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

l. 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 use~ 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. 
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•QUICK REFERENCE GUIDE TO HITACHI IC MEMORIES 

•Mos RAM 

Total 
Organization Access Cycle Supply Power Packaget 

Mode Type No. Process (word Time Time Voltage Dissipation Page 
Bit Pin CG G p FP SP x bit) (ns)max (ns)min (V) (W) No. 

HM6116-2 120 120 O.lm/0.2 • • • • 65 

HM6116-3 150 150 • • • • 65 

HM6116-4 200 200 
O.lm/0.18 • • • • 65 

HM6116L-2 120 120 20µA/0.18 • • • 80 

HM6116L-3 150 150 • • • 80 

HM6116L-4 200 200 
20µA/0.16 • • • 80 

HM6116A-12 120 120 • • 98 

HM6116A-15 150 159 O.lm/15m • • 98 
2048X8 24 • • HM6116A-20 200 200 98 

HM6116AL-12 120 120 • • 102 

HM6116AL-15 150 150 5µ/lOm • • 102 

HM6116AL-20 200 200 • • 102 
Static 16k-bit CMOS +5 • • HM6117-3 150 150 106 

HM6117-4 200 200 
O.lm/0.2 • • 106 

HM6117L-3 150 150 • • 116 

HM6117L-4 200 200 
10µ/0.18 • • 116 

HM6168H-45 45 45 • • 128 

HM6168H-55 55 55 O.lm/0.25 • • 128 

HM6168H-70 70 70 • • 128 
4096X4 20 • 132 HM6168HL-45 45 45 

HM6168HL-55 55 55 5µ/0.25 • 132 

HM6168HL-70 70 70 • 132 

HM6167 70 70 • • 137 

HM6167-6 85 85 O.lm/0.15 • • 137 

HM6167-8 100 100 • • 137 

HM6167L 70 70 • 143 

HM6167L-6 85 85 5µ/0.15 • 143 

HM6167L-8 100 100 • 143 

HM6167H-45 45 45 • • • 147 
16384Xl O.lm/0.2 20 • • • 147 HM6167H-55 55 55 

HM6167HL-45 45 45 • 158 

HM6167HL-55 55 55 
5µ/0.2 • 158 

HM6267-35** 35 35 • 162 

HM6267-45** 45 45 
O.lm/0.25 • 162 

('contmued) 
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Organization Access Cycle Supply 
Total 

Mode Type No. Process (Word Time Time Voltage 
Eit 

x bit) (ns)max (ns)min (V) 

HM6264-10 100 100 

HM6264-12 120 120 

HM6264-15 150 150 

HM6264L-10 
8192X8 

100 100 

HM6264L-12 120 120 
Static 64k-bit CMOS +5 

HM6264L-15 150 150 

HM6287-55' 55 55 

HM6287-70* 70 70 
65536Xl 

HM6287L-55 • 55 55 

HM6287L-70' 70 70 

Psude HM65256-15' 150 150 
Static 256k-bit CMOS 32768X8 +5 

HM65256-20' 200 200 

HM48416A-12 120 230 

HM48416A-15 16384X4 150 260 

HM48416A-20 200 330 

64k-bit 
HM4864-2 150 270 

HM4864-3 200 335 

HM4864A-12 65536X 1 120 220 

HM4864A-15 150 260 
Dynamic NMOS +5 

HM4864A-20 200 330 

HM50256-12 120 220 

HM50256-15 150 260 

HM50256-20 200 330 
256k-bit 262144Xl 

HM50257-12 120 220 

HM50257-15 150 260 

HM50257-20 200 330 

• Under development "Preliminary ,-,, HM6116LP /LFP Series: lOµW 
t The package codes of CG, G, P. ~·p and SP are applied to the packal(l' materials as follows. 

CG : Glass-sealed Caramic Leadless Chip Carrier, G : Cerdip, P : Plastic DIP, 
FP: Flat Plastic Package (SOP), SP: Skinny Type Plastic DIP 

$HITACHI 

Power Package' 
Dissipation Page 

Pin CG G p FP SP (W) No. 

• 166 

O.lm/0.2 • • 166 

• • 166 
28 • 176 

10µ/0.2 • • 176 

• • 176 

O.lm/0.3 • • 188 

• • 188 
22 • 10µ/0.3 

189 

• 189 

7m/0.3 • 190 
28 • 190 

• 192 

20m/0.3 18 • 192 

• 192 

20m/0.33 • • 199 

• • 199 

• • • 209 

20m/0.25 • • • 209 

• • • 209 

16 • • 219 

20m/0.35 • • 219 

• • 219 

• • 226 

20m/0.35 • • 226 

• • 226 
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•MOS ROM 

Organization Access Supply Power Packaget Total 
Mode Type No. Process (Word Time Voltage Dissipation Page 

Bit Pin c G p FP x bit) (ns)max (V) (W) No. 

HN61364 250 • • 234 
28 • HN61364H** 200 

5µ/50m 
236 

64k-bit 8192X8 ~ • HN61365 237 
24 • HN61366 250 239 

HN613128 250 • • 241 
Mask 128k-bit CMOS 16384X8 -+ 5 5µ/50m • HN613128H** 200 243 

HN61256 32768X8 or 3500 5µ/7.5m • • 244 65536X4 
28 • • 256k-bit HN613256 250 

5µ/50m 
246 

HN613256H .. 
32768X8 • 200 248 

IM-bit HN62301•• 131072X8 350 2m/75m • 249 

HN482732A-20 200 • 254 

32k-bit HN482732A-25 4096X8 250 0.18/0.8 24 • 254 

HN482732A-30 300 • 254 

HN482764 
NMOS • 258 250 

HN482764-2 200 0.18/0.55 • 258 

HN482764-3 300 • 258 

64k-bit HN27C64-15 8192X8 150 • 267 

U. V. Erasablce HN27C64-20 200 • 267 

& Electrically 
CMOS +5 0.55m/0.17 • HN27C64-25 250 267 

HN27C64-30 300 28 • 267 

HN4827128-25 250 • 272 

128k-bit HN4827128-30 16384X8 300 0.18/0.53 • 272 

HN4827128-45 NMOS 450 • 272 

256k-bit 
HN27256-25* • 250 

0.22/0.55 • 280 

HN27256-30 • • 
32768X8 

300 • 280 

One Time 64k-bit HN482764-3 8192X8 300 0,18/0.55 • 263 

HN4827128-30** 
NMOS +5 

0.18/0.53 
28 • Electrically 128k-bit 16384X8 300 276 

Electrically 
HN58064-25** 250 • 284 

Erasable & 64k-bit HN58064-30* • NMOS 8192X8 300 +5 0.22/0.55 28 • 284 
Programmable 

HN58064-45** 450 • 284 

• Under de\•elopment •• Preliminary 
t The packade codes of G, P and FP are applied to the packge material as follows. 

G : Cerdip, P : Plastic DIP, FP : Plastic Flat Package 
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•BIPOLAR RAM 

Organiza- Access Supply Power Packaget Total Replace-
Level Type No. ti on Output Time Voltage Dissipation Page 

Bit 
(mW/bit) 

Pin F G cc ment 
(wordXbit) (ns)max (V) No. 

HM10414 10 • F10414 290 
256 256Xl 2.8 • HM10414-1 8 290 

HM2110 35 • Fl0415 294 
0.5 16 • HM2110-1 25 Fl0415A 294 

1024Xl • HM2112 10 298 
lK 0.8 • HM2112-1 8 298 

HM10422 10 0.8 • Fl0422 303 
256X4 24 • HM10422-7 7 1.0 308 

HM10470 25 • Fl0470 311 

HM10470-1 15 
0.2 

18 • 311 
ECL 4096Xl • HM10470-20 20 -5.2 0.25 316 
lOK 

HM2142 0.3 20 • 10 319 
4K 

0.2 • Fl0474 322 HM10474 25 

HM10474-8• 8 • 327 
1024X4 0.3 24 • HM10474-10• 10 327 

HM10480 
Open 

25 0.05 • • Fl0480 330 
Emitter 

20 • 333 HM10480-15• 16384Xl 15 
0.06 • 16K HM10480-20• 20 333 

HM10484-15• 15 • 336 
4096 X4 0.06 28 • HM10484-20* 20 336 

HM100415 1024x1 10 0.6 16 • • F100415 339 
lK 

24 • • • F100422 HM100422 256X4 10 0.8 342 

HM100470 4096X 1 25 0.2 18 • Fl00470 345 

4K 1024X4 
- -

0.2 24 • • F100474 HM100474 25 348 
-4.5 • • Fl00480 ECL HM100480 25 0.05 353 

lOOK HM100480-15* 16384Xl 15 20 • 356 
0.06 • 16K HM100480-20* 20 356 

HM100484-15* 
4096X4 

15 • 359 
0.06 28 

HM100484-20* 20 • 359 

• Under development 
t The package-codes of F,G and CC are applied to the packge materials as follows. 

F : Flat Package, G : Cerdip, CC : Ceramic Leadless Chip Carrier 
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ii PACKAGE INFORMATION (Dimensions in mm) 

•Dual-in-line Plastic 

12 

• DP-16 

• DP-18 

O.Slmi 

~5.06max 

o-1s·lL..f-/lo.20-o.38 

•DP-22A 

• DP-24A 

, 
~ 

~---~ 

• DP-16A 

eDP-20 

-111
6

'

3 

20 

: 2. 19 
~ i · IR 
1! 4. 11 
~ . 16 ~ ~. i 15 
C::: I· '14 

::: I . 13 
~ . 12 
"'1 II 

2.54min 

Q 
o'-IS'noJ.0-0.3' 

,_,.. t:=:1 ~-020-038 

• DP-28 

$HITACHI 
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Applicable ICs 

DP-16 HM4864P-2, HM4864P-3, HM4864AP-12, HM4864AP-15, HM4864AP-20 

DP-16A HM50256P-12, HM50256P-15, HM50256P-20, HM50257P-12, HM50257P-15, HM50257P-20 

DP-18 HM6148HP-35, HM6148HP-45, HM6148HP-55, HM6148HLP-35, HM6148HLP-45, HM6148HLP-55, HM6147HP-35, 
HM6147HP-45,HM6147HP-55,HM6147HLP-35,HM6147HLP-45,HM6147HLP-55,HM48416AP-12,HM48416AP-l5,HM48416AP-20 

HM6168HP-45, HM6168HP-55, HM6168HP-70, HM6168HLP-45, HM6168HLP-55, HM6168HLP-70, HM6167P, 
DP-20 HM6167P-6, HM6167P-8, HM6167LP, HM6167LP-6, HM6167LP-8, HM6167HP-45, HM6167HP-55, HM6167HLP-45, 

HM6167HLP-55, HM6267P-35, HM6267P-45 

DP-22A HM6287P-55, HM6287P-70, HM6287LP-55, HM6287LP-70 

HM6116P-2, HM6116P-3, HM6116P-4, HM6116LP-2, HM6116LP-3, HM6116LP-4, HM6116AP-12, HM6116AP-15, 
DP-24 HM6116AP-20, HM6116ALP-12:HM6116ALP-15, HM6116ALP-20, HM6117P-3, HM6117P-4, HM6117LP-3, HM6117LP-4, 

HN61365P, HN61366P 

DP-24A HM6116ASP-12, HM6116ASP-15, HM6116ASP-20, HM6116ALSP-12, HM6116ALSP-15, HM6116ALSP-20 

HM6264P-10, HM6264P-12, HM6264P-15, HM6264LP-10, HM6264LP-12, HM6264LP-15, HM65256P-15, HM65256P-20, 
DP-28 HN61364P, HN61364HP, HN613128P, HN613128HP, HN61256P, HN613256P, HN613256HP, HN62301P, HN482764P-3, 

HN4827128P-30, HN58064P-25, HN58064P-30, HN58064P-45 

•CERDIP 

• DG-16 • DG-16A 

f\ 
(1'-15• 0.20-0.38 

• DG-168 • DG-18 

6 
___,_,.,......,,,_ .. , 

!~ 

i---l-.J 
5.0Xmax2.Knun 

0.20-0,356.' .. 
4-~L-\, 

'81 
l<'l&:, .1 

!il 1-f= 
·.1~. 

~1: :~1: 
~ s l~ 

Ji; l:l 
I- l:! i' 
i ~ 11 

L' 10 

~-!~ 

' 

u~tH)J!' .-o'-l'i' 

I' .. -I >-0.38~in a-os111_>L...; 
2.Rmin 

~~ 

_l~ 
l~ 

(to be continued) 
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• DG-20 • DG-24 

.. 
.::;, ~ Jti 
.:-;r ,; 1~. ':"11 

I II 
: ·' 1:: 
_,, 

I~ 

11~'. II 

• DG-24A 

15.24 Qfjmin 

M SMmax2.54min 

O', IS' 0-11.36 
'-i 

• DG-28 • DG-28A 

15.24 

~ 5.9max 

o·-1s·P-lo.20-o.J6 

DG·l6 HM10414, HM10414-l 

DG·l6A HM2110, HM2110·1. HM2112, HM2112·1, HM100415 

DG·l6B HM4864·2, HM4864·3, HM4864A·l2, HM4864A-15, HM4864A·20, HM50256·12, HM50256-15, HM50256·20, HM50257-12, 
HM50257·15, HM50257·20 

DG-18 HM6148H·35, HM6148H·45. HM6148H·55, HM6147H·35, HM6147H-45, HM6147H·55, HM10470, HM10470·1, HM10470-15, 
HM100470 

DG-20 HM6168H-45, HM6168H-55, HM6168H·70, HM6167, HM6167·6, HM6167·8, HM6167H·45, HM6167H-55, HM2142, 
HM10480, HM10480·15, HM10480·20, HM100480, HM100480·15, HM100480·20 

DG·24 HM6116·2, HM6116-3, HM6116-4, HM6116L·2, HM6116·3, HM6116L·4 

DG·24A HM10422, HM10422·7, HM10474, HM10474·8, HM10474·10, HM100422, HM100474, 

DG·24B HN482732AG·20, HN482732AG-25, HN482732AG-30 

DG-28 HN482764G, HN482764G·2, HN482764G·3, HN27C64G·l5, HN27C64G·20, HN27C64G·25, HN27C64G-30, HN482718G·25, 
HN4827128G-30, HN4827128G·45, HN27256G·25, HN27256G·30 

DG·28A HM10484-IS, HM10484·20, HM100484·15, HM100484-20 

14 @HITACHI 
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---------------------------------Package Information 

•Surface Mount Packages 

• FP-24 

24 
23 
22 
21 i:;:: 
20 ] 19 
18 
17 j 16 
15 
14 
13 

0 

• FP-54 

• FG-24 

2.SOmax 

2.9max 
i'" 

• FP-28 

O.lllmin 

2.51lmax 

• FG-20 

Ofos aa1c~i111of1-u ... cap) 

•Applicable ICs 

FP-24 

HM6116FP-2, HM6116FP-3, HM6116FP-4, 
HM6116LFP-2, HM6116LFP-3, HM6116LFP-4, 
HM6117FP-3, HM6117FP-4, HM6117LFP-3, 
HM6117LFP-4 

FP-54 HN61364FP, HN613128FP, HN61256FP, 
HN613256FP 

FG-20 HM10480F, HM100480F 

FG-24 HM100422F. HM100474F, 
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Package· Information------------------------------

• Surface Mount Packages 

• CC-24 

• 
• CG-20 

1 '='r. --
ffJGinnon°] 

• CG-32 

.43 
10.83 

x 

+ 

16 

• CG-18 

D~ ' ·;i-Ro.3 

• CG-22 

El ,!, 
,,: FTn-ififO 

~·o-12.45:t0.3 -C0.
5 

~! 
...: 

I 
R0.3 

~! ~· ==::=======::;i, ~; ~ 0 0 0 0 0 0 

~06.35 3.05" :t' 14 ~;I. [" 1. I L ~l R0.23 
001 l ,., 

~: l' I 

- ' 1.14 
I 10 9 ~ ; " 4 .l 

~I- 0.64 1-
1.2 

•Applicable ICs 

CC-24 HM100415CC, HM100422CC 

CG-IS HM4864ACG-12, HM4864ACG-15 
HM4864ACG-20 

CG-20 HM6167HCG-45, HM6167HCG-55 

CG-22 HM6287CG-55, HM6287CG-70 

CG-32 HM6116CG-2, HM6116CG-55 
HM6116CG-4 
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•RELIABILITY OF HITACHI IC MEMORIES 

1. STRUCTURE 
IC memories are classified into Bipolar and MOS 
structural types, with unique, respective characteris
tics. Bipolar characteristics are high speed and small 
capacity, while MOS features large capacity. 

Produced with the most advanced semiconductor 
manufacturing technologies, the LSI memory is inte
grated in high density by unit patterns called "cells." 
Despite differences in circuit design, pattern layout, 

and degree of integration, stable product reliability is 
achieved in the manufacturing process by incorpo
rating past achievements in single cell design, and the 
proven reliability of each respective technology. Uni
fied production standards are applied in design, manu
facture, and inspection stages, and reliability is 
guaranteed by using TEG (Test Element Group) eval
uation. Examples of Bipolar and MOS memory cell 
circuits are shown in Table 1. 

•Table 1 Examples of 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 

IC memory chips are produced in Ceramic, Cerdip, and 
Plastic packages. Leadless Chip Carriers (LCC's) for 
high package density, and Small Outline (SO) pack
ages are currently being developed. 

Hermetically sealed Ceramic and Cerdip packaging is 
suitable for high reliability equipment. Plastic, the 

NMOS memory 
(Dynamic RAM) 

NMOS,CM 
memories 

Static RAM 

Main memory of computer, 
microcomputer memory 

NMOS memory 
(PROM) 

For 
microcomputer 
control 

leading semiconductor package, is used in a wide 
variety of applications. Hitachi's improved Plastic 
package provides a reliability level nearly that of the 
hermetically sealed Ceramic and Cerdip packages. 
Table 2 shows examples of IC memory package 
outlines. 

• Table 2 Examples of IC Memory Package Outlines 

• Cerdip 

• 16 pin • 18 Pin • 20 Pin • 24 Pin 
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Reliability of Hitachi IC Memories------------------------

18 

• 24 Pin with Lid 

•Plastic DIP 

• 16 Pin 

• 24 Pin 

• Leadless Chip Carrier 

• 18 Pin 

•SOP 

•24 Pin 

• 28 Pin with Lid 

• 18 Pin • 20 Pin 

• 28 Pin 

• 20 Pin • 24 Pin • 32 Pin 

• 
• 28 Pin 
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--------------------------Reliability of Hitachi IC Memories 

2. RELIABILITY DAT A 

2.1 Reliability test data on Bipolar memories 
Reliability test data is shown in Tables 3 and 4. Since 
unified design and quality control standards are ap
plied in the manufacturing process, reliability is as-

sured in all device types. Results have further indi
cated that the greater the device capacity, the higher 
the reliability per bit. 

•Table 3 Results on Bipolar Memory Reliability Tests (1) 

HM10470 Cerdip HM100422 (Chip Carrier) 

Test item Test condition Total Failure Total Failure Samples component Failures rate* Samples component Failures rate* hours hours 

Ta= 125°C C.H. l/hr 
VEE= -5.2V 125 4.0Xl0 5 0 2.3xl0-6 - - - -

(HM10470) 
High-

Ta= 150°C temperature 
(Operating) VEE= -5.2V 

(HM10470) 80 2.7xl0 5 0 3.4xl0-6 40 4xl04 0 2.3x10-s 
Vee =-5.0V 

(HM100422) 

High- Ta= 200°C 27 2.7xl04 0 3.4x10-s 40 4xl04 0 2.3xl0-5 

temperature 
Ta= 295°C 20 2.0xl04 0 storage 4.6xl0-5 40 4xl04 0 2.3xl0-5 

* Estimated failure rate with confidence level 60%. 

•Table 4 Result on Bipolar Memory Reliability Tests (2) 

Test item Test condition 
HM10470 (Cerdip) HM100422 (Chip carrier) 

Samples Failures Samples Failures 

Temperature cycling -65°C - +150°C, 10 cycles 120 0 40 0 

Soldering heat 260°C, 10 seconds 22 0 - -
Thermal shock 0° C - + 100° C, 10 cycles 36 0 20 0 

Mechanical shock 
1500G, 0.5ms, 

30 0 60 0 
Three times each for X, Y and Z 

Variable frequency 
100 - 2000Hz, 20G 

40 0 60 0 
Three times each for X, Y and Z 

Constant-acceleration 20000G, 1 minute, each for X, Y and Z 40 0 60 0 

2.2 Reliability test data on MOS Memories 
Tables 5, 6 and 7 depict reliability test data on a repre
sentative group of MOS memory types-HM50256 
256K DRAM, HM4864AP 64K DRAM, HM6264P 

64K SRAM, HM6116/FP 16K SRAM, HN4827128 
128K EPROM, and leadless chip carrier devices in the 
64K DRAM and 4K/16K SRAM product lines. 

•Table 5 Results on MOS Memory Reliability Test (1) 
HM50256 (Ceramic) HN4827128G (Cerdip) 

Test Total Failure Sam- Total Fail- Failure 
Remarks Test item Condition Sam- component Fail- component pies hours ures rate* pies hours ures rate* 

Ta= 125°C l/hr I/hr 
Vee= 5.5V - - - - 100 1.0xl05 0 9.2x10"6 

fc.'i'_C = 3J.&S 
High- Ta= 1so0 c 

Oxide temperature 
dynamic Vce=8V/7V 723 l.44xI06 7 5.8xl0-6 - - - - failurex7 
operation fcyc = 3µs 

Ta= 125°C 
1.12x106 2 2.8xl0"6 Oxide 

Vcc=8V/7V 2920 - - - - failure x 2 
tcyc = 3µs 

"' Estimated failure rate with confidence level 60%. 
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•Table 6 Results on MOS Memory Reliability Tests (2) 
HM4864AP (Plastic) HM6264P (Plastic) 

Test item Test 
Sam- Total Fail- Failure Sam- Total Fail- Failure 

Remarks 
condition component component pies hours ures rate* pies hours ures rate* 

T = 150°c I/hr I/hr 
High- ~e=7V 173 1.73xl05 0 1.3xl0-6 - - - -
temperature tcyc = 3µs 

dynamic Ta= 125~C Isolation 
operation Vee= 7V 173 1.73xl05 0 l.3xl0-6 774 8.4xl05 2 3.7xl0-6 'failurex 1 

tcyc = 3µs Defective 

High-temper-
crystalx 1 

Ta= 85°C 
ature and RH= 85% 177 1.77xl05 0 5.2xl0-6 304 3xl05 0 3xl0-6 

high-humi-
Vee= 5.5V dity bias 

- -

Pressure 
Ta= 121°C 

22 1.lxl04 8.4x10-s 2.2xl04 4.2x10-s 
cooker RH= 85% 0 55 0 

storage 
* Estimated failure rate with confidence level 60%. 

• Table 7 Results on MOS Memory Reliability Tests (3) 

HM50256 EPROM HM6116P HM6116FP LCC 
Test (cerdip) (Cerdip) 

Test item condition Sam- Fail- Sam- Fail- Sam- Fail- Sam- Fail- Sam- Fail-
Remarks 

pies ures pies ures pies ures pies ures pies ures 
Temperature -55°C-+150°C 386 0 115 0 5462 0 1838 0 860 0 cycling 10 cycles 
Temperature -55°C-+150°c 116 0 250 0 100 0 90 O* 445 0 *500 cycles cycling 1000 cycles 
Thermal -65°C-+150°C 145 0 146 0 38 0 38 0 498 0 shock 15 cycles 
Soldering 260°C 50 0 90 0 22 0 297 0 82 0 heat 10 seconds 
Mechanical 1500G 38 0 90 0 - - - - 82 0 shock 0.5ms 
Variable 20Hz - 2000Hz 38 0 90 0 - - - - 82 0 frequency 20G 
Constant- 20,000G 38 0 90 O* - - - - 82 0 *6000G acceleration 

2.3 Reliability of IC memory electrical character
istics 

Internal elements of IC memory device types are de
signed to assure stability of electrical characteristics. 

Bipolar access time test data is given in Fig. 1. Dy
namic operation test data on 64K DRAM is shown in 
Fig. 2 and 3. 

Fig. 1 Example of Change in Bipolar Memory Characteristics 

Example Example of time change in access time fot B!E_olar memory 
Device name HM10470 

Test condition Ta=125°C, VEE=-5.2V Measuring Condition I Maximum 
Average 

Failure criteria tAA =25ns Minimum 

Failure mechanism Surface degradation 
35 Marching Pattern 

Results: ~ 

30 

Access time (tAA) is stabilized and is within the failure 
125 

I I I I criteria. 

20 

15* 

0 500 1,000 
1'r-

2,000 
Time(hr) 
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100 

HM4864-3 N=5tJpcs l 
2: 5 

·= 4 
~3 
~2 

---------------Specificatioo 

... I -I--+---------..... I ~~:~w 
Min. 

1 

Measurin~ Conditions 
· Ta=25C 
• IRAC = 20Uns 
· Marching Pattern 

0 .__,o.__~-5~00~~-1~.ooo.__~~1~.5~00~___,,2~.000-=-~~ 

Time (hrs) 

Fig. 2 V cc min time dependence in dynamic operation 
test at 125" C 

HM4864-3 
N=50pcs 

Measuring Ta= 70'C 
Conditions Vcc=4.5V 

Disturb Pattern 

500 J,000 J,500 
Time (hrs) 

Specification 
2ms 

I = 
2,000 

Fig. 3 Time dependence in refresh time (tREF) in dynamic operation test at 125° C 

2.4 Classification of failure modes 
Examples of field failures are shown in Fig. 4 and 5. 
Hitachi eliminates latent defects such as pinholes, 
foreign materials, etc., in each respective stage of 
production. 

Process data and field failure data is continuously an
alyzed, and high temperature burn-in screening is ex
ecuted to further improve design, manufacture, and 
reliability. 

Fig. 4 Classification of Failure Modes of BiPolar Memory 
in the field 

Fig. 5 Classification of Failure Modes of MOS Memory 
in the field 
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3. SOFT ERROR 
3 .1 Soft Error 
Miniaturization of IC memories has reduced hori
zontal and vertical plane dimensions, signal level, and 
stored charge. One obstacle to further scaling is soft 
errors-"transitory failures in which normal memory 
operation can be recovered by reprogramming data.'' 
Soft errors are caused by alpha particles emitted from 
Uranium and Thorium contained in the packaging 
materials. When memory chips are.exposed to alpha 
particles, many electron-hole pairs are induced in the 
Si substrate, causing memory data reversion. Fig. 6 
shows the mechanism of data reversion in NMOS 
DRAMs. Negative voltage is applied to the Si sub
strate. Positive holes are drawn by the substrate, and 
only electrons cause information reversion (from data 
"1" to "0") in the memory cell. 

Silicon Substrate L----\.-J 
Information Storage AreaT 

\ le being absent)) 

Fig. 6 shows a misoperation defined as "Memory cell 
mode of soft errors," as distinguished from "Bit line 
mode of soft errors" shown in Fig. 7. As information in 
a memory cell is read out on the bit line, the bit line 
potential changes depending on the memory cell data. 
The change is small (several hundred mV), and com
pared with standard potential (potential read out from 
a dummy cell), it is amplified by the sense amplifier. If 
the bit line is exposed to alpha particles during the 
short period between read-out from the memory cell 
and amplification by the sense amplifier, the bit line 
potential decreases. As the potential becomes less 
than standard, misoperation occurs from "O" to "1 .'' 
Both are called "Bit line mode" since errors appear at 
irradiation of alpha particles. Soft error dependence 
on cycle time is shown in Fig. 8. 

(a) Memory information at "1" 
(Electrons are absent) 
(1 Transistor type memory cell) 

(b) Incident a-particle generate a 
large quantity of electron-hole 
pairs. Generated electrons enter 
the informatfon storage area and 
holes are drawn to the substrate 
power supply. 

(c) Inversion of memory informa
tion from "1 " (electrons "ab
sent") to "0" (electrons ''filled") 

Fig. 6 Misoperation in Memory Cell 

22 
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Bit Line Potential a 

/ 

~ 
\ ..... __ In_fo_rmation ... 

0 
.. ~ 

1....__ 

Information 
·1· 

Reference Level 

Pre- lnforamtion Amplified 
charge Read Cycle 

0 

(a) Read out memory information 
into bit line 

(b) Inversion of information 
from "1" to "O" 

(c) Inversion of information 
from "O" to "1 " 

(fall of "1 "potential) (fall of standard potential) 

Fig. 7 Misoperatlon on Bit Line 
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QI .. 
::J 

"° i.Z 
QI 

.::: 
; 102 

G; 
0:: 

QI 

; 
0:: .. 10 
~ 
~ 
0 

en 

1 
1 10 

Cycle Time (Relative Figure) 

Fig. 8 Soft Error Rate's Dependence on Cycle Time 

Actual products will have three types of failure 
modes-cell mode, bit line mode, and a mixture of 
both modes. Soft error mechanisms in static MOS and 
Bipolar memories are different from the above
mentioned mechanisms in dynamic MOS memories. 

In static memory, current always flows through the 
cell to retain data in the flip-flop. When partial current 
induced by alpha particles exceeds the retention cur
rent, misoperation occurs due to reversion of the 
flip-flop. 

3.2 Examples of soft error preventive measures 
In 64K DRAM development, accelerated irradiation 
test data indicated a higher soft error rate than the 
expected design rate. Hitachi performed the following 
soft error preventive measures: 
(1) Selection of packaging materials which emit min

imal alpha particles 
(2) Application of chip coating technology to prevent 

alpha particles from reaching the chip surface. 
(3) Use of circuitry and layout technology with 

inherent ability to resist alpha particles. 

As a result of these measures. soft errors in 64K 
DRAM have reached acceptable levels (Fig. 9). 
These preventive measures also are applied to 
other device types, such as the 16K DRAM, single 
power supply 5V family of products. 
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Fig. 9 Example of Soft Error Improvement on 64·K-bit 
Dynamic RAM 

3.3 System-level preventive measures 
Hitachi's effort to reduce soft errors has resulted in 
almost trouble-free memories. System-level reliability 
can be further improved by supplying functions such 
as ECC for large memory systems, and a parity bit for 
small systems. 

4. RELIABILITY CLASSIFICATION 

In designing IC memories, Hitachi classifies memory 
reliability by the particular device application, and can 
control the flow of design, production and testing to 
suit that application. 

Reliability can be classified according to the following 
general applications: 
(1) Large scale computers and electronic exchanges 
(2) Automotive applications 
(3) General communication-industrial use. 

When using our memories in any special equipment, 
please do not hesitate to consult our sales engineering 
staff regarding reliability in that application. 
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•PRECAUTIONS FOR HANDLING IC MEMORIES 

Precautions given below for handling IC memories 
will assist the designer in achieving optimum circuit 
designs, and prevent device malfunction. 

1. BIPOLAR IC MEMORY 

1 .1 Prevention of static electricity 
Bipolar memories are considered to have higher resist
ance to damage by static electricity than MOS ICs. 
However, presently available high-speed Bipolar 
memory ICs must be handled with suitable static elec
tricity preventive measures. Since their diffused junc
tions have become thinner than conventional types in 
order to perform at high speed, the following mea
sures are recommended: 
(1) Keep all device terminals in a conductive mat to 

maintain equi-potential during transportation and 
storage. A conductive mat called "MOSPAK" is 
commercially available. Unless otherwise speci
fied, all Hitachi IC memories are shipped in con
ductive mats. Memories should be stored in these 
mats. 

(2) When handling IC memories for inspection or 
connection, grounding must be provided as shown 
in Fig. 1. The 1 M ohm resistor protects the handler 
from electric shock. 

ln::;u]ated '·lip 

~~ 
'""""'''"' \ ~ 
'put it on a fingl'r Shielding wire \ 

I about l metPr 

Fig. 1 

(3) Control the ambient relative humidity at about 50 
per cent. 

(4) Wear cotton clothes instead of synthetic fabrics. 
(5) Ground all soldering iron tips. 
(6) Pack IC memories mounted on circuit boards in 

conductive mats. 

1.2 Prevention of Reverse Insertion 
Marking of No. 1 pin is clearly stamped on the device 
package to prevent incorrect insertion of ICs. 

1 .3 Mounting and Removal of ICs with Voltage 
Applied 

If ICs are inserted or removed from a board when 
voltage is applied, the voltage induced at current 
on/off can destroy the ICs. Mount and remove ICs 
with power removed. The same precaution is neces
sary in measurements using a tester. 

1 .4 Prevention of Oscillation 
ECL Bipolar memory has a high transistor cutoff fre
quency. Sometimes oscillation is caused by the 
external circuit, and IC misoperation occurs. In such 
cases, a high frequency capacitor (0.1 µF) is recom
mended between the IC's ground and voltage supply 
line. 

1.5 Precaution on Simple "H" Level of ECL 
Memories 

If an IC's input is grounded to fix input level at "H," 
misoperation sometimes occurs due to the internal 
circuit composition. "H" and "L" input levels are spec
ified V1L(minl and V1H(max), respectively. Please refer to 
these specifications to properly utilize ICs. 

1.6 Cooling 
The power dissipation of Bipolar memories is400mW 
to 1 OOOmW, depending on the device. When many 
Bipolar memories are mounted on a board, forced air 
cooling may be required. In addition, cooling will 
improve reliability as shown in Fig. 2. We recommend 
the junction temperature be kept lower than 85°C to 
achieve high reliability. 
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Fig. 2 Example of deratlng of ECL 

1 . 7 Other Precautions 
(1) Deforming of magazine and carrier: 

Plastic magazine and carrier material for ECL flat 
packages is usually thermo-plastic, which deforms 
at temperatures higher than 40 to 50°C. If burn-in 
occurs in the field, use an aluminum magazine or 
other metal type fixture. 

(2) Shock in transportation: 
Normal handling tests and drop tests (JIS-C7021 
A-8) on individual glass-sealed devices indicate no 
damage. However, strong shock received during 
transportation or loading of devices packed in 
magazines may cause damage. Even after devices 
are board-mounted, IC packages may be damaged 
if the bo11rd strength is insufficient to withstand 
strong deforming stress. Please contact Hitachi or 
its representatives regarding handling and trans
portation of Hitachi devices. 

2. MOS IC MEMORY 

2. 1 Prevention of Static Electricity 
The preventive measures referred to in Paragraph 1.1 
should also be followed for MOS memories. 

2.2 Reducing Power Source Noise 
Current spikes can create a power source noise in 
dynamic memories. Since MOS memories are ac
cessed while being refreshed, use of large capaci
tors is recommended (a 10µF capacitor for every 9 
pieces of 64K-bit HM4864P, as well as an 0.1µF 
high-frequency capacitor for each memory). 

2.3 Assessing Memory System Designs 
When evaluating system designs, power margin 
curves (shmoo plots) can be obtained by observing 
V BB and V DD power levels as they are gradually var
ied vs. system timing margin. Optimum curves are 
those which are closest to the margin shown for 
the memory device itself. 

2 .4 Parity Bit 

Application of MOS static memories to microcom
puters has increased because MOS static memory 
operates from a single 5V power source, without 
refresh. In some circuit design applications, all bits 
are used as information bits without a parity bit. 
However, we recommend adding a parity bit to 
thoroughly avoid memory error. 

2.5 Use with High Voltage 
Avoid system operation failure caused by high elec
trical fields by shielding MOS IC memories from the 
high voltage source. 
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• QUALITY ASSURANCE OF IC MEMORIES 

1. VIEWS ON QUALITY AND RELIABILITY 

Basic views on quality at Hitachi are to meet the 
individual uers' required quality level and maintain a 
general quality level equal to or above that of the 
general market. The quality required by the user may 
be specified by contract, or may be indefinite. In either 
case, efforts are made to assure reliable performance 
in actual operating circumstances. Quality control 
during the manufacturing process, and quality aware
ness from design through production lead to product 
quality and customer satisfaction. Our quality assur
ance technique consists basically of the following 
steps: 
(1) Build in reliability at the design stage of new 

product development. 
(2) Build in quality at all steps in the manufacturing 

process. 
(3) Execute stringent inspection and reliability con

firmation of final products. 
(4) Enhance quality levels through field data feed 

back. 
(5) Cooperate with research laboratories for higher 

quality and reliability. 

With the views and methods mentioned above, 
utmost efforts are made to meet users' requirements. 

2. RELIABILITY DESIGN OF 
SEMICONDUCTOR DEVICES 

2.1 Reliability Targets 
The reliability target is an important factor in sales, 
manufacturing, performance, and price. It is not ade
quate to set a reliability target based on a single set of 
common test conditions. The reliability target is set 
based on many factors: 
(1) End use of semiconductor device. 
(2) End use of equipment in which device is used. 
(3) Device manufacturing process. 
(4) End user manufacturing techniques. 
(5) Quality control and screening test methods. 
(6) Reliability target of system. 

2.2 Reliability Design 
The following steps are taken to meet the reliability 
targets: 
(1) Design Standardization 

As for design rules, critical items pertaining to 
quality and reliability are always studied at circuit 

design, device design, layout design, etc. There
fore, as long as standardized processing and 
materials are used the reliability risk is extremely 
small even in the case of new development 
devices, with the exception of special require
ments imposed by functional needs. 

(2) Device Design 
It is important for the device design to C'Onsider 
total balance of process, structure, circuit, and 
layout design, especially in the case where new 
processes and/ or new materials are employed. 
Rigoro_us technical studies are conducted prior to 
device development. 

(3) Reliability Evaluation by Functional Test 
Functional Testing is a useful method for design 
and process reliability evaluation of IC's and LSI 
devices which have complicated functions. 

The objectives of Functional Test are: 
• Determining the fundamental failure mode. 
• Analysis of relation between failure mode and 

manufacturing process. 
• Analysis of failure mechanism. 
• Establishment of QC points in manufacturing 

process. 

2.3 Design Review 
Design Review is an organized method to confirm that 
a design satisfies the performance required and 
meets design specifications. In addition, design review 
helps to insure quality and reliability of the finished 
products. At Hitachi, design review is performed from 
the planning stage to production for new products, 
and also for design changes on existing- products. 
Items discussed and considered at design review are: 
(1) Description of the products based on design 

documents. 
(2) From the standpoint of each participant, design 

documents are studied. and for points needing 
clarification, further investigation will be carried 
out. 

(3) Specify quality control and test methods based on 
design documents and drawings. 

(4) Checkprocessandabilityof manufacturing line to 
achieve design goal. 

(5) Preparation for production. 
(6) Planning and execution of sub-programs for 

design change$ proposed by individual specialists, 

27 eHITACHI 



Quality Assurance of IC Memories----------------------

for test, experiments, and calculations to confirm 
the design changes. 

(7) Analysis of past failures with similar devices, dis
cussion of methods to preventthem, and planning 
and execution of test programs to confirm success. 

3. QUALITY ASSURANCE SYSTEM 

3. 1 Activity of Quality A11urance 
General views of overall quality assurance in Hitachi 
are as follows: 
(1) Problems in each individual process should be 

solved in Jhe process. Therefore, at the finished 
product stage the potential failure factors have 
been removed. 

(2) Feedback of information is used to insure a satis-
factory level of ability process. 

3.2 Quality Approval 
To insure quality and reliability, quality approval is 
carried out at the preproduction stage of device 

design, as described in section 2. Our views on quality 
approval are: 

(1) A third party executes approval objectively from 
the standpoint of the customer. 

(2) Full consideration is given to past failures and 
information from the field. 

(3) No design change or process change without QA 
approval. 

(4) Parts, materials, and processes are closely 
monitored. 

(6) Control points are established in mass production 
after studying the process abilities and variables. 

3.3 Quality and Reliability Control at Maas 
Production 
Quality control is accomplished through division of 
functions in manufacturing, quality assurance, and 
other related departments. The total function flow is 
shown in Fig. 2. The main points are described below. 

Step Contents Purpoae 

lTarget l 
Specificatio~ Design Review 

j_ 
[ Design ll Materials, Parts Jh Characteristics of Material and Confirmation of •Trial Approval Parts 

Production Appearance Characteristics and 
Dimension Reliability of Materials 
Heat Resistance 
Mechanical and Parts 
Electrical 
Others 

JI Characteristics Approval Jt--- Electrical Confirmation of Target Characteristics 
Function Spec. Mainly about 
Voltage Electrical 
Current 
Temperature Character is tics 
Others 

Appearance, Dimension 

[I Quality Approval ( 1) I}- Reliability Test 
Life Test Confirmation of Quality 
Thermal Stress and Reliability in Design 
Moisture Resistance 
Mechanical Stress 
Others 

~ ~I Quality Approval ( 2) Re liability Test Confirmation of Quality 
Process Check same as and Reliability in Mass 
Quality Approval (1) Production 

[Mass J 
Production Fig.1 Flow Chart of Qualit A I Y PPl'OVll 
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3.3.1 Quality Control of Parts and Materials 
As semiconductor devices tend towards higher per
formance and higher reliability, the importance of 
quality control of parts and materials becomes para
mount. Items such as crystals, lead frames, fine wire 
for wire bonding, packages, and materials needed in 
manufacturing processes such as masks and chemi
cals, are all subject to rigorous inspection and control. 
Incoming inspection is performed based on the pur
chase specification and drawing. The sampling is exe
cuted based mainly on MIL-STD-1050. 

The other activities of quality assurance are as 
follows: 
(1) Outside vendor technical information meeting. 
(2) Approval and guidance of outside vendors. 
(3) Chemical analysis and test. 

The typical check points of parts and materials are 
shown in Table 1 . 

•Table 1 Quality Control Check Points of Material 
and Parts (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 Numbers 
Crystal Axis 
Appearance Defect Numbers, Scratch 

Mask Dimension Dimension Level 
Resistoration 
Gradation Uniformity of Gradation 

Fine Appearance Contamination, Scratch, 
Wire for Bend, Twist 
Wire Dimension 
Bonding Purity Purity Level 

Elongation Ratio Mechanical Strength 
Appearance Contamination, Scratch 
Dimension Dimension Level 

Frame 
Processing 

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 
Strength 

Composition Characteristics of 
Plastic Material 

Electrical 
Characteristics 

Plastic Thermal 
Characteristics 

Molding Molding Performance 
Performance 

Mounting Mounting Characteristics 
Characteristics 

3.3.2 Inner Process Quality Control 
Inner Process Quality Control performs very important 
functions in quality assurance of semiconductor 
devices. The manufacturing Inner Process Quality 
Control is shown in Fig. 3. 

(1) Quality Control of Semi-final Products and Final 
Products 
Potential failure factors of semiconductor devices 
are removed in the manufacturing process. To 
achieve this, check points are set-up in each pro
cess and products which have potential failure 
factors are not moved to the next process step. 
Manufacturing lines are rigidly selected and tight 
inner process quality controls are executed-rigid 
checks in each process and each lot, 100% inspec
tion to remove failure factors caused by manufac
turing variables and high temperature aging and 
temperature cycling. Elements of inner process 
quality control are as follows: 
• Condition control of equipment and workers 

environment and ra11dom sampling of semi
final products. 

• Suggestion system for improvement of work. 
• Education of workers. 
• Maintenance and improvement of yield. 
• Determining quality problems, and implement

ing countermeasures. 
• Transfer of quality information. 

(2) Quality Control of Manufacturing Facilities and 
Measuring Equipment 
Manufacturing equipment is improving as higher 
performance devices are needed. At Hitachi, the 
automation of manufacturing equipment is en
couraged. Maintenance Systems maintain opera
tion of high performance equipment. There are 
daily inspections which are performed based on 
related specifications. Inspection points are listed 
in the specification and are checked one by one to 
prevent any omission. As for adjustment and 
maintenance of measuring equipment, specifica
tions are checked one by one to maintain and 
improve quality. 

(3) Quality Control of Manufacturing Circumstances 
and Sub-Materials 
The quality and reliability of semiconductor devices 
are highly affected by the manufacturing process. 
Therefore, controls of manufacturing circum-
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stances such as temperature, humidity and dust, 
and the control of submaterials, like gas, and pure 
water used in a manufacturing process. are inten
sively executed. 

attention to buildings, facilities, air conditioning 
systems, delivered materials, clothes, work envir
onment, and periodic inspection of floating dust 

concentration. 

3.3.3 Final Product Inspection and Reliability 
Assurance 

(1) Final Product Inspection 

Dust control is essential to realize higher integra
tion and higher reliability of devices. At Hitachi, 
maintenance and improvement of cleanliness at 

manufacturing sites is accomplished through Lot inspection is done by the quality assurance 

Frame 

Package 

Process 

Purchase of Material 

Surface Oxidation 
Inspection on Surface 
Oxidation 
Photo Resist 

Inspection on Photo Resist 
<> PQC Leve 1 Check 

Diffusion 

Inspection on Diffusion 
<> PQC Leve 1 Check 

Evaporation 

Inspection on Evaporation 
<> PQC Level Check 

Control Point 

Wafer 

Oxidation 

Photo 
Resist 

Diffusion 

Evapo
ration 

Characteristics, Appearance 

Appearance, Thickness of 
Oxide Film 

Oimens ion, Appearance 

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

Thickness of Vapor Film, 
Scratch, Contamination 

Wafer Inspection Wafer Thickness, VTH Characteris
tics 

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

<>PQC Lot Judgement 

Assembling 

<>PQC Level Check 

Inspection after 
Assembling 

<> PQC Lot Judgement 

Sealing 

Appearance of Chip 

Assembling Appearance after Chip 
Bonding 
Appearance after Wire 
Bonding 

Sealing 

Marking 

Pull Strength, Compresion 
Width, Shear Strength 
Appearance after Assembling 

Appearance after Sealing 
Out! ine, Dimension 
Marking Strength 

Purpose of Control 

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

Dimension Level 
Check of Photo Resist 
Diffusion Status 

Control of Basic Parameters 
( VTH, etc) Cleaness of surf ace, 
Prior Check of VIH 
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 

<> PQC Leve I Check 
Final Electrical Inspection 

<>Failure 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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department for products which were judged good 
in 100% test ... the final process in manufac
turing. Though 100% yield is expected, sampling 
inspection is executed to prevent mixture of bad 
product by mistake. The inspection is executed not 
only to confirm that the products have met the 
users' requirements but also to consider potential 

quality factors. Lot inspection is executed based 
on MIL-STD-1050. 

(2) Reliability Assurance Tests 
To assure the reliability of semiconductor devices, 
reliability tests and tests on individual manufac
turing lots that are required by the user, are peri
odically performed. 
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•OUTLINE OF TESTING METHOD 

1 . Inspection Methods 

Compared to conventional core memories. all peri
pheral circuits such as decoder, write, and read cir
cuits are contained within an IC memory. 

A function test for TIL gates can be performed by a 
simple DC parameter facility. 

IC memory quality cannot be determined by inspecting 
DC characteristics only, because the number of tran
sistors relating to the DC pin characteristics only 
amount to 1/1000 of all elements. Systematic elec
trical inspection of IC memories requires a memory 
tester which generates an inspection pattern for the IC 
memory at high speed. When the address input 
becomes multiplexed, as in 16K memory, even gener
ating the function test pattern becomes a serious 
problem. The following address patterns are represen
tative of those used to determine whether internal 
circuits are functioning properly: 

(1) All "Low," all "High" 
(2) Checker flag 
(3) Stripe pattern 
(4) Marching 
(5) Galloping 
(6) Walking 
(7) Ping-pong 

From many possible address patterns, we have listed 
a group of patterns convenient for checking the 
mutual interference of bits, including some with max
imum power dissipation. (1) to (4) are N patterns, 
capable of checking IC memories of N bits with several 
sequences of N against the IC memory of N bits. (5) to 
(7) are N2 patterns which require several sequences of 
N2. 

A serious problem arises in using the N2 patterns in 
large capacity memory. For example, a period of about 
30 minutes is required to inspect 16K memory with a 
galloping pattern. Patterns (1) to (3) are comparatively 
simple and effective methods, but do not guarantee 
protection against a failure in the decoder. The 
simplest pattern for inspecting the necessary memory 
function is a Marching pattern. 

2. Marching Pattern 

As its name indicates, this is a pattern in which "1" 
marches into all bits written "O". The addressing 
method is explained in the following example for a 
simple 16-bit memory: 
(1) Write "O" for all bits (Fig. 1 a). 
(2) Read "O" of 0th address and check that read data 

is "0". Hereafter, "Read"= "checking and judging 
the data." 

(3) Write "1" in the 0th address (Fig. 1 b). 
(4) Read "O" of 1st address. 
(5) Write "1" in 1st address. 
(6) Read "O" of nth address. 
(7) Write "1 " in nth address (Fig. 1 c). 
(8) Repeat above procedures (6) and (7) up to the last. 

Finally all data will become "1." 
(9) Since all data is "1" in this condition, replace "O" 

and "1 "after procedure (2), and repeat once more 
up to procedure (8). 

It is understood that 5N address patterns are neces
sary for the N bit memory in this method. 

la) lb; (cl 

Fig. 1 Addressing method for 16 bits memory in the 
Marching pattern 

3. Generation of Marching Pattern 

A method of generating the marching pattern and 
displaying failed bits on the Braun tube is shown 
below. Fig. 2 shows the block diagram, with the 
address pattern generated by four synchronous 4-bit 
counters. All address patterns are shown in Fig. 4-an 
example of 16K bit memory. It can be seen that A 14, 
which has half the frequency of the maximum address 
input A 13, is the same as the data input. The A 15 
signal together with the HD74161 carrier signal is 
used to determine the sequence termination. 

In the read and write cycles shown in Fig. 2, 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. 
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A1 
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A, 
A1 
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A7 
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A11 
A12 
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ADDR1 
ADDR2 
ADDR, 

ADDR, 
ADDRs 
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"""'----- to Din of mt•mury 
to Comparator Circuit nf Memory 

Fig. 2 Msching Pattern Generating Circuit 

DI A Converter Z Axis of Oscilloscope 

DI A Converter Y Axis of Oscilloscope 

From Comparator Circuit 
X Axis of Oscilloscope 

Fig. 3 Fail Bit Map Display Circuit 

The output of the HD74161 is input to the D/ A con
verter, and the output of DI A converter is connected 
to the oscilloscope to display A X-Y matrix. The output 
of the comparator circuit is connected to the Z axis and 
performs luminous intensity modulation. In this way, 
the bit map can be displayed on the CRT. 

Fig. 5 shows an example of a voltage margin check. By 
changing Vee, the increase and decrease of failed bits 
can be seen. The complicated operation of the 
memory can be seen dynamically by CRT display, 
rather than by pulse waveform observed with an ordi-

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

1--All"O" +-·o"Read"l "'Write --l---·1"Read"O"W rite---! 

Ao .flIU* ~ 

A1• ___fl.___ __ _. 

Au 
CDinl 

A,, -------------

Fig. 4 Entire Pulse Relations 

(A) 

(B) 

(C) 

Fig. 6 Example of 1 bit solid fail 

I, 
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(D) 

Fig. 5 Example of 1 bit solid fail 

nary oscilloscope. The bit map as shown in Fig. 5 is 
extremely useful in observing IC memory operation. 

4. Failure Mode 

70 "'90% of failure at user end is called a solid 
failure-a mode which has no relation to access time, 
voltage margin and timing. In this failure mode, the 
memory is not capable of reading from or writing to 
certain specified bits, which are fixed at "O" or "1 ".An 
example of single bit solid failure is shown in Fig. 6. 
The convenient tester previously described can detect 
such failures. Except for special cases, it is rarely 
necessary to perform high-precision measurements 
such as those made by IC memory manufacturers. 

Full inspection of IC memories under adverse condi
tions, performed by Hitachi, guarantees voltage and 
timing conditions listed in the data sheet. 

An extremely accurate memory tester is required for 
performing high-precision inspection with 1 ns accu
racy. Hitachi is developing testers to supply newer 
high-efficiency memories with excellent characteris
tics and quality. 
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•APPLICATION OF DYNAMIC RAMS 

1. Power On 

When power is applied to a semiconductor memory, 
power-on current varies with Vee and clock condi
tions,asshown in Fig.1. lftherisetimeofVeeisinthe 
1 ~s range, the RAM does not operate dynamically, 
~~~a~~d~~rrMt.Th~~~~~~~ 

may be avoided by insuring that Vee rise time is longer 
than 100µs. 

" " ~ St---tr'"--±--t!o...,.,_-'-:~~ ~ 5 r-"11""---t--"W;;=;M;=;=;;o-+-;-;-; 

Vee Rise Time=lOµs 
Time (µs) 

Vee Rise Time=lOOµs 
Time (µs) 

Fig. 1 Relatlonshlp between standard value 
of Ice and Vee during power-up 

2. Operation Modes (See Fig. 2) 

(1) Read-Cycle: 
First decide the X address of the memory cell 
chosen, and start with trailing of RAS. When the X 
address is held by the internal circuitry, change to 
Y address. Then trail CAS to take in the Y address. 
If the WE pin is at high, the output will appear on 
the Dout pin. 

(2) Write Cycle: 
The input at Din is written in the memory cell 
when WE turns to low before CAS. 

(3) Read/Modify/Write Cycle: 
During this cycle, CAS and WE are trailed down to 
low, so that data is read out from, and written in, 
the same address in the same memory cycle. 

(4) Page Mode Cycle: 
In this cycle, CAS iscyclicallymovedaftertaking in 
the X address through RAS, to scan only the Y 
address. This permits reading out and writing in 
only one column of data at high speed. 

OReadcycle -
Write cycle ---

Address= 

Din :::;.~~~Qa_t;~(_-_-_-_::::: 

Dout --c:==:: 

OPaa:emodereadcycle
Page mode write cycle---

WE -\ / '\ I \ ,r 

Dout --0-Q---

ORead modify wrile cycle 

1ITI 

CAS ---"'\ __________ , 

Address~ 

Dout -<====:: 

Olf'A'S'onlyrefreshcycle 

Address :::x&X..__ ____ l 

Dnut 
Open 

Fig. 2 Operating modes of Dynamic RAMs 

2. Data Output 

Dout is a TTL-compatible, three-state output with two 
TTL-load fan out. The output is controlled by the CAS 
signals. In the early write cycle, the output reaches 
high impedance to permit use as a common 1/0 
terminal. 

3. Refresh Cycle 

Refresh is a process of periodical rewriting to offset 
the leakage of charge in the cell, and is implemented 
in the RAS only refresh cycle, and ordinary read cycle. 
Whether 16K- or 64K-bit, all bits can be refreshed by 
giving a 128-cycle scanning to only the X addresses 
between AO and A6. Each cycle refreshes 128 bits for 
the 16K-bit DRAM, and 512 bits for the 64K-bit RAM. 

The RAS only refresh cycle permits a power-efficient 
refresh that calls for approximately 75% of current 
consumed by the read cycle. With CAS fixed at high, 
the output reaches high impedance. 

The HM4816A has a special function called hidden 
refresh which allows holding the output by turning 
CAS to low during RAS only refresh. 

There are two methods of refreshing: 
(1) Concentrated-giving a 128-cycle refresh after 
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------------------------------Application of Dynamic RAMs 

operating the memory for a period of 2ms 
maximum. 

(2) Deconcentrated-which repeats a refresh cycle 
every 16µs, following the initial 16µ memory oper
ation (=2ms/128). 

4. Operating Current in Dynamic RAMs 

Fig. 3 shows the waveforms of current applied in 
various operating modes for HM4864. The mean 
operating current in each mode equals the value 
obtained by dividing the integrated result of each 
waveform by the cycle time. The first peak in each 
mode appears during memory access. On the other 
hand, the peak during standby appears due to the 
precharging operation in each circuit. 

RAS/CAS Cycle Long RAS/CAS Cycle RAS Only Cycle Page Mode Cycle 

Note: Vcc=S.OV, Ta=20'C 

--l i.-sons 

Fig. 3 Power supply voltage (HM4864) 

DRAMs show different current peaks, depending 
upon RAS and CAS timing. The largest peak appears 
when both X and Y operate simultaneously. The max
imum current peak for HM4864 is approximately 

1 OOmA. Current consumed during standby is ex
pressed as a function of cycle time dependency in Fig. 
4. During standby, with a once-in-every16µsrefresh, 
HM4864 consumes approximately 3mA current. 

40--~~-.--..--,....-,......, 

301--+L\-\---+-+--+--t--+-t-1 

u 20 1---+-~-4"1--+--+--+--t--t-1 
~ 
~ 10 

0 0 

I~ 

~ 
l'-t-__,_ __ +--'+-!_ J 

200n 500n Iµ 2µ 5µ 10µ 20µ 

Cycle Time (tRrl 

Fig. 4 Cycle time dependence of RAS only 
refresh current (HM4864) 

5. Noise 

Noise can be classified into power source noise, and 
input signal noise. The power source noise can be 
further classified as low- or high-frequency noise as 
shown in Fig. 5. To assure stable memory operation, 
peak-to-peak power supply voltage, in the presence of 
low- or high-frequency noise, should be held below 
10% of standard level. To prevent power source noise, 
we recommend a condenser of 0.1 µF for each one or 
two devices. 

Input signal noise can be classified overshoot or 
undershoot. Overshoot should be held below the 
highest input level specified. To prevent input
undershoot-induced parasitic transistor effects, a -5V 
Vee is used (three supply designs) or a built-in Vee bias 
circuit is included on chip. 

Design should provide that the input undershoot does 
not exceed the minimum specified for V1L. Overshoot 
and undershoot in DRAMS can be reduced by 
inserting a damping resistance of several tens of 
ohms. 

High-frequency noise: 
Not more than 10% of standard 
power supply voltage. 

~llftftl\"7\-n-l\:M-i
-r--~~~r 

Low-frequency noise: 
Not more than 10% of standard power 
supply voltage. 
Total of low-and high-frequency: 
Not more than + 10% of standard power 
supply voltage. 

Fig. 5 Power source noise 
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• PROGRAMMING & ERASING OF EPROMS 

1. PROGRAMMING AND 
ERASING EPROMs 

1.1 Programming 
Information is programmed into the memory cell of an 
EPROM by applying a high voltage to its drain and gate 
(Fig. 1 and 2). High voltage at the drain increases the 
energy of the electrons in the channel area, which 
become "hot electrons" capable of jumping across the 
oxide film. Pulled by high voltage at the gate, the hot 
electrons are admitted into the floating gate. The 
charge entering the floating gate changes the thresh
old voltage in the memory element, thereby storing 
new information. 

When reading out, voltage is applied as in Fig. 3, and 
"1 "and "O" are identified by checking whether or not 
current flows. Since the drain voltage for read-out is 
set at 3V, no erroneous writing takes place. 

When shipped, all EPROM bits are held at logic "1 " 
with all charge released (no programmed data). In 
changing "1" to "O" by applying the specified wave
form and voltage, data is programmed. The higher the 
Vpp voltage, and the longer the program pulse width 
tpW, the greater the quantity of electrons programmed 
in, as shown in Fig. 4. 

If VPP exceeds the rated value, as in overshoot, the 
memory's p-n junction may yield to permanent break
down. To avoid this, check VPP overshoot of the PROM 
programmer. Also check negative-voltage-induced 
noise at other terminals, which can create a parasitic 
tran~istor effect and reduce apparent yield. 

Gate 

1 
Source A Drain 

Fig. 1 Memory transistor 
circuit symbols 

Fig. 2 Cross section of 
memory transistor 

IDs 

Drain 

IDs 

Vcs 
Source 

Readout Vcs 

Fig. 3 Reading out stored information 

Program Pulse Width lpw (ms) 

] T7u 
.:! 11---1---1-_v__,,,\.i-.._Z_J ___ -+--+---+--1 

~ ~y 
~ ~iz 1! G 1---+-..-~.._Ll_,.__+---+-w r_it+-e _: v:_cc_=_s..,..v --t--1 

1 l1Y rt· Jl [ j{' Read: \'pp=5\. 

1JJ , 

20 22 24 26 28 

Program V PP (V) 

Fig. 4 Typical Programming Characteristics 
of EPROMs. 
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--------------------------Programming & Erasing of EPROMS 

1.2 Erasing 

Hitachi's EPROMs are usually capable of being 
written and erased more than 100 times. Data stored 
in the EPROM is erased by exposing the chip to ultra
violet light, which releases the electric charge from 
the floating gate. Electrons in the floating gate receive 
ultraviolet energy, become hot electrons again and 
jump into the control gate or substrate. This process 
erases the stored data. 

Wavelength and minimum exposure of ultraviolet 
light are specified as 2,537A, and 15W sec/cm2 
respectively. Erasure occurs by exposing a device to 
an ultraviolet lamp of 12,000µW/cm2 at a distance of 
1.2"' 3cm for approximately 20 minutes. The ultra
violet light transmission rate of the transparent lid is 
about 70%. Contamination or foreign material on the 
surface-which lowers transmission and prolongs 
erase time-should be eliminated by the use of 
alcohol or other solvent that will not damage the 
package. Fig. 5 shows typical EPROM erasure 
characteristics. 

9r---r--r--..-r---r--r--....-r---r--. 

·~~ 

9 6 ~ ~ il1st Hard-to-Erase Bit 

l ~~ 3 5 t:,,; 

CJ)~~~~ 
~~--

UV-Irradiation (W·sec/cml) 

Fig. 5 Typical Erasing Characteristics 

1.3 Data Retention 
As a result of writing in, approximately 0.5 to 2.0 x 
10-13 coulomb of electrons are accumulated at the 
floating gate. With the elapse of time, these electrons 
decrease, which can result in inversion of stored data. 
The mechanisms of electron dissipation are explained 
as follows: 
(1) Data Dissipation by Heat 

The accumulation of electrons at the floating gate 
is an unbalanced state, so the dissipation of ther
mally excited electrons is unavoidable. Data 
holding time is closely related to temperature. Fig. 
6 shows typical data retention characteristics. 

(2) Data Dissipation by Ultraviolet Light 
Ultraviolet rays at a wavelength of not greater 
than 3,000,.., 4,000A will release the charge stored 
in EPROMs. Prolonged exposure to fluorescent 
light and sunlight, which contain some ultraviolet 
rays, can cause data corruption. Fig. 7 shows 
examples of data retention time using ultraviolet, 
sunlight, and fluorescent light sources. 

10 7 ~ . .ii v 10 

: 10 . 
L I

I
:IE 

10 

10 

. 
I 

v 
I 

300 200 150 100 

Storage Temperature ('C) 

Fig. 6 Typical Data Retention Characteristics 

JO' 40W Fluorescent Lamp .. y 
~ ex: 10• 

10 

Ultraviolet Eraser 
at 2,357A,6mW/cm2 

l~::i..A~..:=~:::;:==.___J 
3 4 6 8 

Stored Charge (Relative) 

Fig. 7 EPROM's data retention time 

Cf> HITACHI 39 



Programming & Erasing of EPROMS --------------------------

(3) Data dissipation by voltage 
This type of dissipat_ion occurs while information is 
being written in. High voltage at other memory 
cells lying on the same word or data line as the cell 
being programmed, can cause dissipation of 
stored electric charge. Such defects are elimi
nated by inspection at the factory. The programing 
voltage and pulse width should always be kept 
within specified limits. 

1 .4 EPROM Programmer 
An EPROM Programmer stores program data from a 
source in its internal RAM, and writes the program 
data into an EPROM. A minimum of 3 functions are 
necessary to accomplish this: the Blank check func
tion prior to programming, the Programming function, 
and the Verify function. As shown in the drawing, 
programmers also are provided with a reverse inser
tion checking function, or pin contact checking func
tion, prior to the Blank Check. The diagram is outlined 
as follows: 
(a) Pin contact check 

Checking is performed by detecting the forward 
current of each EPROM pin. This forward biased 
resistance differs between product manufacturers. 

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

(c) Blank Check 
This function is performed prior to programming 
to determine whether the EPROM is erased, or to 
prevent EPROM reprogramming. With output data 
in the erased condition at "1" (high), check 
whether or not data in the EPROM is also at "1 . "It 
will failstop, if any "O" is detected. Normally, a 
lamp or buzzer provides warning. 

(d) Programming 
Normal programming flow is shown below. An 
EPROM data word 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 
performed. Read out will be again compared with 
programming data, and if they coincide, it will 
progress to the next address. 

(e) Verify 

~ /' 
/ ' 

/ ' 
/ ' 

(~heck Pin Con tac~\ 
' / ' / ' / ' / ', / 

This function after programming completion, 
checks that the programming is correct when 
compared with data in the internal RAM of the 
programmer. It performs fail-stop when data does 
not coincide, lighting the fail lamp, and displaying 
the address and data. 

Start 
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--------------------------Programming & Erasing of EPROMS 

(f) How to input the program 
The following methods are given to input program 
data to the internal RAM of the programmer. 
Paper tape input and teletypewriter input are usu
ally options. 

Method 

Copy input 

Manual input 

Paper tape input 

Teletypewriter 
input 

Content 

Input by copying the master ROM. 

Input by the keyswitch of 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. 

1.5 Handling EPROMs 
Contact with a charged human body, plastics, or dry 
cloth causes the glass window of an EPROM to gen
erate static electricity which could cause device mal
function. Typical malfunctions are faulty blanking and 
write margin setting, which give the impression that 
information has been correctly written in. This mal
function is due to prolonged retention of electric 
charge on the glass window, resulting from the static 
electricity. It can be eliminated by neutralizing the 
charges through short exposure to ultraviolet rays-a 
procedure recommended before reprogramming, as it 
also reduces charges in the floating gate. To prevent 
charging of the window, use the following methods: 

(1) Use a grounding system for the operator handling 
EPROMs, and avoid use of gloves that may 
develop a static charge. 

(2) Refrain from rubbing the glass window with plas
tics and other substances that may develop a 
charge. 

(3) Avoid use of coolant sprays which contain ions. 
(4) Use shielding labels with conductive substances 

that can evenly distribute the established charge. 

1.6 Shielding Labels 
When using EPROMs in environments where ultravi
olet exposure can occur, put a shield label over the 
glass window to absorb ultraviolet light. Specially pre
pared labels are marketed, and metal-loaded types are 
particularly effective. Few shielding labels meet all 
environmental requirements established for EPROMs. 
A suitable label must be chosen for each application 
by considering the following label characteristics: 

(1) Adhesive Strength 
Avoid repeated attaching and dusting which may 
reduce adhesive strength. Ultraviolet erasure and 
reprogramming are recommended after stripping 
off an attached label. If labels must be changed, 
attach the new label over the old, since peeling 
may develop a static charge. 

(2) Temperature Range 
Use a shielding label in an environment where 
temperature falls within the specified allowable 
range. Beyond this range, label paste may harden, 
or remain on the window glass even after the label 
is removed. 

(3) Humidity Range 
Use a shielding label where humidity does not 
exceed the specified allowable range. 

$HITACHI 41 



•MASK ROM PROGRAMMING INSTRUCTION 

The writing of custom program codes into mask 
ROMs is performed by the CAD system, using a large 
scale 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 customer part number, should 
be given in the "ROM Specification Identification 
Sheet." 

1. Specification of EPROM 

1.1 Submit three sets of EPROM stored Data. In the 
case of two or four EPROMs, specify the address 
of the EPROM. 

1.2 The ROM Code data is input from the start ad
dress to the Final Address in the EPROM. 

1.3 Type of EPROM 
HN462716 (2K-word x 8-bit, 2716 Compatible) 
HN462532 (4K-word x 8-bit, TMS2532 Com
patible) 
HN462732 (4K-word x 8-bit, 2732 Compatible) 
HN482764 (SK-word x 8-bit, 2764 Compatible) 
HN4827128 (16K-word x 8-bit, 27128 Compati
ble) 

2. Specification of Magnetic Tape 

2.1 The following type of magnetic tape is speci
fied, which can be entered in a magnetic tape 
device compatible with the IBM magnetic tape 
device: 
(1) Length .2,400 feet, 1,200 feet, or 600 feet. 
(2) Width ...................... 1/2 inch 
(3) Ch~nnel. ................. 9 channels 
(4) Bit Density ........ 800 BPI or 1,600 BPI 

(clearly state bit density in the "ROM Specifi
cation Identification Sheet:') 

2.2 Use EBCDIC code. 
2.3 Follow the format for magnetic tape described 

as follows: 
( 1) No leading tape mark 
(2) No label 
(3) Record size _____ 80 byte/1 record 

(4) Block size 10 records/1 block 
( 5) Indicate end of the file with 2 successive tape 
marks (TM). 

2.4 Ensure that magnetic tapes represent one roll 
for each chip. Extending the single-chip portion 
over several rolls is unacceptable. 

2.5 Data Mode 
2.5.1 HMCS6800 Load Module Mode 
This mode is the object mode output from the 
HMCS6800 assembler. 
( 1) Divide the 8-bit code into the upper and lower 4-

bit codes, and convert each into hexadecimal no
tations. Example: The code of 1100 0110 is as 
follows under binary notation: 

(Upper 4 bits) 
D7 D6 D5 D4 

1 1 0 0 

(Lower 4 bits) 
D3 D2 D1 D0 

0 1 1 0 

Bit weight 
(ROM output 
equivalence) 

(2) The actual load module mode is shown as 
follows: 

Header 
record 

Record Start 5 3 s 
Record Type 3 0 _o_ 
Byte Count 

3 0 
0 6 

3 6 

3 0 
3 0 0000 

Address Size 3 0 
3 0 

Data 48-H 

Data 3 4 
44-D 

3 4 

Data 
3 5 52-R 
3 2 

Check Sum 
3 I 18 (Check Sum ) 
4 2 

Data End of 
record file record 

5 3 s 5 3 s 
3 I _1_ 3 9 9 

3 I 
I 6 

3 0 0 3 
3 6 3 3 

3 I 3 0 

3 I 
1100 

3 0 
0000 

3 0 3 0 

3 0 3 0 

3 9 9 8 4 6 FC ( Check 
3 8 4 3 ·Sum) 

3 0 
0 2 

3 2 

EJ-I 
~ck Sum) 

I~~ I ____,,Block I -Block 2 ---81--ock 3 ____,?~ I ~ I ~ I I i I 
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--------------------------Mask ROM Programming Instruction 

SO indicates the head of the file, and 59 indicates the 
end of the file. The actual data enters following S 1 or 
from the addres;; (hexadecimal) indicated in the ad
dress size. The address of the data recorder address is 
compared with the next data recorder address, by 

Example 

counting in 1-byte increments, and checking whether 
or not it is sequential. Where the address is skipped, 
00 or FF data enters hexadecimally. A printed exam
ple on paper tape for the HMCS6800 load module 
mode is as follows: 

Header Record --+ S 0 0 B 0 0 0 0 5 8 2 0 4 5 5 8 4 1 4 D 5 0 4 CB 5 

Data Record --+ S 1 1 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 1 1 2 F 0 10FA6 5 7 E FA 8 B 7 E FA AO 7 E F 9 DC 7 E FA 2 4 7 E 0 6 
End of 
File Record --+ S 9 0 3 0 0 0 0 F C 

(3) In case the address is skipped, it should be en
tered into the "ROM Specification Identification 
Sheet" that the skipped address and data (00 or 
FF) entered into the skipped address by hexade
cimal notation. 

2.5.2 BNPF Mode 
( 1) 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 suc
cessive 10 characters of the word end mark F. 

(2) The contents from F of one BNPF slice up to B of 
the next BNPF slice are ignored. The code of AA 
by hexadecimal notation is symbolized in the ex
ample shown below. 

2.5.3 The bit pattern (PNPF slice) must be desig
nated on all ROM addresses. Therefore, the 
ROM head address is 0 on the "ROM Specifi
cation Identification Sheet:' 
B ............ Indicates starts of 1 word. 
N ............ Indicates "O" of 1 bit data. 
P ............ Indicates "1" of 1 bit data. 
F .............. Indicates end of 1 word. 

Example 

D7 

DI 
DO 

3. Specification of Floppy Disk 
3.1 Use the following type of Floppy Disk 
(1) Type . 8 Inch Single Sided and Single Density. 
(2) Number of Sector . . . . . • • . . . . . . . . . . 26 
(3) Number of Track ........... , . . • . . 77 

Sector 16 

Track 74 

/ 
Track 00 
(Index· Track) 

Sector 01 

/ ;Sector02 

/ Sector 03 

~1 
~ 

One Record 

3.2 Use the EBCDIC code as the use code. 
3.3 Make the format of the floppy disk as des

cribed below. 
(1) 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 

s Spare Track 
00 01-06 
74 01 - 26 
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Mask ROM Programming Instruction----------------------------

(2) Record size ............ 80 byte/1 record 
(3) Use the sector as below. Use one sector for one 

record, that is 80 bytes out of 128 bytes used 
for one record. 

3.4 Data Mode 

See 2.5 

1 Track 

Sector 1 

(128 bytes) 

Record 1 
(80 bytes) 

Sector 2 

(128 bytes) 

Mask ROM Development Flowchart 

OK 

OK 

Supply 

44 

Sector 3 Sector 24 

(128 bytes) (128 bytes) 

Hitac i 
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Sector 25 Sector 26 

(128 bytes) (128 bytes) 

~: unuse 



DITA 
SHEETS 

IDS STATIC RAM 

$HITACHI 45 





HM6116-2, HM6116-3, HM6116-4 
HM6116P-2, HM6116P-3, HM6116P-4 

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

•FEATURES 
• Single SV Supply and High Density 24 Pin Package 
• High speed: Fast Access Time 120ns/150ns/200ns (max.) 
• Low Power Standby and Standby: 100µW (typ.) 

Low Power Operation Operation: 180mW (typ.) 
• 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 

•FUNCTIONAL BLOCK DIAGRAM 

Row e 

Decoder • 

Memory Matrix 

128x128 

Colurm 1/0 

--OVcc 

--OGND 

•ABSOLUTE MAXIMUM RATINGS 

Item Symbol Rating Unit 

Voltage on Any Pin Relative to GND Vr -0.5• to +7 .o v 
Operating Temperature T.,, 0 to +70 ·c 
Storage Temperature (Plastic) T,., -55 to +125 ·c 
Storage Temperature (Ceramic) T,,, -65 to +150 ·c 
Temperature Under Bias T .... -10 to +85 ·c 
Power Dissipation Pr 1.0 w 

* Pulse Width 50ns : ~ 

•TRUTH TABLE 

cs OE WE Mode Vee Current 

H x x Not Selected lss, Issi 

L L H Read Ice 

L H L Write Ice 

L L L Write Ice 

~HITACHI 

HM6116-2, HM6116-3, 
HM6116-4 

(DG-24) 

HM6116P-2, HM6116P-3, 
HM6116P-4 

(DP-24) 

•PIN ARRANGEMENT 

(Top View! 

1/0 Pin Ref. Cycle 

High Z 

Dout Read Cycle (1)-(3) 

Din Write Cycle (1) 

Din Write Cycle (2) 
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HM6116·2,HM6116-3,HM6116-4,HM6116P-2,HM6116P-3,HM6116P-4 -------------

•RECOtAMENDED DC OPERATING CONDITIONS ( Ta-0 to +70°C) 

Item Symbol min typ max 

Vee 4.5 5.0 5.5 
Supply Voltage 

GND 0 0 0 

V,H 2.2 3.5 6.0 
Input Voltage 

Vn -3.0* 0.8 -

* Pulse Width: SOns, DC: Vn min- -0.3V 

•DC AND OPERATING CHARACTERISTICS ( Vcc=5V±10%, GND=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 

• Vcc-5V, Ta-25"C 
** Reference Only 

Symbol 

lhil 

lhol 

Ice 

/ee1 •• 

lee2 

lss 

Issi 

Vat 

VoH 

Test Conditions 
min 

Vee=5.5V, V..=GND to Vee -

CS= VIH or OE- ViH, 
-

V,/()=GND to Vee 

cs~ v,L, Ir/O=OmA -

V,H=3.5V, V,L=0.6V, 
-

fr,o-OmA 

Min. cycle, duty=l00% -
CS= VIH -

CS;;;: Vec-0.2V, V..O?; Vee 
-

-0.2V or V..::;;;o.2V 

lot-4mA -

loL=2.lmA -
foH=-1.0mA 2.4 

•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 CYCLE 

HM6116/P-2 
Item Symbol 

min max 

Read Cycle Time he 120 -
Address Access Time tu - 120 

Chip Select Access Time tAes - 120 

Chip Selection to Output in Low Z tcLz 10 -
Output Enable to Output Valid foE - 80 

Output Enable to Output in Low Z fotz 10 -
Chip Deselection to Output in High Z tcHz 0 40 

Chip Disable to Output in High Z foHZ 0 40 

Output Hold from Address Change foH 10 -
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HM6116/P-2 HM6116/P-3/-4 

typ• max min typ• max 

- 10 - - 10 

- 10 - - 10 

40 80 - 35 70 

35 - - 30 -

40 80 - 35 70 

5 15 - 5 15 

0.02 2 - 0.02 2 

- 0.4 - - -

- - - - 0.4 

- - 2.4 - -

HM6116/P-3 HM6116/P-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 -

Unit 

v 
v 
v 
v 

Unit 

µA 

µA 

mA 

mA 

mA 

mA 

mA 

v 
v 
v 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 



-------------HM6116·2,HM6116-3,HM6116-4,HM6116P-2,HM6116P-3,HM6116P-4 

•WRITE CYCLE 

Item Symbol 

Write Cycle Time twc 

Chip Selection to End of Write tcw 

Address Valid to End of Write tAW 

Address Set Up Time tAs 

Write Pulse Width twp 

Write Recovery Time twR 

Output Disable to Output in High Z toHZ 

Write to Output in High Z twHz 

Data to Write Time Overlap tow 

Data Hold from Write Time IDH 

Output Active from End of Write tow 

•CAPACITANCE (J=lMHz, Ta=25°C) 

Item Symbol 

Input Capacitance c .. 
Input/Output Capacitance Cvo 

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

•TIMNG WAVEFORM 

•READ CYCLE (1)<1
> 

Address 

Oout 

•READ CYCLE(2)< 1H2 >w 

HM6116/P-2 l-M6116/P-3 HM6116/P-4 

min max min max min max 

120 - 150 - 200 -
70 - 90 - 120 -

105 - 120 - 140 -
20 - 20 - 20 -
70 - 90 - 120 -
5 - 10 - 10 -
0 40 0 50 0 60 

0 50 0 60 0 60 

35 - 40 - 60 -
5 - 10 - 10 -
5 - 10 - 10 -

Test Conditions typ max 

v..-ov 3 5 
\'i,o-OV 5 7 

Address =t; ... ~_t_ ... 3< 
Dou1 

•READ CYCLE(3)<'H 3
H

4 > 

Dout 

NOTES: 1. WE is High for Read Cycle. 
2. Device is continuously selected, ~ = V1L· 
3. Address Valid prior to or coincident with 'Cs-transition Low. 
4. OE"= !:IL· 

$HITACHI 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Unit 

pF 

pF 
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HM6116·2,HM6116-3,HM6116-4,HM6116P-2,HM6116P-3,HM6116P-4 

WRITE CYCLE(1) 

Address 

----10·-----1 

Cil i-----1···..;._ __ _ 

Uout 

Uin 

e WRITE CYCLE (2) <5> 

i---------t•·c·--------1 

Address 

Dout 

Din ---------------------°""'~-ID_•· _____ '_M_--i_...(S~)----..---
~ l)OOO< 

NOTES: 1. A write occurs during the overlap (t~) of a low CS and a low WE. 
2. t WR is measured from the earlier of CS-or~ going high to the end 

of write cycle. 

50 

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. "OF:is continuously low. (OE°= V1L> 
6. Dout is tlte same phase of write data of this write cycle. 
7. D0.Jl1...is 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. 
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-------------HM6116-2,HM6116-3,HM6116-4,HM6116P-2,HM6116P-3,HM6116P-4 

SUPPLY CURRENT 
vs. SUPPLY VOLTAGE 
l.6r----......----...-----.---"'T 

To=25°C 

1.41--------~-----4---~ 

1.21-----+----+-----+-_,,,,.L.--..-i 

~ 1.01-----+---~'---~1----~ 

~ 
0.81-""' 

0.61--------+------4---~ 

0.4...._ __ __.. ___ _._ ________ ..... 

4.5 4.75 5.0 5.25 5.5 

Supply Voltage Vee ( V) 

ACCESS TIME 
vs. SUPPLY VOLTAGE 
1.3.--------..-------~ 

Ta=25°C 

1.21-----+----+------4----1 

~ 1.1 i-:"::i......,,.--~---+----+---~ 

~ ~ 
1.0 t----+--~~:-----4-----1 

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

0.7 .._ __ ...._ ___ .i,_ __ ......i. ___ _, 

4.5 4.75 5.0 5.25 5.5 

Supply Voltage Vee (V) 

ACCESS TIME 
vs. LOAD CAPACITANCE 

IB 

1.6 

] 
i 1.4 
~ 
... 

3 1.2 

I! 
i= 1.0 ... .. 
" ~ 

OB 

0.6 
100 200 300 400 500 

Load Capacitance CL (pr) 

$HITACHI 

SUPPLY CURRENT 
vs. AMBIENT TEMPERATURE 
1.6 .----........ ---...-----..---.... 

Vee =5.0V 

.,, 1.41-----+----+----+----i 

-z~o 
1.21-----+---+----+----t 

i 1.0 r-----J 

U~ ~ 0.81--------+----+---~ 
1 ,, 0.61-----+----+-----+----1 

.,, 

~ 
-2. 

-
~ 
f: 

~ 

] 
i 
~ 
~ 

c: .. 
a 
.... 
~ 
~ 

0.4....._ __ __._ ___ ...._ __ __. ___ ....J 

0 20 40 60 

Ambient Temparature Ta t'C• 

ACCESS TIME 
vs. AMBIENT TEMPERATURE 

1.3 

Vee=5.0V 

1.2 

I.I 
y 

1.0 
..L::_ 

v 
~ 

0.9 

OB 

0.7 
0 20 40 60 

Ambient Temperature Ta ('C \ 

SUPPLY CURRENT 
vs. FREQUENCY 
1.3 

201n1 ISOns 120n1 

1.2 

1.l 

1.0 

r---
0.9 

OB 

0.7 
0 

Frequency /(MHz) 

80 

80 

10 
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HM6116-2,HM6116-3,HM6116-4,HM6116P-2,HM6116P-3,HM6116P-4 -------------

52 

LOW INPUT VOLTAGE 
vs. SUPPLY VOLTAGE 

1.3 

Ta=25'C 

1.0 
~ ----~ 

~ 

;i. 

~ ~ 
0.9 

.3 0.8 

0.7 
4.5 4.75 5.0 5.25 

Supply Voltage. Vee ( V) 

OUTPUT CURRENT 
vs. OUTPUT VOLTAGE 

1.4 

' 1.2 ~ 

'\ 1.0 

~ 
~ 

u 0.8 

i 
~ 

0.6 

0.4 
1 

Output Voltage VoH (VJ 

5.5 

Ta=25'C 
Vee=5V 

HIGH INPUT VOLTAGE 
vs. SUPPLY VOLTAGE 

1.3 

1.2 
Ta=25'C 

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

0.9 

~ 
x 0.8 

0.7 
4.5 4.75 5.0 5.25 

Supply Voltage Vee (V) 

OUTPUT CURRENT 
vs. OUTPUT VOLTAGE 

1.6 

-'-
2 1.2 

~ 
~ 1.0 

u 0.8 

"" ~ 
0.6 

G.4 
0 

L 
lZ 

L 
L v 

0.2 0.4 0.6 

Output Voltage Vot (V) 

5.5 

Ta=25'C 
Vee=5V 

0.8 
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HM6116FP-2, HM6116FP-3, 
HM6116FP-4 

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

•FEATURES 
• High Density Small-Sized Package 
• Projection Area Reduced to One-Thirds of Conventional DIP 
• Thickness Reduced to a Half of Conventional DIP 

• Single 5V Supply 
• High Speed: Fast Access Time 120ns/150ns/200ns (max.) 
• Low Power Standby Standby: 100µW (typ.) 
• Low Power Operation; Operation: 180mW (typ.) 
• Completely Static RAM: No clock nor Timing Strobe Required 
• Directly TTL Compatible: All Input and Output 
• Equal Access and Cycle Time 
•FUNCTIONAL BLOCK DIAGRAM 

---()Vee 

(FP-24) 

•PIN ARRANGEMENT 
Memory Matrix ~GND 

128X 128 

(Top Viewi 

•ABSOLUTE MAXIMUM RATINGS 

Item Symbol Rating Unit 

Voltage on Any Pin Relative to GND Vr -0.5• to +7.0 v 
Operating Temperature T,., 0 to +70 ·c 
Storage Temperature T,,, -55 to +125 ·c 
Temperature Under Bias ni .. -10 to +85 ·c 
Power Dissipation Pr 1.0 w 

*Pulse Width 50ns: -3.5V 

•TRUTH TABLE 

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

H x x Not Selected I ss, Issi High Z 

L L H Read Ice Dout Read Cycle{l)-(3) 

L H L Write Ice Din Write Cycle(l) 

L L L Write Ice Din Write Cycle 12) 
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HM6116FP-2,HM6116FP-3,HM6116FP-4 ----------------------

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

Item Symbol min typ max 

Vee 4.5 5.0 5.5 
Supply Voltage 

GND 0 0 0 

VIH 2.2 3.5 6.0 
Input Voltage 

VIL -3.0* 0.8 -
* Pulse Width: 50ns. DC : V,L min- -0.3V 

•oc AND OPERATING CHARACTERISTICS (Vcc==SV±IO%, GND-OV, Ta=-0 to +70°C) 

Item 

Input Leakage Current 

Output Leakage Current 

Operating Power Supply 

Current 

Average Operating Current 

Standby Power Supply 

Current 

Output Voltage 

* Vcc-SV. Ta-25"C 
** Reference Only 

Symbol 

hr 

ho 

Ice 

lcci .. 

lccz 

lss 

lsa1 

VoL 

VoH 

Test Conditions 
min 

Vcc-5.5V, V..-GND to Vee -

cs-v,H or OE-V,H -
Vi.-o-GND to Vee 

CS- V,L, /1/0-0mA -
V,H-3.5V, VtL-0.6V, -
11.-0-0mA 

Min. cycle, duty-100% -
cs-v,H -
CS~ Vcc-0.2V, V..~ Vee -
-0.2V or V,.:;;;0.2V 

loL-4mA -
/oL-2.lmA -
/oH--1.0mA 2.4 

•AC CHARACTERISTICS (Vcc-5V±10%, Ta-0 to +70°C) 

•AC TEST CONDITIONS 
Input Pulse Levels: 0.8 to 2.4V 
Input Rise and Fall Times: 10 ns 
Input and Output Timing Reference Levels: 1.5V 
Output Load: 1TTL Gate and CL• 100pF (including scope and jig) 

•READ CYCLE 

HM6116FP-2 
Item Symbol 

min max 

Read Cycle Time he 120 -
Address Access Time IAA - 120 

Chip Select Access Time IACS - 120 

Chip Selection to Output in Low Z tcLz 10 -
Output Enable to Output Valid loE - 80 

Output Enable to Output in Low Z loLZ 10 -
Chip Deselection to Output in High Z le Hz 0 40 

Chip Disable to Output in High Z loHZ 0 40 

Output Hold from Address Change loH 10 -
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HM6116FP-2 HM6116FP-3/-4 

typ• max min typ• max 

- 10 - - 10 

- 10 - - 10 

40 80 - 35 70 

35 - - 30 -
40 80 - 35 70 

5 15 - 5 15 

0.02 2 - 0.02 2 

- 0.4 - - -
- - - - 0.4 

- - 2.4 - -

HM6116FP-3 HM6116FP-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 -

Unit 

v 
v 
v 
v 

Unit 

µA 

µA 

mA 

mA 

mA 

mA 

mA 

v 
v 
v 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 



----------------------- HM6116FP-2,HM6116FP-3,HM6116FP-4 

•WRITE CYCLE 

Item Symbol 

Write Cycle Time twc 

Chip Selection to End of Write tcw 

Address Valid to End of Write tAW 

Address Set Up Time tAS 

Write Pulse Width twp 

Write Recovery Time twR 

Output Disable to Output in High Z to HZ 

Write to Output in High Z tWHZ 

Data to Write Time Overlap tow 

Data Hold from Write Time toH 

Output Active from End of Write low 

•CAPACITANCE (f=lMHz, Ta=25°C) 

Item Symbol 

Input 'Capacitance c .. 
Input/Output Capacitance C1/o 

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

•TIMING WAVEFORM 

•READ CYCLE (1)(1) 

. .\ddrtu 

l>ou1 

•READ CYCLE(3)< 1>< 3
H

4
> 

Dout 

HM6116FP-2 

min max 

120 -

70 -
105. -

20 -

70 -

5 -

0 40 

0 50 

35 -

5 -
5 -

Test Conditions 

V •• =OV 

~/O=OV 

NOTES: 1. ~is High for Read Cycle. 

HM6116FP-3 

min max 

150 -

90 -

120 -

20 -

90 -

10 -
0 50 

0 60 

40 -

10 -

10 -

typ 

3 

5 

2. Device is continuously selected, "CS"= V1L· 
3. Address Valid prior to or coincident with -CS-trarisition Low. 
4. UY= V1L· 
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HM6116FP-4 
Unit 

min max 

200 - ns 

120 - ns 

140 - ns 

20 - ns 

120 - ns 

10 - ns 

0 60 ns 

0 60 ns 

60 - ns 

10 - ns 

10 - ns 

max Unit 

5 pF 

7 pF 
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HM6116FP·2,HM6116FP-3,HM6116FP-4 ---------------------

•TIMNG WAVEFORM 

•WRITE CYCLE(1) 0
' 

Addre5" 

----10·------

-----, •. , • .:..;(l;.:..l __ -1 

u .... , 

l>in 

•WRITE CYCLE(2)m 

--------1n·r-------

AdclrHs 

Dout 

Din 

NOTES: 1. A write occurs during the overlap (tJr.f) of a low CS" and a low~ 
2. twR is measured from the earlier of CS or WE" going high to the end 

of write cycle. 

56 

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 
impedance state. 

5. Mis continuously low. (OE°= V1L) 
6. Dout is the same phase of write data of this write cycle. 
7. 0 0.Jll.is 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. 
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-----------------------HM6116FP-2,HM6116FP-3,HM6116FP-4 

~ 

SUPPLY CURRENT 
vs. SUPPLY VOLTAGE 
1.6----..----...-----.----. 

Ta=25'C 

1.4 --------+-----t----t 

1.21----1-----it-~---~t---:7".L.""---1 

!~I---~--+-~--,,.....'----+---~ 

0.8 ....... 

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

0.4..._ _______ ..._ ______ _ 

4.5 4.75 5.0 5.25 5.5 

Supply Voltage Vee (V) 

ACCESS TIME 
vs. SUPPLY VOLTAGE 
1.3 

Ta=25'C 

"" ~ 
~ 
~ 

1.0 

i= 0.9 
~ 

~ 0.8 

0.7 
4.5 4.75 5.0 5.25 5.5 

Supply Voltage Vee (V) 

ACCESS TIME 
vs. LOAD CAPACITANCE 
!Br----r---"T'"°----.----. 

!.61----+----+---/+-v----:::~L""--1 

1.41----~----+--..,,,,...L_'--~---~ 

L 
Ta=25°C 1.21 / 

1.0 ""IL_ ___ +----+----+------t 
Vcc=MIN 

OB----+----+----1-----t 

0.6.__ __ __._ ___ ...__ __ __.. ___ _. 

100 200 300 400 500 

Load Capacitance CL (pF) 
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SUPPLY CURRENT 
vs. AMBIENT TEMPERATURE 

1.6 .----r---...-----.---..... 
Vcc=5.0V 

.., 1.4 

~ 1.21-----+----+---------1 
~ 

.:: t--..._ 
..; 1.01-I-~-_..;;;;""""'"""":---+----+------i .:: T---+-
OBI-----+----+----+---~ 

u ... 
l 0.6-------+-----1-----1 

] 
~ 
~ 

~ 
!= 

.:;: 

0·4 """o ___ 2...,0 ___ 4_.,0 ___ _.60 ___ _,80 

Ambient Temperature T. ('C) 

ACCESS TIME 
vs. AMBIENT TEMPERATURE 
1.3 

Vcc=5.0V 

1.2 

I.I 
y 

1.0 ~ 
v 

~ 
0.9 

0.8 

0.7 
0 20 40 60 

Ambient Temperature Ta ("C) 

SUPPLY CURRENT 
vs. FREQUENCY 

200ns 150ns 120ns 

80 

1.21----+---+---+---+---~ 

10 

Frequency J (MHz) 
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HM6116CG-2, HM6116CG-3, 
HM6116CG-4 

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

•FEATURES 
• Single 5V Supply and High Density 32 pin-Leadless-Chip Carrier 
• High speed. Fast Access Time 120ns/150ns/200ns (max.) 
• Low Power Standby and Standby: 100µW (typ.) 

Low Power Operati~n Operation: 180mW (typ.) 
• Completely Static RAM: No Clock or Timing Strobe Required 
• Directly TTL Compatible: All Input and Output 
• Equal Access and Cycle Time 

• FUNCTIONAL BLOCK DIAGRAM (CG-32) 

•PIN ARRANGEMENT 
A; NC NC NC Vee NC NC 

A; :fl~ ~:fti .... 
A• 

.. ~, :H NC .. ~ ... 
A.1 :.r~ [~f WE 
A2 =~~ ~~i 1iE 
A1 1l1J ~~! Aio 

A.I :1)J ~n cs 
NC H~ ~~~ I (\, 

I 'Oi l/01GNIJ NC{, <ld 1 l};I 1),; 

(Top View) 

•ABSOLUTE MAXIMUM RATINGS 

Item Symbol Rating Unit 

Voltage on Any Pin Relative to GND Vr -0.5* to +7.0 v 
Operating Temperature T,,, 0 to +70 ·c 
Storage Temperature T.,, -65 to +150 ·c 
Temperature Under Bias 1/,;., -10to85 ·c 
Power Dissipation Pr 1.0 w 
* Pulse Width 50ns: -3.5V 

•TRUTH TABLE 

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

H x x Not Selected Iss, Issi High Z 

L L H Read Ice Dout Read Cycle (1)-(3) 

L H L Write Ice Din Write Cycle (1) 

L L L Write Ice Din Write Cycle (2) 
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----------------------HM6116CG-2,HM6116CG-3,HM6116CG-4 

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

Item Symbol min typ max 

Vee 4.5 5.0 5.5 
Supply Voltage 

GND 0 0 0 

ViH 2.2 3.5 6.0 
Input Voltage 

Vn -3.0* 0.8 -
* Pulse Width: 50ns, DC: Vn min- -0.3V 

•DC AND OPERATING CHARACTERISTICS ( Vcc=5V±l0%, GND=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 

* Vn--SV. Ta-25'C 

* * Reference Only 

Symbol 

lh1I 

I ho I 

Ice 

lcc1 •• 

lcc2 

lss 

l ss1 

Vol 

VoH 

Test Conditions 
min 

Vcc=5.5V, V..=GND to Vee -
CS= ViH or OE= V1H, -
Vi-o=GND to Vee 

CS= ViL, 11,-o=OmA -
ViH=3.5V, ViL =0.6V, -
11/o=OmA 

Min. cycle, duty= 100% -

CS= ViH -

CS~ Vcc-0.2V, V..~Vcc 
-

-0.2V or V.. ~0.2V 

loL=4niA -

101.=2.lmA -

loH= -1.0mA 2.4 

•Ac CHARACTERISTICS ( Vcc=5V±l0%, 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 CYCLE 

HM6116CG-2 
Ite111 Symbol 

min max 

Read Cycle Time lRc 120 -
Address Access Time t •• - 120 

Chip Select Access Time t. cs - 120 

Chip Selection to Output in Low Z lcLZ 10 -
Output Enable to Output Valid loE: - 80 

Output Enable to Output in Low Z loLZ 10 -
Chip Deselection to Output in High Z ICHZ 0 40 

Chip Disable to Output in High Z loHZ 0 40 

Output Hold from Address Change loH 10 -

$HITACHI 

HM6116CG-2 HM6116CG-3/-4 

typ• max min typ• max 

- 10 - - 10 

- 10 - - 10 

40 80 - 35 70 

35 - - 30 -

40 80 - 35 70 

5 15 - 5 15 

0.02 2 - 0.02 2 

- 0.4 - - -
- - - - 0.4 

- - 2.4 - -

HM6116CG-3 HM6116CG-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 -

Unit 

v 
v 
v 
v 

Unit 

µA 

µA 

mA 

mA 

mA 

mA 

mA 

v 
v 
v 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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HM6116CG-2,HM6116CG-3,HM6116CG-4 ---------------------

•WRITE CYCLE 

Item Symbol 

Write Cycle Time twc 

Chip Selection to End of Write tcw 

Address Valid to End of Write tAw 

Address Set Up Time tA S 

Write Pulse Width twp 

Write Recovery Time twR 

Output Disable to Output in High Z toHZ 

Write to Output in High Z twHZ 

Data to Write Time Overlap tow 

Data Hold from Write Time toH 

Output Active from End of Write tow 

•CAPACITANCE (/-lMHz, Ta-25°C) 

Item Symbol 

Input Capacitance c •. 
Input/Output Capacitance Cvo 

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

•m.tNG WAVEFORM 
•READ CYCLE (1)<1

> 

Addr.,s 

Dou I 

e READ CYCLE (2) (1)(
2

' <4> 

Address 

Dout 

•READ CYCLE (3) <'H 3 H 4> 

Dou I 

HM6116CG-2 

min max 

120 -
70 -

105 -
20 -
70 -
5 -
0 40 

0 50 

35 -
5 -
5 -

Test Conditions 

v..-ov 
Vi,o-OV 

NOTES: 1. WE is High for Read Cycle. 

HM6116CG-3 

min max 

150 -
90 -

120 -
20 -
90 -
10 -
0 50 

0 60 

40 -
10 -
10 -

typ 

3 
5 

2. Device is continuously selected, CS-= VIL· 
3. Address Valid prior to or coincident with ~transition Low. 
4. M'°= V1L· 
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HM6116CG-4 
Unit 

min max 

200 - ns 

120 - ns 

140 - ns 

20 - ns 

120 - ns 

10 - ns 

0 60 ns 

0 60 ns 

60 - ns 

10 - ns 

10 - ns 

max Unit 

5 pF 

7 pF 



----------------------HM6116CG-2, HM6116CG-3, HM6116CG-4 

WRITE CYCLE(1)' 1> 

---------twc·--------
Address 

----tc•·-----i 

(2) 
,__ ___ t•·p---...i 

l>ou1 

()in 

1 '" "]xxx ----<%~-~~ 
e WRITE CYCLE (2i<5

> 

'---------t•·c·-------
Address 

Dout 

Din 

NOTES: 1. A write occurs during the overlap (tJfE.) of a low "N and a low "WE. 
2. t WR is measured from the earlier of CS-or~ 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 W£ transition, output remain in a high im
pedance state. 

S. "OF:is continuously low. (OE= VrL> 
6. Dout is tlte same phase of write data of this write cycle. 
7. D0Jl1..is 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. 
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HM6116L-2, HM6116L-3, 
HM6116L-4 

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

•FEATURES 
• Single 5V Supply and High Density 24 Pin Package 
• High Speed: Fast Access Time 120ns/150ns/200ns (max.) 

Low Power Standby and Standby: 20µW (typ.) 
• Low Power Operation; Operation: 160mW (typ.) 
• Completely Static RAM: No clock nor 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 

•FUNCTIONAL BLOCK DIAGRAM 

--Ol'cc 

Memory Matrix ---0GND 

(DG-24) 

128Xl28 •PIN ARRANGEMENT 

Column 110 

Column Decoder 

cs 

(Top View) 

•ABSOLUTE MAXIMUM RATINGS 

Item Symbol Rating Unit 

Voltage on Any Pin Relative to GND Vr -0.5* to +1.0 v 
Operating Temperature T,,, 0 to +70 ·c 
Storage Temperature T ... -65 to +150 ·c 
Temperature Under Bias T6, .. -10 to +85 ·c 
Power Dissipation Pr 1.0 w 
* Pulse Width SOns : -3.SV 

•TRUTH TABLE 

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

H x x Not Selected Iss, Issi High Z 

L L H Read lee Dout Read Cycle (1)-(3) 

L H L Write lee Din Write Cycle (1) 

L L L Write lee Din Write Cycle (2) 
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------------------------HM6116L-2,HM6116L-3,HM6116L-4 

•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 

GND 0 0 0 v 
V1H 2.2 3.5 6.0 v 

Input Voltage 
VIL -3.0* 0.8 v -

* PulseWidth:SOns. DC:V,.min--0.3V 

• DC AND OPERATING CHARACTERISTICS (Vcc=SV ±10%, GND =OV. Ta=O to +70°C) 

HM6116L-2 
Item 

Input Leakage Current 

Output Leakage Current 

Operating Power Supply 
Current 

Average Operating Current 

Standby Power Supply 
Current 

Output Voltage 

* : Vcc-SV. Ta-25°C 
* * : Reference Only 

Symbol 

I Iu I 

I ho I 

Ice 

Ice 1 •• 

Ice 2 

I SB 

I SB I 

Vol 

VoH 

Test Conditions 
min 

Vcc=5.5V, V;.-GND to Vee -
cs= VJH OT OE= V1H, -
V1,o =GND to Vee 

CS=ViL, 11,o=OmA -

ViH-3.5V, ViL=0.6V, -
ho=OmA 

min. cycle, duty= 100% -

CS=V1H -

CS~Vcc -0.2V, V .. ~Vec - -
0.2V or V .. ~0.2V 

loL=4mA -

loL=2.lmA -

loH = -1.0mA 2.4 

•AC CHARACTERISTICS (Vcc=SV ±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 CYCLE 

typ• 

-

-

35 

30 

35 

4 

4 

-
-
-

max 

2 

2 

70 

-

70 

12 

100 

0.4 

-
-

HM6116L-2 HM6lf6L-3 
Item Symbol 

min max min max 

Read Cycle Time t RC 120 - 150. -

Address Access Time JAA - 120 - 150 

Chip Select Access Time tACS - 120 - 150 

Chip Selection to Output in Low z teLZ 10 - 15 -
Output Enable to Output Valid lo£ - 80 - 100 

Output Enable to Output in Low z toiz 10 - 15 -

Chip deselection to Output in High z tcHZ 0 40 0 50 

Chip Disable to Output in High Z toHZ 0 40 0 50 

Output Hold from Address Change toH 10 - 15 -

$HITACHI 

HM6116L-3/-4 
Unit 

min typ• max 

- - 2 µA 

- - 2 µA 

- 30 60 mA 

- 25 - mA 

- 30 60 mA 

- 4 12 mA 

- 4 100 µA 

- - -
v 

- - 0.4 

2.4 - - v 

HM6116L-4 
Unit 

min max 

200 - ns 

- 200 ns 

- 200 ns 

15 - ns 

- 120 ns 

15 - ns 

0 60 ns 

0 60 ns 

15 - ns 
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HM6116L·2,HM6116L-3,HM6116L-4 ------------------------

e WRITE CYCLE 

Item Symbol 

Write Cycle Time twc 

Chip Selection to End of Write tcw 

Address Valid to End of Write tAW 

Address Set Up Time tA S 

Write Pulse Width twp 

Write Recovery Time twR 

Output Disable to Output in High z toHZ 

Write to Output in High Z twHz 

Data to Write Time Overlap tow 

Data Hold from Write Time toH 

Output Active from End of Write tow 

•CAPACITANCE (/=lMHz, Ta=25°C) 

Item Symbol 

Input Capacitance c .• 
Input/ Output Capacitance Cvo 

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

•TIMING WAVEFORM 

•Read Cycle (1) <• > 

I>nur 

•Read Cycle (2) 

Addrus 

Dout 

•Read Cycle (3) 

Dout 

HM6116L-2 

min max 

120 -
70 -

105 -

20 -
70 -
5 -
0 40 

0 50 

35 -
5 -
5 -

Test Conditions 

v •• -ov 
v,,o-OV 

NOTES: 1. WE is High for Read Cycle. 

HM6116L-3 

min max 

150 -
90 -

120 -

20 -
90 -
10 -
0 50 

0 60 

40 -
10 -
10 -

typ 

3 

5 

2. Device is continuously selected, CS= Vn. 

HM6116L-4 

min max 

200 -
120 -
140 -
20 -

120 -
10 -
0 60 

0 60 

60 -
10 -
10 -

max 

5 

7 

3. Address Valid prior to or coincident with CS transition Low. 
4. OE= Vn. 
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Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Unit 

pF 

pF 



-----------------------HM6116L-2,HM6116L-3,HM6116L-4 

•Write Cycle (1) 
Addreu 

, ••• .;..;(1;.;..) __ .i 

Oout 

Oin ----(l ____ lX>(_X 
•Write Cycle (2) <5

> 

Address 

Dout 

Din 

NOTES: 1. A write occurs during the overlap Uwp) 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 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 impedance 
state. 

5. OE is continuously low. (OE = Vn) 
6. Dout is the same phase of write data of this 

write cycle. 
7. D0..Y1.is 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=O to +70°C) 

Item Symbol Test Conditions min typ max 

Vee for Data Retention VoR CS "1; Vee -0.2V, V .. "1; Vee -0.2V or V;, :i0.2V 2.0 - -
Data Retention Current IeeoR•' Vee-3.0V, CS"1;2.8V, V,,"1;2.8Vor V;,:i0.2V - - 50 

Chip Deselect to Data Retention Time teoR 0 - -
See Retention Waveform 

Operation Reeovery Time f R I Re•• - -

* Vn--0.3V min. 
•·• he-Read Cycle Time. 

•Low Vee Data Retention Waveform 

W-------------------------------------------
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Unit 

v 
µA 

ns 

ns 

65 



HM6116L·2,HM6116L·3,HM6116L-4 -------------------------
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SUPPLY VOLTAGE 
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~ 
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1.0 

0.8 

0.6 
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------------------------HM6116L-2,HM6116L-3,HM6116L-4 

LOW INPUT VOLTAGE vs. 
SUPPLY VOLTAGE 

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

Ta=25'C 

1.21-----+---+----t------i 

~ 1.11-----+---+----t------i 
~ 

~ ---t----1 1.01----+---:=-+-'"""'::__-+-----t 

i-----i--
0.91-----+---+----t------i 

~ 

.3 0.81-----+---+----t------i 

-c> 

0.7...._ __ _._ _______ _._ __ _ 

4.5 4.75 5.0 5.25 5.5 

1.6 

1.4 

Supply Voltage Vee (VI 

OUTPUT CURRENT vs. 
OUTPUT VOLTAGE 

~ 

Ta=25'C 
Vee=5V 

~ 1.2 

~ 

~ 

~ -.; 
'°' 1.0 

1 0 
0.8 

8 
0.6 

0.4 
I 

~ 

Output Voltage VoH (V) 

STANDBY CURRENT vs. 
AMBIENT TEMPERATURE 

10-• .-----.----.....----.....----. 

Vcc=3V 
Cs=2.8V 

3 10-•t-----+----+-----+-----1 

~ 

10-7 

o"-----2~0---4~0---s~o------'80 

Ambient Temperature Ta ('C) 

] 

HIGH INPUT VOLTAGE vs. 
SUPPLY VOLTAGE 

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

Ta=25'C 

1.21-----+---+----+----t 

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

~ 

.. 1.0 i----
~ ~ 

.. 
:;: 

] 
~ 
~ 

u 

8 

] 
~ z 

~ 
" 

u 

-c> 

"' 

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

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

0·74.,,_5-----,.,.°""'1s,_..----,s:"":.o--:---:s"'=.2s=-----::-s.5 

1.6 

1.4 

1.2 

1.0 

0.8 

0.6 

0.4 
0 

lt.8 

ll.6 

0.4 

0.2 

Supply Voltage Vee (V) 

OUTPUT CURRENT vs. 
OUTPUT VOLTAGE 

i 
~ z 

L v 
0.2 0.4 

Output Voltage Vo1. (V) 

STANDBY CURRENT vs. 

SUPPLY VOLTAGE 

Supply Voltage Vee (V) 

0.6 

Ta=25'C 
Vee=SV 

0.8 
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HM6116L-2,HM6116L-3,HM6116L-4 -----------------------
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c .. 

0 

c3 4 
-~ 

l 

0 
0 

STANDBY CURRENT vs. 
INPUT VOLTAGE 

~ 
~ 
" ~ u 

Input Voltage V;, (V) 

r.:12s·c 
Vcc=S.OV 
n=4.8V 
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HM6116LP-2, HM6116LP-3, 
HM6116LP-4 
2048-word x 8-bit High Speed Static CMOS RAM 

•FEATURES 
• Single 5V Supply and High Density 24 Pin Package 
• High Speed: Fast Access Time 120ns/150ns/200ns (max.) 
• Low Power Standby and Standby: 10µW (typ.) 

Low Power Operation; Operation: 160mW (typ.) 
• Completely Static RAM: No clock nor 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 

•FUNCTIONAL BLOCK DIAGRAM (DP-24J 

---OVcc 
•PIN ARRANGEMENT 

Row Memory Matrix --OGND 

Decoder • 
l28X 128 

Colu1M 1/0 

Column Decoder 

(Top View) 

•ABSOLUTE MAXIMUM RATINGS 

Item Symbol Rating Unit 

Voltage on Any Pin Relative to GND Vr -o.5• to +7.0 v 
Operating Temperature T.,, 0 to +70 ·c 
Storage Temperature T.,. -55 to + 125 ·c 
Temperature Under Bias T .... -10 to +85 'G 
Power Dissipation Pr 1.0 w 
* Pulse Width 50ns : -3.SV 

•TRUTH TABLE 

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

H x x Not Selected lss, Issi High Z 

L L H Read Ice Dout Read Cycle ( 1 )-(3) 

L H L Write Ice Din Write Cycle (1) 

L L L Write Ice Din Write Cycle (2) 
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HM6116LP-2,HM6116LP-3,HM6116LP-4 -----------------------

• 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 

GND 0 0 0 v 
VrH 2.2 3.5 6.0 v 

Input Voltage 
VrL -3.0* 0.8 v -

* Pulse Width: 50ns. DC: ~'" min - -0.3V 

•oc AND OPERATING CHARACTERISTICS (Vcc=SV ±10%, GND=OV, Ta=O to +70°C) 

HM6116LP-2 
Item 

Input Leakage Current 

Output Leakage Current 

Operating Power Supply 
Current 

Average Operating Current 

Standby Power Supply 
Current 

Output Voltage 

*: Vn -SV. Ta-25"C 

* * : Reference Only 

Symbol 

I I LI I 

I ho I 

lee 

lcci •• 

Ice 2 

I ss 

I SB I 

VoL 
i 

I VoH 

Test Conditions 
min 

Vec=5.5V, V .. =GND to Vee -

CS= VtH or OE= VrH, -
Vr.o='GND to Vee 

CS= VrL, Ir o=OmA -
VrH =3.5V, ViL=0.6V, -
Ir v=OmA 

min. cycle, duty= 100% -

CS=VrH -
CS~ Vee -0.2V. V .. ~ Vee - -
0.2V or V .. ~0.2V 

luL=4mA -
foL=2.lmA -
loH = -1.0mA 2.4 

•Ac CHARACTERISTICS (Vcc=SV ±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 CYCLE 

typ• 

-

-

35 

30 

35 

4 

2 

-
-
-

max 

2 

2 

70 

-

70 

12 

50 

0.4 

-

~ 

HM6116LP-2 HM6116LP-3 
Item Symbol 

min max min max 

Read Cycle Time I i<c 120 - 150 -

Address Access Time I AA - 120 - 150 

Chip Select Access Time I AC s - 120 - 150 

Chip Selection to Output in Low z ICLZ 10 - 15 -

Output Enable to Output Valid I oE - 80 - 100 

Output Enable to Output in Low z 101.z 10 - 15 -

Chip Deselection to Output in High z ICHZ 0 40 0 50 

Chip Disable to Output in High Z loHZ 0 40 0 50 

Output Hold from Address Change f nH 10 - 15 -

70 $HITACHI 

HM6116LP-3/-4 
Unit 

min typ• max 

- - 2 µA 

- - 2 µA 

- 30 60 mA 

- 25 - mA 

- 30 60 mA 

- 4 12 mA 

- 2 50 µA 

- - -
v 

- - 0.4 

2.4 - - v 

HM6116LP-4 
Unit 

min max 

200 - ns 

- 200 ns 

- 200 ns 

15 - ns 

- 120 ns 

15 - ns 

0 60 ns 

0 60 ns 

15 - ns 



----------------------HM6116LP-2,HM6116LP-3,HM6116LP-4 

•WRITE CYCLE 

HM6116LP-2 HM6116LP-3 HM6116LP-4 
Item Symbol 

Write Cycle Time twc 

Chip Selection to End of Write tcw 

Address Valid to End of Write t.w 

Address Set Up Time t. s 

Write Pulse Width twp 

Write Recovery Time f.,.·R 

Output Disable to Output in High z f OHZ 

Write to Output in High Z twHz 

Data to Write Time Overlap f DW 

Data Hold from Write Time f DH 

Output Active from End of Write tow 

• CAPACITANCE (f=lMHz, Ta=25°C) 

Item Symbol 

Input Capacitance c .. 
Input/Output Capacitance c, 0 

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

•TIMING WAVEFORM 

•Read Cycle (1) <1 
i 

!>out 

•Read Cycle (2) (I), (2 l, (4) 

min max min max min 

120 - 150 - 200 

70 - 90 - 120 

105 - 120 - 140 

20 - 20 - 20 

70 - 90 - 120 

5 - 10 - 10 

0 40 0 50 0 

0 50 0 60 0 

35 - 40 - 60 

5 - 10 - 10 

5 - 10 - 10 

Test Conditions typ max 

V .. =OV 3 5 

V1 o =OV 5 7 

Address =lZ .... ~~t_ ... ~ 
Oout 

•Read Cycle (3) (1), (3 l, (4) 

Uout 

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

-

-

-

-
-
-

60 

60 

-
-

-

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Unit 

pF 

pF 
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HM6116LP-2,HM6116LP-3,HM6116LP-4 ---------------------

•Write Cycle (1) 

Addreu 

.__---1ca·------< 

,.., . .:..Cl""'l __ _. 

Oout 

Oin 

•Write Cycle (2) <S> 1---------t•·c·--------. 

Address 

!lout 

Oin 

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 so that the input signals of opposite 
phase .!2_ 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 impedance 
state. 

5. OE is continuously low. {OE = V1L) 
6. Dout is the same phase of write data of this 

write cycle. 
7. Do.JU. is 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=O to +70°C) 

Item Symbol 

Vee for Data .Retention VoR 

Data Retention Current lccoR• 

Chip Deselect to Data Retention Time tcoR 

Operation Recovery Time h 

* 10 µA max at Ta-O't to +40't, Vu. min - -0.3V * * i.,·-Read Cycle Time. 

•Low Vee Data Retention Waveform 

Test Conditions min typ 

CS;;;: Vee -0.2V, V,.;;;:Vcc -0.2Vor v .. :;;0.2V 2.0 -
Vcc-3.0V, CS;;;:2.8V, V •• ;;;:2.8Vor v .. :;;0.2V - -

0 -
See Retention Waveform 

t •c•• -

0-------------------------------------------
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max 

-
30 

-
-

Unit 

v 
µA 

ns 

ns 



----------------------HM6116LP-2,HM6116LP-3,HM6116LP-4 

~ 

SUPPLY CURRENT vs. 
SUPPLY VOLTAGE 

t.6r-----....---...---........ ----
To=25"C 

1.41-----+---+-----+-----1 

121-----+----+-----4-~~~~ 

~ 1.01------+---~:....._---<"------I 
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ll 
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1.3 
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ACCESS TIME vs. 
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"'-. 

~ 
~ 
~ 

5.5 
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i= 0.9 ~ 

o~ 

0.1 
4.5 4.75 5.0 

Supply Voltage Vee (V) 

ACCESS TIME vs. 

LOAD CAPACITANCE 

525 5.5 

lJr---....... ---...---....... ------. 

OJl-----+---+-----+-----1 

0.6 '-------'------......__ ___ __,, ______ _, 
100 200 300 400 500 

Load Capacitance CL (pF) 

eHITACHI 

SUPPLY CURRENT vs. 
AMBIENT TEMPERATURE 

1.6 ..------r-----...----...... ------, 
Vee=5.0V 

"i 
~ 12 

..!:; r--_ 
.; l.Ol--_;:==t--=--+----1---~ 

..!:; ~ 

u ... 

t--

1 v• 0.61------+---+-----+-----1 

] 
~ 
~ 

" 
3 
ll 

i= 

..';! 

0.4.__ __ __._ ___ ......__ __ __,, ___ _, 

1.3 

12 

l.l 

1.0 

0.9 

OJ 

0.7 

1.3 

1.2 

I. l 

OJ 

0.1 

0 20 40 60 

Ambient Temperature Ta ("C) 

ACCESS TIME vs. 
AMBIENT TEMPERATURE 

Vee=5.0V 

y 
v 
~ 

~ 

0 20 40 60 

Ambient Temperature Ta ("C) 

SUPPLY CURRENT vs. 

FREQUENCY 

200ns 150ns 

~ ---
0 

Freq~ency / (MHz) 

120ns 

80 

80 

10 
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HM6116LP-2,HM6116LP-3,HM6116LP-4 ----------------------

74 

1.3 

1.2 

LOW INPUT VOLTAGE vs. 
SUPPLY VOLTAGE 

Ta=25'C 

i-------i---i-----
0.9 

• 
j 0.8 
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1.4 
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I 1.2 
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~ 1.0 

(..) 0.8 

... 
.§ 

0.6 

0.4 
I 
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OUTPUT CURRENT vs. 
OUTPUT VOLTAGE 

\ 
l\. 

\ 
~ 
~ 

~ 
• 2 

Output Voltage VoH (V) 

STANDBY CURRENT vs. 
AMBIENT TEMPERATURE 

5.5 

Ta=25"C 
Vec=5V 

10-•-----------------. 

3 
:; 
.:: 
i: .. 

(..) 

,:; 

] 

10-s 

Vcc=3V 
cs=2.8V 
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Ambient Temperature Ta ('C) 

1.3 

] 
1.2 
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HIGH INPUT VOLTAGE vs. 
SUPPLY VOLTAGE 

Ta=25'C 
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... 0.9 

.. 
:;: 

..., 
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! 
~ 1.0 

(..) 0.8 
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0.6 
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OUTPUT CURRENT vs. 
OUTPUT VOLTAGE 

) 

7 
~ 
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I-
0.2 0.4 

Output Voltage VoL (V) 

STANDBY CURRENT vs. 
SUPPLY VOLTAGE 

Supply Voltage Vee (V) 

Vec=5V 

0.6 

5.5 

0.8 
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-----------------------HM6116LP-2,HM6116LP-3,HM6116LP-4 

10 

.. 
0 4 
.... 
] 

0 
0 

STANDBY CURRENT vs. 
INPUT VOLTAGE 

~ 

" ' N J 

Input Voltage V .. (V) 

r.J;s·c 
Vcc=S.OV 
N=4.8V 
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HM6116LFP-2, HM6116LFP-3, 
HM6116LFP-4 
2048-word x 8-bit High Speed Static CMOS RAM 

•FEATURES 
• High Density Small-sized Package 
• Projection Area Reduced to One-Thirds of Conventional DIP 
• Thickness Reduced to a Half of Conventional DIP 
• Single SV Supply 
• High Speed: Fast Access Time 120ns/150ns/200ns (max.) 
• Low Power Standby and Standby: 10µW (typ.) 

Low Power Operation; Operation: 160mW (typ.) 
• Completely Static RAM: No Clock nor Timing Strobe Required 
• Directly TTL Compatible: All Input and Output 
• Equal Access and Cycle Time 
• Capability of Battery Back up Operation 

•FUNCTIONAL BLOCK DIAGRAM 

--OVcc 

Row Memory Matrix --OGND 

Decoder • 
!28X 128 

Colurm 1/0 

Column Decoder 

•ABSOLUTE MAXIMUM RATINGS 

Item Symbol Rating Unit 

Voltage on Any Pin Relative to GND Vr -o.5•to +7.0 v 

Operating Temperature Topr 0 to +70 ·c 
Storage Temperature T,., -55 to +125 ·c 
Temperature Under Bias T,,,. -10 to +85 ·c 
Power Dissipation Pr 1.0 w 
* Pulse width 50ns : - 3.5V 
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•PIN ARRANGEMENT 

(Top View) 



---------------------HM6116LFP-2,HM6116LFP-3,HM6116LFP-4 

•TRUTH TABLE 

cs OE WE Mode \lee Current 1/0 Pin Ref. Cycle 

H x x Not Selected Iss, I ss1 High Z 

L L H Read Ice Dout Read Cycle (})-(3) 

L H L Write Ice Din Write Cycle (1) 

L L L Write Ice Din Write Cycle (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 

GND 0 0 0 v 
VtH 2.2 3.5 6.0 v 

Input Voltage 
VIL -3.o· - 0.8 v 

* Pulse Width: 50ns. DC: Vn min- ·-0.3V. 

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

HM6116LFP-2 
Item Symbol 

Input Leakage Current I Iu I 

Output Leakage Currnnt I ho I 

Operating Power Supply 
Ice 

Current Icc1 •• 

Average Operating Current Icc2 

Standby Power Supply 
Iss 

Current Issi 

Output Voltage 
·r:OL 

* : Vcc~SV. Ta-25'C 
* * : Reference Only 

VoH 

Test Conditions 
min 

Vcc=5.5V, V.,=GND to Vrr -
CS= VIH or OE= VJH, -
V,, o=GND to Vee 

CS= VJL, I1 o=OmA -
VJH=3.5V •. V,L=0.6V, -
I1 o=OmA 

Min cycle, duty= 100% -
CS=V1H -
CS~Vcc-0.2V, V..~ \lee 

-
-0.2V or V .. ~0.2V 

IoL=4mA -
InL=2.lmA -
Iou=-1.0mA 2.4 

•AC CHARACTERISTICS (Vcc=5V±l0%. Ta=O to +70°C) 

e 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 CYCLE 

HM6116LFP-2 
Item Symbol 

min max 

Read Cycle Time I RC 120 -
Address Access Time 1 ... - 120 

Chip Select Access Time IACS - 120 

Chip Selection to Output in Low Z lcLZ 10 -
Output Enable to Output Valid toe - 80 

Output Enable to Output in Low Z loLZ 10 -
Chip deselection to Output in High Z ICHZ 0 40 

Chip Disable to Output in High Z loHZ 0 40 

Output Hold from Address Change loH 10 -

$HITACHI 

typ• max 

- 2 

- 2 

35 70 

30. -

35 70 

4 12 

2 50 

- 0.4 

- -
- -

HM6116LFP-3 

min max 

150 -

- 150 

- 150 

15 -

- 100 

15 -
0 50 

0 50 

15 -

HM6116LFP-3/-4 
Unit 

min typ• max 

- - 2 µA 

- - 2 µA 

- 30 60 mA 

- 25 - mA 

- 30 60 mA 

- 4 12 mA 

- 2 50 µA 

- - -
v - - 0.4 

2.4 - - v 

HM61 \6LFP-4 
Unit 

min max 

200 - ns 

- 200 ns 

- 200 ns 

15 - ns 

- 120 ns 

15 - ns 

0 60 ns 

0 60 ns 

15 - ns 
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HM6116LFP-2,HM6116LFP-3,HM6116LFP-4 ---------------------

•WRITE CYCLE 

Symbol 
HM6116LFP-2 HM6116LFP-3 

Item 

Write Cycle Time twc 

Chip Selection to End of Write tcw 

Address Valid to End of Write t.w 

Address Set Up Time t. s 

Write Pulse Width twp 

Write Recovery Time twR 

Output Disable to Output in High Z tOHZ 

Write to Output in High Z twHz 

Data to Write Time Overlap tow 

Data Hold from Write Time toH 

Output Active from End of Write tow 

•CAPACITANCE (J=lMHz, Ta=25°C) 

Item 

Input Capacitance 

Input/Output Capacitance 

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

•TIMING WAVEFORM 
e READ CYCLE (1 )rn 

Add rt .. 

Uout 

•READ CYCLE (2) <1>m<" 

Address 

Dout 

•READ CYCLE (3) rn< 3 ><•> 

Dout 

Symbol 

Gin 

Ct·O 

min max 

!20 -
70 -

105 -
20 -
70 -

5 -
0 40 

0 50 

35 -
5 -
5 -

Test Conditions 

Vin=OV 

Vio=OV 

NOTES: 1. WE is High for Read Cycle 

min 

150 

90 

120 

20 

90 

10 

0 

0 

40 

10 

10 

typ 

3 

5 

2. Device is continuously selected, CS = V1L 
3. Address Valid prior to or coincident with CS 

transition Low. 
4. OE= VIL· 
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max 

-
-
-
-
-
-
50 

60 

-
-
-

HM6116LFP-4 
Unit 

min max 

200 - ns 

120 - ns 

140 - ns 

20 - ns 

120 - ns 

10 - ns 

0 60 ns 

0 60 ns 

60 - ns 

10 - ns 

10 - ns 

max Unit 

5 pF 

7 pF 



~~~~~~~~~~~~~~~~~~-HM6116LFP-2.HM6116LFP-3.HM6116LFP-4 

•WRITE CYCLE (1) 

Md.rut 

••r(ll 

Dout 

------4<'1U-\..-f-· -'"l~x.._.._.XX Din 

•WRITE CYCLE (2) <
5

> 

Address 

Dout 

Din 

NOTES: 1. A write occurs during the overlap (twp). of a state. 
low CS and a low WE. 5. OE is continuously low. (OE = V1L) 

2. twR is measured from the earlier of CS or WE 6. 
going high to the end of write cycle. 

Dout is the same phase of write data of this 
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 impedance 

7. 0 0.111 is 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=O to +70°C) 

Item Symbol 

Vee for Data Retention VDR 

Data Retention Current lceoR 

Chip Deselect to Data Retention TJ_me teDR 

Operation Recovery Time fR 

* VIL min--0.3V, lOµA max (at Ta-0 to +40t!) 
* * he-Read Cycle Time. 

. 

•Low Vee DATA RETENTION WAVEFORM 

Test Conditions min 

CS~Vce-0.2V 
2.0 

V1N~Vcc-0.2V or VIN~0.2V 

Vce=3.0V, CS~2.8V -
ViN~2.8V or V1N~0.2V 

See Retention Waveform 
0 

••fRc 

typ 

-

-

-
-

w-------------------------------------------
$HITACHI 

max 

-

30 

-
--

Unit 

v 

µA 

ns 

ns 
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HM6116AP-12, HM6116AP-15, 
HM6116AP-20, HM6116ASP-12, 
HM6116ASP-15, HM6116ASP-20 
2048-word x 8-bit High Speed Static CMOS RAM 
• FURTURES 
• High speed: Fast Access Time 120ns/150ns/200ns (max.) 
• Low Power Standby and Standby: 100µW (typ.) 

Low Power Operation Operation: 15mW (typ.) (f = 1MHz) 
• Single SV 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 

•FUNCTIONAL BLOCK DIAGRAM 

•ABSOLUTE ,MAXIMUM RATINGS 

Item Symbol Rating Unit 

Voltage on Any Pin Relative to GND Vr -o.5• to +1.0 v 
Operating Temperature r. •. 0 to +70 ·c 
Storage Temperature T,,, -55 to +125 ·c 
Temperature Under Bias T, .. , -10 to +85 ·c 
Power Dissipation Pr 1.0 w 

• Puls~ Width 50ns : -3.5V 

•TRUTH TABLE 

cs OE WE Mode Vee Current 

H x x Not Selected fss, Issi 

L L H Read fee 

L H L Write fee 

L L L Write fee 

80 @HITACHI 

HM6116AP Series 

(DP-24) 

HM6116ASP Series 

(DP-24A) 

•PIN ARRANGEMENT 

(Top View) 

1/0 Pin Ref. Cycle 

High Z 

Dout Read Cycle 11)-131 

Din Write Cycle 11) 

Din Write Cycle 121 



---------------------HM6116AP-12,HM6116AP-15,HM6116AP-20 
HM6116ASP-12,HM6116ASP-15,HM6116ASP-20 

•RECOl\IHENDED DC OPERATING CONDITIONS ( Ta=O to +1o·c) 

Item Symbol min typ max Unit 

Vee 4.5 5.0 5. 5 v 
Supply Voltage 

GND 0 0 0 v 
v,H 2.2 3.5 6.0 v 

Input Voltage 
v,L -3.o· 0.8 v -

* Pulse Width: SOns. DC: V" min- 0.3\' 

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

HM6116AP/ 
Item Symbol Test Condition ASP-12 

min typ• max 

lnpu t Leakage 
lhrl 

Vcc=5.5V, Vin·=GND 
- - 2 

Current to Vee 

Output Leakage 
lhol 

CS=VrH or OE=VrH. - - 2 
Current V11o=GND to Vee 

Ice 
CS= VrL , Ir10 = OmA - 5 15 
Vin= VrH or VIL 

Operating Power 
VIH=Vcc. V1L =OV, Supply Current 

Icc1 CS=VIL, - 3 6 
frio=OmA,f=lMHz 

Average Operating 
Icc2 

min. cycle, - 35 60 
Current duty= 100% 

Standby Power lsB CS=VrH - 1 4 
Supply Current 

lsBl CS;;?: Vcc-0.2V - 0.02 2 

VoL IoL=4mA - - 0.4 
Output Voltage 

VoH ! 08=-l.OmA 2.4 -

* Vcc=5V, Ta=25°C 

•Ac CHARACTERISTICS ( Vcc=5V±l0%, Ta=O to +70°C l 

•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 CYCLE 
HM6116AP/ 

Item Symbol ASP-12 

min max 
Read Cycle Time tRc 120 -
Address Access Time tAA - 120 
Chip Select Access Time tAcs - 120 
Chip Selection to Output in' Low Z tcLZ 10 -
Output Enable to Output Valid toE - 55 
Output Enable to Output in Low Z toLZ 10 -
Chip Deselection to Output in High Z tcHZ 0 40 

Chip Disable to Output in High Z toHZ 0 40 

Output Hold from Address Change toH 10 -

~HITACHI 

-

HM6116AP/ HM6116AP/ 
ASP-15 ASP-20 Unit 

min typ• max min typ* max 

- - 2 - - 2 µA 

- - 2 - - 2 µA 

- 5 15 - 5 15 mA 

- 3 6 - 3 6 mA 

- 25 45 - 20 35 mA 

- 1 4 - 1 4 mA 

- 0.02 2 - 0.02 2 mA 

- - 0.4 - - 0.4 v 
2.4 - - 2.4 - - v 

HM6116AP/ HM6116AP/ 
ASP-15 ASP-20 Unit 

min max min max 

150 - 200 - ns 

- 150 - 200 ns 

- 150 - 200 ns 

10 - 10 - ns 

- 60 - 70 ns 

10 - 10 - ns 

0 50 0 60 ns 

0 50 0 60 ns 

15 - 20 - ns 
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HM6116AP-12,HM6116AP-15.HM6116AP-20--------------------
HM6116ASP-12,HM6116ASP-15,HM6116ASP-20 

• WRITE CYCLE 

Item Symbol 

Write Cycle Time twc 
Chip Selection to End of Write tcw 
Address Valid to End of Write tAw 
Address Set Up Time tAs 
Write Pulse Width twp 
Write Recovery Time twR 
Output Disable to Output in High Z toHz 
Write to Output in High Z twHz 
Data to Write Time Overlap tvw 
Data Hold from Write Time tvH 
Output Active from End of Write tow 

•CAPACITANCE (/-lMHz, Ta-25°C) 

Item Symbol 

Input Capacitance c .. 
Input/Output Capacitance Cvo 

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

•m.tNG WAVEFORM 
•READ cva.E (1)(1) 

Address 

HM6116AP/ 
ASP-12 

min max 

120 -
70 -

105 -
0 -

70 -
0 -
0 40 

0 35 

35 -

0 -
10 -

Test Conditions 

v..-ov 
V,,o-OV 

i-----~tAcs~---~~ 

HM6116AP/ HM6116AP/ 
ASP-15 ASP-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 -

typ max 

3 5 

5 7 

Dout 
t------tcLZ ,,-------......... ~~ 

fRC 

~v V-Address __)I\ _/I\ 

Dout 'biil >--tOH---1== : ~toH~ 

CS ~-tA_C_S----------{,CHZ 
~z 

Dout -------

NOTES: 1. WE' is High for Read Cycle. 
2. Device is continuously selected, CS-= V1L· 
3. Address Valid prior to or coincident with "CS"transition Low. 
4. 0£"= VIL· 
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Unit 

ns 

ns 
ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Unit 

pF 

pF 



---------------------HM6116AP-12,HM6116AP-15,HM6116AP-20 
HM6116ASP-12,HM6116ASP-15,HM6116ASP-20 

• W~ITE CYCLE(1) 

Address 

--~~-tcw-~~~ ------------..... 

twp-[l_J __ 

Dout 

Din ----&~-IDW-tDH-"'-+-lxxx~ 
e WRITE CYCLE (2) <SJ 

Address 

..-...-.....+'"'T'"-r-"""""'~~--~~-tcw~~~t";:.,~~~.:.:.,.. ...... ...:..r-.....-...-~ 

cs ~~~~~~~..:.lo...~~~~~~.Lf-L-+-'--'--'-' .................. '--

Din --------------'II:[ DW 

NOTES: 1. A write occurs during the overlap (t~) of a low-rs and a low "Wr". 
2. 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 "Wr" low 

transitions or after the W£ transition, output remain in a high im· 
pedance state. 

S. U£°is continuously low. (OE"= V1L> 
6. Dout is t'1e same phase of write data of this write cycle. 
1. D0Jl1_is 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. 
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HM6116ALP-12, HM6116ALP-15, 
HM6116ALP-20, HM6116ALSP-12, 
HM6116ALSP-15, HM6116ALSP-20 
2048-word x 8-blt High Speed Static CMOS RAM 
• FEATURES HM6'116ALP Series 
• High Speed: Fast Access Time 120ns/150ns/200ns (max.) 
• Low Power Standby and Standby: SµW (typ.) 

Low Power Operation; Operation: 10mW (typ.) (f = 1MHz) 
• Capability of Battery Back up Operation 
• Single SV Supply and High Density 24 Pin Package 
• Completely Static RAM: No clock nor Timing Strobe Required 
• Directly TTL Compatible: All Input and Output 
• Pin Out Compatible·with Standard 16K EPROM/MASK ROM <oP-24l 

• Equal Access and Cycle Time HM6116ALSP Series 

•FUNCTIONAL BLOCK DIAGRAM 

.~. 

) 
~\.'er 

Mem<•ry Matrix ~cso 

l~K X 12K 

A10 

(DP-24A) 
vo, 

~ ) 
Colurm I 0 

Cnlumn IJE.coder •PIN ARRANGEMENT 

~-1] 1/0, 
~. A, A.1 

•ABSOLUTE MAXIMUM RATINGS 

Item Symbol Rating Unit 

Volta1e on Any Pin Relative to GND Vr ·-o.s• to +7.0 v 
Operating Temperature T.,. 0 tQ +70 ·c 
Storage Temperature T ••• -SS to +12S ·c 
Temperature Under Bias T .... -10 to +SS ·c 
Power Dissipation Pr 1.0 w (Top View) 

• Pulse Width 50ns: -3.SV 

• TRUTH TABLE 

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

H x x Not Selected Isa, lsa1 Hi1h Z 

L L H Read lee Dout Read Cycle (1)-(3) 

L H L Write Ice Din Write Cycle (1) 

L L L Write lee Din Write Cycle (2) 
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--------------------1HM6116ALP-12,HM6116ALP-15,HM6116ALP-20 
HM6116ALSP-12,HM6116ALSP-15,HM6116ALSP-20 

•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 v 
V1H 2.2 3.5 6.0 v 

Input Voltage 
VIL -3.0" - 0.8 v 

* Pulse Width: SOn1, DC: V,. min - -0.3V 

• DC AND OPERATING CHARACTERISTICS <Vee= 5V ± 10%, GND = OV, T0 = 0 to +70°C) 

HM6116ALP/ 
Item Symbol Test Condition ALSP-12 

min typ* max 

Input Leakage 
lh1I 

Vcc=5.5V, V1n=GND - - 2 
Current to Vee 

Output Leakage 
lhol 

CS=VIH or OE=VJH, 
- - 2 

Current V11o=GND to Vee 

Ice 
CS=VJL, /i1o=OmA - 4 12 
Vin=V1H or V1L 

Operating Power 
VJH=Vcc. V1L=OV Supply Current 

Icc1 CS=VJL, - 2 5 
/i1o=OmA, f=lMHz 

Average Operating 
Icc2 

min. cycle, 
- 30 50 Current duty= 100% 

Standby Power lsB CS=VIH - 0.5 3 
Supply Current 

lsBl cs~ Vee -o.2v - 1 50 

VoL IoL=4mA - - 0.4 
Output Voltage 

VoH IoH=-1.0mA 2.4 - -
* Vcc=5V, T0 =25°C 

• AC CHARACTERISTICS (Vcc=SV ±10%, Ta-0 to +70"C) 

•AC TEST CONDITIONS 
Input Pulse Levels: 0.8 to 2.4V 
Input Rise and Fall Times: 10 ns 
Input and Output Timing Reference Levels: 1.5V 
Output Load: 1TTL Gate and CL • 100pF (including scope and jig) 

• READ CYCLE 
HM6116ALP/ 

Item Symbol ALSP-12 

min max 
Read Ctcle Time tRc 120 -
Address Access Time tAA - 120 

Chip Select Access Time tAcs - 120 
Chip Selection to Output in Low Z tcLZ 10 -
Output Enable to Output Valid toE - 55 

Output Enable to Output in Low Z toLZ 10 -
Chip Deselection to Output in High Z icHz 0 40 
Chip Disable to Output in High Z toHZ 0 40 
Output Hold from Address Change toH 10 -

eHITACHI 

HM6116ALP/ HM6116ALP/ 
ALSP-15 ALSP-20 Unit 

min typ* max min typ* max 

- - 2 - - 2 µ.A 

- - 2 - - 2 µ.A 

- 4 12 - 4 12 mA 

- 2 5 - 2 5 mA 

- 20 40 - 15 30 mA 

- 0.5 3 - 0.5 3 mA 

-· 1 50 - ·1 50 µ.A 

- - 0.4 - - 0.4 v 

2.4 - - 2.4 - - v 

HM6116ALP/ HM6116ALP/ 
ALSP-15 ALSP-20 Unit 

min max min max 
150 - 200. - ns 

- 150 - 200 ns 

- 150 - 200 ns 
10 - 10 - ns 

- 60 - 70 ns 

10 - 10 - ns 

0 50 0 60 ns 

0 50 0 60 ns 

15 - 20 - ns 

85 



HM6116ALP-12,HM6116ALP-15,HM6116ALP-20------------------
HM6116ALSP-12,HM6116ALSP•15,HM6116ALSP-20 

• WRITE CYCLE 

Item Symbol 

Write Cycle Time twc 
Chip Selection to End of Write tcw 
Address Valid to End of Write tAw 
Address Set Up Time tAs 
Write Pulse Width twp 
Write Recovery Time twR 
Output Disable to Output in High Z toHz 
Write to Output in High Z twoH 
Data to Write Time Overlap tnw 
Data Hold from Write Time tnH 
Output Active from End of Write tow 

•CAPACITANCE (/-lMHz, Ta==25°C) 

Item Symbol 

Input Capacitance c .. 
Input/Output Capacitance C1,o 

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

•TIMING WAVEFORM 

•Read Cycle (1) 

(1] 

Address 

HM6116ALP/ 
ALSP-12 

min max 

120 -
70 -

105 -
0 -

70 -
0 -
0 40 

0 35 
35 -
0 -

10 -

Test Conditions 

v .• -ov 
V1 o-OV 

--~~~-tAcs~~-----

HM6116ALP/ 
ALSP-15 

min max 

150 -
90 -

120 -
0 -

80 -
0 -
0 50 
0 40 

40 -
0 -

10 -

typ 

3 

s 

.,__~~ tcLz ,.-----.----........ ni~~' 
Dout ~------------------~~ 

•Read Cycle (2) 
(1), (2), (4) 

•Read Cycle (3) 

(1), (3), [4] 

NOTES: 1. ft is High for Read Cycle. 
2. Device is continuously selected, CS = VIL· 
3. Address Valid prior to or coincident with CS transition Low. 
4. OE= VIL. 
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HM6116ALP/ 
ALSP-20 Unit 

min max 

200 - ns 

120 - ns 

140 - ns 

0 - ns 

100 - ns 

0 - ns 

0 60 ns 

0 50 ns 

50 - ns 

0 - ns 

10 - ns 

max L?nit 

s pF 

7 pF 



--------------------HM6116ALP-12,HM6116ALP-15,HM6116ALP-20 
HM6116ALSP-12,HM6116ALSP-15,HM6116ALSP-20 

•Write Cycle (1) 

•Write Cycle (2) 

(5) 
Address 

cs 

WE 

NOTES: 1. A write occurs during the overlap Uwp) 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 so that the input signals of opposite 
phase to the qutputs must not be applied. 

4. If the CS low transition occurs simultaneously 
with the WE low transitions or after the WE 

transition, 9utput remain in a high impedance 
state. 

5. OE is continuously low. (OE = Vn> 
6. Dout is the 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. Th.en the. data input 
signals of opposite phase to the outputs must 
not be applied to them. 

•tow Vee DATA RETENTION CHARACTERISTICS (Ta=O to +1o·c) 
Item Symbol Test Conditions min typ max 

Vee for Data Retention Vo• cs;;;: Vee -0.2V 2.0 - -

Data Retention Current leeo•• Vcc-3.0V, CSOi:2.8V - - 30 

Chip Deselect to Data Retention Time lco• 0 - -

Operation Recovery Time 
See Retention Waveform ,. I •c•• - -

* IOµAmaxat Ta-O'tto+40't, V11.min--O.JV 
• • ,., -Read Cycle Time. 

•Low Vee Data Retention Wayeform 
Data Retention Mode Vee--------

Vo• 

~;i: v •• -o.2v 

~----

n-------------------------------------------

@HITACHI 

Unit 

v 
pA 

ns 

ns 
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HM6117P-3, HM6117P-4 

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

•FEATURES 
• Single 5V Supply and High Density 24 pin Package. 

• High Speed: Fast Access Time 150ns/200ns (max.) 
• Low Power Standby and Standby: 100µW (typ.) 

Low Power Operation: Operation: 200mW (typ.) 
• Completely Static RAM: No clock nor Timing Strobe Required 
• Directly TTL Compatible: All Input and Output 

• Equal Access and Cycle Time 

•FUNCTIONAL BLOCK DIAGRAM 

CE:2 

CEl 0----iH :»--i 
W'E----~~i-----....J 

Row 

Decoder 

•ABSOLUTE MAXIMUM RATINGS 

Item Symbol 

Voltage on Any Pin Relative to GND Vr 

Power Dissipation Pr 

Operating Temperature T.,, 

Storage Temperature T.,, 

Temperature Under Bias Tb,., 

* Pulse width SOns: -3.SV 

•TRUTH TABLE 

CE1 CE2 WE Mode 

H x x Not Selected 

x H x Not Selected 

L L H Read 

L L L Write 

88 

----0 Vee 

Memory Matrix ----o GND 

128X 128 

Rating Unit 

•-0.5 to +7.0 v 
1.0 w 

0 to +70 ·c 
-55 to +125 ·c 
-10 to +85 ·c 

Vee Current 1/0 Pin 

IccL1 High z 
IccLz High Z 

Ice Dout 

Ice Din 

@HITACHI 

(DP-24) 

•PIN ARRANGEMENT 

(Top View) 



----------------------------- HM6117P-3,HM6117P-4 

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

Item Symbol min typ max Unit 

Vee 4.5 5.0 5.5 v 
Supply Voltage 

GND 0 0 0 v 
Input High (logic 1) Voltage VJ/I 2.2 3.5 6.0 v 
Input Low (logic Ol Voltage V11. -3.0* - 0.8 v 
* Pulse width: SOns. DC: VIL ... - -0.3V 

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

Item Symbol 

Input Leakage Current I Iu I 

Output Leakage Current I ho I 

Operating Power Supply 
lee 

Current: DC 

Average Operating Current lcc1 

Standby Power Supply 
Ice LI• 

Current i 1) : DC 

Standby Power Supply 
lccl.2• 

Current 121: DC 

Output low Voltage Vol 

Output High Voltage Vo11 

l'iotes: IJ Typical limits are at Vcc-5.0V. Ta-+25'C 
2J *: Vn ... --0.3V 

Test Conditions 

V,,=GND to Vee 

CE,= V1H or CE2 = VIH 

V1 n=GND to Vee 

CE, =CE,= V11 .• h o=OmA 

Min cycle, duty=100% 

CE,=V11., CE,~V1L 

CE,:;;;; Vcc-0.2V, 

ViN:;;;;Vcc-0.2V or Vn;:£;0.2V 

CE,;? Vcc-0.2V 

loL=2. lmA 

loH=-1.0mA 

•CAPACITANCE (Ta=25°C, f=l.OMHz) 

Item Symbol Test Conditions 

Input Capacitance C1N V1N=OV 

Input/Output Capacitance C1-v V, o=OV 

:\otel This parameter is sampled and not 100% tested. 

min typ max 

- - 10 

- - 10 

- 40 80 

- 40 80 

- 0.02 2 

- 0.02 2 

- - 0.4 

2.4 - -

typ max 

3 5 

5 .7 

•AC CHARACTERISTICS (Ta=0°C to +1o·c, Vcc=5V±l0% unless otherwise noted) 

•AC TEST CONDITIONS 

Input Pulse Levels: 0.8 to 2.4V 
Input Rise and Fall Times: 10 ns 
Input and Output Timfng Reference Levels: l.SV 
Output Load: 1 TIL Gate and CL =lOOpF (including scope and jig) 

•READ CYCLE 

HM6117P-3 HM6117P-4 
Item Symbol 

min max min max 

Read Cycle Time f Rc 150 - 200 -

Address Access Time fAA - 150 - 200 

Chip Enable ( CE1 ) to Output tcv1 - 150 - 200 

Chip Enable ( CE2) to Output fco2 - 150 - 200 

Chip Enable (CE,) to Output in Low Z f LZI 10 - 10 -
Chip Enable (CE,) to Output in Low Z lLZ2 10 - 10 -
Chip Disable ( CE1) to Output in High Z fHZI 0 70 0 80 

Chip Disable ( CE2) to Output in High Z lHZ2 0 70 0 80 

Output Hold from Address Change foH 15 - 15 -

eHITACHI 

Unit 

µA 

µA 

mA 

mA 

mA 

mA 

v 
v 

Unit 

pF 

pF 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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HM6117P-3,HM6117P-4 ~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

•TIMING WAVEFORM OF READ CYCLE (Notes 1) 

lac 

Address 

CE1 

ICOZ 

ILZZ 

Dout 
Data Valid 

NOTES: 1. WE is High for Read Cycle. 

e WRITE CYCLE 

Item 

Write Cycle Time 

Chip Enable (CE1 ) to End of Write 

Chip Enable (CE2) to End of Write 

Address Set Up Time 

Address Valid to End of Write 

Write Pulse Width 

Write Recovery Time 

Write to Output in High Z 

Data to Write Time Overlap 

Dat' Hold from Write Time 

Output Active from End of Write 

•TIMING WAVEFORM OF WRITE CYCLE 

Addreu 

Dout 

Din 

NOTES: 1 A write occurs during the 
overlap Qwp) of low CE

1
, 

~2 and WE. 
2. t A.S is measured from the 

address changes to the bigin
ning of the write. 

3. tWR is measured from the 
earlier of CE1 , ~E, or WE 
going high to the end of 
write cycle. 

Symbol 
HM6117P-3 

min max 

twc 150 -
tcw1 100 -

tcwz 110 -
IAS 20 -

tAw 130 -
twp 100 -
twR 15 -
twHz 0 60 

tow 50 -
toH 20 -
tow IO -

, .. , 

(S) 
tcw2 

lwr(l) 

tow tDH 

Data In Valid 

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

s. If the cr, or cr2 low transi
tion occurs simultaneously 
with the WE low transitions or 
'after the WE transitions, out
put remain in a high im
pedance state. 

90 eHITACHI 

HM6117P-4 
Unit 

min max 

200 - ns 

120 - ns 

130 - ns 

20 - ns 

150 - ns 

120 - ns 

15 - ns 

0 70 ns 

60 - ns 

20 - ns 

IO - ns 

6. Dout is the same phase of 
write data of this write 
cycle. 

7. Dout is the read .data of next 
address. 

8. If CE1 and CE2' are low 
during this period, 1/0 pins 
are in the output state. Then 
the data input signals of op
posite phase to the outputs 
must not be applied to them. 



---------------------------HM6117P-3,HM6117P-4 

SUPPLY CURRENT 
vs. SUPPLY VOLTAGE 

1.6 

Ta=25"C 

] 1.4 

~ L 3 1.2 

~ 
~ .., 

~ 
.; 1.0 ~ 

u 0.8 ~ 
V7 

....... 

J 0.6 

0.4 
4.5 4.75 5.0 

Supply Voltage Vee (V) 

ACCESS TIME 
vs. SUPPLY VOLTAGE 
1.3 

.., 1.2 

~ 1.1 
~ 

t--... 
~ 
~ 

5.25 5.5 

Ta=25"C 

i 1.0 

~ 
E= 0.9 

~ 
~ 

0.8 

0.7 
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Supply Voltage Vee (Vl 

ACCESS TIME 
vs. LOAD CAPACITANCE 

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

O~l-----+----+-----t---""1 

0.6L----.L.---...L---.-1---..J 
100 200 300 400 500 

Load Capacitance Ci (pF) 

eHITACHI 

SUPPL Y CURRENT 
vs. AMBIENT TEMPERATURE 

1.6 

Vcc=5.0V 

.., 1.4 

~ 1.2 
~ 

~ 
.; 1.0 

..!; 

o~ 

~ 0.6 

0.4 

r---.... ---r---t--

0 20 40 60 

Ambient Temperature Ta ("C) 

ACCESS TIME 
vs. AMBIENT TEMPERATURE 

80 

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

Vcc=5.0V 

.., 1.21-----+-----+-----t---~ 

~ y 
~ 1.11----4--~--+v--7"'-+-----I 

1.0 t----+'-:::;tl"'"'---t----;---""1 

~ 
0.91-----+-----+-----t---""1 

o~.,__ __ __... ___ -+----+---~ 

0·1 ._0 ___ 2..._0 ___ .... 40 ___ .... 60 ___ ..... 80 

Ambient Temperature Ta ("C) 

SUPPLY CURRENT 
vs. FREQUENCY 

1.3 
200ns 150ns 

1.2 

1.1 

I---~ -1.0 

-
0.9 

o~ 

0.7 
0 

Frequency J (MHz) 

120ns 

10 
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INPUT LOW VOLTAGE 
vs. SUPPLY VOLTAGE 

1.3 

1.2 

Ta=25'C 

l-------1.0 

~ 
~ 

~ l----
1 0.9 

lr 

j 0.8 

0.7 
4.5 4.75 5.0 5.25 

Supply Voltage Vee (V) 

OUTPUT HIGH CURRENT 
vs. OUTPUT HIGH VOLTAGE 

1.6 

1.4 

1.2 

1.0 

a o.8 

0.6 

0.4 
I 

\ 

Ta=25'C 
Vee=5V 

~ 

\ 
~ 
~ 

Output Voltage VoH (V) 

5.5 

] 

INPUT HIGH VOLTAGE 
vs. SUPPLY VOLTAGE 
l.3r-----r-----.---....-----. 

Ta=25"C 
l.21------'-+-----+----1----1 

~ l.ll-----+-----+----1----1 

~ 
,;;: .. .. 
~ 

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

.. 
:c 0.81-----+-----+----1----1 

0·~~.5 __ _..,..4.7.,.,,5--~5.o,,.-----5 ..... 2.,...5 ---'5.5 

Supply Voltage Vee (V) 

OUTPUT LOW CURRENT 
vs. OUTPUT LOW VOLTAGE 

J.6 

1.4 
..,, 

~ J.2 

:i: 

~ 1.0 

Q 0.8 
... 
~ 

0.6 

0.4 
0 

_j_ 

L v 
7 Ta=25"C 

Vee=5V 

7 
17 

0.2 0.4 0.6 

Output Voltage Voi (V) 

0.8 
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HM6117FP-3, HM6117FP-4 

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

•FEATURES 
• High Density Small Sized Package 
• Projection Area Reduced to One-Thirds of Conventional DIP 
• Thickness Reduced to a Half of Conventional DIP 

• Single 5V Supply and High Density 24 pin Package. 
• High Speed: Fast Access Time 150ns/200ns (max.) 
• Low Power Standby and Standby: 100µW (typ.) 

Low Power Operation: Operation: 200mW (typ.) 
• Completely Static RAM: No clock nor Timing Strobe Required 
• Directly TTL Compatible: All Input and Output 
• Equal Access and Cycle Time 

•FUNCTIONAL BLOCK DIAGRAM 

At 
At 
At 
A, 
As 
As 

Row 

Decoder • 

A7 o---t-t:c=::i 

cb---H"»--1 
WE:o----f~~---<i>«...J 

•ABSOLUTE MAXIMUM RATINGS 

Item Symbol 

Voltage on Any Pin Relative to GND Vr 

Power Dissipation Pr 

Operating Temperature T,,, 

Storage Temperature T .. , 

Temperature Under Bias r ..... 
• Pulse width 50ns: -3.SV 

•TRUTH TABLE 

CE, T CEz WE Mode 

H x x Not Selected 

x H x Not Selected 

L L H Read 

L L L Write 

Memory Matrix 

128Xl28 

Rating 

•-0.5 to +7 .0 

1.0 

0 to +70 

-55 to +125 

-10 to +85 

Vee Current 

IccL• 

IccL2 

Ice 

Ice 

---0 Vee 

---0 GND 

Unit 

v 
w 
·c 
·c 
·c 

1/0 Pin 

High Z 

High Z 

Dout 

Din 

@HITACHI 

(FP-24) 

•PIN ARRANGEMENT 

(Top View) 
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HM6117FP-3,HM6117FP-4 ----------------------------

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

Item Symbol min typ max Unit 

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

Input High (logic 1) Voltage V1H 2.2 3.5 6.0 v 
Input low (logic 0) Voltage V1L -3.0* - 0.8 v 

* Pulse width: SOns, DC: V;L ... --0.3V 

•oc AND OPERATING CHARACTERJSTICS (Ta=O"C to +70"C, Vcc=5V±IO%, GND=OV) 

Item Symbol 

Input Leakage Current I I LI I 

Output Leakage Current I ho I 

Operating Power Supply 
Ice 

Current: DC 

Average Operating Current Icc1 

Standby Power Supply 
lccu• 

Current ( 1) : De 
Standby Power Supply 

lccu• 
Current 121 : DC 

Output low Voltage VoL 

Output High Voltage VoH 

Notes: I) Typical limits are at Vcc-5.0\', Ta- +25'C 
2) •·: VtL•,.--0.3\' 

Test Conditions 

V •• -GND to Vee 

CE,= V1H or CE2 = V1H 

V1 o=GND to Vee 

CE, =CE2= V1L, 11 o=OmA 

Min cycle, duty=l00% 

CE, -V1L. CE2=V1L 

CE,~ Vcc-0.2V, 

Vi.,~ Vcc-0.2V or Vi.v~0.2V 

CE2~ Vcc-0.2V 

loL=2.lmA 

loH= -1.0mA 

•CAPACITANCE ( Ta=25°C, f =l.OMHz) 

Item Symbol Test Conditions 

Input Capacitance C1., V1s=OV 

Input/Output Capacitance C1 o V1 o=OV 

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

min typ max 

- - 10 

- - 10 

- 40 80 

- 40 80 

- 0.02 2 

- 0.02 2 

- - 0.4 

2.4 - -

typ max 

3 5 

5 7 

•AC CHARACTERISTICS (Ta=O"C to +70"C, Vcc=5V±I0% unless otherwise noted) 

•AC TEST CONDITIONS 
Input Pulse Levels: 0.8 to 2.4V 
Input Rise and Fall Times: 10 ns 
Input and Output Timing Reference Levels: l.SV 
Output Load: 1 TTL Gate and CL = 1 OOpF (including scope and jig) 

•READ CYCLE 

Symbol 
HM6117P-3 HM6117P-4 

Item 
min max min max 

Read Cycle Time I Re 150 - 200 -

Address Access Time IAA -· 150 - 200 

Chip Enable ( CE1 ) to Output lco1 - 150 - 200 

Chip Enable ( CE2) to Output lco2 - 150 - 200 

Chip Enable ( CE1 ) to Output in Low Z I LZI 10 - 10 -
Chip Enable ( CE2) to Output in Low Z ILZ2 10 - 10 -
Chip Disable (CE1) to Output in High Z IHZI 0 70 0 80 

Chip Disable ( CE2) to Output in High Z IHZ2 0 70 0 80 

Output Hold from Address Change loH 15 - 15 -

94 $HITACHI 

Unit 

µA 

µA 

mA 

mA 

mA 

mA 

v 
v 

Unit 

pF 

pF 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 



--------------------------- HM6117FP-3,HM6117FP-4 

•TIMING WAVEFORM OF READ CYCLE (Notes 1) 

IRC 

Address 

tcoi 

ILZI 

Dout 
Data Valid 

NOTES: 1. WE is High for Read Cycle. 

•WRITE CYCLE 

Item Symbol 
H:;,6117P-3 

min max 

Write Cycle Time twc 150 -
Chip Enable (CE,) to End of Write tcw1 100 -

Chip Enable (CEi) to End of Write tcW2 110 -
Address Set Up Time tA S 20 -

Address Valid to End of Write 4Aw 130 -

Write Pulse Width twp 100 -
Write Recovery Time twR 15 -

Write to Output in High Z twHz 0 60 

Data to Write Time Overlap tow 50 -

Data Hold from Write Time toH 20 -
Output Active from End of Write tow 10 -

•TIMING WAVEFORM OF WRITE CYCLE 

Address 

Dout 

Din 

NOTES: 1. A write occurs during the 
~lap _Q_w>) of low CE,, 
CE2 and WE. 

2. t AS is measured from the add
ress changes to the biginning 
of the write. 

3. twR is measured from the 
earlier of CE 1 , CE2 or WE 
going high to the end of 
write cycle. 

Data In Valid 

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

5. If the CE 1 or CE2 low transi
tion occurs simultaneously 
with the WE low transitions or 
after the WE transitions, out
put remain in a high im-

@HITACHI 

HM6117P-4 
Unit 

min max 

200 - ns 

120 - ns 

130 - ns 

20 - ns 

150 - ns 

120 - ns 

15 - ns 

0 70 ns 

60 - ns 

20 - ns 

10 - ns 

pedance state. 
6. Dout is the same phase of 

write data of this write 
cycle. 

7. Dout is the read .data of next 
address. 

8. If CE, and CE2 are low 
during this period, 1/0 pins 
are in the output state. Then 
the data input signals of op
posite phase to the outputs 
must not be applied to them. 
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HM6117FP-3,HM6117FP-4 --------------------------

96 

SUPPLY CURRENT 
vs. SUPPLY VOLTAGE 
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INPUT LOW VOLTAGE 
vs. SUPPLY VOLTAGE 
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]• 

INPUT HIGH VOLTAGE 
vs. SUPPLY VOLTAGE 
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HM6117LP-3, HM6117LP-4 

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

•FEATURES 
• Single 5V Supply and High Density 24 Pin Package. 
• High Speed: Fast Access Time 150ns/200ns max. 
• Low Power Standby and Low Power Operation; 

Standby: 10µW (typ,) Two Chip Enable Input for Battery Back up 
Operation: 180mW(typ.) 

• Completely Static RAM: No clock nor Timing Strobe Required 
• Directly TTL Compatible: All Input and Output 
• Equal Access and Cycle Time 
• Capability of Battery Back up Operation 

•FUNCTIONAL BLOCK DIAGRAM 

A1 
AJ 
A> 

1 ~ Ac 
AJ 
A. 
A7 

CE:2 

CE:1 o---+-t~~ 
W'E--~~~,,____...._J 

Row Memory Matrix 

Decoder 128X 128 

•ABSOLUTE MAXIMUM RATINGS 

Item Symbol Rating 

Voltage on Any Pin Relative to GND Yr •-0.5 to +7 .0 

Operating Temperature T.,. 0 to +70 

Storage Temperature T.,, -55 to +125 

Temperature Under Bias T,, .. -10 to +85 

Power Dissipation Pr 1.0 

• Pul1e width 50n1: -3.SV 

•TRUTH TABLE 

CE. CEz WE Mode 

H x x Not Selected 

x H x Not Selected 

L L H Read 

L L L Write 

---0 Vee 

---OGND 

Unit 

v 
·c 
·c 
·c 
w 

Vee Current 

Ice Li 

lccu 

Ice 

Ice 
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(DP-24) 

•PIN ARRANGEMENT 

(Top View) 

1/0 Pin 

High Z 

High Z 

Dout 

Din 



---------------------------HM6117LP-3,HM6117LP-4 

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

Item Symbol min typ max Unit 

Vee 4.5 5.0 5.5 v 
Supply Voltage 

GND 0 0 0 v 
Input High (logic 1) Voltage VIH 2.2 3.5 6.0 v 
Input low (logic 0) Voltage VIL -3.0* - 0.8 v 
* Pulse Width: 50n1, DC: V1L ... --0.3V. 

•DC AND OPERATING CHARACTERISTICS (Ta-0°C to +70°C, Vee-5V±10%, GND-OV) 

Item Symbol 

Input Leakage Current · I 1Lt I 

Output Leakage Current I ho I 

Operating Power Supply 
Ice 

Current: DC 

Average Operating Current lcc1 

Standby Power Supply 
fcCLI * 

Current (1): DC 

Standby Power Supply 
lccu• 

Current (2) : DC 

Output low Voltage VoL 

Output High Voltage VoH 

Notes: l) Typical limits are at Vcc-5.0V, Ta-+2S'C 
2) •:V/L ... --0.3V 

Test Conditions 

V1N-GND to Vee 

CE1 -V1H or CEz - V1H 

V1/o-GND to Vee 

CE1 -CE1-V1L, /1/0-0mA 

Min cycle, duty-100% 

CE1-V1L, CE'z-VIL 

CJ;:.;;;Vcc-0.2V 

VIN;;;Vcc-0.2V or VIN:a;0.2V 

CEz;;;:;Vcc-0.2V 

foL-2.lmA 

foH--1.0mA 

•CAPACITANCE ( Ta-25°C, f =1.0MHz) 

Item Symbol T~st Conditions 

Input Capacitance C1N V1N-OV 

Input/Output Capacitance C1/o V1/o-OV 

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

min typ max 

- - 2 

- - 2 

- 35 70 

- 35 70 

- 2 50 

- 2 50 

- - 0.4 

2.4 - -

typ max 

3 5 

5 7 

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

Input Pulse Levels •.....•............... O.SV to 2.4V 
Input Rise and Fall Times .... • ............ 10ns 
Input and Output Timing Reference Levels ..• 1.5V 
Output Load .......................... 1 TTL Gate and CL= 100pF (Including Scope & Jig) 

•READ CYCLE 

HM6117LP-3 HM6117LP-4 
Item Symbol 

min max min max 

Read Cycle Time he 150 - 200 -
Address Access Time fAA - 150 - 200 

Chip Enable ( CE1) to Output tco1 - 150 - 200 

Chip Enable ( CEz) to Output tcoz - 150 - 200 

Chip Enable (CE'1) to Output in Low Z hz1 10 - 10 -
Chip Enable ( CEz) to Output in Low Z hzz 10 - 10 -
Chip Disable ( CE1) to Output in High Z fHZI 0 70 0 80 

Chip Disable (CEz) to Output in High Z fNZZ 0 70 0 80 

Output Hold from Address Change ,:ii 15 - 15 -

$HITACHI 

Unit 

µA 

µA 

mA 

mA 

µA 

µA 

v 
v 

Unit 

pF 

pF 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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•TIMING WAVEFORM OF READ CYCLE (Notes 1) 
IRC 

Address 

C'E1 

IC02 

ILZ2 

Dout 
Data Valid 

NOTES: 1. WE is High for Read Cycle. 

e WRITE CYCLE 

Item Symbol 
HM6117LP-3 

min max 

Write Cycle Time twc 150 -
Chip Enable (CE1 ) to End of Write tcw1 100 -
Chip Enable (CEz) to End of Write tcw2 110 -
Address Set Up Time t•s 20 -
Address Valid to End of Write lAW 130 -
Write Pulse Width twp 100 -
Write Recovery Time twR 15 -
Write to Output in High Z twHz • 0 60 

Data to Write Time Overlap low 50 -
Data Hold from Write Time loH 20 -
Output Active from End of Write tow 10 -

•TIMING WAVEFORM OF WRITE CYCLE 

Addreas 

Dout 

Din 

NOTES: 1 A write occurs during the 
overlap {!wp) of low ~1 , 
C!, and Wit 

100 

2. t A$ is measured from the 
address changes to the bigin
ning of the write. 

3. tWR is measured from the 
earlier of CE1 , ~2 or WE 
going high to the end of 
write cycle. 

ll'C 

lwr(I) 

low IDH 

Data Jn Valid 

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

s. If the a 1 or CE, low transi· 
tion occurs simultaneously 
with the ft low transitions or 
after the WE transitions, out· 
put remain in a high im· 
pedance state. 

$HITACHI 

HM6117LP-4 
Unit 

min max 

200 - ns 

120 - ns 

130 - ns 

20 - ns 

150 - ns 

120 - ns 

15 - ns 

0 70 ns 

60 - ns 

20 - ns 

10 - ns 

6. Dout is the same phase of 
write data of this write 
cycle. 

7. Dout is the read .data of next 
address. 

8. If ~ and C~2 are low 
during thiS period, I/O pins 
are in the output state. Then 
the data input signals of op
posite phase to the outputs 
must not be applied to them. 



---------------------------HM6117LP-3,HM6117LP-4 

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

Item 

Vee for Data Retention 

Vee for Data Retention 

Data Retention Current 

Data Retention Current 

Chip Deselect to Data Retention Time 

Operation Recovery Time 

* IOµA max at Ta-O'C to +40'C. Vn min- -0.3V 
** l"·-Read Cycle Time 

Symbol 

VDRI 

VDRZ 

Ice DR 1 

lccDRZ 

fCDR 

f R 

•LOW Vee DATA RETENTION WAVEFORM 

.Vee--------... 

4.5V- - - -----

Th----.J 

Test Conditions 

CE,;;:; Vec-0.2V, 

V,N;;;; Vcc-0.2V or Vrt1::i0.2V 

CE2;;:; Vee-0.2V 

Vce=3.0V, CE,;;:;2.sv. 

V,t1;;:;2.8V or Vit1::i0.2V 

Vcc=3.0V, CE2;;:; Vec·-o. 2V 

See Retention Waveform 

Data Retention Mode 

min typ max 

2.0 - -

2.0 - -

- - 30• 

- - 30• 

0 - -

f Rc*• - -

ov - - - - - -- - - - -- - - - - - - - -- - - - - - - - - - - - - - -- - - - - -· 

NOTE: 1. ~ controls Address buffer, WE buffer, CE 1 buffer and DIN 
buffer~ CE2 controls data retention mode, VIN level (address, 
(WE, CE 1 , D110> can be in the high impedance state. If CE 1 
controls data retention mode, V1N level (address, WE, DE 2 , 

D110> must be VIN~ Vcc-0.2V or V1N ~ 0.2V. 

SUPPLY CURRENT SUPPLY CURRENT 
vs. SUPPLY VOLTAGE vs. AMBIENT TEMPERATURE 
1.6 1.6 ..---....... ----.----.....-----. 

Ta=25°C Vcc=5.0V 

1.4 ..., 1.41-----+----+----+-----t 

L ~ 

~ 
~ 

~ 121------+----+----+-----t 

~ 
v----

..... 

1.0 

o~ 

0.6 

0.4 
4.5 4.75 5.0 525 

Supply Voltage Vee (V) 

5.5 

..; 1.01----J 
.O; f---+-_ 

0~1-----+----+----+-----t 
u 

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

0.4L.-__ __,_ ___ _._ ___ ....__ __ ___, 
0 20 40 60 80 

Ambien1 Temparature Ta (°CJ 

CZ) HITACHI 

Unit 

v 

v 

µA 

µA 

ns 

ns 
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] 
I 
~ 
... 

I! 
i= 

.. 
~ 

I! 
j.: ... .. 
~ 

;, 

1.3 

1.2 

1.1 

1.0 

0.9 

0.8 

0.7 

1.8 

1.6 

ACCESS TIME vs. 
SUPPLY VOLTAGE 

..... 
~ 
~ 

To=25"C 

~ 
~ 

4.5 4.75 5.0 

Supply Voltage Vee (V) 

ACCESS TIME vs. 
LOAD CAPACITANCE 

5.25 5.S 

/ v 
_.L_ 

v 
L 

~ 
To=25"C 
Vcc=MIN 

1.2 

1.0 

0.8 

0. 6 

1.3 

1.2 

100 200 300 400 

Load Capacitance CL (pF) 

INPUT LOW VOLTAGE vs. 
SUPPLY VOLTAGE 

To=25°C 

500 

i------~ i---
0.9 

j 0:8 

0.7 
4.5 4.75 5.0 5.25 

Supply Voltage Vee {V) 

5.5 

@HITACHI 

..,, 

1.3 

1.2 

I.I 

1.0 

0.9 

0.8 

0.7 

ACCESS TIME vs. 
AMBIENT TEMPERATURE 

Vcc=S.OV 

y 
v 
~ 

~ 

0 20 40 60 

Ambient Temperaturt> Ta !•C) 

SUPPLY CURRENT vs. 
FREQUENCY 

80 

1.3 ...----..--....... ---.--.--..,..,..----. 
200ns ISOns 120ns 

1.2~---+---+---+---T----t 

1 1.11----+---+----+---+----I 
~ 

~ 1.o~--4---+---.._--,i...---1 

~ :.} 0.9~r-::::::~~--- ---4---+----I 

j 
~ 

.. 

0.8~---4---+----+---+----I 

0.1.,,___~---'---~--~---:'10· 

I. 3 

1.2 

I 

1.0 

0.9 

Frequency f t MHz) 

INPUT HIGH VOLTAGE vs. 
SUPPLY VOLTAGE 

To=25"C 

i---------~ ~ 

:;: 0.8 

0.7 
4.5 4.75 5.0 

Supply Voltage Vee (V) 

5.25 5.5 



---------------------------HM6117LP-3,HM6117LP-4 

OUTPUT HIGH CURRENT 

vs. OUTPUT HIGH VOLTAGE 
1.6 

] 
i 1.2 

~ 
~ 1.0 

" .. 
c3 0.8 

:. 
~ 

0.6 

0.4 
I 

\ 
I\. 

\ 
~ 
~ 

~ 

Output Voltage VoH (V) 

STAND-BY CURRENT vs. 
AMBIENT TEMPERATURE 

Ta=25"C 
Vcc=SV 

10-•-------....-----.------. 
Vcc=3V 
C£r=2.8V 

10-1 .__ __ __._ _ __,..--...._ __ __,,,. __ _...,.. 

0 20 40 60 80 

Ambient Temperature Ta !"C) 

STAND-BY CURRENT vs. 

INPUT VOLTAGE 

10 

0 
0 

I) ~ 
Input Voltage V1N (V) 

Ta=25"C 
Vcc=SV 
~1=4.SV 

OUTPUT LOW CURRENT 

vs. OUTPUT LOW VOLTAGE 
1.6 

) 

] 7 
[7 

i 1.2 

~ 
~ 1.0 

L " .. 
a o.a 

L "' ~ 

] 
~ 
! 
~ 
" .. 
u 
~ 

] 

0.6 

0.4 
0 

v 
0.2 0.4 

Output Voltage Voi (V) 

STAND-BY CURRENT vs. 
SUPPLY VOLTAGE 

1.4 

1.2 

1.0 

0.8 

0.6 

0.4 

Supply Voltage Vee (VJ 

STAND- BY CURRENT vs. 
INPUT VOLTAGE 

0.6 

Ta=25"C 
'Vcc•SV 

0.8 

10,.-----.----r---.----r-----. 

Ta=25"C 

] ~~=!~v a st-~-+~~-+~~-+-~~+-~~ 
~ 

-. 
u 

Input Voltage V .. (V) 
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HM6117LFP-3, HM6117LFP-4--

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

•FEATURES 
• High Density Small-sized Packaged 
• Projection Area Reduced to One-Thirds of Conventional DIP 
• Thickness Reduced to a Half of Conventional DIP 
• Single 5V Supply 
• High Speed: Fast Access Time 150ns/200ns max. 
• Low Power Standby and Low Power Operation; 

Standby: 10µW (typ.) Two Chip Enable Input for Battery Back up 
Operation: 180mW (typ.) 

• Completely Static RAM: No clock nor Timing Strobe Required 
• Directly TTL Compatible: All Input and Output 
• Equal Access and Cycle Time 
• Capability of Battery Back up Operation 

•FUNCTIONAL BLOCK DIAGRAM 

A1 
AJ 
AJ 
A. 
As 

"' Ar ---n4'-----1 

CF:1 o---+-t -,...-. 

\VEo----~=>-__.,__J 

Row 

Decoder • 

•ABSOLUTE MAXIMUM RATINGS 

Item Symbol 

Voltage on Any Pin Relative to GND Vr 

Operating Temperature T.,. 
Storage Temperature T,,, 
Temperature Under Bias T,; .. 
Power Dissipation Pr 

* Puln width SOns: -3.5V 

•TRUTH TABLE 

CE, CE2 WE 

H x x 

x H x 

L L H 

L L L 

Memory Matrix 

128Xl28 

Rating 

•-0.5 to +7 .0 

0 to +70 

-55 to +125 

-10 to +85 

1.0 

Mode 

Not Selected 

Not Selected 

Read 

Write 

--4 Vee 

--4 GND 

Unit 

v 
·c 
·c 
·c 
w 

Vee Current 

lccL1 

lccL2 

Ice 

Ice 

104 $HITACHI 

(FP-24) 

•PIN ARRANGEMENT 

(Top View) 

1/0 Pin 

High Z 

High Z 

Dout 

Din 



~~~~~~~~~~~~~~~~~~~~~~~~~HM6117LFP-3,HM6117LFP·4 

•RECOMMENDED DC OPERATING CONDITIONS ( Ta-o·c to +70'C) 

Item Symbol min typ max Unit 

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

Input High (logic 1) Voltage VIN 2.2 3.5 6.0 v 
Input low (logic 0) Voltage VIL -3.0* - 0.8 v 

• Pulse Width: 50n1, DC: V,. ... - -0.3V. 

•Dc AND OPERATING CHARACTERISTICS (Ta-o·c to +1o·c, Vee-5V±10%, GND=OV) 

Item Symbol 

Input Leakage Current I hi I 

Output Leakage Current I ho I 

Operating Power Supply 
Ice 

Current: DC 

Average Operating Current lcc1 

Standby Power Supply 
lccL1• 

Current (1) : DC 

Standby Power Supply 
lccu• 

Current (2) : DC 

Output low Voltage VoL 

Output High Voltage VoH 

Notes: 1) Typical limits are at Vcc-5.0V. Ta- +25'C 
2) •: y,, ... --0.3V 

Test Conditions 

V1N-GND to Vee 

cr1-V1H or CJ;:z-VIH 

v,,o-GND to Vee 

cr1-az-V1L, J,,o-OmA 

Min cycle, duty-100% 

cr.-vn. a:-v/L 

C£.~Vcc-0.2V 

V, ... ~Vcc-0.2V or V,N;:;;;0.2V 

C£z~Vcc-0.2V 

foL-2.lmA 

foH--1.0mA 

•CAPACITANCE (Ta-25°C, /-1.0MHz) 

Item Symbol Test Conditions 

Input Capacitance C1N v,N-ov 

Input/Output Capacitance c,,o V1·0-0V 

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

min typ max 

- - 2 

- - 2 

- 35 70 

- 35 70 

- 2 50 

- 2 50 

- - 0.4 

2.4 - -

typ max -
3 5 

5 7 

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

•AC TEST CONDITIONS 

Input Pulse Levels •.............•..•.... 0.8V to 2.4V 
Input Rise and Fall Times .•..•..•.•..•.•. 10ns 
Input and Output Timing Reference Levels .•• 1.5V 
Output Load •.•..••.••.•.•......•.•••. 1 TTL Gate and CL= 100pF (Including Scope & Jig) 

•READ CYCLE 

Item Symbol 
HM6117LFP-3 HM6117LFP-4 

min max min max 

Read Cycle Time he 150 - 200 -
Address Access Time IAA - 150 - 200 

Chip Enable (a.) to Output tco1 - 150 - 200 

Chip Enable (~z) to Output tcoz - 150 - 200 

Chip Enable (~1 ) to Output in Low Z ILZI 10 - 10 -
Chip Enable (~1) to Output in Low Z fLZI 10 - 10 -
Chip Disable (a.) to Output in High Z IHZI 0 70 0 80 

Chip Disable (a,) to Output in High Z IHZI 0 70 0 80 

Output Hold from Address Change - foH 15 - 15 -

-HITACHI 

Unit 

µA 

µA 

mA 

mA 

µA 

µA 

v 
v 

Unit 

pF 

pF 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

105 



HM6117LFP-3, HM6117LFP-4------------------------

•TIMING WAVEFORM OF READ CYCLE (Notes 1) 
tac 

Address 

CE1 

tcoz 

tLZ2 

Dout 
Data Valid 

NOTES: 1. WE is High for Read Cycle. 

•WRITE CYCLE 

Item 

Write Cycle Time 

Chip Enable (CE1 ) to End of Write 

Chip Enable (CEz) to End of Write 

Address Set Up Time 

Address Valid to End of Write 

Write Pulse Width 
Write Recovery Time 

Write to Output in High Z 

Data to Write Time Overlap 

Data Hold from Write Time 

Output Active from End of Write 

•TIMING WAVEFORM OF WRITE CYCLE 

106 

Addreu 

CE1 

Dout 

Din 

NOTES: 1 A write occurs during the 
overlap Qwp) of low CE,, 
~2 and WE. 

2. t AS is measured from the 
address changes to the bigin
ning of the write. 

3. tWR is measured from the 
earlier of cr, . ~2 or WI'. 
going high to the end of 
write cycle. 

Symbol 
HM6117LFP-3 

min max 

twc 150 -
tcw1 100 -
tcwz 110 -
tAS 20 -
tAw 130 -
twp 100 -
twR 15 -
twHz 0 60 

tow 50 -
toH 20 -
tow 10 -

lwr(l) 

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

S. If the~. or ~2 low transi
tion occurs simultaneously 
with the WE low transitions or 
after the WE transitions, out
put remain in a high im-

$HITACHI 

HM6117LFP-4 
Unit 

min max 

200 - ns 

120 - ns 

130 - ns 

20 - ns 

150 - ns 

120 - ns 

15 - ns 

0 70 ns 

60 - ns 

20 - ns 

10 - ns 

pedance state. 
6. Dout is the same phase of 

write data of this write 
cycle. 

7. Dout is the read .data of next 
address. 

8. If CE. and CE; are low 
during this period, I/O pins 
are in the output state. Then 
the data- input signals of op
posite phase to the outputs 
must not be applied to them. 



-------------------------HM6117LFP-3, HM6117LFP-4 

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

Item Symbol Test Condition min typ max Unit 

Vee for Data Retention 

Vee for Data Retention 

Data Retention Current 

Data Retention Current 

Chip Deselect to Data Retention Time 

Operation Recovery Time 

* lOpA max at Ta-O"C to +40"C, VIL min--0.3V 
** he-Read Cycle Time 

VoRJ 

You 

Ice DR 1 

lcco1z 

tco1 

t1 

•LOW Vee DATA RETENTION WAVEFORM 

CE1~Vcc-0.2V, 
2.0 - -

VIN~ Vcc-0.2V or ViN;:0;0.2V 

CEz ~ Vcc-0. 2V 2.0 - -
Vcc-3.0V, CE1 ~2.8V, - - 30• 
ViN~2.8V or ViN:;;;0.2V 

Vcc-3.0V, CEz~Vcc-0.2V - - 30• 

0 - -
See Retention Waveform 

tic .. - -

Data Retention Mode 
.Vee ---------. r------------'.:..:C...-"-'--------i ,.--------

4.SV--- -----

CEi or ff,;;: Vo.-0.2V 

IT.----.J 

] 
1 
~ 

~ 
& 

! 
u 
.... 
l 
VJ 

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

NOTE: 1. CE2 controls Address buffer, WE buffer, CE 1 buffer and DIN 
buffe_!:__lf CE'; controls data retention mode, VIN level (address, 
WE, CE1 , D110> can be in the high impedance state. If CE1 con
trols data retention mode, V1N level (address, WE, CE

2
, D110> 

must be VIN~ Vcx::-0.2V or V1N ~ 0.2V. 

SUPPLY CURRENT SUPPLY CURRENT 
vs. SUPPLY VOLTAGE vs. AMBIENT TEMPERATURE 

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

To=25"C Vcc=S.OV 

1.4 

1.2 

1.0 

OJ 

~ 
v 

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

0.6 

0.4 
4.5 4.75 s.o 5.25 

Supply Voltage Vee (V) 

~ 

5.S 

] 1.4 

"i 
~ 1.2t-----+----+----+----i 

~ I.Or---_ 
~ 

~ 
8 OJI-----+----+----+---~ 
... 

Jl 0.61-----+---+----+----1 

0·4""0 ___ 2...,0---.~o---'""60 ___ ..,.ao 

Ambient Temparaturt Ta !'C) 

$HITACHI 

v 

v 

µA 

µA 

ns 

ns 
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HM6117LFP-3, HM6117LFP-4------------------------

108 

] 
I u 

1 

ACCESS TIME vs. 
SUPPLY VOLTAGE 

....... 
............. 
~ 

Ta=25"C 

~ 
~ 

1 1.0 

~ 0.9 

.. 
~ 0.8 

I 
i= ... .. 
~ 

0.7 

1.3 

4.5 4.75 5.0 5.25 

Supply Voltage Vee (VJ 

ACCESS TIME vs. 
LOAD CAPACITANCE 

Load Capacitance CL (pFJ 

INPUT LOW VOLTAGE vs. 
SUPPLY VOLTAGE 

Ta•25"C 
Vee•MIN 

Ta=25'C 

5.5 

~ -~ ~ 

.. 
j 0.8 

0.7 
4.5 4.75 5.0 5.25 

Supply Voltage Vee (VJ 

5.5 

1.3 

1.2 

1.0 

I! 
i= o. 9 

g 
~ 0.8 

7 o. 

1.3 

1.2 

" ~ 1.0 
c .. 

u 0.9 ... 
i: 
JI 

0.8 

0.7 

1.3 

1.2 

] 
I I.I 

ACCESS TIME vs. 
AMBIENT TEMPERATURE 

Vee=5.0V 

v ,JI' v 
~ 

P" 

~ 

20 40 60 

Ambient Temperature Ta (•c i 

SUPPLY CURRENT vs. 
FREQUENCY 

200ns lSOna 

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

0 

Frequency / (MHz) 

INPUT HIGH VOLTAGE vs. 
SUPPLY VOLTAGE 

120ns 

Ta=25"C 

80 

10 

~ L----' ---~ 1.0 

L----' ~ 
.. 
!! 

~ 
~ 0.9 

.. 
:;: 0.8 

0.7 
4.5 4.75 s.o 

Supply Voltage Vee (VJ 

5.25 5.5 

$HITACHI 



------------------------HM6117LFP-3, HM6117LFP-4 

OUTPUT HIGH CURRENT 
vs. OUTPUT HIGH VOLTAGE 

1.6 

To=25"C 
Vee=SV 

1.4 

' ~ ] 
i l.2 

~ \ ~ 1.0 

" .. 
8 0.8 

0.6 

0.4 
I 

~ 
~ 

~ 

Output Voltage VoH (V) 

STAND-BY CURRENT vs. 
AMBIENT TEMPERATURE 

10-• 

Vee=3V 
~=2.BV 

3 
10-• 

~ 
" .. 
8 

i 
<ii 

10-• 

10-1 1..-__ ........ ___ ..._ ___ ..,_ __ _. 

0 ~ ~ ~ ~ 

.. 
8 

i 

Ambient Temperature To ("C) 

STAND-BY CURRENT vs. 
INPUT VOLTAGE 

10 

0 
0 

I) ~ 
Input Volta1e V1# (V) 

To=25'C 
Vcc=SV 
~1=4.BV 

$HITACHI 

OUTPUT LOW CURRENT 
vs. OUTPUT LOW VOLTAGE 

l. 6 

l. 4 
j 

] 7 2 

~ 
i l. 

~ 
~ 1.0 

" .. 
~ OJI 
i 
8 

0.6 

0.4 
0 

~ 
L 

17 
0.2 0.4 

Output Voltage VoL (V) 

STAND-BY CURRENT vs. 
SUPPLY VOLTAGE 

1.4 

1.2 

1 
i 1.0 
~ .. 

0.8 

" .. 
8 
.0 

0.6 

1 u; 
0.4 

0.6 

Supply Voltage Vee (VJ 

STAND- BY CURRENT vs. 
INPUT VOLTAGE 

10 

Input Voltage V;, (V) 

To=2S'C 
·vce•SV 

0.8 

To=2S'C 
Vee=SV 
~=UV 
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HM6168H-45,HM6168H-55, 
HM6168H-70,HM6168HP-45, 
HM6168HP-55, HM6168HP-70 
4096-wordX4-bit High Speed Static CMOS RAM 

• FEATURES HM6168H-45/55/70 

• High Speed: Fast Access Time 45/55/70 ns (max.) 
• Single +5V Supply and High Density 20 Pin Package 
• Low Power Standby and Low Power Operation; 

100µW typ. (Standby), 200mW typ. (Operation) 
• Completely Static Memory 

No Clock or Timing Strobe Required 
• Equal Access and Cycle Times 
• Directly TTL Compatible - All Inputs and Outputs 

•FUNCTIONAL BLOCK DIAGRAM 

A1 o----{:;~==J 

Azo----f..A~=:::J 

A> -----C;~=:j Row 
v- Decoder 

As o----C~=::j 

Ao o-----C<s:==L _ _j 

Input 
Data 

Control 

Memory Array 
128X 128 

Column 1/0 

Column Decoder 

•ABSOLUTE MAXIMUM RATINGS 

Item Symbol Rating 

Voltage on Any Pin Relative to GND ViN -3.5* to +7.0 

Power Dissipation Pr 1.0 

Operating Temperature T.,. 0 to +70 

Storage Temperature (Ceramic) T.,, -65 to +150 

Storage Temperature (Plastic) T,,, -55 to +125 

Temperature under Bias T., .. -10 to +85 

• Pulse Width 20ns. DC- -0.SV 

Vee 

GND 

Unit 

v 
w 
·c 
·c 
·c 
·c 

110 $HITACHI 

(DG-20! 

HM6168HP-45/55/70 

tDl'-20! 

•PIN ARRANGEMENT 

(Top View) 



----HM6168H-45, HM6168H-55, HM6168H-70, HM6168HP-45, HM6168HP-55, HM6168HP-70 

•TRUTH TABLE 

cs WE Mode Vee Current I/O Pin Reference Cycle 

H x Not selected lss,lss1 HighZ 

L H Read Ice Dout Read Cycle 1, 2 

L L Write Ice Din Write Cycle 1, 2 

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

Item Symbol min typ max Unit 

Vee 4.5 5.0 5.5 v 
Supply Voltage 

GND 0 0 0 v 
VIH 2.2 - 6.0 v 

Input Voltage 
V1L -0.5* - 0.8 v 

* -3.0V (Pulse width 20ns) 

•DC AND OPERATING CHARACTERISTICS (Vcc=SV ±10%, GND=OV, Ta=O to+ 70°C) 

Item Symbol Test Conditions 

Imput Leakage Current LILI I Vcc=5.5V, Vin=GND to Vee 

Output Leakage Current lhol CS =V1H, V11o=GND to V cc 

Operating Power Supply Current Ice CS=V1L,fi1o=OmA 

Standby Power Supply Current Iss CS=V1H 

Standby Power Supply Current(l) Issi CS= v cc-0.2V, VIN~0.2V or VIN~ v cc-0.2V 

Output Low Voltage VoL IoL=8mA 

Output High Voltage VoH IoH=-4mA 

Note: Typical limits are at V cc=5.0V, Ta=25°C and specified loading. 

•CAPACITANCE (Ta=25°C,/=1MHz) 

Item Symbol Test Conditions min max Unit 

Input Capacitance Cin VIN=OV - 6 pF 

Input/Output Capacitance C110 V11o=OV - 8 pF 

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

•AC TEST CONDITION 

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

SY sv 

Uout Dout 

255!2 

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

@HITACHI 

pi in typ max Unit 

- - 2.0 p.A 

- - 2.0 p.A 

- 40 90 mA 

- 15 25 mA 

- 0.02 2.0 mA 

- - 0.4 v 
2.4 - - v 
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HM6168H-45, HM6168H-55, HM6168H· 70, HM6168HP-45, HM6168HP-55, HM6168HP· 70---

• READ CYCLE 

Item Symbol 
HM6168H/P-45 HM6168H/P-55 HM6168H/P-70 

Unit 
min max min max min max 

Read Cycle Time tRc 45 - 55 - 70 - ns 

Address Access Time tAA - 45 - 55 - 70 ns 

Chip Select Access Time tAcs - 45 - 55 - 70 ns 

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

Chip Selection to Output in Low Z* tLz 20 - 20 - 20 - ns 

Chip Deselectiort to Output in High Z* tHz 0 20 0 20 0 20 ns 

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

Chip Deselection to Power Down Time tpD - 30 - 30 - 30 ns 

*Transition is measured :rSOOmV for high impedance voltage with Load (B). 
This parameter is sampled and not 100% tested. 

•TIMING WAVEFORM OF READ CYCLE NO. 1(1), <2> 

lac 

Address 

------'··----- lo• 

Dout • Data Valid 

•TIMING WAVEFORM OF READ CYCLE NO. 2<1>• <3> 

lac 

IHZ 

ILZ 

Dout High Impedance Uata \'alid 

Ice 
IPU 

Impedance 

Vee supply -----------+,..-----------------• 
current 50% 

1 .. 

Notes) 1. WE is High for Read Cycle. 
2. Device is continuously selected, CS= VIL. 
3. Address Valid prior to or coincident with CS transition Low. 
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----HM6168H-45, HM6168H-55, HM6168H-70, HM6168HP-45, HM6168HP-55, HM6168HP-70 

•WRITE CYCLE 

Item Symbol 
HM6168H/P-45 HM6168H/P-55 HM6168H/P-70 

Unit 
min max min max min max 

Write Cycle Time twc 45 - 55 - 70 - ns 

Chip Selection to End of Write tcw 40 - 50 - 60 - ns 

Address Valid to End of Write tAw 40 - 50 - 60 - ns 

Address Setup Time tAs 0 - 0 - 0 - ns 

Write Pulse Width twp 35 - 45 - 55 - ns 

Write Recovery Time twR 0 - 0 - 0 - ns 

Data Valid to End of Write tDw 20 - 25 - 30 - ns 

Data Hold Time tDH 0 - 0 - 0 - ns 

Write Enabled to Output in High Z* twz 0 15 0 20 0 25 ns 

Output Active from End of Write* tow 0 - 0 - 0 - ns 

* ThanSition is measured ±500m V from high impedance voltage with Load (B). 
This parameter is sampled and not 100% tested. 

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

Din 

Dout 

lwz1i 
(((((((( ~ High impedance 

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

Address 

Din 

High Impedance ~4 ~ 
Dout 

Notes) 1. A write occurs during the overlap of !!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~lied. _ _ 
4. If the CS-low transition occurs simultaneously with the W.E low transition or after the WE transition, the output buffer 

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

the outputs must not be applied to them. 
6. Dout is the same phase of Write data of this write cycle. 
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HM6168HLP-45, HM6168HLP-55,
HM6168HLP-70 
4096-word x 4-bit High Speed Static CMOS RAM 

•FEATURES 
• High Speed: Fast Access Time 45/55/70ns(max.) 
• Single +5V Supply and High Density 20 Pin Package 
• Low Power Standby and Low Power Operation; 

5µW typ. (Standby), 200mW typ. (Operation) 
• Completely Static Memory 

No Clock or Timing Strobe Required 
• Equal Access and Cycle Times 
• Directly TTL Compatible-All Inputs and Outputs 
• Capable of Battery back up Operation 

•FUNCTIONAL BLOCK DIAGRAM 

Input 

Data 

Control 

Memory Array 
128X 128 

Column 1/0 

Column Decoder 

A1 As A• A10 Au 

•ABSOLUTE MAXIMUM RATINGS 

Vee 

GND 

Item Symbol Rating Unit 

Voltage on Any Pin Relative to GND VIN -3.5* to +7.0 v 
Power Dissipation Pr 1.0 w 
Operating Temperature T.,. 0 to +70 ·c 
Storage Temperature T,,, -55 to + 125 ·c 
Temperature under Bias T,,., --10 to +SS ·c 

• Pulse Width 20ns. DC- --0.SV 
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(DP-20) 

•PIN ARRANGEMENT 

(Top View) 



-----------------HM6168HLP-45, HM6168HLP-45, HM6168HLP-70 

• TRUTH TABLE 

cs WE Mode Vee Current 1/0 Pin Reference Cycle 

H x Not selected IsB.IsBl HighZ 

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 

GND 0 0 0 v 
VIH 2.2 - 6.0 v 

Input Voltage 
VIL -0.S* - 0.8 v 

* -3.0V (Pulse width 20ns) 

•DC AND OPERATING CHARACTERISTICS (Vcc=SV ±10%, GND=OV, Ta=O to+ 70°C) 

Item Symbol Test Conditions min 

Imput Leakage Current lhrl Vcc=S.SV, Vin=GND to Vee -
Output Leakage Current lhol CS= VrH· V11o=GND to v cc -
Operating Power Supply Current Ice CS= VrL• I11o=OmA -
Standby Power Supply Current IsB CS=VrH -
Standby Power Supply Current(l) IsBl CS= v cc-0.2V, VrN ~0.2V or YrN~ v cc-0.2V -
Output Low Voltage VoL IoL=8mA -
Output High Voltage VoH IoH=-4.0mA 2.4 

Note: Typical limits are at V cc=S.OV, Ta=25°C and specified loading. 

•CAPACITANCE (Ta=25°C /=lMHz) 

Item Symbol Test Conditions min max Unit 

Input Capacitance C;n V1N=OV - 6 pF 

Input/Output Capacitance C110 V11o=OV - 8 pF 

•AC CHARACTl;RISTICS (Vcc=SV ±10%, Ta=O/to + 70°C, unless otherwise noted) 

• AC TEST CONDITIONS 
Input pulse levels: GND 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 

Output Load (A) * Including scope and jig. Output Load (B) 
(for tHz. tLz, twz, tow) 
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typ max Unit 

- 2.0 11-A 

- 2.0 11-A 

40 '90 mA 

15 25 mA 

1 so 11-A 

- 0.4 v 
- - v 
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HM6168HLP-35, HM6168HLP-55, HM6168HLP-70----------------

• READ CYCLE 

HM6168HLP-45 HM6168HLP-55 
Item Symbol 

min max min max 

Read Cycle Time tRc 45 - 55 -
-

Address Access Time fAA - 45 - 55 

Chip Select Access Time tAcs - 45 - 55 

Output Hold from Address Change toH 5 - 5 -
Chip Selection to Output in Low Z* tLz 20 - 20 -

Chip Deselection to Output in High Z* tHz 0 20 0 20 

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

*Transition is measured ±500mV for high impedance voltage with Load (B). 
This parameter is sampled and not 100% tested. 

•TIMING WAVEFORM OF READ CYCLE NO. 2U>. <2> 

l•c 

Address 

lo• 

loH 

Dout Data Valid 

•TIMING WAVEFORM OF READ CYCLE NO. 2<1>.<3> 

Dout 

Vee supply 
current 

1 .. 

Notes) 1. WE is High for Read Cycle. 

ILZ 

2. Device is continuously selected, CS= V1L· 

l•c 

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

HM()168HLP-70 
Unit 

min max 

70 - ns 

- 70 ns 

- 70 ns 

5 - ns 

20 - ns 

0 20 ns 

0 - ns 

- 30 ns 

Impedance 



-----------------HM6168HLP-45, HM6168HLP-55, HM6168HLP-70 

•WRITE CYCLE 

HM6168HLP-45 HM6168HLP-55 HM6168HLP-70 
Item Symbol Unit 

min max min max min max 

Write Cycle Time twc 45 - 55 - 70 - ns 

Chip Selection to End of Write tcw 40 - 50 - 60 - ns 

Address Valid to End of Write tAw 40 - 50 - 60 - ns 

Address Setup Time tAs 0 - 0 - 0 - ns 

Write Pulse Width twp 35 - 45 - 55 - ns 

Write Recovery Time twR 0 - 0 - 0 - ns 

Data Valid to End of Write tvw 20 - 25 - 30 - ns 

Data Hold Time tDH 0 - 0 - 0 - ns 

Write Enabled to Output in High Z* twz 0 15 0 20 0 25 ns 

Output Active from End of Write* tow 0 - 0 - 0 - ns 

* Thansition is measured ±SOOmV from high impedance voltage with Load (B). 
This parameter is sampled and not 100% tested. 

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

Address 

-------ic··------1 1...--.-...-..-....+. ....... --. ....... 

Din 

Dout 

IW} 
(((((((( ~ 

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

Address 

Din 

High Impedance ~4 ; 
Dout 

Notes) 1. A write occurs during the overlap of ~ow 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 b~plied. _ _ 
4. If the -CS-low transition occurs simultaneously with the WE low transition or after the WE transition, the output buffer 

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

the outputs must not be applied to them. 
6. Dout is the same phase of Write data of this write cycle. 
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HM6168HLP-45, HM6168HLP-55, HM6168HLP-70-----------------

•LOW Vee DATA RETENTION CHARACTERISTICS (0°C~Ta~70°C) 

Parameter Symbol 

Vee for Data Retention VoR 

Data Retention Current leeoR 

Chip Deselect to Data Retention Time leoR 

Operation Recovery Time 

Note i 1. I •c- Read Cyde Time. 

IR 

* Vcc-3.0V 
* * Vcc-2.0V 

Test Conditions 

CS;;: Vee-0.2V 

V..'1: Vee-0.2V or 

ov~ v..~o.2v 

•LOW Vee DATA RETENTION WAVEFORM 

min 

2.0 

-

0 

I Re'" 

typ max 

- -

30• - 20 .. 

- -

- -

Vee-------- '""--------=D=A""TA"-=RE...,T:.:E=N-"'Tl=O=N..:::M=O""'DE=------ ~-------

:ii: VJ>a -0.2V 

cs ___ __, 

W------------------------------------------
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Unit 

v 

µA 

ns 

ns 



HM6167,HM6167-6,HM6167-8, 
HM6167P,HM6167P-6,HM6167P-8 

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

•FEATURES 
• Single +5V Supply and High Density 20 Pin Package 
• Fast Access Time - 70ns/85ns/100ns 
• Low Power Stand-by and Low Power Operation 

Stand-by 25mW Typ. 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 

•BLOCK DIAGRAM 

Ao 

A1 

At 
Row 

A> Decoder 

A• 

A12 

Din 

Memory Array 
128X 128 

A11 A10 A• As A1 A• As 

•ABSOLUTE MAXIMUM RATINGS 

Item Symbol Rating 

Terminal Voltage with Respect to GND Vr -o.5• to +7 .o 

Power Dissipation Pr 1.0 

Operating Temperature To pr 0 to +70 

Storage Temperature (Plastic) T.ts -55 to +125 

Storage Temperature (Ceramic) T.ts -65 to +150 

Storage Temperature .. T.tg(b;.,) -10 to +85 

•Pulse width 20ns: -3.5V ••under bias 

•RECOMMENDED DC OPERATING CONDITIONS 
( o·c~Ta~70°C) 

Item Symbol min typ max 

Vee 4.5 5.0 5.5 
Supply Voltage 

GND 0 0 0 

Input High Voltage ViH 2.2 - 6.0 

Input Low Voltage ViL -3.o• - 0.8 

•Pulse width 20ns, OC: V1L min=-0.3V 

--Vee 

-GND 

Dout 

Unit 

v 

w 
·c 
·c 
·c 
·c 

Unit 

v 
v 
v 
v 
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HM6167, HM6167-6, 
HM6167-8 

(DG-20) 

HM6167P, HM6167P-6, 
HM6167P-8 

<DP-20) 

•PIN ARRANGEMENT 

(Top View) 
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HM6167, HM6167-6, HM6167-8, HM6167P, HM6167P-6, HM6167P-8>-----------

•TRUTH TABLE 

cs WE Mode Vee Current Output Pin Reference Cycle 

H x Not Selected lss, Issi High Z 

L H Read Ice Dout Read Cycle 1, 2 

L L Write Ice High Z Write Cycle l, 2 

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

Item Symbol Test Conditions min typ max 

Input Leakage Current I Iu I Vcc-5.5V, ViN-OV-Vcc - - 2 

Output Leakage Current lhol CS-ViH, Vour-OV- Vee - - 2 

Operating Power Supply Current Ice cs-v,L, Output Open - 30 60 

Isa cs-v,H - 5 20 

Standby Power Supply Current CS - Vcc-0. 2V 
Issi - 0.02 2 

ViN~0.2V or Vis<?: Vcc-0.2V 

Output Low Voltage VoL IoL-8mA 

Output High Voltage VoH IoH--4mA 

Note) Typical limits are at Vcc-5.0V, Ta-2S't: and specified loading. 

•AC TEST CONDITIONS 
Output Load A 

Input pulse levels: GND 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 

•CAPACITANCE ( Ta=25°C, j=l.OMHz) 

Item Symbol max 

Input Capacitance CrN 5 

Output Capacitance Cour 6 

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

+sv 

Unit Conditions 

pF ViN-OV 

pF Vour-OV 

- - 0.4 

2.4 - -

Output Load B 
( for tHz, tLZ, twz & tow) 

+sv 

80Q 

Dout 

5pF' 

* Including scope and 11g. 

•AC CHARACTERISTICS ( Vcc=5V±10%, Ta=0°C to 70°C, unless otherwise noted.) 
•READ CYCLE 

HM6167, HM6167P HM6167-6, HM6167P-6 HM6167-8, HM6167P-8 
Item Symbol 

min max min max min max 

Read Cycle Time he 70 - 85 - 100 -
Address Access Time fAA - 70 - 85 - 100 

Chip Select Access Time fACS - 70 - 85 - 100 

Output Hold from Address Change loH 5 - 5 - 5 -
Chip Selection to Output in Low Z fLZ 5 - 5 - 5 -
Chip Deselection to Output in High Z fHz 0 30 0 40 0 40 

Chip Selection to Power Up Time tpu 0 - 0 - 0 -
Chip Deselection to Power Down Time tpo - 35 ;- 40 - 45 
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Unit 

µA 

µA 

mA 

mA 

mA 

v 
v 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 



-----------HM6167, HM6167-6, HM6167-8, HM6167P, HM6167P-6, HM6167P-8 

•WRITE CYCLE 

HM6167, HM6167P HM6167-6, HM6167P-6 HM6167-8, HM6167P-8 
Item Symbol 

min max min max min 

Write Cycle Time twc 70 - 85 - 100 

Chip Selection to End of Write tcw 55 - 65 - 80 

Address Valid to End of Write tAw 55 - 65 - 80 

Address Setup Time tAs 0 - 0 - 0 

Write Pulse Width twp 40 - 45 - 55 

Write Recovery Time twR 0 - 0 - 0 

Data Valid to End of Write tvw 30 - 35 - 40 

Data Hold Time tvH 0 - 0 - 0 

Write Enable to Output in High Z twz 0 30 0 40 0 

Output Active from End of Write tow 0 - 0 - 0 

Notes) I . If CS goes high simultaneouly with· WE high. the output remains in a high impedance state. 
2. All Write Cycle timings are referenced from the last valid address to the first transitioning address. 
3. Transition is measured ±500mV from steady state voltage with specified loading in Load B. 
4. This parameter is sampled and not 100% tested. 

•TIMING WAVEFORM OF READ CYCLE NO. 1 lJ, Zl 

Address 

Data Out Data Valid 

•TIMING WAVEFORM OF READ CYCLE NO. 2 l), 3> 

Data Out Data Valid 

Vee Supply 

Current 

NOTES: 1. WE is high and CS is low for READ cycle. 
2. Addresses valid prior to or coincident with CS transition low. 
3. Transition is measured ± 500 m V from steady state voltage with 

specified loading in Load B. 
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max 

-

-

-

-

-

-

-

-

40 

-

Unit Notes 

ns 2 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 3,4 

ns 3,4 
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HM6167, HM6167-6, HM6167·8, HM6167P, HM6167P-6, HM6167P-8 -----------

•TIMING WAVEFORM OF WRITE CYCLE N0.1 (WE Cont~olled) 

AIWNH 

... 

n. .... 

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

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

twc 

Addreu 

IA$ 

la·p 

low IDH 

Data In 

Data In Valid 

t•·z 

Data Out 
Data Undefined High Impedance 

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

SUPPLY CURRENT vs. SUPPLY VOLTAGE SUPPLY CURRENT vs. AMBIENT TEMPERATURE 

1.6 

] 1.4 

... 
~ z 1.2 

c: 
f 0.8 a """' ... 
l 0.6 

0.4 
4.5 
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1.6 

Ta=25'C ... 
1.4 

.. 
.L. 

~ 
z 1.2 

~ _.,/ 
~ 
~ 

4.75 5.0 5.25 

Supply Voltage Vee ( Vl 

5.5 

" 
~ 1.0 
~ 

" .. a o.a 
... 
i 
~ 0.6 

0.4 
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Vcc=S.OV 

t:::--J ---r----t--

0 20 40 60 80 

Ambient Temperature Ta ('C) 



-----------HM6167, HM6167-6, HM6167-8, HM6167P, HM6167P-6, HM6167P-8 

" ~ 

1. 3 

ACCESS TIME vs. 
SUPPLY VOLTAGE 

l '°' ~ 

Ta=25"C 

~ 
~ 

i 1.0 

6 

E= 0.9 

0.8 

0.7 

1.8 

6 1. 

4 

~ 
E= 1.0 

~ 0.8 

0.6 

~ 

4.5 4.75 5.0 5.25 

Supply Voltage Vee ( V) 

ACCESS TIME vs. 
LOAD CAPACITANCE 

5.5 

~ v 
~ v 

/ 
Ta=25"C ~ Vcc=MIN 

100 200 300 400 

Load Capacitance Ci. ( pF) 

INPUT LOW VOLTAGE vs. 
SUPPLY. VOLTAGE 

500 

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

Ta=25"C 

2t----+----+----+----1 

] 
-;; 
E I.I t-------+----+----l 
~ 

~ 1.ot----+-:::::::1-~~---=-J..-~------I 
~ ~ 

~ 0.91-----+----i------l-------J 

g- O.St----+----+----+----1 

1.3 

1 

6 

ACCESS TIME vs. 
AMBIENT TEMPERATURE 

Vcc=5.0V 

v L v 
~ 

~ 
E= 0.9 

~ 
0.8 

0.7 
0 

1.3 

1 

" 

20 40 60 

Ambient Temperature Ta ("C) 

SUPPLY CURRENT vs. 
FREQUENCY 

-~ i---

80 

8 0.9 

" J 0.8 

] 
-;; 

0.7 
0 

Frequency f (MHz) 

INPUT HIGH VOLTAGE vs. 
SUPPLY VOLTAGE 

10 

u.------r---~----.-----. 

Ta=25"C 
1.2t----+---+----4-----I 

E ut----+---+----4------1 

: 1.0l----+---==-,j..-1!!!---=--+i----__ ---' 

~~ 
~ 0.9t----+---+----4-----I .. 
:;:: 

o.st----+---+----4------1 

0·:"='.5--~4.":'!75,....----..,5.,..o ___ 5.i...25-----'5.5 0·~1:-.5--~4.~75,....--___,5,i.,..o----,,.s.J.,25,.-----'5.5 
Supply Voltage Vee ( V) Supply Voltage Vee (V) 

@HITACHI 123 



HM6167, HM6167-6, HM6167-8, HM6167P, HM6167P-6, HM6167P-8-----------

1.6 

~ 1.4 

E 

~ 1.2 

c 1.0 

a 
~ 0.8 
:x: 

6 0.6 

0.4 
I 

OUTPUT HIGH CURRENT vs. 
OUTPUT HIGH VOLTAGE 

\ 
\ 

1 
~ 

\ 

Output High Voltage VoH ( V) 

STANDBY CURRENT vs. 
AMBIENT TEMPERATURE 

Ta=25'C 
Vcc=SV 

w-•..-----.----..----...... ----. 

< 
iii 
~ 

u ,., .... 

l 

10-• 

kc =3V 
CS=2.8V 

io-' o~--....,2""'0---4•0---6•0----'so 

"" 

Ambient Temperature Ta ('C) 

STANDBY CURRENT vs. 
INPUT VOLTAGE 

io..---......--.---.--..,.....--.--~-.-.=1"'"s-·c--. 

Vcc=5.0V 
CS=4.8V 

-~ si--~+--+---+~~+-~-+-~--+~--1 
-;;; 
E 

~ 

Input Voltage V;, ( V) 

1.6 

] 1.4 

; 
~ 1.2 

~ 
:; 1.0 

u 
iit 0.8 
j 

Q. 

o o.i; 

0.4 

] 
2 
~ 
.. 
.:: 
c 

u 
~ 

] 
0.4 

124 $HITACHI 

() 

OUTPUT LOW CURRENT vs. 
OUTPUT LOW VOLTAGE 

11 

7 v 
2 

I v 
0.2 0.4 0.6 

Output Low Voltage VoL ( V) 

STANDBY CURRENT vs. 
SUPPLY VOLTAGE 

Supply Voltage Vee {V) 

Ta =25"C 
rcc=SV 

0.8 



HM6167LP, HM6167LP-6, 
HM6167LP-8 

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

•FEATURES 
• Single +SV Supply and High Density 20 Pin Package 
• Fast Access Time ..................... 70ns/85ns/100ns 
• Low Power Stand-by and Low Power Operation 

Stand-by SµW (typ) and Operating 150mW (typ.) 
• Completely Static Memory ...... No Clock or Refresh Required 
• Fully TTL Compatible .............. All Inputs and Output 
• Separate Data Input and Output ......... Three State Output 
• Capable of Battery Back up Operation 

•BLOCK DIAGRAM 

Ao 
-- Vee 

A1 

(DP-20) 

Az 
-GND •PIN ARRANGEMENT 

A3 

A• 

A12 

Din 

cs 

WE 

Row 
Decoder 

Memory Array 
!28X 128 

•ABSOLUTE MAXIMUM RATINGS 

Item Symbol 

Terminal Voltage with Respect to GND Vr 

Power Dissipation Pr 

Operating Temperature Top, 

Storage Temperature T,ts 

Storage Temperature•• T.ts<bia1> 

• Pulse width 20ns -3.5V ••under bias 

Dout 

Rating Unit 

-0.5* to +7 .o v 
1.0 w 

0 to +70 ·c 
-55 to +125 ·c 
-10 to +85 ·c 

•RECOMMENDED DC OPERATING CONDITIONS ( o·c~Ta~70°C) 

Item Symbol min typ 

Vee 4.5 5.0 
Supply Voltage 

GND 0 0 

Input High Voltage Vt11 2.2 -
Input Low Voltage ViL -3.0* -

•Pulse width 20ns, DC; Vn min= -0.3V 

$HITACHI 

(Top View) 

max Unit 

5.5 v 
0 v 

6.0 v 
0.8 v 
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HM6167LP, HM6167LP·6; HM6167LP-8----------------------

•TRUTH TABLE 

cs WE Mode Vee Current Output Pin Reference Cycle 

H x Not Selected Iss, Issi High Z 

L H Read Ice Dout Read Cycle l, 2 

L L Write Ice High Z Write Cycle l, 2 

•oc AND OPERATING CHARACTERISTICS ( Vcc=5V±l0%, Ta=0-+70°C) 

Item Symbol Test Conditions min typ max Unit 

l'!J:!!lt Lea~e Current lhi I Vcc-5.5V ViN-OV-Vcc - - 2 µA 

Output Leakage Current lhol cs-v,H, l{.,-OV-Vcc - - 2 µA 

Operating Power Supply Current Ice CS-VrL, Output Open - 30 60 mA 

Iss CS-VrH - 5 20 mA 

Standby Power Supply Current CS-Vcc-0.2V 
Issi - 1 50 µA 

VtN:100.2V or V,N~ Vcc-0.2V 

Output Low Voltage VoL IoL-8mA - - 0.4 v 
Output High Voltage VoH IoH--4mA 2.4 - - v 
Note) Typical limits are at Vcc-5.0V, To-25'C and specified loading. 

•AC TEST CONDITIONS 
Output Load A Output Load B Input pulse levels: GND 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 I Hz, tLZ, twz & tow) 

+sv 

~ .. ::tj·::,. ~ .. ~:,. 
• Including scope and jig. 

•CAPACITANCE ( Ta-25°C.f=-1.0MHz) 

Item Symbol max Unit Conditions 

Input Capacitance C1N 5 pF ViN-OV 

Output Capacitance CouT 6 pF VouT-OV 

Note) This parameter is sampled and not 100"..'6 tested. 

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

•READ CYCLE 

Item 
HM6167LP HM6167LP-6 HM6167LP-8 

Symbol 
min max min max min max 

Read Cycle Time lite 70 - 85 - 100 -

Address Access Time IAA - 70 - 85 - 100 

Chip Select Access Time fACS - 70 - 85 - 100 

Output Hold from Address Change toH 5 - 5 - 5 -
Chip Selection to Output in Low Z fLZ 5 - 5 - 5 -
Chip Deselection to Output in High Z fHz 0 30 0 40 0 40 

Chip Selection to Power Up Time fpu 0 - 0 - 0 -
Ghip Deselection to Power Down Time tpo - 35 - 40 - 45 
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Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 



---------------------HM6167LP, HM6167LP-6, HM6167LP-8 

e TIMING WAVEFORM OF READ CYCLE NO. 1 ll. 2) 

Ad.dress 

Data Out Data Valid 

•TIMING WAVEFORM OF READ CYCLE NO. 2 l), 
3l 

Data Out Data Valid 

Vee Supply 

Current 

NOTES: 1. WE is high and CS is low for READ Cycle. 
2. Addresses valid prior to or coincident with CS transition low. 
3. Transition is measured ±500mV from steady state voltage with 

specified loading B. 

e WRITE CYCLE 

HM6167LP HM6167LP-6 HM6167LP-8 
Item Symbol 

min max min max min max 

Write Cycle Time twc 70 - 85 - 100 -

Chip Selection to End of Write tcw 55 - 65 - 80 -

Address Valid to End of Write fAW 55 - 65 - 80 -

Address Setup Time I As 0 - 0 - 0 -
Write Pulse Width twp 40 - 45 - 55 -
Write Recovery Time fwR 0 - 0 - 0 -
Data Valid to End of Write fDw 30 - 35 - 40 -

Data Hold Time fDH 0 - 0 - 0 -

Write Enable to Output in High Z fwz 0 30 0 40 0 40 

Output Active from End of Write tow 0 - 0 - 0 -
Notes) 1. If CS goes high simultaneouly with WE high, the output remains in a high impedance state. 

2. All Write Cycle timings are referenced from the last valid address to the first transitioning address. 
3. Transition is measured ±500mV from steady state voltage with specified loading in Load B. 
4. This parameter is sampled and not 100% tested. 

e TIMING WAVEFORM OF WRITE CYCLE N0.1 (WE Controlled) 
twc 

Ad.dre11 

I w 

IAS 

Data In 

Data Out Data Undefined 

C!>HITACHI 

Unit Notes 

ns 2 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 3,4 

ns 3,4 
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HM6167LP, HM6167LP·6, HM6167LP-8--------------------

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

Addre11 

, .. , 

, ... 
O.ta In 

0.ta Out 
Data Undefined Hiah Impedance 

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

Parameter Symbol Test Condition min 

Vee for Data Retention VoR 2.0 

CS;;;;:; Vcc-0.2V -
Data Retention Current lcco11 

V.."1: Vcc-0.2V or -
Chip Deselect to Data Retention Time tcoR ov;:;;; v..:a;o.2v 0 

Operation Recovery Time t11 hc6 

~ he-Read Cycle Time 

•tow Vee DATA RETENTION WAVEFORM 

Data Retention Mode 

cs ____ _, 

, .. 

typ max 

- -
- 20• 

- 30 .. 

- -

- -

Unit 

v 

µA 

ns 

ns 

* Vcc-2.0V 
• • Vcc-3.0V 

ov ___ ----- _____ ---- ---- -- ---- - --- - -- -- - ---- - ---
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HM6167H-45, HM6167H-55, 
HM6167HP-45, HM6167HP-55 

16384-word x 1-bit High Speed Static CMOS RAM 
•FEATURES 
• Fast Access Time ........... HM6167H/P-45 

HM6167H/P-55 
• Low Power Standby and Low Power Operation 

45ns (max) 
55ns (max) 

Standby lOOµW (typ), 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 

• BLOCK DIAGRAM 

Row 
Decoder 

Memory Array 
l28Xl28 

• ABSOLUTE MAXIMUM RA TINGS 

--vC( 

-GNll 

Oout 

Item Symbol Rating Unit 
Terminal Voltage with respect to GND VT -3.5* to +7.0 v 
Power Dissipation PT 1.0 w 
Operating Temperature Topr 0 to +70 oc 
Storage Temperature (Plastic) Tst11 -55 to +125 oc 
Storage Temperature (Ceramic) Tst11 -65 to +150 oc 
Storage Temperature (under bias) Tbias -10 to +85 oc 

*Pulse Width 20ns, DC: -0.5V 

•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 
GND 0 0 0 v 

lnpu t Voltage 
VJH 2.2 - 6.0 v 
VIL -3.0* - 0.8 v 

* Pulse Width: 20ns, DC: VIL (min) = -0.SV 

$HITACHI 

HM6167H-45, HM6167H-55 

(DG-20) 

HM6167HP-45, HM6167HP-55 

(DP-20) 

•PIN ARRANGEMENT 

(Top View) 
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HM6167H-45, HM6167H-55, HM6167HP-45, HM6167HP-ss-------------

• TRUTH TABLE 

cs WE Mode Vee Current Dout Pin Ref. Cycle 

H x Not selected Isa, Issa High-Z 

L H Read Ice Dout Read Cycle 

L L Write Ice High-Z Write Cycle 

•cc AND OPERATING CHARACTERISTICS (Vcc-5V±10%, Ta-O't! to +70't!) 

Item Symbol Test Conditions 

Input Leakage Current I lu I Vcc-5.5V, V,N-OV-Vcc 

Output Leakage Current lhol cs-v,H, VouT-OV-Vcc 

Operating Power Supply Current Ice cs-v,L, Output Open 

Isa cs-v,H 

Standby Power Supply Current CS ~Vcc-0.2V 
lsa1 

ViN:i0.2V or VIN !ii:; Vcc-0.2V 

Output Low Voltage VoL loL-8mA 

Output High Voltage VoH loH--4mA 

Note) Typical limits are at Vcc-5.0V. To-25'1:: and specified loaclins. 

•AC TEST CONDITIONS 

Input pulse levels: GND 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 

Output Load A 
+5V 

~ .. ~·:,. 
• lncludins scope and ii1. 

•CAPACITANCE ( Ta=-25°C, J-1.0MHz) 

Item Symbol typ max Unit Conditions 

Input Capacitance C1N 3 '5 pF ViN-OV 

Output Capacitance CouT 5 7 pF VouT-OV 

Note) nis parameter is sampled and not 100"..-6 tested. 
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min typ max 

- - 2 

- - 2 

- 40 80 

- 10 20 

- 0.02 2 

- - 0.4 

2.4 - -

Output Load B 
( for tHz, tLZ, twz & tow) 

+5V 

8012 

Dout 

5pf' 

* lncludi111 acope and ji1. 

Unit 

µA 

µA 

mA 

mA 

mA 

v 
v 



--------------;HM6167H-45, HM6167H-55, HM6167HP-45, HM6167HP-55 

•AC CHARACTERISTICS ( Vcc-5V±10%, Ta-0°C to 70°C, unless otherwise noted.) 

•READ CYCLE 

HM616 7H/P-45 HM6167HP-55 
Item Symbol Unit 

min max min max 

Read Cycle Time fRC 45 - 55 - ns 

Address Access Time fAA - 45 - 55 ns 

Chip Select Access Time tAcs - 45 - 55 ns 

Output Hold from Address Change fOH 5 - 5 - ns 

Chip Selection to Output in Low Z fLZ 5 - 5 - ns 

Chip Deselection to Output in High Z fHZ 0 30 0 30 ns 

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

Chip Deselection to Power Down Time fPD - 30 - 30 ns 

NOTES: 1. All Read Cycle timing are referenced from last valid address to the first transitioning address. 

Notes 

(1) 

(2) (3) (7) 

(2) (3) (7) 

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

•TIMING WAVEFORM OF READ CYCLE N0.1 4>.5) 

' . ----tRc -~~ 
Address _- ~ 

Data Out 

toH 

Previous Data 
Valid 

~~~~~~~~~-

Data Valid 

•TIMING WAVEFORM OF READ CYCLE N0.2 4), 6) 

cs 

Data Out 

Vee Supply 

Current 

Data Valid 
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HM6167H-45, HM6167H-55, HM6167HP-45, HM6167HP-55--------------

•WRITE CYCLE 

Symbol 
HM616 7H/P-45 HM616 7H/P-55 

Item Unit 
min max min max 

Write Cycle Time twc 45 - 55 - ns 

Otip Selection to End of Write rcw 40 - 50 - ns 

Address Valid to End of Write fAW 40 - 50 - ns 

Address Setup Time fAS 0 - 0 - ns 

Write Pulse Width twp 25 - 35 - ns 

Write Recovery Time fWR 0 - 0 - ns 

Data Valid to End of Write fDW 25 - 25 - ns 

Data Hold Time fDH 0 - 0 - ns 

Write Enable to Output in High Z twz 0 25 0 25 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 timings are referenced from the last valid address to the first transitioning address. 
3. Transition is measured ±500m 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 (WE Controlled) 

Address 

cs 

Data In 

Data Out Data Undefined 

•TIMING WAVEFORM OF WRITE CYCLE (CS Controlled) 
twc 

twp----

twz 

------

Data Out Data Undefined 
~--------------' High Impedance 
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Notes 

(2) 

(3) (4) 

(3) (4) 



---------------HM6167H-45, HM6167H-55, HM6167HP-45, HM6167HP-55 

SUPPLY CURRENT vs. 
SUPPLY VOLTAGE 

l.6.....-----.--------..-----

Ta=25"C 

l.4r------t----+----+-----I 

1.21-----+----+-----+--~L-----i 

~ l.O 1------+---...... ~--+------I 

~ 
0.8"""'"' 

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

] 
~ 

0.4 .__ __ ___.. ___ _._ ___ ...._ __ ___. 

4.5 4.75 5.0 5.25 

Supply Voltage Vee (V) 

ACCESS TIME vs. 
SUPPLY VOLTAGE 

5.5 

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

Ta=25"C 

1.21-----+----+----+----~ 

::; 1.1 

: r----,____ 
.. 1.0 
:i 

"' e 
!= 0.91-----+----+----+----~ 

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

0·7 ... 4.5 ___ 4 .... 75 ___ ..... 5.-0---5 .... 25 __ __.5.5 

Supply Voltage Vee ( V) 

ACCESS 1'1ME vs. 
LOAD CAPACITANCE 

1.8 

L 1.6 

L_ 
v 

1.4 

1.2 

1.0 

L 
v 

~ 
0.8 

200 300 400 500 

Load Capacitance CL (pf) 

SUPPLY CURRENT vs. 
AMBIENT TEMPERATURE 

l.6r------r----.-----.----

Vcc=5.0V 

1.41-----+---+-----l----1 

1 
~ 1.21------+----+-----ll------I 

~ z 

1.0t----k 

""" ~ 
u 0.8 t------+----+-----11-----1 

l 0.6 i------+----+-----1----1 

0.4 -o ___ ... 20 ___ _.40 ___ _,6_0 ----'so 

<.J 
:i 

.,; 

Ambient Temperature Ta ('C) 

ACCESS TIME vs. 
AMBIENT TEMPERATURE 

1.3 

1.2 

1 

~ 
~ 

~ 

1. 

1.0 

ii != 0.9 

" J! 0.8 

0.7 
0 20 40 60 

Ambient Temperature Ta ("C) 

SUPPLY CURRENT vs. 
FREQUENCY 

1.1 
200 100 66 

"T 

Vcc=5.0V 

__,,,. 

80 

50 40 

lOOns s5J. 70ns 

L 

~ 
v 

L 
L 

/ 

1.0 

~ 
~ 0.9 
~ 

c: 0.8 

8 
0.7 

l 
0.6 

10 15 20 25 

Frequency f (MHz) 
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HM6167H-45, HM6167H-55, HM6167HP-45, HM6167HP-55·--------------

134 

1.3 

1.2 

I.I 

INPUT LOW VOLTAGE vs. 
SUPPLY VOLTAGE 

Ta=25'C 

!_.--------l.----~ 
1.0 

0.9 

0.8 

0.7 
4.5 4.75 5.0 5.25 

1.6 

~ 1.4 

ii 
~ 1.2 

1.0 

u .. 
:;: 0.8 

8 0.6 

Supply Voltage Vee ( V) 

OUTPUT CURRENT vs. 
OUTPUT VOLTAGE 

\ 

' \ 
' Output High Voltage Von ( V) 

STANDBY CURRENT vs. 
AMBIENT TEMPERATURE 

5.5 

Ta=25"C 
Vee =5V 

10-•..----....--------....----
Vee=3V 
CS=2.8V 

u 
~ 

.3 

] 
Oi 

I. 

I. 

I. 

INPUT HIGH VOLTAGE vs. 
SUPPLY VOLTAGE 

3 

2 

I 

Ta=25"C 

l.--------L----~ 
1.0 

0.9 

0.8 

0.7 
4.5 4.75 5.0 5.25 

Supply Voltage Vee ( V) 

I. 

OUTPUT CURRENT vs. 
OUTPUT VOLTAGE 

6 

4 i 2 v 
I. 

I. 0 

o. 8 

0.6 

7 
7 v 

0.2 0.4 0.6 

Output Low Voltage Voi ( Vl 

STANDBY CURRENT vs. 
SUPPLY VOLTAGE 

5.5 

Ta=25"C 
Vee=5V 

0.8 

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

E 1.01-----+----+-------.1"------1 
~ 

rn-• ~0---2~0 ___ .,.,40 ___ .... 60 ___ _,80 0.2 !;-2 ---~----!:~--+-----! 

Ambient Temperature Ta ("C) Supply Voltage Vee ( V) 
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--------------· HM6167H-45, HM6167H-55, HM6167HP-45, HM6167HP-55 

0 

8 

6 

STANDBY CURRENT vs. 
INPUT VOLTAGE 

\ 
~ s 

Ta=
1
2s·c 

Vcc=5.0V 
"C"S=4.8V 

J ~ ~ 
Input Voltage II,, ( V) 
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HM6167HCG-45,HM6167HCG-55-
16384-word x 1-bit High Speed Static CMOS RAM 

•FEATURES 
• High Density 20 pin Leadless Chip Carrier 
• High Speed: Fast Access Time 45/55ns Max. 
• Low Power Standby and Low Power Operation 

Standby: 100µW typ., Operation: 200mW typ. 
• Completely Static Memory; 

No Clock or Timing Strobe Required 
• Equal Access and Cycle Times 
• Directly TTL Compatible; All Inputs and Output 

•BLOCK DIAGRAM 

Ao 

A1 
-GNO 

Ai 

A3 

.A.. 

Au 

Din 

Cs 

WE 

Row 
Decoder 

Memory Array 
J28XJ28 

A9 As A1 A6 As 

•ABSOLUTE MAXIMUM RATINGS 

Item Symbol Rating Unit 

Voltage on Any Pin• Vr -0.5 to +7.0 v 
Power Dissipation Pr 1.0 w 
Operating Temperature T.,. 0 to +70 ·c 
Storage Temperature T.,, -65 to +150 ·c 
Temperature Under Bias Tb, .. -10 to +85 ·c 
* with respect to GND. v,. min- -3.SV (Pulse width 20ns) 

•TRUTH TABLE 

cs WE Mode Vee Current 

H x Not selected Isa, Issi 

L H Read Ice 

L L Write Ice 
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Oout 

(CG-20) 

•PIN ARRANGEMENT 

A11 17 

AIO 16 

A9 15 

As 14 

A1 13 

12 11 10 9 

Din CSGNDWE 

(Bottom View) 

Dout Pin Ref. Cycle 

High-Z 

Dout Read Cycle 

High-Z Write Cycle 



~~~~~~~~~~~~~~~~~~~~~~~-HM6167HCG-45,HM6167HCG-55 

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

Item Symbol min typ max 

Vee 4.5 5.0 5.5 
Supply Voltage 

GND 0 0 0 

VIH. 2.2 - 6.0 
Input Voltage 

Vil -o.5• - 0.8 

* -3.0V (Pulse width 20ns) 

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

Item· Symbol Test Conditions min typ• max 

Input Leakage Current I Ilt I Vee=5.5V, ViN=OV to Vee - - 2 

Output Leakage Current I Ilo I CS= Vin, Vour=OV to Vee - - 2 

Operating Power Supply Current Ice CS=VIL, Output Open - 40 80 

Isa CS=VIH - 10 20 
Standby Power Supply Current 

Issi cs;;;; Vee-0.2V, v/N::;;;;o.2v or ViN;;;;; Vee-0.2V - 20 2000 

Vol Iol=8mA - - 0.4 
Output Voltage 

Von Ion=-4mA 2.4 - -
Note) * : Typical limits are at Vcc-5.0V, Ta-25'C and specified loading. 

•CAPACITANCE (Ta=25°C, /=lMl-lz) 

Item Symbol Test Conditions typ max 

Input Capacitance c .. V..=OV 3 5 

Output Capacitance Co.1 V..,=OV 5 7 

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

•AC CHARACTERISTICS (Vcc=5V ±10%, Ta=O to +70°C) 

•AC TEST CONDITIONS Output Load A Output Load B 
Input Pulse Levels: GND to 3.0V 
Input Rise and Fall Times: 5 ns 
Output Reference Levels: 1.5V 

+SV (fortnz, lLz, twz & low) 

•READ CYCLE 

Item Symbol 

Read Cycle Time fRc 

Address Access Time t •• 

Chip Select Access Time fACS 

Output Hold from Address Change ton 

Chip Selection to Output in Low Z ILz 

Chip Deselection to Output in High Z lnz 

Chip Selection to Power Up Time fpu 

Chip Deselection to Power Down Time fpo 

480Q 

Oout 

30pF' Dou! 

* Including SCOPE' and Jig. 

HM6167HCG-45 HM6167HCG-55 

min max min max 

45 - 55 -
- 45 - 55 

- 45 - 55 

5 - 5 -

5 - 5 -

0 30 0 30 

0 - 0 -
- 30 - 30 

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

+sv 

SOQ 

5pF' 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

2. At any given temperature and voltage condition, t.z max is less than hz min both for a given device and from device to device. 
3. Transition is measured ±SOOmV from steady state voltage with specified loading in Load B. 
4. This parameter is sampled and not 100% tested. 
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Unit 

v 

v 

v 

v 

Unit 

µA 

µA 

mA 

mA 

µA 

v 

v 

Unit 

pF 

pF 

Notes 

1 

2,3,4 

2,3,4 
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•Read Cycle-1(Notes1,2) 

Address 

Data Out 
Previous 
Data Valid 

•Read Cycle-2 (Notes 1, 3) 

Data Out High Impedance 

Vee Supply 

Current Iss 

IAeS 

Notes) 1. WE is high for Read Cycle. 

IRC 

Data Valid 

2. Address valid prior to or coincident with CS transjtion low. 

Data Valid 

High Impedance 

IPO 

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

e WRITE CYCLE 

HM6167HCG-45 HM6167HCG-55 
Item Symbol 

min max min 

Write Cycle Time twc 45 - 55 

Chip Selection to End of Write tcw 40 - 50 

Address Valid to End of Write tAw 40 - 50 

Address Setup Time t•s 0 - 0 

Write Pulse Width twp 25 - 35 

Write Recovery Time twR 0 - 0 

Data Valid to End of Write tow 25 - 25 

Data Hold Time toH 0 - 0 

Write Enable to Output in High Z twz 0 25 0 

Output Active from End of Write tow 0 - 0 

Notes) 1. If CS goes high simultaneouly with WE high, the output remains in a high impedance state. 
2. All Write Cycle timings are referenced from the last valid address to the first transitioning address. 

138 

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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max 

-

-

-
-
-
-
-
-

25 

-

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Notes 

2 

3,4 

3,4 



•Write Cycle-1 (WE Controlled) 

Address 

lcw 

twp 

to•· 

Data In Data In Valid 

twz 

Data Out Data Undefined 
HiRh Impedance 

•Write Cycle-2 (CS Controlled) 

twc 

Address 

tc• 

to•· IOH 

Data In 

Data In Valid 

ltrz 

Data Out 

Data Undefined High Impedance 
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HM6167HLP-45, HM6167HLP-55-

16384-word x 1-bit High Speed Static CMOS RAM 
•FEATURES 
• Fast Access Time ........... HM6167HLP-45 

HM6167HLP-55 
• Low Power Standby and Low Power Operation 

45ns (max) 
55ns (max) 

Standby 5µW (typ) and Operating 200mW (typ) 
• Capable of Battery Back-up Operation 
• Single +SV Supply and High Density 20 Pin Package 
• Completely static Memory 

No Clock or Timing Strobe Required 
• Equal Access and Cycle Times 
• Directly TTL Compatible ..... All Inputs and Output 

• BLOCK DIAGRAM 

Ao 
-- Vee 

A1 

A2 

A:i 

A• 

A12 

Din 

cs 

Row 
Decoder 

Memory Array 
128Xl28 

•ABSOLUTE MAXIMUM RATINGS 

-GND 

Dout 

Item Symbol Rating Unit 

Terminal Voltage with respect to GND VT -3.5* to +(.0 v 
Power Dissipation PT 1.0 w 
Operating Temperature Topr 0 to +70 oc 
Storage Temperature Tstg -55to+125 oc 
Storage Temperature Under Bias Tbios -10 to +85 oc 

*Pulse Width 20ns, DC: -0.5V 

•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 v 
Vm 2.2 - 6.0 v 

Input Voltage 
VIL -3.0* - 0.8 v 

• Pulse Width 20ns, DC: VIL min = -0.5V 
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(DP-20) 

•PIN ARRANGEMENT 

(Top View) 



.TRUTH TABLE 

cs WE Mode Vee Current Dout Pin Ref. Cycle 

H x Not se•ected lss, ls11 High-Z 

L H Read Ice Dout Read Cycle 

L L Write Ice High-Z Write Cycle 

•DC AND OPERATING CHARACTERISTICS (Vee-5V±IO%, Ta-0-+70°C) 

Item Symbol Test Conditions 

l'!2_ut Leakqe Current I lu I Vcc-5.SV ViN-OV-Vcc 

Output Leakage Current lhol cs-v,H, 1(.,-0V-Vcc 

Operating Power Supply Current Ice CS-ViL, Output Open 

Isa cs-v,H 

Standby Power Supply Current 
lsa1 

CS-Vcc-0.2V 

ViN=a0.2V or VJN~ Vcc-0.2V 

Output Low Voltage VoL foL-8mA 

Output High Voltage VoH foH--4mA 

Note) Typical limits are at Vcc-5.0V, To-25'C and specified loadi111. 

•AC TEST CONDITIONS 
Input pulse levels: GNO 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 

•CAPACITANCE ( Ta-25°C ,J-lMHz) 

Item Symbol typ. max 

Input Capacitance C1N 3 5 

Output Capacitance Cour 5 7 
Note) This parameter is sampled and not 100% tested. 

Output Load A 
+SV 

* Including scope and jig. 

Unit Conditions 

pF v,N-ov 

pF Vour-OV 

L 

min 

-
-
-
--

-

-
2.4 

typ max Unit 

- 2 p.A 

- 2 p.A 

40 80 mA 

10 20 mA 

1 so p.A 

- 0.4 v 
- - v 

Output Load B 
(for tHz, tu, twz & tow) 

+SV 

8012 

Dou1 

Spf' 

* Including scope and jig. 

•AC CHARACTERISTICS ( Ta-o·c to +70°C, Vee== 5V±10%, unless otherwise noted.) 

•READ CYCLE 

HM616 7HLP-4S HM6167HLP-SS 
Item Symbol Unit Notes 

min max min max 

Read Cycle Time fRC 4S - 5S - ns (1) 

Address Access Time fAA - 4S - SS ns 

Chip Select Access Time tACS - 4S - 5S ns 

Output Hold from Address Change tOH s - s - ns 

Chip Selection to Output in Low Z tLZ s - s - ns (2) (3) (7) 

Chip Selection to Output in High Z 1HZ 0 30 0 30 ns (2) (3) (7) 

Chip Selection to Power Up Time tpu 0 - 1) - ns 

Chip Deselection to Power Down Time tPD - 30 - 30 ns 

NOTES: 1. All Read Cylce timing are referenced from last valid address to the first transitioning address. 
2. At any given temperature and voltage condition, tHz max. is less than tLz min. both for a given device and 

from device to device. 
3. Transition is measured ±500m V from steady state voltage with specified loading in Load B. 
4. WE is High for READ cycle. 
5. Device is continuously selected, CS= Vn. 
6. Addresses valid prior to or coincident with CS transition low. 
7. This parameter is sampled and not 100% tested. 
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•TIMING WAVEFORM OF READ CYCLE NO. 1 4> 5 > 

Data Out Previous Data 
Valid 

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

e WRITE CYCLE 

Data Out 

Vee Supply 

Current 

HM616 7HLP-4S 
Item Symbol 

min max 

Write Cycle Time twc 4S -
Chip Selection to End of Write tcw 40 -
Address Valid to End of Write tAW 40 -
Address Setup Time tAS 0 -
Write Pulse Width twp 2S -
Write RecoverY Time IWR 0 -
Data Valid to End of Write tow 2S -
Data Hold Time tDH 0 -
Write Enable to Output in High Z twz 0 2S 

Output Active from End of Write tow 0 -

Data Valid 

Data Valid 

HM6167HLP-SS 
Unit 

min max 

SS - ns 

so - ns 

so - ns 

0 - ns 

3S - ns 

0 - ns 

2S - ns 

0 - ns 

0 2S ns 

0 - 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 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. 

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

Address 

Din 

Dout 

tow_,. 
High Impedance --K:-._ ------------------
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Notes 

(2) 

(3) (4) 

(3) (4) 



-----------------------HM6167HLP-45, HM6167HLP-55 

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

l--~~-~~----twe~~~-~~~~---::1----

Md••u =€;.=======-,A-W---_-_-_-_-_-_-_-_-_-_-_ -_ -_,---i---,-w-J'-----
cs 

------------~~-twp-~~--1----------------
WE 

Din 

Dout 

tnw 

'wz=-----_J High Impedance 

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

Parameter Symbol Test Condition min 

Vee for Data Retention VoR 2.0 

CS;;: Vec-0.2V -
Data Retention Current lccoR 

V..~ Vec-0.2V or -

Chip Deselect to Data Retention Time lcoR ov~ v..~o.2v 0 

Operation Recovery Time IR he" 

t:>. he-Read Cycle Tim• 

•LOW Vee DATA RETENTION WAVEFORM 

Vee------~ 
4.5V--- ------

2.2V-----
VnR-----

cs----o1 

Data Retention Mode 

cs~ Vee-0.2V 

typ 

-

-

-
-
-

OV---------------------------------------------

<tHITACHI 

max 

-
20• 

30•• 

-

-

Unit 

v 

µA 

ns 
-

ns 

* Vcc-2.0V 
* * Vcc-3.0V 
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HM6267P-35,HM6267P-45 

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

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

Standby: 0.1mW (typ.), Operation: 200mW (typ.) 
• Single 5V Supply and High Density 20 Pin Package 
• Completely Static Memory ..... No Clock or Timing Strobe Re

quired 
• Equal Access and Cycle Time 
• Directly TTL Compatible: All Input and Output 

• BLOCK DIAGRAM 

Ao 

A1 

A2 
Row 

A3 Decoder 

A• 

A12 

All 

Din 

cs 

WE 

Memory Array 
!28X 128 

A11 A10 A• As A1 A, As 

• ABSOLUTE MAXIMUM RATINGS 

Item Symbol Rating 
Voltage on Any Pin* VT -0.5 to +7 .0 
Power Dissipation PT 1.0 
Operating Temperature Topr 0 to +70 

Storage Temperature Tstg -55 to +125 
Temperature Under Bias Tbias -10 to +85 

* with respect to GND. VT min = -3.SV (Pulse width 20ns) 

-- Vee 

--GND 

Unit 

v 
w 
oc 
oc 
oc 

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

Item Symbol min typ max Unit 

Vee 4.5 5.0 5.5 v 
Supply Voltage 

GND 0 0 0 v 
VJH 2.2 - 6.0 v 

Input Voltage 
VJL -3.0* 0.8 v -

* Pulse Width 20ns, DC: V1L min = -0.5V 

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

(DP-20) 

• PIN ARRANGEMENT 

(Top View) 



• TRUTH TABLE 

cs WE Mode Vee Current Dout Pin Ref. Cycle 

H x Not selected lss, lsa1 High-Z 

L H Read lee Dout Read Cycle 

L L Write lee High-Z Write Cycle 

• DC AND OPERATING CHARACTERIST1cs(l>cvcc = 5V ±10%<2), GND = ov, Ta= 0 to+70°C) 

Item Symbol Test Conditions 
Input Leakage Current I /LI I V cc = 5.5V, Vtn = GND to V cc 

Output Leakage Current lhol CS= Vm, V0 ut = GND to Vee 
Operating Power Supply Current Ice CS= VIL• Output Open 

Standby Power Supply Current lsB CS= Vm 

lsBl CS~;V cc-0.2V, Vm~0.2V or Vm~;Vcc-0.2V 

Output Voltage VoL IoL = 8mA 

VoH IoH=-4mA 
Notes) 1. Typical limits are at V cc= 5V, Ta= 25°C and specified loading. 

2. V cc= 5V±5% for 35ns version. 
3. lOOmA max. for 35ns version. 

• AC TEST CONDITIONS 
Input pulse levels: GND to 3.0V 
Input rise and fall times: 5ns 
Input and Output timing reference levels: 1.5V 
Output load: See Figure 

• CAPACITANCE (Ta= 25°C,f= lMHz) 

Item Symbol typ. max 

Input Capacitance Cr,. 3 5 

Output Capacitance CouT 5 7 

Note) This parameter is sampled and not 100".16 tested. 

Output Load A 
+SV 

& .. ~·:~ •• 
* Including scope and jig. 

Unit Conditions 

pF v,,.-ov 
pF Vour-OV 

min typ max Unit 

- - 10 µ.A 

- - 10 µ.A 

- 40 80(3) mA 

- 10 20 mA 

- 0.02 2 mA 

- - 0.4 v 
2.4 - - v 

Output Load B 
(for IHZ, ILz, hrz & low) 

+SV 

80Q 

Clout 

Spf• 

* Including scope and jig. 

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

• READ CYCLE 

Symbol 
HM6267P-35 HM6267P45 

Unit Notes Item 
min max min max 

Read Cycle Time tRc 35 - 45 - ns 1 

Address Access Time tAA - 35 - 45 ns 

Chip Select Access Time tACS - 35 - 45 ns 

Output Hold from Address Change toH 5 - 5 - ns 

Chip Selection to Output in Low Z tLz 5 - 5 - ns 2, 3, 7 

Chip Deselection to Output in High Z tHz 0 30 0 30 ns 2, 3, 7 

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

Chip Deselection to Power Down Time tpD - 20 - 30 ns 

* V cc = 5V ± 5% for 35ns version. 
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•TIMING WAVEFORM OF READ CYCLE NO. 1 4 > 5 > 

Address 

Data Out Previous Data 
Valid 

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

Data Out 

Vee Supply 

Current 

Data Valid 

Data Valid 

NOTES: 1. All Read Cylce timing are referenced from last valid address to the first transitioning address. 
2. At any given .temperature and voltage condition, 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, ES= VIL·_ 
6. Addresses valid prior to or coincident with CS transition low. 
7. This parameter is sampled and not 100% tested. 

• WRITE CYCLE 

Item Symbol 
HM6267P-35 HM6267P-45 

Unit Notes 
min max min max 

Write Cycle Time twc 35 - 45 - ns 2 
Chip Selection to End of Write tcw 30 - 40 - ns 
Address Valid to End of Write tAw 30 - 40 - ns 

Address Setup Time tAs 0 - 0 - ns 
Write Pulse Width twp 20 - 25 - ns 

Write Recovery Time twR 0 - 0 - ns 
Data Valid to End of Write tDw 20 - 25 - ns 

Data Hold Time tDH 0 - 0 - ns 
Write Enabled to Output in High Z twz 0 20 0 25 ns 3,4 
Output Active from End of Write tow 0 - 0 - ns 3,4 
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e TIMING WAVEFORM OF WRITE CYCLE NO. 1 (WE Controlled) 

Dout Data Undefined 

twzj~-----------tow_--J _ __ _ 
}- High Impedance ~------

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

I- twc 

twR:J 

I 

Address 

~ tAw 

cs tcw 

twp 
WE \ 

tvw 

Din 

twz ~ High Impedance 
Dout Data Undefined 

NOTES: 1. If CS goes high simultaneously with WE high, the output remains in a high impedance states. 
2. AU Write Cycle timings are referenced from the last valid address to the fust 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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HM6264P-10, HM6264P-12, 
HM6264P-15 
8192-word x 8-bit High Speed Static CMOS RAM 

•FEATURES 

• Fast access Time 
• Low Power Standby 

Low Power Operation 
• Single +5V Supply 

100ns/120ns/150ns (max.) 
Standby: 0.1 mW (typ.) 
Operating: 200mW (typ.) 

• 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 

• BLOCK DIAGRAM 

A3 !----f-~t::::::f-1 
A. 
As 
A• 
A1 
h 
Au 
A12 

Memory Matrix 
256X256 

cs,o----~ 

cs,----1 Timing Pulse Cen. 

Read. Write Control 
WEO-~~-;_~~~~....-~~~~_J 

• ABSOLUTE MAXIMUM RATINGS 
Item Symbol Rating 

--0 Vee 

--0 GND 

Terminal Voltage* VT -0.5 ** 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 

*With respect to GND. **Pulse width SOns: -3.0V 

•TRUTH TABLE 

WE cs, cs2 OE Mode 1/0 Pin 
x H x x Not Selected High Z 

x x L x (Power Down) HighZ 
H L H H Output Disabled HighZ 
H L H L Read Dout 
L L H H 

Write 
Din 

L L H L Din 

X: Hor L 

Unit 
v 
w 
oc 
oc 
oc 
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(DP-28) 

• PIN ARRANGEMENT 

(Top View) 

Vee Current Note 
/SB,/SBl 

/SB,/SB2 

/CC,/CCl 

/CC,/CCl 

/CC,/CCl Write Cycle (1) 

/CC,/CCl Write Cycle (2) 



~~~~~~~~~~~~~~~~~~~~HM6264P-10,HM6264P-12,HM6264P-15 

•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 
GND 0 0 0 v 
VJH 2.2 - 6.0 v 

Input Voltage 
Vn -0.3* - 0.8 v 

* Pulse Width 50ns: -3.0V 

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

Item Symbol Test Condition 

Input Leakage Current l/LJI V;n=GND to V cc 

Output Leakage Current lhol 
CSl=VJH or CS2=Vn or OE=VJH orWE=V1L, 
V110=GND to Vee 

Operating Power Supply Current Ice CSl=Vn, CS2=V1H, IJ1o=OmA 

Average Operating Current Icc1 Min. cycle, duty=l00%, I11o=OmA 

lsB CSl=VJH or CS2=Vn 

Standby Power Supply Current ISBl** CS1~Vcc-0.2V, CS2~Vcc-0.2Vor CS2~0.2V 

ISB2** CS2~0.2V 

VOL loL=2.lmA 
Output Voltage 

VoH IoH=-1.0mA 

* Typical limits are at Vcc=5.0V, Ta=25°C and specified loading. 
** Vn min=-0.3V 

•CAPACITANCE(/= lMHz, Ta= 25°C) 

Item ~mbol Test Condition typ max 

Input Capacitance e;n Vin= OV - 6 

Input/Output Capacitance e110 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 and Fall Times: 10ns 
Input and Output Timing Reference Level: 1.5V 
Output Load: lTTL Gate and CL = 100pF (including scope and jig) 

•READ CYCLE 

HM6264P-10 
lte!ll Symbol 

min max 

Read Cycle Time tRc 100 -

Address Access Time lAA - 100 

f 

CSl tco1 - 100 
Chip Selection to Output 

CS2 100 rco2 -

Output Enable to Output Valid lOE - 50 

Chip Selection to l CSl lLZl lO -

Output in Low Z CS2 lLZ2 lO -

Output Enable to Output in Low Z lOLZ 5 -

Chip Deselection to l CSl lHZl 0 35 

Output in High Z l CS2 1HZ2 0 35 

Output Disable to Output in High Z lOHZ 0 35 

Output Hold from Address Change lOH 10 -

Unit 

pF 

pF 

HM6264P-12 

min max 

120 -

- 120 

- 120 

- 120 

- 60 

10 -
10 -

5 -

0 40 

0 40 

0 40 

10 -

min typ* 

- -

- -

- 40 

- 60 

- 1 

- 0.02 

I 
- 0.02 

- -
2.4 -

HM6264P-15 

min max 

150 -

- 150 

- 150 

- 150 

- 70 

15 -
15 -

5 -
0 50 

0 50 

0 50 

15 -

max Unit 

2 µA 

2 µA 

80 mA 

110 mA 

3 mA 

2 mA 

2 mA 

0.4 v 
- v 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

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. 
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HM8264P-10, HM6264P-12, HM6264P-15--------------------

•READ CYCLE 

i------------tRc-----

-----tLz1----
i------tco2---+---i 

CS2 

Dout--------------------------------------~ 

NOTE: 1) WE is high for Read Cycle 

•WRITE CYCLE 

HM6264P-10 
Item Symbol 

min max 

Write Cycle Time twc 100 --

Chip Selection to End of Write tcw 80 -

Address Setup Time tAS 0 -
Address Valid to End of Write tAW 80 -
Write Pulse Width twp 60 -

l CSl, WE twRl 5 -
Write Recovery Time 

CS2 15 twR2 -

Write to Output in High Z twHZ 0 35 

Data to Write Time Overlap tvw 40 -
Data Hold from Write Time tvH 0 -
OE to Output in High Z toHZ 0 35 

Olltput Active from End of Write tow 5 -
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HM6264P-12 

min max 

120 -
85 - . 

0 -
85 -
70 -
5 -

15 -
0 40 

50 -
0 -

0 40 

5 -

HM6264P-15 
Unit 

min max 

150 - ns 

100 - ns 

0 - ns 

100 - ns 

90 - ns 

10 - ns 

15 - ns 

0 50 ns 

60 - ns 

0 - ns 

0 50 ns 

10 - ns 



---------------------HM6264P-10, HM6264P-12, HM6264P-15 

•WRITE CYCLE (1) (OE clock) 

Address ____ _, 

CSl 

CS2 

WE------

•WRITE CYCLE (2) (OE Low Fix) 

Address 

i-------1.411------

lcu [2] 
(6] 

CS2 

Din -------------

NOTES: 1) A write occurs during the overlap of a low CSl, a_!!!g_h CS2 and a low 
WE. A write begins at the latest transition among CSl going low, CS2 
going high and WE going low. A write ends at the earliest transition 
among CSl 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 CSl going low or CS2 going high to 
the end of write. 

3) t AS is measured from the address valid to the beginning of write. 
4) twR is measured from the end of write to the address change. 

twRl applies in case a write ends at CSl or WE going high. 
twR2 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 CSl 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 CSl 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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HM6264P-10,HM6264P-12,HM6264P-1S~~~~~~~~~~~~~~~~~~~~ 

152 
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~~~~...._~~~~~~~~~~~~~~~HM6264P-10,HM6264P-12,HM6264P-15 
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HM6264FP-12,HM6264FP-15 
8192-word x 8-bit High Speed Static CMOS RAM 

• FEATURES 
• High Density Small-sized Packaged 
• Projection Area Reduced to One-Thirds of Conventional DIP 
• Thickness Reduced to a Half of Conventional DIP 
• High Speed: Fast Access Time 120/150ns (max) 
• Single 5V Supply 
• Low Power S~andby and Low Power Operation 

Standby: 0.1mW (typ.), Operation: 200mW (typ.) 
• Completely Static RAM: No clock nor Timing Strobe Required 
• Directly TTL Compatible: All Input and Output 
• Equal Access and Cycle Time 

• BLOCK DIAGRAM 

As ~-+-att::=i 
--o Vee A• 

As 
A6 
A1 
A6 
Att 
Au 

Memory Matrix 
256X256 

--0 GND 

CS20----" 

cs,-----1 Timing Pulse Cen. 

Read. Write Control 

•ABSOLUTE MAXIMUM RATINGS 
Item Symbol 

Terminal Voltage • VT 
Power Dissipation PT 
Operating Temperature Topr 

Storage Temperature Tstg 

Storage Temperature (Under Bias) Tbias 

Rating 
-0.S ** to +7 .0 

1.0 
0 to +70 

-SS to +12S 
-10 to +SS 

•With respect to GND. **Pulse width SOns: -3.0V 

•TRUTH TABLE 

WE cs1 CS2 OE Mode 1/0 Pin 
x H x x Not Selected High Z 
x x L x (Power Down) HighZ 
H L H H Output Disabled HighZ 
H L H L Read Dout 
L L H H 

Write 
Din 

L L H L Din 

X: Hor L 

Unit 
v 
w 
oc 
oc 
oc 
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(FP-28) 

• PIN ARRANGEMENT 

(Top View) 

Vee Current Note 
/SB,/SBl 

/SB,/SB2 

Icc,Icc1 
/CC,/CCl 

/CC,/CCl Write Cycle (1) 

/CC,/CCl Write Cycle (2) 



-------------------------HM6264FP-12, HM6264FP-15 

•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 
GND 0 0 0 v 
Vm 2.2 - 6.0 v 

Input Voltage 
VJL -0.3* - 0.8 v 

* Pulse Width 50ns: -3.0V 

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

Item Symbol Test Condition 

Input Leakage Current llLII Vin=GND to Vee 

Output Leakage Current lhoi 
CS1=Vm or CS2=VJL or OE=Vm or WE= VIL, 
V11o=GND to Vee 

Operating Power Supply Current lee CSi=VJL, CS2=Vm, I11o=OmA 

Average Operating Current Iee1 Min. cycle, duty=l00%, I11o=OmA 

ISB CS1=Vm or CS2=VJL 

Standby Power Supply Current lsBl** cs1;;;vee-0.2V, CS2;:.;Vee-0.2Vor CS2~0.2V 

ISB2** CS2~0.2V 

VoL foL=2.lmA 
Output Voltage 

VoH loH=-1.0mA 

* Typical limits are at Vee=5.0V, Ta=25~C and specified loading. 
** VIL min=-0.3V 

•CAPACITANCE(/= lMHz, Ta= 25°C) 

Item Symbol Test Condition typ max 

Input Capacitance .., ein Vin= OV - 6 

Input/Output Capacitance e110 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 and Fall Times: 10ns 
Input and Output Timing Reference Level: 1.5V 
Output Load: 1TTL Gate and CL = 100pF (including scope and jig) 

• READ CYCLE 

Unit 
pF 

pF 

min typ* 

- -

- -

- 40 

- 60 

- l 

- 0.02 

I 
- 0.02 

- -
2.4 -

Item Symbol 
HM6264FP-12 HM6264FP-15 

min max min max 
Read Cycle Time tRe 120 - 150 -
Address Access Time tAA - 120 - 150 

Chip Selection to Output l CSl teo1 - 120 - 150 
CS2 tco2 - 120 - 150 

Output Enable to Output Valid toE - 60 - 70 

Chip Selection to Output I CSl tLZl 10 - 15 -
in Low Z CS2 tLZ2 10 - 15 -
Output Enable to Output in Low Z toLZ 5 - 5 -

Chip Deselection to Output l CSl tHZl 0 40 0 50 
in High Z l CS2 tHZ2 0 40 0 50 

Output Disable to Output in High Z toHZ 0 40 0 50 
Output Hold from Address Change toH 10 - 15 -

max Unit 

2 µA 

2 µA 

80 mA 

110 mA 

3 mA 

2 mA 

2 mA 

0.4 v 
- v 

Unit 

ns 

ns 

ns 

ns 

ns 
ns 

ns 

ns 

ns 

ns 

ns 
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. 
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•READ CYCLE 

CSl 

--~~~tLz1~~~--

--~~~~-tco2~~-+-~__, 

CS2 
1..1...l..i..J...l..l...J..J...J..6':.....J..J.,.,f,.,,.J~--~~~tLz2~~~---

OE 

Dout---------------------------------------.....( 

NOTE: 1) WE is high for Read Cycle 

• WRITE CYCLE 

Item Symbol 
HM6264FP-12 HM6 264 FP-1 S 

Unit 
min max min max 

Write Cycle Time twc 120 - lSO - ns 

Chip Selection to End of Write tcw 8S - 100 - ns 

Address Setup Time tAs 0 - 0 - ns 

Address Valid to End of Write tAw 8S - 100 - ns 

Write Pulse Width twp 70 - 90 - ns 

Write Recovery Time 
l CSl, WE twRl SS - 10 - ns 

1 CS2 twR2 lS - lS - ns 

Write to Outputiin High Z twHz 0 40 0 50 ns 

Data to Write Time Overlap tDw so - 60 - ns 

Data Hold from Write Time tDH 0 - 0 - ns 

OE to Output in High Z toHZ 0 40 0 so ns 

Output Active from End of Write tow s - 10 - ns 
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•WRITE CYCLE (1) (OE clock) 

•WRITE CYCLE (2) (OE Low Fix) 

Address 

i--------l.~11------

lcir [2] 

[6] 

lcn. [2] 

CS2 

Dout -+-'~-+-~-+-+-+-i>-+-+-~-+-----+-----lf---1""*"-lf--
1/Jn 

Din ------------< 

NOTES: 1) A write occurs during the overlap of a low CSl, al!!g_h CS2 and a low 
WE. A write begins at the latest transition among CSl going low, CS2 
going high and WE going low. A write ends at the earliest transition 
among CSl 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 CSl going low or CS2 going high to 
the end of write. 

3) t AS is measured from the address valid to the beginning of write. 
4) twR is measured from the end of write to the address change. 

twR1 applies in case a write ends at CSl or WE going high. 
twR2 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 CSl 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 CSl 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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HM6264LP-10, HM6264LP-12 
HM6264LP-15 
8192-word x 8-bit High Speed Static CMOS RAM 

•FEATURES 

• Fast access Time 100ns/120ns/150ns (max.) 
• Low Power Standby Standby: O.OlmW (typ.) 

Low Power Operation Operating: 200mW (typ.) 
• Capability of Battery Back-up Operation 
• 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 

• BLOCK DIAGRAM 

Al ~-+~t:::::r-1 
A• 
As 
A6 
A1 
A6 
An 
Au 

--o Vee 

CS2"'-----' 

cs,----1 Timing Pulse Cen. 

Read. Write Control 

Memory Matrix 
256X256 

--0 GND 

WEa.----L--------..------------' 

OE..._-'--------------' 

• ABSOLUTE MAXIMUM RATINGS 
Item Symbol Rating Unit 

Terminal Voltage * VT -0.5 **to +7.0 v 
Power Dissipation PT 1.0 w 
Operating Temperature Topr 0 to +70 oc 
Storage Temperature Tstg -55to+l25 oc 
Storage Temperature (Under Bias) 7bias -10 to +85 oc 

*With respect to GND. **Pulse width 50ns: -3.0V 

• TRUTH TABLE 

WE cs1 CS2 OE Mode 1/0 Pin 
x H x x Not Selected High z 
x x L x (Power Down) High Z 
H L H H Output Disabled High z 
H L H L Read Dout 
L L H H 

Write 
Din 

L L H L Din 

X: Hor L 
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(DP-28) 

• PIN ARRANGEMENT 

(Top View) 

Vee Current Note 
/SB,/SBl 

/SB,/SB2 

Iee,Iee1 
/ee,/eel 
/ee,/ee1 Write Cycle (1) 

/ee,/ee1 Write Cycle (2) 



-------------------HM6264LP-10, HM6264LP-12, HM6264LP-15 

•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 
GND 0 0 0 v 

Input Voltage 
Vm 2.2 - 6.0 v 
VIL -0.3* - 0.8 v 

* Pulse ~dth 50ns: -3.0V 

•DC AND OPERATING CHARACTERISTICS (Vee= 5V±l0%, GND = OV, Ta= 0 to +70°C) 

Item Symbol Test Condition 
-

Input Leakage Current l/LJI V;n=GND to V cc 

Output Leakage Current lhoi 
CSl=Vm or CS2=Vn or OE=Vm orWE=V1L, 
V110 =GND to Vee 

Operating Power Supply Current Ice CSl=VIL, CS2=Vm, I11o=OmA 

Average Operating Current Icc1 Min. cycle, duty=100%, Ir;o=OmA 

lsB CSl=Vm or CS2=Vn 

Standby Power Supply Current lsBl** CS1~Ycc-0.2V, CS2~Ycc-0.2Vor CS2~0.2V 

ISB2** CS2~0.2V 

VoL loL=2.lmA 
Output Voltage 

VoH loH=-1.0mA 

* Typical limits are at Vcc=5.0V, Ta=25°C and specified loading. 
** Vn min=-0.3V 

•CAPACITANCE (f= lMHz, Ta= 25°C) 

Item Symbol Test Condition typ max 

Input Capacitance ein Vin= OV - 6 

Input/Output Capacitance e110 V110 = OV - 8 

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

• AC CHARACTERISTICS Wee= 5V±10%, Ta= 0 to +70°C) 

• AC TEST CONDITIONS 
Input Pulse Levels: 0.8 to 2.4V 
Input Rise and Fall Times: 10ns 
Input and Output Timing Reference Level: 1.5V 
Output Load: 1TTL Gate and CL= 100pF (including scope and jig) 

•READ CYCLE 

HM6264LP-10 
Item Symbol 

min max 

Read Cycle Time tRc 100 -

Address Access Time fAA - 100 

1 CSI tco1 - 100 
Chip Selection to Output 

l CS2 100 tco2 -
Output Enable to Output Valid tOE - 50 

Chip Selection to l CSl fLZl 10 -
Output in Low Z CS2 fLZ2 10 -

Output Enable to Output in Low Z tOLZ 5 -

Chip Deselection to l CSl fHZl 0 35 
Output in High Z l CS2 fHZ2 0 35 

Output Disable to Output in High Z fOHZ 0 35 

Output Hold from Address Change fOH 10 -

Unit 
pf 

pf 

HM6264LP-12 

min max 

120 -

- 120 

- 120 

- 120 

- 60 

10 -
10 -

5 -

0 40 

0 40 

0 40 

10 -

min typ* 

- -

- -

- 40 

- 60 

- l 

- 2 

- 2 

- -

2.4 -

HM6264LP-15 

min max 

150 -

- 150 

- 150 

- 150 

- 70 

15 -

15 -

5 -

0 50 

0 50 

0 50 

15 -

max Unit 

2 µ.A 

2 µ.A 

80 mA 

110 mA 

3 mA 

100 µ.A 

100 µ.A 

0.4 v 
- v 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

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 te_mperature and voltage condition, fHZ max is less than tLz min both for a given device and from 
device to device. 
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HM6264LP-10, HM6264LP-12, HM6264LP-15-------------------

•READ CYCLE 

i----~tLz1~~~-

-...~~~~-tco2~~~~--

CS2 
l..i...l..l.:..6..l..i..J..1."""-"""'.J..1.~:..tt--~~-tLz2------<~ 

Dout----------------------------------------< 

NOTE : 1) WE is high for Read Cycle 

•WRITE CYCLE 

HM6264LP-10 
Item Symbol 

min max 

Write Cycle Time twc 100 -

Chip Selection to End of Write tcw 80 -

Address Setup Time fAS 0 -
Address Valid to End of Write fAW 80 -
Write Pulse Width twp 60 -

1 CSl, WE tWRl 5 -
Write Recovery Time 

l CS2 tWR2 15 -
Write to Output in High Z fWHZ 0 35 

Data to Write Time Overlap tvw 40 -
Data Hold from Write Time fDH 0 -

OE to Output in High Z fOHZ 0 35 

Output Active from End of Write tow 5 -
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HM6264LP-12 HM6264LP-15 
Unit 

min max min max 

120 - 150 - ns 

85 - 100 - ns 

0 - 0 - ns 

85 - 100 - ns 

10 - 90 - ns 

5 - 10 - ns 

15 - 15 - ns 

0 40 0 50 ns 

50 - 60 - ns 

0 - 0 - ns 

0 40 0 50 ns 

5 - 10 - ns 



-------------------HM6264LP-10, HM6264LP-12, HM6264LP-15 

• W~ITE CYCLE (1) (OE clock) 

r ---twc ----· -j 

Address ----X ~---
1 

WE 

Dout 

• WRITE CYCLE (21 (OE Low Fixl 

NOTES: 1) A write occurs during the overlap of a low CSl, a ~h CS2 'and a low 
WE. A write be~ at the latest tra~sition among CSl going low, CS2 
going high and WE going low. A write ends at the earliest transtion 
among CSl 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 CSl going low or CS2 going high to 
the end of write. 

3) t AS is measured from the address valid to the beginning of wri\e. 
4) twR is measured from the end of write to the address change. 

twRl applies in case a write ends at CSl or WE going high. 
twR 2 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 CSl 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 CSl 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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HM6264LP-10, HM6264LP-12, HM6264LP-15-------------------

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

Item Symbol 

VDRl 
V cc for Data Retentiob 

VDR2 

IccDRl 
Data Retention Current 

IccDR2 
Chip Deselect to Data Retention tcDR Time 
Operation Recovery Time tR 

* VIL min= -0.3V, 20µ.A max at T0 =0-40°C 
** tRc =Read Cycle Time 

Test Condition 

CSl ~ V cc- 0.2V,CS2~V cc-0.2Vor CS2~0.2V 

CS2 ~ 0.2V 
V cc - 3.0V, CSl ~ V cc - 0.2V, 
CS2 > V cc - 0.2V or CS2 ~ 0.2V 

V cc= 3.0V, CS2 ~ 0.2V 

See Retention Waveform 

•LOW Vee DATA RETENTION WAVEFORM (1) (CS1 Controlled) 

tcDR-...~~~~~-D_a~t~a_R~e~te~n~ti~on=-M~o~d~e~·~~~--i---tR 
Vce---+----1 

4.5V- - --

CSl~Vce -0.2V 

min typ max 

2.0 - -
2.0 - -
- 1 50* 

- 1 50* 

0 - -

tRc** - -

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

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

Vee'--------------~ 

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

CS2--

VDR2--- --

0.4V- - - - - - - -

Data Retention Mode 

CS2 ~ 0.2V 
ov- - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - - - - - - -

NOTE: In Data Retention Mode, CS2 controls the Address, WE, CSl, ~and Din 
buffer. If CS2 controls data retention mode, Vin for these inputs can be in 
the high impedance state. If CS1 controls the data retention mode, CS2 
must satisfy either CS2 > Vcc-:-0.2V or CS2 < 0.2V. The other input 
levels (address, WE, OE, I/0): can be in the high impedance state. 
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Unit 
v 
v 

µ.A 

µ.A 

ns 

ns 



~~~~~~~~~~~~~~--~~~-HM6264LP-10,HM6264LP-12,HM6264LP-15 

SUPPLY CURRENT vs. 
SUPPLY VOLTAGE 

:;- 1.6.-----.-----.----...-------. 
0 
N :; 

Ta=25'C 

e ::; 
l.41-----+-----+---1------1 

~ l.2t------+----+---1----~---i 

~ ~ 
• 1.01------+----,:7!"~--1-----1 

.? ~ c _,..-1 t 0.81-""" 

= u 
» 0.6t-----+----+--------1 
Q. 
Cl. 
::I 
00 

0.4'----~---"----"-----' 

:;-
0 

.!::l 
-; 
E 

I.I 

1.0 

0 0.9 

~ 
8 
~ 0.8 

c 

4.5 4.75 5.0 5.25 

Supply Voltage V cc (V) 

SUPPLY CURRENT vs. 
FREQUENCY 

5.5 

z06 •• 150ns 120ns 1al.. 

y 
v L_ 

v 
lL t 0.7 

::I 
_,.,, 

u 
» c. 0.6 
Cl. = 00 

:;-
0 

1.3 

.!::l 1.2 -; 
e 

Frequency (MHz) 

ACCESS TIME vs. 
SUPPLY VOLTAGE 

Ta=25'C 

~ 1.1 
~ 

0 
9 1.0 

~ 
~ 
0 0.9 
e 
~ 
~ 
0 u u 
< 

0.8 

0.7 
4.5 

~ 
~ 
~ 
~ 

4.75 5.0 5.25 

Supply Voltage Vee (V) 

10 

5.5 

SUPPLY CURRENT vs. 
AMBIENT TEMPERATURE 

1.6 .-----.-----.----.....----..... 

Vcc=5.0V 
:;-
0 

.!::l 
-; 1.41------i-----+---i-----l 

E 
0 

~ 1.21------i-----+---i-----l 

... 8 t--
1.0t-~---"'1'-..o;;;;:::--t----t----; 

~ ~ c 0.81-------i-----+---1----~ 

t = u 0.6 t-----i-----+---1----~ 
» 
Q. 
Co = 0.4 00 ~o-----r.ro---•4o ____ ro.._ __ ~80 

:;-
0 

.!::l -; 
E 
0 

~ 
c 
9 
~ 
~ 
0 e 

E= 
~ 
0 u 
u 
< 

,...... 
'O 

1.8 

0.8 

0.6 

1.3 

,; 1.2 
a; 
E 
~ 1.1 

0 
9 to 
~ 
~ 0.9 
0 e 
~ 
"' "' 8 
< 

0.8 

0.7 

100 

Ambient Temperature Ta (°C) 

ACCESS TIME vs. 
LOAD CAPACITANCE 

200 300 400 

Load Capacitance CL (pF) 

ACCESS TIME vs. 
AMBIENT TEMPERATURE 

Vcc=5.0V. 

v _/ v 
L 

~ 

0 40 

Ambient Temperature Ta (°C) 

500 

80 
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HM6264LP-10, HM6264LP-12, HM6264LP-1------------------

164 

INPUT LOW VOLTAGE vs. 
SUPPLY VOLTAGE 

Ta=25"C 

~ I.I 

E 
::::'! ~ ____, 
~ 1.0 

: 
~ 0.9 

> 
it; 
.3 0.8 

:; 
a. .s 0.7 

1.6 

I.~ 

0.8 

~ 0.6 ; 
a. 
; 

~ ~ 

4.5 4.75 5.0 5.25 

Supply Voltage Vee (V) 

OUTPUT CURRENT vs. 
OUTPUT VOLTAGE 

\ 

~ 
1 

~ 

Ta=25·c 
Vcc=5V 

0 0.4 
l 

Output High Voltage VoH (V) 

STANDBY CURRENT vs. 
AMBIENT TEMPERATURE 

:;-
0 

~ 10 

~ 
~ 

Co'! 

£1 
.:, 

= .... 
~ e 
~ 

= 5 
t.) 
;... 0.1 
J:l 
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c:: 
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5.5 

80 

INPUT HIGH VOLTAGE 
vs. SUPPLY VOLTAGE 

:;- 1.3--------.----------
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.!::! 
-; 
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E i.2i-----t------+------t-----1 

0 

~ 
.5 1.1 

~ 1.01-----+-----.,,_..., ... ____.;;;...__-+~----1 
~ v--r---
~ 0.9i-----t------+------t-----t 

~ 
.g, = 0.8i-----t------+------t-----t 

:; 
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~ 
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8 
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~ 
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IQ 
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IQ 
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~ 

= t 
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0.6 

0.4 
0 

0.4 

0.2 
2 

4.75 5.0 5.25 

Supply Voltage Vee (V) 

OUTPUT CURRENT vs. 
OUTPUT VOLTAGE 

_j_ 

L 
~ 

t v 
0.2 0.4 0.6 

Ta=25'C 
Vcc=SV 

Output Low Voltage VoL (V) 

STANDBY CURRENT vs. 
SUPPLY VOLTAGE 

Supply Voltage Vee (V) 
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0.8 
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HM6264LFP-12,HM6264LFP-15-
8192-word x 8-bit High Speed Static CMOS RAM 

• FEATURES 
• High Density Small-sized Packaged 
• Projection Area Reduced to One-Thirds of Conventional DIP 
• Thickness Reduced to a Half of Conventional DIP 
• High Speed: Fast Access Time 120/150ns (max) 
• Single 5V Supply 
• Low Power Standby and Low Power Operation 

Standby: 10µW (typ.), Operation: 200mW (typ.) 
• Capability of Battery Back-up Operation 
• Completely Static RAM: No clock nor Timing Strobe Required 
• Directly TTL Compatible: All Input and Output 
• Equal Access and Cycle Time 

• BLOCK DIAGRAM 

A1 ~--r-~~-.....J 

"' As 

"' ..\1 

"' A11 

A12 

cs,-----1 
Cs1&----1 

Row 
Decoder 

Timing Pulse Cen. 

Read. Write Control 

Memory Matrix 
256X256 

---o Vee 

--0 GND 

wr: ""· -----1L------r-------' 
OE,..._ ______ __. 

•ABSOLUTE MAXIMUM RATINGS 
Item Symbol Rating Unit 

Terminal Voltage * VT -0.5 **to +7.0 v 
Power Dissipation PT 1.0 w 
Operating Temperature To pr 0 to +70 oc 
Storage Temperature Tstg -55 to +125 oc 
Storage Temperature (Under Bias) 7bias -10 to +85 oc 

*With respect to GND. **Pulse width 50ns: -3.0V 

•TRUTH TABLE 

WE cs. cs2 OE Mode 1/0 Pin 
x H x x Not Selected High Z 
x x L x (Power Down) High z 
H L H H Output Disabled High Z 

H L H L Read Dout 
L L H H 

Write 
Din 

L L H L Din 

X: Hor L 

$HITACHI 

(FP-28) 

• PIN ARRANGEMENT 

(Top View) 

Vee Current Note 
/SB, /SBl 

/SB,/SB2 

Icc,Icc1 
Icc,Icc1 
Ice, /CCl Write Cycle (I) 

Icc, Icc1 Write Cycle (2) 
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HM8264LFP-12, HM6264LFP-1 S----------------------

•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 
GND 0 0 0 v 
Vm 2.2 - 6.0 v 

Input Voltage 
VIL -0.3* - 0.8 v 

* Pulse Width 50ns: -3.0V 

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

-
Item Symbol Test Condition 

Input Leakage Current l/ul V;n=GND to V cc 

Output Leakage Current lhol 
CSI=V1H or CS2=VJL or OE=Vm or WE=V1L• 
v 110=GND or Vee 

Operating Power Supply Current Ice CSI=VJL, CS2=V1H, lJ1o=OmA 

Average Operating Current Icc1 Min. cycle, duty=l00%, 111o=OmA 

lsB CSI = Vm or CS2= V1L 

Standby Power Supply Current ISBl** CSI~Vcc-0.2V, CS2~Vcc-0.2Vor CS2~0.2V 

ISB2** CS2~0.2V 

VOL IoL=2.lmA 
Output Voltage 

VoH loH=-1.0mA 

* Typical limits are at Vcc=S.OV, T0 =25°C and specified loading. 
** V1L min=-0.3V 

•CAPACITANCE(/= lMHz, Ta= 25°C) 

Item Symbol Test Condition typ max 

Input Capacitance C;n Vin= OV - 6 

Input/Output Capacitance e110 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 and Fall Times: 10ns' 
Input and Output Timing Reference Level: 1.5V 
Output Load: 1TTL Gate and CL= 100pF (including scope and jig) 

• READ CYCLE 

Unit 
pF 

pF 

min typ* 

- -

- -

- 40 

- 60 

- 1 

- 2 

- 2 

- -

2.4 -

Symbol 
HM6264LFP-12 HM6264LFP-15 

Item 
min max min max 

Read Cycle Time tRc 120 - 150 -
Address Access Time tAA - 120 - 150 

1 CSl tco1 - 120 - 150 
Chip Selection to Output 1 CS2 tco2 - 120 - 150 

Output Enable to Output Valid toE - 60 - 70 

Chip Selection to Output l CSl tLzl 10 - 15 -
in LowZ CS2 tLZ2 10 - 15 -
Output Enable to Output in Low Z toLZ 5 - 5 -
Chip Deselection to Output 1 CSI tHZl 0 40 0 50 
in High Z 1 CS2 tHz2 0 40 0 50 

Output Disable to Output in High Z toHZ 0 40 0 50 

Output Hold from Address Change toH 10 - 15 -

max Unit 

2 µA 

2 µA 

80 mA 

110 mA 

3 mA 

100 µA 

100 µA 

0.4 v 
- v 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

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. 
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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. 

$HITACHI 



HM6264LFP-12, HM6264LFP-15 

•READ CYCLE 

-----tLz1----

-------tco2--_.... _ __. 

CS2 
-..---...... .-..--. .......... 9' 1-----tLz2--~~ 

Dout----------------------------------------1. 

NOTE : 1) WE is high for Read Cycle 

• WRITE CYCLE 

Item Symbol 
HM6264LFP-l 2 HM6264LFP-15 

Unit 
min max min max 

Write Cycle Time twc 120 - 150 - ns 

Chip Selection to End of Write tcw 85 - 100 - ns 

Address Set~p Time tAs 0 - 0 - ns 

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

Write Pulse Width twp 70 - 90 - ns 

Write Recovery Time 
l CS"l, WE twRl 5 - 10 - ns 

[ CS2 twR2 15 - 15 - ns 

Write to Output in High Z twHZ 0 40 0 50 ns 

Data to Write Time Overlap tDw 50 - 60 - ns 

Data Hold from Write Time tDH 0 - 0 - ns 

OE to Output in High Z toHZ 0 40 0 50 ns 

Output Active from End of Write tow 5 - 10 - ns 

Ci> HITACHI 167 



• WRITE CYCLE (1) (OE clock) 

r --- twc -----1 
Address~ ----

OE._.' ..................... __ .,,~ 

cs1......, .......... ......_,...__._i'-"-'l""'="'='"=-~---'1'+"""""" ........ '"""""~ 

•WRITE CYCLE (2) (OE Low Fix) 

Din---------

NOTES: 1) A write occurs during the overlap of a low CSl, a~ CS2 and a low 
WE. A write be@!!! at the latest tra~sition among CSl going low, CS2 
going high and WE going low. A write ends at the earliest transtion 
among CSl 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 CSl going low or CS2 going high to 
the end of write. 

3) tAs is measured from the address valid to the beginning of write. 
4) twR is measured from the end of write to the address change. 

twRl applies in case a write ends at CSl or WE going high., 
twR2 applies in case a write ends at CS2 going low. 

S) During this period, 1/0 pins are in the output state, therefore the input 
sigf!als of opposite phase to the outputs must not be applied._ 

6) If CSl 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 CSl 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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------------------------HM6264LFP-12, HM6264LFP-15 

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

Item Symbol 

VDR1 
V cc for Data Retention 

VDR2 

IccnRt 
Data Retention Current 

IccnR2 
Chip Deselect to Data Retention tcnR Time 
Operation Recovery Time tR 

* VIL min= -0.3V, 20µA max at T0 =0 -40°C. 
** tRc = Read Cycle Time 

Test Condition 

CSl ~ V cc- 0.2V,CS2~V cc-0.2Vor CS2~0.2V 
CS2 ~ 0.2V 
V cc= 3.0V, CSl ~ V cc - 0.2V, 
CS2 ;;::-: V cc - 0.2V or CS2 ~ 0.2V 

V cc= 3.0V, CS2 ~ 0.2V 

See Retention Waveform 

•LOW Vee DATA RETENTION WAVEFORM (1) {CS1 Controlled) 

tcDR-+-~~~~~-D~a~t~a_R_e~te~n~ti~on'"'-'-M~o~d~e--~~~---i---tR 
V cc---+----1 
4.SV----

CSl~V cc - 0.2V 

min typ max 

2.0 - -

2.0 - -
- 1 50* 

- 1 50* 

0 - -

tRc** - -

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

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

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

CS2--

VnR2-- - --

Data Retention Mode 

0.4V- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
CS2 ~ 0.2V 

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

NOTE: In Data Retention Mode, CS2 controls the Address, WE, CSl, OE and Din 
buffer. If CS2 controls data retention mode, Vin for these inputs can be in 
the high impedance state. If CSl controls the data retention mode, CS2 
must satisfy either CS2 ~ Vcc-0.2V or CS2 ~ 0.2V. The other input 
levels (address, WE, OE, I/O)can be in the high impedance state. 
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Unit 

v 
v 

µA 

µA 

ns 

ns 
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HM6287P /HM6287CG Series 

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

• FEATURES 
•High Speed: Fast Access Time ssnons (max.) 

• Low Power.Standby and Low Power Operation 
Standby: 0.1mW (typ.): Operation: 300mW (typ.) 

• Single 5V Supply 
• Completely Static Memory 

No Clock or Timing Strobe Required 
• Equal Access and Cycle Time 
• Directly TTL Compatible: All Inputs and Output 

• BLOCK DIAGRAM 

,._y,, 

..,._GND 

Memory Array 

128 x 512 

• ABSOLUTE MAXIMUM RATINGS 
Item Symbol Rating 

Voltage on Any Pin* VT -0.5 to +7.0 
Power Dissipation PT 1.0 
Operating Temperature Topr 0 to +70 
Storage Temperature** Tata -65 to +150 

Temperature Under Bias Tbias -10 to +85 

•with respect to GND. VT min = -3.SV (Pulse width 20ns) 
••-SS to +12S°C for Plastic DIP 

Dout 

Unit 

v 
w 
oc 
oc 
oc 
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Under Development 

HM6287P-SS, HM6287P-70 

(DP-22A) 

HM6287CG-SS, HM6287CG-70 

(CG-22) 

• PIN ARRANGEMENT 
• HM6287P Series 

(Top View) 

• HM6287CG Series 

(Top View) 



HM6287LP Series 
Under Development 

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

• FEATURES 
• High Speed: Fast Access Time 55/70ns (max.) 
• Low Power Standby and Low Power Operation 

Standby: 10µW (typ.), Operation: 300mW (typ.) 
• Capability of Battery Back-up Operation 
• Single 5V Supply 
• Completely Static Memory 

No Clock or Timing Strobe Required 
• Equal Access and Cycle Time 
• Directly TTL Compatible: All Inputs and Output 

• BLOCK DIAGRAM 
(DP-22A) 

,.__Vee • PIN ARRANGEMENT 

.,.__GND 
Memory Array 

128 x 512 

Dout 

• ABSOLUTE MAXIMUM RATINGS (Top View) 

Item Symbol Rating Unit 

Voltage on Any Pin* VT -0.5 to +7.0 v 
Power Dissipation PT 1.0 w 
Operating Temperature Topr 0 to +70 oc 
Storage Temperature Tst1 -55 to +125 oc 
Temperature Under Bias Tbias -10 to +85 oc 

* with respect to GND. VT min = -3.5V (Pulse width 20ns) 
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HM65256P Series 

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

The HM65256P is a 32,768-words x 8-bits, high speed, pseudo static 
CMOS Random Access memory. 
This new breed of pseudo static RAM utilizes HITACHl's double
layers CMOS technology and advanced circuit techniques for high 
performance and high functional density. 
The HM65256P is offered in a standard 600 mil 28 pin dual-in-line 
plastic package, and guaranteed for operation from 0°C to 70°C at 
the condition of 5-V single power supply with ±10% tolerances. 
All inputs and outputs are compatible with high performance logic 
families, such as Schottky TTL. 
As for refresh functions, including address refresh, refresh control 
function available on 22 pin provides automatic and self-refresh 
modes. 

• FEATURES 
• Organized as 32768-words x 8-bits 
• Single 5V Power Supply 
• High Speed · · · · · Access Time 150/200ns (max). 
• Control on Pin-22 for automatic and self reflesh 
• Equal access and cycle time 
• All inputs and outputs TTL compatible 
• 22 pin function 

cs OE/RFSH 

H RFSH 

L OE 
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Under Development 

(DP-28) 

• PIN ARRANGEMENT 

(Top View) 



MOS DYNAMIC RAM 
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HM48416AP-12, HM48416AP-15 
HM48416AP-20 
16384-word X 4-bit Dynamic Random Access Memory 

• FEATURES 
• 16384-word x 4-bit Organization 
• Single 5V (±10%) 
• Low Power; 303mW Active, 20mW Standby 
• High speed: Access Time 120ns/150ns/200ns (max) 
• Page mode capability 
• Output data control led by~ O"E 
• TTL compatible 
• 128 refresh cycles (A0 -A6 , 2ms) 

• BLOCK DIAGRAM 

WE 

___...v,.,. 

-vss 

--1vHH Generator! 

• ABSOLUTE MAXIMUM RATINGS 
Item Symbol Value Unit 

Voltage on any pin relative to Vss VT -1.0 to +7.0 v 
Supply Voltage relative to Vss Vee -1.0 to +7.0 v 
Short Circuit Output Current lout 50 mA 

Power Dissipation PT 1.0 w 
Operating Temperature Topr 0 to +70 oc 
Storage Temperatue Tstg -55 to +125 oc 

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

Item Symbol min typ max Unit 

Vee 4.5 5.0 5.5 v 
Supply Voltage 

Vss 0 0 0 v 
V1H 2.4 - 6.5 v 

Input Voltage 
V1L -1.0 - 0.8 v 

Note All voltages referenced to V SS· 
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HM48416AP-12, HM48416AP-15, 
HM48416AP-20 

(DP-18) 

• PIN ARRANGEMENT 

(Top View) 

AO-A7 Address Inputs 

CAS Column Address Strobe 

I/01-1/04 Data In/Data Out 

OE Output Enable 

RAS Row Address Strobe 

WRITE Read/Write Input 

Vee Power (+5V) 

Vss Ground 



-----------------HM48416AP-12, HM48416AP-15, HM48416AP-20 

• DC ELECTRICAL CHARACTERISTICS (Ta=O to 70°C, v cc=SV±10%, Vss=OV) 

HM48416AP HM48416AP HM48416AP 
Paramater Smbol -12 -lS -20 Unit Notes 

min max min max min max 
Operating Current (RAS, CAS Cycling: tRc=min) Icc1 - 60 - SS - 4S mA 1, 2 
Standby Current (RAS=V1H, Dout=High Impedance) Icc2 - 3.S - 3.S - 3.S mA 
Refresh Current (RAS Cycling, CAS=V1H. tRc=min) Ice a - 42 - 38 - 33 mA 2 
Standby Current (RAS=V1H, Dout Enable) Ices - s.s - s.s - s.s mA 1 
Page Mode Current (RAS= Vn, CAS Cycling; tpc=min) Icc6 - 42 - 38 - 33 mA 1, 2 
Input Leakage (0< Vin <6.SV) hi -10 10 -10 10 -10 10 µ.A 
Output Leakage (Dout is disabled, 0< Vout<S.5V) ho -10 10 -10 10 -10 10 µ.A 
Output Levels High (/0 ut=-5mA) VoH 2.4 Vee 2.4 Vee 2.4 Vee v 
Output Levels Low (/0 ut=4.2mA) VoL 0 0.4 0 0.4 0 0.4 v 

Notes) 1. Ice depends on output loading condition when the device is selected, Ice max is specified at the output open 
condition. 

2. Current depends on cycle rate: maximum current is measured at the fastest cycle rate . 

• CAPACITANCE (Vcc=SV±10%, Ta=25°C) 
Parameter Symbol typ max 

Address Cinl - s 
Input Capacitance 

RAS, CAS, WRITE, OE qn2 - 10 
Output Capacitance 1 Data In/Data out C110 - 10 

Notes) 1. Capacitance mesured with Boonton Meter or effective capacitance measuring method. 
2. CAS=VIH to disable Dout. 

Unit 
pF 
pF 
pF 

• ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Ta=O to 70°C, V cc=SV±10%, Vss=OV)1>· 10> 

HM48416AP-12 HM48416AP-15 HM48416AP-20 
Parameter Symbol Unit 

min mas min max min max 

Random Read or Write Cycle Time tRc 230 - 260 - 330 - ns 

Read-Write Cycle Time tRWC 320 - 360 - 4SO - ns 

Page Mode Cycle Time tpc 130 - 145 - 190 - ns 

Access Time from RAS lRAC - 120 - 150 - 200 ns 

Access Time from CAS tcAc - 60 - 15 - 100 ns 

Output Buffer Turn-off Delay referenced to CAS toFFl - 35 - 40 - 50 ns 

Transition Time (Rise and Fall) tT 3 35 3 3S 3 so ns 

RAS Precharge Time tRP 100 - 100 - 120 - ns 

RAS Pulse Width tRAS 120 10000 150 10000 200 10000 ns 

CAS Pulse Width tcAS 60 10000 15 10000 100 10000 ns 

RAS to CAS Delay Time fRCD 25 60 25 1S 30 100 ns 

RAS Hold Time fRSH 60 - 15 - 100 - ns 

CAS Hold Time tcsH 120 - 150 - 200 - ns 

CAS to RAS Precharge Time tcRP -10 - -10 - -10 - ns 

Row Address Set-up Time fASR 0 - 0 - 0 - ns 

Row Address Hold Time fRAH 15 - 15 - 20 - ns 

Column Address Set-up Time tAsc 0 - 0 - 0 - ns 

Column Address Hold Time fcAH 20 - 25 - 30 - ns 

Column Address Hold Time referenced to RAS tAR 80 - 100 - 130 - ns 

Write Command Set-up Time twcs 0 - 0 - 0 - ns 

Write Command Hold Time twcH 40 - 45 - S5 - ns 

Notes 
1 
1 

1, 2 

Note 

2, 3 

3,4 

5 

6 

7 

8 

(to be continued) 
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HM48416AP·12, HM48416AP-15, HM48416AP-20-----------------

Parameter Symbol 
HM48416AP-12 HM48416AP-1S HM48416AP-20 

Unit Note 
min max min max min max 

Write Command Hold Time refferenced to 
twcR 100 120 lSS - ns 

RAS 
- -

Write Command Pulse Width twp 
Write Command to RAS Lead Time fRWL 

Write Command to CAS Lead Time tcwL 

Data-in Set-up Time tDs 

Data-in Hold Time tDH 

Data-in Hold Time refferenced to RAS tDHR 
Read Command Set-up Time tRCS 

Read Command Hold Time refferenced to 
tRCH 

CAS 

Read Command Hold Time refferenced to 

RAS tRRH 

Refresh Period tREF. 

CAS to WE Delay Time tcwD 

RAS to WE Delay Time tRWD 

CAS Precharge Time (for Page-mode 
tcp 

Cycle Only) 

CAS Precharge Time tcPN 
RAS Precharge to CAS Hold Time tRPC 

Access Time from OE toAc 

Output Buffer Tum-off Delay refferenced 
toFF2 to OE 

OE to Data-in Delay Time toDD 

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, 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 1 (max) and toFF2 (max) define the time at 

which the output achieves the open circuit condition. 
6. V1H (min) and VIL (max) are reference levels for 

measuring timing of input signals. Also, transition times 
are measured between V1H and VIL. 

7. Operation within the fRCD .(max) limit insures that 
fRAc(max) can be met, tRcD (max) is specified as a 
reference point only; if tRcD is greater than the spe
cified tRcD (max) limit, then access time is controlled 
exclusively by tcAC· 

8. twcs. tcwD and tRwD are not rbstrictive operating 
parameters. 

40 
40 

40 

0 

40 

100 

0 

0 

10 

-
lOS 

16S 

60 

3S 
0 

-

-
3S 

- 4S - SS - ns 

- 4S - SS - ns 

- 4S - SS - ns 

- 0 - 0 - ns 9 

- 4S - SS - ns 9 

- 120 - !SS - ns 

- 0 - 0 - ns 

- 0 - 0 - ns 

- 10 - 10 - . ns 

2 - 2 - 2 ms 

- 12S - 160 - ns 8 

- 200 - 260 - ns 8 

- 60 - 80 - ns 

- 40 - so - ns 

- 0 - 0 - ns 

35 - 40 - so ns 3 

3S - 40 - so ns s 

- 40 - so - ns 11 

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 output pin will remain 
open circuit (high impedance) throughout the entire 
cycle; if tcwD ~ tcwD (min) and tRwD ~ tRwD (min) 
the cycle is a read-write cycle 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 read-modify-write cycles. 

1 O. An initial pause of lOOµs is required after power-up 
followed by a minimum of 8 initialization cycleL 

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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----------------- HM48416AP-12, HM48416AP-15, HM48416AP-20 

• TIMING WAVEFORMS 

• Read Cycle 1------------tRc-----~----i 

RAS -----,.1.... ... -------tRAs------~ 

tr 
i.+----IRSH---..t 

tRcD--~---tCAS 

i--------+-tcsH-------i 

CAS ---~------.1 

fASR tCPN 

t-----tAR-+--+--~ 

tRAH 

Address 

tRCS 

fRRH 
tcAC 

OPEN 
1/0----4-----------< I 

i------tRAc----~ 

-+-~-tOFF2 
to Ac --ii--_,___ 

OE-------------.. 

* c::J : Don't care 

• Early Write Cycle 

i---------tRAs------~ 

tr-+-f--

tRCD--"'----tCAS 

i------+tcsH-------i 
CAS ----+-+------.i. 

----tRAH 

Address 

1/0 VALID INPUT 

IDS *OE : Don't care 

c::J : Don't care 
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HM48416AP-12, HM48416AP-15, HM48416AP-20----------------

• Delayed Write Cyde 

tASR 

tAR 

Address 

1/0 

----t--4-- toDD 

* r:::::J : Don't care 

• Read Modify Write Cycle 

Address 

OPEN 

* r:::::J : Don't care 
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------------------HM48416AP-12, HM48416AP-15, HM48416AP-20 

• Page Mode Read Cycle 

RAS 

i-----tcsH----

Address 

OPEN 
1/0----------u 

t OAc-+---+----

• Page Mode Write Cycle • c:::J : Don't care 

RAS 

Address 

1/0 

fDHR 

• c:::J : Don't care 
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HM48416AP-12, HM48416AP-15, HM48416AP-20-----------------

• ~Only Refresh Cycle 

i----------tRc--------~ 

i.-....---tRP·-----' 

-tRAHi~~ ->C
.tASR - . 

Address ROW 

180 

------

OPEN 
1/0~----------------------------------~ 

$HITACHI 

*OE, WE : Don't care 
c::::J : Don't care 



HM4864-2, HM4864-3----
HM4864P-2, HM4864P-3 
65536-word x 1-bit Dynamic Random Access Memory 

The HM4864 is a 65,536-words by 1-bit, MOS random access 
memory circuit fabricated with HITACHl's double-poly N-channel 
silicon gate process for high performance and high functional 
density. The HM4864 uses a single transistor dynamic storage cell 
and dynamic control circuitry to achieve high speed and low power 
dissipation. 
Multiplexed address inputs permit the HM4864 to be packaged in a 
standard 16 pin DIP on 0.3 inch centers. 
This package size provides high system bit densities and is 
compatible with widely available automated testing and insertion 
equipment. System oriented features include single power supply of 
+5V with ±10% tolerance, direct interfacing capability with high 
performance logic families such as Schottky TTL, maximum input 
noise immunity to minimize "false triggering" of the inputs, on-chip 
address and data registers which eliminate the need for interface 
registers, and two chip select methods to allow the user to determine 
the appropriate speed/power characteristics of this memory system. 
The HM4864 also incorporates several flexible timing/operating 
modes. 
In addition to the usual read.write, and read-modify-write cycles, the 
HM4864 is capable of delayed write cycles, page-mode operation 
and RAS-only refresh. 
Proper control of the clock inputs (RAS, CAS, and WE) allows 
common 1/0 capability, two dimensional chip selection. and 
extended page boundaries (when operating in page mode). 

•FEATURES 
• Recognized industry standard 16-pin configuration 
• 150ns access time, 270ns cycle time (HM4864-2, HM4864P-2) 
• 200ns access time, 335ns cycle time (HM4864-3, HM4864P-3) 
• Single power supply of +5V±10% with a built-in Vss generator 
• Low Power; 330 mW active. 20 mW standby (max) 
• The inputs TTL compatible, low capacitance, and protected 

against static chctrge 
• Output data controlled by CAS and unlatched at end of cycle to 

allow two dimensional chip selection and extended page bound
ary 

• Common 1/0 capability using "early write" operation 
• Read-Modify-Write, RAS-only refresh, and Page-mode capability 
• 128 refresh cycle 

$HITACHI 

HM4864-2, HM4864-3 

(DG-16AJ 

HM4864P-2, HM4864P-3 

(DP-16) 

• PIN ARRANGEMENT 

(Top View) 

Ao-A1 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 

Ao-A• Refresh Address Input 
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HM4864-2,HM4864-3,HM4864P-2,HM4864P-3~~~~~~~~~~~~~~~~~~ 

•FUNCTIONAL BLOCK DIAGRAM 

Din 

Dout 

•ABSOLUTE MAXIMUM RATINGS 
Voltage on any pin relative 
to Vss ................ -1.0 to +7V 
Operating Temperature, Ta 
(Ambient) . • . . . . . . . . . . . . 0 to + 70° C 
Storage Temperature 
(Ambient) ........ -65 to +150°C (Cerdip) 

-55 to +125°C (Plastic) 
Short-circuit Output Current . 50 mA 
Power Dissipation . . . . . . . . . 1 W 

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

Parameter Symbol min typ max Unit Notes 

Vee 4.5 5.0 5.5 v 
Supply Voltage 1 

Vss 0 0 0 v 
Input High Voltage Vin 2.4 - 6.5 v 1 

Input Low Voltage V,L -1.0 - 0.8 v 1 

• DC ELECTRICAL CHARACTERISTICS (Ta=O to +70°C, Vcc=5V±IO%, Vss=OV) 

Parameter Symbol min max Unit Notes 

OPERATING CURRENT 
lec1 - 60 mA 2, 4 

Average Power Supply Operating Current (RAS, CAS Cycling; t Re-min.) 

STANDBY CURRENT 
lec2 - 3.5 mA 2 

Power Supply Standby Current (RAS= V111, Dout =High Impedance) 

REFRESH CURRENT 
Average Power Supply Current, Refresh Mode /eel - 45 mA 2,4 
(RAS Cycling, CAS - Vin; t Re - min.) 

PAGE MODE CURRENT 
Average Power Supply Current, Page-mode Operation frc, - 45 mA 2, 4 
(RAS - Vu.,CAS Cycling; fpc-min.) 

INPUT LEAKAGE 
Input Leakage Current, any Input (V .. -0 to +6.5V, all other pins not lu -IO 10 µA 
under test -OV) 

OUTPUT LEAKAGE ho -10 10 µA 3 
Output Leakage Current (Dout is disa.bled, V.,, -0 to + 5. 5 V ) 

OUTPUT LEVELS Von 2.4 Vee v 
Output High (Logic 1) Voltage(/.,, - -5mA) 

VoL 0 0.4 v 
Output Low (Logic 0) Voltage(/.,, -4.2mA) 

NOTES 
1. All voltages referenced to V SS· 
2. Ice depends on output loading condition when the device is selected. /cc max. is specified at the output open condition. 
3. ho consists of leakage current only. 
4. Current depends on cycle rate: maximum current is measured at the fastest cycle rate. 

•AC ELECTRICAL CHARACTERISTICS 

Parameter Symbol typ max Unit Notes 

Input Capacitance (Ao-A,, Din) c ... - 7 pF 1 

Input Capacitance (RAS, CXS, WE) c,., - 10 pF 1 

Output Capacitance (Dout ) c ... - 7 pF 1, 2 

NOTES 
1. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. CAS = VIH to disable DouT· 
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HM4864-2, HM4864-3, HM4864P.;2, HM4864P-3 

•ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS •>. 2> 

(Ta=O to +70°C, Vcc=5V±10%, Vss=OV) 

Parameter Symbol 

Random Read or Write Cycle Time fRc 

Read-Write Cycle Time IRwc 

Page Mode Cycle Time lpe 

Access Time from RAS f RAc 

Access Time from CAS lcAC 

Output Buffer Turn-off Delay toFF 

Transition Time (Rise and Fall) tr 

RAS Precharge Time fRP 

RAS Pulse Width IRAS 

RAS- Hold Time IRSH 

CAS Pulse Width fcAS 

CAS Hold Time fcSH 

RAS to CAS Delay Time IRco 

CAS to RAS Precharge Time le RP 

Row Address Set-up Time fASR 

Row Address Hold Time IRAH 

Column Address Set-up Time l.sc 

Column Address Hold Time fcAH 

Column Address Hold Time referenced to RAS IAR 

Read Command Set-up Time IRCS 

Read Command Hold Time IRcH 

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 tcwL 

Data-in Set-up Time tos 

Data-in Hold Time loH 

Data-in Hold Time referenced to RAS foHR 

CAS Precharge Time (for Page-mode Cycle Only) fcp 

Refresh Period IREF 

Write Command Set-up Time twcs 

CAS to WE Delay lcwo 

RAS to WE Delay IRWD 

RAS Precharge to CAS Hold Time IRPC 

NOTES 
1. AC measurements assume tr= 5ns. 
2. 8 cycles are required after power-on or prolonged 

periods (greater than 2ms) of RAS inactivity before 
proper device operation is achieved. Any 8 cycles 
which perform refresh are adequate for this purpose. 

3. V1H (min) and VIL (max) are reference levels for 
measuring timing of input signals. Also, transition 
times are measured between V1H and VJL. 

4. Assumes that tRcD ~ tRcD (max). If tRcD is greater 
than the maximum recommended value shown in this 
table tRAC exceeds the value shown. 

5. Assumes that tRcD ~ tRcD (max). 
6. Measured with a load circuit equivalent to 2TTL loads 

and 100 pF. 
1. toFF (max) defines the time at which the output 

achieves the open circuit condition and is not refer
enced to output voltage levels. 

8. Operation with the tRcD (max) limit insures that 

HM4864-2/P-2 HM4864-3/P-3 
Unit Notes 

min max min max 

270 - 335 - ns 

270 - 335 - ns 

170 - 225 - ns 

- 150 - 200 ns 4,6 

- 100 - 135 ns 5,6 

0 40 0 50 ns 7 

3 35 3 50 ns 3 

100 - 120 - ns 

150 10000 200 10000 ns 

100 - 135 - ns 

100 - 135 - ns 

150 - 200 - ns 

20 50 25 65 ns 8 

-20 - -20 - ns 

0 - 0 - ns 

20 - 25 - ns 

-10 - -10 - ns 

45 - 55 - ns 

95 - 120 - ns 

0 - 0 - ns 

0 - 0 - ns 

45 - 55 - ns 

95 - 120 - ns 

45 - 55 - ns 

45 - 55 - ns 

45 - 55 - ns 

0 - 0 - ns 9 

45 - 55 - ns 9 

95 - 120 - ns 

60 - 80 - ns 

- 2 - 2 ms 

-20 - -20 - ns 10 

60 - 80 - ns 10 

110 - 145 - ns 10 

0 - 0 - ns 

tRAC (max) can be met, tRcD (max) is specified as a 
reference point only; if tRcD is greater than the 
specified tRCD (max) limit, then access time is 
controlled exclusively be tcAC· __ 

9. These parameters are reference to CAS leading edge in 
early write cycles and to WE leading edge in delayed 
write or read-modify-write cycles. 

10. twcs tcwn and tR 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 tcwv ~ tcwv (min) and tRwD~ 
tR 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 indeter
minate. 
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HM4864-2,HM4864-3,HM4864P-2,HM4864P-3~~~~~~~~~~~~~~~~~-

•TIMING WAVEFORMS 

•READ CYCLE 

iW 
VrH 

VrL 

CAS V1H 

VIL 

Addreu v,. 
VrL 

WE V1H 

VIL 

Dout Vor 
VoL 

•WRITE CYCLE 

V1H 
RAS 

VIL 

ill 
VrH 

VIL 

v .. 
Address 

VIL 

V1H 
WE 

VrL 

v .. 
Din 

Vrt 

Dout v •• 
VoL 

-----------tac-----------<~ 

i----------IRf-----------~ 

t---------ICSHI-------

e READ-WRITE/READ-MODIFY-WRITE CYCLE 

IHIH 

tcsH 

V1H lHh 

m 
VIL 

VJH 
l1'SH 

m 
Vr1 

hr 
Address 

VtL 

VrH 
WE 

l'u 

Dout 
Vor 
VoL 

Vrr 
Din 

Vr1 
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~~~~~~~~~~~~~~~~~~HM4864-2,HM4864-3,HM4864P~2,HM4864P-3 

•"RAS-ONLY" REFRESH CYCLE 

Address 

Dout 

•PAGE MODE READ CYCLE 

t----------------tJc--------------~ 

RAS 
°VIH'. 

V1t 

CAS 
v,. 
Vn 

M:Lre.s 
v,. 
Vu. 

WE 

Dout 

•PAGE MODE WRITE CYCLE 

RA5 Vis 
VtL 

CAS V1H 
Vn 

Address 
VtH 

V11. 

"WE 
v,. 
Vn 

Din 
v,. 
Vn 
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HM4864-2, HM4864-3, HM4864P-2, HM4864P-3-----------------

•TYPICAL CHARACTERISTICS 

ACCESS TIME 
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---~--------------HM4864-2,HM4864-3,HM4864P·2,HM4864P·3 

SUPPLY CURRENT 

vs. AMBIENT TEMPERATURE 
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HM4864-2,HM4864-3,HM4864P-2,HM4864P-3~~~~~~~~~~~~~~~~~~ 

SUPPLY CURRENT 
vs. CYCLE RATE 
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------------------HM4864-2, HM4864-3, HM4864P-2, HM4864P-3 

RAS/CAS Cycle Long RAS/CAS Cycle RAS Only Cycle 

RAS 

CAS 

120 

100 

j 80 

60 

- 40 

20 

NrolP: \.·rc=5.0V,Ta=20'C 

~ f--sons 

• APPLICATION INFORMATION 

•POWER ON 
An initial pause of 500 µ.s is required after power-up and a 
minimum of eight (8) initialization cycle,(any combination of 
cycles containing a RAS clock such as RAS-only refresh) must 
follow an initial pause. 
The Vee current (/cc) requirement of the HM4864 during 
power on is, however, dependent upon the input levels (RAS, 
CAS) and the rise time of Vee, as shown in Fig. 1. 

•READ CYCLE 
A read cycle begins with addresses stable and a negative going 
transition of RAS. The time delay between the stable address 
and the start of RAS-on is controlled by parameter tAsR . 

Following the time when RAS reaches its low level, the row 
address must be held stable long enough to be captured. This 
controlling parameter is tRAH. Following this interval, the 
address can be changed from row address to column address. 
When the column address is stable,CAS can be turned on. The 
leading edge of CAS is controlled by parameter tRco. The 
basic limit on the CAS leading edge is that CAS can not start 
until the column address is stable, and this is controlled by 
parameter tAsc. The column address must be held stable long 
enough to be captured. The controlling parameter is tcAH· 

Note that tRco (max) is not an operating limit of the 
HM4864 though its specification is listed on the data sheets. If 
CAS becomes on later than tRcD (max), the access time from 
RAS will be increased by the time which tRco exceeds tRco 
(max). 

Following the time when CAS reaches its low level, the 
data-out pin remains in a high impedance state until a valid 
data appears. This parameter is tcAC -access time from CAS. 
The access time from RAS-tRAc-is the. time from RAS-on 
to valid Oout. 

-

~ 

-

.:1 

I~ 

Ill 

: I 
~ 
~ 

15 

j 10 

Pase Mode Cycle 

k1 

RAS,CAS = \!.<s 

10 20 30 40 5n 

Time (11sl 

t.! \'re rise timf'1=W11s 

l/1 

RAs,CAs= \!ss 

1 ...... 

J 
ri RAs,CAs=Vrc 

100 200 300 400 500 

Time (µ s) 

t.( Vee rise time) =IOOµs 

The minimum value of tRAC is derived as the sum of tRco 

(max) and tcAC· Flg.1 Ice vs. Vee during power up. 

The selected output data is held valid internally until CAS 
becomes high, and then Oout pin becomes high impedance. 
This parameter is toFF. 
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HM4864-2,HM4864-3,HM4864P-2,HM4864P-3~~~~~~~~~~~~~~~~~~ 

• WRITE CYCLE 
A write cycle is performed by bringing WE low 
before or during CAS-on. 
Two different write cycles can be defined as; 
Write cycle-Write data are available at the beginning 
of the CAS-on so that the write operation starts at 
the beginning. In this mode, Dout and WE signal 
times are not in any critical path for determining 
cycle time. 
Following the time when Wt reaches its low level, 
WE must be held stable long enough to be captured. 
This WE-on pulse deration is called twp. The time 
required to capture write data in a latch is called 
toH. This cycle is called an "early write". 

Read Write cycle-This cycle starts as a read cycle, 
but as soon as the device specification is met, a 
write cycle is initiated. 
WE and Din are delayed until after Dout. This cycle 
is called a "delayed write". A "Read-modify-write" 
cycle is a variation of this operation. In this mode, 
Din and WE become critical path signals for 
determining cycle time. 

• CLOCK-OFF TIMING 

RAS and CAS must stay on for Dout stabilized to 
valid data. In the case of CAS, this is controlled by 
parameter tcAS (min). 

In the case of RAS, this is controlled by parameter 
tcAs (min). Following the end of RAS, ·cAS must 
stay off long enough to precharge internal circuits. 
The only parameter of concern is tRP. Normally 
CAS is not required to be off for minimum time of 
tcRP· However, in a page mode memory operation, 
there is a tcp (min) specification to control the 
CAS-off time. 

• DATA OUTPUT 
Dout is three-state TTL compatible with a fan-out 
of two standard TTL loads. 
When CAS is high, Dout is in a high impedance 
state. When CAS is low, valid data appears after 
tcAc at a read cycle, and Dout is not valid as an 
early-write cycle. 

• REFRESH 
Refresh of the HM4864 is accomplished by per
forming a memory cycle at each of the 128 row 
addresses within each two millisecond time interval. 
AO to A6 are refresh address pin compatible with 
standard 16K RAM (HM4716A, HM4816A). During 
refresh, either V1L or V1H is permitted for A7. Any 
cycle in which RAS signal occurs refreshes the 
entire selected row. RAS-only refresh results in 
substantial reduction in operating power. This re
duction in power is reflected in the lcc3 specifica
tion. 

• PAGE MODE 
Page mode operation allows faster successive memo
ry operations at multiple column locations of the 
same row address with increased speed. 
This is done by strobing the row address into the 
chip and maintaining RAS at a logic low throughout 
all successive CAS memory cycles in which the row 
address is latched. As the time normally required for 
strobing a new row address is eliminated, access and 
cycle times can be descreaded and the operating 
po~er is reduced. These are specifications. 
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HM4864A-12, HM4864A-15,--
HM4864A-20, HM4864AP-12, 
HM4864AP-15, HM4864AP-20 
65536-word x 1-bit Dynamic Random Access Memory 

•FEATURES 
• Industry standard 16- Pin DIP (plastic, Cerdip) 
• Single 5V (±10%) 
• On chip substrate bias generator 
• low Power: 250mW active, 18mW standby 
• High speed: Access Time 120ns I 150ns I 200ns 
• Common 1/0 capability using early write operation 
• Page mode capability 
• Output data controlled by CAS 
• TTL compatible 
• 128 refresh cycles - (2ms) 
• Hidden refresh capability 

•BLOCK DIAGRAM 

CAS 

~[~ = Memory 
~ Array 

~ 
~ AD 

Memory 
Array 

•ABSOLUTE MAXIMUM RATINGS 

Din 

Dou! 

-Vee 

-v .. 

--f Vu Generator I 

Voltage on any pin re.lative to Vss · · · · · · · · · · · · · -1V to 7V 
Operating temperature, Ta (Ambient) · · · · · · · · · · 0°Cto 70°C 
Storage temperature (Cerdip) · · · · · · · · · · · · · · · · · -65°C to 150°C 
Storage temperature (Plastic) · · · · · · · · · · · · · · · · · -55°C to 125°C 
Power dissipation · · · · · · · · · · · · · · · · · · · · · · · · · · 1 W 
Short circuit output current · · · · · · · · · · · · · · · · · 50 mA 
•RECOMMENDED DC OPERATING CONDITIONS(Ta=O to 70°C) 

Parameter Symbol min. typ. max. Unit Notes 

Supply Voltage v~c 4.5 5.0 5.5 v 1 , 

Input High Voltage VtH 2.4 - 6.5 v 1 

Input Low Voltage VIL -1.0 - 0.8 v 1 

Notes : l. All voltages referenced to Vs. 

eHITACHI 

HM4864A-12, HM4864A-15, 
HM4864A-20 

(OG-168) 

HM4864AP-12, HM4864AP-15, 
HM4864AP-20 

(DP-16) 

•PIN ARRANGEMENT 

AO-A7 

™ Din 
Dout 
RAS 
WE 
Vee 
Vss 
AO-A6 

(Top View) 

Address Inputs 
Column Address Strobe 
Data In 
Data Output 
Row Address Strobe 
Read/Write Input 
Power (+5V) 
Ground 
Refresh Address Inputs 
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HM4864A-12, HM4864A·15, HM4864A·20,-------------------
HM4864AP·12, HM4864AP-15, HM4864AP-20 

• DC ELECTRICAL CHARACTERISTICS (Ta-0 to 70°C, Vcc-5V±10%, Vss-OV) 

Parameter Symbol 
HM4864A/P· 12 HM4864A/P· 15 HM4864A/P-20 
min max min max min 

Operating Current(RAS:CAS Cycling:hc-min) lcc1 - 55 - 50 -
Standby Cnrrent(RAS-V1H,Dout-High Impedance) lccz - 3.5 - 3.5 -
Refresh Current(lf.\S" Cycl ing,C'AS"- V1H, I 11c- min) Ices - 42 - 38 -
Standby Current(RAS"-V1H,Dout Enable) Ices - 5.5 - 5.5 -
Page Mode Current(KAS-Vn,CAS Cycling;fpc-min) lcca - 38 - 35 -
Input Leakage(O<V •• ,<6.5V) lu -10 10 -10 10 -10 
Output Leakage(Dout is disabled,O<Vn1<5.5V) ho -10 10 -10 10 -10 
Output Levels High(/",- -5mA) VoH 2.4 Vee 2.4 Vee 2.4 
Output Levels Low(/n,-4.2mA) VoL 0 0.4 0 0.4 0 

Notes) 1. he depends on output loading condition when the device is selected, Jn. max. is specified at the output open condition. 
2. Current depends on cycle rate: maximum current is measured at the fastest cycle rate. 

•CAPACITANCE (Vcc=5V±10%, Ta=25°C) 

Parameter Symbol 

Ao-Ai, Din C .. 1 
Input Capacitance 

RAS.CAS.WE c ... 
Output Capacitance Dout Co11I 

Notes) 1. Capacitance measured with Boonton Meter or effective capacitance measuring method. 

2. CAS-Vi. to disable Dout. 

typ max 

- 5 

- 10 

- 7 

max 

44 
3.5 
33 
5.5 
31 
10 
10 
Vee 
0.4 

Unit 

pF 

pF 

pF 

Unit 

mA 
mA 
mA 
mA 
mA 
µA 
µA 
v 
v 

•ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Ta=O to 70°C, Vcc=5V±10%, Vss=OV) 

Parameter Symbol 
HM4864A-12 HM4864A-15 HM4864A-20 

Unit 
min max min max min max 

Access Time From RAS tRAc - 120 - 150 - 200 ns 
Access Time From Ci\S fCAC - 60 - 75 - 100 ns 

Ou!J!.ut Buffer Turn-off Delay tol'F' - 35 - 40 - 50 ns 

Transition Time (Rise and· Fall) tr 3 35 3 35 3 50 ns 

Random Read or Write Cycle Time t11c 220 - 260 - 330 - ns 
RAS"" Precharge Ti me fRp 90 - 100 - 120 - ns 
RASPulse Width tRAs 120 10000 150 10000 200 10000 ns 
CA'S Pulse Width tc•s i;o 10000 75 10000 100 10000 ns 
RAS to CAS"Delay Time hco 25 60 25 75 30 100 ns 
lfASHold Time fRSH 60 - 75 - 100 - ns 
CASHold Time tcsH 120 - 150 I - 200 - ns 
CA'S to RAS Precharge Time fc11p -10 - -10 - -10 - ns 

Row Address Set·U)>_ Time fASR 0 - 0 - 0 - ns 
Row Address Hold Time fRAH 15 - 15 - 20 - ns 
Column Address Set-up Time fASC 0 - 0 - 0 - ns 
Column Address Hold Time fCAH 20 - 25 - 30 - ns 
Column Address Hold Time Referenced to RAS '•• 80 - 100 - 130 - ns 
WE Command Set-up Time twcs 0 - 0 - 0 - ns 
Write Command Hold Time twcH 40 - 45 - 55 - ns 
Write Command Hold Time Referenced to RAS twc11 100 - 120 - 155 - ns 

Write Command Pulse Width twp 40 - 45 I - 55 - ns 

Write Command to RAS Lead Time hwi 40 - 45 - 55 - ns 
Write Command to Ci\S Lead Time tcwi 40 - 45 - 55 - ns 

Data-in Set-~ Time tos 0 - 0 - 0 - ns 

Data-in Hold Time fDH 40 - 45 - 55 - ns 
Data-in Hold Time Referenced to RAS fDHR 100 - 120 - 155 - ns 

Read Command Set-~ Time hes 0 - 0 - 0 - ns 

Read Command Hold Time Referenced to CAS" fRCH 0 - 0 - 0 - ns 

Read Command Hold Time Referenced to RAS hRH 10 - 10 - 10 - ns 
Refresh Period tREF - 2 - 2 - .2 ms 
Read-Write Cycle Time hwc 245 - 280 - 345 - ns 
CAS to WE' Delay tcwo 40 - 45 - 55 - ns 
RAS to WE" Delay tawo 100 - 120 - 155 - ns 
Page Mode Cycle Time tpe 121) - 145 - 190 - ns 
'CA'S" Precharge Time (for Page-mode Cycle Only) tcP 50 - 60 - 80 - ns 
CAS Precharge Time fcPN 30 - 35 - 45 - ns 
RASPrecharge to Ci\S"Hold Time fRpe 0 - 0 - 0 - ns 
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---------------------HM4864A-12, HM4864A-15, HM4864A-20, 
HM4864AP-12, HM4864AP-1~ HM4864AP-20 

Notes 
1. AC measurements assume tr= Sns. 
2. Assumes that tRcD ~ tRCD (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 fRCD ~ tRCD (max). 
5. topp (max) defines the time at which the output 

achieves the open circuit condition and is not refer
ence to output voltage levels. 

6. V1H (min) and VIL (max) are reference levels for 
measuring timing of input signals. Also, transition 
times are measured between V1H and VIL· 

7. Operation with the tRcD (max) limit insures that 
tRAC (max) can be met, tRcD (max) is specified as a 
reference point only, if tRCD is greater than the 
specified tRcD (max) limit, then access time is 
controlled exclusively by tcAC· 

•TIMING WAVEFORMS 

•READ CYCLE 

1iXs \'1H 

V11 

r1H 

(~' 
\'11 

\"1H 

Addrern>s 
\/11 

11""'F. 
VtH 

VIL 

Vout roH 

VoL 

•WRITE CYCLE (EARLY WRITE) 

\.'1H 
R.~S 

\'11 

CAS \'1H 

V°IL 

v,. 
Addmses 

VIL 

\'/H 

WE 
l'tL 

V1H 

Din 

\/fL 

Dout 
VoH 

VoL 

8. twcs. tcwD and tR WD are not restrictive operating 
parameters. 
They are included in the data sheet is electrical 
characteristics 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 cycle; if tcwD ~ tcwD (min) and tRWD ~ 
fR·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 indeter
minate. 

9. There parameters are referenced to CAS' leading edge 
in early write cycles and to WE leading edge is delayed 
write or read-modify-write cycles. 

10. An initial pause of 1 OOµs is required after power-up 
followed by a minimum of 8 initialization cycles. 

OlJon'rCare 

0Don'tCare 
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HM4864A·12, HM4864A-15, 'HM4864A-20,-------------------
HM4864AP-12, HM4864AP-15, HM4864AP·20 

•READ-WRITE/READ-MODIFY-WRITE CYCLE 
,..,, 

llAS v,. 
m 

V1t 
ICAS 

m v,. 

V1t 

v •• 
Mdrtlltl 

V1t 

tcwa 

v •• 
m 

VIL 

Vo• 

!lout 
\loL 

v,. 
Din 

v,. 

Valid Data 

'.··i::!J:::::I '~· 
===========================~-~============== D Don't Care 

e "RAS-ONLY" REFRESH CYCLE 

RAS 
v,,, 
\'11. 

<"'A.~ 
v •• 

Vn 

v •• 
Addl'flStl 

~·IL 

Oou1 
v •• 
v., 

Open 

0Don't Care 

e PAGE MODE READ CYCLE 

AddrtlHI 

VoH 
Dout Vot 

v,. 

QOoo'1Care 

194 $HITACHI 



~~~~~~~~~~~~--~~~~~~~~HM4864A-12,HM4864A-15, HM4864A-20, 
HM4864AP-12, HM4864AP-15, HM4864AP-20 

•PAGE MODE WRITE CYCLE 

Addresm ~:: 

Din 

0 Don't Care 

e HIDDEN REFRESH CYCLE 

V1H 

iiAs 
\'IL 

v,. 
CAS 

Va 

v,. 
Addresses 

Va 

v •• 
ViE 

Va 

Vo• 

Dout 
VoL 

Ooon'tCart 
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HM4864ACG-12, HM4864ACG-15, 
HM4864ACG-20 

65536-word x 1-bit Dynamic Random Access Memory 
•FEATURES 
• 18-pin Leadless Chip Carrier 
• Single 5V (±10%) 
• On chip substrate bias generator 
• Low Power: 250mW active, 18mW standby 
• High speed: Access Time 120/150/200ns (max) 
• Common 1/0 capability using early write operation 
• Page mode capability 
• Output data controlled by CAS 
• TTL compatible 
• 128 refresh cycles/2ms 
• Hidden refresh capability 

•BLOCK DIAGRAM 

RAS 

CAS 

) ~ 
~ 

j 
~ 

Ao 

Memory 
Array 

Memory 
Array 

•ABSOLUTE MAXIMUM RATINGS 

Din 

Dout 

--OVcc 

--OVss 

~ Vas Generator I 

Voltage on any pin relative to V66 .............••. -1V to +7V 
Operating temperature, Ta (Ambient) ............. 0°C to +70°C 
Storage temperature ..................... -65°C to +150°C 
Power Dissipation ................................. 1W 
Short circuit output current ........................ 50mA 

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

Parameter Symbol min. typ. max. Unit Notes 

Supply Voltage Vi;c 4.5 5.0 5.5 v 1 

Input High Voltage V1H 2.4 - 6.5 v 1 

Input Low Voltage VIL -1.0 - 0.8 v 1 

Notes : 1. All voltages referenced to V » 
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(CG-18) 

•PIN ARRANGEMENT 

AO-A7 
CA5 
Din 
·Dout 
RAS 
WE 
Vee 
Vss 
AO-AS 

(Bottom View) 

Address Inputs 
Column Address Strobe 
Data In 
Data Output 
Row Address Strobe 
Read/Write Input 
Power (+5V) 
Ground 
Refresh Address Inputs 



~~~~~~~~~~~~~~~~~HM4864ACG-12,HM4864ACG-15,HM4864ACG-20 

• DC ELECTRICAL CHARACTERISTICS ( Ta=O to 70°C, Vcc=5V±10%, Vss=OV) 

Parameter Symb~l 
HM4864ACG-12 HM4864ACG-15 HM4864ACG-20 

min max min max min 

Operating Current(~ Cycling:tRc-min) Icc1 - 55 - 50 -

Standby Cnrrent(RAS-V1H,Dout-High Impedance) Iccz - 3.5 - 3.5 -
Refresh Current(RAS Cycling,CAS-ViH,lRc-min) Ice• - 42 - 38 -

Standby CurrentCRAS-- ViH, Dout Enable) Ice• - 5.5 - 5.5 -
Page Mode Current(RAS-ViL,"CAS Cycling;tpc-min) Ice• - 38 - 35 -
Input Leakage(O< V ••• <6. 5V) h1 -10 10 -10 10 -10 

Output Leakage(Dout is disabled,O<V •• ,<5.5V) ho -10 10 -10 10 -10 

Output Levels High(/,.,- -5mA) VoH 2.4 Vee 2.4 Vic- 2.4 

Output Levels Low(I •• ,-4.2mA) VoL 0 0.4 0 0.4 0 

Notes) 1. I cc depends on output loading condition when the device is selected, ft, max. is specified at the output open condition. 
2. Current depends on cycle rate: maximum current is measured at the fastest cycle rate. 

•CAPACITANCE (Vcc=5V±IO%, Ta=25°C) 

Item Symbol 

Ao-A,, Din c .. , 
Input Capacitance 

C;., RAS, CAS, WE 

Output Capacitance Dout c ... 
Notes) 1. Capacitance measured with Boonton Meter or effective capacitance measuring method. 

2. CAS -v,,, to disable Dout. 

typ max 

- 5 

- 10 

- 7 

max 

44 
3.5 

33 
5.5 

31 

10 
10 

Vee 
0.4 

Unit 

pF 

pF 

pF 

Unit 

mA 
mA 
mA 
mA 
mA 
µA 
µA 
v 
v 

•ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Ta=O to 70°C, Vcc=5V±10%, Vss=OV) 

HM4864ACG-12 HM4864ACG- l 5 HM4864ACG-20 
Unit Parameter Symbol 

min max min max min max 

Access Time From RAS tRAc - 120 - 150 - 200 ns 

Acces~ Time From CAS"" lcAc - 60 - 75 - 100 ns 

Output Buffer Turn-off Delay loFF - 35 "-- 40 - 50 ns 

Transition Time (Rise and Fall) tr 3 35 3 35 3 50 ns 

Random Read or Write Cycle Time IRC 220 - 260 - 330 - ns 

RAS Precharge Ti me IRP 90 - 100 - 120 - ns 

RAS Pulse Width IRAs 120 10000 150 10000 200 10000 ns 
CAS Pulse Width ICAS 60 10000 75 10000 100 10000 ns 

RAS to CASDelay Time IRCD 25 60 25 75 30 100 ns 
RAS Hold Time IRsH 60 - 75 - 100 - ns 
CAS Hold Time lcsH 120 - 150 I - 200 - ns 
CAS to RAS Precharge Time ICRP -10 - -10 I - -10 - ns 

Row Address Set·up Time IASR 0 - 0 j - 0 - ns 

Row Address Hold Time IRAH 15 - 15 f - 20 - ns 

Column Address Set-up Time I Ase 0 - 0 - 0 - ns 

Column Address Hold Time ICAH 20 - 25 - 30 - ns 
Column Address Hold Time Referenced to RAS IAR 80 - 100 - 130 - ns 

WE Command Set·up Time lwcs 0 - 0 - 0 - ns 

Write Command Hold Time lwcH 40 - 45 - 55 - ns 

Write Command Hold Time Referenced to RAS IWCR 100 - 120 - 155 - ns 

Write Command Pulse Width twp 40 - 45 - 55 - ns 

Write Command to RAS Lead Time IRWL 40 - 45 - 55 - ns 

Write Command to CAS"" Lead Time lcwi 40 - 45 - 55 - ns 

Data·in Set·"!e_ Time los 0 - 0 - 0 - ns 

Data·in Hold Time loH 40 - 45 - 55 - ns 

Data·in Hold Time Referenced to RAS IDHR 100 - 120 - 155 - ns 

Read Command Set·up Time !Res 0 - 0 - 0 - ns 

Read Command Hold Time Referenced to CAS INCH 0 - 0 - 0 - ns 

Read Command Hold Time Referenced to RAS IRRH 10 - 10 - 10 - ns 

Refresh Period IRu· - 2 - 2 - 2 ms 

Read-Write Cycle Time IRwc 245 - 280 - 345 - ns 
CAS to WE Delay lcwo 40 - 45 - 55 - ns 
RAS to WE Delay IRwo 100 - 120 - 155 - ns 

Page Mode CJ'._cle Time IPC 120 - 145 - 190 - ns 

"CAS"" Precharge Time (for Page-mode Cycle Only) fcp 50 - 60 - 80 - ns 

CAS Precharge Time fcpN 30 - 35 - 45 - ns 

RAS Precharge to CAS"" Hold Ti me IRPC 0 - 0 - 0 - ns 

$HITACHI 

Notes 

1,2 

2 
1 

1,2 

Notes 

1 

1 

1, 2 

Notes 

2, 3 

3, 4 
5 

6 

7 

8 

9 

9 

8 
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HM4864ACG-12,HM4864ACG-15,HM4864ACG-20~~~~~~~~~~~~~~~~~ 

Notes 
1. AC measurements assume tr= Sns. 
2. Assumes that tRCD ~ tRCD (max). If tRcD is greater 

than the maximum recommended value shown in this 
table, tRAcexceeds 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 refer
ence to output voltage levels. 

6. VrH (min) and VrL (max) are reference levels for 
measuring timing of input signals. Also, transition 
times are measured between VrH and V1L· 

7 .. Operation with the tRcD (max) limit insures that 
tRAC (max) can be met, tRcD (max) is specified as a 
reference point only, if tRcD is greater than the 
specified tRcD (max) limit, then access time is 
controlled exclusively by tcAC· 

•TIMING WAVEFORMS 
•READ CYCLE 

IT.~ V1H 

v,,_ 

ru11 
cA.~ 

\'11. 

\'1# 

AddretSf'S 

L'n 

WF: 
r1H 

v,. 

!lout VoH 
i·11L 

Open 

•WRITE CYCLE (EARLY WRITE) 

RA5 
v,. 

'" 
V11. 

CAs 
v,. 
v,, 

v,. 
Adllrtsses 

Vn 

v,. 
WE: 

VIL 

v,. 
Din 

lln 

Dout Vo• 
Vn1 

8. twcs. tcwD and tR WD are not restrictive operating 
parameters. 
They are included in the data sheet is electrical 
characteristics 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 cycle; if tcwD ~ tcwv (min) and tRWD ~ 
tR 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 t'he 
condition of the data out (at access time) is indeter
minate. 

9. There parameters are referenced to CA'S' leading edge 
in early write cycles and to WE leading edge is delayed 
write or read-modify-write cycles. 

10. An initial pause of lOOµs is required after power-up 
followed by a minimum of 8 initialization cycles. 

llsH 

D Don't Care 

lAS 

c:J Don't Care 
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~~~~~~~~~~~~~~~~~~HM4864ACG-12,HM4864ACG-15, HM4864ACG-20 

e READ-WRITE/READ- MODIFY-WRITE CYCLE 

t1wc 

V1H 
llAS 

m 
Vn Us11 

ICAS 

v,. 
CAS 

Vn 

v •• 
Acldreues 

Vn 

tcrrro 

v •• 
W! 

VIL 

Vo• 

Dout 
VoL 

v,. 
Din 

VIL 

0Don'tCare 

•"RAS-ONLY" REFRESH CYCLE 

RAS 
v,. 
Vn 

CAS 
v,. 
Vn 

v,. 
Addresses 

Vn 

Dout 
v •• 
VoL 

Open 

0Don'tCare 

e PAGE MODE READ CYCLE 

AddrtHH 

Dout 

WE 

0Don'tCm 
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HM4864ACG-12,HM4864ACG-15,HM4864ACG-20~~~~~~~~~~~~~~~~~ 

•PAGE MODE WRITE CYCLE 

Addresses 

Din 

D Don't Care 

e HIDDEN REFRESH CYCLE 

v,. 
m 

Vn 

v,. 
CA'S 

Vn 

v,. 
Addresses 

Vn 

v,. 
iVE 

VIL 

v •• 
Oout 

Vot 

D Don't Care 
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HM50256-12,HM50256-15, 
HM50256-20,HM50256P-12, 
HM50256P-15,HM50256P-20 
262144-word x 1-bit Dynamic Random Access Memory 

•FEATURES 
.e Industry Standard 16-Pin DIP 
• 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 

•BLOCK DIAGRAM 

. .\; 

Ao 

ar0-ar7, acO-aci 

Memory 
Array 

Row 
Decoder 

Memory 
Array 

HM50256 Series 

(DG-16B) 

HM50256P Series 

(DP-16A) 

•PIN ARRANGEMENT 

(Top View) 

Ao-Aa Address Inputs 

Vss CAS Column Address Strobe 
•ABSOLUTE MAXIMUM RATINGS Generator 

Voltage on any pin relative to V ss . . . . . . . . . . . . -1 V to + 7V 
Operating temperature, Ta (Ambient) ......... 0°C to +70°C 
Storage temperature ............ (Cerdip) -65°C to +150°C 

(Plastic DIP) -55°C to +125°C 
Power dissipation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 W 
Short circuit output current .................... 50mA 

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

Parameter Symbol min typ 

Supply Voltage Vee 4.5 5.0 

Input High Voltage Vrs 2.4 -
Input Low Voltage Vn -1.0 -

Note) 1. All voltages referenced to Vss 

$HITACHI 

Din Data In 

Dout Data Out 

RAS Row Address Strobe 

WE Read/Write Input 

Vee Power (+5V) 

Vss Ground 

Ao-A1 Refresh Address Inputs 

max Unit Note 

5.5 v 1 

6.5 v 1 

0.8 v 1 
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HM50256-12,HM50256-15,HM50256-20~~~~~~~~~~~~~~~~~~~~

HM50256P-12, HM50256P-15, HM50256P-20 

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

Parameter Symbol 
HM50256/P-12 HM50256/P-15 HM50256/P-20 

min max min max min max 

Operating Current(RAS, CAS Cycling: tRc-min) lcc1 - 83 - 70 - 55 

Standby Current(RAS-Vrn, Dout-High Impedance) lccz - 4.5 - 4.5 - 4.5 
Refresh Current(RAS only Refresh, tRc-min) lcc3 - 62 - 53 - 42 

Standby Current(RAS-Vrn, Dout Enable) Ices - 10 - 10 - 10 

Refresh Current(CAS before RAS Refresh, tRc=min) Ice& - 69 - 58 - 45 

Input leakage(O< V..,< 7V) lu -10 10 -10 10 -10 10 

Output leakage( O< V •• ,< 7V) ho -10 10 -10 10 -10 10 

Output levels High(I •• ,- -5mA) Von 2.4 Vee 2.4 Vee 2.4 Vee 

Output levels Low(l .. ,=4. 2mA) VoL 0 0.4 0 0.4 0 0.4 

Notes) 1. le c depends on output loading condition when the device is selected. Ice m&ll is specified at the output open condition. 

•CAPACITANCE (Vcc=5V±10%, Ta=25°C) 

Parameter Symbol 

T Address, Data-in Cn 
Input Capacitance 

l Clocks, Data-out C12 

Notes) 1. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. CAS-v,. to disable Dout. 

typ max Unit 

- 5 

7 
pF 

-

•ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
( Ta=O to +70°C, Vcc=5V±10%, Vss=OV) u. lO>. 

11
> 

Symbol 
-HM50256iP-12 HM50256/P-i5 HM50Z56iP-20 

Parameter 
min max min max min max 

Access Time from RAS tRAc - 120 - 150 - 200 

Access Time from CAS tcAC - 60 - 75 - 100 

Output Buffer Turn-off Delay toFF - 30 - 40 - 50 

Transition Time(Rise and Fall) t T 3 50 3 50 3 50 

Random Read or Write Cycle Time tRc 220 - 260 - 330 -
RAS Precharge Time tRP 90 - 100 - 120 -
RAS Pulse Width tRAs 120 10000 150 10000 200 10000 

CAS Pulse Width tcAS 60 10000 75 10000 100 10000 

RAS to CAS Delay Time tRCD 25 60 25 75 30 100 

RAS Hold Time tRsn 60 - 75 - 100 -
CAS Hold Time tcsn 120 - 150 - 200 -
CAS to RAS Precharge Time tcRP 10 - 10 - 10 -
Row Address Set-up Time tASR 0 - 0 - 0 -
Row Address Hold Time tRAn 15 - 15 - 20 -
Column Address Set-up Time tASC 0 - 0 - 0 -
Column Address Hold Time tcAn 20 - 25 - 30 -
Column Address Hold Time referenced to RAS tAR 80 - 100 - 130 -
WE Command Set-up Time tlll'.:s 0 - 0 - 0 -
Write Command Hold Time tlll'.:n 40 - 45 - 55 -
Write Command Hold Time referenced to RAS tlll'.:R 100 - 120 - 155 -
Write Command Pulse Width tWP 40 - 45 - 5S -
Write Command to RAS Lead Time tRWL 40 - 4S - 5S -
Write Command to CAS Lead Time tcwL 40 - 4S - SS -
Data-in Set-up Time tos 0 - 0 - 0 -
Data-in Hold Time ton 40 - 4S - SS -
Data-in Hold Time referenced to RAS tonR 100 - 120 - ISS -
Read Command Set-up Time tRcs 0 - 0 - 0 -
Read Command Hold Time referenced to CAS tRcn 0 - 0 - 0 -
Read Command Hold Time referenced to RAS tRRH 10 - 10 - 10 -
Refresh Period tREF - 4 - 4 - 4 
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Unit Notes 

mA 1 

mA 

mA 

mA 1 

mA 

µA 

µA 

v 
v 

Notes 

1 

1, 2 

Unit Notes 

ns 2, 3 

ns 3, 4 

ns 5 

ns 6 

ns 

ns 

ns 

ns 

ns 7 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 8 

ns 

ns 

ns 

ns 

ns 

ns 9 

ns 8, 9 

ns 

ns 

ns 

ns 

ms 

(to be continued) 



--------------------HM50256-12, HM50256-15, HM50256-20 
HM50256P-1 2, HM50256P-15, HM50256P-20 

Parameter Symbol 

Read-Write Cycle Time f RllC 

CAS to WE Delay fcWD 

RAS to WE Delay f RWD 

CAS Precharge Time fcPN 

CAS Setup Time fcsR 

GAS Hold Time (GAS before RAS Refresh) fcffR 

RAS Precharge to CAS Hold Time fRPC 

Notes 
1. AC measurements assume tr= 5ns. 
2. Assumes that fRCD ~ tRCD (max). If tRCD is greater 

than the maximum recommended value shown in this 
table, tRAcexceeds 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 output voltage 
levels are not referred. 

6. V1H (min) and VIL (max) are reference levels for 
measuring timing of input signals. Also, transition 
times are measured between V1H and VrL· 

7. Operation with the tRcD (max) limit insures that 
tRAC (max) can be met, fRCD (max) is specified as a 
reference point only; if fRCD is greater than the 
specified tRcD (max) limit, access time is controlled 
exclusively by tcAC· 

•TIMING WAVEFORMS 
•READ CYCLE 

HM50256/P-12 HM50256/P-15 HM50256/P-20 
Unit Notes 

min max min max min max 

265 - 310 - 390 - ns 

60 - 75 - 100 - ns 8 

120 - 150 - 200 - ns 

50 - 60 - 80 - ns 

10 - 10 - 10 - ns 

120 - 150 - 200 - ns 

0 - 0 - 0 - ns 

8. twcs. tcwD and tR 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 output pin will 
remain open circuit (high impedance) throughout the 
entire cycle; if tcwD ~ tcwD (min) and tRwD ~ 
tR 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 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. 

10. An initial pause of lOOµs is required after power-up 
then execute at least 8 initialization cycles. 

11. At least, 8 CAS before RAS refesh cycle are required 
before using internal refresh counter. 

-----------IRC------------i 
-------IRAS-------.1 

IRP 

Address 

IRCS IRcH 

Dout -
___:---_-=-IRAC=--=-""j.J.---_I0-----..1"] 

<t J> 
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HM50256-12, HM50256-15, HM50256-201

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

HM50256P-12, HM50256P-15, HM50256P-20 

eWRITE CYCLE 

lo.--4---IRWL 

Address 

Din 

Hi Z 

Dout 

e READ MODIFY WRITE CYCLE 

Address 

Din 

------IRAC ""~->--Dout 
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~~~~~~~~~~~--~~~~~~~~HM50256-12,HM50256-15,HM50256-20 

HM50256P-1 2, HM50256P-15, HM50256P-20 

e RAS ONLY REFRESH CYCLE 

-------lRAS-------;_, 

tRPl' 

Address 

* REFRESH ADDRESS Ao-A1(AX0-AX1I 

•HIDDEN REFRESH CYCLE 

il{E,\lll tu . .s 

C.\S fCllH 

\(ldn1s .... 

\\"BITE 

1)0111 

• CAS BEFORE RAS REFRESH CYCLE 

ICHR 

C.\S 

.\ddrl'SS 
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HM50256-12, HM50256-15, HM50256-20-------------------
HM50256P-12, HM50256P-15, HM50256P-20 

e COUNTER TEST 

Address 

WRITE -------- -- -- -------- -------"//'"\.... ______ / 

< 

' ' , ___ _ 

•PAGE MODE CHARACTERISTICS ( Ta=O to +70°C, Vcc=SV±10%, Vss=OV) 

Parameter Symbol 
HM50256/P-12 HM50256/P-15 HM50256/P-20 

min max min max min max 

Page Mode Supply Current lcc1 - 57 - 48 - 37 

Page Mode Read or Write Cycle fpe 120 - 145 - 190 -

CAS Precharge Time, Page Cycle tcp 50 - 60 - 80 -
Page Mode Read Modify Write Cycle tpe111 165 - 195 - 250 -

•PAGE MODE READ CYCLE 

--------tRAS---------

tRCS 

__ ""~~> 
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Unit 

mA 

ns 

ns 

ns 



--------------------HM60256-12, HM50256-15, HM50256·20 
HM50256P-12, HM50256P· 1 5, HM50256P-20 

•PAGE MODE WRITE CYCLE 

Dout 
Hi Z 
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HM50257-12,HM50257-15, 
HM50257-20,HM50257P-12, 
HM50257P-15, HM50257P-20 
262144-word x 1-bit Dynamic Random Access Memory 

•FEATURES 
• Industry standard 16-pin DIP 
• Single 5V (±10%) 
• On chip substrate bias ~enerator 
• 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 RAS 

refresh, Hidden refresh 

•BLOCK DIAGRAM 

As 

I 
Ao 

ar0-ar7, acO-ac7 

•ABSOLUTE MAXIMUM RATINGS 

Memory 
Array 

Row 
Decoder 

Memorv 
Array. 

Vss 
Generator 

Voltage on any pin relative to Vss .............. -1V to +7V 
Operating temperature, Ta (Ambient) .......... 0°C to +70°C 
Storage temperature ............. (Cerdip) -65°C to +150°C 

(Plastic DIP) -55°C to +125°C 
Power dissipation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 W 
Short circuit output current ..................... 50mA 

HM50257 Series 

(DG-16B) 

HM502571' S<>ries 

(DP-16A) 

• PIN ARRANGEMENT 

(Top View) 

Ao-As 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-A1 Refresh Address Inputs 

•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 1 

Input High Voltage V1H 2.4 - 6.5 v 1 
Input Low Voltage VIL -1.0 - 0.8 v 1 

Note 1 ) AU volta1es referenced to Vu. 
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---------------------HM50257-12. HM50257-15, HM50257-20 
HM50257P-12, HM50257P·15, HM50257P-20 

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

Symbol 
HM50257-12 HM50257-15 HM50257-20 

Parameter 
min max min max min max 

Operating Current (RAS, CAS Cycling: tRc=min) Ice 1 - 83 - 70 - 55 

Stand by Current (RAS-VJH, Dout=High Impedance) Iccz - 4.5 - 4.5 - 4.5 

Refresh Current (RAS only Refresh, tRc=min) Ice a - 62 - 53 - 42 

Standby Current (RAS= ViH, Dout Enable) Ices - 10 - 10 - 10 

Refresh Current ( CAS before RAS Refresh, I Re= min) Icco - 69 - 58 - 45 

Input leakage (O< V,.,<7V) ILI -10 10 -10 10 -10 10 

Output leakage (O< V •• ,<7V) ho -10 10 -10 10 -10 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 

Notes) 1. Ice depends on output loading condition when the device is selected Ice max, is specified at the output open condition. 

•CAPACITANCE (Vcc=5V±10%, Ta=25°C) 

Parameter Symbol 

1 Address, Data-In Cn 
Input Capacitance J Clocks, Data-Out C12 

Notes) 1. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. CAS- Vin to disable Dout. 

typ max Unit 

- 5 

- 7 
pF 

Unit Notes 

mA 1 

mA 

mA 

mA 1 

mA 

µA 

µA 

v 
v 

Notes 

1 

1, 2 

•ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Ta=O to +70°C, Vcc=5V±10%, Vss=OV) l>. 

10
>. rn 

HM50257 /P-12 HM50257/P-15 HM50257 /P-20 
Parameter Symbol Unit Notes 

min max min max min max 

Access Time from RAS tRAC - 120 - 150 - 200 ns 2,3 

Access Time from CAS tcAC - 60 - 75 - 100 ns 3,4 

Output Buffer Turn-off Delay to FF - 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 I Re 220 - 260 - 330 - ns 

RAS Precharge Time fRp 90 - 100 - 120 - ns 

RAS Pulse Width IRAS 120 10000 150 10000 200 10000 ns 

RAS Pulse Width tcAs 60 10000 75 10000 100 10000 ns 

RAS to CAS Delay Time IRCD 25 60 25 75 30 100 :is 7 

RAS Hold Time IRSH 60 - 75 - 100 - ns 

CAS Hold Time tcsH 120 - 150 - 200 - ns 

CAS to RAS Precharge Time fcRP 10 - 10 - 10 - ns 

Row Address Set-up Tiipe tASR 0 - 0 - 0 - ns 

Row Address Hold Time IRAH 15 - 15 - 20 - ns 

Column Address Set-up Time tAsc 0 - 0 - 0 - ns 

Column Address Hold Time fcAH 20 - 25 - 30 - ns 

Column Address Hold Time referenced to RAS tAR 80 - 100 - 130 - ns 

WE Command Set-up Time twcs 0 - 0 - 0 - ns 8 

Write Command Hold Time twcH 40 - 45 - 55 - ns 

Write Command Hold Time referenced to RAS twcR 100 - 120 - 155 - ns 

Write Command Pulse Width twp 40 - 45 - 55 - ns 

Write Command to RAS Lead Time tRWL 40 - 45 - 55 - ns 

Write Command to CAS Lead Time tcwL 40 - 45 - 55 - ns 

Data-in Set-up Time tDs 0 - 0 - 0 - ns 9 

Data-in Hold Time tDH 40 - 45 - 55 - ns 8,9 

Data-in Hold Time referenced to RAS tDHR 100 - 120 - 155 - ns 

Read Command Set-up Time t RCS 0 - 0 - 0 - ns 

Read Command Hold Time referenced to CAS tRCH 0 - 0 - 0 - ns 

Read Command Hold Time referenced to RAS tRRH 10 - 10 - 10 - ns 

Refresh Period tREF - 4 - 4 - 4 ms 

(to be continued ) 
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HM50257-12, HM50257-15, HM50257-20-------------------
HM50257P-12, HM50257P-15, HM50257P-20 

Parameter Symbol 

Read-Write Cycle Time fRwc 

CAS to WE Delay tcwo 

RAS to WE Delay fRwo 

CAS Precharge Time fcPN 

CAS Setup Time fcSR 

CAS Hold Time ( CAS before RAS Refresh) fcHR 

RAS Precharge to CAS Hold Time fRpc 

Notes 
1. AC measurements assume tr= Sns. 
2. Assumes that tRcD ~ tRcD (max). If fRCD 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. topp (max) defines the time at which the output 

achieves the open circuit condition and output voltage 
levels are not referred. 

6. VrH (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 tRcD (max) limit insures that 
tRAC (max) can be met, fRCD (max) is specified as a 
reference point only; if fRCD is greater than the 
specified tRcD (max) limit, access time is controlled 
exclusively by tcAC· 

•TIMING WAVEFORMS 

•READ CYCLE 

HM50257 /P-12 HM50257/P·15 HM50257 /P-20 
Unit Notes 

min max min max min max 

265 - 310 - 390 - ns 

60 - 75 - 100 - ns 8 

120 - 150 - 200 - ns 

50 - 60 - 80 - ns 

10 - 10 - 10 - ns 

120 - 150 - 200 - ns 

0 - 0 - 0 - ns 

8. twcs. tcwD and tR 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 output pin will 
remain open circuit (high impedance) throughout the 
entire cycle; if tcwD ~ tcwD (min) and tRwD ~ 
tR WD (min), the cycle is a read-write and the data 
ou~put 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 CA'S" leading edge 
in early write cycles and to WE leading edge in delayed 
write or read-modify-write cycles. 

IO. An initial pause of lOOµs 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. 

t------------IRC------------l 
-------IRAS-------

IRP 

Address 

IRCS IRCH 

Dout 

-=~-IRAC=-~""j ___ to-1"] 
-<t J> 
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---------------------HM50257-12, HM50257-15. HM50257-20 
HM50257P-12, HM50257P-15, HM50257P-20 

•WRITE CYCLE 

1-------------IRc----------

L--"--lRWI. 

Address 

Din 

Hi Z 

Dout 

•READ MODIFY WRITE CYCLE 

"4-----------IRWC-----------

IRP 

Address 

IDS 

Din 

IRAC '"'~ 
Dout > 
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HM50257-12, HM50257-15, HM50257-20-------------------
HM50257P-12, HM50257P-15, HM50257P-20 

•RAS ONLY REFRESH CYCLE 

-------IRAS------' 

IRPC 

Address 

* REFRESH ADDRESS Ao-A1CAX0-AX1) 

e HIDDEN REFRESH CYCLE 

(READ) IRAS 

Address 

IOFF' 

Dout 

e CAS BEFORE RAS REFRESH CYCLE 

lcHR 

Address 

Don't care 
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---------------------HM50257-12, HM50257-15, HM50257-20 
HM50257P-12, HM50257P-15, HM50257P-20 

•COUNTER TEST 

Address 

\ 

' ' '----

• NIBBLE MODE CHARACTERISTICS ( Ta=O to +70°C, Vcc=5V±10%, Vss=OV) 

HM50257 /P-12 HM50257 /P-15 HM50257 /P-20 
Parameter Symbol 

min max min max min max 

Nibble Mode Supply Current Ices - 57 - 48 - 37 

Nibble Mode Access Time fNAe - 25 - 25 - 35 

Nibble Mode RAS Cycle Time fNRe 390 - 460 - 590 -

Nibble Mode RAS Pulse Width fNRA 290 - 350 - 460 -

Nibble Mode Cycle Time !Ne 55 - 60 - 80 -

Nibble Mode CAS Precharge Time fNeP 20 - 25 - 35 -

Nibble Mode CAS Pulse Width fNeA 25 - 25 - 35 -

Nibble Mode RAS Hold Time fNRSH 40 - 45 - 55 -

Nibble Mode "CAS to WE Delay fNewv 20 - 25 - 35 -

Nibble Mode Write Command to 00 Lead Time fNeWL 20 - 25 - 35 -

Nibble Mode Write Command to RAS Lead Time fNRWL 40 - 45 - 35 -

Nibble Mode Write Command Pulse Widt fNwp 20 - 25 - 35 -

e NIBBLE MODE READ CYCLE 

Address 

Dout 

@HITACHI 

Unit 

mA 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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HM50257-12,HM50257-15,HM50257-20~~~~~~~~~~~~~~~~~~~~

HM50257P-12, HM50257P-15, HM50257P-20 

e NIBBLE MODE WRITE CYCLE 

Dout 
Hi Z 
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HN61364P, HN61364FP 
8192-word x 8-bit Mask Programmable Read Only Memory 

The HN61364P/FP is a mask-programmable, byte-organized memory 
designed for use in bus-organized systems. 
To facilitate use, the device operates from a single power supply, has 
compatibility with TTL, and requires no clocks or refreshing because of 
static operation. 
The active level of the CS, OE0 ..., OE2 inputs and the memory content 
are defined by the user. The Chip Select input deselects the output and 
puts the chip in a powerdown mode. 

• FEATURES 
•Fully Static Operation 
• Automatic Power Down 
• Single +5V Power Supply 
• Three-state Data Output for OR-ties 
• Mask Programmable ·chip Select and Output Enable 
•TTL Compatible 
•Maximum Access Time; 250ns 
• Low Power Standby and Low Power Operation; Standby 5µ.W (typ), 

Operation 50mW (typ) 
• Pin Compatible with EPROM 

• BLOCK DIAGRAM 

no 
DI 
02 
03. 
04 
05 
06 

AO 
Al 
Al 
Al 
A4 
AS 
A6 
A7 
A8 
A9 

r--..,_~~.r----,...~~_.r-07 

AIO 
All 
AJ2--. _____ - ----' 
•cs:__.._ _________ ___ 

:g~~ 
•QE2 *Active level defined by the user. 

• ABSOLUTE MAXIMUM RATINGS 

Item Symbol Value Unit 
Supply Voltage• Vee -0.3 to +7.0 v 
Input Voltage• V,n -0.3 to +7.0 v 
Operating Temperature Topr -20 to +75 oc 
Storage Temperature T,ta -55 to +125 oc 
Bias Storage Temperature Tbiaa -20 to +85 oc 
• with respect to V ss 

• RECOMMENDED DC OPERATING CONDITIONS 

Item Symbol min typ max Unit 
Supply Voltage* Vee 4.5 5.0 5.5 v 
Input Voltage* VrL -0.3 - 0.8 v 

Vrn 2.2 - Vee v 
Operating Temperature Topr -20 - 75 oc 
• with respect to Vss 
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HN61364P 

(DP-28) 

HN61364FP 

(FP-54) 

• PIN ARRANGEMENT 
• HN61364P 

(Top View) 

• HN61364FP 

Top View) 



• ELECTRICAL CHARAGTERISTICS Wee = 5V±10%, Vss = OV, Ta = -20 to +75°C 

Item Symbol Test Condition min typ** max Unit 
Input High-level Voltage f 1H 2.2 - Vee v 
Input Low-level Voltage ViL -0.3 - 0.8 v 
Output High-level Voltage VoH / 0 H=-205µ.A 2.4 - - v 
Output Low-level Voltage VoL 10 L=3.2mA - - 0.4 v 
Input Leakage Current Jin Vin=O to 5.5V - - 2.5 µA 

Output High-level Leakage Current /LOH Vout='2.4V, CS=0.8V, CS=2.2V - - 10 µA 

Output Low-level Leakage Current hoL Vout=0.4V, CS=0.8V, CS=2.2V - - 10 µA 

1 Active Ice * Vc~=).5V, lout=~~· lrc=min, duty=l00% - 10 25 mA 
Supply Current r 

Standby lss Vcc=5.5V, CS~Vec-0.2V, CS~0.2V - I 30 µA 

Input Capacitance C;n 
Vin=OV, f=lMHz, T0=25°C 

- - 10 pF 

I Output Capacitance I Cout I - - 15 pF 

*Steady state current ** V cc= 5V, T0 = 25°C 

• RECOMMENDED AC OPERATING CONDITIONS (READ SEQUENCE) 
(Vcc=SV± 10%, Vss=OV, Ta= -20 to +75°C, t,= t1=20ns) 

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 

• TIMING WAVEFORM 
• Read Cycle ( 1) 

• Read Cycle (2) Notes 1, 3 

Symbol 

tRC 
tAA 
tACS 
tcLZ 
toE 
toLZ 
tcHZ 
toHZ 
toH 

min max 
250 -
- 250 
- 250 
10 --
- 100 
10 -

0 100 
0 1-00 

10 -

----.t IRC 

A<l<lress_r..______,1_A~-,-* 
Dou• i==,0,,~======f--==to=H=lx~:= 

$HITACHI 

Unit 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 

• AC TEST LOAD 

ITT
.OV(Vcc) 

RL =2.4kn 

Test Point 

130p 

";=" -;:'" 

Notes) 1. 1.-11-20ns 
2. CL includes jig capacitance. 
3. All diodes are 152074®. 

NOTES: 
1 . Device is continuously selected. 
2. Address Vaild prior to or coincident 

with CS transition low. 
3. OE= V1L 
4. Input pulse level: 0.8 to 2.4V 
5. Input and output reference level: 

1.5V 
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HN61364HP--------Preliminary 
8192-word x 8-bit Mask Programmable Read Only Memory 

The HN61364HP is a mask-programmable, byte-organized memory 
designed for use in bus-organized systems. 
To facilitate use, the device operates from a single power supply, has 
compatibility with TTL, and requires no clocks or refreshing because 
of static operation. 
The active level of the CS, OE0 - OE2 inputs and the memory con
tent are defined by the user. The Chip Select input deselects the 
output and puts the chip in a powerdown mode. 

• FEATURES 
• Fully Static Operation 
• Automatic Power Down 
• Single +5V Power Supply 
• Three-state Data Output for OR-ties 
• Mask Programmable Chip Select and Output Enable 
• TTL Compatible 
• Maximum Access Time; 200ns . 
• Low Power Standby and Low- Power Operation; Standby 5µW 

(typ), Operation 50mW (typ) 
• Pin Compatible with EPROM 

• BLOCK DIAGRAM 

DO 
DI 
02 
DJ 
04 
05 
06 

AO 
Al 
A2 
Al 
A4 
AS 
A6 
A7 
AS 
A9 

,--,_ _ __,--,_ _ __J--D7 

NOTE: 

AIO 
All 
A I 2 ---,_ _ ____. 

. •cs-------------' •oEo 
0 0El 
'0E2 *Active level defined by the user. 

The specifications of this device are subject to 
change without notice. 
Please contact your nearest Hitachis Sales Dept, 
regarding specifications. 
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• PIN ARRANGEMENT 

(Top View) 



HN61365P 
8192-word x 8-bit Mask Programmable Read Only Memory 

The HN61365P is a mask-programmable, byte-organized memory 
designed for use in bus-organized systems. 

To facilitate use, the device operates from a single power supply, 
has compatibility with TTL, and requires no clocks or refreshing 
because of static operation. 

The active level of the CS input and the memory content are de
fined by the user. The chip select input deselects the output and 
puts the chip in a power-down mode. 

•FEATURES 

• Fully Static Operation 
• Automatic Power Down 

(DP-24) 

• Single +5 Volt Power Supply •PIN ARRANGEMENT 
• Three-State Data Output for OR-Ties 
• Mask Programmable Chip Select 
• TTL Compatible 
• Maximum Access Time; 250ns 
• Low Power . Standby and Low Power Operation; Standby 5µW 

(typ.), Operation 50mW (typ.) 
• Pin Compatible with EPROM 

•BLOCK DIAGRAM 

Ao 
A1 
Az 
Al Memory 

A• Address Matrix 
As 
A6 Decoder (8192X8) 

A7 

As 
A9 

A10 
A11 
A12 

•CS 

* Active level defined by the user. 

•ABSOLUTE MAXIMUM RATINGS 

Item Symbol 

Supply Voltage• Vee 

Input Voltage• v.. 
Operating Temperature T.,, 

Storage Temperature T.,. 

Storage Temperature (under bias) r .... 
* with respect to Vss 

3-State 

Output 

Buffers 

Vee= Pin 24 
Vss=Pin 12 

Value Unit 

-0.3 to +7.0 v 
-0.3 to +7.0 v 

-20 to +75 ·c 
-55 to +125 ·c 
-20 to +85 ·c 

@HITACHI 

Do 
D1 
D2 
Dl 
o. 
Ds 
06 
D1 

(Top View) 
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•RECOMMENDED DC OPERATING CONDITIONS 

Item Symbol min typ max Unit 

Supply Voltage• Vee 4.5 5.0 5.5 v 
VIL -0.3 - 0.8 v 

Input Voltage• 
VIH 2.2 - Vee v 

Operating Temperature T.,, -20 - 75 ·c 
• With respect to Vu 

•ELECTRICAL CHARACTERISTICS (Vcc=5V ±10%, Vss=OV, Ta=-20 to +75°C) 

Item Symbol Test Conditions min typ•• max Unit 

ViH 2.2 - Vee v 
Input Voltage 

VIL -0.3 0.8 v -
VoH IoH= -205µA 2.4 - - v 

Output Voltage 
VoL IoL=3.2mA - 0.4 v -

Input Leakage Current IL/ VIN=0-5.5V - - 2.5 µA 

ILOH 
CS=0.8V, CS=2.2V 

l V •• ,=2.4V - - 10 µA 
Output Leakage Current 

hoL l V •• ,=0.4V - 10 µA -
Active Supply Current Ice• Vcc=5.5V, .Wour=OmA, hlc=min, duty=l00% - 10 25 mA 

Stand by Supply Current Isa CS;;;;Vcc-0.2V, cs;;;;0.2V, Vcc-5.5V - 1 30 µA 

Input Capacitance C;. - - 10 pF 

Output Capacitanc~ c ... V;.-ov, J-lMHz, Ta=25'C 
15 pF - -

• Steady state current •• Vcc=5V, T.=25'C 

•RECOMMENDED AC OPERATING CHARACTERISTICS 

•READ SEQUENCE (Vcc=5V±10%, Vss=OV, Ta=-20 to +75°C, t,=t1=20ns) 

Item Symbol 

Read Cycle Time fRc 

Address Access Time tu 

Chip Select Access Time fACS 

Chip Selection to Output in Low Z tcLZ 

Chip deselection to Output in High Z tcHZ 

Output Hold from Address Change toH 

e READ CYCLE (1) 

... 

hz 

•READ CYCLE (2) (Notes 1) 

.Jid.dre11 

•READ CYCLE (3) (Notes 2) 

U.1vt 
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min max Unit 

250 - ns 

- 250 ns 

- 250 ns 

10 - ns 

0 100 ns 

10 - ns 

• AC TEST LOAD 

vi
S.OY<Vcc> 

RL=2.4kn 

Test Point 

130p 

";='" ~ 

Notes) 1. t,-t1-20ns. 
2. CL includes jig capacitance. 
3. All diodes are 152074® . 

Notes) 
1 . Device is continuously selected 
2. Address Valid prior tQ or coincident with CS 

transition low. 
3 . Input pulse level : 0.8 to 2.4V 
4 . Input ard output timing reference level : 1.5V 



HN61366P 
8192-word x 8-bit Mask Programmable Read Only Memory 

The HN61366P is a mask-programmable, byte-organized memory 
designed for use in bus-organized systems. 
To facilitate use, the device operates from a single power supply, has 
compatibility with TTL, and requires no clocks or refreshing because of 
static operation. 
The active level of the OE input and the memory content are defined 
by the user. 

•FEATURES 

• Fully Static Operation 
• Single +5V power supply 
• Three-State Data Output for OR-Ties 
• Mask Programmable Output Enable 

(DP-24) 

• TTL Compatible •PIN ARRANGEMENT 
• Maximum Access Time; 250ns 
• Low Power Operation; 50mW (typ.) 
• Pin Compatible with EPROM 

•BLOCK DIAGRAM 

"" Ai 
Al 
As 
A. 
As 
Iv, 
A7 
As 
As 

Ato 
A11 
An 

Address 
Decoder 

Memory 
Matrix 
(8!92X8) 

3-State 
Output 
Be fie rs 

•OE---~--------------_J 

* Active level defined by the user. 

•ABSOLUTE MAXIMUM RATINGS 

Item Symbol Value Unit 

Supply Voltage• Vee -0.3 to +7.0 v 
Input Voltage* v.. -0.3 to +7.0 v 
Operating Temperature T.,. -20 to +75 ·c 
Storage Temperature T.,, -55 to +125 ·c 
Storage Temperature(under bias) r.,., -20 to +85 ·c 
* With respect to Vss 

•RECOMMENDED DC OPERATING CONDITIONS 

Item Symbol min 

Supply Voltage• Vee 4.5 

Vn -0.3 
Input Voltage* 

VrH 2.2 

Operating Temprature T.,. -20 

* With respect to Vss 

$HITACHI 

(Top View) 

typ max Unit 

5.0 5.5 v 
- 0.8 v 
- Vee v 
- 75 ·c 
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•ELECTRICAL CHARACTE,RISTICS (Vcc=5V±10%, Vss=OV, Ta=-20 to +75°C) 

Item Symbol Test Conditions 

Input Voltage 
VrH 

VIL 

VoH loH--205µA 
Output Voltage 

VoL IoL-3.2mA 

Input Leakage Current hr V/N-0-5.5V 

hoH 
OE-0.SV, OE=2.2V 

l Vour-2.4V 
Output Leakage Current 

hoL J Vour=0.4V 

Operating Supply Current Ice• Vcc=5.5V, Iour=OmA, blc=min 

Input Capacitance c,. 
Output Capacitance Cour 

V..=OV, /=lMHz, Ta=25°C 

* Steady state current • • Vee= 5V, T. = 25"C 

•RECOMMENDED AC OPERATING CONDITIONS 

•READ CYCLE (Vcc=5V±10%, Vss=OV, Ta=-20-+75°C, t,=t1=20ns) 

Item 

Read Cycle Time 

Address Access Time 

Output Enable to Output Valid 

Output Enable to Output in Low z 
Output Disable to Output in High Z 

Output Hold from Address Change 

•TIMING WAVEFORM 

e READ CYCLE (1) 

Symbol 

iRc 

t •• 

ioE 

ioLZ 

ioHZ 

foH 

min max Unit 

250 - ns 

- 250 ns 

- 100 ns 

10 - ns 

0 100 ns 

10 - ns 

i---------'•e----------

Address 

Oout 

•READ CYCLE (2)Note 1) 

Address 

Oout 

Note) 1. OE-Vu. 

2 . lmput pulse level : 0.8 to 2.4V 
3 . lmput and output timing reference level : 1.5V 
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min 

2.2 

-0.3 

2.4 

-
-
-
-
-

-
-

typ•• max 

- Vee 

- 0.8 

- -
- 0.4 

- 2.5 

- 10 

- 10 

10 25 
- 10 
- 15 

•AC TEST LOAD 

Notes) 1. 1.-1,=20ns 

Unit 

v 
v 
v 
v 

µA 

µA 

µA 

mA 

pF 

pF 

5.0V( Vee) 

Rz.=2.4kQ 

2. CL includes jig capacitance. 
3. All diodes are 152074®. 



HN613128P, HN613128FP 
16384-word x 8-bit Mask Programmable Read Only Memory 

The HN613128P/FP is a mask-programmable, byte-organized 
memory designed for use in bus-organized systems. To facilitate use, 
the device operates from a single power supply, has compatibility 
with TTL, and requires no clocks or refreshing because of static ope
ration. The active level of the CS, OE0 , OE 1 input and the memory 
content are defined by the user. The Chip Select input deselects the 
output and puts the chip in a power-down mode. 

•FEATURES 
• Fully Static Operation 
• Automatic Power Down 
• Single +5-Volt Power Supply 
• Three-State Data Output for OR· Ties 
• Mask Programmable Chip Select, Output Enable 
• TTL Compatible 
• Maximum Access Time; 250ns 
• Low Power Standby and Low Power Operation; 

Standby: 5µW (typ.) 
Operation: 50mW (typ.) 

• Pin Compatible with EPROM 

• BLOCK DIAGRAM 

AO 
Al 
A2 
A3 
A4 
A5 
A6 
A7 
A8 
A9 

AIO 
All 
Al2 
Al3 

Memory 
Matrix 

(16384X8) 

3-State 
Output 
Buffers 

---DO 
---DI ---02 ---03 ---04 
i----05 

D6 
D7 

• cs--111~ ..... -----..,--------------------' 
• OEo 
• OE1 

* Active level defined by the user. 

•ABSOLUTE MAXIMUM RATINGS 

Item Symbol Value Unit 

Supply Voltage• Vee -0.3 to +7.0 v 
Input Voltage• v.. -0.3 to +7.0 v 
Operating Temperature Range T,,, -20 to +75 ·c 
Storage Temperature Range T,,, -55 to+l25 ·c 
Storage Temperature Range (under bias) T6, .. -20 to +85 ·c 

* With respect toVss. 

•RECOMMENDED DC OPERATING CONDITIONS 

Item Symbol min. typ. max. Unit 

Supply Voltage• Vee 4.5 5.0 5.5 v 
Vn -0.3 - 0.8 v 

Input Voltage• 
ViH 2.2 - Vee v 

Operating Temperature T.,, -20 - 75 ·c 
* With respect to Vss. 

$HITACHI 

,--~~~~~~~~~~~~~ 

HN613128P 

(DP-28) 

HN613128FP 

(FP-54) 

•PIN ARRANGEMENT 
•HN613128P 

NC 

A12 

A1 

As 

As 

A• 

A3 

Az 

A1 

Ao 

Do 

01 

D2 

Vss 

(Top View) 

•HN613128FP 
Di Di IA Di llt 

Vee 

OE1 • 

A13 

As 

A9 

Au 
OEo• 

A10 

cs• 
D1 

Ds 

Ds 
n, 
03 

223 



~~~~~~~~~~~~~~~~~~~~~~~~~~HN613128~HN613128FP 

•ELECTRICAL CHARACTERISTICS (Vcc=5.0V±10%, Vss=OV, Ta= -20 to +75°C) 

Item Symbol Test Condition min typ•• max Unit 

Input High-level Voltage VJH 2.2 - Vee v 
Input Low-level Voltage VIL -0.3 - 0.8 v 
Output High-level Voltage VoH loH--205µA 2.4 - - v 
Output Low-level Voltage Vol loL-3.2mA - - 0.4 v 
Input Leakage Current /,, v. ~o to 5.5V - - 2.5 µA 

Output High-level Leakage Current /LOH V,., =2.4V, CS =O.SV, CS- 2.2V - - 10 µA 

Output Low-level Leakage Current hoL V ••• -0.4V, CS =O.SV, CS= 2.2V - - 10 µA 

Supply Current (Active /Standby) Ictl 1.6 Vcc~5.5V, lnour=OmA, bic=min, duty=l00%/CS~ Vcc-0.2V,CS~0.2V - 10/1 25/30 mA/µA 

Input Capacitance c .. V .. =OV,/=l.OMHz, Ta=25°C - - 10 pF 

Output Capacitance c. .. V.. =OV,/=1.0MHz, Ta=25°C - - 15 pF 

* Steady state current •• Vcc=5V, T.=25'C 

•RECOMMENDED AC OPERATING CONDITIONS (READ SEQUENCE) 
(Vcc=5.0V±10%, Vss=OV, Ta=-20 to +75°C,All timing with t,=t1=20ns) 

-

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 

•TIMING WAVEFORM 
e READ CYCLE (1) 

Address 

IACS 

ICLZ 

Dout 

•READ CYCLE(2) (Notes 1,3l 

Address 

loH 

Dout 

e READ CYCLE (3) (Notes 2,3) 

224 

Symbol 

!Re 

IAA 

t.cs 

lcLz 

loE 

loLZ 

lcHZ 

fOHZ 

IOH 

IOE 

loLZ 

IRC 

HN613128P 

min max 

250 -
- 250 

- 250 

10 -

- 100 

10 -

0 100 

0 100 

10 -

loH 

{ ... :i-
$HITACHI 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

• AC TEST LOAD 

ITT
.OV(Vcc) 

RL = 2.4kn 

Test Point 

130p 

-:;"' ~ 

Notes) 1. 1,-1,-20ns. 
2. CL includes jig capacitance. 
3, All diodes are 152074®. 

NOTES: 
1. Device is continuously selected. 
2. Address Valid prior to or coincident 

with CS transition low. 
3. OE= VIL. 
4. Input pulse level: 0.8 to 2.4V 
5. Input and output reference level: 

1.5V 



HN613128HP 
16384-word x 8-bit Mask Programmable Read Only Memory 

The HN613128HP is a mask-programmable, byte-organized memory 
designed for use in bus-organized systems. To facilitate use, the 
device operates from a single power supply, has compatibility with 
TTL, and requires no clocks or refreshing because of static opera
tion. The active level of the CS, OE0 , OE 1 input and the memory 
content are defined by the user. The Chip Select input deselects the 
output and puts the chip in a power-down mode. 

• FEATURES 
• Fully Static Operation 
• Automatic Power Down 
• Single +5-Volt Power Supply 
• Three-State Data Output for OR-Ties 
• Mask Programmable Chip Select, Output Enable 
• TTL Compatible 
• Maximum Access Time: 200ns 
• Lower Standby and Low Power Operation; 

Standby: SµW (typ.) 
Operation: 50mW (typ.) 

• Pin Compatible with EPROM 

•BLOCK DIAGRAM 

Memory 
Matrix 

(16384 XS) 

3-State 
Output 
Buffers 

• cs-~--+------------.....J 
• OEo * OE1 

NOTES: 
* Active level defined by the user. 

The specifications of this device are subject to 
change without notice. 
Please contact your nearest Hitachis Sales Dept, 
regarding specifications. 

....._ __ [)() 
l----01 

D2 
""----03 
""----04 
""----05 

06 
D7 

$HITACHI 

Preliminary 

HN613128HP 

(DP-28) 

•PIN ARRANGEMENT 

Vee 

A12 OE1 • 

A1 A1J 

A6 As 

As A9 

A11 

OEo • 
A2 A10 

A1 cs. 
Ao D1 

Do Os 

D1 Ds 

02 o, 
Vss 14 DJ 

(Top View) 
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HN61256P, HN61256FP 
32768 x 8-bit or 65536 x 4-bit CMOS Mask Programmable Read Only Memory 

The Hitachi HN61256P/FP is a mask programmable 32768 x 8-bit or 
65536x4-bit CMOS read only memory. It operates from a single 
power supply and is compatible with TTL. Low power consumption 
makes this memory well-suited for battery-operation or hand-held 
personal computers. Memory expansion can be implemented through 
one chip select input. Either active "High" or active "Low" or chip 
select input and a chip enable input are defined at mask level. The 
organization of 8 bit or 4 bit is defined by the user. 

•FEATURES 

• Mask-programmable selection of either 4-bit or 8-bit organization 
• Three-state outputs, can be wire-ORed. 
• One mask programmable chip select terminal facilitates memory 

expansion. 
• A single 5V power supply (±10%) 
• Low power consumption: Operation 7.5mW (typ.), 

Standby 5µW (typ.) 
• TTL compatible 
• Access time: 3.5µs (max) 

• BLOCK DIAGRAM llD -------u.· 
•2 

3-State l!uffeu 

Latch 

Ni [ 
I 

Au 

(Aul • 
2 

Y-l.lecoder 

CS Control 

X l.lecoder 
Me .. iry Array 

262144 bits 

CE 
·1 Timing Generator 

* 1 Active level defined at mask level. 
* 2 Mask programmable selection of either 4-bit or 

8-bit organization. 
In 4-bit or1anization, data outputs are Do to D,. 

226 @HITACHI 

HN61256P 

(DP-28) 

HN61256FP 

(FP-54) 

•PIN ARRANGEMENT 
•HN61256P 

(Top View) 

•HN61256FP 
DI NC DI Do Do 

(Top View) 



•ABSOLUTE MAXIMUM RATINGS 

Item Symbol 

Supply Voltage• Vee 

Input Voltage• v.. 
Operating Temperature Range T.,, 

Storage Temperature Range T.,, 

Bias Storage Temperature Range T., .. 

Note : * Referenced to V SS· 

•ELECTRICAL CHARACTERISTICS 
(Vcc=5V±10%, Vss=OV, Ta=0-+75°C) 

Item Symbol 

Input "High" Level Voltage V,H 

Input "Low" Level Voltage V,L 

Output "High" Level Voltage VoH 

Output "Low" Level Voltage VoL 

Input Leakage Current [,. 

Output "High" Level Leakage Current hoH 

Output "Low" Level Leakage Current hoL 

{ In stand·by lss 
Supply Current J In operation Ice• 

Input Capacitance c.. 
Output Capacitance c. .. 
* Steady state current •• Vcc=SV, T.=25'C 

Rating 

-0.3-+7.0 

-0.3-+7.0 

o-+75 

-55-+125 

-20-+85 

Test Condition 

loH--lOOµA 

loL-l.6mA 

V.. -0-5.5V 

CE-0.8V V •• , -2.4V 

CE-2.4V V.., -0.4V 

8~~ ~~~+iJi· 
.O.c=4.0µs, ,4.,=0mA, Vcc-5.5V 
a =3.o,,. 

V..=OV,f-lMHz, Ta-25°C 

•AC OPERATING CONDITION AND CHARACTERISTICS 

Unit 

v 
v 
·c 
·c 
·c 

min typ** max Unit 

2.4 - Vee v 
0 - 0.8 v 

2.4 - - v 
- - 0.4 v 
- - 2.5 µA 

- - 5 µA 

- - 5 µA 

- 1 30 µA 

- 1.5 3.0 mA 

- - 10 pF 

- - 12.5 pF 

•READ SEQUENCE (Vcc=5V±10%, Vss=OV, Ta=0-+75°C, t.=t1=20ns) 

Item Symbol min max 

Read Cycle Time he 4.0 -
Address Access Time lAACC - 3.5 

Chip Enable Access Time f EACC - 3.0 

Data Hold Time from Address IDF 0.05 0.5 

Address Set·up Time f AS 0.5 -
Address Hold Time lAH 0 -
Chip Enable ON Time t-rr 3.0 -
Chip Enable OFF Time fCE 0.5 -

UC 

I I I 

Addr.ess m_y2.4V f 2.4V~ 
CS ~.8V ! 0.8V : --,-----------F-ilA# 

~ :· lc""l I,. lcE ·I 
I 2.4V I i 2.4V 
I o.sv o.sv I 
I 1 '--.,E-A-CC _____ r• I IDF 

I IA
1
ACC ~ 

I.lout -------@:<:~::~ U.iut Valid 
b> HI Z 

$HITACHI 

Unit 

µs 

µs 

µs 

µs 

µs 

µs 

µs 

µs 

•AC TEST LOAD 

Notes: 1.t.-t,-20ns. 

5.0V( Vee) 

RL=2.4kl2 

2. CL includes jig capacitance. 
3.AD diodes are IS2074®. 
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HN613256P, HN613256FP 

32768-word x 8-bit Mask Programmable Read Only Memory 
The HN613256P/FP is a mask-programmable, byte-organized memo
ry designed for use in bus-organized system. 
To facilitate use, the device operates from a single power supply, has 
compatibility with TTL, and requires no clocks nor refreshing 
because of static operation. 
The active level of the CS and OE input, and the memory content 
are defined by the user. The Chip Select input deselects the output 
and puts the chip in a power-down mode. 

• FEATURES 
• Fully Static Operation 
• Automatic Power Down 
• Single +5V Power Supply 
• Three-state Data Output for OR-ties 
• Mask Programmable Chip Select and Output Enable 
• TTL Compatible 
• Maximum Access Time: 250ns 
• Low Power Standby and Low Power Operation; 

Standby 5µW (typ.), Operation 50mW (typ.) 
• Pin Compatible with EPROM 

• BLOCK DIAGRAM 

Memory 
Matrix ..._ __ -i 

AO 
Al 
A2 
A3 
A4 
AS 
A6 
A7 
AB 
A9 

Address 
Decoder 1 32, 768 x 8 J t-------i 

AlO 
All 
A12 
A13 
A14 

t-------i 

3-State 
Output 
Buffer 

•cs~ .... ---4--~~~~~~~~~~~~_, 
•oE~._~~~~~~~~~~~~-----' 

DO 
DI 
D2 
D3 
D4 
DS 
D6 
D7 

* Active level defined by the user. 

•ABSOLUTE MAXIMUM RATINGS 
Item Symbol Value Unit 

Supply Voltage* Vee -0.3 to +7.0 v 
Input Voltage* Vin -,0.3 to +7.0 v 
Operating Temperature Range To:pr -20to +75 oc 
Storage Temperature Range Tat1 -55 to +125 oc 
Storage Temperature Range (Under Bias) Tbias -20 to +85 oc 
*With respect to V ss 

•RECOMMENDED DC OPERATING CONDITIONS 

Item Symbol min. typ. max. Unit 

Supply Voltage• Vee 4.5 5.0 5.5 v 
V1L -0.3 - 0.8 v 

Input Voltage• 
V1H 2.2 - Vee v 

Operating Temperature T,,, -20 - 75 ·c 
* With respect to Vss. 
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HN613256FP 

(FP-54) 

•PIN ARRANGEMENT 
• HN613256P 

(Top View) 

* Active level can be defined by the customer. 

• HN613256FP 

(Top View) 
* Active level can be defined by the customer. 



• ELECTRICAL CHARACTERISTICS (Vee= 5.0V±l0%, Vss = ov, Ta= -20-+75 °C) 

Item Symbol Test Condition min ty~ max 

Input Voltage 

Output Voltage 

Input Leakage Current 

Output Leakage Current 

1 Active 
Supply Current l . db 

Stan y 

Input Capacitance 
Output Capacitance 

* Steady state current 
** Vcc=5V, T0 =25°C 

Vm 

VrL 

VoH IoH= -205 µA 

VoL IoL = 3.2 mA 

lin V1n= 0-5.5V 

hoH CS= 0.8V, CS= 2.2V l Vout = 2·4V 
hoL J Vout= 0.4V 

Ice* V cc= 5.5V, lout= OmA, tRc =min, duty= 100%. 

lsB V cc = 5.5V, CS ~ V cc - 0.2V, CS ~ 0.2V 

Cjn 
Vin= OV,f= 1 MHz, T0 = 25 °C 

eout 

• RECOMMENDED AC OPERATING CONDITIONS (READ SEQUENCE) 
(Vcc=5V±10%, Vss=OV, Ta=-20-+75°C, t,= t1=20ns) 

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 

•TIMING WAVEFORM 
• READ CYCLE (1) 

Symbol 

tRC 

tAA 

tACS 

tCLZ 

tOE 

tOLZ 

tCHZ 

tOHZ 

tOH 

min max Unit 

200 - ns 

- 200 ns 

- 200 ns 

10 - ns 

- 100 ns 

10 - ns 

0 100 ns 

0 100 ns 

10 - ns 

2.2 

-0.3 

2.4 

-

-
-

-
-
-
-

-

• AC TEST LOAD 

• READ CYCLE (2) (Notes 1, 3) 

Notes : l. 1. - 1,- 20na 

-
-

-
-
-

-
-
10 

1 
-
-

AddreM =i= ·- ·~ s= 
Dout E·-~---9-----

2. C, includes iii capacitance 

• READ CYCLE (3) (Notes 2, 3) 3. All diodes are 152074® 

NOTES: 

Vee 
0.8 

-
0.4 

2.5 

10 

10 

30 

30 

10 

15 

1 S.OV(llu) 

2' RL~ZAkll 

1. Device is continuously selected. 

Unit 

v 
v 
v 
v 

µA 

µA 

µA 

mA 
µA 

pF 

pF 

2. Address Valid prior to or coinci-

@HITACHI 

dent with CS transition low. 
3. OE= VrL. 
4. Input pulse level: 0.8 to 2.4V 
5. Input and output reference level: 

1.5V 
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HN613256HP--------Preliminary 
32768-word x 8-bit Mask Programmable Read Only Memory 

The HN613256HP is a mask-programmable, byte-organized memory 
designed for use in bus-organized system. 
To facilitate use, the device operates from a single power supply, has 
compatibility with TTL, and requires no clocks_ nor refreshing be
cause of static operation. 
The active level of the CS and OE input, and the memory content 
are defined by the user. The Chip Select input deselects the output 
and puts the chip in a power-down mode. 

• FEATURES 
• Fully Static Operation 
• Automatic Power Down 
• Single +5V Power Supply 
• Three-state Data Output for 0 R-ties 
• Mask Programmable Chip Select and Output Enable 
• TTL Compatible 
• Maximum Access Time: 200ns 
• Low Power Standby and Low Power Operation; 

Standby 5µW (typ.), Operation 50mW (typ.) 
• Pin Compatible with EPROM 

• BLOCK DIAGRAM 

Memory 1---~ 
Matrix 

Address 
Decoder 1---~ 32, 768x811----~ 

3-State 
Output 
Buffer 

AO 
Al 
Al 
A3 
A4 
AS 
A6 
A7 
AS 
A9 

.__ __ __, 

AIO 
All 
Al2 
Al3 
Al4 

•cs~--~---~~~~~~~~~~~-' 

*OE~--~~~~~~~~~-~-~-----' 

DO 
DI 
D2 
D3 
D4 
DS 
D6 
D7 

* Active level defined by the user. 

•ABSOLUTE MAXIMUM RATINGS 
Item Symbol Value Unit 

Supply Voltage* Vee -0.3 to +7.0 v 
Input Voltage* Vin -0.3 to +7.0 v 
Operating Temperature Range Topr -20 to +75 oc 
Storage Temperature Range T1t1 -55 to +125 oc 
Storage Temperature Range (Under Bias) Tbtaa -20 to +85 oc 
*With respect to V ss 

•RECOMMENDED DC OPERATING CONDITIONS 

Item Symbol min. typ. max. Unit 

Supply Voltage• Vee 4.5 5.0 5.5 v 
VIL -0.3 - 0.8 v 

Input Voltage• 
VJH 2.0 - Vee v 

Operating Temperature T.,. -20 - 75 ·c 
* With respect to Vss. 
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HN613256HP 

• PIN ARRANGEMENT 

(Top View) 

* Active level can be defined by the customer. 

Note) 
The specifications of this device are 
subject to change without notice. 
Please contact your nearest Hitachis 
Sales Dept, regarding specifications. 



HN62301p----------Preliminary 

131, 072-word x 8-bit Mask Programmable Read Only Memory 
The HN62301P is a mask-programmable, byte-organized memory 
designed for use in bus-organized systems. To facilitate use, the 
device operates from a single power supply, has compatibility with 
TTL, and requires no clocks or refreshing because of static opera-
tion. The Chip Enable and the memory content are defined by the 
user. The Chip Enable input deselects the output and puts the chip 
in a power-down mode. 

•FEATURES 

• Static Operation 
• Automatic Power Down 
• Single +5-Volt Power Supply 
• Three-State Data Output for 0 R-Ties 

(DP-28) 

• TTL Compatible •PIN ARRANGEMENT 
• Maximum Access Time-350ns 
• Lower Power Standby and Low Power Operation; 

Standby: 2mW (typ.), Operation: 75mW (typ.) 

•BLOCK DIAGRAM 

Ao 
A1 
Ai 
A, 

A• 
As 
Ao 
A1 
As 
A9 

A10 
A11 
Au 
Au 
Au 
A1s 
A1• 

Memory Matrix 
Ai-Al6 ( 32,768 X32) 

•ABSOLUTE MAXIMUM RATINGS 

Item Symbol 

Supply Voltage• Vee 

Input Voltage• v •• 
Operating Temperature Range T.,, 

Storage Temperature Range r •• , 
Bias Storage Temperature Range Tb, .. 
* With respect to Vss 

Value 

-0.3 to +7.0 

-0.3 to +7.0 

0 to +70 

-55 to +125 

-20 to +85 

Note) The specifications of this device are 
subject to change without notice. 
Please contact your nearest Hitachis 
Sales Dept, regarding specifications. 

Do 
D1 
Di 
Dl 
D. 
Ds 
Do 
D' 

Unit 

v 
v 
·c 
·c 
·c 

$HITACHI 

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

Item Symbol min typ max 

Supply Voltage • Vee 4.5 5.0 5.5 

ViL -0.3 - 0.8 
Input Voltage• 

2.4+0.4( Vcc-5) ViH - Vee 

• with respect to V. 

•ELECTRICAL CHARACTERISTICS (Vcc=5V±10%, Vss=OV, Ta=O to +70°C) 

Item Symbol 

Normal Operating Current Iee1 • 

Nibble Operating Current Iee2 • 

Stand by Current Isa 

Input Leakage Current h1 

hoH 
Output Leakage Current 

hoL 

VoH 
Output Voltage 

VoL 

* Steady state current ••• Vcc=5V, T.=25"C 

* * TBD 

Test Conditions 

h!c1=min, Vcc=5.5V, I •• ,=OmA, duty=100% 

h!c2=min, Vcc=5.5V, L.,=OmA, duty=l00% 

CE;;;; Vee-0.2V, Vcc~5.5V 

lf;.=O to 5.5V, other OV 

1 V,.,=2.4V 
~2.4V l V,.,=0.4V 

I,.,=-205µA 

J,.,=3.2mA 

•CAPACITANCE (Vcc=5V±10%, Ta=25°C, lMHz Vin=OV) 

Item Symbol typ 

Input Capacitance (Ao-Au, CE) c •. -

Output Capacitance ( Do-D1) c ... -

min typ••• 

- 15 

- 5 

- 0.4 

-10 -
- -

- -

2.4 -

- -

max 

10 

15 

•AC CHARACTERISTICS ( Vcc=5V±10%, Vss=OV, Ta=O to +70°C, t,=t1=20ns) 

Mode Item Symbol min max 

Cycle Time tRel 350 -

Normal Address Access Time tAAI - 350 

Data Hold Time toH 10 -
CE Access Time tAeE - 350 

CE Enable Pulse Width tcE 350 -

CE Disable Pulse Width 
CE operation 

tCi 15 -

Address Set up Time tAS 0 -

Data Hold Time from CE tcHZ 10 
.. 150 

Data Set Time from CE tcLZ 10 -

... Nibble Address Access Time• fAA2 - 100 
Nibble operation 

Nibble Cycle Time fRe2 100 -

* Nibble Address Ao, A, ••TB[) 
***The specifications of this mode are subject to change without notice. 

Please contact your nearest Hitachi's Sales Dept, regarding specifications. 
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Unit 

v 
v 
v 

max Unit 

50 mA 

15 .. mA 

10 mA 

10 µA 

10 µA 

10 µA 

- v 
0.4 v 

Unit 

pF 

pF 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 



• TIMMING CHART 

•NORMAL CYCLE (CE= Low) 

Address 

Dout 

•CE CYCLE 

Address 

""""t--------tcF.---------t---lfF. 

IAS 

Dout 
_HiZ _""-~ Valid 

Data 

__ Hi_·z __ 

•NIBBLE CYCLE* 

-------l~c1-------+---

Ao,A1 

Dout Previous Data Valid 
Data 

* Please contact your nearest Hitachi's Sales Dept, regarding specifications. 

• AC TEST LOAD 

ITT
.OV(Vcc) 

RL•2.4kn 

Test Point 

JJOp 

T T 

Notes) 1. 1,-11-20ns 
2. C, includes iii capacitance. 
3. All d.iodea are 1S2074®. 
4 . Input pulse level : 0.8 to 2.4V 
5 . Input and output timing reference level : 1.5V 
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HN62301.,_~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~-

• CE DUMMY CYCLE 

CE dummy cycle is necessary when Vee rise time is longer than 20 ms. 

234 

\'cc 

Ai 

Dom 

(Note) 1. There is no limitation for Vee rise time when at least one of 
addresses or CE signal is changed after power-up (Vee~ 4.SV). 
350ns is required for the access after the transition. 

lt,:i20msl 

- --- -- -----~.5\' 

\'cc 

Ai Start Address 

er. 

Dout 

(Note) 1. Transition of neither address nor CE is necessary for system 
initialization when V cc rise time is less than 20ms, because of 
V cc-detective-circuit-opera ti on. 
2ms is required for the access after power-up. 

$HITACHI 
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HN482732AG-20, 
HN482732AG-25, 
HN482732AG-30 
4096-word x 8-bit U. V. Erasable and Programmable Read Only Memory 
The HN482732A is a 4096-word by 8-bit erasable and electrically 
programmable ROM. This device is packaged in a 24 pin dual-in-line 
package with transparent lid. 
The transparent lid on the package allow the memory content to be 
erased with ultraviolet light. 

•FEATURES 
• Single Power Supply • • . • . . +5V ±5% 
• Simple Programming . . . . . . Program Voltage: +21 V D.C 

Program with one 50ms Pulse 
• Static ....••...•••••.... No clocks Required 
• Inputs and Outputs TIL Compatible During Both Read and 

Program Mode 
• Access Time . . • . . . . . • • • . HN482732AG-20 200ns (max) 

HN482732AG-25 250ns (max) 
HN482732AG-30 300ns (max) 

• Absolute Max. Rating of Vpp Pin ..• 26.SV 
• Low Stand-by Current • . . . . . . . . . . 35mA (max) 
• Compatible with Intel 2732A 

•BLOCK DIAGRAM 

~/Vpf Powerdown & 

cr Prag, Logic 

y 
Y Gating 

Decoder 

• 
Ao-A11 

32761l bit 

Decodtr El'IWM Matrix 

• • • 

•MODE SELECTION 

~ CE OE/Vpp Vee Outputs 

E (18) (20) (24) (9-11, 13-17) 

Read VIL VIL +5 D ••• 

Stand by VrH Don't Care +5 High z 
Program VIL VPP +5 o •• 
Program Verify Vn VrL +5 Dout 

Program Inhibit VrH VPP +5 High z 
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(DG-248) 

•PIN ARRANGEMENT 

(Top View) 



~~~~~~~~~~~~~~~~HN482732AG-20,HN482732AG-25,HN482732AG-30 

•ABSOLUTE MAXIMUM RATINGS 

Item Symbol Value Unit 

Operating Temperature Range Topr 0 to +70 ·c 
Storage Temperature Range T .. , -65 to +125 ·c 
All Input and Output Voltages• v ... v ... -0.3 to +7 v 
V PP Voltage• OE/Vpp -0.3 to 26.5 v 
V cc Voltage• Vee -0.3 to +7 v 
* with respect to GND 

•READ OPERATION 

eD.C. AND OPERATING CHARACTERISTICS (Ta=O to 70°C, Vcc=5V±5%, V,,p= Vcc ±0.6V) 

Parameter Symbol Test Conditions min 

Input Leakage Current Ju V1N=5.25V -
Output Leakage Current lw V •• , =5.25V -
Vee Current (Standby) lcc1 CE= V!H, OE= Vn -
Vee Current (Active) lcc2 OE=CE~Vn -

Input Low Voltage Vn -0.1 

Input High Voltage VIH 2.0 

Output Low Voltage VoL loL=2. lmA -

Output High Voltage VoH foH=-400µA 2.4 

eAC CHARACTERISTICS (Ta=O to 70°C, Vcc=5V±5%, Vpp= Vcc ±0.6V) 

Parameter Symbol Test Conditions 

Address to Output Delay tACC CE=OE=VIL 

CE to Output Delay tci;: OE=VJL 

nE" to Output Delay foi;; cir= VIL 

"OE High to Output Float loF CE-VIL 

Address to Output Hold toH "CE=OE=VIL 

e SWITCHING CHARACTERISTICS 

Test Conditions 

HN482732AG-20 

min max 

- 200 

- 200 

10 90 

0 80 

0 -

Input Pulse Level: . . . . . . . . . . . . . . . . . . 0.8V to 2.2V 
Input Rise and Fall Times: . . . . . . . . . . . . . . . . ~ 20ns 
Output Load: . . . . . . . . . . . . . . . 1 TTL Gate + 1 OOPF 

HN482732AG-25 

min max 

- 250 

- 250 

10 100 

0 90 

0 -

typ max 

- 10 

- 10 

- 35 

- 150 
- 0.8 

- Vcc+l 

- 0.45 

- -

HN482732AG -30 

min max 

- 300 

- 300 

10 150 

0 130 

0 -

Reference Level for Measuring Timing ........... Inputs, 1V and 2V, Outputs; 0.8V and 2V 

Address 

Standby Mode Active Mode Standby Mode 

ICE 

10£ IDF 

tACC 

Data Out 

eCAPACITANCE (Ta=25°C, f=lMHz) 

Parameter Symbol Test Conditions min typ max 

Input Capacitance (Except OE/Vpp) C1N1 VIN-OV - - 6 

OE IV PP Input Capacitance CrN2 VrN=OV - - 20 
-

Output Capacitance c ... V,.,=OV - - 12 

eHITACHI 

Unit 

µA 

µA 

mA 

mA 

v 
v 
v 
v 

Unit 

ns 

ns 

ns 

ns 

ns 

Unit 

pF 

pF 

pF 
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HN482732AG-20,HN482732AG-25,HN482732AG-30~~~~~~~~~~~~~~~-

•PROGRAMMING OPERATION 

•DC PROGRAMMING CHARACTERISTICS (Ta=25°C±5°C, Vcc=5V±5%, VPP-21V±0.5V) 

Parameter Symbol Test Condition min typ max 

Input Leakage Current Ju VIN- VIL or V1H - - 10 

Output Low Voltage During Verify VoL loL-2.lmA - - 0.45 

Output High Voltage During Verify VoH loH--400PA 2.4 - -
V cc Supply Current Ice - - 150 

Input Low Level VIL -0.1 - 0.8 
Input High Level (All Inputs Except -cm-;v PP) VtH 2.0 - Vcc+l 

V PP Suµply Current /pp CE- VrL, OE-V PP - - 30 

•AC PROGRAMMING CHARACTERISTICS (Ta=25°C±5°C, Vcc=5V±5%, ypp=21V±0.5V) 

Parameter Symbol Test Conditions min 

Address Setup Time fAS 2 

OE Setup Time toES 2 

Data Setup Time tos 2 

Address Hold Time tAH 0 

OE Hold Time fOEH 2 

Data Hold Time toH 2 

Chip Enable to Output Float Delay• toF 0 

Data Valid from CE tov "CE"- VIL, cm--VIL -
CE Pulse Width During Programming f PW 45 

OE Pulse Rise Time During Programming f PRT 50 

V PP Recovery Time tvR 2 

• I oF defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels. 

e SWITCHING CHARACTERISTICS 

Test Condition 
Input Pulse Level . . . . . . . . . . . . . . . . . . O.SV to 2.2V 
Input Rise and Fall Time . . . . . . . . . . . . . . . . . ~ 20ns 

typ max 

- -
- -
- -
- -
- -
- -
- 130 

- 1 

50 55 

- -
- -

Unit 

µA 

v 
v 

mA 

v 
v 

mA 

Unit 

µs 

µs 

µs 

µs 

µs 

µs 

ns 

µs 

ms 

ns 

µs 

Reference Level for Measuring Timing: ............. Inputs 1V and 2V; Outputs O.SV and 2V 

Addre11 

Dua 

IOIS IOI# 

•ERASE 

Erasure of HN482732A 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 ex
posure time) for erasure is 15W-sec/cm2 
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~~~~~~~~~~~~~~~~HN482732AG-20,HN482732AG-25,HN482732AG-30 

SUPPLY CURRENT vs. 
SUPPLY VOLTAGE 
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HN482764G,HN482764G-2, 
HN482764G-3 
8192-word x 8-bit UV Erasable and Programmable Read Only Memory 
The HN482764 is a 8192 word by 8 bit erasable and electrically 
programmable ROM. This device is packaged in a 28 pin dual-in-line 
package with transparent lid. The transparent lid on the package 
allows the memory content to be erased with ultraviolet light. 

•FEATURES 
• Single Power Supply ....................... +5V ± 5% 
• Simple Programming .......... Program Voltage: +21V D.C. 

Program with one 50ms Pulse 

• Static .......................... No Clocks Required 
• Inputs and Outputs TTL Compatible During Both Read and Pro

gram Mode. 
• Access Time ............... HN482764G-2 200ns max 

HN482764G 250ns max 
HN482764G-3 300ns max 

• High Performance Programming Available 
• Low Standby Current .................... 35mA max. 
• Compatible with Intel 2764 

• BLOCK DIAGRAM 

PG;;i Pnwer Uown 

5E Prng. L"g.ic 
Cf: 

Output 

lluffers 

Y-llec<>der Y-Gating 

Ao 65536 bit 

Au 
X-llecoder 

Mem1>ry Matrix 

•MODE SELECTION 

~ CE OE PGM VPP Vee Outputs 

e (20) (22) (27) ( 1 ) (28) (11-13, 15-19) 

Read VIL YJL VtH Vee Vee Dout 

Stand-by V1H x x Vee Vee High Z 

Program VtL x VtL VPP Vee Din 

Program Verify VIL VIL V1H VPP Vee Dout 

Program Inhibit YtH x x VPP Vee High Z 

x . don I care 

•ABSOLUTE MAXIMUM RATINGS 

Item Symbol Value Unit 

Operating Temperature Range T.,, 0 to +70 ·c 
Storage Temperature Range T,,, -65 to +125 ·c 
All Input and Output Voltage• Vr -0.6 to +7 v 
VPP Voltage VPP -0.6 to +26. 5 v 
* . w 1th respect to GND 
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HN482764G, HN482764G-2 
HN482764G-3 

f DG-28J 

•PIN ARRANGMENT 

(Top View) 



---------------------- HN482764G-2,HN482764G, HN482764G-3 

•READ OPERATION 

•DC AND OPERATING CHARACTERISTICS ( Ta=O to +70°C, Vcc=5V±5%, Vpp= Vcc±0.6V) 

Parameter Symbol Test Condition min typ 

Input Leakage Current lu Vre=5.25V, V., =5.25V - -

Output Leakage Current lw Vcc-5.25V, V.,, =5.25V /0.45V - -
VPP Current [pp1 Vpp=Vee+0.6V - -

Vee Current (Standby) leci CE= VIH - -

Vee Current (Active) lee2 CE=OE= VIL - 40 

Input Low Voltage VIL -0.1 -

Input High Voltage VIH 2.0 -

Output Low Voltage Vol loL=2.lmA - -

Output High Voltage VoH loH= -400µA 2 .4 -

•AC CHARACTERISTICS(Ta=O to +70°C, Vcc=5V±5%, Vpp=Vcc±0.6V) 

HN482764G-2 HN482764G 
Parameter Symbol Test Conditions 

min max min max 

Address to Output Delay fACC "CE=l>E= VIL - 200 - 250 

CE to Output Delay ICE OE= VIL - 200 - 250 

OE to Output Delay foE "CE= VIL 10 80 10 100 

OE High to Output Float IDF CE= VIL 0 70 0 90 

Address to Output Hold foH "CE=l>E= VIL 0 - 0 -

Note : IOF defines the time at whirh the output achieves the open circuit condition and is not referenced to output voltage levels. 

•SWITCHING CHARACTERISTICS 
Test Condition 

Input Pulse Levels: 
Input Rise and Fall Time: 
Output Load: 
Reference Level for Measuring Timing: 

Address 

Standby Mode 

Data Out 

• CAPACITANCE (Ta= 25°C, f = 1 MHz) 

Parameter Symbol 

Input Capacitance c .. 
Output Capacitance c ... 

O.SV to 2.2V 
:S 20ns 
1TTL Gate+ 100pF 
Inputs; 1 V and 2V 
Output; 0.SV and 2.0V 

Active Mode 

toF. IDF 

lACC 

Test Condition 

v.~-ov 

v ... -ov 

$HITACHI 

Standby Mode 

min typ 

- 4 

- 8 

max 

10 

10 

15 

35 

100 

0.8 

Vce+l 

0.45 

-

HN482764G-3 

min max 

- 300 

- 300 

10 150 

0 130 

0 -

max 

6 

12 

Unit 

µA 

µA 

mA 

mA 

mA 

v 
v 
v 
v 

Unit 

ns 

ns 

ns 

ns 

ns 

Unit 

pF 

pF 
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HN482764G·2,HN482764G,HN482764G-3~~~~~~~~~~~~~~~~~~~~~~ 

•PROGRAMMING OPERATION 
•DC PROGRAMMING CHARACTERISTICS (Ta=25't±5°C, Vcc=SV ±5%, Vpp=21V±0.5V) 

Parameter Symbol Test Condition min typ 

Input Leakage Current Iu V .. -5.25V - -
Output Low Voltage During Verify VoL loL-2.lmA - -

Output High Voltage During Verify VoH loH- -400µA 2.4 -
Vee Current (Active) Iee2 - -
Input Low Level VIL -0.1 -
Input High Level VIH 2.0 -
VPP Supply Current [pp CE-PGM-ViL - -

•AC PROGRAMMING CHARACTERISTICS ( Ta=25't ±St!, Vcc-5V±5%, Vpp=21V±0.5V) 

Parameter Symbol Test Condition min typ 

Address Setup Time t.s 2 -
OE Setup Time loES 2 -
Data Setup Time tos 2 -
Address Hold Time IAH 0 -
Data Hold Time loH 2 -
OE to Output Float Delay loF' 0 -
VPP Setup Time tvs 2 -
PGM Pulse Width During Programming IPw 45 50 

CE Setup Time leES 2 -
Data Valid from OE loE - -

Note: IDF defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels. 

•SWITCHING CHARACTERISTICS 
Test Condition 

Input Pulse Level: 
Input Rise and Fall Time: 
Reference Level for Measuring Timing: 

Address 

Data 

Vpp 

VPP 

Vee 

•ERASE 

ICES 

a.av to 2.2v 
~20ns 
Input; 1 V and 2V 
Output; O.SV and 2V 

Erasure of HN482764 is performed by exposure to Ultra
violet light of 2537A, and all the output data are changed 
to "1" after this erasure procedure. The minimum inte
grated dose (i.e. UV intensity x exposure time) for erasure 
is 15W • sec/cm3 
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max Unit 

10 µA 

0.45 v 
- v 

100 mA 

0.8 v 
Vce+l v 

30 mA 

max Unit 

- µs 

- µs 

- µs 

- µs 

- µs 

130 ns 

- µs 

55 ms 

- µs 

150 ns 



~~~~~~~~~~~~~~~~~~~~~~HN482764G-2,HN482764G,HN482764G-3 

100 

< 80 

5 
8 ....... 60 

= f 
~ 40 
u 
;:.. 
c. 
Q, 
::I 20 

00 

250 

-;;-
= '-" 200 

8 
~ 
Q) 150 

.§ 

"'"' ~ 100 Q) 
u u 
< 
~ 50 

"O 
"O 

< 
0 

3 

SUPPLY CURR ENT VS. 
SUPPLY VOLTAGE 

Ta=25l 

J-/cc2 1---i---1 --1 

Supply Voltage Vee (V) 

ADDRESS ACCESS TIME VS. 
SUPPLY VOLTAGE 

Ta=25'C 

Supply Voltage V CC (V) 

Icc1 

SUPPLY CURRENT VS. 
AMBIENT TEMPERATURE 

Vcc=5V 

< 801---+--+-+-~-+--+-t---t----1~-t---; 

5 
\.) 

~ 001--1----..~-+--4-+-~-~---r--+---i 

201---+---t--+--+-+--+-t---t---ir--t---i 

lcci 

20 40 60 80 

Ambient Temperature Ta (0
C) 

ADDRESS ACCESS TIME VS. 
AMBIENT TEMPERATURE 

250 
Vcc=5V 

-;;-
5 200 

8 
~ -Q) 150 

~ e 
!,: 

"' :: 100 u 
u 
< 
"' ! 50 "O 

"O 

< 

20 40 60 80 

Ambient Temperature Ta (°C) 

$HITACHI 243 



HN482764G-2,HN482764G,HN482764G-3·~~~~~~~~~~~~~~~~~~~~~~ 

• HIGH PERFOMANCE 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 
deterioration in reliability of programmed data. 

SET PROG./VERIFY MODE 
Vpp;2J±0.5V Vcc;6.0±0.25V 

Address+ I-Address 

$; IO,ll; 00 IS 

Program topw = 4n ms 

SET READ MODE 
Vcc;5.0±0.25V Vpp; Vcc±0.6V 

NO 

High Performance Programming Flowchart 

•AC PROGRAMMING CHARACTERISTICS (Ta=25°C;:t5°C, Vcc=6V±0.25V, vpp=21V±0.5V) 

Parameter Symbol Test Condition min typ 

Address Setup Time iAS 2 -

OE Setup Time iOES 2 -

Data Setup Time tos 2 -
Address Hold Time iAH 0 -
Data Hold Time iDH 2 -
~ to Output Float Delay• fDF 0 -

V PP Setup Time t VPS 2 -
V cc Setup Time tvcs 2 -

PGM Pulse Width during Initial Program iPW 0.95 1.0 

PGM Pulse Width during Over Program .. ioPW 3.8 -
CE Setup Time lc£S 2 -

Data Valid from OE IOE - -

Notes) * I DF defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels. 
* * ''"'" is defined as mentioned in flort chart. 

e SWITCHING CHARACTERISTICS 
Test Condition 

Address 

max 

-

-
-

-
-

130 
-

-

1.05 

63 

-
150 

Unit 

µs 

µs 

µs 

µs 

µs 

ns 

µs 

µs 

ms 

ms 

µs 

ns 

Input Pulse Level: o.av to 2.2v 
~20 ns 

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

Input Rise and Fall Time: 
Reference Level for Measuring Timing: 
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Input; 1 V and 2V 
Output; 0.8V and 2V 
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PP Vee 



HN482764P-3 
8192-word x 8-bit One Time Electrically Programmable ROM 

The HN482764P-3 is a 8192 word by 8-bit one time electrically 
programmable ROM. Initially, all bits of the HN482764P-3 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, dual-in-line plastic package. Therefore, this device can 
not be re-written. 

• FEATURES 
• Spring Power Supply ....... +5V ±5% 
• Simple Programming .... Program Voltage: +21V D.C. 

Program with one 50ms Pulse 
• Static . . . . . . No Clocks Required 
• Inputs and Outputs TTL Compatible During Both Read and 

Program Mode 
• Access Time .......... 300ns max. 
• Low Standby Current ........ 35mA max. 
• Compatible with Intel P2764 

•BLOCK DIAGRAM 

PGM Pnwer Uown 

0E Prog. L1>gic 
Output 

CI Hullers 

Y-l.lecoder Y-Gating 

Ao 65536 bit 

A12 
X-l.lecoder 

Memi>ry Matrix 

•MODE SELECTION 

~ CE. OE PGM VPP Vee Outputs 

e (20) (22) (27) ( 1 ) (28) (11-13, 15-19) 

Read VIL VtL VtH Vee Vee Dout 

Stand-by VtH x x Vee Vee High Z 

Program VtL x VIL VPP Vee Din 

Program Verify VIL V1L VtH VPP Vee Dout 

Program Inhibit VtH x x VPP Vee High Z 

x : don't care 

• ABSOLUTE MAXIMUM RATINGS 
Item Symbol Value Unit 

Operating Temperature Range Topr 0 to +70 oc 
Storage Temperature Range Tstg -55 to +125 oc 
All Input and Output Voltage* VT -0.6 to +7 v 
Vpp Voltage Vpp -0.6 to +26.5 v 

• with respect to GND 

4t>HITACHI 

HN482764P-3 

(DP-28) 

•PIN ARRANGMENT 

(Top View) 
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• READ OPE RATION 
• DC AND OPERATING CHARACTERISTICS (Ta= Oto +70°C, Vee= 5V ± 5%, Vpp =Vee± 0.6V) 

Parameter Symbol Test Conditions min typ max Unit 

Input Leakage Current /LI Vee= 5.25V, Vin= 5.25V - - 10 µ.A. 

Output Leakage Current ho Vee= 5.25, V0 ut= 5.25V/0.45V - - 10 µ.A 

Vpp Current lpp1 Vpp =Vee+ 0.6V - - 15 mA 

V cc Current (Standby) Iee1 CE= VIH - - 35 mA 

Vee Current (Active) Iee2 CE=OE= Vn - 40 100 mA 

Input Low Voltage Vn -0.1 - 0.8 v 
Input High Voltage JfH 2.0 - Vcc+l v 
Output Low Voltage VoL loL = 2.lmA - - 0.45 v 
Output High Voltage VoH I OH = -400µ.A 2.4 - - v 

• AC CHARACTERISTICS (Ta= 5V ± 5%, Vpp =Vee± 0.6V, Ta= 0 to +70°C) 

Parameter Symbol Test Conditions min max Unit 
Address to Output Delay tAee CE= OE= Vn - 300 ns 
CE to Output Delay teE OE= V1L - 300 ns 

OE to Output Delay toE CE= Vn 10 150 ns 
OE High to Output Float* tnF CE= Vn 0 130 ns 
Address to Output Hold toH CE= OE= Vn 0 - ns 

* tnp defines the time at which the output achives the open circuit condition and is not referenced to output voltage levels. 

• SWITCHING CHARACTERISTICS 
Test Condition 
Input Pulse Levies: a.av to 2.2V 
Input Rise and Fall Times: ~ 2ans. 
Output Load: lTT L Gate + 1 aap F 

Address 

Standby Mode 

Data Out 

• CAPACITANCE ( Ta-25°C, f = 1 MHz) 

Parameter Symbol 

Input Capacitance c .. 
Output Capacitance c ... 

246 

Reference Level for Measuring Timing: 
Inputs ; 1 V and 2V 
Outputs; a.av and 2V 

Active Mode 

tor. IOF 

tAcc 

Test Condition 

v .. -ov 
v ... -ov 

eHITACHI 

Standby Mode 

min 

-
-

typ max Unit 

4 6 pF 

8 12 pF 



•PROGRAMMING OPERATION 
e DC PROGRAMMING CHARACTERISTICS ( Ta=25"C±5°C, Vcc=5V ±5%, Vpp=21V±0.5V) 

Parameter Symbol Test Condition min typ 

Input Leakage Current lu V.. =5.25V - -

Output Low Voltage During Verify VoL loL =2. lmA - -

Output High Voltage During Verify VoH loH= -400µA 2 .4 -

Vee Current (Active) lcez - -

Input Low Level ViL -0.1 -

Input High Level VrH 2.0 -

VPP Supply Current ]pp CE =PGM = VrL - -

•AC PROGRAMMING CHARACTERISTICS(Ta=25"C±5°C, Vcc=5V±5%, Vpp=21V±0.5V) 

Parameter Symbol Test Condition min typ 

Address Setup Time t,s 2 -

OE Setup Time loES 2 -

Data Setup Time los 2 -

Address Hold Time IAH 0 -

Data Hold Time IDH 2 -

OE to Output Float Delay IDF 0 -

VPP Setup Time t VS 2 -
PGM Pulse Width During Programming lrw 45 50 

CE Setup Time ICES 2 -

Data Valid from OE IOE - -

Note : loF defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels. 

e SWITCHING CHARACTERISTICS 
Test Condition 

Input Pulse Level: 
Input Rise and Fall Time: 
Reference Level for Measuring Timing: 

Address 

Data 

Vpp 

Vee 

ICES 

0.8V to 2.2V 
~20 ns 
Input; 1 V and 2V 
Output; 0.8V and 2V 

Program 

In Stable 

~HITACHI 

Program 
Verify 

Data Out 
Valid 

max Unit 

10 µA 

0.45 v 
- v 

150 mA 

0.8 v 
Vce+I v 

30 mA 

max Unit 

- µs 

- µs 

- µs 

- µs 

- µs 

I 0 ns 

- µs 

55 ms 

- µs 

150 ns 

247 



• HIGH PERFOMANCE 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 
deterioration in reliability of programmed data. 

SET PROG./VERIFY MODE 
Vn•=2l±O.SV Vrc;6.0±0.25V 

Address+ l-Address 

Prngram tnpw = 4n ms 

S;JO,ll, .. ·15 

NO 

SET READ MODE 
Vee; 5.0± 0.2SV V,.e; Vee± 0.6V 

High Performance Programming Flowchart 

•AC PROGRAMMING CHARACTERISTICS (Ta=25°C;:t5°C, Vcc=6V±0.25V, VPP=21V±0.5V) 

Parameter Symbol Test Condition min typ max Unit 

Address Setup Time IAS µs 

"OE" Setup Time IOE:S µs 

Data Setup Time IDS µs 

Address Hold Time 0 µs 

Data Hold Time loH µs 

OE" to Output Float Delay• 0 T 130 ns 

I VPS V PP Setup Time 

V cc Setup Time I vcs -·-=--·+---~·--+--:-:--
PGM Pulse Width during Initial Program IPW O. 95 1.0 1.05 ms 
--------------------t-----;-----------+-----1-----+--

P'GM Pulse Width during Over Program•• I oPW 3. 8 l 63 ms 

µs CE Setup Time ·---·----+----,~~-·-- t-· T 
·--·-·------·----1------+----------+----+----+------+----

Data Valid from "OE" 
Notes) * I DF defines the time at which the output achieves the open circuit condition and is not referenced to output rnltage le,·els. 

* * '"'"' is defined as mentioned in flort chart. 

•SWITCHING CHARACTERISTICS 
Test Condition 

Input Pulse Level: 
Input Rise and Fall Time: 
Reference Level for Measuring Timing: 
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O.SV to 2.2V 
~20 ns 
Input; 1 V and 2V 
Output; O.SV and 2V 
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HN27C64G-15, HN27C64G-20, 
HN27C64G-25, HN27C64G-30 
8192-word x 8-bit U.V. Erasable and Programmable CMOS ROM 

The CMOS EPROM HN27C64 is a 8192-word by 8-bit erasable and 
electrically programmable ROM. This device is packaged in a 28-pin, 
dual-in-line package with transparent lid. 
The transparent lid allows the memory content to be erased with 
ultraviolet light, where by a new pattern can then be written into the 
device. 

• FEATURES 
• Low Power Dissipation .•... 40mW/MHz max. (Active Mode) 

550µW max. (Stand by Mode) 
• Access Time ..•............ 150ns max. (HN27C64G-15) 

200ns max. (HN27C64G-20) 
250ns max. (HN27C64G-25) 
300ns max. (HN27C64G-30) 

(DG-28) 

• Single Power Supply .....•.........•....... +5V±10% 
• Simple Programming . . . . . . . . • . Program Voltage; +21 V D.C. 

• PIN ARRANGEMENT 

Program with One 50ms Pulse 

• Support High Performance Programming 
• Static .........•..•............. No Clocks Required 
• Inputs and Outputs TTL Compatible During Both Read and Pro-

gram Modes 
• Fully Decoded On-chip Address Decode 
• Compatible with Intel 2764 

• BLOCK DIAGRAM 

As 

A9 o-----Q_ _ __J 
A3 
A, 

As 

As 

PGMo---~.,__. 

i5E~---r~~-<L..J 

x
Decoder 

Memory Matrix 

65536 bit 

ct> HITACHI 

(Top View) 

249 



HN27C64G-15, HN27C64G-20-----------------------
HC27C64G-25, HN27C64G-30 

•MODE SELECTION 

~ CE OE PGM VPP Vee Outputs 

e (20) (22) (27) ( 1 ) (28) (11-13, 15-19) 

Read V1L VIL V1H Vee Vee Dout 

Stand-by V1H x x Vee Vee High Z 

Program VIL x VIL VPP Vee Din 

Program Verify VIL VIL V1H VPP Vee Dout 

Program Inhibit V1H x x VPP Vee High Z 

x : don't care 

• ABSOLUTE MAXIMUM RATINGS 
Item Symbol Value Unit 

All Input and Output Voltage* VT -1.0'**- +7.0 v 
V cc Voltage* Vee -0.6- +7.0 v 
Vpp Voltage* Vpp -0.6- + 2S v 
Operating Temperature Range T~ o- +70 oc 
Storage Temperature Range T•ta -6S- + 12S oc 

* With respect to GND 
**Pulse Width: SOns, DC: -0.SV 

• READ OPERATION 
• DC AND OPERATING CHARACTERISTICS (Ta=O-+ 10°C, Vcc=SV± 10%, Vpp=Vcc±0.6V) 

Parameter Symbol Test Conditions min typ max Unit 
Input Leakage Current h1 Vcc=S.SV, V1n=GND to Vee - - 2 µA 

Output Leakage Current ho Vcc=S.SV, V0 ut=GNDto Vee - - 2 µA 

VppCurrent /pp] Vpp= V cc+ 0.6V - 1 100 µA 

V cc Current (Stand-by) Issi CE=VIH - - 1 mA 

Issa CE=Vcc±0.3V - 1 100 µA 

V cc Current (Active) Icc1 CE= VIL• lout=O mA - - 30 mA 

Icc2 /=SMHz, 10 ut=O mA - - 30 mA 

Input Voltage V1L -1.0* - 0.8 v 
VIH 2.2 - Vee+ 1.0 v 
VoL /oL=2.1 mA - - 0.4S v 

Output Voltage 
VoH loH=-400µA 2.4 - - v 

*Pulse Width: SOns, DC: VIL min= -0.3V 

• AC CHARACTERISTICS (Ta=O-+ 70°C, Vcc=SV±10%, Vpp=Vcc±0.6V) 

Parameter 
Sym-

Test Condition 
HN27C64G-1S HN27C64G-20 HN27C64G-2S HN27C64G-30 

Unit 
bol min max min max min max min max 

Address to Output Delay tAcc CE.=OE=V1L• PGM=V1H - lSO - 200 - 2SO - 300 ns 
CE to Output Delay tcE OE=V1L• PGM=V1H - ISO - 200 - 2SO - 300 ns 
OE to Output Delay toE CE= Vu_._ PGM= V1H 10 60 10 70 10 100 10 lSO ns 
OE High to Output Float fDF CE=V1L. PGM=V1H 0 so 0 60 0 90 0 130 ns 
Address to Output Hold toH CE=OE=V1L• PGM=V1H 0 - 0 - 0 - 0 - ns 

• CAPACITANCE (Ta=25°C,f=lMHz) 

Parameter Symbol Test Condition min typ max Unit 

Input Capacitance c .. v..-ov - 4 6 pF 

Output Capacitance c ..• v. •. -ov - 8 12 pF 

250 ~HITACHI 



~~~~~~~~~~~~~~~~~~~~~~~~HN27C64G-15,HN27C64G-20 

HN27C64G-25, HN27C64G-30 

• SWITCHING CHARACTERISTICS 
Test Condition 

Input Pulse Levels: 
Input Rise and Fall Time: 
Output Load: 
Reference Level for Measuring Timing: 

Address 

Standby Mode 

Data Out 

• PROGRAMMING OPERATION 

O.BV to 2.2V 
~20ns 
1TTL + 100pF 
Input; 1V and 2V 
Output; O.BV and 2V 

Active Mode 

f.tCC 

Standby Mode 

• DC PROGRAMMING CHARACTERISTICS (Ta=25°C±5°C, Vcc=SV±5%, Vpp=21V±O.SV) 

Parameter Symbol Test Condition min typ max 
Input Leakage current hi VIN=5.25V/0.45V - - 2 
Output Low Voltage During Verify VoL IoL=2.1 mA - - 0.45 
Output High Voltage During yerify VoH loH=-400 µ,A 2.4 - -
V cc current (Active) Ice - - 30 
Input Low Level V1L -0.1 - 0.8 
Input High Level V1H 2.2 - Vcc+l.O 
V pp Supply CUrrent /pp CE=PGM=V1L - - 30 

Notes) 1. V cc must be applied before Vpp and removed after Vpp. 
2. Vpp must not exceed 25V including overshoot. 

3. An influence may be had upon device reliability if the device is installed or removed while Vpp= 21 V. 

4. Do not alter Vpp either V1L to 21 V or 21 V to V1L when CE=PGM=Low. 

• AC PROGRAMMING CHARACTERISTICS (Ta=25°C±5°C, Vcc=SV±5%, Vpp=21V±0.5V) 

Parameter Symbol Test Condition min typ max 

Address Setup Time tAs 2 - -
OE Setup Time to Es 2 - -
Data Setup Time tvs 2 - -
Address Hold Time fAH 0 - -
Data Hold Time fDH 2 - -
OE to Output Float Delay tvF 0 - 130 

V pp Setup Time tvs 2 - -
PGM°Pulse Width During Programming tpw 25 50 55 

CE Setup Time tcES 2 - -
Data Valid from OE toE - - 150 

$HITACHI 

Unit 

µ,A 

v 
v 

mA 

v 
v 

mA 

Unit 

µ,s 

µ,s 

µ.s 

µ.s 

µ,s 

ns 

µ,s 

ms 

µ.s 

ns 
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HN27C64G-15,HN27C64G-201~~~~~~~~~~~~~~~~~~~~~~~~ 

HN27C64G-25, HN27C64G-30 

• SWITCHING CHARACTERISTICS 
Test Condition 

Input Pulse Level: 
Input Rise and Fall Time: 
Reference Level for Measuring Timing: 

Addreu 

Data 

ICES 

• ERASE 

O.SV to 2.2V 
.5.20ns 
Input; 1 V and 2V 
Output; O.SV and 2V 

Prosram 

In Stable 

IDll 

Erasure of HN27C64 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. 

• HIGH PERFOMANCE PROGRAMMING 
This device can be applied the High Performance Program
ming 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. 

252 eHITACHI 

S=l0,11,··15 

SET PROGJVERIFY MODE 
v,,=21±0.SV Vcc=6.0±0.25V 

Program IOPll' =4n ms 

SET READ MODE 
Vcc=5.0±0.25V v,,,. Vcc±0.6V 

NO 

High Performance Programmins Flowchart 

Address+ 1--Address 



~~~~~~~~~~~~~~~~~~~~~~~~HN27C64G-15,HN27C64G-20 

HN27C64G-25,HN27C64G-30 

• AC PROGRAMMING CHARACTERISTICS (Ta=25°C±5°C, Vcc=6V±0.25V, Vpp=21V±O.SV) 
Parameter Symbol Test Condition min typ 

Address Setup Time IAS 2 -
OE:"" Setup Time foES 2 -
Data Setup Time tos 2 -
Address Hold Time IAif 0 -
Data Hold Time IDH 2 -
"OE" to Output Float Delay• foF 0 -
V PP Setup Time fvps 2 -
V cc Setup Time Ives 2 -
PGM Pulse Width during Initial Program IPW 0.95 1.0 

PUM" Pulse Width during Over Program•• foPW 3.8 -
"CE" Setup Time fcES 2 -
Data Valid from OE" toE - -

Notes) • tor defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels. 
• • I,,, .•. is defined as mentioned in Oort chart. 

• SWITCHING CHARACTERISTICS 
Test Condition 

Input Pulse Level: 
Input Rise and Fall Time: 
Reference Level for Measuring Timing: 

Data 

Vpp 
Vee 

Vee+l 
Vee 

Vee tves 

fcES 

O.SV to 2.2V 
~20ns 
Input; 1 V and 2V 
Output; O.SV and 2V 

@HITACHI 

max 

-

-
-
-
-

130 

-
-

1.05 

63 
-

150 

Unit 

µs 

µs 

µs 

µs 

µs 

ns 

µs 

µs 

ms 

ms 

µs 

ns 
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HN4827128G-25,------
HN4827128G-30, 
HN4827128G-45 
16384-Word x 8-bit UV Erasable and Programmable Read Only Memory 
The HN4827128 is a 16384 word by 8 bit erasable and electrically 
programmable ROM. This device is packaged in a dual-in-line 
package with transparent lid. The transparent lid 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% 
• Simple Programming ........... Program Voltage: +21V DC 

Program with One 50ms Pulse 
• Static .......................... No Clocks Required 

Inputs and Outputs TTL Compatible During Both Read and 
Program Mode. 

• Access Time ..................... 250ns/300ns/450ns 

(DG-28) 

• Absolute Max. Rating of Vpp Pin . . . . . . . . . . . . . . . . 26.SV • PIN ARRANGEMENT 

• Low Stand-by Current . . . . . . . . . . . . . . . . . . . . . . . . 35mA 
• High Performance Programming Available 
• Compatible with INTEL 27128 

• BLOCK DIAGRAM 

• MODE SELECTION 

~ CE OE PGM VPP Vee Outputs 

E (20) (22) (27) ( 1 ) (28) (11-13, 15-19) 

Read VIL ViL ViH Vee Vee Dout 

Stand by ViH x x Vee Vee High Z 

Program VIL x VIL VPP Vee Din 

Program Verify ViL ViL VIH Vpp Vee Dout 

P·rogram Inhibit VIH x x VPP Vee High Z 
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------------------HN4827128G-25, HN4827128G-30, HN4827128G-45 

•ABSOLUTE MAXIMUM RATINGS 

Item Symbol Value Unit 

Operating Temperature Range To,~ 0 to +70 ·c 
Storage Temperature Range T,., -65 to +125 ·c 
All Input and Output Voltages• VIN, V:vt -0.3 to +7 v 
Vpp Voltage• Vpp -o.6 to +26.5 v 
Vee Voltage• Vee -0.6 to +7 v 
* with respect to GND 

• READ OPERATION 
•DC AND OPERATING CHARACTERISTICS ( Ta=O to +70°C, Vcc=5V±5%, Vpp= Vcc±0.6V) 

Parameter Symbol Test Conditions min 

Input Leakage Current lu Vee=5.25V, V!N-5.25V -

Output Leakage Current ho Vee=5.25V, V,.,=5.25V/0.45V -

Vpp Current [ppJ Vpp= Vee+O. 6V -
Vee Current (Standby) lcc1 CE= ViH -
Vee Current (Active) lecz CE=OE=VIL -
Input Low Voltage ViL -0.1 

Input High Voltage VrH 2.0 

Output Low Voltage VoL loL=2. lmA -

Output High Voltage VoH loH=-400µA 2.4 

•AC CHARACTERISTICS ( Ta=O to 70°C, Vcc=5V±5%, Vpp= Vcc±0.6V) 

HN4827128G-25 HN4827128G-30 
Parameter Symbol Test Condition 

min max min max 

Address to Output Delay tAee CE=OE= VIL - 250 - 300 

CE to Output Delay tcE OE=VIL - 250 - 300 

OE to Output Delay toE CE=VIL - 100 - 120 

OE High to Output Float toF . CE=VIL 0 85 0 105 

Address to Output Hold toH CE=OE= VIL 0 - 0 -
* I 0 , defines the tine at which the output achieves the open circuit condition and is not referenced to output voltage levels. 

e SWITCHING CHARACTERISTICS 
Test Condition 

Input Pulse Levels: 
Input Rise and Fall Time: 
Output Load: 
Reference Level for Measuring Timing: 

Address 

•CAPACITANCE ( Ta=25°C, f= 1 MHz) 

Parameter Symbol 

Input Capacitance c .. 
Output Capacitance c ... 

0.8V to 2.2V 
~20 ns 
1 TTL Gate+ 100 pF 
Inputs; 1 V and 2V 
Outputs; 0.8V and 2.0V 

Test Condition 

v..-ov 
v ••• -ov 
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min typ 

- 4 

- 8 

typ max 

- 10 

- 10 

- 5 

- 35 

60 100 

- 0.8 

- Vee+l 

- 0.45 

- -

HN4827128G-45 

min max 

- 450 

- 450 

- 150 

0 130 

0 -

max 

6 

12 

Unit 

µA 

µA 

mA 

mA 

mA 

v 
v 
v 
v 

Unit 

ns 

ns 

ns 

ns 

ns 

Unit 

pF 

pF 
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HN4827128G-25, HN4827128G-30, HN4827128G-45------------------

•PROGRAMMING OPERATION 
•DC PROGRAMMING CHARACTERISTICS (Ta=25°C±S°C, Vcc=5V±5%, Vpp=21V±0.5V) 

Parameter Symbol Test Condition min typ 

Input Leakage Current hr ViN-5.25V - -
Output Low Voltage During Verify VoL IoL-2.lmA - -
Output High Voltage During Verify Von Ion- -400µA 2.4 -
Vee Current (Active) Ieez - -

Input Low Level Vn -0.1 -

Input High Level Vrn 2.0 -
VPP Supply Current [pp CE-PGM-Vn - -

•AC PROGRAMMING CHARACTERISTICS (Ta=25°C±S°C, Vcc=5V±5%, Vpp=21V±0.5V) 

Parameter Symbol Test Condition min 

Address Setup Time tAs 2 

OE Setup Time toES 2 

Data Setup Time tos 2 

Address Hold Time tAn 0 

Data Hold Time ton 2 

OE to Output Float Delay tor 0 

Vpp Setup Time t vs 2 

PGM Pulse Width During Programming tPW 45 

CE Setup Time ter;s 2 

Data Valid from OE tor; -
Note : loF defines the time at which the output achieves the open circuit condition and is. not referenced to output voltage levels. 

•SWITCHING CHARACTERISTICS 

Test Condition 
Input Pulse Level: 
Input Rise and Fall Time: 

0.8V to 2.2V 
~20 ns 

Reference Level for Measuring Timing: Input; 1 V and 2V 
Output; 0.8V and 2V 

Program 

Address 

Data 

ICES 

•ERASE 

Erasure of HN4827128 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

• 
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typ 

-
-
-
-
-
-
-
50 
-

-

max Unit 

10 µA 

0.45 v 
- v 

100 mA 

0.8 v 
Vee+l v 

30 mA 

max Unit 

- µs 

- µs 

- µs 

- µs 

- µs 

130 ns 

- µs 

55 ms 

- µs 

150 ns 



------------------HN4827128G-25, HN4827128G-30, HN4827128G-45 

•HIGH PERFORMANCE PROGRAMMING 

This device can be applied the High Performance Pro
gramming algorithm shown in following flow chart. 
This algorithm allows to obtain faster programming 
time without any voltage stress to the device nor 
deterioration in reliability of programmed data. 

SET PROG./VERIFY MODE 
Vpp=21±0.5V Vcc=6.0±0.25V 

SET READ MODE 
Vcc=5.0±0.25V Vpp= Vcc±0.6V 

NO 

High f!erformance Programming Flowchart 

•AC PROGRAMMING CHARACTERISTICS ( Ta=25°C ±5°C, Vcc=6V±O. 25V, Vpp=21V±0.5V) 

Parameter Symbol Test Condition 

Address Setup Time tAS 

OE Setup Time toES 

Data Setup Time tDs 

Address Hold Time tAH 

Data Hold Time tDH 

OE to Output Float Delay• tDF 

VPP Setup Time tvPS 

Vee Setup Time t VeS 

PGM Pulse Width during Initial Program tPW 

PGM Pulse Width during Over Program•• toPW 

CE Setup Time tcES 

Data Valid from OE toE 

* loy defines the time at which the output achieves the open circuit conditions and is not referenced to output voltage levels. 
* * loPw is defined as mentioned in flow chart. 

e SWITCHING CHARACTERISTICS 

Test Condition 
Input Pulse Level: 0.8V to 2.2V 
Input Rise and Fall Time: ~ 20 ns 
Reference Level for Measuring Timing: Input; 1 V and 2V 

Output; O.BV and 2V 

$HITACHI 

min typ 

2 -
2 -
2 -
0 -
2 -
0 -
2 -
2 -

0.95 1.0 

3.8 -
2 -

- -

Address+! ..... Address 

max Unit 

- µs 

- µs 

- µs 

- µs 

- µs 

130 ns 

- µs 

- µs 

1.05 ms 

63 ms 

- µs 

150 ns 
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HN4827128P-30------Preliminary 
16384-word x 8-bit One Time Electrically Programmable ROM 

The HN4827128P-30 is a 16384-word by 8-bit one time electrically 
programmable ROM. Initially, all bits of the HN4827128P-30 are in 
the "1" state (Output High). 
Data is introduced by selectively programing "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 re-written. 

• FEATURES 
• Single Power Supply . . . • . • +5V ±5% 
• Simple Programming ••.•• Program Voltage: +21V DC 

Program with One 50ms Pulse 
• Static ••..•... No Clocks Required 
• Inputs and Outputs TTL Compatible During Both Read and 

Program Mode. 
• Access Time ........ 300ns 
• Absolute Max. Rating of Vpp Pin 26.5V 
• Low Stand-by Current ...••. 35mA 
• High Performance Programming Available 
• Compatible with Intel 27128 

• BLOCK DIAGRAM 

Ao 
I 

An 

POWERDOWN & 
PROGRAM LOGIC 

Y DECODER 

X DECODER 

• MODE SELECTION 

CE OE PGM 

OUTPUT 
BUFFERS 

Y GATING 

131072 bit 
MEMORY MATRIX 

VPP, Vee Outputs 

(DP-28) 

•PIN ARRANGEMENT 

(Top View) 

~ E (20) (22) (27) ( 1) (28) (11-13, 15-19) 

Read VIL VIL V,H Vee Vee Dout 

Stand by V,H x x Vee Vee High Z 

Program V,L x Vn vpp Vee Din 

Program Verify V,L Vn V,H Vpp Vee Dout 

Program Inhibit VIH x x VPP Vee High Z 

x : Don't care 
Note: The specifications of this device are subject to change without notice. 

Please contact your nearest Hitachi's Sales Dept. regarding specifications. 
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•ABSOLUTE MAXIMUM RATINGS 

Item Symbol Value Unit 

Operating Temperature Range T.,. 0 to +70 ·c 
Storage Temperature Range T,,, -55 to + 125 ·c 
All Input and Output Voltages• °ViN, Vo11t -0.3 to +7 v 
VPP Voltage• Vpp -0.3to +26.5 v 
Vee Voltage• Vee -0.3 to +7 v 

* with respect to GND 

•READ OPERATION 
• DC AND OPERATING CHARACTERISTICS (Ta= Oto +70°C, Vee= 5V ± 5%, Vpp =Vee± 0.6V) 

Parameter Symbol Test Conditions min typ max Unit 

Input Leakage Current hr Vee-5.25V, V/N-5.25V - - 10 µA 

Output Leakage Current ho Vee-5.25V, V •• ,=5.25V/0.45V - - 10 µA 

VPP Current /pp1 Vpp= Vee+0.6V - - 5 mA 

Vee Current (Standby) lec1 CE-Vrn - - 35 mA 

Vee Current (Active) lccz CE-OE= VIL - 60 100 mA 

Input Low Voltage VIL -0.1 - 0.8 v 
Input High Voltage Vrn 2.0 - Vcc+l v 
Output Low Voltage VoL loL=2. lmA - - 0.45 v 
Output High Voltage Von Ion=-400µA 2.4 - - v 

• AC CHARACTERISTICS (Ta= 0 to 70°C, Vee= 5V ± 5%; Vpp =Vee± 0.6V) 

Parameter Symbol Test Conditions min max Unit 

Address to Output Delay tAcc CE=OE= VrL - 300 ns 
CE to Output Delay tcE OE= VrL - 300 ns 
OE to Output Delay toE CE= VrL - 120 ns 
OE High to Output Float* tnF CE= VrL 0 105 ns 

Address to Output Hold toH CE=OE= VIL 0 - ns 

• tnp defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels. 

e SWITCHING CHARACTERISTICS 

Test Condition 
Input Pulse Levels: 
Input Rise and Fall Time: 
Output Load: 
Reference Level for Measuring Timing: 

Addr~ss 

Standby Mode 

•CAPACITANCE (Ta=25°C, f= 1 MHz) 

Parameter Symbol 

Input Capacitance c. 
Output Capacitance c... 

0.8V to 2.2V 
~20 ns 
1 TTL Gate+ 100 pF 
Inputs; 1 V and 2V 
Outputs; 0.8V and 2.0V 

Test Condition 

v..-ov 
v ... -ov 
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min 

-
-

typ max Unit 

4 6 pF 

8 12 pF 
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• PROGRAMMING OPERATION 
•DC PROGRAMMING CHARACTERISTICS (Ta=25°C±S°C, Vcc=5V±5%, vpp==21V±0.5V) 

Parameter Symbol Test Condition min typ 

Input Leakage Current h1 V,N-5.25V - -
Output Low Voltage During Verify VoL loL-2.lmA - -
Output High Voltage During Verify VoH loH- -400µA 2.4 -
Vee Current (Active) Ieez - -
Input Low Level V,L -0.1 -
Input High Level V,H 2.0 -
VPP Supply Current /pp CE-PGM-VIL - -

•AC PROGRAMMING CHARACTERISTICS (Ta=25°C±S°C, Vcc=5V±5%, Vpp=21V±0.5V) 

Parameter Symbol Test Condition min 

Address Setup Time I As 2 

OE Setup Time loES 2 

Data Setup Time tos 2 

Address Hold Time IAH 0 

Data Hold Time loH 2 

OE to Output Float Delay loF 0 

VPP Setup Time tvs 2 

PGM Pulse Width During Programming IFW 45 

CE Setup Time ICES 2 

Data Valid from OE loE -
Not• : loF defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels. 

•SWITCHING CHARACTERISTICS 

Test Condition 
Input Pulse Level: 
Input Rise and Fall Time: 

o.av to 2.2v 
~20ns 

Reference Level for Measuring Timing: Input; 1 V and 2V 
Output; 0.8V and 2V 

Address 

Data 

v,, 
Vee 

lCES 
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typ 

-
-
-
-
-
-
-
50 

-
-

max Unit 

10 µA 

0.45 v 
- v 

100 mA 

0.8 v 
Vec+l v 

30 mA 

max Unit 

- µs 

- µs 

- µs 

- µs 

- µs 

130 ns 

- µs 

55 ms 

- µs 

150 ns 



•HIGH PERFORMANCE PROGRAMMING 

This device can be applied the High Performance Pro
gramming algorithm shown in following flow chart. 
This algorithm allows to obtain faster programming 
time without any voltage stress to the device nor 
deterioration in reliability of programmed data. 

S=!0,11,- .. 15 

SET PROG./VER!FY MODE 
Vrr=21±0.5V Vcc=6.0±0.25V 

Program toP•r = 4n ms 

SET READ MODE 
Vcc=5.0±0.25V Vn= Vcc±0.6V 

NO 

High Performance Programming Flowchart 

•AC PROGRAMMING CHARACTERISTICS (Ta=25°C±5°C, Vcc=6V±0.25V, Vpp=21V±0.5V) 

Parameter Symbol •Test Condition 

Address Setup Time lAS 

OE Setup Time toES 

Data Setup Time tos 

Address Hold Time lAH 

Data Hold Time loH 

OE to Output Float Delay• toF 

VPP Setup Time t VPS 

Vee Setup Time t ves 

PGM Pulse Width during Initial Program f PW 

PGM Pulse Width during Over Program•• f oPW 

CE Setup Time teES 

Data Valid from OE toE 

* IDF defines the time at which the output achieves the open circuit conditions and is not referenced to output voltage levels. 
* * lorw is defined as mentioned in flow chart. 

e SWITCHING CHARACTERISTICS 

Test Condition 
Input Pulse Level: 
Input Rise and Fall Time: 
Reference Level for Measuring Timing: 

0.8V to 2.2V 
~20 ns 
Input; 1 V and 2V 
Output; 0.8V and 2V 
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min typ 

2 -
2 -
2 -
0 -

2 -
0 -
2 -
2 -

0.95 1.0 

3.8 -

2 -

~ -

Address+ I-Address 

max Unit 

- µs 

- µs 

- µs 

·- µs 

- µs 

130 ns 

- µs 

- µs 

1.05 ms 

63 ms 

- µs 

150 ns 
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HN27256G-25,HN27256G-30~ 
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. 
Automated Programming 
Operations 

• 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 .. 13.0V 
• Low Stand-by Current ......... 40mA (stand-by) 
• Compatible with INTEL 27256 

• BLOCK DIAGRAM 

ADDRESS 

C'E 
0E o-i~-1----.-L..1 

Vpp 

•MODE SELECTION 

~ CE 
M (20) 

Read VIL 
Output Disable V1L 
Stand by VIH 
High Performance Program VIL 
Program Verify VIH 
Program Inhibit VIH 

512 R 512 

MEMORY MATRIY 

OE 
(22) 

VIL 
V1H 
x 

VIH 
VIL 
VJH 

A9 
(24) 

x 
x 
x 
x 
x 
x 

Vpp 
(1) 

Vee 

Vee 
Vee 
Vpp 
Vpp 
Vpp 

Preliminary 

(DG-28) 

•PIN ARRANGEMENT 

(Top View) 

Vee Outputs 
(28) (11 - 13, 15 - 19) 

Vee Dout 

Vee HighZ 

Vee High z 
Vee Din 

Vee Dout 

Vee High z 
Note) X : Don't care. 

Note: The specifications of this device are subject to change without notice. 
Please contact your nearest Hitachi's Sales Dept. regarding specifications. 
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-------------------------HN27256G-25, HN27256G-30 

• 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* VIN• Vout -0.6 to +7 

Voltage on Pin 24 (A 9 )* Vm -0.6 to +13.5 

Vpp Voltage* Vpp -0.6 to +13.0 

V CC Voltage* Vee -0.6 to +7 

* with respect to GND. 

•READ OPERATION 
• DC AND OPERATING CHARACTERISTICS (Ta=0-+709C, Vcc=5V±5%, Vpp=Vcc) 

Parameter Symbol Test Conditions Min. Typ. Max. 

Input Leakage Current hr Vm = 5.5 V - - 10 

Output Leakage Current ho Vout = 5.5V/0.45V - - 10 

Vpp Current /pp1 Vpp=5.5V - - 5 

V cc Current (Standby) Icc1 CE = Vm - - 40 

V cc Current (Active) Icc2 CE =OE= Vn - 45 100 

Input Low Voltage VrL -0.1 - 0.8 

Input High Voltage Vm 2.0 - Vee+ I 

Output Low Voltage VoL IoL = 2.1 mA - - 0.45 

Output High Voltage VoH loH = -400µ.A 2.4 - -

• AC CHARACTERISTICS (Ta=0-70°C, Vcc=5V±5%, Vpp=Vcc) 

HN27256G-25 HN27256G-30 
Parameter Symbol Test Condition 

min. max. min. max. 

Address to Output_Delay tACC CE =OE= VrL - 250 - 300 

CE to Output Delay tcE OE= Vn - 250 - 300 

OE to Output Delay toE OE= Vn - 100 - 120 

OE High Output Float tnF CE= Vn 0 60 0 105 

Address to Output Hold toH CE =OE= Vn 0 - 0 -

Note: tnF 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: 0.8V to 2.2V 
• Input rise and fall time: .'.S.20ns 
• Output load: 1 TTL Gate +100pF 
• Reference level for measuring timing: Inputs ; 1.0V and 2.0V 

Outputs ; 0.8V and 2.0V 

$HITACHI 

Unit 

oc 
oc 
oc 
v 
v 
v 
v 

Unit 

µ,A 

µ,A 

mA 

mA 

mA 

v 
v 
v 
v 

Unit 

ns 

ns 

ns 

ns 

ns 
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HN27256G-25, HN27256G-30------------------------

Add res 

CT-------Stand - by Mode 
Active Mode 

Stand - by Mode 

•CAPACITANCE (Ta=25°C,f=lMHz) 

Parameter Symbol Test Condition Min. Typ. Max. Unit. 

Input Capacitance Cin Vin= OV - 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. 

264 

S=l0,11, ... 25 

START 

SET PROG. /VERIFY MODE 
VPP=l2.5±0.3V, Vcc=6.0±0.25V 

Address=O 

n=O 

n+I-+n 

Program t p11· = lms ± 5% 

Program t ol'W = 3n ms 

·SET READ MODE 
Vcc=Vpp=5.0V ±0.25V 

Address+ I-+ Address 

NO 

NOGO 

>---------;( FAIL ) 

END 

High Performance Programming Flowchart 
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--------------------------HN27256G-25, HN27256G-30 

•HIGH PERFORMANCE PROGRAMMING OPERATION 
• DC PROGRAMMING CHARACTERISTICS (Ta=25°C±5°C, V cc=6V±0.25V, Vpp=12.5V±0.3V) 

Parameter Symbol Test Condition min. typ. max. Unit 

Input Leakage Current /LI Vm = 5.25 V - - 10 µA 

Output Low Voltage During Verify VoL loL = 2.1 mA - - 0.45 v 
Output High Voltage During Verify VoH IoH = -400 µA 2.4 - - v 
V cc Current (Active) fcc2 - - 100 mA 

Input Low Level VIL -0.1 - 0.8 v 
Input High Level V1H 2.0 - Vee+ 1 v 
V PP Supply Current fpp2 CE= VIL - - 50 mA 

• AC PROGRAMMING CHARACTERISTICS (Ta=25°C±5°C, V cc=6V±0.25V, Vpp=12.5V±0.3V) 

Parameter Symbol Test Condition min. typ. max. Unit 

Address Setup Time tAs 2 - - µs 

OE Setup Time to Es 2 - - µs 

Data Setup Time tvs I 2 - - µs 

Address Hold Time tAH 0 - - µs 

Data Hold Time tvH 2 - - µs 
-

OE to Output Float Delay tDFP 0 - 130 ns 

Vpp Setup Time tvps 2 - - µs 

V cc Setup Time tvcP 2 - - µs 

PGM Pulse Width During Initial Programming tpw 0.95 1.0 1.05 ms 

CE Pulse Width During Overprogramming. topw 2.85 - 78.75 ms 

CE Setup Time tcES 2 - - µs 

Data Valid from OE toE - - 150 ns 

Notes: topw is defined as mentioned in flow chart. 
tDFP 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: a.av to 2.2V 
• Input rise and fall time: ~20ns 
• Reference level for measuring timing: Input ; 1.av and 2.av Output; a.av and 2.av 

•ERASE 
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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HN58064P-25,HN58064P-30,
HN58064P-45 Preliminary 

8192-word x 8-bit Electrically_ Erasable and Programmable ROM 

• FEATURES 
• Single 5V Supply 
• Address, Data, ct, OE Lathes 
• Byte Erase/Byte Write Time ...... 1 Oms typ. 
• Chip Erase Time ....... 20ms typ. 
• Fast Access Time ...... 250/300/450ns max. 
• Low Power Disispation ....... 1 OOmA (max) Active 

40mA (max) Standby 
• Comforms to JEDEC Byte-Wide Standard 
• Reliable N-channel MNOS Technology 
• 10000 Erase/Write Cycles 

• BLOCK DIAGRAM 

Vee 

Vss 

OE' 

IT 
WE 

A12 

Ao 

Ao 

0--

0--
High Voltage Generator 

Erase, Write, Powerdown Control Logic 

Address 
Buffer 

and 
Latch 

91 YDecoder 

X Decoder 

• MODE SELECTION 

CE OE WE 

l/Oo 

Memory Array 

!256X256J 

1/0 

1/01 

~ e (20) (22) (27) (11-13, 15-19) 

Read V1L VIL VIH Dout 
Standby VIH x x HighZ 

Byte Erase V1L VIH V1L Din= VIH 
Byte Write V1L VIH VIL Din 
Chip Erase V1L VIL V1L Din= VJH 

Deselect V1L V1H VIH HighZ 

X: VJL or VIH 
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(DP-28) 

• PIN ARRANGEMENT 

(Top View) 

Ao-Au Address Input 

1/00 -1/07 Data in/Data out 

OE Output Enable 

CE Chip Enable 

WE Write Enable 

Vee Power (+5V) 

Vss GND 

NC No Connect 

Note: The specifications of this devtce are 
subject to change Without notice. 
Please contact your nearest Hitachi's 
Sales Dept. regarding specifications. 



~~~~~~~~~~~~~~~~~~~-HN58064P-25,HN58064P-30,HN58064P-45 

• ABSOLUTE MAXIMUM RATINGS 
Item Symbol Value 

Supply Voltage* Vee -0.3 to +7.0 

Input Voltage* Vin -0.3 to +7.0 

Operating Temperature Range Topr 0 to +70 

Storage Temperature Range Tstg - 55 to +125 

*With Respect to Vss 

• RECOMMENDED DC OPERATING CONDITIONS 

Item Symbol min typ 

Supply Voltage Vee 4.5 5.0 

Input Voltage Vn -0.1 -
Vm 2.0 -

Operating Temperature Topr 0 -
-

• DC AND OPERATING CHARACTERISTICS (T0 =0to70°C, Vee=5V+10%) 

Parameter Symbol Test Condition 

Input Leakage Current hi 
Vee= 5.5V 
Vin = 5.5V 

Output Leakage Current ho 
Vee= 5.5V 
Vout = 5.5 - 0.4V 

Vee Current (Standby) Iee1 

Vee Current (Active) Iee2 
CE= OE= Vn 
WE= VrH 

Input Low Voltage VrL 
Input High Voltage VrH 
Output Low Voltage VoL IoL = 2.lmA 
Output High Voltage VoH I OH = -400 µ.A 

• CAPACITANCE (T0 = 25°C,f= lMHz) 

Parameter 

Input Capacitance 
Output Capacitance 

• AC TEST CONDITIONS 
Input Pulse Levels: 
Rise and Fall Time: 
Output Load: 
Reference Level for Measuring 

Timing: 

Symbol 

Cin 

Cout 

O.SV to 2.0V Input 
~20ns 

Test Condition 

Vin = OV 

Vin = OV 

lTTL Gate+ 100pF 
Inputs; 1 V and 2V 
Outputs; 0.8V and 2.0V 

$HITACHI 

min 

-

-

-

-

-0.1 

2.0 

-
2.4 

min 

-
-

Unit 

v 
v 
oc 
oc 

max Unit 

5.5 v 
0.8 v 

Vee+l v 
70 oc 

typ max unit 

- 10 µ.A 

- 10 µ.A 

20 40 mA 

60 100 mA 

- 0.8 v 
- Vee+l v 
- 0.4 v 
- - v 

typ max unit 

- 6 pF 

- 12 pF 

267 



HN58064P-25, HN58064P-30, HN58064P-45-------------------

• AC CHARACTERISTICS (T0 = 0 to 70°C, Vee= 5V + 10%) 

• READ OPERATION 

Parameter Symbol 
HN58064P-25 HN5 8064P-30 HN58064P-45 

Test Condition 
min min min 

Unit 
max max max 

Address to Output Delay tAee 
CE= OE= VIL - 250 - 300 - 450 ns WE= VIH 

CE to Output Delay feE 
OE= VrL - 250 - 300 - 450 ns WE= VIH 

OE to Output Delay toE 
CE= VrL - 100 - 150 - 150 ns 
WE=VrH 

Address to Output Hold toH 
CE=OE= VrL 0 - 0 - 0 - ns WE= VIH 

OE High to Output Float tnF 
CE= VIL 

0 90 0 130 0 130 ns WE= VIH 

• WAVEFORM · · · · · READ CYCLE 

ADDRESS 

t;cc 

ICE 

toF 

High 

DATA Data Out Valid 

• BYTE ERASE AND BYTE WRITE OPERATION 
Parameter Symbol Test Condition min typ max Unit 

Address Setup Time tAs 10 - - ns 

Address Hold Time tAH 50 - - ns 

CE Setup Time teES 10 - - ns 

CE Hold Time teEH 50 - - ns 

OE Setup Time toESl 10 - - ns 

OE Hold Time toEH 50 - - ns 

WE Pulse Width fwEPl 8 10 15 ms 

WE High Time twEH 500 - - ns 

Data Setup Time . tns 10 - - ns 

Data Hold Time tnH 50 - - ns 
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~~~~~~~~~~~~~~~~~~~HN58064P-25,HN58064P·30,HN58064P-45 

• WAVEFORM····· ERASE AND WRITE CYCLE 

ADDRESS 

IAS IAH 

CE 

tcEs lCEH 

lOESI lOEH 

6E 
tWEH 

tWEPI 

tns IDH 

DATA Data in Stable 

e CHIP ERASE OPERATION 
Parameter Symbol Test Condition min typ max Unit 

CE Setup Time tcES 10 - - ns 

CE Hold Time tcEH 50 - - ns 

OE Setup Time toES2 0 - 50 ns 

OE Hold Time toEH 50 - - ns 

WE Pulse Width twEP2 15 20 50 ms 

WE High Time twEH 500 - - ns 

Data Setup Time tDs 10 - - ns 

Data Hold Time tDH 50 - - ns 

WAVE FORM······ CHIP ERASE 

le Es lCEH 

lOE52 tOEH 

IWEH 

twEP2 

tns IDH 

Data in Stable 
DATA 
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HN58064P-25, HN58064P-30, HN58064P-45-------------------

• SEQUENCE OPERATION 
Parameter Symbol Test Condition min 

WE Setup Time twEs 150 
WE to OE Time two 50 

W£High Time twEH 500 

• WAVE FORM 

BYTE ERASE/WRITU I I READ I CHIP EKASE 
I I 

: : : 
I I I 

ADORES~~~ 
I I I : ~ c·: 

CE \ tf)l !J~~on'tCare j\ 
: : : 
: : : ! I : 

I 
I 
I 
I 
I 
I 
I 
I I 

typ 

-
-
-

I I 

DAl'A~~l-1----i---c®o 

I I BYTE ERASE/WRITE I BYTE ERASE/WRITE I I READ I 
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max Unit 

- ns 

- ns 

- ns 
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HM10414, HM10414-1------

256- word x 1-bit Fully Decoded Random Access Memory 

The HM10414 is ECL 10K compatible, 256-word x 1-bit, read write, 
random access memory developed for high speed systems such as 
scratch pad and control/buffer storages. 
The fabrication process uses the Hitachi's low capacitance, oxide 
isolation method with double metalization. 
The HM10414 is encapsulated in cerdip-16pin package, compatible 
with Fairchild's F10414. 
• Fully compatible with 1 OK ECL level 
• Address access time: HM10414: 10ns (max.) 

HM10414-1: 8ns (max.) 
• Write pulse width: 6ns (min.) 
• Three chip select pin!; 
• Output obtainable by wired-OR (open emitter) 

•TRUTH TABLE 

Input 
Output Mode 

cs WE Din 

any one H x x L Not Selected 

all L L L L Write "O'' 

all L L H L Write "1" 

all L H x Dout• Read 

x : Don't care 

* : Read out non· inverted 

•BLOCK DIAGRAM 

•ABSOLUTE MAXIMUM RATINGS 

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 1 ••• -30 mA 

Storage Temperature T .. , -65 to +150 ·c 
Storage Temperature T,,,( Bias)• --55 to +125 ·c 
* Under Bias 

272 @HITACHI 

(DG-16) 

•PIN ARRANGEMENT 

(Top View) 



---------------------------- HM10414, HM10414-1 

•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 min (8) typ max (A) 

o·c -1000 - -840 

VoH +25·c -960 - -810 

+15·c -900 - -720 
Output Voltage Vr.v= VrH• or V11.k o·c -1870 -1665 -

Vot +25·c -1850 - -1650 

+15·c -1830 - -1625 

o·c -~1020 - -

Vrmc +25°C -980 - -
+15·c -920 - -

Output Threshold Voltage V,_,= Vr11s or V11.• 
o·c -1645 - -

Vuu: +25"C - - -1630 

+75"C - - -1605 

o·c -1145 - -840 

VJH 
Guaranteed Input Voltage 

+25·c -1105 - -810 
High for All Inputs 

+15·c -1045 - -720 
Input Voltage 

o·c -1870 - -1490 

Vrt 
Guaranteed Input Voltage 

+25·c -1850 - -1475 
Low for All Inputs 

+15·c -1830 - -1450 

l!H Vr .. = V1HA U to +75"C - - 220 

Input Current cs l Vr"= Vrts 
0.5 - 170 

f1t 0 to +75"C 
Other --50 - -
All Input and Output Open, +75°C - -130 -

Supply Current frE 
Test Pin 8 o·c -180 -140 -

•AC CHARACTERISTICS 

(V££=-5.2V±5%, Ta=O to +75.C,air flow exceeding 2m/sec, see test circuit and waveforms) 
1. READ MODE 

HM 10414 HM10414-1 
Item Symbol Test Condition 

min typ max min typ max 

Chip Select Access Time I Ark - 3 6 - 3 6 

Chip Select Recovery Time hes - 3 6 - 3 6 

Address Access Time '•• - 7 10 - 6 8 

2. WRITE MODE 

Item Symbol Test Condition min typ max 

Write Pulse Width lw lws•=2ns 6 4 -
Data Setup Time lwso 1 0 -

Data Hold Time IWHD 1 0 -

Address Setup Time lws• tw=6ns 2 0 -

Address Hold Time IWHA 2 0 -

Chip Select Setup Time lwscs 1 0 -

Chip Select Hold Time IWHCS I 0 -
Write Disable Time lws - - 5 

Write Recovery Time fWR - - 5 

3. RISE/FALL TIME 

Item Symbol Test Condition min typ max 

Output Rise Time t. - 1. 5 2.5 

Output Fall Time It - 1. 5 2.5 

4. CAPACITANCE 

Item Symbol Test Condition min typ max 

Input Capacitance c.. - 3 5 
Output Capacitance c. •• - 5 8 

$HITACHI 

Unit 

mV 

mV 

mV 

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 

1. LOADING CONDITIONS 2. INPUT PULSE 
GND 

16 15 

HM10414 

I , = I/ = 2.0ns typ 

O.OlµF -2.ov 

R1.=50Q 

Ci=30pF(includes jig and stray capacitance) 

3. READ MODE 

"''""~ 
~~ 
Oout~ 

4. WRITE MODE 50%1'-----------------------{ 
-Ad-d-re_s_s ----:--5-0-~*--- - -- - - - - - - - - - - -* 

! : '-~--------

- - - - - - -~---1_ --'\* /-------------
Din I : 50% -------------} 

I 
I '\_ __________ ....../ . .____., ______ _ 

· : f-1 llH/1 

----------......... ------- I .-----......--.....--------

WE 

Oout 

! i 50% ----- : 

L f-111.'11-i i---111H1---i I 
I 11·s.~ I 11 t 11Hcs----j 

--lws,,,._ ---~ •• J--t.:.J~,-% _______ _ 
SUPPLY CURRENT SUPPLY CURRENT 

vs. AMBIENT TEMPERATURE vs. SUPPLY VOLTAGE 
21KJ-----~-~-~----- 200--~----~----~-~ 

180 I----+---'----+----+--+--_, I lWl----+--__.'----+--__.---1---~ 

«: 160 I- ---+--+----+---~---+----..j 

e ---t---r--
j "' r---
- 1201---~--l--+--~---+---l 

1 
100 1---~--l--+--~---+---l 

Vu= -5.20V Ta=25'C 

811 ...._ _ _,_ __ .....__--'-----'--...._ _ _. 80 ,___..._ __ _.___ _ _..__ _ __._ __ ..JJ~___. 
-20 20 40 60 80 100 -5.72 -5.20 -4.68 

Ambient Temperature Ta ( 'C) Supply Voltage V ££ ( V) 
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E 
f: 

..c 

ADDRESS ACCESS TIME 

vs. AMBIENT TEMPERATURE 

20 60 

Ambient Temperature Ta ( 'C) 

CHIP SELECT ACCESS TIME 
vs. AMBIENT TEMPERATURE 

80 

VEE= -5.20V 

f i 
-20 20 40 60 80 

Ambient Temperature Ta ( 'C) 

WRITE PULSE WIDTH 
vs. AMBIENT TEMPERATURE 

--t--

~ 3 .. 
" c.. 

0 
-20 

Vu= ,5.20V 

20 40 60 80 

Ambient Temperature Ta ( 'C l 

100 

100 

100 

$HITACHI 

ADDRESS ACCESS TIME 
vs. SUPPLY VOLTAGE 

10.----.----.--....----.---.......----. 

-5.72 -5.20 -4.68 

Supply Voltage VEE IV .I 

CHIP SELECT ACCESS TIME 
vs. SUPPLY VOLTAGE 

- 5.72 - 5.2il 

Supply \' oltage hi: · V) 

WRITE PULSE WIDTH 
vs. SUPPLY VOLTAGE 

- 4.tiK 

-

Taj25"C 

-5.72 -5.20 -4.68 

Supply Voltage Vt:F. t \" i 
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HM2110, HM2110-1 
1024-word x 1-bit Fully Decoded Random Access Memory 

The HM2110 Series item 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. 
• It is compatible with 10K ECL logic. 
• Chip select access time ............. 1 Ons (max.) 
• Address access time ............... HM2110: 35ns (max.) 

HM2110-1: 25ns (max.) 
• Power consumption , ............... 0.5mW/bit (typ) 
• Output obtainable by Wired-OR (open emitter). 

•TRUTH TABLE 

'DG- 16A I 

Input 
•PIN ARRANGEMENT 

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 

x : irrelevant 

* : Read out noninverted 

•BLOCK DIAGRAM 

· Tnp View 

• ABSOLUTE MAXMUM RATINGS 

Item Symbol HM2110 Series Unit 

Supply Voltage VEE to Vee +0.5 to -7 .0 v 
Input Voltage v .. +0.5 to VEE v 
Output Current lo.,r -30 mA 

Storage Temperature T.,, -65 to +150 ·c 
Storage Temperature T,.,<Bias)• -55 to +125 ·c 

* Under Bias 
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•ELECTRICAL CHARACTERISTICS 

•DC CHARACTERISTICS (VEE=-5.2V, RL=SOO to -2.0V, Ta=O to +75°C, air flow exceeding 2m/sec) 

Item Symbol Test Condition min(B) typ maxW Unit 

o·c -1000 - -840 

VoH +25°C -960 - -810 

+1s·c -900 - -720 
Output Voltage V1N- V1HA or V1LB mV 

o·c -1870 - -1665 

VoL +25°C -1850 - -1650 

+1s·c -1830 - -1625 

o·c -1020 - -

VoHc +25'C -980 - -

+1s·c -920 - -
Output Threshold Voltage V,N = V1HB or V1LA mV 

o·c - - -1645 

VoLc +25°C - - -1630 

+75°C - - -1605 

o·c -1145 - -840 

VIH 
Guaranteed Input Voltage 

+25°C -1105 - -810 
High for All Inputs 

+1s·c -1045 - -720 
Input Voltage mV 

o·c -1870 - -1490 

"IL 
Guaranteed Input Voltage 

+25°C -1850 - -1475 
Low for All Inputs 

+1s·c -1830 - -1450 

J1H V1N= V1HA 0 to +75°C - - 220 

Input Current cs 
iVIN=V,LB 

0.5 - 170 µA 
Ill o to +1s·c 

Other ~so - -

All Input and Outplft Open, o~ Ta<2s·c -150 -100 -
Supply Current Iii£ mA 

Test Pin 8 Ta01;25'C -125 -90 -

•AC CHARACTERISTICS 

(VEE=-5.2V ±5%, Ta=O to +75°C, air flow exceeding 2m/sec, see test circuit and waveforms) 

1. READ MODE 

HM2110 HM2110-l 
Item Symbol Test Condition Unit 

min typ max min typ max 

Chip Select Access Time fACS - 7 10 - 7 10 ns 

Chip Select Recovery Time fRcs - 7 10 - 7 10 ns 

Address Access Time f AA - 20 35 - 15 25 ns 

2. WRITE MODE 

HM2110 HM2110-l 
Item Symbol Test Condition Unit 

min typ max min typ max 

Write Pulse Width tw twsA=8ns 25 - - 25 - - ns 

Data Setup Time twso 5 - - 5 - - ns 

Data Hold Time fWHD 5 - - 5 - - ns 

Address Setup Time twsA tw=25ns 8 - - 8 - - ns 

Address Hold Time fWHA 2 - - 2 - - ns 

Chip Select Setup Time twscs 5 - - 5 - - ns 

Chip Select Hold Time twHcS 5 - - 5 - - ns 

Write Disable Time tws - - 10 - - 10 ns 

Write Recovery Time fwR - - l 10 - - 10 ns 

$HITACHI 277 



3. RISE/FALL TIME 

Item Symbol Test Condition 

Output Rise Time t. 

Output Fall Time ,, 

4. CAPACITANCE 

Item Symbol Test Condition 

Input Capacitance c .. 
Output Capacitance c ... 

•TEST CIRCUIT AND WAVEFORMS 

1. LOADING CONDITION 

GND 

16 

HM2110 

0.01.uF l 
Vu 

3. READ MODE 

4. WRITE MODE 

Address 

Din 

Dout 

50% 

r 
-2.ov 

RL=50Q 
CL =30pF( includes probe and 

jig capacitance) 

50% 

min 

-
-

min 

-

-

2. INPUT PULSE 
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typ max Unit 

5 - ns 

5 - ns 

typ max Unit 

4 5 pF 

7 8 pF 

t, = 11 =2.Sns typ 



u 

SUPPLY CURRENT vs. 
AMBIENT TEMPERATURE 

120.-------.----r--------. 

60t-----+----t---+--+----+----4 

J 401-----+-----t---+---+----+----4 

201-----+----t---+--+----+----4 

o.___.....__~ _ __. __ .___..._ _ _, 
-20 20 40 60 80 100 

Ambient Temperature Ta ("Cl 

ADDRESS ACCESS TIME vs. 
AMBIENT TEMPERATURE 

30---------.---.....---.----, 

101----+--l----+--l----t------i 

OL--~--.1..--~--.1..---'----' 
-20 20 40 60 80 JOO 

Ambient Temperature Ta ("C) 
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SUPPLY CURRENT vs. 
SUPPLY VOLTAGE 

120-----.--~--~-~-~ 

IOOt---t---+---+--1----bo• ......... :::.......i 

~ < 801----+---+-----+y_,______.""-_+--~ 

~ i 
60~1-----+--/ ~~ 

•01---+---vl+---+---+-----1--~ 

201---+--.,_ /""---+---+---I--~ 
j7 

-1 -2 -J -4 -s -6 

Supply Voltage VEE ( V) 
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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 ...................... 5ns (max.) 
• Power Consumption ..................... 0.8mW/bit (typ) 
• Output Obtainable by Wi"red-OR (open emitter) 
• Fully Pin Compatible with F 10415 

'OG-J6A• 

•TRUTH TABLE • PIN ARRANGEMENT 

Input 

cs WE 

H x 

L L 

L L 

L H 

x : Irrelevant 

* : Read out noni verted 

•BLOCK DIAGRAM 

Din 

32X32 
~emnry 

x 

L 

H 

x 

Output Mode 

L Not Selected 

L Write "O" 

L Write" l" 

Dout* Read 

•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 lot -30 mA 

Storage Temperature T.,, -65 to +150 ·c 
Storage Temperature T,,,(BiasJ* --55 to +125 ·c 

* Under Bias 
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• ELECTRICAL CHARACTERISTICS 
(VEE=-5.2V, RL=500 to -2.0V, Ta=O to +75°C, air flow exceeding 2m/sec) 

•DC CHARACTERISTICS 

Item Symbol Test Condition min(B) typ maxW Unit 

o·c -1000 - -840 

VoH +25°C -960 - -810 

+75°C -900 - -720 
Output Voltage V1N = ViHA or V1Ls mV o·c -1870 - -1665 

VoL +25°C -1850 - -1650 

+75°C -1830 - -1625 

o·c -1020 - -

VoHC +25°C -980 - -

+75°C -920 - -
Output Threshold Voltage VIN= V1Hs or V1L• mV o·c - - -1645 

Vo1.c +25'C - - -1630 

+75°C - - -1605 

o·c -1145 - -840 

VtH 
Guaranteed Input Voltage 

+25'C -1105 - -810 
High for All Inputs 

+75°C -1045 - -720 
Input Voltage mV o·c -1870 - -1490 

VIL 
Guaranteed Input Voltage 

+25'C -1850 - -1475 
Low for ·All Inputs 

+75°C -1830 - -1450 

ltL V1.v=V1HA 0 to +75'C - - 220 

Input Current cs 1 VIN= V11.B 
0.5 - 170 µA 

ltL 0 to +75°C 
Other -50 - -

All Input and Output Open, Ta=o·c -200 - -
Supply Current IE:E mA 

Test Pin 8 Ta-15°C -170 - -

e AC CHARACTERISTICS 

(VEE=-5.2V ±5%, Ta=O to +75°C, air flow exceeding 2m/sec, see test circuit and waveforms) 

1. READ MODE 

HM2112-1 HM2112 
Item Symbol Test Condition Unit 

min typ max min typ max 

Chip Select Access Time f ACS 1 3 5 1 3 5 ns 

Chip Select Recovery Time t RCS 1 3 5 1 3 5 ns 

Address Access Time t AA 3 6.5 8 3 7.5 10 ns 

2. WRITE MODE 

HM2112-1 HM2112 
Item Symbol Test Condition Unit 

min typ max min typ max 

Write Pulse Width tw twsA-3ns 6 2 - 6 2 - ns 

Data Setup Time twso 1 0 - 1 0 - ns 

Data Hold Time IWHD 1 0 - 1 0 - ns 

Address Setup Time lwsA tw=6ns 3 0 - 3 0 - ns 

Address Hold Time IWHA 2 0 - 2 0 - ns 

Chip Select Setup Time twscs 1 0 - 1 0 - ns 

Chip Select Hold Time IWHCS 1 0 - 1 0 - ns 

Write Disable Time tws 1 3 5 1 3 5 ns 

Write Recovery Time twR 1 3 5 1 3 5 ns 
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3. RISE/FALL TIME 

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. LOADING CONDITION 
GND 

16 

HM2112 r 
-2.0V 

RL=50Q 
Vu CL=30pF(includes probe and jig capacitance) 

3. READ MODE 

4. WRITE 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 

-0.9V -----,---------... 

-1.7V 

1.=11=2.0ns typ 

Add re~ 

~ 
Dout~ 

50% - ---- - - --------- --- --------- ------

Address 50% 

Din 
50% 

Dout lwscs 
50% 

IWR 
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Unit 

ns 

ns 

Unit 

pF 

pF 
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< 
E 

SUPPLY CURRENT 
vs. AMBIENT TEMPERATURE 

200..-----.--....;._....--......,..--....---.--~ 

!RO __-......... 

~ 160 t----+--+-"""""o-+--+---+----1 
~ N 

140 t---+--+---+--+-~-..:::.."""=:---1 
u 

} 120 l----+---+----+---+----+-----1 

!Oil 1----+---+----+--+----+-----1 

80._ _ _._ __ ......_ _ _._ __ ..._~_·,_, ___ J~·--'>.~-'O_V~ 
-20 20 40 6CJ 80 1110 

Ambient Temperature Ta ( 'C, 

ADDRESS ACCESS TIME 
vs. AMBIENT TEMPERATURE 

10..-----.---....----.---..---.----. 

Vu=-5.20V 
4L-_ _... __ ..._ _ _... __ ...._ _ _.._ _ __. 

-20 20 40 60 80 100 

Ambient Temperature Ta ('Cl 

CHIP SELECT ACCESS TIME 
vs. AMBIENT TEMPERATURE 

~ 5 

0 
-20 

Vu=j5.20V 

20 40 60 80 

Ambient Temperature Ta ('C) 

100 

200 

180 

< 
~ 
... 160 
~ 

140 

]: 120 

100 

80 

SUPPLY CURRENT 
vs. SUPPLY VOLTAGE 

-..... t---t-- -

-5.72 -5.20 

Supply Voltage Vu ( V) 

ADDRESS ACCESS l':IME 
vs. SUPPLY VOLTAGE 

Taj25'c 

-4.68 

10.--.---.---,---,..---.-----. 

4 

Ta=25'C 

-5.72 -5.20 -4.68 

Supply Voltage Vu ( V) 

CHIP SELECT ACCESS TIME· 
vs. SUPPLY VOLTAGE 

-+-- r---
r"--

Toj25'C 

-5.72 -5.20 -4.68 

Supply Voltage Vu (V) 
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WRITE PULSE WIDTH 
vs. AMBIENT TEMPERATURE 

Vu=

1
-5.2ov 

01..-~ ......... ~---'-~~..._~ ........ ~-""~~ 
-20 20 40 60 80 100 

WRITE PULSE WIDTH 
vs. SUPPLY VOLTAGE 

r.125·c 

'...._~_~5.-12~_._~-_-5•2-o~_._~--~4.~68~_. 

Ambient Temperature Ta <"C) Supply Voltage Vu (V) 
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HM10422 
256-word x 4-bit Fully Decoded Random ~ccess 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-24A) 

• Address access time: 1 Ons (max) •PIN ARRANGEMENT 
• Write pulse width: 6ns (min) 
• Power dissipation: 0.8mW/bit 
• Output obtainable by wired-OR (open emitter) 

•TRUTH TABLE 

Input 

BS WE Din 

H x x 

L L L 

L L H 

L H x 

Notes) X : Irrelevant 

* : Read out noninvert 

•BLOCK DIAGRAM 
A; 

> 

~ 

1 
Q 

>< 

Output 

L 

L 

L 

Dout* 

.... 

Y-Decoder/Driver 

Memory Cell Array 
I 

256 Words '><4 Bits 

Block 2 Block 3 

Mode 

·Not Selected 

Write "O" 

Write "I" 

Read 

Block 4 

@HITACHI 

(Top View) 
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•ABSOLUTE MAXIMUM RATINGS 

Item Symbol Rating Unit 

Supply Voltage VEE to Vee +0.5 to -7 .0 v 
Input Voltage V;, +o.5 to VEE v 
Output Current 1 ••• -30 mA 
Storage Temperature T .. , -65 to +150 ·c 
Storage Temperature T,,,(Bias)• -55 to +125 ·c 

* Under Biaa 

•ELECTRICAL CHARACTERISTICS 
(VEE ==-5.2V, RL=500 to -2.0V, Ta~O to +75°C, air flow exceeding 2m/sec) 

•DC CHARACTERISTICS 

Item 

Output Voltage 

Output Threshold Voltage 

Input Voltage 

Input Current 

Supply Current 

e AC CHARACTERISTICS 

1. 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 

286 

Symbol 

VoH 

VoL 

VoHc 

VoLc 

VrH 

VIL 

llH 

ltL 

IEE 

Symbol 

f ABS 

f RBS 

f AA 

Symbol 

lw 

twso 

fWHD 

twsA 

fWHA 

twsss 

fwHBS 

tws 

fwR 

Test Condition min(B) 

o·c -1000 

+25'C -960 

V,N-VtHA +75'C -900 

or VtLs o·c -1870 

+25'C -1850 

+75'C -1830 

o·c -1020 

+25'C -980 

+75°C -920 
V1N-V1Hs or VrLA 

o·c -
+25'C -
+75'C -

o·c -1145 
Guaranteed Input Voltage 

+25'C -1105 
High for AU Inputs 

+75'C -1045 

o·c -1870 
Guaranteed Input Voltage 

+25'C -1850 
Low for All Inputs 

+75'C -1830 

V1N-VtHA 0 to +75'C -
BS 1 VJN-VILB 

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 

tw-6ns 2 0 

2 0 

2 0 

2 0 

- 4 

- 4.5 

@HITACHI 

typ max(A) Unit 

- -840 

- -810 

- -720 

- -1665 
mV 

- -1650 

- -1625 

- -
- -
- -
- -1645 

mV 

- -1630 

- -1605 

- -840 

- -810 

- -720 

- -1490 
mV 

- -1475 

- -1450 

- 220 

- 170 µA 

- -
-160 -
-145 - mA 

max Unit 

5 ns 

5 ns 

10 ns 

max Unit 

- ns 

- ns 
- ns 

- ns 

- ns 

- ns 

- ns 

5 ns 

9 ns 



3. RISE/FALL TIME 

Item Symbol Test Condition 

Output Rise Time t. 

Output Fall Time t1 

4. CAPACITANCE 

Item Symbol Test Condition 

Input Capacitance C;. 

Output Capacitance c ... 

• TEST CIRCUIT AND WAVEFORMS 

1. LOADING CONDITION 
Test Circuit 

Vcc(GND) 

M.U.T. 

O.OlµF J;. VEE 

3. READ MODE 

Dout 

-2.0V 
Ri=SOQ 
CL =30pF( includes 
probe and jig 
capacitance) 

min typ 

- 2 

- 2 

min typ 

- 4 

- 7 

2. INPUT PULSE 

I 
I 
1---IAA------f 

max 

-
-

max 

-

-

Dout I 
I ------1 I 
~ 

Dout __________ J( ____ _ 
4. WRITE MODE 

50% 

Add re .. 50% 

Din 

llnut 

$HITACHI 

Unit 

ns 

ns 

Unit 

pF 

pF 
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SUPPLY CURRENT vs. 

AMBIENT TEMPERATURE 

120 t---+----t---+----+--+---1 

100 t---+----tr----+----+--+---1 
Vu= -5.20V 

~2~0----~-~20":---~4~0---'oo--~~---'100 

12 

11 

10 

Ambient Temperature Ta ('Cl 

ADDRESS ACCESS TIME vs. 
AMBIENT TEMPERATURE 

1 
I 
! 

l 
I 1 

i 
y - L....--1 

V££= -5.20V 

l 
-20 20 40 00 

1 

Ambient Temperature Ta ('C) 

BLOCK SELECT ACCESS TIME 
vs. AMBIENT TEMPERATURE 

-

Vu= -5.20V 

l 1 
20 40 00 

Ambient Temperature Ta ("C) 

100 

100 

< 
~ 

~ 

~ 
u 
.!:;> 

! 

-
-
Ii 

i= 

~ 
.( 

~ 
< 
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200 

180 

160 

140 

120 

100 

80 

12 

11 

10 

SUPPLY CURRENT vs. 

SUPPLY VOLTAGE 

- r---t---""""-

-5.72 -5.20 

Supply Voltage Vu IV! 

-

Ta=25"C 

l 
-4.68 

ADDRESS ACCESS TIME vs. 

SUPPLY VOLTAGE 

! 

I I I 
l 
I i 

I 
T 

! l ~ ..._....._ --r-- l I 

+ Ta=15·c 

l l 
-5.72 -5.20 -4.68 

Supply Voltage Vu (V) 

BLOCK SELECT ACCESS TIME 
vs. SUPPLY VOLTAGE 

-5.72 -5.20 -4.68 

Supply Voltage VEE (V) 



WRITE PULSE WIDTH vs. 
AMBIENT TEMPERATURE 

VE£=-5.20V 

l l 
-20 20 40 60 80 

Ambient Thmperature To ("C) 

100 

@HITACHI 

WRITE PULSE WIDTH vs. 
SUPPLY VOLTAGE 

To=25"C 

-5.72 -5.20 

Supply Voltage VEE (V) 

l 
-4.68 
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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 prooess 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 YtiE 

H x 

L L 

L L 

L H 

Notes) x : Irrelevant 
* : Read out noni nvert 

• BLOCK DIAGRAM 

Ao 

A1 

Az 

As 

Ao 

Din 

x 

L 

H 

x 

As 

lil••Ck I 

Output 

L 

L 

L 

Dout• 

A1 

Y -Decoder/Driver 

Memory
1 
Cell ftl~ray 

256 Words X4 Bits 

Block 2 Block 3 

Mode 

Not Selected 

Write "O" 

Write "l" 

Read 

Block 4 
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•PIN ARRANGEMENT 

(Top View) 



•ABSOLUTE MAXIMUM RATINGS 

Item Symbol Rating Unit 

Supply Voltage VEE to Vee +o.5 to -1.0 v 
Input Voltage v •• +0.5 to VEE v 
Output Current 1 ••• -30 mA 
Storage Temperature r .• , -65 to +150 ·c 
Storage Temperature T,,,(Bias)• -55 to +125 ·c 

* Under Bias 

• ELECTRICAL CHARACTERISTICS 
(VEE=-5.2V, RL-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 

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 

VoH 

VoL 

VoHe 

VoLC 

VrH 

VrL 

frH 

llL 

IEE 

Symbol 

f ABS 

f RBS 

f AA 

Symbol 

tw 

twso 

fWHD 

fWSA 

fwHA 

twsss 

fWHBS 

tws 

fwR 

Test Condition min(B) 

o·c -1000 

+25'C -960 

VtN-VrHA +75'C -900 

or VrLB o·c -1870 

+25'C -1850 

+75'C -1830 
o·c -1020 

+25'C -980 

+75'C -920 
VrN - VrHB or VrLA 

o·c -
+25'C -
+75'C -

o·c -1145 
Guaranteed Input Voltage 

+25'C -1105 
High for All Inputs 

+75'C -1045 

o·c -1870 
Guaranteed Input Voltage 

+25'C -1850 
Low for All Inputs 

+75'C -1830 

VrN-VrHA 0 to +75'C -
BS 1 VrN-VrLB 

0.5 
0 to +75'C 

Other -50 

All Input and Output Open, Ta-O'C -240 

Test Pin 12 Ta-75'C -

Test Condition min typ 

- -
- -
- 4 

Test Condition min typ 

twsA.=2ns 4 3 

1 

1 

tw=4ns 2 

1 

1 

1 

- 3 

- 3 

@HITACHI 

typ max(A) Unit 

- -840 

- -810 

- -720 

-1665 
mV -

- -1650 

- -1625 

- -
- -
- -

mV - -1645 

- -1630 

- -1605 

- -840 

- -810 

- -720 
mV - -1490 

- -1475 

- -1450 

- 220 
- 170 µA 

- -
-200 -

mA 
-180 -

max Unit 

5 ns 

5 ns 

7 ns 

max Unit 

- ns 

- ns 

- ns 

- ns 

- ns 

- ns 

- ns 

5 ns 

5 ns 
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3. RISE/FALL TIME 

Item Symbol Test Condition 

Output Rise Time t. 

Output Fall Time t1 

4. CAPACITANCE 

Item Symbol Test Condition 

Input Capacitance C;. 

Output Capacitance c ... 

• TEST CIRCUIT AND WAVEFORMS 

1. LOADING CONDITION 
Test Circuit 

Vcc(GND) 

M.U.T. 

O.OlµF ;J;. Vu 

3. READ MODE 

Dout 

-2.ov 
Ri.=SOQ 
CL=30pF( includes 
probe and jig 
capacitance) 

min typ 

- 2 

- 2 

min typ 

- 3 

- 5 

2. INPUT PULSE 

I 
I 
l--tAA---1 

max 

-
-

max 

-
-

Dout I 
I -----1 I 
~ 

Oout _________ ,,,X ____ _ 
4. WRITE MODE 

50% 

Addreu 50% 

Din 

l)iu1 
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Unit 

ns 

ns 

Unit 

pF 

pF 



HM 104 70, HM 104 70-1 

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 1 OK ECL level 
• Address access time: HM10470 

• Write pulse width: 
HM10470-1 
HM10470 
HM10470-1 

• Low power dissipation: 0.2mW/bit 

25ns (max) 
15ns (max) 
25ns (min) 
15ns (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 : Irrelevant 
* : Read Out Noninvert 

•BLOCK DIAGRAM 

Ao 

A1 64X64 

Ai Memory Cell 

A, Array 

A• 

A; 

• ABSOLUTE MAXIMUM RATINGS (Ta=25°C) 

Item Symbol Rating Unit 

Supply Voltage VEE to Vee +0.5 to -7.0 v 
Input Voltage v •• +o.5 to VEE 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-18) 

•PIN ARRANGEMENT 

(Top View) 
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HM10470, HM10470-1----------------------------

• ELECTRICAL CHARACTERISTICS 

•DC CHARACTERISTICS (VEE= -5.2V, RL=500 to -2.0V, Ta=O to +75°C, air flow exceeding 2m/sec) 

Item 

Output Voltage 

Output Threshold Voltage 

Input Voltage 

Input Current 

Supply Current 

* HM10470 
* * HMI0470-1 

Symbol 

VoH 

VoL 

VoHc 

VoLc 

VIH 

VIL 

J1H 

IIL 

In 

Test Condition 

V1N = V1HA or V1LB 

V1N=V1HB or V1L• 

Guaranteed Input Voltage 

High for All Inputs 

Guaranteed Input Voltage 

Low for All Inputs 

VIN:= V1HA 

cs i V1N = V1LB 
Other 

All Input and Output Open, 

Test Pin 9 

min(B) typ max(A) 

o·c -1000 - -840 

+25°C -960 - -810 

+75'C -900 - -720 

o·c -1870 - -1665 

+25°C -1850 - -1650 

+75'C -1830 - -1625 

o·c -1020 - -

+25'C -980 - -

+75'C -920 - -

o·c - - -1645 

+25°C - - -1630 

+75'C - - -1605 

o·c -1145 - -840 

+25'C -1105 - -810 

+75'C -1045 - -720 

o·c -1870 - -1490 

+25'C -1850 - -1475 

+75°C -1830 - -1450 

0 to +75'C - - 220 

0.5 - 170 
0 to +75'C 

-50 - -

-200• -150• -
Ta=O'C 

-280 .. -200 .. -

Ta=75'C - -145 -

•AC CHARACTERISTICS (VEE= -5.2V ±5%, Ta=O to. +75°C, air flow exceeding 2m/sec) 
1. READ MODE 

HM10470 HM10470-l 
Item Symbol Test Condition 

min typ max min typ max 

Chip Select Access Time f ACS - - 10 - - 8 

Chip Select Recovery Time t RCS - - 10 - - 8 

Address Access Time t AA - 15 25 - 12 15 

2. WRITE MODE 

HM10470 HM10470-l 
Item Symbol Test Condition 

min typ max min typ max 

Write Pulse Width tw twsA=3ns 25 - - 15 - -

Data Setup Time I twso 2 - - 2 - -
Data Hold Time fWHD 2 - - 2 ·- -

Address Setup Time twsA tw=twmin 3 - - 3 - -
Address Hold Time twHA 2 - - 2 - -
Chip Select Setup Time twscs 2 - - 2 - -

Chip Select Hold Time f WHCS 2 - - 2 - -

Write Disable Time tws - - 10 - - 8 

Write Recovery Time twR - - 10 - - 8 

294 $HITACHI 

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 t. 

Output Fall Time t1 

4. CAPACITANCE 

Item Symbol 

Input Capacitance c .• 
Output Capacitance c .•. 

•TEST CIRCU1T AND WAVEFORMS 

1. LOADING CONDITION 

Test Circuit 

Vcc(GND) 

M.U.T. 

O.OlµF ;J;. 

3. READ MODE 

4. WRITE MODE 

50":..;, 

Address 

Din 

Dou! 

-2.ov 

50% 

..... , 
50% 

Ri=SOQ 
Ci=30pF( includes 
probe and jig 
capacitance) 

Dout t•·scs-----~ 

Test Condition 

Test Condition 

2. INPUT PULSE 

eHITACHI 

min typ max Unit 

- 2 - ns 

- 2 - ns 

min typ max Unit 

- 3 - pF 

- 5 - pF 

t. =If= 2.0ns typ 
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SUPPLY CURRENT vs. 
AMBIENT TEMPERATURE 

200--.....---...--...,.....----.---.---.... 

! 
I 

180~--+----i---+---+--+----t 
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~ I ~ 
~ 1201-----1---1--- ·-+----+--+----! 
C/) 

1001----1-----le----+---+--+---t 

Vu=-5.20V 
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-w w ~ ~ 80 100 

Ambient Temperature Ta ('C) 

ADDRESS ACCESS TIME 
vs. AMBIENT TEMPERATURE 
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.. 

Vu=- .20V 
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10 

Ambient Temperature Ta ('C) 

CHIP SELECT ACCESS TIME 
vs. AMBIENT TEMPERATURE 
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SUPPLY CURRENT vs. 
SUPPLY VOLTAGE 

I 

-+---

-5.72 -5.20 

,.. 

Ta=25'C 

I 
-4.68 

Supply Voltage VEE (V) 

ADDRESS ACCESS TIME 
vs. SUPPLY VOLTAGE 

~ 1----HMl04!2..--

!OAl ~ I--47G;l.-

Ta=r·c 

-5-72 -5.20 -4.68 

Supply Voltage Vn: (V) 

CHIP SELECT ACCESS TIME 
vs. SUPPLY VOLTAGE 

HM10470 
HM1047°-l 

Ta=r·c 

-5.72 -5.20 -4.68 

Supply Voltage VEE (V} 



35 

30 

10 

5 

WRITE PULSE WIDTH vs. 
AMBIENT TEMPERATURE 

HM10470 

+--

H~ \0470-\ -
..... 

Vu=-120V 

-20 20 40 60 80 

Ambient Temperature Ta (·c) 

35 

30 

.~ 1 5 
~ 

0 

100 

$HITACHI 

WRITE PULSE WIDTH vs. 
SUPPLY VOLTAGE 

HM\0470 ~ -
HM1~7G-l --'-" 

T·=r 
-5.72 -5.20 -4.68 

Supply Voltage Vrr (V) 

297 



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 1 OK ECL level 
• Address access time: 20ns (max) 
• Write pulse width: 20ns (min) 

(DG-18) 

• Low power dissipation: 0.25 mW/bit 
• Output obtainable by wired-OR (open emitter) •PIN ARRANGEMENT 

• TRUTH TABLE 

Input 
Output Mode 

IT 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 Nonivert 

•BLOCK DIAGRAM 

Ao 
(Top View) 

A1 64 X64 

A2 Memory Cell 

A1 Array 

A, 

.~; 

•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 lo1it -30 : mA 

Storage Temperature T.,. -65 to +150 ·c 
Storage Temperature T ••• (Bias)• -55 to +125 ·c 
* Under Bias 
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•ELECTRICAL CHARACTERISTICS 
•DC CHARACTERISTICS (VEE= -5.2V, RL=500 to -2.0V, Ta=O to +75°C, air flow exceeding 2m/sec) 

Item Symbol Test Condition min(Bl typ max(A) 

o·c -1000 - -840 

VoH +25°C -960 - -810 

+75°C -900 - -720 
Output Voltage VrN - Vt HA or Vns 

o·c -1870 - -1665 

VoL +25°C -1850 - -1650 

+15·c -1830 - -1625 

o·c -1020 - -
VoNc +25°C -980 - -

+15·c -920 - -
Output Threshold Voltage VrN-VtHB or VtLA 

o·c - - -1645 

VoLc +25°C - - -1630 

+15·c - - -1605 

o·c . -1145 - -840 

VrH 
Guaranteed Input Voltage 

+25°C -1105 - -810 
High for All Inputs 

+15·c -1045 -720 -
Input Voltage 

o·c -1870 - -1490 

VrL 
Guaranteed Input Voltage 

+25°C -1850 - -1475 
Low for All Inputs 

+75°C -1830 -1450 -
frH V1N-VINA 0 to +75°C - - 220 

Input Current cs 1 VrN-VrLB 
0.5 - 170 

f rL 0 to +75"C 
Other -50 - -
All Input and Output Open, Ta-o·c -260 -220 -

Supply Current li:E 
Test Pin 12 Ta-15°C - -210 -

eAC CHARACTERISTICS (VEE= -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 fACS - - 8 

Chip Select Recovery Time hes - - 8 

Address Access Time fAA - - 20 

2. WRITE MODE 

Item Symbol Test Condition min typ max 

Write Pulse Width tw twSA-3ns 20 - -
Data Setup Time twso 3 - -
Data Hold Time fwHD 2 - -
Address Setup Time fwSA tw- 20ns 3 - -
Address Hold Time fwHA 2 - -
Chip Select Setup Time twscs 3 - -
Chip Select Hold Time fwHCS 2 - -
Write Disable Time tws - - 8 

Write Recovery Time fwR - - 22 

eHITACHI 

Unit 

mV 

mV 

mV 

11A 

mA 

Unit 

ns 

RI 

ns 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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3. RISE/FALL TIME 

Item Symbol 

Output Rise Time '· 
Output Fall Time ,, 

4. CAPACITANCE 

Item Symbol 

Input Capacitance c .• 
Output Capacitance c ... 

•TEST CIRCUIT AND WAVEFORMS 

1 • LOADING CONDITION 
Test Circuit 

Vcc(GND) 

M.U.T. 

O.OlµF ;J;. VEE 

3. READ MODE 

4. WRITE MODE 

50% 

Address 

Din 

Dout 

Dout 

RL T C4 

'Jf/ RL=SOO 
CL=30pF( includes 

_ 2.oy probe and jig 
capacitance) 

50% 

-, 
50% 

-----,1wscs-----o-

Test Condition min 

-
-

Test Condition min 

-
-

2. INPUT PULSE 

1.=11=2.0ns typ 

50% 
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2 - ns 

2 - ns 

typ max Unit 

3 - pF 

5 - 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 metalization. 
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 

(DG-20) 

•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 "I" 

L H x Dout• Read 

Notes) X : Irrelevant 
* : Read Out Nonivert 

•BLOCK DIAGRAM 

Ao 

A1 64 X64 

Ai Memory Cell 

Al Array 
(Top View) 

..... 
A; 
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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 VEE v 
Output Current r ••• -30 mA 

Storage Temperature T .. , -65 to +150 ·c 
Storage Temperature T.,, (Bias)• -55 to +125 ·c 
* Under Bias 

• ELECTRICAL CHARACTERISTICS 
eDC CHARACTERISTICS (VEE- -5.2V, RL=500 to -2.0V, Ta-0 to +75 °C, air flow exceeding 2m/sec) 

Item Symbol Test Condition min(B) typ 
o·c -1000 -

VoH +25°C -980 -
+15·c -950 -

Output Voltage V1H- V1HA or Vns 
o·c -1870 -

VoL +25°C -1850 -
+15·c -1830 -

o·c -1020 -
VoHc +25°C -980 -

+15·c -920 -
Output Threshold Voltage v/H- ViHB or V1LA 

o·c - -
VoLc +25°C - -

+15·c - -
o·c -1165 -

V1H 
Guaranteed Input Voltage 

+25°C -1165 -
High for All Inputs 

+15·c -1165 -
Input Voltage 

o·c -1810 -
Vn 

Guaranteed Input Voltage 
+25°C -1810 -

Low for All .Inputs 
+75°C -1810 -

IIH V1N-VJHA o to +15·c - -
Input Current cs 1 V1N-ViLB 

0.5 -
In 

Others 
o to +15•c 

-50 -
Ta-o·c -270 -240 

Supply Current IEE All Input and Output Open. 
Ta-15•c - -220 

eAC CHARACTERISTICS (VEE=-5.2V±5%, Ta-0 to +75°C, air flow exceeding 2m/sec) 

1. READ MODE 

Item Symbol Test Condition min typ 

Chip Select Access Time IAeS - -
Chip Select Recovery Time I Res - -
Address Access Time IAA - -

2. WRITE MODE 

Item Symbol Test Condition min typ 

Write Pulse Width tw twsA-3ns 10 -
Data Setup Time twsD 1 -
Data Hold Time IWHD 1 -
Address Setup Time twaA tw-lOns 3 -
AddreH Hold Time IWHA 2 -
Chip Select Setup Time twscs 1 -
Chip Select Hold Time lwHCS 1 -
Write Disable Time tws - -
Write Recovery Time lwN - -
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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 

- na 

- ns 

- ns 

- ns 

6 ns 

6 ns 



3. RISE/FALL TIME 

Item Symbol Test Condition 

Output Rise Time t, 

Output Fall Time t1 

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) 

M.U.T. 

O.OlµF ~ 

3. READ MODE 

4. WRITE MODE 

Dout 

RL 

-2.0V 

RL=50'2 
CL=30pF( includes 
probe and jig 
capacitance) 

min typ 

- 2 

- 2 

min typ 

- 3 
- 5 

1,=11=2.0ns typ. 

50% ---------------------------

Address 50% ----------------------

---\ 
50% Din 

Dout ------twscs-----i 

@HITACHI 

max Unit 

- ns 

- ns 

max Unit 

- pF 

- pF 
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1024-word x 4-bit Fully Decoded 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: HM10474 25ns (max) 

• Write pulse width: HM10474 25ns(min) 

• Low power dissipation: 0.2mW/bit 

(DG-24A) 

• 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 "I" 

L H x Dout• Read 

Notes) x : Irrelevant 

* : Read Out Noni vert 

• BLOCK DIAGRAM 

(Top View) 

• 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 
Output Current 1 ••• -30 mA 

Storage Temperature r .. , -65 to +150 ·c 
Storage Temperature r .. ,(Bias)' -55 to +125 ·c 

• Under Biaa 
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•ELECTRICAL CHARACTERISTICS 

•DC CHARACTERISTICS(VEE=-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 - -HO 

VoH +25·c -960 - -810 

+15·c -900 - -720 
Output Voltage V1H-V1HA or V1LB 

o·c -1870 - -1665 

VoL +25·c -1850 - -1650 

+15·c -1830 - -1625 

o·c -1020 - -
VoHc +25·c -980 - -

+75·c -920 - -
Output Threshold Voltage V1N-V1HB or V1LA 

o·c - - -1645 

VoLc +25·c - - -1630 

+15·c - - -1605 

o·c -1145 - -840 

V1H 
Guaranteed Input Voltage 

+25·c -1105 - -810 
High for All Inputs 

+15·c -720 -1045 -
Input Voltage 

o·c -1870 - -1490 

VIL 
Guaranteed Input Voltage 

+25·c -1850 - -1475 
Low for All Inputs 

+15·c -1830 - -1450 

IIH V1N-VIHA o to +15•c - - 220 

Input Current cs j V1N-VILB 
0.5 - 170 

IIL o to +15·c 
Others -50 - -
All Input and Output Open, Ta-o·c -200 -160 -

Supply Current IEE 
Test Pin 12 Ta-15·c - -145 -

•AC CHARACTERISTICS(VEE=-5.2V ±5%, Ta=O to +75°C, air flow exceeding 2m/sec) 

1. READ MODE 

HM10474 
Item Symbol Test Condition Unit 

min typ max 

Chip Select Access Time f ACS - - 10 ns 

Chip Select Recovery Time lacs - - 10 ns 

Address Access Time fAA - 15 25 ns 

2. WRITE MODE 

HM10474 
Item Symbol Test Condition Unit 

min typ max 

Write Pulse Width tw twsA-3ns 25 15 - ns 

Data Setup Time twso 2 - - ns 

Data Hold Time tWHD 2 - - ns 

Address Setup Time twsA lw-tw.-. 3 - - ns 

Address Hold Time fWHA 2 - - ns 

Chip Select Setup Time twscs 2 - - ns 

Chip Select Hold Time fWHcS 2 - - ns 

Write Disable Time tws - - 10 ns 

Write Recovery Time tWR - - 27 ns 

C!>HITACHI 

Unit 

mV 

mV 

mV 

µA 

mA 
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3. RISE/FALL TIME 

Item Symbol Test Condition 

Output Rise Time t. 

Output Fall Time t1 

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. 

O.OlµF ;J;. VEE -2.0V 

3. READ MODE 

IACS 

U..ut 

4. WRITE MODE 

Address 50% 

Din 

Dout 

306 

RL=SOS2 
CL=30pF( includes 
probe and i ig 
capacitance) 

80% 

-, 

Address 

Dout 

~~ H 
\ I 
~--------------J lwHD 

$HITACHI 

50% 

IWHA 

IWHCS 

min typ max Unit 

- 2 - ns 

- 2 - ns 

min typ max Unit 

- 4 - pF 

- 7 - pF 

20% 

1.-1,-2.0n1 
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SUPPLY CURRENT vs. 
AMBIENT TEMPERATURE 
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Supply Voltage VEE (V) 

ADDRESS ACCESS TIME 
vs. SUPPLY VOLTAGE 
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E 

!= 
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15 

10 

12 
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I 
j: .. .. .. 
" ~ 
~ 
~ ... .... 
u 

0 

Taj25"C 
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Supply Voltage Vu (V) 

CHIP SELECT ACCESS TIME 
vs. SUPPLY VOLTAGE 
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-5.72 -5.20 -4.68 

Supply Voltage Vit (V) 
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WRITE PULSE WIDTH vs. 
AMBIENT TEMPERATURE 
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HM104 74-8,HM104 74-10 Under Development 
1024-word x 4-bit Fully Decoded 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: HM10474-8 8ns (max) 

• Write pulse width: 
HM10474·10 10ns (max) 
HM10474-8 5ns (min) 
HM10474-10 Sns (min) 

• Low power dissipation: 0.3mW/bit 
• Output obtainable by wired-OR (open emitter) 

•TRUTH TABLE 

Input 
Output 

cs WE Din 
Mode 

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 Nonivert 

•BLOCK DIAGRAM 

•ABSOLUTE MAXIMUM RATINGS (Ta-25°C) 

Item Symbol Rating Unit 

Supply Voltage Vu to Vee +0.5 to -7.o v 
Input Voltage V;. +0.5 to Vu v 
Output Current 1 ... -30 mA 

Storage Temperature T .. , -65 to +150 ·c 
Storage Temperature T •• ,(Bias)• -55 to +125 ·c 

• Under Bias 

$HITACHI 

(DG·24A) 

•PIN ARRANGEMENT 

(Top View) 

Note) 
The specifications of this device are 
subject to change without notice. 
Please contact your nearest Hitachis 
Sales Dept, regarding specifications. 
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•ELECTRICAL CHARACTERISTICS 

•DC CHARACTERISTICS(VEE-=-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 

+15·c -900 - -720 
Output Voltage V1N-V1HA or VILa 

o·c -1870 - -1665 

VoL +25"C -1850 - -1650 

+15·c -1830 - -1625 

o·c -1020 - -
VoHc +25"C -980 - -

+15·c -920 - -
Output Threshold Voltage V1N- V1Ha or V1LA 

o·c - - -1645 

VoLc +25"C - - -1630 

+15·c - - -1605 

o·c -1145 - -840 

V1H 
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 

+15·c -1830 - -1450 

f1H V1N-VIHA o to +75"C - - 220 

Input Current cs 1 V1N-VtLB 
0.5 - 170 

IIL o to +75"C 
Others -50 - -
All .Input and Output Open, Ta-o·c -240 -220 -

Supply Current In 
Test Pin 12 Ta-15"C - -205 -

•AC CHARACTERISTICS(VEE--5.2V ±5%, Ta-0 to +75°C, air flow exceeding 2m/sec) 

1. READ MODE 

HM10474·8 HM10474-10 
Item Symbol Test Condition 

min typ max min typ max 

Chip Select Access Time fACS - - 5 - - 6 

Chip Select Recovery Time hes - - 5 - - 6 

Address Access Time tAA - - 8 - - 10 

2. WRITE MODE 

HM10474-8 HM10474-10 
Item Symbol Test Condition 

min typ max min typ max 

Write Pulse Width tw twsA-2ns 5 - - 5 - -
Data Setup Time twso 1 - - 2 - -
Data Hold Time twt10 1 - - 2 - -
Address Setup Time twSA tw-tw•i• 2 - - 2 - -
Address Hold Time fwt1A 1 - - 2 - -
Chip Select Setup Time twscs 1 - - 2 - -
Chip Select Hold Time twt1cs 1 - - 2 - -

Write Disable Time tws - - 5 - - 5 

Write Recovery Time tWll - - 9 - - 12 
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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 Test Condition 

Output Rise Time t. 

Output Fall Time t1 

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;. -2.0V 

3. READ MODE 

IACS 

U.iut 

4. WRITE MODE 

Address 50% 

Din 

Dou! 

RL=50Q 
CL=30pF( includes 
probe and jig 
capacitance) 

80% 

-, 

Address 

Dout 

so%' so% \ _______________ ...// 
lwHD 

$HITACHI 

IAA 

50% 

IWHA 

IWHCS 

IWI 

min typ max Unit 

- 2 - ns 

- 2 - ns 

min typ max Unit 

- 4 - pF 

- 7 - pF 

20% 

1.-11-2.0na 
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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 1 OK 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 "l" 

L H x Dout• Read 

Notes) X : Irrelevant 

* : Read Out Noninvert 

• BLOCK DIAGRAM 

Ao 

A1 .. 
Az .~ l28X 128 

Q Memory Cell 
A3 1! Array 
A, .; 
As 

A, 

•ABSOLUTE MAXIMUM RATINGS ( Ta=25°C) 

Item Symbol Rating Unit 

Supply Voltage VEE to Vee +o.5 to -7.0 v 
Input Voltage v;. +o.5 to VEE v 
Output Current I •• , -30 mA 

Storage Temperature T.,. -65 to +150 ·c 
Storage Temperature T.,.(Bias)* -55 to +125 ·c 

* Under Bias 
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HM10480 

(DG-20) 

HM10480F 

(FG-20) 

•PIN ARRANGEMENT 

(Top View) 



•ELECTRICAL CHARACTERISTICS 

•DC CHARACTERISTICS (VEE= -5.2V, RL=500 to -2.0V, Ta=O to +75°C, air flow exceeding 2m/sec) 

Item Symbol Test Condition 'llin(B) typ max(A) 

o·c -1000 - -840 

VoH +25°C -960 - -810 

+15·c -900 - -720 
Output Voltage V1H - V1H• or V1 LB 

o·c -1870 - -1665 

VoL +25°C -1850 - -1650 

+15·c -1830 - -1625 

o·c -1020 - -
VoHc +25°C -980 - -

+15·c -920 - -
Output Threshold Voltage VIN-V1HB or V1LA 

o·c - - -1645 

VoLc +25°C - - -1630 

+15·c - - -1605 

o·c -1145 - -840 

VIH 
Guaranteed Input Voltage 

+25°C -1105 - -810 
High for All Inputs 

+15·c -720 -1045 -
Input Voltage 

o·c -1870 - -1490 

Vn 
Guaranteed Input Voltage 

+25'C -1850 - -1475 
Low for All Inputs 

+15·c -1830 - -1450 

f1H VIN-VIHA o to +75"C - - 220 

Input Current cs i V1N-V1LB 
0.5 - 170 

In o to +75°C 
Others -50 - -
All Input and Output Open, Ta-o·c -170 -140 -

Supply Current In 
Test Pin 10 Ta-75°C - -130 -

•AC CHARACTERISTICS (VEE= -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 fACS 2 - 10 

Chip Select Recovery Time hes 2 - 10 

Address Access Time t •• 3 15 25 

2. WRITE MODE 

Item Symbol Test Condition min typ max 

Write Pulse Width tw twSA-5ns 25 - -

Data Setup Time twso 5 - -

Data Hold Time twlfo 5 - -

Address Setup Time tws• tw-25ns 5 - -
Address Hold Time fWHA 5 - -
Chip Select Setup Time twscs 5 - -
Chip Select Hold Time fWHCS 5 - -

Write Disable Time tws - - 10 

Write Recovery Time fWR - - 10 

$HITACHI 

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 TIME 

Item Symbol Test Condition 

Output Rise Time t. 

Output Fall Time t1 

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. 

O.OlµF;};. -2.0V 

3. READ MODE 

IACS 

U.iut 

4. WRITE MODE 

Add re as 50% 

Din 

Dout 

314 

RL=50'2 
CL=30pF( includes 
probe and jig 
capacitance) 

-, 

,\ddress 

Dout 

so%' so% 

'~--------------../' ,.,,,0 

$HITACHI 

IAA 

50% 

IWllA 

IWllCS 

"" 

min typ max Unit 

- 2 - ns 

- 2 - ns 

min typ max Unit 

- 4 - pF 

- 7 - pF 

20% 

t.-11-2.0n• 



HM 10480-15,H M 10480-20 Under Development 
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 package, compatible 

with Fairchild's F10480. 

•FEATURES 
• 16,384-words x 1-bit organization 
• Fully compatible with 1 OK ECL level 
• Address access time: HM10480-15 15ns (max) 

HM10480-20 20ns (max) 
• Write pulse width: HM10480-15 15ns (min) 

HM10480-20 20ns (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 "1" 

L H x Dout• Read 

Notes) X : Irrelevant 

* : Read Out Noninvert 

•BLOCK DIAGRAM 

Ao 

A1 

Az -~ !28X 128 

Q Memory Cell 
A3 "2 Array 
A, ~ 

As 

A6 

•ABSOLUTE MAXIMUM RATINGS ( Ta=25°C) 

Item Symbol Rating Unit 

Supply Voltage VEE to Vee +o.5 to -7.0 v 
Input Voltage v.. +o.5 to VEE v 
Output Current 109, -30 mA 

Storage Temperature r .•• -65 to +150 ·c 
Storage Temperature T,,,(Bias)* -55 to +125 ·c 

* Under Bias 

$HITACHI 

(DG-20) 

•PIN ARRANGEMENT 

(Top View) 

Note) 
The specifications of this device are 
subject to change without notice. 
Please contact your nearest Hitachis 
Sales Dept, regarding specifications. 
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•ELECTRICAL CHARACTERISTICS 

•DC CHARACTERISTICS (VEE= -5.2V, RL-500 to -2.0V, Ta==O 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 

+15·c -900 - -720 
Output Voltage V1N-V1HA or VtLB 

o·c -1870 - -1665 

VoL +25"C -1850 - -1650 

+15·c -1830 - -1625 

o·c -1020 - -
VoHc +25°C -980 - -

+15·c -920 - -
Output Threshold Voltage VJN-VtHB or V1LA 

o·c - - -1645 

VoLc +25°C - - -1630 

+15·c - - -1605 

o·c -1145 - -840 

VtH 
Guaranteed Input Voltage 

+25°C -1105 - -810 
High for All Inputs 

+75'C -720 -1045 -
Input Voltage 

o·c -1870 - -1490 

Vn 
Guaranteed Input Voltage 

+25°C -1850 - -1475 
Low for All Inputs 

+15·c -1830 - -1450 

ltH ViN-VtHA 0 to +75'C - - 220 

Input Current cs j V1N-VtLB 
0.5 - 170 

In o to +75°C 
Others -50 - -
All Input and Output Open, Ta-o·c -240 -220 -

Supply Current IEE 
Test Pin 10 Ta-75"C - -200 -

•AC CHARACTERISTICS(VEE=-5.2V ±5%, Ta=O to +75°C, air flow exceeding 2m/sec) 

1. READ MODE 

HM10480-15 HM10480-20 
Item Symbol Test Condition 

min typ max min typ max 
Chip Select Access Time fACS 2 - 8 2 - 10 
Chip Select Recovery Time !Res 2 - 8 2 - 10 
Address Access Time fAA 3 12 15 3 15 20 

2. WRITE MODE 

HM10480-15 HM10480-20 
Item Symbol Test Condition 

min typ max min typ max 
Write Pulse Width tw twsA=2ns 15 - - 20 - -

Data Setup Time t.wsv 3 - - 3 - -

Data Hold Time fWHD 2 - - 2 - -
Address Setup Time twsA tw=tw min 3 - - 3 - -

Address Hold Time fwHA 2 - - 2 - -

Chip Select Setup Time twscs 3 - - 3 - -
Chip Select Hold Time fWHCS 2 - - 2 - -

·Write Disable Time tws - - 8 - - 10 
Write Recovery Time fwR - - 17 - - 22 
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mV 

mV 

µA 
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ns 

ns 

ns 

Unit 

ns 

ns 

ns 

ns 
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3. RISE/FALL TIME 

Item Symbol Test Condition 

Output Rise Time t. 

Output Fall Time t1 

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. 

O.OlµF ;J;. VEf: -2.ov 

3. READ MODE 

l.tcs 

U.>ul 

4. WRITE MODE 

Address 50% 

Din 

Dout 

RL=SOO 
CL=30pF( includes 
probe and jig 
capacitance) 

-, 

Address 

Dout 

so%' 50% 
\ _______________ J/ 

lrr#O 

C!)HITACHI 

IAA 

50% 

lrr#A 

IW#CS 

Irr• 

min typ max Unit 

- 2 - ns 

- 2 - ns 

min typ max Unit 

- 3 - pF 

- 5 - pF 

20% 

1.-11-2.0na 
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HM10484-15,HM10484-20 
4096-word x 4-bit Fully Decoded Random Access Memory Under Development 

The HM10484 is ECL 10K compatible, 4096 words x 4-bit read 
write, random access memory developed for high speed systems such 
as scratch pads and control/buffer storage. The fabrication process is 
the Hitachi's low capacitance U-groove isolation method with double 
metalization. The HM10484 is encapsulated in cerdip-28 pin pack· 
age . 

• 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 Nonivert 

• BLOCK DIAGRAM 

Ai As Ag AIO A11 

Ao 

A1 

Ai 

A, 

A, 

As 

As 

Ci 0 ti 
0 ;; 8 Ci 0 

0 0 0 0 

•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 r ... -65 to +150 ·c 
Storage Temperature T.,. (Bias)• -55 to +125 ·c 
* Under Bias 

318 $HITACHI 

(DG-28A) 

• PIN ARRANGEMENT 

hn 28 Vee 

Dlh 27 DOi 

oo, 26 uo, 

Ao 25 01. 

A1 24 Db 

Ai 23 Dli 

A3 22 DI1 

A, 21 Cs 

As 20 W"Ei 

As 10 19 WE1 

Ai II 18 NC 

As 12 17 NC 

Ao 13 16 A11 

Vu 14 15 AIO 

(Top View) 



•ELECTRICAL CHARACTERISTICS 

e DC CHARACTERISTICS (VEE= -5.2V, Rt==SOO 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 VtN - VtH• or V1L11 o·c -1870 - -1665 

VoL +25'C -1850 - -1650 

+75'C -1830 - -1625 

o·c -1020 - -
VoHc +25'C -980 - -

+75'C -920 - -
Output Threshold Voltage V1N -V1H11 or VtLA o·c - - -1645 

VoLc +25°C - - -1630 

+75'C - - -1605 

o·c -1145 - -840 

VtH 
Guaranteed Input Voltage 

+25'C -1105 - -810 
High for All Inputs 

+75'C -1045 - -720 
Input Voltage o·c -1870 - -1490 

VtL 
Guaranteed Input Voltage 

+25'C -1850 - -1475 
Low for All Inputs 

+75'C -1830 - -1450 

JtH V1N-VtHA 0 to +75'C - - 220 

Input Current cs 1 V1N-VtLB 
0.5 - 170 

ltL 0 to +75'C 
Others -so - -

All Input and Output Open, To-O'C -240 - -
Supply Current In 

Test Pin 10 To-75'C - - -

e AC CHARACTERISTICS (VEE= -5.2V ±5%, Ta-0 to +75°C, air flow exceeding 2m/sec) 

1. READ MODE 

HM10484-15 HM10484-20 
Item Symbol Test Condition 

min typ max min typ max 

Chip Select Access Time tAcs 2 - 8 2 - 10 

Chip Select Recovery Time /Res 2 - 8 2 - 10 

Address Access Time tAA 3 12 15 3 15 20 

2. WRITE MODE 

HM10484-15 HM10484-20 
Item Symbol Test Condition 

min min typ max typ max 

Write Pulse Width tw twsA=2ns 15 - - 20 - -
Data Setup Time /irs1i 3 - - 3 - -
Data Hold Time fWHD 2 - - 2 - -
Address Setup Time twsA tw=tw min 3 - - 3 - -
Address Hold Time fWHA 2 - - 2 - -
Chip Select Setup Time twscs 3 - - 3 - -
Chip Select Hold Time lwHcs 2 - - 2 - -
Write Disable Time tws - - 8 - - 10 

Write Recovery Time fWR - - 17 - - 22 

-HITACHI 

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 TIME 

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 . LOADING CONDITION 2. INPUT PULSE 

Test Circuit 

Vcc(GND) 

Dout 
M.U.T. 

O.Olµf ;:;;. -2.0V 

3. READ MODE 

IAt"S 

l,J.1ut 

4. WRITE MODE 

Addreu 50% 

Din 

o~ul 

320 

RL=S0'2 
CL=30pF( includes 
probe and jig 
capacitance) 

--.... 

Addreu 

Dou1 

so%' so% 
\ / 

~--------------J IWND 

$HITACHI 

IAA 

50% 

, .... 
IWNCS 

, .. , 

min typ max Unit 

- 2 - ns 

- 2 - ns 

min typ max Unit 

- 3 - pF 

- 5 - pF 

20% 

1.-1,-2.0ns 



HM100415,HM100415CC 

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 memory is encapsulated in cerdip-16pin 
package. 

•FEATURES 
• Level ........................... 100K ECL 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 

Notes) X : Irrelevant 
* : Read Out Nonin,·ert 

•BLOCK DIAGRAM 

32XJ2 

Output Mode 

L Not Selected 

L Write "O" 

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 1 ••• -30 mA 

Storage Temperature T •• , -65 to + 150 ·c 
Storage Temperature T.,,(Bias)• -55 to +125 ·c 
* Under Bias 

@HITACHI 

Dou! 

cs 

WE 

Din 

.1:' 

HM100415 

(DG-16A) 

HM100415CC 

• 
(CC-24) 

•PIN ARRANGEMENT 
•HM100415 

(Top View) 

•HM10041 SCC 
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HM100415,HM100415CC·~~~~~~~~~~~~~~~~~~~~~~~~ 

•ELECTRICAL CHARACTERISTICS 

•DC CHARACTERISTICS(VEE=-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 VtLs 

VoL -1810 -1715 -1620 

VoHc -1035 - -
Output Threshold Voltage v .• -VtHB or VtLA 

VoLc - - -1610 

V1H Guaranteed Input Voltage -1165 - -880 
Input Voltage 

High/ Low for All Inputs VIL -1810 - -1475 

IIH V,.-VtHA - - 220 

Input Current l cs 0.5 - 170 
ltL V,.-VtLB l Others -50 - -

Supply Current IEE All Inputs and Outputs Open -200 -150 -

•AC CHARACTERISTICS(he=-4.5V ±5%, Ta=O to +85°C, air flow exceeding 2m/sec) 

1. READ MODE 

Item SymboJ Test Condition min typ max 

Chip Select Access Time fACS - 3 5 

Chip Select Recovery Time hes - 3 5 

Address Access Time fAA - 7 10 

2. WRITE MODE 

Item Symbol Test Condition min typ max 

Write Pulse Width tw twsA-2ns 6 4 -

Data Setup Time twso 2 0 -

Data Hold Time fWHD 2 0 -

Address Setup Time twSA tw-6ns 2 0 -
Address Hold Time fWHA 2 0 -

Chip Select Setup Time twscs 2 0 -

Chip Select Hold Time fWHCS 2 0 -

Write Disable Time tws - 3 5 

Write Recovery Time tw11 - 3 5 

3. RISE/FALL TIME 

Item Symbol Test Condition min typ max 

Output Rise Time t. - 2 -

Output Fall Time t1 - 2 -

4. CAPACITANCE 

Item Symbol Test Condition min typ max 

Input Capacitance c .. - 3 -

Output Capacitance c ... - 5 -
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mV 

mV 

mV 

mV 

mV 

mV 

µA 

µA 
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ns 
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•TEST CIRCUIT AND WAVEFORMS 

1 . LOADING CONDITION 

O.OlµF ;r;. 

Test Circuit 

Vcc(GND) 

M.U.T. 

3. READ MODE 

4. WRITE MODE 

cs 50% 

Dout 

-2.0V RL=500 
CL=30pF( includes 
probe and jig 
capacitance) 

2. INPUT PULSE 

Address - ------------------
Din 

Dout i-----lwscs;----<• 
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HM100422,HM100422F 
HM100422CC 
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 sys1em 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 encapsula1ed in cerdip-24pin package, or 24pin 
flat package compatible with Fairchild's F100422. 

•FEATURES 
• 256-word x 4-bit organizatioo 
• Fully compatible with 100K ECL level 
• Address access time: 1 Ons (max.) 
• Minimum wri1e pulse width: 6ns (min.) 
• Low power dissipation: 0.8mW/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 Noninvert 

•BLOCK DIAGRAM 

Din 

x 

L 

H 

x 

Output 

L 

L 

L 

Dout• 

Y-Decnder/Driver 

Memoryl Cell Arra~ 

256 WordsX4 Bits 

Block 2 Block 3 

Mode 

Not Selected 

Wriie "O" 

Write "I" 

Read 

Block 4 

324 -HITACHI 

HM100422F 

(FG-24) 

HM100422CC 

• (CC-24) 

•PIN ARRANGEMENT 
•HM100422 

•HM100422F 
·"- 'H Al .\I 

ii: 

Ub Ub 

a; jj§ 

uo. uo. 

(Top View) 

•HM100422CC 



----------------------HM100422,HM100422F,HM100422CC 

• 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 / ... --30 mA 

Storage Temperature T.,. -65 to + 150 ·c 
Storage Temperature T ... (Bias)• -55 to +125 ·c 
* Under Bias 

•ELECTRICAL CHARACTERISTICS 
•DC CHARACTERISTICS (VEE= -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 V1Ls 

Vo1. -1810 -1715 -1620 

VoHe -1035 - -
Output Threshold Voltage V,. = V1HB or V,L, 

VoLe - - -1610 

V!H Guaranteed lnp:it Voltage -1165 - -880 
Input Voltage 

High/Low for All Inputs VIL -1810 - -1475 

llH v •• = V1HA - - 220 

Input Current l BS 0.5 - 170 
llL v •• = v/Ls l Others -50 - -

Supply Current IEE All Inputs and Outputs Open -200 -165 -

•AC CHARACTERISTICS (VEE= -4.5V ±5%, Ta=O to +85°C, air flow exceeding 2rn/sec) 

1. READ MODE 

Item Symbol Test Condition min typ max 

Block Select Access Time t ABS - - 5 

Block Select Recovery Time t RBS - - 5 

Address Access Time t AA - 7 10 

2. WRITE MODE 

Item Symbol Test Condition min typ max 

Write Pulse Width tw twsA=2ns 6 4.5 -

Data Setup Time twso 2 0 -
Data Hold Time IWHD 2 0 -

Address Setup Time twsA tw=6ns 2 0 -

Address Hold Time IWHA 2 0 -

Block Select Setup Time twsss 2 0 -

Block Select Hold Time tWHBS 2 0 -

Write Disable Time tws - 4 5 

Write Recovery Time twR - 4.5 9 

3. RISE/FALL TIME 

Item Symbol Test Condition min typ max 

Output Rise Time t. - 2 -

Output Fall Time t1 - 2 -

4. CAPACITANCE 

Item Symbol Test Condition min typ max 

Input Capacitance c .. - 4 -

Output Capacitance c .. , - 7 -

$HITACHI 

Unit 

mV 

mV 

mY 

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,HM100422CC-------------------

• TEST CIRCUIT AND WAVEFORMS 

1 . LOADING CONDITION 
Test Circuit 

Vcc(GND) 

O.Olµf ;J;. 

3. READ MODE 

Dnul 

M.U.T. 

I 
I -----,,I 

t-:1 
4. WRITE MODE 

Addr•" 

llin 

WE 

326 

Dout 

Rt i Ct 

-2.0V 

Rt=50!2 
Ct =30pF( includes 
probe and jig 
capac i lance) 

2. INPUT PULSE 

80% 
I 
I 

: I w 
I/ 

1.-1,-2.0n1 typ 

I 
I 
1----IAA---i 

Dout ________ __,X .... ___ _ 

50''.f. 

$HITACHI 



HM1004?0---------

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 F100470. 

•FEATURES 
• 4096-word x 1-bit organization 
• Full compatible with 100K ECL level 
• Address access time: 25ns(max) 

(DG-18) 

• Write pulse width: 25ns (min) •PIN ARRANGEMENT 
• Output obtainable by wired-OR (open emitter) 
• TRUTH TABLE 

Input 
Output 

cs WE Din 
Mode 

H x x L Not Selected 

L L L 

L L H 

L H x 

Notes) X : Irrelevant 

* : Read Out Nonivert 

•BLOCK DIAGRAM 

.\I) 

. .\; 

64 X64 

Memory Cell 

Array 

L Write "O" 

L Write "l" 

Dout• 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 •• +0.5 to Vu v 
Output Current lo11t -30 mA 

Storage Temperature T.,, -65 to +150 ·c 
Storage Temperature T.,,(Bias)• -55 to +125 ·c 
* Under Bias 

@HITACHI 

(Top View) 

Dnut 

cs 

WE 

llin 
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•ELECTRICAL CHARACTERISTICS 

•DC CHARACTERISTICS (Vu= -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 Vila 

VoL -1810 -1715 -1620 

VoHc -1035 - -
Output Threshold Voltage v .. -ViHB Or Viu 

VoLc - - -1610 

VIH Guaranteed Input Voltage -1165 - -880 
Input Voltage 

High/Low for All Inputs Vil -1810 - -1475 

/1H V,,=V1HA - - 220 

Input Current 1 cs 0.5 - 170 
Ill V .. =VllB l Others -50 - -

Supply Current lu All Inputs and Outputs ~pen --200 -165 -

•AC CHARACTERISTICS (Vu= -4.5V ±5%, Ta=O to +85°C, air flow exceeding 2m/sec) 

1. READ MODE 

Item Symbol Test Condition min typ max Unit 

Chip Select Access Time fACS - - 10 ns 

Chip Select Recovery Time tncs -· - 10 ns 

Address Access Time fAA - - 25 ns 

2. WRITE MODE 

Item Symbol Test Condition min typ max Unit 

Write Pulse Width tw iWAs=3ns 25 - - ns 

Data Setup Time twsD 2 - - ns 

Data Hold Time fwHD 2 - - ns 

Address Setup Time twsA tw=twmin 3 - - ns 

Address Hold Time fwHA 2 - - ns 

Chip Select Setup Time fwscs 2 - - ns 

Chip Select Hold Time fwHCS 2 -· - ns 

Write Disable Time tws - - 10 ns 

Write Recovery Time fwR - - 10 ns 

3. RISE/FALL TIME 

Item Symbol Test Condition min typ max 

Output Rise Time t. -. 2 -

Output Fall Time t1 - 2 -

4. CA PA CIT ANCE 

Item Symbol Test Condition min typ max 

Input Capacitance c .. - 3 -

Output Capacitance C°"' - 5 -
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•TEST CIRCUIT AND WAVEFORMS 

1. LOADING CONDITION 

O.OlµF ;J;. 

3. READ MODE 

4. WRITE MODE 

cs 

Address 

Din 

Dout 

Test Circuit 

Vcc(GND) 

M.U.T. 

Vu 

50% 

Dout 

-2.ov RL=50Q 
CL=30pF( includes 
probe and j ig 
capacitance) 

----.1•·scs---~ 

2. INPUT PULSE 

-o.v=<l 
-l.7V 

1. 

$HITACHI 

~ 20''1, 

If 

1.=11=2.0ns typ 
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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 
flat24pin package, compatible with Fairchild's F100474. 

•FEATURES 
• 1024-word x 4-bit organization 
• Fully compatible with 100K ECL level 
• Address access time: HM100474/F 25ns(max) 

• Write pulse width: HM100474/F 25ns(min) 

• Output obtainble by wired-OR (open emitter) 

• TRUTH TABLE 

Input 

HM100474F 

(DG-24Al 

(FG-24) 

cs WE Din 

H x x 

Output 

L Not 

Mode 

Selected 

•PIN ARRANGEMENT 

•HM100474 

L L L L Write "O" 

L L H L Write "1" 

L H x Dout• Read 

Notes) x : Irrelevant 

• : Read Out Nonivert 

•BLOCK DIAGRAM 

(Top View) 

•HM100474F 
A9 A7 ~·££ A• 

0 
Q 

WE 
•ABSOLUTE MAXIMUM RATINGS (Ta=25°C) 

cs 
Item Symbol Rating Unit 

Supply Voltage VE£ to Vee +0.5 to -7.0 v Uli 

Input Voltage v •• +0.5 to VE£ v ui, 

Output Current Jo•t -30 mA Uh 

Storage Temperature T .. , -65 to +150 ·c u1. 
Storage Temperature T .. ,(Bias)• -55 to +125 ·c 

• Under Bias uo, uo, ~·cc Vee• DO, 
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A, 

A, 

A, 

A1 

Ao 
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HM100474, HM100474F 

•ELECTRICAL CHARACTERISTICS 

e DC CHARACTERISTICS (VEE= -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 .. = V1H• or V1Ls 

VoL -1810 - 1715 -1620 

VoHc -1035 - -
Output Threshold Voltage v .. -v,Hs or v,L. 

Vo Le - - -1610 

V!H Guaranteed Input Voltage -1165 - -880 
Input Voltage 

High/Low for All Inputs VIL -1810 - -1475 

f1H V .. =V1HA - - 220 

Input Current l cs 0.5 - 170 
f1L V .. =V1LB J Others -50 - -

Supply Current [EE All Inputs and Outputs Open -200 -165 -

•AC CHARACTERISTICS (VEE= -4.5V ±5%, Ta=O to +85°C, air flow exceeding 2m/sec) 

1. READ MODE 

HM100474/F 
Item Symbol Test Condition Unit 

min typ max 

Chip Select Access Time t ACS - - 10 ns 

Chip Select Recovery Time t RCS - - 10 ns 

Address Access Time t AA - 15 25 ns 

2. WRITE MOOE 

HM100474/F 
Item Symbol Test Condition Unit 

min typ max 

Write Pulse Width tw twsA=3ns 25 15 - ns 

Data Setup Time t WSD 2 - - ns 

Data Hold Time t WHD 2 - - ns 

Address Setup Time t WSA tw=twmin 3 - - ns 

Address Hold Time t WHA 2 - - ns 

Chip Select Setup Time t wscs 2 - - ns 

Chip Select Hold Time t WHCS 2 - - ns 

Write Disable Time t ws - - 10 ns 

Write Recovery Time f wR - - 27 ns 

3. RISE/FALL TIME 

Item Symbol Test Condition min typ max 

Output Rise Time t, - 2 -

Output Fall Time t1 - 2 -

4. CAPACITANCE 

Item Symbol Test Condition min typ max 

Input Capacitance c •. - 4 -

Output Capacitance Cowr - 7 -

eHITACHI 

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 2. INPUT PULSE 
Test Circuit 

Vcc(GND) 

M.U.T. 

0.0lµF * Vu 

3. READ MODE 

IACS 

lJout 

1. 

4. WRITE MODE 

Address 50% 

!Jin 

llout 

332 

Dout 

-2.0Y Ri=50Q 

-, 

Ci=30pF( includes 
probe and jig 
capacitance) 

If 

-1.7V 

W%' W% 

'~--------------J' lfrND 

$HITACHI 

tWHA 

I 
I I 

I I 
1---1 
I 1, I 

50% 

IWNCS 

lfr~ 

20% 

1,=11=2.5ns 



200 

180 

< 
E 160 .. .. 
c: 140 

0 
l 120 

100 

SUPPLY CURRENT vs. 
AMBIENT TEMPERATURE 

~ 
~ 
~ 
~ 

"""" 

80 
-20 

Vu=-l50V 

20 40 60 80 

Ambient Temperature Ta ("C) 

ADDRESS ACCESS TIME 
vs. AMBIENT TEMPERATURE 

30 

25 

- 20 

., 
< 

15 

10 

0 
-20 

l--
Vui-4.50V 

20 40 60 80 

Ambient Temperature Ta ("Cl 

CHIP SELECT ACCESS TIME 
vs. AMBIENT TEMPERATURE 

Vu=-4.SOV 

20 40 60 80 

Ambient Temperature Ta ('C) 

100 

100 

100 

200 

180 

<( 

~ 160 

"' .. 
c: 140 

u 

l 120 

100 

80 

30 

25 

-
- 20 

E 
i,: 

15 

<( 

10 

:g 
<( 

12 

SUPPLY CURRENT vs. 
SUPPLY VOLTAGE 

-t--
--...&..... 

Ta=25"C 

-

-4.95 -4.50 -4.05 

Supply Voltage Vu (V) 

ADDRESS ACCESS Tl ME 
vs. SUPPLY VOLTAGE 

-
Ta=25"C 

-4.95 -4.50 -4.05 

Supply Voltage Vu (V) 

CHIP SELECT ACCESS TIME 
vs. SUPPLY VOLTAGE 

101----+----<...._--+---1---+---I 

Ta=25"C 

-4.95 -4.50 -4.05 

Supply Voltage VE£ ( V) 
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HM1004 74, HM100474F-----------------------

c 

! ..., 

"" ii .. 
0.. .. 
~ 

334 

WRITE PULSE WIDTH vs. 
AMBIENT TEMPERATURE 

30.-----r----.--~--.---"T'"--..., 

25~-+----+-----+--+----+---I 

20 

15 -
10 

Vu=-4.SOV 

0 
-20 20 40 60 80 100 

Ambient Temperature Ta ("C) 

WRITE PULSE WIDTH vs. 
SUPPLY VOLTAGE 

251----+----+----+--i--+---I 

! 20 

"" ii 151---..... ---+-~-t~--r---"t""--~ 

~ 
.. 10~-+---+----+--t---+--~ 

; Ta=25"C 

-4.95 -4.50 -4.05 

Supply Voltage VEE (V) 

@HITACHI 



HM100480, HM100480F 
16, 384-words x 1-bit Fully Decoded Random Access Memory 

The HM100480 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 low capacitance, oxide 
isolation method with double metalization. 
The HM 100480 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: 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" 

HM100480 

HM100480F 

'(DG-20) 

(FG-20) 

L H x Dout• Read •PIN ARRANGEMENT 
Notes) X : irrelevant 

* : Read Out Noninvert 

•BLOCK DIAGRAM 

Ao 

A1 

A2 -~ 128X 128 

Q Memory Cell 
A3 -e Array 
A, ~ 

As 

A6 

(Top View) 

•ABSOLUTE MAXIMUM RATINGS ( Ta=25°C) 

Item Symbol Rating Unit 

Supply Voltage VEE to Vee +0.5 to -7.0 v 
Input Voltage v;. +o. 5 to VEE v 
Output Current I°"' -30 mA 

Storage Temperature T.,. -65 to +150 ·c 
Storage Temperature T,,,(Bias)* -55 to +125 ·c 

* Under Bias 
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•ABSOLUTE MAXIMUM RATINGS (Ta=25°C) 

Item Symbol Rating Unit 

Supply Voltage ViiE 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.,,(Bias)• -55 to +125 ·c 

* Under Bias 

•ELECTRICAL CHARACTERISTICS 

•DC CHARACTERISTICS(VEE=-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;.= VrH .. or VILs 

VoL -1810 -1715 -1620 

Vo He -'-1035 - -
Output Threshold Voltage vi.- VrHB or VILA 

Vo Le - - -1610 

Vrn Guaranteed Input Voltage -1165 - -880 
Input Voltage 

High/Low for All Input VIL -1810 - -1475 

frH V;,-VrHA - - 220 

Input Current lcs 0.5 - 170 
[IL V;.- VrLB J Others -50 - -

Supply Current fEE All Inputs and Outputs Open -200 -165 -

•AC CHARACTERISTICS (VEE=-4.5V±5%, Ta=O to +85°C, air flow exceeding 2m/sec) 

1. READ MODE 

Item Symbol Test Condition min typ max 

Chip Select Access Time t..cs 2 - 10 

Chip Select Recovery Time tReS 2 - 10 

Address Access Time t .... 3 - 25 

2 . WRITE MODE 

Item Symbol Test Condition min typ max 

Write Pulse Width tw tws.. = 5ns 25 - -

Data Setup Time twsn 5 - -

Data Hold Time twHD 5 - -

Address Setup Time tws .. tw=twmin 5 - -

Address Hold Time twHA 5 - -

Chip Select Setup Time twses 5 - -

Chip Select Hold Time twHeS - - 5 

Write Disable Time tws - - 10 

Write Recovery Time twR - - 10 
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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 



3. RISE IF ALL TIME 

Item Symbol 

Output Rise Time t, 

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. 

O.OlµF ;J;. 

3. READ MODE 

4. WRITE MODE 

Dout 

-2.ov 

RL=50Q 
CL=30pF( includes 
probe and jig 
capacitance) 

Test Condition 

Test Condition 

2. INPUT PULSE 

cs soc,;, ----------- - - - - - ------- ---

Address 

Din 

WE 

Dout 

50% 

-, 
50% 

-----tw·scs------<-

$HITACHI 

min typ max Unit 

- 2 - ns 

- 2 - ns 

min typ max Unit 

- 3 - pF 

- 5 - pF 

t.=t1=Z.Ons typ 
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HM100480-15,HM100480-20 
16, 384-words x 1-bit Fully Decoded Random Access Memory Under Development 
The HM100480 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 low capacitance, oxide 
isolation method with double metalization. 
The HM100480 is encapsulated in cerdip-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: HM100480-15 

• Write pulse width: 
HM100480-20 
HM 100480-15 
HM100480-20 

• Low power dissipation: 0.06mW/bit 

15ns (max) 
20ns (max) 
15ns (min) 
20ns (min) 

• Output obtainable by wired-OR (open emitter) 

•TRUTH TABLE 

Input 

cs WE Din 
Output Mode 

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 

Ao 

At 

A2 -~ 128X 128 
Q Memory Cell 

A3 1! Array 
A1 ~ 

As 

A& 

•ABSOLUTE MAXIMUM RATINGS ( Ta=25°C) 

Item Symbol Rating 

Supply Voltage VEE to Vee +o.5 to -7.0 

Input Voltage v.. +o. 5 to VEE 

Output Current I •• , -30 

Storage Temperature T,., -65 to +150 

Storage Temperature T, .. (Bias)* -55 to +125 

* Under Bias 

Unit 

v 
v 

mA 

·c 
·c 
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•PIN ARRANGEMENT 

(Top View) 



•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 lovt -30 mA 

Storage Temperature T.,, -65 to +150 ·c 
Storage Temperature T,,,(Bias)• -55 to +125 ·c 

* Under Bias 

•ELECTRICAL CHARACTERISTICS 

•DC CHARACTERISTICS(VEE=-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) Unit 

VoH -1025 -955 -880 mV 
Output Voltage V..= ViHA or VILs 

VoL -1810 -1715 -1620 mV 

Vo He -1035 - - mV 
Output Threshold Voltage v,.= VIHB or ViLA 

Vo Le - - -1610 mV 

VIH Guaranteed Input Voltage -1165 - -880 mV 
Input Voltage 

High/Low for All Input VIL -1810 - -1475 mV 

lrH v,.= v!HA - - 220 µA 

Input Current l cs 0.5 - 170 
[IL v •• = vILs j Others 

µA 
-50 - -

Supply Current hE All Inputs and Outputs Open -200 - - mA 

•AC CHARACTERISTICS (VEE=-4.5V±5%, Ta=O to +85°C, air flow exceeding 2m/sec) 

1 READ MODE 
HM100480-15 HM100480-20 

Item Symbol Test Condition Unit 
min typ max min typ max 

Chip Select Access Time tAcs 2 - 8 2 - 10 ns 

Chip Select Recovery Time tRcs 2 - 8 2 - 10 ns 

Address Access Time tAA 3 - 15 3 - 20 ns 

2. WRITE MODE 
HM100480-15 HM100480-20 

Unit Item Symbol Test Condition 
min typ max min typ max 

Write Pulse Width tw twsA = 3ns 15 - - 20 - - ns 

Data Setup Time twsv 3 - - 3 - - ns 
Data Hold Time twHD 2 - - 2 - - ns 
Address Setup Time twsA tw= twmin 3 - - 3 - - ns 
Address Hold Time twHA 2 - - 2 - - ns 

Chip Select Setup Time twscs 3 - - 3 - - ns 

Chip Select Hold Time twHCS 2 - - 2 - - ns 

Write Disable Time tws - - 8 - - 10 ns 

Write Recovery Time twR - - 17 - - 22 ns 
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3. RISE/FALL TIME 

Item Symbol 

Output Rise Time t, 

Output Fall Time t1 

4. CAPACITANCE 

Item Symbol 

Input Capacitance c .. 
Output Capacitance Co.r 

•TEST CIRCUIT AND WAVEFORMS 

1. LOADING CONDITION. 

Test Circuit 

Vcc(GND) 

M.U.T. 

O.OlµF ;J;. Vu 

3. READ MODE 

4. WRITE MODE 

cs 

Address 

Din 

WE 

Dout 

50% 

Dout 

-2.0V 

50% 

RL=50Q 
CL=30pF(includes 
probe and jig 
capacitance) 

----tM'SCs-----4~ 

Test Condition 

Test Condition 

2. INPUT PULSE 

~'"=rt 
-J.7V 

t. 
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min typ max Unit 

- 2 - ns 

- 2 - ns 

min typ max Unit 

- 3 - pF 

- 5 - pF 

~ 20% 

It 

t. =11=2.0ns typ 



HM100484-15,HM100484-20 
4096-word 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. The fabrication 
process is the Hitachi's low capacitance U-groove isolation method 
with double metalization. The HM100484 is encapsulated in cerdip 
-28 pin package. 

•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 Nonivert 

• BLOCK DIAGRAM 

A' A10 A11 

0 g c 0 0 
c 
c - c:. 

• 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 [,., -30 mA 

Storage Temperature T.,. -65 to +150 ·c 
Storage Temperature T,,,(BiasJ• -55 to +125 ·c 
* Under Bias 

$HITACHI 

Under Development 

(DG-28A) 

• PIN ARRANGEMENT 

\'ccA 28 Vee 

D<h D02 

I)(), 26 DU1 

Ao 25 DI, 

A1 24 Db 

Az 23 IJ!i 

A, DI I 

A, 21 cs 
As WE2 

A• IO WE1 

A2 II NC 

As 12 17 NC 

A' 13 A11 

VEE 14 A10 

(Top View) 
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•ELECTRICAL CHARACTERISTICS 

e DC CHARACTERISTICS (VEE= -4.SV, 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 V1LB 

VoL -1810 -1715 -1620 

VoHc -1035 - -
Output Threshold Voltage v •• = V1HB or ViLA 

VoLc - - -1610 

VIH Guaranteed Input Voltage -1165 - -880 
Input Voltage 

High/Low for All Inputs -1475 VIL -1810 -

IIH V •• =V1HA - - 220 

Input Current 1 cs 0.5 - 170 
Ill v,.= v/Ls J Others -50 - -

Supply Current lu All Inputs and Outputs Open -240 - -

•AC CHARACTERISTICS (VEE= -4.SV ±5%, Ta=O to +85°C, air flow exceeding 2m/sec) 

1. READ MODE 

HM100484-15 HM100484-20 
Item Symbol Test Condition 

min typ max min typ max 

Chip Select Access Time t ACS - - 8 - - 10 

Chip Select Recovery Time t RCS - - 8 - - 10 

Address Access Time f AA - - 15 - - 20 

2. WRITE MOOE 

HM100484/15 HM100484-20 
Item Symbol Test Condition 

min typ max min typ max 

Write Pulse Width tw twsA=3ns 15 - - 20 - -
Data Setup Time t WSD 3 - - 3 - -
Data Hold Time f wHD 2 - - 2 - -
Address Setup Time t WSA tw=twmin 3 - - 3 - -

Address Hold Time f wHA 2 - - 2 - -

Chip Select Setup Time t WSCS 3 - - 3 - -

Chip Select Hold Time t WHCS 2 - - 2 - -

Write Disable Time tws - - 8 - - 10 

Write Recovery Time f wR - - 17 - - 22 

3. "RISE/FALL TIME 

Item Symbol Test Condition min typ max 

Output Rise Time t, - 2 -
Output Fall Time t1 - 2 -

4. CAPACITANCE 

Item Symbol Test Condition min typ max 

Input Capacitance c .. - 3 -

Output Capacitance Cour - 5 -
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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 



---------------------------- HM100484-15, HM100484-20 

•TEST CIRCUIT AND WAVEFORMS 

1. LOADING CONDITION 

Test Circuit 

Vcc(GND) 

M.U.T. 

0.0lµF J;. 

3. READ MODE 

t.ACS 

llout 

t. 

4. WRITE MODE 

Address 50% 

Uin 

llout 

Dout 

-2.0V Ri=50Q 
Ci=30pF( includes 
probe and i ig 
capacitance) 

If 

2. INPUT PULSE 

-l.7V I 
I I 

I I 
1----1 
I t, I 

50% 

~HITACHI 

20% 

1,=t1=2.5ns 
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