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BQUICK REFERENCE GUIDE TO HITACHI IC MEMORIES

EMOS RAM
Organi- |Access| Cycle | Supply| Power Package*
Total zation Time | Time | Voltage| Dissi- Repl
Mode Bit Type No. Proces¢ (word) (ns) | (ns) pation | Pin ccleal 6 | p |FP|sp ment Page
X bit max | min (V) (W) |No.|~
- 300 0 [ BN ] HM-6514-9
HM4334-3 461 104/20m 52
HM4334-4 450 640 [ BN ] 52
[ BN ] 2148
HM6148 70 70 0.1m/0.2 58
HM6148-6 85 85 el 2148-6 58
70 ®
HM6148L 10244 70 51/0.2 64
HM6148L-6 85 85 L4 64
HM6148H-35** 35 35 e 70
HM6148H-45%+ 45 45 0.1m/0.2 el 2148-45 70
HM6148H-55* 55 55 [ BN ] 2148-55 70
N HM6148HL-35++ 35 35 [ 74
4k-bit 18
HM6148HL-45++ 45 45 51/0.3 ® 74
HM6148HL-55** 55 55 \d 74
e e 2147 T
HM6147 70 70 0.1m/75m 79
HM6147-3 55 55 e 0 79
HM 70 70 ®
6147L 54/75m 83
HM6147L-3 55 55 [ 83
HM6147H-35 4096 X1 35 35 el 2147H-1 87
HM6147H-45 45 45 0.1m/0.15 [ BN J 2147H-2 87
HM6147H-55 55 55 [ 3N ]

Static 6 CMOS +5 87
HM6147HL-35 35 35 ° 93
HM6147HL-45 45 45 544/0.15 ° 93
HM6147HL-55 55 55 ® 93
HM6116-2 120 120 [ BN BN BN ] 97
HM6116-3 150 150 0.1m/0.18 [ K BN B ) 97
HM6116-4 200 200 [ AN BN BN J 97
HM6116L-2 120 120 o e 0 120
HM6116L-3 150 | 150 204/0.16 olele 120
HM6116L-4 200 200 [ BN BN 120
HM6116A-10 100 100 [} ® 150
HM6116A-12 120 120 L4 ® 154
HM:li:A-IS 150 | 150 0.1m/15m o |e 153

16k-bit 2048 %8 : 24
HM6116A-20 200 200 ° o 150
HM6116AL-10 100 100 ® ° 154
HM6116AL-12 120 120 ® ° 154
5u4/10m

HM6116AL-15 150 150 ® ° 154
HM6116AL-20 200 200 [ [ 154

HM - 150 L AN 1
6117-3 150 0.1m/0.2 58
HM6117-4 200 200 ®|® 158

HM6117L- ® o
3 150 150 101/0.18 168
HM6117L-4 200 200 e o 168
(to be continued)
8 O HITACHI



Organi- |Access| Cycle |Supply | Power Package***

Mod Total Type N zation Time | Time |Voltage| Dissipa-~ Repl Page
€ Bit ype No. (word (ns) | (ns) tion Pin cclegla | p ment &
X bit max min (V) (W) No.

HM6168H-45° 45| 45 oo 2168 180
HM6168H-55* 55 55 0.1m/0.25 oo 180
HM6168H-70* 70 70 ole
8 4096 X 4 180
HM6168HL-45* 45 45 ° 181
HM6168HL-55* 55 55 54/0.25 ° 181
HM6168HL-70* 70 70 [ 181
HM6167 70 70 oo 2167 182
HM6167-6 85 85 25m/0.15 ole 2167-6 182
16k-bit 20
HM6167-8 100 | 100 ole 2167-8 182
HM6167L 70 70 [ 188
HM6167L-6 85 85 54/0.15 . 188
SRAM 63841 +5
RA HM6167L-8 16384 100 | 100 [ 188
- olefe IMS1400
HM6167H-45 45 45 0.1m/0.2 192
HM6167H-55 55 55 elofe 192
HM6167HL- 45 45 °
67HL-45 5u/0.2 203
HM6167HL-55 55 55 . 203
HM6264-10 100 | 100 . 207
HM6264-12 120 | 120 0.1m/0.2 ° 207
HM6264-15 150 | 150 . 207
k-bi 8182x 8 28
S4bi MezeaL10 100 | 100 D 211
HM6264L-12 120 | 120 101/0.2 ° 2n
HM6264L-15 150 | 150 ° 211
HM4716A-1 120 | 320 ‘12 K] 218
HM4716A-2 150 | 320 ! oo MK4116-2 | 218
+5, | 20m/0.46
HM4716A-3 200 | 375 | o oo MK4116-3 | 218
16k-bit HM4716A-4 163841 250 | 410 i oo MK4116-4 | 218
" HM4s16A-3 100 | 235 oo 2118-3 229
HM4816A-3E 105 | 200 oo . 229
11m/0.15
HM4816A-4 120 | 270 /! ole 2118-4 229
HM4816A-7 150 | 320 oo 2118-7 229
- 15 2 . oo
HM4864-2 0 70 20m/0.33 237
HM4864-3 200 | 335 . oo 237
HM4864A-1 120 | 230 HEBD 256
DRAM 864A-12 s 16 —
kb | TM4B64A-15 655361 |—130_| 260 20m/0.275 MDD 256
" 'HM4864A-20 200 | 530 | MDD 256
HM4865A-12* 120 | 230 ol 266
HM4865A-15* 150 | 260 20m/0.275 o|® 266
HM4865A-20* 200 | 330 oo 266
HM50256-12 ** 120 | 220 ° 273
HM50256-15** 150 | 260 20m/0.35 . 273
256k_bit HM50256-20 ** s6214ax 1|20 | 330 . 273
' [HMs0257-12°° 120 | 220 ° 280
HM50257-15** 150 | 260 20m/0.35 . 280
HM50257-20** 200 | 330 D 280
% Under development
*% Preliminary AHM6116LP Series : 10u4W
* %% The package codes of CC, CG, P, FP and SP are applied to the package materials as follows.
CC : Side-brazed Ceramic Leadless Chip Carrier, CG . Glass-sealed Ceramic Leadless Chip Carrier, G : Cerdip, P : Plastic DIP,
FP . Small Sized Plastic Flat Package(SOP), SP : Skinny Type Plastic DIP
9

@ HITACHI



HMOS ROM

Toul Organi- A'Ic“cess supply P?w?r Package*** .
Program o?a Type No. Process zation ime | Voltage D|s'sn- . eplace- Page
Bit (word) (ns) pation | Pin clelelrp ment
X bit max (V) (W) |No.
HN61364 250 28 [ BN J 288
64k-bit | HN61365 8192x8 | 250 51/0.05 " L] 290
HN61366 250 L] 292
16384 X8
HN43128 6500 3m 28 [ ] :
-bi 32768 x4
Mask 128k-bit cMos +5 294
HN613128 16384 <8 250 541/0.05 | 28 el 296
32768%8
HN61256 3500 7.5 [ BN} oy
256k-bit 65536 % 4 m 28 208
HN613256 32768 %8 250 5u/75m e e 300
1M-bit | HN62301** 131072x8[ 350 5m/60m | 28 | ® ° 302
16k-bit | HN462716 2048 ¥ 8 450 0.555 |24 | ® @ 2716 306
HN462532 50 0.858 ® e TMS2532 | 310
HN462732 0.788 e e 2732 314
32k-bit | HN482732A-20 4096 <8 200 24 [ 2732A-2 | 321
HN482732A-25 250 0.788 ®| 2732A 321
3 HN A-30 [ A-
U. V. Era'sable 482732A- 3 NMOS 300 +5 2732A-3 321
& Electrically HN482764 250 oo 2764 324
HN482764-3 300 0.555 [ 2764-3 324
|HN. -4 450 oo
64k-bit 482764 81928 28 324
HN27C64G-20 200 [ ] 2764 329
HN27C64G-25 250 40mW ] 2764 329
HN27C64G-30 300 ® 2764 329
HN4827128-25** 250 o 332
128k-bit | HN4827128-30** | NMOS | 16384 X8 300 0.554 | 28 ® 332
HN4827128-45** 450 ® 332
Electrically Erasable | 16k-bit | HN48016 NMOS | 16384 %8 350 +5 0.16 | 24 ® 336
* Under development % %% The package codes of C, G, P and FP are applied to the package materials as follows.
%% Preliminary C : Side-brazed Ceramic DIP, G : Cerdip, P : Plastic DIP, FP : Plastic Flat Package
BMMOS MEMORIES OF WIDE OPERATING TEMPERATURE RANGE
Operating Access Power
Total Organization Temperature Time Dissipation Package***
Mode Bit Type No. (word X bit) Range (ns) Page
(°’C) max (W) PinNo. |P | G
HM61161-2 120 ® | ®| 103
HM61161-3 150 0.1m/0.18 oo 103
HM61161-4 200 e
—40 to +85 108
HM6116LI-2 120 ®|e® | 197
Static RAM 16k-bit 2048 %8 24
HM6116LI-3 150 2012/0.16 e |e | 127
HM6116LI-4 200 ® 0| 127
HM6116K-3 150 ® | 146
~55 to +125 0.1m/0.18
HM6116K-4 200 ® | 146
HM48641-2 150 o
~—40 to +85 - - 262
HM48641-3 200 ® 252
Dynamic RAM 64k-bit 65536 X 1 15m/0.3 16 7
HM4864K-2 150 ® ! 959
—55 to +85 t
HM4864K-3 200 ® | 252
EPROM 32k-bit HN 4627321 4096 X 8 —40 to +85 450 0.1/0.788 24 ® | 318

& HM6116LPI Series : 104 W

10
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EBIPOLAR RAM

Organi- Access Supply Power Package™
Level Tofal Type No. zation Output Time Voltage ]?lss‘pa' " Replacement | Page
Bit (word) (ns) tion Pin Flelce
X bit, max (V) (mW/bit) | No.
HM10414 10 [ ] F10414 342
256-bit 256 %1 2.8
HM10414-1 8 ° 342
HM2110 35 0.5 16 [} F10415 346
HM2110-1 25 ) ° F10415A 346
1024 <1
HM2112 10 [ 350
1k-bit 0.8
HM2112-1 8 [ ] 350
HM10422 10 0.8 LN ] F10422 355
ECL 256 <4 24
10k HM10422-7 7 -5.2 1.0 L] 360
HM10470 25 o0 F10470 363
HM10470-1 15 0.2 [ ) 363
4096 X 1 18
HM10470-15 Open 15 ° 368
4k-bit R
HM2142 Emitter 10 0.3 . 371
HM10474 25 e e F10474 3714
1024 x4 0.2 24
HM10474-15 15 e e 374
16k-bit | HM10480 16384 x 1 25 0.03 20|00 e@ F10480 379
Lkebi HM100415 1024 x 1 10 0.6 16 ® | ® | F100415 382
-bit
" 'HM100422 2564 10 0.8 |24|e]|e|e|Fiooz2 385
HM100470 25 L] F100470 388
ECL 4096 <1 0.2 18
HM100470-15 15 —4.5 L] 388
100k | 4k-bit
HM100474 25 LN ] F100474 391
1024 x4 0.2 24
HM100474-15 15 e o 391
16k-bit | HM100480* 16384 x 1 25 0.05 20|00 F100480 396
HM2504 55 ° 93411 399
256-bit 256 %1 1.8
HM2504-1 45 ° 93411A 399
HM2510 Open 70 . 403
Collector
TTL HM2510-1 45 +5 0.5 16 [ ] 93415 403
1k-bit | HM2510-2 1024 x1 35 [ ] 93415A 403
HM2511 70 ° 407
3-state 0.5
HM2511-1 45 [ ] 93425 407

* Preliminary
*% The package codes of F, G and CC are applied to the package material as follows.
F ! Flat Package, G : Cerdip, CC : Side-brazed Ceramic Leadless Chip Carrier

G HITACHI )



W BIPOLAR PROM

Organi- Access | Supply ll;’ower Package*
Total zation Time Voltage issi-
Level Bit Type No. (wor d) Output (ns) pation Pin e Replacement | Page
X bit max (V) (mW) No.
HN25044 o/C [ 825136 414
4k-bit 1024 x4 50 500 18
HN25045 3-s [ 828137 414
HN25084 o/C 6 [ ] 825184 419
HN25085 3-s L] 825185 419
2048 x4 550 18
HN25084S o/C 50 (] 422
HN25085S 3-s ® 422
HN25088 o/C [ 825180 425
TTL 8k-bit 60 +5
HN25089 3-s 600 ® 825181 425
HN25088S o/C L] 428
1024%x8 50 24
HN25089S 3-s [ 428
HN25088L o/C (] 431
100 350
HN25089L 3-s [ 431
HN25168S o/C [ 825190 434
16k-bit 2048% 8 60 600 24
HN25169S 3-s [ 828191 434
* The package code of G is applied to the material as follows.
G : Cerdip
12 G rHITACHI



Il PACKAGE INFORMATION (Dimensiohs in mm)

® Dual-in-line Plastic

oDP-16 eDP-18

25540.25
v
5
04Rt0 1

52

2582025

0480 120

P (4

051m
. 1.62__5 06maxk—-

54min

- 020~0 38
®DP-20 o eDP-24
eV =2 : ]
&2 D19 8-
K > o ;f H
2[4 D= 17 2 ale
ol sﬁ D16 = 0l2
e e 15 ~ e
ER 1] 73
Slat | P13 S 4 E
= 1 z 1S
10 1" = 1315
+

020~036 b0 20~038

o DP-24A o DP-28

12

N8 2
36 0(including End Flash?

1524

020~038

Applicable ICs

HM4716AP-1, HM4716AP-2, HM4716AP-3, HM4716AP-4, HM4816AP-3, HM4816AP-3E, HM4816AP-4,
DP-16 | HM4816AP-7, HM4864P-2, HM4864P-3, HM4864AP-12, HM4864AP-15, HM4864AP-20, HM4865AP-12,
HM4865AP-15, HM4865AP-20

HM4334P-3, HM4334P-4, HM4334P-3L, HM4334P-4L, HM6148P. HM6148P-6, HM6148LP, HM6148LP-6,
DP-18 HM6148HP-35, HM6148HP-45,  HM6148HP-55, HM6148HLP-35 HM6148HLP-45, HM6148HLP-55, HM6147P,
HM6147P-3, HM6147LP, HM6147LP-3, HM6147HP-35 HM6147HP-45 HM6147HP-55, HM6147HLP-35,
HM6147HLP-45, HM6147HLP-55

HM6168HP-45, HM6168HP-55, HM6168HP-70, HM6168HLP-45, HM6168HLP-55, HM6168HLP-70, HM6167P,
DP-20 | HM6167P-6, HM6167P-8, HM6167LP, HM6167LP-6, HM6167L.P-8, HM6167HP-45 HM6167HP-55,
HM6167HLP -45, HM6167HLP-55

HM6116P-2, HM6116P-3, HM6116P-4, HM6116LP-2, HM6116LP-3, HM6116LP-4, HM6116AP-10,

DP-24 HM6116AP-12, HM6116AP-15, HM6116AP-20, HM6116ALP-10, HM6116ALP-12, HM6116ALP-15,
HM6116ALP-20, HM6117P-3, HM6117P-4, HM6117LP-3, HM6117LP-4, HN61365P, HN61366P, HN48016P,
HM6116PI-2, HM6116PI-3, HM6116PI-4, HM6116LPI-2, HM6116LPI-3, HM6116LPI-4

DP-24A HM6116ASP-10, HM6116ASP-12, HM6116ASP-15, HM6116ASP-20, HM6116ALSP-10, HM6116ALSP-12,
HM6116ALSP-15, HM6116ALSP-20

DP-28 HM6264P-10, HM6264P-12, HM6264P-15, HM6264L.P-10, HM6264LP-12, HM6264LP-15, HN61364,
HN43128P, HN613128P, HN61256P, HN613256P, HN62301P

@ HITACHI
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Package Information

© CERDIP
5.06max 2.8min
oDG-16 ®DG-16A
1 H
; 2
1 1‘2
3 =
6 5
- 7.62~] | ! o E"F =380
I
15 0.20~0.38
oDG-16B oDG-18

0.20~0.3% i

oDG-20 g 5.08max 23 4m.
1
£
3
P
-‘- i\):lﬁ
"‘l’ imn
W!.’xmn
020,35 J\}‘-\‘S
9.14 5.8max —
e DG-24A F_ ‘-] - }j 28mn ®DG-24B 11.66
13 I G
= 24 ’ p23 |
+ 3 | boy |
D’. 44 b21
= 54 h20
b 59 b1g 2
£3 g Bl1g |=
= 84 17
9 i 16
104 | 15
11d P14
2d | i | |
} i
: | lysimi
ﬁj\, ST
”
~ ’ 20~036
LNl 0.0
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I
0.48+0.1

ML

2.5440.25

:

9max

T
£

-1y 020~0.36

Applicable ICs

Package Information

DG-16 HM10414, HM10414-1, HM2504, HM2504-1, HD2912
DG-16A HM4716A-1, HM4716A-2, HM4716A-3, HM4716A-4, HM2110, HM2110-1, HM2112, HM2112-1, HM100415, HM2510,
HM2510-1, HM2510-2, HM2511, HM2511-1, HD2916, HD2923
HM4816A-3, HM4816A-3E, HM4816A-4, HM4816A-7, HM4864-2, HM4864-3, HM4864A-12, HM4864A-15,
DG-16B HM4864A-20, HM50256-12, HM50256-15, HM50256-20, HM50257-12, HM50257-15, HM50257-20, HM48641-2,
HM48641-3, HM4864K-2, HM4864K-3
HM4334-3, HM4334-4, HM6148, HM6148-6, HM6148H-35, HM6148H-45, HM6148H-55, HM6147, HM6147-3,
DG-18 HM6147H-35, HM6147H-45, HM6147H-55, HM10470, HM10470-1, HM10470-15, HM2142, HM100470,
HM100470-15, HN25044, HN25045, HN25084, HN25085, HN25084S, HN25085S
DG-20 HM6168H-45, HM6168H-55, HM6168H-70, HM6167, HM6167-6, HM6167-8, HM6167H-45, HM6167H-55,
HM10480, HM100480
HM6116-2, HM6116-3, HM6116-4, HM6116L-2, HM6116L-3, HM6116L-4, HM61161-2, HM61161-3, HM6116I-4,
DG-24 HM6116LI-2, HM6116LI-3, HM6116LI-4, HM6116K-3, HM6116K-4, HN25088, HN25089, HN25088S, HN25089S,
HN25088L, HN25089L, HN25168S, HN25169S
DG-24A HM10422, HM10422-7, HM10474, HM10474-15, HM100422, HM100474, HM100474-15
DG-24B HN462716G, HN462532G, HN462732G, HN482732AG-20, HN482732AG-25, HN482732AG-30, HN462732GI
DG-28 HN482764G, HN482764G-3, HN482764G-4, HN4827128G-25, HN4827128G-30, HN4827128G-45

® Side-brazed Ceramic DIP

oDC-24C 14.93 eDC-28B 193
e ! « = 14p> 28 1 E._
2 | 23 E— 2 2 C—
3 , 2 (— 3 2% E—
! i 21 = 4 i 2% ==
5 20 C== 5 2 E
6 __l_ 1§ = 6 2 | E—
il “Th & | Ir
7 18 i [C— LA —-—4—«-4—-722 2 r(:-_ —
8 ! 17 E= s R =
9 t 16 [Co= 9 2 -
10 | 15 B 10 19 >
u I 1 18 E—
12 I 13 12 17 =
' 13 16 E—
15.24 14 ] 15 ——
| 5.08max 2.54min 1524
5.08max
Ffz_ I_—_—i? _ -
] | 1
- i o 0
g Eon-ozs o-igfh B I
Applicable ICs
DC-24C | HN462716, HN462532, HN462732

DC-28B

HN482764, HN482764-3, HN482764 -4

0.51min

1.02

0460.1

2540.25

@ HITACHI
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Package Information

@ Flat Packages

oFP-24

15.80(Including End Flash)

oFG-18

O FG-24

0.915(Including End Flash)

®FP-54

=

+0.15

—

1.9;

+ 04

r___‘.
|

.

X

i
035 OJU‘u'

5

045

in

2 4
ey,
X7 2ot ol 11

o FG-20

(Miss matching of base and cap)

3 . IMA! (Miss matching of base and cap! 3 S.IM 3
3 I g
g 1 g o | NEe==
g e . = g
ped E &
o = S 3
® Applicable ICs
HM6116FP-2, HM6116FP-3, HM6116FP-4,
- Fp-g4 | HMBI16LFP-2, HM6116LFP-3, HM6116LFP-4,
; HM6117FP-3, HM6117FP-4, HM6117LFP-3,
> HM6117LFP-4
Hﬂ ﬂ Fp-54 | HN61364FP, HN613128FP, HNG1256FP,
) HN613256FP
I= | FG-18 | HM10470F
14 FG-20 | HM10480F, HM100480F
r HM10422F, HMI0422F-7, HMI0474F,
FG-24 | HM10474F-15, HM100422F, HM100474F,
HM100474F-15
jf [Rr— a3 §

B61max
“s2mn

L]
of o
Flol ciz
HHEHH
a
1
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Package Information

® Leadless Chip Carrier

eCC-18 eCC-24

1080+ 0381 _,
_{ B 1016403

@ )

S oos _26

3-R03

MAX
L55M)

] ITTUT ko
., —
3 —38
1 - iu)
061 E; 1-C05
eCG-18 eCG-20
1080 0.381  _
.80+ 0381 !
z
¢ —_—
3 Ro3 g e
£
i
i
b
R ;.xh_‘

eCG-32 @ Applicable ICs

CC-18 | HM4864CC-2, HM4864CC-3
CC-24 | HM100415CC, HM100422CC

HM4864ACG-12, HM4864ACG-15
HM4864ACG-20

CG-20 | HM6167HCG -45, HM6167HCG-55

HM6116CG-2, HMB116CG-3,
HM6116CG-4

CG-18

1397
13.37

CG-32
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B RELIABILITY OF HITACHI IC MEMORIES

1. STRUCTURE

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

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

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

® Table 1 Examples of Basic Cell Circuit of IC Memories

. NMOS, CMOS
o Bipolar memory Bipolar memory NMOS memory memories NMOS memory
Classification (RAM) (PROM) (Dynamic RAM) (Static RAM) (PROM)
Bufferlmemory, M M : te For
i control memor icrocomputer ain memory of computer, :

Application of high-speed Y control usg microcomputer memory g’:‘;gg{’ mputer

computer
Example of
basic cell
circuit

o
i

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

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

® Table 2 Examples of IC Memory Package Outlines

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

a Ceramic DIP
® 16 Pin

® 24 Pin

® 28 Pin

18 O HitacH




Reliability of Hitachi IC Memories

m Cerdip
©® 16 Pin ® 18 Pin ® 20 Pin ® 24 Pin

® 24 Pin with Lid ® 28 Pin with Lid

= Plastic DIP

® 16 Pin ® 18 Pin ® 20 Pin ® 24 Pin ® 28 Pin

2. RELIABILITY DATA

2.1 Reliability test data on Bipolar memories assured in all device types. Results have further indi-
Reliability test data is shown in Tables 3 and 4. Since cated that the greater the device capacity, the higher
unified design and quality control standards are ap- the reliability per bit.

plied in the manufacturing process, reliability is
® Table 3 Results on Bipolar Memory Reliability Tests (1)

HM10470 ( Cerdip) HM100422(Chip Carrier) HN25089(Cerdip}
X Total Total Total
Test item Test condition sam- Fail- | Failure | Sam- Fail- | Failure | Sam- Fail- | Failure
component component component
ples ures | rate* ples ures | rate® ples ures | rate*
hours hours hours
Ta=125C
C.H. 1/hr C.H. 1/hr
Vee=—5.2V(HM10470) - - - -
125 | 4.0x10° 0 |2.3x10°° 36 | 3.6x10' 0 |2.6x107°
Vee =5.5V(HN25089)
High- "
Ta=150"C
temperature
Ver=-5.2V(HM10470)
(Operating)
Vee=—5.0V(HM100422) 80 | 2.7x10° 0 [3.4x10°° | 40 4x10' 0 [23x107° | 10 [ 1.0x10* 0 |[9.2x10°°
Vee=5.5V
(HN25089)
tese=1Hs
High- Ta=200"C 27 | 2.7x10° | 0 |3.4x107° | 40 | 4x10' 0 [2.3x107° | 15 | 1.5x10° | 0 [6.1x107*
temperature
storage Ta=295C 20 | 2.0x10° | 0 |4.6x107° | 40 | 4x10' | 0 |2.3x107° | 15 | 1.5x10' | 0 [6.1x10°°

* Estimated failuwre rate with confidence level 60 %
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Reliability of Hitachi IC Memories

@ Table 4 Results on Bipolar Memory Reliability Tests (2)

HM10470(Cerdip) | HM100422(Chip carrier) | HN25089(Cerdip)
Test item Test condition
Samples | Failures | Samples | Failures | Samples | Failures
Temperature cycling —65C~+150°C, 10 cycles 120 0 40 0 45 0
Soldering heat 260°C, 10 seconds 22 0 - - 22 0
Thermal shock 0°C~+100°C, 10 cycles 36 0 20 0 22 0
1500G, 0.5 ms,
Mechanical shock 30 0 60 0 22 0
Three times each for X, Y and Z
100~2000Hz, 20G
Variable frequency 40 0 60 0 22 0
: Three times each for X, Y and Z
Constant-acceleration | 20000G, 1 minute, each for X, Y and Z 40 0 60 0 22 0

2.2 Reliability test data on MOS memories

Tables 5, 6, and 7 depict reliability test data on a
representative group of MOS memory types—
HM4864 64K DRAM, HM4716AP 16K DRAM,

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

HM6116P 16K SRAM, HM6147P 4K SRAM,
HN462732 and HN462532 32K EPROMs, and
HN462716 16K EPROM.

HM4864 (Ceramic) HN462532/HN462732 (Cerdip)
Test item cot'}:ieiition Sam- ng:,‘::tm' Fail-| Failure | Sam- Totgll‘::trm Fail- | Failure Remarks
ples 1;1 ours ures rate* ples ph ours ures rate*
High- o
Ta=125°C CH. 1/hr CH. 1/hr * i
SyRpoAIe| Veos5.5V  [1872(3.33x10° | 3% | 125x10°¢] 100 | 1.0x10° | 0 | 9.2x10°¢ ' Oxide
operation | teyc™3us Unknown x 1
High-
temperature{ Ta=200"C 20 | 4.0x10° 0 | 2.3x10°% | 140 | 1.4x10°% 0 6.6x107¢
storage
High-
temperature | Ta=259°C - - - - 100 | 5.0x10* 0 1.8x10°%
storage
High- *2 P
= - ata
::g:ge;atute Ta=295°C - - - - 100 | 4.2x10* | 1*2 | 4.8x10°° disappearance
* Estimated failure rate with confidence level 60%
® Table 6 Results on MOS Memory Reliability Tests (2) |
HM4716AP (Plastic) HM6116P/HM6147P (Plastic)
Total com-| ;. . Total com- . .
: Test Sam- Fail-{ Failure |Sam- Fail- | Failure Remarks
Test item condition ples %‘L‘Let';t ures rate* ples plﬁ::;:t ures rate*
High Voralaav " Gl xs
igh- DD=13, CH. Vhr CH. Vhr | 2 Oxide
mperature | youMOsy |2330] 3.46x10¢ | 6% | 2.12x10°¢ | 1216 | 1.90x10°¢ | 3% | 2.19x10°¢ e x 1
operation (CMOS) E-‘:,fh‘;‘,’gg“,?f
toyc=3us Unknown x 1
High-
temperature | Ta=150°C 45| 4.5x10* |0 2.0x10°* 20| 2.0x10* {0 46x10°°
storage
High- Ta=85°C, *3 Aluminium
temperature RH=85% %onr;:sion x 127
and high- | VRRILAY' |3081| 6.2410¢ |19%s| 3.1x10°¢ | 630 | 13x10° |4%¢ | 4.0x10°* | 4, Auoci
lt:ui;Tidlty Voc=5.5V corrosion x 3
(CMOS) Unknown x 1

* Estimated failure rate with confidence level 60%.
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® Table 7 Results on MOS Memory Reliability Tests (3)

Reliability of Hitachi IC Memories

TIM4864 TIM4864 EPROM M4716ap | AMGIIGR]
Test it Test conditi (Ceramic) (Cerdip) (Cerdip) HM6147P
stitem est condition Sam- | Fail- | Sam- | Fail- | Sam- [ Fail- | Sam- | Fail- | Sam- | Fail-
ples ures | ples ures ples ures | ples ures ples ures
Temperature | ~65°C~RT~150°C
cycling 10 cycles 1208 | 0 | 260 [ © 0 | 0 - - - -
Temperature —55°C~RT~
Tomperature | 3SCRRI~ISOC | _ | - | - |30 | o792 o208 o
Temperature ~55°C~ 150°C
cydling - | 1000 cycles 164 | 0 | 100 0 50 0 | 600 | o - -
Thermal shock | 1§ excles >0 © 22 60 | o | 72 | o | 190 | 0 -1 -
Thermal shock | J5C. >~ 100°C - - - | - Jww1 | o] 138] 0| 6] 0
Soldering heat | 260°C, 10 seconds 22 | 0 | 22 | 0 | 22 | 0 | 18] © 60 | 0
Mechanical 1 500G, 0.5ms 2| 0| 38| 0] 8]0 -1 - -1 -
N 20~2,000Hz, 20G 2| 0] 38| o | 38 |0 -1 - - -
Constant. | 20,0006 2| o 8o 8]0 -l - - -

2.3 Reliability of IC memory electrical charac-
teristics

Internal elements of IC memory device types are

designed to assure stability of electrical characteris-

Fig. 1 Example of Change in Bipolar Memory Characteristics

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

Example Example of time change in access time for Bipolar memory
Device name HM10470
Test condition Ta=125°C, VEg=-5.2V Measuring Condition }?\Aa:imum
verage
Failure criteria taA=25ns Minimum
N . A 35+ i
Failure mechanism Surface degradation Marching Patiern
Results: - 30r
Access time (t ) is stabilized and is within the failure £ 95l
criteria. s
20+
ol | | I
] 500 000 " 2000
Time (hr)
7,
__ B HM4864-3 N=50pes
= 5t
£ ¥ $ F 8
:;c', g’ h{le;:n:éggcCondi(ians '
* trac =200ns
1 « Marching Pattern
0 500 000 1500 2,000
Time (hrs)
Fig. 2 V¢ min time depend: in dy P
test at 125°C
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150
HM4864-3 Measuring
N=50pcs  Conditions
100+
L
L
- b
E
-k
]
= 501
L
2
0 L

Ta=70"C
Vec=4.5V
Disturb Pattern

Specification
2ms

silds

o.
g

1,000
Time (hrs)

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

1.500

L
2,000

2.4 Classification of failure modes

Examples of field failures are shown in Fig. 4 and 5.
Hitachi eliminates latent defects such as pinholes,

foreign materials, etc., in each respective stage
production.

Pinholes

reappearing
Failures
25%

Defective Insulation
Layer Due to Foreign
Materials 9%

Statistics
for 1979-1980
20~60F1T

Destruction
30%

Defective Photo-
lithography 3%
Defective Metalization 3%

Fig. 4 Classification of Failure Modes of Bipolar Memory

in the fisld

22

of

Process data and field failure data is continuously
analyzed, and high temperature burn-in screening is
executed to further improve design, manufacture, and

reliability.

Others
15%

Pinholes

27%

Statistics
for 1979-1980
30 ~200FIT

Defective
Photo-
iithography

11%

Destruction

40%

Marginal
Failures
7%

Fig.5 Classification of Failure Modes of MOS Memory

in the field
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3. SOFT ERROR

3.1 Soft Error

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

Fig. 6 shows a misoperation defined as “Memory cell
mode of soft errors,” as distinguished from “Bit line
mode of soft errors” shown in Fig. 7. As information in
a memory cell is read out on the bit line, the bit line
potential changes depending on the memory cell data.
The change is small (several hundred mV), and com-
pared with standard potential (potential read out from
a dummy cell), it is amplified by the sense amplifier. If
the bit line is exposed to alpha particles during the
short period between read-out from the memory cell
and amplification by the sense amplifier, the bit line
potential decreases. As the potential becomes less
than standard, misoperation occurs from ‘0" to **1.”
Both are called ““Bit line mode”’ since errors appear at
irradiation of alpha particles. Soft error dependence
on cycle time is shown in Fig. 8.

Polysilicon Gate

N

\
— e

gSilicon SubstrateL____‘r—_i g (
Information Storage Area
(e being absem)(

L;A _,‘_/l_ j I K
j‘. ﬁ-particle .g

(a) (b)

yn

Memory information at

Incident a-particle generate a

(c) Inversion of memory informa-

(Eiectrons are absent)
(1 Transistor type memory cell}

large quantity of electron-hole
pairs. Generated electrons enter
the information storage area and
holes are drawn to the substrate
power supply.

Fig. 6 Misoperation in Memory Cell

tion from ‘1’ (electrons “ab-
sent’’) to ''0’" (electrons "filled*’)
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Bit Line Potential .
Information

1"

Reference Level

‘ Information 0

T U
Pre-  Inforamtion  Amplified
charge Read Cycle

<

(a) Read out memory information
into bit line

(b)

Inversion of information
from 1" to 0"
(fall of ‘1’ potential)

Fig. 7 Misoperation on Bit Line

(c)

Inversion of information
from 0" to “1"
(fall of standard potential)

103

Cell Mode

Mixed Mode

~—_—

10 Bit Line Mode

Soft Error Rate (Relative Figure)

1 o A
1 10 102 108
Cycle Time (Relative Figure)

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

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

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

3.2 Examples of soft error preventive measures

In 64K DRAM development, accelerated irradiation

test data indicated a higher soft error rate than the

expected design rate. Hitachi performed the following

soft error preventive measures:

(1) Selection of packaging materials which emit min-
imal alpha particles

(2) Application of chip coating technology to prevent
alpha particles from reaching the chip surface.

(3) Use of circuitry and layout technology with
inherent ability to resist alpha particles.

As a result of these measures, soft errors in 64K
DRAM have reached acceptable levels. These preven-
tive measures also are applied to other device types
(Fig. 9).
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Fig. 9 Example of Soft Error Improvement on 16K-bit
Dynamic RAM

3.3 System-level preventive measures

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

Reliability of Hitachi IC Memories
4. RELIABILITY CLASSIFICATION

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

Reliability can be classified according to the following
general applications:

(1) Large scale computers and electronic exchanges
(2) Automotive applications

(3) General communication-industrial use.

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

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

1. BIPOLAR IC MEMORY

1.1 Prevention of static electricity

Bipolar memories are considered to have higher resist-
ance to damage by static electricity than MOS ICs.
However, presently available high-speed Bipolar
memory ICs must be handled with suitable static elec-
tricity preventive measures. Since their diffused junc-
tions have become thinner than conventional typesin
order to perform at high speed, the following mea-
sures are recommended:

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

When handling IC memories for inspection or
connection, grounding must be provided as shown

(2

-~

inFig. 1. The 1M ohm resistor protects the handler

from electric shock.

Insulated clip

/
T
f*ﬂﬁ
Copper ring - \

“putaton a finger Shielding wire

fabout I meter IMRUW resictor

Fig. 1

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

(4) Wear cotton clothes instead of synthetic fabrics.

(6) Ground all soldering iron tips.

(6) Pack IC memories mounted on circuit boards in
conductive mats.

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

1.3 Mounting and Removal of ICs with Voltage
Applied

If ICs are inserted or removed from a board when

voltage is applied, the voltage induced at current

on/off can destroy the ICs. Mount and remove ICs

with power removed. The same precaution is neces-

sary in measurements using a tester.

1.4 Prevention of Oscillation

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

1.5 Precaution on Simple ““H” Level of ECL
Memories

If an IC’s input is grounded to fix input level at “H,”

misoperation sometimes occurs due to the internal

circuit composition. “H” and “’L” input levels are spec-

ified Viymin) and Vinmax), respectively. Please refer to

these specifications to properly utilize ICs.

1.6 Cooling

The power dissipation of Bipolar memories is 400mW
to 1000mW, depending on the device. When many
Bipolar memories are mounted on a board, forced air
cooling may be required. In addition, cooling will
improve reliability as shown in Fig. 2. We recommend
the junction temperature be kept lower than 85°C to
achieve high reliability.
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Fig.2 Example of derating of ECL

1.7 Other Precautions

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

(2

-

Shock in transportation:

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

Precautions for Handling IC Memories

2. MOS IC MEMORY

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

2.2 Reducing Power Source Noise

Current spikes can create a power source noise in
dynamic memories. Since MOS memories are
accessed while being refreshed, use of large capaci-
tors is recommended (a 10uF capacitor for every 9
pieces of 16K-bit HM4716A), as well as an 0.1uF
high-frequency capacitor for each memory.

2.3 Current Spikes in Vgg Power

Accidental current spikes on Vgs (formed by the rise or
fall of clock pulse during access time) can be pre-
vented by using a O.1uF capacitor for every 2 or 3
memories.

2.4 Clock Drive ICs

Clock drive ICs have special designs which permit fast
rise and fall times with high capacity loads. Prevent
device damage by avoiding ground wire short-circuits
to either Vpp or Vce (Pin No. 1 and No. 16 respectively).

2.5 Power Application Sequence

We recommend designing circuits so that power is
applied in the sequence of Vgs, Voo, and then Vcc. It
should be interrupted in a reverse sequence (with Vgs
interrupted last).

Some small scale systems cannot apply power in the
above sequence—as when Vgs is supplied by a DC to
DC converter. Experiments conducted under the fol-
lowing test conditions proved that such systems of
200 to 300 memory devices are not affected by the
power application sequence.
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Precautions for Handling IC Memories

1.) Test method

(1) Ambient temperature: 25°C
(2) Power voltage: Vpp=13.2V, Vcc=5.0V,
V|H=5.0V

(3) Operation mode: AC operation (‘0" to

“16383" all bits scanning).

teye=10 us
Read modify write oper-
tion

(4) Vgg power: ON (1 min.) — Floating
(1 min.)

e time(minute)

2.) Test results

N Number of | Number of | Number of
Type No. cycles sample failures
HM4716A | 2000 cycles 50 0

2.6 Assessing Memory System Designs

When evaluating system designs, power margin
curves (shmoo plots) can be obtained by observing Ves
and Vpp power levels as they are gradually varied vs.
system timing margin. Optimum curves are those
which are closest to the margin shown for the
memory device itself.

2.7 Parity Bit

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

1. VIEWS ON QUALITY AND RELIABILITY

Basic views on quality at Hitachi are to meet the

individual uers’ required quality level and maintain a

general quality level equal to or above that of the

general market. The quality required by the user may

be specified by contract, or may be indefinite. In either

case, efforts are made to assure reliable performance

in actual operating circumstances. Quality control

during the manufacturing process, and quality aware-

ness from design through production lead to product

quality and customer satisfaction. Our quality assur-

ance technique consists basically of the following

steps:

(1) Build in reliability at the design stage of new
product development.

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

(3) Execute stringent inspection and reliability con-
firmation of final products.

(4) Enhance quality levels through field data feed
back.

(56) Cooperate with research laboratories for higher
quality and reliability.

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

2. RELIABILITY DESIGN OF
SEMICONDUCTOR DEVICES

2.1 Reliability Targets

The reliability target is an important factor in sales,
manufacturing, performance, and price. It is not ade-
quate to set a reliability target based on a single set of
common test conditions. The reliability target is set
based on many factors:

(1) End use of semiconductor device.

(2) End use of equipment in which device is used.
(3) Device manufacturing process.

(4) End user manufacturing techniques.

(5) Quality control and screening test methods.

(6) Reliability target of system.

2.2 Reliability Design
The following steps are taken to meet the reliability
targets:
(1) Design Standardization
As for design rules, critical items pertaining to
quality and reliability are always studied at circuit

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

(2

-

Device Design

It is important for the device design to consider
total balance of process, structure, circuit, and
layout design, especially in the case where new
processes and/or new materials are employed.
Rigorous technical studies are conducted prior to
device development.

(3

-~

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

The objectives of Functional Test are:

@ Determining the fundamental failure mode.

® Analysis of relation between failure mode and
manufacturing process.

® Analysis of failure mechanism.

@ Establishment of QC points in manufacturing
process.

2.3 Design Review

Design Review is an organized method to confirm that

a design satisfies the performance required and

meets design specifications. In addition, design review

helps to insure quality and reliability of the finished
products. At Hitachi, design review is performed from
the planning stage to production for new products,
and also for design changes on existing products.

Items discussed and considered at design review are:

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

(2) From the standpoint of each participant, design
documents are studied, and for points needing
clarification, further investigation will be carried
out.

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

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

(5) Preparation for production.

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

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

3. QUALITY ASSURANCE SYSTEM

3.1 Activity of Quality Assurance

General views of overall quality assurance in Hitachi

are as follows:

(1) Problems in each individual process should be
solved in the process. Therefore, at the finished
product stage the potential failure factors have
been removed.

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

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

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

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

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

(3) Nodesign change or process change without QA
approval.

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

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

3.3 Quality and Reliability Control at Mass
Production

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

Step Contents Purpose

Design Review

Target M|
Specification 1

Confirmation of
Characteristics and

_?esi]gn Characteristics of Material and
- Tria =1 ' Parts
Production Approval Appearance

Dimension

Heat Resistance
Mechanical
Electrical
Others

Reliability of Materials
and Parts

Characteristics ApprovalJ

Electrical
Characteristics
Function
Voltage
Current
Temperature
Others

Appearance, Dimension

Confirmation of Target
Spec. Mainly about
Electrical
Characteristics

Quality Approval (1) ]

Reliability Test
Life Test
Thermal Stress
Moisture Resistance
Mechanical Stress
Others

Confirmation of Quality
and Reliability in Design

L Quality Approval (2) ]

Mass
Production

Reliability Test
Process Check same as
Quality Approval (1)

Confirmation of Quality
and Reliability in Mass
Production

Fig. 1 Flow Chart of Quality Approval
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Process Quality Control

i

—

Material, Parts l

Material,
Parts

Method

Inspection on Material and

Inspection of

Material and Parts Parts for Semiconductor

Devices

Lot Sampling,
Confirmation of

Quality Level

Manufacturing Equipment,

Confirmation of
Quality Level

Manufacturing — —{ Environment, Sub-material,
Worker Control
Inner Process

Screening Quality Control

Lot Sampling,
Confirmation of

Quality Level

I

100% Inspection on

9 .
1009 Inspection Appearance and Electrical

L

Products

Lot

Assurance

Test

Characteristics

Testing,

Inspection

Sampling Inspection on

Products

Inspection Appearance and Electrical

Characteristics

Lot Sampling

Reliability Test

Confirmation of
Quality Level, Lot
Sampling

__1.‘— I_f__'——-——l Feedback of
| Qua ity Information | Information
| Claim |
| Field Experience | —
General Quality |
| Information |
|
b J
Fig.2 Flow Chart of Quality Control in Manufacturing

Process
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3.3.1 Quality Control of Parts and Materials

As semiconductor devices tend towards higher per-
formance and higher reliability, the importance of
quality control of parts and materials becomes para-
mount. Items such as crystals, lead frames, fine wire
for wire bonding, packages, and materials needed in
manufacturing processes such as masks and chemi-
cals, are all subject to rigorous inspection and control.
Incoming inspection is performed based on the pur-
chase specification and drawing. The sampling is exe-

cuted based mainly on MIL-STD-105D.

The other activities of quality assurance are as

follows:

(1) Outside vendor technical information meeting.
(2) Approval and guidance of outside vendors.
(3) Chemical analysis and test.

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

® Table 1 Quality Control Check Points of Material
and Parts (Example)
Material, Important .
Parts Control Items Point for Check
Appearance Damage and Contamina-
Di Fltion on Surface
imension atness
Wafer Sheet Resistance Resistance
Defect Density Defect Numbers
Crystal Axis
Appearance Defect Numbers, Scratch
Mask Dimension Di ion Level
Resistoration
Gradation Uniformity of Gradation
Fine Appearance Contamination, Scratch,
Wire for . X Bend, Twist
Wire Dimension .
Bonding Purity X X Purity Level
Elongation Ratio | Mechanical Strength
Appearance Contamination, Scratch
Dimension Dimension Level
Processing
Frame Accuracy
Plating Bondability, Solderability
Mounting Heat Resistance
Characteristics
Appearance Contamination, Scratch
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
Tlsharalcteristics
: erma
Plastic Characteristics
Molding Molding Performance
Performance
Mounting Mounting Characteristics
Characteristics
32

3.3.2 Inner Process Quality Control

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

(1) Quality Control of Semi-final Products and Final

Products

Potential failure factors of semiconductor devices

are removed in the manufacturing process. To

achieve this, check points are set-up in each pro-

cess and products which have potential failure

factors are not moved to the next process step.

Manufacturing lines are rigidly selected and tight

inner process quality controls are executed—rigid

checks in each process and each lot, 100% inspec-

tion to remove failure factors caused by manufac-

turing variables and high temperature aging and

temperature cycling. Elements of inner process

quality control are as follows:

® Condition control of equipment and workers
environment and random sampling of semi-
final products.

[ ] Suggestion system for improvement of work.

® Education of workers.

® Maintenance and improvement of yield.

® Determining quality problems, and implement-
ing countermeasures.

® Transfer of quality information.

(2

-

Quality Control of Manufacturing Facilities and
Measuring Equipment

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

(3

Quality Control of Manufacturing Circumstances
and Sub-Materials

The quality and reliability of semiconductor devices
are highly affected by the manufacturing process.
Therefore, controls of manufacturing circum-
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stances such as temperature, humidity and dust,
and the control of submaterials, like gas, and pure
water used in a manufacturing process, are inten-

Quality Assurance of IC Memories

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

sively executed.

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

concentration.

Assurance

3.3.3 Final Product Inspection and Reliability

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

Process Control Point
—TPurchase 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
©PQC Level Check Pull Strength, Compresion
Width, Shear Strength
JInspection after Appearance after Assembling
Assembling
OPQC Lot Judgement
LPackage~| . X
) 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 Vi

Breakdown Voltage Check
Assurance of Standard
Thickness

Prevention of Crack,
Quality Assurance of Scribe

Quality Check of Chip

Bonding

Quality Check of Wire
Bonding

Prevention of Open and
Short

Guarantee of Appearance
and Dimension

Feedback of Analysis Infor-
mation
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Quality Assurance of IC Memories

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

turing. Though 100% vyield is expected, sampling (2) Reliability Assurance Tests

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

Customer
Claim

(Failures, Information)

Sales Dept.
Sales Engineering Dept.

r— T | T T T 0 1

Quality Assurance Dept. Failure Analysis

]
# i

] Countermeasure
Manufacturing Dept. Design Dept. Execution of
Countermeasure

Quality Assurance Dept.

Follow-up and Confirmation
of Countermeasure Execution

|
|
:
|
|
|
I
|
II Report
|
|
|
|
|
|
|

Sales Engineering Dept.

Reply

Customer

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

1. Inspection Methods

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

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

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

(1) All “Low,” all “High”
(2) Checker flag

(3) Stripe pattern

(4) Marching

(5) Galloping

(6) Walking

(7) Ping-pong

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

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

2. Marching Pattern

As its name indicates, this is a pattern in which ‘1"
marches into all bits written “0”. The addressing
method is explained in the following example for a
simple 16-bit memory:

(1) Write 0" for all bits (Fig. 1a).

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

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

(4) Read “O” of 1st address.

(5) Write ““1” in 1st address.

(6) Read “O” of nth address.

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

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

(9) Since all data is 1" in this condition, replace 0"
and 1 after procedure (2), and repeat once more
up to procedure (8).

It is understood that 5N address patterns are neces-

sary for the N bit memory in this method.
(a) (b} (e}

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

o 0 0 0 0o 0 0 o 0 0 0 0

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

3. Generation of Marching Pattern

A method of generating the marching pattern and
displaying failed bits on the Braun tube is shown
below. Fig. 2 shows the block diagram, with the
address pattern generated by four synchronous 4-bit
counters. All address patterns are shown in Fig. 4—an
example of 16K bit memory. It can be seen that A14,
which has half the frequency of the maximum address
input A13, is the same as the data input. The A15
signal together with the HD74161 carrier signal is
used to determine the sequence termination.

In the read and write cycles shown in Fig. 2, after
clearing all bits, addressing is twice the period of
clearing. This switching is performed at the binary
gate, following the reference pulse generating circuit.
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Outline of Testing Method
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Pulse Gen

Clock Gen

Strobe

=N Yij——= ADDRo
Y ADDR,
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B
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As i+
—CP HD74161  fAu
Carry Out

to Din of memory

Fig. 2 Marching Pattern Generating Circuit

Ao —— SWAc
A ——
- |
A3 =1 D/A Converter AW OP AMP > Z Axis of Oscilloscope
= > A
AS""—‘
Ag ——1
A —f >
Ap ——r|
Ay —
Aro—— D/A Converter |, OP AMP b——3> Y Axis of Oscilloscope
Ay~
A —
AI3_"
-
Wic
From Comparator Circuit
fom Zonw! AM—— 0P AMP >—-—> X Axis of Oscilloscope

Fig. 3 Fail Bit Map Display Circuit

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

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

to Comparator Circuit of Memory

1S Il

‘|-:——AII‘0’-——|-——'0"Rnd“l'W1rite —afe——"1"Read"0" Write ——e=]
o QU LT LU Py

Fig. 5

N

Fig. 4 Entire Pulse Relations

Y Address

(a) Vs —0.3V X Address

Y Address

(b) Vee==0.1V X Address
E le of D dency of Fail Bit Map on Vgg

Y Address

X Address

Fig. 6 Example of 1 bit solid fail
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nary oscilloscope. The bit map as shown in Fig. 5 is
extremely useful in observing IC memory operation.

4. Failure Mode

70~90% of failure at user end is called a solid
failure—a mode which has no relation to access time,
voltage margin and timing. In this failure mode, the
memory is not capable of reading from or writing to
certain specified bits, which are fixedat "0 or “1”. An
example of single bit solid failure is shown in Fig. 6.
The convenient tester previously described can detect
such failures. Except for special cases, it is rarely
necessary to perform high-precision measurements
such as those made by IC memory manufacturers.

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

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

@ HITACHI
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Hl APPLICATION OF DYNAMIC RAMS

1. Power On

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

Vee (V)
o o

AT

-
Vee (V)

\JRAS.CAS=Vss Frsbrs—ves

10 e

/
/

Icc (mA)

Icc (mA)

N WCAS=Vee

ORead cycle =
Write cycle ===

RS M\
TAS —\

ORead modify write cycle

RAS —\
CTAS —\
e+ ) —

WE |

bout —— ¢ :

O Page mode read cycle
Page mode write cycle -——

OTRS only refresh cycle

RAS  —\ M\
oy ——
Address  _XEX

I

LU 655 0 455 SN & 2

]
Dout ___._O_O—_ Dout Open

L
s 7’ L,CAS=Vec
/

1 20 30 40 50

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 is held by the internal circuitry, change to
Y address. Then trail CAS to take in the Y address.
If the WE pin is at high, the output will appear on
the Dout pin.

(2

-~

Wirite Cycle:
The ing_gt. at Din is written in the memory cell
when WE turns to low before CAS.

3

-~

Read/Modify/Write Cycle:

During this cycle, CAS and WE are trailed down to
low, so that data is read out from, and written in,
the same address in the same memory cycle.

4

-

Page Mode Cycle:

inthis cycle, CAS is cyclically moved after taking in
the X address through RAS, to scan only the Y
address. This permits reading out and writing in
only one column of data at high speed.

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 out. The output is controlled by the CAS
signals. In the early write cycle, the output reaches
high impedance to permit use as a common /0
terminal.

3. Refresh Cycle

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

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

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

There are two methods of refreshing:
(1) Concentrated—giving a 128-cycle refresh after
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operating the memory for a period of 2ms
maximum.

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

4. Operating Current in Dynamic RAMs

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

RAS/CAS Cycle |Long RAS/CAS Cycle [RAS Only Cycle| Page Mode Cycle
I\ I\ Y VY | W
[ | — AU Ay

|
ol

o
=
ol

.|
Tin I
JAAY [ 11 L JV 1
J RN 1 \ 1 {
o~ e A Sl o oo
% Note ! Vee=5.V. Ta=20'C

—=| |e—50ns

Iec (mA)
Lyl ]
IS
Dl

N

=

Fig.3 Power supply voltage (HM4864)

DRAMs show different current peaks, depending
upon RAS and CAS timing. The largest peak appears
when both X and Y operate simultaneously. The max-
imum current peak for HM4864 is approximately
100mA. Current consumed during standby Is ex-
pressed as a function of cycle time dependency in Fig.
4. During standby, with a once-in-every16usrefresh,
HM4864 consumes approximately 3mA current.

-~
=3

w
3
[ —

/

>

O 300m 500m 1z 2i 5ul0u 20u

Cycle Time (tre)

RAS Only Refresh Current Icc (mA)

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

Application of Dynamic RAMs

5. Noise

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

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

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

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

_ i
1 hias

Low-frequency noise :
Not more than 10% of standard power

supply voltage.

Total of low-and high-frequency

Not more than +10% of standard power
supply voltage.

Fig.5 Power source noise
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B PROGRAMMING & ERASING OF PROMS

1. PROGRAMMING AND
ERASING EPROMs

1.1 Programming

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

When reading out, voltage is applied as in Fig. 3, and
“1""and 0" are identified by checking whether or not
current flows. Since the drain voltage for read-out is
set at 3V, no erroneous writing takes place.

When shipped, all EPROM bits are held at logic “1"”
with all charge released (no programmed data). In
changing “1” to 0" by applying the specified wave-
form and voltage, data is programmed. The higher the
Vee voltage, and the longer the program pulse width
tpW, the greater the quantity of electrons programmed
in, as shown in Fig. 4.

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

Gate Gate
Polysilicon

Oxide film
Source r——l'"_- Drain Snurce—-\ /——"Drain

el

Fig.1 Memory transistor
circuit symbol

P

Fig.2 Cross section of
memory transistor

Logic "1"  Logic "0

Readout Ves

Fig.3 Reading out stored information

Write © Vee=5V, Vpp=25V
Read : Vpp=5\

Stored Charge (Relative)
o >
~

0 10 20 30 10 30

Program Pulse Width tpw (ms)

i
. A

X

/ Write : Vee=5V

6 ri cC o
|

( Read : Vpp=5\.

Stored Charge (Relative)

20 22 24 26 28
Program Vee (V)

Fig.4 Typical Programming Characteristics
of EPROMs.
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1.2 Erasing

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

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

3
=S
] F=ALL 0" T ]
N AL
3, NS
E Most Easy-to-Erase Bit
K E\\Q T Py
% NN
g’ \\\ Most Hard-to-Erase Bit
3 . \\\/
2 AN
R | \N\‘ ]
-
. NN
RN L]
0 1 2 3 1

UV-Irradiation (W -sec/cm?)

Fig.5 Typical Erasing Characteristics

Programming & Erasing of PROMs

1.3 Data Retention

As a result of writing in, anoroximately 0.5 to 2.0 x
1013 coulomb of electrons are accumulated at the
floating gate. With the elapse of time, these electrons
decrease, which can result in inversion of stored data.
The mechanisms of electron dissipation are explained
as follows:

(1) Data Dissipation by Heat

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

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

(2

-~

/
7

10 /

MTTF (hrs)

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

106} 40W Fluorescent Lamp
30cm Away

10‘ -
Direct Sunlight

Eradiation Time (Relative)

102

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

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

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

(3) Data dissipation by voltage

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

1.4 EPROM Programmer
An EPROM Programmer stores program data from a
source in its internal RAM, and writes the program
data into an EPROM. A minimum of 3 functions are
necessary to accomplish this: the Blank check func-
tion prior to programming, the Programming function,
and the Verify function. As shown in the drawing,
programmers also are provided with a reverse inser-
tion checking function, or pin contact checking func-
tion, prior to the Blank Check. The diagram is outlined
as follows:
(a) Pin contact check
Checking is performed by detecting the forward
current of each EPROM pin. This forward biased
resistance differs between product manufacturers.

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

(c) Blank Check
This function is performed prior to programming
to determine whether the EPROM is erased, or to
prevent EPROM reprogramming. With output data
in the erased condition at “1" (high), check
whether or notdata inthe EPROMisalsoat“1.” It
will failstop, if any “O” is detected. Normally, a
lamp or buzzer provides warning.

(d) Programming

Normal programming flow is shown below. An
EPROM data word will be read out prior to pro-
gramming, and compared with programming
data. If they coincide, programming will be
skipped; and if they differ, programming will be
performed. Read out will be again compared with
programming data, and if they coincide, it will
progress to the next address.

, N
(\ Check Pin Contact

Programming

END

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

Start

Is Programming
Necessary?

Is it the
Final address?

Address
Increment
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Programming & Erasing of PROMs

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

Method
Copy input

Content

Input by copying the master ROM.

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

Manual input

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 EPROMs

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

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

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

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

(4) Use shielding labels with conductive substances
that can evenly distribute the established charge.

1.6 Shielding Labels

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

(1) Adhesive Strength

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

Temperature Range

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

Humidity Range

Use a shielding label where humidity does not
exceed the specified allowable range.

(2

-

(3

-
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Programming & Erasing of PROMs

2. PROGRAMMING BIPOLAR PROMS

2.1 Programming System

Bipolar PROM storage systems are classified as blown
diode type, and fuse type. In the blown diode system,
the Emitter-Base junction is short-circuited by A1,
which has penetrated into the Base because of a
current pulse applied to the E-B junction (Fig. 6).
Hitachi devices use the blown diode system, which is
considered to be more reliable.

In the fuse system (Fig. 5), the metal fuse is burned off
by current, and a grow back phenomenon, or migra-
tion and recombination of the metal, can occur.

Short-circuit
in Programming Bit Line

Word Line

Fig. 6 Blown diode system

Open in i Bit Line
Programming

Word Line

Fig. 5 Fuse system

2.2 Programming Method

Programming is executed with conventional equip-
ment (PROM writer), using a personality board suited
to the product.

A Blank check is first performed. Next write the
pattern you want to program, bit by bit. At every appli-
cation of current pulse, confirm program by sensing
the output level. This process should be performed for
all bits into which you want to write. When program-
ming is completed, Verify is performed.

At Blank Check, Sense and Verify, high outpur pin
level (non-programmed), or low level (programmed) is
checked by the sense current (ls). Vs — Is characteris-
tics for normal series and S series is shown in Fig. 8
and 9, respectively. Specified value of Is for both series
is 20mA, and voltage reference level is 7.5V.

Fig. 10 and 11 show the relationship between pro-
gram current and program pulse number for 1 bittobe
written. Program current is specified at 130mA in
normal series, and at 90mA in S series.
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2.3 Programming Characteristics of Hitachi
Bipolar PROMs

(a) Low program current

130mA for normal series, and 90mA for S series is

required for programming, resulting in few in-

stances of voltage breakdown and parasitic effects.

Fast programming speed

As seen in Fig. 10 and 11, one program pulse per

bit is usually sufficient, reducing the program time

per device. For the example of 8k bits, only 2 or 3

seconds is required.

(b,

~

(c

Programming & Erasing of PROMs
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Fig. 11 Program Pulse — Iw Characteristic of S Series
(HN25169S)

High programming yield

Unlike MOS PROMSs, Bipolar PROMs cannot be
rewritten. Programming and inspection for pro-
duct defects prior to delivery is not possible. Pro-
gramming efficiency is 90~95% when performed
at the user end. Special tests such as actual pro-
gramming on the chip’s dummy cell, and per-
forming continuity tests of all memory cells, are
executed at the factory, to minimize delivery of
defective products.
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Programming & Erasing of PROMs

2.4 Programming

There are two methods of programming PROMs, as
follows:

2.4.1 Programming by the PROM manufacturer
As shown in the drawing below, the manufacturer
receives specifications designating the program pat-
tern, performs the writing function, and delivers the
programmed PROM.

Submittance of
Program Specification

Purchase of PROM
WRITER,
Performance Board
(Hitachi Certified
Item) and Socket
(Hitachi
Certified Item).

PROM Purchase

Development Demand
of Hitachi Exclusive
Performance Board

and Socket.

PROM
Manufacturer

v

User [
¢

Delivery Upon

Programming (Hitachi)

2.4.2 Programming by the user

The user purchases the following items certified for

Hitachi products:

(1) PROM WRITER (Main unit of programming
equipment)

(2) Personality board unique to manufacturer and
device type.

(3) Minimum of one socket per product, purchased
from the PROM WRITER manufacturer.

Manufacture of Board

d Socket PROM
Hitachi | WRITER
Manufactcrer’s Manufacturer|

Certification

Fig. 12 Relationship among Hitachi, User and PROM

WRITER manufacturer

2.5 Programming Device

There are about 10 programming device manufac-
turers, but not all manufacturer’s devices are appro-
priate. A manufacturer must develop and qualify a
board dedicated to Hitachi products. Hitachi can pro-
vide a list of recommended programming device
manufacturers who meet all certification require-
ments. Please contact our sales engineering staff for
this information.
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B MASK ROM PROGRAMMING INSTRUCTION

The writing of custom program codes into mask ROMs
is performed by the CAD system, using a large scale
computer. ROM code data should conform to specifi-
cations given below, using either paper tape, EPROM
or magnetic tape. Additional instructions, such as chip
select and customer part number, should be given in
the “ROM Specification ldentification Sheet.”

1. Overall Specifications

Since the submitted paper tape, card or magnetic tape

is fed into a large scale computer, please observe the
following specifications:

1.1 Paper Tape Specifications

1.1.1 1-inch-wide paper tape marketed for compu-
ters must be used. Any color may be used, although
black is recommended.

1.1.2 Allow more than 600 frames for the leader and
trailer.

©000000000000/0000000000000000000|00000000

Leader
{More Than 600 Frames)

1.1.3 Parity mode

The presence and type of parity must be clearly indi-
cated in the “ROM Specification Identification Sheet.”
Modes in the parity system are:

(1) With parity
Evenoparity........ooovvunnnn EVEN
Oddparity .....coovvvvennnnns OoDD

(2) Without parity

1.1.4 Useofthe 8-unit ASC11 coding system is spec-
ified for the code.

1.2 Specification of Magnetic Tape

1.2.1 The following type of magnetic tape is specified,
which can be entered in a magnetic tape device com-
patible with the IBM magnetic tape device:

(1) Length..... 2,400 feet, 1,200 feet, or 600 feet
[P AT TA'ZT¢ |1, 1 Y2 inch
(BY Channel......ovvveeeineennnnnens 9 channels
(4) BitDensity ............. 800 BPI or 1,600 BPI

(clearly state bit density in the
“ROM Specification Identification Sheet.”)
1.2.2 Use EBCDIC code.

Data Trailer

More Than 600 Frames)

1.2.3 Follow the format for magnetic tape described
as follows:

(1) No leading tape mark

(2) No label
(3) Record size 80 byte/1 record
(4) Block size 10 records/ 1 block

(5) Indicate end of the file with 2 successive tape
marks (TM).

1.2.4 Ensure that magnetic tapes represent one roll

for each chip. Extending the single-chip portion over

several rolls is unacceptable.

2. Data Mode

2.1 HMCS6800 Load Module Mode

This mode is the object mode output from the
HMCS6800 assembler.

2.1.1 Divide the 8-bit code into the upper and lower
4-bit codes, and convert each into hexadecimal nota-
tions. (Example: The code of 1100 0110 is as follows
under binary notation.)

2.1.2 The composition of the load module mode is
shown in the following example for paper tape. The
numbers written in the tape are ASCIl code hexade-
cimal numbers of the data.

—Oow

Block 1 Block 2 Block 3

E4
==
om
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Mask ROM Programming Instruction

} Leader(NULLS)

(CR)

LF)

(NULL) -4

§ = Head of Record
CC= Type of Record

Frame

olwlol>|o

Byte Count

2 Frames = 1 Byte)
L Address Size
M
i3
@

11

Data

w -
Max. 70 frame —————emnl
TTT
o
|

wlal
afw

Check sum
!

- Data

ol —}CMSU\

TN
(Note) The check sum is a technique which disregards the complement on one of each bit sum of the 8 bits.

2.1.3 The actual load module is shown as follows:

CC=30 CC=31 CC=39
Header Data End of
record record file record
Frame RS
1 Record Start 5 3 S 5 3 S 5 3 S
2 Record Type 3 0 0 31 1 3 9 9
: Byte Count :: 06 ; ; 16 ; g 03
: 30 31 30
0 30
7 Address Size So| o So| uoe 30| o
8 i 30 30 30
.i Data : s e ; : 98 : g Fe ( Check
Data L : ol o2
Data : 2 52-R
N Check Sum : ; 1B ( Check Sum ) ; ; A8 (Check Sum )
SO0 indicates the head of the file, and S9 indicates the counting in 1-byte increments, and checking whether
end of the file. The actual data enters following S1 or or not it is sequential. Where the address is skipped,
from the address (hexadecimal) indicated in the 00 or FF data enters hexadecimally. A printed example
address size. The address of the data recorder address on paper tape for the HMCS6800 load module mode is
is compared with the next data recorder address, by as follows:

Example

Header Record »S00B000058204558414D504CBS
Data Record —S113F0007EF5587EF7897EFAA77EF9C07EF9C47E24
Data Record —S112F010FA657EFA8B7EFAA07TEF9DC7EFA247E06

End of
File Record —S9030000FC
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2.1.4 The ROM code data capability is indicated in
the following four case types. A header recorder is
required in front of the data recorder and an end of file
recorder at the back of the data recorder.
(1) When the data reaches full ROM capacity:
The ROM recorder for 1 chip
enters into the data recorder.
Since the address of the data
recorder address size counts the
data and checks whether or not it
is in a sequential address, the
address can not be skipped. The
ROM head address column on the
“ROM Specification Identification
Sheet” is O.
(2) When data is input from ROM enroute:
In this case, enter a decimal nota-
tion in the ROM head address
. column on the “ROM Specifica-
L tion Identification Sheet,” to iden-
4
Z

Y
g

NN

ROM

7 tify the ROM address chosen for
data input. The 00 or FF data will

/ enter into the blank address by

hexadecimal notation.

Mask ROM Programming Instruction

(3) When data is input by skipping intermediate
address:

75

Blank
(00 or FF)

/Dna 2/

ROM

The address of the data recorder
address size is counted in 1-byte
increments, compared with the
next data recorder address, and
checked whether or not it is
sequential. 00 data automatically
enters by hexadecimal notation
into the ROM code of the skipped
address. Therefore, it is also pos-
sible to write data per the fol-
lowing drawing. In this case, note
on the “ROM Specification Identi-
fication Sheet” that the ROM
head address enters from O
address for data |, and from which
address it enters for data |l.

(4) When the data is less than ROM full capacity:
Where data volume is less than

/E 2 ROMLSI total byte capacity when

/) Data /] N

4 /] the end of file recorder appears,
22077, write the ROM code as shown in
o the following drawing.

(Example shows a paper tape when the data recorder
is $1141920B6-FC...)

000 OO
o

o
00000000 O
0000000 O

o
0000 O

o
o
00000000000000000000 OO
o
o

2.2 BNPF Mode

2.2.1 One word is symbolized by the word start mark
(B). The bit content is represented by 8 characters of P
and N, and the BNPF slice is composed of 10 succes-
sive characters of the word end mark (F).

2.2.2 The contents are ignored from F of one BNPF
slice up to B of the next BNPF slice.

(Example: The OF code symbolized by hexadecimal
notation is given for paper tape.)

2.2.3 The bit pattern (PNPF slice) must be desig-
nated on all ROM addresses. Therefore, the ROM
head address is 0 on the “ROM Specification Identifi-
cation Sheet.”

2 Y Indicates starts of 1 word.
|\ Indicates “O” of 1 bit data.
2 ..Indicates 1" of 1 bit data.
F ottt Indicates end of 1 word.
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Mask ROM Programming Instruction

0000000000000

Note 1:

Note 2:

Note 3:

o

0000

000
[eJelo]
o000
[oele}

0000
0000000000

00000000000 000 000

TEPET

P P F
D» Ds Ds De Dy D2 Di Do

Sometimes X is used in additiontoPandNin
the word content display, or BNPF slice. X
means the user is not concerned whether the
bit is P or N. However, since it is required for
performing tests, Hitachi makes a selection,
and a notation in the identification table.

The BNPF slice contents are not only those
with the continuation of NP; a B*nF also can
be used to indicate that from this slice, con-
tents of the previous slice will be repeated for
n words. For example, when B*4F exists at
the 10th word, the content of the 9th word
will be repeated in the 10th, 11th, 12th, and
13th words. (It does not necessarily mean
that X content in Note 1 above will be
repeated.) n should start from 1, and be a
number below the total ROM addresses.

If a certain block is not used (existing unused
ROM address), disposition is made per Notes
1 and 2.

Mask ROM Development Flowchart

Customer Hitachi
ROM Code “Customer
Part Number']
Chip Select
Select Either  |and Other
of the three Information

Computer Processing

Outpar Wath

@0‘(

Mask Preparation
Instruction

I Mask Preparation l

Investion

Pattern 0K

Check
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HM4334-3,HM4334-4

HM4334P-3,HM4334P-4

1024-word X 4-bit Static CMOS RAM

MFEATURES
e Single 5V Supply
® Low Power Standby and
Low Power Operation;
® Access Time; HM4334/P-3: 300 ns (max.)
HM4334/P-4: 450 ns (max.)
e Directly TTL Compatible: All inputs and outputs

Standby:
Operation:

® Common Data Input and Output using Three-state Outputs

® On Chip Address Register

EBLOCK DIAGRAM

10uW (typ.)
20mW (typ.)
(5V+5%)
(5V+10%)

Ay
Aso— T ~—oVcc
Y ] B Y e OV
Aso— Register | . 64X 64
Ayo—]
1/10 T T (@
§ (l:/o(r)nrol Column Decoder ]
' | : i 1
Latched
Address
Register
WEo—] Clote L Coot LI
(—:&E Ao Av Az As
EABSOLUTE MAXIMUM RATINGS
Item Symbol Rating Unit
Voltage On Any Pin* Vr —0.3 to Vee +0.5 v
Power Supply Voltage* Vee ~0.3 to +7.0
Power Dissipation Pr 1.0 w
Operating Temperature Topr 0 to +70 ‘C
Storage Temperature (Plastic) Toe —55 to +125 °C
Storage Temperature (Cerdip) T —65 to +150 °C

* with respect to GND
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HM4334-3, HM4334-4

(DG-18)

HM4334P-3, HM4334P-4

(DP-18)

HPIN ARRANGEMENT

U

W
[z
5
o
o
o0
O
45
N9

ol
17] ar
16] A
[15] 2
1] 1/0:
[13]1/0,
EI/Oa
[11] 1704
[10] WE

(Top View)




HM4334-3, HM4334-4, HM4334P-3, HM4334P-4

BRECOMMENDED DC OPERATING CONDITIONS (Ta=0 to +70°C)
HM4334/P-3 HM4334/P-4

Item Symbol - - Unit
min typ max min typ max
Supply Voltage Vee 4.75 5.0 5.25 4.5 5.0 5.5 \
GND 0 0 0 0 0 0 v
Input Voltage Vin 2.4 - Vec+0.5 2.4 — Vee+0.5 A%
Vi —0.3 - 0.8 -0.3 — 0.8 v
lDC AND OPERATING CHARACTERISTICS
(Ta=0 to +70°C, GND=0V, HM4334/P-3 : Vec=5V+5%, HM4334/P-4 . Vcc=5VE£10%)
Item Symbol Test Condition min typ max Unit
Input Leakage Current Iy | Vin=0 to Vec -1.0 — | +1.0 | pA
Output Leakage Current Io CE=Vin, Viu=0 to Vec -1.0 — | +1.0 | uA
Operating Power Supply Current - Jca CE=0V, Viv=Vee, I1.0=0 - — 1.0 mA
Icc: CE=0.8V, Viv=2.4V, Ii,0=0 bt 2.5 5.0 mA
Average Operating Current Iccs Vin=0 or Vcc, f=1MHz, duty 50%, Ii,0=0 - 4 7 mA
Standby Power Supply Current Icco CE2Vec—0.2V - 2 100 HA
Vou ToL=2.0mA - - 0.4 A%
Output Voltage Vor | Ton=—1.0mA 24| — — v
ICAPACITANCE (Ta=25C, f=1MHz)
Item Symbol Test Condition min typ max Unit
1/0 Terminal Capacitance Cio Vi o=0V - 7 10 pF
Input Capacitance Cn Vie=0V - 3 5 pF
BAC CHARACTERISTICS
(Ta=0 to +70°C, GND=0V, HM4334/P-3 : Vec=5V+5%, HM4334/P-4 : Vec=5V+10%)
Item Symbol : HM4334/P-3 : HM4334/P -4 Unit
min typ max min typ max
Read or Write Cycle Time* TELEL tc 460 - - 640 - - ns
Chip .Enable Access Time TELQV tac - - 300 - - 450 ns
Chip Enable to Output Active TELQX tex 50 — - 50 - - ns
Output 3-state from Deselection TEHQZ torr - - 100 - - 100 ns
Write Enable Output Disable Time TWLQZ torr: - - 100 - - 100 ns
Chip Enable Pulse Width** TELEH tce 300 - - 450 - - ns
Chip Enable Precharge Time TEHEL tp 120 - - 150 - — ns
Address Hold Time TELAX tan 100 — - 100 - — | ns
Address Setup Time TAVEL tas 20 - - 20 - - ns
Read Setup Time TWHEL trs 0 - bl 0 - - ns
Read Hold Time TEHWL | tru 0 - — 0 - - ns
Write Enable Setup Time TWLEL tws -20 - - —-20 - - ns
WE to CE Precharge Lead Time TWLEH tweL 300 - - 450 - - ns
Chip Enable to Write Enable Delay Time | TELWL tcwp 300 — - 450 - - ns
Write Enable Hold Time TEHWH tewn 0 - - 0 - - ns
Write Hold Time TELWH twn 300 d - 450 - - ns
Data Input Setup Time Tovee | e 00 | — - | 0 | - - | ns
Data Hold Time THDK | ton 0| - - 0o | - — | ns
Write Data Delay Tinme TWLDV twps 100 - - 100 b - ns
Chip Enable Rise/Fall Time TT tr - - 300 - - 300 ns

* TELEL(tc)=TELEH(tce)+TEHEL(tp)+1. (20ns) +¢,(20ns)
*% For Read Modify Write Cycle, TELEH (tce) =TELWL(tcwo)+TWLEH (twp.)+1,(20ns)
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HM4334-3, HM4334-4, HM4334P-3, HM4334P-4

BAC TEST CONDITIONS

Inputlevel « . cvvviiiiiiiniiiiiinvinns, 2.4V, 0.8V
InputRiseand Fall Time . ...........ovuut, 20ns
Timing Measurement Level. .« .. ..cooovinn, 24v,0.8Vv
Reference Level . v ovvvvviiiinineeennnnn. VOH = 2.0V, Vo = 0.8V
Outputboad -+ - v vvviininnnrnneeannnn 1 TTL and C_= 100 pF
®READ CYCLE
K
TELAX(tan)
TELEL(¢c)
T{WE)L TELEH(¢ce) TEHEL(tr)
tas
— ’\ j(_ﬁ
CE L \
TWHEL
(trs)
TEHWL(tru)
WE f f/l TELQV(tac) I\ 5 5 } 5 5
TELQX(tcx) TEHQZ(torF1)
HIGHZ AVAVAY, ’> HIGH-Z
1/0 \/\/\/\ VALID DATA OUTPUT

Note) *; TEHQZ (torF,) defines the time at which the outputs
achieve the open circuit condition and is not referenced to

@ WRITE CYCLE output voltage levels.
Ao~ Ag m VALID ADD. NEXT ADD.
TELAX(tan)
- TELEL(¢c)
TAVEL TELEH(sce) TEHEL(te)

(tas)

- X

TWLEL
(tws) TELWH (twn)
I
TDVWH TWHDX
TDVEH(¢ps) TEHDX (ton)

10 HICH 2 { VALID'DATA INPUT HIGH-Z

Note) tpg and tpgy are measured from the earlier of CE or WE going high.
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HM4334-3,~ HM4334-4, HM4334P-3, HM4334P-4

®READ MODIFY WRITE CYCLE

Ao~ As :m VALID ADD.

TELAX(tax)
TELEL(te)
TAVEL]
(txs) TELEH(tce) | | TEHEL()]
CE N
TWHEL|
(tas) TELWL(tcws) TWLEH(twre)
TEHWH(tewn)
=/ Y7777
TELQV(tac) R /
TWLDV(twos),
| TELQX(tex) | TwLQz TOVEH
(torr) (tos) L’L‘"’--“""
HIGH-Z AVAYAY, 1GH-2Z
Vo €K pata our INPUT DATA  —HICHZ
HIGH-Z

*; TWLQZ (toFF,) defines the time at which the outputs achieve
the open circuit condition and is not referenced to output
voltage levels.

©® CURRENT WAVEFORM

=TT\ T

304

Iec(ma)  2F

>

[NOTE] Vcc =6.0V,Ta = 25°C
BLOW Vcc DATA RETENTION CHARACTERISTICS (Ta=0 to +70°C)

Item Symbol Test Condition min typ max Unit
Vce for Data Retention Vor CE2Vec—0.2V 2.0 - L A
Data Retention Power Supply Current Iccor Vor=3.0V — 0.5 50 HA
Chip Deselection to Data Retention Time tcor 0 - - ns
Operation Recovery Time tr trc* b - ns

* trc=Read Cycle Time

®LOW Vcc DATA RETENTION TIMING

DATA RETENTION MODE

O

E2Vec —02V
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HM4334-3, HM4334-4, HM4334P-3, HM4334P-4

SUPPLY CURRENT vs SUPPLY VOLTAGE SUPPLY CURRENT vs. AMBIENT TEMPERATURE

10

Te=25C

i Vee=5V /
//
L0 /

oA

o

Supply Current (Stand By) Iccr (Normalized)
5

Supply Current(Stand By) IccL (Normalized)

05 /
/]
0.1
30 50 60 o 0 20 40 50 80
Supply voltage Vec (V) Ambient Temperature Ta (°C)
ACCESS TIME vs. SUPPLY VOLTAGE ACCESS TIME
vs. AMBIENT TEMPERATURE
16 16
14 Ta=70"C 14 Vee=45V
= \
3 N el P -l
2 i =
2 10 ) ,/
2 T /
o B ‘i -~
¢ o8 ¢ 08
£ ]
0.6 06
04 4.0 5.0 60 TR 20 40 60 80 100

Supply Voltage Vec (V) Ambient Temperature Ta ('C)
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Average Supply Current Icca (mA)

Input Voltage (V)

AVERAGE SUPPLY CURRENT
vs. SUPPLY VOLTAGE

12

Ta=25C
L ——T
o
—A
40 5.0 6.0

Supply Voltage Vec (V)

INPUT VOLTAGE
vs. SUPPLY VOLTAGE

25
=25"
a=25¢C Vin(min)
-
20 ]
//
-1
15 Vil :x’)_-
L—]
//
/‘/
10
05 00 5.0 5.0

Supply Voltage Vcc (V)

O HITACHI

Input Voltage (V)

AVERAGE SUPPLY CURRENT

vs. AMBIENT TEMPERATURE
12

HM4334-3, HM4334-4, HM4334P-3, HM4334P-4

Ambient Temperature Ta (C)

INPUT VOLTAGE

vs. AMBIENT TEMPERATURE
25

- 10
E Vee=5V
2
<8
B
3
3 ¢
S
E
5 .
L]
© —
%
2
I
< 2
0
-20 0 20 40 60 80 100

Vee=5V
FY] S—
P—
\\ Vinimin)
[ —t—
15
—
P—
\\.&mu)
1.0
0.5
-20 0 20 40 60 80 100

Ambient Temperature Ta ('C)




HM6148,HM6148-6
HV6148P,HM6148P-6

1024-word X 4-bit High Speed CMOS RAM

MFEATURES
® Single 5V Supply
® FastAccessTime ................ HM6148/P 70 ns (max.)
HM6148/P-6 85 ns (max.)
® Low Power Standby and Standby: 100uW (typ)
Low Power Operation; Operation:  200mW (typ)

Completely Static RAM;
No Peak Power-On Current
No Change of t4cs with Short Deselected Time
Equal Access and Cycle Times

Directly TTL Compatible; All Inputs and Outputs
Three State Output

Common Data Input and Output

Pin-Out Compatible with Intel 2148

No Clock or Timing Strobe Required

HBLOCK DIAGRAM

Ao——L
As o———-—-m: ~=—0 Ve
Row [ | -
Atk_%: b °:d Memory Matrix GND
e
pro——Pg—1 st
Avo——
Avo—— L]
| I
1/00 00— _—
' E —] Column 1/0
1702 > Input Column Decoder
Data
1/0s ©- 3 Control
1/04 o >
»ﬂ Ao A Ar Ay
&=
WE
MABSOLUTE MAXIMUM RATINGS
Item Symbol Value Unit
Terminal Voltage* Vr —0.55t0 +7.0 \
Power Dissipation Pr 1.0 w
Operating Temperature Topr 0 to +70 °C
Storage Temperature (Plastic) Tue —55 to +125 °C
Storage Temperature (Cerdip) Tue —65 to +150 °C
Storage Temperature** Tutgchian —10 to +85 °C

* with respect to GND. A —1,0V (Pulse Width < 50ns)
*% Under Bias *

ETRUTH TABLE

HM6148, HM6148-6

(DG-18)

HM6148P, HM6148P-6

(DP-18)

HPIN ARRANGEMENT

A;E ~ 18] Vee
As@ 17] ar
AAE 16 | As
AxE: 15] As
AaE 1| o
mE 13] 170,
AzE 12]1/0s
&E 11| Vo,
GNDE 10| WE
(Top View)

CS WE Mode Vee Current 1/0 Pin Reference Cycle

H X Not Selected Iss, Ism High Z

L H Read Icc Dout Read Cycle

L L Write Icc Din Write Cycle
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HM6148, HM6148-6, HM6148P, HM6148P-6

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

Item Symbol min typ max Unit
Vee 4.5 5.0 5.5 v
Supply Voltage pre 5 ; : -
Input Voltage Vi 2.4 3.5 6.0 v
\ —0.3* - 0.8 A

* V. min=—1.0V (Pulse width=50ns)

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

Item Symbol Test Condition min typ* max Unit
Input Leakage Current | 1] Vee=5.5V, Via=GND to Vcc - - 2.0 HA o
Output Leakage Current | Io] CS=Vis, Vi,o=GND to Vcc - - 2.0 KA
I CS=Vi, o= -
Operating Power Supply Current i E§ i, 1i70=0mA 3 80 mA
Ica CS=Vi., Minimum Cycle, Duty=100%, I, 0=0mA - 40 80 mA
Average Operating Current Icco* Cycle=150ns, Duty=50%, I;,0=0mA — 35 —_ mA
Iss CS=Viu - 5 12 | mA
Standby Power Supply Current —
Iss CS2Vec—0.2V, Va=0.2V or ViazVec—0.2V - 20 800 HA
Voo IoL=8mA - - 0.4 \Y
Output Voltage
Vou Ion=-—3.2mA 2.4 - — A%

Notes) * Typical limits are at Vac=5.0V, Ta=25C and specified loading.
*% ‘Reference only.

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

Item Symbol Test Condition min max Unit
Input Capacitance Cin V=0V - 5 pF
Input/Output Capacitance Cro Vi o=0V — 12 pF

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

BAC CHARACTERISTICS (Vec=5Vt10%, Ta=0 to +70°C, unless otherwise noted)
®AC TEST CONDITIONS

InputPulse Levels . ........... e Cete et GND to 3.0V
Input Rise and Fall Times ......... et 10ns
Input and Output Timing Reference Levels . ............ 1.5V
OUTPUL LOBA «+ oo v it tnii et ee e See Figure 1
Load Circuit(A) Ve Load Circuit(B) e
510Q 510Q
Dout * ;li\:l:;:c?.r:bweend Dous 0—1 5
3300 pF* mgiz‘j "
Fig. 1
MREAD CYCLE
HM6148/P HM6148/P-6
Patrameter Symbol - - Unit
min max min max

Read Cycle Time tac 70 - 85 - ns
Address Access Time tan — 70 — 85 ns
Chip Select Access Time tacs - 70 - 85 ns
Output Hold from Address Change ton 5 - 5 - ns
Chip Selection to Output in Low Z* tLz 10 — 10 - ns
Chip Deselection to Output in High Z* tuz 0 40 0 40 ns
Chip Selection to Power Up Time tey 0 - 0 - ns
Chip Deselection to Power Down Time teo - 40 - 40 ns

* Transition is measured £500mV from high impedance voltage with Load B. This parameter is sampled and not 100% tested.
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HM6148, HM6148-6, HM6148P, HM6148P-6

® TIMING WAVEFORM OF READ CYCLE NO.1’®

Address

———lOH

previous

data valid Data valid

Data out

@ TIMING WAVEFORM OF READ CYCLE NO.2"V

s X £

b t1.2.

High impedance > High impedance

Data valid

Data out

Vec supply

current

NOTES) 1. 'WE is high for Read Cycle.
2. Device is continuously selected, CS = Vi,
3. Address Valid prior to or coincident with CS transition low.

EWRITE CYCLE

HM6148/P HM6148/P-6
Parameter Symbol - - Unit
min max mn max

Write Cycle Time twe 70 - 85 - ns
Chip Selection to End of Write tew 50 - 60 - ns
Address Valid to End of Write taw 65 - 80 - ns.
Address Setup Time tas 15 - 15 - ns
twpr 50 - 60 - ns

Write Pulse Width* v
twez 65 - 80 - ns
Write Recovery Time twr 5 - 5 - ns
Data Valid to End of Write tow 30 - 35 - ns
Data Hold Time ton 5 - 5 - ns
Write Enabled to Output in High Z** twz 0 35 0 45 ns
Outpt;t Active from End of Write** tow 0 - 0 - ns

Notes) * When the CS low transition occurs simultaneously with the WE low transition or after the WE transition. I/O pins remain in a high impedance
state. In this case twpi, in the other case twe2(=twz+tow).

** Transition is measured +500mV from high impedance voltage with Load B. This parameter is sampled and not 100% tested.
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HM6148, HM6148-6, HM6148P, HM6148P-6
® TIMING WAVEFORM OF WRITE CYCLE NO.1(WE CONTROLLED) <"

Address )( )

N\

]

p—1tas: peteeee———twp2. ]
WE k N A
LDW ——amd LDH «

0
—lw:j 1 }01 e toH:
7]
Dout 7 ( ( High Impedance

7

® TIMING WAVEFORM OF WRITE CYCLE NO.2(CS CONTROLLED) ‘"

AddressD( )

[ tW R (3] —d

ton
LD W —emmtnny

(5 High Impedance

Dout

Notes)

1. CS and WE are paced in the WRITE state during low level period
(tw)-

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

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

4. 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.

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

6. If CSis 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.

7. Dout is the same phase of write data of this write cycle.
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HM6148, HM6148-6, HM6148P, HM6148P-6

Address Access Time taa (Normalized)

Supply Current Icc (mA}

62

Supply Current Ic¢ imA)

ACCESS TIME vs. V«

Address Access Time taa (Normarized)

12
11
\
10
\
09
08
45 4.75 5.0 5.25 55

Supply Voltage Vec (V)

SUPPLY CURRENT vs. Ve

50
Ta=25C
K]
a0 -
b
]
2
30 3
¥
=
5
/ E
=
20 2
3
10
4.5 4.75 5.0 5.25 5.5
Supply Voltage Vee (V1
SUPPLY CURRENT vs. Ta
50
" L
2
\ él
. — H
P
£
5
<
20 =
a
g
5
10
0 20 40 60 80

Ambient Temperature Ta ('C)

@ HITACHI

ACCESS TIME vs. Ta

12

Vee=5V

|

o

0.9

0.8

0 20 40 60
Ambient Temperature Ta °C.

SUPPLY CURRENT vs. Ve

80

Ta=25C

A

4.5 4.75 5.0 5.25

Supply Voltage Vee (V!

SUPPLY CURRENT vs. Ta

5.5

Vee=5V

0 20 40 60
Ambient Temperature Tu ('C)

80



Supply Current! Stand By) Issi(Normalized)

HM6148, HM6148-6, HM6148P, HM6148P-6

SUPPLY CURRENT vs. Vc« SUPPLY CURRENT vs. Ta
(STANDBY) (STANDBY)
10 10
Ta=25C
- Vee=5V
5 :E" 5 /
i r
3
/' : /
0.5 £ 05
£ vV
3 /
5
01 30 5.0 50 o 20 40 60 80
Supply Voltage Ve (V) Ambient Temperature Ta (°C)
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HM6148LP,HM6148LP-6

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

MFEATURES

® Single 5V Supply

® FastAccessTime ............. HM6148LP 70 ns (max.)
HM6148LP-6 85 ns (max.)

® Low Power Standby and Low Power Operation;

Standby: 5uW (typ)  Operation: 200mW (typ)

Completely Static RAM; No Clock or Timing Strobe Required
No Peak Power-On Current
No Change of t4 og With Short Deselected Time
Equal Access and Cycle Times
Directly TTL Compatible; All Inputs and Outputs
Three State Output ‘ (DP-18)
Common Data Input and Output
Capability of Battery Back Up Operation BPIN ARRANGEMENT
Pin-Out Compatible with Intel 2148
A\
AeE 18 Ve
As A
MBLOCK DIAGRAM d 7]
A‘E 16] As
Avo——— L
ao———] —o v s[4 5] &
Avo——— L] Row u Memory Matrix ~—0 GND Ao E 4] o
Ar O—E Decoder 64 %64 5
| a6 13| 1702
ao— L]
- Aso—— L Ar% 12 [ 1/0s
] | TS| s 1] /0
o — Column 1’0 g
1o o= Input Column Decoder GNDE - F
Data

N
[T
1705 B—— Cuntrol % %% %

Ao Ay Az A

BABSOLUTE MAXIMUM RATINGS

Item Symbol Value Unit
Terminal Voltage* Vr —0.55t0 +7.0 \%
Power Dissipation Pr ) 1.0 w
Operating Temperature Topr 0 to +70 ‘C
Storage Temperature Tos —55 to +125 ‘C
Storage Temperature** Togchian —10 to +85 c

% with respect to GND. &, —1.0V (Pulse Width < 50ns)
*% Under Bias
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HM6148LP, HM6148LP-6

ETRUTH TABLE

CS WE Mode Vece Current 1/0 Pin Reference Cycle
H X Not Selected Iss, Iss: High Z

L H Read Icc Dout Read Cycle

L L Write Icc Din Write Cycle

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

Item Symbol min typ max Unit
Suooly Vol Vee 4.5 5.0 5.5 v
tage
upply Toltag GND 0 0 0 v
Vin 2.4 3.5 6.0 \4
Input Voltage
Vie —0.3* - 0.8 \'

* Vi min=—1.0V (Pulse width<50ns)

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

Item Symbol Test Condition min typ* max Unit

Input Leakage Current [ 1| /cc=5.5V, V.=GND to Vcc — — 2.0 HA
Output Leakage Current [ 1ol CS=Vi, Vio=GND to Vcc — — 2.0 HA
Operating Power Supply Current Icc CS=Vi, lL.o=0mA — 35 80 mA

Ier CS=V,., Minimum Cycle, Duty=100%, I;.v=0mA — 40 80 mA
Average Operating Current

Tcco* Cycle=150ns, Duty=50%, I, o=0mA — 35 — mA

Iss CS=Viu - 5 12 | mA
Standby Power Supply Current —

Iss CS=Vee—0.2V, V.,=0.2V or V.2Vec—0.2V - 1 100 MA

Vou Io.=8mA - ot 0.4 \Y%
Output Voltage

Von Toy=—3.2mA 2.4 e - v

Notes) * Typical limits are at Vec=5.0V, Ta=25C and specified loading.
%% Reference only.

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

Item Symbol Test Condition min max Unit
Input Capacitance C.n V.=0V — 5 pF
Input/Output Capacitance Cio Vio=0V - 12 pF

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

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

InputPulse Levels . ... ccoviiit ittt GND to 3.0V
Input Riseand Fall Times « .. .c.vvovtiiniiiinnnn., 10ns
Input and Output Timing Reference Levels . .. ........... 1.5V
Output Load . ...... ettt e, See Figure
Load Circuit(A) Load Circuit(B)
Vee
5100
Dovt O——q
Duut L
33003 SpF
W_i
* includes probe and

777 jig capacitance.
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HM6148LP, HM6148LP-6

®READ CYCLE

Parameter Symbol - HM6148LP - HM6148LP-6 Unit

min max min max

Read Cycle Time tre 70 - 85 - ns
Address Access Time taa = 70 — 85 ns
Chip Select Access Time tacs - 70 - 85 ns
Output Hold from Address Change tow 5 — 5 - ns
Chip Selection to Output in Low Z* tLz 10 - 10 - ns
Chip Deselection to Output in High Z* thz 0 40 0 40 ns
Chip Selection to Power Up Time tey 0 - 0 - ns
Chip Deselection to Power Down Time ten — 40 — 40 ns

#* Transition is measured +£500mV from high impedance voltage with Load B. This parameter is sampled and not 100% tested.

®TIMING WAVEFORM OF READ CYCLE NO.1¢>®

W

f—rton

previous

Data out data valid

Data valid

© TIMING WAVEFORM OF READ CYCLE NO.2‘" ¥

e ——\ £

—TF

High impedance ) High impedance
Pl frecemrimncen

Data out Data valid

-

Vee supply

current

NOTES) 1. WE is high for Read Cycle.,
2. Device is continuously selected, CS = Vi,
3. Address Valid prior to or coincident with CS transition low.

®WRITE CYCLE

Parameter Symbol . - HM6148LP - HMG6148L.P-6 Unit
min . max min max

Write Cycle Time twe 70 - 85 - ns
Chip Selection to End of Write tew 50 — 60 — ns
Address Valid to End of Write taw 65 — 80 — ns
Address Setup Time tas 15 - 15 — ns
Write Pulse Widths et 50 - &0 - =
twpe 65 - 80 - ns

Write Recovery Time twr 5 — 5 - ns
Data Valid to End of Write tow 30 — 35 — ns
Data Hold Time ton 5 — 5 — ns
Write Enabled to Output in High Z** twz 0 35 0- 45 . ns
Output Active from End of Write** tow 0 - 0 - ns

Notes) * When the CS low transition occurs simultaneously with the WE low transition or after the WE transition, 1/O pins remain in a high impedance
state. In this case twpi, in the other case twez(=twz+tow).

#*% Transition is measured +500mV from high impedance voltage with Load B. This parameter is sampled and not 100% tested.
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HM6148LP, HM6148LP-6

® TIMING WAVEFORM OF WRITE CYCLE NO.1(WE CONTROLLED)‘"

MdressD( )(

L

s SR NTT77XT77
Pt
" ! (2
—
e  —
WE AN N y A
ton, (6]
LDW et
el ‘ 6 |
gl
Do VA 77 High Impedance
A N W . N . . . N ¢

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

”

Address }( (

[ N\ A
]

TE NN SS SN /L’

ton

P -

()

High Impedance

Notes)

1. CS and WE are paced in the WRITE state during low level period
(tw)

2. Av:/tite occurs during the overlap of a low CS and a low WE. (¢yyp)

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

4. 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.

5. 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.

6. 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.

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

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

Parameter Symbol Test Condition min typ max - [ Unit

Vec for Data Retention Vor CS=Vec—0.2V, VizVec—0.2V or V,.<0.2V 2.0 — — v

Data Retention Current Iccon | Vec=2.0V, CS21.8V, V.=1.8V or V,.<0.2V — — 40 KA

Chip Deselect to Data Retention Time teor 0 - - ns
- See Retention Waveform*

Operation Recovery Time tr trc* — — ns

* tzc=Read Cycle Time

®LOW Vcc DATA RETENTION WAVEFORM

Data Retention Mode

TS2 Vec—0.2V
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HM6148LP, HM6148LP-6

68

Address Access Time taa (Normalized)

Supply Current Icc (mA)

Supply Current Icc (mA)

ACCESS TIME vs. Vc

ACCESS TIME vs. Ta

12 12
Ta=25C Yec=sv
=
8
11 FIRE! o
\ 2
: /
10 £ 10
& 7
g
\ $
09 g o9
=
2
0.8 0.8
45 475 5.0 5.25 55 0 20 40 60 80
Supply Voltage Vec (V) Ambient Temperature Ta ('C)
SUPPLY CURRENT vs. Ve SUPPLY CURRENT vs. Vc«
50 8
Ta=25"C Ta=25C
<
40 £
2
/ &
B
2
30 ‘7‘: 4
H
H
> /
20 i~
a
10 0
4.5 4.75 5.0 5.25 5.5 4.5 4.7¢ 5.0 5.25 5.5
Supply Voltage Vec (V) Supply Voltage Vec (V)
SUPPLY CURRENT vs. Ta SUPPLY CURRENT vs. Ta
50 8
Vee=5V Vee=5V
40 E 6
a
K
&
\\ -E
. \\ 2 ‘
U; ——
20 z 2
&
3
10 0
0 20 40 60 80 0 20 40 60 80
Ambient Temperature Ta ('C) Ambient Temperature Ta ('C)
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Supplv Current: Stand By! Issi\ Normalized

HM6148LP, HM6148LP-6

SUPPLY CURRENT vs. Ve SUPPLY CURRENT vs. Ta
(STANDBY) (STANDBY)
10 , 10
Ta=25C
~ Vee=5V f
5 I <
3
1
1.0 f 1.0 '/
05 = 05 /
X H 4
é /
ol 3.0 5.0 5.0 ol o 20 20 s 80

Supply Voltage Vec (V) Ambient Temperature Ta ('C:
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HM6148H-35,HVI6148H-45,
HM6148H-55. HM6148HP-35,
HM6148HP-45, HM6148HP-55

Preliminary
1024-word x 4-bit High Speed Static CMOS RAM
M FEATURES HM6148H Series
® FastAccessTime .................. 35/45/55ns (max)
® | ow Power Standby and Low Power Operation;
Standby: 100 uW (typ.), Operation: 200mW (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 (bG-18)
® Pin-Out Compatible with Intel 2148H HM6148HP Series
M BLOCK DIAGRAM
Ao— P
Ao——P1 ~—0 Vece
Ao Row [ |  Memory Mawrix ~—o GND
Ao g fPeeder] | eixes
L > S
Ao
1 |
Vo °__ﬂ_—— Column 1/0
1/0s f[ ’ :;.::‘ (DP-18)
1/0s > Control
- —~ W PIN ARRANGEMENT

A4

AsE 18] Vee
AsE 17] A
AAE 16| As

cs
WE

XIMUM RATIN
l ABSOLUTE MAXI GS AsE = a
Item Symbol Ratings * | Unit
AoE Uy pYon
Terminal Voltage* Vr —0.5 to +7.0 \% )
Power Dissipation Pr 1.0 w A'E 13 /0
Operating Temperature Topr 0 to +70 ‘C A’E 12| /03
Storage Temperature (Plastic) Tt —55 to +125 c csls 111704
Storage Temperature (Ceramic) Tue —65 to +150 C GNDE =1
Storage Temperature** Thias —10 to +85 °C
* with respect to GND. Vit min=—3.5V (Pulse width=20ns) .
% % under bias (TOP View)
B TRUTH TABLE
CS WE Mode Vee Current 1/0 Pin Reference Cycle
H X Not selected Iss, Ism . High Z
L H Read Icc Dout Read Cycle 1, 2
L L Write Icc Din Write Cycle 1, 2

Note) The specifications of this device are subject to change without notice.
Please contact your nearest Hitachi’'s Sales Dept. regarding specifications.
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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 \'2
Supply Voltage
GND 0 0 0 A
Vi 2.2 - 6.0 v
Input Voltage
Vie —0.5* it 0.8 v

* —3.0V (Pulse width 20ns)

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

Parameter Symbol Test Conditions min typ max Unit | Notes
Input Leakage Current 1 Ie1 | Vcc=max, V.a=GND to Vcc - - 2.0 HA
Output Leakage Current |Io] | CS=Viu, Vi, §=GND to Vecc - - 2.0 KA
Operating Power Supply Current Icc CS=Vi, I, 0=0mA - 35 80 mA
Operating Power Supply Current: AC Ica min. cycle, CS=V;., I1,0=0mA — 50 100 mA 2
Standby Power Supply Current: DC Iss CS= Vi - 5 20 mA
Standby Power Supply Current(l): DC | [Ism 35: “,’;g:gzzc,’ Vin£0.2V or — | 20 | 800 | wa
Output Low Voltage Voo ToL=8mA - - 0.4 A%
Output High Voltage Von Ton=—4.0mA 2.4 - - \

Notes) 1. Typical limits are at Vec=5.0V, Ta=+25C and specified loading.
2. 120mA max. for HM6148HP-35

B CAPACITANCE (Ta=25°C, f=1MHz)

Item . Symbol Test Conditions typ max Unit
Input Capacitance Cin V=0V 3 5 pF
Input /Output Capacitance Ciso | Viso=0V 5 7 pF

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

Ml AC CHARACTERISTICS (Vcc=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

2
-
@

Z

3 e = 400
< >
Dout | Dout
2550 == s0pF" 2550 =L 5
Output Load (A) Output Load (B) t.=t;=5ns
(for tuz,trz, twz,tow) Input Pulse Waveform

* Including scope & jig.
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HM6148H-35, HM6148H-45, HM6148H-55,

HM6148HP-35, HM6148HP-45, HM6148HP-55

BAC CHARACTERISTICS (Ta=0 to 70°C, Vcc=5V+10%,
O®READ CYCLE

unless otherwise noted.)

Item Symbol HM6148HP-35 HM6148HP-45 HM6148HP-55 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 e 35 - 45 — 55 ns
Output Hold from Address Change ton 5 - 5 - 5 - ns
Chip Selection to Output in Low Z trz* 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 tpu 0 - 0 — 0 — ns
Chip Deselection to Power 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 QF READ CYCLE NO.1("®

tRre

Address

Tar

ton

ton

Dout X X >K Data Valid

® TIMING WAVEFORM OF READ CYCLE NO.2‘V®

—_— tre
cs
N tuz
tacs
tLz
Dout High Impedance Data Valid High
tey teo Impedance

Iec

Vee supply = e— - —— ~ -
current 7 50% 50% "R
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.
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HM6148H-35, HM6148H-45, HM6148H- 55,
HM6148HP-35, HM6148HP-45, HM6148HP-55

® WRITE CYCLE

ltem Symbol HM6148H /P-35 HM6148H /P -45 HM6148H /P-55 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 - 10 - 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 ol 0 — 0 —_ ns

* Transition is measured £500mV from high impedance voltage with Load B.
This parameter is sampled and not 100% tested.

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

Address )( )(
[
s SSIN YT 7777777
fo—ts—ef v — ] w2
WE AN )
LDW e IDH. 8
-‘"ﬁ] o e o2

Dout ( y4 ( é( ( ( S High Impedance

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

natress — XK )K

[+ _—;_\ 1
_ (2)
VE NN\ NN\ y. 04 4
tow toy

High Impedance @

Dout

NOTES of Timing Waveform of Write

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

. During this period, I/O pins are in the output state so that the input signals of opposite phase to the outputs must not be applied.
. If the CS low ion occurs simul ly with the WE low transition or after the WE transition, the output buffers remain

e

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

in a high impedance state.

. 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.

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

HM6148HLP-55 Preliminary
1024 -word X 4-bit High Speed Static CMOS RAM
M FEATURES
® Low Power Standby and Low Power Operation;
Standby: 5uW (typ.), Operation: 300mW (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 tics with Short Deselected Time
® Equal Access and Cycle Time
® Directly TTL Compatible: All Inputs and Outputs (DP-18)
® Three State Output
® Pin-Out Compatible with Intel 2148H W PIN ARRANGEMENT
B BLOCK DIAGRAM o ~ e
o—— P ]
:‘o-- ..E =0 Vce ASE EA1
co——DE] Fov [ pemory Macrin .
e ] e | L -
Ao g 1 As E E As
ao——¢ ; | w5 [14] vou
1o I_: Column 1/0 A E 13} 1/02
1/0: nput
5 D A,E EA/OJ
1/05 3 Control
1/0, o+ 3— cs|s 11{1/04
GND] 9 EWE
cs
— (Top View)
WE
W ABSOLUTE MAXIMUM RATINGS
Item Symbol Ratings Unit
Terminal Voltage* Vr —0.5 to +7.0 v
Power Dissipation Pr 1.0 w
Operating Temperature Topr 0 to +70 ‘C
Storage Temperature Tuts —55 to +125 °C
Storage Temperature ** This —10 to +85 ‘C
#* with respect to GND. Vit mio=—3.5V (Pulse width=20ns)
% % under bias.
Il TRUTH TABLE
Ts WE Mode Vee Current 1/0 Pin Reference Cycle
H X Not selected Iss, Ism High Z
L H Read Icc Dout Read Cycle 1, 2
L L Write Icc Din Write Cycle 1, 2

Ngte) The specifications of this device are subject to change without notice.
Please contact your nearest Hitachi's Sales Dept. regarding specifications.
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M 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 v
Viu 2.2 — 6.0 v
Input Voltage
Vi —0.5*% - 0.8 v

* —3.0V (Pulse width 20ns)

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

HM6148HLP-35, HM6148HLP-45, HM6148HLP-55

Parameter Symbol Test Conditions min typ max Unit | Notes
Input Leakage Current 111 | Vecc=max, Via=GND to Vcc - — 2.0 HA
Output Leakage Current |I.o| | CS=Viu, Vi,0o=GND to Vcc — — 2.0 MA
Operating Power Supply Current: DC Icc CS=Vi., I, 0=0mA - 35 80
Operating Power Supply Current : AC Icc min. cycle, CS=V,2, I, 0=0mA - 50 100 mA (2]
Standby Power Supply Current: DC Iss CS=Viy - 5 20 mA
) CS2Vec—0.2V, Vins0.2V or .
Standby Power Supply Current(1): DC Isg Vi Voe—0. 2V 1 50 HA
Output Low Voltage Vo To.=8mA — — 0.4 \Y%
Output High Voltage Vou Toy=—4.0mA 2.4 - — \Y%
Notes) 1. Typical limits are at Vec=~5.0V, Ta=+25°C and specified loading.
2. 120mA max. for HMGM&HLP'&')
M CAPACITANCE (Ta=25°C, f=1MHz)
Item Symbol Test Conditions typ max Unit
Input Capacitance C.. V=0V 3 5 pF
Input /Output Capacitance Ciso Vioo=0V 5 7 pF
Note) This parameter is sampled and not 100% tested.
M AC CHARACTERISTICS (Vcc=5V+£10%, Ta=0 to +70°C)
®RISE FALL TIME
Item Symbol min typ max Unit
Input Rise Time t, — 5 100 ns
Input Fall Time ts - 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
5V 5V
2 as00 = 400
< <
Dout Dout
2550 = 30pF" 2552 == 5pF
T T
Output Load (A) Output Load (B) t,=t;=5ns
(for tuz, trz, twz, tow) Input Pulse Waveform
* Including scope & jig.
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HM6148HLP-35, HM6148HLP-45, HM6148HLP-55

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

HM6148HL.P-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 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 trz* 10 — 10 — 10 — ns
Chip Deselection to Output in Higl; Z tuz* 0 20 0 20 0 20 ns
Chip Selection to Power Up Time tpy 0 — 0 — 0 -— ns
Chip Deselection to Power 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 ¢4z max is less than t.z min.

® TIMING WAVEFORM OF READ CYCLE NO.1 (@

tre
Address \< j
tas ton
ton
Dout 5 < X X < Data Valid
®TIMING WAVEFORM OF READ CYCLE NO.2"®
C—S tre
—_— )
N_ i s
trz facs
Dout High Impedance X >< Data Valid N High
I try teo Impedance
Vee supply = ————— s —
current a 50% 50% R
Iss

Notes) 1. WE is High for Read Cycle. _
2. Device is continuously selected, CS=Vi.. __
3. Address Valid prior to or coincident with CS transition Low.
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HMG6148HLP-35, HM6148HLP-45, HM6148HLP-55

O WRITE CYCLE

Item 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 tar 30 - 40 - 50 - ns
Address Valid to End of Write tw 30 - 40 - 50 - ns
Address Setup Time tas 0 - 0 - 0 - ns
Write Pulse Width twp 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.
All inputs t,, t; (rise and fall time) are less than 100ns.

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

Address )

K
s <SOL 77T 777

) @

f—tas e bW * ] v
_ —  —r
WE N /|
um.—.l.um ®
Din
3)

&
-m:] L ton
Dout 2 2.2 272227 High Impedance
A . W W . ¥ v AVAVA

) o)

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

rddress — K : 16

WE O ONNANNN N LLL L yd

High Impedance @

Dout

Notes of Timing Waveform of Write :

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

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

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

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

o e we—
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HM6148HLP-35, HM6148HLP-45, HM6148HLP-55

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

Parameter Symbol Test Conditions min typ Unit
Vcc for Data Retention Vor 2.0 - \'
CS=Vec—0.2V
Data Retention Current Iccor - —_ MA
ViaZ Vec—0.2V or
Chip Deselect to Data Retention Time teor OVE V0.2V 0 — ns
Operation Recovery Time tr trca> — ns
Note) 1. tzc=Read Cycle Time. Vee=3.0V
* % Vec=2.0V

®LOW V.c DATA RETENTION WAVEFORM

DATA RETENTION MODE

20V — = e —— A= ———— Yor_ .
\
CS2Vor—0.2V
cs
OV e e

78
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HVM6147,HM6147-3
HM6147P,HM6147P-3

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

BFEATURES

® Single 5V Supply and High Density 18 Pin Package

® High Speed: Fast Access Time 55ns/70ns Max.

® Low Power Standby and Low Power Operation,

Standby:100uW typ., Operation: 75mW typ.
® Completely Static Memory — No Clock nor Timing Strobe

Required

EBLOCK DIAGRAM

No Peak Power—On Current
No Change of t4 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

Pin-out Compatible with Intel 2147 NMOS STATIC RAM

HM6147, HM6147-3

DG-18)

HM6147P, HM6147P-3

n o—LF ) ~——0 Ver
n Row Memory Matrix
" o_—_-{t Decoder 3 64X64 «—0 GND
Ao o—-——t
As  O——i
A °—§ 13 Db-18)
o om0 pos BPIN ARRANGEMENT
Column Decoder
s KIS IS g Ee
“ a[z] [17] &
ne[3] [16] &
Ve bbbl w[1] 5] 4
A A As A A An afE] [11] %
AsE E An
WABSOLUTE MAXIMUM RATINGS o7} 7]
Item Symbol Rating Unit e [& E Din
Voltage on Any Pin relative to GND* Vr —0.5 to +7.0 v GND E E Ts
Power Dissipation Pr 1.0 w
Operating Temperature Topr 0to +70 ‘C (Top View
Storage Temperature(Ceramic) T —65 to +150 °C
Storage Temperature(Plastic) T —58 to +125 ‘C
* Viv min=—1,0V (Pulse Width < 20ns)
HRECOMMENDED DC OPERATING CONDITIONS (0°'C=<Ta<70C)
Parameter Symbol min typ max Unit
Vee 4.5 5.0 5.5 A
Supply Voltage oND o ° o v
Input High (logic 1) Voltage Viu 2.2 3.5 6.0 \'
Input Low (logic 0) Voltage Vi —0.3* - 0.8 \Y

* Vi min=—1.0V(Pulse width<20ns)

GO HITACHI
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HM6147,HM6147-3, HM6147P,HM6147P-3

BDC AND OPERATING CHARACTERISTICS (0°C<T7a<70C, Vec=5V+10%, GND=0V)

Parameter Symbol Test Conditions min typ max Unit | Notes
Input Leakage Current |1t | Vee=5.5V, GND to Vcc - - 2.0 HA
Output Leakage Current |10} CS=Vis, Veu=0~Vcc — — 2.0 HA
Operating Power Supply Current(1) DC Icc CS=V;1, Output open - 15 35 mA
Operating Power Supply Current(2) DC Icar (‘;3; ‘lj;:_:)/,.,,;o.zv or - 12 — mA (2
Average Operating Current(3) Icc: Cycle 150ns, duty 50% - 14 — mA (2)
Standby Power Supply Current(1) DC Iss CS=Vu — 5 12 mA
Standby Power Supply Current(2) DC Ism (‘ijz (:, Czc‘_,— 2;‘2“];1~Z Vee—0.2V - 20 800 HA
Output Low Voltage VoL To=12mA — — 0.40 \
Output High Voltage Vou Ton=—8.0mA 2.4 — — \

Note) 1. Typical limits are at Vec=5.0V, Te=25C and specified loading.
2. Reference only

BAC TEST CONDITIONS

e Input pulse levels: GND to 3.5V 5100
e Input rise and fall times: 10 ns

e Input and output timing reference levels: 1.5V Dout

e Output load: See Figure 1 009 30pF*

* Including scope & jig
Figure 1 Output Load

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

Item Symbol . Conditions max Unit
Input Capacitance C.n V=0V 5 pF
Output Capacitance Cout Vour=0V 7 pF

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

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

Parameter Symbol - HMé147/P -3 - HMé147/P Unit
min max min max

Read Cycle Time tre 55 — 70 — ns
Address Access Time taa — 55 — 70 ns
Chip Select Access Time tacs — 55 — 70 ns
Output Hold from Address Change ton 5 = 5 — ns
Chip Selection to Output in Low Z tLz 10 - 10 - ns
Chip Deselection to Output in High Z thz 0 40 0 40 ns
Chip Selection to Power Up Time tpy 0 — 0 - ns
Chip Deselection to Power Down Time tep — 30 — 30 ns
®WRITE CYCLE

Parameter Symbol - HM6147/P -3 - HM6147/P Unit

min max min max

Write Cycle Time twe ) 55 — 70 - ns
Chip Selection to End of Write tew 45 — 55 — ns
Address Valid to End of Write taw 45 — 55 — ns
Address Setup Time tas 0 — 0 - ns
Write Pulse Width twp 35 — 40 — ns
Write Recovery Time twr 10 - 15 - ns
Data Valid to End of Write tow 25 — 30 — ns
Data Hold Time ton 10 — 10 — ns
Write Enabled to Output in High Z twz 0 30— 0 35 ns
Output Active from End of Write tow 0 — 0 — ns
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HM6147,HM6147-3, HM6147P, HM6147P-3

® TIMING WAVEFORM OF READ CYCLE NO.1"’®

Address >

previous
data valid

Data out Data valid

© TIMING WAVEFORM OF READ CYCLE NO.2¢"®

cs j\ b

fe—-ths
b t1 /.
High impedance High 1mpedance
Data out 1 Data vahd

et r 1)
Vee supply

current

Notes: 1. WE is high for READ Cycle.
2. CSis low for READ Cycle. _
3. Addresses valid prior to or coincident with CS
transition low.

© TIMING WAVEFORM OF WRITE CYCLE

Address

Data n ‘* Data 1n valid

Data out Data undefined

High 1mpedance ,\___
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HM6147,HM6147-3,HM6147P,HM61

SUPPLY CURRENT
vs. SUPPLY VOLTAGE

47-3

30
Ta=25C
25
32
£
~ 20
-§ /
8 5 Icc l/
H
H / {
3 /
o
2 10
2
3
5
45 4.75 5.0 5.25 55
Supply Voltage Vcc (V)
ACCESS TIME
vs. SUPPLY VOLTAGE
13
Ta=25C
12
= =
I A
é 10 tAA, tACS g
g v &
[= =
- ~——— p
2 2
S 09 8
3 <
08
07
45 4.75 50 525 55
Supply Voltage Ve (V)
ACCESS TIME
vs. LOAD CAPACITANCE
20
3
" =
3 Ta=257C g
< Vee=MIN 2
3 Z
3 §
& -
& 10 r/ H
@ 5
H (]
H
é / 3
g
3
0 100 200 300 400

Load Capacitance C. (pF)
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Supply Current Icc,lccz (mA)

SUPPLY CURRENT
vs. AMBIENT TEMPERATURE

30
25 Vee=5.0V
20
15 —
——]
T e——
10
5
0
0 20 40 60 80
Ambient Temperature Ta (°C)
ACCESS TIME
vs. AMBIENT TEMPERATURE
13
Vec=5.0V
12
L1
taa, tacs L—
10 =]
09
08
0.7
0 20 40 60 80
Ambient Temperature Ta ('C)
SUPPLY CURRENT
vs. FREQUENCY
16 T a r
150ns 70n 55ns
14
12 /
" / .
/ / Ta=257C
08
0.6
04 0 5 10 15 20

Frequency f (MHz)



HM6147LP, HM6147LP-3

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

MFEATURES

® Single 5V Supply and High Density 18 Pin Package

® High Speed: Fast Access Time 55ns/70ns Max.

® Low Power Standby and Low Power Operation,
Standby: 5uW typ. Operation: 76mW typ.

Required

No Peak Power—On Current
No Change of t 4 g 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
Capability of Battery Back up Operation

Completely Static Memory — No Clock nor Timing Strobe

® Pin-out Compatible with Intel 2147 NMOS STATIC RAM
HBLOCK DIAGRAM

(DP-18)

we—fr e || o e : :w MPIN ARRANGEMENT
A; —{F—] ' »[1] g Vee
ne—F A.E 17) A
e o NG o
Din Column 1/0 Dot w1 [15) &
Column Decoder a5 1] &
a6 [15] A
- phhaky g B
e 3] [11] pin
i
oAb b A An (Top View)
HABSOLUTE 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 T,r 0 to +70 °C
Storage Temperature T —55 to +125 °C
* V. min=—1.0V (Pulse Width < 20ns)
HRECOMMENDED DC OPERATING CONDITIONS (0°C<Ta<70C)
Parameter Symbol min typ max Unit
Vee 4.5 5.0 5.5 \'
Supply Voltage oND o o o v
Input High (logic 1) Voltage Viu 2.2 3.5 6.0 A
Input Low (logic 0) Voltage Viu —0.3* - 0.8 v
* Vi min=—1.0V (Pulse widths20ns)
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HM6147LP,HM6147LP-3

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

Parameter Symbol Test Condition min typ max Unit | Notes
Input Leakage Current | I | Vee=5.5V, GND to Vec —_ - 2.0 KA
Output Leakage Current [Io| CS=Vin, Veu=0~Vcc - _ 2.0 HA
Operating Power Supply Current(1) DC " Iec CS=Vi., Output open —_ 15 35 mA

. CS=Vi,, Vins0.2V or
Operating Power Supply Current(2) DC Icar Vin2 Veo—0.2V 12 mA 3]

Average Operating Current(3) Icca Cycle 150ns, duty 50% - 14 - mA (2)
Standby Power Supply Current(1l) DC Iss CS=Vu - 5 12 mA

CSz2Vee—0.2V, Vins0.2V or
Standby P Supply Ci t(2) DC 1 - 1 100 A
andby Power Supply Current(2) sB1 Vivz Vee—0.2V 2

Output Low Voltage Voo IoL=12mA - - 0.40 v

Output High Voltage Vou Jon=—8.0mA 2.4 - - v

Note) 1. Typical limits are at Vec=5.0V, Ta=25'C and specified loading.
2. Reference only.

BMAC TEST CONDITIONS

510
® Input pulse levels: GND to 3.5V -
® Inputrise and fall times: 10 ns oot
® Input and output timing reference levels: 1.5V WL ot
® Output load: See Figure 1

* Including scope & jig capacitance
Figure 1 Output Load

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

Item Symbol Condition max Unit
Input Capacitance Cia Vin=0V 5 pF
Output Capacitance Cou Vou=0V 7 pF

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

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

Parameter Symbol .HM6147LP-3 : HM6147LP Unit
min max min max

Read Cycle Time tre 55 - 70 - ns

~ Address Access Time taa - 55 - 70 ns
Chip Select Access Time tacs - 55 - 70 ns
Output Hold from Address Change ton 5 - 5 — ns
Chip Selection to Output in Low Z tLz 10 - - 10 e ns
Chip Deselection to Output in High Z thz 0 40 0 40 ns
Chip Selection to Power Up Time tey 0 - 0 - ns
Chip Deselection to Power Down Time trp - 30 - 30 ns
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®WRITE CYCLE

HM6147LP,HM6147LP-3

HM6147LP-3 HM6147LP
Parameter Symbol - - Unit
min max min max

Write Cycle Time twe 55 — 70 — ns
Chip Selection to End of Write tew 45 — 55 — ns
Address Valid to End of Write taw 45 - 55 - ns
Address Setup Time tas 0 - 0 - ns
Write Pulse Width twp 35 - 40 - ns
Write Recovery Time twr 10 — 15 - ns
Data Valid to End of Write tow 25 - 30 et ns
Data Hold Time town 10 - 10 — ns
Write Enabled to Output in High Z twz 0 30 0 35 ns
Output Active from End of Write tow 0 — 0 - ns

O TIMING WAVEFORM OF READ CYCLE NO.1"®

Address

Data out

X

® TIMING WAVEFORM OF READ CYCLE NO.2V

Data out

Vee supply

current

previous .
data vald Data valid

High High impedance
S Data valid LL

-

NOTES: 1. WE is high for READ Cycle.
2. CSislow for READ Cycle.

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

@ HITACHI
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HM6147LP,HM6147LP-3

©® TIMING WAVEFORM OF WRITE CYCLE
| .

Address

Data in * Data 1n valid

Data out Data undefined

High impedance

HLOW Vcc RETENTION CHARACTERISTICS (Te=0C to 70CC)

Parameter Symbol Test Condition min typ max Unit
Vec for Data Retention Vor CS2Vec—0.2V, ViuzVec—0.2V or <0.2V 2.0 — - \'
Data Retention Current Iccor Vec=2.0V, C521.8V, V.21.8V or 0.2V - - 40 uA
Chip Deselect to Data Retention Time tcor ’ 0 - - ns
Operation Recovery Time tr tre* - ‘i - ns

* tgc=Read Cycle Time |

O®LOW Vcc RETENTION CHARACTERISTICS

. Data Retention Mode
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HM6147H-35 HMI6147H-45,
HM6147H-55, HVI6147HP-35,
HM6147HP-45, HM6147HP-55

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

BFEATURES

® Single 5V Supply and High Density 18 Pin Package

® 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

No Change of t4 o 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

Completely Static Memory — No Clock nor Timing'Strobe

A o—l z . " " Vee
Lo x-: ow emory Matrix
Decoder 64 x 64
ao—3 ] :> ~——0 GND
A o—3 ]
A o——LF ]
A o——LF ]
Din Column 1/0 Dout
C(Ill.l mn Decoder
Al A As A A An
HABSOLUTE MAXIMUM RATINGS
Item Symbol Rating Unit
Voltage on Any Pin relative to GND| Vr —3.5%to +7.0 \
DC Output Current 1, 20 mA
Power Dissipation Pr 1.0 w
Operating Temperature Ty 0 to +70 °C
Storage Temperature (under bias) Totgibian —10 to +85 °C
Storage Temperature (Ceramic) Tes —65 to +150 °C
Storage Temperature (Plastic) Tos --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

N

B EV“.
2] [17] 4
#[3] 6] &
s3] EA.
mE EM
s[F] 15} 1o
l)omE 12] An
TEE E]Din
o [7] 0] €5

{Top View)
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HM6147H-35,HM6147H-45HM6147H-55,HM6147HP-35,HM6147HP-45,HM6147HP-55

ERECOMMENDED DC OPERATING COWDITIONS (0°C <Ta<70°C)

Parameter Symbol min typ max Unit
Vee 4.5 5.0 5.5 \

Vol
Supply Voltage GND 0 0 0 v
Input High (logi~ 1) Voltage Vin 2.0 3.0 6.0 \4
Input Low (logic 0) Voltage Vi —3.0* — 0.8 \'J

* Pulse Width 20ns, DC: —0.5V

EDC AND OPERATING CHARACTERISTICS (0°C<Tes70°C, Vec=5V£10%, GND=0V)

Parameter Symbol Test Condition min typ max Unit
Input Leakage Current | It Vec=5.5V, GND to Vcc - - 10 HA
Output Leakage Current | Io | CS=Vu, Var=0V~Vec - -_— 10 HA
Operating Power Supply Current(1) DC Icc CS=V., Output open - 30 80 - mA
Operating Power Supply Current(2) DC Icc CS=V,., Minimum Cycle - 40 80 mA
Standby Power Supply Current(l) DC Iss CS=Vis, Vec=Min to Max - 8 20 mA
Standby Power Supply Current(2) DC Isp (;ii:c;‘:(l;z“];mg Vee—0.2V - 20 800 HA
Output Low Voltage Voo ToL=8mA - - 0.40 v
Output High Voltage Vou Tou=—4mA 2.4 - — \Y%

Note) 1. The operating ambient temperature range is

d with

™

air flow 400 linear feet minute.

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

MAC TEST CONDITIONS

@ Input pulse levels: GND to 3.0V

o Input rise and fall times: 5 ns

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

.

510Q

Output Load A Dot
3300 30pF*

Output timing reference levels: 1.5V (HM6147H/P-35)
0.8 to 2.0V (HM6147H/P-45/55)

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

* Including scope & jig capacitance
Vee

5109

Output Load B

sk

w
»
S

CAAA
W

=}

2,

=

Item Symbol Conditions max
Input Capacitance C. V=0V 5 pF
Output Capacitance Cout Vour =0V 6 pF

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

88

G HITACHI



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

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

Parameter Symbol 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), (N
Chip Deselection to Output in High Z thz 0 30 0 30 0 30 ns ((2),(3), (N
Chip Selection to Power Up Time tey 0 — 0 — 0 — ns
Chip Deselection to Power Down Time 1723 — 20 — 20 — 20 ns

© TIMING WAVEFORM OF READ CYCLE NO.1“¢

X

[7Y) |
LoK
Data Out Previous Data Vahd x >< >< Data Vahd

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

& ——\ i

tacs

tRe |

the

High Impedance
Data Oue e lrWE< >< Xi Data Valid 3 igh Impedan

7
« /e, 50¢,
Iss

Vee Supply

Current

Notes: 1. All Read Cycle timings are referenced from last valid address to the
first transitioning address.
. At any given temperature and voltage condition, /4Z max. is less than
t1.z min. both for a given device and from device to device.
. Transition is measured +500mV from steady state voltage with
cified loading in Load B.
is high for READ Cycle.
. Device is continuously selected, CS=V1L.
. Addresses valid prior to or coincident with CS transition low.
7 This parameter is sampled and not 100% tested.

oud w N
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HM6147H-35, HM6147H-45, HM6147H-55, HM6147HP-35, HM6147HP-45, HM6147HP-55

@ WRITE CYCLE

Parameter — 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 et 0 - ns
Write Pulse Width twp 20 - 25 - 30 - ns
Write Recovery Time twr 0 - 0 e 0 — ns
Data Valid to End of Write tow 20 - 25 - 25 — ns
Data Hold Time ton 10 - 10 - 10 - ns
Write Enabled to Output in High Z twz 0 20 0 25 0 30 ns | (3], (4]
Output Active from End of Write tow 0 - 0 - 0 - ns | (3), (4)

® TIMING WAVEFORM OF WRITE CYCLE (WE CONTROLLED)

twe

Address >

" N7
! Tow ton
Data In * Data In Valid *
Wz tow
Data Out Data Undefined
High I

® TIMING WAVEFORM OF WRITE CYCLE (CS CONTROLLED)

twe

Address

K

tas

tew

tun

tow 1

Data In

* Data In Valid

Data Out

Data Undefined

Notes: 1.

Note) TS or WE are High for Address Transition

High Impedance

If TS 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.

How

90
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. 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

Ta=25C Vee=5.0V

L~

0 o /

Access Time tas,tacs (Normalized)
5

0.8

0.8

Access Time tas,tacs (Normalized)
5

0.7

45 4.75 5.0 5.25 55 075 2 20 i 3
Supply Voltage Vec (V) Ambient Temperature Ta (°C)
ACCESS TIME VS. LOAD CAPACITANCE SUPPLY CURRENT VS. FREQUENCY
18 13
~ 16 12
£ 14 -t 5
2 £
LT g 10 —
3 o Ta=25C I /\/
N Vec=MIN § | ]
= 1.0 o: 0.9
k] 08 2 s
0.6 0.7
100 200 300 300 500 10 15 20 25 30
Load Capacitance Cr (pF) Frequency / (MHz)
INPUT LOW VOLTAGE VS. SUPPLY VOLTAGE INPUT HIGH VOLTAGE VS. SUPPLY VOLTAGE
13 13
Ta=25¢C Ta=25C
2 12 3
g 11 ;5 L1
z -
1.0 10
8 / % 8
£ ] £ L—
= =
Y 5 09
3 i
E o0 £ o8
0745 4.75 5.0 5.25 5.5 s 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

Ta=25C
Vee=5V

1.6

OUTPUT CURRENT VS. OUTPUT VOLTAGE

1.2

Output Current Iow (Normalized)
S
I

0.8

Output Current for (Normalized)
5

\

0.6

047

Output Voltage Vow (V)

STANDBY CURRENT VS. AMBIENT TEMPERATURE

0.4

/

/

Ta=25C
Vee=5V

/

/

0.2

0.4 0.6 0.8

Output Voltage Vor (V)

STANDBY CURRENT VS. SUPPLY VOLTAGE

/

/

Ta=25C
CS=Vec—0.2V

107 14
Vec=3V
CS=2.8Y
3 1.2
s
2 3
= 1078 / £ 1.0
3 o 2 7
K} =
: / :
H T o8
z 3
T 07 -~ > 06
3 2
@» / B
5
@»
0.4
107 0.2
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HM6147HLP-35 HM6147HLP-45,
HM6147HLP-55

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

BFEATURES

® Single 5V Supply and High Density 18 Pin Package

® High Speed: Fast Access Time 35ns/45ns/55ns Max.

® Low Power Standby and Low Power Operation,

Standby; 5uW typ., Operation: 150mW typ.

Completely Static Memory — No Clock nor Timing Strobe
Required

® No Peak Power—On Current
® No Change of t4 o with Short Chip Deselect Time
® Eyual Access and Cycle Time
o 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 ————
N Ao E E Vee
A o___E f(ow Memory Matrix e A E A4
n Decoder :> 64 x 64 —-—— N EA'
R [ mp
w3 [ 1]~
g #[3] 1] A0
Din Column 1/0 Dour Dou(E EAII
Colurmn Decoder -W—E E m Din

ey

3 Ac

H H GND E [10] cs
1 l (Top View)
A

Il ABSOLUTE MAXIMUM RATINGS

I
I

>

10 An

Item Symbol Rating Unit
Voltage on Any Pin relative to GND Vr —3.5%to +7.0 v
DC Output Current Io 20 mA
Power Dissipation Pr 1.0 w
Operating Temperature Topr 0 to +70 °C
Storage Temperature (under bias) Totg oeae> —10 to +85 °C
Storage Temperature Tote —55 to +125 °C

* Pulse Width 20ns. DC : —0.5V

ERECOMMENDED DC OPERATING CONDITIONS (0°'C=Ta<70C)

Parameter Symbol min typ max Unit

Vee 4.5 5.0 5.5 v

Supply Voltage oD o 0 Py v
Input High (logic 1) Voltage Vin 2.2 3.0 6.0 A
Input Low (logic 0) Voltage Vi —~0.5* - 0.8 \Y%

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

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

Parameter Symbol Test Condition min typ max Unit
Input Leakage Current | 1) Vec=5.5V, GND to Vcc -— - 10 HA
Output Leakage Current [ 10| CS=Viy, Veue=0V~Vcc - - 10 HA
Operating Power Supply Current(1) DC Icc CS= Vi, Output open -— 30 80 mA
Operating Power Supply Current(2) DC Icc: CS=V;., Minimum Cycle - 40 80 mA
Standby Power Supply Current(l) DC Isp CS=Vis, Vecc=Min to Max - 5 15 mA
CSzVec—0.2V,
Standby Power Supply Current(2) DC Iss VinS0.2V or Vin Vec—0.2V 1 100 HA
Output Low Voltage Vo. IoL=8mA - - 0.40 v
Output High Voltage Vou Ton=—4.0mA 2.4 - - \Y
Note) 1. The ing ambient p range is d with tr air flow ding 400 linear feet per minute.
2. Typical limits are at Vec=5.0V, Ta=25C and specified loading.
Vee
IMAC TEST CONDITIONS
e Input pulse levels: GND to 3.0V stoa
® Input rise and fall times: 5 ns Dout
® Input timing reference levels: 1.5V Output Load A .
e Output load: See Figure 3300 %pF
[ ]

Output timing reference levels:

1.6V (HM6147HLP-35)
0.8 to 2.0V (HM6147HLP-45/55)

#* Including scope & jig capacitance

5100
Output Load B Deuy O~y
3309:‘1H; SoF
BMCAPACITANCE (Ta=25C, f=1.0MHz)
Item Symbol Conditions max Unit
Input Capacitance Cin Vie=0V 5 pF
Output Capacitance Cout Veur=0V 6 pF
Note) This parameter is sampled and not 100% tested.
W AC CHARACTERISTICS (Ta=0°C to 70°C, Vcc=5V+10%, unless otherwise noted.)
o READ CYCLE
Parameter Symbal HM6147HLP-35 HM6147HLP-45 HM6147HLP-55 Unit | Notes
min max min max min max
Read Cycle Time tre 35 — 45 - 55 - ns |(1)
Address Access Time tan - 35 - 45 - 55 ns
Chip Select- Access Time tacs - 35 — 45 - 55 ns
Output Hold from Address Change ton 5 - 5 - 5 - ns
Chip Selection to Output in Low Z tLz 5 — 5, - 5 — ns {(2),3), D
Chip Deselection to Output in High Z - thz 0 30 0 30 0 30 ns |(2), [3]_, )]
Chip Selection to Power Up Time tru 0 - 0 — 0 - ns
Chip Deselection to Power Down Time tep - 20 - 20 - 20 ns
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HM6147HLP-35,HM6147HLP-45,HM6147HLP-55

® TIMING WAVEFORM OF READ CYCLE NO.1“¢

Address ><
ton
/ 4
Duta Out  Previous Data Valid X >< Data Valid
K

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

R 7

tacs

Nz
[1%3
i ¢ High Imped
pets Out High Impedance < X ><>§ Date Valid igh Impedance
K
trL

trp
Ve Swply  m—————
fee 7IZ 50% 0%
Current Isa

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

. At any given temperature and voltage condition, {5z max. is less than
Lz min. both for a given device and from device to divice.

~N

3. Transition is measured +500mV from steady state voltage with
specified loading in Load B.
4. is high for READ Cycle.
S. Device is continuously selected, CS=V.
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 bt 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 et 0 - ns [(3), )
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HM6147HLP-35,HM6147HLP-45,HM6147HLP-55

® TIMING WAVEFORM OF WRITE CYCLE (WE CONTROLLED)

twe

tAW

twp

[ Tow

)
LV,

NN

Data In

*' Data In Valid

Data Out Data Undefined

twz tow

/‘ High [

@ TIMING WAVEFORM OF WRITE CYCLE (CS CONTROLLED)

twe

Mdress :)(

p

m

taw oy

£ 777

1ow tow }

Daua In

Data In Valid j(

Data Out

Data Undetined

High Impedance

Notes: 1. If CS goes high simultaneously withWE 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.
HMLOW Vi« DATA RETENTION CHARACTERISTICS (Ta=0TC to +70TC)

Item Symbol Test Condition min typ max Unit
— i
CS=2Vec—0.2V
Vce for Data Retenti Vi : 2.0 - - \'
cc for Tata Tetention " | Vin2 Vee—0.2V or Vins0.2V
Vec=3.0V, CS=22.8V
Data Retention C t 1 - - 50 A
ata Retention Curren ceor Vin22.8V or Viw=0.2V H
Chip Deselect to Data Retention Time teor 0 - - ns
See Retention Waveform
Operation Recovery Time tr trc* - - ns

* tac=Read Cycle Time.
®LOW V. DATA RETENTION WAVEFORM
' ' I

DV o e e —_

® HITACHI
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HM6116-2,HM6116-3,HM6116-4
HM6116P-2,HM6116P-3,HM6116P-4

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

BMFEATURES 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

BFUNCTIONAL BLOCK DIAGRAM

(DG-24)
no—— — o
| HM6116P-2, HM6116P-3,
g \ Row | o|  Memory Matrix o HM6116P-4
Decoder | ®
128Xx128
wo—
E— Jo ol
/0,0 . Column 1/0
Input r—
Column Decoder
Data
] \ Control
' —
V0 O f i
o A A Ao ' (DP-24)
_ ﬁ—' BPIN ARRANGEMENT
OE

5
3

s =, g
s .G

=
sl_xj“’a:z
[ =

HMABSOLUTE MAXIMUM RATINGS a6 EA..,
Item Symbol Rating Unit A E 18 I-C_S.
Voltage on Any Pin Relative to GND Vr —0.5* to +7.0 \4 Af 8 17 [ Vs
Operating Temperature Ty, 0 to +70 'C vl 9 16 | 1/0¢
Storage Temperature (Plastic) T —55 to +125 ‘C velT0 E 106
Storage Temperature (Ceramic) Tos —65 to +150 °C vo o
Temperature Under Bias Toas —10 to +85 °C ! j“ Vo
Power Dissipation Pr 1.0 w GND | 12 13| /0
* Pulse Width 50ns : —1.5 V Top View:
EBTRUTH TABLE
CS OE WE Mode Vee Current 1/0 Pin Ref. Cycle
H X X Not Selected Iss, Ismm 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,HME116-4,HM6116P-2,HM6116P-3,HM6116P-4

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

Item Symbol min typ max Unit
Supply Vol Vee 4.5 5.0 5.5 \
t
uppy Toltage GND 0 0 0 v
Vin 2.2 3.5 6.0 \
Input Voltage
Vi —1.0* - 0.8 \%
* Pulse Width : 50ns, DC: Vi min=-0.3V
HDC AND OPERATING CHARACTERISTICS (Vec=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 [ Iui] Vec=5.5V, Via=GND to Vec — - 10 - - 10 HA
6§= Viw or @= Viu,
Output Leakage C t I - — 10 - — 10 A
pu akage Curren | LoI Vio=GND to Vec y
op P Sumnl Icc CS=Vi., lo=0mA — 40 80 — 35 70 mA
erating Power Supply
Vin=3. =0.6V,
Current Icci* 1w=3.5V, Vi =0.6Y, - 35 - - 30 - mA
Ii0=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 TS Vet 2V, Voz T,
Current Lsm remeh the e — | o0.02 2 — | 0.02 2 | mA
—0.2V or V,,s0.2V
IoL=4mA - - 0.4 - —_— - \Y
Vou
Output Voltage Iou=2.1mA — — — - - 0.4 \
Vou Ioy=—1.0mA 2.4 - - 2.4 - - A
* Vec=5V, Ta=25C
%% Reference Only
IRAC 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)
O®READ CYCLE
HM6116/P-2 HM6116/P-3 HM6116/P-4
Item Symbol - - - Unit
min max min max min max
Read Cycle Time tre 120 — 150 - 200 — ns
Address Access Time taa - 120 - 150 - 200 ns
Chip Select Access Time tacs - 120 - 150 — 200 ns
Chip Selection to Output in Low Z tcrz 10 - 15 - 15 — ns
Output Enable to Output Valid tos - 80 - 100 - 120 ns
Output Enable to Output in Low Z torz 10 - 15 e 15 — ns
Chip Deselection to Output in High Z tcuz 0 40 -0 50 0 60 ns
Chip Disable to Output in High Z tonz ’ 40 0 50 0 60 ns
Output Hold from Address Change ton 10 - 15 - 15 - ns
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HM6116-2,HM6116-3,HM6116-4,HM6116P-2,HM6116P-3,HM6116P-4
O®WRITE CYCLE

HM6116/P-2 HM6116/P-3 HM6116/P-4 .
Item Symbol - - - Unit
min max min max min max
Write Cycle Time twe 120 — 150 — 200 — ns
Chip Selection to End of Write tcw 70 — 90 - 120 - ns
Address Valid to End of Write taw 105 - 120 - 140 — ns
Address Set Up Time tas 20 — 20 — 20 — ns
Write Pulse Width twp 70 — 90 — 120 — ns
Write Recovery Time twr 5 — 10 - 10 - ns
Output Disable to Output in High Z tonz 0 40 0 50 0 60 ns
Write to Output in High Z twnz 0 50 0 60 0 60 ns
Data to Write Time Overlap tow 35 — 40 — 60 — ns
Data Hold from Write Time ton 5 — 10 - 10 — ns
Output Active from End of Write tow 5 - 10 - 10 — ns
BCAPACITANCE (f=1MHz, Ta=25C)

Item Symbol Test Conditions typ max Unit

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

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

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

BTIMING WAVEFORM
®READ CYCLE (1)

wn X X

Ya

NN e | AVTTITT

tacs

C D0-

®READ CYCLE (2)"® @
Address >( >£

®READ CYCLE (3) (1)(3)(4)

TS
tacs teHz
terz
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,

3
§
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HM6116-2,HM6116-3,HM6116-4,HM6116P-2,HM6116P-3,HME116P-4

WRITE CYCLE(1)

Address

Dout

O WRITE CYCLE(2)®

Address

100

X A

twr(2)

tew

/_.—_
PN y
»-——-nuw] €3]
\\\\l;j -~
L LLLL LS
P ok ton

X

SN VI TTTT7

ton

9040\0.

s tenz={ (3 6 |
SSSSSSSSSINT o
LLLLLLL L L L L L

tow om ®
1. A write occurs during the overlap (¢yp) of a low CS and a low WE.
2. twp is measured from the earlier of CS or WE going high to the end
of write cycle.
3. During this period, 1/O pins are in the output state so that the input
signals of opposite phase to the outputs must not be applied.
4. If the CS low transition occurs simultaneously with the WE low

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

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

11

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. . o
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Supply Current Icc,lcc2(Normalized)

Access Time tas,tacs(Normalized)

Access Time taa,tacs(Normalized)

SUPPLY CURRENT
vs. SUPPLY VOLTAGE

Ta=25C

0.8

06

04

45 4.75 50

Supply Voltage Vcc (V)

ACCESS TIME
vs. SUPPLY VOLTAGE
13

525

5.5

Ta=25C

45 4.75 5.0

Supply Voltage Vee (V)

ACCESS TIME
vs. LOAD CAPACITANCE

5.25

55

1

e

Ta=25C
Vee=MIN

08

0.6

100 200 300

Load Capacitance C. (pF)

400

500

A HITACHI

Supply Current Icc,lccz (Normalized)

Access Time taatacs{Normalized)

Supply Current Iccz (Normalized)

SUPPLY CURRENT
vs. AMBIENT TEMPERATURE

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

Vee=5.0V

08

06

04

0 20 40 60

Ambient Temparature Ta ('C'

ACCESS TIME
vs. AMBIENT TEMPERATURE

Vee=50V

L~

i

/,

09

08

0.7

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

SUPPLY CURRENT
vs. FREQUENCY

80

13

zob,.. l.’b’Ons lZ’Om

09

08

0.7

0 4
Frequency / (MHz)
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HM6116-2,HM6116-3,HM6116-4,HM6116P-2,HM611 6P-3,HM6116P-4

102

Low Input Voltage Vir(Normalized)

Output Current lon(Normalized)

LOW INPUT VOLTAGE
vs. SUPPLY VOLTAGE
13

Ta=25C

0.9

0.8

0.7

45 4.75 5.0 5.25

Supply Voltage Vcc (V)

OUTPUT CURRENT
vs. OUTPUT VOLTAGE

8.5

1.6

Ta=25'C
Vee=5V

0.8

0.4

Output Voltage Von (V)

Output Current Ior(Normalized)

G HITACHI

High Input Voltage Viu(Normalized)

HIGH INPUT VOLTAGE
vs. SUPPLY VOLTAGE
13

Ta=25C

0.8

0.7

4.5 4.75 5.0

Supply Voltage Vec (V)

OUTPUT CURRENT
vs. OUTPUT VOLTAGE

5.25 5.5

16

/

/

1.2

1.0
Ta=25C
Vee=5V

0.8 /

0.6 /

04

0.2 0.4 0.8

Output Voltage Vor (V)



HM61161-2,HM61161-3,
HM6116|-4 —--Wide Operating Temperature Range——

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

BFEATURES
® Wide Operating Temperature Range .. ......... —40~+85°C
o Single 5V Supply and High Density 24 Pin Package
® High speed: Fast Access Time 120ns/150ns/200ns (max.)
® Low Power Standby and Standby: 100uW (typ.)
Low Power Operation Operation: 180mW (typ.)
o Completely Static RAM: No clock or Timing Strobe Required
o Directly TTL Compatible: All Input and Output
® Pin Out Compatible with Standard 16K EPROM/MASK ROM
o Equal Access and Cycle Time
HFUNCTIONAL BLOCK DIAGRAM (DG-24)
mo——L | —oK WPIN ARRANGEMENT
Row . Memory Matrix ———O GND wlT \\ 7 v
x \ Decoder ; 128x128 A‘Ezl :j’ ™

wo—— e

S — | Te <] af s

I

.;
E -

1701

Joof

Column 1/0

e
>

Input A
Column Decoder B
Data A I 7

Control A s
—_—
17 o] 9
0s O

A A A A

cs

-

MABSOLUTE MAXIMUM RATINGS

o
I3

—_.

s

=

T

s
s
4

14 11708

T3

g al
[}
-4
S
<
<
I<d

Item Symbol Rating Unit
Voltage on Any Pin Relative to GND Vr —0.5* to +7.0 \
Operating Temperature Tor — 40 to +85 ‘C
Storage Temperature T —65 to +150 °C
Power Dissipation Pr 1.0 w

* Pulse Width 50ns @ —1.5V
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HM61161-2, HM61161-3, HM61161-4

ETRUTH TABLE

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

H X X Not Selected Iss, Ism High Z

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

L L L Write Icc Din Write Cycle (2)

BMRECOMMENDED DC OPERATING CONDITIONS (Ta=—40 to +85°C)

Item Symbol min typ max Unit
Vee 4.5 5.0 5.5 \'
Supply Voltage
GND 0 0 \
Viu 2.2 3.5 6.0 \'
Input Voltage
Vie —1.0* - 0.8 A
* Pulse Width:50ns, DC: Vi, min=—0.3V
HDC AND OPERATING CHARACTERISTICS (Vcc=5V+10%, GND=0V, Ta=—40 to +85C)
Item Symbol Test Conditions min typ* max | Unit
Input Leakage Current [7ui]l | Vee=5.5V, V..=GND to Vecc - - 10 uA
Output Leakage Current | Io0l CS=Viu or OE= V4, Vio=GND to Vcc — - 10 HA
Operating Power Supply Icc CS=V,., I.o=0mA — 35 90 mA
Current Ieci*s | Vin=3.5V, Vi=0.6V. [,0=0mA - 0| — | ma
Average Operating Current Icc: Min. cycle, duty=100% — 35 90 mA
Standby Power Supply Iss CS=Vw — 4 20 mA
Current I | CS2Vec—0.2V, Va2 Vec —0.2V or V. 50.2V — | o0.02 2 | maA
Output Voltage Vo IoL=2.1mA - - 0.4 \%
Vou Ion=—1.0mA 2.4 - - \4
* Vee=5V, Ta=25C
*% Reference Only
BAC CHARACTERISTICS (Vec=5V£10%, Ta=—40 to +85°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
HM61161-2 HM61161-3 HM61161-4
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 e 200 ns
Chip Selection to Output in Low Z tcrz 10 - 10 - S (] - ns
Output Enable to Output Valid toe — 80 - 100 - 120 ns
Output Enable to Output in Low Z torz 10 — 10 - 10 — ns
Chip Deselection to Output in High Z tcuz 0 40 50 0 60 ns
Chip Disable to Output in High Z tonz 0 40 0 50 0 50 ns
Output Hold from Address Change tou 10 - 10 - 10 = ns
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HM61161-2, HM61161-3, HM61161-4

®WRITE CYCLE

Ltem Symbol r.msus 1-2 l-‘lM6116 1-3 l—:lMGllG I-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 twe 70 - 90 - 120 - ns
Write Recovery Time twe 5 - 10 - 10 - ns
Output Disable to Output in High Z tonz 0 40 0 50 0 60 ns
Write to Output in High Z twhz 0 50 0 60 0 60 ns
Data to Write Time Overlap tow 35 - . 40 - 60 - ns
Data Hold from Write Time toy 5 - 10 - 10 - ns
Qutput Active from End of Write tow 5 - 10 - 10 — ns
ECAPACITANCE (/=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.

E TIMING WAVEFORM
®READ CYCLE(1)"”

Address )(

%

e

o XNy | 77777

tacs

Dout n ( F

®READ CYCLE (2)" @

wer K

o READ CYCLE (3) (M(3)4)

¢ X

Dout

¢

NOTES: 1. WEis High for Read Cycle.
2. Device is continuously selected, CS = V7.
3. Address Valid prior to or coincident with CS transition Low.

4. OE= .
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HM61161-2, HM61161-3, HM61161-4,

WRITE CYCLE(1)

Address

OE

Dout

® WRITE CYCLE (2)©®

106

Address

NOTES:

K.

wr(2)

)
LL

teu

NN\

—

le— o4 —ef—— g —=

XXX

twr(2)

‘/

[

tan

#(1)

et 713

N

}VVO

3

tWH;

z

[—tow

(6] 7

SN NNNANANN
LLL L

N NANN
[ 777

(8)

—

W N

00NN W»

of write cycle.

N

O

. A'write occurs during the overlap (¢y/p) 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.

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

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

. Doyt
. If O&l

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

s 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.

@ HITACHI



HM6116PI1-2,HM6116PI-3,

HMG6116PI-4

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

BFEATURES

® Wide Operating Temperature Range . . —40~+85°C
® Single 5V Supply and High Density 24 Pin Package

® High speed: Fast Access Time 120ns/150ns/200ns (max.)
o Low Power Standby and Standby: 100uW (typ.)

Low Power Operation

Completely Static RAM:

——W.ide Operating Temperature Range——

Operation: 180mW (typ.)
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

(DP-24)
\ \ Row . Memory Matrix ——O GND
Decoder | ®
- 128128 HPIN ARRANGEMENT
wo— ] B
. Ar| 1 24 | Vec
I 2 > ‘ \sl 23 | As
IN . —
1/0: O I . Column /0 A E _—-2—2_—) %
1
H ' " Column Decoder A~| 21 | WE
: : Data —
] : Control % E 20 | OE
| - | A E A
1/0s O- i A E =
: s

A A A A

gast o
-

BEABSOLUTE MAXIMUM RATINGS

Item Symbol Rating Unit
Voltage on Any Pin Relative to GND Vr —0.5* to +7.0 \
Operating Temperature T.pr —40 to +85 °C
Storage Temperature Tus —55 to +125 °C
Power Dissipation Pr 1.0 w

* Pulse Width 50ns : —1.5V

G HITACHI
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HM6116PI-2, HM6116PI1-3, HM6116P1-4

ETRUTH TABLE

CS OE WE Mode Vec 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)

BMRECOMMENDED DC OPERATING CONDITIONS (Ta=—40 to +85°C)

Item Symbol min typ max Unit
Vee 4.5 5.0 5.5 \
Supply Voltage oND o 0 0 v
Vin 2.2 3.5 6.0 A
pput Voltage Vie —1.0* - 0.8 A

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

BDC AND OPERATING CHARACTERISTICS (Vec=5V+10%, GND=0V, Ta=--40 to +85°C)

Item Symbol Test Conditions min typ* max Unit
Input Leakage Current | Ii | Vee=5.5V, V..=GND to Vecc — - 10 sA
Output Leakage Current [ILol | CS=Viu or OE= Vis, Vi,o=GND to Vcc — - 10 HA
Operating Power Supply Icc CS=Vi, lo=0mA — 35 90 mA
Current Iccy*® | Vig=3.5V, Vi.=0.6V, [o=0mA - 30 - mA
Average Operating Current Icc: Min. cycle, duty=100% - 35 90 mA
Standby Power Supply Iss CS=Vin - 4 20 mA
Current Iss CSzVec—0.2V, VaZVec —0.2V or V.. 0.2V — | 0.02 2 mA
Vou Ior=2.1mA - - 0.4 v

Output Voltage
Vou Ton=—1.0mA 2.4 - —_ A

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

BAC CHARACTERISTICS (Vec=5V+10%, Ta=-40 to +85°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

Ltem Symbol l-‘IMSIIGPI-Z lth6116PI-3 !-‘|M6116PI-4 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 tevz 10 - 10 - 10 - ns
Output Enable to Output Valid tor et 80 - 100 - 120 ns
Output Enable to Output in Low Z toLz 10 - 10 —_ 10 - 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 (1] 50 0 60 ns
Output Hold from Address Change ton 10 - 10 - 10 - ns
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HM6116PI1-2, HM6116PI-3, HM6116PI-4

O®WRITE CYCLE

HM6116P1-2 HM6116P1-3 HM6116PI1-4 .
Item Symbol - - - Unit
min max min max min max
Write Cycle Time twe 120 — 150 — 200 — ns
Chip Selection to End of Write tew 70 — 90 — 120 - ns
Address Valid to End of Write taw 105 — 120 — 140 — ns
Address Set Up Time tas 20 — 20 - 20 - ns
Write Pulse Width twp 70 - 90 — 120 — ns
Write Recovery Time twe 5 — 10 - 10 — ns
Output Disable to Output in High Z tonz 0 40 0 50 0 60 ns
Write to Output in High Z twiz 0 50 0 60 0 60 ns
Data to Write Time Overlap tow 35 — 40 — 60 — ns
Data Hold from Write Time ton 5 - 10 — 10 — ns
Output Active from End of Write tow 5 - 10 — 10 — ns
BICAPACITANCE (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)

o X X

NN | JVTTTT7

tacs

( X

@READ CYCLE (2) " ®
Address ><

i — =

®READ CYCLE (3) "W

3 “j\

F—mz

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.

tre

tacs tenz—|
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HM6116P1-2, HM6116P1-3, HM6116PI-4

WRITE CYCLE (1)

Address

Dout

®WRITE CYCLE(2)®®

Address

Dout

NOTES:

110

A

wa(2)

ANNNNN

AN

tew

—
/]

f—— ton oK

XXXX

?<

twa(2)

tew

. JADIIIII

y
j\\\\\ i —
s tonz—|(3) , ) |

SSSSSSTUUUSSIN o

LLI L LT

tow ton ®

1. A write occurs during the overlap (¢p) of a 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, 1/0 pins are in the output state so that the input
signals of opposite phase to the outputs must not be applied.

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

5. OE's continuously low. (OE = V)

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

7. Doyt is the read data of next address.

8. 1f°8§ 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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HM6116FP-2,HM6116FP-3,
HMG6116FP-4

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

BFEATURES

® High Density Small-Sized Package

® Projection Area Redueced 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.)
® 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)

rvo— ] — 0%
HPIN ARRANGEMENT
Row Memory Matrix ———O GND .__u—
\ \ Decoder 128 X128 o E:
7] 23| As
Ayo———%::‘ s3] 2] % .

| To o] mE 21 | WE

24 | Vee

1o

/0 : Column 1/0 w[F] 20 | OF
Input nls T
| Column Decoder E fl‘w_
: Data A E TR e
| Control
i —_— Ao E 17 | 1/os

1/0s O

/0 16 | 1/0r
/02 10 15 | 1/0s

I/0s | 11 14 | 1/0s

O—DO—L oo [ 12 13 |10
WE
E I @ (Top View)

HABSOLUTE MAXIMUM RATINGS

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

* Vi\ min = —1.5V (Pulse Width < 50ns)

BETRUTH TABLE

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

H X X Not Selected Iss, Iss High Z

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

L L L Write Icc Din Write Cycle(2)
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HM6116FP-2,HM6116FP-3,HM6116FP-4

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

Item Symbol min typ max Unit
Sueply Volt Vee 4.5 5.0 5.5 A%
uj
pply Totage GND 0 0 0 v
Vin 2.2 3.5 6.0 \4
Input Voltage
Vi ~1.0° - 0.8 \'

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

HDC 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 Vec=5.5V, Viu=GND to Vcc - - 10 - - 10 MA
CS=Vin or OE=Viu
Output Leakage C t I - - - - 10 A
put Leakage Curren |10l Vio=GND to Ve 10 "
Ope P Suppl Icc CS=Vi., ILo=0mA - 40 80 - 35 70 mA
rating Power Supply
Vin=3.5V, Vi.=0.6V,
Current Tec,** ' ' - - — — mA
urren ccs o=0mA 35 30
Average Operating Current Icc: Min. cycle, duty=100% - 40 80 - 35 70 mA
Iss CS=Vin - 5 15 - 5 15 ‘mA
Standby Power Supply TS Voe0.2V. V2V,
C t I cc—V. ) in cc — . - .
urren sB1 —0.2V or Vo£0.2V 0.02 2 0.02 2 mA
Ior=4mA - — 0.4 - - — A
Vou I
Output Voltage IoL=2.1mA - - - - - 0.4 \%
Vou Ion=—1.0mA 2.4 - - 2.4 - - v
* Vec=5V, Ta=25C
*% Reference Only
MAC CHARACTERISTICS (Vcc=5V£10%, Ta=0 to +70°C)
®AC TEST CONDITIONS
Input Pulse Levels: 0.8 to 2.4V
Input Rise and Fall Times: 10 ns
Input and Output Timing Reference Levels: 1.5V
Output Load: 1TTL Gate and C, = 100pF (including scope and jig)
O READ CYCLE
HM6116EP-2 ‘HM6116FP-3 HM6116FP-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 tcrz 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 et ns
Chip Deselection to Output in High Z | tcuz 0 40 0 50 0 60 ns
Chip Disable to Output in High Z tonz 0 40 0 50 0 60 ns
Output Hold from Address Change ton 10 - 15 - 15 - ns
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HM6116FP-2,HM6116FP-3,HM6116FP-4

®WRITE CYCLE

Item Symbol HM6116FP-2 HM6116FP-3 }‘IMGIIGFP% 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 twyz 0 50 0 60 0 60 ns
Data to Write Time Overlap tow 35 — 40 — 60 — ns
Data Hold from Write Time toy 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 Cn V=0V 3 5 pF

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

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

H TIMING WAVEFORM
®READ CYCLE(1)"

v X
NN (77777

tor bty —=

N ke | 77

tacs

Dout tas < <><>

®READ CYCLE (2)"

2

tre

wor X X

®READ CYCLE (3)""®

T7\

cs

tacs 7
taz
Dout

NOTES: 1. WE is High for Read Cycle.
2. Device is continuously selected, CS = V7.
3. Address Valid prior to or coincident with CS transition Low.
4. GE-= VIL'
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HM6116FP-2,HM6116FP-3,HM6116FP-4

HETIMING WAVEFORM

O WRITE CYCLE (1)"

O WRITE CYCLE (2)®

114

Address

E

Dout

Din

Address

X X

mr(2)

129/ \“::ii

AALANRRN (777777

/_._____—_.
EANNNS 7
F—hmzm— )

ey 1) T I —p

<X XXXX

)
SN JTVTTTTT7

1
s
WE »(1)
j&\\\\ A
)‘“) et LY 74 {

ot SSSSNN \\\\\j -

2777777777777

p—ton N

e
NOTES: 1.

2
3.
4

wsmw

. twg is measured from the earlier of

A write occurs during the overlap (jyp) of a low CS and a low WE.
gforWE' 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.
&u 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

4.75 50

Supply Voltage Vec (V)

ACCESS TIME
vs. SUPPLY VOLTAGE

5.25

55

13

Ta=25"C

0.9

08

0.7

50
Supply Voltage Vec (V)

4.5 4.75

ACCESS TIME
vs. LOAD CAPACITANCE

5.25

55

e

Ta=25C
Vee=MIN

08

06

200 300

Load Capacitance Cr (pF)

400

500

@ HITACHI

! Supply Current Icc,lcc2(Normalized)

Access Time taa,tacs(Normalized)l

Supply Current Icc2(Normalized)

HM6116FP-2,HM6116FP-3,HM6116FP-4

SUPPLY CURRENT
vs. AMBIENT TEMPERATURE

16

038

0.6

04

Vee=5.0V

20 40 60

Ambient Temperature T. ('C)

80

ACCESS TIME
vs. AMBIENT TEMPERATURE

13

09

08

0.7

Vee=50V

L~

0 20 40 60 80

Ambient Temperature Ta (°C)

SUPPLY CURRENT
vs. FREQUENCY

13

200ns | 150ns |120ns

09

08

0.7

0 4

Frequency f (MHz)

115



HM6116CG-2,HM6116 CG-3,

HM6116CG-4

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

B FEATURES

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

® High speed. Fast Access Time 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

B FUNCTIONAL BLOCK DIAGRAM

no—L ] — o
-
Row ° Memory Matrix ———O GND
Decoder | ®
128x128
vo——
— [e -]
1010 : Colum 1/0
-
Input
Column Decoder
Data
1 Control
' J
1
1/0s O- | !
]
A A A Ao ]

(CG-32)

HPIN ARRANGEMENT

A; NC NC NC Veo NC NC

T T
H

di 3 e gt

[ R P :l:

-

A [ .50 L4

RS

1702 I/O3GND NC 1705 1/ 051 On

%—J (Top View)
ED—DO—L
e D
H ABSOLUTE MAXIMUM RATINGS
Item Symbol Rating Unit
Voltage on Any Pin Relative to GND Vr —0.5* to +7.0 \%
Operating Temperature T, 0to +70 ‘C
Storage Temperature Tos —65 to +150 ‘C
Power Dissipation Pr 1.0 w
* Pulse-Width-50ns ¢ —1.5V -
B TRUTH TABLE
Cs OE WE Mode Vec Current 1/0 Pin Ref. Cycle
H X X Not Selected Iss, Ism High Z
L L H Read Icc Dout Read Cycle (1)~(3)
L H L Write Icc Din Write Cycle (1)
L L L Write Icc Din Write Cycle (2)
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HM6116CG-2,HM6116CG-3,HM6116CG-4

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

Item Symbol min typ max Unit
Suvoly Volt Vee 4.5 5.0 5.5 A%
u e
pply Totas GND 0 0 0 v
Vin 2.2 3.5 6.0 \
Input Voltage
Viu -—1.0* — 0.8 \

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

HDC 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 | Iui | Vee=5.5V, V.=GND to Ve —_ — 10 - - 10 HA
CS=Vi or OE= Vs,

Output Leakage C t 1 - - 10 - - 10 A
utput Leakage Lurren Heol 1y _GND to Vee u
Operating P Suoal Iec CS=Vis, Lo=0mA - 40 80 - 35 70 mA

erating Power Supply ;
Current P Tec s Viu=3.5V, Vi.=0.6V, _ 35 _ _ 30 _ A
et Io=0mA "
Average Operating Current Icc: Min. cycle, duty=100% - 40 80 - 35 70 mA
Iss CS=Vyu - 5 15 — 5 15 | mA
Standby Power Supply —
Current I CS2Vee=0.2V, VozVee - | 0.02 2 — | 0.0 2 | mA
1 0.2V or V.50.2V ) '
Ior=4mA - - 0.4 e d - v
Vou
Output Voltage Io1=2.1mA — - - — - 0.4 v
V()M ’aN"‘l.OI’I\A 2.4 - - 2.4 - - \Y%
* Vee=5V, Ta=25C
*% Reference Only
BAC CHARACTERISTICS (Vec=5V+10%, Ta=0 to +70°C)
®AC TEST CONDITIONS
Input Pulse Levels: 0.8 to 2.4V
Input Rise and Fall Times: 10 ns
Input and Output Timing Reference Levels: 1.5V
Output Load: 1TTL Gate and C; = 100pF (including scope and jig)
®READ CYCLE
HM6116CG-2 HM6116CG-3 HM6116CG-4
Item Symbol - - - Unit
mn max mn 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 tcrz 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 teuz 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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HM6116CG-2,HM6116CG-3,HM6116CG-4

O WRITE CYCLE

HM6116CG-2 HM6116CG-3 HM6116CG-4
Item Symbol - - - Unit
min max min max min max
Write Cycle Time twe 120 — 150 — 200 - ns
Chip Selection to End of Write tew 70 — 90 - 120 — ns
Address Valid to End of Write taw 105 — 120 — 140 — ns
Address Set Up Time tas 20 - 20 — 20 - ns
Write Pulse Width twp 70 — 90 — 120 — ns
Write Recovery Time twe 5 — 10 — 10 - ns
Output Disable to Output in High Z tonz 0 40 0 50 0 60 ns
Write to Output in High Z twyz 0 50 0 60 0 60 ns
Data to Write Time Overlap tow 35 — 40 — 60 - ns
Data Hold from Write Time ton 5 - 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 Via=0V 3 5 pF
Input/Output Capacitance Cuo Vio=0V 5 7 pF

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

ETIMING WAVEFORM
®READ CYCLE (1)

e X X

%

s XX\ by | 77777

®READ CYCLE (2)"® @

T - X

tan

.READ CYCLE (3)(!)(3)(0

- 6§,A -

tacs [u-u—-—-

Dout >___.._

NOTES: 1. WE is High for Read Cycle.
2. Device is continuously selected, TS = V.
3. Address Valid prior to or coincident with CS transition Low.
4. OE= VIL'
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WRITE CYCLE(1)”

Address

&

Dout

® WRITE CYCLE (2)®

Address

NOTES:

A

e (3)

RN

NN

tan

'.—lmltﬂ

AN

(2)

—

fo— tpn —ete——1pn

XXXX

X

wr(2)

AV

(1)

j\\\\\
us twnz~{(3) - 6 | (n
SSSSSSUNINSS C .
L L L L L L L L L L L
tow ton ®
1. A write occurs during the overlap (fyp) of a low CS and a low WE,
2. typg is measured from the earlier of CS or WE going high to the end
of write cycle.
3. During this period, 1/O pins are in the output state so that the input
signals of opposite phase to the outputs must not be applied.
4. If the CS low transition occurs simultaneously with the WE low

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

pedance state.

PN WL

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

Ifo%& 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.

@ HITACHI
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HM6116L-2, HM6116L--3,

HM6116L-4

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

B FEATURES
o Single 5V Supply and High Density 24 Pin Package

@ High Speed: Fast Access Time

Low Power Standby and

Low Power Operation;
Completely Static RAM:
Directly TTL Compatible: All Input and Output

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

Capability of Battery Back up Operation

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

20uW (typ.)
160mW (typ.)
No clock nor Timing Strobe Required

Standby:
Operation:

H FUNCTIONAL BLOCK DIAGRAM

no—

Row
Decoder

S

Memory Matrix

128x128

—0 lec

——O GND

(DG-24)

HPIN ARRANGEMENT

vo—"T4 Y @
—— =1 w[7] ) &
1/0: T‘ Column 170 As| 3 22 | A
- —_—
' : Inewt Column Decoder A E 2 E
: : Data As E 20 | OF
' H Control
! - A2] 6 19 | Ao
1/0s © \ E A‘% 18] s
|
A A A Aw . A E 17 |10y
%—l 1/0.[T 16 | 1/0r
SEo—Do—]\ 1702 { 10 15 | 1706
WE @ 1/0s | 11 14 11/0s
& GND{ 12 13 ]1/04
> E:D—
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 Tots —65 to +150 ‘c
Temperature Under Bias o —10 to +85 C..
Power Dissipation Pr 1.0 w
* Pulse Width 50ns : —1.5V
B TRUTH TABLE
Cs OE WE Mode Vee Current 1/0 Pin Ref. Cycle
H X X Not Selected Iss, Iss High Z
L L H Read Icc Dout Read Cycle (1)~(3)
L H L Write Icc Din Write Cycle (1}
L L L Write Icc Din Write Cycle (2)
120 @ HITACHI




HM6116CG-2,HM6116CG-3,HM6116CG-4

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

Item Symbol min typ max Unit
Supsly Vot Vee 4.5 5.0 5.5 v
u e
poly TolteE GND 0 0 0 v
Vi 2.2 3.5 6.0 v
Input Voltage
Vi —-1.0* - 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)

HM6116L/P-2 HM6116L./P-3/-4
Item Symbol Test Conditions Unit
min typ* max min typ* max
Input Leakage Current | Il Vec=5.5V, V..=GND to Vecc — - 2 - — 2 HA
CS=Vis or OE=V, - — — —
Output Leakage Current | Iuo | Vio=GND to Vec 2 2 KA
3 Icc CS=Vi., Io=0mA — 35 70 - 30 60 mA
Operating Power Supply v Caav. Vo6V
Current IH™J. v n=v. k) — p— —_ —_—
Icci** I1.o=0mA 30 25 mA
Average Operating Current Icc: min. cycle, duty =100% - 35 70 - 30 60 mA
CS=V, - 4 12 - 4 12 A
Standby Power Supply Tss gng IV VST n
Ci t cc —0.2V, Vu=Vee — _ _
drren Iser | 0.2V or Vas0.2V 4 | 10 i e
Ior=4mA - - 0.4 - - -
Vo v
Output Voltage ToL=2.1mA - - - - - 0.4
Vou Ton=—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 to - 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 tow 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 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
B CAPACITANCE (f=1MHz, Ta=25C)
Item Symbol Test Conditions typ max Unit
Input Capacitance Cin V=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 ><

&l
A
N
;ﬁ N
§

& N\% ] /NS

tacs

Dout i ( <><>_

®Read Cycle (2) ' @» @

T

s toy——e]

®Read Cycle (3) ¢ ¢» @

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.
4. OE=Vyy.
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® Write Cycle (1) m

® Write Cycle (2)

NOTES: 1.
2.
3.

-

Address

wa(2)

RN

ten

N /777;;7

EARAN S

w

= tow' oN

(XXX

X

tew ma(2)
EBNN AN T FTV /77777
» —
e }\X\\ N 4 .
s b-tw 42 (3) I (6) (7
SSSSSSSSSTIN o
2777772727277

(8)

VaVAvAYAS

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

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

. If the CS low transition occurs simultaneously

with the WE low transitions or after the WE

[= ]

transition, output remain in a high impedance
state.

. OE is continuously low. (OE = V)

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

. Doyt is the read data of next address.
L 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.

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

HM6116L-2,HM6116L-3,HM6116L-4

Item Symbol Test Conditions min typ max Unit
Vec for Data Retention Vor CS2Vee =0.2V, Va2 Vee —0.2V or V.. <0.2V 2.0 — - v
Data Retention Current Iccor*’| Vee=3.0V, CS=22.8V, V..22.8V or V..£0.2V - - 50 KA
Chip Deselect to Data Retention Time | tcor 0 - - ns
See Retention Waveform
Operation Reéovery Time tr trc** - - ns
* Vi.=—0.3V min.
* % tzc=Read Cycle Time.
®Low Vcc Data Retention Waveform
Data_Retention Mode
Vee
T T T Tsaveow
TS
OV o e o —
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'"HM6116L-2,HM6116L-3,HM6116L-4

SUPPLY CURRENT vs. SUPPLY CURRENT vs.
SUPPLY VOLTAGE AMBIENT TEMPERATURE
16 16
Ta=25C Vee=50V
5 14 3 4
% i
E ] H
% 12 / é 12
T 1w ERY pa—
5 5 08
i s 2 06
04 04
45 4.75 50 525 55 0 20 40 60 80
Supply Voltage Vec (V) Ambient Temperature Ta (°C)
ACCESS TIME vs. ACCESS TIME vs.
SUPPLY VOLTAGE AMBIENT TEMPERATURE
13— 13
Ta=25C Vee=50V
~ 12 ~ 12
3 3
? 11 t 11 ] i
i‘ 0 .; 10 //
g g /
e 09 e oo
08 08
07 0.7
45 4.75 5.0 5.25 55 4 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 T
200ns | 150ns [120ns
e 12
~ 18 / =
E 14 / E 11
2 > ] ¢
i 12 / 2 10
2 Ta=25C g 1
t Vee=MIN 3
=0 > 08
< 08 08
06 07
100 200 300 400 500 0 ¢ 8 10
Load Capacitance C. (pF) Frequency f (MHz)
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LOW INPUT VOLTAGE vs.
SUPPLY VOLTAGE

13
Ta=25C
= 1.2
T
2
S "1
o 10
..5 /,
2
5 09
f
4 0.8
0.7
4.5 4.75 50 5.25 5.5
Supply Voltage Vec (V)
OUTPUT CURRENT vs.
OUTPUT VOLTAGE
L6
Ta=25C
Vee=5V
14
3 \k
E 1.2
2
< 1w
&
0.6 \
04
1 4
Output Voltage Vou (V)
STANDBY CURRENT vs.
AMBIENT TEMPERATURE
1074
Vee=3V
Cs=2.8V
St 107
3 /
2 10m /
107
20 40 60 80

Ambient Temperature Ta (C!

O HITACHI

High Input Voltage Viw(Normalized)

Standby Current Ispi(Normalized)

Output Current JoL(Normalized)

HM6116L-2,HM6116L-3,HM6116L-4

HIGH INPUT VOLTAGE vs.
SUPPLY VOLTAGE

Ta=25C

1.2

0.9
0.8
0.7
45 4.75 5.0 5.25 5.5
Supply Voltage Vec (Vi
OUTPUT CURRENT vs.
OUTPUT VOLTAGE
1.6
" /1
1.2
1.0
Ta=25C
Vee=5V
08 /
0.6 /
0.4
0.2 04 0.6 0.8

QOutput Voltage Vor (V)

STANDBY CURRENT vs.
SUPPLY VOLTAGE

/

0.4

/

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

126

Standby Current Iss1 (mA)

STANDBY CURRENT vs.
INPUT VOLTAGE

T
Ta=25'C
Vee=5.0V
TS=4.8V
@
N
4

Input Voltage V., (V)
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HM6116L1-2, HM6116L1-3,
H M61 16'—'-4 ——W.ide Operating Temperature Range——

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

H FEATURES

® Wide Operating Temperature Range . .......... —40~+85°C
@ Single 5V Supply and High Density 24 Pin Package

® High Speed: Fast Access Time 120ns/150ns/200ns (max.)
® Low Power Standby and Standby: 20uW (typ.)

Low Power Operation; . Operation: 160m W (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

B FUNCTIONAL BLOCK DIAGRAM (DG-24

so—L — o

Row
Decoder
128x128

no—— 1 EPIN ARRANGEMENT

—= | ol Y e

Memory Matrix —O GND

[ -]

100 {> _:_ Column 1/0 e 7] %
Input P
; b Column Decoder * E 22 | A
Jata —
! af 21| WE
PN e Kl vE
! — , Aa‘ 5 20 | OE
1}
Voo ! i a6 19 ] Ao
o A A Al [ a7 18] Cs

A | 8 17 [ 1708
I/O.[ 9 16 {1/

Eo—Do—L
WE @ 10 [ 10 15 | 1/06
cs

Vol n W 1/0s
GND| 12 13 | 1/04

B ABSOLUTE MAXIMUM RATINGS (Top View!

Item Symbol Rating Unit

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

Operating Temperature Tos- —40 to +85 ‘C

Storage Temperature Tue —65 to +150 ‘c

Power Dissipation Pr 1.0 w

* Pulse Width 50ns : — 15V
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HM6116L1-2, HM6116L1-3, HM6116LI-4

HMTRUTH TABLE

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

H X X Not Selected Iss, Issa High Z

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

L L L Write Icc Write Cycle (2)

B RECOMMENDED DC OPERATING CONDITIONS (Te=—40 to +85C)

Item Symbol min typ max Unit
Suosly Volt Vee 4.5 5.0 5.5 v
U] oltage
ppy Toltes GND 0 0 0 v
Vin 2.2 3.5 6.0 v
Input Voltage
Vio -1.0* - 0.8 v

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

B DC AND OPERATING CHARACTERISTICS (Vcc=5V +10%, GND=0V, Ta=—40 to +85C)

Item Symbol Test Conditions min typ* max Unit
Input Leakage Current | Iur Vee=5.5V, V..=GND to Vcc — - 2 KA
CS=Vis or OE=Vin, _ _
Output Leakage Current | Ieol Vi.o=GND to Vee 2 HA
Ic CS=Vi, I.o=0mA - 35 90 mA
Operating Power Supply il v 3';‘, ’Vo :‘GV
Current H=9.9V, Vit=0.0V, — —
Icc** 1.o=0mA 30 mA
Average Operating Current Icc: min. cycle, durty=100% — 35 90 mA
I CS=V, — 4
Standby Power Supply et EZV”’ o2V % mA
C t 2Vee —0.2V, _
e Isor | V.2 Vee — 0.2V or Vas0.2V 4| 200 | kA
Vou To=2.1mA — - 0.4
Output Voltage
Vou Ion=—1.0mA 2.4 — — \
* . Vcc=5V, Ta=25C % % . Reference Only}
B AC CHARACTERISTICS (Vcc=5V £10%, Te=—40 to +85C)
®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
HM6116L1-2 HM6116L1-3 HM61161.1-4
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 tcLz . = 10 7 - 10 - " ns
Output Enable to Output Valid Lok — 80 - 100 - 120 ns
Output Enable to Output in Low Z torz 10 - 10 - 10 - ns
Chip deselection to Output in High Z tcuz 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 - 10 - 10 — ns
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® WRITE CYCLE

HM6116LI1-2, HM6116L1-3, HM6116LI1-4

HM6116L1-2 HM6116L1-3 HM6116L.1-4 X
Item Symbol - - - Unit
min max min max min max
Write Cycle Time twe 120 - 150 — 200 - ns
Chip Selection to End of Write tew 70 - 90 — 120 - ns
Address Valid to End of Write taw 105 — 120 - 140 — ns
Address Set Up Time tas 20 - 20 - 20 — ns
Write Pulse Width twe 70 - 90 - 120 - ns
Write Recovery Time twr 5 — 10 - 10. - ns
Output Disable to Output in High Z tonzs 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
M CAPACITANCE (f=1MHz, Ta=25C)
Item Syn;bol Test Conditions typ max Unit
Input Capacitance Cun Vie=0V 3 5 pF
Input/Output Capacitance Cro Vio=0V 5 7 pF
Note) This parameter is sampled and not 100% tested.
H TIMING WAVEFORM
®Read Cycle (1) '
e
Addreas >< )(
tay
o NRRRRRES L IO,
et Ul R |
CS ot f e /
) : -\"\ £/ / /
s "'”
K XX
®Read Cycle (2) ' “» @
tre
Address >< ><
%) |
Dout
®Read Cycle (3) ¢
N
tenz
Dout
NOTES: 1. WE is High for Read Cycle.
2. Device is continuously selected, CS = V7.
3. Address Valid prior to or coincident with CS transition Low.
4. OE= V.
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HM6116L1-2, HM6116LI1-3, HM6116L1-4

® Write Cycle (1)
Address

= twn(2)

_
x /J/F
NN

W4

RO\

AN

TR
——umrrﬂ:I L)

1S,

-

Dout >

Din

Z

/!

r—lbv ton

® Write Cycle (2) )

Address )
N

twr(2)

o " 7y7777

wE we(1)
j\ X 7 ,
retas ;.‘w,,zq(s) o 6) | (0
Dout TXA N >
tow ton ®)
Din

NOTES: 1. A write occurs during the overlap (typ) of a

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.

state.

(= X%

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

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

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

@ =

not be applied to them.
B LOW Vcc DATA RETENTION CHARACTERISTICS (Ta=—40 to +85C)

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

. 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

transition, output remain in a high impedance

Item Symbol Test Conditions min typ max Unit

Vcc for Data Retention Vor CS2Vee =0.2V, Va2 Vee —0.2V or V.02V | 2.0 — — v
R . « | Vec=3.0V, TS22.8V, — —
Data Retention Current Iccor Ve 20.8V or —0.3V< V0.2V 100 HA
Chip Deselect to Data Retention Time | tcor 0 - — ns
- See Retention Waveform

Operation Recéovery Time tr o trc** - — ns
* V;.=—0.3V min. %% tgc=Read Cycle Time.

®Low Vcc Data Retention Waveform

Data Retention Mode

TSz Vor—0.2V

W e e e e e e e = —
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HM6116LP-2, HMG6116LP-3,

HM6116L.P-4

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

B FEATURES

® Single 5V Supply and High Density 24 Pin Package
® High Speed: Fast Access Time
® | ow Power Standby and

Low Power Operation;

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

Pin Out Compatible with Standard 16K EPROM/MASK ROM
Equal Access and Cycle Time
Capability of Battery Back up Operation

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

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

Standby:
Operation:

EFUNCTIONAL BLOCK DIAGRAM

(DP-24)

o—X | * BPIN ARRANGEMENT
Row Memory Matrix Vo)
g \ Decoder : ! CND Ar E e 24 | Ve
- 128x128 AEE 7] A
P s | To ] A.E 21| WE
1/01 0————9 H Column 1/0 NE 20 | OE
Input Al 6 19 { Ao
\: Data Column Decoder ' nls — =
1
' : Contrel - n[8 RIS
Voo » i E vol 9 16 | 1/or
A A A A I ' /02 | 10 15 | 1/06
<L]:—| vos [ 14|10
ﬁo—Do—L onp [ 12 13 | 1/0,
vE @ (Top View)
cs
M ABSOLUTE MAXIMUM RATINGS
Item Symbol Rating Unit
Voltage on Any Pin Relative to GND Vr —0.5* to +7.0 \%
Operating Temperature Topr 0 to +70 ‘C
Storage Temperature T —55 to +125 ‘c
Temperature Under Bias Toias —10 to +85 ‘c
Power Dissipation Pr 1.0 w
* Pulse Width 50ns : —1.5V
B TRUTH TABLE
CS OE WE Mode Vce Current 1/0 Pin Ref. Cycle
H X X Not Selected Iss, Iss1 High Z
L L H Read Icc Dout Read Cycle (1)~(3)
L H- L Write Icc Din Write Cycle (1)
L L L Write Icc Din Write Cycle (2)

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

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

Item Symbol min typ max Unit
Susply Vol Vee 4.5 5.0 5.5 v
t
spply ToTtage GND 0 0 0 v
Vin 2.2 3.5 6.0 A
Input Voltage
Vie -1.0* - 0.8 \'

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

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

HM6116LP-2 HM6116LP-3/-4
Item Symbol Test Conditions Unit
min typ* max min typ* max
Input Leakage Current | Il Vee=5.5V, V..=GND to Vcc — — 2 - - 2 KA
ﬁ-VIH or (_)E"Vm. —_ —_— —_ —_
Output Leakage Current | 1ol Vi.o=GND to Vec 2 2 HA
. Icc CS=Vi, Iio=0mA - 35 70 - 30 60 mA
Operating Power Supply —
Current Tec1vs Vin=3.5V, Vi.=0.6V, _ 30 _ _ 25 _ mA
Ir 0=0mA
Average Operating Current Icc: min. cycle, duty =100% > - 35 70 - 30 60 mA
CS=V, - 4 12 - 4 12
Standby Power Supply Iss ggvm TR mA
Cur‘-ent cc —VU. . " cc — — —_
Tsor 1 02V or V.50.2V 2| %0 R
Tor=4mA - - 0.4 - - -
Vor A
Output Voltage Tor=2.1mA - - - - - 0.4
Vou Tow=—1.0mA 2.4 - - 2.4 - - \'
* Vi =5V, Ta=25C
* % [ Reference Only
B AC CHARACTERISTICS (Vcc=5V £10%, Ta=0 to +70°C)
®AC TEST CONDITIONS
Input Puise Levels: 0.8 to 2.4V
Input Rise and Fall Times: 10 ns
Input and Output Timing Reference Levels: 1.5V
Output Load: 1TTL Gate and Cr. = 100pF (including scope and jig)
O READ CYCLE
HM6116L.P-2 HM6116LP-3 HM6116LP-4
Item Symbol - - - Unit
min max min max min max
Read Cycle Time tre 120 - 150 - 200 - ns
Address Access Time taa - 120 - 150 et 200 ns
Chip Select Access Time tacs - 120 - 150 -_ 200 ns
Chip Selection to Output in Low Z tcrz 10 - 15 - 15 - ns
Output Enable to Output Valid toe - 80 - 100 - 120 ns
Output Enable to Output in Low Z toLz 10 - 15 - 15 - ns
Chip Deselection to Output in High Z tcuz 0 40 0 50 0 60 ns
Chip Disable to Output .in High Z tonz 0 -40 0 - -50 0~ |-~ 60 “psT
Output Hold from Address Change ton 10 - 15 - 15 - ns
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HM6116LP-2,HM6116LP-3,HM6116LP-4

O®WRITE CYCLE

HM6116LP-2 HM61161.P-3 HM6116L.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 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 et ns
Output Active from End of Write Low 5 — 10 - 10 — ns
B CAPACITANCE (f=1MHz, Ta=25C)
Item Symbol Test Conditions typ max Unit
Input Capacitance (o V=0V 3 5 pF
Input/Output Capacitance Cio Vio=0V 5 7 pF

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

H TIMING WAVEFORM
®Read Cycle (1)

i X

o XN\ ke | 777077

s

Dout “ ( <><>_

®Read Cycle (2) ' @» @

tRC

wen XK X
Dout > /

®Read Cycle (3) (1) (3)y (&)

TS

tacs teHz——>

iz
Dout )r-—-

NOTES:

. WE is High for Read Cycle.

Device is continuously selected, CS = Vir.

Address Valid prior to or coincident with CS transition Low.
6]?, = VIL'

Ealiadis e
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HM6116LP-2,HM6116LP-3,HM6116LP-4

® Write Cycle (1)

X

Address
wa(2)
T3 ;;:\;;;;50‘) }l;;;;;;
/_....—_
* EANNNY /
e e
Dout
Din 40 )
® Write Cycle (2) >
Address )( )(

wa(2)

s NN\ © /)
wE \ ® s

}\\\ ; g

-tas be-tinz={(3) (6) | (D
ot SSSSSSSSSN \:' .
2777277777777
- | ®

Din N

NOTES:
. low CS and a low WE.
2.

1. A write occurs during the overlap (fyp) of a

twg is measured from the earlier of CS or WE

going high to the end of write cycle.

3.

During this period, 1/O pins are in the output

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

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

w0 °~s'-

transition, output remain in a high impedance
state.
OE is continuously low. (OE =V, )

. Doyt is the same phase of write data of this

write cycle.
Doyt is the read data of next address.

& 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.

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, Vo2 Ve —0.2V or V.u50.2V| 2.0 - — A

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

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

Operation Reé¢overy Time tr trc** - - ns

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

®Low Vcc Data Retention Waveform

Vee

Vor

Data Retention Mode

T32 Vor-0.2V
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Supply Current Icc,lccz (Normalized)

Access Time tas,tacs(Normalized)

Access Time ta4, tacs(Normalized)

SUPPLY CURRENT vs.
SUPPLY VOLTAGE

16
Ta=25C
14 B
]
4 E
12 3
10 g
s g
08| 3
=
H
0.6 &
04
45 4.75 50 525 55
Supply Voltage Vec (V)
ACCESS TIME vs.
SUPPLY VOLTAGE
13
Ta=25C
12 3
]
N £
11 ~ ]
g
10 ;
L]
09 -~
o
g
<
08
01 |
4.5 4.75 50 5.25 5.5
Supply Voltage Vec (V)
ACCESS TIME vs.
LOAD CAPACITANCE
18
16 5
o
£
z > :
/ .E’
12 b H
Ta=25C H
Vee=MIN 3
10 =
s
3
08
0.6
100 200 300 400 500

Load Capacitance Cr (pF)

GO HITACHI
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06

04

SUPPLY CURRENT vs.
AMBIENT TEMPERATURE

HM6116LP-2,HM6116LP-3,HM6116LP-4

Vee=5.0V

0 20 40 60

Ambient Temperature Ta ('C)

ACCESS TIME vs.
AMBIENT TEMPERATURE

80

Vee=5.0V

L~

//

09
038
0.7
0 20 40 60 80
Ambient Temperature Ta ('C)
SUPPLY CURRENT vs.
FREQUENCY
13 T T T
200ns 150ns  [120ns
12
11
10 —
—
0.9
08
0.7
0 4 10
Frequency f (MHz)
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HM6116LP-2,HM6116LP-3,HM6116LP-4

136

Low Input Voltage ViL(Normalized)

Output Current low(Normalized)

Standby Current Iss1 (A)

LOW INPUT VOLTAGE vs.
SUPPLY VOLTAGE

13
Ta=25'C
12 =
3
11 ;
——— s
1.0 /, ;-'o
=2
0.9 «é
0.8 E
0.7
4.5 4.75 50 §.25 5.5
Supply Voltage Vec (V)
OUTPUT CURRENT vs.
OUTPUT VOLTAGE
1.6
Ta=25'C
Vee=5V

0.8

0.4

Output Voltage Vou (V)

STANDBY CURRENT vs.
AMBIENT TEMPERATURE

107¢

10°¢

Vee=3V
cs=2.8V

10-¢

L

1077

e

L~

Standby Current Issi(Normalized)

-
20 40 60 80

Ambient Temperature Ta (‘C)

O HITACHI
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/

1.2
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Ta=25C
Vee=5V
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0.6 /

0.4
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STANDBY CURRENT vs.
SUPPLY VOLTAGE
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0.6

/
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Ta=25C

S= Vec ~0.2V

0.2

Supply Voltage Vcc (V)



Standby Current Ispi (mA)

STANDBY CURRENT vs.

INPUT VOLTAGE
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Vee=5.0V
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\

N

N

Input Volt

4
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HM6116LPI-2, HMG6116LPI-3,
HM6116LP|-4 ——W.ide Operating Temperature Range——

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

B FEATURES

® Wide Operating Temperature Range .. ......... —40~+85°C

e Single 5V Supply and High Density 24 Pin Package

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

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

e 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

o Equal Access and Cycle Time

e Capability of Battery Back up Operation

HFUNCTIONAL BLOCK DIAGRAM (DP-24)

no—— ] —o
) W PIN ARRANGEMENT
Row Memory Matrix —O
S \ Decoder E e Ar E e 24 | Vee

- 128x128 AﬁE: 7] &

A,o————%:j s3] 22 ) A
e | To ] A.E 21| WE

Vo Z Colunn 1/0 w5 20| OF

Input A | 6 19 | A
b Column Decoder A E :
ata |7 18 |Cs
Control o[
— | 17 |/0s
]/Oll 9 16 |1/0r

1/0s O—

A A A A Vo |10 15 | 1/0s

ﬁ.J 170 [ 11 14 |1/0s
Eo—Do—-L onp | 12 13 | 1/0s
wE E (Top View)
a:;:g

B ABSOLUTE MAXIMUM RATINGS

Item Symbol Rating Unit
Voltage on Any Pin Relative to GND Vr —0.5% to +7.0 A
Operating Temperature Tope —40 to +85 ‘C
Storage Temperature Tote —55 to +125 c
Power Dissipation Pr 1.0 w

* Pulse Width 50ns : —1.5V
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ETRUTH TABLE

HM6116LPI-2,HM6116LPI-3,HM6116LPI-4

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

H X X Not Selected Iss, Iss High Z

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

L L L Write Icc Din Write Cycle (2)

H RECOMMENDED DC OPERATING CONDITIONS (Ta=—40 to +85C)

Item Symbol min typ max Unit
Vee 4.5 5.0 5.5 A
Supply Voltage GND 0 0 0 v
Vin 2.2 3.5 6.0 A%
Input. Voltage Vi —1.0* — 0.8 \'

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

EDC AND OPERATING CHARACTERISTICS (Vcc=5V +10%, GND=0V, Ta=—40 to +85C)

Item Symbol Test Conditions min typ* max Unit
Input Leakage Current | Iu | Vee=5.5V, V..=GND to Vcc - - 2 KA
Output Leakage Current | Iol | CS=Viu or OE="Viu, Vi.o=GND to Vcc - - 2 HA
Operating Power Supply Icc CS=Vi.. L.o=0mA - 35 90 mA
Current Icc\** | Viu=3.5V, Vi.=0.6V, I1.o=0mA - 30 - mA
Average Operating Current Icc: min. cycle, duty =100% — 35 90 mA
Standby Power Supply Iss CS=Vu - 4 20 mA
Current Iss: CS2Vee —0.2V, VuzVeec —0.2V or V.s0.2V - 100 KA
o Yol Vo Tor=2.1mA - — 0.4 v
utput t
put Voltage Von Tow=—1.0mA 2.4 — - \'
* ! Vee=5V, Ta=25C
* % [ Reference Only
B AC CHARACTERISTICS (Vcc=5V £10%, Ta=—40 to +85°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)
O®READ CYCLE
HM6116LPI1-2 HM6116LPI-3 HM6116LPI-4
Item Symbol - - - Unit
min max min max min max
Read Cycle Time tre 120 - 150 - 200 - ns
Address Access Time taa — 120 e 150 - 200 ns
Chip Select Access Time tacs — 120 - 150 - 200 ns
Chip Selection to Output in Low Z tcrz 10 - 10 — 10 - ns
Output Enable to Output Valid tor - 80 — 100 - 120 ns
Output Enable to Output in Low Z torz 10 - 10 - 10 - ns
Chip Deselection to Output in High Z tcuz 0 40 0 50 ] 60 ns
Chip Disable to Output in High Z tonz 0 40 0 50 0 60 ns
Output Hold from Address Change tow 10 - 10 - 10 - ns
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HM6116LPI-2,HM6116LPI-3,HM6116LPI-4

O®WRITE CYCLE

HM6116LPI-2 HM6116LPI-3 HM6116LPI-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 tw 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 tow 5 - 10 - 10 - ns
Output Active from End of Write tow 5 - 10 - 10 - ns
I CAPACITANCE (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.
Hl TIMING WAVEFORM
®Read Cycle (1) ¢’

w X X

SEANN — | ST

taey

( XX

®Read Cycle (2) ' @» @

o X

taa

®Read Cycle (3) ' @@

ﬁ \ . . R - - - -
: [ tewz ]

Dout

NOTES: 1. WE is High for Read Cycle.
2. Device is continuously selected, CS = V7;.
3. Address Valid prior to or coincident with CS transition Low.
4. OE=vpy.
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HM6116LPI-2, HM6116LPI-3, HM6116LPI-4

® Write Cycle (1)
Address ( >(
—edtwr(2)
= 77 )
- W\\ N (4) }/// ///
Tas. “
WE Y N A
btz O] Wy W
Dout 77 > yd
TS b
Din <><><><
e Write Cycle (2) A;nn C - -
) ton wr(2)
S o KTV /77777
o j\ \\" el y
b=tas otz (3) 0 <
Dout §7V>> > >[\j‘ — NNL
[——W " w®
Din AN

transition, output remain in a high impedance
state.
. OE is continuously low. (OE = V)

NOTES: 1. A write occurs during the overlap (fyp) 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.

o0 = ?\M

Doyt is the same phase of write data of this

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

state so that the input signals of opposite . Doyt is the read data of next address.

phase to the outputs must not be applied. If & is Low during this period, I/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=—40 to +85°C)
Item Symbol Test Conditions min typ max Unit
Vee for Data Retention Vor C82Vec —0.2V, Va2 Vec —0.2Vor V.,S0.2V| 2.0 — — \%
Data Retention Current Iccor* | Vec=3.0V, CS22.8V, - _ 50 A
V..22.8Vor—0.3V=V,.<0.2V
Chip Deselect to Data Retention Time | tcor 0 — — ns
- - - See Retention Waveform
Operation Recovery Time tr trc** — — ns
* 10 #A max at Ta=—40C to +40C V,. min=—0.3V
* % pc=Read Cycle Time.
®Low Vcc Data Retention Waveform
Data Retention Mode
T T mavmaw
OV e e e e —
141

@ HITACHI



HM6116LFP-2,HMG6116LFP-3,”

HMV6116L.FP-4

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

® High Density Small-sized Package

® Projection Area Reduced to One-Thirds of Conventional DIP

® Thickness Reduced to a Half of Conventional DIP

@ Single 5V Supply

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

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

® Completely Static RAM: No Clock nor Timing Strobe Required

® Directly TTL Compatible: All Input and Output

® Equal Access and Cycle Time

® Capability of Battery Back up Operation

HFUNCTIONAL BLOCK DIAGRAM

g Row . Memory Matrix O GND
Decoder | @
__‘ 128x128
o]
—— [o of
[ |
/0O . Column 170
Input
1 Column Decoder
: Data
| ! Control
' _/- \
1/0s O H !
]
o A A Ao .

i LED
-

HABSOLUTE 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 —55 to +125 °C
Temperature Under Bias Ten —10 to +85 ‘C
Power Di'ssi]:»atbi-on o Pr - 10 i WWV )

* Viv min= —1.5V (Pulse Width <50ns)
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(FP-24)

HMPIN ARRANGEMENT

A E ~ E Vee
As| 2 23| As
As E % Ao
a4 2| Ve
als 20 | OE
A % 19 | Aw
MK 18 |Cs
A 8 17 | 1/0s
1o 9 16 | 1/0r
/0] 10 % 1/0s
1o | 11 14 | 1/0s
GND | 12 13 | Vo
(Top View)




ETRUTH TABLE

HM6116LFP-2,HM6116LFP-3,HM6116LFP-4

Cs OE WE Mode Vce Current 1/0 Pin Ref. Cycle
H X X Not Selected Iss, Iss High Z
L L H Read Icc Dout Read Cycle (1)~(3)
L H L Write Icc Din Write Cycle (1)
L L L Write Icc Din Write Cycle (2)
BMRECOMMENDED DC OPERATING CONDITIONS (Te=0 to +70°C)
Item Symbol min typ max Unit
Vee 4.5 5.0 5.5 v
.Supply Volt
upply Toltage GND 0 0 0 v
Vin 2.2 3.5 6.0 \
Ve
Input Voltage Vic “1.00 - 0.8 v

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

HDC AND OPERATING CHARACTERISTICS

(Vec=5V+10%, GND=0V, Ta=0 to +70°C)

HM P- FP-3/-
Item Symbol Test Conditions - GLI6LEP-2 HM6116LFP-3/-4 Unit
min typ* max min typ* max
Input Leakage Current | Ii| | Vee=5.5V, V..=GND to Vcc — — 2 - — 2 HA
Output Leakage Currmnt || 1o | | S5 V77 or OE=Vin. 2 2 A
rr . - - - -
utpu eakage urrnn Lo V, ,)=GND to Vrc M.
. Icc FS-VH,, I o=0mA - 35 70 - 30 60 mA
Operating Power Supply
Vin=3.5V, Vi.=0.6V,
Current Icci** - 30 - - 25 - mA
I o=0mA
Average Operating Current | Icc2 Min cyele, duty=100% — 35 70 — 30 60 mA
I C5=V, — 4 12 — 4 12 mA
Standby Power Supply il =
¢ X I CSz=Vee—-0.2V, V.2V 2 50 2 50 A
urren | ~0.2V or V.50.2V #
To=4mA — — 0.4 — — —
Voo v
Output Voltage lo=2.1mA — — — - — 0.4
Vou Ton=-—1.0mA 2.4 — — 2.4 — — \
* 1 Veem5V, 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)
OREAD CYCLE
HM6116 LFP-2 HM6116LFP-3 HM6116L.F P-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 tae - 80 - 100 - 120 ns
Output Enable to Output in Low Z toLz 10 — 15 - 15 - ns
Chip deselection to Output in High Z tenz 0 40 0 50 0 60 ns
Chip Disable to Output in High Z tonz 0 40 0 50 0 60 ns
Output Hold from Address Change tow 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 twep 70 — 90 — 120 — ns
Write Recovery Time twr 5 - 10 - 10 - ns
Output Disable to Output in High Z tonz 0 40 0 50 0 60 ns
Write to Output in High Z twnz 0 50 0 60 0 60 ns
Data to Write Time Overlap tow 35 - 40 — 60 - ns
Data Hold from Write Time ton 5 — 10 — 10 — ns
Output Active from End of Write tow 5 - 10 — 10 - ns
BCAPACITANCE (f=1MHz, Ta=25C)
Item Symbol Test Conditions typ max Unit
Input Capacitance Cin Vin=0V 3 5 pF
Input/Output Capacitance Cio Vi o=0V 5 7 pF

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

BTIMING WAVEFORM
®READ CYCLE (1)

Address

e b1/ ——amd

Dout

tacs

OREAD CYCLE (3)\" @

e (

Address

Dout

tar
P L0 ]

®READ CYCLE (2)\" @@

Ts

Dout

NOTES: 1.
. Device is continuously selected, CS= Vy,
. Address Valid prior to or coincident with CS

144

& W

'WE is High for Read Cycle

transition Low.

. OE=Vy;.
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®WRITE CYCLE (1)

® Write Cycle (1) Notes} 1 twe
e ¢ (
f—rf twn (2}
" LA X
& N 0 /f /
.__.1‘" taw
— J— —
WE \‘\ K )
Lwn_()\,l twe(1)
oot 7 A e |

Din

®WRITE CYCLE (2) ©

NOTES: 1.
2.
3.

Address

X

tew twa(2)

twe (1)

N V4 ton

twz(3) tow 6 | ™

Dout

/ l;-m— ton =—i(8)
AN

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

twg is measured from the earlier of CS or WE

going high to the end of write cycle.

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

state so that the input signals of opposite

phase to the outputs must not be applied.

. If the CS low transition occurs simultaneously

with the WE low transitions or after the WE
transition, output remain in a high impedance

jﬂ\l N n

state.

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

write cycle.

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

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

HM6116LFP-2, HM6116LFP-3, HM6116LFP-4

MLOW V.c DATA RETENTION CHARACTERISTICS (Ta=0 to +70°C)
Item Symbol Test Conditions min typ max Unit
CSzVec—0.
Vec for Data Retention Vbr S2Vee0.2V 2.0 — - \'
VinzVee—0.2V or Vins0.2V
Vec=3.0V, CSz2.8V
Data Retention Ci t Iccor® ! - - A
ata Retention Curren ccor Vin22.8V or Vin<0.2V 30 K
Chip Deselect to Data Retention Time tcor 0 - - ns
T See Retention Waveform
Operation Recovery Time tr **trc - — ns
* Vi min=—0.3V, 10 #A max (at Ta=0 to +40C)
* % tpc=~Read Cycle Time.
®Low Vcc DATA RETENTION WAVEFORM
| Data Retention Mode
T T msavmeow
OV e e e e —
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HM6116 K-3, HM6116 K-4

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

B FEATURES

® Industrial Temperature Range . . . . .......... 55 to +125°C
Single 5V Supply and High Density 24 Pin Package

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

Low Power Standby and Standby:  100uW (type.)
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

B FUNCTIONAL BLOCK DIAGRAM

(DG-24)

HMPIN ARRANGEMENT
- o v 7] e
Row ° Memory Matrix ——O GND
Decoder | ® 128X128 hs E 2 ] A
— As E 22 | A
A Rk
g o—m s 21 | WE
—J lo o] B 20 l hid
100 . Column 1/0 %[ 6 B
Input | Cotemn Deood AT 18]Cs
olumn coder
Data v ] 7] 1o
| Control - vor o] 16 | 1/or
|
1/0s © i i 10| 10 15 | 1/0s
A A A Ao 1 o1 14 ' 1/0s
|| o [ 12 E 10,
OE + -
W @ (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 Topr —55 to +125 ‘C
Storage Temperature Tos —65 to +150 °C
Power Dissipation Pr 1.0 w
* Pulse Width 50ns : —1.5V
ETRUTH TABLE
cs OE WE Mode Ve Current 1/0 Pin Ref. Cycle
H X X Not Selected Iss, Iss High Z
L L H Read Icc Dout Read Cycle (1)~(3)
L H L Write Icc Din Write Cycle (1)
L L L Write Icc Din Write Cycle (2)
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HM6116K-3, HM6116K-4

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 \Y%
Vin 2.2 3.5 6.0 A
Input Voltage
Vi —1.0* - 0.8 A%
* Pulse Width : 50ns, DC : Vi a=—0.3V
HDC AND OPERATING CHARACTERISTICS (Vcc=5V+10%, GND=0V, Te=—55~+125C)
Item Symbol Test Conditions min typ* max Unit
Input Leakage Current | i} Vee=5.5V, V.,=GND to Vcc — — 10 uA
Output Leakage Current | 1io| | G5 Vinor OE=Vin, 10 A
utpu 1} - -
put Leakage Curren Lo Vi o=GND to Vee [
I CS=Vir, I,o—=0mA - 35 90 | mA
Operating Power Supply v o v
=3.5 1.=0.6
Current Tcc ™ " ’ ’ — 30 — A
et I, 0=0mA "
Average Operating Current Icc: Min. cycle, duty=100% — 35 90 mA
Iss CS=Vu - 4 20 mA
Standby Power Supply cs=v. I
2 Vec—0.2 inZ Vee
Current I ¢ . — 1 0.02 mA
o —0.2V or V,.<0.2V 2
Voo Tor=2.1mA — - 0.4 v
Output Voltage
Vou Tos=—1.0mA 2.4 - — v
* Vec=5V, Ta=25C
%% Reference Only
BMAC CHARACTERISTICS (Vec=5V+10%, Ta=—55 to +125°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
HM6116K-3 HM6116K-4
Item Symbol - - Unit
min max min max
Read Cycle Time tac 150 - 200 - ns
Address Access Time tan - 150 - 200 ns
Chip Select Access Time tacs - 150 - 200 ns
Chip Selection to Output in Low Z terz 10 — 10 — ns
Output Enable to Output Valid toe - 100 - 120 ns
Output Enable to Output in Low Z torz 10 - 10 — ns
Chip Deselection to Output in High Z tenz 0 50 0 60 ns
Chip Disable to Output in High Z tonz 0 50 0 60 ns
Output Hold from Address Change ton 10 — 10 — ns
147
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HM6116K-3,HM6116K-4

® WRITE CYCLE

HM6116K-3 HM6116K-4
Item Symbol - - Unit
min max min max
Write Cycle Time twe 150 — 200 - ns
Chip Selection to End of Write tew 90 — 120 — ns
Address Valid to End of Write taw 120 - 140 — ns
Address Set Up Time tas 20 — 20 — ns
Write Pulse Width twp 90 - 120 - ns
Write Recovery Time twr 10 - 10 — ns
Output Disable to Output in High Z tonz 0 50 0 60 ns
Write to Output in High Z twnz 0 60 60 ns
Data to Write Time Overlap tow 40 - 60 - ns
Data Hold from Write Time ton 10 - 10 - ns
Output Active from End of Write tow 10 — 10 — ns
B CAPACITANCE (f=1MHz, Ta=25C)
Item Symbol Test Conditions max Unit
Input Capacitance (o V=0V 5 pF
Input/Output Capacitance Cro Vio=0V 7 pF

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

ETIMING WAVEFORM
®READ CYCLE (1)

Address

|

)

® READ CYCLE (2) (2> (&

v

f—t01 1 —==]

LLNLS

tacs

LCHs

ez

Address

®READ CYCLE (3)@Ow

TN

Dout

f——tcL2

tacs

tenz a_

NOTES: 1. WE is High for Read Cycle.
2. Device is continucusly selected, CS = Vy;.
3. Address Valid prior to or coincident with CS transition Low.
4. W= V[L'
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HM6116K-3,HM6116K-4

WRITE CYCLE (1)

Address

&l

Dout

Din

O WRITE CYCLE (2)*”

Address

NOTES:

P———-———' tcw

ANNANNNNE 1/

—
\\ \\\
G

— W

f— tou oK

X

SN\Ne TV TTTTZ

(1)

twnz~|(3) L ® |
SSSSSSIYSSNSY o
L L L L L7
tow to ®
JOOOOK

1. A write occurs during the overlap (fyp) of a low CS and a low WE,
2. typg is measured from the earlier of CS or WE going high to the end

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

signals of opposite phase to the outputs must not be applied.
4. If the TS low transition occurs simultaneously with the WE low

PN

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

‘OE is continuously low. (OF = V1)
. Doyt is the same phase of write data of this write cycle.
. Do&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.
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HMG6116 AP-10,HMG6116 AP-12,
HM6116 AP-15, HM6116 AP-20,
HMG6116 ASP-10,HMG6116 ASP-12,
HMG6116 ASP-15, HMG6116 ASP-20

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

® FURTURES

® High speed: Fast Access Time 100ns/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

EFUNCTIONAL BLOCK DIAGRAM

q ——0 Vecc
! S Row T Memary Matrix ~——0 GND
! Decoder 128128

T L
1 I I

Vo, T 15% | Column 1/0
'Rl Input
v Data Column Decoder
! ' Contral
K B8
v J

HM6116AP Series

(DP-24)

HM6116 ASP Series

(DP-24A)

BPIN ARRANGEMENT

\J
Voog— i | T T T i s [1] 24 | Vee
N A A A [
: 1 M2 23| A
s ‘—ﬁ;—J als E "
W K 21 | WE
OF Als 20 | OE
Al 6 19 | Aie
MK ) ez
HWABSOLUTE MAXIMUM RATINGS E
M| 8 17 | 1/0s
Item Symbol Rating Unit
Voltage on Any Pin Relative to GND Vr —0.5* to +7.0 v vog o 16 f1/0r
Operating Temperature Tope 0 to +70 ‘C Vo | 10 15 J 10
Storage Temperature Toe —55 to +125 ‘C vos| 1 14| 1705
Temperature Under Bias T —10 to +85 'C ono [ 12 13 ] 1706
Power Dissipation Pr 1.0 w
* Pulse Width 50ns : —1.5V (Top View)
BTRUTH TABLE
CS OFE WE Mode Vee Current 1/0 Pin Ref. Cycle
H X X Not Selected Iss, Isa High 2
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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HM6116AP-10,HM6116AP-12,HM6116AP-15HM6116AP-20
HM6116ASP-10,HM6116ASP-12,HM6116ASP-15,HM6116ASP-20

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

Item Symbol min typ max Unit
Vee 4.5 5.0 5.5 \Y
Supply Voltage ND o o ° v
Viu 2.2 3.5 6.0 \
Input Voltage e o — Y v

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

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

HM6116AP/ASP-10 | HM6116AP/ASP-12 HM6116AP/ASP-15 | HM6116AP/ASP-20 )
Item Symbol | Test Conditions - - - " Unit
min |typ* | max | min |typ* | max | min |typ* | max | min |typ* | max

Input Leakage Vee=5.5V, Vi,=GND

- - - - - - 2 - - 2 |uA
Current Hort o Vee 2 2
Output Leakage CS= Vg or OE= Vin, | _ _ _ _ 2 _ _ 2 _ _ 2 uA
Current Lol |y, 5=GND to Ve 2
CS=VjL. I110=0mA

Iec Vin= VIII; o:‘/(:’u. - S 15 - N 15 - 5 15 - N 15 | mA
Operating Power
Supply Current Vin=Vee. ViL=0v,

Icci CS=Vy, - 3 6 - 3 [ - 3 6 - 3 6 mA

l,/o=0mA, f=1MHz

Average Operating

Current Iccz |min. cycle, duty=100% — 40 | 70 - 35 | 60 - 25 | 45 - 20 | 35 |mA
Standby Power Isg [C5=Vig - 1 4 - 1 4 - 1 4 - 1 4 |mA
Supply Current Isp; [CS2 Vee -0.2V - 1002| 2 | - |002]| 2 | - |002| 2 | - |002] 2 |mA
VoL |loL=4mA - |- |oa| - |- |oa| - |- |oa| -]~ |oa]|V
Output Voltage [ = —1.0mA 24| - [ - J2a| - [ faa|-[=-2a|-|-]vw

* Vee=5V, Ta=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 C; = 100pF (including scope and jig)

®READ CYCLE
HM6116AP/ HM6116AP/ HM6116AP/ HM6116AP/
Item Symbol - ASP-10 . ASP-12 - ASP-15 - ASP-20 Unit

min | max | min | max | min | max | min | max
Read Cycle Time tre 100 - 120 - 150 - 200 - ns
Address Access Time taa - 100 - 120 - 150 - 200 | ns
Chip Select Access Time tacs - 100 - 120 - 150 - 200 | ns
Chip Selection to OQutput in Low Z terz 10 - 10 - 10 - 10 - ns
Output Enable to OQutput Valid toE - S0 - §S - 60 - 70 | ns
Output Enable to Output in Low Z toLz 10 - 10 - 10 - 10 - ns
Chip Deselection to Outputin High Z | toyz 0 40 0 40 0 50 0 60 ns
Chip Disable to Output in High Z toHz 0 40 0 40 0 50 0 60 | ns
Output Hold from Address Change toy 10 - 10 - 15 - 20 - ns
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HM6116AP-10,HM6116AP-12,HM6116AP-15HM6116AP-20
HM6116ASP-10,HM6116ASP-12,HM6116ASP-15,HM6116ASP-20

®WRITE CYCLE

HM6116AP/ HM6116AP/ HM6116AP/ HM6116AP/
Item Symbol . ASP-10 _ ASP-12 _ ASP-15 . ASP-20 Unit
min | max | min | max | min | max | min | max
Write Cycle Time twe 100 - 120 - 150 - 200 - ns
Chip Selection to End of Write tew 65 - 70 - 90 - 120 - ns
Address Valid to End of Write tAw 80 - 105 - 120 - 140 - ns
Address Set Up Time tas 0 - 0 - 0 - 0 - ns
Write Pulse Width twp 60 - 70 - 80 - 100 - ns
Write Recovery Time twr 0 - 0 - 0 - 0 - ns
Output Disable to Output in High Z toHZ 0 40 0 40 0 50 0 60 ns
Write to Output in High Z twHZ 0 30 0 35 0 40 0 50 ns
Data to Write Time Overlap tpw 30 - 35 - 40 - 50 - ns
Data Hold from Write Time tDH 0 - 0 — 0 - 0 - ns
Output Active from End of Write tow 10 - 10 - 10 - 10 = ns
BCAPACITANCE (f=1MHz, Ta=257C)
Item Symbol Test Conditions typ max Unit
Input Capacitance C.. V..=0V ' 3 5 pF
Input/Output Capacitance Cuo Vio=0V 5 7 pF
Note) This parameter is sampled and not 100% tested.
ETIMING WAVEFORM
®READ CYCLE (1)
trC
Address 3( > (
taa
G NN\ ¥/ /7
toE ~!OH~
& N\ Y oLz j/ / / / /
tOHZ
; facs tcHZ
C XX+
) READ CYCLE (2) (1H(2) (&)
trc
Address )( )(
ton taa { —2tO0H —
Dout > > <

.READ CYCLE(3)“)(”("

Cs

tacs
‘t—tcLz
Dout

<l

[’CHZ

NOTES: 1. WEis High for Read Cycle.
2. Device is continuously selected, TS = V.
3. Address Valid prior to or coincident with CS transition Low.
4. OE= Vi
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OWRITE CYCLE(1)

HM6116AP-10,HM6116AP-12,HM6116AP-15,HM6116AP-20
HM6116ASP-10,HM6116ASP-12,HM6116ASP-15,HM6116ASP-20

Address

Din

% -

twr(2]

& /¥ AN\ N

tcw

S AN\ IO

s Aw
WE /_""__
Ok /
-fouzi’lg’ er[ 1]
Dout 277777727
|e—~IDW —=t~—tDH—

X XXXX

®WRITE CYCLE (2)‘®

Address

twe

X

} tcw twr___ [2]
IANARRRR T £V

';t )

K ) vavavavas

NOTES:

W o=

[- S - W )

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

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

of write cycle.

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

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

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

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

. OE is continuously low. (OE = Vy;)
. Doyt is the same phase of write data of this write cycle.
. Dgyq is the read data of next address.

ek

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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HM6116 ALLP-10,HMG6116 ALP-12,
HMG6116 ALLP-15, HMG6116 ALP-20,
HMG6116 ALSP-10,HMG6116 ALSP-12,
HMG6116 ALLSP-15,HMG6116 ALSP-20

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

= FEATURES

® High Speed: Fast Access Time 100ns/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

H FUNCTIONAL BLOCK DIAGRAM

!
S IS e [T] e
|
Decoder .
t
. -

1/0, "..[ Cotuma 1 0 —
! ' Input
! : Data Column Decoder
: ' Control
'
i

—0 V¢

——0 UND

10mW (typ.) (f = 1MHz)

HM6116ALP Series

(DP-24)

HM6116ALSP Series

(DP-24A)

HPIN ARRANGEMENT

1 Ar| 1 ~ 24 |
Voog—trpb 4 | T| T i ' 24 e
I } ! Al 2 23| A
! . =
A:E 21 | WE
o | A ==
gE 20| %
OF =
Al 6 19 A
=
Aj 7 '_.IL [
B ABSOLUTE MAXIMUM RATINGS a8 17 1708
Item Symbol Rating Unit 1/0: E 16 | 1700
Voltage on Any Pin Relative to GND Vr —0.5*% to +7.0 v o[ 10 15 | 1/06
Operating Temperature Tose 0 to +70 C vos [T ] 1os
Storage Temperature Tue —55 to +125 ‘c oo [ 2
Temperature Under Bias ™ —10 to +85 ‘c il
Power Dissipation Pr 1.0 w (Top View)
* Pulse Width 50ns : —1.5V
'BTRUTH TABLE o ]
CS OFE WE Mode Vcc Current 1/0 Pin Ref. Cycle
H X X Not Selected Iss, Iss High Z
L L H Read Icc Dout Read Cycle (1)~(3)
L H L Write Icc Din Write Cycle (1)
L L L Write Icc Din Write Cycle (2)
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HM6116ALP-10,HM6116ALP-12,HM6116ALP-15,HM6116ALP-20

HM6116ALSP-10,HM6116ALSP-12,HM6116ALSP-15,HM6116ALSP-20

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

Item Symbol min typ max Unit
Vee 4.5 5.0 5.5 v
Supply Voltage GND 0 0 0 v
Viu 2.2 3.5 6.0 \
Input Voltage Voo “To° — 08 v

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

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

HM6116ALP/ HM6116ALP/ HM6116ALP/ HAMG116ALP]
Item Symbol|  Test Conditions ALSP-1 ALSP-1 - ALSP-1 - ALSP-2 Unit
min |typ* | max | min |typ* [ max | min |typ* | max | min [typ* |max
Input Leakage Vee=5.5Y, Vipy=GND| _ _ _ _ _ _ _ _
Current Wl | Vee 2 2 2 2 uA
Output Leakage CS=VigorOE=Vpy, | | _ L | |
Current Lol y, ,=GND to Ve 2 2 2 Z | uA
CS=vyp. I1j0=0mA
Iec | Vy=vie on Vi 4 2| -4 2|4 |12]- |4 |12]|m
Opetating Power n
Supply C t Vi=Vee, ViL=0v,
upply Suren Iecr |Choy f o -2 s | -]2]s{-]21{5]|-]2]5/|ma
1,,o=6mA, f=1MHz
Average Operatin, .
Queregs DPETA | Iccp |min. cycle, duty=100% ~ |35 | 60 | - |30 |50 | - |20 |40 | — |15 |30 | mA
Standby Power | /s |CS=Vim - {053 | - |0o5]3 |- [05|3 |- |05]|]3 |mA
Supply Current Isg; |CS2 Vee -0.2V - |1 [sof - |1 [sof~- |1 (S|~ |1 [5]gpA
v, Iop=4mA - | - Joa |- |- ]od4| - |- osa]|] - |- |osa]|V
Output Voltage oL |‘oL7im
Vo |lom=-1.0mA 24 [ = [ = [24 | - |- J2a| - [ -TJ2a]-1]-1V
*: Vee=5V, Ta=25°C
B AC CHARACTERISTICS (Vcc=5V £10%, Ta=0 to +70°C)
O®AC TEST CONDITIONS
Input Pulse Levels: 0.8 to 2.4V
Input Rise and Fall Times: 10 ns
Input and Output Timing Reference Levels: 1.5V
Output Load: 1TTL Gate and Cr = 100pF (including scope and jig)
®READ CYCLE
HM6116ALP/ HM6116ALP/ HM6116ALP/ HM6116ALP/
Item Symbol ALSP-10 ALSP-12 ALSP-15 ALSP-20 Unit
min max min max min max min max
Read Cycle Time tre 100 - 120 - 150 - 200 - ns
Address Access Time taa - 100 - 120 - 150 - 200 ns
Chip Select Access Time tacs - 100 - 120 - 150 - 200 ns
Chip Selection to Qutput in Low Z teLz 10 - 10 - 10 - 10 — ns
Output Enable to Output Valid toE - 50 - 55 — 60 - 70 ns
Output Enable to Output in Low Z toLz 10 - 10 - 10 - 10 - ns
Chip Deselection to OQutputin HighZ | tcyz 0 40 0 40 0 50 0 60 | ns
Chip Disable to Output in High Z toHz 0 40 40 0 S0 0 60 ns
Output Hold from Address Change toH 10 - 10 ~ 15 - 20 - ns
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HM6116ALP-10,HM6116ALP-12,HM6116ALP-15,HM6116ALP-20

HM6116ALSP-10,HM6116ALSP-12,HM6116ALSP-15,HM6116ALSP-20

®WRITE CYCLE

HM6116ALP/ HM6116ALP/ HM6116ALP/ HM6116ALP/
Item Symbol .ALSP-l 0 .ALSP-l 2 ‘ALSP-l S 'A LSP-20 Unit
min | max | min | max | min | max | min | max
Write Cycle Time - twe 100 - 120 - 150 — 200 - ns
Chip Selection to End of Write tew 65 - 70 = 90 - 120 - ns
Address Valid to End of Write taw 80 - 10§ - 120 - 140 - ns
Address Set Up Time tAs 0 - 0 - 0 - 0 - ns
Write Pulse Width twp 60 - 70 — 80 - 100 — ns
Write Recovery Time twr 0 — 0 - 0 — 0 - ns
Output Disable to Output in High Z toHZ 0 40 0 40 0 50 0 60 ns
Write to Output in High Z twHZ 0 30 0 35 1] 40 0 50 ns
Data to Write Time Overlap tpw 30 - 35 - 40 - 50 - ns
Data Hold from Write Time tpH 0 - 0 - 0 - 0 - ns
Output Active from End of Write tow 10 _ 10 _ 10 _ 10 _ ns
B CAPACITANCE (f=1MHz, Ta=25C)
Item Symbol Test Conditions typ max Unit
Input Capacitance C. V.=0V 3 5 pF
Input/Output Capacitance Cio Vio=0V 5 7 pF
Note) This parameter is sampled and not 100% tested.
H TIMING WAVEFORM
®Read Cycle (1)
{11
I trc
Address )(
g taa
ﬁ:;;::::;\ /—;;;;;/
tcE— ~toH-]
o< b ¢
& \\% oLz L A00.004
tOHZ|
; facs IcHZ
Dout cLz ( _SZX)"
®Read Cycle (2)
{11, [2], (4]
trc |
Address )(
-taA { t
toH OH—
Dout ) >(
®Read gyclg 53)
[1], [3], [4]
® {___—
tacs tcHz
tcLz
Dout

NOTES: 1. WE is High for Read Cycle.

2. Device is continuously selected,FS' = V,L._
3. Address Valid prior to or coincident with CS transition Low.
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HM6116ALP-10,HM6116ALP-12,HM6116ALP-15HM6116ALP-20
HM6116ALSP-10,HM6116ALSP-12,HM6116ALSP-15,HM6116ALSP-20

@ Write Cycle (1)

twe
Address K
—twr([2]
o LK
o tew—
cs AN 7/
1 [
WE ﬂw—_,/____
fonz[3 twp[1]—
Dout >
tpwtpH
. s o
®Write Cycle (2)
twc
(5)
Address (
_ tew IwRr [2]
cs N\ 4] £/
WE — ,'KL“'twp[u_. .
Lr } A\ /) L"”OH
as tWHzL-—\l[3l . (61 (71
Dout 2559 > o LVAVA Va4
Pl |C]
Din < aTaeara

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. twg is measured from the earlier of CS or WE . OE is continuously low. (OE = V1)
going high to the end of write cycle. . Doyt is the same phase of write data of this
3. During this period, I/O pins are in the output write cycle.

D n

state so that the input signals of opposite 7. Dgyt 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.

HLOW 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 2.0 — - v

Data Retention Current Iccor* | Vec=3.0V, CS22.8V - - 30 HA

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

Operation Recovery Time tr . trc** - - ns

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

®Low Vcc Data Retention Waveform,

Data Retention Mode
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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.)

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

o 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)
A O—ﬁ
A
~ r | —o v BPIN ARRANGEMENT
As : Row - Memory Matrix ——o0 GND
As ] D - A1E
n ecoder | - | 128x 128 E
A © —:ﬁ As| 2
AsE
—= 1 I B
Adl 4
/o
I Column I/0
N 3 Input A’E
E E S Data Column Decoder "’E
I — % — %] ! ¥
7Y S— b A8
- Ao A A Aw : : E
4 | x/o-E
CEz 0—>o L«E:i'—J 1/0:10]
_ vos[1]
CE1 0 GND[IZ
WE o——]
(Top View)
HBABSOLUTE 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 Toe —55 to +125 ‘C
Temperature Under Bias Tsuas —10 to +85 °C

* Pulse width 50ns : —1.5V

ETRUTH TABLE

CE, CE. [ WE Mode Ve Current 1/0 Pin

H X | %X | Not Selected |  Jeccu | HighZ
X H X Not Selected Iccee High Z

L L H Read Icc Dout

L L L Write Icc Din
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HM6117P-3,HM6117P-4

HMRECOMMENDED DC OPERATING CONDITIONS (0°C<Ta<70°C)

Item Symbol min typ max Unit
Vee 4.5 5.0 5.5 \4

Supply Volt.
upply Yoltage GND 0 0 0 v
Input High (logic 1) Voltage Vi 2.2 3.5 6.0 v
Input Low (logic 0) Voltage Vi —1.0* — 0.8 \'%

* Pulse width:50ns, DC: Vian=—0.3V

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

Item Symbol Test Conditions min typ max Unit
Input Leakage Current | 11 V.a=GND to Vcc — — 10 KA
CEi=Vi or CE:=Viy
Output Leak: C t 1 - - 10 A
put Leakage Curren | Ino I, Vr.o=GND to Vee M
ting P Suppl
Operating Power Supply Iec CE =CE:=Viu. I o=0mA - 40 80 mA

Current : DC

Min cycle, duty=100%
A O ting Ci t I i — - 40 80 mA
verage Operating Curren cci CE = Vi., TEa=Vau.

Standby Power Supply

CEi2Vcc—0.2V,

- pa—
Current (1) : DC fect™ 1 iz Vee—0.2V or Vins0.2V 0.02 2 mA
Standby Power Supply . J— .
2Vee— -
Current (2): DC Iccte CE:2Vee—0.2V 0.02 2 mA
Output low Voltage Vo lTor=2.1mA - - 0.4 A
Output High Voltage Vou TIon=+1.0mA 2.4 - —_ \'
Notes : 1) Typical limits are at Vcc=5.0V, Ta=+25'C
2) * Vima=—0.3V
BCAPACITANCE (Te=25C, f=1.0MHz)
Item Symbol Test Conditions typ max Unit
Input Capacitance Cin Vin=0V 3 5 pF
Input/Output Capacitance Cio Vi o=0V 5 7 pF
Note) This parameter is sampled and not 100% tested.
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 Cy =100pF (including scope and jig)
OREAD CYCLE
HM6117P- HM6117P-4
Item Symbol - L 3 - Unit
min max min max
Read Cycle Time tre 150 — 200 — ns
Address Access Time tas — 150 - 200 ns
Chip Enable (CE:) to Output tco — 150 - 200 ns
Chip Enable (CE:) to Output tcoz — 150 — 200 ns
Chip Enable (CE:) to Output in Low Z iz 10 — 10 — ns
Chip Enable (CE:) to Output in Low Z tLzz 10 — 10 - ns
Chip Disable (CEi) to Output in High Z thzi 0 70 0 80 ns
Chip Disable (CE;) to Output in High Z thze 0 70 0 80 ns
Output Hold from Address Change tou 15 - 15 — ns
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HM6117P-3,HM6117P-4

® TIMING WAVEFORM OF READ CYCLE (Notes 1)
1114 |
Address >Q
taa ton
C—El tcol
NN 4
tLz1 tuzy
C_Et \ tcoz /
K 2
trze tnzz
Dout
—XX Dt Vi J&)——
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 tewm 100 - 120 —_ ns
Chip Enable (CE:) to End of Write tows 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 ( N\
/| Towr tv—/ [6)
NN NN
tewe
[}
wE = twe(1)
tas(2) \T\ N - / ton
ML\I tor__ (6) | (1)
Dout Y\Y\\\\\\\\X/\\ NSANAANN \\/ .
tow _tﬁ.
(8)
Din g Data In Valid
NOTES: 1 A write occurs during the 4, During this period, I/O pins 6. Dout is the same phase of
R — overlap - (typ) of low CE,, — --are -in- the--output ‘state-so- - —~- -write -data- of - this write
CE, andWE,. that the input signals of cycle.
2. tyg is measured from the opposite phase to the out- 7. Dout is the read data of next
address changes to the bigin- puts must not be applied. address.
ning of the write, 5. If the CE, or CE, low transi- 8. If CE, and —EE—; are low
3. tygr is measured from the tion occurs simultaneously dunpg this period, 1/O pins
eatlier of CE,, TE, or WE with the WE low transitions or are in the output state. }'hen
going high to the end/of after the WE transitions, out- the data input slg;:als of op-
write cycle. put remain in a high im- posite phase to the outputs
pedance state. must not be applied to them.
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Supply Current Icc,Jccz (Normalized)

Access Time t4a,tacs(Normalized)

Access Time tas,tacs(Normalized)

SUPPLY CURRENT
vs. SUPPLY VOLTAGE

Ta=25C

08

0.6

Supply Current Icc,Icc2(Normalized)

04

4.75 50

Supply Voltage Vec (V)

ACCESS TIME
vs. SUPPLY VOLTAGE

525

5.5

Ta=25C

0.9

0.8

Access Time tas,tacs(Normalized)

0.7

4.75 5.0

Supply Voltage Vec (V)

45

ACCESS TIME
vs. LOAD CAPACITANCE

5.25

5.5

e

Ta=25C
Vec=MIN

Supply Current Iccz2(Normalized)

08

06

200 300

Load Capacitance Cr (pF)

400

500

G HITACHI

HM6117P-3,HM6117P-4

SUPPLY CURRENT
vs. AMBIENT TEMPERATURE

16
Vec=5.0V
14
12
10 ~——]
\’\

08
0.6
04

0 20 40 60 80

Ambient Temperature Ta ('C)
ACCESS TIME
vs. AMBIENT TEMPERATURE
13
Vee=5.0V

12
11 //
’ ///
09
08
0.7

0 20 40 60 80

Ambient Temperature Ta ('C)
SUPPLY CURRENT
vs. FREQUENCY
13 T T T
200ns | 150ns [120ns

12
11
10 —

____——-P"""L"/
0.9
08
0.7

0 2 4 8 10

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

162

Low Input Voltage ViL(Normalized)

Output Current low(Normalized)

INPUT LOW VOLTAGE
vs. SUPPLY VOLTAGE

1.3
Ta=25C
12
=
8
11 g
2
"1 =
10 B t
- 4
2
0.9 3
£
=
=4
0.8 =
0.7
45 4.75 5.0 5.25 5.5

Supply Voltage Vec (V)

OUTPUT HIGH CURRENT
vs. OUTPUT HIGH VOLTAGE

1.6

0.8

Ta=25"C
Vee=5V

0.6

Output Current Ior(Normalized)

0.4

Output Voltage Vou (V)

O HITACHI

INPUT HIGH VOLTAGE
vs. SUPPLY VOLTAGE

Ta=25C

0.8

0.7

45

4.75

5.0 5.25

Supply Voltage Vec (V)

OUTPUT LOW CURRENT
vs. OUTPUT LOW VOLTAGE

55

16

/

/

Ta=25C
Vee=5V

0.8

/

/

04

0.2

0.4 0.6
Output Voltage Vor (V)

08



HM6117FP-3, HM6117FP-4

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

HMFEATURES

® High Density Small Sized Package

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

Single 5V Supply and High Density 24 pin Package.

High Speed: Fast Access Time 150ns/200ns (max.)
Low Power Standby and Standby: 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
(FP-24)
EFUNCTIONAL BLOCK DIAGRAM HPIN ARRANGEMENT
A Ar 24) Vec
1 0————‘—';
: ' —0 Vcc As| 2 E Ao
Ad i S Row = Memory Matrix ——© GND A’E E As
t ' Decoder _d 128X 128 a4l E‘ﬁ
Y S 1, S— 3] A
Ano
—=  — ~[ ]
/0 N |— A'E EC—EI
' __j ot Column /0 jllo'
E ; D::: Column Decoder A.E u
: i S Control vo 9] [16] 1/0:
10y 0—p— L /:_ ! i 1/0: 19| [15] /00
A A A Ao : ! vos[1] 4] 1705
— 0l GNDE 13] 1706
TE2o—>o L_ETJ
(Top View)
CE1
WE o—n 1

WABSOLUTE MAXIMUM RATINGS

Item Symbol Rating Unit
Voltage on Any Pin Relative to GND Vr *—0.5 to +7.0 v
Power Dissipation Pr 1.0 w
Operating Temperature Topr 0 to +70 °C
Storage Temperature Tue —55 to +125 C
Temperature Under Bias Thiee —10 to +85 °C

#* Pulse width 50ns : —1.5V

ITRUTH TABLE

|

CE: CE: WE Mode Vce Current 1/0 Pin
H X X Not Selected Iccta High Z
X H X Not Selected Icciz High Z
L L H Read Icc Dout
L L L Write Icc Din
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BRECOMMENDED DC OPERATING CONDITIONS (0°C<Ta<70°C)

Item Symbol min typ max Unit
Vee 4.5 5.0 5.5 \4

Supply Volt
upply Yoltage GND 0 0 0 v
Input High (logic 1) Voltage Vin 2.2 3.5 6.0 A%
Input low (logic 0) Voltage Vio —-1.0* - 0.8 v

* Pulse width: 50ns, DC: Vian=—0.3V

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

Item Symbol Test Conditions min typ max Unit
Input Leakage Current | It | V.=GND to Vcc — — 10 HA
ﬁl-vlﬂ or sz"Vm
Output Leakage C t 1 - - 10 A
utput Leakage Lurren 1o ] Vi,0=GND to Vcc #
ting P Suppl
Operating Power Supply Tec TE=CE:=Vis. I o=0mA - ) 80 mA
Current : DC
Mi le, duty=100%
Average Operating Current Ica EE::};I: Cll;.:; Vie ’ - 40 80 mA
Standby Power Supply Teews® CEi2Vcec—0.2V, _ 0.02 9 A
Current (1) . DC Vis2 Vee—0.2V or Vins0.2V
Standby Power Supply R
-0. - . 2
Current (2)° DC Iccrz CE:=Vec—0.2V 0.02 mA
Output low Voltage Vor Tor=2.1mA — — 0.4 \'
Output High Voltage Vou Toy=—1.0mA 2.4 — — \Y
Notes : 1) Typical limits are at Vcc=5.0V, Ta=+25C
2) * 1 Vian=—0.3V
BMCAPACITANCE (Ta=25C, f=1.0MHz)
Item Symbol Test Conditions typ max Unit
Input Capacitance Cin Vix=0V 3 5 pF
Input/Output Capacitance Cio Vi o=0V 5 7 pF
Note) This parameter is sampled and not 100% tested.
BMAC CHARACTERISTICS (Ta=0TC to +70C, Vcc=5V+10% unless otherwise noted)
O®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 Cp, = 100pF (including scope and jig)
O®READ CYCLE
HM6117P-3 HM6117P-4
Item Symbol - 6 - Unit
min max min max
Read Cycle Time tre 150 — 200 - ns
Address Access Time tan - 150 — 200 ns
__Chip Enable (CE:) to Output tcoo . | .— ] 150 . — 200 | ns
Chip Enable (CE:) to Output tco — 150 — 200 ns
Chip Enable (CE,) to Output in Low Z tiz 10 — 10 — ns
Chip Enable (CE:) to Output in Low Z trze 10 — 10 — ns
Chip Disable (CE:) to Output in High Z tuz 0 70 0 80 ns
Chip Disable (CE:) to Output in High Z thze 0 70 0 80 ns
Output Hold from Address Change ton 15 - 15 - ns
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O TIMING WAVEFORM OF READ CYCLE (Notes 1)

.09

HM6117FP-3,HM6117FP-4

Address ><

" Iy A7
N\ AT

ot ——‘@( Data Valid 15&;"—

NOTES: 1. WE is High for Read Cycle.

®WRITE CYCLE

HM6117P- HM6117P-4
[tem Symbol - M6117P-3 - § 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 tewe 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 twnz 0 60 0 70 ns
Data to Write Time Overlap tow 50 — 60 — ns
Data Hold from Write Time tony 20 — 20 — ns
Output Active from End of Write tow 10 - 10 — ns
® TIMING WAVEFORM OF WRITE CYCLE
twe
Address (
- Towi W‘/ 3)
CEx \\ \ ( (5) ;
tewr
& T\ K'\\L £
T
WE = twe(1)
tas(2) \A /| ton
twnz(4)
post SSTTTTTTTTTTTITITITTT N
tow tow
(8)
Din Data In Valid ee%%
NOTES: 1. A 'write occurs during_the 4. During this period, I/O pins pedance state.

overlap (typ) of low CE,,
CE, and WE,

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

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

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

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

O HITACH!

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

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

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

166

Supply Current Icc,lccz (Normalized)

Access Time taatacs(Normalized)

Access Time tas, tacs(Normalized)

SUPPLY CURRENT
vs. SUPPLY VOLTAGE

Ta=25C

0.6

04

45 4.75 50 525 55

Supply Voltage Vec (V)

ACCESS TIME
vs. SUPPLY VOLTAGE

Ta=25C

09

08

0.7

4“5 4.75 50 5.25 5.5

Supply Voltage Vec (V)

ACCESS TIME
vs. LOAD CAPACITANCE

16 /

/

Load Capacitance C. (pF)

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

Supply Current Jeca(Normalized)

Supply Current Icc,lcc2(Normalized)

Access Time tas,iacs(Normalized)

O HITACHI

10

SUPPLY CURRENT
vs. AMBIENT TEMPERATURE

Vee=5.0V

08

0.6

04

0 20 40 60
Ambient Temperature Ta ('C)

ACCESS TIME
vs. AMBIENT TEMPERATURE

Vee=5.0V

-

|

09

08

0.7

0 20 40 60

Ambient Temperature Ta ('C)

SUPPLY CURRENT
vs. FREQUENCY

80

13

202)n: l5’0ns 120ns
12
11
"1

W
09
08
0.7

0 4 8 10

Frequency f (MHz)



Low Input Voltage ViL(Normalized)

Output Current Ion(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

16

Ta=25C
Vee=5V

12 \

0.6

0.4

Output Voltage Vo (V)

¢ 4

O HITACHI

High Input Voltage Viy(Normalized)

Output Current Iot(Normalized)

HM6117FP-3,HM6117FP-4

INPUT HIGH VOLTAGE
vs. SUPPLY VOLTAGE

13

Ta=25C

/

0.8

0.7

45

4.75 5.0 5.25 5.5

Supply Voltage Vec (V)

OUTPUT LOW CURRENT
vs. OUTPUT LOW VOLTAGE

16

/

/

Ta=25'C
Vee=5V

0.6

/

04

va

0.2

0.4 0.6 0.8
Output Voltage Vor (V)
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HM6117LP-3,HM6117L P-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
® Low Power Standby and Low Power Operation;

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

Operation: 180mW (typ.)

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

150ns/200ns max.

HEFUNCTIONAL BLOCK DIAGRAM

No clock nor Timing Strobe Required

(DP-24)

A
' MPIN ARRANGEMENT
Az
' -0 Vcc
As 1 | [
Ac : 5 Row - Memory Matrix ——0 GND Ar m E Vee
! N
:: h Decoder | - | 128X 128 A.E 23] As
I — NS Bl
— [ I AcE ETN-E
170, S . —
/o 9 Column /0 a[5] [20] TF:
Input
i 3 Data Column Decoder A’E E Ao
: E Control AIE EC&
" —~—
7y S— i o[} i) vor
- T he M A Ao o vo[9] 18] o,
|
- ! 1/02[10 15]1/0
CEZo—-D: ’E j 3
A m [14] /05
CEl 0——rf cnp[iz] [13] /o,
WE (Top View)
WABSOLUTE MAXIMUM RATINGS
Item Symbol Rating Unit
Voltage on Any Pin Relative to GND Vr *—0.5 to +7.0 \4
Operating Temperature Topr 0 to +70 °C
Storage Temperature Tete —55 to +125 °C
Temperature Under Bias Toas —10 to +85 °C
Power Dissipation Pr 1.0 w
* Pulse width 50ns . —1.5V
HWTRUTH TABLE
CE, CE. WE Mode Vce Current 1/0 Pin
H — - X - X o | Not Selected | leci " HighZz
x H X Not Selected Iccie High Z
L L H Read Icc Dout
L L L Write Icc Din
168
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BMRECOMMENDED DC OPERATING CONDITIONS (Ta=0"C to+70°C)

HM6117LP-3,HM6117LP-4

Item Symbol min typ max Unit
Vee 4.5 5.0 5.5 v
Supply Voltage GND o o v v
Input High (logic 1) Voltage Vin 2.2 3.5 6.0 A%
Input low (logic 0) Voltage Vio —1.0* — 0.8 \

* Pulse Width: 50ns, DC: Vima=—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 | It | Vin=GND to Vecc — - 2 HA
EI—VIII or CEZ-VIN
Output Leakage C t 1 — — 2 A
put Leakage Curren | Iio | Vi om=GND to Vee iz
ting P Suppl
Operating Power Supply Iee |CE=TE:=Vii Io=0mA - 35 70 mA
Current . DC
Mi le, duty=100%
Average Operating Current Ica 6[1-—’::);/‘::: uwy‘-vnﬁ — 35 70 mA
Standby P Suppl CEi12Vec—0.2V
andby ovaer upply Tccu* 1= ree - 2 50 KA
Current (1) : DC VinzVec—0.2V or Vin=0.2V
Standby Power Supply
Iccie* | CE2zVec—0.2V - 2 50 A
Current {2): DC core 12 Vee=0 #
Output low Voltage Vou ToL=2.1mA — — 0.4 A
Output High Voltage Vou Ton=—1.0mA 2.4 — - \%
Notes : 1) Typical limits are at Vec=5.0V, Ta=+25C
2) * ! Vian=—0.3V
BCAPACITANCE (Ta=25C, f=1.0MHz)
Item Symbol Test Conditions typ max Unit
Input Capacitance Civ Vin=0V 3 5 pF
Input/Output Capacitance Cio Vi, o=0V 5 7 pF

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

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

® AC TEST CONDITIONS

InputPulse Levels - . ...,
Input Rise and Fall Times - ............

... 0.8V to24V
--- 10ns

Input and Output Timing Reference Levels ... 1.5V

Outputload - -« .vvvivinininninnn..

OREAD CYCLE

1 TTL Gate and C = 100pF (Including Scope & Jig)

HM6117LP-3 HM6117LP-4 .
Item Symbol - - Unit
min max min max
Read Cycle Time tre 150 — 200 — ns
Address Access Time tan — 150 — 200 ns
Chip Enable (CE;) to Output tco — 150 — 200 ns
Chip Enable (CE:) to Output. tcoz — 150 — 200 ns
Chip Enable (CE:) to Output in Low Z tin 10 - 10 — ns
Chip Enable (CE:) to Output in Low Z trzz 10 — 10 — ns
Chip Disable (CE:) to Output in High Z tuz1 0 70 0 80 ns
Chip Disable (CE:) to Output in High Z tuze 0 70 0 80 ns
Output Hold from Address Change ton 15 — 15 — ns
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HM6117LP-3,HM6117LP-4

© TIMING WAVEFORM OF READ CYCLE (Notes 1)

tre |
Address ><
(77 toH
CE N\ tcor
NNy I
_t!.z’l tHz1
CE: tco / 7
X L0000
L_,E,_’ 7741
Dout I
<X> Data Valid
NOTES: 1. WE is High for Read Cycle. _
O®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 tews 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 twuz 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 (
X _ -
NN\ ® :
CW2
& TN, ) —
taw
_ twe(1)
WE
tas(2) }r\ N toy
twnz(4), tow ® | @
Dout DYV VVIRRRRNARNANN /:]
12 ton
- (8)
Di N
n Data In Valid

NOTES:

170

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

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

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

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

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

G HITACH!

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

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

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




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

HM6117LP-3,HM6117LP-4

Item Symbol Test Conditions min typ max Unit
CE12Vec—0.2V,
Ve i Vi 2.0 - - \'
cc for Data Retention bR1 Vin2 Vee—0.2V or VinS0.2V
Vee for Data Retention Vorz CE.2Vcc—0.2V 2.0 - - A
Vec=3.0V, CE22.8V,
. _ _ . A
Data Retention Current Iccor: Vin22.8V or VinS0.2V 30 7
Data Retention Current Iccore Vee=3.0V, CE:2Vec—0.2V - - 30* HA
Chip Deselect to Data Retention Time teor 0 - - ns
See Retention Waveform
Operation Recovery Time tr tre** - - ns
* 104A max at Ta=0C to +40°C, Vi. min=—0.3V
*% txc=Read Cycle Time
OLOW Vcc DATA RETENTION WAVEFORM
Data Retention Mode
T T W Bz oy
NOTE: 1. CE, controls Address buffer, WE buffer, CE, buffer and Dyy
buffer If CE, controls data retention mode, V[N level (address,
CEl, D[ 0) can be in the high impedance state, If CE
controls data retentlon mode, Viy level (address, WE, DE,,
Dy/0) must be VN 2 V-0, 2V or VIN $0.2V.
SUPPLY CURRENT SUPPLY CURRENT
vs. SUPPLY VOLTAGE vs. AMBIENT TEMPERATURE
16 16
Ta=25C Vee=5.0V
E 14 "5,“ 14
i
g 12 // LY
FY s
f = 1 \\
s o8 / 5 os
H B
S 06 A 06
04 04
45 4.75 50 525 5.5 0 20 40 60 80
Supply Voltage Vec (V) Ambient Temparature Ta ('C)
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HM6117LP-3, HM6117LP-4

Access Time tas,tacs(Normalized)

Access Time 1aa,tacs(Normalized)

Low Input Voltage Vir(Normalized)

172

ACCESS TIME vs.
SUPPLY VOLTAGE

Ta=25C

09

08

0.7

45 4.75 50 5.25 5.5
Supply Voltage Vee (V)

ACCESS TIME vs.
LOAD CAPACITANCE

.
/

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
L1
1 //
L
0.9
0.8
0.7
45 4.75 5.0 5.25 5.5

Supply Voltage Vec (V)

Supply Current Iccz (Normalized) Access Time taa,tacs(Normalized)

High Input Voltage Vig(Normalized)

O HITACHI

1.3

Vee=5.0V
1.2
11 ]

ACCESS TIME vs.
AMBIENT TEMPERATURE

//

0.9
08
0.7
0 20 40 60 80
Ambient Temperature Ta (°C)
SUPPLY CURRENT vs.
FREQUENCY
13 T T T
200ns | 150ns  [120ns
12
11
10
_____/__/
09
08
07
0 4 10
Frequency f (MHz)
INPUT HIGH VOLTAGE vs.
SUPPLY VOLTAGE
13
Ta=25C
1.2

0.8

0.7

4.

5 4.75 5.0 5.25

Supply Voltage Vec (V)




Standby Current Issi (A)

OUTPUT HIGH CURRENT
vs. OUTPUT HIGH VOLTAGE

OUTPUT LOW CURRENT
vs. OUTPUT LOW VOLTAGE

HM6117LP-3,HME6117LP-4

G HITACHI

1.6 1.6
cc=
14 14 /
i \ 3 /
T o 712
i \ :
: g
R T
H ] Ta=25'C
H B Vec=5V
S s S 08
H ; /
0.6 06 /
o 04 0.2 04 0.6 0.8
Output Voltage Vou (V) Output Voltage Vor (V)
STAND-BY CURRENT vs. STAND-BY CURRENT vs.
AMBIENT TEMPERATURE SUPPLY VOLTAGE
1074 14
Vee=3V
CE:=2.8V
12
107 g 1
/ - P /
e 8 /
107 z 06
2 Ta=25C
/ P / CEz2=Vec-0.2V
04 //
10°7 0.2
0 20 40 60 80 2 3 4 5 6
Ambient Temperature Ta ('C) Supply Voltage Vec (V)
STAND-BY CURRENT vs. STAND-BY CURRENT vs.
INPUT VOLTAGE INPUT VOLTAGE
h Ta=25'C Ta=25C
:E Vee=5V '-; Vee=5V
8 CEi=4.8Y| & CEr=4.8V
i B
2 2
‘i 4 ; 4
3 3
g ) @
2 \ 2
0 e 0
4 5 0 1 4
Input Voltage Viv (V) Input Voltage Vi (V)
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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
EFUNCTIONAL BLOCK DIAGRAM
A o———F
Az —0 Vcc
:: S Row |- |  Memory Matrix —0 GND
:: Decoder | - 128X 128
Ar 0——:5:
p— ] ]
7 > -
f Column /0 I
' Input
[ Column Decoder
[N Data
: : S Control Q
: = ~ N H :
Voo
- A A s Aw S: 5
]
iz oo \—ﬁ;—'

CElo

WE 00—

L

(FP-24)

EABSOLUTE MAXIMUM RATINGS

HPIN ARRANGEMENT

W[
W[
W
o
NG
w5
Yo
w[]

1o [9]

170 [10]

vo[1]

anp[iz]

(Top View)

Item Symbol Rating Unit
Voltage on Any Pin Relative to GND Vr *—0.5 to +7.0 \
Operating Temperature Topr 0 to +70 ‘C
Storage Temperature Tue —55 to +125 ‘C
Temperature Under Bias Touas —10 to +85 ‘C
Power Dissipation Pr 1.0 w
* Pulse width 50ns . —1,5V
ETRUTH TABLE
CE CE. WE Mode Vce Current 1/0 Pin
H X X Not Selected Icci High Z
X H X Not Selected Iccre High Z
L L H Read Icc Dout
L L L Write Icc Din
174 B
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—HM6117LFP-3, HM6117LFP-4

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

Item Symbol min typ max Unit
Vee 4.5 5.0 5.5 \4
S Volt.
upply Voltage GND 0 0 0 v
Input High (logic 1) Voltage Vig 2.2 3.5 6.0 A
Input low (logic 0) Voltage Viu —1.0* -— 0.8 \Y

* Pulse Width: 50ns, DC: Viia.=—0.3V.

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

Item Symbol Test Conditions min typ max Unit
¢ Input Leakage Current | Ius ) Vin=GND to Vcc — — 2 MA
CEi=Vis or CE:=Vyy
Output Leakage Ci t 1 - - 2 A
put Leakage Turren Mol 1y GND to Vee s
ting P Suppl e e
Operating Power Supply Iee |CE/=CE:=Vi, Li.o=0mA - 3 70 mA
Current . DC
Min cycle, duty=100%
A ting C t - J -
wverage Operal llfs urren Icer CE =V, CE:=Vi 35 70 mA
Standby P Suppl! CE\2Vce—0.2V
andby Tower Supply Iccui* 1= Tee - 2 50 HA
Current (1): DC VinzVec—0.2V or Vix<0.2V
Standby Power Supply —_—
Icc* | CE22Vee—0.2V — 2 50 A
Current (2) . DC cet 22 Vee 2 “
Output low Voltage Voo JTor=2.1mA = — 0.4 \Y
Output High Voltage Von Ton=—1.0mA 2.4 — - v

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

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

Item Symbol Test Conditions typ max Unit
Input Capacitance Cix Vin=0V 3 5 pF
Input/Output Capacitance Ci.o Vi o=0V 5 7 pF

Note : 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 - .. .............oouotn 0.8V to 2.4V

Input Riseand Fall Times - -« «.ccvevvnnnn. 10ns

Input and Output Timing Reference Levels . . . 1.5V

Outputload « -« «vvvvvvnenennennennnn.. 1 TTL Gate and ¢y = 100pF (Including Scope & Jig)

®READ CYCLE

HM6117LFP-3 HM6117LFP-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 tcor _ 150 — 200 ns
Chip Enable (CE:) to Output tcoz — 150 — 200 ns
Chip Enable (CE,) to Output in Low Z tiz 10 — 10 - ns
Chip Enable (CE:) to Output in Low Z trze 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 ton 15 — 15 — ns
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HM6117LFP-3, HM6117LFP-4

® TIMING WAVEFORM OF READ CYCLE (Notes 1)

tRC

)
Address >
1Y) ton
CE: N\, tcot (/ / i
tLz1 tHz)
(ﬁ:‘.z \ tcoz /
\N /

trzz e tHz2

Doul % '

Data Valid

NOTES: 1. WE is High for Read Cycle.

O®WRITE CYCLE

HM6117LFP-3 HM6117LFP-4 X
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 tewe 110 — 130 - ns
Address Set Up Time tas 20 - 20 — ns
Address Valid to End of Write taw 130 — 150 - ns
Write Pulse Width twe 100 - 120 - ns
Write Recovery Time twr 15 - 15 — ns
Write to Output in High Z twnz 0 60 0 70 ns
Data to Write Time Overlap tow 50 — 60 - ns
Data Hold from Write Time ton 20 - 20 - ns
Output Active from End of Write tow 10 — 10 — ns
O TIMING WAVEFORM OF WRITE CYCLE
twe
Address
‘>( Tow! e IWR (3)
CEx AN \X\\k )
tewe
o T )
taw
twe(1)
WE
tas(2) }\ \\\ ton
twaz (4) tow ® |
Dout D)) MAVVVAARAN :I
/ AVAVAVANE
tow 1173
(8)
Din < Z >E Data In Valid %%@
NOTES: 1 A write occurs during the 4, During this period, 1/O pins 6 pDedanqe st;te. " .
overla t of low CE,, are in the output state so . qut is the same phase o
CE, aﬁd (WE,?) ! that the input signals of write data of this write
2. ¢ is measured from the opposite phase to the out- cycle.‘
aﬁms changes to the bigin- puts must not be applied. 7. Dout is the read data of next
: s < ddress.
ning of the write, 5. If the CE, or CE, low transi- address. =
3. tyr is measured from the tion occurs simultaneously 8 If CE, and CE, are low

earlier of CE,, CE, or WE
going high to the end/of
write cycle.
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with the WE low transitions or
after the WE transitions, out-
put remain in a high im-
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during this period, I/O pins
are in the output state. Then
the data input signals of op-
posite phase to the outputs
must not be applied to them.



HM6117LFP-3, HM6117LFP-4
HELOW V.. DATA RETENTION CHARACTERISTICS (Ta=0Cto +70°C)

Item Symbol Test Condition min typ max Unit
CEi2Vec—0.2V,
Vec for Data Retenti Vi 2.0 - - v
cc Tor Tata Tetention "M | Vinz Vee—0.2V or Vins0.2V
Vcc for Data Retention Vore CE. 2 Vec—0.2V 2.0 - - \'
Vec=3.0V, CE, 22.8V,

Data Retention Ci t I - - 30+ A
ata Retention Curren ccor VinZ2.8V or Ving0.2V K
Data Retention Current Iccor: Vee=3.0V, CE:2Vec—0.2V - - 30+ HA
Chip Deselect to Data Retention Time tcor 0 - - ns

See Retention Waveform
Operation Recovery Time tr trc** - — ns

* 10xA max at Ta=~0C to +40°C. Vi. min=—0.3V
*% tac=Read Cycle Time

O LOW Vcc DATA RETENTION WAVEFORM

Data Retention Mode

CEi or CEz2 Vor—0.2V

NOTE: 1. CE, controls Address buffer, WE buffer, CE, buffer and Dyy
buffer. If CE, controls data retention mode, Vy level (address,
WE, CE,, Dy/0) can be in the high impedance state. If CE, con-

trols data retention mode, Viy level (address, WE, CE,, Dy0)
must be Viy 2 Ve—0.2V or Viy £ 0.2V,

SUPPLY CURRENT SUPPLY CURRENT
vs. SUPPLY VOLTAGE vs. AMBIENT TEMPERATURE
15 16
Ta=25"C Vee=5.0V
% 14 T 14
% 12 / {c 12
~:" 10 zz 1.0\ s
S o8 g o8
A 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 tas,tacs(Normalized)

Access Time tas,tacs(Normalized)

Low Input Voltage Vir(Normalized)

178

ACCESS TIME vs.
SUPPLY VOLTAGE

Ta=25C

10

45 4.75 5.0 5.25 5.5
Supply Voltage Vcc (V)

ACCESS TIME vs.
LOAD CAPACITANCE

=

y =
12 /

Ta=25C
Vee=MIN
10
08
06
100 200 300 400 500
Load Capacitance Cr (pF)
INPUT LOW VOLTAGE vs.
SUPPLY VOLTAGE
13
Ta=25C
1.2
L1
o /__—_——""
/
0.9
0.8
0.7
4.5 4.75 5.0 5.25 55

Supply Voltage Vcc (V)

Supply Current Iccz (Normalized) Access Time taa,tacs(Normalized)

High Input Voltage Vi#(Normalized)

O HITACH)

ACCESS TIME vs.
AMBIENT TEMPERATURE

Vee=5.0V

10 >
0.9
08
0.7
0 20 40 60 80
Ambient Temperature Ta ('C»
SUPPLY CURRENT vs.
FREQUENCY
13 T T T
200ns | 150ns  |120ns
12
11
10 —
b1
"]
0.9
08
0.7
0 4 10

Frequency f (MHz)

INPUT HIGH VOLTAGE vs.
'SUPPLY VOLTAGE

13
Ta=25C
1.2
LI
10

0.9

08

0.7

45 4.75 5.0 5.25

Supply Voltage Vec (V)

5.5



Standby Current Isgi (A)

OUTPUT HIGH CURRENT
vs. OUTPUT HIGH VOLTAGE

16

0.8

Output Current Ion(Normalized)

Ta=25C
Vee=5V

0.4

Qutput Voltage Vou (V)

STAND-BY CURRENT vs.
AMBIENT TEMPERATURE

1074

Vee=3V
CEr=2.8V

1078

]

10°¢

1077

]

L~

20 40 60

Ambient Temperature Ta ('C}

STAND-BY CURRENT vs.
INPUT VOLTAGE

10

80

Ta=25C
Vee=5V
CE1=4.8V|

Standby Currect Iccrz (Normalized)

\

\

Input Voltage Vin (V)

@ HITACHI

Output Current Ior(Normalized)

Standby Current Issi(Normalized)

Standby Current Icciz (Normalized)

OUTPUT LOW CURRENT

HM6117LFP-3, HM6117LFP-4

vs. OUTPUT LOW VOLTAGE

16
va
12
1.0
Ta=25C
Vec=5V
0.8
0.6 //
04
0.2 04 0.6 0.8

STAND-BY CURRENT vs.

Output Voltage Vor (V)

SUPPLY VOLTAGE

14

08 /
0.6 /
Ta=25C
CEz=Vec—0.2V
0.4 /I
0.2
2 3 4 5 6

STAND-BY CURRENT vs.

Supply Voltage Vec (V)

INPUT VOLTAGE

10

o

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

Input Voltage Vi (V)
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HM6168H-45,HM6168H-55, under

Development

HM6168H-70,HMI6168HP-45,
HM6168HP-55,HM6168HP-70

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

MFEATURES HM6168H-45/55/70
® High Speed: Fast Access Time 45/565/70 ns (max.)
® Single +5V Supply and High Density 20 Pin Package
® Low Power Standby and Low Power Operation;
100uW typ. (Standby), 2560mW typ. (Operation)
® Completely Static Memory
No Clock or Timing Strobe Required
® Equal Access and Cycle Times
® Directly TTL Compatible — All Inputs and Outputs

BFUNCTIONAL BLOCK DIAGRAM

(DG-20)
Ao
A HM6168HP-45/55/70
A: —0 V¢
Row Memory Matrix
As Decoder 128X 128 [ GND
Ay |
As
As
Vo 'ﬁ Column 1/0 =
Lo [l;‘::': Column Decoder
Vin Control
o ,ﬂ (DP-20)
Vo o B
L A M A Aw An HPIN ARRANGEMENT
: —
s &_%J w1 0] vie
Asl 2 191 A
5 o] (] 1] &
D ME 18] A
w1 [17] &
HABSOLUTE MAXIMUM RATINGS
m[5] [16] %
Item Symbol Rating Unit Ao E E Von
Voltage on Any Pin Relative to GND Vin —3.5* to +7.0 A% A'"E E 1'0r
Power Dissipation Pr 1.0 w A"E E"/“‘
Operating Temperature Topr 0 to +70 c C—SE _‘_ﬁ]""‘
Storage Temperature (Ceramic) Toe —65 to +150 ‘C e mie
Storage Temperatﬁre (Plastic) Tus —55 to +125 °C
Temperature under Bias Thias —10 to +85 °C (Top View)

* Pulse Width 20ns, DC=—0.5V

Note) The specifications of this device are subject to change without notice.
Please contact your nearest Hitachis Sales Dept. reqarding specifications.
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HMG6168HLP-45 HMG6168HLP-55,
HM6168HLP-70 Under Development

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

BFEATURES
® High Speed: Fast Access Time 45/55/70ns (max.)
® Single +5V Supply and High Density 20 Pin Package
® Low Power Standby and Low Power Operation;
5uW typ. (Standby), 2560mW typ. (Operation)
® Completely Static Memory
No Clock or Timing Strobe Required
® Equal Access and Cycle Times
Directly TTL Compatible —All Inputs and Outputs
® Capable of Battery back up Operation

(DP-20)
HMFUNCTIONAL BLOCK DIAGRAM
v BPIN ARRANGEMENT
Al "
A ——0 Ve mE ~ Ev”
Row Memory Matrix
A Decoder 128% 128 L) a[7] =1 n

* As E 18] A
:: w[7] E A
T w5 ] 6] %
Column 1/0 w6 5] von
Input a7 2] vor

'O

10

Column Decoder
Data
&[] El/(u
110y 0— .
GND {10 A1 WE
Ar A A A A
(Top View)

L]
iﬁ_QJ yyiyly

EMABSOLUTE MAXIMUM RATINGS

Item Symbol Rating Unit
Voltage on Any Pin Relative to GND Vin —3.5* to +7.0 v
Power Dissipation Pr 1.0 w
Operating Temperature Topr 0 to +70 ‘C
Storage Temperature Te —55 to +125 °C
Temperature under Bias Thias —10 to +85 ‘C

* Pulse Width 20ns, DC=—0.5V

Note) The specifications of this device are subject to change without notice.
Please contact your nearest Hitachi's Sales Dept. regarding specifications.
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HM6167,HM6167-6,HM6167-8,
HM6167P,HM6167P-6,HM6167P-8

16384-word X1-bit High Speed Static CMOS RAM

BFEATURES
® Single +5V Supply and High Density 20 Pin Package
o Fast Access Time — 70ns/85ns/100ns
® Low Power Stand-by and Low Power Operation
Stand-by 26mW Typ. and Operating 150mW Typ.

e Completely Static Memory . . ... No Clock nor Refresh Required
o Fully TTL Compatible — All Inputs and Output
o Separate Data Inputand Qutput . ........ Three State Output

® Pin-Out Compatible with Intel 2167 Series

HBLOCK DIAGRAM

Ao —
A E &— Ve
1
&—— GND
r—37]
A:——k Row Memory Array
Ad k Select 128X 128
An—%:
An—m
Din i Column 1/0 Dout
W—D— An Arno As A A1 A As
HMABSOLUTE MAXIMUM RATINGS
Item Symbol Rating Unit
Terminal Voltage with Respect to GND Vr —0.5 to +7.0 \Y%
Power Dissipation Pr 1.0 w
Operating Temperature Topr 0to +70 ‘C
Storage Temperature(Plastic) Toe —55 to +125 ‘c
Storage Temperature(Ceramic) Tos —65 to +150 ‘C
BRECOMMENDED DC OPERATING CONDITIONS
(0°C=Ta=170C)
Item Symbol min typ max Unit
Vee 45| 5.0 5.5 A
Supply Voltage
GND 0 0 0 v
Input High Voltage Vin 2.2 - 6.0 v
Input Low Voltage ViL —0.5 — 0.8 \4
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HM6167, HM6167-6,
HM6167-8

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

(DP-20)

HPIN ARRANGEMENT
Ny

An[z 20] Vee
a2 [19] 4
AzE Er\u
N [17]an
ad5] [16] 40
as[e] 5]
w[] i)
Dout 8] Em

WEf[ 9 EDin
] B Elé's

(Top View)



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

ETRUTH TABLE

CcS WE Mode Vece Current Output Pin Reference Cycle
H X Not Selected Iss, Iss1 High Z

L H Read Icc Dout Read Cycle 1, 2

L L Write Icc High Z Write Cycle 1, 2

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

Item Symbol Test Conditions min typ max Unit
Input Leakage Current 11| Vec=5.5V, Vin=0V~Vcc — —_ 2 KA
Output Leakage Current |Ito] | CS=Viu, Vour=0V~Vcc — — 2 kA
Operating Power Supply Current Icc CS=Vi., Output Open - 30 60 mA
Iss  |CS=Vi ~ 5 20 mA

Standby Power Supply Current CS=Vec—0.2V
Iss — 0.02 2 mA

Ving0.2V or 2Vec—0.2V

Output Low Voltage Vo Io.=8mA - - 0.4 v
Output High Voltage Vou Ion=—4mA 2.4 - — A

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 +5V (for tuz, tiz, twz & tow)
Input rise and fall times: 5 ns +5V
Input timing reference levels: 1.5V
Output reference levels: 1.5V 4800 4800
Output load: See Figure Dout O—q

255Q 30pF* Dout Ot
2550 SoF*

L

* Including scope and jig.

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

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

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

BAC CHARACTERISTICS (Vec=5V+10%, Ta=0C to 70°C, unless otherwise noted.)
®READ CYCLE '

ltem Symbol HNfGlGZ HM6167P HM6%67-6, HM6167P-6 HM6?67-8, HM6167P-8 Unit
min max min max min max

Read Cycle Time tre 70 -— 85 — 100 — ns
Address Access Time taa — 70 —_ 85 - 100 ns
Chip Select Access Time tacs —_ 70 — 85 - 100 ns
Output Hold from Address Change ton 5 — 5 - 5 —_ ns
Chip Selection to Output in Low Z tLz 5 — 5 - 5 - ns
Chip Deselection to Output in High Z thz 0 30 0 40 0 40 ns
Chip Selection to Power Up Time try 0 - 0 bt 0 — ns
Chip Deselection to Power Down Time tep — 35 - 40 - 45 ns
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HM6167, HM6167-6, HM6167-8, HM6167P, HM6167P-6, HM6167P-8

O®WRITE CYCLE

ltem Symbol l'.{M6167, HM6167P |HM6167-6, HM6167P-6 HM61‘67'8, HM6167P-8 Unit Notes
min max min max min max
Write Cycle Time twe 70 - 85 - 100 - ns 2
Chip Selection to End of Write tew 55 - 65 i 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?

- X

tan ]
ton
Data Out  Previous Data Valid L( X >< Data Valid

® TIMING WAVEFORM OF READ CYCLE NO.2¥

tac |

tac
50X 7
tacs tuz
iz
i High Imped:
Deta Out High Impedance Data Valid igh Impedance
try 17
Vee Supply oo 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 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
=

p Tow. ton
Data In *- Data In Vald

ﬁ tow

/' High Impedance

Data Out Date Undefined

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
Address ><

tas

lcu
cs \\ 7_/
Law thk
tup
NN | £/ /7
| tow LDH
Data In
Data In Valid
twz
Data Out
Data Undefined High Impedance

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

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

16 16
Ta=25C Vee=5.0V

ox/

08

Supply Current Iccilecz (Normalized)
5
Supply Current Icci,Iccz (Normalized)
5

0.6

0.6

04 04
5 .75 50 525 55 0 20 40 60 80

Ambient Temperature Ta ('C)

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

186

Access Time tas,tacs (Normalized) Access Time ta,tacs (Normalized)

Input Low Voltage Vir (Normalized)

ACCESS TIME vs. ACCESS TIME vs.
SUPPLY VOLTAGE AMBIENT TEMPERATURE
13 13
Ta=25C Vee=50V
12 .’,; 12
11 \\ E 11 // —
g /
10 T .
3
- /
09 f 09
08 < 08
0.7 0.7
45 4.75 50 525 55 0 20 40 60 80
Supply Voltage Vec (V) Ambient Temperature Ta ('C)
ACCESS TIME vs. SUPPLY CURRENT vs.
LOAD CAPACITANCE FREQUENCY
h 13 RO —
200ns | 150ns |120ns
16 // 2
el E
14 L7 ;é 11
2
Ta=25C =
Vec=MIN K _,————/
10 S 09
o
£
08 2 o8
06 0.7
100 200 300 400 500 0 10
Load Capacitance Ci (pF) Frequency f (MHz)
INPUT LOW VOLTAGE vs. INPUT HIGH VOLTAGE vs.
SUPPLY VOLTAGE 'SUPPLY VOLTAGE
13 13
Ta=257C Ta=257C
12 12
3
11 —E 11
2 /
10 P ] £
0.9 s 0.3/
£
0.8 :’? 0.8
0.7 0.7
45 475 5.0 5.25 55 45 475 5.0 5.25 5.5

Supply Voltage Vec (V) Supply Voltage Vec (V)
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Standby Current Isp1 (A)

Output High Current Iox (Normalized)

1078

Standby Current Isgi (Normalized)

OUTPUT HIGH CURRENT vs.
OUTPUT HIGH VOLTAGE

Ta=25C
Vee =5V

0.8

0.6

Output Low Current Ior (Normalized)

0.4

4

Output High Voltage Vow (V)

STANDBY CURRENT vs.
AMBIENT TEMPERATURE

Vee=3v
Cs=2.8V

L~

e

~

7

L~

Standby Current Iss1 (Normalized)

20 40 60 80

Ambient Temperature Ta (‘C)

STANDBY CURRENT vs.
INPUT VOLTAGE

T
Ta=25C
Vee=5.0V
C5=48V

N\

N

N

4

Input Voltage Vi (V)

G HITACHI

OUTPUT LOW CURRENT vs.
OUTPUT LOW VOLTAGE

/

/

08

0.6

0.4

Ta=25C
Vee=5V

0.2 0.4 0.6 0.8

Output Low Voltage Vor (V)

STANDBY CURRENT vs.
SUPPLY VOLTAGE

Lo

0.8

U.b

0.4

S

0.2

Supply Voltage Vec (V)

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

187



HM6167LP,HM6167LP-6,

HM6167LP-8

16384-word X1-bit High Speed Static CMOS RAM

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

® FastAccess TiMe . . ..oovvveeerennaenns 70ns/85ns/100ns

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

® Completely Static Memory. ... .. No Clock or Refresh Required
® Fully TTL Compatible. . ............ All Inputs and Output
® Separate Data Inputand Output . ........ Three State Output
® Capable of Battery Back up Operation
HBLOCK DIAGRAM o
-20)
An——vl >, :
A &— Vee
1 w ~
Ao e & GND HPIN ARRANGEMENT
A " Memory Arras \
A:._g D:Z:der e;';;; !2; ” ME 20 | Vee
An————w Ay E EAIJ
An——w AzE EA\:
Din Column 1/0 Dout A:E EA!I
_—> Column Decoder As E E A
CS
AEGAER T B
—E—D— Aun Ae A As Ar As As A‘E E As
Dout E E A7
MABSOLUTE MAXIMUM RATINGS —
WEE EDin
Item Symbol Rating Unit _
onp[10 [11]cs
Terminal Voltage with Respect to GND Vr —0.5 to +7.0 \Y
Power Dissipation Pr 1.0 w (Top View)
Operating Temperature Topr 0 to +70 °C
Storage Temperature Tes —55 to +125 °C
ERECOMMENDED DC OPERATING CONDITIONS (0°C<Ta<70C)
Item Symbol min typ max Unit
Vee 4.5 5.0 5.5 v
Supply Voltage
GND 0 0 0 v
Input High Voltage Viu 2.2 — 6.0 A
Input Low Voltage Vie —0.5 - 0.8 v
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ETRUTH TABLE

HM6167LP, HM6167LP-6, HM6167LP-8

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

L H Read Icc Dout Read Cycle 1, 2

L L Write Iec High Z Write Cycle 1,2

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

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

Standby Power Supply Current CS=Vec—0.2V
Iss: - 1 50 BA

Vins0.2V or 2 Vec—0.2V

Output Low Voltage Voo Tor=8mA —_ — 0.4 v
Output High Voltage Vou Ton=—4mA 2.4 —_ - \%

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

BAC TEST CONDITIONS

Input pulse levels: GND to 3.0V
Input rise and fall times: 5 ns
Input timing reference levels: 1.5V
Output reference levels: 1.5V
Output load: See Figure

Output Load A

+5V

4800
Dout O—q
2550 g;ﬂ;

* Including scope and jig.

30pF*

BMCAPACITANCE (Tae=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.

Output Load B

(for twz, trz, twz & tow)

Dout O——¢

+5V

25502
3

BMAC CHARACTERISTICS (Te=0C to +70°C, Vcc=5V110%, unless otherwise noted.)

O®READ CYCLE

HM6167LP HM6167LP-6 HM6167LP-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 tz 5 — 5 - 5 — ns
Chip Deselection to Output in High Z thz 0 30 0 40 0 40 ns
Chip Selection to Power Up Time tru 0 - 0 - 0 - ns
Chip Deselection to Power Down Time tep - 35 - 40 - 45 ns
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HM6167LP, HM6167LP-6, HM6167LP-8

® TIMING WAVEFORM OF READ CYCLE NO.1Y:?

Address ><
N ! 7 4

Data Out Previous Data Valid Data Valid
RS

® TIMING WAVEFORM OF READ CYCLE NO.2 %

s Y

tac -l

tac

N\ 7

tacs

thz
(773
i a Hi di
Data Out M'!Ek X >< X Data Valid igh Impedance
K
tey

50% 50%

Vee Supply Tec

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
Item Symbol HMS6167LP HM6167LP-6 H'M6167LP-8 Unit Notes
min max min max min max
Write Cycle Time twe 70 — 85 - 100 - ns 2
Chip Selection to End of Write tew 55 - 65 — 80 — ns
Address Valid to End of Write taw 55 - 65 — 80 - ns
Addréss Setup Time tas 0 — 0 - 0 = ns
Write Pulse Width twe 40 - 45 - 55 — ns
Write Recovery Time twr 0 — 0 - 0 - ns
Data Valid to End of Write tow 30 - 35 - 40 - ns
Data Hold Time ton 0 - 0 - 0 - ns
Write Enable to Output in High Z twz 0 30 0 40 0 40 ns 3,4
Output Active from End of Write tow 0 - . 0 - 0 - ns 3,4

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

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

twe

D )
« X Y777
= RO\ 2

| Tow ton
Data In * Data In Valid %
7

Data Out Data Undefined /l
High I
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HM6167LP, HM6167LP-6, HM&167LP-8

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

o X

twe

taw ¢

= =
i

O AN NN\ X X/ /77
| _tow ton
et * Data In Valid L}

Dats Out

Data Undelined N High Impedance

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

Parameter Symbol Test Condition min typ max Unit
Vee for Data Retention Vor 2.0 - - \Y
C82 Vec—0.2V - - 20
Data Retention Current Tccor MA
Viaz Vec—0.2V or - - 30°*
Chip Deselect to Data Retention Time teor 0VsV.s0.2V 0 - - ns
Operation Recovery Time tr tact -— — | ns
A tac=Read Cycle Time *®  Vec=2,0V
8 Vecm3.0V

HLOW V.. DATA RETENTION WAVEFORM

Data Retention Mode

@ HITACHI 191



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

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

= FEATURES HM6167H-45, HM616 TH-55

® 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 Output. . . ... ... Three State Output

® BLOCK DIAGRAM

(DG-20)

HM6167HP-45, HM616 7THP-55

(DP-20)

20 | Vee

B
_T_s]An
17) An
_l_s_l An
[15] 4
(1] A
[13] A
[12]in
[i1]cs

ho—1 571
&—— Ve
A a &—— GND
a—]
A:———-‘k Row Memory Array
Ae _—k Select 128x 128
A =
o
Din —i Column I/0 Dout
_s——| >o
g H g ﬂ g H g\l ® PIN ARRANGEMENT
\_V_E—-D— An Ao As Ar A1 A As A“E A
Ay E
= ABSOLUTE MAXIMUM RATINGS A’E
Item Symbol Rating Unit A’E
Terminal Voltage with respect to GND Vr -3.5* to +7.0 v
Power Dissipation Pr 1.0 w a[e]
Operating Temperature Topr 0to +70 | °C AsE
Storage Temperature (Plastic) Tstg —55to+125 °C AeE
Storage Temperature (Ceramic) Tstg —65 to +150 °C
Storage Temperature (under bias) Thias | —10to +85 °C Dout| 8
* Pulse Width 20ns, DC: —0.5V. . WE[ 9
# RECOMMENDED DC OPERATING CONDITIONS (7, =0 to +70°C) enof1o
Item Symbol min typ max Unit
Vee 4.5 5.0 5.5 v
Supply Voltage GND 0 0 0 v
Vi 2.2 - 6.0 \'
Input Voltage ViL T3.0° — 08 v

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

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

(3 WE Mode Vee Current Dout Pin Ref. Cycle
H X Not selected Iss, Issr High-Z
L H Read Icc Dout Read Cycle
L L Write Icc High-Z Write Cycle
EDC AND OPERATING CHARACTERISTICS (Vcc=5V+10%, Ta=0TC to +70T)
Item Symbol Test Conditions min typ max Unit
Input Leakage Current 1o | Vee=5.5V, Vin=0V~Vcc —_ — 2 HA
Output Leakage Current |Iol | CS=Vin, Vour=0V~Vec — - 2 HA
Operating Power Supply Current Icc CS = V., Output Open - 40 80 mA
Iss CS = Viu -_— 10 20 mA
Standby Power Supply Current CS2Vec—0.2V
Iss - 0.02 2 mA
Vins0.2V or 2Vec—0.2V
Output Low Voltage Vo Io.=8mA — -_ 0.4 v
Output High Voltage Vou Ion=—4mA 2.4 - - v
Note) Typical limits are at Vcc=5.0V, Ta=25C and specified loading.
HAC TEST CONDITIONS
Output Load A Output Load B
Input pulse levels: GND to 3.0V +5V (for twz, tirz, twz & tow)
Input rise and fall times: 5 ns sV
Input timing reference levels: 1.5V
Output reference levels: 1.5V 4802 4802
. N Dout Qg
Output load: See Figure ] . Dout
2550 g 30pF .
550§ SeF
* Including scope and jig. # Including scope and jig.
BCAPACITANCE (Ta=25C, f=1.0MHz)
Item Symbol typ max Unit Conditions
Input Capacitance Cin 3 5 pF Vin=0V
Output Capacitance Cour 5 7 pF Vour=0V
Note) This parameter is sampled and not 100% tested.
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HM6167H-45, HM6167H-55, HM6167HP-45, HM6167HP-55

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

®READ CYCLE

HM6167H/P-45 HM6167HP-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 - S - ns

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

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

NOTES:

All Read Cylce timing are referenced from last valid address to the first transmonmg address.

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

from device to device.

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

. Device is continuously sele

1.
2.
3
4. WEis ngh for READ cycl
5
6. Addresses valid pnor to or
7

e.
cted, CS= VI Le
coincident with CS transition low.

. This parameter is sampled and not 100% tested.

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

tRC ]
Address ><
ton
DataOut  you™ D““}(X >< Data Valid
® TIMING WAVEFORM OF READ CYCLE NO.2 4).6)
trc
& 7
IHZ
i High Impedance
DataOut Highlm Data Valid %;‘h_ P
tpp
vee Supply fee .
- - ;F 50%
Current Isp 50% o
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HM6167H-45, HM6167H-55, HM6167HP-45, HM6167HP-55

® WRITE CYCLE
HM6167H/P-45 HM6167TH/P-55
Item Symbol - - Unit Notes
min max min max

Write Cycle Time twe 45 - 55 - ns 2
Chip Selection to End of Write tcw 40 - 50 - ns
Address Valid to End of Write tAw 40 - 50 - ns
Address Setup Time tAS 0 - 0 - ns
Write Pulse Width twp 25 - 35 - ns
Write Recovery Time tWR 0 - 0 - ns
Data Valid to End of Write tDw 25 - 25 - ns
Data Hold Time tDH 0 - 0 - ns
Write Enable to Output in High Z twz 0 25 0 25 ns (3) @)
Output Active from End of Write tow 0 - 0 - ns 3)@

NOTES: 1. If CS goes high simultaneously with WE high, the output remains in a high impedance states.
2. All write cycle timings are referenced from the last valid address to the first 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 (WE Controled)
twe

Address D( _ X
s SX LV /7,

w -t W R+

[
—las twp
WE i S EL;_7ng -
DW
Data In * Data In Valid *
-t wzi —tow—
Data Out Data Undefined Tiigh Impedance (

® TIMING WAVEFORM OF WRITE CYCLE (CS Controled)

we
Address >( )(
tas
a tocw —
3 _
tAw 'WR
twp
WE_\ N\ N\ O\ N\ X £/ /77
| tpw IDH |
Data In Data In Valid *
twz
Data Out Data Undefined

High Impedance
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HM6167H-45, HM6167H-55, HM6167HP-45, HM6167HP-55

SUPPLY CURRENT vs. SUPPLY CURRENT vs.
SUPPLY VOLTAGE AMBIENT TEMPERATURE
L6 1.
Ta=25C Vee =5.0V
14 14
é 12 // 'é 12
£ S
g W0 "B Lo \\
$ —
Eoos // 3 o8
[} -
£ o0s A 06
0.4 04
45 4.75 5.0 5.25 5.5 20 40 60 80
Supply Voltage Vec (V) Ambient Temperature Ta ('C)
ACCESS TIME vs. ACCESS TIME vs.
SUPPLY VOLTAGE AMBIENT TEMPERATURE
13 13
Ta=25C Vee=5.0V
,_.'5 1.2 = 1.2
E 11 g 1 —
\ E
§ —~— § o '/
::_ ~—~——— 3 /
E H
£ 09 £ 09
2 0 £ os
07 4.75 5.0 5.25 5.5 o7 0 20 40 60 80
Supply Voltage Vec (V) Ambient Temperature Ta (°C)
ACCESS TIME vs. SUPPLY CURRENT vs.
LOAD CAPACITANCE FREQUENCY
18 . 200 100 66 50 40

T T T
100ns 85ns 70ns

a /

»

5 3
3 8
3 5
: g
E 2 7
s / g /
2 -~
g 12
3 - e 08 7
b 8
S =
5
. E /
g z 07 -
H & /
2 o8 06
0.6
00 200 300 400 500 05 6 5 20 7
Load Capacitance C. (pF) Frequency f (MHz)
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Input Low Voltage Vi (Normalized)

Output High Current Py {Normalized)

Standby Current [ssy (A)

INPUT LOW VOLTAGE vs.
SUPPLY VOLTAGE

Ta=25'C

0.9

0.8

0.7

4.5 4.75 5.0 5.25 5.5

Supply Voltage Vee (V)

OUTPUT CURRENT vs.
OUTPUT VOLTAGE

Ta=25C
Vee=5V

TN
\

04 3

Output High Voltage Vo (V)

STANDBY CURRENT vs.
AMBIENT TEMPERATURE

106
Vec=3V
CS=2.8V
1078
m / -
10°3
20 10 0 E

Ambient Temperature Ta ('C)

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

Standby Current Isp (Normalized)

G HITACHI

HM6167H-45, HM6187H-55, HM6167HP-45, HM68187HP-55

INPUT HIGH VOLTAGE vs.
SUPPLY VOLTAGE

Ta=25'C

0.9

0.8

01F 4.75 5.0 5,28 5.5

Supply Voltage Vec (V)

OUTPUT CURRENT vs.
OUTPUT VOLTAGE

/

/

Ta=25C

Vee =5V
08 /
0.6 /
0.4 0.2 0.4 0.6 0.8

Qutput Low Voltage Voi (V)

STANDBY CURRENT vs.
SUPPLY VOLTAGE

14

0.8
/
0.6
/ a=25'C
C8= Vee—0.2V
0.4
=

0.2

1~

Supply Voltage Vee (V)
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HM6167H-45, HM6167H-55, HM6167HP-45, HM6167HP-55

STANDBY CURRENT vs.
INPUT VOLTAGE

1
Ta=25C

Vee=5.0V
TS=4.8V

B

N

=5

£

£

2 6

H

P \

g 4

£

H

o

2

=

s 2

ﬁ J

0 4

Input Voltage Vin (V)
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HM6167HCG-45,HM616 7HCG-55

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

BFEATURES

® High Density 20 pin Leadless Chip Carrier

® High Speed: Fast Access Time 45/55ns Max.

® |Low Power Standby and Low Power Operation
Standby: 100uW typ., Operation: 200mW typ.

® Completely Static

Memory;

No Clock or Timing Strobe Required N\ir
® Equal Access and Cycle Times
® Directly TTL Compatible; All Inputs and Output
HMBLOCK DIAGRAM
(CG-20)
A —
Ao § &— Veeo
1
N ~ &— GND HPIN ARRANGEMENT
As x Row Memorv Array A Vee Ao A1
128x 128
An-—-——-&:
A m A8 kilm VY
Anfir Mu
Din Column 170 ", A6 S0
A5 60 As
Column Decoder A4 O
S—> Zi a g ﬂ 2;1 ﬁ e oo
w‘h..{>-l A Ae A A A A A 12211 10 9
Din CS GND WE
(Bottom View)
MABSOLUTE MAXIMUM RATINGS
Item Symbol Rating Unit
Voltage on Any Pin* Vr —0.5 to +7.0 \%
Power Dissipation Pr 1.0 w
Operating Temperature Topr 0to +70 °C
Storage Temperature T —65 to +150 ‘C
Temperature Under Bias ™ —10 to +85 ‘C
* with respect to GND. Vix min=—3.5V (Pulse width 20ns)
HMTRUTH TABLE
CS WE Mode Vee Current Dout Pin Ref. Cycle
H X Not selected Iss, Isa: High-Z
L H Read Icc Dout Read Cycle
L L Write Icc High-Z Write Cycle

@ HITACHI
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HM6167HCG-45, HM6167HCG-55

<«
IMRECOMMENDED DC OPERATING CONDITIONS (Ta=0 to +70°C)
Item Symbol min typ max Unit
Vee 4.5 5.0 5.5
Supply Voltage
GND 0 0 0 A
Viu 2.2 — 6.0 A
Input Voltage
Vi —0.5* - 0.8 \'
% —3.0V (Pulse width 20ns)
HEDC AND OPERATING CHARACTERISTICS (Vcc=5V £10%, Ta=0 o +70°C)
Item Symbol Test Conditions min typ* max Unit
Input Leakage Current | Iur | Vee=5.5V, Vin=0V to Vcc — — 2 HA
Output Léakage Current | To | CS=Vi, Vour=0V to Vec — - 2 KA
Operating Power Supply Current Icc CS=V,., Output Open — 40 80 mA
Iss CS=Viu - 10 20 | mA
Standby Power Supply Current —
Isg: CS=Vec—0.2V, Vin=0.2V or Vin=Vec—0.2V — 20 2000 HA
Vo. Tor=8mA — - 0.4 v
Output Voltage
Von Tow=—4mA 2.4 — - v
Note) * : Typical limits are at Vcc=5.0V, Ta=25°C and specified loading.
B CAPACITANCE (Ta=25C, f=1MHz)
Item Symbol Test Conditions typ max Unit
Input Capacitance Cin V=0V 3 5 pF
Output Capacitance Cout Veour =0V 5 7 pF
Note) This parameter is sampled and not 100% tested.
BAC CHARACTERISTICS (Vcc=5V £10%, Ta=0 to +70°C)
®AC TEST CONDITIONS Output Load A Output Load B
Input Pulse Levels: GND to 3.0V +5V (for tuz, tiz, twz & tow)
Input Rise and Fall Times: 5 ns 5V
Output Reference Levels: 1.5V 4800
Dout O—q 1802
255Q 30pF* Dout Oy
’ 25508 SeF*
=
% Including scope and jig.
®READ CYCLE
HM6167HCG-45 HM6167HCG-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 tou 5 - 5 - ns
Chip Selection to Output in Low Z tLz 5 — 5 - ns 2,3,4
Chip Deselection to Output in High Z thz 0 30 0 30 ns 2,3,4
Chip Selection to Power Up Time tpy 0 - 0 — ns
Chip Deselection to Power Down Time tep — 30 — 30 ns

Notes) 1.

200

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 t.z min both for a given device and from device to device.

This parameter is sampled and not 100% tested.

3. Transition is measured £500mV from steady state voltage with specified loading in Load B.
4.

O HITACHI



HM6167HCG-45, HM6167HCG-55

®Read Cycle-1 (Notes 1, 2)

Address ><
tad -]

ton
Data Ou Previous Data Valid
ata QU Data Valid

®Read Cycle-2 (Notes 1, 3)

tRc |

tRC

& _\\ //7

tacs ]

)
0z e

Data Out High Impedance Data Vatid High Impedance

tpy 117]

lot o= o -

Vee Supply

Current Iss ———]

Notes) 1., WE is high for Read Cycle. .
2. Address valid prior to or coincident with CS transition low.
3. Transition is measured £500mV from steady state voltage with specified loading in Load B.

O®WRITE CYCLE

ltem Symbol HM6167HCG-45 HM6167HCG-55 Unit Notes
min max min max
Write Cycle Time twe 45 - 55 - ns 2
Chip Selection to End of Write tew 40 — 50 — ns
Address Valid to End of Write taw 40 — 50 - ns
Address Setup Time tas 0 - 0 - ns
Write Pulse Width twp 25 - 35 — ns
Write Recovery Time twr 0 - 0 — ns
Data Valid to End of Write tow 25 - 25 — ns
Data Hold Time ton 0 - 0 - ns
Write Enable to Output in High Z twz 0 25 0 25 ns 3,4
Output Active from End of Write tow 0 — 0 - ns 3,4

Notes) 1. If CS goes high simultaneouly with WE high, the output remains in a high impedance state.
2. All Write Cycle timings are referenced from the last valid address to the first transitioning address.
3. Transition is measured +500mV from steady state voltage with specified loading in Load B.

4. This parameter is sampled and not 100% tested.
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HM6167HCG-45, HM6167HCG-55

®Write Cycle-1 (WE Controlled)

idres ¥ |

tew

- T

LAW.

tas

Ak

Data In

[113 ton
Data In Valid

twz Low

Data Out Data Undefined

High Impedance

® Write Cycle-2 (CS Control’.d)

tci

13

N\ /|
O AN N X /[ /
| tow ton

Data In } {

Data In Valid

Data Out
Data Undefined

lﬁh Impedance

202
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HM616 7HLP-45 HM6167HLP-55

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

® FEATURES
® Fast Access Time. . ......... HM6167HLP-45 45ns (max)
HM6167HLP-55 55ns (max)
® Low Power Standby and Low Power Operation
Standby 5uW (typ) and Operating 200mW (typ)
® Capable of Battery Back-up Operation
Single +5V Supply and High Density 20 Pin Package
® Completely static Memory
No Clock or Timing Strobe Required
® Equal Access and Cycle Times

® Directly TTL Compatible . . . .. All Inputs and Output
(DP-20)
= BLOCK DIAGRAM
Ao —F e = PIN ARRANGEMENT
rn—L3 S A\
€—— GND .
A,_m .-\»E 20 | Ve
——" p. 3 ow Memory Arra
» sflm elz:n:lzs ! A E EA"
rn—F]
An———-l 3 f ME EA"
An———-‘w AJE EAH

Adl'5 16 | Aro
Column 1/0 Dout E j

{
) : o[ ml
S| 2 B
WE Al An A A A rl_—'J]Ay

\VE—-D— A As Dout E
W_EE E Din
® ABSOLUTE MAXIMUM RATINGS R m EC-S
Item Symbol Rating Unit
Terminal Voltage with respect to GND | V7| ~3.5* to+7.0 | V (Top View)
Power Dissipation Pr 1.0 w
Operating Temperature Topr 0to +70 °C
Storage Temperature Tstg —55 to +125 °C
Storage Temperature Under Bias Tbias ~10to +85 °C

* Pulse Width 20ns, DC: —0.5V
® RECOMMENDED DC OPERATING CONDITIONS (72 = 0 to +70°C)

Item Symbol min typ max Unit
Vce 4.5 5.0 55 A%
Supply Voltage GND 0 0 0 v
ViH 2.2 - 6.0 \%
Input Volt:
nput Voltage viL | -3.0° | - 0.8 v

* Pulse Width 20ns, DC: ¥y min= —0.5V
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HM6167HLP-45, HM6167HLP-55
Il TRUTH TABLE

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

L H Read Icc Dout Read Cycle

L L Write Icc High-Z Write Cycle

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

Item Symbol Test Conditions min typ max Unit
Input Leakage Current |1 | Vec=5.5V  Vin=0V~Vec — - 2 HA
Output Leakage Current |I.ol | CS=Vin, Ku=0V~Vce - - 2 KA
Operating Power Supply Current Icc CS =V, Output Open - 40 80 mA
Iss | CS=Vi - 10 mA

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

Vins0.2V or 2 Vec—0.2V

Output Low Voltage Vor To.=8mA -— - 0.4 \%
Output High Voltage Vou Toy=—4mA 2.4 - —_ \%

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

BMAC TEST CONDITIONS

Input pulse levels: GND to 3.0V Output Load A Output Load B
. . +5V (for tuz, tiz, twz & tow)
Input rise and fall times: 5 ns +5V
Input timing reference levels: 1.5V
Output reference levels: 1.5V 4800 4800
Output load: See Figure Dout O——g
2550 i: 30pF* Dout O
zssnii SeF*
* Including scope and jig. * Including scope and jig.
BCAPACITANCE (Ta=25C, f=1.0MHz)
Item Symbol typ. max Unit Conditions
Input Capacitance Cin 3 5 pF Vin=0V
Output Capacitance Cour 5 7 pF Vour=0V

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

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

HM6167HLP-45 HM616 7THLP-55
Item Symbol - Unit Notes
min max min max
Read Cycle Time . tRC 45 - 55 - ns a1
Address Access Time tAA - 45 - 55 ns
Chip Select Access Time tacs - 45 - 55 ns
Output Hold from Address Change tOH 5 - 5 - ns
Chip Selection to Output in Low Z tLz 5 - H - ns QM
Chip Selection to Output in High Z tHZ 0 30 0 30 ns 23
Chip Selection to Power Up Time tpU 0 - 0 - ns
Chip Deselection to Power Down Time tPD - 30 - 30 ns

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

. At any given temperaturé and voltage condition, 7z max. is less than t; z 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.

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

This parameter is sampled and not 100% tested.
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HM6167HLP-45, HM6167HLP-55
® TIMING WAVEFORM OF READ CYCLE NO.1 %) ®

tre |
Address ><
l—-tOH
Data Out Previous Data Data Valid
Valid

® TIMING WAVEFORM OF READ CYCLE NO.2% 8

13:Te}
s X 7
tacs Hz

Lz High Imped.

i mpedance
Data Out High Im M( Data Valid P

fpu tPD

cc

I
Vee Supply =Z----
Current I_S_B__ﬁ 0% so%

® WRITE CYCLE

HM6167HLP-45 HM6167HLP-55
Item Symbol Unit Notes

min max min max

Write Cycle Time twe 45 - 55 - ns )

Chip Selection to End of Write tcw 40 - 50 - ns

Address Valid to End of Write taw 40 - 50 - ns

Address Setup Time tAs 0 - 0 - ns

Write Pulse Width twp 25 - 35 - ns

Write Recovery Time twR 0 - 0 - ns

Data Valid to End of Write tDw 25 - 25 - ns

Data Hold Time tDH 0 - 0 - ns

Write Enable to Output in High Z twz 0 25 0 25 ns 3) @)

Output Active from End of Write tow 0 - 0 - ns 3@

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

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

twe
Address )( )(
tew /
CS \ /
tAw
t
L P et W R —a]
WE p
N\ twp
ANRN /
tpw—=] 195)34
. Data in
Din Valid
-tz e —Ltow
High Impedance
Dout A |\
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HM6167HLP-45, HM6167HLP-55

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

twe
Address ;(
taw
e tag _.I ~—1wr

.C—S e —— tCW 'I

/|
. \ twp /
WE \ /

t ——
DW tpH
Din Data in Valid

wz

High Impedance

Dout

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

Parameter Symbol Test Condition min typ max Unit
Vce for Data Retention Vor 2.0 - — v
CSz Vec—0.2V - - 20*
Data Retention Current Tccor KA
ViaZ Vec—0.2V or - - 30°*
Chip Deselect to Data Retention Time teor 0vVsV.s0.2V 0 - - ns
Operation Recovery Time tr tre® - - ns
& tac=Read Cycle Time *  Vee=2.0V
** Vee=3.0V

oLOW V. DATA RETENTION WAVEFORM

Data Retention Mode

CS 2 Vee-0.2V
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HM6264P-10,HM6264P-12,

HMG6264P-15

8192-word x 8-bit High Speed Static CMOS RAM
= FEATURES
® Fast access Time

® Low Power Standby Standby: 0.1mW (typ.)
Low Power Operation Operating: 200mW (typ.)
Single +5V Supply
Completely Static Memory. . ... No clock or Timing Strobe Required

Equal Access and Cycle Time

Common Data Input and Output, Three State Output
Directly TTL Compatible: All Input and Output
Standard 28pin Package Configuration

Pin Out Compatible with 64K EPROM HN482764

= BLOCK DIAGRAM

100ns/120ns/150ns (max.)

(DP-28)

= PIN ARRANGEMENT

e —
—~—0 Vo
: o v N~
. g Deeoder E iR e NC E E Vce
~ : o A2 z] WE
H I T
" (:ﬁ Column 1/0 A E 2] S,
: S :,".’":' Column Decoder A, E E A,
' Control
o~ ! A A
) il E ] A,
A ]
3 E : A-E E A,
cso—oyp | 5‘ A, E E OE
So—iy _Imhr ] A8 21] A,
Read, Write Controf —a
we Al9 E CS,
3 Eo————] A, @ E 1/0,
s ABSOLUTE MAXIMUM RATINGS vo. [T
Item Symbol Rating Unit 10, E E 170,
Terminal Voltage * VT | —05**to+7.0 | V 1/0, E 17] 1/0,
Power Dissipation pPr 1.0 w
Operating Temperature Topr 0to +70 5C I/ OaE _T_EI 1/0,
Storage Temperature Tstg —55 to +125 °C GND[14 E 1/0,
Storage Temperature (Under Bias) Toias —10to +8S5 °C
* With respect to GND.  ** Pulse width 50ns: —3.0V (Top View)
m TRUTH TABLE
WE |CS, |cs, | OF Mode 1/O Pin Vo Current Note
X H X X | Not Selected High Z ISB, IsB1
X | X | L | X |(Power Down) High Z ISB, IsB2
H L H H | Output Disabled High Z Icc, Icc1
H L H L | Read Dout Icc, Icc1
L L H H Write Din Icc, Icc1 Write Cycle (1)
L L H L Din Icc, Icci Write Cycle (2)

X ! Don't care.

O HITACHI
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HM6264P-10, HM6264P-12, HM6264P-15
# RECOMMENDED DC OPERATING CONDITIONS (T; = 0 to +70°C)

Item Symbol min typ max Unit
Vee 4.5 5.0 5.5 \4
Supply Voltage ) 5 0 5 v
Viu 2.2 - 6.0 \'2
Input Voltage ViL o3 — 08 v

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

Item Symbol Test Condition min |typ* | max | Unit
Input Leakage Current 1451 Vin=GND to Vcc - - 2 | A
Output Leakage Current Lol tcos::c';'"{ ot CS2=V7y, or OE=V1H, Vi/0=GND _ _ 2 | ua
Operating Power Supply Current| Icc CS1=vyL, CS2=Vin, I1/0=0mA - 40 80 | mA
Average Operating Current Icci Min. cycle, duty=100%, CS1=Vr, CS2=VIH - 60 | 110 | mA
Isp . | CS1=Viy or CS2=V1, I1/0=0mA - 1 3 | mA
Standby Power Supply Current | Isgy»* | CS12Vcc-0.2V, CS22Vce~0.2Vor CS250.2V| ~ | 0.02 2 | mA
Ispz»» | CS250.2V - 10.02 2 | mA
14 IorL=2.1mA - - 0.4 \%
Output Voltage oL oL
Von Iox=-1.0mA 24 | - = v

*  Typical limits are at Vog=5.0V, Tq=25°C and specified loading.
** V1L min=-0,3V

® CAPACITANCE (f= IMHz, T, = 25°C)

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

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

® AC CHARACTERISTICS (Ve = 5Vt10%, Ta = 0 to +70°C)
© AC TEST CONDITIONS

Input Pulse Levels: 0.8 to 2.4V

Input Rise and Fall Times: 10ns

Input and Output Timing Reference Level: 1.5V

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

HM6264P-10 HM6264P-12 HM6264P-15 '
Item Symbol Unit
min max min max min max
Read Cycle Time tRC 100 - 120 -~ 150 - | ns
Address Access Time tAA - 100 - 120 - 150 ns
Chip Selection to Output il feot - 100 -~ 120 - 150 - =
CS2 tco2 - 100 - 120 - 150 ns
Output Enable to Output Valid toE - 50 - 60 - 70 ns
Chip Selection to csi tLz1 10 - 10 - 15 - ns
Output in Low Z €s2 1Lz2 10 - 10 - 15 - ns
Output Enable to Output in Low Z toLz 5 L - 5 - 5 - ns
Chip Deselection to CS1 | thzi 0 35 0 | 40 | o 50 | ns
Output in High Z Cs2 tHz2 [i 35 0 40 0 50 ns
Output Disable to Output in High Z tOHZ 0 35 0 40 0 50 ns
Output Hold from Address Change tOH 10 - 10 - 15 - ns

NOTES: 1 1557 and oz are defined as the time at which the outputs achieve the open circuit condition and are not referred
to output voltage levels,
2 At any given temperature and voltage condition, tHz max is less than ¢ z min both for a given device and from
device to device.
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HM6264P-10, HM6264P-12, HM6264P-15

o READ CYCLE

trc -
/ Ve
Address )& }\
taa
s T
ST / [
tLz1 I
tcoz l-———— THZ1
< /I RN
Cs2
. fLz2 N
loE tHZ2
% AN N
MW 3 2L
toHz
/ T
Dout = \ Data Valid
~—lOH
NOTE: 1) WE is high for Read Cycle
® WRITE CYCLE
HM6264P-10 HM6264P-12 HM6264P-15
Item Symbol Unit
min max min max min max
Write Cycle Time twe 100 - 120 - 150 - ns
Chip Selection to End of Write tew 80 - 85 - 100 - ns
Address Setup Time tas 0 ~ 0 - 0 - ns
Address Valid to End of Write taw 80 - 85 - 100 - ns
Write Pulse Width twp 60 - 70 - 90 - ns
CS1,WE | ¢ 5 - 5 - 10 -
Write Recovery Time WR1 »
CSs2 twR2 15 - 15 - 15 - ns
Write to Output in High Z twWHZ 0 35 0 40 0 50 ns
Data to Write Time Overlap tbw 40 - 50 - 60 - ns
Data Hold from Write Time tpH 0 - 0 - 0 - ns
OE to Output in High Z toHZ 0 35 0 40 0 50 ns
Output Active from End of Write tow 5 - 5 - 10 - ns
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HM6264P-10, HM6264P-12, HM6264P-15

© WRITE CYCLE (1) (OE clock)

fe

Address Jk j(
4]
5 N
Ok V o vt N
I R £
(6] tews i
cs2 * R
) A lira
WE (e {r.ﬂ.m
)\ 7%
ton, 5]
Dout N :
£ T —
y o M
Din x

© WRITE CYCLE (2) (OE Low Fix)

e -

Address ]kﬁ *

tan tp [4]
tow [2]

Ts1 ‘f\ 67 7/

= ez (2] tare 4]

Ccs2 ~
tu 4]
— typ (1) .
WE 0,3 le ¥ ton
(5] A fon
— (7] 18]
Dout > - T

iy

19
i @J:_‘ D! \VAYAN
in / NN

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

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

3) t4 g is measured from the address valid to the beginning of write.

4) twg is measured from the end of write to the address change.
twr1 applies in case a write ends at CS1 or WE going high.
twr2 applies in case a write ends at CS2 going low.

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

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

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

8) Dout is the read data of the new address.

9) If CS1 is low and CS2 is high during this period, I/O pins are in the
output state. Therefore, the input signals of opposite phase to the
outputs must not be applied to them.
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HM6264LP-10,HM6264LP-12"
HM6264LP-15

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

® FEATURES

® Fast access Time
°

Single +5V Supply

= BLOCK DIAGRAM

Low Power Standby
Low Power Operation
Capability of Battery Back-up Operation

Completely Static Memory. .. ..
Equal Access and Cycle Time
Common Data Input and Output, Three State Output
Directly TTL Compatible: All Input and Output
Standard 28pin Package Configuration
Pin Out Compatible with 64K EPROM HN482764

100ns/120ns/150ns (max.)

Standby:

0.01TmW (typ.)
Operating: 200mW (typ.)

No clock or Timing Strobe Required

(DP-28)

= PIN ARRANGEMENT

* |: —0 Vo V
;' S o Bl s Al Ne [1] 28) vee
«,o——';gs: A2 E WE
I I I
l'(no—w [T cotmio A E 2] S,
! S ot Column Decoder Ag E E A,
' Control
1 — %] i A[5] 7] A,
I 1 NG .
€S2 Ot 5' A, E E OE
— ] Timing Pulse Gen,
(s.o————)_______'_ ________ A’E EA‘“
y Read, Write Control —
o A 9] [20] s,
o x A, 10} 19]1/0,
]
ABSOLUTE MAXIMUM RATINGS ' ' 1/0, E E 10,
Item Symbol Rating Unit
Terminal Voltage * VT | 05* t0+70] V 1/0, 12} 17) 1/0,
Power Dissipation PT 1.0 w
1/0
Operating Temperature Topr 0to +70 °C / ‘E 1-6] 1/0,
Storage Temperature Tstg —55 to +12§ °C GND/{14 E 1/0,
Storage Temperature (Under Bias) Toias -10to +85 °C
* With respect to GND.  ** Pulse width 50ns: —3.0V (Top View)
= TRUTH TABLE
WE |CS, |Cs, | OE Mode 1/0 Pin V¢ Current Note
X H X X | Not Selected High Z ISB, ISB1
X X L | x | (Power Down) High Z ISB, ISB2
H L H H | Output Disabled High Z Icc, Icca
H L H L | Read Dout Icc, Icc1
L L H H Write Din Icc, Icc1 Write Cycle (1)
L L H L Din Icc, Icci Write Cycle (2)

X I Don't care,

G HITACHI
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HM6264LP-10, HM6264LP-12, HM6264LP-15
= RECOMMENDED DC OPERATING CONDITIONS (7; = 0 to +70°C)

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

Supply V
upply Voltage GND 0 0 0 v
Vi 2.2 - 6.0 \"

t Volt
Input Voltage ViL | —03* | - 0.8 v

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

Item Symbol Test Condition min I typ* | max | Unit
Input Leakage Current L Vin=GND to Vcc - - 2 | A
Output Leakage Current Lol CS1=VIy or CS2=VL or OE=VIH, VI/0=GND _ _ 2 | ua
to Vee
Operating Power Supply Current| Icc , | CSi=ViL, CS2=Vin, I170=0mA - | 40 80 | mA
Average Operating Current Icci Min. cycle, duty=100%, CS1=ViL, CS2=Vin - | 60 | 110 | mA
IsB CS1=ViH or CS2=ViL, I1/0=0mA - 1 3 |mA
Standby Power Supply Current | Ispi** | CS12Vcc—0.2V, CS22Vec —0.2Vor CS220.2V | — 2 {100 | uA
Ispox* | CS220.2V - 2 (100 | pA
Vo IorL=2.1mA - - 0.4 v
Output Voltage L
Vou IoH=-1.0mA 24 | — _ v
* Typical limits are at Vcc=5.0V, T¢=25°C and specified loading.
** V1L min=-0.3V
® CAPACITANCE (f= IMHz, T, = 25°C)
Item Symbol | Test Condition | typ | max | Unit
Input Capacitance Cin Vin =0V - 6 pF
Input/Output Capacitance Cro Vijo =0V - 8 pF
Note) This parameter is sampled and not 100% tested.
® AC CHARACTERISTICS (Vo = 5V£10%, 7a = 0 o +70°C)
® AC TEST CONDITIONS
Input Pulse Levels: 0.8 to 2.4V
Input Rise and Fall Times: 10ns
Input and Output Tim ing Reference Level: 1.6V
Output Load: 1TTL Gate and C; = 100pF (including scope and jig)
o READ CYCLE
HM6264LP-10 HM6264LP-12 HM6264LP-15
Item Symbol - - - Unit
min max min max min max
Read Cycle Time trRC 100 - 120 - 150 - ns
Address Access Time tAA - 100 - 120 - 150 ns
Cs1 tcol - 100 - 120 - 150 ns
- Chip Selection to Output
Cs2 tcoz2 - 100 - 120 - 150 ns
Output Enable to Output Valid tOE - 50 - 60 - 70 ns
Chip Selection to Cs1 tLz1 10 - 10 - 15 - ns
Output in Low Z CS2 tLzs 10 - 10 - 15 - ns
Output Enable to Outputin Low Z toLz 5 - S - 5 - ns
Chip Deselection to Csi tHZ1 0 3s 0 40 0 50 ns
Output in High Z CS2 tHz2 0 35 0 40 0 50 ns
Output Disable to Output in High Z tOHZ 0 35 0 40 0 50 ns
Output Hold from Address Change toOH 10 - 10 - 15 - ns

NOTES: 1 tf;z and oz are defined as the time at which the outputs achieve the open circuit condition and are not referred
to output voltage levels.
2 At any given temperature and voltage condition, tHz max is less than #; z min both for a given device and from
device to device.
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HM6264LP-10, HM6264LP-12, HM6264LP-15

® READ CYCLE

X ) &

A ey N U
I — DANANIINNN
AR T
Dout ( Data Valid _

NOTE: 1) WE is high for Read Cycle

© WRITE CYCLE
HM6264LP-10 HM6264LP-12 HM6264LP-15
Item Symbol - - - Unit

min max min max min max
Write Cycle Time twe 100 - 120 - 150 - ns
Chip Selection to End of Write tcw 80 - 85 - 100 - ns
Address Setup Time tASs 0 - 0 - 0 - ns
Address Valid to End of Write tAw 80 - 85 - 100 - ns
Write Pulse Width twp 60 - 70 - 90 - ns
Write Recovery Time CSLWE | twr1 5 - 5 - 10 ~ ns
CS2 tWR2 15 - 15 - 15 - ns
Write to Output in High Z tWHZ 0 35 0 40 0 50 ns
Data to Write Time Overlap tpw 40 - 50 - 60 - ns
Data Hold from Write Time tDH 0 - 0 - 0 - ns
OE to Output in High Z toHZ 0 35 0 40 0 50 ns
Output Active from End of Write tow 5 - 5 - 10 - ns
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HM6264LP-10, HM6264LP-12, HM6264LP-15

© WRITE CYCLE (1) (OE clock)

r. . Y R -
Address X
' T4
BT PR
_ o L L
CST % s IS N0 Z
..[ﬂfcwz_..-.t.._&
CS2 / LK, NN
Fo AW — o = f
VE ~tas(3]4 ~twp—-2R
N\ (1 7 77
tonz[5]
Dout >> DW= D =

© WRITE CYCLE (2) (OE Low Fix)

[P "tWC” .. -
Address X
DT awe T TIwRI )
Csi 16y tewild - —— T
- tewz(2] . -'wRr2(4)
cs27/ /11T X W\
_ ‘ ‘WRI4)
wE ~tas[3} rwelll— .l-:foud

..4[5]‘[4“;;;2 ~fow (7] | 8]

Dout

” Ftpw+tpHA 9]
Din v

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

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

3) t4 g is measured from the address valld to the beginning of write.

4) twr is measured from the end of write to the address change.
twRr1 applies in case a write ends at CS1 or WE going high.
twr2 applies in case a write ends at CS2 going low.

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

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

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

8) Dout is the read data of the new address.

9) If CS1 is low and CS2 is high during this period, I/O pins are in the
output state. Therefore, the input signals of opposite phase to the
outputs must not be applied to them.
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HM6264LP-10, HM6264LP-12, HM6264LP-15

® LOW V¢oc DATA RETENTION CHARACTERISTICS (7, = 0 to +70 °C)

Item Symbol Test Condition min |typ [ max | Unit
Ve for Data Retention Zzi; S:Zi"g\: 0.2V,CS22¥ cc - 0.2V or CS250.2V Z:g -1 - 1/,
= S1 -
Data Retention Current focory ggf’é 3’2;’ '-C 312% ;’Ic((::sz gz‘;v S B il s
Iccprz | Vo= 3.0V,CS2 £ 0.2V - |1 |s0* | ua
g!l;‘l;peDeselect {0 Data Retention fcoRr See Retention Waveform 0 |- |- |ms

Operation Recovery Time IR trc** - _ ns

* VIL min = -0.3V
** tpc = Read Cycle Time

® LOW Vcec DATA RETENTION WAVEFORM (1) (CS1 Controlled)
Data Retention Mode

tcDR~}

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

Data Retention Mode

CS2 € 0.2V

NOTE: CS, controls Address buffer, WE buffer, CS, buffer and Din buffer. If =% &7 oo A "f '
CS controls data retention mode, Vin level (Address WE, CS,, 1/0) can ! r,w P ﬂnf oty A f
be in the high impedance state. If CS controls data retention mode, CS, ) +
must be CS, >Vee—-0,2V or CS, <0. 2V The other inputs level (address, - i L
'WE, 1/0) can be in the hlgh unppdance ate.™ ) w‘ﬁt" fw t’fj Mi ? Q&M e

. G et eaa ﬁ%ﬁw m[zw{
A\M<w§ bt {;..ef,r.,« »’éﬁmgfm’ S{\Aa?*}%

[ = M ‘
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HM4716 A-1, HM4 716 A-2,

HM4716 A-3,HM4716A-4,
HM4 716 AP-1, HM4 716 AP-2,
HM4716 AP-3, HM4 716 AP-4

16384 -word X 1-bit Dynamic Random Access Memory
The HM4716A is a 16,384 word by 1 bit MOS random access
memory circuit fabricated with HITACHI's double poly N-channel
silicon gate process for high performance and high functional
density. The HM4716A uses a single transistor dynamic storage cell
and dynamic control circuitry to achieve high speed and low power
dissipation. Multiplexed address inputs permit the HM4716A to be
packaged in a standard 16 pin DIP on 0.3 inch centers, This package
size provides high system bit densities and is compatible with widely
available automated testing and insertion equipment. The HM4716A
is designed to facilitate upgrading of the 16-pin 4K RAM. However,
the data output latch incorporated in the present 4K design is not
appropriate for 16K RAM’'. This new generation of memory
products (16K RAM'’s) requires a slightly modified output stage to
allow more system flexibility. Instead of the conventional latch, the
HM4716A output is controlled by the Column Address Storobe
(CE). Data out of the HM4716A will remain valid from the access
time from the Column Address Strobe until CE goes into precharge
logic 1). However, in early write cycles (W active low before CE goes
low), the data output will remain in the high impedance (open-
circuit) state throughout the entire cycle. This type of output
operation results in some very significant system implications.

1. Common 1/0 Operation

If all write operation are handled in the ‘“early write’’ mode, then
data in can be connected directly to data-out on a printed circuit
board.

2. Data Output Control

Data will remain valid at the output during a read cycle from
TCELQV until CE returns to precharge.

This allows data to be valid from one cycle up until a new memory
cycle begins.

3. Two Methods of Chip Selection

Both CE and/or RE can be decoded for chip selection.

4. Refresh

Refreshing can be accomplished every 2 ms by either of the two
following methods:

(1) normal read or write cycles on 128 addresses, AO to A6.

(2) RE only cycles on 128 addresses, AO to AB.

A write cycle will refresh stored data on all bits of the selected row
except the bit which is addressed.

RE only refreshes results in a substantial reduction in operating
power.

5. Page Mode Operation

The HM4716A is designed for page mode operation.
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HM4716A-1, HM4716A-2,
HM4716A-3, HM4716A-4

(DG-16A)

HM4716AP-1, HM4716AP-2,
HM4716AP-3, HM4716AP-4

(DP-16)

B PIN ARRANGEMENT

U/

Vay E E Vss

Din E 15 | CAS

wE E 14 | Dout

RAS E 13 ] Ae

w5 ] s
Az E 11| A,
[ o]~

o] ap

(Top View)

Old New Definitions
Ao-As A0-A6 | Address Inputs
IS o Column Address

Strobe
Din D Data In
Dour Q Data Out
RAS ®E Row Address
Strobe
WRITE | W Read/Write Input
Vss VBB Power (—5V)
Vee vccC Power (+5V)
Voo VDD Power (+12V)
Vss VSS Ground




HM4716A-1, HM4716A-2, HM4716A-3, HM4716A-4,

HM4716AP-1, HM4716AP-2, HM4716AP-3, HM4716AP-4

W FEATURES
® All Inputs Including Clocks TTL Compatible ® Maximum Access Time
® |nput Latches for Address and Data in HM4716A-1 ... ..o ieiiaie 120ns
® Three-State TTL Compatible Output HMA4716A-2 . .o 150ns
® Common |/O Capability HM4716A-3 ... ..ot 200ns
® Only 128 Refresh Cycles Required Every 2ms HM4716A-4 . ... ..ot 250ns
® Standard Power Supplies +12V, +6V, =5V ® Read or Write Cycle Time
(Al with 10% tolelance) HM4716A-1 ..o oo 320ns
HMA716A-2 - o o e i e it 320ns
HMA4716A-3 - - et i i e i e e 375ns
HM4716A4 . ... oo 410ns
B FUNCTIONAL BLOCK DIAGRAM _
w —-_—L h D
RE —f Clock Write Data in Data Out
Generator No.l ‘I Clocks Buffer Buffer

=]

/

CE Clock
D—D_ Generator No.2 ||

|_ Column
Address Latch -
A0

Row
Decoders
Address Latch EJ‘LLL]

B ABSOLUTE MAXIMUM RATINGS

Memory Array
Sense-Refresh Amps
Memory Array

[ Column Decoders

A6

Voltage on any Pin Relativeto VBB .................... -0.5V to +20V
Voltage on VDD, VCC Supplies Relativeto VSS .. ......... -0.5V to +15V
Voltage on Q Pin Relative to VSS -+« vovii it -0.5V to +10V
Operating Temperature, TA (Ambient) « -« -« cvvuennnnn.. 0°C to +70°C
Storage Temperature (Ambient)*. . ... ..ol -65°C to +150°C
Short-Circuit Output Current. -« « - v oo ev e 50mA

Power Dis.sipation ................................... 1w

* In case of HM4716AP Series are -55°C to +125°C.

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

Parameter Symbol min. typ. max. Unit Notes
VDD 10.8 12.0 13.2 v
VCC 4.5 5.0 5.5 v
Supply Voltage VSS 0 0 0 A%
VBB -4.5 -5.0 --5.5 \Y
Input High (logic 1) Voltage RE, CE, W VIHC 2.7 — 6.5 v
Input High (logic 1) Voltage All inputs except RE,CE, W VIH 2.4 - 6.5 \4
Input Low (logic 0) Voltage all inputs VIL - 1.0 - 0.8 A
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HM4716A-1, HM4716A-2, HM4716A-3, HM4716A-4;

HM4716AP-1, HM4716AP-2, HM4716AP-3, HM4716AP-4

M DC ELECTRICAL CHARACTERISTICS

(Ta=0 to +70°C, Vop=12V£10%, Vec=5V+10%, Ves=—5V£10%, Vss=0V)

Parameter Symbol min max Unit Notes
OPERATING CURRENT Ion: - 35 mA 2
Average Power Supply Operating Current Icch - - mA 3
(RE,CE Cycling; TRELREL=375ns) Ioen - 300 #A 2
STANDBY CURRENT Ioo: - 1.5 mA
Power Supply Standby Current Icc: —10 10 HA 5
(RE =CE = Vixc) Iss2 - 100 HA
REFRESH CURRENT ITops - 27 mA 2
Average Power Supply Current, Refresh Mode Iccs -10 10 H“A 5
(RE Cycling, CE = Vixc; TRELREL=375ns) Iass = 300 #A 2
PAGE MODE CURRENT oo - 27 mA .
Average Power Supply Current, Page-mode Operation Iccs - - mA 3
(RE = Vi, CE Cycling; TCELCEL=225ns) Isss - 300 #A
INPUT LEAKAGE
Input Leakage Current, any Input (Ves=—5V, Vix=0 to +7V, I -10 10 HA
all other pins not under test=0V)
OUTPUT LEAKAGE It —10 10 uA 5
Output Leakage Current (Q is Disabled, Vour=0to +5.5V)
OUTPUT LEVELS Von 2.4 Vee \ 4
Output High (Logic 1) Voltage (lour=—5mA)
Output Low (Logic 0) Voltage (Iour=4.2mA) Vou 0 0.4 v

NOTES

1. All voltages referenced to VSS, VBB must be applied

before and removed after other supply voltage.

2. Current depend on cycle rate: maximum current is

measured at the fastest cycle rate.

3. ICC depends upon output loading. The VCC supply is

connected to the output buffer only.

4. Output voltage will swing from VSS to VCC when
activated with no current loading. For purposes of
maintaining data in standby mode, VCC may be
reduced to VSS without affecting refresh operations
or data retention. However, the VOH (min) specifica-
tion is not guaranteed in this mode.

ICC2, ICC3 and IOL consists of leakage current only.
AC measurements assume TT = 5ns.

VIHC (min) or VIH (min) and VIL (max) are
reference levels for measuring timing of input signals.
Also, transition times are measured between VIHC or
VIH and VILS.

8. Assumes that TRELCEL = TRELCEL (max.) If
TRELCEL is greater than the maximum recommended
value shown in this table, TRELQV exceeds the value
shown.

9. Assumes that TRELCEL = TRELCEL (max).

Measured with a load circuit equivalent to 2TTL loads

and 100pF (in case of HM4716A-2:1 TTL and SOpF).

And VSS + 0.8V, VSS + 2.0V are the reference level

for measuring timing of Q.

Now

220

11.

12.

13.

14,

15.
16.

TCEHQZ (max) defines the time at which the output
achieves the open circuit condition and is not re-
ferenced to output voltage levels.

Operation with the TRELCEL (max) limit insures that
TRELQC (max) can be met TRELCEL (max) is
specified as a reference point only; if TRELCEL is
greater than the specified TRELCEL (max) limit, then
access time is controlled exclusively by TCELQV.
These parameters are reference to CE leading edge in
early write cycles and to W leading edge in delayed
write or read-modify-write cycles.

TWLCEL, TCELWL and TRELWL are not restrictive
operating parameters. They are included in the data
sheet as electrical characteristics only: if TWLCEL =
TWLCEL (min), the cycle is an early write and the
data out pin will remain open circuit (high impedance)
throughout the entire cycle; if TCELWL = TCELWL
(min) and TRELWL will contain data read from the
selected cell; if neither of the above sets of conditions
is satisfied the condition of the data out (at access
time) is indeterminate.

Capacitance measured with Boonton Meter or effec-
tive capacitance measuring methods.)

CE = VIHC to disable Q.
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HM4716A-1, HM4716A-2, HM4716A-3, HM4716A-4,
HMA4716AP-1, HM4716AP-2, HM4716AP-3, HM4716AP-4

B ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS
(Ta=0 to +70°C, Voo=12V£10%, Vec=5V£10%, Vss=0V, Vaz=—5V£10%)

Symbol HM4716A-1 HM4716A-2 HM4716A-3 HM4716A-4
Parameter Unit |Notes
0Old New min max min max min max min max

Random Read or Write e |TRELREL| 320 | —| s20 | —| a5 | —| aw0| —| ns
Cycle Time
Read-Write Cycle Time tawc | TRELREL | 320 —| 320 - 375 - 515 — | ns |8
Page Mode Cycle Time tec TCELCEL 160 —! 170 - 225 - 275 - ns
Access Time From RE trac | TRELQV - 120 - 150 - 200 - 250 | ns | 8,10
Access Time From CE tcac | TCELQV - 80 - 100 - 135 - 165 [ ns 9,10
Output Buffer Turn-off torr | TCEHQZ 0 | 0 so| of 6| of 7| as|
Delay
I;I'::'::’: :: N ; o |TT 3 B 3 | 3| s 3 50| ns | 7
RE Precharge Time tap TREHREL 100 - 100 = 120 - 150 — | ns
RE Pulse Width trmas | TRELREH 120 10000 150 10000 200 | 10000 250 | 10000 | ns
RE Hold Time tzsi | TCELREH 80 - 100 - 135 - 165 - ns
CE Pulse Width teas | TCELCEH 80 10000 100 10000 135 | 10000 165 | 10000 | ns
CE Hold Time tess | TRELCEH 120 - 150 - 200 - 250 = | ns
RE to CE Delay Time teeo | TRELCEL 15 40 25 50 30 65 40 85 | ns 12
CE to RE Precharge Time tcre | TCEHREL 0 =1 —20 - —-20 - —-20 - ns
Row Address Set.up Time tase | TAVREL 0 - 0 - 0 - 0 = | ns
Row Address Hold Time tran | TRELAX 15 - 20 - 25 - -35 — | ns
Column Address Set-up Time tasc | TAVCEL -5 - -5 - -5 - -5 — | ns
Column Address Hold Time tean | TCELAX 40 - 45 - 55 - 75 — | ns
Column Address Hold Time | | tRELAX | 80 -| - | 120 - | 160 ~| ns
Reference to RE !
Read Command Set-up Time tres | TWHCEL 0 - 0 -1 0 - 0 = | ns
Read Command Hold Time tren | TCEHWL 0 = 20 - 20 - 20 =] ns
Write Command Hold Time twew | TCELWH 40 - 45 - 55 - 75 = | ns
Write Command Hold Time |\ | rpprwn | 80 -] o - | 120 - | 160 —| s
Reference RE
Write Command Pulse Width | twe | TWLWH 40 - 45 - 55 - 75 = | ns
Write Command to RE tw. |TWLREH | 50 ) - s | | 10| —|ns
Lead Time
Write Command to CE tov. |TWLCEH | 50 - -] s | =] 10| —|ns
Lead Time
Data-in Set-up Time tos TDVCEL 0 - 0 - 0 - 0 — | ns 13
Data-in Hold Time ton TCELDX 40 - 45 - 55 - 75 = | ns 13
2:;:;';&‘:""_1;"" tos | TRELDX | 80 -1 = =l 0| —| w60 | |
CE Precharge Time (for .
Page-mode Cyele Only) tep TCEHCEL 60 - 60 - 80 - 100 — | ns
Refresh Period tzer | TRVRV - 2 - 2 - 2 - 2| ms
W Command Set-up Time twes | TWLCEL 0 -1 —20 - =20 -] —20 = | ns 14
CE to RE Delay tewo | TCELWL 60 - 70 - 95 - 125 = | ns 14
RE to W Delay tawo | TRELWL 100 — 120 - 160 - 200 = | ns 14
g; :::h;_:: * twc |TREHCEL | 0 — o - o =] of —1|ns

B AC ELECTRICAL CHARACTERISTICS

Parameter Symbol typ max Unit Notes
Input Capacitance (Ao-As, D) Cn - 5 pF 15
Input Capacitance RE, CE, W Cr2 - 10 pF 15
Output Capacitance (Q) Co - 7 pF 15, 16
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HM4716A-1, HM4716A-2, HM4716A-3, HM4716A-4
HM4716AP-1, HM4716AP-2, HM4716AP-3, HM4716AP-4

B TIMING WAVEFORMS
®READ CYCLE

TRELREL-
TRELRE
VIHC .
RE
————TRELC ~
[~——TRELCEL TCEL * ~TCEMREL
. vic TCELCEH:
T
viL

LI

VIH
ADDRESSES
viL,

—| e
7
VIL L———-TCELQV-—“ J
L———-rnzLav—J tfcsmz
AL

DATA &~

®WRITE CYCLE (EARLY WRITE)

TRELREL
RE VIHE e [T T TRELKE {j_'—
viL N—
TCELKEH TREHREL
F——TRELCEL £ p— rcznnuj
ViHe
viL
e TnvmjmsLﬁvc_ﬁ_T T_gg‘
ADDRESSES AbbRess SBbhYss W W, //W
TWLCEH ]
e TWICEY] [TCELWIL 1
LI/ - I
TRELW TWLREH -
TOVCEL~ - = TCELDX

SRR/ R

®READ - WRITE/READ -MODIFY-WRITE CYCLE

TR
ViHe TRELAX— ]
VIL -
TCELREM TREHREL ~
~ TRELCEH Y
VIHC TRELCEL TCELCEH — ——r el [ TCEHREL
ViL

.
-
TWHCFLp— L WG s"u-J
VIHC
VIL —_(

ADDRESSES v
o VIL

- TWLWH
b—TcELQV— —| pTeenaz
o You N VALID
voL DATA
TRELQV:
TOVCEL] |TCELOX

VIH

NN S YN,

D

®“RE ONLY” REFRESH CYCLE

TRELREL
p————TRELREH
VIHC
VIL \._.
TRELAX TREHREL

TAVREL| _
wwsses 777 ////&j_tﬁsmgs S IR
— TCEHREL

— TREHCEL
& VHC 7 ; l.—/
o LT 4 7
" Q VOH OPEN
voL
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HM4716A-1, HM4716

A-2, HM4716A-3, HM4716A-4

HM4716AP-1, HM4716AP-2, HM4716AP-3, HM4716AP-4

®PAGE MODE READ CYCLE

- TRELREH
RE VIHC— ———TRELAX—-l
"
viL l— 'I-FSE‘;:SEL" " ———TCELREH—— |-TREHREL
TRELCELI——{TCELCEN TREl _ 1cELcEH TCELCEH+ ——TCEHREL
- VIHC \T—’ , ———
VIL TRELAX > TCELAXJ TCELA ht TAX
JTAvREL ~{FTAVCEL  TAVCEL TAVCEL~ H-
oonesses v NETMOX BN DX S X, X S8 X T,
TRELQV—| TCELQV J [ TCELQV
- TRELQV TCEHQZ BTCEHQZ TCEHQZ
VOH ,-.A—( |
Q OPEN f
voL T I—TWHCEL
Vit o TWHCELS = TCEHWL I—Al ) TCEHWL™ [~
a L X N
®PAGE MODE WRITE CYCLE
TRELREH
_ VIHC—Y |-~ TRELAX — -
RE .
e TRELCEH] j TCELREH—| -TREHREL
L TRELCE T CELCEH ERCAT—TCELCEH [—TCELCEH— 1—TCEHREL
__ VHC ¥ /AN—
cF VIL TRELAX d /
= F—TCELAX ‘_WTCELAX
T‘AVREL— + - TAVCEL TAVCEL TAVCEL-{ Hr
ADDRESSES ' @4"}%‘6" SO ] 05 ////
VIL ~ TICELWH TCELWH
f
p——TW[_CEH——— TWLCEH [TWLCEH
. VIHC 1
v TN VTN TN VI
VIL TWLWH ‘J l-_TWLWHJ E‘WLWHJ
TRELWH| —TWLREH
TDVWL — ~TWLDX~ TDVWL TWLDX TDVWLF— TWLDX~
N/ s ), SR e R
TRELDV
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HM4716A-1, HM4716A-2, HM4716A-3, HM4716A-4
HM4716AP-1, HM4716AP-2, HM4716AP-3, HM4716AP-4

B TYPICAL CHARACTERISTICS

ACCESS TIME (NORMARIZED) vs. Voo ACCESS TIME (NORMARIZED) vs. Vi,

1.2

1.2

T,=50"C
T,=50'C

TRELQV(Normarized)
TRELQV(Normarized
>

0.9 0.9

0.8 0.8
10 11 12 13 1 -3 -4 -5 -6 7

Supply Voltage VDD (V) Supply Voltage VBB (V)

ACCESS TIME (NORMARIZED) vs. T; IDDI vs. Voo
1.2 30
T,=50"C
/ TRELREL=375ns
=<
E 5 P
11 o /
B
3 E pd -
2 s TRELREL=500ns
E S
= 7]
g g —
o <
£ H —
09 = B //TREI,REL:ROOns
/
08 10
Tl ) 20 50 80 110 10 n 12 13 14
Junction Temperature T, (C) Supply Voltage Vou 1V}
IDDl' vs. T IDDI vs. CYCLE RATE
20 n
B Voo =13.2V
Voo=13.2 TRELREL=375ns T=50C /
= 2
E 30
3 o E
2 N\ _g.
2 \'_ Z
H TRELREL=500ns H /
]
RS 3 2
© >
2 E /
£ 7 /
172} —— @
? — 3
g s — 5
2 TRELREL=800ns =2
10 0
-10 20 50 80 110 0 1 2 3 4
Junction Temperature T, (‘C) Cycle Rate (I/TRELREL) (MHz)
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Standby Supply Current Ippz (mA)

RE Only Supply Current Ipps imA)

Page Mode Supply Current Ions fmA)

HM4716A-1, HM4716A-2, HM4716A-3, HM4716A-4
HM4716AP-1, HM4716AP-2, HM4716AP-3, HM4716AP-4

IDD2 (STANDBY) vs. Vp IDD2 (STANDBY) vs. T;
12 12
T,=50C Vop=13.2V
_ 10 —
1.0 3 ~
H 0.8 —
0.8 H ey
o
E
/ G
0.6 Z s
&
04 04
10 11 12 13 14 -10 20 50 80 110
Supply Voltage Vo (V) Junction Temperature T, ('C)
IDD3 ( RE ONLY CYCLE) vs. Voo IDD3 (RE ONLY CYCLE) vs. T;
25 T 25 -
T,=50°C
TRELREL=375ns —
[ TRELREL=375
20 /[ = 20 - EL=375ns
E
TRELREL=500n 2 —
/ X - \'\T:ﬂ'=500ns
H
15 EEE
D /7 | S
TRELREL=800ns 2
— L 3 T — TRELREL=800ns
= e ——
10 S 10
— |&
5 5
0 11 12 13 14 ~10 20 50 80 110
Supply Voltage Voo (V) Junction Temperature T, ('C)
IDD4 (PAGE-MODE CYCLE) vs. Voo IDD4 (PAGE-MODE CYCLE) vs. T;
25 25
7,=50C l Vop=13.2V
TRELREL=226ns T — TRELREL =225
— = ns
20 e ) e
/‘ : T
// TRELREL=375ns H ‘-.\
H - TRELREL=375
15 | s 15 ns
> ~\
g
/ TRELREL =500ns &
1 A 3 TRELREL=500ns
10 = 10
L~ %
— £
5 5
10 11 12 13 14 -10 20 50 80 110
Supply Voltage Voo (V) Junction Temperature T, ('C)
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HM4716A-1, HM4716A-2, HM4716A-3, HM4716A-4
HM4716AP-1, HM4716AP-2, HM4716AP-3, HM4716AP-4

input Level V3

Input Level i\

Input Level .V}

226

CLOCK INPUT LEVELS vs. Vo

25 I
T,=50°C
Vg = -5V VIHC(MIN}
- i
2.0
amm——
L5
mm—p—— VILCIMAX)
1.0
0.5
10 11 12 13 14
Supplv Voltage Vun (V>
CLOCK INPUT LEVELS vs. T;
2.5
|
Von =12V
Vg = =5V
VIHCIMN
2.0
15
VILC: MAX}
Lo
0.5
- 10 20 50 80 110
Junction Temperature T, (°C}
ADDRESS AND DATA INPUT
LEVELS vs. Va
2.5
T,;=50°C
Vo =12V
VILi MAX)
2.0
15
VIHOMING
1.0
0.5
4.0 —45 -5.0 -5.5 =6.0

Supply Voltage Ve (V)

Input Level (V)

Input Level (V.

Input Level (V}

CLOCK INPUT LEVELSvs. V,,

Junction Temperature T, ('C)

@ HITACHI
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HM4716A-1, HM4716A-2, HM4716A-3, HM4716A-4
HM4716AP-1, HM4716AP-2, HM4716AP-3, HM4716AP-4

B CURRENT WAVEFORMS

RE/CE Cycle Long RE/CE Cycle RE only Cycle Page Mode Cycle
RE ™\ —n /N —n
TE P/ / \ / \ Y annm
100 N ,
80
(IN?E\)] 3 1‘ lll l’
i 17 PR | S A VYV W
70 SO S N VOV WA W A W ' G
23 I 1 L 1y
w1 MUA AL l\v M A N 1A,
S — i —

NOTE @ VDD =13.2V, VBB =—4.5V, Ta=25C

—-{ !——Sons
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HM4716A-1, HM4716A-2, HM4716A-3, HM4716A-4

HM4716AP-1, HM4716AP-2, HM4716AP-3, HM4716AP-4

APPLICATION INFORMATION

e READ CYCLE;

A read cycle begins with addresses stable and a negative
going transistion of RE. The time delay between the stable
address and the start of RE-on is controlled by parameter
TAVREL.

Following the time when RE reaches its low level, the row
address must be held stable long enough to be captured.
This controlling parameter is TRELAX. Following this
interval, the address can be changed from row address to
column address,

When the column address is stable, CE can be turned on.
The leading edge of CE is controlled by parameter
TRELCEL.

The basic limit on the CE leading edge is that CE cannot
start until the column address is stable, and this is
controlled by parameter TAVCEL.

The column address must be held stable long enough to be
captured.

The controlling parameter is TCELAX. Note that
TRELCEL(max) is not an operating limit of the HM4716A
though its specification is listed on the data sheets. |f CE
becomes on later than TRELCEL(max), the access time
from RE will be increased by the time which TRELCEL
exceeds TRELCEL(max).

Following the time when CE reaches its low level, the
data-out pin remains in a high impedance state until a valid
data appears. This parameter is TCELQV-access time from
CE. The access time from RE-TRELQV is the time from
RE-on to valid Q. The minimum value of TRELQV is
derived as the sum of TRELCEL(max) and TCELQV. The
selected output data is held valid internally until CE
becomes high, and then Q pin becomes high impedance.
This parameter is TECHQZ,

e WRITE CYCLE;

A write cycle is performed by bringing W low before or
during CE-on.

Two different write cycles can be defined as;

Write cycle — Write data are available at the beginning of
the CE-on so that the write operation starts at the begin-
ning. In this mode, D and W signal times are not in any
critical path for determining cycle time.

Following the time when W reaches its low level. W must be
held stable long enough to be captured. This W-on pulse
duration is called TWLWH,

The time required to capture write data in a latch is called
TWLDX.

This cycle is called an “early write'

Read Write cycle — This cycle starts as a read cycle, but as
soon as the device specification is met, a write cycle is
initiated. W and D are delayed until after Q. This cycle is
called a “delayed write’’. A ‘“Read-modify-write’’ cycle is a
variation of this operation. In this mode, D and W become
critical path signals for determining cycle time.

228

o CLOCK-OFF TIMING;

RE and CE must stay on for Q stabilized to valid data. In
the case of CE, this is controlled by parameter TCELCEH
(min). In the case of RE, this controlled by parameter
TCELREH(min).

Following the end of RE, CE must stay off long enough to
precharge internal circuits, The only parameter of concern
is TREHREL.

Normally CE is not required to be off for a minimum time
of TCEHREL.

However, in a page mode memory operation, there is a
TCEHCEL (min) specification to control the CE-off time.

e DATA OUTPUT;

Q is three-state TTL compatible with a fan-out of two
standard TTL loads.

When CE is high, Q is in a high impedance state. When CE is
low, valid data appears after TCELQV at a read cycle and Q
is not valid at an early-write cycle.

o REFRESH;

Refresh of the HM4716A is accomplished by performing A
memory cycle at each of the 128 row addresses within each
two millisecond time interval.

Any cycle in which RE signal occurs refreshes the entire
selected row,

RE-only refresh results in substantial reduction in operating
power,

This reduction in power is reflected in the IDD3 specifica-
tion,

e PAGE MODE;

Page mode operation allows faster successive memory
operations at multiple column locations of the same row
address with increased speed.

This is done by strobing the row address into the chip and
maintaining RE at a logic low throughout all successive CE
memory cycles in which the row address is latched. As the
time normally required for strobing a new row address is
eliminated, access and cycle times can be decreased and the
operating power is reduced. These are reflected in the
TCELQV, TCEHCEL, IDD4 specifications.
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HMVM4816A-3, HM4816 A-3E,

HM4816A-4,HM4816A-7,
HM4816AP-3,HMA4816 AP-3E,
HM4816 AP-4, HM4816AP-7

16384-word by 1-bit Dynamic Random Access Memory
The HM4816A is a new generation MOS dynamic RAM circuit
organized as 16,384 words by 1 bit. As a state-of-the art MOS
memory device, the HM4816A (16K RAM) incorporates advanced
circuit techniques designed to provide wide operating margins, both
internally and to the system user, while achieving performance levels
in speed and power.

The use of dynamic circuitry throughout, including sense amplifiers,
assures that power dissipation is minimized without any sacrifice in
speed or operating margin. These factors combine to make the
HM4816A a truly superior RAM product. Multiplexed address
inputs permits the HM4816A to be packaged in standard 16-pin DIP.
Non-critical clock timing requirements allow use of the multiplexing
technique while maintaining high performance.

B FEATURES
® Single 5V supply

Low power standby and operation

(Standby: 11mW max., operation: 150mW max.)
® Fast access time & cycle time

HM4816A-3, HM4816A-3E,
HM4816A-4, HM4816A-7

(DG-16B)

HM4816AP-3, HM4816AP-3E,
HM4816AP-4, HM4816AP-7

HM4816A-3 | HM4816A-3E | HM4816A-4 | HM4816A-7
HM4816AP-3 |HM4816AP-3E| HM4816AP-4 | HM4816AP-7

M.aximum Access 100 105 120 150
Time (ns)
Read. Write Cydzns\ 235 200 270 320 (DP-16)
Read-Modify-Write

. 285 235 320 410
Cycle (ns) HPIN ARRANGEMENT

® Directly TTL compatible: All inputs & outputs

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

Common /0 capability using “easy write’’ operation.

Read modify write, RAS only refresh and page mode capability
Only 128 refresh cycle required every 2ms

Compatible with Intel 2118-3/-4/-7

M BLOCK DIAGRAM

7 1 OF 64

64X 128 CELL
BIT ROW
toe g . DECoRs | MEMORY ARRAY
a2 (ROW) N 178 SENSE 10F 2
ke @ T VAP RGO vo RURFER [0ou
g V] “Beconens GATING
A | < BIT 1 OF 64 64X 128 CELL
it [ Row MEMORY ARRAY
(COLUMN) —— '|_pecovers
T
_ CLOCK TLOCK WRITE DATA
S GENERATOR GENERATOR ENABLE INPUT
No.t No.2 BUFFER BUFFER
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HM4816A-3, HM4816A-3E, HM4816A-4, HM4816A-7;
HM4816AP-3, HM4816AP-3E, HM4816AP-4, HM4816AP-7

M ABSOLUTE MAXIMUM RATINGS

Item Symbol HM4816A or AP Unit
Voltage on any pin relative to GND Vr -1.0 ~ +7.0 \
Power supply voltage relative to GND Vee —0.5 ~ +7.0 \%
Short-circuit Output Current Low 50 mA
Power Dissipation Pr 1.0 w
Operating Temperature Topr 0~ +70 ‘c
Cerdip —65 ~ +150 C
Storage Temperature Plastic Tes - a———T c
Il RECOMMENDED DC OPERATING CONDITIONS
Item Symbol min typ max Unit Notes
Supply voltage Vee 4.5 5.0 5.5 v 1
Vss 0 0 0 \' 1,2
Input high (logic 1) voltage RAS, CAS, WE Vine 2.4 - 7.0 \' 1
Input high (logic 1) voltage except RAS, CAS, WE Viu 2.4 - 7.0 \' 1
Input low (logic 0) voltage all inputs Vi -2.0 - 0.8 A 1
Notes : 1, All voltage referenced to Vis.
2. Output voltage will swing from Vss to Vec when activated with no current loading,
M DC AND OPERATING CHARACTERISTICS ¥
(Ta=0°C to 70°C, Vec=5V£10%, Vss=0V, unless otherwise noted.)
Parameter Symbol Test Conditions min typ @) max Unit | Notes
Input Load Current (anyinput)| |fu | Viv="Vss to Vec - 0.1 10 #A -
Output Leakage Current for | ) '\ | o Deselected;CAS at Vin, Varr=0105.5V | — | 0.1 10 | #A
High Impedance State
HM4816AP-3, 4,7
— — - 1.2 2 mA
Vee Supply Current. Standby Iect CAS and RAS at Viy HM4816A-3,4,7
HM4816A, AP-3E - 1.2 3 mA
HM4816A, AP-3 tre= trcuin - 23 27 mA 3
Vee Supply Current. Operating Tees HM4816A, AP-3E trc= trcuin - 27 35 mA 3
HM4816A, AP-4 trc=trcmin - 21 25 mA 3
HM4816A, AP-7 trc= tremin - 19 23 mA 3
HM4816A, AP-3 trc= tremin - 16 18 mA 3
Vee Supply Current; 1 HM4816A, AP-3E trc=trcuin - 20 25 mA 3
RAS-Only Cycle “* | HM4816A, AP~4 tac=trcun = 14 16 | mA 3
HM4816A, AP-7 trc= tremin - 12 14 mA 3
gz:j::.pgu:;::r;::bled fecs CAS at Vi, RAS at Vi - 3 6 mA 3
Output Low Voltage Vou lo.=4.2mA 0 - 0.4 \'
Output High Voltage Vou Ion=—5mA 2.4 - Vee \%
Notes : 1. All voltages referenced to Vss.
2. Typical values are for Ta=25°C and nominal supply voltages.
3. Icc is dependent on output loading when the devices output is selected. Specified Icc MAX is measured with the output open.
M CAPACITANCE (Ta=25°C, Vec=5V+10%, Vss=0V, unless otherwise noted.)
Parameter Symbol typ max Unit
Address. Data In Cn 3 5 pF
RAS, CAS, WE, Data Out Crn2 4 7 pF

Notes : Capacitance measured with Boonton Meter or effective capacitance calculated from the equation:

C--kAVL with AV equal to 3 volts and power supplies at nominal levels.
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HM4816A-3, HM4816A-3E, HM4816A-4, HM4816A-7,
HM4816AP-3, HM4816AP-3E, HM4816AP-4, HM4816AP-7

B AC CHARACTERISTICS "3 (Ta=0°C to 70°C, Vec=5V+10%, Vss=0V, unless otherwise noted.)
® READ, WRITE, READ-MODIFY-WRITE AND REFRESH CYCLES

HM4816A-3 HM4816A-3E HM4816A-4 HM4816A-7

Parameter Symbol HM4816AP-3 | HM4816AP-3E | HM4816AP-4 | HM4816AP-7 | Unit | Notes
min max min max min max min max

Access Time From RAS trac - 100 - 105 - 120 - 150 ns 4,5
Access Time From CAS Leac - 55 - 60 - 65 - 80 | ns | 4,56
Time Between Refresh rer - 2 - 2 - 2 - 2| ms
RAS Precharge Time trp 110 - 70 —| 120 — | 135 = | ns
?TS' Preck;;ﬂ:;n'“e tepn 50 - 50 - 55 - 70 - ns
CAS to RAS Precharge Time terp 0 - 0 - 0 - 0 — | ns
RAS to CAS Delay Time trco 25 45| 25 5| 25 55 25 70 | ns 7
RAS Hold Time tasn 70 - 60 - 85 = | 105 = | ns
CAS Hold Time Lesw 100 - | 105 — | 120 — | 165 — | ns
Row Address Set-up Time tasr 0 - 0 - 0 - 0 — | ns
Row Address Hold Time tran 15 - 15 - 15 - 15 — | ns
Column Address Set-up Time tasc 0 - 0 - 0 - 0 — ns
Column Address Hold Time tean 15 - 25 - 20 - 20 — | ns
Column Address Hold Time to RAS tar 60 - 70 - 75 - 90 =1 ns
Transition Time (Rise and Fall ) tr 3 50 3 50 3 50 3 50 | ns 8
Output Buffer Turn Off Delay torr 0 45 0 50 0 50 0 60 ns

® READ AND REFRESH CYCLES

Random Read Cycle Time tre 235 - 200 - 270 - 320 - ns
RAS Pulse Width tkas 115 | 10000 105 10000 140 10000 | 175 10000 | ns
CAS Pulse Width Leas 55 | 10000 60 10000 65 10000 95 10000 | ns
Read Command Set-up Time tres 0 - 0 - 0 - 0 — | ns
Read Command Hold Time tren 10 - 10 - 10 - 10 — | ns

® WRITE CYCLE

Random Write Cycle Time tre 235 — 200 - 270 — 320 - ns
RAS Pulse Width tras 115 10000 105 10000 140 10000 175 10000 ns
CAS Pulse Width teas 55 10000 60 10000 65 10000 95 10000 ns
Write Command Set-up Time twes 0 - 0 - 0 - 0 = | ns 9
Write Command Hold Time twen 25 - 30 - 30 - 45 = | ns
Write Command Hold Time to RAS twer 70 - 75 - 85 - 115 — | ns
Write Command Pulse Width twp 25 - 30 - 30 - 50 = | ns
Write Command to RAS Lead Time trwi 60 - 45 - 65 - 110 — | ns
Write Command to CAS Lead Time towr 45 - 45 - 50 =] 100 = | ns
Data-in Set-up Time tps 0 - 0 - 0 — 0 — | ns
Data-in Hold Time o 25 - 30 - 30 - 45 — | ns
Data-in Hold Time to RAS ' tour 70 - 75 - 85 — 115 - ns

©® READ-MODIFY-WRITE CYCLE

Read-Modify-Write Cycle Time trwe 285 - 235 - 320 - 410 — | ns
RMW Cycle RAS Pulse Width rrw 165 10000 155 10000 190 10000 265 10000 | ns
RMW Cycle EE Pulse Width torw 105 10000 110 10000 120 10000 185 10000 ns
RAS to WE Delay tawn 100 =1 105 = 120 — | 150 — | ns 9
CAS to WE Delay tewn 55 - 60 - 65 - 80 — | ns 9
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HM4816A-3, HM4816A-3E, HM4816A-4, HM4816A-7

HM4816AP-3, HM4816AP-3E, HM4816AP-4, HM4816AP-7
Notes:

1.
2.

Not
1.2

34.

All voltages referenced to Vgg

Eight cycles are required after power-up or prolonged
periods (greater than 2ms) of RAS inactivity before
proper device operation is achieved. Any 8 cycles which
perform refresh are adequate for this purposes.

. AC Characteristics assume ¢7=5ns
. Assume that tpep S trep (max.) If tpep is greater

than tgpep (max.) then tg4c will increase by the
amount that tg op exceeds fg cp (max.)

. Load = 2 TTL Loads and 100pF
. Assumes tpcp 2 trcp (max.)

7.

v

trep (max.) is specified as a reference point only. If
trep is less than tpcp (max.) access time is 1g 4. If
tRcD is greater than g cp (max.) access time is tpcp +
tcac-

tr is measured between Vpgy (min.) and Vy7 (max.)

. twess tcwp and tg wp are specified as reference points

only. If tyes 2 twes (min.) the cycle is an early write
cycle and the data out pin will remain high impedance
throughout the entire cycle. If tcyp 2 tocwp (min.)
and fRwp 2 trwp (min.), the cycle is a read-modify-
write cycle and the data out will contain the data read
from the selected address if neither of the above
conditions is satisfied, the condition on the data out is
indeterminate.

W WAVEFORMS
O®READ CYCLE e
tRAS & tre
— Vine T f—
RAS Vie \‘\@ - \
LCSH tepy N
terp . [119) tRSH
Vine —.1 ) \\\ teas z
CAS Vi ___J ‘\M @ P
[Trye— LRAH h—usr 1CAH
Vin
R Col
s @ N R X | Sl
/11
Vine = f=ttres [eftach @
WE Viu e j teac
tRAC LoFF
Vou High @A vald &
Doue oL Impedance @ W Data Out ,>_
O®WRITE CYCLE
LRC
LRAS tRP
Vine —TC!\ K——(
RAS ® \
Y & TCSH d teey
terp [ 1119 trsH
Vine —.’ o) teas 2
W, / ANN\NZ ] \_
tar
taskie—] tran LASCmed Lean
Vin
D w £ | Col
Md"“v x @ i:dreulK X Add‘;,::s K
I 7
. tewe
_ Vine \ twes ’wlwcn y,
WE v, Q@
" twer
o Btos | ton &
Vin
. © N
Din .
Vi ><( 2 4
LDHR
Vou High
Dout vy, Impedance
es:
Vi min and Vg arax are reference levels for meas-  7- ¢ is referenced to the trailing edge of CAS or
uring timing of input signals, , whichever occurs first.
Vou mIN and Vop max are reference levels for 8- {CRp requirement is onlg applicable for RAS/CAS

measuring timing of Doyr.

5. topris measured to Ioyr <rol.
6. tps and fpyy are referenced to CAS or WE, whichever
occurs last.
232

cycles preceeded by a nly cycle (i.e., for system
where CAS has not been decoded with §A§).
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HM4816A-3, HM4816A-3E, HM4816A-4, HM4816A-7

HM4816AP-3, HM4816AP-3E, HM4816AP-4, HM4816AP-7

®READ-MODIFY-WRITE CYCLE

trwe

LRRW tRP
Vine
RAS [ [
e / n
[ ——1 - ¢ tem
_ v car I 2cD. e ‘ o
Cas Vi J (I: \\\\ 2 1\——.—
AR [T
v usn’._-{ tasc tews
"
g C
Addresses Vi D A::rﬂ K A;dt:‘:s
[«) | tRWD
] tewn twp.
— Vine —
WE ® ) w
3 t_m’ ¥
® tose| L ®
Vin
Din A% i
Vi tcac
IRAC —{  |a—lOFF
Vow ) ®
High V& 3 ®
Dout Vou = TR Valid Data Out S——.—-——
O®RAS-ONLY REFRESH CYCLE
R
LRAS trp
[ z;
RAS Vi =
= i
& T '
tase fdn
Viu
Addresses Row Address T
Vi
Von High
Dout
Vou Impedance
OHIDDEN REFRESH CYCLE
tre
tRAS tre LRAS tRAS tRP
Vine
_ —_— —
_ [ ::,\ — y H__
Vi
tcap la teas tcpa
P, lRcD
Vine ’1
TR 1l “No /
VIL LRAN § b 7
t i
Vi tasapeey -.I° tasc lasl.] fee— i :yn- —
Add O\ Row )‘ Column X X Row X X Row ><
resses Address Address Address Address,
Vi T * -
[«)] - l.. tacs -—.rxcn @
Vine T
ﬁ @ F
[ )R PP
trac ]
. - | torF
Vou ©) ®
Dout —< Valid Data >———-
Vou k@ § fom
Notes: . - AT
1.2. Vg pmunv and Vi prax and reference levels for 7.t is referenced to the trailing edge of CAS or

34.

S.
6.

measuring timing of input signals.

Vo min and Voy pax are reference levels for
measuring timing of DoyT.

torris measured to IoyT S I ol

tps and tppy are referenced to CAS or WE, whichever
occurs last.

G HITACHI

, whichever occurs first. o

. tcrp requirement is_only applicable for RAS/CAS

cycles preceeded by a CAS-only cycle (i.e., for systems
where CAS has not been decoded with RAS).
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HM4816A-3, HM4816A-3E, HM4816A-4, HM4816A-7

HM4816AP-3, HM4816AP-3E, HM4816AP-4, HM4816AP-7

HDC AND AC CHARACTERISTICS, PAGE MODE U-8)
(Ta=0°C to 70°C, Vec=5V +10%, Vss=0V, unless otherwise noted.)

HM4816A-3 HM4816A-3E HM4816A-4 HM4816A-7
Parameter Symbol HM4816AP-3 | HM4816AP-3E | HM4816AP-4 | HM4816AP-7 | yj;,

min. max. min. max. min, max. min. max.
Page Mode Read or Write Cycle 129 125 - 130 - 145 - 190 - ns
Page Mode Read Modify Write Cycle trem 175 - 180 - 200 - 280 - ns’
CAS Precharge Time, Page Cycle tep 60 - 60 - 70 - 85 el ns
RAS Pulse Width, Page Mode trem 115 10000 105 10000 140 10000 175 10000 ns
CAS Pulse Width teas 55 10000 60 10000 65 10000 95 10000 ns
Voo Supply Curref\t Page Mode. Tons _ 23 _ 23 _ 21 _ 18 A
Minimum tpc. Minimum tcas

® PAGE MODE READ CYCLE

tRPM

tAR
ViHC e
mo, ONe / \_
L tesH d TasH trp
terp g tec
LRCD teas tep tcas tcas tepw .
e Vinc X : iy
RS ERNY
w ° 7 N 7 N /
traK
= [e-e=lican fa—et tcan Lcan
tasn—emf [ | e fotase ) taselld
f
Vin
Row Col Col Col
Addresses (D>(, Add Add X Add >< " Add K
@
. ] ® —-—' F4—trecs —ol Pa—trcs
RCS e LRCH—w= LRCH - LRCH—=
e | = . e
WE J
Vil ey tcac toac tcac
-1 .
tRAC o oFF - toFF toFF
Dout Vo ®7 ® Y,
Vou @ 3

Notes:
1.2. Vig amun and Vi prax are reference levels for
measuring timing of input signals.
3.4. Voyg minv and Voy max are reference levels for
measuring timing of DoyT-
5.t is measured to /, < Uppl. R
6. tOFZ is referenced tg Utge. uailfigg edge of CAS or
f{%ES, whichever occurs first.
7. All voltages referenced to Vgg.
8. AC Characteristic assume f7=5ns.
9. See the typical characteristics section for values of this
parameter under alternate conditions. _
10. tcrp requirement is_only applicable for RAS/CAS
cycles preceeded by a CAS-only cycle (i.e., for systems
where CAS has not been decoded with RAS).
11. Al previous specified A.C. and D.C. characteristics are
applicable to their respective page mode device.
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HM4816A-3, HM4816A-3E, HM4816A-4, HM4816A-7

HM4816AP-3, HM4816AP-3E, HM4816AP-4, HM4816AP-7

®PAGE MODE WRITE CYCLE

tRPM
tar
Vine
s P
Ve Q|
tesH LRSH
tec
teap —
"' trep tcas tcr teas teas teen )
o Vmcj D \\ l—f;—,‘ Sy
Vie Q| \Xx A * 3
Ran, , lcan LCAH
ot |l | usd ]
Vin Row Col )< | Col X Col
areses v Xt KX 5 ) Add fa X
T »
s [ s | twen iﬂ_ o twew
tewe = tewr = tewe
WE Vine \‘D / 3N / \ /
Vie r®1_ N o N
WP WP Twp
I twer) tRWL
tDspesr] toH 05| tDH Ds| ton
L
Din Vi q Valid - Valid Vahd
ViL N Data t Data N Data
tonR
®PAGE MODE READ-MODIFY-WRITE CYCLE
tapn tap,
Vine
W o Dhe . JZE:l\_
tcrp I ek . cry
p— LRCD LCRW 122 terw terw
— Ve — i
& vy A [ 3‘ o) 7 N \ /
tews tca tewy tean tewt
tRAH tcan =
“s.‘-' F~ .‘-"_s; EE— ‘21(“ U-S'C :—1 f—ed
padresses V0 R RTTIRT K . 2 X
Vit ! - LRND Hiees aé [ tres
LRCS] tewp twp LW twe LewD tup
] ~ H
Ve —
WE ,( "
Vi tos, | ‘eeqton tos| heetOH 4 tos, | Feejton
- - =
Vin Data n Dat in D
Din Vie % Vald Xv.m v:f'mx
teac Tcac Tcac,
Lasc - "—'24 '__ - “’-’L I-_ <4 LOFF|
Dout VW_______< " Vahd Vahd Vald
Vou Data Out Data Out L j Data Qut

1.2.

34.
N
6.
7.

Vig miv and Vi max are reference levels for
measuring timing of input signals.

Vor min and Vpr max are reference levels for
measuring timing of DoyT-

. topr is measured to Ioyr < o 1.

tps and tpgy are referenced to or WE, whichever
occurs last.
t is referenced to the trailing edge of CAS or

RAS, whichever occurs first.

. tcrp requirement is_only applicable for RAS/CAS,

cycles preceeded by a CAS-only cycle (i.e., for systems
where CAS has not been decoded with RAS).

G HITACHI
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HM4816A-3, HM4816A-3E, HM4816A-4, HM4816A-7

HM4816AP-3, HM4816AP-3E, HM4816AP-4, HM4816AP-7

® Typical Characteristics of HM4816A

TYPICAL ACCESS TIME tcc vs. Vcc TYPICAL OPERATING CURRENT feea

vs. CYCLE RATE

I 30 T
o Vee=5.5V
Ta=7
\ =70 Ta=25C
60 \ /I

tcac (ns)
Iecz (mA)

.
- /

40 /

4
Vee (V) Cycle Rate (1/trc) (MHz)

TYPICAL STANDBY CURRENT I

TYPICAL OPERATING CURRENT I
vs. Ve vs. Ve
3 30 T
Ta=25C tnc=23:5ns
Ta=25C
a /,
//
2 2 —
E <
= E
z /’ V;;
1 10
——/
0 n 3 0 +
Vee (V)

Vee (V)

O TYPICAL SUPPLY CURRENT WAVEFORMS TYPICAL lcc vs. Vcc DURING POWER UP

RAS/CAS Cycle  Long RAS/CAS Cycle

RAS Only Cycle
SR\ T Y /
) W e WY
= 2
E v ——" - i 4
e JAENA A N [ <
T V' A J\J < N
Note. Vec= 50V 8 RAS, CAS = Vss|
~=  b—50ns Ta=20C . N ) P
%‘E.ﬁﬂc
0 1 4
Vee (V)
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HM4864-2,HM4864-3
HM4864P-2,HVI4864P-3

65536- word X 1-bit Dynamic Random Access Memory

The HM4864 is a 65,536-words by 1-bit, MOS random access
memory circuit fabricated with HITACHI’s double-poly N-channel HM4864-2, HM4864-3
silicon gate process for high performance and high functional
density. The HM4864 uses a single transistor dynamic storage cell
and dynamic control circuitry to achieve high speed and low power
dissipation.

Multiplexed address inputs permit the HM4864 to be packaged in a
standard 16 pin DIP on 0.3 inch centers.

This package size provides high system bit densities and is
compatible with widely available automated testing and insertion
equipment. System oriented features include single power supply of

+5V with £10% tolerance, direct interfacing capability with high (DG-16A}
performance logic families such as Schottky TTL, maximum input
noise immunity to minimize “false triggering”’ of the inputs, on-chip HM4864P -2, HM4864P -3

address and data registers which eliminate the need for interface
registers, and two chip select methods to allow the user to determine
the appropriate speed/power characteristics of this memory system.
The HM4864 also incorporates several flexible timing/operating
modes,

In addition to the usual read,write, and read-modify-write cycles, the
HMA4864 is capable of delayed write cycles, page-mode operation
and RAS-only refresh.

Proper control of the clock inputs (RAS, CAS, and WE) allows

common 1/O capability, two dimensional chip selection, and (DP-16)
extended page boundaries (when operating in page mode).
M FEATURES HPIN ARRANGEMENT
® Recognized industry standard 16-pin configuration Nc[I - EV“
® 150ns access time, 270ns cycle time (HM4864-2, HM4864P-2) _
® 200ns access time, 335ns cycle time (HM4864-3, HM4864P-3) D‘“E E]c;«s
® Single power supply of +5V+10% with a built-in Vgg generator ‘”_FE EDoul
® Low Power; 330 mW active. 20 mW standby (max) RTSE E "
® The inputs TTL compatible, low capacitance, and protected
against static charge ""E EA’
® Output data controlled by CAS and unlatched at end of cycle to "E 1A
allow two dimensional chip selection and extended page bound- "E E] N
ary
® Common I/0 capability using “‘early write’’ operation "“E 3"
e Read-Modify-Write, RAS-only refresh, and Page-mode capability
® 128 refresh cycle (Top View)
Ao-A; Address Inputs
CAS Column Address Strobe
Din Data In
Dout Data Out
RAS Row Address Strobe
WE Read/Write Input
Vee Power (+5V)
Vss Ground
Ao-As Refresh Address Input
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HM4864-2, HM4864-3, HM4864P-2, HM4864P-3
B FUNCTIONAL BLOCK DIAGRAM

= R/W Clock
WE Generator ﬂ

RAS o g:cnoeu
— B ABSOLUTE MAXIMUM RATINGS
=7 od CAS Clock [} , .
TR o (A Clec . . Bttt |-o Dout Voltage on any pin relative
<E Memory N Memryg tovx e s e e s e s s ee s -1.0to +7V
5 A3 s <—oVe  QOperating Temperature, Ta
h b o[l : ~—ovs  (Ambient) .............. 0t0o+70°C
. Memory S c Memory +
e " & Ay S| Ay |2 Storage Temperature .
i 3 TS ke A T e nioem® ] (Ambient) . ... ....-65to +150°C (Cerdip)
2 i » | [ -55 to +126°C (Plastic)
s emory emory o .
i 3 Array Array Short-circuit Output Current , 50 mA
K} . 5 Power Dissipation . . ....... 1W
B RECOMMENDED DC OPERATING CONDITIONS (Ta=0 to +70C)
Parameter Symbol min typ max Unit Notes
Sunnly Vol Vee 4.5 5.0 5.5 M 1
PPy Toltage Vs 0 0 0 v
Input High Voltage Viu 2.4 - 6.5 \4 1
Input Low Voltage Vie -1.0 - 0.8 v 1
B DC ELECTRICAL CHARACTERISTICS (Ta=0 to +70°C, Vec=5V£10%, Vss=0V)
Parameter Symbol min max Unit Notes
OPERATING CURRENT I _ 0 mA ) 2.4
Average Power Supply Operating Current (RAS,CAS Cycling; ¢ sc=min.) cot )
STANDBY CURRENT I _ 35 mA 2
Power Supply Standby Current (RAS = Viy, Dout =High Impedance) cez .
REFRESH CURRENT
Average Power Supply Current, Refresh Mode Ices - 45 mA 2,4
(RAS Cycling, CAS = Viu; t sc=min.)
PAGE MODE CURRENT
Average Power Supply Current, Page-mode Operation Iecq - 45 mA 2,4
(RAS = Vi, CAS Cycling; trc=min.)
INPUT LEAKAGE
Input Leakage Current, any Input (V.. =0 to 6.5V, all other pins not Tu -10 10 HA
under test=0V)
OUTPUT LEAKAGE _
Output Leakage Current (Dout is disabled, Vou=0 to +5.5V) Lo 10 10 A 8
OUTPUT LEVELS
Output High (Logic 1) Voltage (L =—5mA) “;"” 2‘3 ;"j z
Output Low (Logic 0) Voltage (... =4.2mA) ot i
NOTES

1. All voltages referenced to Vgg.
2. I¢c depends on output loading condition when the device is selected. /o max. is specified at the output open condition.

3. I o consists of leakage current only.
4. Current depends on cycle rate: maximum current is measured at the fastest cycle rate.

B AC ELECTRICAL CHARACTERISTICS

Parameter Symbol typ max Unit Notes
Input Capacitance (Ao-A:,Din) Cin1 - 7 pF 1
Input Capacitance (RAS,CAS,WE) Cinz - 10 pF 1
Output Capacitance (Dout ) Cout - 7 pF 1,2

NOTES
1. Capacitance measured with Boonton Meter or effective capacitance measuring method.
2. CAS= Vyy to disable Doyt
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B ELECTRICAL CHARACTERISTICS AND

(Ta=0 to +70°C, Vec=5V£10%, Vss=0V)

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

RECOMMENDED AC OPERATING CONDITIONS "%

G HITACHI

HM4864-2 /P~ HM4864-3/P-
Parameter Symbol - 48 /2 M 864-3/P-3 Unit Notes
min max min max
Random Read or Write Cycle Time tre 270 - 335 - ns
Read-Write Cycle Time trwe 270 - 335 - ns
Page Mode Cycle Time trc 170 - 225 - ns
Access Time from RAS trac - 150 bt 200 ns 4,6
Access Time from CAS teac - 100 - 135 ns 5,6
Output Buffer Turn-off Delay torr 0 40 0 ‘50 ns 7
Transition Time (Rise and Fall) tr 3 35 3 50 ns 3
RAS Precharge Time trp 100 - 120 - ns
RAS Pulse Width tras 150 10000 200 10000 ns
RAS Hold Time trsw 100 - 135 - ns
CAS Pulse Width teas 100 - 135 - ns
. CAS Hold Time tesw 150 - 200 - ns
RAS to CAS Delay Time treo 20 50 25 65 ns 8
CAS to RAS Precharge Time tere —20 - —20 - ns
Row Address Set-up Time Lasr 0 - 0 - ns
Row Address Hold Time tran 20 - 25 - ns
Column Address Set-up Time tasc —10 - -10 - ns
Column Address Hold Time tean 45 - 55 - ns
Column Address Hold Time referenced to RAS tar 95 - 120 - ns
Read Command Set.up Time tres 0 - 0 - ns
Read Command Hold Time tren 0 - 0 - ns
Write Command Hold Time twen 45 - 55 - ns
Write Command Hold Time referenced to RAS twer 95 - 120 - ns
Write Command Pulse Width twp 45 - 55 bt ns
Write Command to RAS Lead Time trwe 45 - 55 - ns
Write Command to CAS Lead Time tewe 45 - 55 - ns
Data-in Set-up Time tos 0 - 0 - ns
Data-in Hold Time ton 45 - 55 - ns 9
Data-in Hold Time referenced to RAS tonr 95 - 120 - ns
CAS Precharge Time (for Page-mode Cycle Only) tep 60 - 80 - ns
Refresh Period trer - 2 - 2 ms
Write Command Set-up Time twes —20 - —~20 - ns 10
CAS to WE Delay tewn 60 - 80 - ns 10
RAS to WE Delay tawp 110 - 145 - ns 10
RAS Precharge to CAS Hold Time trec 0 - 0 - ns
NOTES
1. AC measurements assume t7-= Sns. tr4c (max)can be met, trcp (max) is specified as a
2. 8 cycles are required after power-on or prolonged reference point only; if fgreop is greater than the
periods (greater than 2ms) of RAS inactivity before specified trcp (max) limit, then access time is
proper device operation is achieved. Any 8 cycles controlled exclusively be tcgqc.
which perform refresh are adequate for this purpose. 9. These parameters are reference to CAS leading edge in
3. Vyy (min) and Vj; (max) are reference levels for early write cycles and to WE leading edge in delayed
measuring timing of input signals. Also, transition write or read-modify-write cycles.
times are measured between Vg and V. 10. twcs, fcwp and trwp are not restrictive operating
4. Assumes that tpep € trep (max). If tpep is greater parameters. They are included in the data sheet as
than the maximum recommended value shown in this electrical characteristics only: if fweg 2 twcs (min),
table tg 4 ¢ exceeds the value shown. the cycle is an early write cycle and the data out pin
S. Assumes that trcp 2 tRcp (max). will remain open circuit (high impedance) throughout
6. Measured with a load circuit equivalent to 2TTL loads the entire cycle; if fowp 2 towp (min) and tryp 2
and 100 pF. trwp (min) the cycle is a read/write and the data
7. topp (max) defines the time at which the output output will contain data read from the selected cell; if
achieves the open circuit condition and is not refer- neither of the above sets of conditions is satisfied the
enced to output voltage levels. condition of the data out (at access time) is indeter-
8. Operation with the fgcp (max) limit insures that minate.

239



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

HETIMING WAVEFORMS

®READ CYCLE

®WRITE CYCLE

tesn
VN —] 4 J
RAS Vi b N
b e
— RCD K H
CAs Vi tca
Vi N > /]
A v tashbe—e] -nun0| tasc 1 an—e] Ry
i)
ddress v Row Address Column Mdre?K X
I d
WE v the ;H [ —
Vu,-—.—-—/ tCAC tart ¥.—
Vou 4 -
Dot ot pen —< Vald Data P
tre:
e Vil ——
RAS Vi taR p l \ N
Vi RCD RS H
CAS /I
i \L tCRP——e=
Il t—tR AN- 1ASC AN
Address v Row Address Column Mdres?}( x
"
tewr
vE [ — L o SR
- thp
tos
Vi ~
Din X vaidea DK
Vie
Do Vor 0
o Vo

®READ-WRITE/READ-MODIFY-WRITE CYCLE

240

—"

h_

pe=—tCaH-

-t k1ot

- LR A tasc—] bo
Mdress olumn Address PC

thu,

Viw RO e tong———e
, / LoFF
Ve ha——tcac——~f T p
1
Von L Valddaa
Vou
Vis m;'r—v' F—thn
v X Valid Data x
i
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HM4864-2, HM4864-3, HM4864P-2, HM4864P-3

®“RAS-ONLY” REFRESH CYCLE

task[=—ed -—mu——i
Address x Row Address X

lcnr’{ l—— ~a— }d—urc

®PAGE MODE READ CYCLE

— R
RAS Vin &L ,Z N
Vi
tkRC A St 1€ f———tC s’ [——1C4sS
CAS Vin
Vie i

1
tran| eeltcan tcAn tcan
tasp—e{ tasc tasc — tasc -
Vi s VAN oo ol ]
Address i 2dd add Add Add

$-trCS +—tRCS

trcH —w{ja— tRCH—e '-# tReH —e '0—

tRC: i
= Vi
Wi ¥
E Vi ——J

p——tCAC ——o Fe——tcac

L;_I:m

Pe—tcac:

tOFF LOFF

Vou
Dout Vo

=

o

®PAGE MODE WRITE CYCLE

Vin

RAS /1 N
RAS Viu 4 7|
tRC As——] [t pe-] 20 A S——o] [o———tC As——w={ tCRP
';_, = i iEal
cas i' N N /
i

tRAK resftcan tCan U
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&
Vin Row { Col 12 X ol
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p— Vi R R
e N / N N /
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-
et SR p—
tosi~ DSt LDH- ’£0$ ! Low
Vi — :
Din X Valid Deto E<:>§ Vahid Dae X X vend b X
e tDHR e
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HM4864-2, HM4864-3, HM4864P-2, HM4864P-3

B TYPICAL CHARACTERISTICS

ACCESS TIME
vs. SUPPLY VOLTAGE

242

Access Time trac(Normalized)

Supply Current Icci(Operation) (mAj

Supply Current Icci(Operation) (mA)

1.0
0.9
4.0 45 50 5.5 6.0

Supply Voltage Vee (V)

SUPPLY CURRENT
vs. SUPPLY VOLTAGE

50
Ta=20C tre
g
/ 270ns
40
/ /M'
© '/
20 —
L 1000
—
104.0 4.5 5.0 5.5 6.0

50

40

Supply Voltage Vce (V)

SUPPLY CURRENT
vs. CYCLE RATE

Vee=5.5V
Ta=20C
trp=100ns

yd

1

2 3 4
Cycle Rate(1/trc) (MHz)

@ HITACHI

Access Time taac(Normalized)

Supply Current Icci (Operation: (mA)

Supply Current Iccz (Stand By) (mA)

0.9

-20

50

ACCESS TIME
vs. AMBIENT TEMPERATURE

Vee=5.5V

U 40 70

Ambient Temperature Ta (‘C)

SUPPLY CURRENT
vs. AMBIENT TEMPERATURE

100

T
Vee=55V |
— tae=270ns
—
40
\
'\“ 330
30 —
[ — =
P 500
20
1,000
10
~20 10 40 0 100

Ambient Temperature Ta ('C

SUPPLY CURRENT
vs. SUPPLY VOLTAGE

)

Ta=20C

RIS, CAS=viw

45 5.0 5.3

Supply Voltage Vcc (V)



Supply Current Iccs (Refresh Cycle! (mA®
Supply Current Icc2 (Stand By) (mA)

Supply Current Jecs Page Mode Cycle

4

SUPPLY CURRENT
vs. AMBIENT TEMPERATURE

~

=20 10

40 0

Ambient Temperature Ta (C)

SUPPLY CURRENT
vs. AMBIENT TEMPERATURE

100

50
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\
‘r\
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20 T —
[ 500
—
\W'\'\ 1000
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=20 10 40 70 100
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30

20
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SUPPLY CURRENT
vs. SUPPLY VOLTAGE

Ta=20°C

re=170ns

—

Supply Voltage Vee (V1

225
—
// o 300
//\
45 5.0 5.5 6.0
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Supply Voltage Iccs (Refresh Cycle) (mA) Supply Current Iccs (Refresh Cycle) (mA)

Supply Current Iccs (Page Mode Cycle) (mA)
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HM4864-2, HM4864-3, HM4864P-2, HM4864P-3
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HAPPLICATION INFORMATION

®POWER ON

An initial pause of 500 us is required after power-up and a
minimum of eight (8) initialization cycle,(any combination of
cycles containing a RAS clock such as RAS-only refresh) must
follow an initial pause.

The Vee current (/gc) requirement of the HM4864 during
power on is, however, dependent upon the input levels (RAS
CAS) and the rise time of Ve, as shown in Fig. 1.

O®READ CYCLE
A read cycle begins with addresses stable and a negative going

transition of RAS. The time delay between the stable address
and the start of RAS-on is controlled by parameter tASR -
Following the time when RAS reaches its low level, the row
address must be held stable long enough to be captured. This
controlling parameter is tgay . Following this interval, the
address can be changed from row address to column address.
When the column address is stable, CAS can be turned on. The
leading edge of CAS is controlled by parameter tgcp . The
basic limit on the CAS leading edge is that CAS can not start
until the column address is stable, and this is controlied by
parameter tasc . The column address must be held stable long
enough to be captured. The controlling parameter is tcay.
Note that tgpcp (max) is not an operating limit of the
HMA4864 though its specification is listed on the data sheets. |f
‘CAS becomes on later than tgep (max), the access time from
RAS will be increased by the time which tgep exceeds tgep
(max).

Following the time when TAS reaches its low level, the
data-out pin remains in a high impedance state until a valid
data appears. This parameter is tcac -access time from CAS.
The access time from RAS—tgac—is the time from RAS-on
to valid Dout.

The minimum value of tgac is derived as the sum of tgcp
(max) and tcac-

The selected output data is held valid internally until CAS
becomes high, and then Dout pin becomes high impedance.
This parameter is tofF -

@ HiTacHi

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

Yoo v
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Tee *mA®

RAS.CAS = Vs

RAS,CAS=Vee

[
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50
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“RAS.CAS = Vss

Iec tmAy
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| ]
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200 300 400

Time (us)

o Vee rise time) =100us

Fig.1 I vs. V¢ during power up.
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HM4864-2, HM4864-3, HM4864P-2, HM4864P-3

® WRITE CYCLE

A write cycle is performed by bringing WE low
before or during CAS-on.

Two different write cycles can be defined as;

Write cycle—Write data are available at the beginning
of the CAS-on so that the write operation starts at
the beginning. In this mode, Dout and WE signal
times are not in any critical path for determining
cycle time.

Following the time when WE reaches its low level,
WE must be held stable long enough to be captured.
This WE-on pulse deration is called tyyp. The time
required to capture write data in a latch is called
tpH. This cycle is called an “early write”.

Read Write cycle—This cycle starts as a read cycle,
but as soon as the device specification is met, a
write cycle is initiated.

WE and Din are delayed until after Dout. This cycle
is called a “‘delayed write”. A "“Read-modify-write’
cycle is a variation of this operation. In this mode,
Din and WE become critical path signals for
determining cycle time.

® CLOCK-OFF TIMING

RAS and CAS must stay on for Dout stakilized to
valid data. In the case of CAS, this is controlled by
parameter tcqg (min).

In the case of RAS, this is controlled by parameter
tcas (min). Following the end of RAS, CAS must
stay off long enough to precharge internal circuits.
Tﬁ_only parameter of concern is tgp. Normally
CAS is not required to be off for minimum time of
tcrp. However, in a page mode memory operation,
ﬂe_re is a tcp (min) specification to control the
CAS-off time.

® DATA OUTPUT

Dout is three-state TTL compatible with a fan-out
of two standard TTL loads.

When CAS is high, Dout is in a high impedance
state. When CAS is low, valid data appears after

tcac at a read cycle, and Dout is not valid as an
early-write cycle.

246

® REFRESH

Refresh of the HM4864 is accomplished by per-
forming a memory cycle at each of the 128 row
addresses within each two millisecond time interval.
A0 to A6 are refresh address pin compatible with
standard 16K RAM (HM4716A, HM4816A). During
refresh, either V or Vyy is permitted for A7. Any
cycle in which RAS signal occurs refreshes the
entire selected row. RAS-only refresh resuits in
substantial reduction in operating power. This re-
duction in power is reflected in the /cc3 specifica-
tion.

e PAGE MODE

Page mode operation allows faster successive memo-
ry operations at multiple column locations of the
same row address with increased speed.

This is done by strobing the row address into the
chip and maintaining RAS at a logic low throughout
all successive CAS memory cycles in which the row
address is latched. As the time normally required for
strobing a new row address is eliminated, access and
cycle times can be descreaded and the operating
power is reduced. These are specifications.

O HITACH)



HM4864CC-2,

HM4864CC-3

65536-word X 1-bit Dynamic Random Access Memory

W FEATURES
® 18-pin Leadless Chip Carrier

® 150ns access time, 270ns cycle (HM4864CC-2)
200ns access time, 335ns cycle (HM4864CC-3)
® Single power supply of 5V * 10% with a built-in Vgg generator

Low power: 330mW active, 20mW standby (max)

® The inputs TTL compatible, low capacitance, and protected against

static charge.

® Output data controlled by CAS and unlatched at end of cycle to
allow two dimensional chip selection and extended page boundary.
® Common /O capability using ‘‘early write'’ operation

® Read-Modify-Write, RAS-only
128 refresh cycle

Refresh, and Page-mode capability

HMFUNCTIONAL BLOCK DIAGRAM

— R/W Clock
WE o-l Generator
73S o] RAS Clock g Data 1n )
RAS o o et Memory :‘ Memory © Din
Array z Array
T3S Clock =
1% o CAS Cloc g Data out
TR [FowDec ke dafRow Dec| o Dout
H ¢ H
£ Memory , £ Memory s
? Array Z 3 . Array = -0 Ve¢
3 10 H
Ar K 21 xg K —0 Vss
3| Memory [SIS|Z]| Memory [3
Y Ao 2 Z| Array <3| Array
H 3 Row Dec. K= g=2Y Row Dec.
b 3 Iz
é _S Memory = Memory
H 2 Array =| | Array
< <
=
\ 4o —_:—~:5T

W ABSOLUTE MAXIMUM RATINGS

Voltage on any pin relative

toVgs - i -1.0to+7V
Operating Temperature, Ta

(Ambient) . ............. 0to +70°C
Storage Temperature

(Ambient) . . ............ -65 to +150°C
Short-circuit Output Current . 50 mA

Power Dissipation .. ....... 1w

GO HITACHI

@

(CC-18)

[l PIN ARRANGEMENT

(Bottom View)

Ao-A; Address Inputs

CAS Column Address Strobe
Din Data In

Dout Data Out

RAS Row Address Strobe
WE Read/Write Input

Vee Power (+5V)

Vss Ground

Ao-As Refresh Address Input
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HM4864CC-2, HM4864CC-3

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

Parameter Symbol min typ max Unit Notes
Supply Voltage Vee 4.5 5.0 5.5 A 1
Vss 0 0 0 v
Input High. Voltage Viu 2.4 - 6.5 v 1
Input Low Voltage Vi -1.0 - 0.8 \ 1

M DC ELECTRICAL CHARACTERISTICS (Ta=0 to +70°C, Vec=5V+10%, Vss=0V)

Parameter Symbol min max Unit Notes

OPERATING CURRENT Iec _ 60 mA 24
Average Power Supply Operating Current (RAS, CAS Cycling;t rc=min.) et ’
STANDBY CURRENT

Power Supply Standby Current (RAS = V4 Dout =High Impedance)
REFRESH CURRENT

Average Power Supply Current, Refresh Mode Iccs - 45 mA 2,4
(RAS Cycling, CAS = Viu; t e =min.)
PAGE MODE CURRENT

Average Power Supply Current, Page-mode Operation Iecs - 45 mA 2,4
(RAS = Vi, CAS Cycling: tre=min.)
INPUT LEAKAGE

Input Leakage Current, any Input (V.. =0 to +6.5V, all other pins not Iu —10 10 ~2A
under test =0V )

Icc2 - 3.5 mA 2

OUTPUT LEAKAGE

Output Leakage Current (Dout is disabled, V...=0 to +5.5V) T -1 10 #A 3
OUTPUT LEVELS

. . _ Vou 2.4 Vee \4
Output High (Logic 1) Voltage (L. =—5mA) Vou 0 0.4 v

Output Low (Logic 0) Voltage (I =4.2mA)

NOTES

1. All voltages referenced to Vgg.

2. I¢c depends on output loading condition when the device is selected. /o max. is specified at the output open condition.
3. Iy o consists of leakage current only.

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

B AC ELECTRICAL CHARACTERISTICS

Parameter Symbol typ max Unit Notes
Input Capacitance (A¢-A:, Din) Cint - 7 pF 1
Input Capacitance (RAS,CAS,WE) (o - 10 pF 1
Output Capacitance (Dout) Cout - 7 pF 1,2

NOTES
1. Capacitance measured with Boonton Meter or effective capacitance measuring method.
2. CAS = Vyy to disable Doyr.
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HM4864CC-2,HM4864CC-3

B ELECTRICAL CHARACTERISTICS AND
(Ta=0 to +70°C, Vec=5V£10%, Vss=0V)

RECOMMENDED AC OPERATING CONDITIONS %

HM4864CC-2 HM4864CC-3
Parameter Symbol - - Unit Notes
min max min max

Random Read or Write Cycle Time tre 270 - 335 - ns
Read-Write Cycle Time trwe 270 - 335 - ns
Page Mode Cycle Time tec 170 - 225 - ns
Access Time from RAS trac - 150 - 200 ns 4,6
Access Time from CAS teac - 100 = 135 ns 5,6
Output Buffer Turn-off Delay Lorr [1} 40 0 50 ns 7
Transition Time (Rise and Fall) tr 3 35 3 50 ns 3
RAS Precharge Time trp 100 - 120 — ns
RAS Pulse Width tras 150 10000 200 10000 ns
RAS Hold Time tasy 100 - 135 - ns
CAS Pulse Width teas 100 - 135 - ns
CAS Hold Time tesu 150 - 200 — ns
RAS to CAS Delay Time trep 20 50 25 65 ns 8
CAS to RAS Precharge Time terp —20 - —20 - ns
Row Address Set-up Time task 0 - 0 - ns
Row Address Hold Time tran 20 - 25 - ns
Column Address Set-up Time tasc -10 - —10 - ns
Column Address Hold Time tcan 45 - 55 - ns
Column Address Hold Time referenced to RAS tir 95 - 120 - ns
Read Command Set-up Time tres 0 - 0 - ns
Read Command Hold Time treu 0 - 0 - ns
Write Command Hold Time twen 45 - 55 - ns
Write Command Hold Time referenced to RAS twer 95 - 120 - ns
Write Command Pulse Width twp 45 - 55 - ns
Write Command to RAS Lead Time trwe. 45 - 55 - ns
Write Command to CAS Lead Time tewe 45 - 55 - ns
Data-in Set-up Time tos 0 - 0 - ns 9
Data-in Hold Time ton 45 - 55 = |- ns 9
Data-in Hold Time referenced to RAS tonr 95 - 120 - ns
CAS Precharge Time (for Page-mode Cycle Only) tep 60 - 80 - ns
Refresh Period trer - 2 - 2 ms
Write Command Set-up Time twes —20 - —20 - ns 10
CAS to WE Delay tewn 60 — 80 - ns 10
RAS to WE Delay trwp 110 - 145 - ns 10
RAS Precharge to CAS Hold Time tare 0 - 0 - ns
NOTES
1. AC measurements assume f7 = 5ns. tr4c (max)can be met, tgpcp (max) is specified as a

2. 8 cycles are required after power-on or prolonged

Ll ]

periods (greater than 2ms) of RAS inactivity before
proper device operation is achieved. Any 8 cycles
which perform refresh are adequate for this purpose.
Vi (min) and Vy; (max) are reference levels for
measuring timing of input signals. Also, transition
times are measured between Vyzy and Vyy.

Assumes that frep € treop (max). If tgep is greater
than the maximum recommended value shown in this
table tg 4 exceeds the value shown.

Assumes that trcp 2 trcp (max).

Measured with a load circuit equivalent to 2TTL loads
and 100 pF.

torr (max) defines the time at which the output
achieves the open circuit condition and is not refer-
enced to output voltage levels.

Operation with the tgcp (max) limit insures that

® HITACHI

reference point only; if freop is greater than the
specified tgrep (max) limit, then access time is
controlled exclusively be tc 4.

9. These parameters are reference to CAS leading edge in
early write cycles and to WE leading edge in delayed
write or read-modify-write cycles.

10. twcs, tcwp and tgwp are not restrictive operating

parameters. They are included in the data sheet as
electrical characteristics only: if fycs 2 twes (min),
the cycle is an early write cycle and the data out pin
will remain open circuit (high impedance) throughout
the entire cycle; if tcwp 2 towp (min) and trywp 2
trwp (min) the cycle is a read/write and the data
output will contain data read from the selected cell; if
neither of the above sets of conditions is satisfied the
condition of the data out (at access time) is indeter-
minate.
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HM4864CC-2,HM4864CC-3

HMTIMING WAVEFORMS
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®“RAS-ONLY” REFRESH CYCLE
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HM4864CC-2, HM4864CC-3
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OPAGE MODE READ CYCLE
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HM4864l1-2, HM4864I1-3,
HM4864K-2,HM4864K-3

Wide Operating Temperature Range

65536-word X 1-bit Dynamic Random Access Memory

The HM4864 is a 65,536-words by 1-bit, MOS random access
memory circuit fabricated with HITACHI’s double-poly N-channel
silicon gate process for high performance and high functional
density. The HM4864 uses a single transistor dynamic storage cell
and dynamic control circuitry to achieve high speed and low power
dissipation.

Multiplexed address inputs permit the HM4864 to be packaged in a
standard 16 pin DIP on 0.3 inch centers.

This package size provides high system bit densities and is
compatible with widely available automated testing and insertion
equipment. System oriented features include single power supply of
+5V with £10% tolerance, direct interfacing capability with high (DG-16B)
performance logic families such as Schottky TTL, maximum input
noise immunity to minimize ‘‘false triggering”” of the inputs, on-chip
address and data registers which eliminate the need for interface

HPIN ARRANGEMENT

registers, and two chip select methods to allow the user to determine NCG ~ _’,_;] Vs
the appropriate speed/power characteristics of this memory system. —
The HMA4864 also incorporates several flexible timing/operating Di"lz T—;’CAS
modes, WE E EDM
In addition to the usual read,write, and read-modify-write cycles, the ﬁgE E Ao
HM4864 is capable of delayed write cycles, page-mode operation
and RAS-only refresh. A"E EA’
Proper control of the clock inputs (RAS, CAS, and WE) allows A:E Ela
common 1/O capability, two dimensional chip selection, and "’E E’“
extended page boundaries (when operating in page mode).
VCCE 9 |Ar

B FEATURES

® Wide Operating Temperature Range (Top View)

HM486412/3 —40~ +85°C Ao-A: Address Inputs
HM4864K-2/-3 —55~ +85°C CAS Column Address Strobe

® Recognized industry standard 16-pin configuration Din Data In

® 150ns access time, 270ns cycle time (HM48641-2, HM4864K-2) Dout Data Out

® 200ns access time, 335ns cycle time (HM48641-3, HM4864K-3) RAS Row Address Strobe

® Single power supply of +5V+10% with a built-in Vgg generator WE Read/Write Input

® Low Power; 330 mW active. 22 mW standby (max) Vee Power (+5V)

® The inputs TTL compatible, low capacitance, and protected Vss Ground

: Ao-As Refresh Address Input
against static charge

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

® Common |/O capability using “‘early write’’ operation
Read-Modify-Write, RAS-only refresh, and Page-mode capability
® 128 refresh cycle
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HM48641-2, HM48641-3, HM4864K-2, HM4864K-3

B FUNCTIONAL BLOCK DIAGRAM
P R/W Clock
WE ICenemor ﬁn
RAS g:l::l'::k Memory | g Memory © Din
Array 3| | Array M ABSOLUTE MAXIMUM RATINGS
CAS Row Dec. K= =\ Row Dec. o Dout Voltage on any pin relative
E Memory K g Memory g to V$ .............. . -1 -0 to +7V
§ Array ,3 2 : Array 5 -0 Ve Operating Temperature, Ta
Y K RmH i — Vs (Ambient) . . —40 to +85°C (HM4864| Series)
A 3| Memory |S g | Memory ? o
o 4 2| Array 251 A 1 . .
$ $ g Array I il 55 to +85 C (HM4864K Series)
H a Row Dec. Kb g2 Row Dec. Storage Temperature
A werery | |8] [ emers (Ambient) . . ... ... [ -85 t0 +150°C
£ 2 Array | f=] | Array Short-circuit Output Current . 50 mA
=L I Power Dissipation .. ....... 1w
*
Il RECOMMENDED DC OPERATING CONDITIONS (Ta= —40 to +85°C)
Parameter Symbol min typ max Unit Notes
Vee 4.5 5.0 5.5 \
ly Vi 1
Supply Voltage Vos 0 0 0 v
Input High Voltage Vin 2.4 - 6.5 \J 1
Input Low Voltage Vi -1.0 - 0.8 v 1
*:HM4864K Series; T,=—55 to +85°C .
M DC ELECTRICAL CHARACTERISTICS (Ta=—40 to +85°C, Vec=5V£10%, Vss=0V)
Parameter Symbol min max Unit Notes
OPERATING CURRENT Tee _ 60 mA 2.4
Average Power Supply Operating Current (RAS, CAS Cycling: ¢ rc=min.) ot ’
STANDBY CURRENT I _ 4 mA 2
Power Supply Standby Current (RAS = Vi4, Dout =High Impedance) ce?
REFRESH CURRENT
Average Power Supply Current, Refresh Mode Iccs - 45 mA 2,4
(RAS Cycling, CAS = Viu; t se=min.)
PAGE MODE CURRENT
Average Power Supply Current, Page-mode Operation Iccs - 45 mA 2,4
(RAS = V., CAS Cycling; tpc=min.)
INPUT LEAKAGE )
Input Leakage Current, any Input (V.,=0 to +6.5V, all other pins not Tu -10 10 ~A
under test=0V) )
OUTPUT LEAKAGE _
Output Leakage Current (Dout is disabled, V...=0 to +5.5V) Lo 10 10 uA 3
OUTPUT LEVELS
Output High (Logic 1) Voltage (I = —5mA ) Vou B L M
Output Low (Logic 0) Voltage (/i =4.2mA) o .

NOTES
1. All voltages referenced to Vgg.

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

3. I o consists of leakage current only.

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

5. *: HM4864K Series; Ty=— 55 to +85°C

B AC ELECTRICAL CHARACTERISTICS (Vec=5V+10%, Ta=25°C)
Parameter Symbol typ max Unit Notes

Input Capacitance (Ao-A:,Din) Cunr - 7 pF 1
Input Capacitance (RAS,CAS,WE) Cinz - 10 pF 1
Output Capacitance (Dout) Cout - 7 pF 1,2
NOTES

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

2. CAS = Vpy todisable Doyr.
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HM48641-2, HM48641-3. HM4864K-2, HM4864K-3

B ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC

(Ta=—40 to +85°C* Vec=5V=£10%, Vss=0V)

OPERATING CONDITIONS -2

HM48641/K-2 HM48641/K-3
Parameter Symbol - - / Unit Notes
min max min max
Random Read or Write Cycle Time tac 270 - 335 - ns
Read-Write Cycle Time trwe 270 - 335 - ns
Page Mode Cycle Time tec 170 - 225 - ns
Access Time from RAS trac - 150 - 200 ns 4,6
Access Time from CAS teac - 100 - 135 ns 5,6
Output Buffer Turn-off Delay torr 0 40 0 50 ns 7
Transition Time (Rise and Fall) tr 3 35 3 50 ns 3
RAS Precharge Time trp 100 - 120 - ns
RAS Pulse Width tras 150 10000 200 10000 ns
RAS Hold Time trsw 100 - 135 - ns
CAS Pulse Width teas 100 - 135 - ns
CAS Hold Time tesn 150 - 200 - ns
RAS to CAS Delay Time taco 20 50 25 65 ns 8
CAS to RAS Precharge Time terp —-20 - —-20 - ns
Row Address Set-up Time tasr 0 - 0 - ns
Row Address Hold Time tran 20 - 25 - ns
Column Address Set-up Time tasc -5 - -5 - ns
Column Address Hold Time tean 45 - 55 - ns
Column Address Hold Time referenced to RAS tar 95 - 120 - ns
Read Command Set-up Time tres 0 - 0 - ns
Read Command Hold Time tac 0 - 0 - ns
Write Command Hold Time twen 45 - 55 - ns
Write Command Hold Time referenced to RAS twer 95 - 120 - ns
Write Command Pulse Width twp 45 - 55 - ns
Write Command to RAS Lead Time tawe 45 - 55 - ns
Write Command to CAS Lead Time tewe 45 - 55 - ns
Data-in Set-up Time tos 0 - 0 - ns 9
Data-in Hold Time ton 45 - 55 - ns 9
Data-in Hold Time referenced to RAS tour 95 - 120 - ns
CAS Precharge Time (for Page-mode Cycle Only) tep 60 - 80 - ns
Refresh Period trer - 2 - 2 ms
Write Command Set-up Time twes -10 - -10 - ns 10
CAS to WE Delay tewn 60 - 80 - ns 10
RAS to WE Delay tawp 110 - 145 - ns 10
RAS Precharge to CAS Hold Time trre 0 - 0 - ns
NOTES
1. AC measurements assume ¢ = 5ns. tr4c (max)can be met, trcp (max) is specified as a
2. 8 cycles are required after power-on or prolonged reference point only; if tgpcp is greater than the
periods (greater than 2ms) of RAS inactivity before specified trcp (max) limit, then access time is
proper device operation is achieved. Any 8 cycles controlled exclusively be tcac-  ____
which perform refresh are adequate for this purpose. 9. These parameters are reference to CAS leading edge in
3. Vyy (min) and Vj; (max) are reference levels for early write cycles and to WE leading edge in delayed
measuring timing of input signals. Also, transition write or read-modify-write cycles.
times are measured between Vi and V. 10. twcs, tcwp and trwp are not restrictive operating
4. Assumes that {rcp € trep (max). If tgep is greater parameters. They are included in the data sheet as
than the maximum recommended value shown in this electrical characteristics only: if fwcs 2 twes (min),
table fg 4 ¢ exceeds the value shown. the cycle is an early write cycle and the data out pin
5. Assumes that frcp 2 fRCD (max). will remain open circuit (high impedance) throughout
6. Measured with a load circuit equivalent to 2TTL loads the entire cycle; if fcwp 2 fcwp (min) and fRwp 2
and 100 pF. trwp (min) the cycle is a read/write and the data
7. topp (max) defines the time at which the output output will contain data read from the selected cell; if
achieves the open circuit condition and is not refer- peither of the above sets of conditions is satisfied the
enced to output voltage levels. condition of the data out (at access time) is indeter-
8. Operation with the fgcp (max) limit insures that minate.
11. *: HM4864K Series; T,=—S5S5 to +85°C
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HM48641-2, HM48641-3, HM4864K-2, HM4864K-3

H TIMING WAVEFORMS

® READ CYCLE © “RAS-ONLY” REFRESH CYCLE
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HM4864 A-12, HM4864A-15;

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

65536-word X 1-bit Dynamic Random Access Memory

M FEATURES

® Industry standard 16- Pin DIP (plastic, Cerdip)

® Single 5V (£10%)

® On chip substrate bias generator
® Low Power: 2560mW active, 18mW standby
® High speed: Access Time 120ns / 150ns / 200ns
® Common /O capability using early write operation
® Page mode capability

® Output data controlled by CAS
® TTL compatible

® 128 refresh cycles — (2ms)

® Hidden refresh capability

n

BLOCK DIAGRAM

= o—4R/W Clock [y
WE Generator ﬁq 1 R/W Switeh
i (i
RAS o] RAS Clock
RAS Generator
o i
=75 o CAS Clock Memory | » o} Memory
cAs Array ! = E Array
- 51 £
0 @ H
% 2l IR '§ -0 Voo
Ao ---——J 3 Row Dec. ¢=-—4$ Row Dec. z Vss
nflo— 2 § H
s s . §
g “ ‘1 Array - Array
3 i 3
= 4
H 3
&
As©

M ABSOLUTE MAXIMUM RATINGS

Voltage on any pin relativeto Vgg =+« +ccvvevnn -1V to 7V
Operating temperature, Ta (Ambient) -« .. +++++ 0°C to 70°C
Storage temperature (Cerdip) + « =+ v oo ereeenan —65°C to 150°C
Storage temperature (Plastic) «««««evveerainnn. ~56°C 10 125°C
Power dissipation «--scceeiiiiiiiiiiii 1w
Short circuit output current - «v e iie it 50 mA
M RECOMMENDED DC OPERATING CONDITIONS (Ta=0 to 70°C)
Parameter Symbol min. typ. max. | Unit | Notes
Supply Voltage Vie 4.5 5.0 5.5 v 1
Input High Voltage Viu 2.4 - 6.5 v 1
Input Low Voltage Vie | -1.0| - 0.8 \ 1

Notes : 1, All voltages referenced to Vs,

256 ®HITACHI

HM4864A-12, HM4864A-15,
HM4864A-20

(DG-16B)

HM4864AP-12, HM4864AP-15,
HM4864AP-20

(DP-16)

BMPIN ARRANGEMENT

ne[ 1] 16] vss
Din] 2] Etﬁs
WE | 3] EDW!
RAS[ 4] EM
n| 5] EA:
af 6] 1] a
ME E»
ve[s] 3.«,
(Top View)

AO—A7 : Address Inputs

CAS :  Column Address Strobe
Din : Dataln

Dout : Data Output

RAS ¢  Row Address Strobe
WE ¢ Read/Write Input

Vee 1 Power (+5V)

Vss : Ground

AO0—-A6 : Refresh Address Inputs



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

B DC ELECTRICAL CHARACTERISTICS (Ta=0 to 70°C, Vec=5V+10%, Vss=0V)

Parameter Symbol HM.MNP‘IZ HM,MA/P.IS HM,““A/P-N Unit | Notes
min | max | min | max | min | ma x
Operating Current(RAS,CAS Cycling:trc=min) Icar - 55 - 50 - 44 mA | 1,2
Standby Cnrrent(RAS = V;4, Dout=High Impedance) Icc: - 3.5 — 3.5 — 3.5 | mA
Refresh Current(RAS Cycling, = Vin,trc=min) Iccs — 42 - 38 - 33 mA 2
Standby Current(RAS=V,4,Dout Enable) Iccs — 5.5 — 5.5 — 5.5 mA 1
Page Mode Current(RAS = V;,,CAS Cycling;tsc=min) Iccs - 38 — 35 — 31 mA 1,2
Input Leakage(0 <V...<6.5V) I —10 10 —-10 10 —10 10 pA
Output Leakage(Dout is disabled,0<V,..<5.5V) Io —10 10 —10 10 -10 10 pA
Output Levels High(l..=—5mA) Von 2.4 Vee | 2.4 Vee 2.4 Vee \'/
Output Levels Low(l.i=4.2mA) Vo. 0 0.4 0 0.4 0 0.4 v
Notes) 1. Icc depends on output loading condition when the device is selected, I max. is specified at the output open condition.
2. Current depends on cycle rate :maximum current is measured at the fastest cycle rate.
B CAPACITANCE (Vcc=5V+10%, Ta=25C)
Parameter Symbol typ max Unit Notes
Input Capacitance Ao ~A:. Din Con — 5 L !
RAS,CAS,WE Cinz - 10 pF 1
Output Capacitance Dout Cout - 7 pF 1, 2
Notes) 1. Capacitance measured with Boonton Meter or effective capacitance measuring method.
2. TAS = V4 to disable Dout.
M ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS
(Ta=0 to 70°C, Vec=5V+10%, Vss=0V)
Parameter Symbol HM4864A-12 HlV.“864A-15 HIV‘HGMA-ZO Unit | Notes
min max min max min max
Access Time From RAS trac - 120 - 150 — 200 ns 2,3
Access Time From CAS tcac - 60 - 75 - 100 ns 3,4
Qutput Buffer Turn-off Delay torr - 35 - 40 - 50 ns 5
Transition Time (Rise and Fall) tr 3 35 3 35 3 50 ns 6
Random Read or Write Cycle Time tre 220 - 260 — 330 - ns
RAS Precharge Time tre 90 - 100 - 120 - ns
RAS Pulse Width taas 120 | 10000 150 | 10000 200 | 10000 ns
CAS Pulse Width tcas 60 | 10000 75 | 10000 | 100 | 10000 | »s
RAS to CAS Delay Time treo 25 60 25 75 30 100 | ns 7
RAS Hold Time trsH 60 - 7 -] 100 — | ns
CAS Hold Time tesw 120 - 150 - 200 - ns
CAS to RAS Precharge Time terp —10 - | —-10 -1 -10 - ns
Row Address Set-up Time tasr 0 - 0 - 0 - ns
Row Address Hold Time tran 15 - 15 - 20 - ns
Column Address Set-up Time tasc 0 - 0 - 0 - ns
Column_Address Hold Time tcan 20 - 25 - 30 — ns
Column_Address Hold Time Referenced to RAS tar 80 - 100 — 130 - ns
WE C d Set-up Time twes 0 — 0 - 0 — ns 8
Write Command Hold Time twen 40 - 45 - 55 - ns
Write C d Hold Time Referenced to RAS twer 100 - 120 - 155 - ns
Write C. d Pulse Width twp 40 - 45 - 55 - ns
Write C d to RAS Lead Time tawe 40 - 45 - 55 - ns
Write Command to CAS Lead Time tewe 40 — 45 - 55 - ns
Data-in_Set-up Time tos 0 - 0 - 0 — ns 9
Data-in Hold Time ton 40 - 45 - 55 - ns 9
Data-in Hold Time Referenced to RAS tonr 100 - 120 - 155 - ns
Read C d Set-up Time tres 0 - 0 - 0 - ns
Read Command Hold Time Referenced to CAS tre 0 = 0 = 0 - ns
Read Command Hold Time Referenced to RAS LrRH 10 - 10 - 10 - ns
Refresh Period treF - 2 - 2 - 2 ms
Read-Write Cycle Time trwe 245 - 280 - 345 - ns
CAS to WE Delay tewn 40 - 45 - 55 - ns 8
RAS to WE Delay Lawp 100 - 120 - 155 - ns
_Page Mode Cycle Time tec 120 - 145 - 190 - ns
CAS Precharge Time (for Page-mode Cycle Only) tep 50 - 60 - 80 - ns
CAS Precharge Time [ 30 - 35 - 45 - ns
RAS Precharge to CAS Hold Time trec 0 — 0 - 0 - ns
O HITACHI 257



HM4864A-12, HM4864A-15, HM4864A-20;

HM4864AP-12, HM4864AP-15, HM4864AP-20
Notes

1.
2.

AC measurements assume f7 = 5ns,

Assumes that trop £ trep (max). If tpep is greater
than the maximum recommended value shown in this
table, IR 4 exceeds the value shown.

Measured with a load circuit equivalent to 2TTL loads
and 100pF.

Assumes that trop 2 tgr cp (max).

torr (max) defines the time at which the output
achieves the open circuit condition and is not refer-
ence to output voltage levels.

Vi (min) and Vj; (max) are reference levels for
measuring timing of input signals. Also, transition
times are measured between Vg and Vg,

Operation with the fpcp (max) limit insures that
tr4c (max) can be met, tgcp (max) is specified as a
reference point only, if tgpep is greater than the
specified fpcop (max) limit, then access time is
controlled exclusively by tc 4.

B TIMING WAVEFORMS
O®READ CYCLE
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, ™
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_ . K s |
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Vi e
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Addresses )q Row Address }O{ Column Address ) X
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L 4 thew fe—
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Vie tea -
tasc ——] torr
¥
Dout Vou il Vald Data
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®WRITE CYCLE (EARLY WRITE)
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1R
— vm
s E— Tai
Vi P S
T in
[ 2
tRen fcas Lerp
o -
Vie N\ /|
tees
Lask, taan Lan
i —— tasc o )
Vi y!
Mdresses Row Address Coluan Address )( X
Vie A
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twes IhcH
_ Von —__\ N
WE /
Vi ) P,
1] tRW L
tWeR o
—af [ tos a—tot
Vin
Din x Valid Data
. A
Vit
tONR
Vou

10.

twess tcwp and trwp are not restrictive operating
parameters.

They are included in the data sheet is electrical
characteristics only; if tycg 2 tweg (min), the cycle
is an early write cycle and the data output pin will
remain open circuit (high impedance) throughout the
entire cycle; if tcwp 2 towp (min) and tpyp 2
tRwp (min) the cycle is a read-write and the data
output will contain data read from the selected cell; if
neither of the above sets of conditions is satisfied the
condition of the data out (at access time) is indeter-
minate.

There parameters are referenced to CAS leading edge
in early write cycles and to WE leading edge is delayed
write or read-modify-write cycles.

An initial pause of 100us is required after power-up
followed by a minimum of 8 initialization cycles.

Dout
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HM4864A-12, HM4864A-15, HM4864A-20,
'HM4864AP-12, HM4864AP-15, HM4864AP-20

®READ-WRITE/READ-MODIFY-WRITE CYCLE
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HM4864A-12, HM4864A-15, HM4864A-20
HM4864AP-12, HM4864AP-15, HM4864AP-20

®PAGE MODE WRITE CYCLE
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O HIDDEN REFRESH CYCLE
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HM4864ACG-12,HM4864ACG-15,
HM4864ACG-20 Preliminary

65536-word x 1-bit Dynamic Random Access Memory
W FEATURES

® 18-pin Leadless Chip Carrier

Single 5V (£10%)

On chip substrate bias generator

Low Power: 250mW active, 18mW standby

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

Common /O capability using early write operation

Page mode capability

Output data controlled by CAS

TTL compatible

128 refresh cycles/2ms

Hidden refresh capability (CG-18)

HPIN ARRANGEMENT
EBLOCK DIAGRAM

CAS bss  NC_ D

[y A {RH St
§ - —
Fo E(R Cllnck > b Nout E B I
senerator r —
Wpo] [gr
=75 o CAS Clo M o ZL | Memo Data n | o . .
Chs ol 1 ot || Dot B Dout WP g\
£°)E [ N xn) g
SLS 'é ~—0 Vec
ol ] Row Dec. Kb Y Row Dec. |5 Ves wpiE) [ R
A6 O 13 E 10
: E Memory | | &] | Memors 4
n F a O - o o
£ 2 Array = | Arra VA% Vee W
i 5 © (Bottom View)
-
& o ﬁ
Ao AO—A7 : Address Inputs
Cf\s : Column Address Strobe
W ABSOLUTE MAXIMUM RATINGS g:)’:n : g"’:a'c;‘ .
. . H ata Ou
Voltage on any pin relativetoVgg . .. ............. -1Vto+7V  Ras : Row Adg::ss Strobe
Operating temperature, Ta (Ambient) . . ... ........ 0°Cto+70°C WE ¢ Read/Write Input
Storage temperature . . .. ................. -65°C to +150°C \\;CC : 2°W‘~"d(*5V)
T ss : roun
Power Dissipation . . .. ............ ... .. . i W A0-A6 : Refresh Address Inputs
Short circuit outputcurrent . . ... .. .... ...t 50mA

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

Parameter Symbol min. typ. max. Unit Notes
Supply Voltage Vee 4.5 5.0 5.5 \4 1
Input High Voltage Vin, 2.4 - 6.5 \ 1
Input Low Voltage Viu —-1.0 - 0.8 v 1

Notes : 1. All voltages referenced to Vs,

Note) The specifications of this device are subject to change without notice.
Please contact your nearest Hitachi's Sales Dept. regarding specifications.

@ HITACHI 261



HM4864ACG-12, HM4864ACG-15, HM4864ACG-20

B DC ELECTRICAL CHARACTERISTICS (Ta=0 to 70°C, Vec=5V+10%, Vss=0V)

Parameter Symbol HM}SMACC-H HIV!“MACG’lS HM'4864ACG'20 Unit | Notes
min | max | min | max | min | ma x
Operating Current(RAS,CAS Cycling:tzc=min) Icc - 55 - 50 - 44 mA 1,2
Standby Cnrrent(RAS = Viy,Dout=High Impedance) Iccs - 3.5 - 3.5 - 3.5 mA
Refresh Current(RAS Cycling, CAS = Vu, ¢ rc=min) Iccs — 42 — 38 — 33 mA 2
Standby Current(RAS = V4, Dout Enable) Iccs — 5.5 - 5.5 - 5.5 mA 1
Page Mode Current(RAS = V;,,CAS Cycling;trc=min) Iccs — 38 — 35 — 31 mA | 1,2
Input Leakage(0<V,.<6.5V) I —10 10 —10 10 —10 10 HA
Output Leakage(Dout is disabled,0<V...<5.5V) Io —10 10 —10 10 —10 10 pA
Output Levels High(lo=—5mA) Vou 2.4 Vee | 2.4 3 2.4 Vee \'
Output Levels Low(l...=~4.2mA) | Vor 0 0.4 0 0.4 0 0.4 \4
Notes) 1. Icc depends on output loading condition when the device is selected, I max. is specified at the output open condition.
2. Current depends on cycle rate:maximum current is measured at the fastest cycle rate.
B CAPACITANCE (Vec=5V+10%, Ta=25°C)
Item Symbol typ max Unit Notes
Ao~A;, Din Cint — 5 pF 1
Input Capacitance —
RAS, CAS, WE Cinz — 10 pF 1
Output Capacitance Dout Cout —_ 7 pF 1, 2
Notes) 1. Capacitance measured with Boonton Meter or effective capacitance measuring method.
2, TAS =Viu to disable Dout.
M ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS
(Ta=0 to 70°C, Vec=5V£10%, Vss=0V)
HM4864ACG-12 | HM4864ACG -15 | HM4864ACG-20 .
Parameter Symbol - - ~ Unit Notes
min max min max min max
Access Time From RAS trac - 120 - 150 - 200 ns 2,3
Access Time From CAS teac - 60 - 75 — 100 ns 3,4
Output Buffer Turn-off Delay torr - 35 - 40 - 50 ns 5
Transition Time (Rise and Fall) tr 3 35 3 35 3 50 ns 6
Random Read or Write Cycle Time trc 220 — 260 - 330 — ns
RAS Precharge Time tre 90 — 100 - 120 - ns
RAS Pulse Width tras 120 | 10000 150 | 10000 200 | 10000 ns
CAS Pulse Width tcas 60 | 10000 75 | 10000 100 | 10000 ns
RAS to CAS Delay Time trco 25 60 25 75 30 100 | ns 7
RAS Hold Time trsH 60 - 75 - 100 — | ns
CAS Hold Time tesn 120 — 150 - 200 - ns
CAS to RAS Precharge Time tere | —10 -]l =101 -1 -10 - ns
Row Address Set-up Time tase 0 - 0 - 0 - ns
Row_Address Hold Time tran 15 - 15 ¢ - 20 - ns
Column_Address Set-up Time tasc 0 - [ - 0 - ns
Column Address Hold Time tean 20 - 25 - 30 - ns
Column Address Hold Time Referenced to RAS tar 80 - 100 — 130 - ns
WE Command Set-up Time twes 0 - 0 — 0 - ns 8
Write Command Hold Time twen 40 = 45 - 55 - ns
Write C d Hold Time Referenced to RAS twer 100 - 120 = 155 - ns
Write C d Pulse Width twp 40 — 45 - 55 — ns
Write C d to RAS Lead Time tawe 40 - 45 - 55 = ns
Write Command to CAS Lead Time towe 40 - 45 - 55 - ns
Data-in_Set-up Time tos 0 - 0 - 0 — ns 9
Data-in Hold Time Lon 40 - 45 - 55 - ns 9
Data-in Hold Time Referenced to RAS tour 100 - 120 = 155 = ns
Read C d Set-up Time tres 0 - 0 - 0 - ns
Read Command Hold Time Referenced to CAS tren 0 - 0 - 0 - ns
Read Command Hold Time Referenced to RAS traH 10 - 10 - 10 - ns
Refresh Period trer - 2 — 2 - 2 ms
Read-Write Cycle Time tawe 245 — 280 — 345 - ns
CAS to WE Delay towo 40 - 45 - 55 - ns 8
RAS to WE Delay trwo 100 - 120 - 155 - ns
_Page Mode Cycle Time tec 120 - 145 - 190 - ns
CAS Precharge Time (for Page-mode Cycle Only) tee 50 - 60 - 80 - ns
CAS Precharge Time tepn 30 - 35 - 45 - ns
RAS Precharge to CAS Hold Time trec 0 - 0 - 0 - ns
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HM4864ACG-12, HM4864ACG-15, HM4864ACG-20

Notes
1. AC measurements assume 7= 5ns. 8. twes, tcwp and tgwp are not restrictive operating
2. Assumes that trcp £ trRep (max). If tpep is greater parameters,
than the maximum recommended value shown in this They are included in the data sheet is electrical
table, IR 4 ¢ exceeds the value shown. characteristics only; if fwcgs 2 twcs (min), the cycle
3. Measured with a load circuit equivalent to 2TTL loads is an early write cycle and the data output pin will
and 100pF. remain open circuit (high impedance) throughout the
4. Assumes that trcp 2 IR cp (max). entire cycle; if toyp 2 towp (min) and tRwD 2
5. torpr (max) defines the time at which the output fRwp (min) the cycle is a read-write and the data
achieves the open circuit condition and is not refer- output will contain data read from the selected cell; if
ence to output voltage levels. neither of the above sets of conditions is satisfied the
6. Vig (min) and Vj; (max) are reference levels for condition of the data out (at access time) is indeter-
measuring timing of input signals. Also, transition minate.
times are measured between Vygand Vyy. 9. There parameters are referenced to CAS leading edge
7. Operation with the tgpep (max) limit insures that in early write cycles and to WE leading edge is delayed
trac (max) can be met, tpcp (max) is specified as a write or read-modify-write cycles.
reference point only, if treop is greater than the 10. An initial pause of 100us is required after power-up

specified fgrcp (max) limit, then access time is

controlled exclusively by tc4c.

B TIMING WAVEFORMS
®READ CYCLE

followed by a minimum of 8 initialization cycles.
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HM4864ACG-12, HM4864ACG-15, HM4864ACG-20

®READ-WRITE/READ-MODIFY-WRITE CYCLE
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©“RAS-ONLY” REFRESH CYCLE
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O®PAGE MODE WRITE CYCLE
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HM4864ACG-12, HM4864ACG-15, HM4864ACG-20

-
X ) velidbe X
E] Don’t Care

Vi .
Din . Y valid Da PDLV'M Data
tong

OHIDDEN REFRESH CYCLE

. tar
RAS
Vin -
. Y
Vie
trco
Vin
o A\ [ i
Vi LRAR
tas tcan _.{ -&——'m«
tase | p— ".I tasa p—
Vin .1
- Row Column Row
Addresses Address Address Address
Vi
tRCS
-—-[ j— . tren
Vin "
wE ; fateeey
Vi taac
el tCAC T o
Vow
0,
Dot Ll Valhd Data
Vou

D Don't Care

@ HITACHI 265



HM4865AP-12,HM4865AP-15
HM4865AP-20

65536-word X 1-bit Dynamic Random Access Memory

B FEATURES

® Auto Refresh Function

°
°
°
°
°
°
°
® TTL compatible
°

°

|

BLOCK DIAGRAM

Wo—l

128 refresh cycles/2ms
Hidden refresh capability

Single power supply of 5V £ 10%
High speed: Access time 120ns/150ns/200ns (max.)
Low Power. 250mW active, 18mW standby

On chip substrate bias generator
Common 1/0 capability using early write operation
Page mode capability
Output data controlled by CAS

RW cloﬂi e

Generator

RAS Clock
Generator

Data out
Buffer

O Din

(DP-16)

HEPIN ARRANGEMENT

. W/
RFSH| 1 16

DinE 15 | CAS

H Memory o] Memory 6 Dot WE| 3 EDou!
2| Array Array |2l .
| = | K og
FST o RPN Clock N £ fRow Dec ke ..EL:’ How Dec.|£ . A"E 2] As
RESH Counter = ES \rrav —| | srrav
f é 5] A E E As
: b
3 Vec| 8| 9]ar
IS R S . E ]
(Top View)
RFSH Refresh
IABSOLUTE MAXIMUM RATINGS Ao~A, Address Inputs
Item Symbol Value Unit CAS Column Address Strobe
Voltage on any pin Vr —1.0 to +7.0 \Y Din Data In
O
Supply Voltage Vee —1.0 to +7.0 \% Etm—t Data Out
Shors Cireult © e 1 50 " RAS Row Address Strobe
ort Circuit Output Current out m. WE Read/Write Input
Power- Dissipation Pr 1.0 w Vee Power (+5V)
Operating Temperature T.pr 0to +70 ‘C Vss Ground
Storage Temperature Tte —55 to +125 ‘C Ao~As Refresh Address Inputs
* with respect to Vss
IRECOMMENDED DC OPERATING CONDITIONS (Ta=0 to +70°C)
Item Symbol min typ max Unit
Sunply Vol Vee 4.5 5.0 5.5° \Y%
Ul t:
pply Holtage Ves 0 0 0 v
Vin 2.4 — 6.5 A
Input Voltage
Vi -1.0 - 0.8 v

Note) All voltages referenced to Vss.
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HM4865AP-12, HM4865AP-15, HM4865AP-20

EMDC ELECTRICAL CHARACTERISTICS (Ta=0 to 70°C, Vec=5V+10%, Vss=0V)

Parameter Symbol HN!4SG5A/P'12 HN!4365A/P-15 HM4865A/P-20 Unit | Notes
min max | min max | min | ma x

Operating Current(RAS,CAS Cycling:trc=min) Icc — 55 — 50 - 44 mA 1,2
Standby Cnrrent(RAS = V.4, Dout=High Impedance) Icc: — 3.5 - 3.5 — 3.5 mA
Refresh Current(RAS Cycling, CAS = Viy,t gc=min) Iccs - 42 — 38 — 33 mA 2
Standby Current(RAS= V4, Dout Enable) Iccs — 5.5 - 5.5 - 5.5 mA 1
Page Mode Current(RAS=V;,,CAS Cycling;tsc=min) Iccs — 38 — 35 — 31 mA 1,2
Auto Refresh Current (RESH=Cycle, RAS=Vix) Iccr — 44 — 40 — 35 mA
Input Leakage(0 <V,..<6.5V) It —10 10 —10 10 —10 10 rA
Output Leakage(Dout is disabled,0<V...<5.5V) ILo —10 10 —10 10 —10 10 pA
Output Levels High(Loi:=—5mA) Vou 2.4 Vee 2.4 Vee 2.4 Vee v
Output Levels Low(l...=4.2mA) Vo 0 0.4 0 0.4 0 0.4 v

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

2. Current depends on cycle rate : maximum current is measured at the faste'st cycle rate.
B CAPACITANCE (Vec=5V+10%, Ta=25C)
Parameter Symbol typ max Unit Notes

I c . Ao~A;, Din Cint - 5 pF 1
nput Capacitance RAS. CAS. WE Con — 10 oF 1
Output Capacitance Dout Cout - 7 pF 1, 2

Notes) 1. Capacitance measured with Boonton Meter or effective capacitance measuring method.
2. CTAS =Viu to disable Dout.

B ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS
(Ta=0 to 70°C, Vec=5V£10%, Vss=0V)

BMAC CHARACTERISTICS (Vc=5V+10%, Vss=0V, Ta=0to 4+70°C)"*

Ltem Symbol HM4865AP-12 HM4865AP-15 HNf4865AP-20 Unit | Notes
min max min max min max
Random Read or Write Cycle Time tre 220 — 260 — 330 — ns
Read-Write Cycle Time t Rwe 245 — 280 - 345 - ns
Page Mode Cycle Time trc 120 - 145 - 190 - ns
Access Time from RAS trac — 120 — 150 — 200 | ns | 4, 6
Access Time from CAS teac — 60 — 75 — 100 ns 5 6
" Output Buffer Turn-off Delay torr - 35 - 40 - 5 | ns 7
Transition Time(Rise and Fall) tr 3 35 3 35 3 50 ns 3
RAS Precharge Time trp 90 — 100 — 120 — ns
RAS Pulse Width tras 120 | 10000 150 | 10000 200 | 10000 ns
RAS Hold Time tasw 60 — 75 — | 100 — | ns
CAS Pulse Width teas 60 | 10000 75 | 10000 100 | 10000 ns
CAS Hold Time tesn 120 — | 150 — | 200 — | ns
RAS to CAS Delay Time treo 25 60 25 75 30 100 | ns 8
CAS to RAS Precharge Time terp —-10 — -10 — | =10 — ns
Row Address Set-up Time tasr 0 - 0 — 0 - ns
Row Address Hold Time tran 15 — 15 - 20 - ns
Column Address Set-up Time tasc 0 — 0 - 0 — ns
Column Address Hold Time tean 20 — 25 — 30 - ns
Column Address Hold Time referenced to RAS tar 80 — 100 — 130 — ns
Read Command Set-up Time tres 0 - 0 - 0 - ns
Read Command Hold Time tren 0 — 0 — 0 — ns
Write Command Hold Time twen 40 - 45 - 55 - ns
Write Command Hold Time referenced to RAS twcr 100 - 120 — 155 — ns
Write Command Pulse Width twp 40 — 45 — 55 — ns
Write Command to RAS Lead Time e 40 - 45 - 55 - ns

(to be continued)
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HM4865AP-12, HM4865AP-15, HM4865AP-20

HM4865AP-12 | HM4865AP-15 | HM4865AP-20
Item Symbol - - - Unit | Notes
min max min max min max
Write Command to CAS Lead Time tow 40 - 45 - 55 — ns
Data-in Set-up Time tos 0 — 0 — 0 — ns 9
Data-in Hold Time ton 40 - 45 - 55 - ns 9
Data-in Hold Time referenced to RAS tour 100 — 120 - 155 — ns
CAS Precharge Time(for Page-mode Cycle Only) tep 50 - 60 - 80 - ns
Refresh Period tREF — 2 — 2 - 2 ns
Write Command Set-up Time twes 0 — 0 — 0 - ns 10
CAS to WE Delay tewn 40 — 45 - 55 - ns 10
RAS to WE Delay trwp 100 — | 120 — | 155 — ns
RAS Precharge to CAS Hold Time trec 0 - 0 — 0 - ns
Read-modify-write Hold Time t ReH 10 - 10 — 10 — ns
CAS Precharge Time tepn 30 - 35 - 45 — ns
RFSH Set-up Time trsk 90 - 100 - 120 bl ns
RAS to RFSH Delay Time trrp 90 _ 100 — 120 - ns
RFSH Cycle Time tre 220 — | 260 — | 330 — | ns
RFSH Pulse Width trp 120 | 5000 | 150 | 5000 | 200 | 5000 | ns
RFSH Precharge Time tr 920 — 100 — 120 — ns
Notes) 1. AC measurements assume t = 5ns.

2. An initial pause of 100us is required after power-up followed by a minimum of 8 initalization of cycles.

3. Vy(min) and Vjj(max) are reference levels for measuring timing of input signals. Also, transition times are
measured between Vyy and Vjp..

4. Assumes that trcp = tRep(max). If trep is greater than the maximum recommended value shown in this table,
tRAC exceeds the value shown.

5. Assumes that tpp=tpcp(max).

6. Measured with a load circuit equivalent to 2TTL loads and 100pF.

7. topp(max) defines the time at which the output achieves the open circuit condition and is not referenced to
output voltage levels.

8. Operation with the tRcp(max) limit insures that tpac(max) can be met, trcp (max) is specified as a reference
point only, if trcp is greater than the specified tpcp(max) limit, then access time is controlled exclusively by
tcac:

9. These parameters are referenced to CAS leading edge in early write cycles and to WRITE leading edge in delayed
write or read-modify-write cycles.

10. twcs, tcwp and tRwp are not restrictive operating parameters. They are included in the data sheet as electrical
characteristics only; if tycs = twcs(min), the cycle is an early write cycle and the data out pin will remain open
circuit (high impedance) throughout the entire cycle; if tcwp = tcwp(min) and tgrwp(min) the cycle is a
read/write and the data output will contain data read from the selected cell; if neither of the above sets of
conditions is satisfied the condition of the data out (at access time) is indeterminate.
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HETIMING WAVEFORM

HMA4865AP-12, HM4865AP-15, HM4865AP-20

OREAD CYCLE
e
taas

RAS Vin- L
" N //

Vi K3 [

Baco L — i

Vi ¢ I s [
o \ {1/

Vi 4——L—‘

Vin-
Addresses a Row Address
Vie-

WE V-
Vi L L]
e —| et—torr
Dout o 2 Valid Data >_
) D—
Vor-
D Don't Care
®WRITE CYCLE (EARLY WRITE)
frc
— Vinr —_— o Lb
RAS ar -l
\ | b ’ |
Vie- Ticsw wr
] tasy
nep - 1 cas tp
o Vin- v \ /
\ / N
Vie- L]
sk B wsc e Lo,
Vin- ‘-.' -.I
Addresses xl Row Address ﬂcdnm Address K X
Vie-
Jwe
v swes,, twen
N e [
v . /
Vie- [l tawe
twer ¢
y o] foios o
v~ X
Din Valid Data
V-
ltour
Dout Vou- 0p|m
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—
D Don't Care

269



HM4865AP-12, HM4865AP-15, HM4865AP-20

© READ-MODIFY-WRITE CYCLE

Addresses

Dout

[
ras
Vin- _._-\ ™
) N
Y insn 2p
taco fcas lerp
Vin- X \ / \-
Y- e |
tran fean
tuse -———I usc o= |-
Vin-
Row Address D\ Column Address K
Vi ) awp g fWL
[27) tawe, -
trcs |—-— -
Vin- 7 S
V- twe
L2 —f  f—wrr
Vou- y
Oper Valid Data
Vor- trac
tos H I--—-lum
Vin-
) Valid Data
" D Don’t Care
O®RAS ONLY REFRESH CYCLE
e
nas

=
>
@

I
7

Addresses

Dout

270

Vin-

Vit

Vin-

V-

Vin-

V-

Von-

tre

l"cﬂ

—bl tasn

RAH
he—

>

Row Address X

Open
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HM4865AP-12, HM4865AP-15, HM4865AP-20

O PAGE MODE READ CYCLE

RAS
AR
R Vi
RA - N
Vi 5 0 I RS tRP.
1 trc
] ! teas tcas tcrP. |
_— Viu-
CAS ViL- i \\
L1 [e—tcan 2
L
tase - -'- tasc) L7 R
(L ) Col
Addresse Vie- A;w gol Add
teac teac
| tRAC .‘ 0FF —o-] toFr
Vou- Open a
Dout Vor- g \| 7/
f=—trCS ] f— trAH
IRCH
tres -Ol |— lncu'-l- "

w7 A% -

D Don't Care

®PAGE MODE WRITE CYCLE

RAS
- Vin- 148
RAS Vie- i* /]
{CSH i tRsH trp.
tCRP
Addresses
tRWL
' [7T]
‘Lnsr- ey
Din X Valid Data X

D Don't Care
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HM4865AP-12, HM4865AP-15, HM4865AP-20

O HIDDEN REFRESH CYCLE

IRC.

. tRP
. Vin- AS 'l
RAS Vie- \ ’ ﬂ \
ey
w \ T\
Vie- "
RAH
tasc tcan tran
tase e e —-‘ LASR —e
Viu- Row Column Row
Addresses | Addres; Address Address
fes| o | trcn
. Vin-
WE " RRH
Vie-
tRac
eca —-] je—torF
Vou- Open / .
Dout Vor- 4 Valid Data

O RFSH (PIN 1) REFRESH CYCLE

— Vin
RAS

Vi
. Vi
RFSH

Vie
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HMS50256-12, HM50256-15  Preliminary

HM50256-20

262144-word X 1-bit Dynamic Random Access Memory

B FEATURES

® Industry Standard 16-Pin DIP

Single 5V (£10%)

On chip substrate bias generator

Low Power: 350mW active, 23mW standby

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

Common 1/0 capability using early write operation

Page mode capability

TTL compatible

256 refresh cycles.....(4 ms)

3 variation of refresh . . . RAS only refresh
CAS before RAS refresh
Hidden refresh

EBLOCK DIAGRAM

(DG-16B)

HPIN ARRANGEMENT

WrRACH ./
I o } MBS 16 | Vss
- Data-In Main Amps Data-Out
ol wE Buffer Buffer Din E m s
“_‘ I)Ain Dout WEE 14 | Dout
— T Tz RAS| 4 13 | As
ol He N '
Se{Clo = o|E
R §'§§ A-E 12 |
Memory M .
] Ymr A e w[F] ol
HHE
I =|2|=
Fse{Clock 71 2(S|2 w[2] o]
o /R:
s « [ ol
l—_ R(\\V Rﬂw
Decoder Decoder
A ot - - (Top View)
I
A7 oo 3 % 3
Address Memory ; 50 ; Memory A_ON_A’ Address Inputs
Buffers Array M § M Array CAS Column Address Strobe
‘J H 3 = Din Data In
NI
M % 2 Dout Data Out
[ o —
RAS Row Address Strobe
ar0-ar7, acl-ac7 WE Read/Write Input
Vee Power (+5V)
V. Ground
HABSOLUTE MAXIMUM RATINGS Ass " Rofrooh Address T
Voltage on any pin relativeto Vgg . .. . ... ..... -1V to +7V il ciresh Acdress fputs
Operating temperature, Ta (Ambient) . .. .. .... 0°C to +70°C
Storage temperature .. ............c... "65°C to +1 50°C Note) The specifications of this device are subject to
.. . change without notice.
Power dissipation . .. ... T T 1w Please contact your nearest Hitachis Sales
Short circuit outputcurrent . .. ................. 50mA Dept, regarding specifications.
HMRECOMMENDED DC OPERATING CONDITIONS (Ta=0 to +70°C)
Parameter Symbol min typ max Unit Note
Supply Voltage Vee 4.5 5.0 5.5 v 1
Input High Voltage Vin 2.4 - 6.5 A 1
Input Low Voltage Viu —1.0 — 0.8 \ 1
Note) 1. All voltages referenced to Vss
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HM50256-12, HM50256-15, HM50256-20

BWDC ELECTRICAL CHARACTERISTICS (Ta—0 to +70°C, Vec=5V+10%, Vss=0V)

Parameter Symbol H¥W256-12 Hr‘v}50256-15 Hl?450256-20 Unit | Notes
min max | min | max min | max
Operating Current(RAS, CAS Cycling : ¢rc=min) Icca — 83 — 70 - 55 mA 1
Standby Current(RAS = Viy, Dout=High Impedance) Icc: - 4.5 - 4.5 - 4.5 mA
Refresh Current(RAS only Refresh, ¢zc=min) Iccs — 62 — 53 - 42 mA
Standby Current(RAS = Vis, Dout Enable) Iecs — | 10 — | 10 — | 10 | mA 1
Refresh Current(CAS before RAS Refresh, tzc—min) Iccs - 69 — 58 —_ 45 mA
Input leakage(0< V.. <7V) I —10 10 —-10 10 | —10 10 HA
Output leakage(0< V... <7V) Io —10 10 | —10 10 | —10 10 uA
Output levels High(Zou= —5mA) Vo 2.4 Vee 2.4 Vee 2.4 Vee \4
Output levels Low(I...~=4.2mA) Vo 0 0.4 0 0.4 0 0.4 A\

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

B CAPACITANCE (Vec=5V+10%, Ta=25C)

Parameter Symbol typ max Unit Notes
Inout C « Address, Data-in Cn — 5 F 1
¢ P 0
nput Lapacitance Clocks, Data-out Cr - 7 1, 2

Notes) 1. Capacitance measured with Boonton Meter or effective capacitance measuring method.
2. CAS=Vy to disable Dout.

BMELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS
(Ta=0to +70°C, Vec=5V+10%, Vss=0V)

Parameter Symbol Hl§d50256-12 Hl.Vl50256-15 HI.VI50256-20 Unit | Notes
min max min max min max
Access Time from RAS trac ~ 120 - 150 | — 200 ns |23
Access Time from CAS tcac — 60 - 75 - 100 ns 3, 4
Output Buffer Turn-off Delay torr — 30 — 40 - 50 ns 5
Transition Time(Rise and Fall) tr 3 50 3 50 3 50 ns 6
Random Read or Write Cycle Time tre 220 — | 260 — | 330 - ns
RAS Precharge Time trp 90 — | 100 — | 120 - ns
RAS Pulse Width tras 120 | 10000 | 150 | 10000 | 200 | 10000 ns
CAS Pulse Width teas 60 | 10000 75 | 10000 | 100 | 10000 | ns
RAS to CAS Delay Time trop 25 60| 25 75| 30 100 | ns 7
RAS Hold Time trsu 60 - 7 — | 100 — | ns
CAS Hold Time tosn 120 — | 150 — | 200 —| s
CAS to RAS Precharge Time terr 10 - 10 -1 10 — | ns
Row Address Set-up Time tasr 0 - 0 - 0 - ns
Row Address Hold Time & ran 15 — 15 — 20 — ns
Column Address Set-up Time tasc 0 - 0 - 0 —_ ns
Column Address Hold Time tean 20 — 25 - 30 — ns
Column Address Hold Time referenced to RAS tar 80 — | 100 — | 130 — ns
WE Command Set-up Time twes 0 — 0 — 0 - ns 8
Write Command Hold Time twen 40 -~ 45 - 55 — ns
Write Command Hold Time referenced to RAS twer 100 — | 120 — | 155 - ns
Write Command Pulse Width twe 40 — 45 - 55 - ns
Write Command to RAS Lead Time taw, 40 —~| 45 —| 55 —| ns
Write Command to CAS Lead Time tow 40 ~| 4 —| 5 —| ns
Data-in Set-up Time tos 0 — 0 - 0 - ns
Data-in Hold Time ton 40 — 45 — 55 — ns 8, 9
Data-in Hold Time referenced to RAS tonr 100 — | 120 — | 155 - ns
Read Command Set-up Time tres 0 — 0 - 0 - ns
Read Command Hold Time referenced to CAS tren 0 — 0 — 0 - ns
Read Command Hold Time referenced to RAS t R 10 — 10 bt 10 - ns
Refresh Period t Rer — 4 - 4 - 4 ms

(to be continued)
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HM50256-12, HM50256-15, HM50256-20

HM50256-12 | HM50256-15 | HM50256-20 X
Parameter Symbol - - - Unit | Notes
min max min max min max .
Read-Write Cycle Time rwe 265 — 310 — 390 — ns
CAS to WE Delay town 60 | — 5 | — |10 | — ns 8
RAS to WE Delay tawp 120 | — | 150 | — | 200 | — ns
CAS Precharge Time teen 50 — 60 — 80 — ns
CAS Setup Time tese 10 - 10 — 10 - ns
CAS Hold Time (CAS before RAS Refresh) teur 120 - 150 - 200 — ns
RAS Precharge to CAS Hold Time trrc 0 — 0 — 0 — ns

Notes

1. AC measurements assume ?7-= Sns.

2. Assumes that trcp £ tRep (max). If tpep is greater
than the maximum recommended value shown in this
table, £g 4 ¢ exceeds the value shown.

3. Measured with a load circuit equivalent to 2TTL loads
and 100pF.

4. Assumes that trep 2 trcp (max).

5. topr (max) defines the time at which the output
achieves the open circuit condition and is not refer-
ence to output voltage levels.

6. Viy (min) and V7 (max) are reference levels for
measuring timing of input signals. Also, transition
times are measured between Vg and Vyy.

7. Operation with the fpeop (max) limit insures that
trac (max) can be met, tpp (max) is specified as a
reference point only, if trep is greater than the
specified tpeop (max) limit, then access time is
controlled exclusively by tc4c.

ETIMING WAVEFORMS
®READ CYCLE

8. twcs, tcwp and tgwp are not restrictive operating

parameters.

They are included in the data sheet is electrical
characteristics only; if tycg 2 twes (Min), the cycle
is an early write cycle and the data output pin will
remain open circuit (high impedance) throughout the
entire cycle; if tcwp 2 tewp (min) and tRwp 2
trwp (min) the cycle is a read-write and the data
output will contain data read from the selected cell; if
neither of the above sets of conditions is- satisfied the
condition of the data out (at access time) is indeter-
minate.

9. There parameters are referenced to CAS leading edge

in early write cycles and to WE leading edge is delayed
write or read-modify-write cycles,

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

tre

followed by a minimum of 8 initialization cycles.
. Minimum of 8 CAS before RAS refresh cycle is re-
quired before using internal refresh counter.

N
T

=
[

ERP ] N\

pe—t CRP—w

2
2
w)
/y

tcas /
A

ASR tRAH tasc

tean

AL KX

tRCH

WRITE /K

f———toFF

trac

Dout
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HMS50256-12, HM50256-15, HM50256-20

® WRITE CYCLE

R N /
tr
K
tRwl,
\ tras /
CAS
tasn tran tasc ..__‘“"____.,
e —] | f—— tewr,
Address X‘ N >§ I )><
c o -
' .“i
ll_u'.\' et £}
WRITE \ - /7
s L DH et
e
Din ><‘ ><
AN
Hi Z
Dout
® READ MODIFY WRITE CYCLE
S N )\
LRP ]
L
ng 3
—-—-——tcw:.——-V
d
tasr tran tasc tcan
el
Address >§ ‘5< >< 3><
K r K Zl
WRTTE F—c.s <—lcyo
/’F t 4—!»’»@_/
L/ '
DS
tDH
Din >§ )><
AN 2
Do“t D——
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HM50256-12, HM50256-15, HM50256-20

®RAS ONLY REFRESH CYCLE

RAS "\
K

CRP)
TAS —'—/ \
ASR LRAH

Address X )K
K 2

* REFRESH ADDRESS Ao—A7(AXo—AXy)

® HIDDEN REFRESH CYCLE

I — ——
AS \ (READ) thas \ (REFRESH)

g
\T

o TN\

LASR tAsC tcan

Address ’X‘ ‘>
K N
tres tRRH
- .....'

LOFF o

Dout

®CAS BEFORE RAS REFRESH CYCLE

RS IRAS
tRAS tRP

<—-—tclm—1

=)

l

O
>
|

Address
Don't care
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HM50256-12, HM50256-15, HM50256-20 —

® COUNTER TEST

|

RAS (REFRESH) (READ/WRITE) /
CAS
f—:2CAS
tCp:
tasc
. 41—
Address

M PAGE MODE CHARACTERISTICS (Ta=0 to +70°C, Vec=5V£10%, Vss=0V)

HM50256-12 HM50256-15 HM50256-20
Parameter Symbol - - - Unit
min max min max min max
Page Mode Supply Current Iccr - 57 - 48 - 37 mA
Page Mode Read or Write Cycle tec 120 — 145 — 190 —_ ns
CAS Precharge Time, Page Cycle tep 50 — 60 - 80 - ns
Page Mode Read Modify Write Cycle trou 165 - 195 o= 250 - ns

® PAGE MODE READ CYCLE

TAS 3y c
\——!us <—trr——\~—tus
asc ‘——q L————j
tasr | Loa | LC-AL( tasc tean
4 Y 4 Y Y
><( Xt 1>< >< ><
“”.SI‘._— trch iRCS
WRITE J 3 )v(

[-——tcac — f-—tcac
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® PAGE MODE WRITE CYCLE

‘RAS 5&

g
>
wl]
s
H
e
2
]
H .
2
s
E\

]
—
Address ><‘ ‘x‘ ><
K K /

tucs ch twes
WRITE l/ \ ,ﬂ
‘X I K

s LLLA [ ST
"X X K
K N 7l
Dout fi z

\
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HMS50257-12, HMB50257-15, Preliminary

HM50257-20

262144-word X 1-bit Dynamic Random Access Memory

W FEATURES

® [ndustry standard 16-pin DIP

Single 5V (£10%)

On chip substrate bias generator

Low Power: 350mW active, 20mW standby

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

Common 1/0 capability using early write operation

Nibble mode capability

Indifinite Dout hold using CAS control

TTL compatible .

256 refresh cycles . . . .. (4ms)

3 Variations of refresh; RAS only refresh, CAS befor RAS
refresh, Hidden refresh

M BLOCK DIAGRAM

17 |
Data-In Shift reg & Switches ~{Data-Out
Buffer Buffer
WE o Clock
G g . )
1 Din Main Amps Dout
HEE
3 ]
Slulo
e g <
Memory =185 Memory
Array % 2 f Array
‘ LY
M HEH
3| |8
r“"— Row Row
Decoder Decoder
A [~arg]
3 b= ac 7 z
Ar o Oz_g 5
€181
Address Memory & -] ; Memory
Buffers Array w g v Array
HEIE
<[3|%
Ao o AME
H 2
A3

arl)-ar7, acl-ac7

Van
Generator

Ml ABSOLUTE MAXIMUM RATINGS

Voltage on any pin relativeto Vgg . . ... ... e -1V to +7V
Operating temperature, Ta (Ambient) . . . ....... 0°C to +70°C
Storage temperature . . ................. -65°C to +150°C
Power dissipation . ...........c...0iiitnnannann.n 1w
Short circuitoutputcurrent . ... ..., ...t ... 50mA

(DG -16B)

W PIN ARRANGEMENT

A

Din

1 16| Vss
2 E]'ars

NS

E Dout

4 EA!
5 EA;

11 ] A,

oy
oL

(Top View)
Ao~As |Address Inputs
CAS Column Address Strobe
Din Data In
Dout Data Out
RAS Row Address Strobe
WE Read/Write Input
Vee Power (+5V)
Vss Ground
Ao~A; |Refresh Address Inputs

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

Parameter Symbol min typ max Unit Note Note)
0f
Supply Voltage . Vee 4.5 | 5.0 5.5 v 1 The specifi of this device are subject to
Input High Voltage Vin 2.4 — 6.5 \ 1 change without notice.
- Please contact your nearest Hitachis Sales
Input Low Volt-age Viu —1.0 - 0.8 v 1 Dept, regarding specifications.

Note 1) All voltages referenced to Vss.
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HM50257-12, HM50257- 15, HM50257-20

EDC ELECTRICAL CHARACTERISTICS (Ta=0 to +70°C, Vec=5V+10%, Vss=0V)

Parameter Symbol H.M50257'12 H.M50257-15 H.M50257-20 Unit | Notes
min max min | max min | max
Operating Current (RAS, CAS Cycling: trc=min) Icc, — 83 — 70 - 55 mA 1
Stand by Current (RAS = V4, Dout=High Impedance) | Icc: — | 4.5 — | 4.5 — | 45| mA
Refresh Current (RAS only Refresh, trc=min) Iccs — 62 — 53 — 42 mA
Standby Current (RAS= Vs, Dout Enable) Iccs — 10 — 10 — 10 mA 1
Refresh Current (CAS before RAS Refresh, tzc=min) Iccs - 69 — 58 - 45 mA
Input leakage (0< Vo, <7V) I, —10 10 —10 10 —10 10 HA
Output leakage (0< V,..<7V) Io —10 10 —-10 10 —10 10 HA
Output levels High (lu=—5mA) Vou 2.4 Vee 2.4 Vee 2.4 Vee \
Output levels Low (Lu=4.2mA) Vo 0 0.4 0 0.4 0 0.4 \Y

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

BCAPACITANCE (Vcc=5V£10%, Ta=257C)

Parameter Symbol typ max Unit Notes
. Address, Data-In Cn — 5 1
Input Capacitance pF —
Clocks, Data-Out Crz — 7 1, 2

Notes) 1. Capacitance measured with Boonton Meter or effective capacitance measuring method.
2. CAS=Viy to disable Dout.

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS
(Ta=0 to +70°C, Vcc=5Vi10%, Vss=0V)

Parameter Symbol HI‘\450257-12 HM50257-15 H1f450257-20 Unit | Notes
min max min max min max
Access Time from RAS trac — 120 - 150 — 200 ns 2,3
Access Time from CAS tcac — 60 — 75 — 100 ns 3,4
Output Buffer Turn-off Delay torr — 30 — 40 — 50 ns 5
Transition Time (Rise and Fall) tr 3 50 3 50 3 50 ns 6
Random Read or Write Cycle Time tre 220 — 260 — 330 — ns
RAS Precharge Time trp 90 — | 100 — | 120 — | ns
RAS Pulse Width tras 120 | 10000 | 150 | 10000 | 200 | 10000 ns
RAS Pulse Width tcas 60 | 10000 75 | 10000 | 100 | 10000 ns
RAS to CAS Delay Time trco 25 60 | 25 75| 30 100 | ns 7
RAS Hold Time trsk 60 | 7 — | 100 — | ns
CAS Hold Time tesu 120 — | 150 — | 200 — | ns
CAS to RAS Precharge Time tcrp 10 — 10 — 10 — ns
Row Address Set-up Time lasr 0 — 0 — 0 — ns
Row Address Hold Time tran 15 — 15 — 20 — ns
Column Address Set-up Time tasc 0 — 0 — 0 — ns
Column Address Hold Time tcan 20 — 25 — 30 — ns
Column Address Hold Time referenced to RAS tar 80 — | 100 — | 130 - ns
WE Command Set-up Time twes 0 — 0 — 0 — ns 8
Write Command Hold Time twen 40 — 45 — 55 — ns
Write Command Hold Time referenced to RAS twer 100 — | 120 — | 155 — ns
Write Command Pulse Width twp 40 — 45 — 55 — ns
Write Command to RAS Lead Time trwe 40 — 45 — 55 — ns
Write Command to CAS Lead Time tewe 40 — 45 — 55 — ns
Data-in Set-up Time tos 0 — 0 — 0 — ns 9
Data-in Hold Time ton 40 — 45 — 55 — ns 8,9
Data-in Hold Time referenced to RAS tour 100 — | 120 — | 155 — ns
Read Command Set-up Time tres 0 — 0 — 0 — ns
Read Command Hold Time referenced to CAS tren 0 — 0 — 0 — ns
Read Command Hold Time referenced to RAS trR 10 — 10 — 10 — ns
Refresh Period treF — 4 - 4 — 4 ns

(to be continued )
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HM50257-12, HM50257-15, HM50257-20

HM50257-12 HM50257-15 HM50257-20 )
Parameter Symbol - - - Unit | Notes
min max min max min max
Read-Write Cycle Time trwe 265 — | 310 — | 390 - ns
CAS to WE Delay tcwp 60 - 75 — 100 - ns 8
RAS to WE Delay trwp 120 — | 150 — | 200 — | ns
CAS Precharge Time tcen 50 — 60 — 80 — ns
CAS Setup Time tese 10 -1 10 -] 10 — | ns
CAS Hold Time(CAS before RAS Refresh) tcar 120 — | 150 — | 200 — | ns
RAS Precharge to CAS Hold Time trpc 0 - 0 - 0 — ns
Notes
1. AC measurements assume {7 = Sns. 8. twes, tewp and trwp are not restrictive operating
2. Assumes that frcp < frep (max). If trep isgreater parameters.
than the maximum recommended value shown in this They are included in the data sheet as electrical
table, Zg 4 c exceeds the value shown. characteristics only; if tycg = twcs (min), the cycle
3. Measured with a load circuit equivalent to 2TTL loads is an early write cycle and the data output pin will
and 100pF. remain open circuit (high impedance) throughout the
4. Assumes that tRep 2 tRcp (max). entire cycle; if towp 2 tcwp (min) and tpyp 2
5. topp (max) defines the time at which the output trRwp (min) the cycle is a read-write and the data
achieves the open circuit condition and is not refer- oufput will contain data read from the selected cell;if
ence to output voltage levels. neither of the above sets of conditions is. satisfied the
6. Vyy (min) and Vjz (max) are reference levels for condition of the data out (at access time) is indeter-
measuring timing of input signals. Also, transition minate. .
times are measured between Vyzyand Vyy. 9. There parameters are referenced to CAS leading edge
7. Operation with the tgep (max) limit insures that in early write cycles and to WE leading edge is delayed
tr4c (max) can be met, tpcp (max) is specified as a write or read-modify-write cycles.
reference point only, if tgcp is greater than the 10. An initial pause of 100us ls.r.equl.xed. after power-up
specified tgrcp (max) limit, then access time is followed by a minimum of 8 initialization cycles.
controlled exclusively by tc4c- 11. Minimum of 8 CAS before RAS refresh cycle is re-
quired before using internal refresh counter.
HTIMING WAVEFORMS
®READ CYCLE
tre:
3
FKS_ \ tRAS N\
. 1 ——
tre tRsH
. [t CRP—wmy
R
o \ ons %
task LRaH tasc tcAn
=
Address - X >< )><
2
RCS tRCH
WRITE / p
tcac k__—__
pe———LtOFF
trRaC
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HM50257-12, HM50257-15, HM50257-20

® WRITE CYCLE

I N R
Ny

ask Eran tasc L B—
feea—tn! ]| f-—

Address ><" X i 3
k 4 3
'

|

s
P
|

ey DT ——
WRITE \ tw
thur
M f———— L DH ———
Din ><{ ><
AN Z
Hi Z
Dout -+
® READ MODIFY WRITE CYCLE
tRwe

RAS 3
tRPp—wm \

‘———!IWL——-J

CAS R
bW L
tasr tran ta
s
Address Xl SK K
K. L K

tRCS|
WRITE H p—tcwD

jitmm- e twp .-/
— *’

tns

tean

|

{DH.
=t

T
' w
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HM50257-12, HM50257 -15, HM50257 -20

® RAS ONLY REFRESH CYCLE

tRAS |

RAS ’K

K.

LCRP)

ASR ERAH

Address ><‘ 3}<
K.

* REFRESH ADDRESS Ao—A7(AXo—AX7)

O HIDDEN REFRESH CYCLE

i

AS \ (READ) teas /‘ \ (REFRESH)

4
\T

tASR LASC| tean
—--‘ ]

tRCS LRRH
—1"F— .....I

toFF

Dout <

o CAS BEFORE RAS REFRESH CYCLE

Address
Don’t care
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HM50257-12, HM50257-15, HM50257-20

® COUNTER TEST

I

RAS (REFRESH) (READ/WRITE) /
CAS
2 pes——LCAS
p———tcP
tasc
st AH—u]

Address
WRITE

BNIBBLE MODE CHARACTERISTICS (Ta=0 to +70°C, Vcc=5V+10%, Vss=0V)

HM50257-12 HM50257-15 HM50257-20
Parameter Symbol - - - Unit

min max min max min max
Nibble Mode Supply Current Iccs — 57 — 48 — 37 mA
Nibble Mode Access Time tnac — 20 — 25 - 35 ns
Nibble Mode RAS Cycle Time tnre 390 - 460 — 590 — ns
Nibble Mode RAS Pulse Width tNRA 290 — 350 — 460 — ns
Nibble Mode Cycle Time tne 50 - 60 — 80 — ns
Nibble Mode CAS Precharge Time tnep 20 — 25 — 35 — ns
Nibble Mode CAS Pulse Width tnca 20 - 25 - 35, — ns
Nibble Mode RAS Hold Time EnRsH 40 — 45 — 55 — ns

o NIBBLE MODE READ CYCLE

- t ]

RAS LRy
L—lﬂ( .
CAS A
teas tver INCA
tasa taan [e=tean
¢
o b |2
Address >< X ‘}<
X - A
-—J‘-lk(‘”

LOFF

[ ENAC

Dout
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HMS50257 -12, HM50257-15, HM50257 -20

o NIBBLE MODE WRITE CYCLE

=
>
17

m””f

%
E
|

tasr
tasc tean
—

Address N N
A X K

tcs

es MK
en
WRITE \ f : / \ / \ L—ln rn—j/_
wsl, I s
22 ton
AKX X KX XX X
2
Hi Z

Dout
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HN61364P,HN61364FP

8192-word x 8-bit Mask Programmable Read Only Memory HN61364P

The HN61364P/FP is a mask-programmable, byte-organized memory
designed for use in bus-organized systems.

To facilitate use, the device operates from a single power supply, has
compatibility with TTL, and requires no clocks or refreshing because of
static operation.

The active level of the CS, OE, ~ OE, inputs and the memory content
are defined by the user. The Chip Select input deselects the output and
puts the chip in a powerdown mode.

s FEATURES (DP-28)

@ Fully Static Operation HN61364FP
® Automatic Power Down

® Single +5V Power Supply

©® Three-state Data Output for OR-ties

® Mask Programmable Chip Select and Output Enable

® TTL Compatible

® Maximum Access Time; 250ns

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

Operation 50mW (typ) (FP-54)
® Pin Compatible with EPROM
in Comp i ® PIN ARRANGEMENT
= BLOCK DIAGRAM ® HN61364P !
A0~
35 - = Ne[1] e
A3~ lemory 3-State |— *
N e | [t ] e RS e L,
= Decoder b Aq[3] [26]OE,*
= NE B
i A B
+QED. Aql6 23|A
-85;5 * Active level defined by the user. ‘E :I '
As[7] 33]OE,*
= ABSOLUTE MAXIMUM RATINGS AzE 21 Ao
Item Symbol Value Unit A9 20]cs*
Supply Voltage* Vee —03to +1.0 v Aof1g 191D,
Input Voltage* Vin -03to +7.0 \ Do[11] 18] De
Operating Temperature Topr -20to +75 °C D, E [17]Ds
Storage Temperature Ty —55 to +125 OC D, [13] [1é] D,
Bias Storage Temperature Thias —20 to +85 C Vs 3D,
* with respect to Vgg
(Top View)
s RECOMMENDED DC OPERATING CONDITIONS P
Item i Symbol min typ max Unit ® HN61364FP
Supply Voltage * Vee 4.5 5.0 5.5 v
'V, -0.3 - 0.8 \
* IL .
Input Voltage Vi 22 — Veo v
Operating Temperature | Topr -20 - 75 °C

* with respect to Vss

(Top View)
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w ELECTRICAL CHARAGTERISTICS (Vce = 5V+10%, Vgs =0V, T, = —20to +75°C

HN61364P, HN61364FP

Item Symbol Test Condition min typ max Unit
Input High-level Voltage Vin 2.2 - Vee v
Input Low-level Voltage Vi, -0.3 - 0.8 \%
Output High-level Voltage Vou |{ou=—205uA 24 - - v
Output Low-level Voltage Vor |lor=3.2mA - - 0.4 v
Input Leakage Current Iy Vin=0to 5.5V - - 2.5 uA
Output High-level Leakage Current | I of |Vou =24V, CS=0.8V, CS=2.2V - - 10 HA
Output Low-level Leakage Current | Ipor | Vout=0.4V, CS=0.8V, CS=2.2V - - 10 HA
T * = =
Supply Current Active Icc * | Veo=5.5V, 124‘ O0mA - 10 25 | mA
Standby Isg Vee=5.5V, C52V ¢ c-0.2V, CSS0.2V - 1 30 BA
Input Capacitance Cin o - ~ 10 pF
Output Capacitance Cour Vin=0V, f=1MHz, T ;=25°C — — s oF
* steady state current
m RECOMMENDED AC OPERATING CONDITIONS (READ SEQUENCE)
(Vee=5V+10%, Vss=0V, Ta=—20 to +75°C, t,= ¢,=20ns)
Item Symbol min max Unit
Read Cycle Time tre 250 - ns
Address Access Time taa - 250 ns
Chip Select Access Time tacs - 250 ns e AC TEST LOAD
Chip Selection to Output in Low Z terLz 10 - ns
Output Enable to Output Valid toE - 100 ns
Output Enable to Output in Low Z torLz 10 - ns SV eo)
Chip Deselection to Output in High Z tcHz 0 100 ns RL=24kQ
Chip Disable to Output in High Z toHz 0 100 ns Test Point
Output Hold from Address Change tou 10 - ns 130pF ke
= TIMING WAVEFORM
e Read Cycle (1) = =
IrC
Address Y X Notes) 1. t,=t;=20ns
taa 2. C. includes jig caplcig\ce.
P 3. All diodes are 1S2074®.
AN £ /
~ [
SANNY — 7 NOTES:
Pps —1OHZ ] 1. Device is continuously selected.
ter g C_‘;__"% 2. Address Vaild prior to or coincident
Dout - with C3 transition low.

e Read Cycle (2) Notes1,3

IR

Address ><

Dout

e 44—
L)} ——omy
+ .

e Read Cycle (3) Notes 2,3

@ HITACHI

‘3. OE=Vy
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HNG61365P

8192-word X 8-bit Mask Programmable Read Only Memory

The HNG1365P is a mask-programmable, byte-organized memory
designed for use in bus-organized systems.

To facilitate use, the device operates from a single power supply,
has compatibility with TTL, and requires no clocks or refreshing
because of static operation.

The active level of the CS input and the memory content are de-
fined by the user. The chip select input deselects the output and
puts the chip in a power-down mode.

BFEATURES

Fully Static Operation

Automatic Power Down

Single +5 Volt Power Supply

Three-State Data Output for OR-Ties

Mask Programmable Chip Select

TTL Compatible

Maximum Access Time; 250ns

Low Power Standby and Low Power Operation; Standby 5uW
(typ.), Operation 50mW (typ.)

Pin Compatible with EPROM

HEBLOCK DIAGRAM

L ——

Al Do
Az == D1

As Memory 3-State —— ]
pt- )3

Ad=——1 Address Matrix Output

L r—

pr——— D‘
Decoder (8192%8) Buffers " Ds
[t ——— D‘
D

A

A7 cvaed

Ag ——i
Ay =
A1 0 et
Aty —of
A1z =
1 Vee=Pin 24
*CS ’ Vss=Pin 12

* Active level defined by the user.

HABSOLUTE MAXIMUM RATINGS

Item Symbol Value Unit
Supply Voltage* Vee —0.3 to +7.0 \'
Input Voltage* Vi —0.3 to +7.0 v
Operating Temperature Topr —20 to +75 °C
Storage Temperature T —55 to +125 °C
Storage Temperature (under bias) Thias —20 to +85 °C

* with respect to Vss

290 @ HITACHI

(DP-24)

HPIN ARRANGEMENT

N E Vee
as[3] 22) A,
a4 21 an
as[5] 20] cs*
A6 [15] Ao
w7 18] An
a[2] [17] 0
e [16] 0s
0: [19] [15] b
D [11] [1¢] 4
vss [1z] [13] 0s
(Top View)




HMRECOMMENDED DC OPERATING CONDITIONS

HN61365P

Item Symbol min typ max Unit
Supply Voltage * Vee 4.5 5.0 5.5 \Y%
Input Voltage * Viu —0.3 — 0.8 \'/
ut Voltage
P & Vi 2.2 — Vee v
Operating Temperature Topr —20 — 75 C
* With respect to Vss
MELECTRICAL CHARACTERISTICS (Vec=5V £10%, Vss=0V, Ta=—20 to +75C)
Item Symbol Test Conditions min typ max Unit
Vin 2.2 — Vee \'J
Input Volt
rpat volteee Vi ~0.3 — 0.8 v
Vi Toy=— A . — —
Output Voltage o o 2054 2.4 v
Vor IoL=3.2mA - - 0.4 v
Input Leakage Current I Vin=0~5.5V — - 2.5 HA
I — Vour=2.4V - -
Output Leakage Current Lot CS=0.8V, CS=2.2V =24 10 #A
IioL Vour=0.4V - - 10 llA
Active Supply Current Icc* Vec=5.5V, Ipour=0mA — 10 25 mA
Stand by Supply Current Iss CS=Vec—0.2V, CS <0.2V, Vec=5.5V — 1 30 HA
Input Capacitance Cn — —_ 10 pF
Va=0V, f= , Ta=25
Output Capacitance Cou OV, /=1MHz, Te=257 — — 15 pF
* Steady state current
M RECOMMENDED AC OPERATING CHARACTERISTICS
®READ SEQUENCE (Vec=5V+10%, Vss=0V, Ta=—20 to +75C, t.=#,=20ns)
Item Symbol min max Unit
Read Cycle Time trc 250 — ns
Address Access Time tas — 250 ns
Chip Select Access Time tacs — 250 ns
Chip Selection to Output in Low Z tcrz 10 — ns
Chip deselection to Output in High Z tcuz 0 100 ns
Output Hold from Address Change tow 10 - ns
e AC TEST LOAD
®READ CYCLE (1)
e
5.0V (Vo)
Address ;{ 3( Rp=2.4kQ
f Test Point
o 130pF 11k
= N\\X X/ t L
bes ur
N
—
Notes) 1. t,=t;=20ns.

®READ CYCLE (2) (Notes 1)

Address

X

on

Dout

®READ CYCLE (3) (Notes 2)
Ty

a3

N

s

tenz

Dt

).___

G HITACHI

2. C. includes jig capacitance.
3. All diodes are 1S52074®.

Notes)

1. Device is continuously selected _

2. Address Valid prior to or coincident with CS
transition low.
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HNG61366P

8192-word X 8-bit Mask Programmable Read Only Memory

The HN61366P is a mask-programmable, byte-organized memory
designed for use in bus-organized systems.

To facilitate use, the device operates from a single power supply, has
compatibility with TTL, and requires no clocks or refreshing because of
static operation.

The active level of the OE input and the memory content are defined
by the user.

HBFEATURES
® Fully Static Operation
® Single +5V power supply
® Three-State Data Output for OR-Ties (DP-24)
® Mask Programmable Output Enable
® TTL Compatible HPIN ARRANGEMENT
® Maximum Access Time; 250ns
® Low Power Operation; 50mW (typ.) w1 B
® Pin Compatible with EPROM a[7] _2_3] n
EBLOCK DIAGRAM a[5] [22] s
p— A} 4 12
r— . n ]
Ao —] " D a3 20] OF
A lemor, -State e
A ] address (Mltrixy (3)-:;»1 paand g A E E At
E: i.)ecoder B15ex8) Beffers :& Ar E EA"
] — s
2o —] Iy n 7] [17] 0
Aﬁ : Do E E Ds
primm »[g o
0 [] [14]o,
*0E ’ Vss E ED;
(Top View)

* Active level defined by the user.

BMABSOLUTE MAXIMUM RATINGS

Item Symbol Value Unit
Supply Voltage* Vee —0.3 to +7.0 v
Input Voltage* Vin —0.3 to +7.0 v
Operating Temperature Topr —20 to +75 C .
Storage Temperature Toe —55 to +125 °C
Storage Temperature (under bias) Thiae —20 to +85 ‘C

* With respect to Vss

BRECOMMENDED DC OPERATING.CONDITIONS

Item Symbol min typ max Unit
Supply Voltage* Vee 4.5 5.0 5.5 \
Viu —0.3 — 0.8 v

Input Voltage*
nput Toage Vi 2.2 - Veo v
Operating Temprature Topr —20 — 75 °C

* With respect to Vss
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MELECTRICAL CHARACTERISTICS (Vec=5V+10%, Vss=0V,

Ta=—20 to +75°C)

HN61366P

Item Symbol Test Conditions min typ max Unit
Vin 2.2 — Vee \'
Input Volt.
nput Holtage Vie —03 | — 0.8 v
Vou Toy=—205uA 2.4 — - v
[e] Vol
utput Yoltage Vor ToL=3.2mA — - 0.4 \'s
Input Leakage Current I, Vin=0~5.5V - —_ 2.5 KA
Ion J— Vour=2.4V - - 10 HA
[o] Leakage C t OE=0.8V, OE=2.2V
utput Leakage Curren T E=0.8 E=2.2 Vorrm0.4V — — 10 P
Operating Supply Current Icc* Vee=5.5V, Tour=0mA - 10 25 mA
Input Capacitance Cin o - — 10 pF
Via=0V, f=1MHz, Ta=25
Output Capacitance Cout ' f=1MHa, Ta=257C - - 15 pF
% Steady state current
BMRECOMMENDED AC OPERATING CONDITIONS
O®READ CYCLE (Vcc=5V+10%, Vss=0V, Ta=—20~+75C, t,=t;=20ns) ®LOAD CIRCUIT $0V(vee)
A cc
Item Symbol min max Unit Ru=2.4kQ
Read Cycle Time trc 250 — ns T
‘est point
Address Access Time tan - 250 ns )
Output_Enable to Output Valid tor = 100 ne s0p¥ e
Output Enable to Output in Low Z toLz 10 — ns
Output Disable to Output in High Z tonz 0 100 ns
Output Hold from Address Change ton 10 el ns Notes) 1. f,=t;=20ns

HETIMING WAVEFORM
O®READ CYCLE (1)

2. C. includes jig capacitance.
3, All diodes are 1S2074®.

P 4

.. J

‘44

AR /7

ok

f-—loL.2.

2
on

®READ CYCLE (2)V* !

Address

e

Dout

Note) 1. OE= V.

O HITACHI
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HN43128P

16384 X 8-bit or 32768 X 4-bit CMOS Mask Programmable Read Only Memory
The Hitachi HN43128P is a mask programmable, 16384x8-bit or
32786x4-bit CMOS read only memory. It operates from a single
power supply and is compatible with TTL and DTL. Low power con-
sumption makes this memory well-suited for battery-operation or
hand-held personal computers. Memory expansion can be imple-
mented through two chip select inputs. Either active “High" or active
“Low" of chip select inputs and a chip enable input is defined at mask
level. The organization of 8 bit or 4 bit is designed by the user.

W FEATURES
® Mask-programmable for either 4-bit or 8-bit organization. (DP-28)

® Three-state outputs, can be wired-OR.
® Two mask programmable chip select terminals facilitate memory HPIN ARRANGEMENT

expansion. Nc(a* [T ] (%8 ] vee
® A single 5V power supply (£10%). a2 27 ] CS
® | ow power consumption: Operation 3mW (typ.), m[3] (%] cse
® Standby 3uW (typ.) AT 75 ] As
® TTL compatible sl EA’
® Access time: 6.5us (max) a5 23 | Ane
Nua g
WBLOCK DIAGRAM #[5] 2Ll
[ P ——— AIE EAH
2 f 1 A,,Ll_o'_ 19 | Dy
I 3-State Buffers l‘- Do (O] 18 | De
‘L D [1z] 17] Ds
[oh) t f
cs —2 CS Logic I Latch Jo— n[1] 16 | D4
[} [ Vss| 14 15 | Ds
P ————-——I = e
A | — 17 ¥ Decod ; 7 I-— (Top View)
' *The most significant address in 4-bit organization.
Ay | =—————] CSControl }— =
X Decoder Memory Array | ]
(A1) 5 || | o] 131072 bits
1 [}

e 1 I Timing Generator I

*1 Active level defined at mask level.
%2 Mask programmable selection of either 4-bit or

8-bit organization.
In 4-bit organization, data outputs are Do to Ds.
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HN43128P

M ABSOLUTE MAXIMUM RATINGS

Item | Symbol Rating Unit
Supply Voltage* Vee —0.3~+7.0 A
Input Voltage* Via —0.3~+7.0 \
Operating Temperature Range Topr —20~+75 ‘c
Storage Temperature Toe —55~+125 ‘c
Bias Storage Temperatore Tous —20~+85 °C

Note : % Referenced to Vss.

M ELECTRICAL CHARACTERISTICS (Vec=5V+10%, Vss=0V, Ta=—20~+75°C)

Item Symbol Test Condition min typ max Unit

Input “High” Level Voltage Vin 2.4 - Vee \'
Input “Low” Level Voltage Vie 0 - 0.8 \Y
Output “High” Level Voltage Von Ion=—1004#A 2.4 - - v
Output “Low” Level Voltage Vou Too=1.6mA - - 0.4 v
Input Leakage Current L. Vi =0~5.5V - - 2.5 KA
Output “High” Level Leakage Current Ton CE=0.8V Vou =2.4V - - 5 A
Output “Low” Level Leakage Current Iow CE=2.4V Vou =0.4V - - 5 HA
n stand-b I S5z Ve 02y — 1 30 #A

Supply Current :n operatiin [Z: . f:i‘;";'::v Vee=5.5V — 0.6 1.5 mA
Input Capacitance C. . - - 10 pF
Output Capacitance Coue V=0V, f=1MHz, Ta~25°C - - 12.5 pF

% Steady state current

I AC OPERATING CHARACTERISTICS
®READ SEQUENCE (Vcc=5V*10%, Vss=0V, Ta=—20 to +75°C, ¢,=#;~20ns)

Item Symbol min max Unit
Read Cycle Time tre 7.5 - Hs
Address Access Time tasce — 6.5 Hs
Chip Enable Access Time teacc - 6.0 Hs
Data Hold Time from Address tor 0.05 0.5 Hs
Address Set-up Time tas 0.5 - Hs
Address Hold Time tan 0 - Hs
Chip Enable ON Time iz 6.0 - Hs
Chip Enable OFF Time tce 1.0 - Hs
tre
| ®LOAD CIRCUIT
Adress
I | :-4:::: R Ru=24kQ
'_ig.i L ©E £

1
Ii } Test point
CE } | ! 30pF 11k
| " e bor,y

| taace i |
LR

DX D

Dout
Notes : 1. t.=#~=20ns.

2. C. includes jig capacitance.
3. All diodes are 152074 ®.
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HN613128P, HN613128FP

16384-word X 8-bit Mask Programmable Read Only Memory
The HN613128P/FP is a mask-programmable, byte-organized
memory designed for use in bus-organized systems. To facilitate use,

the device operates from a single power supply, has compatibility
with TTL, and requires no clocks or refreshing because of static ope-
ration. The active level of the CS, OE,, OE, input and the memory
content are defined by the user. The Chip Select input deselects the
output and puts the chip in a power-down mode.

B FEATURES
Fully Static Operation

Automatic Power Down

Single +5-Volt Power Supply

Three-State Data Output for OR-Ties

Mask Programmable Chip Select, Output Enable

TTL Compatible

Maximum Access Time; 250ns

Low Power Standby and Low Power Operation;
Standby: 5uW (typ.)
Operation: 50mW (typ.)

® Pin Compatible with EPROM

HBLOCK DIAGRAM

-
Al— Do
A2— Dl
A3—] Memory 3-State D2
A — Matrix Output g:
A5 ——  Address (16384 X8) Buffers 05
A6 — Decode
A7 ——d D6
o D7
A9
Al)—

All—
Al2—
A3

* CS i

* OEo

* OE

* Active level defined by the user.
HABSOLUTE MAXIMUM RATINGS
Item Symbol Value Unit
Supply Voltage* Vee —0.3 to +7.0 v
Input Voltage* Vin —0.3 to +7.0
Operating Temperature Range Topr —20 to +75 °C
Storage Temperature Range Tue —55 to+125 °C
Storage Temperature Range (under bias) Thas | —20 to +85 °C
* With respect toVss.
B RECOMMENDED DC OPERATING CONDITIONS
Item Symbol min. typ. max. Unit
Supply Voltage * Vee 4.5 5.0 5.5 \
Input Voltage® Vi —0.3 - 0.8 \4
nput Yoltage Vin 2.2 - Vee v
Operating Temperature Topr —20 - 75 ‘C

* With respect to Vss.
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HN613128P

HN613128FP

(FP-54)

BPIN ARRANGEMENT
®HN613128P
U

NC|1 281 Vee
Az]2 %OEI *
Az E 26| A13
As | 4 E Asg
As E E Ag
A4[-_€ E An
II EOEO *
E E Ato
0] s
0

m

[

[13]

ED7

18| Ds
17| Ds
13 16 | Ds

14 E D3

(Top View)
®HN613128FP




HN613128P, HN613128FP

B ELECTRICAL CHARACTERISTICS (Vcc=5.0V£10%, Vss=0V, Ta=—20 to +75°C)

Item Symbol Test Condition min typ max Unit
Input High-level Voltage Vin 2.2 - Vee \
Input Low-level Voltage Viu —0.3 - 0.8 \'
Output High-level Voltage Vou Ton=—2051A 2.4 - - \'
Output Low-level Voltage Vo Ior=3.2mA - - 0.4 v
Input Leakage Current L. Va=0 to 5.5V - - 2.5 HA
Output High-level Leakage Current | Iron Vouw=2.4V,CS =0.8V,CS = 2.2V - - 10 HA
Output Low-level Leakige Current Iou Vo =0.4V,CS =0.8V,CS = 2.2V - - 10 HA
Supply Current (Active/Standby) Icd/ I | Vee=5.5V, Ipour=0mA /CS 2 Vec—0.2V,CS<0.2V = | 10/1 | 25/30 |mA/xA
Input Capacitance C.. Via=0V, f=1.0MHz, Ta=25C - - 10 pF
Output Capacitance Cout Via =0V, f=1.0MHz, Ta=25C - - 15 pF

% Steady state current

B RECOMMENDED AC OPERATING CONDITIONS (READ SEQUENCE)
(Vee=5.0V£10%, Vss=0V, Ta=—20 to +75°C, All timing with t,=¢;=20ns)

HN613128P
Item Symbol - Unit
min max

Read Cycle Time tre 250 - ns
Address Access Time taa - 250 ns
Chip Select Access Time tacs - 250 ns
Chip Selection to Output in Low Z tcLz 10 - ns
Output Enable to Output Valid toe - 100 ns
Output Enable to Output in Low Z torz 10 - ns
Chip deselection to Output in High Z tenz 0 100 ns
Chip Disable to Output in High Z tonz 0 100 ns
Output Hold from Address Change tow 10 - ns

M TIMING WAVEFORM
® READ CYCLE(1)

Address >€

ANRARNNY (777777
AN | 77077

® READ CYCLE(2) (Notes 1,3)

tre

— e X
— 27 | tow
X
® READ CYCLE (3) (Notes 2,3
N
tcs | tenz
tcLz
Dout >——

@ HITACHI

e AC TEST LOAD

5.0V (Ve
Ry =2.4ka

Test Point

130pF

Notes) 1.
2.
3.

t,=t;=20ns.
C. includes jig capacitance.
Al diodes are 1S2074@®.

NOTES:

1. Device is continuously selected.

2. Address Valid prior to or coincident
with CS transition low.

3. OE = VIL.
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HNG61256P, HN61256FP

32768 X 8-bit or 65536 X4-bit CMOS Mask Programmable Read Only Memory

The Hitachi HN61256P/FP is a mask programmable 32768 x 8-bit or
65536x4-bit CMOS read only memory. It operates from a single
power supply and is compatible with TTL. Low power consumption
makes this memory well-suited for battery-operation or hand-held
personal computers. Memory expansion can be implemented through
one chip select input. Either active “High’’ or active “Low’’ or chip
select input and a chip enable input are defined at mask level. The
organization of 8 bit or 4 bit is defined by the user.

BWFEATURES

® Mask-programmabile selection of either 4-bit or 8-bit organization

® Three-state outputs, can be wire-ORed.

® One mask programmable chip select terminal facilitates memory
expansion. .

® A single 5V power supply (£10%)

® Low power consumption: Operation 7.5mW (typ.),
Standby 5uW (typ.)

® TTL compatible

® Access time: 3.5us (max)

HEBLOCK DIAGRAM

Db ———————py
* t L
[ 3-State Buffers I"'
s 1 I
. Er—
1 i
Ao I Y-Decoder H
s ! 4 [N
An —— CS Control
Memory Array
X Decoder i
(A1s) \ et - -~ 262144 bits
1 K]
& ‘1 I Timing Generator J

%1 Active level defined at mask level.

%2 Mask programmablé selection of either 4-bit or
8-bit organization.
In 4-bit organization, data outputs are Do to Ds.
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HN61256 P

(FP-54)

WPIN ARRANGEMENT
®HN61256P

S~
Nclas) ] 1 28 JVec
As| 2 27 | Au
Kv% 26 |Cs
As] 4 25 | A
Al 5 24 | A
N 73] An
w7 22| CE
al 8 21 | Ao
AIE EAH
Al 10 19 | Dr
YD 18 J b
of 12 17 | Ds
ul 5 16 | D
Vss| 14 15 | Dy
(Top View)
OHN61256FP
Ds NCDs Dy Dy VssNCDr D Do
BIIMIIEIBIEI0




HN61256P, HN61256FP

Bl ABSOLUTE MAXIMUM RATINGS

Item Symbol Rating Unit
Supply Voltage* Vee —0.3~+7.0 \
Input Voltage* Via —0.3~+7.0 v
Operating Temperature Range Topr 0~+75 ‘C
Storage Temperature Range Tus —~55~+125 ‘c
Bias Storage Temperature Range Thias —20~-+85 °C

Note : * Referenced to Vss.

M ELECTRICAL CHARACTERISTICS
(Vee=5V+10%, Vss=0V, Ta=0~+75C)

Item Symbol Test Condition min typ max Unit

Input “High” Level Voltage Vin 2.4 - Vee \'
Input “Low” Level Voltage Vi 0 - 0.8 \'
Output “High” Level Voltage Vo Ton=—100¢A 2.4 - - \'
Output “Low” Level Voltage Vou Io.=1.6mA - - 0.4 v
Input Leakage Current 1. Ve =0~5.5V - - 2.5 HA
Output “High” Level Leakage Current Ton CE=0.8V Vou =2.4V - - 5 rA
Output “Low” Level Leakage Current Lo CE =2.4V Vo =0.4V - - 5 #A
Supply Current In_stand by Lse §§§ Vﬁﬁ;%’,%‘{}‘ Vee=5.5V — ! £l #A
In operation Icc* tre=4.0us - 1.5 3.0 mA

Input Capacitance Can V=0V, /= 1MHz, Ta=25C - - 10 pF
QOutput Capacitance Cout - - 12.5 pF

* Steady state current

B AC OPERATING CONDITION AND CHARACTERISTICS
®READ SEQUENCE (Vec=5V+10%, Vss=0V, Ta=0~-+75C, t,=i;=20ns)

Item Symbol min max Unit
Read Cycle Time tre 4.0 - H“s
Address Access Time tancc - 3.5 Hs
Chip Enable Access Time teace - 3.0 H“s
Data Hold Time from Address tor 0.05 0.5 Hs
Address Set-up Time tas 0.5 - s
Address Hold Time . tan 0 - H“s
Chip Enable ON Time trr 3.0 - H“s
Chip Enable OFF Time tee 0.5 - Hs
- fee ®LOAD CIRCUIT
|
Address : 1 5.0V(Vec)
cs | Ru=2.4kQ
: | Leeltan
s e o | IcE ) Test point
(] : i |
GE M 30pF )
! ! tEACC I tDF .
| tec | -

-

_——‘—“——.“
Hl Z
Dout Valid
Dout —————M Notes : 1.t, =t/ =20ns.

2.C. includes jig capacitance.
3.All diodes are 1S2074®.

O HITACHI 299



HN613256P, HN613256FP

32768-word x 8-bit Mask Programmable Read Only Memory
The HN613256P/FP is a mask-programmable, byte-organized memo-
ry designed for use in bus-organized system.

To facilitate use, the device operates from a single power supply, has
compatibility with TTL, and requires no clocks nor refreshing
because of static operation.

The active level of the CS and OE input, and the memory content
are defined by the user. The Chip Select input deselects the output
and puts the chip in a power-down mode.

FEATURES

Fully Static Operation

Automatic Power Down

Single +5V Power Supply

Three-state Data Output for OR-ties

Mask Programmable Chip Select and Output Enable
TTL Compatible

Maximum Access Time: 250ns

Low Power Standby and Low Power Operation;
Standby 5uW (typ.), Operation 50mW (typ.)

® Pin Compatible with EPROM

= BLOCK DIAGRAM

A0—
Al— —Do
A2 —D1
ﬁi_ Memory 3-State :gg
As—] Output Output | p5
A6— Address Buffer Buffer | _ps
AT 132,768 %8 —D6
‘Ag—] Decoder I
A9
A10—]
Al11—]
A12—]
Al13—
Al14—

*CS

| -
L4
*OE—p

$

* Active level defined by the user.

= ABSOLUTE MAXIMUM RATINGS

Item Symbol Value Unit
Supply Voltage* Vce -0.3to +7.0 \4
Input Voltage* Vin -0.3 to +7.0 \4
Operating Temperature Range Topr | —=20to +75 °C
Storage Temperature Range Tstg —55 to +125 °C
Storage Temperature Range (Under Bias) | Thias | —20to +85 °C

*With respect to Vss
M RECOMMENDED DC OPERATING CONDITIONS

Item Symbol min. typ. max. Unit
Supply Voltage * Vee 4.5 5.0 5.5 \'
Input Voltage® Vie —0.3 - 0.8 v
\Z 2.2 - Vee v
Operating Temperature Toor -20 - 75 ‘c

* With respect to Vs,
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HN613256P

(DP-28)

HN613256FP -

(FP-54)

= PIN ARRANGEMENT
© HN613256P

(Top View)

* Active level can be defined by the customer.

© HN613256FP

(Top View)

* Active level can be defined by the customer.



HN613256P, HN613256FP

® ELECTRICAL CHARACTERISTICS (V¢ =5.0V£10%, Vsg =0V, T, = =20 ~ +75 °C)

Item Symbol Test Condition min |typ | max | Unit
Viu 22| = (Vec| V
Input Voltage Vi 03T = Tos v
VOH IOH= —205 uA 24 | - - A\
tput Volta,
Output Voltage VoL ToL= 3.2mA = Joa | v
Input Leakage Current Iin Vin=0~55V - |- [25 | uA
Iton v Vout = 2.4V - - 10 MA
tput Leakage Current CS=0.8V,CS =2.2V -
Outpu age Current TroL $=0.8 Vour = 04V - T 10 A
Active Icc* Voo =5.5V,Ioyut = 0mA - |10| 30 | mA
Supply C t
PPy et S tandby Tss Vec=5.5V,C8 = Voo - 0.2V, CS < 0.2V EEYERT
Input Capacitance Cin ° - |- 10 | pF
= =1 MHz, =
Output Capacitance Cout Vin=0V,f=1 Ta=25°C - | -] 15| pF
% Steady state current
® RECOMMENDED AC OPERATING CONDITIONS (READ SEQUENCE)
(Vec=5V£10%, Vss=0V, Ta=—20~+75C, t,= t;=20ns)
Item Symbol| min max Unit
Read Cycle Time tRC 250 - ns
Address Access Time tAA - 250 ns
Chip Select Access Time tACS - 250 ns
Chip Selection to Output in Low Z tcLz 10 - ns
Output Enable to Output Valid tOE - 100 ns
Output Enable to Output in Low Z toLz 10 - ns
Chip Deselection to Output in High Z tCHZ 0 100 ns
Chip Disable to Output in High Z tOHZ 0 100 ns
Output Hold from Address Change tOH 10 - ns
= TIMING WAVEFORM
o READ CYCLE (1)
Address )( W OLOAD CIRCUIT
— S0V Vee)
oE N \\\N\\\% ). VNI,
tox ‘on S R=240
cs : : K — 2 // lo/;z/ / / Test Point
'c::. = "'”"@_
Dout G o wa
® READ CYCLE (2) (Notes 1, 3) T
Irc |
Address X * = =
o 1AM n oM
()(j ()(* Notes : 1. t.=t,=20ns
Dout 2. C. includes jig capacitance
© READ CYCLE (3) (Notes 2, 3) 3. All diodes are 1S20U®
CS T NOTES:
. - . 1. Device is continuously selected.
P - 2. Address Valid prior to or coincident
Dout D Wwith TS transition low.
3. OE=VIL.
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HNG62301P Preliminary —

131,072-word X 8-bit Mask Programmable Read Only Memory
The HN62301P is a mask-programmable, byte-organized memory
designed for use in bus-organized systems. To facilitate use, the
device operates from a single power supply, has compatibility with
TTL, and requires no clocks or refreshing because of static opera-
tion. The Chip Enable and the memory content are defined by the
user. The Chip Enable input deselects the output and puts the chip
in a power-down mode.

BMFEATURES

® Static Operation

® Automatic Power Down

® Single +5-Volt Power Supply (DP-28)

® Three-State Data Output for OR-Ties

® TTL Compatible EPIN ARRANGEMENT

® Maximum Access Time-350ns U,

® Lower Power Standby and Low Power Operation; A-sE 28 [ Vee
Standby: 2mW (typ.), Operation: 75mW (typ.) AuE 27 | Ave

A:E 26 {Ans

HMBLOCK DIAGRAM AGE 25 | As
Ao AsE %A)
ﬁ: Ao~AL *J, i A‘E 7 1An

0

= : - -
::: TN Memory Matrix — Nibble R %—Sme Ds AL ke
PO Ar~As (32,768 X32) 32bit | Decoder | 8bit B:;?::s g; AIE 20 |CE
::: Decoder g: AoE 19 | D7
f\::: DuE 18| Ds
2::: D,E 17]Ds
2:;: DEE 16 | D4
Are — 1 VssE 15 | D3

(Top View)

MABSOLUTE MAXIMUM RATINGS

Item Symbol Value Unit
Supply Voltage* Vee —0.3 to +7.0 \
Input Voltage* Via —0.3 to +7.0 \Y
Operating Temperature Range Topr 0 to +70 °C
Storage Temperature Range T —55 to +125 °C
Bias Storage Temperature Range Thiae —20 to +85 °C

* With respect to Vss

Note) The specifications of this device are subject to
change without notice.
Please contact your nearest Hitachis Sales
Dept, regarding specifications.
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B RECOMMENDED DC OPERATING CONDITIONS (Ta=0 to 70°C)

HN62301P

Item Symbol min typ max Unit
Supply Voltage * Vee 4.5 5.0 5.5 \Y%
Vi —0.3 — 0.8 A%

Input Voltage*
Viu 2.2 — Vee A

* with respect Vss

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

Item Symbol Test Conditions min typ max Unit
Normal Operating Current Icci* trci=min, Vec=5.5V, L.=0mA _ 15 50+ mA
Nibble Operating Current Icc:* trcz=min, Vec=5.5V, Lu=0mA - 15 50** mA
Stand by Current Iss CE=Vec—0.2V, Vee=5.5V — 0.4 10 mA
Input Leakage Current I Vin=0 to 5.5V, other OV -10 - 10 HA
Iion Vour=2.4V - — 10 KA
Output Leakage Current CE=2.2V
IioL Vour=0.4V - — 10 HA
Vou Lou=—2051A 2.4 - — v
Output Voltage
Vor Iu=3.2mA - - 0.4 A
*  Steady state current
* % TBD
B CAPACITANCE (Vcc=5V+10%, Ta=25C, 1IMHz Vi\=0V)
Item Symbol typ max Unit
Input Capacitance (Ao~As, CE) Cin TBD 10 pF
Output Capacitance (Do~D;) Cout TBD 15 pF
BAC CHARACTERISTICS (Vcc=5V£10%, Vss=0V, Ta=0 to +70°C, t,=#=20ns)
Mode Item Symbol min max Unit
Cycle Time trer 350 - ns
Normal Address Access Time tan - 350 ns
Data Hold Time ton 10 - ns
CE Access Time tace —- 350 ns
CE Enable Pulse Width tee 350 - ns
CE Disable Pulse Width e 15%+ - ns
CE operation
Address Set up Time tas 0 - ns
Data Hold Time from CE tenz 10** - ns
Data Set Time from CE teuz 10 - ns
Nibble Address Access Time* tasrz - 50 ns
Nibble operation
Nibble Cycle Time trez 50 - ns
Turn-on & Turn-off Time tr - 40 ns
*  Nibble Address Ao, A:
* % TBD
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HN62301P

ETIMMING CHART
®NORMAL CYCLE (CE=Low)

X X

Dout Previous Data Valid Data

oCE CYCLE

tas —
Address X

Hi Z

Dout e

Valid Data

ONIBBLE CYCLE

- Y
S

[ 4 A &uu '
Dout Previous Data g:}:d g:::d X X

e AC TEST LOAD

5.0V (Vo)
Rp=2.4k
Test Point
130pF 11kQ
- T
Notes) 1, t,rt/=20ns
2. C. includes jig capacitance.

8. All diodes are 15204@.
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HN462716,HN462716G

2048-word X 8-bit U.V. Erasable and Electrically Programmable Read Only Memory

The HN462716 is a 2048 word by 8 bit erasable and electrically
programmable ROMs. This device is packaged in a 24-pin, dual-in-
line package with transparent lid. The transparent lid allows the user
to expose the chip to ultraviolet light to erase the bit pattern,
whereby a new pattern can then be written into the device.

® Single Power Supply - - -+ +5V £5%

® Simple Programming - - - - Program Voltage: +25V DC
Programs with One 50ms Pulse

® Static - -eeceeri e No Clocks Required

® Inputs and Outputs TTL Compatible During Both Read and

Program Modes

® Fully Decoded-on Chip Address Decode

® Access Time +«««--v-- 450ns Max.

® Low Power Dissipation - - 555mW Max. Active Power
161mW Max. Standby Power

® Three State Output .- - .- OR- Tie Capability

® Interchangeable with Intel 2716

W BLOCK DIAGRAM

Oo~0r
o——
I — 1979779
& Prog. Logic Output Buffers
—
Y Decoder s Y Gating
o ]
Ao~Aw{ O—= .
o—= X Decoder 16384bit EPROM Matrix
o_. L]
g-__:] .
Il PROGRAMMING OPERATION
Pins CE OE Ver | Veeo Qutputs
Mode (18) (20) (21) | (24) | (9~11,13~17)
Read Vi Vie +5| +5 Dout
Deselect Don’t Care Viu +5| +5 High Z
Power Down Vi Don’t Care +5! +5 High Z
Program Pulsed V. to Viy Viu +25]| +5 Din
Program Verify Vie Vie +25]| +5 Dout
Program Inhibit Vio Viu +25| +5 High Z
Il ABSOLUTE MAXIMUM RATINGS
Item Symbol Value Unit
Operating Temperature Range Topr 0 to +70 ‘C
Storage Temperature Range Tus —65 to +125 °C
All Input and Output Voltages* Vr —0.3 to +7 \'
Ver Supply Voltage* Vep —0.3 to +28 v

* With respect to Ground
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HN462716

(DC-24C)

HN462716G

(DG-24B)

MPIN ARRANGEMENT

A,E e 23] Vee
A‘[Z 23] An
«E 22]As
N [21]ver
A;E 20]0E
a5 EA:»
a7 [1%]CE
7] [17]0r
of3] o
Q,E EOs
o,E EO«
cnu[T_z- EO:
(Top View)



HN462716, HN462716G

B READ OPERATION
®DC AND OPERATING CHARACTERISTICS (Ta=0 to +70°C, Vec=5V+5%, Ver=Vcc+0.6V)

Item Symbol Test Condition min. typ. max. Unit
Input Leakage Current Iu Vin=5.25V - - 10 “A
Output Leakage Current Io Vour=5.25V/0.4V - — 10 A
Vep Current Irp: Ver=5.85V — — 5 mA
Vee Current (Standby) Icch CE=VOE=Vi. - 13 25 mA
Vee Current (Active) Icce OE=CE=Vi. - 56 100 mA
Input Low Voltage Vi —0.1 - 0.8 \J
Input High Voltage Viu 2.0 - Vee+1 \'
Output Low Voltage Vou To.=2.1mA - - 0.4 \
Output High Voltage Vou Tow=—400 #A 2.4 - - \4

Note : Ve must be applied simultaneously or before Vy. and removed simultaneously or after Ver.

O AC CHARACTERISTICS (Ta=0 to +70°C, Vec=5V £5%, Ver=Vcc+0.6V)

Parameter Symbol Test Condition min, typ. max. Unit
Address to Output Delay tacc OE=CE=V. - - 450 ns
CE to Output Delay tee OE=Vi. - - 450 ns
OE to Output Delay toe CE=Vu - - 120 ns
OE High to Output Float* tor CE=Vu. 0 - 100 ns
Address to Output Hold tow OE=CE=Vu. 0 — — ns

* : tor defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels.

©® CAPACITANCE ( Ta=25°C, f=1MHz)

Item Symbol Test Condition typ. max. Unit
Input Capacitance C.n Viv=0V - 6 pF
Output Capacitance Cout Vour=0V - 12 pF

© SWITCHING CHARACTERISTICS
Test Conditions

Input Pulse Levels: 0.8V to 2.2V

Input Rise and Fall Times: <20ns

Output Load: 1TTL Gate + 100 pF
Reference Level for Measuring Timing: Inputs 1V and 2V

Outputs 0.8V and 2V
READ MODE (CE =Vi.)

Address X

 M—ry—"

pe——tacc——=

Data Oun—————J Data Out Vahd

STANDBY MODE (OE = Vi.)

Address x
1\

CE Standby Mode \ Standby Mode
Active Mode
tnr

fe——tCE—

e
Data Out J\ Data Out Valid >——
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HN462716, HN462716G

® TYPICAL CHARACTERISTICS
o 800 T T
Vee=sv | |
Ta=25C
- Iecz 600
~ ]
\\
< T = 1
E E 400
8 g "
. Iccr 200
e 20 40 60 80 0 200 400 600 800
Temperature ('C) Capacitance (pF)
800 T 800,
Vee=5V
Ta=25"C
600 600!
= = a0
i
200 200
0 20 40 60 80 N
Vee (V)
Temperature (°C)
®DC PROGRAMMING CHARACTERISTICS (Ta=25C£5°C, Vec=5V £5%, Ver=25VE1V)
Parameter Symbol Test Condition min. typ. max. Unit
Input Leakage Current Iu Vin=5.25V - - 10 rA
Vee Supply Current Iepr CE=V. - — 5 mA
Ver Supply Current During Programming Ipp2 CE=Vu - - 30 mA
Ve Supply Current Icc - - 100 mA
Input Low Level Viu —0.1 - 0.8 \
Input High Level Viu 2.0 - Veet1 \
® AC PROGRAMMING CHARACTERISTICS (Ta=25'C+5°C, Vee=5V 5%, Ver=25V+1V)
Parameter Symbol Test Condition min. typ. max. Unit
Address Setup Time tas 2 - - ©s
OE Setup Time toEs. 2 - - us
Data Setup Time tos 2 - - ©s
Address Hold Time tan 2 - - #s
OE Hold Time toen 5 - — #s
Data Hold Time ton 2 - - #s
OE to Output Float Delay* tor CE=Vi. 0 — 120 ns
OE to Output Delay toe CE=Vi. - - 120 ns
Program Pulse Width 113 45 50 55 ms
Program Pulse Rise Time tPRT 5 - — ns
Program Pulse Fall Time terr 5 - - ns

Notes : Vcc must be applied simultaneously or before Ver and removed simultaneously or after Ver.
* : tor defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels.
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®SWITCHING CHARACTERISTICS
Test Conditions
Input Pulse Level: 0.8V to 2.2V
Input Rise and Fall Times: <20 ns
Output Load: 1 TTL Gate + 100 pF
Reference Level for Measuring Timing:
Inputs; 1V and 2V, Outputs; 0.8V and 2V

®PROGRAMMING WAVEFORMS

HN462716, HN462716G

Program Verify ——————em

A

Addresses x
o 4§ ]

Data .Data Out Valid >—< Data In Stable

¥
Data Out
Valid

105

®ERASE
Erasure of HN462716 is performed by exposure to ultra-

violet light with a wavelength of 2537A, and all the output
data are changed to **1'* after this erasure procedure.

The minimum integrated close (i.e., UV intensity x expo-
sure time) for erasure is 15W -+ sec/cm?

HMDEVICE OPERATION

e READ MODE

Dataout is available 450ns (t'acc) from addresses
with OE low or 120ns (tog) from OE with add-
resses stable.

o DESELECT MODE

The outputs may be OR-tied together with the
other HN462716s. When HN462716s are dese-
lected, the OE inputs must be at high TTL level.

e POWER DOWN MODE
Power down is achieved with CE high TTL level. In
this mode the outputs are in a high impedance state.

o PROGRAMMING

Initially, and after each erasure, all bits of the
HN462716 are in the ““High” state (Output High).
Data is introduced by selectively programming
“low” into the desired bit locations. In the program-
ming mode, Vpp power supply is at 25V and OE
input is at high TTL level. Data to be programmed
are presented 8-bits in parallel, to the data output
lines (00 to 07).

The addresses and inputs are at TTL levels.

After the address and data setup, a 50 ms, active
high program pulse is applied to the CE input. The
CEisat TTL level.

The HN462716 must not be programmed with a DC
signal applied to the CE input.

® PROGRAM VERIFY
The HN462716 has a program verify mode. A verify
should be performed on the programmed bits to
determine that they were correctly programmed. In
this mode Vpp is at 25V.

® PROGRAM INHIBIT

Programming of multiple HN462716s in parallel
with different data is easily accomplished by using
this mode. Except for CE, all like inputs of the
parallel HN462716s may be common.

A TTL program pulse applied to a HN462716's CE
input will program that HN462716. A low level CE
inhibits the other HN462716s from being pro-
grammed.
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HN462532, HN462532G,
HN4a62532P

4096-word X 8-bit U. V. Erasable and Programmable Read Only Memory
The HN462632 is a 4096 word by 8 bit erasable and electrically

programmable ROM. This device is packaged in a 24-pin, dual-in-line HN 462532
package with transparent lid. The transparent lid allows the user to
expose the chip to ultraviolet light to erase the bit pattern, whereby
a new pattern can then be written into the device.

The HN462532P is a 4096 word by 8 bit, one time programmable ROM.
This device is packaged in a 24-pin, dual-in-line plastic package.

M FEATURES

e Single Power Supply ...... +5V 5% (DC-24C)
® Simple Programming ..... Program Voltage: +26V D.C. T 4638326

Program with One 50ms Pulse
® StatiC .....cc0nieneennn No Clocks Required

® Inputs and Outputs TTL Compatible During Both Read and
Program Modes
® Fully Decoded On-Chip Address Decode

® AccessTime ............ 450ns (max.)

® Low Power Dissipation .... 858mW (max) Active Power (DG-24B)
201mW (max) Standby Power HN462532P

® Three Stste Output....... OR-Tie Capability

® Compatible with TMS2532

HBLOCK DIAGRAM

g~

N
Powerdown &
= o— povriors o EMPIN ARRANGEMENT
Buffers
a[] hd 2] Veo
o v O ¢ Gut NP (23] s
Ot L] ating
Ot Deroder ° As E E As
1 < a9 :zj (7
A0~A||§ Ot : A.\E 20| CF.
Ot X 32768 bit As E E ™
pe— Decoder EPROM Matrix
o— ] [16]
Ot ° . Ao E E 07
[ —
: e E E 0
N m [15] 05
0q [11] 14 0
B MODE SELECTION o [1z] [15] s
Pins CE Ver Ve Outputs 5
Mode (20) @) | (20 | (9to1113t017) (Top View)
Read Vi +5 +5 Dout
Stand by Vin +5 +5 High Z
Program Pulsed Viuto Vi +25 +5 Din
Program Inhibit Vin +25 +5 High Z
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B ABSOLUTE MAXIMUM RATINGS

HN462532, HN462532G, HN462532P

Item Symbol Value Unit
All Input and Output Voltages®* Vr —0.3 to +7 A
Ver Voltage* Vep —0.3 to +28 v
Operating Temperature Range Topr 0 to +70 'C
Storage Temperature Range Teu —65 to +125 ‘c
* With respect to GND.
B READ OPERATION
oDC AND OPERATING CHARACTERISTICS (Ta=0 to +70°C, Vec=5V+5%, Vep=Vcc£0.6V)
Parameter Symbol Test Condition min typ max Unit
Input Leakage Current Tu Via=5.26V - - 10 rA
Output Leakage Current Io Vou =5.25V /0.4V - - 10 KA
Ver Current Irp Ver=5.85V - - 12 mA
Vce Current (Standby) Iccy CE=Vin - - 25 mA
Vee Current (Active) Icc: CE=V. - - 150 mA
Input Low Voltage Vie —0.1 — 0.8 \
Input High Voltage Vin 2.0 - Veet+1 \Y
Output Low Voltage Voo Too=2.1mA - - 0.4 v
Output High Voltage Von Ton=—400 #A 2.4 - - v
Note : Vi must be applied simultaneously or before Vi» and removed simultaneously or after Vee.
® AC CHARACTERISTICS (Ta=0 to +70°C, Vec=5V 5%, Vep=Vcc£0.6V)
Parameter Symbol Test Condition min typ max (hit
Address to Output Delay tacc CE=Vu - - 450 ns
CE to Output Delay tce - — 450 ns
CE High to Output Float* tor 0 = 100 ns
Address to Output Hold ton CE=V. 0 — — ns
%t defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels.
® SWITCHING CHARACTERISTICS
Test Conditions
Input Pulse Levels: 0.8V to 2.2V
Input Rise and Fall Times: <20 ns
Output Load: 1TTL Gate + 100pF
Reference Level for Measuring Timing: Inputs; 1V and 2V,
Outputs; 0.8V and 2V
X
Address
X
CE
Standby Mode \ Active Mode Standby Mode
kE
Data Out
©® CAPACITANCE (Ta=25°C, f=1MHz)
Parameter Symbol Test Condition min typ max Unit
Input Capacitance Cin Va=0V - - 6 pF
Output Capacitance Cout Ve =0V - - 12 pF
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HN462532, HN462532G, HN462532P

l PROGRAMMING OPERATION
®DC PROGRAMMING CHARACTERISTICS (Ta=25C+5°C, Vec=5V+5%, Ver=25Vt1V)

Parameter

Symbol Test Condition min typ max Unit
Input Leakage Current Iu Vin=5.25V /0.4V - - 10 HA
VerSupply Current During Programmin, Iep2 CE=V. - - 30 mA
Vee Supply Current Icc - - 150 mA
Input Low Level Vie —0.1 - 0.8 v
Input High Level Vin 2.0 - Vee+1 A
® AC PROGRAMMING CHARACTERISTICS ( Ta=25°C£5°C, Vec =5V +5%, Vep=25VE1V)
Parameter Symbol Test Condition min typ max Unit
Address Setup Time tas 2 - - s
Data Setup Time tos 2 - - s
Address Hold Time tan 2 - = Hs
Data Hold Time ton 2 - - Hs
Setup Time from Ver tveps 0 - - ns
Program Pulse Hold Time Ry 0 - - ns
Vee Hold Time tveen 0 - - ns
Program Pulse Width trw 45 50 55 ms
Program Pulse Time teRT 5 - - ns
Program Pulse Time teFrT 5 - - ns

Note : Vec must be applied simultaneously or before Vir and removed simultaneously or after Vir.

©® SWITCHING CHARACTERISTICS

Test Conditions
Input Pulse Level:
Input Rise and Fall Times:
Output Load:

Reference Level for Measuring Timing:

0.8V to 2.2V

<20ns

1TTL Gate + 100pF
Inputs; 1V and 2V,
Outputs; 0.8V and 2V

Address }(
P P —
Hi-2
Data Data Out }————-{ Data In Data Out >——
b tps—] = tow =1
PFT tPRT

—_ s —of e =tck
e l trw

| S —

r——_""s.—_—

v PPH
{PRH.

©® ERASE

Erasure of HN462532 is performed by exposure to ultra-
violet light with a wavelength of 26374, and all the output
data are changed to **1"" after this erasure procedure.

The minimum integrated close (i.e., UV intensity x expo-
sure time) for erasure is 15W « sec/cm? .

NOTE THAT THE HN462543P CANNOT BE ERASED.
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HN462532, HN462532G, HN462532P

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

1,000

tacc (ns)

tacc (ns)

400

200!

Vee (V) Ta (C)

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

100 100
Icc: "]
/V \;\ .

: z _—
£ 60 E 6
8 £

40 40,

20 Icc: it

L__—-—"‘ . Icc1
| —
0
0 2 4 6 80
Vee (V) Ta (C)
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HN4 62732, HN4A62732G,

HN4a62732P

4096-word X 8-bit U.V. Erasable and Programmable Read Only Memory
The HN462732 is a 4096 word by 8 bit erasable and electrically

programmable ROM. This device is packaged in a 24-pin, dual-in-line
package with transparent lid. The transparent lid allows the user to
expose the chip to ultraviolet light to erase the bit pattern, whereby
a new pattern can then be written into the device.

The HN462532P is a 4096 word by 8 bit, one time programmable ROM.
This device is packaged in a 24-pin, dual-in-line plastic package.

B FEATURES

® Single Power Supply ...... +5V 5%

® Simple Programming ...... Program Voltage: +25V D.C.
Program with One 50ms Pulse

® StatiC.........oo00uunnn No Clocks Required

® |Inputs and Outputs TTL Compatible During Both Read and

Program Modes

® Fully Decoded On-Chip Address Decode

® AccessTime ............ 450ns (max)

® Low Power Dissipation . ... 150mA (max) Active Currents

30mA (max) Standby Current
® Three State Output . ...... OR-Tie-Capability
® Compatible with INTEL 2732

HN 462732

(DC-24C)

HN462732G

(DG-24B)

HN462732P

" (DP-24)

HBLOCK DIAGRAM ,_T/\_T
OE/Ver 0— Powerdown &
CE o— Prog, Logic Output
Buffers
Y . Y Gating
pt Decoder :
o—ri °
Ao~ A Q 0— s
o X 32768 bit
o—r Decoder EPROM Matrix
—]
o—y .
Oy ]
.
B MODE SELECTION
Pins CE OF /Ver Vee Outputs
Mode (18) (20) (24) (9~11, 18~17)
Read Vio . Vie +5 Dout
Stand by Viu Don’t Care +5 High Z
Program Vi Ver +5 Din
Program Verify Vio Vio +5 Dout
Program Inhibit Via Ver +5 High Z
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0 E [16] 0
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Bl ABSOLUTE MAXIMUM RATINGS

HN462732, HN462732G, HN462732P

Item Symbol Value* Unit
Operating Temperature Range Topr 0 to +70 C
Storage Temperature Range Tus —65 to +125 °C
All Input and Output Voltage* Vr —0.3 to +7 \Y%
Ver Voltage® OE /Ver —0.3 to +28 v

* With respect to GND

H READ OPERATION

®DC AND OPERATING CHARACTERISTICS (Ta=0 to +70°C, Vec=5V+5%, Vep=Vcc£0.6V)

Parameter Symbol Test Condition min, typ. max. Unit
Input Leakage Current (Except OE /Ver) I Vin=5.25V - - 10 HA
OE /Vee Input Leakage Current Iirz Vin=5.25V - - 10 HA
Output Leakage Current Iio Vou =5.25V - - 10 KA
Vee Current (Standby) Icc CE=Vin,OE=ViL - - 30 mA
Vec Current (Active) Icc2 OE=CE=V.. - - 150 mA
Input Low Voltage Vi —0.1 - 0.8 A
Input High Voltage Viu 2.0 - Vee+1 v
Output Low Voltage Vo Ioe=2.1mA - - 0.45 \4
Output High Voltage Vou Ton=—400 A 2.4 - - \
® AC CHARACTERISTICS (Ta=0 to +70°C, Vec=5V 5%, Ver=Vcc(.6V)
Parameter Symbol Test Condition min typ max Unit
Address to Output Delay tacc CE=0OE=V., — — 450 ns
CE to Output Delay tce OE=V.. - - 450 ns
Output Enable to Output Delay toe CE=Vu — — 120 .ns
Output Enable High to Output Float * tor TE=Vu 0 - 100 ns
Address to Output Hold ton CE=0E=V.. 0 — - ns
% tpr defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels.
® SWITCHING CHARACTERISTICS
Test Condition
Input Pulse Levels: 0.8V to 2.2V
Input Rise and Fall Times: < 20ns
Output Load: 1TTL Gate + 100pF
Reference Level for Measuring Timing: Inputs 1V and 2V
Outputs 0.8V and 2V
Address X X
CE /
Standby Mode Active Mode Standby Mode
teg———
—
3 /
tog—e=]
tacc toF
Data Out U Uata Out Valid >——
, Y e
©® CAPACITANCE (Ta=25C, f=1MHz)
Parameter Symbol Test Condition min, typ. max. Unit
Input Capacitance (Except OE/Ver) CGm Vin=0V - - 6 pF
OE /Ver Input Capacitance GCinve Vin=0V - - 20 pF
Output Capacitance G Vour =0V - - 12 pF
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HN462732, HN462732G, HN462732P

Il PROGRAMMING OPERATION

®DC PROGRAMMING CHARACTERISTICS (Vec=5V£5%, Ver=25V£1V, Ta=25C+5°C)

Parameter Symbol Test Condition min, typ. max. Unit
Input Leakage Current Iu | Vin=5.25V/0.4V - - 10 #A
Output Low Voltage During Verify Vo Io=2.1mA - - 0.4 v
Output High Voltage During Verify Vou Ton=—400#A 2.4 - - A%
Vce Supply Current Icc - - 150 mA
Input Low Level Vi —0.1 - 0.8 v
Input High Level (All Input Except OE /Ves) Vin 2.0 - Vec+1 \
Ver Supply Current Irp CE = Vi1, OE = Vi - - 30 mA
® AC PROGRAMMING CHARACTERISTICS (Vec=5V 5%, Ver=25V£1V, Te=25C+5°C)
Parameter Symbol Test Condition min. typ. max. Unit
Address Setup Time tas 2 - - Hs
OE Setup Time toes 2 - - Hs
Data Setup Time tos 2 - - us
Address Hold Time tan 0 - - Hs
OE Hold Time toen 2 - - us
Data Hold Time ton 2 - - us
Chip Enable to Output Float Delay* tor 0 - 120 ns
Data Valid from CE tov CE=Vi,,OE =Vi. - - 1 Hs
CE Pulse Width During Programming tiw 45 50 55 ms
OE Pulse Rise Time During Programming tert 50 - - ns
Ver Recovery Time tvk 2 - - Hus
* (y+ defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels.
® SWITCHING CHARACTERISTICS
Test Conditions
Input Pulse Level: 0.8V to 2.2V
Input Rise and Fall Times: < 20ns
Output Load: 1TTL Gate + 100pF
Reference Level for Measuring Timing: Inputs; 1V and 2V,
Outputs; 0.8V and 2V
Program Program Verify
4 dd
Address ){‘ Address N : e
rt— 145~
e "
4 Data In Stabl Data Out Valid
put (Address ;:) ‘ _< (Address N}
‘———-«t——t’l
P—-lns-—- -4 tow |-— et Dy [— ] tor
Lan —e— p——
OE
b 1= toen tvr
tenr mannd
— I EEE—— | —
CE J
—

©® ERASE

Erasure of HN462732 is performed by exposure to Ultra-
violet light of 26374, and all the output data are changed

to ’1'" after this prosedure.

The minimum integrated close (i.e., UV intensity x expo-

sure time) for erasure is 15W « sec/em? .

NOTE THAT THE HN462743P CANNOT BE ERASED.
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HN462732, HN462732G, HN462732P

SUPPLY CURRENT vs. SUPPLY VOLTAGE SUPPLY CURRENT vs. AMBIENT TEMPERATURE
———J ™~
} ] ™~ Icc
80, 80 \\}
ie i
] £
2 lccy 20 leey
¢ o 20 40 60 80
Vee (V) Ta (C)
ACCESS TIME vs. SUPPLY VOLTAGE ACCESS TIME vs. AMBIENT TEMPERATURE
1,000 1,000,
z z
§ g o
400, \\ 400
_——'-—‘——-——-
\N et
0
0 20 40 2 0
Vee (V) Ta (°C)
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HN4627326| ————————Wide Operating Temperature Range

4096-word X 8-bit U.V. Erasable and Programmable Read Only Memory

The HN462732GI is a 4096 word by 8 bit erasable and electrically
programmable ROM. This device is packaged in a 24-pin, dual-in-line
package with transparent lid. The transparent lid allows the user to
expose the thip to ultraviolet light to erase the bit pattern, whereby
a new pattern can then be written into the device.

W FEATURES
® Extended Operating Temperature Range . . . . ... —40 ~ +85°C
® Single Power Supply ...... +5V 5%
® Simple Programming . ..... Program Voltage: +25V D.C.
Program with One 50ms Pulse
® Static...........o00vnn No Clocks Required (DG-24B)
@ Inputs and Outputs TTL Compatible During Both Read and
Program Modes I PIN ARRANGEMENT
® Fully Decoded On-Chip Address Decode v,
® Access Time ............ 450ns (max) w[1] 4] Vee
® Low Power Dissipation .... 150mA (max) Active Currents af2] 23] &
30mA (max) Standby Current a[3] [22) &
® Three State Output ....... OR-Tie-Capability a4 [21) An
As E EGE/ Ver
HBLOCK DIAGRAM A 6] [15] e
Op~ A [ (18] cE
/_____J\__*
[RRRAANA - e
o[ o
OE/Ver 00— Powerdown &
) Output o 1] E 0s
CE o— Prog. Logic Buttos o =
GND {12 EOJ
]
E Dec:der : Y Guing (Top View)
Ot O
Ao~ An < o— :
O—1 X 32768 bit
: Decoder EPROM Matrix
o—
] :
- :
M MODE SELECTION
Pins| CE OE /Ver Vee Outputs
Mode . (18) (20) (24) (9~11, 13~17)
Read Vie Vie +5 Dout
Stand by Vin Don’t Care +5 High Z
Program Vie Ver +5 Din
Program Verify Viu Vie +5 Dout
Program Inhibit Vin Ver +5 High Z
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HN462732GI
B ABSOLUTE MAXIMUM RATINGS

[tem Symbol Value Unit
Operating Temperature Range Torr —40 to +85 'C
Storage Temperature Range Toe —65 to +125 c
All Input and Output Voltage® Vr —0.3 to +7 v
Ver Voltage* OE /Ver —0.3 to +28 \

* With respect to GND
W READ OPERATION
®DC AND OPERATING CHARACTERISTICS (7a=—40 to + 85°C, V=5V £5%,)

Parameter Symbol Test Condition min. typ. max. Unit
Input Leakage Current (Except OE /Vrp) I Vin=5.25V - - 10 HA
OE /Ver Input Leakage Current 1 Vin=5.25V - - 10 KA
Output Leakage Current Lo Vout = 5.25V/0.45V - - 10 HA
Vee Current (Standby) Iccs CE=Vis,OE=Vi. - - 30 mA
Vee Current (Active) Icc2 OE~CE=Vi. - - 150 mA
Input Low Voltage Vi —-0.1 - 0.8 v
Input High Voltage Viu 2.0 - Veet+1 v
Output Low Voltage Vou JToo=2.1mA - - 0.45 \
Output High Voltage Vou Toy=—400 A 2.4 - - \
® AC CHARACTERISTICS (Ta = —40 to +85°C, Voo = 5V £5%)
Parameter Symbol Test Condition __ HN462732G1 Unit
min. typ. max.
Address to Output Delay tacc | CE=OE=Vp - - 450 ns
"CE to Output Delay icE OE=V;, - - 450 ns
Output Enable to Output Delay IOE CE=ViL - - 150 ns
Output Enable High to Output Float* tDF CE=ViL 0 - 130 ns
Address to Output Hold toH CE=0E= V1L 0 - - ns

#* tor defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels.
® SWITCHING CHARACTERISTICS

Test Condition
Input Pulse Levels: 0.8V to 2.2V
Input Rise and Fall Times: < 20ns
Output Load: 1TTL Gate + 100pF
Reference Level for Measuring Timing: Inputs 1V and 2V
Qutputs 0.8V and 2V

I -
Address j

TE
Standby Mode Active Mode / Standby Mode
‘CE'_-J

———— ‘—-—_———_
3 /
to:——'--
V7///
Data Out Data Out Valid >———
ANNN\ —_—
© CAPACITANCE (Ta=25C, f=1MHz)
Parameter Symbol Test Condition min. typ. max. Unit
_Input Capacitance (Except OE/Ver) Cm Vin=0V - - 6 pF
OE /Ver Input Capacitance (o773 Vins0V - - 20 pF
Output Capacitance G Veu =0V - - 12 pF
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HN462732GI

Il PROGRAMMING OPERATION

®DC PROGRAMMING CHARACTERISTICS (Vec=5V+5%, Ver=25V£1V, Ta=25C+5°C)

Parameter Symbol Test Condition min. typ. max. Unit
Input Leakage Current Iu Vin=5.25V/0.4V - - 10 HA
Output Low Voltage During Verify Vo Tor=2.1mA - - 0.4 \4
Output High Voltage During Verify Vou Toy=—4004A 2.4 - - \'
Vce Supply Current Iec - - 150 mA
Input Low Level Vie —0.1 - 0.8 v
Input High Level (All Input Except OE /Ver) Viu 2.0 - Vee+1 \
Ver Supply Current Ier CE=Vi.,OE = Ve - - 30 mA
® AC PROGRAMMING CHARACTERISTICS (Vec=5V 5%, Ver=25V£1V, Ta=25C+5°C)

Parameter Symbol Test Condition min. typ. max. Unit
Address Setup Time tas 2 - - Hs
OE Setup Time toes 2 - - Hs
Data Setup Time tos 2 - - s
Address Hold Time tan 0 - - Hs
OE Hold Time toew 2 - - “s
Data Hold Time ton 2 - - #s
Chip Enable to Output Float Delay* tor 0 - 120 ns
Data Valid from CE tov CE=V.,0OE=V, — — 1 us
CE Pulse Width During Progr tew 45 50 55 ms
OE Pulse Rise Time During Programming terr 50 - - ns
Ver Recovery Time tve 2 - - Hs

* (o defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels.

© SWITCHING CHARACTERISTICS

Test Conditions
Input Pulse Levels: 0.8V to 2.2V

Input Rise and Fall Times: <20ns
Output Load: 1TTL Gate + 100pF

Reference Level for Measuring Timing: Input; 1V and 2V

Outputs; 0.8V and 2V

Program

Program Verify

Address

A

Address

x Address

teat

Data _<

peo— ta5~—e={

s

Data In Stable (| Data Out Vald [}eee
N 1 SN r
pe— tps —==1 —=] ton = lpv [— ] - toF
[P
LoES —=y [=toen ve
tew
\ I

©® ERASE

Erasure of HN462732 is performed by exposure to Ultra-
violet light of 2537A, and all the output data are changed

to ‘1" after this prosedure.

The minimum integrated close (i.e., UV intensity x expo-

sure time) for erasure is 15W - sec/em?.
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HN482732AG-20,
HN482732AG-25,
HN482732AG-30

4096-word X 8-bit U. V. Erasable and Programmable Read Only Memory
The HN4B82732A is a 4096-word by 8-bit erasable and electrically
programmable ROM. This device is packaged in a 24 pin dual-in-line
package with transparent lid.
The transparent lid on the package allow the memory content to be
erased with ultraviolet light.

B FEATURES

® Single Power Supply ...... +5V £5%

® Simple Programming ...... Program Voltage: +21V D.C
Program with one 50ms Pulse

® Static..........co0uvnnn No clocks Required

Inputs and Outputs TTL Compatible During Both Read and

Program Mode

Access Time ............ HN482732AG-20  200ns (max)
HN482732AG-25 250ns (max)
HN482732AG-30  300ns (max)

® Absolute Max. Rating of Vpp Pin ... 26.5V
® [ow Stand-by Current ........... 35mA (max)
® Compatible with Intel 2732A

HBLOCK DIAGRAM

Op~

[TTTITIT

(DG-24B)

OE/Ver 00— Powerdown &
. Output
o Prog, Logic
CE Buffers
Y . Y Gating
ps Decoder : s
o—-1 O
Ao~ AII o— :
o—1 X 32768 bit
° Decoder EPROM Matrix
Ot
] .
o— .
.
M MODE SELECTION
Pins CE OE /Ver Vee Outputs
MODE (18) (20) (24) (9~11, 13~17)
Read Vie Vi +5 Dou
Stand by Vi Don’t Care +5 High Z
Program Vio Ver +5 Din
Program Verify Vio Vi +5 Dout
Program Inhibit Vin Ver +5 High Z

® HITACHI

HPIN ARRANGEMENT

a1 ~ 2] Vee

2] (23] 4

as[3] [22] a0

an @ An

Als 20| O/ Ver

A 5 [19] a1

[ 1] cE

a0 [¥] 5] o

e E E Os

o m [15] 0

M 14 0
o iz [13] 0s

(Top View)
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HN482732AG-20, HN482732AG-25, HN482732AG-30

W ABSOLUTE MAXIMUM RATINGS

Item : Symbol Value Unit
Operating Temperature Range Topr 0to +70 ‘c
Storage Temperature Range Tos —65 to +125 ‘c
All Input and Output Voltages* Vi, Vour —0.3 to +7 \'
Ver Voltage* OE/Ver —0.3 to +26.5 v
Vece Voltage * Vee —0.3 to +7 v
* with respect to GND
Il READ OPERATION
oD.C. AND OPERATING CHARACTERISTICS (Ta=0 to 70°C, Vcc=5V+5%)
Parameter Symbol Test Conditions min typ max Unit
Input Leakage Current Iu Vin=5.25V - - 10 HA
Output Leakage Current Io Vou =5.26V - - 10 KA
Vcc Current (Standby) Icex CE=Viu, OE=Vu - - 35 mA
Vce Current (Active) Iccz OE=CE=V. - = 150 mA
Input Low Voltage Vi —0.1 - 0.8 \
Input High Voltage Vin 2.0 - Veet1 \
Output Low Voltage Voo Tor=2.1mA - - 0.45 \
Output High Voltage Vou Ton=—400 #A 2.4 - - \'
® AC CHARACTERISTICS (Ta=0 to 70°C, Vcc=5V+5%)
H AG - G- AG -
Parameter Symbol | Test Conditions N'482732 20 HN‘“Z’BZA 2 HN,“”” %0 Unit
min max min max min max
Address to Output Delay tacc CE=OE=Vu. - 200 - 250 - 300 ns
CE to Output Delay tee OE=Vi. - 200 - 250 - 300 ns
OFE to Output Delay tor CE=V.. 10 90 10 100 10 150 ns
OF High to Output Float tor CE=Vuw. 0 80 0 90 0 130 ns
Address to Output Hold ton CE=0E=V. 0 — 0 - 0 - ns
® SWITCHING CHARACTERISTICS
Test Conditions
Input Pulse Level: . ................. 0.8V to 2.2V
Input Rise and Fall Times: . ............... =< 20ns
Output Load: ............... 1 TTL Gate + 100PF
Reference Level for Measuring Timing . . . . .. .. ... Inputs, 1V and 2V, Outputs; 0.8V and 2V
Address ){‘ h
7
CE
Standby Mode Active Mode / Standby Mode
IcE
I
} toE tOF
tace ton
4
Data Out [// Data Out Valid >——“'—““"'"
A J
® CAPACITANCE (Ta=25°C, f=1MHz)
Parameter Symbol Test Conditions min typ max Unit
Input Capacitance (Except OE/Ves) Cim Vin=0V — — 6 pF
OF /Vrr Input Capacitance Cinz Vin=0V — - 20 pF
Output Capacitance Cout V=0V — - 12 pF
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HN482732AG-20, HN482732AG-25, HN482732AG-30

B PROGRAMMING OPERATION .
oDC PROGRAMMING CHARACTERISTICS (Ta=25°C+£5°C, Vec=5V+5%, Vepr=21V£0.5V

Parameter Symbol Test Condition min typ max Unit
Input Leakage Current Tu Viv=ViL or Vin — - 10 KA
Output Low Voltage During Verify Voo Tor=2.1mA — — 0.4 v
Output High Voltage During Verify Vou Ton=—400 #A 2.4 — — \4
Vce Supply Current Iec — — 150 mA
Input Low Level Vi —0.1 - 0.8 \
Input High Level (All Inputs Except OE/Vp) Vin 2.0 — Veet1 A
Ver Supply Current 1 CE=Vi, OE=Vpp — — 30 mA

® AC PROGRAMMING CHARACTERISTICS (Ta=25°C£5°C, Vec=5V+5%, Ver=21V£0.5V)

Parameter Symbol Test Conditions min typ max Unit
Address Setup Time tas 2 - — #s
OF Setup Time toes 2 — - ps
Data Setup Time tos 2 — — HS
Address Hold Time tan 0 — — s
OFE Hold Time toen 2 - — s
Data Hold Time ton 2 - — #s
Chip Enable to Output Float Delay* tor 0 el 130 ns
Data Valid from CE tov TE=Vi, OE=V, — - 1 s
CE Pulse Width During Progr i tow 45 50 55 ms
OE Pulse Rise Time During Programming terr 50 — - ns
Ver Recovery Time -] tve 2 — — s
* tpr defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels.
© SWITCHING CHARACTERISTICS
Test Condition
InputPulse Level .................. 0.8Vt022V
Input Riseand Fall Time .............. ... =20ns
Reference Level for Measuring Timing: . ............ Inputs 1V and 2V; Outputs 0.8V and 2V
Program Program Verify
Address )& Address N :ldf:“
o tas—ed
e A
Data ——-{ Data In Stable >—_—< Data Out Valid [ fomme
tos —ef oy p— ——t 1Dy f— V_..1 bb— LOF
—_— tan —e=t P‘
OE
10ES ~of } ! [=toen —e=t »
tow
ten:
CE J‘
Y
® ERASE

Erasure of HN482732A is performed by exposure to
ultraviolet light of 2537A and all the output data are
changed to ““1” after this erasure procedure. The
minimum integrated dose (i.e. UV intensity x ex-
posure time) for erasure is 15W-sec/cm?®
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HN482764,HN482764-3,

HN482764-4,HN482764G,
HN482764G-3,HN482764G-4

8192-word X 8-bit U. V. Erasable and Programmable Read Only Memory
The HN482764 is a 8192 word by 8 bit erasable and electrically
programmable ROM. This device is packaged in a 28 pin dual-in-line
package with transparent lid. The transparent lid on the package
allows the memory content to be erased with ultraviolet light.

M FEATURES
® Single Power Supply .......... ... i +5V + 5%
® Simple Programming .. ........ Program Voltage: +21V D.C.
Program with one 50ms Pulse
@ StatiC ... cv it No Clocks Required
® Inputs and Outputs TTL Compatible During Both Read and Pro-
gram Mode.
® AccessTime .........ccouvnnnn HN482764/G  250ns max
HN482764/G-3 300ns max
HN482764/G-4 450ns max
® High Performance Programming Available
® LowStandby Current . . ......... ...t 36mA max
® Compatible with Intel 2764
0o~07
W BLOCK DIAGRAM I\
PCM " o—] Power Down Outout
0E o Prog. Logic e
CE o— Buffers
o]
; Y-Decoder Y-Gating
o—]
o—oJ
O—t
o | O] )
O 65536 bit
; o X-Decoder
. Memory Matrix
o—1
o—oI
o—1

HMODE SELECTION

Pins | CE OE PGM Ver Vee Outputs
Mode (20) (22) (27) (1) (28) | (11~13, 15~19)
Read Vi Vie Vin Vee Vee Dout
Stand-by Vin X X Vee Vee High Z
Program Vi X Viu Ver Vee Din
Program Verify Vie Vie Vin Ver Vee Dout
Program Inhibit Vin X X Ver Vee High Z
X :don’t care
M ABSOLUTE MAXIMUM RATINGS
Item Symbol Value Unit
Operating Temperature Range Tops 0to +70 ‘C
Storage Temperature Range Tore —65 to +125 °C
All Input and Output Voltage* Ve —0.3 to +7 v
Ver Voltage Ver —0.3 to +26.5 v

* : with respect to GND
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HN482764, HN482764-3, HN482764-4

(DC-28B)

HN482764G, HN482764G-3,
HN482764G-4

{DG-28)

HPIN ARRANGMENT

Vprm 28] Vee
szE PGM
a[3] NC
AbE EA;
as[5] [24] A
afE] [23) An
ABE Z]UE
A:E E A
af9] [20) CE
Ao [10] [10] 0
0o 11} [18] 0s
o iz} 0s
OzE O4

GND [14] 03

(Top View)



HN482764, HN482764-3, HN482764-4,
HN482764G, HN482764G-3, HN482764G-4

B READ OPERATION
®DC AND OPERATING CHARACTERISTICS (Ta=0 to +70°C, Vec =5V +5%, Ver=Vec£0.6V)

Parameter Symbol Test Condition min typ max Unit
Input Leakage Current Iu Vee=5.25V, V., =5.25V - - 10 HA
Output Leakage Current Iio Vec=5.25V, Vou =5.25V /0.4V - - 10 KA
Vep Current Ipp: Vep=Vec+0.6V - b 15 mA
Vee Current (Standby) Icct CE = Viu - - 35 mA
Vee Current (Active) Icc: CE=OE = V.. - 100 150 mA
Input Low Voltage Viu -0.1 - 0.8 \
Input High Voltage Vin 2.0 - Vee+1 v
Output Low Voltage Vo To,=2.1mA - - 0.45 A
Output High Voltage Vou Ton=—400 #A 2.4 - - \%

® AC CHARACTERISTICS (Ta=0 to +70°C, Vec=5V+5%, Ver=Vcc£0.6V)

Parameter Symbol Test Conditions HI‘\I482764/G HN‘482764/G-3 HN,‘B”M/G-‘ Unit

min max min max min max
Address to Output Delay tace CE=OE=V. — 250 — 300 - 450 ns
TE to Output Delay tce OE=Vui — 250 — 300 - 450 ns
OE to Output Delay tog CE=Vu 10 100 10 150 10 150 ns
OE High to Output Float tor CE=Vu. 0 90 0 130 0 130 ns
Address to Output Hold ton CE=O0OE=Vi 0 — 0 - 0 — ns

Note . tor defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels.

@ SWITCHING CHARACTERISTICS
Test Condition

Input Pulse Levels: 0.8V to 2.2V

Input Rise and Fall Time: < 20ns

Output Load: 1TTL Gate + 100pF

Reference Level for Measuring Timing: Inputs; 1V and 2V
Output; 0.8V and 2.0V

Y p
Address X ><
7
CE —————
Standby Mode Active Mode / Standby Mode

Data Out

/ f} Data Out Valid
AN

® CAPACITANCE (Ta=25C, f=1MHz)

Parameter Symbol Test Condition min typ max Unit
Input Capacitance Cin Vi.=0V - 4 6 pF
Output Capacitance Cout Vou =0V - 8 12 pF
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HN482764, HN482764-3, HN482764-4;
HN482764G, HN482764G-3, HN482764G-4

Il PROGRAMMING OPERATION
®DC PROGRAMMING CHARACTERISTICS (Ta=25C+5°C, Vec=5V 5%, Ver=21V£0.5V)

Parameter Symbol Test Condition min typ max Unit
Input Leakage Current I Vin=5.25V — — 10 KA
Output Low Voltage During Verify Vor Tor=2.1mA - - 0.45 v
Output High Voltage During Verify Vou Ton=—400 #A 2.4 - - A
Vee Current (Active) Icce - - 150 mA
Input Low Level Vi, —0.1 - 0.8 \
Input High Level Viu 2.0 - Vee+1 A
Ver Supply Current Irp CE=PGM =V, — - 30 mA

® AC PROGRAMMING CHARACTERISTICS (Ta=25C£5C, Vee=5V+5%, Ver=21V£0.5V)

Parameter Symbol Test Condition min typ max Unit
Address Setup Time tas 2 - - Hs
OF Setup Time toes 2 - - Hs
Data Setup Time tos 2 - - s
Address Hold Time tan 0 - - Hs
Data Hold Time ton 2 - - #s
OE to Output Float Delay tor 0 - 130 ns
Ver Setup Time tvs 2 - - Hs
PGM Pulse Width During Programming tew 45 50 55 ms
CE Setup Time tces 2 - - Hs
Data Valid from OE toe - - 150 ns

Note : tpr defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels.

® SWITCHING CHARACTERISTICS
Test Condition

Input Pulse Level: 0.8V to 2.2V
Input Rise and Fall Time: <20ns
Reference Level for Measuring Timing: Input; 1V and 2V
Output; 0.8V and 2V
N Program Program
Verify
Address K
s m
mam—
Data —<: Data In Stable ; e 3:!'?'10"'  ——
s oF,

oK.

r———.

al
] E

tCES

PCM
LOES toE
" N/
H ERASE

Erasure of HN482764 is performed by exposure to Ultra-
violet light of 25637A, and all the output data are changed
to “1” after this erasure procedure. The minimum inte-
grated dose (i.e. UV intensity x exposure time) for erasure
is 16W « sec/cm?
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HN482764, HN482764-3, HN482764-4,
HN482784G, HN482764G-3, HN482764G-4

M HIGH PERFOMANCE PROGRAMMING

This device can be applied the High Performance Pro-
gramming algorithm shown in following flowchart.
This algorithm allows to obtain faster programming
time without any voltage stress to the device nor
deterioration in reliability of programmed data.

SET PROG./VERIFY MODE
Vpp=2110.5V Vcc=6.0£0.25V

Program tpw=1ms+5% l

[ Address+ 1—Address

Program topw =4n ms I

$=10,11,15

Address?

SET READ MODE
Vec=5.0£0.25V Vep= Vcc 0.6V

READ
All Address

High Performance Programming Flowchart
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HN482764, HN482764-3, HN482764-4,

HN482784G, HN482764G-3, HN482764G-4

® AC PROGRAMMING CHARACTERISTICS (Ta=25C5°C, Voc=6V£0.25V, Ver=21V£0.5V)

Parameter Symbol Test Condition min typ max Unit
Address Setup Time tas 2 - - us
OE Setup Time toes 2 — — s
Data Setup Time tos 2 - - us
Address Hold Time tan 0 — — us
>Data Hold Time ton 2 - - us
OF to Output Float Delay* ) tor 0 ; - 130 ns
Vep Setup Time o L twes 2 X = - us
Vee Setup Time T tves 2 - ! —_ us
PGM Pulse Width during Initial Program 1% 0.95 1.0 . 1,05 ms
PGM Pulse Width during Over Program®** Lorw 3.8 - 63 ms
CE Setup Time N o -l.css-_ 2 - | - us
Data Valid from OE T o Bl tor - - ] 150 ns
Notes) % tor defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels.
%% tor is defined as mentioned in flort chart.
® SWITCHING CHARACTERISTICS
Test Condition [ Prosram———wferogan Verityof
Input Pulse Level: 0.8V to 2.2V M
Input Rise and Fall Time: <20ns e —{ Bl S D>
Reference Level for Measuring Timing: Input; 1V and 2V o U — i
Output; 0.8V and2v " w—rhend

Vec+1
- Vee Ve /] tves.
M

CE
FCM

L5 Letore]
oF N
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HN27C64G-20
HN27C64G-25, HN27C64G-30

8192-word X 8-bit UV Erasable and Programmable Read Only Memory
The HN27C64G is a 8192 word by 8-bit erasable and electrically pro-
grammable ROM. This device is packaged in a 28 pin dual-in-line
package with transparent lid. The transparent lid on the package allows
the memory content to be erased with ultraviolet light.

HN27C64G-20,

® FEATURES HN27C64G-25, HN27C64G-30
o Single Power SUPPIY ...oviiiiiii i +5V = 5%
e Simple Programming.................... Program Voltage: +21V D.C.

" Program with one 50ms Pulse

® StatiC . ..ot e No clocks Required
e Inputs and Outputs TTL Compatible During Both Read and
Program Mode.
® Access Time.......coovvivvvvnnnvennnn. HN27C64G-20  200ns Max.
HN27C64G-25 250ns Max.
HN27C64G-30 300ns Max.
® High Performance Programming Available

e Low Power Dissipation.................... 40mW/MHz (Active Mode)
525uW Max. (Stand-by Mode) (DG-28)
o
B BLOCK DIAGRAM /T T T\
Fou Power lown
po o Dutpur
F Buffers
o] ]
g: 3 -Decader Y-Gating
o— —
o —
o—
= . = PIN ARRANGEMENT
A g__ \-Decider
o1 Mem ey Matrix
o—i Vep E
ot
A|2E
® MODE SELECTION w (3]
- — — T a4
Pins | CE | OFE |PGM | ¥er | Ve Outputs ‘@
Mode (20) 22) [b2)] m (28) (11~13,15~19) AsE
Read Vi Vi Vi Vee Vee Dout A E
Stand-by Vin X X Vee Vce High Z a7
Program ViL X Vi Vep Vee Din A E
Program Verify v Vie Vin Vee Vee Dout o E
Program Inhibit Vin X X Ve Vee High Z ol
Ao
X : don't care WE
@ ABSOLUTE MAXIMUM RATINGS o
Item Symbol Value Unit 0. i3]
Operating Temperature Range Topr 0to +70 °C GND 1]
Storage Temperature Range Tog -65 to +125 °C (Top View)
All Input and Output Voltage* Vin, Vour -0.6 to +7.0 \4
Vep Voltage Vee ~0.6 to +25 v
Vcc Voltage* Vee -0.6 to +7.0 v

* : with respect to GND
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HN27C64G-20, HN27C64G-25, HN27C64G-30

m READ OPERATION

® DC AND OPERATING CHARACTERISTICS (Tu=0 to +70°C, Vcc=5V+5%, Ver= Vcct0.6V)

Parameter Symbol Test Condition min typ max Unit
Input Leakage Current I Vce=5.25V, Vn=GND to Vcc - - 2 A
Output Leakage Current Ito Vec=5.25V, Vour=GND to Vce - - 2 nA
Vep Current Ippi Vep=Vcc+0.6V - 1 100 HA
Vce Current (Standby-1) Is; CE=Vin - - 1 mA
Vcc Current (Standby-2) Isg2 CE=Vcct0.3V - 1 100 rA
Vee Current (Active-1) Icc CE=ViL, Vou=OmA - - 30 mA
Vcce Current (Active-2) Icc2 f=5MHz, Jour=OmA - - 30 mA
Input Low Voltage Vie -0.1 - 0.8 v
Input High Voltage Vin 2.0 - Vce+0.3V v
Output Low Voltage VoL Io=2.1mA - - 0.45 \%
Output High Voltage Vou JTon=-400uA 2.4 - - \4
® AC CHARACTERISTICS (T2=0 to +70°C, V=5V£5%, Ver=Vcct0.6V)
Parameter Symbol Test Conditions H_N27 C64-20 HN”C“-ZS H,NNC“'JO Unit
min max min max min max
Address to Output Delay tacc CE=OE=Vn - 200 - 250 - 300 ns
PGM=Viun
'CE to Output Delay ICE OE=Vu - 200 - 250 - 300 ns
PGM=Vm
'OE to Output Delay 10E CE=Vu 10 70 10 100 10 150 ns
‘OE High to Output Float toF CE=Vn 0 60 0 90 0 130 ns
Address to Output Hold ton CE=OE=Vu. 0 - 0 - 0 - ns
PGM=Vin
Note : t0F defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels.
® SWITCHING CHARACTERISTICS
Test Condition
Input Pulse Levels: 0.8V to 2.2V
Input Rise and Fall Time: <20ns
Output Load: 1TTL Gate + 100pF
Reference Level for Measuring Timing: Input; 1V and 2V
Output; 0.8V and 2V
Y Y
ddress >< ><
K- A
CE
Standby Mode Active Mode / Standby Mode
tee
OF /
L7
tor w
fae ety
Data Out \ { Data Out Vaid :‘D;F—_——
® CAPACITANCE (7Ta=25°C, f=1MHz)
Parameter Symbol Test Condition min typ max Unit
Input Capacitance Cin | V=0V - 4 6 pF
Output Capacitance Cour Vou=0V - 8 12 pF
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HN27C64G-20, HN27C64G-25, HN27C64G-30

B PROGRAMMING OPERATION
® DC PROGRAMMING CHARACTERISTICS (7a=25°C£5°C, Vcc=5V+ 5%, Vrr=21V10.5V)

Parameter Symbol Test Condition min typ max Unit
Input Leakage Current I Vin=5.25V/0.45V - - 2 pA
Output Low Voltage During Verify Vor. IToL=2.1mA - - 0.45 v
Output High Voltage During Verify Vou Ton=-400 uA 2.4 - - v
Vce Current (Active) Icc2 - - 30 mA
Input Low Level Vi -0.1 - 0.8 v
Input High Level Vin 2.0 - Vece+0.3 v
Vee Supply Current Irp CE=PGM=V1 - - 30 mA

NOTE:

1. Vcc must be applied before Vr» and removed after Ver.

2. Ver must not exceed 25V including overshoot.

3. An influence may be had upon device reliability if the device is installed or removed while Ver=21V.
4. Do not alter Ve either Vi to 21V or 21V to Vi when CE= PGM= Low.

® AC PROGRAMMING CHARACTERISTICS (72=25°C+5°C, Vcc=5V5%, Ver=21V£0.5V)

Parameter Symbol Test Condition min typ max Unit
Address Setup Time 148 2 - - us
OE Setup Time toEs 2 - - us
Data Setup Time tos 2 - - ps
Address Hold Time 1AH 0 - - us
Data Hold Time 1DH 2 - - us
OE to Output Float Delay* 1DF - - 130 ns
Vpp Setup JTime 1vs 2 - - us
PGM = Pulse Width During Pr i tew 25 50 55 ms
‘CE Setup Time 1CES 2 - - s
Data Valid from OE 10E - - 150 ns

Note : 1DF defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels.

® SWITCHING CHARACTERISTICS
Test Condition
Input Pulse Level: 0.8V to 2.2V
Input Rise and Fall Time: <20 ns
Reference Level for Measuring Timing: Input; 1V and 2V
Output; 0.8V and 2V

Program Program
Verify
Address da
tas 1K H
Data _<‘ Dsa | o Suble ] [——_<k3:;:d°"‘ —
s o tor
Ver
Vep
Vee Hs
CE
tCEs
® ERASE _
Erasure of HN27C64G is performed by exposure to P
Ultraviolet light of 2537A, and all the output data are e sl au
changed to 1" after this erasure procedure. The minimum & N ¥
integrated dose (i.e. UV intensity x exposure time) for e

erasure is 15W « sec/cm?
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HN4827128G-25,

HN4827128G-30,
HN4827128G-45

16384-Word x 8-bit UV Erasable and Programmable Read Only Memory
The HN4827128 is a 16384 word by 8 bit erasable and electrically
programmable ROM. This device is packaged in a dual-in-line
package with transparent lid. The transparent lid allows the user to
expose the chip to ultraviolet light to erase the bit pattern, whereby
a new pattern can then be written into the device.

B FEATURES

® SinglePowerSupply ............. ... . . +5V + 5%

® Simple Programming ........... Program Voltage: +21V DC
Program with One 50ms Pulse

@ StatiC . .......c0tiiiii i No Clocks Required

Inputs and Outputs TTL Compatible During Both Read and

Preliminary——

Note)

The specifications of this device are subject to change without notice.
Please contact your nearest Hitachi’s Sales Dept. regarding specifications.

332 B HITACHI

Program Mode. (DG-28)
® AccessTime .............00uuvnnn 250ns/300ns/450ns
® Absolute Max. Ratingof VppPin ................ 26.5V HPIN ARRANGEMENT
® lowStandbyCurrent . .. ..........c.00iivvenn. 35mA ver [T l28) vee
® High Performance Programming Available A"E oM
® Compatible with INTEL 27128 w3 28] Aus
EBLOCK DIAGRAM ] B
ASE 24] As
00;07 A‘E 23] Au
197770 9¢ ‘@ B
PCM 8 Al
- ban POWERDOWN & wEE) e
CE o— PROGRAM LOGIC OUTPUT ] 0l CE
BUFFERS Ao[T0] [19] 07
_ 0o [11] [18] O
o— N 01 E Os
Z: Y DECODER . Y GATING 0: [13] [16] 04
o—| h GND [14] [15] 0s
Z: . (Top View)
Ao .
Sf= -
8 131072 bit
] X DECODER MEMORY MATRIX
o—
0 .
o .
ol
Lo
HMODE SELECTION
Pins CE OE PGM Ver Vee Outputs
MODE (20) (22) (27) (1) (28) (11~13, 15~19)
Read Vio ViL Viu Vee Vee Dout
Stand by Viu X X Vee Vee High Z
Program Vi X ViL Ver Vee Din
Program Verify Vie Vie Viu Ver Vee Dout
Program Inhibit Vin X X Ver Vee High Z




HABSOLUTE MAXIMUM RATINGS

HN4827128G-25, HN4827128G-30, HN4827128G-45

Item Symbol Value Unit
Operating Temperature Range Topr 0 to +70 °C
Storage Tempetrature Range Tue —65 to +125 ‘C
All Input and Output Voltages* Viv, Ve —0.3to +7 \Y%
Vep Voltage®* Ver —0.3to +26.5 \'
Vec Voltage* Vee —0.3to +7 v
* with respect to GND
HREAD OPERATION
®DC AND OPERATING CHARACTERISTICS (Ta=0 to +70°C, Vec=5V+5%, Vep=Vec£0.6V)
Parameter- Symbol Test Conditions min typ max Unit
Input Leakage Current I Vec=5.25V, Vin=>5.25V - — 10 pA
Output Leakage Current I.o Vee=5.25V, V.u=5.25V/0.4V — — 10| A
Vep Current Iep Vep=Vec+0.6V — — 5| mA
Ve Current (Standby) Icci | CE=Vi -] - 35| mA
Vec Current (Active) Icc: CE=OE=V, — 60 100 mA
Input Low Voltage Vi —0.1 — 0.8 \
Input High Voltage Viu 2.0 — Vee+1 \Y
Output Low Voltage Vo. Ior=2.1mA — — 0.45 \%
Output High Voltage Vou Toy=—400pA 2.4 — — \
® AC CHARACTERISTICS (Ta=0 to 70°C, Vec=5V1t5%, Ver=Vect0.6V)
Parameter Symbol Test Condition I‘-lNAAi827128G-25 HN?8271286-30 HN4.1827128G-45 Unit
min max min max min max
Address to Output Delay tacc CE=OE=V,, — 250 — 300 — 450 ns
CE to Output Delay tee OE=V, — 250 — 300 — 450 ns
OE to Output Delay tos CE=V. - 100 — 120 — 150 ns
OE High to Output Float tor CE=Vi. 0 85 0 105 0 130 ns
Address to Output Hold ton CE=O0OE=V. 0 — 0 — 0 - ns
#* tpr defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels.
® SWITCHING CHARACTERISTICS
Test Condition
Input Pulse Levels: 0.8V to 2.2V
Input Rise and Fall Time: <20 ns
Output Load: 1 TTL Gate + 100 pF
Reference Level for Measuring Timing: Inputs; 1V and 2V
Outputs; 0.8V and 2.0V
Address ‘X jK
CE
Standby Mode Active Mode / Standby Mode
OE /
|
Data Out < Data Out Valid
® CAPACITANCE (Ta=25C, f=1MHz)
Parameter Symbol Test Condition min typ max Unit
Input Capacitance Cin V=0V — 4 6 pF
Output Capacitance Cout Veur=0V — 8 12 pF
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HN4827128G-25, HN4827128G-30, HN4827128G-45

HMPROGRAMMING OPERATION

®DC PROGRAMMING CHARACTERISTICS (Ta=25'C+5°C, Vec=5VE5%, Ver=21V0.5V)

Parameter Symbol Test Condition min typ max Unit
Input Leakage Current I Vin=5.25V - — 10| uA
Output Low Voltage During Verify Vou ITor=2.1mA — - 0.45 \4
Output High Voltage During Verify Vou Ton= —400uA 2.4 -_— - v
Vee Current (Active) Icc: - - 100 | mA
Input Low Level Vio -0.1 - 0.8 v
Input High Level Vin 2.0 - Vee+1 v
Vep Supply Current Iep CE=PGM=V,. - - 30| mA
® AC PROGRAMMING CHARACTERISTICS (Ta=25°C £5°C, Vec=5V£5%, Ver=21V10.5V)
Parameter Symbol Test Condition min typ max Unit
Address Setup Time tas 2 - — us
OE Setup Time tors 2 — — s
Data Setup Time tos 2 - - us
Address Hold Time Lan 0 - — us
Data Hold Time ton 2 - - us
OE to Output Float Delay tor 0 - 130 ns
Ver Setup Time tys 2 — - s
PGM Pulse Width During Programming tew 45 50 §5 ms
CE Setup Time beEs 2 - — us
Data Valid from OE tor — — 150 ns

Note : tor defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels.

@ SWITCHING CHARACTERISTICS
Test Condition

Input Pulse Level: 0.8V to 2.2V
Input Rise and Fall Time: <20ns
Reference Level for Measuring Timing: Input; 1V and 2V
Output; 0.8V and 2V
Program Program
Verify
ress ><‘ :
Add: X
o tas ottt
Data —-——{ Data In Stable { 3:&0-;
].__.m | or )
foton_|
Ver
Ver
| T— l s
CE
ICES
PGM
L] otors |t
= N/

® ERASE

Erasure of HN4827128 is performed by exposure
to ultraviolet light of 25637A and all the output data
are changed to ‘1" after this erasure procedure.
The minimum integrated dose (i.e. UV intensity x
exposure ttme) for erasure is 16 W-sec/cm?.
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MHIGH PERFORMAMCE PROGRAMMING

This device can be applied the High Performance Pro-
gramming algorithm shown in following flow chart.
This algorithm allows to obtain faster programming
time without any voltage stress to the device nor
deterioration in reliability of programmed data.

HN4827128G-25, HN4827128G-30, HN4827128G-45

SET PROG./VERIFY MODE
Vep=21£05V Vec=6.0£0.25V

I Address+ 1->Address l

1
L Program topw =dn ms I

LAST
Address ?

§=10,11,15

SET READ MODE
Vee=5.0£0.25V Vpp= Vee £0.6V

High Performance Programming Flowchart

® AC PROGRAMMING CHARACTERISTICS (Ta=25C £5C, Vec=6V£0.25V, Ver=21V£0.5V)

Parameter Symbol Test Condition min typ max Unit
Address Setup Time tas 2 — — us
OE Setup Time toes 2 - — s
Data Setup Time tps 2 - - us
Address Hold Time tan 0 — - us
Data Hold Time ton 2 - — us
OE to Output Float Delay* tor 0 _ 130 ns
Vee Setup Time tves 2 —_ —_ us
Vee Setup Time tves 2 — — us
PGM Pulse Width during Initial Program trw 0.95 1.0 1.05 ms
PGM Pulse Width during Over Program** topw 3.8 - 63 ms
CE Setup Time tees 2 — — us
Data Valid from OE tos - - 150 | ns
% tpr defines the time at which the output achieves the open circuit conditions and is not referenced to output voltage levels,
®¥ topw is defined as mentioned in flow chart.
® SWITCHING CHARACTERISTICS [+———Program fa—Program Verify-~
Test Condition i S .
Input Pulse Level: 0.8V to 2.2V Data  — Duus[In Suble B oo
Input Rise and Fall Time: <20ns T -
Reference Level for Measuring Timing: Input; 1V and 2V Ve :Z: ;[‘m
Output; 0.8V and 2V
Vee+1
Vee Vcc—/L'_"Ls.a
CE
lcES
PCM
OE N /
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HN480O16P

2048-word X 8-bit Electrically Erasable and Programmable ROM

This device operates from a single power supply and features fast
single address location programming. All the words are erased by one
TTL level pulse. Erasing the bit pattern and programming new
pattern can be made within 42 seconds.

M FEATURES
e Single Power Supply ...... +5V £5%
o Simple Programming...... Program voltage: +25V D.C.
Program with one 20ms pulse.
e Electrically Erasing ....... Erase Voltage: +25V D.C.
Erase all words with one 200ms pulse.
e Fully Static............ . No clocks required. (P20
® Inputs and Outputs TTL compative during read, program and
erase mode. B PIN. ARRANGEMENT
® Fully Decoded .......... On-Chip Address Decode.
® Access Time .......... .. 350ns Max. w0 e [24] vee
® Low Power Dissipation . ... 300mW Max. Ao E E A
@ Three State Output....... OR-Tie Capability N E = &
@ Pin-out Compatible with intel 2716. )
A E E Vrp
W BLOCK DIAGRAM ov= a ] ]S
A E: E Aro
TTTTTTTT A.E T_E]pcm
cS o— —
vort o] TS. Prog. & #[3] E o
o 00— Erase lLogic Output Buffers O'E E 06
O Eo: E 0s
f== . o M ] o
o Y Decoder : Y Gating
- oo [1z] 5] o
Ao~ Ao . (Top View)
j o . 16381 bit
X Decoder . . '
o . EEPROM Matrix
O~——tp °
o .
Lo
B MODE SELECTION
Pins PGM €S Ver Vee Outputs
Mode (18) (20) (21) (24) (8~11,13~17)
Read Vie Vi +5 +5 Dout
Deselect Don’t Care Vin +5 +5 High Z
.Program Pulsed ViLto Vin Vin +25 +5 Din
Program Verify Viu Vio +25 +5 Dout
Program Inhibit Viu Vin +25 +5 High Z
Erase Pulsed ViLto Viu Vie +25 +5 High Z

336 GO HITACHI




M ABSOLUTE MAXIMUM RATINGS

HN48016P

Item

Symbol Rating Unit
All Input and Output Voltage Viny Vour « —0.3 to Vec +0.3 or Ver +0.3 \Y%
Vee Voltage Vee —0.3 to +7.0 \Y
Vrr Voltage Ver —0.3 to +28 A
Operating Temperature Range . 0 to +70 °C
Storage Temperature Range Tus —55 to +125 C
Il READ OPERATION
®DC AND OPERATING CHARACTERISTICS (Vec=5V 5%, Vep=Vcc£0.6V* Ta=0 to +70°C)
Parameter Symbol Test Condition min typ max Unit
Input Leakage Current I Vin=5.25V - - 10 HA
Output Leakage Current Io Vour=5.25V - - 10 HA
Vee Current Icc: CS=Viu/ViL - 32 50 mA
Vep Current Ipp Ver=5.85V - 4 7 mA
Vie —0.1 - 0.8 A
Input Volt
nput Voltage Viu 2.0 - - \
Ve Io.=1.6mA - - 0.4 v
Output Voltage & & -
Vou Toy=—100 A 2.4 - — v
* The tolerance of 0.6V allows the use of a driver circuit for switching the Vir supply pin from Vcc in read to 25V for programming.
® AC CHARACTERISTICS (Vec =5V 5%, Vep=Vect0.6V, Ta=0 to +70°C)
Parameter Symbol Test Condition min typ max Unrit
Address to Output Delay tacc PGM =CS =V, - 200 350 ns
Chip Select to Output Delay tco PGM =V, - 70 150 ns
Chip Deselect to Output Float tor 0 40 100 ns
Address to Output Hold ton PGM =CS=Vy, 10 - - ns
® TEST CONDITION
Input pulse levels: 0.8V to 2.0V
Input rise and fall time: < 20ns
Output load: 1TTL Gate + 100 pF
Reference level for Measuring Timing: Inputs 1V and 1.8V
Outputs 0.8V and 2.0V
Address J K
[ ton —=]
T
toF
tco
X F‘—uu X
Dutput ______<"'“" z ! Data Out Vahd \ Highz
® CAPACITANCE (Ta=25°C, f=1MHz)
Parameter Symbol Test Condition typ max Unit
Input Capacitance [0 V=0V - 7.5 pF
Output Capacitance Cout Vou =0V - 15 pF
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HN48016P

M PROGRAM OPERATION

o DC PROGRAMMING CHARACTERISTICS (Vec=5V +5%, Ver=25V£1V, Ta=0 to +70C)

Parameter Symbol Test Condition min typ max Unit
Input Leakage Current Iu Vin=5.25V - - 10 KA
Vec Supply Current Icc: — 32 50 mA
Vep Supply Current Ipp2 - 10 20 mA
Input Voltage Vi —0.1 — 0.8 v
Vin 2.0 . - - \

® AC PROGRAMMING CHARACTERISTICS (Vec=5V 5%, Vep=25V+1V, Ta=0 to +70C)
Parameter Symbol Test Condition min typ max Unit
Address Setup Time tas 2 - - us
CS Setup Time tess 2 - - us
Data Setup Time tos 2 - - s
Address Hold Time tan 2* - - s
CS Hold Time tesn 7 - - s
Data Hold Time ton 2 - — us
Chip Deselect to Output Float Delay tor 0 40 100 ns
Chip Select to Output Delay tco - 70 150 ns
Program Pulse Width tow 15 20 25 ms
Program Pulse Rise Time trrT 5 - - ns
Program Pulse Fall Time terr 5 - - ns
Ver Setup Time tps 10 - - Hs
Ver Hold Time tew 10 - - Hs
CS to Program Mode Time ts 10 — — us
Ver Read Mode Time tva 10 — - Hs

* If the mode changes from program mode to program verify mode sequentially (in the same address), ¢ must be larger than tcw + tco.

® TEST CONDITION
Test Condition
Input pulse levels:
Input rise and fall time:
Reference level for Measuring Timing:

Read

0.8V to 2.0V

20ns (10% to 90%)
Input; 1V and 1.8V
Output: 0.8V and 2.0V

Program
Program Verify Read

- XX

) e we O X

tos tou] | jtco toF
-yl
. N

tesu
tess ow tcsk
PCM
I
- —
tPRT  tPFT
Vee
tvs tps ten v

+25V
Ver

+5V

338

@ HITACH!



M ERASE OPERATION

HN48016P

®DC ERASING CHARACTERISTICS (Vec=5V+5%, Ver=25V+1V, Ta= 0 to +70TC)

Parameter Symbol Test Condition min. typ. max. Unit

Input Leakage Current Iu Vin=5.25V - - 10 #A
Vee Supply Current Iccs - 32 50 mA
Ver Supply Current Irrs - 10 20 mA
Input Voltage Vie —0.1 — 9.8 v
Vin 2.0 - - \'

® AC ERASING CHARACTERISTICS (Vec=5V+5%, Ver=25V£1V, Ta= 0 to +70TC)

Parameter Symbol Test Condition min. typ. max. Unit
CS Setup Time tecss 2 - - us
PGM to Output Delay teo 7 - - us
Erase Pulse Width tew 190 200 210 ms
Erase Pulse Rise Time tert 5 - - ns
Erase Pulse Fall Time terr 5 - - ns
Ver Setup Time tEs 10 — - us
Ver Hold Time tew 10 - — s
Erase Program Time tzp tep 10 — — Hs
Program Enase Time tpz tre 10 - - Hs
® TEST CONDITION
Test Condition

Input pulse levels: 0.8V to 2.0V

Input rise and fall time:
Reference level for Measuring Timing:

20ns (10% to 90%)
input; 1V and 1.8V

Output; 0.8V and 2.0V

HPOWER SUPPLY SEQUENCE PRECAUTIONS

To protect the written data, power supply to the
HN48016P should be turned on and off in the fol-
lowing order:

® Power On-Off Order and Input Level Limitation

for CS and PGM Terminals

Table 1 shows the relationship between the order in

which power supply for the HN48016P should be

turned on and off and the input levels of the CS and

PGM terminals.

(1) For the BV Vpp and Vg, there is no limitation
as to the order in which power is turned on and
off the state of the input terminals CS and
PGM.

(2) When turning on and off power supply for the
25V Vpp, keep Ve at between 4.5V and 7V,
and PGM at “Low.”

(3) When turning on and off power supply for the
5V Ve while Vpp equals 25V £ 1V (this being
a rare case for the HN48016P), make sure to
keep PGM at “’Low."”’

Fig. 1 shows the timing order in which power is

turned on and off.

® Table 1. Power On-Off Order for HN48016P

Input Level Power On-Off

PGM | CS 5V- Ve~ Vec 25V-Ver
ViL Vio . Possible only when
Vi Viu § Vee=4.5~7V*?
Vi Vi Possible impossible**
Viu Vin

Note 1. If Power for the 25V Vpp were turned on or off
while Vg = 0.3V to +4.5V, the data holding
characteristic would probably deteriorate.

Note 2. If the 25V Vpp were operated to choose a “‘write”’
or ‘‘erase’’ mode while PGM = “*V," contents of
ROM would probably change.
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HN48016P

o Example of Standard Power Supply Sequence
The following is an example of standard power
supply sequence:

(1) Power On

(2) Power Off

Tarn on 5V Vep, Vec(SW1) |

Fix PGM at ‘Low" (SW3) |

) )

L Fix PGM at"Low’ (SW3) | Turn off 25V-Vep (SW2) ]
R {

[ Turn on 25V Ver(SW2) ] Turn off 5V-Ver, Vec(SW1) |

SW1
5V ——0/

Sw2
25V —0/ o

p— Vpp

SW3

PGM
I-——O’ O

® Inter-mode Timing

The HN48016P has six operating modes, 5V Vpp read-
out, non-selected, 25V Vpp write, write check, write
inhibit, and erase. To protect the written data, keep the
terminal PGM at ‘“Low"’ for a period of 10us before and
after turning the terminal Vpp from 5V to 25V and
vice versa.

The following describes the inter-mode timing for a
system that uses the HN48016P.

©® Readout— Write > Readout

Before turning the terminal Vpp to 25V, keep the
terminal PGM at ““Low"’ for a period of 10us minimum
(as indicated by tyg). After the terminal Vpp has been
turned to 25V, keep the terminal CS at “Low"” for a
period of 10us minimum (as indicated by tpg). Before
turning the terminal Vpp to 5V, keep the terminal TS at
“Low"” for a period of 10us minimum (as indicated by
tpH). After the terminal Vpp has been turned to 5V,
keep the terminal PGM at ““Low” for a period of 10us
minimum (as indicated by tyn).

©® Readout->Erase - Readout

This_timing sequence is shown in Fig. 3. After turning
the terminal Vpp to 25V, keep the terminal PGM at
“Low’’ for a period of 10us minimum (as indicated by
tes). Keep the terminal PGM at ““Low” for a period of
10us minimum (as indicated by tgy) before turning the
terminal Vpp to 5V, as well.

® Erase - Write —» Erase

This timing sequence is shown in Fig. 4. Before turning
the terminal CS to “High (write mode),” keep the
terminal.

PGM at ““Low’ for a period of 10us minimum (as
indicated by tgp). Before turning from “write’” to
“erase,” keep the terminal CS at ‘“Low” for a period of
10us minimum (as indicated by tpg).
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Input level of the terminal TS may be either “Low”
or “High" tvs=tes=ten=1tva2 l0u's

Fig. 1. Power on-off timing sequence.

 Address Valid X ‘E‘E

tvh

v +25V
e ——

Read

[

Writ

| _Readout
1

Fig. 2. “Readout—Write—~Readout” timing

Address

Data

+25V 4V 20
Ver | 5V GV]( 1YLV
«=—Readout |-——E nse———l Readout,

Fig. 3. “Readout—Erase—Readout” timing.

[ ]
Address _Don't Care| X Address Valid X_ Address [Valid)X(Dor't Care
I ! i

Data

_

TS
tpg
rem _ T Y /\ N\ -
+25V
Ver 2 I
«—Erase—e! l—————wrm———a- Eﬂ"

Fig. 4. “Erase—Write—Erase” timing.
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HMV10414, HM10414-1

256-word X 1-bit Fully Decoded Random Access Memory

The HM10414 is ECL 10K compatible, 256-word x 1-bit, read write,
random access memory developed for high speed systems such as
scratch pad and control/buffer storages.
The fabrication process uses the Hitachi’s low capacitance, oxide
isolation method with double metalization.
The HM10414 is encapsulated in cerdip-16pin package, compatible
with Fairchild’s F10414.
o Fully compatible with 10K ECL level
® Address access time:  HM10414: 10ns (max.)

HM10414-1: 8ns (max.)
® Write pulse width: 6ns (min.)
® Three chip select pins
@ Output obtainable by wired-OR (open emitter)

B TRUTH TABLE

Input
— — Output Mode
[oF) WE Din
any one H X X L Not Selected
all L L L L Write “0”
all L L H L Write “1”
all L H X Dout * Read

X : Don’t care
*  Read out non-inverted

W BLOCK DIAGRAM

HABSOLUTE MAXIMUM RATINGS

Item Symbol Rating Unit
Supply Voltage Vee to Vee +0.5 to —7.0 \%
Input Voltage Vin +0.5 to Vee \4
Output Current Tout —30 mA
Storage Temperature Tue —65 to +150 °‘C
Storage Temperature T.(Bias)* —55 to +125 ‘c

* Under Bias
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M ELECTRICAL CHARACTERISTICS
®DC CHARACTERISTICS (Vez=—5.2V, R.=500 to —2.0V, Ta=0 to +75C, air flow exceeding 2m/sec)

HM10414, HM10414-1

Item Symbol Test Condition min B) typ max (A) Unit
i 0'C | —1000 — | —840
Vou +25°C —960 - -—810
Output Voltage Vin="Visa or Viiy +75:C —0 — 20 mV
0°C —1870 - —1665
Vou +25°C | —1850 - —1650
+75°C | —1830 - —1625
0°C | —1020 - -
Voue +25°C —980 ad -
Output Threshold Voltage Vin="Vins or Viia +75:C —920 — — mV
0°C - - —1645
Vore +25°C - - —1630
+175°C — - —1605
0°C | —1145 - —840
Vin Gf:aranteed Input Voltage T2c | =108 — 810
High for All Inputs 1750 1085 — 0
Input Voltage 0C 1870 — 1490 mV
Vis Guaranteed Input Voltage TC 1850 — YT
Low for All Inputs 5 mryT™ — 1450
LIin Vin=Viua 0 to +75°C - - 220
Input Current n gtsher Vix=Vies 0 to +75C —052 - 17_0 HA
All Input and Output Open, +75°C - —130 -
Seeply Current e | Test Pin 8 0C | —180 | —140 -1 =
® AC CHARACTERISTICS
(Vee=—5.2V+5%, Ta=0 to +75°C, air flow exceeding 2m/sec, see test circuit and waveforms)
1. READ MODE
HM10414 HM10414-1 ,
Item Symbol Test Condition - - Unit
min typ max min typ max
Chip Select Access Time tack - 3 6 - 3 6 ns
Chip Select Recovery Time tres - 3 6 - 3 6 ns
Address Access Time tas - 7 10 - 6 8 ns
2. WRITE MODE
Item Symbol Test Condition min typ max Unit
Write Pulse Width tw twsa=2ns 6 4 - ns
Data Setup Time twsp 1 0 - ns
Data Hold Time twap 1 0 - ns
Address Setup Time twsa tw=6ns 2 0 - ns
Address Hold Time twha 2 0 - ns
Chip Select Setup Time twscs 1 0 - ns
Chip Select Hold Time twics 1 0 — ns
Write Disable Time tws - 5 ns
Write Recovery Time twr - - 5 ns
3. RISE/FALL TIME
Item Symbol Test Condition min typ max Unit
Output Rise Time t - 1.5 2.5 ns
Output Fall Time t - 1.5 2.5 ns
4. CAPACITANCE
Item Symbol Test Condition min typ max Unit
Input Capacitance G - 3 5 pF
Output Capacitance Cout - 5 8 pF
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HM10414, HM10414-1

B TEST CIRCUIT AND WAVEFORMS

1. LOADING CONDITIONS 2. INPUT PULSE
GND
T -0.9V
80%
16 5]
20%
HM10414 R, CL -1
' I t,=t;=20ns typ

RL=50Q

001uF I-E f =20V
= Vel

=

C=30pF (includes jig and stray capacitance)

Address %50%
tay

Dout 50%

4. WRITE MODE ;
= 504,\4" ——————————————————————— 7(

: 3 =t wHD
T y I . —
_ ! los0%Y — X
WE ‘—l wsi—| I t um——-—l
Y . HES
—— s ——— i
Dout twscs
SUPPLY CURRENT SUPPLY CURRENT
vs. AMBIENT TEMPERATURE vs. SUPPLY VOLTAGE
200 200
180 180
<
< 60
w 160 = < 160
< > €
: \ = —_—
g | \\ & —
3 140 \\ § 140
2 £
g S~ 3
S 1 E- ]
s
@
100 100
Vee=~5.20V Ta=25C
an 8 |
=20 0 20 40 60 80 100 —-5.72 -5.20 —4.68
Ambient Temperature Ta ('C) Supply Voltage Ve (V)
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Address Access Time tas (ns)

Chip Select Access Time tacs (nsi

Write Pulse Width ¢4 (ns)

6

ADDRESS ACCESS TIME
vs. AMBIENT TEMPERATURE

8
7 ] —
e
6 [-— t /A‘
RO
. //
Vee=~5.20V
4 . ; |
-20 0 20 40 60 80 100
Ambient Temperature Ta (°C)
CHIP SELECT ACCESS TIME
vs. AMBIENT TEMPERATURE
6
5
4
3
2
1
Vee=-520V
0 I
-20 0 20 40 60 80 100
Ambient Temperature Ta ('C)
WRITE PULSE WIDTH
vs. AMBIENT TEMPERATURE
~—
Veg=-5.20V
~20 0 20 40 60 80 100

Ambient Temperature Ta (C)

Address Access Time taa (ns)
Chip Select Time tacs tns’

Write Pulse Width tw (ns)

@ HITACHI

HM10414, HM10414-1

ADDRESS ACCESS TIME
vs. SUPPLY VOLTAGE

10

7 .
\_\‘,\\\)A\A

6 1/‘(‘/‘ -
\N‘“&/

5

Ta=25C
4
=5.72 -5.20 ~4.68

Supply Voltage Vee (V)

CHIP SELECT ACCESS TIME
vs. SUPPLY VOLTAGE

6

Ta=25"C

: |

-5.72 = 5.20 - 4.68

Supply Voltage Vie 'V
WRITE PULSE WIDTH
vs. SUPPLY VOLTAGE
6
5
4
3
2
1
Ta=25C

0

-5.72 -520 —~468

Supply Voltage Ver (V)
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HM2110, HM2110-1

1024-word X 1-bit Fully Decoded Random Access Memory

The HM2110 Series item is an ECL compatible, 1024-word x 1-bit,
read/write, random access memory developed for application to

scratch pads, control and buffer memor
speeds.

® |tis compatible with 10K ECL logic.
® Chip select access time ..........
® Address access time

ies, etc. which require high

.. .10ns (max.)
............... HM2110: 35ns (max.)

HM2110-1: 25ns (max.)

® Power consumption ,..........00... 0.5mW/bit (typ)
® QOutput obtainable by Wired-OR (open emitter).

M TRUTH TABLE

X Address
Decoder

©Din

Input
— — Output Mode
CS WE Din
H X X L “ Not Selected
L L L L Write “0”
L L H L Write “1”
L H X Dout* Read
X larrelevant
*  Read out noninverted
W BLOCK DIAGRAM
A O———r{ -
Aol g
Azo— S
Aso——r| T
Avo—] H '—3,—\ Dout
1/
Write Drivers C}.’_GC_Q
and Sense Amp A e

As As A7 An Ay

B ABSOLUTE MAXMUM RATINGS

Item Symbol HM2110 Series Unit
Supply Voltage Vee to Vee +0.5 to —7.0 \Y
Input Voltage Vi +0.5 to Vee \
Output Current Tow —-30 mA
Storage Temperature Toe —65 to +150 °C
Storage Temperature Tes(Bias)* —55 to +125 °C
* Under Bias
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B ELECTRICAL CHARACTERISTICS
®DC CHARACTERISTICS (Vie=—5.2V, R.=50Q to —2.0V, Ta=0 to +75°C, air flow exceeding 2m/sec)

HM2110, HM2110-1

Item Symbol Test Condition min(B) typ max(A) Unit
0'C —1000 — —840
Vou +25°C —960 - —810
+175°C —900 - —1720
Output Voltage Vin=Vins or ViLg » mV
0°C | —1870 — —1665
Vou +25°C —1850 — —1650
+75°C —1830 — —1625
0'C —1020 - -
Vone +25°C —980 — -
+75°C —920 — -
Output Threshold Voltage Vin=Vius or Vi " mV
0C — - —1645
Vore +25°C - - —1630
+75°C — - —1605
v 0'C —1145 - —840
Von Guaranteed Input Voltage To5C 1105 — 810
High for All Inputs
+75°C —1045 — —1720
Input Voltage — mV
0C —1870 - —1490
1
Vi Guaranteed Input Voltage T25C 1850 — Yy
Low for All Inputs
+75°C —1830 — —1450
Lin Vik=Viua 0 to +75C — — 220
Input Current Cs . 0.5 — 170 MA
I Vin=Vi.s 0 to +75°C
Other —50 — —
All Input and Output Open, | 0= Ta<25C —150 —100 —
Supply Current Ice npat and Butpdt Tpen " mA
Test Pin 8 Ta=25C —125 —90 —
® AC CHARACTERISTICS
(Vee=—5.2V £5%, Ta=0 to +75C, air flow exceeding 2m/sec, see test circuit and waveforms)
1. READ MODE
HM2110 HM2110-1
Item Symbol Test Condition Unit
min typ max min typ max
Chip Select Access Time tacs — 7 10 — 7 10 ns
Chip Select Recovery Time tres — 7 10 — 7 10 ns
Address Access Time taa - 20 35 — 15 25 ns
2. WRITE MODE
HM2110 HM2110-1
Item Symbol Test Condition Unit
min typ max min typ max
Write Pulse Width tw twsa=8ns 25 — — 25 — — ns
Data Setup Time twsp 5 — — 5 — — ns
Data Hold Time twhp 5 — — 5 — — ns
Address Setup Time twsa tw=25ns 8 — — 8 — — ns
Address Hold Time twha 2 - —_ 2 — — ns
Chip Select Setup Time twscs 5 — — 5 — — ns
Chip Select Hold Time twhes 5 - - 5 — — ns
Write Disable Ti tws — — 10 — — 10 ns
Write Recovery twr — — 10 — — 10 ns
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HM2110, HM2110-1

3. RISE/FALL TIME

Item Symbol Test Condition min typ max Unit
Output Rise Time t, - 5 — ns
Output Fall Time ty - 5 - ns
4. CAPACITANCE
Item Symbol Test Condition min typ max Unit
Input Capacitance Cin — 4 5 pF
Output Capacitance Cout — 7 8 pF
I TEST CIRCUIT AND WAVEFORMS
1. LOADING CONDITION 2. INPUT PULSE
GND ~0.9V
80%
16 SL . t
1
HM2110 t, =ty =2.5ns typ
R CL
I I
0.014F I-[ ey
e 6 RL=50Q

Vee

CL=30pF(includes probe and
jig capacitance)

3. READ MODE

Address

X

1 44

Dout

Ving
ViLa

4. WRITE MODE
Ts 50% N e )z
Address 50%>< ____________________ :><
-. —————— [ o= ==t ===\ [ eme———tm———————
Din 0% Y~ m >
M e e e e ———— 7
l-t WHD
J— 50%& _______ [
WE L' wspe{\ / f——t W HA——=
f———t wsa tw t WHCS
———————————— Ving
Dout [————t wscs—— Vi /
[=—tws: [t wp——
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Address Access Time taa (ns)

HM2110, HM2110-1

SUPPLY CURRENT vs. SUPPLY CURRENT vs.
AMBIENT TEMPERATURE SUPPLY VOLTAGE
1200 120
100 100 ]
\ /
E sv \\ Cw /
. E /
_g 5 40
g w0 = 4
; /
20 20 /
0
-2 0 20 40 60 80 100 0 -1 -2 -3 -4 -5 -6
Ambient Temperature Ta (°C) Supply Voltage Vee (V)
ADDRESS ACCESS TIME vs.
AMBIENT TEMPERATURE
HM2110
HM2110-1 L
) />( —
-
el
3% 0 20 40 60 80 100

Ambient Temperature Ta (°C)
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HM2112, HM2112-1

1024-word X 1-bit Fully Decoded Random Access Memory

The HM2112 is an ECL compatible, 1024-word x 1-bit, read/wri

te,

random access memory developed for application to scratch pads,

control and buffer memories, etc. which require high speeds.

WM FEATURES
@ Level .......... ittt 10k ECL Compatible
® Construction .............ccoeivenenn. 1024-word by 1-bit
® Address Access Time ................. HM2112 10ns (max.)
HM2112-1 8ns (max.)
® ChipSelect Access Time ..........ccevveenennnn 5ns (max.)
® Power Consumption .........cevuvennennn 0.8mW/bit (typ)
® Output Obtainable by Wired-OR (open emitter)
® Fully Pin Compatible with F10415
HMTRUTH TABLE
Input
— p— Output Mode
CS WE Din
H X X L Not Selected
L L L L Write “0”
L L H L Write “1”
L H X Dout* Read

X Irrelevant
* . Read out noniverted

HBLOCK DIAGRAM

Ago——r{
Ato———rq
Ao— <%
Ao

Avo——

Waord Drivers

Write Drivers
and Sense Amp

A As AT v Ao

HABSOLUTE MAXIMUM RATINGS

Item Symbol HM2112 Unit
Supply Voltage Vee to Vee +0.5 to —7.0 \Y%
Input Voltage Vi +0.5 to Ve v
Output Current Tou —-30 mA
Storage Temperature Tote —65 to +150
Storage Temperature T.s(Bias)* —55 to +125 °C

* Under Bias
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HM2112, HM2112-1

HMELECTRICAL CHARACTERISTICS
(Vee=—5.2V, R.=50Q to —2.0V, Ta=0 to +75C, air flow exceeding 2m/sec)

o DC CHARACTERISTICS

Item Symbol Test Condition min(B) typ max (A) Unit
0'C -—1000 - —840
Vou +25°C —960 — —810
+175°C —900 - —1720
Output Voltage Viv=Vius or ViLs - mV
0°C | —1870 - —1665
Vou +25°C —1850 - —1650
+75°C —1830 — —1625
0C | —1020 - -
Vone +25°C —980 - -
+75°C —920 - -
Output Threshold Voltage Vin=Vuws or ViLa - mV
0'C — - —1645
Voic +25°C - - —1630
+175°C — - —1605
0°C —1145 — —840
Vin Guaranteed Input Voltage To5C 1105 — a0
High for All Inputs
+175°C —1045 - —720
Input Voltage — mV
G q Vol 0C | —1870 - —1490
t
Vi uaranteed Input Voltage +25C | —1850 — | —ums
Low for All Inputs
+75°C | —1830 - —1450
I Vin=Vina 0 to +75C — - 220
Input Current cs . 0.5 - 170 HA
I Vin=Vi.s 0 to +75C
Other —50 - —
All Input and Output s Ta=0"C —200 - —
Supply Current Ice np\f and Output Open " mA
Test Pin 8 Ta=75C —170 - -

® AC CHARACTERISTICS
(Vee=—5.2V £5%, Ta=0 to +75°C, air flow exceeding 2m/sec, see test circuit and waveforms)

1. READ MODE

Item Symbol Test Condition - Hm2112-1 - Hu2112 Unit

min typ max min typ max
Chip Select Access Time tacs 1 3 5 1 3 5 ns
Chip Select Recovery Time tres 1 3 5 1 3 5 ns
Address Access Time taa 3 6.5 8 3 7.5 10 ns

2. WRITE MODE

Item Symbol Test Condition Hma11z-1 Hmz112 Unit

min typ max min typ max
Write Pulse Width tw twsa=3ns 6 2 - 6 2 - ns
Data Setup Time twsp 1 0 - 1 0 - ns
Data Hold Time twip 1 0 - 1 0 - ns
Address Setup Time twsa tw="6ns 3 0 - 3 0 - ns
Address Hold Time twia 2 0 - 2 0 - ns
Chip Select Setup Time twscs 1 0 - 1 0 - ns
Chip Select Hold Time twics 1 0 - 1 0 — ns
Write Disable Time tws 1 3 5 1 3 5 ns
Write Recovery Time twr 1 3 5 1 3 5 ns
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HM2112, HM2112-1

3. RISE/FALL TIME

Item Symbol Test Condition min typ max Unit
Output Rise Time te 0.8 1.5 2.5 ns
Output Fall Time t 0.8 1.5 2.5 ns
4. CAPACITANCE
Item " Symbol Test Condition min typ max Unit
Input Capacitance Cu 1 3 5 pF
Output Capacitance Cout 3 5 8 pF
HMTEST CIRCUIT AND WAVEFORMS
1. LOADING CONDITION 2. INPUT PULSE
GND -0.9V
80%
T 20%
-1V
16 . t ts
HMz112 to=t;=2.0ns typ
Ru Cu
0.01uF -2.0V
I 1) Ru=508
Veg Cu=30pF(includes probe and jig capacitance)
3. READ MODE
Address % 50%
taa
Dout l 50%
4. WRITE MODE
T 50% Mo o = e o e o e e o o e o e s
N\ /
Address 50% X: ———————————————————— . _X
— - —— —— o] o - — i--b—\‘ r~ e owve o fawe o cw - ——— ———
Din
R E— —memeen j{
D 4
twno
- N —
twhes
o WS4 w
Dout twscs
50%
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HM2112, HM2112-1

SUPPLY CURRENT SUPPLY CURRENT
vs. AMBIENT TEMPERATURE vs. SUPPLY VOLTAGE
200 200
180 \\ 180
b < ~
- \ E . \\
g 1 \\ & —
E o £
38 3
& & 1o
100 100
Vir= =520V Ta=25C
80 80
20 0 20 10 50 30 00 -5.72 -5.20 ~4.68
Ambient Temperature Ta ('C) Supply Voltage Vee (V)
ADDRESS ACCESS TIME ADDRESS ACCESS TIME
vs. AMBIENT TEMPERATURE vs. SUPPLY VOLTAGE
10 10
T 9 9
: FNIRS
L e —T ¥ L
P PR Sy = ) \\
s 7 — a T~ )
2 2-1_L—" 2 Ma1p5.
L, E: |
—5 6 2 6 [ ————
? :
5 5
Vee=—5.20V Ta=25C
4
-20 20 40 60 80 100 ¢ -5.72 ~5.20 —4.68
Ambient Temperature T (°C) Supply Voltage Vee (V)
CHIP SELECT ACCESS TIME CHIP SELECT ACCESS TIME
vs. AMBIENT TEMPERATURE vs. SUPPLY VOLTAGE
6 6
E 5 5 5
LI g 4
e f= _
g 3 \\\\‘
2 3 : 3
e 2
5 5
1 1
Vee=—-5.20V Ta=25C
0 0 |
-20 0 20 40 60 80 100 =572 ~5.20 -468
Ambient Temperature Ta ('C) Supply Voltage  Veg (V)
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HM2112, HM2112-1

WRITE PULSE WIDTH WRITE PULSE WIDTH
vs. AMBIENT TEMPERATURE vs. SUPPLY VOLTAGE
6 6
5 5
: ¢ i 4 B —
E 5
: 3 % 3
< z
;-' 2 ;‘:' 2
1 1
Vee= ]_ 5.20V Ta=25C
0
~20 0 20 40 60 80 100 ! T 530 YT

Ambient Temperature Ta ('C) Supply Voltage Veg (V)
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HM10422

256-word X4-bit Fully Decoded Random Access Memory
The HM10422 is ECL 10K compatible, 256-word x 4-bit, read write,
random access memory developed for high speed systems such as
scratch pads and control buffer storages.

Four active Low Block Select lines are provided to select each block
independently.

The fabrication process is the Hitachi’s low capacitance, oxide
isolation method with double metalization.

The HM10422 is encapsulated in cerdip-24 pin package, compatible
with Fairchild’s F10422,

B FEATURES
® 256-word x 4 bit organization. (DG-24A)
® Fully compatible with 10K ECL level
® Address access time: 10ns (max) HEPIN ARRANGEMENT
® Write pulse width: 6ns (min) VU,
o Power dissipation: 0.8mW/bit Veea E 2] Vee
® Output obtainable by wired-OR (open emitter) von 2] 23] L0,
?{.E 22 BS:
HTRUTH TABLE ”°'E E“"’
— Input Output Mode 5 5] )5
BS WE Din o €] 19] b1
H X X L Not Selected " E = v
L L L L Write “0” _
— WE 8] A
L L H L Write “1
N W
L H X Dout* Read
Notes) X : Irrelevant b E E h
* : Read out noninvert Ar E E A
-BLOCK D'AGRAM A e A VnE E]Aa

T T T (Top View)

Y-Decoder/Driver |

g U U U

Ao O
Memory Cell Array

Ao o 256 Words X4 Bits

2

I

<
Az OJ y

D)

4

S
Ay 0+ >
As o~

Block 1 Block 2 Block 3 Block 4

IS I O I O I ¢

o— R/W Circuit | R/W Circuit | R/W Circuit |R/W Circuit

I EEEEEEEREEE

g 438258 ¢4

&

BS: o
DI
X

G HITACHI 355



HM10422

HABSOLUTE MAXIMUM RATINGS

Item Symbol Rating Unit
Supply Voltage Vee to Vec +0.5 to —7.0 v
Input Voltage Via +0.5 to Vee v
Output Current Low -30 mA
Storage Temperature Tus —65 to +150 °‘C
Storage Temperature Tus(Bias)* —55 to +125 °C

* Under Bias
B ELECTRICAL CHARACTERISTICS

(Vee=—5.2V, R.=50Q to —2.0V, Ta=0 to +75°C, air flow exceeding 2m/sec)
®DC CHARACTERISTICS

Item Symbol Test Condition min(B) typ max(A) Unit
0'C | —1000 - —840
Vou +25°C —960 — —810
Vin=Viya +175°C —900 - —720
Output Voltage or Viis 0C 1870 — 1665 mV
VoL +25°C | —1850 - —1650
+175°C | —1830 — —1625
0°C | —1020 — —
Vonc +25°C —980 — —
‘Output Threshold Voltage Vin=Viys or Vira +1sC —9%0 — — mV
0°C - — —1645
Voic +25°C — — —1630
+175°C - - —1605
0°C —1145 - —840
Vin G\Amranteed Input Voltage T3¢ 05 — 810
High for All Inputs T75C 1065 — 120
Input Voltage oc 1870 — 1490 mV
Ve Guaranteed Input Voltage T2%5C 1850 — —yT
Low for All Inputs T75C 1830 — 1450
Iy Vin=Viga 0 to +75°C — - 220
Input Current I (B)t?\er Vin=Vis 0 to +75°C -?52 : 17_0 HA
All Input and Output Open, Ta=0C —200 —160 —
Supply Current fe2 | Tegt Pin 12 Ta—75C — | —us - ™
®AC CHARACTERISTICS
1. READ MODE
Item Symbol Test Condition min typ max Unit
Block Select Access Time tans — — 5 ns
Block Select Recovery Time tres — - 5 ns
Address Access Time taa — 7 10 ns
2. WRITE MODE
Item Symbol Test Condition min typ max Unit
Write Pulse Width tw twsa=2ns 6 4.5 — ns
Data Setup Time twsp 2 0 — ns
Data Hold Time twio 2 0 - ns
Address Setup Time twsa tw=6ns 2 0 - ns
Address Hold Time twia 2 0 - ns
Block Select Setup Time twsss 2 0 - ns
Block Select Hold Time twnss 2 0 - ns
Write Disable Time tws - 4 5 ns
Write Recovery Time twr - 4.5 9 ns
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3. RISE/FALL TIME

HM10422

Item Symbol Test Condition min typ max Unit
Output Rise Time te - 2 - ns
Output Fall Time ts — 2 - ns
4. CAPACITANCE

Item Symbol Test Condition min typ max Unit
Input Capacitance Cin - 4 - pF
Output Capacitance Cout - 7 - pF

B TEST CIRCUIT AND WAVEFORMS

1. LOADING CONDITION 2. INPUT PULSE
Test Circuit —0.9V ————
Vee(GND)
1 1
I | .
-1V | !
b by
Dout (S [—
MU.T. b t.=t/=2.0ns typ Y
R ; Cu
0.01uF '[ Ve -2.0V
;. RL=50Q
CL=30pF(includes

probe and jig
capacitance)

3. READ MODE

5 50%
| | Address |

| |
- tans= [ |
: :30(%, f———— taa ]
Dout | 50%| :
| |
(R [ i Dout
=t foed

b tr

4. WRITE MODE

BS _40/\\ 50%;[_—

w | X X
————t———e pr——— e ——— 1
Din 50% Y SO%j\
\ /
N .
[ bt

@ HITACHI

357



HM10422

SUPPLY CURRENT vs.
AMBIENT TEMPERATURE

200
180
160 =
- <
3 \\ L)
8
-? 140 N 2
3 S
FTY) =
g E
3 @
100
Vee=~520V
80
-2 0 20 40 60 80 100
Ambient Temperature Ta ('C)
ADDRESS ACCESS TIME vs.
AMBIENT TEMPERATURE
12
11
CRY z
H g
£ 9 £
] H
< 8 = / <
3 3
7
Veg=—5.20V
-20 0 20 40 50 80 100

Ambient Temperature Ta (°C)

BLOCK SELECT ACCESS TIME
vs. AMBIENT TEMPERATURE

6

5
z z
F L P
g | " e
2 3 am— 2"
H ]
< <
g 2
- 3

%
3 2
@ 1 @
Vee= =520V
0 [ |
" 0 20 40 60 80 100

Ambient Temperature Ta ('C)
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SUPPLY CURRENT vs.
SUPPLY VOLTAGE

200

180
160 S

[ ——
-\\_

140

120

100

Ta=25°C
80
=572 =520 —4.68

Supply Voltage Ver (V)

ADDRESS ACCESS TIME vs.
SUPPLY VOLTAGE

12 T

'

8 -
\ p——
7
Ta=25"C
6
~-5.72 =520 —4.68

Supply Voltage Ve (V)

BLOCK SELECT ACCESS TIME
vs. SUPPLY VOLTAGE

6
5
4
‘\\
3 N
e ———
2
1
Ta=25"C
0
-5.72 =520 —4.68

Supply Voltage Ve (V)



Write Pulse Width (ns)

WRITE PULSE WIDTH vs.
AMBIENT TEMPERATURE

P—
~—~— N
o~ E
x
=
=
=
2
£
2
=
Veg=-5.20V
20 40 60 80 100

Ambient Temperature Ta ('C)

GO HITACHI

WRITE PULSE WIDTH vs.
SUPPLY VOLTAGE

Ta=25"C

HM10422

—5.72

~5.20
Supply Voltage Ve (V)
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HM10422-7

256-word x 4-bit Fully Decoded Random Access Memory
The HM10422 is ECL 10K compatible, 256-word x 4-bit, read write,

random access memory developed for high speed systems such as
scratch pads and control buffer storages.

Four active Low Block Select lines are provided to select each block
independently.

The fabrication process is the Hitachi’s low capacitance, oxide
isolation method with double metalization.

The HM10422 is encapsulated in cerdip-24 pin package, compatible
with Fairchild’s F10422,

® FEATURES
® 256-word x 4 bit organization (DG-24A)
® Fully compatible with 10K ECL level
® Address access time: 7ns (max) BPIN ARRANGEMENT
® Write pulse width: 4ns (min) U
® Power dissipation: 1.0 mW/bit veen [1] 7] vee
® Qutput obtainable by wired-OR (open emitter) i E z__3| DO
& (] 2] 50
HTRUTH TABLE “‘*E E”"’
35 I.:_v‘i;_t o Output Mode BS E 20] B5:
in Dh |6 19{ LI+
H X X L Not Selected E j
vt [7] E bl
L L L L Write “0” _
— WE 8] [17] A
L L H L Write “1 N
L H x Dout® | Read Ja s]
Notes) X : Irrelevant s E E &
* : Read out noninvert Ar E E A
MBLOCK DIAGRAM N N vee [1Z] i3]

f T T (Top View)

r Y-Decoder/Driver

g U U U

Memory Cell Array
256 Words X4 Bits

z
?
X-Decoder/Driver

Block 1 Block 2 Block 3 Block 4

g U U U

WE 0— R/W Circuit [R/W Circuit | R/W Circuit [ R/W Circuit
R bég
235g 1258 858 438
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HABSOLUTE MAXIMUM RATINGS

Item Symbol Rating Unit
Supply Voltage Vee to Vee +0.5 to —7.0
Input Voltage Vi +0.5 to Ver
Output Current Tout -30 mA
Storage Temperature Tue —65 to +150 °C
Storage Temperature Tue(Bias)* —55 to +125 °C

* Under Bias

HMELECTRICAL CHARACTERISTICS

(Vee=—5.2V, R.=500Q to —2.0V, Ta=0 to +75°C, air flow exceeding 2m/sec)

oDC CHARACTERISTICS

HM10422-7

Item Symbol Test Condition min(B) typ max(A) Unit
0°C | —1000 — —840
Vou +25°C —960 - —810
Viv=Vius +75°C —900 - —720
Qutput Voltage or Viis 0C | —1870 e | ™
Vo +25°C | —1850 — —1650
+75C | —1830 — —1625
0°C | —1020 - —
Vone +25°C —980 — -
Output Threshold Voltage Vin=Vis or ViLa +75:C —920 - — mV
0C - - —1645
Vorc +25°C — - —1630
+175°C — — —1605
Guaranteed Input Voltage O:C —1u8 — —340
Vin High for All Inputs +25e 1108 - L
Input Voltage +75:C 1045 - —T20 mV
Guaranteed Input Voltage O,C 1870 — 1490
Vi Low for All VInputs +25°C | —1850 — —1475
+75°C | —1830 — —1450
Iin Vin=Viua 0 to +75°C — - 220
Input Current n BS Vie=Vies 0 to 475 0.5 - 170 MA
Other —50 — —
Supply Current Ies All Input and Output Open, Ta’O:C — 240 -200 — A
Test Pin 12 Ta=75C — —180 —
®AC CHARACTERISTICS
1. READ MODE
Item Symbol Test Condition min typ max Unit
Block Select Access Time tans — - 5 ns
Block Select Recovery Time tras - — 5 ns
Address Access Time taa - 4 7 ns
2. WRITE MODE
Item Symbol Test Condition min typ max Unit
Write Pulse Width tw twsa.=2ns 4 3 —_ ns
Data Setup Time twsp 1 — ns
Data Hold Time twap 1 - ns
Address Setup Time twsa tw=4ns 2 —_ ns
Address Hold Time twha 1 - ns
Block Select Setup Time twses 1 — ns
Block Select Hold Time twiss 1 - ns
Write Disable Time tws - 3 5 ns
Write Recovery Time twr — 3 5 ns
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HM10422-7

3. RISE/FALL TIME

Item Symbol Test Condition min typ max Unit
Output Rise Time i, — 2 — ns
Output Fall Time 173 - 2 - ns
4. CAPACITANCE
Item Symbol Test Condition min typ max Unit
Input Capacitance Cun - 3 - pF
Output Capacitance Cout — 5 — pF
B TEST CIRCUIT AND WAVEFORMS
1. LOADING CONDITION 2. INPUT PULSE
Test Circuit —0.9V ===

-1V

1

tr=t;=2.0ns typ £

Address X

T Vec(GND)
Dout
MU.T.
R ; Cu
0.014F L Vzir: -20v
; RL=50Q
CL=30pF(includes
probe and jig
capacitance)
3. READ MODE
BS 50%
| |
| |
- tans=d l———-ll”s

! 8%
Dout | 50%1
| |
! | Dout
fed

4. WRITE MODE

362

et

tr

BS 50% Y

20%
|

tr

Address 507>< 50%
—— et e = - ,_———.J —————— b oo -
Din 50% 50%
M e ____l/
[ Ho
WE l—,.,-_,.,,}(soﬁ 0% A (32
L—ln.n tw RS
50% 50%
Dout
SH

a1
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HM10470,HM10470-1,
HM10470F

4096-word x 1-bit Fully Decoded Random Access Memory
The HM10470/F is ECL 10K compatible, 4096-words x 1-bit, read
write random access memory developed for high speed systems such
as scratch pads and control/buffer storages.

The fabrication process is the Hitachi’s low capacitance, oxide isola-
tion method with double metalization.

The HM10470/F is encapsulated in cerdip-18 pin and Flat-18 pin
package, compatible with Fairchild’s F10470.

® FEATURES

® 4096-word x 1-bit organization

® Fully compatible with 10K ECL level

® Address access time: HM10740/F 25ns (max)
HM10470-1 15ns (max)

® Write pulse width: HM10470/F 25ns (min)
HM10470-1 15ns (min)

® Low power dissipation: 0.2mW/bit

® Output obtainable by wired-OR (open emitter)

B TRUTH TABLE

Input
— — Output Mode
Cs WE Din
H X X L Not Selected
L L L L Write “0”
L L H L Write “1”
L H X Dout* Read
Notes) X :Irrelevant
* : Read Out Noninvert
W BLOCK DIAGRAM
Ao 0
A o— 5 64 %64
Ay O—f é% || g . Memory Cell
A o— 28 ":: Array
A o— > = 5
AS O._‘ out
I I
Sense Amp and s
Write Drivers
L WE
Y Address
Decoder D
£ 22 2Z2Z
M ABSOLUTE MAXIMUM RATINGS (Te=25C)
Item Symbol Rating Unit
Supply Voltage Vee to Vee +0.5 to —7.0 v
Input Voltage Vin +0.5 to Ver v
Output Current Lou —-30 mA
Storage Temperature Tats —65 to +150 °C
Storage Temperature Tes(Bias)* —55 to +125 °C

* Under Bias

@ HITACHI

HM10470, HM10470-1

(DG -18)

HM10470F

(FG-18)

HPIN ARRANGEMENT
S

pout [ 1 [18] vee
A"E En.n
A|E 16|TS
w 4] (5] WE
""E E]An
a5 ] [13] v
w7 2] &
NG af
VA:EE EN

(Top View)
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HM10470, HM10470-1, HM10470F

B TEST CIRCUIT AND WAVEFORMS
®DC CHARACTERISTICS (Vee=—5.2V, R.=50Q to —2.0V, Ta=0 to +75°C, air flow exceeding 2m/sec)

Item Symbol Test Condition min (B) typ max(A) Unit
0'C —1000 — —840
Von +25°C —960 — | —810
+175°C —900 - —720
Output Voltage Vin=Via or ViLs " mV
0°C —1870 — | —1665
Vou +25°C —1850 — | —1650
+175°C —1830 — | —1625
0°C —1020 — -
Vouc +25°C —980 - —
+75°C —920 — -
Output Threshold Voltage Vin=Vis or Vira - mV
0C - — | —1645
Vorc +25°C - - —1630
+175°C - — | —1605
G i1 Vol 0'C —1145 - —840
Vie uaranteed Input Voltage F25C 1105 — 810
High for All Inputs
+175°C —1045 - —1720
Input Voltage " mV
G il Vol 0'C —1870 — | —1490
Ve uaranteed Input Voltage T 25C 1850 1 —1as
Low for All Inputs
+175°C —1830 — | —1450
I Vin=Vina 0 to +75°C - - 220
Input Current cs 0.5 - 170 MA
In Vin=ViLe 0 to +75°C
Other —50 - bl
. i0 o Ta=0C —200* —160* -
All Input , =
Supply Current Lee nput and Dutput Open ¢ —280** | —200° — | ma
Test Pin 9
Ta=175C - —145 -

* HM10470/F
* * HM10470-1

®AC CHARACTERISTICS (Vee=—5.2V +5%, Ta=0 to +75C, air flow exceeding 2m/sec)

HM10470/F HM10470-1
Item Symbol Test Condition - - Unit
min typ max min typ max
Chip Select Access Time tacs — — 10 - - 8 ns
Chip Select Recovery Time tres - — 10 - - 8 ns
Address Access Time tan — 15 25 - 12 15 ns
2. WRITE MODE
HM10470/F HM10470-1
Item Symbol Test Condition Unit
min typ max min typ max
Write Pulse Width tw twsa=3ns 25 - - 15 - | - ns
Data Setup Time twsp 2 - - 2 bt - ns
Data Hold Time twip 2 - - 2 - — ns
Address Setup Time twsa tw=1W min 3 - - 3 - - ns
Address Hold Time twha 2 — — 2 - - ns
Chip Select Setup Time twscs 2 — - 2 - - ns
Chip Select Hold Time twics 2 - — 2 - - ns
Write Disable Time tws - — 10 — - 8 ns
Write Recovery Time twr — - 10 - - 8 ns
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3. RISE/FALL TIME

HM10470, HM10470-1, HM10470F

Item Symbol Test Condition min typ max Unit
Output Rise Time tr — 2 - ns
Output Fall Time 17 - 2 - ns /
4. CAPACITANCE

Item Symbol Test Condition min typ max Unit
Input Capacitance Cin - 3 — pF
Output Capacitance Cout - 5 - pF

B TEST CIRCUIT AND WAVEFORMS

1. LOADING CONDITION
Test Circuit

T Vec(GND)

O.OIuF;‘E Ver

3. READ MODE

4. WRITE MODE

Dout

C.

-20V

2. INPUT PULSE

-0.9V
=17V
[
t=1/=2.0ns typ
RL=50Q
CL=30pF (includes
probe and jig
capacitance)
Address ><')i%
P——————tA A
Dout 50%

cs 50% R —————————————————————————— ) #

Address

s,

O HITACHI
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HM10470, HM10470-1, HM10470F

SUPPLY CURRENT vs. SUPPLY CURRENT vs.
AMBIENT TEMPERATURE SUPPLY VOLTAGE
200 l 200
i
180 180
) -
£ 160 3 w0
:
E o — £ 10 = —
TZ 120 [ Z 120
a H
100 100
VEE=—5.20V Ta=25C
80 | ] 80
-20 0 20 40 60 80 100 -5.72 ~5.20 —4.68
Ambient Temperature Ta (°C) Supply Voltage Vee (V)
ADDRESS ACCESS TIME ADDRESS ACCESS TIME
vs. AMBIENT TEMPERATURE vs. SUPPLY VOLTAGE
35 35
30 30
I E 25
£ 2
= &
a & L — e 7
3 | 4 |
b s 10/E g 10470/ F__L—1
g 15 //!/‘/, ; 15
3 }“‘WQ/ i HMI0470-L LT
<
10 ] 10
Vee=—5.20V Ta=25C
% 20 20 60 80 100 s —5.72 =520 ~468
Ambient Temperature Ta (°C) Supply Voltage Vee (V)
CHIP SELECT ACCESS TIME CHIP SELECT ACCESS TIME
vs. AMBIENT TEMPERATURE vs. SUPPLY VOLTAGE
12 12
10 10
LI < g
g g
2 6 B
g = K HM10470/ F
g HM10470/F é HM10470-1
s = — HM10470-) By
a T ——— k-3
8 &
2 2
Veg=—5.2 l Ta=25'C
o . L o
-20 20 40 60 30 100 ~5.72 =520 —4.68
Ambient Temperature Ta (C) Supply Voltage Vee (V)
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Write Pulse Width tw (ns)

WRITE PULSE WIDTH vs.
AMBIENT TEMPERATURE

2
HM10470/F
20 —_—
15
HM10470-1
"1
10
Vee=—5.20V
5
-2 20 40 60 80 100

Ambient Temperature Ta (‘C)

@ HITACHI

Write Pulse Width tw (ns)

WRITE PULSE WIDTH vs.
SUPPLY VOLTAGE

HM10470, HM10470-1, HM10470F

HM10470/F__| et

Mol L L

o

Supply Voltage Ver (V)
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HM10470-15

4096-word X 1-bit Fully Decoded Random Access Memory
The HM10470 is ECL 10K compatible, 4096-words x 1-bit, read/
write, random access memory developed for high speed systems
such as scratch pads and control/buffer storages.

The fabrication process uses the Hitachi‘s low capacitance, oxide
isolation method with double metalization.

The HM10470 is encapsulated in cerdip-18 pin package, compatible

with Fairchild’s F10470.
Il FEATURES

® 4096-word x 1-bit organization

® Fully compatible with 10K ECL level
® Address access time: 15ns (max) D618
® Write pulse width:  15ns (min)
® Low power dissipation: 0.2 mW/bit
® Qutput obtainable by wired-OR (open emitter) HPIN ARRANGEMENT
B TRUTH TABLE i ~/ v
Input '
— u Output Mode Ao E E Din
CS WE Din A E E-Eg
H X X L Not Selected A’E EWE
L Write “0”
L L L rite N E E] a
L L H L Write “1”
a6 [13] Aw
L H X Dout * Read j
asf 7 12] A
Notes) X :Irrelevant E
* . Read Out Nonivert As E D A
Vee E E A
HBLOCK DIAGRAM ( )
Top View
Ao O0—
A o— S 64 X64
A 0— %g | ] é. | Memory Cell
A3y O— Ea e Array
Ao > =
Dout
As 0—
1 I
Sense Amp and 3
Write Drivers
' WE
Y Address
Decoder Din
2zz2
M ABSOLUTE MAXIMUM RATINGS (Ta=25°C)
Item Symbol Rating Uflt
Supply Voltage Vee to Vec +0.5 to —7.0 v
Input Voltage Vi +0.5 to Vee A%
Output Current Lo —30 mA
Storage Temperature Tus —65 to +150 C
Storage Temperature T., (Bias)* —55 to +125 ‘C

% Under Bias
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HM10470-15

HMELECTRICAL CHARACTERISTICS
®DC CHARACTERISTICS (Vee=—5.2V, R.=50Q to —2.0V, Ta=0 to +75°C, air flow exceeding 2m/sec)

Item Symbol Test Condition min (B) typ max(A) Unit
0°C —1000 — —840
Vou +25°C —960 — —810
+175°C —900 — —720
Output Voltage Vin=Viua or ViLs " mV
0C —1870 — | —1665
Voo +25°C —1850 — | —1650
+175°C —1830 — | —1625
0'C —1020 — -
Voue +25°C —980 — -
+175°C —920 — —
Output Threshold Voltage Vin=Vins or Viva " mV
0'C — — | —1645
Vorc +25°C — - —1630
+75C — — —1605
G » 0C —1145 - —840
t:
Vin uarantee Anput Voltage T25C 1105 — 810
High for All Inputs
+75°C —1045 hd —1720
Input Voltage ~ mV
G 0°C —1870 — —1490
Ve uaranteed Input Voltage 25 1850 — Yy
Low for All Inputs
+175°C —1830 - —1450
In Vin=Vina 0 to +75°C — - 220
Input Current cS . 0.5 — 170 MA
In Vin=ViLe 0 to +75°C
Other —50 - —
All Input and Output Open, Ta=0°C —200 —160 —
Supply Current Iee " mA
Test Pin 12 Ta=175°C — —145 -

®AC CHARACTERISTICS (Vee=—5.2V+5%, Ta=0 to +75°C, air flow exceeding 2m/sec)
1. READ MODE

Item Symbol Test Condition min typ max Unit
Chip Select Access Time tacs - - 8 ns
Chip Select Recovery Time tres — — 8 ns
Address Access Time tan - - 15 ns

2. WRITE MODE

Item Symbol Test Condition min typ max Unit
Write Pulse Width tw twsa=3ns 15 - — ns
Data Setup Time twsp 2 - — ns
Data Hold Time twip 2 — - ns
Address Setup Time twsa tw=15ns 3 — - ns
Address Hold Time twha 2 - - ns
Chip Select Setup Time twscs 2 — — ns
Chip Select Hold Time twics 2 — - ns
Write Disable Time tws - - 8 ns
Write Recovery Time twr — — 8 ns
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HM10470-15

3. RISE/FALL TIME

Item Symbol Test Condition min typ max Unit

Output Rise Time te - 2 - ns

Output Fall Time tr - 2 - ns
4. CAPACITANCE

Item Symbol Test Condition min typ max Unit

Input Capacitance R Cin - 3 - pF

Output Capacitance Cou hd 5 - pF
B TEST CIRCUIT AND WAVEFORMS

1. LOADING CONDITION 2. INPUT PULSE

Test Circuit 0.9V
Vee(GND) 80%
T 20%
=17V
b Kl
Dout
M.U.T. t=1t/=2.0ns typ
R C
;‘ RL=50Q
CL :Wpl-‘( includes

0. - probe and ji

O1uF ; Vee 20v capaci:ancclal)g

3. READ MODE

Address 50%

4. WRITE MODE

cs 50% .\__..________________________jt

R, S X

WS A
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HvVM2142

4096-words X 1-bit Very High Speed Random Access Memory

T;ve HM2142 is 4096-words x 1-bit very high speed read/write,
random access memory developed for high speed systems such as

pads and control/buffer storages.

The fabrication process uses the Hitachi’s low capacitance, oxide

isolation method with double metalization.
The HM2142 is encapsulated in cerdip-20 pin package.

Bl FEATURES

® 4096-words x 1 bit organization

O HITACHI

® Very high speed' address access time: 10ns (max)
® Write pulse width: 10ns (min) (DG -20)
® Power dissipation: 0.3 mW/bit
® Output obtainable by wired-OR
M TRUTH TABLE HPIN ARRANGEMENT
Input — —
s T Din Output Mode NC E E Veea
H X X L Not Selected Dot E E Vee
L L L L Write “0” AnE 18 | Din
L L H L Write “1” an ] e
L H X Dout * Read A E E WE
Notes) X :Irrelevant As E _1_5_1 An
% . Read Out Nonivert
a7 4] Aw
As | 8 13 ] A
B BLOCK DIAGRAM aa o]
o o] As E E As
A o— 5 6464 Vee | 10 E Ar
A2 0— ﬁ—g E Memory Cell
s 2 M
mo—ER T Array (Top View)
Ay 00— > =
Dout
As 0—f
1 I
Sense Amp and T3
Write Drivers
| WE
Y Address
Decoder Din
s 2222
+ +
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HM2142

W ABSOLUTE MAXIMUM RATINGS (Ta=25°C)

Item Symbol Rating Unit
Supply Voltage Vee to Vee +0.5 to —7.0 v
Input Voltage Via +0.5 to Vi \
Output Current Tout —30 mA
Storage Temperature Tuts —65 to +150 ‘c
Storage Temperature Ty (Bias)* —55 to +125 °C

% Under Bias

M ELECTRICAL CHARACTERISTICS
®DC CHARACTERISTICS (Vez=—5.2V, R:=50Q to —2.0V, Ta=0 to +75°C, air flow exceeding 2m/sec)

Item Symbol Test Condition min(B) typ max(A) Unit
0°C | —1000 - —840
Vou +25°C —980 — —810
+75°C —950 — —720
Output Volt Vig=V. Vi \'4
utput Voltage =V or Vi oC | —1s70 — 66 m
Voo +25°C —1850 — —1650
+75°C | —1830 — —1625
0°C | —1020 — —
Vouc +25°C —980 — —
+75°C —920 — —
Output Threshold Voltage Vie="Vius or Vi = mV
0°C — — —1645
Vore +25°C — — —1630
+75°C — — —1605
0°C | —1165 — —880
Guaranteed Input Voltage s
Vi +25°C —1165 — —880
High for All Inputs r
+75C | —1165 - —880
Input Voltage - mV
0°C | —1810 — —1560
Guaranteed Input Voltage -
Vi +25°C —1810 — —1560
Low for All Inputs -
+75°C | —1810 — —1560
Iy Viv=Vim 0 to +75°C - - 220
Input Ci t CS 0.5 — 170 ~A
nput Lurren In Viv="ViLs 0 to +75°C -
Others —50 - —
Supply Current I All Input and Output O To-0C | —270 | —240 — 1 ma
upply Curren! EE nput and Output Open. Ta=75C — 220 —

® AC CHARACTERISTICS (Vee=—5.2V+5%, Ta=0 to +75°C, air flow exceeding 2m/sec)
1. READ MODE

Item Symbol Test Condition min typ max Unit
Chip Select Access Time tacs - — 6 ns
Chip Select Recovery Time tres — — 6 ns
Address Access Time tax — — 10 ns

2. WRITE MODE

Item Symbol Test Condition min typ max Unit
Write Pulse Width tw twsa=3ns 10 — —_ ns
Data Setup Time twsp 1 — — ns
Data Hold Time twip 1 — — ns
Address Setup Time twsa tw=10ns 3 — — ns
Address Hold Time twha 2 — - ns
Chip Select Setup Time twscs 1 — — ns
Chip Select Hold Time twnes 1 —_ — ns
Write Disable Time tws — — 6 ns
Write Recovery Time twy — - 6 ns
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3. RISE/FALL TIME

HM2142

Item Symbol Test Condition min typ max Unit
Output Rise Time t, -_ 2 - ns
Output Fall Time tr — 2 - ns
4. CAPACITANCE

Item Symbol Test Condition min typ max Unit
Input Capacitance Cin - 3 - pF
Output Capacitance Cout — 5 - pF
B TEST CIRCUIT AND WAVEFORMS
1. LOADING CONDITION 2. INPUT PULSE

Test Circuit

-0.9V
T Vec (GND) 809
20%
=17V
b 4|
Dout
MU.T. t=t;=2.0ns typ.
R [
I RL=50Q
r‘i . CL=30pF (includes
probe and jig

capacitance)

3. READ MODE

Address

Dout

4. WRITE MODE

cs 50% Y

Address

® HITACHI
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HM10474,HM10474-15

1024-word X 4-bit Fully Decoded Random Access Memory
The HM10474 is ECL 10k compatible, 1024-words x 4-bit, read

write, random access memory developed for high speed systems such
as scratch pads and control/buffer storages.
The fabrication process is the Hitachi's low capacitance, oxide
isolation method with double metalization.
The HM10474 is encapsulated in cerdip-24pin package, compatible
with Fairchild’s F10474.
B FEATURES
® 1024-word x 4-bit organization
® Fully compatible with 10K ECL level
® Address access time: HM10474 25ns (max)
HM10474-15 15ns (max)

® Write pulse width: HM10474 25ns(min) (DG-24A)
HM10474-15 15ns (min)
® | ow power dissipation: 0.2mW/bit HPIN ARRANGEMENT
® Output obtainable by wired-OR (open emitter)
Veea E [24] Ve
HTRUTH TABLE o0 7] 5 o0
— Input Output Mode oo [F] oo
Ccs WE Din A [4] 21] Dl
H X X L Not Selected a5 [20] o1
L L L L Write “0” €] 19] D1
L L H L Write “1” # (7] [18] o
L H X Dout* Read w[g] [17] s
Notes) X : Irrelevant ME EWE
*  Read Out Nonivert NC{10 15§ As
As{11 14| As
M BLOCK DIAGRAM " o :IA
o n " " EE E 13} A7
b { 19 .
Y-Decoder/Driver _I (Top View)

& 4 1r )

[

Memory Cell Array
1024Words x 4 Bits

X-Decoder/Driver

Block 1| Block 2 | Block 3 | Block 4

LA A

HMABSOLUTE MAXIMUM RATINGS (Ta=25C)

Item Symbol Rating Unit
Supply Voltage Vee to Vee +0.5 to —7.0 \%
Input Voltage Via +0.5 to Vee \'
Output Current Lo -30 mA
Storage Temperature Tas —65 to +150 °C
Storage Temperature Toe(Bias)* —55 to +125 °C
* Under Bias
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BWELECTRICAL CHARACTERISTICS
®DC CHARACTERISTICS (Vee=—5.2V, R.=500 to —2.0V, Ta=0 to +75°C, air flow exceeding 2m/sec)

HM10474, HM10474-15

Item Symbol Test Condition min (B) typ max (A) Unit
0'C | —1000 - —840
Vou +25°C —960 - —810
+175°C —900 - —1720
Output Voltage Vin=Vina or ViLs — mV
0°C | —1870 - —1665
Vo +25°C | —1850 - —1650
+75°C | —1830 - —1625
0°C —1020 - —
Voue +25°C —980 - -
+175°C —920 - -
Output Threshold Voltage Vin=Viug or ViLa ~ mV
0'C - - —1645
Voic +25°C - - —1630
+175°C - — —1605
G 4 Vol 0°C | —1145 - —840
Vin uaranteed Input Voltage T25C 108 — 810
High for All Inputs
+175°C | —1045 - —1720
Input Voltage " mV
G d 0°C | —1870 - —1490
t. Input Volt -
Vi uaranteec fnput Toltage +25C | —1850 — [ -
Low for All Inputs
+75°C | —1830 - —1450
Iw Vin=Vina 0 to +75°C - - 220
Input Current CS . 0.5 — 170 KA
In Vin=Vis 0 to +75°C
Others —50 - -
All Input and Output s Ta=0C —200 —160 -
Supply Current Iee npt‘l and Output Open hd mA
Test Pin 12 Ta=175C - —145 -
®AC CHARACTERISTICS (Vee=—5.2V £5%, Ta=0 to +75°C, air flow exceeding 2m/sec)
1. READ MODE
HM10474 HM10474-15
Item Symbol Test Condition Unit
min typ max min typ max
Chip Select Access Time tacs — — 10 —_ — 8 ns
Chip Select Recovery Time tres - - 10 — — 8 ns
Address Access Time tan - 15 25 - — 15 ns
2. WRITE MODE
HM10474 HM10474-15
Item Symbol Test Condition Unit
min typ max min typ max
Write Pulse Width tw twsa=3ns 25 15 - 15 - - ns
Data Setup Time twsp 2 — — 2 — - ns
Data Hold Time tunp 2 - - 2 — — ns
Address Setup Time twsa tw=twmin 3 - - 3 — — ns
Address Hold Time tuna 2 - — 2 - —. ns
Chip Select Setup Time twscs 2 — — 2 — — ns
Chip Select Hold Time twncs 2 — — 2 - — ns
Write Disable Time tws - - 10 - — 8 ns
Write Recovery Time [ — - 10 — — 8 ns
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HM10474, HM10474-15

3. RISE/FALL TIME

Item Symbol Test Condition min typ max Unit
Output Rise Time te - 2 - ns
Output Fall Time tr - 2 - ns
4. CAPACITANCE
Item Symbol Test Condition min typ max Unit
Input Capacitance Cin - 4 - pF
Output Capacitance Cout - 7 - pF
B TEST CIRCUIT AND WAVEFORMS
1. LOADING CONDITION 2. INPUT PULSE
Test Circuit =09V ——
Vec(GND) ! \ 80%
I | |
1 |
| | 20%
-17v P (-
Dout ! : : {
b [
MU.T. ] [
R ; CL t=t;=2.0ns
0.014F "E | -20V RL=50Q
; Vee C:=30pF (includes
probe and jig
capacitance)
Address 50%
taa
Dout 50%
4. WRITE MODE
s 50%5\ 50%/1
Address 509>< 50%
————— e ] - Vol —— ———
Din 50% 3 50%
\g _//
______ T tend
— MID\ 50% 50% / twha
WE
twsa w tWHCS
50% 50!
Dout twscs %/ |
ws 73
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Iee (mA)

Supply Current

taa (ns)

Address Access Time

Chip Select Access Time tacs (ns)

SUPPLY CURRENT vs.
AMBIENT TEMPERATURE

200

\‘

=

~—

Veg=-5.20V

20 40 6 80 100

Ambient Temperature Ta (C)

ADDRESS ACCESS TIME
vs. AMBIENT TEMPERATURE

25

Vee=-5.20V

—20

20 40 60 80 100

Ambient Temperature Ta ('C)

CHIP SELECT ACCESS TIME
vs. AMBIENT TEMPERATURE

Vee=-5.20V

0
-20

20 40 60 80 100

Ambient Temperature Ta ('C)

Supply Current Ige (mA)

Address Access Time tas (ns)

Chip Select Access Time tacs (ns)

O HITACHI

SUPPLY CURRENT vs.
SUPPLY VOLTAGE

200
180
\~

\h\
140
120
100

Ta=25C

=z =520 ~i68

Supply Voltage Vee (V)

ADDRESS ACCESS TIME
vs. SUPPLY VOLTAGE

25
20
15
5
Ta =Izs‘c
v —5.72 —5.20 —4.68

Supply Voltage Vee (V)

CHIP SELECT ACCESS TIME

vs. SUPPLY VOLTAGE

12
10
8
6
4
2
Ta =Izs'c
0 -
=572 ~5.20 168

Supply Voltage Vee (V)

HM10474, HM10474-15

377



HM10474, HM10474-15

WRITE PULSE WIDTH vs. WRITE PULSE WIDTH vs.
AMBIENT TEMPERATURE SUPPLY VOLTAGE
30 30
25 25
PO 7 %
E S 5 15
g Z
2 10 2 10
= £
5 5
Veg=-5.20V Ta=25C
0 0
~20 0 20 40 60 80 100 —5.72 -520 —4.68
Ambient Temperature Ta (C) Supply Voltage Vee (V)
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HM10480, HM1048O0F

16,384-words X 1-bit Fully Decoded Random Access Memory

The HM10480 is ECL 10K compatible, 16,384-words x 1-bit,
read/write random access memory developed for high speed
systems such as scratch pads and control/buffer storages.

The fabrication process uses the Hitachi’s low capacitance, oxide
isolation method with double metalization.

The HM10480 is encapsulated in cerdip-20 pin and flat 20-pin
package, compatible with Fairchild’s F10480.

HFEATURES

® 16,384-words x 1-bit organization

® Fully compatible with 10K ECL level

® Address access time: 25ns (max)

® Write pulse width: 25ns(min)

® | ow power dissipation: 0.05mW/bit

® Qutput obtainable by wired-OR (open emitter)

B TRUTH TABLE

Input
— — Output Mode
CS WE Din i
H X X L Not Selected
L L L L Write “0”
L L H L Write “1”
L H X Dout* Read
Notes) X : Irrelevant
* : Read Out Noninvert
HBLOCK DIAGRAM
Ao 0
Aod s
mod 2 £ 128% 128
'i' - a - Memory Cell
As o H E Array
A« 0 E =
D Dout
As oo >
As L I —
Sense Amp. CcS
Write Drivers
L —
WE
Y-Address Decoder
EEREER: >
2 222 :Z2

HABSOLUTE MAXIMUM RATINGS ( Ta=25C)

Item Symbol Rating Unit
Supply Voltage Vee to Vee +0.5to —7.0 \'
Input Voltage Ve +0.5 to Ve v
Qutput Current L —30 mA
Storage Temperature T —65 to +150 °C
Storage Temperature T.i(Bias)* —55 to +125 C

* Under Bias

@ HITACHI

HM10480

(DG-20)

HM10480F

(FG-20)

HPIN ARRANGEMENT

o[
oG
in
NG
v
NG
G

Vee | 10

]
Dout E 20 { Vee

Din
Bk
@ WE
16 | Az

15} A

E An
E Ao
E Ay

1| As

(Top View)

379



HM10480, HM10480F

HMELECTRICAL CHARACTERISTICS
®DC CHARACTERISTICS (Vee=—5.2V, R.=500 to —2.0V, Ta=0 to +75°C, air flow exceeding 2m/sec)

Item Symbol Test Condition min (B) typ max (A) Unit
0'C | —1000 - —840
Von +25°C —960 - —810
+75°C —900 - —720
Output Voltage Vin=Via or Virs — mV
0'C | —1870 - —1665
VoL +25°C | —1850 - —1650
+75°C | —1830 - —1625
0°C | —1020 - —
Vouc +25°C —980 - -
+175°C —920 - —
Output Threshold Voltage Vin=Vis or Viea - mV
0'C .- - —1645
Vorc +25°C - - —1630
+175°C - — —1605
0C | —1145 - —840
Vs Guaranteed Input Voltage T25C 1105 — a0
High for All Inputs -
+75°C | —1045 - —-1720
Input Voltage " mV
G il Vol 0'C | —1870 - —1490
Vi varanteed Tnput Voltage +25C | —1850 — | —ums
Low for All Inputs
+75°C —1830 - —1450
I Vin=Vina 0 to +75°C - - 220
Input Current CS . 0.5 — 170 HA
In Vin=Vi.s 0 to +75C
Others —50 - -
All T d N Ta=0C —170 —140 -
Supply Current Iee nput and Output Open h mA
Test Pin 10 Ta=75C - —130 -

®AC CHARACTERISTICS (Vee=—5.2V £5%, Ta=0 to +75°C, air flow exceeding 2m/sec)
1. READ MODE

Item Symbol Test Condition min typ max Unit
Chip Select Access Time tacs 2 — 10 ns
Chip Select Recovery Time tres 2 — 10 ns
Address Access Time tan 3 15 25 ns
2. WRITE MODE

Item Symbol Test Condition min typ max Unit
Write Pulse Width tw twsa=>5ns 25 — d ns
Data Setup Time twsp 5 - - ns
Data Hold Time twip 5 - - ns
Address Setup Time twsa tw=25ns 5 —_ - ns
Address Hold Time twha 5 - g ns
Chip Select Setup Time twscs 5 - - ns
Chip Select Hold Time twncs 5 - 5 ns
Write Disable Time tws — - 10 ns
Write Recovery Time twr - - 10 ns
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HM10480, HM10480F
3. RISE/FALL TIME

Item Symbol Test Condition min typ max Unit
Output Rise Time i — 2 - ns
Output Fall Time 17 — 2 — ns
4. CAPACITANCE

Item Symbol Test Condition min typ max Unit
Input Capacitance C. - 4 - pF
Output Capacitance Cou - 7 — pF

B TEST CIRCUIT AND WAVEFORMS
1. LOADING CONDITION 2. INPUT PULSE

Test Circuit —09V —— ——

T Vee(GND)

|
|
|
I
-7V 1 |
Dout | |
MU.T. L
RL ; CL t.=t;=2.0ns
0.01xF -[ Ver —2.0V RL=50Q
; CL=30pF (includes
probe and jig
capacitance)

3. READ MODE

Address

Dout

4. WRITE MODE

55 so%Y

Address 509><

__________ _.;;\ (
i 50!
Din /

— wsp \<50% 50% A WA
WE

wsa ™ IWHCS

50% 50%

twscs
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HM100415,HM100415CC

1024-word X 1-bit Fully Decoded Random Access Memory
HM100415

The HM100415 is a 1024-word x 1-bit, read/write random access
memory developed for application to scratch pads, control and
buffer storages which require very high speeds.

The HM100415 is compatible with the HD100K families and
includes on-chip voltage and temperature comperisation for im-
proved noise margin. This memory is encapsulated in cerdip-16pin
package.

H FEATURES
® Level ......coiiviiiinnniinnennnn 100K ECL Compatible
® Organization .........coveenvevnenens 1024-word by 1-bit
® Address Access Time ........covvvveennvnnenns 10ns (max) (DG-16A)
® ChipSelect Access Time ..........ccvvvuvennnn Bns (max.) HM100415CC
® Power Consumption ..........covuevvveunnn 0.6mW/bit (typ)
@ Output Obtainable by Wired-OR (open emitter)
® Compatible with Fairchild F100415.
B TRUTH TABLE
Input
—= Output Mode
CS WE Din
H X X L Not Selected
L L L L Write “0”
L L H L Write “1”
L H X Dout* Read (cc-24)
e e ot N MPIN ARRANGEMENT
HBLOCK DIAGRAM o 'E S =
u ‘cc
Avo—
:«*——— 2x32 A E 3 Din
o—— Memory
::°— Cell _"—\ Dot A E EE'S-
A E E]TJ'E
rite Drivers 3
Avllul Sﬂ?n Amp - As E 12 | As

X Address
Decoder

As As A1 As Ay

HABSOLUTE MAXIMUM RATINGS (Ta=25C)

Item Symbol Rating Unit
Supply Voltage Vee to Vee +0.5 to —7.0 \'
Input Voltage Via +0.5 to Vee \'4
Output Current T —30 mA
Storage Temperature Tus —65 to +150 °C
Storage Temperature Tue(Bias)* —55 to +125 °C

* Under Bias

382 O HITACH!
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(Top View)
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HM100415,HM100415CC

BELECTRICAL CHARACTERISTICS
®DC CHARACTERISTICS (Vee=—4.5V, R.=50Q to —2.0V, Ta=0 to +85C, air flow exceeding 2m/sec)

Item Symbol Test Condition . min(B) typ max(A) Unit
Vou —1025 —955 —880 mV
Output Voltage Viem=Vina or Vies
Vou —1810 | —1715 | —1620 mV
Vone —1035 - - mV
Output Threshold Voltage Vie=Vius or Viea
Vorc - - —1610 mV
Vin Guaranteed Input Voltage —1165 - —880 mV
Input Voltage X
Vie High/Low for All Inputs —1810 — | —1475 mV
I Vin=Viua - - 220 HA
Input Current cs 0.5 - 170
I Vin=ViLs HA
Others —-50 - -
Supply Current Tee All Inputs and Outputs Open —200 [ —150 - mA

®AC CHARACTERISTICS (Vee=—4.5V +5%, Ta=0 to +85°C, air flow exceeding 2m/sec)
1. READ MODE ‘

Item Symbol Test Condition min typ max Unit
Chip Select Access Time ‘tacs - 3 5 ns
Chip Select Recovery Time tres g 3 5 ns
Address Access Time taa - 7 10 ns
2. WRITE MODE

Item Symbol Test Condition min typ max Unit
Write Pulse Width tw twsa=2ns 6 4 - ns
Data Setup Time twso 2 0 - ns
Data Hold Time twao 2 0 - ns
Address Setup Time twsa tw=6ns 2 0 - . ns
Address Hold Time twha 2 [} - ns
Chip Select Setup Time twscs 2 0 - ns
Chip Select Hold Time twncs 2 0 - ns
Write Disable Time tws ] - 3 5 ns
Write Recovery Time twe - 3 5 ns

3. RISE/FALL TIME

Item Symbol Test Condition " min typ max Unit
Output Rise Time te - 2 - ns
Output Fall Time ts - 2 - ns

4. CAPACITANCE

Item Symbol Test Condition min typ max- Unit
Input Capacitance Cin - 3 - pF
Output Capacitance Cout - 5 - pF
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HM100415,HM100415CC

HMTEST CIRCUIT AND WAVEFORMS
1. LOADING CONDITION

Test Circuit
T Vee(GND)
Dout
MU.T.
R ; G
0.014F L i -20v  RumsR
; Ve Cu=30pF (includes
probe and jig
capacitance)
3. READ MODE

Address

2. INPUT PULSE

~0.9V

=LV
t

b ==2.0ns typ

Dout 50%
4. WRITE MODE
C—S 50% R —————————————————————————— } z
Address 50% P == = o e = - —— X

pe s

ot

384 O HITACHI
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HM100422,HM100422F
HM100422CC

256-word X 4-bit Fully Decoded Random Access Memory

The HM100422 is ECL 100K compatible, 256-word x 4-bit, read
write, random access memory developed for high speed system such

as scratch pads and control/buffer storages.

Four active Low Block Select lines are provided to select each block

independently.

The fabrication process is the Hitachi's low capacitance, oxide

isolation method with double metalization.

The HM100422 is encapsulated in cerdip-24pin package, or 24pin
flat package compatible with Fairchild’s F 100422,

B FEATURES

® 256-word x 4-bit organization

® Fully compatible with 100K ECL level
® Address access time: 10ns (max.)

® Minimum write pulse width: 6ns (min.)
® Low power dissipation: 0.8mW/bit

@ Qutput obtainable by wired-OR (open emitter)

B TRUTH TABLE

Input
pum— — Output Mode
BS WE Din
H X X L Not Selected
L L L L Write “0”
L L H L Write “1”
L H X Dout* Read
Notes) X :Irrelevant
*  Read Out Noninvert
BBLOCK DIAGRAM As }‘ “T’
Y-Decoder/Driver l
» o
Memory Cell Array
Ao o 256 Words X4 Bits
é
aod 3 P
s
Ay 0+ =
As 0
Block | Block 2 Block 3 Block 4
g o 0o U
WE 0— R/W Circuit | R/W Circuit | R/W Circuit | R/W Circuit
I EIIEEEEEE) §6$
2 5¢ 18358 58 835 ¢€

v

HM100422

(DG-24A)

HM100422F

HM100422CC

(cc-24)

B PIN ARRANGEMENT
®HM100422

(Top View)

®HM100422F
anaaan

w B 2 a o |s

1 (] suam P9
2 It el
3 s Jon
g s Jon
i [ s |14
S, () w0
pauint
(Top View)

®HM100422CC

~3
]
[
w ]
o]
[ m
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HM100422,HM100422F,HM100422CC

B ABSOLUTE MAXIMUM RATINGS (Ta=25C)

Item Symbol Rating Unit
Supply Voltage Vee to Vee +0.5 to —7.0 v
Input Voltage Vin +0.5 to Vee v
Output Current Tow —30 mA
Storage Temperature Toe —65 to +150 °C
Storage Temperature Tus(Bias)* —55 to +125 °C

* Under Bias

B ELECTRICAL CHARACTERISTICS
®DC CHARACTERISTICS (Vee=—4.5V, R.=500 to —2.0V, Ta=0 to +85°C, air flow exceeding 2m/sec)

Item Symbol Test Condition min(B) typ max (A) Unit
Vou —1025 —955 —880 mV
Output Voltage Vio=Vina or Vis
Vou —1810 | —1715 | —1620 mV
Output Threshold Voltage Vone Vin=Vius or Viis 1058 - — mv
Vore - - —1610 mV
Input Voltage Vin G\‘uranteed Input Voltage —1165 - —880 mV
Vio High/Low for All Inputs —1810 — — 1475 mV
Lin Vin=Viua — - 220 MA
Input Current BS 0.5 - 170
In Vin=ViLs MA
Others —50 - -
Supply Current Iee All Inputs and Outputs Open -—200 —165 — mA
O AC CHARACTERISTICS (Vee=—4.5V 5%, Ta=0 to +85C, air flow exceeding 2m/sec)
1. READ MODE
Item Symbol Test Condition min typ max Unit
Block Select Access Time tass - — 5 ns
Block Select Recovery Time tres - - 5 ns
Address Access Time taa - 7 10 ns
2. WRITE MODE
Item Symbol Test Condition min typ max Unit
Write Pulse Width tw ‘twsa=2ns 6 4.5 - ns
Data Setup Time twsp 2 0 - ns
Data Hold Time twnp 2 0 - ns
Address Setup Time twsa tw=6ns 2 0 - ns
Address Hold Time twHa 2 0 - ns
Block Select Setup Time twsss 2 0 - ns
Block Select Hold Time twips 2 0 - ns
Write Disable Time tws - 4 5 ns
Write Recovery Time twr - 4.5 9 ns
3. RISE/FALL TIME
Item Symbol Test Condition min typ max Unit
‘Output Rise Time te - 2 - ns
Output Fall Time 7] - 2 - ns
4. CAPACITANCE
Item Symbol Test Condition min typ max Unit
Input Capacitance Cin - 4 - pF
Output Capacitance Cout — 7 — pF
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HM100422,HM100422F,HM100422CC

B TEST CIRCUIT AND WAVEFORMS
1. LOADING CONDITION

Test Circuit

I

Vee(GND)

MUT.

-

3. READ MODE

4. WRITE MODE

Vee

2. INPUT PULSE

to=t;=2.0ns typ

R.=502
CL=30pF(includes
probe and jig
capacitance)

Address m4> SMX
_—_-1 .———-—\\ - _
Din £l m’}
\ /
e —————
i r‘-mm
WE Yoo 50 f

1 we -{
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HM100470,HM100470-15

4096-word X 1-bit Fully Decoded Random Access Memory

The HM100470 is a 4096-words x 1-bit, read/write, random access
memory developed for high speed systems such as scratch pads and
control buffer storages.

The fabrication process is the Hitachi’s low capacitance, oxide
isolation method with double metalization.

The HM100470 is compatible with the HD100K ECL families and
includes on-chip voltage and temperature compensation for im-
proved noise margin. This device is encapsulated in cerdip-18pin
package, compatible with Fairchild’s F 100470.

B FEATURES

® 4096-word x 1-bit organization

® Full compatible with 100K ECL level

@ Address access time: HM100470 25ns(max)

° HM100470-15 15ns(max)

® Write pulse width: HM100470 25ns (min)
HM100470-15 15ns (min)

® Qutput obtainable by wired-OR (open emitter)

B TRUTH TABLE

Input .
— — Output Mode
CSs WE Din
H x Cx L Not Selected
L L L L Write “0”
L L H . L Write “1”
L H X Dout* Read
Notes) X : Irrelevant
* : Read Out Nonivert
W BLOCK DIAGRAM
Ao O0—
A 0— - 64 X64
. oL H
Az O §-§ :.;. Memory Cell
Ay O— E g 2 Array
Ay 0— > =
Dout
Ay 0—
] ]
Sense Amp and 73
Write Drivers
' wE
Y Address
Decader Din

......

M ABSOLUTE MAXIMUM RATINGS (Ta=25C)

Item Symbol Rating Unit
Supply Voltage Vee to Vee +0.5 to —7.0 \Y
Input Voltage Via ) +0.5 to Vee \Y%
Output Current Tow - —30 mA
Storage Temperature Toe —65 to +150 °‘C
Storage Temperature Tus(Bias)* —55 to +125 °C

* Under Bias

388 @ rHitacH
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HM100470,HM100470-15

BELECTRICAL CHARACTERISTICS
®DC CHARACTERISTICS (Vee=—4.5V, RL.=500 to —2.0V, Ta=0 to +85°C, air flow exceeding 2m/sec)

Item Symbol Test Condition min(B) typ max(A) Unit
Von —1025 —955 —880 mV
Output Voltage Vie=Vina or Vira
Vou —1810 | —1715 | —1620 mV
Voue —1035 - - mV
Output Threshold Voltage Vin=Vins or Vi
Vorc - - —1610 mV
Vin Guaranteed Input Voltage —1165 - —880 mV
Input Voltage )
Viu High/Low for All Inputs —1810 — | —1475 mV
I Vie=Vina - - 220 KA
Input Current Ccs 0.5 - 170
In Vie=ViLe KA
Others —50 - -
Supply Current Tee All Inputs and Outputs Open --200 —165 - mA

®AC CHARACTERISTICS (Vee=—4.5V £5%, Ta=0 to +85°C, air flow exceeding 2m/sec)
1. READ MODE

Item Symbol Test Condition K HMI00470- 15 i Unit
min typ max min typ max
Chip Select Access Time tacs - - 8 - - 10 ns
Chip Select Recovery Time tres - - 8 - - 10 ns
Address Access Time taa - - 15 - - 25 ns
2. WRITE MODE
Item Symbol Test Condition HM100470-15 HM100470 Unit
min typ max min typ max
Write Pulse Width tw twsa=3ns 15 - - 25 - - ns
Data Setup Time twso 2 - - 2 - - ns
Data Hold Time twio 2 - - 2 - - ns
Address Setup Time twsa tw=twmin 3 - - 3 - - ns
Address Hold Time twha ) 2 - - 2 - - ns
Chip Select Setup Time twses 2 - - 2 - - ns
Chip Select Hold Time twies 2 - - 2 - - ns
Write Disable Time tws - - 8 - - 10 ns
Write Recovery Time twr - - 8 - - 10 ns
3. RISE/FALL TIME
Item Symbol Test Condition min typ max Unit
Output Rise Time . - 2 — ns
Output Fall Time ts i 2 —_ ns
4. CAPACITANCE
" ltem (Symbol Test Condition min typ max Unit
Input Capacitance Cin - 3 - pF
Output Capacitance Cout - 5 - pF
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HM100470,HM100470-15

M TEST CIRCUIT AND WAVEFORMS

1. LOADING CONDITION 2. INPUT PULSE
T est Circuit
T Vce(GND) -osv
-1V
Dout “ Y
M.U.T. t=t/=2.0ns typ
RL ; CL
0.014F "E i -20V  RL=500
-IW- Vee C:=30pF(includes
probe and jig
capacitance)
3. READ MODE
Address %50%
1A
Dout 50%

4. WRITE MODE

s 509N e e 4

N /]

Address SO&;}( —————————————————— ><

_______ - ———— e e e ] e e o e e e e

Din 50% :%

WE

Dout cs 50%,

390 O HITACHI
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HM100474,HM100474-15
HM100474F HM100474F-15

1024-word X 4-bit Fully Decoded Random Access Memory

The HM100474 is a 1024-words x 4-bit, read/write, random access
memory developed for high speed systems such as scratch pads and
control/buffer storages.

The fabrication process is the Hitachi’s low capacitance, oxide
isolation method with double metalization.

The HM100474 is compatible with the HD100K ECL families and
includes on-chip volitage and temperature compensation for im-
proved noise margin. This device is encapsulated in cerdip-24-pin and
flat 24pin package, compatible with Fairchild’s F 100474.

B FEATURES

® 1024-word x 4-bit organization

® Fully compatible with 100K ECL level

® Address access time: HM100474/F 25ns(max)
HM100474/F-15 15ns(max)

® Write pulse width: HM100474/F  25ns(min)
HM100474/F-15 15ns(min)

® Output obtainble by wired-OR (open emitter)

B TRUTH TABLE

Input
e — Output Mode
CS WE Din
H X X L Not Selected
L L L L Write “0”
L L H L Write “1”
L H X Dout* Read

Notes) X Irrelevant
* [ Read Out Nonivert

T 2?3

I Y-Decoder/Driver

31 Ir IJ U

MBLOCK DIAGRAM ? L Y

Memory Cell Array
1024Words x 4 Bits

X-Decoder/Driver

Block 1 | Block 2 | Block 3 | Block 4

kS
WEo{ R/W R/W R/W R/W
e T e | chreui | cirews | clreui |
2835 835 £3 8

WM ABSOLUTE MAXIMUM RATINGS (Ta=25C)

Item Symbol Rating Unit
Supply Voltage Vee to Vee +0.5 to —7.0 v
Input Voltage Vin +0.5 to Vee v
Output Current | Tow —-30 mA
Storage Temperature Toe —65 to +150 °C
Storage Temperature T.s(Bias)* —55 to +125 °C

#* Under Bias

@ HITACHI

HM100474, HM100474-15

(DG-24A)

HM100474F, HM100474F-15

(FG-24)

HWPIN ARRANGEMENT
O®HM100474,HM100474-15

oi (1]
Dls E
ou 3]
oo
oor 5 |
wfE
Veea| 7

"5
DO E

A0

AIE

A 112

-/

24| Dl

3]s
Eh

20{ As

19| A&
Eu
[16] ne
[15] e
(] &
[13] &

(Top View)

22| WE

®HM100474F, HM100474F-15

nln

Ar Ve

As  NC

C101010 ]

W_E[:lz‘
E§|:z
o[ ]s
uhE4
DI:Es

ble [

23 2 2

9 10

20 19

1112

18 jAs

v Ja
[ Ja
15[ Ja
u:m
13[ ]

boy

70

(Top View)

UL

DOz Vee Veea DOs

DO«
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HM100474,HM100474-15,HM100474F HM100474F-15

B ELECTRICAL CHARACTERISTICS
®DC CHARACTERISTICS (Ve =—4.5V, R.=50Q to —2.0V, Ta=0 to +85°C, air flow exceeding 2m/sec)

Item Symbol Test Condition min(B) typ max (A) Unit
Vou —1025 —955 —880 mV
Output Voltage Vin=Viua or ViLe
Vou —1810 -1715 —1620 mV
Vone —1035 - - mV
Output Threshold Voltage Vie=Vius or Vs
Vorc - fnd —1610 mV
Input Volt Vin Guaranteed Input Voltage —1165 - —880 mV
nput Voltage
P & Vie High/Low for All Inputs —1810 — —1475 mV
LIin Vin=Vina — - 220 MA
Input Current Cs 0.5 - 170
In Vin=ViLs MA
Others —50 - -
Supply Current Iee All Inputs and Outputs Open —200 —165 — mA

®AC CHARACTERISTICS (Vee=—4.5V £5%, Ta=0 to +85°C, air flow exceeding 2m/sec)
1. READ MODE

Item Symbol Test Condition HMI00474/F-15 HM100474/F Unit
min typ max min typ max
Chip Select Access Time tacs - - 8 | - - 10 ns
Chip Select Recovery Time tres - - 8 - - 10 ns
Address Access Time taa - - 15 - 15 25 ns
2. WRITE MODE
Item Symbol Test Condition HM100474/F-15 HM100474/F Unit
min typ max min typ max
Write Pulse Width tw twsa=3ns 15 - - 25 15 - ns
Data Setup Time twsp 2 - - 2 b - ns
Data Hold Time twio 2 - - 2 - - ns
Address Setup Time twsa tw=twmin 3 - - 3 — - ns
Address Hold Time twaa 2 - - 2 - - ns
Chip Select Setup Time twscs 2 - - 2 - - ns
Chip Select Hold Time twacs 2 - - 2 - - ns
Write Disable Time tws - - 8 - - 10 ns
Write Recovery Time twr ' - - 8 - - 10 ns
3. RISE/FALL TIME
Item Symbol Test Condition min typ max Unit
Output Rise Time tr hd 2 - ns
Output Fall Time ts - 2 - ns
4. CAPACITANCE
Item Symbol Test Condition min typ max Unit
Input Capacitance Cun - 4 - pF
Output Capacitance Cout - 7 - pF

392 @ HITACHI



HM100474,HM100474-15,HM100474F , HM100474F-15

M TEST CIRCUIT AND WAVEFORMS

1. LOADING CONDITION 2. INPUT PULSE
Tel_t Circuit 00V —mmme
Vec(GND)
{ .
1
]
|
Dout 17V : !
M.U.T. [
[ |
R I G to=ty=25ns
0.01uF -'[ i ~20V  Ru=50Q
; Vee C:=30pF(incIudes
probe and jig
capacitance)
READ MODE
Address 50%
taa
Dout ' 50%

4. WRITE MODE

& 5%

Address 50% 50%

__________ - PRSP yRIRESUEIPUAIN SR
\ /
Din 50% { 50%
/N ’
N e e o s e e e o s
twHD
,m—\ 50% 50% / tona
WE \ /
wsa ™ tWHCS

50% 50%
Dout twses .
tws e

® HITACHI
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HM100474,HM100474-15,HM100474F, HM100474F-15

Supply Current Iee (mA)

Address Access Time t44 (ns)

Chip Select Access Time tacs (ns)

394

SUPPLY CURRENT vs.
AMBIENT TEMPERATURE

181 ~

I~

<
E
160 P
“ ~1
i S £
3
2
120 E3
&
Vee=—450V
3220 20 40 60 80 100
Ambient Temperature Ta (°C)
ADDRESS ACCESS TIME
vs. AMBIENT TEMPERATURE
3
25
-—#—’-—

S

Vee=~-4.50V

Address Access Time taa (ns)

20 40 60 80

Ambient Temperature Ta (C)

CHIP SELECT ACCESS TIME
vs. AMBIENT TEMPERATURE

12
g
8 £
L~ 5
o
6 . ] H
1 <
H
4 3
Vee=—4.50V =
=
o

2

0 S N S—
=20 20 40 60 80 100

Ambient Temperature Ta (‘C)

G rHiTACH!

SUPPLY CURRENT vs.
SUPPLY VOLTAGE

200
180
T —
160
140
120
Ta=25C
80 ~4.95 —4.50 —4.05

20

Supply Voltage Vee (V)

ADDRESS ACCESS TIME
vs. SUPPLY VOLTAGE

25

20

Ta=25C

—4.95 —4.50 —4.05

Supply Voltage Vee (V)

CHIP SELECT AGCESS TIME
vs. SUPPLY VOLTAGE

Ta=25C|

—4.95 —4.50 —4.05

Supply Voltage Vee (V)




Write Pulse Width tw (ns)

WRITE PULSE WIDTH vs.
AMBIENT TEMPERATURE

WRITE PULSE WIDTH vs.
SUPPLY VOLTAGE

30

HM100474,HM100474-15,HM100474F,HM100474F-15

z
£
20 x 20
=
I, 3
15 = g
b3
=
a.
10 2 0
i
Vee=—4.50V = Ta=25C
5 5
0 L 0
-20 20 40 60 80 0 —4.95 =450 ~4.05

Ambient Temperature Ta ('C)

Supply Voltage Ve (V)
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HM100480,HM100480F

16,384-words X1-bit Fully Decoded Random Access Memory

The HM100480 is ECL 100K compatible, 16,384-words x 1-bit,
read/write random access memory developed for high speed
systems such as scratch pads and control/buffer storages.

The fabrication process uses the Hitachi’s low capacitance, oxide
isolation method with double metalization.

The HM100480 is encapsulated in cerdip-20 pin and flat-20 pin
package, compatible with Fairchild's 100480.

BMFEATURES

16,384-words x 1-bit organization

Fully compatible with 100K ECL level
Address access time: 25ns (max)

Write pulse width: 25ns (min)

Low power dissipation: 0.056mW/bit

Output obtainable by wired-OR (open emitter)

M TRUTH TABLE

HM100480

(DG-20)

HM100480F

Input
p—— — Output Mode
Cs WE Din
H x x L Not Selccted (FG-20)
L L L L Write "0"
L L H L Write "1"
L H X Dout* Read MPIN ARRANGEMENT
Notes) X :irrelevant U
* : Read Out Noninvert Dout E E Ve
M BLOCK DIAGRAM Ao E 19] Din
Ao a3 18] T3
Aod §
A g H 128 128 an 7] WE
* 0 - I - Memory Cell As E 16| Ais
A o g B Array
o
Ao g = Dout A E E Az
Ao X a7 1] Au
As O~ ! - b E
Sense Amp. cs Ae E 13| Aw
Write Drivers :
| —_— A7 |9 12} A
WE
Y-Address Decoder Vee [_1_0_ E As
Din
5488 é é é é (Top View)
€222 F23

MABSOLUTE MAXIMUM RATINGS ( Ta=257C)

Item Symbol Rating Unit
Supply Voltage Vee to Ve +0.5to —7.0 v
Input Voltage Via +0.5 to Ver \
Output Current Tou -30 thA
Storage Temperature Tue —65 to +150 ‘C
Storage Temperature T..(Bias)* —55 to +125 'C.

* Under Bias
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BABSOLUTE MAXIMUM RATINGS (Ta=25C)

Item Symbol Rating Unit
Supply Voltage Vee to Vee +0.5 to —7.0 v
Input Voltage Via +0.5 to Vee v
Output Current L —30 mA
Storage Temperature T —65 to +150 ‘c
Storage Temperature Tuy(Bias)* —55 to +125 ‘c

* Under Bias

MELECTRICAL CHARACTERISTICS
®DC CHARACTERISTICS(Vez=—4.5V, R.=500 to —2.0V, Ta=0 to +85°C, air flow exceeding 2m/sec)

HM100480, HM100480F

Item Symbol Test Condition min(B) typ max(A) Unit
Vou —1025 —955 —880 mV
Output Voltage Vin=Viua or ViLs T
Vou —1810 | —1715 | —1620 mV
Output Threshold Voltage Yore Vie=Vins or Vira 10 - — i
Vore - — | —1610 mV
Input Voltage Vin Guaranteed Input Voltage —1165 - —880 mV
Vie High/Low for All Input —1810 — —1475 mV
Iy Via=Vina - - 220 KA
Input Current Cs 0.5 - 170
I Vie=ViLs - KA
Others —50 - -
Supply Current Ice All Inputs and Outputs Open —200 —165 - mA
®AC CHARACTERISTICS (Vee=—4.5VE£5%, Ta=0 to +85°C, air flow exceeding 2m/sec)
1. READ MODE
Item Symbol Test Conditién min typ max Unit
Chip Select Access Time tacs 2 - 10 ns
Chip Select Recovery Time tres 2 - 10 ns
Address Access Time taa 3 - 25 ns
2. WRITE MODE
Item Symbol Test Condition min typ max “Unit
Write Pulse Width tw twsa=5ns 25 - — ns
Data Setup Time twsp 5 - —_ ns
Data Hold Time twup 5 - — ns
Address Setup Time twsa tw=tw min . 5 - - ns
Address Hold Time twia 5 - - ns
Chip Select Setup Time twscs 5 — —_ ns
Chip Select Hold Time twics - - 5 ns
Write Disable Time tws - - 10 ns
Write Recovery Time twr - — 10 ns
397
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HM100480, HM100480F

3. RISE/FALL TIME

Item Symbol Test Condition min typ max Unit
Output Rise Time tr - 2 - ns
Output Fall Time ts - 2 - ns

4. CAPACITANCE

Item Symbel Test Condition min typ max Unit
Input Capacitance Cis - 3 - pF
Output Capacitance Cout - 5 — pF

B TEST CIRCUIT AND WAVEFORMS

1. LOADING CONDITION 2. INPUT PULSE
Test Circuit ~o8V
Vec(GND) 80%
I
=17V ) )
M.UT. D te=t;=2.0ns typ

Ct

R -Ce
; RL=50Q

CL=30pF (includes

0.01uF -2 probe and jig
# ; Ves 20V capacitance)

3. READ MODE

Address 50%

Dout 50%

4. WRITE MODE

cs 50N e 4

Address 50%% ——————————— - ———— X

s
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HM2504, HM2504-1

256-word X 1-bit Fully Decoded Random Access Memory
The HM2504 Series item is a TTL compatible, 256-word x 1-bit,

read/write random access memory developed for application to

buffer memories, control memories, high-speed main memories, etc.

This is a fully decoded, read/write random access memory perfectly

compatible with the TTL logic family, designed as an open collector

output type for simplicity of expansion.

® level ...................... TTL compatible

® Construction ................ 256-word x 1 bit

® Read access time.............. HM2504: 55ns (max)
HM2504-1: 45ns (max.)

Chip select access time ......... 30ns (max.)

Power consumption ........... 1.8mW/bit (typ)

Output .................... Open collector

(DG-16)

B TRUTH TABLE

Inputs OQutput
— P Open Mode
CS WE Din Collector
any one H X X H Not Selected
all L L L H Write “0”
all L L H H Write “1"
all L H X Dout* Read

Notes) X : Don't care
% 1 Read out inverted

M BLOCK DIAGRAM

16X 16

HPIN ARRANGEMENT

(Top View)

Memory
Cells .
Dout
&
Sense Amp @C__gz
and CSs
Write Drivers M ‘
Y Address
Deender
Din
A A A A
HMABSOLUTE MAXIMUM RATINGS
Item Symbol HM2504, HM2504-1 Unit
Supply Voltage . Vee —0.5 to +7.0 v
Input Voltage Vi —0.5 to +5.5 A%
Input Current Lin —12 to +5.0 mA
Output Voltage (Output High) Vou —0.5 to +5.5 \
Output Voltage (DC Output Low) Tou +20 mA
Storage Temperature Tue —65 to +150 °‘C
Storage Temperature Tos(Bias)* —55 to +125 °C
% Under Bias

O HITACHI
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HM2504, HM2504-1

B ELECTRICAL CHARACTERISTICS
®DC CHARACTERISTICS (Vece=5.0V 5%, Ta=0 to +75°C, air flow exceeding 2m/sec)

HM2504 Series

Item Symbol Test Condition Unit
min typ max
Output Voltage Vor Vcc=4.75V, IoL=16mA - 0.3 0.45 v
Vin Guaranteed Input Voltage High 2.0 1.6 - \'
Input Voltage
Vi Guaranteed Input Voltage Low -~ 1.5 0.85 v
v Vec=5.25V, Vin=4.5V - 0 20 KA
Input Current
In Vee=5.25V, V=0 - ~530 —800 KA
Output Leakage Current Tcex Vee=5.25V, Vou=4.5V - 0 | 50 MA
Input Clamp Voltage Vi Vee=5.25V, lin=—10mA - ~1.0 -1.5 \4
Sunly . Vec=5.25V 0< Ta<25°C - - 135 mA
upply Current cc X
All input GND Ta225°C - - 130 mA
®AC CHARACTERISTICS
(Vec=5.0V £5%, Ta=0 to +75°C, air flow exceeding 2m/s, see test circuit and waveforms)
1. READ MODE
HM2504 HM2504~1 -
Item Symbol Test Condition N N Unit
min typ max min typ max
Chip Select Access Time tacs —_— 12 30 s 12 30 ns
Chip Select Recovery Time tres - 18 25 - 18 25 ns
Address Access Time tan —_ 35 55 - 30 45 ns
2. WRITE MODE
HM2504 HM2504-1
Item Symbol Test Conditi Unit
min typ max min typ max
Write Pulse Width tw twsa=0Ons 30 8 - 30 8 - ns
Data Setup Time twso 0 0 - 0 0 — ns
Data Hold Time twio 5 0 - 5 0 - ns
Address Setup Time twsa tw=230ns 0 0 - 0 0 -— ns
Address Hold Time twha 5 0 - 5 0 - ns
Chip Select Setup Time twscs 0 0 -— 0 0 - ns
Chip Select Hold Time twics 5 0 - 5 0 - ns
Write Disable Time tws - 14 35 - 14 35 ns
Write Recovery Time twr - 12 40 - 12 40 ns
3. CAPACITANCE
HM2504 HM2504-1
Item Symbol Test Condition Unit
min typ max min typ max
Input Capacitance Cin - 3 5 - 3 5 pF
Output Capacitance Cout - 6 8 - 6 8 pF
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HM2504, HM2504-1

B TEST CIRCUIT AND WAVEFORMS

1. LOADING CONDITION 2. INPUT PULSE

Vee 90%
Vee X 3.5Vpp
I 3 3000 10%

Dout o
16 6 To Tons
n
HM2504 8000 ¢, " *
or ==30pF
HM2504-1
8
1&‘

Note:Cr includes jig and stray capacitance

3. READ MODE

A s ¥

Dout

—tacs [t re's p————taa

(All time measurements refer to 1.5V)

4. WRITE MODE

= Y X

Din

—_ tw
WE I-! w;é( ﬁéwnu.] { WhA——]

P——t wsa L WHeS =]

Pt wscs————=

Dout

=t ws fo——t WR

(All time measurements refer to 1.5V)
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HM2504, HM2504-1

INPUT CHARACTERISTICS OUTPUT CHARACTERISTICS
0.5 Tn'w‘!:sc 7 30
0 - ,W 2
F /
3 o-os Eoa
% -10 E s Ta=100¢
R 3 /3
3 Ta=1007C . /i k
£ 1.5 % 2 e
-3
=20 5 /
' / Output Low Level
-25 1 1
255 r 3 1 0 0 0z 03 04 05 06
Input Voltage Via (V) Output Voltage Vew (V)
SUPPLY CURRENT vs. ADDRESS ACCESS TIME vs.
AMBIENT TEMPERATURE AMBIENT TEMPERATURE
120 0
P~
100, —~—_] R )
- — z
W < 50 HM2504 /]
E N HM2504- 7
& ¥ 2504- 1 ~
P e z b L /
B S L —1
:: “ Vor =5.25V i woe—T"_ ~
2 All Input Low Level H I
2
20| 20
0 1 10
=20 20 a0 60 80 100 =20 x 0 [ R0 100
Ambient Temperature Ta (°C) Ambient Temperature Ta ('C)
SUPPLY CURRENT vs.
SUPPLY VOLTAGE
120
100
T ow '/
/
0 6

Supply Voltage Vec (V)
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HM2510, HM2510-1,

HM2510-2

1024-word X 1-bit Fully Decoded Random Access Memory
The HM2510 Series item is a 1024-word x 1-bit read/write random

access memory developed for application to buffer memories,
control memories, high-speed main memories, etc. It is a fully
decoded, read write, random access memory perfectly compatible
with TTL logic families, designed as an open collector output type

for simplcity of expansion.

® Level
°
°

.....

Chip select access time

...........

-----------

.........

TTL compatible
1024-word x 1 bit
HM2510: 70ns (max.)
HM2510-1: 45ns (max)
HM2510-2: 35ns (max.)
HM2510: 40ns (max.)
HM2510-1: 30ns (max.)
HM2510-2: 26ns (max.)

(DG-16A)

® Power consumption ........... 0.5mW/bit B PIN ARRANGEMENT
® Output ....coivviiiinnnnnnns Open collector
cs . Vee
W o
M TRUTH TABLE
a [ [13]
Inputs
— — Output Mode Ay |5 12 As
cs WE Din [ B
H x x H Not Selected a [e] [u] &
L L L H Write “0” Dout E E A
L L H H Write “1” GND | 8 9l As
L H X Dout* Read
Notes) X : Don't care (Top View)
* . Read out non-inverted
HBLOCK DIAGRAM
. axs2
E § emory
c& Cell _{l_\ Dout
Sens‘e Amp o IL ) Cs
Write Drivers| M
Y Address
Decoder
Din
As As A7As As
G HITACHI
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HM2510, HM2510-1, HM2510-2

B ABSOLUTE MAXIMUM RATINGS

Itém Symbol HM2510 Series Unit
Supply Voltage Vee —0.5 to +7.0 A
Input Voltage Vi —0.5 to +5.5 v
Input Current Iin —12 to +5.0 mA
Output Voltage (Output High) Vou —0.5 to +5.5 \"
Output Voltage (DC Output Low) Tow +20 mA
Storage Temperature Toe —65 to +150 °C
Storage Temperature Tae(Bias)* —55 to +125 °C

* Under Bias

B ELECTRICAL CHARACTERISTICS

®DC CHARACTERISTICS (Vcc=5.0V 5%, Ta=0 to +75C,

air flow exceeding 2m/sec)

Item Symbol Test Condition - HM2510 Series Unit
min typ max
Output Voltage Vor Vee=4.75V, lor=16mA - 0.3 0.45 \Y%
Vis Guaranteed Input Voltage High 2.1 1.6 - A
Input Voltage
Vie Guaranteed Input Voltage Low - 1.5 0.80 A
L Vee=5.25V, V..=4.5V — 0 40 KA
Input Current Lz Vee=5.25V, V.=5.25V - 0 1.0 mA
I Vee=5.25V, V..=0.4V — —250 —400 KA
Output Leakage Current Icex Vee=5.25V, Vou=4.5V - 0 100 HA
Input Clamp Voltage Vi Vee=5.25V, l..=—10mA - -1.1 —-1.5 A
Supply Current Icc Vee=5.25V 0< Ta<25¢ - — 15 mA
All input GND Ta225C - 95 130 mA
®AC CHARACTERISTICS (Vcc=5.0V 5%, Ta=0 to +75°C, air flow exceeding 2m/sec)
1. READ MODE
HM2510 HM2510-1 HM2510-2
Item Symbol Test Condition Unit
min typ | max | min typ max | min typ max
Chip Select Access Time tacs - 15 40 - — 30 — 15 25 ns
Chip Select Recovery Time tres - 25 40 — - 30 - 17 25 ns
Address Access Time tan - 40 70 - 35 45 - 25 35 ns
2. WRITE MODE
Item Symbol Test Condition HM2510 HM2510-1 HM2510-2 Unit
min | typ | max | min | typ | max | min | typ | max
Write Pulse Width tw twsa=min 50 10 - 35 10 - 25 10 - ns
Data Setup Time twsp 5 0 - 5 - - 5 0 - ns
Data Hold Time twip 5 0 - 5 - - 5 0 - ns
Address Setup Time twsa tw=min 15 [1} - 5 - - 5 0 — ns
Address Hold Time twha 5 0 - 5 - - 5 0 - ns
Chip Select Setup Time twscs 5 0 - 5 - - 5 0 - ns
Chip Select Hold Timé twics 5 0 - 5 - - 5 0 — ns
Write Disable Time tws - 20 40 - 20 35 - 15 25 ns
‘Write Recovery Time twr - 30 55 - 30 45 - 15 25 ns
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3. CAPACITANCE

HM2510, HM2510-1, HM2510-2

HM2510 Series
Item Symbol Test Condition - Unit
min typ max
Input Capacitance Cin - 3 5 pF
Output Capacitance Cout - 6 8 pF

M TEST CIRCUIT AND WAVEFORMS
1. LOADING CONDITION

2. INPUT PULSE

Vee
90%
Vee
3.5Vp,
3000 PP
10%
ov
16 7 Dout o
HM2510 o (o} 10ns 10ns
§ == 30pF
8
b ad
3. READ MODE
& \ / A=Ay
R 7 Address
Dout
Dout
tReS
fo==t 40y p———tus
(All time measurements refer to 1.5V)
4. WRITE MODE

Ao~ Ay

ADDRESS }(

X

Din )(
'
w
WE !wso\_t {l WHD
\ [t wyp—d
twsa twhes——
ot (" e
Dout
tws
f—t WR

(All time measurements refer to 1.5V)
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HM2510, HM2510-1, HM2510-2

INPUT CHARACTERISTICS OUTPUT CHARACTERISTICS
05 Tam TNC——T %
=5
- 30—
0 25
= ;/J 3 Ta=100°C /
E -5 ~ 2 2
§ -0 Ta=100°C g 15 - 7
5 25 'é /
£ -1 =30 R ] /
Vee =5.00V
=20 5 / (;l:tpul Low Level |
Ver =5,00V / / I |
-2 I /
-2 2 4 6 8 10 0 o1 0.2 0.3 0.4 0.5 0.6
Input Voltage Vin (V) Output Voltage Veu (V)
SUPPLY CURRENT vs. ADDRESS ACCESS TIME vs.
AMBIENT TEMPERATURE AMBIENT TEMPERATURE
120 m
[ — 70
100 ——] °
— z
B \\ 3
T w0 2 HM2310
s £y
- g 1M 251041 |~
§ 60 8
:.:’ 2 HM2510.2 )
! FIENE
'—E 40 5‘5 — |
3 30
Vet =525V "]
20 All Input GND ™ 2
=20 " t 40 L X0 0
0 Ambient Temperature Ta ('C)
=20 [3} 20 40 60 80 100
Ambient Temperature Ta ('C)
SUPPLY CURRENT vs.
SUPPLY VOLTAGE
120
100 /
I ow //
Pw /4
-;:. m Y,
& /
20 /
Z
0 4 6

Supply Voltage Vee (V)
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HM2511, HM2511-1

1024-word X 1-bit Fully Decoded Random Access Memory

The HM2511 Series item is a 1024-word x 1-bit read/write random
access memory with three-state output developed for application to
buffer memories, control memories, high-speed main memories, etc.
It is a fully decoded, read/write, random access memory perfectly
compatible with TTL logic families.

® level ................ e TTL compatible
® Construction ................ 1024-word x 1 bit
® Read accesstime ............. HM2511: 70ns (max)
HM2511-1: 45ns (max)
® Chip select access time ..... .... HM2511: 40ns (max)
HM2511-1: 30ns (max)
® Power consumption .......... . 0.5mW/bit
® Output ............0.... . ... three-state
B TRUTH TABLE
Input
— — Output Mode
CS WE Din
H X X High Z Not Selected
L L L High 2 Write “0”
L L H High 2 Write “1”
L H X Dout* Read

Notes) X : Don’t care
* : Read out noninverted

M BLOCK DIAGRAM

2x32
Memory Cell

HABSOLUTE MAXIMUM RATINGS

1DG-16A)

Dout

Item Symbol HM2511 Series Unit
Supply Voltage Vee —0.5 to +7.0 v
Input Voltage Vi —0.5 to +5.5 \'
Input Current L —-12 to +5.0 mA
Output Voltage (Output High) Vou ~0.5 to +5.5 v
Output Voltage (DC Output Low) Tow +20 mA
Storage Temperature T —~65 to +150 °C
Storage Temperature Tue(Bias)* —55 to +125 °C

* Under Bias

G HITACHI
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WG
v

MPIN ARRANGEMENT
——
[16]

16| Vec
_l_j] Din
14] WE
13] A
E As
ol
[10] &

op

(Top View)




HM2511, HM2511-1

HMELECTRICAL CHARACTERISTICS

®DC CHARACTERISTICS (Vcc=5.0V £5%, Ta=0 to +75°C, air flow

exceeding 2m/sec)

HM2511 Series

Item Symbol Test Condition - Unit
min typ max
Output Low Voltage Vou Vee=4.75V, ToL=16mA — 0.3 0.45
Vin Guaranteed Input Voltage High 2.1 1.6 - v
Input Voltage
Ve Guaranteed Input Voltage Low — 1.5 0.8
Lim Vee=5.25V, Vi,=4.5V — 0 40 KA
Input Current Iine Vee=5.25V, V.,=5.25V - 0 1.0 mA
I Vee=5.25V, V..=0.4V - ~250 —400 HA
Torri Vee=5.25V, Vou=2.4V - — 50 MA
Output Current (High Z)
ITorr2 Vee=5.25V, Vour=0.5V ) - - —50 KA
Output Current Short Circuit to Ground Ios Vcc=5.25V, - - —100 mA
Output High Voltage Vou Ton=—10.3mA, Vcc=5.0V 5% 2.4 - - v
Input Clamp Voltage Vi Vee=5.25V, [..=—10mA - -1.0 —-1.5 \Y%
Vee=5.25V 0= Ta<25C - - 155 mA
Supply Current Icc i
All input GND Ta=225C - 95 130 mA
®AC CHARACTERISTICS (Vcc=5.0V £5%, Ta=0 to +75°C, air flow exceeding 2m/sec)
1. READ MODE
HM2511 HM2511-1
Item Symbol Test Condition - Unit
min typ max min typ max
Chip Select Access Time tacs — 15 40 - — 30 ns
Chip Select to High Z tzacs — | 20| a0 | — | = | 3 ns
Address Access Time tan - 40 70 - 35 45 ns
2. WRITE MODE
HM2511 HM2511-1
Item Symbol Test Condition Unit
min typ max min typ max
Write Pulse Width tw twsa=min 50 25 — 35 " 10 — ns
Data Setup Time twsp 5 0 — 5 — - ns
Data Hold Time twnp 5 0 - 5 - — ns
Address Setup Time twsa tw=min 15 0 - 5 - - ns
Address Hold Time twha 5 0 - 5 — - ns
Chip Select Setup Time twscs 5 0 - 5 — — ns
Chip Select Hold Time twics 5 0 - 5 - - ns
Write Disable to High Z tzws - 20 40 - 20 35 ns
Write Recovery Time twr — 42 55 - 30 45 ns
3. CAPACITANCE
. HM2511 Series
Item Symbol Test. Condition Unit
min typ max
Input Capacitance Cin - 3 5 pF
Output Capacitance Cout - 9 1 pF
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HM2511, HM2511-1

B TEST CIRCUIT AND WAVEFORMS

1. LOADING CONDITION 2. INPUT PULSE
Vee -
Dout g3000 Dout 3.5Vpp
HM2511 so:é 50oF Wt | 3 S o l ] r.vn
g l.l;s Ons
Load A Load B

3. READ MODE

Ao+ Ag
Address
1

& l}
1
|
i '
: X
Dout \ |
Load B HICH 2 . o tap el
(All time measurements refer to 1.5V)
4. WRITE MODE

TN

twso “I\ y,
Fo——tus &
Load A High Z
S
Load B
g 2 -

(All time measurements refer to 1.5V)

5. WRITE ENABLE TO HIGH Z DELAY

HM2511 S T5F
1500
+
Load C
6. PROPAGATION DELAY FROM Cs 15V (All tzxxx parameters are measured
CHIP SELECT TO HIGH Z incs—d at a delta of 0.5V from the logic level
/‘———m‘—hi and using load C)

Dout "0 Level A —losv
“1" Level — o5y

Dout R hen z

O HITACHI 409
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B PROGRAMMING INFORMATION

Hitachi's sophisticated Fine Emitter technology and programminy
pulse method enables higher programmability and faster program-
ming time ordinary PROMs, for the highest reliability.

Fast programming time of typically 7.5us/bit is achieved with a fine
emitter cell which requires less programming energy; thus, negligible
thermal stress. Further, Hitachi advanced technology allows very
high programmability.

To assure that the element is programmed properly an additional
four programming pulses are applied immediately after a sense pulse
indicates conduction in the programmed (one programming pulse

The device is manufactured with outputs low (positive logic ““zero’’)
|n all storage cells. To make an outmt hlgh at a particular eell a
must be ch d fromab g state to a i g
state This procedure is called programming.
A logic “one” can be permanently programmed into a selected bit
location. The desired bit for programming is selected using ten
address inputs to turn on transistors Q1 and Q2. By taking either (or
both) chip enable inputs high, the chip is disabled and transistor Q3
is held off. Then, a train of programming pulses applied to the
desiréd output flows through the junction into transistor Q1. This

Series) bit. This high reliability feature virtually elimi I
migration in the programmed cell.

One extra row and one extra column of test cells, plus additional
circuitry built into the PROM chip, allow improved factory testing
of DC, AC and programming characteristics. These test cells and test
circuitry provide enhanced correlation between programmed and
unprogrammed circuits in order to guarantee high programmability
and eliability.

PROGRAMMED CELL (CROSS SECTION)

Aluminum

e
[]
[/

N* Buried Layer J

P Substrate

/ P(Base)

N(Emtter)

prog current ch the j to the ducting state.
The pulse train is stopped as soon as the sensed voltage indicates that
the selected bit is in the logic in state.

An additional 4 programming pulses (1 programming pulse: S-series)
are required to ensure that the bit is fully programmed, and to
achieve high reliability. One output must be programmed at a time,
since the internal decording circuit is of sinking only one
unit of programming current at time.

INTERNAL PROGRAMMING CIRCUIT

Y-addresses

1
Memory Cell !
]
|
:

N-addresses

—O
Qutput

Y-addresses '

Chip Enabley
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'BHITACHI PROMS AND PROGRAMMING CURRENT

Memory Size | Organization Output N-Series S-Series
o.C. HN25044 (50ns max) -
4k 1kx 4
) 3s HN25045 (50ns max) -
21; . o.C. HN25084  (60ns max) HN25084S(50ns max)
X
3s HN25085 (60ns max) HN25085S(50ns max)

HN25088 (60ns max)

8k o.C. HN25088S(50ns max)
HN25088L.(100ns max)
1kx8
HN25089 (60ns max)
3s HN25089S(50ns max)
HN25089L.(100ns max)
0.C. - HN25168S(60ns max)
16k 2kx 8
3s - HN25169S(60ns max)
Programming Current 130mA(typ) 90mA(typ)

Note) 0.C. : Open Collector Output
3S : Three State Output

Hitachi's PROM has two families in accordance with the program
specifications. They are usually discriminated by the suffix of the
model name. For the S-series PROM, the production technique
established for the N-series PROM is further improved to attain very
small memory cell area and chip area as well as high performance.

G HITACHI
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HN25044,HN25045

1024-word X 4-bit Programmable Read Only Memory
The HITACHI HN25044 and HN25045 are high speed electrically
programmable, fully decoded TTL Bipolar 4096 bit read only
memories organized at 1024 words by 4 bits with on-chip address
decoding and two chip enable inputs, The HN25044 and HN25045
are fabricated with logic level “zeros” (low); logic level "ones’
(high) can be electrically programmed in the selected bit locations.
The same address inputs are used for both programming and reading.

B FEATURES
1024 words x 4 bits organization (fully decoded)

TTL Compatible inputs and outputs

Fast read access time; 30 ns typ. (60 ns max.)

Medium power consumption; 500 mW typ.

Two Chip enable inputs for memory expansion

Open collector outputs (HN25044)/Three-state outputs
(HN25045)

® Standard cerdip 18-pin package

HBLOCK DIAGRAM

Multiplexer Output Buffer  jrmemm® O)
4096 Bit M
(a0 LTI
% Multiplexer Output Buffer  |eed—0O 0
h—:l =
Memory Cel HUI
Array '.. Multiplexer l—d  Output Buffer }e—ed=O O3
|
[T
'.. Multiplexer Output Buffer L0 O
J.______
Word Decoder Address
Chip Enable
Address Buffer Buffer
A A A A A A A A A A T TR

B ABSOLUTE MAXIMUM RATINGS (Ta=25C)

Item Symbol Rating Unit
Supply Voltage Vee —0.5 to +7.0 v
Input Voltage Vin —0.5 to +5.5 \%
Output Voltage R -0.5 to +5.5 v
Output Current Tou 50 mA
Operating Temperature Topr —25 to +75 °‘C
Storage Temperature Tots —65 to +150 °C

414 4 G rHiTACHI
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HPIN ARRANGEMENT

A.E ~ EVCC
s [2] 7] &
~E EA.
N (5] A
3] [ o
a5 i3] o

a[7] 2] &

&[] 1] o

ann 7] [10] <&

(Top View)




HN25044, HN25045

B DC CHARACTERISTICS (Vcc=4.75 to 5.25V, Ta=0 to +757C)
HN25044 HN25045
Item Symbol - Test Condition - Unit
min typ max min typ max
I Vol Viu 2.0 - -1 2.0 - - )\
t t:
npdt, Toltage Vic — [ =1 o8] =] = o8| v
Vou Tor=—2mA - - —| 2.4 - - \%
Output Voltage
Vo oL =16mA - — | 0.45 - — | 0.45 A
In Vin=2.7V - - 0 — - 40| wuA
Input Current
I Vie=0.4V - — | —0.4 - — | —0.4| mA
Vour=5.5V - el 100 - - 100
Output Leakage Current Towx KA
Vour=0.4V - - 40 - - 40
Input Clamp Voltage Vi Tin=—18mA - - | —-1.2 - — | —12
Power Supply Current Ice Input Either Open or at Ground — 100 130 - 100 130 [ mA
Output Short-circuit Current Tos Vou=0V - - - 15 30 60| mA
Input Capacitance Can Vin=2V, Vcc=0V - 5 10 - 5 10 pF
Output Capacitance Cou Vour=0V, Vce=0V - 7 12 — 7 12| pF

Notes: 1. Typ. value is at Vcc=5.0 V and
=25°C

Ta

Output disable time is the time
taken for the output to reach a
high tesistance state when either
chip enable is taken high. Out-
put enable time is the time
taken for the output to become
active when both chip enables
are taken low. The high resist-
ance state is defined as a point
on the output waveform equal
to a AV of 0.5 V from the
active output level.

B AC CHARACTERISTICS (Vcc=4.75 to 5.25V, Ta=0 to 75°C) 5
Item Symbol min typ max Unit ’
Address Access Time " taa - 35 50 ns
Chip Enable Access Time tace - 20 30 ns
Chip Enable Disable Time toce - 20 30 ns
HSWITCHING WAVEFORMS
Chip Enable
Address t N Input
Input 7 15V 1.5V ‘
b 4 4 tAA
Output 15V 15¥: Output
or or
Output Output
B SWITCHING TIME TEST CONDITIONS
SWITCHING HN25044 HN25045
Ve PARAMETER R R: C. R: R: C.
tan 3000 | 6000 | 30pF | 30002 | 6000 | 30pF
R tace “1” - — — o | 6000 | 10pF
tace “0” 3000 | 600Q | 10pF | 300Q | 6000 | 10pF
. R toce “1” - - - o | 6000 | 30pF
I toce 0" 3000 | 60002 | 30pF | 30002 | 6000 | 30pF

INPUT CONDITIONS
Amplitude - OV to 3V
Rise and Fall time - Sns from 1V to 2V
Frequency - IMHz

® HITACHI
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HN25044, HN25045

Il PROGRAMMING SPECIFICATION

Characteristic Limit Unit Notes
Ambient Temperature 25+5 °C
Programming Pulse
Amplitude 130+5% mA
Clamp Voltage 204+0% —2% A
Ramp Rate 70max V/us
Pulse Width 7.5+5% us 10V point/150Q load
Duty Cycle 70% min
Sense Current
Amplitude 2010.5 mA
Clamp Voltage 20+0% —2% v
Ramp Rate 70max V/pus 10V point /1500 load
Sense current interruption before and after address change 10min us
Programming Vce 5.0+5% 0% v
Maximum Sensed Voltage for programmed “1” 7.5+0.1 \
Delay from trailing edge of programming pulse before sensing 0.7min us
output voltage
Programming Time Allocation/Bit 100max ms
Additional Programming Pulse Number 4 Time

B TYPICAL WAVEFORMS

Vee

Sense Pulse
75V REF.

Sense Strobe

Additional Pulse Train
A

416 G HiTacH




HN25044, HN25045

B TYPICAL DC CHARACTERISTICS

INPUT CURRENT vs.
INPUT VOLTAGE

Input Current Iiv (mA)

Out put Hight Current los (mA)

OUTPUT LOW CURRENT vs.

OUTPUT LOW VOLTAGE
100

80

» -

Vee=5.0V

60

-

N\

\\\\ Vec=4.5V
N .Iov
N sy

5.
5.5

40 /

Output Low Current lov (mA)

L1

-1

0 1

Input Voltage Vin (V)

QUTPUT HIGH CURRENT vs.
OUTPUT HIGH VOLTAGE
(HN25045)

2 0 200 400 600
Output Low Voltage Vo (mV)

r

A\

A

= Vec=4.5V
/Q |
5.0V

T
5.5V

0 1 2 3 4

Output High Voltage Vou (V)

B TYPICAL AC CHARACTERISTICS

ACCESS TIME vs.
AMBIENT TEMPERATURE

Access Time taa (ns)

ACCESS TIME vs.
AMBIENT TEMPERATURE

(HN25044) (HN25045)
50 0
w __ Vec=45V 0
/ l Vee=4.5V
I
5.0V
2 5.0V
30 L/ £ 3 Y.V
3
&
£
20 . 20 \\
5V g N
5 & 55V
10 10
0 0
~25 0 +50 +100 -25 0 +50 +100

Ambient Temperature, Ta (°C)

Ambient Temperature Ta ('C)
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HN25044, HN25045

Disable Time toce (ns)

Enable Time tace (ns)

Delay Time Increase (ns)

418

DISABLE TIME vs.
AMBIENT TEMPERATURE

(HN25044)

20

Vee =4.5V
ya

—

s
=

N
\

\5.0V

5.5V

HN25044

0
=25 0

+50

Ambient Temperature Ta (C)

ENABLE TIME vs.
AMBIENT TEMPERATURE

(HN25044)

+100

Vee=4.5V

\

N

40

30

\ 5.5V

|

+50

Ambient Temperature Ta ('C) -

DELAY TIME INCREASE vs.
LOAD CAPACITANCE

(HN25044)

+100

Add to Access
Delay taa

Add to
toce"0 " Delay

S /
%//
0

0

100 200

Load Capacitance C. (pF)

@ HITACHI

300

Disable Time toce (ns)

Enable Time tace (ns)

Delay Time Increase (ns)

DISABLE TIME vs.
AMBIENT TEMPERATURE

(HN25045)

25,

Vec=4.5V

=

\

5.0V
5.5V

=]

HN25045

ST

+50

Ambient Temperature Ta (C)

ENABLE TIME vs.
AMBIENT TEMPERATURE

(HN25045)

T+

00

20

Vee=4.5V

Y

5.5V

l

+50

Ambient Temperature Ta ('C)

DELAY TIME INCREASE vs.
LOAD CAPACITANCE

(HN25045)

+100

30

Add to tace
Delay

| N
T

20
Add to

Access Delay taa

T —

L ==

0

100

200

Load Capacitance Ci. (pF)

300



HN25084, HN25085

2048-word X 4-bit Programmable Read Only Memories
The HITACHI HN25084 and HN25085 are high speed electrically

programmable, fully decoded TTL Bipolar 8192 bit read only
memories organized as 2048 word by 4 bit with on-chip address
decoding and one chip enable input. The HN25084 and HN25085
are fabricated with logic level “zeros” (low); logic level “ones”
(high) can be electrically programmed in the selected bit locations.
The same address inputs are used for both programming and reading.

B FEATURES

® 2048 word x 4 bit organization (fully decoded)

® TTL compatible inputs and outputs ‘

® Fast read access time: 40 ns typ. (60 ns max) (DG-18)

® Medium power consumption: 550 mW typ.

® One chip enable input for memory expansion EPIN ARRANGEMENT

® Open collector outputs (HN25084)/Three-state outputs —_
(HN25085) ME EVcc

® Standard cerdip 18-pin dual in-line package "’E Em

.OPERATIQN ME EA.

® Programming

A logic one can be permanently programmed into a selected bit “’f_“__ EA’

location by using programming equipment. First, the desired word is ME T_4'|o.

selected by the ten address inputs in TTL level. The device is "‘[Z 7_5',01

disabled by bringing CE to a logic “one”. Then a train of high "’[_7__ EO’

current programming pulses is applied to the desired output. After

the sensed voltage indicates that the selected bit is in the logic “one” a8 EIO‘

state, an additional pulse train is applied, then is stopped. ano[9] EEE

® Reading

To read the memory the device is enabled by bringing CE to a logic (Top View)

“zero”’. The outputs then correspond to the data programmed in the
selected word.

BLOGIC DIAGRAM

Ao
AlO—
A0 8192 Bit

O Address | { 11128 L | (128 64)
As Buffer Decode
Avo——] Memory Cell Array
As O——f
A1eO—

I I T

AsO0———

o 1:16 1:16 1:16 1:16
A Adaress Multiplexer { | Multpleser | | Multpleser | | Muliplexer
Aio——

Avo—| [ | l
Output Output Output Output
Buffer Buffer Buffer | | Buffer
=0 Chip Jll| JEl| 171
CE Enable l g l
[} 02 0 04

@ HITACHI
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HN25084, HN25085

M ABSOLUTE MAXIMUM RATINGS

Item Symbol Rating Unit
Supply Vpltage Vee —0.5 to +7.0 v
Input Voltage Via —0.5 to +5.5 A\
Output Voltage Vout —0.5 to +5.5 v
Output Current Tow 50 mA
Operating Temperature Tose —25 to +75 °C
Storage Temperature Tas —65 to +150 °C

WM DC CHARACTERISTICS (Vcc

=4.75 to 5.25V,

Ta=0 to 75°C)

Characteristic Symbol Test Conditions min typ max Unit
Input High Voltage Vin 2.0 - - A
Input Low Voltage Vi - - 0.8 \'
Input High Current Lin Vi=2.7V - - 40 KA
Input Low Current —In Vi=0.4V - - 0.40 mA
Output Low Voltage Voo Io,=16mA — - 0.45
Output Leakage Current Tovk Vo=5.25V - - 100 HA
Output Leakage Current Tork: Vo=0.4V — - 40 HA
Input Clamp Voltage Vi Ii=—18mA -_ -— -1.2 \'
Power Supply Current Icc Inputs Either Open or at Ground - 110 150 mA
Output High Voltage* Vou To=—2mA 2.4 - - \Y%
Output Short Circuit Current*| —Jos Vo=0V 15 - 60 mA
* Note: Applicable to HN25089 only.

BWAC CHARACTERISTICS (Vcc=4.75 to 5.25V, Ta=0 to 75°C)

Characteristic Symbol Test Conditions min typ max Unit
Address Access Time taa - 40 60 ns
Chip Enable Access Time tace - 25 35 ns
Chip Enable Disable Time toce - 25 35 ns

Note) 1. Output Load: See Test Circuit .
2. Measurement Reference: 1.5V for both inputs and outputs.

E SWITCHING WAVEFORMS

Address 15V
Input 7
fo—taa
Output
or
Output
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B SWITCHING TIME TEST CONDITIONS

HN25084, HN25085

SWITCHING HN25084 HN25085
Ve PARAMETER R R: C. R R: C.
taa 3000 | 6000 | 30pF | 3000 | 6000 | 30pF
Ri
tace “17 - - - c | 600Q | 10pF
tace “0” 3000 | 6000 | 10pF | 3000 | 6000 | 10pF
y R
* I ' toce “1” — | =1 =1 o] eoal spF
toce “0” 3000 | 6000 | 30pF | 3000 | 600Q | 30pF
INPUT CONDITIONS
Amplitude -0V to 3V
Rise and Fall time—>5ns from 1V to 2V
Frequency — 1MHz
WM PROGRAMMING SPECIFICATION
Characteristic Limit Unit Notes
Ambient Temperature 255 °C
Programming Pulse
Amplitude 130+5% mA
Clamp Voltage 20+2% v
Ramp Rate T0max V/us
Pulse Width 7.5+5% us 10V point/150Q load
Duty Cycle 70% min
Sense Current
Amplitude 20+0.5 mA
Clamp Voltage 20+2% v
Ramp Rate T0max V/us
Sense Current Interruption before and after address change 10min us
Programming Vce 5.0+5% —0%
Maximum Sensed Voltage for programmed “1” 7.51+0.1 A
Delay from trailing edge of programming pulse before sensing 0.7min us
output voltage
Programming Pulse Number 100max ms
Additional Programming Pulse Number 4 Time

ETYPICAL WAVEFORMS

Vee /

Ao Vin

i
A Vit
Vin

Vi

Programming Pulse

Additional Pulse Train
A

Sense Pulse
7.5V REF. L

Sense Strobe

O HITACHI
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HN25084S, HN25085S

2048-word X 4-bit Programmable Read Only Memories
The HITACHI HN25084S and HN25085S are high speed electrically

programmable, fully decoded TTL Bipolar 8192 bit read only
memories organized as 2048 words by 4 bits with on-chip address
decoding and one chip enable input. The HN25084S and HN25085S
are fabricated with logic level “zeros” (low); logic level “ones”
(high) can be electrically programmed in the selected bit locations.
The same address inputs are used for both programming and reading.
B FEATURES

® 2048 words x 4 bits organization (fully decoded)

® TTL compatible inputs and outputs
® Fastread access time: 25 ns typ. (50 ns max)
® Medium power consumption: 550 mW typ.
® One chip enable input for memory expansion (DG-18)
® Open collector outputs (HN25084S)/Three-state outputs

(HN25085S) W PIN ARRANGEMENT
® Standard cerdip 18-pin dual in-line package S
W OPERATION 1] MES
® Programming ) (2] mg
A logic one can be permanently programmed into a selected bit : *‘E‘.—. B"
location by using programming equipment. First, the desired word is ) . ’
selected by the ten address inputs in TTL level. The device is -"E EM
disabled by bringing CE to a logic ““one”. Then a train of high W] E]n,
current programming pulses is applied to the desired output. After -*'E E“‘
the sensed voltage indicates that the selected bit is in the logic ‘‘one’’ :
state, an additional pulse train is applied, then is stopped. (7] . [z
® Reading an¥] mg
To read the memory the device is enabled by bringing CE to a logic ols e
“zero’’. The outputs then correspond to the data programmed in the i .
selected word. (Top View)

HMLOGIC DIAGRAM
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HABSOLUTE MAXIMUM RATINGS

Item Symbol Rating Unit
Supply Voltage Vee —0.5 to +7.0 \'
Input Voltage Vi —0.5 to +5.5 v
Output Voltage Vout —0.5 to +5.5 \'
Output Current Tow 50 mA
Operating Temperature’ Topr —25 to +75 °C
Storage Temperature Tote —65 to +150 °C

B DC CHARACTERISTICS (Vcc=

.75 to 5.25V, Ta=0 to 75°C)

HN25084S, HN25085S

Characteristic Symbol Test Conditions min typ max Unit
Input High Voltage Vin 2.0 — - \'
Input Low Voltage Vio — — 0.8 \Y%
Input High Current Iin V:i=2.7V — — 40 KA
Input Low Current —In Vi=0.4V — — 0.40 mA
Output Low Voltage Vou Io=16mA — — 0.45 A
Output Leakage Current Tovks Vo=5.25V - - 100 HA
Output Leakage Current Tovke Vo=0.4V - — 40 HA
Input Clamp Voltage Vi Ii=—18mA — — -1.2 v
Power Supply Current Icc Inputs Either Open or at Ground — 110 160 mA
Output High Voltage* Vou To=—2mA 2.4 — —_ \'
Output Short Circuit Current* —Ios Vo=0V 15 — 60 mA
* Note: Applicable to HN25089 only.
B AC CHARACTERISTICS (Vcc=4.75 to 5.25V, Ta=0 to 75°C)
Characteristic Symbol Test Conditions min typ max Unit
Address Access Time taa - 25 50 ns
Chip Enable Access Time tace - 20 35 ns
Chip Enable Disable Time toce — 15 35 ns
Note) 1. Output Load: See Test Circuit.
2. Measurement Reference: 1.5V for both inputs and outputs.
B SWITCHING WAVEFORMS
z 15V . N . 1.5V 1.5V
Address 7 ; ChIPIEnnble ; L__
Input nput
— tas —] tas toce"l” — — tace"1”
Y Vo -0V 15V
15V L5V "
R h GND
Output Output
or o tpcE"0" —d tace"0”
Output Output
1.5V

Vo

O HITACHI

Vo +0.5V
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HN250848, HN25085$

B SWITCHING TIME TEST CONDITIONS

SWITCHING HN25084S HN25085S
Vee PARAMETER R\ R: C. R R: C.
taa 3000 | 6000 | 30pF | 3000 | 6000 | 30pF
R
tace “1" - - - « | 6000 | 10pF
tace “0” 3000 | 60003 | 10pF | 3000 | 6000 | 10pF
@ T . toce 1" —1 =] =1 o |eo0n|sF
toce “0” 3000 | 6000 | 30pF | 3000 | 6000 | 30pF
INPUT CONDITIONS
Amplitude —0V to 3V
Rise and Fall time-5ns from 1V to 2V
Frequency —~ IMHz
WPROGRAMMING SPECIFICATION
PARAMETER Symbol min typ max Unit Note
Ambient Temperature Te 20 25 30 °C
Programming Vec Vee 4.75 5.0 5.25 v
Prolgramming Pulse
Amplitude Iw 88 90 92 mA
Clamp Voltage Vw 19.0 19.5 20.0 \Y%
Ramp Rate 10 - 70 V/us
Pulse Width tow 7.1 7.5 7.9 us 9V point/2000 load
Duty Cycle 70 - - %
Sense Current
Amplitude Is 19 20 21 mA
Sense Voltage Vs 7.4 7.5 7.6 A%
Clamp Voltage 19.0 19.5 20.0 v
Ramp Rate 70 - - V/us
Address 'Setup Time tsa 10 - - s
Address Hold Time tha 10 - - us
Sense Setup Time tss 0.7 - - us
Sense Hold Time tus 0.7 - - s
Additional Programming Pulse 1 1 1 time
Programming Pulse Number per bit n -— - 10000 time
T

424
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HN25088, HN25089

1024-word X 8-bit Programmable Read Only Memories
The HITACHI HN25088 and HN25089 are high speed electrically
programmable, fully decoded TTL Bipolar 8192 bit read only
memories organized as 1024 words by 8 bits with on-chip address
decoding and four chip enable inputs. The HN25088 and HN25089
are fabricated with logic level “zeros” (low); logic level “‘ones”.
(high) can be electrically programmed in the selected bit locations.
The same address inputs are used for both programming and reading.

B FEATURES

1024 words x 8 bits organization (fully decoded)

TTL compatible inputs and outputs

Fast read access time: 40 ns (typ), 60 ns (max)

Medium power consumption: 600 mW typ.

Four chip enable inputs for memory expansion

Open collector outputs (HN25088)/Three-state outputs
(HN25089)

Standard cerdip 24-pin dual in-line package

W OPERATION

® Programming

A logic one can be permanently programmed into a selected bit
location by using programming equipment. First, the desired word is
selected by the ten address inputs in TTL level. The device is
disabled by bringing CET and/or CE2 to as logic “one” or CE3
and/or CE4 to a logic “zero”. Then a train of high current
programming pulses is applied to the desired output. After the
sensed voltage indicates that the selected bit is in the logic one state,
an additional pulse train is applied, then is stopped.

® Reading

To read the memory the device is enabled by bringing CET and CE2
to a logic ““zero”. CE3 and CE4 to a logic “one”. The outputs them
correspond to the data programmed in the selected word.

HLOGIC DIAGRAM

A0 0——
A) o——] Address 1:64 8192 Bit

Ao Buffer [—| Decode || (64 128"
A1o—|
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HEPIN ARRANGEMENT

n
o
S
o
i
NG
N0
:

GND {12

N\

23|
220 %
21| CE,

0] CE

[19] e
[1#] ce
3.
ofs
[15] o
1] o

13 04

(Top View)

425




HN25088, HN25089

M ABSOLUTE MAXIMUM RATINGS

Item Symbol Rating Unit
Supply Voltage Vee —0.5 to +7.0 v
Input Voltage Vi —0.5 to +5.5 v
Output Voltage Vou —0.5 to +5.5 v
Output Current Lo 50 mA
Operating Temperature Topr —25 to +75 °C
Storage Temperature T —65 to +150 °C

B DC CHARACTERISTICS (Vcc=4.75 to 5.25V, Ta=0 to +75C)

Characteristic Symbol Test Conditions min typ max Unit
Input High Voltage Vi 2.0 -_ - \'4
Input Low Voltage Vio - - 0.8 \Y%
Input High Current Iin Vi=2.7V - - 40 HA
Input Low Current —In Vi=0.4V — — 0.40 mA
Output Low Voltage Voo Io,=16mA - - 0.45 \'
Output Leakage Current Towk: Vo=5.25V - - 100 KA
Output Leakage Cu{'rent Torxz Vo=0.4V - — 40 KA
Input Clamp Voltage Vi I'=—18mA - - —-1.2 v
Power Supply Current Icc Inputs Either Open or at Ground - 120 160 mA
Output High Voltage* Vou Toy=—2mA 2.4 - - v
Output Short Circuit Current* —Ios Vo=0V 15 - 60 mA
* Note : Applicable to HN25089 only.
BMAC CHARACTERISTICS (Vcc=4.75 to 5.25V, Ta=0 to 75°C)
Characteristic | Symbol Test Conditions min typ max Unit
Address Access Time tan - 40 60 ns
Chip Enable Access Time tace - 20 35 ns
Chip Enable Disable Time toce - 20 35 ns
Note) 1. Output Load: See Test Circuit.
2. Measurement Reference: 1.5V for both inputs and outputs.
H SWITCHING WAVEFORMS
15V
paers — o —7 [ —
0] e — Cacet1"
i Vo-05V L5V
Output Output GND
(())rnlpul Ou:;ut toee"0” tace"0"
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HSWITCHING TIME TEST CONDITIONS

HN25088, HN25089

SWITCHING HN25088 HN25089
vee PARAMETER | R, R: C. R, R: C.
A tan 3000 | 6000 | 30pF | 3000 | 60002 | 30pF
3 .
tace “17 - - - o 600Q | 10pF
o .
l " tace “0” 3000 | 600Q | 10pF | 3000 | 6000 | 10pF
Co
I toce “1” - - - o | 6000 | 30pF
toce “0” 3000 | 6000 | 30pF | 30002 | 6000 | 30pF
INPUT CONDITIONS
Amplitude -0V to 3V
Rise and Fall time—5ns from 1V to 2V
Frequency — IMHz
M PROGRAMMING SPECIFICATION
Characteristic Limit Unit Notes
Ambient Temperature 2515 ‘C
Programming P ulse
Amplitude 130+5% mA
Clamp Voltage 20+2% \'
Ramp Rate 70max V/us
Pulse Width 7.5+5% us 10V point/150Q load
Duty Cycle 70% min
Sense Current
Amplitude 20+0.5 mA
Clamp Voltage 20+2% \'
Ramp Rate T0max V/ps
Sense Current Interruption before and after address change 10min Hs
Programming Vcc 5.0+5% —0% \'
Maximum Sensed Voltage for programmed “1” 7.5+0.1 v
Delay from trailing edge of programming pulse before sensing 0.7min us
output voltage
Programming Pulse Number 100max ms
Additional Programming Pulse Number 4 Time

Viu

Programming Pulse

Sense Pulse
7.5V REF.

Sense Strobe

Additional Pulse Train
A

10us

@ HITACHI
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HN25088S, HN25089S

1024-word X 8-bit Programmable Read Only Memories
The HITACHI HN25088S and HN25089S are high speed electrically

programmable, fully decoded TTL Bipolar 8192 bit-read only
memories organized as 1024 words by 8 bits with on-chip address
decoding and four chip enable inputs. The HN25088S and
HN25089S are fabricated with logic level “zeros” (low); logic level
“ones’’ (high) can be electrically programmed in the selected bit
locations. The same address inputs are used for both programming
and reading.

B FEATURES
® 1024 words x 8 bits organization (fully decoded)

® TTL compatible inputs and outputs
® Fast read access time: 25 ns typ. (50 ns max) . (DG-24)
® Medium power consumption: 600 mW typ,
® Four chip enable inputs for memory expansion B PIN ARRANGEMENT
® Open collector outputs (HN25088S)/Three-state outputs

(HN25089S) NnihE s
@ Standard cerdip 24-pin dual in-line package s 7] A

A‘E g‘ ‘o

W OPERATION o[ e
® Programming ““E — =
A logic one can be permanently programmed into a selected bit —
location by using programming equipment. First, the desired word is *[] R
selected by the ten address inputs in TTL level. The device is [T 1] ce
disabled by bringing CET and/or CEZ to as logic “one” or CE3 w7 ] o
and/or CE4 to a logic “zero”. Then a train of high current o[ D o
programming pulses is applied to the desired output. After the Nm E"‘
sensed voltage indicates that the selected bit is in the logic one state, “‘E ':’] o
an additional pulse train is applied, then is stopped.
Y Reading GND |12 1310y
To read the memory the device is enabled by bringing CET and CE2 (Top View)

to a logic ““zero”, CE3 and CE4 to a logic ““one’’. The outputs then
correspond to the data programmed in the selected word.

ELOGIC DIAGRAM
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M ABSOLUTE MAXIMUM RATINGS

Item Symbol Rating Unit -
Supply Voltage Vee —0.5 to +7.0 \%
Input Voltage Via —0.5 to +5.5 \'
Output Voltage Vou —0.5 to +5.5 v
Output Current Tow 50 mA
Operating Temperature Topr —25 to +75 °‘C
Storage Temperature Tue —65 to +150 °C

B DC CHARACTERISTICS (Vcc=4.75 to 5.25V, Ta=0 to +75C)

HN25088S, HN25089S

Characteristic Symbol Test Conditions min typ max Unit
Input High Voltage Vi 2.0 - - v
Input Low Voltage Vie - - 0.8 \%
Input High Current Iin Vi=2.7V - - 40 KA
Input Low Current ~In Vi=0.4V - - 0.40 mA
Output Low Voltage Vou Ior=16mA - - 0.45 v
Output Leakage Current Tork: Vo=5.25V - — 100 HA
Output Leakage Current Tovk: Vo=0.4V - - 40 KA
Input Clamp Voltage Vi Ii=—18mA — - —-1.2 A%
Power Supply Current Icc Inputs Either Open or at Ground — 120 160 mA
Output High Voltage* Von Ion=—2mA 2.4 — b v
Output Short Circuit Current®* | —Ios Vo=0V 15 - 60 mA
* Note : Applicable to HN25089S only.
M AC CHARACTERISTICS (Vcc=4.75 to 5.25V, Ta=0 to 75°C)

Characteristic Symbol Test Conditions min typ max Unit
Address Access Time taa - 25 50 ns
Chip Enable Access Time tace - 20 35 ns
Chip Enable Disable Time toce — 15 35 ns

Note) 1. Output Load: See Test Circuit.

2. Measurement Reference: 1.5V for both inputs and outputs.

HE SWITCHING WAVEFORMS

15V
Address ___7
Input
——ai  lAA
15V
Output
or
Output

z 15V N

Input

toce"1”

Vo

@ HITACHI
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HN25088S, HN25089S

M SWITCHING TIME TEST CONDITIONS

SWITCHING HN25088S HN25089S
Vee PARAMETER R R: C. R R: C.
N taa 3000 | 6000 | 30pF | 3000 | 600Q | 30pF
tace ‘17 - - - ® 6000 10pF
_L o tacs “0" 3000 | 6000 | 10pF | 3000 | 6000 | 10pF
Cr.
I toce “1” - - - o | 6000 | 30pF
toce “0” 3000 | 6000 | 30pF | 3000 | 6000 | 30pF
INPUT CONDITIONS
Amplitude —0V to 3V
Rise and Fall time—>5ns from 1V to 2V
Frequency — IMHz
WPROGRAMMING SPECIFICATION
PARAMETER Symbol min typ max Unit Note
Ambient Temperature Ta 20 25 30 °C
Programming Ve Vee 4.75 5.0 5.25 v
Programming Pulse
Amplitude Iw 88 90 92 mA
Clamp Voltage Vw 19.0 19.5 '20.0 \'
Ramp Rate 10 — 70 V/us
Pulse Width tew 7.1 7.5 7.9 s 9V point /2000 load
Duty Cycle 70 - - %
Sense Current
Amplitude Is 19 20 21 mA
Sense Voltage Vs 7.4 7.5 7.6 \'
Clamp Voltage 19.0 19.5 20.0 \'
Ramp Rate 70 - - V/us
Address Setup Time tsa 10 - - us
Address Hold Time tha 10 - - us
Sense Setup Time tss 0.7 - - us
Sense Hold Time . ths 0.7 - - us
Additional Programming Pulse 1 1 -1 time
Programming Pulse Number per bit n - - 10000 time

Vee __j

Vin
Ao
A
Ay Vi

.V
¢k
i

Programming Pulse

Sense Strobe

:

tHA

ad

I

Programming Pulse
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HN25088L,HN25089L

1024-word X 8-bit Programmable Read Only Memories

The HITACHI HN25088L and HN25089L are low power and high
speed electrically programmable, fully decoded TTL Bipolar 8192
bit read only memories organized as 1024 words by 8 bits with on-
chip address decoding and four chip enable inputs.

The HN25088L and HN25089L are fabricated with logic level
“zeros’”’ (low); logic level “‘ones’ (high) can be electrically pro-
grammed in the selected bit locations. The same address inputs are
used for both programming and reading.

B FEATURES

® 1024 words x 8 bits organization (fully decoded)

TTL compatible inputs and outputs

Fast read access time:  60ns typ. (100ns max.)

Low power consumption: 350mW typ.

Four chip enable inputs for memory expansion

Open collector  outputs (HN25088L)/Three-state
outputs (HN25089L)

M OPERATION

® Programming

A logic one can be permanently programmed into a selected bit
location by using programming equipment. First, the desired word is
selected by the ten address inputs in TTL level. The device is
disabled by bringing CE1 and/or CE2 to as logic “one” or CE3
and/or CE4 to a logic “zero”. Then a train of high current
programming pulses is applied to the desired output. After the
sensed voltage indicates that the selected bit is in the logic one state,
an additional pulse train is applied, then is stopped.

® Reading

To read the memory the device is enabled by bringing CET and CE2
to a logic “zero”, CE3 and CE4 to a logic “one’’. The outputs then
correspond to the data programmed in the selected word.

ELOGIC DIAGRAM
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HN25088L, HN25089L

EABSOLUTE MAXIMUM RATINGS

Item Symbol Rating Unit
Supply Voltage Vee —0.5 to +7.0 \%
Input Voltage Vi —0.5to +5.5 A4
Output Voltage Vour —0.5 to +5.5 v
Output Current Tout 50 mA
Operating Temperature Topr —25 to +75 °C
Storage Temperature Tug —65 to +150 ‘C

HDC CHARACTERISTICS (Vcc=4.75 to 5.25V, Ta=0 to +75°C)

Item Symbol Test Conditions min typ max Unit
) Viu 2.0 - - \%
Input Voltage
Viu - d 0.8 v
Vou* Ion=—2mA 2.4 - - \Y%
Output Voltage
Vor IoL=16mA - - 0.45 \Y%
LIy Vi=2.7V — - 40 HA
Input Current
—In Vi=0.4V - - 0.4 mA
Vo=5.25V - — | o
Output Leakage Current Towk HA
Vo=0.4V - - 40
Supply Current Icc Inputs Either Open or at Ground — 70 100 mA
Output Short-circuit Current —Ios* Vo=0V 8 — 30 mA
Input Clamp Voltage \%} I=—18mA - - —1.2 \Y%
* Applicable to HN25089L only.
BAC CHARACTERISTICS (Vcc=4.75 to 5.25V, Ta=0 to +75°C)
Item Symbol min typ max Unit
Address Access Time tan — 60 100 ns
Chip Enable Access Time tace - 40 70 ns
Chip Enable Disable Time toce - 40 70 ns

Notes) 1. Output Load: See Test Circuit

2. Measurement Reference: 1.5V for both inputs and outputs

HESWITCHING WAVEFORMS
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B SWITCHING TIME TEST CONDITIONS

HN25088L, HN25089L

SWITCHING HN25088L HN25089L
Vee PARAMETER R: R: C. R R: C.
N tan 3000° | 6000 | 30pF | 3000 | 6000 | 30pF
1
tace “17 - - - o 60002 | 10pF
o-
l & tace “0" 3000 | 600 | 10pF | 3000 | 6000 | 10pF
Cu
l toce “1" - - - o | 6000 | 30pF
toce “0” 300Q | 6000 | 30pF | 3000 | 600Q | 30pF
INPUT CONDITIONS
Amplitude —0V to 3V
Rise and Fall time—5ns from 1V to 2V
Frequency — 1MHz
M PROGRAMMING SPECIFICATION
Characteristic Limit Unit Notes
Ambient Temperature 25+5 °C
Programming Pulse
Amplitude 130+5% mA
Clamp Voltage 20+2% \'
Ramp Rate 70max V/us
Pulse Width 7.5+5% us 10V point/1500 load
Duty Cycle 70% min
Sense Current
Amplitude 20+0.5 mA
Clamp Voltage 20+2% v
Ramp Rate 70max V/us
Sense Current Interruption before and after address change 10min us
Programming Vcc 5.04+5% —0% \"
Maximum Sensed Voltage for programmed “1” 7.5+0.1 A
Delay from trailing edge of programming pulse before sensing 0. 7min us
output voltage
Proiramming Pulse Number 100max ms
Additional Programming Pulse Number 4 Time

Viu

Programming Pulse

Additional Pulse Train
A

Sense Pulse  ———————
75V REF. —T 77777

Sense Strobe
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HN25168S, HN25169S

2048-word X 8-bit Programmable Read Only Memories
The HITACHI HN25168S and HN25169S .are high speed electrically
programmable, fully decoded TTL Bipolar 16384 bit read only
memories organized as 2048 words by 8 bits with on-chip address
decoding and three chip enable inputs. The HN25168S and
HN25166S are fabricated with logic level “zeros” (low); logic level
“ones” (high) can be electrically programmed in the selected bit
locations. The same address inputs are used for both programming
and reading.

B FEATURES

® 2048 words x 8 bits organization (fully decoded)

TTL compatible inputs and outputs

Fast read access time: 40 ns typ. (60 ns max)

Medium power consumption: 600 mW typ.

Three chip enable inputs for memory expansion.

Open collector outputs (HN25168S)/Three-state outputs
(HN25169S)

Standard cerdip 24-pin dual in-line package

Il OPERATION

® Programming

A logic one can be permanently programmed into a selected bit
location by using programming equipment. First, the desired world
is selected by the eleven address inputs in TTL level, The device is
disabled by bringing CE1 to as logic “one” or CE2 and/or CE3 to a
logic ‘““zero”. Then a train of high current programming pulses is
applied to the desired output. After the sensed voltage indicates that
the selected bit is in the logic one state, an additional pulse is
applied, then is stopped.

® Reading

To read the memory the device is enabled by bringing CET to a logic
“zero”, CE2 and CE3 to a logic “one”. The outputs then
correspond to the data programmed in the selected word.

HLOGIC DIAGRAM
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HN25168S, HN25169S

B ABSOLUTE MAXIMUM RATINGS

Item Symbol Rating Unit
Supply Voltage Vee —0.5 to +7.0 \'
Input Voltage ) Vi —0.5 to +5.5 \'
Output Voltage Vou —0.5 to +5.5 \'%
Output Current Tou 50 mA
Operating Temperature Tope —25 to +75 °C
Storcge Temperature Tue —65 to +150 *C

B DC CHARACTERISTICS (Vcc=4.75 to 5.25V, Ta=0 to +757C)

Characteristic Symbol Test Conditions min typ max Unit
Input High Voltage Vin 2.0 - - \'
Input Low Voltage ) Viu — — 0.8 \'
Input High Current Lin Vi=2.7V — — 40 MA
Input Low Current | I Vi=0.4V - — 0.40 mA
Qutput Low Voltage VoL Ioo=16mA — - 0.45 A
Output Leakage Current ToLx: Vo=5.25V — - 100 HA
Output Leakage Current Toikz Vo=0.4V - - 40 HA
Input Clamp Voltage Vi Ii=—18mA - - —-1.2 \'
Power Supply Current Icc Inputs Either Open or at Ground - 120 170 mA
Output High Voltage* Vou Ion=—2mA 2.4 - - v
Output Short Circuit Current* | —Ios Vo=0V 15 - 60 mA

* Note: Applicable to HN25169S only.

BMAC CHARACTERISTICS (Vcc=4.75 to 5.25V, Ta=0 to 75°C)

Characteristic Symbol Test Conditions min typ max Unit
Address Access Time taa - 40 60 ns
Chip Enable Access Time tace - 20 35 ns
Chip Enable Disable Time toce — 20 35 ns

Note) 1. Output Load: See Test Circuit.
2. Measurement Reference: 1.5V for both inputs and outputs.

B SWITCHING WAVEFORMS

Address J

Input

Z k 15V x
Chip Enable ; 15V §
Input

toce"l” ——ed — tace™l”

e

Vo—~05V - 15V

Qutput

Output

or
or wyn
Output Output tpce"0" —=q

Vo Vo +0.5V
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HN25168S, HN25169S

B SWITCHING TIME TEST CONDITIONS

SWITCHING HN25168S HN25169S
Vee PARAMETER R: R: C. R: R: C.
R taa 3000 | 6000 | 30pF | 3000 | 6000 | 30pF
0
tace “17 - - - o 6000 | 10pF
o .
1 . tace 0" 3000 | 6000 | 10pF | 3000 | 6000 | 10pF
Cu
J; toce “1” - - -~ o | 6000 | 30pF
toce “0” 3000 | 6000 | 30pF | 3000 | 600Q | 30pF
INPUT CONDITIONS
Amplitude —0V to 3V
Rise and .Fall time—>5ns from 1V to 2V
Frequency — IMHz
HWPROGRAMMING SPECIFICATION
PARAMETER Symbol min typ max Unit Note
Ambient .Temperature Ta 20 25 30 °C
Programming Vcc Vee 4.75 5.0 5.25 \Y%
Programming Pulse
Amplitude Iw 88 90 92 mA
Clamp Voltage Vw 19.0 19.5 20.0 \'
Ramp Rate 10 — 70 V/us
Pulse Width tew 7.1 7.5 7.9 Hs 9V point/200Q load
Duty Cycle 70 — — %
Sense Current
Amplitude Is 19 20 21 mA
Sense Voltage Vs 7.4 7.5 7.6 v
Clamp Voltage 19.0 19.5 20.0 v
Ramp Rate 70 - - V/us
Address Setup Time tsa 10 - - us
Address Hold Time tha 10 - - us
Sense Setup Time tss 0.7 - — us
Sense Hold Time tad 0.7 - - Hus
Additional Programming Pulse 1 1 1 time
Progr Pulse Number per bit n - - 10000 time
Vee ’
Ao Vin ) (
! 7
Ao Vin
CE
7 ™ thal,
Programming Pulse
tss tHs
Sense Strobe I i ﬁ I‘l_*
f
I — ——=90mA(20Vmax)
= o ——45mA(9V)
Programming Pulse ———— 20mA(4A) -
() :200Q10ad
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MEMORY SUPPORT CIRCUITS
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HD2912

Quadruple TTL-to-MOS Clock Drivers

The HD2912, a'clock driver for the MOS memory, has basically the
NAND function. Its inputis a TTL level and its output becomes and
N MOS clock input level. It operates on two power supplies — Vo
(5V) and Vpp (12V). It anticipates taking as its load a maximum of
ten units of 4K-bit N MOS memories and can drive a load capacity
of 400 pF at high speed.

TTL-MOS level converter circuit
Switching time: 50 ns (max.)

Load capacity drivable: 600pF
Mounted with 4 circuits
Applicable temperature: 0 to 70°C

BABSOLUTE MAXIMUM RATINGS

(DG-16)

HPIN ARRANGEMENT

Item Symbol HD2912 Unit
\— X
Vee* 7.0 v Vim 1 16 | Ve
Supply Voltage
Voo* 18.0 v v, E 15‘ v,
Input Voltage Via* 5.5 \Y
: s (5] 1] A
Load Capacitance Co** 600 pF
Power Dissipation Pres» 800 mW B, E E B.
Operating Temperature Topr 0 to +70 °C B, E E 8,
Storage Temperature Toe —65 to +150 °C
* With respect GND A, Ij 11 Ay
* % per circuit
* % * per package Y. E 10 Y,
M RECOMMENDED OPERATING CONDITIONS N s | ne
Item Symbol min typ max Unit (Top View)
Susply Vol Vee 4.75 5.0 5.25 A
t
upply Holtage Voo | 11.4 12 | 12.6 v
Operating Temperature Topr 0 25 70 °C
Load Capacitance C. 100 - 600 pF
Damping Resistance Ro 10 — — [¢)
WMELECTRICAL CHARACTERISTICS (Ta=0 to +70°C, Vcc=5V *5%, Vor=12V £5%)
Item Symbol Test Condition min typ* max Unit
Inout Volt Viu 2.0 - — \
ut Voltage
w °® Vin T = 0.8 v
Outout Vol Voo V=2V, Io.=0.1mA — 0.45 0.6 A%
utput Vo
i o8 Vor | Va=0.8V, lon=—0.1mA Vor—0.9| 115 - v
A I - -1 —1.6 mA
Via=0.4V
B I - -2 —3.2 mA
[ C A I — — 40 A
nput Current I V=24V 13
B I - - 80 [lA
I V..=5.5V — — 1 mA
Iobon V=0V — 16 24 mA
Iboe V=5V — — 0.5 mA
Power Supply Current
Iccn V=0V - 12 18 mA
Icce V=5V — 67 100 mA
Input Clamp Voltage Vi I.=—12mA — — -1.5 v

* Vee=5V, Vop=12V
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HD2912

H SWITCHING CHARACTERISTICS (Ta=0 to +70°C, Vcc=5V, Vor=12V)

Item Symbol Test Condition min typ max Unit
Rising Delay Time toLn - 35 50 ns
Falling Delay Time tone C.=300pF — 25 45 ns
Rise Time trin Ro=00Q - 12 25 ns
Fall Time trHL - 12 25 ns
®TEST CIRCUIT AND WAVEFORMS
90% w
1.5V
Vee Von ov
lmt =t uni
T Rp Vo =2V Vo
Output
P.C
L Output
50Q
A
Pt TH
to =250ns,texere =3500s,t =t, =10 £ 1ns
FALLING DELAY TIME vs. RISING DELAY TIME vs.
LOAD CAPACITANCE (1) LOAD CAPACITANCE (2)
50 50
1
_ — ; 40 Ro= 102 1
: T < T re
< 30 B e 3o
H il ¢
= =0 [t
> L1 Ro -
& 2 ,4‘/ )
5 / 4
& Vop=12V £ Vpp=12V
10 Vee=5V 10 Vee=5V
1,;35-(‘;_4 Ta=25'C—
0 100 200 300 400 500 600 0 100 200 300 400 500 600

50
40
tDLH ;_.,-\—/
PR
=
;E «Vv
LTLH
10 Vo =12V—
Vee =5V
C1=300pF
Ry=0Q
0 10 20 30 40 50 60 70

Load Capacitance C (pF)

RISE TIME AND RISING DELAY TIME
vs. AMBIENT TEMPERATURE

Ambient Temperature Ta ('C)

@ HiITACHI

tDHLETHL (ns)

Load Capacitance Ci (pF)

FALL TIME AND FALLING DELAY TIME
vs. AMBIENT TEMPERATURE

50,
40|
30
touL
20 B
tTHL
10 Voo = 12v_]
Vc(:'=5V
CL=300pF
Ry=0Q
0 10 20 30 40 50 60 70
Ambient Temperature Ta (°C)
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HD2912

Switching Time (ns)

Power Dissipation Pr (mW)

440

SWITCHING TIME vs.
SUPPLY VOLTAGE (1)

50
) toiy
% Limy
’\
'\{'\—-—__
: t
£y 1
trwe | |
10 ) €1 =300pF" —ﬂ
Vm) 12v
Ta»Z"C
0 R =00
4.4 4.6 48 5.0 5.2 54 5.6
Supply Voltage Vec 1V1
POWER DISSIPATION
vs. CYCLE TIME
700 T
N ! ;
1T T T
. 1 =400pF . '
600 T
FCL= *
500 |- 2000F \ L
i 1
wn—DN
A
q
300 -CL =UpF 4TS
P——
| i
b I ! | Duty Cvele=50%, |
i T|] One Circuit Operation
100 (Ot her Cnrcun Ou(pu( Low
L i I
0 HH'I I\l [”i
2 5

10

Cycle Time teyite Lus)

SWITCHING TIME vs.
SUPPLY VOLTAGE (2)

50
40
toLk
Z 30 [
B
b
] I B e S—
£
2 tIHL
10 tTLH -— (1 =300pF
Vee =5V
Ta=25C
0 Ri=0Q
10.5 110 115 120 125 130 135

Supply Voltage Vo 'V}

MITEMS REQUIRING CARE WHEN USING

THE HD2912

When measuring or mounting the HD2912, consider
the following.

1.

At the time of ““H’’ level output, if a short circuit
occurs between the output terminal and the
other terminal (the GND terminal or input
terminal), the element will breakdown.

2. When measuring the input/output characteristic

w

of the circuit, do not place the input level in the
vicinity of the threshold voltage (about 1.5V) for
more than 10 seconds. If this caution is neg-
lected, the element may breakdown,

If its load capacity is less than a certainalue
(100pF), sometimes this element cannot fully
provide its function. Take note of this fact when
designing a system.

4. When mounting this element, it is recommended

C

providing the output terminal with a damping
resistor (Rp) or a diode terminating circuit.

Vi

Rv
D A i N Mos

lock Driver
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HD2916

Quadruple TTL-to-NMOS Clock Dri

vers

The HD2916, a clock driver for the MOS memory, basically
possesses a NAND function. Its Input is a TTL level and its output

becomes N MOS clock input level. It operates

on two power supplies

— Ve (BV) and Vpp (12V). Assuming that a maximum of five
units of 4K-bit N MOS memories may be connected, it is designed to

drive a load capacity of 200pF at high speeds.

B FEATURES
TTL-MOS level converter
Switching time: 50 ns (max.)

Load capacity drivable: 300pF
Mounted with 4 circuits
Applicable temperature: 10 to 65°C

B ABSOLUTE MAXIMUM RATINGS

Average power consumption: 600mW (max.)

Item Symbol HD2916 Unit
Supply Voltage Vee® —0.5 to +7 \'
Voo* —0.5 to +15 \Y
Input Terminal Voltage Vin* —0.5 to +5.5 \'
Output Load Capacitance C.L** 300 pF
Power Dissipation Press 700 mW
Operating Temperature Topr 0 to +70 °C
Storage Temperature Tuus —50 to +150 °‘C
* With respect to GND
% % Per circuit
* % % Per package
HRECOMMENDED OPERATING CONDITION
Item Symbol | min typ max Unit
Supply Voltage Vee 4.75 5.0 5.25 v
Voo 11.4 12.0 12.6 v
Operating Temperature Topr 10 25 55 °C
Input Voltage Level Vin 2.0 — 5.5 v
Vie —0.5 - 0.8 v

HMELECTRICAL CHARACTER

(DG-16A)

HEPIN ARRANGEMENT

\J

VlmE
%[z
A E

[16]vee
T_s'[lx.

14| Ac

B.[4] { |

13] 8,

B,E '
A.E
e

11|As

ano[g ]

mes
ENC

(Top View)

ISTICS (Ta=10 to 55°C, Vcc=5V *£5%, Vop=12V £5%)

Item Symbol Test Condition min typ* max Unit
A Iy Vin=2.4V — — 40 HA
I Vin=0.4V - —1 —2 mA
Input Current
B Iin Vin=2.4V - - 80 HA
In Vin=0.4V — -2 —4 mA
Vou Vin=0.8V, Ton=—50uA Voo—0.7 | Voo —0.4 — \%
Output Voltage
Voo Vin=2.0V, IoL=50uA - 0.3 0.45 v
Iopn Vin=0V - 13 20 mA
Supply Current Iccn Vin=0V - 13 40 mA
il " Inoe Vin=5V — — 39 mA
Icce Vin=5V - 40 60 mA
e C.=300pF, f=1MHz —
Average Power Dissipation Pra tw=0.5s, one circuit operation 300 600 mW
* Veem5V, Vopm12V
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HD2916

B SWITCHING CHARACTERISTICS (Ta=10 to 55°C, Vcc=5V £5%, Voo=12V +5%)

Item Symbol Test Condition min typ max Unit
toun C.=200pF — — 50 s
Output Delay Time f=1MHz
tone tw=0.5¢s - - 50 ns
® TEST CIRCUIT & WAVEFORMS
Vee Voo
Input
Input
PG T Output
CL

PROPAGATION DELAY TIME

50Q

—

vs. LOAD CAPACITANCE

Output

80

Var

J=1MH2,4, =500ns, t7en = trne = 10ns £ lns

PROPAGATION DELAY TIME
vs. AMBIENT TEMPERATURE

- |T -
L | EE
; ,/ 3
B thth f 240
F-—. | 3 — [ e
S 3 —
¥ — e L
‘; timt //’ = T i
e &
H I Vi =5V £ —+=
5 TI Vi =12V s tlf(; =?\
& n’ g =12
S : To=25C £ o C1 = 200pF
Dql. a, W
J L1 1
0 50 100 150 200 250 300 0 10 20 0 4 50 60 n
Load Capacitance Ci (pF) Ambient Temperature Ta('C
PROPAGATION DELAY TIME PROPAGATION DELAY TIME
vs. SUPPLY VOLTAGE vs. SUPPLY VOLTAGE
50 50
EaT )
N \\NN“'“" 2 ot
s )
D oap~ )
s - 3
g T L DAL k] LiHl,
i e e =
= 20 2 20 '
H H
z Vi =12V 2 [Vec=3v
£ 0 Ta=25' £ Ta=25C
s s 1. = 200pF
& al
0 0
44 4.6 48 5.0 8.2 54, 5.6 10.5 110 11.5 120 125 130 135
Supply Voltage Vcc (V) Supply Voltage Voo (V)
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HD2916

POWER DISSIPATION MITEMS REQUIRING CARE WHEN USING
vs. CYCLE TIME THE HD2916

When measuring or mounting the HD2916, consider
Doy Cyele S0% the following:

400 One circuit __| 1. At the time of “H’’ level output, if a short circuit
Cr =300pF Operation .

/ occurs between the output terminal and the

N Cu=150pF other terminal (the GND terminal or input

Power Dissipation Pr (mW)

? i terminal), the element will breakdown.

Co=0pF 2. When measuring the input/output characteristic
of the circuit, do not place the input level in the
vicinity of the threshold voltage (about 1.5V) for
100 more than 10 seconds. If this caution is neg-

lected, the element may breakdown.

Cycle Time tcyete (us)
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HD2923

Quadruple ECL to TTL Drivers
The HD2923 is a monolithic, high speed Quadruple ECL to TTL

Driver which accepts ECL input signals. It provides high output
current suitable for driving the TTL clock inputs or other. address
multiplexing inputs of N-channel MOS memories such as the
HM4816A of MK4116.Power supply requirements are ground, +5.0
Volts and —5.2 Volts. The HD2923 requires no particular power
supply sequencing in order to assure standby mode of memories,
because the outputs are always “high” at applying the power.
Propagation delay is 10ns MAX.

The HD2923 is fabricated by means of HITACHI's Schottky Bipolar
technology to assure high performance over the 0°C to 75°C
ambient temperature range.

(DG-16A)
B FEATURES B PIN ARRANGEMENT
® High Speed ....... tpd = 10ns MAX. (60% to 2.2V dc out or to —_
+1.0V dc out, 200pF Load) " [16] oo
@ LOWPOWEr «\'vvvieiiieiinnernneennn 250mW typ. (DC) A|E 15 | Be
® 10K ECL Compatible Inputs B‘Eﬁ ﬁz—' N
® Pin Compatibility .................. MC10125 or HD10125

w4 (5] v,
B ABSOLUTE MAXIMUM RATINGS YzE 12|¥s
Item Symbol Value Unit A Ei l & 111Bs

Vee —0.5 to +7 v 5[ 7] 0] 4
Supply Voltage
Vee —7 to +0.5 v V“E 9 | Vee
Input Voltage Vin Vee to +0.5 \Y% Ton View)
op View
Output Voltage Vou —1.0 to Vect+1 \Y

The Vss reference voltage is available

Power Dissipation Pr 1.0 w on pin 1 for use in single ended input
Operating Temperature* Topr —10 to +85 °C biasing
Storage Temperature Tss —65 to +150 °C

B TRUTH TABLE

* under bias

Input Output

B RECOMMENDED OPERATING CONDITIONS A B Y
Item Symbol min typ max Unit H Vsa L
Vee 4.75 5.0 5.25 \ L Vas H

Supply Voltage
Vee —~5.46 | —5.2 | —4.94 \ H L L
Viu —1.025 - - A L H H

Input Voltage
Vie - — | —1.520 \% Vss H H
Operating Temperature T 0 — 75 °C Vss L L
Open Open H

444 @ HITACHI



B DC CHARACTERISTICS

HD2923

Item Symbol Test Condition min typ max Unit
2 - 22 27 mA
Power Supply Drain Current Iccn Vee=—5.2V, Vcc=5.0V — 23.5 29 mA
IccL - 34.5 42 mA
Input Current Law Vin=—0.81V - - 115 MA
Input Leakage Current Icso Vin=—5.2V — - 1.0 HA
Vou Tow=—1.0mA 2.7 - - v
Output Voltage
Vou Tot=5.0mA - - 0.5 A
Vona Vie=—1.1V, Tos=—1.0mA 2.7 - - \'
Threshold Voltage
Vora Vie=—1.48V, Jo.=5.0mA - - 0.5 \'
Indeterminate Input All inputs =V 2.7 - -
Vous A"
Protection Tests All inputs =Open 2.7 — —
Reference Voltage Ves —1.420 —_ —1.150 v
Ving=0.300V, Vin.=—0.825V 2.7 - -
Vonc A%
Vivy=—1.890V, Viv.=—2.890V 2.7 - -
Common Mode Rejection Tests
Vinn=0.300V, Vin.=—0.825V - - 0.5
Vorc A%
Vinnw=—1.890V, Vin.=—2.890V - - 0.5
B AC CHARACTERISTICS
Item Symbol Test Condition min typ max Unit
tor 50% to +2.2V, C.=200pF - - 10 ns
Propagation Delay Time
tor 50% to +1.0V, C.=200pF - - 10 ns
Rise Time [ +1.0V to +2.2V, C.=200pF - - 5 ns
Fall Time t” +2.2V to +1.0V, C.=200pF - — 5 ns
” -0.890V
Vin X % ><
—1.690V
2.2V
Vour 1.0V
I3 1-
—1 R —ei tor
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