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MEDICAL APPLICATIONS

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

NOTICE

The example of an applied circuit or combination with other equipment
shown herein indicates characteristics and performance of a semiconductor-
applied products. The company shall assume no responsibility for any problem
involving a patent caused when applying the descriptions in the example.
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B QUICK REFERENCE GUIDE TO HITACHI IC MEMORIES

EBMOS RAM

Total Organizaton Ac4ce55 Cs'lcle Supply .P(')we.r Package®

Mode Bit Type No. Process (ordxbi) Time | Time |Voltage]| Dissipation Pin Page
' (nsjmax | (ns)min| (V) W) | No. | G| F|FP|SP|CG|CP
HM6148H-45 45 45 o-1m/0.175 M) 46
HM6148H-55 55 55 e e 46
1024 X4
HM6148HL-45 45 45 50175 [ 52
HM6148HL-55 55 55 ® 52
sobit HM6147H-35 35 35 18 ® e 57
HM6147H-45 45 45 0.1m/0.15 e e 57
HM6147H-55 109651 55 55 ele 57
HM6147HL-35 3% | 35 ® 63
HM6147HL-45 45 45 51/0.15 e 63
HM6147HL-55 55 55 ) 63
HM6116-2 120 | 120 0.1m/0.2 o ® e 67
HM6116-3 150 150 e e e 67
0.1m/0.18

HM6116-4 200 200 e ® 6 67
HM6116L-2 120 | 120 20un /0.18 YD) 78
HM6116L-3 150 | 150 2045 /016 Y 78
HM6116L-4 200 | 200 1Y) 78
HM6116A-12 2048X8 o0 [ 120 % ® |® 89
HM6116A-15 150 | 150 0.lm/15m ® ® 89
HM6116A-20 200 | 200 ® ® 89
HM6116AL-12 120 | 120 [ ® 96
HM6116AL-15 150 | 150 54/10m ® ® 9
HM6116AL-20 200 | 200 ® ® 96
) HM6168H-45 45 45 I 100
Static HMeesHEs | 0% 5 % " |om/oz ) 100
HM6168H-70 1006 x4 70 70 ® 100
16k-bit | HM6168HL-45 45 45 ® 106
HM6168HL-55 55 55 5, 0.2 @ 106
HM6168HL-70 70 70 @ 106
HM6167 70 70 Y 111
HM6167-6 85 85 01m/0.15 [ JK ) 111
HM6167-8 100 | 100 2 e ® 111
HMS6167L 70 70 ® 117
HM6167L-6 85 85 51/0.15 ® 117
HM6167L-8 L6384 x1 100 | 100 ® 117
HM6167H-45 45 45 01m/02 1K) ) 121
HM6167H-55 .55 55 [ ® 121
HM6167HL-45 45 45 502 [) 132
HM6167HL-55 55 55 ® 132
HM6267-35 35 35 01m/02 Y 136
| HM6267-45 45 45 ® 136
HM6264-10 100 100 ® 142
HM6264-12 120 | 120 0.1m/0.2 o e 142
[ HM6264-15 150 150 ® o 142
Bk DIt [ V6264110 8192>8 100 T 100 2 ® 152
HM6264L-12 120 | 120 101/0.2 o ® 152
HM6264L-15 150 150 Y0 152

(to be continued)
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Total Organization Ac'cess C%’Cle Supply P (.)we.r Package®
Mode Bit Type No. (word it Time | Time |Voltage| Dissipation Pin Page
(ns)max| (ne)min| (V) W) | No. | G| P|FP|SPICG|CP
HM6287-55 55 55 01m/03 | 22 ® ® 164
Static | 64k-bit |1 M16287-70 65536 X1 |— 70 L4 LJ 164
HM6287L-55 55 55 ® 168
HM6287L-70 0 | 70 10403 | 22 ® 168
HMG65256A-12" * 120 | 190 ° 173
Pseudol o c-bit] HM65256A 15~ 32768x8| 150 | 235 2m/0.175 | 28 ® 173
Static HM65256A-20° * 200 | 310 ® 173
HM48416A-12 120 | 230 ® 182
HM48416A-15 16384x4| 150 | 260 20m/0.3 | 18 ® 182
HM48416A-20 200 | 330 ® 182
[ HM4g642 150 | 270 ) 189
St Ta3643 200 | 335 20m/0.33 o e 189
HM4864A-12 65536 1| 120 | 220 1 @@ ® 199
HM4864A-15 : 150 [ 260 | [18m/025 ) ® 199
HM4864A-20 100 | 330 ) ® 199
HM50464-12 120 | 220 ® 209
4 HM50464-15 150 | 260 ® 209
Dynamic|
HM50464-20 ss5365c4 200|330 2omy035 | 18 ® 209
HM50465-12 120 | 220 @ 217
HM50465-15 150 | 260 ° 217
256k pig] IM50465.20 200 | 330 ™) 217
HM50256-12 120 | 220 ) o »
HM50256-15 150 | 260 o e ®
HM50256-20 200 | 330 ) ®
HM50257-12 S TR 20m/035 | 16 g ° ® 3
HM50257-15 150 | 260 ) e 3
HM50257-20 200 | 330 e e ® =3
* Under devel * % Preliminary 4 HM6116LP/LFP Series : 10\

t The package codes of G, P, FP, SP, CG and CP are applied to the packge materials as follows.
G : Cerdip, P: Plastic DIP, FP: Flat Plastic Packge (SOP), SP : Skinny Type Plastic DIP,
CG : Ceramic Leadless Chip Carrier, CP: Plastic Leaded Chip Carrier
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EMOS ROM

A 1 P
Total Organization CFeSS Supply . ?Welf Package
Mode X Type No. Process R Time |Voltage| Dissipation - Page
Bit (word Xbit) Pin Gl P|FP
(ns)max | (V) (W) No.
HN61364 28 ® ® 242
64k-bit | HN61365 8192 X8 250 5p/50m 2 @ 244
HN61366 [ ] 246
128k-bit | HN613128 16384 X8 250 51/50m 28 @® 248
HN61256 32768 X 80r63536 X 4 3500 51/ 7.5 250
Mask 256k-bit Mo |tk W/15Sm | LI J
HN613256 32768 X8 250 5u/50m @ 252
HN62201* * 65536 X 16 3500 50/20m 40 ® 254
i HN62101** 3500 504/20m [ ] 256
1M-bit ;
HN62301 131072 X8 350 2m/75m 28 [ ] 258
HN62301A 250 2m/75m ® 262
HN482732A-20 200 ® 268
32k-bit | HN482732A-25 4096 X8 250 0.18/0,8 24 | @ 268
HN482732A-30 300 268
NMOS J 6
HN482764 250 [ ] 272
HN482864-2 200 0.18/0.55 ® 272
f4k-bit HN482764-3 4192 %8 300 45 ® 272
-bi
HN27C64-15 150 [ ] 282
HN27C64-20 CMOS 200 5u/20m ® 282
U. V. Erasable HN27C64-25 250 ® 282
& Electrically HN4827128-25 250 ® 289
) 128k-bit | HN4827128-30 16384 X8 300 0.18/0.53 [ ] 289
HN4827128-45 | NMOS 450 28 | @ 289
HN27256-25 250 298
e 0.22/0.55 LJ
HN27256-30 300 @ 298
256k-bit | HN27C256-20 32768 X8 200 [ ] 303
HN27C256-25 | CMOS 250 51/20m ® 303
HN27C256-30 300 ® 303
One Time 64k-bit | HN482764-3 NMOS 8192X8 300 0.18/0.55 ® 277
Electrically 128k-bit | HN4827128-30*4 16384 X8 300 0.18/0.635 ® 294
Electrically Erasabl HN58064-25 250 307
ectrically Erasibiel g axc-bit NMOS| 81928 0.125/0.3 ®
& Programmable HN58064-30 300 [ ] 307

* Under development

* * Preliminary
t The package codes of G, P and FP are applied to the packge materials as follows.
G : Cerdip, P Plastic DIP, FP: Plastic Flat Package
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EBIPOLAR RAM
1
Total Organization Ac.cess Supply .Pc.:)wel.— Packaget
Level ) Type No. ...| Output| Time | Voltage Dissipation n Page
Bit (word X bit) . Pin FlGlce
(ns)max V) (mW/bit) No.
HM10414 10 [ ] 314
-bi 256 X1 2.8 16
26t 0414 8 ® 314
1 1 .
HM10422 256 x4 0 0.8 2 [ ] 318
HM10422-7 7 1.0 [ ] 323
HM2110 35
Tk-bit 05 ® 326
HM2110-1 10241 25 16 ® 326
HM2112 10 08 [ ] 330
ECL HM2112-1 8 59 ’ ® 330
10K HM10474 25 ’ 0.2 ® 335
HM10474-8** 1024 x4 8 24 34
Open 0.3 L 0
HM10474-10** . 10 ® 340
Emitter|
4k-bit | HM10470 25 0.2 18 ® 343
HM10470-1 10961 15 ) ® 343
HM10470-20 20 0.25 ® 348
HM2142 10 0.3 20 [ ] 351
16k-bit | HM10480 16384 X1 25 0.05 20 @@ 354
Tk-bit HM100422 256 X4 10 0.8 24 @ 0 e 357
-bi
ECL HM100415 1024 X1 10 0.6 16 ® e 360
100K | 4icbit HM100474 1024 x4 25 —4.5 0.2 24 @@ 363
-bi
HM100470 4096 <1 25 0.2 18 [ ] 368
16k-bit | HM100480** 16384 X1 25 0.05 20 @@ 371
% Under devel * * Preliminary

t The packge codes of F, G and CG are applied to the package materials as follows.
F : Flat Package, G: Cerdip, CG : Ceramic Leadless Chip Carrier

10
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B PACKAGE INFORMATION (Dimensions in mm)

@ Dual-in-line Plastic

® DP-16

e DP-16A

T 16
2 15 - =
I3 | n —1?' S
o 4 13 1% -
Zs l 2 ™ N o~
6 n b1 2 3
RER 1 RE 1
7 | mmf— £ S - *_YB =)
2L + ! =
& S EETT 2 T
w8l usiet = P T
m 06 ma x——nt
15 BO6me S ST Loy SOomas Simn
—18 - i
i
=15 ,. 0.20~0.38 0 =15 0.20~0.38

e DP-18

e DP-20

S % 19
< © 18
2 z 1
“ 16
g £ 15
o ]
]H E u
r = 13
ME 12
'y = n
5.06max Simin SThmar 25%0n
762
0.20~0.38
s 020~036
o DP-22N
24
23]
2E
19
18| ¥
17|g
15)%
5|2
4|2
137
0.51min=t
S hmaxk— -l
Z5imin

© DP-24N

! fom24

=23
A P22
o2l

SEATING PLANE 1

@ DP-28

0.20~0.38
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Package Information e _

® 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
HM6148HP-45, HM6148HP-55, HM6148HLP-45, HM6148HLP-55, HM6147HP-35, HM6147HP-45, HM6147HP-55,
DP-18 HM6147HLP-35, HM6147HLP-45, HM6147HLP-55, HM48416AP-12, HM48416AP-12, HM48416AP-15, HM48416 AP-20,
HM50464P-12, HM50464P-15, HM50464P-20, HM50465P-12, HM50465P-15, HM50465P-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-22N HM6287P-55, HM6287P-70, HM6287LP-55, HM6287LP-70
DP-24 HM6116P-2, HM6116P-3, HM6116P-4, HM6116LP-2, HM6116LP-3, HM6116LP-4, HM6116AP-12, HM6116AP-15,
HM6116AP-20, HM6116ALP-12, HM6116ALP-15, HM6116ALP-20, HN61356P, HN61366P
DP-24N HM6116ASP-12, HM6116ASP-15, HM6116ASP-20, HM6116ALSP-12, HM6116ALSP-15, HM6116ALSP-20
HM6264P-10, HM6264P-12, HM6264P-15, HM6264LP-10, HM6264LP-12, HM6264LP-15, HM65256 AP-12, HM65256 AP-15,
DP-28 HM65256AP-20, HN61364P, HN613128P, HN61256P, HN613256P, HN62101P, HN62301P, HN62301AP, HN482764P-3,
HN4827128P-30, HN58064P-25, HN58064P-30
@ CERDIP
5.06max 2.8min
® DG-16 63 OI;‘ ® DG-16A
Smin -
1 ¥ =
q 3 n
i ! :
q De .
g p. &
q D < g
g . p a3
g b
"
4 ) I
. b o 5I»i.:m_mm
T 28
0~ 15" 0.20~0.38
® DG-16B Lt © DG-18 I
N bln 1=l “rl
7 IS = iz
. 47 ‘ 3
. 'z o)
5 ; = BIE 14
! 5 i 13
. = i 12
4 . y: g E" i
o s ARN It 0
- [0.38mn 762 -
Th? L._d__.l fasmi— P.8may]
[ 5.08max 28min T Tt
0.2~ 36 ’ %
-\.“‘"‘J 0.20~0.38 — et~ 15
(to be continued)
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Package Information

® DG-20

b2

0.51mi

5.08max 2.54m
——t

1 d b

31e 02

T

[
ﬂ.lﬁ;nm

bo——ebmed 2 34 min)
K9max

® DG-24A

® DG-24B 14.66

2.8min

T ﬁ :
048701 2547025
L:???%E:UEEEE
- 3175
1.32
e | e

01.20~0.36

048 £ 0.1

@ DG-28

iy

2.54+0.25

36.83
R

NSE

Epwmm
B

2.54mn.

5.89max

0.20~0.36

® Applicable ICs

DG16 TIM10414, IM10414-1, HD2912
DG16A HM2110, FIMI210.1, HM2112, AM211Z.1, AMI00415, [1D2916, HDZ073
o168 FIM4864.2, FIM4864.3. IMA864A-12, TIMA864A-15, FINI4864A.-20, FIM50256-12, FIM50256-15, HIM50256-20,
HM50257-12, HM50257-15, HM50257-20
TMET48H.45, TM6148T1.55, TM6168H-35, FIM6147H-45, AIM6147H55, FIMI0470, FIM10470-1, EEM1047020,
DG-18 HM100470
o TN 681145, [IMBT68TI-55, HMG168T1.70, [IM6167, [IM6167-6, IM6167-8, [IM6167H-45, [IM61671155, IMZ142,
2 FIM10480, HM100480
s FIM6116.2, HIM6116-3, FIM6116-4
DG2iA FIMI0422, FIM10422-7. TIM10474, FIM10474-8, FIM10474-10, TTM100422, TIM100474
DG24B TIN482732AG-20, HN482732AG25, HN482732AG-30
HN482761G, FINI82764G-2, IINAS2764G-3, HN27C64G-15, FINZ7CAAG 20, INZ7CHIG 25, FIN4B27128G, 25,
DG-28 HN4827128G-30, HN4827128G-45, FIN27256G-25, HN27256G-30, HN27C256G-20, HN27C256G-25,
HN27C256G-30

® HITACHI




Package Information

@ Flat Packages

® FP-54

® FG-24

® FP-24
=1 1= 24
G| red < 23
| 3ex 22
o | 155 ! 21
G| Sex 20
w| 6exft . 19
2| 7oy 18
2| perd ! b |7
2| 9ex L 16
=l L= 15
&1 bra 14
et xa-13

0.915(Including End Flash)

e FP-28

I
a7

b E Tt atatatat;

w4t
Ll

0.8%
el
Faii

eSS

® FG-20

(Miss matching of base and capl

127402

114431015

0.35%0.10

R XEN ERAINT:
%x
J‘F
_Jlosstors
134005

® Applicable ICs

HM6116FP-2,HM6116FP-3, HM6116FP-4,HM6116 LFP-2,
HM6116LFP-3, HM6116LFP-4

HMG6264FP-12, HM6264FP-15, HM6264LFP-12,
HM6264LFP-15

HN61364FP, HN613128FP, HN61256FP,
HNG613256FP

HM10480F, HM100480F
HM100422F, HM100474F

FP-24
FP-28

FP-54

FG-20
FG-24
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Package Information

® Chip Carrier

®CG-18 ®CG-20

10802038 0Bzl

L$12 0.381
+ 0.38)

3-R0.3 3-Ruy

2.2max

®CG-22 ®0CG-24

- 1245203

— =Cos

eCP-18 L3 5IMAY ® Applicable ICs
12.52MAX 0G.18 | HM4864ACG-12, HM4864ACG-15,
N HM4864ACG-20
A H CG-20 | HM6167HCG-45, HM6167HCG-55
;g Oug| Index Olp 2 CG-22 | HM6287CG-55, HM6287CG-70
b E‘ @] g CG-24 | HM100415CG, HM100422CG
== cow| INGIEECE S TG
: o - 50256CP-20, 50257CP-12,
INDEX CORNER HM50257CP-15, HM50257CP-20
0.43£0.1
0
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RELIABILITY OF HITACHI IC MEMORIES

1. STRUCTURE

IC memories are structurally classified into bipolar
type and MOS type. The former has a characteristic
of an extremely high speed. But it is a comparative-
ly small capacity and on the other hand, the latter
features a large capacity. These IC memories are
utilized by effectively taking the most of their
respective characteristics.

Flows from designing, manufacturing and up to
inspection for both Bipolar and MOS type IC
memories are established under a unified concept,
design and inspection standards. Therefore stable
results concerning their reliability have been ob-
tained with these |C memories, regardless of differ-
ences in the circuit design, pattern, layout, degree of

integration, etc.

From its characteristics, the memory LSl is inte-
grated in high density by unit patterns called “‘cell”
and it is not exaggeration to say that they are
produced in the most advanced semiconductor
manufacturing technologies. To get the high reliabil-
ity of such a memory which has been subjected to
rapid technological advances, know-hows based on
past experience from the design stage of a cell are
incorporated. Farther to evaluated reliability of
each respective technology applied. Reliability eval-
uation using TEG (Test Element Group), etc. is
carried out. Examples of cell circuits of the Bipolar
memory.and MOS memory are shown in Table I.

® Table 1 Examples of Basic Cell Circuit of IC Memories

Classificati Bipolar memory Bipolar memory NMOS memory Nh:lnoesr;{og?::)s NMOPSRr(x;;Amory
assification (RAM) (PROM) (Dynamic RAM) (Static RAM) ( )
Buffer memory, 3 For
Application control memory Microcomputer Main memory of computer, microcomputer
pplicatio of high;speed control use microcomputer memory control
computer
.
Example of
basic cell
circuit .
I—O

IC memory chips produced in the latest technolo-
gies are sealed in different packages. Ceramic pack-
age, Cerdip (glass-sealed type) and Plastic package
are the current major IC packages. Also such
packages as LCC (Leadless Chip Carrier) for high
package density and SO (Small Outline) package are
now under development.

© Table 2 Examples of IC Memory Package Outlines

Ceramic and Cerdip versions, with their hermetically
sealed structure, are suitable to the equipment
requiring high reliability. Plastic version, the leading
semiconductor package, is applied to various kinds
of equipment. Hitachi Plastic package has been
improved to the close reliability level as the hermeti-
cally sealed devices. Table 2 shows examples of IC
memory package outlines.

® Cerdip

® 18 Pin

@ 16 pin

® 20 Pin

® 24 Pin

16 @ HITACHI




—Reliability of Hitachi IC Memories

® 24 Pin with Lid ® 28 Pin with Lid

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

® 24 Pin @ 28 Pin

® | eadless Chip Carrier
® 18 Pin @ 20 Pin ® 22 Pin ® 24 Pin

= SOP = PLCC
® 24 Pin © 28 Pin ® 18 Pin

@ HITACHI 17



Reliability of Hitachi IC Memories

2. RELIABILITY DATA Results of reliability tests are listed below.

2-1 Reliability test data on Bipolar memories

The reliability test data on the Bipolar memories are
shown in Tables 3 and 4. Since they are manufac-
tured under the aforementioned standardized design

rules and quality control, there is no difference in
reliability among various types. In addition, it can
be said that the greater the capacity, the higher the
reliability per bit.

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

HM10470 Cerdip HM100422 (Chip Carrier)
i Test conditi Total : Total ;
Test item est condition Samples | component | Failures F;alt]:,,fe Samples | component | Failures Faltlu:e
hours at hours rate
T, =125°C C.H. 1/hr
Vgg =-5.2V 125 4.0x10° 2.3x10°¢ — - .- -
Hich (HM10470)
igh- - s
temperature Tq=150°C
(Operating) Vgg =-5.2V
(HM10470) 80 2.7x10° 3.4x107°¢ 40 4x10*% 0 2.3x107°
Vee = -5.0V
(HM100422)
High- T, = 200°C 27 2.7x10* 3.4x10°° 40 4x10* 0 2.3x107°
temperature
storage T, =295°C 20 2.0x10* 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
. 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, Y and Z 40 0 60 0

2-2 Reliability test data on MOS memories DRAM), HM4864AP (64K DRAM), HM6264P

The reliability test data on the MOS memories are
shown in Tables 5, 6 and 7. In these tables, data are
shown on representative types of HM50256 (256K

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

(64K SRAM), HMG6116P/FP (16K SRAM),
HN4827128 (128K EPROM) and leadless chip
carrier device of 64K DRAM, 4K/16K SRAM.

HM50256 (Ceramic) HN4827128G (Cerdip)
i Test Total . - Total . . Remarks
Test item s Sam- Fail- | Failure | Sam- Fail- | Failure
Condition ples cor}rllglcl)rnsent ures rate* ples corl?gl?:lsent ures rate*
Ta= 125°C 1/hr 1/hr
Vee =5.5V - - - - 100 1.0x10° 0 9.2x107¢
. teye = 3us
:ilxit;erature T,= 150°C Oxide
dynamic Vcc=_8V/7V 723 | 1.44x10° 7 5.8x10°¢ - - - - failurex7
operation teye = 3us
T,=125°C .
Oxide
— 6 -6
Voe=8V/TV | 2920 | 11210 2 | 2.8x10 - - - - failuse x 2
teye = 3us

* Estimated failure rate with confidence level 60%.
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® Table 6 Results on MOS Memory Reliability Tests (2)

Reliability of Hitachi IC Memories

HM4864 AP (Plastic) HM6264P (Plastic)
: Test Total ; R Total . . Remarks
Test item o Sam- Fail- Failure | Sam- * Fail- Failure
condition ples Corﬂg& rr;ent ures rate* ples cor}?ggrnsent ures rate®
T, =150°C ’ 1/hr 1/hr
High- Voc=7v | 173 | 1.73x10° | 0 | 13x10 | - - - -
temperature | feye = 3u8
dynam.ic Ty =125°C Isolation
operation Vee =7V 173 1.73x10° 0 1.3x107¢ | 774 | 8.4x10° 2 3.7x107 | failurex1
teye = 3us Defective
tal
High-temper- T, =85°C crystalx 1
ature and RH = 85% 177 | 1.77x10° | 0 | 5.2x107¢ | 304 | 3x10° 0 3x107¢
high-humi- Voo = 5.5V
dity bias CC RS
P T,=121°C
Tessure RH =100% 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 *‘(’:2512121)5)6 fcl’e‘}%"f) 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 0 100 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 0 B _ - B 82 0
Variable 20Hz~2000Hz
frequency 20G 38 0 90 0 B B B B 82 0
Constant-
acceleration 20,000G 38 0 90 0* - - - - 82 0 *6000G

2.3 Change of electrical characteristics under endur-

ance test for IC memories

The degradation of lcgg of the cell transistor,
degradation of hgg, etc., can be considered as main
factors in the internal elements for reliability of
In actual element designing,

Bipolar

memories.

however, it has been designed to operate in the

range at which these degradations do not happen.

Fig. 1 Example of Change in Bipolar Memory Characteristics

Therefore changes of electrical characteristics in-
cluding access time are not observed.
Time dependence in access time for HM10470 is
shown in Fig. 1.

Example

Example of time change in access time for Bipolar memory

Device name

HM 10470

Test condition

Ta=125°C, VEg=-5.2V

Failure criteria

tAA=

25ns

Failure mechanism

Surface degradation

Results:

Access time (tp 4) is stabilized and is within the failure

criteria.

25

taa (ns)

35+

30t

Measuring Condition

Marching Pattern

|

Maximum

%Average

Minimum

|

201

L

n
W

1

500 1,000

Time (hr)

2,000
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Reliability of Hitachi Memories

Vyy is a basic parameter in the MOS memories,
however, it has been confirmed there is not any
shift in Vyy for practical usage because we have
applied surface stabilizing technique, clean process,
etc.

In case of dynamic RAM which needs refresh cycle,
refresh time is also stabilized owing to the above-
mentioned process. Time dependence of Vcc min
and trer characteristics for the 64K DRAM are
shown in Fig. 2and 3.

7
_BF HM4864-3 N=50pes
=5
~ Specification
E4r 3 I b 1 Max.
E RO ¢ T T e 1 Averase
2 3 Measuring Conditions
= 2t « Ta= 25T
* trac =200ns
1 - Marching Pattern
ol | . . ‘
0 500 1,000 1,500 2,000
Time (hrs)
Fig. 2 Vg min time depend in dy ic operation
test at 125°C

150
HM4864-3 Measuring  Ta=70C
N=50pcs = Conditions Vee=4.5V
Disturb Pattern
100+
= F
E
. T
&
=50
0
i 9 Specification
- i 2ms
0 L L L L 7777
0 500 1,000 1.500 2,000
Time (hrs)

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

2.4 Classification of failure modes

Examples of failures happened in the field are
shown in Fig. 4 and 5. Since memory LSIs generally
require the most fine processing in semiconductor
manufacturing technology, the percentage of fail-
ures resulting from pinholes, photoresist defects,
foreign materials, etc., is tending to increase. To
eliminate the latent defects which are generated in
these manufacturing processes, we are constantly

Pinholes

reappearing
Fadores
25%

Delective lasalsuren
Laper Dee 10 Foreipn
Maternals 9%

Steusuics
for 1979-1982
20~60FIT

Destruction
30%
Defective Photo-

hihography 3%
Defective Mewhization 3%

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

improving these processes, and performing burn-in
screening under high temperature for all memories.
In addition, since the analysis of failures in the field
can result in important feedback to improve their
design and manufacturing, we are always exerting
our efforts to collect customer process data and
field data with the aim of further establishing their
high reliability.

Statistics
for 1979-.1982
W ~200A1T
Defective

to-
lithography
"%

Fig. 5 Classification of Failure Modes of MOS Memory
in the field
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3. SOFT ERROR

3.1 Soft Error Mechanism

As mentioned before, IC memories have been
increasingly miniaturized. Miniaturization, which
means reduction of the horizontal plane dimensions
as well as the vertical dimensions, causes signal level
on the chip and storage charge of dynamic memories
to be also decreased. An obstacle lying before
miniaturization is soft error. Soft errors can be
characterized as ‘‘transitory failures in which normal
memory operation can be recovered by reprogram-
ming information.” Soft errors are caused by
a-particles emitted from U and Ty contained in the
packaging materials. As memory chips are exposed
to a-particles, a great deal of electron-hole pairs
are induced in Si substrate. These induced electrons
cause memory information reversion. Fig. 6 shows
the mechanism of information reversion in NMQOS
dynamic memory by a-particles. In case of NMOS
dynamic memory, negative voltage is applied to the
Si substrate. Therefore, positive holes are drawn by
substrate, and only electrons cause information
reversion (from information 1" to "’0’") of memory

Reliability of Hitachi IC Memories

cell. Fig. 6 shows misoperation seen in memory cell.
Such a failure mode, which is defined as “Memory
cell mode of soft errors,’” is distinguished from “Bit
line mode.”” “‘Bit line mode’’ of soft errors is shown
in Fig. 7. As information in memory cell is read out
on bit line, bit line potential changes depending on
memory cell information. The changing value is very
small (several 100 mV), and compared with stand-
ard potential (potential read out from dummy cell),
it is amplified by sense amplifier. If bit line is
exposed to a-particles during the very short period
between read-out from memory cell and amplifica-
tion by sense amplifier, bit line potential decreases.
And as it becomes less than standard potential,
misoperation from information “0” to “‘1"" will take
place. On the other hand, with decrease of standard
potential, misoperation from information 1" to
0" is seen. Both are called ‘’Bit line mode"’ because
errors appear at irradiation of a-particles. Soft error
dependence on cycle time is shown in Fig. 8.

Polysilicon Gate

= =

l
& Silicon Substrate; Ch 3 g ? iL_ei:e.' ) S { ;'_2_8;_8_8_8_8_8_3_;
1 Information Storage Area§ g !a ee
o
'

le being absent)

Incident a-particle generate a  (c)
large quantity of electron-hole

pairs. Generated electrons enter

the information storage area and

holes are drawn to the substrate
power supply.

(a) Memory information at ‘1’  (b)
(Electrons are absent)
(1 Transistor type memory cell)

tion from ‘“1’* (electrons

Fig. 6 Misoperation in Memory Cell

Inversion of memory informa-
“‘ab-
sent’’) to "0’ (electrons *‘filled’’)
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Reliability of Hitachi IC Memories

Bit Line Potential
Information

Reference Level

g Information o

1 t
Pre- Information  Amplified
charge Read Cycle

<

(a) Read out memory information
into bit line

(b) Inversion of information (c) Inversion of information
from 17 to “0"
(fall of “1"* potential)

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

Fig. 7 Misoperation on Bit Line

103

Cell Mode

102+

10 1 Bit Line Mode

Soft Error Rate (Relative Figure)

)
1 10 10? 10°
Cycle Time (Relative Figure)

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

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

In case of static memory, certain level of current
always flows through the cell in order to retain the
data in flip-flop circuit. When partial current in-
duced by a-particles exceeds the retention current,
misoperation occurs because of reversion of flip-flop
circuit.

3.2 Examples of soft error preventive measures in
products

At the initial stage of the 64K DRAM development,

its soft error rate was estimated from accelerated

irradiation test data to be higher than the expected

design value. Hitachi has performed the following

soft error preventive measures.

1) Selection of packaging materials which emit a
minimal number of a-particles.

2) Application of chip coating technology to pre-
vent the a-particles.

3) Use of circuitry and layout technology with
inherent ability to resist a-particles. !

Owing to these corrective measures, soft errors in

64K DRAM have reached a practically acceptable

level. Preventive measures applied for 64K DRAM

are also applied to other types. 16K DRAM with

single power supply 5V family, for which chip

coating was originally used, no longer requires this

coating because of remarkable improvement by the

third measure.
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Fig. 9 Example of Soft Error Improvement on 64K-bit
Dynamic RAM

3.3 Request for soft error preventative measures in
system equipment

Thus our efforts to reduce soft errors have resulted

in almost trouble-free memories. System reliability

can be more improved by supplying some functions,

that is, ECC device for lage memory system and

parity bit for small one.

--—--——Reliability of Hitachi IC Memories

4. RELIABILITY CLASSIFICATION

In designing IC memories, Hitachi classifies memory

reliability by their application and controls the

flows of design, production and test. Reliability can

be roughly classified as follows:

(1) For large scale computers and electronic
exchangers

(It)  For important parts for auto-motive applica-
tion

(111} General communication-industrial use

In using our products, therefore, we would like you

to consider the classification of the application.

Especially, when you are going to apply our

memories to any special equipment, please do not

hesitate to consult our sales engineering staff.
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@ PRECAUTIONS FOR HANDLING IC MEMORIES

A variety of IC memories of high-speed, high-power
and static lower power dissipation CMOS have been
developed and commercially available, which allows
an electronics designer to properly select the one
best suited for a particular application. However, he
must be familiar with the advantages and disadvan-
tages of the devices to make the optimum selection
and to prevent them from malfunctioning or, in the
worst case, from breaking down. Precautions for
handling IC memories given below will help the
electronics designers to work out their optimum
circuit designs. '

1. BIPOLAR IC MEMORY

1.1 Prevention of static electricity

Bipolar memories have been considered to have
high resistance to the static electricity than MOS
ICs. However, the presently available high speed IC,
represented by bipolar memories, must be provided
with a suitable preventive measure against the static
electricity. Because their diffused junctions have
become thinner than the conventional types, in
order to perform higher capability. Take note of the
following points.

(1) Keep all terminals of a device in the conductive

mat during transportation and storage to keep
them at the same potential. A conductive mat
called “MOSPAK" is commercially available.
Unless otherwise specially stated, all HITACHI
IC memories will be shipped in our conductive
mats. Store them as they are.

(2) When handling by hand IC memories for
inspection or connection, his finger must be
grounded as shown in Fig. 1. Do not forget to
insert a 1M ohm resistor to protect him against
an electric shock.

Insulated clip

T~
/
Copper ring \\
put it on a finger. hieldi . !
Shielding wire IMQ%W resistor

about 1 meter

Fig. 1

(3) It is advisable to control the ambient relative
humidity at about 50 per cent to prevent the
occurrence of static electricity.

(4) it is also recommendable to wear cotton clothes
instead of the ones made of synthetic fabrics to
prevent the static electricity from occurring.

(5) It is desirable to ground the soldering iron tips.
Use a low voltage soldering iron (12 or 24V), if
possible.

(6) When IC memories mounted on the circuit
boards are shipped, it is preferable to pack
them with conductive mats.

1.2 Prevention of Reverse Insertion of IC Pinouts

In the case of reverse insertion of IC pinouts to
board, ICs which have symmetrical pinouts between
Vee and Ground causes high current flown. Inter-
connection on the chip is melted and device is
destroyed. Precaution must be made even for the
ICs which do not have symmetrical pinouts between
Vee and Ground, because excess current flows and
sometimes device is destroyed. On the device
package, marking cf No. 1 pin is stamped. Please
watch this marking and insert ICs properly.

1.3 Mounting and Removal of ICs during Voltage is
supplied

Usually, rather high current flows in regulator of
bipolar memory. Therefore, if ICs are put in and
pulled out to board during voltage is supplied, high
voltage induced at current on/off destroys ICs.
Mount and remove ICs after supply voltage is cut
off. Same precaution must be made in measure-
ment with tester.

1.4 Prevention of Oscillation

ECL bipolar memory has high cut-off frequency of
transistor. Therefore, sometimes, oscillation is
caused in relation with external circuit, and misope-
ration of ICs is occurred. In such cases, about 0.1
uF of capacitor, which has good high frequency
characteristics, is recommended to put between ICs
and voltage supply line.

1.5 Precaution on Simple ““H’" Level of ECL
Memory

In some cases, it is seen that input of ICs is directly
connected to ground to fix input as ‘““H’ level.
However, it sometimes causes misoperation in con-
junction with internal circuit composition. ““H’* and
“L" leve] of input are specified as V|_(min) and
ViH(max) for ICs respectively. Please refer them
and use ICs properly.

1.6 Cooling

Power dissipation of bipolar memory is 400mW to
1000mW depending on products. In the case many
bipolar memories are mounted on the board, natural
convention is insufficient for cooling. Therefore,
please run forced air cooling with velocity higher
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Precautions for Handling IC Memories

than 2.5m/s. In addition, by cooling, improvement
of reliability can be expected as shown in Fig. 2.
We recommend the junction temperature to be kept
less than 85°C for high reliability use.

10t ==
10*
© N
&
= \\
£ N
s
5107
2 S
3
H
2
N
10
! 3.5
2.0 25 30 g (k) O
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
Since material of plastic magazine and carrier
(for ECL flat package) is usually thermal
plasticity, they deforms at temperature higher
than 40 to 50°C and may not perform suffi-
ciently. If burn-in is carried out at users, please
use aluminum magazine or other metal fixtures.

(2) Shock at transportation

Glass sealed type package is fragile. Usual
handling and drop test (JIS C7021 A-8) on
individual devices do not cause any problem.
However, it devices packed in magazine receive
strong shock such as drop shock, devices hit
neighbouring devices and packages may be
damaged. Therefore, at transportation or load-
ing on/off, be careful not to drap them. Even
after devices are mounted on board, IC
packages may be damaged if strength of board
is not enough and board receives strong deform-
ing stress. Please be careful on strength of
board and handling. If any questions rose at
using Hitachi products, please feel free to
contact closest Hitachi representatives or
offices.

2. MOS IC MEMORY

2.1 Prevention of static electricity

Similar to bipoiar IC memories, suitable preventive
measures should be taken for MOS IC memories by
referring to paragraph 1.1.

2.2 Absorption of power source noise

The source current level flowing in the dynamic
memory during the time of access is considerably
different from that of stand by. Although the
current difference is quite effective to save the
power consumption, the current spike may be
developed into the power source noise. Since all
MOS IC memories are, in general, accessed while
being refreshed, it is recommended to insert large
capacitors (a 10 uF capacitor for every 9 pieces of
64K-bit HM4864P, for example) as well as a 0.1 uF
capacitor having good high-frequency characteristics
for each memory. Needless to say, it is very
important to reduce the power circuit impedance
when designing.

2.3 Assessment of the memory system design

It is quite effective to obtain the power margin
curves (shmoo curve) for evaluating the memory
system designs (timing margin or adaptability to the
peripheral circuits). Investigate the Vpp and access
time behaviors by gradually varying theri levels,
and the ones which are closer to the margine shown
by the memory device itself can be judged to be
better than others.

2.4 Overhead parity bit

Application of MOS IC static memory especially to
microcomputers has been rapidly increasing due to
the advantages that MOS static memory is operated
by a single 5V power source and refreshing is not
required.

There are some cases where all bits are used as the
information bit without inclusion of any parity bit
by some circuit designing reasons. It is, however,
desirable to add parity bits to thoroughly avoid the
memory error.

2.5 Use under high electric field

In case MOS IC memories are placed near to high
voltage source, the high electric field may cause
failures in system operation.

In order to avoid the problem, it is advisable to
shield the parts or keep them away enough from the
high voltage source.
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®m QUALITY ASSURANCE OF IC MEMORY

1. VIEWS ON QUALITY AND
RELIABILITY
Basic views on quality in Hitachi are to meet
individual users’ purchase purpose and quality re-
quired, and to be at the satisfied quality level
considering general marketability. Quality reuired
by users is specifically clear if the contract specifica-
tion is provided. |f not, quality required is not
always definite. In both cases, efforts are made to
assure the reliability so that semiconductor devices
" delivered can perform their ability in actual operat-
ing circumstances. To realize the quality in manu-
facturing process, the key points should be to estab-
lish quality control system in the process and to
enhance morale for quality. In addition, quality
required by users on semiconductor devices are
going toward higher level as performance of elec-
tronic system in the market is going toward higher
one and is expanding size and application fields. To
cover the situation, actual bases Hitachi is perform-
ing is as follows;
(1) Build the reliability in design at the stage of
new product development.
Build the quality at the sources of manufactur-
ing process.
Execute harder the inspection and reliability
confirmation of final products.
Make quality level higher with field data feed
back.
Cooperate-with research laboratories for higher
quality and reliability.
With the views and methods mentioned above,
utmost efforts are made for users’ requirements.

(2)
(3)
(4)

(5)

2. RELIABILITY DESIGN OF
SEMICONDUCTOR DEVICES

2.1 Reliability Targets

Reliability target is the important factor in manu-

facture and sales as wel as performance and price.

It is not practical to rate reliability target with

failure rate at the certain common test condition.

The reliability target is determined corresponding to

character of equipments taking design, manufacture,

inner process quality control, screening and test

method, etc. into consideration, .and considering

operating circumstances of equipments the semicon-

ductor device used in, reliability target of system,

derating applied in design, operating condition,

maintenance, etc.

2.2 Reliability Design

To achieve the reliability required based on reliabil-

ity targets, timely sude and execution of design

standardization, device design (include process
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design, structure design), design review, reliability
test are essential.
(1) Design Standardization
Establishement of design rule, and standardization
of parts, material and process are necessary. As for
design rule, critical items on quality and reliability
are always studied at circuit design, device design,
layout design, etc. Therefore, as long as standard-
ized process, material, etc. are used, reliability risk is
extremely small even in new development devices
only except for in the case special requirements in
function needed.
(2) Device Design
It is important for device design to consider total
balance of process design, structure design, circuit
and layout design. Especially in the case new
process and new material are employed, technical
study is deeply executed prior to device develop-
ment.
(3) Reliability Evaluation by Test Site
Test site is sometimes called Test Pattern. It is
useful method for design and process reliability
evaluation of IC and LS| which have complicated
functions.
1. Purposes of Test Site are as follows;
® Making clear about fundamental failure mode
® Analysis of relation between failure mode and
manufacturing process condition
® Search for failure mechanism analysis
® Establishment of QC point in manufacturing
2. Effectiveness of evaluation. by Test Site are as
follows;
® Common fundamental failure mode and fail-
~ure mechanism in devices can be evaluated.
® Factors dominating failure mode can be
picked up, and comparison can be made with
process having been experienced in field.
® Able to analyze relation between failure
causes and manufacturing factors.
® Easy torun tests.
etc.

2.3 Design Review

Design review is organized method to confirm that
design satisfies the performance required including
users’ and design work follows the specified ways,
and whether or not technical improved items
accumulated in test data of individual major fields
and field data are effectively built in. In addition,
from the standpoint of enhancement of competition
power of products, the major purpose of design
review is to insure quality and reliability of the
products. In Hitachi, design review is performed
from the planning stage for new products and even
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for design changed products. Items discussed and

determined at design review are as follows;

(1) Description of the products based on specified
design documents.

(2) From the standpoint of specialty of individual
participants, design documents are studied, and
if unclear matter is found, sub program of
calculation, experiments, investigation, etc. will
be carried out.

(3) Determine contents of reliability and methods,
etc. based on design document and drawing.

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

(5) Discussion about preparation for production.

(6) Planning and execution of sub-programs for
design change proposed by individual specialist,
and for tests, experiments and calculation to
confirm the design change.

(7) Reference of past failure experiences with
similar devices, confirmation of method to
provent them, and planning and execution of
test program for confirmation of them. These
study and decision are made using check lists
made individually depending on the objects.

Quality Assurance of IC Memory

3. QUALITY ASSURANCE SYSTEM OF
SEMICONDUCTOR DEVICES

3.1 Activity of Quality Assurance

General views of overall quality assurance in Hitachi

are as follows;

(1) Problems in individual process should be solyed
in the process. Therefore, at final product stage,
the potential failure factors have been already
removed.

' (2) Feedback of information should be made to

insure satisfied level of process ability.

(3) To assure reliability required as an result of ‘the
things mentioned above is the purpose of
quality assurance..

The followings are regarding device design, quality

approval at mass production, inner process quality

control, product inspection and reliability tests.

3.2 Quality Approval

To insure quality and reliability required, quality
approval is carried out at trial production stage of
device design and mass production stage based on
reliability design described at section 2.

The views on quality approval are as follows;

Step Contents

Purpose

Design Review

Target |
Specification ]

Appearance, Dimension

_[r):‘sau};n . g:i{zctensncs of Material and Confirmation of
Production Sppearance Characteristics and
imension ) .
Heat Resistance Reliability of Materials
Mechanical and Parts
Electrical
Others
Electrical . R
[ Characteristics Approval Characteristics Confirmation of Target
Function Spec. Mainly about
Voltage Electrical
Current L.
Temperature Characteristics
Others

Quality Approval (1)

Reliability Test
Life Test

Thermal Stress
Moisture Resistance
Mechanical Stress
Others

Confirmation of Quality

and Reliability in Design

L Quality Approval (2) J

Reliability Test

Mass
Production

Process Check same as

Quality Approval (1)

Confirmation of Quality
and Reliability in Mass
Production

Fig. 1 Flow Chart of Quality Approval
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Quality Assurance of IC Memory

(1) The third party executes approval objectively
from the stand point of customers.

Fully consider past failure experiences and
information from field.

Approval is needed for design change and work
change.

Intensive approval is executed on parts material
and process.

Study process ability and fluctuation factor,

(2)

(3)

(4)

(5)

and set up control points at mass production. ‘

3.3 Quality and Reliability Control at Mass Produc-
tion

For quality assurance of products in mass produc-
tion, quality control is executed with organic
division of functions in manufacturing department,
quality assurance department, which are major, and
other departments related. The total function flow
is shown in Fig. 2. The main points are described
below.

Considering the views mentioned above, quality

approval shown in Fig. 1 is executed.

Process

|

Material, Parts l

—

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 cond - — —
Material and Parts ——— Parts for Semiconductor
Devices
r —] ‘Manufacturing Equipment,
: Manufacturing |— — 1 Environment, Sub-material, I
I ! Worker Control
| l
| | Inner Process R
| Screening l_ — — Quality Control
| { !
100% Inspection on
100% Inspection l | —
P ] Appearance and Electrical
L _J Characteristics
Products - "
Products Sampling Inspection on ]
Inspection Appearance and Electrical
Characteristics
_______ Reliability Test T
[ ’ Receivin |
£
T T = 1
A - | Quality Information. ]
| Field Experience | —
| Information |
|
L 4

Fig. 2 Flow Chart of Quality Control in Manufacturing
Process

Feedback of

Information
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3.3.1 Quality Control of Parts and Material
As tendency toward higher performance and higher
reliability of semiconductor devices, is going, impor-
tance is increasing in quality control of material and
parts, which are crystal, lead frame, fine wire for
wire bonding, package, to build products, and
materials needed in manufacturing process, which
are mask pattern and chemicals. Besides quality
approval on parts and materials stated in section
3.2, the incoming inspection is, also, key in quality
control of parts and materials. The incoming inspec-
tion is performed based on incoming inspection
specification following purchase specification and
drawing, and sampling inspection is executed based
on MIL-STD-105D mainly.
The other activities of quality assurance are as
follows;
(1) Outside Vendor Technical Information Meeting
(2) Approval on outside vendors, and guidance of
outside vendors
(3) Physical 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 Items Point for Check
Appearance Damage and Contamina-
tion on Surface
Dimension Flatness
Wafer Sheet Resistance Resistance
Defect Density Defect Numbers
Crystal Axis
Appearance Defect Numbers, Scratch
Mask Dimension Dimension Level
Resistoration
Gradation Uniformity of Gradation
Fine Appearance Contamination, Scratch,
Wire for . . Bend, Twist
Wire Dimension .
Bonding P.unty . . Purity Level
Elongation Ratio | Mechanical Strength
Appearance Contamination, Scratch
Dimension Dimension Level
Processing
Frame Accuracy
Plating Bondability, Solderability
Mounting Heat Resistance
Characteristics
Appearance Contamination, Scratch
Dimension Dimension Level
Leak Resistance Airtightness
Plating Bondability, Solderability
Ceramic Mounting Heat Resistance
Package Characteristics
Electrical
Characteristics
Mechanical Mechanical Strength
Strength
Composition Characteristics of
Plastic Material
Electrical
Characteristics
: Thermal
Plastic Characteristics
Molding Molding Performance
Performance
Mounting Mounting Characteristics
Characteristics

Quality Assurance of IC Memory

3.3.2 Inner Process Quality Control
Inner process quality control is performing very
important function in quality assurance of semicon-
ductor devices. The following is description about
control of semi-final products, final products, manu-
facturing facilities, measuring equipments, circum-
stances and sub materials. The manufacturing inner
process quality control is shown in Fig. 3 corre-
sponding to the manufacturing process.
(1) Quality Control of Semi-final Products and
Final Products
Potential failure factors of semiconductor
devices should be removed preventively in
manufacturing process. To achieve it, check
points are set-up in each process, and products
which have potential failure factor are not
transfer to the next process. Especially, for high
reliability semiconductor devices, manufactur-
ing line is rigidly selected, and tighter inner
process quality control is executed — rigid
check in each process and each lot, 100%
inspection pointed process to remove failure
factor caused by manufacturing fluctuation,
and execution of screening needed, such as high
temperature aging and temperature cycling.
Contents of inner process quality control are as
follows;
® Condition control on individual equipments
and workers, and sampling check of semi-
final products.
® Proposal and carrying-out improvement of
work
® Education of workers
® Maintenance and improvement of yield
& Picking-up of quality problems, and execu-
tion of countermeasures
@ Transfer of information about quality
(2) Quality Control of Manufacturing Facilities and
Measuring Equipment
Manufacturing equipments are extraordinary devel-
oping as higher performance devices are needed and
improvement of production, and are important
factors to determine quality and| reliability. In
Hitachi, automatization of manufacturing equip-
ments are promoted to improve manufacturing
fluctuation, and controls are made to maintain
prompt operation of high performance equipments
and perform the proper function. As for mainte-
nance inspection for quality control, there are daily
inspection which is performed daily based on
specification related, and periodical inspection
which is performed periodically. At the inspection,
inspection points listed in the specification are
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checked one by one not to make any omission. As
for adjustment and maintenance of measuring
equipments, maintenance number, specification are
checked one by one to maintain and improve
quality.

(3) Quality Control of Manufacturing Circum-

stances and Sub-materials

Quality and reliability of semiconductor device is
highly affected by manufacturing process. There-
fore, the controls of manufacturing circumstances —
temperature, humidity, dust — and the control of

submaterials — gas, pure water — used in manufac-
turing process are intensively executed. Dust control
is described in more detail below.

Dust control is essential to realize higher integration
and higher reliability of devices. In Hitachi, mainte-
nance and improvement of cleanness in manufactur-
ing site are executed with paying intensive attention
on buildings, facilities, air-conditioning systems,
materials delivered-in, clothes, work, etc., and peri-
odical inspection on floating dust in room, falling
dusts and dirtiness of floor.

Process Control Point
—YPurchase of Material
+Wafer Wafer Characteristics, Appearance
Surface Oxidation Oxidation
Inspection on Surface Appearance, Thickness of
Oxidation Oxide Film
Photo Resist Photo
Resist
Inspection on Photo Resist Dimension, Appearance
OPQCLevel Check
Diffusion Diffusion Diffusion Depth, Sheet
Resistance
Inspection on Diffusion Gate Width
OPQC Level Check Characteristics of Oxide Film
! Breakdown Voltage
Evaporation Evapo- Thickness of Vapor Film,
ration Scratch, Contamination
Inspection on Evaporation
O PQC Level Check
Wafer Inspection Wafer Thickness, Vru Characteris-
tics
Inspection on Chip Chip Electrical Characteristics
Electrical Characteristics
Chip Scribe Appearance of Chip
Inspection on Chip
Appearance
©OPQC Lot Judgement
t+Frame
Assembling Assembling | Appearance after Chip
Bonding
Appearance after Wire
Bonding
OPQC Level Check Pull Strength, Compresion
Width, Shear Strength
Inspection after Appearance after Assembling
Assembling
OPQC Lot Judgement
“Package . .
Sealing Sealing Appearance after Sealing
Outline, Dimension
OPQC Level Check Marking Marking Strength
Final Electrical Inspection ,
OFailure Analysis Analysis of Failures, Failure
Mode, Mechanism
Appearance Inspection
Sampling Inspection on
Products
Receiving
Shipment
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 Viu

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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3.3.3 Final Product Inspection and Reliability As-
surance :

(1) Final Product Inspection

Lot inspection is done by quality assurance depart-
ment for products which were judged as good
products in 100% test, which is final process in
manufacturing department. Though 100% of good
products is expected, sampling inspection is exe-
cuted to prevent mixture of -failed products by

mistake of work, etc. The inspection is executed not
only to confirm that the products meet users’
requirement, but to consider potential factors. Lot
inspection is executed based on MIL-STD-105D.

(2) Reliability Assurance Tests

To assure reliability of semiconductor devices,
periodical reliability tests and reliability tests on
individual manufacturing lot required by user are
performed.

Customer

Claim

Sales Dept.

Sales Engineering Dept.

(Failures, Information)

Sales Engineering Dept.

Customer

Reply

e 1
| 4 . I
| Quality Assurance Dept. Failure Analysis |
| |
! | |
| i i |
| Countermeasure |
| Manufacturing Dept. Design Dept. Execution of |
| Countermeasure [
| l I
I Report |
| I
| I
| |
| i |
| Quality Assurance Dept. Follow-up and Confirmation |
| of Countermeasure Execution |
l I
| Report |
e .

Fig. 4 Process Flow Chart of Field Failure
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B OUTLINE OF TESTING METHOD

1. Inspection Method

Compared to conventional core memories, all peri-
pheral circuits such as the decoder circuit, write
circuit, read circuit, etc., are contained within the
IC memories. As a result, all works of assembling
the parts and performing electrical inspection,
which had been carried out.by core memory
manufacturers in the past, have be come to be
incorporated as works of |C manufacturers. Con-
sequently, the electrical inspection of the memory
IC has been faced to a mare systematic inspection
method and conventional IC inspection facilities
have become completely useless. This has led to the
development and introduction of a memory tester
with pattern generator to generate the inspection
pattern of the memory IC at high speed. A function
test for such as TTL gates can be performed even by
a comparatively simple DC parameter facility. How-
ever, when the address input becomes multiplexed
as in 16K memory, even the generation of the
function test pattern becomes a serious problem. In
the memory IC inspection, its quality cannot be
judged by only inspecting DC characteristics related
to external pins. This is because numbers of
transistors, etc., related to the DC characteristics of
the pins only amount to 1/1000 of all element
numbers within IC memories. The following various
address patterns are proposed to inspect whether or
not the internal circuits are functioning correctly.
(1) All “Low”, all ““High"”

(2) Checker flag

(3) Stripe pattern

(4) Marching

(5) Galloping

(6) Walking

(7) Ping-pong

Although there are a lot of address patterns, only
representative ones have been listed. These patterns
are convenient for checking the mutual finter-
ference of bits and sometimes are patterns with
maximum power dissipation. Among the above-
mentioned patterns, those of (1) to (4) are the
socalled N patterns and these patterns are capable of
checking IC memories of N bits with several
sequences of N at most against the memory IC of N
bits. Whereas, those of (5) to (7) are caled N2
patterns and they need patterns several sequences of
N2

A serious problem arises in using the N? patterns in
a large-capacity memory, for example, a long period
of about 30 minutes becomes necessary to perform
inspection of the 16K memory with galloping

pattern. Patterns from (1) (3) are comparatively
simple and good methods, but they are not perfect
against a failure in the decoder circuit. As the most
simple pattern for inspecting the necessary memory
function, there is a *’Marching” pattern.

2. Marching Pattern

The marching pattern, as its name indicates, is a

pattern in which “1”s march into all bits written in

“0"s. The addressing method will be explained for a

simple 16 bit memory as an example.

(1) Write “0” forall bits ............ Fig. 1(a)

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

(3) Write “1" in the Oth address ....... Fig. l{b)

(4) Read “0" of 1st address

(5) Write ““1” in 1st address

(6) Read "0 of nth address

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

(8) Repeat above procedures (6) and (7) up to the
last. Finally, all data will become 1",

(9) Since all data are ‘“1”'s 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

necessary for the N bit memory in this method.

ta) (b; (c)

o 0 0 0 1 0o 0 o oo
o 0 0 o0 o 0 0 0 [
0o 0 0 o0 0o 0 0 0 11 0 o0
0 0 0 o 0o 0 0 0 o 0 0 o
Fig. 1 Addressing method for 16 bits memory in the

Marching pattern

3. Generation of Marching Pattern

The method of generating the marching pattern and
displaying failed bits of the memory on the Braun
tube will be introduced. Fig. 2 shows the all block
diagram. The address pattern is generafed by using
four synchronous 4 bit counters. All address pat-
terns are shown in Fig. 4. This example, is for 16K
bit memory, however, it can be easily understood
that A14 which has a half frequency of the
maximum address input A13 is the same as the data
input.

The A15 signal together with the carrier signal of
HD74161 is used to determinine the termination of
the sequence.

As shown in Fig 2. In the read and write cycles after
cleaning all bits addressing is twice the period of
clearing. This switching is performed at the gate of
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the binary circuit following the reference pulse
generating circuit.

i

RAS

CAS
Strobe

:{ﬁ, Y1l ADDRo
x Y ADDRy
B! HD74157 Y3f——e ADDR,
B2 Yi}——= ADDR;

Clock Gen

7 CP  HD74161

1l

Carry Out

T A

ol as oy ADDR
——{CP HDT4161  [A A YX—’ADDR;
Corry 0w =111 | HDMIS? Ysl—= ADDRG
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Carry Out
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Fig. 3 Fail Bit Map Display Circuit
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w JUUF LT o LTI oI L

An __J_-I | ] J l
wo— 1
(Din} ’____________
As

Fig. 4 Entire Pulse Relations

Input the output of HD74161 is input to the D/A
converter and the output of D/A converter is
connected to the oscilloscope to display - X-Y
matrix. The output of the comparator circuit is
cohnected to the Z axis and performs luminous
intensity modulation. In this way, the fail bit map
can be displayed on the CRT. Fig. 5 shows an
example checking a voltage margin. By changing the

to Comparator Circuit of Memory

Outline of Testing'Method

power voltage Vgg, the increase and decrease of the
failed bits can be well understood. The operation of
the memory can be. dynamically understood by

*displaying its operation on the CRT. The operation

of the memory IC is extremely complicated differ-
ing from other TTLs, etc.. Its operation is not easy
to understand by pulse waveform observation with
an ordinary oscilloscope. The fail bit map as shown
in Fig. 5 is extremely useful. It is capable of visually
understanding the operation of memory IC.

(D)
Fig. 5 Example of 1 bit solid fail
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Outline of Testing Method

4. Failure Mode

Generally, failure 70% ~ 90% of failures at users are
of those called solid failure. This failure mode has
no relation with access time, voltage margin and
timing, and is not capable of reading from or writing
to certain specified bits and is failure fixed to ‘0"
or ““1"". The convenient checker, previously men-
tioned as simple tester, is sufficiently capable of
detecting such failures. Therefore, with the excep-
tion of special cases, it can be considered that the
necessity of performing high-precision measure-
ments such as those made by memory IC manufac-
turers is rare.

In the inspection of memory IC at our company,
full inspection under the worst conditions are
performed so as to guarantee sufficient operations
under all power voltage conditions and timing
conditions listed in the data sheet,

An extremely accurate memory tester becomes
necessary for performing high-precision inspection
with Tns accuracy. Our company is developing IC
memory testers to supply memory ICs with excel-
lent characteristics and quality to users and is
establishing the system capable of developing
further high-efficiency memory ICs.
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B APPLICATION OF DYNAMIC RAMS

1. Power On

After turning on power to set the memory circuitry,
hold for more than 500us and apply eight or more
dummy loads before actuating the memory. The
dynamic cycle may be either an ordinary memory
cycle or a refresh cycle. When power is turned on,
power-on current flows which varies with the rise
time of V¢ and clock conditions, as shown in Fig.
1. If the rise time is 10us or thereabout, the RAM
does not operate dynamically and through-current
passes to the internal inverter since the potential at
the internal circuitry becomes unstable. Neverthe-
less, this through-current decreases as the operation
of the internal circuitry becomes stable. With all
this in mind, rise time of not shorter than 100us is
recommended for power-up.

ORead cycle —— O Read modify write cycle

Write cycle ~——

O Page mode read cycle JRAS only refresh cycle

Page mode write cvcle — — —

Ed

=
>
=

AS
TN T\
T -

A

Address XOOOC XD XD

IS
il
A
>|
ol

PRI ) S——

NIRRT TR TN Y
DY -0 G 5

&
Dout  ———rO—CO——— Y.

Din

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
the X address has been held by the internal
circuitry, change it to Y address. Then, trail
CAS to take in the Y address. If the WE pin is
at high level, output will appear on the Dout
pin after a certain time.

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

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

(4) Page Mode Cycle:
In this cycle; CAS is cyclically moved, after
taking in the X address through R_A—S., to scan
only the Y address. This permits reading out
and writing in only one column data at high
speed.

1
T\ RAS.CAS = vis RAS.CAS = Vs
% 10 1 e ‘:g 10 7 R B B
T INJASTAS = vee /[ CAS=Vee
0 1 20 30 40 50 0 100 200 300 400 500

Fig.2 Operating modes of Dynamic RAMs

2. Data Output

Dout is a TTL-compatible three-state output with
two TTL-load fan outs. The output is controlled by
the CAS signals; it is held while CAS is low, while
Dout returns to a floating state when CAS is high.
In the early write cycle, the output becomes a high-
impedance one to permit the use as a common /0O
terminal.

3. Refreshing

Refreshing is a process of periodical rewriting to
make up for the leakage of the charge accumulated
in the memory cell. This operation is implemented
in the RAS only refresh cycle, ordinary read cycle,
and so on. Whether 16k- or 64k-bit, all bits can be
refreshed by giving a 128-cycle scanning to only the
X addresses between AO and A6. To be more
specific, each cycle refreshes 128 bits for the 16k-
bit Dynamic RAMs and 512 bits for the 64k-bit
RAMs. Especially, the RAS only refresh cycle per-
mits such a power-efficient refresh as calls for only
approximately 75 percent of the current consumed
by the read cycle. With CAS fixed at high level, the
output is a high-impedance one. The HM4816A has
a special function called the hidden refresh which
enables holding the output by turning CAS to
“low” while RAS only refresh is on. There are two
methods of refreshing: concentrated and decon-
centrated refreshing. The former gives a concentrat-
ed 128-cycle refresh after operating the memory for
a period of 2ms maximum. In contrast, the latter
repeats a refreshing cycle every 16us following the
initial 16us (=2ms/128) memory operation. A
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Application of Dynamic RAMs —

choice between the two modes calls for a careful
consideration about the system’s efficiency.

4. Operating Current for Dynamic RAMs

Fig. 3 shows the waveforms of the current applied
in various operating modes (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 current
in each operating mode appears as a result of the
circuit operation during the memory access time.
On the other hand, the peak current during standby
appear as a result of the precharging operation in
each circuit. Having two circuitry operation modes
— X and Y. Dynamic RAMs show different peak
currents depending upon the operating timing of
RAS and CAS. That is, the greatest peak current
appears when both X and Y circuits operate simulta-
neously. The maximum peak ‘current for the
HM4864, for example, is approximately 100mA.
The current consumed while the memory stands by
on the board is expressed in terms of the cycle time
dependency shown in Fig. 4. During standby, with
a once-in-every 16us refresh, the HM4864 consumes
approximately 3mA of current.

RAS/CAS Cycle |Long RAS/CAS Cycle |[RAS Only Cycle| Page Mode Cycle
Ui N\ B A VY | W
S5 _/ (U

1
= .| A N
= 11 N il X J, I
S sol—) A JT o 1 (|
Yy Y BN JAL I U LT ILNARNIWAWI
[ — A R N S A A = —
0 Note : Ve =5.0V, Ta=20"C
—| fe—50ns

Fig.3 Power supply voitage (HM4864)

30 \

A\

0

200n 500n 1z 24 S5ul0u 20u
Cycle Time (trc)

RAS Only Refresh Current Icc (mA)

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

5. Noise

Broadly, noise can be classified into power source
noise and input signal noise. With the latter,
furthermore, whether it is an overshoot or under-
shoot must be considered. The overshoot should be

held below the highest input level specified. As to
the undershoot, the input-undershoot-induced par-
asitic transistor effect in the input area is prevent-
ed by providing a -5V Vpgg to the three-way power
source and a built-in bias circuit on the substrate.
Normally, design should be such that the input
undershoot does not exceed the minimum value
specified for V|, at worst. The power source noise
can be further classed into low-frequency noise and
high-frequency noise as shown in Fig. 5. To assure a
stable memory operation, the peak-to-peak power
supply voltage in the presence of low- or high-
frequency noise should be held below 10 percent of
its standard level. Overshoot and undershoot can be
reduced by inserting a damping resistance of several
tens of ohms in Dynamic RAM series. To prevent
the power source noise, it is recommended to pro-
vide a condenser of 0.1uF or so to each one or two
devices.

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

'_'{_‘:_ i
1 S

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 PROMS

1. PROGRAMMING & ERASING OF EPROM

1.1 Programming

Information is programmed into the memory ceil of
an EPROM by applying a high voltage to its drain
and gate (Fig. 1 and 2). The high voltage at the
drain increases the energy of the electrons in the
channel area. When the energy becomes high
enough, the electrons become what are known as
“hot electrons’ that are capable of jumping across
the oxide film. Pulled by the high voltage at the
gate, the hot electrons are admitted into the floating
gate. The electric charge entering the floating gate
changes the threshold voitage in the memory ele-
ment, whereby it is stored as new information.
When reading out, voltage is applied as shown 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 about 3V, no erroneous
writing takes place. When shipped, all bits of the
EPROM are held at logic “/1’* with all electric charge
released (with no information programmed in).
By changing the logic 1 to logic O through the
application of the specified waveform and voltage,
the necessary information is programmed in. The
higher the Vp, voltage and the longer the program
pulse width tgy, the more will be the quantity of
electrons to be programmed in, as shown in Fig. 4.
If the Vpp exceeds the rated value, such as by over-
shoot, the p-n junction of the memory may yield
to permanent breakdown. ® To avoid this, check
Vpp overshoot by the PROM programmer and
take all other possible caution. Also with for the
negative-voltage-induced noise at other terminals,
since it can touch off a parasitic transistor effect
and apparently reduce the yield voltage Hitachi’s
EPROMs are usually capable of being written and
erased more than 100 times, although the number
of times is not guaranteed because it is difficult
to give an exhaustive inspection prior to shipment.
At any rate, 100 times is enough since the fre-
quency of reprogramming in practical application
rarely exceeds about 10 times.

Gate Gate
Polysilicon
Oxide film
Source [—|—'_— Drain Source—\ 7/—Drain
N* ' N*
Fig.1 Memory transistor P
circuit symbol

Fig.2 Cross section of
memory transistor

Logic "1"  Logic 0"

f Ves
Readout Vos

Drain
—-—
Ins
]
Gate H
1
Ves _‘LL
/ Source

= Vos

Fig.3 Reading out stored information

Write D Vee
Read : Vi

Vir

il
)

V. Vep=25V

I
o

Stored Charge (Relative)
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-
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30 40 30

Program Pulse Width tpw (ms)
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Y
]
27
5}
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&
5 / Write ! Vee=5V
26 .
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@ s
4
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3
20 22 24 26 28

Program Ve (V)

Fig.4 Typical Programming Characteristics

of EPROMSs.
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Programming & Erasing of PROMs

1.2 Erasing

Data strored in the EPROM is erased by releasing
the electric charge from the floating gate through
the exposure of the memory chip to ultraviolet
light. Light has an energy that is inversely propor-
tional to its wavelength. Receiving the energy of
the ultraviolet light, the electrons in the floating
gate are again turned into hot electrons, which jump
across the oxide film into the control gate or sub-
strate. As a result of this process, the stored
information is erased. Accordingly, the stored
information can not be erased by such lights whose
wavelengths are too long to give adequate energy to
jump over the barrier of the oxide film. For
successful erasing, the wavelength and minimum
exposure rate of ultraviolet light are specified as
2,637A and 15W sec/cm? respectively. This condi-
tion is attained by exposing a device to an ultra-
violet lamp of 12,000uW/cm? 1.2 ~ 3cm away for
approximately 20 minutes. The ultraviolet light
transmission rate of the transparent lid is about 70
percent. Any contamination or foreign material
at the surface of the capsule lowers the transmission
rate, prolonging the erasing time. So such contami-
nation should be recovered by use of alcohol or
other solvent that does not damage the package.
Fig. 5 shows typical erasure characteristics for
EPROM.

IS T
N 1!
E\ SN o RO
N Y
é 7 \Q M(:S! Eissy-tlo-EnIase Bit
«
R SSY L[] ]
g \‘\ Most Hard-to-Erase Bit
<
& .
3 S
g 5
e S W |
KRR ]
0 1 2 3 4

UV-Irradiation (W-sec/cm?)

Fig.5 Typical Erasing Characteristics

1.3 Data retention characteristic of EPROM

As a result of writing in, approximately 0.5 to 2.0
x 107" coulomb of electrons are accumulated at
the floating gate. With the elapse of time, however,
these electrons decrease, as a result of which the
inversion of stored information can happen. The
mechanism of electron dissipation is generally
explained as follow:

(1) Data dissipation by heat
The accumulation of electrons at the floating
gate is an unbalanced state, so the dissipation of
thermally excited electron is unavoidable.
Therefore, the data holding time has a close re-
lationship with temperature. Fig. 6 shows
typical data retention characteristics. The data
retention time is proportional to the reciprocal
of absolute temperature.
(2) Data dissipation by ultraviolet light

Ultraviolet rays at a wavelength of not greater
than 3,000 ~ 4,000A is capable of releasing the
electric charge stored in the memory of the
EPROM with varying efficiencies. Fluorescent
light and sunlight contain some ultraviolet rays,
so prolonged exposure to these lights can cause
data corruption as a result of electric charge
dissipation. Fig. 7 shows examples of the data
retention time under an ultraviolet eraser,
sunlight and fluorescent lighting. But it should
be noted that the data for fluorescent light and
sunlight are not definite because of their-vary-
ing ultraviolet ray contents. The ultraviolet ray
content in sunlight, for example, varies greatly
with seasons, weather and the composition of
the atmosphere.

107 /
108 /
10¢

/

MTTF (hrs)

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

106} 40W Fluorescent Lamp
30cm Away

105

104
Direct Sunlight

103¢

Eradiation Time (Relative)

Ultraviolet Eraser
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Stored Charge (Relative)
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(3) Data dissipation by voltage
This type of data dissipation occurs while infor-
mation is being written in. At other memory
cells lying on the same word line or data line as
the memory cell being programmed, high
voltage can cause the dissipation of stored
electric charge. Of course, such defects are
removed at the factory by pre-shipment inspec-
tion. The programming voltage and pulse width
should be always kept within the specified
range for the same reason.

1.4 EPROM Programmer

The 16K EPROM Programmer stores the program in

its internal RAM and writes the program in the

EPROM. For this programming, the minimum of 3

functions, the Blank check function prior to pro-

gramming, the programming function and the

Verify function after programming are necessary.

As shown in the drawing, there are also pro-

grammers provided with a reverse insertion checking

function or pin contact checking function prior to

the Blank Check. The outline of each block is as

follows.

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

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

(c) Blank check
This check is performed prior to programming
and checks whether or not .it is an erased
EPROM or for preventing EPROM repro-
gramming. Since the output data in the erased
condition are ““1”” (high level), check whether
or not data in EPROM are all ‘1. It willfail-
stop even when 1 bit of ‘0"’ (low level). Nor-
mally, it is designed to provide warning with a
lamp or buzzer.

(d) Programming
The function of programming the data in the
internal RAM of the programmer into EPROM
and will fail-stop when programming cannot be
made. The normal flow is as shown below. The
EPROM data will be read out prior to pro-
gramming and compared with programming
data. If they coincide, programming will be
skipped and if they differ, programming will be

Programming & Erasing of PROMs

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

Programming

END

(e) Verify

This function is for checking after programming
completion whether or not the programming is
correct when comparing with the data in the
internal RAM of the programmer and it per-
formes fail-stop when it does not coincide.
Normally, when it fails, together with lighting
of the fail lamp, the address and data are
displayed.

Start

Is Programming
Necessary?

Is it the
Final address?

Address
Increment

G HITACHI 39



Programming & Erasing of PROMs

(f) How to input the program
There are the following methods for inputting
the program data to the internal RAM of the
programmer. . Normally, paper tape input and
retypewriter input are options.

Method
Copy input

Content

Input by copying the master ROM.
Input by the keyswitch of the front
panel. Used for correction or
revision of program

Manual i}lput

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

Paper tape input

Teletypewriter Input with the teletypewriter.

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

1.5 Handling EPROM
When brought in contact with a charged human
body or rubbed with plastics or dry cloth, the glass
window of an EPROM generates static electricity
which causes device malfunctions. Typical malfunc-
tions are faulty blanking and write marging setting
that give a wrong impression that information has
been correctly written in. As already reported at the
international conferences concerning the reliability
of LSI chips, this is due to the prolonged retention
of electric charge (resulting from the static electrici-
ty) on the glass window. Such malfunctions can be
eliminated by neutralizing the charges through the
eradiation of ultraviolet rays for a short time. It is
recommended to execute reprogramming after this
eradiation since ‘it reduces the electric charges in the
floating gate, too. The basic cluntermeasure is to
prevent the charging of the window, which can be
achieved by the following methods as in the preven-
tion of common static breakdown of ICs.

(1) Establish a ground for the operator to handle
EPROM. Avoid the use of gloves etc. that may
develop a static charge.

(2) Refrain from rubbing the glass window with
plastics and other substances that may develop
acharge.

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

{(4) Use shielding labels (especially those containing
conductive substances) that can evenly distri-
bute the established charge.

1.6 Shielding label

When using an EPROM in an environment where
ultraviolet exposure can occur, it is advisable to put
a shielding label on its glass window to absorb ultra-
violet light. Specially prepared shielding labels are

marketed. Metal-loaded labels are particularly effec-

tive. In choosing a shielding label, the following

points should be carefully checked.

(1) Adhesiveness (mechanical strength)
Avoid repeated attaching and dusting that may
reduce the adhesive strength. Ultraviolet eras-
ing and reprogramming are recommended after
stripping off an attached label. (When the need
arises to change a label, it is advisable to put a
new one on the old one since peeling may de-
velop a static charge.)

(2) Allowable temperature range
Use the shielding label in an environment whose
temperature falls within the specified allowable
temperature range. Beyond the specified tem-
perature range, the paste on the label may
harden or stick too fast. When it hardens, the
label may come off easily. When it sticks too
fast, the paste may remain on the window glass
even after the label has been removed.

(3) Damp-proofness
Use the shielding label in an environment whose
humidity falls within the specified allowable
humidity range. Today there are few shielding
labels that can meet all environmental require-
ments established for the EPROM. So a
suitable one must be chosen for each specific
application.
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B MASK ROM PROGRAMMING INSTRUCTION

The writing of the custom program code into the
mask ROM is performed by the CAD system using a
large-sized computer. You should submit the data of
the ROM code in conformity with the specification
explained below by either Floppy Disk, EPROM or
magnetic tape. In addition, enter your instructions
such as the chip select, in the ““ROM Specification
Identification Sheet’” and attach it to the ROM code
data.

1. Specification of EPROM

(1) You should submit the three set of the EPROM
stored Data and spesify the address of the
EPROM in case of the two or four EPROMS.

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

(3) Type of EPROM
HN462716 (2K-word x 8-bit, 2716 Compatible)
HN462532 (4K-word x 8-bit, TMS2532 Com-

patible)

2.4 Data Mode .

2.4.1 HMCS6800 Load Module Mode

This mode is the object mode output from the

assembler of HMCS6800.

(1) Divide the 8 bit code into the upper and lower
4 bit codes and convert each into hexadecimal
notation.

(Example) The code of 1100 0110 becomes as

follows under binary notation.

(Upper 4 bits) (Lower 4 bits) Bit weight
D, D, D, D, D, D, D, D, (ROM output
1100 0110 equivalence)

(2) The actual load module mode becomes as
shown below. -

Header
record

Record Start

HN462732 (4K-word x 8-bit, 2732 Compatible) oot e - —
HN482764 (8K-word x 8-bit, 2764 Compatible) Bye Comt | ° 0| o4
HN4827128 (16-K word x 8-bit, 27128 Com- —
pat|ble) Address Size g g 0000
30
2. Specification of Magnetic Tape Data Ll e
2.1 Use the following type of magnetic type which o ERr R
can be entered in a magnetic tape device which is 3 4
compatible with the IBM magnetic tape device. Data : Z 52-R
“) Length e 2,400 feet, 1,200 feet or 600 feet Check Sum 3 ; 1B ( Check Sum )
(2) Width .. .................... 1/2 inch
(3) Channel .................. 9 channels
(4) Bit density 800 BPI or 1,600 BPI (Clear-
ly state which it is in the Data End of
“ROM Specification Inden- record file record
tification Sheet”.) 5 3 s 53] S
2.2 Use the EBCDIC code as the use code. e - i
2.3 Make the format of the magnetic tape as de- 36| 16 33| °?
scribed below. i i
(1) No leading tape mark 20 100 3o 00%0
(2) No label ; E © 6| po (Check
(3) Recordsize ............ 80 byte/1 record 3 8 43 ~Sum)
(4) Blocksize ............ 10 records/1 block ; 2 02
(5) The end of the file should be indicated by 2
successive tape marks (TM). —
3 8 A8 (Check Sum )
?_ Block 1 Block 2 Block 3 L ; 5
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Mask ROM Programming Instruction

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

Example

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

Data Record

Data Record
End of

File Record —=S9030000FC

Header Record -S00B000058204558414D504CB5
—S113F0007EF5587EF7897EFAA7T7EF9C07EF9C47E24
—S112F010FA657EFA8B7EFAA07EF9DC7EFA247E06

(3) In case the address is skipped, perform entry
into the “ROM Specification Identification
Sheet’’ that the skipped address, and the data
(00 or FF) entered into the skipped address by
hexadecimal notation.

2.4.2 BNPF Mode )

(1) One word is symbolized by the word start
mark B, the bit content represented by 8 char-
acters of P and N, and the BNPF slice com-
posed of successive 10 characters of the work
end mark F.

(2) The contents from F of one BNPF slice up to
B of the next BNPF slice are ignored.
(Example) The code of AA by hexadecimal

notation is symbolized as shown
below.

(3) It is necessary to designate the bit pattern
(BNPF slice) on all ROM addresses. Therefore,
the term of the ROM head address of “ROM
Specification ldentification Sheet”” always be-

comes 0.
B --cciian Indicates start of 1 word.
N .- Indicates ‘0"’ of 1 bit data.
P oo Indicates ““1’* of 1 bit data.
Foorroeninon Indicates end or 1 word.
Example >
R
D7 —— p
N
N
N
N
N
— P
DO————= N
By
B
H
N
N
N
N
N
N
N
N
]

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 21

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
5 Spare Track 74 o1 ~ 26

42 @ HITACHI



Mask ROM Programming Instruction

(2) Recordsize ............ 80 byte/1 record 3.4 Data Mode
(3) Use the sector as below. Use one sector for one See 2.4
record, that is 80 bytes out of 128 bytes used i
for one record.

1 Track
Sector 1 Sector 2 Sector 3 Sector 24 Sector 25 Sector 26
f-—— .

(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 ‘
/  unuse
Customer Hitachi 4

ROM Code “Customer
KoM A s
it Chip Select

Select Either  |and Other
of the three

Information

Oviput Wath
The Same a3 Input
0

0
Check K
Mask Preparation
Instruction
Mask Preparation
Investion
Pattern 0K
Check

(]
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HM6148H-45,HM6148H-55,
HM6148HP-45,HM6148HP-55

1024-word x 4-bit High Speed Static CMOS RAM

B FEATURES

® Fast Access Time - ..ot 45/55ns (max)
® Low Power Standby and Low Power Operation;

Standby: 100 uW (typ.), Operation: 175mW (typ.)

Single 5V Supply

Completely Static RAM: No Clock or Timing Strobe Required
No Peak Power-On Current

No Change of tacg with Short Deselected Time

Equal Access and Cycle Times

Directly TTL Compatible; All Inputs and Outputs

Common Data Input and Output; Three-State Qutputs
Pin-Out Compatible with Intel 2148H

@ BLOCK DIAGRAM

HM6148H Series

(DG -18)

HM6148HP Series

Ao—— ¢
Avo—— D] —-—o Vee
Ao PE "  Row | | Memory Array ——0 GND
Ao g Peecder 64%64
L — n
Ao— ]
~ I I
1/ e E=  Colum 1/0
10 B g‘:‘:‘ Column Decoder (DP-18)
1/0s {T— Control
H PIN ARRANGEMENT
1/0. B————
Ao A A A
N\
A p
& ] 18] Vee
As| 2 17| A7
- [
a3] 16] As
B ABSOLUTE MAXIMUM RATINGS A E .
3 15| As
Item Symbol Ratings Unit
AoE 1] vo
Terminal Voltage* Vr —0.5to +7.0 \Y%
Power Dissipation Pr 1.0 w A'E 13]1/0:
Operating Temperature Topr 0to +70 ‘C AZE 12| 1/0s
Storage Temperature (Plastic) Tots —55 to +125 C csls 1] /04
Storage Temperature (Ceramic) Tas —65 to +150 C ool olWE
Storage Temperature** Thus —10 to +85 C
#* with respect to GND. Vit win=-3.5V (Pulse width=20ns) .
% % under bias (TOP View)
B TRUTH TABLE
CS WE ’ Mode Vee Current 1/0 Pin Reference Cycle
X Not selected Iss, Ism High Z
Read Icc Dout Read Cycle 1, 2
L L Write Icc Din Write Cycle 1, 2
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B RECOMMENDED DC

OPERATING CONDITIONS (Ta=0 to +70°C)

Item Symbol min typ max Unit
Vee 4.5 5.0 5.5 \'
Supply Voltage
GND 0 0 0 \
Vin 2.2 — 6.0 A
Input Voltage
Vie —0.5* — 0.8 v

* —3.0V (Pulse width 20ns)

B DC AND OPERATING CHARACTERISTICS[1] (Ta=0~70C, Vcc =5V +10%, GND=0V)

HM6148H-45, HM6148H-55,
HM6148HP-45, HM6148HP-55

Parameter Symbol Test Conditions min typ* max Unit
Input Leakage Current [Io1] Vec=max, V.ia=GND to Vcc — - 2.0 KA
Output Leakage Current |10] CS=Viu, Vi.o=GND to Vcc — — 2.0 HA
Operating Power Supply Current (1) Icc CS=Vi, I1,0=0mA — 35 80 mA
Operating Power Supply Current (2) Icci min. eycle, CS= Vi, I;,0=0mA — 50 100 mA
Standby Power Supply Current (1) Iss CS=Viu — 5 20 mA
CS=Vee—0.2V, Vin=0.2V or
Standby Power Supply Current(2) Isp VinZ Vee—0.2V — 20 800 HA
Output Low Voltage Vou Io,=8mA — — 0.4 \Y
Output High Voltage Vou Ion=—4.0mA 2.4 — — \%
# Typical limits are at Vec=5.0V, Ta=+25C and specified loading.
B CAPACITANCE (Ta=25°C, f=1MHz)
Item Symbol Test Conditions typ max Unit
Input Capacitance Cin V=0V 3 5 pF
Input /Output Capacitance Ciso | Viso=0V 5 7 pF
Note) This parameter is sampled and not 100% tested.
B AC CHARACTERISTICS (Vec=5V+10%, Ta=0 to +70°C)
®RISE/FALL TIME
Item Symbol min typ max Unit
Input Rise Time t, - 5 100 ns
Input Fall Time ty — 5 100 ns
®AC TEST CONDITIONS
Input pulse levels : GND to 3.0V
Input rise and fall times : 5ns
Input and Output timing reference levels: 1.5V
Output load : See Figure
B 5V
480Q 480Q
Dout Dout
2550 == aprt |, 2550 SpF
7
Output Load 1A) Output Load B! o=t =5ns

* Including scope & jig.

(for taz,tiz, twz, tow)

@ HITACHI
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HM6148H-45, HM6148H-55,

HM6148HP-45, HM6148HP-55

BIAC CHARACTERISTICS (Ta=0 to 70°C, Vecc=5V+10%, unless otherwise noted.)
@READ CYCLE

ltem Symbol HMGL48HP-45 AVosHP-55 Unit
min max min max

Read Cycle Time tre 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 tiz* 10 — 10 — ns
Chip Deselection to Output in High Z thz* 0 20 0 20 ns
Chip Selection to Power Up Time tpy 0 — 0 — ns
Chip Deselection to Power Down Time tep — 30 — 30 ns

% Transition is measured £500mV from steady state voltage with Load(B). This parameter is sampled and not 100% tested.
At any temperature and voltage condition ty; max is less than t.z min.

e TIMING WAVEFORM OF READ CYCLE No.1 (V@

Address ‘>

taa |

ton
Dout 5< :( X Data Valid

® TIMING WAVEFORM OF READ CYCLE NO.2"®

f— tre

cs

tacs tuz
trz
) S
Dout Data Valid High
ten Impedance
Vee supply ————
current 50% "R

Notes) 1. WE is High for Read Cycle.
2. Device is continuously selected, CS=Vi..
3. Address Valid prior to or coincident with CS transition Low.
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HM6148H-45, HM6148H-55,
HM6148HP-45, HM6148HP-55
® WRITE CYCLE

HM6148H /P-45 HM6148H /P-55
Item Symbol - - Unit

min max min max
Write Cycle Time ' twe 45 — 55 - ns
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 35 N - 40 - ns
Write Recovery Time twr 5 — 5 - ns
Data Valid to End of Write tow 20 - 20 - ns
Data Hold Time ton 0 - 0 - ns
Write Enabled to Output in High Z* twz L0 15 0 20 ns
Output Active from End of Write* tow 0 - 0 - ns

* Transition is measured +500mV from steady state voltage with Load B.
This parameter is sampled and not 100% tested.

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

Address X N
|
cs \ \\[ 4 / v / /
Fe—tas—ef - - twpe 2
WE ANNN . 1
oW —emd LOH ©
e s Lo ®
Dout —& Z Z g High Impedance

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

K e
CS —__‘ﬁ\ N //—
twe (1) @
VE O\ N\ AN y VDI //»

High Impedance “

Dout

NOTES of Timing Waveform of Write _
1. A write occurs during the overlap of a low CS and a low WE. (tws)

. twx is measured from the earlier of CS or WE going high to the end of write cycle.
. During this period, [/O pins are in the output state so that the input signals of opposite phase to the outputs must not be applied.
. If the CS low transition occurs simultaneously with the WE low transition or after the WE transition, the output buffers remain

in a high impedance state.
5. If TS 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.

- w
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HM6148H-45 HM6148H-55,

HM6148HP-45, HM6148HP-55

SUPPLY CURRENT VS. SUPPLY VOLTAGE SUPPLY CURRENT VS. AMBIENT TEMPERATURE
L6 1.6
Ta=25C Vee=5.0V
14 14

12 | ]

Lo

08 ]

10

Supply Current Icc {Normalized)

Supply Current /e (Normalized

—— 08
06 06
0'44.5 475 50 525 55 o 0 %0 10 60 80
Supply Volage Vee (V) Ambient Temperature Ta (C)
ACCESS TIME VS. SUPPLY VOLTAGE ACCESS TIME VS. AMBIENT TEMPERATURE
13 13
Tu=25C Vee=5.0V
12 12

Lo

Access Time {aa. tacs (Normalized)

Access Time taa, tacs (Normalized)

09 0.9
08 0.8
0.7 0.7
15 1.75 50 5.25 55 0 20 10 60 80
Supply Voltage Vee (V) Ambient Temperature Ta (C)
ACCESS TIME VS. LOAD CAPACITANCE SUPPLY CURRENT VS. FREQUENCY
18 1.1
16 // 10
E [y S— 09
: -
;.:; 1.2 L 0.8
&
? 1o / 07 //
- /
0R 06
0.6 0.5
100 00 300 100 S0 0 ; mn 15 20 25 30

50

Load Capacitance (L (pk) Frequeney [ (MHz)
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HM6148H-45, HM6148H-55,
HM6148HP-45, HM6148HP-55

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

13 13 =
Ta=25C Ta=25C

/

Input Low Voltage Vie (Normalized)
Input High Voltage Vin (Normalized)

0.9 0.4
08 0.8
0.7 07
4.5 4.75 5.0 5.25 55 45 475 5.0 5.25 55
Supply Vohage Vee (V) Supply Voltage Vee (V)
OUTPUT CURRENT VS. OUTPUT VOLTAGE OUTPUT CURRENT VS. OUTPUT VOLTAGE

16 16

Ta=25C o5

\ ey

14 Lt

12 S 12 /
1.0

0.8 /

Output Current Jos (Normalized)
=
=

Qutput Current Jor. (Normalized)

0.4 0.4
1 2 3 4 5 0 0.2 0.4 0.6 0.8

Output Voltage Vor (V) Output Voltage Vor (V)

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

1076 L4

Yee=3v
CS=28/V /
1.2

/ 08 /
0.6 /
Ta=25T

/ / TS=Vee=02V
0.4

10 02
o 20 10 60 80 7 3 1 5 ©

Standby Current Ism (A)

0

Standby Current Issr (Normalized)

Ambient Temperature Ta (C) Supply Voltage Vee (V)
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HM6148HPL-45HM6148HLP-55

1024 -word x 4-bit High Speed Static CMOS RAM

B FEATURES
® Low Power Standby and Low Power Operation;

Standby :5uW (typ.), Operation: 175mW (typ.)
Fast Access Time: 45/55ns (max)
Capability of Battery Back Up Operation

Single 5V Supply

Completely Static RAM: No Clock or Timing Strobe

Required

No Peak Power-On Current
No Change of tacs with Short Deselected Time
Equal Access and Cycle Time
Directly TTL Compatible: All Inputs and Outputs

Three State Output

Pin-Out Compatible with Intel 2148H

(DP-18)

B PIN ARRANGEMENT

U/

B BLOCK DIAGRAM N v
A 1> S— A 17| A
Avo——— 0 Vee ’ [z j
Avo———P¢ ] Row ] Memory Array =—o GND AAE 16| As
Ar 0—~%: Decoder 64%64
Ao ] AaE 15] As
Ao , , A“E 14| Vo

1/ °_—_9— B coum10 A E 13] /0
1/0: Input

Data Column Decoder As E 121 1/05

1/0s Control % %% %
1/0. ) CSls 111704
Ao A1 A: Ay —_—
GND| 9 101 WE

cs

__ (Top View)

WE

B ABSOLUTE MAXIMUM RATINGS

Item Symbol Ratings Unit
Terminal Voltage * Vr —0.5 to +7.0 A
Power Dissipation Pr 1.0 w
Operating Temperature Topr 0 to +70 C
Storage Temperature Tos —55 to +125 ‘C
Storage Temperature ** Thias —10 to +85 °’C

* with respect to GND. Vit mia==3.5V (Pulse width=20ns)

* * under bias.

@ TRUTH TABLE

CS WE Mode Vee Current 1/0 Pin Reference Cycle
X Not selected Iss, Ise: High Z
H Read Icc Dout Read Cycle 1, 2
L Write Icc Din Write Cycle 1, 2
52 A HITACHI




B RECOMMENDED DC

Item Symbol min typ max Unit
Vee 4.5 5.0 5.5 A
Supply Voltage -
GND 0 0 0 \
Vin . 2.2 — 6.0 \'
Input Voltage
Vie —0.5%* — 0.8 A

* —3.0V (Pulse width 20ns)

HM6148HLP-45, HM6148HLP-55

OPERATING CONDITIONS (Ta=0 to +70°C)

B DC AND OPERATING CHARACTERISTICS[1] (Ta=0~70C, Vcc=5V+10%, GND=0V)

Parameter Symbol Test Conditions min typ* max Unit
Input Leakage Current [Ty ] Vec=max, Via=GND to Vcc — — 2.0 HA
Output Leakage Current [ILo] | CS=Viu, Vi,o=GND to Vcc — - 2.0 HA
Operating Power Supply Current (1) Icc CS=Vi, I;,0=0mA —_ 35 80
Operating Power Supply Current (2) Icc, min. cycle, CS=ViL, I, o=0mA - 50 100 mA
Standby Power Supply Current (1) Iss CS=V — 5 20 mA
CS=Vee—0.2V, Vins0.2V or _
Standby Power Supply Current(2) Isg VinZ Vee—0.2V 1 50 HA
Output Low Voltage VoL IoL=8mA — - 0.4 v
Output High Voltage Vou Ion=—4.0mA 2.4 - — v
* Typical limits are at Vec=5.0V, Ta=+25C and specified loading.
B CAPACITANCE (Ta=25°C, f=1MHz)
Item Symbol Test Conditions typ max Unit
Input Capacitance Cin Vin=0V 3 5 pF
Input /Output Capacitance Cio Vioo=0V 5 7 pF
Note) This parameter is sampled and not 100% tested.
B AC CHARACTERISTICS (Vcc=5V+10%, Ta=0 to +70°C)
@RISE/FALL TIME
Item Symbol min typ max Unit
Input Rise Time t, — 5 100 ns
Input Fall Time ty — 5 100 ns
@AC TEST CONDITIONS
Input pulse levels : GND to 3.0V
Input rise and fall times : 5ns
Input and Output timing reference levels: 1.5V
Output load : See Figure
5V 5V
i 480Q 480Q
<
3V
Dout Dout
2550 =L 30pF° 2550 SoF
ov
777
Output Load (A) Output Load (B) t.=t,=5ns
(for twz, tiz, twz, tow) Input Pulse Waveform
* Including scope & jig.
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HM6148HLP-45, HM6148HLP-55

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

®READ CYCLE

Ltem Symbol l.-lM6148HLP-45 HM6148HLP-55 Unit
min max min max

Read Cycle Time tre N 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 tiz* 10 - 10 —_ ns
Chip Deselection to Output in High Z tuz® 0 20 0 20 ns
Chip Selection to Power Up Time 172 0 — 0 — ns
Chip Deselection to Power Down Time tpp — 30 — 30 ns

% Transition is measured £500mV from steady state voltage with Load (B). This parameter is sampled and not 100% tested.
At any temperature and voltage condition tyz max is less than .z min.

@ TIMING WAVEFORM OF READ CYCLE NO.1 ('@

e X C

taa n
N ton
| ton
Dout 5< X X Data Valid
® TIMING WAVEFORM OF READ CYCLE No.2("’®
Eg trc
tuz

tacs

Dout High Impedance x >< > Data Valid High

Vee supply

current 50% 50%*

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.
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HM6148HLP-45, HM6148HLP-55

@ WRITE CYCLE

HM6148HLP-45 HM6148HLP-55
Item Symbol - - Unit
min max min max

Write Cycle Time twe 45 — 55 — ns
Chip Selection to End of Write tow 40 — 50 — ns
Address Vald to End of Write 1 7% 40 — 50 - ns
Address Setup Time tas 0 — 0 - ns
Write Pulse Width twp 35 — 40 - ns
Write Recovery Time twr 5 — 5 — ns
Data Valid to End of Write tow 20 — 20 — ns
Data Hold Time ton 0 - 0 - ns
Write Enabled to Output in High Z* twz 0 15 0 20 ns
Output Active from End of Write* tow 0 — 0 — ns

% Transition 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)

Address >< (
\
s SSTR Y4
w w2
.._.us——l oo twp-
| —
WE \1\ \\ Vi
(5)
Emw—-——mu
Din
3)
_znj tow> )_‘"(6]
yAA 4 High Impedance
Dout ( < > Ay

High Impedance &

Dout

Notes of Timing Waveform of Write :

1. A write occurs during the overlapf oft@ low TS and a low WE. (tws)

2. tws 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 CS low transition occurs simultaneously with the WE low transition or after the WE transition, the output buffers remain in a high impedance state.
5. If CS is low during this period, I/O pins are in the output state. Then the data input signals of opposite phase to the outputs must not be applied to them.
6. Dout is the same phase of write data of this write cycle.
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HM6148HLP-45, HM6148HLP-55

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

Parameter Symbol Test Conditions min typ max Unit
Ve for Data Retention Vor 2.0 — — v
CS=zVee—0.2V 30
Data Retention Current Iccor — — 20%+ HA
Viez Vec—0.2V or -
Chip Deselect to Data Retention Time teor OV V.<0.2V 0 — — ns
Operation Recovery Time tr trca) — — ns
Note) 1. txc=Read Cycle Time. *  Vec=3.0V
* %k Vee=2.0V

®LOW V.c DATA RETENTION WAVEFORM

DATA RETENTION MQDE

2V — e —
VDI— -

CS2 Vor =02V
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HM6147H-35, HM6147H-45,
HM6147H-55, HM61 47HP-35
HM61 47HP-45 HM61 47HP-55

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

BFEATURES

® High Speed: Fast Access Time 35ns/45ns/55ns Max.
® Low Power Standby and Low Power Operation,
Standby: 100uW typ., Operation: 150mW typ.

Required
No Peak Power—On Current

Equal Access and Cycle Time

EBLOCK DIAGRAM

Single 5V Supply and High Density 18 Pin Package
Completely Static Memory — No Clock nor Timing Strobe

No Change of tacs With Short Chip Deselect Time
Directly TTL Compatible — All Input and Output

Separate Data Input and Output: Three State Output
Plug-In Replacement with Intel 2147H NMOS STATIC RAM

N — — e
-\zo—ﬁ Row Memory Array
-\‘ E Decoder 64 x 64 CND
A o——LF ]
A o—J3 7
A o——F 1
Din Column 170 Dout
Column Decoder
Ar A As A9 A An
EABSOLUTE MAXIMUM RATINGS
Item Symbol Rating Unit
Voltage on Any Pin relative to GND| V. —3.5%to +7.0 \'
DC Output Current I, 20 mA
Power Dissipation Pr 1.0 w
Operating Temperature Topr 0 to +70 ‘C
Storage Temperature (under bias) Totgsian —10 to +85 C
Storage Temperature (Ceramic) Tou —65 to +150 ‘C
Storage Temperature ( Plastic) Tis --55 to +125 °C

* Pulse Width 20ns, DC: —0.5V

@ HITACHI

HM6147H-35, HM6147H-45,
HM6147H-55

(DG-18)

HM6147HP-35, HM6147HP-45,
HM6147HP-55

(DP-18)

EPIN ARRANGEMENT
o T e
w[Z] [17] &
3] [16] &
wl4] [15] 4
af5] Em
a6 13] Ao

D""‘E E Au
WE [+ [11] oin
GNDE 10] ¢

(Top View)
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HM6147H-35,HM6147H-45,HM6147H-55,HM6147HP-35,HM6147HP-45,HM61 47HP-55

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

Parameter Symbol min typ max Unit
Suosly Volt Vee 4.5 5.0 5.5 \'
upply Voltage GND 0 0 0 v
Input High (logi~ 1) Voltage Vin 2.0 3.0 6.0 \
Input Low (logic 0) Voltage Vi —3.0* — 0.8 \
# Pulse Width 20ns, DC: —0.5V
EDC AND OPERATING CHARACTERISTICS (0'C=Ta=<70C, Vec=5VE10%, GND=0V)
Parameter Symbol Test Condition min typ max Unit
Input Leakage Current | 1ui] Vee=5.5V, GND to Vcc - - 10 HA
Output Leakage Current |10 CS=Vin, Vour=0V~Vec - — 10 HA
Operating Power Supply Current(1) Icc CS=Vi., Output open - 30 80 mA
Operating Power Supply Current(2) Icch CS=Vi.., Minimum Cycle — 40 80 mA
Standby Power Supply Current(1) Iss CS=Vin, Vec=Min to Max — 8 20 mA
Standby Power Supply Current (2) 1 €52 Vee 0.2V, 20 800 A
ai w urren —
ncby Fower Supply | Vs0.2V or Vin2 Vec—0.2V #
Output Low Voltage Vo IoL=8mA - — 0.40 AY
Output High Voltage Vou Ion=—4mA 2.4 — — \Y%
Note) 1. The operating ambient temperature range is guaranteed with transverse air flow exceeding 400 linear feet minute.
2. Typical limits are at Vcc=5.0V, Ta=25C and specified loading.
Vee
BEAC TEST CONDITIONS
510Q
e Input pulse levels: GND to 3.0V
. . .5 Dou
Input r!se_and fall times nf Output Load A t
Input timing reference levels: 1.5V 2300 0pF*

Output load: See Figure
Output timing reference levels:

1.5V (HM6147H/P-35)

0.8 to 2.0V (HM6147H/P-45/55)

ECAPACITANCE (Te=25C, f=1.0MHz)

Output Load B

%* Including scope & jig capacitance

Vee

Item Symbol Conditions max Unit
Input Capacitance Cin V=0V 5 pF
Output Capacitance Cout Vour =0V 6 pF

Note) This parameter is sampled and not 100% tested.
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HM6147H-35,HM6147H-45,HM6147H-55,HM6147HP-35,HM6147HP-45,HM6147HP-55

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

Parameter Symbal HM6147H/P-35 HM6147H /P-45 HM6147H /P-55 Unit | Notes
min max min max min max

Read Cycle Time tre 35 - 45 — 55 — ns | (1)
Address Access Time tan — 35 — 45 - 55 ns

Chip Select Access Time tacs — 35 — 45 — 55 ns

Output Hold from Address Change ton 5 — 5 — 5 — ns

Chip Selection to Output in Low Z tiz 5 - 5 — 5 — ns |(2),(3),()
Chip Deselection to Output in High Z tuz 0 30 0 30 0 30 ns |(2),(3),(M
Chip Selection to Power Up Time try 0 - 0 — 0 — ns

Chip Deselection to Power Down Time tep - 20 — 20 — 20 ns

© TIMING WAVEFORM OF READ CYCLE NO.1“¢

Address )<

taa ]
Lok
Data Out Previous Data Valid x ; >< Data Valid

® TIMING WAVEFORM OF READ CYCLE NO.2“‘”

tRC

tRC

e —\ £

tacs 1l

tHz

tiz
High Impedance >< . > High Impedance
Data Out _jx Data Valid b————
tey

tep

Vee Supply o
cc
[SU.% 50%,

Current

Notes: 1. All Read Cycle timings are referenced from last valid address to the
first transitioning address.
2. At any given temperature and voltage condition, {//Z max. is less than
t7,Z min. both for a given device and from device to device.
Transition is measured +500mV from steady state voltage with
specified loading in Load B.
WE is high for READ Cycle.
Device is continuously selected, CS=V7L.
Addresses valid prior to or coincident with CS transition low.
. This parameter is sampled and not 100% tested.

w

Nows
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HM6147H-35, HM6147H-45, HM6147H-55, HM6147HP-35, HM6147HP-45, HM6147HP-55

® WRITE CYCLE

Parameter Symbol HM6147H/P-35 HM6147H /P-45 HM6147H/P-55 Unit Notes
min max min max min max
Write Cycle Time twe 35 — 45 — 55 — ns | (2)
Chip Selection to End of Write tew 35 — 45 — 45 - ns
Address Valid to End of Write. taw 35 — 45 — 45 — ns
Address Setup Time tas 0 - 0 - 0 - ns
Write Pulse Width twp 20 - 25 - 30 — ns
Write Recovery Time twr 0 — 0 — 0 — ns
Data Valid to End of Write tow 20 — 25 - 25 — ns
Data Hold Time ton 10 - 10 — 10 — ns
Write Enabled to Output in High Z twz 0 20 0 25 0 30 ns | (3), 4)
Output Active from End of Write tow 0 — 0 — 0 — ns | (3], (4)

® TIMING WAVEFORM OF WRITE CYCLE (WE Controlled)

twe

S X

f tew

)
5Y_‘\E L/

tas twp

" RN i

N tow ton
Data In * Data In Valid

twz tow

Address

Data Out Data Undefined

High [

© TIMING WAVEFORM OF WRITE CYCLE (CS Controlled)

twe
Address )(

=
L
L
v
L~

k 7/ /
Data In 4*
’D-u In Valid

Data Out

Data Undefined High Impedance

Note) CS or WE are High for Address Transition

Notes: 1. If CS goes high simultaneously with WE high, the output remains in a high impedance states.

2. All Write Cycle timings are referenced from the last valid address to the first transitioning address.
3. Transition is measured +500mV from steady state voltage with specified loading in Load B.
4

. This parameter is sampled and not 100% tested.
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HM6147H-35, HM6147H-45, HM6147H-55, HM6147HP-35, HM6147HP-45, HM6147HP-55

ACCESS TIME VS. SUPPLY VOLTAGE ACCESS TIME VS. AMBIENT TEMPERATURE
13 13
Ta=257C Vee=5.0V
5 12 12
5 1 é 11 //
zZ =
o z //
E: 1.0 2 0
3 3 ! =
. \ E /
& 09 E o9
a =
0.8 s 08
074s 4.75 5.0 5.25 55 075 20 20 50 30

Supply Voltage Vec (V)

ACCESS TIME VS. LOAD CAPACITANCE

L

Access Time ta4,tacs (Normalized)
&

Supply Current Icco (Normalized)

Ta=25C
Vee =MIN
10
0.8
08 155 200 300 400 500
Load Capacitance Cu. (pF)
INPUT LOW VOLTAGE VS. SUPPLY VOLTAGE IN
1.3
Ta=25C

0.9

Input Low Voltage Vir (Normalized)

0.8

0.7

4.5 4.75 5.0 5.25 5.5

Supply Voltage Vec (V)

@ HITACHI

Ambient Temperature Ta (C)

SUPPLY CURRENT VS. FREQUENCY

0.9

0.7

) 5 10 15 20 25 30
Frequency f (MHz)

PUT HIGH VOLTAGE VS. SUPPLY VOLTAGE

1.3
Ta=25C
= 1.
T
X
=
E
5 u
= L —]
=
o 10
4 I
g
2
5 09
E
3
2
208
0.7 L _
45 4.75 5.0 5.25 5.5

Supply Voltage Vec (V)
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HM6147H-35,HM6147H-45,HM6147H-55,HM6147HP-35HM6147HP-45 HM6147HP-55

OUTPUT CURRENT VS. OUTPUT VOLTAGE OUTPUT CURRENT VS. OUTPUT VOLTAGE
16 16
Ta=25C
\ Vec=5V
14 \ 14 /
—E: 12 T‘é 1.2
s \ 3
% 10 2 10
£ \ s Ta=25C
5 5 Vee=5V
© 08 © 08
0.6 \ 0.6 /
047 04 0.2 0.4 0.6 0.8
Output Voltage Vou (V) Output Voltage Voo (V)
STANDBY CURRENT VS. AMBIENT TEMPERATURE STANDBY CURRENT VS. SUPPLY VOLTAGE
107 14
Vec=3V
CS=2.8V /
5 12
& 107¢ ~ § 1.0
: / :
é < 0
4% 1077 ~ S s
3 / E Ta=25C
- CS=Vec—0.2V
04
107 0.2
0

20 40 60 80 2 3 4 5 6

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

STANDBY CURRENT VS. INPUT VOLTAGE

10 T

Ta=25C
Ve =5.0V
CS=4.8V

= 8

3

N

1

E \

2 6

H

K]

s

A

H

o

3

=

s

@ 2 J \

—
0 1 2 3 4 5 6

Input Voltage Via (V)
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HM6147HLP-35 HVI6147HLP-45;
HM6147HLP-55

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

BFEATURES
® High Speed: Fast Access Time 35ns/45ns /55ns Max.
® Low Power Standby and Low Power Operation,

Standby; 5uW typ., Operation: 150mW typ.
® Single 5V Supply and High Density 18 Pin Package
Completely Static Memory — No Clock nor Timing Strobe
Required

@ No Peak Power—On Current
@ No Change of t 4 ~5 with Short Chip Deselect Time
® Equal Access and Cycle Time
® Directly TTL Compatible — All Input and Output
® Separate Data Input and Output: Three State Output (DP-18)
® Plug-In Replacement with Intel 2147H NMOS STATIC RAM
® Capablie of Battery Back up Operation BPIN ARRANGEMENT
BBLOCK DIAGRAM E :l
Al 18 | Vec
:o_—tr_ﬁ Row Memory Array DA A:E EA;
Ao 3] Decoder j 64 x 64 oD NE EA’
i o[ B
Ao o——F ] mE EA:
g AsE EAW
Din Column 1/0 Dout DoulE: EA”
Colu mn Decoder .TE 3 Em"
« a7 LI
(Top View)
. 1]
A A As A A An
Il ABSOLUTE MAXIMUM RATINGS
Item Symbol Rating Unit
Voltage on Any Pin relative to GND Vr —3.5*to +7.0 A
DC Output Current Io 20 mA
Power Dissipation Pr 1.0 w
Operating Temperature Topr 0 to +70 ‘C
Storage Temperature (under bias) Tute sine> —10 to +85 ‘C
Storage Temperature Ty —55 to +125 °C
* Pulse Width 20ns. DC: —0.5V
ERECOMMENDED DC OPERATING CONDITIONS (0°C < To<70°C)
Parameter Symbol min typ max Unit
Ve 4.5 5.0 5.5 \
Supply Voltage GND 0 0 0 v
Input High (logic 1) Voltage Viu 2.2 3.0 6.0 v
Input Low (logic 0) Voltage ViL —0.5* - 0.8 v

* Vio min=—3V (Pulse width < 20ns)
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HM6147HLP-35,HM6147HLP-45,HM6147HLP-55

BIDC AND OPERATING CHARACTERISTICS (0°C=Ta=70°C, Vec=5V+10%, GND=0V)

Parameter Symbol Test Condition min typ max Unit
Input Leakage Current | 1| Vec=5.5V, GND to Vic — — 10 KA
Output Leakage Current [1o] CS=Vin, Var=0V~Vce — - 10 pA
Operating Power Supply Current(1) Icc CS=V;., Output open — 30 80 mA
Operating Power Supply Current(2) Icc CS=V;., Minimum Cycle — 40 80 mA
Standby Power Supply Current(1) Iss CS=Vis, Vcc=Min to Max — 5 15 mA
Standby Power Supply Current (2] I 82 Vee—0.2V. 1 100 A
anchy Tower Supply Turren U VinS0.2V or VinZ Vee—0.2V a
Output Low Voltage Vou Ior=8mA — — 0.40 v
Output High Voltage Vou Ion=—4.0mA 2.4 — — v
Note) 1. The operating ambient temperature range is guaranteed with transverse air flow exceeding 400 linear feet per minute.
2. Typical limits are at Vec=5.0V, Ta=25C and specified loading.
Vee
BEAC TEST CONDITIONS
e Input pulse levels: GND to 3.0V 5100
@ Input rise and fall times: 5 ns Dout
@ Input timing reference levels: 1.5V Output Load A .
@ Output load: See Figure 3300 3pF
@ Output timing reference levels:
1.5V (HM6147HLP-35)
0.8 to 2.0V (HM6147HLP-45/55) * Including scope & jig
Vee
510Q
Qutput Load B Dows
3300 SpF
ECAPACITANCE (Ta=25C, f=1.0MHz)
Item Symbol Conditions max Unit
Input Capacitance Ci V.=0V 5 pF
Output Capacitance Cout Vour =0V 6 pF
Note) This parameter is sampled and not 100% tested.
B AC CHARACTERISTICS (Ta=0°C to 70°C, Vcc=5V+10%, unless otherwise noted.)
® READ CYCLE
HM6147HLP-35 HM6147HL.P-45 HM6147HLP-55
Parameter Symbol Unit Notes
min max min max min max
Read’ Cycle Time tre 35 — 45 — 55 — ns (1)
Address Access Time tas — 35 - 45 -— 55 ns
Chip Select Access Time tacs — 35 - 45 — 55 ns
Output Hold from Address Change ton 5 — 5 — 5 — ns
Chip Selection to Output in Low z tiz 5 - 5 — 5 — ns | (2),03),(7
Chip Deselection to Output in High Z thz [1} 30 0 30 0 30 ns |(2),3), (N
Chip Selection to Power Up Time tru 0 — 0 - 0 — ns
Chip Deselection to Pawer Down Time tep — 20 — 20 - 20 ns
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@ TIMING WAVEFORM OF READ CYCLE NO.1“¢

tre

HM6147HLP-35,HM6 147HLP-45,HM6147HLP-55

Address

Data Out

Previous Data Valid

Data Out

Vee Supply

Current

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

2. At any given temperature and voltage condition, fHZ max. is les:

I1Z min. both for a given device and from device to divice.

3. Transition is measured +500mV from stead

fied loading in Load B.

is high for READ Cycle.

ci

4. WE

tas ] ’
X ><>i Date Valid

© TIMING WAVEFORM OF READ CYCLE NO.2“®

T

High I

Data Valid

tep

5. Device is continuously selected, CS=V ..
6. Addresses valid prior to or coincident with CS transition low.

7. This parameter is sampled and not 100% tested.

@ WRITE CYCLE

50%

tnz ’
e : .

y state voltage with

ss than

© | ‘HM6147HLP-35 -HM6147HLP-45' | HM6147HLP-55
Parameter Symbol T - - R ; Unit Notes
min max min max min max
Write Cycle Time twe 35 — 85 = 55 - " ns :[2]
Chip Selection to End of Write tew 35 — 45 - 45 — ns
Address Valid to End of Write taw 35 — 45 — 45 — ns
Address Setup Time tas 0 —_ 0 - 0 — ns
Write Pulse Width twe 20 — 25 - 30 — ns
Write Recovery Time twr 0 — 0 — 0 — ns
Data Valid to End of Write tow 20 - 25 — 25 — ns |
Data Hold Time ton 10 — 10 - 10 - ns }
Write Enable to Output in High Z twz 0 20 % 30 ns | (3), (4)
Output Active from End of Write tow 0 — = — ns | (3), (4)
65
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HM6147HLP-35,HM6147HLP-45,HM6147HLP-55

@ TIMING WAVEFORM OF WRITE CYCLE (WE Controlled)

twe

Address

)
- T

\\\\ /

Data In

} tow ton
+ Data In Valid

twz tow

Data Out Data Undefined

High Impedance

® TIMING WAVEFORM OF WRITE CYCLE (CS Controlled)

e

Address :)(

tow on |

Data in

Data In Vald

Data Out
Data Undelined

High Inoedance

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

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

Item Symbol Test Condition min typ max Unit
CSzVee—0.2V
; 1% 2.0 - - v
Vce for Data Retention br VinZ Vee—0.2V or VinS0.2V
Data Retention C ; Vee=3.0V, CS=2.8V 5 A
t tent - e
ata. Retention Current CCDR Viv22.8V or Vins0.2V i
Chip Deselect to Data Retention Time teor 0 — - ns
See Retention Waveform
Operation Recovery Time tr trc* — - ns

* tac =Read Cycle Time.

®LOW V. DATA RETENTION WAVEFORM

Data Retention Mode

€S2z Vor—02V

QV == = mmm o m e e oo
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HM6116-2,HM6116-3,HM6116-4
HM6116P-2,HM6116P-3,HM6116 P-4

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

BFEATURES HM6116-2, HM6116-3,
® Single 5V Supply and High Density 24 Pin Package HM6116-4
® High speed: Fast Access Time 120ns/150ns/200ns (max.)
® Low Power Standby and Standby: ~ 100uW (typ.)
Low Power Operation Operation: 180mW (typ.)

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

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

MFUNCTIONAL BLOCK DIAGRAM

(DG-24)
rvo—— ] T

— HM6116P-2, HM6116P-3,
Row .
g \ Decoder | @

Memory Matrix ——OGND HM6116 P-4

128x128

— fo o]

1010 . Column 1/0

I Input

H 0 Column Decoder

1 " Data

: H Control

| —_—
1/0s O

(DP-24)

_ HEPIN ARRANGEMENT
OE
D | ]
WE A’E E Vee

— ﬂ As| 2 23 | A
cs ::‘ :—E B E A
A 5 20 | OE
HMABSOLUTE MAXIMUM RATINGS A6 19 ] Aw
Item Symbol Rating Unit A E 18]7cs
Voltage on Any Pin Relative to GND Vr —0.5% to +7.0 A Al 8 17 | 7o
Operating Temperature T 0 to +70 ‘C 1/ E 16 ] 1700
Storage Temperature (Plastic) T —55 to +125 ‘C vo [ 1o E .
Storage Temperature (Ceramic) T —65 to +150 ‘C ol = o
Temperature Under Bias Toes —10 to +85 ‘C
Power Dissipation Pr 1.0 w CND | 12 13 1 1/0s
* Pulse Width 50ns . —3.5V (Top Views
BTRUTH 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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HAMG1 16-2,HMB1 16-3,HM6116-4,HM6116P-2,HM6116P-3,HME116P-4

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

Item Symbol min typ max Unit
Supply Vol Vee 4.5 5.0 5.5 \4
t
upply Toltage GND 0 0 0 v
I Vol Viu 2.2 3.5 6.0 \'
nput t
put Holtase Vie —3.0° - 0.8 v
% Pulse Width : 50ns, DC: Vi min=—0.3V
EBDC AND OPERATING CHARACTERISTICS (Vec=5Vt10%, 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 i Vee=5.5V, V..=GND to Vcc - — 10 — - 10 kA
Output Leakage Current ol | S5 or OE=Vin. - - w0 ]| - — | 10 A
pu akage Curren Lo Vio=GND to Vee K
P S Icc CS=Vii, I.o=0mA - 40 80 — 35 70 mA
ati we! I
Operating Power Supply Vin=3.5V, Vi.=0.6V,
Current Icci* — 35 — — 30 - mA
I1.0=0mA
Average Operating Current Icc: Min. cycle, duty=100% — 40 80 — 35 70 mA
Iss CS=Vu — 5 15 - 5 15 | mA
Standby Power Supply —
Current I 82 Vec=0.2V. Va2 Vee — | 0.02 2 | — | 0.02 2 | mA
: S 1 ~0.2V or V.50.2V : ’
To=4mA - — 0.4 - - — v
VOL
Output Voltage IoL=2.1mA — — - — — 0.4 \Y
) Vou Tos=—1.0mA 2.4 - — 2.4 — — \Y%
# Vec=5V, Ta=25C
#% Reference Only
BBAC 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 iig)
®READ CYCLE
HM6116/P-2 HM6116/P-3 HM6116/P-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 Output in Low Z tcrz 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 tou 10 — 15 — 15 — ns
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HM6116-2,HM61 16-3,HM6116-4,HM6116P-2,HM61 16P-3,HME116P-4

® WRITE CYCLE

HM6116/P-2 HM6116/P-3 HM6116/P-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 — 20 — 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 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
BECAPACITANCE (f=1MHz, Ta=25C)

Item Symbol Test Conditions typ max Unit

Input Capacitance Cia V.=0V 3 5 pF

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

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

BTIMING WAVEFORM
®READ CYCLE (1)

e X X
; ; ; ; VA

Pty —e=t

s SN e | WYTTHTT

tacs

&
/.%
N
W

tc

Dout terz > : : L

@ READ CYCLE (2)V» @
Address ><

YRR X

®READ CYCLE (3) @

Cs

tacs

tcLz

Dout

NOTES: 1. WE is High for Read Cycle.
2. Device is continucusly selected, CS = V.
3. Address Valid prior to or coincident with CS transition Low.
4. OE= 1. :
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HM6116-2,HM6116-3,HM6116-4,HM6116P-2,HM6116P-3,HM6116P-4

WRITE CYCLE(1)

N | X

wr(2)

= ZZF | AARNAN
SEANNARRRNE (777777

" NNk i

) )

Dout

f—tow tow

®WRITE CYCLE (2)©®

Address )L - )(
NN VITTTT7

taw

" AN\ S {
h)

ton

F==tas

tenz—{(3) (6) (1

[ tow

w SSSSS S
ot 2 ya

ANAN AVAN
LLLLL LT 7T

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

2. tyg is measured from the earlier of 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
transitions or after the WE transition, output remain in a high im-
pedance state.

OF is continuously low. (OE = Vi)
- 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.

®Non
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Supply Current Icc,lcc2(Normalized)

Access Time tas,tacs(Normalized)

Access Time taatacs(Normalized)

SUPPLY CURRENT
vs. SUPPLY VOLTAGE

16

Ta=25C

0.8

0.6

04

4.75 5.0

Supply Voltage Vee (V)

ACCESS TIME
vs. SUPPLY VOLTAGE
13

525

55

Ta=25C

0.9

08

0.7

45 475 5.0

Supply Voltage Ve (V)

ACCESS TIME
vs. LOAD CAPACITANCE

5.25

55

e

Ta=25C
Vee=MIN

08

0.6

100 200 300 400

Load Capacitance C. (pF)

500

@ HITACHI

Supply Current lcc,Jccz (Normalized)

Access Time taa,tacs(Normalized)

Supply Current Iccz (Normalized)

HM6116-2,HM6116-3 HM6116-4,HM61 16P-2,HM6E116P-3,HM6116P-4

SUPPLY CURRENT
vs. AMBIENT TEMPERATURE
16

Vee=5.0V

08

06

04

0 20 40 60

Ambient Temparature Ta (C*

80

ACCESS TIME
vs. AMBIENT TEMPERATURE
13

Vee=5.0V

-

0.9

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

72

Low Input Voltage ‘Vii(Normalized) -

Output Current lon(Normalized)

LOW INPUT VOLTAGE:
vs. SUPPLY VOLTAGE '

HIGH INPUT VOLTAGE

vs. SUPPLY VOLTAGE

Output Voltage Vou (V)

@ HITACHI

Output Voltage Vo (V)

13 13
Te=257C Ta=25'C
1.2 12
11 E 1.1
2
= /
10 | REY)
| "] g
‘ L
0.9 5 09
08 £ 08
0.7 . . 0.7
45 475 5.0 5.25 5.5 45 475 5.0 5.25 5.5
Supply Voltage Vcc (V) Supply Voltage Vec (V)
OUTPUT CURRENT OUTPUT CURRENT
vs. OUTPUT VOLTAGE vs. OUTPUT VOLTAGE
1.6 16
cc=
14 14 //
12 \ _é‘ 1.2
\ s
1.0 ‘ f 10
s Ta=25C
£ Vee=5V
0.8 T os
8 /
06 06 /
04 0.4l -
0 0.2 0.4 0.6 0.8



HM6116FP-2, HM6116FP—3

HM6116FP-4

2048-word><8-bit High Speed Static CMOS RAM

BFEATURES

® High Density Small-Sized Package
@ Projection Area Reduced to One- Tbnr/d/s of Conventional DIP
@ Thickness Reduced to a Half of Conventional DIP
® Single 5V Supply
® High Speed: Fast Access Time 120ns/150ns/200ns (max.)
® Low Power Standby Standby: ~ 100uW (typ.)
® Low Power Operation; Operation: 180mW (typ.)
@ Completely Static RAM: No clock nor Tlmmg Strobe Required
® Directly TTL Compatible: All Input and Output
® Equal Access and Cycle Time
-FUNCTIONAL BLOCK DIAGRAM (FP-24)
A 0——%__ ——0 Vec
- EPIN ARRANGEMENT
"Row . Memory Matrix — O U
x \ Decoder f @ 128X 128 A7E all g
- As | 2 23] As
A a3 E A
—— [o o] Al 21 | WE
1/0, . Column 1/0 als e
Input A 6 Ao
E \g Date Column Decoder A-E ot
: H Control - — ol s Vo
L/0s 0— N % Iﬁ E 10, E 1/0r
o A A I 10| 10 1/0s
ﬁ*—l 10 vos
ﬁ% o [12 3] 1o
WE .
(Top View)
iy
EBABSOLUTE MAXIMUM RATINGS
Item Symbol Rating Unit
Voltage on Any Pin Relative to GND ) Vr —0.5* to +7.0 v
Operating Temperature - Tope 0 to +70 ‘C
Storage Temperature . Tos —55 to +125 ‘C
Temperature Under Bias Tiies —10 to +85 °C
Power Dissipation Pr 1.0 w
* Pulse Width 50ns: —3.5V '
B TRUTH TABLE
CsS OE WE Mode Vee Current 1/0 Pin Ref. Cycle
H X X Not Selected Iss, Isp 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)

@ HITACHI
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HM6116FP-2,HM6116FP-3,HM6116FP-4

ERECOMMENDED DC OPERATING CONDITIONS (7Ta=0 to +70°C)

Item Symbol min typ max Unit
Supply Vol Vee 4.5 5.0 5.5 v
t
upply Toltage GND 0 0 0 v
Viu 2.2 3.5 6.0 \
Input Voltage -
Vi —3.0* — 0.8 A
* Pulse Width : 50ns, DC: Vi, min=—0.3V
HEDOC AND OPERATING CHARACTERISTICS (Vec=5V+10%, 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 Iu Vec=5.5V, Va=GND to Vcc — - 10 - - 10 HA
Output Leakage Current I CS=Viu or OE=Viu - - 0| - - 1w A
pu akage Current Lo Vio=GND to Vee "
op b Sunpl Icc CS=Vu, l,o=0mA — 40 80 - 35 70 | mA
erating Power Supply
Viu=3.5V, Vi.=0.6V,
Current feeree | V73:5% V06 - | - | - 0| — | ma
Io=0mA
Average Operating Current Icc: Min. cycle, duty=100% — 40 80 — 35 70 mA
Iss CS=Viu — 5 15 - 5 15 | mA
Standby Power Supply pum—
Current ! CS=Vec—0.2V, VinzVee 0.02 2 0.02 2 A
T - . - .
| —0.2V or V.50.2V "
IoL’4mA - - 0.4 - - - \Y
VOL
Output Voltage IoL=2.1mA - — - — — 0.4 \Y
Vou Ion=—1.0mA 2.4 - - 2.4 — — \4
* Vec=5V, Ta=25C
#% Reference Only
BAC CHARACTERISTICS (Vec=5V+10%, Ta=0 to +70°C)
@ AC TEST CONDITIONS
Input Pulse Levels: 0.8 to 24V
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
HM6116FP-2 HM6116FP-3 HM6116FP-4
Item Symbol - - - Unit
min max min max min max
Read Cycle Time trc 120 - 150 — 200 — ns
Address Access Time taa - 120 — 150 - 200 ns
Chip Select Access Time tacs — 120 — 150 — 200 ns
Chip Selection to Output in Low Z terz 10 - 15 — 15 — ns
Output Enable to Output Valid tok - 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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HM6116FP-2,HM6116FP-3,HM6116FP-4

® WRITE CYCLE

Item Symbol l-'lMGIIGFP-Z HM6116FP-3 l'.lM6116FP-4 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
BICAPACITANCE (/=1MHz, Ta=25C)

Item Symbol Test Conditions typ max Unit

Input Capacitance Ca V=0V 3 5 pF

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

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

W TIMING WAVEFORM
®READ CYCLE (1)"

e X X
7

Dout e <

®READ CYCLE (2)"®»
Address ‘>< ‘><;

o — m - a

®READ CYCLE (3) "

tacs { tonz
L‘lw,z
Dout

NOTES: 1. WE is High for Read Cycle.
2. Device is continuously selected, CS = Vp;.
3. Address Valid prior to or coincident with CS tranisition Low.
4. OE= Vip.
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HM6116FP-2,HM6116FP-3,HM6116FP-4

TIMING WAVEFORM
®WRITE CYCLE (1)

e T X

twr(2)

RO
SN ANNNN T (777777

=
N
Vd

.
v RN N
}———umr;’ l”(ll
Dout
2L LS

feo—— U e { ) ff e
3 XXX

@ WRITE CYCLE(2)®

Address

X X
c SONSSSN - ATVTTTTTT

— mp(l)
" i j\\\\ K A
l Llu/ (63 (7
299D ) 2 >L/‘
Uum — e ton —4 (¥)
Din K >

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

2. twg is measured from the earlier of %S_orW— E 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 CS low transition occurs simultaneously with the ‘WE low
transitions or after the WE transition, output remain in a high
impedance state.

. OEis continuously low. (OE = V1)
. Dom is the same phase of write data of this write cycle.
is the read data of next address.
& is Low during this period, 1/O pins are in the output state.
Then the data input signals of opposite phase to the outputs must
not be applied to them.

@smw
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Supply Cuirent Icc,lcca(Normalized)

Access Time taa,tacs(Normalized)

-Access Time taa,tacs(Normalized)

108

SUPPLY CURRENT
vs. SUPPLY VOLTAGE

16

14

Ta=25C

0.8

0.6

04

4.5 4.75 5.0

Supply Voltage Ve (V)

ACCESS TIME
vs. SUPPLY VOLTAGE

§.25

55

13

Ta=25C

0.9

Access Time taa,tacs(Normalized)l

0.7

45 4.75 50

Supply Voltage Vee (V)

ACCESS TIME
vs. LOAD CAPACITANCE

5.25

5.5

e

/

]

Ta=25C
Vec=MIN

Supply Current Icca(Normalized)

08

0.6

100 200 300 400

Load Capacitance C. (pF)

500
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Supply Current ‘Icc,feca(Normalized)

.13

SUPPLY CURRENT .
vs. AMBIENT TEMPERATURE

16
Vee=50V
14
12
10
\\
08
06
0.4
0 20 10 60 80

Ambient Temperature T (C)

ACCESS TIME
vs. AMBIENT TEMPERATURE

Vee=50V

L~

09

08

0 20 40 60

Ambient Temperature Ta ('C)

SUPPLY CURRENT
vs. FREQUENCY
13

ZOIJns lS’Ons l2’0nx

0.9

08

07

0 4 8
Frequency f (MHz)
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HM6116LP-2, HMG6116LP-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

‘® High Speed: Fast Access Time

® Low Power Standby and
Low Power Operation;

Completely Static

RAM:

Standby:

Operation:

l FUNCTIONAL BLOCK DIAGRAM

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

10uW (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

(DP-24)

Ano—‘—%___— —Q Vec
- B PIN ARRANGEMENT
Row ° Memory Matrix ———OGND \_J
k \ Decoder | ® M E 24 | Vee
] 128X128 A‘E 1
A;O——%___—‘ B 22 | A
— 1 [o o] A.E 21| WE
Vo : Column 1/0 w5 20| OF
put || ME 19 | Aio
i ' 5 Column Decoder —
H ! ata A7 18 | CS
: \: Control E j
! - ME 17 |1/0s
1
1/0s O— E ! l/o,E 16 | 1/0r
M A A Aw ! 1o [ 10 15 | vos
< t._l /0| 11 M| 1/0s
OE % GNp [ 12 13| 1/04
W
@’ (Top View)
B ABSOLUTE MAXIMUM RATINGS
Item Symbol Rating Unit
Veltage on Any Pin Relative to GND Vr —0.5* to +7.0 A
Operating Temperature Topr 0 to +70 ‘C
Storage Temperature Tue —55 to +125 C
Temperature Under Bias Torea —10 to +85 ‘C
Power Dissipation Pr 1.0 w
* Pulse Width 50ns : —3.5V
HTRUTH TABLE
CcS OE WE Mode Vece Current 1/0 Pin Ref. Cycle
H X X Not Selected Iss, Issr 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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HM6116LP-2,HM6116LP-3,HM6116LP-4

B RECOMMENDED DC OPERATING CONDITIONS (Ta—0 to +70°C)

Item Symbol min typ max Unit
Supply Vol Vee 4.5 5.0 5.5 \%
upply Volta,
i s GND 0 0 0 v
Viu 2.2 3.5 6.0 v
Input Voltage
Vi -3.0* - 0.8 \'

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

BDC AND OPERATING CHARACTERISTICS (Vec=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 | Tor Vce=5.5V, V.,=GND to Vcc — - 2 — - 2 HA
CS=Viu or OE=Vin, _ _ _ _
Output Leakage Current | Iio] Vio=GND to Vec 2 2 HA
Icc CS=Vi, Lio=0mA — 35 70 - 30 60 mA
Operating Power Supply
Current Teer* V/N=3.5V. VIL=0.6V. —_ 30 _ _ 25 - mA
It v=0mA
Average Operating Current Icce min. cycle, duty =100% — 35 70 - — 30 60 mA
Is CS=v - 4 12 - 4 12 A
Standby Power Supply b EZV“’ 02V, V.3V n
Current : sVee =U.aV, ViasVee — — -
Tsov 102V or Vs0.2v zo s I
Toi=4mA - - 0.4 — — -
Vor \%
Output Voltage I Tor=2.1mA — - — — - 0.4
| Vo | lon——1.0mA 24 | — — |24 | — - v

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

BWAC 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 €1 = 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 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 toe — 80 - 100 - 120 ns
Output Enable to Output in Low Z toLz 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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HM6116LP-2,HM6116LP-3,HM6116LP-4

®WRITE CYCLE

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 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 YA tonz 0 40 0 50 0 60 ns
Write to Output in High Z twiz 50 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
B CAPACITANCE (f=1MHz, Ta=25C)
Item Symbol Test Conditions typ max Unit
Input Capacitance C.n V=0V 3 5 pF
Input/Output Capacitance Cio Vio=0V 5 7 pF
Note) This parameter is sampled and not 100% tested.
B TIMING WAVEFORM
®Read Cycle (1)
Address >< ><
Laa
oF Y /]
N 2/ A
tow
s XN e | 777077
Lacs
Dout e —~
—

®Read Cycle (2) "

Address ><

ton———=]

tow

Dout

@®Read Cycle (3) 7" &

Ts

Dout

NOTES:

80

AW

‘WE is High for Read Cycle.

Device is continuously selected, CS = Vie.
Address Valid prior to or coincident with CS transition Low.

. OE= Vip-
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HM6116LP-2,HM6116LP-3,HM6116LP-4

® Write Cycle (1)
' Address ‘>i )(
po—eetf twx (2)
OF : :,( N : : : :
NN ONNNNE . I
—
" PN A |
el (W
Dout NSNNN o
L LLLL
X XXXX

® Write Cycle (2)

Address

-

F<

|— tew twr(2)
NN NN LN/
" INSNN S
= tas btz | (3) (6) &)
Bout <\ AVANAN D
777 72777777
)

NOTES: 1. A write occurs during the overlap (twp) of a transition, output remain in a high impedance
low CS and a low WE. . state. o
2. twg 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. Doyt is the same phase of write data of this

. During this period, 1/0 pins are in the output

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

. If the CS low transition occurs simultaneously

with the WE low transitions or after the WE

@ 3

write cycle.

- Doyt is the read data of next address.
. If CS is Low during this period, 1/O pins are

in the output state. Then the data input
signals of opposite phase to the outputs must

not be applied to them.
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., 50.2V 2.0 — — \
Data Retention Current Tccor® | Vec=3.0V, CS22.8V, V..22.8Vor V..50.2V| — — 30 HA
Chip Deselect to Data Retention Time | fcoa 0 - — ns

. - . See Retention Waveform
Operation Recovery Time tr tre** — - ns
* 10 #A max at Ta=0T to +40C, V. min=—0.3V
* % txc=Read Cycle Time.
®Low Vcc Data Retention Waveform
Data Retention Mode
Vee
Vor
_  Trveow
Cs
O e e —
G HITACHI 81



HM6116LP-2,HM6116LP-3,HM6116LP-4

SUPPLY CURRENT vs.
SUPPLY VOLTAGE

16
Ta=25¢C
% 14
E ]
2 12 /
£
S 10
K
H /
08
3 F
B
A 06
04
45 4.75 50 5.25 55
Supply Voltage Vec (V)
ACCESS TIME vs.
SUPPLY VOLTAGE
13
Ta=25C
~ 12
3
T
R~
=
g
310
-
09
¢
<
08
0.7
45 .75 5.0 5.25 5.5
Supply Voltage Vcc (V)
ACCESS TIME vs.
LOAD CAPACITANCE
18
= 16
3 _~
E /
] 14 v
¢ /
3oz -
N Ta=257C
- Vee=MIN
=
¢
2
08
06
100 200 300 400 500

Load Capacitance Cu (pF)
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Supply Current Icc,lccz(Normalized)

Access Time taa,tacs (Normalized)

Supply Currept Iccz(Normalized)

08

0.6

0.

SUPPLY CURRENT vs.
AMBIENT TEMPERATURE

Vee=5.0V

4

0 20 40 60 80

Ambient Temperature Ta ('C)

ACCESS TIME vs.
AMBIENT TEMPERATURE

Vee=5.0V

0.9

038

0.7
0 20 40 60 80

Ambient Temperature Ta ('C)

SUPPLY CURRENT vs.
FREQUENCY

13 T T T

200ns 150ns  |120ns

12

11

1.0 —

—1

,_.’——""_—'

0.9

08

0.7
0 4 6 8 10

Frequency f (MH:)



Output Current Jou(Normalized)

Standby Current Iss1 (A)

Low Input Voltage ViL(Normalized)

LOW INPUT VOLTAGE vs.
SUPPLY VOLTAGE

HIGH INPUT VOLTAGE vs.

SUPPLY VOLTAGE

1.3 T
Ta=25C Ta=25C
12 5 12
11 E 1.1
10 e % 10
|1 =
= L—]
0.9 2 09
0.8 = s
0.7 0.7
4.5 4.75 5.0 5.25 5.5 4.5 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=257C
Vee=5V
4 ad 4 //
\ :
1.0 ‘j 10
\ £ ‘7/’n=_25'C
0.8 < o8 il
i /
0.6 0.6 /
0.4 0.4
1 4 0 0.2 0.4 0.6 0.8
Output Voltage Vou (V) Output Voltage Vor (V)
STANDBY CURRENT vs. STANDBY CURRENT vs.
AMBIENT TEMPERATURE SUPPLY VOLTAGE
10 14
Vee=3V
C5=2.8V /
1.2
1078 é_ 1.0
2
L~ H
/ < 08 /
104 / S 6 /
/ 5 / TazzsC
s S=Vee ~0.2V
/ B4 /1
1077 0.2
0 20 40 60 80 3 4

Ambient Temperature Ta ('C)
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Supply Voltage Vcc (V)

—= - ~-——HM6116LP-2,HM6116LP-3,HM6116LP-4
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HM6116LP-2,HM6116LP-3,HM6116LP-4

84

Standby Current Iszi (mA)

STANDBY CURRENT vs.
INPUT VOLTAGE

Ta =I25'C
Vee=5.0V
C3=4.8V

8

A

4

2 \

N
0 \\
1 2 3 4 5 6

Input Voltage V.. (V)
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HMG6116LFP-2,HM6116LFP-3,

HM6116L.FP-4

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

BWFEATURES :
® 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.)

@ [ ow Power Standby and Standby: T0uW (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

EFUNCTIONAL BLOCK DIAGRAM

no—¢ —oue
Row ° Memory Matrix ———OCND
Decoder | ®
128X 128
mo—
— [+ o]
o
/0 . Column 1/0
iLE
Input
H i Column Decoder
1 : Data
' ! Control
! f
1
1/0s O- | :
Vo
1

L

aagl B

MABSOLUTE 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 Tsinn —10 to +85 °C
Power Dissipation Pr 1.0 W

* Pulse width 50ns : —3.5V

@ HITACHI

(FP-24)

BPIN ARRANGEMENT

Ar [I I 24 | Vee
a2 23 | A
a3 [22] »
K 21 | WE
als [ 20 ] o
als 19 ] A
A Iz 18 | Cs
Al 8 17 [ 1/0s
/0 E 16 | /0r
vo |10 E 106
I/0s | 11 14 | 1/0s
oD [ 12 13 | 1704
(Top View)




HM6116LFP-2,HM6116LFP-3,HM6116LFP-4

BTRUTH TABLE

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

H X X Not Selected Iss, Isp 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)

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

Item Symbol min typ max Unit

Supply Voltage Vee 4.5 5.0 5.5 A%
) GND 0 0 0 \'

) Vin 2.2 3.5 6.0 \Y

Input Voltage Ve 3.0 — 0.8 v

* Pulse Width:50ns, DC: Vi min=—0.3V.

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

o HM6116LFP-2 HM6116LFP-3/-4
Item Symbol Test Conditions - Unit
min typ* max min typ* max
Input Leakage Current [ Il | Vec=5.5V, V..=GND to Vec — — 2 — — 2 HA
0 Leak c ¢ | ! \ ﬁ= Viu or ﬁ= Vw, 2 P A
utput l.eakage Currnn Lo Vi o=GND to Vec M.
Overating Power Suoply Icc CS=Vi.. I o=0mA — 35 70 — 30 60 mA
perating Fower Supply Vin—3.5V, Vii=0.6V.
Current Tcci** - 30 - — 25 — mA
I o=0mA
Average Operating Current | Icc: Min cycle, duty=100% — 35 70 — 30 60 mA
Standbs P Supel Iss CS=Vu — 4 12 - 4 12 mA
C“’“ y Fower Supply ; TSz Vee—0.2V, VozVec \ % ) s A
urrent | —0.2V or V0.2V #
Toi=4mA — — 0.4 - — —
Vou \%
Output Voltage Ini=2.1mA — — — — — 0.4
Vou Toy=-1.0mA 2.4 — — 2.4 — — \Y%

*  Vee=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

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 tewnz 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

HM6116LFP-2,HM6116LFP-3,HM6116LFP-4

- HM6116LFP-2 HM6116LFP-3 HM61161.FP-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 twe 70 — 90 — 120 — ns
Write Recovery Time twr — 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
B CAPACITANCE (f=1MHz, Ta=25C)
Item Symbol Test Conditions typ max Unit
Input Capacitance Cin Vin=0V 3 5 pF
Input/Output Capacitance Cro Vi o=0V 5 7 oF

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

ETIMING WAVEFORM
®READ CYCLE (1)

Address

/s

al

tu,

p——t011. s —d

p———tn —e-

A4

/L

Dout

tacs

towz

1KY

ters

®READ CYCLE (2) ("®@®

Address

ton

Dout

X

®READ CYCLE (3) ("

Cs

Dout

NOTES:

1
2
3.
4

@G HITACHI

. WE is High for Read Cycle

. Device is continuously selected, CS= ¥y
Address Valid prior to or coincident with CS
transition Low.

. OE=Vy;.
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HM6116LFP-2, HM6116LFP-3, HM6116LFP-4

®WRITE CYCLE (1)

Address

) &

=
- 7
N\

] twa (2)
X
\,\(4) }/
taw
N /
tonz (3)_ (1)
\|
y| —tor ——ror —

® WRITE CYCLE (2)®

NOTES: 1.
2.
3.

9§ XXX

Address )

twp(1)

N /| ton

twnz(3)

Dout

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

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
transition, output remain in a high impedance

P\I

/1 lju.
N

state.

. OE is continuously low. (OE = V)
. Doyt is the same phase of write data of this

write cycle.

Dyt 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.

BILOW V. DATA RETENTION CHARACTERISTICS (Ta=0 to +70°C)
Item' Symbol Test Conditions min typ max Unit
CS=Vcee—0.2V
Vcc for Data Retention Vor ce 2.0 — — A
VinzVee—0.2V or Vins0.2V
Vec=3.0V, CS=2.8V
Data Retention C t Iccor® ' N — — A
ata Retention Curren ccor Vin22.8V or Vins0.2V 30 H
Chip Deselect to Data Retention Ti t - -
ip .ese ect to Da a. etention Time cor See Retention Waveform 0 ns
Operation Recovery Time tr **lrc — - ns

* Vi min=—0.3V, 10#A max (at Ta=0 to +40TC)
* % tac=Read Cycle Time.

®Low Vcc DATA RETENTION WAVEFORM

| Data Retention Mode
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HMG6116 AP-12, HMG6116 AP- 15,
HM6116AP—20 HMG6116 ASP-12,
HM6116ASP—15 HM6116 ASP-20

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

® FURTURES

® High speed: Fast Access Time 120ns/150ns/200ns (max.)
@ |ow Power Standby and
Low Power Operation

Standby:

Operation:
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

BFUNCTIONAL BLOCK DIAGRAM

A °“j:

Memory Matrix

128x 128

100uW (typ.)
15mW (typ.) (f = TMHz)

—0 Vc¢

——o0 CND

HM6116 AP Series

(DP-24)

HM6116 ASP Series

) — [
1/0, (DP-24N)
° T Column 170
i Input -
N . Column Decoder
¥ S o BPIN ARRANGEMENT
[
1 T~
177G AN | %] _____ %} i A1E ~ 2 | vee
| o ——r T S |l
1 b M2 23| A
& oo ﬁ—ﬁ—‘ NE 2]
WE o———4 A‘E 21 [WE
E Mfs 20 | OE
Al 6 19 | A
ME 18] &5
EABSOLUTE MAXIMUM RATINGS
A 8 17 1 1/0s
Item Symbol Rating Unit
Voltage on Any Pin Relative to GND| V- —0.5°10 47.0 ] v vorle 1 vor
Operating Temperature Tos. 0 to +70 °C 1o | 10 15 1/0s
Storage Temperature T —55 to +125 °C 1o | 1 14| 1/0s
Temperature Under Bias Toe —10 to +85 Xl GND E 3] o
Power Dissipation Pr 1.0 w
# Pulse Width 50ns | —3.5V . (Top View)
BETRUTH 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 Icc Dout Read Cycle (1)~(3)
L H L Write Icc Din Write Cycle (1)
L L L Write Icc Din Write Cycle (2)

@ HITACHI
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HM6116AP-12,HM6116AP-15,HM6116AP-20

HM6116ASP-12,HM6116ASP-15,HM6116ASP-20

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

Item Symbol min typ max Unit
ooty V. Vee 4.5 5.0 5.5 \Y
Supply Voltage GND o o o v
Vin 2.2 3.5 6.0 v
Input Voltage Vie 30 — 0.8 v
* Pulse Width: 50ns, DC: Vi, min= 0.3V
® 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 Vee=5.5V,Vin.=GND} _ _ _ 2 _ _ 2 A
Current el to Vee 2 ¥
Output Leakage CS=Viy or OE=V g, _ _ 2 _ _ 2 _ _ 2 A
Current Hrol Viyo=GND to Ve :
Icc CS=Vi,I1/0=0mA - 51 15| - 51 15| - 51 15| mA
. Vin=Vim o1 ViL
Operating Power
Supply Current Vin=Vee, ViL=0V,
1, folod ] CS =VIL , - 3 6 - 3 6 - 3 6 mA
II/O =0mA, f=1MHZ
Average Operating min. cycle, _ _ _ 35
Curreﬁt Iec2 duty = 100% 35 60 25| 45 20 mA
Standby Power Isp CS=Viy - 1 4 — 1 4 - 1 mA
Supply Current Ispy | CS2Vec-0.2V — 1002 2] - o002 2| - |o002 mA
Vor | Ior =4mA - - 0.4 - - 0.4 - - 04| V
Output Voltage
utpu o VOH IOH=-1.0mA 2.4 - - 2.4 - - 2.4 - - \'
* VCC=5V, Ta=250C
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
HM6116AP/ HM6116AP/ HM6116AP/
Item Symbol ASP-12 ASP-15 ASP-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 irr Low Z torLz 10 - 10 — 10 - ns
Output Enable to Output Valid toE - 55 — 60 — 70 ns
Output Enable to Output in Low Z toLz 10 - 10 - 10 - ns
Chip Deselection to OQutput 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-15HM6116ASP-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 tew 70 - 90 — 120 — ns
Address Valid to End of Write tAw 105 - 120 - 140 — ns
Address Set Up Time tas 0 - 0 - 0 - ns
Write Pulse Width twp 70 - 80 - 100 — ns
Write Recovery Time twr 0 - 0 - 0 = ns
Output Disable to Output in High Z 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 tpH 0 — 0 — 0 — ns
Output Active from End of Write tow 10 - 10 - 10 — ns
BCAPACITANCE (f=1MHz, Ta=25C)
Item Symbol Test Conditions typ max Unit
Input Capacitance C. V.=0vV 3 5 pF
Input/Output Capacitance Cro Vio=0V 5 7 pF
Note) This parameter is sampled and not 100% tested.
HETIMING WAVEFORM
®READ CYCLE (1)
IRC
Address >< >(
faa
O NNk XY/ /777,
toOE— ~toH~
& N\ % —forzH LY/ N7
- foHZ
p tacs ICHZ
Dout CLz ( ) -
®READ CYCLE (2)""® @
trc {
Address >(
on faa f toy —
Dout > ><v
®READ CYCLE (3) "
cS
tacs [tcﬂz
tcLz
Dout
NOTES: 1. WE is High for Read Cycle.
2. Device is continuously selected, CS = Vj;.
3. Address Valid prior to or coincident with CS transition Low.
4. 6E‘= VIL'
21
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HM6116AP-12,HM6116AP-15,HM6116AP-20

HM6116ASP-12,HM6116ASP-15,HM6116ASP-20

®WRITE CYCLE(1)

Address

Dout

Din

@ WRITE CYCLE(2)”

Address

Dout

Din

NOTES:

92

X —X

) by

SISO N rssssi
ro\i\\\*\ T

ZZ_ZLLL/' WP__IDW_‘___tDH__‘

twe

_
i 'CW
;;:\::::{(4)

X

twr__ [2]
/

[/ ]
,

V4

t——lOH—

(6]

e 10} 4 (7

(8]

‘:t Dw—-L——tDH—ﬂ

NV

)

AN

. A write occurs during the overlap (fyp) of a low CS and a low WE.
. twg is measured from the earlier of Cf

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 TS low transition occurs simultaneously with the WE low

transitions or after the WE transition, output remain in a high im-
pedance state,

. OE is continuously low. (OE = V1)
. Dgyt is the same phase of write data of this write cycle.
. Dgyy is the read data of next address.

If &

is Low during this period, 1/O pins are in the output state.
Then the data input signals of opposite phase to the outputs must
not be applied to them.
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INPUT LOW VOLTAGE VS. SUPPLY VOLTAGE

HM6116AP-12, HM6116AP-15, HM6116AP-20

HM6116ASP-12, HM6116ASP-15, HM6116ASP-20

13
Ta=25TC

12
H £
: L1 \Zi
= =
= | =
= L =
H 2
=09 T
H z
g £

08

0.7

15 175 5.0 5.25 55

Supply Voltage Vee (V)

OUTPUT CURRENT VS. OUTPUT VOLTAGE

L6

Ta=25C
Vee=5.0V

Output Current [o1. { Normalized)

\

0.6

0.4

3 1 5

Ouiput Voltage Vou (V)

STANDBY CURRENT VS.
AMBIENT TEMPERATURE

[

i{‘:ﬂ.()\'
CS=2.8y

03

e

e

106

v

'

Standby Current Ism (Normalized)

0 20

10 60 H0

Ambient Temperature Ta (°C)

@ HITACHI

X

0.

0.

0.

0.

10

0.8

0.6

04

INPUT HIGH VOLTAGE VS. SUPPLY VOLTAGE

Supply Voltage Vee (V)

3
Ta=25C
2
1
0
9
8
7
15 175 5.0 5.25 55

OUTPUT CURRENT VS. OUTPUT VOLTAGE

6
4 //
) Tu=25C
Vee=5.0V
0
8
4
0 0.2 0.4 0.6 0.8
Output Voltage Vor (V)
STANDBY CURRENT VS.
SUPPLY VOLTAGE
/ Ta=25C
CS=Vee—02v

3 4
Supply Voltage Vee (V)



HM6116AP-12, HM6116AP-15, HM6116AP-20

HM6116ASP-12, HM6116ASP-15, HM6116ASP-20
SUPPLY CURRENT VS.

SUPPLY CURRENT VS. SUPPLY VOLTAGE AMBIENT TEMPERATURE
16 16
Ta=25C Vee=50V
B 14
3; 12 E 12
g 10 IR
< £ T
i o.a/ § 08
06 Z s
0.4 : 04
45 75 5.0 525 55 0 B 0 50 80
Supply Voltage Vee (V) Ambient Temperature Ta (C)
ACCESS TIME VS.
ACCESS TIME VS. SUPPLY VOLTAGE AMBIENT TEMPERATURE
1.3 I
- Vee=5.0V
12

1.2 “ /

1.0

Access Time ta4, tacs (Normalized)
Access Time t44, tacs (Normalized)

09 09
o8 08
Uik = 75 20 10 60 80
45 475 50 5.25 5.5
Supnly Volage Ve (V) Ambient Temperature Ta (C)
ACCESS TIME VS. LOAD CAPACITANCE SUPPLY CURRENT VS. FREQUENCY
14 12 T T T
Ta=25C 200ns | 150ns 1200
Vee=MIN
oo 10
3 3 )
N F Vee=5.0V
E oy E
:-_7:: z 0.8 e
g & /
RN = 06
= / g
M s
£ S /
s
g 10 e
g E 0.4
0.9 02
0.8 —L L 0
100 200 300 400 500 [ 2 4 6 8 10
Load Capacitance (1 (pF) Frequency  (MHz)
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HM6116AP-12, HM6116AP-15, HM6116AP-20
HM6116ASP-12, HM6116ASP-15, HM6116ASP-20

OPERATING SUPPLY CURRENT VS, INPUT VOLTAGE

10

T
=257
Vee=50v

\ £S=0.2v
i
[} S— \&

N Cs=a8v

AN

Input Voltage Vin (V)

Operating Supply Current Icc (Normalized)
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HMG116 ALP-12, HM6116 ALP-15,
HM6116 ALP-20, HMG6116 ALSP-12,
HMVI6116 ALSP-15, HMG6116 ALSP-20

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

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

@ Low Power Standby and Standby: 5uW (typ.)
Low Power Operation; Operation:
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 Output

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

B FUNCTIONAL BLOCK DIAGRAM

1 —0 Vo
1 Row Memary Matrix o GND
|

1

!

® © © © & @

Decoder 128X 128

Column 1 O

Input
Data Column Decoder

Caontral

10mW (typ.) (f = TMHz)

HM6116ALP Series

(DP-24)

HM6116ALSP Series

(DP-24N)

B PIN ARRANGEMENT

\J
Al E Vee

Al 2 3| m
Al 3 EA.
Al 4 21 | WE
A’E 20 | OE
Al 6 %An

A.E 18] e

EABSOLUTE MAXIMUM RATINGS N 1o
Item Symbol Rating . Unit 170 E 16 | 1/0:
Voltage on Any Pin Relative to GND Vr —0.5° to +7.0 A o[ 10 15 | 1706
Operating Temperature Torr 0 to +70 ‘c vo [ n 14 | 1705
Storage Temperature Tue —55 to +125 C
Temperature Under Bias ™ —10 to +85 ‘c cNp | 12 % o
Power Dissipation Pr 1.0 w (Top View)
# Puise Width 50ns : —3.5V
B TRUTH 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 Tcc 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-15HM6116ALSP-20

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

Item Symbol min typ max Unit
Vee 4.5 5.0 5.5 \'
Supply Voltage GND 0 o 0 v
Viu 2.2 3.5 6.0 \'
Input Voltage v Tior — 08 v

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

® DC AND OPERATING CHARACTERISTICS (Vec =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 Vee=5.5V, Vin=GND | _ 2l _ 2 | _ _ 2 | A

Current Urrl to Vee

Output Leakage CS=Vyy or OE=Vyy, _ _ _ _ 2 _ — 2 A

Current Lol V170=GND to Ve 2 *
e | ST dyoomA b sl s | 4] 12 ] ma

Vin=Vin or Vi,
Vin=Vee, ViL=0v

Operating Power

Supply Current 1
PPy ICCI CS=VIL, - 2 5 - 2 5 - 2 5 mA
II/O= OmA, f= 1MHz
Average Operating | /., e o - 3] 50| - | 2] 4| -] 15| 30 | ma
= “
Standby Power Isp CS=Viy - 105 3| — 105 3| -]05| 3 |maA
Supply Current Isg; | CS2Vge-0.2V - 10| —[ 1]s0] -] 1] 50] uA
= =04 = — o4 = —JToa| v
Output Voltage VoL ToL=4mA
VOH IOH= -1.0mA 24 - - 24 - - 2.4 - - A\

*Voc=5V, Tg=25°C
BAC CHARACTERISTICS (Vec=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 €L = 100pF (including scope and jig)

® READ CYCLE

HM6116ALP/ HM6116ALP/ HM6116ALP/
Item Symbol ALSP-12 ALSP-15 ALSP-20 Unit
min max min max min max
Read Cycle Time trRe 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 Output Valid toE - 55 - 60 - 70 ns
Output Enable to Output in Low Z toLz 10 — 10 = 10 — ns
Chip Deselection to Qutput in High Z 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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HM6116ALP-12,HM6116ALP-15HM6116ALP-20

HM6116ALSP-12,HM6116ALSP-15,HM6116ALSP-20

® WRITE CYCLE

HM6116ALP/ 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 Output in High Z toHZ 0 40 0 50 0 60 ns
Write to Output in High Z IwoH 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 Cio Vio=0V 5 7 pF
Note) This parameter is sampled and not 100% tested.
B TIMING WAVEFORM
@Read Cycle (1)
(1
IrRC
Address )( 3(
faa
OE R /) ; ; ; Z
—ICE ~ton
— 4
& A\ —forz+ /L
IOHZ
; tacs ———ICHZ
Dout cLz ( >

®Read Cycle (2)
(11, (2], (4}

trRC

Address )(

toH—

Dout

®Read Cycle (3)
(11, (31, (4]
cs

tacs
tcrz
Dout

NOTES: 1. WE is High for Read Cycle.

[f CHZ

g

2. Device is continuously selected.'C—§ =V

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

4. OE= V.



HM6116ALP-12,HM6116ALP-1 5,HM6116ALP-20
HM6116ALSP-12,HM6116ALSP-1 5HM6116ALSP-20
Address ![

we
. ﬂfwnlﬂ
OE L/F AN
tow——o
s K{l“l /.

— t
WE AS AW
fonz31y twel1]

Dout o

tpwH+tpH
b ey

twe

f\sd)dress DL jL
_ twr [2]
& SN\ 77777
t

® Write Cycle (1)

® Write Cycle (2)

L T N i o
/1 —tony
Has tWHzL——\-][3l o [6]] 171
Dout 2993339293 >* - R

{"DW‘i"tDH‘[sl

Din —1

NOTES: 1. A write occurs during the overlap (¢ wp) of a transition, putput remain in a high impedance

low CS and a low WE. . state.
2. twypg is measured from the earlier of CS or WE - OE is continuously low. (OF = V;;)

going high to the end of write cycle. Doyt is the same phase of write data of this
3. During this period, 1/O pins are in the output write cycle,

o

state so that the input signals of opposite 7. Doy 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
4. If the CS low transition occurs simultaneously in the output state. Then the data input

with the WE low transitions or after the WE signals of opposite phase to the outputs must
not be applied to them.

B LOW 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 2.0 - - v

Data Retention Current Iccor® | Vec=3.0V, CS=22.8V — — 30 KA

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

Operation Recovery Time tr tre** - — ns

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

®Low Vcc Data Retention Waveform
[ Data Retention Mode

Vee

TSz Von-0.2v

cs
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HMVI6168H-45, HVI6168H-55,
HMV6168H-70,HM6168HP-45,
HVI6168HP-55, HM6168HP-70

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

EFEATURES HM6168H-45/55/70
® High Speed: Fast Access Time 45/65/70 ns (max.)
® Single +5V Supply and High Density 20 Pin Package
@ Low 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

EFUNCTIONAL BLOCK DIAGRAM
iy - S—

(DG-20)

Mo Dy HM6168HP-45/55/70
Az o—_p I — o Vee

Row Memory Array
Aso——TF—— pecater 128128 ————o GND
Aso———F—]
Aso—— 3] L——

[ L

1/04 o———f—B— Column 1/0
1/02 0— Input Column Decoder
Data

1/03 o

1/04 o

Control
% g % % —

JivAks

] = b A B A ‘ EPIN ARRANGEMENT

CS Zﬁ A~E 2] Ve

WE A,E E]A‘

o[ o

EBABSOLUTE MAXIMUM RATINGS . w[1] e

Item Symbol Rating Unit w5 [16] 4

Voltage on Any Pin Relative to GND | Vi ~3.5* to +7.0 v n [15] von

Power Dissipation P: 1.0 w Ao 7] 1] von

Operating Temperature T.,. 0 to +70 C an 7] 13 Vs

Storage Temperature (Ceramic) Toie —65 to +150 °C &[] 12] Vo

Storage Temperature (Plastic) Toie —55 to +125 °C cnp 1o 1| WE
Temperature under Bias Tos —10 to +85 ‘C Top View)

* Pulse Width 20ns, DC=—0.5V
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HM6168H-45,HM6168H-55, HM6168H-70, HM6168HP-45, HM61 68HP-55, HM6168HP-70
® TRUTH TABLE

CS WE Mode Vec Curzent 1/0 Pin Reference Cycle
H X Not selected Igp,Igp; High Z

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

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

Item Symbol min typ max Unit
Supply Volta Vee 4.5 5.0 5.5 \"
u oltage
PPy & GND 0 0 0 v
Vv, 2.2 - 6.0 \%
Input Voltage H
Vir -3.0% - 0.8 v

* Pulse width; 20 ns, DC; VI, min= -0.5V

® DC AND OPERATING CHARACTERISTICS (Vcc=5V £10%, GND=0V, 74 =0 to + 70°C)

Item Symbol Test Conditions in|typ |max | Unit
Imput Leakage Current Upp! Vee=5.5V, Vip=GND to Vge - { - 120 kA
Output Leakage Current Lo ! | CS =Vin, Vi/o=GND to V¢ - - |20 | A
Operating Power Supply Current Icc CS=Vir,I1/0=0mA — |40 |90 | mA
Standby Power Supply Current Igp Cs= Vig - |15 25 | mA
Standby Power Supply Current(1) IsB1 | C8=Vc—0.2V, VinS0.2V or ViN2Ve—0.2V] — [0.02]2.0 | mA
Output Low Voltage VoL |ITopL=8mA - - 104 v
Output High Voltage Vo |Iog=-4mA 2.4 - - v

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

® CAPACITANCE (72=25°C, f=1MHz)

Item Symbol | Test Conditions | min | max | Unit
Input Capacitance G, ViN=0V - 6 pF
Input/Output Capacitance Cro Vijo=0V - 8 pF

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

® AC CHARACTERISTICS (Vc=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: 5ns
® |nput and Output timing reference levels: 1.5V
® OQutput load: See Figure
5V
4 480Q 480Q

Dout Dout

2550 == 30F 2550 =L spe

o -

Output Load (A) Output Load (B)
* Including scope and jig.  (for tyz, tr 2, twz, tow)
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HM6168H-45, HM6168H-55, HM6168H-70, HM61 68HP-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 trc 45 - 55 - 70 - ns
Address Access Time tAA - 45 - 55 - 70 ns
Chip Select Access Time tacs - 45 - 55 - 70 ns
Output Hold from Address Change toH 5 - 5 - 5 - ns
Chip Selection to Output in Low Z* trz 20 - 20 - 20 - ns
Chip Deselection to Output in High Z* tyz 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.
e TIMING WAVEFORM OF READ CYCLE NO. 1%+ @
trc
Address j( J(
tan — ton
ton
Dout Data Valid
© TIMING WAVEFORM OF READ CYCLE NO. 2+ ®
— trc
s
- —
tuz
tacs ———
trz
Dout High Impedance Data Valid ik
o, Imvedance
Iec
Ve supply ————————=—— -—
Coveren 50% s0%

Notes) 1. WE is High for Read Cycle. o
2. Device is continuously selected, CS=Vyr.
3. Address Valid prior to or coincident with CS transition Low.
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HM6168H-45, HM6168H-55, HM6168H-70, HM61 68HP-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 tew 40 - 50 - 60 - ns
Address Valid to End of Write tAw 40 - 50 - 60 - ns
Address Setup Time tAs 0 - 0 - 0 - ns
Wiite Pulse Width twp 35 - 45 - §5 - ns
Write Recovery Time twr 0 - 0 - 0 - ns
Data Valid to End of Write tbw 20 - 25 - 30 - ns
Data Hold Time tpDH 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

* Transition 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 (W—E_Controlled)

C
Address ) 3/\
e W
s SR 77
taw ) w2l
s..u;—.{ twp
WE AN

oW ——amd tOH
Din —_—
3, (5. ®)
—‘“J e tow: b= ton
High impedance
Dout & < vl L K

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

twe
Address D j(

w

twpe (i)

LN N 4 4

tox
tow

" High Impedance

[ )

Dout

- A write occurs during the overlap of a low CS and a low WE, (twp) R

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

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

. If the 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.

Notes)

AN L A W
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HM6168H-45, HM6168H-55, HM6168H-70, HM61 68HP-45, HM6168HP-55, HM6168HP-70————

SUPPLY CURRENT VS. SUPPLY VOLTAGE

ACCESS TIME VS. AMBIENT TEMPERATURE

104

L6
Ta=25C
L4
~
8
g 12
&
Z
£
- L0
8
E
o
E 08
&
0.6
04
45 475 5.0 5.25 55

Supply Voltage Vee (V)

ACCESS TIME VS. SUPPLY VOLTAGE

Ta=25C
12
=
g
S
E Ll
5
z \
00
2 M
E
=
2 09
8
<
0.8
07
15 475 5.0 5.25 55

Supply Voltage Vee (V)

Vee=5.0V

/

L0 /
/

Access Time a4, tacs (Normalized!

0.8

B 20 ] () 80

Ambient Temperature Tu (C)

Supply Current Icc (Normalized)

SUPPLY CURRENT VS.
AMBIENT TEMPERATURE

Vee=5.0V
14
1.2
—
0.8
0.6
0.4
0 20 40 60 80

Ambient Temperature Ta (C)

ACCESS TIME VS. LOAD CAPACITANCE

Access Time (44, tacs (Normalized)

Supply Current fcc (Normalized)

0.8

0.6

100 200 300 400 500
Load Capacitance Cr. (pF)

SUPPLY CURRENT VS. FREQUENCY

0 200 100 66 50 10 T (ns)
yd
10
/
/
09 /
03
07 /
0.6
05
0 5 10 15 E) %5

Frequency [ (MHz)
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INPUT LOW VOLTAGE VS. SUPPLY VOLTAGE

OUTPUT CURRENT VS. OUTPUT VOLTAGE

1.

Standby Current Isp (A}

Input Low Voltage ViL (Normalized)

Output Current fon (Normalized)

0.

0.8

04

1074

107%

LD

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

Ta=25C

9

45 4.75 5.0 5.25 5.5

Supply Voltage Vee (V)

6

Ta=25C
\ Vee=5V

QOutput Voltage Vou (V)

STANDBY CURRENT VS.
AMBIENT TEMPERATURE

Vee=3v
TS=28v

L~

e

0 20 10 60 80

Ambient Temperature Ta (C )

INPUT HIGH VOLTAGE VS. SUPPLY VOLTAGE

1.3

Ta=25C
1.2
3z
Bt
=
E
oL
Z
= /
& 10
=
T 09
5
Z
£
0.8
07
15 175 5.0 5.25 55

Supply Voltage Vee (V)

OUTPUT CURRENT VS. OUTPUT VOLTAGE

Standby Current sm {Normalized)

1.6

/

o

>
S

Output Current oz, (Normalized)
5

06 /

0.4

0 0.2 1t 0.6 0.8

Output Voltage Vor (V)

STANDBY CURRENT VS. SUPPLY VOLTAGE

| /

o

=]

=
>

=
ES

Ta=25T
CS=Vee—6.2v
0.4

e

4 b

Supply Voltage Vee (Vi
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HM6168HLP-45 HVIG6168HLP-55,
HM6168HLP-70

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

BFEATURES
@ High Speed: Fast Access Time 45/55/70ns (max.)
@ Single +5V Supply and High Density 20 Pin Package
® Low Power Standby and Low Power Operation;
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

EFUNCTIONAL BLOCK DIAGRAM (DP-20)
N . s—
L P se— EBPIN ARRANGEMENT
A2 o——%: ———o Vee
ol [0, e Su -
Avo— Py AsE ) EA«
Aso——— Py 3] 18] %

Ar E E Ay
Column 1,0 ~[} 1] %
- As E Zsj 1o

Does Column Decoder A'”E _1__4) 10
1/03 o > Control

3 A“E 13170

1/0 - cs
‘o Bf ﬂ—J CSE 12] 10
Ar As As A An —
L o[ 10 1| WE

+

% Lﬂ,_ (Top View)
WE

EBABSOLUTE MAXIMUM RATINGS

1/0i o——

1/02 o~

Item Symbol Rating Unit
Voltage on Any Pin Relative to GND Vin —3.5* to +7.0 \%
Power, Dissipation Pr 1.0 \\2
Operating Temperature Toper 0 to +70 °C
Storage Temperature Tis —55 to +125 °C
Temperature under Bias Touas —-10 to +85 °C

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

8 TRUTH TABLE

Cs WE Mode Vcc Current 1/0 Pin Reference Cycle
H X Not selected Iss. IsB1 High Z

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

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

Item Symbol min typ max Unit
Supply Voltage | /€€ 45 5.0 5.5 v
GND 0 0 0 v
Vin 2.2 - 6.0 v
Input Voltage ViL 30 — 08 v

* Pulse width; 20 ns, DC; V77 min= -0.5V

® DC AND OPERATING CHARACTERISTICS (Vcc=5V £10%, GND=0V, T2=0 to + 70°C)

Item Symbol Test Conditions min | typ |max |Unit
Imput Leakage Current Uprt | Vee=5.5V, Vi, =GND to Ve - - 2.0 | nA
Output Leakage Current ol |CS= Vi, Vijo=GND to V¢ - - 20 | A
Operating Power Supply Current Ice cs= ViL, Iyo=0mA - 40 90 | mA
Standby Power Supply Current Isg | CS=Viy - 15 | 25 | mA
Standby Power Supply Current(1) Ispr | CS=Vcc0.2V, Vin £0.2V or Kiy2Vec0.2V] — 1 {50 |uA
Output Low Voltage Vor |lor=8mA - - 04 | V
Output High Voltage Vou |Iog=—4.0mA 24 | — - v

Note: Typical limits are at ¥=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 Cro Vio=0V - 8 pF

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

n AC CHARACTERlSTICS (Vce=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

480Q 480Q

Dout
Dout O——4

2550
L3

Output Load (A) * Including scope and jig. Output Load (B)
(forthz, trz, twz, tow)

30pF ¢
2550 P SoF*
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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 tRC 45 — 55 — 70 - ns
Address Access Time tAA - 45 - 5S - 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* tyz 0 20 20 20 ns
Chip Selection to Power Up Time tpyu - - — ns
Chip Deselection to Power Down Time tpp - 30 - 30 - 30 ns
* Transition is measured +500mV for high impedance voltage with Load (B).
This parametcr is sampled and not 100% tested.
® TIMING WAVEFORM OF READ CYCLE NO. 2(): @
tre
Address )(
b L 44
ton
ton
Dout Sk X X Data_Valid
© TIMING WAVEFORM OF READ CYCLE NO. 2> ®
J— trc
cs
- —
thz
tacs
tiz
Dout High Impedance X X K Data Valid T High
tru teo Impedance
f g
Vce supply Y —————
current 50% 50% K

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 | HM6168HLP-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 tcw 40 - 50 - 60 - ns
Address Valid to End of Write tAw 40 - 50 - 60 - ns
Address Setup Time tAs 0 - 0 - 0 - ns
Write Pulse Width twp 35 - 45 - 55 - ns
Write Recovery Time twr 0 - 0 - 0 - ns
Data Valid to End of Write tpw 20 - 25 - 30 - ns
Data Hold Time tpy 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

* Transition 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)

e
Address ) )L
[ »
s N r
4 - &
o W 1 ]
F—tes—] twp ol )

LW ~ —amed LDH
Din |
) 5 )
_.n:] __w.._.il b to
High imped
Dot yave yiw e 1gh impedance

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

twe
Address D )

o

twee i)

WE N y.d /.

High Impedance

Dout

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

- 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 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.

Notes)

[T B N N N
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HM6168HLP-45, HM6168HLP-55, HM6168HLP-70

B LOW V.. DATA RETENTION CHARACTERISTICS (0°C < Ta=70C)

Parameter Symbol Test Conditions min typ max Unit
Vce for Data Retention Vor 2.0 — — \'
CS=Vec—0.2V 30+
Data Retention Current Iccor - - 20%+ HA
ViaZ Vee—0.2V or
Chip Deselect to Data Retention Time tcor OVE V.<0.2V 0 — — ns
Operation Recovery Time tr tre s — - ns
Note! 1. trc=Read Cycle Time. *  Vec=3.0V
* % Vee=2.0V

®LOW V.. DATA RETENTION WAVEFORM

DATA RETENTION MODE |
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HM6167,HM6167-6,HM6167-8,_—‘
HM6167P,HM6167P-6,HM6167P-8

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

BFEATURES HM6167, HM6167-6,
® Single +5V Supply and High Density 20 Pin Package HM6167-8
® Fast Access Time — 70ns/85ns/100ns
® Low Power Stand-by and Low Power Operation

Stand-by 100uW Typ. and Operating 150mW Typ.
Completely Static Memory . . . . . No Clock nor Refresh Required
Fully TTL Compatible — All Inputs and Output
Separate Data Input and Output......... Three State Output
Pin-Out Compatible with Intel 2167 Series

EBLOCK DIAGRAM

(DG-20)
o —3 e HM6167P, HM6167P-6,
Al —x GND HM6167P-8
A [ Row Memory Array
a—LF] Decoder 128128
r—3
An—m
A
Din Column 1/0 Dout

Column Decoder

) FEEAY

BPIN ARRANGEMENT

YA
An A A A A A As "“’l._’— 20| vee
BABSOLUTE MAXIMUM RATINGS 2] [19] s
Item Symbol Rating | unit Az E E A
Terminal Voltage with Respect to GND | V& —0.5% to +7.0 \% A’E Tan
Power Dissipation Pr 1.0 w
. N Ay E E Ao
Operating Temperature Topr 0to +70 C
Storage Temperature (Plastic) Tg —55 to +125 °C As E E A
Storage Temperature (Ceramic) T —65 to +150 °C As E E As
Storage Temperature** Totgbias) —10 to +85 °C Dout E E A
* Pulse width 20ns : —3.5V  ssunder bias WE 3 EDin
BRECOMMENDED DC OPERATING CONDITIONS onof10 EC—S
(0°C=<Ta<70C)

(Top View)
Item Symbol min typ max Unit
Vee 4.5 5.0 5.5 v
Supply Voltage oND o 0 0 v
Input High Voltage Viu 2.2 - 6.0 \Y
Input Low Voltage Vi —3.0° — 0.8 \

* Pulse width 20ns, DC : Vi min=—0.3V
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HM6167, HM6167-6, HM6167-8, HM6167P, HM6167P-6, HM6167P-8

ETRUTH TABLE

CS WE Mode Vce Current Output Pin Reference Cycle
H X Not Selected Iss, Issa High Z

L H Read Icc Dout Read Cycle 1,2

L L Write Icc High Z Write Cycle 1,2

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

Item Symbol Test Conditions min typ max Unit
Input Leakage Current 11| Vee=5.5V, Vin=0V~Vcc — — 2 MA
Output Leakage Current [Irol | CS=Vis, Vour=0V~Vec — — 2 KA
Operating Power Supply Current Icc CS = Vi, Output Open — 30 60 mA
Iss CS=Viu — 5 20 mA
Standby Power Supply Current CS=Vec—0.2V
Iss - 0.02 2 mA
Vins0.2V or Viy =z Vee—0.2V
Output Low Voltage Vo IoL=8mA — — 0.4
Output High Voltage Vou Ion=—4mA 2.4 — —
Note) Typical limits are at Vcc=5.0V, Ta=25C and specified loading.
EAC TEST CONDITIONS
Output Load A Output Load B
Input pulse levels: GND to 3.0V +5V (for taz, trz, twz & tow)
Input rise and fall times: 5 ns +5V
Input timing reference levels: 1.5V
Output reference levels: 1.5V 4800 1800
Output load: See Figure Dout
255Q 30pF* Dout O——9g
25508 l seF”
* Including scope and jig.
ECAPACITANCE (Ta=25C, f=1.0MHz)
Item Symbol max Unit Conditions
Input Capacitance Cin 5 pF Vin=0V
Output Capacitan.ce Cour 6 pF Vour=0V
Note) This parameter is sampled and not 100% tested.
BEAC CHARACTERISTICS (Vece=5V£10%, Ta=0C to 70°C, unless otherwise noted.)
®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 tan — 70 — 85 — 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 tru 0 — 0 — 0 — ns
Chip Deselection to Power Down Time tro — 35 - 40 — 45 ns
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HM6167, HM6167-6, HM6167-8, HM6167P, HM6167P-6, HM6167P-8

@ WRITE CYCLE

Ltem Symbol HM6167, HM6167P | HM6167-6, HM6167P-6 |HM6167-8, HM6167P-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 — 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

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.

Notes)

® TIMING WAVEFORM OF READ CYCLE NO.1V

- C

Data Out

tac |

Previous Data Valid Data Valid

® TIMING WAVEFORM OF READ CYCLE NO.2¥

tre

AR /T

1z (3)

High Impedance
Data Out —
try

Vee Supply Ec_ ____
50% 50%
Current ‘"—X
NOTES: 1. WE is high and CS is low for READ cycle.
2. Addresses valid prior to or coincident with CS transition low.

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

High Imped
Data Valid 82 Tponce
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HM6167, HM6167-6, HM6167-8, HM6167P, HM6167P-6, HM6167P-8

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

e S—
. i

tas vr
WE S 7‘
for tow
Data In Data In Valid
twz tow

Data Out Data Undefined
High lmpedance

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

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

twe

- X

tas

tew I
cs \K JZ
taw LW R
twp
NN NN | il /
| tow ton
Data In
Data In Valid
twz
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
16 16
Ta=25C _ Vee=5.0V
FIRE § 14
E °
S - it
=T Tg 10
I oot 5 oos
[s] =
D 2 08
w
04 04
5 475 50 525 55 0 20 o 60 80

Ambi K
Supply Voltage Vec (V) mbient Temperature Ta ('C)
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Access Time tas, tacs (Normalized) Access Time taa,tacs (Normalized)

Input Low Voltage Viz (Normalized)

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

ACCESS TIME vs. ACCESS TIME vs.
SUPPLY VOLTAGE AMBIENT TEMPERATURE

Ta=25C Vee=5.0V

-

S

5

Access Time ta4,tacs (Normalized)
-
o

\

09

e
©

08 08
0.7 0.7
45 4.75 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
16 // 2
/ E
14 v —é u
/ z
" Ta=25C § 10 —
a= =
Vec=MIN H |
10 S o9
el
06 07
100 200 300 400 500 0 4 10
Load Capacitance C. (pF) Frequency f (MHz)
INPUT LOW VOLTAGE vs. INPUT HIGH VOLTAGE vs.
SUPPLY VOLTAGE SUPPLY VOLTAGE
13 1.3
Ta=25"C Ta=25"C
12 L2
3
]
11 E 1
2
Lo S
" E° N /
0.9 ;.- 0.9
2
=
0.8 2 o8
0.7 0.7
4.5 4.75 5.0 5.25 5.5 4.5 4.75 5.0 5.25 5.5
Supply Voltage Vec (V) Supply Voltage Vec (V)
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HM6167, HM6167-6, HM6167-8, HM6167P, HM6167P-6, HM6167P-8

Standby Current Isp (A)

116

Output High Current lon (Normalized)

OUTPUT HIGH CURRENT
OUTPUT HIGH VOLTAGE

VS.

Ta=25C
Vee=5V

0.8

0.6

0.4

Output Low Current for (Normalized)

3 4

Output High Voltage Vow (V)

STANDBY CURRENT vs.
AMBIENT TEMPERATURE

10

Vee=3V
Cs=2.8V

v

0 °

]

]
T

Standby Current Iss (Normalized)

- o o

Standby Current Isgi (Normalized)

o

20 40 60

Ambient Temperature Ta ('C)

STANDBY CURRENT vs.
INPUT VOLTAGE

80

T
Ta=257C
Vee =50V
CS=4.8V

\

N

L

1 2 3 4

Input Voltage Vi (V)

@ HITACHI

OUTPUT LOW CURRENT vs.
OUTPUT LOW VOLTAGE

L4 //
1.2
1.0
Ta=25C
Vee=5V

0.3 /
0.6 /
0.4

0 0.2 0.4 0.6 0.8

Output Low Voltage Vor (V)
STANDBY CURRENT vs.
SUPPLY VOLTAGE
1.4
12 /
Lo
0.8 /
U.b /
Ta=251¢
/ 5= Ve —u2\

04 //
0.2

2 4 £

Supply Voltage Vec (V)



HM6167LP,HM6167LP-6,

HM6167LP-8

16384-word X1-bit High Speed Static CMOS RAM

BFEATURES
® Single +5V Supply and High Density 20 Pin Package

® FastAccessTime.............c.ouu.... 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 Input and Output . ... ... .. Three State Output
® Capable of Battery Back up Operation

BWBLOCK DIAGRAM

(DP-20)

Ao-—l E _—
Al—'{ S
Nl s = ow BPIN ARRANGEMENT
! Row Memory Array U
A:—k Decoder 128X128 A"E 0] vee
sv—3
w—{ m [ o]
e ~[] 18]
Din Column 170 Dout A:E EAI]
Column Decoder AaE EAW
Ccs
oD mp
‘ l Dou(E EAy
WE —
A A A A A A A WEE Emn
onp 10 [11]cs
BEABSOLUTE 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 Tig —55 to +125 °C
Storage Temperature** Torgtvias —10 to +85 °C
+ Pulse width 20ns —3.5V ** under bias
IRRECOMMENDED DC OPERATING CONDITIONS ( 0°C < Ta<7(°C)
Item Symbol min typ max Unit
Vee 4.5 5.0 5.5 \Y%
Supply Voltage
GND 0 0 0 v
Input High Voltage Viu 2.2 — 6.0 A%
Input Low Voltage Viu -3.0* — 0.8 A%

* Pulse width 20ns, DC; Vi2 min= —0.3V

G HITACHI
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HM6167LP, HM6167LP-6,

EBTRUTH TABLE

HM6167LP-8

CS WE Mode Vce Current Output Pin Reference Cycle
H X Not Selected Iss, Ise High Z

L H Read Icc Dout Read Cycle 1, 2

L L Write Icc High Z Write Cycle 1, 2

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

Item Symbol Test Conditions min typ max Unit
Input Leakage Current [1ur | Vee=5.5V  Vin=0V~Vec - - 2 HA
Output Leakage Current | 1ol CS=Vin, Wu=0V~Vcc — — 2 HA
Operating Power Supply Current Icc CS =V, Output Open — 30 60 mA
Iss | CS=Vi - 5 20 mA

Standby Power Supply Current CS=Vec—0.2V
Iss — 1 50 HA

Vin<0.2V or Vinz Vec—0.2V

Output Low Voltage Voo Ior=8mA — - 0.4 \
Output High Voltage Vou Ioy=—4mA 2.4 - — \Y%

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

BAC TEST CONDITIONS

Input pulse levels: GND to 3.0V

Output Load A

+5V

Input rise and fall times: 5 ns

Input timing reference levels: 1.5V
Output reference levels: 1.5V 480Q
Output load: See Figure Dout

2550 30pF*
BCAPACITANCE ( Ta=25C, f=1.0MHz)
Item Symbol max Unit Conditions
Input Capacitance Cin 5 pF Vin=0V
Output Capacitance Cour 6 pF Vour=0V

Note) This parameter is sampled and not

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

®READ CYCLE

100% tested.

Output Load B

(for twz, trz, twz & tow)

+5V

480Q

Dout O———4

255Q g‘; 3:

* Including scope and jig.

5pF*

N

Ltem Symbol EMGIG?LP EM6167LP-G HM6167LP-8 Unit
min max min max min max

Read Cycle Time tre 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 tLz 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 tru 0 — 0 — 0 — ns
Chip Deselection to Power Down Time tep — 35 — 40 — 45 ns
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HM6167LP, HM6167LP-6, HM6167LP-8

© TIMING WAVEFORM OF READ CYCLE NO.1"

Address ><
tan
ton
Data Out Previous Data Valid >< Deata Valid

© TIMING WAVEFORM OF READ CYCLE NO.2V¥

tac |

tac
« N /
tacs (3)
Nz
102 (3)
h High Impedance
Data Out High Inpedance >< ><>< Data Valid € "
try tPp
Vee Supply e T~
50% 50%
Current Iss

NOTES: 1. WE is high and CS is low for READ Cycle.
2. Addresses valid prior to or coincident with CS transition low.
3. Transition is measured *500mV from steady state voltage with
specified loading B.

® 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 - 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)

- X —
- TN Y777

e \\&\ /T

Data In Data In Valid

twz tow

Data Out Data Undefined
High Impedance
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HM6167LP, HM6167LP-6, HM6167LP-8

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

twe

Address ><

S A
Law tWR
WE \ 4
N /
| tow ton |
Data In
Data In Valid
Data Out

Data Undefined

High Impedance

BLOW V.. DATA RETENTION CHARACTERISTICS (Ta=0C to 70°C)
Parameter Symbol Test Condition min typ max Unit

Vce for Data Retention Vor 2.0 — — \
CSz Vee—0.2V - - 20

Data Retention Current Tceor MA
Viz Vee—0.2V or - — 30+*

Chip Deselect to Data Retention Time teor 0vVsV.=0.2V 0 — — ns

Operation Recovery Time tr trc® — — ns

& tie=Read Cycle Time

BLOW V. DATA RETENTION WAVEFORM

120

Data Retention Mode

CS 2 Vee~0.2v

* Vee=2.0V
* % Vec=3.0V
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HM6167H-45, HM6167H-55
HM6167HP-45 HM616 7HP-55

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

FEATURES

Fast Access Time. . .. ... ..

HM6167H/P-45
HM6167H/P-55

Low Power Standby and Low Power Operation
Standby 100uW (typ), Operating 200mW (typ)
Single +5V Supply and High Density 20 Pin Package
.No Clock nor Refresh Required

Completely Static Memory . . .
Fully TTL Compatible . . . . .
Separate Data Input and Output

BLOCK DIAGRAM

All Inputs and Output

45ns (max)
55ns (max)

...... Three State Output

—
—
—
v—LF Decoder
—
—
_m

Row Memory Array
128 %128

Din

Column |

8}

Column Decoder

S EXIT;

|

WE ‘
1

-

~—— GND

Dout

HM6167H-45, HM616 7H-55

(DG-20)

HM616 7HP-45, HM616 THP-55

A A L R
® ABSOLUTE MAXIMUM RATINGS
Item Symbol Rating Unit
Terminal Voltage with respect to GND Vr -3.5%to +7.0 \%
Power Dissipation Pr 1.0 \
Operating Temperature Topr Oto +70 °C
Storage Temperature (Plastic) Tstg ~55to +125 °C
Storage Temperature (Ceramic) Tstg —65 to +150 °C
Storage Temperature (under bias) Tbias —-10to +8S5 °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 55 \"%

ly Volt
Supply Voltage GND 0 0 0 v
Vin 2.2 - 6.0 \%

Input Volt:
npu age ViL -3.0* - 0.8 v

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

@ HITACHI

(DP-20) ]

® PIN ARRANGEMENT
Y.
A(-E LEﬂl’cc

A.E EAIJ
AZE E]An
AJE EAII
A4E E]Aw
AsE EA?
AGE EM
DouxE EAr
WE[ 9 El)m

GNDJ 10 11{Cs

(Top View)
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HM6167H-45, HM6167H-55, HM6167HP-45, HM6167HP-55

® TRUTH TABLE

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

L H Read Icc Dout Read Cycle

L L Write Icc High-Z Write Cycle

EDC AND OPERATING CHARACTERISTICS (Vce=5V+10%, Ta=0T to +70T)

Item Symbol Test Conditions min typ max Unit
Input Leakage Current [ 1] Vee=5.5V, Vin=0V~Vcc - — 2 KA
Output ‘Leakage Current |10l CS=Vin, Vour=0V~Vec — — 2 HA
Operating Power Supply Current Iecc | CS=Vi, Output Open - 40 80 mA
Iss | CS=Vu - 10 20 mA
Standby Power Supply Current CS 2Vec—0.2V
Iss — 0.02 2 mA
Vins0.2V or Vin2Vec—0.2V
Output Low Voltage Vou Ior=8mA — — 0.4
Output High Voltage Vou Ion=—4mA 2.4 — -

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

BAC TEST CONDITIONS

Input pulse levels: GND to 3.0V

Input rise and fall times: 5 ns

Input timing reference levels: 1.5V

Output reference levels: 1.5V
Output load: See Figure

Output Load A

+5V

480Q
Dout Oty

255Q 3- 300F*

* Including scope and jig.

B CAPACITANCE (Ta=25C, f=1.0MHz)

Output Load B

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

480Q

Dout O———+¢
SpF*

2550
3

#* Including scope and jig.

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

BAC CHARACTERISTICS (Vee=5V10%, Ta=0C to 70°C, unless otherwise noted. )

OREAD CYCLE

Item Symbol ﬁMMMHlP‘“ ITIM6 167HP-55 Unit Notes
min max min max

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

Chip Select Access Time tacs - 45 - 55 ns

Output Hold from Address Change tOH 5 - 5 - ns

Chip Selection to Output in Low Z tLz 5 - 5 - ns )3 (M
Chip Deselection to Output in High Z tHZ 0 30 0 30 ns @3
Chip Selection to Power Up Time tPU 0 - 0 - ns

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

NOTES:

from device to device.

Nowaw

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

1.
2. At any given temperature and volt:

All Read Cycle timing are referenced from last valid address to the first transitioning address.
age condition, fgz max. is less than 7 z min. both for a given device and

. Transition is measured +500mV from steady state voltage with specified loading in Load B.
WE is High for READ cycle.

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

Address

A

Previous Data

Data Out Valid

taa )
foH
% >< >< Data Valid

® TIMING WAVEFORM OF READ CYCLE NO.24),6)

s N

Data Out

y €
vee Supply

50%
Current Isp / ’

High Impedance

tRc

l—ILZ

—

IHZ

Data Valid

j: High Impedance

tpD

@ HITACHI

50%
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HM6167H-45, HM6167H-55

@ WRITE CYCLE

, HM6167HP-45, HM6167HP-55

HM6167H/P-45 HM616 7H/P-55
Item Symbol - - Unit Notes
min max min max

Write Cycle Time twe 45 - 55 - 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 IWR 0 - 0 - ns
Data Valid to End of Write tDwW 25 - 25 - ns
Data Hold Time tDH 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 simultaneously with WE high, the output remains in a high impedance states.

2. All write cycle timings are referenced from the las
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 (WE Controlled)

Address D(ﬁ

Data In

Data Out

twe

Nl

Data In Valid

Data Undefined

'wz } =t ow:l
High Impedance

® TIMING WAVEFORM OF WRITE CYCLE (CS Controlled)

'we
Address )(7 4}(
'as
TS '——‘1\( fcw St
faw IWR
twp
WE O\ \ NN £/ //
| 'Dw IDH
Data In Data In Valid j(
twz
Data Out Data Undefined

124
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t valid address to the first transitioning address.



Supply Current Icc (Normalized)

Access Time taa,tacs (Normalized)

Access Time taa.tacs {Normalizedi

SUPPLY CURRENT vs.
SUPPLY VOLTAGE

Supply Voltage Vee (V)

ACCESS TIME vs.
SUPPLY VOLTAGE

1.3

Ta = 257

/

1.0

0.9

0.3

0.7

4.5 4.75 5.0 5.25 5.5

Supply Voltage Vee (V)

ACCESS TIME vs.
LOAD CAPACITANCE
18

1.0

0.8

0.
6 100 200 300 400 500

Load Capacitance Cu (pF)

Normalized

Supply Current og

Normahized

Access Time tas. tar s

Supply Current Icc (Normalized:

@ HITACHI

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

SUPPLY CURRENT vs.
AMBIENT TEMPERATURE

L]

14 __‘,V,.__T._ R -

[ e + ]

i - f —
| !

e B S ]

Ambient Temperar,rn Iy

ACCESS TIME vs.
AMBIENT TEMPERATURE
13

X

0.8

0 20 40 60 80

Ambient Temperature Ta (°C

SUPPLY CURRENT vs.
FREQUENCY

1 200 100 66 50 40

’ T
100ns  85ns 70ns

1.0 /

ad
e

28

0.7 e

05 0 5 10 15 20 25

Frequency / (MHz)
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126

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

Standby Current [ss1 (A)

INPUT LOW VOLTAGE vs.
SUPPLY VOLTAGE

1.3

Ta=25C

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

1.6
Ta=25C
Vee =5V
1.4
1.2 \\
1.0 \
0.8 \
0.6 \
047 p 3 4 5
Output High Voltage Vou (V)
STANDBY CURRENT vs.
AMBIENT TEMPERATURE
107¢
Vee=3V
CS=2.8V
1078

P

0 20 40 60 80

107°

Ambient Temperature Ta ('C)

@ HITACHI

Output Low Current oL (Normalized) Input High Voltage Vin (Normalized)

Standby Current Isgi (Normalized)

INPUT HIGH VOLTAGE vs.
SUPPLY VOLTAGE

1.3
Ta=25C
1.2
1.1
1.0

0.9

0.8

0.7
4.5 4.75 5.0 5.2

Supply. Voltage Vec (V)

OUTPUT CURRENT vs.
OUTPUT VOLTAGE
L6

5 5.5

/

/

1.2 /
1.0

Ta=25C
Vee =5V

0.8 /
0.6

/

0.4

0.2 0.4 0.6 0.8

Output Low Voltage Vor (V)

STANDBY CURRENT vs.
SUPPLY VOLTAGE

14

e

/ Ta

\

=25C
=Vec—0.2V

4

Supply Voltage Vec (V)



Standby Current Issi (Normalized)

STANDBY CURRENT vs.
INPUT VOLTAGE

TS=4.8v

I
Ta=25C
Vee=5.0V

NS

1 4

Input Voltage Vi (V)

5
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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 45/55ns Max.

@ Low 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

EBLOCK DIAGRAM

e - Vec

a—L3 - ow

e —3 Row Memory Array

as——LF] Decoder 128X128

wn—%

Az ——u:

an—1]

Din Column 1/0 Dout
Column Decoder

=
o

An Alo Ag As A1 As As

EBABSOLUTE MAXIMUM RATINGS

Item Symbol Rating Unit
Voltage on Any Pin* Vr —0.5 to +7.0 \Y
Power Dissipation Pr 1.0 w
Operating Temperature Topr 0 to +70 °C
Storage Temperature T —65 to +150 °C
Temperature Under Bias Thirs —10 to +85 °C
* with respect to GND. Vix min=—3.5V (Pulse width 20ns)

B TRUTH TABLE

(CG-20)

BEPIN ARRANGEMENT

Az Vee Ao Al
L] L]
19 20 1 2

A8 300 A
An 17 A
Aw[]16 sC A
As[15 6] As
As[J14 7 As
Ar[713 8 Dout

12 11 10 9

Din CS GND WE
(Bottom View)

Ccs 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
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HM6167HCG-45, HM6167HCG-55

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

Item Symbol min typ max Unit
Vee 4.5 5.0 5.5
Supply Voltage
GND 0 0 0 A%
Vin 2.2 — 6.0 \
Input Voltage
Viu —0.5* — 0.8 v
* —3.0V (Pulse width 20ns)
EDC AND OPERATING CHARACTERISTICS (Vec=5V +£10%, Ta—=0 to +70°C)
Item Symbol Test Conditions min typ* max Unit
Input Leakage Current | I | Vee=5.5V, Vin=0V to Vcc — — 2 HA
Output Leakage Current | Iio | CS=Viu, Vour=0V to Vec — — 2 MA
Operating Power Supply Current Icc CS="V,., Output Open — 40 80 mA
Iss CS=Viuy - 10 20 | mA
Standby Power Supply Current —
Iss: CS=Vee—0.2V, Vin=0.2V or VinzVec—0.2V — 20 2000 HA
Vou Io,=8mA — — 0.4
Output Voltage
Vou Toy=—4mA 2.4 — -
Note) * : Typical limits are at Vec=5.0V, Ta=25C and specified loading.
B CAPACITANCE (Ta=25C, f—1MHz)
Item Symbol Test Conditions typ max Unit
Input Capacitance Ci. V=0V 3 5 pF
Output Capacitance Cout - Vou =0V 5 7 pF
Note) This parameter is sampled and not 100% tested.
BAC CHARACTERISTICS (Vec=5V £10%, Ta=0 to +70°C)
®AC TEST CONDITIONS Output Load A Output Load B
Input Pulse Levels: GND to 3.0V 5V Cfor tuz, tiz, twz & tow)
Input Rise and Fall Times: 5 ns 5V
Output Reference Levels: 1.5V 1800
Dout 480Q
255Q 30pF* Dout
2550 SeF*
* 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 tep — 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, tuz 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.

@ HITACHI
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HM6167HCG-45, HM6167HCG-55

®Read Cycle-1 (Notes 1)

tre

Address ><

tas o

toH
Data Out  Frevious Dats Valid
" | Data Valid

®Read Cycle-2 (Notes 1, 3)

tRC

s X

tacs

uwz®

Data Out High Impedance

thz'

3

Data Valid

tPp

High Impedance

Vee Supply

Currem oo

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.

@ WRITE CYCLE

HM6167HCG-45 HM6167HCG-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 tow 25 - 25 - ns

Data Hold Time ton 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

J
« T Y777

tow

tow
Data In Data In Vahd
twz

Data Out

Data Undefined

High Impedance

® Write Cycle-2 (CS Controlled)

o X X
S e — ;
ENANANANANE § 1/ /7
L ton ton__|
Data In
Data In Valid
Data Out

Data Undefined ; High Impedance

@ HITACHI 131



HM616 7HLP-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)
e Low Power Standby and Low Power Operation
Standby 5uW (typ) and Operating 200mW (typ)
e Capable of Battery Back-up Operation
Single +5V 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)

s BLOCK DIAGRAM
Ao _— Ve s PIN ARRANGEMENT
a—L3 ~—— GND U/
e > . Memory Array A"E 20 fvee
n——LF] Decoder 128 X128 =
N Al E Az
A —3 AzE 18| An
A”—_W A;E 17| An
Din Column 1/0 Dout -\.E 16 | Awo

Column Decoder ASE 15149

—2
—

%#ﬁT g B

13| A
_ ‘ WEl 9 12| Lin
WE
A Ao Ay As A1 As As oxolo Tl
(Top View)
® ABSOLUTE MAXIMUM RATINGS e
Item Symbol Rating Unit
Terminal Voltage with respect to GND Vr -3.5%to +7.0 A\
Power Dissipation Pr 1.0 w
Operating Temperature Topr 0to +70 °C
Storage Temperature Tstg —55 to +125 °C
Storage Temperature Under Bias Tbias —-10to +85 °C

* Pulse Width 20ns, DC: —0.5V

a RECOMMENDED DC OPERATING CONDITIONS (T2 =0to +70°C)
]

Item Symbol min typ max Unit
Vee 4.5 5.0 5.5 \Y%
Supply Voltage GND 0 0 0 v
Vi 2.2 - 6.0 \'
Input Voltage ViL ot E—T__VJ__

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

HM6167HLP-45, HM6167HLP-55

CS WE Mode Vce Current Dout Pin Ref. Cycle
H X Not selected Iss, Ise: High-Z
L H Read Icc Dout Read Cycle
L L Write Icc High-Z Write Cycle
BDC AND OPERATING CHARACTERISTICS (Vee=5V+10%, Ta=l=0~+70'C)
Item Symbol Test Conditions min typ max Unit
Input Leakage Current 11| Vec=5.5V Vin=0V~Vcc - - 2 KA
Output Leakage Current [Iol | CS=Viu, V=0V~ Vec — — 2 A
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
Iss — 1 50 KA
Vin=0.2V or VinzVec—0.2V
Output Low Voltage Voo IoL=8mA - - 0.4 A%
Output High Voltage Vou Ioy=—4mA 2.4 - — \%

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

BAC 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

specified loading.

Output Load A

+5V

480Q
Dout O——q

2550 30pF*

* Including scope and jig.

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

Output Load B

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

480Q

Dout Oy
SpF*

255Q %;

* Including scope and jig.

Item Symbol typ. max Unit Conditions
Input Capacitance Cin 3 pF Vin=0V
Output Capacitance Cour 5 7 pF Vour=0V
Note) This parameter is sampled and not 100% tested.

BAC CHARACTERISTICS (Ta=0C to

®READ CYCLE

+70°C, Vcc =5V +10%, unless otherwise noted.)

HM6 16 THLP-45 HM6 16 THLP-55
Item Symbol - - Unit Notes
min max min max
Read Cycle Time tRC 45 - 55 - ns )
Address Access Time tAA - 45 - 5S ns
Chip Select Access Time tacs - 45 - 5S ns
Output Hold from Address Change tOH 5 - 5 - ns
Chip Selection to Output in Low Z tLz 5 - 5 - ns )3 M
Chip Selection to Output in High Z tHZ 0 30 0 30 ns 2)3) M
Chip Selection to Power Up Time tpU 0 - 0 - ns
Chip Deselection to Power Down Time tPD - 30 - 30 ns

NOTES:

from device to device. -

3
4
5.
6
7

@ HITACHI

1. All Read Cylce timing are referenced from last valid address to the first transitioning address.
2. At any given temperature and voltage condition, tHz max. is less than t; 7 min. both for a given device and
- Transition is measured +500mV from steady state voltage with specified loading in Load B.
. WE is High for READ cycle.
Device is continuously selected, CS = V.

. Addresses valid prior to or coincident with CS transition low.
. This parameter is sampled and not 100% tested.

133



HM6167HLP-45, HM6167HLP-55

© TIMING WAVEFORM OF READ CYCLE NO.1% ®

trRC
Address ><

taa |
—-foH
Previous Data :
Valid >< Data Valid

Data Out
® TIMING WAVEFORM OF READ CYCLE NO.2% ®
IRC
& X A
tHZ(G )
trz()
High Impedance High Impedance
Data Out g P Data Valid P
t
1 PD
Vce Supply cc .
Current  ISB / 50% 0%
® WRITECYCLE
HM616 THLP-45 HM616 THLP-55
Item Symbol - - Unit Notes
min max min max
Write Cycle Time twe 45 - 55 - ns )
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 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 +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)

twe
Address >< ><
tew
cs \ yd
faw |t— I W R —=rf
o tas
WE \\\\ twp Y
\ /|
IpwW —e= 'DH
R Data in
Din Valid
F twz ——lOW
High Impedance
Dout

/
@ HITACHI
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@ TIMING WAVEFORM OF WRITE CYCLE NO. 2 (CS Controlled)

twe

Address ><

——-’As«]
cs

taw

~—IWR

twp
WE N\ Ve
IDw —= tDH
Din Data in Valid
wz
High Impedance
Dout

BLOW V.. DATA RETENTION CHARACTERISTICS (Ta=0C to70C)

HM6167HLP-45, HM6167HLP-55

Parameter Symbol Test Condition min typ max Unit
Vce for Data Retention Vor 2.0 — — \Y%
CSzVec—0.2V - - 20
Data Retention Current Iccor uA
Va2 Vec—0.2V or - - 30
Chip Deselect to Data Retention Time tcor 0vVsV,.s0.2V 0 — - ns
Operation Recovery Time tr tact — — ns

& tac=Read Cycle Time

eLOW V.. DATA RETENTION WAVEFORM

Data Retention Mode

CS 2 Vec-0.2V

@ HITACHI

*®  Vec=2.0V
*% Vec=3.0V
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HM6267P-35HM6267P-45

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

@ FEATURES
High Speed: Fast Access Time 35/45ns (max.)
@ |ow Power Standby and Low Power Operation
Standby: 0.1mW (typ.), Operation: 200mW (typ.)
@ Single 5V Supply and High Density 20 Pin Package
® Completely Static Memory ..... No Clock or Timing Strobe Re-

quired
® Equal Access and Cycle Time
® Directly TTL Compatible: All Input and Output (DP-20)
# BLOCK DIAGRAM = PIN ARRANGEMENT
N\
v —_LF] M\E 20 vee
—_—
X ~——— GND A [2: E An
w— Row Memory Array M
a—TLFT ecoder 128X 128 k ’E EA'?
'\'_{X A;E E,—\n
»\u—{X: e E .
Al ‘E '

:\sl 6 15 "\9
Din Column 1 O Dout
As| 7 14 [ As

Column Decoder

Jm it

GND |10 1|cs

A Ao A A A A A (Top View)

B ABSOLUTE MAXIMUM RATINGS

Item Symbol Rating Unit
Voltage on Any Pin* Vr -0.5to+7.0 \"%
Power Dissipation Py 1.0 W
Operating Temperature Topr 0 to +70 °C
Storage Temperature Tstg -55to +125 °C
Temperature Under Bias Thias -10 to +85 °C

* with respect to GND. V7 min = -3.5V (Pulse width 20ns)

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

Item Symbol min typ max Unit
Vce 4.5 5.0 5.5 \Y
Supply Volt.
pply Yollage GND 0 0 0 v
Vi . - 6.0 A\
Input Voltage H 22
ViL -3.0* - 0.8 \'%

* Pulse Width 20ns, DC: V;; min= —0.5V
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-— HM6267P-35. HM6267P-45

i TRUTH TABLE

Cs WE Mode Vee Current Dout Pin Ref. Cycle
H X Not selected Iss, Isen High-7

L H Read Iec Dout Read Cycle

L L Write Iec High-Z Write Cycle

® DC AND OPERATING CHARACTERISTICS() (Ve = 5V £10%(2) GND = 0V, T4 = 0 to +70°C)
Item Symbol Test Conditions "] mm T 7typ * max | Unt
Input Leakage Current Tpi! | Voo = 5.5V, Vip=GND to Voo } ’ T - i 10 'f‘L'A'
Output Leakage Current 1ot CS= Vi, Vour = GND to Vee ' 10 HA
Operating Power Supply Current J007‘ __€S?I/IL, Output'Opeh' ' * j 40 j 80(3) imA
. Isp CS=Vig 10 20 mA
i"dby Power Supply Current = T T8V 00-0.2V, Vin<0.2V or Viy2Vee-0.2V T0027 2 Tma
Output Voltage &1:__,_ P J04 WV
Yo |lon=-4mA A L2 , Y
Notes) 1. Typical limits are at Voc = SV, T, = 25°C and specified loading.
2. Vee = 5V+5% 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 tuz, tiz. "”.5‘3 tow!
Input and Output timing reference levels: 1.5V
Output load: See Figure g 800
Dout O——4
2550 2 30pF * Dout O—ry
A 25503 SoF*
3
* Including scope and jig. * Including scope and jig.
@ CAPACITANCE (T, = 25°C, f = IMHz)
Item Symbol typ. max Unit Conditions
Input Capacitance Cin 3 N pF Vin=0V
Output Capacitance Cour S 7 pF Vour=0V
Note) This parameter is sampled and not 100% tested.
® AC CHARACTERISTICS (Voc = SV + 10%*, T, = 0 to 70°C, unless otherwise noted.)
® READ CYCLE
o | HM6267P-35 HM6267P-45 ,
Item Symbol - N Unit Notes
min max min max
Read Cycle Time trc 35 N 45 — ns 1
Address Access Time taa - 35 - 45 ns
Chip Select Access Time tacs - 35 - 45 ns
Output Hold from Address Change toH N - 5 - ns
Chip Selection to Output in Low Z trz S - 5 - ns 2,3,7
Chip Deselection to Output in High Z tz 0 30 0 30 ns 2,3,7
Chip Selection to Power Up Time tpu 0 - 0 - ns
Chip Deselection to Power Down Time tpp - 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 >

—lOH
Data Out l\’/r:lxllxous Da?ag<>< Data Valid

® TIMING WAVEFORM OF READ CYCLE NO.2% ©)
15:76]

s X #

——tacs yz

High Impedance
Data Valid

tpy
I ——-' 5]
Vee Supply ce____

Current  sB / 50% 50%

i d
Data Out High Impedance

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

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

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

WE is ngh for READ cycle.

Device is continuously selected, CS = V.

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

. This parameter is sampled and not 100% tested.

o —

N UL AW

® WRITE CYCLE

HM6267P-35 HM6267P45 :
Item Symbol - - Unit Notes
min max min max

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

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

Address Setup Time tas 0 — 0 = ns

Write Pulse Width twp 20 — 25 - ns

Write Recovery Time twR 0 - 0 - ns

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

Data Hold Time 'pH 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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HM6267P-35, HM6267P-45

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

we
Address >< ><
lew %

s \R /l

faw t— I R —smr
o fe——— 1 4 § —— o]
WE

NN " 7
N
IDW—w— !DH
. Data in

Din Valid

atd A =—TIlow
High Impedance

Dout Data Undefined A N

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

twe

Address /SQ

taw
__tAs‘i 'wr
CS tew ;
- twp /
WE \ i\( / / S
IDw —= tpH
Din Data in Valid
'wz

High Impedance

Dout Data Undefined

NOTES: 1. If CS goes high simultaneously with WE high, the output remains in a high impedance states.
2. All Write Cycle timings are referenced from the last valid address to the first transitions address.
3. Transition is measured +500mV from steady state voltage with specified loading in Load B.
4. This parameter is sampled and not 100% tested.
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HM6267P-35, HM6267P-45

SUPPLY CURRENT VS. SUPPLY VOLTAGE

16

Normalized

0

Supply Current [

15 L0 ol

Supphy Vol Vee

ACCESS TIME VS. SUPPLY VOLTAGE

1.3

s Normaliznd

Fime f44, 14

Suppl Voltgge VoV

ACCESS TIME VS. LOAD CAPACITANCE

\em

\

Tk 00 e 100 il

Lol Capetanee 0 b

SUPPLY CURRENT VS. AMBIENT TEMPERATURE

16
Vee =50V
11
3
‘g 1.2
>
E Lo \
E
7
0.6
0t
) 20 ) () 30

Ambient Temperature Tu 11

ACCESS TIME VS. AMBIENT TEMPERATURE

13

Vee=h.0V

1.2
é 11 et
-
: " /
oy

R

n7

0 20 10 60 A0

Ambient Temperature Ta ()

SUPPLY CURRENT VS. FREQUENCY

I inst
200 100 66 5U 10 33

X} /

=
E an >
7 /
Toox /
i /
7

06

05

0 5 0 15 20 25 30
Frequency f (MHz!
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HM6267P-35, HM6267P-45

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

13 13
Ta=25C [
12 o
g on E 1
oW ¥ 10
] £ —
L :f 0
0.8 )
0.7 [
45 17 5.0 5.5 55 15 B
Supply Voltage Vee V) Sapph Al LA
OUTPUT CURRENT VS. OUTPUT VOLTAGE OUTPUT CURRENT VS. OUTPUT VOLTAGE

It
257
Voo =5V /
14 '

/
| /
R |V
L L/
\ L1

1 2 3 1 q 0 s 0

Output Current [on (Normalized

Outpir Carrent for - Normalized

Outpur Voltage Vo \ Outpr Volage Vor

STANDBY CURRENT VS.

AMBIENT TEMPERATURE STANDBY CURRENT VS."SUPPLY VOLTAGE
10 I
ey
[SERENY /
12
H
LN 5w
—
£ 0y
e : /
g 106 // :f 0.6 /
| / : S Tuust
7 / CS=Vee—0.2v
04
L~
0 20 5 50 <80 025 0 : — 4
Ambient Temperature Tu (C 1 Supply Voliage Vee 1V
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HM6264P-10,HM6264P-12, T
HM6264P-15

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

B FEATURES

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

® Low Power Standby

Low Power Operation

Standby:
Operating:

0.1mW (typ.)
200mW (typ.)

Single +5V Supply
Completely Static Memory. . . ..
Equal Access and Cycle Time

Standard 28pin Package Configuration

8 BLOCK DIAGRAM

No clock or Timing Strobe Required

Common Data Input and Output, Three State Output
Directly TTL Compatible: All Input and Output

Pin Out Compatible with 64K EPROM HN482764

(DP-28)

= PIN ARRANGEMENT

e c _
Aco— - e Ne [T 28] vee
2: O— | Row e Memory Matrix —o0 GND o
P Decoder | o 256256 ALl2 E WE
A g—o 4 | _—
Al @—rrl L_JDL A,l3 26| CS,
N — A4 25] A
] 6 8
vor Column 1/0
I Input
, Du"m Column Decoder
1 S Control A4E E A,
- J—
Voo D SR S! S As[7] 22] oE
1 10 9 |
; 5 w (] e
— o w0 s,
€S 00— -
EEI | —Tinmg_PnjeEen; ] Ao @ E l/O,
. Read. Write Control 1/0, E _l__-—8, 1/0,
- | E 1o,
OE ©
o, 1 1o,
@ ABSOLUTE MAXIMUM RATINGS
Item Symbol Rating Unit GND[14 1_—5_| 1/0,
Terminal Voltage * vt —0.5 ** to +7.0 \4 Top Vi
Power Dissipation Pt 1.0 w (Top View)
Operating Temperature Topr 0 to +70 °C
Storage Temperature Tstg —55 to +125 °C
Storage Temperature (Under Bias) Thias —10to +8S5 °C
* With respect to GND.  ** Pulse width 50ns: —3.0V )
® TRUTH TABLE
WE |CS, |Cs, | OE Mode 1/O Pin V cc 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, Icci
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 (T2 =0 to +70°C)

Item Symbol min typ max Unit
Vee 4.5 5.0 5.5 v
Supply Voltage
Pply Voltag GND 0 0 0 v
v, 2.2 - .
Input Voltage H 6.0 M
ViL -0.3* - 0.8 v

" Pulse Width S0ns: _3.0V
® DC AND OPERATING CHARACTERISTICS (Vee = 5V+10%, GND = OV, T,=0to +70°C)

Item Symbol Test Condition min |typ* ;max F{Jnit
Input Leakage Current Ll Vin=GND to Vcc - -2 | uA
CS1=Vig or CS2=ViL or OE=Vjy or WE=V; .
Output Leakage Current ILoi V16=GND to Ve T2 mA
N — }
Operating Power Supply Current| Jcc¢ CS1=V1L, CS2=V1H, I1/0=0mA - 40 ] 80 | mA
Average Operating Current Icci Min. cycle, duty=100%, I;0=0mA - 60 | 110 i mA
) IsB CS1=Vg or CS2= ViL - - 1 3 I mA
Standby Power Supply Current | Ispr+* | CSI2Vec-0.2V, CS22Vee —0.2Vor CS250.2V |~ 10.02 . 2 | ma
Isp2x* | CS220.2V T T0027 2 Tma
- : B e T S
VoL IorL=2.1mA 0.4 \"
Output Voltage - e B - ; [
| Vou IoH=-1.0mA Taa T - T T v
* Typical limits are at ¥'cc=5.0V, Tq=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 Crjo Viyo = OV - 8 pF
Note) This parameter is sampled and not 100% tested.
® AC CHARACTERISTICS (V¢ = 5V£10%, Ta = 0 to +70°C)
e 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 Cy = 100pF (including scope and jig)
® 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 tco1 - 100 - 120 - 50
Chip Selection to Output ! ns
B ¢s2 Icoz - 100 - 120 - 150 ns
Output Enable to Output Valid tOE - 50 - 60 - 70 ns
Chip Selection to Cs1 tLz1 10 - 10 - 15 - ns
Output in Low Z CS2 trz2 10 - 10 - 15 - ns
Output Enable to Output in Low Z toLz N - N - 5 - ns
Chip Deselection to CS1 tHZ1 0 35 0 40 0 50 ns
Output in High Z CS2 tHZ2 0 35 0 40 0 50 ns
Output Disable to Output in High Z tOHZ 0 35 0 40 0 50 ns
Output Hold from Address Change tOH 10 - 10 - 15 - ns

NOTES: 1 g7 and 1o 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, tfz max is less than ty z min both for a given device and from

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

e READ CYCLE

tre -
Address ><
Taa
I t 7
N w— AT
tLzi .
fcoz E tHZ1
S, AR
tLze \\
toE tHz2
2N XNNNNCRNNNN NN RN o LN
SN MK 1 /
toHZ
Dout Data Valid !
-—lOH
NOTE: 1) WE is high for Read Cycle
e WRITE CYCLE
HM6264P-10 HM6264P-12 HM6264P-15
Item Symbol Unit
min max min max min max
Write Cycle Time twe 100 - 120 - 150 - ns
Chip Selection to End of Write tew 80 - 85 - 100 - ns
Address Setup Time tAS 0 - 0 - 0 - ns
Address Valid to End of Write taw 80 - 85 - 100 - ns
Write Pulse Width twp 60 - 70 - 90 - ns
CS1,WE | ¢ 5 - 5 - 10 - ns
Write Recovery Time WR1 i
CS2 'WR2 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 tDH = - 0 - ns
OE to Output in High Z toHz 35 40 50 ns
Qutput Active from End of Write tow 5 - - 10 - ns
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e WRITE CYCLE (1) (OE clock)

by

Address
4
OF y
’l i ,l\Nl \
C5T IR Vit
[h“ l(\\ ,NK_'
N
cs? 4 N K
l Skt
WE fas-[3] {u.m: 7
[VIN/[*’)]
Dout N :
oy Uy .
]
Din XXX\

® WRITE CYCLE (2) (OE Low Fix)

by

X

Address >
Liw U
foy 12
ST\ ! /
Loy 122 _,“K‘H'_
Cs2 ][ BN
fugr 14
\TE g ’nlwl‘
TREERARN R
15 by lon
- h R
Dout 3
(o o
[ v
¢
SN

Din

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) t4 s is measured from the address valid to the beginning of write.
4) twg 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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HM6264P-10, HM6264P-12, HM6264P-15

SUPPLY CURRENT vs.
SUPPLY VOLTAGE

SUPPLY CURRENT vs.
AMBIENT TEMPERATURE

a =)
'E Ta=257C .GN: Vee=5.0V
1 R
g g
‘o- O
Z ] g 1.2
he L I
§ 10 < 1.0
08 e 08
3
e &
ol =1
=}
)
2 0.6 = 0.6
= [
[
& By
[ 0.4 wn 0.4
45 4.75 5.0 5.25 5.5 0 20 40 60 80
Supply Voltage Voo (V) Ambient Temperature T, (§o)
SUPPLY CURRENT vs. FREQUENCY ACCESS TIME vs. LOAD CAPACITANCE
B T U T 1.8
200ns | 150ns  [120ns  100ns —_
=
~ 3
T w0 S 16
N <
5 v v é 1.4 ]
Z // IS} /
O
O s < a2 >
O e < .
S 3 Ta=257C
E = Vee =MIN
0.7 L R
5 £
Q [l
.—: 0.6 z, 0.8
a S
a <
0.5 0.6
0 2 4 6 8 10 100 200 300 400 500

Frequency (MHz)

ACCESS TIME vs. SUPPLY VOLTAGE

1.3

g Ta=257C -
SR 3

<
S I £
3 \ <Z>
S <
S \ 8
q -

<
= 0y ]
° <
£ g
P R
2 Uy 2l
3 2
15 3
o (3]
< 2

45 4.75 5.0 5.25 55
Supply Voltage Ve (V)
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0.9

0.8

0.7

Load Capacitance Cp, (pF)

ACCESS TIME vs.
AMBIENT TEMPERATURE

Vee=5.0V

~

1

/

0 20 ) 60 80
Ambient Temperature Tg4 (°C)



Input Low Voltage Viy 14 (Normalized)

Output High Current Iz (Normalized)

INPUT LOW VOLTAGE vs.
SUPPLY VOLTAGE

Ta=25C

0.9

0.8

0.7

4.5 4.75 5.0 5.25 5.5

Supply Voltage Voe (V)

OUTPUT CURRENT vs.
OUTPUT VOLTAGE

Ta=25C
Vee=5V

\

1 2 3 4 5

Output High Voltage Vog (V)

Input Low Voltage Vg, (Normalized)

Output Low Current I, (Normalized)

@ HITACHI

INPUT HIGH VOLTAGE vs.
SUPPLY VOLTAGE

Ta=25C

1.0

0.9

0.8

0.7

4.5 4.75 5.0 5.25 5.5

Supply Voltage Ve (V)

OUTPUT CURRENT vs.
OUTPUT VOLTAGE

/

/

Ta=25C
Vee =5V

0.6

/

/

0.4

0 0.2 0.4 0.6 0.8

Outut Low Voltage Vor, (V)
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HM6264FP-12HMG6264FP-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: 0.1mW (typ.), Operation: 200mW (typ.)
Completely Static RAM: No clock nor Timing Strobe Required
Directly TTL Compatible: All Input and Output
Equal Access and Cycle Time

BLOCK DIAGRAM

L W—
= .
co—— | :
A o 1! Row . Memory Matrix —0 GND
e | Decoder | o 256 %256
Al oo ecoder | o
Avg— 1
Aano— 1 [E
—
| r— I |
v H Column 1°0
' Input Column Decoder
| Data
| Control
TN |
l |
1T 0s rl\ ! \
’;n Al A1 Az Aw As Lo
I
H b

- Timng Pulse Cen.
[N ¢

Read. Write Control

]

OF 0—

8 ABSOLUTE MAXIMUM RATINGS

Item Symbol Rating Unit
Terminal Voltage * vt —0.5 ** to +7.0 \%
Power Dissipation PT 1.0 w
Operating Temperature Topr 0 to +70 °C
Storage Temperature Tstg —55to +125 °C
Storage Temperature (Under Bias) Thias ~10to +8S °C

* With respect to GND.

8 TRUTH TABLE

** Pulse width SOns: —3.0V

(FP-28)

® PIN ARRANGEMENT

NC E ~ 7_§] vee
A2 27 WE
A, [3] 26/ CS,
INE 22] OF
A, 10} 19]1/0,
10, [1] 18] 1/0,
1/0,[12 E] 1/0,
1/0,[13] [16] 1/0,
GND[14 15] 1/0,
(Top View)

WE [CS, |CS, | OE Mode 1/O Pin V cc Current Nofe

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, Icc Write Cycle (1)
L L H L Din Icc, Icc Write Cycle (2)
X HorL
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8 RECOMMENDED DC OPERATING CONDITIONS (7; =0 to +70°C)

Item Symbol min typ max Unit
Vee 4.5 5.0 5.5 v
Supply Volt:
Pply Yoltage GND 0 0 0 v
1% 2. - .0 v
Input Voltage H 2 6
ViL —-0.3* - 0.8 \Y

* Pulse Width 50ns: —3.0V

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

HM6264FP-12, HM6264FP-15

— _
Item Symbol Test Condition min | typ* | max | Umt
Input Leakage Current Ll Vin=GND to V¢ E - 2 | uA
CS1=Vy or CS2=V1r or OE=Vix or WE=Vyp,
Output Leakage Current Lol V1/0=GND to Ve - - 2 | uA
Operating Power Supply Current| Icc CS1=ViL, CS2=VIH, I170=0mA - 40 80 | mA
Average Operating Current Icci Min. cycle, duty=100%, Ijj0=0mA - 60 | 110 | mA
IsB CS1=Vig or CS2=V71L - 1 3 | mA
Standby Power Supply Current | ISB1** CS12Vee—0.2V, CS22Vece —0.2Vor CS2£0.2V | - 10.02 2 | mA
Ispa+x | CS250.2V ~ o2 2 [ma
VoL IoL=2.1mA - - 0.4 v
Output Voltage -
VoH Iog=-1.0mA 2.4 - - \Y%
*  Typical limits are at Vcc=5.0V, Ta= 25°C and specified loading.
** V1 min=-0.3V
m CAPACITANCE (f = IMHz, T, = 25°C)
Item Symbol | Test Condition | typ | max Unit
Input Capacitance Cin Vin = 0V - 6 pF
Input/Output Capacitance C1/0 Vijo = 0V - 8 pF
Note) This parameter is sampled and not 100% tested.
® AC CHARACTERISTICS (Ve = 5V£10%, Ta = 0 to +70°C)
e 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
HM6264FP-12 HM6264FP-15
Item Symbol - - Unit
min max min max
Read Cycle Time trC 120 - 150 - ns
Address Access Time taa - 120 - 150 ns
Chip Selection to Output sl fco1 - 120 - 150 ns
CS2 tcoz - 120 - 150 ns
Output Enable to Output Valid tOE - 60 — 70 ns
Chip Selection to Output cst 'Lz1 10 - 15 - ns
in Low Z CS2 trzs 10 - 15 - ns
Output Enable to Output in Low Z toLz 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 toHZ 0 40 0 50 ns
Output Hold from Address Change toH 10 - 15 — ns

NOTES: 1 tg7 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, 5z max is less than 7 7 min both for a given device and from

device to device.
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HM6264FP-12, HM6264FP-15

e READ CYCLE

Address —>< : D'

R — ;’#// 7T
o

S . T

0N NNNNNNNAN RN g

=1

1/

[/,

toHz
Dout / —
N Data Valid
-—loH
NOTE: 1) WE is high for Read Cycle
® WRITE CYCLE
HM6264FP-12 HM6264FP-15
Item Symbol - - Unit
min max min max
Write Cycle Time twe 120 - 150 - ns
Chip Selection to End of Write tew 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
WE t s - 1 -

Write Recovery Time CS1, WE WR1 0 ns

CS2 'wRr2 15 - 15 - ns
Write to Output in 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 N - 10 - ns
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¢ WRITE CYCLE (1) (OE clock)

L

Address K L
4,
OE N
[l " II\RI \
- N L
NN\ K Vi %
6]ty bika
S N
Cs2 Lo K
) g
WE —— 31 tyye 1
)
NN
Loz 15
Dout N N ,
m I”'t

© WRITE CYCLE (2) (OE Low Fix)

NOTES:

Address \K *7

WE : tap ! .
[N 3\ Y 7/_— lon

5 twnz i
v b

Dout

Lo b
r i

Din \VAVAN

7AVAV

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

3) t5s is measured from the address valid to the beginning of write.

4) twg 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,HMG6264LP-12

HM6264LP-15

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

8 FEATURES
® Fast access Time 100ns/120ns/150ns (max.)
@ |ow 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

Pin Out Compatible with 64K EPROM HN482764

& BLOCK DIAGRAM

(DP-28)

® PiN ARRANGEMENT

Ay o——_{ ’
A1 O ,—I -0 Vcc
A o— | - \\J
A o—o | e Memory Matrix —o0 GND NC |1 28| vee
A © Row y
A: ° ! Decoder : 256 X256 —
A2 @eem—d ! —1 Al 2 2 E WE
Al @——d | u
o A, 3] 26] cs,
§ — I T
vore 3] Column 1/0 A E E A
! S Inpuc Colurn Decoder AsE E A,
| Control
) %fv%} 5 A8 EL
/08 © | —
! 1 Ml Al A2 Aw R S : I A, E E OE
° } !
: L A, E 21] A,
— T &
A
oo Timing Pulse Cen. ! E —i_OJ Cs,
cio— ] A, [10) _Tz[ 1/0,
Read. Write Control
WE o] ea I te Contro l/ol E E [/07
o 1/0,[12] [17] 1/0,
8 ABSOLUTE MAXIMUM RATINGS 1/0,[13 E 1/0,
. Item Symbol Rating Unit GND[13 E 1/0,
Terminal Voltage * vt —0.5 ** to +7.0 v
Power Dissipation PT 1.0 w (Top View)
Operating Temperature Topr 0to+70 °C
Storage Temperature Tstg -55t0+12§ °C
Storage Temperature (Under Bias) Toias ~10to +85 °C
* With respect to GND. ** Pulse width 50ns: —3.0V
8 TRUTH TABLE
WE |CS, |Cs, | OF Mode 1/O Pin Vcc Current Note
X H X X | Not Selected High Z IsB, /sB1
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, Icc1
L L H H Write Din Icc, Icc1 Write Cycle (1)
L L H L Din Icc, Icc1 Write Cycle (2)
X:HorL
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HM6264LP-10, HM6264LP-12, HM6264LP-15
® RECOMMENDED DC OPERATING CONDITIONS (T, = 0 to +70°C)

Item Symbol min typ max Unit
Vee 4.5 5.0 5.5 v
Supply Volt -
pply Yoltage GND 0 0 0 v
. - .0 v
Input Voltage Vi 22 6
ViL -0.3* - 0.8 v

* Pulse Width 50ns: —3.0V
® DC AND OPERATING CHARACTERISTICS (Vo = 5V+10%, GND =0V, T, =0 to +70°C)

Item Symbol Test Condition min |typ* | max | Unit
Input Leakage Current Ln Vin=GND to Vcc - - 2 | uA
Output Leakage Current /Lol [C/f/lgi/]G’;IODrt(c:)S;ZZIL or OE=Vim or WE=Vin, | _ - 2 | BA
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=V1H or CS2=V1L - 1 3 | mA
Standby Power Supply Current | Ispi*+ | CS12Vcc—-0.2V, CS22Vcc—0.2Vor CS220.2V| — 2 (100 | wA
Isp2** | CS250.2V - 2 | 100 | pA
Output Voltage VoL IorL=2.1mA - — 0.4 A%
VoH Iog=-1.0mA 2.4 - - \Y%

* Typical limits are at Vc¢=5.0V, Tq=25°C and specified loading.
** V1 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 Vijo = 0V - 8 pF

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

® AC CHARACTERISTICS (Ve = 5V10%, Ta = 0 to +70°C)
e 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)
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 tcol - 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 cs1 1Lz1 10 - 10 - 15 - ns
Output in Low Z cs2 rLz?2 10 - 10 - 15 - ns
Output Enable to Outputin Low Z toLz N - S = 5 - ns
Chip Deselection to Cs1 tHZ1 0 35 0 40 0 S0 ns
Output in High Z CS2 tHZ2 0 35 0 40 0 50 ns
Output Disable to Output in High Z tOHZ 0 35 0 40 0 50 ns
Output Hold from Address Change tOH 10 - 10 - 15 - ns

NOTES: 1 tgz 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, tHz max is less than 7; , min both for a given device and from
device to device. )

@ HITACHI 153



HM6264LP-10, HM6264LP-12, HM6264LP-15

© READ CYCLE

tRe j'
X
N — LT,
S TS

ok 'Hz2
R VANNNNNNNRUNNNNNNNNNS A,
I foHz
Dout / feecnrn,
N Data Valid
~—1loH
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
Write Recovery Time CS1, WE [WR1 > - > _ 10 - n
CS2 tWR2 15 - 15 - 15 - ns
Write to Output in High Z IWHZ 0 35 0 40 1] 50 ns
Data to Write Time Overlap tpw 40 - 50 - 60 - ns
Data Hold from Write Time tDH 0 . 0 - 0 - ns
OE to Output in High Z tOHZ 0 35 40 0 50 ns
Output Active from End of Write tow N - N - 10 - ns
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© WRITE CYCLE (1) (OE clock)

X X

(4

T L F SR

oW R

RN A,

tew(6) twRe

L 7 RO

tas(3) twp (1) WAL

WE
NN\ A
toxz(5)
AN VAV WA VAV VA VA VALV
A L L L (o on

3 (XXX

© WRITE CYCLE (2) (OE Low Fix)

NOTES:

1)

2)
3)
4)

5

-~

6)

7)
8)
9

e
Address )(7 }(
Law
twr(4)
| tew(2)
EINNN N\ i I
few(2) trel4)
o TTTITTT TR FAANRNNY
’ wi(4)
i tas(3) \ \\ — ]/7 ton
. (5) WHZ. 1ow
. (7 (8)
RN AN AVAVANAN
7 7777777777777 L o o

A write occurs during the overlap of a low CSI, 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 CS1 going high, CS2 going low and WE going high. typ is measured from the beginning of write
to the end of write. o

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

145 is measured from the address valid to the beginning of write.

twR is measured from the end of write to the address change.

twR1 applies in case a write ends at CST or WE going high.

twR 2 applies in case a write ends at CS2 going low.

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. o -

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

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

Dout is the read data of next address.

If CST 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.

@& HITACHI
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HM6264LP-10, HM6264LP-12, HM6264LP-15

B8 LOW Ve DATA RETENTION CHARACTERISTICS (T, =0 to +70 °C)

Item Symbol Test Condition min |typ | max | Unit
_ VDR1 CS12Vee—0.2V,CS22V e — 0.2V or CS2£0.2V 20 | - | - \%
Ve for Data Retention Voo CS2<02V 0 T= 1= v
Icepri | Yee=3.0V,C81 2 Ve - 0.2V, _ 1 |50% | uA
. CS22 Vee — 0.2V or CS2 £0.2V
Data Retention Current = =
Iccpr2 | Vee=3.0V,C82 £ 0.2V - |1 [50*% | uA
Chip Deselect to Data Retention _ B
Tirnr; fepr See Retention Waveform 0 ns
Operation Recovery Time tR tre**| - _ ns

* ¥y min = -0.3V, 20uA max at T,=0~40°C

** trc = Read Cycle Time

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

Data Retention Mode

OV o e

CS12Vee - 0.2V

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

Data Retention Mode

NOTE: In Data Retention Mode, CS2 controls the Address, WE, CS1, OE 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 > Vee—0.2V or CS2 < _0.2V. The other input
levels (address, WE, OE, I/0) can be in the high impedance state.
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Supply Current I¢cc, Iccy (Normalized)

Supply Current Iccy (Normalized)

Access Time tg 4, tco (Normalized)

SUPPLY CURRENT vs.
SUPPLY VOLTAGE

Ta=25C

1.0

0.8 |~

0.6
0.4
45 4.75 5.0 5.25 5.5
Supply Voltage Voc (V)
SUPPLY CURRENT vs.
FREQUENCY
1.1 T T T
200ns 150ns 120ns  100ns
1.0
0.9 //
0.8 v
0.7
0.6
05 2 4 6 8 10
Frequency (MHz)
ACCESS TIME vs.
SUPPLY VOLTAGE
1.3
Ta=25C
1.2
L1 \\
1.0
0.9
0.8
0'745 4.75 5.0 5.25 5.5

Supply Voltage Voe (V)

HM6264LP-10, HM6264LP-12, HM6264LP-15

Supply Current Ic¢, Icc; (Normalized)

Access Time ty4 4, tco (Normalized)

Access Time t4 4, tco (Normalized)

@ HITACHI

SUPPLY CURRENT vs.
AMBIENT TEMPERATURE

Vee=5.0V
14
1.2
1.0 —~——]
\\
0.8
06
04
0 20 10 60
Ambient Temperature T, (°C)
ACCESS TIME vs.
LOAD CAPACITANCE
18
16
14 /1/
1.2 /
/
Ta=25C
Vec=MIN
1.0
0.8
06
100 200 300 400
Load Capacitance Cp, (pF)
ACCESS TIME vs.
AMBIENT TEMPERATURE
13
Vee=5.0V.
1.2
L ///
1.0 //
/
0.9
0.8
0.7
0 20 40 60

Ambient Temperature Tg (°C)
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HMG6264LP-10, HM6264LP-12, HM6264LP-15

INPUT LOW VOLTAGE vs.
SUPPLY VOLTAGE

~ -

o =

o L3

S Ta=25C =

«© ]

£ L E 12

|5 |54

5 S

4 Z

& <

g U s M

5 | :IE:

1o SR

» |

3 &

S S

S 09 s o

> >

ES =

<) &0

S o8 = 08

< T

2 3

5 =

£ o7 B e 07
45 X3 5.0 5.2 5.5 =

Supply Voltage Ve (V)

OUTPUT CURRENT vs.
OUTPUT VOLTAGE

Ta=25C
Vee=5V

INPUT HIGH VOLTAGE
vs. SUPPLY VOLTAGE

Ta=25'C

4.5 4.75

5.0

5.25 5.5

Supply Voltage Ve (V)

OQUTPUT CURRENT vs.
OUTPUT VOLTAGE

/

/

0.8

Ta=25C
Vee=5V

0.8

0.6

0.6

Output High Current Iy (Normalized)

0.4

\

Output High Current Iy, (Normalized)

[¢]

2 3 4

utput High Voltage Voy (V)

STANDBY CURRENT vs.
AMBIENT TEMPERATURE

/

/

0.2

0.4

0.6 0.8

Output Low Voltage Vor, (V)

STANDBY CURRENT vs.

SUPPLY VOLTAGE

10

d

e

Ta=25C

/

0.8

0.5

pd

Standby Current IccpRr, Isp1, Ispe (Normalized)
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0.6

/

o

0.4

0.2

/

20 40 60

Ambient Temperature Tq (°C)

&

Standby Current IccpRr, Isp1. Ispe (Normalized)
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HM6264LFP-12 HM6264LFP-15—

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

8 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
@ |ow 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
(FP-28)
® BLOCK DIAGRAM E PIN ARRANGEMENT
As 8:‘
o L o ne 1] ~ 28] vcc
A o— | Row . Memory Matrix ——0 GND
2: o— : S Decoder | & 256 X 256 ALl2 27) WE
N o =
Airo—] l} A"E 26| CS,
I L I I A [4] 25] A,
L0 o——1 A Column 1/0
! Inpat Column Decoder AsE 2 A
] AJE] A,
Lo : N T~ %l : ‘l A, E %(ﬁ
,ﬂ Mol A1 Ao A A g bt
3 ' A, [8] 21| Ao
—] A E E C_SI
o __ e A0 i3] 1o,
Read. Write Control 1/0, [l___f El 1/0,
Wi O———
J 1/0, IE [17] /0,
Of O
[ l/O,E E 1/0,
8 ABSOLUTE MAXIMUM RATINGS
Item Symbol Rating Unit GND@ E 1/0,
Terminal Voltage * vt —0.5 **to +7.0 v -
Power Dissipation PT 1.0 W (Top View)
Operating Temperature Topr 0to +70 °C
Storage Temperature Tstg —55to+125 °C
Storage Temperature (Under Bias) Thbias -10to +85 °C

* With respect to GND.
® TRUTH TABLE

** Pulse width 50ns: —3.0V

WE |CS, |CS, | OF Mode 1/O Pin Ve 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, Icc1
L L [H [H |, Din Icc, Icc1 Write Cycle (1)
L L H L Din Icc, Icci Write Cycle (2)

X:HorL

@ HITACHI
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HM6264LFP-12, HM6264LFP-15

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

Item Symbol min typ max Unit
Vee 4.5 5.0 5.5 \"
Supply Volt
PPly Voltage GND 0 0 0 v
Vi 2.2 — 6.0 v
I t Vol
nput Voltage viL | —03* | = 0.8 v

* Pulse Width 50ns: —3.0V
8 DC AND OPERATING CHARACTERISTICS (Vo = 5V£10%, GND = 0V, T,=0to +70°C)

{tem Symbol Test Condition min |typ* | max | Unit
Input Leakage Current 145 Vin=GND to Vcc - - 2 | A
CS1=ViH or CS2=V1y, or OE=V gy or WE=V
Output Leakage Current Lol V1/0=GND or Ve — _ 2 | uA
Operating Power Supply Current | Jcc CS1=V;L, CS2= ViH, I70=0mA - 40 80 | mA
Average Operating Current Icci Min. cycle, duty=100%, I1/0=0mA - 60 | 110 | mA
IsB CS1=Vjy or CS2= ViL — 1 3 | mA
Standby Power Supply Current | Ispi** | CS12Vcc—0.2V, CS22V e —0.2Vor CS250.2V| — 2 100 | wA
Ispaxx | CS250.2V - 2 (100 | pA
VoL IoL=2.1mA - - 0.4 v
Output Voltage
Vo IoH=-1.0mA 2.4 - - \%
* Typical limits are at ¥cc=5.0V, Te=25°C and specified loading.
** VL min=-0.3V
® CAPACITANCE (f= 1MHz, T, = 25°C)
Item Symbol | Test Condition | typ | max | Unit
Input Capacitance Cin Vin = 0V - 6 pF
Input/Output Capacitance (6 776) Vijo = OV - 8 pF
Note) This parameter is sampled and not 100% tested.
8 AC CHARACTERISTICS (Ve = 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 - - Unit
min max min max
Read Cycle Time tre 120 - 150 - ns
Address Access Time taa - 120 - 150 ns
Chip Selection to Output CST tcoi - 120 — 150 ns
b Sefection to Dutpu cs2 tcos - 120 - 150 ns
Output Enable to Output Valid toE - 60 - 70 - ns
Chip Selection to Output Csl1 'Lz1 10 - 15 - ns
in Low Z CS2 trza 10 - 15 - ns
Output Enable to Output in Low Z toLz N - 5 - ns
Chip Deselection to Output Cs1 'HZ1 0 40 0 50 ns
in High Z CS2 tHza 0 40 0 50 ns
Output Disable to Output in High Z toHZ 0 40 0 50 ns
Output Hold from Address Change toH 10 - 15 — ns

NOTES: 1 tyz and fop 7 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, ¢z max is less than t; z min both for a given device and from
device to device.
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HM6264LFP-12, HM6264LFP-15

e READ CYCLE

'rc
Address / )(
) \_
taa
= T,
e TN 7 4
ILz1
tcoz 'HZ1
S AN
tLzz
fog tHz2
— te— 10O Z —o { /
ANUVINUNANNUNNNNNRRRNS LN
A \ 20 /
toHzZ
/
Dout \_ Data Valid
~-—lOH
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 tew 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
. . (ﬁ, WE tWR1 S - 10 - ns
Write Recovery Time Cs2 TWR2 5 — s — s
Write to Output in High Z twHZ 0 40 0 50 ns
Data to Write Time Overlap tpw 50 - 60 — ns
Data Hold from Write Time tpH 0 - 0 - ns
OE to Output in High Z toOHZ 0 40 0 50 ns
Output Active from End of Write tow 5 - 10 - ns
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HM6264LFP-12, HM6264LFP-15

© WRITE CYCLE (1) (OE clock)

s twe o

Address X

— ’-’AS[é]” ~typ—-WEI
WE Yoo T
torz[5]
Dout — : fgw TDH =
Din X X
© WRITE CYCLE (2) (OE Low Fix)
- twe —-——— ——
Address X X
- rAW—"__""_tWR 1[4]
C—Sl . '\1 N \K [6] tCW[Z] 4 ;
‘ = tew(2] ——~'WR2 [4]
CS2 ayy kY ? O\ \X \ AN
'WR1 (4]

WE : - - g—t
~tas(3] fwelll H‘OH~|

— BV twuz “tow(7)| (8]

Dout

FHDpw--IDH |[9]

Din T TN

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 CS1 going high, CS2 going low and WE going high. typ 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) 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.
twR2 applies in case a write ends at CS2 going low.

5) During this period, 1/0 pins are in-the output state, therefore the input
signals of opposite phase to the outputs must not be applied.

6) If 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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® LOW Ve DATA RETENTION CHARACTERISTICS (T, =0 to +70 °C)

HM6264LFP-12, HM6264LFP-15

Item Symbol Test Condition min |[typ | max | Unit
. VDR1 CSI2 Ve - 0.2V,CS22V ¢ - 0.2V or CS250.2V 20 | - | - v
V¢ for Data Retent = = =
cc for bata Retention Vbra | CS2<02V 20 - | - |V
Icepr1 VCC>= 3.0V,CS1 2 Ve ~2.2V, - 1 |50% | uA
Data Retention Current €522 Vee ~ 0.2V or (82 £ 0.2V
ICCDR2 VCC = 30\,, CS2 .g 0.2V - 1 50* KA
Chip Deselect to Data Retention
Time fepr See Retention Waveform 0 |- B ns
Operation Recovery Time tR tRe**| - - ns
* Yy min = -0.3V, 20uA max at T,=0~40°C.
** tpc = Read Cycle Time
® LOW Vcc DATA RETENTION WAVEFORM (1) (CS1 Controlled)
Data Retention Mode 'R
CS12Vee - 0.2V
OVA‘kA____________ e e e -
© 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, OE 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, I/O)can be in the high impedance state.
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HM6287P-55 HME6287P-70

HM6287CG-55HM6287CG-70

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

8 FEATURES HM6287P Series
® High Speed: Fast Access Time 55/70ns (max.)

® Single 5V Supply and High Density 22 Pin Package
@ | ow Power Standby and Low Power Operation
Standby: 100uW (typ.), Operation: 300mW (typ.)
Completely Static Memory

No Clock or Timing Strobe Required

® Equal Access and Cycle Times

® Directly TTL Compatible: All Inputs and Output

(DP-22N)

8 BLOCK DIAGRAM HM6287CG Series

w13
S -—
A ""_{}: flo <—GND
AL - ,%Decoder Memory Array
A =L 128 < 512
v
r —03
[
]W . coenr 10 ’4?‘”“‘ (CG-22)
| Column Decoder [

o 1O BERREEE

—

B PIN ARRANGEMENT
® HM6287 P Series ® HM6287CG Series
%o [1] ~ 2]
g fe 1
«zE 20] A < -
= £

4] (4] an ;ﬁ.:j‘ ;
A.E :EAH - t
[ mR i £
‘\oE I'Zl Alg
[ (5] »
- i (Top View)
®F [10 Elu
~efh BF‘(

(Top View)
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HM6287P-55, HM6287P-70, HM6287CG-55, HM6287CG-70

m ABSOLUTE MAXIMUM RATINGS

Item Symbol Rating Unit

Voltage on Any Pin Relative to GND* Vrp —0.5to +7.0 \%

Power Dissipation Pr 1.0 W

Operating Temperature Topr 0 to +70 °C
Plastic —55to +125

Storage Temperature - Tstg °C
Ceramic —65 to +150

Temperature Under Bias Thias —10 to +85 °C

* Vo min = -3.5V (Pulse width 20ns)

= TRUTH TABLE

cs ‘WE Mode Voc Current Dout Pin Ref. Cycle

H X Not Selected Isg,Isp; High Z -
L H Read Icc Dout Read Cycle
L Write Icc High Z Write Cycle

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

Item Symbol min typ max Unit
Supnly Vol Vee 4.5 5.0 5.5 v
oltage
upply Yotas GND 0 0 0 v
V. 2.2 - 6.0 \%
Input Voltage H
ViL -3.0* - 0.8 v

*Pulse width 20ns, DC: 0.5V
m DC AND OPERATING CHARACTERISTICS (V¢ =5V £10%, GND =0V, T, =0to +70°C)

Item Symbol Test Conditions min | typ* | max | Unit
Input Leakage Current pp! Vee =Max., Vi, =GND to Ve - - 2.0 | A
Output Leakage Current iro! CS= Vi, Vout = GND to Ve - - | 20| pA
Operating Power Supply Current| Icc CS = Vi, Jout = OmA - 60 | 100 | mA
I CS=V; - | 10 | 30 | mA
Standby Power Supply Current 5B — ek
IsBj CS=Vee 02V, VNS 0.2Vor2Vec-Q2V| — | 0.02] 2.0 | mA
VOL IOL = 8mA - - 0.4 v
Output Voltage
Vou Iop =-4.0mA 24 | - - |V

* Typical limits are at Voo = 5.0V, Tg = 25°C and specified loading.

® CAPACITANCE (f= IMHz, T, =25°C)

Item Symbol Test Conditions min typ max Unit
Input Capacitance Cin Vin =0V = - N pF
Output Capacitance Cout Vout =0V - - 7.5 pF

Note) This parameter is sampled and not 100% tested.
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HM6287P-55, HM6287P-70, HM6287CG-55, HM6287CG-70

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

Input Pulse Levels: GND to 3.0V

Input Rise and Fall Times: 5ns

Input and Output Timing Reference Levels: 1.5V

Output Load: See Figure

Output Load A Output Load B

4802 4802

Dout
Dout o *

* 5pF
2550 30pF

ra
S
Iy
0
~AAA
VWV

# Including scope & jig capacitance * Including scope & jig capacitance

@ READ CYCLE

Item Symbol HM6287-53 HIM6287-70 Unit | Notes
min max min max

Read Cycle Time tre 55 - 70 - ns 1
Address Access Time taA - 55 — 70 ns
Chip Select Access Time tacs - 55 - 70 ns
Output Hold from Address Change toy 5 - 5 - ns
Chip Selection to Output in Low Z trz 5 - 5 - ns 2,3,7
Chip Deselection to Output in High Z tyz 0 30 0 30 ns 2,3,7
Chip Selection to Power Up Time thu 0 - 0 - ns
Chip Deselection to Power Down Time tpp - 40 - 40 ns

® Timing Waveform of Read Cycle No. 1(4)(%)
Address ><

pe—— ta ton
Dout S : ; <
ol Previous Data Valid >< >< Data Valid

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

tre |

1R
CS -
I 10 e tHz-
\
Dout High Impedance N\ >< X Data Valid T High
} le 111y oy Impedance
Viee supply ; P
curront 507, 50, ;](
Isn
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, tf77 max. is less than 77 min. both for a given device
and from device to device.
3. Transition is measured +500 mV from steady state voltage with specified loading in Load B.
4. WE is high for READ Cycle. o
S. Device is continuously selected, while CS = Vyy .
6. Address valid prior to or coincident with CS transition low.
166 7. This parameter is sampled and not 100% tested.



HM6287P-55, HM6287P-70, HM6287CG-55, HM6287CG-70

e WRITE CYCLE

Item Symbol I-?M6287.55 P?M6287_70 Unit Notes
min max min max

Write Cycle Time twe 55 - 70 - ns 2
Chip Selection to End of Write tew 50 - 55 - ns

Address Valid to End of Write taw 50 - 55 - ns

Address Setup Time tas 0 - 0 - ns

Write Pulse Width twp 35 - 40 - ns

Write Recovery Time twr 0 - 0 - ns

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

Data Hold Time tpH 0 - 0 - ns

Write Enabled to Output in High Z twz 0 25 0 30 ns 3,4
Output Active from End of Write tow 0 - 0 - ns 3,4

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

Address :}( 4)(

tew —————y
S G

baw
tas [e—itwh—=

WE A\ ! y

— Ly ——f tou
Din Data in Vaﬁnd{
b1z L*’”“
High Impedance
Dout Data Undefined

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

Address :}(

twe )

Fan
- "““\—*-I . ;—[uh
o twr
WE '\\ ]/—

W ——my ti
Din I*- Data in Valid l

<—Iu/——~T
Dout High Impedance
N

Data Undefined A

Notes) 1. If CS goes high Simultaneously with WE high, the output remains in a high impedance state.

All Write Cycle timings are referenced from the last valid address to the first transitioning address.
. Transition is measured +500mV from steady state voltage with specified loading in Load B.

. This parameter is sampled and not 100% tested.

W
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HM6287LP-55,HM6287LP-70 —

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

® FEATURES

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

® Single 5V Supply and High Density 22 Pin Package
® Low Power Standby and Low Power Operation
Standby: 10 uW (typ.), Operation: 300 mW (typ.)
Completely Static Memory

No Clock or Timing Strobe Required

® FEqual Access and Cycle Times

@ Directly TTL Compatible: All Inputs and Output

(DP-22N)

@ BLOCK DIAGRAM
® PIN ARRANGEMENT

~»—3]
A —— E - V.. r_\_/_—
Row ao 1] [
a—L3 <+—GND
A [g|pecoder Memory Array A|!_T_ 21| A
A,,_ﬁ{} 128 x 512 A’E EA“
S a[4] [19] An
a[3] (] 4
Din Column  1/0 Dout ASE E-‘\n
a[7] 6] a0
Column Decoder

v

43 A7E [15] %
w7 NARHRERH g -
(ZNDE Ec‘s

(Top View)

ABSOLUTE 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 Topr 0to+70 °C
Storage Temperature Tstg -55to+125 °C
Temperature Under Bias Thigs -10 to +85 °C

* Vr min = -3.5V (Pulse width 20ns)
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m TRUTH TABLE

- HM6287LP-55, HM6287LP-70

cs WE Mode Ve Current Dout Pin Ref. Cycle

H X Not Selected Isp,Isp1 High Z
L H Read Iece Dout Read Cycle
L Write Icce High Z Write Cycle

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

Item Symbol min typ max Unit
Vee 45 S s0 55 v
Supply Voltage
GND 0 0 0 \Y%
1% 2.2 - 6.0 v
Input Voltage H
ViL -3.0* - 0.8 \Y%

*Pulse width 20ns, DC: —0.5V

= DC AND OPERATING CHARACTERISTICS (V¢ =5V £10%,GND =0V, 7, = 0 to +70°C)

Item Symbol Test Conditions min | typ* | max | Unit
Input Leakage Current Wy ! Vee = Max., Vip =GND to Ve - - 20 | pA
Output Leakage Current Hpo! CS=Vip, Vout = GND to Ve - - 2.0 | pA
Operating Power Supply Current| Icc CS = VipJout = OmA _ | 60 | 100 | mA
I cS=V, - 10 | 30 | mA
Standby Power Supply Current 5B — H
IsB; CS=Vee -0.2V, VNS 0.2Vor 2 Voe -0.2V| - 2 1100 | wA
V f 7;8;1_1;— A IS R 0.4 \"
Output Voltage oL oL
Vou IoH =-4.0mA 24 | - - v
* Typical limits are at Voo = 5.0V, Tq = 25°C and specified loading.
L
® CAPACITANCE (f=1MHz, T, =25°C)
Item Symbol Test Conditions min typ max Unit
Input Capacitance Cin Vin =0V - - 5 pF
Output Capacitance Cout Vout =0V - - 7.5 pF
Note) This parameter is sampled and not 100% tested.
s AC CHARACTERISTICS (V¢¢ =5V £10%,T, =0 to +70°C, unless otherwise noted)
e AC TEST CONDITIONS
Input Pulse Levels: GND to 3.0V
Input Rise and Fall Times: 5ns
Input and Output Timing Reference Levels: 1.5V
Output Load: See Figure
Output Load A Output Load B
5V
5V
4802 1802
Dout
Dout .
* 2550 SoF
2550 30pF
% Including scope & jig capacitance % Including scope & )ig capacitance
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HM6287LP-55, HM6287LP-70

® READ CYCLE

HM6287-55 HM6287-70
Item Symbol - - Unit Notes
min max min max

Read Cycle Time trRe 55 - 70 - ns 1
Address Access Time taa — 55 — 70 ns
Chip Select Access Time tacs - 55 - 70 ns
Output Hold from Address Change toy S - 5 — ns
Chip Selection to Output in Low Z trz 5 - 5 - ns 2,3,7
Chip Deselection to Output in High Z thnz 0 30 0 30 ns 2,3,7
Chip Selection to Power Up Time thu 0 - 0 - ns
Chip Deselection to Power Down Time tpp - 40 - 40 ns

@ Timing Waveform of Read Cycle No. 1¢4)(5)

[

tre |

ton
Data Valid %

Address

ton

Dout
Previous Data Valid

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

tRC
cs TN
N
~— tacs 1 e til 7~
etz —"
Do ~ X X?‘Q Vali ,
ou High Impedance High
» le_ ¢ 1) oy Impedance
Vee supply P P
current 507, 507, ;L
Isn
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, #77 max. is less than f7 7 min. both for a given device
and from device to device.
3. Transition is measured +500 mV from steady state voltage with specified loading in Load B.
4. WE is high for READ Cycle. o
5. Device is continuously selected, while CS=Vyr.
6. Address valid prior to or coincident with CS transition low.
7. This parameter is sampled and not 100% tested.
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e WRITE CYCLE

HM6287LP-55, HM6287LP-70

Item Symbol }‘{M6287-55 ng 28770 Unit Notes
min max min max
Write Cycle Time twe 55 — 70 — ns
Chip Selection to End of Write tew 50 ~ 55 - ns
Address Valid to End of Write taw 50 - 55 - ns
Address Setup Time tas 0 - 0 - ns
Write Pulse Width twp 35 - 40 - ns
Write Recovery Time twr 0 - 0 - ns
Data Valid to End of Write tpw 25 - ~30 - ns
Data Hold Time tDH 0 - 0 - ns
Write Enabled to Output in High Z twz 0 25 0 30 ns
Output Active from End of Write tow 0 Iﬁ— L 0 - ns
® Timing Waveform of Write Cycle No. 1 (WE Controlled)
twe —
Address X
C_S tew
tAS e Fe—LWR
WE ““'——;}’/’_—___
t o — ton
Wz tow
Dout High Impedance

Data Undefined

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

Address

Din

Dout

Notes) 1. If CS goes high Simultaneousl

2. All Write Cycle timings are re
3. Transition is measured +500m
4.

twe ——]

taw

—tas

fe— Lt WR

—

tew

twp——"

—
N /

oW —— LoH
; Data in Valid l

Data Undefined

fe——twz
High Impedance

S

y with WE high, the output
ferenced from the last vali

This parameter is sampled and not 100% tested.

@ HITACHI

remains in a high impedance state.
d address to the first transitioning address.
V from steady state voltage with specified loading in Load B.
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HM6287LP-55, HM6287LP-70_\

™ LOW Vcc DATA RETENTION CHARACTERISTICS (7, = 0 to +70°C)

typ.

1

max.

50**

Parameter Symbol Test Condition min.
Ve for Data Retention VDR 2.0
* Data Retention Current IcCpR -
Chip Deselect to Data Retention Time tCDR 0
Operation Recovery Time R tRC*

*IRC = Read Cycle Time ~ ** Veoe=3.0v

® LOW Vo DATA RETENTION WAVEFORM

CszVee -2y

172 A HITACHI
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HMG65256 AP-12,HMGE65256 AP-15,

HM6E65256 AP-20

32768-word X 8-bit High Speed Pseudo Static RAM

B FEATURES
® Single 5V (£10%)
@ High Speed
Access Time
CEAccessTime .. ......ooviiunnnn. 120/150/200ns
Address Access Time . . . ................ 60/75/100ns
(in static column mode)
Cycle Time
Random Read/Write Cycle Time .. ....... 190/235/310ns
Static Column Mode Cycle Time . . ......... 65/80/105ns
Low Power
175mW typ. Active.
All inputs and outputs TTL compatible
Static Column Mode Capability
Non Multiplexed Address
256 Refresh Cycles (4ms)
Refresh Functions
Address Refresh
Automatic Refresh
Self Refresh
Hidden Refresh

= BLOCK DIAGRAM

Ao + —
Address Row Memoy Matrix
Latch Decoder (256X 1281X8

Control

Input Column /0
Dan M

Control Column Decoder

L

Refresh
Control

Timing Pulse Gen.

Read Write Control

ol

O
B

@ HITACHI

Preliminary

(DP-28)

® PIN ARRANGEMENT

An Iz 27| WE
I El 2] An
A (1] 5] Aw
5] 2] 2
5] 23] An
a (] [21] a0
A E 20| CE
Ao [10] [a] 1 07
100 [1] 18] 1706
/oy E El Os
170z E [16] 170
oo 1] (5] 170s
(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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HM65256AP-12, HM65256AP-15, HM65256AP-20

@ TRUTH TABLE

- OFE at CE T3 WE ;
CE going Low OE WE I/O Pin Mode Notes
H L H Low Z Read
H H L High Z Write
H H H High Z -
. Hidden Output Buffers must keep Low Impedance State in
L L L X Low Z Refresh previous Precharge Cycle.
Auto- Output Buffers must turn off in previous Precharge
L L X X High Z matic
Refresh Cycle.
X X X | Highz | Self CE Pulse Width > 10y sec
L & Refresh s = 10u sec.
H X H X High Z Standby
Once Dout Buffers turn off, Output Buffers remain
H X L X X - in High Impedance State.
8 ABSOLUTE MAXIMUM RATINGS
Item Symbol Ratings Unit
Voltage on any pin relative to Vgg Vp -1.0to +7.0 v
Power Dissipation Pr 1 w
Operating Temperature Topr 0 to +70 °C
Storage Temperature Tstg —55to +125 °C
Temperature under Bias Thias —10 to +85 °C
RECOMMENDED DC OPERATING CONDITIONS (7,=0 to +70°C)
Item Symbol min typ max Unit
Vee 4.5 5.0 55 \%
Supply Voltage
Vss 0 0 0 \%
Vv, 2.2 — 6.0 \%
Input Voltage IH
ViL -1.0 - 0.8 A%
® DC ELECTRICAL CHARACTERISTICS (V¢c=5V £10%, T,=0 to +70°C)
Parameter Symbol Test Condition min typ max Unit
Operating Power Supply Current Iccy ][/0 =0 . - 35 65 mA
feye = min.
Standby Power Supply Current Isp] CE= Vi, OE = Viy - 1 2 mA
CE>Vee - 0.2V
dby P ~_ _
Standby Power Supply Current Ispo OF > Ve — 0.2V 0.4 0.6 mA
Operating Power Supply Current in ==
Self Refresh Mode fecz | CE=Vip - 0.6 1 mA
Vee= 5.5V
Input Leakage Current I -10 - 10 MA
L] in=Vvss 1o vee
OE=Viy
Output Leakage Current I -10 - 10 A
p g LO VI/o = Vsg to Vee M
V. Ipor = 2.1 mA - - 0.4 A
Output Voltage oL oL
Vo | Iog=-1mA 2.4 - - A%

174
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HM65256AP-12, HM65256AP-15, HM65256AP-20

® AC CHARACTERISTICS (Vcc = 5V £ 10%, T4 =0 to +70°C)

@ AC TEST CONDITIONS
O Input Pulse Levels ... 0.4 to 2.4V o Input Timing Reference Levels ... 0.8V, 2.2V
O Input Rise and Fall Times ... 5 ns 0 Output Load ...1TTL Gate and C_ = 100pF

(including jig and scope)

® READ AND WRITE MODE

HM65256AP-12| HM65256 AP-15/HM65256 AP-20
Item Symbol - - - Unit Note
min max min | max min max

Random Read or Write Cycle Time tRC 190 - 235 - 310 - ns

Read Modify Write Cycle Time IRWC 245 = 300 - 385 - ns

Chip Enable Access Time tCEA - 120 - 150 - 200 ns

Address Access Time t44 - 60 - 75 - 100 ns

Output Enable Access Time tOEA - 50| - 60 - 75 ns

Output Buffer Turn-off Delay - tOFF 5 25 5 30 5 40 ns (1)
Chip Enable Pulse Width tCE 120 | 10000| 150 |10000| 200 | 10000 ns

Chip Enable Precharge Time p 60n 4m 75n 4m 100n 4m s

Address Set-up Time tAS 0 - 0 - 0 - ns

Row Address Hold Time tRAH 20 - 25 - 30 - ns

Column Address Hold Time tCAH 120 - 150 - 200 - ns

leumn Ad@ress Hold Time from tan 0 N 0 B 0 B ns

CE going High

Static Mode Read or Write Cycle Time | fRsC 65 - 80 - 105 - ns

Read Command Set-up Time tRCS 0 - 0 - 0 - ns

Read Command Hold Time tRCH 0 - 0 - 0 - ns

Output Enable Set-up Time tOES 0 - 0 - 0 - ns
g?;iEnable to Output Enable Delay tcop 20 B )5 B 30 B ns
gggizstSHold Time from Column toH 5 N 5 B 10 B ns

Write Command Set-up Time twes 0 - 0 - 0 - ns

Write Command Hold Time tWCH 30 - 35 - 40 - ns

Write Command Pulse Width twp 20 - 25 - 30 - ns

?irrint: Command to Chip Enable Lead twel 20 ~ ’5 B 30 N ns

Column Address Set-up Time for Write | 45w 0 - 0 - 0 - ns

Column Address Hold Time after Write | t4Hw 0 - 0 - 0 - ns

Data In Set-up Time DS 0 - -0 = 0 - ns

Data In Hold Time for Early Write' tDHC 30 - 35 - 40 - ns

Data In Hold Time for Late Write tDHW 20 - 25 - 30 - ns

Output Enable to Data In Delay Time topD 25 - 30 - 35 - ns 4)
gzltzylr’}il;llzatmg to Output Enable tDFO 0 _ 0 B 0 B ns )
Transition Time (Rise and Fall) tT 3 50 3 50 3 50 ns 7
Refresh Command Set-up Time IRFS 0 - 0 - 0 - ns

Refresh Command Hold Time tRFH 20 - 25 - 30 - ns
EC{};};;el;:}?able Pulse Width for Self tcgr | 10000 B 10000 B 10000 _ s

(to be continued)
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HM65256AP-12, HM65256AP-15, HM65256AP-20

HM65256 AP-12 |HM65256AP-15 [HM65256 AP-20
Item Symbol - - - Unit Note
min max min max min max
Chip Enable Pre-charge Time after N B
Self Refresh tpr 190 235 - 330 ns
. 256
Refresh Period IREF — 4 — 4 - 4 ms cycle

Notes:

1.
2
3.
4

toFF (max) defines the time at which the output achieves the open circuit condition.
. Write starts with the later of CE or WE going low (exept during a refresh cycle).

If the first write pulse is applied within #cg (min), the second write pulse must be applied after f¢cg (min).

. If input signals of opposite phase to the outputs are applied in write cycle, OE must disable output buffers prior
to applying data to the device and data inputs must be floating prior to OF turning on output buffers.

5. Once OF goes high and output buffers turn off in precharge cycle, automatic refresh cycle can start. Output
buffers remain in high impedance state in automatic refresh cycle.
6. Output buffers are in high impedance state, and not controlled by OF in self refresh mode.
7. Vg (min) and Vjp (max) are reference levels for measuring timing of input signals. Also, transition times are
measured between Vygand Vyy.

® READ CYCLE

ek

- X

tRAH

]

=

_XXROROOOBOCONNKKN]

tean

fan

o N
las
Address
o~ A7
fas
s
Address
As~Au

treH

Wit

ICEA

teon

OF

torr 11

NN

toE4

torr(1)

"
N “ Valid
Dot ? —\ \ Data Ou
® EARLY WRITE CYCLE?
1Re o
tce L
D |
- \ v k
tas ] L tnar
Adidress 7
Ao~ A7 \
A
tas 1CaH ==
s
Address
Ar~ A
HWCH
twes
L wr /
kS tcop
's N
oF // N
4 41
tovp 1o IDHC ) ko,

Din

torr (11

Dout ¥
176

\
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___._._#———/—'_'_'_—'_'_—HMGSZSGAPJ 2, HM65256AP-1 5, HM65256AP-20

e LATE WRITE cYCLE?

E
Adde
o
Address
8= An
Din
torFtl)
Dout 77F

o READ MODIFY WRITE CYCLE?

B

Din
AN
Dout [ ¥
e STATIC COLUMN MODE READ CYCLE
teE “ r

CE

148, tRAH
Address
Ao~ A7

T
. tean IRSC 1RSC 14K
e OO
taa taa

RCS IRCH

W /// N

ICEA

togs| | tcop,

(o (1) - toptL)
V al

N Valid
Data Out ’

Dout / #

@ HITACHI
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HM65256AP-12, HM65256AP-15, HM65256AP-20M

® STATIC COLUMN MODE WRITE CYCLE(?.6)

o ono«iiwxoxmmummm‘wmwm

S 0 j«-»-_lwx&'

NNR (LT T T T 7T
o P XXX y

WE

Read Cyele Refresh Cyele

® SELF REFRESH CYCLE®
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e Capacitance (7,= 25°C,f = IMHz)

HM65256AP-12, HM65256AP-15, HM65256AP-20

Item Symbol min typ max Unit Conditions
Input Pin Capacitance G, - - 5 pF Vin=0V
1/0 Pin Capacitance Cro - - 7 pF Vijo=0V

Note) These parameters are not 100% tested.

@ HITACHI
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MOS DYNAMIC RAM
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HMVI48416AP-12, HMI48416AP-15

HMVM48416 AP-20

16384-word X 4-bit Dynamic Random Access Memory

FEATURES

16384-word x 4-bit Organization

Single 5V (x10%)

Low Power; 303mW Active, 20mW Standby

High speed: Access Time 120ns/150ns/200ns (max)
Page mode capability

Output data controlled by CAS, OE

TTL compatible

128 refresh cycles (Ag~Ag, 2ms)

® @ 9 2 © &6 6 6 &

8 BLOCK DIAGRAM

It
T I ~
E R/W Clock R W Switch __
" ]
Generator
RAS RAS Clock
RASe—|Generator [ 11
< Data out
FASo CAS Clock Memory| S| M Buffers
cas S i ] e e or-1 04
" o K
£| g | = L
< 3 L] " n ata In
Eo[Row [)er,§ A [Row Dec %
. = o o =
8 @ v = = v
Aro——r & | Tlo|” 2
N e B = [Memory|. | & | {Memoryl ~—ol¢
. m w|Array — | |Array
@ E 3 -l
o 2]
= P
:
Avo— (Ar1~Ag)
# ABSOLUTE MAXIMUM RATINGS
Item Symbol Value Unit
Voltage on any pin relative to Vgg Vp —-1.0to+7.0 A\
Supply Voltage relative to Vgg Vee -1.0to +7.0 \%
Short Circuit Output Current Tout 50 mA
Power Dissipation Prp 1.0 w
Operating Temperature Topr 0 to +70 °C
Storage Temperatue Tstg -55to +125 °C

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

Item Symbol min typ max Unit
v 4.5 5.0 5.5 \%
Supply Voltage cc
Vss 0 0 0 \%
14 2.4 - 6.5 \"
Input Voltage H
Vi -1.0 - 0.8 \%

Note All voltages referenced to Vgg.

182 @ HITACHI

(DP-18)

2 PIN ARRANGEMENT

OE[T] 18] Vs s
1 012] [17]1 04
1°02[3] [16]CAS
WRITE[4| [15]1/03
RAS[5 ] [14] Au
A6 13] A,
A8] [11] Ay
Vi E [10]A:
(Top View)

A0~AT7 | Address Inputs

CAS | Column Address Strobe

I/O1~1/04 | Data In/Data Out

OE Output Enable

RAS Row Address Strobe
"WRITE | Read/Write Input

Vee Power (+5V)

Vss Ground




® DC ELECTRICAL CHARACTERISTICS (720 to 70°C, Vc=5V+10%, Vg =0V)

HM48416AP-12, HM48416AP-15, HM48416AP-20

HM48416AP | HM48416AP | HM48416AP
Paramater Smbol -12 -15 -20 Unit |Notes
. min_ | max | min | max | min | max
Operating Current (RAS, CAS Cycling: tgc=min) Icci | — 60 - 55 - 45 |mA|1,2
Standby Current (RAS=Vjz, Dout=High Impedance) Icce — 3.5 - 3.5 - 3.5 | mA
Refresh Current (RAS Cycling, CAS=Vyy, tgrc=min) | Iecg | — 42 - 38 - 33 |mA| 2
Standby Current (RAS=V g, Dout Enable) Iccs | — 5.5 - 5.5 B 5.5 |mA| 1
Page Mode Current (RAS=Vjy, CAS Cycling; tpc=min) | Icce - 42 - 38 - 33 |mA|1,2
Input Leakage (0< V;, <6.5V) Ing ~10 | 10 [-10| 10 [-10| 10 | pmA
Output Leakage (Dout is disabled, 0< Vou<5.5V) Ito -10 10 -10 10 -10 10 | uA
Output Levels High (Joyt=—5mA) Vo | 24 | Vec | 24 Vee | 2.4 Vee | 'V
Output Levels Low (Joy;=4.2mA) VoL 0 0.4 0 0.4 0 0.4 v

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

condition.

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

@ CAPACITANCE (Vc=5V£10%, T2=25°C)

Parameter Symbol typ max Unit Notes
. Address Cini — 5 pF 1
Input Capacitance “RAS, CAS, WRITE, OF Cing — 10 oF 1
Output Capacitance Data In/Data out Crj0 — 10 pF 1,2
Notes) 1. Capacitance mesured with Boonton Meter or effective capacitance measuring method.
2. CAS=Vy to disable Dout.
8 ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS
(Ta=0 to 70°C, Vc=5V£10%, Vss=0V)1)- 19
HM48416AP-12|HM48416 AP-15 [HM48416AP-20
Parameter Symbol - - - Unit | Note
min mas min | max min | max
Random Read or Write Cycle Time trRe 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| torF;| - 35 - 40 - 50| ns 5
Transition Time (Rise and Fall) tr 3 35 3 35 3 50 | ns 6
RAS Precharge Time trRp 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 75 30 100 | ns 7
RAS Hold Time trsy | 60 - 75 - 100 - ns
CAS Hold Time tesg | 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 tRAH 15 - 15 - 20 - ns
Column Address Set-up Time tasc 0 - 0 - 0 — ns
Column Address Hold Time tCAH 20 - 25 - 30 - ns
Column Address Hold Time referenced to RAS | f4g 80 - 100 - 130 - ns
Write Command Set-up Time twes 0 - 0 - 0 - ns 8
Write Command Hold Time twen | 40 - 45 - 55 - ns

® HITACHI

(to be continued)
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HM48416AF-12, HM48416AP-15, HM48416AP-20

HM48416AP-12|HM48416AP-15|HM48416AP-20 X
Parameter Symbol - - - Unit |Note
min max min max | min max
Vﬁ_lf, Command Hold Time referenced to twer 100 B 120 B 155 _ ns
RAS
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 tewL 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 referenced to RAS tpgr | 100 - 120 - 155 - ns
Read Command Set-up Time trRcs 0 - 0 - 0 - ns
Read Command Hold Time referenced to
—— IRCH 0 - 0 - 0 - ns
CAS
i;a;i Command Hold Time referenced to tRRH 10 _ 10 _ 10 B ns
Refresh Period !REF - 2 - 2 - 2 ms
CAS to WE Delay Time tcwp | 105 - 125 - 160 — ns 8
RAS to WE Delay Time trwp | 165 - 200 - 260 - ns 8
g.:cslel’oricl::xge Time (for Page-mode tcp 60 B 60 B 80 B ns
CAS Precharge Time tcPN 35 - 40 — 50 - ns
mPrechuge to CAS Hold Time trpPC 0 - 0 - 0 -~ ns
Access Time from OE toac - 35 - 40 - 50 ns 3
2)l.|(t)i];n Buffer Turn-off Delay referenced torrs 3 35 B 40 B 50 ns s
OE to Dita-in Delay Time topp 35 - 40 - 50 - ns 11
OE Hold Time referenced to CAS tOCH 0 - 0 - 0 - ns
Notes:
1. AC measurements assume fp = 5ns. They are included in the data sheet as electrical charac-

2.

v b

Assumes that tpep S trep (max). If tgep is greater
than the maximum recommended value shown in this
table, tg 4 ¢ exceeds the value shown.

. Measured with a load circuit equivalent to 2TTL loads

and 100pF.

. Assumes that tpcp 2 trep (max).
. torrj (max) and foppge (max) define the time at

which the output achieves the open circuit condition.
Vig (min) and Vj; (max) are reference levels for
measuring timing of input signals. Also, transition times
are measured between Vg and Vi .

. Operation within the tgpep (max) limit insures that

trac(max) can be met, tgep (max) is specified as a
reference point only; if tgcp is greater than the spe-
cified tpep (max) limit, then access time is controlled
exclusively by tc4¢-

8. twces, tcwp and tpwp are not restrictive operating
parameters.
184

10.

11.

teristics only; if fyeg 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 tcwp ; tcwD (min) and tRWD é tRWD (min)
the cycle is a read-write cycle and the data output will
contain data read from the selected cell; if neither of the
-above sets of conditions is satisfied, the condition of the
data out (at access time) is indeterminate.

. 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.
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s TIMING WAVEFORMS

@ Read Cycle

HM48416AP-12, HM4

@ Early Write Cycle

tr
CAS \
tASR L
tAR
tRAH
— tasc
g t e
Address ROW COLUMN \
1 |
tcan
ERCH
trRCS
WRITE
OPEN
1/0
\——,tfuc
OE
* __1: Don’t care
RAS ¢—-—~—————’4tkc__f__-—-—————"
\‘ trAS
K trRp—*
tr tRSH—— "
trcD tcas +——LCRP—1
tcsH i
LASR p - tcpn
AR ————]
t=—LRAH J
tasc
I
Address ROW { COLUMN
= twes tean
tew,——"
e tRWL ——————*
e
—1
WRITE \ wer [
twp— "
tpH
tDHR
'y
1/0 VALID INPUT F
tps *OE : Don't care

@® HITACHI

[ : Don’t care

8416AP-15, HM4841 6AP-20
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HMA48416AP-12, HM48416AP-1 5, HM48416AP-20

® Delayed Write Cycle o the
o ——lRAS
trpe
i LRsH
LRCD: leas terp

tesy l
CAS 1

task ‘ ' tepy

I

f—tcan
tew .
WL
wer
I

-
twp
toH-
toHr
1o X valid tpuc )
!
tos
tonp ey
® Read Modify Write Cycle * ] Don't care
_— ‘\Hﬂ\(
RAS

Ihas —.
I thsm
e leas fere
fesH
- —!

Aildross 1} ( Colmn ) .
sy
Q / N

L A PRI
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® Page Mode Read Cycle

HM48416AP-12, HM48416AP-15, HM48416AP-20

RAS—— J
§t -t
-————tcsn———’]
tr tpc tRSH
le—tRCD—Fo —tcp-= ~ttcrRp—=t
CAS l——tcas r ——rtcas 45 et AS—=
—
trRAH tcAH tcan teAH
ma taR
tasc tasc
tasr 1 + tasc-=te—t
1 1 5
77
Address x ROW ,;CLUMI\ XOLUM XZOLUM
37
tres—=t tres tre
tRCH tRCH tRCH
{c
24 ‘
WRITE } / E
k—‘lRAl——J thkH
teac— L—!mc———— L—lcu'—ﬂ
torr torky torky
OPEN _Avaup fVALID VALID
1/0 LOUTPUT) OUTPUT>"5/———_‘< OUTPUT
toac
torr2
OE
. : *[_1: Don’t care
® Page Mode Write Cycle
RAS —"i\ ! X
. "
lee—taci -1 tcp- ¢
CAS % : S : [ & . |
- # i oAl tean tean
tasn tasc t CL tasc
el L] — s
f— |
Address Row Column Column Column
g 4 }
! WL
b - tW CH- twen
tewt tewr tewe
WwE N Y \ N
o W P—] —tw p—o= - tw p—ei
ps tps 0S|
|t
d If
N Valid v Valid Valid
o Input D Input . X Input
L '
b= i
topD tocH
|‘-’ (c
_/ .
OE

@ HITACHI

# ] ' Don't care
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HM48416AP-12, HM48416AP-15, HM48416AP-20

® RAS Only Refresh Cycle

tre

\‘—t e L a— trp \

tcrp trPC

!

b

>

%]
i

z
K

=—tRAH

lASR"l

Address X ROW
]

OPEN

1/0

*OE, WE : Don’t care
[3: Don’t care
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HM4864-2,HV4864-3

HM4864P-2,HV4864P-3

65536- word X 1-bit Dynamic Random Access Memory

The HM4864 is a 65,536-words by 1-bit, MOS random access
memory circuit fabricated with 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, 336ns cycle time (HM4864-3, HM4864P-3)
Single power supply of +6V+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 I/O capability using “‘early write’’ operation
Read-Modify-Write, RAS-only refresh, and Page-mode capability
e 128 refresh cycle

@ HITACHI

HM4864-2, HM4864-3

(DG-16A)

HM4864P -2, HM4864P -3

(DP-16)

EPIN ARRANGEMENT

NC E 16 | Vss

DmE 15 [CAS
Wflz ElDoux
R_ASE E]As
A.,E 12| As
A:E 11| A
NGl o
VrcE Em

(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
Ao-As Refresh Address Input
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HM4864-2, HM4864-3, HM4864P-2, HM4864P-3

B FUNCTIONAL BLOCK DIAGRAM

— R/W Clock
L] $ 3 - ]
RAS Memory § Memory Din
Array R Il ABSOLUTE MAXIMUM RATINGS
s Row Dec. c:E:; Row Dec. o Dout Voltage on any pin relative
E Menory | [£] | Memory |£ toVss ..o -1.0to +7V
3 Array|E <), | Array 5 -0 Voo Operating Temperature, Ta
1 o K g ~—vs  (Ambient) . ............. 0to+70°C
: Memory [I|5 < Memory I
) o 4 Array 23| Array |2 Storage Temperature
g K 3 © & G . H
3 Row Do kb A Fow Do ol (Ambient) .. ... L. -65 to +150°C (Cerdip)
3 " H -55 to +125°C (Plastic)
- £ lemory 2 Memory . .
H 2 Array 2| | Array Short-circuit Output Current . 50 mA
‘< (&) . - .
2] 3T Power Dissipation . . ....... 1w
i RECOMMENDED DC OPERATING CONDITIONS (Ta=0 to +70°C)
Parameter Symbol min typ max Unit Notes
Susoly Vol Vee 4.5 5.0 5.5 \Y )
t
upply Holtage Vss 0 0 0 v
Input High Voltage Viu 2.4 - 6.5 \4 1
Input Low Voltage Viu —1.0 - 0.8 v 1

B DC ELECTRICAL CHARACTERISTICS (Ta=0 to +70°C, Voc=5V +10%, Vss=0V)

Parameter Symbol min max Unit Notes
OPERATING CURRENT I _ 60 A 24
Average Power Supply Operating Current (RAS, CAS Cycling; t ke =min.) ES m '
STANDBY CURRENT lees _ 35 A 2
Power Supply Standby Current (RAS = V)4, Dout =High Impedance) o : m
REFRESH CURRENT
Average Power Supply Current, Refresh Mode Iccs - 45 mA 2,4
(RAS Cycling, CAS = Viu; t e =min.)
PAGE MODE CURRENT
Average Power Supply Current, Page-mode Operation Tecs - 45 mA 2,4
(RAS = Vi, CAS Cycling; tpc=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, Vie=0 to +5.5V) fo 10 10 HA 3
OUTPUT LEVELS ’
Output High (Logic 1) Voltage (I, = —5mA ) o 2 o v
Output Low (Logic 0) Voltage ([ =4.2mA) oL :
NOTES

1. All voltages referenced to Vgg.

2. Icc depends on output loading condition when the device is selected. Ioc max. is specified at the output open condition.

3. 11 o consists of leakage current only.

4. Current depénds 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-A:, Din) Cinn - 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= Vi to disable DourT-
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@ ELECTRICAL CHARACTERISTICS AND

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

RECOMMENDED AC OPERATING CONDITIONS "%

(Ta=0 to +70°C, Vec=5VE10%, Vss=0V)
HM4864-2/P-2 HM 4864-3/P-3
Parameter Symbol - - Unit Notes
min max min max
Random Read or Write Cycle Time tre 270 - 335 — ns
Read-Write Cycle Time tawe 270 — 335 — ns
Page Mode Cycle Time trc 170 — 225 — ns
Access Time from RAS trac - 150 - 200 ns 4,6
Access Time from CAS teac - 100 - 135 ns 56
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 trs 100 - 135 - ns
CAS Pulse Width teas 100 - 135 - ns
CAS Hold Time tesn 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 Lask 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 tres 0 — 0 - ns
Read Command Hold Time tren 0 - 0 - ns
Write Command Hold Time twew 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 tewt 45 - 55 - ns
Data-in Set-up Time ths 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) tep 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 trwp 110 - 145 - ns 10
RAS Precharge to CAS Hold Time Lrec 0 - 0 — ns
NOTES
1. AC measurements assume 7 = Sns. tr 4c (max)can be met, tpep (max) is specified as a
2. 8 cycles are required after power-on or prolonged reference point only; if fpep 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. Vyy (min) and Vp; (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 Vi . 10. twcs, tcwp and tRrwp are not restrictive operating
4. Assumes that tpeop € trep (max). If tgop 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 twegs (min),
table 7 4 exceeds the value shown. the cycle is an early write cycle and the data out pin
5. Assumes that trcp 2 trcp (max). will remain open circuit (high impedance) throughout
6. Measured with a load circuit equivalent to 2TTL loads the entire cycle; if tcwp 2 fcwp (min) and trwp 2
and 100 pF. trwp (min) the cycle is a read/write and the data
7. topr (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 fpcp (max) limit insures that minate.

@ HITACHI
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HM4864-2, HM4864-3, HM4864P-2, HM4864P-3

@ TIMING WAVEFORMS

® READ CYCLE

®WRITE CYCLE

192

trC
sh
A
—_— Viw —y N
4 N
RA Viu = ,I/r
_ theo B
CAS Vmn teas %
i S _.l
v usnll——v b tr Al tasc A —e—] R
Address V1v —
¢ e
" XL Row Address Column Address BC Pl

= thchj—e]
WE Vin tRCS KCH
Vi f teac toFE ¥_
Vi [KAC
o
Dout " pen \'; Valid Data e
tRe
s
Vig —————— 4 —
RAS tan /r
Vie \ d I ¥
v RCD tRSH
CAS 4
Vie I ol teRp—e]
tAsR (R AH~ tasc AH—=
S e g X
Address ow ress Column Address
Vi
trwi
e tewr
I p— s i
WE g twe
n . 2
tCR
tns
Vin ){*x toH
Din Valid Data
Vie ’2(
D Vox
out Vou p
tes

Vig —————y
RAS 4
Vie N )/r . N
e Vin tRC D 3 ML
Vie task [~ /
e b than tascd b fm—tcan—e] [~ tonr=
- Y Row Add “oTumn AddressPC X
Address ow Address olumn ress
" Vig T T
Vin LR s|
WE i
y torr
Vit
AC
Vox e
Dout Valid Data
Vo
Vie s bty
D Valid Data
. W oee B
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®“RAS-ONLY” REFRESH CYCLE

Address

CAS

-o———-tusﬂ

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

tRC

tASR]

(lAH".'i

e t R P

XL Row Address B

l(l?,‘ l‘—

i t——um

_

®PAGE MODE READ CYCLE

|

™
>
7

o)
ol

Address

Dout

Open

e R ——

|
thas

po—txCD 4

e by ] ‘y.ru,._—i
tp e

Tt N bo—tcas e |
»1\ ——
k.

bt tcan

43¢

tean ‘—--1!“"
sc -'— Ms("1 e
-

dd

Cal Col
i |Add Add_p

- -tres }-—ws
tRCH —> lntu——r-:’ M“_,h
fe—tcac L——u ac IS
toft .
fo————thac

t0F L0FF

®PAGE MODE WRITE CYCLE

CAS

task
Add Vin R
ress

te—trC D

Viu
Vic

b tw

tos{==]

)q Valid Dat D
A

2 ¥
Valid Data K ‘j( Valid Data ,K

p——tOHR ———f

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

B TYPICAL CHARACTERISTICS

ACCESS TIME
vs. SUPPLY VOLTAGE

Ta=20TC

N\

N

0.9

Access Time trac(Normalized)

Supply Voltage Vec (V)

SUPPLY CURRENT
vs. SUPPLY VOLTAGE

50

6.0

Ta=20C

]

tre

27Uns

40

41

30

20

500

Supply Current Icci(Operation) (mA)

/
—1
/

1,000

Supply Voltage Ve (V)

SUPPLY CURRENT
vs. CYCLE RATE

Vee=5.5V
Ta=20"C
tap=100ns

yd

20

Supply Current Icci{Operation) {mA)

0 1 2
Cycle Rate(1/trc) (MHz)
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Access Time trac(Normalized)

Supply Current Icci (Operationi (mA}

Supply Current Iccz (Stand By) (mA)

ACCESS TIME
vs. AMBIENT TEMPERATURE

Vee=5.5V

0.9

10 10 0 1o

Ambient Temperature Ta ('C)

SUPPLY CURRENT
vs. AMBIENT TEMPERATURE

50

T
Vee=55V l
e Lre=270n~
T
40
]
[
30 —— ]
e 501}
—
20
1,000
10
-20 1o 40 70 100

Ambient Temperature Ta ('C)

SUPPLY CURRENT
vs. SUPPLY VOLTAGE

Supply Voltage Vec (V)



Supply Current Iccz (Stand By) (mA)

Supply Current Jccs (Refresh Cycle imA

mA

Page Mode Cycle

Supply Current lccs

SUPPLY CURRENT
vs. AMBIENT TEMPERATURE

1
|
Yee=55V
A8, TAS= 1w
3
\'\
2 —
1
0
-2 10 10 70 100
Ambient Temperature Ta {C:
SUPPLY CURRENT
vs. AMBIENT TEMPERATURE
50
Vee=5.5V
40
30 R =270ns —t
T ———
'\_‘_\ 230
" ———
[ 500
T —
T
10
-20 10 40 70 100

Ambient Temperature Ta 1°C.

SUPPLY CURRENT
vs. SUPPLY VOLTAGE

Ta=20°C

30

tpe=170ns |
-
/‘// 225
_—
// // 300
/'/
i) 15 S 5.5 6.0

Supply Voltage Vre V

@ HITACHI

Supply Voltage Icch (Refresh Cycle: (mA:

Supply Current Iccs (Page Mode Cycle) (mA)

Supply Current Iccs (Refresh Cycle! (mA:

SUPPLY CURRENT

vs. SUPPLY- VOLTAGE

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

50
Ta=20C
40
tre=270ns
30
/ 330
7 500
20
// L—"1 o0
10
4.0 45 5.0 5.5 6.0

Supply Voltge Vec (V)

SUPPLY CURRENT

vs. CYCLE 'RATE |

boe=50\
Ta=207C
R = 100N

0

1 2 3

Cycle Rate (1/trc)(MHz)

SUPPLY CURRENT
vs. AMBIENT TEMPERATURE

Vee =55\

-\'w =170ns

p—
\_\

500

2257

10
-20

0 10 o

Ambient Temperature Tu '°C
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HM4864-2, HM4864-3, HM4864P-2, HM4864P-3

196

Ai.Din Input Level (V) Supply Current Iccs (Page Mode Cycle) (mA)

Clock Input Level (V)

SUPPLY CURRENT

vs. CYCLE RATE

INPUT LEVEL
vs. SUPPLY VOLTAGE

50 2.5
Ta=20C
for = hons
a0 0
z /
0 % 5 // /4
s - //
4l Lo
//
" " ) K ] 1 " ERl 40 a0 5.5 8.0
Cycle Rate (1/tpc) (MHz) Supply Voltage Vee (V)
INPUT LEVEL CLOCK INPUT LEVEL
vs. AMBIENT TEMPERATURE vs. SUPPLY VOLTAGE
Ve =30V -
Fa=207
20 0
i =
~
15 ‘g‘ !
Vie = T L —
I B
1o 1o
- : o0 10 du To 10 " 10 15 an 5.5 L]
Ambient Temperature To ('C) Supply Voltage Vec (V)
CLOCK INPUT LEVEL
vs. AMBIENT TEMPERATURE
Voe=50V
2.0
L5 Vin

0.5

=20

10 10

Tu

Ambient Temperature Ta ('C)

10
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RAS/CAS Cycle Long RAS/CAS Cycle

W M ' T
w f —\ f |
" i i
r”"\ A
= 40 n
. — A BwAwi
o s

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 (/cc) requirement of the HM4864 during
power on is, however, dependent upon the input levels (RAS,
CAS) and the rise time of Ve, 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 tgrapy . 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 tgcp . 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 tcay.
Note that tgcp (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 tpep
(max).

Following the time when CAS reaches its low level, the
data-out pin remains in a high impedance state until a valid
data appears. This parameter is tcac -access time from CAS.
The access time from RAS—tgac—is the time from RAS-on
to valid Dout.

The minimum value of tgac is derived as the sum of tgcp
(max) and tcac-

The selected output data is held valid internally until CTAS
becomes high, and then Dout pin becomes high impedance.

This parameter is toFF -

@ HITACHI

mA

1y

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

RAS.CAS = Voo

Vee 1V

lec tmAr

Time (s

o Ve rise me s = Hges

TRAS.CAS= Vss

TRAS.CAS = Vrc

|

300 400

Time (us)

td Vee rise ime) =100us

Fig.1 lcc vs. Vcc 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 tyyp. The time
required to capture write data in a latch is called
tpH - 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 toas (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
tcrp. However, in a page mode memory operation,
ﬁﬂa is a tcp (min) specification to control the
CAS-off time.

® DATA OUTPUT

Dout is three-state TTL compatible with a fan-out
of two standard TTL loads.

When CAS is high, Dout is in a high impedance
state. When CAS is low, valid data appears after

tcac at a read cycle, and Dout is not valid as an
early-write cycle.

® REFRESH .

Refresh of the HM4864 is accomplished by per-
forming a memory cycle at each of the 128 row
addresses within each two millisecond time interval.
AD 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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HVI4864 A-12, HMI4864A-15;

HVi4864A-20, HMI4864AP-12,
HM4864AP-15,HV4864AP-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: 250mW active, 18mW standby
High speed: Access Time 120ns / 150ns / 200ns
Common /0 capability using early write operation
Page mode capability

Output data controlled by CAS

TTL compatible

128 refresh cycles — (2ms)

B BLOCK DIAGRAM

WE R/W Clock BN e |
WE °‘lce"e,m, { R/ Swih }
1 L
e 6 RAS Clock Data out | .
e [ &

o] CAS Clock Memory | » ol Memory Data in O Do,
CAS al Acray |3 213] Array |2 Buffer ut
ol e £

<1 N g 5 -—0 Vcc
k4 4
A1 0 _ ;: Row Dec. c:_!::D Row Dec. E Vs
: o
afMo ] 2 : i H
% 2 g Memory 50 Memory |9
@
- - Array = Array
2 H [
= <
H 2
ot
&
Ao S ——— |

B ABSOLUTE MAXIMUM RATINGS

Voltage on any pin relative to Vgg =+« +- v ov . -1V to7V
Operating temperature, Ta (Ambient) - ---...... 0°C to 70°C
Storage temperature (Cerdip) + + « «+ - - - s oot —65°C to 150°C
Storage temperature (Plastic) -« covveiien.n —55°C to 125°C
Power dissipation « -+« o 1W
Short circuit output current  « - -+ o oot 50 mA
B 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 v 1
Input High Voltage Vin 2.4 - 6.5 A 1
Input Low Voltage Viu —-1.0 — 0.8 v 1

Notes © 1. All voltages referenced to Vss

@ HITACHI

HM4864A-12, HM4864A-15,

HM4864A-20

(DG-16B)

HM4864AP-12
HM4864AP-20

. HM4864AP-15,

(DP-16)

B PIN ARRANGEMENT

w[1]
on[7]
%[5
e
¥
[
Yo

Vee| 8

EVss

BEs
EDoul
|
o

11| A

o

A0-—-A7
CAS
Din
Dout
RAS
WE
Vee
Vss
AO0—A6

o

(Top View)

Address Inputs
Column Address Strobe
Data In

Data Output

Row Address Strobe
Read/Write Input
Power (+5V)

Ground

Refresh Address Inputs
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HM4864A-12, HM4864A-15, HM4864A-20,

HM4864AP-12, HM4864AP-15, HM4864AP-20

B DC ELECTRICAL CHARACTERISTICS (Ta=0 to 70°C, Vec=5V +10%, Vss=0V)

Parameter Symbol HM“MA/P-IZ HN!4864A/P-15 HM}BGM/P-% 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 = V4, Dout=High Impedance) Icc, — 3.5 — 3.5 - 3.5 mA
Refresh Current(RAS Cycling, CAS = Viy,trc=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 #A
Output Levels High(J...=—5mA) Vou 2.4 Vee | 2.4 Vee 2.4 Vee \
Output Levels Low(l,.,=4.2mA) Voo 0 0.4 0 0.4 0 0.4 \
Notes) 1. Icc depends on output loading condition when the device is selected, I« 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 (Vcc=5V+10%, Ta=25°C)
Parameter Symbol typ max Unit Notes
: c . Ay,~A;,Din Cim - 5 pF 1
nput Capacitance RAS. CAS.WE o — m oF ]
Output Capacitance Dout Cou - 7 pF 1, 2
Notes) 1. Capacitance measured with Boonton Meter or effective capacitance measuring method.
2. CAS = V4 to disable Dout.
@ ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS
(Ta=0 to 70°C, Vec=5V+10%, Vss=0V)
Parameter Symbol HM4864A-12 HM4864A-15 HM4864A-20 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 torr — 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 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 trsh 60 - 75 - 100 = ns
CAS Hold Time tesu 120 - 150 = 200 - ns
CAS to RAS Precharge Time tcap —10 — - 10 é - —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 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 trw i 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 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 tReF - 2 - 2 - 2 ms
Read-Write Cycle Time trwe 245 — 280 - 345 — ns
CAS to WE Delay tcwo 40 - 45 - 55 - ns 8
RAS to WE Delay tewo | 100 — | 120 — | 155 — | ns
Page Mode Cycle Time tec 120 — 145 — 190 — ns
CAS Precharge Time (for Page-mode Cycle Only) tee 50 - 60 - 80 - ns
CAS Precharge Time tepn 30 — 35 — 45 - ns
RAS Precharge to CAS Hold Time trpc 0 - 0 - 0 — ns
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Notes

1.
2.

AC measurements assume £ = Sns.

Assumes that tgrep < trRep (max). If trep is greater
than the maximum recommended value shown in this
table, IR 4 ¢ exceeds the value shown.

Measured with a load circuit equivalent to 2TTL loads
and 100pF.

Assumes that frcp 2 tRcp (max).

topr (max) defines the time at which the output
achieves the open circuit condition and is not refer-
ence to output voltage levels.

Viy (min) and ¥y (max) are reference levels for
measuring timing of input signals. Also, transition
times are measured between Vygrand Vi .

Operation with the fpcp (max) limit insures that
tp4c (max) can be met, tfrcp (max) is specified as a
reference point only, if frcp is greater than the
specified tgrcp (max) limit, then access time is

controlled exclusively by tcac-

E TIMING WAVEFORMS

®READ CYCLE

Addresses

Dout

8. twcs, tcwp and trwp are not restrictive operating

parameters.

They are included in the data sheet is electrical
characteristics only; if twcs 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 tcyp 2 tcwp (min) and ftpwp 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.

There parameters are referenced to CAS leading edge
in early write cycles and to WE leading edge is delayed
write or read-modify-write cycles.

An initial pause of 100us is required after power-up
followed by a minimum of 8 initialization cycles.
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[ oon Care

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

HM4864AP-12, HM4864AP-15, HM4864AP-20

©®READ-WRITE/READ-MODIFY-WRITE CYCLE

|

o
>
7
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tawe
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o

thep

LRSH tre.

icas tcrp

tran
tase L. tasc

Row Address.
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®PAGE MODE WRITE CYCLE

RAS

Addresses

Vin
Vi

HM4864A-12, HM4864A-1 5, HM4864A-20,

HM4864AP-12, HM4864AP-15, HM4864AP-20

tRAS

)’ \__
i IRSH tRP.
teas terp
tcan
tasc
-
J
0
[ Add
twew
tewtt
towL
N 4 ] /
v twp
twp " Twp WL
twWeR n '“m,"' -
s =~ = tos ——M—-I

tps LoH
Valid Data

Valid Dot ) “)( Valid Data X

tDHR

D Don't Care
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HM4864ACG-12,HM4864ACG-15,
HM4864ACG-20

65536-word x 1-bit Dynamic Random Access Memory
@ FEATURES

@ 18-pin Leadless Chip Carrier

Single 5V (+10%)

On chip substrate bias generator

Low Power: 250mW active, 18mW standby

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

Common 1/0 capability using early write operation @
Page mode capability

Output data controlled by CAS
TTL compatible

128 refresh cycles/2ms

(CG-18)

BEPIN ARRANGEMENT
EBLOCK DIAGRAM

CAS sy NC_ Db

WE éexrca'l‘;crkﬁ_ R/W Switch
1 j—
Generator ' Buffer ) \ E m s
< = < u o Y
< o 3 = ~—0 Ve
H 4 \i Y
] 5 Row Dec. Kb - Row Dec. B vss [
. : v
3 < 5 Menory 3 Memory |4 al lal Al I~
: b Array 2| [ Array VoA Vee A
b : S
- 5 (Bottom View)
B 2
€ o O —ﬁ
A AO—A7 : Address Inputs
CAS ¢ Column Address Strobe
B ABSOLUTE MAXIMUM RATINGS Din ¢ Dataln
Vol . lative to V 1V to +7V Dout ¢ Data Output
oltage on any pin relative to SS e - (o] A RAS Row Address Strobe
Operating temperature, Ta (Ambient) . .. .. ... ... .. 0'Cto+70°C WE ¢ Read/Write Input
Storage temperature . . ................... -65°Cto +160°C  Vcc  : Power (+5V)
P Dissipati W Vss : Ground
ower - |5$|.pa ON AO—A6 : Refresh Address Inputs
Short circuitoutputcurrent . .. ............. ... .. .. . 50mA

@ 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 \% 1
Input High Voltage Viu 2.4 - 6.5 \ 1
Input Low Voltage Vie —-1.0 — 0.8 A 1
Notes 1 1. All voltages referenced to V.,
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HM4864ACG-12, HM4864ACG-15, HM4864ACG-20

@ DC ELECTRICAL CHARACTERISTICS (Ta=0 to 70°C, Vec=5V£10%, Vss=0V)

Parameter Syml;o] HM4864ACG-12 HM4864ACG'15 HM4864ACG'20 Unit | Notes
min max min max min ma x
Operating Current(RAS,CAS Cycling:trc=min) Ica — 55 — 50 — 44 mA 1,2
Standby Cnrrent(RAS= V4, Dout=High Impedance) Icc. — 3.5 — 3.5 — 3.5 mA
Refresh Current(RAS Cycling, CAS = Viy,trc=min) Iccs — 42 — 38 — 33 mA 2
Standby Current(RAS= Vs, 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) I.o —10 10 —10 10 —-10 10 #A
Output Levels High(l...=—5mA) Vou 2.4 | Vec | 2.4 | Vee | 2.4 | Ve \
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, Iu 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 (Vec=5V£10%, Ta=25°C)

Item Symbol typ max Unit Notes
X Ao~A7, Din Cin - 5 pF 1
Input Capacitance B ———
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 =V, to disable Dout.

B 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. teac - 60 — 75 — 100 ns 3,4
Qutput Buffer Turn-off Delay torr - 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 — | ms
RAS Pulse Width Lras 120 10000 150 | 10000 200 | 10000 ns
CAS Pulse Width tcas 60 10000 75 | 10000 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 tesh 120 - 150 - 200 — ns
CAS to RAS Precharge Time terp -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 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 C d Hold Time twen 40 - 45 - 55 - ns
Write Command Hold Time Referenced to RAS twer 100 — 120 — 155 — ns
Write Command Pulse Width twe 40 - 45 — 55 — ns
Write Command to RAS Lead Time trwi 40 — 45 - 55 — ns
Write C d to CAS Lead Time tewL 40 - 45 — 55 — ns
Data-in Set-up Time tps 0 — 0 - 0 — ns 9
Data-in Hold Time tow 40 - 45 - 55 — ns 9
Data-in Hold Time Referenced to RAS tour 100 - 120 - 155 - ns
Read C d 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 LRRH 10 - 10 - 10 — ns
Refresh Period trer - 2 - 2 - 2 ms
Read-Write Cycle Time tawe 245 - 280 - 345 — ns
CAS to WE Delay tewo 40 - 45 - 55 — ns 8
RAS to WE Delay / trwp 100 - 120 - 155 — ns
Page Mode Cycle Time ' tee |- 120 — | 145 — | 190 — | =ms
CAS Precharge Time (for Page-mode Cycle Only) tee 50 — 60 — 80 — ns
CAS Precharge Time tepn 30 — % | = 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.
2.

e

AC measurements assume 7 = 5ns.

Assumes that frcp < trep (max). If tgep is greater
than the maximum recommended value shown in this
table, 1 4 ¢ exceeds the value shown.

Measured with a load circuit equivalent to 2TTL loads
and 100pF.

Assumes that trcp 2 tr cp (max).

topr (max) defines the time at which the output
achieves the open circuit condition and is not refer-
ence to output voltage levels.

Vig (min) and Vy; (max) are reference levels for
measuring timing of input signals. Also, transition
times are measured between Vygyand V.

Operation with the fpcop (max) limit insures that
tR 4 (max) can be met, tg~p (max) is specified as a
reference point only, if tgrep is greater than the
specified fpcp (max) limit, then access time is
controlled exclusively by to4¢.

8.

10.

parameters,
They are included in the data sheet is electrical
characteristics only; if fycg 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 IRwWD 2
ITRwp (min) the cycle is a read-write and the data

twes, tewp and tgwp are not restrictive operating

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.

There parameters are referenced to CAS leading edge

in early write cycles and to WE leading edge is delayed
write or read-modify-write cycles.

B TIMING WAVEFORMS

®READ CYCLE

=
7

2

Addresses
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®WRITE CYCLE (EARLY WRITE)

206

< Valid Data

] ven't care

s
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Vis A LS
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An initial pause of 100us is required after power-up
followed by a minimum of 8 initialization cycles.



HM4864ACG-12, HM4864ACG-15, HM4864ACG-20

©READ-WRITE/READ-MODIFY-WRITE CYCLE

thwe
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LRSH tar
thep tcas cap

5
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®“RAS-ONLY” REFRESH CYCLE
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HM4864ACG-12, HM4864ACG-15, HM4864ACG-20

®PAGE MODE WRITE CYCLE

RAS
CAs
Addresses
WE
Vi
Din Vi

208
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HM 50464P-12, HM50464P-15,

HM50464P-20

65536-word x 4-bit Dynamic Random Access Memory

s FEATURES

® Page mode capability

® Single 5V (£10%)

® On chip substrate bias generator

® | ow power: 350 mW active, 20 mW standby

® High speed: Access Time 120ns/150ns/200ns

® Output data controlled by CAS or OE

® TTL compatible

® 256 refreshcycles . ... ..... 4ms

® 3variations of refresh . ... .. RAS only refresh

CAS before RAS refresh
Hidden refresh

= BLOCK DIAGRAM

1/01/0 1/01/0
4

OE
Data nput Buffer Cluck Generator
‘—\i\ Data Output Buffer OF.
[
WE—={Clock  f——) ] emoter
Generator] Write Switch
! AlA
s ] HH
. A 1
CAS—={Clock 5
Generator, Memory Array 3 Memory Arvay
I
-
. RAS
RA S—]Clock —
Generator
l X Decoder | [ X vecoder
N v o
Aie] Address .
Buffer Memory Array < Memory Array
K
-
g
Address L
Buffer

ooy Address
- 4. Generator
Counter ) enerator

(DP-18)

= PIN ARRANGEMENT

N
1/0:[ 2]
1/0:[ 3]

e 1
RAS| 5
wE

NG

N

Vee E

e,
[17]1/04
[16] CAS
[15]1/05
[14] A0
[13] A
12] A
1] As
[10] &r

(Top View)

RAS CAS qu Address Inputs
CAS Column Address Strobe
= ABSOLUTE MAXIMUM RATINGS I/I(/)(l)4~ Data In/Data Out
Item Symbol Rating Unit OF Output Enable
Voltage on any pin relative to Vgg Vr —1to +7 v RAS | Row Address Strobe
Supply Voltage relative to Vgg Vee ~1to +7 v WRITE | Read/Write Input
Operating Temperature (Ambient) Topr 0to +70 °C Vce | Power #5V)
Storage Temperature (Ambient) Tstg —55 to+125 °C Vss | Ground
Power Dissipation Py 1.0 w Ay ~A,
Short Circuit Qutput Current Tout 50 mA (Row) Refresh Address Input
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HM50464P-12, HM50464P-15, HM50464P-20
= RECOMMENDED DC OPERATING CONDITION (T2 =0 to +70°C)

Parameter Symbol min. typ. max. unit
Supply Voltage Vee 4.5 5.0 55 v
Input High Voltage Via 24 - 6.5 \%
Input Low Voltage ViL -1.0 - 0.8 v

Note) All voltage referenced to Vgg.

® DC ELECTRICAL CHARACTERISTICS (Vcc =5V £10%, Vss =0V, Ta =0 to +70°C)

HMS50464P-12 HMS50464P-15 HM50464P-20 .
Parameter Symbol . . , Unit | Note

min. max. min. max. min. max.
Operating Current (fg = min.) Iccr — 83 - 70 — 55 mA 1
Standby Current (RAS = Vg, Dout = Disable) Icca - 45 - 4.5 - 45 | mA
Refresh Current (RAS only refresh, trc = min.) Icc3 - 62 - 53 - 42 mA
Standby Current (RAS = Vg, Dout = Enable) Ices - 10 - 10 - 10 mA 1
Refresh Current (CAS before RAS refresh, tp ¢ = min.) Icce - 69 - 58 - 45 mA | 1
Operating Current (Page mode,  pc = min.) Iccq — 57 — 48 - 37 mA 1
Input Leakage Current (0 < Vin < 7V) Iy -10 10 -10 10 -10 10 uA
Output Leakage Current (0 < Vout < 7V, Dout = Disable) Ito -10 10 -10 10 -10 10 HA
Output High Voltage (Jour = —5 mA) Vou 24 Vee 24 Vee 24 Vee A
Output Low Voltage (Jout = 4.2 mA) Vor 0 0.4 0 0.4 0 04 \%

Notes) 1. I depends on output loading condition when the device is selected, o max.

condition.

® CAPACITANCE (Ve = 5V £10%, Ta = 25°C)

is specified at the output open

Parameter Symbol typ. max. Unit Note
Input Capacitance ﬂress_ —_— cn - 5 Lad !
. RAS, CAS, WE, OE cn - 10 pF 1

Output Capacitance Data In/Data Out CI1/0 — 10 pF 1,2

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

2. CAS = Vyy to disable Dout.

= ELECTRICAL CHARACTERISTiICS AND RECOMMENDED AC OPERATING CONDITIONS
(Vce =5V £10%, Vss =0V, Ta = 0 to +70°C)

HMS50464P-12 HM50464P-15 HM50464P-20 .
Parameter Symbol . - . Unit [Note
min max. min max. min max.
Access Time from RAS RAC - 120 - 150 - 200 | ns [2,3
Access Time from CAS tcac - 60 - 75 - 100 | ns 3,4
Output Buffer Turn-off Delay referenced to CAS tOFF1 - 30 - 40 - 50 | ns S
Transition Time (Rise and Fall) tr 3 50 3 50 3 50 ns 6
Random Read or Write Cycle Time trC 220 - 260 - 330 - ns
RAS Precharge Time tRP 90 - 100 - 120 - ns
RAS Pulse Width tRAS 120 10000 150 10000 200 10000 | ns
CAS Pulse Width tcas 60 10000 75 10000 100 10000 | ns
RAS to CAS Delay Time tRCD 25 60 25 75 30 100 | ns 7
RAS Hold Time IRSH 60 - 75 = 100 - ns
CAS Hold Time tesH 120 - 150 - 200 - ns
CAS to RAS Precharge Time tCRP 10 - 10 - 10 - ns
Row Address Set-up Time tASR 0 - 0 — 0 - ns
Row Address Hold Time IRAH 15 - 15 - 20 - ns
Column Address Set-up Time tasc 0 - 0 - 0 - ns
Column Address Hold Time tCAH 20 - 25 - 30 - ns
Column Address Hold Time referenced to RAS tAR 80 - 100 - 130 — ns
Write Command Set-up Time twes 0 - 0 - 0 - ns 8
Write Command Hold Time twelH 40 - 45 - 55 - ns
Write Command Hold Time referenced to RAS tWCR 100 —~ 120 — 155 - ns
Write Command Pulse Width twp 40 - 45 - 55 - ns
Write Command to RAS Lead Time tRWL 40 - 45 - 55 - ns
Write Command to CAS Lead Time towL 40 - 45 — 55 - ns
Data-in Set-up Time tps 0 N 0 - 0 - ns 9
Data-in Hold Time tpH 40 - 45 - 55 - ns | 9
Data-in Hold Time referenced to RAS tDHR 100 - 120 - 155 - ns
(to be continued)
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HMS50464P-12 HM50464P-15 HMS50464P-20 X
Parameter Symbol . . . Unit |Note
min. max, min. max. min. max.
Read Command Set-up Time tRCS 0 - 0 - .0 - ns
Read Command Hold Time referenced to CAS tRCH 0 - 0 - 0 - ns
Read Command Hold Time referenced to RAS tRPH 10 - 10 - 10 - ns
Refresh Period tREF - 4 - 4 - 4 ms
Read-Write Cycle Time tRWC 305 - 360 — 450 - ns
CAS to WE Delay Time tewb 100 - 125 - 160 - ns 8
RAS to WE Delay Time trwp | 160 - 200 - 260 - ns | 8
CAS Precharge Time tcpN 50 — 60 - 80 - ns
TAS Set-up Time (CAS before RAS refresh) tCSR 10 - 10 - 10 - ns
CAS Hold Time (CAS before RAS refresh) tCHR 120 - 150 - 200 - ns
RAS Precharge to CAS Hold Time tRPC 0 - 0 - 0 - ns
Access Time from OE toaC - 30 - 35 - 45 ns
Output Buffer Turn-off Delay referenced to OE tOFF2 - 30 - 40 - 50 ns
OE to Data-in Delay Time topD 30 - 40 - 50 - ns
OE Hold Time referenced to WRITE tOEH 25 - 30 - 40 - ns
Page Mode Cycle Time tpc 120 - 145 - 190 - ns
CAS Precharge Time (for Page-mode Cycle Only) tcp 50 - .60 . - 80 - ns
TAS Read-modify-write Cycle Time (Page-mode) tpcM 205 - 245 - 310 - ns
Notes)
1. AC measurements assume ¢ = 5ns. 8. twcs towp and tRwp are not restrictive operating
2. Assume that trcD < trep (max). If trcD is parameters. They are included in the data sheet as
greater than the maximum recommended value electrical characteristics only: if #ycs 2t wes (min),
shown in this table, tp 4¢ exceeds the value shown. the cycle is an early write cycle and the data out pin
3. Measured with a load circuit equivalent to 2TTL will remain open circuit (high impedance) through-
loads and 100pF. out the entire cycle; if tcwp 2 tcwp (min) and
4. Assumes that tpop 2 frep (Max). tRwp 2 trwp (min), the cycle is a read/write and
5. topp (max) defines the time at which the output the data output will contain data read from the
achieves the open circuit condition and is not selected cell; if neither of the above sets of condi-
referenced to output voltage levels. tions is satisfied, the condition of the data out (at
6. Vyy (min) and Vj; (max) are reference levels for access time) is indeterminate.
measuring timing of input signals. Also, transition 9. These parameters are referenced to CAS leading edge
times are measured between Vyyand Vyy. in early write cycles and to WE leading edge in
7. Operation with the trRCD (max) limit insures that delayed write or read-modify-write cycles.
tR4C (max) can be met, fpcp (max) is specified as 10. An initial pause of 100 s is required after power-up
a reference point only, if tpcp is greater than the followed by a minimum of 8 initialization of cycles.
specified tpcp (max) limit, then access time is 11. Minimum of 8 CAS before RAS refresh is required
controlled exclusively be zcqc before using internal refresh counter.
12, In delayed write or read-modify-write cycles, OE
a TIMING WAVEFORMS El;sctleiisable output buffers prior to applying data to
ice.
READ CYCLE tre =
RAS R tRAS
A —trP—
tr tRSH—
.-——lRCD——-‘-——tCAS———J f— tcrR P —1
C_AS tcsH
tasr \ 41/‘_‘_'lCPN
po—ey tar
lRAH
tasc

ROW

Address x

trCS treH
WRITE /
tRRH
r——lfAc——'-
torr
OPEN
s _J VA
1’0 N gu—
trac
toFF2
toac
OE SJ—

* ] : Don’tcare
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e EARLY WRITE CYCLE

OE : Don’t care

* [ : Don’tcare

JE— trc
RAS "\ trAS
S A tRp—e
ir tRSH
fe——1trCD tcas ft—otCrRP
tcsH _j
C_S' I
tasr ; XL 1/ teen
AR
IRAH
tasc
Address X ROW CoLUMNY
twes tcan
tewe
tRwL
twer
WRITE \ o twen—f
twep-
re———DH ——]
IDHR
1/0 X vaLiD NpUT X
o]
*
o DELAYED WRITE CYCLE
— trC
RAS \ trAS
§ ERP —am \
el | RS H ——— ]
fe——tRCL tcas T—-— tCRP —a]
— tcsH
CAS
tasr - / tepn
H tar
traH
L tasc
Address__ Y Row X Y{COLUMN
tcan
1 ’
twer ot
= EWC H
—\
WRITE \ /
f— WP — ]
o L DH — ]
toir
1O MvaLiiNpuTy
]

tns

(L0 H

topn

OE /

212

X

O HITACHI

* [ : Don’t care



HM50464P-12, HM50464P-15, HM50464P-20

© READ MODIFY WRITE CYCLE

o trwe |
RAS —a\ thas -
P trp
tr fo——— RS ——
fe— tRCD tcas — ICrP
I teSH—
CAS jx ~
tASR fe—tcPN
H tar ~
trRAH T
tasc

Address ROW D%OLUMNL X
trcs F[CAHT tewe

fa—— EC WD~

WRITE / \_tt"”’{_/
trwD- '

tcac
tos
e tRAC——— VALID» |75
OPEN OUTPUT
\ VALID
1/0 INPOR X

oo
toac

* [ : Don’t care

* RAS ONLY REFRESH CYCLE

tre

\wm\

icrp +t—¢ [ trre
CAS i

e tRAH
jm—task

Address ROW

RAS

K

OPEN

* OE,WE : Don’t care
* [ : Don’t care

A . iima o~ .
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e HIDDEN REFRESH CYCLE

tre
trp /
f I N\
tcas

tcpn

It

tcaH

n

UMN;| Don't care M
treH
" i
IRRH| ‘\

WRITE
tcac
trRAC L[?'TF‘

OPEN
—< VALID OUTPUT

toAc~ toFF2
OE
n
{f

* []: Don’tcare

o CAS BEFORE RAS REFRESH CYCLE

Don't care

e COUNTER TEST
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PAGE MODE READ CYCLE

J

{5 iRP
17w o b tRS o —]
= trRCD lelcrp.
CA .—tmsj
- tcan
tASR tasc
||
Address OLUM
[tacs
tren
tRRH
fe—lcac

PAGE MODE WRITE CYCLE

T

tras,

* [ : Don’tcare

i tep
tr- o e lRS =l o
CAS P [— \s—u/—n—_, IR
task 145
Address COLUMN,
trwi
LweH
[ twen
fet— Wl bt LWL
WRITE L \
by —- bt 1147 e pr-—l
s s I L
T /| - Tton g T ton
VALT LID
D R X A IER X

T Ilj

@ HITACHI
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* [ : Don’t care

HM50464P-12, HM50464P-15, HM50464P-20

215



HM50464P-12, HM50464P-15, HM50464P-20

e PAGE MODE READ MODIFY WRITE CYCLE

OE

216

tcp
t .
T lcan ASC Tt an
Column Column x
tewe
T tewn tre s~—] ™ tewn tewe
1w \ | twe
'::.)_VO—
fa—tcac tos
pl- 11001
Vahd alid
onin XX Input
TS—
. tory

tonn toon
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HM50465P-12, HM50465P-15,
HM50465P-20 |

65536-word x 4-bit Dynamic Random Access Memory

= FEATURES
® Nibble mode capability
® Single 5V (+10%)
® On chip substrate bias generator
® [ow power; 350 mW active, 20 mW standby
® High Speed: Access time 120 ns/150 ns/200 ns (max.)
e Output data controlled by CAS or OE
® TTL compatible
® 256 refreshcycles . . ... .. 4 ms (DP-18)
® 3 variations of refresh . ... RAS only refresh
CAS before RAS refresh
Hidden refresh
= BLOCK DIAGRAM s PIN ARRANGEMENT
1/0 1/0 1/01/0 OE (1] - 18] s
12 4
; 170 2] 17]1/04
Data Input Buffer Clock Camerator I
Data Output Buffer OE 1/0z E E CAS
WE L WRITE [ 4| 15]1/0s
ead Write Switcl
AlA RAS| 5 14]A
- 0 B e A
CAS—{Cloc 5 As| 6 13| A
zlenekmh»r Memory Array 3 Memory Arvay GE :I :
 [ms
i, - w1 o
bkl X Decoder | [ Xoecter ]
) Vee E 10} A7
Ai .':fddr»s; j ’
Buffer Memory Array E .\1em«)r\é Arcay (Top View)
N ”
Address
Buffer T
Ao ~A, | Address Inputs
CAS Column Address Strobe
1/01 ~1/04 | Data In/Data Out
= ABSOLUTE MAXIMUM RATINGS OF | Output Enable
Ttem Symbol Rating Unit wRAi Row "“3‘?“"“ Strobe
Voltage on any pin relative to Vgg Vr —1to +7 \' RITE | Read/Write Input
Supply Voltage relative to Vgg Vee —1to +7 Y Vee Power (+5V)
Operating Temperature (Ambient) Topr 0to +70 °C Vss | Ground
Storage Temperature (Ambient) Tstg —55to+125 °C ?ﬁgv‘;\; Refresh Address Inputs
Power Dissipation Pr 1.0 w A
0y 1 H
Short Circuit Output Current Tout 50 mA (Column) | Nibble Address Inputs
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® RECOMMENDED DC OPERATING CONDITION (72 =0 to +70°C)
Parameter Symbol min. typ. max. unit
Supply Voltage Vee 45 5.0 55 A\
Input High Voltage Vig 2.4 - 6.5 \4
Input Low Voltage Vi -1.0 - 0.8 v

Note) All voltage referenced to Vgg.

= DC ELECTRICAL CHARACTERISTICS (Ve = 5V £10%, Vgs =0V, Tz = 0 to +70°C)

HMS50465P-12 |[HM50465P-15 [HM50465P-20 .
Parameter Symbol . . ) Unit |Note
) min. | max. | min. | max. | min. | max.

Operating Current (fg¢ = min.) Iccr - 83 - 70 - 55 mA | 1
Standby Current (RAS = Vg, Dout = Disable) Icca - 45 - 4.5 - 45 | mA
Refresh Current (RAS only refresh, g = min.) Icces — 62 — 53 - 42 mA
Standby Current (RAS = Vyy, Dout = Enable) Iccs - 10 - 10 - 10 mA | 1
Refresh Current (CAS before RAS refresh, tRC = min.) Icce - 69 - 58 - 45 mA 1
Operating Current (Nibble mode, tg¢ = min.) Iccs — 57 — 48 - 137 mA 1
Input Leakage Current (0 < Vin < 7V) Iy -10 10 -10 10 -10 10 MA
Output Leakage Current (0 < Vout < 7V, Dout = Disable) Ir0 -10 10 -10 10 -10 10 nA
Output High Voltage (Jour = —5 mA) Vou 24 Vee 24 Vee 24 Vee v
Output Low Voltage (Jout = 4.2 mA) Vor 0 04 0 0.4 0 0.4 v

condition,

® CAPACITANCE (Vcce =5V +10%, Ta = 25°C)

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

Parameter Symbol typ. max. Unit Note
. Address cn - 5 pF 1
Input Capacitance e —
RAS, CAS, WE, OE cn - 10 pF 1
Output Capacitance Data In/Data Out CI1/0 — 10 pF 1,2

Notes) 1. Capacitance measured with Boonton Meter or effective ca

2. CAS = Vg to disable Dout.

® ELECTRICAL CHARACTERISTICS AND RE

(Vee =5V £10%, Vss =0V, Ta =0 to +70°C)

pacitance measuring method.

COMMENDED AC OPERATING CONDITIONS

HMS50465P-12. | HM50465P-15 | HM50465P-20 .
Parameter Symbol . _ § Unit [Note
min. | max. | min. | max. | min. | max.
Access Time from RAS RAC - 120 | - 150 | — 200 | ns [2,3
Access Time from CAS tcac - 60 | — 751 — 100 | ns |[3,4
Output Buffer Turn-off Delay referenced to CAS tOFF1 - 30 - 40 - 50 | ns 5
Transition Time (Rise and Fall) tr 3 50 3 50 3 50 | ns 6
Random Read or Write Cycle Time tRC 220 - 260 - 330 - ns
RAS Precharge Time trp 90 100 120 ns
RAS Pulse Width tRAS 120 10000 | 150 [10000 | 200 (10000 | ns
CAS Pulse Width tcas 60 10000 75 {10000 | 100 (10000 | ns
RAS to CAS Delay Time tRCD 25 60 25 75 30 100 | ns 7
RAS Hold Time tRSH 60 - 75 - 100 - ns
CAS Hold Time tesy | 120 - 150 - 200 - ns
CAS to RAS Precharge Time tcRP 10 - 10 -~ 10 - ns
Row Address Set-up Time t4ASR 0 - 0 - 0 - ns
Row Address Hold Time 'RAH | 15 - 15 - 20 - ns
Column Address Set-up Time tasc |0 - 0 — 0 - ns
Column Address Hold Time tcAH 20 - 25 - 30 - ns
_Column Address Hold Time referenced to RAS tAR 80 — 100 - 130 - ns
Write Command Set-up Time twes 0 N 0 - 0 N ns 8
Write Command Hold Time [ o[ 40 | o 45 - 55 | — |'ns
Write Command Hold Time reterenced to RAS tWCR 100 - 120 - 155 — ns
Write Command Pulse Width twp 40 | - 45 | — ] ss - ' ns
Write Command to RAS Lead Time tRWL 40 - | as T s - ns
‘Wntﬁeéo;n;a{nd;to‘c‘}xs Lead Time tewr 40 - 45 - 55 - ns
Data-in Set-up Time tps 0 - 0 - 0 - ns 9
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HMS50465P-12 | HM50465P-15 | HM50465P-20 X
Parameter Symbol e pove e ax e —ax Unit | Note
. ax. . B . .

Data-in Hold Time [ oy | 40 — 45 — 55 - ns | 9
Data-in Hold Time referenced to RAS l IDHR | 100 - ns
Read Command Set-up Time ) tres | O - ns
Read Command Hold Time referenced to CAS tre | O — ns
Read Command Hold Time referenced to RAS IRRH | 10 N ns
" Refresh Period tREF | ~ 4 ms
“'Read-Write Cycle Time ftrwc | 305 - ns

CAS to WE Delay tcwD 100 — ns 8

RAS to WE Delay trwp | 160 - ns 8
CAS Precharge Time tcPN 50 | - ns
TAS Hold Time (CAS before RAS refresh) tCHR ns

RAS Precharge to CAS Hold Time

Access Time from OE

“Output Buffer Turn-off Delay referenced to OE
OE to Data-in Delay Time
“OF Hold Time referenced to WRITE
“Nibble Mode Access Time
Nibble Mode RAS Cycle Time
Nibble Mode RAS Pulse Width
Nibble Mode Cycle Time
“Nibblc Mode CAS Precharge Time

[ e I
Nibble Mode CAS Pulse Width

Nibble Mode Write Command Hold Time

Nibble Mode RAS Hold Time

e
Nibble Mode Read-Write Cycle Time

o e T
Nibble Mode CAS to WE Delay

_Nibble Mode LA e e
Nibble Mode Write Command to CAS Lead Time
Nibble Mode Write Command Pulse Width

ns

ns -
ns

e
ns

480 | - |60 | - [ns |
370 - 480 - ns

ST T |- e |
25 - 35 - ns
35 — | a5 - ns
35 - 45 - ns
45 — 55 - ns
7160 - 200 | - ns
85 = 105 - ns
35 - 45 - ns
T35 = 48 Z ns

Notes)
1. AC measurements assume ¢tT = 5 ns.

2. Assumes that tgrep S trep (max). If frep s
greater than the maximum recommended value
shown in this table, g 4 exceeds the value shown.

3. Measured with a load circuit equivalent to 2TTL

loads and 100 pF.

Assumes that tgep 2 trRep (Max).

toFF (max) defines the time at which the output

achieves the open circuit condition and is not re-

ferenced to output voltage levels.

6. Vyy (min) and Vi (max) are reference level for
measuring timing of input signals. Also, transition
times are measured between Vg and Vyr.

7. Operation with the tfrRCcD (max) limit insures that
trRAC (max) can be met, frRCD (max) is specified as
a reference point only, if tgcp is greater than the
specified tgcp (max) limit, then access time is con-
trolled exclusively be tcaC

o

@ HITACHI

10.
11.

12.

twes, tewp and trwp are not restrictive operating
parameters. They are included in the data sheet as
electrical characteristics only : if fwcs 2 twes (min),
the cycle is an early write cycle and the data out pin
will remain open circuit (high impedance) through-
out the entire cycle; if tcwp 2 tcwp (min) and
tRWD 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 condi-
tions 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 de-
layed write on read-modify-write cycles.

An initial pause of 100 us is required after power-up
followed by a minimum of 8 initialization of cycles.
Minimum of 8 CAS before RAS refresh is required
before using internal refresh counter.

In delayed write or read-modify-write cycles, OE
must disable output buffers prior to applying data to
the device.
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@ TIMING WAVEFORMS
® Read Cycle

*[_]: Don’t care

e Early Write Cycle

|

)

Address ROW COLUMRL *X;

fe——— it R

1o X vaLo weot X
i !

*OE : Don’t care

0 @HITACHL \ 1 Don’t care




HM50465P-12, HM50465P-15, HM50465P-20
e Delayed Write Cycle

N trc
RAS———
tras
\ P tRP —amd \
i fe—— RS H ———— =]
Fe—1rCD tcas ’-.— teRp —ed
tesH i :
CAS
tASK L ’/ topw ‘ \
=™ tar
tran i
L tasc
J ~ |
Address_ X Row X YcoLumnX X
tcan
fa—tcwr
L {7y pe——
twer
TWC H ————]
\
WRITE \ /
‘—’W'}’——
f—— F 121] ——md
tprg
r
10 VALID INPUTY
1
tns
b )1 11
tonn

or ] X

Read Modify Write Cycle * [ Don’t care
o e RWC e ]
RA '\ tras

A trr
tr trsn
b tRCD teas — 1 /\’/'4—‘

N tesn .
CAS p

task \r S e—tcry

r po———1ar -

tran
tasc

Address] ROW DCOLUMNX X
1 ket 4}1—1 —
”lii - IWA’IWI o

fa— tCWH—=

— R ) EEEE—
WRITE / \l"w”
trewi }——fl)ll—’—'

—— teac
e trac— A VALID-my <125
OPEN OUTPUT
, \ VALID
o X WHiR X
| tonn
toac
loEn

S P w—

) *[C1: Don’t care
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e RAS Only Refresh Cycle

e MHidden Refresh Cycle

tke
RAS—— ——————————\
RAS N —
tcrp trpc
CAS 7 \
F!RAH.‘
f—tAS R~
Address ){ ROW )
OPEN
1'0
* OE, WE : Don’t care
*[__]: Don’t care
RAS the ‘
fe————traAS
N LRP-
’ | L\
e ircr Leas
CAS
)
tasr| |lran  tasc| |icaH
i [pe m
Address ROW ICOLUMN] Don't care
) {4
'flRL‘S‘ ’lfaki
{
WRITE ’ LrRH
tcac
lRAC—F:j toFF1
OPEN i
10 VALIDOUTPUT

toac~|
OE
T

1()/-‘FP

o CAS Before RAS Refresh Cycle

222

A

CAS

* [ ]: Don’t care

Address
Don't care
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e Counter Test

RAS A (REFRESH) (READ/WRITE)
trpC tcsr
Cas Ltcme tcas
tcp
tasc tCAH]
Address ) COLUMN
WRITE S .
OE ,'

e Nibble Mode Read Cycle

INRC:

R—S—‘—'y b—l
e A l/e.v——\

pe—tnC

— ,
Fe— {RC D—st=—IC AS: INcP  INCA NRSH
CAS — ‘—j
N N7

T tcan

Address Column |

1/0

o Nibble Mode Write Cycle

tNRC
AS— INRA
&t R ——a]
- ! 7
tRC D—mle—IC AS. T w[cNCA trsH
tcaH
Address Column X
— pe-tvwen
twcs =F .
WCH, twes 4
WE NVY N/ \ [/
s| [ ¢
'ﬁi 22 tos! |to
foe] ey
Valid Valid

* OE : Don’t care
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© Nibble Mode Read Modify Write Cycle

RAS——y ~
55 __
ke
- IS
cAS ,_\
sk fasc
Lt e tc ]
Address Row Column
Iow )
| o
. twr
WE
thy
bt ¢
I
10 Don't Care ot

NN/

tespnn

tokn, 1oac torn

tanh
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HM50256-12,HM50256-15,
HM50256-20,HM50256P-12,
HM50256P-15,HM50256P-20
HM50256CP- 12 HM5025GCP-15

HM502566P-20

262144-word X 1-bit Dynamic Random Access Memory

HE FEATURES

® |Industry Standard 16-Pin DIP, 18-Pin PLCC

Single 5V (£10%)

On chip substrate bias generator

Low Power: 350mW active, 20mW standby

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

Common |/0 capability using early write operation

Page mode capability

TTL compatible

256 refresh cycles - - - (4ms)

3 variations of refresh - - - RAS only refresh, CAS before RAS
refresh, Hidden refresh

HPIN ARRANGEMENT

® HM50256/P Series ® HMb50256CP Series

HMS50256 Series

(DG-16B)

W/

ME 16§ Vss
DinE 15 | CAS
W’EE 14 | Dout
RTSE 13 | Ae
EA@

11]As

z

plelola

10 | As

9 A

5
]

(Top View)

Din - Ax Vs CAS

I [
Wi [ 16 [ Pour
s [ 15[] A
ve s H~e
A e 13[] A
w )7 ]
R 9 0l
ToVe Aroas
(Top View)

Ao~As Address Inputs

CAS Column Address Strobe

Din Data In

Dout Data Out

RAS Row Address Strobe
—W Read/Write Input

Vee Power (+5V)

Vss Ground

A~A Refresh Address Inputs

@ HITACHI

HMS50256P Series
! ! |

(DP-16A)

HMS50256CP Series

(CP-18)
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HM50256P-12, HM50256P-15, HM50256P-20
HM50256CP-12, HM50256CP-15, HM50256CP-20

EBLOCK DIAGRAM

l a[xagx ‘
— Data-In Main Amps Data-Out
VE L ‘ Buffer Buffer
WE o Clock
Generator| T T
l t Din Dout
€8s gl |2
CASe{Clock (1= S| u|&
N ©lgC
SEE
Memory 3 |A = Memory
Array vl gl= Array
— E|lE|E
R3S <lZ|*
RESo{Clock 4] 81
Generator| 3 &
[— Ror R
Dez,oder Dzroder
= ard
Awoq = act| P
A7 oo é 3 (_:5
SR
Address M 283 Memory
Buffers a2 ‘; b B e
2l Elg
E(S|E
<3 |<
Ao o ZO 2
ANS
ar-ar7, ac-ac7
! Vs
B 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) -55°C to +125°C
Shortcircuitoutputcurrent . .. ................. 50mA
Power dissipation . . .................. e 1

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

Parameter Symbol min typ max Unit Note
Supply Voltage Vee 4.5 5.0 5.5 v 1
Input High Voltage Vin 2.4 — 6.5 v 1
Input Low Voltage Vio —1.0 — 0.8 \ 1
Note) 1. All voltages referenced to Vss
BDC ELECTRICAL CHARACTERISTICS (Ta=0 to +70°C, Vec=5V+10%, Vss=0V)
HM50256-12 | HMS50256-15 | HM50256-20 .
Parameter Symbol - - - Unit | Notes
min max min max min max
Operating Current(RAS, CAS Cycling : tac=min) Icc - 83 - 70 — 55 mA 1
Standby Current(RAS = Vix, Dout=High Impedance) Icc: — 4.5 — 4.5 - 4.5 mA
Refresh Current(rAS only Refresh, t gc=min) Tccs — 62 — 53 — 42 mA
Standby Current(RAS = Vi4, Dout Enable) Iccs - 10 — 10 — 07| mA 1
Refresh Current(CAS before RAS Refresh, tzc=min) Iccs — 69 - 58 — 45 mA
Page Mode Supply Current (RAS= Vi1, CAS Cycling, trc=min) Iecr - 57 - 48 - 37 mA
Input leakage(0<V.. <7V) Iy —10 10 -10 10 —-10 10 uA
Output leakage(0< V...< 7V, Dout =Disable) I.o —10 10 —10 10 —10 10 uA
Output levels High(I,..= —5mA) Vou 2.4 Vee 2.4 Vee 2.4 Vee \Y%
Output levels Low(I...=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.
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B CAPACITANCE (Vec=5V+10%, Ta=25C)

HM50256-12, HM50256-15, HM50256-20

HM50256P-12, HM50256P-15, HM50256P-20
HM50256CP-12, HM50256CP-15, HM50256CP-20

Parameter Symbol typ max Unit Notes
. Address, Data-in Cn — 5 1
Input Capacitance Clocks Ca — 7 oF L2
Output Capacitance Data-out G — 7 1,2
Notes) 1. Capacitance measured with Boonton Meter or effective capacitance measuring method.
2. CAS =V to disable Dout.
B ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS
(Ta=0 to +70°C, Vec=5VE10%, Vss=0V) D101V
HM50256-12 HM50256-15 HM50256-20 .
Parameter Symbol - - - Unit | Notes
min | max | min | max | min | max
Random Read or Write Cycle Time tre 220 - 260 —= | 330 - ns
Read-Write Cycle Time trwe 265 - 310 - 390 - ns
RAS to CAS Delay Time tren 25 60 25 75 30 100 ns 7
Access Time from RAS trac — 120 - 150 200 ns 2,3
Access Time from CAS teac - 60 - 75 - 100 | ns 3,4
Output Buffer Turn-off Delay torr - 30 — 40 - 50 ns 5
Transition Time (Rise and Fall) tr 3 50 3 50 3 50 ns 6
RAS Precharge Time trr 90 — | 100 — | 120 - ns
RAS Pulse Width fRas 120 | 10000 | 150 | 10000 | 200 | 10000 | ns
RAS Hold Time trsh 60 — 75 — | 100 — ns
CAS Hold Time tesn 120 — | 150 — | 200 - | ns
CAS Pulse Width teas 60 | 10000 | 75 | 10000 | 100 | 10000 | ns
CAS to RAS Precharge Time terr 10 — 10 — 10 = ns
Row Address Set-up Time task 0 — 0 — 0 - ns
Row Address Hold Time tran 15 — 15 — 20 — ns
Column Address Set-up Time tasc 0 — 0 — 0 - ns
Column Address Hold Time tean 20 - 25 — 30 — ns
Column Address Hold Time referenced to RAS tar 80 — 100 - 130 — ns’
Read Command Set-up Time tres 0 — 0 - 0 — | ns
Read Command Hold Time referenced to CAS tren 0 - 0 - 0 - ns
Write 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 twr 40 - 45 — 55 — ns
Write Command to RAS Lead Time trwr, 40 — 45 — 55 - ns
Write Command to CAS Lead Time teiwt, 40" — 45 — 55 - ns
Data-in Set-up Time tns 4} — 0 - | 0 — ns 9
Data-in Hold Time ton 40 — 45 — 55 - ns 8,9
Data-in Hold Time referenced to RAS tpHR 100 — | 120 — | 155 — | ns
RAS to WE Delay trRwD 120 - 150 - 200 - ns
CAS to WE Delay tewn 60 - 75 — | 100 — | ns 8
Page Mode Read or Write Cycle trc 120 - 145 - 190 — ns
Page Mode Read Modify Write Cycle trcm 165 — 195 - 250 — ns
CAS Precharge Time, Page Cycle tep 50 - 60 - 80 - | ns
Read Command Hold Time referenced to RAS IRRH 10 — 10 — 10 ns
Refresh Period tREF — 4 - 4 - 4 ms
CAS Set-up Time tesk 10 — 10 — 10 — ns
CAS Hold Time (CAS before RAS Refresh) tenr 120 - 150 — | 200 — ns
RAS Precharge to CAS Hold Time trrc 0 — 0 - 0 — ns
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HM50256-12, HM50256-15, HM50256-20

HM50256P-12, HM50256P-15, HM50256P-20
HM50256CP-12, HM50256CP-15, HM50256CP-20

Notes

1.
2.

bl el

AC measurements assume f7-= Sns.

Assumes that fRcp < trep (max). If tpep is greater
than the maximum recommended value shown in this
table, IR 4 ¢ exceeds the value shown.

Measured with a load circuit equivalent to 2TTL loads
and 100pF.

Assumes that fpcp 2 tp cp (max).

topr (max) defines the time at which the output
achieves the open circuit condition and output voltage
levels are not referred.

Vig (min) and V;; (max) are reference levels for
measuring timing of input signals. Also, transition
times are measured between ¥z and Vir.

Operation with the fgep (max) limit insures that
IR AC (max) can be met, tpcp (max) is specified as a
reference point only; if tpcp is greater than the
specified tpeop (max) limit, access time is controlied
exclusively by tc 4 c.

H TIMING WAVEFORMS
® READ CYCLE

228

11.

twes, tcwp and tgwp are not restrictive operating
parameters.

They are included in the data sheet as electrical
characteristics only; if twes 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 topp > tcwp (min) and tpyp >
IRwp (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 cycles are required
before using internal refresh counter.

tre
R
S tRaS
RAS [ m N\
— "
fes—tcrp
tesw
\\ 2
J— teas
CAS s /
A S
Lar
LASR tRAH tasc tcan
et
4 p Y
Address Row Column
Address Address
tRCS tRCH
WRITE / \K [
teac
trac

Dout High Impedance

Valid Data
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® WRITE CYCLE

HM50256-12, HM50256-15, HM50256-20

HM50256P-12, HM50256P-15, HM50256P-20
HM50256CP-12, HM50256CP-15, HM50256CP-20

'
RAS 3 = B
tre trsn tr
K "
tesu
tRwL
feas
CAS
lar ol
task tran tasc .¢__:]
T e
tewe
I 1r p
Address Row g Column
| o B L Adress
twer
twes et 15/ H et
WRITE twp /
£
toHR
tns fr———— LD H ]
Din ]
Valid Data
2
Dout High Impedance

® READ MODIFY WRITE CYCLE

trwe
TET 3 tras
LRP —]
tren
tRWL
\ teas
CA
o S
tar
tasr tran tasc tean
e s
Y
Address ZRHV. 3 Coiumn
Address £ N Address
e pt——tcw D
WRITE
a tRw ‘—IWPJ
_._/ *
tns
tDH

Din Valid

Dara A

<———l(‘A(‘——l
tRac ——t tors

Dout High Impedance / Valid Data

N
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HM50256-12, HM50256-15, HM50256-20

HM50256P-12, HM50256P-15, HM50256P-20
HM50256CP-12, HM50256CP-15, HM50256CP-20

®RAS ONLY REFRESH CYCLE

IRC

1RAS

Vi

lcrp

Vin

IRp

. tRPC

TAS X
Vi

1 lASR

{RAH
Vin

Address Row Address
Vie

X

#Refresh Address Ao—A7 (AXo—AX7)

Von High Impedance
Dout

® HIDDEN REFRESH CYCLE

Vi — (Refresh)
RAS
ViL

R4S | Py

(Refresh) 1_4\‘
]

AR
rCD feas
Vin 1
J— N CHR I
CAS N i /]
Vi lask wsc| |* 55
ican
[RAH,
Vin ¢
4 N N
Address
n Add. Add’._7 5 A
RCS tRCH
T
Vin [
" S N
Vit e ica [RRH
tRAC LOFF,
. <
Vo 4 >
Dout Ce—_— Valid Data
VoL k I
=¥
® CAS BEFORE RAS REFRESH CYCLE
RP RS tRP.

. . | IRAS )
Vi "\

RAS /]
Vie

IRPC

| fesr

)

I}
B
ol

ICHR

Address

Don't care

230 GO HITACHI



HM60256-12, HM50256-15, HM50256-20
HM50256P-12, HM50256P-15, HM50256P-20
HM50256CP-12, HM50256CP-15, HM50256CP-20

® COUNTER TEST

Vin "‘
RAS (Refresh) (Read/Write) /
Vi
feHr )y e, feas |
Vin
CAS &(
Vi

lcan
Vi : k . % i
Don't A Column
Address ke >< ) >< Address

e wen IRCH
twes
wp (RRH
et
Vi T / pm
WE p S( . . )
Vi, mmmm e e
IRes
Dotted line means read cycle.
® PAGE MODE READ CYCLE
tkas
Vi —
RAs S(
Vi
icas
Vi N
Cas N
Vie
ask lasc
IRAH 1CAH
|-
Vin
Row Col
Abbress Add, Add,
Vi
thes
— treH
-t

Vou
Dout
VoL
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HM50256-12, HM50256-15, HM50256-20

HM50256P-12, HM50256P-15, HM50256P-20

HM50256CP-12, HM50256CP-15, HM50256CP-20

©PAGE MODE WRITE CYCLE

1RAS
RAS Vin —y /__
Vie I~ S% /
fcas fcas leas
T \ &:]/_»_Ax —
Vie tcp —
Lask lasc 1asC
| tase |
(RaH tcan Tean tean
Vin 3 Va
Add Row Col Col. Col.
ress Add. Add. Add. /A Add
ViL
twes WCS twes
IWCH. 1WeH LWCH
. Vin
WE \
Vie K 1 AN 1 <
| s s
D 1DH
pu— .—.I
Vin
Din Valid © Valid ]
. Data K Data
Vi
Dout Von High Impedance o
VoL
® PAGE MODE READ MODIFY WRITE CYCLE
LRAS 1kr
RAS X
My 1‘ —

trey

LRCD leas ter
= N
Tas N ,Z
tak
task
tasc
umn A
Address \ddress

tean

Ltewt

TN/ \

Column N
Address)

{
! Calumn
( \ddres.

X

Lhwh

tres

( E
‘—I 'L “m)r

twp

WRITE

tus

o

Din

Valid
Data

Valid

e e

tRac

Dout
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HM50257-12,HM50257-15,
HM50257-20,HM50257P-12,
HM50257P-15,HM50257P-20

HM50257CP-12HM50257CP-

HM50257CP-20

262144-word X 1-bit Dynamic Random Access Memory

B FEATURES

Industry standard 16-pin DIP, 18-pin PLCC

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

@ PIN ARRANGEMENT

® HM50257/P Series ® HM50257CP Series

15,

HM50257 Series

(DG-16B)

HM50257P Series

Ll

(DP-16A)

U Din  As Vss CAS
M e 16| Vss 7 1 18 17
Din| 2 15 | CAS
WE| 3 14 | Dout we [ 16[] Dowr
Ras (s 13| A mms [ 5[] s
ne [1s 14 ne
Aol 5 EAJ ]
a0 16 13[] As
AzE 1] A il ] a
A 7 10 | As
VCCE 9 1A g 9 10 1
A Vee A1 As
(Top View) (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

@G HITACHI

HM50257CP Series

-

(CP-18)
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HMS50257-12, HM50257-15, HM50257-20
HM50257P-12, HM50257P-15, HM50257P-20
HM50257CP-12, HM50257CP-15, HM50257CP-20

B BLOCK DIAGRAM

‘ a;Rag% J
— Data-In Shift reg & Switches —~{Data-Out
WE H Buf fer Buffer
WE o-{ Clock
Generator| -
[ Din Main Amps Dout
CAS 3 |g
CASe{Clock (=4 S| .8
Generator] o % =]
M.emnry NEI. Memory
{ Array QZ a QE Array
g E|E
RAS <|3|<
RAS{Clock  [—-or| ISk
Generator| S |8
Row Row
Decoder Decoder
Ag ol arg|
8 ac8| P -
2 1
Sluls
A7 o Olg|O
c|Blo
Address Memory 2|23 Memory
Buffers Array w E s Array
& &
E(Z|E
<|3|<
Ao o 5|91 g
b 3
& oe]

ar0-ar7, ac0-ac7

& ABSOLUTE MAXIMUM RATINGS

Voltage on any pin relative to Ves v ov i -1V to +7V
Operating temperature, Ta (Ambient) . . ... ... .. 0°C to +70°C
Storage temperature .. ........... (Cerdip) -65°C to +150°C
(Plastic) -55°C to +125°C
Short circuit outputcurrent . .. ... .. ... ... ... .. .. 50mA
Power dissipation . ..................... ... . ..., 1w
B RECOMMENDED DC OPERATING CONDITIONS (Ta=0 to +70 ‘C)
Parameter Symbol min typ max Unit Note
Supply Voltage Vee 4.5 5.0 5.5 \ 1
Input High Voltage Vin 2.4 — 6.5 v 1
Input Low Voltage Vi -1.0| — | o8 v 1

Note 1) Al voltages referenced to Vss.

BDC ELECTRICAL CHARACTERISTICS (Ta=0

to +70°C, Vcc=5Vi10%, Vss=0V)

HM50257-12 | HM50257-15 | HM50257-20 .
Parameter Symbol - - - Unit | Notes
min max min max min max
Operating Current (RAS, CAS Cycling : trc=min) Icc, — 83 — 70 — 55 mA 1
Stand by Current (RAS =V, Dout =High Impedance) Icc. — 4.5 — 4.5 — 4.5 mA
Refresh Current (RAS only Refresh, tgc=min) Iccs — 62 — 53 — 42 mA
Standby Current (RAS= V;4, Dout, Enable) Iccs - 10 — 10 — 10 | mA 1
Refresh Current (CAS before RAS Refresh, trc=min) Iccs — 69 — 58 — 45 mA
Nibble Mode Supply Current (RAS= Vi1, CAS Cycling, #vc=min) Iccs - 57 - 48 - 37 mA
Input leakage (0<V,, <7V) I -10 10 —10 10 —10 10 HA
Output leakage (0< V,..<7V, Dout= Disable) Io —10 10 —10 10 —10 10 HA
Output levels High (L.=—5mA) Vou 2.4 Vee 2.4 Vee 2.4 Vee A
Output levels Low (I, =4.2mA) VoL 0 0.4 0 0.4 0 0.4 A%

Notes) 1.

234

Icc depends on output loading condition when the device is selected. lcc max, is specified at the output open condition.
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B CAPACITANCE (Vec=5V£10%, Ta=25C)

HM50257-12, HM50257-15, HM50257-20

HM50257P-12, HM50257P-15, HM50257P-20
HM50257CP-12, HM50257CP-15, HM50257CP-20

Parameter Symbol typ max Unit Notes
X Address, Data-In Cn — 5 1
Input Capacitance
Clocks Cr2 — 7 pF 1,
Output Capacitance Data-Out G — 7 s

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

2. CAS=Vx to disable Dout.

BELECTRICAL CHARACTERISTICS AND RECOMMENDED
(Ta=0 to +70°C, Vec=5V+10%, Vss=0V)" 10. 1D

AC OPERATING CONDITIONS

Symbol | HM50257-12 | HM50257-15 | HMS50257-20 .
Parameter - - - Unit | Notes
min | max | min | max | min | max

Random Read or Write Cycle Time trC 220 — 260 — 330 — ns
Read-Write Cycle Time trwe 265 — 310 — 390 — ns
RAS to CAS Delay Time treD 25 60 25 75 30 100 | ns 7
Access Time from RAS trac — 120 150 — 200 | ns 2,3
Access Time from CAS teac — 60 — 75 - 100 | ns 3,4
Output Buffer Turn-off Delay torr — 30 — 40 — 50 ns 5
Transition Time (Rice and Fall) tr 3 50 3 50 3 50 ns 6
RAS Precharge Time trp 90 — | 100 120 — | ns
RAS Pulse Width IRaS 120 | 10000 | 150 | 10000 | 200 | 10000 | ns
RAS Hold Time trsH 60 — 75 — | 100 — | ns
CAS Hold Time tesn 120 — | 150 — | 200 — ns
CAS Pulse Width teas 60 | 10000 75 | 10000 | 100 | 10000 ns
CAS to RAS Precharge Time terp 10 — 10 — 10 . ns
Row Address Set-up Time tasr 0 — 0 — 0 — ns
Row Address Hold Time tRAH 15 — 15 — 20 — ns
Column Address Set-up Time tasc 0 — 0 0 - ns
Column Address Hold Time tean 20 — 25 - 30 — ns
Column Address Hold Time referenced to RAS tar 80 — | 100 — | 130 — | ns
Read Command Set-up Time tres 0 — 0 - 0 - ns
Read Command Hold Time referenced to CAS treH 0 — 0 - 0 - ns
Write 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
Rrite Command Pulse Width twr 40 — 45 — 55 — ns
Write Command to RAS Lead Time trive, 40 — 45 — 55 — | ns
Write Command to CAS Lead Time tewr, 40 — 45 — 55 — | ns
Data-in Set-up Time tns 0 — 0 — 0 — ns 9
Data-in Hold Time tou 40 — 45 — 55 — ns 8,9
Data-in Hold Time referenced to RAS tDHR 100 — | 120 — | 155 — ns
RAS to WE Delay tri 120 — | 150 — | 200 — | ns
CAS to WE Delay tewn 60 — 75 — | 100 — | ns 8
Read Command Hold Time referenced to RAS tRRH 10 — 10 — 10 — | ns
Refresh Period trEF - 4 — 4 — 4 ms
CAS Setup Time tesk 10 — 10 — 10 — | ns
CAS Hold Time (CAS before RAS Refresh) tcHR 120 — | 150 — | 200 — | ns
RAS Precharge to CAS Hold Time trrc 0 — 0 — 0 — | ns
Nibble Mode Access Time tyac — 25 — 25 — 35 ns
Nibble Mode RAS Cycle Time tNrG” 390 — | 460 — 590 — ns
Nibble Mode RAS Pulse Width ivha 290 — | 350 — | 460 — | ns
Nibble Mode Cycle Time txe 55 — | 60 - 80 - | ns
Nibble Mode CAS Precharge Time txer 20 — 25 — 35 — | ns
Nibble Mode CAS Pulse Width txea 25 —| 25 — | 3 — | ns

@ HITACHI
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HM50257-12, HM50257-15, HM50257-20
HM50257P-12, HM50257P-15, HM50257P-20
HMS50257CP-12, HM50257CP-15, HM50257CP-29

. IIMS()ZS?-]Z* HM50257-15 HM50257-20 .
Parameter Symbol - - - Unit | Notes
. . mm max min max min max
Nibble Mode RAS Hold Time - tisi 40 - 45 55 ns
Nibble Mode CAS to WE Delay tyewn 20 25 35 ns
Nibble Mode Write Command to CA,S, Lead Time YA 20 25 35 ns
7ﬁibb]e Mode Write Command to RAS Lead Time INRIL 40 45 55 ns
Nibble Mode Write Command Pulse Width Izwp 20 25 35 ns
7Nibble Mode Read Write Cycle Time Ivrwe 75 90 120 ns
VNibh]e Mode Read Write CAEVVPulse Width INCas 45 55 - 75 ns
Notes
1. AC measurements assume /7= Sns. 8. twes, towp and IR wp are not restrictive operating
2. Assumes that trep < trep (max). If tgep is greater parameters.
than the maximum recommended value shown in this They are included in the data sheet as electrical
table, g 4 ¢ €xceeds the value shown. characteristics only; if tycg > twcs (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 tpop 2 tpcp (max). entire cycle; if tcyp 2 towp (min) and tgyp 2
S. topp (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 output voltage output will contain data read from the selected cell; if
levels are not referred. neither of the above sets of conditions s satisfied the
6. Vg (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 ¥z and Vpy. 9. These parameters are referenced to CAS leading edge
7. Operation with the trcp (max) limit insures that in early write cycles and to WE leading edge in delayed
tR A (max) can be met, tgrcp (max) is specified as a write or read-modify-write cycles.
reference point only; if trcp is greater than the 10. An initial pause of 100us is required after power-up
specified fpep (max) limit, access time is controlled then excute at least 8 initialization cycles.
exclusively by tcac. 11. At least, 8 CAS before RAS refresh cycle are required

before using internal refresh counter.

@ TIMING WAVEFORMS
©READ CYCLE

tre
B
RAS e tar
[ R Dt [Rsn—-l
tcrp
tesw
— t
o N/
tar
LASR IRAH Lasc Lean
N
Address Rong Column
| Ve Mddross
RCS tRCH
WRITE /‘ N
teac

tR4c

Dovut High Impedance

< Valid Data
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® WRITE CYCLE

HM50257-12, HM50257-15. HM50257-20

HM50257P-12, HM50257P-15, HM50257P-20
HM50257CP-12, HM50257CP-15, HM50257CP-20

=
>
|

l

\ tre

)
—

lesw

ERWL —————y

N

\ tess

1

tran

tean
—o] | fe—

tewl

& F X
Address Row f Column
(_ Address A Address
twer
|
twes - then
e f— —
WRITE \ - /7
tnHR
ins e LD H ]
Din 4
Valid Data
N Z
Dout High Impedance

® READ MODIFY WRITE CYCLE

RAS R

N

tRWC

tras
LRP e

treo

tRwL
tea
CAS R &
e L CW L. ]
tar
task tran tasc tean
b sef et
Address £Rnw 3 4 Column 3
§\d<|ruw 7 N Address 7
LRCS
p——tcwp
WRITE
v trw *lwp.‘/
_./ ;
tps
1DH
Din Valid
Data A
F—-—lur———"
tRAC —— torr
Dout High Impedance /

Valid Dava

N
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HM50257-12, HM50257-15, HM50257-20
HM50257P-12, HM50257P-15, HM50257P-20
HM50257CP-12, HM50257CP-15, HM50257CP-20

®RAS ONLY REFRESH CYCLE

R

IRAS |

R

tere

- tRPC
Vin i

CAS i N
Vin.

task
el

= hAH
Vi
Neldress Row Address ><
Vi

* Refresh Address Ao—A7 1ANo—AN7)

Von High Impedance

Dout
Vou

® HIDDEN REFRESH CYCLE

1R¢
IRas R4S , IR4S 1R
Vin —\ (Read ! (Refresh 1 (Refresh !
RAS N
¥ |\
tar
IRCD feas |
Vin
o b | fcHr | "
CAS X
Vi, fask ase| 55
tcan i
IR3H,
Vi L \ 5 N
Adddross Row Col. §< @C
It Add. A\dd._7 s A
IRes tRCH
T
Vin (¢
WE j‘ )§
Vi, ————— feag IRRH
Ihac torF,
Von % -5
Dout —Q Valid Data
Vor I I\
—
®CAS BEFORE RAS REFRESH CYCLE
IRP N iRAS oL trP | IRAS
Vin
RAS /1
Vie
tRPC 1cHR
tesk
— Vin
CAS
Vie
Vin
Address
Vi Don't care
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HM50257-12, HM50257-15, HM50257-20
HM50257P-12, HM50257P-15, HM50257P-20
HM50257CP-12, HM50257CP-15, HM50257CP-20

® COUNTER TEST

tRP
— Vi y
RAS
ViL (Refresh) (Read/Write)
ICHR icas
R Vin
CA x
ViL R—_————-
(1ASC
tCAH.
Vin
Address Don't (As) Column
ViL care Address
twe IRCH
twes
twp tRRH
Vin o~ ——————~ -
WE 1 / X
/| AN
VIL e e o e o o e = 7 O N—— N
Dotted line means read cycle. RCS
o NIBBLE MODE READ CYCLE
INRC
INRA
Vi — r
s N /
Vi R N 7
tne
tcas INRSH
tnca
Vin - ~\ —
@S N\ ) N '
. K NCP
Vie tra .
1ASC
14SR fcaH
Vin
. Row Col.
Address Add. Add.
Vi
(RCH
IRCS!
Vin
WE
Vi
Von /" valid
Dout ) Data
Vor
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HM50257-12, HM50257-15, HM50257-20

HM50257P-12, HM50257P-15, HM50257P-20
HM50257CP-12, HM50257CP-15, HM50257CP-20

® NIBBLE MODE WRITE CYCLE

2l

=
7

~
3
=

Address

Din

Dout

Vou

Voo

. INRC .
INRA ﬁjﬂL
B(
lcas
E:]Z
{Ran
145C
tasr tean
Row Col.
Add. Add.
twes
twes ew
we HCH

High Impedance

& NIBBLE MODE READ MODIFY WRITE CYCLE

240

RAS

2

~
o
7l

Address

Din

Dout

Vo

Vor

R4S
N 7
tRCD leas INRWC |
— Z —
- 7 y
tRAK L
Il tasc inep INCAS
1ask |
tean
D N
Row Col.
Add. A Add.
tewe INCWL INCWL
tNewp INRWL

s
UI_H|__ ] {01
X
Valid Valid Valid
Data Data Data

teac
RAC

N4
alid
ata

v Valid Valid Valid
D Data Data Data

¢
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HN61364P,HN61364FP

8192-word x 8-bit Mask Programmable Read Only Memory HN61364P

The HNG61364P/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.

® FEATURES

(DP-28)

@ Fully Static Operation HN61364F P

® 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-541

® Pin Compatible with EPROM

= PIN ARRANGEMENT

®2 BLOCK DIAGRAM @ HN61364P
A0 ]
3;3 E j :E‘;’ NC[1] 28)Vee
— lemory 3-State | -
— atrix utput [— A2 = *
FE o B e = 2] 2710k,
Q;: Decoder — A’E EOEz*
= NE B
Ar2— Asls]| 24] A
B NG e
ISEQE} * Active level defined by the user ! A
As[7] [22]OE*
o ABSOLUTE MAXIMUM RATINGS A, 8] 21] Avo
Item Symbol Value Unit A[9] 20jCs*
Supply Voltage* Vee -03to +7.0 \'/ Ao[10) [19] D5
All Input and Output Voltage®| VT -03to +7.0 \' Do [11] 18] Do
Operating Temperature Topr -20to +75 °C D,[12 17D,
o
StoragTe Temperat:r; ;stu —55 to +125 oC D, [13] [16] D
y y ; . _ +
Storage Temperature (under Bias) bias 20 to +85 C Ves[ia] 1D,
* with respect to Vg —
(Top View)
8 RECOMMENDED DC OPERATING CONDITIONS
Item Symbol min typ max Unit ® HN61364FP
Supply Voltage » Vee 4.5 5.0 5.5 \Y%
-0. - . v
Input Voltage * 42 0.3 08
Operating Temperature | I opr -20 - 75 °C

* with respect to Vss
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——HN61364P, HN61364FP

® ELECTRICAL CHARAGTERISTICS (Ve = 5v+10%, Vgs =0V, T, =—20to +75°C

Item Symbol Test Condition min typ** | max Unit
Input High-level Voltage Vin 22 1 - Vce v
Input Low-level Voltage Vio 0.3 - 0.8 | v
Output High-level Voltage Vou |Ion=—205uA 24 | - - v
Output Low-level Voltage Vor |lopL=3.2mA - 04V
Input Leakage Current Iy, Vin=0to 5.5V . 2.5 uA
Output High-level Leakage Current | I op | Vou =24V, CS=0.8V, CS=2.2V - - 10 uA
Output Low-level Leakage Current | I;op | Vout=0.4V, CS=0.8V, CS=2.2V -~ - 10 A
Supply Current Active I * | Vees55V. Jout-OmA. tre ‘min.duty 1007, - 10 25 | mA
Standby Isp Vee=5.5V, CS2V -0.2V, CS20.2V - 1 30 A
Input Capacitance Cii ¥ i - . - - o ToF
Output Capacitance ou i Vin=0V, f=1MHz, To=25°C I . 15 l :F
* Steady state current  ** Vo =5V, T, = 25°C
*¥% This parameter is sampled and not 100% tested.
= RECOMMENDED AC OPERATING CONDITIONS (READ SEQU ENCE)
(Vec=5V+10%, Vss=0V, Ta=—20 to +75°C, t,=t,=20ns)
Item Symbol min max Unit
Read Cycle Time trc 250 - ns
Address Access Time tan - 250 ns
Chip Select Access Time tacs - 250 ns e AC TEST LOAD
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 toLz 10 - ns S O0Vt¥ee)
Chip Deselection to Output in High Z teuz® 0 100 ns Ry=24ka
Chip Disable to Output in High Z touz™ 0 100 ns Test Point
Output Hold from Address Change toH 10 - ns 130pk ke
*  tcyz and tOHZ defines the time at which the output achieves the open circuit L
condition and is not referenced to output voltage levels.

s TIMING WAVEFORM
e Read Cycle (1)

I

IRC -

Address *

Notes) 1. t,=t;=20ns
2. C. includes jig capacitance.
3. All diodes are 1S2074®.

-1 | NOTES:

SANNY

N

Dout

e Read Cycle (2) Notes 1,3

17 T —————
Address * J
faa -
YT -1 —loH—

Dout

e Read Cycle (3) Notes 2,3

55——*

TACS | feHz,
—lcLz
Dout

©® HITACHI

1. Device is continuously selected.
. Address Vaild prior to or coincident

with CS transition low.
OE =V

. Input pulse level: 0.8 to 2.4V
. Input and output reference level:

1.5V
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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

® Fully Static Operation (DP-24)

@ Automatic Power Down

® Single +5 Volt Power Supply BEPIN ARRANGEMENT

® Three-State Data Output for OR-Ties ——

©® Mask Programmable Chip Select A’E Vee

® TTL Compatible as[Z] (73] As

® Maximum Access Time; 250ns ASE EM

@ Low Power Standby and Low Power Operation; Standby 5uW a1 @
(typ.), Operation 50mW (typ.) w[E] E]cs—

® Pin Compatible with EPROM

AzE EAm
w 7] [18] an

BBLOCK DIAGRAM NG T
Ao —f De[3] [16] o
A ——— 5 1Y D E EDS
Ay —of D

Ay ——d Memory 3-State ————— D DZE ED‘
Ac— Address Matrix Output D, v

= —> E .
yp— Decoder (8192%8) Buffers D

Ar ——d D¢ (Top View)

As —f > Dr

Ay —
Aro —of

Art —f

Az =

*CS ’—l

* Active level defined by the user

EABSOLUTE MAXIMUM RATINGS

Item Symbol Value Unit
-gupply Voltage* Vee —0.3 to +7.0 \Y
All Input and Output Voltage* vy —0.3 to +7.0 \'
Operating Temperature Topr —20 to +75 ‘C
;torage Temperature Tue —55 to +125 °C
§‘Fi\ra§S_>Temperature (under bias) Toiaa —20 to +85 C

* with respect to Vss
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HN61365P

B RECOMMENDED DC OPERATING CONDITIONS
Item Symbol min typ max Unit
Supply Voltage * Vee 4.5 5.0 5.5 \Y
Input Voltage® Vie —0.3 — 0.8 v
nput Totase Vin 2.2 — Ve v
Operating Temperature T.,, —20 - 75 °C
% With respect to Vss
BELECTRICAL CHARACTERISTICS (Vec=5V £10%, Vss=0V, Ta=—20 to +75C)
Item Symbol Test Conditions min typ** max Unit
Input Volt Vin 2.2 — Vee \
nput voltase Vi —0.3 — 0.8 v
Vou Ton=—205¢A 2.4 - — A%
t Volt
Output Voltage Vo | lor=3.2mA - — 0.4 v
Input Leakage Current I Vin=0~5.5V — — 2.5 HA
Iion — Vou=2.4V — — 10 HA
=0.8V, CS=2.2V
Output Leakage Current Tood CS=0.8 Vom0.4v — — 10 Py
Active Supply Current Icc* Vee=5.5V, Iour=0mA, e =min, duty=100% — 10 25 mA
Stand by Supply Current Isg CS=Vec—0.2V, CS=0.2V, Vec=5.5V — 1 30 KA
i Cin*** — — 10 F
Input Capacitance Va—QV, f=1MHz, Ta=25C p
Output Capacitance Cou*** — — 15 pF
+ Steady state current +x Voc=5V, T.=25C +++ This parameter is sampled and not 100% tested.
B RECOMMENDED AC OPERATING CHARACTERISTICS
®READ SEQUENCE (Vec=5V£10%, Vss=0V, Ta=—20 to +75°C, t,=1,=20ns)
Item Symbol min max Unit
Read Cycle Time tre 250 — ns
Address Access Time tas — 250 ns
Chip Select Access Time tacs — 250 ns
Chip Selection to Output in Low Z tcrz 10 — ns
Chip deselection to Output in High Z tcuz * 0 100 ns
Output Hold from Address Change tou 10 — ns
* {cuz defind the time at which the output achives the open circuit condition and is not reference to output voltage levels.
®READ CYCLE (1) ® AC TEST LOAD
Address )( )( 5.0V.(Vee)
s Ry =2.4kQ
Test Point
on
130pk 11k
@ \\‘ 4
== : .
Dout
@®READ CYCLE (2) (Notes 1) . Notes) 1. t,=t;=20ns.

Address

_X

ton

—

tacs

@ HITACHI

2. C. includes jig capacitance.
3. All diodes are 1S2074®.

Notes)

1.
2.

3.
4.

Device is continuously selected

Address Valid prior ta or coincident with CS
transition low.

Input pulse level : 0.8 to 2.4V

Input and output timing reference level : 1.5V
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HNG61366P

8192-word X 8-bit Mask Programmable Read Only Memory

The HNG61366P is a mask-programmable, byte-organized memory
designed for use in bus-organized systems.

To facilitate use, the device operates from a single power supply, has
compatibility with TTL, and requires no clocks or refreshing because of
static operation.

The active level of the OE input and the memory content are defined
by the user.

B FEATURES
® Fully Static Operation

® Single +5V power supply

® Three-State Data Output for OR-Ties (DP-24)

® Mask Programmable OQutput Enable

® TTL Compatible EMPIN ARRANGEMENT

® Maximum Access Time; 250ns

® Low Power Operation; 50mW (typ.) A7Er—\-/— i

® Pin Compatible with EPROM w[T] .

EBLOCK DIAGRAM #s[3] [22] s
f | 4] [21] A
: ] :lp.» Aa[5] [20] OF*
- Meves A I NG me
2: I*:g;::i (8192x8) Beffers :& A E ]—_X]AH
ﬁ;: ____g no 8] [17] 0

-] 0o [9] [16]Ds
:; D1 [10] [15] s
s [11] [14] 4

YOr > vss 1z [13]os

(Top View)
* Mask programmable

* Active level defined by the user.

B ABSOLUTE MAXIMUM RATINGS

Item Symbol Value Unit
Supply Voltage* Vee —0.3 to +7.0 A
All Input and Output Voltage® vV, —=0.3 to +7.0 v
Operating Temperature Tope —20 to +75 ‘C
Storage Temperature Tute —55 to +125 ‘C
Storage Temperature (under bias) Thiae —20 to +85 °C

* With respect to Vss

EBRECOMMENDED DC OPERATING CONDITIONS

Item Symbol min typ max Unit

Supply Voltage* Vee 4.5 5.0 5.5 \Y
Input Voltage* Vi ~0.3 — 0-8 v
VIH 2.2 - VCC V

Operating Temprature Tope —20 — 75 °C

* With respect to Vss
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HN61366P

BELECTRICAL CHARACTERISTICS (Vec=5V£10%, Vss=0V, Ta=—20 to +75°C)

Item Symbol Test Conditions min typ** max Unit
Input Volt Vin 2.2 — Vee v
nput Yottage Vi ~0.3 B 0.8 v
“Vou Ton=—2051A 2.4 — — \Y%
Output Volt
uput Tottage Voo | loi=3.2mA — — 0.4 v
Input Leakage Current I Vin=0~5.5V — — 2.5 HA
Tion — Vour=2.4V — — 10 HA
Output Leakage C t OE=0.8V, OE=2.2V
utput Leakage Curren Tioe Vorr—0.4V — — m A
Operating Supply Current Icc* Vec=5.5V, Iyr=0mA, frc =min — 10 25 mA
Input C it Cin*** — — 10 F
nput Lapaciiance — | V.=0V, /=1MHz, Ta=25C L2
Output Capacitance Cou — — 15 pF

* Steady state current se Voc=5V, T,=25C
% % * This parameter is sampled and not 100% tested.

B RECOMMENDED AC OPERATING CONDITIONS

®READ CYCLE (Vcc=5V+10%, Vss=0V, Ta=—20~+75C, t.=i,~20ns)

® AC TEST LOAD

5.0V(Vec)
Item Symbol min max Unit Ru=2.4kQ
Read Cycle Time tre 250 — ns .
Test point
Address Access Time taa — 250 ns
N 130pF 11kQ
Output Enable to Output Valid tor — 100 ns
Output Enable to Output in Low Z torz 10 — ns
Output Disable to Output in High Z tonz* 0 100 ns e -
Output Hold from Address Change ton - 10 — ns Notes) 1. t.=t;=20ns

% tou, defines the time at which the output achieves the open circuit condition and is not reference to output voltage levels.

B TIMING WAVEFORM
®READ CYCLE (1)

¢

1
2. C. includes jig capacitance.
3. All diodes are 1S2074®.

Address >

AL

NN 7

N

ok

po-—loLz

o

e

-tonz

Dout

®READ CYCLE (2)N*e V)

Address

N

t p

ton ——m=]

Dout

Note) 1. OE=Vy,

2. Input pulse level : 0.8 to 2.4V
3. Input and output timing reference level : 1.5V

@ HITACHI
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HN613128P, HNG613128FP

16384-word X 8-bit Mask Programmable Read Only Memory
The HNG613128P/FP is a mask-programmable, byte-organized
memory designed for use in bus-organized systems. To facilitate use,

the device operates from a single power supply, has compatibility
with TTL, and requires no clocks or refreshing because of static ope-
ration. The active level of the CS, 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.

B FEATURES
Fully Static Operation

Automatic Power Down

Single +5-Volt Power Supply

Three-State Data Output for OR-Ties

Mask Programmable Chip Select, Output Enable

TTL Compatible

Maximum Access Time; 250ns

Low Power Standby and Low Power Operation;
Standby: 5uW (typ.)
Operation: 50mW (typ.)

@ Pin Compatible with EPROM

E# BLOCK DIAGRAM

AQ =
Al— Do
A2 — F——— D1
A3 Memory 3-State g;
A — Matrix Output [
A5 ——  Address (16384 X8) Buffers b
A6 ——  Decode
A7 —— }—— D6
A8 b——— D7
v —
Al —
All
Al2
Al3
* cs—’* 1
* Ok
* oa@‘
* Active level defined by the user.
B ABSOLUTE MAXIMUM RATINGS
Item Symbol Value Unit
Supply Voltage* Vee —0.3 to +7.0 \
All Input and Output Voltage* Vi —0.3 to +7.0 \Y%
Operating Temperature Range Topr —20 to +75 ‘C
Storage Temperature Range Toe —55 to+125 °C
Storage Temperature Range (under bias) Thae —20 to +85 ‘C
* With respect toVyy.
H RECOMMENDED DC OPERATING CONDITIONS
Item Symbol min. typ. max. Unit
Supply Voltage * Ve 4.5 5.0 5.5 \
Vel . Vi -0.3 - 0.8 \
Input Voltage Vin 22 — Vee v
Operating Temperature Tope -20 - 75 C

* With respect to Vi,

248 B HITACHI

HN613128P

(DP-28)

HN613128FP

(FP-54)

BPIN ARRANGEMENT
®HN613128P
Y%

Ne [ Vee
A1z E 27] OE: *
A7 E E Az
As E E As
ASE 24| Ag
A4E EAH
A [7] [22] Oy *
Az E E Ao
A 9] 20]cs
Ao @ ED7
Do [_l_l_ EDG
Di E EDS
D2 E EDA

" vss[14 EDJ

(Top View)
®HN613128FP

D Ds s Dy Dy VssD D Do Ao

GIEE@ANHREEE




HN613128P, HN613128FP

B ELECTRICAL CHARACTERISTICS (Vec=5.0V+10%, Vss=0V, Ta=—20to +75°C)

Item Symbol Test Condition min typ*® | max Unit
Input High-level Voltage Viu 2.2 - Vee \
Input Low-level Voltage Vi -0.3 - 0.8 \Y
Output High-level Voltage Vou Tow=—2054A 2.4 - — A
Output Low-level Voltage VoL Io.=3.2mA - - 0.4 \
Input Leakage Current L. -=0 to 5.5V - - 2.5 HA
Output High-level Leakage Current Iion Vo =2.4V,CS =0.8V,CS=2.2V - - 10 HA
Output Low-level Leakage Current Ioc V=0.4V,CS =0.8V,CS = 2.2V - - 10 HA
Supply Current (Active/Standby) Il L |Vec=55V, bovr=0mA, ke=min, duty=100%/CS2 Vec ~02V,CS£0.2V — | 10/1 | 25/30 |mA/#A
Input Capacitance Co*** | Viu=0V, f=1.0MHz, Ta=25C - - 10 pF
Output Capacitance Cou* **| Via =0V, f=1.0MHz, Ta=25C - - 15 pF
* Steady state current ss Vec=5V, T.=25C
% % % This parameter is sampled and not 100% tested.
B RECOMMENDED AC OPERATING CONDITIONS (READ SEQUENCE)
(Vee=5.0V+10%, Vss=0V, Ta=—20 to +75°C,All timing with t, =1 = 20ns)
HN613128P
Item Symbol - Unit
min max
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 teez 10 - ns
Output Enable to Output Valid toe - 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
% teus and tons defines the time at which the output achieves the open circuit condition and is not reference to output voltage levels.
M TIMING WAVEFORM
® READ CYCLE(1)
e e AC TEST LOAD
Address >( >(
" 5.0V (Vo)
R =24k
OF \ \‘\ 7[ / /Z Test Point
fok toh 130pk 11k
= N £y / 1
tacs zcn?“ i )
tcLz
X0
Notes) 1. t,=t;~20ns.
@ READ CYCLE(2) (Notes 1,3 3R Bt e ST,
thc
rddress ) )( NOTES:
- - 1. Device is continuously selected.
o — o 2. Address Valid prior to or coinciden
with CS transition low.
. ) 3. OE=VIL.
4. Input pulse level: 0.8 to 2.4V
5. Input and output reference level

® READ CYCLE (3) (Notes 2,3)

N

tACs

tchz

tcLz

Dout

)

@ HITACHI
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HN61256P, HNG61256FP

32768 < 8-bit or 65536 <X4-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.

B FEATURES

® Mask-programmable selection of either 4-bit or 8-bit organization

® Three-state outputs, can be wire-ORed.

® One mask programmable chip select terminal facilitates memory
expansion.

® A single 5V power supply (£10%)

® Low power consumption: Operation 7.5mW (typ.),
Standby 5uW (typ.)

® TTL compatible

® Access time: 3.5us (max)

i BLOCK DIAGRAM b — ey
2
t !
l 3-State Buffers I’—
. 1 i
. ET—
f t
| — ‘“I Y-Decod
™ | coder l-—-‘
I 't |
A | CS Control | B
Memory Array
X Decoder [
(Ass) Poum— —1 262144 bits
1 t

CE ‘1 l 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 Ds.
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HN61256 P

(DP-28)

HN61256FP

(FP-54)

EPIN ARRANGEMENT

O®HNG61256P
NC(Als)‘ZE (28 ] vee
A E 27 ] Au
m[] % cs*
A - 25 ] As
NN 24 ] Ay
o] 23] A
As E 22 | cEn
m[F ] 2] Aw
A E 20 | An
Ao L_]Z 19 | D7
Do E 18 | Ds
0 E 17 ] Ds
n [ 13 16 ] 0
vss |14 15 | Dy
(Top View)
®HNG61256FP

(Top View)

* 1. Active level defined by user
* 2. Upper address of 4 bit organization.



B ABSOLUTE MAXIMUM RATINGS

Item Symbol Rating Unit
Supply Voltage* Vee —0.3~+7.0 v
All Input and output Voltage* 1y -0.3~ 1., \
Operating Temperature Range Topr 0~+75 R
Storage Temperature Range T —55~+4+125 ’C
Bias Storage Temperature Range Thias -20~ +85 C

Note : * Referenced to Vss.

B ELECTRICAL CHARACTERISTICS
(Vec=5V=£10%, Vss=0V, Ta=0~+75C)

-~HN61256P, HN61256FP

Item Symbol Test Condition min typ** max Unit
Input “High” Level Voltage Viu 2.4 - :_4_‘_ ;V:” ’; __\
Input “Low” Level Voltage Vic 0 08 v
Output “High” Level Voltage Vou Ton=—1001A 2.4 : %
Output “Low” Level Voltage Vou Ioo=1.6mA - 0.4 | \
Input Leakage Current 1. V.=0~5.5V - 25 HA
Output “High” Level Leakage Current Iion CE=0.8V Vo =2.4V - 5 BA
Output “Low” Level Leakage Current Ien CE=2.4V Vou =0.4V i - 5 HA
Supply Current In stand-by Ise ‘E%g‘o‘&‘i;:’?"):‘:' Veo=5 .5V i - 1 30 HA
In operation Iec* e a0 . - 1.5 3.0 mA
Input Capacitance [OPR V=0V, f=1MHz, Ta=25C - - 10 pF
Output Capacitance Cu """ - - J 12.5 pF
* Steady state current s Voo =5V, T.=25C
* % * This parameter is sampled and not 100% tested.
B AC OPERATING CONDITION AND CHARACTERISTICS
® READ SEQUENCE (Vcc=5V+10%, Vss=0V, Ta=0~+75C, t,=t,=20ns)
Item Symbol min max Unit
Read Cycle Time 1 re 4.0 - s
Address Access Time taace - 3.5 Hs
Chip Enable Access Time teacc - 3.0 Hs
Data Hold Time from Address tor* 0.05 0.5 Hs
Address Set-up Time tas 0.5 - Hs
Address Hold Time tan 0 - Hs
Chip Enable ON Time (24 3.0 - Hs
Chip Enable OFF Time tee 0.5 - Hs
* 1 defines the time at which the output achieves the open citcuit condition and 1s not reference to output voltage levels
|- ! ® AC TEST LOAD
1 5.0V(Vec)
: Re=2.4kQ
! Test point
30pF 11kQ
Notes : 1.t~ =~20ns.
2.C. includes jig capacitance.
3.All diodes are 1S2074@®.
251
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HNG613256P, HNG613256FP

32768-word x 8-bit Mask Programmable Read Only Memory

The HN613256P/FP is a mask-programmable, byte-organized memo- HN613256P
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. (DP-28)
@ FEATURES HN613256FP
@ 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 (FP-54)
® Low Power Standby and Low Power Operation; = PIN ARRANGEMENT
Standby 5uW (typ.), Operation 50mW (typ.) o HN613256P
@ Pin Compatible with EPROM il T @re
A2 7.
8 BLOCK DIAGRAM A0 =T
g 4] S
ﬁ?_ DO A] 21l
A2— D1 €] EA..
ﬁ?t: Memory 3-State _gg AT o
As—] Matrix Ou?gut | Da 5] o
A6—] Address (32,768 %8 Buffer —Ds A9 [o)cs
ﬁg_‘ Decoder . ) ___gg T o]0
A9—] o,[17] [ig] o,
AlO: o,[i2} 7] 0.
2;;_ D,[13] lié] 0.
A13—] ves[ia) 5] o,
A14—] -
*CS—P- Dy (Top View)
*OE—P>

* Active level defined by the user. | HNG13256FP

8 ABSOLUTE MAXIMUM RATINGS

Item Symbol Value Unit
Supply Voltage* Vee -0.3 to +7.0 A\
All Input and Output Voltage* vr -0.3 to +7.0 v
Operating Temperature Range Topr | —20to +75 °C
Storage Temperature Range Tstg —55 to +125 °C
Storage Temperature Range (Under Bias) | Thias —20to +85 °C

49]A,

[,

[ NC
[&]NC
[S]ne
[43] NC
[@3) NC
[43] NC

4} NC
40] NC
éNC
58] NC
57 NC
[36] NC
[55) NC
[31A.

*With respect to Vgs
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
Viu 2.2 - © Vee
Operating Temperature Tope —20 - 75

Vec NCA,, A, A,

Input Voltage* (Top View)

al<l<

* With respect to Vss.
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HN613256P, HN613256FP

® ELECTRICAL CHARACTERISTICS (V¢ =5.0V£10%, Vsg = 0V, T, = —20 ~ +75°C)

fcLz
Dout

G HITACHI

Item Symbol Test Condition min ty;* max | Unit
vV 22| - |V
Input Voltage H cc| V
ViL -03| - {08 \'
V, = -205 uA 24| - -
Output Voltage OH fon 05 u v
VOL IOL= 3.2 mA - - 0.4 v
Input Leakage Current Iin Vin=0~5.5V - - 25| uA
I — Vout = 2.4V - - 10 A
Output Leakage Current LOH | cg=0.8v,C8 =22V | rout=24 a
ItoL Vout = 0.4V - - 10 | A
i Icc* Vee = 5.5V, I, = 0mA, tpe = min, duty = 100%.| — 15
Supply Current Active cc cC out mA Tre = ML, T4 2 30 | mA
Standby Isp Vec=5.5Y,CS 2 Vee —0.2V,CS £ 0.2V - 1| 30 | uA
Input Capacitance Cip ¥** N - - 10 | pF
Vin= =1MHz, T,= C
Output Capacitance Cout*** | " ov.f a=25 - |- | 15 | pF
* Steady state current ##% This parameter is sampled and not 100% tested.
** Voe=5V, T4=25°C
= RECOMMENDED AC OPERATING CONDITIONS (READ SEQUENCE)
(Vee=5V+10%, Vss=0V, Ta=—20~+75°C, t,=t;=20ns)
Item Symbol| min max Unit
Read Cycle Time tRC 250 - ns
Address Access Time tAA - 250 ns
Chip Select Access Time tACS - 250 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 Output 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
s fenz and fonz defines the time at which the output achieves the open circuit
condition and is not reference to output voltage levels.
s TIMING WAVEFORM
e READ CYCLE (1) ® AC TEST LOAD
Address )( ( i 50V( Vec)
e A S Ri=24K0
OE K, [/
ToE ton Test Point
[SIANNY 2 '/
tacs 'oHz - 130pF * 11kQ
oLz — 1CHZ 4
Dout T
o READ CYCLE (2) (Notes 1, 3) - E—
IR o O =
Address )( Notes I'1. t.=t;=20ns
o fan | fon 2. C. includes jig capacitance
3. All diodes are 1S2074®
Dout
NOTES:
e READ CYCLE (3) (Notes 2, 3) 1. Device is continuously selected.
CS T\ 2. Address Valid prior to or coinci-
N _ dent with CS transition low.
ACS fchz 3. OE = VIL‘
4. Input pulse level: 0.8 to 2.4V
S

. Input and output reference level:

1.5V

253



HNG62201P Preliminary

65536-word x 16-bit CMOS Mask Programmable Read Only Memory

s FEATURES
® Single +5V Power Supply
® Three-state Data Output for OR-ties
® Mask Programmable Chip Enable
@ TTL Compatible
® Maximum Access Time: 3.5 us
® |Low Power Standby and Low Power Operation; Standby 50 uW
(typ.), Operation 20 mW (typ.)
(DP-40)
EBLOCK DIAGRAM B PIN ARRANGEMENT
e Do n ~ 0] v
$ t
I 3-State Buffer ]+ e I: o
’ t \r 3 A An
l Latch jd "
s 1 N s
- , , C @
! l Y-Decoder I« \ I: il
]
! CE Cannend bt ‘o N E I] A
i — Memory Array N
¥ Array . s
_.| \-Decoder I, 104857 bits | e E ‘
. IR
’ ’ \2 E 14
[ “Timing Generator ) | o
v
* Active level defined by the user Ao flo S R
Do E 0 |
E ABSOLUTE MAXIMUM RATINGS - | i
[
B [tem 5,\'l:ﬂb()l Value Unit N E . =1
Supply Voltage* Ve 0.3to +7.0 V
All Tnput and outpuf Voltage* by 0.3 to Vec v ¢ E :' b
Operating Temperat Range Tonr 0to +70 °C
‘pcm m’g~ emperature Rang L il 0 _ < N [ :l "
Storage Temperature Range T M to 125 C
Storage Temperature Range (Under Bias) Thras 20to + 85 °C I E e
* with respect to 15y
wi respec I E o .
NOTES: The specifications of this device are subject to change without notice. I E ol P
Please contact your nearest Hitachi's Sales Dept. regarding specifications
Case O CL Vour nearesl 1achi s dales e Pl egarding specitications w E 3\(
= ] N

(Top View)

* Mask Programmable
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EEELECTRICAL CHARACTERISTICS (Vee=5V+10%, Vss=0V, 7. =0~ +70°C)

HN62201P

* fur defines the time at which the output achieves the open circuit condition and is not reference

to output voltage levels.

Address

CE

IRC -l
I—' 1
| |
22V | T
| ) |
08V l '
- | '
| | e !
tas | IF. - |l Ick ;_l
-y | :
|22V l
| | |
| |
| 0.8V \
| ! |
l l LEACC I 1DF
' taacc I '
\ |
= - !
|

Valid Data

@ HITACHI

Item Symbol Test Condition min typ max Unit
: Vi 2.2 Vee v
Input Voltage 1. 0.3 0.8 v
. Vou Jon=—100A 2.4 V
Qutput Voltage Vor | don=16mA RS
Input Leakage Current 111 Vin=0t0 5.5V 2.5 1A
lLon Viur =24V 10 uA
Output Leakage Current CE=08V, CE=22V
Iro. Viou =04V 10 1A
. . Active Iec 5.5V, Luw=0mA, ke =4us - 10 mA
Supply Current ==
Standby Is Vee =55V, CEZ Vee —0.2V, CE£0.2V 50 1A
Input Capacitance C* X 10 PF
R - Vin=0V. f=IMHz, T.=25C - -
Output Capacitance Cout * 15 PF
* This parameter is sampled and not 100% tested -
BRECOMMENDED AC OPERATING CONDITIONS (READ SEQUENCE)
Item Symbol min max Unit ® AC TEST LOAD
Read Cycle Time IS 4.0 - us
Address Access Time face 3.5 us BOVEEee
Chip Enable Access Time teace - 3.0 s to.=2.4kQ
Data Hold Time from Address fr* - 0.5 s Test point
Address Setup Time las 0.5 - us Supl
Address Hold Time Lan 0 s
" Chip Enable ON Time LE: 3.0 - s
Chip Enable OFF Time ter: 0.5 - s
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HNG62101P Preliminary

131072-word x 8-bit CMOS Mask Programmable Read Only Memory

s FEATURES
@ Single +5V Power Supply
® Three-state Data Output for OR-Ties
® TTL Compatible
® Maximum Access Time; 3.5 us
® [ow Power Standby and Low Power Operation;
Standby: 50 uW (typ.), Operation: 20 mW (typ.)
(DP-28)
B BLOCK DIAGRAM BPIN ARRANGEMENT
D ————————————a Do
) \m;E e 28] Vi
4
[ 3-State Buffer J- Az [: E i
3 ' Ar E 2] A
I Taich ]-1
T [} ) " E el B
Decoder s 2]
! I Y- Decode J«
| (ol bt +t \ E 2]
V- Memory Array
- I . l’ L0457 Bits - Y E ZI .
) } A E 3 Ao
b - -
e [ Timing Gonerator I N E :l .
N | I0 [N B
Do E 15 | Du
B ABSOLUTE MAXIMUM RATINGS b II Z] o
[tem Symbol Value Unit
Supply Voltage* Ve 0.3t +7.0 \Y De E 1 f i
All Input and Output Voltage* Vi 0.3to Ve \% U 1o
Operating Temperature Range Topr 0to +70 °C
Storage Temperature Range T 55to 125 °C (Top View)
Storage Temperature Range (Under Bias) Thias 20to +85 °C * Mask Programmable

* with respect to Vss

Notes) The specifications of this device are subject to change with out notice.
Please contact vour nearest Hitachi's Sales Dept. regarding specifications.
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‘HN62201P

B ELECTRICAL CHARACTERISTICS ( Vee=5V£10%, Vss=0V, T. =0~ +70°C)

Item Symbol Test Condition min typ max Unit
Vin 2.2 - Vee v
Input Volt.
fiput Votage Vie “03| — | 08 | Vv
1% Ion=—1001A 2.4 - - \%
Output Voltage il on £
VoL Jor=1.6mA - - 0.4 A%
Input Leakage Current I Vin=0to 5.5V - - 2.5 HA
I Vour=2.4V - - 10 A
Output Leakage Current Lon CE=0.8V,CE=2.2V - “
IroL Vou=0.4V - — 10 A
Active Icc Vee=5.5V, Lu=0mA, kkc=4us — - 10 mA
Supply Current
Standby Isp Vee=5.5V, CE2 Vee—0.2V, CE£0.2V - - 50 ©A
Input Capacitance / Cn* V=0V, - IMHz, Tom25°C - - 10 PF
w=0V, f= z, To=
Output Capacitance Cout® - - 15 PF
* This parameter is sampled and not 100% tested.
BERECOMMENDED AC OPERATING CONDITIONS (READ SEQUENCE)
Item Symbol min max Unit ® AC TEST LOAD
Read Cycle Time tre 4.0 - “s
Address Access Time taace - 3.5 us S.0V(Leet
Chip Enable Access Time teacce - 3.0 s Ri.=24kQ
Data Hold Time from Address tor* - 0.5 us Test point
Address Setup Time tas 0.5 - us
Address Hold Time tan 0 - us
Chip Enable ON Time e 3.0 - us
Chip Enable OFF Time tcr 0.5 - HS
* for defines the time at which_the output achieves the open circuit condition and is not reference
to output voltage levels.
R -l
I 1
| |
22V | T
Address
| ) I
| |
0.8V ! , |
R BT l
tas ! ICE ] '[= ICE :]
| |1 )| |
| | ! |
CE |22V
! | 1]
[ 08v
| |
|
|
|
I
Dout
Valid Data
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HN62301P

131,072-word X 8-bit Mask Programmable Read Only Memory

The HN62301P is a mask-programmable, byte-organized memory
designed for use in bus-organized systems. To facilitate use, the
device operates from a single power supply, has compatibility with
TTL, and requires no clocks or refreshing because of static opera-
tion. The Chip Enable input deselects the output and puts the chip
in a power-down mode.

B FEATURES

® Static Operation

@ Automatic Power Down

® Single +5-Volt Power Supply (DP-28)

® Three-State Data Output for OR-Ties

¢ TTL Compatible - HPIN ARRANGEMENT

® Maximum Access Time-350ns —~_

® Lower Power Standby and Low Power Operation; AwE 28 | Vee
Standby: 2mW (typ.), Operation: 75mW (typ.) ne[ 2] 27| Au

) A1E 26 | Aus
EBLOCK DIAGRAM AGE 25 | As

A [ 5 24 As
Ao Ao~Ar ’
Ay - {], A.I 6 23 [An
Ar—| D
D‘: Aal 7 22 | A

As___J

A

o l:
8 21 A
:: Memory Matrix %’S(a(e D3 Az 10
- h Ao
A7 ] A2~Aw (32,768 X 32) it | Decoder| 8bit Bﬁ?f):rs D« A|E —
Address Ds

1
A Decoder Ds Af.l 10 19 |Ds
Ay —| D1

Ao — DuI” 18| s
A —if
Atz — D|| 12 17 | Ds

Az —
Ave—o Dz|13 -16 | D4
Ars ——

Are — Vssl 14 15 | D3

=N
CE—P (Top View)

BEABSOLUTE MAXIMUM RATINGS

Item Symbol Value Unit
Supply Voltage * Vee —0.3 to +7.0 A%
All Input and Output Voltage* Vi —0.3 to +7.0 v
Operating Temperature Range Topr 0 to +70 ‘C
Storage Temperature Range Toe —55 to +125 C
Bias Storage Temperature Range Thiaa —20 to +85 ‘C

* With respect to Vss
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B RECOMMENDED DC

OPERATING CONDITIONS (Ta=0 to 70°C)

HN62301P

Item Symbol min typ max Unit
Supply Voltage * Vee 4.5 5.0 5.5 \4
Input Voltage* T 03 - 08 v
Vi 24 04(Vee 5 - Ve | v
« with respect to Vi
BELECTRICAL CHARACTERISTICS (Vcc=5V£10%, Vss=0V, Ta=0 to +70°C)
Item Symbol Test Conditions min typ** max Unit
Normal Operating Current loc* tre =min, Vee =55V, Lu=0mA, duty = 100% — 15 50 mA
Stand by Current Iss CE=Vee—0.2V, Vee=5.5V - 0.4 10 mA
Input Leakage Current I, Vin=0 to 5.5V, other OV -10 - 10 MA
Output Leakage Current [ CE=24V Yoz 24V - — 10 KA
Towu Vour=0.4V — — 10 KA
Output Voltage Vou Tow=—205uA 2.4 — — \%
Vo Lu=3.2mA — — 0.4
*  Steady state current ** =5V, T.=25C
B CAPACITANCE (Vcc=5V£10%, Ta=25C, f=1MHz V.=0V)
Item Symbol typ max Unit
Input Capacitance (Ao~A,s, CE) C.. 10 pF
Output Capacitance (Do~D») Cout 15 pF
This parametar is sampled and not 100% tested.
B AC CHARACTERISTICS (Vcc=5V+10%, Vss=0V, Ta=0 to +70°C, t.=t,=10ns)
Mode Item Symbol min max Unit
Cycle Time tre 350 — ns
Normal Address Access Time taa - 350 ns
Data Hold Time ton 10 - ns
Address Skew Time ISK - 25 _>_~;s_ -
CE Access Time tace — 350 ns
CE Enable Pulse Width tee 350 - ns
CE Disable Pulse Width teE 30 - ns
CE operation Address Set up Time tas 0 - ns
Chip Disable to Output in High Z tenz* 10 150 ns
Data Hold Time from CE e 10 ns
Data Set Time from CE btz 10 ns
* tcuz defines the time at which the output achieves the open circut condition and is not reference to output voltage levels.
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HN62301P

E TIMMING CHART
®NORMAL CYCLE (CE=Low)

tRe

A

A

ths—t

Address

Hi Z

touc

Lz

Valid Data

Dout

e AC TEST LOAD

5.0V (Vo)
Ry =2.4kQ

Test Point

100pF 11kQ

260

Notes)

[ RN

® ADDRESS SKEW

Ar J(
As X
Ay : Fastest address
—=— sk As : Slowest address

te=t;=10ns

tRC

. Cv. includes jig capacitance.

. All diodes are 1S2074®.

. Input pulse level : 0.8 to 2.4V

. Input and output timing reference level : 1.5V
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e e HN62301P

® UMMY CYCLE

CED
CE dummy cycle is necessary when V¢ rise time is longer than 20 ms.

i
Z:____ — e iR
Vee n
2t
Ai ﬁ( Start Adidress
= Y

faa
Dout —%_I Valid

(Note) 1. There is no limitation for Vgc rise time when at least one of
addresses or CE signal is changed after power-up (Vgc > 4.5V).
350ns is required for the access after the transition.

CASE 2

I s 20ms

A

Al @( Start Address

Low
R(22ms)

Dout @( Valid

(Note) 1. Transition of neither address nor CE is necessary for system
initialization when Ve rise time is less than 20ms, because of
Vcc—detective-circuit-operation.
2ms is required for the access after power-up.
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HNG62301AP ' Preliminary

131,072-word x 8-bit Mask Programmable Read Only Memory
The HN62301AP 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. The
Chip Enable input deselects the output and puts the chip in a power-
down mode.

s FEATURES
® Automotic Power Down
® Single +5-Volt Power Supply (DP-28)
® Three-State Data Output for OR-Ties
® TTL Compatible = PIN ARRANGEMENT
@ Maximum Access Time-250ns
® | ower Power Standby and Low Power Operation; N
) AmE E Vee
Standby: 2 mW (typ.), Operation: 75 mW (typ.)
Awlz E A
A: E3: E Ay
= BLOCK DIAGRAM As E 23] A«
As |5 24 Aq
ﬁ‘.’_q A A \J' Ay E EA”
- b As E E Ao
Ay — o A8 )
An —f —\ S * 3 State gx i E Ei‘
- A Mﬁ';';r;ﬁg"a;'f 32bit] Decoder} 8hit] Output D Ar E 20| CE
" Address|____ A : Buffers D
:: " IDecoder d d g Ay [l—g 1_—9' Dr
:;.r——' Do E E Ds
A:j: D E E Ds
ﬁt:: D: E E Ds
- ves [14] [15]) Do
CE —pp i (Top View)
= ABSOLUTE MAXIMUM RATINGS
Item Symbol Valye Unit
Supply Voltage* Vee —-0.3to +7.0 \"
All Input and Output Voltage* Vrp -0.3to +7.0 A%
Operating Temperature Range Topr 0 to +70 °C
Storage Temperature Range Tytq ~55 to+125 °C
Bias Storage Temperature Range Thigs -20 to +85 °C

* With respect to Vgg.

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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HM62301AP

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

Item Symbol min. typ. max. Unit
Supply Voltage* Vee 4.5 5.0 5.5 v
' -0. - 0.8 v
Input Voltage* 473 0.3
Vi 2.2 - Vee v
* With respect to Vgg
® ELECTRICAL CHARACTERISTICS (Vcc =5V 210%, Vss =0V,Ta =0 to +70°C)
Item Symbol Test Conditions min, typ.*¥* max. Unit
i Irc=min., Voo =55V,
Normal Operating Current Icc* Jout = 0 mA - 15 50 mA
Stand by Current Isp CE2Vee - 0.2V, Ve =55V -~ 0.5 2 mA
Input Leakage Current Iy Vin =0 to 5.5V, other 0V -10 - 10 A
— =24V _ -
Output Leakage Current TLon CE = 2.2V Vour = 2.4 10 KA
ILOL Vout = 0.4V - - 10 HA
=-205 . - -
Output Voltage Vou Tout uA 24 v
VoL Jout =3.2 mA - - 0.4 \
* Steady state current ** Voo =5V, Ta = 25°C
® CAPACITANCE (Vcc =5V £10%, Ta = 25°C, f= 1 MHz Vin=0V)
Item Symbol typ. max. Unit
Input Capacitance (A, ~ A6, CE) Cin - 10 pF
Output Capacitance (D, ~ D-) Cout - 15 pF
Note) These parameters are sampled and not 100% tested.
® AC CHARACTERISTICS (Vcc =5V +£10%, Vss =0V, Ta=0 to +70°C, tr = tf = 10ns)
Item Symbol min. max. Unit
Cycle Time rRC 250 - ns
CE Access Time 'ACE - 250 ns
CE Enable Pulse Width ek 250 - ns
CE Disable Pulse Width IcE 30 - ns
Address Set up Time Ry 0 - ns
Chip Disable to Output in High Z tcuz 10 150 ns
Data Hold Time from CE IpHC 10 150 ns
Data Set Time from CE lcrz 10 - ns

* t ciyz deffines the time at which the output achieves the open circuit condition and is not reference to output voltage levels.
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HM62301AP

® TIMING CHART

e CECYCLE

trC
tCE ICE

1A S—f———

Address

tDHC 9

e {CL 2

Dout

(Note) In case of use for static operation (Asynchronous operation), please contact your
nearest Hitachi’s Sales Dept.,

e AC TEST LOAD

5.00 Veo)
R =2.4kQ
Test Point
100pF 11kQ Notes) 1. rr=1f=10ns
2. CL includes jig capacitance.
3. All diodes are 152074 ®).
H = 4. Input pulse level: 0.8 to 2.4V

5. Input and output timing reference level: 1.5V
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HM62301AP
e CE DUMMY CYCLE

CE dummy cycle is necessary after power-up.

- T
~ VU0 .

Note) 1. CE dummy cycle is not necessary when at least one of address or CE

signal is changed after power-up (Ve > 4.5V). 250ns is required for
the access after the transition.
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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.................. No clocks Required
@ Inputs and Outputs TTL Compatible During Both Read and (DG-24B)
Program Mode
® AccessTime ............ HN482732AG-20  200ns (max) B PIN ARRANGEMENT
HN482732AG-25  250ns (max) ——
HN482732AG-30  300ns (max) an E Ve
@ Absolute Max. Rating of Vpp Pin ... 26.5V #[2] [23] &
® Low Stand-by Current ........... 35mA (max) as[1] [22] 4
® Compatible with Intel 2732A an [21] Au
: Ay E EIFF./ Vep
B BLOCK DIAGRAM N [19] 410
Op~ 01 A E T_"] CE
/—_/\—'ﬂ Ao E E 07
[IITIT07 No Do
OF/Ver 00— Powerdown & o (1] [15] s
CE o—| Prog, Logic :‘:‘{(‘:‘:ls 02 E E 04
GND Ez: [13] 0
o—p L]
E DKL” : Y Gating (Top View)
] .
Ao~ An § 00— .
o— X 32768 bit
] Decoder EPROM Matrix
o—]
o— °
o— e
L]
B MODE SELECTION
Pins CE T ﬁ/ri/ppw h Vee Outputs
MODE (18) (20) (24) (9~11, 13~17)
Read Vie Vi +5 | Du
Stand by " Vie | Don't Care | s [High z
Program - ‘Tu Vep +5 Din
Program Verify | Vi |Vi +5 | Deu
_Program Inhibit Vs | Vee ' +5 | High Z
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B ABSOLUTE MAXIMUM RATINGS

HN482732AG-20, HN482732A

G-25, HN482732AG-30

Item Symbol Value “Unit
Operating Temperature Range Tope 0 to +70 C
Storage Temperature Range Tag —65 to +125 °C
All Input and Output Voltages* Via, Vou —0.6 to +7 v
Ver Voltage * OE/Ver 0.6 to 26.5 Y
Vece Voltage * Vee —0.6 to +7 \Y%
* with respect to GND .
i READ OPERATION
©D.C. AND OPERATING CHARACTERISTICS (Ta=0 to 70°C, Vcc=5VE5%, Vo= Vec £0.6V)
Parameter Symbol Test Conditions min typ max Unit
Input Leakage Current Iu Vin=5.25V — — 10 #A
OL;iput Leakage Current Iwo Vou =5.25V — — .10 HA
Vee Current (Standby) Icc: CE=Vwm, OE=Vi — — 35 mA
Vee Current (Active) Tccz OE=CE=Vu — — 150 mA
Input Low Voltage Vie —0.1 — 0.8 \
Input High Voltage Viu 2.0 — Veet1 \%
Output Low Voltage Voo Tor=2.1mA — — 0.45 \4
Output High Voltage Vou Ton=—400 #A 2.4 - — \Y%
@ AC CHARACTERISTICS (Ta=0 to 70°C, Voc=5VE5%, Vip=Vic £0.6V)
o HN482732AG-20 HN482732AG -25 HN482732AG-30 X
Parameter Symbol | Test Conditions - - - Unit
min max min max min max
Address to Output Delay tacc CE=0E=V. - 200 — 250 - 300 ns
CE to Output Delay tce OE=Vu - 200 - 250 - 300 ns
OF to Output Delay toe CE=Vu 10 90 10 100 10 150 ns
OFE High to Output Float . tor CE=Vun 0 60 0 60 0 130 ns
Address to Output Hold tow CE=0E-V 0 — 0 — 0 — ns
© SWITCHING CHARACTERISTICS
Test Conditions
Input Pulse Level: . . ... ... ...t 0.45V to 2.4V
Input Rise and Fall Times: ... ............. < 20ns
Qutput Load: ............... 1 TTL Gate + 100PF
Reference Level for Measuring Timing . . .. ....... 0.8V and 2V
o Y
Address >< ><7
X A
CE
Standby Mode Active Mode / Standby Mode
7
tce
OE /
I
| Lok LoF
tace ton
Data Out ZZ/ Data: Out Valid >"
ARNAN
@ CAPACITANCE (Ta=25°C, f=1MHz)
Parameter Symbol Test Conditions min typ max Unit
Input Capacitance (Except OE/Vep) ~ Cm Viv=0V — — 6 pF
OF /Ver Input Capacitance Cinz Vin=0V — — 20 pF
Output Capacitance Cout V=0V - — 12 pF
269
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HN482732AG-20, HN482732AG-25, HN482732AG-30

Il PROGRAMMING OPERATION

o DC PROGRAMMING CHARACTERISTICS (Ta=25"C+5°C, Vee=5V+£5%, Vep=21V+£0.5V)
Pargneter Symbol Test Condition min typ max Unit
Input Leakage Curre:t* Tu Viv=Vi, or Vin - — 10 KA
Output Low Voltage During Verify Voo Tot=2.1mA — — 0.45 A%
“Output High Voltage During Verify Vor | o= —400 #A 2.4 — - v
Vee Supply Currentr Icc — — 150 mA
Input Low Level Vi —0.1 — 0.8 \
Input High Level (All Inputs Except OE/Vsp) Vig 2.9 - Veet+1 \%
Vep Supply Current Irp CE=Vi, OE= Vee — — 30 mA
@ AC PROGRAMMING CHARACTERISTICS (Ta=25 ‘Cx5°C, Vee=5V+59%, Vep=21V+0.5V)
Parameter Symbol Test Conditions min typ max Unit
Address Setup Time tas 2 — — Hs
OF Setup Time toes 2 - — Hs
Data Setup Time tos 2 — - Hs
Address Hold Time tan 0 - — Hs
OE Hold Time toen 2 — — us
Data Hold Time tom 2 — — HS
“Chip Enable to Output Float Delay s tor 0 - 130 ns
Data Valid from CE tov CE=V., OE=V,, — — 1 s
CE Pulse Width During Programming 7“4—”—‘[ 45 50“ 55 ms
OF Pulse Rise Time During Programnin_g»iwl@?r o 50 — - ns
Vep Recovery Time 1 tvr 2 — - Hus
% 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 .................. 0.45V to 2.4v
Input Rise and Fall Time . ................ = 20ns
Reference Level for Measuring Timing: . . ........ ... 0.8V and 2V
Program Program Verify
Address —>L Address N :df:ss
P [ p5—a]
Data —*‘ Data In Stable Data Out Valid |}
L Vr
[ lps ——a= =1 lDf f-— Dy |f— e | tOF
— Lan —e—y =
0OE
L0ES ~=f F=toEn I-‘lvn
tear
e T ——
‘—-«v—/

® ERASE

Erasure of HN482732A 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 ex-
posure time) for erasure is 15W-sec/cm?
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Supply Current Icc (mA)

100

SUPPLY CURRENT vs.

SUPPLY VOLTAGE

Ta=25"C

60

Icc2

40

Supply Current Igc (mA)

Iech

Address Access Time t4 ¢ (ns)

500

400

4 5

6

Supply Voltage Ve (V)

ADDRESS ACCESS TIME
vs. SUPPLY VOLTAGE

Ta'=25C

200

100

S~

4

5

6

Supply Voltage Ve (V)

@ HITACHI

100

SUPPLY CURRENT vs.
AMBIENT TEMPERATURE

T
Vee=5V

40

Address Access Time t4cc (ns)

Iecz

Iecr

0

20

40 60 30

Ambient Temperature T4 (°C)

ADDRESS ACCESS TIME vs.
AMBIENT TEMPERATURE

500
Vee=5V
400
300
—._-‘"
L
"1 T
100
0 20 40 60 80

Ambient Temperature Tgq (°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.
B FEATURES
® SinglePowerSupply ....................... +5V + 5%
@ Simple Programming .......... Program Voltage: +21V D.C.
Program with one 50ms Pulse
® Static . ........0.iiiie e No Clocks Required
® [nputs and Outputs TTL Compatibie During Both Read and Pro-
gram Mode.
® AccessTime ............... HN482764G-2  200ns max (DG-28)
HN482764G 250ns max
HN482764G-3  300ns max
® High Performance Programming Available B PIN ARRANGEMENT
® LowStandby Current .................... 35mA max. Vor E_\J_ vee
® Compatibie with Intel 2764 wn[Z] 7 rem
EBLOCK DIAGRAM —_— Ne Fne
ARANANS s o
as[5] [24] As
ga o— Power Down Output afE] 123) Au
CE o e Buffers w7 2] 0%
[ [21] Ao
o—j NE 20] CE
g.E Y-Decoder Y-Gating An‘% %O:
o— m [18] O
o— 0 [iZ] [17] 0s
O e 6553 bit 0, [13] [16] 0
l:” g_: X-Decoder _ GND T4 [15] 05
o—j Memory Mairix (Top View)
o—
Nan
B MODE SELECTION
Pins CE OE PGM Vee Vee Outputs
Mode (20) | (22) | (27) | (1) | (28) (11~13, 15~19)
Read Vic ViL Viu Vee Vee Dout
Stand-by Viu X X Vee Vee High Z
Program Viu X Vie Ver Vee Din
Program Verify ViL Vie Viu Ver Vee Dout
Program Inhibit Vin X X Ver Vee High Z

X Idon't care

B ABSOLUTE MAXIMUM RATINGS

Item Symbol Value Unit
Operating Temperature Range Tope 0to +70 ‘C
Storage Temperature Range Toee —65 to +125 ‘C
All Input and Output Voltage® Vr —0.6 to +7 A%
Ve Voltage Vep —0.6 to +26.5 \%

% ! with reé\pect to GND
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B READ OPERATION

@DC AND OPERATING CHARACTERISTICS (Ta=0 to +70°C, Vec=5V+5%, Ver="Vcc10.6V)

HN482764G-2,HN482764G, HN482764G-3

Parameter Symbol Test Condition min typ max Unit
Input Leakage Current Iu Vec=5.25V, V.,=5.25V - - 10 EA
Qutput Leakage Current Iio Vee=5.25V, Vour =5.25V /0.45V — — 10 HA
Ver Current Ivpy Vep=Vec+0.6V - - 15 mA
Vce Current (Standby) Icch CE=Vi - - 35 mA
Vee Current (Active) Icc: CE=0OE=V.. - 40 100 mA
Input Low Voltage Vie -0.1 - 0.8 \
Input High Voltage Viu 2.0 - Vee+1 \Y
Output Low Voltage Voo Ior=2.1mA - e 0.45 \%
Output High Voltage Vou Ton=—400 A 2.4 - - \'
® AC CHARACTERISTICS (Ta=0 to +70°C, Vec=5V 5%, Vep=Vcc£0.6V)
. HN482764G-2 HN482764G HN482764G-3 .
Parameter Symbol Test Conditions - - i Unit
min max min max min max
Address to Output Delay tace CE=0E=ViL = 200 — 250 - 300 ns
CE to Output Delay fce OE=ViL - 200 - 250 300 ns
OE to Output Delay tog CE=ViL 10 80 10 100 10 150 ns
OE High to Output Float r CE=ViL 0 60 0 90 0 130 ns
Address to Output Hold ton 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: 0.45V to 2.4V
Input Rise and Fall Time: < 20ns
Output Load: 1TTL Gate + 100pF
Reference Level for Measuring Timing: 0.8V and 2.0V
z \
Address X ><
X 7
CE
Standby Mode Active Mode / Standby Mode
7
tcE
OE /_—__—
R
tok toF
T
tacc ton
77F 3
Data Out / Data Out Valid
ARNAN /.
© CAPACITANCE (Ta=25C, f=1MHz)
Parameter Symbol Test Condition min typ max Unit
Input Capacitance Cin V=0V - 4 6 pF
Output Capacitance Cout Vou =0V — 8 12 pF
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HN482764G-2, HN482764G, HN482764G-3

B PROGRAMMING OPERATION

® DC PROGRAMMING CHARACTERISTICS (Ta=25C=*5°C, Vec=5V +5%, Vppr=21V+0.5V)

Parameter Symbol Test Condition min typ max Unit
Input Leakage Current I Vin=5.25V — - 10 HA
Output Low Voltage During Verify Vo Ior=2.1mA - - 0.45 \
Output High Voltage During Verify Von Ton=—400 #A 2.4 - - \%
Vee Current (Active) Icc: - - 100 mA
Input Low Level Vi —0.1 - 0.8 \
Input High Level Viu 2.0 - Veet+1 \
Ver Supply Current Iep CE=PGM =V, — - 30 mA
® AC PROGRAMMING CHARACTERISTICS (Ta=25C +5%C, Vec=5V £5%, Vrr=21V£0.5V)

Parameter Symbol Test Condition min typ max Unit
Address Setup Time tas 2 — — Hs
OE Setup Time toes 2 - - Hs
Data Setup Time tos 2 - - Hs
Address Hold Time tan 0 - - #s
Data Hold Time ton 2 - - H“s
OE to Output Float Delay tor 0 - 130 ns
Vee Setup Time tvs 2 — — Hs
PGM Pulse Width During Programming tew 45 50 55 ms
CE Setup Time tees 2 - - Hs
Data Valid from OE to - - 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: 0.45V to 2.4V
Input Rise and Fall Time: <20ns
Reference Level for Measuring Timing: 0.8V and 2V
Program Program
Verify
Address o
>§x
]|
o : Data Out
Data _<‘ Data In Stable j —-———-(r‘ Valid
s DF
tDH
Ver "4
1723 /
Vee trs
CE
tCEs
— — —
PCM
LoES i E
— —
OF N;/

Hl ERASE

Erasure of HN482764 is performed by exposure to Ultra-
violet hight of 256374, and all the output data are changed

to 1" after this erasure procedure. The m

inimum inte-

grated dose (i.e. UV intensity x exposure time) for erasure

1s 15W - sec/cm?
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HN482764G-2, HN482764G, HN482764G-3

B HIGH PERFORMANCE PROGRAMMING

This device can be applied the High Performance Pro-
gramming algorithm shown in following flowchart.
This algorithm allows to obtain faster programming
time without any voltage stress to the device nor
deterioration in reliability of programmed data.

SET PROG. VERIFY MODE
Tpp=21£05V Vee=60£0.25V

Address=0

S=10 1115

Address+ 1 Address
Program torw = {nms

SET READ MODE
Vee=30£0.25\ Vep= Voo

High Performance Programming Flowchart

© AC PROGRAMMING CHARAC'_I'ERISTICS(Ta=25°Ci5°C. Vee=6V=+0.25V, 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 tan 0 — — us
Data Hold Time ton 2 — — us
OE to Output Float Delay* tor 0 — 130 ns
Ve Setup Time tves 2 - — HS
Vee Setup Time tves 2 — | — HS
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 toe - - 150 ns
Notes) % tor defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels.
% % to is defined as mentioned in flort chart.
® SWITCHING CHARACTERISTICS
Test Condition o ProRram——etmProgran Verfy =]
Input Pulse Level: 0.4V to 2.4V Mmszx;.,,s_ >
Input Rise and Fall Time: <20ns Dute _(|.«M i Suble T “ll>——
Reference Level for Measuring Timing: 0.8V and 2V Ve s il
Ver Vcc—/T.’m.
S
¢ IcES
FCM
_ T
OE X
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HN482764G-2, HN482764G, HN482764G-3

SUPPLY CURRENT VS. SUPPLY CURRENT VS.
SUPPLY VOLTAGE AMBIENT TEMPERATURE
‘oo T 100 T
= 05T Yee s
2 « ’2 80
E )
) O
S QL «
= =
g L 2 ' -~
0 m
ER E——— 3 .
> >
o T
a a
3 52
7] 7]
et Iecr
)
i Y 6 h O 20 10 0
Supply Voltage Ve (V) Ambient Temperature 7Ta (°C)
ADDRESS ACCESS TIME VS. ADDRESS ACCESS TIME VS.
SUPPLY VOLTAGE AMBIENT TEMPERATURE
o — 230
fr-en Vee=5v
~ s E 200
8 ] S
< I
o I PG — —
£ T~ £
= =
2 3
S S
< <
E L] i
e
2 <
! ' " B ! { 20 ] B0 0
Supply Voltage Ve (V) Ambient Temperature 7a (°C)
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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
programmable ROM. Initially, all bits of the HN482764P-3 are in
the "1 state (Qutput 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.

® FEATURES

® Single Power Supply . ... ... +5V 5%

® Simple Programming. .. . Program Voltage: +21V D.C.
Program with one 50ms Pulse

® Static ...... No Clocks Required

® |nputs and Outputs TTL Compatible During Both Read and
Program Mode

® Access Time -+.v.ovnnn 300ns max.
® | ow Standby Current ... ..... 35mA max.
® Compatible with Intel P2764
o~ 0r
B BLOCK DIAGRAM /S \
PoM o—f Power Down Outpur
(E o— Prog. Logic
E o— Buffers
o—1|
o— Y-Decoder Y-Gating
o—]
o—1J
o—o
o—
S I 65536 bit
A‘” 0— X-Decoder
o Memaory Matrix
o—1I
o1
o—1
B MODE SELECTION
Pins | CE. | OE | PGM | Vir | Ve Outputs
Mode (200 | (22) | @) | (1) | (28) | (11~13, 15~19)
Read Vie Vie Viu Vee Vee Dout
Stand-by Viu X x Vee Vee High Z
Program Vie x Vie Ver Vee Din
Program Verify Vi Vie Vin Ver Vee Dout
Program Inhibit Viu x X Ver Vee High Z
X don't care
B 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* Vrp -0.6 to +7 \%
Vpp Voltage Vpp -0.6 to +26.5 A%

* with respect to GND

@ HITACHI

HN482764P-3

(DP-28)
B PIN ARRANGEMENT

Vre E— 28] vee
szlz E PCM
ar3] [26] NC
As[4] [25] A
as[5] [24] Ao
8] 23] A
a (7] l22) OF
Az [E] [21] Aie
a8 l20) CE
Ao [19] [T9] o
0o [11] (18] 0s
o 7] 17] 0s
0. [13] [16] 04

GND [I) [15] 02

(Top View)
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HN482764P-3

@ READ OPERATION

® DC AND OPERATING CHARACTERISTICS (T, = 0 to +70°C, Ve = 5V £ 5%, Vpp = Vee £ 0.6V)

Parameter Symbol Test Conditions min typ max Unit
Input Leakage Current Ipy Vee =5.25V, Vi, = 5.25V - . 10 HA.
Output Leakage Current Ito Vee =5.25, Vyyuy =5.25V/0.45V - - 10 uA
Vpp Current Ipp; Vpp=Vee + 0.6V - - 15 mA
Ve Current (Standby) Icci CE=Viy - - 35 mA
Ve Current (Active) Icce CE=O0E=Vjg, - 40 100 mA
Input Low Voltage Vit -0.1 — 0.8 v
Input High Voltage /73 2.0 - Veetl v
Output Low Voltage VoL Ipp =2.1mA - - 0.45 v
Output High Voltage Vou Iop = -400uA 2.4 - — A%

® AC CHARACTERISTICS (T, =5V £ 5%, Vpp = Voc + 0.6V, T, =0 to +70°C)

Parameter Symbol Test Conditions min max Unit
Address to Qutput Delay tacc CE=O0E=Vp, - 300 ns
CE to Output Delay tce OE = ¥y, - 300 ns
OE to Qutput Delay toE CE="Vp, 10 150 ns
OE High to Output Float* tDF CE=Vq 0 130 ns
Address to Output Hold toH CE=O0E="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: 0.45V to 2.4V

Input Rise and Fall Times:

< 20ns.

Output Load: 1TTL Gate + 100pF

Reference Level for Measuring Timing: 0.8V and 2V

Address

A

K

/ Standby Mode

Standby Mode Active Mode
A
tcE
OE /
7
toF tor
tace ton
/z Y
Data Out Data Out Valid
ARNAN //
® CAPACITANCE (Ta=25°C, f=1MHz)
Parameter Symbol Test Condition min typ max Unit
Input Capacitance C.» V.=0V - 4 6 pF
Output Capacitance Cout Ve =0V - 8 12 pF
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HN482764P-3

B PROGRAMMING OPERATION
®DC PROGRAMMING CHARACTERISTICS (Ta=25C%5°C, Vec =5V £5%, Vepr=21V £ 0.5V}

Parameter Symbol Test Condition min tvp max Unit
Input Leakage Current I V. =5.25V - B 10 B 7.uA
Output Low Voltage During Verify Vou Tor=2.1mA - - 0.45 vV
Output High Voltage During Verify Vou Tow= —400 #A 2.4 - - v
Vee Current (Active) Icce - - 100 mA
Input Low Level Vi 0.1 0.8 T
Input High Level Vin 2.0 - Vio+l Y
Ver Supply Current Irp CE =PGM =V, - - 30 mA

® AC PROGRAMMING CHARACTERISTICS (Ta=25C £5C, 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 - - Hs
PGM Pulse Width During Programming trw 45 50 55 ms
CE Setup Time tees 2 - - Hs
Data Valid from OE toe - - 150 ns

Note : tn: defines the time at which the output achieves the open circuit condition and 1s not referenced to output voltage levels.

® SWITCHING CHARACTERISTICS
Test Condition

Input Pulse Level: 0.45V to 2.4V
Input Rise and Fall Time: <20ns
Reference Level for Measuring Timing: 0.8V and 2V
Program Program

Verily

Address ><
X
wr ]|

tas
3y { Data Out
Data Data In Stable >__<‘ Valid
| iDF

DH.

CE

ICES

. 4
PGM
m togs toF
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HN482764P-3

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

60 60
Ta=25C Vee=5V
Iccz -~
P = w0 —
< /’ .E
o / 8
8 ‘/ it \ Iece
H 3 ~
H 3
2 2 )
g 3
et
s ———— e
ammram——— —
0 4 5 6 0 0 20 0 60
Supply Voltage Vee (V) Ambient Temperature Ta (°C)
ADDRESS ACCESS TIME
ADDRESS ACCESS TIME VS. SUPPLY VOLTAGE VS. AMBIENT TEMPERATURE
300 300 :
Ta=25C Vee=5V
< owm P
: —
[: i 2 =gl
] <
2 100 2
£ £ o
b} 2
4 5 0 2 0 6
Supply Voltage Ve (V) Ambient Temperature Ta (C)
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HN482764P-3

[ HIGH PERFORMANCE PROGRAMMING

This device can be applied the High Performance Pro-
gramming algorithm shown in following flowchart.

This algorithm allows to obtain faster programming
time without any voltage stress to the device nor
deterioration in reliability of programmed data.

Address +1->Address

SET PROG./VERIFY MODE
Vep=21405V Vec=6.01+025V

Program tpw=1ms+5%

SET READ MODE
Vec=5.01025V Vep= Ve

(FAIL)

High Performance Programming Flowchart

@ AC PROGRAMMING CHARACTERISTICS (Ta=25°Ci+5C, Voc=6V+0.25V, Vepr=21V£0.5V)

Parameter Symbol Test Condition min typ max Unit
Address Setup Time tas 2 — — Hs
OE Setup Time toes 2 - — us
Data Setup Time tos 2 — — Hs
Address Hold Time tan 0 — — s
Data Hold Time tou 2 — i — us
OF to Output Float Delay* tor 0 - T 10 ns
Vee Setup Time tves 2 — — Hs
Ve Setup Time tves 2 - — us
PGM Pulse Width during Initial Program trw 0.95 1.0 1.05 ms
PGM Pulse Width during Over Program** topw 3.8 — 63 ms
CE Setup Time tces . 2 — — s
Data Valid from OE tor - — 150 ns
Notes) % o defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels.
% % tor is defined as mentioned in flort chart.
® SWITCHING CHARACTERISTICS
Test Condition = Program——=dmProgran Verify=
Input Pulse Level: 0.4V to 2.4V R, S .
Input Rise and Fall Time: <20ns Data —&z: In Subie T D—
Reference Level for Measuring Timing: 0.8V and 2V Ve [ or
Vop VM_}LM‘
o
e L
fces
FCM ‘E\l .
OF \_
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HN27C64G-15, HN27C64G-20,
HN27C64G-25

8192-word x 8-bit U.V. Erasable and Programmable CMOS ROM

The CMOS EPROM HN27C64 is a 8192-word by 8-bit erasable and
electrically programmable ROM. This device is packaged in a 28-pin,
dual-in-line package with transparent lid.

The transparent lid allows the memory content to be erased with
ultraviolet light, where by a new pattern can then be written into the

device.

® FEATURES

@ Low Power Dissipation . .... 20mW/MHz typ. (Active Mode)

B5uW typ. (Stand by Mode)

® AccessTime ............... 150ns max. (HN27C64G-15)
200ns max. (HN27C64G-20)
250ns max. (HN27C64G-25)

® SinglePower Supply . .......... .. ... +5V£10%

@ Simple Programming .. ........ Program Voltage; +21V D.C.
Program with One 50ms Pulse

® Support High Performance Programming

® StatiC . .........itt it No Clocks Required

® |nputs and Outputs TTL Compatible During Both Read and Pro-

gram Modes
@ Fully Decoded On-chip Address Decode

Compatible with Intel 2764

BLOCK DIAGRAM

[

TITTTTYT

Output

x
Ed

[

Pawer Down

Prog. Logic

-

Buffers

Y -Decoder Y-Gating

N
¢ 65536 bit

X-Decoder
Memnry Matrix

TITTITTIT 7971
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® PIN ARRANGEMENT

Vep E @ Vee
Ale E PCM
a 3] [26) NC
As[e] [25] As
AsE ZJJAv
AfE] 23] An
AJE :ZEZTE
A:E E A
a[5] [20) CE
Ao@ EO1
0o 1] [18] 0
o: [iZ] 7] 0s
0: 13] [16] 0«

GND 1 l15] 0s
(Top View)




HN27C64G-15, HN27C64G-20, HN27C64G-25

B MODE SELECTION

Pins | TE OE | PGM | Ver Vee Outputs
Mode (200 | (22) | (2n) | (1) | (28) | (11~13, 15~19)
Read Vi Viu Viu Vee Vee Dout
Stand-by Vin X X Vee Vee High Z
Program Vi X Vie Ver Vee Din
Program Verify Vie Vie Vin Vee Vee Dout
Program Inhibit Vi X X Ver Vee |- High Z

X :don't care

= ABSOLUTE MAXIMUM RATINGS

Item Symbol Value Unit
All Input and Output Voltage* Vr —1.0**~ +1.0 \%
Vec Voltage* : Vee -0.6~+17.0 v
Vpp Voltage* Vep 06~ +25 v
Operating Temperature Range Topr 0~ +170 °C
Storage Temperature Range Tstg —65~ +125 °C
* With respect to GND

**Pylse Width: 50ns, DC: -0.6V
= READ OPERATION
e DC AND OPERATING CHARACTERISTICS (Ta=0~+ 70°C, Vee=5V 10%, Vpp= Vee+0.6V)

Parameter Symbol Test Conditions min typ max Unit
Input Leakage Current Ing Vee=5.5Y, Vin=GND to V¢ - - 2 uA
Output Leakage Current Ito Vee=5.5V, Vour=GND to Ve - - 2 MA
Vpp Current Ipp; Vpp=Vcc + 0.6V - 1 100 KA
' SB1 C_E= VIH - - 1 mA
Vcc Current (Stand-b —
cc Current (Stand-by) Ism2 CE=Voct03V - 1 100 uA
I CE=Vip, Iout=0 mA - - 30 A
Vcc Current (Active) cel IL> Jout” 2 1 o
ICC2 f=5MHZ, ]out=0 mA - - 30 mA
—1.0* — . A\
Input Voltage 42 1.0 0.8
Vi 2.2 - Vee +1.0 \'
VoL Ior=2.1mA - - 0.45 v
Output Voltage Von Ton= —400RA 24 — — i

*Pulse Width: 50ns, DC: ¥y min = 0.3V

e AC CHARACTERISTICS (Ta=0~+70°C, Vec=5V+10%, Vpp=Vcct0.6V)

Sym- . HN27C64G-15[HN27C64G-20(HN27C64G-25| .
Parameter Test Condition - - A Unit
bol min | max | min | max | min | max

Address to Output Delay |14 cc|CE=OE=Vyp, PGM=Vjy | - 150 - 200 - 250 | ns
CE to Output Delay tcg |OE=Vyp, PGM=Viy — 150 | - | 200 | - | 250 |ns
"OE to Output Delay tog |CE=Vy, PGM=Viy 10 60 | 10 70 | 10 | 100 | ns
"OE High to Output Float|tpp |CE=Vy, PGM=V g 0 50 0 60 0 90 | ns
Address to Output Hold |tog |CE=OE=VjL, PGM=Vy 0 - 0 - 0 — |ns

e CAPACITANCE (72=25°C, f=1MHz)

Parameter Symbol Test Condition min typ max Unit
Input Capacitance C.. V.=0V - 4 6 pF
OQutput Capacitance Cou Veu =0V - 8 12 pF
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HN27Cé4G-15, HN27C64G-20, HN27C64G-25————

® SWITCHING CHARACTERISTICS
Test Condition

Input Pulse Levels: 0.45V to 2.4V
Input Rise and Fall Time: <20ns

Output Load: 1TTL + 100pF
Reference Level for Measuring Timing: 0.8V and 2V

Address

Data Out

X K
|
—_—
Standby Mode Active Mode / Standby Mode
2
tee
R
} tor tor
tacc toy
¥
<\\\< Data Out Valid
K

8 PROGRAMMING OPERATION

® DCPROGRAMMING CHARACTERISTICS (72=25°C+£5°C, Voo =5Vt 5%, Vep=21V+0.5V)

Parameter Symbol Test Condition min typ max Unit

Input Leakage Current Iry VinN=5.25V/0.45V - - 2 KA
Output Low Voltage During Verify VoL Iop=2.1 mA - - 0.45 \4
Output High Voltage During Verify Vou Top=—400 uA 24 - - v
Ve Current (Active) Icc - - 30 mA
Input Low Level ViL -0.1 - 0.8 v
Input High Level Vi 2.2 - Veoetl.0) v
Vpp Supply Current Ipp CE=PGM=V;;, - - 30 mA
Notes) 1. V¢¢ 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 ¥y, to 21V or 21V to ¥;; when CE=PGM=Low.

® AC PROGRAMMING CHARACTERISTICS (Ta=25°Ct 5°C, Vee=5V+5%, Vep=21V10.5V)
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 - - us
Data Hold Time tDH 2 — - us
OE to Output Float Delay tpF 0 - 130 ns
Vpp Setup Time tvs 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

® SWITCHING CHARACTERISTICS
Test Condition

Input Pulse Level: 0.45V to 2.4V -
Input Rise and Fall Time: <20ns
Reference Level for Measuring Timing: 0.8V and 2V
R Program Program
Verify -
Address ) K
s tay J
“ Data O
Data ___{ Data | In Stable ,>——_'——< v
s loF,
ok
Vep
Vep
Vee oy | t¥S
CE
ICES
— s
PGM
H toEs toe
— ‘S
oF N /

® 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-
sec/cm?.

= HIGH PERFORMANCE PROGRAMMING

This device can be applied the High Performance Program- For hst Vo025
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 S= 5.6, e 5
programmed data.

SET PROG. VERIFY MODE

ddress + = Address

Program torw =inms

SET READ MODE
Vee=50£0.25V Vpp=Vee

High Performance Programming Flowchart
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HN27C64G-15, HN27C64G-20, HN27C64G-25

® AC PROGRAMMING CHARACTERISTICS (T2=25°C%5°C, Vg =6V+0.25V, Vpp=21V£0.5V)

Parameter Symbol Test Condition min typ max Unit
Address Setup Time tas 2 — — us
OE Setup Time tors 2 — — us
Data Setup Time tos 2 - - ps
Address Hold Time tan 0 — — us
Data Hold Time ton 2 — - us
OE to Output Float Delay*® tor 0 — 130 ns
Ver 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 tees 2 — — us
Data Valid from OE 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.

#* % tors is defined as mentioned in flort chart.

® SWITCHING CHARACTERISTICS
Test Condition

Input Pulse Level:

Input Rise and Fall Time:

Reference Level for Measuring Timing:

0.45V to 2.4V
<20ns
0.8V and 2V

t-b— Program —————ed Program Verify‘j
Address i
‘. tas i taH
a8 Data [Out
Data ——il Data |In Stable 5———{ Valid
bt 1) 5 =g
,.tD"_ Y3
Vep {
Ver 17 tvps
cc
Vec+1
Vee /
Vec tves
CE
lces
PGM
tpw loes | e o5 o]
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HN27C64G-15, HN27C64G-20, HN27C64G-25

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

18 16

Vee =50V
w=Aee Vs
. [=3MHz
Tu= 250 14
L= V= Vee Vs
J=5MHz

:—E L // {E 1.2

; i B \ \

g o E:/ \‘\

< Z 0

; o // 0

b 1 B “'lu 20 10 60 #0
Supply Voltage vec (V2 Ambient Temperature T (1
SUPPLY CURRENT VS. FREQUENCY ACCESS TIME VS. LOAD CAPACITANCE

10

Ta=25C
Vin=Vee Vs

v

Lo

Ta=25C

Vee=MIN

Access Time tacc.tce (Normalized!

Z
g
]
£
3
7

0.1 — 0.6
1 0z 0.5 1.0 2 10 100 200 300 400 500

Frequeney [ (MHz) Load Capacitance (1. (pF)

ACCESS TIME VS. SUPPLY VOLTAGE ACCESS TIME VS. AMBIENT TEMPERATURE

1.3 13
Ta=25C Vee=5.0V

//

0.9

Access Time tace, tee { Normalized
Access Time tacc, tce { Normalized )

.0 15 5.0 55 6.0 20 1] 60

Supply Voltage Vee (V) Ambient Temperature Ta (C)
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HN27C64G-15, HN27C64G-20, HN27C64G-25

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

L4 16
Ta=25C

Vee=5V /
12 14

N

0.8

Output Current Jon (Normalized)
Output Current for (Normalized)

‘\ Y Ta=25¢C
Vee=5V
0.6 0.8 /
0.4 0.6
/
0. 04 -
2 3 1 : 0.2 04 05 08
Output Voltage Vou (V) Output Voltage Vor (V)
*STANDBY CURRENT
VS. AMBIENT TEMPERATURE STANDBY CURRENT VS. SUPPLY VOLTAGE
50 Vec=5V v Ta—zst |
CE=5V CE=Vee
Dark Condition Dark Condition
20 .
z 7 ] /
s // 2 ¢
% 2 A g 10
5 (s}
5 / S
42 10 v -é
& / “ 08 A
0.5 > /
02 0 10 0 80 o8 ; 6

Ambient Temperature Ta (T) Supply Voltage Vec (V)
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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

® Single Power Supply
® Simple Programming

Program Mode.

....................... +5V + 5%
Program Voltage: +21V DC
Program with One 50ms Pulse
® Static . ......... e No Clocks Required

Inputs and Outputs TTL Compatible During Both Read and

(DG-28)

MEMORY MATRIX

® AccessTiMe ... ........c.couunnnnnn 250ns/300ns/450ns
® Absolute Max. Ratingof VppPin . ............... 26.5V MPIN ARRANGEMENT
® lowStand-by Current . ... .................... 35mA e [T Vee
® High Performance Programming Available AulZ] 27 PeW
® Compatible with INTEL 27128 NB 2] An
BMBLOCK DIAGRAM wld] 5]+
s3] 24] As
0007 . NG ) A
T1197713 o
P o POWERDOWN & w[3] [21] A
?—E o PROGRAM LOGIC OUTPUT ] [20] CE
BUFFERS Ao [10] [19] 0
0o [11] [18] 0s
] - 0[] [7] 0s
Z: Y DECODER . Y GATING 0: [ [16) 0«
o— ° CND'E 5] 0s
A S’: . (Top View)
R e :
13 | O .
o X DECODER 131072 bit
o—|
o—|
o—
o—

N

BEMODE SELECTION

Pins CE OE PGM Ver Vee Outputs
MODE (20) (22) (27) (1) (28) (11~13, 15~19)
Read Vie Vio Vin Vee Vee Dout
Stand by Vin X X Vee Vee High Z
Program ViL X ViL Vep Vee Din
Program Verify Vi Vie Vin Vep - Vee Dout
Program Inhibit Vin X X Ver Vee High Z
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HN4827128G-25, HN4827128G-30, HN4827128G-45-

B ABSOLUTE MAXIMUM RATINGS

Item Symbol Value Unit
Operating Temperature Range Topr 0to +70 °C
Storage Temperature Range Tus —65 to +125 °C
All Input and Output Voltages* Viv, Veu ~0.6 to +7 v
Ver Voltage* Ver —0.6 to +26.5 v
Vee Voltage* Vee —0.6 to +7 \Y%
#* with respect to GND
B READ OPERATION
®DC AND OPERATING CHARACTERISTICS (Ta=0 to +70°C, Vec=5V£5%, Vep="Vec0.6V)
Parameter Symbol Test Conditions min typ max Unit
Input Leakage Current I Vee=5.25V, Vin=5.25V — — 10 HA
Output Leakage Current Io Vee=5.25V, V..=5.25V/0.45V — — 10 MA
Vep Current Ippr Vep=Vcc+0.6V — — 5| mA
Vee Current (Standby) Iec CE=Viu - - 35| mA
Vee Current (Active) Icc2 CE=OE=V,. — 60 100 mA
Input Low Voltage Vi —=0.1 - 0.8 v
Input High Voltage Vin 2.0 — Veet1 \Y
Output Low Voltage Voo Ior=2.1mA - — 0.45 \
Output High Voltage Von Ton=—400uA 2.4 — — \
® AC CHARACTERISTICS (Ta=0 to 70°C, Vec=5V15%, Vep="Vect0.6V)
- HN4827128G-25 | HN4827128G-30 | HN4827128G-45 .
Parameter Symbol Test Condition - - - Unit
min max min max min max
Address to Output Delay tace CE=0E=V,. — 250 — 300 — 450 ns
CE to Output Delay tee OE=Vi, — 250 — 300 — 450 ns
OE to Output Delay toe CE= V.. — 100 — 120 — 150 ns
OE High to Output Float tor® | CE=Vu 0 60 0 105 0 130 ns
Address to Output Hold ton CE=OE=V. 0 — 0 — 0 — ns
* .+ defines the tme at which the output achieves the open circuit condition and is not referenced to output voltage levels.
® SWITCHING CHARACTERISTICS
Test Condition
Input Pulse Levels: 0.45V to 2.4V
Input Rise and Fall Time: <20ns
Output Load: 1 TTL Gate + 100 pF
Reference Level for Measuring Timing: 0.8V and 2V
y
\arens
vE
5 _\T—— /
|
hata e \ R
® CAPACITANCE ( Ta=25C, f= 1MHz)
Parameter Symbol Test Condition min typ max Unit
Input Capacitance C. V=0V — 4 6 pF
Output Capacitance Cour Vour=0V - 8 12 pF
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HN4827128G-25, HN4827128G-30, HN4827128G-45

B PROGRAMMING OPERATION
©DC PROGRAMMING CHARACTERISTICS (Ta=25C+5°C, Vec=5V+5%, Ver=21V£0.5V)

Parameter Symbol Test Condition min typ max Unit
Input Leakage Current I Vin=5.25V — — 10| wA
Output Low Voltage During Verify VoL Ioo=2.1mA — — 0.45 v
Output High Voltage During Verify Vou Ton= —400pA 2.4 — — v
Vee Current (Active) ' Icc, — — 100 | mA
Input Low Level \P —0.1 — 0.8 \Y
Input High Level Viu 2.0 — Vec+1 v
Vep Supply Current Ipp CE=PGM=V,, — — 30 mA

@ AC PROGRAMMING CHARACTERISTICS (Ta=25C+5C, Vec=5V£5%, Vepr—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 tpr 0 — 130 ns
Ver Setup Time tvs 2 — — us
PGM Pulse Width During Programming tew 45 50 55 ms
CE Setup Time tces 2 — — us
Data Valid from OE tor — — 150 ns

Note : for 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: 0.45V to 2.4V

Input Rise and Fall Time: <20ns

Reference Level for Measuring Timing: 0.8V and 2V

Program Program
Verify

Address

tas .

—
Data Dot | InSuble p—t—rd Date Out

I
tos tOF,

DK,

FL;

Vep

Vee tvs

ICES

- -
= ._m_S.1 ltor |

&l
ul

® ERASE

Erasure of HN4827128 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 15 W-sec/cm?.
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HN4827128G-25, HN4827128G-30, HN4827128G-45

BHIGH 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.

Address + 1= Address

SET PROG. VERIFY MODE
Vep=21405V Vee=60£0.25V

SET READ MODE
Vee=5.0+0.25V Vpp= 11

High Performance Programming Flowchart

® AC PROGRAMMING CHARACTERISTICS (Ta=25C+5°C, Vec=6V=0.25V, Vep=21V10.5V)

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
Vep Setup Time tvps 2 — — us
Vee Setup Time tves 2 — — HS
PGM Pulse Width during Initial Program tew 0.95 1.0 1.05 ms
PGM Pulse Width during Over Program** topw 3.8 — 63 ms
CE Setup Time tces 2 — — us
Data Valid from OE toe — — 150 ns

* o5 defines the time at which the output achieves the open circuit conditions and is not referenced to output voltage levels.
*% topy is defined as mentioned in flow chart.
©® SWITCHING CHARACTERISTICS Progr Progrem Verify—

Test Condition
Input Pulse Level:
Input Rise and Fall Time:

Reference Level for Measuring Timing:

292

0.45V to 2.4V
<20ns
0.8V and 2V

Address X

I tas— “”'I

Data _;bm" In Stable
D5~ ton
Ve
Ver ch%
Vee+ 1
Vee Vee— |_tics

CE

Data Ou
YVald

gl

tcEs

|

o
[}
X

Lew tOES

——

@ HITACHI



SUPPLY CURRENT VS. SUPPLY VOLTAGE

Supply Current [ce (mA

100

8

40

20

HN4827128G-25,HN4827128G-30, HN4827128G-45

SUPPLY CURRENT VS. AMBIENT TEMPERATURE

L I
Tu=25C Vo=
Bl
Iecy g
- ] —
= —
P = P
£ [y ——
— £ Sy
i
20
lecr
/AR S——
p—
0
1 5 6 0 20 10 60 0

Supply Voltage Vee 1V

ADDRESS ACCESS TIME VS. SUPPLY VOLTAGE

Ins)

Address Access Time fac¢

Ambiem Temperature Tu - C

ADDRESS ACCESS TIME
VS. AMBIENT TEMPERATURE

250 250
Tu=257 Vee =5\
200 h N 200 —
\ = /
g /
150 ™ S ]
E "
&
N 7
&
100 < 100
£
z
50 50
bl 1}
; 1 3 ; 30 I 0 ]

Supply Voltage Vee 1V
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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).

Data 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.

Preliminary

B FEATURES
® Single Power Supply . ... .. +5V 5%
® Simple Programming ..... Program Voltage: +21V DC
. Prog.ram with One 50ms Pulse (DP-28)
® Static ........ No Clocks Required
® Inputs and Outputs TTL Compatible During Both Read and
Program Mode BPIN ARRANGEMENT
® Access Time ........ 300ns ver [1] Vee
® Absolute Max. Rating of Vpp Pin ...... 26.5V An[Z] l27) M
® 1ow Stand-by Current ...... 35mA 3] 126] Au
@ High Performance Programming Available As[1] [25] As
@® Compatible with Intel P27128 #s[5] [24] A
5] 23] Au
® BLOCK DIAGRAM [T j22] 0%
Oo~01 (8] (21] Awo
A N Al[] [20] CE
N A A O O O i 500
e POWERDOWN & o] [T o
CF oI PROGRAM LOGIC gg:gg;s o o,
02 [13] [16] O
ol GND 14 [15] 05
o Y DECODER Y GATING (Top View)
o .
o—|
o1
o—1 .
Ao .
M pe :
] 131072 bit
o— X DECODER MEMORY MATRIX
o1
o] :
o— .
o—1
\0—'
B MODE SELECTION
Pins CE OE PGM Vep Vee Outputs
MODE (20) (22) (27) (1) (28) (11~13, 15~19)
Read Vie Vie Vin Vee Vee Dout
Stand by Viu X X Vee Vee High Z
Program Vie X D Ver Vee Din
Program Verify Vio ViL Vin Ver Vee Dout
Program Inhibit Vin X X Vep 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

B ABSOLUTE MAXIMUM RATINGS

Item Symbol Value Unit
Operating Temperature Range Topr 0 to +70 °C
Storage Temperature Range Tus --55 to +125 °C
All Input and Output Voltages™® Vin, Vou ~0.6to +7 \Y%
Vep Voltage® Ver - 0.6 +26.5 \Y%
Vec Voltage* . Vee - 0.6 to +7 \Y

* with respect to GND

BREAD OPERATION
® DC AND OPERATING CHARACTERISTICS (T, = 0 to +70°C, Vo = SV + 5%, Vpp = Ve * 0.6V)

Parameter Symbol Test Conditions min typ max Unit
Input Leakage Current I Vee=5.25V, Vin=>5.25V — — 10| uA
Output Leakage Current Io Vee=5.25V, V,.=5.25V/0.45V - — 10| uA
Vep Current Iepr Vep=Vcc+0.6V — — 15| mA
Vee Current (Standby) I CE= Vi - — 35| mA
Vee Current (Active) Icca CE=0E=V,. — 60 100 mA
Input Low Voltage ViL —0.1 — 0.8 \'
Input High Voltage Vin 2.0 — Veet1 \Y
Output Low Voltage VoL Tor=2.1mA - - 0.45 A
Output High Voltage Vou ~ Toy=—400uA 2.4 — — \

® AC CHARACTERISTICS (T, = 0 to 70°C, Ve = 5V £ 5%, Vpp = Ve * 0.6V)

Parameter Symbol Test Conditions min max Unit
Address to Output Delay tacce CE=0E= VL - 300 ns
CE to Output Delay tce OE = ¥y, - 300 ns
OE to Output Delay tOE CE =V - 120 ns
OE High to Output Float* tDF CE=Vj, 0 105 ns
Address to Output Hold toH CE=0E= VL 0 - ns

* ¢ pp 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: 0.45V to 2.4V
Input Rise and Fall Time: <20ns
Output Load: 1 TTL Gate + 100 pF

Reference Level for Measuring Timing: 0.8V and 2V

—
Address
A

CE E—
Standby Mode Active Mode Standby Mode
tce
OF /
|
tor tor

Data Out @/ Data Out Valid vy
©® CAPACITANCE (Ta=25C, f=1MHz)
Parameter Symbol Test Condition min typ max Unit
Input Capacitance Ci. V=0V — 4 6 pF
Output Capacitance Cout Vour=0V — 8 12 pF
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HN4827128P-30

B PROGRAMMING OPERATION

®DC PROGRAMMING CHARACTERISTICS (Ta=25°C +5°C, Vie=5V+ 5%, Vepr=21V+0.5V)

Parameter Symbol Test Condition min typ max Unit
Input Leakage Current I Vin=5.25V — — 10| wA
Output Low Voltage During Verify Vou Ior=2.1mA — — 0.45 \4
Output High Voltage During Verify Vou Ton= —400uA 2.4 - — \4
Vce Current (Active) Icc: — — 100 | mA
Input Low Level | —=0.1 — 0.8 \
Input High Level Viw 2.0 — Veet+1 \'
Ve Supply Current Iep CE=PGM=V,, — — 30/ mA
® AC PROGRAMMING CHARACTERISTICS (Ta=25°C +5°C, Vec= 5V+5%, Vep=21V+0.5V)
Parameter Symbol Test Condition min typ max Unit
Address Setup Time tss ) 2 — — us
OE Setup Time toes 2 — — us
Data Setup Time tps 2 — — us
Address Hold Time 1273 0 — — us
Data Hold Time o 2 — — us
OE to Output Float Delay tor 0 — 130 ns
Ver Setup Time tys 2 — — us
PGM Pulse Width During Programming tew 45 50 55 ms
CE Setup Time tces 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: 0.45V to 2.4V
Input Rise and Fall Time: <20ns
Reference Level for Measuring Timing: 0.8V and 2V
Program Program
Verify
Address >:
tas 12
}‘D ta Out
Data __< Data In Stable ] ——< Vo
s oF,
DK
Vep t
Vep
Vee tvs
CE
tcEs
J— 4
PCM
tPw toEs | 10E
| |
N
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HEHIGH 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.

Address 1 Address

SET PROG. VERIFY

MODE

Vep=21£05\ Vee=6.0£0.25V

Address=0

Program tpw=Ims +5%

HN4827128P-30

S=10, 1115

Program torw =4nms

GO

YES
SET READ MODE

Vee=5.0£0.25V Vop= Ve

NO

GO

NO GO

(rai)

High Performance Programming Flowchart

© AC PROGRAMMING CHARACTERISTICS (Ta=25C£5C, Vec=6V£0.25V, Vepr=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 tos 2 - — us
Address Hold Time tan 0 — - us
Data Hold Time ton 2 - — us
OE to Output Float Delay® tpr 0 — 130 ns
Vep Setup Time tves 2 - — us
Vee Setup Time tves 2 — - us
PGM Pulse Width during Initial Program trw 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
* 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 Progr Program Verify-—]
Test Condition R, S o
Input Pulse Level: 0.4V to 2.4V Dats  — Daua]ln Sble Lo
Input Rise and Fall Time: <20 ns s ) o
Reference Level for Measuring Timing: 0.8V and 2V Ver XZ’ ;[ wres
Vec+ 1
Vee Vee— | tves
CE :
LCES
PCM
LOES | pop ]
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HN27256G-25, HN27256G-30

32768-word x 8-bit UV Erasable and Programmable ROM

® FEATURES

® Single Power Supply .......... +6V +5%

® High Performance Programming .. Program Voltage: +12.5V
D.C.

® Static .. .................. No Clocks Required

® Inputs and Outputs TTL Compatible During Both Read and
Program Modes

® AccessTime ............... HN27256G-25:250ns(max.)
HN27256G-30:300ns(max.)

@ Absolute Max. Rating of Vj, pin. . 14.0V (DG-28)

® | ow Stand-by Current . ........ 40mA (stand-by)

e Compatible with INTEL 27256 ® PIN ARRANGEMENT

Ver [I ~ E Vee
au 2] [27] A
® BLOCK DIAGRAM v 5] A
Address 0—:{;3:——-——¢ A II E A
' as 5] (2] s
'% : 512%512 a 6] [23] an
fj Memory Matrix s E z, 5
. Az E Z] Ao
TR L v 5 =
1”0 O s '—* Y-Gating Ao [10] 19] 01
i , o [ ) o
&3 ~Decoder
10 O J‘E— =° ¥ e 01 E E 0s
rk\/\g 02 [13] [16] o
6ND [1a 5] 0s
‘ 1 (Top View)
& O{>o4 F_——14
oF Address Address
Vee O—
Vep
* High Threshold
Vss O—— B>° ,lu\i‘rlvr
@ MODE SELECTION
Pins CE OE Vpp Vee Outputs
Mode (20) (22) €8} (28) (11 ~13,15~19)
Read ViL VL Vee Vee Dout
Output Disable 1474 Vig Vce Vce High Z
Standby Vig X Vece Vee High Z
High Performance Program ViL Vi Vpp Vee Din
Program Verify Vig 1449 Vpp Vee Dout
Optional Verify Vi 249 Vpp Vee Dout
Program Inhibit Vig Vi Vpp Vce High Z

Note) X: Don’t care.
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® ABSOLUTE MAXIMUM RATING

HN27256G-25, HN27256G-30

Item

Symbol Value Unit
Operating Temperature Range Topr 0 to  +70 °C
Storage Temperature Range Tste -65 to  +12§ °C
Storage Temperature Range Under Bias Thias -10 to  +80 °C
All Input and Output Voltages* Vin: Vout -0.6 to +7 \Y
Vpp Voltage* Vpp -0.6 to +14.0 \%
Vo Voltage* Vee -06 to +7 v
* with respect to GND.
m READ OPERATION
e DC AND OPERATING CHARACTERISTICS (72=0~+70°C, Vee=5V15%)
Parameter Symbol Test Conditions min. typ. max. Unit
Input Leakage Current Iy Vin =5.25V - - 10 A
Output Leakage Current Ito Vout = 5.25V/0.45V - - 10 uA
Vpp Current Ipp1 Vpp=55V - - 5 mA
Ve Current (Standby) Icca CE =Viy - - 40 mA
Vee Current (Active) Icco CE =0E =V, - 45 100 mA
Input Low Voltage Vit —-0.1 - 0.8 v
Input High Voltage Vig 2.0 - Vee+ 1 v
Output Low Voltage VoL Ior, =2.1 mA = - 0.45 v
Output High Voltage Vou Ioy = —400 A 2.4 - - v
Vpp Voltage Vpp 3.8 - Vce v
® AC CHARACTERISTICS (Ta=0~70°C, Vee=5V+5%)
Parameter Symbol Test Condition HN27256G_25 HN27256G-30 Unit
min. max. min. max.
Address to Output Delay tacc CE=OE =V - 250 - 300 ns
CE to Output Delay tcE OE =V - 250 - 300 ns
OE to Output Delay 1OE CE =V - 100 - 120 ns
OE High to Output Float IDF CE=Vy 0 60 0 105 ns
Address to Output Hold toH CE=0E =V 0 - 0 - ns
Note: tpp defines the time at which the Output achieves the open circuit condition and Data is no longer driven.
u SWITCHING CHARACTERISTICS
TEST CONDITION
Input pulse levels: 0.45V to 2.4V
Input rise and fall time: <20ns
Output load: 1 TTL Gate +100pF
Reference level for measuring timing: 0.8V and 2V
@ HITACHI 299



HN27256G-25, HN27256G-30

- ' Y
Address )j
N :<
CE Stand by Mode / Stand by Mode
ne A Active Mode 4 )
tor -
OE
L ¥
o g - tor
tace ton
Data Out << << Data Out Valid \ >
® CAPACITANCE (72=25°C, f=1MHz)
Parameter Symbol Test Condition Min. Typ. Max. Unit.
Input Capacitance Cin Vin=0V - 4 6 pF
Output Capacitance Cout Voutr =0V - 8 12 pF

8 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.

SET PROG. VERIFY MODE
Frr=1252030 V=60 2025\

Vress = 1= Address

(i)

High Performance Programming Flowchart
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HN27256G-25, HN27256G-30

= HIGH PERFORMANCE PROGRAMMING OPERATION
e DC PROGRAMMING CHARACTERISTICS (72=25°C+5°C, Ve=6V+0.25V, Vpp=12.5V+0.3V)

Parameter Symbol Test Condition min. typ. max. Unit
Input Leakage Current Ip; ViN=5.25V - - 10 KA
Output Low Voltage During Verify VoL Ior =21 mA - - 0.45 A%
Output High Voltage During Verify Vou Ioy = —400 A 2.4 - — \%
Vee Current (Active) Icce - - 100 mA
Input Low Level Vi -0.1 - 0.8 v
Input High Level Vig 2.0 - Vee v
Vpp Supply Current Ipps CE=V - - 50 mA

® AC PROGRAMMING CHARACTERISTICS (Tu=25°C+5°C, Ve =6V+0.25V, V pp=12.5V+0.3V)

Parameter Symbol Test Condition min. typ. max. Unit
Address Setup Time tas 2 - - us
OE Setup Time tOES 2 - - us
Data Sctup Time tps 2 - - us
Address Hold Time tay 0 - - us
Data Hold Time tDH 2 - - us
OE to Output Float Delay tDFP 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 topw 2.85 — 78.75 ms
CE Setup Time N tcES 2 - - us
Data Valid from OE toE - - 150 ns

Notes: topw is defined as mentioned in flow chart.
tpFp 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: 0.45V to 2.4V
® |Input rise and fall time: <20ns
@ Reference level for measuring timing: 0.8V and 2V
P
__—-Program——l‘—vzgig{;m-—'
Address X
4!3»’-1 1.41(‘——4
Data Tt Tn Sianhs Tor o
Vi [ Lo tou tore
VH,Y.‘L] tors
Vee+l
Voo Y tves
CE = W
OE b tUI.:‘ tor
NI
® ERASE

Erasure of HN27256G 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. sec/cm?
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HN27256G-25, HN27256G-30

SUPPLY CURRENT VS. SUPPLY VOLTAGE

100

RO

Supply Current fe¢ 'mA

260

200

Address Access Time facc ns

SUPPLY CURRENT VS,
AMBIENT TEMPERATURE

100 T
Ta=25% feeZoV
&)
iE
g o
o
// u% \\5\\ ”
20
Ieer Iecr
0
1 [ [ 20 10 0 0
Supply Voltage Vee (V) Ambient Temperature Tu (C)
ADDRESS ACCESS TIME
ADDRESS ACCESS TIME VS. SUPPLY VOLTAGE VS. AMBIENT TEMPERATURE
— 250
Ta=25C Vee=5V
\ ; 3 o
150 E om
e
100 ié 100
50
0
: 1 L 7 0 20 10 0 80
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HN27C256G-20,HN27C256G-25,
HN27C256G-30

32768-word x 8-bit CMOS UV Erasable and Programmable ROM

u FEATURES
® | ow Power Dissipation

® Access Time

20mW/MHz typ. (Active Mode)
5uW typ. (Standby Mode)
200ns max. (HN27C256G-20)
250ns max. (HN27C256G-25)
300ns max. (HN27C256G-30)

® Single Power Supply . ......... 5V 5%
® High Performance Programming .. Program Voltage: +12.5V DC
® StatiC . ... i No Clocks Required
® |nputs and Outputs TTL Compatible During Both Read and Program (DG-28)
Modes , , ® PIN ARRANGEMENT
® Absolute Max. Rating of Vpp pin. . .14.0V
° . .
Compatible with INTEL 27256 . E_\I_‘N .
a2 2]
= BLOCK DIAGRAM U ] v
- —T As E 25] Ax
ADDRESS O gs s E M
g 512 X 512 N (23] an
§ MEMORY MATRIX v [ = ®
= Az E Z] Ao
ADDRESS O] a E II T
to Y.GATING s [i] 1] o-
S 0o E E s
o > Y DECODER o [ ] o
~ 02 E E 04
oD [1s E] 0
Top View
OF O—>e ADDRESS ADDRESS
Vee O——
Ve : HIGH THRESHOLD
vsy O— B> '11:;{"{%1‘;;}}«
= MODE SELECTION
L E S ' | oS
Mode (20) (22) 1) ( ( 13, )
Read ViL ViL Vce Vee Dout
Output Disable Vi Vig Vee Vce High Z
Standby Vig X Vee Vee High Z
High Performance Program 1248 Vi Vpp Vee Din
Program Verify VIiH ViL Vpp Vce Dout
Optional Verify viL VIL vpp Vce Dout
Program Inhibit VIH Vi vep Vee High Z

Note) X: Don’t care.

G HITACHI
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HN27C256G-20, HN27C256G-25, HN27C256G-30

® ABSOLUTE MAXIMUM RATING

Item Symbol Value Unit
Operating Temperature Range Topr 0 to +70 °C
Storage Temperature Range Tstg -65 to +125 °C
Storage Temperature Range Under Bias Thigs -10 to +80 °C
All Input and Output Voltages* ViN. Vour -1.0%* to +7 A%
Vpp Voltage* Vep -0.6 to +14 v
Ve Voltage* Vee -0.6 to +7 v
* with respect to GND.  ** Pulse width: 50ns, DC: V7, min = -0.6V
# READ OPERATION
® DC AND OPERATING CHARACTERISTICS (7, =0~ +70°C, Voo = 5V * 5%)
Parameter Symbol Test Condition min typ max Unit
Input Leakage Current Irr Vin =5.25V - - 2 HA
Output Leakage Current 17,0 Vour =5.25V/0.4V - - 2 A
Vpp Current Ipp; Vpp=155V - 1 20 MA
Vcc Current (Standby) IsB1 C_E - ViH — — ! mA
Isp) CE=Vcc + 0.3V - 1 20 kA
Iccy CE =V, Ioyt = 0 mA - - 30 mA
Ve Current (Active) Icch f=5MHz,Ip;; =0 mA - - 30 mA
Iccs f=1MHz, Ipy; = 0 mA - - 8 mA
VL -1.0% - 0.8 v
Input Voltage
Vig 2.2 - Vee+1.0 v
Vol Ipr =21 mA - - 0.45 \
Output Voltage VoH] | Iog=-400 uA 2.4 - - \Y
VoH2 IoHg =-100 pA Vee-0.7 - - v
Vpp Voltage vpp 3.8 - vee \

* Pulse width: 50ns, DC: V7 min = -0.3V

® AC CHARACTERISTICS (7, =0~ 70°C, Vo = 5V + 5%, Vep = V)

HN27C256G-20{ HN27C256G-25| HN27C256G-30)
Parameter Symbol Test Condition - - - Unit
) min. | max. | min. | max. | min. | max.
Address to Output Delay tacc CE=0E=Vy - 200 - 250 - 300 ns
CE to Output Delay ICE OE =V, - 200 - 250 - 300 ns
OE to Output Delay tOE CE=Vp, 10 70 10 100 10 150 ns
OE High to Output Float IDF CE=7Vpy 0 50 60 0 105 ns
Address to Output Hold toH CE=0E=Vpg 0 - - 0 - ns

Note: fpf defines the time at which the Output achieves the open circuit condition and Data is no longer driven.

8 SWITCHING CHARACTERISTICS

TEST CONDITION

Input pulse levels:
Input rise and fall time:

Output load:

0.45V to 2.4V
<20ns )
1 TTL Gate +100pF

Reference level for measuring timing: 0.8V and 2.0V
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HN27C256G-20, HN27C256G-25, HN27C256G-30

—
Address >d
X J:<
CE Stand by Mode Stand by Mode
N Active Mode ]/ .
R |
OE
| )
P
LI“*————. ‘—lnr———‘
tace ton
YN Data Out Valid %_
Data Out ANAVANAN —
® CAPACITANCE (72=25°C, f=1MHz)
Parameter Symbol Test Condition Min. Typ. ‘Max. Unit.
Input Capacitance Cin Vin=0V - 4 6 pF ’
Output Capacitance Cout Vout=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.

SET PROG. VERIFY MODE.
Vpp= 1232030 Tee=hl£n25\

Address=0

Address+ 1= Address

(ran)

High Performance Programming Flowchart
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HN27C256G-20, HN27C256G-25, HN27C256G-30

s HIGH PERFORMANCE PROGRAMMING OPERATION
e DC PROGRAMMING CHARACTERISTICS (72=25°C+5°C, Vee=6V+0.25V, Vpp=12.5V+0.3V)

Parameter Symbol Test Condition min. typ. max. Unit
Input Leakage Current Iny VIN = 6.25V/0.45V - - 2 HA
Output Low Voltage During Verify Vor lop, =2.1 mA T - - 0.45 A%
Output High Voltage During Verify Voy Ioyg = —400 uA 24 - - v
Vcc Current (Active) D) - - 100 mA
Input Low Level Vi -0.1 - 0.8 v
Input High Level Vin 2.2 - Vee \%
Vpp Supply Current Ippo CE = Ve - - 30 mA

Notes) 1. V¢ must be applied before Vpp and removed after Vpp.

2. Vpp must not exceed 13V including overshoot.

3. An influence may be had upon device reliability if the device is installed or removed while Vpp=12.5V.
4.

Do not alter Vpp either Vyy to 12.5V or 12.5V to ¥y, when CE = Low.

® AC PROGRAMMING CHARACTERISTICS (T2=25°C+5°C, Ve =6V+0.25V, Vpp=12.5V£0.3V)

Parameter Symbol Test Condition min. typ. max. Unit
Address Setup Time tas 2 - - us
OE Sctup Time tOES 2 - . us
Data Setup Time DS 2 - - us
Address Hold Time : tag 0 - - us
Data Hold Time IDH 2 - - us
OE to Output Float Delay tpF - - 130 ns
Vpp Setup Time typs 2 - - '
Vee Setup Time tye 2 - - us
PGM Pulse Width During Initial Programming | tpy 0.95 1.0 1.05 ms
CE Pulse Width During Overprogramming toPw 2.85 - 78.75 ms
CE Setup Time . tcES 2 N . us
Data Valid from OE 10E 0 - 150 ns

Notes: fopwis 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: 0.45V to 2.4V
® Input rise and fall time: <20ns
® Reference level for measuring timing: 0.8V and 2V
— Program—ef= y 182" o
Address ). 4
‘“\-1 [\Hl——-l
Data o T
Vi | Los m torre
\/ INE V( : ,\ I
Vool
e, JIVIN
CE = W
OF tru Inr:i Lo
® ERASE

Erasure of HN27C256G is performed by exposure to ultraviolet light of 2737 & and all the output data are
changed to 1" after this erasure procedure. The minimum integrated dose (i.e. UV intensity x exposure time)
for erasure is 15W. sec/cm?.
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HNS58064P-25, HN58064P-30

8192-word x 8-bit Electrically Erasable and Programmable ROM.

= FEATURES
@ Single 5V Supply

® Address, Data, CE, OE Latches

® Byte Erase / Byte Write Time. . ... ... 10 ms typ.

® ChipErase Time ................. 20 ms typ.

® Fast AccessTime. . .............. 250 ns max. / 300 ns
max.

@ Low Power Dissipation. . .......... 300 mW typ.

. (Active)
............ 125 mW typ.

(Standby)

e Comforms to JEDEC Byte-Wide Standard
Reliable N-channel MNOS Technology
® 10000 Erase/Write Cycles

u BLOCK DIAGRAM

Vee O High Voltage 1/00 ~ 1/07
V., O Generator T T

OE 1/0 Buffer
and

CE Erase, Write, Powerdown I Input Latch

WE Control Logic

Al2 o t ,:"> Y i O
S : | Decoder —|E>| Y Gating I
A8 o—f l @

Address
Buffer
and
A7 o— Latch LJ> e D Memory
. Array
S ‘ Decoder (256 256)
A0 o

® MODE SELECTION

(DP-28)

MODE FINS CE (20) | OE (22) |WE 27)| /O (11~13,15~19)
Read ViL ViL Via Dout

Standby Viyg X X High Z

Byte Erase ViL Vi ViL Din = Vg

Byte Write 1279 VIH VL Din

Chip Erase ViL ViL ViL Din = Vig

Deselect ViL Vi Vig High Z

X: Vigor Vir,

@ HITACHI

= PIN ARRANGEMENT
ne[1] ~ 28] Voo

A 2] 27| WE
A7E 26 NC
AeE 25| As
As 5] _z__T]Ag
Ad[6] 23] An
As[7] 22] OF
A 8] [21] Awo
A o] [20] CE
Ao [10] 1] 1/0,
1/00 [11] 18] 1/06
1/0: [1z] [17] 1/0s
1/0, [13] 1] 1/0,
ves [ 5] 1/0s

(Top View)
A0~ A12 Address Input
. 1/00 ~ 1107 Data in / Data out
OE Output Enable’
CE Chip Enable
WE Write Enable
Vee Power (+5V)
Vss GND
NC No connect
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HN58064P-25, HN58064P-30

= ABSOLUTE MAXIMUM RATINGS

Item Symbol Value Unit
Supply Voltage* Vee -0.6 to +7.0 \"
Input Voltage* Vin -0.6 to+7.0 A\
Operating o
Temperature Range Topr 010 +70 C
Storage °
Temperature Range Tstg —55t0+125 c

* With Respect to Vgg

a RECOMMENDED DC OPERATING CONDITIONS

Item Symbol min typ max Unit
Supply Voltage Vee 4.5 5.0 55 \"
449 -0.1 - 0.8 v
Input Voltage
Via 2.0 - Veet 1 v
Operating _ °©
Temperature Topr 0 70 c

8 DC AND OPERATING CHARACTERISTICS (T2 = 0~ 70°C, Ve = 5V £10%)

Parameter Symbol Test Condition min typ max Unit
Input Leakage Current Irr Vee=5.5V, Vi =5.5V - - 10 MA
Output Leakage Current Iro Vee=5.5V, Vour = 5.5/0.4V - - 10 HA
Ve Current (Standby) Icc1 | CE=Viy - 25 40 mA
Ve Current (Active) Iccy | CE=VpL - 60 100 mA
Input Low Voltage Vi -0.1 - 0.8 v
Input High Voltage Via 2.0 - Vee+l v
Output Low Voltage Vor | 1oL, = 2.1 mA - - 0.4 A%
Output High Voltage Vor | Iog=-400 uA 2.4 - - A%
= CAPACITANCE (Tz = 25°C, f = 1MHz)
Parameter Symbol Test Condition min typ max Unit
Input Capacitance Cin Vin =0V — — 6 pF
Qutput Capacitance Cout Vout = oV — - 12 pF
® AC TEST CONDITIONS
Input Pulse Levels: 0.4V to 2.4V
Input Rise and Fall Time: < 20ns

Output Load:

1TTL Gate + 100pF

Reference Level for Measuring Timing: 0.8V and 2.0V
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® AC CHARACTERISTICS (7, =0~ +70°C, V¢ =5V = 10%)

e READ OPERATION

HN58064P-25, HN58064P-30

HN58064P-25 HN58064P-30
Parameter Symbol Test Condition - - Unit
min. max. min. max.
Address to Output Delay tacc | CE=O0E=Vy, WE= Vg - 250 - 300 ns
CE to Output Delay tce | CE=Vvy, WE=Vig - 250 - 300 ns
OE to Output Delay tog | CE=Vy,WE= Vg - 100 - 150 ns
Address to Output Hold tog | CE=0E=Vy,WE="Viy 0 - 0 - ns
‘OE High to Output Float tpr | CE=Vy ,WE=Vig 0 90 0 130 ns
® WAVE FORM .........ccccuenueene READ CYCLE
Address
tacc
CE
tce
OE
toE tDF
WE High
Data
N Data Out Valid
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HN58064P-25, HN58064P-30

® BYTE ERASE AND BYTE WRITE OPERATION

Parameter Symbol C o;l:g?tti on min typ max Unit
Address Setup Time | ta4s 0 - - ns
Address Hold Time tAH 100 — - ns
CE Setup Time tCES 0 - - ns
CE Hold Time tCEH 100 - - ns
OE Setup Time tOES 0 - - ns
OE Hold Time tOEH 100 - - ns
WE Pulse Width tWEP1 8 10 15 ms
WE High Time IWEH 1000 - - ns
Data Setup Time tDS 0 - - ns
Data Hold Time tDH 100 - — ns

® WAVE FORM .......cccoerrmrvenennns ERASE AND WRITE CYCLE
N
Address
/
t4s 141
r
X 7
1CES ICEn
l0ES toEH
Note 11
" _/Z \
o IWEH
—_
WE &
IWEP)
-
Ins toH 1
Note 2
i el

Note 1) CE or OE should be *“1” and in Standby Mode or Deselect Mode before Write/Erase operation.
Note 2) 1/0, to I/O, must be “1” in Byte Erase.
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HN58064P-25, HN58064P-30

o CHIP ERASE OPERATION |

Parémeter Symbol C o'rl:(eﬁstti on min typ max Unit
CE Setup Time tCES 0 - - ns
CE Hold Time {CEH 100 - - ns
OE Setup Time tOES 0 - 50 ns
OE Hold Time tOEH 100 - - ns
'WE Pulse Width tWEP2 15 20 25 ms
‘WE High Time tWEH 1000 _ - | ms
Data Setup Time tDs 0 - - ns
Data Hold Time tDH 100 - - ns
@ WAVE FORM .....ccooicinnnmnnenecenn CHIP ERASE |
(Note 31

Note 31

“Q\

ICEs [(§:i]

10ES R

| WEH

|

| L\ L\

wEp?

s D
(Note 41 :
Data in Stable

Data

Note 3) OF or OF should be “1” and in Standby Mode or Deselect Mode before Chip Erase operation.
Note 4) 1/0, to I/O, must be “1” in Chip Erase operation.

Note 5) Don’t Care about Address.
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HN58064P-25, HN58064P-30

® CHIP ERASE OPERATION Il

Parameter Symbol Test Condition min typ max Unit
' CE Hold Time tCEH 100 E - ns
OE Setup Time tOES 0 - - ns
OE Hold Time tOEH 100 — - ns
WE Setup Time tws 0 - - ns
WE Pulse Width tWH 15 20 25 ms
WE High Time tWEH 1000 - - ns
Data Setup Time tps 0 - — ns
Data Hold Time tDH 100 — - ns
e WAVE FORM ......... CHIP ERASE Il
2 S 7)/
{CEH
SN\ a
lOES {OEH

I

IWEH

ws

s IDH
ot m

Data

Data in Stable

Note 4) 1/O 1~ 7 must be “1” in Chip Erase Operation.
Note S5) Don’t Care about Address.
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HVI10414, 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

(DG-16)

@ Output obtainable by wired-OR (open emitter)

HPIN ARRANGEMENT

X 1 Don't care

* . Read out non-inverted

o
v

[ "]
B TRUTH TABLE A (1] 16] ve
Input Ay E 15
— — Output Mode
CS WE Din A E
any one H X x L Not Selefted A, E "
all L L L L Write “0"
Al L L H L Write “1" s [5] 12
all L H X Dout* Read o E -
(]

il BLOCK DIAGRAM
(Top View)

g

16X 16
Memory
Celt

s = || ]
Write Dravers
Y Address
Dernder

IR

LN
EE

iy s
37 &
<3 -
=S 5

o
ol

2
E

B ABSOLUTE MAXIMUM RATINGS

Item Symbol Rating Unit
Supply Voltage Vee to Vee +0.5 to —7.0 \
Input Voltage Vi +0.5 to Ve v
Output Current Lou —30 mA
Storage Temperature Tug —65 to +150 °C
Storage Temperature Tus(Bias)* --55 to +125 ‘C

* Under Bias
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HM10414, HM10414-1

B ELECTRICAL CHARACTERISTICS
®DC CHARACTERISTICS (Vie=—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

0°C 1000 - -840
Vo . +25C - 960 - -810

Output Voltage Viv="Viua or Viiu Hrse - %00 - 720 mV
0°C - 1870 - - 1665
Voo +25°C -1850 - - 1650
+175°C 1830 - 1625
0°C - 1020 - -
Vo +25°C - 980 - —

Output Threshold Voltage Viv=Viug or Viia +75:C 920 - _ mV
0°C - = 1645
Vore +25°C - - 1630
+75°C - - 1605
0°C - 1145 - - 840
Vin Gfxaranteed Input Voltage TosC 1105 — 810

N High for All Inputs +75:C T — 720 .
0°C - 1870 - - 1490
Vi Guaranteed Input Voltage T95C 1850 — YT

Low for All Inputs o

+75°C ~ 1830 - — 1450
Iin Vin="Viua 0 to +75°C - - 220

Input Current " CS Vie=Via 0 to 475 0.5 — 170 A
Other 50 - -

Supply Current e All Input and Output Open, +75°C - - 130 - A
: Test Pin 8 0°C 180 - 140 -

® AC CHARACTERISTICS
(Vee=—5.2V+5%, Ta=0 to +75°C, air flow exceeding 2m/sec, see test circuit and waveforms)
1. READ MODE

Item Symbol Test Condition - HM10414 - HM10414-1 Unit
min typ max min typ max

Chip Select Access Time tack - 3 6 - 3 6 ns
Chip Select Recovery Time tres - 3 6 - 3 6 ns
Address Access Time tas - 7 10 - 6 8 ns
2. WRITE MODE

Item . Symbol ‘Test Condition . HM&?M ax i HMltOy‘:)“_l max Unit
Write Pulse Width tw twsa=2ns 6 4 - 6 4 - ns
Data Setup Time twso 1 0 - 1 0 - ns
Data Hold Time twhp 1 0 - 1 0 - ns
Address Setup Time twsa tw="6ns 2 0 - 2 0 — ns
Address Hold Time twia 2 0 - 2 0 - ns
Chip Select Setup Time twscs 1 [ - 1 0 - ns
Chip Select Hold Time twhcs 1 0 - 1 0 - ns
Write Disable Time tws - - - - 5 ns
Write Recovery Time twr - - 12 - — 10 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 ty - 1.5 2.5 ns
4. CAPACITANCE

Item Symbol Test Condition min typ max Unit
Input Capacitance (o - 3 5 pF
Output Capacitance Cout — 5 8 pF
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HM10414, HM10414-1

B TEST CIRCUIT AND WAVEFORMS

1. LOADING CONDITIONS 2. INPUT PULSE
GND
T ~0.9V
80%
16
20%
HMI0414 R, L S
I I t,=t;=20ns typ

0.01F -[ [ =20V
L}

Vee

RL=50Q

CL=30pF (includes jig and stray capacitance)

3. READ MODE

Address XSL%

Pty

Dout 50%

4. WRITE MODE \
s 50% N 7(
N |
Address 509%: ———————————————— X |

bos0% N —

WE ‘——l Wl Pt 14N4~—-1K
l———f "y T tw -r LWHCS:
Dout
SUPPLY CURRENT SUPPLY CURRENT
vs. AMBIENT TEMPERATURE vs. SUPPLY VOLTAGE
200 - T 200
|
.
180 : t 180
7 R
PR T 1 f < 160
= i E
z ‘ | o T
g \\ K \_\
5 Mo : ] \\ = Mo
-5 | I~ 3
R 2 120
100 100
Vee= —5.20V Ta=25C
L | [V S l
-2 0 20 40 60 80 100 -5.72 -5.20 —~4.68
Ambient Temperature Ta \'C) Supply Voltage Vee (V)

316 ® HITACHI



Address Access Time taa (ns)

Chip Select Access Time tacs (ns

Write Pulse Width tw (ns?

HM10414, HM10414-1

ADDRESS ACCESS TIME ADDRESS ACCESS TIME
vs. AMBIENT TEMPERATURE vs. SUPPLY VOLTAGE
10 T T 10 T T ;
i k ! i
: ! | 1 | |
i B " —
i ; ! | ! !
| : |
8 t t 3 " ! i ]
- i ]
¥ .
7 i ! - el c : ‘ —
Powont £ it
= T : ! P [ T i o
5 1 : — 5 T
‘ | Vee= -5.20V i ) Tu=25C
4 . | 4 .
-20 0 20 40 60 80 100 5.7 520 o8
Ambient Temperature Ta ('C) Supply Voltage Ve V
CHIP SELECT ACCESS TIME CHIP SELECT ACCESS TIME
vs. AMBIENT TEMPERATURE vs. SUPPLY VOLTAGE
6 0 T
o P
5 R ! ' i
4 — e
| |
| |

——

l

Al

1 ) 1 |
|

Chip Select Tame tacs n

l-
|
t f
I
|

t t
{ ’ Vee= - 5.207 ; i Ta-25°C
0 | . | L
-20 20 10 60 80 100 - 55 B ™
Ambient Temperature Ta 'C Supply Voltage Vir \
WRITE PULSE WIDTH WRITE PULSE WIDTH
vs. AMBIENT TEMPERATURE vs. SUPPLY VOLTAGE
6 6
5 5
—_— -
4 £
=
=
3 z 3
2 i 2
=
! 1
Veg=-520V Ta=25C
0 0
-20 0 20 40 60 80 100 ~5.72 -5.20 -4.68
Ambient Temperature Ta +'C Supply Voltage Vie *\
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HVM10422

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.

B FEATURES G24A
e 256-word x 4 bit organization. (DG-244)
® Fully compatible with 10K ECL level
® Address access time: 10ns (max) B PIN ARRANGEMENT
@ Write pulse width: 6ns (min) ~_J
® Power dissipation: 0.8mW/bit vees [1] 2] Ve
® Output obtainable by wired-OR (open emitter) vor [2] E DO
5 (3] B}
B TRUTH TABLE vor [ [21] vos
— Iim - Output Mode b E 2] 55
BS WE Din oi 6] [15] vt
H x X L Not Selected DL E E LIy
L L L L Write “0 Wi E E N
L L H L Write “1”
g i »
L H X Dout* Read
. & [10 E Al
Notes) X : Irrelevant
* | Read out noninvert Ar E E Al
BWBLOCK DIAGRAM e . vee 1] [13) %
T T T (Top View)
[ Y-Decoder/Driver

U U U U

Memory Cell Array
|
256 Words X4 Bits

z
X-Decoder/Driver

A o
Black 1 Block 2 Block 3 Block ¢4

I O T O I O A O

WE O—{ R/W Circuit | R/W Circuit [ R/W Circuit [R/W Circuit

&&Té&g 56&

25 ¢ 238 12 3

BS: o
Ll o
DO o
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B ABSOLUTE MAXIMUM RATINGS

Item Symbol Rating Unit
Supply Voltage Vee to Vee +0.5 to —7.0
Input Voltage Via +0.5 to Ver
Output Current Low —30 mA
Storage Temperature Tus —65 to +150
Storage Temperature T..(Bias)* —55 to +125

#* Under Bias

B ELECTRICAL CHARACTERISTICS

(Vee=—5.2V, R.=50Q to —2.0V, Ta=0 to +75C, air flow exceeding 2m/sec)

®DC CHARACTERISTICS

- HM10422

Item Symbol Test Condition min(B) typ max (A} Unit
0C —1000 - —840
Vou +25°C —960 - —810
Vin=Viua +75C —900 — -1720
Qutput Voltage or Via 0C | —1870 ~ e | ™
Voo +25C —1850 - —1650
+175C —1830 - —1625
0C —1020 - -
Vonc +25°C —980 — —
Output Threshold Voltage Viv=Viss or Vies R Ml - — wv
0C - - —1645
Vore +25C — — —1630
+175°C — - — 1605
0°C —1145 - — 840
Vin G{:aranteed Input Voltage TasC 1108 — 10
High for All Inputs TrsC 106 — "0
Input Voltage 0C 1870 — 1490 mV
Vi Guaranteed Input Voltage TocC 1850 — Y™
Low for All Inputs TsC 1830 — 1450
In Vin=Vina 0 to +75C — — 220
Input Current I BS Vin=ViLs 0 to +75C 0.5 - 170 HA
Other —50 - —
Supply Current Tee All Input and Output Open, Ta=0C —200 - 160 — A
Test Pin 12 Ta=175C — —145 —
® 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 d - 5 ns
Address Access Time tas - 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 twsp 2 0 - ns
Data Hold Time twio 2 0 — ns
Address Setup Time twsa tw="6ns 2 0 — ns
Address Hold Time twia 2 0 — ns
Block Select Setup Time twsas 2 0 - ns
Block Select Hold Time twiss 2 0 — ns
Write Disable Time tws — 4 5 ns
Write Recovery Time twr — 4.5 12 ns
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3. RISE/FALL TIME

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 Cin — 4 — pF
Output Capacitance Cout — 7 — pF

B TEST CIRCUIT AND WAVEFORMS

1. LOADING CONDITION

Test Circuit

T Vee(GND)

MU.T.

0.014F -[; Viu

3. READ MODE

BS

Dout

4. WRITE MODE

320

Cu

RL=50Q
CL=30pF(includes
probe and jig
capacitance)

Address

2. INPUT PULSE

—0.9V ————

|
|
17V | :

te=t;~2.0ns typ

Dout

Address
R U T S L
Din s0% Y so%j\
\, /
N _
-
WE [—-m-xn- 0% S0z, tww
o tu s w twun
50% 0%
Dowt
s twr
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Supply Current [ee (mA)

Address Access Time ta4 (ns)

Block Select Access Time tass (ns)

200

180

160

140

120

100

SUPPLY CURRENT vs.
AMBIENT TEMPERATURE

\\
\\
\\
Vee= ~5.20V
-20 0 20 0 60 80 100

Ambient Temperature Ta °C)

ADDRESS ACCESS TIME vs.
AMBIENT TEMPERATURE

:
i
|
;
|
|
]
i
k /
;
¢
|
Veg= -5.20V
I
-2 0 20 40 60 80 100

Ambient Temperature Ta *'C)

BLOCK SELECT ACCESS TIME
vs. AMBIENT TEMPERATURE

6
5
4
I
| —l
L
] S—
2
1 l
Veg=—5.20V
) |
o 0 20 40 60 80 100

Ambient Temperature Ta ('C)

Supply Current [ee .mA

Address Access Time taa tns;

Block Select Access Time tass (ns)

@ HITACHI

200

180

160

140

120

HM10422

SUPPLY CURRENT vs.
SUPPLY VOLTAGE

T
i
: ‘
I
S—— L e
L - L
|
i
- ;
! |
+
‘ | Ta:sC
| i
| ; l
5.72 5.20 4.68

Supply Voltage Ver V

ADDRESS ACCESS TIME vs.
SUPPLY VOLTAGE

\M i
i i |
t . :
\ ‘ Ta=25C
I L : |
-5.72 -5.20 —4.68

Supply Voltage Vee iV

BLOCK SELECT ACCESS TIME
vs. SUPPLY VOLTAGE

6

5

4

\4-\\
3 \
\l-—

2

1

Ta=25C
0 1
—5.72 -5.20 —4.68

Supply Voltage Vee (V)
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322

Write Pulse Width (ns)

WRITE PULSE WIDTH vs.
AMBIENT TEMPERATURE

—
—— ~—
~ 2
H
=
&
=
o
2
£
]
=
Vee=~520V
20 40 60 8 100

Ambient Temperature Ta (*C)

@ HITACHI

WRITE PULSE WIDTH vs.
SUPPLY VOLTAGE

Ta=25C

—5.72 —5.20 —4.68
Supply Voltage Vee (V)



HM10422-7

256-word X 4-bit Fully Decoded Random Access Memory
The HM10422 is ECL 10K compatible, 256-word x 4-bit, read write,
random access memory developed for high speed systems such as
scratch pads and control buffer storages.

Four active Low Block Select lines are provided to select each block
independently.

The fabrication process is the Hitachi’s low capacitance, oxide
isolation method with double metalization.

The HM10422 is encapsulated in cerdip-24 pin package, compatible

with Fairchild’s F10422.

FEATURES

256-word x 4 bit organization

Fully compatible with 10K ECL level

Address access time: 7ns (max)

Write pulse width: 4ns (min)

Power dissipation: 1.0 mW/bit

Output obtainable by wired-OR (open emitter)

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

EBLOCK DIAGRAM N v
S
l— Y-Decoder/Driver

IS

Memory Cell Array
256 Words X4 Bits

4
X-Decoder/Driver

A: O
Block 1 Block 2 Block 3 Block 4
WE R/W Circuit | R/W Circuit | R/W Circuit { R/W Circuit
IR EEEEEEEIEE
235 2355 2358 B35S

@ HITACHI
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HPIN ARRANGEMENT
veer [ 1 e [24] ver
DOy E E DO
=G ok
Dy E: a Dy
W 5] [20] 553

vh (5] mee
on 7] 1] uts
WE [ [17] &
NG 3
a6 (10 BE
NG ol
Vee E Zg] Ao

(Top View)
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HM10422-7 -

B ABSOLUTE MAXIMUM RATINGS

Item Symbol Rating Unit
Supply Voltage Vee to Vee +0.5 to —7.0 A
Input Voltage Vi +0.5 to Ve \
Output Current Tow —30 mA
Storage ‘Temperature T —65 to +150 °C
Storage Temperature T.c(Bias)* —55 to +125 °C

* Under Bias

B 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
Vin="Vina +75°C —900 — —1720
Output Voltage or Viia oC | —1870 = e | ™Y
Voo +25°C —1850 - —1650
+75°C —1830 — —1625
0°C —1020 — —
Vouc +25°C —980 — —
Output Threshold Voltage Vin=Vins or ViLa +75:C —920 — — mV
0C — — —1645
Vore +25°C — — —1630
+175°C — — —1605
0°C —1145 — —840
Vin Gfxaranteed Input Voltage T5C 1105 — 810
ot Volege High for All Inputs TC 108 — 720 -
0°C —1870 - —1490
Guaranteed Input Voltage <
Vi +25°C —1850 — —1475
Low for All Inputs -
+175°C —1830 - —1450
Ly Vin=Viua 0 to +75°C - - 220
Input Current I BS Viw=Viis 0 to 475°C 0.5 — 170 HA
Other —50 — -
All Input and Output Open, Ta=0C —240 —200 —
Supply Current Iee K - 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 twio 1 - ns
Address Setup Time twsa tw=4ns 2 — ns
Address Hold Time twha 1 — ns
Block Select Setup Time twsss 1 — ns
Block Select Hold Time twiss 1 — ns
Write Disable Time tws — 3 5 ns
Write Recovery Time twr — 3 8 ns
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3. RISE/FALL TIME

——— HM10422-7

Item Symbol Test Condition min typ max Unit
Output Rise Time t, — 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 Cout - 5 - pF
B TEST CIRCUIT AND WAVEFORMS
1. LOADING CONDITION 2. INPUT PULSE
Test Circuit -0.9V -
Vee(GND) 80%
| |
I | \..,
-1V ! | %
Sl B
Dout ‘———1
M.U.T. b t.=t=2.0ns typ Bl
R ; Cu
0.01uF 2.0V
; RL=50Q
CL=30pF(includes
probe and jig
capacitance)
3. READ MODE
BS 50%
BS_\__’/’_ Address AXS:%
1 ]
= tans=t Pﬂ" |
| }ma,/ )-———lu—ﬂﬂ
Dout /i 50%1 |l
& | R Dout 50%
et
'—lv-‘ tr
4. WRITE MODE
BS 50% \ 50% %
Address 50% < 50%;(
DS DS Sy ——— e ——— Lo
Din 0% 3 SO%T
e ——— ——— — -_——1/
P i W1
WE L. P 50% tona
L‘——fll\i w MRS’
Tso% 50%
Dout
P——'—lllsﬁlﬁ s
2 e |
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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.

® |t is compatible with 10K ECL logic.

® Chip selectaccesstime ............. 10ns (max.)

® Address access time  ............... HM2110: 35ns (max.)
HM2110-1: 25ns (max.)

® Power consumption ,............... 0.5mW/bit (typ)

® 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 “17
L H X Dout * Read

X lirrelevant
* [ Read out noninverted

& BLOCK DIAGRAM

Avo———{
Alo—
Azo——r
Ayo—r
Aot

Word Drivers

Dout

2

Write Drivers
and Sense Amp

X Address
Decoder

As As A Ax Ag

B ABSOLUTE MAXMUM RATINGS

Item Symbol HM2110 Series Unit
Supply Voltage Vee to Vee +0.5 to ~7.0 Y
Input Voltage Vi +0.5 to Ve \Y
Output Current Tow —-30 mA
Storage Temperature T —65 to +150
Storage Temperature T.s(Bias)® —55 to +125

* Under Bias
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W ELECTRICAL CHARACTERISTICS

eDC CHARACTERISTICS (Vi

HM2110, HM2110-1

—5.2V, R.=50Q to —2.0V, Ta=0 to +75°C, air flow exceeding 2m/sec)

Ttem Symbol Test Condition min(B) typ max(A) Unit
0°C —1000 — —840
Vou +25°C —960 — —810
+175°C —900 - —720
Output Voltage Vin=Viua or Vis 5 mV
0°C —1870 — —1665
Vou +25°C —1850 — —1650
+75°C —1830 — —1625
0°C —1020 — -
Vonce +25°C —980 — —
+75°C —920 - —
Output Threshold Voltage Vin=Vius or ViLa - mV
0C — — —1645
Vore +25°C - - —1630
+75°C — - —1605
0°C —1145 — —840
G teed I Volt
Vi uaranteed Input Voltage 25 1105 — 10
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
Iin Vin=Vina 0 to +75°C — - 220
Input Current Cs . 0.5 — 170 HMA
I Vin=ViLe 0 to +75°C
Other —50 — —
All Input and Output Open, 0= Ta<25C -—150 —100 —
Supply Current Tee " mA
Test Pin 8 Taz225C —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 tRres - 7 10 — 7 10 ns
Address Access Time taa - 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 twha 2 - — 2 — — ns
Chip Select Setup Time twscs 5 — - 5 — - ns
Chip Select Hold Time twhes 5 — — 5 — — ns
Write Disable Time tws — - 10 - — 10 ns
Write Recovery Time twr — — 37 — — 37 ns
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HM2110, HM2110-1

3. RISE/FALL TIME

Item Symbol Test Condition min typ max Unit
" Output Rise Time t, — 5 — ns
Output Fall Time ty — 5 - ns
4. CAPACITANCE
Item Symbol Test Condition min typ max Unit
Input Capacitance C.n — 4 5 pF
Output Capacitance Cou — 7 8 pF
B TEST CIRCUIT AND WAVEFORMS
1. LOADING CONDITION 2. INPUT PULSE
GND -0.9V
80%
T 20%
~-1.7V
16 t, tr
1
‘HM2110 t, =tr =2.5ns typ
Re Cu
B I
0.01uF -2.0V
l J) RL=50Q
Vee CL=30pF(includes probe and
118 capacitance)
3. READ MODE
Address 50%
taa !
Ving
Dout Vite

4. WRITE MODE

Cs 50% K _____________________________ 7F
Address 50% <; ____________________ >
_____________ -
Din 0% ————————

|
—_— 50
wE S g

twsp-=]
wSA tw
Dout !
WSCS Viia

328
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Address Access Time taa (ns)

Supply Current Ige (mA)

SUPPLY CURRENT vs.
AMBIENT TEMPERATURE

120

60

40

20

=20 0 20 40 60 80

Ambient Temperature Ta (°C)

ADDRESS ACCESS TIME vs.

AMBIENT TEMPERATURE

HM2110

HM2110-1

S

20

L

AW\

/

0

-20

0 20 40 60 80

Ambient Temperature Ta ('C)

100

@ HITACHI

Supply Current Igg (mA)

HM2110, HM2110-1

SUPPLY CURRENT vs.

SUPPLY VOLTAGE
120

ol al

60
40 /
2 Vi

Supply Voltage Vie (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 .............ccovvinnn.. 1024-word by 1-bit
® Address Access Time ................. HM2112 10ns (max.)
HM2112-1 8ns (max.)
® ChipSelect Access Time ................c.c..... 5ns (max.)
® Power Consumption ..............co..... 0.8mW/bit (typ)
@ Output Obtainable by Wired-OR (open emitter)
® Fully Pin Compatible with F10415
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

x Ilrrelevant
* [ Read out noniverted

EBLOCK DIAGRAM
ioo‘-‘

No—n ¢,
ayo—o
Ao
Avo—

Waord Drivers

Dot

2l

Write Drivers
and Sense Amp

X Address
Decoder

As A6 A7 An A

B ABSOLUTE MAXIMUM RATINGS

Item Symbol HM2112 Unit
Supply Voltage Vee to Vee +0.5 to —7.0 \%
Input Voltage Vi +0.5 to Vir A
Output Current Toue —30 mA
Storage Temperature Tes —65 to +150 °C
Storage Temperature T..(Bias)* —55 to +125

* Under Bias
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Dout [I
[
A.E
'
B

'6

o

Vu[z

/

16| Ve
15{Din
14|CS
13|WE
12 A,
me
10{A,

9 A

(Top View)




B ELECTRICAL CHARACTERISTICS
(Vee=—5.2V, R.=50Q to —2.0V, Ta=0 to +75°C, air flow exceeding 2m/sec)

®DC CHARACTERISTICS

HM2112, HM2112-1

Item Symbol Test Condition min(B) typ max (A) Unit
0°C -1000 - —840
Vou +25C —960 - —810
+75°C —900 - —720
Output Voltage Vin=Vius or Vis - mV
0'C — 1870 - —~ 1665
Vor +25C —1850 - —1650
+75°C —1830 - ~ 1625
0°C —1020 — -
Vouc +25°C —980 - —
+75°C —920 - =
Output Threshold Voltage Vin=Vius or Viia " mV
0°C - — —1645
Vorc +25C - - —1630
+75°C — — — 1605
0°C —1145 — —840
Guaranteed Input Voltage »
Vin +25°C —1105 - —810
High for All Inputs
+75C —1045 — —1720
Input Voltage - mV
0°'C —1870 — —1490
Guaranteed Input Voltage T
Vi +25C —1850 — — 1475
Low for All Inputs
+75°C —1830 — — 1450
I Vix="Viua 0 to +75C — — 220
Input Current [ . 0.5 - 170 uA
I Vin=Vis 0 to +75C
Other —50 — —
All Input and Output Open, Ta=0C - 240 — —
Supply Current Tee . " mA
Test Pin 8 Ta=75C 200 - —
® AC CHARACTERISTICS
(Veg=—5.2V £5%, Ta=0 to +75°C, air flow exceeding 2m/sec, see test circuit and waveforms)
. READ MODE
HM2112-1 HM2112
Item Symbol Test Condition - Unit
min typ max min typ max
Chip Select Access Time tacs 1 3 6 1 3 6 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
HM2112-1 HM2112
Item Symbol Test Condition Unit
min typ max min typ max
Write Pulse Width tw twsa=3ns 7 2 — 7 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="Tns 3 0 - 3 0 — ns
Address Hold Time twha 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 5 1 3 5 ns
Write Recovery Time twr 1 3 10 1 3 12 ns
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HM2112, HM2112-1

3. RISE/FALL TIME

Item Symbol Test Condition min typ max Unit
Output Rise Time t, 0.8 1.5 2.5 ns
Output Fall Time ts 0.8 1.5 2.5 ns

4. CAPACITANCE

Item Symbol Test Condition min typ max Unit
Input Capacitance Cia 1 3 5 pF
Output Capacitance Cout 3 5 8 pF

B TEST CIRCUIT AND WAVEFORMS

1. LOADING CONDITION 2. INPUT PULSE
GND
-0.9V
T 80%
20%
16 -7V
. t t
HM2112 t,=t;=2.0ns typ
R [
8

0.014F L ~20v
I o Ru=500

Vee

Co=30pF(includes probe and jig capacitance)

3. READ MODE

Address 50%

taa

50%

4. WRITE MODE

I —— 7(—_—
T C—— X

50%
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IkE 'mA”

Supply Current

taa {ns’ -

Address Access Time

Chip Select Access Time tacs (ns)

SUPPLY CURRENT
vs. AMBIENT TEMPERATURE

200

180

Ny

160

140

120

o0

Vie= =520V
Bt L 1

-20 u 20 40 B RO 100

Ambient Temperawure [a *'C

ADDRESS ACCESS TIME
vs. AMBIENT TEMPERATURE

o

!
a1zl —""]
|

Veg=—520V

20 40 60 80 100

Ambient Temperature T4 ('C)

CHIP SELECT ACCESS TIME
vs. AMBIENT TEMPERATURE

Vee=—520V

-20 0 20 40 60 80 100

Ambient Temperature Ta (°C)

Supoly Current [gg (mA)

laa ins!

Address Access Time

Chip Select Access Time tacs (ns)

@ HITACHI

200

180

160

140

120

100

SUPPLY CURRENT
vs. SUPPLY VOLTAGE

~
\\
Ta=25C
=572 =520 ~468
Supply Voltage Vg V)
ADDRESS ACCESS TIME
vs. SUPPLY VOLTAGE
~{_
—J Huy 11
—
\‘%’?4
\\\
Ta=25"C
-572 -5.20 -4.68

Supply Voltage Vee 'V)

CHIP SELECT ACCESS TIME
vs. SUPPLY VOLTAGE

—_———
E——
\\_~
Ta=25C
=572 -520 —4.68

Supply Voltage Vig (V)

HM2112, HM2112-1
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HM2112, HM2112-1

WRITE PULSE WIDTH WRITE PULSE WIDTH
vs. AMBIENT TEMPERATURE vs. SUPPLY VOLTAGE
6 6
5 5
; 4 f . T —
£ Z
@ £
= 2 E 2
= =
1 1
Vee=-520V Ta=25C
0 4
~20 [ 20 40 60 80 oy 572 520 168

Ambient Temperature Ta {°C} Supply Voltage Veg (V3
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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.

B FEATURES _
@ 1024-word x 4-bit organization

Fully compatible with 10K ECL level
Address access time: 25ns (max)
Write pulse width: 25ns(min)

Low power dissipation: 0.2mW/bit
Output obtainable by wired-OR (open emitter)

® ¢ 0o @ @

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 :lIrrelevant
* . Read Out Nonivert

B BLOCK DIAGRAM

As A7 As Ay

? 7T 9?9
Y-Decoder/Driver I
Ao
s Memory Cell Array
A E 1024Words x 4 Bits
SHy
Az ,§ -
poo &
>
As
2 Block 1 | Block 2 [ Block 3 | Block 4
. 3 33
WE R/W R/W R/W R/W
s ircuit | Circuit | Circuit | Circuit
i g8 828 838 8

B ABSOLUTE MAXIMUM RATINGS (Ta=25C)

Item Symbol Rating Unit
Supply Voltage Vee to Vee +0.5 to —7.0 \'
Input Voltage Via +0.5 to Vee \'
Output Current Tow —30 mA
Storage Temperature Tae —65 to +150 °C
Storage Temperature Tue(Bias)* —55 to +125 °C

* Under Bias

@ HITACHI

(DG-24A)

B PIN ARRANGEMENT

Veea E ~ 24| Ve

00s 2] 23] DO:

oo, 3] [22] DOy
A [1] [21] Die
m 3] 20] DIs
A 6] (15 vi2
a (7] [18] o1
W[ s
as[5] [16] WE
ne (1] [15]
as 1] [14] As

ver [12] [13) &

(Top View)
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HM10474

B ELECTRICAL CHARACTERISTICS
®DC CHARACTERISTICS (Vee = —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
0°C —1000 — —840
Von +25°C —960 - —810
+75°C —900 - —1720
Output Voltage Vin=Vina or Vis - mV
0°C —1870 - —1665
Vor +25°C —1850 — —1650
+75°C —1830 — —1625
0°C —1020 — —
Vonc +25°C —980 — -
+75°C —920 - -
Output Threshold Voltage Vin=Vius or ViLa " mV
0°C - — —1645
Vorc +25°C - - —1630
+75°C — - —1605
J 0°C —1145 - —840
Gi t. Input Volt
Vin aaranteer Tear Toltese +25C | —1105 — [ -ew0
High for All Inputs
+75°C —1045 — —1720
Input Voltage - mV
il 0°C —1870 — —1490
G t t Volt
Vi paranteec Tnput Toltage +25C | —1850 — | —us
Low for All Inputs
+75°C —1830 - —1450
LIiw Vin=Vina 0 to +75°C — - 220
Input Current CS . 0.5 — 170 HMA
I Vin=Vis 0 to +75C
Others —50 — —
All Input and Output Open, Ta=0C —200 —160 -
Supply Current ITee mA
Test Pin 12 Ta=175C — —145 —

®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 — — 10 ns
Chip Select Recovery Time tres — — 10 ns
Address Access Time tas — 15 25 ns

2. WRITE MODE

Item Symbol Test Condition min typ max Unit
Write Pulse Width tw twsa=3ns 25 15 — ns
Data Setup Time twsp 2 — — ns
“Data Hold Time tu 2 — — ns
Address Setup Time twsa Bw=tw min . 3 - - ns
Address Hold Time tuia 2 - — ns
Chip Select Setup Time twscs 2 — — ns
Chip Select Hold Time tumcs 2 — - ns
Write Disable Time tws — — 10 ns
Write Recovery Time tur — - 27 ns
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3. RISE/FALL TIME

HM10474

Item Symbol Test Condition min typ max Unit
Output Rise Time tr — 2 — ns
Output Fall Time 1% — 2 — ns
4. CAPACITANCE

Item Symbol Test Condition min typ max Unit
Input Capacitance Cin —_ 4 — pF
Output Capacitance Cou — 7 — pF

B TEST CIRCUIT AND WAVEFORMS

1. LOADING CONDITION 2. INPUT PULSE
Test Circuit “09V —— ——
Vee(GND) |
[ |
|
|
17V [ |
Dout : :

| L
M.U.T. =
R ; -CL te=t;=2.0ns
0.01xF '[ i ~20V  RuL=50Q
; Vee Com30pF (includes
probe and jig

capacitance)

3. READ MODE

Address

Dout

4. WRITE MODE

Cs 50% SK 50%/F

Address 50% < so%<

twsp 50% 50% twha
WE \ /
twsa ™ twcs
——— —_— —-—
50% 50%
Dout twscs
tws wWR
1

& H1TACH!
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HM10474

338

Tee (mA)

Supply Current

tas (ns)

Address Access Time

Chip Select Access Time tacs (ns)

SUPPLY CURRENT vs.
AMBIENT TEMPERATURE

Supply Current Iee (mA)

200
8 ~.
\\
160 ~
N
120
Vee=-520V
80
~20 0 20 10 60 80 100

Ambient Temperature Ta ('C)

ADDRESS ACCESS TIME
vs. AMBIENT TEMPERATURE

25
2
0 3
@
E
o ©
15 P
3
S
<C
10 g
<
-]
<<
5
Vee=—5.20V
0
—20 0 20 40 60 80 100
Ambient Temperature Ta ('C)
CHIP SELECT ACCESS TIME
vs. AMBIENT TEMPERATURE
12
10 £
g
8 B
£
3
: ——
/ >
4 7]
a
2
S
2
Vee=—5.20V
0
-20 0 20 40 60 80 100

Ambient Temperature Ta ('C)

@ HITACHI

200

180

160

140

120

100

SUPPLY CURRENT vs.
SUPPLY VOLTAGE

f—]
e
s
Ta=25C
—5.72 —5.20 —4.68

Supply Voltage Vee (V)

ADDRESS ACCESS TIME
vs. SUPPLY VOLTAGE

30

25

20

Ta=25C

0

=572

-5.20 —4.68

Supply Voltage Vee (V)

CHIP SELECT ACCESS TIME
vs. SUPPLY VOLTAGE

Ta=25C

—5.72

—5.20 —4.68

Supply Voltage Vee (V)




Write Pulse Width tw (ns)

WRITE PULSE WIDTH vs.
AMBIENT TEMPERATURE

30
25
20
15
5
Vee=—-5.20V
0
—20 0 20 40 60 80 100
Ambient Temperature Ta (‘C)
B HITACHI

Write Pulse Width tw (ns!

30

25

20

HM10474

WRITE PULSE WIDTH vs.
SUPPLY VOLTAGE

Ta=25C

-5.72

=529

Supply Voltage Veg (Vi

—4.68

2?0



HM10474-8,HM10474-10 Preliminary

1024-word X 4-bit Fully Decoded Random Access Memory

The HM10474 is ECL 10k compatible, 1024-words x 4-bit, read
write, random access memory developed for high speed systems such
as scratch pads and control/buffer storages.
The fabrication process is the Hitachi's low capacitance, oxide
isolation method with double metalization.
The HM10474 is encapsulated in cerdip-24pin package, compatible
with Fairchild’s F10474.
@ FEATURES
® 1024-word x 4-bit organization
® Fully compatible with 10K ECL level
® Address access time: HM10474-8 8ns (max)
HM10474-10 10ns (max)
@ Write pulse width: HM10474-8 5ns (min)
HM10474-10 5ns (min)
@ |ow power dissipation: 0.3mW/bit
® Output 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

B BLOCK DIAGRAM
As A As Ay

R S G {

Y-Decoder/Driver

1 11 11 U

Ao 0

5 Memory Cell Array
Ao 2 1024Words x 4 Bits

a

i

s
Az o 3

S
Aso— &

>
A0

Block 1| Block 2 | Block 3 | Block 4

Aso—__ |

_ @

S 5 &8

Emﬁaagsg

B ABSOLUTE MAXIMUM RATINGS (Te=25C)

Item Symbol Rating Unit
Supply Voltage Vee to Vec +0.5 to —7.0 v
Input Voltage Via +0.5 to Vee A
Output Current Lo -30 mA
Storage Temperature Tus —65 to +150 °C
Storage Temperature Tus(Bias)* —55 to +125 °C

#* Under Bias

340 G HITACHI

(DG-24A)

B PIN ARRANGEMENT

Veea E I E Vee

00s (2] 5] DOx

D0. [3] 22] DOy
a [4] [21] bl
~[5] 20] DIs
A 6] [15] b1
& [7] [18] b
m[E] 7] &
#s[5] [16] e
Ne [10 115] Ao
m 1] A

Vee [z T_S-I Ar

(Top View)

Note)

The specifications of this device are
subject to change without notice.
Please contact your nearest Hitachis
Sales Dept, regarding specifications.



- ——-—-HM10474-8, HM10474-10

B ELECTRICAL CHARACTERISTICS
®DC CHARACTERISTICS (Ve =—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
0C —1000 — —840
Vou +25°C —960 - —810
+75C —900 - —1720
Output Voltage Vin=Vius or Virs mV
: 0°C —1870 - —1665
Vou +25°C —1850 - —1650
+175°C —1830 - —1625
0°C —1020 - -
Vouc +25°C —980 -
+175°C —920 - -
Output Threshold Voltage Vin=Vig or ViLa - mV
0°C - - —1645
Vorc +25°C — — —1630
+175°C - — —1605
G . v 0°C —1145 — —840
t Input Volt
Vin uaranteed meut ToTase +25°C | —1105 - | -0
High for All Inputs
+75C —1045 — —1720
Input Voltage - mV
0'C —1870 - —1490
Guaranteed Input Voltage T
Viu +25°C —1850 — —1475
Low for All Inputs
+175°C —1830 - —1450
Lin Vin="Vina 0 to +75C — — 220
Input Current Cs . 0.5 — 170 KA
I Vin=ViLs 0 to +75C
Others —50 — —
All Input and Output Open, Ta=0C —240 —220 —
Supply Current Iee mA
Test Pin 12 Ta=175C — - 205 —

® AC CHARACTERISTICS (Vez=—5.2V +5%, Ta=0 to +75°C, air flow exceeding 2m/sec)
1. READ MODE

HM10474-8 HM10474-10
Item Symbol Test Condition - - Unit
min typ max min typ max
Chip Select Access Time tacs — — 6 — — 6 ns
Chip Select Recovery Time tres — — 6 — — 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 twnp 1 - - 2 — — ns
Address Setup Time twsa tw=tw min 2 - - 2 — — ns
Address Hold Time twna 1 - - 2 — — ns
Chip Select Setup Time twscs 1 — - 2 — — ns
Chip Select Hold Time twncs 1 — — 2 — — ns
Write Disable Time tws — — 6 — — 6 ns
Write Recovery Time twr — — 9 — — 12 ns

@ HITACHI 341



HM10474-8, HM10474-10

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 Cin - 4 — pF
Output Capacitance Cou — 7 — oF

B TEST CIRCUIT AND WAVEFORMS

1. LOADING CONDITION 2. INPUT PULSE
Test Circuit =09V ——
Vec(GND) |
[ |
|
|
-7V 1 |
Dout | |
MU.T. et

RL ; CL t,=t;~=2.0ns
0.01uF -[ —2.0V RL=50Q
; o Vee C‘l:=30pF(includes
probe and jig

capacitance)

3. READ MODE

Address

Dout

4. WRITE MODE

cs 50% 5\ 5077}4

Address 50% >< 50% <

W - tWHCS

Dout

50% 50%
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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)

@ [ow power dissipation: 0.2mW/bit

e Output obtainable by wired-OR (open emitter)

@ 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 “17
L H X Dout* Read
Notes) X ! Irrelevant
*  Read Out Noninvert
EBLOCK DIAGRAM
Ao
A 5 64 X64
A 23 H Memory Cell
vE s 4
A3 E 2 E Array
As = =
Dout
As
1 I
Sense Amp and s
Write Drivers
[ WE
Y Address
Decoder Din

B ABSOLUTE MAXIMUM RATINGS (Ta=25C)

Item Symbol Rating Unit
Supply Voltage Vee to Vee 4+0.5 to —7.0 A%
Input Voltage Vi +0.5 to Vee \Y%
Output Current Lout —30 mA
Storage Temperature Tae —65 to +150 °C
Storage Temperature Tue(Bias)* —55 to +125 °C
* Under Bias

@ HITACHI

I

(DG -18)

B PIN ARRANGEMENT

o2
o[
N
N
G
o[
O

Ve E

S

[18] vee
E]Dm
ET:E
[5]we
[1¢] A
EAN
[1z] »
|y

lO'Av

(Top View)
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HM10470, HM10470-1

B ELECTRICAL CHARACTERISTICS

®DC CHARACTERISTICS (Ve =—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 —960 - —810
+75°C —900 — —1720
Output Voltage Vin=Viua or Virs ~ mV
0°C —1870 — | —1665
Vou +25°C —1850 - —1650
+75°C —1830 - —1625
0C —1020 — -
Voue +25C | —980 | - -
+75°C —920 — —
Output Threshold Voltage Vin=Vis or Viea s mV
0°C — — —1645
Vorc +25°C — — —1630
+75°C — - —1605
0C —1145 - —840
G t 1 Vol
Von uaranteed Input Voltage T2 110 _ 810
High for All Inputs
+75°C —1045 — —-720
Input Voltage " mV
0°C —1870 - —1490
G teed Input Volt
Vie varanteed fnput Toltage +25C | —1850 — | —us
Low for All Inputs
+75°C —1830 — | —1450
Iy Vin="Viua 0 to +75°C — — 220
Input Current cs . 0.5 - 170 HA
I Vin=ViLs 0 to +75°C
Other —50 — —
Ta=0C —200* —160* —
All Input and Output Open, a=
Supply Current Tee neat an Hiput Dpen —280** | —200** — mA
Test Pin 9
Ta=75C — —145 -
* HM10470
* * HM10470-1
®AC CHARACTERISTICS (Ver=—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 Laa — 15 25 — 12 15 ns
2. WRITE MODE
HM10470 HM10470-1
Item Symbol Test Condition T Unit
min typ max min typ max
Write Pulse Width tw twsa=23ns 25 - — 15 — — ns
Data Setup Time twsp 2 — — 2 — — ns
Data Hold Time twio 2 — — 2 — — ns
Address Setup Time twsa Ew=1W mn 3 — — 3 — — ns
Address Hold Time twia 2 — - 2 — — ns
Chip Select Setup Time twsces 2 — — 2 — — ns
Chip Select Hold Time twics 2 — — 2 — — ns
Write Disable Time tws — — 10 — — 8 ns
Write Recovery Time twa — — 27 — — 17 ns
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HM10470, HM10470-1

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 Cou - 5 - pF

B TEST CIRCUIT AND WAVEFORMS

1. LOADING CONDITION ‘ 2. INPUT PULSE
Test Circuit Y
T Vee(GND)
-7V
A
Dout
M.U.T. to=t;=2.0ns typ

RL
; R1=50Q
CL=30pF (includes
—2.0V probe and jig
; Ver Z capacitance)

Address 50%

taa—

Dout 50%

4. WRITE MODE

Address 50"/}< __________________ }J(
_______ —_—t— e —_—_——_— — —— =
Dn 0l 0% —m———_———————— /

_________ -

- tu 1
WE \____/- _____ "
Dout sc -
ftus
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HM10470, HM10470-1

Address Access Time tas (ns) Supply Current Iee (mA)

Chip Select Time tacs (ns)

346

SUPPLY CURRENT vs.
AMBIENT TEMPERATURE

200
180
-
K
140 T g
'\\. a
120 =
2
s
3
100
Ver=—5.20V
80 | |
~20 0 20 40 60 80 100
Ambient Temperature Ta ('C)
ADDRESS ACCESS TIME
vs. AMBIENT TEMPERATURE
35
30
E
2 3
g
20 — P
1AM10470 | g
2
15 P
{ = ¢
HM‘O“W)/ =
0 |+ 3
VeE=~520V
5
=20 20 10 60 80 100
Ambient Temperature Ta (C)
CHIP SELECT ACCESS TIME
vs. AMBIENT TEMPERATURE
12
10
. £
g
N
6 £
s
H 1b47o 3
4 ~ HM10470- &
=
o
2
Veg=—5.2
0
-20 20 10 60 80 100

Ambient Temperature Ta (T)

@ HITACHI

SUPPLY CURRENT vs.
SUPPLY VOLTAGE

200

180

160

140

120

100
Ta=25C

80
=520

Supply Voltage Vee (V)

=5.72 —4.68

ADDRESS ACCESS TiME
vs. SUPPLY VOLTAGE

35

30

25

HM10470 T

15
HM10470-1 |

10
Ta=257C

5
=572 520 =468

Supply Voltage Ver (V)

CHIP SELECT ACCESS TIME
vs. SUPPLY VOLTAGE

10
8
6
HM10470
HM10470-1
4
2
Ta=25C
0
—5.72 —5.20 —4.68

Supply Voltage Vee (V)



Write Pulse Width tw (ns)

WRITE PULSE WIDTH vs.
AMBIENT TEMPERATURE

25

HM10470

20
15
HM0a70-1 | L
Laadhaiery

P

10
Vee=—5.20V

5 L
-2 20 40 60 80

Ambient Temperature Ta (‘C)

@ HITACHI

Write Pulse Width tw (ns)

25

WRITE PULSE WIDTH vs.
SUPPLY VOLTAGE

" " HM10470 I
15
HMI0470-1 | e
10
Ta=25"C
5
=5.72 —5.20. —4.68

Supply Voltage Ver (V)

HM10470, HM10470-1
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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)

B TRUTH TABLE

®© & @ & ©

(DG-18)

B PIN ARRANGEMENT

Dout E

o0
i
o

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
@ BLOCK DIAGRAM
Ao O—
A1 0— . 64 x64
v = 4
A2 00— ¢ -§ c Memory Cell
N o | |
A1 O— E S 'g Array
A o—f > z
Dout
A5 0—
1 I
Sense Amp and -
Write Drivers
[ WE
Y Address
Decoder Din
2 <222

i@ ABSOLUTE MAXIMUM RATINGS (Ta=257C)

o[
o
o
o[

(]

J

E Vee
E Din
E]Fs:
(15 wE
0] A
73] e
E Ay
(1]
_To_] "

(Top View)

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 Tas —65 to +150 C
Storage Temperature T, (Bias)* —55 to +125 C

% Under Bias
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B ELECTRICAL CHARACTERISTICS

®DC CHARACTERISTICS (Vee=—5.2V, R.=50Q to —2.0V, Ta=0t

HM10470-20

o +75°C, air flow 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 Vin=Viua or ViLs mV
0°C —1870 — —1665
VoL +25°C 1850 - —1650
+75°C —1830 — —1625
0°C —1020 - —
Vonc +25°C —980 — —
+175°C —920 — -
Output Threshold Voltage Vin=Vius or ViLa - mV
0C — — —1645
Vorc +25°C - — —1630
+175°C — - —1605
G a1 Vol 0°C —1145 — —840
uaranteed Input Voltage -
v +25°C —1105 — —
" High for All Inputs 810
+75°C —1045 - —720
Input Voltage - mV
G a1 Vol 0'C —1870 - —1490
t t t.
Vi varanteed fnput Toltage +25C | —1850 i
Low for All Inputs
+75°C —1830 — —1450
Iw Vin=Vina 0 to +75°C - - 220
Input Current TS 0.5 - 170 | #A
In Vin=Vis 0 to +75°C
Other —50 - -
.All Input and Output Open, Ta=0"C —260 —220 —
Supply Current Iee " mA
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 tas - - 20 ns
2. WRITE MODE
Item Symbol Test Condition min typ max Unit
Write Pulse Width tw twsa=3ns 20 - — ns
Data Setup Time twso 3 — — ns
Data Hold Time twno 2 — — ns
Address Setup Time twsa tw= 20ns 3 — — ns
Address Hold Time twna 2 — — ns
Chip Select Setup Time twscs 3 — — ns
Chip Select Hold Time twncs 2 - - ms
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 17 — 2 — ns
4. CAPACITANCE )

Item Symbol Test Condition min typ max Unit
Input Capacitance Ci — 3 — pF
Output Capacitance Cou — 5 — pF

B TEST CIRCUIT AND WAVEFORMS

1. LOADING CONDITION 2. INPUT PULSE
Test Circuit -0.9V
T Vee(GND)
-1.7v
b
Dout
M.U.T. 4 =1t/=2.0ns typ
Re C
; RL=50Q
CL=30pF (includes
be -
M s

& 50% Address 50%

A A

Dout 50%

4. WRITE MODE

cs

Address

350 @ HITACH!
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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.

B FEATURES
@ 4096-words x 1 bit organization

® Very high speed address access time: 10ns (max)
@ Write pulse width: 10ns (min)
e Power dissipation: 0.3 mW/bit
@ Output obtainable by wired-OR
B TRUTH TABLE B PIN ARRANGEMENT
I
— —n?il Output Mode NC E__\J—— 20 Veer
cs WE Din “
H x x L Not Selected s 2] 12] ve
L L L L Write “0” v 5] 18] oo
L L H L Write “1" an s
L H x Dout* Read Az E E] WE

Notes) X :lrrelevant A3 E E An
* . Read Out Noninvert
a 7] [14] A

H BLOCK DIAGRAM v ] 5]

a5 o
Vee E 1} A

(Top View)

64 X 64

Memory Cell

Decoder

Array

X Address
Word Driver

Dout

Sense Amp and

Write Drivers

Y Address
Decoder

@ HITACHI 351



HM2142

B ABSOLUTE MAXIMUM RATINGS (Ta=25°C)

Item Symbol Rating Unit
Supply Voltage Vee to Vee +0.5 to —7.0 \'
Input Voltage Vi +0.5 to Vee A%
Output Current Lou: —30 mA
Storage Temperature Tute —65 to +150 C
Storage Temperature To, (Bias)* —55 to +125 C

* Under Bias

@ ELECTRICAL CHARACTERISTICS
eDC CHARACTERIST'CS(VEE=_5.2V, Ri=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
Vo +25°C —980 — —810
+75°C —950 — —720
Output Volt Vie=V, Vi \%
uiput Toltage e or e 0c | —1870 — [ -5 | "
Vou +25°C —1850 - —1650
+75°C —1830 - —1625
0°C —1020 — —
Vone +25°C —980 — —
+75°C —920 — -
Output Threshold Voltage Vin=Vins or Viwa 0C — — Epy™ mV
Vore +25°C — — —1630
+75°C — - —1605
0°C —1165 - —880
Guaranteed Input Voltage -
Vin +25°C —1165 — —880
High for All Inputs <
+75°C —1165 - —880
Input Voltage - mV
0°C —1810 — —1560
Guaranteed Input Voltage -
Vio +25°C —1810 — —1560
Low for All Inputs r
+75°C —1810 — —1560
Iy Viv=Viua 0 to +75°C — — 220
Input C t CSs 0.5 — 170 HA
npat Turren I ViveVirs 0 to +75°C
Others —50 — —
Supply Current I All Input and Output O Taz0%C | —20 | -240 — A
en. m
upply u:'ren 3 nput and Output Open Tas75C — 270 —

® 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 tres — — 6 ns
Address Access Time tas — — 10 ns
2. WRITE MODE

Item Symbol Test Condition min typ max Unit
Write Pulse Width tw twsa=3ns 10 — — ns
Data Setup Time twso 1 — — ns
Data Hold Time twup 1 — — ns
Address Setup Time twsa tw=10ns 3 — — ns
Address Hold Time twia 2 — — ns
Chip Select Setup Time twscs ! - — ns
Chip Select Hold Time twnes 1 — — ns
Write Disable Time tws - — 6 ns
Write Recovery Time twe — — 12 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 ts — 2 — ns

4. CAPACITANCE

Item Symbol Test Condition min typ max Unit
Input Capacitance C. — 3 - pF
Output Capacitance Cou — — pF

B TEST CIRCUIT AND WAVEFORMS
1. LOADING CONDITION 2. INPUT PULSE

Test Circuit

—0.9V

T Vec(GND) 80%
20%
-7V
t. ty
Dout
MU.T. t=t;=2.0ns typ.
RL Cu
;; RL=50Q
C.=30pF (includes
probe and jig
0.01uF ; Vee a0V capacitance)
3. READ MODE
50% Address 50%
taa
Dout 50%

4. WRITE MODE

o 50% \-————-—————-—————————-—--—————j‘

Address
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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

B 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: 0.05mW/bit

6 Output obtainable by wired-OR (open emitter)

B TRUTH TABLE

— Inint Output Mode

Cs WE Din

H X X L Not Selected

L L L L Write “0”

L L H L Write “1” (F620

L H X Dout* Read
Notes) x ! Irrelevant B PIN ARRANGEMENT

* : Read Out Noninvert _\/_

Dout E 20 | Veo

EBLOCK DIAGRAM 7] ] o

Ao o a[5] 18] s

A

o4 = . o
N ¥ § 128X 128 A 1] 7] wE
2 H
o4 & | | & Memory Cell A E E .
” — s 1
A o H T;; Array
not 31| o .
As >
o] f i NG op
Sense Amp. s
Write Drivers As E E Ao
: WE w o] E As
Y-Address Decoder Vee [E 1] As
Din
é é & é é é é (Top View)
<= £ 22 F 22

B ABSOLUTE MAXIMUM RATINGS ( Ta=25C)

Item Symbol Rating Unit
Supply Voltage Vee to Ve +0.5to —7.0 \Y
Input Voltage Ve +0.5 to Ver A%
Output Current Low —30 mA
Storage Temperature Tute —65 to +150 °C
Storage Temperature T.(Bias)® —55 to +125 ‘C

% Under Bias
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B ELECTRICAL CHARACTERISTICS
@DC CHARACTERISTICS (Vee=—5.2V, R.=50Q to —2.0V, Ta=0 to 475°C, air flow exceeding 2m/sec)

HM10480, HM10480F

Item Symbol Test Condition min (B) typ max (A) Unit
0C —1000 - —840
Vou +25°C —960 - —810
+175°C —900 - —720
Output Voltage Vin="Vina or Vis - mV
0C —1870 — —1665
Vo +25°C —1850 - —1650
+175°C —1830 — —1625
0C —1020 - -
Vone +25°C —980 — —
+175C —920 — —
Output Threshold Voltage Vin=Vius or ViLa " mV
0C — - —1645
Vorc +25°C — - —1630
+175°C — — —1605
0°C —1145 — —840
Guaranteed Input Voltage "
Vi +25°C —1105 — —810
" High for All Inputs -
+75°C —1045 — —720
Input Voltage - mV
0°C —1870 — —1490
Guaranteed Input Voltage "
Vie +25C —1850 — —1475
Low for All Inputs
+75C —1830 — —1450
In Vin="Vina 0 to +75C — — 220
Input Current Ccs § 0.5 — 170 HA
I Vin=ViLs 0 to +75C
Others —50 — —
All Input and Output Open, Ta=0C =200 —140 —
Supply Current Tee i " mA
Test Pin 10 Ta=75C — —130 =

®AC CHARACTERISTICS (Ver=—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 — 15 ns
Chip Select Recovery Time tres 2 — 15 ns
Address Access Time taa 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 — - ns
Data Hold Time twio 5 - — ns
Address Setup Time twsa tw=25ns 5 — — ns
Address Hold Time twha 5 — — ns
Chip Select Setup Time twscs 5 — — ns
Chip Select Hold Time twhes 5 — — ns
Write Disable Time tws - - 15 ns
Write Recovery Time twr - - 30 ns
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HM10480, HM10480F

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 — 4 - pF
Output Capacitance Cou — 7 - pF

B TEST CIRCUIT AND WAVEFORMS

1. LOADING CONDITION 2. INPUT PULSE
Test Circuit =09V —— ——

T Vec(GND) |

|'

t

~1.7V 1 |

Dout : :

b
M.U.T.

=20V RL=50Q
CL=30pF (includes
probe and jig
capacitance)

Ry ; CL tr=t;=2.0ns
0.01uF ;-E

Address

Dout

4. WRITE MODE

Cs 50% Sk SO%/F
Address 5%( 50% K

twsa ™ tWHCS

———— e — ] —

50% 50%
Dout

ws twr
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HM100422,HM100422F

HMVI100422CG

256-word X 4-bit Fuily 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,

B 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)

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 lIrrelevant
% ! Read Out Noninvert

B BLOCK DIAGRAM

—o >

As
r Y-Decoder/Driver J

g g U U

il

Memory Cell Array
256 Words X4 Bits

>
5
X-Decoder/Driver

As o
Black 1 Block 2 Block 3 Block 4
WE R/W Circuit | R/W Circuit | R/W Circuit [ R/W Circuit
AR EE R
255 1458 1238 1235

@ HITACHI

| HM100422

HMT00422CG

G2

B PIN ARRANGEMENT

oHM100422
oo ]

Lin
bUs E
o
o5
«“

Tr s & £ &%

W
P

B

EEA

ERE

our 10

m ]
g

[éli’b”i]b“i}li“ﬂ&”'i“ﬂm

£ 3

(Top View)

®HM100422F

(0000

EREEEEIIEEN TN
T W
[ Jun
—Jun
WS
13 Juor

R m—
] s
o[
N
550
v ]

9 10 112

TUoguy

U tee Veea UOL BS:

(Top View)

® HM100422CG

DOs
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HM100422,HM100422F,HM100422CG ——

B ABSOLUTE MAXIMUM RATINGS (Ta—25C)

Item | Symbol Rating Unit
Supply Voltage Vee to Vee +0.5 to —7.0 A%
Input Voltage Via +0.5 to Vee \%
Output Current Tow -30 mA
Storage Temperature Toe —65 to +150 °C
-Sage Temperature Tus (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)
S Item Symbol Test Condition min (B) typ max (A) Unit
Output Voltage Von Vie=Viua or Vies ~ 102 9% 880 mV
Vo ~1810 —1715 —1620 mV
Output Threshold Voltage e Ve or Vi | 0% - ]
o Vore — — —1610 mV
In;ut Voltage _VL_ Guaranteed Input Voltage —1165 — —880 mV
Vi High/Low for All Inputs —1810 — — 1475 mV
Iin Vio=Vina — - 220 HA
Input Current BS 0.5 — 170
e Ve Others 50 — -] A
Supply Current 3 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
B Item Symbol Test Condition min typ max Unit
Block Select Access Time tans - - 6 s
7 Block Select Recovery Time trss — - 5 ns
Address Access Time taa - 7 10 ns
2. WRITE MODE
B 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 twio 2 0 - ns
Address Setup Time twsa tw=6ns 2 0 — ns
Address Hold Time twia 2 0 - ns
VBlock Select Setup Time twsss 2 0 — ns
Block Select Hold Time twigs 2 0 — ns
Write Disable Time tws o 4 6 ns
Write Recovery Time twr — 4.5 12 ns
2. RISE/FALL TIME
ltem7 Symbol Test Condition min typ max Unit
Output Rise Time . — 2 — ns
Output Fall Time iy - 2 — ns
4. CAPACITANCE
Item Symbol Test Condition min [ typ max Unit
Input Capacitance Cin - 4 - pF
76‘utpul Capacitance Cout — { 7 — pF
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B TEST CIRCUIT AND WAVEFORMS

1. LOADING CONDITION

Test Circuit

T Vcc(GND)

M.U.T.

2. INPUT PULSE

—0.9V ————

=17V

t.=t;=2.0ns typ

RL=50Q
CL=30pF(includes
probe and jig
capacitance)

50%, Address X
| |

ﬂ I
Dout ! 50%1 |

| | 207, Dout X
| [,

4. WRITE MODE

ES N 7
wi | X X
[ G G s Rt P
Din 507, 50%
\h __________ R _'/
== tu 11
. News sk
W hsne=] i"o : w7 tww
p———lw s 1 tw twnn
50%, 50%
Dot \
s
LE R {
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HM100415,HM100415CG

1024-word X 1-bit Fully Decoded Random Access Memory

The HM100415 is a 1024-word x 1-bit, read/write random access
memory developed for application to scratch pads, control and
buffer storages which require very high speeds.

The HM100415 is compatible with the HD100K families and
includes on-chip voltage and temperature compensation for im-
proved noise margin. This memory is encapsulated in cerdip-16pin
package.

B FEATURES
® Llevel ........... ... . . ., 100K ECL Compatible

® Organization ...............couuunn.. 1024-word by 1-bit
® Address Access Time .................o...... 10ns (max)
@ Chip Select Access Time ..............o.oo.... 5ns (max.)
® Power Consumption ..................... 0.6mW/bit (typ)
@ Output Obtainable by Wired-OR (open emitter)

® Compatible with Fairchild F100415,

]

TRUTH TABLE

HM100415

(DG-16A)

HM100415CG

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 L (CG29
e et @ PIN ARRANGEMENT
®HM100415
EBLOCK DIAGRAM —_\f_b
Dout 16 | Vee
Avo——| -
fo——o & & 2x32 wlz =loi
s I T o
:)°—>—~_ :S E et A 1ujcs
‘ ~ Dout
7_/

Write Drivers < }’—"CS

and Sense Amp P

X Address
Decoder

As As A7 Ay Ag

B ABSOLUTE MAXIMUM RATINGS (Ta=25°C)

Item Symbol Rating Unit
Supply Voltage Vee to Vee +0.5 to —7.0 v
Input Voltage Vin +0.5 to Ve \"
Output Current Low —-30 mA
Storage Temperature Tuts —65 to +150 °C
Storage Temperature T.s(Bias)* —55 to +125 °C

* Under Bias
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12|A9

11| As

As E Ar
Vee 3 As
(Top View)
® HM100415CG

A7

NC

As
NC
NC
WE
Cs

Din

NC_As__ Ver_As

Vec NC Dout Ao
(Top View)




B ELECTRICAL CHARACTERISTICS
®DC CHARACTERISTICS (Ver=—4.5V, R.=500 to —2.0V, Te=0 to +85°C, air flow exceeding 2m/sec)

HM100415,HM100415CG

Item Symbol Test Condition min (B) typ max (A) Unit
Vou —1025 —955 —880 mV
Output Voltage Vian=Vina or Vies
Vou —1810 —1715 —1620 mV
Vouc —1035 - - mV
Output Threshold Voltage Via=Ving or ViLa
Vore — - —1610 mV
Input Voltage Vin Guaranteed Input Voltage —1165 — —880 mV
Vie High/Low for All Inputs --1810 - — 1475 mV
Iy Vie=Vina — - 220 HA
Input Current CS 0.5 — 170
In Vin=Vis HA
Others —50 — —
Supply Current Iee 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 twsp 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
Chip Select Setup Time twscs 2 0 — ns
Chip Select Hold Time twhes 2 0 — ns
Write Disable Time tws — 3 5 ns
Write Recovery Time twr — 3 12 ns
3. RISE/FALL TIME
Item Symbol Test Condition min typ max Unit
Output Rise Time i — 2 — ns
Output Fall Time t; — 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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HM100415,HM100415CG

B TEST CIRCUIT AND WAVEFORMS

1. LOADING CONDITION 2. INPUT PULSE
Test Circuit —o9v
T Vec(GND)
=17V
t
Dout t,=ty=2.0ns typ
M.U.T.
Ry ; Co
0.014F '[ i —2.0V Ru=500
; Ver CL=230pF (includes
probe and jig

capacitance)

3. READ MODE

Address >K’)0%

bt

Dout 50%

4. WRITE MODE

cs 50% N~ T T T T T e o —— e 7 {‘
Address 50%>< —————————————————— ><

362 G HITACHI



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: 25ns(max)

® Write pulse width: 25ns(min)

°

Output obtainable by wired-OR (open emitter)

ETRUTH 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 Noninvert

B BLOCK DIAGRAM AN A A

O S G ¢
I Y-Decoder/Driver I

Ao

5 Memory Cell Array
A E 1024Words x 4 Bits

SH
Az § -
As 50

0
mo ™ )
A Block 1 | Block 2 | Block 3 | Block 4

FOIIES: (%i)

WE R/W R/W R R/W
s Circuit | Circuit | Circuit | Circuit

g2 838 €58 8

5 8

WM ABSOLUTE MAXIMUM RATINGS (Ta=25C)

Item Symbol Rating Unit
Supply Voltage Vee to Vee +0.5 to —7.0 \Y%
Input Voltage Vi +0.5 to Vee \%
Output Current Low —30 mA
Storage Temperature Tue —65 to +150 °C
Storage Temperature T.s(Bias)* —55 to +125 °C

* Under Bias

@ HITACHI

HM100474

«DG-24A)

HM100474F

(FG-24)

HEPIN ARRANGEMENT

®HM100474

o [ 1] ~ 24] I,

D'!E E cs

DI.E 2] we

DO.E ) [21] &

0oe 5 | 20] A

Vee E E Ar

VtCAE EV“

bos 8] [17] &

DO‘E ENC

A 10 T_s'],h

NG o

A 12 EA’

(Top View)

OHM100474F

Ay

As A1 Vee As NC

HINIRINIE

2
WEEI

Cs[:z
u1.|:3
UIqu
Uh[:s
v [_]s

23 22 21 20 19l

9 10 11 12

]

DO

[T

DOz Vec Veca DOs DO
(Top View)
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HM100474,HM100474F

B ELECTRICAL 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 Vin=Visa or ViLs
Vor —1810 - 1715 —1620 mV
Vone —1035 - - mV
Output Threshold Voltage Via=Vius or Vi,
Vore - - —1610 mV
nput Voltage Viu Gl'laranteed Input Voltage —1165 - —880 mV
Vis High/Low for All Inputs —1810 - — 1475 mV
In Vin=Vina — — 220 HA
Input Current CsS 0.5 — 170
I Va=Vis HA
Others —50 - —
Supply Current Tee All Inputs and Outputs Open —200 -165 — mA
® AC CHARACTERISTICS (Ver=—4.5V 5%, Ta=0 to +85°C, 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 - 15 25 ns
2. WRITE MODE
Item Symbol Test Condition min typ max Unit
Write Pulse Width tw twsa=3ns 25 15 - ns
Data Setup Time twsp 2 — - . ns
Data Hold Time twio 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 twies 2 - — ns
Write Disable Time tws - - 10 ns
Write Recovery Time twr — 27 ns
3. RISE/FALL TIME
Item Symbol Test Condition min typ max Unit
Output Rise Time it — 2 — ns
Output Fall Time tr — 2 — ns
4. CAPACITANCE
Item Symbol Test Condition min typ max Unit
Input Capacitance Cun — 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

T Vec(GND)

Dout -L7V
M.U.T.
fe ;; o L=ty =25ns
0.01uF -J: i ~20V  RL=50Q
;; Vee C1=30pF (includes

probe and jig
capacitance)

Address 50%

tag ———

Dout 50%

4. WRITE MODE

Address 5()%><

— tWsp 50% 50% WHA
WE \ /

tWsa tw tWHCS

50% 50%

Dout twscs

tws tWR
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HM100474,HM100474F — — — —

SUPPLY CURRENT vs.
AMBIENT TEMPERATURE

200
180
f; 160
g 140 \\
&
< 120
100
Vee=—4.50V
80
-20 0 20 40 60 80 100
Ambient Temperature Ta “C
ADDRESS ACCESS TIME
vs. AMBIENT TEMPERATURE
30
25
o2
H
o I
2 15
3 10
§ Vee= - 450V
5
0
-20 20 40 60 80 100
Ambient Temperature Tu C
CHIP SELECT ACCESS TIME
vs. AMBIENT TEMPERATURE
12
2 10
S
€
— /
i —
‘; _——/'/
£y
z Vee=—4.50V
-2
0
-20 20 40 60 80 100
Ambient Temperature [u 'C

Supply Current [er tmA

Address Access Time tas ns

Chip Select Access Time tacs ins
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200

180

160

140

120

100

30

25

SUPPLY CURRENT vs.
SUPPLY VOLTAGE

Ta=25C|

—4.95 —4.50 —4.05

Supply Voliage Ver 1V

ADDRESS ACCESS TIME
vs. SUPPLY VOLTAGE

Ta=25C

—4.95 —4.50 —4.05

Supply Voltage Vee (V)

CHIP SELECT AGCESS TIME
vs. SUPPLY VOLTAGE

Ta=25"C

~4.95 —4.50 - —4.05

Supply Voltage Vee (V)




Write Pulse Width tw (ns)

WRITE PULSE WIDTH vs.
AMBIENT TEMPERATURE

30

25

%
£
z
| =
3
Lt z
o
3
=
a,
2
T
Vee=—450V =
20 40 60 80 100

Ambient Temperature Ta (C)
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30

HM100474 HM100474F

WRITE PULSE WIDTH vs.
SUPPLY VOLTAGE

20

Ta=25C

—4.95 —4.50 —4.05

Supply Voltage Vee (V1
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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.

FEATURES

® 4096-word x 1-bit organization

® Full compatible with 100K ECL level

@ Address access time: 25ns(max)

® Write pulse width: 25ns (min)

® OQutput 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 : lIrrelevant
* _ Read Out Nonivert
B BLOCK DIAGRAM
00—
\ o—f I 64 X64
vo— tE || o[ Memory cen
wo 32 ° Array
4 o— < =
Dout
10—
1 [
Sense Amp and s
Write Drivers
I WI
Y Address
Decoder Din
B ABSOLUTE MAXIMUM RATINGS (Ta=25C)
Item Symbol Rating Unit
Supply Voltage Vee to Vec +0.5 to —7.0 \Y%
Input Voltage Via +0.5 to Vee \
Output Current Tout —30 mA
Storage Temperature Tue —65 to +150 °C
Storage Temperature Tus(Bias)® —55 to +125 °C
% Under Bias
368 @ HITACHI
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H PIN ARRANGEMENT

e ]
NE
o[5
o[
o5
[7]
o0
o[
Vee E

)

[18] vee
17| Din
[16] cs
[15] we
[14] An
[13] A
[12]
[T a
E Ar

(Top View)




B ELECTRICAL CHARACTERISTICS
©DC CHARACTERISTICS (Ver=—4.5V, R.=50Q to —2.0V, Ta=0 to +85C, air flow exceeding 2m/sec)

HM100470

Item Symbol Test Condition min (B) typ max(A) Unit
Vou —1025 —955 —880 mV
Output Voltage Vie="Vina or Virs
VoL —1810 —1715 —1620 mV
Output Threshold Voltage Vone Vie=Vins or Vi —10% - — m
Vorc - - —1610 mV
Input Voltage Vin Guaranteed Input Voltage —1165 - —880 mV
ViL High/Low for All Inputs —1810 — — 1475 mV
In Via=Vina — - 220 HA
Input Current CcS 0.5 — 170
I Vin=ViLs MA
Others —50 — —
Supply Current Iee All Inputs and Outputs Open --200 —165 — mA
® AC CHARACTERISTICS (Vie=—4.5V +5%, Ta=0 to +85°C, 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 ty twsa=3ns 25 - ns
Data Setup Time twso 2 - - ns
Data Hold Time twun 2 - - ns
Address Setup Time twsa tw= twmin 3 - - ns
Address Hold Time twha 2 - - ns
Chip Select Setup Time twses 2 _ _ ns
Chip Select Hold Time twhes 2 ns
Write Disable Time s - - 10 ns
Write Recovery Time twr - - 27 ns
3. RISE/FALL TIME
Item Symbol Test Condition min typ max Unit
Output Rise Time e - 2 — ns
Output Fall Time ty - 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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HM100470

B TEST CIRCUIT AND WAVEFORMS

1. LOADING CONDITION 2. INPUT PULSE
T est Circuit
T Vee(GND) o8V
- L7V
Dout N
M.U.T. L =t/=2.0ns typ
R ; Cu
0.01uF "[ Ver =20V RL=50Q
;_ Cr=30pF (includes
probe and jig
capacitance)
Address 50%
tan
Dout 50%

4. WRITE MODE

Address
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HM100480, HM100480F  Preliminary

16,384-words X 1-bit Fully Decoded Random Access Memory

The HM100480 is ECL 100K compatible, 16,384-words x 1-bit,
read/write random access memory developed for high speed
systems such as scratch pads and control/buffer storages.

The fabrication process uses the Hitachi's low capacitance, oxide
isolation method with double metalization.

The HM100480 is encapsulated in cerdip-20 pin and flat-20 pin
package, compatible with Fairchiid’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)

e Low power dissipation: 0.05mW/bit

® Output obtainable by wired-OR (open emitter)

B TRUTH TABLE

Input
— — Output Mode
CS WE Din
H X x L Not Selccted
L L L L Write "0
L L H L Write "17
L H X Dout* Read
Notesi x Iirrelevant
* . Read Out Noninvert
B BLOCK DIAGRAM
Ao
Aod &
N ¥ 8 128 128
. ?‘ - a || Memory Cell
A 0 § -'g Array
<
Ao ;? * Dout
As oo X
A —
¢ o Sense Amp. CS
Write Drivers
| —
WE
Y-Address Decoder
Din
IEEEEE
s 2 &2 & F 2 <
B ABSOLUTE MAXIMUM RATINGS ( Ta=257C)
Item Symbol Rating Unit
Supply Voltage Vee to Ve +0.5t0 —7.0 v
Input Voltage. Via 40.5 to Vi \
Output Current Lou —30 mA
Storage Temperature T —65 to +150 °C
Storage Temperature T..(Bias)* —55 to +125 °C

% Under Bias

@ HITACHI

HM100480

(DG-20)

HM100480F

(FG-20)

B PIN ARRANGEMENT

\/

Dot [ 1 20] vee
w (2] [10] Din
A E E [
WG oL
a5 [16] an
n (6] [15] A
7] [14] An
ne 5] 13] Aw
w5 [12]
vee [19] 1] A

(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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HM100480, HM100480F

BABSOLUTE MAXIMUM RATINGS (Te=25C)

Item Symbol Rating Unit
Supply Voltage Vee to Vec +0.5 to —7.0 v
Input Voltage Via +0.5 to Ve \%
Output Current Lou —30 mA
Storage Temperature Tue —65 to +150 X
Storage Temperature T (Bias)* —55 to +125 °

* Under Bias

BELECTRICAL CHARACTERISTICS
®DC CHARACTERISTICS (Ver=—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 Vi
Vo —1810 —1715 —1620 mV
Vouc —1035 — — mV
Output Threshold Voltage Vie=Vins or Vipa
Vorc — — —1610 mV
Vin Guaranteed Input Voltage —1165 — —880 mV
Input Voltage
ViL High/Low for All Input —1810 — —1475 mV
Ly Vie=Vina — — 220 HA
Input Current Cs 0.5 — 170
in Via=ViLs HA
Others —50 — —
Supply Current Ige 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
Item Symbol Test Condition min typ max Unit
Chip Select Access Time tacs 2 — 15 ns
Chip Select Recovery Time tres 2 — 15 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 twup 5 — — ns
Address Setup Time twsa tw=25ns 5 — — ns
Address Hold Time twna 5 — - ns
Chip Select Setup Time twscs 5 — — ns
Chip Select Hold Time twhes 5 — — ns
Write Disable Time tws — — 15 ns
Write Recovery Time twr — —_ 30 ns
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3. RISE/FALL TIME

HM100480, HM100480F

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 Cin — 3 — pF
Output Capacitance Cout — 5 — pF

HTEST CIRCUIT AND WAVEFORMS
1. LOADING CONDITION

Test Circuit
T Vee(GND)
Dout
M.U.T.
R ;CL
0.01uF —2.0V

Vee

-

3. READ MODE

4. WRITE MODE

cs

-0.9V

2. INPUT PULSE

-1.7V

RL=50Q
CL=30pF (includes
probe and jig
capacitance)

L =t;=2.0ns typ

Address

taa

Dout

50%

50% R —————————————————————————— /
Address 50”/y< —————————————————— ><
_______ -—— ===\ —_—— e -
Din 0% M —— — - /
N —/
-t
— so%x _____ Z
WE K 7
tws oo twna
pa———tws a ™ Hes
Dout —

ot 5
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HD2912

Quadruple TTL-to-MOS Clock Drivers

The HD2912, a clock driver for the MOS memory, has basically the
NAND function, Its inputis a TTL level and its output becomes and
N MOS clock input level. It operates on two power supplies — Vce
(5V) and Vpp (12V). It anticipates taking as its load a maximum of
ten units of 4K-bit N MOS memories and can drive a load capacity
of 400 pF at high speed.

® TTL-MOS level converter circuit

® Switching time: 50 ns (max.)

® Load capacity drivable: 600pF

® Mounted with 4 circuits

® Applicable temperature: 0 to 70°C

B ABSOLUTE MAXIMUM RATINGS

Item Symbol HD2912 Unit

Veer 7.0 vV

Supply Voltage - 150 v
Input Voltage Vi* 5.5 vV
Load Capacitance CoL** 600 pF
Power Dissipation Press 800 mW
Operating Temperature Topr 0 to +70 °‘C
Storage Temperature Tote —65 to +150 °C

* With respect GND
* % per circuit
* % % per package

B RECOMMENDED OPERATING CONDITIONS

Item Symbol min typ max Unit
Ve 4.75 5.0 5.25 Vv

Supply Voltage
Voo 11.4 12 12.6 \%
Operating Temperature T 0 25 70 °C
Load Capacitance C. 100 — 600 pF
Damping Resistance Ro 10 — — 9]

DG-161

B PIN ARRANGEMENT

=

. 1
0]
O
0
o
W
35

GND 8

=

Y,

TR

NC

(T

op View'

B ELECTRICAL CHARACTERISTICS (Ta=0 to +70°C, Viv=5V £5%, Vio=12V +5%)

Item Symbol Test Condition min typ* max Unit
Viu 2.0 — - vV
Input Voltage
i Vi T = 0.8 v
Ve w=2V, To.=0.1mA - 0. 0.6 v
Output Voltage . : o 45
Vou V.=0.8V, lun=—0.1mA Vor—0.9 11.5 - %
A I - -1 -1.6 mA
Via=0.4V
B I - -2 -3.2 mA
Input Current A Lin - — 40 MA
V..=2.4V
B Iy — — 80 HA
I V.=5.5V — — 1 mA
Toon V=0V — 16 24 mA
Toot V=5V — — 0.5 mA
Power Supply Current oot
Tecn =0V — 12 18 mA
Tces V=5V — 67 100 mA
Input Clamp Voltage Vi I.=—12mA — — -1.5 \

* Voe=5V, Veo=12V
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HD2912

B SWITCHING CHARACTERISTICS (Ta=0 to +70°C, Vcc=5V, Vor=12V)
Item Symbol Test Condition min typ max Unit
Rising Delay Time toLw — 35 50 ns
Falling Delay Time touL C.=300pF — 25 45 ns
Rise Time trin R»r=00Q — 12 25 ns
Fall Time 2D — 12 25 ns
® TEST CIRCUIT AND WAVEFORMS W
Vee Von Input N
lnp‘" ~tomi
T R P T
Output
P.C
Cy Output
50Q
AN
trin f-t THL
te =250nS, teyere =350ns,2r =1, =10t Ins
FALLING DELAY TIME vs. RISING DELAY TIME vs.
LOAD CAPACITANCE (1) LOAD CAPACITANCE (2)
50 50
40 Q —1
40 =10
z —1 P x £ L T
o BT I o o B
= 30 o= 2% 3 o3
: ol :
= a»"‘g b=
= 1 H
El) T z 20
H Vou=12V E 0 Voo=12V
10 Vec=5V \
Ta=25C— Ta=25'C—
0 100 200 300 400 500 600 0 100 200 300 400 500 600
Load Capacitance Cr (pF) Load Capacitance Cu (pF)
RISE TIME AND RISING DELAY TIME FALL TIME AND FALLING DELAY TIME
vs. AMBIENT TEMPERATURE vs. AMBIENT TEMPERATURE
50 50
‘0 40
toLH ’_’,,//
2 3 R 30
;. 3 — towe
5 €
g 20 § 20
tTLH — LTHL
10 Vou=12V— 10 Voo =12V_]
Vee =5V Vcl.‘_=5V
C1=300pF CL=300pF
Ry=0Q Ry=
0 10 20 30 40 50 60 70 0 10 20 30 40 50 60 70

Ambient Temperature Ta ('C)

® HITACHI

Ambient Temperature Ta ('C)
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HD2912

Switching Time ins}

Power Dissipation Pro(mW)

378

SWITCHING TIME vs.
SUPPLY VOLTAGE (1)

50
40_\ Lilh
0 Luny
L]
\‘\\‘_ﬁ
20
Lrwe
——
10 trow (L =300pF
Vop =12V
Ta=25C
0 ki =0Q
44 4.6 4.8 5.0 5.2 5.4 5.6
Supply Voltage Ve 'V
POWER DiSSIPATION
vs. CYCLE TIME
700
NEEI
\ C1 =400pF
600
FCe=
500 |-200F
\
400 AV
\\
NN
300p-Ce =(pF Sailiy
I~
= — P
w0 Duty Cvele =507
One Circuit Operation
oo (Other Circuit Output”Low"
rli‘lx f '11||||1
o LT T
ol 0.2 0.5 1.0 2 5 10
Cyele Time teyitr - us

SWITCHING TIME vs.
SUPPLY VOLTAGE (2)

50
40
tyULH
/
30 LiHL
?;
£
£ o2
2 n
10 tTLH (' =300pF
Vee =5V
Ta=25C
0 Ri,=0Q
10.5 11.0 11.5 12.0 12.5 13.0 13.5
Supply Voltage Vo 1\

EITEMS REQUIRING CARE WHEN USING

THE HD2912

When measuring or mounting the HD2912, consider

t

1.

he following.

At the time of ““H’’ level output, if a short circuit
occurs between the output terminal and the
other terminal (the GND terminal or input
terminal), the element will breakdown.

2. When measuring the input/output characteristic

of the circuit, do not place the input level in the
vicinity of the threshold voltage (about 1.5V) for
more than 10 seconds. If this caution is neg-
lected, the element may breakdown.

3. If its load capacity is less than a certainalue

(100pF), sometimes this element cannot fully
provide its function. Take note of this fact when
designing a system.

4. When mounting this element, it is recommended

C

providing the output terminal with a damping
resistor (Rp) or a diode terminating circuit.

Vi

Ru
ED S N vos

lock Driver

B HITACHI



HD2916

Quadruple TTL-to-NMOS Clock Drivers

The HD2916, a clock driver for the MOS memory, basically
possesses a NAND function. Its Inputis a TTL level and its output
becomes N MOS clock input level. It operates on two power supplies
— Vcc (BV) and Vpp (12V). Agsuming that a maximum of five
units of 4K-bit N MOS memories may be connected, it is designed to
drive a load capacity of 200pF at high speeds.

B FEATURES

TTL-MOS level converter

Switching time: 50 ns (max.)

Average power consumption: 600mW (max.)
Load capacity drivable: 300pF

Mounted with 4 circuits

Applicable temperature: 10 to 65°C

(DG-16A)

B PIN ARRANGEMENT

A\
B ABSOLUTE ‘MAXIMUM RATINGS Vou 1 16 JVee
Item Symbol HD2916 Unit Xu E E Xa
Vee* —0.5 to +7 \4 a3 e A
Supply Volt ' A
upply Tottase Voo —0.5 to +15 v C]
Input Terminal Voltage Vin® —0.5 to +5.5 \ B'E ‘ 138
Output Load Capacitance CL** 300 pF B:E l EB:
Power Dissipation Prass 700 mW AtE A
Operating Temperature Topr 0 to +70 °C
Storage Temperature Tue —50 to +150 °C X'E E]X’
* With respect to GND GND 9 |[NC
* % Per circuit E
* % Per pack:
* e paciase (Top View)
@ RECOMMENDED OPERATING CONDITION
Item Symbol min typ max Unit
Supply Vol Vee 4.75 5.0 5.25 \
olt.
upply Tottase Voo | 1.4 | 120 | 126 | V
Operating Temperature Toper 10 25 55 °C
Vin 2.0 — 5.5 A
Input Voltage Level
Vi —0.5 — 0.8 \'
EELECTRICAL CHARACTERISTICS (Ta=10 to 55C, Vcc=5V +5%, Vop=12V £5%)
Item Symbol Test Condition min typ* max Unit
A Iu Vin=2.4V - — 40 KA
I Vin=0.4V — —1 -2 mA
Input Current
. B In Vin=2.4V _ - 80 HA
I Vin=0.4V - -2 —4 mA
Vou Vin=0.8V, Ton=—50uA Voo—0.7 | Von—0.4 - \'
Output Voltage
Voo Vin=2.0V, Tor=50uA — 0.3 0.45 v
Ibow Vin=0V - 13 20 mA
Iccn Vin=0V - 13 40 mA
Supply Current
Iooe Vin=5V — - 39 mA
Tcce Vin=5V - 40 60 mA
s C.=300pF, f=1MHz —
Average Power Dissipation Pra tw=0.545, one circuit operation 300 600 mW
* Vce=5V, Vop=12V
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HD2916

B SWITCHING CHARACTERISTICS (Ta=10 to 55°C, Vee=5V +5%, Vop=12V +5%)

Item Symbol Test Condition min typ max Unit
ton C.=200pF — — 50 ns
Output Delay Time f=1MHz
towr tw=0.5us — — 50 ns

® TEST CIRCUIT & WAVEFORMS

Propagation Delay Time towi. torw (ns)

Propagation Delay Time toiw, towr (ns;

380

Vee Von
T Input
Input
PG T Output
500 l‘“ Output
J=IMHz.10 =500ns, 0104 = tTw = 10ns £ Ins
PROPAGATION DELAY TIME PROPAGATION DELAY TIME
vs. LOAD CAPACITANCE vs. AMBIENT TEMPERATURE
50 60
I
40 - |
1 z
1 N
totn 4 *
30 . s R o G K] 4t
1 @
P —— . i
tint 1 = Tt L1 '1
ol Ve, =sv £ +—
Vi =12V s t{a :?:
= 5" . =1z
10 Ta=25%C S 1 = 200pF
a 10
0 50 100 150 200 250 300 0 10 20 30 40 50 60 70
Load Capacitance Ci (pF) Ambient Temperature Ta('C
PROPAGATION DELAY TIME PROPAGATION DELAY TIME
vs. SUPPLY VOLTAGE vs. SUPPLY VOLTAGE
50 50
40 )
=t tiLn N L,
z
30 — El )
— LuHL g LKl
[t =
20 =
= 20
Vin =12V 2 Voo =3V
10 Ta=25C % Ta=25C.
=2 g1 C.=2005F
a
0 0
44 4.6 4.8 5.0 5.2 5.4, 5.6 10.5 11.0 115 120 125 13.0 135
Supply Voltage Vee (V) Supply Voltage Vop (V)
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Power Dissipation Pr (mW?

POWER DISSIPATION
vs. CYCLE TIME

500
Duty Cycle 50%
One circuit

400 Cr =300pF Operation

CL=150pF
300 7\
Cr=0pF
200
100}
1 10 2
Cycle Time tcyere (us)

HD2916

B ITEMS REQUIRING CARE WHEN USING

THE HD2916
When measuring or mounting the HD2916, consider

the following:

1. At the time of “H’’ level output, if a short circuit
occurs between the output terminal and the
other terminal (the GND terminal or input
terminal), the element will breakdown.

2. When measuring the input/output characteristic
of the circuit, do not place the input level in the
vicinity of the threshold voltage (about 1.5V) for
more than 10 seconds. If this caution is neg-
lected, the element may breakdown.
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HD2923

Quadruple ECL to TTL Drivers
The HD2923 is a monolithic, high speed Quadruple ECL to TTL

Driver which accepts ECL input signals. It provides high output
current suitable for driving the TTL clock inputs or other address
multiplexing inputs of .N-channel MOS memories such as the
HM4816A of MK4116.Power supply requirements are ground, +5.0
Volts and —5.2 Volts. The HD2923 requires no particular power
supply sequencing in order ‘to assure standby mode of memories,
because the outputs are always ‘““high’” at applying the power.
Propagation delay is 10ns MAX.

The HD2923 is fabricated by means of HITACHI's Schottky Bipolar
technology to assure high performance over the 0°C to 75°C
ambient temperature range.

(DG-16A
B FEATURES B PIN ARRANGEMENT
@ High Speed ....... tpd = 10ns MAX. (50% to 2.2V dc out or to ]
+1.0V dc out, 200pF Load) v 1] [1s] oo
® LowPower ..........iiiiiii i 250mW typ. (DC) hE

15| B
10K ECL Compatibie Inputs H’E ..
@ Pin Compatibility .................. MC10125 or HD10125

o

B ABSOLUTE MAXIMUM RATINGS v[7] B
Item Symbol Value Unit «EB 1 i in s
Vee —=0.5 to +7 A B | 7 10| A
Supply Voltage 2|: K
Vee -7 to +0.5 A% ‘“E [
Input Voltage Vin Vee to +0.5 4
(Top View!
Output Voltage Vout —1.0 to Veet1 v
The V f i ilabl
Power Dissipation P, 10 W e Vis reference vol‘lage is available
on pin 1 for use in single ended input
Operating Temperature* Topr —10 to +85 C biasing
Storage Temperature T, —65 to +150 C
. B TRUTH TABLE

* under bias

Input Output

B RECOMMENDED OPERATING CONDITIONS N 5 .
Item Symbol min typ max Unit H Vs L
Vee 4.75 5.0 5.25 Y L Vas H

Supply Voltage
Vee —~5.46 | —5.2 —4.94 \ H L L
Vin —1.025 - — \Y L H H

Input Voltage

Vi - — | —1.520 \ Vss H H
Operating Temperature Topr 0 — 75- °C Vas L L
Open Open H
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B DC CHARACTERISTICS

HD2923

Item Symbol Test Condition min typ max Unit
—Iee — 22 27 mA
Power Supply Drain Current Icen Vee=—5.2V, Vcc=5.0V — 23.5 29 mA
Icce — 34.5 42 mA
Input Current Tinn Vin=—0.81V — — 115 HA
Input Leakage Current Icso Vin=—5.2V — — 1.0 HA
Vou 10H=—1‘0‘mA 2.7 — — \4
Output Voltage
Vor Tor=5.0mA — — 0.5 \
Vona VIH=7I.‘V. Ton=—1.0mA 2.7 - s \%
Threshold Voltage
Voia Vie=—1.48V, Io.=5.0mA — - 0.5 \
Indeterminate Input All inputs =Vee 2.7 - -
Vons v
Protection Tests All inputs=Open 2.7 - -
Reference Voltage Vss —1.420 — —1.150 A%
Ving=0.300V, Vine=—0.825V 2.7 — —
Voue \
Vinvi=—1.890V, Vin.=—2.890V 2.7 — -
Common Mode Rejection Tests
VINH=0.300V, Vine=—0.825V - - 0.5
Vore A"
Ving=—1.890V, Viyne=—2.890V — — 0.5
B AC CHARACTERISTICS
Item Symbol Test Condition min typ max Unit
tor 50% to +2.2V, C.=200pF — — 10 ns
Propagation Delay Time
tor 50% to +1.0V, C.=200pF — — 10 ns
Rise Time it +1.0V to +2.2V, C.=200pF — — 5 ns
Fall Time t +2.2V to +1.0V, C.=200pF — — 5 ns
" —0.890V
Vin 0%
—1.690V
2.2V
Vour 1.0V
I
— tor F _-‘ tor
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