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When using this manual, the reader should keep the following in mind:
1. This manual may, wholly or partially, be subject to change without notice.

2. All rights reserved: No one is permitted to reproduce or duplicate, in any
form, the whole or part of this manual without Hitachi’s permission.

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

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




BQUICK REFERENCE GUIDE TO HITACHI IC MEMORIES

EMOS RAM
Total Organization | Access | Cycle | Supply | Power Package?
Mode Bit Type No. Process| (word Time | Time |Voltage|Dissipation Pin Page
X bit) |(ns)max|(ns)min| (V) (W) No. |CG| G | P |FP|SP
HM6116-2 S 120 | 120 0.1m/0.2 YOI00 65
HM6116-3 150 | 150 o000 65
0.1m/0.18
HM6116-4 200 200 000 65
HMS6116L-2 120 120 2014/0.18 o0 O 80
HM6116L-3 150 150 20u5/0.16 o0 0 80
HM6116L-4 200 200 o0 e 80
HM6116A-12 120 120 [ ] [ ) 98
HM6116A-15 2048 X8 150 159 0.1m/15m 24 [ ] [ ] 98
HM6116A-20 200 200 [ ] [ ) 98
HM6116AL-12 120 | 120 o e 1w
HM6116AL-15 150 150 5u/10m [ ] [ ) 102
) . | HM6116AL-20 200 | 200 Y o 1012
Static | 16k-bit HM61173 CMOS 150 150 +5 o102 D) 106
HMS6117-4 200 200 [ 1K ) 106
HM6117L-3 150 | 150 104/0.18 ) 116
HM6117L-4 200 200 [ 3K ] 116
HMS6168H-45 45 45 K ) 128
HM6168H-55 55 55 0.1m/0.25 o0 128
HMS6168H-70 10964 70 70 % o0 128
HM6168HL-45 45 45 [ ) 132
HM6168HL-55 55 55 5u/0.25 [ ) 132
HMS6168HL-70 70 70 [ ] 132
HM6167 70 70 [ 1K ] 137
HM6167-6 85 85 0.1m/0.15 o0 137
HM6167-8 100 | 100 o0 137
HM6167L 70 70 [ ] 143
HM6167L-6 85 85 541/0.15 [ ] 143
HM6167L-8 100 100 [ ] 143
HMS6167H-45 45 45 00 147
HMG167H 55 163841 o5 = 0.1m/0.2 20 o0 o v
HM6167HL-45 45 45 5/02 [ ] 158
HM6167HL-55 55 55 ’ [ ] 158
HM6267-35** 35 35 [ ] 162
HM6267-45"" 45 45 0.1m/0.25 [) 162
~ (continued)
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Total Organization | Access| Cycle | Supply | Power Package*
Mode Bt Type No. Process{ (Word | Time | Time |Voltage|Dissipation i Page
1 n
X bit) |(ns)max|(ns)min| (V) (W) No. CG|{ G | P |FP|SP
HM6264-10 100 | 100 ) 166
HM6264-12 120 | 120 0.1m/0.2 o0 166
4- 0 0 16
HM6264-15 g102x8 |2 15 28 X0 6
HM6264L-10 100 | 100 ) 176
) | HM6264L-12 120 | 120 104/0.2 ) 176
Static | 64k-bit CcM 5
atie " "HM6264L15 0s 150 | 150 * Y 176
HM6287-55* 55 55 o ) 188
0.1m/0.3
HM6287-70* 655361 L7 70 ) ® 188
HM6287L-55* 55 55 10403 ) 189
HM6287L-70* 70 70 e ° 189
Psude .| HM65256-15* 150 | 150 [ 190
1€ 1 956Kk-bit CMOS | 32768 X8 +5 | 7m/03 28
Static " HMe5256.20" 200 200 w/ () 190
HM48416A-12 120 | 230 ® 192
HM48416A-15 16384x4{ 150 | 260 20m/0.3 | 18 ) 192
HM48416A-20 200 | 330 [ 192
HM4864-2 150 | 270 Y 199
64k-bit 20m/0.33
" "HM4864-3 200 | 335 w/ 0 199
HM4864A-12 655361 | 120 | 220 00 209
. HM4864A-15 150 260 20m/0.25 00 209
D NMOS +5
ynamiq HM4864A-20 200 | 330 o0 0 209
HM50256-12 120 | 220 16 ole 219
HM50256-15 150 | 260 20m/0.35 Y0 219
HM50256-20 200 | 330 1) 219
256k-bit 262144 X 1
N HM50257-12 120 | 220 ) 226
HM50257-15 150 | 260 20m/0.35 o0 226
HM50257-20 200 | 330 D) 226

¢ Under development +» Preliminary
t The package codes of CG, G, P. FP and S’ are applied to the package 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

~HMB6116LP / LFP Series : 10«W
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EMOS ROM

Total Organization| Access | Supply | Power Package t
Mode . Type No. Process| (Word Time |Voltage|Dissipatic - Page
Bit ) Pin) clg|p|Fp
X bit) | (ns)max | (V) (W) ! No.
HN61364 250 s o ® o
HN61364H++ 200 ® 236
64k-bit 81928 5./50
" 'HN61365 250 /50m " ° 237
HN61366 250 ® 239
HN613128 250 ® 241
Mask 128k-bit CMOS | 16384x8 54/50
as bt NG 13128H+ o 200 ] 5 | Sw/50m ® 243
HN61256 reaxsor| 3500 5u/7.5m 2 ® 0 244
256k-bit | HN613256 250 0 246
327688 50
HN613256H+~ 200 5u/50m ) 248
1M-bit | HN62301++ 131072 %8| 350 2m/75m ® 249
HN482732A-20 200 ° 254
32k-bit | HN482732A-25 4096x8 | 250 0.18/0.8 | 24 M 254
HN482732A-30 254
NMOS 300 L J
HN482764 250 ® 258
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 o 267
€MOS +5 |055m/0.17
& Electrically HN27C64.25 MO 250 S/ M) 267
HN27C64-30 300 28 M 267
HN4827128-25 250 ° 272
128k-bit | HN4827128-30 16384x8 | 300 0.18/0.53 M 272
HN4827128-45 | NMOS 450 ) 272
| HN27256-25 250 ® 280
256k-bit x 0.22/0.55
HN27256-30 " 827688 55 / ® 280
One Time bakbit | HNag27643 | - [s1oex8 | a00 | (018055 ® 263
Electrically 128k-bit | HN4827128-30°" 16384x8 | 300 0.18/0.53 M) 276
Electrically HN58064-25%* 250 ® 284
Erasable & 64k-bit | HN58064-30°* | NMOS | 8192x8 | 300 | +5 {0.22/055| 28 ) 284
Programmable HN58064-45"" 450 ® 284

+ Under development

*s 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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HEBIPOLAR RAM

Total (?rganiza- At{cess Supply .P<‘)we1" Package t ’ Replace-
Level Bit Type No. tion Output Time | Voltage |Dissipation B ment Page
i n
(word xbit) @omax | (V) | mW/bit) |No| F | G|CC
M10414 10414
256 HM10 256 X1 10 2.8 L J F104 290
HM10414.1 8 o 290
HM2110 35 05 16 [ ) F10415 294
HM2110-1 25 ’ [ ] F10415A 294
1024 X1
HM2112 10 [ ] 298
1K 0.8
HM2112-1 8 [ ) 298
M 1 . F10422 0!
HM10422 9564 0 0.8 24 [ ] 303
HM10422-7 7 1.0 [ ] 308
HM10470 25 02 [ ] F10470 311
- : 1 11
ECL HM10470-1 10961 15 8 [ ) 3
10K HM10470-20 20 —52 0.25 [ ] 316
1K HM2142 10 0.3 20 [ ] 319
HM10474 25 0.2 [ ) F10474 322
HM10474-8+ 8 [ ] 327
X 0. 24
HM10474-10+ 10244 o 10 3 ( ] 327
n
HM10480 . ':ter % 0.05 @@ |Fom 330
HM10480-15+ | 16384 X1 m 15 0.06 20 [ ] 333
16K HM10480-20+ 20 ’ [ ] 333
HM10484-15+ 15 [ ] 336
4096 X 4 0.06 28
HM10484-20* 20 [ ] 336
1K HM100415 1024 X1 10 0.6 16 @ @ Fl00415 339
HM100422 256 X4 10 0.8 24 @ | @ | F100422 342
HM100470 4096 <1 25 0.2 18 [ ] F100470 345
4K HM100474 1024 x4 25 _‘4 5 0.2 4| 9@ F100474 348
ECL HM100480 25 ' 0.05 o0 F100480 353
100K HM100480-15* | 16384 X1 15 0.06 20 [ ] 356
16K HM100480-20* 20 ’ [ ] 356
HM100484-15 4096 % 4 15 0.06 28 o 359
HM100484-20* 20 [ ] 359
« Under development
1 The packagecodes of F.G and CC are applied to the packge materials as follows.
F ! Flat Package, G : Cerdip, CC : Ceramic Leadless Chip Carrier
G rHitacH n




M PACKAGE INFORMATION (Dimensions in mm)

@ Dual-in-line Plastic
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Package Information

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
pp.1g | HM6148HP-35, HM6148HP-45, HM6148HP-55, HM6148HLP-35, HM6148HLP-45, HM6148HLP-55, HM6147HP-35,
HMB6147HP-45,HM6147HP-55HM6147HLP-35 HM6147HLP-45,HM6147HLP-55, HM48416AP-12, HM48416 AP- 15, HM48416 A P-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
HMS6116P-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, HN613256 HP, HN62301P, HIN482764P-3,
HN4827128P-30, HN58064P-25, HN58064P-30, HN58064P-45
® CERDIP
5.06 2.8m
® DG-16 65+ —"—“—l_OT; ® DG-16A AL
L.omin -
El $ S ]
L b= 3 -
h~ g 5
' 1} g z i
1P
i U
RE .
r_ 762~ .4»8;5110'387"i"
— = R
|
o~ 1: 0.20~0.38

¢ DG-16B

o DG-18
i
116

e

s

S
XL EXINY

LN

5
1
3
M
i

T2
T4

5

254min

0, 38min
—
i
i

g D2~ —t g

(to be continued)
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Package Information

® DG-20

5 08may 2.5 4mir ® DG-24
L

132

7
i

URLPNING

(‘.3!\?\!\
ba—ebaed 2 4 mity
Xmax

® DG-24A f“"“‘] -T"“ 28mn  ® DG-24B

T0.1 234 20,25

0.48

3175

® DG-28A

83
1
0.48+0.1

1.3
&
| I 01§
2513025

[

LY VY.V

NABHBEH S

38min
5 59man 2.54min.
0.20~0.36
Applicable ICs
DG-16 HM10414, HM10414-1
DG-16A | HM2110, HM2110-1, HM2112, HM2112-1, HM100415 .
DG-16B HM4864-2, HM4864-3, HM4864A-12, 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, HM 10470, 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 HMé6116-2, 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 HNA482764G, HN482764G-2, HN482764G-3, HN27C64G-15, HN27C64G-20, HN27C64G-25, HN27C64G-30, HN482718G-25,
HN4827128G-30, HN4827128G-45, HN27256G-25, HN27256G-30
DG-28A | HM10484-15, HM10484-20, HM100484-15, HM100484.20
14 G HITACHI



o Surface Mount Packages

Package Information

® FP-24

® FP-54

® FG-24

15.80(Including End Flash)
@~y
) nulg 1

.915( Including End Flash)

e FP-28

5 Umax

(Miss masching of base and cap}

® Applicable ICs

HM6116FP-2, HM6116FP-3, HM6116FP-4,
_ Fp-24 | HMBLI6LFP-2, HM6116LFP-3, HMG116LFP-4,
HMB117FP-3, HM6117FP-4, HM6117LFP-3,
HM§117LFP-4
Fp-54 | HN61364FP, HN613128FP, HN61256FP,
I k| B HN613256FP
i e ${.. FG-20| HM10480F, HM100480F
Ty B £ - F, HM100474F,
T e 1o _FG-24 HM100422F, \

@ HITACHI
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Package’ Information

® Surface Mount Packages

¢ CC-24 ® CG-18

1080£0.38]

.38}

! 3-Ru3
3-Ko.2
M-C0.5
¢ CG-20 ®CG-22 - 1245403 ~cos
1080, -
g 2
z ~
3 ! RO.3
« 3-Ros
4 | i 1
3 S
[Franaea
: 22 %J f
E]’ ooz L
= = =k
k i o 1
T Cus
® CG-32 ® Applicable ICs
1143 CC-24 | HM100415CC, HM100422CC
1083 HM4864ACG-12, HM4864ACG-15
”‘ CG-18 | 11M4864ACG-20
| CG-20 | HM6167HCG-45, HM6167HCG-55
. CG-22 | HM6287CG-55, HM6287CG-70
B ——ty
CG-32 HM6116CG-2, HM6116CG-55
HM6116CG-4
|
X
Ll
=3
4
-
e
26
Pr—
N
n
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B 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 LS| 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 1C Memories

. . NMOS, CMOS
cpr g Bipolar memory Bipolar memory NMOS memory Torie: NMOS memory
Classification (RAM) (PROM) (Dynamic RAM) (S‘::{::l l{}Aii) (PROM)
But‘ferlmemory, Mi t Mai f computer For
inats control memor icrocomputer ain memory o y ¢

Application of high-speed Y control usg' microcomputer memory g(‘)':;:’::) mputer
computer

Example of

basic cell

circuit

IC memory chips are produced in Ceramic, Cerdip, and
Plastic packages. Leadiess 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

® Table 2 Examples of IC Memory Package Outlines

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.

® Cerdip
® 16 pin

® 18 Pin

® 20 Pin

® 24 Pin

O HITACHI 7




Reliability of Hitachi IC Memories

® 24 Pin with Lid ® 28 Pin with Lid

& Piastic DIP

® 16 Pin ® 18 Pin ® 20 Pin ® 24 Pin

® 24 Pin ® 28 Pin

m Leadless Chip Carrier
® 18 Pin ® 20 Pin ® 24 Pin @ 32 Pin

= SOP
® 24 Pin © 28 Pin

18 A HITACHI



2. RELIABILITY DATA

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-

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

Reliability of Hitachi IC Memories

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

HM10470 Cerdip HM100422 (Chip Carrier)
t i t conditi Total . Total .
Test item Test condition Samples | component | Failures Fa‘tl:,ie Samples | component | Failures F:’tlgfe
hours ra hours I
T, =125°C CH. 1/hr
VEg =-5.2V 125 4.0x10° 0 |23x10°| - ~ - -
(HM10470)
High- To = 150°C
temperature a
(Operating) | VEE=-5.2V |
(HM10470) 80 2.7x10° 0 3.4x10°¢ 40 4x10* 0 2.3x10°%
Vee =-5.0V
(HM100422)
High- T, =200°C 27 2.7x10* 0 3.4x10°8 40 4x10* 2.3x10"°%
temperature
storage Ty =295°C 20 2.0x10° 0 4.6x10"° 40 4x10% 0 2.3x10°%
* 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
X 1500G, 0.5ms,
Mechanical shock Three times each for X, Y and Z 30 0 60 0
: 100 ~ 2000Hz, 20G
Variable frequency Three times each for X, Y and Z 40 0 60 0
Constant-acceleration 20000G, 1 minute, each for X, Yand 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

® Table 5 Results on MOS Memory Reliability Test (1)

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

HM50256 (Ceramic) HN4827128G (Cerdip)
i Test Total - - Total . . Remarks
Test item oy Sam- Fail- | Failure | Sam- Fail- | Failure
Condition ples °°'}'l‘gl?:;e"t ures | rate* ples corlx:ggxx;ent ures | rate*
T,=125°C I/hr 1/hr
Vec=55V | - - - - 100 | 1.0x105 | 0 | 9.2x10°¢
. toye = 3us
glr%n};erature Tq=1507C Oxide
dynamic Vcci8;//7V 723 | 144x10¢ | 7 | 5.8x107 | — - - - failurex7
operation leye = “os
Tg=125C Oxide
Vee=8V/7V | 2920 | 1.12x10° 2 2.8x10°¢ - - - - failure x 2
toye = 3us
* Estimated failure rate with confidence level 60%.
G HITACHI 19
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® Table 6 Results on MOS Memory Reliability Tests (2)

HM4864 AP (Plastic) HM6264P (Plastic)
) Test Total . . Total : : Remarks
Test item i Sam- Fail- | Failure | Sam- Fail- Failure
condition ples coxltllgg:lsent ures rate* ples cor]x:gl(l);ent ures rate*
T, =150°C I/hf 1/hr
High- Vec=1v | 173 | 173x10° | 0 | 13x10° | - - - -
temperature | feyc = 3us
dynamjc Ty=125°C Isolation
operation Vee=1V 173 1.73x10° 0 1.3x10°¢ | 774 | 8.4x10° 2 3.7x107¢ | ‘failurex 1
toye = 3us Defective
. crystalx 1
High-temper- T, =85°C
ature and RH = 85% 177 | 1.77x10° | 0 | 5.2x107¢ | 304 3x10° 0 3x10°¢
high-humi- Vee = 5.5V
dity bias cc >
Pr. T, = 121°C
essure RH = 85% 22 1.1x10* 0 8.4x10°° 55 | 2.2x10° 0 4.2x107°%
cooker
storage
* Estimated failure rate with confidence level 60%.
® Table 7 Results on MOS Memory Reliability Tests (3)
Test I'Eﬁigf’f)ﬁ fg :}gg’) HM6116P | HM6116FP LcC
Test item condition Sam- | Fail- | Sam- | Fail- | Sam- | Fail- [ Sam- | Fail- | Sam- | Fail- Remarks
ples | ures | ples | ures | ples ures | ples | ures | ples | ures
Temperature | -55°C~+150°C
cycling 10 cycles 386 0 775 0 | 5462 0 |1838 0 860 0
Temperature | -55°C~+150°C
cycling 1000 cycles 116 0 250 100 0 90 0* | 445 0 | *500 cycles
Thermal -65°C~+150°C
shock 15 cycles 145 0 146 0 38 0 38 0 498 0
Soldering 260°C
heat 10 seconds 50 0 90 0 22 0 297 0 82 0
Mechanical 1500G _ _ _ _
shock 0.5ms 38 0 % 0 82 0
Variable 20Hz~2000Hz
frequency 20G 38 0 90 0 B B B - 82 0
Constant-
acceleration | 20-000G 38 0 90 0* - - - - 82 0 | *6000G

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-

Fig. 1 Example of Change in Bipolar Memory Characteristics

namic operation test data on 64K DRAM is shown in
Fig. 2 and 3.

Example

Example of time change in access time for Bipolar memory

Device name

HM10470

Test condition

Ta=125°C, VEg=-5.2V

Failure criteria

taa=25ns

Measuring Condition }

Maximum
Average
Minimum

i : - 35+ i
Failure mechanism Surface degradation Marching Pattern
Results: ~ 30}
Access time (t ) is stabilized and is within the failure E a5l
criteria. p
20F
AT T
0 500 T000 " 2,000
Time (hr)
20 @ HITACHI
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7
_ BF HM4864-3 N=5opes
=t
E4r 13 I Y 1 I Max.
£ Y p & T T 2 fveras
S 3r Measuring Conditions
= 2r «Ta=25C
* thac =200ns
1y « Marching Pattern
0300 10w 1300 2000
Time (hrs)
Fig. 2 Ve min time depend indy ic operation
test at 125°C
150
HM4864-3 Measuring Ta=70'C
N=50pcs  Conditions Vcc=4.5V
Disturb Pattern
i More Th
ore Than oy
100k 100ms I I ]
4
2
3
EL ]
& 6
= 50F
5
3
0
B Y Specification
L - 2ms
0 A 1 1 i N 77777778
0 500 1,000 1500 2,000
Time (hrs)

Fig. 3 Time dependence in refresh time (tgEF) 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.

elective insshation
Laper Due to Forsipy
Materials 9%

Statistics
for 1979-1962

Defective Photo-
lithography 3%
Defective Metalizaiion 3%
Fig. 4 Classification of Failure Modes of Bipolar Memory
in the fieid

G HITACHI

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.

Statistics
for 1979-:1962

W ~200AT

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.

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 informationin
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 “0” 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.

Polysilicon Gate

=

gSilicon Substrate | ¥-J

K g LA~
Information Storage Area / K
(e being absent).{ i \o-particle S

fa} Memory information at ‘1" (b) Incident a-particle generate a
(Electrons are absent) large quantity of electron-hole
(1 Transistor type memory cell) pairs. Genergted electrons enter
the information storage area and
holes are drawn to the substrate
power supply.

Fig. 6 Misoperation in Memory Cell

(c) Inversion of memory informa-
tion from ‘‘1*' (electrons *ab-
sent’’) to ‘0’ {electrons ‘filled’’)

22
O HITACHI




Reliability of Hitachi IC Memories

Bit Line Potential i
Information

"

Reference Level

‘ Information ‘o
1

-t t
Pre- Inforamtion  Amplified
charge Read Cycle

&

(a) Read out memory information
into bit line

{b) Inversion of information (c) Inversion of information
from 1" to 0"
(fall of 1" potential)

from 0" to ""1"
(fall of standard potential)

Fig. 7 Misoperation on Bit Line

10%

Cell Mode
102 -

10 - Bit Line Mode

Soft Error Rate (Relative Figure)

1 1 1
1 10 102 103

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
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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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Il 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.

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

(2

[nsulated clip

T~

Copper ring \

‘put it on a finger Shielding wire

fabout 1 meter IMOUW resistor

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 (0.1uF) 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 Viymin) and Vinmax). respectively. Please refer to

these specifications to properly utilize ICs.

1.6 Cooling

The power dissipation of Bipolar memories is400mW
to 1000mW, 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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Acceleration Rate

2.0 25 3.0 3.5

109/ T, (K)
PR L L
200 175 150 125 100 75 50 25

Junction Temperature on Operation T; (‘C)

Fig.2 Example of derating 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
attemperatures 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 board 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 10uF capacitor for every 9
pieces of 64K-bit HM4864P, as well as an 0.1uF
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
Vgg and Vpp 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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B 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 consider
total balance of process, structure, circuit, and
layout design, especially in the case where new
processes and/or new materials are employed.
Rigorous 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) Check process and ability of manufacturing line to
achieve design goal.

(5) Preparation for production.

(6) Planning and execution of sub-programs for
design changes proposed by individual specialists,
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for test, experiments, and calculations to confirm
the design changes.

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

3. QUALITY ASSURANCE SYSTEM

3.1 Activity of Quality Assurance

Genaeral views of overali quality assurance in Hitachi

are as follows:

(1) Problems in each individual process should be
solved in the 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) Nodesign change or process change without QA
approval,

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

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

3.3 Quality and Reliability Control at Mass
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.

Appearance, Dimension

Step Contents Purpose
Target . .
S;:g?ﬁcnion = Design Review
Desi H Characteristics of Material and X R
“Triat ) X;;:;“,:l" Parts Barts ater Confirmation of
Production SPpeara.nce Characteristics and
imension . Y .
Heat Resistance Reliability of Materials
Mechanical and Parts
Electrical
Others
Electrical . .
Characteristics Approval ] Characteristics Confirmation of Target
_ Function Spec. Mainly about
Loltage Electrical
Temperature Characteristics
Others

Reliability Test
Life Test
Thermal Stress
Moisture Resistance
Mechanical Stress
Others

Quality Approval (1)

Confirmation of Quality
and Reliability in Design

Reliability Test
Process Check same as
Quality Approval (1)

L Quality Approval (2)

Confirmation of Quality
and Reliability in Mass
Production

Mass
Production

Fig. 1 Flow Chart of Quality Approval
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Process

i

o

Material, Parts ]

Quality Control

Method

Lot Sampling,
Confirmation of

Quality Level

Confirmation of
Quality Level

Lot Sampling,
Confirmation of
Quality Level

Testing,

Inspection

Lot Sampling

Confirmation of
Quality Level, Lot
Sampling

Material,
Parts . Inspection on Material and
Inspection of . [
Material and Parts ——~ Parts for Semiconductor
Devices
r _] Manufacturing Equipment,
: Manufacturing l.__% Environment, Sub-material, |
l Worker Control
| !
' |
| | Inner Process L — ]
| Screening ~— =1 Quality Control
| |
| I !
| o l 100% Inspection on
1009 Inspection [T~ 7| Appearance and Electrical
L _j Characteristics
Products " -
Products Sampling Inspection on ]
Inspection Appearance and Electrical
Characteristics
Lot ]
Assurance > | __ | Reliability Test
Test
__________ |
Qua!.ity Information |
Claim |
Field Experience | —
General Quality |
Information |
I
__________ -

Fig. 2 Flow Chart of Quality Control in Manufacturing

Process

Feedback of

Information
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Quality Assurance of IC Memories

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-105D.

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 .
Parts Control [tems Point for Check
Appearance Damage and Contamina-
D X Fltion on Surface
imension atness
Wafer Sheet Resistance Resistance
Defect Density Defect Numbers
Crystal Axis
Appearance Defect Numbers, Scratch
Mask Dimension Dimension Level
Resistoration
Gradation Uniformity of Gradation
Fine Appearance Contamination, Scratch,
Wire for i X Bend, Twist
Wire Dimension .
Bonding Purity X Purity Level
Elongation Ratio | Mechanical Strength
Appearance Contamination, Scratch
Dimension Dimension Level
Processing
Frame Accuracy
Plating Bondability, Solderability
Mounting Heat Resistance
Characteristics
Appearance Contamination, Scratch
Di ion Di ion Level
Leak Resistance Airtightness
Plating . Bondability, Solderability
Ceramic Mounting Heat Resistance
Package Characteristics
Electrical
Characteristics
Mechanical Mechanical Strength
Strength
Composition Characteristics of
Plastic Material
Electrical
T If)haracteristics
. ermal
Plastic Characteristics
Molding Molding Performance
Performance
Mounting Mounting Characteristics
Characteristics
30

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 random 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,
andthe control of submaterials, like gas, and pure
water used in a manufacturing process, are inten-

sively executed.

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

Quality Assurance of IC Memories

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

concentration.

Assurance

3.3.3 Final Product Inspection and Reliability

(1) Final Product Inspection
Lot inspection is done by the quality assurance

Process

YPurchase of Material

+Wafer

Surface Oxidation
Inspection on Surface
Oxidation

Photo Resist

Inspection on Photo Resist
OPQCLevel Check
Diffusion

Inspection on Diffusion
O PQC Level Check

Evaporation

Inspection on Evaporation
O PQC Level Check
Wafer Inspection

Inspection on Chip
Electrical Characteristics

Chip Scribe

Inspection on Chip
Appearance

©OPQC Lot Judgement
+Frame—
Assembling

OPQC Level Check

3 Inspection after
Assembling

OPQC Lot Judgement
Sealing

LPackage~

OPQC Level Check

) Final Electrical Inspection
OFailure Analysis

Appearance Inspection
Sampling Inspection on
Products

Receiving

Shipment

Control Point

Wafer

Oxidation

Photo
Resist

Diffusion

Evapo-
ration

Wafer

Chip

Assembling

Sealing

Marking

Characteristics, Appearance

Appearance, Thickness of
Oxide Film

Dimension, Appearance

Diffusion Depth, Sheet
Resistance

Gate Width

Characteristics of Oxide Film
Breakdown Voltage

Thickness of Vapor Film,
Scratch, Contamination

Thickness, Vru Characteris-
tics
Electrical Characteristics

Appearance of Chip

Appearance after Chip
Bonding

Appearance after Wire
Bonding

Pull Strength, Compresion
Width, Shear Strength
Appearance after Assembling

Appearance after Sealing
Qutline, Dimension
Marking Strength

Analysis of Failures, Failure
Mode, Mechanism

Fig. 3 Example of Inner Process Quality Control

Purpose of Control

Scratch, Removal of Crystal
Defect Wafer

Assurance of Resistance
Pinhole, Scratch

Dimension Level
Check of Photo Resist
Diffusion Status

Control of Basic Parameters
(VTH, etc) Cleaness of surface,
Prior Check of Vin

Breakdown Voltage Check
Assurance of Standard
Thickness

Prevention of Crack,
Quality Assurance of Scribe

Quality Check of Chip
Bonding

Quality Check of Wire
Bonding

Prevention of Open and
Short

Guarantee of Appearance
and Dimension

Feedback of Analysis Infor-

mation
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department for products which were judged good quality factors. Lot inspection is executed based
in 100% test . . . the final process in manufac- on MIL-STD-105D.

turing. Though 100% yield is expected, sampling {2) Reliability Assurance Tests

inspection is executed to prevent mixture of bad To assure the reliability of semiconductor devices,
product by mistake. The inspection is executed not reliability tests and tests on individual manufac-
only to confirm that the products have met the turing lots that are required by the user, are peri-
users’ requirements but also to consider potential odically performed.

Customer
Claim

(Failures, Information)

Sales Dept.
Sales Engineering Dept.

r———————————- et 1

Quality Assurance Dept. Failure Analysis

J|
1 1

. . Countermeasure
Manufacturing Dept. Design Dept. Execution of
Countermeasure
Report

Quality Assurance Dept.

Follow-up and Confirmation
of Countermeasure Execution

|
|
[
|
|
:
| L ]
|
|
|
|
|
}

Sales Engineering Dept.

Reply

Customer

Fig. 4 Process Flow Chart of Field Failure
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B 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 TTL 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 “0”. The addressing
method is explained in the following example for a
simple 16-bit memory:

(1) Write “0” for all bits (Fig. 1a).

(2) Read “0" of Oth address and check that read data
is “0". Hereafter, “Read’’ = “’checking and judging
the data.”

(3) Write “1” in the Oth address (Fig. 1b).

(4) Read “0” of 1st address.

(6) Write “1” in 1st address.

(6) Read “0O” of nth address.

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

(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 “0"’
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.
(a) (b; (e}

o 0o 0 o0 1 0 o0 0 1 1 1 1
o 0 o0 o ¢ o 0 0 1 1 1 1

6 0 0 o0 0 0 0 0 I » 0 0

o o0 0 o c o o0 o0 6 o0 o 0

F

g. 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 A14,
which has half the frequency of the maximum address
input A13, is the same as the data input. The A15
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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Outline of Testing Method

r—i0i—

A Yif——e ADDRo
:i Y2}—— ADDR;
B HDMI57 Y ADDR:
Ed Y(j——= ADDR;

CP " HD7416¢
Carry Out

T

S
t—cP HD7a6  [As A Yi}—— ADDRe

o & Y, ADDRs
Carry Out }— _1,, womss? Yyl ADDR

T

s
b—cp Homis AT

Carry Out
k Carry u
T Az
i3
——CP HD74161 [Aut

[ to Din of memory

Fig. 2 Marching Pattern Generating Circuit
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Ar—
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Ay —
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An—

Az —

A—1

From Comparator Circuit
AW OP AMP —— 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 D/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 Vs, 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-

to Comparator Circuit of Memory

S -
1 =1

1

r q!

f—A11"0" —f——~0"Read"1"W rite —emm——"1"Read 0" Write—=|
LI 1T Oy JuUu, I

m —d 1 1 1.
oo L |
(Din}
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Fig. 4 Entire Pulse Relations

(A)

(B)

(c)

Fig. 6 Example of 1 bit solid fail
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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 fixedat 0" 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 1ns accu-
racy. Hitachi is developing testers to supply newer
high-efficiency memories with excellent characteris-
tics and quality.

®HITACHI
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l APPLICATION OF DYNAMIC RAMS

1. Power On

When power is applied to a semiconductor memory,
power-on current varies with Vcc and clock condi-
tions, as shown in Fig. 1. Ifthe rise time of Vcc is in the
10us range, the RAM does not operate dynamically,
causing a surge of Icc current. This lcc current surge
may be avoided by insuring that Vccrise time is longer
than 100us.

ORead cycle ———

ORead madify write cycle
Write cycle ———

RS ™S
TAS T
Address X0 | | Address OOOC—
WE o
Din ) GNENT
L, SH—

O Page mode read cycle ——

A ORAS only refresh cycle
age mode write cycle ——-

RAS =\ "AS
CAS Tis

Address XDODCOOCXDC Address DK

WE

N— T\

Open

Dout

S s s
SEZEEEENZEEEE
L0 £ 0
iy l I
15 == 15
N RAS,CAS =
HN 5= Vs, RRS CAS Vss
= ~~d_ |l _ = - - —o
T T T 10
- I ~ ’
g ! 8 5 /
< L
r SGAS=Vee Ir i =Vce
0 )
1 20 30 40 5 0 100 200 300 400 500

Vee Rise Time=10us
Time (us)

Vee Rise Time=100us
Time (us)

Fig.1 Relationship between standard value
of lcc and Vcc 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 tha 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 in& 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
fow, so that data is read out from, and written in,
the same address in the same memory cycle.

~ (4) Page Mode Cycle:

Inthis cycle, CAS is cyclically moved after taking 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.

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 I/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 A0 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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operating the memory for a period of 2ms
maximum.

(2) Deconcentrated—which repeats a refresh cycle
every 16us, following the initial 164 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
RS "\___J'—\___/"L\_I_L__.
TR / S LU
120
< + N
E Tl e ] Y Al n
¢ so—\ JU 4 JT a [ I A I A
= VAN JU I 1 1] FAZN I AW
20 — A=A A A4
© Note : Vee=5.0V, Ta=20C
—»] je—50ns

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
100mA. Current consumed during standby is ex-
pressed as a function of cycle time dependency in Fig.
4. During standby, with a once-in-every16usrefresh,
HM4864 consumes approximately 3mA current.

40
30 \

Y

S~

200n 500n 1u 2x S5u10u 20u
Cycle Time (trc)

0

RAS Only Refresh Current Icc (mA)

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

Application of Dynamic RAMs

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 uF 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
Vgs is used (three supply designs) or a built-in Ves bias
circuit is included on chip.

Design should provide that the input undershoot does
not exceed the minimum specified for Vi.. 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.

<t i
1

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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B 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 “0" 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 “0" by applying the specified wave-
form and voltage, data is programmed. The higher the
Vee voltage, and the longer the program pulse width
t.W, the greater the quantity of electrons programmed
in, as shown in Fig. 4.

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

Gate Gate

Polysilicon
Oxide film
Source r—‘--- Drain Source-—-\ /—Drain

Fig.1 Memory transistor
circuit symbol

P

Fig.2 Cross section of
memory transistor

Logic "1”  Logic “0" Drain

Source

Ves A

Ves

Readout Ves

Fig.3 Reading out stored information

Write © Vee =5V, Vep=25V
Read : Vpp =5V

Stored Charge (Relative)
-
.y

0 10 20 30 0 Bl
Program Pulse Width zew (ms)

/|

K

: A

Write | Vec=5V

Stored Charge (Relative)

P
3
g

Read © Vpp=5V

20 22 24 26 28
Program Vee (V)

Fig.4 Typical Programming Characteristics
of EPROMs.
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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 ¢hip 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 2,637A, and 15W sec/cm?
respectively. Erasure occurs by exposing a device to
an ultraviolet lamp of 12,0004W/cm? 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.

1
AW
NS F=—ALL 0" T ]
N f=stALL
0 \;
£ i
;:f &s M(}st Elasy-tf-\ErJlse Bit
AS 1 [ ]
§ N \“ Most Hard-to-Erase Bit
RS
5
4 DT | [T
. ‘\\‘
WRNG L]

0 4

UV-Irradiation (W-sec/cm?)

Fig.5 Typical Erasing Characteristics

Programming & Erasing of EPROMS

1.3 Data Retention

As a result of writing in, approximately 0.5 to 2.0 x
10712 coulomb of electrons are accumulated at the
floating gate. With the elapse of time, these electrons
decrease, which can resulitin 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.
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.

/
/

(2

-

MTTF (hrs)

104 /

300 200 150 100
Storage Temperature (T)
Fig.6 Typical Data Retention Characteristics

108} 40W Fluorescent Lamp
30cm Away

Direct Sunlight

Eradiation Time (Relative)

Ultraviolet Eraser
at 2,357A,6mW/cm?
0r

SN S
3 4 5 6 7 8 9
Stored Charge (Relative)

Fig.7 EPROM’'s data retention time
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Programming & Erasing of EPROMS

(3) Data dissipation by voltage

This type of dissipation 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.
Reverse insertion check

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

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 notdata in the EPROMis alsoat “1.” It
will failstop, if any “0” is detected. Normally, a
lamp or buzzer provides warning.

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.

(b

-~

(c

(d

-

P AN
(\ Check Pin Contact

Programming

END

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

Start

Is Programming
Necessary?

Is it the
Final address?

Address
Increment
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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 Content
Copy input Input by copying the master ROM.
Manual input 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

Paper tape input

tape reader
Teletypewriter Input with the teletypewriter.
input 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 mai-
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 ultravioletlight. 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.
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MMASK 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, TMS25632 Com-
patible)
HN462732 (4K-word x 8-bit, 2732 Compatible)
HN482764 (8K-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. . .............. ... /2 inch

(31Channel. . ..o, 9 channels

(4) BitDensity ........ 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) (Lower 4 bits) Bit weight
D, Dy D, D, D, D, D, D, (ROM output
1100 0110 equivalence)

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

Header
record

Record Start

-
L

Record Type

Byte Count 06

Address Size 9000

48-H

44-D

52-R

cw|lwwlwoelwwlewwwwlew|eja
o=loo|e a]lwaljloooola oo fw

Check Sum 1B ( Check Sum )

g

End of
record file record

S

9

03

1100 0000

( Check
FC -Sum )

aalwwewjwowlw|a
wolocooco|lwole|w

02

ww|w wfw wew wlw wlw o
wolmwele o ~lo=|—]w

-

A8 (Check Sum)

-“Oow

Block 1 Block 2 Block 3
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SOindicates the head of the file, and S9 indicates the
end of the file. The actual data enters following S1 or
from the address (hexadecimal) indicated in the ad-
dress size. The address of the data recorder address is
compared with the next data recorder address, by

Example

Mask ROM Programming Instruction

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:

Data Record

Data Record
End of

File Record —S9030000FC

Header Record =S00B000058204558414D504CB5
—+S113F0007EF5587EF7897EFAA7T7EF9CO07EF9C47E24
—-S112F010FA657EFA8B7EFAAO07TEF9DC7EFA247E06

(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 O on the “ROM Specifi-
cation Identification Sheet.”

B............ Indicates starts of 1 word.
N............ Indicates “0" of 1 bit data.
P ool Indicates /1" of 1 bit data.
Foooonvniiiit, Indicates end of 1 word.
Example -_—-

B

D7———+ P

N

P

N

P

N

Di——t= P

Do——= N

F

MZZZVZZZIW

3. Specification of Floppy Disk
3.1 Use the following type of Floppy Disk
(1) Type . 8 Inch Single Sided and Single Density.

{2) NumberofSector . ................ 26
(3) Numberof Track ................. 77
Sector 26
/ Sector 01
Sector 02

Sector 03

Sector 16

Track 74
One Record

Track 00
(Index - Track)

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

(2) Recordsize ............80byte/1 record 3.4 Data Mode

(3) Use the sector as below. Use one sector for one See 2.5
record, that is 80 bytes out of 128 bytes used
for one record.
1 Track
Sector 1 Sector 2 Sector 3 Sector 24 Sector 25 Sector 26
(128 bytes) (128 bytes) (128 bytes) (128 bytes) (128 bytes) (128 bytes)
Record 1 Record 2 Record 3 Record 24 Record 25 Record 26
(80 bytes) (80 bytes) {80 bytes) (80 bytes) (80 bytes) (80 bytes)
Mask ROM Development Flowchart
Customer Hitachi
R “Custome
Rom [ﬂ'c_"‘il Parc Number'
List Chip Select
Select Either  |and Other
of the three Information
e It
T
Check 0K
Mask Preparation
Instruction
Investion
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HM6116-2,HM6116-3,HM6116-4
HM6116P-2,HM6116P-3,HM6116P-4

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

IBFEATURES

® Single 5V Supply and High Density 24 Pin Package

® High speed: Fast Access Time 120ns/150ns/200ns (max.)

® Low Power Standby and Standby: 100uW (typ.)
Low Power Operation Operation: 180mW (typ.)

o Completely Static RAM: No clock or Timing Strobe Required

o Directly TTL Compatible: All Input and Output

@ Pin Out Compatible with Standard 16K EPROM/MASK ROM

® Equal Access and Cycle Time

EFUNCTIONAL BLOCK DIAGRAM

HM6116-2, HM6116-3,
HM6116-4

(DG-24)
ro— -
- HM6116P-2, HM6116P-3,
\ \ Row . Memory Matrix ——OGND HM6116P-4
Decoder | @
128x128
——d l . P I
7 r? Column 1/0
r—-q
Input
\ H \I Column Decoder
| H Data
| ]
1} Control
] —
|
1/00 O i H !
)
oA A A b (DP-24)
— HPIN ARRANGEMENT
OE
. l A7E hd 24 | Vee
WE
=D, N5 o
cs As] 3 22 | A
- N e
I 20 | OF
MABSOLUTE MAXIMUM RATINGS & E 19 ] A
Item Symbol Rating Unit A E: 18]cs
Voltage on Any Pin Relative to GND Vr —0.5* to +7.0 \Y A8 17 | 1/08
Operating Temperature T.,r 0to +70 °C Vo) 9 16 | /O
Storage Temperature (Plastic) Tue —55 to +125 °C ve o 5] 1o
Storage Temperature (Ceramic) T —65 to +150 °C
- < 170 | 11 14 {1/0s
Temperature Under Bias Toias —10 to +85 C
Power Dissipation Pr 1.0 w CND |12 13 'UO‘
* Pulse Width 50ns : —35V
(Top View!
ETRUTH TABLE
CS OE WE Mode Vee Current 1/0 Pin Ref. Cycle
H X X Not Selected Iss, Ism High Z
L L H Read Icc Dout Read Cycle {1)~(3)
L H L Write Icc Din Write Cycle (1)
L L L Write Icc Din Write Cycle (2)
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HM6116-2,HM61 16-3,HM6116-4,HM61 16P-2,HM6116P-3,HM6116P-4

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

Item Symbol min typ max Unit
Sunoly Vol Vee 4.5 5.0 5.5 v
t
upply Yoltage GND 0 0 0 v
Viu 2.2 3.5 6.0 v
Input Voltage
Vie -3.0" - 0.8 A
* Pulse Width : 50ns, DC: Vi min=—0.3V
EBDC AND OPERATING CHARACTERISTICS (Vcc=5V%10%, GND=0V, Ta=0 to +70°C)
HM6116/P-2 HM6116/P-3/-4
Item Symbol Test Conditions Unit
min typ* max min typ* max
Input Leakage Current | It} Vec=5.5V, Viu=GND to Vcc — - 10 — - 10 KA
CS=V, OE=Viu,
Output Leakage Current | 1o | V,/u=-(}mN[()’rto Veo " - - 10 - - 10 HA
Ope P Suol Icc CS=Vis, Io=0mA - 40 80 - 35 70 mA
rating Power Supply
Current loco* Vin=3.5V, Vi.=0.6V, _ a5 _ _ 30 _ mA
II,'a-omA
Average Operating Current Icc: Min. cycle, duty=100% — 40 80 - 35 70 mA
Iss CS=Vu - 5 15 - 5 15 mA
Standby Power Supply TSz Vee0.2V. Vo2Vl
Current I T et e —looz| 2| — jooz| 2| m
aren 1 ~0.2V or Vas0.2V 0 0
Ior=4mA — - 0.4 — - - v
Vor
Output Voltage Tor=2.1mA — - — — - 0.4 v
Vou Tow=—1.0mA 2.4 - - 2.4 — — \
* Vec=5V, Ta=25C
*% Reference Only
BAC CHARACTERISTICS (Vcc=5V+10%, Ta=0 to +70°C)
®AC TEST CONDITIONS
Input Pulse Levels: 0.8 to 2.4V
Input Rise and Fall Times: 10 ns
Input and Output Timing Reference Levels: 1.5V
Output Load: 1TTL Gate and C; = 100pF (including scope and jig)
® READ CYCLE
HM6116/P-2 HM6116/P-3 HM6116/P-4
Item Symbol - - - Unit
min max min max min max
Read Cycle Time tac 120 - 150 - 200 — ns
Address Access Time taa - 120 - 150 - 200 ns
Chip Select Access Time tacs - 120 - 150 - 200 ns
Chip Selection to Output in Low Z terz 10 - 15 - 15 — ns
Output Enable to Output Valid tor - 80 - 100 - 120 ns
Output Enable to OQutput in Low Z torz 10 - 15 - 15 - ns
Chip Deselection to Output in High Z tonz 0 40 0 50 0 60 ns
Chip Disable to Output in High Z tonz 0 40 0 50 0 60 ns
Output Hold from Address Change ton 10 - 15 — 15 - ns
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®WRITE CYCLE

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

HM6116/P-2 HM6116/P-3 HM6116/P-4 X
Item Symbol - - - Unit
min max min max min max
Write Cycle Time twe 120 - 150 — 200 — ns
Chip Selection to End of Write tew 70 - 90 — 120 — ns
Address Valid to End of Write taw 105 — 120 — 140 - ns
Address Set Up Time tas 20 - 20 - 20 — ns
Write Pulse Width twp 70 — 90 - 120 — ns
Write Recovery Time twe — 10 - 10 - ns
Output Disable to Output in High Z touz 0 40 0 50 0 60 ns
Write to Output in High Z twnz 0 50 0 60 0 60 ns
Data to Write Time Overlap tow 35 — 40 - 60 — ns
Data Hold from Write Time ton 5 - 10 - 10 - ns
Output Active from End of Write tow 5 — 10 — 10 - ns
BCAPACITANCE (f=1MHz, Ta=257C)

Item Symbol Test Conditions typ max Unit

Input Capacitance Cin Vim0V 3 5 pF

Input/Output Capacitance Cro Vio=0V 5 7 pF

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

ETIMING WAVEFORM
®READ CYCLE (1)<

wo X X

E
o
N
)
§

tacs

(XX

® READ CYCLE (2)(!)(2)(!)

trc

wn XK 2

Dout : > i

) READ CYCLE (3) ) 4)

&3 Y

R
tacs e

L‘l(‘tl

Dout ),———

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

3. Address Valid prior to or coincident with CS transition Low.
4. OE= Vi
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HM6116-2,HM6116-3,HM6116-4,HM6116P-2,HM61 16P-3,HM6116P-4

WRITE CYCLE(1)

Address

Dout

® WRITE CYCLE (2)*®

50

Address

NOTES:

X

A

wa(2)

ZZ/M

—

4}

ANANNNNT

s

NAN\K

3)

[¢b]

b ton

J— tow ona(2)
NN T 1/ LS
|o———twp(1)
j\\\\\ A —
as iz =] (3) 6 |

SSSSSSSSSSY o

LL L L L L L L 2L

tow ton )

1. A write occurs during the overtap (fyp) of a low CS and a low WE,

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

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

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

5. OE is continuously low. (OF = V)

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

7. Dgyt is the read data of next address.

8. i’k

is Low during this period, I/O pins are in the output state.
Then the data input signals of opposite phase to the outputs must

not be applied to them.
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Supply Current Icc,Jccz(Normalized)

Access Time t4a,tacs(Normalized)

Access Time tas,tacs{Normalized)

SUPPLY CURRENT
vs. SUPPLY VOLTAGE

16

Ta=25C

08

06

04

45 4.75 50

Supply Voltage Vec (V)

ACCESS TIME
vs. SUPPLY VOLTAGE
13

525

55

Ta=25'C

0.9

08

0.7

4.75 50

Supply Voltage Vec (V)

ACCESS TIME
vs. LOAD CAPACITANCE

5.25

55

e

/

/

Ta=25C
Vee=MIN

08

06

100 200 300

Load Capacitance C. (pF)

400

500

G HITACHI

Supply Current Icc,Jeer (Normalized)

Access Time taatacs{Normalized)

Supply Current Iccz (Normalized)

SUPPLY CURRENT

vs. AMBIENT TEMPERATURE
16

Vee=50V

08

0.6

0.4

0 20 40 60

Ambient Temparature Ta (°C'

80

ACCESS TIME
vs. AMBIENT TEMPERATURE
13

Vee=50V

~

|

09

08

0.7

0 20 40 60 80

Ambient Temperature Ta ('C)

SUPPLY CURRENT
vs. FREQUENCY
13

200ns | 150ns  |120ns

12

09

08

0.7

0 4
Frequency f (MHz)

HM6116-2,HM6116-3 HM6116-4,HM6116P-2,HM6116P-3,HM6116P-4
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HM6116-2,HM6116-3,HM6116-4,HM61 16P-2,HM6116P-3,HM6116P-4

LOW INPUT VOLTAGE
vs. SUPPLY VOLTAGE

1.3

1.2

Ta=25C

0.9

Low Input Voltage Vii(Normalized)
s

0.8

0.7

4.5 4.75 5.0 5.25 5.5

Supply Voluage Vec (V)

OUTPUT CURRENT
vs. OUTPUT VOLTAGE

1.6

Te=25C
Vee=5V

J I

\

0.8

Qutput Current low(Normalized)

04

Output Voltage Vou (V)

52

High Input Voltage Viw(Normalized)

Output Current Jor{Normalized)

O HITACHI

HIGH INPUT VOLTAGE
vs. SUPPLY VOLTAGE
13

Ta=25'C

L—]

0.8

0.7
45 4.75 5.0 5.25 55

Supply Voltage Vcc (V)

OUTPUT CURRENT
vs. OUTPUT VOLTAGE

/

v

Ta=25C
Vee=5V

) /
06

/

0.2 04 0.6 0.8
Qutput Voltage Vor (V)

04




HM6116FP-2, HM6116FP-3,

HMG6116FP-4

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

BFEATURES

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
Low Power Standby

120ns/150ns/200ns (max.)
Standby: 100uW (typ.)
Operation: 180mW (typ.)
Completely Static RAM: No clock nor Timing Strobe Required
Directly TTL Compatible: All Input and Output

Equal Access and Cycle Time

°
°
°
°
°
°
® Low Power Operation;
°
°
°
|

FUNCTIONAL BLOCK DIAGRAM (FP-24)
no—— —oW
= HPIN ARRANGEMENT
Row ° Memory Matrix ———OGND \J
Ar| 1 24 | Ve
\ \ Devoder | © 128%128 : 3
— Asf 2 23| A
wo——L NE an
— Je ol afe 2| WE
e I . Column 1/0 afs 20 | OF
Input A6 19 | A
Col Decod
: :’ Data olumn coder A E = g
: ' Control
' - a8 17 | 1vos
1
]
7Y o I/O.E 16 | vor
o oA A dol vo | 10 15 | o
Vo1 14 {1708
'oEo—Do—-L GND | 12 13 | /04
(Top View)
) -
HABSOLUTE MAXIMUM RATINGS
Item Symbol Rating Unit
Voltage on Any Pin Relative to GND Vr —0.5* to +7.0 \
Operating Temperature Topr 0 to +70 C
Storage Temperature Toe —55 to +125 ‘c
Temperature Under Bias Thias —10 to +85 ‘C
Power Dissipation Pr 1.0 w
* Pulse Width 50ns: —3.5V
BTRUTH TABLE
CS OE WE Mode Vcc Current 1/0 Pin Ref. Cycle
H X X Not Selected Iss, Iss High Z
L L H Read Icc Dout Read Cycle(1)~(3)
L H L Write Icc Din Write Cycle(l)
L L L Write Icc Din Write Cycle(2)

O HITACHI
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HM6116FP-2,HM6116FP-3,HM6116FP-4

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

Item Symbol min typ max Unit
Susly Volt Vec 4.5 5.0 5.5 v
u oltage
pply Tole GND 0 o 0 v
Viu 2.2 3.5 6.0 A%
Input Voltage
Vie —3.0* - 0.8 \
* Pulse Width: 50ns, DC: V. min=—0.3V
EDC AND OPERATING CHARACTERISTICS (Vec=5V110%, GND=0V, Ta=0 to +70°C)
HM6116FP-2 HM6116FP-3/-4
Item Symbol Test Conditions Unit
min typ* max min typ* max
Input Leakage Current Iy Vee=5.5V, Vi.=GND to Vcc - - 10 - — 10 HA
CS=Viy or OE=Vix
Ouf Leakage Ci I — . = . A
tput Leakage Current Lo Vio=GND to Vec 10 10 »
Ope P Suopl Icc CS=Vii, Io=0mA - 40 80 - 35 70 mA
rating Power Supply
Vin=3.5V, Vi.=0.6V,
Cui t Icci** ’ * — -_— _ —
rren! cci Loo=0mA 35 30 mA
Average Operating Current Icc: Min. cycle, duty =100% - 40 80 - 35 70 mA
Iss CS= Vi - 5 15 — 5 15 | mA
Standby Power Supply TS Vet 2V, Vo2 W
Current 1 ceTReEn T T - | o.02 2 — | 0.02 2 | ma
' 1 -0.2V or Vus0.2V 0
Io,=4mA — — | 0.4 - — - \
Vo.
Output Voltage IoL=2.1mA - - — - - 0.4 \Y
Vou Ton=—1.0mA 2.4 - - 2.4 - - v
* Vec=SV, Ta=25C
#% Reference Only
BMAC CHARACTERISTICS (Vec=5Vt10%, Te=0 to +70°C)
O®AC TEST CONDITIONS
Input Pulse Levels: 0.8 to 2.4V
Input Rise and Fall Times: 10 ns
Input and Output Timing Reference Leveis: 1.5V
Output Load: 1TTL Gate and C, = 100pF (including scope and jig)
O READ CYCLE
HM6116FP-2 ‘HM6116FP-3 HM6116FP-4
Item Symbol - - — Unit
min max min max min max
Read Cycle Time tac 120 - 150 - 200 el ns
Address Access Time taa - 120 - 150 - 200 ns
Chip Select Access Time tacs - 120 - 150 - 200 ns
Chip Selection to Output in Low Z tcLz 10 - 15 - 15 - ns
Output Enable to Output Valid tos - 80 - 100 - 120 ns
Output Enable to Output in Low Z torz 10 - 15 - 15 - ns
Chip Deselection to Output in High Z towz 0 40 50 0 60 ns
Chip Disable to Output in High Z towz 40 50 0 60 ns
Output Hold from Address Change ton 10 e 15 - 15 - ns
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O®WRITE CYCLE

HM6116FP-2,HM6116FP-3,HM6116FP-4

HM6116FP-2 HM6116FP-3 HM6116FP-4
Item Symbol - Unit
min max min max min max
Write Cycle Time twe 120 — 150 — 200 — ns
Chip Selection to End of Write tew 70 . 90 - 120 - ns
Address Valid to End of Write taw 105. — 120 - 140 - ns
Address Set Up Time tas 20 — 20 - 20 — ns
Write Pulse Width twp 70 — 90 - 120 — ns
Write Recovery Time twr 5 - 10 — 10 - ns
Output Disable to Output in High Z tonz 0 40 0 50 0 60 ns
Write to Output in High Z twuz 0 50 0 60 0 60 ns
Data to Write Time Overlap tow 35 - 40 - 60 - ns
Data Hold from Write Time ton 5 - 10 - 10 - ns
Output Active from End of Write tow 5 — 10 - 10 — ns
BMCAPACITANCE (f=1MHz, Ta=25C)
Item Symbol Test Conditions typ max Unit
Input ‘Capacitance Ci V=0V 3 5 pF
Input/Output Capacitance Cio Vio=0V 5 7 pF
Note) This parameter is sampled and not 100% tested.
W TIMING WAVEFORM
®READ CYCLE (1)"
. X X
LE]
OF ; : ; ; ; : ; X )/- ; ; ; ; ; Y
3 et UL ey |
TS Lt 1,7 ~—an /
Y = | 7777
teez
Dout ( <>O’_
®READ CYCLE (2)"" @
Address )< ){
taa {
XXRH )
®READ CYCLE(3)" @
& N
tenz —=
Dout >——.—
NOTES: 1. WE is High for Read Cycle.
2. Device is continuously selected, CS = Vjr.
3. Address Valid prior to or coincident with CS tranisition Low.
4, OE= Vir.
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HM6116FP-2,HM6116FP-3,HM6116FP-4

ETIMING WAVEFORM
® WRITE CYCLE (1)

Address

IS

Dout

Din

O WRITE CYCLE (2)®

56

X X

LA RNNNNN

SOV NRe X7

po— mnziﬂ— €]

ro— tuw

Address

N
7N

X

SEENNANNNN N 7 ssssasi

L(unz (3) 16 | (n
Pt
Dout

[ {1 ety =} (8)

> ow o

[T ST

D
. If

OO

A write occurs during the overlap (¢jyp) of a low CS and a low WE,
twg is measured from the earlier of CS or WE going high to the end
of write cycle.

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

signals of opposite phase to the outputs must not be applied.

. If the TS low transition ‘occurs simultaneously with the WE low

transitions or after the WE transition, output remain in a high
impedance state.

OF is continuously low. (OE = V1)
. Dgut is the same phase of write data of this write cycle.

out is the read data of next address.

& is Low during this period, I/O pins are in the output state.
Then the data input signals of opposite phase to the outputs must
not be applied to them.
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) Supply C Ice, 1 Ne 1
Access Time tas,tacs(Normalized) upply Current fec.feca(Normalized)

Access Time taa,tacs(Normalized)

SUPPLY CURRENT
vs. SUPPLY VOLTAGE
16

Ta=25C

ox/

06

04

45 4.75 S0 5.25 55
Supply Voltage Vcc (V)

ACCESS TIME
vs. SUPPLY VOLTAGE
13

Ta=25C

0.9

08

0.7

I3 %3 5.0 5.25 55
Supply Voltage Vee (V)

ACCESS TIME
vs. LOAD CAPACITANCE
18

16 /

e

12
Ta=25C
Vee=MIN
10
08
06
100 200 300 400 500

Load Capacitance C. (pF)

tSupply Current Icc,/cc2{Normalized)

Access Time tas,tacs(Normalized)l

Supply Current Icc2(Normalized)

@ HITACHI

HM6116FP-2,HM6116FP-3,HM6116FP-4

SUPPLY CURRENT
vs. AMBIENT TEMPERATURE
16

Vee=50V

08

06

04

0 20 40 60 80
Ambient Temperature To (°C)

ACCESS TIME

vs. AMBIENT TEMPERATURE
13

Vee=50V

L~

=

09

08

0.7

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

SUPPLY CURRENT
vs. FREQUENCY

200ns | 150ns  |120ns

10

09

08

0.7

0 4 8 10
Frequency f (MHz)
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HM6116CG-2,HM6116CG-3,

HM6116CG-4

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

B FEATURES
Single 5V Supply and High Density 32 pin-Leadless-Chip Carrier

High speed. Fast Access Time
Low Power Standby and
Low Power Operation

Completely Static RAM:

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

Standby: 100uW (typ.)

Operation: 180mW (typ.)
No Clock or Timing Strobe Required

Directly TTL Compatible: All Input and Output
® Equal Access and Cycle Time

EFUNCTIONAL BLOCK DIAGRAM

A — Ve
\ Row r Memory Matrix ———O GND
Decoder | @
128x128
—
wo——
— ] I . . l
Vo0 — . Colunn 1/0

Input

Column Decoder

-————

Data
Control

(CG-32)

HPIN ARRANGEMENT

A7 NC NC NC Vee NC NC

INBARRERENESEN
REEREEER

33 ¥ [eE3 BN

& Ty B

o ) R

3 WE
AL
AfiE
Ne[izl

— ; A0 e Uil
A ¥ EEEEEE
o ™ ™ A : 'O FOsGNDNC L Oy 17061 W%
- ﬁ_] {Top View)
ﬁ"—{>°—L
— H_/
cs
W ABSOLUTE MAXIMUM RATINGS
Item Symbol Rating Unit
Voltage on Any Pin Relative to GND Vr —0.5% to +7.0 \/
Operating Temperature Topr 0to +70 ‘c
Storage Temperature Tos —65 to +150 C
Temperature Under Bias Thias —10 to 85 °C
Power Dissipation Pr 1.0 w
* Pulse Width 50ns : —3.5V
EMTRUTH TABLE
CS OE WE Mode Vee Current 1/0 Pin Ref. Cycle
H X X Not Selected Iss, Ism High Z
L L H Read Icc Dout Read Cycle (1)~(3)
L H L Write . Icc Din Write Cycle (1)
L L L Write Icc Din Write Cycle (2)
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HM6116CG-2,HM6116CG-3,HM6116CG-4

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

Item Symbol min typ max Unit
Supply Voltage Vee 4.5 5.0 5.5 \
GND 0 0 0 \Y
Input Voltage Vin 2.2 3.5 6.0 \
: Vi —3.0* - 0.8 v

* Pulse Width: 50ns, DC : V.. min=—0.3V

BDC AND OPERATING CHARACTERISTICS (Vec=5V+10%, GND=0V, Te=0 to +70°C)

HM6116CG-2 HM6116CG-3/-4
Item Symbol Test Conditions Unit
min typ* max min typ* max
Input Leakage Current [ 1] Vec=5.5V, Vi,=GND to Vcc - - 10 - - 10 MA
CS=V, OE=Vis,
Output Leakage Current [ 1.0 V,.a=C;;1;))rto Voo " - - 10 - -— 10 HA
o P Sumpl Icc CS=Vis, lo=0mA - 40 80 — 35 70 mA
erating Power Supply
=3.5V, Vi.=0.6V,
Current Tcci** Vin=3.5V, 11, =0.6V. - 35 — - 30 — mA
Il/a=0mA
Average Operating Current Icc: Min. cycle, duty=100% - 40 80 — 35 70 mA
Iss CS=Vix — 5 15 - 5 15 mA
Standby Power Supply TS Vee0.2V. Vo2V
= —0. 222 Voo
Current I o C — | 0.02 2 — | 002 2 | mA
' —0.2V or V0.2V
Iy =4mA - - 0.4 - — - \
Vou
Output Voltage Ioi=2.1mA — — — - — 0.4 \Y
Vou Tos=—1.0mA 2.4 - — 2.4 — — A
* Vee=5V, Ta=25C
*%* Reference Only
BAC CHARACTERISTICS (Vec=5V+10%, Ta=0 to +70°C)
®AC TEST CONDITIONS
Input Pulse Levels: 0.8 to 2.4V
Input Rise and Fall Times: 10 ns
Input and Output Timing Reference Levels: 1.5V
Output Load: 1TTL Gate and C; = 100pF (including scope and jig)
®READ CYCLE
HM6116CG-2 HM6116CG-3 HM6116CG-4
Item Symbol - - - Unit
min max min max min max
Read Cyecle Time tre 120 — 150 - 200 - ns
Address Access Time taa - 120 - 150 - 200 ns
Chip Select Access Time tacs - 120 — 150 - 200 ns
Chip Selection to Output in Low Z tcLz 10 - 15 — 15 - ns
Output Enable to Output Valid tor — © 80 — 100 — 120 ns
Output Enable to Output in Low Z torz 10 — 15 - 15 - ns
Chip Deselection to Output in High Z tenz 0 40 0 50 0 60 ns
Chip Disable to Output in High Z tonz 0 40 0 50 0 60 ns
Output Hold from Address Change ton 10 - 15 - 15 — ns
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HM6E116CG-2,HM6116CG-3,HM6116CG-4

O®WRITE CYCLE
HM6116CG-2 HM6116CG-3 HM6116CG-4
Item Symbol - - - Unit
min max min max min max
Write Cycle Time twe 120 — 150 — 200 — ns
Chip Selection to End of Write tew 70 — 90 — 120 — ns
Address Valid to End of Write taw 105 — 120 — 140 — ns
Address Set Up Time tas 20 — 20 — 20 — ns
Write Pulse Width twp 70 — 90 — 120 — ns
Write Recovery Time tws 5 — 10 — 10 - ns
Output Disable to Output in High Z tonz 0 40 0 50 0 60 ns
Write to Output in High Z twiz 0 50 0 60 0 60 ns
Data to Write Time Overlap tow 35 - 40 = 60 - ns
Data Hold from Write Time tou 5 - 10 — 10 - ns
Output Active from End of Write tow 5 — 10 — 10 — ns
BCAPACITANCE (f=1MHz, Ta=25C)
Item Symbol Test Conditions typ max Unit
Input Capacitance Ci Via=0V 3 5 pF
Input/Output Capacitance Cuo Vio=0V 5 7 pF

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

ETIMING WAVEFORM
® READ CYCLE (1)’

Address

X

$

&

:;-\-li::\

v/ /s

= N\

Jo— oy —o]

LA

Dout

tacs

tet.

® READ CYCLE (2) M(2) (4

XX+

e

Address

Dout

oK

®READ CYCLE (3) "V

T3

—

-

Dout

Lz

tacs

NOTES: 1. WE is High for Read Cycle.

60

2. Device is continuously selected, TS = V.

3. Address Valid prior to or coincident with CS transition Low.

4. OE=vy;.
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HM6116CG-2, HM6116CG-3, HM6116CG-4

WRITE CYCLE (1)

X

R (3)

oF Zb/ \:_\_::

tew =

NN AN ) SOOI
" AANNN _A

P loN === ey @

lo— 1p4 ———afe—— ppy ——o]

4 XXXX

®WRITE CYCLE(2)*®

i X X

NN T LTV 77777

twe(1)

fe———tON

P==tas 3)

(6) (1

fe——— tow

(8)

S

NOTES:

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

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

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

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

. OFE is continuously low. (OF = ViL)

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

. Dgyy is the read data of next address.

If & is Low during this period, I/O pins are in the output state.

Then the data input signals of opposite phase to the outputs must

not be applied to them,

W N

PN
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HM6116L-2, HM6116L.-3,

HM6116L-4

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

B FEATURES

@ Single 5V Supply and High Density 24 Pin Package

o High Speed: Fast Access Time

Low Power Standby and

Completely Static

Low Power Operation;

RAM:

Standby:
Operation:

W FUNCTIONAL BLOCK DIAGRAM

120ns/150ns/200ns (max.)
20uW (typ.)

160mW (typ.)

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

(DG-24)

mo— 1 — ot
Row . Memory Matrix —OGND
Decoder  © 128x128 B PIN ARRANGEMENT
wo——> 1 s Y e
S Teo ] A E 23] As
1100 , -:_1 Column 1/0 A E 2] A
mout || N —
]' : ot Column Decoder A E 2 l”j
: H Data As E 20 | O
h
: \ Control - A E 5 1 Ao
1/0s O : E a7 8]
]
A A A A i A E 17 ]m.
l/'()xﬁ—‘ 16 |1/0n
5EO—>O——L 10 | 10 15 | 1706
WE @ /ol 1 W 1/0s
&= i | GND | 12 13 [1/0s
{Top View)
HABSOLUTE MAXIMUM RATINGS
Item Symbol Rating Unit
Voltage on Any Pin Relative to GND Vr —0.5* to +7.0 A
Operating Temperature Topr 0 to +70 ‘c
Storage Temperature Tute —65 to +150 ‘c
Temperature Under Bias Thies —10 to +85 ‘c
Power Dissipation Pr 1.0 w
* Pulse Width 50ns : —3.5V
ETRUTH TABLE
- C§ OE WE Mode Vce Current 1/0 Pin Ref. Cycle
H X X Not Selected Iss, Iss High Z
L L H Read Icc Dout Read Cycle (1)~(3)
L H L Write Icc Din Write Cycle (1)
L L L Write Icc Din Write Cycle (2)
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HM6116L-2, HM6116L-3, HM6116L-4

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

Item Symbol min typ max Unit
Vee 4.5 5.0 5.5 v
Supply Voltage SND ° 0 0 v
Input Voltage Vin 2.2 3.5 6.0 v
Vie -3.0" - 0.8 A

* Pulse Width: 50ns, DC: Vi. min=—0.3V

M DC AND OPERATING CHARACTERISTICS (Vcc=5V +10%, GND=0V, Ta=0 to +70°C)

HM6116L-2 HM6116L-3/-4
Item Symbol Test Conditions Unit
min typ® max min typ* max
Input Leakage Current | Turd Vce=5.5V, Via=GND to Vcc — — 2 — — 2 MA
ﬁ”Vm or ﬁ‘:=Vm. _ _ — —_
Output Leakage Current | o} V1.o=GND to Vee 2 2 KA
X Icc CS=Vi., Lo=0mA - 35 70 - 30 60 mA
Operating Power Supply
Current Lec,ee | Vim=3.5V. Vie=0.6V, _ | _ _ | s _ | m
I1.0=0mA
Average Operating Current Icc: min. cycle, duty =100% — 35 70 - 30 60 mA
I CS=V, — 4 12 - 4 12
Standby Power Supply i C—SZV“’ oV V.SV mA
Current =Vee —U.4V, Vin=Vee — —_ —
Isor | 972V or V.50.2v 4 | 100 41100 | kA
Tor=4mA - - 0.4 - - -
Vou v
Output Voltage ToL=2.1mA — - — - - 0.4
Vou Ton=—1.0mA 2.4 - - 2.4 - — v

* ! Vee=5V, Ta=25C
* % | Reference Only

B AC CHARACTERISTICS (Vcc=5V +10%, Ta=0 to +70°C)

®AC TEST CONDITIONS
Input Puise Levels: 0.8 to 2.4V
Input Rise and Fall Times: 10 ns
Input and Output Timing Reference Levels: 1.5V
Output Load: 1TTL Gate and C; = 100pF (including scope and jig)

O READ CYCLE

HM6116L-2 HM6116L-3 HM6116L-4
Item Symbol — - - Unit
min max min max min max

Read Cycle Time tre 120 - 150 ° - 200 - ns
Address Access Time 2aa - 120 — 150 - 200 ns
Chip Select Access Time tacs - 120 - 150 - 200 ns
Chip Selection to Output in Low Z tcLz 10 - 15 - 15 - ns
Output Enable to Output Valid toe - 80 - 100 — 120 ns
Output Enable to Output in Low Z torz 10 - 15 — 15 - ns
Chip deselection to Output in High Z tcnz 0 40 0 50 0 60 ns
Chip Disable to Output in High Z tonz 0 40 0 50 0 60 ns
Output Hold from Address Change ton 10 -~ 15 - 15 - ns
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HM6116L-2,HM6116L-3,HME6116L-4

@ WRITE CYCLE

HM6116L-2 HM6116L.-3 HM6116L-4
Item Symbol - - - Unit
min max min max min max
Write Cycle Time twe 120 — 150 - 200 - ns
Chip Selection to End of Write tew 70 = 90 - 120 - ns
Address Valid to End of Write taw 105 — 120 — 140 — ns
Address Set Up Time tas 20 - 20 - 20 - ns
Write Pulse Width twp 70 - 90 - 120 — ns
Write Recovery Time twe 5 — 10 - 10 - ns
Output Disable to Output in High Z tonz 0 40 0 50 0 60 ns
Write to Output in High Z twiz 0 50 0 60 0 60 ns
Data to Write Time Overlap tow 35 - 40 - 60 — ns
Data Hold from Write Time ton 5 - 10 - 10 - ns
Output Active from End of Write tow 5 - 10 - 10 - ns
M CAPACITANCE (f=1MHz, Ta=25C)
Item Symbol Test Conditions typ max Unit
Input Capacitance Ca V=0V 3 5 pF
Input/Output Capacitance Cuo Vieo=0V 5 7 pF

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

HETIMING WAVEFORM
®Read Cycle (1)

Address

—

pomm t11 f ~em]

/L

tacs

Dout

terz

(1)y (2)y (4)

®Read Cycle (2)

Address

ton—————|

Dout

1)y (3D (4)

= Y

®Read Cycle (3)

Dout

{eHy—=

NOTES: 1. WE is High for Read Cycle.

2. Device is continuously selected, CS = V;.

3. Address Valid prior to or coincident with CS transition Low.

4. OE=

64
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® Write Cycle (1)

® Write Cycle (2)’

NOTES: 1.

Address z(

wa(2)

AN\

i O =
Dout
[ oK ——amfa—— tp5 —o=]
Din O\ )
Address )( )L
cw wa(2)
= N\ Y7777
WE - N (l\
WE }\\\ K Pl J{ .
. b-tas L-ma;lm ) |
Dout SIS S NN NNSNSANNN [ tov
LLLLLLL LS
_ " (8)
Din >S E 5 E

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

. twg is measured from the earlier of CS or WE

going high to the end of write cycle.

. During this period, I/O pins are in the output

state so that the input signals of opposite
phase to the outputs must not be applied.

. If the CS low transition occurs simultaneously

with the WE low transitions or after the WE

PN o

transition, output remain in a high impedance
state.

. OE is continuously low. (OE = V)

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

Doyt is the read data of next address.

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

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

HM6116L-2,HM6116L-3,HM6116L-4

Item Symbol Test Conditions min typ max Unit

Vcc for Data Retention Vor CS82Vee —0.2V, ViezVee —0.2V or Viu50.2V) 2.0 - - v

Data Retention Current Iccor®"| Vec=3.0V, TS22.8V, V..22.8V or V.. 50.2V — - 50 HA

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

Operation Reéovery Time tr trc** — — ns

* Vie=—0.3V min.
%% tpc=Read Cycle Time.

®Low Vcc Data Retention Waveform
[

Data Retention Mode

@ HITACHI
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HM6116L-2,HM6116L-3,HM6116L-4

SUPPLY CURRENT vs.
SUPPLY VOLTAGE

16
Ta=25C
5 14 E
H A i
s u = ]
g §
PR g
p H
H 13
E sl £
a , (&}
2 =
= &
& o6 a
04
45 4.75 50 5.25 5.5
Supply Voltage Vec (V)
ACCESS TIME vs.
SUPPLY VOLTAGE
13
Ta=25C
= 12 =
? 11 P 5
2 M M
I 10 3
= <
E 09 s
- ”
2 2
08
07
45 4.75 50 525 55
Supply Voltage Vee (V)
ACCESS TIME vs.
LOAD CAPACITANCE
18
3 ¥ / 3
2 ]
g / g
s M e 2
< 12 H
N Ta=25C §
2 Vec=MIN 3
SRR >
[ &
® 3
2
08
06
100 200 300 400 500

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

Vee=5.0V

30

1 \\
[ ——
08
0.6
0.4
0 20 40 60 80
Ambient Temperature Ta ('C)
ACCESS TIME vs.
AMBIENT TEMPERATURE
1.3
Vee=5.0V
12
11 //
10 //
0.9
08
0.7
] 20 40 60
Ambient Temperature Ta (C)
SUPPLY CURRENT vs.
FREQUENCY
13 T T T
200ns | 150ns [120ns
1.2
11
10 b
/
09
08
0.7
0 4 8 10

Frequency f (MHz)



Low Input Voltage Vio(Normalized)

Output Current Ion(Normalized)

Standby Current Issi (A)

LOW INPUT VOLTAGE vs.
SUPPLY VOLTAGE

1.3
Ta=25"C
1.2 —_
3
" :
=
| =] =
1.0 g
| e k]
2
0.9 A
K]
£
0.8
0.7
4.5 4.75 5.0 5.25 5.5
Supply Voltage Vee (V)
OUTPUT CURRENT vs.
OUTPUT VOLTAGE
16
Ta=25C
Vee=5V
14
\ 3
2 A\ f
\ :
10 =
H
0.8 .é
]
0.6 \
04
1 4
Output Voltage Vou (V)
STANDBY CURRENT vs.
AMBIENT TEMPERATURE
1074
Vee=3V
Cs=28V
3
- f
2
L~ H
/ H
10-¢ / i
L 2
/ s
23
1077
20 40 60 80

Ambient Temperature Ta (‘C)
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HIGH INPUT VOLTAGE vs.
SUPPLY VOLTAGE

HM6116L-2,HM6116L-3,HM6116L-4

Te=25C

0.8

.75 5.0 5.25

Supply Voltage Vec (V)

OUTPUT CURRENT vs.
OUTPUT VOLTAGE

5.5

/

/

0.8

Ta=25'C
Vee=5V

/

0.6

0.4

/

0.2 04 0.6

Output Voltage Vor (V)

STANDBY CURRENT vs.
SUPPLY VOLTAGE

0.8

0.6

/

0.4

3
Il

~

5

)

0.2

3 4
Supply Voltage Vec (V)
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HM6116L-2,HM6116L-3,HM6116L-4

68

Standby Current Iss (mA)

STANDBY CURRENT vs.
INPUT VOLTAGE

U
Ta=25C
Vee=5.0V

T3=4.8vV

\

1IN

1 2 4

Input Voltage Vi, (V)
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HM6116LP-2, HM6116LP-3,

HM6116L.P-4

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

B FEATURES

® Single 5V Supply and High Density 24 Pin Package

o High Speed: Fast Access Time

® Low Power Standby and
Low Power Operation;

Completely Static RAM:
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

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

10uW (typ.)
160mW (typ.)
No clock nor Timing Strobe Required

Standby:

Op

B FUNCTIONAL BLOCK DIAGRAM

eration:

—

Control

no— — o
Row ° Memory Matrix O GND
Decoder | ®
128128
»o—— ]
— Te o1
/0, . Column 1/0
LE
Input
Column Decoder
Data

1/0s O

zlé._/‘
A A A An

(DP-24)

I PIN ARRANGEMENT

v
v
As| 3
A
o]
v[7]
in
«[1]
I/O.E

N\

2 | Vee

23| As
21 A
s
Bk
19 | Ao
o
17 {I/0s
o

Vo] 10 15 | 1/0s
ﬁ-——l Vo 11 14 |170s
EO—DQ—L ano [ 12 3|1
WE ﬂ (Top View)
cs
B ABSOLUTE MAXIMUM RATINGS
Item Symbol Rating Unit
Voltage on Any Pin Relative to GND Vr —0.5% to +7.0 v
Operating Temperature Topr 0 to +70 ‘c
Storage Temperature Tue —55 to +125 ‘c
Temperature Under Bias Toee —10 to +85 ‘C
Power Dissipation Pr 1.0 w
#* Pulse Width 50ns . —3.5V
B TRUTH TABLE
CS OE WE Mode Vee Current 1/0 Pin Ref. Cycle
H X X Not Selected Iss, Isei High Z
L L H Read Icc Dout Read Cycle (1)~(3)
L H L Write Icc Din Write Cycle (1)
L L L Write Icc Din Write Cycle (2)

G HITACHI
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HM6116LP-2,HM61161P-3,HM6116LP-4

B RECOMMENDED DC OPERATING CONDITIONS (Ta=0 to +70°C)
Item Symbol min typ max Unit
Vee 4.5 5.5 \'
Supply Voltage SND 0 o v
Vin 2.2 6.0 v
Twpst. Valtage Vie ~3.0° - 0.8 v

#* Pulse Width:50ns, DC: V. min=

-0.3v

HDC AND OPERATING CHARACTERISTICS (Vcc=5V £10%, GND=0V, Ta=0 to +70°C)

HM6116LP-2 HM6116LP-3/-4
Item Symbol Test Conditions Unit
min typ* max min typ* max
Input Leakage Current 1 L d Vee=5.5V, V..=GND to Vcc - - 2 — — 2 KA
CS=Viw or OE=V, _ _ _ _
Output Leakage Current | 1ol Vi.0=GND to Vec 2 2 HA
Iec CS=Vi, Li.o=0mA — 35 70 - 30 60 mA
Operating Power Supply
Current Tecrss Vig=3.5V, Vi.=0.6V, _ 30 _ _ 25 _ mA
I v=0mA
Average Operating Current Icc: min. cycle, duty =100% — 35 70 - 30 60 mA
Iss CS=Vu - 4 12 hand 4 12 mA
Standby Power Supply =27 SV V.ZV
C t ) ZVce —0.2V, VuzVee — _ _
e Tsst 1 0.2V or Vas0.2v 2| %0 2| S0 A
Ivi=4mA - - 0.4 - - -
Vou v
Output Voltage Toc=2.1mA - - — — - 0.4
Vou Ton=—1.0mA 2.4 — - 2.4 - - v
* [ Vee=5V, Ta=25C
% * [ Reference Only
B AC CHARACTERISTICS (Vec=5V £10%, Ta=0 to +70C)
®AC TEST CONDITIONS
Input Pulse Levels: 0.8 to 2.4V
Input Rise and Fall Times: 10 ns
tnput and Qutput Timing Reference Levels: 1.5V
Output Load: 1TTL Gate and C; = 100pF (including scope and jig)
®READ CYCLE
HM6116LP-2 HM6116LP-3 HM6116LP-4
Item Symbol - - - Unit
min max min max min max
Read Cycle Time tre 120 - 150 — 200 - ns
Address Access Time tan - 120 — 150 - 200 ns
Chip Select Access Time tacs - 120 — 150 —_ 200 ns
Chip Selection to Qutput in Low Z terz 10 — 15 — 15 - ns
Output Enable to Output Valid tue - 80 - 100 — 120 ns
Output Enable to Output in Low Z torz 10 - 15 - 15 had ns
Chip Deselection to Output in High Z tenz 0 40 0 50 0 60 ns
Chip Disable to Output in High Z tonz 0 40 0 50 0 60 ns
Output Hold from Address Change ton 10 - 15 - 15 - ns
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® WRITE CYCLE

HM6116LP-2,HM6116LP-3,HM6116LP-4

HM6116LP-2 HM6116LP-3 HM6116LP-4 .
Item Symbol - - - Unit
min max min max min max
Write Cycle Time twe 120 — 150 - 200 — ns
Chip Selection to End of Write tow 70 - 90 — 120 - ns
Address Valid to End of Write taw 105 — 120 — 140 — ns
Address Set Up Time tas 20 - 20 - 20 — ns
Write Pulse Width twe 70 - 90 - 120 - ns
Write Recovery Time twe ) — 10 — 10 — ns
Output Disable to Output in High Z tonz 0 40 0 50 0 60 ns
Write to Output in High Z twyz 0 50 0 60 0 60 ns
Data to Write Time Overlap tow 35 - 40 - 60 - ns
Data Hold from Write Time ton 5 d 10 — 10 - ns
Output Active from End of Write tow 5 — 10 - 10 - ns
E CAPACITANCE (f=1MHz, Ta=25C)
Item Symbol Test Conditions typ max Unit
Input Capacitance C. V=0V 3 5 pF
Input/Output Capacitance Cio Vio=0V 5 7 pF
Note) This parameter is sampled and not 100% tested.
M TIMING WAVEFORM
®Read Cycle (1)
Address >( )(
taa
o NURNRRRR /7
s b tir1.s —] 4
= N\\% e K7 7X77
tacs ouz
Dout i ( ><X>_
®Read Cycle (2) ' @@
tre |
Address )(
taa { Pr—
] A |
SRRRX X
®Read Cycle (3) ¢ @@
Cs \1
1ac ——
hd Nz
L—-——lc:z —-‘
Dout >_
NOTES: 1. WE is High for Read Cycle.
2. Device is continuously selected, CS = V[L._
3. Address Valid prior to or coincident with CS transition Low.
4. OE=Vyp;.
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HM6116LP-2,HM6116LP-3,HM6116LP-4

® Write Cycle (1)

e Write Cycle (2) <

2.
3.

Address

X

bo———ad w2 (2}

RO\

3 ZZ/[
NN

tas
WE N
RAON\N\K A
e 0)
Dout
[=— ton" DN
Din )
Address )( )(
I tew wa(2)
ANNANNNN & . JA VIV
— (1)
WE
j\\\\\ A "
= tas beo-tw w2 STe) (6} (7
b SSSNUSNINNNN o
2277777777202
tow on ®
3
NOTES: 1. A write occurs during the overlap (fyp) of a transition, output remain in a high impedance
low CS and a low WE. o state.
twr is measured from the earlier of CS or WE 5. OE is continuously low. (OE = V) ]
going high to the end of write cycle. 6. Doyy is the same phase of write data of this
During this period, I1/O pins are in the output write cycle.
state so that the input signals of opposite 7. Doyt is the read data of next address.
phase to the outputs must not be applied. 8. If & is Low during this period, 1/O pins are

. If the CS low transition occurs simultaneously

with the WE low transitions or after the WE

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

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

Item Symbol Test Conditions min typ max Unit

Vce for Data Retention Vor CS2Vee —0.2V, Va2 Vee —0.2V or V.. $0.2V 2.0 - - \'

Data Retention Current Iccor® | Vec=3.0V, CS22.8V, V..22.8V or V.. 0.2V - — 30 HA

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

Operation Recovery Time tr trc** — — ns

* 10 #A max at Ta=0TC to +40C, V,. min=—0.3V
* % - =Read Cycle Time.

®Low Vcc Data Retention Waveform
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Data Retention Mode

Vee

Voa

TSz Vor—0.2V

[543

OV o e e e e e e e e e —_
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HM6116LP-2,HM6116LP-3,HM6116LP-4

Access Time taa,tacs(Normalized) Supply Current lec.lccz (Normalized)

Access Time taa, tacs(Normalized)

SUPPLY CURRENT vs.
SUPPLY VOLTAGE

16
Ta=25C

12
10

ox/

06

04

45 4.75 50 525 55
Supply Voltage Vec (V)

ACCESS TIME vs.
SUPPLY VOLTAGE

Ta=25C

0.9

08

0.7

45 475 50 525 S5
Supply Voltage Vee (V)

ACCESS TIME vs.
LOAD CAPACITANCE

16 /

e
e

12
Ta=25C
Vee=MIN
10
08
06
100 200 300 400 500

Load Capacitance C. (pF)

@ HITACHI

Supply Current Icc,lcc2(Normalized)

Access Time tastacs (Normalized)

Supply Currept Iccz(Normalized)

SUPPLY CURRENT vs.
AMBIENT TEMPERATURE

16
Vee=50V
14
12
10 —~]
\\
08
06
04
0 20 40 60 80
Ambient Temperature Ta ('C)
ACCESS TIME vs.
AMBIENT TEMPERATURE
13
Vee=5.0V
12
11 //
! / //
09
08
0.7
[ 20 40 60 80
Ambient Temperature Ta {°C)
SUPPLY CURRENT vs.
FREQUENCY
13 ~T T T
200ns | 150ns {120ns
12
1l
10
L—
e
——'—/
09
08
0.7
0 4 10

Frequency f ( P‘le)
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HM6116LP-2,HM6116LP-3,HM6116LP-4
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Qutput Current low(Normalized)

Standby Current Issi (A)

Low Input Voltage Vii(Normalized)

LOW INPUT VOLTAGE vs.

HIGH INPUT VOLTAGE vs.
SUPPLY VOLTAGE SUPPLY VOLTAGE
1.3 13
Ta=25C Ta=25C
12 = 1.2
11 E Ll
= /
Lo . /_.——-‘— i 10
X — g v
2 ]
09 E 09
0.8 = 0.8
0.7 0.7
4.5 4.75 5.0 5.25 5.5 45 4.75 5.0 5.25 5.5
Supply Voltage Vec (V) Supply Voltage Vec (V)
OUTPUT CURRENT vs. OUTPUT CURRENT vs.
OUTPUT VOLTAGE OUTPUT VOLTAGE
16 16
Ta=25C
Vee=5V
14 \ i 4 //
1.2 & Té_ 12
\ :
10 <
H Ta=25C
o8 if 0s Vec=5V
§ /
0.6 0.6 /
04 0.4
1 4 0.2 0.4 0.6 0.8
Output Voltage Vou (V) Output Voltage Voo (V)
STANDBY CURRENT vs. STANDBY CURRENT vs.
AMBIENT TEMPERATURE SUPPLY VOLTAGE
107 14
Vee=3V
Cs=2.8V /
1.2
10-¢ —_—!_ 10
2
/ o g
: 08 /
10-* ] 3 06
/ 2 Ta=257C
. H / CS= Ve —0.2V
n 04 /1
1077 d_ 1 0.2
20 40 60 80 4

Ambient Temperature Ta ('C)

GO HITACHI

Supply Voltage Vcc (V)




Standby Current Isp1 (mA)

STANDBY CURRENT vs.

INPUT VOLTAGE

T
Ta=25C

Vec=5.0V

T3=4.8V

N\

N

L

1 4

Input Voltage V.. (V)

G HITACHI

HM6116LP-2,HM6116LP-3,HM6116LP-4

75




HM6116LFP-2, HM6116LFP-3,
HMG6116LFP-4

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

BFEATURES

@ 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 and Standby: 10uW (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 (FP-20

EFUNCTIONAL BLOCK DIAGRAM BPIN ARRANGEMENT

—O Vec — .
° X— w[1] 2] e
g \ Row ° Memory Matrix —— CND A‘l 2 23 | A
.

128x128 "5% 22| A
Avo———m A 21 | WE

A

T T als 20 } OF
—— Py o
. 1 Al 6 19 | Aw
1/0Q Column [70 —_
LA . A.I 7 18 |CS
Input .
] ‘ Column Decoder Af 8 17 | 1/0s
: Data
| H Control ﬁ! 7o} 9 16 | 1705
t
—_— ] 1| 10 } 15 | 1708
/0O v
I \ /e | 11 4 11/0s
Ao A As Ao 1

! ’_l oD [ 1z . 13 | /0
(Top View)

D
D

WABSOLUTE MAXIMUM RATINGS

Item Symbol Rating Unit
Voltage on Any Pin Relative to GND Vr —0.5*to +7.0 A%
Operating Temperature Tope 0 to +70 C
Storage Temperature Tue —55 to +125 ‘c
Temperature Under Bias Tine —10 to +85 ‘Cc
Power Dissipation Py 1.0 w

* Pulse width 50ns : —3.5V

76 A HITACHI



ETRUTH TABLE

HM6116LFP-2,HM6116LFP-3,HM6116LFP-4

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

H X X Not Selected Iss, Iss High Z

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

L L L Write Icc Din Write Cycle (2)

MRECOMMENDED DC

OPERATING CONDITIONS (Te=0 to +70°C)

Item Symbol min typ max Unit
Vee 4.5 5.0 5.5 v
Supply Volt.
uppy Toltese GND 0 0 0 v
Ioput. Volt. Viu 2.2 3.5 6.0 \
u!
np oltage Vie —3.0" —_ 0.8 v

* Pulse Width: 50ns. DC: Vi min=—0.3V.

HDC AND OPERATING CHARACTERISTICS (Vcc=5V£10%, GND=0V, Ta=0 to +70°C)

HM6116LFP-2 HM6116LFP-3/-4
Item Symbol Test Conditions - - / Unit
min typ* max min typ* max
Input Leakage Current { 1] | Vee=5.5V, V..=GND to Vec — - 2 - — 2 KA
CS=Vius or OE=V4,
Output Leakage Currnnt | Io | Vi, 0=(I;N([)) to Vec " - - 2 —_ -_ 2 HA
) Icc CS=Vi.. I;.0=0mA - 35 70 — 30 60 mA
Operating Power Supply
Vin=3.5V, Vi.=0.6V,
Current Iccr** - 30- - — 25 — mA
I 0=0mA
Average Operating Current | Icc: Min cycle, duty=100% — 35 70 — 30 60 mA
1 Cs=vV, — 4 12 —_ 4 12 mA
Standby Power Supply 2 ==
. CS=2Vee—0.2V, Via.zVec
Current Isg —_ 2 50 — 2 50 HA
1o —0.2V or V..s0.2V
lor=4mA — — 0.4 — - —
Voo \Y%
Output Voltage Io,=2.1mA — - — — — 0.4
VUH Iun’—l.omA 2.4 - - 2.4 - - \Y
* I Vee=5V, Ta=25C
* % . Reference Only
MAC 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
fnput and Output Timing Reference Levels: 1.5V
Output Load: 1TTL Gate and C7, = 100pF (including scope and jig)
O®READ CYCLE
HM6116LFP-2 HM6116LFP-3 HM6116LFP-4 X
Item Symbol - - - Unit
min max min max min max
Read Cycle Time tre 120 — 150 — 200 —_ ns
Address Access Time tas — 120 — 150 — 200 ns
Chip Select Access Time tacs - 120 - 150 — 200 ns
Chip Selection to Output in Low Z terz 10 — 15 — 15 - ns
Output Enable to Output Valid toe - 80 — 100 — 120 ns
Output Enable to Output in Low Z torz 10 - 15 — 15 — ns
Chip deselection to Output in High Z tewz 0 40 0 50 1] 60 ns
Chip Disable to Output in High Z tonz 0 40 0 50 0 60 ns
Output Hold from Address Change ton 10 - 15 - 15 - ns
77
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HM6116LFP-2,HM6116LFP-3,HM6116LFP-4

®WRITE CYCLE

HM6116LFP-2 HM6116L.FP-3 HM6116LFP-4 .
Item Symbol - - - Unit
min max min max min max
Write Cycle Time twe 120 — 150 — 200 — ns
Chip Selection to End of Write tew 70 — 90 —_ 120 — ns
Address Valid to End of Write taw 105 — 120 - 140 — ns
Address Set Up Time tas 20 - 20 - 20 — ns
Write Pulse Width twp 70 - 90 — 120 — ns
Write Recovery Time twr 5 — 10 — 10 — ns
Output Disable to Output in High Z tonz 0 40 0 50 0 60 ns
Write to Output in High Z twnz 0 50 0 60 0 60 ns
Data to Write Time Overlap tow 35 — 40 - 60 — ns
Data Hold from Write Time ton 5 — 10 - 10 — ns
Output Active from End of Write tow 5 — 10 - 10 — ns
BCAPACITANCE (f=1MHz, Ta=25°C)
Item Symbol Test Conditions typ max Unit
Input Capacitance Cin Vin=0V 3 5 pF
Input/Output Capacitance Cio Vi o=0V 5 7 pF

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

ETIMING WAVEFORM
®READ CYCLE(1)”

Addrexs

X

[/

pro——tiry ~—o=i

k b 011,/ ——e]

v

Dout

taes

®READ CYCLE (2) ("»®

- $

tac

Address

Dout

XK

®READ CYCLE (3) "™

lr”j—

Cs
LACS:
tcrz
Dout
NOTES: 1. WE is High for Read Cycle _
2. Device is continuously selected, CS= ¥V
3. Address Valid prior to or coincident with CS
transition Low.
4. OE= VIL'
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HM6116LFP-2, HM6116LFP-3, HM6116LFP-4

®WRITE CYCLE (1) e

K _ A
R

Address

—
= LK RN
SRR ). IS

w A

tonz (3) we(l)

Dost [ 227277 — tor — '”ﬁ

®WRITE CYCLE (2)®

N
<

Mdress \<
| tew twal2)

= NNARRRRE ATV T77777

twr(1)

7 K iy, o

U twnz(3)

—~
Dout L L L £ /| {/— tow ton ——{(8) AV

Din |\

NOTES: 1. A write occurs during the overlap (fyp) of a state. -
low CS and a low WE. __ __ 5. OEis continuously low. (OE = V)
2. twpg is measured from the earlier of CS or WE 6. Doyt is the same phase of write data of this
going high to the end of write cycle. write cycle.

3. During this period, I/O pins are in the output 7. Dgy; is the read data of next address.
state so that the input signals of opposite 8. If & is Low during this period, 1/O pins are
phase to the outputs must not be applied. in the output state. Then the data input
4, If the CS low transition occurs simultaneously signals of opposite phase to the outputs must

with the WE low transitions or after the WE not be applied to them.
transition, output remain in a high impedance

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

Item Symbol Test Conditions min typ max Unit
CS=Vec—0.2V
Vce for Data Retention Vor Vee=0.2 2.0 — - \'
Vin2Vec—0.2V or Vin=0.2V
Vee=3.0V, CS5=2.8V
Data Retention Ci t Iccor® ' — —
ata Tetention Tarren , P | Vin22.8V or Vins0.2V 30 #A
Chip Deselect to Data Retention Time tcor 0 —_ — ns
- - See Retention Waveform
Operation Recovery Time tr **trc — — ns

* Vi. min=—0.3V, 10 #A max (at Ta=0 to +407C)
* % txc=Read Cycle Time.

®Low Vcc DATA RETENTION WAVEFORM

Data Retention Mode

Vor

TSz Var—0.2V

Ve e e e e e e e e —_
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HMG6116 AP-12, HM6116 AP-15,
HMG6116 AP-20, HMG6116 ASP-12,
HMG6116 ASP-15,HM6116 ASP-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: 100uW (typ.)

Low Power Operation Operation: 15mW (typ.) (f = 1MHz)
Single 5V Supply and High Density 24 Pin Package

Completely Static RAM: No clock or Timing Strobe Required
Directly TTL Compatible: All Input and Output

Pin Out Compatible with Standard 16K EPROM/MASK ROM

Equal Access and Cycle Time

MFUNCTIONAL BLOCK DIAGRAM

HM6116AP Series

(DP-24)

HM6116ASP Series

o
H — Ve
i S fow | ] Memory Matrix —— GND
H Decoder 128X 128
1 —t
o]
Vo, ™~ — rc‘ WL - (DP-244)
! ' {- Input .
N Data Column Decoder
¥ g o WPIN ARRANGEMENT
T
H T~
Voroy i LS %[ _____ %j b R
[ T A a A [
: | 231 A
[ Lﬂj—-’ 22 % A
wE 21 | WE
E 20 | OF
19] A
8
EABSOLUTE MAXIMUM RATINGS ¢
17 | 1/0s
Item Symbol Rating Unit
Voltage on Any Pin Relative to GND Vr —0.5% to +7.0 \ 6] 10
Operating Temperature Tor 0to +70 kS 15 | 1/0s
Storage Temperature T —55 to +125 ‘C 14 | 1/0s
Temperature Under Bias T —10 to +85 ‘C 13] 1/0s
Power Dissipation Pr 1.0 w
* Pulse Width 50ns © —3.5V (Top View)
ETRUTH TABLE
CS OE WE Mode Vee Current 1/0 Pin Ref. Cycle
H X X Not Selected Iss, Iss High Z
L L H Read Iec Dout Read Cycle (1)~(3)
L H L Write Iec Din Write Cycle (1)
L L L Write Iee Din Write Cycle (2)
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HM6116AP-12,HM6116AP-15HM6116AP-20
HM6116ASP-12, HM6116ASP-15,HM6116ASP-20

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

Item Symbol min typ max Unit
Vee 4.5 5.0 5.5 \%
Supply Voltage OND 0 o o v
Viu 2.2 3.5 6.0 v
Input Voltage T e — ) v

#* Puise Width:50ns, DC : V.. min= 0.3V

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

HM6116AP/ HM6116AP/ HM6116AP/
Item Symbol Test Condition ASP-12 ASP-15 ASP-20 Unit
min | typ*| max | min | typ* | max | min | typ*| max
Input Leakage Vece=5.5V,Vin.=GND| _ _ _ 2 _ — 2 A
Current 2 {3 PN Vec 2 s
Output Leakage CS8=Vyy or OE=V7p, _ _ _ _ 2 _ — 2 A
Current HLol| y,5=GND to Vo 2 “
I SV, lyo=0mA | _ | 5| 45| | s | 1s| - | s| 15| ma
: CC¢ | Vin=VmmorViL
Operating Power " e——
Supply Current IH=Yce, YIiL=vv, . 3 6 A
Iccy | CS=Vir, - 3 6 - 3 [ - m
I1/0=0mA, f=1MHz
Average Operating min. cycle, _ _ _ 3
P Iccz | quty = 106% 35| 60 25 | 45 20| 35| mA
Standby Power Isp CS=Viy - 1 4 - 1 4 - 1 4 | mA
Supply Current Isp: | CS2Vec-0.2V — o002 2] - o002} 2| -]002 2| maA
Vor | lor=4mA 1 — 04| = —oa| = -] oa| v
Output Voltage
P & Vor | Tom=-1.0mA 24| | = | 24| = | = | 24| - | - | v

* Voo=5V, T,=25°C

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

Input Pulse Levels: 0.8 to 2.4V

Input Rise and Fall Times: 10 ns

Input and Output Timing Reference Levels: 1.5V

Output Load: 1TTL Gate and C; = 100pF lincluding scope and jig)

® READ CYCLE

HM6116AP/ HM6116AP/ HM6116AP/
Item Symbol ASP-12 ASP-15 ASP-20 Unit
min max min max min max
Read Cycle Time trRe 120 - 150 — 200 - ns
Address Access Time taa - 120 - 150 S - 200 ns
Chip Select Access Time tacs - 120 - 150 — 200 ns
Chip Selection to OQutput i Low Z tcLz 10 - 10 - 10 — ns
Output Enable to Output Valid tor — 55 — 60 — 70 ns
Output Enable to Output in Low Z toLz 10 - 10 - 10 - ns
Chip Deselection to Output in High Z tcHz 0 40 0 50 0 60 ns
Chip Disable to Output in High Z tOHZ 0 40 0 50 0 60 ns
Output Hold from Address Change toH 10 - 15 - 20 - ns
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HM6116AP-12,HM6116AP-15HM6116AP-20
HM6116ASP-12,HM6116ASP-15,HM6116ASP-20

® WRITE CYCLE

HM6116AP/ HM6116AP/ HM6116AP/
Item Symbol ASP-12 ASP-15 ASP-20 Unit
min max min max min max
Write Cycle Time twe 120 - 150 - 200 — ns
Chip Selection to End of Write tow 70 - 90 - 120 - ns
Address Valid to End of Write taw 105 - 120 - 140 - ns
Address Set Up Time tas 1] - 0 - 0 — ns
* Write Pulse Width twp 70 - 80 - 100 - ns
Write Recovery Time twr 0 - 0 - 0 - ns
Output Disable to Output in High Z toHZ 0 40 0 50 0 60 ns
Write to Output in High Z twHZ 0 35 0 40 0 50 ns
Data to Write Time Overlap tpw 35 - 40 - 50 - ns
Data Hold from Write Time tDH 0 - 0 - 0 - ns
Output Active from End of Write tow 10 - 10 - 10 - ns
ECAPACITANCE (f=1MHz, Ta=25C)
Item Symbol Test Conditions typ max Unit
Input Capacitance C. V=0V 3 5 pF
Input/Output Capacitance Cuo Vio=0V 5 7 pF
Note) This parameter is sampled and not 100% tested.
HETIMING WAVEFORM
® READ CYCLE (1)
trC
Address )( )(
faa
AN /777
toE ~toH~
— L - 4
& \\X foLz S A 00004
—[OHZ
; tacs {CHZ

®READ CYCLE (2)"»®

IRC

st X )

LYV { l—toH —

tOH

Dout ) /

O READ CYCLE(s)(I)(J)(A)

CSs :— =
tacs tcHZ
tcLz
Dout

NOTES: 1. WE is High for Read Cycle.
2. Device is continucusly selected, TS = V.
3. Address Valid prior to or coincident with CS transition Low.
4. OE= Vir-
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HM6116AP-12,HM6116AP-15,HM6116AP-20
HM6116ASP-12,HM6116ASP-15,HM6116ASP-20

®WRITE CYCLE(1)

twe -
Address * %

twr(2]
% /// RN
tcw
SANNANANNT KT77777
- -fAs-1 Aw
PN A
..to};zép ’WP[ 1]
Dout 7777277/
|~ DW~——t=—1 Dy —=

Din D

®WRITE CYCLE(2)*

twc
Address )( )(
} tew Iwr (2]
Es’-\-Q;\Q:(:*u; b, 77777;7
Aw
WE twp(1)
} 3\ S\\ /{ F-—toH
L.tAS twHZ 3) e tow [6] [7]
Dout QA9 ) A
pw—+—IpH
[: (8]
Din K JOOO0OK

NOTES: 1. A write occurs during the overlap (fyp) of a low CS and a low WE.
. twg is measured from the earlier of CS or WE going high to the end
of write cycle.
. During this period, 1/O pins are in the output state so that the input
signals of opposite phase to the outputs must not be applied.
. If the TS low transition occurs simultaneously with the WE low
transitions or after the WE transition, output remain in a high im-
pedance state.
OE is continuously low. (OF = V)
. Doyt is the same phase of write data of this write cycle.
. Doyt is the read data of next address.
If & is Low during this period, 1/O pins are in the output state.
Then the data input signals of opposite phase to the outputs must
not be applied to them.

& W =

LT
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HMG6116 ALP-12, HMG6 116 ALP-15,
HMG6116 ALP-20, HMI6116 ALSP-12,
HMG6116 ALSP-15,HMG6116 ALSP-20

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

® High Speed: Fast Access Time 120ns/150ns/200ns (max.)
® Low Power Standby and Standby: 5uW (typ.)

Low Power Operation; Operation:  10mW (typ.) (f = 1MHz)

Capability of Battery Back up Operation

Single 5V Supply and High Density 24 Pin Package

Completely Static RAM: No clock nor Timing Strobe Required
Directly TTL Compatible: All Input and Qutput

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

BIFUNCTIONAL BLOCK DIAGRAM

. S
— e

]
H Row Memary Matrix —_ GAD
i
1

Decoder 128x 128

I ]

HMG6116ALP Series

(DP-24)

HM6 116 ALSP Series

(DP-24A)

/0, *‘*r‘_t— Catumn 10 |
[ input
S " S Data Columa Decoder HPIN ARRANGEMENT
LN Control
Ve — S —
Vot H 33 B = i
| T TR A A ! ! a2 23| A
1 . — —
Al 4 21 { WE
WE o~———rt A ? ? O
ok = =
OE Al 6 [ 19 ] A
w7 e
WM ABSOLUTE MAXIMUM RATINGS als E 1/0s
Item Symbol Rating | Unit vo[o ] B
Voltage on Any Pin Relative to GND Vr —0.5% to +7.0 \ vor [ 10 El 1706
Operating Temperature Torr 0 to +70 ‘c vor [ E 108
Storage Temperature Toa —55 to +125 c
- , GNp | 12 E 1/04
Temperature Under Bias Touue —10 to +85 C
Power Dissipation Pr 1.0 w (Top View)
# Pulse Width 50ns ; —3.5V
B TRUTH TABLE
CS OE WE Mode Vce Current 1/0 Pin Ref. Cycle
H X X Not Selected Iss, Iss: High Z
L L H Read Icc Dout Read Cycle (1)~(3)
L H L Write Icc Din Write Cycle (1)
L L L Write Icc Din Write Cycle (2)
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HM6116ALP-12,HM6116ALP-15HM6116ALP-20

HM6116ALSP-12,HM6116ALSP-15,HM6116ALSP-20

B 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
v Viu 2.2 3.5 6.0 v
frput Voltage Vi -3.0° - 0.8 v
#* Pulse Width: 50ns, DC: Vi min=—0.3V
® DC AND OPERATING CHARACTERISTICS (V¢¢ = 5V + 10%, GND = 0V, T, = 0 to +70°C)
HM6116ALP/ HM6116ALP/ HM6116ALP/
Item Symbol|  Test Condition ALSP-12 ALSP-15 ALSP-20 Unit
min | typ*| max | min | typ* | max | min | typ* | max
Input Leakage Vec=5.5V,Vip=GND | | P o P 2 A
Current L1l | to Vee .
Output Leakage CS=Vigor OE=Vyy, | _ | _ N -l - 2 A
Current Lol V170=GND to V¢c 2 2 H
CS8=Vir, I;y0o=0mA
T, - 4 12 - 4 12 | - 4 12 | mA
Overating Powe cc Vin=Vig or Vg,
perating Power - z
Supply Current Vin=Vee, ViL=0vV
I cCl1 CS=VIL, - 2 5 - 2 5 - 2 5 mA
I]/o=0mA, f=1MHZ
Average Operating min. cycle, _ _
Current Icc2 duty = 100% - 30 | 50 20 | 40 15 | 30 | mA
Standby Power Isp CS=Viy - | 05 3 - | 05 3 - | 05 3 | mA
Supply Current Isp; | CS2Vec-0.2V -] 1] so] =] 1t ]s0] -] 1] s50] pa
= - - 4| - - | 04| = - 04| V
Output Voltage Vor Tor=4mA 0
Vo | Tom=-1.0mA 24| - - 24| - - 24| - - v
* Vee=5V, T,=25°C
BMAC CHARACTERISTICS (Vcc=5V +10%, Ta=0 to +70°C)
O®AC TEST CONDITIONS
tnput Pulse Levels: 0.8 to 2.4V
Input Rise and Fall Times: 10 ns
Input and Output Timing Reference Levels: 1.5V
Output Load: 1TTL Gate and C; = 100pF (including scope and jig)
® READ CYCLE
HM6116ALP/ HM6116ALP/ HM6116 ALP/
Item Symbol ALSP-12 ALSP-15 ALSP-20 Unit
min max min max min max
Read Cycle Time tre 120 - 150 - 200 - - ns
Address Access Time taa - 120 - 150 - 200 ns
Chip Select Access Time tacs — 120 - 150 - 200 ns
Chip Selection to Output in Low Z terz 10 - 10 - 10 — ns
Output Enable to Qutput Valid toE - 55 - 60 - 70 ns
Output Enable to Output in Low Z toLz 10 - 10 — 10 — ns
Chip Deselection to Qutput in High Z tcHz 0 40 0 50 0 60 ns
Chip Disable to Output in High Z toHZ 0 40 0 50 0 60 ns
Output Hold from Address Change toy 10 - 15 - 20 - ns

@ HITACHI
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HM6116ALP-12,HM6116ALP-15HM6116ALP-20

HM6116ALSP-12,HM6116ALSP-15,HM6116ALSP-20

® WRITE CYCLE

HM6116 ALP/ HM6116ALP/ HM6116ALP/
Item Symbol ALSP-12 ALSP-15 ALSP-20 Unit
min max min max min max
Write Cycle Time twe 120 - 150 — 200 - ns
Chip Selection to End of Write tew 70 - 90 - 120 — ns
Address Valid to End of Write taw 105 - 120 - 140 — ns
Address Set Up Time tas 0 — 0 -~ 0 - ns
Write Pulse Width twp 70 — 80 — 100 - ns
Write Recovery Time twr 0 - 0 - 0 - ns
Output Disable to OQutput in High Z toHZ 0 40 0 50 0 60 ns
Write to Output in High Z 'woH 0 35 - 0 40 0 50 ns
Data to Write Time Overlap tpw 35 - 40 - 50 - ns
Data Hold from Write Time tpH 0 - 0 - 0 - ns
Output Active from End of Write tow 10 - 10 — 10 - ns
B CAPACITANCE (f=1MHz, Ta=25C)
Item ' Symbol Test Conditions typ max Unit
Input Capacitance C. V=0V 3 5 pF
Input /Output Capacitance Cro Vi o=0V 5 7 pF
Note) This parameter is sampled and not 100% tested.
W TIMING WAVEFORM
®Read Cycle (1)
1j
L tRC
Address X X
'V
ANANNNNY 7777
——LtCE— . ~tOH+
— 4
& N\Y ~foLz (L[N
lOHZ
; tacs lcHZ;
Dout CLZ ( >0<>._
®Read Cycle (2)
(11, 21, 4]
N tre |
Address *
t -t
ro— AA toH—
Dout ‘ > ><
®Read Cycle (3)
[11, (3}, [4]
cs ./_—'_
tacs tcHZ
tcLz
Dout

NOTES: 1. WE is High for Read Cycle.

2. Device is continuously selected, CS = V.

3. Address Valid prior to or coincident with CS transition Low.

4. OE= Vi
[=7~3




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

® Write Cycle (1)

twe

Address __ ) K
—{twr[2]

OE LLX
cs AN G Y994

— t
WE *’ﬁ:gimg:w__/ —
fonzl- 314 twp[1]—

Dout >

Din — 3

tow—

+Dw--{DHA

®Write Cycle (2)

twe

K <

. tew twr [2]
N\ L4 LV /777

tAw

PN iy o m—

H

as'_twnzl 03] Ofe1! 17
NN

SSSSS —fow
L 777 hAVAVAVAVA
Pt

Din 1 B

(5)
Address

cs

BZhy

WE

AN
Lz

Dout

LIl 77

NOTES: 1.

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

. twgr is measured from the earlier of CS or WE

going high to the end of write cycle.
During this period, 1/O pins are in the output
state so that the input signals of opposite

transition, output remain in a high impedance
state.

. OE is continuously low. {(OE = ¥;)

Dout is the same phase of write data of this

write cycle.
is the read data of next address.

. Dy,

L f & is Low during this period, 1/O pins are
in the output state. Then the data input
signals of opposite phase to the outputs must
not be applied to them.

o

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

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

Item Symbol Test Conditions min typ max Unit
Vec for Data Retention Vor CS2Vee -0.2V 2.0 - - v
Data Retention Current Iccon® | Vec=3.0V, CS22.8V — - 30 HA
Chip Deselect to Data Retention Time | tcor 0 - - ns

- " See Retention Waveform
Operation Reéovery Time tx trc** — - ns
* 10 #A max at Ta=0T to +40C, V: min=—0.3V
* % {x =Read Cycle Time.
®Low Vcc Data Retention Waveform
L Data Retention Mode
Von
TN T T T T Tmaveeow
OV e e e e ———_————— e —_

@ HITACHI
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HM6117P-3, HM6117P-4

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

BEFEATURES
® Single 5V Supply and High Density 24 pin Package.
® High Speed: Fast Access Time
® Low Power Standby and

Low Power Operation: Operation:
® Completely Static RAM:  No clock nor Timing St
Directly TTL Compatible: All Input and Output
® Equal Access and Cycle Time

Standby:

EFUNCTIONAL BLOCK DIAGRAM

150ns/200ns (max.)

100uW (typ.)
200mW (typ.)
robe Required

As o———ﬂ__
Az f —0 Vec
Az i - . .
A¢ : S Row Memory Matrix ——0 GND
As : Decoder 128X 128
A‘ |
Iy S— B
N -
7 = 1 Column 1/0
iy Input
'y Column Decoder
hi Data
: : S Control
: i —_~ 1
Voo ™ [
o I ht Ao _A:_I\_’—AID S : :
I I
o -
CEl 06—
WE
BABSOLUTE MAXIMUM RATINGS
Item Symbol Rating Unit
Voltage on Any Pin Relative to GND Vr *—0.5 to +7.0 A%
Power Dissipation Pr 1.0 w
Operating Temperature Toper 0 to +70 c
Storage Temperature Tate —55 to +125 °C
Temperature Under Bias Thias —10 to +85 ‘C
* Pulse width 50ns . —3.5V
EBTRUTH TABLE
CE [ CE. | WE Mode Vee Current 1/0 Pin
H X X Not Selected Tecur High Z
X H X Not Selected Tcce: High Z
L L H Read Icc Dout
L L L Write Icc Din
88 @ HITACHI

(DP-24)

MPIN ARRANGEMENT

o
N5
W0
s3]
e
NG
NG

vo 3]

10 [19]

vos [}

GNDE

——_—

E As

22 As

[21]WE
20| CE;
[15] At
18] CEy
7] 1700
mp
[15]1/04
[1¢) 0s
i3] o

(Top View)




BRECOMMENDED DC

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

HM6117P-3,HM6117P-4

Item Symbol min typ max Unit
Vee 4.5 5.0 5.5 \

Supply Volt
upply Voltage GND 0 0 0 \
Inpat High (logic 1) Voltage Vi 2.2 3.5 6.0 \%
Input Low (logic 0) Voltage Vi —3.0* — 0.8 \Y

* Pulse width: 50ns, DC: Viean=—0.3V

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

Item Symbol Test Conditions min typ max Unit
Input Leakage Current I | V..=GND to Vec — — 10 HA
CE =V or CE:=Vuy
Output Leak C t 1 - — 10 A
diput Leakage Larren Mo Vi o=GND to Vec #
O ting P Suppl e e
perating _ ower Suppy Iec CE\~CTE: = Vie. I o=0mA - 40 80 mA
Current . DC
A Overating C . I Min cycle, duty=100% 0 80 A
verage Ope rres cc i — - m
ge Dperating Lurren e CE - Vi, CE:=Vu
Standby P Suppl CEi2Vee—0.2V,
anchy Tower Supply Iccui® 1= — 0.02 2 mA
Current i1): DC VinzVee—0.2V or Vivs0.2V
Standby Power Supply —
. CE:2Vee—-0. - .0 A
Current ‘2): DC ICCLZ 2 cc 0 2V 0 2 2 m,
Output low Voltage Voo IoL=2.1mA - - 0.4 A%
Output High Voltage Vou Ton=—1.0mA 2.4 - — A
Notes : 1) Typical limits are at Vcc=5.0V. Ta=+25C
2) % Vimn=~0.3V
MCAPACITANCE (Ta=25C, f=1.0MHz)
Item Symbol Test Conditions typ max Unit
Input Capacitance Civ Vin=0V 3 5 pF
Input/Qutput Capacitance Cio Vi o=0V 5 7 pF
Note) This parameter is sampled and not 100% tested.
BAC CHARACTERISTICS (Ta=0T to +70C, Vcc=5V+10% 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: 1.5V
Output Load: 1 TTL Gate and C,=100pF (including scope and jig)
O®READ CYCLE
HM6117P-3 HM6117P-4
Item Symbol - - Unit
min max min max
Read Cycle Time tre 150 — 200 — ns
Address Access Time taa — 150 — 200 ns
Chip Enable (CE:) to Output tcor — 150 — 200 ns
Chip Enable (CE:) to Output tcor — 150 — 200 ns
Chip Enable (CE:) to Output in Low Z Lz 10 — 10 —_ ns
Chip Enable (CE:) to Output in Low Z trz 10 — 10 — ns
Chip Disable (CE:) to Output in High Z tuzi 70 0 80 ns
Chip Disable (CE:) to Output in High Z thze 0 70 0 80 ns
Output Hold from Address Change tou 15 - 15 — ns
@ HITACHI 89




HM6117P-3,HM6117P-4

NOTES: 1 A write occurs during the

overlap (typ) of low CE,,
aWE. !

CE, an
2. tys
ning of the write,
twR

write cycle.

920

is measured from the
address changes to the bigin-

is measured from the
earlier of CE,, TE, or WE
going high to the end of

® TIMING WAVEFORM OF READ CYCLE (Notes 1)
1114 |
Address )(
taa ton
CE1 tcot V/l/
Ny / W,
[1%4] thz1
Gk, tcor
AN AU,
tLz2 g tH22)
Dout
@K Data Valid %
NOTES: 1. WE is High for Read Cycle.
®WRITE CYCLE
HM6117P-3 HM6117P-4
Item Symbol - ! - Unit
min max min max
Write Cycle Time twe 150 — 200 - ns
Chip Enable (CE:) to End of Write tem 100 — 120 — ns
Chip Enable (CE:) to End of Write tews 110 — 130 — ns
Address Set Up Time tas 20 — 20 — ns
Address Valid to End of Write taw 130 — 150 — ns
Write Pulse Width twp 100 — 120 - ns
Write Recovery Time twr 15 — 15 - né
Write to Output in High Z twiz 0 60 0 70 ns
Data to Write Time Overlap tow 50 - 60 — ns
Data Hold from Write Time ton 20 — 20 - ns
Output Active from End of Write tow 10 — 10 — ns
® TIMING WAVEFORM OF WRITE CYCLE
lwc
Address N
)(7 Tewr N F;T—/ (3)
NN NN /
tcwz
CE: \; ;{ /
taw
WE twe(1) "
tas(2) 3\\\ W, o
Dot S350 500055 5SSO N ARRN
LI 2/ A\VAVAVANN
tow [17]
l (8)
Din Data In Valid

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

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

@ HITACHI

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

7. Dout is the read data of next

address. .

. 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.

[



Access Time taa,tacs(Normalized) Supply Current lec,lccr (Normalized)

Access Time tastacs(Normalized)

SUPPLY CURRENT
vs. SUPPLY VOLTAGE

Ta=25C
14
12 ]
—
10
08 ]

0.6

04

45 4.75 5.0

Supply Voltage Vec (V)

ACCESS TIME
vs, SUPPLY VOLTAGE
13

5.25

5.5

Ta=25C

09

08

07

45 4.75 50

Supply Voltage Vec (V)

ACCESS TIME
vs. LOAD CAPACITANCE

5.25

85

>
12 r/

Ta=25C
Vec=MIN

08

06

200 300

Load Capacitance Cr (pF)

400

G HITACHI

Supply Current Icc,lcc2(Normalized)

Access Time taa,tacs(Normalized)

Supply Current Iccz2{Normalized)

HM6117P-3,HM6117pP-4

SUPPLY CURRENT
vs. AMBIENT TEMPERATURE

Vee=50V

08

0.6

04

0 20 40 60
Ambient Temperature Ta ('C)

ACCESS TIME
vs. AMBIENT TEMPERATURE

13

Vec=50V

i
//

09

08

0.7

0 20 40 60 80

Ambient Temperature Ta ('C)

SUPPLY CURRENT
vs. FREQUENCY
13

200ns | 150ns  |120ns

09

08

0.7

0 4
Frequency f (MHz)
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HM6117P-3,HM6117P-4

92

Low Input Voltage Vin{Normalized)

Output Current Jow(Normalized)

INPUT LOW VOLTAGE
vs. SUPPLY VOLTAGE

13

Ta=25'C

0.9

0.8

High Input Voltage Vi#(Normalized)

0.7

4.5 4.75 5.0 5.25

Supply Voltage Vec (V)

QUTPUT HIGH CURRENT

vs. OUTPUT HIGH VOLTAGE

1.6

55

Ta=25C
Vee=5V

1.2 j
1.0

AN

0.6

Output Current los(Normalized)

0.4

Output Voltage Vou (V)

@ HITACHI

INPUT HIGH VOLTAGE
vs. SUPPLY VOLTAGE

13
Ta=25C
1.2
11
1.0

[

0.8

0.7

4.5

4.75

5.0 5.25 55

Supply Voltage Vee (V)

OUTPUT LOW CURRENT
vs. OUTPUT LOW VOLTAGE

1.6

/

Ta=25C
Vee=5V

0.8

/

0.6

04
[

/

0.2

0.4
Output Voltage Vor (V)

0.6 0.8



HM6117FP-3, HM6117FP-4

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

BFEATURES
® High Density Small Sized Package

Thickness Reduced to a Half of Conventional DIP
Single 5V Supply and High Density 24 pin Package.
High Speed: Fast Access Time
Low Power Standby and

Low Power Operation:

Standby:
Operation:

Projection Area Reduced to One-Thirds of Conventional DIP

150ns/200ns (max.)

100uW (typ.)
200mW (typ.)

Completely Static RAM:
Directly TTL Compatible: All Input and Output
® Equal Access and Cycle Time

EFUNCTIONAL BLOCK DIAGRAM

ko e
. H —0 Ve
As H - .
A 1 5 Row - Memory Matrix ——o0 GND
A : Decoder | -
Ay er L_ 128X 128
Ar °—_‘—F;
— 1 ]
o |
" | 3 u Column /0
' Input
" Column Decoder
! ! Data
R Control
H SN H
V0 0—p—1+ ! |
i A As A Au : H
{

LS

HABSOLUTE MAXIMUM RATINGS

No clock nor Timing Strobe Required

(FP-24)

Item Symbol Rating Unit
Voltage on Any Pin Relative to GND Vr *—0.5 to +7.0 \
Power Dissipation Pr 1.0 w
Operating Temperature Tope 0 to +70 ‘C
Storage Temperature Tuie —55 to +125 ‘C
Temperature Under Bias Thie —10 to +85 °C

# Pulse width 50ns . —3.5V

ETRUTH TABLE

CE: CE: WE Mode Vc¢c Current 1/0 Pin
H X x Not Selected Tecut High Z
x H X Not Selected Icci: High Z
L L H Read Icc Dout
L L L Write Icc Din

G HITACHI

WPIN ARRANGEMENT

o
N
e
o
w(E]
B
o[
o
voi 3]
v0: i}
vo{uj
aNp[z]

m Vee
[23] As
[22] Ar
[21]WE
[20] CEs
[19] Ao
(18] CE,
1/0s
[16§170:
[15]1/04
1/0s
[13] o

(Top View)
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HM6117FP-3,HM6117FP-4

BRECOMMENDED DC OPERATING CONDITIONS (7z=0°C to +70°C)

Item Symbol min typ max Unit
Vee 4.5 5.0 5.5 v

Supply Volt.
upply Voltage GND 0 0 0 v
Input High (logic 1) Voltage Vin 2.2 3.5 6.0 \Y
Input low (logic 0) Voltage Vi —3.0% — 0.8 \

#* Pulse width:50ns, DC: Vian=—0.3V

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

Item Symbol Test Conditions min typ max Unit
Input Leakage Current | I V.=GND to Vecc - — 10 MA
ﬁ|=Vm or E2=Vm
Output Leakage C t 1 - — 10 A
put eakage Lurren Mol Vi.o=GND to Vcc #
rating P Suppl o
Operating Power Supply Iec CE~CE:~Vi.. I o=0mA - 40 80 mA
Current . DC
Mi le, duty=100%
Average Operating Current Iea C_II-IY: :);/c,: C_;:; - ’ - 40 80 mA
Standby P Suppl CEi2Vcec—0.2V,
andby owe‘r upply Iccn® ' e - 0.02 2 mA
Current (1) DC VixZ2Vee—0.2V or Vins0.2V
Standby Power Supply
2Vee—0.2V - .
Current (21 DC Tccie® CE:2Vee—0.2V 0.02 2 mA
Output low Voltage Voo Iot=2.1mA — — 0.4 \4
Output High Voltage Vou Toy=~—1.0mA 2.4 - — '
Notes : 1) Typical limits are at Vcc=5.0V, Ta=+25C
2) ® View=—0.3V
BCAPACITANCE (Ta=25C, f=1.0MHz)
Item Symbol Test Conditions typ max Unit
Input Capacitance Cix Vix=0V 3 5 pF
Input/Output Capacitance Cio Vi o=0V 5 7 pF
Note) This parameter is sampled and not 100% tested.
IBAC CHARACTERISTICS (Ta=0T to +70TC, Vcc=5V+10% 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: 1.5V
Output Load: 1TTL Gate and Cy, = 100pF (including scope and jig)
O®READ CYCLE
HM6117P- HM6117P-4
Item Symbol - S - Unit
min max min max
Read Cycle Time tre 150 — 200 — ns
Address Access Time taa — 150 — 200 ns
Chip Enable (CE:) to Output teor — 150 — 200 ns
Chip Enable (CE:) to Output tcor — 150 — 200 ns
Chip Enable (CE:) to Output in Low Z tezy 10 — 10 — ns
Chip Enable (CE:) to Output in Low Z teze 10 - 10 — ns
Chip Disable (CE,) to Output in High Z thzi 70 0 80 ns
Chip Disable (CE:) to Output in High Z thzz 70 0 80 ns
Output Hold from Address Change tow 15 — 15 - ns
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® TIMING WAVEFORM OF READ CYCLE (Notes 1)

tre

HM6117FP-3,HM6117FP-4

Address ><
taa tow
CE tcol
NNy Y
tLzy 1774
CEs \ tcoz (
/ /
tLzz [ tHZY
Dout
@ Data Valid %

NOTES: 1. WE is High for Read Cycle.

®WRITE CYCLE

overlap (fp) of low CE,,
CE, and WE.

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

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

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, or CE, low transi-

tion occurs simultaneously
with the WE low transitions or
after the WE transitions, out-
put remain in a high im-

G HITACHI

HM6117P-3 HM6117P-4 )
Item Symbol - - Unit
min max min max
Write Cycle Time twe 150 — 200 — ns
Chip Enable (CE:) to End of Write tews 100 — 120 — ns
Chip Enable (CE:) to End of Write tew 110 —_ 130 - ns
Address Set Up Time tas 20 — 20 - ns
. Address Valid to End of Write taw 130 — 150 — ns
Write Pulse Width twp 100 — 120 - ns
Write Recovery Time twa 15 — 15 - ns
Write to Output in High Z twnz 0 60 0 70 ns
Data to Write Time Overlap tow 50 — 60 - ns
Data Hold from Write Time ton 20 — 20 - ns
Output Active from End of Write tow 10 - 10 - ns
® TIMING WAVEFORM OF WRITE CYCLE
twe
Address
Tcwi __ﬁrl (3)
N\ N /
tewe
™ I
t
WE = twe (1)
tas(2) m\\\ ) ton
twyz(4)
tow ) | (7)
Dout NNSNNARERAANENNN .
/7 \VAVAVANE
tow ton )
Din ‘< z )E Data In Valid e%
NOTES: 1. A write occurs during_the 4. During this period, 1/O pins pedance state.

. Dout is the same phase of

write data of this write
cycle.

. Dout is the read data of next

address.

8. If CE, and CE, are low

during this period, 1/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.

95




HM6117FP-3,HM6117FP-4

96

Access Time taa,tacs(Normalized) Supply Current fec,lecy (Normalized)

Access Time t4s,tacs(Normalized)

SUPPLY CURRENT
vs. SUPPLY VOLTAGE

Ta=25C

08 =

06

Supply Current Icc,Jcc2(Normalized)

04

45

4.75 5.0 5.25 55

Supply Voltage Vcc (V)

ACCESS TIME
vs. SUPPLY VOLTAGE

13
Ta=25C

12 5
3
g

11 \ £
=
<

10 3
E
c

0.9 P
4
3
2

08

0.7

45 4.75 50 5.25 5.5

Supply Voltage Vec (V)

ACCESS TIME
vs. LOAD CAPACITANCE

18
16 _
14 g2
e é
/ g
12 =
Ta=25C H
Vec=MIN £
o
10 2
&
3
08
06
100 200 300 400 500

Load Capacitance C. (pF)

GO HITACHI

SUPPLY CURRENT
vs. AMBIENT TEMPERATURE

Vee=50V

08

06

0.4

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

ACCESS TIME
vs. AMBIENT TEMPERATURE

13
Vee=50V
12
. / //
10 /

T

038

08

07

0 20 40 60 80

Ambient Temperature Ta (°C)

SUPPLY CURRENT.
vs. FREQUENCY
13

200ns | 150ns |120ns

09

08

0.7

0 4 6 10
Frequency / (MHz)



Low Input Voltage Vir(Normalized)

Output Current Ios(Normalized)

INPUT LOW VOLTAGE
vs. SUPPLY VOLTAGE

13

Ta=25C

0.9

0.8

0.7

4.5 4.75 5.0

Supply Voltage Vec (V)

OUTPUT HIGH CURRENT

5.25

vs. OUTPUT HIGH VOLTAGE

1.6

Ta=25C
Vee=5V

0.8

0.6

04

Output Voltage Von (V)

GO HiTACH!

High Input Voltage Vin(Normalized)

Output Current lor(Normalized)

INPUT HIGH VOLTAGE
vs. SUPPLY VOLTAGE

13
Ta=25C
12
11
10 "
/
0.9
0.8
0.7
45 475 50 5.25 5.5
Supply Voltage Vec (V)
OUTPUT LOW CURRENT
vs. OUTPUT LOW VOLTAGE
16
14 //
12
1.0
Ta=25C
Vee=5V
0.8 /
0.6 /
) 0.2 04 0.6 0.8
Output Voltage Vor (V)

HM6117FP-3,HM6117FP-4
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2048-word X 8-bit High Speed Static CMOS RAM

BFEATURES

® Single 5V Supply and High Density 24 Pin Package.
® High Speed: Fast Access Time
® Low Power Standby and Low Power Operation;
Standby: 10uW (typ.) Two Chip Enable Input for Battery Back up
Operation: 180mW (typ.)

Completely Static RAM:
Directly TTL Compatible: All Input and Output
Equal Access and Cycle Time
Capability of Battery Back up Operation

150ns/200ns max.

No clock nor Timing Strobe Required

BFUNCTIONAL BLOCK DIAGRAM

(DP-24)

A r
P ] HPIN ARRANGEMENT
v —0 Vce
A ' | , ]
™ : 5 Row - Memory Matrix ———0 GND ArE 24| Vec
: .
t | Decader | - | 128X 128 afZ] [23] A
n —— ] W =
— T ] A.E EW_E
vo. °_T-ﬁ Column I/0 A E @ CE
H Input
i ; I::: Column Decoder A'E E Ao
H i Control A!E ECE.
1 —~
0y g | L N [17] 1/0s
o A A hs A | voi 7] [16] 1705
|
- ! 1702 0] 15] 1704
CEZO—-{ p_
—J E}l vos[ii] 14] 1/0s
CElo ann(Te| 13] 1704
VE o— (Top View)
BABSOLUTE MAXIMUM RATINGS
ftem Symbol Rating Unit
Voltage on Any Pin Relative to GND Vr *—0.5 to +7.0 v
Operating Temperature Tosr 0 to +70 ‘C
Storage Temperature Toe —55 to +125 ‘C
Temperature Under Bias Toas —10 to +85 ‘C
Power Dissipation Pr 1.0 w
# Pulse width 50ns . —3.5V
HETRUTH TABLE
CE: CE: WE - Mode Vee Current 1/0 Pin
H X X Not Selected Iccu High Z
X H X Not Selected Iccee High Z
L L H Read Icc Dout
L L L Write Icc Din

98
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MRECOMMENDED DC OPERATING CONDITIONS (Ta=0C to +70°C)

. Item Symbol min typ max Unit
Vee 4.5 5.0 5.5 v
Supply Vi
upply Voltage GND 0 0 0 v
Input High (logic 1) Voltage Vin 2.2 3.5 6.0 \Y%
Input low (logic 0) Voltage Vie -3.0* — 0.8 v

#* Pulse Width: 50ns, DC: Vitain~—0.3V.

WDC AND OPERATING CHARACTERISTICS (Te=0"C to +70°C, Vec=5V+10%, GND=0V)

Item Symbol Test Conditions min typ max Unit
Input Leakage Current | Vin=GND to Vcc — - 2 HA
CEi=Vis or CE: =V
Output Leakage C I - - 2 A
put Leakage Current | Io l. ViromGND to Vee H.
ting P Suppl
Opera m.g ower Supply Icc ﬁx-ﬁz-"u. I o=0mA - 35 70 mA
Current . DC
Mi le, duty=100%
Average Operating Current . Icc C;::}::: éﬁyz-Vu. ’ - 35 70 mA
Standb | Vee—0.2V
andby Power Supply Iccu® CEi2Vee — 2 50 HA
Current (1): DC VingVee—0.2V or Vins0.2V
Standby Power Supply
Iccro® Vec—0.2V - 2 50 A
Current (2) . DC cou CEe2Vee .
Output low Voltage Voo loc=2.1mA — — 0.4 \
Output High Voltage Vou Tow=—1.0mA 2.4 - — \

Notes : 1) Typical limits are at Vcc=5.0V, Ta=+25'C
2) * Vitau=—0.3V

MCAPACITANCE (Ta=25C, f=1.0MHz2)

Item Symbol Tést Conditions typ max Unit
Input Capacitance Cin Vin=0V 3 5 pF
Input/Output Capacitance Cio Vi 0o=0V 5 7 pF

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

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

input Pulse Levels . ......... REE 0.8V to 2.4V

Input Rise and Fall Times «....vcvcvuvnn.. 10ns

input and Output Timing Reference Leveis ... 1.5V

OUtPULLOB + « vt veve et 1 TTL Gate and Cr = 100pF (including Scope & Jig)

®READ CYCLE

[tem Symbol .HM6117LP'3 .HM6117LP'-4 Unit
. min max min max

Read Cycle Time tac 150 - 200 - ns
Address Access Time taa - 150 — 200 ns
Chip Enable (CE:) to Output tcor - 150 — 200 ns
Chip Enable (CE:) to Output tcoz - 150 — 200 ns
Chip Enable (CE:) to Output in Low Z tin 10 — 10 - ns
Chip Enable (CE:) to Output in Low Z bz 10 - 10 - ns
Chip Disable (CE:) to Output in High Z thz 0 70 0 80 ns
Chip Disable (CE:) to Output in High Z thze 0 70 0 80 ns
Output Hold from Address Change ton 15 — 15 — ns
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® TIMING WAVEFORM OF READ CYCLE (Notes 1)

tre

Address >(
taa toy
CE: tcot
RN 200007
tLz1 thzy
CEs tcoz 7
NN LAY
tLz2 “lZI
Dout . S
" ®< Data Valid %
NOTES: 1. WE is High for Read Cycle.
®WRITE CYCLE
6117LP- HM6117LP-4
Item Symbol ‘HM 3 - Unit
min max min max
Write Cycle Time twe 150 — 200 — ns
Chip Enable (CE:i) to End of Write tew 100 — 120 - ns
Chip Enable (CE:) to End of Write tews 110 — 130 - ns
Address Set Up Time tas 20 - 20 — ns
Address Valid to End of Write taw 130 — 150 - ns
Write Pulse Width twe 100 — 120 — ns
Write Recovery Time twr 15 - 15 — ns
Write to Output in High Z twnz "0 60 0 70 ns
Data to Write Time Overlap tow 50 — 60 - ns
Data Hold from Write Time tou 20 - 20 — ns
Output Active from End of Write tow 10 — 10 - ns
O TIMING WAVEFORM OF WRITE CYCLE
twe
Address \
CE: \:\N; K&k (s) )
tews
T
WE - twe(1)
t45(2) }R\\\\ N / tox
\\\\\\\\\\\\\\\\\\\\\\\\
S DIPPIPP7777777777 7 ‘ A A
oW DN
(8)
Din Data In Valid ee%eé

NOTES:
ove:lap
CE, and

1 A write occurs during the
%gp) of low CE,,

2. t4g is measured from the
address changes to the bigin-

ning of the write,
twr

is measured from the

eatlier of CE,, CE, or

going high to the end of

write cycle.

100

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

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

G HITACHI

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
durmg 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.
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ELOW Ve DATA RETENTION CHARACTERISTICS (Te=0C to +70°C)

Item Symbol Test Conditions min typ max Unit
CEi2Vcc—0.2V,
Vi Dat, i Vi 2.0 - - A%
cc for Data Retention DRI Vinz Vee—0.2V or ViwS0.2V
Vec for Data Retention Vore CE.2Vcc—0.2V 2.0 - - v
Vec=3.0V, CE.22.8V,
tenti I - - 30+ A
Data Retention Current ccory Vin22.8V or VinS0.2V H
Data Retention Current Iccor: Vee=3.0V, CE.2Vcc—0.2V - - 30+ HA
Chip Deselect to Data Retention Time tcoa 0 - - ns
See Retention Waveform
Operation Recovery Time tr trc** - - ns

* 104A max at Ta=0'C to +40°C. Vi. min=—0.3V
*% tyc=Read Cycle Time

O®LOW Vic DATA RETENTION WAVEFORM

Data Retention Mode

CEi or CEz2 Vor—0.2V

OV e e e
NOTE: 1. CE, controls Address buffer, WE buffer, CE, buffer and Dyy
buffer. If CE, controls dath retention mode, Vyy level (address,
(WE, CE,, Dyjo) can be in the high impedance state. If CE,
controls data retention mode, Vyy level (address, WE, DE,,
Do) must be Vin 2 Vee—0.2V or Vi S 0.2V.
SUPPLY CURRENT SUPPLY CURRENT
vs. SUPPLY VOLTAGE vs. AMBIENT TEMPERATURE
16 16
Ta=25C Vee =50V
5 4 35 14
2 12 // 5 12
:: 10 T:' 10
< < —
g H T ———
& ] : —
5 o8 g 08
V? 0.6 E 06
04 04
4“5 415 50 525 55 0 20 40 60 80
Supply Voltage Vec (V) Ambient Temparature Ta {'C)
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ACCESS TIME vs. ACCESS TIME vs.
SUPPLY VOLTAGE AMBIENT TEMPERATURE
13 13
Ta=25C Vee=50V
12 12
3 i
7 P~ T o —
é \ 32 / /
e 3w >
i 09 'i 09
2 s < s
07 07
45 475 5.0 525 55 0 20 40 60 80
Supply Voltage Vec (V) Ambient Temperature Ta ('C!
ACCESS TIME vs. SUPPLY CURRENT vs.
LOAD CAPACITANCE FREQUENCY
18 13 200ns | 150ns  [120ns
~ 16 < 12
3 L~ 3
T / o
I 2 . KT
3 Ta=25C = 4
¥ Vec=MIN g " |
ERY) S 08 :
08 08
06 0.7
100 200 300 400 500 0 [ ] 10
Load Capacitance C. (pF) Frequency / (MHz)
INPUT LOW VOLTAGE vs. INPUT HIGH VOLTAGE vs.
SUPPLY VOLTAGE SUPPLY VOLTAGE
13 13
Ta=25C Ta=257C
_ 12 12
_E L1 T
: T N
g g
.3 ___.-—""' % /
> =
3 09 A 0.9
:
I os £ o8
0.7 0.7
45 .75 5.0 5.25 5.5 45 75 5.0 5.25 5.5
Supply Voltage Vec (V) Supply Voltage Vec (V)
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Standby Current Iss (A)

OUTPUT HIGH CURRENT

vs. OUTPUT HIGH VOLTAGE

1.6
Ta=25'C
Vee=5V
14
3 \
i \
g \
= 1.0 \
S os
&
0.6
[ X}
Output Voltage Vow (V)
STAND-BY CURRENT vs.
AMBIENT TEMPERATURE
107
Vec=3V
CE:=28V

P

P

~

107

107

e

S

20 40 60

Ambient Temperature Ta (°C)

TAND-BY CURRENT vs.

INPUT VOLTAGE

10

Ta=25C
Vee =5V
CEi=48V|

Standby Currect Iccrz (Normalized)

N

Input Voltage Vin (V)

G HITACHI

Output Current Jor(Normalized)

Standby Current Ispi(Normalized)

Standby Current Icciz (Normalized)

OUTPUT LOW CURRENT
vs. OUTPUT LOW VOLTAGE

16

Vi

/

Te=25C
Vec=5V

/

04

/

02 0.4

0.6 0.8

Qutput Voleage VoL (V)

STAND-BY CURRENT vs,
SUPPLY VOLTAGE

14
/
L
0.8 /
os /
Ta=25'C
/ CEs= Vec—0.2V
0.4 /1
0.2
2 3 4 H 6
Supply Voltage Vec (V)
STAND-BY CURRENT vs.
INPUT VOLTAGE
{
Ta=25C
Vee=5V
CEi=4.8V

3

o

-

-

Input Voltage Via (V)

HM6117LP-3,HM6117LP-4
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2048-word X8-bit High Speed Static CMOS RAM

BMFEATURES

® 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: 10uW (typ.) Two Chip Enable Input for Battery Back up
Operation: 180mW (typ.)

Completely Static RAM:
Directly TTL Compatibie: All Input and Output
Equal Access and Cycle Time
Capability of Battery Back up Operation

No clock nor Timing Strobe Required

(FP-24)

HPIN ARRANGEMENT

HFUNCTIONAL BLOCK DIAGRAM w1 ~ 7] vee
e  S— ~L] B
A — o Ve &3] [22] A1
A ' -
A i S Row - Memory Matrix ——o0 GND A.E ETVT:
: : Decoder | - | 128128 NG %] ¢
Ar *__F AxE E Ao
[_____J l ‘l Ay E E CEs
Vo °__rf]' |  comvo ne] 17] 1/04
Iny
i ' D::l Column Decoder Vo E E 10
: i S Control l/OaE EVO‘
N
Vore. 11p . l/OaE [1¢] /08
_—l = Ae A A Aw : 1 GND@ 73] 170,
i
CE2 °—D$ L—ﬂ#“ (Top View)
CElo
WE o—
HABSOLUTE MAXIMUM RATINGS
Item Symbol Rating Unit
Voltage on Any Pin Relative to GND Vr *—0.5 to +7.0 \%
Operating Temperature Tope 0 to +70 °Cc
Storage Temperature Tue —55 to +125 ‘Cc
Temperature Under Bias Toiaa —10 to +85 ‘c
Power Dissipation Pr 1.0 w
* Pulse width 50ns : —3.5V
HETRUTH TABLE
CE: CE: WE Mode Vce Current 1/0 Pin
H X X Not Selected Iccu High Z
X H X Not Selected Iccr: High Z
L L H Read Icc Dout
L L L Write Icc Din

104
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HM6117LFP-3, HM6117LFP-4

ERECOMMENDED DC OPERATING CONDITIONS (Ta=0C to +70TC)

Item Symbol min typ max Unit
Vee 4.5 5.0 5.5 \'s
Supply Volt
upply Toltage GND 0 0 0 v
Input High (logic 1) Voltage Vin 2.2 3.5 6.0 \'
Input low (logic 0) Voltage Vi -3.0* - 0.8 \

#* Puise Width: 50ns, DC: Vien=—0.3V.

HDC AND OPERATING CHARACTERISTICS (Ta=0C to +70°C,

Vee =5V+10%, GND=0V)

Item Symbol Test Conditions min typ max Unit
Input Leakage Current | It | | Vin=GND to Vec — — 2 KA
CEi=V or CE: =V
Oul ki I — — 2 A
tput Leakage Current | Ito | ViromGND to Vec n
ting Pe Suppl
Operating Power Supply Ie |CE=CE:=Vi, L.o—0mA - 35 70 mA
Current . DC
Mi le, duty - 1009
Average Operating Current Icc ﬁl: :’;’: ég; -V,Lﬁ - 35 70 mA
Standby Power Supply CEi12Vec—0.2V
Iccnr® - 50 A
Current (1) . DC cet VinzVec—0.2V or Vixs0.2V 2 “
Standby Power Supply . )
> _— —_
Current (2° DC Iccez CE:2Vcc—0.2V 2 50 HA
Output low Voltage Voo JTor=2.1mA - — 0.4 A
Output High Voltage Vou Ton=—1.0mA 2.4 - - \'
Notes : 1) Typical limits are at Vcc=5.0V, Ta=+25C
2) * Viw.=—0.3V
BCAPACITANCE (Ta=25C, f=1.0MHz)
Item Symbol Test Conditions typ max Unit
Input Capacitance Civ Vin=0V 3 5 pF
Input/Output Capacitance Cio Vi o=0V 5 7 pF
Note : 1) This parameter is sampled and not 100% tested.
MAC CHARACTERISTICS (Ta=0C to +70°C, Vcc=5V+10% unless otherwise noted)
® AC TEST CONDITIONS
InputPuise Levels . ..........ooooivaninn 0.8V to 2.4V
Input Riseand Fall Times ................ 10ns
Input and Output Timing Reference Levels ... 1.5V
Outputload « . oovvviviieininnrinannnns 1 TTL Gate and C; = 100pF (Including Scope & Jig)
O®READ CYCLE
HM6117LFP-3 HM6117LFP-4 i
Item Symbol - - Unit
min max min max
Read Cycle Time trc 150 - 200 — ns
Address Access Time tan - 150 — 200 ns
Chip Enable (CE,) to Output tcor - 150 - 200 ns
Chip Enable (CE:) to Output teor - 150 - 200 ns
Chip Enable (CE:) to Output in Low Z [ 10 = 10 = ns
Chip Enable (CE:) to Output in Low Z trzs 10 - 10 - ns
Chip Disable (CE) to Output in High Z thzs 0 70 0 80 ns
Chip Disable (CE:) to Output in High Z tza 0 70 0 80 ns
Output Hold from Address Change - low 15 - 15 - ns
O HITACHI 105
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O TIMING WAVEFORM OF READ CYCLE (Notes 1)

tac

Address

-

X

NN

taa

tcor

W

NN

tLz1
|

tcoz

171}

7

o,

Dout

[7%7)

—XX

Data Valid

tunl ‘

NOTES: 1. WE is High for Read Cycle.

O®WRITE CYCLE

HM6117LFP-3 HM6117LFP-4
Item Symbol - - Unit
min max min max
Write Cycle Time twe 150 - 200 — ns
Chip Enable (CEi) to End of Write tewn 100 = 120 = ns
Chip Enable (CE:) to End of Write tow: 110 - 130 — ns
Address Set Up Time tas 20 — 20 - ns
Address Valid to End of Write taw 130 - 150 — ns
Write Pulse Width twe 100 — 120 — ns .
Write Recovery Time twr 15 - 15 - ns
Write to Output in High Z twnz 0 60 0 70 ns
Data to Write Time Overlap tow 50 - 60 —_ ns
Data Hold from Write Time ton 20 — 20 — ns
Output Active from End of Write tow 10 - 10 — ns
O TIMING WAVEFORM OF WRITE CYCLE
twe
Address —>
C —Tom —— iT/ <§32
CEy \:;:: ;:§:£ (5) *
tcwe
daw
WE twe(1)
tas(2) 3\\\\ N i o
twaz(4
- l tow (6) | (1)
Dout SO0 SA VMMV AAAAARTANNNN
YIS SIS IIIIINIINIS 20777
tow ton
{8)
Din Dats In Valid W

NOTES: 1 A write occurs during the

overlap
CE, and
2. ¢t AS

%E/p) of low CE,,

is measured from the

address changes to the bigin-

ning of the write,

twr
earlier of CE,,

is measured from the

, or WE

going high to the end of

write cycle.
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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.

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

G HITACHI

pedance state.

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

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

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.
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MLOW V.c DATA RETENTION CHARACTERISTICS (Te=0C to +70°C)

Item Symbol Test Condition min typ max Unit
CE\2Vcc—0.2V,
Vec for Data Retenti Vi 2.0 - - v
cc for Tata Tetentlon " | Vinz Vec—0.2V or Vins0.2V
Vec for Data Retention Vore CE:2 Vec—0.2V 2.0 - - v
Vec=3.0V, CE, 22.8V,
Data Retention Ci t I - - 30+ A
a Retention Curren ccory Vin22.8V or Vins0.2V H
Data Retention Current Iccor: Vee=3.0V, CE:2Vec—0.2V - - 30 HA
Chip Deselect to Data Retention Time tcor 0 - - ns
See Retention Waveform
Operation Recovery Time tp trc*™ - - ns

* 10uA max at Ta=0'C to +40°C, Vi. min=—0.3V
#% tyc=Read Cycle Time

O®LOW Vcc DATA RETENTION WAVEFORM

Duta Retention Mode

Yee

TE

or

CEi or TEz2 Vor—0.2V

TE:
OV e
NOTE: 1. CE, controls Address buffer, WE buffer, TE, buffer and Dy
buffer. If CE, controls data retention mode, VIN level (address,
WE, CE,, D[/o) can be in the high impedance state, @ con-
trols data retention mode, Vyy level (address, WE, CE,, D[/o)
must be Vin 2 Voe—0.2V or Viy S 0.2V.
SUPPLY CURRENT SUPPLY CURRENT
vs. SUPPLY VOLTAGE vs. AMBIENT TEMPERATURE
16 16
Ta=257C Vee=50V
B o T
E F
% 12 // % 1.2
:8 10 E: 10 —] "
3 o8 3 08
= =
£ £
A 06 A 06
04
o 45 475 50 525 55 0 20 40 60 80
Supply Voltage Vee (V) Ambient Temparature Ta (°C)
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Access Time tastacs(Norsmlized)

Low Input Voltage Viz(Normalized)

Access Time taa,tacs(Normalized)

ACCESS TIME vs.
SUPPLY VOLTAGE

13
Ta=25C

12
11 \\
10
09
08
0.7

45 4.75 50 §25 $5

Supply Voltage Ve (V)

ACCESS TIME vs.

LOAD CAPACITANCE
18
16 <

14 //

/ #
12
Ta=25'C
Vee=MIN
10
08
06
100 200 300 400 500
Load Capacitance C. (pF)
INPUT LOW VOLTAGE vs.
SUPPLY VOLTAGE
13
Ta=25°C
1.2
11
10 _’/
o]
0.9
0.8
07
45 4.75 5.0 5.25 §5

Supply Voltage Vce (V)

Access Time tastacs(Normalized)

Supply Current Iccz (Normalized)

High Input Voltage Viw(Normalized)

O HITACHI

ACCESS TIME vs.
AMBIENT TEMPERATURE

Vee=50V

L~

]

11 /

0.9

08

0.7

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

SUPPLY CURRENT vs.

FREQUENCY

13 T Y T
200ns | 150ns 1120ns
12
L1
10
——
b1

09
08
0.7

[} 4 10

Frequency f (MHz)

INPUT HIGH VOLTAGE vs.
SUPPLY VOLTAGE

13
Ta=25°C

12
L1
14

0.9
0.8
0.7

45 4.75 5.0 5.25 5.5

Supply Voltage Ve (V)



Standby Current Ism (A)

Output Current low(Normalized)

OUTPUT HIGH CURRENT
vs. OUTPUT HIGH VOLTAGE

1.6
Ta=25C
Vee=5V
14 \
1.2 \\
1.0
08 \
0.6
04
Output Voltage Vou (V)
STAND-BY CURRENT vs.
AMBIENT TEMPERATURE
107
Vee=3V
CEa=28V
107
107 /

10-7
0

20 40 60

Ambient Temperature Ta ('C)

STAND-BY CURRENT vs.
INPUT VOLTAGE

10

80

Ta=25'C
Vee=5V
CEi=4.8V|

o

Standby Currect Jecr: (Normalized)

\

L

Input Voltage Vix (V)

G HiTACHI

Qutput Current lor(Normalized)

Standby Current Issi(Normalized)

HM6117LFP-3, HM6117LFP-4

OUTPUT LOW CURRENT
vs. OUTPUT LOW VOLTAGE
16

/

/

Ta=25C
| Vec=5V
0.8 /
0.6 /
04
[] 0.2 04 06 08

Qutput Voltage Vor (V)

STAND-BY CURRENT vs.
SUPPLY VOLTAGE

14

oap— 7

0.6
Ta=25C
CEs=Vec-0.2V
04 /

.02
2 3 4 s 6

Supply Voltage Vec (V)

STAND-BY CURRENT vs.
INPUT VOLTAGE

10
Ta=257C

3 Vec=5V
& CEa=48V
E 8
2
]
£ 6
H
H
H
<o
4
2
3

2

0 1

Input Voltage Via (V)
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HM6168H-45,HVI6168H-55,

HM6168H-70,HVI6168HP-45,
HM6168HP-55,HM6168HP-70

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

BFEATURES

® High Speed: Fast Access Time 45/65/70 ns (max.)

@ Single +5V Supply and High Density 20 Pin Package

® | ow Power Standby and Low Power Operation;
100uW 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

BMFUNCTIONAL BLOCK DIAGRAM

oy
Avo— Py
Aro—y—
Ascf—————h

A4

As

o——L5—
Aso———Pyr——
o—— 35—

Row
Decoder

f—— o Vce
Memory Array
128X 128 |———° GND

1/02 0—

1/0: o—~_r9,——
B.___

1/03

1/04

Input
Data
Control

Column 1/0

Column Decoder

232

A7 As Ay Ap An

) :E‘
WE

HABSOLUTE MAXIMUM RATINGS

Item Symbol Rating Unit
Voltage on Any Pin Relative to GND | Vin —3.5* to +7.0 \Y
Power Dissipation Pr 1.0 w
Operating Temperature Topr 0to +70 ‘C
Storage Temperature (Cera\jnic) T —65 to +150 ‘C
Storage Temperature {Plastic) Tue —55 to +125 °C
Temperature under Bias Thiae —10 to +85 ‘c

#* Pulse Width 20ns, DC=—0.5V
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HM6168H-45/55/70

(DG-20)

HM6168HP-45/55/70

(DP-20)

MPIN ARRANGEMENT
—_—

o Bl
o0 o
A.E E]&
A:E E]A.

o o
#[€] [15] vou
Aio E E Vo
AuE 3] Vo
e E [12] vo

eno [0 11| WE

(Top View)



HM6168H-45,HM6168H-55, HM6168H-70, HM6168HP-45, HM6168HP-55, HM6168HP-70

= TRUTH TABLE
s WE Mode V¢c Current 1/0 Pin Reference Cycle
H X Not selected Igg,Isp; High Z
L H Read Icc Dout Read Cycle 1, 2
L L Write Ice Din Write Cycle 1, 2

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

Item Symbol min typ max Unit
Supply Volta Vee 4.5 5.0 5.5 A\
0 ()
i & GND 0 0 0 v
V 2.2 - 6.0 v
Input Voltage "
ViL —0.5* - 0.8 v

* 3.0V (Pulse width 20ns)
= DC AND OPERATING CHARACTERISTICS (Vco=5V £10%, GND=0V, T2=0 to + 70°C)

Item Symbol Test Conditions Ein typ |max | Unit
Imput Leakage Current Upr! | Vee=5.5V, Vi =GND to V¢ -1 - 2.0 | A
Output Leakage Current Lo | CS=Vy, V1I/0=GND to V¢ -1 - 120 ] uA
Operating Power Supply Current Icc CS=Vir,I}j0=0mA ~ (40 |90 | mA
Standby Power Supply Current Isp CS=Viy — {15 |25 | mA
Standby Power Supply Current(1) Isp; | C8=Vcc—0.2V, VINS0.2V or VN2V ee—-0.2V] — [0.02 (2.0 | mA
Output Low Voltage . Vor |IorL=8mA - - (04| V
Output High Voltage Vou |lIom=-4mA 24— |- | V

Note: Typical limits are at Vo¢=5.0V, Ta=25°C and specified loading.

® CAPACITANCE (T2=25°C, f=1MHz)

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

® AC CHARACTERISTICS (Vco=5V £10%, Ta=0 to + 70°C, unless otherwise noted.)
® AC TEST CONDITION

® Input pulse levels: GND to 3.0V

® |Input rise and fall times: bns

® |nput and Output timing reference levels: 1.5V

® OQOutput load: See Figure

3V 5V
480Q 4809
Dout Dout
2550 30pF" 2550 SpF*
Output Load (A) Output Load (B)

* Including scope and jig.  (for tyz, tL2, twz, tow)

G HITACHI M



HM6168H-45, HM6168H-55, HM6168H-70, HM6168HP-45, HM6168HP-55, HM6168HP-70

® READ CYCLE
HM6168H/P-45 | HM6168H/P-55 HM6168H/P-70
Item Symbol " -~ - Unit
min max min max min max
Read Cycle Time trRC 45 - 55 - 70 - ns
Address Access Time tAA - 45 - 55 - 70 ns
Chip Select Access Time tacs - 45 - 5§ - 70 ns
Output Hold from Address Change toH K] - 5 - 5 - ns
Chip Selection to Output in Low Z* trz 20 - 20 - 20 - ns
Chip Deselectiont to Output in High Z* tHZ 20 20 20 ns
Chip Selection to Power Up Time tpy 0 - - 0 - ns
Chip Deselection to Power Down Time tpD - 30 - 30 - 30 ns
* 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. 11): @
tac
Address \<
tan - tow
tox
Dout x x ° Daw Valid
® TIMING WAVEFORM OF READ CYCLE NO. 2(1): &
p— trc
c§
—\ —
N_ thz
tacs
tiz
k N
Dout High Impedance Data Valid High
tey e Impedance
Iec
Vee supply —— = o —— I \
current 7 50% 50% X

Notes) 1. WE is High for Read Cycle.
2. Device is continuously selected, CS=Vj.

3. Address Valid prior to or coincident with CS transition Low.
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HM6168H-45, HM6168H-55, HM6168H-70, HM6168HP-45, HM6168HP-55, HM6168HP-70

® WRITE CYCLE

HM6168H/P-45 | HM6168H/P-55 HM6168H/P-70
Item Symbol - - - Unit
min max min max min max
Write Cycle Time twe 45 - 55 - 70 - ns
Chip Selection to End of Write toew 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 - 5§ - ns
Write Recovery Time twR 0 - 0 - 0 - ns
Data Valid to End of Write tpw 20 - 25 - 30 - ns
Data Hold Time tDH 0 - 0 — 0 - ns
Write Enabled to Output in High Z* twz 0 15 0 20 0 25 ns
Output Active from End of Write* tow 0 - 0 - 0 - ns

* Thansition is. measured +500mYV 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 X €
I »
T SR Y7777 ~
W i
r——us_-i we-
— —T
WE NN y
5
W e 1OH fa
Din
1% 5; )
_wa] 1 bt
D 7 72 27 2.2 2 2 2 High impedance
out < < < vl

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

AddrusD( )(
- "
o (e R - (2] it
W ONONNANN N L7777

ton

D0000 470264

High impedance W

Dout

Notes) 1. A write occurs during the overlap of a low C__§ and a low ﬁ, (twp) .
2. twp is measured from the earlier of CS or WE going high to the end of write cycle.
3. During this period, I/O pins are in the output state so that the input signals of opposite phase to the outputs must

not be applied.

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

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

@ HITACHI
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HM6168HLP-45 HM6168HLP-55,
HMG6168HLP-70

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

BMFEATURES
® High Speed: Fast Access Time 45/565/70ns (max.)
® Single +5V Supply and High Density 20 Pin Package
® | ow Power Standby and Low Power Operation;
5uW 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

BFUNCTIONAL BLOCK DIAGRAM (DP-20)

R —

b3 ——] WPIN ARRANGEMENT

Ao [ 1 o Ve

—

N — D:;:er Mer;];;i :\zrsray ——o GND A-Ej [20] vee

Avo—— L3 ~[7] ]

As o———{ E— A E E N

e > m—

A. L A E a A
1704 r:l\ Column 1/0 A E E o
1/02 o N Input ] [15] vor

\al| Date Column Decoder 7] o

1/0s 0 > Control
.Zl . An E E s
1/04 o— - ‘7 5§E _x_;l Vo
A7 As Ay Aw An onofTo ETE

(Top View)

al

WE

HMABSOLUTE MAXIMUM RATINGS

Item Symbol Rating Unit
Voltage on Any Pin Relative to GND Vin —3.5*to +7.0 \Y
Power Dissipation Pr 1.0 w
Operating Temperature Topr 0 to +70 c
Storage Temperature T —55 to +125 C
Temperature under Bias Toies -10 to +85 C

* Pulse Width 20ns, DC= ~-0.5V
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HM6168HLP-45, HM6168HLP-45, HM6168HLP-70

2 TRUTH TABLE
(e WE Mode Vcc Current 1/0 Pin Reference Cycle
H X Not selected Isp,Ispi1 High Z
L H Read Icc Dout Read Cycle 1, 2
L L Write Ice Din Write Cycle 1, 2

= RECOMMENDED DC OPERATING CONDITIONS (Z72=0 to + 70°C)

Item Symbol min typ max Unit
Supply Voltage Vee 4.5 5.0 5.5 A4
GND 0 0 0 \'
Vig 2.2 - 6.0 v
Input Voltage ViL 05+ — 08 v

* —3.0V (Pulse width 20ns)

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

Item Symbol Test Conditions min | typ [max |Unit
Imput Leakage Current tIryl | Voe=5.5V, Vi =GND to Voo - - |20 | pA
Output Leakage Current ol |CS=Vig, Viy0=GND to Voo - | - |20 |wua
Operating Power Supply Current Icc |CS=VyL,Ij0=0mA - 40 |90 | mA
Standby Power Supply Current Isg | CS=Viy - |15 | 25 | mA
Standby Power Supply Current(1) Isp; {C8=Vcc0.2V, Vi S$0.2V or ¥Fin2Vec0.2V| - 1 (50 |uA
Output Low Voltage Vor (Ior=8mA - - |04 |V
Output High Voltage Vou |log=—-4.0mA 24 - - v

Note: Typical limits are at Voc=5.0V, Ta=25°C and specified loading.

# CAPACITANCE (Ta=25°C f=1MHz)

Item Symbol | Test Conditions | min | max | Unit
Input Capacitance Cin ViN=0V - 6 pF
Input/Output Capacitance | C/o Viy0=0V - 8 pF

® AC CHARACTERISTICS (Voo =5V £10%, Ta=0 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

+5V
N +5V

480Q 480Q
Dout Oy

: Dout O
30pF " v

2550 2 R S
‘_; 2550 ; seF

Output Load (A) * Including scope and jig. Output Load (B)
(fortHz, trz,twz, tow)
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HM6168HLP-35, HM6168HLP-55, HM6168HLP-70

® READ CYCLE

HM6168HLP-45 | HM6168HLP-55 | HM6168HLP-70
Item Symbol -~ - - Unit
min max min max min max
Read Cycle Time trRC 45 - 55 - 70 - ns
Address Access Time tAA - 45 - 55 - 70 ns
Chip Select Access Time tacs - 45 - 55 - 70 ns
Output Hold from Address Change toH 5 - 5 - 5 - ns
Chip Selection to Output in Low Z* trz 20 - 20 - 20 - ns
Chip Deselection to Output in High Z* tHZ 0 20 0 20 20 ns
Chip Selection to Power Up Time tpy 0 - - 0 - ns
Chip Deselection to Power Down Time tpp - 30 — 30 - 30 ns
* 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. 211 @
tre
Address )( )L
m
ton
tow
Dout §|< X X > Data Valid
© TIMING WAVEFORM OF READ CYCLE NO. 2(:®
— trc
cs
—_ —
e
™ tacs
Dout High Impedance K Data Valid High
tru e Impedance
Icc
Vee supply == — o = Y N
current 71 50% 50% "X,

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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HM6168HLP-45, HM6168HLP-55, HM6168HLP-70

® WRITE CYCLE
HM6168HLP-45 | HM6168BHLP-55 | HM6168HLP-70
Item Symbol - - - Unit
min max min max min max
Write Cycle Time twe 45 - 55 - 70 - ns
Chip Selection to End of Write tew 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 - LN - ns
Write Recovery Time twr 0 - 0 - 0 - ns
Data Valid to End of Write tpw 20 - 25 - 30 - ns
Data Hold Time tpH 0 - 0 - - ns
Write Enabled to Output in High Z* twz 0 15 0 20 25 ns
Output Active from End of Write* tow 0 - 0 - - ns

* Thansition is measured +500mV from high impedance voltage with Load (B).
This parameter is sampled and not 100% tested.

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

WS D &

NN :-\L L7 7 2 ; ;
-] twr W el

WE N A

High impedance

&
-ln]

&l L L. L L
A . . N A

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

adiress — K X

High Impedance 4

Dout

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

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

. Dun;\g this]1 pgriod, 1/O pins are in the output state so that the input signals of opposite phase to the outputs must
not be applied. - —

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

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

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

A A W
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HM6168HLP-45, HM6168HLP-55, HM6168HLP-70

BLOW V.. DATA RETENTION CHARACTERISTICS (0°C < Tas70°C)

Parameter Symbol Test Conditions min typ max Unit
Vce for Data Retention Vor 2.0 - - v
C52Vec—0.2V 30*
Data Retention Current Iccon - - 20%e KA
Vaz Vec—0.2V or
Chip Deselect to Data Retention Time tcon OVS V0.2V 0 - - ns
Operation Recovery Time tr tre s - - ns
Note: 1. tac=Read Cycle Time. *  Vec=3.0V
* & Vee=2.0V

OLOW V.. DATA RETENTION WAVEFORM

Ve
V

DATA RETENTION MODE

Y

cc
45V ————

tcor

22V—— -

CS2 Vor—0.2V

W ——_———_—_——
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HM6167,HM6167-6, HM6167-8,
HM6167P,HM6167P-6,HM6167P-8

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

EFEATURES
e Single +5V Supply and High Density 20 Pin Package
o Fast Access Time — 70ns/85ns/100ns
o Low Power Stand-by and Low Power Operation

Stand-by 26mW Typ. and Operating 150mW Typ.
Completely Static Memory . . ... No Clock nor Refresh Required
Fully TTL Compatible — All Inputs and Output
Separate Data Inputand Output . .. ...... Three State Output
Pin-Out Compatible with Intel 2167 Series

EBLOCK DIAGRAM

A —l g
AO - Vec
' [ ~s——o GND
& Row Memory Array
As—-——m Decoder 128X128
r—LF
Aiz —w
Ans —w
Din Columa 1/0 Dout
Column Decoder
WE | I }
An Aro Ay As A7 As As
HMABSOLUTE MAXIMUM RATINGS
Item Symbol Rating Unit
Terminal Voltage with Respect toGND | Vr —~0.5* to +7.0 v
Power Dissipation Pr 1.0 w
Operating Temperature Topr 0 to +70 °C
Storage Temperature (Plastic) Tos —55 to +125 °C
Storage Temperature (Ceramic) Tag —65 to +150 °C
Storage Temperature** Togivian ~10 to +85 °C
+ Pulse width 20ns : —3.5V ++under bias
BMRECOMMENDED DC OPERATING CONDITIONS
(0°C<Tas70C)
Item Symbol min typ max Unit
Vee 4.5 5.0 5.5
Supply Voltage
GND 0 0 0 \Y
Input High Voltage Viu 2.2 - 6.0 \Y
Input Low Voltage Vie -3.0* - 0.8 \'

+ Pulse width 20ns, DC | ViL min=—0.3V

GO HITACHI

HM6167, HM6167-6,
HM6167-8

(DG-20)
HM6167P, HM6167P-6,
HM6167P-8

(DP-20)

MPIN ARRANGEMENT

aof1] ~ 7] vee
afz] 1] 40
a3 18] 40
1] [17)an
a5 16] Aw
AsE [15] 4
ME EA.
Dout 7] BE
V'V—EE: EDin
enofw (n]cs

(Top View)
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HM6167, HM6167-6, HM6167-8, HM6167P, HM6167P-6, HM6167P-8

ETRUTH TABLE

[ WE Mode Vcc Current Output Pin Reference Cycle
H X Not Selected Iss, Iss: High Z

L H Read Icc Dout Read Cycle 1,2

L L Write Iec High Z Write Cycle 1, 2

BMDC AND OPERATING CHARACTERISTICS (Vec=5V+10%, Te=0T to +70TC)

Item Symbol Test Conditions min typ max Unit
Input Leakage Current |Ier | Vee=5.5V, Vin=0V~Vcc — -— 2 KA
Output Leakage Current . |I.o] | CS=Vin, Vour=0V~Vcc — — 2 uA
Operating Power Supply Current Iec CS =V, Qutput Open — 30 60 mA
Iss CS=Vin - 5 20 mA
Standby Power Supply Current CS=Vec—0.2V
Ise . - 0.02 2 mA
Vins0.2V or Vivn 2Vee—0.2V
Output Low Voltage Vou Jor=8mA — - 0.4 v
Output High Voltage Vou JTow=—~4mA 2.4 - - \'
Note) Typical limits are at Vcc=5.0V, Ta=25T and specified loading.
AC TEST CONDITIONS
Output Load A Output Load B
Input pulse levels: GND to 3.0V 5V (for thz, tz, twz & tow)
input rise and fall times: 5 ns +5V
Input timing reference levels: 1.5V
Output reference levels: 1.5V 1802 480
Output load: See Figure Dout O——
2550 3 30pF* Dout O———rv
25508 ; SF*
#* Including scope and jig.
BCAPACITANCE (Ta=25C, f=1.0MHz)
Item Symbol max Unit Conditions
Input Capacitance Civ 5 pF Vin=0V
Output Capacitance Cour 6 pF Vour=0V
Note) This parameter is sampled and not 100% tested.
HMAC CHARACTERISTICS (Vcc=5V+10%, Ta=0C to 70°C, unless otherwise noted.)
O®READ CYCLE
HM6167, HM6167P HM6167-6, HM6167P-6 | HM6167-8, HM6167P-8
Item Symbol Unit
min max min max min max
Read Cycle Time tre 70 - 85 - 100 - ns
Address Access Time taa - 70 — 85 bt 100 ns
Chip Select Access Time tacs - 70 — 85 - 100 ns
Output Hold from Address Change tow 5 - 5 - 5 - ns
Chip Selection to Output in Low Z trz 5 - 5 - 5 —_ ns
Chip Deselection to Output in High Z thz 0 30 0 40 0 40 ns
Chip Selection to Power Up Time teu 0 - 0 - 0 - ns
Chip Deselection to Power Down Time teo = 35 = 40 - 45 ns
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O®WRITE CYCLE

HM6167, HM6167-6, HM6167-8, HM6167P, HM6167P-6, HM6167P-8

HM6167, HM6167P |HM6167-6, HM6167P-6 |HM6167-8, HM6167P-8
Item Symbol Unit Notes
min max min max min max
Write Cycle Time twe 70 — 85 — 100 — ns 2
Chip Selection to End of Write tew 55 — 65 — 80 - ns
Address Valid to End of Write taw 55 — 65 - 80 - ns
Address Setup Time tas 0 — 0 — 0 — ns
Write Pulse Width twp 40 — 45 — 55 — ns
Write Recovery Time twa 0 — 0 — 0 - ns
Data Valid to End of Write tow 30 - 35 — 40 — ns
Data Hold Time ton 0 — 0 — 0 — ns
Write Enable to Output in High Z twz 0 30 0 40 0 40 ns 3,4
Output Active from End of Write tow 0 - 0 - 0 — ns 3.4
Notes) 1. If CS goes high simultaneouly with-WE high, the output remains in a high impedance state.
2. All Write Cycle timings are referenced from the last valid address to the first transitioning address.
3. Transition is measured +500mV from steady state voltage with specified loading in Load B.
4. This parameter is sampled and not 100% tested.
@ TIMING WAVEFORM OF READ CYCLE NO.1"?
tac |
Address >i
taa
ton
Data Out  Previous Daw Valid X >< Data Valid
® TIMING WAVEFORM OF READ CYCLE NO.2'¥
trc
s 7
1wz 3)
s oue High Impe Date Velid High Impedance
tep
Vec Supply Tee T 7
Iec 0%
Current Iss
NOTES: 1. WE is high and TS is low for READ cycle, _
2. Addresses valid prior to or coincident with CS transition low.
3. Transition is measured +500mV from steady state voltage with
specified loading in Load B.
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HM6167, HM6167-6, HM6167-8, HM6167P, HM6167P-6, HM6167P-8

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

twe

- X X
- L Y777

. . i -

o
Data I Data In Valid
T tow

Data Out Date Usdefined
High Inpedance

NOTE: 1. Transition is measured tS00mV from steady state voltage with
specified loading in Load B.

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

122

X X

143

Law twa
twep

O AN AN\ £ /777

| tow ton
Data In
Data In Valid

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
15 16
Ta=25C - Vee=5.0V
3 14 o
S H
g A H
Ej 12 / g 12
% 10 E’ 1.0\ T —
<3:: 0.8 | 3 08
;& 08 3 o8
04 04
5 .75 50 525 55 0 20 © 60 80
Supply Voltage Vee (V) Ambient Temperature Ta (°C)
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Access Time taa,tacs (Normelized) Access Time t4,ucs (Normalized)

Input Low Voltage Vir (Normalized)

ACCESS TIME vs.
SUPPLY VOLTAGE

13
Ta=25C
12
11 \
10
0.9
08
0.7
45 475 5.0 525 55
Supply Voltage Vcc (V)
ACCESS TIME vs.
LOAD CAPACITANCE
18
16 //
) // /
12
Ta=25C
Vee=MIN
1.0
08
0.6
100 200 300 400 500
Load Capacitance C. (pF)
INPUT LOW VOLTAGE vs.
SUPPLY' VOLTAGE
1.3
Ta=25"C
12
L1
o _//
______,.__——-
0.9
08
0.7
4.5 4.75 5.0 5.25 5.5

Supply Voltage Vec (V)

G HITACHI

Access Time ta4,4cs (Normalized)

Supply Current Iccz (Normalized)

Input High Voltage Vin (Normalized)

ACCESS TIME vs.
AMBIENT TEMPERATURE

Vec=50V

-

]

/

0.9
08
0.7
0 20 40 60 80
Ambient Temperature Ta ('C)
SUPPLY CURRENT vs.
FREQUENCY
13
12
11
190
_—_'_’_./
09
08
0.7
0 2 4 8 10
Frequency f (MHz)
INPUT HIGH VOLTAGE vs.
SUPPLY VOLTAGE
13
Ta=25'C
12

0.8

0.7

4.5

4.75 5.0 5.25 5.5

Supply Voltage Vec (V)

HM6167, HM6167-6, HM6167-8, HM6167P, HM6167P-6, HM6167P-8
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HM6167, HM6167-6, HM6167-8, HM6167P, HM6167P-6, HM6167P-8

OUTPUT HIGH CURRENT vs.
OUTPUT HIGH VOLTAGE

Output Low Current lor (Normalized)

1.6
Ta=25'C
Vee=5V
R X
\
]
£
3 12
R \
£ 10
H \
5
S
e 08
©
g
Z o
04
4
Output High Voltage You (V)
STANDBY CURRENT vs.
AMBIENT TEMPERATURE
10°¢
Vee=3V
Cs=2.8V
1078

-

g

Standby Current Isg;: (A)

10 /

v

Standby Current Isai (Normalized)

20 40 60

Ambient Temperature Ta {°C)

STANDBY CURRENT vs.
INPUT VOLTAGE

80

-
Ta=25'C
Vee=5.0V

3 CS=4.8V

S 8

=

E

H

2

s 6

K

z

S

3 4

>

£

]

@»

2 N
0 4 6

Input Voltage Vi (V)
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OUTPUT LOW CURRENT vs.
OUTPUT LOW VOLTAGE

/|

/

0.8

0.6

0.4

Ta=257C
Vec=5V

0.2 0.4 0.6 0.8

Output Low Voltage Vor (V)

STANDBY CURRENT vs.
SUPPLY VOLTAGE

1.0

0.8

u.6

)4

0.4

B}
I
o

o

yd CS=Vee—0.2¥
.

0.2

Supply Voltage Vec (V)



HM6167LP,HM6167LP-6,

HM6167LP-8

16384-word X1-bit High Speed Static CMOS RAM

B FEATURES
e Single +5V Supply and High Density 20 Pin Package

® FastAccessTime . ..........cocuvnenens 70ns/85ns/100ns

® Low Power Stand-by and Low Power Operation
Stand-by 5uW (typ) and Operating 150mW (typ.)

® Completely Static Memory. ..... No Clock or Refresh Required
® Fully TTL Compatible. ............. All Inputs and Output
® Separate Data inputand Qutput . . ... .... Three State OQutput
® Capable of Battery Back up Operation

HBLOCK DIAGRAM

{DP-20)

:“ [ a - Vee
1
N IXE -~ o EPIN ARRANGEMENT
Row Memory Array \
A:—W Decoder 128X 128 A“E 70 Ve
rw—3
Az ——-l z Az E: E A
Din Column 1/0 Dout A’E 17 fAn
Column Decoder A E E Aro
A
o[ o
l ‘ Dout E E Ar
WE
An An A A A A As VTEE E[)in
ono[to 11]cs
BABSOLUTE MAXIMUM RATINGS (Top View)
Item Symbol Rating Unit
Terminal Voltage with Respect to GND Vr —0.5* to +7.0 \%
Power Dissipation Pr 1.0 w
Operating Temperature Topr 0 to +70 °C
Storage Temperature T —55 to +125 °C
Storage Temperature** Tagtvian -10 to +85 °C
+ Pulse width 20ns —3.5V *#*under bias
BRECOMMENDED DC OPERATING CONDITIONS (0°C<Ta<70C)
Item Symbol min typ max Unit
Vee 4.5 5.0 5.5 A%
Supply Voltage
GND 0 0 0 v
Input High Voltage Vin 2.2 - 6.0 A%
Input Low Voltage Vie -3.0* - 0.8 v

* Pulse width 20ns, DC; Vi min=—0.3V

@ HITACHI
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HM6167LP, HM6167LP-6, HM6167LP-8

B TRUTH TABLE

CS WE Mode Vec Current Outbnt Pin Reference Cycle
H X Not Selected Iss, Iss High Z

L H Read Ice Dout Read Cycle 1, 2

L L Write Icc High Z Write Cycle 1, 2

HMDC AND OPERATING CHARACTERISTICS (Vcc=5V+10%, Te=0~+70C)

Item Symbol Test Conditions min typ max Unit
Input Leakage Current It | Vee=5.5V Vin=0V~Vcc — - 2 HA
Output Leakage Current [Ieo] | CS=Vin, Wum=0V~Vec - s 2 HA
Operating Power Supply Current Iec CS=Vi., Output Open - 30 60 mA
Iss [ CS=Vi - 5 20 mA

Standby Power Supply Current CS = Vec—0.2V
Isa - 1 50 A

Vins0.2V or Vinz Vec—0.2V

Output Low Voltage Voo ToL=8mA el -_ 0.4 v
Output High Voltage Vou Tos=—4mA 2.4 - — v

Note) Typical limits are at Vec=5.0V, Ta=25°C and specified loading.

BAC TEST CONDITIONS
Input puise levets: GND to 3.0V

Output Load A

Input rise and fall times: 5 ns o
Input timing reference levels: 1.5V
Output reference levels: 1.5V 4800
Output load: See Figure Dout O——nmg

255Q 3: 30pF*
MCAPACITANCE (Ta=25C, f=1.0MHz)
Item Symbol max Unit Conditions
Input Capacitance Civ 5 pF Vin=0V
Output Capacitance Cour 6 pF Vour=0V

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

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

O®READ CYCLE

*

Output Load B

(for twz, tiz, twz & tow)

Dout Ot

2550 2

Including scope and jig.

£

+5V

480Q

SpF*

HM6167LP HM6167LP-6 HM6167LP-8
Item Symbol - - - Unit

min max min max min max
Read Cycle Time tac 70 — 85 -_ 100 -_ ns
Address Access Time taa - 70 - 85 — 100 ns
Chip Select Access Time tacs - 70 — 85 - 100 ns
Output Hold from Address Change ton 5 —_ 5 — 5 — ns
Chip Selection to Output in Low Z trz 5 - 5 — 5 — ns
Chip Deselection to Output in High Z thz 0 30 0 40 (] 40 ns
Chip Selection to Power Up Time tey ] - 0 - 0 - ns
Chip Deselection to Power Down Time teo - 35 - 40 - 45 ns
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HM6167LP, HM6167LP-6, HM6167LP-8

® TIMING WAVEFORM OF READ CYCLE NO.1"?

Mdress >

taa Il
lon
7
Dot Ot Previous Data Valid X >< Data Valid

® TIMING WAVEFORM OF READ CYCLE NO.2"¥

tac ]

N\ /)

tacs 3)
nz
10z 3 .
i Hi eds
Deta Out High Impedance X X) Data Valid igh Impedance
L (
tre 120

Vec Supply Tee ~ 7
50% 50%
Corrent L__%
NOTES: 1. WE is high and TS 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.

O WRITE CYCLE

ltem Symbol HM6167LP HM6167LP-6 HM6167LP-8 Unit Notes
min max min max min max

Write Cycle Time twe 70 - 85 — 100 - ns 2
Chip Selection to End of Write tew 55 - 65 — 80 - ns

Address Valid to End of Write taw 55 - 65 - 80 - ns

Address Setup Time tas 0 — 0 - 0 — ns

Write Pulse Width twp 40 - 45 et 55 - ns

Write Recovery Time twr 0 — 0 — 0 — ns

Data Valid to End of Write tow 30 - 35 - 40 - ns

Data Hold Time ton 0 - 0 — 0 - ns

Write Enable to Output in High Z twz 0 30 0 40 0 40 ns 3,4
Output Active from End of Write tow 0 - 0 — 0 - ns 3,4

Notes) 1. If CS goes high simultaneouly with WE high, the output remains in a high impedance state.
2. All Write Cycle timings are referenced from the last valid address to the first transitioning address.
3. Transition is measured +500mV from steady state voltage with specified loading in Load B.
4. This parameter is sampled and not 100% tested.

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

L twe

- = e

f 7]

- 0K Y777

1as twp

= X\ k Vi

Data In ‘*- Dats In Valid

Data Out Data Undefined /f
High
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HM6167LP, HM6167LP-6, HM6167LP-8

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

twe

Address ;

tas

AN |
|

Data In

* Data In Valid

Data Out

tw.
High Impedance

BLOW Vcc DATA RETENTION CHARACTERISTICS (Ta=07C to 70°C)

Parameter Symbol Test Condition min typ max Unit
Vec for Data Retention Vor 2.0 - - \'
CSz Vec—0.2V - - 20¢
Data Retention Current Iccor KA
Viez Vec—0.2V or - = 30+
Chip Deselect to Data Retention Time teon 0VsV.=s0.2V 0 - - ns
Operation Recovery Time 1 tred — - ns
A trc=Read Cycle Time *  Vec=2.0V
*%x Vec=3.0V

HLOW V.. DATA RETENTION WAVEFORM

Data Retention Mode

TS 2 Vee—-0.2V
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HM6167H-45, HM6167H-55,

HM6167HP-45,HM6167HP-55

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

= FEATURES HM6167H-45, HM6167H-55
® Fast Access Time. . ......... HM6167H/P-45  45ns (max)
HM6167H/P-56  55ns (max)
® Low Power Standby and Low Power Operation
Standby 100uW (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 Inputand Output. . . ... ... Three State Output
= BLOCK DIAGRAM (DG-20)
HM6167HP-45, HM6167HP-55
»——L%] - GND
— Memory Array
s—LF Decoder 128X 128
A —L3]
Az
Din Column 1,0 Dout (DP-ZO)
Column Decader

9]
»

) EREEEER | s

I ' r\oE 20 | Vee
Wi Al E 191An
An Ao Ay As A7 As As
A;E 18 | A
® ABSOLUTE MAXIMUM RATINGS w[] 17fAu
: Item Symbol Rating Unit A.(_T_ 16 | Au
Terminal Voltage with respect to GND Vr —3.5* to +7.0 A% A
Power Dissipation Pr 1.0 w SE Eh
Operating Temperature Topr 0to +70 °C AGE 14 JAs
Storage Temperature (Plastic) Tstg —55 to +125 °C Dout IZ E' Ar
Storage Temperature (Ceramic) Tstg —65 to +150 °C _
Storage Temperature (under bias) Thias | —10to +85 °C WEE Em“
* Pulse Width 20ns, DC: —0.5V exnfio [11]cs
® RECOMMENDED DC OPERATING CONDITIONS (T, =0 to +70°C) (Top View)
Item Symbol min typ max Unit
Vece 4.5 5.0 5.5 A\
Supply Voltage
PPl Voltas GND 0 0 0 v
Vi . — R
Input Voltage H 2.2 6.0 v
ViL -3.0* - 0.8 v

* Pulse Width: 20ns, DC: V; (min) = —0.5V

G HITACHI
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HM6167H-45, HM6167H-55, HM6167HP-45, HM6167HP-55

® TRUTH TABLE
Cs WE Mode Vee Current Dout Pin Ref. Cycle
H X Not selected Iss, Iss: High-Z
L H Read Icc Dout Read Cycle
L L Write Icc High-Z Write Cycle
HDC AND OPERATING CHARACTERISTICS (Vcc=5V110%, Ta=0C to +70T)
Item Symbol Test Conditions min typ max Unit
Input Leakage Current | Ir | Vee=5.5V, Vin=0V~Vcc — - 2 HA
Output Leakage Current {Iol] | CS=Viu, Vour=0V~Vcc — - 2 KA
Operating Power Supply Current Iec CS =V, Output Open — 40 80 mA
Iss | CS=Viu - 10 20 mA
Standby Power Supply Current CS2Vec—0.2V
Iss — 0.02 2 mA
Ving0.2V or Vin2 Vec—0.2V
Output Low Voltage Vor Toi=8mA — — 0.4 v
Output High Voltage Vou Ion=—4mA 2.4 - - v

Note) Typical limits are at Vcc=5.0V, Ta=25C and specified loading.

HlAC TEST CONDITIONS

Input puise 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

480Q
Doyt Oy

25503 30pF*

# Including scope and jig.

BCAPACITANCE (Ta=25C, f=1.0MHz)

Output Load B

(for twz, tiz, twz & tow)
+5V

Dout O———
ZSSQ%:

4802

SpF*

# Including scope and jig.

Item Symbol typ max Unit Conditions
Input Capacitance Civ 3 5 pF Vin=0V
Output Capacitance Cour 5 7 pF Vour=0V

Note) This parameter is sampled and not 100% tested.
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BAC CHARACTERISTICS (Vec=5V+10%, Ta=0"C to 70°C, unless otherwise noted.)

OREAD CYCLE

HM6167H-45, HM6167H-55, HM6167HP-45, HM6167HP-55

HM6167H/P45 HM6167HP-55
Item Symbol - - Unit Notes
min max min max

Read Cycle Time tRC 45 - 5S - ns 1)
Address Access Time tAA - 45 - 55 ns

Chip Select Access Time tacs - 45 - 55 ns

Output Hold from Address Change tOH S - 5 - ns

Chip Selection to Qutput in Low Z trLz 5 - 5 - ns @3
Chip Deselection to Output in High Z tHZ 0 30 0 30 ns Q3 m
Chip Selection to Power Up Time tpUu 0 - 0 - ns

Chip Deselection to Power Down Time tPD - 30 . 30 ns

NOTES:

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

. At any given temperature and voltage condition, 7yz max. is less than z; > min. both for a given device and

from device to device.

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

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

1.
2
3
4. WE is High for READ cycle.
5
[
7

® TIMING WAVEFORM OF READ CYCLE NO.14%):5)

trRc

Address ><

Data Out {’{j‘l’ms

’OH
Dmg( X Data Valid

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

s N

Data Out

cc
vee Supply —----- S0%
0
Current Isp /

High Impedance

trc
A
v facs thz
- Data Valid High Impedance
trp
50%

O HITACHI
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HM6167H-45, HM6167H-55, HM6167HP-45, HM6167HP-55

® WRITECYCLE

HM6167H/P-45 HM616 7TH/P-55
item Symbol - i Unit Notes
min max min max

Write Cycle Time twe 45 - ss - ns 2)
Chip Selection to End of Write tcw 40 - 50 - ns
Address Valid to End of Write tAw 40 - 50 - ns
Address Setup Time tas 0 - 0 - ns
Write Pulse Width twp 25 - 35 - ns
Write Recovery Time tWR 0 - 0 - ns
Data Valid to End of Write tpw 25 - 25 - ns
Data Hold Time tDH 0 - 0 - ns
Write Enable to Output in High Z twz 0 25 0 25 ns 3)@)
Output Active from End of Write tow 0 - 0 - ns 3)@4)

NOTES: 1. IfCS goes high simultaneously with WE high, the output remains in a high impedance states.
2,

All write cycle timings are referenced from the last valid address to the first transitioning address.

3. Transition is measured :tS00mV 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 ___x — X
NVAY £V /.

CS
t
tas ALIWP—'tWR'
WE S—__} tDH
. W

Data In Data In Valid

~thi -—-'owj
Data Out Data Undefined High Impedance

® TIMING WAVEFORM OF WRITE CYCLE (CS Controlled)

twe
Address K X_
tas tew
CS
X A
tAw 'wR
twp
WE_N\ N\ O\ N\ X ‘ L7 77
| 'pw IDH,
Data In Data In Valid
twz
Data Out Data Undefined

High Impedance
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Supply Current Icc (Normalized)

Access Time taa,tacs (Normalized)

Access Time ta4,tacs (Normalized)

SUPPLY CURRENT vs.
SUPPLY VOLTAGE

16
Ta=25C
14
3
A 3
12 = 2
2
10 8
H
/ 2
0.8 = 8
S
4
0.6 ]
0.4
45 4.75 5.0 5.25 5.5
Supply Voltage Vec (V)
ACCESS TIME vs.
SUPPLY VOLTAGE
13
Ta=25C
1.2 -
3
A
3
11 £
~— i
3
1.0 =
0.9 e
@
3
0.8 2
0.7
45 4.75 5.0 5.25 5.5
Supply Voltage Vec (V)
ACCESS TIME vs.
LOAD CAPACITANCE
18
16 ~ ~
/ 3
]
] E
14 £
L~ 2
/ 3
2
12 > =
2
3
1.0 -
&
3
0.8
0'6100 200 300 400 500

Load Capacitance C. (pF)

@ HITACHI

SUPPLY CURRENT vs.
AMBIENT TEMPERATURE

0.8

0.6

0.4
0

Vee=5.0V

20 40 60

Ambient Temperature Ta (C)

ACCESS TIME vs.
AMBIENT TEMPERATURE

1.3

80

Vec=5.0V

0.9
08
0.7
0 20 40 60 80
Ambient Temperature Te (°C)
SUPPLY CURRENT vs.
FREQUENCY
200 100 66 50 40
11 T T T
100ns 85ns 70ns
L pd
//
0.9
//
(Y]

0.7

0.6

0.5

10 15 20 2

Frequency f (MHz)

HM6167H-45, HM6167H-55, HM6167HP-45, HM6167HP-55
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HM6167H-45, HM6167H-55, HM6167HP-45, HM6167HP-55

134

Output High Current Tay (Normalized) Input Low Voltage Vie (Normalized)

Standby Current [ssn (A)

INPUT LOW VOLTAGE vs.
SUPPLY VOLTAGE

Ta=25'C
1.2
L1
1o [—
0.9
0.8
0.7
4.5 4.75 5.0 5.25 5.5

Supply Voltage Vec (V)

OUTPUT CURRENT vs.
OUTPUT VOLTAGE

Ta=25C
Vee =5V

0.8

4
\

047 3 s

Output High Voltage Vor (V)

STANDBY CURRENT vs.
AMBIENT TEMPERATURE

107
Vec =3V
=2.8V
107
" /
) / ~
1073
20 40 60 30

Ambient Temperature Ta (‘C)

G HITACHI

Output Low Current Ior {Normalized) Input High Voltage Vin (Normalized)

Standby Current [sg (Normalized)

INPUT HIGH VOLTAGE vs.
SUPPLY VOLTAGE

13
Ta=25C
12
1.1
1.0

0.9

0.8

0.7
4.5 4.75 5.0 5.25 5.5

Supply Voitage Vec (V)

OUTPUT CURRENT vs.
OUTPUT VOLTAGE

y /

; /

Ta=25C
Vee =5V

I/
/

0.2 0.4 0.6 0.8

0.4

Output Low Voltage Vor (V)

STANDBY CURRENT vs.
SUPPLY VOLTAGE

0.8

/
06 /]
/ z':1}‘::25?

S=Vec—0.2V

0.4 /

0.2

4

. Supply Voltage Vec (V)



—HM6167H-45, HM6167H-55, HM6167HP-45, HM6167HP-55

Standby Current Iss1 (Normalized)

STANDBY CURRENT vs.
INPUT VOLTAGE

SN

4

Input Voltage Vi (V)
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HM6167HCG-45, HM6167HCG-55 —

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

B FEATURES

® High Density 20 pin Leadless Chip Carrier

® High Speed: Fast Access Time 45/565ns Max.

® |ow Power Standby and Low Power Operation
Standby: 100uW 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

HBLOCK DIAGRAM

(CG-20)
Ao
i —-
i
~s—— GND
N 5 HPIN ARRANGEMENT
Row Memory Array
a—LFT Decoder 128%128 A Vec Ao A
a—LF] Ball?
An—'w
An Az 18 30 A
Anf17 aJas
Din Cotumn 1/0 Dout A6 SC] A
A5 6] As
Column Decoder AsNe 0 As
ﬂ Ar13 8] Dout
Cs
1211 10 9
’ 1 Din CS GND WE
W (Bottom View)
An A As As Ar As As
BABSOLUTE 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 Tope 0 to +70 ‘C
Storage Temperature Tus —65 to +150 ‘c
Temperature Under Bias Thiae —10 to +85 c
# with respect to GND. Vin min=—3.5V (Pulse width 20ns)
EBTRUTH TABLE
3 WE Mode Vec Current Dout Pin Ref. Cycle
H X Not selected Iss, Iser High-Z
L Read Icc Dout Read Cycle
L L Write Icc High-Z Write Cycle
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BRECOMMENDED DC OPERATING CONDITIONS (Ta=0 to +70°C)

HM6167HCG-45 HM6167HCG-55

Item Symbol min typ max Unit
Vee 4.5 5.0 5.5
Supply Voltage
GND 0 0 0 v
Vig - 2.2 - 6.0 \%
Input Voltage
Vi —0.5* — 0.8 \'
* —3.0V (Pulse width 20ns)
EDC AND OPERATING CHARACTERISTICS (Vcc=5V £10%, Ta=0 to +70°C)
Item" Symbol Test Conditions min typ* max Unit
Input Leakage Current | 1o | Vee=5.5V, Vin=0V to Vcc _ — 2 KA
Output Leakage Current | 101 CS =V, Vour=0V to Vec — — 2 HA
Operating Power Supply Current Icc CS =V, Output Open - 40 80 mA
Iss CS=Vu - 10 20 | mA
Standby Power Supply Current —
Issr CS=Vec—0.2V, Vin=0.2V or Vinz Vec—0.2V - 20 2000 HA
Vou Iot=8mA - - 0.4 \Y
Output Voltage
Vou Ion=—4mA 2.4 - -
Note) * . Typical limits are at Vcc=5.0V, Ta=25'C and specified loading.
B CAPACITANCE (Ta=25C, f=1MHz)
Item Symbol Test Conditions typ max Unit
Input Capacitance Cin V=0V 3 5 oF
Output Capacitance Cont Vour =0V 5 7 pF
Note) This parameter is sampled and not 100% tested.
BMAC CHARACTERISTICS (Vcc=5V £10%, Ta=0 to +70°C)
O®AC TEST CONDITIONS Output Load A Output Load B
Input Pulse Levels: GND to 3.0V +5V (for tuz, tiz, twz & tow)
Input Rise and Fall Times: 5 ns v
Output Reference Levels: 1.5V 4800
Dout Oy 4800
2550 30pF* Dout O——t
25508 SeF*
3 I
* Including scope and jig.
®READ CYCLE
HM6167HCG-45 HM6167HCG-55
Item Symbol Unit Notes
min max min max
Read Cycle Time tre 45 - 55 - ns 1
Address Access Time taa — 45 - 55 ns
Chip Select Access Time tacs — 45 - 55 ns
Output Hold from Address Change ton 5 — 5 - ns
Chip Selection to Output in Low Z trz 5 - 5 — ns 2,3,4
Chip Deselection to Output in High Z thz 0 30 0 30 ns 2,3,4
Chip Selection to Power Up Time tpy 0 - 0 — ns
Chip Deselection to Power Down Time tpo — 30 - 30 ns

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

2. At any given temperature and voltage condition, !sz max is less than .z 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. This parameter is sampled and not 100% tested.

GO HITACHI
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HM6167HCG-45, HM6167HCG-55

®Read Cycle-1 (Notes 1, 2)

tRe -l
Address }(7
[77) -l
ton |

Data Out [l;:::i;:s“d - Data Valid

®Read Cycle-2 (Notes 1, 3)
tac
® I A
tacs
uz¥ [
Data Out High Impedance Data Valid High Impedance
tey tep
Vee Supply foe = = - L
Current Iss
Notes) 1. WE is high for Read Cycle. _
2. Address valid prior to or coincident with CS transjtion low.
3. Transition is measured +500mV from steady state voltage with specified loading in Load B.
O®WRITE CYCLE
HM6167HCG-45 HM6167HCG-55
Item Symbel Unit Notes
min max min max

Write Cycle Time twe 45 - 55 — ns 2
Chip Selection to End of Write tew 40 - 50 — ns
Address Valid to End of Write taw 40 - 50 - ns
Address Setup Time tas 0 - 0 - ns
Write Pulse Width twe 25 — 35 — ns
Write Recovery Time twr 0 - 0 — ns
Data Valid to End of Write tow 25 - 25 - ns
Data Hold Time tow 0 - 0 — ns
Write Enable to Output in High Z twz 0 25 0 25 ns 3,4
Output Active from End of Write tow 0 — 0 — ns 3,4

Notes) 1. If CS goes high simultaneouly with WE high, the output remains in a high impedance state.
2. All Write Cycle timings are referenced from the last valid address to the first transitioning address.
3. Transition is measured :500mV from steady state voltage with specified loading in Load B.
4. This parameter is sampled and not 100% tested.
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HM6167HCG-45, HM6167HCG-55

® Write Cycle-1 (WE Controlled)

Address ><
!

tew

- T

)
L/V /.

taw

Data In

713 tow
Data In Valid

wz tow

Data Out Data Undefined

High Impedance

®Write Cycle-2 (CS Controlled)

twe

- X

e

T AN NN\
|

Data In

X

tow 10K ’
Data In Valid

Data Out
Data Undefined

Exh Impedance

G HITACHI
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HM6167HLP-45 HM6167HLP-55

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

® FEATURES
® Fast Access Time, .......... HM6167HLP-45 45ns (max)
HM6167HLP-55 55ns (max)
® Low Power Standby and Low Power Operation
Standby 5uW (typ) and Operating 200mW (typ)
@ (Capable of Battery Back-up Operation
Single +56V 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
(DP-20)
= BLOCK DIAGRAM
w»—F Yee = PIN ARRANGEMENT
»—3 -— W \_J
r— M AuE 20] vee
ow emory Array
N—m Decoder 128128 A E =14
A‘_w |2 Au
A —L37 AzE 18 |An
A l AJE 17 |An
Din Column 1/0 Dout As E E A
Column Decoder ASE 514
DomE 131 A7
— ’ ' WE| g 12 | Lin
WE
An Ao Ay As Ar As As exo 1o » n1&s
(Top View)
® ABSOLUTE MAXIMUM RATINGS
Item Symbol Rating Unit
Terminal Voltage with respect to GND Vr —-3.5*to+7.0 | V
Power Dissipation Pr 1.0 w
Operating Temperature Topr 0to +70 °C
Storage Temperature : Tstg —55 to +125 °C
Storage Temperature Under Bias Thias | —10to +85 °C

* Pulse Width 20ns, DC: -0.5V
= RECOMMENDED DC OPERATING CONDITIONS (T =0 to +70°C)

Item Symbol min typ max Unit
Vee 4.5 5.0 5.5 N
Supply Voltage GND 0 0 0 v
v ViH 2.2 - 6.0 \'
Input Voltage ViL 3.0¢ — 03 v

* Pulse Width 20ns, DC: Vy;, min= —0.5V
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B TRUTH TABLE

HM6167HLP-45, HM6167HLP-55

CS WE Mode Vee Current Dout Pin Ref. Cycle
H X Not selected Iss, Iss) High-Z
L H Read Iec Dout Read Cycle
L L Write Tec High-Z Write Cycle
EDC AND OPERATING CHARACTERISTICS (Vce=5V+10%, Ta=0~+70"C)
Item Symbol Test Conditions min typ max Unit
Input Leakage Current [T} [ Vec=5.5V VinmOV~Vec - - .2 A
Output Leakage Current [Iol | CS= Vi, Wu=0V~Vec - — 2 KA
Operating Power Supply Current Icc CS = Vi, Output Open - 40 80 mA
Iss | CS=Viu - 10 20 mA
Standby Power Supply Current CS=Vec—0.2V
Ism - 1 KA
Vins0.2V or Viv2 Vee—0.2V
Output Low Voltage Voo Ior=8mA - - 0.4 \4
Output High Voltage Vou Ton=—4mA 2.4 - - v

Note) Typical limits are at Vec=5.0V, Ta=25'C and specified loading.

BAC TEST CONDITIONS

Input puise 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

4800
Dout Oy

2550 i

* Including scope and jig.

30pF*

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

Output Load B
(for tuz, iz, twz se tow)
+

480Q

Dout O———4

S SoF*

* Including scope and jig.

Item Symbol typ. max Unit Conditions
Input Capacitance Civ 3 5 pF Vin=0V
Output Capacitance Cour 5 7 pF Vour=0V
Note) This parameter is sampled and not 100% tested.
BAC CHARACTERISTICS (Ta=0"C to +70°C, Vcc=5V+10%, unless otherwise noted.)
®READ CYCLE
HM6167HLP-45 HM6167THLP-55
Item Symbol - Unit Notes
min max min max
Read Cycle Time trRC 45 - 55 - ns (¢)]
Address Access Time tAA - 45 - 55 ns
Chip Select Access Time tacs - 45 - 55 ns
Output Hold from Address Change ton 5 - 5 - ns
Chip Selection to Output in Low Z tLz 5 -~ 5 - ns QM
Chip Selection to Qutput in High Z tHZ 0 30 0 30 ns 23N
Chip Selection to Power Up Time tpU 0 - -0 - 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, tz;z max. is less than ¢y 7 min. both for a given device and

from device to device.

WE is High for READ

cycle.

Device is continuously selected, C8= V.
. Addresses valid prior to or coincident with CS transition low.
. This parameter is sampled and not 100% tested.

G HITACHI

. Transition is measured +500mYV from steady state voltage with specified loading in Load B.
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HM6167HLP-45, HM6167HLP-55

® TIMING WAVEFORM OF READ CYCLE NO.1% ®

trc |
Address ><
taa |
toH
Previous Data .
DataOut SOV >< Data Valid
@ TIMING WAVEFORM OF READ CYCLE NO.2% ©)
3.7}
S X 7
Tacs tHZ(G)
L_t L Zt‘)A
ich Imi High Impedance
Data Out “‘&EM X X Data Valid P
tpu
t
I H PD
Vee Supply ce .
Curent ls5__J{ 0% 50%
©® WRITE CYCLE
HM6167THLP-45 HM616THLP-55
Item Symbol - - Unit Notes
min max min max
Write Cycle Time twe 45 - 55 - ns 2
Chip Selection to End of Write tew 40 - 50 - ns
Address Valid to End of Write tAw 40 - 50 - ns
Address Setup Time tAs 0 - 0 - ns
Write Pulse Width twp 25 - 35 - ns
Write Recovery Time tWR 0 - 0 - ns
Data Valid to End of Write tDw 25 - 25 - ns
Data Hold Time tDH 0 - 0 - ns
Write Enable to Output in High Z twz 0 25 0 25 ns 3@
Output Active from End of Write tow 0 - 0 - ns 3@

NOTES: 1. If CS goes high simultaneously with WE high, the output remains in a high impedance states.
2. All Write Cycle timings are referenced from the last valid address to the first transitions address.
3. Transition is measured +500mYV from steady state voltage with specified loading in Load B.
4, This parameter is sampled and not 100% tested.

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

twe
T ¢ X
______\ tew /
Cs /
taw
vE et 4] et — { R —o]
twp 4
N\ y,
IDW e tDH
. ‘Data in
Din Valid
~twz r=—tow
High Impedance
Dout

/
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HM6167HLP-45, HM6167HLP-55

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

twe '
Address )(
tAw
le—tas ‘.1 —!wR
C—S tew /
N /
L \ twp /
WE /
‘ow _"b——>’ Dy
Din Data in Valid
twz
High Impedance
Dout

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

Parameter Symbol Test Condition min typ max Unit
Vec for Data Retention Vor 2.0 - —_ \Y
CSz Vec—0.2V - - 20°
Data Retention Current Iccor HA
Viaz Vec—0.2V or - - 30°°
Chip Deselect to Data Retention Time teor ovsV.=0.2V 0 - - ns
Operation Recovery Time ta tret - - ns
& tec=Read Cycle Time *  Vec=2.0V
*% Vec=3.0V

oLOW V.. DATA RETENTION WAVEFORM

Data Retention Mode

CS 2 Voo —0.2V
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HM6267P-35HM6267P-45

Preliminary
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 Qutput (DP-20)
= BLOCK DIAGRAM = PIN ARRANGEMENT
— ]
r»—F7 . Aurl__J 20| Vee
) ~=—— GND Al EAU
—33 Row Memory Array a3 _1_;]4.7
As—-k Decoder 128X128 ‘
A‘—_m AZE 17 An.
A!z———m
an—] a5 [16] 4w
A;E [15]%
Din Column 1/0 Dout
s| 7 A
Column Decoder A E E ’
DUHIE Erh
R R [ oj
‘ I l GNDf 10 11|cs
An

At A A A A As (Top View)

= ABSOLUTE MAXIMUM RATINGS

Item Symbol Rating Unit
Voltage on Any Pin* Vp ~0.5to+7.0 v
Power Dissipation Pp 1.0 w
Operating Temperature Topr 0 to +70 °C
Storage Temperature Totg -55to +125 °C
Temperature Under Bias Thias ~10 to +85 °C

* with respect to GND. VY min = -3.5V (Pulse width 20ns)

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

Item Symbol min typ max Unit
Vee 4.5 5.0 5.5 v
Supply Voltage GND 0 0 0 v
Vi 2.2 - 6.0 A%
Input Voltage ViL 300 — 08 v

* Pulse Width 20ns, DC: Vi 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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HM6267P-35, HM6267P-45
B TRUTH TABLE

CS WE Mode Vee Current Dout Pin Ref. Cycle
H x Not selected Iss, Isan High-Z

L H Read Icc Dout Read Cycle

L L Write Iec High-Z Write Cycle

® DC AND OPERATING CHARACTERISTICS™) (Ve = 5V £10%(2), GND = 0V, T, = 0 to +70°C)

Item Symbol Test Conditions min | typ max | Unit
Input Leakage Current \Ipr! | Vec = 5.5V, Vi =GND to Ve - — 10 BA
Output Leakage Current 1ILo || CS= Vi, Vout = GND to Vec - - 10 BA
Operating Power Supply Current | Icc | CS = V7, Output Open - 40 | 80(3) | mA
Isg |[CS=Viy ~ 10 | 20 mA
Standby P Supply C t
AnCDy TOWeT SUPPYY LUt B | OS2V 0.2V, ViN<0.2V of VinaVoc02V | - | 002] 2 | mA
Output Voltage VoL |ToL =8mA — - |04 v
Vo |log=-4mA 24 - - v

Notes) 1. Typical limits are at V¢ = 5V, T, = 25°C and specified loading.
2. Ve = SV5% for 35ns version.
3. 100mA max. for 35ns version.

® AC TEST CONDITIONS

Input pulse levels: GND to 3.0V Output Load A Output Load B
Input rise and fall times: 5ns +5V (for tvz, tiz, "is% tow)
Input and Output timing reference levels: 1.5V
Output load: See Figure 4802 4800
Dout O———g
2550 =: 30pF° Dout Oy
A 2550 SoF*
3
* Including scope and jig. * Including scope and jig.

® CAPACITANCE (7, = 25°C,f= 1MHz)

Item Symbol typ. max Unit Conditions
Input Capacitance Cin 3 5 pF Vin=0V
Output Capacitance Cour 5 7 pF Vour=0V

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

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

Item Symbol |- HM6267P‘35 3M6267P45 Unit Notes
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 trz 5 - 5 - ns 2,3,7
Chip Deselection to Output in High Z trz 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

* Vee = 5V + 5% for 35ns version.
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HM6267P-35, HM6267P-45

® TIMING WAVEFORM OF READ CYCLE NO.1 % ®
tRC ]

Address )

—tOH
DataOut  IreviousData Data Valid
Valid

® TIMING WAVEFORM OF READ CYCLE NO.2% &)

tre
& X £
G 'Acsw Hz
Data Out High Impedance ( Data Valid :S High Impedance
fPU
Vce Supply Igg—--- PD

Coment  'sB *50% 50%

NOTES: 1. All Read Cylce timing are referenced from last valid address to the first transitioning address.

At any given temperature and voltage condition, 757 max. is less than 7;  min. both for a given device and
from device to device.

Transition is measured +S00mYV from steady state voltage with specified loading in Load B.

WEis High for READ cycle.

Device is continuously selected, CS = Vj; .

Addresses valid prior to or coincident thh CS transition low.

This parameter is sampled and not 100% tested.

L

q@%rw

® WRITE CYCLE

Item Symbol I:IM6267P-35 }_{M6267P4S Unit Notes
min max min max

Wiite Cycle Time twe 35 — 45 - ns 2
Chip Selection to End of Write tew 30 - 40 — ns

Address Valid to End of Write taw 30 - 40 - ns

Address Setup Time tas 0 - 0 - ns

Write Pulse Width twp 20 - 25 - ns

Write Recovery Time twr 0 - 0 - ns

Data Valid to End of Write tpw 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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® TIMING WAVEFORM OF WRITE CYCLE NO. 1 (WE Controlled)

twe
Address >< ><
tew /
cs | X 7
aw
t
. hoe—— 1 4 § —— ] =R
WE [~
A\ 7
N
DWW —e=i IDH
X Data in
Din Valid
fa-twz r=—1IlowW
High Impedance
Dout Data Undefined | N

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

Address :}(

Din

Dout

twe
taw
~—1As A‘ ~—TIWR i
_1\ Icw 7{
'wp
AN X 1L

‘ow— tDH
Data in Valid

twz

High Impedance

Data Undefined

NOTES: 1. If CS goes high simultaneously with WE high, the output remains in a high impedance states.
2, All Write Cycle timings are referenced from the last valid address to the first transitions address.
3. Transition is measured +500mV from steady state voltage with specified loading in Load B.
4, This parameter is sampled and not 100% tested.

GO HITACHI

HM6267P-35, HM6267P-45
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HM6264P-10,HM6264P-12,
HM6264P-15

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

® FEATURES

® Fast access Time 100ns/120ns/150ns (max.)

® Low Power Standby Standby: 0.1TmW (typ.)
Low Power Operation Operating:  200mW (typ.)

® Single +5V Supply

® Completely Static Memory. . . .. No clock or Timing Strobe Required

® Equal Access and Cycle Time

® Common Data Input and Qutput, Three State Output

® Directly TTL Compatible: All Input and Output

® Standard 28pin Package Configuration

® Pin Out Compatible with 64K EPROM HN482764 (DP-28)

® BLOCK DIAGRAM
= PIN ARRANGEMENT

Ay O
A O—ro \/
o - ok Ne[1] 28] vee
As p-S— ! Row e Memory Matrix ——0 GND _
2: o—] |' Decoder | § 256X256 A Ll2 E WE
Al O———— -
A1z 06— L? A,E 26| CS,
+ ma T T A |4 251 A
voe : (3] Coumio ‘ E j )
AlS 241 A
: g::' Column Decoder E 3 i
| S Control 1 AcE E A,
TN J—
e :Iﬁ 2 S} i 0 pafox
1 10 |
1 b A:f8] 214,
Y e .
EE: e _Tiimnipujefen; ] Ao @ E I/OA
W Read. Write Control I/O, E E I/O.,
— I 10, 12 17] 1o,
OE 0~
1/0,[13 16] 1/0,
® ABSOLUTE MAXIMUM RATINGS
Item Symbol Rating Unit GND m E 1/0,
Terminal Voltage * vt —0.5 ** to +7.0 \4 X
Power Dissipation Pr 10 W (Top View)
Operating Temperature Topr 0to +70 °C
Storage Temperature Tstg ~55to+125 °C
Storage Temperature (Under Bias) Thoias —-10to +85 °C

* With respect to GND,  ** Pulse width 50ns: —3.0V
= TRUTH TABLE

WE |[CS, |CS, | OE Mode 1/O Pin V¢ Current Note

X | H X X | Not Selected High Z IsB, IsB1

x | x | L | x |(Power Down) High Z ISB, ISB2

H L H H | Output Disabled High Z Icc, Icc1

H L H L | Read Dout Icc, Icci

L L H H Write Din Icc, Icci Write Cycle (1)
L L H L Din Icc, Icci Write Cycle (2)
X:HorL
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HM6264P-10, HM6264P-12, HM6264P-15

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

Item Symbol min typ max Unit
Vee 4.5 5.0 5.5 v

Supply V
pply Voltage GND 0 0 0 v
Vi 2.2 - 6.0 \'

Input Volt
nput Voltage ViL -0.3* - 0.8 \%

* Pulse Width 50ns: —3.0V
® DC AND OPERATING CHARACTERISTICS (V¢ = SV£10%, GND = 0V, T, = 0 to +70°C)

Item Symbol Test Condition min |typ* |max |Unit
Input Leakage Current HLpl Vin=GND to Vcc - - 2 | wA
Output Leakage Current Lol ([;f/lo::/g{q(l))r t((:x SI%ZZI L or OE=Vin or WE=Vyp, - - 2 | A
Operating Power Supply Current| Icc CS1=ViL, CS2=V1H, I170=0mA — |40 | 80 [mA
Average Operating Current Icci Min. cycle, duty=100%, I1/0=0mA - 60 | 110 | mA
IsB CS1=Vin or CS2=V71, - 1 3 | mA
Standby Power Supply Current | Ispz** | CSI2Vce—0.2V, CS22Vee-0.2Vor CS2£0.2V| — | 0.02 2 | mA
Ispo** | CS250.2V - 10.02 2 | mA
Output Voltage VoL IoL=2.1mA - - 0.4 v
VoH IoH=-1.0mA 2.4 - - v

* Typical limits are at V¢c=5.0V, Tq=25°C and specified loading.
** Vrp min=-0.3V

® CAPACITANCE (f = IMHz, T, = 25°C)

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

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

s AC CHARACTERISTICS (Ve =5V+10%, Ta = 0 to +70°C)
o AC TEST CONDITIONS

Input Pulse Levels: 0.8 to 2.4V

Input Rise and Fall Times: 10ns

Input and Output Timing Reference Level: 1.5V

Output Load: 1TTL Gate and C; = 100pF (including scope and jig)
e READ CYCLE

HM6264P-10 HM6264P-12 HM6264P-15
Item Symbol - - - Unit

min max min max min max
Read Cycle Time tRC 100 - 120 - 150 - ns
Address Access Time tAA - 100 - 120 - 150 ns
. . cs1 tcol - 100 - 120 - 150 ns

Chip Selection to Output

€s2 rco2 - 100 - 120 - 150 ns
Output Enable to Output Valid tOE - 50 - 60 - 70 ns
Chip Selection to csl t1LZ1 10 - 10 - 15 - ns
Outputin Low Z cs2 tLz2 10 - 10 - 15 - ns
Output Enable to Output in Low Z toLz 5 - 5 - 5 - ns
Chip Deselection to Cs1 tHZ1 0 35 0 40 0 50 ns
Output in High Z Cs2 tHZ2 0 3s 0 40 0 50 ns
Output Disable to Output in High Z tOHZ 0 35 0 40 0 50 ns
Output Hold from Address Change tOH 10 - 10 - 15 - ns

NOTES: 1 ty;z and to gz 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, 74z max is less than ¢7 ; min both for a given device and from

device to device.
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HM6264P-10, HM6264P-12, HM6264P-15

o READ CYCLE

trc
4 Y74
Address }\ )K
taa
= Y,
STUMAWMWE 7 /s
tLz1
tcoz tHz1
S RN
tLz2 N
toE tHz2
o X A
EMWWMNWWWWE 7 V/
tonz
Dout Data Valid —
Ol
NOTE: 1) WE is high for Read Cycle
e WRITE CYCLE
HM6264P-10 HM6264P-12 HM6264P-15
Item Symbol - n - Unit
min max min max min max
Write Cycle Time twe 100 - 120 - 150 - ns
Chip Selection to End of Write tew 80 - 85 - 100 - ns
Address Setup Time tas 0 - 0 - 0 - ns
Address Valid to End of Write tAw 80 - 85 - 100 - ns
Write Pulse Width twp 60 - 70 - 90 - ns
CS1,WE t 5 - s - 10 - ns
Write Recovery Time WR1
Cs2 twRr2 15 - 15 - 15 - ns
Write to Output in High Z twHz 0 35 0 40 0 50 ns
Data to Write Time Overlap tpw 40 - 50 - 60 - ns
Data Hold from Write Time tpH 0 - - 0 - ns
OE to Output in High Z toHZ 35 40 0 50 ns
Qutput Active from End of Write tow 5 - - 10 - ns
150
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HM6264P-10, HM6264P-12, HM6264P-15

© WRITE CYCLE (1) (OE clock)
t“(

N
N

Address

® 74

(4]

1]

RO

lew ey

ST - 2Lz
Cs2 YA Loy NN N

WE tys.[3]

Tk

Dout

\UANAVAVAVAVAY
2272727772722 o to

Q SO

© WRITE CYCLE (2) {OE Low Fix)

b

Address j}( *
tyn N tywy 4]
tew 12]
. I ew (2]
TST NN\ {:}\ (6] 7177 77T
fey 2] a4
cse /) /) /¥ BQE NN >>
'll"(l [4]
WE - ’ln'[l] —
tes (3] 3\\\3 7 ton
[5} bz Low
[7i (8]
Powt S S S SITTTTNCR T
L LLLLL L L low thy

[9]
Din SSSVD
22272/

NOTES: 1) A write occurs during the overlap of a low CS1, a high CS2 and a low
WE. A write begins at the latest transition among CS1 going low, CS2
going high and WE going low. A write ends at the earliest transition
among CS1 going high, CS2 going low and WE going high. twp is
measured from the beginninng of write to the end of write..

2) tow is measured from the later of CS1 going low or CS2 going high to
the end of write.

3) t 45 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 CS1 or WE going high.
twr2 applies in case a write ends at CS2 going low.

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

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

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

8) Dout is the read data of next address.

9) If CS1 is low and CS2 is high during this period, I/O 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-15

SUPPLY CURRENT vs.
SUPPLY VOLTAGE

Ta=25C

0.6

Supply Current Ige, Ioc; (Normalized)

0.4

45 4.75 5.0 5.25 5.5
Supply Voltage Voe (V)

SUPPLY CURRENT vs. FREQUENCY

11 T T T
200ns 150ns  [120ns  100ns

]

09 /

08 7

0.7

0.6

Supply Current Ioc; (Normalized)

0.5

2 4 6 8 10
Frequency (MHz)

ACCESS TIME vs. SUPPLY VOLTAGE

Ta=25C

0.9

0.8

Access Time t4 4, tco (Normalized)

0.7

45 475 5.0 5.25 5.5
Supply Voltage Ve (V)
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Supply Current Ioc, Iccy (Normalized)

SUPPLY CURRENT vs.
AMBIENT TEMPERATURE

Vee=5.0V

0.8

0.6

0.4

2 10 50 )
Ambient Temperature T, (°C)

ACCESS TIME vs. LOAD CAPACITANCE

Access Time t4 4, toco (Normalized)

Access Time t4 4, tco (Normalized)

e

=

Ta=25C
Vee=MIN

0.8

0.6

200 300 400 500
Load Capacitance Cy, (pF)

ACCESS TIME vs.
AMBIENT TEMPERATURE

Vee=5.0V

_~

0.9

7

0.8

0.7

20 20 50 80
Ambient Temperature Tg (°C)



Input Low Voltage VILmax (Normalized)

Output High Current Ioy (Normalized)

INPUT LOW VOLTAGE vs.
SUPPLY VOLTAGE

Ta=25C

0.9

0.8

0.7

Input Low Voltage Vigrm;y, (Normalized)

4.5 4.75 5.0 5.25 5.5

Supply Voltage Voc (V)

OUTPUT CURRENT vs.
OUTPUT VOLTAGE

Ta=25C
Vee =5V

0.8

0.6

0.4

\

Output Low Current Igy, (Normalized)

3 4 5

Output High Voltage Vogr (V)

G HITACHI

INPUT HIGH VOLTAGE vs.
SUPPLY VOLTAGE

Ta=25"C

0.9

4.7 5.0 5.25 5.5

Supply Voltage Voc (V)

OUTPUT CURRENT vs.
OUTPUT VOLTAGE

/

/

0.8]

Ta=25C
Vee=5V

0.6

/

V

0.2 0.4 0.6 0.8

Outut Low Voltage Vgr, (V)

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

Single 5V Supply

Low Power Standby and Low Power Operation

Standby: 0.1mW (typ.), Operation: 200mW (typ.)

® Equal Access and Cycle Time

® BLOCK DIAGRAM

h o—1—F
Av O——rodl ) —_0 Vcc
s o— | -
As O— | Row [d Memory Matrix © GND
Ar | Decoder | o 256X256
As O] | hd
A @———1 -
Aro—— | [
]
; — —
o : Column 1/0
] Input ¥
| Date Column Decoder
i Control |
| TN [
Vs Dy [
Al A A2 A Ao [
i
: b

Read. Write Control

]

s ABSOLUTE MAXIMUM RATINGS

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)

Completely Static RAM: No clock nor Timing Strobe Required
Directly TTL Compatible: All Input and Output

(FP-28)

® PIN ARRANGEMENT

Ne [1] ~ 28) vee
A2 27 WE

A, E
A, [4]
ASE

26] Cs,
A 7] E(ﬁ
A, [3] 21)Aso

A, (10 19]1/0,
1o, [11 18] 1/0,
1/0,[@1 17] 1/0,

l/O,E 1] 1/0,
GNDE i3] 10,

Item Symbol Rating Unit (Top View)
Terminal Voltage * vr 0.5 ** t0 +7.0 \4
Power Dissipation Pr 1.0 w
Operating Temperature Topr 0to+70 °C
Storage Temperature Tstg —55to +125 °C
Storage Temperature (Under Bias)| 7Thbias ~10to +8S °C
* With respect to GND.  ** Pulse width 50ns: —3.0V
a TRUTH TABLE
WE [CS, [CS, | OE Mode 1/O Pin ¥ oc Current Note
X H X X | Not Selected High Z ISB, ISB1
x | x [ L | x |(Power Down) High Z IsB, ISB2
H L H H | Output Disabled High Z Icc, Icc1
H L H L | Read Dout Icc, Icci
L L H H Write Din Icc,Icci Write Cycle (1)
L L H L Din Icc, Icc1 Write Cycle (2)
X:HorL
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= RECOMMENDED DC OPERATING CONDITIONS (7 = 0 to +70°C)

Item Symbol min typ max Unit
Vee 4.5 5.0 5.5 v
Supply Voltage GND 0 0 0 v
Vin 2.2 - 6.0 A\
Input Voltage ViL 3% — 08 v

* Pulse Width 50ns: —3.0V

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

HM6264FP-12, HM6264FP-15

Unit

Item Symbol Test Condition min | typ* | max
Input Leakage Current ULn Vin=GND to Vcc - - 2 | uA
Output Leakage Current iILol f/f/l:rg;qg t(; Sﬁ:g’ Lor OE=ViH or WE=Vp, | _ - 2 | pA
Operating Power Supply Current | Icc CS1=V1L, CS2=ViH, I[170=0mA — | 40 | 80 {mA
Average Operating Current Icci Min. cycle, duty=100%, I1/0=0mA - 60 {110 | mA
Iss | CS1=Vip or CS2=V11, “ 1] 3 |ma |
Standby Power Supply Current | Isgpysx | CS12Vec—0.2V, CS22Vec-0.2Vor CS250.2V| — | 0.02 2 | mA
Ispo*x | CS2£0.2V - 10.02 2 | mA
VoL IorL=2.1mA - - 0.4 v
Output Voltage Vou Tog=-1.0mA 24 - - A\
* Typical limits are at Voc=5.0V, T¢=25°C and specified loading.
** Vi min=-0.3V
= CAPACITANCE (f= IMHz, T, = 25°C)
Item Symbol |Test Condition | typ | max | Unit
Input Capacitance » Cin Vin = 0V - 6 pF
Input/Output Capacitance Cro Vijo =0V - 8 pF
Note) This parameter is sampled and not 100% tested.
u AC CHARACTERISTICS (Ve =5V£10%, Ta =0 to +70°C)
o AC TEST.CONDITIONS
input Pulse Levels: 0.8 to 2.4V
Input Rise and Fall Times: 10ns
Input and Output Timing Reference Level: 1.5V
Output Load: 1TTL Gate and C = 100pF (inciuding scope and jig)
® READ CYCLE
Item Symbol W6264FP-12 I:IMG 264FP-15 Unit
min max min max
Read Cycle Time trc 120 - 150 - ns
Address Access Time taa - 120 - 150 ns
Chip Selection to Qutput Cs1 fcor - 120 - 150 ns
CS2 tcoz - 120 - 150 ns
Output Enable to Output Valid tog - 60 - 70 ns
Chip Selection to Output Csi Lz1 10 - 15 — ns
in Low Z CS2 trz2 10 - 15 - ns
Output Enable to Output in Low Z toLz N - S - ns
Chip Deselection to Output Csi tHZ1 0 40 0 50 ns
in High 2 CS2 tyze 0 40 0 50 ns
Qutput Disable to Qutput in High Z toHZ 0 40 0 50 ns
Output Hold from Address Change toH 10 - 15 - ns

NOTES: 1 tyz and togz 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, 5z max is less than t7 z min both for a given device and from

device to device.

O HITACHI
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HM6264FP-12, HM6264FP-15

® READ CYCLE

frc
/ N/
Address )\ }K
faa
&t I
5 I T
tLzi |
fcoz ]L tnzi
ST A AU
tLze N
toE tHZ?2
o TR T
&M ; / /
tonz
I\
Dout Data Valid
-—lOH
NOTE: 1) WE is high for Read Cycle
® WRITE CYCLE
4FP- FP-
Item Symbol I:IM626 12 I,{MG 264FP 15 Unit
min max min max
Write Cycle Time twe 120 - 150 — ns
Chip Selection to End of Write tow 85 - 100 - ns
Address Setup 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 CS1, WE 'wr1 35 - 10 — ns
CS2 twR2 15 - 15 - ns
Wiite to Outputiin High Z twHzZ 0 40 0 50 ns
Data to Write Time Overlap tpw 50 — 60 - ns
Data Hold from Write Time tpH 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
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© WRITE CYCLE (1) (OE clock)

bye

Address )(
(4]
[ 7720 NN
EENNANANANNT NN - 2 Y
82 L R RTINS
WE ty5.(3] tyy (1] -

\\\\ 2

L

)

tonz [5
Dout
tow [ —

Din

XXX\

© WRITE CYCLE (2) (OE Low Fix)

e

Address }(_ 4*

A 2\l'l(l [4]
tey 2]

TR,

f
Loy, 2] ture 41

ese 7771777 7F MARVARARANNY

typy (4]
WE tyy (1] R
'.4) [3] b lllll
{5] A tow
(71 (8]
I Vi Vi VA W M W WA VA VA M WA A WA
7777777777777 e Tom
(9]
Din AN BAVAVAN
LTTTINDN

NOTES: 1) A write occurs during the overlap of a low CS1, a high CS2 and a low

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

2) tcw is measured from the later of CS1 going low or CS2 going high to
the end of write.

3) t 45 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 CS1 or WE going high.
twr2 applies in case a write ends at CS2 going low.

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

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

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

8) Dout is the read data of next address.

9) If CS1 is low and CS2 is high during this period, I/O pins are in the
output state. Therefore, the input signals of opposite phase to the
outputs must not be apphed to them,

G HITACHI
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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: 0.01mW (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 (DP-28)

® Pin Out Compatible with 64K EPROM HN482764

= BLOCK DIAGRAM

» PIN ARRANGEMENT

ﬁ o—11{%
M O r_r || -0 Vec \UJ
A 00— | Row . Memory Matrix —0 GND NC|1 28] Vce
ae [ Decoder | @ | 286%2%6 —
=t 2 v
All °'—_ I h
] A, [3] 26] Cs,
\ — | |
V00— Ea Column 1/0 A E E A
| l[;‘:u' Column Decoder ASE 24 A9
1 ta
: S Control —_— T A.E 23 Al 1
o- N | o
vor 3 nl A be s G S : I As E -2_—2]013
|
H Dl A,[B] 21 A
— _
CS: 06— Timi A E E’ s,
— iming Pulse Cen.
e . A, 10} 19]1/0,
Read. ite Control
VE Write Contro I/O,E 18 1/01
o | 10, [1) 17] 1o,
® ABSOLUTE MAXIMUM RATINGS 10, 53] 1] 1/0,
‘ Item Symbol Rating Unit GND[14 E 1/o,
‘Terminal Voltage * VT -0.5 **to +7.0 \4
Power Dissipation PT 1.0 W (Top View)
Operating Temperature Topr 0to +70 °C
Storage Temperature Tstg —55to+125 °C
Storage Temperature (Under Bias) | Thias -10to +85 °C

* With respect to GND.  ** Pulse width 50ns: —3.0V
® TRUTH TABLE

WE |CS, |Cs, | OF Mode 1/0 Pin Vo Current Note
X H X X | Not Selected High Z IsB, ISB1
X X L X | (Power Down) High Z IsB, IsB2
H L H H | Output Disabled High Z Icc, Icca
H L H L | Read Dout Icc, Iccl
L L H H Write Din Icc, Icc1 Write Cycle (1)
L L H L Din Icc, Icc Write Cycle (2)
X:HorL
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HM6264LP-10, HM6264LP-12, HM6264LP-15
8 RECOMMENDED DC OPERATING CONDITIONS (7; = 0 to +70°C)

Item Symbol min typ max Unit
Vce 4.5 5.0 5.5 v

Supply V
upply Voltage GND 0 0 0 v
ViH 2.2 - 6.0 v

\Y
Input Voltage ViL 03 — 08 v

* Pulse Vﬁdth SOns: —3.0V
= DC AND OPERATING CHARACTERISTICS (Ve = 5V+10%, GND =0V, T, =0 to +70°C)

Item Symbol Test Condition min |typ* |max | Unit
Input Leakage Current Ly Vin=GND to Vcc - - 2 | uA
CS1=Vis or CS2=Vyr, or OE=Viy or WE=Vi.,
Output Leakage Current Lot V1/0=GND to Ve - - 2 | A
Operating Power Supply Current | Icc CS1=ViL, CS2=VIH, I17/0=0mA -~ |40 | 80 | mA
Average Operating Current Icci Min. cycle, duty=100%, I1;0=0mA — 60 | 110 | mA
Isp CS1=Vip or CS2=VpL - 1 3 | mA
Standby Power Supply Current | Ispj+* | CS12Vcc—0.2V, CS22V e —0.2Vor CS250.2V| — 2 100 | wA
Ispo** | CS250.2V - 2 {100 | uwA
Vo IoL=2.1mA - - 04 | V
Output Voltage L
Vou Iog=-1.0mA 24 | — - v
* Typical limits are at Vcc=5.0V, T4=25°C and specified loading.
** V1L min=-0.3V
® CAPACITANCE (f= IMHz, T, = 25°C)
Item Symbol |Test Condition | typ | max | Unit
Input Capacitance Cin Vin =0V - 6 pF
Input/Output Capacitance Cro Viro = OV — 8 pF
Note) This parameter is sampled and not 100% tested.
8 AC CHARACTERISTICS (Vo =5V£10%, Ta = 0 to +70°C)
o AC TEST CONDITIONS
Input Pulse Levels: 0.8 to 2.4V
Input Rise and Fall Times: 10ns
Input and Output Timing Reference Level: 15V
Output Load: 1TTL Gate and C; = 100pF (including scope and jig)
o READ CYCLE
HM6264LP-10 HM6264LP-12 HM6264LP-15
Item Symbol - - - Unit
min max min max min max
Read Cycle Time tRC 100 - 120 - 150 - ns
Address Access Time tAA - 100 - 120 - 150 ns
CS1 tco1 - 100 - 120 - 150 ns
Chip Selection to Output
CS2 tcoz2 - 100 - 120 - 150 ns
Output Enable to Output Valid toE - 50 - 60 - 70 ns
Chip Selection to Csi 1LZ1 10 - 10 - 15 - ns
Output in Low Z CS2 tLze 10 - 10 - 15 - ns
Output Enable to Output in Low Z toLz s | - s - 5 - ns
Chip Deselection to Csi tHZ1 0 35 0 40 0 S0 ns
Output in High Z Cs2 tHZ2 0 35 0o | 40 0 50 ns
Output Disable to Output in High Z tonz 0 35 0 40’ 0 50 ns
Output Hold from Address Change tOH 10 - 10 - 15 - ns

NOTES: 1 tyz and tp gz 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, tiz max is less than t; » min both for a given device and from

device to device.
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HM6264LP-10, HM6264LP-12, HM6264LP-15

¢ READ CYCLE

trRC
Address )( )(
taa
o T
s WK il f
tLzi
tcoz 'Hz1
WA AW
CS2
/ tLz2 k
toE tHZ2
— (=—!oLZ— / 4
58 WV S A
toHzZ
Dout -
o L Data Valid
-—loH
NOTE : 1) WE is high for Read Cycle
® WRITE CYCLE
HM6264LP-10 HM6264LP-12 HM6264LP-15
Item Symbol Unit
min max min max min max
Write Cycle Time twe 100 - 120 - 150 - ns
Chip Selection to End of Write tcw 80 - 85 - 100 - ns
Address Setup Time tAS 0 - 0 - 0 — ns
Address Valid to End of Write tAw 80 - 85 - 100 - ns
Write Pulse Width twp “60 - 70 - 90 - ns
CS1,WE | ¢ 5 -~ 5 - 10 -
Write Recovery Time Wr! s
CS2 tWR2 15 - 15 - 15 — ns
Write to Output in High Z tWHZ 0 35 0 40 0 50 ns
Data to Write Time Overlap tbw 40 - S50 . 60 - ns
Data Hold from Write Time tDH - 0 - 0 - ns
OE to Output in High Z tOHZ 35 0 40 (] 50 ns
Output Active from End of Write tow - N - 10 - ns
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HM6264LP-10, HM6264LP-12, HM6264LP-15

® WRITE CYCLE (1) (OE clock)

F twe -———
Address X [4]);(
OE//// "/ 54 tow twrIR
Cﬁ' \ . N\ NN /k 7
.Iﬂtcw ‘...tW&
Cs2 g {t R \ N
AW t
WE Ltas(3]4 —twp-YE]
NNy 1 Z
tonz|51
Dout ) wa“
~—-tDH. =
et
Din <X XXHUN
© WRITE CYCLE (2} (OE Low Fix)
twe _
Address X
tAw t!”i [4]

AN AN WO
— tewl2] ——|IWR2(4)

cs2 e ﬂ\ W\
_ 'WRI (4]
WE —] —] —
Ctasi3] twp[1}—y o
m\'"wuz ~fow-[7]| (8]
Dout -

/'
Ipw-1DHA [[9]
Din Vv

NOTES: 1) A write occurs during the overlap of a low CS1, a high CS2 and a low
WE. A write begins at the latest transition among CS1 going low, CS2
going high and WE going low. A write ends at the earliest transtion
among )(sl_s_i going high, CS2 going low and WE going high. fyp is
measured from the beginninng of write to the end of write.

2) tow is measured from the later of CS1 going low or CS2 going high to
the end of write.

3) t4 5 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 CS1 or WE going high.
twr 2 applies in case a write ends at CS2 going low.

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

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

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

8) Dout is the read data of next address.

9) If CS1 is low and CS2 is high during this period, I/O 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 Vo DATA RETENTION CHARACTERISTICS (7, = 0 to +70 °C)

Item Symbol Test Condition min [typ | max | Unit
. Vbri | CSI2¥cc—0.2V,CS22V cc—0.2V or CS2£0.2V 20 | - ¢ - v
V¢c for Data Retention VoRe CST<02V 0 T 1= v
Iccpry | Yec=3.0V, CS1 2 Ve - 0.2V, _ 1 150* | wA
> -0.2V £0.2V
Data Retention Current €822 Vee — 02V or €S2 £02
Iceprz | Vee=3.0v,C82 £ 0.2V - |1 |50* | uAa
Chip Deselect to Data Retention 1 _
Tinlga tcor See Retention Waveform 0 ns
Operation Recovery Time tr tpe**| - | = | ms

* Vpp, min = 0.3V, 20pA max at T,=0~40°C

** trc = Read Cycle Time

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

Data Retention Mode

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

Data Retention Mode

CS2 € 0.2V

NOTE: In Data Retention Mode, CS2 controls the Address, WE, CS1, OF and Din
buffer. If CS2 controls data retention mode, Vin for these inputs can be in
the high impedance state. If CS1 controls the data retention mode, CS2
must satisfy either CS2 > Vce—0.2V or CS2 < 0.2V. The other input
levels (address, WE, OE, 1/0): can be in the high impedance state.
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Supply Current Iocy (Normalized) Supply Current Ipc, Icc) (Normalized)

Access Time t4 4, too (Normalized)

SUPPLY CURRENT vs.
SUPPLY VOLTAGE

Ta=25C

T

0.8 =

0.6

0.4
4.5

4.75 5.0 5.25 5.5

Supply Voltage Voc (V)

SUPPLY CURRENT vs.
FREQUENCY

Zﬁl)m l5bns lﬂ’)n: 100ns

0.9

e

0.8 v

0.7

06

055 2 4 s 8 10

Frequency (MHz)

ACCESS TIME vs.
SUPPLY VOLTAGE

13

Ta=25C
12
11PN

0.8

0.8

0.7

4.5

4.7 5.0 5.25 53

Supply Voltage Voe (V)

HM6264LP-10, HM6264LP-12, HM6264LP-15

Supply Current Ico, Icc; (Normalized)

Access Time t4 4, tcg (Normalized)

Access Time t4 4, tco (Normalized)

GO HITACHI

SUPPLY CURRENT vs,
AMBIENT TEMPERATURE

Vec=5.0V

0.8

06

04

0 20 40 60 80

Ambient Temperature T4 (°C)

ACCESS TIME vs.
LOAD CAPACITANCE

e

Ta=25C

Vee=MIN
1.0
0.8
0.6
00 200 300 400 500
Load Capacitance Cr, (pF)
ACCESS TIME vs.
AMBIENT TEMPERATURE
13
Vee=5.0V.
1.2
11 1/

. //

i

0.9

0.8

0.7

0 20 40 60 )

Ambient Temperature Tq (°C)
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Input Low Voltage Vir s (Normalized)

Output High Current Iog (Normalized)

Standby Current IccpRr, Ispi, Isp2 (Normalized)

INPUT LOW VOLTAGE vs.
SUPPLY VOLTAGE

Ta=25C

0.9

0.8

0.7

45 4.7 5.0 5.25 55

Supply Voltage Voc (V)

OUTPUT CURRENT vs.
OUTPUT VOLTAGE

1.6

Ta=25C
Vee=5V

08

0.6

\

0.4

3 4 5
Output High Voltage Vogr (V)

STANDBY CURRENT vs.
AMBIENT TEMPERATURE

Output High Current Ioz, (Normalized)

v

P

pd

0.1

Ambient Temperature T4 (°C)

@ HITACHI

20 L 60 80

Input High Voltage Vigy i, (Normalized)

Standby Current IccpRr, Isp1. Isp2 (Normalized)

INPUT HIGH VOLTAGE
vs. SUPPLY VOLTAGE

Ta=25C

10

0.9

0.8

0.7

45 4.7 5.0 5.25 55

Supply Voltage Voc (V)

OUTPUT CURRENT vs.
OUTPUT VOLTAGE

" /

. /

Ta=25C
Vee =5V
0.8¢

L1/
/

0.2 04 0.6 08

0.4

Output Low Voltage Vor, (V)

STANDBY CURRENT vs.
SUPPLY VOLTAGE

Ta=25C

i /

0.8

%
-

0.2

/

2 3 4 5 6
Supply Voltage Ve (V)



HM6264LFP-12HM6264LFP-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: 10uW (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

8 BLOCK DIAGRAM

(FP-28)

B PIN ARRANGEMENT

v e—] S U
As 00— | - NC E 3_5] vce
As 0—— | Row . Memory Matrix —0 GND .
-:1 o—— : Decoder | 256X 256 A2 E WE
An O——— -
he—| 1 A 3] %) s,
i — 1 1 A, E E A,
Voio— T] om0
nput Column Decoder
Data
] | NG 4.
L0k 0— e : | A, E @ OE
e Ao A Az A Ru Pl
B : : A, E E Ao
] ﬁ A [9] 20/ Cs,
(Y- S——— -
G — A1 5] 170,
_ Read. Write Control l/O, E E I/O,
WE
_ ] 1/0,[17) 17] 1/0,
OF ©
10,13 [16] 1/0,
8 ABSOLUTE MAXIMUM RATINGS
Item Symbol Rating Unit GNDj14 ) E 1o,
Terminal Voltage * vr —0.5 ** to +7.0 \% Top Vi
Power Dissipation PT 1.0 w (Top View)
Operating Temperature Topr 0to+70 °C
Storage Temperature Tstg —55to +125 °C
Storage Temperature (Under Bias) Thias ~10to +85 °C
* With respect to GND.  ** Pulse width 50ns: —3.0V
= TRUTH TABLE R
WE | CS, |CS, | OF Mode 1/O Pin Vo Current Note
X | H | X | X |NotSelected High Z ISB, ISB1
X | x L | X |(Power Down) High Z ISB, ISB2
H L H H | Output Disabled High Z Icc, Icc1
H L H L |Read - Dout Icc, Icci
L L H H Write Din Icc, Icca Write Cycle (1)
L L H L Din Icc, Icc1 Write Cycle (2)
X:HorL

A HITACHI
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HM6264LFP-12, HM6264LFP-15

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

Item Symbol min typ max Unit
Vee 4.5 5.0 55 A

Supply Vol
Pely Voltage GND 0 0 0 v
Vi 2.2 - 6.0 v

Input Vol
nput Voltage Vi | <03% | - 08 v

* Pulse Width SOns: —-3.0V
® DC AND OPERATING CHARACTERISTICS (V¢ = 5V£10%, GND =0V, T, =0 to +70°C)

item Symbol Test Condition min |typ* |max | Unit
Input Leakage Current 1741 Vin=GND to Vcc - - 2 | uA
CS1=Vin or CS2=V1L or OE=V 1y or WE=V
Output Leakage Current Lol V1/0=GND or Vg - - 2 | uA
Operating Power Supply Current| Jcc CSi=ViL, CS2= Vin, Iiy0=0mA - 40 80 | mA
Average Operating Current Icci Min. cycle, duty=100%, 1;/0=0mA - 60 |[110 | mA
IsB CS1=Viy or CS2=V 1L - 1 3 | mA
Standby Power Supply Current | Ispy++ | CS12Vec~0.2V, CS22V e —0.2Vor CS250.2V | — 2 /100 | wA
Isp2s» | CS250.2V - 2 | 100 | pA
Vi IoL=2.1mA - - 04 | V
Output Voltage or oL
Vou Iop=-1.0mA 24 | - - \Y
* Typical limits are at Vcc=5.0V, Tq=25°C and specified loading.
** V11, min=-0.3V
® CAPACITANCE (f= IMHz, T, = 25°C)
Item Symbol | Test Condition | typ | max | Unit
Input Capacitance Cin Vin = OV - 6 pF
Input/Output Capacitance . Cro Vio =0V - 8 pF
Note) This parameter is sampled and not 100% tested.
® AC CHARACTERISTICS (Voo = 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 C; = 100pF {including scope and jig)
® READ CYCLE
HM6264LFP-12 HM6264LFP-15
Item Symbol ~ 6264 - Unit
min max min max
Read Cycle Time tre 120 - 150 - ns
Address Access Time taa - 120 - 150 ns
. A CS1 tecol - 120 - 150 ns
tput
Chip Selection to Outpu cs2 tcos — 120 — 150 o
Output Enable to Output Valid toE — 60 - 70 ns
Chip Selection to Output Cs1 'Lz1 10 - 15 - ns
in Low Z CS2 t1z2 10 - 15 - ns
Output Enable to Output in Low Z torz 5 - 5 - ns
Chip Deselection to Output Cs1 'HZ1 0 40 0 50 ns
in High Z CS2 tHz2 0 40 0 50 ns
Output Disable to Output in High Z lOHZ 0 40 0 50 ns
Output Hold from Address Change toH 10 - 15 - ns

NOTES: 1 tyz and topz are defined as the time at which the outputs achieve the open circuit condition and are not referred
to output voltage levels.

2 At any given temperature and voltage condition, Hz max is less than t; ; min both for a given device and from
device to device.
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e READ CYCLE

HM6264LFP-12, HM6264LFP-15

IrC
Address —>( )(
faa
_ , [
&AW WY Y,
frzi
tcoz tHz1
s /[T ANANINNNN
tLz2 N\
toE tHz2
oE X LTI,
3 AWV Z /
tonz
D , jras——
out \ Data Valid
~—fon
NOTE : 1) WE is high for Read Cycle
® WRITE CYCLE
HM6264LFP-12 HM6264LFP-15 .
Item Symbol - - Unit
min max min max
Write Cycle Time twe 120 - 150 - ns
Chip Selection to End of Write tow 85 - 100 - ns
Address Setup Time tas 0 - 0 - ns
Address Valid to End of Write tAw 85 - 100 - ns
Write Pulse Width twp 70 - 90 - ns
N . CS1, WE twR1 5 - 10 - ns
Write Recovery Time Cs2 pr— s — 15 = -
Write to Output in High Z twhz 0 40 0 50 ns
Data to Write Time Overlap tpw 50 - 60 - ns
Data Hold from Write Time 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
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'HMB264LFP-12, HM6264LFP-15

© WRITE CYCLE (1) (OE clock)

|- twc —
Address X X
_ ! i [4]
OF L/, I/F_"‘J// twrIN.
. - LOW — " =
CS1 )\ IV NN WY ] 7/
6] tow - WRZ
C52 ; / ’t N,
= 1 % t
VE -tas(3] ~—twprEl
oy (12
tonz[5]
AN \. t
Dout > xl-)—‘L-‘--tDH -
Din <X XXAX

© WRITE CYCLE (2) (OE Low Fix)

twe y
Address } 4 *

faw pEZHT!

AN AN A 0, 77
— tewl2] TWR2 (4]

cs2 77777 X AN

AN

'wR1(4)

WE —— ]
tas3] twplll—y ~Trond
(5] [z ~fow-[7]| (8]

AY < <
Dout ==

(91

tpw-+1DH
Din 220

NOTES: 1) A write occurs during the overlap of a low CS1, a high CS2 and a low

168

WE. A write begins at the latest transition among CS1 going low, CS2
going high and WE going low. A write ends at the earliest transtion
among CS1 going high, CS2 going low and WE going high. fwp is
measured from the beginninng of write to the end of write.

2) tow is measured from the later of CS1 going low or CS2 going high to
the end of write.

3) tp s 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 CS1 or WE going high.
twR 2 applies in case a write ends at CS2 going low.

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

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

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

8) Dout is the read data of next address.

9) If CS1 is low and CS2 is high during this period, I/O 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 Voc DATA RETENTION CHARACTERISTICS (T = 0 to +70 °C)

Item Symbol Test Condition min |typ | max | Unit
. Vpr1 CSI2Veo—02V,C822Vee-0.2Vor CS2£0.2V | 2.0 | — | — v
Ve for Data Retention Vomz CST<02V 20 =T = v
Iccpry | Yee=3.0V,TST 2 Ve - 0.2V, — 11 [50* | uA
— <
Data Retention Current €522 Vec ~ 0.2V or (52 £ 0.2V
ICCDR2 VCC = 3.0V, CS2 _S_ 0.2V - 1 50* KA
Chip Deselect to Data Retention
Time fcDr See Retention Waveform 0 | -] - |m
Operation Recovery Time tr trc** — | - ns

* Vi min= -0.3V, 20uA max at T=0~40°C.
** trc = Read Cycle Time

© LOW Vcc DATA RETENTION WAVEFORM (1) (CS1 Controlled)
Data Retention Mode

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

Data Retention Mode

CS2 € 0.2V

NOTE: In Data Retention Mode, CS2 controls the Address, WE, CS1, OF and Din
buffer. If CS2 controls data retention mode, Vin for these inputs can be in
the high impedance state. If CS1 controls the data retention mode, CS2
must satisfy either CS2 > Vec—0.2V or CS2 < 0.2V. The other input
levels (address, WE, OE, 1/0)can be in the high impedance state.
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HM6287P/HM6E6287CG 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: 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

HM6287P-55, HM6287P-70

(DP-22A)
® BLOCK DIAGRAM

HM6287CG-55, HM6287CG-70

A
N D§ -V

Row «—GND
w—T3

Decod Memory Array
Alz__%: ecoder
. IS 128 X 512
a—L
As—51 (CG-22)
Din—[ﬂ\ Column  1/0 Dout ® PIN ARRANGEMENT
ol Decod ® HM6287P Series
3 i o1 ~ 22) vec
ﬁﬁ&ﬁﬁﬁﬁﬁ A‘E EA“

WE > T a3 [20] A1

., As A A, As Ay AL

A3l 4 EA!J
Adl'S A\z

As E E An
| ABSOLUTE MAXIMUM RATINGS A‘E ap
Item Symbol Rating Unit
Voltage on Any Pin* Vr 05t0+7.0 v » (] 5] %
Power Dissipation Pp 1.0 w 0uu (3] mps
Operating Temperature Topr 0to +70 °C W [1o] i3] s
Storage Temperature** Tytq -65 to +150 °C e i) 2]
Temperature Under Bias Thias -10 to +85 °C (Top View)
* with respect to GND. Vo iy = ~3.5V (Pulse width 20ns)
** _55 to +125°C for Plastic DIP ® HM6287CG Series

A

Ar Ao Vec A
T

1

(Top View)
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HMG6287LP Series

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

8 FEATURES

® High Speed: Fast Access Time 55/70ns (max.)

® Low Power Standby and Low Power Operation
Standby: 10uW (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

»—P3]
& —F -—Vce
am—P3] P <«—GND
A.;—{}D"“‘" Memory Array
A 3_§ 128 x 512
& —{F
r—73
Din—[]/\r Column  1/0 Dout
. Column Decoder
TS
> ﬂﬁﬁﬁﬁﬂﬂﬂ
A: Ay A, As Ac Ay As Ay Ap
8 ABSOLUTE MAXIMUM RATINGS
Item Symbol Rating Unit
Voltage on Any Pin* Vr ~0.5 to +7.0 v
Power Dissipation Pp 1.0 W
Operating Temperature Topr 0 to +70 °C
Storage Temperature Tytg -55 to +125 °C
Temperature Under Bias Thias -10 to +85 °C

* with respect to GND. ¥V min = -3.5V (Pulse width 20ns)

@ HITACHI

Under Development

(DP-22A)

® PIN ARRANGEMENT

Aof1 r—u*— 22] Ve
Ax% 21} 4
AzE %A..
1] 15] Aus
ad[5] E A
o
as[7] [16] A
a 3] [15] s
Dot E [14] A
W_EE (53] 1
enp [ l12]3
(Top View)
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HMGE65256P 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 HITACHI’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

OE/RFSH
RFSH
OE

=|z|ql

172 G HITACHI

Under Development

(DP-28)

® PIN ARRANGEMENT

o ]
o [
v
W
N5
[
NG
o[
Mo
v
1700 [11]
o [iz]
1/02 E

2__8] Vee

7 W
Em;

[22] RFsH/OE
Ato
E s
[19] vos
18] 1/06
[17) vos
[16] /0,

Vss E

E 1/0s

(Top View)



MOS DYNAMIG RAM
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HM48416 AP-12, HM48416AP-15
HM48416AP-20

16384-word X 4-bit Dynamic Random Access Memory

FEATURES
Single 5V (+10%)
Page mode capability

Output data controlled by CAS,
TTL compatible

® BLOCK DIAGRAM

16384-word x 4-bit Organization

OE

128 refresh cycles (Ao~ Ag, 2ms)

Low Power; 303mW Active, 20mW Standby
High speed: Access Time 120ns/150ns/200ns (max)

+—
1 1] 1
R Tock
we. e
RAS—{Ginercicr
,__1@ Cl !—J Memoryl (S| |Memor
CAS: T orCk Array ? Eo' Array | &,
al °l  E
DlRow Dec )& [B[Row Dec &
e o e n
@ @ e @
A7o——d & S . 2
As i g ’a: Memory] |31 |Memorylh Vee
m o|Array —| |Array
3 H I Vs
£ 5
< By Generator
Ao (A1~Ae)
a ABSOLUTE MAXIMUM RATINGS
Item Symbol Value Unit
Voltage on any pin relative to Vgg Vp -1.0to+7.0 v
Supply Voltage relative to Vgg Vee ~1.0to +7.0 v
Short Circuit Output Current Tout 50 mA
Power Dissipation Py 1.0 w
Operating Temperature Topr 0 to +70 °C
Storage Temperatue Tty —55to+125 °C

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

Item Symbol min typ max Unit
Vee 4.5 5.0 5.5 A%

Supply Volt
pply Yoltage Vss 0 0 0 v
Vi 24 - 6.5 \4
Input Voltage ViL 0 — 08 %

Note All voltages referenced to Vgg.
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HM48416AP-12, HM48416AP-15,
HM48416AP-20

(DP-18)

= PIN ARRANGEMENT

OE [j 18] vss
1/01[2 [17]1/04
I/OZE [16]CAS
WRITE[4] [15] 1/03
RAS 3] 14 Ao
As ['5 13 A
a7 12) Ax
A8] A,
vee [8] [10] A,
(Top View)
A0~A7 | Address Inputs
CAS | Column Address Strobe
1/01~1/04 | Data In/Data Out
“OE Output Enable
RAS Row Address Strobe

WRITE | Read/Write Input
Vee Power (+5V)
Vss Ground




= DC ELECTRICAL CHARACTERISTICS (72=0 to 70°C, Vee=5V£10%, ygg=0V)

HM48416AP-12, HM48416AP-15, HM48416AP-20

HM48416AP | HM48416AP | HM48416 AP
Paramater Smbol -12 -15 -20 Unit [Notes
min | max | min | max | min | max
Operating Current (RAS, CAS Cycling: ¢ g c=min) Icc; | - 60 - 55 45 |mA 1,2
Standby Current (RAS=VJz, Dout=High Impedance) Icc2 - 3.5 - 3.5 3.5 |mA
Refresh Current (RAS Cycling, CAS=Viy, trc=min) | Iccz | — 42 - 38 33 ImA| 2
Standby Current (RAS=Vjg, Dout Enable) Iccs | - 5.5 - 5.5 5.5 [mA| 1
Page Mode Current (RAS=Vyy, CAS Cycling; tpc=min) | Icce — 42 - 38 33 |mA|l1,2
Input Leakage (0< V;, <6.5V) Iy -10 [ 10 (-10| 10 |[-10| 10 |pmA
Output Leakage (Dout is disabled, 0< Voy 3 <5.5V) Iro -10 10 -10 10 -10 10 | pA
Output Levels High (/o ¢=—5mA) Vo | 24 | Vee | 24 | Voo | 24 [ Veec | V
Output Levels Low (Ip,=4.2mA) VoL 0 04 0 04 0 0.4 v

Notes) 1. Icc depends on output loading condition when the device is selected, /¢ max is specified at the output open

condition.

2. Current depends on cycle rate: maximum current is measured at the fastest cycle rate,

8 CAPACITANCE (Voc=5V+10%, Te=25°C)

Parameter Symbol typ max Unit Notes
Input Capacitance e CE T _ﬁass Cin1 - > pE 1
RAS, CAS, WRITE, OE Cin2 - 10 pF 1
Output Capacitance Data In/Data out Cljo - 10 pF 1,2
Notes) 1. Capacitance mesured with Boonton Meter or effective capacitance measuring method.
2. CAS=Vpy to disable Dout.
® ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS
(Ta=0 to 70°C, V=5V £10%, Vgs=0V)L+ 10
HM48416AP-12 |[HM48416 AP-15 (HM48416AP-20
Parameter Symbol ~ " - Unit | Note
min | mas | min | max | min | max
Random Read or Write Cycle Time tre 230 - 260 - 330 - ns
Read-Write Cycle Time trwe | 320 - 360 - 450 - ns
Page Mode Cycle Time tpc 130 - 145 - 190 - ns
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 referenced to CAS| toppi| - 35 - 40 - 50| ns 5
Transition Time (Rise and Fall) tT 3 35 3 35 3 50| ns 6
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 | 75 {10000 | 100 |10000| ns
RAS to CAS Delay Time trep | 25 60| 25 751 30 100 | ns 7
RAS Hold Time trsg | 60 - 75 - 100 - ns
CAS Hold Time tcsy | 120 - 150 - 200 - ns
CAS to RAS Precharge Time tcrp | —10 - -10 - -10 - ns
Row Address Set-up Time tASR 0 - 0 - 0 - ns
Row Address Hold Time tran| 15 - 15 - 20 — | ns
Column Address Set-up Time tasc 0 - 0 - 0 - ns
Column Address Hold Time tcan | 20 - 25 - 30 - ns
Column Address Hold Time referenced to RAS | t4p 80 - 100 - 130 - ns
Write Command Set-up Time twes 0 - 0 - 0 - ns 8
Write Command Hold Time twea | 40 - 45 - 55 - ns
(to be continued)
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HM48416AP-12, HM48416AP-15, HM48416AP-20

HM48416AP-12|HM48416AP-15(HM48416AP-20 .
Parameter Symbol -~ - - Unit |Note
min | max | min | max | min | max
\_Viit_e Command Hold Time refferenced to twer 100 _ 120 1 155 _ ns
RAS
Write Command Pulse Width twp 40 - 45 - s$ - ns
Write Command to RAS Lead Time tRWL 40 - 45 - $s - ns
Write Command to CAS Lead Time tewlr 40 - 45 - 55 - ns
Data-in Set-up Time tps 0 - 0 - 0 - ns 9
Data-in Hold Time tDH 40 - 45 - 55 - ns 9
Data-in Hold Time refferenced to RAS tDHR 100 - 120 - 18§ - ns
Read Command Set-up Time trcs 0 - 0 - 0 - ns
Read Command Hold Time refferenced to i
—— tRCH 0 - 0 - 0 - ns
CAS
R d Hold Ti ff ed t
ead Command Hold Time refferenced to tRRE 10 _ 10 B 10 N ns
RAS
Refresh Period ' tREF - 2 - 2 - 2 ms
CAS to WE Delay Time tewp 105 - 125 - 160 - ns 8
RAS to WE Delay Time tRWD 165 - 200 - 260 - ns 8
CAS Precharge Time (for Page-mode
- - 8 -
Cyle Only) tep 60 60 0 ns
CAS Precharge Time toPN 35 - 40 - 50 - ns
RAS Precharge to CAS Hold Time trPC 0 = 0 - 0 - ns
Access Time from OE toAcC — 35 — 40 — 50 ns 3
t Buffer T' ff ff d
Ou_E uffer Turn-off Delay refference: toFFs B 35 _ 40 _ 50 ns s
to OE
O to Data-in Delay Time topp 35 - 40 | - 50 | - ns 11
Notes:
1. AC measurements assume {7 = Sns. They are included in the data sheet as electrical charac-

2.

A s W
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Assumes that tpep Stpep (max). If tgep is greater
than the maximum recommended value shown in this
table, zg o ¢ exceeds the value shown.

. Measured with a load circuit equivalent to 2TTL loads

and 100pF.

. Assumes that tpcp 2 tpep (max).
. toFF) (max) and toppg (max) define the time at

which the output achieves the open circuit condition.

. Vig (min) and Vj; (max) are reference levels for 9

measuring timing of input signals. Also, transition times
are measured between Vg and Vjy.

. Operation within the tpcp (max) limit insures that 1o

trac(max) can be met, tgcop (max) is specified as a
reference point only; if tgop is greater than the spe- 1;
cified tpcop (max) limit, then access time is controlled
exclusively by tc4c-

. twess tcwp and tpwp are not réstrictive operating

parameters.

teristics only; if twcs 2 twes (min), the cycle is an
early write cycle and the data output pin will remain
open circuit (high impedance) throughout the entire
cycle; if towp = towp (min) and trwp 2 trwp (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.

. 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.

. An initial pause of 100us is required after power-up

followed by a minimum of 8 initialization cycles. _

. In delayed write or read-modify-write cycles, OE must

disable output buffers prior to applying data to the
device.

O riTacH!



= TIMING WAVEFORMS

® Read Cycle

HM48416AP-12, HM48416AP-15, HM48416AP-20

® Early Write Cycle

— tre
RAS '\ tras
) 9 le—tRp i
tRSH
ir
trep tc,«s-——-—J tcRP——
tesh
CAS 1
tasr \ A tcen \
tar
tRAH .
tasc
Address ROW COLUMN X X
tcan
trcs treH
WRITE / \
t,
F_ teac——s] RRH
torF1
10 OPEN [ vaLD
_ouTpuT
traC
toFrF2
toac
OE \
*[1: Don’t care
tre
RAS ~—\
\ tRAS
R trp—= \
tr tRSH
tRCD tcas tcRP
I tcsH
CAS 4
tAsr p 4 tcm——j \
tar
traH
tasc
Address ROW D' COLUMN ]| X
b twe s tCAH
tewe
tRwL
twcr
WRITE \ T we—1/
twp——————-J
ton
1/0 x VALID INPUT
*OE : Don't care

tps

O HITACHI

[3: Don’t care
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HM48416AP-12, HM48416AP-15, HM48416AP-20
® Delayed Write Cycle

—_ trC
RAS ——— "
tRAS
K trp—={ \
i IRSH
te—tRCD tcas [ tCRP—}
_ tcsH
CAS N
tASR N\ tcpnq\_
™~ tAR
tRAH
tasc
- ¥ X
Address * ROW ~ M COLUMN (
tcaH
—-——-tcn——J
tRWL
twer
twen
WRITE N /
b ti p—a]
[t~ £ DH ~——ted
tDHR
]l
1/0 VALID INPUTY
—rl—i—ws
toop
A
OE *[1: Don’t care
® Read Modify Write Cycle
RAS trwc
\ tRAS
tRSH [~— tRP—
j——trRCD tcas [*——icrRP—
— h-b”
CAS \
tasR N fe——tcpNn
[—“ tar
tRAH
tasc )
Address x ROW COLUMN ( x
f=tcan e tCWL:
¢,
a2 f-— inwl.—-—f
| tcwD—
WRITE ]
fe— tRWD
OPEN frac
1/0
toac
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HM48416AP-12, HM48416AP-15, HM48416AP-20
® Page Mode Read Cycle

RAs——:\ /
4; [~ LRP
tcSH
tr tpc trRSH—
[=—2tRCD—>] t—tcp=] =1icR
CAS F——lc,h ——tcas {; ——tcas
/ /
tran tcan tcan tcAH
tAR
task tn?c tﬁisc tasc
D; —4f
Address ROW OLUMN OLUM‘I\K ﬂCDL UMIX
tRCS trCs tre
trCcH trRCH tRCH
S
WRITE / \V N
tracC trrH
tCAC— p—tcac—= [——tcac—
toFF1 toFF1 - toFF1
I OPEN ZfvaLn VALID VALID
/0 \{OUTPUT, OUTPUT] OUTPUT,
toac
toFF
OE f—
. * . >
® Page Mode Write Cycle [——J: Don’t care
RAS — tRAS
LL
124
icsn
tr ‘pC . trsH
fe—trcp—] tcpe=| }'—tcnp—b
CAS \““——ZCAM \~‘—“iCAa —{§- -\ teAs— [r——————
tran tcan icaH tcaH
T——’l.{ﬁ
tasc Nl
t
Asn-'—-._ tasc T éﬂ‘l
Address Y| Row 0 OLUM YoLumn &OLUMSX
{C
twe ——tRWL
F~t wC Hod twCH —lwcn—l
tcw - tews tewe
—
WRITE \ )
I
Fe-—t w p——] ——-twp—ﬁ ---twp——j
t tps tps
Fa—t Dy~ L DH ~w~y L-—lDH—-
LG
1/0 VALID VALID i VALID
INPUT INPUT INPUT
tDHR————=

Ioop-.'_—g—
£¢

/. *[1: Don’t care
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HM48416AP-12, HM48416AP-15, HM48416AP-20

® RAS Only Refresh Cycle

4

0
>
7,

\‘o———tms

icrP

irpC

fe—tasr—=
-

L'—tn,m

Address

ROW

1/0

OPEN

180
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HM4864-2,HM4864-3

HM4864P-2, HV4864P-3

65536- word X 1-bit Dynamic Random Access Memory

The HM4864 is a 65,5636-words by 1-bit, MOS random access
memory circuit fabricated with HITACHI’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 |/O capability, two dimensional chip selection, and
extended page boundaries (when operating in page mode).

B 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 Vgg generator
Low Power; 330 mW active. 20 mW standby {max)

The inputs TTL compatible, low capacitance, and protected
against static charge

Output data controlled by CAS and unlatched at end of cycle to
allow two dimensional chip selection and extended page bound-
ary

® Common |/O capability using “’early write’’ operation
Read-Modify-Write, RAS-only refresh, and Page-mode capability
® 128 refresh cycle

@ HITACHI

HM4864-2, HM4864-3

(DG-16A)

HM4864P -2, HM4864P-3

(DP-16)

HPIN ARRANGEMENT
“nihdlc?
DinE _I__Slc—As
w5 o
F/TSE E]u
Ae[:s: EA:
NE EA.

NE o
Vee} 8 EA'

(Top View)
Ao-Ar Address Inputs
TAS Column Address Strobe
Din Data In
Dout Data Out
RAS Row Address Strobe
WE Read/Write Input
Vee Power (+5V)
Vss Ground
Ao-As Refresh Address Input
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HM4864-2, HM4864-3, HM4864P-2, HM4864P-3

HFUNCTIONAL BLOCK DIAGRAM

WE zxﬁ:r ~[RIW Switch |-
— 1 = i ]
RAS o Memory g Memory
Array 3| | Ay B ABSOLUTE MAXIMUM RATINGS
Taso [FovDec e df o D . Dats o Voltage on any pin relative
E| Memory R :g Memory |& to V$ ceeevs st e aans -1.0to+7V
B A 183 : Array s <oV QOperating Temperature, Ta s
Ar K “rels K -~ Vss (Ambient) . ....... ve....0t0+70°C
1] Memory |3 2 ‘: Memory
N P & Array 23| Array Storage Temperature
H k] H S " o -
i 2 Row Dec. K= o2y Row De. i (Ambient) . .. ... ..-65t0 +1 50°C (Cerd!p)
3 H P -55 to +125°C (Plastic)
- £ Memory X Memory R .
H 3 Array 2| | Array Shortcircuit Output Current . 50 mA
> o . - .
2|0 i Power Dissipation ...... oo 1W
Il RECOMMENDED DC OPERATING CONDITIONS (Ta=0 to +70°C)
Parameter Symbol min typ max Unit Notes
Supply Volt Vee 4.5 5.0 5.5 \ 1
upply Toltage Vss 0 0 0 v
Input High Voltage Via 2.4 - 6.5 \ 1
Input Low Voltage Vi -1.0 - 0.8 \ 1
B DC ELECTRICAL CHARACTERISTICS (Ta=(Q to +70°C, Vec=5V £10%, Vss=0V)
Parameter Symbol min max Unit Notes
OPERATING CURRENT I _ 60 mA 2.4
Average Power Supply Operating Current (RAS, CAS Cycling;t rc=min.) et *
STANDBY CURRENT I _ 3.5 mA 2
Power Supply Standby Current (RAS = Viy, Dout =High Impedance) cee . .
REFRESH CURRENT
Average Power Supply Current, Refresh Mode Iecs - 45 mA 2,4
(RAS Cycling, CAS = Viu; t c=min.)
PAGE MODE CURRENT
Average Power Supply Current, Page-mode Operation Icc. - 45 mA 2,4
(RAS = Vi, CAS Cycling; trc=min.)
INPUT LEAKAGE
Input Leakage Current, any Input (V. =0 to +6.5V, all other pins not Iu -10 10 #A
under test=0V)
OUTPUT LEAKAGE _
Output Leakage Current (Dout is disabled, Vou=0 to +5.5V) Lo 10 10 A 8
OUTPUT LEVELS
Output High (Logic 1) Voltage ([o.: =—5mA) ‘60" 2'3 X(i z
Output Low (Logic 0) Voltage (f... =4.2mA) o !

NOTES
1. All voltages referenced to Vgg.

2. I¢c depends on output loading condition when the device is selected. /o max. is specified at the output open condition.

3. 1o consists of leakage current only.

4. Current depends on cycle rate: maximum current is measured at the fastest cycle rate.

B AC ELECTRICAL CHARACTERISTICS

Parameter Symbol typ max Unit Notes
Input Capacitance (Ao-As,Din) Cint - 7 pF 1
Input Capacitance (RAS,CAS,WE) Cinz - 10 pF 1
Output Capacitance (Dout ) Cout - 7 pF 1,2

NOTES

1. Capacitance measured with Boonton Meter or effective capacitance measuring method.

2. CAS = Vyy to disable Doyt
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M ELECTRICAL CHARACTERISTICS AND

(Ta=0 to +70°C, Vec=5V1+10%, Vss=0V)

HM4864-2, HM4864-3, HM4864P-2, HM4864P-3

RECOMMENDED AC OPERATING CONDITIONS "%

HM4864-2/P-2 HM4864-3/P-3
Parameter Symbol - - ® Unit Notes
min max min max
Random Read or Write Cycle Time tre 270 - 335 - ns
Read-Write Cycle Time tawc 270 - 335 - ns
Page Mode Cycle Time toc 170 — 225 — ns
Access Time from RAS trac - 150 - 200 ns 4,6
Access Time from CAS teac - 100 - 135 ns 5,6
Output Buffer Turn-off Delay torr 0 40 0 50 ns 7
Transition Time (Rise and Fall) tr 3 35 3 50 ns 3
RAS Precharge Time trp 100 - 120 — ns
RAS Pulse Width tras 150 10000 200 10000 ns
RAS Hold Time trsu 100 - 135 - ns
CAS Pulse Width teas 100 it 135 - ns
CAS Hold Time tesw 150 - 200 — ns
RAS to CAS Delay Time treo 20 50 25 65 ns 8
CAS to RAS Precharge Time terp —20 - —20 - ns
Row Address Set-up Time tasr 0 - 0 - ns
Row Address Hold Time tran 20 - 25 - ns
Column Address Set-up Time tasc —10 - —-10 - ns
Column Address Hold Time tean 45 - 55 - ns
Column Address Hold Time referenced to RAS tar 95 - 120 - ns
Read Command Set-up Time taes 0 - 0 - ns
Read Command Hold Time tren 0 - 0 - ns
Write Command Hold Time twen 45 - 55 — ns
Write Command Hold Time referenced to RAS twer 95 - 120 - ns
Write Command Pulse Width twe 45 - 55 - ns
Write Command to RAS Lead Time trwe 45 - 55 - ns
Write Command to CAS Lead Time tewe 45 - 55 - ns
Data-in Set-up Time tos 0 — 0 - ns 9
Data-in Hold Time ton 45 - 55 - ns 9
Data-in Hold Time referenced to RAS tour 95 - 120 - ns
CAS Precharge Time (for Page-mode Cycle Only) ter 60 - 80 - ns
Refresh Period trer - 2 - 2 ms
Write Command Set-up Time twes —20 - —20 - ns 10
CAS to WE Delay tewn 60 - 80 - ns 10
RAS to WE Delay tawp 110 - 145 — ns 10
RAS Precharge to CAS Hold Time trec [] - 0 —_ ns
NOTES
1. AC measurements assume {7 = 5ns. tRr 4c (max)can be met, tgcp (max) is specified as a
2. 8 cycles are required after power-on or prolonged reference point only; if tpcp is greater than the
periods (greater than 2ms) of RAS inactivity before specified trcp (max) limit, then access time is
proper device operation is achieved. Any 8 cycles controlled exclusively be tc4¢-
which perform refresh are adequate for this purpose. 9. These parameters are reference to CAS leading edge in
3. Vig (min) and V7 (max) are reference levels for early write cycles and to WE leading edge in delayed
measuring timing of input signals. Also, transition write or read-modify-write cycles.
times are measured between Vg and Vyp. 10. twcs, tcwp and trwp are not restrictive operating
4. Assumes that trep € trep (max). If tgep is greater parameters. They are included in the data sheet as
than the maximum recommended value shown in this electrical characteristics only: if tycs 2 twes (min),
table tg 4 exceeds the value shown. the cycle is an early write cycle and the data out pin
S. Assumes that tgrcp 2 trcp (Mmax). will remain open circuit (high impedance) throughout
6. Measured with a load circuit equivalent to 2TTL loads the entire cycle; if fcwp 2 tcwp (min) and tryp 2
and 100 pF. trwp (min) the cycle is a read/write and the data
1. topp (max) defines the time at which the output output will contain data read from the selected cell; if
achieves the open circuit condition and is not refer- neither of the above sets of conditions is satisfied the
enced to output voltage levels. condition of the data out (at access time) is indeter-
8. Operation with the fgcp (max) limit insures that minate.
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HM4864-2, HM4864-3, HM4864P-2, HM4864P-3

B TIMING WAVEFORMS
®READ CYCLE
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®“RAS-ONLY” REFRESH CYCLE

HM4864-2,

_ o ——tr45:
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®PAGE MODE WRITE CYCLE

HM4864-3, HM4864P-2, HM4864P-3
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HM4864-2, HM4864-3, HM4864P-2, HM4864P-3

B TYPICAL CHARACTERISTICS
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HM4864-2, HM4864-3, HM4864P-2, HM4864P-3

SUPPLY CURRENT INPUT LEVEL
vs. CYCLE RATE vs. SUPPLY VOLTAGE
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RAS/CAS Cycle
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H APPLICATION INFORMATION

®POWER ON

An initial pause of 500 us 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 Ve current (Igc) requirement of the HM4864 during
power on is, however, dependent upon the input levels (RAS,
CAS) and the rise time of V¢, 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 tasg .
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 tgap . 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 tpcp - 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 tcas-
Note that tgep (max) is not an operating limit of the
HM4864 though its specification is listed on the data sheets. If
'CAS becomes on later than tgep (max), the access time from
RAS will be increased by the time which tgcp exceeds tpcp
(max). .

Following the time when TAS 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 ﬁ\__g
The access time from RAS—tgac—is the time from RAS-on
to valid Dout.

The minimum value of tgac is derived as the sum of tpcp
{max) and tcac- .
The selected output data is held valid internally until CAS
becomes high, and then Dout pin becomes high impedance.
This parameter is tofFF -

O HITACHI
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HM4864-2, HM4864-3, HM4864P-2, HM4864P-3
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Fig.1 lcc vs. Vec during power up.
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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 WE reaches its low level,
WE must be held stable long enough to be captured.
This WE-on pulse deration is called typ. The time
required to capture write data in a latch is called
tpy - 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 tcag (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.
Tionly parameter of concern is tgp. Normally
CAS is not required to be off for minimum time of
tcpp. However, in a page mode memory operation,
t_hﬁgz is a tecp (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,

190

® 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.
A0 to A6 are refresh address pin compatible with
standard 16K RAM (HM4716A, HM4816A). During
refresh, either V| or V| 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 /oc3 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
pov;/er is reduced. These are specifications.
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HM4864 A-12,HM4 864 A-15;

HM4864A-20,HVI4864AP-12,
HM4864AP-15HM4864AP-20

65536-word X 1-bit Dynamic Random Access Memory

B FEATURES

® Industry standard 16- Pin DIP (plastic, Cerdip)
Single 5V (£10%)

On chip substrate bias generator

Low Power: 2560mW active, 18mW standby
High speed: Access Time 120ns / 150ns / 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

B BLOCK DIAGRAM

WE R/W Clock —
WE Generator H‘ LR/¥ Switch
- ]

e RAS Clock Data out o D
RAS ©Generator Buffer Din
T i
“ac O-4 CAS Clock| Memory | = »f Memory Data in o
cas Array 5'—' 5 Array Buffer Dout
b HEIH
e Rl R -0 Vee
H
Aro R ;: Row Dec. GT__:$ Row Dec. -—0 Vss
- Ao [ "-'
.E f 1 Array = Array
2 H S
2
H 3
&
Ao

B ABSOLUTE MAXIMUM RATINGS

Voltage on any pin relative to Vgg +------o-n . -1V to 7V
Operating temperature, Ta (Ambierit) «««--..... 0°Cto 70°C
Storage temperature (Cerdip) » « + « - e ce o s —65°C to 150°C
Storage temperature (Plastic) --«c-.c.ooinn —55°C to 125°C
Power dissipation +« -+ ccvcririreneieaaiaas 1W

Short circuit output current  + - ..ol 50 mA

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

Parameter Symbol min, typ. max. { Unit | Notes

Supply Voltage Vee 4.5 5.0 5.5 A 1
Input High Voltage Viu 2.4 - 6.5 \Y 1
Input Low Voltage Vie | —1.0 = 0.8 \' 1

Notes : 1. All voltages referenced to Vs

@ HITACHI

HM4864A-12, HM4864A-15,
HM4864A-20

(DG-16B)

HM4864AP-12, HM4864AP-15,
HM4864AP-20

(DP-16)

HPIN ARRANGEMENT
—

NCE 16 | vss
Din[z E(TS
WE|3 EDont
RAS| 4 EA.
W3] o
W[ op
W] on
Veel 8 BA:

(Top View)

AO0—A7 : Address Inputs

CAs : . Column Address Strobe
Din . Dataln

Dout ¢ Data Output

RAS :  Row Address Strobe
WE ¢ Read/Write Input

Vee : Power (+5V)

Vss ¢ Ground

AO0—-A6 : Refresh Address Inputs
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HM4864A-12, HM4864A-15, HM4864A-20,

HM4864AP-12, HM4864AP-15, HM4864AP-20
B DC ELECTRICAL CHARACTERISTICS (Ta=0 to 70°C, Vec=5V£10%, Vss=0V)

Parameter Symbol HM,““A/P-H HM,““A/P-IS HM,‘“‘A/P-N Unit | Notes
min | max [ min | max | min | ma x
Operating Current{RAS,CAS Cycling:tac=min) Icc — 55 - 50 — 44 mA | 1,2
Standby Cnrrent(RAS = V,y,Dout=High Impedance) Icc: - 3.5 - 3.5 = 3.5 mA
Refresh Current(RAS Cycling, == Vin,t ac=min) Iccs — 42 — 38 — 33 mA 2
Standby Current(RAS = V4, Dout Enable) Iccs = 5.5 — 5.5 - 5.5 mA 1
Page Mode Current(RAS = V,,,CAS Cycling;t>c=min) Iccs - 38 - 35 - 31 mA | 1,2
Input Leakage(0<V,..<6.5V) I —10 10 —10 10 —10 10 #A
Output Leakage(Dout is disabled,0<V...<5.5V) Lo —10 10 —10 10 —10 10 HA
Output Levels High([,..=—5mA) Vou 2.4 Vee 2.4 Vee 2.4 Vee v
Output Levels Low(I,,=4.2mA) Vou 0 0.4 0 0.4 0 0.4 \'4
Notes} 1. Jcc depends on output loading condition when the device is selected, /o max. is specified at the output open condition.
2. Current depends on cycle rate :maximum current is measured at the fastest cycle rate.
M CAPACITANCE (Vcc=5V+10%, Ta=25°C)
Parameter Symbol typ max Unit Notes
Input Capacitance r————AD~A1'Di" Con — 5 L !
RAS,CAS,WE C.z - 10 pF 1
Output Capacitance Dout Cou - 7 pF 1, 2
Notes) 1. Capacitance measured with Boonton Meter or effective capacitance measuring method.
2. TAS =Viy to disable Dout.
I ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS
(Ta=0 to 70°C, Vec=5V+10%, Vss=0V)
Parameter Symbol H.M4864A-12 Hl‘{l4864A-15 HB{I4864A'20 Unit Notes
min max min max min max
Access Time From RAS trac — 120 — 150 — 200 ns 2,3
Access Time From CAS teac — 60 - 75 — 100 ns 3.4
Output Buffer Turn-off Delay torr - 35 - 40 - 50 ns 5
Transition Time (Rise and" Fall) tr 3 35 3 35 3 50 ns 6
Ranrdom Read or Write Cycle Time tre 220 - 260 - 330 — ns
RAST Precharge Time tre 90 - 100 - 120 - ns
RAS Pulse Width tras 120 10000 150 | 10000 200 | 10000 ns
CAS Pulse Width teas 60 10000 75 | 10000 100 | 10000 ns
RAS to CAS Delay Time trep 25 60 25 75 30 100 ns 7
RAS Hold Time trsh 60 - 75 — | 100 = | ms
CAS Hold Time tesn 120 - 150 - 200 — ns
CAS to RAS Precharge Time [ -10 -] -10 - | =10 = ns
Row Address Set-up Time task 0 - 0 - 0 — ns
Row_Address Hold Time tran 15 - 15 - 20 - ns
Column Address Set-up Time tasc 0 - 0 — 0 — ns
Column Address Hold Time tean 20 - 25 - 30 - ns
Column_Address Hold Time Referenced to RAS tar 80 - 100 - 130 - ns
WE C d Set-up Time twes 0 — 0 — 0 - ns 8
Write Command Hold Time twen 40 - 45 - 55 - ns
Write C d Hold Time Referenced to RAS twer 100 - 120 - 155 — ns
Write C d Pulse Width twp 40 - 45 - 55 - ns
Write C d to RAS Lead Time trwe 40 - 45 - 55 - ns
Write Command to CAS Lead Time tower 40 - 45 — 55 - ns
Data-in_Set-up Time tos 0 - 0 = 0 - ns 9
Data-in Hold Time tow 40 — 45 - 55 - ns 9
Data-in Hold Time Referenced to RAS tons 100 = 120 - 155 - ns
Read C. d Set-up Time trcs 0 — 0 - 0 - ns
Read Command Hold Time Referenced to CAS trcn 0 = 0 - 0 = ns
Read Command Hold Time Referenced to RAS Erey 10 - 10 - 10 — ns
Refresh Period treF - 2 = 2 = 2 ms
Read-Write Cycle Time tawe 245 - 280 - 345 - ns
CAS to WE Delay town 40 = 45 - 55 | — | =ms 8
RAS to WE Delay tws | 100 — | 120 — | 155 ~ | ns
_Page Mode Cycle Time tec 120 — 145 - 190 — ns
CAS Precharge Time (for Page-mode Cycle Only) tce 50 — 60 = 80 = ns
CAS Precharge Time tcen 30 — 35 - 45 — ns
RAS Precharge to CAS Hold Time trec 0 - 0 - 0 - ns
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HM4864A-12, HM4864A-15, HM4864A-20,

HM4864AP-12, HM4864AP-15, HM4864AP-20

Notes
1. AC measurements assume f7= 5ns. 8. twes, tcwp and tgwp are not restrictive operating
2. Assumes that trcp < trRep (max). If tpep is greater parameters.
than the maximum recommended value shown in this They are included in the data sheet is electrical
table, fr 4 exceeds the value shown. characteristics only; if fwcg 2 twes (min), the cycle
3. Measured with a load circuit equivalent to 2TTL loads is an early write cycle and the data output pin will
and 100pF. remain open circuit (high impedance) throughout the
4. Assumes that tgop 2 tr cp (Max). entire cycle; if foyp 2 towp (min) and tgyp 2
5. topr (max) defines the time at which the output trwp (min) the cycle is a read-write and the data
achieves the open circuit condition and is not refer- output will contain data read from the selected cell; if
ence to output voltage levels. neither of the above sets of conditions is satisfied the
6. Vyy (min) and Vj7 (max) are reference levels for condition of the data out (at access time) is indeter-
measuring timing of input signals. Also, transition minate. )
times are measured between Vyz; and Vyy. There parameters are referenced to TAS leading edge
7. Operation with the tgrep (max) limit insures that in early write cycles and to WE leading edge is delayed
tR AC (max) can be met, fpp (max) is specified as a write or read-modify-write cycles.
reference point only, if tgep is greater than the 10. An initial pause of 100us is rgquued'after power-up
specified fpeop (max) limit, then access time is followed by a minimum of 8 initialization cycles.
controlled exclusively by tc4c.
B TIMING WAVEFORMS
®READ CYCLE
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HM4864A-12, HM4864A-15, HM4864A-20,

HM4864AP-12, HM4864AP-15, HM4864AP-20
®READ-WRITE/READ-MODIFY-WRITE CYCLE
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®PAGE MODE WRITE CYCLE
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HM4864A-12, HM4864A-15, HM4864A-20,

HM4864AP-12, HM4864AP-15, HM4864AP-20
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HM4864ACG-12, HVI4864ACG- 15,

HM4864ACG-20

65536-word X 1-bit Dynamic Random Access Memory
B FEATURES

@ 18-pin Leadless Chip Carrier

® Single 5V (x10%)

On chip substrate bias generator

Low Power: 250mW active, 18mW standby

High speed: Access Time 120/150/200ns (max)
Common 1/O capability using early write operation
Page mode capability

Output data controlled by CAS

TTL compatible

128 refresh cycles/2ms

Hidden refresh capability

EBLOCK DIAGRAM

wE R/W Clock
w o-f(lenerllur ﬂl

RAS Clock
Generator

CAS Clock
Generator

3]

lR/W Slil:hJ
1 1

Data out
Buffer

Data in o
Buffer

-0 Vec

RAS©

Memory

CAS Array

Row Dec.

1
1

O Vss

Memory
Array

Col. Dec.

2} 170 Busses

| Col. Dec.

30170 Busses
Sense-Refresh Amps n

Address Buffers

Refresh Addresses
F R " o

B ABSOLUTE MAXIMUM RATINGS

Voltage on any pinrelativetoVgg . .. ............. -1V to +7V
Operating temperature, Ta (Ambient) . . . .......... 0°C to +70°C
Storage temperature . . .. .......oueuenn .. -65°C to +150°C
Power Dissipation . . .. ... i vt ittt 1w

........................ 50mA

Short circuit output current

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

Parameter Symbol min, typ. max. [ Unit | Notes
Supply Voltage Ve 4.5 5.0 5.5 v 1
Input High Voltage Viu 2.4 - 6.5 \' 1
Input Low Voltage Vie -1.0 - 0.8 v 1

Notes : 1. All voltages referenced to Vss
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HPIN ARRANGEMENT
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Power (+5V)

Ground

Refresh Address Inputs




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

HM4864ACG-12, HM4864ACG-15, HM4864ACG-20

Parameter Symbol HM4864ACG-12 HN!4864ACG-15 HW%JACG-ZO Unit | Notes
min | max | min max | min | ma x
Operating Current(RAS,CAS Cycling:trc=min) Icc: — 55 — 50 — 44 mA 1,2
Standby Cnrrent(RAS =V 4, Dout=High Impedance) Icc: — 3.5 - 3.5 - 3.5 mA
Refresh Current(RAS Cycling, CAS = Vix, tac=min) Iccs — 42 - 38 — 33 mA 2
Standby Current(RAS=V,4,Dout Enable) Iccs — 5.5 — 5.5 - 5.5 mA 1
Page Mode Current(RAS=V,,,CAS Cycling;tpc=min) Iccs — 38 — 35 — 31 mA 1,2
Input Leakage(0<V...<6.5V) I —10 10 —10 10 —10 10 pA
Output Leakage(Dout is disabled,0<V...<5.5V) Io —10 10 —10 10 —10 10 HA
Output Levels High(Z,..=—5mA) Vor 2.4 Vee | 2.4 Vee | 2.4 Vee v
Output Levels Low(l..=4.2mA) Vo 0 0.4 0 0.4 0 0.4 v
Notes) 1. Icc depends on output loading condition when the device is selected, /. max. is specified at the output open condition.
2. Current depends on cycle rate:maximum current is measured at the fastest cycle rate.
B CAPACITANCE (Vcc=5V+10%, Ta=25°C)
Item Symbol typ max Unit Notes
Ao~A+, Din Cinm — 5 pF 1
Input Capacitance e
RAS, CAS, WE Cinz - 10 pF 1
Output Capacitance Dout Cou - 7 pF 1, 2
Notes) 1. Capacitance measured with Boonton Meter or effective capacitance measuring method.
2, CAS =V, to disable Dout.
H ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS
(Ta=0 to 70°C, Vec=5V+10%, Vss=0V)
HM4864ACG -12 | HM4864ACG -15 | HM4864ACG -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 torF — 35 = 40 - 50 ns 5
Transition Time (Rise and Fall) tr 3 35 3 35 3 50 ns 6
Random Read or Write Cycle Time tre 220 - 260 - 330 — ns
RAS Precharge Time tre 90 - 100 - 120 - ns
RAS Pulse Width tras 120 | 10000 150 | 10000 200 | 10000 ns
CAS Pulse Width tcas 60 | 10000 75 110000 | 100 | 10000 | ns
RAS to CAS Delay Time treo 25 60 25 75 30 100 ns 7
RAS Hold Time trsH 60 - 75 - 100 - ns
CAS Hold Time tesn 120 - 150 — 200 = ns
CAS to RAS Precharge Time tcrp —10 - | —-10 - | —-10 = ns
Row Address Set-up Time tasr 0 - 0 - 0 - ns
Row Address Hold Time tran 15 - 15 = 20 - ns
Column_Address Set-up Time tasc 0 - 0 - 0 - ns
Column_Address Hold Time tcan 20 — 25 - 30 - ns
Column_Address Hold Time Referenced to RAS tar 80 — 100 — 130 — ns
WE Command Set-up Time twes 0 - 0 — 0 - ns 8
Write Command Hold Time twen 40 - 45 - 55 - ns
Write Command Hold Time Referenced to RAS_ twer 100 - 120 = 155 - ns
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 tewe 40 - 45 - 55 - ns
Data-in Set-up Time tos 0 — 0 - 0 — ns 9
Data-in Hold Time ton 40 - 45 - 55 - ns 9
Data-in Hold Time Referenced to RAS tour 100 = 120 - 155 = ns
Read C d Set-up Time rcs 0 - 0 - 0 - ns
Read Command Hold Time Referenced to CAS trcu 0 - 0 — 0 — ns
Read Command Hold Time Referenced to RAS tary 10 - 10 - 10 - ns
Refresh Period tRer - 2 — 2 - 2 ms
Read-Write Cycle Time Lrwe 245 — 280 — 345 — ns
CAS to WE Delay tewp 40 - 45 - 55 - ns 8
RAS to WE Delay tawp 100 — 120 - 155 - ns
Page Mode Cycle Time tec 120 - 145 = 190 = ns
CAS Precharge Time (for Page-mode Cycle Only) ter 50 — 60 - 80 - ns
CAS Precharge Time tcen 30 - 35 - 45 - ns
RAS Precharge to CAS Hold Time trec 0 - 0 - 0 - ns
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HM4864ACG-12, HM4864ACG-15, HM4864ACG-20

Notes
1. AC measurements assume 7 = 5ns. 8. twcs, tcwp and trwp are not restrictive operating
2. Assumes that trcp < trep (max). If tgep is greater parameters.
than the maximum recommended value shown in this They are included in the data sheet is electrical
table, Zg 4 exceeds the value shown. characteristics only; if tycs 2 tweg (min), the cycle
3. Measured with a load circuit equivalent to 2TTL loads is an early write cycle and the data output pin will
and 100pF. remain open circuit (high impedance) throughout the
4. Assumes that trcop 2 tRcp (Mmax). entire cycle; if toywp 2 towp (min) and tRwp 2
5. topr (max) defines the time at which the output IRwp (min) the cycle is a read-write and- the data
achieves the open circuit condition and is not refer- output will contain data read from the selected cell; if
ence to output voltage levels. neither of the above sets of conditions is satisfied the
6. Vi (min) and Vj; (max) are reference levels for condition of the data out (at access time) is indeter-
measuring timing of input signals. Also, transition minate,
times are measured between Vyzrand Vyy. 9. There parameters are referenced to TAS leading edge
7.. Operation with the tgpcp (max) limit insures that in early write cycles and to WE leading edge is delayed
trAC (max) can be met, tpcp (max) is specified as a write or read-modify-write cycles.
reference point only, if tgep is greater than the 10. An initial pause of 100us is required after power-up
specified frcp (max) limit, then access time is followed by a minimum of 8 initialization cycles.

controlled exclusively by tc4c.

E TIMING WAVEFORMS
®READ CYCLE
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HM4864ACG-12, HM4864ACG-15, HM4864ACG-20

®READ-WRITE/READ-MODIFY-WRITE CYCLE
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. HM4864ACG-12, HM4864ACG-15, HM4864ACG-20

®PAGE MODE WRITE CYCLE
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HMS50256-12,HM50256-15,
HMS0256-20,HMS50256P-12,
HMS0256P-15,HMS50256P-20

262144-word X 1-bit Dynamic Random Access Memory

M FEATURES

9 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

M BLOCK DIAGRAM

LA ]
— Data-In —‘1 Main Amps l_‘Data-Out
WE Buffer Buffer
WE o Clock
” ) 7
l 1_‘ Din Dout
___|css Ik
CASe{Clock  [-4=¢(] Sl w8
kS
[ Memory ; 2 ; Memory
Array s » Array
g|Elg
R3S < _.g <<
Rase{Clock 1191 Rk
G (% ‘}'f
I__ R
DZ:uder gz:nder
Aro] teard]
A7 o g‘ g gi
Addres M 2|8 % M
Buffers ot o o ot R wieod
Q
Ao 31°] %
Sh 2
1723 1%]
arl)-ar7, acO-ac?
Ve
EBABSOLUTE MAXIMUM RATINGS —
Voltage on any pin relativetoVgg . . . .. ....... -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
Powerdissipation . .............c0 i, 1w
Short circuitoutputcurrent . .. ..........c.c..... 50mA

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

HMS50256 Series

(DG-16B)

HMS50256P Series

(DP-16A)

HPIN ARRANGEMENT
\/

ME 16| Vss
DinE 15 | TAS
WEE EDout
FSE E]A.

AcE E]IA:

A:E 11 A

A1 E 10 J As
VccE 9 |Ar

(Top View)
Ao~A, Address Inputs
CAS Column Address Strobe
Din Data In
Dout Data Out
RAS Row Address Strobe
WE Read/Write Input
Vee Power (+5V)
Vss Ground

A,~A; Refresh Address Inputs

Parameter Symbol min typ max Unit Note
Supply Voltage Vee 4.5 5.0 5.5 v 1
Input High Voltage Vin 2.4 . 6.5 v 1
Input Low Voitage Vio —1.0 - 0.8 \4 1
Note) 1. All voltages referenced to Vss
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HM50256-12, HM50256-15, HM50256-20
HM50256P-12, HM50256P-15, HM50256P-20

HDC ELECTRICAL CHARACTERISTICS (Te=0 to +70°C, Vee=5V+t10%, Vss=0V)

HM50256/P-12 | HM50256/P-15 | HM50256/P-20
Parameter Symbol - - - Unit | Notes
min max min max min max
Operating Current(RAS, CAS Cycling : tzc=min) Iccy — 83 —_ 70 — 55 mA 1
Standby Current(RAS = Vi, Dout=High Impedance) Icc: —~ | 4.5 — | 4.5 - 4.5 | mA
Refresh Current(RAS only Refresh,  sc=min) Tecs — 62 — 53 - 42 mA
Standby Current(RAS = Vix, Dout Enable) Iecs — 10 —_ 10 — 10 mA 1
Refresh Current{(CAS before RAS Refresh, trc=min) Iccs — 69 - 58 —_— 45 mA
Input leakage(0< V,..<7V) Iy —10 10 —10 10 —10 10 KA
Output leakage(0< Vo <7V) Io —10 10 -10 10 —10 10 HA
Output levels High(f.e= —5mA) Vo 2.4 Vee 2.4 Vee 2.4 Vee v
Output levels Low(l,..—4.2mA) Vo 0 0.4 0 0.4 0 0.4 v

Notes) 1. Icc depends on output loading condition when the device is selected. Icc max is specified at the output open condition.

I CAPACITANCE (Vec=5V£10%, Ta=25C)

Parameter Symbol typ max Unit Notes
Inout C. i Address, Data-in Cn — 5 F 1
u - -
nput apacitance Clocks, Data-out Cn - 7 i 1, 2

Notes) 1. Capacitance measured with Boonton Meter or effective capacitance measuring method.
2. CAS=V)y to disable Dout.

BMELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS
(Ta=0to +70°C, Vec=5V£10%, Vss=0V) - 10%10

"HM50256/P-12 | HM50256/P-15 | HM50256/ 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 teac - 60| - 75| — 100 ns | 3, 4
Output Buffer Turn-off Delay torF - 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 tre 220 — | 260 — | 330 - ns
RAS Precharge Time trp 90 - 100 — 120 - ns
RAS Pulse Width tras 120 | 10000 | 150 | 10000 | 200 | 10000 ns
CAS Pulse Width teas 60 | 10000 75 | 10000 | 100 | 10000 | ns
RAS to CAS Delay Time treo 25 60| 25 75| 30 100 | ns 7
RAS Hold Time trsn 60 —| 15 — | 100 —| ns
CAS Hold Time tesn 120 —{ 150 — | 200 — | ns
CAS to RAS Precharge Time tcap 10 — 10 — 10 — ns
Row Address Set-up Time tasr 0 — 0 — 0 — ns
Row Address Hold Time tran 15 - 15 — 20 — ns
Column Address Set-up Time tasc 0 - 0 — 0 - ns
Column Address Hold Time toan 20 — 25 - 30 — ns
Column Address Hold Time referenced to RAS tar 80 — | 100 — | 130 — ns
WE Command Set-up Time tucs 0 — 0 — 0 - ns 8
Write Command Hold Time twen 40 — 45 — 55 - ns
Write Command Hold Time referenced to RAS twer 100 — | 120 — | 155 — ns
Write Command Pulse Width twp 40 — 45 - 55 - ns
Write Command to RAS Lead Time trw 40 - 45 — 55 — ns
Write Command to CAS Lead Time tow 40 — 45 — 55 — ns
Data-in Set-up Time tos 0 - 0 — 0 - ns 9
Data-in Hold Time tow 40 — 45 —_ 55 —_ ns 8, 9
Data-in Hold Time referenced to RAS tour 100 — | 120 — | 155 — ns
Read Command Set-up Time tres 0 - 0 - 0 - ns
Read Command Hold Time referenced to CAS tren 0 — 0 — 0 — ns
Read Command Hold Time referenced to RAS 2 g 10 — 10 — 10 — ns
Refresh Period tRer - 4 — 4 — 4 ms

(to be continued)
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HM50256-12, HM50256-15, HM50256-20
HM50256P-12, HM50256P-15, HM50256P-20

HMB50256/P-12 | HM50256/P-15 | HM50256/P-20
Parameter Symbol - - - - Unit | Notes
min max min max min max
Read-Write Cycle Time & awe 265 - 310 — 390 — ns
CAS to WE Delay tow 60 | — 75 | — [ 100 | — s 8
RAS to WE Delay tawo 120 | — 150 — 200 | — ns
CAS Precharge Time toen 50 — 60 - 80 - ns
CAS Setup Time tesn 10 = 10 - 10 — ns
CAS Hold Time (TAS before RAS Refresh) teur 120 — 150 - 200 - ns
RAS Precharge to CAS Hold Time trpc 0 - 0 — 0 - ns

Notes

1. AC measurements assume f7 = Sns.

2. Assumes that Ircp < trep (max). If tpep is greater
than the maximum recommended value shown in this
table, fg 4 ¢ exceeds the value shown.

3. Measured with a load circuit equivalent to 2TTL loads
and 100pF.

4. Assumes that trop 2 tRcp (max).

5. topp (max) defines the time at which the output
achieves the open circuit condition and output voltage
levels are not referred.

6. Vi (min) and Vj; (max) are reference levels for
measuring timing of input signals. Also, transition
times are measured between Vyy and Vyy.

7. Operation with the fgpep (max) limit insures that
tr 4¢ (max) can be met, 1 p (max) is specified as a
reference point only; if tgcp is greater than the
specified tpcp (Max) limit, access time is controlled
exclusively by tcac-

ETIMING WAVEFORMS
®READ CYCLE

8,

10.
11.

twcs, tcwp and tgwp are not restrictive operating
parameters,

They are included in the data sheet as electrical
characteristics only; if tycg 2 tycs (min), the cycle
is an early write cycle and the data output pin will
remain open circuit (high impedance) throughout the
entire cycle; if towp 2 towp (min) and tRwp 2
trwp (min), the cycle is a read-write and the data
output will contain data read from the selected cell; if
neither of the above sets of conditions is satisfied the
condition of the data out (at access time) is indeter-
minate,

These parameters are referenced to CAS leading edge
in early write cycles and to WE leading edge in delayed
write or read-modify-write cycles.

An initial pause of 100us is required after power-up
then execute at least 8 initialization cycles.

At least,8 CAS before RAS refesh cycle are required
before using internal refresh counter.
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HM50256-12, HM50256-15, HM50256-20
HM50256P-12, HM50256P-15, HM50256P-20

® WRITE CYCLE
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® READ MODIFY WRITE CYCLE
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HM50256-12, HM50256-15, HM50256-20
HM50256P-12, HM50256P-15, HM50256P-20

®RAS ONLY REFRESH CYCLE

RAS ’R
. R4S

I

' tRPC
tCRP|
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>
Z

ASR tRAH
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2

* REFRESH ADDRESS Ao—As(AXo—AX7)

®HIDDEN REFRESH CYCLE

RS \ (READ) tras / (REFRESH) /—\—
27 Ik
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ﬁ; N feni /‘
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®CAS BEFORE RAS REFRESH CYCLE
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Dor't care
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HM50256-12, HM50256-15, HM50256-20

HM50256P-12, HM50256P-15, HM50256P-20
© COUNTER TEST

|
>
o)

O
2
Z

tAsc

(REFRESH) (READ/WRITE) /
ten teas
tcp

Address 3
(A8) A

WRITE

B PAGE MODE CHARACTERISTICS (Ta=0to +70°C, Vec=5V+10%, Vss=0V)

HMS50256/P-12 HM50256/P-15 HM50256/P-20
Parameter Symbol - - - Unit

min max min max min max
Page Mode Supply Current Icer - 57 - 48 — 37 mA
Page Mode Read or Write Cycle trc 120 — 145 — 190 - — ns
CAS Precharge Time, Page Cycle tep 50 - 60 — 80 - ns
Page Mode Read Modify Write Cycle trew 165 - 195 - 250 — ns

® PAGE MODE READ CYCLE

RS ﬂ\k j/—_—_——

CAS 2
[e——tCAS |——tCPp \b—tCAs
asc
task tRAH toan) " tasc toan
Lo ._ﬂ
4 Y Y >< Y
( o X
tRCS
g,tsl--—- tach treH
WRITE £ )\/ 3<
s 2. AC ——to] fn——tcac
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HM60256-12, HM50256-15, HM50256-20
HM50256P-12, HM50256P-15, HM50256P-20

—

® PAGE MODE WRITE CYCLE
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HM50257-12,HMS50257-15,
HM50257-20,HM50257P-12,
HM50257P-15,HM50257P-20

262144-word X 1-bit Dynamic Random Access Memory

M FEATURES

® 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 /O 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

HBLOCK DIAGRAM

8
[T 4
— Data-In Shift reg & Switches Data-Out
WE F_ Buffer Buffer
WE o-{Clock
G g . §
J 1 Din Main Amps Dout
___|cAs g 8
CASeiClock (b 8l.|8
G 9 § g
Memory U8 Memory
I’ Array OS a ai Array
— gl E|E
RAS MEIN
P @
RASo{Clock V" % [} g
S |n
I— Row Row
Decoder Decoder
A e arg]
A7 oo Sl5|3
=HE
Address Memory &P |oy Memory
Buffers Array 2|8l a Array
Ej2|g
<o |<<
Ao M E
3 5
o) [22]

ar0-ar7, ac0-ac7

Vas
Generator

H ABSOLUTE MAXIMUM RATINGS

Voltage on any pin relativetoVgg . .. .. ......... -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 . ............0. 0t 1w
Short circuit outputcurrent . .................... 50mA

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

HM50257 Series

(DG-16B)

HM502571 Series

(DP-16A)

B PIN ARRANGEMENT

\/
all 16} Vss
DinE 15 | CAS
WE| 3 14 { Dout
RAS| 4 13 | As

Ao E 12 As
Az E 11| A
A E EAs
Vee E 9 |Ar

(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 (+5V)

Vss Ground

Ao~A: |Refresh Address Inputs

Parameter Symbol min typ max Unit Note
Supply Voltage Vee 4.5 5.0 5.5 v 1
Input High Voltage Vin 2.4 -— 6.5 \Y 1
Input Low Voltage Vi -1.0 ot 0.8 \' 1

Note 1) All voltages referenced to Vss.
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HM50257-12, HM50257-15, HM50257-20

HM50257P-12, HM50257P-15, HM50257P-20
EDC ELECTRICAL CHARACTERISTICS (Ta=0 to +70°C, Vec=5V£10%, Vss=0V)

Parameter Symbol H.M50257-12 H.M50257-15 H.M50257-20 Unit | Notes
min max min max min max
Operating Current (RAS, CAS Cycling: tre=min) Icc, — 83 — 70 — 55 mA 1
Stand by Current (RAS = Vis, Dout —High Impedance) Icc. — 4.5 — 4.5 — 4.5 mA
Refresh Current (RAS only Refresh, trc=min) Iccs - 62 —_ 53 — 42 mA
Standby Current (RAS=Vix, Dout Enable) Iccs — 10 — 10 — | 10 | mA 1
Refresh Current (CAS before RAS Refresh, trc=min)| Iccs — 69 — 58 — 45 mA
Input_leakage (0< Vi <7V) I —10 10 | —10 10 | —10 10 HA
Output leakage (0< V.., <7V) I.o —10 10 —10 10 —10 10 KA
Output levels High (L:=—5mA) Vou 2.4 Vee 2.4 Vee 2.4 Vee v
Output levels Low (l..—4.2mA) Voo 0 0.4 0 0.4 0 0.4 v
Notes) 1. Icc depends on output loading condition when the device is selected Icc max, is specified at the output open condition.
B CAPACITANCE (Vec=5V£10%, Ta=25C)
Parameter Symbol typ max Unit Notes
Input Capacitance Address, Data-In Cn — 5 oF 1
Clocks, Data-Out Ci. - 7 1, 2

Notes) 1. Capacitance measured with Boonton Meter or effective capacitance measuring method.

2. CAS=Vy to disable Dout.

MELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS
(Ta=0 to +70°C, Vec=5V£10%, Vss=0V) 1010

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 teac - 60| — 5| — 100 | ns | 3,4
Output Buffer Turn-off Delay torr — 30 — 40 — 50 ns 5
Transition Time (Rise and Fall) tr 3 50 3 50 3 50 ns 6
Random Read or Write Cycle Time tre 220 — 260 - 330 — ns
RAS Precharge Time trp 90 — | 100 — | 120 — ns
RAS Pulse Width tras 120 | 10000 | 150 | 10000 | 200 | 10000 ns
RAS Pulse Width teas 60 | 10000 | 75 [ 10000 | 100 | 10000 | ns
RAS to CAS Delay Time trco 25 60 | 25 75 30 100 | ns 7
RAS Hold Time trsu 60 — 75 — | 100 — ns
CAS Hold Time tesu 120 — | 150 — | 200 — ns
CAS to RAS Precharge Time tcrp 10 — 10 — 10 — ns
Row Address Set-up Time tasg 0 — 0 — 0 - ns
Row Address Hold Time tran 15 — 15 — 20 — ns
Column Address Set-up Time tasc 0 — 1] — 0 - ns
Column Address Hold Time tean 20 - 25 - 30 — ns
Column Address Hold Time referenced to RAS tar 80 — | 100 — | 130 — ns
WE Command Set-up Time twes 0 — 0 —_ 0 — ns 8
Write Command Hold Time twer 40 — 45 — 55 — ns
Write Command Hold Time referenced to RAS twer 100 — | 120 — | 155 — ns
Write Command Pulse Width twp 40 — 45 - 55 — ns
Write Command to RAS Lead Time trwe 40 — 45 — 55 — ns
Write Command to CAS Lead Time tewe 40 — 45 — 55 — ns
Data-in Set-up Time tos 0 - 0 - 0 — ns 9
Data-in Hold Time ton 40 — 45 — 55 — ns 8,9
Data-in Hold Time referenced to RAS. tou 100 — | 120 — | 155 — ns
Read Command Set-up Time tres 0 — 0 — 0 — ns
Read Command Hold Time referenced to CAS trcn 0 — 0 - 0 — ns
Read Command Hold Time referenced to RAS traH 10 — 10 — 10 = ns
Refresh Period trer - 4 — 4 - 4| ms
(to be continued )
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HM50257-12, HM50257-15, HM50257-20

HMS50257P-12, HM50257P-15, HM50257P-20

HMS50257/P-12 | HM50257/P-15 | HM50257/P-20 .
Parameter Symbol - - - Unit | Notes
min max min max min max
Read-Write Cycle Time trwe 265 — | 310 — { 390 — ns
CAS to WE Delay tcwn 60 — 75 — | 100 - ns 8
RAS to WE Delay tawp 120 — | 150 — | 200 — | ns
CAS Precharge Time tcen 50 — 60 — 80 — ns
CAS Setup Time tese 10 bl 10 - 10 - ns
CAS Hold Time(CAS before RAS Refresh) teur 120 — 150 —_ 200 — ns
RAS Precharge to CAS Hold Time trpc 0 — 0 — 0 — ns
Notes . .
1. AC measurements assume ! = Sns. 8. twcs, tcwp and trwp are not restrictive operating

Assumes that frcp < trep (max). If tRep is greater
than the maximum recommended value shown in this
table, /g 4 ¢ exceeds the value shown.

Measured with a load circuit equivalent to 2TTL loads
and 100pF.

Assumes that tgcop 2 trcop (max).

toFr (max) defines the time at which the output
achieves the open circuit condition and output voltage
levels are not referred.

Viyg (min) and Vjy; (max) are reference levels for
measuring timing of input signals. Also, transition
times are measured between Vygyand V.

Operation with the fpcp (max) limit insures that
tr Ac (max) can be met, tgpcp (max) is specified as a
reference point only; if tgcp is greater than the
specified fpcp (max) limit, access time is controlled
exclusively by tcac-

HETIMING WAVEFORMS
O®READ CYCLE

210

parameters,

They are included in the data sheet as electrical
characteristics only; if tycs 2 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 tcwp 2 towp (min) and tpywp 2
trwp (min), the cycle is a read-write and the data
output will contain data read from the selected cell; if
neither of the above sets of conditions is-satisfied the
condition of the data out (at access time) is indeter-
minate.

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 100us 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.

trC:

Z

DEEa—
TN »
L

Y s N

pem—t CRP—wed

g
¥
N

ASR LRAH tasc
e

tean
a2 o]

Address >< K
5 2

RCS|

LRCH

WRITE /

}———torr

Dout
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® WRITE CYCLE

HM50257-12, HM50257-15. HM50257-20

HM50257P-12, HM50257P-15, HM50257P-20

tRas

N

RAS )
\ the
A
lRWI,——J
tras
CAS L
tase tran tasc S A—
L_ tewl
Address ><“ b >§ 3
- 4 L
lu'r?
moey e LW H ———t—]
WRITE tw
+
tOHR
ths fo——— D H ———am]
X X
AN
Hi Z
Dout
® READ MODIFY WRITE CYCLE
trwe
tRp——wm \
‘——IRWL——‘
TAS )
posa——— I CW L
1
tasz tRAH tasc tean
kel
Address

[e—tcwp

WRITE
rf tRw 4—!pr
tps
EDH
Din >< : i
N
tcac
trac
Dout /
N

G HITACHI
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HM50257-12, HM50257-15, HM50257-20

HM50257P-12, HM50257P-15, HM50257P-20
® RAS ONLY REFRESH CYCLE

tras J

e
)
P

' tRPC
tcee|

O
>
o

ASR LRAN

Address X‘ )><

* REFRESH ADDRESS Ao~As(AXo—AX7)

®HIDDEN REFRESH CYCLE

RS \ (READ) tass 1 (REFRESH) e \ /———\_—
RE.
tRAS
C—AS ﬁk . tchRr K
H (¢
J)
UL R [
:
p
Address
" X X
IRCS IRRH ))
A st ((
WRITE ’K J)
{(
)
toFF,

( ]
5 "))
o .
) B

o CAS BEFORE RAS REFRESH CYCLE

trp 1RAS /

Address ‘ i

Don't care (C
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® COUNTER TEST

|

HM50257-12, HM50257-15, HM50257-20
HM50257P-12, HM50257P-15, HM50257P-20

RAS (REFRESH) (READ/WRITE)
ICSR
trpc
CAS
‘1 CHR P———tus
tee
tasc
et—tC A1 —wn]
Address >< >< ’><
(A8) k. 2
WRITE

ENIBBLE MODE CHARACTERISTICS (Ta=0 to +70°C, Vcc=5V+10%, Vss=0V)

HM50257/P-12 HM50257/P-15 HM50257/P-20 .
Parameter Symbol - - - Unit
min max min max min max
Nibble Mode Supply Current Iccs - 57 - 48 - 37 mA
Nibble Mode Access Time tnac - 25 - 25 - 35 ns
Nibble Mode RAS Cycle Time iNRC 390 - 460 - 590 - ns
Nibble Mode RAS Pulse Width INRA 290 - 350 - 460 - ns
Nibble Mode Cycle Time e 55 - 60 - 80 - ns
Nibble Mode CAS Precharge Time tncp 20 - 25 - 35 - ns
Nibble Mode CAS Pulse Width INca 25 - 25 - 35 — ns
Nibble Mode RAS Hold Time irsH 40 - 45 - 55 - ns
Nibble Mode CAS to WE Delay tvewp 20 - 25 - 35 . ns
Nibble Mode Write Command to CAS Lead Time INewL 20 - 25 - 35 - ns
Nibble Mode Write Command to RAS Lead Time INRWL 40 - 45 - 35 - ns
Nibble Mode Write Command Pulse Widt tnwp 20 - 25 - 35 - ns
o NIBBLE MODE READ CYCLE
[y tNRC {
m [k, txRA /—
p-————INC INRSH.
TAS
tcas txcp ENCA
“s_.-‘ 4 t.n: "‘-:-SC r—-tcu«
Address ><+ X‘ '\'; ;
o o 2z -~ =
-—-—iq—tncn
WRITE ——/ \——
toFF
[—LNAC
Dout
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HM50257-12, HM50257-15, HM50257-20

HM50257P-12, HM50257P-15, HM50257P-20
o NIBBLE MODE WRITE CYCLE

RAS
k—l‘\'ksn

CAS \ \ /
tran
tasr
tasc tcan
et [ — —
Address 4 YA N
Z Vi
fwes hes wed
Wen
WRITE \ M M \\ /—\ - um,_j/_
N 2
ths tns
T Low LoK
X ‘ XXX
2 K 2

Dout
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HN61364P,HN61364FP

8192-word x 8-bit Mask Programmable Read Only Memory HN61364P

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, OE, ~ OE, 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.

‘s FEATURES

(DP-28)

-® Fully Static Operation : HN61364FP

® 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 5uW (typ),
Operation 50mW (typ)

(FP-54)

©® Pin Compatible with EPROM

® PIN ARRANGEMENT

= BLOCK DIAGRAM ® HN61364P
A0 —
iE M = v
: :mf;ry -State —! A 3 *
A oo | [t ] o R R ZI0E,
A Decoder —o: A-,E EOE;'
i Al e
il Asls) 24,
*QEQ Aql6 23|A
.OE;E:/\ * Active level defined by the user. A‘% %0: .
3 0
8 ABSOLUTE MAXIMUM RATINGS A:E 21]A,0
Item Symbol Value Unit A [9] 20}Cs*
Supply Voltage® Vee —0.3to +7.0 v Ao[io) 19]D;
Input Voltage* Vin -03to +7.0 \' Do 1] 18] De
Operating Temperature Topr -20to +75 °C D\[iZ [77]Ds
o
Sfo:ase Temperature Tog —55to +125 oC D.[3 6] s
Bias Storage Temperature Toyias —20to +85 C Ves[id =D,
* with respect to ¥gg =
(Top View)
= RECOMMENDED DC OPERATING CONDITIONS
Item Symbol min typ max Unit
Supply Voltage + Vee 4.5 5.0 5.5 \
V, -0.3 - 0.8 v
In: * IL
put Voltage Vi 22 - Voo v
Operating Temperature | Topr -20 - 75 °C

#* with respect to Vss
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HN61364P, HN61364FP

= ELECTRICAL CHARAGTERISTICS (Ve = 5V10%, Vsg = OV, T, = —20 to +75°C

Item Symbol Test Condition min | typ** | max Unit

Input High-level Voltage Vin 22| — Vee \
Input Low-level Voltage ViL —-0.3 - 0.8 \4
Output High-level Voltage Vor |lop=—205uA 24 | - - v
Output Low-level Voltage Vor [IoL=3.2mA - - 0.4 v
Input Leakage Current Iy, Vin=0 to 5.5V - - 2.5 A
Output High-level Leakage Current | I; o |Vou =24V, CS=0.8V, CS=2.2V - - 10 RA
Output Low-level Leakage Current | I;op | Vout=0.4V, CS=0.8V, C§=2.2V - - 10 A
Supply Current Active Toc * | Vees5sy, lout=Qm_A, tre=min, duty=100% - 10 25 mA
Standby Isp | Vece=5.5V, 082V ¢c-0.2V, CSS0.2V - 1 30 | mA

Input Capacitance C o - - 10 F
Output Capacitance C::“ Vin=0V, f=1MHz, To=25°C - - 15 :F

* Steady state current  ** Voo =5V, T, = 25°C

n RECOMMENDED AC OPERATING CONDITIONS (READ SEQUENCE)
(Vec=5V+10%, Vss=0V, Ta=—20 to +75°C, ¢,= t;~20ns)

Item Symbol min max Unit
Read Cycle Time tre 250 - ns
Address Access Time taa - 250 ns
Chip Select Access Time tacs - 250 ns e AC TEST LCAD
Chip Selection to Outputin Low Z teLz 10 -~ ns
Output Enable to Output Valid toke - 100 ns 5.0V (Veeh
Output Enable to Output in Low Z toLz 10 - ns sy iree
Chip Deselection to Output in High Z lcHZ 0 100 ns Rp=24ka
Chip Disable to Output in High Z tonz 0 100 ns Test Point
Output Hold from Address Change ton 10 - ns 130pE ke

s TIMING WAVEFORM
e Read Cycle (1)

tre
Address - X Notes) 1. t,=l;=20ns
144 2. C. includes jig capacitance.
p— 3. All diodes are 1S2074®.
Ot K. { £ /
Oil,
jen——l O} —=]
AN\ JOLZ 77 NOTES:
14CS _._"cm Z 1. Device is continuously selected.
- b e ICHZ el 2. Address Vaild prior to or coincident
(1,2 ————eer]
Dout S K X0 with TS transition low.
3. OE=V
e Read Cycle (2) Notes 1,3 4. Input pulse level: 0.8 to 2.4V
-’ . 5. Input and output reference level:
is ' 1.5V

Address (

44— f
a7y = [OH ~
Dout )

e Read Cycle (3) Notes 2,3
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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, OE; ~ OE, 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.

P-
® FEATURES (DP-28)
® Fully Sta.tic Operation a PIN ARRANGEMENT
® Automatic Power Down
@ Single +6V Power Supply Y
NC|! V
® Three-state Data Output for OR-ties A C[E 25 Cc.
® Mask Programmable Chip Select and Output Enable 'vzl: 21]0E, .
® TTL Compatible A (3] 20k,
® Maximum Access Time; 200ns Aq[4] 25] A
® Low Power Standby and Low Power Operation; Standby 5uW Asls] 24 A
(typ), Operation 50mW (typ) Aa[¢] [23]A1
® Pin Compatible with EPROM A[T] 72O, *
. AzE Z‘Am
s BLOCK DIAGRAM NG Fcs®
A —p Ao is)D,
= Somet B3 Do[r 18] D
A S:’;:;:‘r (8192 x 8) Buffe 3 [D% D
v = 12 7o,
N i o
A1z Vss[14] 15]D,
o ——
:8553 * Active level defined by the user. (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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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.

BFEATURES

TTL Compatible

Fully Static Operation
Automatic Power Down
Single +5 Volt Power Supply
Three-State Data Output for OR-Ties
Mask Programmable Chip Select

Maximum Access Time; 250ns
Low Power Standby and Low Power Operation; Standby 5uW

(typ.), Operation 50mW (typ.)

HMBLOCK DIAGRAM

LU p—

Pin Compatible with EPROM

Al —of Do
A2 ] D:
Ay —— Memory 3-State D2
Ae—=  Address Matrix Output Ds
AS ] D¢
Ag =—{ Decoder (8192x8) Buffers Ds
A7 e—f De
As ——t Dr
Ag —
Ao i
Al amaed
Arz =
1 Vee=Pin 24
*CS ’ Vss=Pin 12
#* Active level defined by the user.
HMABSOLUTE MAXIMUM RATINGS
Item Symbol Value Unit
Supply Voltage* Vee ~0.3 to +7.0 v
Input Voltage* Vi —0.3 to +7.0 v
Operating Temperature Tope —20 to +75 °Cc
Storage Temperature Tue —55 to +125 ‘Cc
Storage Temperature (under bias) Thiae —20 to +85 ‘c

#* with respect to Vss

G ritacHi

(DP-24)

MPIN ARRANGEMENT

A7) 1
o[
o]
o[
N5
s
o[
o[
[
o
S

VssE

O

24} Vec

EA;

221 A,

Zlmz
20] cs*
Emo
18] An
[17] o
1] Ds
[15) 0s
[14] D,

13| D3

(Top View)
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HN61365P

HRECOMMENDED DC OPERATING CONDITIONS

Item Symbol min typ max Unit
Supply Voltage * Vee 4.5 5.0 5.5 \Y
Vi —0.3 - 0.8 v
Input Voltage * -
Vin 2.2 — Vee \4
Operating Temperature Topr —20 - 75 C

* With respect to Vss

MELECTRICAL CHARACTERISTICS (Vcc=5V £10%, Vss=0V, Ta=—20 to +75C)

Item Symbol Test Conditions min typ** max Unit
Vi . —
Input Voltage Ll 2.2 Veo v
Vi —0.3 - 0.8 v
Ve Ton=—2051A . - —
Output Voltage o o 05% 2.4 v
Vou Ior=3.2mA — — 0.4 v
Input Leakage Current I Vin=0~5.5V — - 2.5 HA
I — Vou=2. — —
Output Leakage Current Lo Cs=0.8V, CS=2.2v |omT2AV 10 LA
IioL Vour=0.4V — — 10 HA
Active Supply Current Icc* Vee=5.5V, Ioour =0mA, &¢=min, duty=100% - 10 25 mA
Stand by Supply Current Iss CS=Vcc—0.2V, CS=0.2V, Vec=5.5V - 1 30 HA
Input Capacit Cin — —
nput Capacitance V=0V, f=1MHz, Ta=25C 10 pF
Output Capacitance Cout — —_ 15 pF

+ Steady state current *s Vec=5V, T.=25C
HRECOMMENDED AC OPERATING CHARACTERISTICS
®READ SEQUENCE (Vcc=5VE10%, Vss=0V, Ta=—20 to +75°C, t,=t;—20ns)

Item Symbol min max Unit
Read Cycle Time tre 250 — ns
Address Access Time taa — 250 ns
Chip Select Access Time tacs - 250 ns
Chip Selection to Output in Low Z tcrz 10 — ns
Chip deselection to Qutput in High Z tenz 0 100 ns
Output Hold from Address Change ton 10 - ns

® AC TEST LOAD

®READ CYCLE (1)
13
5.0V (Vo)
Mirens ) )( Ry =2.4kQ
a Test Point
o 130pF Hka
& N\ k /7 /X// = T
hes "
=
Dout
Notes) 1. ¢,=t/=20ns.
®READ CYCLE (2) (Notes 1) § ﬁfl lglcol:::s iislcsa;;;igwe.
. are g
sdress x )(
= LT ton Notes)
1. Device is continuously selected

" < 2. Address Valid prior ta or coincident with CS
et <X><X> >< transition low.

3. Input pulse level : 0.8 to 2.4V

.READ CYCLE (3) (Notes 2) 4. Input and output timing reference level : 1.5V

3 y
facs fewz
| terr
Dt
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HN61366P

8192-word X 8-bit Mask Programmable Read Only Memory

The HNG61366P is a mask-programmable, byte-organvized 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.

BMFEATURES

® Fully Static Operation

Single +5V power supply
Three-State Data Output for OR-Ties
Mask Programmable Output Enable
TTL Compatible

Maximum Access Time; 250ns

Low Power Operation; 50mW (typ.)
Pin Compatible with EPROM

HMBLOCK DIAGRAM

(DP-24)

HMPIN ARRANGEMENT

A’Er-\}—‘@ Vee
az] 23] As
a[3] [22] A,
4] [21] Are

A —]
A —— Do
Ao —] b a[5] 2] &
A — Memory 3-State —D
r— Matrix Output D A [e] [16] Avo
— ress S
:_ Adress (8192x8) Beffers —& N E EA"
z : :g Ao E E D7
] o 3] 5],
::: D E E] Ds
D2 E ED.
*OE ’ Vss |12 ED:
(Top View)
# Active level defined by the user.
HMABSOLUTE MAXIMUM RATINGS
Item Symbol Value Unit
Supply Voltage* Vee —0.3 to +7.0 \'
Input Voltage* Via —0.3 to +7.0 \4
Operating Temperature Tope —20 to +75 C
Storage Temperature Tue —55 to +125 C
Storage Temperature (under bias) Thiae —20 to +85 'C
* With respect to Vss
HMRECOMMENDED DC OPERATING CONDITIONS
Item Symbol min typ max Unit
Supply Voltage* Vee 4.5 . 5.0 5.5 \%
Vie —0.3 — 0.8 \'J
Vol . -
Input Voltage Vig 2.2 — Vee \4
Operating Temprature Topr —20 — 75 C

* With respect to Vss

@ HITACHI
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HN61366P

BMELECTRICAL CHARACTERISTICS (Vec=5V:10%, Vss=0V,

Ta=—20 to +75°C)

Item Symbol Test Conditions min typ** max Unit
Viu 2.2 — Vee \'
Input Volt
npu Toltage Vie —0.3 — 0.8 v
Vou Ton=—2051A 2.4 — —_ v
Output Volt:
uiput Toltage Voo | loi=3.2mA - = 0.4 v
Input Leakage Current I Vin=0~5.5V — - 2.5 HA
Tion — Vour=2.4V — - 10 MA
Output Leakage Ci t OE=0.8V, OE=2.2V
utput Leakage Lurren IoL Vour=0.4V - — 10 HA
Operating Supply Current Icc* Vec=5.5V, Jour=0mA, frc=min — 10 25 mA
Input Capacitance Cin - — 10 pF
Via=0V, f=1MHz, Ta=25C
Output Capacitance Cou !/ n e - — 15 pF
* Steady state current s+ Voc=5V, Tu=25'C
HBRECOMMENDED AC OPERATING CONDITIONS
®READ CYCLE (Vcc=5V£10%, Vss=0V, Ta=—20~+75C, t,=t;~20ns) ® AC TEST LOAD sov(vee)
3 cc
Item Symbol min max Unit Ri=2.4kQ
Read Cycle Time trc 250 — ns Test point
Address Access Time taa — 250 ns
- 130pF 11kQ
Output Enable to Output Valid tog — 100 ns
Output Enable to Output in Low Z torz 10 - ns
Output Disable to Output in High Z tonz 0 100 ns _s
Output Hold from Address Change tow 10 — ns Notes) 1. t,=t;=20ns

E TIMING WAVEFORM
®READ CYCLE (1)

2. C. includes jig capacitance.
3. All diodes are 152074®.

4

Address >< ><

n
o \ Y v
N Y3 WA
e — ] T oy
--—lo2-
ooz
Dout (
®READ CYCLE (2)™** !
'u\,
X X
Address
/
ta - feet—— o1 ——]
L-—-—:,,,,——————-—
Dout
Note) 1. OE=Vi.
2. Imput pulse level : 0.8 to 2.4V
3. Imput and output timing reference level : 1.5V
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HN613128P, HNG13128FP

16384-word X 8-bit Mask Programmable Read Only Memory

The HNG613128P/FP is a mask-programmable, byte-organized HN613128P
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, OE,, 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

y Fully Static Operation oP29

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; (FP-54)
Standby: 5uW (typ.)
Operation: 50mW (typ.) HPIN ARRANGEMENT

® Pin Compatible with EPROM : ®HN613128P
Y 2

EBLOCK DIAGRAM Ne [ Vee

A1z [Z E OE:*

HN613128FP

70—
pu— Do
—] Dl A7 E E A1y
A— Memory 3-State g As E E As
M— Matri Output
A5 ——  Address (163;;:8) Buffers g ASE 24] As
:ﬁ: Decode D6 Ad E E An
P ” A [7] 22] OEo*
A
Alg—— Az E At
All——1
Al2 A E 20|CS*
Al3 Ao @ E Dr

*cs - Do [11] 18] Ds
S © D[] 17] Ds

* Active level defined by the user, D2 E 16 | De
VssE 15] Ds
HMABSOLUTE MAXIMUM RATINGS -
(Top View)
Item Symbol Value Unit ®HN613128FP

Supply Voltage®* Vee —0.3 to +7.0 v
Input Voltage* Vi -0.3 to +7.0 v
Operating Temperature Range Topr —20 to +75 C
Storage Temperature Range Toe —55 to+125 °C
Storage Temperature Range (under bias)| T}, —20 to +85 C

* With respect toVss.

M RECOMMENDED DC OPERATING CONDITIONS

Item Symbol min. typ. max. Unit
Supply Voltage * Vee 4.5 5.0 5.5 \
Vie —0.3 - 0.8 A
Input Voltage* Vi 737 - Voo v
Operating Temperature Toor —20 - 75 °c

* With respect to Vss.

® HITACHI



HN613128P, HN613128FP

B ELECTRICAL CHARACTERISTICS (Vcc=5.0V£10%, Vss=0V, Ta=—20 to +75°C)

Item Symbol Test Condition min typ** | max Unit
Input High-level Voltage Vin 2.2 - Vee v
Input Low-level Voltage Vi —0.3 - 0.8 v
Output High-level Voltage Vo Ton=—205p2A 2.4 - - \J
Output Low-level Voltage Vo. ToL=3.2mA - - 0.4 v
Input Leakage Current Lin Va=0to 5.5V - - 2.5 MA
Output High-level Leakage Current | Iion Vo:=2.4V,CS=0.8V,CS= 2.2V - - 10 HA
Output Low-level Leakage Current Tow Vou=0.4V,CS=0.8V,CS = 2.2V - - 10 KA
Supply Current (Active/Standby) T 1w |Vec=55V, Ibour =0mA, ke=min, duty=100%/T52 Vec—0.2V,CSS02V — | 10/1 | 25/30 |mA/xA
Input Capacitance Cin Vie =0V, f=1.0MHz, Ta=25°C - - 10 pF
Output Capacitance Cout Via =0V, f=1.0MHz, Ta=25°C — - 15 pF
* Steady state current os Voc=5V, Tu=25'C
B RECOMMENDED AC OPERATING CONDITIONS (READ SEQUENCE)
(Vece=5.0V£10%, Vss=0V, Ta=—20 to +75°C, All timing with ¢,=¢;=20ns)
HN613128P
Item Symbol Unit
min max
Read Cycle Time tre 250 - ns
Address Access Time Laa - 250 ns
Chip Select Access Time tacs - 250 ns
Chip Selection to Output in Low Z terz 10 - ns
Output Enable to Output Valid tor - 100 ns
Output Enable to Output in Low Z torz 10 — ns
Chip deselection to Output in High Z tenz 0 100 ns
Chip Disable to Output in High Z tonz 0 100 ns
Output Hold from Address Change ton 10 - ns
W TIMING WAVEFORM
®READ CYCLE(1)
e o AC TEST LOAD
Address >< ><
5.0V (Vee)
LAA
Rp=2.4kQ
OF } \\\\\\\\ 7[; ; ; ; ; / Test Point
log fou 130pF 11k
— toLz [ / /
NN / +
tacs lowz )
(174
terz
< 0
Notes) 1. t,=t,=20ns.
2. C. includes jig capacitance.
®READ CYCLE(2) (Notes 1,3) 3. All diodes are 1S2074®.
tre
Address X )( NOTES:
o 1. Device is continuously selected.
on i low 2. Address Valid prior to or coincident
‘with CS transition low.
- y 3. OE = VIL.
4. Input pulse level: 0.8 to 2.4V
® READ CYCLE (3) (Notes 2,3) 5. Input and output reference level:

cs —"—\\

tacs

tcrz

Dout

224
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HNG13128HP Preliminary

16384-word x 8-bit Mask Programmable Read Only Memory

HN613128HP

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, OE,, 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 (DP-28)
® Fully Static Operation
] Automatlc Power Down EPIN ARRANGEMENT
® Single +5-Volt Power Supply
® Three-State Data Output for OR-Ties 2
® Mask Programmable Chip Select, Output Enable NC E 28) Vee
® TTL Compatible Ai[2] [27] OE: *
® Maximum Access Time: 200ns A [3] 26] Az
® |ower Standby and Low Power Operation; As E 251 As
Standby: 5uW (typ.) As[5] 24] A
Operation:  50mW (typ.) B 23] Au
® Pin Compatible with EPROM As E @ OEo *
Az E E Ao
M BLOCK DIAGRAM A E ECS .
ﬁ?: Do Ao E E D7
—] o Do [11] 18] Ds
i e oy m D [12 mig
b ress Buffers
o ADdedee (16384 x8) 3 D2 [1__3 1__6_] D4
— o Vss [1¢ [15] Ds
A::: (Top View)
All—
Al2——
Al3

* OE
* OE;
* Active level defined by the user.
NOTES:
The specifications of this device are subject to
change without notice.
Please contact your nearest Hitachis Sales Dept,
regarding specifications.
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HNG61256P, HNG61256FP

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.

BMFEATURES

® 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 5uW (typ.)

® TTL compatible

® Access time: 3.5us (max)

HEBLOCK DIAGRAM R R
1 !
l 3-State Buffers }j

1 i
*1 N "
. L=+
1 t
n I | Y-Decoder
' IR f T
Ae | ————  cscontrst rv R
J X Decoder Memory Array ]
(Aus) \ oot 262144 bits
2
] R

CE ‘1 | Timing Generator l

#*1 Active level defined at mask level.

%2 Mask programmable selection of either 4-bit or
8-bit organization.
In 4-bit organization, data outputs are Do to Da.

226 O HITACHI

HN61256 P

HN61256F P

(FP-54)

EPIN ARRANGEMENT

O®HN61256P

NC(A“)'L_‘__: ~ 28 |Vee
A“E 27 | A
s3] %cs
“[I 25 | s
A‘E 24 | As
A‘E: 23 | A

"E 22 |CE
~E 21 | Ane

al o 20 | A
al 10 19 | Dr

[ 11 18 § Do
Dj 12 17| Ds
o[ 13 16 ] b
vss[ 14 15 | D
(Top View)
O®HN61256FP

(Top View)



HN61256P, HN61256FP

W ABSOLUTE MAXIMUM RATINGS
Item Symbol Rating Unit
Supply Voltage* Vee —0.3~+7.0 \
Input Voltage® Via ~0.3~+7.0 v
Operating Temperature Range Tope 0~+75 c
Storage Temperature Range Tos —55~+125 c
Bias Storage Temperature Range Thies —20~+85 ‘c
Note : * Referenced to Vss.
B ELECTRICAL CHARACTERISTICS
(Vec=5V+10%, Vss=0V, Ta=0~+75C)
Item Symbol Test Condition min typ** max Unit
Input “High” Level Voltage Viu 2.4 - Vee \
Input “Low” Level Voltage Vie 0 - 0.8 \'
Output “High” Level Voltage Vo Ton=—100#A 2.4 - - v
Output “Low” Level Voltage Vou Ior=1.6mA - - 0.4 A
Input Leakage Current L Via =0~5.5V - - 2.5 HA
Output “High” Level Leakage Current Tion CE=0.8V Vo =2.4V - - 5 rA
Output “Low” Level Leakage Current IoL CE=2.4V Vou =0.4V - - 5 #A
In stand-by Iss E8EVTO3Y = 1 30 #A
Supply Ci t — Vee=5.5V
upply urren In operation Iec® 2‘;;&"&;"‘—%' € - 1.5 3.0 mA
t C it . - - 10 F
Input Copacitance G V=0V, f=1MHz, Ta=25'C P
Output Capacitance GCoue - — 12.5 pF
* Steady state current s« Ve =5V, T,=25C
Wl AC OPERATING CONDITION AND CHARACTERISTICS
®READ SEQUENCE (Vec=5V£10%, Vss=0V, Ta=0~-+75C, t,=#=20ns)
Item Symbol min max Unit
Read Cycle Time tre 4.0 - Hs
Address Access Time Lauce - 3.5 Hs
Chip Enable Access Time t eacc - 3.0 Hs
Data Hold Time from Address Lor 0.05 0.5 Hs
Address Set.up Time tas 0.5 - Hs
Address Hold Time tan 0 - Hs
Chip Enable ON Time ter 3.0 - #s
Chip Enable OFF Time tee 0.5 - Hs
i = ® AC TEST LOAD
Address ! 24v 1 24V H 5.0V(Vee)
cs 0.8V f 0.8V Re=2.4kQ
: | Ceeltan
s | T I tce | Test point
(]
CE | 24V 2 24V 30pF 11kQ
f
|
|
Dout Notes : 1.t =t;~20ns.
2.C, includes jig capacitance.
3.Al diodes are 1S204®.
227
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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 5uW (typ.), Operation 50mW (typ.)

Pin Compatible with EPROM

u BLOCK DIAGRAM

A0—
yyu- D1
A3—] Memory 3-State [—D2
“ﬁg_q Matrix Output _gi
A5 Address (32,768x8) Bufter e
A7 768 —

Ag—] Decoder 57
A9
A10—]
Al11—
Al12—]
Al13—
Al14—

*CS ». J‘
S—p " g

*OE—p

* Active level defined by the user.

® ABSOLUTE MAXIMUM RATINGS

Item Symbol Value Unit
Supply Voltage* Vee -0.3 to +7.0 \4
Input Voltage* . Vin - | =03 to+7.0 \4
Operating Temperature Range Topr | —20to +7§ °C
Storage Temperature Range Tetg —55 to +125 °C
Storage Temperature Range (Under Bias) | Thigs | —20to +85 °C

*With respect to Vss
B RECOMMENDED DC OPERATING CONDITIONS

Item Symbol min. typ. max, Unit
Supply Voltage* Vee 4.5 5.0 5.5 v
Vie -0.3 - 0.8 v
Voltage®*
Input Voltage Viu 2.2 - Vee A
Operating Temperature Topr —20 - 75 ‘c

* With respect to Vss.
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HN613256P

(DP-28)

HN613256FP

(FP-54)

= PIN ARRANGEMENT
o HN613256P

(Top View)

* Active level can be defined by the customer.
o HN613256FP

(Top View

% Active level can be defined by the customer.



® ELECTRICAL CHARACTERISTICS (Vcc = 5.0V10%, Vs =0V, T, = —20 ~ +75 °C)

HN613256P, HN613256FP

Item Symbol Test Condition min [typ | max | Unit
Vin 22} - |Vee v
Input Volt
nput Voltage ViL 03| - |08 | V
v, =205 pA 24 - | - \4
Output Voltage OH lon 03 K
VoL Ior=3.2mA - - 0.4 \
Input Leakage Current Iin Vin=0~ 5.5V - [ - (25| uA
ILOH -_— Vout =24V - - 10 BA
Output Leakage Current CS=0.8V,CS =2.2V
utpu age fren ILOL Vou‘ =0.4V - - 10 uA
i Icc* Vee =5.5V, I, = 0OmA, tge = min, duty = 100%.{ —
Supply Current Ac'tlve cc cc out ~ I 'RC y 10 30 | mA
Standby Isp Vee=5.5V,C8 2 Voo —0.2V,CS £0.2V - 1] 30 | wA
Input Capacitance Cin ° - - 10 | pF
= =1M =
Output Capacitance Cout Vin= OV, /=1 MHz, T, = 25°C - | - | 15 | pF

* Steady state current
** Voo=5V, Ty=25°C

® RECOMMENDED AC OPERATING CONDITIONS (READ SEQUENCE)
(Vec=5V*£10%, Vss=0V, Ta=—20~+75°C, t,=t;=20ns)

Item Symbol| min max Unit
Read Cycle Time tRC 200 - ns
Address Access Time tAA - 200 ns
Chip Select Access Time tACS - 200 ns
Chip Selection to Output in Low Z tcLz 10 - " ns
Output Enable to Output Valid tOE - 100 ns
Output Enable to Output in Low Z toLz 10 - ns
Chip Deselection to OQutput in High Z tCHZ 0 100 ns
Chip Disable to Output in High Z tOHZ 0 100 ns
Output Hold from Address Change tOH 10 - ns
= TIMING WAVEFORM
o READ CYCLE (1)
Tac
Address X ) & ® AC TEST LOAD
— S.0V( ¥ee)
OF NNk .3 000, i
S ton Ru=2410
o \\% p— . IV Tou ot
e ‘cuz-@_
Dout G 1o ™
o READ CYCLE (2) (Notes 1, 3) T
Address X )k = =

bnmeo FOH el
Dout )

Notes : 1. t,=t,=~20ns

& READ CYCLE (3) (Notes 2, 3)

NOTES:

2. C. includes jig capacitance
3. All diodes are 1S2014®

(E-__\\

fenz

Dout:

. Device is continuously selected.

. Address Valid prior to or coinci-
dent with CS transition low.

OE = Vpg,

G HITACH!

. Input pulse level: 0.8 to 2.4V
. Input and output reference level:
1.5V

“©nhw (SN
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HNG613256HP

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 OR-ties

Mask Programmable Chip Select and Output Enable
TTL Compatible

Maximum Access Time: 200ns

Low Power Standby and Low Power Operation;
Standby 5uW (typ.), Operation 50mW (typ.)

® Pin Compatible with EPROM

® BLOCK DIAGRAM

A0—

3 o
- —D1

yvim 3-State [—D2

Ad— Memory D3

AS5—] Matrix %l;tf%:rt [ pa

A6 [ Ds

AT Sé‘;‘o‘aii 32,768 x 8) [ De

e —D7

A9

A10—]

Al11—

A12—]

A13—

Al4

«cs—p—o

*OE—P~

* Active level defined by the user.

® ABSOLUTE MAXIMUM RATINGS

Item Symbol Value Unit
Supply Voltage* Vee -0.3 to +7.0 \'/
Input Voltage* Vin -0.3 to +7.0 v
Operating Temperature Range Topr -20to +75 °C
Storage Temperature Range Tstg —55to +125 °C

Storage Temperature Range (Under Bias) | Thias | —20to +85 °C

*With respect to Vss
H RECOMMENDED DC OPERATING CONDITIONS

Item Symbol {  min. typ. max. Unit
Supply Voltage * Vee 4.5 5.0 5.5 v
Vie —0.3 - 0.8 A
Input Voltage® Vin 2.0 = Voo v
Operating Temperature Topr —20 - 75 C

* With respect to Vss.
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Preliminary

HN613256HP

(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

131,072-word X 8-bit Mask Programmable Read Only Memory

Preliminary

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.

BFEATURES
® Static Operation

® Automatic Power Down
® Single +5-Volit Power Supply (DP-28)
® Three-State Data Output for OR-Ties
® TTL Compatible BWPIN ARRANGEMENT
® Maximum Access Time-350ns S
® Lower Power Standby and Low Power Operation; as[1] 8 |Vee
Standby: 2mW (typ.), Operation: 75mW (typ.) Anf 2 27 | Aue
Ar7| 3 26 fAis
HEBLOCK DIAGRAM AsE 25 | As
| : AsE 24 | Ao
i B e 1 : o ol
A o a[7] 22) A
ﬁ;— N L~ BN ] Dz AzE: 21 | A
Aa: Memory Matrix Nibble 3-State Ds _
A7 ] Ar~Au (32,768 X32) 2bit | Decoder | 8bit (B):;?::s D+ A:E 20 [CE
A Address 1 Ds
A:: Decoder g: A:.E 19 | D
Ao — DaE 18] Ds
1 —
21:— D,E 17 Ds
13 csmmnnt
Ave—] 0. [13] 1604
Ars —
Are—] vss[ 14 15 ]Ds
|
$TE—P (Top View)
BABSOLUTE MAXIMUM RATINGS
Item Symbol Value Unit
Supply Voltage* Vee —~0.3 to +7.0 A
Input Voltage* Vi —0.3 to +7.0 \Y
Operating Temperature Range Topr 0 to +70 c
Storage Temperature Range Tue —55 to +125 c
Bias Storage Temperature Range ™ —20 to +85 ‘C
* With respect to Vss
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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HN62301P

B 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
ViL —0.3 - 0.8 v
Input Voltage*
Vin 24+0.4(Vee—5) — Vee v

+ with respect to V,

MELECTRICAL CHARACTERISTICS (Vcc=5V+10%, Vss=0V, Ta=0 to +70°C)

Item Symbol Test Conditions min typ*** max Unit

Normal Operating Current Icci* frer=min, Vec=5.5V, Lu=0mA, duty=100% — 15 50 mA
Nibble Operating Current Icce* trcz=min, Vec=5.V, Lu=0mA, duty=100% - 5 15%* mA
Stand by Current Isp CE=2Vec—0.2V, Vec=5.5V —_ 0.4 10 - mA
Input Leakage Current It Via=0 to 5.5V, other 0V —10 — 10 HA

Iion Vou=2.4V — - 10 KA
Output Leakage Current CE=24V

IioL T Veur=0.4V —_ — 10 HA

Vou L= —2054A 2.4 -— —_ v
Output Voltage

Vor L.=3.2mA — - 0.4 v
*  Steady state current ***lgc=5V, .=25C

** TBD

BMCAPACITANCE (Vcc=5V+10%, Ta=25C,1MHz V..=0V)

Item Symbol typ max Unit
Input Capacitance (Ao~A;s, CE) Cin — 10 pF
Output Capacitance (Do~D7) Cout - 15 pF

BAC CHARACTERISTICS (Vcc=5V+10%, Vss=0V, Ta=0 to +70°C, ¢t.—¢;=20ns)

Mode N Item Symbol min max Unit
Cycle Time trc1 350 — ns
Normal Address Access Time tass - 350 ns
Data Hold Time ton 10 — ns
CE Access Time tace - 350 ns
CE Enable Pulse Width tce 350 — ns
CE Disable Pulse Width ICE 15 - ns
CE operation

Address Set up Time tas 0 - ns
Data Hold Time from CE tenz 10 ** 150 ns
Data Set Time from CE terz 10 - ns
++s | Nibble Address Access Time* taaz — 100 ns

Nibble operation
Nibble Cycle Time tree 100 — ns

*  Nibble Address A¢,A;  «+TBD
*** The specifications of this mode are subject to change without notice,
Please contact your nearest Hitachi’s Sales Dept, regarding specifications.

232 G HITACHI



HN62301P

ETIMMING CHART
®NORMAL CYCLE (CE=Low)

) X

taay

oCE CYCLE

f————————————————— {CF £

A

tAS —juam—

ONIBBLE CYCLE"®

e X X

T G Jﬁ* XX

Dout Previous Data B’:l;d g:l:d X X X

* Please contact your nearest Hitachi’s Sales Dept, regarding specifications.

e AC TEST LOAD

5.0V (Vo)
Rp=2.4kQ
Test Point
130pF 11ka
Notes) 1, t,=¢t/=20ns
2, C. includes jig capacitance,
= T 3. All diodes are 1S2074®.

4. Input pulse level : 0.8 to 2.4V
5. Input and output timing reference level : 1.5V
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HN62301P

e CE DUMMY CYCLE

CE dummy cycle is necessary when V¢ rise time is longer than 20 ms.

s

e

—— e ————— ——— — e — = L5V

(hz0)

Al

/ / m< Start Address

7

N

Dout

(Note) 1. There is no limitation for Vpcrise time when at least one of
addresses or CE signal is changed after power-up (V¢ >4.5V).
350ns is required for the access after the transition.

1 (£, £20ms)

d

/____._______________..pv

.5

Start Address

12 =2ms) ] Low

Dout

(Note) 1.

234

077 7,

Transition of neither address nor CE is necessary for system
initialization when Ve rtise time is less than 20ms, because of
Vcc—detective-circuit-operation.

2ms is required for the access after power-up.
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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.

B FEATURES
® Single Power Supply ...... +5V 5%
® Simple Programming...... Program Voltage: +21V D.C
Program with one 50ms Pulse
® Static..........o00nvnn. No clocks Required
® [nputs and Outputs TTL Compatible During Both Read and (DG-24B)
Program Mode
® AccessTime ............ HN482732AG-20  200ns (max) HPIN ARRANGEMENT
HN482732AG-25 250ns (max) ,
HN482732AG-30  300ns (max) sl [24] vee
® Absolute Max. Rating of Vpp Pin ... 26.5V (2] 73] &
® Low Stand-by Current ........... 35mA (max) as[4] 2] A
® Compatible with Intel 2732A an [21] Au
A E E(SF,/ Ver
H BLOCK DIAGRAM M 5] [17] 410
O~ A E EI CE
—N Ao [¥ [17] o,
EREARER NG o
OE/Ve 00— Powerdown & M E . E s
CF o— Prog, Logic ::::"s 0z E E [N
on iz [13] 02
E Y : Y Gating (Top View)
o—i Decoder
o— 0
Ao~ An § o— :
[ u— X 32768 bit
::_— Decoder EPROM Matrix
[ —
o .
\0———- L]
[ J
Il MODE SELECTION
Pins| CE OF /Vep Vee Outputs
MODE (18) (20) (24) (9~11, 13~17)
Read Vio Vi +5 Do
Stand by Vin Don’t Care +5 High Z
Program Vi Vee +5 Din
Program Verify Vi Vi +5 Dau
Program Inhibit Vi Ver +5 High Z
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Il ABSOLUTE MAXIMUM RATINGS

HN482732AG-20, HN482732AG-25, HN482732AG-30

Item Symbol Value Unit
Operating Temperature Range Topr 0 to +70 C
Storage Temperature Range m —65 to +125 ‘C
All Input and Output Voltages® Via, Vour —0.3to +7 \Y
Ver Voltage * OE/Ver —0.3t026.5 v
Vee Voltage * Vee —0.3 to +7 v
* with respect to GND
[l READ OPERATION
oD.C. AND OPERATING CHARACTERISTICS (Ta=0 to 70°C, Vcc=5V+5%, Vip=Vec £0.6V)
Parameter Symbol Test Conditions min typ max Unit
Input Leakage Current Iu Vin=5.25V - - 10 HA
Output Leakage Current Iio Vo =5.25V — -— 10 HA
Vce Current (Standby) Iccr CE=Vm, OE=Vn - - 35 mA
Vee Current (Active) Iccz OE=CE=V. — — 150 mA
Input Low Voltage Vio —0.1 — 0.8 \
Input High Voltage Vin 2.0 — Veet1l \'
Output Low Voltage Vou Jor=2.1mA — - 0.45 v
Output High Voltage Vou Tos=—400 #A 2.4 bl - v
® AC CHARACTERISTICS (Ta=0 to 70°C, Vcc=5V+5%, Vop=Vic £0.6V)
HN AG- N G- N AG-
Parameter Symbol [ Test Conditions .482732 2 H .‘82732A % H ‘482732 G-30 Unit
min max min max min max
Address to Output Delay tace CE=0OE=Vw. - 200 - 250 — 300 ns
CE to Output Delay tce OE=Vun e 200 - 250 - 300 ns
OF to Output Delay tee |CE=Vi 10 90 10 100 10 150 ns
OF High to Output Float tor CE=Vi. 0 80 0 90 0 130 ns
Address to Output Hold ton CE=0E=V. 0 — 0 — 0 — ns
® SWITCHING CHARACTERISTICS
Test Conditions
Input Pulse Level: . . ....... et 0.8V to 2.2V
Input Riseand Fall Times: . ............... =< 20ns
Outputload: ............... 1 TTL Gate + 100PF
Reference Level for Measuring Timing . . . ........ Inputs, 1V and 2V, Outputs; 0.8V and 2V
¢ y
Address X K
v
CE
Standby Mode Active Mode / Standby Mode
tce 1
53 /——
L
toE tor
r
tacc ton
4 3
Data Cut ////j\ Data Out Valid /-
AN 2
@ CAPACITANCE (Ta=25°C, f=1MHz)
Parameter Symbol Test Conditions min typ max Unit
Input Capacitance (Except OE/Vepp) Cim Vin=0V - — 6 pF
OFE /Ver Input Capacitance Cinz Vin=0V — — 20 pF
Output Capacitance Cout V=0V - - 12 pF
237

@ HITACHI




HN482732AG-20, HN482732AG-25, HN482732AG-30

M PROGRAMMING OPERATION

o DC PROGRAMMING CHARACTERISTICS (Ta=25°C+5°C, Vee=5V1+5%, Ver=21V£0.5V)

Parameter Symbot Test Condition min typ max Unit
Input Leakage Current Iu Vin= Vi, or Viy - — 10 HA
Output Low Voltage During Verify Voo lor=2.1mA - - 0.45 \4
Output High Voltage During Verify Vou Toy=—400#A 2.4 — — \
Vec Supply Current Icc — - 150 mA
Input Low Level Vio —0.1 — 0.8 v
Input High Level (All Inputs Except OE/Ves) Viu 2.0 - Veet1 \'
Ve Supply Current Iep CE=Vi, OE=Vep — - 30 mA
® AC PROGRAMMING CHARACTERISTICS (Ta=25°C+5°C, Vec=5V+5%, Ver=21V+0.5V)
Parameter Symbol Test Conditions min typ max Unit
Address Setup Time tas 2 — - i
OF Setup Time tors 2 - - Hs
Data Setup Time tps 2 — — “s
Address Hold Time tan 0 - - ©s
‘OF Hold Time tosn 2 - — Laid
Data Hold Time ton 2 - — #S
Chip Enable to Output Float Delay®* tor 0 - 130 ns
Data Valid from CE tov CE=Vi, OE=V,, — - 1 ms
CE Pulse Width During Programming 114 45 50 55 ms
OE Pulse Rise Time During Progr terr 50 - — ns
Ve Recovery Time tvr 2 - — I
% tor defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels.
® SWITCHING CHARACTERISTICS
Test Condition
InputPulse Level .................. 0.8V to 2.2V
Input Rise and Fall Time ...... Ceeieneee.. =20ns
Reference Level for Measuring Timing: .. ........... Inputs 1V and 2V; Outputs 0.8V and 2V
Program Program Verify
Address )i Address N :::::”
b 45
Data —<r Dats In Stable -.< Daua Out Valid
e tpg —e=d — ton j— —t tov )——‘——s—. tor
— Lan ~==t
OE
4 = b= Lok’ YR
trar- |——
e

® ERASE

Erasure of HN482732A is performed by exposure to
ultraviolet light of 2637A 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/cm?
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Supply Current Ioc (mA)

SUPPLY CURRENT vs.

SUPPLY VOLTAGE

100 ;A
Ta=2!
80 ~
<
g
Aed
0
60 Iec .9
/' E
17
—T £
4 =
19
>
=
=3
.
lcer a
0

Address Access Time t4cc (ns)

400

4 5 6

Supply Voltage Vo (V)

ADDRESS ACCESS TIME
vs. SUPPLY VOLTAGE

Ta=25C

\‘\

4

Supply Voltage Ve (V)

G HiTACHI

SUPPLY CURRENT vs.
AMBIENT TEMPERATURE

T
Vee=5V

s

20

Address Access Time t4 cc (ns)

0 20 40 60

Ambient Temperature T, (°C)

ADDRESS ACCESS TIME vs.
AMBIENT TEMPERATURE

Vee=5V
400
300
200
L
JRSSES T
100
0
20 40 60 80

Ambient Temperature T4 (°C)

HN482732AG-20, HN482732AG- 25, HN482732AG-30
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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 HN482764G, HN482764G-2
package with transparent lid. The transparent lid on the package HN482764G-3
allows the memory content to be erased with ultraviolet light.

WM FEATURES

® Single Power SUpply . .......ccouieninaans +5V + 5%

® Simple Programming .......... Program Voltage: +21V D.C.
Program with one 50ms Pulse

@ StatiC . ...ivi s . . No Clocks Required

® Inputs and Outputs TTL Compatible During Both Read and Pro-
gram Mode.
® AccessTime .........co000n HN482764G-2  200ns max (DG-28)

HN482764G 250ns max
HN482764G-3  300ns max

® High Performance Programming Available B PIN ARRANGMENT
® LowStandby Current . ............cuvtn.n 35mA max. -~ E’—V P Vee
® Compatible with Intel 2764 anlZ] 7] Fow
00~01
HBLOCK DIAGRAM S\ {3} 26] NC
ARERRNN " =
_ w] o
PG_M o— Power Down Output A'E E An
0E 0 rog. Logic
E o— Froe Buffers 7] l22) OF
Az E E Ao
/] afE] 20) CE
E Y-Decoder Y-Gating [ ) o
Ot Oo Il_—l_ _1_73] Os
0— o 2] [17] 0s
Ao g———- 65536 bit 02 [13] 116} O«
AI” g:: X-Decoder . GNDE 15] 02
o—r1 Memory Matrix (Top View)
o—1e
]

HMODE SELECTION

Pins | CE OE | PGM | Vee Vee Outputs
Mode (20) | (22) | (27) | (1) | (28) | (11~13, 15~19)
Read Vi Vie Viu Vee Vee Dout
Stand-by Vin X X Vee Vee High Z
Program Vie X Vie Ver Ve Din
Program Verify Vi Vi Vin Vee Vee Dout
Program Inhibit Viu X X Vee Vee High Z
X don't care
M ABSOLUTE MAXIMUM RATINGS
Item Symbol Value Unit
Operating Temperature Range Tose 0to +70 ‘c
Storage Temperature Range Tote —65 to +125 'C
All Input and Output Voltage® Vr —0.6 to +7 \
Ver Voltage Ver —0.6 to +26.5 \Y%

* . with respect to GND
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H READ OPERATION

oDC AND OPERATING CHARACTERISTICS (Ta=0 to +70C, Vec=5V+5%, Vep=Vec£0.6V)

HN482764G-2,HN482764G, HN482764G-3

Parameter Symbol Test Condition min typ max Unit
Input Leakage Current I Vee=5.25V, Vi, =5.25V - - 10 1A
Output Leakage Current Iio Vec=5.25V, Vi =5,25V/0.45V - — 10 HA
Ver Current Iper Vep=Vcc+0.6V - - 15 mA
Vce Current (Standby) Iech CE=Vix - - 35 mA
Ve Current (Active) Icc: CE=OE=V.. - 40 100 mA
Input Low Voltage Vie —0.1 - 0.8 v
Input High Voltage Viu 2.0 - Vee+1 \
Output Low Voltage Vou Tor=2.1mA - - 0.45 v
Output High Voltage Vou Ton=—400 A 2.4 - - A
® AC CHARACTERISTICS (Ta=0 to +70°C, Vec =5V 5%, Vep=Vcc+0.6V)
HN482764G-2 HN482764G HN482764G-3
Parameter Symbol Test Conditions - r - - Unit
min max min max min max
Address to Output Delay tacc CE=0E= VL - 200 - 250 - 300 ns
CE to Output Delay kE OE=ViL - 200 — 250 - 300 ns
OE to Output Delay toe CE=ViL 10 80 10 100 10 150 ns
OE High to Output Float or CE=ViL 0 70 0 90 0 130 ns
Address to Output Hold tox CE=0E=ViL 0 - 0 - 0 - ns
Note : tor 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 Levels: 0.8V to 2.2V
Input Rise and Fall Time: < 20ns
Output Load: 1TTL Gate + 100pF
Reference Level for Measuring Timing: Inputs; 1V and 2V
Output; 0.8V and 2.0V
s —
Address >< ><
X 7
CE
Standby Mode Active Mode / Standby Mode
7
tee
OE /
L7
tof 10F
r
tace latol
Dats Out i Data Out Valid >—
\R\t Z /
@ CAPACITANCE ( Ta=25°C, f=1MHz)
Parameter Symbol Test Condition min typ max Unit
Input Capacitance Cin Via =0V - 4 6 pF
Output Capacitance Cout Vou =0V - 8 12 pF
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HN482764G-2, HN482764G, HN482764G-3

Il PROGRAMMING OPERATION
®DC PROGRAMMING CHARACTERISTICS (Ta=25C=*5°C, Vec=5V £5%, Vepr=21V£0.5V)

Parameter Symbol Test Condition min typ max Unit
Input Leakage Current Iu Via=5.25V - - 10 #A
Output Low Voltage During Verify Voo Ior=2.1mA - - 0.45 v
Output High Voltage During Verify Vou Ton=—400 A 2.4 - - \
Vec Current (Active) Icca - - 100 mA
Input Low Level Vie -0.1 - 0.8 \
Input High Level Vin 2.0 - Vee+1 v
Vee Supply Current Iep CE=PGM=V.. - - 30 mA

® AC PROGRAMMING CHARACTERISTICS (Ta=25TC £5T, Vec=5V 5%, Ver=21V+0.5V)

Parameter Symbol Test Condition min typ max Unit
Address Setup Time tas 2 - - Hs
OE Setup Time toes 2 - - #s
Data Setup Time tos 2 - - Hs
Address Hold Time tan 0 - - Hs
Data Hold Time ton 2 - - Hs
OE to Output Float Delay tor 0 - 130 ns
Ver Setup Time tvs 2 - - s
PGM Pulse Width During Programming tew 45 50 55 ms
CE Setup Time tces 2 - - HUs
Data Valid from OE toe - b 150 ns

Note : tor 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: 0.8V to 2.2V
Input Rise and Fall Time: <20ns
Reference Level for Measuring Timing: Input; 1V and 2V
Output; 0.8V and 2V
L Program Program
Verify
Address
s tan |
—_— { > Z‘ Data O
Data Data In Stable ;5 L‘/:ll:d ut
tos oF.
K
r-'——
Ver
Vee
Vee tys

tCES

BCH ¢
m _ﬁi.'.&..‘

@ y F
B ERASE

Erasure of HN482764 is performed by exposure to Ultra-
violet light of 26374, 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/cm?®

K
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Supply Current Icc (mA)

Address Access Time t4CC (ns)

SUPPLY CURRENT VS.
SUPPLY VOLTAGE

SUPPLY CURRENT VS.
AMBIENT TEMPERATURE

Ta=25C

T
Vee=5V

pT" cc2

=

Supply Current ICC (mA)

Py IcC2

9
S

Iecs

250

200

Supply Voltage Ve (V)

ADDRESS ACCESS TIME VS.
SUPPLY VOLTAGE

Ta=25T

Address Access Time 74Cc (ns)

4

Supply Voltage Ve (V)

G HITACHI

Icar

250

2 4 60

Ambient Temperature Ta (°C)

ADDRESS ACCESS TIME VS.
AMBIENT TEMPERATURE

Vee=5V

% 1 w0 %
Ambient Temperature 7z CC)

HN482764G-2, HN482764G, HN482764G-3
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HN482764G-2, HN482764G, HN482764G-3

B HIGH PERFOMANCE PROGRAMMING

This device can be applied the High Performance Pro-

gramming algorithm shown in following flowchart. SET PROG/VERIFY MODE‘I
. . . . Ver=2110.5V Vec=6.010.25V

This algorithm allows to obtain faster programming

time without any voltage stress to the device nor

deterioration in reliability of programmed data.

6 L Program trw=1ms£5% I

$=10,11,15

SET READ MODE
Vee=5.0£0.25V Vep= Vec £0.6V

High Performance Programming Flowchart

©® AC PROGRAMMING CHARACTERISTICS (Ta=25°Ci+5°C, Vec=6V+0.25V, Vep=21V£0.5V)

Parameter Symbol Test Condition min typ max Unit
Address Setup Time tas 2 — - us
OE Setup Time toks 2 — — us
Data Setup Time tos 2 - — us
Address Hold Time tan 0 - — us
Data Hold Time ton 2 —_ — Hs
OE to Output Float Delay* tor 0 - 130 ns
Vee Setup Time tves 2 — — Hs
Ve Setup Time tves 2 —_ — us
PGM Pulse Width during Initial Program tew 0.95 1.0 1.05 ms
PGM Pulse Width during Over Program** torw 3.8 — 63 ms
CE Setup Time tces 2 — - us
Data Valid from OE tos - — 150 ns

Notes) * tpr defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels.
* ¥ topry is defined as mentioned in flort chart.

® SWITCHING CHARACTERISTICS

Test Condition . Dt[-—Pwsr- f—Progun Veri~|
input Pulse Level: 0.8V to 2.2V R e m
Input Rise and Fall Time: <20ns Daa lﬂn.:., Saie = D>—

oS on toF

Reference Level for Measuring Timing: Input; 1V and 2V e
Output; 0.8V and 2V =

Vee+1
vee v«—/f.'.vc_s.

CE

tees

PCM

x| oy lo-toe-]
N

&
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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 HN482764P-3
programmable ROM. Initially, all bits of the HN482764P-3 are in
the ‘1" state (Output High). Data is introduced by selectively pro-
gramming ‘0" 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.

m FEATURES
® Spring Power Supply. ... ... +5V 5%
® Simple Programming.- - . . Program Voltage: +21V D.C.
’ Program with one 50ms Pulse (DP-28)
® Static ...... No Clocks Required
® |nputs and Outputs TTL Compatible During Both Read and
Program Mode M PIN ARRANGMENT
® Access Time - -«ccvnuen 300ns max. vee (1] 28] vee
® | ow Standby Current ... ..... 35mA max. Mz ]
® Compatible with Intel P2764 w3 28] e
Oo~0r A‘E E As
EBLOCK DIAGRAM S\ a5 2] A
1299911 St
— A:E Z|b‘s
" o—1 Power Down
P:;_: o Prog. Logic Output A:E E A
CE o— Buffers af5] 20] CE
Ao[I0) 9] 0
/E Y-Decoder Y-Gating m [18] 0¢
o— o [12] E Os
O— 02 E E O4
pam GND [T 5] 0s
Ao i
; g: X-Decoder . (TOP ViQW)
1 0— Memory Matrix
o—1
o—o1
Na.

EMODE SELECTION

Pins | TE. OE | PGM Ver Vee Outputs
Mode (20) (22) (27) (1) (28) | (11~13, 15~19)
Read Vi Vi Vi Vee Vee Dout
Stand-by Vin X X Vee Ve High Z
Program Vie X Vie Ver Vee Din
Program Verify Viu Vie Vi Ver Vee Dout
Program Inhibit Vin X X Ver Vee High Z

X ldon't care

u ABSOLUTE MAXIMUM RATINGS

Item Symbol Value Unit
Operating Temperature Range Topr 0 to +70 °C
Storage Temperature Range Tstg -55 to +125 °C
All Input and Output Voltage* Vr ~0.6 to +7 v
Vpp Voltage . Vpp -0.6 to +26.5 v

* with respect to GND
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HN482764P-3

® READ OPERATION

® DC AND OPERATING CHARACTERISTICS (Tz=0to +70°C, Vee =5V £ 5%, Vpp = Voe £ 0.6V)

Parameter Symbol Test Conditions min typ max Unit
Input Leakage Current In; Vee = 5.25V, Vi, = 5.25V - - 10 BA.
Output Leakage Current Iio Voe =5.25, Voyue =5.25V/0.45V - - 10 BA
Vpp Current Ipp; Vep =Vec + 0.6V — — 15 mA
Ve Current (Standby) Iccg CE=Viyg - - 35 mA
Ve Current (Active) Icce CE=0E= V¥ - 40 100 mA
Input Low Voltage VL -0.1 - 0.8 v
Input High Voltage Ui%s 2.0 - Veett v
Output Low Voltage VoL Ior =2.1mA - 0.45 A\
Output High Voltage Vou Ioyg = -400uA 24 - - A\

® AC CHARACTERISTICS (T; =5V £ 5%, Vpp=Vec t 0.6V, T, =0 to +70°C)

Parameter Symbol Test Conditions min max Unit
Address to Output Delay tace CE=O0E =Vj, - 300 ns
CE to Output Delay tep OE = ¥y, — 300 ns
OE to Output Delay tor CE=V, 10 150 ns
OE High to Output Float* tpF CE="Vq 0 130 ns
Address to Output Hold toy CE=0E=Vj 0 - ns

* tpr 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 Levles: 0.8V to 2.2V

Input Rise and Fall Times:

< 20ns.

Qutput Load: 1TTL Gate + 100pF

Reference Level for Measuring Timing:

Inputs ; 1V and 2V
Outputs; 0.8V and 2V

Address

A

X

./ Standby Mode

Standby Mode Active Mode
A
114
GE /
R
tor tor
tacc __lﬂ_1
Data Out ////} Data Out Valid \-
ANNAN
©® CAPACITANCE ( Ta=25°C, f=1MHz)
Parameter Symbol Test Condition min typ max Unit
Input Capacitance Cin V=0V - 4 6 pF
Output Capacitance Cout Veu =0V - 8 12 pF
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Hl PROGRAMMING OPERATION

®DC PROGRAMMING CHARACTERISTICS (Ta=25C*5C, Vec=5V +5%, Ver=21V£0.5V)

HN482764P-3

Parameter Symbol Test Condition min typ max Unit
Input Leakage Current Iu V.. =5.25V - - 10 rA
Output Low Voltage During Verify Vor Tor=2.1mA — - 0.45 \Y
Output High Voltage During Verify Vou Tou=—400 A 2.4 - - \Y
Vce Current (Active) Icc2 - - 150 mA
Input Low Level Viu —0.1 - 0.8 \Y
Input High Level Vin 2.0 - Vee+1 \
Ver Supply Current Ipp CE=PGM =V, — - 30 mA
® AC PROGRAMMING CHARACTERISTICS (Ta=25C£5C, Vec =5V £5%, V=21V +0.5V)
Parameter Symbol Test Condition min typ max Unit
Address Sefup Time tas 2 - - #s
OE Setup Time tors 2 — - us
Data Setup Time tos 2 - - s
Address Hold Time tan 0 - - Hs
Data Hold Time o 2 — - “s
OE to Output Float Delay tor 0 — 10 ns
Vep Setup Time tvs 2 - - Hs
PGM Pulse Width During Programming tow 45 50 55 ms
CE Setup Time tees 2 - - Hs
Data Valid from OE tos — - 150 ns
Note : tor 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: 0.8V to 2.2V
Input Rise and Fall Time: <20ns
Reference Level for Measuring Timing: input; 1V and 2V
Output; 0.8V and 2V
Program Program
Verify
Address
) QL
s tan |
{ Data O
Data __¢ Data In Stable 7>——————< V:tl?d ut
s v
ai2 ]
Ve
Ver
Vee tys
CE
tcES
— s
PGM
toEs ro£
——
" \ /
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HN482764P-3

HMHIGH PERFOMANCE PROGRAMMING

START
This device can be applied the High Performance Pro-
gramming algorithm shown in following flowchart. LSET PROG./VERIFY MODE—I
Ver=21%£0.5V Vee=6.0+0.25V

This algorithm allows to obtain faster programming
time without any voltage stress to the device nor
deterioration in reliability of programmed data.

Address=0

YES
0 L Program tm =1 ms £5% —|

@l—n‘\ddress

$=10,11,15

SET READ MODE
Vee =5.0£0.25V Vip= Ve £0.6V

High Performance Programming Flowchart

® AC PROGRAMMING CHARACTERISTICS (Ta=25'C5°C, Vec=6V+0.25V, Ver=21V£0.5V)

Parameter Symbol Test Condition min typ max Unit
Address Setup Time tas 2 — - us
OF Setup Time toes 2 - — us
Data Setup Time tos 2 —_ — s
Address Hold Time tan 0 —_ - us
Data Hold Time ton 2 -— - us
OF to Output Float Delay* tor 0 — T 130 ns
Vep Setup Time tves 2 - i — s
Vee Setup Time tves 2 - — us
PGM Pulse Width during Initial Program tew 0.95 1.0 | 1.05 ms
PGM Pulse Width during Over Program®** tomw 3.8 - 63 ms
CE Setup Time tces 2 - — us
Data Valid from OF toe — - 150 ns

Notes) % tpr defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels.
% % tory is defined as mentioned in flort chart.

© SWITCHING CHARACTERISTICS

Test Condition o Progran——et—Propan Verify~]
Input Pulse Level: 0.8V to 2.2V A
Input Rise and Fall Time: <20ns Dute ——{hu.:;. S e
Reference Level for Measuring Timing: Input; 1V and 2V S »'

Output; 0.8V and 2V " ot Lo
e+ 1
Ve vcc—jf_w_

CE

fCES.

Iz4)

HOES) e tored
g —

.
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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.

a FEATURES
® Low Power Dissipation . .... 40mW/MHz max. (Active Mode)
550uW max. (Stand by Mode)
® AccessTime ............... 150ns max. (HN27C64G-15)
200ns max. (HN27C64G-20)
250ns max. (HN27C64G-25)
300ns max. (HN27C64G-30)
® SinglePowerSupply ..........ciiiiiiL, +5V+10%
® Simple Programming . ......... Program Voltage; +21V D.C.

Program with One 50ms Pulse
® Support High Performance Programming

@ Static . ........cih et 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

s BLOCK DIAGRAM

(DG-28)

= PIN ARRANGEMENT

Ao——p
A;
A, : |
As 1 X- Memory Matrix
As | Decoder 65536 bit
P S —
] ]
Y-Gating
Input
Data Y-Decoder
Control ’
TN '
'
e R Dol
Az A Ay AL A [
]
;
g;"‘lu

(Top View)

@ HITACHI
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HN27C64G-15, HN27C64G-20

HC27C64G-25, HN27C64G-30

EMODE SELECTION

Pins | TE OE | PGM | Ver Vee Outputs
Mode (200 | (22 | @ | (1) | (28) | (11~13, 15~19)
Read Vie Vi Vi Vee Vee Dout
Stand-by Vi x X Vee Vee High Z
Program Vi X Vie Ver Vee Din
Program Verify Vie Vi Vin Ver Vee Dout
Program Inhibit Vin X X Ver Vee High Z
X :don't care
® ABSOLUTE MAXIMUM RATINGS
Item Symbol Value Unit
All Input and Output Voltage* Vp —1.0**~ +7.0 v
Vece Voltage* Vee -06~+17.0 v
Vpp Voltage* Vep 0.6~ +25 A\
Operating Temperature Range Topr 0~+170 °C
Storage Temperature Range Treg —65~+125 °C
* With respect to GND

**Pulse Width: 50ns, DC: —0.5V
s READ OPERATION

® DC AND OPERATING CHARACTERISTICS (Tz=0~ + 70°C, V=5V £ 10%, Vpp=Vc10.6V)

Parameter Symbol Test Conditions min typ max Unit
Input Leakage Current Iy Vee=5.5V, Vi, =GND to Ve - - 2 BA
Output Leakage Current Ito Veoe=5.5V, Vout=GND to Vo - - 2 BA
Vpp Current Ippy Vpp=Vec + 0.6V - 1 100 MA
I SB1 C_E= V[H - - 1 mA
V Stand-b; —
ce Current ( Y) Isn2 CE=Vct0.3V - 1 100 uA
. ICCI CE= VIL’ Iout=0 mA - - 30 mA
Y, Activ
cc Current (Active) Tocs 7=5MHz, Iy =0 mA — - 30 mA
ViL -1.0* - 0.8 v
Input Volta,
nput Yoltage Vin 22 | = |Vec+10| V
VoL Ior=2.1mA - 0.45 \
Output Voltage Vor | Ton= —400sA 24 | = - v
*Pulse Width: 50ns, DC: ¥j; min = -0.3V
® AC CHARACTERISTICS (72=0~+ 70°C, Vee=5V110%, Vep=Vcct0.6V)
P ater Sym- Test Condition HN?7C64G—15 HN.27064G-20 HN27C64G-25 HN‘27C64G-30 Unit
bol i min | max | min | max | min | max | min | max
Address to Output Delay |z, 'acc|CE=0E=Vy, PGM=V - 150 - 200 - 250 - 300 | ms
CE to Output Delay tce |OE=ViL, PGM=Viy - 150 - 200 — 250 — 300 | ns
OE to Output Delay tog |CE= Vi, PGM=Viy 10 60 | 10 70 { 10 | 100 [ 10 | 150 | ns
OE High to Output Float|tpp |CE=V;y, PGM= Vg 0| 50] o] 60 o] 90| o0 [ 130 [ns
Address to Output Hold |toy |CE=OE=V¥jy, BGM=Vy 0 - 0 - 0 - 0 ~ ns
® CAPACITANCE (72=25°C, f=1MHz)
Parameter Symbol Test Condition v min typ max Unit
Input Capacitance Cn V=0V - 4 6 pF
Qutput Capacitance Cout Veu =0V - 8 12 pF
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HN27C64G-15, HN27C64G-20

® SWITCHING CHARACTERISTICS

Test Condition
Input Pulse Levels:
Input Rise and Fall Time:
Output Load:

Reference Level for Measuring Timing:

0.8V to 2.2V

<20ns

1TTL + 100pF
Input; 1V and 2V
Output; 0.8V and 2V

HN27C64G-25, HN27C64G-30

p!
Address X
A
CE
Standby Mode Active Mode / Standby Mode
A
tce
OE /
I
k174 tor
tacc tow
¥
Data Out <<<<< Data Out Valid >—
X 2

s PROGRAMMING OPERATION

® DC PROGRAMMING CHARACTERISTICS (Ta=25°'Ci 5°C, Vee=5V+£5%, Vpp=21V+0.5V)

Parameter Symbol Test Condition min typ max Unit
Input Leakage Current Iny ViN=5.25V/0.45V - - 2 kA
Output Low Voltage During Verify VoL Ior=2.1 mA - - 0.45 \
Output High Voltage During Verify Vo Top=—400 uA 2.4 - - A\
Ve Current (Active) Icc - - 30 mA
Input Low Level ViL -0.1 - 0.8 A\
Input High Level Vig 2.2 - Veetl.0) \
Vpp Supply Current Ipp CE=PGM=Vp;, - - 30 mA
Notes) 1. Voo 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= 21V.
4. Do not alter Vpp either Vjz to 21V or 21V to ¥z when CE=PGM=Low.
® AC PROGRAMMING CHARACTERISTICS (T2=25°C%5°C, Vo =5V 5%, Vpp=21V£0.5V)
Parameter Symbol Test Condition min typ max Unit
Address Setup Time tAs 2 - - us
'OE Setup Time toEs 2 - - us
Data Setup Time tps 2 - - us
Address Hold Time tAH 0 - - HS
Data Hold Time tDH 2 — — us
OE to Output Float Delay tDF 0 - 130 ns
Vpp Setup Time tys 2 - - us
PGM Pulse Width During Programming tpw 25 50 55 ms
CE Setup Time tcES 2 - - us
Data Valid from OE toE - - 150 ns
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HN27C64G-15, HN27C64G-20
HN27C64G-25, HN27C64G-30

® SWITCHING CHARACTERISTICS

Test Condition
{nput Pulse Level: 0.8V to 2.2V
Input Rise and Fall Time: <20ns
Reference Level for Measuring Timing: Input; 1V and 2V
Output; 0.8V and 2V
Program Program
Verify
Address xr—
14 N X
s LB
Data O
Den _(om In Suble | — v
s ] for
LR
Ver
Ver
Vee tvs |
CE
LCES
PCM
lox; r_’gt__{
I .
m ERASE

Erasure of HN27C64 is performed by exposure to ultraviolet
light of 2537A and all the output data are changed to 1"
after this erasure procedure. The minimum integrated dose
(i.e. UV intensity x exposure time) for erasure is 15W-

Ver=21£0.5V Vcc=6.0%0.25V

sec/em?,
= HIGH PERFOMANCE PROGRAMMING
This device can be applied the High Performance Program- | SET PROG/VERIFY MODE |

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.

l Address+1—Address I

Program topw =4n ms

§=10,11,-15 ‘E
YES

SET READ MODE
Vec=5.0£025V Vpp= VcctOGV

High Performance Programming Flowchart
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HN27C64G-15, HN27C64G-20
HN27C64G-25, HN27C64G-30

e AC PROGRAMMING CHARACTERISTICS (T2=25°Ct5°C, Voo =6V 10.25V, Vpp=21V£0.5V)

Parameter Symbol Test Condition min typ max Unit
Address Setup Time tas 2 — — us
OF Setup Time toEs 2 — - #s
Data Setup Time tos 2 - - s
Address Hold Time Law. 0 - - us
Data Hold Time t,,,,. 2 — — us
OF to Output Float Delay* tor 0 — 130 ns
Ver Setup Time tves 2 - - us
Vec Setup Time tves 2 - - us
PGM Pilse Width during Initial Program trw 0.95 1.0 1.05 ms
PGM Pulse Width during Over Program** topw 3.8 — 63 ms
TE Setup Time tcEs 2 — - us
Data Valid from OE tos - - 150 ns
Notes) % ipr defines the time at which the output achieves the open circuit dition and is not ref d to output voltage levels.
* % torw is defined as mentioned in flort chart.
® SWITCHING CHARACTERISTICS
Test Condition
Input Pulse Level: 0.8V to 2.2v
input Rise and Fall Time: <20ns
Reference Level for Measuring Timing: Input; 1V and 2V
Output; 0.8V and 2V
'-0— Program ——————astes— Program Verify-.i
Address !
1,
l—-t,.sq 2
Data == Data [In Stable — o
e tou —
Vep
Ver Ve /| wes
Vee+1
Vee
Vee tves
—
CE
Ices
PGM
Iz -'ﬁs.i r.-zoz-
OE K —
253
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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.

B FEATURES
® SinglePowerSupply ............ i +5V + 5%
® Simple Programming . .......... Program Voltage: +21V DC
Program with One 50ms Pulse
® Static . ........00iv ittt No Clocks Required
Inputs and Outputs TTL Compatible During Both Read and
Program Mode. (DG-28)
® AccessTime . ........ccvcvuvnnnnnn 250ns/300ns/450ns
® Absolute Max. Ratingof VppPin . ............... 26.5v  EPIN ARRANGEMENT
® lowStand-byCurrent . ... .................... 356mA ol [ ve
® High Performance Programming Availabie AelZ] 7] Fo
® Compatible with INTEL 27128 w3 1%5) A
W BLOCK DIAGRAM ~[ )
as[E] l24] A
00~07 a[E] 73] Au
g —
BEEAREE “0) e
PGM 0— ArE E Ao
POWERDOWN &
g pam PROGRAM LOGIC OUTPUT NE} [20] CE
BUFFERS Ao[T0] 1] 0r
o] g o
rO— N OIE EOS
: Y DECODER . Y GATING 0 13] [16] 0s
o— . GND[13] [15] 0s
:: . (Top View)
Ao .
j 1 o— .
A | O— 131072 bi
] X DECODER MEMORYtMATRIX
O—1
oy .
o— :
o—1
o

B MODE SELECTION

Pins| CE OE PGM Ver Vee Outputs
MODE (20) (22) (27) (1) (28) (11~13, 15~19)
Read Vie Viu Viu Vee Vee Dout
Stand by Vin X X Vee Vee High Z
Program Viu X Vio Ver Vee Din
Program Verify Vio ViL Vin Ver Vee Dout
Program Inhibit Vin X X Vep Vee High Z
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HN4827128G-25, HN4827128G-30, HN4827128G-45

HABSOLUTE MAXIMUM RATINGS

Item Symbol Value Unit
Operating Temperature Range Topr 0to +70 ‘C
Storage Temperature Range Ture —65 to +125 ‘C
All Input and Output Voltages* Viv, Vou —0.3to +7 v
Ver Voltage* Ver T —0.6 to +26.5 A
Vec Voltage* Vee —0.6 to +7 v
* with respect to GND
M READ OPERATION
®DC AND OPERATING CHARACTERISTICS (Ta=0 to +70°C, Vec=5VE5%, Vep=Vcc£0.6V)
Parameter Symbol Test Conditions min typ max Unit
Input Leakage Current Iy Vec=5.25V, Viy=5.25V — — 10 pA
Output Leakage Current Io Vee=5.25V, V..=5.25V/0.45V — - 10| pA
Vee Current Iep Vep=Vec+0.6V - - 5 mA
Vec Current (Standby) Icch CE=Vu -_ -_ 35| mA
Veec Current (Active) Icce CE=0E=V.. —_ 60 100| mA
Input Low Voltage Vie -0.1 — 0.8 v
Input High Voltage Viu 2.0 — Vee+1 v
Output Low Voltage Vo Ior=2.1mA — — 0.45 \'
Output High Voltage Vou Ton=—400pA 2.4 — — v
® AC CHARACTERISTICS (Te=0 to 70°C, Vec=5V+5%, Vep=Vec£0.6V)
" HN4827128G-25 | HN4827128G-30 | HN4827128G~45 .
Parameter Symbol Test Condition - - - Unit
i min max min max min max
Address to Output Delay tacc CE=OE=V., — 250 —_ 300 — 450 ns
CE to Output Delay tor OE=Vu. — 250 — 300 — 450 ns
OE to Output Delay tor CE=V. — 100 — 120 — 150 ns
OE High to Output Float tor”  |CE=Vu 0 85 0 105 0 130 ns
Address to Output Hold ton CE=OE=V., 0 — 0 — 0 - ns
*® 1,5 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 Puise Levels: 0.8V to 2.2V
Input Rise and Fall Time: <20ns
Output Load: 1 TTL Gate + 100 pF
Reference Level for Measuring Timing: Inputs; 1V and 2V
Outputs; 0.8V and 2.0V
Address X‘
E
Standby Mode Active Mode / Standby Mode
OE /
L
tace [ tov
Data Out <\\\ Data Out Vatid Y
©® CAPACITANCE (Ta=25°C, f=1MHz)
Parameter Symbol Test Condition min typ max Unit
Input Capacitance Cin Vie=0V - 4 6 pF
Output Capacitance Cout Vour=0V - 8 12 pF
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HN4827128G-25, HN4827128G-30, HN4827128G-45

HMPROGRAMMING OPERATION
©DC PROGRAMMING CHARACTERISTICS (Ta=25C+5°C, Vec=5Vt5%, Ver=21V10.5V)

Parameter Symbol Test Condition min typ max
Input Leakage Current I Vin=5.25V —_ - 10
Output Low Voltage During Verify Vo Toe=2.1mA — - 0.45
Output High Voltage During Verify Vou Toy= —400uA 2.4 — -
Vee Current (Active) Tece — — 100
Input Low Level \ —0.1 — 0.8
Input High Level Vin 2.0 — Veet+1
Ver Supply Current Iep CE=PGM=V,, - = 30

® AC PROGRAMMING CHARACTERISTICS (Ta=25'C+5C, Voc=5Vt5%, Ver=21V£0.5V)

Parameter Symbol Test Condition min typ max
Address Setup Time tas 2 - -
OE Setup Time toxs 2 et —
Data Setup Time tps 2 — —
Address Hold Time tan 0 — -
Data Hold Time ton 2 - -
OE to Output Float Delay tor 0 — 130
Ver Setup Time tvs 2 - —
PGM Pulse Width During Programming tew 45 50 55
CE Setup Time tees 2 — -
Data Valid from OE tor - — 150

Note : tor 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: 0.8V to 2.2V
Input Rise and Fall Time: <20ns
Reference Level for Measuring Timing: Input; 1V and 2V
Output; 0.8V and 2V
Program Program
Verify
Address y
X K
ot -

{ Data Out
Data Data In Stable ——<_ ¢
p Valid

=]
= tcEs

toH

PCM
oW LOES I ok
—e

® ERASE

Erasure of HN4827128 is performed by exposure
to ultraviolet light of 25637A 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/cm?.

256 O HITACHI



HN4827128G-25, HN4827128G-30, HN4827128G-45

HHIGH PERFORMANCE PROGRAMMING m
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
Vep=2110.5V Vec=6.040.25V

L Program tew=1Ims+5% j

@l-‘;\ddress l

—=JGo

L Program torw =4n ms‘l

LAST
Address?

$=10,11,+15

YES

SET READ MODE
Vee=5.0£0.25V Vpp= Ve +0.6V

READ
All Address

High Performance Programming Flowchart

@ AC PROGRAMMING CHARACTERISTICS (T2=25C £5°C, Vec=6V+0.25V, Vep=21V+0.5V)

Parameter Symbol Test Condition min typ max Unit
Address Setup Time tas 2 — — us
OE Setup Time toes 2 - — us
Data Setup Time tps 2 - — us
Address Hold Time tan 0 — - us
Data Hold Time ton 2 - - us
OE to Output Float Delay* tor 0 - 130 ns
Ver Setup Time tvps 2 — - s
Vec Setup Time tves 2 - - us
PGM Pulse Width during Initial Program tew . 0.95 1.0 1.05 ms
PGM Pulse Width during Over Program** tomw 3.8 - 63 ms
CE Setup Time tces 2 — — us
Data Valid from OE tos — — 150 | ns
#* tpr defines the time at which the output achieves the open circuit conditions and is not referenced to output voltage levels.
%% lopwis defined as mentioned in flow chart. :
® SWITCHING CHARACTERISTICS [=———Progran——=t=—Program Verity ~
eas Adds
Test Condition "’”:)]‘m_ : -
Input Pulse Level: 0.8V to 2.2V Daes . —< Duna o Sube e
Input Rise and Fall Time: <20ns sl o
. Lo . Vi
Reference Level for Measuring Timing: Input; 1V and 2V Vor 7 C“’"
Output; 0.8V and 2V
Vee+1
Ve vcc—-/Lm.
tCES
PCM
P Ao | e
OE
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HN4827128P-30

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).

Da

ta is introduced by selectively programing ““0” 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
00107
EREARER)
PCH o— POWERDOWN &
0E o-—
& PROGRAM LOGIC OUTPUT
& o BUFFERS
( o—]
: Y DECODER . Y GATING
o .

b4 :

A 131072 bi
o— X DECODER MEMORY MATRIX
o—|
0] .

o— .
o,
.o

B MODE SELECTION

Preliminary

(DP-28)

HPIN ARRANGEMENT

Vrrl_T_ 28] vec
AuE PGM
A’IE [26] A,
N 125] s
as{5] 24] As
AfE [23] An
a7 [22) OF
af8 I21) Awo
NG e
Aa@ EO)
0o 1] 18] 0s
01@ EOS
01@ Eo.

GND [[a 15] 0s

(Top View)

Pins CE OE PGM Vee, Vee Outputs
MODE (20) (22) (27) (1) (28) (11~13, 15~19)
Read \ Vie Vin Vee Vee Dout
Stand by Vin X X Vee Vee High Z
Program Vi X Vi Ver Vee Din
Program Verify Vie Vio Via Ve Vee Dout
Program Inhibit Vi X X Ver Vee High Z

X : Don't care
Note: The specifications of this device are subject to change without notice.
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HN4827128P-30

EABSOLUTE MAXIMUM RATINGS

Item Symbol Value Unit
Operating Temperature Range Topr 0to +70 ‘c
Storage Temperature Range Tos —55 to +125 ‘C
All Input and Output Voltages® Vin, Ve —0.3to +7 v
Ver Voltase‘ Ver —0.3to +26.5 \
Vee Voltage* Vee —0.3to +7 v

* with respect to GND

HEREAD OPERATION

® DC AND OPERATING CHARACTERISTICS (T, =0 to +70°C, Vo = 5V £ 5%, Vpp = Ve £ 0.6V)

Parameter Symbol Test Conditions min typ max Unit
Input Leakage Current Iur Vee=5.25V, Vix=5.25V — — 10 uA
Output Leakage Current Io Vee=5.25V, Vou=5.25V/0.45V — - 10| wA
Vep Current Iep Vep=Vcc+0.6V - — 5 mA
Vec Current (Standby) Icer CE=Vu - - 35| mA
Vee Current (Active) Icce CE=OE=Vy. - 60 100 | mA
Input Low Voltage Vie —0.1 — 0.8 \4
Input High Voltage Viu 2.0 — Vec+1 v
Output Low Voltage Vo Tor=2.1mA — — 0.45 v
Output High Voltage Vou Ton=—400pA 2.4 — - v
® AC CHARACTERISTICS (7, = 0 to 70°C, Vg = SV * 5%; Vpp = Vg * 0.6V)

Parameter Symbol Test Conditions min max Unit

Address to Output Delay tace CE=0E=Vj - 300 ns
CE to Output Delay tcE OE =1y, - 300 ns
OE to Output Delay toE CE=Vp - 120 ns
OE High to Output Float* tpF CE=Vp 0 105 ns
Address to Output Hold tox CE=0E=Vp 0 - ns

* tpr 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 Levels:
Input Rise and Fall Time:
Output Load:

0.8V to 2.2V
<20ns
1 TTL Gate + 100 pF

Reference Level for Measuring Timing: Inputs; 1V and 2V

Outputs; 0.8V and 2.0V

Address

A K

Standby Mode

Active Mode

tace _"ﬁ._‘
Data Out <<\\ Data Out Valid
@ CAPACITANCE (Te=25C, f=1MHz)
Parameter Symbol Test Condition min typ max Unit
Input Capacitance Ci. V=0V — 4 6 pF
Output Capacitance Cout Vou=0V - 8 12 pF
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HN4827128P-30

HPROGRAMMING OPERATION

®DC PROGRAMMING CHARACTERISTICS (Ta=25C+5C, Vec=5V+£5%, Ver=21V10.5V)

Parameter Symbol Test Condition min typ _ Unit
Input Leakage Current I Vin=5.25V - - 10| uA
Output Low Voltage During Verify Vo Tor=2.1mA — - 0.45 A\
Output High Voltage During Verify Vou Ton=—400uA 2.4 — —_ v
Vec Current (Active) Icce - — 100 mA
Input Low Level Vi —-0.1 - 0.8 A
Input High Level Vin 2.0 — Vec+1 v
Ver Supply Current Iep CE=PGM=V, - - 30| mA
© AC PROGRAMMING CHARACTERISTICS (Ta=25C +5°C, Vec=5V+5%, Vep=21V+0.5V)
Parameter Symbol Test Condition min typ max Unit
Address Setup Time tas 2 - —_ us
OE Setup Time toes 2 — - us
Data Setup Time tps 2 — — us
Address Hold Time Lan 0 - — us
Data Hold Time ton 2 — - us
OE to Output Float Delay tor 0 -— 130 ns
Ver Setup Time tvs 2 — — us
PGM Pulse Width During Programming trw 45 50 55 ms
CE Setup Time tees 2 — — us
Data Valid from OE tor - - 150 ns

Note : tor 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: Input; 1V and 2V

0.8V to 2.2V
<20ns
Output; 0.8V and 2V
Program Program
Verify

Address
fas tan
Data _{ Data In Stable >..____..< e:‘l‘ido“‘
s toF,
-2
Ver
Vep
Vee tvs
CE
tees
— .
PGM
L logs L0E
—
OE
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HN4827128P-30

B 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
Vep=2110.5V Vec=6.0%0.25V

]

Address+ 1—Address l

$=10,11,+15

SET READ MODE
Vec=5.0£0.25V Vpp= Vec 0.6V

High Performance Programming Flowchart

® AC PROGRAMMING CHARACTERISTICS (Ta=25C£5C, Vec=6V+0.25V, Vpr=21V+£0.5V)

Parameter Symbol 1Test Condition min typ max Unit
Address Setup Time tas 2 - - us
OE Setup Time toes 2 — — us
Data Setup Time tos 2 — — us
Address Hold Time tan 0 — — HS
Data Hold Time tow 2 - — us
OE to Output Float Delay* tor 0 - 130 ns
Ver Setup Time tvps 2 - — us
Vee Setup Time tves 2 - — us
PGM Pulse Width during Initial Program tow 0.95 1.0 1.05 ms
PGM Pulse Width during Over Program** torw 3.8 — 63 ms
CE Setup Time tces 2 — — us
Data Valid from OE toe - - 150 ns
* tpr defines the time at which the output achieves the open circuit conditions and is not referenced to output voltage levels.
*% topwis defined as mentioned in flow chart.
@ SWITCHING CHARACTERISTICS [=———Program f=—Progran Verify =]
"y Address
Test Condition iy T
Input Pulse Level: 0.8V to 2.2V Dats ——¢ Duta [In Suble oo
Input Rise and Fall Time: <20 ns tos= e

Reference Level for Measuring Timing:

G HITACHI

Input; 1V and 2V
Output; 0.8V and 2V

Ver
Ver Vcc-—@.
Vec+1
v:c—/L‘ﬂ,
tcES

= -
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HN27256G-25, HN27256G-30 —

32768-word x 8-bit UV Erasable and Programmable ROM

= FEATURES
® Single Power Supply

® High Performance Programming

+B6V £5%

. Program Voltage: +12.5V

D.C.
Automated Programming
Operations

Preliminary

® Static . .......ci i, No Clocks Required
® Inputs and Outputs TTL Compatible During Both Read and
Program Modes
® AccessTime ............... HN27256G-25: 250ns(max.) (DG-28)
HN27256G-30:300ns(max.)
. . [ ] T
® Absolute Max. Rating of Vp, pin. . 13.0V PIN ARRANGEMEN
® Low Stand-by Current . ........ 40mA (stand-by)
® Compatible with INTEL 27256 L N R Y C®
Az E 27] Au
= BLOCK DIAGRAM » E g hs
As | 4 25| As
sopREss O 13— ]
: #s [5] 2¢] A
g 512 R 512 N 23] An
é MEMORY MATRIY s ’z @ 5
= Az E @ Ao
ADDRESS O'—i:__l)—- l ....... A E E E
Ve o Y-GATIMC a0 {1 15 o
o [u] 18] 0
o Y-OECODEZ o E — 0
\—/\JR 02 @ 16} O«
GND @ 15] 0s
-+ {Top View)
CE 0> O~_—"">0
OE 0o ADDRESS ADDRESS
Vee O——
vee : HIGH TERESHOLD
Vss O— INVERTER
= MODE SELECTION
Pins CE OE A, Vop Voo Outputs
Mode (20) 22) (24) (1) (28) (11 ~13,15~19
Read VIL VIL X VCC VCC Dout
Output Disable ViL 4773 X Vee Vee HighZ
Stand by Vin X X Vee Vee High Z
High Performance Program ViL Vig X V pp Vee Din
Program Verify Vig Vi X Vpp Vee Dout
Program Inhibit Viu Vi X Vep Vee HighZ

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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u ABSOLUTE MAXIMUM RATING

Item Symbol Value Unit
Operating Temperature Range Topr 0 to +70 °C
Storage Temperature Range Tsig —65 to +125 °C
Storage Temperature Range Under Bias Tbias -10 to +80 °C
All Input and Output Voltages* Vins Vout -06 to +7 Vv
Voltage on Pin 24 (A, )* Vip -0.6 to +13.5 v
Vpp Voltage* Vpp -0.6 to +13.0 v
VecVoltage* Vee ~-0.6 to +7 v

* with respect to GND.

= READ OPERATION
® DC AND OPERATING CHARACTERISTICS (T2=0~+70°C, Vcc=5V5%, Vyp=Vcc)

Parameter Symbol Test Conditions Min. Typ. Max. Unit
Input Leakage Current Iy ViN=55V - - 10 A
Output Leakage Current Iro Vout = 5.5V/0.45V - - 10 uA
Vpp Current Ippy Vpp=55V - . 5 mA
Vee Current (Standby) Icar CE =V - - 40 mA
Vce Current (Active) Icc2 CE =0F =Vp, - 45 100 mA
Input Low Voltage Vir -0.1 - 0.8 v
Input High Voltage Vig 2.0 - Vee+ 1 v
Output Low Voltage Vor Iop =2.1 mA - - 0.45 v
Output High Voltage Vou Ioy = —400 A 24 - - v

® AC CHARACTERISTICS (72=0~70°C, Vcc=5V+5%, Vpp=Vcc)

. HN27256G-25 HN27256G-30 .
Parameter Symbol Test Condition - - Unit
min. max. min. max.

Address to Output Delay tacc CE=0E=Vp - 250 - 300 ns
CE to Output Delay IcE OE=Vy - 250 - 300 ns
OE to Output Delay toE OE=Vy, - 100 - 120 ns
OE High Output Float tpr CE=Vy 0 60 0 105 ns
Address to Output Hold ton CE=0E=Vy 0 - 0 - ns

Note: tpp defines the time at which the Output achieves the open circuit condition and Data is no longer driven.

= SWITCHING CHARACTERISTICS
® TEST CONDITION

® [nput pulse levels: 0.8V to 2.2V

® Input rise and fall time: <20ns

® Qutput load: 1 TTL Gate +100pF

® Reference level for measuring timing: Inputs ; 1.0V and 2.0V

QOutputs ; 0.8V and 2.0V
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' HN27256G-25, HN27256G-30

i
.y
Addres >§F ><7
R—. A
[5) O ———
- / d—by Mod
Stand —by Mode Active Mode B Stan y Mode
l('l{——-—-!
” /
P
tog——= PR S —
L—_—hw—*.—» ton
Data Out Valid
Data Out L 9——
AN

® CAPACITANCE (T2=25°C, f=IMHz)

Parameter Symbol Test Condition Min. Typ. Max. Unit.
Input Capacitance Cin Vin=0V - 4 6 pF )
Output Capacitance Cout Vour=0V - 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.

START

SET PROG./VERIFY MODE
Vep=12.5%0.3V, Vcc=6.0+0.25V

Address=0

Program tyw =1ms*5%

[ Address + 1—Address

L Program topw=23n ms I

$=10,11,. 25 LAST NO
Address?
-SET READ MODE
Vee=Vpp=5.0V£0.25V
NOGO

READ
All Address

FAIL

High Performance Programming Flowchart
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» HIGH PERFORMANCE PROGRAMMING OPERATION
e DC PROGRAMMING CHARACTERISTICS (T2=25°C#5°C, V=6V10.25V, Vpp=12.5V+0.3V)

Parameter Symbol Test Condition min. typ. max. Unit
Input Leakage Current I ViN=5.25V - - 10 kA
Output Low Voltage During Verify VoL Ior, =2.1 mA - — 0.45 A\
Output High Voltage During Verify | Vowu Ioy = —400 uA 24 - - \"
Ve Current (Active) Icc2 - - 100 mA
Input Low Level Vir -0.1 - 0.8 v
Input High Level Vi 2.0 - Veet1 v
Vpp Supply Current Ipp2 CE=Vq - - 50 mA

® AC PROGRAMMING CHARACTERISTICS (T2=25°C£5°C, Vc=6V+0.25V, Vpp=12.5V+0.3V)

Parameter Symbol Test Condition min. typ. max. Unit
Address Setup Time IAS 2 — - us
OE Setup Time tOES 2 - - us
Data Setup Time tps 2 - - us
Address Hold Time tal 0 - - us
Data Hold Time tDH 2 - — us
OE to Output Float Delay tpFP 0 - 130 ns
Vpp Setup Time typs 2 - - us
Vee Setup Time tycp 2 - - us
PGM Pulse Width During Initial Programming | tpw 0.95 1.0 1.05 ms
CE Pulse Width During Overprogramming - torw 2.85 — 78.75 ms
CE Setup Time tcEs 2 - - us
Data Valid from OE toE - - 150 ns

Notes: fopw is defined as mentioned in flow chart.

tppp defines the time at which the output achieves the open circuit condition and data is no longer driven.
= SWITCHING CHARACTERISTICS
® TEST CONDITION

® Input pulse level: 0.8V to 2.2V
® [nput rise and fall time: <20ns
@ Reference level for measuring timing: Input ; 1.0V and 2.0V Output; 0.8V and 2.0V
——Program——*vzgigfr;m-.
Address:)
et 4 5e i tulla——a
Data ——q Data In Stable I\ya:;»dum
vep |08 m DEP
wa tvps
Vee+1
Vee Yeeftves
CE N\
t rw i A‘ loe
OF PY Q{ E
= ERASE

Erasure of HN27256G is performed by exposure to ultraviolet light of 2637A 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 16W. sec/cm?.
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HNS58064P-25,HNS58064P-30, —
HNS8064P-45

8192-word x 8-bit Electrically Erasable and Programmable ROM

8 FEATURES

® Single 5V Supply

©® Address, Data, CE, OF Lathes

® Byte Erase/Byte Write Time ...... 10ms typ.

® Chip Erase Time ....... 20ms typ.

® Fast Access Time ...... 250/300/450ns max.

® Low Power Disispation....... 100mA (max) Active
40mA (max) Standby

® Comforms to JEDEC Byte-Wide Standard

® Reliable N-channel MNOS Technology

® 10000 Erase/Write Cycles

® BLOCK DIAGRAM

Vee O
Vss O

High Voltage Generator

"y

1/0 Buffer
and

Erase, Write, Powerdown Control Logic

Input Latch

)

¢ y;

1

7.

Address

Buifer
and

Latch

E> Y Decoder E:>

* ¢

Y Gating

Memory Array
(256X 256)

X Decoder

® MODE SELECTION

Pins CE OF WE 1/0
Mode 20) (22) (V1)) (11~13,15~19)
Read VL Vi Vin Dout
Standby Vi X X High Z
Byte Erase ViL Via ViL Din = Vi
Byte Write Vir Vin ViL Djn
Chip Erase Vir Vir ViL Din=Vig
Deselect ViL Via Vin High Z
X: Vi, ot Vig
266 G rHiITACH!

Preliminary

(DP-28)

® PIN ARRANGEMENT

NC E 28] Vec
an 7] 77] WE
a3 26] NC
A 1] [25] As
As E E As
A 6] 23] Au
a 7] [22) OF
2 [3] [21] A
x [] 20) CE
%[ 1) /0,
i m 18] 1/05
1o [iz] [17]1/0s
vo: [ (16]1/0¢
vss [14] [15]1/05
(Top View)
A,~A,, Address Input
1/0,~1/0, Data in/Data out
OE Output Enable
CE Chip Enable
WE Write Enable
Yee Power (+5V)
Vss GND
NC No Connect

Note: The specifications ot this device are
subject to change without notice.
Please contact your nearest Hitachi’s
Sales Dept. regarding specifications.



8 ABSOLUTE MAXIMUM RATINGS

HN58064P-25, HN58064P-30, HN58064P-45

Item Symbol Value Unit
Supply Voltage* Vee -0.3t0+7.0 v
Input Voltage* Vi -0.3 to +7.0 v
Operating Temperature Range Topr 0to+70 °C
Storage Temperature Range Tty ~55t0+125 °C
* With Respect to Vgg
® RECOMMENDED DC OPERATING CONDITIONS
Item Symbol min typ max Unit
Supply Voltage Vee 4.5 5.0 55 \'%
Input Voltage Vi 0.1 - 0.8 v
Vi 2.0 - Veetl A\
Operating Temperature Topr 0 - 70 °C
® DC AND OPERATING CHARACTERISTICS (T, =0 to 70°C, Voc = 5V +10%)
Parameter Symbol Test Condition min typ max umit
Vcc =5.5V _ _
Input Leakage Current I Vin = 5.5V 10 BA
Vee =5.5V
Output Leakage Current Ito ngt =55~04V - - 10 HA
Vcc Current (Standby) Icci - 20 40 mA
: CE=0E =V,
Vo Current (Act I VE < 1 - 6 1
cc Current (Active) cc2 WE = Viy 0 00 mA
Input Low Voltage Vir -0.1 - 0.8 v
Input High Voltage Vig 2.0 - Voctl v
Output Low Voltage VoL Iogp =2.1mA - - 0.4 \4
Output High Voltage Vou Ioy = —400uA 2.4 - - v
B CAPACITANCE (T, =25°C,f=1MHz)
Parameter Symbol Test Condition min typ max unit
Input Capacitance C; Vin =0V - - 6 pF
Output Capacitance Cout Vin =0V - - 12 pF

W AC TEST CONDITIONS

Input Puise Levels:

Rise and Fail Time:

Output Load:

Reference Level for Measuring
Timing:

0.8V to 2.0V Input

< 20ns

1TTL Gate + 100pF
Inputs; 1V and 2V

Qutputs; 0.8V and 2.0V

@ HITACHI
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HN58064P-25, HN58064P-30, HN58064P-45

B AC CHARACTERISTICS (T, = 0 to 70°C, V¢ = 5V + 10%)

® READ OPERATION

HN58064P-25 | HN58064P-30 | H 4
Parameter Symbol Test Condition o 06 maxS min ax ;;806 l::(s Unit
Address to Output Delay tacc -‘?V—%Z?,f; g2 - 250 - 300 - 450 ns
CE to Output Delay teg 10 ‘I',?;I - | 250 | - | 300 | - |450 | ns
OE to Output Delay toE %2 I"}& - 100 - 150 - 150 ns
Address to Output Hold toH VEV-TE:(I)/];:; Vi 0 - 0 - 0 - ns
OF High to Output Float toF 0 ‘,’,’I’;{ 0 9 | o | 130 ] o | 130 | mus
® WAVEFORM ..... READ CYCLE
ADDRESS
tace ton
|
CE
icE
OF
tog toF
High
WE
DATA Data Out Valid
N
® 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 tcES 10 - - ns
CE Hold Time tcEH 50 - - ns
OE Setup Time tOES1 10 - - ns
OE Hold Time tOEH 50 - - ns
WE Pulse Width tweP1 8 10 15 ms
WE High Time twEH 500 - - ns
Data Setup Time tps 10 - - ns
Data Hold Time tpr 50 - - ns

268
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HN58064P-25, HN58064P-30, HN58064P-45

® WAVEFORM - - - - - ERASE AND WRITE CYCLE

ADDRESS X }<
tAs taH
v
X

1

I

tces teER
I 10ESY LoEH

_/V \ [ twen
T N

LWEPI
r 1

N
DATA —_< Data in Stable 7

® 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 tps 10 - - ns
Data Hold Time tpy 50 - - ns

WAVE FORM -. ... CHIP ERASE

toEs2 LOEH l

" &P
tWEP?2

tWEH

N rd
J ICES tCEH I
=
TN

tps toy

Data in Stable
DATA £ 1
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HN58064P-25, HN58064P-30, HN58064P-45

® SEQUENCE OPERATION

Parameter Symbol Test Condition min typ max Unit
WE Setup Time twes 150 - - ns
WE to OF Time two 50 - - ns
WE High Time tWEH 500 - - ns
® WAVE FORM
[rEaD ] [ cmpEerase ] [ BYTE ERASE/WRITE | [READ ]

270

ADDRESS* VALID )

Don’t Care

]
/ Don’t Care \

X VALID x Don’t Care *( VALID

RSN
Don't Care ‘\

[
i
[}
|

5E _\_/ \ ! Don't Care ]

twes
WE \

\_

twen

\ Don’t Care
two two

' -
DATA ———-@—{ IN VALID Y—sit { IN VALID y—f+ e
1
[[para ] [ByTE erASE/WRITE] [ BYTE ERASE/WRITE | [rEan]
,

i
ADDRESS VALID X% VALID x Don’t Care! x VALIO X Don’t Care
/ Don’t Care \

CE \__ /&

X VALID

¥
/  Don't Care
o

4

A\

: .
b ——-\J \ Don’t Care A

Hwes

4
\ Don't Care

two

GO HITACHI

{ IN VALID Y——i Lo
\ ’ ’ \ VALID



BIPOLAR RAM
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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 10K ECL level
® Address access time:  HM10414: 10ns (max.)

HM10414-1: 8ns (max.)
® Write pulse width: 6ns (min.)
Three chip select pins
® Output obtainable by wired-OR (open emitter)

HTRUTH TABLE

Input
p— — Output Mode
CS WE Din
any one H X X L Not Selected
all L L L L Write 0"
all L L H L Write “1”
all L H x Dout * Read

X [ Don't care
#* : Read out non-inverted

HE BLOCK DIAGRAM

Sense Amp. I
Write Drivers
Y Address
Decoder

A A

M ABSOLUTE MAXIMUM RATINGS

Item Symbol Rating Unit
Supply Voltage Vee to Ve +0.5 to —7.0 v
Input Voltage Vi +0.5 to Vee v
Output Current Tou -30 mA
Storage Temperature Tue —65 to +150 C
Storage Temperature Tus(Bias)* —55 to +125 ‘C

* Under Bias
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Aol 1

N/
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E] Dout
14| WE
EDin
o
o
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HM10414, HM10414-1

B ELECTRICAL CHARACTERISTICS
®DC CHARACTERISTICS (Vez=—5.2V, R.=5090 to —2.0V, Ta=0 to +75°C, air flow exceeding 2m/sec)

Item Symbol Test Condition min B) typ max (A) Unit

’ 0°C | —1000 — | -840
Vo +25°C —960 - —-810

Output Voltage Viv=Viss or Viis +75:C kL — —20 mV
0°C —1870 - — 1665
Voo +25°C —1850 - —1650
+75°C —1830 - —1625
0C ~-1020 - -
Vone +25°C —980 - -

Output Threshold Voltage Vix="Viug or Viia +75:C 920 — — mV
0°C - - —1645
Ve +25°C - - —1630
+75°C - - —1605
0°C | —1145 - —840
Vin Gtxarameed Input Voltage To5C 1108 — 810
High for Al Inputs T75C 1065 — 720

Input Volsage 0C 1870 — 1490 mV
Vie Guaranteed Input Voltage T25C 1850 — a5
Low for All Inputs T75C 1830 — 1450
Ly Vin=Vim Uto +75°C - - 220

Input Current . CS Vism Vit 0 to L75°C 0.5 - 170 A
Other —50 - -
All Input and Output Open, +75°C - —130 -

Supply Current Ire Test Pin 8 0C 180 Y™ — mA

® AC CHARACTERISTICS
(Vee=—5.2V+5%, Ta=0 to +75°C, air flow exceeding 2m/sec, see test circuit and waveforms)
1. READ MODE

HM10414 HM10414-1
Item Symbol Test Condition - - Unit
min typ max min typ max

Chip Select Access Time tack - 3 6 - 3 6 ns
Chip Select Recovery Time trcs - 3 6 - 3 6 ns
Address Access Time tan - 7 10 - 6 8 ns
2. WRITE MODE

Item Symbol Test Condition min typ max Unit
Write Pulse Width tw twsa=2ns 6 4 - ns
Data Setup Time twsp 1 0 - ns
Data Hold Time twip 1 0 - ns
Address Setup Time twsa tw=6ns 2 0 - ns
Address Hold Time twha ) 2 0 - ns
Chip Select Setup Time twscs 1 ¢ — ns
Chip Select Hold Time twncs 1 0 - ns
Write Disable Time tws -~ - 5 ns
Write Recovery Time twe - - 5 ns
3. RISE/FALL TIME

Item Symbol Test Condition min typ max Unit
Output Rise Time t - 1.5 2.5 ns
Output Fall Time 17 - 1.5 2.5 ns
4. CAPACITANCE

Item Symbol Test Condition min typ max Unit
Input Capacitance Cin - 3 5 pF
Output Capacitance G - 5 8 pF
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B TEST CIRCUIT AND WAVEFORMS

1. LOADING CONDITIONS 2. INPUT PULSE
GND

T -0.9V
80%
16 g5

20%
-1.7v
HM10414 R Ci

l I t,=t;=20ns typ
3 =

0.01xF —-20V

L 0 ,
T Ve RiL=50Q

C=30pF(includes jig and stray capacitance)

3. READ MODE

Address 50%

bty

Dout 50%

4. WRITE MODE
I 50%i ——————————————————————— :
: !
Address : 50%%-——-——————————————:—X |

. | -
o bos0% Y — — i
WE p——t wa—]

i—-f wsh—
L—‘l wsa T tw - LwHes
i

Dout Fwsc
SUPPLY CURRENT SUPPLY CURRENT
vs. AMBIENT TEMPERATURE vs. SUPPLY VOLTAGE
200 200
180 180
=
< 60
MR z b
N e e
5 140 \\\ ; 140
—‘;1 S~ g;)
Mt —; 120
@
100 100
Vee=-5.20V Ta=25C
80 " |
=20 0 20 40 60 80 100 -5.72 =520 —4.68
Ambient Temperature Ta (‘C) Supply Voltage Ve (V)
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Address Access Time t4a (ns)

Chip Select Access Time facs (nsi

Write Pulse Width tw (ns}

ADDRESS ACCESS TIME
vs. AMBIENT TEMPERATURE

1

s — 3
7 . G
WML b
‘ <
6| ! D 3
e ul 3
5
‘ Vee=~5.20V
4 ’ L
—20 20 40 60 80 100
Ambient Temperature Ta ('C)
CHIP SELECT ACCESS TIME
vs. AMBIENT TEMPERATURE
6
5
f g
H
3 =
2 -5
5
1
Vee=—-5.20V
0 i It
-20 20 40 60 80 100
Ambient Temperature Ta ('C)
WRITE PULSE WIDTH
vs. AMBIENT TEMPERATURE
6
5
—~— -
4 £
x
3
3 g
]
2 4
b}
=
1
Veg= =520V
0
~20 0 20 40 60 80 100

Ambient Temperature Ta (T)

O HITACHI

v

ADDRESS ACCESS TIME
vs. SUPPLY VOLTAGE

S
AMI0AM
S, !
-
j
o]
Ta=25C
-5.72 —520 —4.68

Supply Voltage Vee

V)

CHIP SELECT ACCESS TIME
vs. SUPPLY VOLTAGE

6

6

L

Ta=25C
- 572 - 5.20 - 4.68
Supply Voltage Ver V)
WRITE PULSE WIDTH
vs. SUPPLY VOLTAGE
Ta|=25'C
~5.72 ~520 —4.68

Supply Voltage Ver (V')

HM10414, HM10414-1
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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.

® |tis compatible with 10K ECL logic.

® Chipselectaccesstime ............. 10ns (max.)

® Addressaccesstime ............... HM2110: 35ns (max.)
HM2110-1: 25ns (max.)

® Power consumption ,............... 0.5mW/bit (typ)

® Qutput obtainable by Wired-OR (open emitter).

HTRUTH TABLE

Input
— — Output Mode
CS WE Din
H X X L Not Selected
L L L Write 0"
L L H Write “1"
L H X Dout* Read

X ©irrelevant
#* . Read out noninverted

HBLOCK DIAGRAM

Word Drivers

Write Drivers
and Sense Amp

X Address
Decoder

As As A An Ay

HABSOLUTE MAXMUM RATINGS

Item Symbol HM2110 Series Unit
Supply Voltage Vee to Vec +0.5 to —7.0 \Y
Input Voltage Vin ) +0.5 to Ve \%
QOutput Current Tou —-30 mA
Storage Temperature T —65 to +150 °C
Storage Temperature T..(Bias)* —55 to +125 °C
#* Under Bias
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BELECTRICAL CHARACTERISTICS
®DC CHARACTERISTICS (V:e=—5.2V, R.=500 to —2.0V, Ta=0 to +75°C, air flow exceeding 2m/sec)

HM2110, HM2110-1

Item Symbol Test Condition min(B) typ max(A) Unit
0'C | —1000 - —840
Vou +25°C —960 - —810
+75°C —900 - —-720
Output Voltage Vin=Viua or ViLs - mV
0'C | —1870 - —1665
Voo +25C | —1850 — —1650
+75°C | —1830 - —1625
0C —1020 - —
Voue +25°C —980 — -
+75°C —920 — —
Output Threshold Voltage Vin=Vius or Viea - mV
0C - - —1645
Vore +25°C - - —1630
+75C - — —1605
. v 0C | —1145 - —840
Vin Guaranteed Input Voltage T5C 110 — 810
High for All Inputs
+75C | —1045 - —720
Input Voltage ~ - mV
G il v 0°C | —1870 - —1490
t t t
Vi uaranteed Input Voltage +25C | —1850 — [ -
Low for All Inputs
+75°C | —1830 — —1450
Iy Vin=Viua 0 to +757C - - 220
Input Current Cs . 0.5 — 170 KA
I Vin=Vi.s 0 to +75°C
Other -50 — -
All Input and Output Open, | 0= Ta<25C —150 —100 —
Supply Current Tee K " mA
Test Pin 8 Ta225C —125 —90 -
®AC CHARACTERISTICS
(Vee=—5.2V £5%, Ta=0 to +75°C, air flow exceeding 2m/sec, see test circuit and waveforms)
1. READ MODE
HM2110 HM2110-1
Item Symbol Test Condition Unit
min typ max min typ max
Chip Select Access Time tacs - 7 10 — 7 10 ns
Chip Select Recovery Time tres — 7 10 - 7 10 ns
Address Access Time tas - 20 35 - 15 25 ns
2. WRITE MODE
HM2110 HM2110-1
Item Symbol Test Condition - - Unit
min typ max min typ max
Write Pulse Width tw twsa=8ns 25 — - 25 - - ns
Data Setup Time twsp 5 —_ - 5 - - ns
Data Hold Time twhp 5 - - 5 - - ns
Address Setup Time twsa tw=25ns 8 - - 8 — —_ ns
Address Hold Time twna 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 twr — - 10 - 10 ns
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3. RISE/FALL TIME

Item Symbol Test Condition min typ max Unit
Output Rise Time tr - 5 - ns
Output Fall Time ty —~— 5 —_— ns
4. CAPACITANCE
Item Symbol Test Condition min typ max Unit
Input Capacitance Cin — 4 5 pF
Output Capacitance Cout - 7 8 pF
B TEST CIRCUIT AND WAVEFORMS
1. LOADING CONDITION 2. INPUT PULSE
GND -
0.9V 0%
T 20%
16 B ¢ t
1
HM2110 t, =tr =2.5ns typ
Ri. [
8 I
0.01uF I —ov
= Vé Ru=50Q
EE CL=30pF(includes probe and

jig capacitance)

3. READ MODE
Address 50%
taa
Ving
Dout Vita
4. WRITE MODE
cs L /
N /
Address so%%— ———————————————————— %
- o e =y, e —tm—————————
Din [T/ Ay
e - 7
fo- WHD
— so . ___ 4
vE twsolN Sfe—t wis—]
t wsa tw t WHC S =
————— o o] e 2 o 7
Dout L wscs Vi 7] Ve

heet WS P—_l [rrom——
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Address Access Time 24 (ns)

SUPPLY CURRENT vs.
AMBIENT TEMPERATURE

120
100
\\

E 80 ——
kS
P e
H
(]
el
E 40

20

0

-20 0 20 40 60 80 100

Ambient Temperature Ta ('C)

ADDRESS ACCESS TIME vs.

AMBIENT TEMPERATURE

HM2110

HM2110-1

DT

1
L—

A\
\

—-20 20 40 60

Ambient Temperature Ta (°C)

80 100

@ HITACHI

Supply Current e (mA)

SUPPLY CURRENT vs.
SUPPLY VOLTAGE

HM2110, HM2110-1

120
100 — —
80 /
/

1/
40 /
) //
0 -1 -z -3 -1 -5 -6

Supply Voliage Ve (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.
B FEATURES
@ Level ... .. ... ... ... .., 10k ECL Compatible
® Construction ........................ 1024-word by 1-bit
® Address Access Time ................. HM2112 10ns (max.)
) HM2112-1 8ns (max.)
® ChipSelect Access Time ...........ccovvvnnnnn 5ns (max.)
® Power Consumption .........coivuvennnnn 0.8mW/bit (typ)
e Output Obtainable by Wired-OR (open emitter) ‘DG-16A:
® Fully Pin Compatible with F10415
H TRUTH TABLE . HPIN ARRANGEMENT
I hd
— ffit Output Made Dout E 16 (Ve
Cs WE Din
H X X L Not Selected Ao[z: 5] Din
L L L L Write "0" 3] l4jcs
L L H L Write “1” A,E 13|wE
L H X Dout* Read A,E 12| A,
% I Irrelevant
% © Read out noniverted Ad 6 1] A
A,E 10]A,
EBLOCK DIAGRAM
V[EE EA.

32x%32
Memory (Top View)

cen :D————o .
{ b
N

"

£
X
=

s

Write Drivers
and Sense Amp -

I

X Address
Decoder

A5 As Az An A

M ABSOLUTE MAXIMUM RATINGS

Item Symbol HM2112 Unit
Supply Voltage Vee to Vee +0.5 to —7.0 v
Input Voltage Vin +0.5 to Vix A%
Output Current Tou -30 mA
Storage Temperature Toe —65 to +150 °‘C
Storage Temperature Tws(Bias)®* —55 to +125 °‘C

* Under Bias
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HM2112, HM2112-1

HMELECTRICAL CHARACTERISTICS
(Vee=—5.2V, R.=50Q to —2.0V, Ta=0 to +75°C, air flow exceeding 2m/sec)

®DC CHARACTERISTICS

Item Symbol Test Condition min(B) typ max(A) Unit
0C | —1000 - —840
Vou +25C —960 - —810
+75°C ~900 - —720
Output Voltage Vin=Viua or ViLs S mV
0C | —1870 - —1665
Voo +25°C | —1850 - —1650
+75°C | —1830 - —1625
0'C | —1020 - —
Vouc +25°C ~980 d -
+75C —920 - -
Output Threshold Voltage Vin=Vius or Viea - mV
0C - = —1645
Vorc +25°C - - —1630
+75°C — - —1605
G 4 0C | —1145 = —840
I Volt
Vin uaranteec Tnput Voltage F25C | —1105 — | “sw0
High for All Inputs
+75°C | —1045 - —720
Input Voltage - mV
0'C —1870 - —1490
Guaranteed Input Voltage "
Vi +25°C | —1850 - —1475
Low for "All Inputs
+75°C | —1830 - —1450
I Vin=Viua 0 to +75°C - - 220
Input Current CS i 0.5 - 170 KA
Iie Vin=Vis 0 to +75C
Other —50 - —
All Input and Output Open, Ta=0"C —200 - —
Supply C t I mA
upply Turren £ Test Pin 8 Ta=15C | —170 - —

® AC CHARACTERISTICS )
(Vee=—5.2V *5%, Ta=0 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 tacs 1 3 5 1 3 5 ns
Chip Select Recovery Time tres 1 3 5 1 3 5 ns
Address Access Time taa 3 6.5 8 3 7.5 10 ns

2. WRITE MODE

Item Symbol Test Condition - HM2t2-1 - HMz112 Unit

min typ max min typ max
Write Pulse Width tw twsa=3ns 6 2 - 6 2 - ns
Data Setup Time twsp 1 0 - 1 0 - ns
Data Hold Time twip 1 0 - 1 0 — ns
Address Setup Time twsa tw=6ns 3 0 - 3 0 — ns
Address Hold Time twia 2 0 - 2 0 — ns
Chip Select Setup Time twscs 1 0 — 1 0 —_ ns
Chip Select Hold Time twics 1 0 — 1 0 - ns
Write Disable Time tws 1 3 1 3 5 ns
Write Recovery Time twr 1 3 1 3 5 ns

@ HITACHI 281




HM2112, HM2112-1

3. RISE/FALL TIME

Item Symbol Test Condition min typ max Unit
Output Rise Time te 0.8 1.5 2.5 ns
Output Fall Time 17 0.8 1.5 2.5 ns
4. CAPACITANCE
Item Symf;ol Test Condition min typ max Unit
Input Capacitance Cin 1 3 1 5 pF
Qutput Capacitance Cont 3 5 8 pF
ETEST CIRCUIT AND WAVEFORMS
1. LOADING CONDITION 2. INPUT PULSE
GND
-0.9V
T 20%
16 -1V \ ‘
1 g !
HM2112 t,=t;=2.0ns typ
R Cu
| :’ l
0.014F -2.0V
;,r (L Ru=500
Vee CL=30pF(includes probe and jig capacitance)
3. READ MODE
Address 50%
taa
Dout 50%

4. WRITE MODE

cs 50%

Address

50% X ————————————————————————

I g ——

50%}

282

r——1
e o ———-——--J" \S

twio

G HITACHI



SUPPLY CURRENT

vs. AMBIENT TEMPERATURE

SUPPLY CURRENT
vs. SUPPLY VOLTAGE

200

180

Y
E

140

Supply Current Jrg (mA:

120

1o

80

Address Access Time tax {(ns)
~ o hd

o

w - o

~

Chip Select Access Time tacs (ns)

200
/
\\\ _ 180
< ~
E I~
S o 160 T
\\ K] —
£ om0
S
E 120
100
Vep= =520V Ta=25%C
| 80 |
~-20 & 20 40 60 80 100 -5.72 -5.20 —468
Ambient Temperature Ta (°C/ Supply Voltage Vee (V)
ADDRESS ACCESS TIME ADDRESS ACCESS TIME
vs. AMBIENT TEMPERATURE vs. SUPPLY VOLTAGE
10
_ 9
[—" 3 \\\
WM2IL2_ ] 8 ~dmzy,
uMl 3‘2,-“ |1 é % z.l\
3
5
Veg=—5.20V Ta=25C
-20 0 20 40 60 80 100 ‘ ~5.72 -5.20 -468
Ambient Temperature Tq (°C) Supply Voltage Vee (V)
CHIP SELECT ACCESS TIME CHIP SELECT ACCESS TIME "
vs. AMBIENT TEMPERATURE vs. SUPPLY VOLTAGE
6
2
g 4
& -
3 \\.\*
2 3
f’; 2
5]
1
Vee=—-520V Ta=25C
0 |
-20 0 20 40 60 80 100 =572 -520 ~468
Ambient Temperature Ta (°C) Supply Voltage Veg (V)
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HM2112, HM2112-1

284

Write Pulse Width tw (ns)

WRITE PULSE WIDTH
vs. AMBIENT TEMPERATURE

Vee= l—S.ZOV

-20 0 20 40 60 80 100
Ambient Temperature Ta (°C)

O HITACHI

Write Pulse Width 1t (ns)

w

WRITE PULSE WIDTH
vs. SUPPLY VOLTAGE

Ta=25C

-5.72

—520 -1.68
Supply Voltage Vg (V)




HM10422

256-word X 4-bit Fully Decoded Random Access Memory
The HM10422 is ECL 10K compatible, 256-word x 4-bit, read write,

random access memory developed for high speed systems such as
scratch pads and control buffer storages.

Four active Low Block Select lines are provided to select each block
independently.

The fabrication process is the Hitachi’s low capacitance, oxide
isolation method with double metalization.

The HM10422 is encapsulated in cerdip-24 pin package, compatible
with Fairchild’s F10422.

M FEATURES
256-word x 4 bit organization.

(DG-24A)

Fully compatible with 10K ECL level

Address access time: 10ns (max)

Write pulse width: 6ns (min)

Power dissipation: 0.8mW/bit

Output obtainable by wired-OR (open emitter)

B TRUTH TABLE

Input
— — Output Mode
BS WE Din
H X X L ‘Not Selected
L L L L Write “0"
L L H L Write “1”
L H X Dout* Read
Notes) X :Irrelevant
* . Read out noninvert
B BLOCK DIAGRAM A N A
5 As 7
Y-Decoder/Driver —I
I U J U U
Ao O
Memory Cell Array
A1 0 5 256 Words X4 Bits
s
A S
2 O _§ :>
e
Ay 0o X<
As o
Block 1 Block 2 Block 3 Block 4
WE 0—{ R/W Circuit [ R/W Circuit | R/W Circuit | R/W Circuit
IR EEEEEEEEER

258 1258 432 €3¢

@ HITACHI

HPIN ARRANGEMENT

veea [1]
vor 2]
[
vor 4]
w ]
ol {5 ]
otz 7]
W[

o

NG

o

Vee {12

W/

174] ver
23] o
[22] 550
Z}| s
20] BS:
1] .
E Ul
[17] &
mEs
E A
ol

@Aa

(Top View)
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HM10422
B ABSOLUTE MAXIMUM RATINGS

Item Symbol Rating Unit
Supply Voltage Vee to Vee +0.5 to —7.0 v
Input Voltage Via 4+0.5 to Vee A
Output Current Tou -30 mA
Storage Temperature Tus —65 to +150 °‘C
Storage Temperature Tus(Bias)® —55 to +125 °C
#* Under Bias

M ELECTRICAL CHARACTERISTICS
(Vee=—5.2V, R.=500 to —2.0V, Ta=0 to +75°C, air flow exceeding 2m/sec)

®DC CHARACTERISTICS

Item Symbol Test Condition min(B) typ max (A) Unit
0'C | —1000 — —840
Vou +25°C —960 — —810
Output Voltage Viv=Vina +7sc — 900 — —720 mV
or ViLs 0'C -~ 1870 —_ -1665
Voo +25°C | —1850 — —1650
+75C | —1830 - -1625
0C | —1020 — -
Vouc +25°C —980 - -
Output Threshold Voltage Vin=Vius or Viea H15C —%%0 - — mV
0C — - —1645
Vorc +25°C — — —1630
+175°C — - —1605
0C | —1145 — —840
Vin ﬁ:;’:::‘iul";‘:m‘;°"‘“ +25C | s — | a0
Input Voltage HISC | 104 — —T%0 mV
0C | —1870 — —1490
Vi i::"f::“};’lll';:::t:"'t“' F25C | —1850 — [ —ums
+75C | —1830 — —1450
I Vin=Viua 0 to +757C - - 220
Input Current BS . 0.5 - 170 KA
In Othor Vin=Vis 0 to +75°C 50 — —
All Input and Output Open, Ta=0C —200 —160 -
Supply Carrent fer | rest Pin 12 Ta=75C T -] ™
® AC CHARACTERISTICS
1. READ MODE
Item Symbol Test Condition min typ max Unit
Block Select Access Time tass - - 5 ns
Block Select Recovery Time tras — - 5 ns
Address Access Time taa hd 7 10 ns
2. WRITE MODE
Item Symbol Test Condition min typ max Unit
Write Pulse Width tw twsa=2ns 6 4.5 - ns
Data Setup Time twso 2 0 - ns
Data Hold Time twip 2 0 — ns
Address Setup Time twsa tw=6ns 2 0 — ns
Address Hold Time twia 2 0 — ns
Block Select Setup Time twsss 2 0 — ns
Block Select Hold Time twnss 2 0 - ns
Write Disable Time tws — 4 5 ns
Write Recovery Time twr - 4.5 9 ns
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3. RISE/FALL TIME

HM10422

Item Symbol Test Condition min typ max Unit
Output Rise Time te - 2 — ns
Output Fall Time ts - 2 - ns
4. CAPACITANCE
Item Symbol Test Condition min typ max Unit
Input Capacitance Cia - 4 - pF
Output Capacitance Cout - 7 - pF
B TEST CIRCUIT AND WAVEFORMS
1. LOADING CONDITION 2. INPUT PULSE
Test Circuit —0.9V
Vec(GND) ! 80%
|
I | |
-1 | : -
Dout ' l——-:
MUT. ke to=t=2.0ns typ Y
Ru ; C
0.01uF "[ Vzn -2.0V
; RL=50Q
Cr=30pF(includes
probe and jig
capacitance)
3. READ MODE
BS 50%
BS i | Address X
l)-bu-ns-l o tzs |
i lm% o tan————}
Dout I t 50%1 =
| : : 2% Dout X
..;..l i
4. WRITE MODE
BS 50”4,5\ SO%/‘
Address @( SO%X7
e e — e L
X A
A\ 4
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HM10422

Supply Current [ee (mA)

Address Access Time taa (ns)

Block Select Access Time tass (ns)

288

SUPPLY CURRENT vs.
AMBIENT TEMPERATURE

200
180
160
\\
140 '\‘
\\
120
100
Vee=—5.20V
® |
-20 0 20 40 60 80 100
Ambient Temperature Ta ('C)
ADDRESS ACCESS TIME vs.
AMBIENT TEMPERATURE
12
1
i0
9
R //
7
Vee= —5.20V
|
-20 0 20 40 60 80 100
Ambient Temperature Ta ('C)
BLOCK SELECT ACCESS TIME
vs. AMBIENT TEMPERATURE
6
5
__——'_‘_'—_—.
3
2
1
Ver=~5.20V
0 | |
o 0 20 40 60 80 100

Ambient Temperature Ta (°C)

Supply Current Igg (mA)

Address Access Time taa (ns)

Block Select Access Time tass (ns)

A HiITACHI

SUPPLY CURRENT vs.
SUPPLY VOLTAGE

200
180
160 |-
e ——
N-\\_-
140
120
100
Ta=25C
o l
-5.72 ~5.20 —4.68
Supply Voltage Ver (V)
ADDRESS ACCESS TIME vs.
SUPPLY VOLTAGE
12 T
|
1 +
10
9
8 e
S~ —
t
' }
| Ta=257C
. [
-5.72 ~5.20 —4.68

Supply Voltage Veg (V)

BLOCK SELECT ACCESS TIME
vs. SUPPLY VOLTAGE

6
5
4
3 —
[ ——
2
1
Ta=25C
0
-5.72 —5.20 -4.68

Supply Voltage Veg (V)



Write Pulse Width (ns)

WRITE PULSE WIDTH vs.
AMBIENT TEMPERATURE

Ambient Temperature Ta ('C)

—_— 3
e -

2

s

=2

=

1

&

Vee=-5.20V
0 20 40 60 80 100

G rHiITACHI

WRITE PULSE WIDTH vs.
SUPPLY VOLTAGE

Ta=25C

-5.72

-5.20
Supply Voltage Vee (V)

—4.68

HM10422
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HM10422-7

256-word x 4-bit Fully Decoded Random Access Memory
The HM10422 is ECL 10K compatible, 256-word x 4-bit, read write,

random access memory developed for high speed systems such as
scratch pads and control buffer storages.

Four active Low Block Select lines are provided to select each block
independently.

The fabrication process is the Hitachi’'s low. capacitance, oxide
isolation method with double metalization.

The HM10422 is encapsulated in cerdip-24 pin package, compatible
with Fairchild’s F10422.

8 FEATURES
® 256-word x 4 bit organization (DG-24A)
® Fully compatible with 10K ECL level
® Address access time: 7ns (max)
® Write pulse width: 4ns (min) EPIN ARRANGEMENT
® Power dissipation: 1.0 mW/bit N \ 5 vee
©® Qutput obtainable by wired-OR (open emitter) o E = b0
B TRUTH TABLE &3] ; BE
vor [ [21] vos
Input Output Mode o o
= . o pui 5 E 20] 55
H X X L Not Selected bhy E E Uls
L L L L Write “0” Ul E E bl
L L H L | Write “1” WE [8] 7] &
L H x Dout* Read _ a5 6] &
Notes) X : Irrelevant A |10 E A
# : Read out noninvert o E E N
EBLOCK DIAGRAM N . N e [E )

r T T T I (Top View)
Y-Decoder/Driver

J U U U

Memory Cell A"ruy
256 Words X4 Bits

4
?
X-Decoder/Driver

Block 1 Block 2 Block 3 Block ¢4

O 0 0 U

©—| R/W Circuit | R/W Circuit | R/W Circuit { R/W Circuit

I EEEEEEEEER

Z5g 4588358 38

&l
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HM10422-7
M ABSOLUTE MAXIMUM RATINGS

Item Symbol Rating Unit
Supply Voltage Vee to Vee +0.5 to —7.0 \Y
Input Voltage Via +0.5 to Vee v
Output Current Tout —-30 mA
Storage Temperature Tote —65 to +150 °‘C
Storage Temperature Tue(Bias)* —55 to +125 °C

# Under Bias
HELECTRICAL CHARACTERISTICS

(Vee=—5.2V, R.=50Q to —2.0V, Ta=0 to +75C, air flow exceeding 2m/sec)
®DC CHARACTERISTICS

Item Symbol Test Condition min(B) typ max (A) Unit
0'C | —1000 — —840
Vou +25°C —960 - —810
Vin=Viua +75'C —900 — —720
el or Vies 0C | —1870 T —wes | ™
Vou +25'C | —1850 — —1650
+75°C | —1830 — —1625
0'C —1020 - -
Vane +25°C —980 — —
Output Threshold Voltage Vin=Vis or Viia +75C —920 — — mV
0°C — - —1645
Vore +25°C — — —1630
+175°C - - —1605
0°C —1145 — —840
Vi ﬁ'i’;;’;'::": ul"l‘:::m?“'” £25C | —1105 — | —sw0
+75C | —1045 — —720
Input Voltage — mV
0C —1870 - —1490
Vie ﬂ:"‘:':e:"[';:::t:'°"‘“ +25C | —1850 — | —uns
+175°C | —1830 - —1450
I Vin=Vina 0 to +75°C —_ - 220
Input Current I BS Vie=Vies 0 to +75°C 0.5 — 170 KA
Other —50 - -
Supply Current Les All Input and Output Open, Ta-O:C —240 —200 - mA
Test Pin 12 Ta=75C — —180 -
®AC CHARACTERISTICS
1. READ MODE
Item Symbol " Test Condition min typ max Unit
Block Select Access Time tass - — 5 ns
Block Select Recovery Time tres — — 5 ns
Address Access Time taa — 4 7 ns
2. WRITE MODE
Item Symbol Test Condition min typ max Unit
Write Pulse Width tw twsa,=2ns 4 3 - ns
Data Setup Time twsp 1 - ns
Data Hold Time twip 1 - ns
Address Setup Time twsa tw=4ns 2 - ns
Address Hold Time twia 1 — ns
Block Select Setup Time twsas 1 - ns
Block Select Hold Time twuss 1 - ns
Write Disable Time tws - 3 5 ns
Write Recovery Time twr — 3 5 ns
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HM10422-7

3. RISE/FALL TIME

Item Symbol Test Condition min typ max Unit
Output Rise Time t. - 2 - ns
Output Fall Time t - 2 — ns
4. CAPACITANCE
Item Symbol Test Condition min typ max Unit
Input Capacitance Ci - 3 - pF
Output Capacitance Cout - 5 - pF
HTEST CIRCUIT AND WAVEFORMS
1. LOADING CONDITION . INPUT PULSE
Test Circuit ~0.9V
T Vec(GND) I80%
!
| N
-1L7v { i \ |
Dout ) l‘-—:
MU.T. L4 to=t;=2.0ns typ Ll
R ; Co
0.014F Ver -20V
T -
Cr=30pF(includes
probe and jig
capacitance)
3. READ MODE
BS 50% >|<
| | Address '
]
= tansd I"“i‘—l {
| :m% e ) S |
Dout ; 'l so%: |l
v (- 0% Dout X
==

t

4. WRITE MODE

50%,

50% 50%*
A Y 4
e e o e o e p—_—_
[ b

son .

’.————4 ——— —

s N\

Address 50%, ;E
PURIPE QURpE I

Din

WE

Dout

292
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HM10470,HM10470-1

4096-word x 1-bit Fully Decoded Random Access Memory
The HM10470 is ECL 10K compatible, 4096-words x 1-bit, read
write random access memory developed for high speed systems such
as scratch pads and control/buffer storages.

The fabrication process is the Hitachi’s low capacitance, oxide isola-
tion method with double metalization.

The HM10470 is encapsulated in cerdip-18 pin package, compatible
with Fairchild’s F10470.

® FEATURES

® 4096-word x 1-bit organization

® Fully compatible with 10K ECL level

® Address access time: HM10470  25ns (max)
HM10470-1 15ns (max)

® Write pulse width: HM10470  25ns (min)

HM10470-1 15ns (min)
® Low power dissipation: 0.2mW/bit
® Qutput obtainable by wired-OR (open emitter)

B TRUTH TABLE

Input
— — Output Mode
CSs WE Din
H X X L Not Selected
L L L L Write “0”
L L H L Write “1”
L H X Dout* Read
Notes) X :Irrelevant
* [ Read Out Noninvert
M BLOCK DIAGRAM
Ac O0—1
A, o0—i 5 64 X64
Az O—f %% g. Memory Cell
amo— 3 2 ® Array
Ao < =
Dout
As O
1 I
Sense Amp and o
Write Drivers
I WE
Y Address
Decoder Din
fzz22z:
B ABSOLUTE MAXIMUM RATINGS (Ta=25C)
Item Symbol Rating Unit
Supply Voltage Vee to Vee +0.5 to —7.0 v
Input Voltage Viu +0.5 to Ve v
Output Current Low —30 mA
Storage Temperature Tete —65 to +150 °C
Storage Temperature Tue(Bias)® —65 to +125 °C
#* Under Bias

® HITACHI

(DG -18)

Vee E

Al 2
Alé
Al 4
A5
L4

As| 7

Mf8

\J

HPIN ARRANGEMENT

oo (1]

18 ] vee
Din
BE
5] 7E
(1] A
[13] Ao
[12] %
ag
[10] &

(Top View)
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HM10470, HM10470-1

I ELECTRICAL CHARACTERISTICS

®DC CHARACTERISTICS (Ver=—5.2V, R.=500 to —2.0V, Ta=0 to +75C, air flow exceeding 2m/sec)
Item Symbol Test Condition min (B) typ max(A) Unit
0'C 1000 - —840
Vou +25°C —960 - —810
+75°C | —900 — | =720
Output Voltage Vin=Viua or ViLs " mV
0°C —1870 — | —1665
Vo +25°C —1850 — | —1650
+75C —1830 - —1625
0°C —1020 - -
Vouc +25°C —980 — -
+175°C —920 — -
Output Threshold Voltage Vin=Vius or ViLa " mV
0°C — — — 1645
Vorc +25°C — — | —1630
+75°C - — | —1605
G 0°C —1145 — —840
Vi uaranteed Input Voltage 1250 1105 — 810
High for All Inputs
+175°C —1045 — —1720
Input Voltage - mV
0'C —1870 — | —1490
Gi
Vie varanteed Input Voltage T25C 1850 — e
Low for All Inputs
+75°C —1830 — | —1450
Ly me Vina 0 to +75°C - - 220
Input Current cS . 0.5 — 170 HA
In Vin=ViLs 0 to +75°C
Other —50 - -
Ta=0'C —200* —160* -
All Input and Output Open, a=
Supply Current Iee nput and Dutput Open —280** | —200** — mA
Test Pin 9
Ta=75C — —145 —
* HM10470
* ¥ HM10470-1
®AC CHARACTERISTICS (Vee=—5.2V +5%, Ta=0 to +75°C, air flow exceeding 2m/sec)
1. READ MODE
HM10470 HM10470-1
Item Symbol Test Condition Unit
min typ max min typ max
Chip Select Access Time tacs — — 10 — — 8 ns
Chip Select Recovery Time tres — —_ 10 — — 8 ns
Address Access Time Eaa - 15 25 — 12 15 ns
2. WRITE MODE
HM10470 HM10470-1
Item Symbol Test Condition Unit
min typ max min typ max
Write Pulse Width tw twsa=3ns 25 - — 15 - — ns
Data Setup Time i twsp 2 — - 2 — — ns
Data Hold Time twap 2 - - 2 —_ - ns
Address Setup Time twsa tw=1w min 3 - — 3 — — ns
Address Hold Time twha 2 — — 2 — — ns
Chip Select Setup Time twscs 2 — — 2 — — ns
Chip Select Hold Time twics 2 — — 2 — — ns
Write Disable Time tws - - 10 — — ns
Write Recovery Time twr - —_ 10 - - ns
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3. RISE/FALL TIME

HM10470, HM10470-1

Item Symbol Test Condition min typ max Unit
Output Rise Time it - 2 — ns
Output Fall Time t et 2 - ns
4. CAPACITANCE

Item Symbol Test Condition min typ max Unit
Input Capacitance Cin - 3 — pF
Output Capacitance Cou - 5 — pF

M TEST CIRCUIT AND WAVEFORMS

1. LOADING CONDITION

Test Circuit

T Vec(GND)

M.U.T.

0.01xF ;‘E Vee

3. READ MODE

4. WRITE MODE

cs 50%

Dout

—20V

R1=50Q
C1=30pF (includes
probe and jig
capacitance)

2. INPUT PULSE

~0.9V

-1V

t-=t;=2.0ns typ

Address

Dout

N

— s

50%

Address

O HITACHI
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HM10470, HM10470-1

SUPPLY CURRENT vs. SUPPLY CURRENT vs.
AMBIENT TEMPERATURE SUPPLY VOLTAGE
200 ‘ 200
i
180 180
< ~
£ 160 E 100
L) T g uob—
E \\. 3
& 120 z 120
3 3
100 100
Ves=—520V Ta=25C
80 | | 80
=20 0 20 40 60 80 100 -5.72 —520 —4.68
Ambient Temperature Ta (C) Supply Voltage Vee (V)
ADDRESS ACCESS TIME ADDRESS ACCESS TIME
vs. AMBIENT TEMPERATURE vs. SUPPLY VOLTAGE
35 35
I g 25
£ 2
- on iy o
= & / E Ay
< _ﬁ‘ﬂ‘-‘""/ z M10d70 LT
2 15 e o e 15
2 -1 S
E F}M_\“%/ 3 HM10470-1 L™
0 / <
Ver=—520V Ta=25'C
_5 0 20 40 60 80 100 s —5.72 ~5.20 ~4.68
Ambient Temperature Ta (°C) Supply Voltage Vee (V)
CHIP SELECT ACCESS TIME CHIP SELECT ACCESS TIME
vs. AMBIENT TEMPERATURE vs. SUPPLY VOLTAGE
12 12
10 10
L <
g 3
g 6 E 6
= = HM10470
H HM10470 k] HM10470-1
;o; 4 —t——— HM10470-1 3 4
o o —r— 2
] 5
2 2
Veg=—520V =25
oL . I
-20 20 40 60 80 100 -5.72 -520 —4.68
Ambient Temperature Ta (C) Supply Voltage Vz£ (V)
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HM10470, HM10470-1

WRITE PULSE WIDTH vs. WRITE PULSE WIDTH vs.
AMBIENT TEMPERATURE SUPPLY VOLTAGE

-3

Write Pulse Width tw (ns)

2
= %
x
5
HM10470 g HML0470 | e
e aaaa e -
2
&
® ..
2 15
z
HM10470-1 ES JTLVIT Y on VN I
o
Veg=~5.20V r.=T‘c
sL ]
-® ) W80 10 S =1 iR

Ambient Temperature Ta ('C) Supply Voltage Ver (V)
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HM10470-20

4096-word X 1-bit Fully Decoded Random Access Memory

The HM10470 is ECL 10K compatible, 4096-words x 1-bit, read/
write, random access memory developed for high speed systems

such as scratch pads and control/buffer storages.

The fabrication process uses the Hitachi’s low capacitance, oxide

isolation method with double metalization.

The HM10470 is encapsulated in cerdip-18 pin package, compatible

with Fairchild’s F10470,

B FEATURES

4096-word x 1-bit organization

Fully compatible with 10K ECL level

Address access time: 20ns {max)

Write pulse width:  20ns (min)

Low power dissipation: 0.25 mW/bit

Output obtainable by wired-OR (open emitter)

M TRUTH TABLE

(DG-18)

HPIN ARRANGEMENT

Dout E

Input
— Output Mode
CSs WE Din
H X X L Not Selected
L L L L Write “0”
L L H L Write “1”
L H X Dout* Read

Notes) X : Irrelevant

% : Read Out Nonivert

HEBLOCK DIAGRAM

64 X64

Memory Cell

Decoder
I

Array

X Address
Word Driver

11977

I

Sense Amp and

Dout

o[
o[
o
o[
G
o
G

Ver E

\/

E Vee
EDin
()
15 | WE
%Au
E A
[12]

[11] &
EM

(Top View)

T3
Write Drivers
I WE
Y Address
Decoder Din
T
H ABSOLUTE MAXIMUM RATINGS (Ta=25°C)
Item Symbol Rating U_t}it
Supply Voltage Vee to Vee +0.5 to —7.0 ‘ A
Input Voltage Via +0.5 to Ve A"
Output Current Tow -30 mA
Storage Temperature Tuee —65 to +150 c
Storage Temperature Tue(Bias)* —55 to +125 'C
* Under Bias
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W ELECTRICAL CHARACTERISTICS
®DC CHARACTERISTICS (Vee=—5.2V, R.=500 to —2.0V, Ta=0 to +75°C, air flow exceeding 2m/sec)

HM10470-20

Item Symbol Test Condition min (B) typ max(A) Unit
0'C —1000 - —840
Vou +25°C —960 - —810
Output Voltage Vin=Visa or Vies +15¢C —0 il B mV
0'C —1870 - | —1665
Vo. +25°C —1850 — | —1650
T +75°C | —1830 — | —1625
i 0C [ —1020 - -
Vone +25°C —980 - -
Output Threshold Voltage Vin=Vins or Vita +75¢C 920 — — mV
0'C - — | —1645
Voic +25°C = — | —1630
+75°C - — | —1605
0C | —1145 - -840
Vin G|'nunteed Input Voltage T25C 1108 — e
High for All Inputs
Input Voltage +75°C —1045 - -720 v
0'C —1870 — | —1490
Ve Guaranteed Input Voltage 125 1850 N p—yr
Low for All Inputs
+75°C —1830 — | —1450
I Vin=Viua 0 to +75'C — -— 220
Input Current TS . 0.5 - 170 KA
In Vive=Vies 0 to +75°C
Other . —50 — -
Supply Current I All Input and Output Open, Ta=0C —260 | —220 - oA
Test Pin 12 Ta=175C - —210 -
® AC CHARACTERISTICS (Vee=—5.2V+5%, Ta=0 to +75°C, air flow exceeding 2m/sec)
1. READ MODE
Item Symbol Test Condition min typ max Unit
Chip Select Access Time tacs - - 8 ns
Chip Select Recovery Time tres — - 8 ns
Address Access Time tan - - 20 ns
2. WRITE MODE
Item Symbol Test Condition min typ max Unit
Write Pulse Width tw twsa™=3ns 20 - —_ ns
Data Setup Time twsp 3 - — ns
Data Hold Time twip 2 - - ns
Address Setup Time twsa tw= 20ns 3 — b ns
Address Hold Time twa 2 - - ns
Chip Select Setup Time twscs 3 - — ns
Chip Select Hold Time twhcs 2 - — ns
Write Disable Time tws - - 8 ns
Write Recovery Time twr - - 22 ns
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HM10470-20

3. RISE/FALL TIME

Item Symbol Test Condition min typ max Unit
Output Rise Time t, - 2 - ns
Output Fall Time tr - 2 - ns
4. CAPACITANCE
Item Symbol Test Condition min typ max Unit
Input Capacitance Cin - 3 - pF
Output Capacitance Cont - 5 - pF
E TEST CIRCUIT AND WAVEFORMS
1. LOADING CONDITION 2. INPUT PULSE
Test Circuit ~-0.9V
Vce(GND) 80%
I 20%
-1V

4. WRITE MODE

cs 50%

Dout

"3

—2.0V

RL=50Q

C=30pF (includes
probe and jig
capacitance)

tr=1;=2.0ns typ

Address >

éo%

o t44-

Dout

50%

Address

e e — —
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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 metaljzation.

The HM2142 is encapsulated in cerdip-20 pin package.

H FEATURES

4096-words x 1 bit organization

Very high speed address access time: 10ns (max)
Write puise width: 10ns {(min)
Power dissipation: 0.3 mW/bit

Output obtainable by wired-OR
W TRUTH TABLE

(DG-20)

Input
— — Output Mode
CS WE Din
H X X L Not Selected
L L L L Write “0”
L L H L Write “1”
L H X Dout* Read
Notes) X Irrelevant
% ! Read Out Nonivert
B BLOCK DIAGRAM
Ao
A o— . 64 X64
Az Z] g-g _1 QE Memory Cell
A E g 'g Array
Ad 0— > =
o—1

As

T

Sense Amp and
Write Drivers

I

Y Address
Decoder

.......

R

Dout

@ HITACHI

W PIN ARRANGEMENT

ve 1]
Dou(E
W
o[
a s
N
W
a [

As | 9

o 3

]

20 | Veea

E Vee

18 | Din

i7]cs

16 | WE
EA\:
1| Aw
13| A

121 As

EM

(Top View)

301




HM2142

Il ABSOLUTE MAXIMUM RATINGS (Ta=25°C)

Item Symbol Rating Unit

Supply Voltage Vee to Ve +0.5 to —7.0 v
Input Voltage Vi 40.5 to Vee v
QOutput Current Lo —30 mA
Storage Temperature Toe —65 to +150 c
Storage Temperature Tote (Bias)* —55 to +125 ‘c

#* Under Bias

B ELECTRICAL CHARACTERISTICS
@ DC CHARACTERISTICS (Vze=—5.2V, R:=50Q to —2.0V, Ta=0 to +75°C, air flow exceeding 2m/sec)

Item Symbol Test Condition min(B) typ max(A) | Unit
0°C —1000 — —840
Vou +25°C —980 - —810
+75°C —950 — —720
Output V. -V, Vv, - \
utput Voltage Viu=Vims or Vis 0 1870 — 1665 m
Voo +25°C —1850 — —1650
+75°C | —1830 - —1625
0°'C | —1020 — -
Vone +25°C —980 — -
+75°C —920 — —
Output Threshold Voltage Viw=Ving or Viea oC — — mcyy" mV
Vore +25C - - —1630
+75°C - - —1605
C | —116 —_ —
Guaranteed Input Voltage 0, 1165 880
Vin +25°C —1165 - —880
High for All Inputs S
+75°C —1165 - —880
Input Voltage - mV
0°C —1810 - —1560
Guaranteed Input Voltage ”
Vi, +25C —1810 — —1560
Low for All Inputs "
+175°C —1810 - —1560
Iy Viv=Vim 0 to +75°C —_ - 220
Input Ci t CSs 0.5 — 170 ZA
nput Lrren I Viv=Vis 0 to +75°C
Others —50 - -
Ta=0"C —270 —240 -
Supply C All Input t, . A
upply Current Iee nput and Output Open Ta=75C - 220 — "

@ AC CHARACTERISTICS (Vee=—5.2V+5%, Ta=0 to +75°C, air flow exceeding 2m/sec)
1. READ MODE

Item Symbol Test Condition min typ max Unit
Chip Select Access Time tacs — - 6 ns
Chip Select Recovery Time tacs — — 6 ns
Address Access Time taa = — 10 ns

2, WRITE MODE

Item Symbol Test Condition min typ max Unit
Write Pulse Width tw twsa=3ns 10 - - ns
Data Setup Time twsp 1 - - ns
Data Hold Time twip 1 - = ns
Address Setup Time twsa tw=10ns 3 - - ns
Address Hold Time bwia 2 - - ns
Chip Select Setup Time twscs 1 - — ns
Chip Select Hold Time twics 1 - - ns
Write Disable Time tws — - 6 ns
Write Recovery Time tww - — [ ns
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HM2142

3. RISE/FALL TIME

Item Symbol Test Condition min typ max Unit
Output Rise Time t, — 2 — ns
Output Fall Time ty — 2 — ns

4. CAPACITANCE

Item Symbol Test Condition min typ max Unit
Input Capacitance Ci - 3 — pF
Output Capacitance Cout — 5 - pF

E TEST CIRCUIT AND WAVEFORMS

1. LOADING CONDITION 2. INPUT PULSE
Test Circuit

=09V

TVCC(GND) 80%

20%
-1V
tr 17
Dout
MU.T. t=t;=2.0ns typ.

R
; RL=50Q
CL=30pF (includes
probe and jig

0.01uF Ver —20V capacitance)

3. READ MODE

= 50% Address >6%

bt an-

Dout 50%

4. WRITE MODE

cs 509 Y

Address
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HM10474

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.

Il 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) (DG-24A)
® Low power dissipation: 0.2mW/bit
® Qutput obtainable by wired-OR (open emitter) B PIN ARRANGEMENT
S
Veea | 1 EVcc
B TRUTH TABLE DO’% =
— 121! Output Mode bo E gzl oon
CcS WE Din o [4] 21]) D1
H X X L Not Selected AnE 20) DIs
L L L L Write “0” 6] 19] 012
L L H L Write “1” w7 18] o1
L H x Dout® Read w[E s
Notes) X : Irrelevant hs E EW—E
* : Read Out Nonivert NC |10 E As
M 14] A
H BLOCK DIAGRAM y
'EE E 13] A7
As Ar As As
g i - . (Top View)
l Y-Decoder/Driver ]
FSNEVIERS!
J—'
b & Tﬂemov;y Cell Array
A‘°‘1 g_ 024Words x 4 Bits
w35
o X
)
A4 01
AEH___ Block 1 | Block 2 | Block 3 | Block 4
. kS
WEo
o

B ABSOLUTE MAXIMUM RATINGS (Ta=25C)

Item Symbol Rating Unit
Supply Voltage Vee to Vee 40.5 to —7.0 v
Input Voltage Via +0.5 to Ve v
Output Current Tou —30 mA
Storage Temperature Tone —65 to +150 ‘C
Storage Temperature Tou(Bias)® —55 to +125 ‘C

#* Under Bias
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B ELECTRICAL CHARACTERISTICS
®DC CHARACTERISTICS (Vee=—5.2V, R.=500 to —2.0V, Ta=0 to +75°C, air flow

HM10474

exceeding 2m/sec)

Item Symbol Test Condition min (B) typ max(A) Unit
0'C | —1000 - —840
Vou +25°C —960 - —810
: +75°C —900 - —-720
Output Voltage Vin=Visa or ViLs - mV
0°C | —1870 - —1665
Voo +25°C —1850 - —1650
+75°C | —1830 - —1625
0'C | —1020 - -
Vonc +25°C —980 - -
+75°C —920 - -
Output Threshold Voltage Vin=Vims or Viva ~ mV
0'C - - ~—1645
Vorc +25°C - - —1630
+75C - - —1605
G il . 0°C | —1145 - —840
Vin uaranteed Input Voltage +25C 1105 — 810
High for All Inputs
+75C | —1045 - -720
Input Voltage ~ mV
il Vol 0°C | —1870 - —1490
Ve Guaranteed Input Voltage To5C 1850 - yr™
Low for All Inputs
+175°C —1830 - —1450
LIx Vin=Vina 0 to +75°C - - 220
Input Current Cs . 0.5 - 170 HA
I Vin=ViLs 0 to +75°C
Others —50 - -
All Input and Output Open, Ta=0C —200 —160 -
Supply C t I mA
uppy Lurren e Test Pin 12 Ta=T5'C — | —us -
®AC CHARACTERISTICS (Vee=—5.2V £5%, Te=0 to +757C, air flow exceeding 2m/sec)
1. READ MODE
HM10474
Item Symbol Test Condition Unit
min typ max
Chip Select Access Time tacs - - 10 ns
Chip Select Recovery Time tres - - 10 ns
Address Access Time tan - 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 twsp 2 - - ns
Data Hold Time twip 2 - - ns
Address Setup Time twsa tw=tw min 3 - — ns
Address Hold Time twna 2 - - ns
Chip Select Setup Time twses 2 - - ns
Chip Select Hold Time twncs 2 - - ns
Write Disable Time tws - - 10 ns
Write Recovery Time ™ - - 27 ns
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HM10474

3. RISE/FALL TIME

Item Symbol Test Condition min typ max Unit
Output Rise Time [ - 2 —_ ns
Output Fall Time tr - 2 - ns

4. CAPACITANCE

Item Symbol Test Condition min typ max Unit
Input Capacitance Cis - 4 - pF
Output Capacitance Cou - 7 - pF

M TEST CIRCUIT AND WAVEFORMS

1. LOADING CONDITION 2. INPUT PULSE
Test Circuit ~0.9V m
Vec(GND) !
| .
i
|
-1V 1 |
Dout l . :
M.U.T. ,-—-"
Ry ; CL te=t;=2.0ns
0.014F ‘E i 20V Ru=500
; Ve Ct=30pF(includes
probe and jig
capacitance)
3. READ MODE
—-— 50% Address 50%
Ccs
q ncs R taa
Dout 50%

4. WRITE MODE

& %y

Address 5% S%<

nsn\ 50% 50% / twwa
WE \ /
sa w twucs
50% 50%
Dout twscs
tws twa
1
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Iez (mA)

Supply Current

taa (ns)

Address Access Time

Chip Select Access Time tacs (ns)

SUPPLY CURRENT vs.
AMBIENT TEMPERATURE

200
180 i
160 \ j:
\'\ k]
3
12 &
@
Ver=-5.20V
80
-20 20 40 60 80 100
Ambient Temperature Ta ('C)
ADDRESS ACCESS TIME
vs. AMBIENT TEMPERATURE
25
2
H
— &
15 a
2
10 g
-
2
5
Vee=-5.20V
0
-20 0 20 40 60 80 100
Ambient Temperature Ta (°C)
CHIP SELECT ACCESS TIME
vs. AMBIENT TEMPERATURE
124
10 z
8 g
&
8 " o 2
- —1 g
4 m—r 4
-
=]
2
Vi :=—5.2$V
[
-20 20 40 60 80 100

Ambient Temperature Ta ('C)

O HITACHI

SUPPLY CURRENT vs.
SUPPLY VOLTAGE

200
180
—
\'\\
140
120
100
Ta=25C
8 —5.72 =520 —4.68
Supply Voltage Vee (V)
ADDRESS ACCESS TIME
vs. SUPPLY VOLTAGE
25
20
15
5
Ta=25C
. f
—5.72 —5.20 —4.68

Supply Voltage Vee (V)

CHIP SELECT ACCESS TIME
vs. SUPPLY VOLTAGE

Ta -IZS'C

0

-5.72

~5§.20

Supply Voltage Ve (V)

-4.68

HM10474
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HM10474

WRITE PULSE WIDTH vs. WRITE PULSE WIDTH vs.
AMBIENT TEMPERATURE SUPPLY VOLTAGE
25 25
i 20 T o
; 15 E 15
: i
2 1w g 10
= £
5 5
Veg=-520V Ta=25"C
‘—)20 [ 20 40 60 80 100 0 -5.72 =520 —4.68

Ambient Temperature Ta (°C) s'f”‘y Voltage Vee (V)
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HM 1 0474'8vHM1 0474-1 o 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.
B FEATURES
® 1024-word x 4-bit organization
® Fully compatible with 10K ECL level
® Address access time: HM10474-8 8ns (max)

HM10474-10 10ns {max)

® Write pulse width: HM10474-8 5ns (min) (DG-24A)
HM10474-10 5ns (min)
® Low power dissipation: 0.3mW/bit B PIN ARRANGEMENT
® QOutput obtainable by wired-OR (open emitter)
vees [1] 124] Vec
ETRUTH TABLE oo 3 =T
— I_rlut Output Mode oo E 2] 001
CS WE Din a[1] 21 Do
H X X L Not Selected A-E 0] 13
L L L L Write “0” 5] [19]) o2
L L H L Write “1” a[7] 18] ol
L H X Dout*® Read A‘E E Cs
Notes) X :Irrelevant A E E‘ﬁ
* 2 Read Out Nonivert ne 15} [15] %
EBLOCK DIAGRAM V“‘% E:‘
AN A A * )
| ?Y-Decod?er/Drin ! ] (Top View)

RO S S

Ao o--rT
-g- Memory Cell Array
A1 o— ;‘;‘ 1024Words x 4 Bits
=
=
Az 0— § :>
As o~ g
0
A4 04 =

Block 1 | Block 2 | Block 3 | Block 4

28 L

B ABSOLUTE MAXIMUM RATINGS (Ta=25C)

N : Note)

Item Symbol Rating Unit The specifications of this device are
Supply Voltage Vee to Vee +0.5 to —7.0 \ subject to change without notice.
Input Voltage Via +0.5 to Ve v Please contact your nearest Hitachis

Sales Dept, regarding specifications.

Output Current Teu —30 mA
Storage Temperature T —65 to +150 ‘C
Storage Temperature Ts(Bias)*® —55 to +125 °C
* Under Bias
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HM10474-8, HM10474-10

B ELECTRICAL CHARACTERISTICS
®DC CHARACTERISTICS (Vze=—5.2V, R.=500 to —2.0V, Ta=0 to +75°C, air flow exceeding 2m/sec)

Item Symbol Test Condition min(B) typ max(A) Unit
0C —1000 - —840
Vou +25°C —960 - —810
+75°C —-900 - —1720
Qutput Voltage Vin=Viua or Vies - mV
0C —1870 -~ —1665
Vo +25°C —1850 - —1650
+75°C —1830 - —1625
0'C | —1020 - -
Vouc +25°C —980 - -
+175°C —920 - -
Output Threshold Voltage Vin=Vius or Viea - mV
0'C - - —1645
Voic +25°C - - —1630
+175°C - - —1605
G i1 Vol 0C | —1145 - —840
Vie I.m'antee nput Voltage T25C | —110 — 810
High for All Inputs
+75°C —1045 - —1720
Input Voltage - mV
G i1 v 0'C | —1870 - —1490
Vu uaranteed Input Voltage T25C | —180 — ™
Low for All Inputs
+75°C —1830 - —1450
I Vin=Vina 0 to +75°C - - 220
Input Current CS . 0.5 - 170 KA
In Vin=Vie 0 to +75°C
Others —50 - -
All Input and Output Open, Ta=0C —240 —220 -
Supply Ci t 1 mA
UpHy e | Test Pin12 Ta=175C — | -5 -

® AC CHARACTERISTICS (Vee=—5.2V £5%, Ta=0 to +75C, air flow exceeding 2m/sec)
1. READ MODE

HM10474-8 HM10474-10
Item Symbel Test Condition Unit
min typ max min typ max
Chip Select Access Time tacs - - 5 — - 6 ns
Chip Select Recovery Time tres - - 5 - - 6 ns
Address Access Time tan — - 8 - - 10 ns
2. WRITE MODE
HM10474-8 HM10474-10
Item Symbol Test Condition Unit
min typ max min typ max
Write Pulse Width tw twsa=2ns 5 — - 5 - — ns
Data Setup Time twsp 1 - — 2 - - ns
Data Hold Time twup 1 - - 2 - - ns
Address Setup Time twsa tw=tw min 2 - - 2 — — ns
Address Hold Time twua 1 — - 2 —_ — ns
Chip Select Setup Time twscs 1 - — 2 - - ns
Chip Select Hold Time twucs 1 — - 2 - - ns
Write Disable Time tws - - 5 - - 5 ns
Write Recovery Time tur - - 9 — d 12 ns
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HM10474-8, HM10474-10

3. RISE/FALL TIME

Item Symbol Test Condition min typ max Unit
Qutput Rise Time i, - 2 — ns
Output Fall Time 17 - 2 - ns

4. CAPACITANCE

Item Symbol Test Condition min typ max Unit

Input Capacitance Ci - 4 - pF
Output Capacitance Cou - 7 - pF

B TEST CIRCUIT AND WAVEFORMS

1. LOADING CONDITION 2. INPUT PULSE
Test Circuit 0.9V e
Vee(GND) !
1 /
|
|
-1 | |
Dout | |
M.U.T. IO
R ; C te=t;=2.0ns
0.01uF ‘[ i 20V Ri=50Q
; Vee C’i=30pF(includes
probe and jig
capacitance)

3. READ MODE

- 50% Address

Dout

4. WRITE MODE

Cs 50% y

Address sz 50%<

_ L—‘ﬂ} s0% s0%
WE
twsa tw twacs
50% 50%
Dout iwscs
ws (1]
1
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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.

HM10480

M FEATURES
16,384-words x 1-bit organization (DG-20)

Fully compatible with 10K ECL level HM10480F
Address access time: 25ns (max)

Write pulse width: 25ns(min)

Low power dissipation: 0.06mW/bit

Output obtainable by wired-OR (open emitter)

B TRUTH TABLE

Input
— = Mod
cs WE Din Output ¢
H X X L Not Selected
L L L L Write “0”
L L H L Write “1” (FG-20)
L H X Dout* Read
Notes) X ! Irrelevant .P'N ARRANGEMENT
#®  Read Out Noninvert
S
Dout E E Vee
EBLOCK DIAGRAM " E =1 oin
Ao 0 A E 18] T3
Ao 8
mod 2 H 128128 a[4] [17] we
S - a - Memory Cell
As o g ,E Acray As E E A
=
:: 0 f Dout A E E Au
e : ls - 1 = As E E An
ense Amp.
W:i:e D:sers ] A8 E Aw
1 ’ VE A E E As
Y-Address Decoder Vee E 11] As
Din
s o6 é é é 0 (Top View)
< 2 2LEIE
B ABSOLUTE MAXIMUM RATINGS ( Ta=25C)
Item Symbol Rating Unit
Supply Voltage Ve to Vee +0.5 to —7.0 v
Input Voltage Vie +0.5 to Vee v
Output Current L —30 mA
Storage Temperature Ty —65 to +150 °C
Storage Temperature T..s(Bias)* —55 to +125 ‘C

#* Under Bias
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M ELECTRICAL CHARACTERISTICS
®DC CHARACTERISTICS (Viz=—5.2V, R.=50Q to —2.0V, Ta=0 to +75°C, air flow

HM10480, HM10480F

exceeding 2m/sec)

Item Symbol Test Condition min (B) typ max(A) Unit
0C —1000 - —840
Vou +25°C —960 — —810
+75°C —900 - —720
Output Voltage Vin=Via or ViLs - mV
0C —1870 - ~—1665
Vo +25°C | —1850 - —1650
+75C | —1830 — —1625
0°C —1020 — -
Voue +25C —980 et -
+75°C —920 - -
Output Threshold Voltage Vin=Vius or Vira " mV
0'C - e —1645
Vorc +25°C - — —1630
+75°C - - —1605
0C | —1145 - —840
Vir Guaranteed Input Voltage 1250 1105 — 810
High for All Inputs
+75°C —1045 - —720
Input Voltage — mV
0'C | —1870 - —1490
Vi Guaranteed Input Voltage T25C 1850 — Y
Low for All Inputs
+175°C —1830 - —1450
I Vin=Vina 0 to +75°C — — 220
Input Current CS . 0.5 - 170 KA
In Vin=ViLs 0 to +75°C
Others —50 - -
All Input and Output , Ta=0C —170 —140 -
Supply Current Iee mput an put Open hd mA
Test Pin 10 Ta=175C et —130 -
®AC CHARACTERISTICS (Vee=—5.2V +5%, Ta=0 to +75°C, air flow exceeding 2m/sec)
1. READ MODE
Item Symbol Test Condition min typ max Unit
Chip Select Access Time tacs 2 — 10 ns
Chip Select Recovery Time tres 2 - 10 ns
Address Access Time tan 3 15 25 ns
2. WRITE MODE
Item Symbol Test Condition min typ max Unit
Write Pulse Width tw twsa=5ns 25 _ - ns
Data Setup Time twsp 5 el - ns
Data Hold Time twio 5 — — ns
Address Setup Time twsa tw=25ns 5 —_ - ns
Address Hold Time twia 5 - - ns
Chip Select Setup Time twscs 5 — - ns
Chip Select Hold Time twncs 5 - - ns
Write Disable Time tws — — 10 ns
Write Recovery Time twr - - 10 ns
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HM10480, HM10480F

3. RISE/FALL TIME

Item Symbol Test Condition min typ - max Unit
Output Rise Time te - 2 - ns
Output Fall Time tr - 2 - ns
4. CAPACITANCE
Item Symbol Test Condition min typ max Unit
Input Capacitance Cis — 4 - pF
Output Capacitance Cout - 7 - pF
B TEST CIRCUIT AND WAVEFORMS
1. LOADING CONDITION 2. INPUT PULSE
Test Circuit 09V — e m e
T Vec(GND) \ 80%
|
|
| 20%
-1V [ ! !
¥ "
MU.T. d d
R ; C. ty=t;=2.0ns
O.OUIF_E ! -20V RL=500
; Vee CL=30pF(inchdes
probe and jig
capacitance)
3. READ MODE
- 50% Address
Dout

4. WRITE MODE
&5 0% 5‘\ 5o%/f
Address 509X 5%
___________ - Pt —_— —_—
Din 50% Y 50%
\ /
N e o o o e e e e -
(77
— wsp §s°% 50% 7/ twua
WE
twsa v twics
50% > 50%
Dout twscs
twa
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HM10480-15,HM10480-20

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.

B FEATURES

® 16,384-words x 1-bit organization
@ Fully compatible with 10K ECL level

® Address access time:
® Write pulse width:

® | ow power dissipation:

HM10480-15 15ns (max)

HM10480-20 20ns (max)
HM10480-15 15ns (min)
HM10480-20 20ns (min)

0.06mW/bit

® QOutput obtainable by wired-OR (open emitter)

BTRUTH TABLE

(DG-20)

MPIN ARRANGEMENT

pou [1] [20] vec
Ao E 19 Din
WO
o[

\J

18|CS

[17] v

Input
o e Do Output Mode As E E Aiz
H X X L Not Selected A E 15] A
L L L L Write “0” As E 1] An
L L H L Write “1” -
L H X Dout* Read A E Ao
Notes) X : Irrelevant Ar E 12] As
*  Read Out Noninvert
Vee E E As
HBLOCK DIAGRAM (Top View)
Ao 0
Alod &
mod 3 K 128X 128
‘: - & Memory Cell
As o :é .E Array
A =
D oy Dout
As o >
As 0 L 1 —
Sense Amp. CcS
Write Drivers
l —
WE
Y-Address Decoder
Din
IR EEEEY
€ 22 Z 323
B ABSOLUTE MAXIMUM RATINGS ( Te=25C)
- N Note)
Ttem Symbol Rating Unit The specifications of this device are
Supply Voltage Vee to Ve +0.5 to —7.0 \ subject to change without notice.
Input Voltage Via +0.5 to Vs A Please contact your nea;est }-litachis
Output Current L —30 mA Sales Dept, regarding specifications.
Storage Temperature Toe —65 to +150 C
Storage Temperature T..,(Bias)* —55 to +125 ‘C

* Under Bias

G HITACHI
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HM10480-15, HM10480-20

B ELECTRICAL CHARACTERISTICS
®DC CHARACTERISTICS (Vee=—5.2V, R.=500Q to —2.0V, Ta=0 to +75C, air flow exceeding 2m/sec)

Item Symbol Test Condition min (B) typ max (A) Unit
0'C | —1000 - —840
Vou +25°C —960 - —810
o Vel V=V v +175°C —900 - —1720 v
tput t. - m
utput Voltage wv=Vina or Vies oc 1 1870 — 665
Voo 425C | —1850 — —1650
+75°C | —1830 - —1625
0°C | —1020 — —
Vonc +25°C —980 - -
+175°C —920 — —
Output Threshold Voltage Vin=Vius or Viea " mV
0°C - - —1645
Vorc +25°C - — —1630
+175°C — - —1605
G 0'C | —1145 - —840
Vir uaranteed Input Voltage T25C 1105 — 810
High for All Inputs
+175°C | —1045 - -720
Input Voltage " mV
0°C | —1870 - —1490
Ve Guaranteed Input Voltage To5C 1850 — YT
Low for All Inputs
+75°C | —1830 - —1450
I Vin=Vina 0 to +75%C - - 220
Input Current CsS . 0.5 —_ 170 KA
I Vin=ViLp 0 'to +75C
Others —50 - -
All Input and Output X Ta=0C —240 - 220 —
Supply Current Iee "p‘:l an put Open - mA
Test Pin 10 Ta=T75C — —200 -

® AC CHARACTERISTICS (Vee=—5.2V 5%, Ta=0 to +75°C, air flow exceeding 2m/sec)
1. READ MODE

Item Symbol Test Condition _ HM10480-15 _ HM10480-20 Unit
min typ max min typ max
Chip Select Access Time tacs 2 - 8 2 - 10 ns
Chip Select Recovery Time fres 2 - 8 2 — 10 ns
Address Access Time taa 3 12 15 3 15 20 ns
2. WRITE MODE
Item Symbol Test Condition ~ HM10480-15 n HM10480-20 Unit
min typ max min typ max
Write Pulse Width tw twsa=2ns 15 - = 20 = - ns
Data Setup Time twsp 3 . . 3 - - ns
Data Hold Time twhp 2 - - 2 - - ns
Address Setup Time twsa tw=tw min 3 - - 3 - - ns
Address Hold Time twra 2 - - 2 — - ns
Chip Select Setup Time twscs 3 - - 3 — - ns
Chip Select Hold Time twies 2 - - 2 - - ns
- Write Disable Time tws - - 8 - - 10 ns
Write Recovery Time twr - - 17 - - 22 ns
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HM10480-15, HM10480-20
3. RISE/FALL TIME

Item Symbol Test Condition min typ max Unit
Output Rise Time tr - 2 — ns
Output Fall Time ty - 2 — ns

4. CAPACITANCE

Item Symbol Test Condition min typ max Unit
Input Capacitance Ci — 3 — pF
Output Capacitance Cout —_ 5 - pF

B TEST CIRCUIT AND WAVEFORMS

1. LOADING CONDITION 2. INPUT PULSE
Test Circuit =09V — = —m e . :
Vec(GND) ! %
T { |
| |
I t 20%
—1av [ b
Dout : . : || \ :
M.U.T. et e
R ; Co te=t;=2.0ns
0.01/1F-E —20V RL=50Q
;; Vee C1 =30pF (includes
probe and jig
capacitance)
3. READ MODE
—-— 50% Address 50%

Dout 50%

4. WRITE MODE

s 50% N

Address 50% SO%X

__________ - Pt -
\
Din 50%
\
| IRy Y
— u/u\ 50% 50%
WE
LA]] [ twacs
———— e — e
50% 50%
Dout twscs
tws 1]
1
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HM10484-15HM10484-20

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.

B TRUTH TABLE

Input
— — Output Mode
Ccs WE Din
H X X L Not Selected (DG-28A)
L L L L Write “0”
L L H L Write “l" ] PlN ARRANGEMENT
L H X Dout* Read \;
Notes) X : Irrelevant Veea E 1 28: Vee
#* : Read Out Nonivert DOs q 2 27 j DOz
® BLOCK DIAGRAM oo [ s 26[] b
A DI
Az As Ag A An ’ C ¢ 25] !
9 b ? A Os 207 oI
Y-Decoder/ Driver
1 S S 5§ v ge s on
Aoo—T a o 22[ ] on
Al —
e a s al] @
A2 0 Z Memory Cell Array
S 4096words x 4bits As 9 20 ] WE.
A 3
1% ) as [0 18] WE
Aco— &
rvod a4 [On 18[ ] Ne
avor{ | [[Bloct 1] Block 2| Blook 3 | Block 4 as (e 7] Ne
L T T O A [Jis 16 ] An
WE R/W Rw | R/W R/W
T Circuit Circuit Circuit Circuit Ve [:“ 153 At
5 82 85 £&8 8

(Top View)

B ABSOLUTE MAXIMUM RATINGS (Te=25C)

Item Symbol Rating Unit
Supply Voltage Vee to Vee +0.5 to —7.0 \'A
Input Voltage Vi +0.5 to Vee v
Output Current T —30 mA
Storage Temperature Tete —65 to +150 *C
Storage Temperature Tue(Bias)® —55 to +125 °‘C

* Under Bias
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BELECTRICAL CHARACTERISTICS

oDC CHARACTERISTICS (Vee=—5.2V, R.=500 to —2.0V, Ta=0 to +75°C, air flow

HM10484-15, HM10484-20

exceeding 2m/sec)

Item Symbol Test Condition min(B) typ max{A) Unit
0'C | —1000 - ~840
Vou +25°C —960 - -810
+175°C —900 - -~720
Output Voltage Vie=Vina or Vies ~ mV
0'C | —1870 - —1665
Vou +25°C —1850 - —1650
+75°C | —~1830 - —1625
0C | —1020 - -
Vose +25°C —980 - -
+75°C -920 - -
Output Threshold Voltage Vin=Visg or Viea " mV
0'C - - —1645
Vorc +25°C - - —1630
+175°C - -— —1605
G d Vel 0'C | —1145 - —840
Von uaranteed Input Voltage +25C 1105 — 810
High for All Inputs
+175°C | ~1045 - —-1720
Input Voltage ~ mV
v 0'C | —1870 - —1490
Vi Guaranteed Input Voltage To5C 1850 — e
Low for All Inputs
+175C —1830 - — 1450
Lin Vin=Vina 0 to +175°C - - 220
Input Current Cs . 0.5 - 170 MA
I Vin=Vies 0 to +75°C
Others —50 — -
All 1 d O Open, Ta=0"C —240 - -
Supply Current Iee nplft and Qutput Cpen hd " mA
Test Pin 10 Ta=75C - - -
O AC CHARACTERISTICS (Vee=—5.2V £5%, Ta=0 to +75C, air flow exceeding 2m/sec)
1. READ MODE
HM10484-15 HM10484-20
Item Symbol Test Condition - n Unit
min typ max min typ max
Chip Select Access Time tacs 2 - 8 2 - 10 ns
Chip Select Recovery Time fres 2 - 8 2 - 10 ns
Address Access Time s 12 15 3 15 20 ns
2. WRITE MODE
. HM10484-15 HM10484-20
Item Symbol Test Condition - - - Unit
min typ max min typ max
Write Pulse Width tw twsa=2ns 15 - - 20 — _ ns
Data Setup Time Insn 3 - - 3 - - ns
Data Hold Time twhp 2 - - 2 - - ns
Address Setup Time twsa tw=tw min 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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HM10484-15, HM10484-20

3. RISE/FALL TIME

Item Symbol Test Condition min typ max Unit
Output Rise Time i - 2 - ns
Output Fall Time 7] - 2 - ns
4. CAPACITANCE
Item Symbol Test Condition min typ max Unit
Input Capacitance Ci - 3 - pF
Output Capacitance Cuu b 5 - pF
W TEST CIRCUIT AND WAVEFORMS
1. LOADING CONDITION 2. INPUT PULSE
Test Circuit X1 -
Vec(GND) ) w
I | |
! !
t | 20%
-1V | | | |
Dout ‘ . : : :
M.U.T. d P‘_’.‘

; Ver -20V

3. READ MODE

Re ; Ce
0.014F "E [

Ri=50Q

4. WRITE MODE

& so%Y

to=t;=2.0ns

Cr=30pF (includes

probe and jig

capacitance)

50% Address
Dout

Address SOQX

.......... -
Din 50% (
\
— twso
WE
wsa
Dout

320
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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 HM100415
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.
B FEATURES
® Level ........cciitiiivininnenenn 100K ECL Compatible
® Organization .........ceveevnrnnnenns 1024-word by 1-bit
® Address Access Time ........covvvveenvnnnnns 10ns (max) (DG-16A)
® ChipSelectAccessTime ..........cccovvvuennn 5ns (max.) HM100415CC
® Power Consumption ..........ccovnvuunn. 0.6mW/bit (typ)
® Qutput Obtainable by Wired-OR (open emitter)
®. Compatible with Fairchild F100415.
HTRUTH TABLE
— Ilut Output Mode
CS WE Din .
H X X L Not Selected
L L L L Write “0”
L L H L Write “17
L H X Dout* Read (CC-24)
e Nominvert EPIN ARRANGEMENT
®HM100415
HBLOCK DIAGRAM D""‘E A T vee
:.':: 32x32 Ao 2 15| Din
:: Memory
P Cell D o Al E E cs
Aa E WE
(= NE =]
I X Address l ’:G—QWE A E EM
D'“’d" Din A! 7 EAY
As As A1 As Ay Ver E 3 As

B ABSOLUTE MAXIMUM RATINGS (Te=25C)

Item Symbel Rating Unit
Supply Voltage Vee to Vee +0.5 to —7.0 \'
Input Voltage Via +0.5 to Ve \'
Output Current Low —30 mA
Storage Temperature T —65 to +150 *C
Storage Temperature Tue(Bias)* —55 to +125 °‘C oo

* Under Bias

G HITACHI

(Top View)
®HM100415CC

Din Vec NC Dout As
(Top View)
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HM100415,HM100415CC

B ELECTRICAL CHARACTERISTICS
®DC CHARACTERISTICS (Viz=—4.5V, R.=500 to —2.0V, Ta=0 to +85C, air flow exceeding 2m/sec)

Item Symbol Test Condition min (B) typ max(A) Unit
Output Voltage Vou Via=Via or ViLs 108 —9% 88 mv
Vou —1810 —1715 —1620 mV
Output Threshold Voltage Yore Via=Vins or Viea 108 — — mv
Vorc — d —1610 mV
Input Voltage Vin Guaranteed Input Voltage —1165 - —880 mV
Vio High/Low for All Inputs —1810 — —1475 mV
1 Vie=Vina - - 220 KA
Input Current Ccs 0.5 - 170
In Vie=ViLs Others o0 — - KA
Supply Current Ice All Inputs and Outputs Open —200 —150 - mA
® AC CHARACTERISTICS (Vee=—4.5V 5%, Ta=0 to +85C, air flow exceeding 2m/sec)
1. READ MODE
Item Symbol Test Condition min typ max Unit
Chip Select Access Time tacs — 3 5 ns
Chip Select Recovery Time tres - 3 5 ns
Address Access Time taa - 7 10 ns
2. WRITE MODE
Item Symbol Test Condition min typ max Unit
Write Pulse Width tw twsa=2ns 6 4 - ns
Data Setup Time twso 2 0 - ns
Data Hold Time twup 2 0 - ns
Address Setup Time twsa tw=6ns 2 0 - ns
Address Hold Time twia 2 0 - ns
Chip Select Setup Time twscs 2 0 - ns
Chip Select Hold Time twics 2 0 - ns
Write Disable Time tws - 3 5 ns
Write Recovery Time twr — 3 5 ns
3. RISE/FALL TIME
Item Symbol Test Condition min typ max Unit
Output Rise Time te - 2 -— ns
Output Fall Time ty - 2 - ns
4. CAPACITANCE
Item Symbol Test Condition min typ max Unit
Input Capacitance Cis - 3 — pF
Output Capacitance Cout - 5 - pF

322

@ HITACHI




HM100415,HM100415CC

ETEST CIRCUIT AND WAVEFORMS
1. LOADING CONDITION

Test Circuit

T Vee(GND)
Dout
M.U.T.
RL ; CL
0.014F L —ov RSl
; Vee CL=30pF(includes
probe and jig
capacitance)
3. READ MODE

4. WRITE MODE

cs 50% R ____________

2. INPUT PULSE

-0.9V

80%

20%,
-1V

tr=t;=2.0ns typ

Address >éo%

T — X

—_——— - —— 50%
- tws. fe————twa:
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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 system such

as scratch pads and control/buffer storages.

Four active Low Block Select lines are provided to select each block
independently.

The fabrication process is the Hitachi’s low capacitance, oxide
isolation method with double metalization.

The HM100422 is encapsulated in cerdip-24pin package, or 24pin

flat package compatible with Fairchild’s F 100422,

M FEATURES _

® 256-word x 4-bit organization

Fully compatible with 100K ECL. level
Address access time: 10ns {max.)

Minimum write pulse width: 6ns (min.)

Low power dissipation: 0.8mW/bit

Output obtainable by wired-OR (open emitter)

M TRUTH TABLE

Input
— — Output Mode
BS WE Din
H X X L Not Selected
L L L L Write “0”
L L H L Write “1”
L H X Dout* Read

Notes) X : Irrelevant
* | Read Out Noninvert

HBLOCK DIAGRAM As As Ar

‘ Y-Decoder/Driver

U U U U

Memory Cell Array
256 Words X4 Bits

z
e
X-Decoder/Driver

Black 1 Block 2 Block 3 Block 4

g U U U

R/W Circuit | R/W Circuit | R/W Circuit | R/W Circuit

EEENEEEEEEEEE
g5 258 Es58 83582
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HM100422

HM100422CC

>

(cc-24)

HEPIN ARRANGEMENT
®HM100422

(Top View)
o HM100422F
A A A b A A
anaani
N‘:Iu ERE RN |9“=*
EY mem [ L&) e 7
wT]s 1w Joe
1) e () s Jon
®mCYs [0 |1
= T u“:m
I
BS, U Ve Veca UOY BS:
(Top View)
oHM100422CC

(Top View)




B ABSOLUTE MAXIMUM RATINGS (Te=25C)

Item Symbol Rating Unit
Supply Voltage Vee to Vec +0.5 to —7.0 \'
Input Voltage Vi +0.5 to Vee A
Output Current Toue —30 mA
Storage Temperature Tuie —-65 to +150 °C
Storage Temperature Tue(Bias)* ~55 to +125 °C

* Under Bias

B ELECTRICAL CHARACTERISTICS
®DC CHARACTERISTICS (Vee=—4.5V, R.=50Q to —2.0V, Ta=0 to +85°C, air flow exceeding 2m/sec)

HM100422,HM100422F,HM100422CC

Item Symbol Test Condition min (B) typ max (A) Unit
Output Voltage Von Vie=Viua or Vire 1028 ~9% 8% Ll
Vou. ~1810 —1715 —1620 mV
Output Threshold Voltage Vone Via=Viws or Vira ~1035 — — mv
Vorc - - —1610 mV
Input Voltage Vin Glfaranteed Inpat Voltage —1165 - —880 mV
Vio High/Low for All Inputs —1810 — —1475 mV
Iw Vie=Vina —_ - 220 MA
Input Current BS 0.5 - 170
I Vin=Vis HA
Others —50 - -
Supply Current Iee All Inputs and Outputs Open —200 —165 — mA
®AC CHARACTERISTICS (Vee=—4.5V £5%, Ta=0 to +85C, air flow exceeding 2m/sec)
1. READ MODE
Item Symbol Test Condition min typ max Unit
Block Select Access Time tags - — 5 ns
Block Select Recovery Time tres — - 5 ns
Address Access Time tan - 7 10 ns
2. WRITE MODE
Item Symbol Test Condition min typ max Unit
Write Pulse Width tw twsa=2ns 6 4.5 — ns
Data Setup Time twso 2 0 - ns
Data Hold Time twho 2 0 — ns
Address Setup Time twsa tw=6ns 2 0 — ns
Address Hold Time twha 2 0 — ns
Block Select Setup Time twsas 2 0 - ns
Block Select Hold Time twhBs 2 0 - ns
Write Disable Time tws - 4 5 ns
Write Recovery Time twe — 4.5 9 ns
3. RISE/FALL TIME
Item Symbol Test Condition min typ max Unit
Output Rise Time t. — 2 — ns
Output Fall Time ts - 2 - ns
4. CAPACITANCE
Item Symbol Test Condition min typ max Unit
Input Capacitance Cin -_— 4 — pF
Output Capacitance Cout - 7 - pF
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HM100422,HM100422F,HM100422CC

B TEST CIRCUIT AND WAVEFORMS
1. LOADING CONDITION 2. INPUT PULSE

Test Circuit

T Vee(GND)

=09V — === —

!
|
-1V | Il h
Dout i !
MU.T. "'I,, ";/"
tom=t;=2.0n8 &
R ; C 4 ns typ
0.01uF Vee —20v
; R.=500

CL=30pF(includes
probe and jig
capacitance)

B 50%, Address
! 1 |
! |

| tans
g ‘"’.‘l 1 >t ap =
) 180,
Dout | $0%1 |
: I a0, Dout
) Iy
s b
. !

4. WRITE MODE

Address 50"4>F 50%>E
=== '+ - -\\ ’~
Din %, 50%,
| -/
e i 120

. Nowr sk
w“‘ L s o= .\‘) " 0 ,"/- twma
n tirwn
Dout 0%, 50%
s
{
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HM100470

4096-word X 1-bit Fully Decoded Random Access Memory

The HM100470 is a 4096-words x 1-bit, read/write, random access
memory developed for high speed systems such as scratch pads and
control buffer storages.

The fabrication process is the Hitachi's low capacitance, oxide
isolation method with double metalization.

The HM100470 is compatible with the HD100K ECL families and
includes on-chip voltage and temperature compensation for im-
proved noise margin. This device is encapsulated in cerdip-18pin
package, compatible with Fairchild’s F100470.

B FEATURES

® 4096-word x 1-bit organization

® Full compatible with 100K ECL level

® Address access time: 25ns(max)

® Write pulse width: 25ns (min)

® Qutput obtainable by wired-OR (open emitter)
B TRUTH TABLE

Input
Output Mode
CS WE Din
H X X L Not Selected
L L L L Write “0”
L L H L Write “1”
L H X Dout * Read
Notes) X : Irrelevant
#* : Read Out Nonivert
EBLOCK DIAGRAM
A 00—
A 0—f s 64 %64
A: Ol E-g E Memory Cell
iiH 2
Ao— 22 ® T Array
A o—f > =
Dout
A; 0
i I
Sense Amp and cs
Write Drivers
L WE
Y Address
Decoder Din

s o2 oz 2z
MR

Liidd

HMABSOLUTE MAXIMUM RATINGS (Ta=25C)

Item Symbol Rating Unit
Supply Voltage Vee to Vee +0.5 to —7.0 \'
Input Voltage Vi +0.5 to Vze v
Output Current Low —30 mA
Storage Temperature Tues —65 to +150 *‘C
Storage Temperature Tue(Bias)* —55 to +125 ‘C

* Under Bias

O HITACHI

(DG-18)

HPIN ARRANGEMENT

o 1]
o[
Yo
NG
o[
o
o[
v
v 5]

W/

18] vee
E Din
[16] s
[15] we
[14] 4w
[13] o
[12] &
o
[10]

(Top View)
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HM100470

MELECTRICAL CHARACTERISTICS
®DC CHARACTERISTICS (Vee=—4.5V, R.=50Q to —2.0V, Ta=0 to +85°C, air flow exceeding 2m/sec)

Item Symbol Test Condition min (B) typ max (A) Unit
Vou —1025 —955 —880 mV
Output Voltage Via=Viaa or Vies
Vo —1810 —1715 —1620 mV
Vouc —1035 - - mV
Output Threshold Voltage Via=Vius or Vi
Vorc - - —1610 mV
Vin Guaranteed Input Voltage —1165 - —880 mV
Input Voltage K
ViL High/Low for All Inputs —1810 — — 1475 mV
Iy Vie=Vina — - 220 MA
Input Current cs 0.5 — 170
I Via=ViLe HA
Others —50 — —
Supply Current Iee All Inputs and Outputs Open --200 —165 — mA

®AC CHARACTERISTICS (Vee=—4.5V 5%, Ta=0 to -+85C, air flow exceeding 2m/sec)
1. READ MODE

Item Symbol Test Condition min typ max Unit
Chip Select Access Time tacs - - 10 ns
Chip Select Recovery Time tres — — 10 ns
Address Access Time taa - - 25 ns
2. WRITE MODE
Item Symbol Test Condition min typ | max | Unit
Write Pulse Width tw #was=3ns 25 - - ns
Data Setup Time twsp 2 - - ns
Data Hold Time twHD 2 - - ns
Address Setup Time twsa tw=twmin 3 - - ns
Address Hold Time - twHa 2 - - ns
Chip Select Setup Time twscs 2 - - ns
Chip Select Hold Time twhes 2 - - ns
Write Disable Time tws - - 10 ns
Write Recovery Time twr — - 10 ns

3. RISE/FALL TIME

Item Symbol Test Condition min typ max Unit
Output Rise Time i, - 2 - ns
Output Fall Time 173 - 2 — ns

4. CAPACITANCE

Item Symbol Test Condition min typ max Unit
Input Capacitance Cin - 3 — pF
Output Capacitance Cout — 5 — pF
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B TEST CIRCUIT AND WAVEFORMS

1. LOADING CONDITION

T est Circuit

T Vec(GND)

HM100470

2. INPUT PULSE

-0.9V
-1V
Dout v
M.U.T. t=1/=2.0ns typ
R ; CL
0.01uF Vee =20V Ru=50Q
; CL=30pF (includes
probe and jig
capacitance)
3. READ MODE
& 50% Address 50%
Laa:
Dout 50%
4. WRITE MODE
cs S -7 4
Address 50‘/1><

@ HITACHI
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HM100474, HM100474F

1024-word X 4-bit Fully Decoded Random Access Memory

The HM100474 is a 1024-words x 4-bit, read/write, random access
memory developed for high speed systems such as scratch pads and
control/buffer storages.

The fabrication process is the Hitachi’s low capacitance, oxide
isolation method with double metalization.

The HM100474 is compatible with the HD100K ECL families and
includes on-chip voltage and temperature compensation for im-
proved noise margin. This device is encapsulated in cerdip-24-pin and
flat 24pin package, compatible with Fairchild’s F 100474,

B 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)
® Qutput obtainble by wired-OR (open emitter)

H TRUTH TABLE

— Ilut Output Mode
CS WE Din
H X X L Not Selected
L L L L Write “0"
L L H L Write 1"
L H X Dout* Read

Notes) X ! Irrelevant
#* : Read Out Nonivert

M BLOCK DIAGRAM A A A
? 7?2

l Y-Decoder/Driver

P It It {}

1

Memory Cell Array
1024Words x 4 Bits

U

Block 2 | Block 3 | Block 4

| ﬁ' | X-Decoder/Driver
=
8
=

(9]
»

M ABSOLUTE MAXIMUM RATINGS (Te=25C)

Item Symbol Rating Unit
Supply Voltage Vee to Vec +0.5 to —7.0 \'4
Input Voltage Via +0.5 to Vee \Y%
Output Current Tout —30 mA
Storage Temperature Tue —65 to +150 °C
Storage Temperature Tue(Bias)* —55 to +125 °C

* Under Bias
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HM100474

(DG-24A)

L

HM100474F

(FG-24)

HPIN ARRANGEMENT

®HM100474

otz 7 ~
oLz
m.g
oo«
vor 5
VuE
V5
o]
0[5
M l10
o0

24| Dl

WE
=
201 As
(5]
(18] vee
[17] %
[16]ne
(5]
1]
(3] &

(Top View)

®HM100474F

Ar  Ves

As  NC

24 23
WEI 1

Cstz
m.Es
e[ s
m;Es
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B ELECTRICAL CHARACTERISTICS
®DC CHARACTERISTICS (Vee=—4.5V, R.=5002 to —2.0V, Ta=0 to +85°C, air flow exceeding 2m/sec)

HM100474,HM100474F

Item Symbol Test Condition min(B) typ max (A) Unit
Vou —1025 —955 —880 mV
Output Voltage Via=Visa or Virs
Vou —1810 - 1715 —1620 mV
Voue —1035 - - mV
Output Threshold Voltage Via=Vis or Vi
Vorc — — —1610 mV
Vin Guaranteed Input Voltage —1165 - —880 mV
Input Voltage
Vi High/Low for All Inputs —1810 - —1475 mV
Lin Vin=Vina - - 220 HA
Input Current CS 0.5 — 170
I Via=ViLe HA
Others —50 - -
Supply Current Iee All Inputs and Outputs Open —200 —165 — mA
®AC CHARACTERISTICS (Vee=—4.5V £5%, Ta=0 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 tacs - - 10 ns
Chip Select Recovery Time trcs - - 10 ns
Address Access Time tas - 15 25 ns
2. WRITE MODE
HM100474/F
Item Symbol Test Condition Unit
min typ max
Write Pulse Width tw twsa=3ns 25 15 - ns
Data Setup Time twsp 2 - - ns
Data Hold Time twip 2 - - ns
Address Setup Time twsa tw=twmin 3 - - ns
Address Hold Time twia 2 - - ns
Chip Select Setup Time twscs 2 - - ns
Chip Select Hold Time twacs 2 - - ns
Write Disable Time tws - - 10 ns
Write Recovery Time tws - - 27 ns
3. RISE/FALL TIME
Item Symbol Test Condition min typ max Unit
Output Rise Time te — 2 - ns
Output Fall Time 17 — 2 — ns
4. CAPACITANCE
Item Symbol Test Condition min typ max Unit
Input Capacitance Cin — 4 - pF
Output Capacitance Cout _ 7 — pF
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HM100474,HM100474F

B TEST CIRCUIT AND WAVEFORMS

1. LOADING CONDITION 2. INPUT PULSE
Test Circuit 09V —————
Vee(GND)
i .
i
'
1
Dout -17V : !
M.U.T. | ! 1 J
c "l !
Re ; L te=17=2.5ns
0.01uF ‘E 20V RL=50Q
;; Vee Cr=30pF (includes
probe and jig

capacitance)

Address 50%

Dout 50%

4. WRITE MODE

s %Y

Address 50% 50%
__________ = //_"'—"—_"'———'—_-‘_‘-—-
A\
Din 50% ( 50%
\ /
N o o o e e e o e e o —
twip
WE tv/sb\ 50% 50% / e
twsa w twacs

50% 50%
Dout twscs
tws twr
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Address Access Time taa (ns) Supply Current Iez (mA)

Chip Select Access Time tacs (ns)
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B HITACHI

SUPPLY CURRENT vs.
SUPPLY VOLTAGE
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ADDRESS ACCESS TIME
vs. SUPPLY VOLTAGE
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CHIP SELECT ACCESS TIME
vs. SUPPLY VOLTAGE

Ta=25"C
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Supply Voltage Vee (V)
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HM100474,HM100474F

334

Write Pulse Width tw (ns)
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HM100480, HM100480F

16,384-words X1-bit Fully Decoded Random Access Memory
The HM100480 is ECL 100K compatible, 16,384-words x 1-bit, HM100480

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 and flat-20 pin

package, compatible with Fairchild’s 100480.

BFEATURES

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)

ETRUTH TABLE

*(DG-20)

HM100480F

Input
— — Output Mode
CS WE Din
H X X L Not Selccted (FG-20)
L L L L Write "0
L L H L Write “1”
L H x Dout* Read BPIN ARRANGEMENT
Notes) X !irrelevant \\
* . Read Out Noninvert Dout E 20 Ve
EBLOCK DIAGRAM ] 5] o
Ao A E 18| CS
Ao 3
A 3 § 128 128 w [4] 7] we
? O a a || Memory Cell ’ A E 16 A
A o H r E Array
= 15
A O—l E Dout A @ An
:5 o = T s [7] 1] An
" —
Sense Amp. Cs A E E A

Write Drivers

Y-Address Decoder

IZEEREX)
< 2 22 Z <2

B ABSOLUTE MAXIMUM RATINGS ( Ta=257C)

— Ar{9 12] As
WE
Ves | 10 n I As

(Top View)

Item Symbol Rating Unit
Supply Voltage Vee to Ve +0.5to —7.0 A
Input Voltage Via +0.5 to Ve \Y
Output Current Lo —30 mA
Storage Temperature Tos —65 to +150 ‘C
Storage Temperature T...( Bias)® —55 to +125 °C

* Under Bias

@ HITACHI
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HM100480, HM100480F

HMABSOLUTE MAXIMUM RATINGS (Ta=25C)

Item Symbol Rating Unit
Supply Voltage Vee to Vee +0.5 to —7.0 v
Input Voltage Vi +0.5 to Vee \'%
Output Current Tow -30 mA
Storage Temperature Tue —65 to +150 '
Storage Temperature T.s(Bias)* —55 to +125 C

* Under Bias

HELECTRICAL CHARACTERISTICS
®DC CHARACTERISTICS(Vee=—4.5V, R.=500 to —2.0V, Ta=0 to +85°C, air flow exceeding 2m/sec)

Item Symbol Test Condition min(B) typ max(A) Unit
Vou —1025 —955 —880 mV
Output Voltage Via=Viua or Virs
Vo —1810 -1715 —1620 mV
Voue =1035 — - mV
Output Threshold Voltage Via=Vius or ViLa
Vorc had - —1610 mV
Viu Guaranteed Input Voltage —1165 — —880 mV
Input Voltage
Vio High/Low for All Input —1810 — —1475 mV
Iy Vie= Viaa — — 220 HA
Input Current Cs 0.5 - 170
I Via=ViLs KA
Others —50 — —
Supply Current Iee All Inputs and Outputs Open —200 —165 — mA
O®AC CHARACTERISTICS (Vee=—4.5V£5%, Ta=0 to +85C, air flow exceeding 2m/sec)
1. READ MODE
Item Symbol Test Condition min typ max Unit
Chip Select Access Time tacs 2 — 10 ns
Chip Select Recovery Time tres 2 — 10 ns
Address Access Time taa 3 — 25 ns
2. WRITE MODE
Item Symbol Test Condition min typ max Unit
Write Pulse Width tw twsa=5ns 25 — - ns
Data Setup Time twsp 5 — — ns
Data Hold Time twip 5 — — ns
Address Setup Time twsa tw=tw min 5 — — ns
Address Hold Time twha 5 — — ns
Chip Select Setup Time twscs 5 — - ns
Chip Select Hold Time twics — -~ 5 ns
Write Disable Time tws — — 10 ns
Write Recovery Time twa — — 10 ns
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3. RISE/FALL TIME

HM100480, HM100480F

Item Symbol Test Condition min typ max Unit
Output Rise Time . - 2 — ns
Output Fall Time 177 - 2 - ns
4. CAPACITANCE

Item Symbol Test Condition min typ max Unit
Input Capacitance Cin — 3 — pF
Output Capacitance Cou — 5 - pF

B TEST CIRCUIT AND WAVEFORMS

1. LOADING CONDITION

Test Circuit

T Vec(GND)

Dout
M.U.T.

0.01uF ;‘E Ver —20V

3. READ MODE

4. WRITE MODE

cs 50%

2. INPUT PULSE

-0.9V
-17V
L
tr=t/=2.0ns typ
Ci
Rr=50Q
CL=30pF (includes
probe and jig
capacitance)
50% Address 50%
taa
Dout 50%

Address

G HITACHI
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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.

MFEATURES

® 16,384-words x 1-bit organization

® Fully compatible with 100K ECL level )

® Address access time: HM100480-15 15ns {max)
HM100480-20 20ns (max)

(DG-20)

EPIN ARRANGEMENT

® Write pulse width: HM100480-15 15ns (min)
HM100480-20 20ns (min) \/

® Low power dissipation: 0.06mW/bit bout [1] 2] Vet
e Output obtainable by wired-OR (open emitter) w 2] 1] pin
a5 [ig] &=
BMTRUTH TABLE [ e
& I.:VL: o Output Mode A E E Aus
a6 [15] A

H X X L Not Selected
L L L L Write 0" w7 [14] an
L L H L Write "1" a2 ] [55] ae
L H X Dout* Read Ar E E As
e T Nalavers vee 1] u]

HEBLOCK DIAGRAM (Top View)

Ao O~
A1 o
A2 o
A3 O~
A« o
e I —
As O—f S

Sense Amp.
Write Drivers

128X128
Memory Cell
Array

Word Driver

X-Address Decoder

WE
Y-Address Decoder
Din
TT3133543
£ 22 E Z 33
EABSOLUTE MAXIMUM RATINGS ( Ta=25C)
Item Symbol Rating Unit
Supply Voltage Vee to Vee +0.5 to —7.0 \Y
Input Voltage Via +0.5 to Vi A
Output Current Low —30 mA
Storage Temperature Tuee —65 to +150 ‘C
Storage Temperature T..(Bias)* —55 to +125 C

* Under Bias
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BMABSOLUTE MAXIMUM RATINGS (Ta=25C)

Item Symbol Rating Unit
Supply Voltage Vee to Vee +0.5 to —7.0 v
Input Voltage Via +0.5 to Vee A\
Output Current Lu —30 mA
Storage Temperature Tore —65 to +150 X
Storage Temperature T.s(Bias)* —55 to +125 K

* Under Bias

BELECTRICAL CHARACTERISTICS
®DC CHARACTERISTICS (Ver=—4.5V, R.=50Q to —2.0V, Ta=0 to +85°C, air flow exceeding 2m/sec)

HM100480-15, HM100480-20

Item Symbol Test Condition min(B) typ max(A) Unit
Vou —1025 —955 —880 mV
Output Voltage Viae=Vina or Vi
Vor —1810 —1715 —1620 mV
VoHC —1035 - - mV
Output Threshold Voltage Vie=Viuz or Viea
Vorc — — —1610 mV
Vin Guaranteed Input Voltage —1165 - —880 mV
Input Voltage
Vie High/Low for All Input —1810 — —1475 mV
Iy Via="Viua — - 220 HA
Input Current CS 0.5 - 170
I, Vie=Vis KA
Others —50 — -
Supply Current Iee All Inputs and Outputs Open —200 - — mA
®AC CHARACTERISTICS (Ver=—4.5V+£5%, Ta=0 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 trRCs 2 - 8 2 - 10 ns
Address Access Time taa 3 - 15 3 - 20 ns
2. WRITE MODE
HM100480-15 HM100480-20
Item Symbol Test Condition — — Unit
min typ max min typ max
Write Pulse Width tw twsa = 3ns 15 — — 20 - — ns
Data Setup Time twsp 3 - — 3 - — ns
Data Hold Time tWHD 2 — - 2 — - ns
Address Setup Time twsa tw =ty min 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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HM100480-15, HM100480-20

3. RISE/FALL TIME

Item Symbol Test Condition min typ max Unit
Output Rise Time t - 2 - ns
Output Fall Time tr — 2 - ns
4. CAPACITANCE

Item Symbol Test Condition min typ max Unit
Input Capacitance Cis - 3 - pF
Output Capacitance Cout — 5 — pF

M TEST CIRCUIT AND WAVEFORMS
1. LOADING CONDITION.

Test Circuit
T Vec(GND)
Dout
M.U.T.
R ; CL
0.01pF = : —20V

2. INPUT PULSE

-0.9V
-1.7v
b
& =t/=2.0ns typ
Ri=50Q
C=30pF (includes
probe and jig
capacitance)
Address 50%
A 4
Dout 50%

4. WRITE MODE
C—S 50% R __________________________ / (
Address 50@<: ————————————————— > <
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HM100484-15,HM100484-20 —

4096-word x 4-bit Fully Decoded Random Access Memory Under Development

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.

H TRUTH TABLE

Input
— — Output Mode
CS WE Din
(DG-28A)
H X X L Not Selected
L L L L Write “0”
i B PIN ARRANGEMENT
L L H L Write “1
L H X Dout * Read N\
) "
Notes) x ! Irrelevant et E ! 733 CC
* : Read Out Nonivert pos ] 2 2a7{ 7 boe
DOs 3 26 DOy
® BLOCK DIAGRAM O u
Ao [ 25| ] Dle
A1 As As A An A 5 2 Dls
b b L S u J
L Y-Decoder/ Driver A [ 6 23] DIz
. Y S TP S v g 2 o
A A s a[ ] 3
: M Cell A WE
mo 2 A v O o] Ve
Ao & j as [0 5[] WE
e A [n 18] N
>
Aso NC
A6 Block 1 | Block 2 | Block 3 | Block 4 As E 1 1 ]
as (13 15[ ] An
vee [1a 15[ ] Aw
(Top View)
HABSOLUTE MAXIMUM RATINGS (Ta=257C)
Item Symbol Rating Unit
Supply Voltage Vee to Vee +0.5 to —7.0 v
Input Voltage Via +0.5 to Vee \
Output Current Lo —30 mA
Storage Temperature Toe —65 to +150 °C
Storage Temperature T.s(Bias)* —55 te +125 °C

* Under Bias
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HM100484-15, HM100484-20

HELECTRICAL CHARACTERISTICS
®DC CHARACTERISTICS (Vee=—4.5V, R.=500 to —2.0V, Ta=0 to +85°C, air flow exceeding 2m/sec)

Item Symbol Test Condition min(B) typ max (A) Unit
Vou —1025 —955 —880 mV
Output Voltage Vin=Vina or ViLs
Vou —1810 - 1715 —1620 mV
Vonc —1035 - - mV
Output Threshold Voltage Vin=Vins or Vi
Vorc - — —1610 mV
Vin Guaranteed Input Voltage —1165 - —880 mV
Input Voltage i
Vi High/Low for All Inputs —1810 — —1475 mV
In Via=Vina - — 220 KA
Input Current CcS 0.5 ol 170 |
In Vin=ViLs MA
Others —50 — —
Supply Current Iee All Inputs and Outputs Open —240 - — mA
® AC CHARACTERISTICS (Ver=—4.5V £5%, Ta=0 to +85°C, air flow exceeding 2m/sec)
1. READ MODE
HM100484-15 HM100484-20
Item Symbol Test Condition Unit
min typ max min typ max
Chip Select Access Time tacs - — 8 — — 10 ns
Chip Select Recovery Time tres - — 8 — — 10 ns
Address Access Time taa - - 15 - - 20 ns
2. WRITE MODE
HM100484/15 HM100484-20
Item Symbol Test Condition Unit
min typ max min typ max
Write Pulse Width tw twsa=3ns 15 - - 20 - - ns
Data Setup Time twso 3 — — 3 — — ns
Data Hold Time twip 2 - - 2 - - ns
Address Setup Time twsa tw=twmin 3 - - 3 — — ns
Address Hold Time twia 2 - - 2 - - ns
Chip Select Setup Time twscs 3 - - 3 - — ns
Chip Select Hold Time twics 2 — — 2 — — ns
Write Disable Time tws - - 8 - - 10 ns
Write Recovery Time twr - - 17 - — 22 ns
3. 'RISE/FALL TIME
Item Symbol Test Condition min typ max Unit
Output Rise Time te — 2 - ns
Output Fall Time 17 — 2 — ns
4. CAPACITANCE
Item Symbol Test Condition min typ max Unit
Input Capacitance Cin — 3 — pF
Output Capacitance Cou - 5 - pF
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HM100484-15, HM100484-20

HETEST CIRCUIT AND WAVEFORMS

1. LOADING CONDITION 2. INPUT PULSE
Test Circuit 00V e e
T Vee(GND) ’

|

|

|

Dout -1V : :

M.U.T. | |

bl

R ¢ Lot )
¢ ]/; t te=t;=25ns

091F -20V  Ru=500
; Ver Cll:=30pF(includes
probe and jig

capacitance)

3. READ MODE

—_— 50% Address 50%

| ! thes

Dout 50%

4. WRITE MODE

Address

wsp 50% 50% ria
WE
Bsa w twics
50% 50%
Dout twscs
tws W
1
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