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EQUICK REFERENCE GUIDE TO HITACHI IC MEMORIES

HEMOS RAM
Total Organization | Access | Cycle | Supply | Power Package!
Mode Bit Type No. Process| (word Time | Time |Voltage|Dissipation Pin Page
X bit) |(ns)max|(ns)min| (V) (W) No |CG| G| P FP|SP
HM6184H-35 35 35 [ 3K ) 16
HM6148H-45 45 45 0.1m/0.25 o0 16
HM6148H-55 10244 55 55 [ K J -_lb
HM6148HL-35 35 35 [ ] 50
HM6148HL-45 45 45 51/0.25 [ ] 50
Ak-bit HM6148HL-55 55 55 18 [ ] io(.)
HM6147H-35 35 35 [} ) 35
HM6147H-45 45 45 0.1m/0.15 [ X ) 35
HM6147H-55 2096 %1 55 55 [ 3K ] 35
HM6147HL-35 35 35 [ ) 61
HM6147HL-45 45 45 51/0.15 [ ] 61
HM6147HL-55 55 55 [ ] 61
HM6116-2 120 | 120 0.1m/0.2 oo 0O 65
HM6116-3 150 | 150 o1 0.18 o o0 o 65
HM6116-4 200 | 200 oo ol0 65
HM6116L-2 120 | 120 2044/0.18 o eole® 80
HM6116L-3 150 | 150 20,16 o eo/e 80
HM6116L-4 200 | 200 o o0 80
HM6116A-12 120 | 120 ) ) 98
HMB6116A-15 20488 150 159 0.1m/15m 24 [ ) [ ) 98
HMS6116A-20 200 | 200 ™) ) 98
HM6116AL-12 120 120 o [ ) 102
HM6116AL-15 150 150 5u/10m [ ] [ ) 102
Static HM6II6AL20 | .\ o 20 | 200 | ) ®
HM6117-3 150 | 150 ) 106
0.1m/0.2
HM6117-4 200 200 o0 106
HM6117L-3 150 150 104/0.18 [ 1K ) 11(:?
HM6117L-4 200 200 [ XX ) 116
HM6168H-45 45 45 [ X ) 128
16k-bit HM6168H-55 55 55 0.1m/0.25 [ 3K ) 128
HM6168H-70 1096 %4 70 70 20 o0 128
HM6168HL-45 45 45 o 132
HM6168HL-55 55 55 5u/0.25 o 132
HM6168HL-70 70 70 [ ) 132
HM6167 70 70 [ 3K ) 137
HM6167-6 85 85 0.1m/0.15 o0 137
HM6167-8 100 100 [ 3K ) 137
HM6167L 70 70 [ ) 143
HM6167L-6 85 85 51/0.15 [ ) 143
HM6167L-8 100 100 [ ] 143
HM6167H-45 Lssax1l%8 45 om0z | 20 oleol@® 147
HM6167H-55 55 55 o e e 147
HM6167HL-45 45 45 [ ] 158
HM6167HL-55 55 55 5u/0.2 [ ] 158
HM6267-35** 35 35 [ ] 162
0.1m/0.25
HM6267-45** 45 45 [ ) 162
(to be continued)
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Total Organization | Access | Cycle | Supply| Power Package*

Mode Bit Type No. Process| (Word | Time | Time |Voltage Dissipation P Page
X bit) |(ns)max| (ns)min| (V) (W) No. |CG| G| P |FP|SP
HM6264-10 100 100 [ ] 166
HM6264-12 120 120 0.1m/0.2 o0 166
HM6264-15 81928 150 150 2 [ K ) 166
HM6264L-10 100 100 [ ) 176
. .| HM6264L-12 120 120 _ 104/0.2 [ I ) 176
Static | 64k-bit HM6264L.15 CMOS 150 150 T3 o0 76
HM6287-55* 55 55 [ ) [ ] 188
0.1m/0.3
HM6287-70* 65536 X1 70 70 2 [ ) [ ) 188
HM6287L-55* 55 55 104/03 [ ] 189
HM6287L-70* 70 70 [ ) 189
£sude Jo56k-bit ﬁxgzzg;g CMOS | 32768 X8 ;zg ;gg +5 | Tm/03 | 28 : izg
HM48416A-12 120 230 [ ] 192
HM48416A-15 163844 | 150 260 20m, 0.3 18 [ ] 192
HM48416A-20 200 330 [ ] 192
64k-bit HM4864-2 150 270 20m. 0.3 [ XX ) 199
HM4864-3 200 335 [ K ] 199
HM4864A-12 655361 | 120 220 [ X XX ) 209
Dynamic HM4864A-15 NMOS 150 260 .5 20m, 0.25 o0 e 209
HM4864A-20 200 330 o0 e 209
HM50256-12 120 220 16 [ X ) 219
HM50256-15 150 260 20m;, 0.35 o0 219
.| HM50256-20 200 330 [ I ) 219
256k-bit HM50257-12 262144 x1 120 220 [ I ) 226
HM50257-15 150 260 20m,/0.35 [ 3K ) 226
HM50257-20 200 330 [ 2K ) 226
« Under development  ++ Preliminary HM6116LP LFP Series : 10uW

1 The package codes of CG, G, P. FP and SP are applied to the package materials as follows,
CG @ Glass-sealed Caramic Leadless Chip Carrier, G Cerdip, P : Plastic DIP,
FP ! Flat Plastic Package (SOP), SP : Skinny Type Plastic DIP
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EMOS ROM

Total Organization| Access | Supply | Power Package t
o
Mode ‘a Type No. Process| (Word Time |Voltage|Dissipationt— Page
Bit . Pin claglpl|Fp
X bit) | (ns)max | (V) (W) | No.
HN61364 250 28 X ) 234
.| HN61364H=*= 200 [ ) 236
64k-bit 8192 X8 5u/50m
HN61365 250 94 [ ) 237
HN61366 250 [ ] 239
Mask 128k-bit HN613128 CMOS | 16384 X8 250 5 54/50 L J 241
- i m
as " 'HN613128H-+ 200 5 ) 243
HN61256 aTesx8or | 350() 5u/75m | o o0 244
256k-bit | HN613256 32768 X8 250 5.0/50 [ 2K ) 246
'/ m
HN613256H ++ 200 “ ) 248
IM-bit | HN62301=* 131072 %8 350 2m/75m [ ] 249
HN482732A-20 200 [ ) 254
32k-bit | HN482732A-25 4096 X8 250 0.18/0.8 | 24 [ ] 254
HN482732A-30 300 254
NMOS o
HN482764 250 [ ) 258
HN482764-2 200 0.18-0.55 [ ) 258
HN482764-3 300 ) 258
64k-bit | HN27C64-15 8192 %8 150 [ ] 267
U. V. E bl HN27C64-20 0 267
rasablee ¢ CMOS 20 +5 [055m 0.17 L] a
& Electrically HN27C64-25 250 [ ) 267
HN27C64-30 300 28 [ ) 267
HN4827128-25 250 ) 272
128k-bit | HN4827128-30 16384 X8 300- 0.18 0.53 [ ] 272
HN4827128-45 | NMOS 450 o 272
.. | HN27256-25** 250 28
256k-bit 32768 X8 5 0.22 0.55 L 0
HN27256-30** 300 [ ) 280
One Time 64k-bit | HN482764-3 8192 X8 300 0,18 0.55 [ ) 263
X - NMOS +5 28 —
Electrically 128k-bit | HN4827128-30** 16384 X8 300 0.18 0.53 [ ) 276
95 9
Electrically HN58064-25 250 [ ) 284
Erasable & 64k-bit | HN58064-30** | NMOS | 8192 %8 300 +5 1022 055| 28 o 284
Programmable HN58064-45°~ 150 ® 784

« Under development

«+ Preliminary

t The packade codes of G. P and FP are applied to the packge material as follows.
G : Cerdip. P : Plastic DIP. FP: Plastic Flat Package

10
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EBIPOLAR RAM

Total Qrganiza- Ac.cess Supply .P?wef Package t Replace-
Level ) Type No. tion Output Time Voltage |Dissipationf—— Page
Bit ) .| Pin Flg ment
(word Xbit) (ns)max V) (mW:bit) | No. cC
HM10414 10 :
256 2561 2.8 L J F10414 290
HM10414-1 8 [ ) 290
HM2110 35 05 6 [ ) F10415 294
HM2110-1 10241 25 ’ o F10415A 294
K HM2112 10 08 o 298
HM2112-1 8 ’ [ ] 298
HM10422 10 0.8 F10422 30:
256 X4 24 LJ 4 W03
HM10422-7 7 1.0 [ ] 308
HM10470 25 02 o F10470 311
HM10470-1 15 ’ 1 K
ECL 4096 X 1 8 L i
10K HM10470-20 20 =52 0.25 [ ] 316
K HMz2142 10 0.3 20 [ ] 319
HM10474 25 0.2 o F10474 322
HM10474-8+« 8 327
1024 x4 0.3 24 L4
HM10474-10%+ 0 10 [ ) 327
HM10474-15 . ‘,)ft" 15 02 ° 322
itter
HM10480 mitte 2% 0.05 ) F10480 330
HM10480-15++ | 16384 X 1 15 0.06 20 o 333
16K | HM10480-20+« 20 ’ (] 333
HM10484-15+« 15 336
4096 X 4 0.06 28 L
HM10484-20* 20 [ ] 336
K HM100415 1024 X1 10 0.6 16 @ | @ | Flo0415 339
HM100422 256X 4 10 0.8 24 | @ | @|@| F100422 342
HM100470 4096 X 1 25 0.2 18 [ ] F100470 345
4K HM100474 25 [ X ) F100474 348
1024 x4 0.2 24
ECL HM100474-15 15 s [ 2K ) 348
100K HM100480 25 ’ 0.05 [ X ) F100480 353
HM100480-15* | 16384 X 1 15 0.06 20 o 356
16K HM100480-20* 20 ’ [ ) 356
HM100484-15 4096 4 15 0.06 28 o 359
HM100484-20* 20 [ ] 359
HM2510 o 70 [ ] 362
n
HM2510-1 pe 45 0.5 [ ] 93415 362
Collector ;
TTL 1K HM2510-2 1024 x 1 35 +5 16 [ ) 93415A 362
HM2511 70 [ ] 366
3-state — 0.5
HM?2511-1 45 [ ) 93425 366
+ Under development »+ Preliminary
t The package codes of F.G and CC are applied to the packge materials as follows.
F : Flat Package. G : Cerdip, CC : Ceramic Leadless Chip Carrier
@ HITACHI n



B PACKAGE INFORMATION (Dimensions in mm)

@ Dual-in-line Plastic

® DP-16 e DP-16A

TS T B T

12 @ 15 - L2 @ "
I3 | 1 %‘ ;e | >
o 13 1% ;i B 3
s 12 s Zs

log | gy 1 leg

‘ ! | Vg | % / o

Le 9 Sy = g L8

53 ] asimneim = v 6.8
5.06max

754min ) 262

7.62 Cm Y
"'~H‘J'., L).zo—o 3 w'~l$'J' i 0.20~0.38

® DP-18 e DP-20

|—1; L

:

o :
2

b S

—N g

- :

54min

0.20~0.38

® DP-22A

3 =
3
S -
- =
<
=
' B
i
0.51min—~
5.8max \7—-54‘
254min
g5

h-0.20~0.38

e DP-24A ® DP-28

SETIRBIRVIB

36.0(including End Flash!

E

34
1524

0.20~0.38
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Package Information

Applicable ICs

DP-16 HM4864P-2, HM4864P-3, HM4864AP-12, HM4864AP-15, HM4864AP-20
DP-16A | HM50256P-12, HM50256P-15, HM50256P-20, HM50257P-12, HM50257P-15, HM50257P-20
DP-18 HM6148HP-35, HM6148HP-45, HM6148HP-55, HM6148HLP-35, HM6148HLP-45, HM6148HLP-55, HM6147HP-35,
HM6147HP-45,HM6147HP-55,HM6147HLP-35,HM6147HLP-45,HM6147HLP-55,HM48416AP-12‘HM48416AP-15,HM48416AP-20
HM6168HP-45, HM6168HP-55, HM6168HP-70, HM6168HLP-45, HM6168HLP-55, HM6168HLP-70, HM6167P,
DP-20 HM6167P-6, HM6167P-8, HM6167LP, HM6167LP-6, HM6167LP-8, HM6167HP-45, HM6167HP-55, HM6167HLP-45,
HM6167HLP-55, HM6267P-35, HM6267P-45
DP-22A | HM6287P-55, HM6287P-70, HM6287LP-55, HM6287LP-70
HM6116P-2, HM6116P-3, HM6116P-4, HM6116LP-2, HM6116LP-3, HM6116LP-4, HMS6116AP-12, HM6116AP-15,
DP-24 HM6116AP-20, HM6116ALP-12; HM6116ALP-15, HM6116ALP-20, HM6117P-3, HM6117P-4, HM6117LP-3, HM6117LP-4,
HN61365P, HN61366P
DP-24A | HM6116ASP-12, HM6116ASP-15, HM6116ASP-20, HM6116ALSP-12, HM6116ALSP-15, HM6116ALSP-20
HM6264P-10, HM6264P-12, HM6264P-15, HM6264LP-10, HM6264LP-12, HM6264LP-15, HM65256P-15, HM65256P-20,
DP-28 HN61364P, HN61364HP, HN613128P, HN613128HP, HN61256P, HN613256P, HN613256HP, HN62301P, HN482764P-3,
HN4827128P-30, HN58064P-25, HN58064P-30, HN58064P-45
©® CERDIP
r"f” 5.06max 2.8min ° DG 16A
® DG-16 T e - ]
| s :
Lo e 2 ~.
i 3 2
l D = = 17:
Cp S :
[
| U
: 162 ' -
r—- 7.62—4 b")»!:ﬂ.ﬂ,ﬁmm
— 28min
L—7J
(-|'~ ;: 0.20~0.38
® DG-16B he ® DG-18 NI
- W T 5£ ] i"la 161
h 15 == ‘i 1"‘1v
i 8] — by » i
gl == s 14
i = . ls 13
3 e |2 3 17 12
z 1:;‘ o/ v R 1
1q B ) Hﬁ‘n N " | Lu 10
h [0.38min 1 62
ez O ’ —
! 5 08max 2.8min T3imin
“.M\“"ﬁ\ ) i
N -w 020~0.38 18

(to be continued)
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Package Information

® DG-20

5.08max .’.5_4‘mu

-
=
=

_0.51mi

s

B

NAR 0]

¢

B ;&.H‘imn

bo——eba—ed 2 54min
Xdmax

36.83
——
e

1
=
2.5410.25

o,
3
2

H

[ 15;} l_,

10,16 _

/=

B

0 ~15"

© DG-24A __9‘1,_’ 1”"“‘ 26mn ® DG-24B Ly66
‘i' :J. _.l 0.38 ~§
H ,1 +
‘ p~ i
" =
b= s
. h & %
b =
’ s
P
) p
|
10.16—‘1
0'20_033
® DG-28 1465 __ ® DG-28A ST
—
= - B < R
= 5

u

2.80min 1.50min

S.30max

020~0.36
Applicable ICs

DG-16 | HM10414, HM10414-1, HD2912
HM2110, HM2110-1, HM2112, HM2112-1, HM100415, HM2510, HM2510-1, HM2510-2, HM2511. HM2511-1. HD2916,

DG-16A
HD2923

DG.16p | HIM4864-2, HM4864-3, HM4864A-12. HMA4864A-15. HM4864A-20. HM50256-12. HM50256-15. HMS50256-20. HMS0257-12.
HM50257-15, HM50257-20

DG.1g | HM6148H-35 HM6148H-45. HM6148H-55. HM6147H-35. HM6147H-45. HMB147H-55. HM10470. HM10470-1. HM10470-15.

: HM100470

DG20 | HM6168H-45, HM6168H-55, HM6168H.70. HM6167. HM6167.6, HM6167-8. HM6167H-45. HM6167H-55. HM2142,
HM10480, HM10480-15, HM10480-20, HM100480, HM100480-15, HM100480-20

DG-24 | HM6116-2, HM6116-3, HM6116-4, HM6116L-2. HM6116-3. HM6116L-4

DG-24a | HM10422, HM10422-7, HM10474, HM10474-8, HM10474-10, HM10474-15. HM100422. HM100474,
HM100474-15

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

DG2g | HN482764G, HN482764G-2, HN482764G-3, HN27C64G-15, HN27C64G-20, HN27C64G-25. HN27C64G-30. HN482718G-25.
HN4827128G-30, HN4827128G-45, HN27256G-25, HN27256G-30

DG-28A | HM10484-15, HM10484-20, HM100484-15, HM100484-20

14 @ HITACHI




Package Information

® Flat Packages

® FP-24
I &
=1 1= ==l b
2| red 23 = B
2| e Lrs 22 H il
~ | ‘e =< 51 [ s
(5| sers == = 9
w| texgt +._le.l9 « ¥
= =51 20 B
=S| ged brs 17 = B
EIF= S =
Sl g E 5|
2|0 ’ a1y = i
=i 13 = 4 +
1 %
8.40
g
I, S
® FP-54 ® FG-20
2.9may
/ Miss matching of base and eapt
= SIMAX §,
5 T
! 3
E 1 ]
< 04
N B 2 3|
- _:_ ;i [_mw_j_mm__l gl 3
1 g s = =
Al _’,nwu*k" }_—l_,_: T r
® FG-24
v omas
® Applicable ICs
=
— HM6116FP-2, HM6116FP-3, HM6116FP-4,
= Fp-g4 | HM61I6LFP-2, HMG116LFP-3, HMG116LFP-4,
— HM6117FP-3, HM6117FP-4, HM6117LFP-3,
HM6117LFP-4
Fp-54 | HN61364FP, HN613128FP, HN61256FP,
T HN613256 F P
kR =% T|.  FG-20 | HM10480F, HMI0480F
Teeea £
T —Eﬁ 22 pG-pg | HM100422F, HM100474F, -
%E > C24 | HM100474F 15
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Package Information

® Leadless Chip Carrier

® CC-24 ® CG-18

10.80% 0.38]

RIRAUR )
'

7

“3-Ru.3

22max

® CG-20 ® CG-22

~ . 1080038l

- 1245£0.3 —C05

173 0L

nnn

3-RoA

2.2max

® CG-32 ® Applicable ICs
1143 CC-24 | HM100415CC, HM100422CC
1043 CG-18 | HM4864ACG-12, HM4864ACG-15
r I HM4864ACG-20
! CG-20 | HM6167HCG-45, HM6167HCG-55
sl ‘1‘ CG-22 | HM6287CG-55, HM6287CG-70
cbe b g Y - -
CG-32 gmgﬁgggi HM6116CG-55

Roaf At

:
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B 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 IC memories, regardless of differ-
ences in the circuit design, pattern, layout, degree of

integration, etc.

From its characteristics, the memory LS| 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

ificati Bipolar memory Bipolar memory NMOS memory NL;%E_;Q‘;?:SOS NMC;)SRS;Imory
Classification (RAM) (PROM) (Dynamic RAM) (Static RAM) ( )
Buffer memory, . For
Application control memory Microcomputer Main memory of computer, microcomputer
pplicati of high-speed control use microcomputer memory control

computer

Example of
basic cell
circuit

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
® 16 pin

® 18 Pin

® 20 Pin

GO HITACHI 17




Reliability of Hitachi IC Memories

® 24 Pin with Lid ® 28 Pin with Lid

m Plastic DIP
® 16 Pin ® 18 Pin ® 20 Pin ® 24 Pin
U
® 24 Pin ® 28 Pin

m |eadless Chip Carrier
® 18 Pin © 20 Pin ® 24 Pin ® 32 Pin

< =

= SOP
® 24 Pin ® 28 Pin

18 G HITACHI



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)
t it diti Total ; Total .
Test item Test condition Samples | component | Failures Faltl:,{e Samples | component | Failures Faltlu’:e
hours ra hours rate
Te=125°C C.H. 1/hr
VgEg =-5.2V 125 4.0x10° 2.3x10°¢ - - - -
Hich (HM10470)
igh- - o
temperature Ty =150°C
(Operating) | VEg =-5.2V
(HM10470) 80 2.7x10° 3.4x107° 40 4x10* 0 2.3x10°*
Vee =-5.0v
(HM100422)
High- T, =200°C 27 2.7x10* 3.4x10°° 40 4x104 0 2.3x10°%
temperature
storage Ty =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

(64K SRAM), HM6116P/FP (16K SRAM),
HN4827128 (128K EPROM) and leadless chip
carrier device of 64K DRAM, 4K/16K SRAM.

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

HM50256 (Ceramic) HN4827128G (Cerdip)
: Test Total . : Total . R Remarks
Test item o Sam- Fail- Failure Sam- Fail- Failure
Condition ples cor}t:gl(:gent ures rate* ples cor}rllggrnsent ures rate*
Ta=125°C 1/hr 1/hr
Vee =5.5V - - - - 100 1.0x10° 0 9.2x10°¢
. teye = 3us
gﬁlgerature Tq=150°C Oxide
dynamic Vcc=_83V/7V 723 | 1.44x10° | 7 | 5.8x107¢ | — - - - failurex 7
operation feye = 3us
Ty=125°C .
- - Oxide
Vec=8V/7V | 2920 | 1.12x10¢ 2 2.8x107¢ - - - - failure x 2
teye = 3us
* Estimated failure rate with confidence level 60%.
19
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Reliability of Hitachi IC Memories

® Table 6 Results on MOS Memory Reliability Tests (2)

HM4864 AP (Plastic) HM6264P (Plastic)
; Test Total - : Total . . Remarks
Test item oot Sam- Fail- Failure Sam- Fail- Failure
condition ples cor}r:g‘cl)rr;ent ures rate* ples COI}I:gS:‘lsent ures rate*
T, =150°C 1/hr 1/hr
High- Vec=7v | 173 | 1.73x10° | 0 | 1.3x107¢ | - - - -
temperature | fcyc = 3K
dynamjc Ty=125°C Isolation
operation Vee =1V 173 1.73x10° 0 1.3x107¢ 774 8.4x10° 2 3.7x107® | ‘failurex 1
teye = 3us Defective
. crystalx 1
High-temper- T, = 85°C
ature and RH = 85% 177 | 1.77x10° | 0 | 5.2x10°¢ | 304 3x10° 0 3x107¢
high-humi- Ver = 5.5V
dity bias cc >
P T,=121°C
res‘:ure RH = 85% 22 1.1x10% 0 8.4x10°° 55 2.2x10* 0 4.2x107°
cooker storage
* Estimated failure rate with confidence level 60%.
® Table 7 Results on MOS Memory Reliability Tests (3)
Test H(’:ggizg oM | HM6l16P | HM6116FP Lce
Testitm | congition | Sam- | Fail | Sam- | Fail | Sam- | Fail- | Sam- | Fail | Sam- | Faii | <ok
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 N
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 20 0 B B 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- however, it has been designed to operate in the
ance test for IC memories range at which these degradations do not happen.
The degradation of Icgo of the cell transistor, Therefore changes of electrical characteristics in-
degradation of hgg, etc., can be considered as main cluding access time are not observed.
factors in the internal elements for reliability of Time dependence in access time for HM10470 is
Bipolar memories. In actual element designing, shown in Fig. 1.
Fig.1 E le of Change in Bipolar M y Characteristics
Example Example of time change in access time for Bipolar memory
Device name HM 10470
Test condition Ta=125°C,VEg=-5.2V Measuring Condition [Maximum
{ Average
Failure criteria taA=25ns Minimum
35k )
Failure mechanism Surface degradation s Marching Pattern
Results: _ 3or
Access time (t4 4) is stabilized and is within the failure 2 25k
criteria. 3
B B N
15:;
0 500 000 T 2000
Time (hr)
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VTH 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 trege characteristics for the 64K DRAM are
shown in Fig. 2 and 3.

Reliability of Hitachi Memories

7
B HMassa-3 N=50pcs
= 50
— Specification
S4F 3 I 3 I Max.
E T T * I R
2 3 Measuring Conditions
= ob - Ta=25C
* IRac = 20Uns
1 - Marching Pattern
05 500 L0000 2,000
Time (hrs)
Fig. 2 Vg min time depend indy ic operation
test at 125°C

150
HM4864-3  Measuring  Ta=70C
N=50pcs  Conditions Vcc=4.5V
Disturb Pattern
| [More Than 2 l —I
ook [100ms
b
=t
E
:“:
S0
i Specification
L 2ms
] — . ) |
0 500 1.000 1.500 2,000
Time thrs)

Fig. 3 Time dependence in refresh time (tg g £) 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 LSls 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
Failures Defective Insulation

ool Statisuics Layer Doe to Forein
i for 1979-1982 Naterials 9%
20~60FIT

n 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 ~200F1T

Defective
Photo-
lithography

ns

Fig. 5 Classification of Failure Modes of MOS M y
in the field
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Reliability of Hitachi IC Memories

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 NMOS
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

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
“Q" 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

=

. ~ 1 :
&bxllcon bubstralel_____\__J & (
Information Storage Area

K I'e being absentj

T
1

( - [
| J

(Electrons are absent)

(a) Memory information at “1’* (b) Incident o-particle generate a (c) Inversion of memory informa-
large quantity of electron-hole

tion from ‘1" (electrons ‘“‘ab-

(1 Transistor type memory cell)

pairs. Generated electrons enter

sent’’) to ‘0"’ (electrons ‘‘filled’’)

the information storage area and
holes are drawn to the substrate
power supply.

Fig. 6 Misoperation in Memory Cell
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Bit Line Potential a
Information {7

Reference Level

§ Information 0
| 1

-t T
Pre-  Inforamtion  Amplified
charge Read Cycle

<

(a) Read out memory information
into bit line

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

Fig. 7 Misoperation on Bit Line

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

10°

Cell Mode

10 | Bit Line Mode

Soft Error Rate (Relative Figure)

1 1 1
1 10 102 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
MOS 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 64 K-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.

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:

() For large scale computers and electronic
exchangers

(1) 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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B PRECAUTIONS FOR HANDLING IC MEMORIES

A variety of IC memories of high-spped, 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 HITACH!
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 TM ohm resistor to protect him against
an electric shock.

Insulated clip

@m

Copper ring

put it on a finger. Smeldmg wire

about 1 meter IMQ%W resistor

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) 1t 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 [Cs.
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 VjL(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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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.

10
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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 drop 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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® 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.
(2) Build the quality at the sources of manufactur-
ing process.
(3) Execute harder the inspection and reliability
confirmation of final products.
(4) Make quality level higher with field data feed
back.
(5) Cooperate with research laboratories for higher
quality and reliability.
With the views and methods mentioned above,
utmost efforts are made for users’ requirements.

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, reliatility 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

design, structure design), design review, reliability
test are essential.
(1) Design Standardization
Establishement of design rule, and standerdization
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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design changed products. Items discussed and

determined at design review are as follows;

(1)

(2)

(3)
(4)

(5)
(6)

(7)

Description of the products based on specified
design documents.

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.

Determine contents of reliability and methods,
etc. based on design document and drawing.
Check process ability of manufacturing line to
achieve design goal.

Discussion about preparation for production.
Planning and execution of sub-programs for
design change proposed by individual specialist,
and for tests, experiments and calculation to
confirm the design change.

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.

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)

(2)

(3)

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

Feedback of information should be made to
insure satisfied level of process ability.

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

|Target = [ " K
Specification I Desngn Review

Design Characteristics of Material and
Trial = Parts

Production Appearance

Dimension

Heat Resistance

Mechanical

Electrical

Others

Materials, Parts
Approval

Purpose

Confirmation of
Characteristics and

Reliability of Materials

and Parts

Electrical
Characteristics
Function
Voltage
Current
Temperature
Others
Appearance, Dimension

Characteristics Approval J

Confirmation of Target

Spec. Mainly about
Electrical
Characteristics

Reliability Test
Life Test
Thermal Stress
Moisture Resistance
Mechanical Stress
Others

Quality Approval (1) J

Confirmation of Quality
and Reliability in Design

l Quality Approval (2) J Reliability Test

Process Check same as

Quality Approval (1)

Confirmation of Quality
and Reliability in Mass

Production

Mass
Production

Fig. 1 Flow Chart of Quality Approval
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(1) The third party executes approval objectively

(2)
(3)
(4)

(5)

from the stand point of customers.

Fully consider past failure experiences
information from field.

Approval is needed for design change and
change.

Intensive approval is executed on parts material

and process.

Study process ability and fluctuation factor,

tion
and

Quality Assurance of IC Memory

3.3 Quality and Reliability Control at Mass Produc-

For quality assurance of products in mass produc-

tion, quality control is executed with organic

work

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.

and set up control points at mass production.
Considering the views mentioned above, quality
approval shown in Fig. 1 is executed.

Process

i

Material, Parts ]

]

Material,

Quality Control

Method

Parts

Inspection of
Material and Parts

Inspection on Material and

Parts for Semiconductor

Devices

Lot Sampling,
Confirmation of

Quality Level

Manufacturing

|
I
l

—_—_1

Manufacturing Equipment,
Environment, Sub-material,
Worker Control

Confirmation of

Quality Level

|
|
|

Screening

Inner Process

Quality Control

l

Lot Sampling,

Confirmation of

100% Inspection

 —

Products
Inspection

Lot
Assurance
Test

-————

-

[ Receiving

Fig. 2 Flow Chart of Quality Control in Manufacturing

Process

Quality Level
P -
100% Inspection on A || | Testing,
Appearance and Electrical Inspection
Characteristics
Sampling Inspection on
Appearance and Electrical [ | ] Lot Sampling
Characteristics
Confirmation of
Reliability Test I Quality Level, Lot
Sampling
__________ -1 Feedback of
Quality Information, | .
. Information
Claim |
Field Experience | —
General Quality |
Information |
|
__________ 4
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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
: Appearance Contamination, Scratch,
Fine .
Wire for i . Bend, Twist
Wire Dimension .
Bonding Purity Purity Level
Elongation Ratio Mechanical Strength
Appearance Contamination, Scratch
Dimension Dimension Level
Processing
Frame Accuracy .
Plating Bondability, Solderability
Mounting Heat Resistance
Characteristics
Appearance Contamination, Scratch
Dimension Dimension Level
Leak Resistance Airtightness
Plating Bondability, Solderability
Ceramic Mounting Heat Resistance
Package Characteristics
Electrical
Characteristics
Mechanical Mechanical Strength
Strength
Composition Characteristics of
Plastic Material
Electrical
Characteristics
: Thermal
Plastic Characteristics
Molding Molding Performance
Performance
Mounting Mounting Characteristics
Characteristics
30

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 retated, 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

Quality Assurance of IC Memory

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
Purchase 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
OPQC Level Check
Wafer Inspection Wafer Thickness, Vtu Characteris-
tics
Inspection on Chip Chip Electrical Characteristics
Electrical Characteristics
Chip Scribe Appearance of Chip
Inspection on Chip
Appearance
OPQC Lot Judgement
-Frame—
Assembling Assembling | Appearance after Chip
Bonding
Appearance after Wire
Bonding
OPQC Level Check Pull Strength, Compresion
Width, Shear Strength
Olnspection after Appearance after Assembling
Assembling
OPQC Lot Judgement
LPack
& age? 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 Vin

Breakdown Voltage Check
Assurance of Standard
Thickness

Prevention of Crack,
Quality Assurance of Scribe

Quality Check of Chip

Bonding

Quality Check of Wire

Bonding

Prevention of Open and
hort

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

(Failures, Information)

Sales Dept.

Sales Engineering Dept.

Quality Assurance Dept.

Failure Analysis

]

I

Manufacturing Dept.

L

Report

1

Design Dept.

Countermeasure
Execution of
Countermeasure

|

Quality Assurance Dept.

Follow-up and Confirmation

of Countermeasure Execution

Sales Engineering Dept.

Reply

Customer

I
I
|
I
|
I
|
I
|
:
I
|
I
:
I
I

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 IC manufacturers. Con-
sequently, the electrical inspection of the memory
IC has been faced to a more 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 1C memories. The following various
address patterns are proposed to inspect whether or
not the internal circuits are functioning correctly.
(1) Al “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 N>
patterns and they need patterns several sequences of
N2

A serious problem arises in using the N2 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” for all 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. I(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.

0 0 0 0 1 0 0 0 1 1 1 1
0 0 o 0 0 0 0 0 1 1 1 1
0 0 0 0 0 0 0 0 1 1 0 0
0 0 0 0 0 0 0 0 0 0 0 0

Fig. 1 Addressing method 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 generated 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. P

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 ail bits addressing is twice the period of
clearing. This switching is performed at the gate of

G HITACHI 33



Outline of Testing Method

the binary circuit following the reference pulse
generating circuit.

iG—

Clock Gen

| ADDRo
|— ADDR)
(3}~ ADDR:
}—— ADDR3

CP HD74161
Carry Out

HD74157
Bz

T

a S Yif——= ADDR«

——{cp Hora61 A Y2——= ADDRs
Carey Ou _,, HOIST Ys——= ADDRe
B
T uan

——cp Horasr  [Rd]
"

Carry Out
k Cirry Ou
T Az
Ay
L—{CP HD74161 Al
Ars

to Din of memory

Fig. 2 Marching Pattern Generating Circuit
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As——
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Atg—— D/A Converter L—s—4—10P AMP —— Y Axis of Oscilloscope
An—
Az —1
Aiz—
-
From Comparator Circuit
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Fig. 3 Fail Bit Map Display Circuit
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w“—r |
(Din}

Ais |

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

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.

(A)

(D)
Fig. 5 Example of 1 bit solid fail
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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 performjng 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 1ns 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 |Cs.
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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 ——

ORead modify write cycle
Write cycle ===

o . RS —\

& o ™
I 0.0 el [ LS )¢ 0, —
O L
o 75 el B B — AT ITY

e el B UV —

) Page mode read cycle ——

DRES only refresh cycle
Page mode write cvcle ———

RAs RAS  —\ ™\
B N N N e —
Address X0 XDC_ XD Address  _XIX _

—_—— L

ST TEYTN REN TN A Y

CERNI & 75 00675 G &

0,
Dout __—O._.-O_..___ Dout pen

Vee (V)
o o
Vee (V
s o

Icc (mA)

Iec (mA)
S
~

s "- WLCAS=Vee 5 Ir R =Vee
. 11 T

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. |f 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 m, to scan
only the Y address. This permits reading out
and writing in only one column data at high
speed.

36 ,

1 20 30 40 50 100 200 300 400 500

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 1/0
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 AO0 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_ﬁhich
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

@ HiTACH!



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
m N\ /A I WY A | U
CASI\_____ / \—

|
ol

P
=
4

i . i

Icc (mA)

6"'1'['% 1
1

|13

|
nJ
| AN 4

oy LA T
o L AN WA
—— T g T

0
Note : Vec=5.0V, Ta=20C

—| |e—50ns

Fig.3 Power supply voltage (HM4864)

200n 500n lg 24 5u10x 20u
Cycle Time (trc)

RAS Only Refresh Current Icc (mA)

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

6. 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

Application of Dynamic RAMs

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 Vgg 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-frequéncy 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.

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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Il PROGRAMMING & ERASING OF PROMS

1. PROGRAMMING & ERASING OF EPROM

1.1 Programming

Information is programmed into the memory cell of
an EPROM by applying a high voltage to its drain
and gate (Fig. 1 and 2). 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 voltage 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 tpw, 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 vyield
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

i Oxide film
Source 1 Drain Sourcej 7/—Drain

Ly J T J K

Fig.1 Memory transistor
circuit symbols

Fig.2 Cross section of
memory transistor

Logic "1”

Readout Vgs

Logic "0”

Drain

Ins

Source

T s

Fig. 3 Reading out stored information

Stored Charge (Relative)

Stored Charge (Relative)

38 @ HITACHI

Write © Vee=5V, Vp
Read : Vpp=3\

R

——

10

20 30 40 N

Program Pulse Width tew (ms)

\\<\

/ Write | Vec=5\

Read : Vep=5

22

24 26

Program Vep (V)

of EPROMSs.

Fig.4 Typical Programming Characteristics




1.2 Erasing

Data stored 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
2,537A and 15W sec/cm? respectively. This condi-
tion is attained by exposing a device to an ultra-
violet lamp of 12,000uW/cm2 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.

stored
9
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HRSSNE Lo
% A ' 0
==ALL L o
3 3
> 7 >
E Most Easy-to-Erase Bit
= \\\Q I I
PRI NS SY | | :
E N Most Hard-to-Erase Bit
© ~
3 Ni'd
g 5
g st SV
4 RS
‘\ N —
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 107'3 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:

Programming & Erasing of PROMs

(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.

0 //
108 £
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e
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Storage Temperature (T
Fig.6 Typical Data Retention Characteristics
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Programming & Erasing of PROMs

(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

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
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(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
Manual input

Content

Input by copying the master ROM.

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

Paper tape input | Read the paper tape furnished
from the host system with the

tape reader

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
a charge.

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

(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

Programming & Erasing of PROMs

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)
HN462732 (4K-word x 8-bit, 2732 Compatible)
HN482764 (8K-word x 8-bit, 2764 Compatible)
HN4827128 (16-K word x 8-bit, 27128 Com-
patible)

2. Specification of Magnetic Tape

2.1 Use the following type of magnetic type which

can be entered in a magnetic tape device which is

compatible with the IBM magnetic tape device.

(1) Length . ... 2,400 feet, 1,200 feet or 600 feet

(2) Width . . ... oo i 1/2 inch

(3) Channel

(4) Bit density 800 BP! or 1,600 BPI (Clear-

ly state which it is in the

“ROM Specification Inden-

tification Sheet".)

2.2 Use the EBCDIC code as the use code.

2.3 Make the format of the magnetic tape as de-

scribed below.

(1) No leading tape mark

(2) No label

(3) Recordsize ............ 80 byte/1 record

(4) Blocksize ............ 10 records/1 block

(6) The end of the file should be indicated by 2
successive tape marks (TM).

2.4 Ensure that the magnetic tape becomes of 1

roll for each chip. Since extending the single-chip

portion over several rools is impermissible, submit

by compiling into the single-chip portion for each

2.5 Data Mode

2.5.1 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, Dy, 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

Record Type

Byte Count

0000
Address Size

Data 48-H

Data 4-D

Data 52-R

| wwlw wlw wlwwwelowlw o
ol n|e a]loaloocco]ao|o|w

Check Sum 1B ( Check Sum }

Data End of
record file record

1100 0000

3
9
0
3
0
0
0
0
6
3

e fwwww|lwol|ele

Fc !l Check

98 -Sum)

ww|wwlw oo wlewleln

o olwoloo - —fa —|— |«

A8 (Check Sum )

roll.

B
0 Block 1 Block 2 Block 3
T

x4
=z
o
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S0 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

Mask ROM Programming Instruction

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 —S00B000058204558414D504CBS5
—-’Sl13F0007EF5587EF7897EFAA77EF9C07EF9C47E24
—’SI12F0lOFA657EFABB7EFAA07EF9DC7EFA247EO6

(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.

2.5.2 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.

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 Identification Sheet’ always be-

(2

-

comes 0.
B .- Indicates start of 1 word.
T Indicates ‘0" of 1 bit data.
P v Indicates ‘1"’ of 1 bit data.
F oo, Indicates end or 1 word.
Example
B
N ——p
AN
b
N
N
N
Dl——t= P
Do——= N
P
B
s
N
N
N
N
N
N
N
F

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
f/ Sector 01
/ // Sector 02
Sector 2 /
Sector 03
W4
X/
/
Sector lé
Track 74 N
" 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 75,176 01 ~26
00 01 ~ 06
5 Spare Track 74 01 ~ 26
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Mask ROM Programming Instruction

. .. 80 byte/1 record

3.4 Data Mode

(2) Recordsize .........
(3) Use the sector as below. Use one sector for one See 2.5
record, that is 80 bytes out of 128 bytes used
for one record.
1 Track ,
D —— S - S —=
Sector 1 Sector 2 Sector 3 Sector 24 Sector 25 Sector 26
C o .
(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 A
A “Cu
RoM E_'_J“"“ Coe] o e
Lint Chip Select
Select Either and Other
Information

of the three

Computer Processing

Check

0K

Mask Preparation
Instruction

Mask Preparation 1

Investion

Sample
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HM6148H-35,HM6148H-45,
HM6148H-55, HVI6148HP-35,
HM6148HP-45, HM6148HP-55

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

B FEATURES

® Fast AccessTime . ................. 35/45/55ns (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 tacs with Short Deselected Time

Equal Access and Cycle Times

Directly TTL Compatible; All Inputs and Outputs

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

W BLOCK DIAGRAM

Aco—— ¢ ]
Ao—PE ] ——0 Vee
—
Ao———L ] Row Memory Array ——oGND
Ar 0——{:: Decoder 64 %64
O > S
Ao———
I I
1/0, ~ |
e — Columa 1/0
1/0: Input Column Decader
Data
1/0s 3——- Control
1/04 3———
A A A A

cs
WE

M ABSOLUTE MAXIMUM RATINGS

HM6148H Series

(DG -18)

HM6148HP Series

(DP-18)

B PIN ARRANGEMENT

N

As E 18] Vee
As E 17| A7
[ ]

' [tem | S)fnbol Ratings Umf AaE — 1o,
Terminal Voltage * Vr -0.5to +7.0 v
Power Dissipation Pr 1.0 W . E il
Operating Temperature Tope 0 to +70 °C AZE 12105
Storage Temperature (Plastic) Tiis —55 to +125 °’C Cs|s 11 1/0.
Storage Temperature (Ceramic) T —65 to +150 C ool 15
Storage Temperature** Thoias —10 to +85 °C
* with respect to GND. ViLwn=-3.5V (Pulse width=20ns) (Top View)
* % under bias
B TRUTH TABLE
cS WE Mode Vee Current 1/0 Pin Reference Cycle
X Not selected Iss, Ismi High Z
Read Icc Dout Read Cycle 1, 2
Write Ice Din Write Cycle 1, 2
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HM6148H-35, HM6148H-45, HM6148H-55,

HM6148HP-35, HM6148HP-45, HM6148HP-55

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

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

* —3.0V (Pulse width 20ns)

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

Parameter Symbol Test Conditions min typ max Unit Notes
Input Leakage Current 1.1 ] Vec=max, V.a=GND to Vecc — — 2.0 HA
Output Leakage Current [Iro] | CS=Vin, Vi.o=GND to Vcc — — 2.0 MA
Operating Power Supply Current (1) Icc CS=Vi., I, 0=0mA — 35 80 mA
Operating Power Supply Current (2) Icc min. cycle, CS=V., I;,0=0mA — 50 100 mA (2)
Standby Power Supply Current (1) Iss CS=Vix — 5 20 mA
CS2Vec—0.2V, Vins0.2V or
Standby Power Supply Current(2) Iss Vinz Vee—0.2V - 20 800 HA
Output Low Voltage Voo Io.=8mA — - 0.4 \Y
Output High Voltage Vou Ion=—4.0mA 2.4 — - \%
Notes) 1. Typical limits are at Vcc=5.0V, Ta=+25C and specified loading.
2. 120mA max. for HM6148HP-35
Bl CAPACITANCE (Ta—=25°C, f=1MHz)
Item Symbol Test Conditions typ max Unit
Input Capacitance Cin Va.=0V 3 5 pF
Input /Output Capacitance Ciro | Viio=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
O®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
5\ S\
i 4809 EL
W
Dout Dout
2550 = 305" 255Q SoF
oV
TIT
Output Load A Output Load B t.=t,=5ns
(for tuz,tiz, twz, tow) Input Pulse Waveform
* Including scope & jig.
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HM6148H-35, HM6148H-45, HM6148H- 55,
HM6148HP-35, HM6148HP-45, HM6148HP-55

BMAC CHARACTERISTICS (Ta=0 to 70°C, Vec=5V+10%,

®READ CYCLE

unless otherwise noted.)

HM6148HP-35 HM6148HP-45 HM6148HP-55
Item Symbol - - - Unit

min max min max min max
Read Cycle Time tre 35 — 45 — 55 — ns
Address Access Time taa - 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* 10 — 10 — 10 — ns
Chip Deselection to Output in High Z tuz* 0 20 0 20 0 20 ns
Chip Selection to Power Up Time teu 0 — 0 — 0 — ns
Chip Deselection to Power Down Time tep — 30 — 30 — 30 ns

% Transition is measured 1£500mV from high impedance voltage with Load(B). This parameter is sampled and not 100% tested.
At any temperature and voltage condition tyz max is less than t.z min.

® TIMING WAVEFORM OF READ CYCLE NO.

Address

Dout

1(l)(2)

-

D,

a4 ;
ton
(OO, G

® TIMING WAVEFORM OF READ CYCLE NO.2"®

Dout

Vce supply
current

Notes)

_/

X XK s

thz
High
tro Impedance

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.

@ HITACHI
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HM6148H-35, HM6148H-45, HM6148H-55,
HM6148HP-35, HM6148HP-45, HM6148HP-55

® WRITE CYCLE

HM6148H /P -35 HM6148H /P -45 HM6148H /P-55
Item Symbol - - - Unit

min max min max min max
Write Cycle Time twe 35 — 45 - 55 — ns
Chip Selection to End of Write tew 30 — 40 — 50 — ns
Address Valid to End of Write taw 30 - 40 - 50 — ns
Address Setup Time tas 0 — 0 — 0 — . ns
Write Pulse Width twr 30 - 35 - 40 - ns
Write Recovery Time twr 5 — 5 - 5 — ns
Data Valid to End of Write tow 20 — 20 — 20 - ns
Data Hold Time ton 0 - 0 — 0 — ns
Write Enabled to Output in High Z* twz 0 10 0 15 0 20 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)

Address )b ﬁL
= tew
s RN )
f—t4s: ) - twp- 1) ____,,,[2]
WE VA
oW —amt LOH 8

Din < Z i

L G Lo
Dout & ( VAV < VA y4 g’ High Impedance

wer ()

@

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)

. tws 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 CS is low during this period, /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. @ H lTAc H l 49

- w o



HM6148HLP-35,HM6148HLP-45,
HM6148HLP-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: 35/45/55ns (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 (DP-18)
® Three State Output
e Pin-Out Compatible with Intel 2148H W PIN ARRANGEMENT
B BLOCK DIAGRAM o Y Hle
::°——'—'%: v AsE 17| A
v b [ e | T ~E ] »
Mo D] 1 AJE 15| As
Ao— : I A.,E 1| vo
/0, P_‘?— Column 1/0 A E 13] 1702
1/0 Input Column Decoder
o G 1% % % % (] i
Vo Cs|s 11| 1704
Ao Al A:r As ool " _\E
[
_E,‘i (Top View)
WE
B ABSOLUTE MAXIMUM RATINGS
Item Symbol Ratings’ Unit
Terminal Voltage * Vr —0.5 to +7.0 \%
Power Dissipation Pr 1.0 w
Operating Temperature Tepr 0 to +70
Storage Temperature Tois —55 to +125
Storage Temperature ** Thias —10 to +85
* with respect to GND. Vit mn=—3.5V (Pulse width=20ns)
* % under bias.
Il TRUTH TABLE
CS WE Mode Vee Current 1/0 Pin Reference Cycle
H X Not selected Iss, Iss:i High Z
Read Icc Dout Read Cycle 1, 2
Write Iec Din Write Cycle 1, 2

50 @ HITACHI



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 \
Input Voltage
Vie —0.5% — 0.8 \%

* —3.0V (Pulse width 20ns)

HM6148HLP-35, HM6148HLP-45, HM6148HLP-55

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

Parameter Symbol Test Conditions min typ max Unit Notes
Input Leakage Current [Ty | Vec=max, V..=GND to Vcc — - 2.0 BA
Output Leakage Current 10| CS=Viu, Vi, o=GND to Vecc — — 2.0 KA
Operating Power Supply Current (1) Icc CS=Vi,,I;,o=0mA — 35 80 mA
Operating Power Supply Current (2) Icc min. cycle, CS=Vi., I;. o=0mA — 50 100 mA 2
Standby Power Supply Current (1) Iss CS=Vu — 5 20 mA
CSz Vec—0.2V, Vins0.2V or
Standby Power Supply Current(2) Iss Vin= Vee—0.2V 1 50 KA
Output Low Voltage Vor Io.=8mA — — 0.4 \Y%
Output High Voltage Vou Ton=—4.0mA 2.4 — - A%
Notes) 1. Typical limits are at Vec=5.0V, Ta=+25C and specified loading.
2. 120mA max. for HM6148HLP-35
Il CAPACITANCE (Ta=25°C, f=1MHz)
Item Symbol Test Conditions typ max Unit
Input Capacitance C.. V=0V 3 5 pF
Input /Output Capacitance Cio Viio=0V 5 7 pF
Note) This parameter is sampled and not 100% tested.
B AC CHARACTERISTICS (Vec=5V+10%, Ta=0 to +70°C)
ORISE/FALL TIME
Item Symbol min typ max Unit
Input Rise Time t, — 5 100 ns
Input Fall Time ty - 5 100 ns
O®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
5\ W\
1804 é 180l
bout Dout
2350 == 30pF"° 2558 __1___ SpF
T 7T
Output Load A Output Load B t.=t;=5ns
for tuz.tiz twe,tow! Input Pulse Waveform
* Including scope & jig.
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HM6148HLP-35, HM6148HLP-45, HM6148HLP-55

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

HM6148HLP-35 HM6148HLP-45 HM6148HLP-55
Item Symbol - - - Unit

min max min max min max
Read Cycle Time tre 35 - 45 — 55 - ns
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 tLz* 10 — 10 - 10 — ns
Chip Deselection to Output in High Z thz* 0 20 0 20 0 20 ns
Chip Selection to Power Up Time tpy 0 — 0 — 0 - ns
Chip Deselection to POV{er Down Time tep — 30 — 30 — 30 ns

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

® TIMING WAVEFORM OF READ CYCLE NO.1 @

tre
Address >£ ><
tar f tow
ton
Dout E < X X Data Valid
® TIMING WAVEFORM OF READ CYCLE NO.2V®
= tre
TN
\; t
tacs #z
tL
Dout High Impedance X )L Data Valid j‘m
teu teo Impedance
Iec
Vee supply ————— ————— Y —————
current 1 50% 50%
Iss ~

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.

52 @ HITACHI




® WRITE CYCLE

HM6148HLP-35, HM6148HLP-45, HM6148HLP-55

Ltem Symbol HM6148HLP-35 HM6148HLP-45 HM6148HLP-55 Unit
min max min max min max

Write Cycle Time twe 35 — 45 — 55 — ns
Chip Selection to End of Write tow 30 — 40 — 50 — ns
Address Valid to End of Write taw 30 - 40 — 50 - ns
Address Setup Time tas 0 — 0 — 0 — ns
Write Pulse Width twe 30 — 35 - 40 — ns
Write Recovery Time twr 5 — 5 — 5 — ns
Data Valid to End of Write tow 20 — 20 — 20 — ns
Data Hold Time ton 0 — 0 — 0 - ns
Write Enabled to Output in High Z* twz 0 10 0 15 0 20 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)

Address )

4
s B! w2
WE 'ﬁ\ )
tOW —emg LDH 8
Lot NG 0@
Dout  ——&- LILL ;1 High Impedance
® TIMING WAVEFORM OF WRITE CYCLE NO.2 (CS Controlled)
MdressD& jL
Cs N R

High Impedance

“w

Dout

Notes of Timing Waveform of Write :

. A write occurs during the overlapf ofta low CS and a low WE. (tws)
. twr is measured from the earlier of CS or WE going high to the end of write cycle.
- During this period, 1/0 pins are in the output state so that the input signals of opposite phase to the outputs must not be applied.

. If 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.

1
2
3
4. If the CS bw transition occurs simultaneously with the WE low transition or after the WE transition, the output buffers remain in a high impedance state.
5
6

. Dout is the same phase of write data of this write cycle.
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HM6148HLP-35, HM6148HLP-45, HM6148HLP-55

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

Parameter Symbol Test Conditions min typ max Unit
Vce for Data Retention Vor 2.0 — - \Y
CSz2Vec—0.2V 30+
Data Retention Current Iccor - - 20%* KA
ViaZ Vec—0.2V or
Chip Deselect to Data Retention Time tcor VS V.<0.2V 0 - _ ns
Operation Recovery Time tr trca - — ns
Note) 1. tac=Read Cycle Time. *  Vec=3.0V
* % Vec=2.0V

®LOW V.. DATA RETENTION WAVEFORM

DATA RETENTION MODE

2V — ——f—————— A
VDI——--_ —T T \
CSz Vor —0.2V
CS
OV e e

54
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HM6147H-35 HM6147H-45,
HM6147H-55, HM6147HP-35,
HM6147HP-45, HM6147HP-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

HEBLOCK DIAGRAM

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

No Change of t 4 og 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

—————o

A o— 3]
z o_t Row Memory Array
Decoder 64 x b4

As 0—-——4' § :}

A o—LF ]

A o——F

A o—{F

Din Column 1/0

Column Decoder

:

< 50 B
]

« As

|

Ay

i
|

9

|

Ao An

HABSOLUTE MAXIMUM RATINGS

Ve

~——o GND

Dout

Item Symbol Rating Unit
Voltage on Any Pin relative to GND Vr —3.5%to +7.0 v
DC Output Current 1, 20 mA
Power Dissipation Pr 1.0 w
Operating Temperature T.s. 0 to +70 ‘C
Storage Temperature (under bias) Tuigbiar: —10 to +85 °C
Storage Temperature (Ceramic) Te —65 to +150 ‘C
Storage Temperature (Plastic) Tou -~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)

HPIN ARRANGEMENT

NS

a0 [16] vec
NS ap
x[7] 5] &
w7 B
mE EA.
[ Em
DoulE [12] An
\\_EE [11] oin
oo [7] [10] ©s

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

BMRECOMMENDED DC OPERATING COWDITIONS (0°C =Ta<70°C)

Parameter Symbol min typ max Unit
Susly Volt. Vee 4.5 5.0 5.5 \J
upply Toltage GND 0 0 0 v
Input High (logi~ 1) Voltage Vin 2.0 3.0 6.0 \Y
Input Low (logic 0) Voltage Vi —3.0* — 0.8 \Y
% Pulse Width 20ns, DC : —0.5V
EDC AND OPERATING CHARACTERISTICS (0°'C<Te<70°C, Vec=5V+10%, GND=0V)
Parameter Symbol Test Condition min typ max Unit
Input Leakage Current [ I Vec=5.5V, GND to Vcc — - 10 HA
Output Leakage Current [ Io| CS=Vis, Vour=0V~Vec — — 10 uA
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, Vec=Min to Max — 8 20 mA
CS=2Vec—0.2V,
Standby P Supply Ci I — A
andby Power Supply Current(2) sB1 VinS0.2V or VinZ Vee—0.2V 20 800 M
Output Low Voltage VoL IoL=8mA - — 0.40
Output High Voltage Vou Town=—4mA 2.4 - —
Note) 1. The operating ambient temperature range is guaranteed with transverse air flow exceeding 400 linear feet minute.
2. Typical limits are at Vec=5.0V, Ta=25°C and specified loading.
Vee
HAC TEST CONDITIONS
510Q
Input pulse levels: GND to 3.0V
i fall times: 5 ns Dou
Input rise and fall times: 5 n Output Load A t

Input timing reference levels: 1.5V
Output load: See Figure
Output timing reference levels:

1.5V (HM6147H/P-35)
0.8 to 2.0V (HM6147H/P-45/55)

30pF*

330Q

* Including scope & jig capacitance

Vee

5108

Duus
Output Load B - o *
BCAPACITANCE (Ta=25C, f=1.0MHz)
Item Symbol Conditions max Unit
Input Capacitance Cin V=0V 5 pF
Output Capacitance Cont Vo =0V 6 pF

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

56
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HM6147H-35,HM6147H-45,HM6147H-55,HM6147HP-35,HM6147HP-45 HM6147HP-55

Il 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 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),(3), (M
Chip Deselection to Output in High Z tuz 0 30 0 30 0 30 ns |(2),3), (M
Chip Selection to Power Up Time tru 0 — 0 — 0 — ns
Chip Deselection to Power Down Time tep — 20 — 20 — 20 ns

© TIMING WAVEFORM OF READ CYCLE NO.1“¢’

Address ><

ton

Data Out Previous Data Valid >< >< Data Valid

© TIMING WAVEFORM OF READ CYCLE NO.2“’

tRC

s _\ Vi

tacs |

the

tiz
High Impedance . High Impedance
Data Out —j X X Dara Valid >_—
ter

tpPp

Vec Supply
lee
‘ s,

Current

50¢,

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, /4Z max. is less than
t7,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.
. WE is high for READ Cycle.
. Device is continuously selected, CS=VIL.
. Addresses valid prior to or coincident with CS transition low.
. This parameter is sampled and not 100% tested.

NN
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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 tow 10 - 10 - 10 — ns
Write Enabled to Output in High Z twz 0 20 0 25 0 30 ns | (3], (4)
Output Active from End of Write tow 1} — 0 —_ 0 — ns | (3), (4)

© TIMING WAVEFORM OF WRITE CYCLE (WE Controlled)

twe

Address >

- Y

id

vE R\ K
.
Data In 4* Data In Val
twz
Data Out Data Undefined

High Impedance

® TIMING WAVEFORM OF WRITE CYCLE (CS Controlled)

twe

X

L]
L
L1
e

\

el

[/

ton |

Data In

Data In Valid

Data Out

Data Undefined

Notes:

W -

58

Note) TS or WE are High for Address Transition

High Impedance

@ HITACHI

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



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=25C Vee=5.0V
5 12 12
§ 11 é 1 //
; : —
‘2'. L0 \ S 1w //
& 09 & 09
a =
< 08 g 0.8
0753 4.75 5.0 5.25 5.5 075 20 m 50 30
Supply Voltage Vec (V) Ambient Temperature Ta ('C)
ACCESS TIME VS. LOAD CAPACITANCE SUPPLY CURRENT VS. FREQUENCY
18 13
16 12
75’ 4 4/ é 11
2 ’ £
3, g L0 —
3 / Ta=25C = _//
N Vee =MIN g L
e 10 U; 0.9
g 08 % 0.8
06 100 200 300 400 500 7 5 10 15 20 25 30
Load Capacitance Cr (pF) Frequency f (MHz)
INPUT LOW VOLTAGE VS. SUPPLY VOLTAGE INPUT HIGH VOLTAGE VS. SUPPLY VOLTAGE
13 13
Ta=25C Ta=25C
. 1.2 > 1.2
:,% 11 5 11
z -
1.0 o 010
[ R
£ >
) 5 03
3 ES
R £ 08
075 475 5.0 5.25 5.5 0'74,5 4.75 5.0 5.25 5.5
Supply Voltage Vec (V) Supply Voltage Vec (V)
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HM6147H-35,HM6147H-45,HM6147H-55,HM6147HP-35,HM6147HP-45,HM6147HP-55

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

Ta=25C
\ Vee=5V /

. 7

A
L/
\

0.4 0.4

Ta=25C
Vee =5V

Output Current Ion (Normalized)
S &
|

Output Current Ior (Normalized)
S

0 0.2 0.4 0.6 0.8

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

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

10°% 14
Vee=3V
CS=28V
1.2
107 -

//

0.8

Ta=25C
C8=Vec—0.2V
0.4

107* 0.2
20 40 60 80 2 3 4 5 6

1077 e

L

Standby Current Iss1 (A)
Standby Current Iss1 (Normalized)

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

STANDBY CURRENT VS. INPUT VOLTAGE

10 T
Ta=25C
Vee=5.0V
CS=48V

= 8

2

5

E

£

2 6

K

2 .

H

. \

F

o

z \

~

s

a ? AN

N
0 1 2 3 4 5 6

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

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

BFEATURES
® High Speed: Fast Access Time 35ns/45ns/65ns Max.
® |ow 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 og 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
@ Capable of Battery Back up Operation HPIN ARRANGEMENT
HBLOCK DIAGRAM Ny :)
Afl 18 | Vec
Ay o—{ z
A”—K Row Memory Array e AAE Erh
A"{ Decoder j 64 x 64 GND NE EA:
:: —F ] A E ]_-i] A
o] [ 1] »
@] AsE EA:»
Din Column 170 Dowt DoulE EA“
Column Decoder m E E Din
5] LA
{Top View)
1]
A Ac As Ay Ao Anl
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) Totg Cbins> —10 to +85 °C
Storage Temperature Tote —55 to +125 °C
* Pulse Width 20ns. DC : —0.5V
ERECOMMENDED DC OPERATING CONDITIONS (0C=Te<70C)
Parameter Symbol min typ max Unit
Vee 4.5 5.0 5.5 \'
Supply Voltage GND 0 0 0 v
Input High (logic 1) Voltage Vin 2.2 3.0 6.0 \Y%
Input Low (logic 0) Voltage Viu —0.5* — 0.8 \Y

* Vi. min=—3V (Pulse width < 20ns)

G HITACHI
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HM6147HLP-35,HM6147HLP-45,HM6147HLP-55

HDC AND OPERATING CHARACTERISTICS (0°C<Tas<70°C, Vec=5V£10%, GND=0V)

Parameter Symbol Test Condition min typ max Unit
Input Leakage Current | ILs | Vec=5.5V, GND to Vcc — — 10 HA
Output Leakage Current [ 10| CS=Vin, Var=0V~Vcc — — 10 MA
Operating Power Supply Current(1) Icc CS=V;., Output open - 30 80 mA
Operating Power Supply Current(2) Icc: CS=Vi1, Minimum Cycle — 40 80 mA
Standby Power Supply Current(1) Iss CS=Vis, Vec=Min to Max — 5 15 mA
Standby Power Supply Current(2) I CS2 Ve —0.2V, - 1 100 A
tandby Power Supply Current | VieS0.2V or Vie2 Vee—0.2V s
Output Low Voltage Voo IoL=8mA — - 0.40
Output High Voltage Vou Ion=—4.0mA 2.4 — -
Note) 1. The operating ambient temperature range is guaranteed with transverse air flow exceeding 400 linear feet per minute.
2. Typical limits are at Vcc=5.0V, Ta=25'C and specified loading.
Vee
BMAC TEST CONDITIONS
® Input pulse levels: GND to 3.0V sie
Input rise and fall times: 5 ns Dout
Input timing reference levels: 1.5V Output Load A .
Output load: See Figure 3300 30pF

Output timing reference levels:

1.5V (HM6147HLP-35)
0.8 to 2.0V (HM6147HLP-45/55)

* Including scope & jig capacitance

Vee
510Q
Output Load B Dowt
3300 SpF
BCAPACITANCE (Ta=25C, f=1.0MHz)
Item Symbol Conditions max Unit
Input Capacitance C. V=0V 5 pF
Output Capacitance Cour 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
Parameter Symbol HM6147HLP-35 HM6147HLP-45 HM6147HLP-55 Unit Notes
min max min max min max
Read Cycle Time tre 35 - 45 - 55 — [ s |
Address Access Time tas — 35 - 45 — 55 ns
Chip Select Access Time tacs — 35 — 45 - 55 ns
Output Hold from Address Change tou 5 — 5 - 5 — ns
Chip Selection to Output in Low Z bz 5 — 5 - 5 — ns | (2),03), (M)
Chip Deselection to Output in High Z thz 0 30 0 30 0 30 ns {(2),3),(n
Chip Selection to Power Up Time tru 0 — 0 — 0 — ns
Chip Deselection to Power Down Time teo — 20 — 20 - 20 ns
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HM6147HLP-35,HM6147HLP-45,HM6147HLP-55

©® TIMING WAVEFORM OF READ CYCLE NO.1“¢®
Address ><

taa |
tow
Data Out  Previous Data Valid x x >< Data Valid

©® TIMING WAVEFORM OF READ CYCLE NO.2“®

5 X P

facs thz
tiz
High Impedance Date Valid High Impedance
Data Out — 1
tr

tep

Vee Supply T — =
fee * 50% 50%
Current Isa

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, f4Z max. is less than
LZ min. both for a given device and from device to divice.

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

4. WE is high for READ Cycle.

S. Device is continuously selected, CS=Vy..

6. Addresses valid prior to or coincident with TS transition low.

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

® WRITE CYCLE

HM6147HLP-35 HM6147HLP-45 HM6147HLP-55
Parameter Symbol - - Unit Notes

min max min max min max

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

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

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

Address Setup Time tas 0 — 0 — 0 — ns

Write Pulse Width 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 Enable 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)
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HM6147HLP-35,HM6147HLP-45,HM6147HLP-55

©® TIMING WAVEFORM OF WRITE CYCLE (WE Controlled)

twe

X X

tas twe

I tow ton
Data In * Data In Valid

twz tow

Data Out Data Undefined

High Impedance

® TIMING WAVEFORM OF WRITE CYCLE (CS Controlled)

twe

- X X

I .
Dada ln *
Data In Vald

Data Out

Data Undefined High Inpedance

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

Item Symbol Test Condition min typ max Unit
CS=Vec—0.2V
Vee for D Retenti Vi 2.0 — — A%
cc for Data Hetention o VinZ Vec—0.2V or Vins0.2V
Data Retention G ; Vec=3.0V, CS=z2.8V s A
ata Retention Current CCDR Vin22.8V or Vins0.2V A
Chip Deselect to Data Retention Time teor 0 — — ns
See Retention Waveform
Operation Recovery Time tr trc* — — ns

* tzc =Read Cycle Time.
®LOW V. DATA RETENTION WAVEFORM

Data Retention Mode

OV s oo o e
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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

EFUNCTIONAL BLOCK DIAGRAM

(DG-24)
A,o___%: oW
- HM6116P-2, HM6116P-3,
Row Memory Matrix HM6116P-4
. ——OGND
Decoder | @
128x128
-
—] I . ° [
<]
1/01 . Column 1/0
Input
H Il Column Decoder
| : Data
: H Control
1 _/-‘
1/00 O 1 H E
1
A A A A . (DP-24)

HPIN ARRANGEMENT

& .
WE I A7|I e 24 | Vee
WE
= ) . &l
cs a3 Z] 4
D_ Al 4 21 iﬁz
A5 20 | OE
HMABSOLUTE MAXIMUM RATINGS Nk EBED
Item Symbol Rating Unit A E 18] cs
Voltage on Any Pin Relative to GND Vr —0.5* to +7.0 \Y% Al B 17 | 170
Operating Temperature T 0 to +70 °C 10 E 16 1 10
Storage Temperature (Plastic) Tute —55 to +125 ‘C o [T E o
Storage Temperature (Ceramic) T —65 to +150 ‘C vo o
; 1 /
Temperature Under Bias Toues —10 to +85 °C E o
Power Dissipation Pr 1.0 w CAD |12 13 ] 170
* Pulse Width 50ns : —3.5V
(Top View!
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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HM6116-2,HM6116-3,HM6116-4,HM6116P-2,HM6116P-3,HM6116P-4

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

Item Symbol min typ max Unit
Sunply Vol Vee 4.5 5.0 5.5 \Y
t
upply Voltage GND 0 0 0 v
I v Vin 2.2 3.5 6.0 A
t Volt.
npat Yoltage Vit —3.0° — 0.8 v
* Pulse Width : 50ns, DC : Vi, min=—0.3V
HDC AND OPERATING CHARACTERISTICS (Vcc=5V+£10%, GND=0V, Ta=0 to +70°C)
HM6116/P-2 HM6116/P-3/-4 .
Item Symbol Test Conditions Unit
min typ* max min typ* max
Input Leakage Current | 1] Vee=5.5V, V.,=GND to Vcc - - 10 — — 10 HA
CS=Vin or OE=V,4,
k I — - 10 - — 10 A
Output Leakage Current [ 1ol Vio=GND to Vec M
Icc CS=Vii, Io=0mA - 40 80 — 35 70 mA
Operating Power Supply
Vik=3.5V, V,.=0.6V,
Current Lecyoe | V735V Vie=0.6V, - 3B | — - 30| — | mA
I 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 —
CSz2Vec—0.2V, V.2Vec
Current Iss — 0.02 2 - 0.02 2 mA
—0.2V or V..=s0.2V
IoL =4mA — — 0.4 — — — '
VGL
Output Voltage IoL=2.1mA — — — — — 0.4 \
Vou Ion=—1.0mA 2.4 - — 2.4 — — v
* 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 2.4V
Input Rise and Fall Times: 10 ns
Input and Output Timing Reference Levels: 1.5V
Output Load: 1TTL Gate and C; = 100pF (including scope and jig)
®READ CYCLE
HM6116/P-2 HM6116/P-3 HM6116/P-4 )
Item Symbol - - - Unit
min max min max min max
Read Cycle Time 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 toe — 80 — 100 — 120 ns
Output Enable to Output in Low Z torz 10 - 15 — 15 — ns
Chip Deselection to Output in High Z tewz 0 40 0 50 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,HM6116-3,HM6116-4,HM6116P-2,HM6116P-3,HM6116P-4

® WRITE CYCLE

HM6116/P-2 HVM6116/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 — 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 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
BCAPACITANCE (f=1MHz, Ta=25C)

Item Symbol Test Conditions typ max Unit

Input Capacitance C.. V.=0V 3 5 pF

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

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

HETIMING WAVEFORM
®READ CYCLE (1)”

Address ><

taa

LN NNNNNN L7/
tor ~—um——(

= \\& T L

4 XX

®READ CYCLE (2) V"
Address ><

tas
toy ——={
tow
KRR .

®READ CYCLE (3) V¥

cs ﬁ
tacs { onz
l———l(u
Dout

NOTES: 1. WE is High for Read Cycle.
2. Device is continuously selected, CS = Vir.
3. Address Valid prior to or coincident with CS transition Low.
4. OE= V[L‘

tre |
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HM6116-2,HM6116-3,HM6116-4,HM6116P-2,HM6116P-3,HM6116P-4

WRITE CYCLE (1)

Address

Dout

® WRITE CYCLE (

2)(5)

Address

NOTES:

68

X

twr(?)

N

AN

S

N

——

1] R Sy o p——

XXXX

twe

X

C

AN

AR

tew

tw(2)

1/

(L[S

Law

twe(l)

‘}XVQ\

3)

[ tow

(n

N
L

AN
V4

SN NNANANNN
L7

-’lwud
/'

AN
V4

AN
V4

N —

[N Y-

of write cycle.

N

E.m“ et t py —]

) avavavam

- A write occurs during the overlap (f3p) of a low CS and a low WE.
- twr is measured from the earlier of CS or WE going high to the end

. 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.

pedance state.

. OE is continuously low. (OF = 1479

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

. Doyt is the read data of next address.
TR

. If the CS low transition occurs simultaneously with the WE low

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

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

not be applied to them.
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Supply Current Icc,lcc2(Normalized)

Access Time taa,tacs(Normalized)

Access Time taa,tacs(Normalized)

SUPPLY CURRENT
vs. SUPPLY VOLTAGE

16

Ta=25C

08

0.6

04

4.5 4.75 5.0 525 55
Supply Voltage Vec (V)
ACCESS TIME
vs. SUPPLY VOLTAGE
13
Ta=25C
1.2
1 \\
10
0.9
08
0.7
45 4.75 5.0 525 5.5
Supply Voltage Vcc (V)
ACCESS TIME
vs. LOAD CAPACITANCE
18
16 /
) //
12
Ta=25C
Vee=MIN
1.0
08
0.6
100 200 300 400 500

Load Capacitance Cr (pF)
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Supply Current Icc,/ccz (Normalized)

Access Time taa,tacs!Normalized)

Supply Current Iccz (Normalized)

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

SUPPLY CURRENT
vs. AMBIENT TEMPERATURE

16
Vee=5.0V
14
12
10
\\
—
08
0.6
04
0 20 40 60 80
Ambient Temparature Ta ('C
ACCESS TIME
vs. AMBIENT TEMPERATURE
13
Vee=5.0V
12
1.1 //
1.0 /,/
09
08
0.7
0 20 40 60 80
Ambient Temperature Ta (‘Ci
SUPPLY CURRENT
vs. FREQUENCY
13 T T T
200ns 150ns 120ns
12
1Ll
1.0
L
_—-——-“/
[X]
08
0.7
0 2 4 8 10

Frequency / (MHz)
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HM6116-2,HM6116-3,HM6116-4,HM6116P-2,HM6116P-3,HM6116P-4

70

Low Input Voltage Vio(Normalized)

Output Current [lon(Normalized)

LOW INPUT VOLTAGE
vs. SUPPLY VOLTAGE

13

Ta=25C

0.9

0.8

High Input Voltage Vin(Normalized)

0.7

45 4.75 5.0 5.25 5.5

Supply Voltage Vcee (V)

OUTPUT CURRENT
vs. OUTPUT VOLTAGE

1.6

Ta=25C
Vee=5V

0.8

Output Current lor(Normalized)

0.6

0.4

Output Voltage Vou (V)
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HIGH INPUT VOLTAGE
vs. SUPPLY VOLTAGE

13
Ta=25C
1.2
1.1
1.0

0.9

0.8

0.7

4.5 4.75

5.0

5.25 5.5

Supply Voltage Vcc (V)

OUTPUT CURRENT
vs. OUTPUT VOLTAGE

/

/

Ta=25"C
Vee=5V

L1/

0.6 /

04
0 0.2

0.4

0.

Output Voltage Vor (V)
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HM6116FP-2,HM6116FP-3,

HM6116FP-4

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

BFEATURES

® High Density Small-Sized Package

® Projection Area Reduced to One-Thirds of Conventional DIP

® Thickness Reduced to a Half of Conventional DIP

® Single 5V Supply

® High Speed: Fast Access Time 120ns/150ns/200ns (max.)
® Low Power Standby Standby: 100uW (typ.)
® Low Power Operation; Operation: 180mW (typ.)
o Completely Static RAM: No clock nor Timing Strobe Required
e Directly TTL Compatible: All Input and Output

o Equal Access and Cycle Time

HFUNCTIONAL BLOCK DIAGRAM

(FP-24)

- HEPIN ARRANGEMENT
Row . Memory Matrix —OGND U
\ \ Decoder | ® A ! 24 | Vee
128x128
— al2 23] A
A@———%I a3 2] as
— ] [ . . [ A 4 21 W
11010 . Columa 1/0 NG 2 | 0F
{ 1 ] Al 6 19
nput
H : o Column Decoder 2
: : Data A E 18 ]1Cs
' H Control
! - A 8 17 1 1708
1
% ! , )
0s O : i 1/0: lz 16 | 1700
A A A Ac [ 170 10 15 | 1o
Vo 11 T 1708
EO—DO—‘_ cap 12 13 ) o
i =)
(Top View)
EABSOLUTE MAXIMUM RATINGS
Item Symbol Rating Unit
Voltage on Any Pin Relative to GND Vr —0.5* to +7.0 \Y
Operating Temperature Topr 0 to +70 °C
Storage Temperature T —55 to +125 C
Temperature Under Bias Tt —10 to +85 ‘C
Power Dissipation Pr 1.0 w
* Pulse Width 50ns: —3.5V
HETRUTH TABLE
[ OE WE Mode Vec Current 1/0 Pin Ref. Cycle
H X X Not Selected Iss, Ise High Z
L L H Read Icc Dout Read Cycle(1)~(3)
L H L Write Icc Din Write Cycle(1)
L L L Write Icc Din Write Cycle(2)

® HITACHI
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HM6116FP-2,HM6116FP-3,HM6116FP-4

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

Item Symbol min typ max Unit
Suooly Vol Vee 4.5 5.0 5.5 \Y
olt
upply Tottege GND 0 0 0 v
Viu 2.2 3.5 6.0 \
Input Voltage
Vie —3.0" — 0.8 A%
* Pulse Width : 50ns, DC: Vic min=—0.3V
EDC 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 I Vee=5.5V, V.=GND to Vcc — — 10 — — 10 HA
Output Leakage Current 1 CS=Vin or OE=Viy - - 10| - - 10 A
pul akage Curren Lo Vio=GND to Vec M
Icc CS=Vi, I,o=0mA — 40 80 - 35 70 mA
erating Power Suppl.
(Tp ating Tower Suppy Viu=3.5V, V..=0.6V,
Current Icci® - 35 — - 30 - 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 —
CS=Vec—0.2V, V.2 Vec
Current Ise — 0.02 2 — 0.02 2 mA
—0.2V or V.s0.2V
IoL=4mA — — 0.4 — — — A%
VOL
Output Voltage Io.=2.1mA — — — — — 0.4 \Y%
Vou Ion=—1.0mA 2.4 - — 2.4 — — \%
* Vec=5V, Ta=25C
*% Reference Only
BMAC 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
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 tan — 120 — 150 — 200 ns
Chip Select Access Time tacs — 120 — 150 — 200 ns
Chip Selection to Output in Low Z tcLz 10 - 15 — 15 — ns
Output Enable to Output Valid toe - 80 - 100 - 120 ns
Output Enable to Output in Low Z torz 10 - 15 — 15 — ns
Chip Deselection to Output in High Z 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

ltem Symbol HM6116FP-2 HM6116FP-3 HM6116FP-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 twhz 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
ECAPACITANCE (f=1MHz, Ta=25C)

Item Symbol Test Conditions typ max Unit

Input Capacitance Ca V.=0V 3 5 pF

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

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

Hl TIMING WAVEFORM
®READ CYCLE (1)'"

w X X
o ANNN % Z
© XN\ e | Y7777

tons
tew

Dout o ( <><>_

®READ CYCLE(2)"

Address ><

tas tow—=]
XXX 4

®READ CYCLE (3) "V

L)
™

tacs

cs

tacs tenz
L——- terz
Dout

NOTES: 1. WE is High for Read Cycle.
2. Device is continuously selected, CS = ¥y .
3. Address Valid prior to or coincident with CS transition Low.
4. T)TS_= VIL’
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HM6116FP-2,HM6116FP-3,HM6116FP-4

HETIMING WAVEFORM
®WRITE CYCLE (1)

Address

Dout

Din

®WRITE CYCLE(2)®

74

Address

NOTES:

K A

twx(2)

tew

)
LLF RN
AN

OOOOO@ £/

\\\\‘ ‘

-
N

L’hm/ﬂ .-»(”
LLL LS

p— ti¥ —-»-—“,,,-———‘

X X

tow tni2

NNARRRR T V77777

tan
(1]

}&\\\ A

b—tu nz 3) i6) (7
SSSSSSSSSUNN o
2777777777777

1.

2. twg is measured from the earlier of

LN w

[;‘Hm _—r.—llm—-‘ (8)
K P avavava

A write occurs during the overlap (f, 'C{) of a low CS and a low WE.
or WE going high to the end

of write cycle.

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

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

. If the CS low transition occurs simultaneously with the WE low

transitions or after the WE transition, output remain in a high
impedance state.
OE is continuously low. (OE= V)

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

is the read data of next address.
& is Low during this period, I/O pins are in the output state.
Then the data input signals of opposite phase to the outputs must
not be applied to them.
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Supply Current Icc,lccz(Normalized)

Access Time taatacs(Normalized)

Access Time taatacs(Normalized)

SUPPLY CURRENT
vs. SUPPLY VOLTAGE

16
Ta=25C

14
12 P
10
08 ,/
06
04

45 475 50 5.25 55

Supply Voltage lec V)
ACCESS TIME
vs. SUPPLY VOLTAGE
13
Ta=25C

12
11 \\
10
09
08
0.7

45 475 5.0 525 55

Supply Voltage tec v
ACCESS TIME
vs. LOAD CAPACITANCE
18
[

16 /
/

12
Ta=25C
Vee=MIN
1.0
08
0.6
100 200 300 400 500

Load Capacitance (i (pF

@ HITACHI

"Supply Current Icc,fccz(Normalized)

Access Time taa,tacs(Normalized)

Supply Current leca(Normalized)

SUPPLY CURRENT
vs. AMBIENT TEMPERATURE

HM6116FP-2,HM6116FP-3,HM6116FP-4

16
Vee =50V
14
12
10
\_\

08
06
04

0 20 40 60 80

Ambient Temperature T, ('C)
ACCESS TIME
vs. AMBIENT TEMPERATURE
1.3
Vee=5.0V

12
11 //
i //
03
08
0.7

0 20 40 60 80

Ambient Temperature Ta /°C;
SUPPLY CURRENT
vs. FREQUENCY
13 u T
200ns 150ns 120ns

1.2
1.1
1.0
09
08
0.7

0 2 4 6 8 10

Frequency f (MHz)
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HM6116CG-2,HM6116CG-3,

HM6116CG-4

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

HBFEATURES

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

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

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

® Completely Static RAM: No Clock or Timing Strobe Required
Directly TTL Compatible: All Input and Output
® Equal Access and Cycle Time

E FUNCTIONAL BLOCK DIAGRAM

A.o__%_—__ — oW
Row ° Memory Matrix — _OGND
Decoder | ®
128x128
wo—
——— Je ol
a
1/00O ° Column 1/0
Input
Column Decoder
Data

- ———ed

—._./..—

Control
—
1/0s O
A A A A

(CG-32)

HPIN ARRANGEMENT

A7 NC NC NC Vee NCNC

IBHERRIRRS LRI PRI
IFHIE R TR T A T
R I L R B A
in Ve

LV G I

I Oz OsGNDNCT 04 Os1 s

(Top View)
OE O—DO—L
Fo—_ Y1)
cs
B ABSOLUTE MAXIMUM RATINGS
Item Symbol Rating Unit
Voltage on Any Pin Relative to GND Vr —0.5* to +7.0 v
Operating Temperature Tope 0 to +70 °C
Storage Temperature Tue —65 to +150 °C
Temperature Under Bias Thias —10 to 85 °C
Power Dissipation Pr 1.0 w
* Pulse Width 50ns : —3.5V
B TRUTH TABLE
CS OE WE Mode Vee Current 1/0 Pin Ref. Cycle
H X X Not Selected Iss, Ism High Z
L L H Read Icce Dout Read Cycle (1)~(3)
L H L Write Icc Din Write Cycle (1)
L L L Write Icc Din Write Cycle (2)
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HM6116CG-2,HM6116CG-3,HM6116CG-4

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

Item Symbol min typ max Unit
. Vee 4.5 5.0 5.5 \%
Supply Voltage .
. L GND 0 0 0 \
Viu 2.2 3.5 6.0 A%
Input Voltage
Vi —3.0* — 0.8 \

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

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

HM6116CG-2 HM6116CG-3/-4
Item Symbol Test Conditions Unit
min typ* max min typ* max
Input Leakage Current iy Vee=5.5V, V.,=GND to Veo — — 10 — — 10 HA
C§= V;H or —.Tf':t Vm,
Output Leakage Current [ 1o — — 10 — — 10 HA
Vio=GND to Vi
Ie CS=Vii, I, o=0mA — 40 80 - 35 70 mA
Operating Power Supply -
~ 1#=3.5V. Vie=0.6V,
Current Teci» — 35 — — 30 — mA
I 0=0mA
Average Operating Current Iccs Min. cycle, duty=100% — 40 80 - 35 70 mA
Iss CS=Viy - 5 15 - 5 15 mA
Standby Power Supply —
. CS=2Vee—0.2V, V.=V
Current Ism , - 0.02 2 - 0.02 2 mA
~0.2V or V., <0.2V
v Iy =4mA - — 0.4 - — - \
Output Voltage [ =2.1mA - -1 -1 = — | 04 v
Vou lon="-1.0mA 2.4 — — 2.4 - - \
* Veo=5V. Ta=25C
*% Reference Only
BAC CHARACTERISTICS (Vec=5V£10%, Ta=0 to +70°C)
®AC TEST CONDITIONS
Input Pulse Levels: 0.8 to 2.4V
Input Rise and Fall Times: 10 ns
Input and Output Timing Reference Levels: 1.5V
Output Load: 1TTL Gate and €y = 100pF (including scope and jig)
®READ CYCLE
HM6116CG-2 HM6116CG-3 HM6116CG-4
Iten 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 tere 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 tounz 0 40 0 50 0 60 ns
Output Hold from Address Change toun 10 — 15 — 15 — ns
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HM6116CG-2,HM6116CG-3,HM6116CG-4

®WRITE CYCLE

HM6116CG-2 HM6116CG-3 HM6116CG-4
Item Symbol - - - Unit
min max min max min max
Write Cycle Time twe 120 — 150 — 200 — ns
Chip Selection to End of Write tew 70 — 90 — 120 — ns
Address Valid to End of Write taw 105 — 120 — 140 — ns
Address Set Up Time tas 20 — 20 — 20 — ns
Write Pulse Width twp 70 — 90 — 120 — ns
Write Recovery Time 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 toun 5 — 10 — 10 — ns
Output Active from End of Write tow 5 — 10 — 10 - ns
ECAPACITANCE (f=1MHz, Te= 25°C)
Item Symbol Test Conditions typ max Unit
Input Capacitance C. Vi.=0V 3 5 pF
Input/Output Capacitance Cro Vio=0V 5 7 pF

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

ETIMING WAVEFORM
®READ CYCLE (1)

Address

|

o

Dout

.READ CYCLE (2)(\)(2) 4)

tne

NNNK L
ton }——(nn—-*

f———tonz

LAy =1 t
o tcnz
[y ——

trc -

Address

Dout

— o L

®READ CYCLE(3)" @

cs
—————ACS toHz
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. 6f= VIL-
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WRITE CYCLE (1)

HM6116CG-2, HM6116CG-3, HM6116CG-4

twe:

Address

X

A

Wk (3)

LN

<

L

RN

SN NN

N f??????

- ANNN T

——tonz

Dout

L LS

W ey ]

® WRITE CYCLE (2)®

‘ XXX

e

Address

X

X

tew
cs S; :;;:*[4]

twr(2)

2L

" jx&\i\ A

‘—lul

u INNNNNINNYN
2022900
oW ety ——
[7 (8)
N e
NOTES: 1. A write occurs during the overlap (¢yp) of a low CS and a low WE,

2. tyg is measured from the earlier of CS or WE going high to the end

of write cycle.

- During this period, 1/0 pins are in the output state so that the input

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

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

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

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

3
4

pedance state.
5. OE'is continuously low. (OE = Vi)
6
7. Dgyy is the read data of next address.
8 11

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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HM6116L-2, HM6116L-3,

HM6116L-4

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

B FEATURES

® Single 5V Supply and High Density 24 Pin Package

e High Speed: Fast Access Time 120ns/150ns/200ns (max.)
Low Power Standby and Standby: 20uW (typ.)
Low Power Operation; Operation: 160mW (typ.)
Completely Static RAM:  No clock nor Timing Strobe Required
Directly TTL Compatible: All Input and Output

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

Capability of Battery Back up Operation

M FUNCTIONAL BLOCK DIAGRAM

(DG-24)

An()————‘ é —0 ¥ee
Row | o Memory Matrix . ocw
Dreeder | ® 128128 M PIN ARRANGEMENT
wo— ] o Y FEw
P — Teo o] A [: 23] A
-

oo I {> _:_ Column 140 s (5] 2] A
! : ot Column Decoder * E ’! E
I qo g
: ) - ' ,-\zE 19 | Ao

1108 O > . A E 15| Cs

|
A A A A b Ao E 17 o
1 <).[T 16 | 1/0r

ﬁo——-l >o——‘ roo | 10 15 | 1706

WE G Vst 11 4|10

_ GND 2 /

s m N [I 13 | 1704

{Top View)

B ABSOLUTE MAXIMUM RATINGS

Item Symbol Rating Unit

Voltage on Any Pin Relative to GND Vr —0.5* to +7.0 v

Operating Temperature Topr 0 to +70 °C

Storage Temperature T —65 to +150 C

Temperature Under Bias Ttias —10 to +85 °C

Power Dissipation Pr 1.0 w

* Pulse Width 50ns : —3.5V

B TRUTH TABLE

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

H X X Not Selected Iss, Iser 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)

80
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HM6116L-2, HM6116L-3, HM6116L-4

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

Item Symbol min typ max Unit
Suoply Vol Vee 4.5 5.0 5.5 A
upply Voltage
GND 0 0 0 \'
Vin 2.2 3.5 6.0 v
Input Voltage
Vie -3.0" - 0.8 %

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

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

HM6116L-2 HM6116L-3/-4
Item Symbol Test Conditions Unit
min typ® max min typ* max
Input Leakage Current | Ii | Vcee=5.5V, V..=GND to Vcc — — 2 — — 2 KA
CS=Vin or OE= Vi, _ _ _ _
Output Leakage Current | Tiol Vi 0=GND to Vec 2 2 KA
Icc CS=Vi, I 0=0mA - 35 70 — 30 60 mA
Operating Power Supply -
Current Tec.oe Vin=3.5V, Vi.=0.6V, _ 20 _ _ 25 _ mA
Ir 0o=0mA
Average Operating Current Icce min. cycle, duty =100% — 35 70 — 30 60 mA
I CS=v — 4 12 — 4 12 A
Standby Power Supply b ﬁzvm TV V.SV o
Current =Vee =U.EV, VinsVee — _ —
n Iss: 0.2V or V..<0.2V 4 100 4 100 KA
Tor=4mA — — 0.4 - - —
VOL V
Output Voltage ‘ Tor=2.1mA — — - — — 0.4
Vou Ion=—1.0mA 2.4 — — 2.4 — — A%

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

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

®AC TEST CONDITIONS

Input Pulse Levels: 0.8 to 2.4V

Input Rise and Fall Times: 10 ns

Input and Output Timing Reference Levels: 1.5V

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

®READ CYCLE

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

Read Cycle Time tre 120 — 150 - — 200 — ns
Address Access Time 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 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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HM6116L-2,HM6116L-3,HM6116L-4

® WRITE CYCLE

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

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

H TIMING WAVEFORM
®Read Cycle (1)

Address

X

taa

=i

SO

I
o

s N\\%

toy

p—— t0r1 /=

bty —=]

/L

Dour

tons

1K,

s

1)y (2)y (4)

®Read Cycle (2)

Address

toy ——eq

Dout

1)y (3)y (4)

®Read Cycle (3)

BwW N

82

. WE is High for Read Cycle.
. Device is continuously selected, CS = Vir.

. Address Valid prior to or coincident with CS transition Low.
. .6-& = VIL'
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® Write Cycle (1)

Address

Ny

K

—ettna(2)

AN\

N f;7;;;7

Dout

/]

)

we

P S —

® Write Cycle (2)*’

X XXXX

e ™)

_X

s X

~tcw twn(2)

1LY

Wi (1)

I ——

s bt nz—{ (3} (6) n
Dout ANANAVANANAN AN o
LLLLL L LS
D% ——=—t=——py ——=]
v (8)

: e
> AN

NOTES: 1.
low CS and a low WE.

2. twg is measured from the earlier of CS or WE

going high to the end of write cycle.

3. During this period, I/O pins are in the output
state so that the input signals of opposite

A write occurs during the overlap (fyp) of a

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.

. OE is continuously low. (OE = V)

. 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, 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.

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

HM6116L-2,HM6116L-3, HM6116L-4

Item Symbol Test Conditions min typ max Unit
Vce for Data Retention Vor CS2Vee —0.2V, V.2 Vee —0.2V or V.. 0.2V 2.0 — — \
Data Retention Current Iccor®’| Vec=3.0V, CS=22.8V, V..22.8V or V..50.2V — — 50 KA
Chip Deselect to Data Retention Time | tcox 0 —_ — ns
- See Retention Waveform
Operation Recovery Time tr trc** — — ns
* Vii=—0.3V min.
* % tzc=Read Cycle Time.
®Low Vcc Data Retention Waveform
Data Retention Mode
Vee
2V = ———
= ‘/
83
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HM6116L-2,HM6116L-3,HM6116L-4

SUPPLY CURRENT vs. SUPPLY CURRENT vs.
SUPPLY VOLTAGE AMBIENT TEMPERATURE
16 16
Ta=257C Vee =50V
5 14 3 M
z A z
s 12 = 5 12
ERR 5 o8
Z 06 3 06
04 04
45 475 50 525 55 0 20 40 60 80
Supply Voltage Vcc (V) Ambient Temperature Ta ('C)
ACCESS TIME vs. ACCESS TIME vs.
SUPPLY VOLTAGE AMBIENT TEMPERATURE
13 13
Ta=25C Vee=5.0V
5 12 5 12
E 11 P t 11 //
i‘ 10 3 1.0 /
3 3 >
- H /
09 £ 09
08 08
07 07
45 475 5.0 525 55 0 20 40 60 80
Supply Voltage Vec (V) Ambient Temperature Ta (°C)
ACCESS TIME vs. SUPPLY CURRENT vs.
LOAD CAPACITANCE FREQUENCY
18 13 T T v
200ns | 150ns  [120ns
1 12
—_ 16 / 5 o
g 14 / .g. 1.1
2 - 2
FEY) '/ PERY —
z Ta=25C H L —
& Vec=MIN 5 —_—|
I ¥ = 09
3
08 08
06 07
100 200 300 400 500 0 2 4 6 8 10

Load Capacitance Ct (pF) Frequency / (MHz)
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Low Input Voltage Vio(Normalized!

Output Current lon(Normalized)

Standby Current Isgi (A)

LOW INPUT VOLTAGE vs.
SUPPLY VOLTAGE

1.3
Ta=25C
1.2
1.1
L —
1.0
//
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
12 \\
1.0 \
0.8
0.6
0.4
1 2 4
Output Voltage Vo (V)
STANDBY CURRENT vs.
AMBIENT TEMPERATURE
10°¢
Vee=3V
Cs=2.8V

/

]

L~

~

e

High Input Voltage Vin(Normalized)

Output Current lou(Normalized!

Standby Current Isgi(Normalized)

0 20 40 60

80

Ambient Temperature Ta (°C)

G HITACHI

HIGH INPUT VOLTAGE vs.
SUPPLY VOLTAGE

Ta=25C

0.9
0.8
0.7
45 475 5.0 5.25 5.5
Supply Voltage Ve (V:
OUTPUT CURRENT vs.
OUTPUT VOLTAGE
16
/
12 /
Lo
Ta=25C
Vee=5V
0.8 /
0.6 /
04
0 0.2 0.4 0.6 0.8

Output Voltage Vor (Vi

STANDBY CURRENT vs.
SUPPLY VOLTAGE

0.6

4

0.4

Ta=25C
CS=Vee—0.2v

0.2

3 4
Supply Voltage Ve (V)

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

86

Standby Current Isp (mA)

STANDBY CURRENT vs.

INPUT VOLTAGE

T
Ta=25C
Vee=5.0V

TS=4.8V

\

N

—

1 2 4

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

HM6116LP-4

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

B FEATURES

® Single 5V Supply and High Density 24 Pin Package

o High Speed: Fast Access Time
® | ow Power Standby and
Low Power Operation;

Completely Static RAM:

Equal Access and Cycle Time

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

Standby:
Operation:

Capability of Battery Back up Operation

B FUNCTIONAL BLOCK DIAGRAM

A

— X |
S
S

——0 Vee

Memory Matrix

—O GND

(DP-24)

B PIN ARRANGEMENT

A1 E e E Vee

128x128 '“E A
Ar .-\sE 22 | As
| Te «] A E 21| WE
) z Column 1/0 As E 20 | OE
Input Corerm Deeod Az | 6 19 | Ao
1 : D olumn coder A -
' 1 ata L7 18 | cs
: \: Control E
! - M 17 1708
1
10O 0! 1/0: II 16 |1/0r
1
A A A A . V| 10 15 [ 1/0s
< tJ Voaf 1 4 |1/0s
0E o—Do—L GND| 12 13 |1/0¢
WE {) (Top View)
’ -
B ABSOLUTE MAXIMUM RATINGS
Item Symbol Rating Unit
Voltage on Any Pin Relative to GND Vr —0.5* to +7.0 \%
Operating Temperature | Tosr 0to +70 ‘C
Storage Temperature ! To —55 to +125 ‘C
Temperature Under Bias Touue —10 to +85 ‘C
Power Dissipation Pr 1.0 w
* Pulse Width 50ns | —3.5V
B TRUTH TABLE
Cs OE WE Mode Vcc Current 1/0 Pin Ref. Cycle
H X X Not Selected Iss, Issn 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

M RECOMMENDED DC OPERATING CONDITIONS (Ta=0 to +70°C)
Item Symbol min typ max Unit
Vee 4.5 5.0 5.5 A%
Supply Voltage GND 5 0 o v
Vin 2.2 3.5 6.0 A
Input Voltage
Vie -3.0" - 0.8 A"

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

-0.3V

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

HM6116LP-2 HM6116LP-3/-4 )
Item Symbol Test Conditions Unit
min typ* max min typ* max
Input Leakage Current | ol Vee=5.5V, V..=GND to Vcc — — 2 — — 2 KA
CS=Vis or OE= Vs, _ _ _ _
Output Leakage Current [ 1ol V) =GND to Vee 2 2 KA
Ice CS=Vi, I o=0mA - 35 70 - 30 60 mA
Operating Power Supply -
Current Tecio® Vin=3.5V, Vi.=0.6V, _ 30 _ _ 25 _ mA
I v=0mA
Average Operating Current | ) min. cycle, duty =100% — 35 70 — 30 60 mA
Iss CS=Vu — 4 12 — 4 12 mA
Standby Power Supply 5oV 02V, V=Y
Current =Vee mU.eV, Vs Voo = — —
Lser 402y or vis0.2v 2 50 2 01 kA
Toi=4mA — - 0.4 — - -
Vou \Y%
Output Voltage ; Ioe=2.1mA — — — — — 0.4
| Vo Tow=—1.0mA 2.4 — — 2.4 - - \
*  Veo=5V, Ta=25C
* % | Reference Only
B AC CHARACTERISTICS (Vcc=5V £10%, Ta=0 to +70°C)
®AC TEST CONDITIONS
Input Pulse Levels: 0.8 to 2.4V
Input Rise and Fall Times: 10 ns
Input and Output Timing Reference Levels: 1.5V
Output Load: 1TTL Gate and C; = 100pF (including scope and jig)
® READ CYCLE
HM6116LP-2 HM6116LP-3 HM6116LP-4
Item Symbol - - - Unit
min max min max min max
Read Cycle Time tre 120 — 150 — 200 — ns
Address Access Time tas — 120 — 150 — 200 ns
Chip Select Access Time tacs - 120 — 150 — 200 ns
Chip Selection to Output in Low Z teiz 10 — 15 - 15 — ns
Output Enable to Output Valid tue — 80 — 100 — 120 ns
Output Enable to Output in Low Z torz 10 — 15 - 15 - ns
Chip Deselection to Output in High Z tewz 0 40 0 50 0 60 ns
Chip Disable to Output in High Z tonz 0 40 0 50 0 60 ns
Output Hold from Address Change tow 10 — 15 — 15 — ns
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® WRITE CYCLE

HM6116LP-2,HM6116LP-3,HM6116LP-4

HM6116LP-2 HM6116LP-3 HM6116LP-4 .
Item Symbol - - - Unit
min max min max min max
Write Cycle Time twe 120 — 150 — 200 — ns
Chip Selection to End of Write 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 twk 5 - 10 — 10 — ns
Output Disable to Output in High Z tonz 0 40 0 50 0 60 ns
Write to Output in High Z twnz 0 50 0 60 0 60 ns
Data to Write Time Overlap tow 35 - 40 - 60 — ns
Data Hold from Write Time tow 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. V=0V 3 5 pF
Input/Output Capacitance Ciu Vio=0V 5 7 pF
Note) This parameter is sampled and not 100% tested.
H TIMING WAVEFORM
®Read Cycle (1)
e
Address )K ><
Taa
o N
" AR L 300090
toy L—‘lt"l
Cs et (R /
NN LV LA
taes “llllll
Dout tcrrs : >
®Read Cycle (2) ‘'@
tre —
Address )(
taa { o0
tow fow
®Read Cycle (3) ' ¢» @
TS 31
tacs - tewz
L—m/
Dout
NOTES: 1. WE is High for Read Cycle.
2. Device is continuously selected, CS = V,L;_
3. Address Valid prior to or coincident with CS transition Low.
4. OE=Vy;.
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HM6116LP-2,HM6116LP-3,HM6116LP-4

® Write Cycle (1) twe
Address >< )(
e tua (2)
e / f,/ N NN
tew
Tas taw
wE \ S
RN\ ¥
(3)
o F——llrL'—’
Dout
bo— tow —=t=——ton—
XXXX
® Write Cycle (2) *’ ¢
Address >< >
{—m wa(2)
NN AN £V
taw
— #(1)
WE 4
j\ N\ X /] ’
s rmz. 3) (6 {n
Dout SSSSSSSNVETNNN o
777777777772/
U:nu——r——mn——i
(8)
P avavavas
Din K
NOTES: 1. A write occurs during the overlap (fyp) of a transition, output remain in a high impedance
low CS and a low WE. o state. -
2. typg 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
3. During this period, 1/O pins are in the output write cycle.
state so that the input signals of opposite 7. Doyt is the read data of next address.
phase to the outputs must not be applied. 8. If & is Low during this period, 1/O pins are
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.

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

Item Symbol Test Conditions min typ max Unit

Vcc for Data Retention Vor CS2Vee —0.2V, Va2 Vee —0.2V or V.. $0.2V 2.0 — — Vv

Data Retention Current Iccor® | Vee=3.0V, CS22.8V, V..22.8V or V..50.2V — — 30 HA

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

Operation Reéovery Time tr tre** — — ns

* 10 #A max at Ta=0T to +40C, Vi, min=-0.3V
* * tx =Read Cycle Time.

®Low Vcc Data Retention Waveform

Data Retention Mode
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Supply Current Icc,lccz (Normalized)

Access Time taatacs(Normalized)

Access Time taa, tacs(Normalized)

08

0.6

04

0.9

08

0.7

SUPPLY CURRENT vs.
SUPPLY VOLTAGE

Ta=25C
/ ~
—
45 4.75 50 5.25 55

Supply Voltage Vec (V)

ACCESS TIME vs.
SUPPLY VOLTAGE

08

06

Ta=25C
\\
4.5 4.75 S0 5.25 55
Supply Voltage Vcc (V)
ACCESS TIME vs.
LOAD CAPACITANCE
/ n
//
Ta=25C
Vee=MIN
100 200 300 400 500

Load Capacitance C. (pF)

B HITACHI

Supply Current Icc,lcc2(Normalized)

Access Time tas,tacs (Normalized)

Supply Currept Iccz(Normalized)

HM6116LP-2,HM6116LP-3,HM6116LP-4

SUPPLY CURRENT vs.
AMBIENT TEMPERATURE

Vee=5.0V

08

0.6

04

0 20 40 60 80

Ambient Temperature Ta (C)

ACCESS TIME vs.
AMBIENT TEMPERATURE

Vee=50V

09

08

0.7

0 20 40 60 80

Ambient Temperature Ta (C)

SUPPLY CURRENT vs.

FREQUENCY
13 T T r
200ns | 150ns  [120ns
12
11
10 —
/
09
08
07
0 ‘ G 8 10

Frequency / (MHz)
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HM6116LP-2,HM6116LP-3,HM6116LP-4

LOW INPUT VOLTAGE vs.
SUPPLY VOLTAGE

13
Ta=25C
1.2
3
_E 11
2
N o //
E L
2
s 09
3
4 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
14
30 \
:g' 1.0 \
L_z 08
g
0.6 \
04
1 2 3 4 5
Output Voltage Vow (V)
STANDBY CURRENT vs.
AMBIENT TEMPERATURE
10°*
Vee=3V
Cs=2.8V
< o
4; 10-¢
10"‘
20 40 60 80

92

Ambient Temperature Ta (C)

High Input Voltage Viw(Normalized)

@ HITACHI

HIGH INPUT VOLTAGE vs.
SUPPLY VOLTAGE

Ta=25C

08
0.7
4.5 4.75 5.0 5.25 5.5
Supply Voltage Ve (V)
OUTPUT CURRENT vs.
OUTPUT VOLTAGE
1.6
1.4 /
2
=
B Ta=25C
i 08 Vee=5V
: /
0.6 /
04
0 0..2 04 0.6 0.8
Oytput Voltage Vor (V)
STANDBY CURRENT vs.
SUPPLY VOLTAGE
1.4
1.2 /
3
Y
2
E 0.8 /
3 o5 /
i / i
s S= Vee—0.2V
@a 0.4 /1
0.2
3 4 5 6

Supply Voltage Vcc (V)



Standby Current Iss1 (mA)

STANDBY CURRENT vs.
INPUT VOLTAGE

T
Ta=25C
Vee=5.0V
TS=4.8V

Input Voltage V.. (V)

@ HITACHI

HM6116LP-2,HM6116LP-3,HM6116LP-4
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HM6116LFP-2,HM6116LFP-3,

HMVM6116L.FP-4

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

BFEATURES

® High Density Small-sized Package

® Projection Area Reduced to One-Thirds of Conventional DIP

® Thickness Reduced to a Half of Conventional DIP

® Single 5V Supply

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

® Low Power Standby and Standby: 10uW (typ.)
Low Power Operation; Operation: 160mW (typ.)

® Completely Static RAM: No Clock nor Timing Strobe Required

o Directly TTL Compatible: All Input and Output

® Equal Access and Cycle Time

® Capability of Battery Back up Operation

HFUNCTIONAL BLOCK DIAGRAM

Row . Memory Matrix —OGND
Decoder | ®
128x128
— [ 1
0o . Column 1 O

] Input
H ' Column Decoder
| ' Data
| 1
'
' '
1

Control
—_
1/0s O

Ao As As Alo

U

HMABSOLUTE MAXIMUM RATINGS

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

* Pulse width 50ns: - 3.5\

94 @ HITACHI
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HPIN ARRANGEMENT

o[
[
As| 3

4

A

N\

E Vee
E] As
ap
21 | WE
20 | OE
19 | Aw
18 | CS
E 10w
16 |10

15 | 10s

=]

1 0s

13 |10

5]

Top View)




ETRUTH TABLE

HM6116LFP-2,HM6116LFP-3 HM6116LFP-4

CS OE WE Mode Vee Current 1/0 Pin Ref. Cycle
H X X Not Selected Iss, Iss High Z
L L H Read Icc Dout Read Cycle (1)~(3)
L H L Write Icc Din Write Cycle (1)
L L L Write Icc Din Write Cycle (2)
BRECOMMENDED DC OPERATING CONDITIONS (Ta=0 to +70°C)
Item Symbol min typ max Unit
Vee 4.5 5.0 5.5 v
Supply Vol
PPy Toltage GND 0 0 0 v
. Volt Vin 2.2 3.5 6.0 \
t
npu oitage V,L 73.0‘ — 0_8 v

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

HDC AND OPERATING CHARACTERISTICS

(Vee=5V£10%, GND=0V, Ta=0 to +70°C)

Item Symbol Test Conditions - HM6116LFP-2 HMGIISLFP.:V-‘ Unit
min typ* max min tvp* max
Input Leakage Current [T ] | Vee=5.5V, V.,=GND to Vee — — 2 — — 2 HA
CS=Vis or OE=Vin,
Output lLeakage Currnnt [ Tiol Vi »=GND to Vee — - 2 - - 2 HA
Operating Power Supply Icc CS=Vi, I v=0mA — 35 70 — 30 60 mA
’ Vin=3.5V, Vi.=0.6V,
Current Tccr** - 30 — - 25 — mA
I o=0mA
Average Operating Current | I, c, Min cyele, duty=100% — 35 70 — 30 60 mA
Standby Power Supply Ise C_S=VI" — ¢ 12 — 4 12 mA
Current 5B CS2Vec-0.2V, Vozlec — 2 50 — 2 50 HA
- —0.2V or V..<0.2V
v e dmA — | = T os - | - — v
Output Voltage I.i=2.1mA — — — - — 0.4
{ Vou Ton=--1.0mA 2.4 — — 2.4 — — A%
* D Veo=5V, Ta=25C
* % | Reference Only
BAC CHARACTERISTICS (Vec=5V+10%. Ta=0 to +70°C)
®AC TEST CONDITIONS
Input Pulse Levels: 0.8 to 2.4V
Input Rise and Fall Times: 10 ns
Input and Output Timing Reference Levels: 1.5V
Output Load: 1TTL Gate and C7 = 100pF (including scope and jig)
®READ CYCLE
HM6116L.FP-2 HM6116LLFP-3 HM6116LFP-4 )
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 tor — 80 — 100 — 120 ns
Output Enable to Output in Low Z torz 10 — 15 — 15 — ns
Chip deselection to Output in High Z tenz 0 40 0 50 0 60 ns
Chip Disable to Output in High Z tunz 0 40 0 50 0 60 ns
Output Hold from Address Change ton 10 - 15 — 15 — ns
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HM6116LFP-2,HM6116LFP-3,HM6116LFP-4

®WRITE CYCLE

HM6116LFP-2 HM6116LFP-3 HM6116LFP-4 .
Item Symbol - - - Unit
min max min max min max
Write Cycle Time twe 120 — 150 — 200 — ns
Chip Selection to End of Write tew 70 — 90 — 120 — ns
Address Valid to End of Write taw 105 — 120 — 140 — ns
Address Set Up Time tas 20 — 20 — 20 — ns
Write Pulse Width twp 70 — 90 — 120 — ns
Write Recovery Time twr 5 — 10 — 10 — ns
Output Disable to Output in High Z tonz 0 40 0 50 0 60 ns
Write to Output in High Z 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
BCAPACITANCE (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 pF

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

ETIMING WAVEFORM
®READ CYCLE (1)

Address ><

X

|
/
%
L]
Ve
/
L
-

v/

p——t0r s

bty —ef

///

tas

1L

Dout

®READ CYCLE (2) "'V

% <

X0

Address >(

tan 4
4{1“

Dout

(

®READ CYCLE (3) ‘" >®

" T

-

tacs
E— Lz
Dout

{,WL

NOTES: 1. WE is High for Read Cycle

2. Device is continuously selected, CS= ¥y,
3

. Address Valid prior to or coincident with CS
transition Low.
4. OE= VIL-
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HM6116LFP-2, HM6116LFP-3, HM6116LFP-4

O®WRITE CYCLE (1) tre
e X X
b twa(2)
SIS 4 X
s “W // j
_ .
: X N A
towz (3) twr(1)
Daut / — tow ——— ton —

<] XXX

®WRITE CYCLE (2)©

tec
Address )
tew twa(2)
T N (o) ]/ / / / /
“ twp (1)
WE N i’
tas o
. teuz(3) tow 6 | _(m
Dout
/[ ’—‘ tow —~—— ton —i(8)
Din N
N
NOTES: 1. A write occurs during the overlap (fyp) of a state. -
low CS and a low WE. __ ___ 5. OEis continuously low. (OE = ViL)
2. twp is measured from the earlier of CSor WE 6. Dgy is the same phase of write data of this

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

write cycle.

- Doyt is the read data of next address.
If &

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

transition, output remain in a high impedance

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

Item Test Conditions min typ max

CSzVec—0.2V
Vee for Data Retention Vor 2.0 - — A%
VinzVee—0.2V or Vins0.2V

Vee=3.0V, CS=2.8V

Iccor® - — A
T V,u22.8V or Vins0.2V 30 “

Unit

Data Retention Current

Chip Deselect to Data Retention Time tcor

See Retention Waveform

Operation Recovery Time tr **irc — - ns

* Viemin=-0.3V, 10#A max (at Ta=0 to +40TC)
* % tzc=Read Cycle Time.

®Low Vcc DATA RETENTION WAVEFORM

|l Data Retention Mode
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HMG6116 AP-12, HM6116 AP-15,
HMG6116 AP-20, HMG6116 ASP-12,
HM6116 ASP-15, HM6116 ASP-20

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

s FEATURES

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

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

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

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

Pin Out Compatible with Standard 16K EPROM/MASK ROM

Equal Access and Cycle Time

HFUNCTIONAL BLOCK DIAGRAM

i ¢
i S Kow Memory Matrix o GND
|

H Decoder 128 % 128

'

HM6116AP Series

(DP-24)

HM6116 ASP Series

— T T
o, ™ ] Columa 10 - (DP-244)
i Input
o Data Columa Decoder
X e EWPIN ARRANGEMENT
i
| T~ U/
V0. e pht 1 _____ %’ P 24 | vee
L 0 W A A A | :
- ] L 3| A
[ ‘—ﬁ—/ 22 | A
WE o] 21 | WE
E 20 | OE
19 | Aie
18
HBABSOLUTE MAXIMUM RATINGS @
1711
Item Symbol Rating Unit j o
Voltage on Any Pin Relative to GND Vr —0.5* to +7.0 \Y% E Vo
Operating Temperature Tepr 0to +70 ‘C 15 /0
Storage Temperature To —55 to +125 ‘C 14| 170
Temperature Under Bias Tu.. —10 to +85 C 13 I 1704
Power Dissipation Pr 1.0 w
* Pulse Width 50ns | —3.5V (Top View)
BTRUTH TABLE
CS OF WE Mode Vee Current 1/0 Pin Ref. Cycle
H x x Not Selected Iss, Iss High Z
L L H Read Icce 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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HM6116AP-12,HM6116AP-15HM6116AP-20
HM6116ASP-12,HM6116ASP-15HM6116ASP-20

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

Item Symbeol min typ max Unit
s Vol Vee 4.5 5.0 5.5 \4
ly Volt
upply Toltage GND 0 0 0 v
Vin 2.2 3.5 6.0 A
Input Voltage
Vi —3.0" — 0.8 \%

* Pulse Width 1 50ns. DC: Vi min= 0.3V

® DC AND OPERATING CHARACTERISTICS (V¢ = 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, Vi =GND| | I | _ 2 A
Current Ut | g Vee 2 2 s
Output Leakage CS=Viy or OE=Vpy, _ _ _ _ — — A
Current Hrol V1/0=GND to Vg¢ 2 2 2 |
I SV dyo=tmA {1l s s | s | 15| ma
. € | Vm=Vigorvy
Operating Power - T~
Supply Current H=Vce, ViL=0v,
Icci: | CS=vy, -1 3] 6| -] 3! 6| 1| 3| 6| ma
11/O=0mA, f=1MHZ
Average Operating min. cycle, _ _ _ 35
Current Iece duty = 100% 35 60 25| 45 20 mA
Standby Power Isp CS=Viy - 1 4 - 1 4 - 1 4 mA
Supply Current Is; | CS2Vee-0.2V - 1002 2| - |o002] 2] - 002 2] ma
VOL IOL =4mA - — 0.4 - — 0.4 - — 0.4 v
Output Voltage
pu & VOH 10H=-1.0mA 2.4 - - 2.4 - - 2.4 — - \'

* Vee=5V, Ty=25°C

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 CL = 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 trc 120 — 150 - 200 — ns
Address Access Time tan - 120 - 150 — 200 ns
Chip Select Access Time tacs — 120 - 150 - 200 ns
Chip Selection to Qutput irr 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 Output in High Z tcHz 0 40 0 50 0 60 ns
Chip Disable to OQutput in High Z toHZ 0 40 0 50 0 60 ns
Output Hold from Address Change ton 10 - 15 - 20 ~ ns
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HM6116AP-12,HM6116AP-15.HM6116AP-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 IDH 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.=0V 3 5 pF
Input/Output Capacitance Cro Vio=0V 5 7 pF
Note) This parameter is sampled and not 100% tested.
ETIMING WAVEFORM
®READ CYCLE (1)
'rRcC
Address >< ><
LV
5% N
ot NN\ K Y/ // /s
10E toH
c< t -~
s X\ ee | f777077
OHZ
P tacs ICHZ
Dout cLz ( XOXOr-

®READ CYCLE(Z)“’(”“)

trRC

Address >(

taa i et —
OH OH
Dout >

.READ CYCLE(S)(U(S)(A)

CS
facs [xcﬂz
tcLz
Dout

NOTES: 1. WE is High for Read Cycle.
2. Device is continuously selected, TS = ViL.
3. Address Valid prior to or coincident with TS transition Low.
4. UE—= VIL'
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O®WRITE CYCLE(1)

HM6116AP-12,HM6116AP-15,HM6116AP-20

HM6116ASP-12,HM6116ASP-15HM6116ASP-20

twe

Address

X A

twr(2]

cs

WE

Dout

Din

ok / /¥ AN

tcw

ANAONNNR ISP

Zal

z
Cia AW

AN O

_IOHzﬂ 'WP[”

LLLLLLS

le—tDW——f=—I Dy —=

Q XXXX

O WRITE CYCLE (2)®

twe
Address ‘>K )(
[ tcw 'WR (2]
s \\\\\\\\(m v/
Aw
WE twp()
Fas 'WHZ ‘o (611 (7]
—'OW
Dout 29333339929 \VAVAVAVA
Ef DW—t—IpH— (8]

Din N >

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

2. twg is measured from the earlier of CS or WE going high to the end
of write cycle.
3. During this period, 1/0 pins are in the output state so that the input
signals of opposite phase to the outputs must not be applied.
4. If the 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 = ViL)
- Doyt is the same phase of write data of this write cycle.
. Dgyy is the read data of next address.
If & is Low during this period, 1/O pins are in the output state.
Then the data input signals of opposite phase to the outputs must
not be applied to them.

o N:
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HMG6116 ALP-12, HMG6116 ALP-15,
HM6116 ALP-20, HMG6116 ALSP-12,
HMG6116 ALSP-15, HM6116 ALSP-20

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

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

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

E FUNCTIONAL BLOCK DIAGRAM

A

i —o0

: Row Memory Matrix o CND
|

| Decoder 120X 128

/0,

1 1

/0 1
20— ' e TV W s Si !
Pt

e o

Sl

HABSOLUTE MAXIMUM RATINGS

10mW (typ.) (f = TMHz)

HM6116ALP Series

(DP-24)

HM6116ALSP Series

(DP-24A)

HEPIN ARRANGEMENT
%

Arf ol Z] Vee
Al 2 23| A
a3 2| A
Al 4 21 [ WE
Als 20 | OF
Al 6 19 | Awe

Item Symbol Rating . Unit |/0|E 16 | 1/00
Voltage on Any Pin Relative to GND Vr —0.5% to +7.0 v o [ 10 15 ] 1706
Operating Temperature Tope 0 to +70 C vos [1 Il 1/0s
Storage Temperature Toe —55 to +125 ‘C
Temperature Under Bias Toee —10 to +85 C R E] 1o
Power Dissipation Pr 1.0 w (Top View)
* Pulse Width 50ns : —3.5V
B TRUTH TABLE
CS OE WE Mode Vce Current 1/0 Pin Ref. Cycle
H X X Not Selected Iss, Iss High Z
L L H Read 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 +70°C)

Item Symbol min typ max Unit
Supoly Vol Vee 4.5 5.0 5.5 A%
upply Toltage GND 0 0 0 v
Viu 2.2 3.5 6.0 \%
Input Voltage
Vie -3.0" - 0.8 A%
* Pulse Width: 50ns, DC: V.. min=—0.3V
B DC AND OPERATING CHARACTERISTICS (V¢c =5V + 10%, GND = 0V, T4 =0to +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 | _ 2 _ _ 2 — - 2 A
Current Upp to Vee b
Output Leakage CS=Vyg or OE=Vpy, _ _ _ _ _ _ A
Current Vol V170=GND to V¢ 2 2 2 :
CS=V]L, 1[/o=0mA
I - 4 12 - 4 12 - 4 12 | mA
Overating P ce Vin=Vim or ViL,
perating Power . -
Supply Current Vig=Vcc, ViL=0V
Iccr CS=ViL, - 2 N - 2 N — 2 5 mA
ll/o=OmA, f=1MHZ
Average Operating min. cycle, _
Current Icce duty = 100% - 30 50 - 20 40 15 30 | mA
Standby Power Igp CS=Viy - 0.5 3 - 0.5 3 — 0.5 3 mA
Supply Current Is; | CS>Vee-0.2V -l 1] so] | 1 ]so] -] 1] s0] na
= - - 4 - - 0.4 - - 04| V
Output Voltage VoL loL=4mA 0
VOH IOH= -1.0mA 2.4 - —_ 2.4 - - 2.4 - - v
* VCC=5V, Ta=25°C
BAC CHARACTERISTICS (Vcc=5V +10%, Ta=0 to +70°C)
®AC TEST CONDITIONS
Input Puise Levels: 0.8 to 2.4V
Input Rise and Fall Times: 10 ns
Input and Output Timing Reference Levels: 1.5V
Output Load: 1TTL Gate and C( = 100pF (including scope and jig)
® READ CYCLE
HM6116ALP/ HM6116ALP/ HM6116ALP/
Item Symbol ALSP-12 ALSP-15 ALSP-20 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 teLz 10 - 10 - 10 - ns
Output Enable to Output Valid toE - S5 - 60 - 70 ns
Output Enable to Output in Low Z toLz 10 - 10 — 10 — ns
Chip Deselection to Output in High Z tcHzZ 0 40 0 50 0 60 ns
Chip Disable to Qutput in High Z toHZ 0 40 0 50 0 60 ns
Output Hold from Address Change toH 10 - 15 - 20 - ns
103
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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 'woH 0 35 0 40 0 50 ns
Data to Write Time Overlap tpw 35 - 40 - 50 - ns
Data Hold from Write Time tpDH 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 Vi o=0V 5 7 pF
Note) This parameter is sampled and not 100% tested.
H TIMING WAVEFORM
®Read Cycle (1)
[1]
IrC
Address )( )(
faa
OE K V) ; ; ; ; /
IcE TOH+|
CHNNY ~forz (/N
—foHZ
. tacs ICHZ
( XX
®Read Cycle (2)
(11, [2], [4]
tRC -
Address )( k
7 ;
toH AA — toH—
Dout >
®Read Cycle (3)
(11, [3], [4]
s —\1\
tacs { tcHZ
fcLz
Dout

NOTES: 1. WE is High for Read Cycle.

2. Device is continuously selected, CS = V.

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

4. OE=Vy;.




® Write Cycle (1)

HM6116ALP-12,HM6116ALP-15HM6116ALP-20

HM6116ALSP-12,HM6116ALSP-15HM6116ALSP-20

we
Address X -
—{!WR
OE /X NN
t
& O 7ssrsri
WE s faw
'oHZ|-{3 11—
Dout “)1 twp(1]

® Write Cycle (2)

(S)

Address }L

twr [2]

CANNARRRN TN Y 77777
WE —+ ﬂlwplll———/
I3 } \1\ /] —1!OH
“AS twhz (31 L tow—— L8] 7]
Dout 55555555 —F
TTDHT(8)
Din = e

NOTES: 1. A writ
low CS and a low WE.

2. typ is measured from the earlier of CS or WE

going high to the end of write cycle.
3. During this period, I/O pins are in the output

state so that the input signals of opposite

phase to the outputs must not be applied.

A write occurs during the overlap (fyyp) of a

(=2 Q%!

® =

. If the CS low transition occurs simultaneously

with the WE low transitions or after the WE

. OE is continuously low. (OF
. Doyt is the same phase of write data of this

transition, output remain in a high impedance
state.
=Y

write cycle.
Dy 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.

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

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

- See Retention Waveform
Operation Recovery Time tr tac** — — ns
* 10 #A max at Ta=0T to +40TC, V., min=-0.3V
* % («. =Read Cycle Time.
®Low Vcc Data Retention Waveform
Data Retention Mode
Vee
T maveow
NV e —
105
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HM6117P-3,HM6117P-4

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

BFEATURES

® Single 5V Supply and High Density 24 pin Package.

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

o Low Power Standby and Standby: 100uW (typ.)
Low Power Operation: Operation: 200mW (typ.)

® Completely Static RAM:  No clock nor Timing Strobe Required
Directly TTL Compatible: All Input and Output
® Equal Access and Cycle Time

EFUNCTIONAL BLOCK DIAGRAM

(DP-24)

o . o Ve EPIN ARRANGEMENT
Row - Memory Matrix ——o0 GND "}
Decoder : 128x128 A E E e

) — | al2] B
s3] B
— o -
/0 r | e E WE
ot Column /0 N E: e
S Data Column Decoder AzE E Ao
Control — l ME E &
Vore—r—- - Vo a8 [17] /08
: : 1o [3] 6] 1705
1/0: 10| [15]1/06
1/0s E [14] 1/0s

z

;
ot

— GNDf12 13} 1704
. o
(Top View)
BABSOLUTE MAXIMUM RATINGS
Item Symbol Rating Unit

Voltage on Any Pin Relative to GND Vr *—0.5 to +7.0 A%

Power Dissipation Pr 1.0 W

Operating Temperature Topr 0 to +70 °C

Storage Temperature T —55 to +125 °C

Temperature Under Bias Thuus —10 to +85 ‘C

* Pulse width 50ns ! —3.5V

EBTRUTH TABLE

CE: CE: WE Mode Vee Current 1/0 Pin
H X X Not Selected Iccur High Z
X H X Not Selected Iccee High Z
L L H Read Icc Dout
L L L Write Icc Din
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BRECOMMENDED DC OPERATING CONDITIONS (7z=0°C to +70°C)

HM6117P-3,HM6117P-4

Item Symbol min typ max Unit

Supply Voltage Vee 4.5 5.0 5.5 A
GND 0 0 0 \

Input High (logic 1) Voltage Vin 2.2 3.5 6.0 \
Input Low (logic 0) Voltage Vi -3.0" — 0.8 \Y%

* Pulse width:50ns, DC: Vi..=—0.3V

BDC AND OPERATING CHARACTERISTICS (Ta=07T to +70%C, Vec=5V+10%, GND=0V)

Item Symbol Test Conditions min typ max Unit
Input Leakage Current P V..=GND to V¢ — — 10 HA
- ﬁx =V or ﬁ:= Vin
Output leakage Current | ol B — — 10 HA
V, «=GND to Vec
Operating Power Supply —
Ice CE =CE:=V,., I v=0mA - 40 80 mA
Current . DC
Min cycle, duty=1007%
Average Operating Current Iec — — — 40 80 mA
CEi =V, CE:=V.
Standby Power Supply CEi=Vee—0.2V,
X Tecn® Rk , ) ., — 0.02 2 mA
Current (1) DC VixZVee—0.2V or Vivs0.2V
Standby Power Supply .
Tecee® CE:zVcee—0.2V — 0.02 2 mA
Current 12) 2 DC
Output low Voltage Vo loi=2.1mA — — 0.4 \'
Output High Voltage Viou Tow=-1.0mA 2.4 — — \%
Notes 1 1) Typical limits are at Vec=5.0V, Ta=+25C
2) * D Viaa=-0.3V
BCAPACITANCE (Ta=25C, f=1.0MHz)
Item Symbol Test Conditions typ max Unit
Input Capacitance Cis Vis=0V 3 5 pF
Input/Output Capacitance Ci o Vi o=0V 5 7 pF
Note! This parameter is sampled and not 100% tested.
BAC CHARACTERISTICS (Ta=0T to +70C, Vcc=5V+10% unless otherwise noted)
® AC TEST CONDITIONS
Input Pulse Levels: 0.8 to 2.4V
Input Rise and Fall Times: 10 ns
Input and Output Timing Reference Levels: 1.5V
Output Load: 1 TTL Gate and Cp =100pF (including scope and jig)
®READ CYCLE
HM6117P-3 HM6117P-4 .
Item Symbol - - Unit
min max min max
Read Cycle Time tre 150 — 200 — ns
Address Access Time taa — 150 — 200 ns
Chip Enable (CE,) to Output tcor — 150 — 200 ns
Chip Enable (CE:) to Output tcoz — 150 — 200 ns
Chip Enable (CE:) to Output in Low Z (%) 10 — 10 — ns
Chip Enable (CE:) to Output in Low Z tize 10 — 10 — ns
Chip Disable (CE;) to Output in High Z thz 0 70 0 80 ns
Chip Disable (CE:) to Output in High Z tuze 0 70 0 80 ns
Output Hold from Address Change tow 15 — 15 — ns
@ HITACHI 107



HM6117P-3,HM6117P-4

@ TIMING WAVEFORM OF READ CYCLE (Notes 1)
trc |
Address )(
[77) ton
CEx N\ tcor
NN N Y I
tLz1 774
C_E2 \ tcoz /
NN /
tLzz tHz2
Dout S
@( Data Valid @
NOTES: 1. WE is High for Read Cycle.
O WRITE CYCLE
HM6117P-3 HM6117P-4 .
Item Symbol - - Unit
min max min max
Write Cycle Time twe 150 — 200 — ns
Chip Enable (CE:) to End of Write tew 100 — 120 — ns
Chip Enable (CE:) to End of Write tews 110 — 130 — ns
Address Set Up Time tas 20 — 20 — ns
Address Valid to End of Write taw 130 — 150 — ns
Write Pulse Width twe 100 — 120 — ns
Write Recovery Time twr 15 — 15 - ns
Write to Output in High Z twiz 0 60 0 70 ns
Data to Write Time Overlap tow 50 — 60 — ns
Data Hold from Write Time ton 20 — 20 - ns
Output Active from End of Write tow 10 — 10 — ns
o TIMING WAVEFORM OF WRITE CYCLE
twe
Address \K
___/|
Towl twk (3)
¢E \\ E (5) /
tewe
taw
WE twp(1) [
w@ N — J——_Wa/v
twiz(4
tow (6) | (1)
Dout A\ N \
. / hVAVAVAN
tow ton
(8)
Din Data In Valid

NOTES:

108

2. t4s

1 A write occurs during the
overlap (typ) of low CE,,

, and WE,

ning of the write,

3. tyr is measured from the

earlier of CE,, CE, or WE
going high to the end of
write cycle.

is measured from the
address changes to the bigin-

4.

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

. If the CE, or CE, low transi-

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

@ HITACHI

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

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

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



Supply Current Icc,Jccz (Normalized)

Access Time taa,tacs(Normalized}

Access Time taa.tacs(Normalized)

SUPPLY CURRENT
vs. SUPPLY VOLTAGE

Ta=25C

10

08

0.6

0.4

45 4.75 5.0

Supply Voltage Vcc (V)

ACCESS TIME
vs. SUPPLY VOLTAGE

5.25

Ta=25C

0.9

08

0.7

45 4.75 50

Supply Voltage Vee (Vi

ACCESS TIME
vs. LOAD CAPACITANCE

5.25

5.5

18

//

Ta=25C
Vee=MIN

08

06

100 200 300

Load Capacitance C. (pF}

400

500

G HITACHI

Supply Current Icc,lcc2(Normalized)

Access Time taa,tacs(Normalized)

Supply Current Icc2(Normalized

SUPPLY CURRENT
vs. AMBIENT TEMPERATURE
16

Vee=5.0V

08

06

04

0 20 40 60 80

Ambient Temperature Ta ('C)

ACCESS TIME
vs. AMBIENT TEMPERATURE
13

Vec=5.0V

i

//

09
038
0.7

0 20 40 60 80

Ambient Temperature Ta ('C)
SUPPLY CURRENT
vs. FREQUENCY
13 T r v
200ns 150ns 120ns
1.2
1Ll
10 ———
//

I
09
08
0.7

0 2 4 8 10

Frequency f (MHz)

HM6117P-3,HM6117P-4



HM6117P-3,HM6117P-4

110

Low Input Voltage Vi (Normalized)

Output Current Jon(Normalized)

INPUT LOW VOLTAGE
vs. SUPPLY VOLTAGE

13

Ta=25C

0.9

0.8

0.7
4.5 4.75 5.0 5.25 5.5

Supply Voltage Vec (V)

OUTPUT HIGH CURRENT
vs. OUTPUT HIGH VOLTAGE

1.6

Ta=25C
Vee=5V

S

0.6

0.4

Output Voltage Vou (V)

High Input Voltage Vin(Normalized)

Output Current lor(Normalized)
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INPUT HIGH VOLTAGE
vs. SUPPLY VOLTAGE

13

Ta=25C

0.9

0.8

0.7
4.5 4.75 5.0 5.25 5.5

Supply Voltage Vec (V)

OUTPUT LOW CURRENT
vs. OUTPUT LOW VOLTAGE
16

/

/

1.2

1.0
Ta=25'C
Vee=5V

0.8 /

0.6 /

0'40 0.2 0.4 0.6 0.8

Output Voltage Vor (V)



HM6117FP-3,HM6117FP-4

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

BMFEATURES

® High Density Small Sized Package

Low Power Operation:

Completely Static RAM:
Directly TTL Compatible: All Input and Output

® Equal Access and Cycle Time

EFUNCTIONAL BLOCK DIAGRAM

z

J

A °————-j:
I_J
/0 o—r:B—— —

7_1;_/_\_'.'

150ns/200ns (max.)
100uW (typ.)
200mW (typ.)
No clock nor Timing Strobe Required

Standby:
Operation:

Input

Data

Column Decoder

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

—0 Vecc
Row - Memory Matrix ——o0 GND
Decoder | - 128x 128
1 L
Column /O

(FP-24)

Control
/0s [
- T 5; !
|
I
ez 0—>o \—ﬁ;_l
C_ElO———T
WE
HMABSOLUTE MAXIMUM RATINGS
Item Symbol Rating Unit
Voltage on Any Pin Relative to GND Vr *~0.5 to +7.0 \Y%
Power Dissipation Pr 1.0 w
Operating Temperature Top- 0 to +70 °C
Storage Temperature Tue —55 to +125 ‘C
Temperature Under Bias Toas —10 to +85 ‘C
% Pulse width 50ns . —3.5V
BTRUTH TABLE
CE CE: WE Mode Vcc Current 1/0 Pin
H X x Not Selected Iccur High Z
X H X Not Selected Icciz High Z
L L H Read Icc Dout
L L L Write Icc Din

@ HITACHI

HMPIN ARRANGEMENT

o
W[
W0
W
NG
o
G
X

/0. 5]

1701 1]

1/0,[T_1'

]

oNp[1z]

[24] vec
z__sl As

o

[21]WE
[20] CEa
[19] Ao
18] CE,
E 1/0s
[16] 1701
[15]1/04
E 1/0s

13| 1704

(Top View)




HM6117FP-3,HM6117FP-4

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

Item Symbol min typ max Unit

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

Input High (logic 1) Voltage Vin 2.2 3.5 6.0 \Y%
Input low (logic 0) Voltage Vi -3.0" — 0.8 A

#* Pulse width:50ns, DC: Vita=—0.3V

HDC AND OPERATING CHARACTERISTICS (Ta=0T to

+70C, Vec=5V*10%, GND=0V)

Item Symbol Test Conditions min typ max Unit
Input Leakage Current | I | V..=GND to Vcc — — 10 MA
Output Leakage Current | Iio | CEv= Vi or CEa =V - - 10 HA
Vi 0=GND to Vcc
Operating Power Supply Iee CE.=CE,=Vi. I 0—0mA - 40 80 mA
Current : DC
Average Operating Current Icc En eyele, d_uty=100% — 40 80 mA
CE|=VIL, CEZ:VIL
Standby Power Supply leew® CEi2Vcc—0.2V, ~ _ 0.02 ’ A
Current (1) DC Vis2Vee—0.2V or Vins0.2V
Z:’:‘::i lz:’t"':cs"pp'y Icci® | CEazVee—0.2V - 0.02 2 mA
Output low Voltage Vor Ioi=2.1mA — — 0.4 vV
Output High Voltage Vou Tow=—1.0mA 2.4 — — Vv
Notes : 1) Typical limits are at Vcc=5.0V, Ta=+25C
2) * 1 Vi.=-0.3V
WCAPACITANCE (Ta=25C, f=1.0MHz)
Item Symbol Test Conditions typ max Unit
Input Capacitance Cis Vis=0V 3 5 pF
Input/Output Capacitance Cro Vi o=0V 5 7 pF
Note) This parameter is sampled and not 100% tested.
BAC CHARACTERISTICS (Ta=0C to +70C, Vcc=5V+10% unless otherwise noted)
® AC TEST CONDITIONS
Input Pulse Levels: 0.8 to 2.4V
Input Rise and Fall Times: 10 ns
Input and Qutput Timing Reference Levels: 1.5V
Output Load: 1TTL Gate and Cp, = 100pF (including scope and jig)
®READ CYCLE
HM6117P-3 HM6117P-4 .
Item Symbol - - Unit
min max min max
Read Cycle Time tre 150 — 200 — ns
Address Access Time tas — 150 — 200 ns
Chip Enable (CE,) to Output teor - 150 - 200 ns
Chip Enable (CE:) to Output teo — 150 — 200 ns
Chip Enable (CE:) to Output in Low Z tizi 10 — 10 — ns
Chip Enable (CE:) to Output in Low Z tiz: 10 — 10 — ns
Chip Disable (CE:) to Output in High Z thzi 0 70 0 80 ns
Chip Disable (CE:) to Output in High Z thza 0 70 0 80 ns
Output Hold from Address Change ton 15 — 15 — ns
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HM6117FP-3,HM6117FP-4

O TIMING WAVEFORM OF READ CYCLE (Notes 1)
- tRC |
Address (
taa ton
CE: \ tcor /
tLz1 'L tHz1
CEs tcoz /
N /
trze tHz2
Dout
Data Valid
NOTES: 1. WE is High for Read Cycle.
®WRITE CYCLE
HM6117P-3 HM6117P-4
Item Symbol - - - Unit
min max min max
Write Cycle Time twe 150 — 200 — ns
Chip Enable (CE,) to End of Write tew 100 — 120 — ns
Chip Enable (CE:) to End of Write tews 110 - 130 — ns
Address Set Up Time tas 20 — 20 — ns
Address Valid to End of Write taw 130 — 150 — ns
Write Pulse Width twp 100 — 120 — ns
Write Recovery Time twr 15 — 15 - ns
Write to Output in High Z twiz 0 60 0 70 ns
Data to Write Time Overlap tow 50 — 60 — ns
Data Hold from Write Time ton 20 — 20 — ns
Output Active from End of Write tow 10 — 10 — ns

® TIMING WAVEFORM OF WRITE CYCLE

NOTES: 1.

2.

. twr

twe(1)

tow

6) | (1)

tow

ton

(8)

-
Address
tewy
N
e »7’('7\77277
—
CEx \ \\k[si"
taw
WE
tas(2) }\ N
twiz(4)
Dout \ 1
Din

A write occurs during_the
overlap (typ) of low CE,,
CE, and WE.

t4g is measured from the add-
ress changes to the biginning
of the write.

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

are in the output state so
that the input signals of
opposite phase to the out-
puts must not be applied.

. If the CE, or CE, low transi-

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

O HITACHI

(X)E -

4. During this period, 1/O pins

pedance state.

- Dout is the same phase of

write data of this write
cycle.

. Dout is the read data of next

address.

. If CE, and C—E, are low

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

SUPPLY CURRENT
vs. SUPPLY VOLTAGE

Ta=25C

Supply Current Icc,lccz (Normalized)
5

0.6

08 =

04

45

4.75 5.0 5.25 55

Supply Voltage Vec (V)

ACCESS TIME
vs. SUPPLY VOLTAGE

Ta=25C

0.9

Access Time taa,tacs(Normalized)

0.8

0.7

45

4.75 50 5.25 5.5

Supply Voltage Vec (V)

ACCESS TIME
vs. LOAD CAPACITANCE

/

e

Ta=25C
Vec=MIN

Access Time taa,tacs(Normalized)

08

06

114

200 300 400 500

Load Capacitance Cv (pF)

Supply Current Icc,lccz(Normalized)

Access Time taa.tacs(Normalized)

Supply Current Icc2(Normalized)
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SUPPLY CURRENT
vs. AMBIENT TEMPERATURE
16

Vee=5.0V

038

06

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

ACCESS TIME
vs. AMBIENT TEMPERATURE
13

Vee=5.0V

v

10 //

09

08

0 20 40 60 80

Ambient Temperature Ta ('C)

SUPPLY CURRENT

vs. FREQUENCY
13

T T T
200ns 150ns  |120ns

12

0.9

08

07

0 2 4 6 8 10
Frequency f (MHz)



HM6117FP-3,HM6117FP-4

INPUT LOW VOLTAGE INPUT HIGH VOLTAGE
vs. SUPPLY VOLTAGE vs. SUPPLY VOLTAGE
13 13
Ta=257C Ta=257C
2 1.2
E L1 _é L1
2 2
3 Lo // = /
o L .10
g "1 g
2 3 L—
3 09 s 09
Y £ 08
0.7 0.7
45 475 5.0 5.25 5.5 45 s 50 5.25 5.5
Supply Voltage Vec (V) Supply Voltage Vcc (V)
OUTPUT HIGH CURRENT OUTPUT LOW CURRENT
vs. OUTPUT HIGH VOLTAGE vs. OUTPUT LOW VOLTAGE
16 16
Ta=25C
cc=5
14 14 //
T Y
£ H Ta=25C
E \ s Vee=5V
<08 < os
0.6 06
/
0.4 04
1 4 B ) 0.2 04 06 0.8

Output Voltage Vou (V) Output Voltage Voo (V)
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HM6117LP-3,HM6117LP-4

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

BFEATURES

e Single 5V Supply and High Density 24 Pin Package.
® High Speed: Fast Access Time
® Low Power Standby and Low Power Operation;

Standby: 10uW (typ.) Two Chip Enable Input for Battery Back up

Operation: 180mW (typ.)

Completely Static RAM:

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

150ns/200ns max.

BMFUNCTIONAL BLOCK DIAGRAM

(DP-24)

A
MRS S— HPIN ARRANGEMENT
As ' —0 Vec
As : S Row B Memory Matrix ——o GND Ar E E Vee
1
:‘: | Decoder | - | 128 128 a2 [23] &
Iy, S— NE o
- [ 2w
vo B . Column 1/0 a 5] [20] CE:
H Input .
i ; D::: Column Decoder AzE E Ao
: i S Control A'E ECE'
1 ~—
1/0s 00—y ] h : AoE E 1/0s
o — A A A A : i 170 3] [16] v/0s
- i 1701 [10] EI/Oc
T — ﬁ vos[uf [14] 1705
CEl 00— cnp[iz] [13] 1/0¢
WE (Top View)
BMABSOLUTE 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 Tas —55 to +125 °C
Temperature Under Bias Teias —10 to +85 ‘C
Power Dissipation Pr 1.0 w
* Pulse width 50ns : —3.5V
HETRUTH TABLE
CE: CE: WE Mode Vee Current I/0 Pin
H X X Not Selected Iccn High Z
X H X Not Selected Icci: High Z
L L H Read Icc Dout
L L L Write Icc Din
116 @ HITACHI




HM6117LP-3,HM6117LP-4

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

Item Symbol min typ max Unit
Vee 4.5 5.0 5.5 \
Supply Volt
uppy Yoltage GND 0 0 0 v
Input High (logic 1) Voltage - Vin 2.2 3.5 6.0 \'
Input low (logic 0) Voltage Vie -3.0* — 0.8 A

* Pulse Width: 50ns, DC: Vian=—0.3V.

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

Item Symbol Test Conditions min typ max Unit
Input Leakage Current | Ir | Vin=GND to Vcc - - 2 HA
CEi=Vi or CE:=V4
Output Leakage C t I — — 2 A
utput Leakage Curren | 1o} Vi o=GND to Ve K
Operating P Suppl S
perating “ower Supply Iec | CEi=CEa=Vi. I o=0mA - 3 70 mA
Current . DC
A o ting C . P Min cycle, duty=100% 35 70 mA
ver. r — i —
age Operating Current cct CE, = V1., CEa=Vi
Standby Power Supply CEi2Vcec—0.2V
Icci® - 2 50 HA
Current (1) DC VinzVee—0.2V or Vins0.2V
Standby Power Supply —

y Icciz® | CE:2Vec—0.2V — 2 50 A
Current (2): DC cer P .
Output low Voltage Vor Tor=2.1mA — — 0.4 \
Output High Voltage Vou Ton=—1.0mA 2.4 — — \Y

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

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

Item Symbol Tést Conditions typ max * Unit
Input Capacitance Cin Vin=0V 3 5 pF
Input/Output Capacitance Cro Viio=0V 5 7 pF

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

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

InputPulse Levels « .. ... ... 0.8V to 2.4V

Input Rise and Fall Times -+ .....oovvvnn.. 10ns

Input and Output Timing Reference Levels . . . 1.5V

Outputload - -« v vvveie i 1 TTL Gate and C¢ = 100pF (Including Scope & Jig)

®READ CYCLE

Item Symbol ‘HM6117LP-3 HM6117LP-4 Unit
min max min max

Read Cycle Time tre 150 — 200 — ns
Address Access Time tas — 150 — 200 ns
Chip Enable (CE:) to Output tcor — 150 — 200 ns
Chip Enable (CE:) to Output tcoz - 150 - 200 ns
Chip Enable (CE:) to Output in Low Z tLz: 10 — 10 — ns
Chip Enable (CE:) to Output in Low Z trzz 10 — 10 — ns
Chip Disable (CE;) to Output in High Z thz 0 70 0 80 ns
Chip Disable (CE.) to Output in High Z thze 0 70 0 80 ns
Output Hold from Address Change ton 15 — 15 - ns

@ HITACHI 17



HM6117LP-3,HM6117LP-4

® TIMING WAVEFORM OF READ CYCLE (Notes 1)
tRC |
Address K
taa ton
CE: \N tcor
N ‘ KU /.
tLz1 thz1
2%
(':_E2 \ tcoz
K 2
tLz2 thze
- X @
Data Valid
NOTES: 1. WE is High for Read Cycle.
® WRITE CYCLE
HM6117LP-3 HM6117LP-4 .
Item Symbol - - Unit
min max min max
Write Cycle Time twe 150 — 200 — ns
Chip Enable (CE:) to End of Write tew 100 — 120 — ns
Chip Enable (CE:) to End of Write tew: 110 — 130 — ns
Address Set Up Time tas 20 — 20 — ns
Address Valid to End of Write taw 130 — 150 — ns
Write Pulse Width twp 100 — 120 — ns
Write Recovery Time twr 15 — 15 - ns
Write to Output in High Z twiz ] 60 0 70 ns
Data to Write Time Overlap tow 50 — 60 - ns
Data Hold from Write Time ton 20 — 20 — ns
Output Active from End of Write tow 10 — 10 — ns
o TIMING WAVEFORM OF WRITE CYCLE
twe
Address N
( tcwy ——— ¥R <(3)
CE : : : ; E (5) }
tcwz
CEx (;;(; (;’Lm /‘
taw
WE twe(1)
tas(2) }\ N - A ton
twnz(4
tow (6) | (1)
Dout N SANNNNENNNY j
7/ hVAVAVANE
tow toH
(8)
Din Data In Valid e%%é

NOTES: 1 A write occurs

during the

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

118

- taS

. twr

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

is measured from the
address changes to the bigin-
ning of the write,

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

that the input signals of
opposite phase to the out-
puts must not be applied.

. If the CE, or CE, low transi-

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

@ HITACHI

6. Dout is the same phase of

write data of this write
cycle.

. Dout is the read data of next

address. I

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



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

HM6117LP-3,HM6117LP-4

Item Symbol Test Conditions min typ max Unit
. C_ElgVCC‘O‘ZV'
Vce for Data Retention Vor Vinz Vec—0.2V or Vin<0.2V 2.0 \
Vee for Data Retention Vor: CE.2Vcc—0.2V 2.0 — - \
Data Retention C . I Vec=3.0V, CE,22.8V, 20 A
t — - N
ata Retention Curren ccori Vin22.8V or VinS0.2V m
Data Retention Current Iccor: Vee=3.0V, CE:2Vcc—0.2V - - 30+ HA
Chip Deselect to Data Retention Time tcor 0 - - ns
See Retention Waveform
Operation Recovery Time tr trc** - — ns
* 10u4A max at Ta=0C to +40°C, V. min=—0.3V
**% tyc=Read Cycle Time
O®LOW Vic DATA RETENTION WAVEFORM
Data Retention Mode
Vee
4,5v————————\ —————————————————————
Vor
__________ B o Bz vonoov
OV e e e .
NOTE: 1. CE, controls Address buffer, WE buffer, CE, buffer and DiN
buffer. If CE, controls dath retention mode, VIN level (address,
(WE, CE,, Dyo) can be in the high impedance state. If CE,
controls data retention mode, Viy level (address, WE, DE,,
Dyj0) must be VN 2 Vec—0.2V or Vin € 0.2V.
SUPPLY CURRENT SUPPLY CURRENT
vs. SUPPLY VOLTAGE vs. AMBIENT TEMPERATURE
16 16
Ta=25C Vee=5.0V
5 14 S 14
H z
5 12 ] 3 12
z L~ z
E 10 E 10
; : s —
508 oo
o o
Vg; 0.6 /% 06
04 04
45 475 50 525 55 0 20 40 60 80
Supply Voltage Vec (V) Ambient Temparature Ta (C;
119
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HM6117LP-3, HM6117LP-4

ACCESS TIME vs.
SUPPLY VOLTAGE

13
Ta=25C

12
5
H
FRRRY=2
]
LY
:
3
]
& 09
H
g
< 08

01

5 W5 50 525 55

Supply Voltage Vec (V)

ACCESS TIME vs.
LOAD CAPACITANCE

]

16 /

]

Access Time tas,tacs(Normalized)

12
Ta=25C
Vec=MIN
10
08
06
100 200 300 400 500
Load Capacitance C. (pF)
INPUT LOW VOLTAGE vs.
SUPPLY VOLTAGE
1.3
Ta=25C
12
b
E Ll
2
3 o //
P
K
5 09
£
kS
08
0.7
4.5 4.75 5.0 5.25 5.5

Supply Voltage Vec (V)

120
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ss Time tas,tacsiNormalized)

Acce

Supply Current Iccz2 (Normalized)

High Input Voltage Viy(Normalized)

ACCESS TIME vs.
AMBIENT TEMPERATURE

Vee=50V
12
N //
10 //
09
08
07
0 20 40 60 80

Ambient Temperature Ta °C

SUPPLY CURRENT vs.

FREQUENCY

13 T T v
200ns | 150ns  [120ns
12
11
10
—/-

L —
09
08
07

0 2 4 6 8 10

Frequency f (MHz)

INPUT HIGH VOLTAGE vs.
SUPPLY VOLTAGE

Ta=25C

0.9

0.8

0.7
45 4.75 5.0 5.25 5.5

Supply Voltage Vee (V)



Output Current fow(Normalized)

Standby Current [sg (A)

Standby Currect IccLz (Normalized)

OUTPUT HIGH CURRENT
vs. OUTPUT HIGH VOLTAGE

1.6
Ta=25C
Vee=5V
14
\ 3
\ 3
10 \ =
0.8 f
]
0.6
0.4
4 5
Output Voltage Vou (V)
STAND-BY CURRENT vs.
AMBIENT TEMPERATURE
1074
Vee=3V
CE:=2.8V
10-3 g
z
107 — >
1077 -
0 20 40 60 80
Ambient Temperature Tu +'Ct
STAND-BY CURRENT vs.
INPUT VOLTAGE
10
Ta=25C
Vee=5V =
CEi=48v s
’ E
2
6 g
3
4 \ 2
2
0 N ——
1 4 5

Input Voltage Vin (V)

@ HITACHI

OUTPUT LOW CURRENT
vs. OUTPUT LOW VOLTAGE

16
//
1.2
X
Ta=25C
Vee=5V
08 /
0.6 /
04
0 0.2 0.4 0.6 0.8

Output Voltage Vor (V)

STAND-BY CURRENT vs.
SUPPLY VOLTAGE

1.4

1.0
0.8 /
05 /
Ta=257C
CEz=Vec-0.2V
0.4 //
02
2 3 4 5 6
Supply Voltage Vee (V)
STAND-BY CURRENT vs.
INPUT VOLTAGE
10
Ta=25C
Vee =5V
CEi=4.8V
8
6
4
2
% 1 2 3 4 5

Input Voltage V.. (V)

HM6117LP-3,HM6117LP-4
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HM6117LFP-3,HM6117LFP-4——

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

BFEATURES

High Density Small-sized Packaged

Projection Area Reduced to One-Thirds of Conventional DIP
Thickness Reduced to a Half of Conventional DIP

Single 5V Supply

High Speed: Fast Access Time 150ns/200ns max.
Low Power Standby and Low Power Operation;

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

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

Equal Access and Cycle Time

Capability of Battery Back up Operation

(FP-24)

HPIN ARRANGEMENT

HEFUNCTIONAL BLOCK DIAGRAM w1 ~ 7] Ve
A adz] 23] A
:: ;. —0 Vcc AsE EA’
A i S Row | Memory Matrix ———o0 GND A‘E E-W_E
h ' Decoder | - 128128 ] A
A1 F: A:E E Ao
T l I AIE EEE.
vou °—_T | Column /O A E E 1708
Input
i i [;\p: Column Decoder Vo, E E 1o
al
E i S Control o zm [15]1/04
/0s 0 LN L ! E lm mpgs
o I A A A Aw L anD[TZ] [13] 1704
|
1
CE2 ‘ﬁ_' (Top View)
CE1 0—
WE 00—
BABSOLUTE MAXIMUM RATINGS
Item Symbol Rating Unit
Voltage on Any Pin Relative to GND Vr *—0.5 to +7.0 \Y
Operating Temperature Tope 0 to +70 ‘C
Storage Temperature Tue —55 to +125 ‘C
Temperature Under Bias Tone —10 to +85 ‘C
Power Dissipation Pr 1.0 w
* Pulse width 50ns : —3.5V
HETRUTH TABLE
CE, CE: WE Mode Vee Current I/0 Pin
H X x Not Selected Iccn High Z
X H X Not Selected Icci2 High Z
L L H Read Icc Dout
L L L Write Icc Din
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HM6117LFP-3, HM6117LFP-4
HBRECOMMENDED DC OPERATING CONDITIONS (Ta=0C to +70T)
Item Symbol min typ max Unit
Vee 4.5 5.0 5.5 \
Supply Volt
upply Toltage GND 0 0 0 v
Input High (logic 1) Voltage Vin 2.2 3.5 6.0 \
Input low (logic 0) Voltage Vic -3.0" — 0.8 A
* Pulse Width: 50ns, DC: Via=—0.3V.
HDC AND OPERATING CHARACTERISTICS (Ta=0C to +70°C, Vcc=5V+10%, GND=0V)
Item Symbol Test Conditions min typ max Unit
Input Leakage Current | 1o | Vin=GND to Vcc — — 2 KA
CE =V CE.=V.
Output Leakage Current | Io | V,/‘U=G'I’\’ll;rto Vzc " — - 2 KA
ting P Suppl e
Operating Power Supply I |CE~CE:=Vi.. I.o=0mA - 3 70 mA
Current . DC
Mi le, duty =100
Average Operating Current Icc C_g: :);:: S_EYZ‘V”.A’ — 35 70 mA
Standby P | CEi2Vcc—0.2V
andby Power Supply Icca® ' ce0 — 2 50 HA
Current (1) DC VinzVee—0.2V or Vixs0.2V
Standby Power Supply —
Icciz® | CE22Vcec—0.2V — 50 A
Current (2): DC cer 12 Vee—0.2 2 s
Output low Voltage Voo Tor=2.1mA — — 0.4 v
Output High Voltage Vou Ton=—1.0mA 2.4 — — \Y%
Notes : 1) Typical limits are at Vcc=5.0V, Ta=+25C
2) * ! Via.=—0.3V
BCAPACITANCE (Ta=25C, f=1.0MHz)
Item Symbol Test Conditions typ max Unit
Input Capacitance Cix Vin=0V 3 5 pF
Input/Output Capacitance Cio Vio=0V 5 7 pF
Note 1 1) This parameter is sampled and not 100% tested.
BAC CHARACTERISTICS (Ta=0C to +70°C, Vcc=5V*10% unless otherwise noted)
® AC TEST CONDITIONS
InputPulse Levels . ..................... 0.8V to 2.4V
Input Rise and Fall Times . ............... 10ns
Input and Output Timing Reference Levels . . . 1.5V
Outputload - -« - vvv vt 1TTL Gateand C = 100pF (Including Scope & Jig)
O®READ CYCLE
HM6117LFP-3 HM6117LFP-4 )
Item Symbol - Unit
min max min max
Read Cycle Time tre 150 — 200 — ns
Address Access Time taa — 150 — 200 ns
Chip Enable (CE:) to Output tcor - 150 — 200 ns
Chip Enable (CE:) to Output tcoz — 150 - 200 ns
Chip Enable (CE:) to Output in Low Z tuz 10 — 10 — ns
Chip Enable (CE:) to Output in Low Z tize 10 - 10 - ns
Chip Disable (CE,) to Output in High Z thz 0 70 80 ns
Chip Disable (CE:) to Output in High Z tuza 0 70 0 80 ns
Output Hold from Address Change tow 15 - 15 — ns
@ HITACHI 123



HM6117LFP-3, HM6117LFP-4

® TIMING WAVEFORM OF READ CYCLE (Notes 1)
tre ,
Address ><
taa ton
CE: N\ tcor
MY & Y
tLzi tHz1
(ﬁ:‘.z \ \ tcoz
N N Vi
tLz2 thze
Dout
Data Valid
NOTES: 1. WE is High for Read Cycle. ‘
®WRITE CYCLE
HM6117LFP-3 HM6117LFP-4
Item Symbol - - Unit
min max min max
Write Cycle Time twe 150 — 200 - ns
Chip Enable (CE:) to End of Write tew 100 - 120 — ns
Chip Enable (CE:) to End of Write tew: 110 — 130 — ns
Address Set Up Time tas 20 — 20 — ns
Address Valid to End of Write taw 130 — 150 — ns
Write Pulse Width twp 100 - 120 — ns
Write Recovery Time twr 15 - 15 — ns
Write to Output in High Z twiz 0 60 0 70 ns
Data to Write Time Overlap tow 50 — 60 — ns
Data Hold from Write Time ton 20 — 20 — ns
Output Active from End of Write tow 10 - 10 — ns
® TIMING WAVEFORM OF WRITE CYCLE
twe
Address
___/|
Tewt Twa @)
NN \Q ) ;
tcwz
o T o —
1ai
WE ’—w twep(1)
tas(2) )\ :zl tox
twaz(4)
tow (6) | (1)
Dow SSSSSTITTTT ;1 _V;\lﬁ
/ \VAVAVANE
Low toH
(8)
Din < X i Data In Valid e%%é
NOTES: 1 A write occurs during the 4. During this period, I/O pins pedance state.
overlap (typ) of low CE are in the output state so 6. Dout is the same phase ‘of
CE, and WE. v that the input signals of write data of this write
2.t is measured from the opposite phase to the out- cycle.‘
aﬁﬁ,ess changes to the bigin- puts must not be applied. 7. Dout is the read data of next
address.

124

ning of the write.

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

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

@ HITACHI

. If CE, and CE, are low
during this period, I/O pins
are in the output state. Then
the data input signals of op-
posite phase to the outputs
must not be applied to them.
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HM6117LFP-3, HM6117LFP-4

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

Item Symbol Test Condition min typ max Unit

CE 2 Vee—0.2V,

Vee for D tenti Vorr .0 - - \Y

cc for Data Retention bR VinZ Vee—0.2V or Vin£0.2V 2

Vee for Data Retention Vorz CE:2Vcc—0.2V 2.0 - - v

Vec=3.0V, CE, 22.8V,
. — —_ .

Data Retention Current Iccor Vin22.8V or VinS0.2V 30! HA

Data Retention Current Iccore Vee=3.0V, CE:2Vcc—0.2V - - 30* HA

Chip Deselect to Data Retention Time tcor 0 — — ns
See Retention Waveform

Operation Recovery Time tr trc** — — ns

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

®LOW Vcc DATA RETENTION WAVEFORM ”

Data Retention Mode

Vee

e mmm A

CEi or CE22 Vor—0.2V

O e e e
NOTE: 1. CE, controls Address buffer, WE buffer, CE, buffer and DiN
buffer, If CE, controls data retention mode, Vi level (address,
WE, CE,, DI/O) can be in the high impedance state. LC—E‘ con-
trols data retention mode, Viy level (address, WE, CE,, Dy0)
must be VN 2 Voe—0.2V or VN S 0.2V.
SUPPLY CURRENT SUPPLY CURRENT
vs. SUPPLY VOLTAGE vs. AMBIENT TEMPERATURE
16 16
Ta=25"C Vee=5.0V
-?; 14 T 14
E E
2 5 // 5 2
3 10 E 10 —~——]
s 08 / 5 08
(&} L~ (s}
2 2
g g
2 06 A 06
04 04
45 475 50 525 55 0 20 40 60 80
Supply Voltage Vee (V) Ambient Temparature Ta ('C)
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HM6117LFP-3, HM6117LFP-4

ACCESS TIME vs.
SUPPLY VOLTAGE

Ta=25°C

S

/B

e
o

Access Time tas,tacs(Normalized)
5

[
%

e
2

45 4.75 50 525 55
Supply Voltage Vec (V)

ACCESS TIME vs.
LOAD CAPACITANCE

]

]

Access Time tas,tacs(Normalized)

12
Ta=25C
Vec=MIN
10
08
06
100 200 300 400 500
Load Capacitance Cv (pF)
INPUT LOW VOLTAGE vs.
SUPPLY VOLTAGE
13
Ta=25C
1.2
3
E L1
£
N Lo ]
B
5 09
5
3
3 0.8
0.7
45 4.75 5.0 5.25 5.5

Supply Voltage Vec (V)

Access Time taa,tacs(Normalized)

Supply Current Iccz (Normalized)

High Input Voltage Vin(Normalized)
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ACCESS TIME vs.
AMBIENT TEMPERATURE

Vee=50V

1.1 ///
10 ,/
/
09
08
% 20 10 60 80

Ambient Temperature Ta {'C:

SUPPLY CURRENT vs.

FREQUENCY
13 Y T T
200ns | 150ns  |120ns
12
11
10 B
-/
_’—4'———_‘
09
08
07
0 2 ‘ 8 10

Frequency / (MHz)

INPUT HIGH VOLTAGE vs.
SUPPLY VOLTAGE

13
Ta=25C
1.2
L1
1.0
0.9
0.8
0.7
4.5 4.75 $.0 5.25 5.5

Supply Voltage Vec (V)



Standby Current Issi (A)

OUTPUT HIGH CURRENT
vs. OUTPUT HIGH VOLTAGE

1.6
Ta=25C
Vee=5V
14
7 \
f 1.0 \
S o
8
0.6
0.4
4
Output Voltage Vou (V)
STAND-BY CURRENT vs.
AMBIENT TEMPERATURE
107
Vee=3V
CEa=2.8V
1078

/

10°¢ ]
/

e

0 20 40 60 80

Ambient Temperature Ta ('C)

STAND-BY CURRENT vs.
INPUT VOLTAGE

10

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

Standby Currect Iccr2 (Normalized)

L
(

Input Voltage Vin (V)
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Output Current Ior(Normalized)

Standby Current Isgi(Normalized)

Standby Current Icci2 (Normalized)

OUTPUT LOW CURRENT

vs. OUTPUT LOW VOLTAGE
16

" /

.; /

Ta=25C
Vee=5V
08 /
0.6 /
04
0 0.2 04 0.6 0.8

Output Voltage Voo (V)

STAND-BY CURRENT vs.
SUPPLY VOLTAGE

08

Ta=25C
CEy=Vec—0.2V
04 /I

0.2

2 3 4 5 6

Supply Voltage Vcc (V)

STAND-BY CURRENT vs.
INPUT VOLTAGE

10
Ta=25C
Vee=5V
CE:=4.8V

8

6

4

2

00 1 2 4

Input Voltage Vie (V)
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HM6168H-45,HM6168H-55,

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

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

BFEATURES
® High Speed: Fast Access Time 45/55/70 ns (max.)
® Single +5V Supply and High Density 20 Pin Package
® | ow Power Standby and Low Power Operation;
100uW typ. (Standby), 200mW typ. (Operation)
® Completely Static Memory
No Clock or Timing Strobe Required
® Equal Access and Cycle Times
® Directly TTL Compatible — All Inputs and Outputs

HFUNCTIONAL BLOCK DIAGRAM

e
Ao L—r]
Azo— — [3—— : o Vee

Row Memory Array

Mo——L5 1 pecoter 128128 l————o GND
Ao—— L5

1/01 00—y

Column I/0

1/02 o- Input

Data

O
I
1/05 o B—— Control
o Iy

Ay Aw An
) E
WE

IABSOLUTE MAXIMUM RATINGS

Column Decoder

Item Symbol Rating Unit
Voltage on Any Pin Relative to GND Vin —3.5%* to +7.0 \Y
Power Dissipation Pr 1.0 W
Operating Temperature T..r 0 to +70 ‘C
Storage Temperature (Ceramic) Toe —65 to +150 °C
Storage Temperature (Plastic) Toe —55 to +125 C
Temperature under Bias Thias —10 to +85 °C

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

(DG-201

HM6168HP-45/55/70

(DP-20)

BPIN ARRANGEMENT
—

A4E ] Ve
5 -
As E El Ay
A E E A
o o
A;E E] 1oy
Ao LT_ E 7
An E E] Vo
csf 12| Vo

ono [0 (1] we

(Top View)




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

8 TRUTH TABLE

Cs VE Mode Vcc Current 1/0 Pin Reference Cycle
H X Not selected Igp,Isp; High Z

L H Read Icc Dout Read Cycle 1, 2
L L Write Icc 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 v
u oltage
PPy £ GND 0 0 0 v
vV 2.2 - 6.0 v
Input Voltage "
Vi -0.5* - 0.8 A%

* —3.0V (Pulse width 20ns)

= 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 Upp! Vee=5.5V, Vi =GND to Ve - | - 20| A
Output Leakage Current IIpo | | CS=Viy, Vijo=GND to Vcc —| - |20 ]| wA
Operating Power Supply Current Icc CS=ViL,I1/0=0mA - {40 |90 | mA
Standby Power Supply Current Isp CS=Viy — |15 [ 25 | mA
Standby Power Supply Current(1) Isp; | CS=Vce—-0.2V, VinS0.2V or VN2V e —0.2V] — |0.0212.0 | mA
Output Low Voltage Vor |loL=8mA - |- |04 | V
Output High Voltage Vo | Iog=-4mA 24| - - \4

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

a CAPACITANCE (72=25°C, f=1MHz)

Item Symbol | Test Conditions | min | max | Unit
Input Capacitance C; Vin=0V - 6 pF
Input/Output Capacitance Cro Vio=0V — 8 pF

®m AC CHARACTERISTICS (Vcc=5V t10%, Ta=0 to + 70°C, unless otherwise noted.)
® AC TEST CONDITION

® |nput pulse levels; GND to 3.0V

Input rise and fall times: 5ns

Input and Output timing reference levels: 1.5V
Output load: See Figure

<

S5V

480Q é 480Q

Dout

VA'A'A %)

Dout

2550 == 30pF° 2550 .

T ' 7

Output Load (A) Output Load (B)
* Including scope and jig.  (for tyz, trz, twz, LOW)
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HM6168H-45, HM6168H-55, HM6168H-70, HM6168HP-45, HM6168HP-55, HM6168HP-70

® READ CYCLE

HMG6168H/P-45 HM6168H/P-55 HM6168H/P-70 .
Item Symbol - - - Unit
min max min max min max
Read Cycle Time trRc 45 - 55 - 70 - ns
Address Access Time tAA - 45 - 55 - 70 ns
Chip Select Access Time tacs - 45 - 55 - 70 ns
Output Hold from Address Change toH 5 - S - 5 - ns
Chip Selection to Output in Low Z* trz 20 - 20 - 20 - ns
Chip Desglectior to Output in High Z* tyz 20 20 0 20 ns
Chip Selection to Power Up Time tpu - - 0 - ns
Chip Deselection to Power Down Time tpp - 30 - 30 - 30 ns
* Transition is measured +500mV for high impedance voltage with Load (B).
This parameter is sampled and not 100% tested.
® TIMING WAVEFORM OF READ CYCLE NO. 1)+ @
trc
O\
Address
tan |
tou
ton
Dout S< X x " Daa_Valid
® TIMING WAVEFORM OF READ CYCLE NO. 2(1): (3
—_— trc
cs
T
N thz
tacs
te
Dout High Impedance X X ‘>< Data Valid ‘\ High
try teo Impedance
Iec —
Vee supply —————————— N
current 50% 50% X

Notes) 1. WE is High for Read Cycle.

2. Device is continuously selected, CS= ViL.
3. Address Valid prior to or coincident with CS transition Low.
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HM6168H-45, HM6168H-55, HM6168H-70, HM6168HP-45, HM6168HP-55, HM6168HP-70

® WRITE CYCLE

HM6168H/P-45 HM6168H/P-55 HM6168H/P-70
Item Symbol - - - Unit
min max min max min max
Write Cycle Time twe 45 — 55 - 70 - ns
Chip Selection to End of Write 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 twWR 0 - 0 - 0 - ns
Data Valid to End of Write tpw 20 - 25 - 30 - ns
Data Hold Time tDH 0 - 0 - 1] - ns
Write Enabled to Output in High Z* twz 0 15 0 20 1] 25 ns
Output Active from End of Write* tow 0 - 0 - 0 - ns

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

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

Address )( )(
} »
5 SN yd
tan D ,"12’!
o tes—y twe .
WE \k a /]

oW ——amd 10K
Din
& s O
fetwz F—mw b 0w
yAavA ya High impedance
Dout’ ———== S

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

P —XC
. D S ———— ¢ /——_—
Ccs N /|
pe——twi- (2}
twp
wE . VNGO
t PA— L

High Impedance ¢

Dout

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

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

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

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

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

6. Dout is the same phase of Write data of this write cycle.
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HM6168HLP-45,HM6168HLP-55,
HM6168HLP-70

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

BMFEATURES
® 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
e Directly TTL Compatible—All Inputs and Outputs
® Capable of Battery back up Operation

HFUNCTIONAL BLOCK DIAGRAM bP-20
. S—
Mo BPIN ARRANGEMENT
A2 o_—h l— o Vec
Row Memory Array -
Avo— Py 128 128 o N a1 2] vee
Avo——P3— &2 BR
Aso——Px—— N E op
N D —
‘ a0 g
Asl s 16 | A
1010 B Column I O E :] .
Asl 6 15| 17O
1/0:2 o e Input E j
ﬂ Data Column Decoder A,.,E 14| o
1/03 o - Control
YT A,.E 13] 1/on
1/04 o B ‘ C—SE Z] 10x
L A7 Az Ay Aw An ono [T EW_E
:

cs
E (Top View)
WE

HABSOLUTE MAXIMUM RATINGS

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

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

= TRUTH TABLE
CS WE Mode Ve Current 1/O Pin Reference Cycle
H X Not selected Isp,Isp; High Z
L H Read Icc Dout Read Cycle 1, 2
L L Write Ice Din Write Cycle 1, 2

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

Item Symbol min typ max Unit
Vee 4.5 5.0 5.5 \Y%
Supply Voltage GND 0 0 0 v
Vig 2.2 - 6.0 \Y%
Input Voltage ViL To.5* ~ 08 v

* —3.0V (Pulse width 20ns)

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

Item Symbol Test Conditions min | typ |max |Unit
Imput Leakage Current Uprl | Vee=5.5V, V;,,=GND to Ve - - 2.0 | nA
Output Leakage Current ol CS= Via, Viyo=GND to V¢ - - |20 | uA
Operating Power Supply Current Ice cs= ViL, I/0=0mA - 40 | 90 | mA
Standby Power Supply Current Isg | CS=Viyg - 15 | 25 | mA
Standby Power Supply Current(1) Isg; | CS=V(c0.2V, VinS0.2V of Fyn2 V0.2V — 1 |50 |uA
Output Low Voltage VoL |IorL=8mA - - (04 |V
Output High Voltage Vou |log=-4.0mA 2.4 - - \%

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

® CAPACITANCE (T2=25°C f=1MHz)

Item Symbol | Test Conditions | min | max | Unit
Input Capacitance C; Vin=0V - 6 pF
Input/Output Capacitance Cr0 Vio=0V - 8 pF

® AC CHARACTERISTICS (Vcc=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

480Q 480Q

Dout O——4
Dout O——

2550 l

Output Load (A) * Including scope and jig. = Output Load (B)
(for tHz, tLz, twz, tOW)

p- 30pF ¥
2550 2 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 - 55 — 70 ns
Chip Select Access Time tacs - 45 - 55 - 70 ns
Output Hold from Address Change toH 5 - 5 - S - ns
Chip Selection to Output in Low Z* trz 20 - 20 - 20 - ns
Chip Deselection to Output in High Z* tHz 0 20 20 0 20 ns
Chip Selection to Power Up Time tpuy 0 - - 0 - ns
Chip Deselection to Power Down Time tpp - 30 - 30 - 30 ns
* Transition is measured +500mYV for high impedance voltage with Load (B).
This parameter is sampled and not 100% tested.
© TIMING WAVEFORM OF READ CYCLE NO. 2(): @
tac
X
Address
taa i
ton
tow
Dout 5 < X x * Data  Valid
® TIMING WAVEFORM OF READ CYCLE NO. 2@
—_ trc
5
- —
\N thz
tacs
tiz
Dout High Impedance X X ( Data Valid T Hgh
Impedance
tru teo
Iec
Ve supply ———— — ————— ~N
current 50% 50% K

Notes) 1. WE is High for Read Cycle.
2. Device is continuously selected, CS=Vp; . _
3. Address Valid prior to or coincident with CS transition Low.
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® WRITE CYCLE

HM6168HLP-45, HM6168HLP-55, HM6168HLP-70

Ltem Symbol HM.616 8HLP-45 HM.6 168HLP-55 HM'6168H LP-70 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 twRr 0 - 0 - 0 - ns
Data Valid to End of Write tpw 20 - 25 - 30 - ns
Data Hold Time tDH - 0 - - ns
Write Enabled to Output in High Z* twz 15 0 20 25 ns
Output Active from End of Write* tow - 0 - - ns

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

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

«
Address }( )L
s . .

5 SR 4 7

an - >
——Iqs—l-i — e ] "
A

LW — —amd (DK
Din N
) 5 n,
p—tOow o= 0N
High impedance

Dout VAV VA j
® TIMING WAVEFORM OF WRITE CYCLE NO. 2 (CS Controlled)

AN AN AN Vel
twe

Address D( )(

IANN NN { NTTTTATZZ.
2

b D W e M -

High Impedance ¢

Dout

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

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

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

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

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

6. Dout is the same phase of Write data of this write cycle.
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HM6168HLP-45, HM6168HLP-55, HM6168HLP-70

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

Parameter Symbol Test Conditions min typ max Unit
Vce for Data Retention Vor 2.0 — - Vv
CSz Vec—0.2V 300
Data Retention Current Iccor — — 20%* KA
Va2 Vec—0.2V or
Chip Deselect to Data Retention Time tcor OVs V.50.2V 0 — — ns
Operation Recovery Time tr trca — — ns
Note' 1. trc=Read Cycle Time. *  Vec=3.0V
** Vee=2.0V

®LOW V.. DATA RETENTION WAVEFORM

DATA RETENTION MODE

Vee
P )
22V—— — —
cs
OV e e e —————
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HM6167,HM6167-6 HM6167-8,
HM6167P,HM6167P-6,HM6167P-8

16384-word X1-bit High Speed Static CMOS RAM

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

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

EBLOCK DIAGRAM

(DG-20)

v —3 - HM6167P, HM6167P-6,
»—F] — HM6167P-8
v —13 Row Memory Array
A —LF] Decoder 128X 128
w—F
Au—m
Ars
Din Column [ O Dout

Column Decoder

(T

[ [ HPIN ARRANGEMENT
WE

\J

Al A A A A A A ,-\QF 20| Vee
BABSOLUTE MAXIMUM RATINGS A.E EA,,
Item Symbol Rating Unit Az E EA”
Terminal Voltage with Respect to GND | V¢ —0.5* to +7.0 A% AJE EA“
Power Dissipation Pr 1.0
, o[ o
Operating Temperature Topr 0 to +70 C
Storage Temperature (Plastic) Tx —55 to +125 °C ASE EA9
Storage Temperature (Ceramic) Toe —65 to +150 °C Ae[z E]As
Storage Temperature** Toigtbias) —10 to +85 °C DO“‘E 131 A
» Pulse width 20ns : —3.5V  esunder bias —
WE| 9 12 | Din
BRECOMMENDED DC OPERATING CONDITIONS GNDf 10 11|Cs
(0°C=Tas70C) T
op View
Item Symbol min typ max Unit
Vee 4.5 5.0 5.5
Supply Voltage
GND 0 0 0 \Y
Input High Voltage Vin 2.2 — 6.0 \Y
Input Low Voltage Vi —-3.0* - 0.8 \%

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

ETRUTH TABLE

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

L H Read Icc Dout Read Cycle 1,2

L L Write Icc High Z Write Cycle 1, 2

EDC AND OPERATING CHARACTERISTICS (Vee=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 KA
Output Leakage Current 110l CS=Vin, Vour=0V~Vce —_ - 2 uA
Operating Power Supply Current Icc CS = Vi, Output Open — 30 60 mA
Iss CS =V — 5 20 mA
Standby Power Supply Current CS=Vcc—0.2V
Ise - 0.02 2 mA
Vins0.2V or Viy 2Vee—0.2V
Output Low Voltage Voo Ior=8mA — — 0.4
Output High Voltage Vou Ion=—4mA 2.4 — —
Note) Typical limits are at Vcc=5.0V, Ta=25C and specified loading.
HAC TEST CONDITIONS
Output Load A Output Load B
Input pulse levels: GND to 3.0V 45V (for tuz, tiz, twz & tow)
Input rise and fall times: 5 ns sy
Input timing reference levels: 1.5V
Output reference levels: 1.5V 4802 14800
Output load: See Figure Dout
255Q 30pF* Dout O———9
25508 3; SeF
* Including scope and jig.
ECAPACITANCE (Ta=25C, f=1.0MHz)
Item Symbol max Unit Conditions
Input Capacitance Cin 5 pF Vix=0V
Output Capacitance Cout 6 pF Vour=0V
Note) This parameter is sampled and not 100% tested.
BWAC CHARACTERISTICS (Vcc=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 trc 70 — 85 — 100 — ns
Address Access Time taa — 70 — 85 — 100 ns
Chip Select Access Time tacs — 70 — 85 — 100 ns
Output Hold from Address Change ton 5 — 5 - 5 — ns
Chip Selection to Output in Low Z trz 5 — 5 — 5 - ns
Chip Deselection to Output in High Z tuz 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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®WRITE CYCLE

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

HM6167, HM6167P | HM6167-6, HM6167P-6 | HM6167-8, HM6167P-8
Item Symbol Unit Notes
min max min max min max
Write Cycle Time twe 70 — 85 — 100 — ns 2
Chip_ Selection to End of Write tew 55 — 65 — 80 — ns
Address Valid to End of Write taw 55 — 65 — 80 — ns
Address Setup Time tas 0 — 0 — 0 — ns
Write Pulse Width twp 40 — 45 — 55 — ns
Write Recovery Time 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 READ CYCLE NO.1!-?
tac |
Address ><¥
tas [
low
® TIMING WAVEFORM OF READ CYCLE NO.2!"%
tac
© N /
tacs ]
tez 3
Dats Out High Inpedance Data Valid Hogh Inpedance
tre trp
Vee Supply Tec ~~ 777 ‘\K_
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 in Load B.
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HM6167, HM6167-6, HM6167-8, HM6167P, HM6167P-6, HM6167P-8

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

- X
- T Y77

w_E }

Data In Data In Valid

Tez tow

Data Out Duta Undefined ﬁ————_
High [mpedance

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 X

Las

L
Ny

NN /[ /
|

Low toK

Data In
Data In Valid

Data Out

Data Undefined High Impedance

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

SUPPLY CURRENT vs. SUPPLY VOLTAGE SUPPLY CURRENT vs. AMBIENT TEMPERATURE

16 16

Ta=257C . Vee=50V

3 E 14
E S
512 — 2 12
L:‘. 10 :—; 10
oosl 35 08
(s} el
% 06 3 os

04 04

5 .75 50 5.25 55 0 20 40 60 80

Supply Voltage Vec (V) Ambient Temperature Ta ('C)
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Access Time ta,tacs (Normalized)

Access Time taa, tacs (Normalized)

Input Low Voltage Vir (Normalized)

ACCESS TIME vs.
SUPPLY VOLTAGE

13
Ta=25C
12
11 \
10
09
08
07
45 475 5.0 5.25 5.5
Supply Voltage Vec (V)
ACCESS TIME vs.
LOAD CAPACITANCE
18
16 //
14 v
12 /
Ta=25C
Vee=MIN
10
08
06
100 200 300 400 500
Load Capacitance Ci (pF)
INPUT LOW VOLTAGE vs.
SUPPLY VOLTAGE
13
Ta=25°C
12
11
0 L
1.
/—
0.9
0.8
0.7
45 475 5.0 5.25 5.5

Supply Voltage Vee (V)

ACCESS TIME vs.
AMBIENT TEMPERATURE

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

Vee=5.0V

L~

09

Access Time s, tacs (Normalized)
5

08
0.7
0 20 40 60 80
Ambient Temperature Ta (C)
SUPPLY CURRENT vs.
FREQUENCY

13

12
b
g o1l
e
¢ 1o —
= |+
H —t
3 09
>
a
s
3 08

0.7

0 2 4 6 8 10

Frequency f (MHz)

INPUT HIGH VOLTAGE vs.

SUPPLY VOLTAGE

Te=257C

0.9

0.8

Input High Voltage Vin (Normalized)

0.7

45 4.75 5.0 5.25

Supply Voltage Vec (V)
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HM6167, HM6167-6, HM6167-8, HM6167P, HM6167P-6, HM6167P-8

OUTPUT HIGH CURRENT vs.
OUTPUT HIGH VOLTAGE

OUTPUT LOW CURRENT vs.
OUTPUT LOW VOLTAGE

1.6 1.6
Ta=25'C
Vee=5V
RS 5 14 /
8 \ s
g \ E /
S 12 5 12
= \ =
<2 3
e 10 < 10
g \ z
3 5 Ta=25C
© 3 Vee=5V
» 08 Ed 0.8 «
£ 3
ERY 2 s
(<) S (LX) /
0.4 0.4
q 0 0.2 0.4 0.6 0.8
Output High Voltage Vou (V) Output Low Voltage Vor (V)
STANDBY CURRENT vs. STANDBY CURRENT vs.
AMBIENT TEMPERATURE SUPPLY VOLTAGE
0 14
Vee=3V
CS=2.8V
1.2
3
< =
~ 10 z Lo
H 2
p L~ z
© / <08
H -
3 g /
g g
2 =
T oo / 3 s /
& / 4? /
2
/ @ {,4//
w7 0.2
0 20 40 60 80 3 ]
Ambient Temperature Ta ('C) Supply Voltage Vec (V)
STANDBY CURRENT vs.
INPUT VOLTAGE
10 T
Ta=25C
Vee=5.0V
3 CS=4.8V
N8
=
£
2
H 6
2
2
3 ¢
z \
2
H
&
2 \
\\
0 1 3 4 6
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HM6167LP,HM6167LP-6,

HMVM6167LP-8

16384-word X1-bit High Speed Static CMOS RAM

M FEATURES

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

Stand-by 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

BMBLOCK DIAGRAM

(DP-20)

A __‘X
’ -—
A|——| S
CND HPIN ARRANGEMENT
a—L
Row Memory Array T
Aa—k Decoder 128X 128 A"E EV‘C
%
.\”_a: Ay E EAIJ
EYH AzE EA.:
Din Column 1 0) Dout AiE EA"
Column Decoder A‘E 16 | Awo
AsE 14 JAs
‘ ’ Dout E 13] Ar
WE
A Aw O N WE[ 9 12 | Din
GND 10 11|CS
HMABSOLUTE 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 0to +70 °C
Storage Temperature Tite —55 to +125 °C
Storage Temperature** Totgibras —10 to +85 °C
* Pulse width 20ns —3.5V ** under bias
BRECOMMENDED DC OPERATING CONDITIONS (0°C < Ta<70°C)
Item Symbol min typ max Unit
Vee 4.5 5.0 5.5 \%
Supply Voltage
GND 0 0 0 \'
Input High Voltage Viu 2.2 — 6.0 \
Input Low Voltage Vie -3.0° — 0.8 A%

* Pulse width 20ns, DC. Vi min=—0.3V
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HM6167LP, HM6167LP-6, HM6167LP-8

MTRUTH TABLE

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

L H Read Icc Dout Read Cycle 1, 2

L L Write Icc High Z Write Cycle 1, 2

BDC AND OPERATING CHARACTERISTICS (Vee=5V £10%, Ta=0~+70C)

Item Symbol Test Conditions min typ max Unit
Input Leakage Current [ ] Vec=5.5V  Vin=0V~Vec - —_ 2 HA
Output Leakage Current |10l CS=Vin, Wu=0V~Vcc — — 2 HA
Operating Power Supply Current Icc CS = Vi, Output Open — 30 60 mA
Iss | CS=Vi — 5 20 mA

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

Vin<0.2V or Viv=Vec—0.2V

Output Low Voltage Voo IoL=8mA — — 0.4 \
Output High Voltage Vor Ion=—4mA 2.4 — — \'

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

BEAC TEST CONDITIONS
Input pulse levels: GND to 3.0V

Output Load A

Output Load B

+5V (for twz, tiz, twz & tow)
Input rise and fall times: 5 ns or tnz, ez, Bwz o
Input timing reference levels: 1.5V v
Output reference levels: 1.5V 480Q
Output load: See Figure Dout O———4 4802

2550 2 30sF Dout O———1
zssszg-i 3; SeF”
* Including scope and jig.
HCAPACITANCE (Ta=25C, f=1.0MHz)
Item Symbol max Unit Conditions

Input Capacitance Cin 5 pF Vin=0V
Output Capacitance Cour 6 pF Vour=0V

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

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

O®READ CYCLE

ltem Symbol HM6167LP H.M6167LP-6 H-M6167LP-8 Unit
min max min max min max

Read Cycle Time trc 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 VA tuz 0 30 0 40 0 40 ns
Chip Selection to Power Up Time tpu 0 — 0 — 0 — ns
Chip Deselection to Power Down Time teo — 35 — 40 - 45 ns
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HM6167LP, HM6167LP-6, HM6167LP-8

® TIMING WAVEFORM OF READ CYCLE NO.1'?

A

Previous Data Valid

tac |

Address

Data Out

o e

® TIMING WAVEFORM OF READ CYCLE NO.2V¥

& Y

tac

N\ /]

tacs @)

T2 Nz
1z 30
High Impedance < ;z j Z > < Dte Valid High Impedance

Data Out
tre teo
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

HM6167LP HM6167LP-6 HM6167LP-8
Item Symbol Unit Notes
min max min max min max
Write Cycle Time twe 70 — 85 — 100 — ns 2
Chip Selection to End of Write tew 55 — 65 — 80 — ns
Address Valid to End of Write taw 55 — 65 — 80 — ns
Address Setup Time tas 0 — 0 — 0 — ns
Write Pulse Width twp 40 — 45 — 55 — ns
Write Recovery Time 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. 1f 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)
twe
dren >< X
[ tew
=\ —\I\ 4 /
taw twe
tas twp
- T —
\\ N\ /
L tow ton
Data In Data In Valid
twz tow
Data Out Data Undefined
High Imped
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HM6167LP, HM6167LP-6, HM6167LP-8

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

Address

Data In

Data Out

twe

X

tew

; < Data In Valid

Data Undefined High Impedance

HLOW V.. DATA RETENTION CHARACTERISTICS (Ta=07C to 70°C)

Parameter Symbol Test Condition min typ max Unit
Vce for Data Retention Vor 2.0 - — \
CSz Vec—0.2V - - 20°
Data Retention Current Iccor HA
Viaz Vec—0.2V or - - 30°*
Chip Deselect to Data Retention Time tcor 0vVsV.=s0.2V 0 — - ns
Operation Recovery Time tr trc® — — ns
A tac=Read Cycle Time *  Vee=2.0V
** Vec=3.0V

HLOW V.. DATA RETENTION WAVEFORM
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Data Retention Mode
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HM6167H-45 HM6167H-55,
HM6167HP-45, HM6167HP-55

1

6384-word x 1-bit High Speed Static CMOS RAM
FEATURES
Fast Access Time. . . ........ HM6167H/P-45  45ns (max)
HM6167H/P-55  55ns (max)
Low Power Standby and Low Power Operation
Standby 100uW (typ), Operating 200mW (typ)
Single +5V Supply and High Density 20 Pin Package
Completely Static Memory . . . .No Clock nor Refresh Required
Fully TTL Compatible . . . . . .. All Inputs and Output
Separate Data Input and Qutput. . . ... ... Three State Output

BLOCK DIAGRAM
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[ Memory Array
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*x——m Decoder 126 % 126
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—3

Columa 1 0 Daut

Column Decoder

= ABSOLUTE MAXIMUM RATINGS

HM6167H-45, HM616 7TH-55

(DG-20)

HM616 7THP-45, HM616 7THP-55

Item Symbol Rating Unit
Terminal Voltage with respect to GND Vr -3.5*to +7.0 v
Power Dissipation Pr 1.0 w
Operating Temperature Topr Oto +70 °C
Storage Temperature (Plastic) Tstg —55to+125 °C
Storage Temperature (Ceramic) Tstg —65 to +150 °C
Storage Temperature (under bias) Tvias —-10to +85 °C

* Pulse Width 20ns, DC: —0.5V

= RECOMMENDED DC OPERATING CONDITIONS (7, = 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
v 2.2 - . \%
Input Voltage IH 89
ViL -3.0* - 0.8 v

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

® HITACHI

(DP-20)

= PIN ARRANGEMENT
\J

‘\&'E 20 | Vee
-\yE EAI)
AZE E:‘\u
A)E EAII
A‘E 16 | Ane
AsE E‘A»
ME 14 | As
DWE 13 Ar

WE[ 9 12 |Lin

GNDf 10 n|cs

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

® TRUTH TABLE

CS WE Mode Vee Current Dout Pin Ref. Cycle
H X Not selected Iss, Issr High-Z
L H Read Icc Dout Read Cycle
L L Write Icc High-Z Write Cycle
HDC AND OPERATING CHARACTERISTICS (Vcc=5V+10%, Ta=0T to +70T)
Item Symbol Test Conditions min typ max Unit
Input Leakage Current | Iy | Vee=5.5V, Vin=0V~Vcc — — 2 A
Output Leakage Current 1ol | CS=Viu, Vour=0V~Vec - - 2 KA
Operating Power Supply Current Icc CS = V.., Output Open — 40 80 mA
Iss | CS=Vu - 10 20 mA
Standby Power Supply Current CS2Vec—0.2V
Iss: - 0.02 2 mA
Vins0.2V or Viv 2 Vec—0.2V
Output Low Voltage Voo lIor=8mA - — 0.4
Output High Voltage Vou Ion=—4mA 2.4 - -

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

BAC TEST CONDITIONS

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

Output Load A

Input timing reference levels: 1.5V

Output reference levels: 1.5V
Output load: See Figure

Dout

*

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

+5V

4800
o—
2550 3 30pF*

Including scope and jig.

Output Load B

(for thz, tiz, twz & tow)
+

Dout O———¢

zssng;

5V

480Q

SpF*

#* Including scope and jig.

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

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

O®READ CYCLE

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

HM6167H/P45 HM6167THP-55
Item Symbol - - 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 S - 5 - ns

Chip Selection to Output in Low Z tLz S - 5 - ns 2)3) M
Chip Deselection to Output in High Z tHZ 0 30 0 30 ns Q3
Chip Selection to Power Up Time tpU 0 - 0 - ns

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

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

NOTES: 1.
2

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

. Transition is measured +t500mV from steady state voltage with specified loading in Load B.

WE is High for READ cycle.

Device is continuously selected, CS = V.

Nov e

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

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

IrcC {
Address ><
taa y
ton
Data Out l\’/;el;"iious Data ; >< >< Data Valid

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

Irc
s L Vs
facs tHz
Data Out High Ima%e X X Data Valid S High Impedance
tpp
vee Supply Ig c
Current Isp 7{ 50% 50%
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HM6167H-45, HM6167H-55, HM6167HP-45, HM6167HP-55

® WRITE CYCLE

HM6167H/P-45 HM616 TH/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 - S0 - 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 OQutput 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 transitioning address.

3. Transition is measured +t500mV 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)
twe

Address ___>< X

tew
s S\ Y77
3
l—1IAS AW twp I wR~
J— /—‘—_
WE i S i&_____; toH
» wa

Data In * Data In Valid *

~lwz —tow—
Data Out Data Undefined L—*High Impedance

® TIMING WAVEFORM OF WRITE CYCLE (CS Controlled)

we
Address X K
tas tew
s %
X /
faw IWR
twp
Wi s
WE _\ NN £/ /
| 'bw 'DH,
Data In * Data In Valid *
twz
Data Out Data Undefined

High Impedance
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Supply Current Icc (Normalized)

Access Time tas,tacs (Normalized)

Access Time taa,tacs (Normalized)

SUPPLY CURRENT vs.
SUPPLY VOLTAGE

1.6
Ta=25C
1.4
3
v // E
/ 2
1.0 B
z
/ 4
-
';é
06 A
0.4
45 4.75 5.0 5.25 5.5
Supply Voltage Vec (V)
ACCESS TIME vs.
SUPPLY VOLTAGE
13
Ta=25C
1.2 _
3
11 g
\ Z:
1.0 \ 3
——] 3
€
0.9 £
0.8 Z
0.7 A
45 4.75 5.0 5.25 55
Supply Voltage Vec (V)
ACCESS TIME vs.
LOAD CAPACITANCE
1.8
16 ~ —
/ K
1.4 / E
L~ 2
1.2 // ;
3
1.0 >
=
g
3
0.8
06 100 200 300 400 500
Load Capacitance Ci (pF)
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SUPPLY CURRENT vs.
AMBIENT TEMPERATURE

1.6
Vee=5.0V
1.4
1.2
. \
\\
0.8
0.6
0.4
0 20 40 60 80
Ambient Temperature Ta (C)
ACCESS TIME vs.
AMBIENT TEMPERATURE
1.3
Vee=5.0V
1.2
) / ~=
1.0 /,
0.9
0.8
0.7
0 20 40 60 80
Ambient Temperature Ta ('C)
SUPPLY CURRENT vs.
FREQUENCY
200 100 66 50 40
L1 T T T
100ns 85ns 70ns
10 //
0.9 /
//
(8 v
0.7 / //
0.6
05 5 10 15 20 25

Frequency / (MHz)

HM6167H-45, HM6167H-55, HM6167HP-45, HM6167HP-55
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HM6167H-45, HM6167H-55, HM6167HP-45, HM6167HP-55
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Input Low Voltage Vi (Normalized)

Output High Current 7oy (Normalized)

Standby Current [sa1 (A)

/

INPUT LOW VOLTAGE vs.
SUPPLY VOLTAGE

13
Ta=25C

1.2 _

5

<

=

11 £

=

|— -

10 -

— &

] i

=32

0.9 -

]

H

z

08 2
0.7

45 175 5.0 5.25 55

Supply Voltage Ve (V)

OUTPUT CURRENT vs.
OUTPUT VOLTAGE

Ta=25C
Vee =5V

1.0

0.8

&
Output Low Current [o; (Normalized)

0.6
04y 2 3 4
Output High Voltage Vou (V)
STANDBY CURRENT vs.
AMBIENT TEMPERATURE
107
Vee =3V
CS=2.8v
10°° —5
- 2
/ ~ H
&
10°°
0 20 10 50 30

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

1.3
Tu=25C
1.2
1.1
/
1.0
09—
0.8
0.7 a
45 175 5.0 5.25 5.5
Supply Voltage bec (V
OUTPUT CURRENT vs.
OUTPUT VOLTAGE
16
14 ' /
1 /
y
10 ‘ /
} Ta=257C
| Vee =5V
0.8
0.6 ’V/
Vg 0.2 04 0.5 0.8

0.8

0.6

0.4

Output Low Voltage Vor (V)

STANDBY CURRENT vs.

SUPPLY VOLTAGE

yd

0.2

/ Ta=25C
/ T8=Vec—0.2V
4 5
Supply Voltage Vec (V)



Standby Current Ispi (Normalized)

STANDBY CURRENT vs.
INPUT VOLTAGE

T
Ta=25C
Vec=5.0V
CS=4.8V

SN

i

Input Voltage Via (V)
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