfRAs-+--1~2~0--t~I0~0~0~0-+--1-~50-+-----t---+-==+--n-,--tl----

CAS Pulse Width 1/CAs 1--6-0- t-i"oooo-+--75 ns 
RAS 10 CAS Delay Time tlRco__, __ 25--+--60-+-2-5-1----+-----+---1---n-s-+-=7-

"lt'ASH01d Time · ---=wrisfi-t-6ff-t-- 75 ns 
CA'SHoldTune---------------- tcsH 120 150 ns 
CAS to RAS Precharge Time tcRP--t-·-10-+---_-+--1·-o=t-------+-·--1---1----n-s-+--

T +---- --+-----+-----+---+-+-+--

~~R_R_:_-:~_z-::._:~~-;-;-_~~:~~~~'!c:::_rm-i_:-·--~::.~:-~::::::.~:::::~:_·r~--:R~A~~~.--, .. 1~ -+--=--+--1~~~--+-~---+---0-0--t-~-t--~-:-+-~ 
(to be continued) 
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HM50465 Series-----------------------------------

Parameter 
HM50465-12 HM50465-15 HM50465-20 

Symbol >------+-------4-----~ Unit Note 
min. max. min. max. min. max. 

Column Address Set-up Time t ASC 0 - __ o __ -'--_-_ __, __ o _ _,i_-_ j ns I 
Column Address Hold Time t 20 25 30 ' ns I 
Column Address Hold Time referenced to RAS ~AH 80 ~---+-wo-- 1 - 130 = i ~-~ 

-,-W-r-it_e_C_o_m_m_an-d-Se-t--u-p--T-im-e-----------~-+---0- - - 0 +--=---- -ii- ~---j--~ 
Write Command Hold Time t WCH 40 - 45 - 55 ns 

Write Command Hold Time referenced to RAS twcR 100 - 120 - 155 1 ns 

Write Command Pulse Width t WP 40 - 45 - 55 I ns 

Write Command to RA_S __ L_ea_d __ T_im_e ________ +-_,tR-'-"'W"L'--l---4-0_l------l--4-5_1------1--5-5_1------l--n-s_l----
Write Command to CAS Lead Time tcwL 40 - 45 - 55 - l ns 
----------------------------1--~-"'--+---+---+---+---+---+---+--+----

Data-in Set-up Time IDS 0 - 0 - 0 ns 9 

Data-in Hold Time I DH 40 - 45 - 55 - "'-~ 

Data-in Hold Time referenced to RAS t DHR I 00 - 120 - 1 155 - ns 

Read Command Set-up Time t RCS 0 - 0 - , 0 - ns 
Read Command Hold -T--im-e-re_f_e-re_n_c-ed-to~CAS=A=s------+-1 R'"'c"'1"'1--4---0--<--_--+---0_,1 ____ !_o+--1--n-,--+--

Read Command Hold Time referenced to RAS t RRH I 0 - l 0 -i----::--j l 0 ns 

Refresh Period IR EF - 4 - 4 - 4 -- ms---1------
Read-Write Cycle Time tR we 305 - 360 - 450 ~-1-;,,--+-----
CAS to WE Delay tcwD 100 - -4125 +----- 160 - -~+--8 
RAS to WE Delay --------------+-1~R~W'-'D~1--l_6_0_~-----'- 200 - 260 ns 

CAS Precharge Time ICPN 50 - 60 - 80 
-c------------------------t------+----+---+---+----+-----+----

ns 

CAS set-up Time (CAS before RAS refresh) ICSR 10 - 10 -- 10 - ns 

CAS Hold Time (CAS before RAS refresh) tcHR 120 - 150 - ns 
1-----+----

RAS Precharge to CAS Hold Time t R PC 0- - 0 - ns 

Access Time from OE: toAC - 30 - 35 - 45 ns 

Output Buffer Turn-off Delay referenced to OE toFF2 - 30 40 -
OE to Data-in Delay Time tovv 30 1----- 1---4-0 t----+--:so-

50 ns 

ns 
---~--------------------+----+----

OE Hold Time referenced to WRITE _____ _,1--t=o=E'-'H'--,____2_5_,____-__ __,_ __ 3_0_ ns 

Nibble Mode Access Time INAC 30 ns 

NibbleModeRASCycleTime INRC 410 - 480 - 610 - ns 

==N=ib=b=l=e=M=o=d=e:R:A::s:P=u=ls=e=W=i=d=th=====================:=l=N:R:A~=:=3=1=0==:==-===:=3=7=l_l-_-+~-----=-=--1-'j__4_8_0-l---_--+~n~s-~_-::_-_-_~ 
Nibble Mode Cycle Time INC 60 - 70 - I 90 - ns 

Nibble Mode CAS Precharge Time I NCP 20 - 25 - 1 35 - ns 

Nibble Mode CAS Pul_s_e_W_id_t_h _____________ INCA 30 - 35 - 45 - ns 
Nibble Mode Write Command Hold Time -t N~w"'c""H-+--30-+--_-+-35-+--_--+--45-+--_-·--4-n-s--+--

Nibble Mode RAS Hold Time ______ __,r-1_N~R~S~H~,___4_o_,___-_ __,__4_5_,___-_-+-_s_s_,__-_ __,__"_'_1----

Nibble Mode Read-Write Cycle Time INRWC 135 - 160 - 200 ns 

Nibble Mode CAS to WI'." Delay -----+-'~N~C_W~D"-''----7_0'--'-------+--8-5'--'-------'--1_0_5'--'-------"---"-'__, __ 
Nibble Mode Write Command to CAS Lead Time INCWL 30 - 35 - 45 ns 

Nibble Mode Write Command Pu-lse Width tNwP 30 - 35 - 45 ns 

Notes) 
1. AC measurements assume tT; 5 ns. 
2. Assumes that IRCD ~ IRCD (max). If IRCD is 

greater than the maximum recommended value 
shown in this table, IRAC exceeds the value shown. 

3. Measured with a load circuit equivalent to 2TTL 
loads and 100 pF. 

4. Assumes that fRCD ~ fRCD (max). 
5. toFF (max) defines the time at which the output 

achieves the open circuit condition and is not re
ferenced to output voltage levels. 

6. V1H (min) and Vn (max) are reference level for 
measuring timing of input signals. Also, transition 
times are measured between V1H and Vg. 

7. Operation with the IRCD (max) limit insures that 
IRAC (max) can be met, tRCD (max) is specified as 
a reference point only, if fRCD is greater than the 
specified IRCD (max) limit, then access time is con
trolled exclusively be t CA C· 

8. twcs. tcwD and IRWD are not restrictive operating 
parameters. They are included in the data sheet as 
electrical characteristics only: if t wcs ;;; t wcs (min), 
the cycle is an early write cycle and the data out pin 
will remain open circuit (high impedance) through
out the entire cycle; if tcwD ~ tcwv (min) and 
tR WD ;::;: IR WD (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 condi
tions is satisfied, the condition of the_ data out (at 
access time) is indeterminate. 

9. These parameters are referenced to CAS leading edge 
in early write cycles and to WE leading edge in de
layed write on read-modify-write cycles. 

10. An initial pause of 100 µs is required after power-up 
followed by a minimum of 8 initialization of cycles. 

11. Minimum of 8 CAS before RAS refresh is required 
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. 

@HITACHI 
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----------------------------------HM50465 Series 

• TIMING WAVEFORMS 
• Read Cycle 

toFFJ 

1------lR AC-----< 

~"!-----t-foFFZ 
f 0 AC---t---t---

Note) l'ZZ2J : Don't care 

• Early Write Cycle 

2. '1llJ : Don't care 

.HITACHI 
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HM50465 Series-----------------------------------

• Delayed Write Cycle 

Note) rrJJ]J: Don't care 

• Read Modify Write Cycfe 

Note) '{]]]]J : Don't care 

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



------------------------------------HM50465 Series 

• RAS Only Refresh Cycle 

I o~----~H~ig~h-~Z:__ _______________ ~ 

• Hidden Refresh Cycle 

- I''"' 0E1~z .... z.....,11.....,.z...,...z-r-z..,.....,t2i 

• CAS Before RAS Refresh Cycle 

fcHR 

Notes) 1. OE, WE : Don't care 
2. E'.2ZLI : Don't care 

Note ) !ZZ2I : Don't care 

Address////J/IJ//J/p{n·{ /.r?W/TI// IZZ/; 

~HITACHI 
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HM50465 Series----------------------------------

• Counter Test 

Address 

Notes) 1. Dotted Line Means Read Cycle. 
2. EZ@: Don't care 

• Nibble Mode Reed Cycle 

• Nibble Mode Write Cycle 

(READ/WRITE) 

' , 
', _____ J, 

Nore) fz:z:I : Don't care 

Notes). 1. OE : Don't care 
2. E'ZZJ : Don't care 

@HITACHI 
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-----------------------------------HM50465 Series 

• Nibble Mode Read Modify Write Cycle 

/fl(/I 

=--t+----J 

Address 

WE 

1/0 

l177T! 
lu1i/! 

Note) \'.2za : Don't care 

@HITACHI 
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HM50256 Series 
262144-word x 1-bit Dynamic Random Access Memory 

•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 1/0 capability using early write operation 
• Page mode capability 
• TTL compatible 
• 256 refresh cycles · · · (4ms) 
• 3 variations of refresh · · · RAS only refresh, CAS before RAS 

refresh, Hidden refresh 

• ORDERING INFORMATION 

Type No. Access Time Package 

HM50256P·l2 120ns 
300 mil 16 pin Plastic 

HM50256P-15 150ns 
HM50256P-20 200ns DIP 

HM50256ZP-l 2 120ns 
HM50256ZP-15 150ns 16 pin Plastic ZIP 
HM50256ZP-20 200ns 

HM50256CP-12 120ns 
HM50256CP-15 150ns 18 pin PLCC 
HM50256CP-20 200ns 

•PIN ARRANGEMENT 

• HM50256P Series • HM50256CP Series • HM50256ZP Series 

(Top View) (Top View) (Bottom View) 

@HITACHI 

HM50256P Series 

(DP-168) 

HM50256CP Series 

(CP-18) 

HM50256ZP Series 

(ZP-16) 

• PIN DESCRIPTION 

A,-A, Address Inputs 

CAS Column Address Strobe 

Di-. Data In 

Dout Data Out 

RAS Row Address Strobe 

WE Read/Write Input 

Vee Power (+SV) 

Vss Ground 

Ao--A1 Refresh Address Inputs 
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-----------------------------------HM50256 Series 

• BLOCK DIAGRAM 

1. 

\· 

= -
\1t>m"n "" \rra\ 

~ 
<( ,, 
0 

•ABSOLUTE MAXIMUM RATINGS 
Voltage on any pin relative to Vss .. 
Operating temperature, Ta (Ambient) . 

i 
~ 

~ 
0 
u 

Storage temperature ............. . 
Short circuit output current . 

• Cl 

= -.. 
E 

<( 

"' 

Row 
Oel'oder 

Memor) 
Array 

Vs11 
Gent>ra1or 

. .. -1Vto+7V 

.. 0°C to +70°C 
. ... -55°C to +125°C 

50mA 
Power dissipation .................... . . .... 1W 

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

Parameter Symbol min typ 

Supply Voltage Vee 4.5 5.0 

Input High Voltage v,. 2.4 -

Input Low Voltage v,, -1.0 -

Note) 1. All volU.ges referenced to Vss 

max Unit 

5.5 v 
6.5 v 
0.8 v 

•DC ELECTRICAL CHARACTERISTICS ( Ta-0 to +70°C, Vcc-5V±10%, Vss-OV) 

HM50256-12 HM50256·15 HM50256-20 
Parameter Symbol 

min max min max min max 

Operating Current(RAS, CAS =Cycling: IRc =min) lcc1 - 83 - 70 - 55 

Standby Current(RAS-V, •• Dout-High lmpedance) fccz - 4. 5 - 4. 5 - 4. 5 
Refresh Current(RAS only Refresh, t,e-min) lco - 62 - 53 - 42 

Standby Current( RAS- v,., Dout =Enable) lco - 10 - 10 - 10 

Refresh Current( CAS before RAS Refresh, l Re- min) Ices - 69 - 58 - 45 

Page Mode Supply Current( RAS= Vic. CAS =Cycling, /pc =mini I< 1 7 -- 57 - 48 - 37 

Input leakage( O< V .. < 7V) lu -10 10 -10 10 -10 10 

Output leakage(O< V,,.< 7V. Dout =Disable) ho -10 10 -10 10 -10 10 

Output levels High([.,.- -5mA) VoH 2.4 Vee 2.4 Vee 2 .4 Vee 

Output levels Low(l •• ,-4. 2mA) Va, 0 0.4 0 0.4 0 0.4 

Notes) I. le c depends on output loading condition when the device 1s selected. Ice max is specified at the output open condition. 

@HITACHI 
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Note 

l 

l 

l 

Unit Notes 

mA 1 

mA 

mA 

mA 1 

mA 

mA 

µA 

µA 

v 
v 
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HM50256 Series-----------------------------------

•CAPACITANCE (Vcc-5V±10%, Ta-25'C) 

Parameter Symbol 

Address. Data-in c,, 
Input Capacitance 

Clocks c. 
Output Capacitance Data-out c, 

Notes) 1 , Capacit.nce Jneasured with Boonton Meter or effective capo.citance measuring method. 

2. CAS-V1H to disable Oout. 

typ max Unit 

- 5 

- 7 pF 

7 

•ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC· OPERATING CONDITIONS 
(Ta-0 to +70'C, Vcc-5V±10%, Vss-OV) "· 10'· rn 

Parameter 

Notes 

I 

I, 2 

I. ·z 

ns 

~--~-

ns 

ns 

ns 

ns 

ns 

ns 

ns 8 

ns 

ns 

ns 

Read Command Hold Time referenced to RAS _ __+-!;;;=:___~()_ --=--__ _IO -=-r-1_!1-+-- ns ---: 
Refresh Period !Hu 4 4 4 ms 

CAS.Set-up Time /1 '" --11-1 -=±· 10 10 ns 
CAS Hold Time (CAS before RAS Refreshl /, 11H t-- 120 _-_-_ -J.5"1_o ;-- 2011 ns 

-------l-----l------ -, --+--+------
RAS. !'recharge to CAS Hold __ 1_·i_m_e ________ ~_IH_1_·'---~ _ II _ II -~__(l_--1 __ ns J _ 

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



Notes 
I. AC measurements assume tr= 5ns. 
2. Assumes that IRCD ~ tRCD (max). If 'RCD is greater 

than the maximum recommended value shown in this 
table, 'RAC exceeds the value shown. 

3. Measured with a load circuit equivalent to 2TTL loads 
and IOOpF. 

4. Assumes that tRcn?,tRcv<max). 
5. toFF (max) defines the time at which the output 

achieves the open circuit condition and output voltage 
levels are not referred. 

6. VrH (min) and Vn (max) are reference levels for 
measuring timing of input signals. Also, transition 
times are measured between V1H and Vn. 

7. Operation with the IRCD (max) limit insures that 
'RAC (max) can be met, IRCD (max) is specified as a 
reference point only; if IRCD is greater than the 
specified tncn (max) limit, access time is controlled 
exclusively by tcAc. 

•TIMING WAVEFORMS 
•READ CYCLE 

\-'1H 

RAS 
\'IL 

\'1H 

CAS 
\'IL 

\'1H 

Add""' 
r1L 

r1H 

WE 
\'IL 

!lout 1·,. 
\'oL 

flAS 

ICSH 

lJAC 

Hiah lmpedaoce 

HM 50256 Series 

8. twcs. tcwo and 'R wo are not restrictive operating 
parameters. 
They are included in the data sheet as electrical 
characteristics only; if twcs ?, twcs (min), the cycle 
is an early write cycle and the data output pin will 
remain open circuit (hi~h impedance) throughout the 
entire cycle; if tcwv ?, tcwv (min) and tRWD ;;; 
'R WD (mm), 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. 

9. 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. 

I 0. An initial pause of I OOµs is required after power-up 
then execute at least 8 initialization cycles. 

11. At least, 8 CAS before RAS refesh cycles are required 
before using internal refresh counter. 

'" 

'" 

Note) ~: Don't care 
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HM50256 Series-----------------------------------

e WRITE CYCLE 

\-'JH 

iiAs 
rn 

\'1H 

CAS 
\'n 

\:1H 

Add"" 
r11. 

WE 
V1L 

\'1H 

Din 
\.'1L 

Dou< \'oH 
\'oL 

e READ MODIFY WRITE CYCLE 

v,. 
RAS 

Vn 

\'JH 

en-
Vn 

VtH 

A"'""' 
Vn 

v,. 
Wi' 

\'11 

\'JH 

Din 
r/L 

Do"' 
,.,. 
\.'oL 

Ile 

lltAS 

ICSH 

llCD 

High lmped..-.ce * 2 

lllAC 

High Impedance 

@HITACHI 

'" 

Notes l *I. [:=:J: Don't care 

*2. lwcs~fwcslmin) 

Valid Oat.a 

Notes l * 1. iZZ]: Don't care 

*2. tRwv;s;;lRwv(min) 

tcwv;;;;-tcwv(min) 
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------------------HM50256 Series 

•RAS ONLY REFRESH CYCLE 

"' 
\"iH 

RAS 
\'11. 

l°IH 

ru 
\'11. 

IRMI 

\'IH 

.Address .\J<lress *2 

\'11 

D<lU! 
\'oH 
\'rn 

Hi.lo!h lmµedance 

Notes) * 1. IZZJ : Don't care 

•2. Refresh Address AO-A7(AXO-AX7) 

•HIDDEN REFRESH CYCLE 

'" 
rRAS 

\'m IReaJi 

RAS 

\'n 

\'1H 

C..\S 

In 

\"1H 

AJdres-, 
\'IL 

l°JH 

WE' 
\'n 

\'nH 
Dom 

\"vL 

Note)~: Don't care 

• CAS BEFORE RAS REFRESH CYCLE 

~,.P 
'" 

1 
111.A~ 

j; \"rH 
R·\S 

\"11. 

/('II/{ 

Jr-\'tH 

C.-\S 
\11. 

\"IH 

Address 

1·n 
!Jnn't rare 

@HITACHI 
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HM 50256 Series 

e COUNTER TEST 

'" 
\"JH 

H.·\S 
l°/L 

t•IH 

C:\S 

\'n 

\'/H 

.--\ddres~ 

\"/H 

WE ' .... - - - --

Notes) * 1. E2Z3: Don't care 

* 2. Dotted Line Means Read Cycle. 

•PAGE MODE READ CYCLE 

\:1H 

"RAS 
VJL 

r1H 

CAS 
\:IL 

l'1H 

Address 
rn 

~·IH 

W£ 
\'IL 

VOH 
Dout 

\'oL 

Note) ~ : Don't care 

.HITACHI 
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---------------------------------HM50256 Series 

e PAGE MODE WRITE CYCLE 

l'mi High Impedance *2 
foL-----------"---'--------1~--N-o-te-,)-.-1.".:IZZl=-:D-o-n-'t-,ore-

•PAGE MODE READ MODIFY WRITE CYCLE 

\'n 

VIL 

\'tH 

Address 

VIL 

l'tH 

WI 
\'11. 

riff 
Din 

l"tL 

°""' 
v .. 
\'oL 

@HITACHI 

Valid 
Dota 

*2. lwcs~twcs(min) 

r---GD-
Notes) * 1.lZ'.Za: Don't care 

*2. tRwo~tawo(min) 
lcwo~ fcwo(min) 
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HM50257 Series 
262144-word x 1-bit Dynamic Random Access Memory 

•FEATURES 
• Industry standard16-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 
• Nibble mode capability 
• TTL compatible 
• 256 refresh cycles •.••• (4ms) 
• 3 Variations of refresh; RAS only refresh, CAS before RA-S 

refresh. Hidden refresh 

• ORDERING INFORMATION 

Type No. Access Time Package 

HM50257P-12 120ns 

HM50257P-15 150ns 
300 mil 16 pin Plastic 
DIP 

HM50257P-20 200ns 

HM50257ZP-12 120ns 

HM50257ZP-15 150ns 16 pin Plastic ZIP 

HM50257ZP-20 200ns 

HM50257CP-12 120ns 

HM50257CP-15 150ns 18 pin PLCC 

HM50257CP-20 200ns 

• PIN ARRANGEMENT 

• HM50257P Series • HM50257CP Series •HM50257ZP Series 

Din Aa \'ssffi 

.1\1 \'rr .tu As 

(Top View) (Top View) 

.HITACHI 

HM50257P Series 

, 
(DP-168) 

HM50257CP Series 

• 
(CP-18) 

HM50257ZP Series 

, 
(ZP-16) 

Ao-Ao Address Inputs 

'CAS" Column Address Strobe 

Din Data In 

Dout Data Out 

RAS Row Address Strobe 

WE" Read/Write Input 

Vee Power (+SV) 

Vss Ground 

Ao-A, Refruh Address Inputs 
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·----------HM50257 Series 

• BLOCK DIAGRAM 

WE 

Ao 

Ao 

Memorv 
Array 

Q • 

:]_ 
"'0"' 
E ~ E 

..r: 0 <'( 
u 

H.ow 
Decoder 

Mt'murv 
:'l.rrav 

"' "' ~----~~ IL~----~ 

arO-ari, acO-ac? 

•ABSOLUTE MAXIMUM RATINGS 

Voltage on any pin relative to Vss ... 
Operating temperature, Ta (Ambient) . 
Storage temperature ..... 
Short circuit output current 
Power dissipation ....... . 

VRB 

Generator 

. .-1Vto+7V 
0°C to +70°C 

·-55°Cto +125°C 
50mA 
. . 1W 

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

Parameter Symbol min typ max Unit Note 

Supply Voltage Vee 4. 5 5.0 5 .5 v I 

Input High Voltage v •• 2 .4 - 6.5 v I 
·--- t--------

Input Low .Voltage V" -1.0 - 0.8 v I 

Note 1 ) AU voltages referenced to Vu. 

•DC ELECTRICAL CHARACTERISTICS (Ta=O to +70°C, Vcc=5V±10%, Vss=OV) 

Parameter 
HM50257-12 HM50257-15 HM50257-20 

Symbol 
min max min max min max 

Operating Current (RAS, CAS Cycling: t11c=-min) I cc 1 - 83 - 70 - 55 

Stand by Current (RAS- V1u, Dout- High Impedance) fen - 4.5 - 4.5 - 4.5 
Refresh Current (RAS only Refresh, 1,e-min) lcCl - 62 - 53 - 42 

Standby Current (RAS- V1H, Dout Enable) Ico - 10 - 10 - 10 

Refresh Current(CAS before RAS Refresh, l•c-min) lcc6 - 69 - 58 - 45 
Nibble Mode Supply Current IRAS~ Vn. CAS Cycling, lsc~min) lc1 8 - 57 - 48 - 37 

Input leakage (O< V,. <7V) I LI -IO 10 -10 10 -10 10 

Output leakage (0< V, • .< 7V, Dout~ Disable I ho -10 10 -10 10 -IO 10 
Output levels High(/ • .,- -5mA) VoH 2.4 Vee 2.4 Vee 2.4 Vee 

Output levels Low (/ ••• -4.2mA) VoL 0 0.4 0 0.4 0 0.4 

Note) 1. Ice depends on output loading condition when the device is selected. Ice max, is specified at the output open condition. 

@HITACHI 
Hitachi America ltd. • 2210 O'Toole Ave. • San Jose, CA 95131 • (408) 435-8300 

Unit Notes 

mA I 

mA 

mA 

mA I 

mA 

mA 

µA 

µA 

v 
v 
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HM50257 Series,-----------------------------------

•CAPACITANCE (Vcc=5V±l0%, Ta=25°C) 

Parameter Symbol 

Address, Data-In c,. 
Input Capacitance 

Clocks c,, 
Output Capacitance Data-Out c, 

Notes) 1. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. CAS-V1H to disable Dout. 

typ 

-
-

-

max Unit Notes 

5 I 

7 pF I, 2 

7 I, 2 

•ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Ta=O to +70°C, Vcc=5V±l0%, Vss=OV) 1" 10" 11 ' 

HM50257-12 HM50257-15 HM50257-20 
Parameter Symbol Unit Notes 

min max min max min max 

Random Read or Write Cycle Time fRC 220 - 260 - 330 - ns 

Read-Write Cycle Time fRll't 265 -- 3JO - 390 ·-- ns 

RAS to CAS Delay Time IRU; 25 60 25 75 30 JOO ns 7 

Access Time from Il.AS IRM J20 J50 200 ns 2. 3 

Access Time from CAS lc.41" - 60 -- 75 - 100 ns 3, 4 

Output Buffer Turn-off Delay foVF 30 -·- 40 50 ns 5 

Transition Time (Rice and Fall) (r 3 50 3 50 3 50 ns 6 

RAS Precharge Time IHI' 90 JOO J20 - ns 

RAS Pulse Width fH.-tS 120 10000 J50 10000 200 JOOOO ns 

RAS Hold Time fRsf/ 60 75 -· JOO - ns 

CAS Hold Time lcs11 120 ·- J50 200 -- ns 

CAS. Pulse Width ICAS 60 10000 75 10000 100 10000 ns 

CAS to RAS. !'recharge Time ICRI' 10 10 JO - ns 

Row Address Set-up Time f.4SR 0 () - 0 - ns 

Row Address Hold Time IRAll 15 ·- 15 - 20 -- ns 

Column Address Set-up Time f.-tS( 0 - 0 ·- 0 - ns 
------

Column Address Hold Time fc:t!f 20 25 ·- 30 - ns 
---+-

Column Address Hold Time referenced to RAS f:tR 80 - 100 J30 -· ns 

Read Command Set-up Time /RCS 0 0 -- 0 ns 

Read Command Hold Time referenced to CAS f/Wfl 0 0 -- 0 ns 

Write Command Set-up Time fires 0 0 -- 0 ns 8 

Write Command Hold Time IH n1 40 45 - 55 ns 

Write Command Hold Time referenced to RAS f\1 CR 100 - 120 J55 - ns 

Rrite Command Pulse \Vidth /ll'/' 40 45 - 55 --- ns 

Write Command to RAS Lead Time /1rn 1. 40 ·- 45 - 55 - ns 
-

Write Command to CAS Lead Time lc1r1. 40 - 45 -- 55 - ns 

Data-in Set-up Time Ins 0 -- 0 - 0 - ns 9 

Data-in Hold Time fnH 40 -- 45 -- 55 ns 8, 9 

Data-in Hold Time referenced to RAS ffJIHI 100 J20 -- J55 -- ns 

RAS to WE Delay IHB'/J J20 - 150 -- 200 -- ns 

CAS to WE Delay tnrn 60 75 - 100 - ns 8 

Read Command Hold Time referenced to RAS IHH// 10 - JO --- io - ns 

Refresh Period IHEr' - 4 -- 4 - 4 ms 

CAS Setup Time tcsH JO 10 -- JO ·- ns 

CAS-llold Time ICAS.before RAS Refresh) ff'llH J20 - 150 -- 200 -· ns 

RAS. Precharge to CAS Hold Time fHl'C 0 0 --· 0 -- ns 

Nibble Mode Access Time f,\'AC -- 25 25 -- 35 ns -
Nibble Mode -RAS Cycle Time /,\'HC 390 -- 460 - 590 ·-- ns 

Nibble Mode 'RAS Pulse Width /.\'HA 290 -- 350 460 -·- ns 

Nibble Mode Cycle Time /,\'( 55 -- 60 -- 80 """ ns 

Nibble M_'.>de C:AS-Precharg!_~--

I 
/,\'('/' 20 25 --- 35 -- ns 

Nibble Mode CA1rPulse Width /,\'(',.\ 2:i - 25 -· 35 ns -----------------·- ---~-
(to be continued ) 

@HITACHI 
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HM50257 Series 

.... ··---· ---------·r···-······ --· ,--···--·-·-----T----------
1 , i !!~1502:17-12 1 l!l\1511257-15 l!M50257-20 

Parameter S\·mbol r------~-.----;----.-- --
- _ ---------~-·-··----f--1-~~--+~11a~_J--~~1--t---~~+~--1i __ n--+_m_a_x_+---+---

Nibble Mode RAS II old Time• ___________ 1 /'"'" j 411 -' I 4:J 1 • 55 

Nibble Mode CAS to \\'E Delay I I""" -] 211 1 2:i t 35 

Nibble Mode Writ;;-·c;;~~.~~.-;ct -to L".\S l~~a;! ;l;;-;-11; --D ~1~ _ 211 -i-::-··--r -~":if ----+---:{;_, _,_ __ _,__ __ _,__ __ 

Nibble Mode \\0:_~nmancl to RAS_~acl :!:.~"- +-/\Ii~" _411_i __ ~ _ _.l_:i ___ --+----"'-'-+---+---+----
N1bble Mode Wnte Command Pulse• \\ 1dth , /\111· L 211 1 1 :r; I :l5 

~;;de"R;;-~dWrit~C~~I~ -~-in1:'._ ___ r 1,.,~:--1 7~ l=-1- ~~~-+--=~t---1_:~-----_+--,__ __ _, __ -+---

Nibble Mode Read Writt• CAS Pulse \\'iclth ____ :__0..'_...'.:'__t_~~- _J --'~' __ _J ____ __L_1_0---''-----'------'----

Notes 
1. AC measurements assume IT= 5ns. 
2. Assumes that IRCD ~ tRCD (max). If 'RCD is greater 

than the maximum recommended value shown in this 
table, 'RAC exceeds the value shown. 

3. Measured with a load circuit equivalent to 2TTL loads 
and lOOpF. 

4. Assumes that tRcD ~ 'RCD (max). 
5. toFF (max) defines the time at which the output 

achieves the open circuit condition and output voltage 
levels are not referred. 

6. VrH (min) and VrL (max) are reference levels for 
measuring timing of input signals. Also, transition 
times are measured between VrH and VrL· 

7. Operation with the IRCD (max) limit insures that 
tRAC (max) can be met, IRCD (max) is specified as a 
reference point only; if tRCD is greater than the 
specified IRCD (max) limn, access time is controlled 
exclusively by tcAC· 

•TIMING WAVEFORMS 

•READ CYCLE 

v,. 
iiAs 

VIL 

v,. 
CAS 

VtL 

v,. 
Address 

VtL 

v,. 
WE 

VtL 

8. twcs. tcwo and tR WD are not restrictive operating 
parameters. 
They are included in the data sheet as electrical 
characteris~ics only; if twcs ~ twcs (min), the cycle 
is an early write cycle and the data output pin will 
remain open circuit (high impedance) throughout the 
entire cy~le; if tcwo ~ tcwo (min) and 'RWD ~ 
t R WD (mm), 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 ihe 
condition of the data out (at access time) is indeter
minate. 

9. These parameters are referenced to CAS" leading edge 
in early write cycles and t9 WE leading edge in delayed 
write or read-modify-write cycles. 

IO. An initial pause of 1 OOµs is required after power-up 
then excute at least 8 initialization cycles. 

11. At least, 8 CAS' before RAS refresh cycle are required 
before using internal refresh counter. 

"' 
lRAS 

"' 
ICSH 

""' 
Do"' 

1·,. High Impedance v., 
Note) EZZJ: D0n't care 

@HITACHI 
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HM50257 Series1--------------,---------------------

e WRITE CYCLE 

Dnu1 High Impedance * 2 

Notes) * t. lZZJ: Don't care 

•2. fwcs~fwcs(minl 

e READ MODIFY WRITE CYCLE 

Address 

Din 

Dou! 

364 

~--------t1us---------

@HITACHI 

Notes) •1.!Zn: Don't care 
•2. fawo~f1urD(min) 

fcwa~tcwo(min) 

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



-----------------------------------HM50257 Series 

e RAS ONLY REFRESH CYCLE 

'" 
\'IH 

RAS ,,, 

'" CAS 

\"IL 

VtH 

Address 
\'11, 

Dom 
\"t)H 
l"oL 

Notes l * 1. {_l_j · Don't care 

* 2. Refresh Address AO-A 7 ( AXO-AX7) 

•HIDDEN REFRESH CYCLE 

IRA.S '" 
~'IH 

RAS 

Vn 

i·1H 

CAs 
Vn 

V1H 

Address 
l/n 

v,. 
"WE 

rn 

lr------4~ , ... 
Dout 

\/ot 
--------<I Valid 

Note) !2Z'Z2 : Don' t care 

• CAS BEFORE RAS REFRESH CYCLE 

~J 
IRAS y "' 

~ 
tus 

i'1H 

··5= iiAs 
ra 

l°tH 

CTs 
rn 

Don't rare 

@HITACHI 
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HM50257 Series---------------------------------

•COUNTER TEST 

:\ddrcs~ 

l"tH----------------· 
' 

l'1L -- - - - --- - --- --------- - __ / 

•NIBBLE MODE READ CYCLE 

v,. 
RAS 

v,, 

v,. 
CAS 

v,, 

v,. 
Address 

v,, 

@HITACHI 

' .._ ____ _ 

Notes l * 1. f2Z3: Don•t care 
* 2. Dotted Line Means Read Cycle. 

Note) f2z;J : Don't care 
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-----------------------------------HM50257 Series 

eNIBBLE MODE WRITE CYCLE 

~·IH 

RAS 
ViL 

\'/H 

CAS 
\.'n 

\.'1H 

A.uin... 
Vn 

iVE 
v,. 

Vn 

v,. 
Din 

Vn 

v •• 
Dom 

High Impedance *2 

Va< 

•NIBBLE MODE READ MODIFY WRITE CYCLE 

lRAS 

\.'m 

ilAS 
\:n 

CAs 
\'n 

V1H 

Address 

.HITACHI 

Notes) * L 1772 : Don't care 

*2. twcs~twcs(min) 

Notes) * 1. ez2I : Don't care 

*2. tawo~ lRwo(min) 

tcwo~tcwo(min) 
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HM51256 Series 
262144-word X 1-bit CMOS Dynamic Random Access Memory 

•FEATURE 
• 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/BOns 

• Lower power 
Standby: 11 mW (TTL Level) 

1.lmW (CMOS Level: L-version) 
Active: 385/330/275/220mW 

• Input and output: TTL compatible 
• Refresh: 256 cycles/4ms 

256 cycles/32ms ( L-version) 
• Refresh function: RAS only refresh, CAS before RAS refresh, 

Hidden refresh 
• High speed page mode capability 
• Edge triggered write capability 
• Fast CAS output control 

• ORDERING INFORMATION 

Type No. Access Time Package 
---

HM51256P-8 85ns 
HM51256P-10 lOOns 300 mil 16 pin Plastic 
HM51256P-12 120ns DIP 
HM51256P-15 150ns 

HM51256CP-8 85ns 
HM5 l 256CP-l 0 IOOns 

18 Pin PLCC 
HM51256CP-12 120ns 
HM51256CP-15 150ns 

HM51256LP-8 85ns 
HM51256LP-10 !OOns 300 mil 16 pin Plastic 
HM51256LP-12 120ns DIP 
HM51256LP-15 150ns 

HM51256LCP-8 85ns 
HM51256LCP-10 lOOns 

18 pin PLCC 
HM51256LCP-12 120ns 
HM51256LCP-15 150ns 

HM51256ZP-8 85ns 
HM51256ZP-10 lOOns 
HM51256ZP-12 120ns 
HM51256ZP-15 150ns 16 pin Plastic 

HM51256LZP-8 85ns ZIP 

HM51256LZP-10 lOOns 
HM51256LZP-12 120ns 
HM51256LZP-15 150ns 

@HITACHI 

HM51256P Series 

~ 
(DP-16B) 

HM51256CP Series 

• (CP-18) 

HM51256ZP Series ,. 
(ZP-16) 
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---------------------------------HM51256Series 

• PIN ARRANGEMENT 

• HM51256P Series • HM51256CP Series • HM51256ZP Series 
Din A8 Vuffi 

(Bottom View) 

Al Vrc A? AS 

(Top View) (Top View) 

• ABSOLUTE MAXIMUM RATINGS 

Voltage on any pin relative to Vss . . . . ...... -1V to +7V 
Operating temperature, Ta (Ambient). . . . .... 0°C to +70°C 
Storage temperature ................... -55°C to +125°C 
Short circuit output current . . . . . . . . . . . . . . . . . 50mA 
Power dissipation . . . . . • . . . . . . . . . . 1 w 

• BLOCK DIAGRAM Din 

Da111 in 
Aurr~r 

Memory Array 
2li2,l~~bits 

Row Dt!cmler 

Dom 

•RECOMMENDED DC OPERATING CONDITIONS (Ta-0 to +7o"C) 

Parameter Symbol min typ 

Supply Voltage Vee 4.5 5.0 
Input High Voltage v,. 2.4 -
Input Low Voltage V,L -1.0 -

Note) 1. All vohqe1 referenced lO Vu 

.HITACHI 

A,-A, 

CAS 

Din 

Dout 

RAS 

WE 

v,, 
Vss 
A,-A, 

max 

5.5 

6.5 

0.8 

Address Inputs 

Column Address Strobe 

Data In 

Data Out 

Row Address Strobe 

Read/Write Input 

Power (+SV) 

Ground 

Refresh Address Inputs 

Unit Note 

v I 

v I 

v I 
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HM51256 Series---------------------------~--------

•DC ELECTRICAL CHARACTERISTICS (Ta=O to +70"C, Vcc=5V±l0%, Vss=OV) 

HM51256-8 HM51256-IO HM51256-12 
Parameter Symbol 

min max min max min max 

Operating Current (RAS, CAS Cycling: fRc=min) lcc1 - 70 - 60 - 50 

Standby Current (RAS= V!H, Dout=High Impedance) lcC2 - 2 - 2 - 2 

Refresh Current (RAS only Refresh, !He= min) lcc3 - 70 - 60 - 50 
Standby Current (RAS= V1H, Dout Enable) lcc-1 - 6 - 6 - 6 

Refresh Current (CAS before RAS Refresh, !He= min) Ices - 60 - 55 - 45 

High SpeedPage Mode Supply Current IRAS= Vu .• CAS Cycling, Ire =min.I lcc6 - 70 - 60 - 50 

Standby Current (RAS, CA5 = Vrc -- 0. 2V I lcC7 - 200 - 200 - 200 

Input leakage (0< JI,,,< 7VI Ju -IO 10 -10 IO -IO 10 

Output leakage (O< JI,'",< 7V, Dout = Distable) ho -IO 10 -10 10 --IO IO 
Output levels High(/,,,,,= 5mAI Vrm 2.4 Vee 2.4 Vee 2.4 Vee 

Output levels Low (!,,,,, = 4. 2mA I Vrn 0 0.4 0 0.4 0 0.4 

\'oles' 1. /,-,.depends on output loading condition when the dPvice is selected. lff max. is specified at the output open c1mrlition. 

'.!.This specifirntion is guaranteed only for L-version 

•CAPACITANCE (Vcc~SV±l0%, Ta~25°C) 

HM51256-15 
Unit Notes 

min max 
- 40 mA 1 
- 2 mA 
- 40 mA 
- 6 mA 1 
- 35 mA 
- 40 mA 1 
- 200 µA 2 

-10 10 µA 

-10 10 µA 

2.4 Vee v 
0 0.4 v 

Parameter Symbol typ max ·Unit Notes 

Input Capacitance [_ Address, Data-in C11 

___________ ,,_____L_Clocks Cn 
Output Capacitance ~70~a-ta---o-ut---------+--~(c~1-- ----+-

Notes) 1. Capacitance measured with Boonton Meter or effective capacitance measuring method. 

2. CAS - Vi" to disable Dout . 

• ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
( Ta=O to +70°C, Vcc=5V±10%, Vss=OV) 

•Read, Write, Read-Modify-Write and Refresh Cycles (Common Parameter) 

pf 

1. 2 

-------, -----~----------
Parameter 

HM51256-8 HM51256-IO HM51256-12 HM51256-15 
Symbol 1---c---r-----e-------+-------+------' Unit Notes 

mm max mm max mm max mm max 
---------------------+----+----+--r--·+---+---+---+----+---+---+--
_R=an=d-o_m_R_e_ad_or_W_r_it_e_C_y_c_le_T_i_m_e _______ f--___ l_Rc_-t_l5_5-+--~+.1.8~- -·----1 _21~-+---+-2_5_0--+---+-_n_s-+--

RAS Precharge Time IR1' 60 -- 70 80 90 ns 

RAS Pulse Width IRAs 55 IOOOO 65 10000 75 ns IOOOO 10000 95 
~-------------------+---+---+--r----+--f---+---+---f---+----+--

CAS Pulse Width le As 25 - 25 - 30 - 35 - ns 

Column Address Set-up Time I Ase 0 - 0 - 0 ns 
--------------·-------+----+---+--f--

Co I umn Address Hold Time le AH 15 - 20 - 25 30 ns 

Column Address Hold Time to RAS IAH 60 - 75 - 90 l!O ns 
RAS to CAS Delay Time t Rev 20 60 25 75 25 90 30 115 ns 

RAS to Column Address Delay Time I HAD 15 45 20 · 55 20 65 25 80 ns 

RAS Hold Time IRsH 20 - 25 - 30 - 35 - ns 
-C=A=S-H-ol_d_T_i_m_e---------------+--l-cs--H-+--8-5-+--_-f--IOO- -_-+-1-2-0-+--_-_-t-l-5-0-+-__ r--n-s--l---

CAS to RAS Precharge Time le RP IO ---+-lO - 10 - 10 - ns 
-+--f---+---+·--f---+---t---

Row Address Set-up Time IAsR 0 0 - 0 - 0 ns 
Row Address Hold Time IRAH 10 -- 15 - 15 - 20 ns 
Transition Time (Rise and Fall) Ir 3 50 3 50 31-5--0-+-3-+-5-0-+-n-s--+---
---------------------+-----+---+--f----+---+-

Refresh Period fHn - 4 - 4 - 4 -- 4 ms 

--------------------~---" __ -___J__32 __ f--____ ~_3_2-t-_-_f--3_2_~--~-_3~f115-c__2_l_ 
•Read Cycle 

Parameter Symbol 
HM51256-8'HMSJZ55:lii'HM51256-12 HM51256-15 

. . -~- . . Unit Notes 
mm max mm max mm max mm max 

---------------------+----+-
Access Time from RAS IHAc - 85 -- +-l_0_0_-+----+-_12_0-+---e--1_5_0--+--"~ 

_A_cc_e_ss_-_T_im_e_fr_o_m_C_A_S ___________ --+c----l_cA_1_·__,_-_+-_25_r--+--2_5_-+-----+f--3_0_--+---+-3_5--+_n __ s_~ 
Access Time from Address IAA - 40 45 - 55 - 70 ns 3,5,14 

---------------------+----+---+--1-----+---+----+--+---+---+--+---
Read Command Set-up Time !Res 0 - 0 - 0 - 0 ns 
Read Command Hold Time to CAS IRCH ·O - O - O -- O ns 
----------------------+-----t-

R ead Command HoM Time to RAS IRRll IO - IO - IO - IO ns 

35 ns 

----------------------+-----t-----+---+-·-t--·----i--·-+---+-----+---+---+---
Column Address to RAS Lead Time IHAL 40 - 45 - 55 - 70 - ns 
---------------------+----+--- t---+-·--+---+--·+--+---+--f----+---

Out put Buffer Turn-off Time ton- 0 20 0 25 0 30 O 
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--------------------------------HM51258Serles 

• 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 /irc.'i 0 - 0 - 0 - 0 - ns 10 

Write Command Hold Time IWCH 20 - 25 - 30 - 35 - ns 

Write Command Hold Time to RAS twcR 65 - 80 - 95 - 115 - ns 
Write Command Pulse Width fwl' 15 - 20 - 25 - 30 - ns 

Write Command to RAS Lead Time fRlf/. 20 - 25 - 30 - 35 - ns 

Write Command to CAS Lead Time lcir1. 20 - 25 - 30 - 35 - ns 

Data-in Set-up Time !os 0 - 0 - 0 - 0 - ns 11 

Data-in Hold Time lrm 15 - 20 - 25 - 30 - ns 10, 11 

Data-in Hold Time to RAS ftmR 60 - 75 - 90 - 110 - ns 

•Read-Modify-Write Cycle 

Parameter Symbol 
HM51256-8 HM51256-10 HM51256-12 HM51256-15 

Unit Notes 
min max min max min max min max 

Read-Write Cycle Time IRWC 180 - 210 - 245 - 290 - ns 

RAS to WE Delay Time IRWD 85 - 100 ·- 120 - 150 - ns 10 

CAS to WE Delay Time lcirn 20 - 25 - 30 - 35 - ns 10 

Column Address to WE Delay Time IAWD 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 (CA-S before RAS Refresh) fc::;J! 10 - 10 - 10 - 10 - ns 

CAS Hold Time (CAS before RAS Refresh) tcuR 10 - 10 - 10 - 10 - ns 

RAS Prechange to CAS Hold Time IRl'C 15 - 15 - 15 - 15 - 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 fl'C 50 - 55 - 65 - 80 - ns 18, 20 

High Speed Page Mode RAS Pulse Width IRAJ'C 55 75000 65 75000 75 75000 95 75000 ns 19 

RAS to Second WE Delay Time IRSll' 90 - 105 - 125 - 155 - ns 

CAS Precharge Time fcp 10 - 15 - 20 - 20 - ns 

Write Invalid Time tirr 10 - 10 - 15 - 15 - ns 

Access Time from Column Precharge Time ICAI' - 45 - 50 - 60 - 75 ns 20 

•High Speed Page Mode Read-Modify-Write 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 on Read-Write IR""l'C 85 - 95 - 115 - 145 - ns 12 

Access Time from Previous WE fJ'WA - 80 - 90 - 110 - 140 ns 3, 13 

Previous WE. to Column Address Delay Time f1rAJJ 20 40 25 45 30 55 35 70 ns 15 

Notes: I. AC measurements assume tr= 5ns. 
2. Assumes that fRCD ;£ fRCD (max) and fRAD ;£ fRAD (max). If fRCD or fRAD is greater than the maximum 

recommended value show in this table, fRAC. exceeds the value shown. 
3. Measured with a load circuit equivalent to 2TTL loads and IOOpF. 
4. Assumes that fRCD ~ fRCD (max), fRAD ;£ fRAD (max). 
5. Assumes that fRCD ~ fRCD (max) and fRAD ~ fRAD (max). 
6. fOFF (max) defines the time at which the output achieves the open circuit condition and is not referenced to 

output voltage levels. 
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HM51256 Series--------~--------------------------

7. VJH (min) and VJL (max) are reference levels for measuring timing of input signals. Also, transition times are 
measured between VJH and VJL. 

8. Operation with the fRCD (max) limit insures that fRAC (max) can be met, fRCD (max) is specified as a reference 
point only, if fRCD is greater than the specified tRCD (max) limit, then access time is controlled exclusively by tCAC· 

9. Operation with the tRAD (max) limit insures that fRAC (max) can be met, fRAD (max) is specified as a Re
ference point only, if tRAD is greater than the specified fRAD (max) limit, then access time is controlled 
exclusively by t AA. 

10. twcs. fRWD· fCWD and tA WD are not restrictive operating parameters. They are included in the data sheet as 
electrical characteristics only: if twcs?; twcs (min), the cycle is an early write cycle and the data out pin will 
remain open circuit (high impedance) throughout the entire cycle; if IRWD?; fRWD (min), tcwD?; tcwD 
(min) and fAWD?; tA WD (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. 

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) = tAWD (min)+ tWAD (max)+ tT. 
13. Assumes that twAD ~ twAD (max). If twAD is greater than the maximum recomended value shown in this 

table, f PWA exceeds the value shown. 
14. Assumes that twAD?; fWAD (max). 
15. Operation with the twAD (max) limit insures that tPWA (max) can be met, twAD (max) is specified as a 

reference point only, if tWAD is greater than the specified IWAD (max) limit, then access time is controlled 
exclusively, by tAA. 

16. An intial pause of lOOµs 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 IASC = tcp - 5 ns. 
19. tRAPC defines RAS"pulse width in High Speed Page mode cycle. 
20. Access time is determined by the longer of tAA or ICAC or tcAP· 
21. This specification is guaranteed only for L-version. 

•TIMING WAVEFORMS 

•Read Cycle 

CAS ----+-+------,1_ 

Address 

Dout 

lRAC 

IRC 

tcAc 

.HITACHI 

Note} t2ZI : Don't are 
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---------------------~-- -----------HM51256 Series 

'" 
•Write Cycle IRAS 

IRl\'L 

IRSH 

I RCD ICA~ 

ICSH 

Address 

Din 

Dout 
Open*2 

•Read Modify Write Cycle 

CAS ---.+-.+------1 

Addrf'»S 

Din 

Dnut 

@HITACHI 

IRP 

ICRP 

Notes) * 1. ~ : Don't care 
•2. twcs~twcs(min) 

Notes) • l. [27llll : Don't care 
•2. IRK'D~IRll"D(min) 

lnro:;;: tcirn (min) 
I ,urn~ t.orn (min) 
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HM51256 Series-----------------------------------

•RAS Only Refresh Cycle 
IRC 

Address 

Dout 

Note) rzl.Zl: Don't care 

•Hidden i\~fresh Cycle 

Read Refresh 

Note) ezz1 : Don't care 

e CAS Before RAS Refresh Cycle 

IRC 

IRAS 

IRP 

lCRP 

Address 17777777777777777777777777777777777777777777777 

Dout Open 

Note) ~: Don't care 

@HITACHI 
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---------------------------------HM51256Series 

•High Speed Page Mode Read Cycle 

•High Speed Page Mode Write Cycle 

•High Speed Page Mode Read Modify Write Cycle 

\IT 

@HITACHI 

Note11) •t.UilJ: Don't care 
•2.1.-ai~l.-c:<(min) 

Note) UilJ: Don't cue 

Hitachi America Ltd. • 2210 O'Toole Ave. • San Jose, CA 95131 • (408) 435-8300 375 



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 2µm CMOS process. 
This device has static column circuit and it is good for 
high performance main storage or for page access 

applications. 
While the row circuitry is still dynamic, and it controls 
the power consumed in the static circuitry. It realizes 
very low power dissipation. 
Multiplexed address and the 16 pin pinout are com

patible with the fully dynamic 256K DRAM 

HM50256. 

• FEATURES 
• 262,144 word x 1 bit SCRAM 
• 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 

Static Column cycle time: 45/50/60n5ns 

• Lower power 
Standby: 11 mW 
Active: 385/330/275/220mW 

• Input 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 

• ORDERING INFORMATION 

Type No. 

HM51258P-8 
HM51258P-10 
HM51258P-12 
HM51258P-15 

Access Time 

85ns 
lOOns 
120ns 
150ns 

Package 

300 mil 16 pin Plastic 
DIP 

@HITACHI 

(DP-16B) 

•PIN ARRANGEMENT 

(Top View) 
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------------------------------HM51258 Series 

• BLOCK DIAGRAM 

WE 

cs 

RAS 

Vee 0--

Vss 0--

• ABSOLUTE MAXIMUM RATINGS 
Parameter 

Voltage on any pin relative to V ss 

Supply Voltage relative to V ss 

Short circuit output current 

Power dissipation 

Operating temperature 

Storage temperature 

v,, 
Generator 

Symbol 

VT 

Vee 

lout 

PT 

Topr 

Tstg 

Din 

Data in 
Buffer 

Dout 

Memory Array 
262,144hits 

Row Decoder 

Rating 

-1.0 to +7 .0 

-1.0 to +7 .0 

50 

l.O 

0 to +70 

-55 to +125 

• RECOMMENDED DC OPERATING CONDITIONS (T0 =0 to +70°C) 
Parameter Symbol min typ max 

Supply voltage Vee 4.5 5.0 5.5 

Input high voltage V1H 2.4 - 6.5 

Input low voltage Vn -1.0 - 0.8 

Note) All voltages referenced to V SS· 

• DC ELECTRICAL CHARACTERISTICS (Vcc=SV± 10%, Vss=OV, Ta=O to +70°C) 

Parameter Sybmo Test condition.;; r----:~~-----j . . . i----- ---------·---,-HMS t.258-8 .HMS 125.S::WHMS 1258-12 HMSl 258-15 

mm max min max mm max mtn max 

Unit 

v 
v 

mA 

w 
oc 
oc 

Unit 

v 
v 
v 

Unit Note 

mA Operating ;,-u;~;~! Ice/- -RAS, cs Cycling; tR(_.;;;,i~ -- ---1 --io 60 so 40 
---- -- - - - . -- . - . --- - - +---+------+---+---+----+----+---+---+----+--

Standby curre~Icc2 RAS=_VJH. Dout=_f:I1gh_!_1l1Pe_~a_n_c:_ t-----=-+---2---+--+--+---+---l--+---+---l-
Refresh_cli_rre_n_t _ _ ICCJ RAS only_Refresh, IR('°mm 7_0_-+---+-6_0--1--+-S_O--l--+-4_0_+---t---

mA 

mA 

Stand by cu~e_l1_1_ ! CC4 ~A~=_Jf1 H. [)~u tl'._n_able__ ____ --+---·+-6-~-f---t--5_5 -+----1-4_5-+---1-3-:--+--+--
Refresh current ICC5 CS before RAS Refresh. tRc_= __ n_1i_n_+---lf--+---+---l--+---t----+--t---r---

mA 

mA 

Operating current Icc6 Static Column Mode, 70 60 50 40 
IRSC._l_w_,s:c;·mm ____ -----·- t--c--1 

Input leak_age ___ /Lf V;11 =_()_t<'_!_V _____ -10 10 -10 10 -10 IO -10 10 
+--

Output leakage ho V0 ut=O to 7V -10 10 -10 10 -10 10 -10 10 

mA 

µA 

µA 
--------- - ·-----· ---
Output high voltage VQH fou1=-5mA 2.4 Vee 2.4 Vee 2.4 Vee 2.4 Vee v 
Output low voltage Vol four=4.2mA 0 0.4 0 0.4 0 0.4 0 0.4 v 

Note) I. Ice depends on output loading condition when the device is selected. 
Ice max is specified at the output open condition. 
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HM51258 Series---------------------------------· 

• CAPACITANCE(Vcc=SV± 10%, Ta=25°C) 

Parameter Symbol typ 

Address, Data-In C11 -
Input capacitance 

max Unit 

5 pF 

Note 

I 

Note) I. ·Capacitance measured with 
Boonton Meter or effective 
capacitance measuring method. 

Clock C12 - 7 pF I 2. CS= V1H to disable Dout. 

Output capacitance Data-Out Co - 7 pF I, 2 

• ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING 
CONDITIONS (Ta=O to +70°C, Vcc=5V±10%) 

• Read, Write, Read-Modify-Write and Refresh Cycles (Common Parameter) 

Symbol 
HM51258-8 11™51258-10 HM51258-12 IHM51258-15 

Parameter 
min max min max min max min max 

Random Read or Write Cycle Time tRC 155 - 180 - 210 - 250 -
RAS Precharge Time tRP 60 - 70 - 80 - 90 -
RAS Pulse Width tRAS 55 10000 65 10000 75 10000 95 10000 

CS Pulse Width res 25 - 25 - 30 - 35 -

RAS to CS Delay Time tRCD 20 60 25 75 25 90 30 115 

RAS to Column Address Delay Time tRAD 15 45 20 55 20 65 25 80 

RAS Hold Time tRSH 20 - 25 - 30 - 35 -
CS Hold Time tCSH 85 - 100 - 120 - 150 -

CS to RAS Precharge Time tCRP 10 - 10 - IO - 10 -
Row Address Set-Up Time tASR 0 - 0 - 0 - 0 -
Row Address Hold Time tRAH 10 - 15 - 15 - 20 -

Transition Time (Rise and Fall) tr 3 so 3 50 3 50 3 50 

Refresh Period tREF - 4 - 4 - 4 - 4 

• Read Cycle 
Access Time from RAS tRAC - 85 - 100 - 120 - 150 

Access Time from CS tCAC - 25 - 25 - 30 - 35 

Access Time from Address tAA - 40 - 45 - 55 - 70 

Column Address Hold Time to RAS on Read tAR 85 - 100 - 120 - 150 -
Read Command Set-Up Time tRCS 0 - 0 - 0 - 0 -
Read Command Hold Time to CS tRCH 0 - 0 - 0 - 0 -
Read Command Hold Time to RAS tRRH 10 - 10 - IO - 10 -

Column Address to RAS Lead Time tRAL 40 - 45 - 55 - 70 .-

RAS to Column Address Hold Time tAH 10 - 15 - 15 - 20 -

Output Hold Time from Address ton 5 - 5 - 5 - 5 -
Output Buffer Turn-<Jff Time tOFF 0 20 0 25 0 30 0 35 

• Write Cycle 
Column Address Set-Up Time tASC 0 - 0 - 0 - 0 -
Column Address Hold Time tCAH 15 - 20 - 25 - 30 -

Column Address Hold Time to RAS on Write tAWR 60 - 75 - 90 - 110 -

Write Command Set-Up Time rwcs 0 - 0 - 0 - 0 -

Write Command Hold Time rwcn 20 - 25 - 30 - 35 -
Write Command Hold Time to RAS tWCR 65 - 80 - 95 - 115 -

Write Command Pulse Width twp 15 - 20 - 25 - 30 -

Write Command to RAS Lead Time tRWL 20 - 25 - 30 - 35 -

Write Command to CS Lead Time tCWL 20 - 25 - 30 - 35 -
Data-in Set-up Time rns 0 - 0 - 0 - 0 -

Data-in Hold Time tnn 15 - 20 - 25 - 30 -
Data-in Hold Time to RAS tDHR 60 - 75 - 90 - 110 -

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ms 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Notes 

8 

9 

7 

2,3 

3,4 

3,5,14 

16 

6 

10 

11 

10, 11 

(to be continued) 
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----------------------------------- HM51258 Series 

• Read-Modify-Write Cycle 
HM51258-8 HM51258-10 HM51258-12 HM51258-15 

Parameter Symbol Unit Notes 
min max min max min max min max 

Read-Write Cycle Time fRWC 180 - 210 - 245 - 290 - ns 

RAS to WE Delay Time fRWD 85 - JOO - 120 - 150 - ns 10 

CS to WE Delay Time fCWD 20 - 25 - 30 - 35 - ns 10 

Column Address to WE Delay Time fAWD 40 - 45 - 55 - 70 - ns 10 

Output Hold Time from WE IOHW 25 - 25 - 25 - 25 - ns 

• Refresh Cycle 
CS Set-up Time (CS before RAS Refresh) tCSR IO - 10 - IO - 10 - ns 

CS Hold Time (CS before RAS Refresh) fCHR IO - 10 - IO - 10 - ns 

RAS Precharge to CS Hold Time fRPC 15 - 15 - 15 - 15 - ns 

• SC Mode Cycle 
SC Mode Cycle Time on Read fRSC 45 - 50 - 60 - 75 - ns 

SC Mode Cycle Time on Write rwsc 45 - 50 - 60 - 75 - ns 

RAS to Second WE Delay Time IRSW 90 - 105 - 125 - 155 - ns 

SC Mode RAS Pulse Width IRASC 55 75000 65 75000 75 75000 95 75000 ns 

CS Precharge Time tcp 10 - 10 -- 15 - 15 - ns 

Write Invalid Time tw1 10 - IO - 15 - 15 - ns 

• SC Mode Read-Modify-Write and Mixed Cycle 
SC Mode Cycle Time on Read-Write tRWscJ 85 - 95 - 115 - 145 - ns 12 

Access Time from Previous WE tPWA - 80 - 90 - 110 - 140 ns 3, 13 

Previous WE to Column Address Delay Time IWAD 20 40 25 45 30 55 35 70 ns 15 

Column Address Hold Time to Previous WE fPWH 80 - 90 - !IO - 140 - ns 

Notes: I. 
2. 

3. 
4. 
5. 
6. 

7. 

8. 

9. 

10. 

AC measurements assume tr= 5ns. 
Assumes that tRcD ;"; IRcD(max) and IRAD ;"; IRAD(max). If tRcD or /RAD is greater than the maximum 
recommended value shown in this table, t RAC exceeds the value shown. 
Measured with a load circuit equivalent to 2TTL loads and I OOpF. 
Assumes that tRcD ~ IRcD(max), tRAD ;"; t RAD(max). 
Assumes that tRcD 2 tRcD(max) and IRAD s tRAD(max). 
toFF(max) defines the time at which the output achieves the open circuit condition and is not referenced to 
ou'tput voltage levels. 
V1H(min) and Vn(max) are reference levels for measuring timing of input signals. Also, transition times are 
measured between V1H and Vn. 
Operation with the t RCD (max) limit insures that t RAc(max) can be met, t RCD (max) is specified as a reference 
point only; if tRcD is greater than the specified IRcD(max) limit, then access time is controlled exclusively 
by tcAC· 

Operation with the IRAv(max) limit insures that IRAc(max) can be met, IRAD(max) is specified as a re
ference point only; if t RAD is greater than the specified t RAv(max) limit, then access time is controlled ex
clusively by t AA. 

twcs. tRWD· tcwD and IAWD are not restrictive operating parameters. They are included in the data sheet as 
electrical characteristics only: if twcs:?, twcs(min), the cycle is an early write cycle and the data out pin will 
remain open circuit (high impedance) throughout the entire cycle; if IRWD St RWD(min), t CWD SI cwv(min) 
and IAWD ~ IAwD(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 in
determinate. 

11. These parameters are referenced to cs· leading edge in early write cycles and to WE leading edge in delayed 
write or read-modify-write cycles. 

12. 'Rwsc(min) = tAwv(min) + twAD(max) +tr 

13. Assumes that twAD 2 twAD(max). If twAD is greater than the maximum recomended value shown in this 
table. t PWA exceeds the value shown. 

14. Assumes that twAD ~ twAD(max). 
15. Operation with the twAv(max) limit insures that tpwA (max) can be met, twAD(max) is specified as a re

ference point only, if twAD is greater than the specified twAD(max) limit, then access time is controlled ex
clusively by t AA. 

16. t AH defines the time at which the column address hold. 
17. An initial pause of 1 OOµs is required after power-up then execute at least 8 initialization cycles. 
18. At least, 8 CS before RAS refresh cycle are required before using internal refresh counter. 
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HM51258 Series-----------------------------------

• TIMING WAVEFORMS 
• Read Cycle 

• Write Cycle 

380 

"' 
IRAS 

lUH 

llrco ICS 

ICSH 

lASlt 

"' 
t11.u , .. 

Address Column 

Oout 

'" Note) rillJ: Don't care 

'" 
RAS l#AS 

ltcO res ,,,., 
ICS# 

cs 

Addreu 

WE 

Din 

Do•• ---------"H;;:;gh:::o-..:Z:..."-------------

Notes) •1.~: Don't care 
•2. t wcs;s;twcs(min) 
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-------HM51258 Series 

• Read-Modify-Write Cycle 

cs 

:\ddress 

WE 

Dm 

Dout 

• RAS Only Refresh Cycle '" 
Iii AS '" 

IRAH 

Address 

Oout 

Note) fZZLl: Don't care 

• Hidden Refresh Cycle 

Relr h 

Note) !ZZJ: Don't care 
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• CS before RAS Refresh Cycle 
1111· 

IHI' 

h°HH It RI' 

cs 

.1J.i, . .,, / I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 

Dnm 

• Static Column Mode Read Cycle 

• Static Column Mode Write Cycle 

Address 

Din 

Dout 

!lpp11 

.HITACHI 

Note) !'.'ll.Zl : Don't care 

Note) rzl~: Don't care 

Notes) * 1.!ZZA: Don't care 

•2. twcs;ctwcs(min) 
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• Static Column Mode Read-Modify-Write Cycle 

• Static Column Mode Mixed Cycle 

·-~\\~"~"·----+------Rc_o_d __ + 

@HITACHI 

Notes) * 1. !7ZZZI : Don't care 
*2. lnwn~tnwn(min) 

tcwnG:tcwn(min) 
tAwDG:t.11wn(min) 
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HM514256 Series-----Preliminary 

262144-word x 4-bit CMOS Dynamic Random Access Memory 

The Hitachi HM514256 Series is a CMOS dynamic RAM or
ganized 262144-word x 4-bit. HM514256 has realized higher 
density, higher performance and various functions by employing 
1.3 µm CMOS process technology and some new CMOS circuit 
design technologies. The HM514256 offers Page Mode as a high 
speed access mode. 

Multiplexed address input permits the HM514256 to be 
packaged in standard 20-pin plastic DIP, 20-pin plastic SOJ and 
20-pin plastic ZIP. 

Features 

• High Speed Access Time 100/120/150 ns (max) 
• Lower Power . . . . Active 300 mW, Standby 11 mW 
• Single 5V (±10%) 
• Page Mode 
• 512 refresh cycle . . . . . . . . . . . 8 ms 
• 2 variations of refresh . . . . . . . . RAS only refresh 

GAS before RAS refresh 

Ordering Information 

Type No. Access Time Package 

HM514256P-10 100 ns 

HM514256P-12 120ns 300 mil 20 "lin Plastic DIP 

HM514256P-15 150ns 

HM514256ZP-10 lOOns 
HM514256ZP-12 120ns 20 pin Plastic ZIP 

HM514256ZP-15 150ns 

HM514256JP-10 lOOns 
HM514256JP-12 120ns 20 pin Plastic SOJ 

HM514256JP-15 150ns 

Pin Arrangement 

HM514256P Series HMS 14 256JP Series HM514256ZP Series 

No._ 
I/OJ 1 20 Vss (AS 2 I OE 
1/02 2 19 1/04 31/03 
WE 3 18 1/03 1/04 4 

5 v." Ri\S 4 17 00 1/01 6 
16 OE 7 1/02 

9 RAS 

15 AB 
14 A7 
13 A6 
12 A5 
11 A4 A618 

I9A7 
(Top View) AS 20 

(Bottom View) 
(Top View) 

@HITACHI 

HMS 14 256P Series 

(DP-20NA) 

HM514256ZP Series 

(ZP-20) 

HMS 14 256JP Series 

(CP-20D) 

Pin Description 

AO - AS Address Inputs 

CAS Column Address Strobe 

I/O - I/04 Data In/Data Out 

OE Output Enable 

RAS Row Address Strobe 

WE Read/Write Input 

Vee Power (+SV) 

Vss Ground 

AO-AS Refresh Address Input 

Note) The specifications of this de
vice are subject to change with
out notice. Please contact your 
nearest Hitachi's Sales Dept. re
garding spe~ifications. 
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--,---------------------------------HM514256 Series 

Block Diagram 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

RAS CAS WE OE 

RAS CAS WE OE 
Control Control Control Control 
Circuit Circuit Circuit Circuit 

1/01 1/02 1/03 1/04 

l l l l 
1/0 Buffer [ 1/0 kuffec] 

~ ~ 
~7 

~ dl ~ ~ 

"' "' "' 
1281 .e. 128k 128k f.51 128k 128k f.51 1281 128k f.51128k 

Memory :; Memory Memory ~Memory Memory ~Memory Memory ~Memory 
Cell Cell Cell . Cell Cell ~r!y Cell Ii Cell 
Array ~Array Amy ~Array Arny Array E Array 

< < < < ·~ ~ ~ ~ ~ 

• Jl • • Q 

"' "' "' o!I 

l 
Q 

d 

~ 

WonlDmer Word Driver Word Driver Word Driver 

Wm~ '"""""" Row Decoder Row Decoder Row Decoder ~ "'--'=' 

Column Address Bulle~ Row Address Buffer J [ 

Absolute Maximum Ratings 

Voltage on any pin relative to V ss. 
Operating temperature, Ta (Ambient) .. 
Storage temperature (Ambient) 
Power dissipation ........ . 
Short circuit output current .. 

i~ 
l AO-AB l 

-lV to +7V 
0°C to +70°C 
-55°C to +125°C 
lW 
50mA 

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

Parameter Symbol Min Typ Max Unit 
Supply voltage Vee 4.S 5.0 5.5 V 
Input High voltage V1H 2.4 6.S V 
Input Low voltage V1L -2.0 0.8 V 

Note) I. All voltages referenced to V ss· 
2. v,L (min) = -1.0V on 1/01-1/04. 

-"]' 

@HITACHI 
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HM514256 Series 

DC Electrical Characteristics (Ta= 0 to +70°C, V cc = SV ± 10%, V ss = OV) 

Parameter Symbol Min Max Unit Notes 

Operating current 
tRc = 260 ns 

Icc1 
40 

tRc = 220 ns 47 mA •1, *4 
tRc = 190 ns 55 

Icc2 
2 mA TTL Interface 

Standby current 
mA CMOS Interface 

Refresh current 
tRc = 260 ns 

Icc3 
40 

tRc = 220 ns 47 mA RAS only Refresh *l 
tRc = 190 ns 55 

Standby current 
(Dout Enable) Ices 5 mA •1 

RAS= VIff, CAS = V1L 

Refresh current 
tRc = 260 ns 

Icc6 
40 CAS before 

tRc = 220 ns 47 mA RAS Refresh 
tRc = 190 ns 55 

Operating current 
tRc = 105 ns 

Icc1 
40 

tRc= 85 ns 47 mA •1, •s 
tRc= 70 ns 55 

Page mode 

Input leakage 
Iu -10 10 µA 0 <Vin< 7V 

Output leakage 
I Lo -10 10 µA Dou t is disabled 0 <Vout < 7V 

Output levels 
VoH 2.4 Vee v High lout= -5 mA 

Low Iout=4.2mA VoL 0 0.4 v 

Capacitance 

Parameter Symbol Typ Max Unit Notes 
Address Cu 5 pF •2 

RAS, CAS, WE, OE C12 7 pF •2 

Data-In/Data-Out CI[O 10 pF •2, *3 

Notes) •1. Ice depends on output loading condition when the device is selected, Ice max is specified at the output open 
condition. 

•2. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
*3. i:AS = V1H to disable Dout. 
*4. Address can be changed less than 3 times while RAS is VIL· 
•s. Address can be changed once or less while~= VIH· 

Electrical Characteristics and Recommended AC Operating Conditions 
(Ta= 0 to +70°C, V cc= SV ± 10%)*1 •* 10 ·•11 

Symbol 
HM514256-10 HMS142S6-12 HMS142S6-1S 

Unit Parameter 
min min min 

Notes 
max max max 

Access Time from RAS tRAc 100 120 lSO ns *2,*3 

Access Time from CAS tcAC so 60 7S ns *3,*4 

Output Buffer Turn-off Delay tOFFl 2S 30 40 ns *5 
Output Buffer Turn-off Delay referenced to OE toFF2 2S 30 40 ns •s 
Transition Time (Rise and Fall) tT 3 so 3 50 3 50 ns *6 

Random Read or Write Cycle Time tRC 190 220 260 ns 

RAS Precharge Time tRP 80 90 100 ns 

(to be continued) 

.HITACHI 
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HM514256 Series 

HM514256-10 HM514256-12 HM514256-15 
Unit Notes Parameter Symbol 

min max min max min max 

RAS Pulse Width IRAS 100 10000 120 10000 150 10000 ns 

CAS Pulse Width ICA!t 50 10000 60 10000 75 10000 ns 

RAS to CAS Delay Time IRCD 25 50 25 60 30 75 ns *7 

RAS Hold Time IRSH 50 60 75 ns 

CAS Hold Time tcsH 100 120 150 ns 

CAS to RAS Precharge Time ICRP 10 10 10 ns 

Row Address Setup Time IASR 0 0 0 ns 

Row Address Hold Time IRAH 15 15 20 ns 

Column Address Setup Time tAsc 0 0 0 ns 

Column Address Hold Time tcAH 20 25 25 ns 

Write Command Setup Time twcs 0 0 0 ns *8 

Write Command Hold Time twcH 20 25 30 ns 

Write Command Pulse Width IWP 15 20 25 ns 

Write Command to RAS Lead Time IRWL 35 40 45 ns 

Write Command to CAS Lead Time tcwi.. 35 40 45 ns 
Data-in Setup Time tos 0 0 0 ns *9 

Data-in Hold Time toH 20 25 30 ns *9 

Read Command Setup Time tRCS 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 8 8 8 ms 

Read-Write Cycle Time tRwc 265 305 360 ns 

Read Modify Write Cycle Time tRws 175 205 250 ns 

RAS to WE Delay tRWD 135 160 200 ns 

CAS to WE Delay tcwo 85 100 125 ns *8 
CAS Setup Time tcsR 10 10 10 ns 
CAS Hold Time (CAS before RAS Refresh) tcHR 20 25 30 ns 
RAS Precharge to CAS Hold Time IRPC 10 10 10 ns 
Page Mode Read or Write Cycle tpc 70 85 105 ns 
CAS Precharge Time, Page Cycle tcp 10 15 20 ns 
Page Mode Read Modify Write Cycle tpcM 145 170 205 ns 
Page Mode CAS Pulse Width tcRw 125 145 175 ns (Read Modify Write Cycle) 

Access Time from OE to AC 25 30 40 ns 

OE to Data-in Delay Time tooo 25 30 40 ns 
CAS to Data-in Delay Time tcoo 25 30 40 ns 
OE Hold Time reference to Write to EH 25 30 35 ns 
OE Delay Time from Din tozo 0 0 0 ns 
CAS Delay Time from Din tozc 0 0 0 ns 

Notes) •1. AC measurements assume tT :;;; S ns. 
•2. Assumes that tRCD ~ taco (max). If tRcD is greater than the maximum recommended value shown in this 

table1 tRAC exceeds the value shown. 
*3. Measured with a load circuit equivalent to 2TTL loads and lOOpF. 
*4. Assumes that tRCD ~ tRcD (max). 
•s. toFF (max) defines the time at which the output achieves the open circuit condition and is not referenced to 

*6. 
output voltage levels. 
V IH (min) and VzL (max) are reference levels for measuring timing of input signals. Also, transition times are 

•7, 
measured between V/H and VIL· 
Operation with the RCD (max) limit insures that !RAC (max) can be met, tRCD (max) is specified as a refer-
ence point only 1 if tRCD is greater than the specified tRcD (max) limit, then access time is controlled exclu-
sively be tcAC· 

•s. twcs and tcwo are not restrictive operating parameters. They are included in the data sheet as electrical charac-
teristics only: if twcs ~ twcs (min), the cycle is an early write cycle and the data out pin will remain open 
circuit (high impedance) throughout the entire cycle; if tcwo ~ tcwo (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. 

•9, These parameters are referenced to CAB leading edge in early write cycles and to~ leading edge in delayed 
write or read-modify-write cycles. 

•10. An initial pause of lOOµs is required after power-up. Then execute at least 8 initialization cycles. 
*11. 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 

Read Cycle 

Early Write Cycle 

388 

••c 
lttAB 

la1H 

l11co le.ts 

Addre11 

WE 

lc.tc 

IO/l'l'I 

Dout 
High Z Valid 

Output 

lol'Pt 
IOAC 

tcoo 

Om 
High z 

OE 

Note) ~:Don't care 

lac 

RAS '1tAS 

tRSH 

IRCD ICAS lcRP 

lcSH 

CAS 

Address 

WE 

Dm 

Hi11h-Z 
Dout 

Notes) *l. OE : Don't care 
•2. ~ : Don't care 
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-----------------------------------HM514256 Series 

Delayed Write Cycle 

.. , 
loEH 

Not.e} *l. ~ : Don't care 
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HM514258 Serles-------------------------------

Read Modify Write Cycle 

CAS ---1-.1----< 

Address 

Din 

·Dout ----1--.:;H::::l•h:;.;Z::......(J 

Nole) • t.~: Don't care 

RAS Only Refresh Cycle 

Doot -----H~l~::.:.;;:Z'----------------
Noie.) I. OE, WE: Don't care 

2.EZZJ: Don't care 

CAS before RAS Refresh Cycle 

Add"'' l/!/////IZZOZ//lloU IJl/01//WOL 
Dou1-----------""Hl"'-'Z'-----------
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-----------------------------------HM514256 Series 

Page Mode Read Cycle 

Note) •I.~ : Don't care 

Page Mode Early Write Cycle 

Din 

HighZ 
D~t ----------------..:.::::::..::...__.-_,!--------------

Note) •t.~: Don't care 
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HM514256Series-------------------------------

Page Mode Delayed Write Cycle 

loeH 

OE 

Page Mode Read Modify Write Cycle 

CAS ----!""----"" 

Address 

Din 

Note) !ZZ.,.1: Don't care 
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HM514258S Series-Under Development 
262144-word x 4-bit CMOS Dynamic Random Access Memory 

The Hitachi HM514258 Series is a CMOS dynamic RAM 
organized 262144-word x 4-bit. HM514258 has realized higher 
density, higher performance and various functions by employing 
1.3 µm CMOS process technology and some new CMOS circuit 
design technologies. The HM514258 offers Static Column Mode 
as a high speed access mode. 

Multiplexed address input permits the HM514258 to be 
packaged in standard 20-pin plastic DIP, 20-pin plastic SOJ and 
20-pin plastic ZIP. 

Features 
• High speed ......... Access Time 100/120/150 ns (max.) 
• Low power .......... Active 302.5 mW, Standby 11 mW 
• Static Column mode capability 
• Single 5 V (±10%) 
• 512 refresh cycle .......................... 8 ms 
• 2 variations of refresh ............... AAS only refresh 

Ordering Information 

Type No. Access Time 

HM514258P-8S 80ns 
HM514258P-10S lOOns 
HM514258P-12S 120ns 

HM514258ZP-8S 80ns 
HM514258ZP-10S lOOns 
HM514258ZP-12S 120ns 

HM514258JP-8S 80ns 
HM514 25 SJP-1 OS lOOns 
HM514258JP-12S 120ns 

Pin Arrangement 

• HM514258P Series •HM514258JP Series 

(Top View) 

(Top View) 

CS before AAS refresh 

Package 

300mil 
20pin 

Plastic DIP 

20 pin 
Plastic ZIP 

20 pin 
Plastic SOJ 

• HM514258ZP Series 

cs 2 

1/04 4 
1/01 6 

No._ 
I OE 
3 1/03 

5 Vss 
7 1/02 

(Bottom View) 

@HITACHI 

HM514258P Series 

(DP-20NA) 

HM514258JP Series 

(CP-20D) 

HMS 14 25 8ZP Series 

(ZP-20) 

Pin Description 

AO - AS Address Inputs 

CS Chip Select 

I/01 - 1/04 Data In/Data Out 

OE Output Enable 

RAS Row Address Strobe 

WE Read/Write Input 

Vee Power (+5V) 

Vss Ground 

AO-AS Refresh Address Inputs 
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HM514258S Series---------------------------------

Functional Block Diagram 

128k 
Memory 
Cell 
Array 

W<ldl>mer 

b 

RAS cs 
RAS cs 
Control Control 
Circuit Circuit 

1/01 1/02 

l I 
1/0 Buffer 

~ 
J 

d5 J 
~ 128k 128k ig 128k 
;j Memory Memory ol!S Memory 

Cell Cell • C.ll 
~Array Array ~Array 
< < 

~ ~ 
iii 

"' "' 

128k 
Memory 
Cell 
Array 

WE 

WE 
Control 
Circuit 

OE 
Control 
Circuit 

1/03 1/04 

l I 
[ 1/0 kulfer 

~ 

J J 
F.$1128k 128k F.;1 128k 
~Memory Memory ~Memory 
o. Cell Celt ~~~y E Array Array 
< < 
~ ~ 

£ £ 
-~ 
0 
~ 

1 
0 

~ 

~ 

Word Driver Word Driver Word Driver 

1IT Row Decoder Row Decoder Row Decoder ~ 

Row Address Buffer J [ Column Address Buffer 

I? l AO-AB I "'1 
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HM511000 Series 
1048576-word x 1-bit CMOS Dynamic Random Access Memory 

The Hitachi HM511000 Series is a CMOS dynamic RAM 
organized 1,048,576-word x 1 ·bit. HM511000 has realized higher 
density, higher performance and various functions by employing 
1.3µm CMOS process technology and some new CMOS circuit 
design technologies. The HM511000, offers Page Mode as a high 
speed access mode. 

Multiplexed address input permits the HM511000 to be 
packaged in standard 18-pin plastic DIP, CERDIP, 20-pin plastic 
SOJ and 20-pin plastic ZIP. 

• FEATURES 
• High Speed: Access Time 100/120ns (max.) 
• Low Power: 300mW (active), 10mW (standby) 
• High speed page mode capability 
• 512 refresh cycles ... (Sms) 
• 3 variations of refresh: RAS only refresh 

CAS before RAS refresh 
Hidden refresh 

• ORDERING INFORMATION 

Part No. Access Time Package 

HMSJl000-10 lOOns 300 mil 18 pin 
HMSJl000-12 120ns CERDIP 

HMSllOOOP-10 lOOns 300 mil 18 pin Plastic 
HMSllOOOP-12 120ns DIP 

HMSl lOOOZP-10 lOOns 
20 pin Plastic ZIP 

HMSl lOOOZP-12 120ns 

HMSJlOOOJP-10 lOOns 
20 pin Plastic SOJ 

HMS 11 OOOJP-12 120ns 

• PIN ARRANGEMENT 

• HM511000.HM511000PSeries • HM511000JPSeries 

Din 
Din 

WE 
WE RAS 

RAS NC 

NC 

NC 

Ao 
AO 

A1 Al 

A, A2 

A3 
A, 

Vee 

i'<t 

(Top View) 
(Top View) 
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HMS 11000 Series 

(DG-18A) 

HMS 11 OOOP Series 

(DP-18C) 

HMS 11000 ZP Series 

(ZP-20) 

HMS 11 OOOJP Series 

(CP-200) 

• HM511000ZP Series 

CAS 2 

v,, 4 

WE 6 

NC 8 

NC 10 

Al 12 

A3 14 

A4 16 

A6 18 

AS 20 

I A9 

3 Dout 

5 Din 

7 RAS 

9 NC 

11 AO 

13 A2 

15 Vee 

17 A5 

19 A7 

(Bottom View) 
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HM511000 Series-----------------------------------

• ABSOLUTE MAXIMUM RATINGS 
Voltage on any pin relative to Vss... . . -1V to +7V 
Operating temperature, T8 (Ambient) . . .. 0 to +70°C 
Storage temperature (Plastic) -55 to +125°C 
Storage temperature (Cerdip) ... -65 to +150°C 
Power dissipation . . . . . . . . . . . . . 1 W 
Short circuit output current .................. 50mA 

• BLOCK DIAGRAM 

• RECOMMENDED DC OPERATING CONDITIONS (Ta = 0 to +70°C) 
Parameter Symbol min. typ. max. Unit 

Supply voltage Vee 4.5 5.0 5.5 v 
Input High voltage VrH 2.4 - 6.5 v 
Input Low voltage Vn -2.0 - 0.8 v 

Note) l. All voltages referenced to V ss 

@HITACHI 

A0 -A9 

CAS 

Din 

Dout 

RAS 

WE 

Vee 
Vss 

A0 -A8 

. e 
~ 
c 

~ 
0 
u 

Notes 

1 

1 

1 

Address Inputs 

Column Address Strobe 

Data In 

Data Out 

Row Address Strobe 

Read/Write Input 

Power (+5V) 

Ground 

Refresh Address Inputs 
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--------------------------------HM511000 Serles 

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

HM5 ll 000-10 HM5 ll 000-12 
Parameter Symbol Test Condition Unit Note 

min. max. min. max. 

Operating Current Iee1 
RAS, CAS Cycling: - 60 - 50 mA 1 
tRe= min. 

RAS, CAS = VIH TTL 
2 2 

Dout = High-Z interface - -
Standby Current Iee2 mA 

RAS, CAS ~ Vec-0.2V, CMOS 
1 1 Dout = High-Z interface - -

Refresh Current IeeJ 
RAS only Refresh, - 50 - 40 mA 
tRe =min. 

Standby Current Ices 
RAS = VIH, CAS = VrL - 5 - 5 mA 1 
Dout Enable 

Refresh Current Iee6 
CAS before RAS 

50 40 mA 
Refresh, tRc = min. 

- -

Page Mode Supply 
Ice7 

RAS= VIL• CAS - 50 - 45 mA 
Current Cycling, tpc = min. 

Input Leakage h1 Vtn = 0 to +7V -10 10 -10 10 µ.A 
--·-------· 

Output Leakage ho 
Vout = 0 to +7V, -10 10 -10 10 µ.A 1 
Dout is disabled 

VoH lout= -5 mA 2.4 Vee 2.4 Vee v 
Output Levels 

VoL lout= 4.2 mA 0 0.4 0 0.4 v 

Note) • 1. lee depends on output loading condition when the device is selected, lee max. is specified at the output open 
condition . 

• CAPACITANCE (Vcc=SV ±10%, Ta=25°C) 
--

Parameter Symbol typ. max. Unit 

Address, Data-in C11 - 5 
Input Capacitance 

Clocks C12 - 7 pf 

Output Capacitance Data-out Co - 7 

Notes) 1. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. CAS=Vm to disable Dout. 

Notes 

1 
J-----

1, 2 

• ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Vcc=SV ±10%, Vss=OV, T0 =0 to +70°C)1 >·10> 

HM511000-10 HM511000-12 
Parameter Symbol Unit 

min. max. min. max. 

Access Time from RAS fRAC - 100 - 120 ns 

Access Time from CAS tcAC - 50 - 60 ns 

Output Buffer Tum-off Delay to FF - 25 - 30 ns 

Transition Time (Rise and Fall) tr 3 50 3 50 ns 

Random Read or Write Cycle Time fRC 190 - 220 - ns 

RAS Precharge Time fRP 80 - 90 - ns 

RAS Pulse Width fRAS 100 10000 120 10000 ns 

CAS Pulse Width teAs 50 10000 60 10000 ns 

RAS to CAS Delay Time tRCD 25 50 25 60 ns 

RAS Hold Time fRSH 50 - 60 - ns 

CAS Hold Time tcsH 100 - 120 - ns 

Note 

2,3 

3,4 

5 

6 

7 

(to be continued) 
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Parameter Symbol 

CAS to RAS Precharge Time tcRP 

Row Address Setup Time tASR 

Row Address Hold Time tRAH 

Column Address Setup Time tASC 

Column Address Hold Time tcAH 

Write Command Setup Time twcs 

Write Command Hold Time twcH 

Write Command Pulse Width twp 

Write Command to RAS Lead Time tRWL 

Write Command to CAS°Lead Time tcwL 

Data-in-Setup Time tns 

Data-in Hold Time tnH 

Read Command Setup Time tRcs 

Read Command Hold Time referenced to CAS tRCH 

Read Command Hold Time referenced to RAS tRRH 

Refresh Period tREF 

Read-Write Cycle Time tRwc 

Read Modify Write Cycle Time tRws 

RAS to WE Delay tRWD 

CAS to WE Delay tcwn 

CAS Setup Time tcSR 

CAS Hold Time (CAS before RAS Refresh) tcHR 

RAS Precharge to CASHold Time tRPC 

Page Mode Read or Write Cycle tpc 

CAS Precharge Time, Page Cycle tcp 

Page Mode Read Modify Write Cycle tPCM 

Page Mode CAS Pulse Width (Read Modify 
tcRW Write Cycle) 

Notes) 
1. AC measurements assume tT = 5ns. 
2. Assumes that tRco&. tRco(max). If tRcD is greater 

than the maximum recommended value shown in 
this table, tRAC exceeds the value shown. 

3. Measured with a load circuit equivalent to 2TTL 
loads and 1 OOpF. 

4. Assumes that tRco!l::tRco(max). 
5. toFF(max) defines the time at which the output 

achieves the open circuit condition and is not re
ferenced to output voltage levels. 

6. V111(min) and V1L(max) are reference levels for 
measuring timing of input signals. Also, transition 
times are measured between V1H and V1L· 

7. Operation with the tRco(max) limit insures that 
tRAc(max) can be met, tRco(max) is specified as a 
reference point only, if t RCD is greater than the 
specified tRco(max) limit, then access time is con
trolled exclusively by t CAC· 

HM511000-10 HM511000-12 
Unit Note 

min. max. min. max. 

10 - 10 - ns 

0 - 0 - ns 

15 - 15 - ns 

0 - 0 - ns 

20 - 20 - ns 

0 - 0 - ns 8 

25 - 25 - ns 

15 - 20 - ns 

35 - 40 - ns 

35 - 40 - ns 

0 - 0 - ns 9 

25 - 25 - ns 9 

0 - 0 - ns 

0 - 0 - ns 

10 - 10 - ns 

- 8 - 8 ms 

220 - 255 - ns 

140 - 165 - ns 

90 - 110 - ns 8 

40 - 50 - ns 8 

10 - 10 - ns 

20 - 25 - ns 

10 - 10 - ns 

70 - 85 - ns 

10 - 15 - ns 

100 - 120 - ns 

80 - 95 - ns 

8. twcs and t CWD are not restrictive operating par
ameters. They are included in the data sheet as elec
trical characteristics only: if twcs!l::twcs(min), the 
cycle is an early write cycle and the data out pin will 
remain open circuit (high impedance) throughout 
the entire cycle; if tcwo!l::tcwo(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. 

9. These parameters are referenced to CAS leading edge 
in early write cycles and to WE leading edge in 
delayed write or rea.d-modify-write cycles. 

10. An initial pause of 100,.s is required after power-up. 
Then execute at least 8 initialization cycles. 
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• TIMING WAVEFORMS 
• Read Cycle 

Address 

Dou! 

• Early Write Cycle 

Address 

Dou! 

-----------HM511000 Series 

IHC 

t HAS 

IHCIJ 

IHSH 

tcsH 

IHC 

IHAS 

f HCLJ IRSH 
f-------~-t--------.ICSH 

ICAS 

ICAH 

IWCH 
twcs 

IDH 

Open 

@HITACHI 

lRfl 

ICRP 

Valid Data 

Note) E7Zl : Don't care 

IHI' 

ICRP 

Notes) 1. EZZl : Don't care 

2. twcs:;;;: twcs(min) 
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HM511000 Series-----------------------------------

• Write Cycle (Delayed Write) 

RAS 

lcwL 
CAS 

lcAs 

Address 

WE 

Din 

• Read-Modify-Write Cycle 
Note)~: Don't care 

IRWC 

[RWS 

IRWD IRWL 

IRCD 

IASR 
IRAH 

Address 

Din 

Dout Valid Data 

Notes) 1. l'ZZL! : Don't care 
2. lRwn;;;; lRwn(min) 

3. lcwn;;;; lcwn(min) @HITACHI 
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-------------------------------------HM511000 Series 

• RAS Only Refresh Cycle 

fASR tRAH 

Address 

Dout 

READ) 

• CAS Before RAS Refresh Cycle 

ICSR 

Address 

Dout 

IRAS 

tRP 

IRC 

IRAS 

High-Z 

Notes) l. Refresh Address Ao~A~ (AX~~AXs), 
2. V/LZ(l: Don't care 

(REFRESH) 

Note) ~: Don't care 

lRAS 

tcHR 

High-Z 
Note) ~: Don't care 

@HITACHI 
Hitachi America Ltd. • 2210 O'Toole Ave. • San Jose, CA 95131 • (408) 435·8300 401 



HM511000 Series---------------------------------

• 1'11911 Mode Reed Cyde 

IRAS 

ICSH 

IPC 

Address 

Dout ~------------<. 
Valid 
Data 

• Page Mode Write Cycle 

IRAS 

Dout High-Z 

.HITACHI 

IRSH 

Vulid 
Data 

lcRP 

Note) ~ : Don't care 

Note) rlZ.4 : Don't care 
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---------------------------------HM511000 Series 

• Page Mode Read Modify Write Cycle 

Note) fm: Don't care 

@HITACHI 
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HM511000S Series----Preliminary 
1048576-word x 1-bit CMOS Dynamic Random Access Memory 

The Hitachi HM511000S series is a CMOS dynamic RAM or
ganized 1048576-word x 1-bit. HM5110005 has realized higher 
density, higher performance and various functions by employing 
1.3 µm CMOS process technology and some new CMOS circuit 

. design technologies. 
The H M511 0005 offers Page Mode as a high speed access 

mode. 
Multiplexed address input permits the HM511 OOOS to be 

packaged in standard 18-pin plastic DIP, 20-pin plastic ZIP 
and 20-pin plastic SOJ. 

Features 
• High speed; Access time 80/100/120 ns (max) 
• Low power; 11 mW standby, 385/330/275 mW active 
• Single 5V supply (±10%) 
• Fast page mode capability 
• 512 refresh cycle; (8 ms) 
• 3 variations of refresh; RAS only refresh 

Pin Arrangement 

• HM511000SP Series 

Din 

WE 

RAS 

NC 

Ao 

(Top View) 

CAS before RAS refresh 

• HM511000SJP Series 

Din 

WE 
RAS 

NC 

NC 

AO 

Al 

A2 

A3 

(Top View) 

• HM511000SZP Series 

Vss 4 

WE 6 

NC 8 

NC 10 

Al 12 

A3 14 

A4 16 

A6 18 

AB 20 

1 A9 

3 Dout 

5 Din 

7 RAS 

9 NC 

11 AO 

13 A2 

15 Vee 

17 A5 

19 A7 

(Bottom View) 

v,, 

A9 

AB 

A7 

A6 

@HITACHI 

HM5 ll OOOSP Series 

, 
(DP-18Q 

HMS 11 OOOSZP Series 

# 
(ZP-20) 

HMS 11 OOOSJP Series 

, 
(CP-20D) 

Pin Description 
Symbol Function 

AO - A9 Address inputs 

CAS Column address strobe 

Din Data input 

Dout Data output 

RAS Row address strobe 

WE Read/Write input 

Vee Power (+5V) 

Vss Ground 

AO-AS Refresh address input 

Note) The specifications of this device 
are subject to change without 
notice. Pl- contact your nearest 
Hitachi's Sales Dept. regarding 
specifications. 
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----------------------------------HM511000S Series 

Ordering Information 

Type No. Access Time Package 

HM511000P-8S 80ns 
HM5 ll OOOP-1 OS lOOns 300 mil 18 pin Plastic DIP 
HM511000P-12S 

HM5 ll OOOZP-8S 
HM5 l l OOOZP-1 OS 
HM511000ZP-12S 

HM511000JP-8S 
HM511000JP-10S 
HM511OOOJP-l2S 

Block Diagram 

120ns 

80ns 
lOOns 
120ns 

80ns 
lOOns 
120ns 

RAS 
Control 
Circuit 

ol 
12Bk 0 I28k 128k 

Mtomor :; emor Memor 
Cl'll ci. ell Cell 
Array E Array Arra~ 

<: 

20 pin Plastic ZIP 

20 pin Plastic SOJ 

ol 
128k 128k 0 

M"m<>r Mem•ir :; M .. mor Mem<>r 
ci.c .. 11 Cell ci. Cell Cell 
E Arra1 Arra\ E ArrA\ Arra)· 

<: 

Ao- A., 

Absolute Maximum Ratings 

Parameter Symbol Rating 

Voltage on any pin relative to V SS VT -1 to +7 

Short circuit output current IouT 50 

Power dissipation PT 1.0 

Operating temperature Topr 0 to +70 

Storage temperature Tstg -55 to +125 

Unit 

v 
mA 

w 
oc 
oc 

@HITACHI 

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

Parameter Symbol Min Typ Max Unit 

Supply voltage Vee 4.5 5.0 5.5 v 
Input high voltage V1H 2.4 6.5 v 
Input low voltage V1L -2.0 0.8 v 

Note) All voltages referenced to V SS· 

DC Electrical Characteristics(Ycc =SY ±10%, Yss = OY, Ta= 0 to +70°C) 

Parameter 

Operating 
current 

Standby 
current 

HM511000-8S HM511000-IOS HM511000-12S 
Symbol-m-i_n __ m_ax ___ m_i_n __ m_ax ___ m_i_n--m-ax--Unit 

Icc1 70 60 50 mA 

2 2 2 
Icc2 mA 

Test condition 

RAS, CAS cycling, 
tRc= Min 

RAS, CAS = VIH TTL 
Dout = High-Z interface 

Note 

*l,*2 

RAS, CAS ~ V cc - 0.2V CMOS 
Dout = High-Z interface 

Refresh 
current 

Standby 
current 

Refresh 
current 
Fast page 
mode current 

Input leakage 

Output 
leakage 

Icc3 60 50 

Ices 5 5 

Icc6 70 60 

45 mA 

5 mA 

50 mA 

RAS only refresh, 
tRc= Min 

RAS=VIH,CAS= V1L, 
Doutenable 

CAS before RAS refresh, 
tRc =Min. 

Ice? 50 50 40 mA RAS= VJL, CAS cycling, 
tpc= Min 

lu -10 10 -10 IO -10 10 µA V1N= 0 to +7V 

VouT = o to +7V, 
!Lo -10 10 -10 10 -lO lO µA Dout is disabled 

VoH 2.4 V cc 2.4 V cc 2.4 V cc V lout = -5mA 
Output levels~~----------------------------------

VoL 0 0.4 0 0.4 0 0.4 V lout= 4.2mA 

*2 

*1 

*l,*3 

Notes) *l. Ice depends on output loading condition when the device is selected, Ice max is specified at the output open 
condition. 

*2. Address can be changed less than three times while RAS= VIL· 
*3. Address can be changed once or less while CAS = VIH· 

Capacitance (Y cc= SY± 10%, Ta= 2S°C) 

Parameter Symbol Typ Max 

Input capacitance 
Address, Data-in 5 

Oocks 7 

Output capacitance Data-out Co 7 

Unit Note 
pF *1 
pF *1 
pF *l,*2 

Notes) *I. ~acitance measured with Boonton Meter or effective capacitance measuring method. 
*2. CAS = V IH to disable Dout. 

$HITACHI 
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HM511000S Series 

Electrical Characteristics and Recommended AC Operating Conditions (Ta= 0 to +70°C, Yee= 5V ± 10%) 
Read, Write, Read-Modify-Write and Refresh Cycles (Common Parameter) 

Parameter 
S mbol HM511000-8S HM511000-10S HM511000-12S 

y . . . Unit Note 
mm max mm max mm max 

Random Read or Write Cycle Time tRc 160 190 220 ns 
RAS Precharge Time tRP 70 80 90 ns 
RAS Pulse Width tRAS 80 10000 100 10000 120 10000 ns 

CAS Pulse Width teAS 25 10000 25 10000 30 10000 ns 
Row Address Set-up Time tASR 0 0 0 ns 

Row Address Hold Time tRAH 12 15 15 ns 
·--~----· 

Column Address Set-up Time tAsc 0 0 0 ns 
Column Address Hold Time teAH 20 20 25 ns 
RAS to CAS Delay Time tRCD 22 55 25 75 25 90 ns *8 
RAS to Column Address Delay Time !RAD 17 40 20 55 20 65 ns *9 
RAS Hold Time tRSH 25 25 30 ns 
CAS Hold Time lcsH 80 100 120 ns 
CAS to RAS Precharge Time tcRP 10 10 10 ns 
Transition Time (Rise and Fall) IT 3 50 3 50 3 50 ns *7 
Refresh Period !REF 8 8 8 ms 

Read Cycle 

Parameter 
S mbol HM511000-8S HM511000-10S HM511000-12S 

y . . . Unit Note 
mm max mm max mm max 

Access Time from RAS tRAC 80 100 120 ns *2,*3 
Access Time from CAS tCAe 25 25 30 ns *3,*4 

Access Time from Address tAA 40 45 55 ns *3,*5 
Read Command Set-up Time tReS 0 0 0 ns 

Read Command Hold Time to CAS tReH 0 0 0 ns 
Read Command Hold Time to RAS tRRH 10 10 10 ns 

Column Address to RAS Lead Time tRAL 40 45 55 ns 

Output Buffer Turn-off Time to FF 20 25 30 ns *6 

Write Cycle 

Parameter 
b l HM511000-8S HM511000-10S HM511000-12S 

Sym o . . . Unit Note 
mm max mm max mm max 

Write Command Set-up Time twes 0 0 0 ns *10 

Write Command Hold Time tweH 20 20 25 ns 

Write Command Pulse Width tWP 15 15 20 ns 
Write Command to RAS Lead Time tRWL 25 25 30 ns 

Write Command to CAS Lead Time tcwL 25 25 30 ns 

Data-in Set-up Time tos 0 0 0 ns *11 

Data-in Hold Time toH 20 20 25 ns *11 

Read-Modify-Write Cycle 

HM511000-8S HM511000-10S HM511000-12S 
Unit Note Parameter Symbol 

min max min max min max 

Read-Write Cycle Time tRwe 190 220 255 ns 

RAS to WE Delay Time tRWD 80 100 120 ns *10 

CAS to WE Delay Time tewo 25 25 30 ns *10 

Column Address to WE Delay Time tAWD 40 45 55 ns *10 

@HITACHI 
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HM511000S Series---------------------------------

Refresh Cycle 

Parameter 
HM511000-8S HM511000-10S HM511000-12S 

Symbol . . . Unit Note 
mm max mm max mm max 

CAS Set-up Time (CAS before RAS Refresh) tcsR 10 10 10 ns 

CAS Hold Time (CAS before RAS Refresh) tcHR 20 20 25 ns 

RAS precharge to CAS Hold Time tRPC 10 10 10 ns 

High Speed Page Mode Cycle 

Parameter 
HM511000-8S HM511000-lOS HM511000-12S 

Symbol . . . Unit Note 
mm max mm max mm max 

High Speed Page Mode Cycle Time tpc 55 55 65 ns *14 

CAS Precharge Time tcp 10 10 15 ns 

High Speed Page Mode RAS Pulse Width tRASC 100000 100000 100000 ns *13 

Access Time from CAS precharge tACP 50 50 60 ns *14 

RAS Hold Time from CAS Precharge tRHCP 50 50 60 ns 

High Speed Page Mode Read-Modify-Write Cycle 

Parameter 
HM511000-8S HM511000-10S HM511000-12S 

Symbol min max min max min max Unit Note 

High Speed Page Mode Read-Write Cycle Time tpcM 85 85 100 ns 

Notes)* I. AC measurements assume tT = Sns. 
*2. Assumes that tRCD ~ tRCD (max) and tRAD ~ tRAD (max). If tRCD or tRAD is greater than the maximum 

recommended value shown in this table, tRAC exceeds the value shown. 
*3. Measured with a load circuit equivalent to 2TTL loads and lOOpF. 
*4. Assumes that tRCD :<:: tRCD (max), tRAD ~ tRAD (max). 
•s. Assumes that tRCD :S: tRCD (max) and tRAD :<:: tRAD (max). 
*6. tQFF (max) defines the time at which the output achieves the open circuit condition and is not referenced to 

output voltage levels. 
*7. VIH (min) and VIL (max) are reference levels for measuring timing of input signals. Also, transition times are 

measured between V1H and VIL. 
• 8. Operation with the tRCD (max) limit insures that tRAC (max) can be met, tRCD (max) is specified as a refer

ence point only, if tRCD is greater than the specified tRCD (max) limit, then access time is controlled exclu
sively by tcAc. 

*9. Operation with the tRAC (max) limit insures that tRAC (max) can be met, tRAD (max) is specified as a refer
ence point only, if tRAD is greater than the specified tRAD (max) limit, then access time is controlled exclu
sively by tAA. 

*10. twCS, tRWD, tCWD and tAWD are not restrictive operating parameters. They are included in the data sheet as 
electrical characteristics only: if tWCS !?; tWCS (min), the cycle is an early write cycle and the data out pin will 
remain open circuit (high impedance) throughout the entire cycle;iftRWD ~ tRWD (min), tCWD ~ tCWD (min) 
and tAWD !?; tAWD (min), the cycle is a readfwrite 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. 

*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. An initial pause of lOOµs is required after power-up then execute at least 8 initialization cycles. 
*13. tRASC defines RAS" pulse width in High Speed Page mode cycle. 
*14. Access time is determined by the longer of tAA or tCAC or tACP. 

$HITACHI 
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----------------------------------HM511000S Series 

Timing Waveforms 
Read Cycle 

Early Write Cycle 

RAS 

/ASR 

Dout 

RAS 

Address 

WE 

Din 

Dout 

{RAS 

iRCI! lcAs 

fcAC 

Open* 2 

@HITACHI 

lcRP 

Note) ~ : Don't care 

Note) * 1. f2LJ: Don't care 

*2. lwcs~lwcs(min) 
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HM511000S Series-------------------------------

Delayed Write Cycle 

I Re 

lcsH 

,.,. 

lcwL 

Read-Modify-Write Cycle 

.HITACHI 

'•• 

Notes) •1.~:Don'tcare 

•2. t11wD~IRwo(min) 

t cwo~ l cwo{min) 

lAwo~lAwo(min) 
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RAS Only Refresh Cycle 

RAS-------~ 

CAS 

Address 

Dout ________ O~P~'""----------------
Note) * 1.~ · Don't care 

CAS Before RAS Refresh Cycle 

RAS f RAs 

lcsn 

fcHR 
fcHR 

CAS 

@HITACHI 
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High Speed Page Mode Read Cycle 

CAS 

Address 

WE 

Dout 

High Speed Page Mode Write Cycle 

Address 

Din 

Dout 
Open*2 

@HITACHI 

Note I *I.~: Don't care 

Notes) *l.~: Don't care 

*2. twcs;:;lwcs(min) 
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---------------------------------HM511000S Series 

High Speed Page Mode Read Modify Write Cycle 

l1usc 

RAS 

CAS 

Address 

Din 

Dout 

Note) * 1.rzz!: Don't care 
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HM511001 Series 
1048576-word x 1-bit CMOS Dynamic Random Access Memory 

The Hitachi HM511001 Series is a CMOS dynamic RAM 
organized 1,048,576-word x 1 ·bit. HM511001 has realized higher 
density, higher performance and various functions by employing 
1.3µm CMOS process technology and some new CMOS circuit 
design technologies. The HM511001, offers Nibble Mode as a 
high speed access mode. 

Multiplexed address input permits the HM511001 to be 
packaged in standard 18-pin plastic DIP, CERDIP, 20-pin plastic 
SOJ and 20-pin plastic ZIP. 

• FEATURES 
• High Speed: Access Time 100/120ns (max.) 
• Low Power: 300mW (active), 10mW (standby) 
• Nibble mode capability 
• 512 refresh cycles ... (8ms) 
• 3 variations of refresh: RAS only refresh 

CAS before RAS refresh 
Hidden refresh 

• ORDERING INFORMATION 

Type No. 

HM511001·10 
HM511001·12 

HM511001P·l0 
HM511001P·12 

HM511001ZP·10 
HM511001ZP-12 

HM511001JP-10 
HM511001JP·l 2 

• PIN ARRANGEMENT 

• HM511001 Series, 
HM511001P Series 

Din 

WE 

RAS 

NC 

Ao 

(Top View) 

Access Time 

lOOns 
120ns 

lOOns 
120ns 

lOOns 
120ns 

lOOns 
120ns 

Package 

300 mil 18 pin 
CERDIP 

300 mil 18 pin 
Plastic DIP 

20 pin plastic ZIP 

20 pin Plastic SOJ 

• HM511001JP Series 

Din 

WE 

RAS 

NC 

NC 

AO 

Al 

A2 

A3 

(Top View) 

@HITACHI 

HMSl IOOI Series 

(DG-18A) 

HM511001P Series 

(DP-18C) 

HMS 11001 ZP Series 

(ZP-20) 

HM511001JP Series 

(CP-20D) 

• HM511001ZP Series 

1 A9 
CAS 2 

3 Dout 
Vss 4 

5 Din 
WE 6 

7 RAS 
NC 8 

9 NC 
NC 10 

11 AO 
Al 12 

13 A2 
A3 14 

A4 16 
15 Vee 

17 A5 
A6 18 

19 A7 
A8 20 

(Bottom View) 
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---------------------------------HM511001 Series 

• ABSOLUTE MAXIMUM RATINGS 
Voltage on any pin relative to Vss ... 
Operating temperature, Ta (Ambient) . 
Storage Temperature (Plastic) 
Storage Temperature (Cerdip) 
Power dissipation ......... . 
Short circuit output current 

• BLOCK DIAGRAM 

RAS 
Control 
Cirru11 

"' 

. .. -1V to +7V 

.... 0 to +70°C 
..... -55 to +125°C 

.. -65 to +150°C 
.. 1W 

........ 50mA 

128k 0 128k 128k 

~:1i"r. ~ ~:1i"r. 
Array E Array 

< 

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

Parameter Symbol min. typ. max. Unit -- - ---·------
Supply voltage Vee 4.5 5.0 5.5 v 

---·----·----
Input High voltage Vm 2.4 - 6.5 v 

·--·--
Input Low voltage Vn -2.0 - 0.8 v 

----
Note) l. All voltages referenced to V ss 

@HITACHI 

A0 -A9 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 

A0 -A8 Refresh Address Inputs 

Notes 

l 

l 

l 
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HM511001 Series--------------------------------

• DC ELECTRICAL CHARACTERISTICS {V cc= SV ±10%, V ss = OV, Ta= 0 to +70°C) 

HMSllOOl-10 HMSllOOl-12 
Parameter Symbol Test Condition Unit Note 

min. max. min. max. 

Operating Current lcc1 
RAS, CAS Cycling: - 60 - so mA 1 
tRc= min. 

RAS, CAS = VJH TTL 
2 2 Dout = High-Z interface - -

Standby Current lcc2 mA 
RAS,CAS~ Vcc-0.2V, CMOS 

1 1 Dout = High-Z Interface - -

Refresh Current lcc3 
RAS only Refresh, - so - 40 mA 
tRc =min. 

Standby Current Ices 
RAS= VJH, CAS = V1L - s - s mA I Dout Enable 

Refresh Current lcc6 
CAS before RAS so 40 mA 
Refresh, tRc = min. 

- -

Nibble Mode Supply 
Ices 

RAS• VIL• CAS Cycling, - so - 4S mA Current tNc= min. 

Input Leakage lu V;n = 0 to +7V -10 10 -10 10 µ.A 

Output Leakage ho 
Vout = 0 to +7V, 

-10 10 -10 10 µ.A 
Dout is disabled 

VoH lout= -S mA 2.4 Vee 2.4 Vee v 
Output Levels 

VoL lout= 4.2 mA 0 0 0.4 0.4 v 

Note) * 1. Ice depends on output loading condition when the device is selected, Ice max. is specified at the output open 
condition. 

• CAPACITANCE ( V cc= SY ±I 0%. Ta= 25°C) 
Parameter Symbol typ. max. Unit 

Address, Data-in C11 - 5 
Input Capacitance 

Clocks C12 - 7 pF 

Output Capacitance Data-out Co - 7 

Notes) I. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. CAS=VrH to disable Dout. 

Notes 

I 
1---

I, 2 

• ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Vcc=SV ±10%, Vss = OV, Ta= 0 to +70°C)1>·10> 

HMSllOOl-10 HMSllOOl-12 
Parameter Symbol Unit 

min. max. min. max. 

Access Time from RAS 1RAC - 100 - 120 ns 

Access Time from CAS tcAC - so - 60 ns 

Output Buffer Tum-off Delay to FF - 2S - 30 ns 

Transition Time (Rise and Fall) tr 3 so 3 so ns 

Random Read or Write Cycle Time fRC 190 - 220 - ns 

RAS Precharge Time fRP 80 - 90 - ns 

RAS Pulse Width 1RAS 100 10000 120 10000 ns 

CAS Pulse Width tcAs so 10000 60 10000 ns 

RAS to CAS Delay Time 1RCD 2S so 2S 60 ns 

RAS Hold Time 1RSH so - 60 - ns 

CAS Hold Time tcSH 100 - 120 - ns 

Note 

2,3 

2,3 

s 
6 

7 

(to be continued) 
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-----------------------------------HM511001 Series 

Parameter Symbol 

CAS to RAS Precharge Time tcRP 

Row Address Setup Time fASR 
-

Row Address Hold Time fRAH 

Column Address Setup Time tASC 

Column Address Hold Time tcAH 
---- --·-----~---·---- -- ·-·-·-·-- ---
Write Command Setup Time twcs 

Write Command Hold Time twcH 

Write Command Pulse Width twp 

Write Command to RAS Lead Time tRWL 

Write Command to CAS Lead Time tcwL 

Data-in-Setup Time tvs 

Data-in Hold Time tvH 

Read Command Setup Time tRCS 

Read Command Hold Time referenced to CAS tRCH 

Read Command Hold Time referenced to RAS tRRH 

Refresh Period 
I tREF 

Read-Write Cycle Time tRwc 

Read Modify Write Cycle Time tRWS 

RAS to WE Delay tRWD 

CAS to WE Delay tcwv 

CAS Setup Time tcsR 

CAS Hold Time (CAS before RAS Refresh) tcHR 

RAS Precharge to CAS Hold Time tRPC 

Nibble Mode Access Time fNAC 

Nibble Mode Cycle Time fNC 

Nibble Mode CAS Precharge Time fNCP 

Nibble Mode CAS Pulse Width fNCA 

Nibble Mode RAS Hold Time fNRSH 
----
Nibble Mode Read Modify Write Cycle Time tNRWC 

Nibble Mode Write Command CAS Read Time tWCWL 

Nibble Mode CAS to WE Delay Time tNCWD 

Notes) 
I. AC measurements assume tT = 5ns. 
2. Assumes that fRCD;f, tRcD(max). If IRCD is greater 

than the maximum recommended value shown in 
this table, tRAC exceeds the value shown. 

3. Measured with a load circuit equivalent to 2TTL 
loads and IOOpF. 

4. Assumes that tRcv~tRcv(max). 
5. toFF(max) defines the time at which the output 

achieves the open circuit condition and is not re
ferenced to output voltage levels. 

6. Vrn(min) and VIL(max) are reference levels for 
measuring timing of input signals. Also, transition 
times are measured between VrH and VrL. 

7. Operation with the IRcD(max) limit insures that 
t RAc(max) can be met, t Rev( max) is specified as a 
reference point only, if t RCD is greater than the 
specified tRcv(max) limit, then access time is con
trolled exclusively by t CAC· 

HM511001-10 HM511001-12 
Unit Note 

min. max. min. max. 

IO - IO - ns 

0 - 0 - ns 

15 - 15 - ns 

0 - 0 - ns 

20 - 20 - ns 
----

0 - 0 - ns 8 

25 - 25 - ns 

15 - 20 - ns 

35 - 40 - ns 

35 - 40 - ns 

0 - 0 - ns 9 

25 - 25 - ns 9 

0 - 0 - ns 

0 - 0 - ns 

IO - IO - ns 

- 8 - 8 ms 

220 - 255 - ns 

140 - 165 - ns 

90 - 110 - ns 8 

40 - 50 - ns 8 

IO - IO - ns 

20 - 25 - ns 

10 - 10 - ns 

- 30 - 35 ns 

50 - 55 - ns 

10 - IO - ns 

30 - 35 - ns 

40 - 50 - ns 

65 - 75 - ns 

20 - 25 - ns 

20 - 25 - ns 

8. twcs and t CWD are not restrictive operating par
ameters. They are included in the data sheet as elec
trical characteristics only: if twcs;:; t wcs(min), the 
cycle is an early write cycle and the data out pin will 
remain open circuit (high impedance) throughout 
the entire cycle; if t CWD~ tcwv(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. 

9. These parameters are referenced~ 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 IOOµs is required after power-up. 
Then execute at least 8 initialization cycles. 
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HM511001 Series-----------------------------------

• TIMING WAVEFORMS 
• Read Cycle 

I RCIJ 

Address 

Dout 

• Early Write Cycle 

f HC/J 

Address 

tires 

Din 

Dout 

IRC 

t RAS 

IRSH 

tcsH 

IRC 

f RSJ/ 

tcs11 

ICAS 

ICAH 

Column 

/U:CH 

llJll 

Data 

Hi Z 

@HITAC~I 

IHI' 

Valid Data 

IHI' 

Note) [7___l'.Z: Don't care 

lcRI' 

Notes) l. P7Z2ZJ: Don't care 

2. lwrs~lwcs(min.) 
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---------------------------------HM511001 Series 

• Delayed Write Cycle 

RAS 

lcwL 
CAS 

lcAS 

Address 

WE 

Din 

• Read-Modify-Write Cycle 

Dout Valid Data 

Notes) L (2Z?7,l: Don't care 2. tRwD~lRwn(min.) 3. tcwn:;?tcwn(min.) 

@HITACHI 
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HMSt 1001 Series-----------------------------------

• RAS Only Refresh Cycle 

I HAS 

Address 

Dout High-Z 
Notes) 1. P.Z7_E:Don't care 2. Refresh Address AO--A8(AXO--AX81 

• Hidden Refresh Cycle 

tuc 

(READ) (REFRESH) 

Address 

Dout 

Note) l?Z:a : Don't care 

• CM! Before RAS Refresh Cycle 

Inc 

I HAS 

RAS 
!CSR /JU'(" lcuu 

Address 

Dout 
High-Z 

Note) ~: Don't care 

@HITACHI 
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---------------------------------HM511001 Series 

• Nibble Mode Raad Cycle 

RAS 

CAS 

Address 

WE 

Dout 

Note) WJZ?J: Don't care 

• Nibble Mode Write Cycle 

Dout 
High z 

Note) ~: Don't care 

@HITACHI 
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HM511001 Series-----------------------------------

• Nibble Mode Rud Modify Write Cycle 

IHAS 

V111 

RAS 
V11 

V111 

CAS 
V11. 

V,11 
Address 

Vii. 

V111 
WE 

v,,_ 

V111 
Din 

V11. 

V1111 
Dout 

Vt11. 

Note) ~ : Don't care 
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HM511001S Series----Preliminary 
1048576-word x 1-bit CMOS Dynamic Random Access Memory 

The Hitachi HM511001 S series is a CMOS dynamic RAM 
organized 1048576-word x 1-bit. HM511001 S has realized higher 
density, higher performance and various functions by employing 
1.3 µm CMOS process technology and some new CMOS circuit 
design technologies. 

The HM511001S offers Nibble Mode as a high speed access 
mode. 

Multiplexed address input permits the HM511001 S to be 
packaged in standard, 18-pin plastic DIP, 20-pin plastic ZIP and 
20-pin plastic SOJ. 

Features 
• High speed; Access time 80/100/120 ns (max) 
• Low power; 11 mW standby, 385/330/275 mW active 
• Single 5V supply (±10%) 
• Fast nibble mode capability 
• 512 refresh cycle; (8 ms) 
• 2 variations of refresh; RAS only refresh 

Pin Arrangement 

• HM511001SP Series 

Din 

WE 

RAS 

NC 

Au 

A1 

Az 

A:i 

\'n 

(Top View) 

CAS before RAS refresh 

• HM511001SJP Series 

Din 

WE 

RAS 

NC 

NC 

AO 

Al 

A2 

A3 

Ver 

(Top View) 

• HM511001SZP Series 

CAS 2 

Vss 4 

WE 6 

NC 8 

NC 10 

Al 12 

A3 14 

A4 16 

A6 18 

AB 20 

1 A9 

3 Dout 

5 Din 

7 RAS 

9 NC 

11 AO 

13 A2 

15 Vee 

17 AS 

19 A7 

(Bottom View) 

Vss 

AB 

A7 

AS 

A4 

@HITACHI 

HM511001SP Series 

, 
(DP-18C) 

HM5ll001 SJP Series 

, 
(CP-20D) 

HM511001 SZP Series 

# 
(ZP-20) 

Pin Description 
Symbol Function 

AO-A9 Address inputs 

CAS Column address strobe 
Din Data input 

Dout Data output 

RAS Row address strobe 
-WE Read/Write input 

Vee Power (+5V) 

Vss Ground 

AO-AS Refresh address input 

Note) The specifications of this device 
are subject to change without 
notice. Please contact your nearest 
Hitachi's Sale Dept. regarding 
specifications. 
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HM511001S Series---------------------------------

Ordering Information 

Type No. Access Time 

HM511001P-8S 
HM511001P-10S 
HM511001P-12S 

HM511001ZP-8S 
HM511001ZP-10S 
HM511001ZP-12S 

HM511001JP-8S 
HM511001JP-10S 
HM511001JP-12S 

Block Diagram 

80ns 
lOOns 
120ns 

80ns 
lOOns 
120ns 

80ns 
lOOns 
120ns 

Absolute Maximum Ratings 
Parameter 

Voltage on any pin relative to V ss 
Short circuit output current 

Power dissipation 

Operating temperature 

Storage temperature 

Package 

300 mil 18 pin Plastic DIP 

20 pin Plastic ZIP 

20 pin Plastic SOJ 

emor Memor 
ell Cell 

E rray Array 

e111or Memor 
ell Cell 

~ rray Arny 

Ao-A• 

Symbol Rating 

VT -1 to +7 

lout 50 

PT 1.0 
Topr 0 to +70 

emnr Mit111or 
ii ell Cell 
E Arny Arra)· 
< 

Unit 

v 
mA 

w 
·c 

Tstg -55 to +125 ·c 

.HITACHI 

!28k 
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HM511001 S Series 

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

Parameter Symbol Min Typ Max Unit 

Supply voltage Vee 4.5 5.0 5.5 v 
Input high voltage Vrn 2.4 6.5 v 
Input low voltage V1L -2.0 0.8 v 

Note) All voltages referenced to Vss. 

DC Electrical Characteristics (Y cc= SY ±10%, Y ss = OY, Ta= 0 to +70°C) 

Symbol 
HM511001-8S HM511001-10S HM511001-12S 

Test condition Parameter Unit Note 
min max min max min max 

Operating 
Icc1 70 60 50 mA RAS, CAS cycling, 

*1,*2 current tRc =Min 

2 2 2 RAS, CAS=Vrn TTL 
Standby mA 

Dout=High-Z interface 
current Icc2 RAS,CA~Vcc-0.2V CMOS 

Dout=High-Z interface 

Refresh 
Icc3 60 50 45 mA 

RAS only refresh, 
*2 current !Re= Min 

Standby 
Ices 5 5 5 mA RAS =Vrn, CAS =VIL• 

*l current Dout enable 

Refresh 
Icc6 70 60 50 mA CAS before RAS refresh, 

current !Re= Min. 

Nibble 
Ices 60 50 40 mA RAS = VIL• CAS cycling, *l,*3 mode current tNc= Min 

Input leakage Iu -10 10 -10 10 -10 10 µA VIN=Oto+7V 

Output 
!Lo -10 10 -10 10 -10 10 µA VouT =Oto +7V, 

leakage Dout is disabled 

Output levels 
Yott 2.4 Vee 2.4 Vee 2.4 Vee v lout= -5mA 

VoL 0 0.4 0 0.4 0 0.4 v lout~ 4.2mA 

Notes)* I. Ice depends on output loading condition when the device is selected, Ice max. is specified at the output open 
condition. 

*2. Address can be changed less than three times while RAS = VIL· 
• 3. Address can be changed once or less while CAS = V IH· 

Capacitance (V cc= SY± 10%, Ta= 25°C) 

Parameter Symbol Typ Max 

Address, Data-in C11 5 
Input capacitance 

Oocks C12 7 

Output capacitance Data-out Co 7 

Unit Note 

pF *1 

pF *1 

pF *l,*2 

Notes) *\. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
*2. CAS = Vrnto disable Dout. 

@HITACHI 
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HM511001S Series 

Electrical Characteristics and Recommended AC Operating Conditions 
(Ta= 0 to +70°C, Vee= SV ± 10%, Vss = OV)*l,*JO 

HM51100 l-8S HM511001-lOS HM511001-12S 
Parameter Symbol Unit Notes 

min max min max min max 

Access Time from RAS tRAC 80 100 120 ns *2,*3 

Access Time from CAS tcAC 40 50 60 ns *3,*4 

Output Buffer Turn-off Delay to FF 20 25 30 ns *5 

Transition Time (Rise and Fall) tT 3 50 3 50 3 50 ns *6 

Random Read or Write Cycle Time tRc 160 190 220 ns 

RAS Precharge Time tRP 70 80 90 ns 

RAS Pulse Width tRAS 80 10000 100 10000 120 10000 ns 

CAS Pulse Width tcAS 40 10000 50 10000 60 10000 ns 

RAS to CAS Delay Time tRCD 22 40 25 50 25 60 ns *7 

RAS Hold Time tRSH 40 50 60 ns 

CAS Hold Time tcsH 80 100 120 ns 

CAS to RAS Precharge Time tcRP 10 10 10 ns 

Row Address Setup Time tASR 0 0 0 ns 

Row Address Hold Time tRAH 12 15 15 ns 

Column Address Setup Time tAsc 0 0 0 ns 

Column Address Hold Time tcAH 20 20 25 ns 

Write Command Setup Time twcs 0 0 0 ns *8 

Write Command Hold Time twcH 20 20 25 ns 

Write Command Pulse Width twp 15 15 20 ns 

Write Command to RAS Lead Time tRWL 25 25 30 ns 

Write Command to CAS Lead Time tcwL 25 25 30 ns 

Data-in Setup Time tos 0 0 0 ns *9 

Data-in Hold Time toH 20 20 25 ns *8,*9 

Read Command Setup Time tRcs 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 8 8 8 ms 

Read-Write Cycle Time tRwc 190 220 255 ns 

RAS to WE Delay tRWD 80 100 120 ns *8 
CAS to WE Delay tcwo 40 50 60 ns *8 

CAS Setup Time (CAS before RAS Refresh) tcsR 10 10 10 ns 

CAS Hold Time (CAS before RAS Refresh) tcHR 20 20 25 ns 

RAS Precharge to CAS Hold Time tRPC 10 10 10 ns 

Nibble Mode Access Time tNAC 25 25 30 ns 

Nibble Mode Cycle Time tNc 45 45 55 ns 

Nibble Mode CAS Precharge Time tNCP 10 10 15 ns 

Nibble Mode CAS Pulse Width tNCA 25 25 30 ns 

Nibble Mode RAS Hold Time tNRSH 25 25 30 ns 

Nibble Mode Read Modify Write Cycle Time tNRWC 70 75 85 ns 

Nibble Mode Write Command CAS Lead Time tNCWL 20 25 25 ns 

Nibble Mode CAS to WE Delay tNcwo 30 30 30 ns 

@HITACHI 
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---------------------------------HM511001S Series 

Notes) 
* 1. AC measurements assume tT = Sns. 
*2. Assumes that tRcD ~ tRco(max). If tRcD is greater 

than the maximum recommended value shown in 
this table, tRAC exceeds the value shown. 

*3. Measured with a load circuit equivalent to 2TTL 
loads and lOOpF. 

*4. Assumes that tRCD ;:::;tRcD(max). 
*5. toFF(max) defines the time at which the output 

achieves the open circuit condition and is not re
ferenced to output voltage levels. 

*6. V1H(min) and V1L(max) are reference levels for 
measuring timing of input signals. Also, transition 
times are measured between V IH and VIL· 

*7. Operation with the tRco(max) limit insures that 
tRAc(max) can be met, tRco(max) is specified as a 
reference point only, if tRcD is greater than the 
specified tRCD (max) limit, then access time is con
trolled exclusively by tcAC· 

Timing Waveforms 

Read Cycle 

Early Write Cycle 

Dout 

*8. twcs and tcwo are not restrictive operating par
ameters. They are included in the data sheet as elec
trical characteristics only: iftwcs;:::; twcs(min). the 
cycle is an early write c;ycle and the data out pin will 
remain open circuit (high impedance) throughout 
the entire cycle; if .tcw0 ;:::;tcwo (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. 

*9. These parameters are referenced~CAS leading edge 
in early write cycles and to WE leading edge in 
delayed write or rea.d-modify-write cycles. 

* 10. An initial pause of lOOµs is required after power-up. 
Then execute at least 8 initialization cycles. 

Open*2 

Note) * 1. fZ22Lj : Don't care 

lcRP 

Notes) * 1. C22J: Don't care 

*2. twcs~twcs(min) 

@HITACHI 
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HM511001S Series--------------------------------

Delayed Write Cycle 

.. , 
'"" .... . ... 

hco 

lcwL 

lcAS 

Read-Modify-Write Cycle 

tawc 

RAS 

IRCD 
lawo lRIVL 

lcwL 
CAS 

IASR .... .... , 
'"" 

Address 

Din 

Dout ------------< 

@HITACHI 

••• 

Notes) •1.EZZI: Don't care 

•2. tawo;;;:tawo(min) 

lcwo~tcwo(min) 
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----------------------------------HM5110015 Series 

RAS Only Refresh Cycle 

Open 

Dout ---------------------------

CAS Before RAS Refresh Cycle 

Notes) * 1. r?fl: Don't care 

* 2. Refresh Address 

AO-A81AXO-AXSI 

fcHB 

Open 

Dout -------------------------------

@HITACHI 
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HM511001S Series----------------------------------

Nibble Mode Read Cycle 

Note) ~ : Don't care 

Nibble Mode Write Cycle 

RAS 

CAS 

Address 

WE 

Din 

Dout 

Note)~: Don't care 

@HITACHI 
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---------------------------------HM511001S Series 

Nibble Mode Read Modify Write Cycle 

Vm 

RAS 

Vn 

v,/l 

CAS 

Vn 

Vm 

Address 

v,, 

Vm 

WE 

Vn 

Vm 

Din 

Vn 

v,. 
Dout 

Vo1. 
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HM511002S Series -----Preliminary 

1048576-word x 1-bit CMOS Dynamic Random Access Memory 

The Hitachi HM511002S Series is a CMOS dynamic RAM 
organized 1048576-word x 1-bit. HM511002S has realized higher 
density, higher performance and various functions by employing 
1.3 µm CMOS process technology and some new CMOS circuit 
design technologies. The HM511002S offers Static Column Mode 
as a high speed access mode. 

Multiplexed address input permits the HM511002S to be 
packaged in standard 18-pin plastic DIP, 20-pin plastic SOJ and 
20-pin plastic ZIP. 

Features 
• High speed; Access time 80/100/120 ns (max) 
• Low power; 11 mW Standby, 385/330/275mW Active 
• Single 5V supply (±10%) 
• Static column mode capability 
• 512 refresh cycles; (8 ms) 
• 2 variations of refresh; RAS only refresh 

Pin Arrangement 
• HM511002SP Series 

Din 

WE 

RAS 

NC 

Ao 

(Top View) 

CS before RAS refresh 

Dou! 

• HM511002SJP Series 

Din 

WE 
RAS 

NC 

NC 

AO 

Al 

A2 

A3 

Vee 

(Top View) 

• HM511002SZP Series 

cs I A9 
2 

3 Dout v,. 4 
5 Din 

WE 6 
7 RAS 

NC 8 
9 NC 

NC 10 
11 AO 

Al 12 
13 A2 

A3 14 

A4 16 
15 Vee 

17 AS 
A6 18 

19 A7 
A8 20 

(Bottom View) 

@HITACHI 

HMS 11002SP Series 

, 
(DP-18C) 

HM511002SJP Series 

, 
(CP-20D) 

HM511002SZP Series 

# 
(ZP-20) 

Pin Description 
Pin Name Function 

AO-A9 Address inputs 

cs Chip select 

Din Data-in 

Dout Data-out 

RAS Row address strobe 

WE Write enable 

Vee Power (+5V) 

Vgg Ground 

AO-A8 Refresh address inputs 

Note) The specifications of this device 
are SJbject to change without 
notice. Plusa contact your nearest 
Higachi's Seles Dept. regarding 
specifications. 
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--------------------------------HM511002S Series 

Ordering Information 

Type No. Access Time 

HM5 l l 002P-8S 80 ns 
HM511002P-10S lOOns 
HM511002P-l 2S 120ns 

HM511002ZP-8S 80ns 
HM511002ZP-10S lOOns 
HMS 11002ZP-l 2S 120ns 

HM511002JP-8S 80ns 
HM511002JP-10S lOOns 
HM511002JP-l 2S 120ns 

Block Diagram 

Absolute Maximum Ratings 

Parameter 

Voltage on any pin relative to V SS 

Short circuit output current 

Power dissipation 

Operating temperature 

Storage temperature 

Package 

300 mil 18 pin Plastic DIP 

20 pin Plastic ZIP 

20 pin Plastic SOJ 

RAS 
Control 
Circuit 

ol 
128k ':: 128k 128k 

Memor ; emor Memor 
Cell ci. ell Cell 
Array E Array Array 

< 

Symbol Rating 

W1' 
Control 
Circuit 

ol 
128k I28k o 

Memor Memor ; Memur Memor 
Cell Cell ci. Cell Cell 
Array Array E Array Array 

< 

Ao-A9 

Unit 

VT -1 to +7 v 
lout 50 mA 

PT 1.0 w 
Topr 0 to +70 oc 

Tstg -55 to+ 125 oc 

@HITACHI 
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g 

"" 
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HM511002S Series 

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

Parameter Symbol Min Typ Max Unit 

Supply voltage Vee 4.5 5.0 5.5 v 
Input high voltage VIH 2.4 6.5 v 
Input low voltage VJL -2.0 0.8 v 

Note) All voltages referenced to V SS· 

DC Electrical Characteristics (V cc= SY± 10%, Y ss = OY, Ta= 0 to +70°C) 

Symbol 
HM511002-8S HM511002-10S HM511002-12S 

Parameter 
min min 

Unit Test condition Note 
max max min max 

Operating 
Icc1 70 60 50 mA RAS, CS cycling, *I 

current !Re= Min 

2 2 2 RAS, CS= V~ TTL 
Standby Dout =High- interface 
current Icc2 mA RAS, CS :?: V £c-0.2V CMOS 

Dout = High- interface 

Refresh Icc3 70 60 50 mA RAS only refresh, *l current lRC =Min 

Standby 
Ices 5 5 5 mA RAS =V1H, CS= V1L. *1 current Dout enable 

Refresh 
Icc6 70 60 50 mA CS before RAS refresh, 

current tRc =Min. 

Static column 
Icc9 60 50 40 mA tsc =Min *1 

mode current 
Input leakage ILJ -10 10 -10 10 -10 10 µ.A V1N = 0 to +?V 

Output !Lo -10 10 -10 10 -10 10 µ.A VouT=Oto+7V, 
leakage Dout is disabled 

Output levels 
VoH 2.4 Vee 2.4 Yee 2.4 Vee v lout= -5mA 

VoL 0 0.4 0 0.4 0 0.4 v lout= 4.2mA 
Note) •1. Ice depends on output loading condition when the device is selected, Ice max is specified at the output open 

condition. 

Capacitance (Y cc =SY± 10%, Ta= 2S°C) 

Parameter Symbol Typ Max Unit Note 

Address, Data-in Cu 5 pF *1 
Input capacitance 

Oocks C12 7 pF *1 

Output capacitance Data-out Co 7 pF *l,*2 

Notes) •1. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
•2. CS = V IH to disable Dout. 

~HITACHI 
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HM5110025 Series 

Electrical Characteristics and Recommended.AC Operating Conditions 
(Ta= 0 to +70°C, Vee= SV ± 10%, Yss = 0V)•1,•11,•1s 

Parameter 
b HM511002-8S HMS 11002-lOS HMS 11002-l 2S 

Sym ol . . . Unit Note 
mm max mm max mm max 

Random Read or Write Cycle Time tRe 160 190 220 ns 

RAS Precharge Time tRP 70 80 90 ns 

RAS Pulse Width tRAS 80 10000 100 10000 120 10000 ns 

CS Pulse Width tsp 25 10000 25 10000 30 10000 ns 

RAS to CS Delay Time tReD 22 55 25 75 25 90 ns *8 

RAS to Column Address Delay Time tRAD 17 40 20 55 20 65 ns *9 

RAS Hold Time tRSL 25 25 30 ns 

CS Hold Time tesH 80 100 120 ns 

CS to RAS Precharge Time ts RS 10 10 10 ns 

Row Address Set-up Time tASR 0 0 0 ns 

Row Address Hold Time tRAH 12 15 15 ns 
Transition Time (Rise and Fall) tT 3 so 3 50 3 50 ns *7 

Refresh Period tREF 8 8 8 ms 

Access Time from RAS tRAe 80 100 120 ns *2,*3 

Access Time from CS tAeS 25 25 30 ns *3,*4 

Access Time from Address tAA 40 45 55 ns *3,*5,*14 

Column Address Hold Time to RAS on Read tAR 80 100 120 ns 

Read Command Set-up Time tReS 0 0 0 ns 

Read Command Hold Time to CS tReH 0 0 0 ns 

Read Command Hold Time to RAS tRRH 10 10 10 ns 

Column Address to RAS Lead Time tRAL 40 45 55 ns 

RAS to Column Address Hold Time tAHR 15 15 15 ns *16 
Output Hold Time from Address tAOH 5 5 5 ns 

Output Buffer Turn-off Time to FF 20 25 30 ns *6 
Column Address Set-up Time tASW 0 0 0 ns 
Column Address Hold Time tAHW 20 20 25 ns 

Column Address Hold Time to RAS on Write tAWR 60 75 90 ns 
Write Command Set-up Time twes 0 0 0 ns *10 

Write Command Hold Time tweH 20 20 25 ns 

Write Command Hold Time to RAS tweR 60 75 90 ns 

Write Command Pulse Width twp 15 15 20 ns 

Write Command to RAS Lead Time tRWL 25 25 30 ns 

Write Command to CS Lead Time tcwL 25 25 30 ns 
Data-in Set-up Time tns 0 0 0 ns *11 

Data-in Hold Time toH 20 20 25 ns *11 

Data-in Hold Time to RAS to HR 60 75 90 ns 

Read-Write Cycle Time tRwe 190 220 255 ns 
RAS to WE Delay Time tRWD 80 100 120 ns *10 

CS to WE Delay Time tewo 25 25 30 ns *10 

Column Address to WE Delay Time tAWD 40 45 55 ns *10 

Output Hold Time from WE twoH 0 0 0 ns 

CS Set-up Time (CS before RAS Refresh) tesR 10 10 10 ns 

CS Hold Time (CS before RAS Refresh) teHR 20 20 25 ns 
RAS precharge to CS Hold Time tzRH 10 10 10 ns 
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HM511002S Series 

• SC Mode Cycle 

HM511002-8S HM511002-lOS HM5 ll 002-12S 
Unit Note Parameter Symbol 

min max min max min max 

SC Mode Cycle Time on Read tsc 45 50 60 ns 

SC Mode RAS Pulse Width tRASC 144000 144000 144000 ns 

RAS to Second WE Delay Time tRSWD 80 100 120 ns 

·cs Precharge Time ts1 10 10 15 ns 
Write Invalid Time tw1 10 10 15 ns 

• SC Mode Read-Modify-Write and Mixed Cycle 

HM511002-8S HM511002-10S HM511002-12S 
Unit Note Parameter Symbol 

min max min max min max 

SC Mode Cycle Time on Read-Write tsRW 90 100 120 ns *12 

Access Time from Previous WE tALW 85 95 115 ns *3,*13 

Previous WE to Column Address Delay Time tLWAD 25 45 25 50 30 60 ns *15 

Column Address Hold Time to Previous WE tAHLW 85 95 115 ns 

Output enable time from WE tow 30 30 35 ns 

Notes) 1. AC measurements assume tT = 5ns. 

436 

2. 

3. 
4. 
5. 
6. 

7. 

8. 

9. 

10. 

Assumes that tRCD S tRCD (max) and tRAD S tRAD (max). If tRCD or tRAD is greater than the maximum 
recommended value shown in this table, tRAC exceeds the value shown. 
Measured with a load circuit equivalent to 2TTL loads and 1 OOpF. 
Assumes that tRCD 2 tRCD (max), tRAD ~ tRAD (max). 
Assumes that tRCD ~ tRCD (max) and tRAD 2 tRAD (max). 
tOFF (max) definesthe time at which the output achieves the open circuit condition and is not referenced to 
output voltage levels. 
VIH (min) and VIL (max) are reference lvels for measuring timing of input signals. Also, transition times are 
measured between V1H and VIL. 
Operation with the tRCD (max) limit insure that tRAC (max) can be met, tRCD (max) is specified as a re
ference point only, if tRCD is greater than the specified tRCD (max) limit, then access time is controlled ex
clusively by tAcs. 
Operation with the tRAD (max) limit insures that tRAC (max) can be met, tRAD (max) is specified as a 
Reference point only, if tRAD is greater than the specified tRAD (max) limit, then access time is controlled 
exclusively by tAA. 
tWCS, tRWD, tCWD and tAWD are not restrictive operating parameters. They are included in the data sheet as 
electrical characteristics only: if tWCS ;:,; twcs (min), the cycle is an early write cycle and the data out pin will 
remain open circuit (high impedance) throughout the entire cycle; If tRWD;:,; tRWD (min), tCWD ~ tCWD (min) 
and tAWD ;:,; tAWD (min), the cycle is a readfwrite 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. 

11. These parameters are referenced to "CS° leading edge in early write cycles and to WE leading edge in delayed write 
or read-modify-write cycles. 

12. tSRW (min)= tAWD (min)+ tLWAD (max)+ tT. 
13. Assumes that tLWAD ~ tLWAD (max). If tLWAD is greater than the maximum recommended value shown in 

this table tALW exceeds the value shown. 
14. Assumes that tLWAD ~ tLWAD (max). 
15. Operation with the tLWAD (max) limit insures that tSRW (max) can be met, tLWAD (max) is specified as a Re

ference point only, if tLWAD is greater than the specified tLWAD (max) limit, then access time is controlled ex
clusively by tAA· 

16. tAHR defines the time at which the column address hold. 
17. An initial pause of 1 OOµs is required after power-up then execute at least 8 initialization cycles. 
18. At least, 8 CS before l{AS refresh cycle are required before using internal refresh counter. 
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---------------------------------HM511002S Series 

Timing Waveforms 

•Read Cycle 

• Write Cycle 

cs 

Dou( 

Addres~ 

Din 

Oout 

IRu1 

f.tHR ____ ,,_,,_. --·-

'" Ion 

DotH 

-~-----< 

Note) •Lffi.Q]: Don't Care 

'" 

/A.l\'R 

Notes) * L llillJJ : Doti 't Care 
* 2. twcs ;!:: l11·cs (min) 
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HM511002S Series---------------------------------

• Read Modify Write Cycle 

Address 

Din 

Dou! 

I~ 

• RAS Only Refresh Cycle 

IRAH 

AJ<lress 

Dout High-Z 

• CS before RAS Refresh Cycle 

IRAS 

l~~~~~~~Notes) *l z;.:::zJ:Llon"tCar~ 

twon 

/RC 

'" 

*2 /n11<:1.vwo{mini 
/fFiD?lr-·n \min! 
IA~"D? IAll'D (min) 

Note) *l.IZZZZ2J: Don't Care 

/RC 

lRAS 

ICHR 

Address 1777777777777777777777777777777777777 

Dout 
Open 

Note) •1.~:Don'tCare 
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----------------------------------HM511002S Series 

• Static Column Mode Read Cycle 

Address 

Dout 

I/IA( 

• Static Column Mode Write Cycle-1 

Dout 
High-Z*2 

@HITACHI 

Dout 3 

Note) * 1. lZZ'.Z2J: Don't Care 

Notes) * 1 ~:Don't Care 
*2 lwcs~lwcs(min) 
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HM511002S Series---------------------------------

• Static Column Mode Write Cycle-2 

IRASC 

hcD 

Address 

Din 

• Static Column Mode Read-Modify-Write Cycle 

@HITACHI 

IRl'I.. 

'"" 

Note) ~: Don't care 

Notes) * !. izz:l : Don't ..,.. 

•2. hn~tawo(min) 
tcwo~tcrro(min) 

lA•o~tAwo(min) 
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---------------------------------HM511002S Series 

• Static Column Mode Mixed Cycle 

Write Read Read Modify Write 

Note} ~:Don't care 
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HB561003 Series 
262,144-word x 9-bit Dynamic Random Access Memory Module 

The HB561003 is a 2.25M dynamic random-access memory module organized as 262, 144 x 9 bits [bit nine 
(PD, PO) is generally used for parity and is controlled by PCAS) in a 30-pin single-in-line package comprising 
nine HM50256CP, 262, 144 x 1 bit dynamic RAMs in 18-pin Plastic Leaded Chip Carrier mounted on a 
substrate together with decoupling capacitors. 

•FEATURES 
• 262, 144 words x 9 bits Organization 
• Industry standard 30-pin Single In-line Package Memory Module 
• Single 5V (±10%) 
• Utilizes nine 256K Dynamic RAMs in PLCC (HM50256CP) 
• HB561003 operates as nine HM50256CP as shown in the functional block diagram. 
• Low Power; Operating: 2,160mW typ. ltRc = 260ns) 

Standby: 135mW typ. 
• High speed: 

HB561003A/ AR/B-12 

HB561003A/ AR/B-15 

HB561003A/ AR/B-20 

• Page mode capability 
• TTL compatible 
• 256 refresh cycles/4ms 
• 3 variations of refresh 

RAS only refresh 
CAS before RAS refresh 
Hidden refresh 

Access Time 
from RAS (max) 

120ns 

150ns 

200ns 

• Operating Ambient Air Temperature: 0°C to +70°C 
• HB561003A/AR is leaded type 
• HB561003B is leadless type (socket type) 

•PIN ARRANGEMENT 

Access Time 
from CAS (max) 

70ns 

75ns 

lOOns 

DODDDDDDD 
Note) HB56J003B's pin arrangement (Side View) 

is same as HB561003A I AR. 

• Common CAS control for eight common Data-In and Data-Out 
lines. 

• Separate CAS control for one separate pair of Data-In and Data
Out lines. 

• The common 1/0 feature dictates the use of only early write 
operations to prevent contention on Din and Dout. 

@HITACHI 

Read or Write 

Cycle (min) 

220ns 

260ns 

330ns 

• PIN DESCRIPTION 

AO-A8 Address Inputs 

CAS, PCAS Column Address Strobes 

DQO-DQ7 Data In/Data Out 

PD Data In 

NC No Connection 

PQ Data Out 

RAS Row Address Strobes 

WE Write Enable 

Vee +5VSupply 

Vss Ground 
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--------------------------------HB561003 Series 

•FUNCTIONAL BLOCK DIAGRAM 

Ao t4l 

A1 ~~i 
A•---" 
A, IKI 

A . (Ill 
A ; (12) 

A . Ill) 
A '_illL___,. 
A , .JEl 

RAS 127) 
CAS 121 m 12u 

9 M, 
t--+-1 Ao-Ao 

M-;>l rn 
....... -+--<.,,."><(AS 

+-+---+--+--iv>I WE'. (16) 

oQo en I rnn ooutO oQ, 
\'cc rss 

H·'o-.\11 t-+-i>I i[\5 
t-+-+--l>t c.\S 

t-i-+--i-....,..rJ>t WE 

120) 
Dout ODQ; 

\'ss 

DQ21 l"'-())+-+-1--1--.-ll Din Dout h DQ, (2J) 

~=1·,f:':'::::::\::j:'ss::· ~lj 

~ . .\o-.\~ 
~R.\S 

CAS 
~---1..,..,,>t\i'E +--+-+--!>l\i'E 

IJ<.h ( 1:1J l Din Ouut J DQ1 (25) Din Dout J 
t..=:=:\:t;:'n':::· :::::':j\",~·;~ l \'ff \'ss 

9 l Mol 
L+---:\0-.-\11 

~lffi 
l'C'AS l2H) -'="'-----+--+----+-----!>IF.\S 

PD 
-!>WE 

(29) ------+--r---------<llin Oout~PQ 
rec (() 

rec (30) }:c•-]:c. rss (9) 

\'ss 
(22) 

•ABSOLUTE MAXIMUM RATINGS 

Voltage on any pin relative to Vss: -1V to +7V 
Operating temperature, T8 (Ambient): 0°C to +70°C 
Storage temperature (Ambient): -55°C to +125°C 
Power dissipation: 9W 
Short circuit output current: 50mA 

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

Parameter Symbol min. typ. max. Unit 

Supply Voltage Vee 4.5 5.0 5.5 v 
Input High Voltage V1H 2.4 - 6.5 v 
Input Low Voltage Vn -1.0 - 0.8 v 

Note) 1. All voltages referenced to Vss 
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Notes 

I 

I 

I 
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HB561003 Series--------------------------------

•DC ELECTRICAL CHARACTERISTICS (Ta=O to +70°C, Vcc=5V±l0%, Vss=OV) 

Parameter Test Conditions Symbol min. max. Unit Notes 

Operating current RAS, CAS=cycle lnc=330ns 495 

fRc=min 
Inc =260ns Icci - 630 mA 1 
lnc=220ns 747 

Standby current RAS= Vrn, D.,. =High Z fen - 40 mA 

Refresh current RAS only refresh 1Rc=330ns 378 

tnc=min 
IRc =260ns /co - 477 mA 
1Rc=220ns 558 

Standby current RAS= Vrn, D.,.=enable Ices - 90 mA 1 

Refresh current CAS before RAS refresh 1Rc-330ns 405 
!Rc=min IRc =260ns lcc6 - 522 mA 

IRc =220ns 621 

Page made supply RAS= Vn, CAS=cycle, !Re =330ns lcC7 - 333 mA 
current fpc=min lne=260ns 432 

1Rc=220ns 513 

Input leakage 0< V.,<7V lu -10 10 µA 

Output leakage 0 < v .. , < 7V, D.,. =disable ho -10 10 µA 

Output levels High (!,,, = - 5mA) VoH 2.4 Vee v 
Low (!,., =4.2mA) Vo1, 0 0.4 v 

•CAPACITANCE (Vcc=5V±l0%, Ta=25'C) 
Parameter Symbol typ. max. Unit Notes 

Address C11 - 60 pF 2 

Clocks C12 - 75 pF 2, 3 

DQ Clio - 17 pF 2, 3 

PQ co - 12 pF 2, 3 

PD C" - 10 pF 2 

Notes: 1. Ice depends on output loading condition when the device is selected,lcc max is specified at the output 
open condition. 

2. ~citance measured with Boonton Meter or effective capacitance measuring method. 
3. CAS = VJH to disable Dout· 

•ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Ta=O to+ 70'C, Vcc=5V±l0%, Vss=OV) 1>· io>. w 

HB561003-12 HB561003-15 HB561003-20 
Parameter Symbol Unit Note 

min. max. min. max. min. max. 

Access Time from RAS fRAC - 120 - 150 - 200 ns 2, 3 

Access Time from CAS fCAC - 70 - 75 - 100 ns 3, 4 

Output Buffer Turn-off Delay fOf'F - 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 /RC 220 - 260 - 330 - ns 

RAS Precharge Time IRP 90 - 100 - 120 - ns 

RAS Pulse Width IRAS 120 10000 150 10000 200 10000 ns 

CAS Pulse Width fCAS 70 10000 75 10000 100 10000 ns 

RAS to CAS Delay Time fRCD 35 50 35 75 35 100 ns 7 

RAS Hold Time fRSH 70 - 75 - 100 - ns 

CAS Hold Time lcsH 120 - 150 - 200 - ns 

CAS to RAS Precharge Time fCRP 10 - 10 - 10 - ns 

Row Address Set-up Time IASR 0 - 0 - 0 - ns 

Row Address Hold Time fRAH 15 - 15 - 20 - ns 

Column Address Set-up Time IASC 0 - 0 - 0 - ns 

Column Address Hold Time fCAH 25 - 25 - 30 - ns 

Column Address Hold Time referenced to RAS IAR 75 - 100 - 130 - ns 

Read Command Set-up Time fires 0 - 0 - 0 - ns 8 

Write Command Hold Time twcH 45 - 45 - 55 - ns 

Write Command Hold Time refer~nced to RAS twcR 95 - 120 - 155 - ns 

Write Command Pulse Width /irp 45 - 45 - 55 - ns 

Write Command to RAS Lead Time IRWL 45 - 45 - 55 - ns 

Write Command to CAS Lead Time /e1n 45 - 45 - 55 - ns 

Data-in Set-up Time Ins 0 - 0 - 0 - ns 9 

@HITACHI 
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Parameter Symbol 
HB561003'12 HB561003-15 HB561003-20 

Unit Note 
min. max. min. max. min. max. 

Data-in Hold Time fvH 45 - 45 - 55 - ns 9 
Data-in Hold Time Referenced to RAS fDHR 95 - 120 - 155 - ns 

Read Command Set-up Time tRCS 0 - 0 - 0 - ns 

Read Command Hold Time Referenced to CAS fRCH 0 - 0 - 0 - ns 
Read Command Hold Time Referenced to RAS fRRH 10 - 10 - 10 - ns 

Refresh Period fREf' - 4 - 4 - 4 ms 

CAS Precharge Time ten·• 50 - 60 - 80 - ns 

CAS Set-up Time tcsR 10 - 10 - 10 - ns 

CAS Hold Time (CAS before RAS) ICHh 120 - 150 - 200 - ns 
RAS Precharge to RAS Hold Time fRPC 0 - 0 - 0 - ns 

Page Mode Read or Write Cycle fpc 130 - 145 - 190 - ns 
CAS Precharge Time, Page Cycle fcP 50 - 60 - 80 - ns 

Notes: I. AC measurements assume tr= 5ns. 
2. Assumes that fRCD;;;;; fRCD (max). If fRCD is greater than the maximum recommended value shown in this 

table, fRAC exceeds the value shown. 
3. Measured with a load circuit equivalent to 21TL loads and !OOpF. 
4. Assumes that fRCD ;G; fRCD (max). 
5. fOFF (max) defines the time at which the output achieves the open circuit condition and output voltage levels 

are not referred. 
6. VJH (min) and VJL (max) are reference levels for measuring timing of input signals. Also, transition times are 

measured between VJH and VJL. 
7. Operation with the fRCD (max) limit insures that fRAC (max) can be met. fRCD (max) is specified as a re

ference point only; if fRCD is greater than the specified fRCD (max) limit, access time is controlled exclusively 
by tCAC· 

8. Early write cycle only Ctwcs;G; fWC.'\ (min)). 
9. These parameters are referenced to CAS leading edge. 

10. An initial pause of IOOµs is required after power-up. Then execute at least 8 initialization cycles. 
11. At least 8 CAS before RAS refresh cycles are required before using internal refresh counter. 

•WAVEFORMS 

•Read Cycle 

RAS 

CAS. PCAS 

:\d<lress 

\\'f.' 

DQ. PQ 

\"tH 

\'11. 

\"iH 

\'JL 

\'1H 

\"n 

\"tH 

l"1t 

\"nn 
\"oL 

,., 
IH4S 

//{,\! 

flill:h [mpt•d~I\("(' 

Note) fZ!1 : Don't care 
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HB561003 Series-----------------------------------

•Write Cycle 

'" 
l"IH 

/JI_~-~ 

R:\S 
\'n 

\'1H 

CAS, PCAS 

\"11 

riff 

:\tkfress 

\"11. 

DQ, PQ 

Note) ~:Don't care 

•RAS Only Refresh Cycle 

/Re 

r1H 
fllitS 

R.~S 
r11. 

\"/H 

CAS, PCAS 
\"n 

\'1H 

:\Jdress 
\'n 

+Refresh Ad<lress .-\0- . .\1 (..\:\o-:\X1J 

Dnut 
\"t/H 

1·m. 
High lmµedance 

Note) E!ZI: Don't care 
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---------------------------------HB561003 Series 

•Hidden Refresh Cycle 
IRAS IRAS '" \"tH (Readl 

iiA5 
\"n 

"' 
\'/H 

CAS, PCAS 

\"11. 

\"1H 

A<ltlress 
\"n 

\'tH 

"WE 
\'11. 

DQ,PQ 
\·1111 

rm. 

111/tH 

------~~------~-.. """(i·~' 
Note) ~ : Don't care 

• CAS Before RAS Refresh Cycle 

lllAS '" 

\'1H ------------------------------

Uom' care 
rn------------~'-""'----------------

•Counter Test 

l'1H 

H:\S 
\'11. 

\"/H 

CAS, PCAS 

l"11 

\'tH 

:\ddn..., ... 

Notes) • 1. Dotted I.int.• Means H.t>ac! ('yde. 

* 2. F2ZZ?J : Don't care 

' ,..._ ----
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HB561003 Series---------------------------------

•Page Mode Read Cycle 

IHA~ 

l°IH 

IUS 

\"11. 

\"1H 

CAS, PCAS 
\"11. 

\"IH 

.\dd""'~ 
\'11. 

l"IH 
iiT 

\'n 

/( .~( l!A! 

\iJH 
DQ. PQ \"rn 

Note) 12Z! : Doo't .,.,.. 

•Page Mode Write Cycle 

//US 

H,\S "" 
\'11. 

GAS, PCAS \"111 

\"11. 

\"/H 

:\dtlrt.'l>S 

1"11. 

l"IH 
WE 

\"11. 

\"IH 

DQ,PQ 
\"11 

Note) ~: Don't care 
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----------------------HB561003 Series 

•PACKAGE OUTLINE 

• HB561003A Series 

• HB561003AR Series 

Jl:! .. -rl:O.ltMI• 

Unit : mm( inch) 

,. ,.,.,,,,, -, ""n'-
1 )] n 
iVVVViViVVVVVVVVViVVVVViVVVVVV ~ 1 
l ~00(0.0197) 454(0.100) ao 0.250(0.~ 

Unit : mm( inch) 

• HB5610038 Series 

Unit: mm( inch) 
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HB561409 Series 
262,144-word x 9-bit Dynamic Random Access Memory Module 

The HB561409 is a 256k x 9 dynamic RAM module, mounted 
9 pieces of 256k-bit DRAM (HM51256CP) sealed in PLCC 
package. An outline of the HB561409 is 30-pin single-in-line 
package having two types; Lead type (HB561409A) and Socket 
type (HB561409B). Therefore, the HB561409 makes high 
density mounting possible without surface mount technology. 
The HB561409 provides common data input and output, and also 
provides separate 1/0 on parity bit for parity check. Its module 
board has decoupling capacitors to reduce noise. 

Features 

• 262, 144 words x 9 bits organization 
• Industry standard 30-pin Single In-line Package Memory Module 
• Single 5V (±10%) 
• Utilizes nine 256K Dynamic RAMs in PLCC (HM51256CP) 
• HB561409A/B operates as nine HM51256CPs as shown in the 

functional block diagram 
• Low Power: Operating ..... 1,800mW {typ) (tRc = 180ns) 

Standby ...... 60mW (typ) 
• High speed: Access time from RAS (max)= 100ns 

Access time from address (max) = 55ns 
Read or write cycle (min)= .180ns 

• High speed page mode capability (tpc = 65ns) 
• TTL compatible 
• 256 refresh cycles/4ms 
• 3 variations of refresh 

RAS only refresh 
GAS before RAS refresh 
Hidden refresh 

• Operating Ambient Air Temperature ..... 0°C to +70°C. 

Pin Arrangement 

t;lcnoo ..... .-.c-.:iM ~N"<;f<t.nMtet--"'Of'oouul.()1~ l':JteUL'OJI"'/"'"" 0 

~~g<<g<<~g<<g<<g<zzg~~gzg~~~~~ 
~ 

(Side View) 
Note) HB561409B's pin arrangement is same as HB561409A. 

• Common GAS control for eight common Data-In and Data
Out lines. 

• Separate GAS control for one separate pair of Data-In and 
Data-Out lines. 

• The common 1/0 feature dictates the use of only early write 
operations to prevent contention on Din and Dout. 

@HITACHI 

Ordering Information 

Type No. 
Access Package 
Time 

HB561409A-10 lOOns 
30 pin Lead 
Type 

HB561409B-10 lOOns 
30 pin Socket 
Type 

Pin Description 

AO-A8 Address Inputs 

CAS, PCAS Column Address Strobe 

DQO-DQ7 Data In/Data Out 

PD Data In 

NC No Connection 

PQ Data Out 

RAS Row Address Strobe 

Vee +5V Supply 

Vss Ground 

WE Write Enable 
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------------------------------------ HB561409 Series 

Functional Block Diagram 

12s 1 
PCAS 

PD 
1291 

Vee tl) 

Vee 
130) j:c1 tc9 v.,.~ 
I 9 I 

v,.\ 1221 T 

Absolute Maximum Ratings 

Voltage on any pin relative to Vss ............ -1V to +7V 
Operating temperature, Ta (Ambient) ......... 0°C to +70°C 
Storage temperature (Ambient) . . . . . . . . . . -55°C to +125°C 
Power dissipation ............................. 9W 
Short circuit output current . . . . . . . . . . . . . . . . . . . . 50mA 

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 
Input High voltage Vrn 2-4 5.5 v 
Input Low voltage VIL ~1.0 o_s v 
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HB561409 Series---------------------------------

DC Electrical Characteristics (Ta= 0 to +70°C, V cc= SV ± 10%, V ss = OV) 

Parameter Symbol Min Max Unit Notes 

Operating current tRc=l80ns Iccl 540 mA *I 

Standby current Icc2 18 mA 

Refresh current tRC = 180ns Icc3 540 mA RAS only refresh 

Standby current (Dout Enable) lcc4 54 mA *I 

Refresh current tRc = I 80ns lcc5 495 mA CAS before RAS refresh 

Operating current tPC = 65ns Icc6 540 mA * I, High speed page mode 

Input leakage O<Vin<7V lu -IO 10 µA 

Output leakage O<Vout<7V lw -IO 10 µA 

Output IevelsHigh lout= -5mA VoH 2.4 Vee v 
Low lout = 4.2mA VoL 0 0.4 v 

Capacitance (Vee= SV ± 10%, Ta= 25°C) 

Parameter Symbol Type Max Unit Notes 

Address C11 60 pF *2 

Clocks C12 75 pF *2,3 

DQ C110 17 pF *2,3 

PQ Co 12 pF *2,3 

PD CI3 10 pF *2 

Notes) * l. Ice depends on output loading condition when the device is selected, 
Ice max Is specified at the output open condition. 

•2. Capacitance measured with Boonton Meter or effective capacitance 
measuring method. 

*3. ~ = VIH to disable Dout. 

Electrical Cheracteristics and Recommended AC Operating Conditions 

Dout is disabled 

Read, Write and Refresh Cycles (Common Parameter) (Ta= 0 to +70°C, Vee= SV ± 10%) 

Parameter Symbol Min Max 

Random Read or Write Cycle Time tRC 180 

RAS Precharge Time IRP 70 

RAS Pulse Width IRAS 75 10000 

CAS Pulse Width (CAS 30 

Column Address Set-up Time tASC 

Column Address Hold Time ICAH 25 

Column Address Hold Time to RAS IAR 80 

RAS to CAS Delay Time tRCD 25 70 

RAS to Column Address Delay Time tRAD 20 45 

RAS Hold Time IRSH 30 

CAS Hold Time ICSH JOO 

CAS to RAS Precharge Time tCRP 10 

Row Address Set-up Time tASR 

Row Address Hold Time tRAH 15 

Transition Time (Rise and Fall) IT 50 

Refresh Period lREF 
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------------------------------------HB561409 Series 

• Read Cycle 

Parameter Symbol Min Max Unit Notes 

Access Time from RAS IRAS 100 ns *2, *3 

Access Time from CAS tCAC 30 ns *3, *4 

Access Time from Address tAA 55 ns *3, *5 

Read Command Set-up Time titcs ns 

Read Command Hold Time to CAS tRCH ns 

Read Command Hold Time to RAS tRRH 10 ns 

Column Address to RAS Lead Time tl~AL 55 ns 

Output Buffer Turn-off Time tOFF 30 ns *6 

• Write Cycle 

Parameter Symbol Min Max Unit Notes 

Write Command Set-up Time twcs ns *lO 

Write Command Hold Time twcH 30 ns 

Write Command Hold Time to RAS twrn 85 ns 

Write Command Pules Width twp 25 ns 

Write Command to RAS Lead Time tRWL 30 ns 

Write Command to CAS Lead Time tcwL 30 ns 

Data-in Set-up Time tos ns * 11 

Data-in Hold Time toH 25 ns * 11 

Data-in Hold Time to RAS tDHR 80 ns 

• Refresh Cycle 

Parameter Symbol Min Max Unit Notes 

CAS Set-up Tim~ 
tcs1~ 10 ns (CAS before RAS Refresh) 

CAS Hold Time tCHR 10 (CAS before RAS Refresh) ns 

RAS Precharge to CAS Hold Time tRl'C 15 ns 

• High Speed Page Mode Cycle 

Parameter Symbol Min Max Unit Notes 

High Speed Page Mode Cycle Time t1oe 65 ns * 12 

High Speed Page Mode RAS Pulse lRAPC 75 75000 ns * 13 Width 

CAS Precharge Time tcP 20 ns 

Write Invalid Time tw1 15 ns 

Access Time from Column 
lCAP 60 * 14 ?recharge Time ns 

Notes)* 1. AC measurements assume tT = 5ns. 
*2. Assumes that tRCD ;;; tRcp (max) and tRAD ;;; t~o (max). If tRCD or tRAD is greater than the maximum 

recommended value shown m this table, tM!f excee s the value shown. 
*3. Measured with a load circuit equivalent to L loads and lOOpF. 
*4. Assumes that tRcD :2': tRCD (max) and tRAD;;; tRAD ~max). 
*5. Assumes that tRcD ~ tRcD (max) and tRAD ;;>: tRAD max.) 
*6. toFF (max) defines the time at which the output achieves the open circuit condition and is not referenced to 

output voltage level. 
*7. Vrn (min) and Vy\, (max) are reference levels for measuring timing of input signals. 

measured between IH and VIL· 
Also, transition times are 
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8. Operation with the taco(max) limit insures that taAc(max) can be met. tRco(max) is specified as a re
ference point only; if tRcD is greater than the specified taco (max) limit, then access time is controlled 
exclusively by tcAC. 

9. Operation with the taAo(max) limit insures that taAc(max) can be met. taAD (max) is specified as a 

10. 
11. 
12. 
13. 
14. 
15. 
16. 

reference point only; if tRAD is greater than the specified tRAo(max) limit, then access time is controlled 
exclusively by tAA· 
Only early write cycle to prevent contention on Data in and out (twcs f; 0). 
These parameters are referenced to "CAS"leading edge in early write cycle. 
Assumes that tASC_ = tcp·5ns. 
tRAPC definesRAS pulse width in High Speed Page mode cycle. 
Access time is determined by the longer of tAA or tcAC or tcAP· 
An initial pause of 100~ required after power-up then execute at least 8 initialization cycles. 
At least, 8 CA'S" before RAS refresh cycles are required before using an internal refresh counter. 

Timing Wavaforms 
Read Cycle 

ICAc ... toFF 

Dout ----+---------~ Dout 

Note) * 1. EZ'.Z:J: Don't care 

.HITACHI 
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-----------------------------------HB561409 Series 

Write Cycle 

RAS 

CAS 
lASR 

Address 

Dout 

RAS Only Refresh Cycle 

RAS 

CAS 

Address Row 

Dout 

lHAS 

1,,,.,,_ 
t "~" 

1 .. ,,.~ 

'~· 

lwcs l wcu 

Din 

Open *2 

Open 

@HITACHI 

frnp 

Notes)*l.~:Don't care 

•2. lwcs~twcs(min) 

,,, 

Note) * 1. f.Z2L2: Don't care 
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Hidden Refresh Cycle 

Address 

Dout 

Read Refresh 

Note) * 1. ~ : Don't care 

CAS before RAS Refresh Cycle 

lac 

,~, 

lcHR 

Address 7ZZZZIZZIZl/Zl/ZllZZZZZZZIZIZ!ZZllZ//Zl/Z//ll/ZZ//1 

Dout 
Open 

Note) • l.~: Don't care 

@HITACHI 
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---------------------------------HB561409 Series 

High Speed Page Mode Read Cycle 

Address 

Dout 

High Speed Page Mode Write Cycle 

Address 

Din 

Dout 
Open*2 

@HITACHI 

Note) •1.t7/JJ): Don't care 

Notes) * 1.~: Don't care 
•2. lwcs~lwcs(min) 
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HB561409 Serles--------------------------------

Package Outline, Unit; mm (inch) 
HB561409A 

78.74\3.IOl 

DDDDDDDDD 

HB561409B 

3.50( 88.90) 

(0.133) 3.234(82.14) 

3.lOmax.(78.74) 

Note) Copper contact pads are overcoated with Tin/Lead . 

• HITACHI 

5.08max. 
'0.200. 

0.2510.0098) 

5.08max. 
(0.200) 

Circuit Side 

r.21:g:m 
(o.os!:::i 
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HB561409L Series-------
262, 144 x 9 bit Dynamic Random Access Memory Module 

The HB561409L is a 256k x 9 dynamic RAM module, 
mounted 9 pieces of 256k-bit low power DRAM(HM51256LCP) 
sealed in PLCC package. An outline of HB561409L is 30-pin 
single-in-line package having two types; Lead type (HB561409AL) 
and Socket type (HB561409BL). Therefore, the HB561409L 
makes high density mounting possible without surface mount 
technology. The HB561409L provides common data input and 
output, and also provides separate 1/0 on partity bit for parity 
check. Its module board has decoupling capacitors to reduce 
noise. 

Features 
• Utilizes nine low power CMOS 256K dynamic RAMs in PLCC 

(HM51256LCP) 
• 262, 144 words x 9 bits organization 
• Industry standard 30-pin Single In-line Package Memory 

Module 
• Single 5V (±10%) 
• HB561409AL/BL operates as nine HM51256LCPs as shown in 

the functional block diagram 
• Low Power: Operating ..... 1.8W/1.6W 

Standby ...... 60mW (TTL level); 
9mW (CMOS level) 

• Data retention current: 2.7mA/tREF = 32ms 
• High speed: Access time from RAS (max)= 100ns/120ns 

Access time from address (max)= 55ns/65ns 
Read or write cycle (min)= 180ns/210ns 

• High speed page mode capability (tpc = 65ns/75ns) 
• Edge triggered write capability 
• TTL compatible 
• 256 refresh cycles/32ms 
• 3 variations of refresh 

RAS only refresh 
CAS before RAS refresh 
Hidden refresh 

• Operating ambient air temperature ..... 0°C to +70°C 

Pin Arrangement (HB561409AL) 

DDDDDDDDD 
~U)00..-1-NM tl)<N~tnMt.Ot'."--tj<OOuui.nlt.il <ll<.eur--~001000 w 
~<a<<O<<>a<<O<<a<zz 0a~>aza~<<~~ uo o o o o o o ~u 

(Side View) ~ 
Note) HB561409BL's pin arrangement is same as HB561409AL. 

@HITACHI 

• Common CAS control for eight 
common Data-In and Data-Out lines. 

• Separate CAS control for one separate 
pair of Data-In and Data-Out lines. 

• The common 1/0 feature dictates the 
use of only early write operations to 
prevent contention on Din and Dout. 

Ordering Information 

Access 
Type Package 

Time 

H B56 l 409AL-10 IOOns 30pin 
HB56!409AL-12 !20ns Lead Type 

HB56!409BL-10 !OOns 30pin 
HB56!409BL-12 120ns Socket Type 

Pin Description 

AO-A8 Address Inputs 

CAS, PCAS Column Address Strobe 

DQODQ7 Data In/Data Out 

PD Data In 

NC No Connection 

PQ Data Out 

RAS Row Address Strobe 

Vee +sv Supply 

Vss Ground 

WE Write Enable 
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HB561409L Series---------------------------------

Functional Block Diagram 

RAS 
CAS 
WE 

DQ01 

DQf 

DQ21 

DQ3( 

PCAS 

PD 
Vee 

Vee 
v,. 
v,.. 

127) 
_II 

21 

3 I 

6 I 

10) 

13) 

g Ml 

~AO-AS 
t- RAS 

t-t-f-!> CAS 

g M5 

WE 
Din 

1 Vee 
Dout DDQ4llS) 
Vss 

t-+:- AO-AS 
~RAS 

t-t-+--DI CAS 
t-i-+-t--DI WE 

1 rnn Dout h 
Vee Vss ~ 

9 }Ms} 
~AO-AS 

t-1 :'" RAS 

9 M2 

t-
~AO-AS 

RAS 
t-t-f-!> CAS 

-!> WE 
rnn Dout DDQs1201 l Vee Vss 

o-+-+--~ot CAS 
..--t-+--+---!>ot \VE 

l i: ~;;1 0 
g M3 

t-
~AO-AS 

RAS 

+-+-j--l> CAS 
_,.,WE 

1 rnn 
Vee 

g M4 
L_;,- AO-AS 

~RAS EAs 
WE 

9 JMd t-+- AO-AS 
~RAS 

>-+-+--"""!'.,, ~s 
.t-i-+-t--DI WE 

1 rnn Dout o 
Vee Vss 

Dout DDQ61231 
v,.. 

g JMsJ t=;: AO-AS 
t-r-~ RAS 
~CAS 

.t--+-+---"1>1 WE 
Dm Dout ODQ7125) Din Dout 0 1 Vee Vss L Vee v,, 

9 j_MgJ 

~AO-AS 
~-----+--+-----t----!'-vi ~~ (28) 

=~----+--t---------t ~ Dout ~PQ 129) 

(1) 

130) 

_ic11C9 ( 9 I 
1221 J 

Absolute Maximum Ratings 

Voltage on any pin relative to Vss ............ -1V to +7V 
Operating temperature, Ta (Ambient) ......... 0°C to +70°C 
Storage temperature (Ambient) . . . . . . . . . . -55°C to +125°C 
Power dissipation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9W 
Short circuit output current . . . . . . . . . . . . . . . . . . . . 50mA 

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

Parameter Symbol Min Typ max 

Supply voltage Vee 4.5 5.0 5.5 

Input High voltage Vrn 2.4 5.5 

Input Low voltage VIL -1.0 0.8 

Note) 1. All voltages referenced to V SS· 

.HITACHI 

Unit Note 

v 
v 
v 
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----------------------------------HB561409L Series 

DC Electrical Characteristics (Ta= 0 to +70°C, Y cc= SY± 10%, Y ss = OV) 

Parameter 

Operali'!JL!'llrrent t•c=210ns 
RAS, CAS cycling t•c= 180ns 

Standby current 
RAS=V1H Dout=High Impedance. 

Refresh current !Re= 210ns 
!Re= 180ns 

Standby current 
RAS=Vm Dout Enable 

Standby current 
RAS, CAS-i;Vcc-0.2V 

Refresh current tRc-210ns 
t•c= 180ns 

Operating current tpc - 75ns 
trc=65ns 

Input leakage O<Vin<7V 

Output leakage 0 < V out< 7V 

Output levels High lout= -5mA 

Output levels Low lout= 4.2mA 

Symbol 

!eel 

Icc2 

lcc3 

Icc4 

lcc5 

lcc6 

lcc7 

Iu 

ILO 

Von 

Voe 

Capacitance (Y cc= SY± 10%, Ta= 2S 0 C) 

Parameter Symbol Type 

Address C11 

Clocks C12 

DQ Cuo 

PQ Co 

PD Cl3 

Notes) 1. Ice depends on output loading condition when the device is 
selected, Ice max is specified at the output open condition. 
2. Capacitance measured with Boonton Meter or effective 
capacitance measuring method. 
3. CAS = Vrn to disable Dout. 

Min Max Unit 

450 mA 
540 

18 mA 

480 mA 
540 

54 mA 

1.8 mA 

430 mA 
495 

400 
mA 450 

-10 10 µA 

-10 10 µA 

2.4 Vee v 

0.4 v 

Max Unit Notes 

60 pF 

75 pF 2,3 

17 pF 2,3 

12 pF 2,3 

10 pF 

Electrical Characteristics and Recommended AC Operating Conditions 

Notes 

RAS only refresh 

CAS before 
RAS refresh 

High speed page mode 

Dout is disabled 

Read, Write and Refresh Cycles (Common Parameter) (Ta= 0 to +70°C, Y cc= SY± 10%) 

HB561409L-IO HB561409J..12 
Parameter Symbol 

Min Max Min Max 

Random Read or Write Cycle Time lRC 180 210 

RAS ?recharge Time lRP 70 80 

RAS Pulse Width tRAS 75 10000 85 10000 

CAS Pulse Width tCAS 30 35 

Column Address Set-up Time lASC 

Column Address Hold Time tCAH 25 25 

Column Address Hold Time to RAS !AR 80 95 

RAS to CAS Delay Time lRCD 25 70 25 85 

RAS to Column Address Delay Time lRAD 20 45 20 55 

RAS Hold Time tRSH 30 35 

CAS Hold Time tcsH 100 120 

CAS to RAS Precharge Time tcRP 10 10 

@HITACHI 
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Unit Notes 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

(to be continued) 
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HB561409L Series 

Parameter Symbol 
HB561409L-10 

Min Max 

HB561409L-12 

Min Max 
Unit Notes 

ROW Address Set-up Time tASR ns 

ROW Address Hold Time !RAH 15 15 ns 

Transion Time (Rise and Fall) IT 50 50 ns 

Refresh Period !REF 32 32 ns 

• Read Cycle 

Parameter Symbol 
HB561409L-10 

Min Max 

HB561409L-12 

Min Max 
Unit Notes 

Access Time from RAS tRAC 100 120 ns 2,3 

Access Time from CAS lCAC 30 35 ns 3,4 

Accces Time from Address lAA 55 65 ns 3,5 

Read Command Set-up Time !Res ns 

Read Command Hold Time to CAS tRCH ns 

Read Command Hold Time to RAS tRRH IO 10 ns 

Column Address to RAS Lead Time IRAL 55 65 ns 

Output Buffer Turn-Off Time (OFF 0 30 0 35 ns 

• Write Cycle 

Parameter Symbol 
HB561409L-10 

Min Max 

HB561409L-12 

Min Max 
Unit Notes 

Write Command Set-up Time twcs 0 0 ns 10 

Write Command Hold Time lWCH 30 35 ns 

Write Command Hold Time to RAS lWCR 85 90 ns 

Write Command Pulse Width twP 25 30 ns 

Write Command to RAS Lead Time lRWL 30 35 ns 

Write Command to CAS Lead Time tcwL 30 35 ns 

Data-in Set-up Time tos ns II 

Data-in Hold Time lDH 25 30 ns II 

Data-in Hold Time to RAS tDHR 80 95 ns 

• Refresh Cycle 

Parameter Symbol 
HB561409L-10 HB561409L-12 

Unit Notes 
Min Max Min Max 

CAS Set-up Time (CAS before RAS Refresh) tcsR 10 10 ns 

CAS Hold Time (CAS before RAS Refresh) ICHR 10 10 ns 

RAS Precharge to CAS Hold Time lRPC 15 15 ns 

• High Speed Page Mode Cycle 

Parameter Symbol 
HB561409L-10 

Min Max 

HB561409L-12 

Min Max 
Unit Notes 

High Speed Page Mode Cycle Time !PC 65 75 ns 12 

High Speed Page Mode RAS Pulse Width lRAPC 75 75000 85 75000 ns 13 

CAS Precharge Time tcp 20 25 ns 

Write Invalid Time tw1 15 15 ns 

Access Time from Column Precharge Time ICAP 60 70 ns 14 

@HITACHI 
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---------------------------------HB561409L Series 

Notes) 1. 
2. 

3. 
4. 
5. 
6. 

7. 

8. 

9. 

10. 
11. 
12. 
13. 
14. 
15. 
16. 

AC measurement assume tT = Sns. 
Assumes that tRcD ~ tRcp (max) and tRAD ~ tRAD (max). If tRcD or tRAD is greater than the maximum 
recommended value shown tn this table, tRAC exceeds the value shown. 
Measured with a load circuit equivalent to 2TTL loads and I OOpF. 
Assumes that tRcD ~ tRcD (max) and tRAD::; tRAD (max). 
Assumes that tRi:;D ~ tRcD (max) and tRAD f; tRAD (max). 
toFF (max) defines the time at which the output achieves the open circuit condition and is not referenced to 
output voltage level. 
VJH (min) and VIL_ (max) are reference levels for measuring timing of input signals. Also, transition times are 
measured between V IH and VIL· 
Operation with the tRcD (max) limit insures that tRAC (max) can be met. tRcD (max) is specified as a re
ference point only; if tRCD is greater than the specified tRcD (max) limit, then access time is controlled 
exclusively by tcAC· 
Operation with the tRAD (max) limit insures that tRAC (max) can be met. tRAD (max) is specified as a 
reference point only; if tRAD is greater than the specified tRAD (max) limit, then access time is controlJed 
exclusively by tAA· 
Only early write cycle to prevent contention on Data in and out (twcs ~ 0). 
These parameters are referenced to CAS leading edge in early write cycle. 
Assumes that tASC.-= tcP-Sn.s 
tRAPC defines RAS pulse w1ath in High Speed Page mode cycle. 
Access time is determined by the longer oft AA or tcAC or tcAP· 
An initial pause of I OOµs is required after power-up then execute at least 8 initialization cycles. 
At least, 8 CAS before RAS refresh cycles are required before using an internal refresh counter. 

Timing Waveforms 

Read Cycle 

toFF 

Oout Oout 

Note) • l. !'.Z2Z3 '. Don't care 

@HITACHI 
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Write Cycle 

466 

,,,. 

Address 

.--~~~~~~~~·~'~~~--~~~~~~~--< 
IRAs 

l1tw1, 

lHC/1 ''""·" 
lcsH 

IA$C 

lwcR 

tics lwcH 

... 
Din 

@HITACHI 

lcRI' 

Notes)•l.~:Don't care 

•2. twcs:!i:;twcs(min} 
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---------------------------------HB561409L Series 

RAS Only Refresh Cycle 

t RAS 

CAS 

lnAH 

lASR 

Address Row 

Open 
Dout 

Note) •l. E:'.LLLJ; Don't care 

Hidden Refresh Cycle 

'" 
RAS 

CAS 

Address 

WE 

Dout 

Read Refresh 

Note) •I.~: Don't care 

CAS Before RAS Refresh Cycle 

'" 

lcHR fcRP 

Address 7ZZZ7//7//7//7777777777777777//777////7//llZ71////1 

Dout 
Open 

Note) •I. IZ'.Z2l: Don't care 

@HITACHI 
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HB561409L Series----------------------------------

High Speed Page Mode Read Cycle 

1111/'( 

RAS >------- ---------

I .111 

11111! 

iVf: 

Dou! 

111.ir 

High Speed Page Mode Write Cycle 

Address 

Din 

Dout 
Open* 2 

@HITACHI 

Note) t2'.2'22: Don't can• 

Notes) •I.f22Z:'.:'.I: Don't care 

* 2. lwrs;s; fwr·s(min) 
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----------------------------------HB561409L Series 

Package Outline; Unit: mm (inch) 
HB561409A L Series 

78.7413.10 I 

DDDDDDDDD 
!'in ~o. l 30 

0.50'0.197 2.54·0.100 

HB561409BL Series 

3.50188.90 I 

10.1331 3.234182.14 I 

3.lOmax.(78.74 i 

! 0.125DIA I 

Note) Copper contact pads are overcoated with Tin/Lead. 

@HITACHI 

5.08malr.. 
0.2()() I 

o~, o.00981 

5.08max. 
(Q.200\ 

Circuit Side 

1.21::::~~ 
(o.os::::::1 
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HB561008 Series 
262, 144-word x 8-bit Dynamic Random Access Memory Module 

The HB561008A/AR/B is a 2M dynamic random-access memory module organized as 262, 144 x 8 bits in a 
leadless 30-pin single-in-line package comprising eight HM50256CP, 262, 144 x 1 bit dynamic RAMs in 18-pin 
Plastic Leaded Chip Carrier mounted on top of a substrate together with decoupling capacitors mounted 
together with the chip carriers. 

•FEATURES 
• 262, 144 words 8 bits Organization 
• Industry standard 30-Pin Single lnline Package Memory Module 
• Single 5V (±10%1 
• Utilizes eight 256K Dynamic RAMs in PLCC (HM50256CPI 
• H8561008A/AR/B operates as eight HM50256CP as shown in the functional block diagram. 
• Low Power; Operating: 1,920mW typ. ltRc = 260ns) 

Standby: 120mW typ. 
• High speed: 

HB561008N AR/B-12 

HB561008NAR/B-15 

HB561008A/ AR/B-20 

• Page mode capability 
• TTL compatible 
• 256 refresh cycles: (4msl 
• 3 variations of refresh 

RAS only refresh 
CAS before RAS refresh 
Hidden refresh 

Access Time 
from RAS (max) 

120ns 

150ns 

200ns 

• Operating Ambient Air Temperature: 0 to +10°C 
• H8561008A/AR ..... Leaded type 
• HB561008B .... Leadless type (socket type) 

•PIN ARRANGEMENT 

Access Time 
from CAS (max) 

70ns 

75ns 

IOOns 

0 DDDDDDDD 0 

DDDDDDODDODDDDODDDDDDDDDDDDDDD 
=§§~§§E§§~~~e;~~§~~§~§§;~~§~~~ 
~I~ g ~ < g < < ~ g < ~ g < < g ..c ~ ~ g1~ ~ g ~ g ~I~~~ ~ 

(Side View) 

• Common CAS control for eight common Data-In and Data-Out 
lines. 

• The common 1/0 feature dictates the use of only early write 
operations to prevent contention on D and 0. 

@HITACHI 

Read or Write 
Cycle (min) 

220ns 

260ns 

330ns 

• PIN DESCRIPTION 
AO-A8 Address Inputs 

CAS Column Address Strobes 

DQ0-DQ7 Data In/Data Out 

NC No Connection 

RAS Row Address Strobes 

WE Write Enable 

Vee +5VSupply 

Vss Ground 
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-------------------------------------HB561008 Series 

• FUNCTIONAL BLOCK DIAGRAM 

R.\S (~j' 

C:\S 
(~i 

Wf :'.!\: 

•ABSOLUTE MAXIMUM RATING 
Voltage on any pin relative to Vss: -1V to +7V 
Operating temperature, Ta (Ambient): 0°C to +70°C 
Storage temperature (Ambient): -55°C to +125°C 
Power dissipation: 8W 
Short circuit output current: 50mA 

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

Parameter Symbol min. typ. max. Unit 

Supply Voltage Vee 4.5 5.0 5.5 v 
Input High Voltage V1H 2.4 6.5 v 
Input Low Voltage VtL 1.0 0.8 v 

Note) I. All voltages referenced to Vs.-; 

@HITACHI 

Notes 

1 

I 

1 
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HB561008 Series------------------------------------

•DC ELECTRICAL CHARACTERISTICS (Ta=Oto +70'C, Vcc=5V t10%, Vss=OVl 

Parameter Test Conditions Symbol min. max. Unit Notes 

Operating current RAS, CAS=cycle l•c=330ns 440 
1Rc=260ns lcc1 560 mA I 

tRc=min 1Rc=220ns 660 

Standby current RAS= VIH, D.,,=High z frn -· 36 mA 

Refresh current RAS only refresh l•c=330ns 335 

IRc=min l•c=260ns Icn 425 mA 
l•c=220ns 495 

Standby current RAS= ViH, D.,, =enable fen 80 mA l 

Refresh current CAS before RAS refresh l•c=330ns 360 
l•c=260ns lcC6 .. 465 mA 

IRc=min l•c=220ns 550 

Page made supply RAS= Vn, CAS=cycle, l•c =330ns 295 
1Rc=260ns lcc1 - 385 mA 

current /pc=min IRC =220ns 455 

Input leakage 0< V.,<7V Ju ·-10 ]() µA 

Output leakage 0< V .... <7\-,D,,,,=disable lw -10 10 µA 

Output levels High (I,.,= -· 5mAl Vrm 2.4 Vc-c v 
Low (I •• , =4.2mA) Vn1. 0 0.4 v 

•CAPACITANCE (Vcc=5V±10%, Ta=25'C) 

Parameter Symbol typ. max. Unit Notes 

Address C11 - 55 pF 2 

Clocks C12 -· 70 pF 2, 3 

DQ C110 -· 17 pF 2. :l 

Notes: 1. Ice depends on output loading condition when the device is selected,/cc max is specified at the output 
open condition. 

2. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
3. CAS = V/H to disable Dout· 

•ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
( Ta=O to +70'C, Vcc=5V ± 10%, Vss=OV) n. io>. m 

HB561008-12 HB561008-15 HB561008-20 
Parameter ' Symbol Unit Note 

min. max. min. max. min. max. 

Access Time from RAS fRAC - 120 - 150 -· 200 ns 2, 3 

Access Time from CAS fCAC - 70 - 75 ·- 100 ns 3, 4 

Output Buffer Turn-off Delay fon·· - 30 - 40 - 50 ns 5 

Transition Time (Rise and Fall) IT 3 50 3 50 3 50 ns 6 

Random Read or Write Cycle Time IRC 220 - 260 - 330 - ns 

RAS Precharge Time IRP 90 - 100 - 120 - ns 

RAS Pulse Width IRAS 120 2000 150 2000 200 2000 ns 

CAS Pulse Width le As 70 2000 75 2000 100 2000 ns 

RAS to CAS Delay Time IRCD 35 50 35 75 35 100 ns 7 

RAS Hold Time IRSH 70 - 75 - JOO - ns 

CAS Hold Time lcsH 120 - 150 - 200 - ns 

CAS to RAS Precharge Time fcRP 10 - 10 - 10 - ns 

Row Address Set-up Time IASR 0 - 0 - 0 - ns 

Row Address Hold Time fRAH 15 - 15 - 20 - ns 

Column Address Set-up Time IASC 0 ·- 0 - 0 - ns 

Column Address Hold Time fcAH 25 - 25 - 30 - ns 

Column Address Hold Time referenced to RAS IAR 75 - 100 - 130 - ns 

Read Command Set-up Time IM'CS 0 - 0 - 0 - ns 8 

Write Command Hold Time twcH 45 - 45 - 55 - ns 

Write Command Hold Time referenced to RAS twcR 95 - 120 -- 155 - ns 

Write Command Pulse Width fwp 45 - 45 - 55 - ns 

Write Command to RAS Lead Time IRK'L 45 - 45 - 55 - ns 

Write Command to CAS Lead Time lcn·L 45 - 45 - 55 - ns 

Data-in Set-up Time los 0 - 0 - 0 - ns 9 

(to be continued) 
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------------------------------~-----HB561008 Series 

H B561008-l 2 HB561008-15 HB561008-20 I 
J>arameter Symbol Unit Note 

min. max. min. max. min. max. 
-

Data-in Hold Time f/JH 45 45 55 - ns 9 

Data-in Hold Time referenced to RAS ff>HR 95 120 155 ns 
Read Command Set-up Time fRCS 0 0 - 0 -- ns 
Read Command Hold Time referenced to CAS fHCH () 0 -- 0 ns 

Read Command Hold Time referenced to RAS IRRH JO 10 IO ns 
Refresh Period IRr:I- 4 - 4 - 4 ms 

CAS !'recharge Time tu•.\' 50 60 80 ·- ns 

cAs Set-up Time lcsR IO JO IO ns 

CAS Hold Time I CAS before RAS) le HR 120 150 200 ns 
RAS !'recharge to RAS Hold Time IRl'C 0 - 0 0 ns 

Page Mode Read or Write Cycle /pc 130 - 145 - 190 - ns 

CAS !'recharge Time, Page Cycle tcJ> 50 - 60 - 80 - ns 

Notes: I. AC measurements assume IT~ 5ns. 
2. Assumes that fRCD,;; fRCD (max). If fRCD is greater than the maximum recommended value shown in this 

table, fRAC exceeds the value shown. 
3. Measured with a load circuit equivalent to 2TIL loads and JOOpF. 
4. Assumes that fRCD:S fRCD (max). 
5. fOFF (max) defines the time at which the output achieves the open circuit condition and output voltage levels 

are not referred. 
6. VJH (min) and Vn (max) are reference levels for measuring timing of input signals. Also, transition times are 

measured between VJH and Vn. 
7. Operation with the IRCD (max) limit insures that fRAC (max) can be met. fRCD (max) is specified as a re

ference point only; if IRCD is greater than the specified fRCD (max) limit, access time is controlled exclusively 
by ICAC· 

8. Early write cycle only Uwcs :S twcs (min)). 
9. These parameters are referenced to CAS leading edge. 

I 0. An initial pause of I OOµs is required after power-up. Then execute at least 8 initialization cycles. 
11. At least 8 CAS before RAS refresh cycles are required before using internal refresh counter. 

•WAVEFORMS 

•Read Cycle 

\"/H 
IRAS 

RAS 
\'n 

l°JH 

CAS 
\"n 

\"1H 

.o\ddress 
\·n 

1·/H 

WE 
\'n 

DQ \'oH 
VoL 

Note) 1ZZ21 '. Don't care 
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HB561008 Series---------------------------------

• Write Cycle 

'" 
\'JH 

m 
r/L 

\"/H 

rn 
r11. 

\'1H 

Address 
rn 

DQ 

Note) ~: Don't care 

• RAS Only Refresh Cycle 

//I(' 

IRAS 
\'111 

HAS 
\11. 

\"IH 

CA5 
rn 

/RAH 

\"/H 

.-\ddress 
\"11. 

Note) IZZZJ : Don' t care 
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---------------------------------HB561008 Series 

•Hidden Refresh Cycle 

\111 

H.\S 

"' 
\w 

C.\S ,,, 

\'1H 

\ddn•,, 

\"11 

\ IH 

hl: ,,, 

DQ 
\.,11 

\111 

Note) l2LZ2]: Don't care 

• CAS Before RAS Refresh Cycle 

::.~J' 
"' 
\"1H ------------------------------

:\ddress 
lh•nt' (·an· 

\"11 ------------------------------

•Counter Test 

:\ddrt>ss 

\'1H----------------
' 

\'1L --- - - - -- - --- ------- -- - -..J' 

Notes) *1.fLZ1: Don't care 

* 2. Dotted Line Means Read Cycle. 
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HB561008 Series---------------------------------

• Page Mode Read Cycle 

1111 ~ I{,\~ ,,, 

C:\S ,,, 

\"111 

\ddr·•·~~ 

\"11 

''" \\I·: ,,, 

\1111 

DQ 
\111 

Note) EL:ZZa: Don't care 

•Page Mode Write Cycle 

I~~~ 

~ H:\S \'111 

\'11 

C.\S \'IH 

,,, 

\'IH 

\,I.Jn·~-' ,,, 

\111 

hl 
\'11 

Im 
DQ 

\'11 

Note) 12Z'.Z3: Don't care 
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--------------------------HB561008 Series 

.PACKAGE OUTLINE; Unit: mm (inch) 

• H8561008A Series 

78.74(3.10) 

1 ~00(0.0197) _JL2.54(0.100) 

• H8561008AR Series 

78.74(3.10) 

I I 
vvvvvvvvvvvvvvvvvvvvvvvvvvvvvv 
1 II.. II. 30 

~00(0.0197) --J-.J.-.2.54(0.100) 

• H 85610088 Series 

@HITACHI 

6.80( 0.268 )max. 

~ 

0.250( 0.009~ 

0.250( 0.0098 -LL_ 

Unit: mm( inch) 
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HB56A 18 Series--------
1,048,576 words x 8 bits High Density Dynamic RAM Module 

The HB56A 18 is a 1M x 8 dynamic RAM module, mounted 8 
pieces of 1M-bit DRAM (HM511000JP) sealed in SOJ package. 
An outline of the HB56A 18 is 30-pin single-in-line package having 
two types; Lead type (HB56A 18A) and Socket type (HB56A 188). 
Therefore, the HB56A 18 makes high density mounting possible 
without surface mount technology. The HB56A 18 provides 
common data input and output. Its module board has decoupling 
capacitors to reduce noise. 

Features 

• High Density Industry Standard 30-pin SIP 
Mounting 8 pcs of 1 M Dynamic RAM HM511000JP 
(J-bend SO) 

• Single +5V Supply 
• High speed; 

Fast Access Time from RAS .. 100 ns/120ns/150ns (max.) 
Fast Access Time from CAS ..... 50ns/60ns/75ns (max.) 
Fast Access Cycle time (Read or Write) 

. . . . . . . . . . . . . 190ns/220ns/260ns (min.) 
• Low Power Operation and Low Power Standby; 

Operation ..... 1.4W (typ.) 
Standby ...... 20mW (typ.) 

• Page Mode Capability 
• 3 Variations of Refresh Capability 

RAS Only Refresh 

CAS before RAS Refresh 
Hidden Refresh 

• Directly TTL Compatible: All Inputs and Outputs 

Functional Block Diagram 

DQO DQI DQ2 DQ3 DQ4 DQ5 

Pin Arrangement 

@HITACHI 

Ordering Information 

Type No. Access time package 

HB56Al8A-10 lOOns 
30-pin SIP 

HB56Al8A-12 120ns 
HB56Al8A-15 150ns 

Leaded type 

HB56Al8B-10 lOOns 
30-pin SIP 

HB56Al8B·l2 120ns 
HB56Al8B-15 150ns 

Socket type 

-@Vee 

-@Vss 

DQ6 DQ7 

Pin Description 

Pin Name Function 

AO·A9 Address 

DQO-DQ7 Data Input/Output 

CAS Column Address Strobe 

RAS Row Address Strobe 

WE Write Enable 

Vee Power Supply(+5V) 

Vss GND 

Ne Non Connection 
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Absolute Maximum Ratings 

Voltage on any pin relative to V ss. 
Operating temperature, Ta (Ambient) . 
Storage temperature (Ambient) . 
Power dissipation ...... . 
Short circuit output current ...... . 

. ...... -1V to +7V 

...... 0°C to +70°C 
-55°C to +125°C 

. .. aw 
. ....... 50mA 

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

Parameter Symbol Min Typ Max Unit 

Supply voltage Vee 4.5 5.0 5.5 v 
Input High voltage Vrn 2.4 5.5 v 
Input Low voltage VIL -1.0 0.8 v 

Note) 1. All voltages referenced to Vss 

Note 

DC Electrical Characteristics {Ta= 0 to +70°C, V cc = SV ± 10%, V ss = OV) 
Parameter Symbol Min Max Unit Notes 

Operating current 
tRC = 260 ns 

Ice! 
320 

mA 
tRC = 220 ns 400 
tRC = 190 ns 480 

16 mA TTL Interface 
Standby current lcc2 ----------------------------------------------------------------------

mA 
CMOS 
Interface 

Refresh current 
tRc = 260 ns 

lcc3 
280 

mA 
RAS only 

tRc = 220 ns 320 Refresh 
tRC = 190 ns 400 

Standby current 
(Dout Enable) lcc5 40 mA 
RAS=Vrn,CAS=V1L 

Refresh current 
tRc = 260 ns 

Icc6 
280 

mA 
CAS before 

tRc = 220 ns 320 RAS Refresh 
tRc = 190 ns 400 

Page mode current 
tPC = 105 ns 

Jcc7 
320 

mA 
tPC = 85 ns 360 
tPC = 70ns 400 

Input leakage 
Ju -10 10 µA 

0 < Vin< 7V 

Output leakage 
iw -10 10 µA 

Dout is 
0 < Vout < 7V disabled 

Output level 
VoH 2.4 Vee v 

High lout = -5 mA 

Output level 
VoL 0.4 v Low lout = 4.2 mA 

Capacitance (Vee= SV± 10%, Ta= 25°C) 

Parameter Symbol Typ Max Unit Notes 

Address Cu 55 pF 

Clocks C12 70 pF 2,3 

Data 1/0 C110 17 pF 2,3 

Notes) 1. Ice depends on output loading condition when the device is selected, kc max specified at the output open 
condition. 

2. Capacitance shall be measured with Boonton Meter or effective capacitance measuring method. 
3. CAS = Vrn to disable Dout. 

480 
~HITACHI 
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-----------------------------------HB56A18 Series 

Electrical Characteristics and Recommended AC Operating Conditions 
(Ta= 0 to +70°C, V cc= SV ± 10%, V ss = OV)l),9},!0} 

Parameter Symbol 
HB56A18-10 HB56A18-12 
Min Max Min Max 

Access Time from RAS tl~AC 100 120 

Access Time from CAS tCAC 50 60 

Output Buffer Turn-off Delay tOFF 25 30 

Transition Time(rise and fall) tT 50 50 

Random Read or '/\'rite Cycle Time tRC 190 220 

RAS Precharge Time tR!' 80 90 

RAS Pulse Width tRAS 100 10000 120 10000 

CAS Pulse Width tCAS 50 10000 60 10000 

RAS to CAS Delay Time tRCI> 25 50 25 60 

RAS Hold Time tRSH 50 60 

CAS Hold Time tcs11 100 120 

CAS to RAS Precharge Time tCI~l' 10 10 

Row Address Setup Time 1ASR 

Row Address Hold Time iRAH 15 15 

Column Address Setup Time tAsc 

Column Address Hold Time tCAH 20 20 

Read Command Setup Time twcs 

Write Command Hold Time twcn 25 25 

Data-in Setup Time tns 

Data-in Hold Time tlJH 25 25 

Read Command Setup Time tRcs 

Read Command Hold Time 
referenced to CAS tRCH 

Read Command Hold Time 
iRRH 10 10 referenced to RAS 

Refresh Period tREF 

CAS Setup Time tcsR 10 10 

CAS Hold Time(CAS before RAS) tCHR 20 25 

RAS Precharge to RAS Hold Time lRPC 10 10 

Page Mode Read or Write Cycle tPC 70 85 

CAS Precharge 'Time, Page Cycle tcP 10 15 

Notes) 1. AC measurements assume IT ~ Sns. 

HB56A18-15 
Unit Note 

Min Max 

150 ns 2,3 

75 ns 3,4 

40 ns 

50 ns 

260 ns 

100 ns 

150 10000 ns 

75 10000 ns 

30 75 ns 

75 ns 

150 ns 

10 ns 

ns 

20 ns 

ns 

25 ns 

ns 

30 ns 

ns 

30 ns 

ns 

ns 

10 ns 

ms 

10 ns 

30 ns 

10 ns 

105 ns 

20 ns 

2. Assumes that tRcD :;; tRcD (max). If tRCD is greater than the maximum recommended value shown in this 

3. 
table !RAC exceeds the value shown. 
Measured with a load circuit equivalent to 2TIL loads and lOOpF. 

4. Assumes that t~cD ;;; lRc;D (max). 
5. toFF (max) de mes the time at which the output achieves the open circuit condition and is not referenced to 

output voltage level. 
6. Vrn (min) and v 1\.(max) are reference levels for measuring timing of input signals. Also, transition times are 

measured between \H and VIL· 
7. Operation with the NCO (max) limit insures the tRAf[, dmax) can be IT\et, t~ffO (max) is _specjfied as a re-

ference ~oint only, lRCD II greater than the spec 1e tRcD (max) limit, en access tune ts controlled 
exclusive y be tcAC· 

8. Early write cycle only tw~s !1:; twc; (min)). 
9. An initial pause of 1 OOµs s re~urre after power-up. Then execute at least eight initialization cycles. 

10. At least, eight CAS before RA refresh cycles are required before using the internal refresh counter. 

@HITACHI 
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HB58A18 Series----------------------------------

Timing Waveforms 

Read Cycle 

RAS 

CAS 

Address 

WE 

Dout 

Write Cycle 

RAS 

CAS 

Address 

WE 

Din 

Dout 

482 

taco 

hco 

.... 
lcsH 

lcsH 

--'1., •• ,,_. ---o..j 

lcAS 

ICAH 

Column 

lwcH 

1 •• 

Open*2 

leap 

Note) f:zJ: Don't care 

••• 

Notes) * 1. r:zzJ : Don't care 

•2. lwcs~twcs{min) 

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



-----------------------------------HB56A18 Series 

• RAS Only Refresh Cycle 

Address 

Dout 

• Hidden Refresh Cycle 

Address 

Dou! 

• CAS Before RAS Refresh Cycle 

CAS 

Open 

I RP 

Notes) * 1. Refresh Address AO-A8(AXO-AX8) 
•2.~: Don't care 

(REFRESH) 

lHAS 

tCHR 

Valid Data 

Note) !0/__.6: Don't care 

Open 
Dout ------------------''---------------------

@HITACHI 
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HB56A18 Series-----------------------------------

• Page Mode Read Cycle 

fRAS 

tcsH 
lR.rn 

Address 

WE 

Dout 

Note) * 1. ~ : Don't care 

• Page Mode Write Cycle 

RAS 

Dout Ooen 

Note) *).~:Don't care 
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-----------------------------------HB56A18 Series 

Package Outline, Unit: mm (inch) 
HB56A 18A Series 

78.74i3.I001 

I. 

jri 
NO 

J[.2.so:o.01_97' 

HB56A 188 Series 

1·-

-t ~2.54i0.l ·, 

8~.9 ( 3.5~Ql_ -

82.14(3.2341 

Pin No 

1 
5.28max. Ii ·o~ib8~,1 x. 2 

3 

4 
--

5 

6 

7 

8 

9 
-----

]() 

11 

12 

13 

14 

15 

0 

~1~ ~r ~ 0 

N'O ~I T I l 

Name 

Vee 

CAS 

DQO 

AO 

Al 

DQl 

A2 

A3 

V" 
DQ2 

A4 

A5 

DQ3 

A6 

A7 

L~J) · .. 1-----4µ:;io.i:========lJULll+,;----l\ T 
£.3S(O.ZSO) / i I \ 2.54min.(0.100min.) 

[!n No 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

L7-R(0.067max.) i : \ 
---~'.Q_3_(\g)_~Q_)l ~ 3.17±0.127(¢0.125±0.005) 

7A?J_!>J-29Jt- _ _J~§~(_?.9Q_9lft_~f'.-
BASic 
BOTH SIDES 

Pin No Name llPin No Name 

I Vee 16 DQ4 

2 CAS 17 A8 

3 DQO 18 A9 

4 AO 19 NC 

5 Al 20 DQ5 

6 DQl 21 WE 

7 A2 22 Vss 

8 A3 23 DQ6 

9 Vss 24 NC 

10 DQ2 25 DQ7 

11 A4 26 PQ 

12 A5 27 RAS 

13 DQ3 28 PCAS 

14 A6 29 PD 

15 A7 30 Vee 

@HITACHI 
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----

DQ4 

AS 

A9 

NC 

DQ5 

WE 

Vss 

DQ6 

NC 

DQ7 

NC 

RAS 

NC 

NC 

Vee 
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HB56A 19 Series 
1,048,576-words x 9 bits High Density Dynamic RAM Module 

The HB56A 19 is a 1M x 9 dynamic RAM module, mounted 9 
pieces of 1-Mbit DRAM (HM511000JP) sealed in SOJ package. 
An outline of the HB56A 19 is 30-pin single-in-line package having 
two types; Lead type (HB56A 19A) and Socket type (HB56A 198). 
Therefore, the HB56A 19 makes high density mounting possible 
without surface mount technology. The HB56A 19 provides 
common data input and output, and also provides separate 1/0 
on parity bit for parity check. Its module board has decoupling 
capacitors to reduce noise. 

Features 

• High Density Industry Standard 30-pin SIP 
Mounting 9 pcs of 1M Dynamic RAM HM511000JP 
(J-bend SO) 

• Single +5V Supply 
• High speed; 

Fast Access Time from RAS 
100ns/120ns/150ns (max) 

Fast Access Time from CAS 
. . . . . . . . . . . . . . . 50ns/60ns/75ns (max) 

Fast Access Cycle Time (Read or Write) 
. . . . . . . . . . . . . 190ns/220ns/260ns (min) 

• Low Power Operation and Low Power Standby; 
Operation ..... 1.6W (typ) 
Standby ...... 22mW (typ) 

• Page Mode Capability 
• 3 Variations of Refresh Capability 

RAS Only Refresh 
CAS before RAS Refresh 
Hidden Refresh 

• Directly TTL Compatible: All Inputs and Outputs 

Functional Block Diagram 

DQo DQ, DQ, DQ, DQ, DQ, 

Pin Arrangement 

@HITACHI 

DQ, 

Ordering Information 

Type No. A=ti= Package 

HB56Al9A-10 lOOns 30-pin SIP 
HB56Al9A-12 120ns 
HB56Al9A-15 150ns Lead type 

HB56Al9B-10 lOOns 30-pin SIP 
HB56Al9B-12 120ns 
HB56A!9B-15 150ns Socket type 

Pin Description 

Pin Name Function 

AO-A9 Address 

DQO-DQ7 Data in/Data out 

CAS Column Address Strobe 

PCAS CAS for parity 

RAS Row Address Strobe 

WE Write Enable 

PD Data in for parity 

PQ Data out for parity 

Vee Power Supply(+ 5V) 

Vss GND 

NC Non Connection 

DQ, PCAS PD PQ 
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-----------------------------------HB56A19 Series 

Absolute Maximum Ratings 

Voltage on any pin relative to V55 . 

Operating temperature, Ta (Ambient) . 
Storage temperature (Ambient) 
Power dissipation ...... . 
Short circuit output current .. 

. ... -1Vto+7V 

... 0°C to +70°C 
-55°C to +125°C 

. . 9W 
. ....... 50mA 

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

Parameter Symbol Min Typ Max Unit 

Supply voltage Vee 4.5 5.0 5.5 v 
Input High voltage Vrn 2.4 5.5 v 
Input Low voltage VIL -1.0 0.8 v 

Note) 1. All voltages referenced to Vss 

Note 

DC Electrical Characteristics (Ta= 0 to +70°C, Y cc = SY± 10%, Y ss = OV) 
Parameter Symbol Min Max ·Unit Notes 

Operating current 
lRC = 260 ns 

lccl 
360 

mA 
!RC= 220 ns 450 
tRC = 190 ns 540 

18 mA TTL Interface 
Standby current lcc2 --------------- ------------------cM'os __________ 

mA 
Interface 

Refresh current 
lRC = 260 ns 

Icc3 
315 

mA 
RAS only 

tRc = 220 ns 360 Refresh 
!RC= 190 ns 450 

Standby current 
(Dout Enable) Icc5 45 mA 

RAS=Vm,CAS=V1L 

Refresh current 
!RC = 260 ns 

Icc6 
315 

mA 
CAS before 

!Re = 220 ns 360 RAS Refresh 
lRC = 190 ns 450 

Page mode current 
trc = 105 ns 

Icc7 
360 

mA 
trc = 85 ns 405 
!PC= 70ns 450 

Input leakage 
Iu -10 10 µA 

0 < Vin< 7V 

Output leakage 
iw 10 µA 

Dout is 
0 < Vout < 7V 

-10 
disabled 

Output level 
VoH 2.4 Vee v 

High lout= -5 mA 

Output level 
VoL 0.4 v 

Low lout = 4.2 mA 

Capacitance (Y cc= SY± 10%, Ta= 2S 0 C) 

Parameter Symbol Typ Max Unit Notes 

Address CII 60 pF 

Clocks C12 75 pF 2,3 

Data l/0 Cuo 17 pF 2,3 

Date-in Crn 10 pF 

Date·out Co 12 pF 2,3 

Notes) L Ice depends on output loading condition when the device is selected, Ice max specified at the output open 
condition. 

2. Capacitance shall be measured with Boonton Meter or effective capacitance measuring method. 
3. CAS = VIH to disable Dout. 
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HB56A19 Series-----------------------------------

Electrical Characteristics and Recommended AC Operating Conditions 
(Ta= 0 to +70°C, Yee= SY± 10%, Yss = QV)l),9),10) 

Parameter Symbol 
HB56A19-10 HB56Al9-12 HB56A19-15 

Unit Note 
Min Max Min Max Min Max 

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 tOFF 25 30 40 ns 5 

Transition Time(rise and fall) IT 50 50 50 ns 6 

Random Read or Write Cycle Time !RC 190 220 260 ns 

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 

RAS Hold Time IRSH 50 60 75 ns 

CAS Hold Time tcsn 100 120 150 ns 

CAS to RAS Precharge Time tcRP 10 10 10 ns 

Row Address Setup Time tASR 0 ns 

Row Address Hold Time tRAH 15 15 20 ns 

Column Address Setup Time tASC ns 

Column Address Hold Time !CAH 20 20 25 ns 

Read Command Setup Time twcs 0 ns 

Write Command Hold Time IWCH 25 25 30 ns 

Data-in Setup Time tns ns 

Data-in Hold Time tnH 25 25 30 ns 

Read Command Setup Time !RCS ns 

Read Command Hold Time 
tRCH referenced to CAS ns 

Read Command Hold Time 
referenced to RAS tRRH 10 10 10 ns 

Refresh Period tREF ms 

CAS Setup Time tcsR 10 10 10 ns 

CAS Hold Time(CAS before RAS) tCHR 20 25 30 ns 

RAS Precharge to RAS Hold Time !RPC 10 10 10 ns 

Page Mode Read or Write Cycle !PC 70 85 105 ns 

CAS Precharge Time, Page Cycle lCP 10 15 20 ns 

Notes) 1. AC measurements assume tT = 5ns. 
2. Assumes that tRlJD 5: tReD (max). If tReo is greater than the maximum recommended value shown in this 

table tR<f e excee s d1e value shown. 
3. Measure with a load circuit equivalent to 2TIL loads and IOOpF. 
4. Assumes that t:ifD ~ tRc;D (max). 
5. toFF (max) de nes the time at which the output achieves the open circuit condition and is not referenced to 

output voltage level. 
6. VIH (min) and V1\, (max) are reference levels for measuring timing of input signals. Also, transition times are 

measured between IH and VIL· 
7. Operation with the v1eo (max) limit insures the tR:fi!f, (max) can be met, tRtfiD (max) is specified as a re-

ference point only, 1 tReD is greater than the spec 1ed tReD (max) limit, en access time is ·controlled 
exclusively be teAe· 

8. Early write cycle only twcs ~ twe; (min)). 
9. An initial pau~l OOµs 1sRJ.1/1ue after power-up. Then execute at least eight initialization cycles. 

10. At least, eight CAS before refresh cycles are required before using the internal refresh counter. 
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-----------------------------------HB56A19 Series 

Timing Waveforms 

Read Cycle 

RAS 

CAS 

Address 

WE 

Dout 

Write Cycle 

RAS 

CAS 

Address 

WE 

Din 

Oout 

lnAs 

lnco 

lcsH 

lcAS 

lcAH 

Column 

lwcH 

'•• 

Open* 2 

@HITACHI 

l CHI' 

Note) *l.~: Don't care 

Notes) * 1. rzzJ : Don't care 

* 2. lwcs~lwcs(min) 
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HB56A19 Series------------------------------------

RAS Only Refresh Cycle 

fcRP 

CAS 

Address 

Dout 

Hidden Refresh Cycle 

CAS Before RAS Refresh Cycle 

CAS 

Open 

@HITACHI 

Notes) * 1. Refresh Address AO--A8(AXO--AX8) 
*2-~: Don't care 

Note) ( / ;J: Don't care 

tcHR 
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----------------------------------- HB56A19 Series 

Page Mode Read Cycle 

RAS 

lcsH 
lRsl/ 

CAS 

Address 

WE 

Dout 

Note) * L [::(.L2J: Don't care 

Page Mode Write Cycle 

lnAs 
RAS 

Address 

WE 

Din 

Note I * 1. WJ,21: Don't care 
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HB56A19 Series----------------------------------

Package Outline, Unit: mm (inch) 
HB56A 19A Series 

,_ _________ __.:;.-81~.2~(3~.]~97c.cl ____ _ 

HB56A 198 Series 

-~9(3.SQQl ___ _ -- ~ 

-----~~1413.~:~:U I 

_______ 73.66(2._l!QQ__JREF ___ _ 

@HITACHI 

5.28rnax. 
0.208max.) 

0.25(0.0098) 

Pin No Name 

I Vee 

2 CAS 

3 DQO 

4 AO 

5 Al 

6 DQI 

7 A2 

8 A3 

9 Vss 

10 DQ2 

11 A4 

12 A5 

13 DQ3 

14 A6 

15 A7 

Pin No Name 

I Vee 

2 CAS 

3 DQO 

4 AO 

5 Al 

6 DQI 

7 A2 

8 A3 

9 Vss 

10 DQ2 

11 A4 

12 A5 

13 DQ3 

14 A6 

15 A7 
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Pin No Name 

16 DQ4 

17 A8 

18 A9 

19 NC 

20 DQ5 

21 WE 

22 Vss 

23 DQ6 

24 NC 

25 DQ7 

26 PQ 

27 RAS 

28 PCAS 

29 PD 

30 Vee 

Pin No Name 

16 DQ4 

17 A8 

18 A9 

19 NC 

20 DQ5 

21 WE 

22 Vss 

23 DQ6 

24 NC 

25 DQ7 

26 PQ 

27 RAS 

28 PCAS 

29 PD 

30 Vee 



MOS MASK ROM 
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HN623257P,HN623257F 
32768-word x 8-bit CMOS Mask Programmable Read Only Memory 

The HN623257P/F is a 256-kbit CMOS mask-programmable 
ROM organized as 32768 words by 8 bits. Realizing low power 
consumption, this memory is allowed for battery operation. 

Features 

• Single +5V Power Supply 
• Three-State Data Output for OR-Tieing 
• TTL Compatible 
• Maximum Access Time: 150ns (Max.) 
• Low Power Consumption: 100mW (typ.) active 

5µW (typ.) standby 
• Byte-Wide Data Organization 

Block Diagram 

- DO 

Al4--

CE 

OE/OE/NC 

Address 

Buffer 

Absolute Maximum Ratings 
Item 

Supply Voltage* 1 

All Input or Output Voltage* 1 

Operating Temperature Range 

Storage Temperature Range 

Temperature Under Bias 

Note) * 1. With respect to Vss. 

Memory 

Array 

Symbol 

Vee 

VT 

Topr 

Tstg 

Tbias 

3~state ~ Output 

Buffer 

- 07 

Value Unit 

-0.3 to +7.0 v 
-0.3 to Vee+0.3 v 
-20 to +75 ·c 
-55to=t-125 ·c 
-20 to +85 ·c 
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IFP-280) 
'---------------

Pin Arrangement 

(Top View) 
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Recommended Operating Conditions (Vs s = OV, Ta = -20 to + 7 5° C) 

Item Symbol min typ max Unit 

Supply Voltage Vee 4.5 5.0 5.5 v 
Vm 2.2 Vcc+0.3 v 

Input Voltage 
Vic -0.3 0.8 v 

DC Electrical Characteristics (V cc= SV ±10%, V ss = OV, Ta= -20 to +75°C) 

Item Symbol min max Unit Test Condition 

Active Ice 45 mA Vcc=5.5V, InmJT=OmA.tRc=min 
Supply Current 

Standby JsH 30 µA Vcc=5.5V, CE~Vcc-0.2V 

Input Leakage Current I Iu I 10 µA Vin=O to 5.5V 

Output Leakage Current I Iu I 10 µA CE=2.2V, VouT=O to Vee 

Vm1 2.4 v Im1 = -205µA 
Output Voltage 

Voe 0.4 v loL=3.2mA 

Capacitance (V cc = 5V ± 10%, V ss = OV, Ta= 25°C, Vin= OV, f = 1 MHz) 

Item Symbol min max 

Input Capacitance Cin 10 

Output Capaci lance Cout 15 

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

AC Electrical Characteristics 

(Vee= SV ± 10%, Vss = OV, Ta= -20 to +75°C) 

• Input Pulse Level . . . . . . . . . . . . . . . . . 0.8 to 2.4V 

• Input and Output Timing Reference Level . . . . . .... 1.5V 

• Input Rise and Fall Time . . . . . . . . . .... 10ns 

• Output Load ............... 1 TTL gate+ CL= 100pF 

(including jig capacitance) 

Unit 

pF 

pF 

Item Symbol 

Read Cycle Time tRC 

Address Access Time tAA 

CE Access Time tACE 

Data Setup Time CE tcu 
-------

Output Hold Time from Address Change tOHA 

Data Hold Time from CE* 1 tcuz 

Output Hold Time CE lD!IC 

OE Access Time toE 

Data Setup Time OE lOLZ 

Data Hold Time from OE* 1 tOHZ 

Output Hold Time from OE touo 

min 

150 

10 

10 

max 

150 

150 

70 

70 

70 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Note) * l. tcHZ and toHZ define the time at which the output goes to the high impedance state and is not referenced to 
output voltage levels. 
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Timing Diagram 

Address 
\ 

1 .. 

CE 

IACE lcsz 

lcLZ 
loHC 

OE 

lo• foHZ 

foLZ 

Dout 
High-Z Valid High z 

Data 

Notes) 1. The time at which the data output becomes invalid is defined by toHA· toHC or tnHO· whichever occurs 
first. 
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2. The time at which the data output becomes valid is defined by tAA• tAcE or toE, whichever occurs last. 
3. The time at which the data output becomes invalid from the high impedance state is defined by tcLZ or 

toLz, whichever occurs last. 
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HN62321P 
131072-word x 8-bit CMOS Mask Programmable Read Only Memory 

The HN62321P is a 1-Mbit CMOS mask-programmable ROM 
organized as 131072 words by 8 bits. Realizing low power con
sumption, this memory is allowed for battery operation. In 
addition, the HN62321 P, which provides large capacity of 1 M 
bits, is ideally suited for kanji character generators. 

Features 

• Single +5V Power Supply 
• Three-State Data Output for OR-Tieing 
• TTL Compatible 
• Maximum Access Time ................ 150ns (max.) 
• Low Power Consumption . . . . . . . . . . 100mW (typ.) active 

5µW (typ.) standby 
• Byte-Wide Data Organization 

Block Diagram 

AO- -DO 

-DI 

-02 

3-state 
-03 Address Memory 

Output 
Buffer Array 

Buffer -D4 

-os 

-D6 

Al6- -01 

CE -[>ol 
Absolute Maximum Ratings 

Item Symbol Value Unit 

Supply Voltage* I Vee -0.3 to +7.0 v 
All Input or Output Voltage* I VT -0.3 to Vce+0.3 v 
Operating Temperature Range Topr 0 to +70 ·c 
Storage Temperature Range Tstg -55 to + 125 "C 

Temperature Under Bias Tbias -20 to +85 ·c 
Note) * 1. With respect to Vss. 
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Pin Arrangement 

(Top View) 
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Recommended Operating Conditions 
CVss = OV, Ta= 0 to +70°C) 

Item Symbol 

Supply Voltage Vee 

Vrn 

Input Voltage 
V1L 

min 

4.5 

2.2 

-0.3 

typ max Unit 

5.0 5.5 v 
Vu;+0.3 v 

0.8 v 

DC Electrical Characteristics (V cc = SV ±10%, V ss = OV, Ta= 0 to +70°C) 

Item Symbol min max Unit Test Condition 

Active Ice 50 mA Vee=5.5V, IoouT=OmA,tRc=min 
Supply Current 

Standby Isu 30 µA Vcc=5.5V, CE<:Vce-0.2V 

Input Leakage Current I Iu I 10 µA Vin=O to 5.5V 

Output Leakage Current I Iu I 10 µA CE=2.2V, VouT=O to Vee 

VoH 2.4 v ioH=-205µA 
Output Voltage 

Vot 0.4 v lot=3.2mA 

Capacitance (Vee= 5V±l0%, Vss = OV, Ta= 25°C, Vin= OV, f= 1 MHz) 

Item Symbol min max 

Input Capacitance Cin 10 

Output Capacitance Cout 15 

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

AC Electrical Characteristics 
CV cc= 5V±l0%, Vss =OV, Ta= Oto +70°C) 

• Input Pulse Level . . . . . . . . . . . . . . . . . . . . . 0.8 to 2.4V 
• Input and Output Timing Reference Level .......... 1.5V 
• Input Rise and Fall Time ..................... 10ns 
• Output Load ............... 1 TTL gate+ CL = 100pF 

(including jig capacitance) 

Item Symbol 

Read Cycle Time tRe 

Address Access Time tAA 

CE Access Time tACE 

Data Setup Time CE teLZ 

Output Hold Time from Address Change tDHA 

Data Hold Time from CE* 1 tcnz 

Output Hold Time CE tDHC 

Unit 

pF 

pF 

min max 

150 

150 

150 

10 

70 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Note) * 1. tcttz and tottz defines the time at which the output goes to the high impedance state and is not referenced to 
output voltage levels. 
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Timing Diagram 

'•c 

Address 

'•• 

tcHZ 

tctz 

Dout 

Notes) 1. The time at which the data output becomes invalid is defined by toHA or toHC• whichever occurs first. 
2. The time at which the data output becomes valid is defined by tAA or tACE· whichever occurs last. 
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HN62321BP 
131072-worcl x 8-bit CMOS Mask Programmable Read Only Memory 

The HN62321BP is a 1-Mbit CMOS mask-programmable 
ROM organized as 131072 words by 8 bits. Realizing low power 
consumption, this memory is allowed for battery operation. In 
addition, the HN62321 BP, which provides large capacity of 1 M 
bits, is ideally suited for kanji character generators. 

Features 

• Single +5V Power Supply 
• Three-State Data Output for OR-Tieing 
• TTL Compatible 
• Maximum Access Time . . . . . . . . . . . . . . . . 200ns (max.) 
• Low Power Consumption . . . . . . . . . . 1 OOmW (typ.) active 

5µW (typ.) standby 
• Byte-Wide Data Organization 

Block Diagram 

A16-

Address 

Buffer 

Absolute Maximum Ratings 

Item 

Supply Voltage* I 

All Input or Output Voltage* I 

Operating Temperature Range 

Storage Temperature Range 

Temperature Under Bias 

Note) * 1. With respect to Vss. 

Memory 

Array 

Symbol 

Vee 

VT 

Topr 

Tstg 

Tbias 

3-state 

Output 

Buffer 

Value 

-0.3 to +7.0 

-0.3 to Vcc+0.3 

0 to +70 

-55 to + 125 

-20 to +85 

-oo 

Unit 

v 

v 
·c 
·c 
·c 
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Recommended Operating Conditions 
(Yss = OV, Ta= 0 to +70°C) 
-------· 

Item Symbol min typ max Unit 

Supply Voltage Vee 45 5.0 5.5 v 
V111 2.2 Vce+0.3 v 

Input Voltage 
V11. ·-0.3 11.8 v 

DC Electrical Characteristics (V cc= SY ±10%, V ss = OV, Ta= 0 to +70°C) 

Item Symbol min max Unit Test Condition 

Active Ice 50 mA Vee=5.5V, Imn= OmA,tRe=min 
Supply Current 

Standby IsH 30 µA Vcc=5.5V, CE<;Vcc-0.2V 

Input Leakage Current I Iu I 10 µA Vin=O to 5.5V 

Output Leakage Current I Iro I 10 µA CE=2.2V, Vm!-rc~O to Vee 

Vo11 2.4 v Io11= -205µA 
Output Voltage 

Vor. 0.4 v Io1.=3.2mA 

Capacitance(Ycc = SV±10%, Yss = OV, Ta= 2S°C, Vin= OV, f= 1 MHz) 

Item Symbol min max 

Input Capacitance Cin 10 

Output Capacitance Cout 15 

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

AC Electrical Characteristics 
(Vee= SY ±10%, Yss = OV, Ta= 0 to +70°C) 

• Input Pulse Level . . . . . . . . . . . . . . . . . . . . . 0.8 to 2.4V 
• Input and Output Timing Reference Level . . . . . . . . . . 1.5V 
• Input Rise and Fall Time ..................... 10ns 
• Output Load . . . . . . . . . . . . . . . 1 TTL gate + CL = 1 OOpF 

(including jig capacitance) 

Item Symbol 

Read Cycle Time tRC 

Address Access Time tAA 

CE Access Time tACE 

Data Setup Time CE tcLZ 

Output Hold Time from Address Change tDHA 

Data Hold Time from CE* 1 tCHZ 

Output Hold Time CE trmc 

Unit 

pF 

pF 

min max 

200 

200 

200 

10 

100 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Note) * 1. tcHZ defines the time at which the output goes to the high impedance state and is not referenced to output 
voltage levels. 
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Timing Diagram 

'•c 

Address 

'•• 
IDHA 

fcHZ 

lcu 

High Z High z 
Dout 

Notes) 1. The time at which the data output becomes invalid is defined by tnHA or tnHC· whichever occurs first. 
2. The time at which the data output becomes valid is defined by tAA or tACE· whichever occurs last . 
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HN62321EP 
131072-word x 8-bit CMOS Mask Programmable Read Only Memory 

The HN62321EP is a 1-Mbit CMOS mask-programmable ROM 
organized as 131072 words by 8 bits. Realizing low power con
sumption, this memory is allowed for battery operation. In 
addition, the HN62321 EP, which provides large capacity of 1 M 
bits, is ideally suited for kanji character generators. 

• FEATURES 

• Single +5V Power Supply 
• Three-State Data Output for OR-Tieing 
• TTL Compatible 
• Maximum Access Time . . . . . . . . . . . . . . . . 200ns (max.) 
• Low Power Consumption ............... 100mW (typ.) 
• Byte-Wide Data Organization 
• OE Access Time . . . . . . . . . . . . . . . . . . . . . 100ns (max.) 

Block Diagram 

Address 

Buffer 

Absolute Maximum Ratings 

Item 

Supply Voltage* 1 

All Input or Output Voltage* 1 

Operating Temperature Range 

Storage Temperature Range 

Temperature Under Bias 

Note) * 1. With respect to Vss. 

Memory 

Array 

Symbol 

Va:; 

VT 

Topr 

Tstg 

Tbias 

-oo 
-01 

-02 

3-state -03 
Output 

Buffer -04 

-os 
-06 

-D7 

Value Unit 

-0.3 to +7.0 v 
-0.3 to Vcc+0.3 v 

0 to +70 ·c 
-55 to +125 "C 

-20 to +85 ·c 
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(Top View) 
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Recommended Operating Conditions 

(V ss = OV, Ta= 0 to +70°C) 

Item Symbol 

Supply Voltage Vee 

Vm 

Input Voltage 
VIL 

min 

4.5 

2.2 

-0.3 

typ max Unit 

5.0 5.5 v 
Vcc+0.3 v 

0.8 v 

DC Electrical Characteristics(Vee = SV±10%, Vss = OV, Ta= Oto +70°C) 

Item Symbol min max Unit Test Condition 

Supply Current Ice 50 mA Vee=5.5V,IoouT=OmA,t•e=min 

Input Leakage Current llu I 10 µA Vin=O to 5.5V 

Output Leakage Current I ILO I 10 µA CE=2.2V, VouT=O to Vee 

Vott 2.4 
Output Voltage 

v loH= -205µA 

VoL 0.4 v ioL=3.2mA 

Capacitance (Vee= SV ±10%, Vss = OV, Ta= 25°C, Vin= OV, f= 1 MHz) 

Item Symbol min max 

Input Capacitance Cin 10 

Output Capacitance Cout 15 

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

AC Electrical Characteristics 

CVee = SV±10%, Vss = OV, Ta= 0 to +70°C) 

• Input Pulse Level . . . . . • . . . . . • . . . . . . . . . 0.8 to 2.4V 

• Input and Output Timing Reference Level ..•....... 1.SV 

• Input Rise and Fall Time • • . . . . • . . . . . . . . . . . • • . 10ns 

• Output Load .•............. 1 TTL gate+ CL= 100pF 

(including jig capacitance) 

Item Symbol 

Read Cycle Time !RC 

Address Access Time !AA 

CE Access Time !OE 

Data Setup Time OE ICLZ 

Output Hold Time from Address Change toHA 

Data Hold Time from OE* I IOHZ 

Output Hold Time OE !OHO 

Unit 

pF 

pF 

min max 

200 

200 

100 

10 

100 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Note) * 1. toHz def"mes the time at which the output goes to the high impedance state and is not referenced to output 
voltage levels. 
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Timing Diagram 

Address 

loLZ 

High Z 

Dout 

loE 

Valid 
Data 

loHZ 

High Z 

Notes) 1. The time at which the data output becomes invalid is defined by toHA or toHO· whichever occurs first. 
2. The time at which the data output becomes valid is defined by tAA or toE, whichever occurs last. 
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HN62412P 
131072-word x 16-bit/262144-word x 8-bit CMOS Mask Programmable Read Only Memory 

The HN62412P is a 2-Mbit CMOS mask-programmable ROM 
organized either as 131072 words by 16 bits or as 262144 words 
by 8 bits. ~ealizing low power consumption, this memory is 

allowed for battery operation. In addition, the HN62412P, 
which provides large capacity of 2M bits, is ideally suited for 
kanji character generators. 

Features 

• Single +5V Power Supply 
• Three-State Data Output for OR-Tieing 
• TTL Comatible 
• Maximum Access time: 200ns (max.) 
• Low Power Consumption: ............ 100mW (typ.) active 

5µW (typ.) standby 

• Byte-Wide or Word-Wide Data Organization with BHE 

Block Diagram 

AO-

Address 

Buffer 

Memory 

Array 

EE' 

OE/OE/NC 

Absolute Maximum Ratings 

Item Symbol 

Supply Voltage* 1 Vee 

All Input or Output Voltage* 1 VT 

Operating Temperature Range Topr 

Storage Temperature Range Tstg 

Temperature Under Bias Tbias 

Note) * 1. With respect to Vss. 

Hex/ 

Byte 

3-state 

Output 

Buffer 

-oo 

1 
-015/ 

'------' ID71 

Value Unit 

-0.3 to +7.0 v 
-0.3 to Vcc+0.3 v 

0 to +70 ·c 

-55 to + 125 ·c 

-20 to +85 ·c 

@HITACHI 

(DP-40) 

Pin Arrangement 

Dl 

09* 

DlO* 

D3 

Dll * 
(Top View) 

BHE = Vm; 16-bit (D15 - DO) 
BHE = V1L; 8-bit (D7 - DO) 

* A-1 is least significant address. 
When BHE is 'low', D14 - DS 
goes the high impedance state. 
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Recommended Operating Conditions 
(Vss = OV, Ta= 0 to +70°C) 

Item Symbol min typ max Unit 

Supply Voltage Vee 4.5 5.0 5.5 v 
Vm 2.2 Vcc+0.3 v 

Input Voltage 
VIL -0.3 0.8 v 

DC Electrical Characteristics(Vcc = SV±10%, Yss = OV, Ta= Oto +70°C) 

Item Symbol min max Unit Test Condition 

Active Ice 50 mA V cc=5.5V,IDOUT = OmA,tRc=min 
Supply Current 

Standby lsB 30 µA Vcc=5.5V, CE;:;;Vcc-0.2V 

Input Leakage Current I Iu I 10 µA Vin=O to 5.5V 

Output Leakage Current I !LO I 10 µA CE=2.2V, VouT=O to Vee 

VoH 2.4 v loH= -205µA 
Output Voltage 

VoL 0.4 v loL= l.6mA 

Capacitance(Vcc = SV±10%, Yss = OV, Ta= 25°C, Vin= OV, f= 1 MHz) 

Item Symbol min max 

Input Capacitance Cin 15 

Output Capacitance Cout 15 

Note) This parameter is sampled and not 100% tested 

AC Electrical Characteristics 
(V cc= SV ±10%, V ss = OV, Ta= 0 to +70°C) 

• Input Pulse Level . . . . . . . . . . . . . . . . . . 0.8 to 2 .4 V 
• Input and Output Timing Reference Level . . . ..... 1.5V 
• Input Rise and Fall time .............. 10ns 
• Output Load ............... 1 TTL gate + CL = 100pF 

(including jig capacitance) 

Item Symbol 

Read Cycle Time tRC 

Address Access Time tAA 

CE Access Time tACE 

OE Access Time toE 

BHE Access Time iBHE 

Output Hold Time from Address Change to HA 

Output Hold Time from CE tDHC 

Output Hold Time from OE to HO 

Output Hold Time from BHE tDHB 

Data Hold Time from CE tc1-1z* 

Data Hold Time from OE* * to1-1z* 

Data Hold Time from BHE 1RHZ * 
Data Setup Time from CE tCLZ 

Data Setup Time from OE tOLZ 

Data Setup Time from BHE tBLZ 

Unit 

pF 

pF 

min max 

200 

200 

200 

70 

200 

70 

70 

70 

IO 

10 

10 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Note) *I. tcHZ and to HZ and tBHZ define the time at which the output goes to the high impedance state and is not 
referenced to output voltage levels. 

•2. In the case of <'.rn° pin being non-connected, this item is not applied. 

@HITACHI 
Hitachi America Ltd. • 2210 O'Toole Ave. • San Jose, CA 95131 • (408) 435-8300 507 



Timing Diagram 
Word Mode (BHE = V1H) or Byte Mode (BHE = V1d 

'" 

Addrei;1' 

lDHA 

CE 

lAO: 

1,,J loHc 

OE 

l()LI. 

Hitth Z 
Valid Data 

High Z 

Dout 

Notes) 1. The time at which the data output becomes invalid is defined by toHA· toHC or toHO· whichever occurs. 
f"rrst. 

2. The time at which the data output becomes valid is defined by tAA• tAcE or toH• whichever occurs last. 
3. The time at which the data output becomes invalid from the high impedance state is defined by tcLZ or toLz, 

whichever occurs last. 

Word Mode, Byte Mode Switch 

A·J 

BHE 

Valid Data Valid Data 

Valid Data 

lsHZ 

Notes) 1. CE, OE/OE is enable, A16 - AO is valid. 
2. IfBHE is high and CE, OE is enable DlS/A-1 pin is in the output state. 

Therefore, the input signals of opposite phase to the outputs must not be applied to them. 
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HN62404P 
262144-word x 16-bit/524288-word x 8-bit CMOS Mask Programmable Read Only Memory 

The HN62404P is a 4-Mbit CMOS mask-programmable ROM 
organized either as 262144 words by 16 bits or as 524288 words 
by 8 bits. Realizing low power consumption, this memory is 
allowed for battery operation. In addition, the HN62404P, 
which provides large capacity of 4M bits, is ideally suited for 
kanji character generators. 

Features 

• Single +5V Power Supply 
• Three-State Data Output for OR-Tieing 
• TTL Compatible 
• Maximum Access Time: 200ns (max.) 
• Low Power Consumption . • . . . . • • . . 100mW (typ.) active 

5µW (typ.) standby 
• Byte-wide or Word-wide Data Organization with BHe 

Block Diagram 

7 Buffe.. 

A17- -

Memory 

Array 
z-0ddress -

~__,--

OE/OE/NC 

Absolute Maximum Ratings 

Item Symbol 

Supply Voltage* 1 Vcr; 

All Input or Output Voltage* 1 VT 

Operating Temperature Range Topr 

Storage Temperature Range Tstg 

Temperature Under Bias Tbias 

Note) * 1. With respect to V ss. 

Hex/ 
Byte 

Value 

-0.3 to +7.0 

3-slate 

Output 

Buffer 

-0.3 to Vcc+0.3 

0 to +70 

-55to +125 

-20 to +85 

-oo 

1 
-DIS/ 

(07) 

Unit 

v 
v 

"'C 

"'C 

"'C 

.HITACHI 

Pin Arrangement 

DB* 
DI 

D9* 

D2 

DIO* 

D3 

Dll* 

(DP-40) 

(Top View) 

BHE = Vm; 16-bit (DlS - DO) 
BHE = V1L; 8-bit (D7 - DO) 

* A-1 is least significant address. 
When BHE is 'low', D14 - D8 
goes the high impedance state. 
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Recommended Operating Conditions 

(Vss = OY, Ta= 0 to +70°C) 

Item Symbol 

Supply Voltage Vee 

Vrn 
Input Voltage 

VIL 

min 

4.5 

2.2 

-0.3 

typ max Unit 

5.0 5.5 v 
Vcc+0.3 v 

0.8 v 

DC Electrical Characteristics (V cc= SY ±10%, Y ss = OY, Ta= 0 to +70°C) 

Item Symbol min max Unit Test Condition 

Active Ice 50 mA V cc= 5.5V ,IoouT = OmA.tRe= min 
Supply Current 

Standby ISB 30 µA Vec=5.5V, CE;;;Vec-0.2V 

Input Leakage Current I Iu I 10 µA Vin=O to 5.5V 

Output Leakage Current I !Loi 10 µA CE=2.2V, VouT=O to Vee 

VoH 2.4 v ioH= -205µA 
Output Voltage 

VOL 0.4 v ioL=l.6mA 

Capacitance(Ycc = SY±l0%, Yss=OY, Ta=2S°C, Yin=OY,f= 1 MHz) 

Item Symbol min max 

Input Capacitance Cin 15 

Output Capacitance Cout 15 

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

AC Electrical Characteristics 

(Y cc= SY ±10%, Y ss = OY, Ta= 0 to +70°C) 

• Input Pulse Level . . . . . . . . . . . . . . . . . . . . . 0.8 to 2.4V 
• Input and Output Timing Reference Level .......... 1.5V 
• Input Rise and Fall Time ..................... 10ns 
• Output Load ............... 1 TTL gate+ CL = 1 OOpF 

(including jig capacitance) 

@HITACHI 

Unit 

pF 

pF 
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HN62404P 

Item Symbol min max Unit 

Read Cycle Time tRC 200 ns 

Address Access Time tAA 200 ns 

CE Access Time tACE 200 ns 

OE Access Time toE 70 ns 

BHE Access Time tBHE 200 ns 

Output Hold Time from Address Change tDHA ns 

Output Hold Time from CE tDHC ns 

Output Hold Time from OE tDHO ns 

Output Hold Time from BHE tm-rn ns 

Data Hold Time from CE 70 ns 

Data Hold Time from OE** 70 ns 

Data Hold Time from BHE 70 ns 

Data Setup Time from CE tCLZ 10 ns 

Data Setup Time from OE toLZ 10 ns 

Data Setup Time from BHE tetz 10 ns 

Note) • t. tcHZ and toHZ and tBHZ define the time at which the output goes to the high impedance state and is not 
referenced to Qlliput voltage levels. 

•2. In the case of OE pin being non-connected, this item is not applied. 

Timing Diagram 
(1) Word Mode (BHE = 'V1H') or Byte Mode (BHE = 'V1L') 

Address 

... 

CE 

lcnz 

lcLZ 

OE 

log loHZ 

lou 

High Z 
Valid Data 

High Z 

Dout 

Notes) 1. The time at which the data output becomes invalid is defmed by toHA. toHc or toHO· whichever occurs 
rust. 

2. The time at which the data output becomes valid is defmed by tAA, tAcE or toE. whichever occurs last. 
3. The time at which the data output becomes invalid from the high impedance state is defmed by tcLZ or 

toLz, whichever occurs last. 

.HITACHI 
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(2) Word Mode, Byte Mode Switch 

High z High Z 

A-I 

... 

BHE 

Valid Data Valid Data 

Valid Data 

lsLZ 

Notes) 1. CE, OE/OE is enable Al 1 - AO is valid. 
2. IfBHE is high and CE, OE is enable DlS/A·l pin is in the output state. 

Therefore, the Input signals of opposite phase to the outputs must not be applied to them. 
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EEPROM, EPROM, OTPROM 

~HITACHI 
Hitachi America Ltd. • 2210 O'Toole Ave. • San Jose, CA 95131 • (408) 435-8300 513 



HN58064 Series--------
8192-word x 8-bit Electrically Erasable and Programmable ROM. 

•FEATURES 
• Single 5V Supply 
• Address, Data, CE, OE Latches 
• Byte Erase I Byte Write Time ........ 10 ms typ. 
• Chip Erase Time ............ · .... 20 ms typ. 
• Fast Access Time ................ 250/300ns max. 

• Low Power Dissipation ............ 300mW typ. (Active) 
............ 125mW typ. (Standby) 

• Comforms to JEDEC Byte-Wide Standard 
• Reliable N-channel MNOS Technology 
• 10000 Erase/Write Cycles 

• ORDERING INFORMATION 

Type No. 

HN58064P-25 
HN58064P-30 

• BLOCK DIAGRAM 

Access Time 

250ns 
300ns 

V" =igh Voltage 
V" Generator 

Erase, Write, Powerdown 
Control Logic 

Al2 _,_-~--, ¢ y 

I 
AB 

A7 

AO 

Address 
Buffer 

and 
Latch 

•MODE SELECTION 

x 
Decoder 

Package 

600 mil 28 pin Plastic 
DIP 

1/00 

1/0 Buller 
and 

1/07 

Input Latch 

0 

Memory 

Array 
(256X256) 

~ E 
CE (20) OE (22) WE (27) I/O (11-13, 15-19) 

Read VrL VIL VIH Dout 

Standby VrH x x High z 
Byte Erase VIL VrH VrL Din= VrH 

Byte Write VIL VIH VJL Din 

Chip Erase VIL VrL VIL Din= VIH 

Deselect VrL VIH VrH HighZ 

X: Vrff OT VIL 

@HITACHI 

(DP-28) 

•PIN ARRANGEMENT 

Ao 1101 

110, 

1/01 I/Os 

1102 110. 

Vss 110, 

(Top View) 

AO - A12 Address Input 

1/00 - 1/07 Data in I Data out 

OE Output Enable 

CE Chip Enable 

WE Write Enable 

Vee Power (+5V) 

Vss GND 

NC No Connect 
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----------------------------------HN58064 Series 

• ABSOLUTE MAXIMUM RA TINGS 

Item Symbol Value Unit 

Supply Voltage*l Vee -0.6 to +7.0 v 
Input Voltage*l Vin -0.6 to +7.0 v 
Operating Topr 0 to+70 ·c Temperature Range 

Storage r,,. -SS to +12S •c Temperature Range 

Note) * I. With Respect to V ss 

•RECOMMENDED DC OPERATING CONDITIONS 

Item Symbol min typ max Unit 

Supply Voltage Vee 4.S s.o s.s v 
V1L -0.1 - 0.8 v 

Input Voltage 
V1H 2.0 Vee+ 1 v -

Operating Topr 0 - 70 •c 
Temperature 

• DC AND OPERATING CHARACTERISTICS (Ta= 0 to 70°C, Vee= SV ±10%) 
Parameter Symbol Test Condition 

Input Leakage Current !LJ Vee= S.SV, V;n = s.sv 
Output Leakage Current 1£0 Vee= S.SV, Vout= S.Sf0.4V 

V CC Current (Standby) feet CE= VfH 

V CC Current (Active) Icc2 CE= V/L 

Input Low Voltage VIL 

Input High Voltage VfH 

Output Low Voltage VoL IoL = 2.1 mA 

Output High Voltage Von Ion=-400µA 

•CAPACITANCE (Ta = 25°C,f= lMHz) 

Parameter Symbol 

Input Capacitance C1n 

Output Capacitance Cout 

•AC TEST CONDITIONS 

Input Pulse Levels: 
Input Rise and Fall Time: 
Output Load: 

Test Condition min 

V1n = OV -
Vout= OV -

0.4V to 2.4V 
:ii 20ns 

typ 

-

-

Reference Level for Measuring Timing: 
1TTL Gate+ 100pF 
O.SV and 2.0V 

@HITACHI 

min typ 

- -

- -

- 2S 

- 60 

-0.1 -

2.0 -

- -

2.4 -

max Unit 

6 pF 

12 pF 
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max Unit 

10 µA 

10 µA 

40 mA 

100 mA 

0.8 v 
Vcc+I v 

0.4 v 
- v 
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HN58064 Series-----------------------------------

• AC CHARACTERISTICS (Ta= 0 to +70°C, Vee= SV ± 10%) 

• READ OPERATION 

HN58064P-25 HN58064-30 
Parameter Symbol Test Condition Unit 

min. max. min. max. 

Address to Output Delay tACC CE= OE-= VJL, WE= VfH - 250 - 300 ns 

CE to Output Delay tcE OE= VIL, WE= VfH - 250 - 300 ns 

OE to Output Delay toE CE= VJL, WE= VJH - 100 - 150 ns 

Address to Output Hold tOH CE= OE= VJL, WE= V/H 0 - 0 - ns 

OE High to Output Float tDF CE= VJL, WE= VJH 0 90 0 130 ns 

•WAVE FORM ...................... READ CYCLE 

Address 

I OH 

I CE 

loE I DF 

WE--H~i1_h-------------+----------------+---l---~ 

Data Out Val id 

@HITACHI 
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----------------------------------HN58064 Series 

•BYTE ERASE AND BYTE WRITE OPERATION 

Parameter Symbol Test min typ max Unit Condition 

Address Setup Time fAS 0 - - ns 

Address Hold Time fAH 100 - - ns 

CE Setup Time fCES 0 - - ns 

CE Hold Time tcEH 100 - - ns 

OE Setup Time tOES 0 - - ns 

OE Hold Time fOEH 100 - - ns 

WE Pulse Width tWEPJ 8 10 IS ms 

WE High Time fWEH 1000 - - ns 

Data Setup Time tos 0 - - ns 

Data Hold Time fDH 100 - - ns 

•WAVE FORM ............................ ERASE AND WRITE CYCLE 

Adrln>s:. 

IAS ''" 

IT 

tn:s IC'l:H 

tuts IUEH 

OE 

lrtEH 

"WE 

lll"F.Pl 

IDS , .. 
1:\nlP2i 

l>ata Ua1a in 
Stahlt' 

Notes) I. CE or OE should be "I" and in Standby Mode or Deselect Mode before Write/Erase operation. 
2. 1/00 to 1/07 must be "I" in Byte Erase . 
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HN58064 Series-----------------------------------

•CHIP ERASE OPERATION I 

Parameter Symbol Test min typ max Unit Condition 

CE Setup Time tcEs 0 - - ns 

CE Hold Time fCEH 100 - - ns 

OE Setup Time fOES 0 - so ns 

OE Hold Time fOEH 100 - - ns 

WE Pulse Width fWEP2 15 20 25 ms 

WE High Time fWEH 1000 - - ns 

Data Setup Time fDS 0 - - ns 

Data Hold Time fDH 100 - - ns 

•WAVE FORM ................................ CHIP ERASE I 

(Note 3) 

CE 

lets lCEH 

{Note 3) 

OE 

"'" lWEH 

WE 

/WEP2 

IDs IDH 

Notes) 3. CT or OE should be "l" and in Standby Mode or Deselect Mode before Chip Erase operation. 
4. 1/00 to 1/07 must be "l" in Chip Erase operation. 
5. Don't Care about Address . 
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----------------------------------HN58064 Series 

• CHIP ERASE OPERATION II 

Parameter Symbol Test Condition 

CE Hold Time tcEH 

OE Setup Time toES 

OE Hold Time 'OEH 

WE Setup Time tws 

WE Pulse Width twH 

WE High Time twEH 

Data Setup Time IDS 

Data Hold Time IDH 

• WAVE FORM ......... CHIP ERASE II 

/IU 

IDS 

1Note61 

o ... 

Notes) 6. 1/0 0 ~ 7 must be "l" in Chip Erase Operation. 
7. Don't Care about Address. 

.HITACHI 

min typ 

100 -

0 -

100 -

0 -

15 20 

1000 -

0 -

100 -

f!l.'EH 
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max Unit 

- ns 

- ns 

- ns 

- ns 

25 ms 

- ns 

- ns 

- ns 
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HN58C65 Series 
8192-word x 8-bit Electrically Erasable and Programmable CMOS ROM 

• FEATURES 
• Single 5V Supply 
• On Chip Latches; Address, Data, CE, OE, WE 
• Automatic Byte Write ..... 10ms typ. 
• Automatic Page Write 

132byte) .....•.. 10ms typ. 
• Fast Access Time ........ 250ns max. 
• Low Power Dissipation ... 20mW/MHz typ. (Active) 

... 2mW typ. (Standby) 

• Data Polling and Ready/Busy 
• Data Protection Circuity on Power On/Power Off 
• Conforms to JEDEC Byte-Wide Standard 
• Reliable CMOS with MNOS Cell Technology 
• 10000 Erase/Write Cycles and 10 year Data Retention 

• ORDERING INFORMATION 

Type No. Access Time Package 

HN58C65P-25 250ns 600 mil 28 pin Plastic DIP 

HN58C65FP·25T 250ns 28 pin Plastic SOP 

• BLOCK DIAGRAM 

Vcco-- High Voltage voo V01 
Vss 0--. Generator 

OF: 

CE Control Logic and 
WE Timing 

AO 

) 
A4 

Address 

AS Buffer 
and 

) Latch 
x Memory 
Decoder Array 

Al2 

Data Latch 

HN58C65P Series 

(DP-28) 

HN58C65FP Series 

(FP-28DA) 

• PIN ARRANGEMENT 

RDY/Busy 

Al2 

A7 
A6 

A5 

A4 

A3 

A2 

Al 

AO 

1/00 
1/01 
1/02 

Vss 

(Top View) 

• PIN DESCRIPTION 

AO -Al2 Address Input 

Vee 

WE 
NC 
AS 

A9 
All 

OE 
AIO 

CE 
1/07 
1/06 

1/05 
1/04 
1/03 

1/01 - 1/07 Data In/Data Out 

OE Output Enable 

CE Chip Enable 

WE Write Enable 
RDY/BUiY Ready/Busy 

Vee Power (+SV) 

Vss GND 

NC No Connect 

@HITACHI 
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----------------------------------HN58C65 Series 

• MODE SELECTION 

~ CE OE WE RDY/Busy 1/0 
M (20) (22) (27) (I) (11 - 13, lS - 19) 

Read VIL VIL VIH HighZ Dout 

Standby V1n x x HighZ High z 
Write VIL VIH VIL HighZ-+ VoL Din 

Deselect VIL VIH Vin High z High z 
Write Inhibit x x VIH High Z -
Write Inhibit x V1L x HighZ -
Data Polling VIL VIL VJH VoL Data Out (1/07) 

Note) X: VIL or V1H 

• ABSOLUTE MAXIMUM RATINGS 

Item Symbol Value Unit 

Supply Voltage •1 Vee -0.6 to +7.0 v 
Input Voltage*l V;n -0.s•2 to +7.0 v 
Operating Temperature Range T'?l!!: 0 to +70 oc 
Storage Temperature Range r.,, -SS to +l-i3 oc 

Notes) * 1. With respect to V SS· 
*2. -3.0V for pulse width~ SOns. 

• RECOMMENDED DC OPERATING CONDITIONS 

Item Symbol min. typ. max. Unit 
Supply Voltage Vee 4.S s.o s.s v 

Input Voltage 
VIL -0.3 - 0.8 v 
VIH 2.2 - Vee+I v 

Operating Temperature Topr 0 - 70 oc 

• DC AND OPERATING CHARACTERISTICS (T0 =0 to +70uC, Vcc=SV±10%) 

Parameter Symbol Test Condition min. typ. max. Unit 

Input Leakage Current Iu 
Vcc=S.SV - - 2 µA 
Vin =S.SV 

Output Leakage Current ho 
Vcc=S.SV 

- - 2 µA 
Vout = S.S/0.4V 

V cc Current (Standby) Icc1 CE= V1H - - 1 mA 
lout-OmA, duty-100%, - - 8 mA 

V cc Current (Active) Icc2 
cycle lµs 
-~r-8~ duty=IOO%, 2S mA m. yce - -

Input Low Voltage VJL -0.3*1 - 0.8 v 
Input High Voltage VIH 2.2 - Vcc+l v 
Output Low Voltage VoL loL = 2.lmA - - 0.4 v 
Output High Voltage VoH loH=-400µA 2.4 - - v 

Note) *1. -1.0V for pulse width~ SOns 

•CAPACITANCE (T0 =25°C,/=1MHz) 

Parameter Symbol Test Condition min. typ. max. Unit 

Input Capacitance Cin V;n= OV - - 6 pf 

Output Capacitance Cout V0 ,,,=0V - - 12 pf 
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HN58C65 Series---------------------------------

• AC CHARACTERISTICS (T0 =0 to +70°C, Vcc=SV± 10%) 

• AC Test Conditions 

Input Pulse Levels: 
Input Rise and Fall Time: 
Output Load: 
Reference Levels for Measuring Timing Inputs Outputs: 

• Read Operation 

0.40V to 2.4V 
~20ns 
1TTL Gate+ 100pF 
0.8Vand 2V 

HN58C65-25 
Parameter Symbol Test Condition 

min. max. 

Address to Output Delay tAcc 
CE =OE= VIL 

- 250 
WE= Vm 

CE to Output Delay tcE 
OE= VIL - 250 
WE= V1H 

OE to Output Delay toE 
CE= V1L 10 100 
WE= Vm 

Address to Output Hold toH 
CE =OE= VIL 

0 -
WE= Vm 

OE High to Output Float tnF 
CE= VJH 

0 90 
WE= V1H 

Address 

IACC t!JH 

High 
!OE tDF 

Data Out Valid 
Data 

@HITACHI 
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---------------------------------HN58C65 Serlea 

• Byte Erase and Byte Write Operation (WE Controlled Write Cycle) 

Parameter Symbol min. typ. max. Unit 

Address Setup Time tAs 0 - - ns 

CE to Write Setup Time tcs 0 - - ns 

Write Pusle Width twp 200 - - ns 

Address Hold Time tAH 150 - - ns 

Data Setup Time tns 100 - - ns 

Data Hold Time tnH 20 - - ns 

CE Hold Time tcH 0 - - ns 

OE to Write Setup Time toES 0 - - ns 

OE Hold Time toEH 0 - - ns 

Data Latch Time tnL 100 - - ns 

Time to Device Busy IDB 120 - - ns 

Write Cycle Time twc - - 15 ms 

Byte Load Window IBL 30 - 100 115 

Address 

/c-; l.-'H 

tin· 

lm·:s 

llJS 

Din 

RDY Busy 

IM'C 
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• Byte Erase and Byte Write Operation (CE Controlled Write Cycle) 

Parameter Symbol min. typ. max. Unit 

Address Setup Time fAS 0 - - ns 

CE to Write Setup Time tcs 0 - - ns 

CE Pulse Width tcw 200 - - ns 

Address Hold Time tAH 150 - - ns 

Data Setup Time tDs 100 - - ns 

Data Hold Time fDH 20 - - ns 

CE Hold Time tcH 0 - - ns 

OE to Write Setup Time toES 0 - - ns 

OE Hold Time toEH 0 - - ns 

Data Latch Time fDL 100 - - ns 

Time to Device Busy tDB 120 - - ns 

Write Cycle Time twc - - 15 ms 

Byte Load Window fBL 30 - 100 ·I'S 

Address 

f('S l.~H 

l.4S 

/('II 

/nt;s 

Din 

RDY/BuSY 
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----------------------------------1HN58C85 Series 

• Paga Erase and Page Write Operation (WE Controlled Write Cycle) 

Parameter 

Address Setup Time 

CE to Write Setup Time 

Write Pusle Width 

Address Hold Time 

Data Setup Time 

Data Hold Time 

CE Hold Time 

OE to Write Setup Time 

OE Hold Time 

Data Latch Time 

Time to Device Busy 

Write Cycle Time 

Byte Load Window 

Byte Load Cycle 

Address 
AS to A12 

Address 
AO to A4 

Din 

ROY/Busy 

108 

Symbol min. typ. 

fAS 0 -

tcs 0 -

twp 200 -

fAH 150 -

tDs 100 -

fDH 20 -

tcH 0 -

toES 0 -

toEH 0 -

tDL 100 -

tDB 120 -

twc - -

tsL 30 -

tsLC 0.3 -

@HITACHI 

max. Unit 

- ns 

- ns 

- ns 

- ns 

- ns 

- ns 

- ns 

- ns 

- ns 

- ns 

- ns 

IS ms 

100 µs 

30 µs 
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HN58C65 Series----------------------------------

• Page Erase and Page Write Operation (CE Controlled Write Cycle) 

Parameter 

Address Setup Time 

CE to Write Setup Time 

CE Pulse Width 

Address Hold Time 

Data Setup Time 

Data Hold Time 

CE Hold Time 

OE to Write Setup Time 

OE Hold Time 

Data Latch Time 

Time to Device Busy 

Write Cycle Time 

Byte Load Window 

Byte Load Cycle 

Address 
AS to A12 

Address 
AO to A4 

Din 

ROY/Busy 

Symbol 

tAs 

tcs 

tcw 

tAH 

tvs 

tvH 

tcH 

toES 

IOEH 

tvL 

IDB 

twc 

IBL 

IBLC 

IDB 

min. typ. max. Unit 

0 - - ns 

0 - - ns 

200 - - ns 

150 - - ns 

100 - - ns 

20 - - ns 

0 - - ns 

0 - - ns 

0 - ns 

100 - - ns 

120 - - ns 

- - 15 ms 

30 - 100 µ.s 

0.3 - 30 µ.s 

SS\\\\\\\\\\\~ 
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----------------------------------HN58C65 Series 

• Automatic Page Write 
Page-mode write feature allows I to 32. bytes of data to be written into the EEPROM in a single write cycle. 
Following the initial byte cycle, an additional I to 31 bytes can be written in the same manner as the first 
byte was written. Each additional byte load cycle must be started within 30µs of the preceding rising edge 
of the WE. 

• Data Polling 
Data polling allows comparison operation to determine the status of the EEPROM. During a write cycle, an 
attempted read of the last byte written in the EEPROM results in the complement data of that byte at 1/07. 

• Ready/Busy Signal 
ROY/Busy signal also allows to determine the status of the EEPROM, ROY/Busy signal has high impedance 
except in a write cycle and is lowered to Vo L after the first write signal. At the end of a write cycle, ROY/ 
Busy signal changes its state to high impedance. 

• WE, CE Pins Operation 
During a write cycle, addresses are latched on the falling edge of WE or CE: data are latched on the rising 
edge of WE or CE. 

• Data Protection 

To protect the data during operation and turning on/off, HN58C65 internally provides the following 
function. 

1. Data Protection against the Noise on Control Pins (CE, OE, WE) during Operation 

During reading out or standby, the noise on 
control pins may become trigger and turn 
EEPROM to program mode by error. 
To prevent this phenomenon, HN58C65 has the 
noise cancell function of cutting the noise if its 
width is 20ns or less in program mode. 
Care should be taken not to exist the noise whose 
width is more than 20ns on control pins. 

@HITACHI 
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HN58C65 Serles1------------'---------------------

2. Data Protection on Turning On/Off the V cc 
2-1 Prevention of unintentional programming on 

turning on/off the Vee 

On turning on/off Vee, the noise on control pins 
generated by outer circuits (CPU, etc) may be
come trigger and tum the EEPROM to program 
mode by error. To prevent this unintentional 
programming, the EEPROM should be kept 
in unprogrammable state while CPU is in unstable 
state. 

In addition, on turning on/off Vee. the input level 
on control pins should be held as shown in the 
table below. 

Vee 
OE x 
WE x 

2-2 Specifications of tr min. for V cc 

On turning on V cc, if tr for Vet:' is shorter than 
lµs, the EEPROM turns into program mode 
regardless of the input level on control pins and 
results in data destruction. 

x x 
Vss x X: Don't care. 

x Vee 

\ __ _ 
Since the actual minimum value of tr for proper operation is about lµs, to take into account the timing 
margin, please keep tr longer than lOµs. 
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HN27128AG Series 
16384-word X 8-bit UV Erasable and Programmable ROM 

The HN27128AG is a 16384-word by 8-bit erasable and electrically 
programmable ROM. This device is packaged in a 28-pin, dual-in-line 
package with transparent window. The transparent window allows 
the user to expose the chip to ultraviolet light to erase the bit pat
tern, whereby a new pattern can then be written into the device. 

• FEATURES 
• Single Power Supply ....... . 
• High Performance ......... . 

Programming 

+5V ±5% 
Program Voltage: +12.5V D.C. 
High Performance Programming 
Operations 

• Static .................. No Clocks Required 
• Inputs and Outputs TTL Compatible During Both Read and 

Program Modes 
• Access Time ............. 170/200/250/300ns(max.) 
• Absolute Max. Rating of . 

Vpp pin 
• Low Stand·by Current .. . 
• Device Identifier Mode ..... . 

• ORDERING INFORMATION 

14.0V Max. 

35mA Max. (stand·by) 
Manufacturer Code and Device 

Code 

Type No. Access Time Package 

HN27128AG-17 

HN27128AG-20 

HN27128AG-25 

HN27128AG-30 

• BLOCK DIAGRAM 

A5-A9 
All-Al3 

POWERDOWN & 
PROGRAM LOGIC 

Y DECODER 

X DECODER 

170ns 
200ns 

250ns 

300ns 

600 mil 28 pin Cerdip 

OUTPUT 

BUFFERS 

Y GATING 

131072 bil 
MEMORY MATRIX 

@HITACHI 
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• PIN ARRANGEMENT 

(Top View) 
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HN27128AG Series----------------------------------

• MODE SELECTION 

CE OE PGM A9 Vpp Vee Outputs ::;-~ M (20) (22) (27) (24) (1) (28) (11-13,15 - 19) 

Read 

Output Disable 

Standby 

High Performance Program 

Program Verify 

Program Inhibit 

Identifier 

Note) *l. X ... Don't care 
*2. VH = 12.0V ±0.5V 

Vn VrL 

Vn VrH 

VrH x 
Vn x 
Vn Vn 

VrH x 
Vn Vn 

• ABSOLUTE MAXIMUM RATINGS 

Item 

Operating Temperature Range 

Storage Temperature Range 

Storage Temperature Range Under Bias 

Voltage on Pin 24 (A9)*1 

All Input and Output Voltages* 1 

Vpp Voltage*1 

V cc Voltage •i 

Note) *1. With respect to Vss 

• READ OPERATION 

VrH 

VfH 

x 
Vn 

VrH 

x 
VrH 

Symbol 

Ta pr 

Tstg 

Tbias 

VJD 

VIN• Vaut 

Vpp 

Vee 

x Vee Vee Dout 

x Vee Vee High z 
x Vee Vee HighZ 

x Vpp Vee Din 

x Vpp Vee Dout 

x Vpp Vee High z 
VH*2 Vee Vee Code 

Value Unit 

0 to +70 oc 
-65 to +125 oc 
-10 to +80 oc 

-0.6 to +13.5 v 
-0.6 to +7 v 

-0.6 to +14.0 v 
-0.6 to +7 v 

• DC AND OPERATING CHARACTERISTICS (Ta= 0 to 70°C, Vee= 5V±5%, Vpp =Vee) 

Parameter Symbol Test Conditions min. typ. max. 

Input Leakage Current Iu VIN= 5.25V - - 10 

Output Leakage Current ho Vaut = 5.25V/0.45V - - IO 
VppCurrent lppt Vpp = 5.25V - - 5 

V cc Current (Standby) Icc1 CE= VIH - - 35 

V cc Current (Active) Icc2 CE=OE= VIL - 40 100 

Input Low voltage VIL -0.1*1 - 0.8 

Input High Voltage VIH 2.0 - Vec+1•2 

Output Low Voltage VoL loL = 2.lmA - - 0.45 

Output High Voltage VoH Ion= -400µA 2.4 - -

Notes) * l. -0.6V for pulse width;::; 20ns 

Unit 

µA 

µA 

mA 

mA 

mA 

v 
v 
v 
v 

*2. V cc+ l .5V for pulse width~ 20ns. If Vrn is over the specified maximum value, read operation cannot be 
guaranteed. 
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----------------------------------HN27128AG Series 

• AC CHARACTERISTICS (Ta= 0 to +70°C, Vee=SV ± 5%, Vpp = Vee) 

Parameter Symbol Test Condition 
HN27128AG-1 7 HN27128AG-20 HN27128AG-25 HN27 l 28AG-30 

min. max. min. max. min. max. min. max. 

Address to Output Delay tAee CE=OE=VJL - 170 - 200 - 250 - 300 

CE to Output Delay fCE OE=VJL - 170 - 200 - 250 - 300 

OE to Output Delay fOE CE=VJL - 75 - 75 - 100 - 120 

OE High Output Float fDF CE=VJL 0 55 0 55 0 60 0 105 

Address to Output Hold fOH CE=OE=VJL 0 - 0 - 0 - 0 -

Note: fDF defines the time at which the Output achieves the open circuit condition and Data is no longer driven. 

• SWITCHING CHARACTERISTICS 

Test Condition 
Input Pulse Levels: 0.4SV to 2.4V 
Input Rise and Fall Time:~ 20ns 
Output Load: 1 TTL Gate +100pF 
Reference Level for Measuring Timing: O.BV and 2.0V 

Address ) 

Stand-by Mode \ Active Mode 

fcE 

OE 

~ toE 

fACC 

LZZZ If 
\.~~~ 

Data Out 

• CAPACITANCE (Ta= 25°C,f = !MHz) 

Parameter Symbol Test Condition 

Input Capacitance C;n V;n = OV 

Output Capacitance Caul V0 ut = OV 

@HITACHI 

)( 

v Stand-by Mode 

v 
tDF 

toH 

"] :"S: I'... Data Out Valid z rJ' 

min. typ. max. 

- 4 6 

- 8 12 
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ns 

ns 

ns 

ns 

ns 

Unit 

pF 

pF 
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HN27128AG Series--------------------------------

• HIGH PERFORMANCE PROGRAMMING 
This device can be applied the High Performance Programming algorithm shown in following flowchart. This 
algorithm allows to obtain faster programming time without any voltage stress to the device nor deterioration 
in reliability of programmed data. 

START 

SET PROG./VERIFY MODE 
Vpp = 12.5±0.3V, V cc= 6.0±0.25V 

Address= 0 

NO 

Program tpw = I ms ±5% 

NOGO 
Address+ I - Address 

Program t OPW = 3n ms 

NO 

SET READ MODE 
Vee= 5.0V±0.25V, Vpp= Vee 

NOGO 

FAIL 

High Performa'nce Programming Flow.chart 
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--------------------------------HN27128AG Series 

• HIGH PERFORMANCE PROGRAMMING OPERATION 

• DC PROGRAMMING CHARACTERISTICS (Ta= 25°C ±5°C, Vee= 6V±0.25V, Vpp = 12.SV±0.3V) 

Parameter Symbol Test Condition min. typ. max. Unit 

Input Leakage Current /LI VIN= 5.25V - - 10 µA 

Output Low Voltage During Verify VoL IoL = 2.lmA - - 0.45 v 
Output High Voltage During Verify VoH IoH = -400µA 2.4 - - v 
V cc Current (Active) Icc2 - - 100 mA 

Input Low Level VIL -0.1 •1 - 0.8 v 
Input High Level Vm 2.0 - Va;-IO.s*2 v 
V pp Supply Current lpP2 CE= PGM = V1L - - 50 mA 

Notes) *1. -6.0V for pulse width s 20ns. 
*2. If V1H is over the specified maximum value, programming operation cannot be guaranteed. 

• AC PROGRAMMING CHARACTERISTICS(Ta = 25°C±5°C, Vee= 6V±0.25V, Vpp = 12.SV±0.3V) 

Parameter Symbol Test Condition min. typ. max. Unit 

Address Setup Time tAS 2 - - µs 

OE Setup Time toES 2 - - µs 

Data Setup Time tvs 2 - - µs 

Address Hold Time IAH 0 - - µs 

Data Hold Time tvH 2 - - µs 

OE to Output Float Delay tnF*I 0 - 130 ns 

V pp Setup Time tvps 2 - - µs 

V cc Setup Time tvcs 2 - - µS 

PGM Pulse Width During Initial Programming tpw 0.95 1.0 1.05 ms 

PGM Pulse Width During Overprogramming topw•2 2.85 - 78.75 ms 

CT Setup Time lcES 2 - - µs 

Data Valid from OE loE - - 150 ns 

Notes) *l. tnF defines the time at which the output achieves the open circuit condition and data is no longer driven. 
*2. topw is defined as mentioned in flow chart. 
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HN27128AG Series---------------------------------

• SWITCHING CHARACTERISTICS 

Test Condition 
Input Pulse Level: 0.45V to 2.4V 
Input Rise and Fall Time:~ 20ns 
Reference Level for Measuring Timing: 0.8V and 2.0V 

• ERASE 

Address 

Data 

Vpp 
Vpp 

Vee 

teES 

PGM-----...i 

Erasure of HN27128AG is performed by exposure to ultraviolet light of 2537A and all the output data are 
changed to "1" after this erasure procedure. The minimum integrated dose (i.e. UV intensity x exposure 
time) for erasure is 15 W.sec/cm2 • 

• DEVICE IDENTIFIER MODE 
The Identifier Mode allows the reading out of binary codes that identify manufacturer and type of device, 
from outputs of EPROM. By this Mode, the device will be automatically matched its own corresponding 
programming algorithm, using programming equipment. 

• HN27128AG SERIES IDENTIFIER CODE 

~ Ao o, o, o, o, o, o, o, o. Hex 

r (10) (19) (18) (17) (16) (15) (13) (12) (11) Data 

Manufacturer Code VfL 0 0 0 0 0 I I I 07 
Device Code VfH 0 0 0 0 I I 0 I OD 

Notes: I. A, = 12.0V ± 0.5V . 
2. A1 -' A1 , A10 .:_ A11 , 'CE, OE= VIL, PGM = V1H· 

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



----------------------------------HN27128AG Series 
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SUPPLY CURRENT VS. 
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HN27128AP Series 
16384-word x 8-bit One Time Electrically Programmable 
Read Only Memory 

The HN27128AP is a 16384-word by 8-bit one time electrically 
programmable ROM. Initially, all bits of the HN27128AP are in the 
"1" state (Output High). Data is introduced by selectively pro
gramming "O" into the desired bit locations. This device is packaged 
in a 28 pin, plastic dual-in-line package. Therefore, this device can 
not be re-written. 

• FEATURES 
• Single Power Supply ....... . 
• High Performance ......... . 

Programming 

+5V ±5% 
Program Voltage: +12.5V D.C. 
High Performance Programming 
Operations 

• Static .................. No Clocks Required 
• Inputs and Outputs TTL Compatible During Both Read and 

Program Modes 
• Access Time . . . . . . . . . . . . . 200/250ns (max.) 
• Absolute Max. Rating of ..... 14.0V Max. 

Vpp pin 
• Low Standby Current ....... 35mA Max. (stand-by) 
• Device Identifier Mode . . . . . . Manufacturer Code and Device 

Code 

• BLOCK DIAGRAM 

A5-A9 
All-A13 

POWERDOWN & 
PROGRAM LOGIC 

Y DECODER 

X DECODER 

OUTPUT 

BUFFERS 

Y GA Tl~G 

131072 bit 

MEMORY MATRIX 

@HITACHI 
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• PIN ARRANGEMENT 

(Top View) 
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-----------------------------~---HN27128AP Series 

• MODE SELECTION 

A9 Vpp Vee Outputs CE 
(20) 

OE 
(22) 

PGM 
(27) (24) (1) (28) (11 - 13, 15 - 19) 

Dout 

High Performance Program VIL X VIL X V pp V cc Din 
-- ---t--c----·--+------+------..------r-------

Program Verify VIL VIL VII-1 X Vpp Vee Dout 

Program Inhibit V1H X X X V pp V cc High Z 

Identifier VIL VIL V1H VH*2 Vee Vee Code 

Notes)*l. X ... Don't care 
*2. VH = 12.0V ±0.5V 

• ABSOLUTE MAXIMUM RATINGS 

Item 

Operating Temperature Range 

Storage Temperature Range 

Storage Temperature Range Under Bias 

All Input and Output Voltages*! 

Voltage on Pin 24 (A9)*1 

Vpp Voltage*! 

VccVoltage*I 

Note) *l. With respect to Vss 

• READ OPERATION 

Symbol 

To pr 

Tstg 

Tbias 

VIN• Vout 

VJD 

Vpp 

Vee 

Value Unit 

0 to +70 oc 
-55 to +125 oc 
-10 to +80 oc 
-0.6 to +7 v 

-0.6 to+ 13.5 v 
-0.6 to +14.0 v 

-0.6 to +7 v 

• DC AND OPERATING CHARACTERISTICS(Ta = 0 to +70°C, Vee= SV ±5%, Vpp =Vee) 

Parameter Symbol Test Conditions min. typ. max. 

Input Leakage Current [LI VIN= 5.25V - - 10 

Output Leakage Current [LO Vout = 5.25V/0.45V - - 10 

Vpp Current fppt Vpp=5.25V - - 5 

V cc Current (Standby) Icc1 CE= Vm - - 35 

V cc Current (Active) Icc2 CE=OE= Vn - 40 100 

Input Low voltage VIL -0.1 *l - 0.8 

Input High Voltage Vm 2.0 - Vcc+1•2 

Output Low Voltage VoL foL = 2.lmA - - 0.45 

Output High Voltage VoH loH= -400µA 2.4 - -

Notes) * 1. -0.6V for pulse width~ 20ns 

Unit 

µA 

µA 

mA 

mA 

mA 

v 
v 
v 
v 

*2. V cc+ l .5V for pulse width~ 20ns. If V1H is over the specified maximum value, read operation cannot be 
guaranteed. 
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HN27128APSeries---------------------------------

• AC CHARACTERISTICS (Ta= 0 to+ 70°C, Vee= 5V ± 5%, Vpp =Vee> 

HN27128AP-20 HN27128AP-25 
Parameter Symbol Test Condition 

min. max. min. max. 

Address to Output Delay tAcc CE=OE= V1L - 200 - 250 

CE to Output Delay tcE OE= V1L - 200 - 250 

OE-to Output Delay toE CE= V1L - 75 - 100 

OE High to Output Float tDF CE= VIL 0 55 0 60 

Address to Output Hold toH CE=OE= VIL 0 - 0 -

Note) tDF defines the time at which the Output achieves the open circuit condition and Data is no longer driven. 

• SWITCHING CHARACTERISTICS 

Test Condition 

Input Pulse Levels: 0.45V to 2.4V 

Input Rise and Fall Time:::;;: 20ns 

Outpu~ Load: 1 TTL Gate +100pF 

Reference Level for Measuring Timing: O.BV and 2.0V 

Address )I\_ 

Stand-by Mode I\ Active Mode 

tcE 

l toE 

•tAcc 

LZZZ ,-
\. ~ ::s:::.s: L 

Data Out 

• CAPACITANCE (Ta= 25°C,f = lMHz) 

Parameter Symbol Test Condition 

Input Capacitance C;n V1n =OV 

Output Capacitance Cout V0 ut = OV 

.HITACHI 

)( 

y Standby Mode 

y 
tDF 

toH 

Data Out Valid ~ ~ z rr 

min. typ. max. 

- 4 6 

- 8 12 
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---------------------------------HN27128AP Series 

• HIGH PERFORMANCE PROGRAMMING 
This device can be applied the High Performance Programming algorithm shown in following flowchart. This 
algorithm allows to obtain faster programming time without any voltage stress to the device nor deterioration 
in reliability of programmed data. 

START 

SET PROG./VERIFY MODE 
Vpp = 12.5 ±0.3V, V cc= 6.0±0.25V 

Address= 0 

NO 

Program tpw = lms±5% 

NOGO 
Address+ I ~ Address 

Program t OPW = 3n ms 

NO 

SET READ MODE 
V cc= 5.0V±0.25V, Vpp = V cc 

NOGO 

END FAIL 

High Performance Programming Flowchart 

@HITACHI 
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HN27128AP Series---------------------------------

• HIGH PERFORMANCE PROGRAMMING OPERATION 

• DC PROGRAMMING CHARACTERISTICS (Ta= 25°C ±5°C, Vee= 6V±0.25V, Vpp = 12.5V±0.3V) 

Parameter Symbol Test Condition min. typ. max. Unit 

Input Leakage Current Iu Vm = 5.25V - - IO µA 

Output Low Voltage During Verify VoL loL = 2.lmA - - 0.45 v 
Output High Voltage During Verify VoH loH= -400µA 2.4 - - v 
V cc Current (Active) lcc2 - - 100 mA 

Input Low Level Vn -0.1 *1 - 0.8 v 
Input High Level VIH 2.0 - V(X"I0.5 2 v 
V pp Supply Current lpP2 CE=PGM= V1L - - 50 mA 

Notes) *I. -0.6V for pulse width~ 20ns. 
*2. If V1H is over the specified maximum value, programming operation cannot be guaranteed. 

• AC PROGRAMMING CHARACTERISTICS(Ta. = 25°C±5°C, Vee= 6V±0.25V, Vpp = 125V±0.3V) 

Parameter Symbol Test Condition min. typ. max. Unit 

Address Setup Time tAS 2 - - µs 

OE Setup Time toES 2 - - µs 

Data Setup Time tvs 2 - - µs 

Address Hold Time tAH 0 - - µs 

Data Hold Time IDH 2 - - µs 

OE to Output Float Delay tvp*I 0 - 130 ns 

V pp Setup Time tvps 2 - - µs 

V cc Setup Time tvcs 2 - - µs 

PGM Pulse Width During Initial Programming tpw 0.95 1.0 1.05 ms 

PGM Pulse Width During Overprogramming topw*2 2.85 - 78.75 ms 

CE Setup Time tcES 2 - - µs 

Data Valid from OE toE - - 150 ns 

Notes: *1. tvp defines the time at which the output achieves the open circuit condition and data is no longer driven. 
*2. topw is defined as mentioned in flow chart. 
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--------------------------------HN27128APSeries 

• SWITCHING CHARACTERISTICS 

Test Condition 
Input Pulse Level: 0.45V to 2.4 V 
Input Rise and Fall Time:::::; 20ns 

Reference Level for Measuring Timing: 0.BV and 2.0V 

Address 

Data 

Vpp 
Vpp 

Vee 

Vee+ 1 
Vee 

Vee 

teES 

PGM------.1 

• DEVICE IDENTIFIER MODE 
The Identifier Mode allows the reading out of binary codes that identify manufacturer and type of device, 
from outputs of OTPROM. By this Mode, the device will be automatically matched its own corresponding 
programming algorithm, using programming equipment. 

• HN27128AP SERIES IDENTIFIER CODE 

~ 
Ao o, o. o, 

I (10) (19) (18) (17) 

Manufacturer Code VJL 0 0 0 

Device Code VJH 0 0 0 
Notes: I. A9 = 12.0V ± 0.5V. _ _ __ 

2. A 1 ---'- A8 , A 10 '- A 11 , CE, OE= VIL• PGM = V1H· 

• RECOMMENDED SCREENING CONDITIONS 
Before mounting, please make the screening (baking 
without bias) shown in the right. 

o. 
(16) 

0 

0 

@HITACHI 

o, 
(15) 

0 

I 

o, o, 
(13) (12) 

I 1 
I 0 

Program and 
Verify 

by Programmer 

Baking at 
125 to I S0°C 

for 24 to 48 hrs 

Ensuring 
Read-out 

Mounting 

Recommended 
Screening conditions 
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I OD 
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HN27128AP Series----------------------------------
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SUPPLY CURRENT vs. SUPPLY VOLTAGE 

Ta=25°C 

50 

40 
---!-
lcc2 
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20 
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Supply Voltage Vee (V) 

ADDRESS ACCESS TIME vs. 
SUPPLY VOLTAGE 

.Ta=25°C 
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200 
....... 
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~ 
100 

50 

Supply Volt.age V cc (V) 

SUPPLY CURRENT vs. AMBIENT TEMPERATURE 

50 

40 
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200 

] 
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J 
100 

j 
< 

50 
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Vcc=5V 

-+--

25 70 

Ambient Temperature Ta ("C} 

ADDRESS ACCESS TIME vs. 
AMBIENT TEMPERATURE 

i---l--

25 70 

Ambient Temperature Ta ("C) 

Vcc=SV 

-
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HN27256G Series 
32768-word x 8-bit UV Erasable and Programmable ROM 

•FEATURES 
• Single Power Supply . . . . . . . . . . +5V ± 5% 
• High Performance Programming Program Voltage: +12.5V 

D.C. 
• Static .................... No Clocks Required 
• Inputs and Outputs TTL Compatible During Both Read and 

Program Modes 
• Access Time ............... HN27256G-25:250ns(max.) 

HN27256G-30: 300ns(max.) 
• Absolute Max. Rating of Vpp pin .. 14.0V 
• Low Stand-by Current ......... 40mA max. (stand-by) 
• Device Identifier Mode . _ .. _ . Manufacturer Code and Device 

Code 

• BLOCK DIAGRAM 

A5-A9 ( 
All-A14 ) 

ff 
OE l>-i::><rt---~._., 

• MODE SELECTION 

=----------:: Mo 

Read 

Output Disable 

Standby 

High Performance Program 

Program Verify 

Optional Verify 

Program Inhibit 

Identifier 

Notes) *1. X: Don't care. 
*2. Vff 12.0V ± 0.5V. 

512X5\2 
Memory Mamx 

Y-Decoder 

: H1ich Thn•shnlrl 
Inverter 

CE OE 
(20) (22) 

VIL VIL 
VIL V1H 
V1H x 
VIL V1H 
VJH VIL 

VIL VIL 
VJH V1H 
VIL VIL 

A9 
(24) 

x 
x 
x 
x 
x 
x 
x 

yH•2 
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Vpp 
(1) 

Vee 

Vee 
Vee 
Vpp 
Vpp 

Vpp 

Vpp 

Vee 

(DG-28) 

•PIN ARRANGEMENT 

1 Top ViewJ 

--

Vee Outputs 
(28) (11-13, 15 -19) 

Vee Dout 

Vee High z 
Vee High Z 

Vee Din 

Vee Dout 

Vee Dout 

Vee High z 
Vee Code 
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HN27256G Series----------------------------------~ 

•ABSOLUTE MAXIMUM RATING 
Item Symbol Value 

Operating Temperature Range Topr 0 to +70 

Storage Temperature Range Tstg - 65 to +125 

Storage Temperature Range Under Bias Tbias - 10 to +80 

All Input and Output Voltages*1 VIN• Vout -0.6 to +7 

A9 Input Voltage"l VJD -0.6 to +13.5 

Vpp Voltage*1 Vpp -0.6 to +14.0 

V cc Voltage *I Vee -0.6 to +7 

Note) *1. with respect to Vss-

•READ OPERATION 
• DC AND OPERATING CHARACTERISTICS (Ta= 0 to +70°C, Vee= SY ±5%, Vpp = V ec) 

Parameter Symbol Test Conditions min. typ. max. 

Input Leakage Current lu VIN= 5.25V - - 10 

Output Leakage Current !Lo Vout = 5.25V /0.45V - - 10 

Vpp Current lpp1 Vpp=S.5 V - - 5 

V cc Current (Standby) Icc1 CE = Vm - - 40 

V cc Current (Active) lcc2 CE =OE= Vn - 45 100 

Input Low Voltage Vn -0.1 *1 - 0.8 

Input High Voltage Vm 2.0 - Vee+ 1*2 

Output Low Voltage VoL loL = 2.1 mA - -
-

Output High Voltage VoH loH = -400µA 2.4 -

*: VIL min.= -0.6V for pulse width~ 20ns. 
**: V/H max. = V CC+ I .SY for pulse width ~ 20ns. If VJH is over the specified maximum value, 

read operation cannot be guaranteed. 

• AC CHARACTERISTICS (Ta=0-70°C, Vcc=SV ±5%, Vpp =Vee) 

0.45 

-

HN27256G-25 HN27256G-30 
Parameter Symbol Test Condition 

;nin. max. min. max. 

Address to Output_Delay tAcc CE =OE= Vn - 250 - 300 

CE to Output Delay tcE OE= Vn - 250 - 300 

OE to Output Delay taE CE= Vn - 100 - 120 

OE High to Output Float tvF CE= Vn 0 60 0 105 

Address to Output Hold taH CE =OE= Vn 0 - 0 -

Note: tvF defines the time at which the Output achieves the open circuit condition and Data is no longer driven. 

•SWITCHING CHARACTERISTICS 
TEST CONDITION 

Input pulse levels: 
Input rise and fall time: 
Output load: 

0.45V to 2.4V 
S20ns 
1 TTL Gate +100pF 

Reference level for measuring timing: O.SV and 2V 

@HITACHI 
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oc 
oc 
v 
v 
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Unit 

µA 

µA 

mA 

mA 
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ns 

ns 

ns 

ns 

ns 



----------------------------------HN27256G Series 

Addrf!'ss 

S1and by Mvdf 

Da 0111 Ou1 

•CAPACITANCE (Ta=25°C,f=IMHz) 

Parameter Symbol Test Condition Min. Typ. Max. Unit. 
-

Input Capacitance C;n Vin= 0 V - 4 6 pf 

Output Capacitance Cout Vout = 0 V - 8 12 pf 

•HIGH PERFORMANCE PROGRAMMING 
This device can be applied the High Performance Programming algorithm shown in following flowchart. This 
algorithm allows to obtain faster programming time without any voltage stress to the device nor deterioration in 
reliability of programmed data. 

\: :!·,.,,~ 1-_-\d.Jrt><< 

ST.\HT 

·-ET !'~(ll;_ \TRIFY \\O!lF 
\'1'1·=1~.:·~11.:1\" 111 :::1;_11~115\ 

:\11.Jn':-.:-.=:(I 

11=0 

n+l-n 

Pro).{ram /1111 == lm.-;±5°0 

\{) 

\!\(;() 
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HN27256GSeries1---------------------------------

•HIGH PERFORMANCE PROGRAMMING OPERATION 
• DC PROGRAMMING CHARACTERISTICS (Ta=25°C±5°C, Vcc=6V±0.25V, Vpp=l2.5V±0.3V) 

Parameter Symbol Test Condition min. typ. max. Unit 

Input Leakage Current hr VIN=5.25 V - - 10 µA 

Output Low Voltage During Verify VoL lbL = 2.1 mA - 0.45 v 
Output High Voltage During Verify VoH loH = -400 µ.A 2.4 - - v 
Vee Current (Active) lcc2 - - JOO mA 

Input Low Level VrL -0.1 •1 - 0.8 v 
Input High Level VIH 2.0 - Vcc+0.5*2 v 
Vpp Supply Current /ppz CE= VIL - - 50 mA 

Notes) *l. -0.6V for pulse width~ 20ns. 
*2. If V1H is over the specified maximum value, programming operation cannot be guaranteed. 

• AC PROGRAMMING CHARACTERISTICS (Ta=25°C±5°C, V cc=6V±0.25V, V pp= 12.5V±0.3V) 

Parameter Symbol Test Condition min. typ. max. Unit 

Address Setup Time tAS 2 - - µ.s 

OE Setup Time to Es 2 - - µ.s 

Data Setup Time tvs 2 - - µs 

Address Hold Time IAH 0 - - µs 

Data Hold Time tvH 2 - - µs 

OE to Output Float Delay tvp*l 0 - 130 ns 

Vpp Setup Time tvps 2 - - µ.s 

Vee Setup Time tvcs 2 - - µs 

OE Pulse Width During Initial Programming tpw 0.95 1.0 1.05 ms 

CE Pulse Width During Overprogramming topw*l 2.85 - 78.75 ms 

Data Valid from OE toE - - 150 ns 

Note) *l. topw is defmed as mentioned in flow chart. tnp defines the time at which the output achieves the open circuit 
condition and data is no longer driven. 

•SWITCHING CHARACTERISTICS 
Test Condition 
Input pulse level: 0.45 to 2.4V 
Input rise and fall time:~ 20ns Data 

Reference level for measuring time: O.SV and 2V 

•ERASE 

rn 
CE----.1 

Erasure of HN27256G is performed by exposure to ultraviolet light of 2537 A and all the output data are 
changed to "1" after this erasure procedure. The minimum integrated dose (i.e. UV intensity x exposure time) 

for erasure is 15W. sec/cm2 • 
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---------------------------------HN27256G Series 

• DEVICE IDENTIFIER MODE 
The Identifier Mode allows the reading out of binary codes that identify ManufactlJrer and type of device, 
from outputs of EPROM. By this Mode, the device will be automatically matched its own corresponding 

programming algorithm, using programming equipment. 

• HN27256G SERIES IDENTIFIER CODE 

~ 
Ao o, o, o, 

I (IO) (19) (18) (17) 

Manufacturer Code VJL 0 0 0 

Device Code VJH 0 0 0 

Notes: 1. A, = 12.0V ± 0.5V. 
2. A1 - A8 , A10 - A14 , 'CE, OE= VJL. 

SUPPLY CURRENT VS. SUPPLY VOLTAGE 

100 

60 

<( 

_§ 

"' 
60 

j 
40 

Jen 

1i: 
Ji 

o. 
(16) 

0 

1 

o, o, o, o. 
(15) (13) (12) (11)• 

0 1 1 1 

0 0 0 0 

SUPPLY CURRENT VS. 
AMBIENT TEMPERATURE 

Vcc=5V 

&Jl---+--+-+---+--+-1--+--+-+---+--I 

Hex 

Data 

07 

10 

20 201---+--+-+---+--+-l--+--+-l---+--I 

frn /cCt 

20 40 60 

Supply Voltage \<'cc ( V l Ambient Temperature Ta ( ")'.) 

ADDRESS ACCESS TIME 
ADDRESS ACCESS TIME VS. SUPPLY VOLTAGE VS. AMBIENT TEMPERATURE 

250 

) 

150 

100 

50 

) I 

' 

fo=2~t: Vcc=5V 

~ t"-... 

2001----+---+---+---+----4>---< 

~ l~l---+---+---+---t---lr--1 
-

J 
j 100 

501---+---+---+---t---lr--l 

'° 60 RO 

Supply Vnlta~ Vee l V) Ambient Temperature Tri (t: l 
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HN27256P Series-------
32768-word x 8-bit One Time Electrically Programmable ROM 

The HN27256P is a 32768-word by 8-bit one time electrically pro
grammable ROM. Initially, all bits of the HN27256P are in the "1" 
state (Output High). Data is introduced by selectively programming 
"O" into the desired bit locations. This device is packaged in a 
28-pin, dual-in-line plastic package, therefore, this device can not be 
rewritten. 

•FEATURES 
• Single Power Supply . . . . . . . . . . +5V ± 5% 
• High Performance Programming . . Program Voltage: +12.5V 

D.C. 
• Static . . . . . . . . . . . . . . . . . . . . No Clocks Required 
• Inputs and Outputs TTL Compatible During Both Read and 

Program Modes 
• Access Time . . . . . . . . . . . . . . . 250/300ns (max.) 
• Absolute Max. Rating of Vpp pin .. 14.0V 
• Low Standby Current ......... 40mA max. (stand-by) 

• Device Identifier Mode . . . . . . Manufacturer Code and Device 
Code 

• ORDERING ·INFORMATION 

Type No. 

HN27256P-25 

HN27256P-30 

• BLOCK DIAGRAM 

A5-A9 ( 
All-A14 ) 

a 
0E o-t:»-1---+-1.-/ 

v,.,. 

Access Time 

250ns 

300ns 

512X512 
Memory Matrix 

Package 

600 mil Plastic DIP 

(B>o : High Thmholrl 
.Inverter 

@HITACHI 

(DP-28) 

•PIN ARRANGEMENT 

I Top ViewJ 
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---------------------------------HN27256P Series 

• MODE SELECTION 

CE OE A9 Vpp Vee Outputs =---------:: Mod (20) (22) (24) (1) (28) (11-13, 15-;- 19) 

Read V1L VIL x Vee Vee Dout 

Output Disable VIL V1H x Vee Vee High Z 

Standby Vm x x Vee Vee High Z 

High Performance Program VIL Vm x Vpp Vee Din 

Program Verify V1H VIL x Vpp Vee Dout 

Optional Verify VIL V1L x Vpp Vee Dout 

Program Inhibit V1H V1H x Vpp Vee High Z 

Identifier VIL V1L VH•2 Vee Vee Code 

Note) •i. X: Don't care. 
*2. VH: 12.0V ± 0.5V. 

•ABSOLUTE MAXIMUM RATINGS 
Item Symbol Value Unit 

Operating Temperature Range Topr 0 to +70 oc 
Storage Temperature Range Tstg -55 to +125 oc 
Storage Temperature Range Under Bias Tbias - 10 to +80 oc 
All Input and Output Voltage *1 VIN• Vout -0.6 to +7 v 
A9 Input Voltage01 VJD -0.6 to +13.5 _i v 
Vpp Voltage01 Vpp -0.6 to +14.0 v 
V cc Voltage"l Vee -0.6 to +7 v 

Note) * l. With respect to V ss. 

•READ OPERATION 
• DC AND OPERATING CHARACTERISTICS (Ta =Oto +70°C, Vee= 5V±5%, Vpp= Vee) 

Parameter Symbol Test Conditions min. typ. max. Unit 

Input Leakage Current /LI VIN= 5.25V - - 10 µA 

Output Leakage Current ho V0 ut = 5.25V/0.45V - - 10 µA 

VppCurrent lpp1 Vpp=5.5V - - 5 mA 

V cc Current (Standby) Icc1 CE = Vm - - 40 mA 

V cc Current (Active) lcc2 CE =OE= VIL - 45 100 mA 

Input Low Voltage Vn -0.1 •1 - 0.8 v 
Input High Voltage Vm 2.0 - Vcc+1•2 v 
Output Low Voltage VoL IoL = 2.1 mA - - 0.45 v 
Output High Voltage VoH loH = -400µ.A 2.4 - - v 

Notes) * 1. VIL min. = -0.6V for pulse width less than 20ns. 
*2. Vin max.= V cc+ l.5V for pulse width less than 20ns. If V IH is over the specified maximum value, read operation 

cannot be guaranteed. 

• AC CHARACTERISTICS (Ta= 0 to +70°C, Vee= SV ±5%, Vpp =Vee) 

HN27256P-25 HN27256P-30 
Parameter Symbol Test Condition 

min. 
Unit 

min. max. max. 

Address to Output Delay tAcc CE =OE= Vn - 250 - 300 ns 

CE to Output Delay lcE OE= Vn - 250 - 300 ns 

OE to Output Delay loE CE= Vn - 100 - 120 ns 

OE High to Output Float tnF01 CE= Vn 0 60 0 105 ns 

Address to Output Hold toH CE=OE=Vn 0 - 0 - ns 

Note) *l. tnF def"mes the time at which the Output achieves the open circuit condition and Data is no longer driven. 
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HN27256P Series---------------------------------

•SWITCHING CHARACTERISTICS 
TEST CONDITION 

Input pulse levels: 0.45V to 2.4V 
Input rise and fall time: '.S.20ns 
Output load: 1 TTL Gate +100pF 
Reference level for measuring timing: O.BV and 2V 

Address 

Stand by Mode 

Dua Out 

•CAPACITANCE (Ta=25°C,f=IMHz) 

Parameter Symbol Test Condition 

Input Capacitance C;n Vin= 0 V 

Output Capacitance Cout Vout = 0 V 

•HIGH PERFORMANCE PROGRAMMING 
This. device can be applied the High Performance 
Programming algorithm shown in following flowchart. 
This algorithm allows to obtain faster programming 
time without any voltage stress to the device nor 
deterioration in reliability of programmed data. 

@HITACHI 

Min. Typ. Max. 

- 4 6 

- 8 12 
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•HIGH PERFORMANCE PROGRAMMING OPERATION 
• DC PROGRAMMING CHARACTERISTICS (Ta=25°C±5°C, Vcc=6V±0.25V, Vpp=12.SV±0.3V) 

Parameter Symbol Test Condition min. typ. max. Unit 

Input Leakage Current Iu VIN= 5.25 V - - JO µA 

Output Low Voltage During Verify VoL IoL = 2.1 mA - - 0.45 v 
Output High Voltage During Verify VoH loH = -400µA 2.4 - - v 
Vee Current (Active) lcC2 - - JOO mA 

Input Low Level Vn -0.1°1 - 0.8 v 
-· 

Input High Level VIH 2.0 - Vcc+0.5°2 v 
Vi'P Supply Current IPP2 CE= Vn - - 50 mA 

Notes) * 1. -0.6V for pulse width ~ 20ns. 
*2. If V1H is over the specified maximum value, programming operation cannot be guaranteed. 

• AC PROGRAMMING CHARACTERISTICS (Ta=25°C±5°C, Vcc=6V±0.25V, Vpp=12.SV±0.3V) 

Parameter Symbol Test Condition min. typ. max. Unit 

Address Setup Time tAs 2 - - JJS 

OE Setup Time to Es 2 - - JJS 

Data Setup Time tvs 2 - - jJS 

Address Hold Time tAH 0 - - jJS 

Data Hold Time tDH 2 - - jJS 

OE to Output Float Delay tnp*I 0 - 130 ns 
Vpp Setup Time tvps 2 - - jJS 

Vee Setup Time tvcs 2 - - JJS 

OE Pulse Width During Initial Programming tpw 0.95 1.0 1.05 ms 

CE Pulse Width During Overprogramming topw•2 2.85 - 78.75 ms 
Data Valid from OE toE - - 150 ns 

Notes) * 1. tnp defines the time at which the output achieves the open circuit condition and data is no longer driven. 
*2. topw is defined as mentioned in flow chart. 

•SWITCHING CHARACTERISTICS 
TEST CONDITION 
Input pulse level: 0.45V to 2.4V 
Input rise and fall time:~ 20ns 
Reference level for measuring time: O.BV and 2V 

• DEVICE IDENTIFIER MODE 

Pro1tram 

"'" 

Program 
Verify 

The Identifier Mode allows the reading out of binary codes that identify Manufacturer and type of device 
from outputs of OTPROM. By this Mode, the device will be automatically matched its own corresponding 
programming algorithm, using programming equipment. 

• HN27256P SERIES IDENTIFIER CODE 

~--:: Ao o, o, o, o. o, o. o, o. Hex 

I (10) (19) (18) (l 7) (16) (15) (13) (12) (11) Data 

Manufacturer Code VJL 0 0 0 0 0 1 1 l 07 

Device Code VJH 0 0 0 I 0 0 0 0 10 

Notes: 1. A9 = 12.0V ± 0.5V. 
A, - A1 , A10 .:.. A14 , 'CE, OE= VJL. 
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HN27256P Series---------------------------------

• RECOMMENDED SCREENING CONDITIONS 
Before mounting, please make the screening (baking 
without bias) shown in the right. 

.HITACHI 

Program and 
Verify 

by Programmer 

Baking at 
125tol50°C 

for 24 to 48 hrs 

Ensuring 
Read-out 

Mounting 

Recommended 
Screening conditions 
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HN27C256G Series 
32768-word x 8-bit CMOS UV Erasable and Programmable ROM 

•FEATURES 
• Low Power Dissipation . . . . . . . . 40mW/MHz max. (Active Mode) 

110µW max. (Stand-by Mode) 
• Access Time . . . . . . . . . . . . . . . 170/200/250/JOOns (max.) 
• Single Power Supply . . . . . . . . . . 5V ± 5% 
• High Performance Programming .. Program Voltage: +12.5V DC 
• Static . . . . . . . . . . . . . . . . . . . . No Clocks Required 
• Inputs and Outputs TTL Compatible During Both Read and Program 

Modes 
• Absolute Max. Rating of Vpp pin ... 14.0V (DG-28) 

• Device Identifier Mode . . . . . . . . • . Manufacturer Code and 
Device Code 

•PIN ARRANGEMENT 

• Compatible with INTEL 27256 

• BLOCK DIAGRAM 

512 x 512 M~ ~ MEMORY MATRIX 
A12-Al4 

ITT: 

......... 
CE 

1/00 
Y·GATING 

CE 
iiE CH:>l--....-iL.1 

• MODE SELECTION 

CE OE A9 Vpp Vee Outputs =-------:: Mo (20) (22) (24) (1) (28) (11 - 13, 15 - 19) 

Read V1L V1L x Vee Vee Dout 

Output Disable V1L VJH x Vee Vee HighZ 

Standby V1n x x Vee Vee HighZ 

High Performance Program V1L VJH x Vpp Vee Din 

Program Verify VJH Vn x Vpp Vee Dout 

Optional Verify Vn Vn x Vpp Vee Dout 

Program Inhibit VJH V1n x Vpp Vee HighZ 

Identifier V1L Vn VH*2 Vee Vee Code 

Notes) *1. X: Don't care. 
*2. Vn: 12.0V ± 0.5V. 
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• ABSOLUTE MAXIMUM RATINGS 
Item Symbol Value Unit 

Operating Temperature Range T <!J!! 0 to +70 •c 
Storage Temperature Range Tstg -65 to +12S •c 
Storage Temperature Range Under Bias Tbias -10 to +80 •c 
All Input and Output Voltage"! VfN, Vour -0.6"2 to +1 v 
Voltage on Pin 24 (A9)"1 V/D -0.6"1 to +13.S v 
Vpp Voltage"1 Vpp -0.6 to +14 v 
Vee Voltage"1 Vee -0.6 to +7 v 

Notes: * 1. With respect to V SS· 
*2. -1.0V for pulse width~ SOns. 

• READ OPERATION 
• DC AND OPERATING CHARACTERISTICS (Ta= 0 to +70°C, Vee= 5V ±5%, Vpp =Vee) 

Parameter Symbol Test Condition min typ max Unit 

Input Leakage Current Iu V;n = S.25V - - 2 µA 

Output Leakage Current lLO Vout = 5.25V /0.45V - - 2 µA 

Vpp Current lppj Vpp= S.5V - 1 20 µA 

lSBl CE= VfH - - 1 mA 
Vee Current (Standby) 

lSB2 CE= Vee± 0.3V 1 20 µA -

lee1 CE= V[L, lout= 0 mA - - 30 mA 

Vee Current (Active) Icc2 f= 5 MHz, lout= 0 mA - - 30 mA 

Ice3 f= 1 MHz, lout= 0 mA - - 8 mA 
-

-0.3•1 VJL - 0.8 v 
Input Voltage 

V1n Vcc+l.092 2.2 - v 
Vol IoL = 2.1 mA - - 0.45 v 

Output Voltage VoHJ Ion= -400µA 2.4 - - v 
Von2 lon=-lOOµA Vec-0.1 - - v 

Notes) * 1. -1.0V for pulse width ~ SOns. 
*2. Vee+ 1.SV for pulse width~ 20ns. If Vm is over the specified maximum value, read operation cannot be 

guaranteed. ' 

• AC CHARACTERISTICS (Ta = 0 to +70°C, V cc= 5V ±5%, Vpp = V cc) 

HN27C2S6G-l 7 HN27C2S6G-20 HN27C2S6G-25 ~N27C256G-30 
Parameter Symbol Test Condition Unit 

min. max. min. max. min. max. min. max. 

Address to Output 
tAee CE=OE=V1L Delay - 170 - 200 - 250 - 300 ns 

CE to Output Delay teE OE•V[L - 170 - 200 - 250 - 300 ns 

OE to Output Delay toE CE=V/L 10 60 10 70 10 100 10 120 ns 

OE High to Output 
tnF CE•VJL 0 50 0 50 0 60 0 105 ns 

Float 

Address to Output 
ton CE=OE=V1L Hold 0 - 0 - 0 - 0 - ns 

Note: tnF defines the time at which the Output achieves the open circuit condition and Data ts no longer driven. 
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---------------------------------HN27C256G Series 

• SWITCHING CHARACTERISTICS 
TEST CONDITION 

Input pulse levels: 
Input rise and fall time: 

0.45V to 2.4V 
S20ns 

Output load: 1 TTL Gate +100pF 
Reference level for measuring timing: 0.8V and 2.0V 

Address 

Data Out 

•CAPACITANCE (Ta=25°C,f=JMHz) 

Parameter Symbol Test Condition 

Input Capacitance Cin Vin= OV 

Output Capacitance Cout Vout = 0 V 

• HIGH PERFORMANCE PROGRAMMING 
This device can be applied the High Performance 
Programming algorithm shown in following flowchart. 
This algorithm allows to obtain faster programming 
time without any voltage stress to the device nor 
deterioration in reliability of programmed data. 

:\ddress+l-.l,ddrtSs 

@HITACHI 

Min. Typ. 

-

-

4 

8 

START 

SET PRIX:. \"ERIF\" MOOE 
r,,·=l~.~tn.1\· li-r=6.o±n.~~\· 

)/() 

SET RE.\O \lilDE 
l"rr=ill±ll.~~\' l'r1•= rrc 

Max. 

6 

12 

)II)[;() 

Unit. 

pF 

pF 

F.-111. 

High Performance Programming Flowchart 
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•HIGH PERFORMANCE PROGRAMMING OPERATION 
• DC PROGRAMMING CHARACTERISTICS (Ta=25°C±5°C. v cc=6V±0.25V' Vpp =I 2.SV±0.3V) 

Parameter Symbol Test Condition min. typ. max. 

Input Leakage Current lu VJN= 6.2SV/0.4SV - - 2 

Output Low Voltage During Verify VoL loL = 2.1 mA - - 0.4S 

Output High Voltage During Verify VoH loH = -400µA 2.4 - -

Vee Current (Active) lcc2 - - 30 

Input Low Level V1L -0.1 •s - 0.8 

Input High Level V1H 2.2 - Vcc+O.s•6 

Vpp Supply Current /pp2 CE= VIL - - 40 

Notes) *1. Vee must be applied before Vpp and removed after Vpp. 
*2. Vpp must not exceed 14V including overshoot. 
*3. An influence may be had upon device reliability if the device is installed or removed while Vpp = 12.SV. 
*4. DCI not alter Vpp either V[L to 12.SV or 12.SV to V[L when CE =Low. 
*S. -0.6V for pulse width~ 20ns. 
*6. If V1H is over the specified maximum value, programming operation cannot be guaranteed . 

• AC PROGRAMMING CHARACTERISTICS(Ta=25°C±5°C, Vcc=6V±0.25V,Vpp=l2.SV±0.3V) 

Parameter Symbol Test Condition min. typ. max. 

Address Setup Time I As 2 - -

OE Setup Time to Es 2 - -

Data Setup Time tos 2 - -
Address Hold Time IAH 0 - -
Data Hold Time IDH 2 - -.. 
OE to Output Float Delay IDF 0 - 130 

Vpp Setup Time tvps 2 - -
Vee Setup Time tvcs 2 - -
CE Pulse Width During lnitial Programming tpw 0.9S 1.0 I.OS 

CE Pulse Width During Overprogramming topw _i 2.8S - 18.1S 

Data Valid from OE toE 0 - ISO 

Notes: topwts defined as mentioned in flow chart. 
IDF defines the time at which the output achieves the open circuit condition and data Is no tonger driven. 

• SWITCHING CHARACTERISTICS 
Test Condition 
Input pulse level: 0.45V to 2.4V 
Input rise and fall time: ;;i; 20ns 
Reference level for measuring 
time: O.SV and 2V 

•ERASE 

Unit 

µA 

v 
v 

mA 

v 
v 

mA 

Unit 

µs 

µs 

µs 

µs 

µs 

ns 

µs 

µs 

ms 

ms 

ns 

Erasure of HN27C256G is performed by exposure to ultraviolet light of 2537 A and all the output data are 
changed to "1" after this erasure procedure. The minimum integrated dose (i.e. UV intensity x e.xposure time) 
for erasure is 15W. sec/cm2 
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----------------------------~----HN27C256G Series 

• HN27C256G IDENTIFIER CODES 

~ 
Ao o, o, 

r (10) (19) (18) 

Manufacturer Code VJL 0 0 

Device Code VJH 1 0 

Notes: 1. A, = 12.0V ± 0.5V. 
2. A, -A0 ,A10 -A,4 ,CE,OE=VIL. 

SUPPLY CURRENT VS. SUPPLY VOLTAGE 

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

fo = 25'c 
U V .• = Vcc!Vss--+---+----1 

/=5MH~ 

0.6·.,.,--~-~,....--~----! 

Supply Voltage fee (V) 

SUPPLY CURRENT VS. FREQUENCY 

IOr---r-------,,---,.----.----, 
Vcc=5V 
Ta=25t 

5t---+-~·-=-~='1,·~='--+---+---+----i 

L ..,..r 
1.01---+----ll-""::;;ll'~-t---+--I 

.__1.--1_ !--"'"" 
~ 

0.5 t---+---;f---t---1----+--t 

021---+---;--1---1----+--t 

0· 1 0~.1,....--0=".,--~o.""°s --:,_':-o-~--~~'° 
Frequency f (MHz) 

o, 
(17) 

0 

1 

o. o, o, o, o. Hex 
(16) (15) (13) (12) (11) Data 

0 0 1 1 1 07 

1 0 0 0 0 BO 

SUPPLY CURRENT VS. AMBIENT TEMPERATURE 

6r----.-----..---,.....---.., 
Vcc=S.OV 
V •• =Vcc/Vss 
f=SMHz 

11-----+----+---1----~ 

2+----+----+---+---~ 

! ~ i 0.8+----+----+---+---~ 

or--_ 

Jl 

0.6·t----+-----+---+----I 

o.i.,.....--~,o..._ __ _.,0 ___ 60...,._ __ ...._&i 

Ambient Temperature Ta (t) 

ACCESS TIME VS. LOAD CAPACITANCE 

8 

/ 
0.8 

0.6 
100 200 

v / 

JOO 

Load Capacitance CL (pF) 

v 
Ta=25t 
Vcc=MIN 

400 500 
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HN27C256G Series,-------------------------------

ACCESS TIME VS. SUPPLY VOLTAGE 

1..1..----.-----..---..---..... 
Ta=25'C 

. 
~ 

~ 1.0 

~ 
;:: 

~ 0.9 

< 

o.•t----+---~---+----1 

0·1.i'-.<,----" •. s---..... ,.0---, ... ,,----'6.0 

Supply Vohaite Vee IV) 

ACCESS TIME VS. AMBIENT TEMPERATURE 

l 
§ 

7. 

~ 

~ 
~ 
j 

0. 

.3r-----.-----..---.----... 
Vcc=S.OV 

.21----+---~--+-V-----i 

1~~---if--~~~_,~-+~~-1 

o~ 

0.81-----+-------+---..... 

0·7 !:"o --~20~--~40,.---60""'°"--~80. 

Ambient Temperature Tri ( 'C) 

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

1.4 

1.2 

J 1.0 

.e 0.8 

J 
1 

0.6 

0.4 

0.2 
I 

Ta=25'C 
Vcc=SV 

~ 
~ 
~ 
~ 
~ 

Output Volta,e VOH {V) 

STANDBY CURRENT 
VS. AMBIENT TEMPERATURE 

so 

20 

1 10 

l 
~ 
li 2 

a i l.O 

0.5 

0.2 

I""" 

0 

Vcc=SV 
CE=SV 
Dark Condition 

.L v L v 
L 

L 
20 40 60 80 

Ambient Temperature Ta ( t ) 

L6 

11 
L 

lZ 
L Ta.=25t 

Vcc=5V 

z v 

1.4 

] 1.2 

l 
-2 1.0 

! 
u 0.8 

l 
0.6 

o. 4 
0.2 0.4 0.6 0.8 

Output Voltage VrlL (V) 

STANDBY CURRENT VS. SUPPLY VOLTAGE 

] 

l 
• .,, 
~ 
a 
.@ 

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

1.4 

1.2 

Ta=25't 
CE= Vee 
Dark Condition 

Supply Voltage Vee (V) 
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HN27C256FP Series 
32768-word x 8-bit CMOS One Time Electrically Programmable ROM 

The HN27C256FP is a 32768-word by 8-bit one time electrically 
programmable ROM. Initially, all bits of the HN27C256FP are in the" 1" 
State (Output High). Data is introduced by selectively programming "O" 
into the desired bit locations. This device is packaged in a 28 pin, plastic 
fiat package (SOP). Therefore, this device cannot be re-written. 

• FEATURES 

• Low Power Dissipation ......... 40 mW/MHz max. (Active Mode) 
110 p,W max (Standby Mode) 

• Access Time ............... 250 ns max. (HN27C256FP-25T) 
300 ns max. (HN27C256FP-30T) 

• Single Power Supply .......... 5V ± 5% 

• High Performance Programming .. Program Voltage: + 12.5V DC 

• Static .................... No Clock Required 

• Inputs and Outputs TTL Compatible During Both Read and Program 
Modes 

• Absolute Max. Rating of Vpp pin .. 14.0V 

• Device Identifier Mode ......... Manufacturer Code and Device 
Code 

• BLOCK DIAGRAM 

A4-A9 
Al2-Al4 

fE 

0£ o-Do.+--~r-L-" 

\'pp 

512 x 512 

MEMORY MATRIX 

Y GATING 

lllGH THRESHOLD 
INV EH.Tl::!{ 

@HITACHI 

(FP-28DA) 

•PIN ARRANGEMENT 

{Top View) 
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HN27C256FP Series--------------------------------

• MODE SELEGTION 

~ M 

Read 

Output Disable 

Standby 

High Performance Program 

Program Verify 

Optional Verify 

Program Inhibit 

Identifier 

Notes) *1. X: Don't care. 
*2. Vy: 12;0 ± O.SV. 

CE OE 
(20) (22) 

VJL V[L 

VIL VJH 
VJH x 
VJL VJH 

VJH VJL 

VJL VJL 

VJH VJH 
VJL VJL 

• ABSOLUTE MAXIMUM RATINGS 

Item 

Operating Temperature Range 

Storage Temperature Range 

Storage Temperature Range Under Bias 

All Input and Output Voltage 01 

Voltage on Pin 24 (A9}°1 
' 

Vpp Voltage*l 

Vee Voltage01 

Notes) *1. With respect to Vss· 
*2. -1.0V for pulse width~ 50ns. 

• READ OPERATION 

A9 Vpp Vee Outputs 
(24) (!) (28) (11 - 13, 15 - 19) 

x Vee Vee Dout 

x Vee Vee High z 
x Vee Vee High Z 

x Vpp Vee Din 

x Vpp Vee Dout 

x Vpp Vee Dout 

x Vpp Vee High z 
Vy'2 Vee Vee Code 

Symbol Value Unit 

Topr 0 to +70 •c 
Tstg -55 to +125 •c 
Tbias -10 to +80 oc 

VJN, VouT -0.6*2 to +7 v 
VJD -0.6°2 to +13.5 v 
Vpp -0.6 to +14 v 
Vee -0.6 to +7 v 

• DC AND OPERATING CHARACTERISTICS (Ta= o- +70°C, Vee= sv ± 5%, Vpp =Vee) 

Parameter Symbol Test Condition min typ max Unit 

Input Leakage Current Iu Vin= 5.25V - - 2 µA 

Output Leakage Current ho Vout = 5.25V/0.45V - - 2 µA 

Vpp Current /pp] Vpp= 5.5V - 1 20 µA 

lsBl CE= VJH - - I mA 
Vee Current (Standby) 

lsB2 CE= Vee± 0.3V 1 20 µA -

Icc1 CE= VJL, lout= 0 mA - - 30 mA 

V CC Current (Active) Icc2 f= 5 MHz,10 ut = 0 mA - - 30 mA 

Icc3 f= 1 MHz,/0 ut = 0 mA - - 8 mA 

VJL -0.3•1 - 0.8 v 
Input Voltage 

VJH 2.2 Vcc+l.0*2 v -

VoL IoL = 2.1 mA - - 0.45 v 
Output Voltage VOHJ Joy= -400 µA 2.4 - - v 

VOH2 IoH= -JOOµA Vcc-0.1 - - v 
Notes) *1. -1.0V for pulse width~ 50ns. 

*2. V cc+ 1.SV for pulse width ~ 20ns. If Vry is over the specified maximum value, read operation cannot be 
guaranteed. 

@HITACHI 
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--------------------HN27C256FP Series 

• AC CHARACTERISTICS (Ta= 0 to +70°C, Vee= SV ± 5%, Vpp =Vee) 

HN27C256FP-25 HN27C256FP-30 
Parameter Symbol Test Conditions Unit 

min max min max 

Address to Output Delay !Ace CE= OE= V1L - 250 - 300 ns 

CE to Output Delay tcE OE= VIL - 250 - 300 ns 

OE to Output Delay loE CE= V1L 10 100 10 120 ns 

OE High to Output Float toF CE= VIL 0 60 0 105 ns 

Address to Output Hold loH CE= OE= V1L 0 - 0 - ns 

Note: fDF defines the time at which the Output achieves the open circuit condition and Data is no longer driven. 

• SWITCHING CHARACTERISTICS 
TEST CONDITION 

Input pulse levels: 0.45V to 2.4V 
Input rise and fall time: S20ns 
Output load: 1 TTL Gate +100pF 
Reference level for measuring timing: O.BV and 2.0V 

S11nd ~by Mod• 

,,,,. 

'"" 
0111 Out Valid 

•CAPACITANCE (Ta=25°C,f=lMHz) 

Parameter Symbol Test Condition min. typ. max. Unit. 

Input Capacitance C1n Vin= OV - 4 6 pF 

Output Capacitance Cout Vour=OV - 8 12 pF 

.HITACHI 
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HN27C256FP Series-----------------------------------

•HIGH PERFORMANCE PROGRAMMING 
This device can be applied the High Performance Programming algorithm shown in following flowchart. This 
algorithm allows to obtain faster programming time without any voltage stress to the device nor deterioration in 
reliability of programmed data. 

:1.ddro?ss+ !->Address 

START 

SET PROG. \"ERIFY MOOE 
1·p~=-1~,;±11J\' \fr=6.lltll.~.'i\' 

NO 

\10 GO 

High Performance Programming Flowchart 

•HIGH PERFORMANCE PROGRAMMING OPERATION 

FAii. 

• DC PROGRAMMING CHARACTERISTICS(Ta=25°C±5°C, Vee=6V±0.25V, Vpp=l2.5V±0.3V) 

Parameter Symbol Test Condition 

Input Leakage Current lu VJN; 6.25V/0.45V 

Output Low Voltage During Verify VoL loL; 2.1 mA 

Output High Voltage During Verify VoH loH; -400µ.A 

Vee Current (Active) lcC2 

Input Low Level Vn 

Input High Level V1H 

Vpp Supply Current /ppz CE; Vn 

Notes) *1. Vee must be applied before Vpp and removed after Vpp. 
*2. Vpp must not exceed 14V including overshoot. 

min. typ. max. 

- - 2 

- - 0.45 

2.4 - -

- - 30 

-0.1 *S - 0.8 

2.2 - Vcc+o.s*6 
- - 40 

*3. An influence may be had upon device reliability if the device is installed or removed while Vpp; l 2.5V. 
*4. Do not alter Vpp either VJL to 12.5V or 12.5V to VJL whenCE; Low. 
*5. -0.6V for pulse width~ 20ns. 
*6. If V1H is over the specified maximum value, programming operation cannot be guaranteed. 

@HITACHI 
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---------------------------------HN27C256FP Series-

• AC PROGRAMMING CHARACTERISTICS (Ta=25°C±5°C, v cc=6V±0.25V, v pp=l 2.5V±0.3V) 

Parameter Symbol Test Condition min. typ. max. Unit 

Address Setup Time /AS 2 - - µs 

OE Setup Time to Es 2 - - µs 

Data Setup Time tvs 2 - - µs 

Address Hold Time /AH 0 - - µs 

Data Hold Time IDH 2 - - µs 

OE to Output Float Delay tvp*I 0 - 130 ns 

Vpp Setup Time tvps 2 - - µs 

Vee Setup Time tvcs 2 - - µs 

CE Pulse Width During Initial Programming tpw 0.95 1.0 1.05 ms 

CE Pulse Width During Overprogramming topw•2 J. 2.85 - 78.75 ms 

Data Valid from OE toE 0 - 150 ns 

Notes: *!. tvp defines the time at which the output achieves the open circuit condition and data is no longer driven. 
•2. topw is defined as mentioned in flow chart. 

•SWITCHING CHARACTERISTICS 
TEST CONDITION 
Input pulse level: 0.45V to 2.4V 
Input rise and fall time: :'S.20ns 
Reference level for 

measuring timing: O.SV and 2V 

• HN27C256FP IDENTIFIER MODES 

~I Ao I o, o. 
r (10) (19) (18) 

Manufacturer Code VIL 0 0 
Device Code VJH I 0 

Notes: I. A9 = 12.0V ± 0.5V. 
2. A, -A8 ,A10 -A,4 ,CE,OE= VJL. 

o, 
(17) 

0 

I 

• RECOMMENDED SCREENING CONDITIONS 
Before mounting, please make the screening (baking 
without bias) shown in the right. 

o. I 
(16) 

0 

I 

@HITACHI 

o, I 
(15) 

0 

0 

o, I o, 
(13) (12) 

1 1 

0 0 

Program and 
Verify 

by Programmer 

Baking at 
12s to 1so0 c 

for 24 to 48 hrs 

Ensuring 
Read-out 

Mounting 

I 

Recommended 
Screening conditions 
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HN27C256HG Series---Preliminary 

32768-word x 8-bit CMOS UV Erasable and Programmable ROM 

The Hitachi HN27C256HG is a 256k-bit ultraviolet erasable 
and electrically programmable ROM, featuring high speed access 
time. 

The HN27C256HG's maximum access time of 70 ns and 85 ns 
are the fastest in the 256-kbit EPROMs by the new advanced fine 
256-kbit EPROMs by the new advanced fine process and high 
speed circuitry technique. 

The timing conditions such as access time or output hold time 
are designed as same as our byte-wide SRAMs, allowing to use 
with SRAMs on the same memory board by the same read tim
ings. So its board design in 16 bit microprocessor systems is 
easy. 

Pin arrangement, pin configuration and programming voltage 
are compatible with our 256-kbit EPROM series, therefore exist
ing programmers can be used with the HN27C256HG. 

Features 
• High speed . . . . . . . . . . . . . . Access time 70/85 ns (max.) 
• Low power dissipation 

Active mode ............. 30 mW (typ.) (f = 1 MHz) 
• Programming mode .•... Programming voltage: +12.5 V DC 
• Device identifier mode 

Manufacturer code and device code 

Ordering information 

Type No. Access Time 

HN27C256HG-70 70ns 

HN27C256HG-85 85ns 

Package 

600mil 28 pin 
Cerdip 

@HITACHI 

IDG-281 

Pin Arrangement 

(Top View) 

Pin Description 

Pin Name Function 

AO -Al4 Address 

00-07 Input/Output 

CE Chip enable 

OE Output enable 

Vee Power supply 

Vpp Programming power supply 

Vss Ground 
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--------------------------------HN27C256HG Series 

Block Diagram 

A4-A9 ( 

A12-A!4 ) 

CT. 
iiE C>-11.:>o+--~""'-_./ 

Mode Selection 

Mode Mode 

\'pp 

CE 
(20) 

Read V1L 

OE 
(22) 

V1L 

A9 
(24) 

x 

$12 X5!2 
Memon Mamx 

Y Ca.11n11: 

AIO.All 

!il>o : High Threshold 
Inverter 

Vpp 
(l) 

Vee 

Vee Outputs 
(28) (ll - 13, 15 - 19) 

Vee Dout 
·----------------------------~ 

Output disable VIL VJH x Vee Vee HighZ 

Standby VJH x x Vee Vee High z 
High performance program VIL VJH x Vpp Vee Din 

Program verify V IH V1L x Vpp Vee Dout 

Optional verify VIL V1L x Vpp Vee Dout 

Program inhibit V JH VJH x Vpp Vee High Z 

Identifier VIL V1L Vtt*2 Vee Vee Code 

Notes) * l. x = Don't care. 
*2. Vtt = 12.0V ± 0.5 V 

Absolute Maximum Ratings 

Item Symbol Value Unit 

All input and output Voltages*' Vin. Vout -0.6* 2 to+7.0 v 
A9 input voltage • 1 Vm -0.6*' to+ 13.5 v 
Vppvoltage*' Vpp -0.6 to + 13.5 v 
V cc voltage*' Vee -0.6 to +7.0 v 
Operating temperature range Topr 0 to+ 70 oc 
Storage temperature range Tstg -65 to +125 oc 
Storage temperature range under bias Tbias -10 to +80 oc 

Notes) *I. Relative to V SS 
*2. Vin. V0 ut. Vm min= -1.0 V for pulse width~ SO ns 

Capacitance (Ta= 25°C, f = 1 MHz) 

Parameter Symbol Min Typ Max Unit Test Conditions 

Input capacitance Cin 4 8 pF Vin= 0 V 

Output capacitance Cout 8 12 pF Vout=OV 

@HITACHI 
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HN27C256HG Series--------------------------------

Read Operation 

DC Characteristics (Ta= 0 to +70°C, Yee= SV ± 10%, Vpp = V cc) 

Parameter Symbol Min Typ Max Unit 

Input leakage current lu 2 µA 

Output leakage current I Lo 2 µA 

Vpp current Ipp1 100 µA 

Standby V cc current Iss lS mA 

Icc1 30 mA 

Operating V cc current Icc2 so mA 

Icc3 s IS mA 

Input low voltage •3 V1L --0.3*1 0.8 v 
Input high voltage*3 Vrn 2.2 Vee+ 1.0"2 v 
Output low voltage VoL 0.45 v 

VoH1 2A 

VoH2 Vcc--0.7 

v 
v 

Output high voltage 

Notes) •1. V1L min= -1.0 V for Pulse width ~SO ns 
*2. V1H max=Vcc + 1.5 V for Pulse width~ 20ns 

If V IH is over the specified maximum value, read operation cannot be guaranteed. 
*3. Only defined\for DC and long cycle Function Test. 

AC Characteristics (Ta= 0 to +70°C, V cc= 5 V ± 10%, Vpp = V cd 

Parameter Symbol 
HN27C256 HG-70 HN27C2S6 HG-8S 

Min Max Min Max 

Address to output delay tAcC 70 85 

CE to output delay tcE 70 85 

OE to output delay toE 40 45 

OE high to output float toF 0 30 0 30 

Address to output hold toH 5 5 

Test Conditions 

Vin = 0 V to V cc 

V out = 0 V to V cc 

Vpp = S.S V 

CE= VIH 

CE= VIL• lout= 0 mA 

f = IS MHz, lout = 0 mA 

f= 1 MHz, lout= 0 mA 

loL = 2.1 mA 

loH =-1.0 mA 

Iott= -100 µA 

Unit Test Conditions 

ns CE=OE=V1L 

ns OE=V1L 

ns CE=V1L 

ns CE=V1L 

ns CE=OE=VIL 

Note: tnp defines the time at which the output achieves the open circuit condition and data is no longer driven. 

Switching Characteristics 
Test condition 

Input pulse levels ................... 0.45 V to 2.4 V 
Input rise and fall times .................... ~ 10 ns 
Output load ................... 1 TTL Gate +100 pF 
Reference levels for measuring timing. 

Input; 1.5 V 
Outputs; 1.5 V 

........ 

Dau Out 

Standb,.Mode Active Mode 

~HITACHI 
566 Hitachi America Ltd. • 2210 O'Toole Ave. • San Jose, CA 95131 • (408) 435-8300 



----------------------------------HN27C256HG Series 

Programming Operation 

DC Characteristics (Ta= 25°C ± S°C, V cc= 6 V ± 0.2S V, Vpp = 12.S V ± 0.5 V) 

Parameter Symbol Min Typ Max 
-----------

Input leakage current Iu 

Output low voltage during 
VoL verify 

Output high voltage during 
VoH 2.4 verify 

Operating V cc current Ice 

Input low level V1L -0.1 *5 

Input high level VIH 2.2 

V pp supply current !pp 

Notes) •1. Vee must be applied before Vpp and removed after Vpp. 
*2. Vpp must not exceed 13 V including overshoot. 

2 

0.45 

30 

0.8 

Vcc+o.5*6 

30 

Unit 

µ.A 

v 

v 

mA 

v 
v 

mA 

Test Conditions 

Vin = 0 V to V cc 

IoL = 2.1 mA 

loH = -400 µ.A 

* 3. An influence may be had upon device reliability if the device is installed or removed while V pp.:: 12. S V. 
*4. Do not alter Vpp either V1L to 12.5 V or 12.5 V to V1L when CE= Low. 
*5. VIL min= -0.6 V. 
*6. If V1H is over the specified maximum value, programming operation cannot be guaranteed. 

AC Characteristics (Ta= 25°C ± S°C, Vee = 6 V ± 0.2S V, Vpp = 12.5 V ± 0.S V) 

Parameter Symbol Min Typ Max Unit Test Conditions 

Address setup time IAS 2 µ.s 

OE setup time to ES 2 µ.s 

Data setup time tos 2 µ.s 

Address hold time tAH 0 µ.s 

Data hold time toH 2 µ.s 

OE to output float delay toF*l 130 ns 

Vpp setup time tvps 2 µ.s 

CE initial programming 
tpw 0.95 1.0 1.05 ms 

pulth width 

CE overprogramming pulse 
topw•2 2.85 78.75 ms 

width 

V cc setup time tvcs 2 µ.s 

Data valid from OE toE 0 150 ns 

Notes) *I. toF defines the time at which the output achieves the open circuit condition and data is no longer driven. 
*2. Refer to the programming flowchart for topw. 

Switching Characteristics 
Test condition 

Input pulse levels ............. . 
Input rise and fall times ......... . 
Reference levels for measuring timing: 

Inputs; 1.5 V 
Outputs; 1.5 V 

. 0.45 V to 2.4 V 

. ..... :S: 20 ns 
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HN27C256HG Series--------------------------------

Programming Waveforms 

Address 

Data 

v,, 

tQES 

High Performance Programming 
This device can be applied the high performance programming 

algorithm shown in following flowchart. This algorithm allows to 
obtain faster programming time without any voltage stress to the 
device nor deterioration in reliability of programmed data. 

Address+ 1 --->Address 

START 

SET PROG./VERIFY MODE 
Vpp=- 0 12.5±0.SV, Vrc=6.0-+:0.25V 

NO 

SET READ MODE 
Vcc=5.0V:l:0.5V. VPP~- l'cc 

NOGO 

High Pnformance Programming Flowchart 

@HITACHI 

YES 

FAIL 
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-----------'-------------- ----------HN27C256HG Series 

Erase 
Erasure of HN27C256HG is performed by exposure to ultra

violet light of 2537 A and all the output data are changed to "1" 
after this erasure procedure. The minimum integrated dose (i.e. 
UV intensity x exposure time) for erasure is 15 W.sec/cm2 • 

Mode Description 
Device Identifier Mode 
Programming condition of EPROM is various according to 
EPROM manufacturers and device types. It may cause miss 
operation. To countermeasure it, some EPROMs provide maker 
identifier code. Users can write EPROM by reading out write 
condition coded before shipped. Some commercial programmers 
set write condition by recognizing this code. This function 
enables effective program. 

HN27C256HG Series Identifier Code 
AO 07 06 05 04 03 Identifier (10) (19) (18) (17) (16) (15) 

Manufacturer code V1L 0 0 0 0 0 
Device code Vrn 0 0 0 

Notes: I. A9 = 12.0 V ± 0.5 V __ 
2. At -As, A10 -A14, CE, OE= V1L 

$HITACHI 

02 01 
(13) (12) 

l l 

0 0 
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HN27512G Series 
65536-word x 8-bit UV Erasable and Programmable ROM 

The HN27512G is a 65536-word by 8-bit erasable and electrically 
programmable ROM. This device is packaged in a 28-pin, dual-in-line 
package with transparent window. The transparent window allows 
the user to expose the chip to ultraviolet light to erase the bit 
pattern, whereby a new pattern can then be written into the device. 

• FEATURES 
• Single Power Supply . . . . . . . . +5V ±5% 
• High Performance ............ Program Voltage: +12.5V D.C. 

Programming High Performance Programming 
Operations 

• Static . . . . . . . . . . . . . . . . . No Clocks Required 
• Inputs and Outputs TTL Compatible During Both Read and 

Program Modes 
• Access Time . . . . . . . . . . . . . 250/300ns (max.) 
• Absolute Max. Rating of ..... 14.0V (max.) 

Vpp pin 
• Low Stand-by Current ....... 40mA (max.) 
• Device Identifier Mode . . . . . . Manufacturer Code and Device 

Code 

• ORDERING INFORMATION 
Type .No~cces_s_T_im-e Package 

_-_:_:_~-~-:-~-~~_:_b_~--~= -~~-~~=--+-6-0_0_m_i_l 28 pin Cerdip 

• BLOCK DIAGRAM 

EE 
OE/ V pp t>iJ»-t---...-..'-' 

t ,024x512 
Memory Matrix 

lll>o : High Tercshold 
Inverter 

@HITACHI 
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• PIN ARRANGEMENT 

(Top View) 
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-----------------------------------HN27512GSeries 

• MODE SELECTION 

~ M 

Read 
Output Disable 
Standby 

High Performance Program 
Program Verify 

Program Inhibit 
Identifier 

Notes) *1. X ... Don't care 
*2. VH: 12.0V ± 0.5V. 

CE 
(20) 

Vn 

VfL 

VfH 

Vn 

Vn 

VJH 

VfL 

• ABSOLUTE MAXIMUM RATINGS 

Item 

Operating Temperature Range 

Storage Temperature Range 

Storage Temperature Range Under Bias 

All Input and Output Voltages*1 

Voltage on Pin 24 (A9) •1 

Vpp Voltage01 

Vee Voltage"1 

Note) * 1. with respect to V SS· 

• READ OPERATION 

OE/Vpp A9 Vee 
(22) (24) (28) 

Vn x Vee 
VfH x Vee 
x x Vee 

Vpp x Vee 

VfL x Vee 
Vpp x Vee 

VfL VH"2 Vee 

Symbol Value 

Topr 0 to +70 

Tstg -65 to +125 

Tbias -10to+80 

VIN• Vout -0.6 to +7 

VID -0.6to+13.5 

Vpp -0.6 to +14.0 

Vee -0.6 to +7 

• DC AND OPERATING CHARACTERISTICS (Ta= 0 to +70°C, Vee= SY ±5%) 

Parameter Symbol Test Conditions min. 

Input Leakage Current [LI VIN= 5.25V -

Output Leakage Current ho Vout = 5.25V/0.45V -

V cc Current (Standby) Icc1 CE= VIH -

V cc Current (Active) Icc2 CE= OE= VIL -

Input Low voltage VIL -0.1•1 

Input High Voltage VIH 2.0 

Output Low Voltage VoL loL = 2.lmA -

Output High Voltage Von Ion= -400µA 2.4 

Outputs 
(11-13, 15 -19) 

Dout 
High z 
High Z 

Din 
Dout 

HighZ 

Code 

Unit 

oc 
oc 
oc 
v 
v 
v 
v 

typ. max. Unit 

- 10 µA 

- 10 µA 

- 40 mA 

45 100 mA 

- 0.8 v 
- Vcc+1•2 v 
- 0.45 v 
- - v 

Notes) *1. -0.6V for pulse width~ 20ns 
*2. V cc + 1.SV for pulse width ~ 20ns. If V1H is over the specified maximum value, read operation ... nnot be 

guaranteed. 
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• AC CHARACTERISTICS (Ta= 0 to +70°C, Vee= SV ±5%) 

Test Condition 
HN27512G-25 HN27512G-30 

Parameter Symbol 
min. min. max. max. 

Addres to Output Delay tAcc CE=OE= VrL - 250 - 300 

CE to Output Delay tcE OE= Vn - 250 - 300 

OE to Output Delay toE CE= VrL - 100 - 120 

OE High Output Float tvF CE= Vn 0 60 .0 105 

Address to Output Hold toH CE= OE= VrL 0 - 0 -

Note: tvF defines the time at which the Output achieves the open circuit condition and Data is no longer.driven. 

• SWITCHING CHARACTERISTICS 

Test Condition 
Input Pulse Levels: 
Input Rise and Fall Time: 
Output Load: 
Reference Level for Measuring Timing: 

Address A 
Stand-by Mode \_ 

OE/Vpp 

L 

0.45V to 2.4V 
~20ns 
1 TTL Gate +100pF 
0.8V and 2.0V 

Active Mode 

tcE 

toE 

'K 
y 

y 
•tAcc 

LLLL ~ Data Out Valid \: ::s: ::s: ~ Data Out 

• CAPACITANCE (Ta = 25°C, != !MHz) 

Parameter Symbol Test Condition 

Input Capacitanc;[ except OE/Vpp e1n1 Vin= OV 

JoE/VppPin e1n2 V;n = OV 

Output Capacitance eout Vout = OV 

.HITACHI 

Stand-by Mode 

toy 

toH 

..1. ~ 
LI/ 

min. typ. max. 

- 4 6 

- 12 20 

- 8 12 
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------------------------------- HN27512G Series 

• HIGH PERFORMANCE PROGRAMMING 
This device can be applied the High Performance Programming algorithm show in following flowchart. This 
algorithm allows to obtain faster programming time without any voltage stress to the device nor deterioration 
in reliability of programmed data. 

Address+ 1 -+ Address 

START 

SET PROG./VERIFY MODE 
Vpp= 12.5±0.3V, Vcc=6.0±0.25V 

NO 

Address= 0 

Program tpw = lms±5% 

Program t OPW = 3n ms 

SET READ MODE 
V cc= 5.0V ±0.25V 

END 

NOGO 

NOGO 

High performance Programming Flowchart 

@HITACHI 

NO 

FAIL 
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HN27512G Series------------------------------~---

• HIGH PERFORMANCE PROGRAMMING OPERATION 
• DC PROGRAMMING CHARACTERISTICS(Ta =25°C±5°C, Vee=6V±0.25V, Vpp= 12.SV±0.3V) 

Parameter Symbol Test Condition min. typ. max. Unit 

Input Leakage Current [LI VIN= 5.25V - - 10 µ.A 

Output Low Voltage During Verify VoL IoL = 2.lmA - - 0.45 v 
Output High Voltage During Verify VoH loH= -400µ.A 2.4 - - v 
V cc Current (Active) Icc2 - - 100 mA 

Input Low Level Vn -0.1 *1 - 0.8 v 
Input High Level Vm 2.0 - v a::;-I0.5 *2 v 
V pp Supply Current !pp CE= VIL - - 50 mA 

Notes) * 1. -0.6V for pulse width ~ 20ns. 
*2. If V1H is over the specified maximum value, programming operation cannot be guaranteed . 

• AC PROGRAMMING CHARACTERISTICS (Ta = 25°C ±5°C, Vee= 6V ± 0.25V, Vpp = 12.SV ±0.3V) 

Parameter Symbol Test Condition min. typ. max. Unit 

Address Setup Time IAS 2 - -
Data Setup Time fDS 2 - -
Address Hold Time tAH 0 - -
Data Hold Time tDH 2 - -
OE Hold Time to EH 2 - -
CE to Output Float Delay tvp*1 0 - 130 

V pp Setup Time tvps 2 - -
V cc Setup Time tvcs 2 - -

CE Pulse Width During Initial Programming tpw 0.95 1.0 1.05 

CE Pulse Width During Overprogramming topw*2 2.85 - 78.75 

V pp Recovery Time tvR 2 - -
Data Valid from CE tDv - - 1 

Notes) *l. tDF defines the time at which the output achieves the open circuit condition and data is no longer driven. 
*2. topw is defined as mentioned in flow chart. 

@HITACHI 
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----------------------------------HN27512G Series 

• SWITCHING CHARACTERISTICS 

Test Condition 
Input Pulse Level: 0.45V to 2.4V 
Input Rise and Fall Time: ~ 20ns 
Reference Level for Measuring Timing: 0.BV and 2.0V 

Program 

Address ) 
tAs 

Program Verify 

c 
L tAH 

Data 
r Daia In Stable 

r 
Data Out Valid ~ k. _) 

tvs toH ~ toF 

Vpp 

" OE/Vpp tvps 
r 

Vee 

Vee+l jl 

Vee A 
tves to EH tvR 

1-----'-i 

v ~ ) 1\_ 
tpw 

• ERASE 
Erasure of HN27512G is performed by exposure to ultraviolet light of 2537 A and all the output data are 
changed to "1" after this erasure procedure. The minimum integrated dose (i.e. UV intensity x exposure 

time) for erasure is 15 W. sec/cm2 . 

• DEVICE IDENTIFIER MODE 
The Identifier Mode allows the reading out of binary codes that identify manufacturer and type of device, 
from outputs of EPROM. By this Mode, the device will be automatically matched its own corresponding 
programming algorithm, using programming equipment. 

• HN27512G SERIES IDENTIFIER CODE 

~ Ao o, o. o, o. o, o, o, o. Hex 

r (10) (19) (18) (17) (16) (15) (13) (12) (11) Data 

Manufacturer Code VIL 0 0 0 0 0 1 I 1 07 
Device Code VJH 1 0 0 1 0 1 0 0 94 

Notes: 1. A9 = 12.0 ± 0.5Y. 
2. A1 _. A6 , A10 - A15 , 'CE, OE/Vpp = Vn. 
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576 

SUPPLY CURRENTvs.SUPPLY VOLTAGE 

Ta=25"C 

SOt---t-------;-------;---1 

20t--+-------+-------+---I 

lcc1 

•Supply Voltage Vee (V) 

ADDRESS ACCESS TIME vs. 
SUPPLY VOLTAGE 

250.---.------~-----~~ 

Ta=25"C 

'b.. 2oot---+-......,c------+-------r---; 

j ~ 
• 150 l--+-------+---=~=..i..-1 
~ 
j 
~ 1001--+------+------+--l 

SOt--+------+------+--l 

Supply Voltage Vee (V) 

SUPPLY CURRENT vs. AMBIENT TEMPERATURE 

100 .---.---.....,---.....,----,..--.....,..--, 
Vcc=5V 

sol--+---+---+---+---+--! 

201--+---+---+---+---+--l 

fcc1 

20 40 60 

Ambient Temperature Ta ("C} 

ADDRESS ACCESS TIME vs. 
AMBIENT TEMPERATURE 

80 

250 ~--.-----.-----.-----.-----.-~ 
Vcc=5V 

2001--+-~+-~-t-~--h,..,..,.--i::..+~--1 

~~ 1501--"F'----+---+---+---+---I 
~ 
~ < 100 t--+-----+----+----+----+---t 

i 
501--+---+---+---+---+--l 

20 40 60 80 

Ambient Temperature Ta ("C) 
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HN27512P Series 
65536-word x 8-bit One Time Electrically Programmable Read Only Memory 

The HN27512P is a 65536-word by 8-bit one time electrically pro-
grammable ROM. Initially, all bits of the HN27512P are in the "1" 
state (Output High). Data is introduced by selectively programming 
"O" into the desired bit locations. This device is packaged in a 28 
pin, plastic dual-in-line package. Therefore, this device can not be 
re-written. 

• FEATURES 
• Single Power Supply . . . . . . . . +5V ±5% 
• High Performance ............ Program Voltage: +12.5V D.C. 

Programming High Performance Programming 
Operations 

• Static .................. No Clocks Required 
• Inputs and Outputs TTL Compatible During Both Read and 

Program Modes 
• Access Time . . . . . . . . . . . . . 250/300ns (max.} 
• Absolute Max. Rating of . . . . . 14.0V (max.) 

Vpp pin 
• Low Stand-by Current ....... 40mA (max.) 
• Device Identifier Mode . . . . . . Manufacturer Code and Device 

Code. 

Ordering Information 

Part No. Access 

HN275 l 2P-25 250ns 

HN27512P-30 300ns 

Block Diagram 

Package 

600mil 
28-pin Plastic DIP 

I ,024x512 
Memory Matrix 

Y-Gating 

(DP-28) 

Pin Arrangement 

(Top View) 

Pin Description 

Pin Name Function 

AO -Al5 Address 

00 -07 Input/Output 

CE Chip Enable 

OE Output Enable 

Vee Power Supply 

Vpp 
Programming Power 

EE 
OE/ V pp u-i>o--+---.-'--' 

OE/Vpp (!l>o: High Tercshold 
Inverter 

@HITACHI 
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Vss Ground 
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HN27512P Series-----------------------------------

• MODE SELECTION 

~ M 

Read 

Output Disable 

Standby 

High Performance Program 

Program Verify 

Program Inhibit 

Identifier 

Notes) *1. X ... Don't care 
*2. Vn: 12.0V ± 0.5V. 

CE 
(20) 

VJL 

VJL 

VJH 

VJL 

VJL 

VJH 

VJL 

• ABSOLUTE MAXIMUM RATINGS 

Item 

Operating Temperature Range 

Storage Temperature Range 

Storage Temperature Range Under Bias 

All Input and Output Voltages *1 

Voltage on Pin 24 (A9)*1 

Vpp Voltage*1 

V cc Voltage 01 

Note) * 1. With respect to V ss 

• READ OPERATION 

OE/Vpp A9 Vee 
(22) (24) (28) 

VJL x Vee 
VJH x Vee 
x x Vee 

Vpp x Vee 
VJL x Vee 
Vpp x Vee 
VJL VH*2 Vee 

Symbol Value 

Topr 0 to +70 

Tstg -55 to +125 

Tbias -10 to +80 

VIN• Vout -0.6 to +7 

VJD -0.6 to +13.5 

Vpp -0.6 to +14.0 

Vee -0.6 to +7 

• DC AND OPERATING CHARACTERISTICS (Ta= 0 to +70°C, Vee= sv ±5%) 

Parameter Symbol Test Conditions min. 

Input Leakage Current ILI VIN= 5.25V -

Output Leakage Current ho Vout = 5.25/0.45V -

V cc Current (Standby) Icc1 CE= Vm -

V cc Current (Active) Icc2 CE= OE= Vn -
Input Low voltage Vn 1-0.1 •1 

Input High Voltage V1H 2.0 

Output Low Voltage VoL IoL = 2.lmA -

Output High Voltage VoH loH= -400µ.A 2.4 

Notes) * l. -0.6V for pulse width~ 20ns 

Outputs 
(11 - 13, 15 - 19) 

Dout 

High z 
High Z 

Din 

Dout 

High z 
Code 

Unit 

oc 
oc 
oc 
v 
v 
v 
v 

typ. max. Unit 

- 10 µA 

- 10 µA 

- 40 mA 

45 100 mA 

- 0.8 v 
- Vee+1*2 v 
- 0.45 v 
- - v 

*2. Vee+ 1.5V for pulse width~ 20ns. If V1H is over the specified maximum value, read operation cannot be 
guaranteed. · 
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------------------------------------HN27512PSeries 

• AC CHARACTERISTICS (Ta= 0 to +70°C, V cc= SV ±5%) 

HN27512P-25 HN27512P-30 
Parameter Symbol Test Condition 

min. max. min. max. 

Addres to Output Delay tAcc CE; OE; Vn - 250 - 300 

CE to Output Delay lcE OE; Vn - 250 - 300 

OE to Output Delay toE CE; Vn - 100 - 120 

OE High Output Float IDF CE; Vn 0 60 0 105 

Address to Output Hold toH CE; OE; Vn 0 - 0 -

Note: tvF defines the time at which the Output achieves th~ open circuit condition and Data is no longer driven. 

• SWITCHING CHARACTERISTICS 

Test Condition 
Input Pulse Levels: 
Input Rise and Fall Time: 

Output Load: 
Reference Level for Measuring Timing: 

Address x 
Stand-by Mode \ 

OE/Vpp 

Data Out 

~ 

• CAPACITANCE (Ta= 25°C, f= !MHz) 

Parameter 

Input Capacitance 
l except OE/Vpp 

l OE/VppPin 

Output Capacitance 

0.45V to 2.4V 
~ 20ns 
1 TTL Gate +100pF 
0.BV and 2.0V 

)( 

Active Mode v 
fcE 

v 
loE 

/Ace 

~~~± 
r-

Data Out Valid 

Symbol Test Condition 

C;n1 V;n; OV 

C;n2 V;n; OV 

Cout V0 ut; OV 

@HITACHI 

Stand-by Mode 

IDF 

loH 

~ ~ 1 
~ z 7 

min. typ. max. 

- 4 6 

- 12 20 

- 8 12 
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• HIGH PERFORMANCE PROGRAMMING 
This device can be applied the High Performance Programming alg9rithm show in following flowchart. This 
algorithm allows to obtain faster programming time without any voltage stress to the device nor deterioration 

in reliability of programmed data. 

Address+ 1 -+ Address 

START 

SET PROG./VERIFY MODE 
Vpp = 12.5 ±0.3V, V cc= 6.0±0.25V 

NO 

Address= 0 

Programtpw= lms±5% 

Program t OPW = 3n ms 

SET READ MODE 
V cc= 5.0V±0.25V 

NOGO 

NOGO 

High performance Programming Flowchart 

@HITACHI 

NO 

FAIL 
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----------HN27512P Series 

• HIGH PERFORMANCE PROGRAMMING OPERATION 
• DC PROGRAMMING CHARACTERISTICS (Ta= 25°C ±5°C, Vee= 6V±0.25V, Vpp = 12.SV±0.3V) 

Parameter Symbol Test Condition min. typ. max. Unit 

Input Leakage Current [LI VIN= 5.25V - - 10 µA 

Output Low Voltage During Verify VoL loL = 2.lmA - - 0.45 v 
Output High Voltage During Verify VoH loH = -400µA 2.4 - - v 
V cc Current (Active) lcc2 - - 100 mA 

Input Low Level Vn -0.1 •1 - 0.8 v 
Input High Level Vrn 2.0 - Vcc+0.5*1 v 
V pp Supply Current !pp CE= Vn - - 50 mA 

Notes) *I. -0.6V for pulse width ~ 20ns 
*2. If VrH is over the specified maximum value, programming operation cannot be guaranteed. 

• AC PROGRAMMING CHARACTERISTICS (Ta = 25°C ±5°C, V cc= 6V ± 0.2SV, Vpp = 12.SV ±0.3V) 

Parameter Symbol Test Condition min. typ. max. Unit 

Address Setup Time fAS 2 - -

Data Setup Time tvs 2 - -

Address Hold Time fAH 0 - -

Data Hold Time fDH 2 - -
OE Hold Time fOEH 2 - -
CE to Output Float Delay tvF*l 0 - 130 

V pp Setup Time tvps 2 - -

V cc Setup Time tvcs 2 - -
CE Pulse Width During Initial Programming tpw 0.95 1.0 1.05 

CE Pulse Width During Overprogramming topw*1 2.85 - 78.75 

V pp Recovery Time tvR 2 - -

Data Valid from CE tvv - - I 

Notes) *I. fDF defines the time at which the output achieves the open circuit condition and data is no longer driven. 
*2. t OPW is defined as mentioned in flow chart. 
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HN27512P Series-----------------·-----------------

• SWITCHING CHARACTERISTICS 

Test Condition 
Input Pulse Level: 0.45V to 2.4V 
Input Rise and Fall Time: ~ 20ns 
Reference Level for Measuring Timing: 0.8V and 2.0V 

Program 

Address ) 
!AS 

Data Daia In Stable 
k.. J 

tvs lDH 

Vpp 

OE/Vpp tvps 
r 

Vee+ I 

Vee 
Vee / 

tves to EH 

It 

tpw 

• DEVICE IDENTIFIER MODE 

Program Verify 

c 
L lAH 

Data Out ~alid I\. v 
~ tvF 

" 
tvR 
~ 

'k _/ 

The Identifier Mode allows the reading out of binary codes that identify manufacturer and type of device, 
from outputs of EPROM. By this Mode, the device will be automatically matched its own corresponding 
programming algorithm, using programming equipment. 

• HN27512P SERIES IDENTIFIER CODE 

~ Ao o, o, o, 
r (10) (19) (18) (17) 

Manufacturer Code V[L 0 0 0 
Device Code Vn 1 0 0 

Notes: 1. A9 = 12.0V ± 0.5V. __ 
2. A1 - A8 , A10 '- A15 , 'CE, OE/Vpp = VJL. 

• RECOMMENDED SCREENING CONDITIONS 
Before mounting, please make the screening (baking 
without bias) shown in the right. 

o. 
(16) 

0 

1 

@HITACHI 

o, 
(15) 

0 

0 

o, o, 
(13) (12) 

I 1 

1 0 

Program and 
Verify 

by Programmer 

Baking at 
12s to 1so0 c 

for 24 to 48 hrs 

Ensuring 
Read-out 

Mounting 

Recommended 
Screening conditions 
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-----------HN27512P Series 

SUPPLY CURRENTvs.SUPPLY VOLTAGE 

"' E 

10-0~--.-------------.,..---, 

Ta 25"C 

801---+-------1-------t---1 

~ 60 

201---+-------;------+---1 

Supply Voltage V cc I V 1 

ADDRESS ACCESS TIME vs. 
SUPPLY VOLTAGE 

250~--.-------------.,........., 

Ta=25"C 

J20-0 ~ 
g 150 

f-o 

~ 
~ lOOl---+-------1'--------t---1 

~ 
::i 
"' 501---+------;!-------+---1 

Supply Voltage V cc ( V J 

"' E 

SUPPLY CURRENT vs. 
AMBIENT TEMPERATURE 

100~-------~--~--....,..~ 

Vn 5V 

801---+----1---+---+----+----1 

~ 60 

! 
u 

~ 

2oi--r---r---r----r----r__, 

20 40 60 

Ambient Temperature Ta (°Cl 

ADDRESS ACCESS TIME vs. 
AMBIENT TEMPERATURE 

80 

250~~------~--~----.----, 

Vcc=5V 

< 1001----+----1---+---+----+---1 

501----+----1---+---+----+---1 

20 40 60 80 

Ambient Trmperature Ta (°C) 
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HN27C1024G Series-Under Development 

65536-word x 16-bit CMOS UV Erasable and Programmable ROM 

The Hitachi HN27C1024G is a 1-Mbit ultraviolet erasable and 
electrically programmable ROM, featuring high speed and low 
power dissipation. 
Fabricated on new advanced fine process and high speed circuitry 
technique, the HN27C1024G with 65536 word x 16 bit organiza
tion makes high speed access time possible. Therefore, it is 
suitable for 16 bit micro-computer systems such as the 8086 and 

68000. 
The HN27C1024G offers high speed programming using page 
programming mode. 

Features 
• High performance programming mode and 

High performance page programming mode 
Programming voltage +12.5 V DC 
High speed page programming 
14 sec typical 

• High speed 
Access time 100/120ns (maximum) 

• Inputs and Outputs TTL compatible during both read and 

program 
• Low power dissipation 

60mW/MHz typical 
• JE DEC standard 

Block Diagram 

A, 

l/Oo 

~ 
I/Ois 

Vee 

\'pp 

\'ss 

l024XI024 
Memory Matrix 

Y-Decoder 

Ao ---As 

G>o : H igli Thrrsh(Jld lmwter 

~HITACHI 

(DG-40) 

Pin Arrangement 

(Top View) 

Pin Description 

Pin Name Punction 

AO-A15 Address 

00 - 015 Input/Output 

CE: Chip Enable 
OE Output Enable 

Vee Power Supply 

Vpp Programming Power 
Supply 

Vss Ground 

PGM Programming Enable 

NC No Connection 
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HN27C101G Series 
131072-word X 8-bit CMOS U.V. Erasable and Programmable ROM 

• FEATURES 
• Single Power Supply ................... +5V ±5% 
• High Performance Program Mode and High Performance 

Page Program Mode ...... Program Voltage: +12.5V DC 
. . . . . . . . . . . High Performance Programming Available 

• Static ...................... No Clocks Required 
• Inputs and Outputs TTL Compatible During Both Read and 

Program Modes 
• Access Time .......... 170/200/250ns (max.) 
• Low power Dissipation .. 50mW/MHz typ. (Active Mode) 

5µW typ. (Standby Mode) 
• Pin Arrangement ........... 32 Pin JED EC Standard 

(DG-32) 

• ORDERING INFORMATION • PIN ARRANGEMENT 

Type No. 

HN27C101G-17 

HN27C101G-20 

HN27C10 IG-25 

• BLOCK DIAGRAM 

A5---Dci 
I 

A9 

AJ2 
I 

A 16 --1--0!=l 

Access Time 

170ns 

200ns 

250ns 

I/00._.-~>-1 """'---'--'--I....., 

I 
l/07 o-+~-l>-14" 

Package 

600 mil 3 2 pin Cerdip 

Oo 

o, 
Vss 

CE 
OE-~h-lu--. 

-, ___ _J"_ 

PGM-_,,..-==;iLJ-~ 

Vsso---
II><>: HIGH THRESHOLD 

INVERTER 

~- --- ~---~ 

CE OE PGM ·- - V pp V cc OUtputs 

-- (22) ---1----"(2::..:4-'--) -+---'('°-31::.c)_-+---___:<::_cl)_-+___:<'--3 2-'-)-+-'-(1'-'-3_-_:_15__,,_1_7 -_2_1c__) 

_R_ea_d ____ --+_v~,L~_,____~v'=L ___ -+--v1H _____ V~c=c __ --+-_Vc~c~--+---Do-u_t ___ _ 

_ OU_tp __ u_t _D1_·sa __ bl_•_---<_v~'=L---+---v='H~--- __!_iH ___ -+----V_.,c"c--+--v c=c'----+--High-"' '----cz __ 
_ S_t_an_d~by _____ 1-_~v'~H~__,_ __ x __ __j_ ___ x ___ 4~V_.,c=c--+_Vc=c'----+--Hig-"'~h_Z __ 

-~-o.g~ram _____ __,_~v,=L---+_v_=IH~-+---V~1,L'------l-V=p~p---+--V-"c=c---+-_Din_· ___ _ 
-~~ogr~am_V_e_ri~fy __ ,____~v'=L--+_V=n~_ VIH Vpp --+----V_,,c"c---+-_D_o_u_t __ _ 

Page Data Latch VIH V1L VIH_ Vpp Vee Din 

_Pa~ge_~_o~g_ram ___ ,____~v,=H~----+--V'~- Vn Vpp Vee High Z 
Vn Vn Vn 

~ogram Inhibit Vee ~L VIH VIH Vpp 

~---'-V-'1L.,___~!!, __ _ 

------------'---V-'1,_._H_-1-__ V,_._1H,_ __ --~IH_---'---------'-----+------

High z 

Notes) I. X: Don't care 
2. 30 pin should be connected to 32 pin. 
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HN27C101G Series-----------------------------------

• ABSOLUTE MAXIMUM RATINGS 

Item Symbol Value Unit 

All Input and Output Voltage *l Vin• Vout -0.6*2 to+7.0 v 
V pp Voltage •1 Vpp -0.6 to +13.0 v 
V cc Voltage *l Vee -0.6 to +7.0 v 
Operating Temperature Range To pr 0 to +70 oc 
Storage Temperature Range Tstg -65 to +125 oc 
Storage Temperature Range Under Bias Tbias -10 to +80 oc 

Notes) *1. With respect to Vss 
*2. -1.0V for pulse width~ 50ns. 

• READ OPERATION 
• DCCHARACTERISTICS(T0 =Oto+70°C, Vcc=SV±5%, Vpp=Vcc) 

Parameter Symbol Test Conditions min. typ. max. Unit 

Input Leakage Current lu V;n=5.25V - - 2 µA 

Output Leakage Current !Lo V0 u1=5.25V/0.45V - - 2 µA 

Vpp Current /pp] Vpp=5.5V - 1 20 µA 

fsBJ CE= VIH - - I mA 
V cc Current 

lsB2 CE= V cc ±0.3V 1 20 - µA 

Icc1 CE= Vn, lout =OmA - - 30 mA 

V cc Current Icc2 f=5MHz, 10 u1=0mA - - 30 mA 

Icc3 f= I MHz, I out=OmA - - 15 mA 

Input Low Voltage Vn --0.3*1 - 0.8 v 
Input High Voltage VIH 2.2 - Vee+1*2 v 
Output Low Voltage VoL IoL=2.lmA - - 0.45 v 
Output High Voltage VoH loH=-400µA 2.4 - - v 

Notes) *l. -1.0V for pulse width~ 50ns. 
*2. V cc+ l .5V for pulse width~ 20ns. If V1H is over the specified maximum value, read operation cannot be 

guaranteed. 

• AC CHARACTERISTICS (Ta= 0 to +70°C, Vee= SY± 5%, Vpp =Vee) 

HN27C101G-17 HN27Cl 01 G-20 HN27C101G-25 
Parameter Symbol Test Conditions Unit 

min. max. min. max. min. max. 

Address to Output Delay tAee CE= OE= VJL - 170 - 200 - 250 ns 

CE to Output Delay teE OE= VJL - 170 - 200 - 250 ns 

OE to Output Delay toE CE= Vn 10 70 10 70 10 100 ns 

OE High to Output Float fDF CE= VJL 0 50 0 50 0 60 ns 

Address to Output Hold fQH CE= OE= Vn 0 - 0 - 0 - ns 

Note) tnF defines the time at which the Output achieves the open circuit condition amJ Data is no longer driven. 

• SWITCHING CHARACTERISTICS 

• Test Condition Input Pulse Levels: 0.45V to 2.4V 
Input Rise and Fall Time: ~ 20ns 
Output Load : 1 TTL Gate + 1 OOp F 
Reference Levels for Measuring Timing: Inputs; 0.8V and 2.0V 

Outputs;0.8Vand 2.0V 

@HITACHI 
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------------------------------------HN27C101G Series 

Address ~ 

Standby N Active Mode 
Mode 

ICE 

L IOE 

IACC 

Data Out -00. Data 

• CAPACITANCE (T0 =25°C,f=IMHz) 

Parameter Symbol Test Conditions 

Input Capacitance C;n V;n = OV 

Output Capacitance Cout Vout = OV 

• HIGH PERFORMANCE PROGRAMMING 
This device can be applied the High Performance Pro
gramming algorithm shown in following flowchart. 
This algorithm allows to obtain faster programming time 
without any voltage stress to the device nor deteriora
tion in reliability of programmed data. 

K 

It Standby Mode 

v 
IDF 

IOH 

Out Valid _h: r--

min. typ. 

- -

- -

SET PROG./VERIFY MODE 
Vpr= 12.SV:tO.lV Vcr=6.0Vt0.?SV 

Address= 0 

n= 0 

n+l-n 

f'rognm lpw=0.2ms±5% 

Adilr .. ss+l-Addrus 

NO 

SET READ MODE 
Vee= S.OV ±0.25V. y,.,,= Vet. 

NOGO 

max. 

10 

15 

H1..:h Pt>rformanct' l'ro11:rammmg Flowchart 
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HN27C101G Series------------------------------

• DC PROGRAMMING CHARACTERISTICS (Ta=2S°C ±S°C, v cc=6V ±0.2SV, Vpp= 12.SV ±0.3V) 

Parameter Symbol Test Conditions 

Input Leakage Current Iu Vin= 6.25V/0.45V 

Output Low Voltage during Verify VoL loL = 2.lmA 

Output High Voltage during Verify VoH loH = -400µA 

V cc Current (Active) Ice 

Input Low Level VIL 

InputHigh Level V1H 

V pp Supply Current !pp CE= PGM=VIL 

Notes) * 1. V cc must be applied before V pp and removed after V PP· 
*2. Vpp must not exceed 13V including overshoot. 

min. typ. max. 

- - 2 

- - 0.45 

2.4 - -
- - 30 

-0.1*5 - 0.8 

2.2 - Vcc+o.s"6 

- - 40 

*3. An influence may be had upon device reliability if the device is installed or removed while Vpp=l2.5V. 
*4. Do not alter Vppeither VIL to 12.5Vor 12.5Vto VIL whenCE=Low. 
*5. --0.6V for pulse width~ 20ns. 
*6. If V1H is over the specified maximum value, programming operation cannot be guaranteed. 

• AC PROGRAMMING CHARACTERISTICS 
(Ta=2S°C ±S°C, v cc=6V ±0.2SV' Vpp= 12.SV ±0.3V) 

Parameter Symbol Test Conditions min. typ. max. 

Address Setup Time fAs 2 - -
OE Setup Time toES 2 - -
Data Setup Time tos 2 - -
Address Hold Time tAH 0 - -
Data Hold Time toH 2 - -
OE to Output Float Delay tnp*• 0 - 130 

V pp Setup Time tvps 2 - -
V cc Setup Time tvcs 2 - -
PGM Pulse Width during Initial Programming tpw 0.19 0.2 0.21 

PGM Pulse Width during Overprogramming topw•2 0.19 - 5.25 

CE Setup Time tcES 2 - -

Data Valid from OE toE 0 - 150 

Unit 

µA 

v 
v 

mA 

v 
v 

mA 

Unit 

µs 

µs 

µs 

µs 

µs 

ns 

µs 

µs 

ms 

ms 

µs 

ns 

Notes) *I. toF defines the time at which the output acheives the open circuit condition and d,ata is no longer driven. 
*2. topw is defined as mentioned in flowchart. 
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• SWITCHING CHARACTERISTICS 
Input Pulse Levels: 
Input Rise and Fall Time: 
Reference Levels for Measurement 
Timing: 

Address 

Data----< 

VP!' 
VP!' 

Vee 

ICES 

0.45V to 2.4V 
S20ns 
Inputs; O.SV and 2.0V 
Outputs; o.av and 2.0V 

Program 

IOES IOE 

@>HITACHI 

Program Verify 

IAH 

Data Out Valid 
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HN27C101G Series----------------------------------

• HIGH PERFORMANCE PAGE PROGRAMMING 

This device can be applied the High Performance Programming algorithm shown in following flowchart. 
This algorithm allows to obtain faster programming time without any voltage stress to the device nor 
deterioration in reliability of programmed data. ----... START 

SET PAGE PROGRAM LATCH MODE 
Vi•1·= 12 .5 V ± 0. 3V. V"' =6.0V ± 0. 25V 

SET PAGE PROG./VERIFY MODE 
Vi•i•=l2.5V±0.3V. Vcc=6.0V±0.25V 

Address+ I-Address 

SET READ MODE 
Vce=5.0V±0.25V, VI'/' =Vee 

NOGO 

High Performance Page Programming Flowchart 

FAIL 

• DC PROGRAMMING CHARACTERISTICS (T0 =25°C ±5°C, Vcc=6V ±0.25V, Vpp=l2.5V ±0.3V) 

Parameter Symbol Test Conditions 

Input Leakage Current Iu V;n= 6.25V/0.45V 

Output Low Voltage during Verify VoL IoL = 2.lmA 

Output High Voltage during Verify VoH loH=-400µ.A 

V cc Current (Active) Ice 

Input Low Level Vn 

Input High Level V1H 

Vpp Supply Current /pp CE=OE=Vm, PGM=VIL 

Notes) * 1. V cc must be applied before V pp and removed after V PP· 
*2. V pp must not exceed l 3V including overshoot. 

min. 

-

-

2.4 

-

-0.1 •s 

2.2 

-

typ. max. Unit 

- 2 µA 

- 0.45 v 
- - v 
- 30 mA 

- 0.8 v 
- Va;-t-0.5*6 v 
- 50 mA 

*3. An influence may be had upon device reliability if the device is installed or removed while V pp=l2.5V. 
*4. Do not alter Vpp either Vn to 12.5Vor 12.SV to Vn when CE=Low. 
*5. -0.6V for pulse width~ 20ns 
*6. If V1H is over the specified maximum value, programming operation cannot be guaranteed. 
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---- ------------------------------HN27C101G Series 

• AC PROGRAMMING CHARACTERISTICS 
(T0 =25°C ±5°C, Vcc=6V ±0.25V, Vpp=l 2.SV ±0.3V) 

Parameter Symbol Test Conditions min. typ. max. Unit 

Address Setup Time fAS 2 - - µs 

OE Setup Time toES 2 - - µs 

Data Setup Time tvs 2 - - µs 

tAH 0 - - µs 
Address Hold Time 

!AHL 2 - - µs 

Data Hold Time tvH 2 - - µs 

OE to Output Float Delay tvF*I 0 - 130 ns 

Vpp Setup Time tvps 2 - - µs 

V cc Setup Time tvcs 2 - - µs 

PGM Pulse Width during Initial Programming tpw 0.19 0.2 0.21 ms 

PGM Pulse Width during Overprogramming topw•2 0.19 - 5.25 ms 

CE Setup Time ICES 2 - - µs 

Data Valid from OE toE 0 - 150 ns 

OE Pulse Width during Data Latch ILW 1 - - µs 

PGM Setup Time IPGMS 2 - - µs 

CE Hold Time tcEfi 2 - - µs 

OE Hold Time toEH 2 - - µs 

Notes) *1. tvF defines the time at which the output achieves the open circuit condition and data is no longer driven. 
*2. t OPW is defined as mentioned in flowchart. 

• SWITCHING CHARACTERISTICS 
• Test Condition Input Pulse Levels: 0.45V to 2.4V 

• ERASE 

Input Rise and Fall Time: :::;: 20ns 
Reference Levels for Measuring Timing: Inputs; 0.8V and 2.0V 

Outputs; 0.8V and 2.0V 
Page Data Latch Page Program Program Verify 

/1.1r 

Erasure of HN27C101G is performed by exposure to ultraviolet light of 2537 A and all the output data 
are changed to "1" after this erasure procedure. The minimum integrated dose (i.e. UV intensity x 
exposure time) for erasure is 15W•sec/cm2 

@HITACHI 
Hitachi America Ltd. • 2210 O'Toole Ave. • San Jose, CA 95131 • (408) 435-8300 591 



HN27C101G Series----------------------------------

592 

SUPPLY CURRENT vs. SUPPLY VOLTAGE 

11 
ii 
~ 

1.4 !---+----+----+---~ 

z 1.2 1----1----+---+----l 

L.o l----J.-_,_~~-J-V"i----j 
1 vr 

0.8 1----+---+----+-----l 

Supply Voltage V cc ( V) 

SUPPLY CURRENT vs. FREQUENCY 

10..---.----.----.--...----,-----, 
Vcc=5V 
Ta=25°C 

J--- Vin= Vcc/Vss;--+---+---+--..J 

~ I ' 1 v 
~ 1.ot=t~=-r_....=-rV11 
UI 0.51----+----+---+--+---+----l 

0.2 >---+----+---+--+----+---+ 

0·1 Lo.-1--'0.-2---'o."-5--,-'-.o---'---..._--10 
Frequency f (MHz l 

ACCESS TIME vs. AMBIENT TEMPERATURE 

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

Vcco- 0 5.0V 

1.2 1-------lf------j----+------l 

i I.I 
z 

!! 
~ 

1.0 

~ 0.9 

!l 
< 

0.8 

0.7 0 20 40 60 80 

Ambeint Temperature Ta ( °C ! 

SUPPLY CURRENT vs. AMBIENT TEMPERATURE 

1.6 

1.4 

] 

l 1.2 
z 

.:: 1.0 

] 
0.8 

l 
"' 0.6 

0.4 0 20 40 

Vee'" 5.0V 
Vin= VccfV.~s 
f=5MHz 

60 80 

Ambient Temperature Ta !'Cl 

ACCESS TIME vs. SUPPLY VOLTAGE 

1.4,.----..------,----,-----, 

0.8 4.0 4.5 5.0 5.5 6.0 

Supply Voltage V cc ( V I 
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HN27C101P Series 
131072-word x 8-bit CMOS One Time Electrically Programmable ROM 

The HN27C101P Series are 131072-word x 8-bit one time 
electrically programmable ROM. Initially, all bits of the 
HN27C101P/FP series are in the "1" state (output high). 

Data is introduced by selectively programming "O" into the 
desired bit locations. This device is packaged in 32 pin plastic 
package, therefore, this device cannot be rewritten and erased. 

Features 
• High speed 

Access time ................... 200/250 ns (max.) 
• Low power dissipation 

Active mode 50 mW/MHz (typ.) 
Standby mode 5 µW (typ.) 

• Single power supply . . . . . . . . . . . . . . . . . . . . +5 V ± 5% 
• High performance program mode and high performance page 

program mode 
Program voltage: +12.5 V DC 
High performance programming available 

• Static ......................... No clocks required 
• Inputs and outputs TTL compatible during both read and 

program modes 

Ordering Information 

Type No. Access time Package 

HN27CIOIP-20 200ns 600 mil 32 pin 
HN27CIOIP-25 250ns Plastic DIP 

HN27C!O!FP-20 200ns 32 pin 
HN27CIO!FP-25 250ns Plastic SOP 

Pin Description 

Pin name Function 

AO -Al6 Address 

00 -07 Input/Output 

CE Chip enable 

OE Output enable 

Vee Power supply 

Vpp Programming power supply 

Vss Ground 

PGM Programming enable 

NC No connection 

@HITACHI 
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(DP-32) 

HN27C101FP;, >J - ;( 

(FP-320) 

Pin Arrangement 

(Top View) 
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HN27C101P Series----------------------------------

Block Diagram 

• Mode Selection 

Mode 

Read 

Output Disable 

Standby 

Program 

Program Verify 

Page Data Latch 

Page Program 

Program Inhibit 

Notes) 1. X: Don't care. 

L'O; 

CE 
0 E o--vo+-~.J 

PG M <>--i><>-'=~..} 

CE OE 
(22) (24) 

V1L V1L 

V1L Vrn 

V1H x 
V1L Vrn 

V1L V1L 

V1H V1L 

V1H V1H 

V1L V1L 

V1L V1H 

V1H V1L 

V1H Vrn 

2. 30 pin should be connected to 32 pin. 

Absolute Maximum Ratings 

Item Symbol 

All input and output voltages* I Yin. Yout 

Vppvoltage*' Vpp 

V cc voltage*' Vee 

Operating temperature range Topr 

Storage temperature range Tstg 

Storage temperature range under bias Tbias 

Notes) *1. With respect to V SS 
*2. -1.0 V for pulse width~ 50 ns 

1024 x 1024 
MEMORY 
MATRIX 

Ao A1 • A111 • A11 

[ii>:>: HIGH THRESHOLD 
INVERTER 

PGM Vpp Vee 
(31) (I) (32) 

V1H Vee Vee 

V1H Vee Vee 

x Vee Vee 

V1L Vpp Vee 

V1H Vpp Vee 

V1H Vpp Vee 

VIL Vpp Vee 

V1L 

Vrn 
Vpp Vee 

V1L 

V1H 

Value Unit 

--0.6* 2 to+7.0 v 
-0.6 to + 13.0 v 
-0.6 to +7.0 v 

0 to +70 oc 
-55 to+ 125 oc 
-10 to +80 oc 
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Outputs 
(13 - 15, 17 - 21) 

Dout 

High Z 

High Z 

Din 

Dout 

Din 

High Z 

High Z 
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Read Operation 
DC Characteristics (Ta= 0 to +70°C, V cc = SY± S%, V pp= V cd 

Parameter Symbol min. typ. max. Unit Test Conditions 

Input Leakage Current lu 2 µA Vin= 5.25V 

Output Leakage Current !Lo 2 µA Yout = 5.25V/0.45V 

Vpp Current lpp1 20 µA Vpp = 5.5V 

Vee Current 
Issi 

Iss2 

mA CE= Vrn 

20 µA CE= Yee ±0.3V 

Iec1 30 mA CE = VIL• lout = OmA 

Vee Current Icc2 30 mA f = 5 MHz, lout = OmA 

IcC3 15 mA f = 1 MHz, lout = OmA 

Input Low Voltage V1L -0.3•1 0.8 v 
Input High Voltage Vrn 2.2 Vcc+1 •2 v 
Output Low Voltage VoL 0.45 v IoL= 2.lmA 

Output High Voltage VoH 2.4 v IoH =-400µ.A 

Notes) * l. -1.0V for pulse width~ 50ns. 
*2. V cc+ l .5V for pulse width~ 20ns. If V IH is over the specified maximum value, read operation cannot be 

guaranteed. 

AC Characteristics (Ta= 0 to +70°C, Yee= SY± S%, Vpp =Vee) 

Item Symbol 
HN27Cl01-20 HN27Cl01-25 Unit Test conditions 

Min Max Min Max 

Address to output delay tAcc 200 250 ns CE=OO= VIL 

CE to output delay tcE 200 250 ns OE=V1L 

OE to output delay toE IO 70 10 100 ns CE=V1L 

OE high to output float toF 0 50 0 60 ns CE=VrL 

Address to output hold toH 0 0 ns CE=OE=VrL 

Note) toF defines the time at which the output achieves the open circuit condition and data is no longer driven. 

Switching Characteristics 
Test Condition Input Pulse Levels: 

Input Rise and Fall Time: 
Output Load : 

0.45V to 2.4V 
S20ns 
1 TTL Gate + 1 OOpF 

Reference Levels for Measuring Timing: Inputs; O.SV and 2.0V 
Outputs; O.SV and 2.0V 

Address ~ K 
Standby i\ Active Mode It Standby Mode 
Mode 

ICE 

v 
l !OE 

IDF 

IACC !OH 

I/LL Data Out Valid ~ 
~ ..LL 

Data Out 

Capacitance (Ta= 2S°C, f= 1 MHz) 

Parameter Symbol min. typ. max. Unit 

Input Capacitance 10 pF 

Test Conditions 

Output Capacitance 15 pF Yout = OV 
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HN27C101P Series----------------------------------

High Performance Programming 
This device can be applied the High Performance Pro

gramming algorithm shown in following flowchart. 

This algorithm allows to obtain faster programming time 
without any voltage stress to the device nor deteriora
tion in reliability of programmed data. 

SET PROG./VERIFY MODE 
Vpp=l2.SV±0.3V Vcc=6.0V±0.2SV 

Program fp11·=0.2ms±5% 

Addr~ss+l--Addrns 

NO 

SET READ MODE 
Vee =5.0V ± 0.2SV, V1•1·"" Vn 

NOGO 

ll111:h Performanct' Programm1nK Flowchart 

FAIL 

DC Programming Characteristics (Ta= 25°C ± 5°C, Yee= 6V ± 0.25V, Vpp = 12.5 V ± 0.3V) 

Parameter Symbol min. typ. 

Input Leakage Current Iu 

Output Low Voltage during Verify VoL 

Output High Voltage during Verify VoH 2.4 

V cc Current (Active) Ice 

Input Low Level V1L -0.1 •s 

Input High Level VIH 2.2 

V pp Supply Current !pp 

Notes) *1. Vee must be applied before Vpp and removed after Vpp. 
*2. Vpp must not exceed 13V including overshoot. 

max. Unit Test Conditions 

2 µ.A Vin= 6.25V/0.45V 

0.45 v IoL = 2.lmA 

v IoH= -400µ.A 

30 mA 

0.8 v 
Vcc+0.5*6 v 

40 mA CE=PGM = V1L 

*3. An influence may be had upon device reliability if the device is installed or removed while Vpp=l 2.5V. 
*4. Do not alter Vppeither V1L to 12.5Vor 12.SV to V1L when CE= Low. 
*5. -0.6V for pulse width~ 20ns. 
*6. If V1H is over the specified maximum value, programming operation cannot be guaranteed. 
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----------------------------------HN27C101P Series 

AC Programming Characteristics 
(Ta= 25°C ± 5°C, Vee= 6V ± 0.2SV, Vpp = 12.SV ±0.3V) 

Parameter Symbol min. typ. max. Unit Test Conditions 

Address Setup Time lAS 2 µs 

OE Setup Time to ES 2 µs 

Data Setup Time tns 2 µs 

Address Hold Time lAH 0 µs 

Data Hold Time tnH 2 µs 

OE to Output Float Delay tnF*i 0 130 ns 

V pp Setup Time tvps 2 µs 

V cc Setup Time tvcs 2 µs 

PGM Pulse Width during Initial Programming tpw 0.19 0.2 0.21 ms 

PGM Pulse Width during Over Programming topw•2 0.19 5.25 ms 

CE Setup Time tcES 2 µs 

Data Valid from OE toE 0 150 ns 

Notes) *1. tnF defines the time at which the output acheives the open circuit condition and data is no longer driven. 
*2. toPW is defined as mentioned in flowchart. 

Switching Characteristics 
Input Pulse Levels: 
Input Rise and Fall Time: 
Reference Levels for Measurement 
Timing: 

Address 

IAS 

0.45V to 2.4V 
~20ns 
Inputs; O.BV and 2.0V 
Outputs; O.BV and 2.0V 

Program 

Data----< Data In Stable 

v,.,, v,.,. 
Vee 

lf)S 

ICES 

l/JH 

IOES toE 
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Program Verify 

IA/I 

Data Out Valid 

IDF 
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HN27C101P Serles-------------------------------

High Performance Page Programming 

This device can be applied the High Performance Programming algorithm shown in following flowchart. 
This algorithm allows to obtain faster programming time without any voltage stress to the device nor 
deterioration in reliability of programmed data. 

START 

SET PAGE PROGRAM LATCH MODE 
VN·= 12.5 V±0.3V. Vn-=6.0V ±0.25V 

SET PAGE PROG./VERIFY MODE 
V,•,.=12.5V±0.3V, V""=6.0V±0.25V 

Address+ I-Address 

NO 

SET READ MODE 
Vcc=S.OV±0.2SV, V1•1• = V"c 

NOGO 

High Performance Page Programming Flowchart 

FAIL 

DC Programming Characteristics(Ta = 25°C ± 5°C, Vee= 6V ± 0.25V, Vpp = 12.SV ± 0.3V) 

Parameter Symbol min. typ. max. 

Input Leakage Current Iu 2 

Output Low Voltage during Verify VoL 0.45 

Output High Voltage during Verify VoH 2.4 

Vee Current (Active) Ice 30 

Input Low Level V1L -0.1 •s 0.8 

Input High Level V1H 2.2 Vcc+o.5*6 

Vpp Supply Current lpp 

Notes) *I. V cc must be applied before V pp and removed after Vpp. 
*2. Vpp must not exceed l 3V including overshoot. 

50 

Unit Test Conditions 

µA V1n = 6.25V/0.45V 

v IoL= 2.lmA 

v loH= -400µA 

mA 

v 
v 

mA CE= OE= VIH• PGM = V1L 

*3. An influence may be had upon device reliability if the device is installed or removed while Vpp=l 2.5V. 
*4. Do not alter Vpp either V1L to 12.5V or 12.5V to V1L when CE=Low. 
*5. -0.6V for pulse width~ 20ns 
*6. If VIH is over the specified maximum value, programming operation cannot be guaranteed. 
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---------------------------------HN27C101P Series 
AC Programming Characteristics 
(Ta= 25°C ± 5°C, Vee= 6V ± 0.25V, Vpp = 12.SV ± 0.3V) 

Parameter Symbol min. typ. max. Unit Test Conditions 

Address Setup Time tAS 2 µs 

OE Setup Time tOES 2 µs 

Data Setup Time tos 2 µs 

tAH 0 
Address Hold Time 

µs 

tAHL 2 µs 

Data Hold Time toH 2 µs 

OE to Output Float Delay toF*l 0 130 ns 

Vpp Setup Time typg 2 µs 

V cc Setup Time tvcs 2 µs 

PGM Pulse Width during Initial Programming tpw 0.19 0.20 0.21 ms 

PGM Pulse Width during Over Programming topw•2 0.19 5.25 ms 

CE Setup Time tcES 2 µs 

Data Valid from OE toE 0 150 ns 

OE Pulse Width during Data Latch tLW µs 

PGM Setup Time tPGMS 2 µs 

CE Hold Time tcEH 2 µs 

OE Hold Time to EH 2 µs 

Notes) *1. toF defines the time at which the output acheives the open circuit condition and data is no longer driven. 
*2. topw is defined as mentioned in flowchart. 

Switching Characteristics 
Test Condition Input Pulse Levels: a.45V to 2.4V 

Input Rise and Fall Time: S 2ans 
Reference Levels for Measuring Timing: Inputs; a.av and 2.aV 

Outputs; a.av and 2.av 
Page Data Latch Page Program 

Ao, Ai 
~J~~-"'-~·--~J 

Dato 

Recommended Screening Conditions 
Before mounting, please make the screening (baking 
without bias) shown in the right. 
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Program Verify 

Program and 
Verify 

by Programmer 

Baking at 
125 to !50°C 

for 24 to 48 hrs 

Ensuring 
Read-out 

Mounting 

Recommended 
Screening conditions 
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HN27C301G Series 
131072-word X 8-bit CMOS U.V. Erasable and Programmable ROM 

• FEATURES 
• Single Power Supply . . . . . . . . . . . . . . . . . . . +5V ±5% 
• High Performance Program Mode and High Performance 

Page Program Mode . . . . . . Program Voltage: +12.5V DC 
. . . . . . . . . . . High Performance Programming Available 

• Static ..... , ................ No Clocks Required 
• Inputs and Outputs TTL Compatible During Both Read and 

Program Modes 
• Access Time .......... 170/200/250ns (max.) 
• Low power Dissipation .. 50mW/MHz typ. (Active Mode) 

5µW typ. (Standby Mode) 
• Pin Compatible with 1 Mbit MASK ROM (28pin type) 

• ORDERING INFORMATION 

Type No. Access Time Package 

HN27C301G-17 170ns 

HN27C301G-20 200ns 600 mil 3 2 pin Cerdip 

HN27C301G-25 

• BLOCK DIAGRAM 

A5---j)ci 
I 

A9 

A12 

A~6~-H~ 

cr 
OE.,__,,._..__._r--, 

PGM--.--,.__r-

Vs so--

• MODE SELECTION 
CT 

250ns 

OE 

~: HIGH THRESHOLD 
INVERTER 

PGM Vpp Vee 

' 

~ M s (22) (2) (31) (I) (32, 30)* 
Read VIL V1L VIH Vee ·vee 
Output Disable VIL VIH VIH Vee Vee 
Standby VIH x x Vee Vee 
Program V1L V1H VIL Vpp Vee 
Program Verify VIL V1L V1H Vpp Vee 
Page Data Latch VIH V1L V1H Vpp Vee 
Page Program VIH VIH VIL Vpp Vee 

VIL V1L VIL 

Program Inhibit VIL VIH V1H 
Vpp Vee 

V1H V1L VIL 

V1H VIH V1H 

Notes) *1. X: Don't care 
*2. 30 pin should be connected to 32 pin. 
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L (DG-32) 
------' 

• PIN ARRANGEMENT 

(Top View) 

Outputs 
(13-15, 17-21) 

Dout 
High z 
High z 
Din 

Dout 
Din 

High Z 

High Z 

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



----------------------------------HN27C301G Series 

• ABSOLUTE MAXIMUM RATINGS 

Item Symbol Value Unit 

All Input and Output Voltages*! Vin• Vout -0.6 *2 to +7 .0 v 
Vpp Vo!tage* 1 Vpp -0.6 to + 13.0 v 
V cc Voltage *I Vee -0.6 to +7.0 v 
Operating Temperature Range Topr 0 to +70 oc 
Storage Temperature Range Tstg -65 to +125 oc 
Storage Temperature Range Under Bias Tbios -IO to +80 oc 

Notes) *I. With respect to V SS· 
*2. -1.0V for pulse width ~ 50ns. 

• READ OPERATION 
• DCCHARACTERISTICS(Ta =Oto+70°C, Vcc=5V±5%, Vpp=Vcc) 

Parameter Symbol Test Conditions min. typ. max. Unit 

Input Leakage Current Iu V;n=5.25V - - 2 µA 

Output Leakage Current !Lo V0 ut=5.2.5V /0.45V - - 2 µA 

Vpp Current lppj Vpp=5.5V - I 20 µA 

lsBl CE= Vrn - - I mA 
V cc Current 

lsB2 CE= V cc ±0.3V I 20 µA -

Icc1 CE= VIL, lout =OmA - - 30 mA 

V cc Current Icc2 f=5MHz, lout=OmA - - 30 mA 

IccJ f=IMHz, fout=OmA - - 15 mA 

Input Low Voltage VIL -0.3*1 - 0.8 v 
Input High Voltage VfH 2.2 - Vcc+1*2 v 
Output Low Voltage VoL IoL=2.lmA - - 0.45 v 
Output High Voltage VoH loH=-400µA 2.4 - - v 

Notes) *I. -1.0V for pulse width~ 50ns. 
*2. V cc+ l .5V for pulse width ~ 20ns. If V1H is over the specified maximum value, read operation cannot be 

guaranteed . 

• AC CHARACTERISTICS (Ta =Oto +70°C, Vcc=5V ±5%, Vpp=Vcc) 

HN27C301G-17 HN27C301G-20 HN27C301G-25 
Parameter Symbol Test Conditions Unit 

min. max. min. max. min. max. 

Address to Output Delay tAcc CE= OE= Vn - 170 - 200 - 250 ns 

CE to Output Delay tcE OE= Vn - 170 - 200 - 250 ns 

0 E to Output Delay toE CE= Vn 10 70 10 70 10 100 ns 

OE High to Output Float tnF CE= VIL 0 50 0 50 0 60 ns 
-

Address to Output Hold toH CE= OE= Vn 0 - 0 - 0 - ns 

Note) tvF defines the time at which the Output achieves the open circuit condition and Data is no longer driven. 

• SWITCHING CHARACTERISTICS 
• Test Condition Input Pulse Levels: 0.45V to 2.4V 

Input Rise and Fall Time: :o;;: 20ns 

Output Load: 1 TTL Gate+ 100pF 
Reference Levels for Measuring Timing: lnputs;0.8V and 2.0V 

Outputs;0.8V and 2.0V 

@HITACHI 
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HN27C301G Series,---------------------------------

Address } )( 

Standby l\ Active Mode t Standby Mode 
Mode 

In: 

r r f/W 
1111: 

OE 

f,.\IT 11111 

Data Out / 'LZ 
""C~ Data Out Valid 1L 

• CAPACITANCE (Ta =25°C,f=lMHz) 
Parameter Symbol Test Conditions 

Iilput Capacitance Ctn V1n =OV 

Output Capacitance Cout Vout =OV 

• HIGH PERFORMANCE PROGRAMMING 
This device can be applied the High Performance Pro
gramming algorithm shown in following flowchart. 
This algorithm allows to obtain faster programming time 
without any voltage stress to the device nor deteriora
tion in reliability of programmed data. 

A4dress+l-Allilrn1 

min. typ. 

- -
- -

SET PROC./VERIFY MODE 
VPP=l2.5VU.3V Vcc=6.0V±8.25V 

NO 

SET READ MODE 
Vcc=5.0V±0.25V,V1•,.= Vrc: 

NOGO 

max. 

10 

IS 

High PPrformnc~ Progumm1n1 1-'lowcharl 

.HITACHI 
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-----------------------------------HN27C301G Series 

• DC PROGRAMMING CHARACTERISTICS (Ta =25°C ±5°C, Vcc=6V ±0.25V, Vpp= 12.SV ±0.3V) 

Parameter Symbol Test Conditions 

Input Leakage Current Iu Vin= 6.25V/0.45V 

Output Low Voltage during Verify VoL loL = 2.lmA 

Output High Voltage during Verify VoH IoH = -400µ.A 

V cc Current (Active) Ice 

Input Low Level VIL 

Input High Level Vm 

Vpp Supply Current /pp CE= PGM=VIL 

Notes) *I. V cc must be applied before V pp and removed after V PP· 
*2. Vpp must not exceed 13V including overshoot. 

min. typ. max. Unit 

- - 2 µ.A 

- - 0.45 v 
2.4 - - v 
- - 30 mA 

-0.1 *S - 0.8 v 
2.2 - Vcc-t<J.s*6 v 
- - 40 mA 

*3. An influence may be had upon device reliability if the device is installed or removed while V pp=l 2.5V. 
*4. Do not alter V pp either VIL to l 2.5V or l 2.5V to VIL when CE = Low. 
*5. -0.6V for pulse width~ 20ns 
*6. If V1H is over the specified maximum value, programming operation cannot be guaranteed. 

• AC PROGRAMMING CHARACTERISTICS 
(T0 =25°C ±5°C, Vcc=6V ±0.25V, Vpp=12.5V ±0.3V) 

Parameter Symbol Test Conditions min. typ. max. Unit 

Address Setup Time tAs 2 - - µ.s 

OE Setup Time toES 2 - - µ.s 

Data Setup Time tos 2 - - µ.s 

Address Hold Time tAH 0 - - µ.s 

Data Hold Time toH 2 - - µ.s 

OE to Output Float Delay tnF*l 0 - 130 ns 

V pp Setup Time tvps 2 - - µ.s 

V cc Setup Time tvcs 2 - - µ.s 

PGM Pulse Width during Initial Programming tpw 0.19 0.2 0.21 ms 

PGM Pulse Width during OverprQgramming topw*2 0.19 - 5.25 ms 

CE Setup Time tcES 2 - - µ.s 

Data Valid from OE toE 0. - 150 ns 

Notes) *1. t DF defines the time at which the output acheives the open circuit condition and data is no longer driven. 
*2. t OPW is defined as mentioned in flowchart. 

@HITACHI 
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• SWITCHING CHARACTERISTICS 
Input Pulse Levels: 
Input Riseand Fall Time: 
Reference Levels for Measurement 
Timing: 

Address 

Data---< 

VPP 
VPP 

Vee 

leF.s 

0.45V to 2.4V 
S: 20ns 
lnputs;O.SV and 2.0V 
Outputs; O.SV and 2.0V 

Program 

tm:s Im: 

.HITACHI 

Program Verify 

IA/I 

Data Out Valid 

llW 
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• HIGH PERFORMANCE PAGE PROGRAMMING 

This device can be applied the High Performance Programming algorithm shown in following flowchart. 
This algorithm allows to obtain faster programming time without any voltage stress to the device nor 
deterioration in reliability of programmed data. 

START 

SET PAGE PROGRAM LATCH MODE 
\'1·1·= 12. 5 V ± 0. JV.\',... =6.0V ± 0.25V 

Latch 

n+l-n 

SET PAGE PROG. VERIFY MODE 
V1•1•= 12. SV ±0.JV. Vn-=6.0V±0.25V 

Address+ I ~Address 

SET READ MODE 
Vcc=5.0V±0.25V. V1•1• = Vcc 

NOGO 

High Performance Page Programming Flowchart 

$HITACHI 

FAIL 
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HN27C301G Series-----------------·----------------

• DC PROGRAMMING CHARACTERISTICS (T0 =2S°C ±S°C, Vcc=6V ±0.2SV, VppcJ2.SV ±0.3V) 

Parameter Symbol Test Conditions 

Input Leakage Current lu V;n= 6.25V/0.45V 

Output Low Voltage during Verify VoL loL = 2.lmA 

Output High Voltage during Verify VoH loH=-400µ.A 

V cc Current (Active) Ice 

Input Low Level Vn 

Input High Level VIH 

Vpp Supply Current /pp CE=OE .. V1H• PGM=VIL 

Notes) *l. V cc must be applied before V pp and removed after V pp. 
*2. V pp must not exceed l 3V including overshoot. 

min. typ. max. Unit 

- - 2 µ.A 

- - 0.45 v 
2.4 - - v 
- - 30 mA 

-0.1 *5 - 0.8 v 
2.2 - Vx+05*6 v 
- - 50 mA 

*3. An influence may be had upon device reliability ifthe device is installed or removed while Vpp=l2.5V. 
*4. Do not alter Vppeither V1L to 12.5Vor 12.5V to Vn when CT=Low. 
*5. -0.6V for pulse width ~ 20ns. 
*6. If V1H is over the specified maximum value, programming operation cannot be guaranteed. 

• AC PROGRAMMING CHARACTERISTICS (High Performance Page Programming) 
(Ta=2S°C ±S°C, Vcc=6V ±0.2SV, Vpp=12.SV ±0.3V) 

Parameter Symbol Test Conditions min. typ. max. Unit 

Address Setup Time tAs 2 - - µ.s 

OE Setup Time toES 2 - - µ.s 

Data Setup Time tDs 2 - - µ.s 

Adress Hold Time tAH 0 - - µ.s 

tAHL 2 - - µ.s 

Data Hold Time tDH 2 - - µ.s 

OE to Output Float Delay tvF*l 0 - 130 ns 

V pp Setup Time tvps 2 - - µ.s 

V cc Setup Time tvcs 2 - - µ.s 

PGM Pulse Width during Initial Programming tpw 0.19 0.2 0.21 ms 

PGM Pulse Width during Overprogramming topw*2 0.19 - 5.25 ms 

CE Setup Time tcES 2 - - µ.s 

Data Valid from OE toE 0 - 150 ns 

OE Pulse Width during Data Latch fLW 1 - - µ.s 

PGM Setup Time tpoMS 2 - - µ.s 

CE Hold Time tcEH 2 - - µ.s 

OE Hold Time toEH 2 - - µ.s 

Notes) *!. tDF defines the time at which the output acheives the open circuit condition and data is no longer driven. 
*2. t OPW is defined as mentioned in flowchart. 
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HN27C301G Series 

• SWITCHING CHARACTERISTICS 
• Test Condition Input Pulse Levels: 0.45V to 2.4V 

~ 20ns 

• ERASE 

Input Rise and Fall Time: 

Reference Levels for Measuring Timing: Inputs; 0.8V and 2 .OV 

Outputs;0.8Vand 2.0V 

Page Data Latch Page Program Program Verify 

//\\ 

Erasure of HN27C301G is performed by exposure to ultraviolet light of 2537 A and all the output data 
data are changed to "1" after this erasure procedure. The minimum integrated dose (i.e. UV intensity 

x exposure time) for erasure is 15W. sec/cm2 

@HITACHI 
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HN27C301G Serles-------------------------------

608 

SUPPLY CURRENTvs.SUPPLY VOLTAGE SUPPL V CURRENT vs. AMBIENT TEMPERATURE 

1 
3 

1 

1.6 ....----.---.---..,.----.. 
Ta=2~·c 
Vin=Vcc/V.u 
/=5MHz 

1.4 l----t---+---t----1 

3 1.21---+---+--+--; 

j ~ J 1.01---t---:7F--t------J 

j~ 

10 

o.sl---+---+---t----i 

Supply Voltage Vee IV) 

SUPPLY CURRENT vs. 
FREQUENCY 

Voc=SV 1 
Ta=2s·c 

t-- Vin=Vcc/Vss 

y 
j 1.0 

v _... 
] o.s 

j 
0.2 

I 0. 0.1 0.2 0.5 1.0 

1.3 

1.2 

1 
3 

I.I 

!! 
j J.O 

~ 0.9 

j 
0.8 

Frequency/(MHz) 

ACCESS TIME vs. 
AMBIENT TEMPERATURE 

Vcc=S.OV 

~ 
t-"'" 

~ 

20 60 

Ambeint Temperature Ta ("C) 

1 
3 
j 

] 
l 

1 
3 
!! 
j 

~ 
j 

10 

80 

.HITACHI 

1.6 .----.----.----..,-----, 
Vcc=S.OV 
Vin=Vcc/V.ss 
/=5MHz 

1.4 I----+----+---;----, 

1.2 

1.0 -
0.8 

0.6 

Mo 20 40 60 80 

Ambient Temperature Ta ("C) 

ACCESS TIME vs. SUPPLY VOLTAGE 

!.4 

To=25"C 

1.3 

1.2 

I.I 

o.s 4.0 4.5 5.0 5.5 6.0 

Supply Vol- Vee IV) 
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HN27C301P 
131072-word x 8-bit CMOS One Time Electrically Programmable ROM 

The HN27C301P Series are 131072-word x 8-bit one time 
electrically programmable ROM. Initially, all bits of the 
HN27C301P/FP Series are in the "1" state (output high). 

Data is introduced by selectively programming "O" into the 
desired bit location. This device is packaged in 32 pin plastic 
package, therefore, this device cannot be rewritten and erased. 

Features 
• High speed 

Access time ................... 200/250 ns (max.) 
• Low power dissipation 

Active mode 50 mW/MHz (typ.) 
Standby mode 5 µW (typ.) 

• Single power supply +5V ± 5% 
• High performance program mode and high performance page 

program mode 
Program voltage: +12.5 V DC 
High performance programming available 

• Static ......................... No clocks required 
• Inputs and output TTL compatible during both read and 

program modes. 

Ordering Information 

Type No. Access time Package 

HN27C301P-20 200ns 600 mil 32 pin 
HN27C301P-25 250ns Plastic DIP 

HN27C301FP-20 200ns 32 pin 
HN27C301FP-25 250ns Plastic SOP 

Pin Description 

Pin name Function 

AO -A16 Address 

00 -07 Input/Output 

CE Chip enable 

OE Output enable 

Vee Power supply 

Vpp Programming power supply 

Vss Ground 

PGM Programming enable 

NC No connection 

@HITACHI 

HN27C301P Series 

(DP-32) 

HN27C301FP Series 

(FP-32D) 

Pin Arrangement 
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HN27C301P Series----------------------------------

Block Diagram 

A; o--------Dcilci21 
I 

A~ 

A12 
I 

A 1" o---i-~;::::=t..?:v 

CE 

OE 
PGM 

1024 x 1024 
MEMORY 
MATRIX 

A11-A1•A111•A11 

(il>o: HIGH THRESHOLD 
Vs.'io-- INVERTER 

• Mode Selection 

CE OE PGM Vpp Vee 
Mode (22) (24) (31) (1) (32) 

Read V1L V1L Vrn Vee Vee 

Output Disable V1L V1H Vrn Vee Vee 

Standby Vrn x x Vee Vee 

Program V1L Vrn V1L Vpp Vee 

Program Verify V1L V1L Vrn Vpp Vee 

Page Data Latch Vrn V1L Vrn Vpp Vee 

Page Program Vrn Vrn V1L Vpp Vee 

VIL V1L V1L 

Program Inhibit 
V1L Vrn 

VJH V1L 

V1H 

VIL 
Vpp Vee 

VJH V1H V1H 

Notes) 1. X: Don't care. 
2. 30 pin should be connected to 32 pin. 

Absolute Maximum Ratings 

Item Symbol Value Unit 
------- ----------------------------
A II input and output voltages*! Vjn, Vout -0.6* 2 to +7.0 v 

------
Vpp voltage*' Vpp -0.6 to +13.0 v 
Vee voltage*' Vee -0.6 to +7.0 v 
Operating temperature range Topr 0 to + 70 oc 
Storage temperature range Tstg -55 to+ 125 oc 
Storage temperature range under bias Tbias -10 to +80 oc 

Notes) *I. With respect to Vgg 
*2. -1.0 V for pulse width -::;'. 50 ns 

610 
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----------------------------------HN27C301P Series 

Read Operation 

DC Characteristics (Ta= 0 to +70°C, Vee= 5V ± 5%, Vpp =Vee) 

Parameter Symbol min. typ. max. Unit Test Conditions 

Input Leakage Current ILi 2 µA Y;n = 5.25V 

Output Leakage Current !Lo 2 µA Y out = 5.25V /0.45V 

Ypp Current lppJ 20 µA Vpp = 5.5V 

Yee Current 
1ss1 

Iss2 

mA CE= Vrn 

20 µA CE=Vcc ±0.3V 

Icc1 30 mA CE= V1L, lout= OmA 

Yee Current Icc2 30 mA f= 5 MHz, lout= OmA 

IccJ 15 mA f = 1 MHz, lout = OmA 

Input Low Voltage Y1L -0.3*1 0.8 v 
Input High Voltage Y1H 2.2 Vcc+1 •2 v 
Output Low Voltage YoL 0.45 v IoL = 2.lmA 

Output High Voltage VoH 2.4 v IoH = -400µ.A 

Notes) *1. -1.0V for pulse width~ 50ns. 
*2. V cc+ 1.5V for pulse width~ 20ns. If Ym is over the specified maximum value, read operation cannot be 

guaranteed. 

AC Characteristics 1(Ta = 0 to +70°C, V cc = 5V ± 5%, Vpp = V cc) 

Item Symbol 
HN27C301P-20 HN27C301P-25 

Unit Test conditions 
Min Max Min Max 

Address to output delay tAcc 200 250 ns CE=OE=V1L 

CE to output delay tcE 200 250 ns OE=V1L 

OE to output delay toE 10 70 10 100 ns CE=V1L 

OE high to output float tpF 0 50 0 60 ns CE=V1L 

Address to output hold toH 0 0 ns CE=OE=V1L 

Note) toF defines the time at which the output achieves the open circuit condition and data is no longer driven. 

Switching Characteristics 

Test Condition Input Pulse Levels: 0.45V to 2.4V 

Input Rise and Fall Time: :S:: 20ns 

Output Load: 1 TTL Gate + 1 OOpF 

Reference Levels for Measuring Timing: Inputs; O.SV and 2.0V 

Outputs; O.SV and 2.0V 

Address ) K 
Standby ]\ Active Mode .It Standby Mode 
Mode 

ICE 

v 
[ IOE 

IDF 

IACC IOH 

.LILL 
~ 

Data Out Valid .z.L 
Data Out 

Capacitance (Ta= 25°C, f = 1 MHz) 

Parameter Symbol min. typ. max. Unit Test Conditions 

Input Capacitance 10 pF Vin= OV 

Output Capacitance 15 pF Yout = OV 

@HITACHI 
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HN27C301P Series---------------------------------

High Performance Programming 
This device can be applied the High Performance Pro
gramming algorithm shown in following flowchart. 
This algorithm allows to obtain faster programming time 
without any voltage stress to the device nor deteriora
tion in reliability of programmed data. 

START 

SET PROG./VERIFY MODE 
fpp=l2.5VU.3V Vcr=6.0Vt0.25V 

Address+ 1-Addrns 

Pro1r•m tPM·=0.2ms±5% 

NO 

SET READ MODE 
Vcc=S.OV±0.25V, V1•1•= Vet: 

NOGO 

H1ich Performanc1t Pro(CramminH Flowchart 

FAIL 

DC Programming Characteristics(Ta = 25°C ± 5°C, Yee= 6V ± 0.25V, Vpp = 12.SV ± 0.3V) 

Parameter Symbol min. typ. 

Input Leakage Current Iu 

Output Low Voltage during Verify VoL 

Output High Voltage during Verify VoH 2.4 

V cc Current (Active) Ice 

Input Low Level V1L -0.1 •s 

Input High Level VIH 2.2 

Vpp Supply Current Ipp 

Notes) *I. Vee must be applied before Vpp and removed after Vpp. 
*2. Vppmust not exceed 13V including overshoot. 

max. Unit Test Conditions 

2 µ,A Vin= 6.25V/0.45V 

0.45 v IoL= 2.lmA 

v IoH =-400µ,A 

30 mA 

0.8 v 
Vcc+o.s•6 v 

40 mA CE=PGM=V1L 

*3. An influence may be had upon device reliability if the device is installed or removed while Vpp=l 2.5V. 
*4. Do not alter Vpp either V1L to 12.SVor 12.SV to V1L when CE= Low. 
• 5. -0 .6V for pulse width ~ 20ns. 
*6. If Vmis over the specified maximum value, programming operation cannot be guaranteed. 
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---------------------------------HN27C301P Series 

AC Programming Characteristics 
(Ta= 25°C ± 5°C, Vee= 6V ± 0.25V, Vpp = 12.SV ± 0.3V) 

Parameter Symbol min. typ. max. Unit Test Conditions 

Address Setup Time tAs 2 µs 

OE Setup Time to ES 2 µs 

Data Setup Time tos 2 µs 

Address Hold Time tAH 0 µs 

Data Hold Time toH 2 µs 

OE to Output Float Delay toF*i 0 130 ns 

V pp Setup Time tvps µs 

V cc Setup Time tvcs 2 µs 

PGM Pulse Width during Initial Programming tpw 0.19 0.2 0.21 ms 

PGM Pulse Width during Over Programming topw•2 0.19 5.25 ms 

CE Setup Time tcES 2 µs 

Data Valid from OE toE 0 150 ns 

Notes) *1. toF defines the time at which the output acheives the open circuit condition and data is no longer driven. 
*2. topw is defined as mentioned in flowchart. 

Switching Characteristics 
Input Pulse Levels: 
Input Rise and Fall Time: 
Reference Levels for Measurement 
Timing: 

Address 

Data----< 

ICES 

a.45V to 2.4V 
S 2ans 
Inputs; a.av and 2.av 
Outputs; a.av and 2.av 

Program 

tor.s tor. 

@HITACHI 
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HN27C301P Series----------------------------------

High Performance Page Programming 

This device can be applied the High Performance Programming algorithm shown in following flowchart. 
This algorithm allows to obtain faster programming time without any voltage stress to the device nor 
deterioration in reliability of programmed data. 

START 

SET PAGE PROGRAM LATCH MODE 
Vi·1•=12.5V±0.3V. Vcc=6.0V±0.25V 

SET PAGE PROG., VERIFY MODE 
V1•1•=12.5V±0.3V. Vcc=6.0V±0.25V 

Address+ !~Address 

SET READ MODE 
Vce=5.0V±0.25V, V1•1• =Vee 

NOGO 

High Performance Page Programming Flowchart 

DC Programming Characteristics (Ta= 25°C ± 5°C, V cc= 6V ± 0.2SV, Vpp = 12.SV ± 0.3V) 

Parameter Symbol min. typ. max. 

Input Leakage Current Iu 2 

Output Low Voltage during Verify VoL 0.45 

Output High Voltage during Verify VoH 2.4 

Vee Current (Active) Ice 30 

Input Low Level V1L -0.1 •s 0.8 

Input High Level Vm 2.2 Vcc+0.5*6 

Vpp Supply Current !pp 

Notes) *1. 
*2. 

V cc must be applied before Vpp and removed after Vpp. 
V pp must not exceed 13 V including overshoot. 

50 

Unit Test Conditions 

µ.A Vin= 6.25V/0.45V 

v IoL = 2.lmA 

v ioH =-400µ.A 

mA 

v 
v 

mA CE= OE= VIH• PGM = V1L 

*3. 
*4. 

An influence may be had upon device reliability if the device is installed or removed while Vpp=l 2.SV. 
Do not alter VppeitherV1L to 12.SVor 12.SV to V1L when CE=Low. 

*5. -0.6V for pulse width~ 20ns 
*6. If V IH is over the specified maximum value, programming operation cannot be guaranteed. 
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----------------------------------HN27C301P Series 
AC Programming Characteristics 
(Ta= 25°C ± 5°C, Vee= 6V ± 0.25V, Vpp = 12.SV ± 0.3V) 

Parameter Symbol min. typ. max. Unit Test Conditions 

Address Setup Time tAS 2 µ.s 

OE Setup Time to ES 2 µ.s 

Data Setup Time tos 2 µ.s 

µ.s tAH 0 
Address Hold Time 

tAHL 2 µ.s 

Data Hold Time toH 2 µ.s 

OE to Output Float Delay toF*l 0 130 ns 

V pp Setup Time tvps 2 µ.s 

V cc Setup Time tvcs 2 µ.s 

PGM Pulse Width during Initial Programming tpw 0.19 0.20 0.21 ms 

PGM Pulse Width during Over Programming topw•2 0.19 5.25 ms 

CE Setup Time tcES 2 µ.s 

Data Valid from OE toE 0 150 ns 

OE Pulse Width during Data Latch tLw µ.s 

PGM Setup Time tpQMS 2 µ.s 

CE Hold Time tcEH 2 µ.s 

OE Hold Time to EH 2 µ.s 

Notes) *I. toF defines the time at which the output acheives the open circuit condition and data is no longer driven. 
*2. topw is defined as mentioned in tlowchart. 

Switching Characteristics 
Test Condition Input Pulse Levels: a.45V to 2.4V 

Input Rise and Fall Time: ~ 2ans 
Reference Levels for Measuring Timing: Inputs; a.av and 2.aV 

Outputs; a.av and 2.av 
Page Data Latch Page Program 

Ao, A1 

Datu 

Recommended Screening Conditions 
Before mounting, please make the screening (baking 
without bias) shown in the right. 

@HITACHI 
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fCl RAM 
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HM10422 
256-word x 4-bit Fully Decoded Random Access Memory 
The HM10422 is ECL 10K compatible, 256-word x 4-bit, read write, 
random access memory developed for high speed systems such as 
scratch pads and control buffer storages. 
Four active Low Block Select lines are provided to select each block 
independently. 
The fabrication process is the Hitachi's low capacitance, oxide 
isolation method with double metalization. 
The HM10422 is encapsulated in cerdip-24 pin package, compatible 
with Fairchild's F10422. 

•FEATURES 
• 256-word x 4 bit organization. 
• Fully compatible with 10K ECL level 

(DG-24N) 

• Address access time: 10ns (max) • PIN ARRANGEMENT 
• Write pulse width: 6ns (min) 
• Power dissipation: O.SmW/bit 
• Output obtainable by wired-OR (open emitter) 

• TRUTH TABLE 

Input 

BS WE 
H x 

L L 

L L 

L H 

Notes) x '.Irrelevant 
* : Read out noninverc 

•BLOCK DIAGRAM 

Ao 

A1 

Din 

x 

L 

H 

x 

A; 

Output 

L 

L 

L 

Dout• 

·" 
Y-DeMder/Or iver 

Memory Cell Array 
I 

256 Words X4 Bits 

Block Z Block 3 

--
Mode 

Not Selected 

Write "O" 

Write" l" 

Read 

Block 4 

I~ 3 g l'i'l 3 g I~ 5 g I~ 5 g 
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•ABSOLUTE MAXIMUM RATINGS 

Item Symbol Rating Unit 

Supply Voltage Vu to Vee +0.5 to -7 .0 v 
Input Voltage v .. +o.5 to v" v 
Output Current I ... , -30 mA 

Storage Temperature T.,, -65 to + 150 ·c 

Storage Temperature T •• ,(Bias)• -55 to + 125 ·c 

* Under Biaa 

•ELECTRICAL CHARACTERISTICS 
(Vu--5.2V, RL-500 to -2.0V, Ta-0 to +75°C, air flow exceeding 2m/sec) 

•DC CHARACTERISTICS 

Item 

Output Voltage 

Output Threshold Voltage 

Input Voltage 

Input Current 

Supply Current 

•AC CHARACTERISTICS 

I. READ MODE 

Item 

Block Select Access Time 

Block Select Recovery Time 

Address Access Time 

2. WRITE MODE 

Item 

Write Pulse Width 

Data Setup Time 

Data Hold Time 

Address Setup Time 

Address Hold Time 

Block Select Setup Time 

Block Select Hold Time 

Write Disable Time 

Write Recovery Time 

Symbol 

Vo• 

Voi 

Vo He 

Vote 

v,. 

VIL 

f1H 

f IL 

f EE 

Symbol 

I ABS 

lus 

'" 

Symbol 

'• 
I WSD 

IWHD 

lw.SA 

IWHA 

twus 

IWHIS ,., 
, .. 

Test Condition minlBI 

o·c -1000 

+25"C -960 

V1N - V1HA +15·c -900 

or V1LB o·c -1870 

+25"C -1850 

+15·c -1830 

o·c -1020 

+25"C -980 

+15·c -920 
V11v - ViHs or V1LA 

o·c -
+25"C -

+15·c -
o·c -1145 

Guaranteed Input Voltage 
+25'C -1105 

High for All Inputs 
+15·c -1045 

o·c -1870 
Guaranteed Input Voltage 

+25"C -1850 
Low for All Inputs 

+75'C -1830 

V1N - Vt HA o to +75"C -
BS 1 v,. -VILa 

0.5 
0 to +75"C 

Other -50 

All Input and Output Open, Ta-o·c -200 

Test Pin 12 Ta-75"C -

Test Condition min typ 

- -
- -

- 7 

Test Condition min typ 

twsA-2ns 6 4.5 

2 0 

2 0 

tir-6ns 2 0 

2 0 

2 0 

2 0 

- 4 

- 4.5 

@HITACHI 

typ 
-

-
-

-

-

-

-
-
-
-
-
-
-
-
-
-
-
-
-
-
-

-160 

-145 

max 

5 

5 

10 

max 

-
-
-
-
-
-
-
5 

12 
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maxW Unit 

-840 

-810 

-720 

-1665 
mV 

-1650 

-1625 
-

-
-

mV 
-1645 

·-1630 

-1605 

-840 

-810 

-720 
mV 

-1490 

-1475 

-1450 

220 

170 µA 

-
-

mA 
-

Unit 

ns 

ns 

ns 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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3. RISE/FALL TIME 

Item Symbol Test Condition min 

Output Rise Time I. -

Output Fall Time It -

4. CAPACITANCE 

Item Symbol Test Condition min 

Input Capacitance c .. -
Output Capacitance c .. , -

•TEST CIRCUIT AND WAVEFORMS 

1. LOADING CONDITION 2. INPUT PULSE 
Test Circuit 

VcdGND) 

M.U.T. 

0.0lµf J;. Vu 

3. READ MODE 

Do.n I 

µ.: 
4. WRITE MODE 

o .. 

-2.0V 

R1. =SOQ 
Ct =30pF( inc lwdu 
probe and jig 
capacitance) 

Address 

Dout 

@HITACHI 

typ 

2 

2 

typ 

4 

7 

'" 
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max Unit 

- ns 

- ns 

max Unit 

- pF 

- pF 



] 

-
~ ,.: 

j 

~ 

E 
,.: 

~ 

SUPPLY CURRENT vs. 

AMBIENT TEMPERATURE 

IMt---+--t----+--+---+--4 

IWt---+--+---+--+---+---l 

100 t---+--t---+--+---+---l 
Vu= -r20V 

~2~0--~--,~0--L40--L60--60+---'100 
Ambient Temperaturt Ta ("C) 

ADDRESS ACCESS TIME vs. 

AMBIENT TEMPERATURE 
12.---......---r----.---r----.--~ 

II 

10 

- -
Vu"' -5.ZOV 

l 
-20 20 40 60 80 100 

Ambient Temperature To i"Cl 

BLOCK SELECT ACCESS TIME 
vs. AMBIENT TEMPERATURE 

a; 11---+--+---+--+---+--4 
Vu= -5.20V 

l l 
-ro 60 60 100 

Ambient Temperature To ('C} 

@HITACHI 

SUPPLY CURRENT vs. 

SUPPLY VOLTAGE 

IM >----+--->---+---t-----+----t 

160 _... 

~-r-t---1---L_ -
1401---+--+---+--+---+--4 

IW t-----+---t----+---t-----+----t 

100 t-----+---t-----+---t---+----t 

12 

II 

10 

- 5.72 -5.20 

Supply Voltage Vu (VI 

ADDRESS ACCESS TIME vs. 

SUPPLY VOLTAGE 

v - -+-

r.1s·c 
-5.72 -5.20 -4.68 

Supply Vohage Vu (Vl 

BLOCK SELECT ACCESS TIME 
vs. SUPPLY VOLTAGE 

-5.72 -5.20 -4.68 

Supply Voltage Vu !V) 
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622 

WRITE PULSE WIDTH vs. 
AMBIENT TEMPERATURE 

-1 

o._~..._~ ..... ~~"-~v-J~=--_s._20J~v~--' 
-20 20 40 60 80 100 

Ambient 'Jemperature To ("C) 

@HITACHI 

WRITE PULSE WIDTH vs. 
SUPPLY VOLTAGE 

To.=2s·c 

-5.72 -~20 

Supplj Voltagt Vu (V) 

l 
-U8 
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HM10422-7 

256-word x 4-bit Fully Decoded Random Access Memory 
The HM10422 is ECL 10K compatible, 256-word x 4-bit, read write, 
random access memory developed for high speed systems such as 
scratch pads and control buffer storages. 
Four active Low Block Select lines are provided to select each block 
independently. 
The fabrication process is the Hitachi's low capacitance, oxide 
isolation method with double metalization. 
The HM10422 is encapsulated in cerdip-24 pin package, compatible 
with Fairchild's F10422. 

• FEATURES 
• 256-word x 4 bit organization 
• Fully compatible with 10K ECL level 
• Address access time: 7ns (max) 
• Write pulse width: 4ns (min) 
• Power dissipation: 1.0 mW/bit 
• Output obtainable by wired-OR (open emitter) 

• TRUTH TABLE 

Input 

BS WE 
H x 

L L 

L L 

L H 
---· 
Notes) x · Irrelevant 

* : Rud out noninvert 

•BLOCK DIAGRAM 

Ao 

,, 
,, 
,, 

Din 

x 

L 

H 

x 

Output 

L 

L 

L 

Dout• 

,, 

Mtmory Cell Array 
I 

256 Wnrds ~4 Siu 

Block 2 Block 3 

Mode 

Not Selected 

Write "O" 

Write" I" 

Read 

Block 4 

1-Q :5 g I~ 5 '5 I~ 5 g 

@HITACHI 

(DG-24N) 

• PIN ARRANGEMENT 

(Top View) 
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• ABSOLUTE MAXIMUM RATINGS 

Item Symbol Rating Unit 

Supply Volt11e Vu· to Vee +0.5 to -7.0 v 
Input Voltage v .. +0.5 to Vu v 
Output Current 1 •• 1 -30 mA 

Storage Temperature T.,. -65 to +150 ·c 

Storage Temperature T .. ,(Biaa)• -SS to +l2S ·c 

• UnMr Biali 

• ELECTRICAL CHARACTERISTICS 
(Vn--5.2V, R.-500 to -2.0V, Ta-0 to +75°C, air flow exceeding 2m/sec) 

e DC CHARACTERISTICS 

Item 

Output Voltage 

Output Threshold Voltage 

Input Voltage 

Input Current 

Supply Current 

•AC CHARACTERISTICS 
1. READ MODE 

Item 

Block Select Access Time 

Block Select Recovery Time 

Aclclress Access Time 

2. WRITE MODE 

Item 

Write Pulse Width 

Data Setup Ti-

Data Hold Time 

Address Setup Time 

Address Hold Time 

Block Select Setup Time 

Block Select Hold Time 

Write Disable Time 

Write Recovery Time 

Symbol 

v •• 

Vo1 

VoHc 

VoLc 

v,. 

V11 

1 •• 

111 

1 .. 

Symbol 

IABS 

Ins 

1 .. 

Symbol 

'• 
lwso 

htHD 

fwSA 

frtHA 

twus 

htHIS 

'•• ,.. 

Test Condition minlBI 
o·c -1000 

+2S°C -960 

V11f-VIHA +1s·c -900 
or VIL• o·c -1870 

+2S"C -1850 

+1s·c -1830 
o·c -1020 

+2S"C -980 
+7S"C -920 

V11v -V1H1 or V1u 
o·c -

+2S"C -
+1s·c -

o·c -ll4S 
Guaranteed Input Volt11e 

+2S"C -nos 
High for AU Inputs 

+7S"C -1045 

o·c -1870 
Guaranteed Input Volt11e 

+25"C -1850 
Low for All Inputs 

+7S"C -1830 

V1N-VIHA 0 to +7S"C -
85 l v •• -v,L. 0 to +7S"C 

o.s 

Other -so 
All Input and Output Open, Ta-o·c -240 

Test Pin 12 Ta-7S"C -

Test Condition min typ 

- -
- -
- 4 

Test Condition min typ 

twu.-2ns 4 3 

l 

l 

lw·-4ns 2 

I 

I 

I 

- 3 

- 3 

@HITACHI 

typ 

-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-

-200 

-180 
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max(A) Unit 

-840 
-810 

-720 

-166S 
mV 

-1650 

-162S 

-
-
-

-1645 
mV 

-1630 

-l60S 

-840 

-810 

-720 

-1490 
mV 

-l47S 

-1450 

220 

170 /IA 

-
-

mA -

max Unit 

s ns 

5 ns 

7 ns 

max Unit 

- ns 

- ns 

- ns 

- n• 

- ns 

- ns 

- •• 
5 ns 

8 •• 



3. RISE/FALL TIME 

Item Symbol Test Condition 

Output Rise Time 1. 

Output Fall Time 11 

4. CAPACITANCE 

Item Symbol Test Condition 

Input Capacitance c .. 
Output Capacitance c .. 1 

•TEST CIRCUIT AND WAVEFORMS 

l. LOADING CONDITION 
Test Circuit 

Vcc{GNDJ 

M.U.T. 

O.OJµf ;]; Vn 

3. READ MODE 

Do" 

-2.ov 
&=SOQ 
CL =JOpF( includes 
probe and iii 
capac i11nce) 

BS~ 
~h•s~ ~ 

min typ 

- 2 

- 2 

min typ 

- 3 

- 5 

2. INPUT PULSE 

50% 
I 
I 
1---•··----l 

max 

-
-

max 

-
-

: :111% 
Doo1 I 

I 
-----"11 I 

~ 
Dou• _________ _,~._0_% ___ _ 

4. WRITE MODE 

50% 

Addrus 50% 

Din 

@HITACHI 
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HM10422-7 

Unit 

ns 

ns 

Unit 

pF 

pF 
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HM2112, HM2112-1 
1024-word x 1-bit Fully Decoded Random Access Memory 

The HM2112 is an ECL compatible, 1024-word x 1 ·bit, read/write, 
random access memory developed for application to scratch pads, 
control and buffer memories, etc. which require high speeds. 

•FEATURES 

• Level .•.•..•...................... 10k ECL Compatible 
• Construction ....•....•.......•...... 1024-word by 1-bit 
• Address Access Time .•............... HM2112 10ns (max.) 

HM2112·1 8ns (max.) 
• Chip Select Access Time .•..•................. 6ns (max.) 
• Power Consumption ••...•..•............ O.SmW/bit (typ) 
• Output Obtainable by Wired-OR (open emitter) (DC- 16A) 

• Fully Pin Compatible with F 10415 

•TRUTH TABLE • PIN ARRANGEMENT 

Input 
Output Mode 

cs WE Din 
-

H x x L Not Selected 

L L L L Write "O" 

L L H L Write"]" 

L H x Dout• Read 

x: Jrr•lnant 
• : Rud out noniverted 

• BLOCK DIAGRAM 

(Top View) 

•ABSOLUTE MAXIMUM RATINGS 

Item Symbol HM2112 Unit 

Supply Voltage Vu. to Vee +0.5 to -7.0 v 
Input Voltage v .. +0.5 to Vu v 
Output Current I ... -30 mA 

Storage Temperature T.,. -65 to +)50 ·c 

Storage Temperature T.,.(Bias)• -55 to +125 ·c 
• Undn Biu 

@HITACHI 
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• ELECTRICAL CHARACTERISTICS 
(V£E--5.2V, RL-50.0 to -2.0V, Ta-0 to +15·c, air flow exceeding 2m/sec) 

•DC CHARACTERISTICS 

lte.m Symbol Test Condition min(BI typ maxW Unit 

o·c -1000 - -840 

v •• +25"C -960 - -810 

+15·c -900 - -720 
Output Voltage V1N -V1HA or Vna 

o·c 
mV 

-1870 - -1665 

v., +25'C -1850 - -1650 

+75"C -1830 - -1625 

o·c -1020 - -

VoHc +25'C -980 - -
+15·c -920 - -

Output Threshold Voltage v,,~ - V1H8 or VILA mV 
o·c - - -1645 

Vo1.c +25'C - - -1630 

+15·c - - -1605 

o·c -1145 - -840 

v,. Guaranteed Input Voltage 
+25'C -1105 - -810 

High for All Inputs 
+15·c -1045 - -720 

Input Voltage mV 
o·c -1870 - -1490 

v,, Guaranteed Input Voltage 
+25"C -1850 - -1475 

Low for All Inputs 
+75"C -1830 - -1450 

/,, V1.Y-VIHA o to +1s·c - - 220 

Input Current cs l v,.-v,, .• 
0.5 - 170 pA 

/,, 0 to +75"C 
Other -50 - -
All Input and Output Open, Ta-o·c -240 - -

Supply Current I" mA 
Test Pin 8 To-7S'C -200 - -

e AC CHARACTERISTICS 

(V£E--5.2V ±5%, Ta-0 to +75'C, air flow exceeding 2m/sec. see test circuit and waveforms) 

!. READ MODE 

HM2112-l HM2112 
Item Symbol Test Condition Unit 

min typ max min typ max 

Chip Select Access Time IACS 1 3 6 1 3 6 ns 

Chip Select Recovery Time hes 1 3 5 1 3 5 ns 

Address Access Time ,,, 3 6.5 8 3 7 .5 10 ns 

2. WRITE MODE 

HM2112-l HM2112 
Item Symbol Test Condition Unit 

min typ max min typ msx 

Write Pulse Width '• lwsA-lns 7 2 - 7 2 - ns 

Data Setup Time twso 1 0 - 1 0 - •• 
Data Hold Time IWHD 1 0 - 1 0 - ns 

Address Setup Time f wu tw-7ns 3 0 - 3 0 - ns 

Address Hold Time IWHA 2 0 - 2 0 - ns 

Chip Select Setup Time lwscs 1 0 - 1 0 - ns 

Chip Select Hold Time IWHCS 1 0 - 1 0 - •• 
Write Disable Time lws 1 3 s 1 3 s •• 
Write Recovery Time '•• 1 3 10 1 3 12 ns 

@HITACHI 
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3. RISE/FALL TME 

Item Symbol Test Condition 

Output Rise Time ,, 
-'-

Output Fall Time ,, 
4. CAPACITANCE 

Item Symbol Test Condition 

Input Capacitance c .. 
Output Capacitance c"' 

•TEST CIRCUIT AND WAVEFORMS 

1. LOADNG CONDITION 
GND 

16 

HM2112 

0.01,.f" r -2.ov 

Rt =SOQ 
Vu C1.=30pF(includes probe and 1i1 capac11uce) 

3. READ MODE 

min typ max 

0.8 1.5 2.5 

0.8 1.5 2.5 

min typ max 

1 3 5 

3 5 8 

2. INPUT PULSE 

Addce~ 

4. WRITE MODE 

Mdrus 

Din 

Dout ~ 

50% - -- -- - - --------- --- ----- -- -- ------

50% 

--\ 
50% 

Do111 l•scs 
50% ... 

• HITACHI 
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Unit 

n• 

ns 

Unit 

pF 

pF 



., 
• 

SUPPLY CURRENT 

vs. AMBIENT TEMPERATURE 
200 ,---,----,.---...,---...---r---. 

!RO -~ 

~ 1601---t---f--" ...... +--+--+---l 

N 
1401--+--1--+--+t--..---= ...... :---t -

SUPPLY CURRENT 

vs. SUPPLY VOLTAGE 
200,..--...,..----,--~-~--~-~ 

180~--+---+---+---+-->---I 

--t--,_ 
160 f--+--t--==r--+=-=t-r---f 

140~--+---+---+---+-->---< 

J 12ot---+---i---t---+--+----1 l 120 t---t---t--+---+--t-----1 

tooi----+---i~--t---+--+----1 

Ambien1 Temperature f<J 1 "f' 

ADDRESS ACCESS TIME 

vs. AMBIENT TEMPERATURE 
10...---,---.----...,..---...---r---. 

-
--

Vu=1-s.2ov 

''----'----''----'--~--,.,.__-~. 
-20 20 40 60 80 100 

Ambient Temperalurl' Ta("() 

CHIP SELECT ACCESS TIME 

vs. AMBIENT TEMPERATURE 

0 
-20 

Vu=i5.20V 

20 40 60 80 100 

Ambient Ttmperature Ta ("C) 

@HITACHI 

100 t---t---t--+---+--t-----1 

r.1=2s·c 
so._ _ _._ _ __, __ ....__ ........ __ ,__ _ _, 

- 5.72 -5.20 

Supply Voltage Vu ( V) 

ADDRESS ACCESS TIME 

vs. SUPPLY VOLTAGE 

-4.68 

10.---.---,---,----.----r--~ 

5.72 -5.20 -4.68 

Supply Voltage Vu: ! V) 

CHIP SELECT ACCESS TIME 

vs. SUPPLY VOLTAGE 

-
r--

Tal2s·c 
-5.72 -5.20 -4.68 

Supply Voltage Vu (V) 
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l! 

630 

WRITE PULSE WIDTH 
vs. AMBIENT TEMPERATURE 

Ambient Temperature Ta (•C) 

@HITACHI 

WRITE PULSE WIDTH 

vs. SUPPLY VOLTAGE 

-

-5.72 -5.20 

r.rs·c 
-<.68 

Supply Voltage Vu IV\ 
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HM10474 

1024-word x 4-bit Fully Deco.:led Random Access Memory 
The HM10474 is ECL 10k compatible, 1024-words x 4-bit, read 
write, random access memory developed for high speed systems such 
as scratch pads and control/buffer storages. 
The fabrication process is the Hitachi's low capacitance, oxide 
isolation method with double metalization. 
The HM10474 is encapsulated in cerdip-24pin package, compatible 
with Fairchild's F10474. 

•FEATURES 
• 1024-word x 4-bit organization 
• Fully compatible with 10K ECL level 
• Address access time: 25ns (max) 
• Write pulse width: 25ns(min) 
• Low power dissipation: 0.2mW/bit 
• Output obtainable by wired-OR (open emitter) 

IDG-24N) 

•PIN ARRANGEMENT 

• TRUTH TABLE 

Input 

cs WE 

H x 

L L 

L L 

L H 

Notes) x : Irrelevant 
• : Rud Out Nonivert 

• BLOCK DIAGRAM 

Output 
Din 

x 

L 

H 

x 

L 

L 

L 

Dout• 

Memory Cell Array 
1024Words x 4 Bits 

Mode 

Not Selected 

Write "O"" 

Write "" l" 

Read 

•ABSOLUTE MAXIMUM RATINGS (Ta-2s·c) 

Item Symbol Rating Unit 

Supply Voltage Vu to Vee +0.5 to -7 .0 v 
Input Voltage v .. +0.5 to Vu v 
Output Current I ••• -30 mA 

Storage Temperature T.i, -65 to +150 ·c 
Storage Temperature T.,,(Bias)• -55 to +125 ·c 

• Under Bi .. 

@HITACHI 

(Top View) 
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• ELECTRICAL CHARACTERISTICS 

•DC CHARACTERISTICS(V££--5.2V, RL-500 to -2.0V, To-0 to +75"C, air flow exceeding 2m/sec) 

Item Symbol Teat Condition min(B) typ max(A) 

o·c -1000 - -840 

v •• +2s·c -960 - -810 

+1s·c -900 - -720 
Output Voltaae V111-V1HA or V1u 

o·c -1870 - -1665 

VoL +25'C -1850 - -1650 

+75'C -1830 - -1625 

o·c -1020 - -
VoHC +zs·c -980 - -

+75'C -920 - -
Output Threshold Voltage V1N - VrHs or Vt LA 

o·c - - -1645 

VoLc +2s·c - - -1630 

+75'C - - -1605 

o·c -1145 - -840 

v,. Guaranteed Input Voltage 
+2s·c -1105 - -810 

High for All Inputs 
+1s·c -1045 - -720 

Input Voltage 
o·c -1870 - -1490 

v,, Guaranteed Input Voltage 
+2s·c -1850 - -1475 

Low for All Inputs 
+75'C -1830 - -1450 

1,. V11r-V1HA o to +1s·c - - 220 

Input Current cs I v,.-v, .. 
0.5 - 170 

In o to +1s·c 
Others -50 - -
All Input and Output Open, Ta-o·c -200 -160 -

Supply Current IEE 
Test Pin 12 Ta-75'C - -HS -

•AC CHARACTERISTICS(V££--5.2V ±5%, To-0 to +75"C, air flow exceeding 2m/sec) 

1. READ MODE 

Item Symbol Test Condition min typ max 

Chip Select Access Time t ACS - - 10 

Chip Select Recovery Time "'"' - - 10 

Address Access Time IAA - 15 25 

2. WRITE MODE 

Item Symbol Test Condition min typ max 

Write Pulse Width lw l1rs..t-3ns 25 15 -
Data Setup Time lwso 2 - -

Data Hold Time '""" 2 - -
Address Setup Time 1..,. lw-tw ••• 3 - -

Address Hold Time 1.,,. 2 - -
Chip Select Setup Time lwscs 2 - -
Chip Select Hold Time '""°' 2 - -
Write Disable Time lws - - 10 

Write Recovery Time ; .. - - 27 

~HITACHI 
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Unit 

mV 

mV 

mV 

/IA 

mA 

Unit 

DI 

n1 

ns 

Unit 

ns 

ns 

n1 

na 

ns 

DI 

na 

DI 

n• 



3. RISE/FALL TIME 

Item Symbol Teat Condition 

Output Rise Time '· 
Output Fall Time ,, 

4. CAPACITANCE 

Item Symbol Test Condition 

Input Capacitance c .. 
Output Capacitance c ... 

• TEST CIRCUIT AND WAVEFORMS 

l . LOADING CONDITION 2. INPUT PULSE 

Test Circuit 

Vcc(GND) 

Oout 
M.U.T. 

0.0JµF ;J;. v .. -2.0V 

3. READ MODE 

4. WRITE MODE 

Addreu 50% 

Din 

00111 

Rt=SOO 
Ct= JOpF( includes 
probe and jig 
capacitance) 

-, 

. .\ddress 

Dou! 

50%' 50% 

' / ~--------------J .... 
.... .... 

@HITACHI 

... 

50% 

IWllA 

IW#CS 

... 

min typ 

- 2 

- 2 

min typ 

- 4 

- 7 
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.... Unit 

- ns 

- DI 

.... Unit 

- pF 

- pF 

20% 

633 



634 

. 
u 

< 

SUPPLY CURRENT vs. 
AMBIENT TEMPERATURE 

... -..; r--.... 

.. 01--+--t--+N--"'t---=+---i 
~ 

1401---1----i--+---+----i---I 

1001---1----i--+---+----i---I 

Vu=1-s.2ov 
801--...L..--'--.L--_._ _ __. _ __, 
-w w 40 " ~ 100 

30 

25 
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SUPPLY CURRENT vs. 
SUPPLY VOLTAGE 

5.72 -520 

S1Jpply Voltage Vu (V) 

ADDRESS ACCESS TIME 
vs. SUPPLY VOLTAGE 

-5.72 -5.20 

Supply Voltage Vu (V) 

-

Tal.S"C 

4.68 

Tol25°C 

-4.68 

CHIP SELECT ACCESS TIME 

vs. SUPPLY VOLTAGE 

r,J5·c 

-5.72 520 4.68 

Supply Voltage Vu (V) 
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WRITE PULSE WIDTH vs. 
AMBIENT TEMPERATURE 
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HM104 74-8,HM104 74-10 
1024-word x 4-blt Fully Deco.ied Random Access Memory 
The HM10474 is ECL 10k compatible, 1024-words x 4-bit, read 
write, random access .memory developed for high speed systems such 
as scratch pads and control/buffer storages. 
The fabrication process is the Hitachi's low capacitance, oxide 
isolation method with double metalization. 
The HM10474 is encapsulated in cerdip-24pin package, compatible 
with Feirchild's F10474. 

•FEATURES 
• 1024-word x 4-bit organization 
• Fully compatible with 10K ECL level 
• Address access time: HM10474-8 8ns (maxi 

• Write pulse width: 
HM10474-10 10ns (maxi 
HM10474-8 5ns (mini 
HM10474-10 5ns (mini 

(DG·24N) 

• Low power dissipation: 0.3mW/bit • PIN ARRANGEMENT 
• Output obtainable by wired-OR (open emitter) 

•TRUTH TABLE 

Input 

cs WE 

H x 

L L 

L L 

L H 

Notes) X : Irrelevant 
• : Read Out NoniHrt 

• BLOCK DIAGRAM 

Din 
Output 

x L 

L L 

H L 

x Dout• 

Memory Cell Array 
1024Words x 4 Bits 

Mode 

Not Selected 

Write "O" 

Write "'I" 

Read 

• ABSOLUTE MAXIMUM RATINGS (Ta-25"C) 

Item Symbol Rating Unit 

Supply Voltage Vu to Vee +o.5 to -7.0 v 
Input Voltage v .• +o.5 to v .. v 
Output Current /_, -30 mA 

Storaae Temperature T.,. -65 to +150 ·c 
Storage Temperature T •• ,(Bias)• -55 to +125 ·c 

• Under Bia• 

.HITACHI 

(Top View) 
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------------------------HM10474-8, HM10474-10 

• ELECTRICAL CHARACTERISTICS 

•DC CHARACTERISTICS(Vu--5.2V, RL-500 to -2.0V, Ta-0 to +75"C, air flow exceeding 2m/sec) 

Item Symbol Teot Condition min(B) typ max(A) 

o·c -1000 - -840 

v •• +25"C -!NIO - -810 

+75"C -900 - -720 
Output Voltap v,.- V1HA or V1L• o·c -1870 - -1"5 

VoL +25"C -1850 - -1650 

+75"C -1830 - -1625 

O"C -1020 - -
VoHc +25"C -980 - -

+75"C -920 - -
Output Threehold Volta1e V1111-V1•• or V1u o·c - - -1645 

VoLc +25"C - - -1630 

+75"C - - -1605 

o·c -1145 - -840 

v,. Guaranteed Input Voltage 
+25"C -1105 - -810 

High for All Inputs 
+75"C -1045 - -720 

Input Volta1e o·c -1870 - -1490 

VIL 
Guaranteed Input Voltap 

+25"C -1850 - -1475 
Low for All Inputs 

+75"C -1830 - -1450 

1,. V11w-V1HA 0 to +75"C - - 220 

Input Current cs 1 V1•-V1L1 
0.5 - 170 

l1L 0 to +75"C 
Others -50 - -
All Input and Output Open, To-O"C -240 -220 -

Supply Current 1 .. 
Teat Pin 12 To-75"C - -205 -

•AC CHARACTERISTICS(V££--5.2V ±5%, Ta-0 to +75°C, air flow exceeding 2m/sec) 

1. READ MODE 

HMI0474-8 HM10474-10 
Item Symbol Test Condition 

min typ max min typ max 

Chip Select Access Time IACS - - 6 - - 6 

Chip Select Recovery Time hes - - 6 - - 6 

Address Access Time 1 •• - - 8 - - 10 

2. WRITE MODE 

HM10474·8 HM10474-10 
Item Symbol Test Condition 

min typ max min typ max 

Write Pulse Width lw 1.,.-2ns 5 - - 5 - -
Data Setup Time lwso I - - 2 - -
Data Hold Time 1 ... I - - 2 - -
Address Setup Time 1 ... 1.-1 .... , .. 2 - - 2 - -
Address Hold Time 1 ... l - - 2 - -
Chip Select Setup Time lwsc:s I - - 2 - -
Chip Select Hold Time 1.,.. l - - 2 - -
Write Disable Time 1 .. - - 6 - - 6 

Write Recovery Time ;,.. - - 9 - - 12 

.HITACHI 
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Unit 

mV 

mV 

mV 

PA 

mA 

Unit .. 
no 

ns 

Unit 

no 

no 

•• 
•• 
•• 
ns 

ns 

ns 

ns 
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3. RISE/FALL TIME 

Item Symbol 

Output Rise Time f, 

Output Fall Time 11 

4. CAPACITANCE 

Item Symbol 

Input Capacitance c .. 
Output Capacitance c ... 

• TEST CIRCUIT AND WAVEFORMS 

1 . LOADING CONDITION 

Test Circuit 

Vcc(GND) 

M.U.T. 

0.0JµF ;J;. Vu 

3. READ MODE 

lAC$ 

U.1ut 

4. WRITE MODE 

Addreu 

Din 

Dout 

-2.0V 

50% 

RL=SOO 
C1 =30pF( includes 
probe and jig 
capacitance) 

.... 50% 

.... 
------------~ 

Oout twscs 

Test Condition 

Test Condition 

2. INPUT PULSE 

r\ddrus 

'" 
Dou1 

5-0% 

... 

@HITACHI 

min typ 

- 2 

- 2 

min typ 

- 4 

- 7 

t.-r1 -2.0na 
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msx Unit 

- ns 

- ns 

max Unit 

- pF 

- pF 



HM10470, HM10470-1 

4096-word x 1-bit Fully Decoded Random Access Memory 
The HM10470 is ECL 10K compatible, 4096-words x 1-bit, read 
write random access memory developed for high speed systems such 
as scratch pads and control/buffer storages. 
The fabrication process is the Hitachi's low capacitance, oxide isola
tion method with double metalization. 

The HM10470 is encapsulated in cerdip-18 pin package, compatible 
with Fairchild's F10470. 

• FEATURES 
• 4096-word x 1-bit organization 
• Fully compatible with 10K ECL level 
• Address access time: HM10470 

• Write pulse width: 
HM10470-1 
HM10470 
HM10470-1 

• Low power dissipation: 0.2mW/bit 

25ns (maxi 
15ns (maxi 
25ns (min) 
15ns (mini 

• Output obtainable by wired-OR (open emitter) 

• TRUTH TABLE 

Input 
Output Mode 

cs WE Din 

H x x L Not Selected 

L L L 

L L H 

L H x 

Notes l )( : lrrelout 

• : Re.d Out Noninvert 

•BLOCK DIAGRAM 

Ao 

~. 

..\; 

64 X64 

Memory Cell 

Array 

L Write "O" 

L Write "1" 

Dout• Read 

•ABSOLUTE MAXIMUM RATINGS (Ta=25°C) 

Item Symbol Rating Unit 

Supply Voltage VEE to Vee +0.5 to -7 .0 v 
Input Voltage v .. +0.5 to v .. v 
Output Current 1 ... 1 -30 mA 

Storage Temperature T.,. -65 to + 150 ·c 
Storage Temperature T.,,(Bias)• -55 to +125 ·c 

• Under Biu 

@HITACHI 

00111 

Oin 

(DG-18) 

•PIN ARRANGEMENT 

(Top View) 
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• ELECTRICAL CHARACTERISTICS 

•DC CHARACTERISTICS(V££=-5.2V, RL=500 to -2.0V, Ta=O to +75°C, air flow exceeding 2m/sec) 

Item Symbol Test Condition minlBl typ max(A) 

o·c -1000 - -840 

VoH +25'C -960 - -810 

+75'C -900 - -720 
Output Voltage V1N = V1HA or V1Ls o·c -1870 - -1665 

Voe +25'C -1850 - -1650 

+75'C -1830 - -1625 

o·c -1020 - -

Vo He +25'C -980 - -

+75'C -920 - -
Output Threshold Voltage V1N"'"' V1HB or V1L.t o·c - - -1645 

Vote +25'C - - -1630 

+75'C - - -1605 

o·c -1145 - -840 

v,. Guaranteed Input Voltage 
+25'C -1105 - -810 

High for All Inputs 
+1s·c -1045 - -720 

Input Voltage o·c -1870 - -1490 

Va 
Guaranteed Input Voltage 

+25'C -1850 - -1475 
Low for All Inputs 

+75'C -1830 - -1450 

1,. V1N =Vt HA o to +1s·c - - 220 

Input Current cs l v,. - Vas 
0.5 - 170 

[a 0 to +75'C 
Other -so - -

-200' -160' -
All Input and Output Open. Ta-o·c 

Supply Current [" -280" -200" -
Test Pin 9 

Ta-1s·c - -145 -

* HM10470 
• • HM10470-l 

•AC CHARACTERISTICS(Vu=-5.2V ±5%, Ta=O to +75°C, air flow exceeding 2m/sec) 
1. READ MODE 

HM10470 HM10470-I 
Item Symbol Test Condition 

min typ max min typ max 

Chip Select Access Time I ACS - - 10 - - 8 

Chip Select Recovery Time llics - - 10 - - 8 

Address Access Time I,.,.· - 15 25 - 12 15 

2. WRITE MODE 

HM10470 HM10470-I 
Item Symbol Test Condition --j 

min typ max min typ max 

Write Pulse Width lw tws .. -3ns 25 - - 15 - -

Data Setup Time twso 2 - - 2 - -

Data Hold Time IWHD 2 - - 2 - -

Address Setup Time IWSA tw-lw '"'~ 3 - - 3 - -

Address Hold Time I WHA 2 - - 2 - -

Chip Select Setup Time twscs 2 - - 2 - -

Chip Select Hold Time lwHCS 2 - - 2 - -
--~ 

Write Disable Time '"' - - 10 - - 8 

Write Recovery Time IWR - - 27 - - 17 

@HITACHI 
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Unit 

mV 

mV 

mV 

pA 

mA 

Unit 

ns 

ns 

ns 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 



3. RISE/FALL TIME 

Item Symbol 

Output Rise Time 1. 

Output Fall Time It 

4. CAPACITANCE 

Item Symbol 

Input Capacitance c .. 
Output Capacitance c ... 

• TEST CIRCUIT AND WAVEFORMS 

1 . LOADING CONDITION 

Test Circuit 

M .C.T. 

O.O!µF; Vu 

3. READ MODE 

4. WRITE MODE 

cs 

Addr~n 

WE 

Do·· 

Vcc(GNDI 

Dout 

RL 

-2.ov 

RL=50Q 
CL= 30pF( includes 
probe and jig 
capacitance) 

f----111·scs--~o-1 

Test Condition 

Test Condition 

2. INPUT PULSE 

@HITACHI 

min typ 

- 2 

- 2 

min typ 

- 3 

- 5 

t. = t1=Z.Ons typ 
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max Unit 

- ns 

- ns 

max Unit 

- pf 

- pf 
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SUPPLY CURRENT vs. 

SUPPLY VOLTAGE 

~ 

-5.72 -5.20 

r-

To=_r·c 
-4.68 

Supply Voluge Vu (Vl 

ADDRESS ACCESS TIME 
vs. SUPPLY VOLTAGE 

11Ml~470·l ---+-

5.72 -520 -4.68 

Supply Voltage Vu (VJ 

CHIP SELECT ACCESS TIME 
vs. SUPPLY VOLTAGE 

HM10470 
HMI0470· I 

Ta=_r·c 
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Supply Voltage VEE l V) 
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HM10470-20 
4096-word x 1-bit Fully Decoded Random Access Memory 
The HM10470 is ECL 10K compatible, 4096-words x 1-bit, read/ 
write, random access memory developed for high speed systems 
such as scratch pads and control/buffer storages. 
The fabrication process uses the Hitachi's low capacitance, oxide 
isolation method with double metalization. 
The HM10470 is encapsulated in cerdip-18 pin package, compatible 
with Fairchild's F10470. 

•FEATURES 
• 4096-word x 1-bit organization 
• Fully compatible with 10K ECL level 
• Address access time: 20ns (max) 
• Write pulse width: 20ns (min) 

IDG-181 

• Low power dissipation: 0.25 mW/bit 
• Output obtainable by wired-OR (open emitter) • PIN ARRANGEMENT 

•TRUTH TABLE 

Input 
Output Mode 

cs WE Din 

H x x L Not Selected 

L L L L Write "O" 

L L H L Write "}" 

L H x Dout • Read 

Notes) X : Irrelevant 
• : Rud Out NonivHt 

• BLOCK DIAGRAM 
(Top View) 

• ABSOLUTE MAXIMUM RATINGS (Ta~25 °C) 

Item Symbol Rating Unit 

Supply Voltage Ve£ to Vee +0.5 to -7.0 v 
Input Voltage v .. +0.5 to v., v 
Output Curflent I ... -30 mA 

Storage Temperature T.1, -65 to + 150 ·c 
Storage Temperature T •• , (Bias)• -55 to +125 ·c 

• Under Biu 

@HITACHI 
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• ELECTRICAL CHARACTERISTICS 
•DC CHARACTERISTICS(V.,~-5.2V, RL-500 to -2.0V, Ta-0 to +75°C, air flow exceeding 2m/sec) 

Item Symbol Test Condition min!BI typ max(A) 

o·c -1000 - -840 

VoH +25"C -960 - -810 

+75"C -900 - -720 
Output Voltage V1N - V1HA or V1u 

o·c -1870 - -1665 

Voe +25"C -1850 - -1650 

+75"C -1830 - -1625 

o·c -1020 - -

VoHc +25"C -980 - -
+75"C -920 - -

Output Threshold Voltage v,,..-v,HB or V1u 
o·c - - -1645 

Voic +25"C - - -1630 

+75"C - - -1605 

O"C -1145 - -840 

VtH 
Guaranteed Input Voltage 

+25"C -ll05 - -810 
High for All Inputs 

+7S"C -1045 - -720 
Input Voltage 

o·c -1870 - -1490 

Vn 
Guaranteed Input Voltage 

+2s·c -1850 - -1475 
Low for All Inputs 

+7S"C -1830 - -1450 

ftH VJ.N -V1HA 0 to +75"C - - 220 

Input Current cs J v,.-Vna 
0.5 - 170 

In o to +1s·c 
Other -so - -
All Input and Output Open, Ta-o·c -260 -220 -

Supply Current lu 
Test Pin 12 To-75'C - -210 -

eAC CHARACTERISTICS(V,.--5.2V±5%, Ta-0 to +75°C, air flow exceeding 2m/sec) 

l. READ MODE 

Item Symbol Test Condition min typ max 

Chip Select Access Time IACS - - 8 

Chip Select Recovery Time hes - - 8 

Address Access Time IAA - - 20 

2. WRITE MODE 

Item Symbol Test Condition min typ max 

Write Pulse Width lw fwu-3ns 20 - -

Data Setup Time lwso 3 - -
Data Hold Time fwHD 2 - -
Address Setup Time lwu lw- 20ns 3 - -

Addre.ss Hold Time IWHA 2 - -

Chip Select Setup Time hues 3 - -

Chip Select Hold Time lwHCS 2 - -
Write Disable Time lws - - 8 

Write Recovery Time lw• - - 22 

@HITACHI 
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Unit 

mV 

mV 

mV 

µA 

mA 

Unit 

ns 

ns 

ns 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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3. RISE/FALL TME .. _ 
s,..i.o1 

O.tput RiH Ti- '· 
O.tput Fall Time ,, 

4. CAPACITANCE 

It- S1111bol 

Input Capacitance C;. 

O.tput Capacitance c"' 

• TEST CIRCUIT AND WAVEFORMS 

l . LOADING CONDITION 
Test Circuit 

Vcc(GND) 

Dout 
M.U.T. 

RL Tc, 
'J'7 R,•S<G 

Teat Condition 

Test Condition 

2. INPUT PULSE 

CL=30pF(includea 

O.ObF ;J;. Vu 

3. READ MODE 

4. WRITE MODE 

Di• 

Dou1 

-2.0V probe and iic 
e&p1eitance) 

.HITACHI 

min typ 

- 2 

- 2 

min typ 

- 3 

- 5 

1.=11•2.0n1 lJP 
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-· Unit 

- ns 

- na 

max Unit 

- pF 

- pF 



HM2142 
4096-words x 1-bit Very High Speed Random Access Memory 

The HM2142 is 4096-words x 1-bit very high speed read/write, 
random access memory developed for high speed systems such as 
pads and control/buffer storages. 
The fabrication process uses the Hitachi's low capacitance, oxide 
isolation method with double metal_ization. 
The HM2142 is encapsulated in cerdip-20 pin package. 

•FEATURES 
• 4096-words x 1 bit organization 
• Very high speed address access time: 10ns (max) 
• Write pulse width: 10ns (min) 
• Power dissipation: 0.3 mW/bit 
• Output obtainable by wired-OR 

i!JG-20N) 

•TRUTH TABLE •PIN ARRANGEMENT 

Input 

cs WE Din 

H x x 

L L L 

L L H 

L H x 

:'\iotes) x : Irrelevant 
* : Read Out Noninvert 

• BLOCK DIAGRAM 

Ao ,, 
,, 
.1\.1 

A, 

A; 

64 X64 

Memory Cell 

Array 

Output Mode 

L Not Selected 

L Write "O" 

L Write "!" 

Dout • Read 

(Top View) 

Dout 

Din 

@HITACHI 
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•ABSOLUTE MAXIMUM RATINGS (Ta-25°C) 

Item Symbol Rating Unit 

Supply Voltage VEE to Vee +0.5 to -1.0 v 
Input, Voltage v,. +o.5 to v •• v 
Output Current 1 •• , -30 mA 

Storage Temperature T.,. -65 to +150 ·c 

Storage Temperature Tu, (Bias)• -55 to +125 ·c 

• U..ter Bi1.1 

• ELECTRICAL CHARACTERISTICS 
eDC CHARACTERISTICS(V££--5.2V, RL=500 to -2.0V, Ta=O to +75°C, air flow exceeding 2m/sec) 

Item Symbol Test Condition min(B) typ 

o·c -1000 -
v •• +25'C -980 -

+75'C -950 -
Output Voltage V1H-VtHA or V1u 

o·c -1870 -
VoL +25'C -1850 -

+75'C -1830 -
o'C -1020 -

v .. c +25'C -980 -
+15·c -920 -

Output Threshold Voltage V1H- V1HB or Vu ... 
o·c - -

VoLC +25'C - -
+15'c - -

o·c -1165 -
v,. Guaranteed Input Voltage 

+25'C -1165 -
High for All Inputs 

+75'C -1165 -
Input Voltage 

o·c -1810 -
v" 

Guaranteed Input Voltage 
+25'C -1810 -

Low for All Inputs 
+75'C -1810 -

11. V1N-VtHA .0 to +75'C - -
Input Current cs 1 v,.- Vru 

0.5 -
lrL 0 to +75'C 

Others -50 -
Ta-o'c -270 -240 

Supply Current ln All Input and Output Open. 
Ta-15'C - -220 

eAC CHARACTERISTICS (V££--5.2V±5%, Ta-0 to +75°C, air flow exceeding 2m/sec) 
1. READ MOOE 

Item Symbol Test Condition min typ 

Chip Select Access Time IACS - -
Chip Select Recowry Time lacs - -
Address Access Time 1 .. - -

2. WRITE MOOE 

Item Symbol Test Condition min typ 

Write Pulse Width lw lwSA-3ns 10 -
Data Setup Time twso I -
Data Hold Time fwHD 1 -
Address Setup Time lwsA tw-lOns 3 -

Address Hold Time hrHA 2 -
Chip Select Setup Time twscs I -
Chip Select Hold Time htHCS I -
Write Disable Time lws - -
Write Recovery Time lwH - -

.HITACHI 
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max(A) Unit 

-840 

-810 

-720 
mV 

-1665 

-1650 

-1625 

-
-
-

mV 
-1645 

-1630 

-1605 

-880 

-880 

-880 
mV 

-1560 

-1560 

-1560 

220 

170 µA 

-
-

mA 
-

max Unit 

6 ns 

6 ns 

10 ns 

max Unit 

- ns 

- ns 

- ns 

- ns 

- ns 

- ns 

- ns 

6 ns 

12 ns 



3. RISE/FALL TIME 

Item Symbol Test Condition 

Output Rise Time t. 

Output Fall Time 11 

4. CAPACITANCE 

Item Symbol Test 

Input Capacitance c .. 
Output Capacitance c ... 

•TEST CIRCUIT AND WAVEFORMS 

I. LOADING CONDITION 

Test Circuit 

VcdGNDJ 

M.U.T. 

0.01µ F J; Vu 

3. READ MODE 

Dou! 

-2.0V 

Ri =SQQ 
Ci =30pf{ includes 
probe and jig 
capacitance) 

Condition 

2. INPUT PULSE 

min typ 

- 2 

- 2 

min typ 

- 3 
- 5 

....... t- ... ):: 
Dout 50% 

4. WRITE MODE 

50% -- - - -----------------------

Address 50% ----------------------

---., 
50% 

Dout t-----tiucs-----; 

@HITACHI 
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max Unit 

- ns 

- ns 

max Unit 

- pF 

- pF 
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HM10484-1 O--------Preliminary 

4096-words x 4-bit Fully Decoded Random Access Memory 

The HM10484 is ECL 10K compatible, 4096-words by 4-bits 
read/write random access memory developed for high speed 
systems such as scratch pads and control/buffer storage. 

Features 
• 4096-word x 4-bits organization 
• Very high speed address access time: 10ns (max) 
• Write pulse width: 7ns (min) 
• Power dissipation: 840mW 
• Output obtainable by wired-OR 

Function Table 

Input 

cs WE 

H x 

L L 

L L 

L H 

Notes) x: Irrelevant 
* : Read Out N onivert 

Block Diagram 

AO 

Al 

A2 

A3 

A4 

A5 

A6 

Din 

x 

L 

H 

x 

A7 AB 

Block 1 

Output 

L 

L 

L 

Dout* 

A9 AIO 

Y -Decoder/Driver 

Memory Cell Array 
4,096words X 4bits 

Block 2 Block 3 

Mode 

Not Selected 

Write "O" 

Write"!" 

Read 

All 

Block 4 

WE ~_r--,-'~-ir--::"::::--,---,~,--,-~=--, 

Cs V-1-,,_=.::::::.T-'-.-;;;:.:.:;:;.:.,.....L..,.....:::..:.::,_..._,-"-"-'-r' 

DU DOI 012 002 013 003 Dl4 004 

@HITACHI 

(DG-28A) 

Pin Arrangement 

(Top View) 

Notal The 11>acifications of this device 
are .. bjact to change without 
notice. Plea• contact your nearest 
Higachi's Salas Dept. regarding 
specifications. 
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Absolute Maximum Ratings (Ta= 25°C) 

Item Symbol Rating Unit 

Supply Voltage VEE to Vee +0.5 to -7.0 v 
Input Voltage Vin +0.5 to VEE v 
Output Current lout -30 mA 

Storage Temperature Tstg -65 to + 150 ·c 

Storage Temperature Tstg(Bias) * -55to+l25 ·c 

*Under Bias 

Electrical Characteristics 

DC Characteristics (VEE= -5.2V, RL = SOn to -2.0V, Ta= 0 to +7S°C, air flow exceeding 2m/sec) 

Item Symbol min(B) typ max(A) 

-· 1000 -840 

Vo11 -960 -810 

-900 -720 
Output Voltage 

-1870 -1665 

VOL -1850 -1650 

-1830 -1625 

-1020 

v(mc -980 

Output Threshold -920 

Voltage -1645 

VoLc -1630 

-1605 

-1145 -840 

VIH -1105 -810 

-1045 -720 
Input Voltage 

-1870 -1490 

Vn. -1850 -1475 

-1830 -1450 

Im 220 

Input Current 0.5 170 
IIL 

-50 

-210 

Supply Current IEE 
-210 

AC Characteristics 
(VEE= -5.2V ±5%, Ta= 0 to +75"C, air flow exceeding 2m/sec) 
Read Mode 

Item Symbol min typ max 

Chip Select Access Time tACS 

Chip Select recoverry Time !RCS 

Address Access Time !AA 10 

@HITACHI 

Unit Test Condition 

mV VIN=VmA or V1LB 

mV VrN=Vnm or VILA 

Guaranteed Input Voltage 
High for All Inputs 

mV 

Guaranteed Input Voltage 
Low for All Inputs 

V1N=VmA 

µA cs 
----~ V1N=V1LB 

Others 

mA 
All Inputs and Outputs Open. 
Test Pin 11 

Unit Test Condition 

ns 

ns 

ns 

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

o·c 
+25'C 

+75'C 

o·c 
+25°C 

+75'C 

o·c 
+25'C 

+75'C 

o·c 
+25'C 

+75'C 

o·c 
+25'C 

+75'C 

o·c 
+25'C 

+75'C 

0 to+75'C 

0 to+75'C 

o·c 

+75'C 
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Write Mode 

Item 

Write Pulse Width 

Data Setup Time 

Data Hold Time 

Address Setup Time 

Address Hold Time 

Chip Select Setup Time 

Chip Select Hold Time 

Write Disable Time 

Write Recovery Time 

Rise/Fall Time 

Item 

Output Rise Time 

Output Fall Time 

Capacitance 

Item 

Input Capacitance 

Output Capacitance 

Test Circuit and Waveforms 
Loading Condition 

G~D 

28 

MUT 

O.Olµfr -2.0\' 

R,=500 

Symbol 

tw 

twsD 

tWHD 

twsA 

tWHA 

twscs 

IWHCS 

tws 

!WR 

Symbol 

t, 

tr 

Symbol 

Cin 

Cout 

min typ max Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

6 ns 

12 ns 

min(B) typ max(A) Unit 

ns 

ns 

min(B) typ max(A) Unit 

3 pF 

pF 

Input Pulse 

-~=tr. 
-l.7V .. 

C, =30pF(lncludea Probe ond Jig Caoocitance) 

Read Mode 

.HITACHI 

Test Condition 

twsA=twsA min 

tw=tw min 

Test Condition 

Test Condition 

~ ,, 
1.•r1=Z.On1 1,.p 
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Write Mode 

'°"· 

Addrus soeii.. 

o .. 

.HITACHI 
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HM10480,HM10480F 

16,384-words x 1-bit Fully Decoded Random Access Memory 
The HM10480 is ECL 10K compatible, 16,384-words x 1-bit, 
read/write random access memory developed for high speed 
systems such as scratch pads and control/buffer storages. 
The fabrication process uses the Hitachi's low capacitance, oxide 
isolation method with double metalization. 
The HM10480 is encapsulated in cerdip-20 pin and flat 20-pin 
package, compatible with Fairchild's F10480. 

•FEATURES 
• 16,384-words x 1-bit organization 
• Fully compatible with 10K ECL level 
• Address access time: 25ns (max) 
• Write pulse width: 25ns(min) 
• Low power dissipation: 0.05mW/bit 
• Output obtainable by wired-OR (open emitter) 

•TRUTH TABLE 

Input 
Output Mode cs WE Din 

H x x L Not Selected 

L L L L Write "O" 

L L H L Write "1" 

L H x Dout• Read 

Notes) X : Irrelevant 
* : Read Out Noninvert 

•BLOCK DIAGRAM 

At 

A1 

Ai -~ 128X 128 

"' Memory Cell 
A1 

l Array 
Ao 

As 

At 

•ABSOLUTE MAXIMUM RATINGS ( Ta-25°C) 

Item Symbol Rating Unit 

Supply Voltage V£E to Vee +o.5 to -7.0 v 
Input Voltage v .. +o.5 to v .. v 
Output Current 1 ... -30 mA 

Storage Temperature T ••• -65 to +150 ·c 
Storage Temperature T • .,(BiasJ• -55 to +125 ·c 

• Under Bia• 

.HITACHI 

HM10480 

, . 

. 

. 

lllG·21lNI 

HM10480F 

(FG-20DI 

•PIN ARRANGEMENT 

(Top View) 
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• ELECTRICAL CHARACTERISTICS 

•DC CHARACTERISTICS(VE£=-5.2V, RL-500 to -2.0V, Ta-0 to +75'C, air flow exceeding 2m/sec) 

Item Symbol Test Condition min(B) typ max(A) 

o·c -1000 - -840 

v •• +zs·c -960 - -810 

+1s·c -900 - -720 
Output Voltage V1N - Vt HA or V1Ls 

o·c -1870 - -1665 

VoL +25'C -1850 - -1650 

+75'C -1830 - -1625 

o·c -1020 - -

VoHC +25'C -980 - -

+15·c -920 - -
Output Threshold Voltage V!N -V1Hs or V1tA 

o·c - - -1645 

Vote +25'C - - -1630 

+75'C - - -1605 

o·c -1145 - -840 

v,. Guaranteed Input. Voltage 
+25'C -1105 - -810 

High for All Inputs 
+15·c -1045 - -720 

Input Voltage 
o·c -1870 - -1490 

VIL 
Guaranteed Input Voltage 

+25'C -1850 - -1475 
Low for All Inputs 

+75'C -1830 - -1450 

f 1H V1N-V1HA 0 to +75'C - - 220 

Input Current cs i V1H-V1Ls 
0.5 - 170 

llL o to +75'C 
Others -50 - -

All l nput and Output Open, Ta-O'C 200 -140 -
Supply Current I" Test Pin 10 Ta-75'C - -130 -

•AC CHARACTERISTICS (VE£= -5.2V ±5%, Ta =O to +75'C, air flow exceeding 2m/sec) 

1. READ MODE 

Item Symbol Test Condition min typ max 

Chip Select Access Time I ACS 2 - 15 

Chip Select Recovery Time I RCS 2 - 15 

Address Access Time t" 3 15 25 

2. WRITE MODE 

Item Symbol Test Condition min typ max 

Write Pulse Width lw twsA =-Sns 25 - -

Data Setup Time twso 5 - -

Data Hold Time hnlo 5 - -

Address Setup Time lwsA lw-25ns 5 - -

Address Hold Time IWHA 5 - -

Chip Select Setup Time twscs 5 - -

Chip Select Hold Time IWHCS 5 - -

Write Disable Time lws - - 15 

Write Recovery Time lw• - - 30 

@HITACHI 
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Unit 

mV 

mV 

mV 

pA 

mA 

Unit 

ns 

ns 

ns 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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HM10480,HM10480f~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

3. RISE/FALL TH: 

I&- Symbol 

Output Rlee Time ,, 
Output Fall Time ,, 

4. CAPACITANCE 

It- Symbol 

laput Capacitance c .• 
Output Capacitance c ... 

•TEST CIRCUIT AND WAVEFORMS 

1. LOADN> CONDITION 

Tell Circuit 

Vcc(CND) 

M.U.T. 

3. READ MODE 

'"" 
U.ut 

4. WRITE MODE 

~, ... 

Dia 

Daut 

-2.0V 

50% 

R•=50ll 
C••30pF(includea 
probe and ill 
capacitance) 

Teet Condition min lyp 

- 2 

- 2 

Teel Condition min typ 

- 4 

- 7 

2. INPUT PULSE 

r.-1,-z.o •• 

... 
Dout 

50% 

$HITACHI 
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.... Uni I 

- ns 

- nl 

.... Unit 

- pF 

- pF 

20% 



HM 10480-15,HM10480F-15 
16,384-words x 1-bit Fully Decoded Random Access Memory 

The HM10480 is ECL 10K compatible, 16,384-words x 1-bit, 
read/write random access memory developed for high speed 
systems such as scratch pads and control/buffer storages. 
The fabrication process uses the Hitachi's low capacitance, oxide 
isolation method with double metalization. 
The HM10480 is encapsulated in cerdip-20 pin and flat 20-pin 
package, compatible with Fairchild's F10480. 

•FEATURES 
• 16,384-words x 1-bit organization 
• Fully compatible with 10K ECL level 
• Address access time: 15ns (max) 
• Write pulse width: 15ns (min) 
• Low power dissipation: 0.06mW/bit 
• Output obtainable by wired-OR (open emitter) 

•TRUTH TABLE 

Input 
Output Mode cs WE Din 

H x x L Not Selected 

L L L L Write "O" 

L L H L Write "!" 

L H x Dout• Read 

Notes) x : Irrelevant 
* : Read Out Noninvert 

•BLOCK DIAGRAM 

At 

A1 

A1 ~ 128X 128 

~ Memory Cell 
A> ~ Array 
A, ~ 

As 

Ao 

•ABSOLUTE MAXIMUM RATINGS ( Ta-25"C) 

Item Symbol Rating Unit 

Supply Voltage Vu to Vee +0.5 to -7.0 v 
Input Voltage v .. +0.5 to V., v 
Output Current I ••• -30 mA 

Storage Temperature T.,. -65 to +150 ·c 
Storage Temperature T.,.( Bias)• -55 to +125 ·c 

• Under Bias 

@HITACHI 

HM10480-15 

ilJG-20N) 

HM10480F-15 

iFG-200) 

• PIN ARRANGEMENT 

(Top View) 
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• ELECTRICAL CHARACTERISTICS 

•DC CHARACTERISTICS(V££--5.2V, RL-500 to -2.0V, Ta-0 to +75°C, air flow exceeding 2m/sec) 

Item Symbol Test Condition min(B) typ max(A) 

o·c -1000 - -840 

VoH +25°C -960 - -810 

+75'C -900 - -720 
Output Voltage v,,~ -V1HA or Vt LB 

o·c -1870 - -1665 

v., +25°C -1850 - -1650 

+15·c -1830 - -1625 

o·c -1020 - -

VoHc +25°C -980 - -
+15·c -920 - -

Output Threshold Voltage V1N - V1Hs or Vt LA 
o·c - - -1645 

Vo Le +25°C - - -1630 

+75'C - - -1605 

o·c -1145 - -840 

v,. Guaranteed Input Voltage 
+25"C -ll05 - -810 

High for All Inputs 
+1s·c -1045 - -720 

Input Voltage 
o·c -1870 - -1490 

Vn Guaranteed Input Voltage 
+25°C -1850 - -1475 

Low for All Inputs 
+15·c -1830 - -1450 

f rH ViN -V1HA o to +75°C - - 220 

Input Current cs I v,.-vn• 
0.5 - 170 

In o to +75°C 
Others -50 - -

All Input and Output Open, r.-o·c -240 -220 -
Supply Current I EE 

Test Pin 10 ra-15·c - -200 -

•AC CHARACTERISTICS(V££--5.2V ±5%, Ta-0 to +75°C, air flow exceeding 2m/sec) 

I. READ MODE 

Item Symbol Test Condition min typ max 

Chip Select Ac'cess Time IACS 2 - 8 

Chip Select Recovery Time l RCS 2 - 8 

Address Access Time '" 3 12 15 

2. WRITE MODE 

Item Symbol Test Condition min typ max 

Write Pulse Width lw twsA-3ns 15 - -
Data Setup Time twso 2 - -

Data Hold Time ho/D 3 - -

Address Setup T itne lwsA h·-15ns 3 - -

Address Hold Time f WHA 2 - -

Chip Select Setup Time I WSC s 3 - -

Chip Select Hold Time f·WHCS 3 - -

Write Disable Time , ., - - 12 

Write Recovery Time , .. - - 17 

@HITACHI 
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Unit 

mV 

mV 

mV 

µA 

mA 

Unit 

ns 

ns 

ns 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 



3. RISE/FALL TIME 

Item Symbol 

Output Rise Time 1. 

Output Foll Time It 

4. CAPACITANCE 

Item Symbol 

Input Capacitance c .. 
Output Capacitance c ... 

• TEST CIRCUIT AND WAVEFORMS 

1. LOADING CONDITION 

Test Circuit 

Vcc(GND) 

M.U.T. 

0.0Jµf * Vu 

3. READ MODE 

IACS 

U.1ut 

4. WRITE MODE 

Addreu 

Din 

Dout 

Dout 

-2.ov 

SO% 

Rc=SOQ 
Ci=30pF(includes 
probe and 1ig 
capacitance) 

Test Condition 

Test Condition 

2. INPUT PULSE 

Addr~u 

... 
Dout 

SO% 

@HITACHI 

min typ 

- 2 

- 2 

min typ 

- 3 

- 5 

r.-11-2.0ns 
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mu Unit 

- ns 

- ns 

max Unit 

- pF 

- pF 

20% 
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HM10480L 
16,384-words X 1-bit Fully Decoded Random Access Memory 
The HM10480L is ECL 10K compatible, 16,384-words x 1-bit, 

read/write random access memory developed for high speed and 
low power systems such as control/buffer and main storages. 
The HM10480L is encapsulated in cerdip-20 pin package. 

• FEATURES 
• 16,384-words x 1-bit organization 
• Fully compatible with 10K ECL level 
• Address access time: 25ns (max) 
• Write pulse width: 20ns (min) 
• Low power dissipation: Standby 220rnW (typ.), Operation 

350mW (typ.) 

• Output obtainable by wired-OR (open emitter) 

•TRUTH TABLE 

Input 

cs WE 

H x 

L L 

L L 

L H 

Notes) X : Irrelevant 

• : Read Out Noninvert 

• BLOCK DIAGRAM 

ES --i;>o-<rt----'......., 

WE 

Din 
Output 

x L 

L L 

H L 
x Dout• 

Memory Matrix 

128X 128 

Mode 

Not Selected 

Write "O" 

Write"!"" 

Read 

..-vcc 
-GND 

Dout 

•ABSOLUTE MAXIMUM RATINGS ( Ta=25°C) 

Item Symbol Rating Unit 

Supply Voltage VEE to Vee +o.5 to -1.0 v 
Input Voltage v .. +0.5 to v., v 
Output Current I ... , -30 mA 

Storage Temperature T ••• -65 to +150 ·c 
Storage Temperature T.,.( Bias)• -55 to +125 ·c 

• Under Bias 

~HITACHI 

(DG-20N) 

•PIN ARRANGEMENT 

(Top View) 
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• ELECTRICAL CHARACTERISTICS 

•DC CHARACTERISTICS(V.,--5.2V, RL-500 to -2.0V, Ta-0 to +75'C, air flow exceeding 2m/sec) 

Item Symbol Test Condition min(B) typ max(A) 

o·c -1000 - -840 

VoH +25'C -960 - -810 

+75'C -900 - -720 
Output Voltage V1N-V1HA or V,u 

o·c -1870 - -1665 

VoL +25'C -1850 - -1650 

+75'C -1830 - -1625 

o·c -1020 - -

VoHc +25'C -980 - -
+1s·c -920 - -

Output Threshold Voltage V1N - V1Hs or VtLA 
o·c - - -1645 

Vo Le +25'C - - -1630 

+75'C - - -1605 

o·c -1145 - -840 

v,. Guaranteed Input Voltage 
+25'C -1105 - -810 

High for All Inputs 
+75'C -1045 - -720 

Input Voltage 
o·c -1870 - -1490 

Vn 
Guaranteed Input Voltage 

+25'C -1850 - -1475 
l.nw for Al I Inputs 

+7S'C -1830 - -1450 

f,H V1N-VIHA 0 to +7S'C - - 220 

Input Current cs J v,.-Vna 
0.5 - 170 

In 0 to +75'C 
Others -so - -

All Input and Output Open. Ta-O'C -120 -70 -
Supply Current 1££ 

-110 -61 Test Pin 10 Ta-75'C -

e AC CHARACTERISTICS (Vu- -5.2V ±5%, Ta-0 to +75'C, air flow exceeding 2m/sec) 

!. READ MODE 

Item Symbol Test Condition min typ max 

Chip Select Access Time f ACS - 15 25 

Chip Select Recovery Time hes - 9 25 

Address Access Time t" 3 17 25 

2. WRITE MODE 

Item Symbol Test Condition min typ max 

Write Pulse Width lw twu-3ns 20 - -
Data Setup Time twso 3 - -

Data Hold Time twHo 2 - -

Address Setup Time fWSA tw-20ns 3 - -

Addreas Hold Time f WHA 2 - -

Chip Select Setup Time twscs 3 - -
Chip Select Hold Time hrHCS 2 - -

Write Disable Time lws - - 10 

Write Recovery Time lw• - - 25 

@HITACHI 
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Unit 

mV 

mV 

mV 

pA 

mA 

Unit 

ns 

n• 

ns 

Unit 

ns 

ns 

na 

ns 

ns 

ns 

ns 

ns 

ns 

661 



3. RISE/FALL TIME 

Item Symbol Test Condition 

Output Rise Time 1. 

Output Fall Time It 

4. CAPACITANCE 

Item Symbol Test Condition 

Input Capacitance c .. 
Output Capacitance c ... 

• TEST CIRCUIT AND WAVEFORMS 

1 . LOADING CONDITION 2. INPUT PULSE 

Test Circuit 

Vcc(GND) 

Dout 
M.U.T. 

0.0lµF J;. v .. -2.0V 

3. READ MODE 

lACS 

U.1ut 

4. WRITE MODE 

Addreu 50% 

Din 

Dout 

RL=SOQ 

CL=30pF( includes 
probe and jig 
capacitance) 

80% 

-, 

Address 

Dout 

so%' so" 
\ / 
~--------------J .... 
.... .... 

twscs 

@HITACHI 

'" 

50% 

.... 
l••cs 

... 

min typ 

- 2 

- 2 

min typ 

- 5 

- 6.5 

t.-t1-2.0n1 
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max Unit 

- ns 

- ns 

max Unit 

- pF 

- pF 



HM10494LCG---------
16384-word x 4-bit ECL RAM 

•Features 
• 16k-word x 4-bit organization 
•Low Power Dissipation; Operation 500mW (typ.) 

Standby 350mW (typ.) 
•Address Access Time; 25ns (max.) 
•Write Pulse Width; l 7ns (min.) 
•Balanced Read and Write Cycle Time 
•1/0 common 

•Truth Table 

Input 1/0 
Mode Remarks 

cs BS WE OE DI 00 

H x x x x L Not Selected Power Down 

x H x x x L Not Selected 

L L L L L L Write "O" 

L L L L H L Write "l" 

L L L H L L Write "O" 

L L L H H L Write "l" 

L L H L L 00 Read Write Data= Read Data 

L L H H x L Not Selected 

•Block Diagram 

l10I 

I 02 

I '! ):~ 

[1().j 

JTST 

ifs:! 

ITS:i' 

TISi 

rs 

liT nt 

$HITACHI 

(CG-28) 

•Pin Arrangement 

!.·Oil (U \(n In Ill'.! l'O! 

l11d1·.1C :~ I 2K 27 :!ti 

(Top View) 
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•Absolute Maximum Ratings (Ta = 25°C) 

Item symbol Rating Unit 

Supply Voltage VEE to Vee +0.5 to -7.0 v 
Input Voltage Vin +0.5 to VEE v 
Output Current lout -30 mA 

Storage Temperature T,1g -65 to + 150 ·c 
Storage Temperature T,1g (Bias)' -55 to + 125 'C 

*Under Bias 

• Electrical Characteristics 
• DC Characteristics 

(VEE= -52V, RL =SQQ to -2.0V, Ta= 0 to +75°C, air flow exceeding 2m/sec) 

Item Symbol Test Condition min( BJ typ max(A) Unit 

O'C -1040 - -840 

VoH +25°C -1010 - -820 

+75°C -980 - -780 
Output Voltage ViN = VIHA or ViLB mV 

O'C -1860 - -1630 

VoL +25'C -1850 - -1625 

+75°C -1845 - -1590 
----

O'C -1060 - -

VoHc 25'C -1030 - -

+75'C -1000 - -
Output Threshold Voltage Vi.v = VIHa or ViLA mV 

O'C - - -1610 

Vou +25°C - - -1605 

+75'C - - -1590 

Guaranteed Input O'C -1145 - -840 

VIH Voltage High for All +25'C -1105 - -810 
Inputs +75'C -1045 - -720 

Input Voltage mV 
Guaranteed Input O'C -1870 - -1490 

VIL Voltage Low for All +25'C -1850 - -1475 
Inputs +75'C -1830 - -1450 

Im ViN = ViHA 0 to +75°C - - 220 

Input Current CS, BS, OEJ 0.5 - 170 µA 
iJL 1 VIN= ViLB 0 to +75'C --1 

Ad, WE -50 - -
-----

Supply Current IEE 
All Input VIH or 

0 to +75'C -140 - - mA 
ViL except CS= VIL 

---- ----i -

Stand by Supply Current Isa 
All Input Vm or 

0 to +75°C -100 - - mA 
ViL except CS= VIH 

@HITACHI 
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•AC Characteristics (VEE= -5.2V ±5%, Ta= 0 to +75°C, air flow exceeding 2m/sec) 
READ MODE 

Item Symbol Test Condition min 

Address Access Time IAA -

Chip Select Access Time lAC.'i -

Chip Select Recovery Time IRCS -

Block Select Access Time LABS -

Block Select Recovery Time iRBS -

Out put Enable Access Time fAOE -

Out put Enable Recovery Time IROE -

Write Mode 
- -

Item Symbol Test Condition min 

Write Pulse Width tw 17 

Address Setup Time faSA 5 

Address Hold Time fWHA 3 

Chip Select Pulse Width tcw 17 

Chip Select Address Setup Time lcsA 5 

Chip Select Address Hold Time U:HA 3 

Block Select pulse Width IBW 17 

Block Select Address Setup Time iBSA 5 

Block Select Address Hold Time IBHA 3 

Data Setup Time twso 17 

Data Hold Time iWHD 1 

Write Disable Time lws -

Write Recovery Time iWR -

Write Disable Mode 
--

Item Symbol Test Condition min 

Chip Select Setup Time lwscs 1 

Chip Select Hold Time tw11cs 1 

Block Select Seoup Time twsBs 1 

Block Select Hold Time fWHB'> 1 

@HITACHI 

typ 

-

-

-

-

-

-

-

typ 

-

-

-

-

-

-

-

-

-

-

-

-

-

typ 

-

-

-

-
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max Unit 

25 ns 

25 ns 

15 ns 

15 ns 

15 ns 

7 ns 

7 ns 

max Unit 

- ns 

- ns 

- ns 

- ns 

-- ns 

- ns 

- ns 

- ns 

- ns 

- ns 

- ns 

7 ns 

28 ns 

max Unit 

- ns 

- ns 

- ns 

- ns 
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•rest Circuit and Waveforms 

• Loading Condition 

I 0 

Hr-=5U~l 

C1.<~0pF 'includf':-; probe and jig capacitancr 

•Read Mode 

Address 

DO 

cs } !JO 

8S 

t 
DO 

OE t 
IJ() 

tACS 

/ABS 

/AO£ 

•Input Pulse 

-0.~\· 

<l ti" . 2(! ',, 

~~~~ ~~~-

/, /j 

-1.7\" 

/, I, 1.:Jn~ typ. 

IAA min. 

f -1 /RCS 

l l 

1 1 /R/jS 

\ 

} 1 /ROI. 

i 

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



•Write Mode 

OE Control 

--~·-~ /11}11 _j 
WT 

111.,v 11111/J 

Ill 

j)(} 

CS Control 

lrn 

cs 

!nf/V 

DI 

DO 

@HITACHI 
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BS Control 

Address 

IRH.~ 

fl\H/i 

DI 

DO 

WE Control 

Address 

!11,\.I '" /i\l/rl 

wr 

111-;/J /i\H/1 

OJ 

11111 

DO 

•Write Disable Mode 

W£ 

rl l1 cs 

WE ;r ~ iiS 
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HM10490-15--------Preliminary 
65536-words x 1-bit Fully Decoded Random Access Memory 

HM10490-15 is ECL 10k compatible, 65536-words x 1-bit, 
read/write random access memory developed for high speed sys
tems such as main memories for super computers. 

Features 
• 65,536-words x 1-bit organization 
• Fully compatible with 10k ECL level 
• Address access time . . . . . . . . . 1 !lns (max.) 
• Write pulse width . . . . . . . . . . . . . . . . . . 10ns (min.) 
• Low power dissipation ................. 420mW (typ.) 
• Output obtainable by wired-OR (open emitter) 

Function Table 

Input 

cs WE 

H x 

L L 

L L 

L H 

Notes) x: Irrelevant 
*: Read Out Nonivert 

Block Diagram 

Din 

x 

L 

H 

x 

Memory 

Cell Array 
256 X256 

Sense Amp. 
•nd 

R/W Control 

Output 

L 

L 

L 

Dout* 

A6 A!4 A15 A3 A4 All A12 A!3 

Absolute Maximum Ratings (Ta= 25°C) 

Mode 

Not Selected 

Write "O" 

Write "!" 

Read 

cs 

DI 

Item Symbol Rating 

Supply Voltage VEE to Vee +0.5 to -7.0 

Input Voltage +0.5 to VEE 

Output Current lout -30 

Storage Temperature Tstg -65to+l50 

Storage Temperature T",(Bias)* -55to+l25 

*Under Bias 

@HITACHI 

(DG·22N) 

Pin Arrangement 

(Top View) 

Note) The specifications of this device 
are .. bject to change without 
notice. Plea• contact your nearest 
Higachi's Sales Dept. regarding 
specifications. 

Unit 

v 
v 

mA 

·c 

·c 
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HM10490-15 

Electrical Characteristics 
DC Characteristics (VEE= -5.2V, RL =son to -2.0V, Ta= 0 to +75°C, air flow exceeding 2m/sec) 

Item Symbol min(B) typ max(A) Unit Test Condition 

-1000 -840 o·c 

Vo11 -960 -810 +25'C 

-900 -720 +75°C 
Output Voltage mV Vin=V111A or V11.B 

-1870 -1665 o·c 

VoL -1850 -1650 +25°C 

1830 -1625 +75°C 

--1020 0°C 

Vouc -980 +z5·c 

Output Threshold -920 +75°C 

Voltage 
mV Vin::=: V11rn or VILA 

-1645 o·c 

VoLc - 1630 +zs·c 

-1605 t75°C 

-1145 -840 o·c 
Vm -1105 -810 

Guaranteed Input Voltage +zs·c 
High for All Inputs 

-1045 --720 +75°C 
Input Voltage mV 

-1870 -1490 o·c 

Vn_ -1850 -1475 
Guaranteed Input Voltage +z5·c 
Low for All Inputs 

-1830 -1450 +75'C 

Im 220 Vi11=V1JIA 0 to+75'C 

Input Current 0.5 170 µA cs 
llL Vin=V1LB o to+75°C 

-50 Others 

-140 o·c 
Supply Current IEE mA 

All Inputs and Outputs Open. 

-140 Test Pin 11 +75°C 

AC Characteristics (VEE= -5.2V ±5%, Ta= 0 to +75°C, air flow exceeding 2m/sec) 
Read Mode 

Item Symbol min typ max Unit Test Condition 

Chip Select Access Time tACS IO ns 

Chip Select Recoverry Time tRCS IO ns 

Address Access Time tAA 15 ns 

Write Mode 

Item Symbol min typ max Unit Test Condition 

Write Pulse Width tw 10 ns twsA=2ns 

Data Setup Time tv.;sn ns 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ·-~~----~~-

Data Hold Time t\v1m ns 

Address Setup Time (\\'SA ns tw=!Ons 

Address Hold Time tWHA ns 

Chip Select Setup Time twscs ns 

Chip Select Hold Time tWHCS ns 

Write Disable Time tws ns 

Write Recovery Time twR ns 

670 
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Rise/Fall Time 

Item 

Output Rise Tirne 

Output Fall Time 

Capacitance 

Item 

Input Capacitance 

Output Capacitance 

Test Circuit and Waveforms 
Loading Condition 

Write Mode 

Addrhs 50% 

Urn 

Dout 

-, 
so%' 

Symbol 

le 

t1 

Symbol 

Ci,, 

C"ut 

min( Bi 

min(B) 

'- .l .. W.'-' -"50% 

llt'.SA 

typ max( A) 

typ max( A) 

Input Pulse 

- \ 7V 

I 
I 
I 
I 
I 

I 1. I 
r---1 

@HITACHI 

Unit Test Condition 

ns 

ns 

Unit Test Condition 

pF 

pF 

lo% 

1 '------1 I 
I 11 t 
t---1 

t.-11-2.0ns 

50% 

,., 
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HM100422,HM100422F 
HM100422CG 
256-word x 4-bit Fully Decoded Random Access Memory 
The HM100422 is ECL 100K compatible, 256-word x 4-bit, read 
write, random access memory developed for high speed system such 
as scratch pads and control/buffer storages. 
Four active Low Block Select lines are provided to select each block 
independently. 
The fabrication process is the Hitachi's low capacitance, oxide 
isolation method with double metalization. 
The HM100422 is encapsulated in cerdip-24pin package, or 24pin 
flat package compatible with Fairchild's F 1()()422. 

•FEATURES 
• 256-word x 4-bit organization 
• Fully compatible with 100K ECL level 
• Address access time: 10ns (max.) 
• Minimum write pulse width: 6ns (min.) 
• Low power dissipation: O.BmW/bit 
• Output obtainable by wired-OR {open emitter) 

•TRUTH TABLE 

Input 

BS WE 

H x 

L L 

L L 

L H 

Note1) x : lrrelnant 
* : Read Out Noninvert 

•BLOCK DIAGRAM 

Ao 

,, 

Din 

x 

L 

H 

x 

A; 

Output 

L 

L 

L 

Dout• 

,, 

Mernory Ctll Arnv 
I 

256 Words X4 Bits 

Block 2 Block 3 

Mode 

Not Selected 

Write "O" 

Write" I" 

Read 

Block 4 

@HITACHI 

HM100422F 

IFG-241 

• tCG-24) 

• PIN ARRANGEMENT 
•HM100422 

•HM100422F 

!Top V1ew) 

• HM100422CG 
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----------------------HM100422,HM100422F,HM100422CG 

•ABSOLUTE MAXIMUM RATINGS (Ta~25°C .1 

- - . -,~-----1-5~~---,-
Rating Unit 

Supply Voltage v,, to Vee +0.5 to -7.0 v 
Input Voltage v .. +0.5 to VEE v 
Output Current /.., -30 mA 

Storage Temperature T T .. , -65 to +150 ·c 
Storage Temperature T.,,(Bias)• -55 to +125 ·c 

• Undrr Biu 

• ELECTRICAL CHARACTERISTICS 

•DC CHARACTERISTICS(V£E~--4.5V, Rt~50!1 to -2.0V, Ta~O to +85°C, air flow exceeding 2m/sec) 
------~----·-

T Item Symbol Test Condition min(Bl typ max(Al 

~-1 -1025 -955 -880 
put Voltage v .• -v111~ or VrLB 

Vo1 -1810 -1715 -1620 
Out 

:J= v""' 
-1035 - -

put Threshold Vol tag ---~ V .• = V1HB or V1u 
Voic - - -1610 

Out 

i-.!''~-- Guaranteed Input Voltage -1165 - -880 
t Voltage 

+ Vu High/Low for Al I Inputs -1810 - -1475 

LH V,.=V11;,,, - - 220 

Inpu 

lnpu t Current I BS 
0.5 - 170 

I" v .. = V1LB 

Others -50 - -
--

Sup ply Current frE All Inputs and Outputs Open -200 -165 -

•AC CHARACTERISTICS \Vn ~ -4.5V ±5%, Ta~O to +85°C, air flow exceeding 2m/sec) 

I. READ MODE 
-1 Symbol Item Test Condition min typ max 

Block Select Access Time I t 1iHs - - 6 
---- T -----1 

Block Select Recovery Tim~ 1,,, - - 5 ----Address Access Time t AA - 7 10 

2. WRITE MODE 
- ------

Item Symbol Test Condition min typ max 

Write Pulse Width lw twsA=2ns 6 4.5 -

Data Setup Time t W.$D 2 0 -

Data Hold Time t WH/l 2 0 -

Address Setup Time lwsA l w =6ns 2 0 -

Address Hold Time t WHA 2 0 -
·-

Block Select Setup Time I WSBS 2 0 -

Block Select Hold Time I WHBS 2 0 -

Write Disable Time I., - 4 6 

Write Recovery Time I•• - 4.5 12 

3. RISE/FALL TIME 

Item Symbol Test Condition min typ max 

Output Rise Time 1. - 2 -

Output Fall Time 11 - 2 -

4. CAPACITANCE 

Item Symbol Test Condition min typ max 

Input Capacitance c .. - 4 -

Output Capacitance c ... - 7 -

@HITACHI 
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Unit 

mV 

mV 
----

mV 

mV 

mV 

mV 

µA 

µA 

mA 

Unit 

ns 

ns 

ns 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Unit 

ns 

ns 

Unit 

pf 

pF 
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HM100422,HM100422F,HM100422CG----------------------

•TEST CIRCUIT AND WAVEFORMS 

1. LOADING CONDITION 

Tes1 Circuit 

Vcc(GNO) 

M.U.T. 

O.OlµF ;J;. 

3. READ MODE 

-2.0V 

RL =SOQ 
Cl =30pF( includes 
probe and jig 
capacitance) 

BS~ ·~ 
'~"'" 

~!•·its~ ~ 
: :M''+; 

Ooul 

4. WRITE MODE 

lhn 

WE 

2. INPUT PULSE 

t.-t1 -2.0ns typ 

I 
I 
1----1••---I 

Dout ________ __,)(..,, ____ _ 

50''( 

674 
@HITACHI 

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



HM100415,HM100415CG 

1024-word x 1-bit Fully Decoded Random Access Memory 
The HM100415 is a 1024-word x 1-bit, read/write random access 
memory developed for application to scratch pads, control and 
buffer storages which require very high speeds. 
The HM100415 is compatible with the HD100K families and 
includes on-chip voltage and temperature compensation for im
proved noise margin. This rnemory is encapsulated in cerdip-16pin 
package. 

•FEATURES 
• Level ........................... lOOK EGL Compatible 
• Organization ........................ 1024-word by 1-bit 
• Address Access Time ........................ 10ns (max) 
• Chip Select Access Time ...................... 5ns (max.) 
• Power Consumption ..................... 0.6mW/bit (typ) 
• Output Obtainable by Wired-OR (open emitter) 
• Compatible with Fairchild F100415 . 

• TRUTH TABLE 

Input 

cs WE Din 

H x x 

L L L 

L L H 

L H x 

Notu) x : lrrrlevant 

• : Rf'ad Out ~orunu•rl 

• BLOCK DIAGRAM 

32Xl2 

Mrmory 

Output Mode 

L Not Selected 

L Write "Q" 

L Write" l" 

Dout• Read 

•ABSOLUTE MAXIMUM RATINGS(Ta~25'C) 

Item Symbol Rating Unit 

Supply Voltage VEE to Vee +0.5 to -7.0 v 
Input Voltage v .. +0.5 to VEE v 
Output Current I •• , -30 mA 

Storage Temperature T.,, -65 to + 150 ·c 
Storage Temperature T.1,(Bias)• -55 to +125 ·c 

* Under Bin 

@HITACHI 

HM100415 

IDG·l6AI 

HM100415CG 

• 
iCG241 

•PIN ARRANGEMENT 
•HM100415 

(Top View) 

• HM100415CG 

(Top View) 

Hitachi America Ltd. • 2210 O'Toole Ave. • San Jose, CA 95131 • (408) 435-8300 675 



HM100415,HM100415CG~~~~~~~~~~~~~~~~~~~~~~~~~~ 

• ELECTRICAL CHARACTERISTICS 

•DC CHARACTERISTICS(V£E--4.5V, RL-500 to -2.0V, Ta-0 to +85'C, air flow exceeding 2m/sec) 

Item Symbol Test Condition min(B) typ max(A) 

VoH -102s -9SS -880 
Output Voltage V .• -VtHA or V11.a 

VoL -1810 -171S -1620 

VoHc -103S - -
Output Threshold Voltage V .• -Yiu or V1LA 

Vo Le - - -1610 

v,. Guaranteed Input Voltage -116S - -880 
Input Voltage 

High/Low for All Inputs Vn -1810 - -!47S 

l1H V,~-V1H..t - - 220 

Input Current 1 cs o.s - 170 
In V .• -Vna J Others -so - -

Supply Current IEE All Inputs and Outputs Open -200 -ISO -

•AC CHARACTERISTICS(\rEE--4.SV ±5%, Ta-0 to +85'C, air flow exceeding 2m/sec) 

l. READ MODE 

Item Symbol Test Condition min typ max 

Chip Select Access Time IACS - 3 s 
Chip Select Recovery Time hes ~ 3 s 
Address Access Time ,,. - 7 JO 

2. WRITE MODE 

Item Symbol Test Condition min typ max 

Write Pulse Width I• twsA-2ns 6 4 -

Data Setup Time twso 2 0 -

Data Hold Time tWHD 2 0 -

Address Setup Time IWSA tw-6ns 2 0 -

Address Hold Time f WHA 2 0 -

Chip Select Setup Time twscs 2 0 -

Chip Select Hold Time IWHCS 2 0 -

Write Disable Time lws - 3 s 

Write Recovery Time I•• - 3 12 

3. RISE/FALL TIME 

Item Symbol Test Condition min typ max 

Output Rise Time 1. - 2 -

Output Fall Time 11 - 2 -

4. CAPACITANCE 

Item Symbol Test Condition min typ max 

Input Capacitance c .. - 3 -

Output Capacitance c ... , - s -
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Unit 

mV 

mV 

mV 

mV 

mV 

mV 

µA 

µA 

mA 

Unit 

ns 

ns 

ns 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Unit 

ns 

ns 

Unit 

pF 

pF 



--------------------------HM100415,HM100415CG 

•TEST CIRCUIT AND WAVEFORMS 

1. LOA~G CONDITION 

Test Circuit 

M.U.T. 

3. READ MODE 

4. WRITE MODE 

cs 

Mdros 

Din 

Oout 

Vcc(GND) 

50% 

Dout 

Rt 1 C1 

-2.ov 

50% 

R1=50I! 
CL=30pF(inchxi.es 
probe and jig 
capacitance) 

-, 
50% 

-----,firs cs---_, 

2. INPUT PULSE _,,.=<l 
-l.7V .. 

1, •11•2.0n1 lJ'P 

~.... :t- ... ~ 
Dout 50% 

@HITACHI 
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HM100474,HM100474F 
1024-word x 4-bit Fully Decoded Random Access Memory 
The HM100474 is a 1024-words x 4-bit, read/write, random access 
memory developed for high speed systems such as scratch pads and 
control/buffer storages. 

HM100474 

The fabrication process is the Hitachi's low capacitance, oxide 
isolation method with double metalization. 
The HM100474 is compatible with the HD100K ECL families and 
includes on-chip voltage and temperature compensation for im
proved noise margin. This device is encapsulated in cerdip-24-pin and 
flat 24pin package, compatible with Fairchild's F 100474. 

•FEATURES 
IDG-24>JI 

• 1024-word x 4-bit organization HM100474F 

• Fully compatible with lOOK ECL level 
• Address access time: 25ns(max) 
• Write pulse width: 25ns(min) 
• Output obtainable by wired-OR (open emitter) 

• TRUTH TABLE 

Input 
Output Mode 

cs WE Din 

H x x L Not Selected 

L L L L Write "O" 

L L H L Write" l" 

L H x Dout• Read 

Notes) X : lrreleunt 

* : Read Out Non invert 

• BLOCK DIAGRAM 

0 
" 

•ABSOLUTE MAXIMUM RATINGS (Ta~25·c) 

Item Symbol Rating Unit 

Supply Voltage Vu to Vee +0.5 to -7.0 v 
Input Voltage v .. +0.5 to VEE v 
Output Current /01 -30 mA 

Storage Temperature T.,, -65 to + 150 ·c 
Storage Temperature T.1,(Bias)• -55 to +125 ·c 

* Undtr Bin 

@HITACHI 

I FG-241 

• Pl.N ARRANGEMENT 

•HM100474 

(Top View) 

•HM100474F 
At At A7 \''u A• NC 

(Top View) 
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~~~~~~~~~~~~~~~~~HM100474,HM100474F 

• ELECTRICAL CHARACTERISTICS 

•DC CHARACTERISTICS(V"~-4.SV, RL~SOO to -2.0V, Ta~O to +85°C, air flow exceeding 2m/sec) 
----,---

Item Symbol Test Condition min(B) typ max(A) 

1 VoH -1025 -955 -880 
Output Voltage ---j V .• = V1H.-1 or V!LB 

Voe --1810 1715 -1620 

Vo He -1035 - -
Output Threshold Voltage v .. =VtHB or VIL,\ 

Vo LC - - -1610 

Vrn Guaranteed Input Voltage -1165 - -880 
Input Voltage 

High/Low for All Inputs v" -1810 - -1475 

Im V,.=VtH-1 - - 220 

Input Current 1 cs 0.5 - 170 
/" v .. = V1La l Others -50 - -

Supply Current I" All Inputs and Outputs Open --200 -165 -

•AC CHARACTERISTICS\ Vu~ -4 .5V ± 5%, Ta~ 0 to + 85°C, air flow exceeding 2m/sec) 

1. READ MODE 

Item Symbol Test Condition min typ max 

Chip Select Access Time t ACS - - 10 

Chip Select Recovery Time lites - - 10 

Address Access Ti me t" - 15 25 

2. WRITE MOOE 

Item Symbol Test Condition min typ max 

Write Pulse Width lw t ws..t=3ns 25 15 -

Data Setup Time lwsD 2 - -

Data Hold Time t WHD 2 - -

Address Setup Time t WSA t w- twmin 3 - -

Address Hold Time t WH..t 2 - -

Chip Select Setup Time t wscs 2 - -

Chip Select Hold Time t WHCS 2 - -

Write Disable Time I WS - - 10 

Write Recovery Time t ., - - 27 

3. RISE/FALL TIME 

Item Symbol Test Condition min typ max 

Output Rise Time t. - 2 -

Output Fall Time 11 - 2 -

4. CAPACITANCE 

Item Symbol Test Condition min typ max 

Input Capacitance c .. - 4 -

Output Capacitance Co •• - 7 -

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

Unit 

mV 

mV 

mV 

mV 

mV 

mV 

µA 

µA 

mA 

Unit 

ns 

ns 

ns 

Unit 

ns 

ns 

ns 
-

ns 

ns 

ns 

ns 

ns 

ns 

Unit 

ns 

ns 

Unit 

pF 

pF 
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•TEST CIRCUIT AND WAVEFORMS 

I . LOADING CONDITION 

O_O)pf * 
3. READ MODE 

Uoot 

4. WRITE MODE 

Address 

Uin 

Uout 

Test Circuit 

Vcc(GND) 

M.U.T. 

Vu 

IACS 

,, 

50% 

Oou1 

-2.ov R,=soQ 
CL= 30pF( includes 
probe and jig 
capacitance J 

If 

___________ ...__ 

2. INPUT PULSE 

-0.9V 

-1.7\° I 
I I 

I I 
~ 
t t, I 

t. =11=2.Sns 

Add''''~ 

Uoot~ 

50% 

IM"lfA 

... 
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< 
e 

u 

SUPPLY CURRENT vs. 
AMBIENT TEMPERATURE 

200..---.---..----.---..----.----, 

1801--...;::+--+---+--+---+--; 

~ 
1601--+---ft---..._--"""+.::--+---+---f 

~ 140t----+--+---+--+---l'"'...._~-1 

200 

ISO 

< 
E 160 

~ 140 

u 

SUPPLY CURRENT vs. 
SUPPLY VOLTAGE 

-
~ 

} 120 1 120 

100 t----+--+---+--+---+----1 

Vu= -14.SOV 

so~-~--~-~--~-~-~ 
-20 20 40 60 80 100 

Amb1en1 Temperature Ta 1·c 

ADDRESS ACCESS TIME 

vs. AMBIENT TEMPERATURE 

30 

25 

20 

-15 

10 

hij-4.50\' 

~~20,----!---~2~0--4~0---,6~0---,8~0-~IOO 

Amb1f'nt Temperature Ta \"C1 

CHIP SELECT ACCESS TIME 

vs. AMBIENT TEMPERATURE 

12--~-----.---..---.----. 

Vu= -4.SOV 

20 40 60 80 100 

Ambient Temperature ia 1 'C \ 

@HITACHI 

100 

80 

Ta=25'C 

-4.95 -4.50 

Supply Voltage Vu: (V\ 

ADDRESS ACCESS TIME 

vs. SUPPLY VOLTAGE 

-4.05 

Jo----.---~---.---..----.---. 

2sl----+--+---+--+---+----1 

201----+--+---+--+---+---l 

-1sf--:d==l=-+-'1==4F-l 
101----+--+---+--+---+---l 

12 

10 

• 

2 

0 

Ta=25'C 

-4.95 -4.50 -4.05 

Supply Voltage Vic (V\ 

CHIP SELECT ACCESS TIME 

vs. SUPPLY VOLTAGE 

{'=25"C 

-4.95 -4.50 -4.05 

Supply Volt&ge Vu: (V) 
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20 

15 

10 

0 

WRITE PULSE WIDTH vs. 
AMBIENT TEMPERATURE 

-
Vu=1.SOV 

-20 20 40 60 80 

Ambient Temperature Ta (•C) 

30 

25 

~ 20 

100 

@HITACHI 

WRITE PULSE WIDTH vs. 
SUPPLY VOLTAGE 

Ta=2s·c 

-4.95 -4.50 

Supply Voltage Vn: (VJ 
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HM100474-8,HM100474-10-
HM100474F-8,HM100474F-10 
1024-word x 4-bit Fully Deco..:led Random Access Memory 
The HM100474 is ECL 100k compatible, 1024-words x 4-bit, read 
write, random access memory developed for high speed systems such 
as scratch pads and control/buffer storages. 
The fabrication process is the Hitachi's U-groove isolation method. 
The HM100474 is encapsulated in cerdip-24 pin and flat 24 pin 
package, compatible with Fairchild's F100474. 

•FEATURES 
• 1024-word x 4-bit organization 
• Fully compatible with 100K ECL level 
• Address access time: HM100474-8 8ns (max) 

HM100474-10 10ns (max) 
• Write pulse width: HM100474-8 5ns (min) 

HM100474-10 5ns (min) 
• Low poer dissipation: 0.3mW/bit 
• Output obtainable by wired-OR (open emitter) 

• TRUTH TABLE 

Input 
Output 

cs WE Din 

H x x L Not 

Mode 

Selected 

L L L L Write "O" 

L L 

L H 

Notes) X : Irrelevant 

• : Rud Out Nonivert 

•BLOCK DIAGRAM 

Ao 

H 

x 

L Write "I" 

Dout• Read 

Memory Cel I Array 
1024Words x 4 Bits 

HM!00474-8, HM!00474-IO 

(DG-24A) 

HM!00474F-8, HM!00474F-10 

(FG-24) 

• Pl.N ARRANGEMENT 
• HM100474-8, HM100474-10 

(Top View) 

• HM100474F-8, HM10047F-10 
A7 Vu A1 NC 

• ABSOLUTE MAXIMUM RATINGS (Ta-25°C) 

Item Symbol Rating Unit 

Supply Voltage Vu to Vee +0.5 to -7 .0 v 
Input Voltage v .• +0.5 to Vu v Ulo 

Output Current I"' -30 mA Uh 

Storage Temperature T.,. -65 to + 150 ·c Uh 

Storage Temperature T.,,(Bias)• -55 to + 125 ·c 
u1. 

• Under BiH 

001 UOt V'cc v·ccA DOJ 

@HITACHI (Top View) 
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HM100474-8, HM100474-10, HM100474F-8, HM100474F-10-----------------

•ELECTRICAL CHARACTERISTICS 

•DC CHARACTERISTICS(Vu--4.5V, RL-500 to -2.0V, Ta-0 to +85°C, air flow exceeding 2m/sec) 

Item Symbol Test Condition min(BI typ max(A) Unit 

VoH -1025 -955 -880 mV 
Output Voltage V .• -V1HA or V11s v., -1810 - 1715 -1620 mV 

VoHC -1035 - - mV 
Output Threshold Voltage V .• -V1H• or V1t.11 

Vote - - -1610 mV 

v,. Guaranteed Input Voltage -1165 - -880 mV 
Input Voltage 

High/Low for All Inputs V" -1810 - -1475 mV 

1,. V,.-V1HA - - 220 µA 

Input Current [cs 0.5 - 170 
I" Vu-VtLB J Others 

µA 
-50 - -

Supply Current l£E All Inputs and Outputs Open -240 -220 - mA 

•AC CHARACTERISTICS(Vu--4.5V ±5%, Ta-0 to +85°C, air flow exceeding 2m/sec) 

I. READ MODE 

HMI00474/F-8 HMI004741F-IO 
Item Symbol Test Condition Unit 

min typ max min typ max 

Chip Select Access Time f ACS - - 6 - 6 s 

Chip Select Recovery Time f RCS - 6 - - 6 ns 

Address Access Time IAA - --- 8 - - 10 ns 

2. WRITE MODE 

HMI00474/F-8 HM100474/F-IO 
Item Symbol Test Condition Unit 

min typ max min typ max 

Write Pulse Width lw fwsA=2ns 5 -- - 5 -- ns 

Data Setup Time I WSIJ 1 - 2 - - ns 

Data Hold Time fWHD 1 - ... 2 -- - ns 

Address Steup Time f WSA fw=twmin 2 - --- 2 - -- ns 

Address Hold Time IWHA 1 - 2 - ns 

Chip Select Setup Time lwscs 1 -- 2 - - ns 

Chip Select Hold Time f WHCS 1 - -- 2 - - ns 

Write Disable Time lws - - 6 ·-· -- 6 ns 

Write Recovery Time f WR - - 9 - 12 ns 

3. RISE/FALL TIME 

Item Symbol Test Condition min typ max Unit 

Output Rise Time t. - 2 - ns 

Output Fall Time 11 - 2 - ns 

4. CAPACITANCE 

Item Symbol Test Condition min typ max Unit 

Input Capacitance c .. - 3 - pF 

Output Capacitance c .. , - 5 - pF 
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-----------------HM100474-8, HM100474-10, HM100474F-8, HM100474F-10 

• TEST. CIRCUIT AND WAVEFORMS 

1. LOADING CONDITION 

Test Circuit 

Vcc(GND) 

M.U.T. 

0.0lµF;;;. Vu 

3. READ MODE 

4. WRITE MODE 

Addreu 

Din 

no .. 

Dout 

-2.ov 

50% 

R1=SO!l 
CL =30pF( inchxies 
probe and jig 
capacitance) 

80% 

2. INPUT PULSE 

Addreu 

... 
00111 

50% 

@HITACHI 
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HM100470----------

4096-word x 1-bit Fully Decoded Random Access Memory 
The HM100470 is a 4096-words x 1-bit, read/write, random access 
memory developed for high speed systems such as scratch pads and 
control buffer storages. 
The fabrication process is the Hitachi's low capacitance, oxide 
isolation method with double metalization. 
The HM100470 is compatible with the HD100K ECL families and 
includes on-chip voltage and temperature compensation for im
proved noise margin. This device is encapsulated in cerdip-18pin 
package, compatible with Fairchild's F 100470. 

•FEATURES 
• 4096-word x 1-bit organization 
• Full compatible with 100K ECL level 
• Address access time: 25ns(max) 

/~ 
~l· 

(DG-18) 

• Write pulse width: 25ns (min) •PIN ARRANGEMENT 
• Output obtainable by wired-OR (open emitter) 
• TRUTH TABLE 

Input 

cs WE Din 

H x x 

L L L 

L L H 

L H x 

Notea) x : lrrelev•nt 
* : Read Out Nonivert 

•BLOCK DIAGRAM 

\.o ,, 
\; 

Memory Cell 

Arr1.y 

Output Mode 

L Not Selected 

L Write "O" 

L Write "I" 

Dout• Read 

• ABSOLUTE MAXIMUM RATINGS (Ta=25"C) 

Item Symbol Rating Unit 

Supply Voltage Vu to Vee +o.s to -7 .o v 
Input Voltage v .. +0.5 to Vu v 
Output Current /no -30 mA 

Storage Temperature T.,. -65 to +150 ·c 
Storage Temperature T .. ,(Bias)' -55 to +125 ·c 
* Under Bin 

@HITACHI 

(Top View) 

1)111,11 

cs 

llm 
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• ELECTRICAL CHARACTERISTICS 

•DC CHARACTERISTICS(V"~-4.5V, RL~500 to -2.0V, Ta~O to +85°C, air flow exceeding 2m/sec) 

Item Symbol Test Condition min(B) typ max(A) 

VoH -1025 -955 -880 
Output Voltage v .. - V1HA or VJLB 

Voi -1810 -1715 -1620 

Vo He -1035 - -
Output Threshold Voltage v.~ - V1HB or Vi LA 

VoLc - - -1610 

v,. Guaranteed Input Voltage -1165 - -880 
Input Voltage 

High/Low for All Inputs v" --1810 - -1475 

1,. Vu-ViHA - - 220 

Input Current l cs 0.5 - 170 
I" v .. - V1LB J Others -50 - -

Supply Current IH All Inputs and Outputs Open --200 -165 -

•AC CHARACTERISTICS(V"~-4.5V ±5%, Ta~O to +85°C, air flow exceeding 2m/secl 

1. READ MODE 

Item Symbol Test Condition min typ max Unit 

Chip Select Access Time lAcs - 10 ns 

Chip Select Recovery Time lRcs - 10 ns 

Address Access Time IAA - 25 ns 

2. WRITE MODE 

Item Symbol Test Condition min typ max Unit 

Write Pulse Width tu f\t:.sA==3ns 25 - - ns 

Data Setup Time fo·sn 2 - - ns 

Data Hold Time fo·Hn 2 - -·· ns 

Address Setup Time lwsA fo =· t11 min 3 - - ns 

Address Hold Time fo'HA 2 - - ns 

Chip Select Setup Time /1rscs 2 - - ns 

Chip Select Hold Time fn"Hcs 2 - ns 

Write Disable Time IU"s - - 10 ns 

Write Recovery Time fL\"R - - 27 ns 

3. RISE/FALL TIME 

Item Symbol Test Condition min typ max 

Output Rise Time 1. - 2 -

Output Fall Time It - 2 -

4. CAPACITANCE 

Item Symbol Test Condition min typ max 

Input Capacitance c .. - 3 -
Output Capacitance c ... - 5 -

@HITACHI 
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Unit 

mV 

mV 

mV 

mV 

mV 

mV 

µA 

µA 

mA 

Unit 

ns 

ns 

Unit 

pF 

pF 
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• TEST CIRCUIT AND WAVEFORMS 

1. LOADING CONDITION 

O.OlµF* 

3. READ MODE 

4. WRITE MODE 

cs 

Add nu 

Din 

Test Circuit 

Vcc(GND) 

M.U.T. 

SO'-, 

Dout 

-2.0V RL ~SOQ 
CL =30pF( includes 
probe and jig 
capacitance) 

2. INPUT PULSE 

'"=<l -L7V .. 

@HITACHI 

t.=11=2.0na 1yp 

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

&-211"'· 

" 



HM100484-10-------Preliminary 

4096-wrod x 4-bit Fully Decoded Random Access Memory 

The HM100484 is ECL 100k compatible, 4096-words by 4-bits 
read/write random access memory developed for high speed 
systems such as acratch pads and control/buffer storage. 

Features 
• 4096-word x 4-bits organization 
• Very high speed address access time: 10ns (max) 
• Write pulse width: 7ns (min) 
• Power dissipation: 630mW 
• Output obtainable by wired-OR 

Function Table 

Input 

cs WE 

H x 

L L 

L L 

L H 

Notes) x: Irrelevant 
*: Read Out Nonivert 

Block Diagram 

AO 

Al 

A2 

A3 

A4 

A5 

A6 

Din 

x 

L 

H 

x 

Block 1 

Output 

L 

L 

L 

Dout* 

Y-Decoder/Driver 

Memory Cell Array 

4,096words x 4bits 

Block 2 Block 3 

Mode 

Not Selected 

Write "O" 

Write"!" 

Read 

Block 4 

Oil 001 012 002 013 003 014 004 

I DG-28A) 

Pin Arrangement 

(Top View) 

Note) The specifications of this device are MJbject to change without notice. Please contact your nearest Hitachi's Sales 
Dept. regarding specifications. 
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Absolute Maximum Ratings (Ta= 25°C) 

Item Symbol Rating Unit 

Supply Voltage VEE to Vee +0.5 to -7.0 v 
Input Voltage +0.5 to VEE v 
Output Current lout -30 mA 

Storage Temperature Tstg -65 to + 150 ·c 
Storage Temperature T,.,(Bias)* -55 to + 125 ·c 

•Under Bias 

Electrical Characteristics 
DC Characteristics (VEE= -4.SV, RL = SOfl to -2.0V, Ta= 0 to +85°C, air flow exceeding 2m/sec) 

item Symbol min(B) typ max(A) Unit Test Condition 

VoH -1025 -955 -880 mV 
Output Voltage Vin=VrnA or VILB 

VoL -1810 -1715 -1620 mV 

Vo11c -1035 mV 
Output Threshold Voltage Vin= Vnrn or V1LA 

VoLc -1610 mV 

Vrn -1165 -880 mV Guaranteed Inputs Voltage 
Input Voltage 

VIL -1810 -1475 mV High/Low for All Inputs 

IIH 220 µA Vin=VmA 

Input Current 0.5 170 cs 
Vin=V1LB iJL µA 

-50 Others 

Supply Current IEE -180 mA All Inputs and Outputs Open 

AC Characteristics (VEE= -4.SV ±5%, Ta= 0 to +85°C, air flow exceeding 2m/sec) 
Read Mode 

Item Symbol min typ max Unit Test Condition 

Chip Select Access Time tAeS ns 

Chip Select Recovery Time tRCS ns 

Address Access Time tAA IO ns 

Write Mode 

Item Symbol min typ max Unit Test Condition 

Write Pulse Width tw ns twsA=twsA min 

Data Setup Time twso ns 

Data Hold Time tWHD ns 

Address Setup Time twsA ns tw=tw min 

Address Hold Time tWHA ns 

Chip Select Setup Time twscs ns 

Chip Select Hold Time tWHCS ns 

Write Disable Time tws ns 

Write Recovery Time tWR 12 ns 

690 
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Rise/Fall Time 

Item 

Output Rise Time 

Output Fall Time 

Capacitance 

Item 

Input Capacitance 

Output Capacitance 

Test Circuit and Waveforms 
Loading Condition 

M.t..:.T. 

0.0lµF ~ In 

ln(L.NUI 

R,-son 
Ci-30pF 

U•ut 

-2.0V 

Symbol 

le 

It 

Symbol 

Cin 

Cout 

(including probe and jig capacitance) 

Read Mode 

min typ max 

min typ max 

Input Pulse 

- UV 

@HITACHI 

I 
I 
I 
I 
I 

I 1, I 
i----t 

Unit 

ns 

ns 

Unit 

pF 

pF 

t.-t,-2.0ns 
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Test Condition 

Test Condition 

20% 

I :~----
1 11 I 

r---i 

I 
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Write Mode 

Address so% 50% 

Uin 

Dout 

@HITACHI 
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HM100480-15, 
HM100480F-15 
16,384-words x 1-bit Fully Decoded Random Access Memory 

The HM100480·15 is ECL 100K compatible, 16,384-words x 1-bit, 
read/write random access memory developed for high speed systems 
such as scratch pads and control/buffer storages. 
The fabrication process uses the Hitachi's U-groove isolation 
method. 
The HM 100480-15 is encapsulated in cerdip-20 pin and flat-20 pin 
package, compatible with Fairchild's 100480. 

•FEATURES 
• 16,384-words x 1-bit organization 
• Fully compatible with 100K ECL level 
• Address access time: 15ns (max) 
• Write pulse width: 15ns (min) 
• Low power dissipation: 0.06mW/bit 
• Output obtainable by wired-OR (open emitter) 

•TRUTH TABLE 

Input 
Output Mode cs WE Din 

H x x L Not Selected 

L L L L Write "O" 

L L H L Write ''l' 
L H x Dout• Read 

Notes) x : Irrelevant 

* : Read Out Noninvert 

• BLOCK DIAGRAM 

Ao 

Ao 

A1 ; 128X 128 

Ci Memory Cell 
A2 -e Array 
A• ~ 

As 

A• 

•ABSOLUTE MAXIMUM RATINGS ( Ta~25"C) 

Item Symbol Rating Unit 

Supply Voltage Vu to Vee +0.5 to -7.0 v 
Input Voltage v .. +0.5 to VEE v 
Output Curren't l .. 1 -30 mA 

Storage Temperature T,,, -65 lo +150 ·c 
Storage Temperature T,,,( Bias)• -55 to + 125 ·c 

* Under Bias 

@HITACHI 

HM100480-15 

~ 
~·· 

(DG-20N) 

HM100480F-15 

(FG-20D) 

• PIN ARRANGEMENT 

(Top View) 
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•ELECTRICAL CHARACTERISTICS 

•DC CHARACTERISTICS(Vu--4.5V, RL~son to -2.0V, Ta~O to +85"C, air flow exceeding 2m/sec) 

Item Symbol Test Condition mini Bl typ maxi A) 

v •• -1025 -955 -880 
Output Voltage V,.-V1HA or VILs 

Vot -1810 -1715 -1620 

VoHc -1035 - -
Output Threshold Voltage V .. - V,HB or V11..A 

Vote - - -1610 

v,. Guaranteed Input Voltage -1165 - -880 
Input Voltage 

High/Low All Input v,, for -1810 - -1475 

1,. v .. -v,H .. - - 220 

Input Current 1 cs 0.5 - 170 
I" V .. - V/Ls J Others -50 - -

Supply Current lu A II Inputs and Outputs Open -220 - -

•AC CHARACTERISTICS (VEE= -4.5V± 5%, Ta=O to +75°C, air flow exceeding 2m/sec) 

I. READ MODE 

Item Symbol Test Condition min typ max 

Chip Select Access Time IACS 2 - 8 

Chip Select Recovery Time !Res 2 8 

Address Access Time IAA 3 12 15 

2. WRITE MODE 

Item Symbol Test Condition min typ max 

Write Pulse Width /11 /11 . ..,A=3ns 15 

Data Setup Time I 11 :w 

Data Hold Time l1r111J 2 

Address Setup Time f11s.-t I 11:::::: /11 min 3 

Address Hold Time 11111.i 3 

Chip Select Setup Time /11 . ..;c-; 2 

Chip Select Hold Time /1riws 2 

Write Disable Time /us 12 

Write Recovery Time f u H 17 

@HITACHI 
694 Hitachi America Ltd. • 2210 O'Toole Ave. • San Jose, CA 95131 • (406) 435-6300 

Unit 

mV 

mV 

mV 

mV 

mV 

mV 

µA 

µA 

mA 

Unit 

ns 

ns 

ns 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 



3. RISE/FALL TIME 

Item Symbol 

Output Rise Time f, 

Output Fall Time 11 

4. CAPACITANCE 

Item Symbol 

Input Capacitance c .. 
Output Capacitance c ... 

•TEST CIRCUIT AND WAVEFORMS 

I. LOADING CONDITION 

Test Circuit 

Vcc(GND) 

M.U.T. 

O.OlµF J;. 

3. READ MODE 

IA('S 

4. WRITE MODE 

Address 

Din 

D<>ul 

Dout 

-2.0V 

50% 

Ri=SO!l 
CL =30pf (includes 
probe and jig 
capacitance) 

Test Condition 

Test Condition 

2. INPUT PULSE 

. .\ddrtss 

... 
Dout 

50% 

@HITACHI 

min typ 

- 2 

- 2 

min typ 

- 3 

- 5 
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max Unit 

- ns 

- ns 

max Unit 

- pF 

- pF 
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HM100490-15-------Preliminary 
65536-words x 1-bit Fully Decoded Random Access Memory 

HM100490-15 is ECL 100k compatible, 65536-words x 1-bit, 
read/write random access memory developed for high speed 
systems such as main memories for super computers. 

Features 
• 65,536-words x 1-bit organization 
• Fully compatible with 100k ECL level 
• Address access time .................... 15ns (max.) 
• Write pulse width . . . . . . . . . . . . . . . . . . . . . 10ns (min.) 
• Low power dissipation ................. 320mW (typ.) 
• Output obtainable by wired-OR (open emitter) 

Function Table 

luput 

cs WE 

H x 

L L 

L L 

L H 

Notes) x: Irrelevant 
*: Read Out Noninvert 

Pin Arrangement 

• HM100490-15 

(Top View) 

Din 

x 

L 

H 

x 

Output Mode 

L Not Selected 

L Write "O" 

L Write"!" 

Dout* Read 

• HM100490F-15 

A13 

°" Index 
A12 

All 

AIO 

A9 

FPG-22 VEE 

AB 

A7 

A6 

A5 

A4 

(Top View) 

HM 100490-15 

(DG-22N) 

HM 100490F-15 

(FG-22D) 

HM 100490CG-15 

(CG-22A) 

• HM100490CG-15 

AO DO Vee DI 

I 2 I I I 122 I I 21 I 

~II 11 I I I 
L-.J I I L..-....1 L--' 

T,' L.!...! Al 
4=~ Index 

) 
---' 
-5-1 
__ .J 

]i=j LCC-22 

EJ 
}l=J 

A7 }l=] 
r--, r-, r--, r--, 
I 1 I 11 I I I 
I 10 I I 11 I 112 I I 13 I 

AS v •• A9 AlO 

(Top View) 

[][ cs 
r--
Ll9_ WE .---L!.8 _ A15 

~1'[ ) r--
d.6_ r--
d5_ 
r--
Ll4.. All 

Note I 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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Block Diagram 
AS 

A7 
A!O 
A9 
A2 
Al 
AO 
A5 

Absolute Maximum Ratings (Ta= 25°C) 

Item 

Supply Voltage 

Input Voltage 

Output Current 

Storage Temperature 

Storage Temperature 

*Under Bias 

Electrical Characteristics 

DC Characteristics 

Memory 
Ull Array 
256X256 

A6 Al4 A15 A3 A4 All A12 A13 

Symbol 

VEE to Vee 

lout 

Tstg 

T,,.(Bias)* 

Dl 

Rating Unit 

+0.5 to -7.0 v 
+0.5 to -3.0 v 

-30 mA 

-65 to +150 

-55 to +125 ·c 

(VEE= -4.SV, RL =son to -2.0V, Ta= 0 to +85°C, air flow exceeding 2m/sec) 

Item Symbol min(B) typ max(A) Unit Test Condition 

Vo11 -1025 -955 -880 mV 
Output Voltage Vin=VJHA or VtLB 

VuL -1810 -1715 -1620 mV 

VmJC -1035 mV 
Output Threshold Voltage Vin=Vnrn or VJLA 

VoLc -1610 mV 

V1H -1165 -880 mV Guaranteed Inputs Voltage 
Input Voltage 

VIL -1810 -1475 mV High/Low for All Inputs 

1111 220 µA Vin=VJHA 

Input Current 0.5 170 cs 
lJL µA Vin=VJLB 

·-50 Others 

Supply Current IEE -120 mA All Inputs and Outputs Open 

AC Characteristics 

(VEE= -4.SV ± 5%, Ta= 0 to +85°C, air flow exceeding 2m/sec) 

Read Mode 

Item Symbol min typ max Unit Test Condition 

Chip Select Access Time tACS 10 ns 

Chip Select Recovery Time tRCS 10 ns 

Address Access Time tAA 15 ns 
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Write Mode 

Item 

Write Pulse Width 

Data Setup Time 

Data Hold Time 

Address Setup Time 

Address Hold Time 

Chip Select Setup Time 

Chip Select Hold Time 

Write Disable Time 

Write Recovery Time 

Rise/Fall Time 

Item 

Output Rise Ti111e 

Output Fall Time 

Capacitance 

Item 

Input Capacitance 

Output Capacitance 

Test Circuit and Waveforms 
Loading Condition 

Vcc(GND) 

Dout 

MUT 

O.OlµF~ -2.0V 

RL=SOQ 
CL=30pF(Indudes Probe and Jig Capacitance) 

Read Mode 

tACS 

0.1ut 

Symbol min typ max Unit Test Condition 

tw 10 ns twsA=2ns 

twso ns 

tWHD ns 

tWSA ns tw=lOns 

tWHA ns 

twscs ns 

tWRCS ns 

tws 10 ns 

tWR 18 ns 

Symbol min typ max Unit Test Condition 

ns 

tt ns 

Symbol min typ max Unit Test Condition 

Gin pF 

Cout pF 

Input Pulse 

20% 
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Write Mode 

LS SO% 

Add rt ~s 50% 

WE 

• 
~HITACHI 
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NOTES 



NOTES 



NOTES 



NOTES 
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