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B QUICK REFERENCE GUIDE TO HITACHI IC MEMORIES

EMOS RAM
Organi- |Access| Cycle | Supply| Power oo
Mode Total Tyoe N P ‘zation Time | Time |Voltage| Dissi- Replace- Page
Bit TR - (lmrd (ns) | (ns) pation | Pin ccleal 6 | p [Fp|sp| ment
= bit, max min (V) (W) Ne.
HM4334-3 300 | 460 oo HM-6514-9| 52
: 104/20
HM4334-4 450 | 640 95720 oo 52
HM4334-3L 300 | 460 . 57
1
HM4334-4L 450 | 640 S 2w . 57
HM6148 70 70 ole 2148 62
HM6148-6 85 85 %2 oo 2148-6 62
HM6148L 70 70 . 68
102 0.2
HM6148L-6 Nl ™ 85 o . 68
HM614BH-35 35 35 oo 74
HM6148H-45% 45 45 0.1m/0.2 ele 2148-45 4
HM6148H-55+* 55 55 e 2148-55 74
iyt |IMBI4BHL- 35+« 35 35 - ° 78
" |HM6148HL-45 45 | 45 51/0.3 ° 78
HM6148HL-55 55 55 ° 78
HM6147 70 70 oo 2147 83
0.1m/75
HM6147-3 55 | 55 3 e 83
HM6147L 70 70 . 87
HM6147L-3 55 55 Sy s 87
HM6147H-35 e B 35 oo 2147H-1 91
HM6147H-45 45 45 0.1m/0.15 el 2147H-2 91
HM6147H-55 55 55 ole 91
Stati oM
e HM6147HL-35 @ s | B O o o7
HM6147HL-45 45 | 45 5u/0.15 ° 97
HM6147HL-55 55 55 ® 97
HM6116-2 120 | 120 sle(o|e 101
HM6116-3 150 | 150 0.1m/0.18 e|e e |e 101
HME116-4 200 200 L NN RN NN 101
HM6116L-2 120 | 120 slee 124
HM6116L-3 150 | 150 204/0.16 o|o|e 124
HM6116L-4 200 200 [ BN BN 124
HM6116A-10 100 | 100 . = 154
HM6116A-12 120 | 120 ° . 154
kit |HMBI16A-15 siaxs |10 | 150 iy L o| |e 154
- bi
HM6116A-20 200 | 200 s ® 154
HM6116AL-10 100 | 100 ® ° 158
HM6116AL-12 120 | 120 . ® 158
HM6116AL-15 150 | 150 W ° ° 158
HM6116AL-20 200 | 200 ° ® 158
HM6117-3 150 | 150 e 162
HM6117-4 200 | 200 fidevio:2 oo 162
HM6117L-3 150 | 150 oo 172
HM6117L-4 200 | 200 i oo 172
(1o be cantinued)
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= Organi- A_ch gy.cll gnnpply gower Package®*
‘otal zation ime ime | Voltage issip. Repl
Mode| g | TeeNu (P (word (ns) | (ns) ton [Pl T T Teplsp| ment [P
* bit max | min (V) (W) [No.
HM6168H-45° 45 | 45 ele 2168 184
HM6168H-55° 5 | 55 0.1m/0.25 ol 184
HM6168H-70" 70 | 70 oo 184
4096 4
HM6168HL-45" 45 | 45 ° 185
HM6168HL-55* 55 55 51/0.25 ® 185
HM6168HL-70* 70 | 70 Y 185
HM6167 70 | 70 oo 2167 186
HM6167-6 8 | 85 25m/0.15 oo 2167-6 186
_bi 20
L6k bit  M6167-8 100 | 100 °le 2167-8 | 186
HM6167L 70 70 ° 192
HM6167L-6 85 | 85 51/0.15 ° 192
SRAM CMOS X1 +5
HM86167L-8 i 100 | 100 ° 192
HMB6167H-45 45 | 45 i ele|e IMS1400 | 196
HM6167H-55 55 | 55 o|o|e 19
HM6167HL-45 45 | 45 ° 207
50/0.2
HM86167HL-55 55 | 55 . 207
HM6264-10 100 | 100 ° 211
HM6264-12 120 | 120 0.1m/0.2 ° 211
HM6264-15 150 | 150 . 211
k-bi B182% 8 28
it 6264110 100 | 100 ° 215
HM6264L-12 120 | 120 101/0.2 ® 215
HM62641.-15 150 | 150 . 215
HM4716A-1 120 [ 320 [ ele 222
HM4716A-2 150 | 320 3 e|e MK4116-2 | 222
+5, 46
HM4716A-3 200 | 375 | " R e|e MK4116-3 | 222
HM4716A-4 250 | 410 ‘ e|e MK4116-4 | 222
k-bi 1 1
Ot Mas16A-3 6384100 | 23 oo 2183 | 233
HM4816A-3E 105 | 200 oo 233
11m/0.15
HM4816A-4 120 | 270 - ole 2118-4 233
HM4816A-7 150 | 320 ole 2118-7 233
HM4864-2 150 | 270 ° oo 21
20m/0.33
HM4864-3 200 335 sl L ] [ BN 241
HM4864A- NMOS -
sl 4B64A-12 120 | 230 - HDD 260
sty | TM4BB4A-15 65536 11150_| 260 20m/0.275 e o] 260
" HMas64A-20 a0 30| o|o|e 260
HM4865A-12°* 120 | 230 o|® 270
HM4865A-15** 150 | 260 20m/0.275 o|® 270
HM4865A-20"* 200 | 330 oo 270
HM50256-12** 120 | 220 ° 277
HM50256-15* 150 | 260 20m/0.35 ° 27
HM50256-20"* 200 | 330 ° 217
256k-bi
SOk-bit Ms0287- 12+ I 00 | 220 . 284
HM50257-15** 150 | 260 20m/0.35 ° 284
HM50257-20"* 200 | 330 ° 284
#® Under development
#% Preliminary AHMBI16LP Series | 104W
#%% 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 Fiat Packagel SOP), 5P : Skinny Type Flastic DIP
@ HITACHI 9
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BEMOS ROM

Organi- | Access| Supply | Power Package™*
Total zation Time | Voltage | Dissi- Replace-
Program : Type No. Process i , Page
Bit (word) (ns) pation | Pin clelrpler ment
x hit max (V) (W) No.
HN61364 250 28 [ ] 292
64k-bit | HN61365 B192x8 | 250 5u/0.05 % - 204
HNG1366 250 L] 296
> 16384 x 8
5 L HN43128 32768 x4 | 8500 3m |28 ® 298
Mask CMOS +5
HNG13128 16384 =8| 250 5p/0.05 | 28 L N ] 300
32768 % 8 302
HNG1256 3500 7.5m L AN
256k-hit 65536 * 4 28
HN613256 32768 <8 | 250 5u/75m LR 304
IM-bit [HN62301"* 131072 <8 350 5m/60m | 28 | ® L] 306
16k-bit | HN462716 20488 | 450 0.555 (24 | @ | ® 2716 310
HN462532 - 0.858 e e TMS2532 | 314
HN462732 0.788 o|e 2732 318
32k-bit | HN482732A-20 40968 | 200 24 ® 2732A-2 | 325
HN482732A-25 NMOS 250 0.788 L] 2732A 325
tl. V. Erasable HN482732A-30 300 s ° 2732A-3 | 325
& Electrically HN482764 250 oo 2764 328
64k-bit| HN4B2764-3 B192x8 | 300 0.555 (28 |® | @ 2764-3 328
HN482764-4 450 e e 328
'HN4B27128-25* 250 [ ] 332
128k-hit|HN4827128-30** | NMOS | 16384 x8 | 300 0.554 | 28 L] 332
HN4827128-45 450 L] 332
Electrically Erasable | 16k-bit| HN48016 NMOS | 16384 =8 | 350 +5 0.16 24 [ ] 336
#* Under development
®% Preliminary
# %% The package codes of C, G, P and FP are applied to the package materials as follows,
€ : Side-brazed Ceramic DIP, G : Cerdip, P | Plastic DIP., FP | Plastic Flat Package
BMOS MEMORIES OF WIDE OPERATING TEMPERATURE RANGE
Operating Access Power
Total - Organization Temperature Time Dissipation Package®**
Bude Bit Tuge 5 ( word x bit) Range (ns) Fage
(c) max (W) PinNo. |P |G
HM61161-2 120 e | e | 107
HM61161-3 150 0.1m/0.18 e | e | 107
HME1161-4 200 e | e | 107
—40 to +85
HM6116L1-2 120 oo | 131
Static RAM 18k~bit— ———t—r—— 2048 %8 24
HM61161.1-3 150 20u4/0.16 e e | 131
HM6116L1-4 200 e | e | 131
HM6116K-3 B ia £186 150 o e | 150
== t v J
HM6116K-4 - 200 .| 150
HM48641-2 150 ® | 256
—40 to +85
D ic RAM 64k-bi e 65536 %1 o 15m/0.3 16 -
ynamic =bit x By
HM4B64K-2 150 e | 256
—55 to +85
HM4864K-3 200 e | 256
EPROM 32k-bit HN 4627321 4096 % 8 —40 to +85 450 0.1/0.788 24 e | 322
& HMB116LPI Series : 10uW

10
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M BIPOLAR RAM

Organi- Access | Supply Power Package®*
Total zation Time Voltage Dissipa-
Level Type No. Output " - Replacement | Page
Bit (word) (ns) tion Pin Flo lec
X bit max (V) (mW/bit) |No.
HM10414 10 L[] F10414 342
256-bit 2561 2.8
HM10414-1 8 L] 342
HM2110 35 it i [ ] F10415 M6
HM2110-1 25 | ° F10415A 346
1024 %1
HM2112 10 L 350
1k-bit 0.8
HM2112-1 8 L[] 350
HM10422 10 0.8 [ ] F10422 355
ECL 256 % 4 2
10k HM10422-7 7 —5.2 1.0 L] 360
HM 10470 25 | e F10470 363
HM10470-1 15 0.2 L] 363
4096 % 1 18
i HM10470-15 Open 15 L] 368
=bit =
HM2142 Emitter 10 0.3 ° n
HM10474 25 o | e F10474 374
1024 % 4 0.2 24
HM10474-15 15 L] 374
16k-bit | HM10480 16384 % 1 25 0.03 20 L] F10480 e
Lk HM 100415 10241 10 0.6 16 e | ® | F100415 382
-bit
HM 100422 256 %4 10 0.8 24 | ® | ® | ® | F100422 385
HM100470 25 ° F100470 388
ECL 40961 0.2 18 =
HM100470-15 15 —4.5 L] 388
100k dk-bit
HM100474 25 LI F100474 3|1
1024 % 4 0.2 24
HM100474-15 15 LI 391
16k-bit | HM100480* 16384 % 1 25 0.05 20 |0 | e F100480 396
HM2504 55 L] 93411 399
256-bit 256% 1 1.8
HM2504-1 45 ° 93411A 399
HM2510 Oen 70 ° 403
Collector
TTL HM2510-1 45 +5 0.5 16 L] 93415 403
1k-bit | HM2510-2 1024 %1 35 e 93415A 403
HM2511 70 L 407
3-state 0.5
HM2511-1 45 e 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
©® HITACHI n



HMBIPOLAR PROM

Organi-

Access | Supply

Total T Vol ;:s“r i ol
ota zation ime oltage Si-
P:
Level Bit Type No. (wnr d) Qutput (ns) A Pin E Replacement | Page
X bit max (V) (mW) No.
HN25044 o/c L] 825136 414
Ak-bit 1024 % 4 50 500 18
HN25045 3-s L ] 825137 414
HN25084 o/C @ L] 825184 419
HN25085 3-s @ 825185 419
2048x 4 550 18
HN25084S o/C 4 L] 422
HN250855 3-s [ ] 422
HN25088 o/C L ] 825180 425
TTL Bk-bit 60 +5
HN25089 3-s = L 825181 425
HN250885 o/C L] 428
1024 <8 50 24
HN25089S 3-s L] 428
HN25088L o/C L ] 431
100 350
HN25080L 3-s ° 431
HN25168S o/C L] 825190 434
16k-hit 2048 <8 60 600 24
HN25169S 3-s L] 825191 434
# The package code of G is applied to the material as follows,
G : Cerdip
@ HITACHI



W PACKAGE INFORMATION (Dimensions in mm)

@ Dual-in-line Plastic
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Applicable ICs

DP-16

HM4716AP-1, HM4716AP-2, HM4TI6AP-3, HMATI6AP-4, HM4816AP-3, HM4B16AP-3E, HM4816AF-4,
HM4816AP-7, HM4864P-2, HM4864P-3, HM4B64AP-12, HM4B64AP-15, HM4BG4AP-20, HM4865AP-12,
HM4865AP-15, HM4865AP-20

DP-18

HM4334F-3, HM4334P-4, HM4334P-3L, HM4334P-4L, HM6148P. HM6148P-6, HM6148LP, HM6148LFP-6,
HM6148HP-35, HM6148HP-45, HM6148HP-55, HM6148HLP-35, HM6148HLP-45, HM6148HLP-55, HM6147F,
HM6147P-3, HM6147LP, HM6147LP-3, HM6147HP-35, HM6147HP-45, HM6147HP-55, HM6147HLP-35,
HM6147HLP-45, HM6147THLP-55

DP-20

HM6168HP-45, HM6168HP-55, HM6168HP-70, HM6168HLP-45, HM6168HLFP-55, HM6168HLP-70, HMG167P,
HM6167P-6, HM6167P-8, HM6167LP, HM6167LP-6, HM6167LP-8, HM6167HP-45, HM6167HP-55,
HMB167HLP -45, HMG6167THLP-55

DP-24

HM6116P-2, HM6116P-3, HM6116P-4, HM6116L.P-2, HM6116LP-3, HM6116LP-4, HM6116AP-10,
HM6116AP-12, HM6116AP-15, HM6116AP-20, HM6116ALP-10, HM6116ALP-12, HM6116ALP-15,
HM6116ALP-20, HM6117P-3, HM6117P-4, HM6117LP-3, HM6117LP-4, HN61365P, HN61366F, HN48016F,
HM6116P1-2, HM6116FP1-3, HM6116PI-4, HME116LPI-2, HM6116LPI-3, HM6116LPI-4

DP-24A

HM6116ASP-10, HME116ASP-12, HM6116ASP-15, HM6116ASP-20, HM6116ALSP-10, HM6116ALSP-12,
HM6116ALSP-15, HM6116ALSP-20

DP-28

HM6264P-10, HM6264P-12, HM6264P-15, HM6264LP-10, HM6264LP-12, HMG264LP-15, HN61364,
HN43128P, HN613128P, HN61256P, HN613256P, HNG62301P

® HITACHI
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Package Information

@ CERDIP
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Package Information

eDG-28

s L

Applicable ICs

DG-16 HMI10414, HM10414-1, HM2504, HM2504-1, HD2912

DG-16A HM4716A-1, HM4716A-2, HM4716A-3, HM4T16A-4, HM2110, HM2110-1, HMZ2112, HM2112-1, HMI100415, HM2510,
HM2510-1, HM2510-2, HM2511, HM2511-1, HD2916, HD2923 -
HM4816A-3, HMAB16A-3E, HM4816A-4, HM4BIGA-7, HM4864-2, HM4864-3, HM4B64A-12, HM4BE4A-15,

DG-16B HM4864A-20, HM50256-12, HM50256-15, HM50256-20, HMS50257-12, HMS50257-15, HMS50257-20, HM48641-2,
HM48641-3, HMd864K-2, HM4864K-3
HM4334-3, HM4334-4, HM6148, HME14B-6, HMG148H-35, HM6148H-45, HM6148H-55, HMG147, HME147-3,

DG-18 HM6147H-35, HM6147H-45, HME147H-55, HM10470, HM10470-1, HM10470-15, HM2142, HM100470,
HMI00470-15, HN25044, HN25045, HN25084, HN25085, HN25084S, HN25085S

DG-20 HMG168H-45, HMG6168H-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, HME1161-3, HMG1161-4,

DG-24 HM61161.1-2, HM6116L1-3, HM6116L1-4, HM6116K-3, HM6116K-4, HN25088, HN25089, HN250885, HN25089S,
HN25088L, HN25089L, HN251685, HN251695

DG-24A HM10422, HM10422-7, HM10474, HM10474-15, HM100422, HM100474, HMI100474-15

DG-24B HN462716G, HN462532G, HN462732G, HN482732AG-20, HN4B2732AG-25, HN4B2732AG-30, HN462732GI1

DG-28 HN482764G, HN482764G-3, HN4B2764G-4, HN4827128G-25, HN4827128G-30, HN4B27128G-45

® Side-brazed Ceramic DIP

@DC-24C - 1093 I3 ®DC-28B 14.93
e ] i a
2 23 z pa7
3 | 22 3 -
' 21 4 bes
5 20 § u
6 | [T ] ]

A 7 Ths & LA B S — 1 §

i | 17 B ] it
4 + 16 L] w
n | 15 1 19
1 14 1 18
124 | 13 12 17
T 13 ' 16

14 15 1

Applicable ICs

" 7 1 &M—:
A L. o ﬁ

DC-24C

HN462716, HN462532, HN462732

DC-28B

HN4B2764, HN482764-3, HN482764-4
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Package Information

@ Flat Packages

oFP-24

15.80( Including End Flash)
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® Applicable ICs

FP-24

HM6116FP-2, HM6116FP-3, HM6116FP-4,
HM6116LFP-2, HME116LFP-3, HM6116LFP-4,
HM6117FP-3, HM6117FP-4, HM6117LFP-3,
HM6117LFP-4

FP-54

HN61364FF, HN613128FF, HNG1256FP,
HN613256 FP

FG-18

HM10470F

FG-20

HM10480F, HMI100480F

FG-24

HM10422F, HM10422F-7, HMI0A74F,
HM10474F-15, HM100422F, HMI100474F,
HM100474F-15

16
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Package Information

® Leadless Chip Carrier

eCC-18 eCC-24

"

eCG-18 eCG-20

Ul

IER

E

A=

®CG-32 ® Applicable ICs
CC-18 | HM4864CC-2, HM4BGACC-3
CC-24 | HM100415CC, HM100422CC

HM4864ACG-12, HM4B64ACG-15
HM4B64ACG-20

CG-20 | HM6167THCG -45, HM6167HCG -55

HME116CG-2, HMB116CG-3,
HM6116CG-4

CG-18

CG-32

@ HITACHI 17



M RELIABILITY OF HITACHI IC MEMORIES

1. STRUCTURE

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

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

integration, etc,

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

® Table 1 Examples of Basic Cell Circuit of IC Memories

i NMOS, CMOS
e Bipolar memory Bipolar memory NMOS memory e otite NMOS memory
Classification (RAM) (PROM) (Dynamic RAM) P Ty (PROM)
Buffer memory, ¥ For
Applicati control memory Microcomputer Main memaory of computer, microcomputer
ppoeaine of high-speed control use microcomputer memory conteol

puter

¥
Example of
basic cell
circuit

'—D
:

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

® Table 2 Examples of IC Memory Package Outlines

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

m Ceramic DIP

® 16 Pin ® 24 Pin

® 28 Pin

18 G HITACHI




Reliability of Hitachi IC Memories

® 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

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

2-1 Reliability test data on Bipolar memories rules and quality control, there is no difference in
The reliability test data on the Bipolar memories are reliability among various types. In addition, it can
shown in Tables 3 and 4. Since they are manufac- be said that the greater the capacity, the higher the
tured under the aforementioned standardized design reliability per bit.

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

HM10470 ( Cerdip) { HM100422(Chip Carrier) HN25089( Cerdip)
T
Total | Total Total
Test item Test condition sam- Faill | Failure | Sam. Fail- | Failure | Sam- Fail- | Failure
camponent component component
ples ures | ' rate® ples ures | rate® ples ures | rate*
hours hours hours
Ta=125C
C.H. 1/he 2 C.H. 1/he
Ver=—5.2V(HM10470) = = = =
125 | 40x10° 0| 2.3x10°" 36 3.6x%10" 0 2.6x10°"
Vee=5,5V (HN25089)
High- e
Ta=150C
lemperature
Vee=—5.2V(HM10470)
(Operating) |
Ver=—5.0V(HM100422) | 80 | 2.7%10° | 0 | 3.4x10°* | 40 | 4x10* 0 |23x107" [ 10 | Loxw' [ 0 |e.2x10°
Vee=5.5V
(HNZ5089 )
b =1 K8
High- Ta=200°C 27| 27x10" | 0 |34x107" | 40 | 4xw0’ 0 [2.3x107" |15 | 1.5%10° [ 0 |6.1x10°
temperature
storage | Ta=295C 20 | 2.0x10* 0 [ d6x10”" | 40 4x10" 0 [23x107° [ 15 | L.5x10* 0 |61x10°"

* Estimated fallwe rate with confidence level 60%

@ HITACHI 19



Reliability of Hitachi IC Memories

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

HM10470(Cerdip) | HM100422(Chip carrier) | HN25089(Cerdip)

s bty v Samples | Failures | Samples | Failures | Samples | Failures
Temperature cycling —65'C~+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 eycles 36 0 20 0 22 0

1500G, 0.5 ms,

D, ook Three times each for X, Y and Z = x e E 3 !
Variable frequency f[:-::(:?:::‘ef::;fnr v a 40 0 60 0 22 0
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
The reliability test data on the MOS memories are SRAM), HMGE147P (4K SRAM),
shown in Tables 5, 6 and 7. In these tables, data are HN462532 (32K EPROM), HN462716 (16K
shown on representative types of HM4864 (64K EPROM)

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

DRAM), HM4716AP (16K DRAM), HM6116P (16K

HN462732,

HM4864 (Ceramic) HN462532/HN462732 (Cerdip)
Test Total com-| .. P Total com .. A
Test item o Sam- Fail- | Failure | Sam- Fail- | Failure Remarks
pondition ples m]st ures rate* ples ‘;f::f:;‘ ures rate*
High- "
Ta=125°C CH. 1/hr C.H. I/hr " i
fi;‘:f;'i‘“" Voe=5.5V  [1872[3.33x10% | 3% |1.25x10°%| 100 | 1.0x10° | 0 | 9.2x10°° ?;i‘,':; 2
operation teyc=3us Unknown x 1
High-
temperature| Ta=200"C 20 | 4.0x10* 0 2.3x10°% | 140 | 1.4x10° 0 6.6x10°°
storage
High-
temperature | Ta=259°C - — - - 100 | 5.0x10* 0 1.8x10°%
storage
High-
;teg-nrs;amre Ta=295°C - - - - 100 | 4.2x10% | 1#2 | 410 [T ?i:at;pearance
* 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- i
: Test Sam- Fail-| Failure | Sam- Fail- | Failure Remarks
Testitem | condition | ples l;imom‘ ures| rate* | ples ph';ﬂt ures |  rate*
High- z‘r‘:n{;czv - ?;ﬁiﬁe 6
) et CH. 1/hr CH. r | 2 Gxide
fomperature | MOSY (2330 3.46x10% | 6+ | 2.12x10°¢{ 1216 | 1.90x10°% | 3% 210100 | e |
\ Electrostatic
operation - (C&I;)S!) discharge x1
cyc oM Unknown x 1
High-
temperature | Ta=150°C 45| 4.5x10* |0 2.0x10°% 20| 2.0x10* |0 4.6x107°
storage
High- Ta=85°C, *3 Aluminium
temperature sﬁ;isgv gmr; :; 12'?
i & 13 & &
sod higie +Ricy 3081( 62x10¢ [19%| 3.1x10¢ | 630 1.3x10¢ |4%¢ | 4.0x10° | oy ppino
bh““.m‘” cc=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)
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AMA4864 HMA4864 EPROM iMa716Ap | HMGIIGP]
s - (Ceramic) (Cerdip) (Cerdip) HM6147P
o e ¥ast condinion Sam- | Fai- | Sam- | Fai | Sam- | Fail- | Sam- | Fail- | Sam- | Fai-
ples ures ples ures ples ures ples ures ples ures
Temperature | -65 C~RT~150°C
cycling 10 cveles 1208 | 0 | 260 | © 50 | 0 - | - - -
Temperature | -§55°C~RT~150°C
Syetn 10 cien: - | -] -] - |30 | o ]7m%2]| o028/ o
5 ol T R 164 | o | 100 | o s0 | o | 600 | 0 =l =
Thermal shock | T8 prgies " < 22| 0| 6 [ o | 72 [ o] 19] o - ] =
Thermal shock | G~ 100°C - | - ~ | - {197 [ o 13| 0| 6| o
Soldering heat_| 26(0°C, 10 seconds 22 | 0 | 22 | 0 | 22 | 0 | 128 0 60 | 0
Mechanical | 4 500G, 0.5ms 2| o] 38| o 3|0 = | o= = [ =
Py |20~20008z,206 | 22| o [ 38 [ o | 3 | o g g
consane | 26,0606 2| o] 38| o 38| o0 o = [ =

2.3 Change of electrical characteristics under endur-
ance test for IC memories

The degradation of lggp of the cell transistor,

degradation of hgg, etc., can be considered as main

factors in the internal elements for reliability of

Bipolar memories. In actual element designing,

Fig. 1 Example of Change in Bipolar Memory Characteristics

however, it has been designed to operate in the
range at which these degradations do not happen.
Therefore changes of electrical characteristics in-
cluding access time are not observed.

Time dependence in access time for HM10470 is
shown in Fig. 1.

Example Example of time change in access time for Bipolar memory
Device name HM 10470
Test condition Ta=125°C, VEg=-5.2V Measuring Condition }:iuimum
verage
Failure criteria tas=25ns Minimum
35+ g
Failure mechanism Surface degradation Marching Pattern
Results: . 30p
Access time (t4 o) is stabilized and is within the failure 2 a5t
criteria. <
ST 1T 1
15t
0 500 1,000 2,000
Time (hr)
VT4 is a basic parameter in the MOS memories,
however, it has been confirmed there is not any
shift in Vqy for practical usage because we have ;
applied surface stabilizing technique, clean process, S i %
ete. ‘-; 4 = = = - vy ification
) . E + + + + ¥ Averauge
In case of dynamic RAM which needs refresh cycle, 83 Measuring Conditions =
refresh time is also stabilized owing to the above- s, fesBh
mentioned process. Time dependence of Vec min é Marching Fauac
and tgeg characteristics for the 64K DRAM are 0 500 LOOG 1,500 2,000
shown in Fig. 2 and 3. Time (hrs)
Fig. 2 Vg min time depend indy ic operation
test at 125°C
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150
HM4864-3 Measuring Ta=70C
N=50pcs Conditions Ver=435V
| Disturb Pattern
i pars Than 20
100k 100ms
L
L
s L
= 5ok
0
Specification
]2 Zms
1] A Vi i i 3 ity
0 500 1,000 1.500 2,000
Time (hrs)
Fig. 3 Time dependence in refresh time (tggF) in dynamic operation test st 125°C

2.4 Classification of failure modes

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

feappeEATIng
Failures Tefective [nanlation

Statisties Layer Due 18 Foreign
5% for 19791940 Materials 9%
20~ 60FIT

Delective Photo-
lithography 3%
Defective Metalization 3%

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

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

high reliability.
Statintics
for 1979-1980
A ~200F1T

Defective
Photo-
lithagraphy

1%

Destruction

40%

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

3.1 Soft Error Mechanism

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

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

Pnlvanlu:un Gate

t [_4 rql ﬁ_l_l |——I|r—J|

g‘nlwnn Substrate I R

Infnrmatmn "ﬂﬂragt Area
e being absent)

IX a-particle

(Electrons are absent)
(1 Transistor type memory cell)

(a) Memory information at ‘1" {b) Incident o-particle generate a  (c) Inversion of memory informa-

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

tion from 1" (electrons *‘ab-
sent”) to *'0"’ (electrons "filled’’)

Fig. 6 Misoperation in Memory Call
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Bit Line Potentisl . a
Information 0

1"

Reference Level

Information “0*

Pre-  Inforamtion  Amplified
charge Read Cycle

O

{a} Read out memory information

{b) Inversion of information {e) Inversion of information
from 1" to 0"
(fall of *“1" potential)

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

into bit line

Fig. 7 Misoperation on Bit Line
108 3.2 Examples of soft error preventive measures in
E products
ol popree At the initial stage of the 64K DRAM development,
® SN its soft error rate was estimated from accelerated
g 10%k irradiation test data to be higher than the expected
E design value. Hitachi has performed the following
— Mixed Mode R
LS | MR DR Sl soft error preventive measures.
. 1) Selection of packaging materials which emit a
s 0F Bit Line Mode minimal number of a-particles.
i 2) Application of chip coating technology to pre-
z vent the a-particles,
N 3) Use of circuitry and layout technology with

¥ 10 107 10 inherent ability to resist a-particles.

Cycle Time (Relative Figure)

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

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

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

Owing to these corrective measures, soft errors in
64K DRAM have reached a practically acceptable
level. Preventive measures applied for 64K DRAM
are also applied to other types. 16K DRAM with
single power supply 5V family, for which chip
coating was originally used, no longer requires this
coating because of remarkable improvement by the
third measure.
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S v % 16k-bit Dynamic RAM
28 ol M in Early Ekvelowent
B 107 N /\\ (Sample for HM4816)
A Y

B2t %
D] / N\
e 104
=E
.nd: 107 F
§ o}
et HM4816A
Z  wf
w

1 i " A A A .

(1] 1 X 3 4 5 6 7

Supply Voltage Vee (V)

Fig. 9 Example of Soft Error Improvement on 16K-bit
Dynamic RAM

3.3 Request for soft error preventative measures in
system equipment

Thus our efforts to reduce soft errors have resulted

in almost trouble-free memories. System reliability

can be more improved by supplying some functions,

that is, ECC device for lage memory system and

parity bit for small one.

Reliability of Hitachi IC Memories
4. RELIABILITY CLASSIFICATION

In designing IC memories, Hitachi classifies memory

reliability by their application and controls the

flows of design, production and test. Reliability can

be roughly classified as follows:

(1) For large scale computers and electronic
exchangers

(I}  For important parts for auto-motive applica-
tion

(111) General communication-industrial use

In using our products, therefore, we would like you

to consider the classification of the application.

Especially, when you are going to apply our

memories to any special equipment, please do not

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

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

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

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

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

Insulared clip

|
Q <=
/ \ lI

Corppeer ring
Vpat i emo s finger Shielding wire

IM2MW resinnar

abngr | meter

Fig. 1

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

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

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

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

1.2 Prevention of Reverse Insertion of IC Pinouts

In the case of reverse insertion of IC pinouts to
board, ICs which have symmetrical pinouts between
Vee and Ground causes high current flown. Inter-
connection on the chip is melted and device is
destroyed. Precaution must be made even for the
ICs which do not have symmetrical pinouts between
Veg and Ground, because excess current flows and
sometimes device is destroyed. On the device
package, marking cf No. 1 pin is stamped. Please
watch this marking and insert I1Cs properly.

1.3 Mounting and Removal of ICs during Voltage is
supplied

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

1.4 Prevention of Oscillation

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

1.5 Precaution on Simple “H" Level of ECL
Memory

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

1.6 Cooling

Power dissipation of bipolar memory is 400mW to
1000mW depending on products. In the case many
bipolar memories are mounted on the board, natural
convention is insufficient for cooling. Therefore,
please run forced air cooling with velocity higher
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than 2.5m/s. In addition, by cooling, improvement
of reliability can be expected as shown in Fig, 2.
We recommend the junction temperature to be kept
less than 85°C for high reliability. use.

o

1
® -
=
g N
H
g S
2 =
2
N
10 =
l_ [
20 25 B (k)
RISERIETrA " " i L
200 175 150 125 100 75 50 25

Junction Tempersture on Operation T ()

Fig.2 Example of derating of ECL

1.7 Other Precautions

(1) Deforming of magazine and carrier
Since material of plastic magazine and carrier
(for ECL flat package) is usually thermal
plasticity, they deforms at temperature higher
than 40 to 50°C and may not perform suffi-
ciently. If burn-in is carried out at users, please
use aluminum magazine or other metal fixtures.

(2) Shock at transportation

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

Precautions for Handling IC Memories

2. MOS IC MEMORY

2.1 Prevention of static electricity

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

2.2 Absorption of power source noise

The source current level flowing in the dynamic
memory during the time of access is considerably
different from that of stand by. Although the
current difference is quite effective to save the
power consumption, the current spike may be
developed into the power source noise. Since all
MOS IC memories are, in general, accessed while
being refreshed, it is recommended to insert large
capacitors (a 10 uF capacitor for every 9 pieces of
16K-bit HM4716A, for example) as well as a 0.1 uF
capacitor having good high-frequency characteristics
for each memory. Needless to say, it is very
important to reduce the power circuit impedance
when designing.

2.3 Current spike in Vgg power

The Vgg power is necessary for maintaining the IC
memory function in the reverse bias and the current
does not generally exceed the level of the reverse
leakage current. However, in order to prevent an
accidental current spike which is sharply formed in
either positive or negative phase by the rise or fall
clock pulse at the time of access, use a 0.1 uF
capacitor for every 2 or 3 memories for absorbing
such noises.

2.4 Clock drive ICs

The TTL to MOS clock drive ICs have special
designs so that they are capable of quick increase in
the capacitive load. If a ground wire short-circuits
either Vpp or Ve which appear in the Pin No. 1
and No. 16 respectively, when the device is at high
level, the device may be broken down. Carefully
eliminate such possibility beforehand.

2.5 Power application sequence

It is advisable to design the circuits so that power is
applied in the sequence of Vgg, Vpp and Ve and
interrupted in the reverse sequence, here the reverse
bias Vg is applied first and interrupted last.

It may be impossible for some small-scaled systems
to apply power in the above-mentioned sequence
(for example, when the Vgg is supplied by a DC to
DC converter). According to our experiments con-
ducted in the under-mentioned test conditions, it
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has been proved that such a small-scaled system as
to consist of 200 to 300 memory devices is not
affected by he power application sequence.

Power application sequence test for N MOS IC

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).

tey =10 us
Read modify write oper-
tion

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

l3z2v

———= tima{minute)

2.) Testresults

Number of | Number of | Number of
TypoNo: cycles sample failures
HM4716A | 2000 cycles 50 0

2.6 Assessment of the memory system design

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

2.7 Overhead parity bit

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

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

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

2. RELIABILITY DESIGN OF
SEMICONDUCTOR DEVICES

2.1 Reliability Targets

Reliability target is the important factor in manu-

facture and sales as wel as performance and price.

It is not practical to rate reliability target with

failure rate at the certain common test condition.

The reliability target is determined corresponding to

character of equipments taking design, manufacture,

inner process quality control, screening and test

method, etc. into consideration, and considering

operating circumstances of equipments the semicon-

ductor device used in, reliability target of system,

derating applied in design, operating condition,

maintenance, etc.

2.2 Reliability Design

To achieve the reliability required based on reliabil-

ity targets, timely sude and execution of design

standardization, device design (include process

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

2.3 Design Review

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

determined at design review are as follows;

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

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

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

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

(5) Discussion about preparation for production.

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

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

3. QUALITY ASSURANCE SYSTEM OF
SEMICONDUCTOR DEVICES

3.1 Activity of Quality Assurance

General views of overall quality assurance in Hitachi

are as follows;

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

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

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

The followings are regarding device design, quality

approval at mass production, inner process quality

control, product inspection and reliability tests.

3.2 Quality Approval

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

The views on quality approval are as follows;

Step Contents

Purpose

I;:E?;iuumlﬁ -II Design Review J

Design :
Trinl o rate;LuJ]s. Parts
Production PRSI

Characteristics of Material and

ris

Appearance
Dimension

Heat Resistance
Mechanical
Electrical
Others

Characteristics Approval

Electrical
Characteristics
Function
Voltage
Current
Temperature
Others

Appearance, Dimension

Confirmation of
Characteristics and

Reliability of Materials

and Parts

Quality Approval (1) J

Reliability Test
Life Test
Thermal Stress

Moisture Resistance

Mechanical Stress
Others

Confirmation of Target

Spec. Mainly about
Electrical
Characteristics

Confirmation of Quality
and Reliability in Design

[ Quality Approval (2)

Reliability Test
Process Check same as
Quality Approval (1)

Confirmation of Quality
and Reliability in Mass
Production

Mass
Production

Fig. 1 Flow Chart of Quslity Approval
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(1) The third party executes approval objectively 3.3 Quality and Reliability Control at Mass Produc-
from the stand point of customers. tion

(2) Fully consider past failure experiences and For quality assurance of products in mass produc-
information from field. tion, quality control is executed with organic

(3) Approval is needed for design change and work division of functions in manufacturing department,
change. quality assurance department, which are major, and

(4) Intensive approval is executed on parts material other departments related. The total function flow
and process. is shown in Fig. 2. The main points are described

(5) Study process ability and fluctuation factor, below.

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

Process Quality Control Method

[

4—1 Material, Parts l

Material,
Pants ; Inspection on Material and Lot Sampling,
Inspection of I — : -
——— Parts for Semiconductor Confirmation of
Devices Quality Level
_‘! Manufacturing Equipment,

S ) |- —|— —| Confirmation of
Environment, Sub-material,

Manufacturing

[
[

Quality Level
Worker Control

Lot Sampling,

Inner Process

Quality Control Confirmation of

|
l

Screening

l

Quality Level

100% Inspection on

EX8 A v i

= 1007 i E : | __|— ] Testing, |
% hikgiction 1 Appearance and Electrical )
Inspection
155 Characteristics
Products _ :
Products Sampling Inspection an
Inspection Appearance and Electrical [ ~ | | Lot Sampling

Characteristics

Confirmation of
______ —| Reliability Test il Quality Level, Lot
Sampling

Lot
Assurance
Test

f————____—___“l Feedback of
Quality Information | .
< Information
Claim |
Field Experience ==
General Quality |
Information |
|
__________ ol
Fig. 2 Flow Chart of Quality Col | in M f ing
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Quality Assurance of IC Memory

3.3.1 Quality Control of Parts and Material

As tendency toward higher performance and higher
reliability of semiconductor devices, is going, impor-
tance is increasing in quality control of material and
parts, which are crystal, lead frame, fine wire for
wire bonding, package, to build products, and
materials needed in manufacturing process, which
are mask pattern and chemicals. Besides quality
approval on parts and materials stated in section
3.2, the incoming inspection is, also, key in quality
control of parts and materials. The incoming inspec-
tion is performed based on incoming inspection
specification following purchase specification and
drawing, and sampling inspection is executed based
on MIL-STD-105D mainly.

The other activities of quality assurance are as
follows;

(1) Outside Vendor Technical Information Meeting
(2) Approval on outside vendors, and guidance of

outside vendors
(3) Physical chemical analysis and test
The typical check points of parts and materials are
shown in Table 1.

® Table 1

Quality Control Check Points of Material
and Parts (Example)

Material, Important P
Parts Control Items Faint for Clieck
Appearance D ge and Cont;
; ; Flﬁm‘ on Surface
Dimension atness
Watsr Sheet Resistance | Resistance
Defect Density Defect Numbers
Crystal Axis
Appearance Defect Numbers, Scratch
Mask Dimension Dimension Level
Resistoration
Gradation Uniformity of Gradation
Appearance Contamination, Scratch,
&i::: for Bend, Twist
Wire Dimension
Bonding Purity " Purity Level
Elongation Ratio | Mech I 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
Tfharacteristics
: ermal
REagLic Characteristics
Molding Molding Performance
Performance
Mounting Mounting Characteristics
Characteristics
32

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

(3) Quality Control of Manufacturing Circum-

stances and Sub-materials

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

Quality Assurance of IC Memory

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

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

Process

j’Purchase of Material

FWafer.

Surface Oxidation
Inspection on Surface
Oxidation

Photo Resist

Inspection on Photo Resist
©PQC Level Check

Diffusion

Inspection on Diffusion
O PQC Level Check

Evaporation

Inspection on Evaporation
©PQC Level Check
Wafer Inspection

Inspection on Chip
Electrical Characteristics

Chip Scribe
Inspection on Chip
Appearance

< PQC Lot Judgement
—Frame—|
O Assembling

OPQC Level Check

J Inspection after
Assembling

¢PQC Lot Judgement
D Sealing

'—Package—‘

©OPQC Level Check
' Final Electrical Inspection
©Failure Analysis

Appearance Inspection

Sampling Inspection on
Products

Receiving

Shipment

Control Point

Wafer

Oxidation

Photo
Resist

Diffusion

Evapo-
ration

Wafer

Chip

Assembling

Sealing

Marking

Characteristics, Appearance

Appearance, Thickness of
Oxide Film

Dimension, Appearance

Diffusion Depth, Sheet
Resistance

Gate Width

Characteristics of Oxide Film
Breakdown Voltage

Thickness of Vapor Film,
Scratch, Contamination

Thickness, Vry Characteris-
tics
Electrical Characteristics

Appearance of Chip

Appearance after Chip
Bonding

Appearance after Wire
Bonding

Pull Strength, Compresion
Width, Shear Strength
Appearance after Assembling

Appearance after Sealing
Qutline, Dimension

Marking Strength

Analysis of Failures, Failure
Mode, Mechanism

Fig. 3 Example of Inner Process Quality Control

Purpose of Control

Scratch, Removal of Crystal
Defect Wafer

Assurance of Resistance
Pinhole, Scratch

Dimension Level
Check of Photo Resist
Diffusion Status

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

Breakdown Voltage Check
Assurance of Standard
Thickness

Prevention of Crack,
Quality Assurance of Seribe

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 Memory

3.3.3 Final Product Inspection and Reliability As-
surance

{1) Final Product Inspection

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

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

(2) Reliability Assurance Tests

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

Customer

Claim

(Failures, Information)

Sales Dept.

Sales Engineering Dept.

I R S« e e e e e s 21 | 1
| ) ) [
| Quality Assurance Dept. Failure Analysis |
I |
|
| { |
| : ) Countermeasure |
[ Manufacturing Dept. Design Dept. Execution of |
Countermeasure
I |
| [ |
| Report |
j |
|
| |
| %
[ Quality Assurance Dept. Follow-up and Confirmation I
| of Countermeasure Execution |
| |
| Report |
B R e ey i T .

Sales Engineering Dept.

Customer

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

1. Inspection Method

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

(2) Checker flag

(3) Stripe pattern

(4) Marching

(5) Galloping

(6) Walking

{(7) Ping-pong

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

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

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

2. Marching Pattern

The marching pattern, as its name indicates, is a

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

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

simple 16 bit memory as an example.

(1) Write”0” forallbits ............ Fig. 1(a)

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

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

(4) Read "0 of 1st address

(5) Write “1" in 1st address

(6) Read "0’ of nth address

(7) Write 1" in nth address ......... Fig. 1(c)

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

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

It is understood that 5N address patterns are

necessary for the N bit memory in this method.

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

3. Generation of Marching Pattern

The method of generating the marching pattern and
displaying failed bits of the memory on the Braun
tube will be introduced. Fig. 2 shows the all block
diagram. The address pattern is generafed by using
four synchronous 4 bit counters. All address pat-
terns are shown in Fig. 4, This example, is for 16K
bit memory, however, it can be easily understood
that Al14 which has a half frequency of the
maximum address input A13 is the same as the data
input.

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

As shown in Fig 2. In the read and write cycles after
cleaning all bits addressing is twice the period of
clearing. This switching is performed at the gate of
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Qutline of Testing Method

the binary circyit following the reference pulse
generating circuit.

=t s

Ay =1 D/A Converter —AW OF ANP

D/ A Converter A0 0P AMP
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Fig. 3 Fail Bit Map Display Circuit
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Fig. 4 Entire Pulse Relations

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

‘ e ADDRo
' -~ ADDR,
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Carry Dur g Ik = ADDRa
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T
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A
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Carry dur
to Din ol memory
te Cumparator Circuit of Momory

—— 7 Axis of Oscilloscope

—— Y Axis of Oscilloscope

OP-AMP —— X Axiz of Oscilloscope

power voltage Vgg, the increase and decrease of the
failed bits can be well understood. The operation of
the memory can be dynamically understood by
displaying its operation on the CRT. The operation
of the memory IC is extremely complicated differ-
ing from other TTLs, etc.. Its operation is not easy
to understand by pulse waveform observation with
an ordinary oscilloscope. The fail bit map as shown
in Fig. 5 is extremely useful. It is capable of visually
understanding the operation of memory IC.

Y Address

(a) Ves =03V X Address - -

Y Address

(b} Vae=—01V X Address
ple of D y of Fail Bit Map on Vgg

m

Fig. 5

Y Address

X Address

Fig. 8 Example of 1 bit solid fail

4. Failure Mode

Generally, failure 70% ~ 90% of failures at users are
of those called solid failure. This failure mode has
no relation with access time, voltage margin and
timing, and is not capable of reading from or writing
to certain specified bits and is failure fixed to “0*
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or “1”. An example of single bit solid failure is
shown in Fig. 6. The convenient checker, previously
mentioned as simple tester, is sufficiently capable of
detecting such failures. Therefore, with the excep-
tion of special cases, it can be considered that the
necessity of performing high-precision measure-
ments such as those made by memory IC manufac-
turers is rare.

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

An extremely accurate memory tester becomes
necessary for performing high-precision inspection
with 1ns accuracy. Our company is developing IC
memory testers to supply memory ICs with excel-
lent characteristics and quality to users and is
establishing the system capable of developing
further high-efficiency memory ICs.
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B APPLICATION OF DYNAMIC RAMS

1. Power On

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

of l:c and Ve during power-up

2. Operation Modes (See Fig. 2)

(1) Read Cycle:
First, decide the X address of the memory cell
chosen and start with trailing of RAS. When
the X address has been held by the internal
circuitry, change it to Y address. Then, trail
CAS to take in the Y address. |f the WE pin is
at high level, output will appear on the Dout
pin after a certain time.

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

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

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

Fig.2 Operating modes of Dynamic RAMs

2. Data Output

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

3. Refreshing

Refreshing is a process of periodical rewriting to
make up for the leakage of the charge accumulated
in the memory cell. This operation is implemented
in the RAS only refresh cycle, ordinary read cycle,
and so on. Whether 16k- or 64k-bit, all bits can be
refreshed by giving a 128-cycle scanning to only the
X addresses between A0 and A6. To be more
specific, each cycle refreshes 128 bits for the 16k-
bit Dynamic RAMs and 512 bits for the 64k-bit
RAMs. Especially, the RAS only refresh cycle per-
mits such a power-efficient refresh as calls for only
approximately 75 percent of the current consumed
by the read cycle. With CAS fixed at high level, the
output is a high-impedance one. The HM4816A has
a special function called the hidden refresh which
enables holding the output by turning CAS to
“Jow" while RAS only refresh is on. There are two
methods of refreshing: concentrated and decon-
centrated refreshing. The former gives a concentrat-
ed 128-cycle refresh after operating the memory for
a period of 2ms maximum. In contrast, the latter
repeats a refreshing cycle every 16us following the
initial 16us (=2ms/128) memory operation, A
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choice between the two modes calls for a careful
consideration about the system’s efficiency.

4. Operating Current for Dynamic RAMs

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

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

Application of Dynamic RAMs

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

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

ot 1
=4 Ll

Low-frequency noise:

Not more than 10% of standard power
supply voltage.

Total of low-and high-frequency :

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

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

1. PROGRAMMING & ERASING OF EPROM

1.1 Programming

Information is programmed into the memory cell of
an EPROM by applying a high voltage to its drain
and gate (Fig. 1 and 2). The high voltage at the
drain increases the energy of the electrons in the
channel area. When the energy becomes high
enough, the electrons become what are known as
“hot electrons™ that are capable of jumping across
the oxide film. Pulled by the high voltage at the
gate, the hot electrons are admitted into the floating
gate. The electric charge entering the floating gate
changes the threshold voltage in the memory ele-
ment, whereby it is stored as new information.
When reading out, voltage is applied as shown in
Fig. 3, and “1" and ““0” are identified by checking
whether or not current flows. Since the drain
voltage for read-out is set at about 3V, no erroneous
writing takes place. When shipped, all bits of the
EPROM are held at logic “1" with all electric charge
released (with no information programmed in).
By changing the logic 1 to logic O through the
application of the specified waveform and voltage,
the necessary information is programmed in. The
higher the Vp, voltage and the longer the program
pulse width tow, the more will be the quantity of
electrons to be programmed in, as shown in Fig. 4.
If the Vpp exceeds the rated value, such as by over-
shoot, the p-n junction of the memory may yield
to permanent breakdown. To avoid this, check
Vpp overshoot by the PROM programmer and
take all other possible caution. Also with for the
negative-voltage-induced noise at other terminals,
since it can touch off a parasitic transistor effect
and apparently reduce the yield voltage Hitachi's
EPROMs are usually capable of being written and
erased more than 100 times, although the number
of times is not guaranteed because it is difficult
to give an exhaustive inspection prior to shipment.
At any rate, 100 times is enough since the fre-
quency of reprogramming in practical application
rarely exceeds about 10 times.

Gate Cate

Polysilicon
__| - Oxide film
Source [_1 Drain Source =S rain
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Fig.1 Memory transistor
circuit symbol

P
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Fig.3 Reading out stored information
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1.2 Erasing

Data strored in the EPROM is erased by releasing
the electric charge from the floating gate through
the exposure of the memory chip to ultraviolet
light. Light has an energy that is inversely propor-
tional to its wavelength. Receiving the energy of
the ultraviolet light, the electrons in the floating
gate are again turned into hot electrons, which jump
across the oxide film into the control gate or sub-
strate. As a result of this process, the stored
information is erased. Accordingly, the stored
information can not be erased by such lights whose
wavelengths are too long to give adequate energy to
jump over the barrier of the oxide film, For
successful erasing, the wavelength and minimum
exposure rate of ultraviolet light are specified as
2,537A and 15W sec/cm? respectively. This condi-
tion is attained by exposing a device to an ultra-
violet lamp of 12,000uW/cm? 1.2 ~ 3cm away for
approximately 20 minutes. The ultraviolet light
transmission rate of the transparent lid is about 70
percent. Any contamination or foreign material
at the surface of the capsule lowers the transmission
rate, prolonging the erasing time. So such contami-
nation should be recovered by use of alcohol or
other solvent that does not damage the package.
Fig. 5 shows typical erasure characteristics for
EPROM.
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Fig.5 Typical Erasing Characteristics

1.3 Data retention characteristic of EPROM

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

Programming & Erasing of PROMs

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

Ultraviolet rays at a wavelength of not greater
than 3,000 ~ 4,000A is capable of releasing the
electric charge stored in the memory of the
EPROM with varying efficiencies. Fluorescent
light and sunlight contain some ultraviolet rays,
so prolonged exposure to these lights can cause
data corruption as a result of electric charge
dissipation. Fig. 7 shows examples of the data
retention time under an ultraviolet eraser,
sunlight and fluorescent lighting. But it should
be noted that the data for fluorescent light and
sunlight are not definite because of their vary-
ing ultraviolet ray contents. The ultraviolet ray
content in sunlight, for example, varies greatly
with seasons, weather and the composition of
the atmosphere.
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Fig.6 Typical Data Retention Characteristics
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Programming & Erasing of PROMs

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

1.4 EPROM Programmer

The 16K EPROM Programmer stores the program in

its internal RAM and writes the program in the

EPROM. For this programming, the minimum of 3

functions, the Blank check function prior to pro-

gramming, the programming function and the

Verify function after programming are necessary.

As shown in the drawing, there are also pro-

grammers provided with a reverse insertion checking

function or pin contact checking function prior to

the Blank Check. The outline of each block is as

follows.

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

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

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

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

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

Programming

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

displayed.

Is Readour OK?
: 3

FAlIL

Is it the

Final address!

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

Method Content

Copy input Input by copying the master ROM.

Manual input Input by the keyswitch of the front
panel, Used for correction or
revision of program

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

Teletypewriter Input with the teletypewriter.

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

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

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

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

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

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

1.6 Shielding label

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

Programming & Erasing of PROMs

marketed. Metal-loaded labels are particularly effec-

tive. In choosing a shielding label, the following

points should be carefully checked.

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

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

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

2.1 Programming Systam

The storing system of the Bipolar PROM can be
generally classified into 2 systems; the Blown diode
system and fuse system.

The latter is a system in which the metal-made fuse
is burned off by current (Fig. 5). In the former,
Emitter-Base junction is short-circuited by Al,
which has penetrated into Base because of current

Open in

1 Bit Line
Programming

Word Line

Fig. 5 Fuse system

2.2 Programming Method

Programming is executed by the conventional pro-
gramming equipment (PROM writer) using a board
suited to the product.

First, check if all bits are programmable (Blank
check), next write the pattern you want to program
one by one bit. At every application of current
pulse, confirm that program is available by sensing
output level. And when programming has been
completed, apply additional pulse. This process
should be performed for all bits into which you
want to write, and as you have completed program-
ming, check (Verify) if you have programmed in the
same pattern as you intended. If you do not find
any mistake, programming has been completed.

For Blank check, Sense and Verify whether output
pin level is high (non-programmed) or low (pro-
grammed) is checked by sense current (ls). Vs — Is
characteristic of normal series and S series is shown
in Fig. 8 and 9, respectively. Specified value of sense
current (Is) of both normal series and S series is 20
mA, and voltage reference level is 7.5 V.,

Fig. 10 and 11 show the relation between program
current and program pulse number necessary for 1
bit to be written. With consideration of its influence
on breakdown voltage, program current is specified
as 130 mA in normal series and as 90 mA in S series.

pulse applied to E-B junction (Fig. 6). Generally,
the blown diode type is considered to be more
reliable. A grow back phenomenon, that is, migra-
tion and recombination of the metal, is seen in fuse
system. HITACHI devices use the blowin diode
system.

Short-circuit

in Programming Bit Line

Word Line

Fig. 6 Blown diode system

C START )
J}

o ol g
=" System Check ~~_

<\{ﬂenh pin contact etci P

-
“'--.\ //

Blank Check

Apply Program Pulse

Sensing

One Bit Progammed

Additional Pulse

Every Bit Programmed

( END j

Fig. 7 Programming Flow of PROM
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2.3 Programming Characteristics of Hitachi Bipolar
PROM

® Small program current

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

are required for programming. Therefore, there are

few bad effects caused by breakdown voltage

degradation and parasitic effects.

® Fast programming speed

As seen in Fig. 10 and 11, program pulse for 1 bit

memory cell can be mostly written at one time

Consequently, the program time per device is quite

short. In case of 8K bit, for example, only 2 or 3

seconds at an average are required,

@ High programming yield

Unlike the MOS PROM, the Bipolar PROM cannot

be rewritten, once it is written into the memory

Programming & Erasing of PROMs
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cell.

Therefore, it does not allow programming and
inspection of the product prior to delivery. Due to
this, sometimes a defective product (which does not
allow programming) might be delivered.

Generally, the programming efficiency percentage is
90~95% when programming is performed on the
user’s side. Special tests such as actually performing
programming on the dummy cell in the chip,
performing continuity test of all memory cells, etc.,
are made prior to delivery for minimizing the
possiblity to deliver defective products.
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2.4 Programming

There are two methods in the programming of
PROM. That is, the method when programming is
made by PROM manufacturer and delivered and the
method when programming is made on the user's
side. Both these methods and procedures will be
explained below.

2.4.1 Programming performed by the PROM manu-

facturer

As shown in the drawing below, the manufacturer
receives the program specification (specification
designating the program pattern) from the user,
performs writing (Programming) in accordance with
the cpecification and performs delivery. In this case,
a special writing fee is charged.

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.

Manufacture of Board

and Socket PROM
Hitachi | WRITER
Manufactcrer’s Manufacturer|

Certification

Fig. 12 Relationship among Hitachi, User and PROM
WRITER manufacturer

=

e PROM
User Manufacturer
——] Delivery Upon (Hitachi)

Programming

2.4.2 Programming performed by user

In this case, the following three items must be

prepared by the user.

1 PROM WRITER (Main unit of programming
equipment)
One capable of being used in common with
equivalent products of other companies,

2 Performance board (Exclusive board designated
by each manufacturer)
Minimum of 1 board for Hitachi PROM.

3 Sockets (sockets suited to product)
Minimum of one socket per product. These
sockets are purchased from the PROM WRITER
manufacturer.

The relationship among PROM WRITER manufac-

turer, Hitachi and user is shown in Fig. 12.

As indicated above, the user purchases the perform-
ance board and sockets exclusively for Hitachi
products together with purchasing the PROM
WRITER.

2.5 Programming Device

There are about ten programming device manufac-

turers. However, this does not mean that any

manufacturer’s device will suffice. The reasons are

as follows.

® |t costs several hundreds of thousands or several
million yen to have a programming device manu-
facturer develop a dedicated board for Hitachi
and to qualify it.

® The suitability of the programming device affects
the programming efficiency. Therefore, it should
be a device of a reliable manufacturer.

® The servicing setup for handling troubles should
be consolidated. The setup should be one that
judgement can be accurately made on whether it
is @ writing device trouble or PROM trouble.

Hitachi has prepared a list of recommended manu-

facturers which meet the above requirements. Please

contact our sales engineering staff for information

in this regard.
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B MASK ROM PROGRAMMING INSTRUCTION

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

1. Overall Specification

Since the submitted paper tape, card or magnetic

tape is fed into the large-size computer as it is,
observe the following specifications,

1.1 Specification of Paper Tape

1.1.1 Any color paper tape may be used as long as
it is a marketed 1 inch wide paper tape for
computers. However, a black color paper tape is
recommended.

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

00000000000 00(000000000000000000C000000000

Deta Trailer —‘-I

== Leader
More Than 600 Frames |

1.1.3 Parity mode
The presence and type of parity are clearly de-
scribed in the “ROM Specification ldentification
Sheet"”,
There are following modes in the parity system.
(1) With parity
Even parity ............
0dd parity
(2) Without parity
1.1.4 Use the 8 unit ASC11 code as the code.

1.2 Specification of Magnetic Tape

1.2.1 Use the following type of magnetic tape
which can be netered in a magnetic tape device
which is compatible with the IBM magnetic tape
device.

(1) Length .... 2,400 feet, 1,200 feet or 600 ffet
(25 Wikt -5 B30 SRl B BT 1/2 inch
(3) ‘Chann@lex2, WU b et BAEL 9 channels

800 BPI or 1,600BPI (Clear-
ly state which it is in the
“ROM Specification Inden-
tification Sheet”.)

1.2.2 Use the EBCDIC code as the use code.

1.2.3 Make the format of the magnetic tape as de-
scribed below.

(1) No leading tape mark

(2) No label

(4) Bit density

(Mare Than 600 Frames |

(3) Recordsize ............. 80 byte/1 record
(4) ‘Blocksize sevau s 10 records/1 block
(5) The end of the file should be indicated by 2
successive tape marks (TM).
1.2.4 Ensure that the magnetic tape becomes of 1
roll for each chip. Since extending the single-chip
portion over several rools is impermissible, submit
by compiling into the single-chip portion for each
roll,

2. Data Mode

2.1 HMCS6800 Load Module Mode

This mode is the object mode output from the

assembler of HMCS6800.

2.1.1 Divide the 8 bit code into the upper and

lower 4 bit codes and convert each into hexadecimal

notation.

(Example) The code of 1100 0110 becomes as
follows under binary notation.

(Upper 4 bits) (Lower 4 bits)

Bit weight
D, D, D, D, D, D, D, D, (ROM output
1 1 0 0 01 1 0 equivalence)

2.1.2 The composition of the load module mode is
shown below by taking the case of paper tape as the
example. The numbers written in the tape are ASCII
code hexadecimal numbers of the data.

—om

Block 1 Block 2 Block 3

=
]
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Mask ROM Programming Instruction

Frums

)

Leader{ NULLS

=
oy

[CRY
'LF}
INULLI--4

=)

5 = Head of Recond
CCw Type of Recond

Lol I I
ofuje]=

T

Check sum

— e M. 0 (e ——————a

- — I-nm Count
*2 Framen = | Byte!

Address Sise

I
L]

= =t Data

i —|]>Ch=h5w

e

(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 mode becomes as
shown below.

CC=30 CC=31 CC=39
Header Data End of
record record file record
Frame
1 Record Start 5 3 § 5 3 5 5 3 §
2 Record Type B 0 0 ¥ 3 1 3 9 9
3 30 [ i
x 03
= Byte Count 318 06 % 16 3 3
s 30 31 10
6 10 0000 ¥ 1 30
7 Address Size 10 30 1% I o L
8 30 30 30
9 34 5 % ‘6 { Check
- ] FC
10 Data 3 48-H - B 3
34 30
Date 14 “-0 12 0z
3 5
Data o 52-R
Check Su ol 1B { Check Sum ) L)
- e m 42 18 AB (Check Sum )

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

Example

counting in increments of 1 byte of the data and
checking whether it is sequential or not. In places
where the address is skipped, the data of 00 or FF
enters hexadecimally. The printed example of the
paper tape of the HMCS6800 load module mode is
as showrr below.

Header Record +S00B000058204558414

Data Record —S112F010FA65T7TEFA8B7Y
End of

File Record —+S59030000FC

Data Record —+S113F0007EFS5587EF7897EFAATTEF9CO07EF9C47E24

D504CRB5

EFAA0TEF9DCTEFAZ4TEOS
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2.1.4 The ROM code data are capable of handling

the following 4 types of cases. 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) Case when the data reaches full capacity of

ROM

The ROM recorder for 1 chip enters into the data

recorder. Since the address of the address size of the
data recorder counts the data and

iy checks whether or not it is in
2 2 a sequential address, it becomes
b 4 necessary that the address not be
2 7 skipped. The ROM head address
j///////J column of the “ROM Specific-

ation ldentification Sheet’" beco-
mes 0.

(2) Case when data is input from en route of ROM
In this case, perform entry by
decimal notation in the ROM
head address column of the

=
=]
=

Blank
(00 or FF)

'//// g “ROM Specification Identifica-
? Buta 2 tion Sheet” on which ROM
4 : :

[ A address you wish to input the

7
i data. The data 00 or FF will

enter into the blank address by
hexadecimal notation.

Mask ROM Programming Instruction

(3) Case when data is input by skipping inter-
mediate address

The address of the address size
%54,
é//%

of the data recorder is counted
Blank

in increments of 1 byte of the
data, compared with the next
address of the data recorder and

(00 or FF)
V///// checked whether or not it is
72%%Y/  sequential. The data 00 automat-

RO ically enters by hexadecimal

notation into the ROM code of
the skipped address. Therefore,
the writing of data as in the
following drawing is also possi-
ble. In this case, perform entry
into the “ROM Specification
Identification Sheet” that the
ROM head address enters from 0
address for data | and from
which address it enters for data
1.

(4) Case when the data is less than the full capacity

In case the data volume is less

E a than the total byte capacity of
C ™ 4 ROM LS| when the end of file
2722, recorder appears, it becomes

s written as the ROM code as

shown in the following drawing.

(Example) Indicates the example of the paper tape
when the data recorder is S114192086-
FC..

o000 00
o
(elle]

o]
00000000 ©
0000000 ©

(o] o 000
0000

o000 ©

O 00000
o 000
00000000000 00000000000000000000

000

o
le]e]
O0D0OCOOOOCO0O0OD0OO00O000O00DOO,
o
o

00
[e]s]

o000
o000
o o

2.2 BNPF Mode

2.2.1 One word is symbolized by the word start

mark B, the bit content represented by 8 characters

of P and N, and the BNPF slice composed of

successive 10 characters of the work end mark F.

2.2.2 The contents from F of one BNPF slice up to

B of the next BNPF slice are ignored.

(Example) The code of OF by hexadecimal nota-
tion is symbolized as shown below (in
case of paper tape)

2.2.3 It is necessary to designate the bit pattern

(BNPF slice) on all ROM addresses. Therefore, the

term of the ROM head address of “ROM Specifica-

tion Identification Sheet” always becomes 0,

B! wuwansasini Indicates start of 1 word.
N onwmvancsmisosi Indicates 0" of 1 bit data.
o Indicates ““1" of 1 bit data.
Indicates end or 1 word.
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Mask ROM Programming Instruction

o o
o

0000
0000
©0000000000000000
0000
ocQoo
0000000000

cco0000OD0O0O0O00CO0000

e

D De Dy b DDy DD

Note 1) Sometimes X is used besides P and N in the

Mask ROM Development Flowchart

display of the word content by the BNPF Cortomer

slice,

X means that the user is not concerned
whether the bit is P or N. However, since it e
is necessary to decide the P or N for
performing tests, Hitachi performs selec-
tion of P or N. The results are informed by
making entry in the identification table.
Note 2) The contents of the BNPF slice are not
only those with the continuation of PN
and the form of B*nF can also be used.
This means that the content of the slice
existing just prior to this word will be
repeated for n words from this word.
For example, when B*4F exists at the 10th
word, it means that the content of the 9th
word will be repeated in the 10th, 11th,
12th and 13th words. (However, it does
not necessarily follow that the X content
of Note 1 above will be repeated.) n shall
start from 1 and be a number below the

total addresses of ROM.

Note 3) When a certain block is not used (when an
unused ROM address exists), disposition
can be made by utilizing Notes 1 and 2.

Hitachi

HOM Code “Cutomer |

oK

Sample

&

Vash Prejuriiion
Lmst puct fom

Mask Preparation

i

Investion

OK

Check

&

i <

Mass Production

@ HITACHI




DAIA
SHEETS

 MOS STATIC RAM



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

1024-word X 4-bit Static CMOS RAM

BFEATURES HM4334-3, HM4334-4
@ Single 5V Supply
@ Low Power Standby and Standby: 10uW (typ.)
Low Power Operation; Operation:  20mW (typ.)

® Access Time; HMA4334/P-3:.  300ns (max.)  (5V5%)
HM4334/P-4: 450 ns (max.) (6V£10%)

® Directly TTL Compatible: All inputs and outputs
Common Data Input and Output using Three-state Outputs

@ On Chip Address Register

(DG-18)

EBLOCK DIAGRAM

HM4334P-3, HM4334P-4

Aio—
Aso— - —oier
sso—] Latched [: | Row i Memocy ——oGND
Aro—d Address |: Decoder Matrix
An Register | ! o 64 % 64
Aso— \
vo : i
; él::'"‘ Column Decoder
‘ =1
Latched
Address
Register (DP-18)
o (& {=H 1]
A A1 A Ag
A HPIN ARRANGEMENT
S
: As E E'Ir't_'r
BABSOLUTE MAXIMUM RATINGS
o] e
Item Symbol Rating Unit
Voltage On Any Pin® Vr —0.3 to Vee +0.5 v A'E 16] 4
Power Supply Voltage* Vee 0.3t +7.0] v a1 [15] 4
Power Dissipation Py 1.0 w As E E 1/00
Operating Temperature T 0 to +70 C A'E E 1/0s
Storage Temperature [ Plastic) Tic —55 to +125 e A;E EI "
/03
Storage Temperature (Cerdip) Tos —65 to +150 C
* with respect 1o GND CE| 8 1__', 1/04
ono[ 9 [10] WE
(Top View)
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HM4334-3, HM4334-4, HM4334P-3, HM4334P-4

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

HM4334/P-3 HM4334 /P-4 _
[tem Symbol - Unit
min typ max min typ max
Vee 4.75 5.0 5.26 4.5 5.0 5.5 v
SKifely’ Yoltags GND 0 0 0 0 0 0 v
Vin 2.4 - Vee+0.5 2.4 — Vee+0.5 \'
. Vel Vic —0.3 B 08| 0.3 — 0.8 v
HDC AND OPERATING CHARACTERISTICS
(Ta=0 to +70°C, GND=0V, HM4334/P-3 . Vec=5V+5%, HM4334/P-4 | Vec=5VE10%)
Item Symbol Test Condition min typ max Unit
Input Leakage Current I Vie=0 to Vee —-1.0 - +1.0 JA
Output Leakage Current o CE=Viy, V=0 to Vec —=1.0 = +1.0 HA
Tee CE=0V, Viu=Vec, li.o=0 — = 1.0 mA
Operatiog Pomer Sepply Corrent - e/ [CE=0.0%. Vis=t.AV. lniomsd — [ 25 | 50| mA
Average Operating Current Iecs Vie=0 or Vee, f=1MHz, duty 50%, I,.0.=0 = L] 7 mA
Standby Power Supply Current Tecr CE=2 Vee—0.2V == 2 100 HA
Output Voltage Vou Jor=2,0mA == — 0.4 v
Vou Taw=—1.0mA 2.4 - - Vv
CAPACITANCE (Ta=25C, f=1MHz)
Item Symbol Test Condition min typ max Unit
1/0 Terminal Capacitance Cico Vi.a=0V = 7 10 pF
Input Capacitance G, V=0V — 3 5 pF
BAC CHARACTERISTICS
(Ta=0 to +70°C, GND=0V, HM4334/P-3 ! Vec=5V 5%, HM4334,/P-4 : Voc=5V+10%)
s Symbol HM4334/P -3 HM4334/P -4 R
min typ max min Lyp max
Read or Write Cycle Time® TELEL te 460 = = 640 = — ns
Chip .Enable Access Time TELQV e = = 300 — — 450 ns
Chip Enable to Output Active TELQX tex 50 = - 50 e — ns
Qutput 3-state from Deselection TEHQZ torr = = 100 = == 100 ns
Write Enable Output Disable Time TWLQZ lorm - - 100 Cx = 100 ns
Chip Enable Pulse Width** TELEH tce 300 — = 450 = — ns
Chip Enable Precharge Time TEHEL tr 120 — - 150 — — ns
Address Hold Time TELAX Law 100 — = 100 o - ns
Address Setup Time TAVEL tas 20 - — 20 = = ns
Read Setup Time TWHEL tps 0 = — 0 = — ns
Read Hold Time TEHWL tn 0 — = 0 = - s
Write Enable Setup Time TWLEL tws —20 — 7= —20 = = ns
WE to CE Precharge Lead Time TWLEH | twe 300 — — 450 — - ns
Chip Enable to Write Enable Delay Time | TELWL Lown 300 - — 450 — — ns
Write Enable Hold Time TEHWH Fewn 0 — — 0 — — ns
Write Hold Time TELWH tun 300 — — 450 —= — ns
Data Input Setup Time %&g;:-l tos 200 — — 350 — = ns
Data Hold Time &wﬁi‘ tow 0 = 7 0 — — ns
Write Data Delay Time TWLDV twos 100 — i 100 — — ns
Chip Enable Rise/Fall Time TT Ir == — 300 — — 300 ns

* TELEL(4c)=TELEH(tcs) + TEHEL{1s)+ 1, (20ns) 4 1,(20ns)
*% For Read Madify Write Cycle. TELEH (tcr)=TELWL(tcws)+TWLEHRtwri | +1,{20ns)
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HM4334-3, HM4334-4, HM4334P-3, HM4334P-4

BAC TEST CONDITIONS

Input LEVel « . oo vcvuenniiiansnnsnenasian 2.4V, 08V
Input Rise and Fall Time « « .. .. ovvvvnavununy 20ns
Timing Measurement Level. . - - .-« c..cooaaann 24V, 0.8V
Reference Level - -+« voveeveacarnaionsnsun VoH = 2.0V, Vg = 0.8V
OUPUT Load «+cvonvmrnrrvresironoonasaes 1TTLand C = 100 pF
A CIAE e YRY v KRRTRRKRRORN i
TELAX{ fan)
TELEL(fc)
TAVEL
3‘5 TELEH( tce) M
e ————
E N / K
TWHEL
(trs}
TEHWL taw)
WE f!ﬁ TELQV( tac) K EE \ EE
TELQX{sex) TEHQZ(torr)

vo Bl 999] VALID DATA OUTPUT HIGH 2

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

@ WRITE CYCLE output voltage levels.
TELAX{tax]
—— TELEL{tc)
TELEM{tce)  TEMEL(1r) |
c h \
TELWHtww)
W W77/
OV, I TWHDX
TOVE(1s) [TENDK (1me

o —'“9”—{ VALIDDATA INPUT }-m—

Note) [pg and tpzr are measured from the earlier of CE or WE going high,
® READ MODIFY WRITE CYCLE

oo | e YR

TELAN{ ran]

TELEL(ic) .
TAVEL]
[ras) TELEH( tox) TEHEL[ir)
cs \ /
TWHEL|
{eas) TELWL(1cws] TWLEHtwr )
TEHWH fown |
"= k|
WE / Iy N 7
TELQY(tuc)
TWLDV twes),
| TELQX(dca) 4 TWLGZ TOVEH
TEHDX (1)
tarra) (dns} Enn
HIGH-Z AVAVAY -2
A INPUT DATA
o E DATA ou'r}-]—< aTa p-HIGHE
HiGH-2 |

*; TWLQZ (torF, ) defines the time at which the outputs achieve
the open circuit condition and is not referenced to output
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HM4334-3, HM4334-4, HM4334P-3, HM4334P-4

© CURRENT WAVEFORM

e T S

leeimA) 0f

[NOTE] Vep =50V, Ta = 25°C
BLOW V.. DATA RETENTION CHARACTERISTICS (Ta=0 to +70C)

Item Symbol Test Condition min typ max Unit
Vee for Data Retention Vou CEz Vec—0.2V 2.0 — — v
Data Retention Power Supply Current Iccon Voa=3.0V =l 0.5 50 A
Chip Deselection to Data Retention Time tcon 0 = — ns
Operation Recovery Time tx tac* = — ns

#* tuc=Read Cycle Time

®LOW V. DATA RETENTION TIMING

DATA RETENTION MODE

TCEZ Ve —02V
OV mm e ————————
SUPPLY CURRENT ws. SUPPLY VOLTAGE SUPPLY CURRENT va AMBIENT TEMPERATURE

" Ta=25T v
R «=25T Vee =5V
g 5 = 5 /
7 £ vV
: : /
i ; wd
z 05 f; 05 I//
3 3 /
E 2

e 3.0 5.0 6.0 L2 m 20 m Y ™

Sapply volisge Ve (V) Ambient Temgerature Ta ('C)
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HM4334-3, HM4334-4, HM4334P-3, HM4334P-4

Access Time(Normalized)

Average Supply Current Jees (mA)

Input Yoliage (V]

56

ACCESS TIME vs. SUPPLY VOLTAGE

15
1k Ta=70'C
N
12 \\
10
-\.“
0B
0.6
e 4w 50 60

Supply Voltage ¥ec (V)

AVERAGE SUPPLY CURRENT
vs. SUPPLY VOLTAGE
12

Ta=25T
10
B
]
|t
4
—
1
2
g a0 50 L1

Supply Volusge Vee (V)

INPUT VOLTAGE
vs. SUPPLY VOLTAGE

25
Ja=25C
Viwlimin|
20 —
//
—
15 Vie{max)
|—
"’-“/
et
10
e w0 5.0 5.0

Supply Voltage Vec (V)

Access Time(Normalized)

lees (mA)

Average Supply Current

Input Voliuage (V)

@ HITACHI

ACCESS TIME

vs. AMBIENT TEMPERATURE
16

Vee =4 5V

-20 U 20 an 6U L0 ]
Ambient Temperature Ta (T)

AVERAGE SUPPLY CURRENT

vs. AMBIENT TEMPERATURE
12

Vee =5V

1]
-0 L] 20 a0 60 8o 1uo
Ambient Temperature Ta ('C)

INPUT VOLTAGE

va. AMBIENT TEMPERATURE
5

Vee =5V

[ —
l--._.___'____‘-—

Vinlmin)
—

-""""""“"----...‘.'_‘_f_' max

05
=20 0 20 40 &0 L] 100

Ambient Temperature Ta ('C)




HM4334P-3L,HM4334P-4L

1024-word X 4-bit Static CMOS RAM

BFEATURES

® Single 5V Supply

® Low Power Standby and Standby: 10uW (typ.)
Low Power Operation; Operation:  20mW (typ.)

® Fast Access Time; HM4334P-3L: 300ns (max.) (5V5%)
HM4334P4L: 450 ns (max.) (5V10%)

e Directly TTL Compatible: All inputs and outputs

Common Data Input and Output using Three-state Outputs

@ On Chip Address Register

EBLOCK DIAGRAM | (DP-18}
Aio0—
Aso— - —olic HPIN ARRANGEMENT
Avo— Latched | How ; Memory ——oGND
O Address | . Decoder ] Martrix A\
A Register | ! i 64 % b4 JME 18 |Vee
Yoo—| ) Az
o T } T AsE 17
s 170 i Ls 3] 16| As
: ot olumn Decoder
4 =l a1 15] As
] Latched
o a5 ] 14 1/0:
Register A,E 13 1/0:
WE Clock Clock l 1 l l
Gen. Gen. m[7] 12]1/0
pY Ae A1 A Mg
CE CE| 8 11]1/04
GNDE 10| WE
BABSOLUTE MAXIMUM RATINGS
(Top View)
Item Symbol Rating Unit apreied
Voltage On Any Pin* Vr —0.3 to Vec+0.5 v
Power Supply Voltage* Vee —0.3 to +7.0 v
Power Dissipation Pr 1.0 w
Operating Temperature T 0 to +70 ]
Storage Temperature T —5§5 to +125 C

* with respect to GND

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

HM4334P-3L HM4334P-4L
Item Symbol Unit
min typ max min typ max

Vee 4.75 5.0 5.25 4.5 5.0 5.5 v
Supply Voltage

GND 0 0 0 0 0 0

Vin 2.4 — Vee+0.5 2.4 — Vee+0.5 v
Input Voltage

Vie —0.3 = 0.8 —0.3 = 0.8 v
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HM4334P-3L, HM4334P-4L

BDC AND OPERATING CHARACTERISTICS
(Ta=0 to +70°C, GND=0V, HM4334P-3L @ Vec=5V 5%, HM4334P-4L @ Vec=5VE10%)

[tem Symbel Test Condition min typ max Unit
Input Leakage Current I Vin=0 to Vee —1.0 = +1.0 uA
Output Leakage Current Ieo CE=Vin, Vi=0 to Ve —1.0 — . L +B0] gA
i Howior Bt Cliteont Ieaa CE=-0V, ,“_u"' Vee, Ii-0=0 = = 1.0 mA
I CE~0.8V, Vix=2.4V, lj,0~0 Lt 2.5 5.0 mA
Average Operating Current Iecs Viw=0 or Vcec, f=1MHz, duty 50%, Ilo=0 — 4 7| mA
Standby Power Supply Current Teer CE=Vee—0:2V — 2 20 | upA
B Vilings Var Tor=2.0mA = = 0.4 v
Vo Tow=—1.0mA 2.4 = L v
BCAPACITANCE (Ta=25C, f=1MHz)
Item Symbol Test Condition min typ max Unit
1/0 Terminal Capacitance Ciso Vio=0V s 7 10 pF
Input Capacitance Cis V=0V — 3 5 pF
BAC CHARACTERISTICS
(Ta=0 to +70°C, GND=0V, HM4334P-3L : Vec=5V 5%, HM4334P-4L  Voc=5V+10%)
e Symbol HM4334P-3L HM4334P-41 B
min typ max min typ max
Read or Write Cycle Time* TELEL te 460 == e 640 == = ns
Chip Enable Access Time TELQV lac = =2 300 — - 450 ns
Chip Enable to Output Active TELQX tex 50 = = 50 =t 3 ns
Output 3-state from Deselection TEHQZ torn s - 100 — = 100 ns
Write Enable Output Disable Time TWLQZ torr — = 100 = == 100 ns
Chip Enable Pulse Width* TELEH te 300 b=y — 450 = e ns
Chip Enable Precharge Time TEHEL ir 120 - b 150 e == ns
Address Hold Time TELAX Lan 100 - = 100 = oy ns
Address Setup Time TAVEL Las 20 > = 20 . ~ ns
Read Setup Time TWHEL tas 0 — = 0 — B ns
Read Hold Time TEHWL Lan - = (1] == == ns
Write Enable Setup Time TWLEL tws —20 == = —20 = = ns
WE to CE Precharge Lead Time TWLEH | tw: 300 = = 450 = s ns
Chip Enable to Write Enable Delay Time | TELWL tewn 300 — == 450 — - ns
Write Enable Hold Time TEHWH tews 0 = = 0 = LS ns
Write Hold Time TELWH twi 300 == e 450 — = ns
Data Input Setup Time %&H tos 200 == == 350 - = ns
Data Hold Time Twm.}Pxx tow ] e s 0 = — ns
Write Data Delay Time TWLDV twos 100 = = 100 Lyt — ns
Chip Enable Rise/Fall Time TT tr = - 300 = — 300 ns

* TELEL (te)=TELEH (tes)+TEHEL (15)+1. (20ns )+ 1,(20ns)
##% For Read Modify Write Cycle, TELEH (tce)=TELWL (fcws)+ TWLEH (lwrs)+t,{20ns]

58
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HM4334P-3L, HM4334P-4L

BEAC TEST CONDITIONS

Input Level .....covieicivucnennaannarans 2.4V, 08V
Input Rise and Fall Time ..o ovvrrenenenana 20ns

Timing Measurement Level ............c..0n 2.4V, 0.8V

Reference Level - . -« o vineieiciniiiannranns VoH = 2.0V, VgL = 0.8V
OutputLoad -« vvrevrnreannnrsnnanenenes 1 TTL and C|_ = 100pF

TSLAl{mJ

TELELte)
TATEY TELEH( tex) TEHEL(ts)
{ras)
4
" N / A
TWHEL|
{tas]
TEHWL( ten}
LR
VE // } TELQV{fac) \
TELQX{tca) TEHQZ | torri | *]

‘> HIGH-2

VALID DATA OUTPUT

HIGH-Z
Vo "-—i

*: TEHQZ (foFF, ) defines the time at which the outputs achieve the
open circuit condition and is not referenced to outputs voltage level.

¥aLlt aph NEXT ADG,
TELAX! ran]

NOTE)

®WRITE CYCLE

TELELLIE)
TELEH{ icx|

TEHEL |}

ek

\_

TELWH iws|

TWHDX
TEHDN { e}
== |

/

TOVWH
TOVENias)
VALID DATA INFUT _}M

NOTE) tpg and fpp are measured from the earlier of CE or WE going
high.

QUXKXXXXXRCCN)

WE

—t

o

®READ MODIFY WRITE CYCLE

Aa= Ay Egd VALID ADD.

TELAX van)

TELEL (1 )
TAVEL] 7 |
Trend TELEM tex) | TEHELLtri)
e ——— /
a T N /
TWHEL
Ttwa) TELWL{icws| TWLEH bwei |
TEHWH! trws)
w /// N (/777
TELQVItar) -
TWLDY twen)
| IELA ) TWLGZ TOVEH
I,tmi,’ ,‘L SN e
[y pe—— . & v BATA OUT | INPUT BATA %
HIGH-2|

.. Tw[_Qz (torr,) defines the time at which the outputs achieve the
open circuit condition and is not referenced to output voltage levels.

S HITACH!
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HM4334P-3L, HM4334P-4L

® CURRENT WAVEFORM

TE

lec(mA)

20

[NOTE] Vee=5.0V, T, = 25°C
BLOW V. DATA RETENTION CHARACTERISTICS (Ta=0 to +70°C)

Item Symbol Test Condition min typ max Unit

Vee for Data Retention Voa CE= Vee—0.2V 2.0 = = v
Data Retention Power Supply Current Tecon Voz=3.0V e 0.5 10 HA
Chip Deselection to Data Retention Time tcon L] = = ns
tac* s == ns

Operation Recovery Time

® iyc=Read Cycle Time

®LOW V.c DATA RETENTION TIMING

DATA RETENTION MODE

Vee

45V ———

_____ N

tcow

SUPPLY CURRENT (Standby)
vs. SUPPLY VOLTAGE

]
Ta=25TC

Sepply Current(Stand By) feco

0.1
3.0

5.0

Supply Voltage Vee (V)

CEz Vec—02V

Supply Current!Stand By) lece

®rHiTacH

SUPPLY CURRENT (Standby)
vs. AMBIENT TEMPERATURE

Vee =5V

.

//

Vi

I
in

0.1

n 40 60

Ambient Temperature Ta (C)

L0}



Average Supply Current lec (mA) Access Time(Normalized)

Input Voltage (V)

ACCESS TIME vs. SUPPLY VOLTAGE

16
i Ta=T70'C
N
12 \\
1o
\_“-
[ 7}
0.5
" 10 50 60
Supply Voltage Voo (V)
AVERAGE SUPPLY CURRENT
vs. SUPPLY VOLTAGE
12
Ta=25'C
10
B
[
..--""""‘.‘-
4
—_— =
2
! o 50 60
Sopply Voltage Vee (V)
INPUT VOLTAGE
vs. SUPPLY VOLTAGE
5
[o=2t Vinlmin)
20 1
/
.—"'/
L5 Vicln :.L_
..--""f—‘
10
3 [ 5.0 8.0

Supply Voluage Vee (V)

® HITACHI

Access Time(Normalized]

Average Supply Current Jec (mA)

Input Voluage (V)

HM4334P-3L, HM4334P-4L

ACCESS TIME
vs. AMBIENT TEMPERATURE
16
Ve =4 5V
14
i / — T
10 ,/
1 /
o8
(¥
04
=20 o 20 40 60 BO o
Ambient Temperature Ta ('C)
AVERAGE SUPPLY CURRENT
vs, AMBIENT TEMPERATURE
12
Lo
Vee=5V
B
6
J—
r
0
—20 o 20 10 50 B0 100
Ambient Temperature Ta (C)
INPUT VOLTAGE
vs. AMBIENT TEMPERATURE
25
Vee=5V
20 b
1 Vinimin)
15
S—
1.0
05
—20 o 20 40 &0 B 100

Ambient Temperature Ta (C)
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HM6148,HM6148-6

HM6148P,HM6148P-6

1024-word X 4-bit High Speed CMOS RAM

BFEATURES
® Single 5V Supply

® Fast AccessiTime, ... ..0 ook HM6148/P 70 ns (max.)
HMG6148/P-6 85 ns (max.)

® Low Power Standby and Standby: 100uW (typ)
Low Power Operation; Operation:  200mW (typ)

@ Completely Static RAM; No Clock or Timing Strobe Required

@ No Peak Power-On Current

® No Change of t4¢cs 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

HEBLOCK DIAGRAM

Aq
As —-—0 Vee
mo—— P | D“":d Memory Matrix =—Oah
pio—t——i 11 o
T
g T
| |
110 -j ?—— -
' = Column 1/0
ks Ei ;‘:.I Column Decoder
1/h ©- S Control % % % %
1104 & : r—‘—-
Ao A Ar Ay
cs
WE
EABSOLUTE MAXIMUM RATINGS
Item Symbol Value Unit
Terminal Voltage* Vr —0.54t0 +7.0 Vv
Power Dissipation Py 1.0 w
Operating Temperature Tope 0w +70 iC
Storage Temperature ( Plastic) T —55 to +125 ‘C
Storage Temperature (Cerdip) Tu: —65 to +150 C
Storage Temperature® Terathinad —10 to +85 G

*® with respect to GND. & =1 0V (Pulse Width = 50ns)

HM6148, HMG148-6

DG-18

HMG6148P, HMG6148F-6

| DP-18)

HPIN ARRANGEMENT

ME i 18 | Vee
as[2] DA
A'E 16 | As
AJE [15] A
As| 5 E]-'ﬂ:
Al & 13 | 1/0¢
Azl 7 12 | 170
=[] i) vo
GNDE 0| WE
(Top View)

%% Under Bias
BTRUTH TABLE
cs WE Mode Vee Current 1/0 Pin Reference Cycle
H % Not Selected Iss, Isai High Z
L. H Read ke Dout Read Cycle
L L Write Tec Din Write Cycle
62 G HITACHI



HM8148, HM6148-6, HM6148P, HM6148P-6

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

Ttem Symbol min typ max Unit

Sl Viltags Vee 4.5 5.0 5.5 v
GND 0 0 0 v

Vin 2.4 3.5 6.0 v

Input Voltage Ve e = T v

* Vi min=—1.0V(Pulse width=50ns)

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

Item Symbol Test Condition min typ* max Unit
Input Leakage Current | Ber | Vee=5.5V, V..=GND to Vee - — 2.0 HA
CQutput Leakage Current | feo | CS=Vis, Vi.o=GND to Vee = = 2.0 HA
I CS=Vi., I1,o=0mA = 35 80 mA

Operating Power Supply Current i — e iclrod
Tecy CS~= V., Minimum Cycle, Duty=100%, I,. o= 0mA — 40 80 mA
Average Operating Current Tcca* Cycle=150ns, Duty=50%, I, o=0mA — 35 = mA
Standby Power Supply C fut ) . $ 12 | mA

tan ower Su rrent —
isihae Isa TS2Vee—0.2V. Vus0.2V or ViZ Vec—0.2V — | 20 [ a0 | A
Voo for=8mA — = 0.4 /
Output Voltage

Vou Tow=—3.2mA 2.4 - - v

Notes) #® Typical limits are st Vee=5.0V, Ta=25C and specilied loading.
#% "Relference only,

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

Item Symbol Test Condition min max Unit
Input Capacitance Cia Vie=0V = 5 pF
Input/Output Capacitance Croo Vi.a=0V - 12 pF

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

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

INEUt PUISS LBVEIE 71 srsnms vee tnnsnnb vaaassesssns GND to 3.0V

Input Riseand Fall Times .« ..o rennrianvnnaaanuns 10ns

Input and Output Timing Reference Levels . ............ 1.5V

DUtPUL LOBH - - v - - crsvercrcsrnsunnsansossenaiehan See Figure 1

Load Circuit(A) Ve Load Circuit(B) "
or
S S10@
i * includes probe and Lusy 0—
ot

Jig capacitance

"
B2
S 30pF * 1 |

5pF

Fig. 1

BREAD CYCLE

Parameter Symbol ol i s cond Unit

min max min max

Read Cycle Time tac 70 — 85 = ns
Address Access Time taa == 70 = 85 ns
Chip Select Access Time lacs - 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* inz 0 40 [i] 40 ns
Chip Selection to Power Up Time tey 0 = 0 == ns
Chip Deselection to Power Down Time ten i 40 i~ 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 "

L " |

Address

previous T
Data out data valid Data valid

@ TIMING WAVEFORM OF READ CYCLE NO.2* ¥

—

High impedance

Das out Data valid

Vee supply

current

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

BEWRITE CYCLE

HM6148/P HM6148./P-6
Parameter Symbol - X 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 i 15 — ns
twe 50 = 60 = ns
Write Pulse Width®
twes 65 — 80 = ns
Write Recovery Time twn 5 = 5 = ns
Data Valid to End of Write tow 30 — 3B = ns
Data Hold Time ton 5 i 5 = ns
Write Enabled to Output in High Z** twz 1] ] 0 45 ns
Output Active from End of Write*® tow 0 — 0 — ns
Notes) * When the €S low i oecurs | ly with the WE low transition or after the WE transition. 1/0 pins remain in & high impedance

siate. In this case twri, in the other case twp:(=twz+low).
*% Transition is measured £500mV from high impedance voltage with Load B. This parameter is sampled and not 100% tested.

64 @ HITACHI



HM6148, HM6148-6, HM6148P, HMG6148P-6

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

Address _)( -)(

Ccs ; ; :{ ) ; ; ; ; Fa ; ; ;
- F v m pan |

WE k : b /1

ot Ea 18] ot
i

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

Address :( )(

(L] High Impedance

Dout

Notes)
1. CS and WE are paced in the WRITE state during low level period
(T w). _

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

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

of write cycle.

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

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

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 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.

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

B owe
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HM6148, HM6148-6, HM6148P, HM6148P-6

ACCESS TIME vs. V«
12
Ta=257C

3 i
i L1 ]
P :
E 1.0 c
kY \ 2
.‘: 09 £
3 3

0.8

45 075 5.0 5.25 55

Supply Current lee [mAl

Supply Corrent foe 'mA

Supply Voltage Vee (V)

SUPPLY CURRENT vs. Vc

50
Ta=25T
=
L
2
/ ES
-
L E
i
/ E
G
0 TE
7
10

5 475 5.0 525 SH
Supply Voltage Wer (V)

SUPPLY CURRENT vs. Ta

50

Vee =5V
“w E
L
H &
i =
T =
3
o
wn =
&
&
1o
0 20 40 L B0

Ambient Temperature Ta (T)

@ HITACHI

ACCESS TIME vs. Ta
12
“Vee =S¥
L / s
i / o /
0.9
(1]
0 20 40 6l B0
Ambient Temperature Ta (1§
SUPPLY CURRENT vs. Ve
A
To= 257
6
¢ /
2 3T
—
0
45 475 5.0 525 5.5
Supply Valuge Voo '\
SUPPLY CURRENT vs. Ta
*
Voo=5V
(]
(]
-'"------__-.d
--‘-—-_-h-_-_-“-‘-.-‘
2
u
n 20 40 60 [

Ambient Tempersture Tu 1T)



Supply Current! Stand Hy) Joss i Normalized )

SUPPLY CURRENT vs. Ve

{STANDBY)
10 T
Ta=257C
5
7 i
1.0
0.5
iz 3.0 5.0 6.0

Supply Voliage ¥ee (V)

® HITACHI

HM6148, HM6148-6, HM6148P, HM6148P-6

Supply Current! Stand By | Tasrd Normalized |

SUPPLY CURRENT vs, Ta
(STANDBY)

Vee=5V /

//

0.1

/

20 0 60 .14
Ambient Tempersture Ta ('C)
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HM6148LP,HM6148LP-6

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

BFEATURES

@ 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 t 4 g with Short Deselected Time
Equal Access and Cycle Times
Directly TTL Compatible; All Inputs and Outputs
Three State Output
Common Data Input and Output
Capability of Battery Back Up Operation
Pin-Out Compatible with Intel 2148

EBLOCK DIAGRAM

(DP-18)

Mo———f
As O_E ———0 Vee
Row = KD
Ao—— P oy Mirusses. Mazeis N
mo——PE 1 s
it pe——1
Avo——— ]
| |
1 D——'—r?— E
Column L'0
Hie 0 dhpiy Column Liecoder
Data
1ih & B—J Control
/o o i T—
Ae Ay Ar Ay
€s
WE
HMABSOLUTE MAXIMUM RATINGS
Item Symbol Value Unit
Terminal Voltage* Vr —0.5at0 +7.0 \'
Power Dissipation Pr 1.0 w
Operating Temperature B 0 to +70 T
Storage Temperature Ton —55 to +125 e
Storage Temperature*® Towtian —10 to +B85 i 3]

® with respect to GND. & —1.0V (Pulse Width = 50ns)
#% Under Bins

68 ® HITACHI

BPIN ARRANGEMENT

“[]
“E
v
M
S
4 U
o

GNDE

L

18] Vee
17| &

16| As

E 1o

13| 1/0x

|__z] 104

11 | /O

10| WE

(Top View)




HM6148LP, HM6148BLP-6

ETRUTH TABLE

Ccs WE Mode Vee Current 1/0 Pin Reference Cycle
H * Not Selected Isa, Ism High Z

B H Read Iec Dout Read Cycle

L L Write lce Din Write Cycle

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

Item Symbal i P = Unit

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

Input. Voltage Viw 2.4 3.5 6.0 v
Vie —0.3* = 0.8 v

* Vi min=—1,0V (Pulse widths50ns)

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 [ Fer ] Vee=5.5V, V..=GND to Vece - — 2.0 HA
Output Leakage Current | Teel CS=Vin, Vio=GND to Vec — — 2.0 HA
Operating Power Supply Current Ice CS=Vii, lio=0mA = 35 BO mA
; Iccy CS5~= Vi, Minimum Cyecle, Duty=100%, I10=0mA = 40 80 mA
Average Operating Current
feca® Cycle=150ns, Duty=50%, [.o—0mA ad 35 =X
Isa CS=Viu — 5 12 mA
Standby Power Supply Current —
Issi CS=Vee—0.2V, V.=0.2V or V.2 Vec—0.2V == 1 100 HA
Vor Tor=BmA - — 0.4 v
Output Voltage
pi e Vou Tow=—3.2mA 2.4 | — = v
Notes3 & Typical limits ave sl Wec=5.0V, Ta—~251 and-specified londing.
#% Reference only.
BCAPACITANCE (Ta=25C, f=1MHz)
Item Symbol Test Condition min max Unit
Input Capacitance Cie 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

INPUL PUISE LEVEIS + < «cv v vvmvmnienmssossssnosenesss GND to 3.0V
Input Rise and Fall Times .. ........ooooiiiiiiiaa 10ns
Input and Output Timing Reference Levels . .. . .......... 1.5V
Ot Load Joms om v o i wowwinsse e e T S e See Figure
Load Circuit (A) Load Circuit(B)
Var Vee
S10u 5100
Daey ——
Dt
EEL - 5pF
1300 i ‘Lﬂ
#* includes probe and
jig capacitance.
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HME148LP, HM6148LP-6

®READ CYCLE
HM6148LP HM6148LF-6 ;
Parameter Symbol = = Unit

min max min max

Read Cycle Time tre 70 = 85 =¥ ng
Address Access Time tau = 70 == 85 ns
Chip Select Access Time tacs - 70 == B85 ns
Output Hold from Address Change ton 5 B 5 — ns
Chip Selection to Output in Low Z* tiz 10 o 10 = ns
Chip Deselection to Output in High Z* tiz 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 parsmeter is sampled and not 100% tested.

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

Address

previous

Data out dekaivalkd

Data valid

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

. 7

—fid

High impedance ) High impsdance

Diata. 5ut Date valid

[=—tFp

Veo supply

current

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

® WRITE CYCLE

HM6148LP HM6148LP-6 3
Parameter Symbol : % 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 Law 65 = 80 — ns
Address Setup Time tas 15 = 15 = ns
Write Pulse Widths o 2 — > — =
twes 65 = 80 = ns
Write Recovery Time twe 5 = 5 — ns
Data Valid to End of Write Low 30 = 35 - ns
Data Hold Time tou 5 = 5 —= ns
Write Enabled to Output in High Z** twz 0 35 0 45 ns
Output Active from End of Write** tow 0 Es 0 s ns
Notes) * When the C5 low ition oceurs simul Iy with the WE low transition or after the WE transition, 1/0 pins remain in a high impedance

state. In this case lwei, in the other case fwesl =twz+tow).
## Transition is messured +500mV from high impedance voltage with Load B. This parameter is sampled and not 100% tested.
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HM6148LP, HME148LP-8

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

T
N
e

Mdress )

ﬁW:\L ) /;;;;/;;;

wr oy

High Impedance

Bo A A A AR L S A
n BV T W . T . W

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

dddreas )( _)(_

e o

High Impedance

Notes)

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

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

3. typg is measured from the earlier of TS 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 TS is low during this period, I/O pins are in the output state.
Then the data input signals of opposite phase to the outputs must
not be applied to them.

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
Vee for Data Retention Vor CS2Ver—0.2V, Va2 Vee—0.2V or V..50.2V 2.0 — — v
Data Retention Current Iccon Vee=2.0V, CS21.8V, V.=1.8V or V.s0.2V — — 40 HA
Chip Deselect to Data Retention Time Leon . 0 = = ns
Operation Recovery Time L e Resention Yoavetorn tac* = = ns

® (g =Read Cycle Time

©LOW V.. DATA RETENTION WAVEFORM

Dutn Retention Mode

O S s Sk e e S e e e e R e
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72

Address Access Time taa (Normalized)
Supply Currant loc (mA)

Supply Current Jce (mA)

ACCESS TIME vs. Vu
12
Te=15T
3
L1 i
\ 2
10 E
=
\ 4
08 H
3
08
'] 475 5.0 525 5.5

Supply Voltage Vee (V)

SUPPLY CURRENT vs. Vi

50

Ta=257T

40

| o

o
=

Supply Current(Stand By) lin (mA)

45 4.75 50 525 55
Supply Voluge Vec (V)

SUPPLY CURRENT vs. Ta

50

Ver =5V

Supply Current(Siand By) Ise (mA)

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

@ HITACHI

ACCESS

L2

TIME vs. Ta

Vee=5V

10

sl

e

0 40 60
Ambient Temperature Ta (T}

SUPPLY CURRENT vs. V«

Ta=25'C

/

4.5

SUPPLY

15 50 5.25
Supply Voltage Vec (V)

CURRENT vs. Ta

5.5

Vee=5Y

20 a0 60
Ambient Temperature To ('T)



Supply Current! Stand Hy | Jemi i Normalized

SUPPLY CURRENT vs. Ve«

(STANDBY)
10
Ta=25'C
5
L
0.5
L 0 5.0 [

Swpply Voltage Vee (V)

Supply Current! Suand Hy | Jam  Normalized |

@ HITACH!
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SUPPLY CURRENT vs. Ta
(STANDBY)

Vee =5V /

5 7

. //
s

0.5 7

ol

20 40 60 Ho
Ambient Tempersture Te ('C/
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HM6148H-35 HM6148H-45,
HM6148H-55, HM6148HP-35,
HM6148HP-45 HM6148HP-55

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

B FEATURES
® Fast Access Time
°

35/45/65ns (max)

Low Power Standby and Low Power Operation;

Standby: 100 uW (typ.), Operation: 200mW (typ.)

Single 5V Supply
Completely Static RAM: No Clock or
No Peak Power-On Current

Equal Access and Cycle Times

® 9 000 0 0 0

Pin-Out Compatible with Intel 2148H
B BLOCK DIAGRAM

Timing Strobe Required

No Change of t5cg with Short Deselected Time

Directly TTL Compatible; All Inputs and Outputs
Common Data Input and Output; Three-State Outputs

ave—————
o—fr——

Row
Decoder

Memory Matrix
64 %64

=0 Vec

———g GND

Imput
Dinta
Central

A

A A A

Preliminary

HM6148H Series

(DG -18)

HM6148HFP Series

(DP-18)

B PIN ARRANGEMENT

S

- AiE 18] Vee

l E AsE 17| As
! afE] 16] A
] ABSOLI{[E_ MAXIMUM RATINGS “‘E T

Ttem Symbol Ratings Unit

2 AUE M| iy
Terminal Voltage* Ve —0.5t0 +7.0 \'f
Pawer Dissipation Ps 1.0 w ME 15) Woe
Operating Temperature 2 0 to +70 ¥ o] “IE E 1/0s
Storage Temperature (Plastic) Tun —B5 to 1125 'c cs s E /0
Storage Temperature (Ceramic ) Tty —65 to +150 4 e I EE
Storage Temperature** Toiae —10 to +85 i ¥
: :ill;d:::::: to GND Vit win=—3.5V (Pulse width=20ns) (Top View)
H TRUTH TABLE

cs WE Mode Vee Current 1/0 Pin Reference Cycle =

H x Not selected Isa, I3z High Z

L H Read Iec Dout Read Cyele 1, 2

L Write Tee 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

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

Item Symbol min typ max Unit
Vec 4.5 5.0 5.5 v
Supply Voltage
GND 0 0 0 N
Viu 2.2 = 6.0 v
Input Voltage
Vie —0.5* == 0.8 ¥

& —3.0V (Pulse width 20ns)

B DC AND OPERATING CHARACTERISTICS[1] (Ta=0~70C, Vcc=5V+16%, GND=0V)

Parameter Symbol Test Conditions min typ max Unit | Notes
Input Leakage Current ey Vee=max, Viu=GND to Vec - — 2.0 uA
Output Leakage Current o] | CS= Vi, Vi.o=GND to Ve - - 2.0 HA
Operating Power Supply Current Iec C8=Vie, l1.o=0mA —_ 35 80 mA
Operating Power Supply Current : AC I min. eycle, C8= Vi, I1 o=0mA — 50 100 mA (2]
Standby Power Supply Current: DC Iss CS5=Vu -— 5 20 mA
. T8z Vee—0.2V, Vins0.2V or
Standby Power Supply Current(l): DC Isn: Vinz Veo—0.2V - 20 800 pA
Output Low Voltage Voo Tor=BmA — — 0.4 v
Output High Voltage Vou Tou=—4.0mA 2.4 = - v
Notes) 1. Typical limits are st Vec=5.0V, Ta=-+25'C and specified loading.
2, 120mA max. for HMEL4B8HP-35
l CAPACITANCE (Ta=25°C, f=1MHz)
Item Symbol Test Conditions typ max Unit
Input Capacitance Cis Vi.=0V 3 5 pF
Input /Output Capacitance Ciso | Vico=0V 5 7 pF
Note) This parameter is sampled snd not 100 % tested,
B AC CHARACTERISTICS (Vec=5V+10%, Ta=0 to +70°C)
®RISE FALL TIME
Item Symbel min typ max Unit
Input Rise Time Ly - 100 ns
Input Fall Time ts = 100 ns
®AC TEST CONDITIONS
Input pulse levels: GND to 3.0V
Input rise and fall times : 5ns
Input and Output timing reference levels: 1.5V
Output load : See Figure
5V 5Y
i 4800 < s
> -
av
Dout Deut - -
2550 == pF" B == 5F°
oy
t.
T T
Output Load (A} DOutput Load (B) t.=1;=5ns
{for tws, tor, tws, tow) Irpat Pulse Wavelorm
#® Including scope & jig,
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HM6148H-35, HM6148H-45, HM6148H-55,

HMG6148HP-35, HM6148HP-45, HM6148HP-55

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

Ly i Hl?lsllBHP-SE I-Il‘\ﬂﬁl-IBHP-{E HMG6148HP-55 o
min max min max min max

Read Cycle Time tac 35 = 45 = 55 - ns
Address Access Time tan = 35 s 45 o 55 ns
Chip Select Access Time tacs — 35 — 45 — 55 ns
Output Hold from Address Change tou 5 — 5 == 5 bt ns
Chip Selection to Output in Low Z tiz® 10 - 10 — 10 = ns
Chip Deselection to Output in High Z tuz® 0 20 0 20 0 20 ns
Chip Selection to Power Up Time tpy 0 — 0 — 0 — ns
Chip Deselection to Power Down Time ten -— 30 - 30 - 30 ns

% Transition is measured +500mV from high impedunce voltage with Load(B), This parameter is sampled and not 100% tested.
At sny temperature and voltage condition ty: max is less than (s min,

e TIMING WAVEFORM OF READ CYCLE NO.1 V@

fae

- X X

- RN

®TIMING WAVEFORM OF READ CYCLE NO.2"®

= Lac
cs
..__\ /___.,._,_
\ —/ bux
Tis Aca
( N
Dout High Imped Dats Valid /1 High
I (7 téa Impedance
Vec supply ————— o s Y
current ; 50% 50% R

Notes) 1. WE is High for Read Cyele.
2. Device is continwously selected, C5= V..
3. Address Valid prior to or coincident with CS Low,
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HM6148H-35, HM6148H-45, HM6148H-55,
HM6148HP-35, HM6148HP-45, HM6148HP-55

® WRITE CYCLE

o Symibal HM6148H /P -35 HMB148H /P-45 HM6148H /P -55 G
min max min max min max

Write Cyele 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 Las 0 — [] =% 0 - ns
Write Pulse Width twe 30 - 35 = 40 = ns
Write Recovery Time twr 5 — 5 =4 5 - ns
Data Valid to End of Write tow 20 = 20 — 20 = ns
Data Hold Time Low 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 Saa 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)

Wddvesi ) & ). &
! i

s SSTN Voroos o5

i il PR (S— .
WE h P R

W Y (5}
L & )

v LELLLLLLTN Migh lnpmdanc

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

MdrulD(- _)(.

Ts : N =

WE - ; .7 .7 ; Z ; .._/ ; %
High Impedance &)

Dout

NOTES of Timing Waveform of Write ===

1. A write occurs during the overlap of_a low CS and & low WE. (tws)

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

3. During this period, 1/0 pins are in the cutput state so that the input signals of opposite phase to the outputs must not be mpplied.

4. U the TS low transition occurs simultaneously with the WE low transition or after the WE transition, the output buffers remain
in & high impedance state

5 U TS 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 spplied to them.

6. 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

B FEATURES

® Low Power Standby and Low Power Operation;
Standby: 5uW (typ.), Operation: 300mW (typ.)

Fast Access Time: 35/45/65ns (max)

Capability of Battery Back Up Operation

Single 5V Supply

Completely Static RAM: No Clock or Timing Strobe
Required

® No Peak Power-On Current
® No Change of tacs with Short Deselected Time
® Equal Access and Cycle Time ;
e Directly TTL Compatible: All Inputs and Outputs | e
® Three State Output
® Pin-Out Compatible with Intel 2148H BMFEIN.-ARRANGEMENT
B BLOCK DIAGRAM wf5 e il vec
:: o—-——'p—u:% -t Ve % E il b
:o——ﬁE | | ey ria ——oGND aE] 15] As
!«.o—~——[‘§: = .'\JE 15] As
Mo—— 1 | S = E 10,
Ll = - At E 13 vo.
i acisnlins A:E 12| 08

il

= T o[

A A A M —
ool5 D

E@
(Top View )
"WE

B ABSOLUTE MAXIMUM RATINGS

Item Symbol Ratings Unit
Terminal Voltage* Vr 0.5 to +7.0 v
Power Dissipation Pr 1.0 W
Operating Temperature Tesr 0to +70 g o3
Storage Temperature Fats —b5 to 4125 € =i
Storage Temperature ** T —10 to 485 L0
* with respect to GND. Vii «w=—3.5V (Pulse width=20ns)

*® % under bias.

B TRUTH TABLE

CS WE Mode Vee Current ¥ 1/0 Pin Reference Cycle

H % T x T\;l selected lsa, Isa High Z

L H Read I Dout Read Cyole 1, 2
- L._ J L Write fee Din Write Cyele 1, 2

Note)] The specifications of this device are subject to change without notice.
Please contact your nearest Hitachi's Ssles Dept. regarding specifications.
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Il RECOMMENDED DC OPERATING CONDITIONS (Ta=0 to +70°C)

Item Symbol min typ max Unit
Ve 4.5 5.0 5.5 v
Supply Voltage
GND (] 0 o v
Vin 3.2 = 6.0 v
Input Voltage
Vi —0.5% = 0.8 v

* —3.0V (Pulse width 20ns)

EDC AND OPERATING CHARACTERISTICS[1] (Ta=0~70C, Vce=5VE10%, GND=0V)

HM6148HLP-35, HM68148HLP-45, HM6148HLP-55

Parameter Symbol Test Conditions min typ max Unit Notes
Input Leakage Current [T | Vee=max, V..=GND to Vee — - 2.0 EA
Output Leakage Current o] | CS=Vin, Vi.o=GND to Vic — — 2.0 HA
Operating Power Supply Current : DC Iec CS5=Vu, L. o=0mA — 35 B0 mA
Operating Power Supply Current : AC Iees min. cycle, CS = Vi, Ii. o=0mA = 50 100 mA [2)
Standby Power Supply Current: DC Iss CS=Vin — 5 20 mA
y Csz Vee—0.2V, Vin=0.2V or
Standby Power Supply Currenti1): DC Ismi Vin Vee—0.2V — 1 50 BA
Output Low Voltage Vor lor=BmA — — 0.4 v
Output High Voltage Vou Tou=—4.0mA 2.4 —= - v
Notes! 1. Typical limits are st Vec=5.0V, Ta=<+I5C and specified loading.
2. 120mA max. for HMG148HLP-35
B CAPACITANCE (Ta=25°C, f=1MHz)
Item Symbol Test Conditions typ max Unit
Input Capacitance Cia V=0V 3 5 pF
Input /Output Capacitance Ci.0 Viea=0V 5 T pF
Note! This parameter s sampled and not 100 % tested.
B AC CHARACTERISTICS (Vec=5V+10%. Ta=0 to +707C)
®RISE FALL TIME
Item Symbaol min typ max Unit
Input Rise Time t. — 5 100 ns
Input Fall Time ty — 5 100 ns
®AC TEST CONDITIONS
Input pulse levels: GND to 3.0V
Input rise and fall times: 5ns
Input and Output timing reference levels: 1.5V
Output load : See Figure
5Y
J: sl :: 4800
< -
out Dot
550 == 3pF" 550 == SpF"
Dutput Lioad LA Output Load (B te=t;=5ns
(for tus, tee, tez, Low) Input Pulse Waveform
* Including scope & jig
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HM6148HLP-35, HM6148HLP-45, HM6148HLP-55

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

®READ CYCLE

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

min max min max min max
Read Cycle Time tre 35 = 45 = 55 = ns
Address Access Time Baa o 35 2 45 ot 55 ns
Chip Select Access Time tacs - 35 - 45 - 55 ns
Output Hold from Address Change low 5 = 5 = 5 = ns
Chip Selection to QOutput 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 toy ] - 0 - = ns
Chip Deselection to Power Down Time tro = 30 = 30 - 30 ns

# Transition is messured +500mV from high impedance voltage with Load(B). This parameter is sampled and not 100% tested.
At any temperature and voltage condition twz max is less than s min,

®TIMING WAVEFORM OF READ CYCLE NO.1 ‘@

~<

Address

®TIMING WAVEFORM OF READ CYCLE No.2"®

Data  Valid

ES‘ Eac
"\ f
t tnz
e acs
Dout High Impedance X X )( Dara Valid )W
Tee £ e Impedance
Vee supply = ————— ‘
ceurrent , m m!

Notes) 1. WE is High for Resd Cyele.
2. Device is continuously selected, TS= Vi,

3. Address Valid prior te or

with €5 tr
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HM6148HLP-35, HM6148HLP-45, HM6148HLP-55

® WRITE CYCLE

HME148HLP-35 HMB148HLP-45 HM6148HLP-55
ltem Symbol 3 - - Unit

min max min max min max
Write Cycle Time twe 35 — 45 - 55 — ns
Chip Selection to End of Write tow 30 — 40 — 50 == ns
Address Valid to End of Write taw 30 — 40 bt 50 - ns
Address Setup Time fas 0 —t 0 -_ 0 — ns
Write Pulse Width twe 30 = 35 — 40 + ns
Write Recovery Time tum 5 — 5 == 5 — ns
Data Valid to End of Write tow 20 = 20 = 20 == ns
Data Hold Time tow 0 = 0 = 0 - ns
Write Enabled to Output in High Z* twz 0 10 0 15 0 20 ns
Output Aective 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 1., #; (rise and fall time] are less than 100ns.

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

High Impedance W

Notes of Timing Waveform of Write ©

1. A write occurs during the overlap! of'%i low TS and a low WE, (1ws)

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

3. 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.

4. If the TS bw transition occurs simultanecusly with the WE low transition or after the WE transition, the output buffers remain in = high kmpedance state
5. I T5 s low during this period, [0 pins are in the output state. Then the data input signals of opposite phase to the cutputs must not be applied to them.
6. Dout is the same phase of write data of this write cycle
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HM&148HLP-35, HM6148HLP-45, HM6148HLP-55

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

Parameter Symbol Test Conditions min typ Unit
Vce for Data Retention Vor 2.0 - N
C52 Vee—0.2V
Data Retention Current Tecon == = HA
Viaz Vee— 0.8V or
Chip Deselect to Data Retention Time tcon Vs V.s0.2V 0 = ns
Operation Recovery Time ta trcas = ns
Note) 1. fac=Read Cycle Time. Vee=3.0V
e Vee—2.0V

®LOW V.c DATA RETENTION WAVEFORM

DATA RETENTION MODE
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HM6147,HM6147-3
HM6147P,HMG6147P-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

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
Pin-out Compatible with Intel 2147 NMOS STATIC RAM

HEBLOCK DIAGRAM

HM6147, HM6147-3

1 G-18)

HMG147P. HMB147P-3

N o Memory Matria e
v o—y w :
o o t Decader :> 64 %64 -0 GND
b3
e =
a1 3 TY
Din Column 1/0) ot .
HPIN ARRANGEMENT
Column Decoder
——
= Kiehsherere s <y
i AlE E As
ME E.a..-
Ve l #[3] 53]
060660
Av A A A Am Au “'E E*’
ME E s
BABSOLUTE MAXIMUM RATINGS Dou [ 7] EET
Item Symbol Rating Unit e 5] 1] oin
Voltage on Any Pin relative to GND* Vr —0.5 toe +7.0 ¥ GNDE E s
Power Dissipation Py 1.0 w
(Top View)
Operating Temperature i 0 te +70 c !
Storage Temperature(Ceramic! Tiu —65 o +150 G,
Storage Temperature{ Plastic) T —55 to +125 ‘C
* Vix min=—1.0V (Pulse Width = 20ns!
ERECOMMENDED DC OPERATING CONDITIONS (0°C=Ta=70C)
Parameter Symbel min typ max Unit
o Vee 4.5 5.0 5.5 v
u oltage
it GND 0 0 0 v
Input High (logic 1) Voltage Vin 22 3.5 6.0 v
Input Low (logic 0) Voltage Vie —0.3* - 0.8 ) 4

* Vi min=—1.0V(Pulse widths20ns |

@ HITACHI
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HM6147,HM6147-3, HME147P, HM6147P-3

BDC AND OPERATING CHARACTERISTICS (0C=Ta=70"C, Vee=5VE10%, GND=0V)
Parameter Symbol Test Conditi min typ max Unit | Notes
Input Leakage Current | Let | Vec=5.5V, GND to Vec - = 2.0 pA
Output Leakage Current | Iea | CS=Viw, Veu=0~Vee s - 2.0 pA
Operating Power Supply Current(1) DC Ice CS5= V., Output open — 15 35 mA
Operating Power Supply Current(2) DC | [fcc: Eﬁ; Eﬁt_:"_";o’ el - | 12 — | ma | @
Average Operating Current(3) Teca Cycle 150ns, duty 50% = 14 == mA (2)
Standby Power Supply Current(1) DC Iss CS=Viu — 5 12 | mA
Beiihy Powsuity Cuerant (2). 0 feni ?’lsx::c;\' :.rx‘&xz Vee—0.2V s » i A
Output Low Voltage Vou lor=12mA = = 0.40 v
Output High Voltage Vonu Fou=—8.0mA 2.4 = - v
Note) 1. Typical limits are at Vec=5.0V, Ta=25C and specified loading.
2. Refarence only
Ver
BAC TEST CONDITIONS
e Input pulse levels: GND to 3.5V Slum
e Input rise and fall times: 10 ns
® Input and output timing reference levels: 1.5V ot
& Output load: See Figure 1 W ek
* Including scope & jig capacitance
Figure 1 Output Load
BCAPACITANCE (Ta=25C, f=1.0MHz)
Item Symbal Conditions max Unit
Input Capacitance Cie Vie=0V 5 pF
Output Capacitance Cout Veur=0V 7 pF
Mote) This parameter is sampled and not 100% tested
BAC CHARACTERISTICS (Ta=0C to 70°C, Vec=5V110%, unless otherwise noted.)
®READ CYCLE
T Symbol ‘ HM6147/P-3 : HM#6147/F Unit
min max min max
Read Cycle Time Lrc 55 = 70 = ns
Address Access Time taa = 55 = 70 ns
Chip Select Access Time lacs - 55 — 70 ns
Output Hold from Address Change tow 5 == 5 = ns
Chip Selection to Output in Low Z liz 10 = 10 = ns
Chip Deselection to Output in High Z Inz 0 40 0 40 ns
Chip Selection to Power Up Time tpu 0 = 0 = ns
Chip Deselection to Power Down Time ten = 30 s 30 ns
® WRITE CYCLE
Peiiciis Symmbol : HM6147/P -3 : HM6147 /P Unit
min max min max
Write Cycle Time lwe 55 e 70 = ns
Chip Selection to End of Write tew 45 — 55 = ns
Address Valid to End of Write taw 45 ™ 55 v o ns
Address Setup Time tas 0 s 0 — ns
Write Pulse Width twe % — 40 — ns
Write Recovery Time twa 10 — 15 == ns
Data Valid to End of Write tow 25 e 30 = ns
Data Hold Time tow 10 — 10 = ns
Write Enabled to Output in High Z fwz 0 30 0 35 ns
Output Active from End of Write tow 0 — —_ ns

B4



HM6147,HM6147-3, HM6147P, HM6147P-3
® TIMING WAVEFORM OF READ CYCLE NO.1’®

Address

previous

i data valid

Data valid

® TIMING WAVEFORM OF READ CYCLE NO.2"Y

ag_{& /S

—ts
High impedance
Data out —_ +

Veo supply

bt
High impedance
Duta valid

e

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

Dava tn * Data in vald

-_,"1
Unta owt Dute wnded ined

/! b

®HiITacH! a3



HM6E147 HM6147-3 HM8147P,HME147-3

SUPPLY CURRENT
vs. SUPPLY VOLTAGE

Ta=25C
H
3
g = /
g i
@ 15 <5, _.,./
L~
_Q 10
@
5
4 75 50 5.25 55
Supply Voltage Ver (V)
ACCESS TIME
vs. SUPPLY VOLTAGE
13
Te=125C
12
; 3
g 10 faa, tacs g
¥ L
- N‘“-—- l:
E 08 E
i =
08
0.7
' [ 50 525 55
Supply Voltage Vee (V)
ACCESS TIME
vs. LOAD CAPACITANCE
20 2
3
- =
3 Ta=25C 2
i Vee=MIN 2
3 g
! £
£ 10 "/ :
§ / 3
£
&
0 100 200 300 400

Losd Capecitance Cp [pF)
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Supply Current lee, leex (mA)

SUPPLY CURRENT
vs. AMBIENT TEMPERATURE

30

P Vee=50V
5/
20
15 % L e

leea| —————

1o

5

0

o 0 40 L] L]
Ambient Temperature Ta ('CF

ACCESS TIME

vs. AMBIENT TEMPERATURE

13
Vec=50V

12

11

taaibacs | e

10 _-'.-‘

o —

09

08

o7

0 40 &0 L
Ambient Temperawre To (T)

SUPPLY CURRENT

vs. FREQUENCY
15 T ™ T

150ns 70m S5ns
14
12
10 /
/ s Ta=25T
08
0
04
0 5 0 15 2

Frequency [ (MHz)




HM6147LP,HM6147LP-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.

e Low Power Standby and Low

Power Operation,

Standby: 5uW typ. Operation: 75mW typ.

Required
No Peak Power—On Current

Equal Access and Cycle Time

EBLOCK DIAGRAM

No Change of t 4 o with Short Chip Deselect Time

Directly TTL Compatible — All Input and Output

Separate Data Input and Output: Three State Output
Capability of Battery Back up Operation
Pin-out Compatible with Intel 2147 NMOS STATIC RAM

Completely Static Memory — No Clock nor Timing Strobe

(DP-18)

~o—{F—] ssargugy
Aoy —] Hom Memory Mairix EPIN ARRANGEMENT
A o—pg—] U » s - uND s
A o—F A [j 18] Vee
Mo—F A.E 17) e
A -—{;
' i 3] 18] A
Din Columa 1/0 Uit ~ [ 5] &
Column Uecoder A‘E E A‘
5] [135]
E Dout E E An
TE' E m Din
- oo 3] 10] cs
A A A A A An [ Top View)
BABSOLUTE 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 Toie 0 to +70 o
Storage Temperature Tow —55 to +125 b
® V. min=—1_0V (Pulse Width = 20ns]
BRECOMMENDED DC OPERATING CONDITIONS (0C<=Tas70C)
Parameter Symbal min typ max Unit
Vee 4.5 5.0 5.5 v
Supply Voltage
GND 0 0 0 v
Input High (logic 1) Voltage Viu 2.2 3.5 6.0 v
Input Low (logic 0) Voltage Vie —0.3* == 0.8 v

* Vi min=—1.0V (Pulse widths20ns)

S HiTacH!
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HME147LP,HM6147LP-3

BDC AND OPERATING CHARACTERISTICS (0'C=Tae=70'C, Vec=5V+10%, GND=0V)

Parameter Symbol Test Condition min typ max Unit | Notes
Input Leakage Current | Ter] Vee=5.5V, GND to Vee = = 2.0 A
Output Leakage Current | fuo | CS=Vin, Veuw=0~Vee = = 2.0 pA
Operating Power Supply Current(1) DC Icc CS5~=V, Output open - 15 35 mA
CS=Vie, Vins0.2V or
i 1 o 2 = mA 2
Operating Power Supply Current(2) DC Iec Vinz Vee—0.2V 1 (2
Average Operating Current(3) Ieca Cycle 150ns, duty 50% - i - mA (2]
Standby Power Supply Current(l} DC Iss CS~= Vi — 5 12 mA
CS2Vec—0.2V, Vins0.2V or
i1 = 100 A
Standby Power Supply Current(2) DC Iss Vi Vee—0.2V 1 .
Output Low Voltage Vo Tos=12mA = = 0.40 v
Output High Voltage Vou Ton=—8.0mA 2.4 - — v
Note) 1. Typieal lmits are at Vec=5.0V, Ta~35C and specified losding:
2. Reference only. i
EAC TEST CONDITIONS i
® Input pulse levels: GND to 3.5V
® Input rise and fall times: 10 ns =
® (Input and output timing reference levels: 1.5V 0y ol
L

Output load: See Figure 1

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

# Including scope & jig capacitance

Figure 1 Output Load

Item Symbol Condition max Unit
Input Capacitance Vin=0V 5 pF
Output Capacitance Cou V=0V 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
HM6147LP-3 HMB147LP
Parameter Symbeol : 5 Unit
min max min max
Read Cyele 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 tow 5 3 5 =* ns
Chip Selection to Output in Low Z tiz 10 = 10 — ns
Chip Deselection to Output in High Z tuz 0 40 0 40 ns
Chip Selection to Power Up Time Lpu 0 = 0 - ns
Chip Deselection to Power Down Time tro _ 30 == 30 ns

@ HiITaCcH!



HM6147LP,HM6147LP-3

®WRITE CYCLE

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

Write Cyele Time twe 55 — 70 = ns
Chip Selection to End of Write tew 45 = 55 = ne
Address Valid to End of Write Law 45 - 55 - ns
Address Setup Time tas 0 = 0 = ns
Write Pulse Width twe 5 - 40 e ns
Write Recovery Time bun 10 == 15 s ns
Data Valid to End of Write tow 25 = 30 = ns
Data Hold Time tou 10 i 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

® TIMING WAVEFORM OF READ CYCLE NO,1'"'%’
' : |

Address

previous

DL It data valid Uaia valid

® TIMING WAVEFORM OF READ CYCLE NO.2'"

—tis

p-ir

High impedance High impedance

Data ool Duts walid

e 15

Vee aupply

current

NOTES: 1. WE is high for READ Cycle.
2. CSis low for READ Cycle,
3. Addresses valid prior to or coincident with TS transition low.
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HME147LP,HME147LP-3

® TIMING WAVEFORM OF WRITE CYCLE

Address

Daia in * Dats in valid

Duta out Data undefined

High impedance

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

Parameter Symbol Test Condition min typ max Unit
Vee for Data Retention Vox CS2Ver—0.2V, V2 Vec—0.2V or 0.2V 2.0 - = v
Data Retention Current Tecon Vee=2.0V, C521.8V, V,,.=1.8V or =0.2V = = 40 HA
Chip Deselect to Data Retention Time | lcoa 0 = a— ns
Operation Recovery Time tn tac® — — ns

#* lac=Read Cycle Time

®LOW Vi.c RETENTION CHARACTERISTICS

Data Retention Mode

90 @ HiTAaCHI



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

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 35ns/45ns/55ns Max.

® Low Power Standby and Low Power Operation,
Standby: 100uW typ., Operation: 150mW typ.

Required

o o0 @ 0 0

HMBLOCK DIAGRAM

No Peak Power—On Current
No Change of t4 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
Plug-In Replacement with Intel 2147H NMOS STATIC RAM

Completely Static Memory — No Clock nor Timing Strobe

e > Z— m 4 " —_— e
At o— t uw emary Matri
Decoder 64 x 64
q.,_p‘: :) -0 NI
A o——LF ]
vo—F ]
A o——LF ]
[HIT] Column /1) [EET]
Column Lecoder
AoA A A A An
BABSOLUTE MAXIMUM RATINGS
Ttem Symbal Rating Unit
Voltage on Any Pin relative to GND Vr —3.5%to +7.0 v
DC Output Current 1. 20 mA
Power Dissipation Py 1.0 w
Operating Temperature y 0 to +70 C
Storage Temperature (under bias) Tesstrinas —10 to +85 T
Storage Temperature (Ceramic) Towe —65 to +150 C
Storage Temperature (Plastic) Tows —585 to +125 C

* Puise Width 20ns, DC : —0.5V

® HITACHI

HM6147H-35, HMB147H-45,
HM6147H-55

DG-18)

HM6147THP-35, HMB14THP-45,
HM6147HP-55

(DP-18)

HEPIN ARRANGEMENT

x[1] - 18] veo
A:E [17] &
~[] 5] &
a4 [15] &
.-\..E E.\.
~[5] [15] A
[qu\E [12] An
we [] [11] oin
avo [ 7o) o5
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HM6147H-35,HM6147H-45, HM6147H-55,HM6147HP-35,HM6147HP-45,HM6147HP-55

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

Par Symbol min typ max Unit
Suwsls Vels Vee 4.5 5.0 5.5 v
(+]

Tt GND 0 0 0 v
Input High (logi~ 1) Voltage Viw 2.0 3.0 6.0 v
Input Low (logic 0) Voltage Vie =3.0° - 0.8 v

# Pulse Width 20ns, DC: —0.5V
BWDC AND OPERATING CHARACTERISTICS (0°C=Tae=70'C, Vec=5V+10%, GND=0V)
Parameter Symbol Test Condition min typ max Unit
Input Leakage Current | Lee | Vee=5.5V, GND to Vic - - 10 pA
Output Leakage Current [ Teo | CS= Vig, Vour=0V~Vee - - 10 A
Operating Power Supply Current(l) DC Ice CS=Vi., Output open — 30 80 mA
Operating Power Supply Current(2) DC Iec CS=Vir, Minimum Cycle = 40 80 mA
Standby Power Supply Current(l) DC Iss CS=Vi, Vec=Min to Max = 8 20 mA
Standby Power Supply Current(2) DC 1 e 20 800 A
an owe 1 -
il i3t g VieS0.2V or Vin=Vec—0.2V v
Output Low Voltage Vor o1 =8mA 1 T 0.40
Output High Voltage Vou Ton=—4mA 2.4 = 7
Note) 1, The cperating ambient temperature range is guaranteed with transverse air flow exceeding 400 linear feet minute.
2. Typical limits are at Vee=5.0V, To=25C and specified loading.
Veo
BAC TEST CONDITIONS
5100
® |nput pulse levels: GND to 3.0V
Input rise and fall times: 5 ns Dirt
Input timing reference levels: 1.5V Output Load A S WpF

Output load: See Figure

Output timing reference levels: 1.5V (HMB147H/P-35)

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

% Including scope & jig capacitance

bee

G108

Ow) 0——
Output Load B “s GF
1ﬂ
BICAPACITANCE (Ta=25C, f=1.0MHz)
Item Symbol Conditions max Unit
Input Capacitance Cin Vie=0V 5 pF
Output Capacitance Cai Vo =0V 6 pF

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

B AC CHARACTERISTICS (Te=0"C ta 70°C, Vce=5V+10%, unless otherwise noted.)

® READ CYCLE
=T Symbal HM6147H /P -35 HM6147H /P-45 HM6147H /P -55 Gl ks
min max min max min max

Read Cycle Time tac 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 tow B e 5 — 5 - ns

Chip Selection to Output in Low Z ter 5 A 5 - 5 — ns |(2),(3),(7)
Chip Deselection to Output in High Z tuz 0 30 0 30 0 30 ns [(2),(3), (7
Chip Selection to Power Up Time tr (1] —_ 0 - 0 - ns

Chip Deselection to Power Down Time tro - 20 — 20 — 20 ns
® TIMING WAVEFORM OF READ CYCLE NO.1‘“'%’ = _;

Address 9(
[

Data Out

Data (dut

Vee Supply

Current

Notes:

Previaus Data Valid

00, S

_\\

|

facs

1%}
High Imgedance Duts Valid High Impedance

>t

lee liﬂ%

Isa

50%

1. All Read Cycle timings are referenced from last valid address to the

2,

Al o (=

first transitioning address.
At any given temperature and voltage condition, f4Z max. is less than

1.z min. both for a given device and from device to device.

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

. is high for READ Cycle.

. Device is continuously selected, C3=VpL.

Addresses valid prior to or coincident with TS transition low.

. This parameter is sampled and not 100% tested.
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HM6147H-35, HMB8147H-45, HMB8147H-55, HM6147THP-35, HM6147HP-45, HM6147HP-55

@ WRITE CYCLE

i Sl HM6147H /P -35 HM6147H /P-45 HM6147H /P-55 A v
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 -+ ] = ns
Write Pulse Width twp 20 == 25 5 30 = ns
Write Recovery Time twa 0 — 0 _— 0 - ns
Data Valid to End of Write tow 20 e 25 e 25 e ns
Data Hold Time tow 10 e 10 = 10 = ns
Write Enabled to Output in High Z twr 0 20 0 25 0 30 ns | (3), (4]
Output Active from End of Write tow (] - 0 —_ 0 - ns | (3], (4]

® TIMING WAVEFORM OF WRITE CYCLE (WE CONTROLLED)

Address

)

T

®TIMING WAVEFORM OF WRITE CYCLE (CS CONTROLLED)

=

[

Address

X

1w 7]
Duts In *
Duta in Valid
ing
Duta Out

Dava Undelined

b -

94

Hotei T or WE are High for Mdress Transition

@ HITACHI

High Impedunce

. If C8 goes high simultaneously with WE high, the output remains in a high impedance states.
. All Write Cycle timings are referenced from the last valid address to the first transitioning address,
. Transition is measured +500mV from steady state voltage with specified loading in Load B.
. This parameter is sampled and not 100% tested.



HM6147H-35, HM8147H-45, HME147H-55, HM6147HP-35, HMB147HP-45, HMB14THP-55

ACCESS TIME VS. SUPPLY VOLTAGE ACCESS TIME VS. AMBIENT TEMPERATURE

13

Ta=25C Ve =50V

I
|
|
1

~

Access Time L, tacs (Normalized)
=

Access Time bii, tes (Normalized)
=

0.8 08
0 (e %0 5.25 55 07t r . - %
Supply Voltege Ve (V) Ambient Temperstare Ta (T}
ACCESS TIME VS. LOAD CAPACITANCE SUPPLY CURRENT VS. FREQUENCY
18 13
~ 18 1.2
x 3
E o - '2 1
.3. / / é
3 L2 5 10
E =~ &
Ta=251 L
: Ver ~MIN Z |t
S 5 ™
2 0.8 ,% 0.8
0.6 07 /| E—
00 200 300 400 500 1o 15 0 25 0
Losd Capacitance CL (pF) Frequency J [MHz!
INPUT LOW VOLTAGE VS. SUPPLY VOLTAGE INPUT HIGH VOLTAGE VS. SUPPLY VOLTAGE
1.3 s
qeyer Ta=25TC
o R 5 12
E 11 _E
it iou
1.0
= — e [ —
Y E
= -
. 02 5 08
3 x
£ o 2 0.4
013 75 50 5.25 35 s 475 5.0 525 5.5
Supply Voltage Ve (V) Supply Voltage Wee (V)
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HM&147H-35,HM6147H-45,HM6147H-55,HM6147HP-35 HM6147HP-45 HM6147HP-55

OUTPUT CURRENT VS. OUTPUT VOLTAGE OUTPUT CURRENT VS. OUTPUT VOLTAGE
16 -
Ta=25C
Wec=5V
o \ 14 /
i o 3o
; \ - /
é 1.0 -3- Lo
S o8 S os :
i \ : /
0.6 06
\ /
i s 0.2 0.4 0.6 0.8
Output Voltage You (V) Outpat Voltage Wor (V)
STANDBY CURRENT VS. AMBIENT TEMPERATURE STANDBY CURRENT VS. SUPPLY VOLTAGE
16 14
Voo =3V
T8=2.5V /
3z 12
% 10t — s 5 10
- / k
H sl g
< / £
i 10! ] i 0.6
& To=25C
_/ 3 / 8= Me-02v
0.4
107" 0.2
20 10 50 B0 3 4 5

Ambient Temperature Ta [C) Supply Voltage Vee (V)

STANDBY CURRENT VS. INPUT VOLTAGE

10 T
Ta=25C
¢ =50V
4.8V
fg ]
:
e
3 \
£ 4
5]
3
I N
e
L} 1 3 4 5

Input Voltage Vi (V)
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HM6147HLP-35 HM6147HLP-45,
HM6147HLP-55

4096-word % 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 t, ~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 (DP:38)
@ Plug-in Replacement with Intel 2147H NMOS STATIC RAM
@ Capable of Battery Back up Operation EPIN ARRANGEMENT
EBLOCK DIAGRAM -
A Vee
v D_-E —— Vu E E
A ,{ How Memory Matrix J\IE Iﬂh
. t Decader j oo B oM kE E 1
ne—F—]
no——F 1 A’E E]“'
feo——F A.E E]A.
8 &E »\..
Din Column 1/0 Lot DNIE @A"
Column Decader Té E :Dm

+ o) DI P
« ol [|]]]]

Ar A A M A Al

l ABSOLUTE MAXIMUM RATINGS

Item Symbol Rating Unit
Voltage on Any Pin relative to GND Vs —3.5*to +7.0 v
DC Output Current I 20 mA
Power Dissipation Py 1.0 W
Operating Temperature by 0 to +70 C
Storage Temperature (under bias) T thiany —10 to +85 T
Storage Temperature T —55 to +125 C

* Pulse Width 20ns. DC © —0.5V

BRECOMMENDED DC OPERATING CONDITIONS (0'C=Ta=70C)

Parameter Symbaol min typ max Unit

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

Input High (logic 1} Voltage Viu 2.2 3.0 6.0 v
Input Low (logic 0) Voltage Vie o = 0.8 v

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

BDC AND OPERATING CHARACTERISTICS (0C<Ta<70'C, Vee=5V£10%, GND=0V)

Parameter Symbol Test Condition min typ max Unit
Input Leakage Current | Ter] Vee=5.5V, GND to Vec = 5 10 pA
Output Leakage Current | Tee | CS=Vin, Var=0V—~Vec =y - 10 pA
Operating Power Supply Current(l) DC Icc CS=Vi., Output open i 30 80 mA
Operating Power Supply Current{2) DC Iec CS= Vi, Minimum Cycle Ak 40 80 mA
Standby Power Supply Current(1) DC Ise CS=Viy, Vec=Min to Max A 5 15 mA
G52 Vee—0.2V,
) I - 1 100
Standby Power Supply Current(2) DC sm VinS0.2V or Vi Vec—0.2V A
Output Low Voltage Vac To=8mA ) - 0.40
Output High Voltage Vou Ton=—4.0mA 2.4 - =
Note) 1. The operating ambient temperature range is d with air flow 400 linear feet per minute.
2. Typical limits are st Vec=5.0V, Ta=25'C and specified loading.
Ve
BAC TEST CONDITIONS
e Input pulse levels: GND to 3.0V o
® |Input rise and fall times: 5 ns éat
® Input timing reference levels: 1,5V Output Load A =
® Output load: See Figure 3300 o
.

Output timing reference levels:

1.5V (HMB6147HLP-35)
0.8 to 2.0V (HMB147HLP-45/55)

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

Output Load B D,

® Including scope & jig capacitance

o—y

<
33002
1_l

5100

SoF

Item Symbol Conditions max Unit

Input Capacitance Cis Vie=0V 5 pF
Output Capacitance L V=0V 6 pF

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

HM6147HLP-35 HM614THLP-45 HM6147HLP-55
Parameter Symbol = — =+ — = e Unit Notes

Read Cycle Time the 35 = 45 — 55 — ns |[1]
Address Access Time tan — 35 = 45 — 55 ns

Chip Select Access Time Lacs - 35 = 45 - 55 ns

Output Hold from Address Change Lou 9 - = = 5 - ns

Chip Seleetion to Output in Low Z bz 5 - 5 S 5 — ns | (2], (3], (1)
Chip Deselection to Output in High Z iz 0 30 0 30 0 30 ns | [2],03),(N
Chip Selection to Power Up Time tey 0 == 0 i 0 At ns

Chip Deselection to Power Down Time tro — 20 4 20 - 20 ns
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HM6147HLP-35,HM614THLP-45,HM6147HLP-55

@ TIMING WAVEFORM OF READ CYCLE NO.1'®

L tac

Mddress

00 =

Dats Ot Pravioos Duta Valid

[T
= K i
tacy ez
%3
4 High [spedunce

High lsgpedance g [mpe

Data Ot —_— I Dwra Valid
L I iro

Ve Supply T TTTT

e s0% sa%
Curramt L

Notes: 1. All Read Cycle timings are referenced from last valid address to the
first transitionining address.
2. At any given temperature and voltage condition, fHZ max. is less than
fL.Z min. both for a given device and from device to divice.
. Transition is measured +500mV from steady state voltage with
specified loading in Load B,

s

4. is high for READ Cycle.
5. Device is continuously selected, C5=V ..
6. Addresses valid prior to or coincident with T3 transition low.
7. This parameter is sampled and not 100% tested.
@ WRITE CYCLE
HM6147HLP-35 HM6147HLP-45 HM6147HLP-55
Parameter Symbol = r - Unit Notes
min max min max min max
Write Cycle Time twe 35 — 45 — 55 - ns |[2]
Chip Selection to End of Write Lew 35 - 45 —_ 45 — ns
Address Valid to End of Write taw 3B s 45 = 45 = ns
Address Setup Time tas 0 — 0 — 0 =— ns
Write Pulse Width twe 20 == 25 — 30 - ns
Write Recovery Time twn 0 _— 0 — 0 — ns
Data Valid to End of Write tow 20 o 25 = 25 =— ns
Data Hold Time tou 10 == 10 e 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 1] - 0 = 0 — ns | (3], (4]
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HM6147HLP-35,HM6147HLP-45HM68147HLP-55

® TIMING WAVEFORM OF WRITE CYCLE (WE CONTROLLED)

iwe |

- .

¢ L ]

- T 52 .

L3 twr

- I\ A

o

Data Out Data Undelined A
Hixh |

@ TIMING WAVEFORM OF WRITE CYCLE (CS CONTROLLED)

e | X

j
|

l ine [}

i ¥ X
Das o Valii

Dutn G
fnia L fimed Tieh Lwedance

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 voitage with specified loading in Load B.

4. This parameter is sampled and not 100% tested,

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

Item Symbol Test Condition min typ max Unit

CS=Vec—0.2V

Vee for Data R i Vi 2.0 — — v

i e ey At Vin2 Vec—0.2V or ViuS0.2V
Vee=3.0V, CS=2.8V

Data Retention Current I = = 50 A

a ention Curren ceor Vin2 2.8V or VinS0.2V M

Chip Deselect to Data Retention Time tcon 0 — = ns
See Retention Waveform

Operation Recovery Time ta tac® = — ns

® fac=~Head Cycle Time.

@LOW V.. DATA RETENTION WAVEFORM

Dats Retention Mode
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HM6116-2,HM6116-3,HM6116-4
HM6116P-2,HM6116P-3, HM6116 P-4

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

BFEATURES

e Single 5V Supply and High Density 24 Pin Package
e High speed: Fast Access Time
e 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

Standby:

[ B BN BN

EFUNCTIONAL BLOCK DIAGRAM

120ns/150ns/200ns (max.)
100uW (typ.)

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

HMBE116-2, HM6116-3,
HM6116-4

[ DG-24)
vo— — oW
- HM6116P-2, HM6116P-3,
\ \ v  |e Memory Matriz ——OGND HM6116P-4
Decoder | @
128128
wo— |
—— [~ =1
/0o : b Column 1/0
I Input |
\ Column Decoder
i Dats
: Contrel
L) —
Vi O H E
1
A A A Aw 5 (DP-24)
= q = BPIN ARRANGEMENT
OE
s A e | Ve
WE O— '—G—r-_\
- Ml 2 23 I A
CSO_D: _D_ Al 3 22 I ha
A d 21 |Tﬂ?
Al B m |."\'['-'
EABSOLUTE MAXIMUM RATINGS a6 19 | Au
Item Symbol Rating Unit it 18 jcs
Voltage on Any Pin Relative to GND Vr —0.5* to +7.0 v M8 (ol R
Operating Temperature T 0to +70 € ith ] 8 E 10ty
Storage Temperature (Plastic) Tos —55 to +125 K & v o w1
Storage Temperature (Ceramic) y —65 to +150 T :] :
Temperature Under Bias Thine —10 to +85 c e EIJ '\
Power Dissipation Pr 1.0 w ) o il e
# Pulse Width 50ns : —1.5 V
(Top View
ETRUTH TABLE
cs OE WE Mode Vee Current 1/0 Pin Ref. Cycle
H * x Not Selected Tsw, Iss: High Z
L L H Read Iec Dout Read Cycle (11—(3)
I H L Write Iec Din Write Cycle (1)
L L ! Write Iee Din Write Cycle (2]
@ HITACH! 101



HM&116-2,HM61 16-3,HM6116-4,HM6116P-2,HM6116P-3,HME116P-4

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

Item Symbol min typ max Unit
L. Vee 4.5 5.0 5.5 v
upply Voltage GND 0 0 0 v
v Vin 2.2 35 6.0 v
Input Voltage Vie = =3 0.8 v
* Pulse Width ! 50ns, DC: Ve min=—0.3V
HDC AND OPERATING CHARACTERISTICS (Vec=5V£10%, GND=0V, Ta=0 to +70°C)
HM6116/P-2 HM6116/P-3/-4 A
Item Symbol Test Conditions Unit
min typ* max min typ* max
Input Leakage Current | Iex | Vee=5.5V, Vi.=GND to Vec = — 10 = =t 10 BA
CS= Vi or DE= Vi,
Out; Leak: Cu t I —— — 10 = — 10
Pt Lashags Surst kol Vio=GND to Vee WA
(}pe P S I lee E-“L. fio=0mA = 40 80 = 35 70 mA
rating Power Supply
Vin=3.5V, =0.6V.
Current PO\ ool s - 35 | — - 0| — | ma
I o=0mA
Average Operating Current Icca Min. eycle, duty=100% = 40 80 = 35 70 mA
Isa C5~Vin = 5 15 = 5 15 mA
Standby Power Supply GEav0 N VT
Current [ et — | o — | o 2 | mA
o | —0.2V or ¥, 50.2V " : %
Tor=4mA = = 0.4 — = —
Vﬂ(
Output Voltage Tor=2.1mA — — — — - 0.4
Vou Tou=—1.0mA 2.4 juss T 2.4 + B
® Vee=5V, Ta=25C
%% Relerence Only
BMAC CHARACTERISTICS (Vee=5V+10%, Ta=0 to +70°C)
® AC TEST CONDITIONS
Input Pulse Levels: 0.8 to 2.4V
Input Rise and Fall Times: 10 ns
Input and Output Timing Reference Levels: 1.5V
Output Load: 1TTL Gate and C; = 100pF (including scope and jig)
®READ CYCLE
HM6116/P-2 HM6116/P-3 HM6116/P-4
Item Symbol = 0 ; Unit
min max min max min max
Read Cycle Time tac 120 -~ 150 - 200 — ns
Address Access Time taa - 120 e 150 pe 200 ns
Chip Select Access Time tacs Y 120 e 150 = 200 ns
Chip Selection to Qutput in Low Z tovz 10 — 15 — 15 — ns
Output Enable to Output Valid tog = 80 == 100 = 120 ns
Output Enable to Output in Low Z torz 10 == 15 - 15 b2 ns
Chip Deselection to Output in High Z tewz 40 0 50 0 60 ns
Chip Disable to Output in High Z lous 0 40 0 50 0 60 ns
Output Hold from Address Change tow 10 - 15 - 15 - ns

102
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HME116-2,HM6116-3, HM6116-4, HM6E116P-2, HM6116P-3, HMG116P-4

®WRITE CYCLE

HM6116/P-2 HM6116/P-3 HM6116/P-4 .
Item Symbol = c 3 Unit

min max min max min max
Write Cyele Time twe 120 == 150 i 200 =L ns
Chip Selection to End of Write tew 70 - 90 A=< 120 = ns
Address Valid to End of Write Law 105 = 120 = 140 — ns
Address Set Up Time tas 20 — 20 = 20 - ns
Write Pulse Width Lwp 70 = 90 = 120 = ns
Write Recovery Time twr 5 == 10 = 10 == ns
Output Disable to Output in High Z towz 0 40 0 50 0 60 ns
Write to Output in High Z twnz 0 50 0 60 0 60 ns
Data to Write Time Overlap tow 35 = 40 = 60 = ns
Data Hold from Write Time tow 5 =¥ 10 i 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 Cia 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)

T e -l

SN ARRRNN KI7777
NN iy | SVTTATT

lags

- : K-

® READ CYCLE[2I"”“ 41

R —X

@ READ CYCLE {3' (L3RS SEEH ]

3

.= /I

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

4. OF= vy,
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HM6116-2,HM6116-3,HM61 16-4,HM6116P-2,HM6116P-3,HME116P-4

WRITE CYCLE (1)

= el

wal2)

PS5, AN
= AXRNINKNRS XTTFLS/

Fey

T RONNK A

L )

(T

p—ine

<X AXXX

®WRITE CYCLE(2)"”

Address

N7
"
o

e
& SN NPV ST T 77

. s ety o g e

o (6] (n

—

LY
Dout >

f—tow

Din )

NOTES: 1. A write occurs during the overlap (f3yp) 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, I/O pins are in the output state so that the input

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

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

OF is continuously low. (OE = Vj;)

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

Dgyy is the read data of next address.

Ifo'&g' 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.

(8]

LR
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Supply Current lec,Joce(Narmalized)

Access Time faa tacs|Normalized)

Access Time tag,tacs(Normalized)

SUPPLY CURRENT
vs. SUPPLY VOLTAGE

Ta=25C

0.5

04

45 4.75 50 525 55
Supply Voluge ¥ee (V)

ACCESS TIME
vs. SUPPLY VOLTAGE

Ta=25C

(£ ]

08

o7

45 478 50 525 55
Supply Voltage ¥ee (V)

ACCESS TIME
vs. LOAD CAPACITANCE

14 /
//

12
Ta=25C
Vee=MIN

10

08

0E

100 200 300 400 500

Load Capacitance Co (pF]

G HITACHI

Access Time faa,tacs(Normalized) Supply Current o, foes (Normalized |

Supply Current lccr (Normalized)

HM6&116-2,HM6116-3,HM6116-4,HM6116P-2,HM6E116P-3,HME116P-4

SUPPLY CURRENT
vs. AMBIENT TEMPERATURE

Vec=50V

08

06

04

] 20 4o &0 80
Ambient Temperature To (T

ACCESS TIME
vs. AMBIENT TEMPERATURE

13

Vec=50V
1.2
1l e

.//

0 20 40 0 B0
Ambient Tempersture To ('CH

SUPPLY CURRENT
vs. FREQUENCY

ZO:JM IS‘DM 120ns

05

08

0.7

0 4 [ 8 10
Frequency f (MHz)
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HM6E116-2, HM6116-3,HM6116-4,HME116P-2,HME1 16P-3,HME116P-4

106

Low Input Voltage Vie{Mormalized)

Output Current  fow{ Normalized)

LOW INPUT VOLTAGE
vs. SUPPLY VOLTAGE

13
Ta=25T
1.2 o
L1 ¥
2
10 e 3
___,...---"'1 ?
09 -
=
=
0.8 |
0.7
45 75 50 525 55
Supply Voltage Vee (V)
OUTPUT CURRENT
vs. OUTPUT VOLTAGE
15
Te=125T
Vee =5V

0.8

Output Current for{Normalized)

Qutput Valage Vow (V)

@ HITACHI

HIGH INPUT VOLTAGE

vs. SUPPLY VOLTAGE

13
Ta=125T
1.2
11
—_’__,.p-
Lo
-f"-
LR
08
0.7
45 475 5.0 525 5.5
Supply Voltage Vec (V)
OUTPUT CURRENT
vs, OUTPUT VOLTAGE
18
14 //
L2
1.0
Ta=257C
Vee=5V
0.8 /
0.6
4
04
0.2 [ 06 0.8

Output Voltage Voo (V)



HM61161-2,HM61161-3,
HMG'“ 6 I -4 ——Wide Operating Temperature Range———

2048-word X B-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.)
® 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
e Pin Out Compatible with Standard 16K EPROM/MASK ROM
® Equal Access and Cycle Time
BFUNCTIONAL BLOCK DIAGRAM (DG-24)
X D || e WPIN ARRANGEMENT
\ = fomnle]. T T o el
| 128x 128 A'E v A
wo— 6] s[5 2] &
T T =] x[] Bl
l-'n-o——T—-D T Column 1/0 A % % e
Iﬂ’lll F=4 "C L] 1 A
: i R Column Decoder i E E T
; 1 Contral e Fﬁ‘ M| ¥ E 1/0n
o Vo o[ e E 1t
I
N A N e : 1oe| 1o E (T
%_‘ 1oy | 1 14 | 1w
Eo—Do—L onp [z 13 ] 1o,
WE @ Top View

HABSOLUTE MAXIMUM RATINGS

Item Symbol Rating Unit
Voltage on Any Pin Relative to GND Vr —0.5* to-+T7.0 V'
Operating Temperature T — 40 to +85 e
Storage Temperature y o —65 o +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 Rei. Cycle

H x x Not Sel d Isn, Isa: High Z

L L H Read Iece Dout Read Cycle (1)—13)
L H L Write Iece Din Write Cycle (1)

| L L Write Iee Din Write Cycle (2)

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

Item Symbol min typ max Unit
Vee 4.5 5.0 5.5 v
Supply Voltage
GND 0 0 0 \
Vin 2.2 3.5 6.0 v
Input Voltage
Vie —1.0* = 0.8 v
# Pulse Width: 50ns, DC: Vi min= —0.3V
BDC AND OPERATING CHARACTERISTICS (Vec=5V+10%, GND=0V, Ta=—40 to +857C)
Item Symbol Test Conditions min typ* max Unit
Input Leakage Current | Tey ] Vee=5.5V, V,=GND to Vec = — 10 HA
Output Leakage Current [Ieal | CS=Viy or OE=Viy, Vio=GND to Vee - — 10 uA
Operating Power Supply Iece CS= Vi1, lo=0mA — 35 90 mA
Current lear*® | Viw=3.5V. Vie=0.6V. I,0=0mA — 30 [ — | ma
Average Operating Current leca Min. eycle, duty =100% = 35 90 mA
Standby Power Supply Isa CS=Viw — 4 20 mA
Current lem CS2=Vec—0.2V, Vi@ Vec —0.2V or V..s0.2V = 0.02 2 mA
Output’ Voltage Vou lor=2.1mA = —_ 0.4 v
Vow Tow=—1.0mA 2.4 == = v
® Ver =5V, Ta=25C
#% Relerence Only
BAC CHARACTERISTICS (Vee=5V+10%, Ta=—40 to +85C)
#AC TEST CONDITIONS
Input Pulse Levels: 0.8 10 2.4V
Input Rise and Fall Times: 10 ns
Input and Output Timing Reference Levels: 1.5V
Output Load: 1TTL Gate and €; = 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 Lac 120 = 150 = 200 o ns
Address Access Time taa - 120 == 150 = 200 ns
Chip Select Access Time tacs = 120 = 150 > 200 ns
Chip Selection to Output in Low Z terz 10 — 10 == 10 == ns
Output Enable to Output Valid tor = 80 = 100 == 120 ns
Output Enable to Output in Low Z torz 10 = 10 = 10 — ns
Chip Deselection to Output in High Z towz 0 40 0 50 0 60 ns
Chip Disable to Output in High Z towz 0 40 0 50 0 60 ns
Output Hold from Address Change ton 10 == 10 o 10 — ns
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HM61161-2, HM61161-3, HM6116]-4

®WRITE CYCLE

i Symbol l'_lMGllﬁ I-2 I'?ME! 161-3 FfMﬁl 161-4 it
min max min max min max
Write Cycle Time twe 120 e 150 == 200 — ns
Chip Selection to End of Write lew 70 = 90 = 120 = ns
Address Valid to End of Write taw 105 = 120 — 140 = ns
Address Set Up Time las 20 = 20 = 20 = ns
Write Pulse Width twe 70 — 90 - 120 == ns
Write Recovery Time twn 5 = 10 = 10 — ns
Output Disable to Output in High Z tonz 0 40 0 50 0 60 ns
Write to Output in High Z twnz 0 50 0 60 0 60 ns
Data to Write Time Overlap tow 35 - 40 = 60 — ns
Data Hold from Write Time tow 5 - 10 = 10 — ns
Output Active from End of Write tow 5 — 10 — 10 — ns
BCAPACITANCE (/=1MHz, Ta=25C)

Item Symbal Test Conditions typ max Unit

Input Capacitance Ca V=0V 3 5 pF

Input/Output Capacitance Cio Via=0V 5 T pF

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

B TIMING WAVEFORM
®READ CYCLE(1)"**

S |

SR RNRNNN | Y7777
< XN e 7
( XX

®READ CYCLE(2)" ™«
Address >(

k%

® READ CY(:LEtS,II)())u}

=y

NOTES: 1. WE is High for Read Cycle.
2. Device is continuously selected, CS = V.
3. Address Valid prior to or coincident with TS transition Low.
4. OE= m.
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HM61161-2, HM61161-3, HM61161 -4,

WRITE CYCLE (1)

Address

[

2

Dour

Uin

®WRITE CYCLE(2)™

Address

NOTES:

110

X X

tna(2)

LEE L ARG

AN R 7 G I

taw

8 _\ {
RO =~
Erms )

f— ton ton

X X

NS AT TTTT

wrfl]

}\\\ K

P las

(3]

o

U NN
i Ll S

AN
ET A

NV

B
L

0N

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

of write cycle.

- During this period, I/O pins are in the output state so that the input

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

. If the €8 low transition occurs simultaneously with the WE low

transitions or after the WE transition, output remain in a high im-
pedance state,
OF is continuously low. (OE = ¥7z)

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

Dy is the read data of next address.

th& 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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HM6116PI1-2,HM6116PI-3,

HMG6116PI-4

2048-word X 8-bit High Speed Stati

BFEATURES

® Wide Operating Temperature Range . . .
Single 5V Supply and High Density 24 P
High speed: Fast Access Time
Low Power Standby and

Low Power Operation

Completely Static RAM:

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

Operation:
No clock or Timing Strobe Required

——Wide Operating Temperature Range——

¢ CMOS RAM

ceve.... —A0~+85°C
in Package

100uW (typ.)
180mW (typ.)

Directly TTL Compatible: All Input and Output
Pin Out Compatible with Standard 16K EPROM/MASK ROM

Equal Access and Cycle Time

BFUNCTIONAL BLOCK DIAGRAM

IDP-24]
Row . Memary Matrix —O GND
Decoder | @
] 1L HPIN ARRANGEMENT
s
D——a: J\-{ [ ~ T '
== s o] <[] al
YOO f i‘ Column 1/0 N E 22 | A
Tnput
[ i i Column Decoder Al 21 | WE
| H Deta = s
E ' Control . » :' o
A | B 1% | A
e £ a [°]
1A . «[7] w T
A A Are —i M| w EI L
ot DE | 10e | 10 i:'.||rn
WEo—— L) ton [ 11 E i
—Lj
= D GND [ 12 E 1/t
BMABSOLUTE MAXIMUM RATINGS
Item Symbol Rating Unit
Voltage on Any Pin Relative to GND Ve —0.5* to +7.0 \
Operating Temperature —40 to +85 C
Storage Temperature Tos —55 to +125 L®)
Power Dissipation Pr 1.0 W

* Pulse Width 50ns | —1 5V

©® HITACHI



HM6&116PI-2, HM6116PI-3, HME116P1-4

ETRUTH TABLE

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

H x x Not Selected Isa, Ism High Z

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

L L L Write fec Din Write Cycle (2)

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

Item Symbol min typ rieid Pt

Vee 4.5 5.0 5.5 v

Supply Voltage GND 0 0 0 N
Vin 22 3.5 6.0 v

Input Voltage Vie 1.0 - 0.8 b

* Pulse Width | 50ns. DC: ¥ min=—0.3V

HDC AND OPERATING CHARACTERISTICS (Vec=5V£10%, GND=0V, Ta=—40 to +B85C)

ltem Symbol Test Conditions min typ* max Unit

Input Leakage Current | e Vee=5.5V, V..=GND to Vec —_ - 10 A
Output Leakage Current | 1eg ] CS=Vix or DE~ Viu, Vio=GND to Vee - -_ 10 pA
Operating Power Supply Iec CS5=Vis, lro—0mA — 35 90 mA
Current Teei®® | Viw=3.5V, Vie=0.6V, l.o=0mA — 30 — mA
Average Operating Current Teea Min. cyele, duty=100% - 35 90 mA
Standby Power Supply Isa CS5=Viu — 4 20 mA
Current Issu | C82Vee—0.2V, VazVee —0.2V or V.. S0.2V — | 0.02 2 | mA
Output Voltage L lou=2.1mA = — | 0.4 v
Vou Tow=—1.0mA 2.4 = = v

* Vee=5V, Ta=25C
#% Relerence Only

BAC CHARACTERISTICS (Vee=5V+10%, Ta=-40 to +857C)
®AC TEST CONDITIONS

Input Pulse Levels: 0.B 10'2.4V

Input Rise and Fall Times: 10 ns

Input and Output Timing Reference Levels: 1.5V

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

®READ CYCLE

o Symbol [?MGI’ISP]'! l:'MGllGPI"S HM6116P -4 Unit

min max min max min max

Read Cycle Time tre 120 = 150 — 200 = ns
Address Access Time taa Sl 120 — 150 = 200 ns
Chip Select Access Time lacs e 120 — 150 - 200 ns
Chip Selection to Output in Low Z ters 10 = 10 = 10 — ns
Output Enable to Output Valid Lo = 80 e 100 = 120 ns
Output Enable to Output in Low Z tovz 10 == 10 e 10 = ns
Chip Deselection to Output in High Z towz 0 40 0 50 0 60 ns
Chip Disable to Output in High Z towz 0 40 0 50 0 60 ns
Output Hold from Address Change tou 10 = 10 = 10 - ns
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HM6116P1-2, HM6116P1-3, HM6116PI-4

®WRITE CYCLE

i Symbol l:lMﬁllﬁPI-k I-'M6115PI'3 WBIIGPI-! Unit
min max min max man max
Write Cycle Time twe 120 = 150 - 200 — ns
Chip Selection to End of Write tew 70 =i 90 = 120 == ns
Address Valid to End of Write baw 105 —— 120 — 140 = ns
Address Set Up Time las 20 — 20 = 20 — ns
Write Pulse Width twp 70 = 90 == 120 — ns
Write Recovery Time twn 5 = 10 = 10 = ns
Output Disable to Output in High Z towz 0 40 0 50 0 60 ns
Write to Output in High Z twyz 50 0 60 0 60 ns
Data to Write Time Overlap tow 5 = 40 — 60 = ns
Data Hold from Write Time Lo 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 Uit

Input Capacitance Ci V=0V 3 5 pF

Input/Cutput C. i Cro Vio=0V 5 7 pF

Note) This parameter iz sampled and not 100% tested.
ETIMING WAVEFORM
®READ CYCLE (1)

s

- X

RN NNNNNN YI77777
s \\% —m—f VLTS

tatn

Daut tere

r\
:

@READ CYCLE (2‘{”(:”4:
Address )(

- RN X

®READ CYG.E(SI‘””””
[s5 \

f |
s tewz
e
Dout

NOTES: 1. WE is High for Read Cycle.
2. Device is continuously selected, TS = V7.
3. Address Valid prior to or coincident with CS transition Low.
4. OE= V.
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LLA
NERNE N

WRITE CYCLE(1)

Address

Dot

@ WRITE CYCLE(2)"”

Address

Dot

NOTES:

114

L URAS

(3]

€3]

p— tpm

S

4

X

twnl2]

YT Ll

NAARRRR T

b

twp(l]

j\\\\\

(3)

PP SV i B SO 7

(8)

of write cycle.

. A write occurs during the overlap (r
. twg is measured from the earlier of

), Vavaivavaw

) of a low CS and a low WE.
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 TS low transition occurs simultaneously with the WE low

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

ﬂﬁ‘-lﬂ\f.ﬂ

. Dggti
18

OF is continuously low. (OE = V)
- Dgyt is the same phase of write data of this write cycle.
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.

GO HITACH!



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

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

®

L}

Equal Access and Cycle Time
FUNCTIONAL BLOCK DIAGRAM

(FP-24)

Ay —0 Vee
| BPIN ARRANGEMENT
Row * Memory Matrix ———OCND
S \ Decoder | ® @ a1 % |"f'
i | 128%1 [T :33 i
vo— ] ~[5] Tl
——cm v ] 7] ] v
1400 O T‘ Columa 10 & n 20 iF
V —
Input A “ E] | Ase
H 1 Column Decoder -
,r : Dats A n ] I P
1
: . Coniral e & n 3 it
.
1708 © P 10y ﬂ 16 | 1o
|
A A A A t 9 1 Or u 15 | v
%—] Lith n 14 |y
EO"DO—I\ GND n 1 I[-ru
WEo ‘ II .rk ( Top View
ts
BABSOLUTE MAXIMUM RATINGS
Item Symbaol Rating Unit
Voltage on Any Pin Relative to GND Vr —{0.5* to +7.0 ¥
Operating Temperature Te: 0 to +70 LY
Storage Temperature Tis —55 to +125 i &
Temperature Under Bias i —10 to +85 g &
Power Dissipation Pr 1.0 w
#* Vv min = —1.5V {Pulse Width = 50ns)
ETRUTH TABLE
cs OE WE Mode Vee Current I/O Pin Ref. Cycle
H x b Not Selected Isn, Ism High Z
L L H Read Ice Dout Read Cyelelli—(3) B
L H L Write Ice Din Write Cycle(l!
L 1. L Write lee Din Write Cyclel(2)

G HITACHI
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HM6116FP-2,HM6116FP-3,HM6116FP-4

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

item Symbel min typ max Unit
Vee 4.5 5.0 5.5 v
Supply Voltage GND ° 0 3 v
Vin 2.2 3.5 6.0 v
EHNE N Vie —1.00 ~ 0.8 v
# Pulse Width : 50ns, DC ! Vig min——0.3V
HEDC AND OPERATING CHARACTERISTICS (Vee=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 | Tes | Vee=5.5V, Vi,=GND to Ve = — 10 = — 10 pA
Output Leakage Current [Teal ﬁi-_g;;rt:}i; i L= = 10 - = 10 HA
LIRS lee CS5=Vir, lo=0mA = 40 80 = 35 70 mA
g e Vie=3.5V, Vie=0.6V,
Current Teci™ AR - k] - - 30 = mA
Average Operating Current Ieer Min. cycle, duty =100% — 40 80 == 35 70 mA
Isa CS5=Vu = 5 15 = 5 15 mA
i et il T2 Vec—0.2V, Va2 Ve
Current JETT == 0.02 2 = 0.02 2 mA
—0.2V or Vi.=0.2V
Vo Tor=4mA — — 0.4 = - — v
Output Voltage Tor=2.1mA = = — — o 0.4 v
Vou Tow=—1.0mA 2.4 = = 2.4 = = v
® Vee=5V, Ta=25C
#% Helerence Only
BAC CHARACTERISTICS (Vece=5V£10%, Ta=0 to +70°C)
®AC TEST CONDITIONS
Input Pulse Levels: 0.8 10 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
S Symbol I'TMEIIEFP'! PIIMGIIGF'P—S I"[MGIISFP'Jl Usit
min max min max min max
Read Cycle Time trc 120 = 150 v 200 - ns
Address Access Time aa - 120 - 150 = 200 ns
Chip Select Access Time tacs - 120 — 150 - 200 ns
Chip Selection to Output in Low Z borz 10 — 15 - 15 o+ ns
Output Enable to Output Valid toe — 80 — 100 - 120 ns
Output Enable to Output in Low Z torz 10 = 15 = 15 - ns
Chip Deselection to Output in High Z teuz 0 40 0 50 0 60 ns
Chip Disable to Output in High Z touz 0 40 0 50 0 60 ns
Output Hold from Address Change tow 10 - 15 = 15 = ns

116
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HM6116FP-2,HM6116FP-3,HM6116FP-4

®WRITE CYCLE

HM6116FP-2 HMB116FP-3 HM6116FP-4
Item Symbol - - = Unit
min max min max min max
Write Cycle Time twe 120 - 150 =t 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 twg 5 = 10 = 10 = ns
Output Disable to Output in High Z tonz 40 0 50 0 60 ns
Write to Output in High Z twuz [] 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 e 10 = ns
BCAPACITANCE (f=1MHz, Ta=25C)
Item Symbol Test Conditions typ max Unit
Input Capacitance Ca V=0V 3 5 pF
Input/Output Capacitance Cro Vie=0V 5 7 pF

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

B TIMING WAVEFORM
@READ CYCLE (1)""

— %

o XN b | w77
- & ( XX

.FEAD CYuEtzle{?}ul

mm~—%* : | =
- 66070 X

® READ CYCLE{S'HHSMM

\
Dot —:L___“ - E E L L

NOTES: 1. WE is High for Read Cycle.
2. Device is continuously selected, TS = V.
3. Address Valid prior to or coincident with TS transition Low.
4. OE= Vi
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HM&116FP-2,HM6116FP-3,HM6116FP-4

ETIMING WAVEFORM

®WRITE CYCLE (1)

i3 e

s 4££>[ \‘EEZ::

[

: 777777

A

AR RN

WE

= lini L2 €3]
I e
e

L AT

Thin

@ WRITE CYCLE(2)™

EARRN < e

Address

X X

RN CARRR T K7V 77777

e

i3]

F==las

b

Dour

b i

NOTES:

118

1.
. twr is measured from the earlier of

RN

A write occurs during the overlap (fyp) of a low CS and a low WE.
gfm‘“going high to the end
of write cycle.

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

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

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

transitions or after the WE transition, output remain in a high
impedance state.
OE is continuously low. (OE = Vp1)

. Dgyt is the same phase of write data of this write cycle.
3 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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Supply Current lc,lcca{ Normalized)

Access Time taatacs(Normalized)

Access Time taa.tacs| Normalized|

SUPPLY CURRENT
vs. SUPPLY VOLTAGE

Ta=25C

10
08 e
06
o4
45 415 30 525 5.5
Supply Voltage ¥ee (V)
ACCESS TIME
vs. SUPPLY VOLTAGE
13
Ta=25"C
i2
1 "“\
10
08
o8
(5
4“5 475 50 525 55
Sepply Valtage Vee (V)
ACCESS TIME
vs. LOAD CAPACITANCE
18
18 /—
j /'//
12
Ta=25C
Vee=MIN
10
08
0.6
100 200 300 400 500

Load Capecitance Co (pF)

@ HiTACHI

| Supply Current JecJeca(Normalized)

Access Time taa,tacs(Normalized)|

Supply Current feca(Normalized)

HME116FP-2,HM6116FP-3,HME116FP-4

SUPPLY CURRENT
vs. AMBIENT TEMPERATURE

Vee=50V

08

08

o4

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

ACCESS TIME
vs. AMBIENT TEMPERATURE

Vee=50V

|

./,

09

08

(A

0 20 40 &0 L]
Ambient Temperature Ta (C)

SUPPLY CURRENT
vs. FREQUENCY

13 T T T
200ns | 150ns  [120ns
12
1Ll
10
L —
____________....---"'

A
0s
08
o7

0 4 10

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

HM6116CG-4

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

B FEATURES

® Single 5V Supply and High Density 32 pin-Leadless-Chip Carrier
® High speed. Fast Access Time

® | ow Power Standby and
Low Power Operation
® Completely Static RAM:

120ns/150ns/200ns (max.)
Standby: 100uW (typ.)
Operation: 180mW (typ.)
No Clock or Timing Strobe Required
Directly TTL Compatible: All Input and Output
® Equal Access and Cycle Time

B FUNCTIONAL BLOCK DIAGRAM

{CG-32)

no——>§ —owe
e} HPIN ARRANGEMENT
Row - Memory Matrix —i) GND A NC NC NC Ver NC NC
Decoder | & : SRR N
128x12 [ 8! i s B8
& o_%:‘ sfa e )
Y sl ane
- = e el sfi e L
=1 = razl 7E
1/0: 0 > Columm 170 hefCi3 ETE
] %ii Bl 4 ) zh £
d—R+ Dota Tolaanecoler I 3 e [
I Los oo
: 1 Cantial ne i EHlvo
' e : Y gt HET TR0
- ' %R
PASI S W e ! 170 1/ ChGND NC 1/ 1 1/ 0610
%)_] (Top View]
=
VEO————
i) o
cs
o
Il ABSOLUTE MAXIMUM RATINGS
Item Symbol Rating Unit
Voltage on Any Pin Relative to GND Ve —0.5% to +7.0 v
Operating Temperature Te 0 to +70 L5
Storage Temperature Tt —65 to +150 T
Paower Dissipation Py 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 Isa, Isai High Z
I | 5 H Read Ice Dout Read Cycle (1+-{3)
L H L. Write Tee Din Write Cycle (1)
L L L Write Iec Din Write Cycle (2}
120 @ HITACH!




HM6116CG-2,HM6116CG-3,HME6116CG4

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

Item Symbol min typ max Unit
Vee 4.5 5.0 5.5 v
Supply Voltage GND . z o v
Vin 2.2 3.5 6.0 v
Input Voltage % e g} i =

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

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

HM6116CG-2 HM6116CG-3/-4 _
Ttem Symbol Test Conditions : Unit
min typ* max min typ* max
Input Leakage Current | der | Vee=5.5V. Vi=GND to Vec - — 10 — - 10 HA
CS=Viw or OE=Viy,
1 == = 10 = = 10 A
Output Leakage Current | Tea | Vin=GND to Vic H
Iee CS5=Vis, Juo=0mA = 40 80 — 35 70 mA
Operating Power Supply
Vie=3.5V, Vi.=0.6V.
G el Touion tn=3.5 I 6V. — 35 - = 20 o mA
lo=0mA
Average Operating Current Ieer Min. eycle, duty=100% — 40 80 — 35 70 mA
Isa CS=Vuw = 5 15 - 5 15 mA
Standby Power Supply severe =
Current i CS=Vee—0.2V, Vi.2Vee 0.02 2 0.02 2 mA
urrent — i = ;|
| —0.2v or V=0.2V
Tor=4mA - —p 0.4 - - - Vv
Ve .
Output Voltage lor=2.1mA — = — — — 0.4 V
Von low=—1.0mA 2.4 — - 2.4 — — vV

* Vi =5V, Te=25TC
#% Relerence Only

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

Input Pulse Levels: 0.8 to 2.4V

Input Rise and Fall Times: 10 ns

Input and Output Timing Reference Levels: 1.6V

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

®READ CYCLE

e Symabol I‘lMGl 16CG-2 IjIMGI 16CG-3 [-IMGI 16CG-4 e

min max min max min max

Read Cycle Time tac 120 = 150 — 200 S ns
Address Access Time taa = 120 == 150 = 200 ns
Chip Select Access Time tacs == 120 i 150 = 200 ns
Chip Selection to Output in Low Z leiz 10 = 15 — 15 = ns
Output Enable to Output Valid tor = B0 = 100 = 120 ns
Output Enable to Output in Low Z lovz 10 == 15 = 15 = ns
Chip Deselection to Output in High Z lenz 0 40 0 50 0 60 ns
Chip Disable to Output in High Z touz 0 40 0 50 0 60 ns
Output Hold from Address Change ton 10 = 15 = 15 = ns
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HM&116CG-2,HME116CG-3,HM6116CG-4

@ WRITE CYCLE

HM6116CG-2 HM6116CG-3 HM#6116CG-4 [
Item Symbol , . s Unit
mn max min max min max
Write Cycle Time twe 120 = 150 = 200 = ns
Chip Selection to End of Write tew 70 == 90 - 120 = ns
Addres=s Valid to End of Write taw 105 = 120 = 140 = ns
Address Set Up Time las 20 o 20 = 20 = ns
Write Pulse Width lwp 70 = 90 = 120 = ns
Write Recovery Time twn 5 = 10 == 10 — ns
Output Disable to Output in High Z tonz 0 40 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 e 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 Cia 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)*"”

. )

= N\N\X - VLIS
O Oy

®READ CYCLE(2)"™

R . -, S m—

@ READ CYCLE‘SIO:(:Hn
cs \

tacs P
tewr
Dout

NOTES: 1. WEis High for Read Cycle.
2. Device is continuously selected, TS = V.
3. Address Valid prior to or coincident with TS transition Low.
4. OE= Vir.
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HM6E116CG-2,HM6116CG-3,HME116CG4

WRITE CYCLE (1)"

Address

Dout

®WRITE CYCLE(2)"™

Address

Dout

Din

NOTES:

e

fcw

ANV KL 7

I——x\::l e

d
N

EANRN T

le— o ——t——— i

X X

fcn twal2)

AN X LV LLTLLS

#17
4
]\\\\\ " i
T __N_“dm = ) N
D O T T VR R O
>>///////////‘

p=—tow tow

(8)

@

) avivavas

- A write occurs during the overlap (fyp) of a low CS and a low WE.
. I'wg is measured from the earlier of gf

or WE going high to the end
of write cycle.

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

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

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

transitions or after the WE transition, output remain in a high im-
pedance state,
OF is continuously low. (OF = V1)

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

Dgy¢ is the read data of next address.

. If C3 is Low during this period, 1/0 pins are in the output state.

Then the data input signals of opposite phase to the outputs must
not be applied to them.
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HM6116L-2, HM6116L--3,

HM6116L-4

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

B FEATURES

e 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

Standby:

Operation:

B FUNCTIONAL BLOCK DIAGRAM

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

160mW (typ.) -

No clock nor Timing Strobe Required

(DG-24)

vo—§ ] —Oke
—
Row . Memory Matrix ———OCND
Decoder | @ Ry B PIN ARRANGEMENT
vo—P¢ 1 Jolhdl
e mulz 23 | M
m].o——]»—D z Column 110 sl T } A
laput Al 4 21 | WE
H : Column Decoder o
H - Das Al 5 20 | OE
: 2 Control
- 1 - — A B 19 | &
1 —
1/0h Q—d ! Ml 7 | cs
A s Ay Aun r Au| B 17 e
- ﬂ:—J 1oy 9 16 | 1y
EO—DO—I_ 170 [ 10 15 | 1o
WE O— T ET " e
. GND | 12 f
= 12 13 |1 O
i Top View)
WM ABSOLUTE MAXIMUM RATINGS
Item Symbol Rating Unit
Voltage on Any Pin Relative to GND Vr —=0.5" to +7.0 v
Operating Temperature Tov 0 to +70 j
Storage Temperature Tote —65 to +150 b
Temperature Under Bias Tiiae —10 to +85 e
Power Dissipation Pr 1.0 w
* Pulse Width 50ns ; —1.5V
B TRUTH TABLE
Ccs OE WE Mode Vie Current 1/0 Pin Ref. Cycle
H x x Not Selected Isn, Isai High Z
L L H Read Icc Dout Read Cycle (1)~(3)
L H L Write Ice Din Write Cycle (1)
5 L L Write lec Din Write Cyele (2]
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HM6116L-2,HM6116L-3,HME116L-4

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

Item Symbol min typ max Unit
$ o3 Vee 4.5 5.0 5.5 v
t
e, Veitags GND 0 0 0 v
. P Viw 2.2 1.5 6.0 v
it t
mp Vo Ve -1.0° ~ 0.8 v
* Pulse Width: 50ns, DC: Ve min=—0.3V
M DC 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 | Feel Vee=5.5V, V..=GND to Ve = == 2 — = 2 KA
CS=Vin or OE=Vin, — = = oy
Output Leakage Current | Teo | Vio=GND to Vec 2 2 KA
I C8=Vi, Iio=0mA — 35 70 — 30 60 mA
Operating Power Supply i = 3’;\" :Vo T
Current . =3.9V, ViL=U.0V, = = = =
W Tcc** Tia=OiA 30 25 mA
Average Operating Current Tece min. cyele, duty =100% == 35 70 —* 30 60 mA
1 CS=V, — 4 12 — 4 12 A
Standby Power Supply = i =
Ciirrent Lsns TSz Vee —0.2V, V2 Vee — o 4 100 = 4 100 WA
0.2V or V..20.2V
Tor=4mA = = 0.4 = — —
Vor v
Output Voltage loc=2.1mA = o =l = - 0.4
Vow fow=—1.0mA 2.4 = - 2.4 — — v
® ; Vee=5V, Ta=25C
® % Reference Only
B AC CHARACTERISTICS (Vee=5V £10%, Ta=0 to +70°C)
®AC TEST CONDITIONS
Input Pulse Levels: 0.8 to 2.4V
Input Rise and Fall Times: 10 ns
Input and Qutput Timing Reference Levels: 1.5V
Output Load: 1TTL Gate and C; = 100pF (including scope and jig)
®READ CYCLE
HM6116L.-2 HM6116L-3 HMG1161.-4
Item Symbeol i - - Unit
min max min max min max
Read Cyele Time Lac 120 — 150 =] 200 == ns
Address Access Time Laa = 120 == 150 — 200 ns
Chip Select Access Time Lacs — 120 . 150 — 200 ns
Chip Selection to Output in Low Z terz 10 = 15 = 15 =t ns
Output Enable to Output Valid toe = 80 = 100 — 120 ns
Output Enable to Output in Low Z torz 10 — 15 = 15 — ns
Chip deselection to Output in High Z teus 0 40 0 50 0 60 ns
Chip Disable to Output in High Z towz 0 40 0 50 0 60 ns
Output Hold from Address Change tow 10 — 15 = 15 = ns
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HM6E116L-2,HM6116L-3 HM6116L4

@ WRITE CYCLE

= < HM61161.-2 HM6116L-3 HM6116L-4 3
Item - - - Unit
min max min max min max
Write Cycle Time Lwe 120 — 150 - 200 = ns
Chip Selection to End of Write tew 70 = 90 — 120 — ns
Address Valid to End of Write Paw 105 — 120 == 140 = ns
Address Set Up Time tas 20 — 20 = 20 - ns
Write Pulse Width twp 70 = 90 A 120 - ns
Write Recovery Time twa 5 — 10 = 10 es ns
Output Disable to Output in High Z tonz 0 40 0 50 0 60 ns
Write to Output in High Z twnz 0 50 0 60 0 60 ns
Data to Write Time Overlap tow 35 - 40 - 60 — ns
Data Hold from Write Time tow 5 = 10 = 10 e ns
Output Active from End of Write tow 5 a 10 P 10 o ns
B CAPACITANCE (f=1MHz, Ta=25C)

Item Symbol Test Conditions typ max Unit

Input Capacitance Ci V=0V 3 5 pF

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

Note) This parameter is sampled and not 100% tested,
B TIMING WAVEFORM
®Read Cycle (1) "’

s X

fiw

I R 77777
« XN b | 7y

LETRY

B ( ' XX -

®Read Cycle (2) ' @@

® Read c,.cla {3] Chdy (334 (4]

ar T ‘ )[

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. -GE= VIL'

ZaN
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® Write Cycle (1) ¢t

® Write Cycle (2)

NOTES:

1.

NN\

K f7777;7

" FANNN Y ¥y
X XXXX
e X X
5 NNSSSSKe - F7VITTTT7
g }\\Yk . N

i reme—{(2] () n
ou— ]
Dowr

{8

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

. twpg is measured from the earlier of CS or WE

going high to the end of write cycle.

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

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

. If the CS low transition occurs simultaneously

with the WE low transitions or after the WE

SR

), Savavavan

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

. Dgyt is the same phase of write data of this

write cycle.

. Dgyt is the read data of next address.
1r 8

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

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

HM6116L-2,HM6116L-3, HME116L-4

Item Symbel Test Conditions min typ max Unit

Vee for Data Retention Vor CS2Ver —0.2V, Va2 Vee —0.2V or V.. 50.2V 2.0 = — v

Data Retention Current Tecon®| Vec=3.0V, CS22.8V, V..22.8V or V.. S0.2V 7 - 50 KA

Chip Deselect to Data Retention Time | tcon . 0 — = ns
= See Retention Waveform

Operation Reéovery Time te tac®® = — ns

* Viu=—0.3V min.
#% jyc=HResd Cycle Time.

®Low Vcc Data Retention Waveform
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HM6E116L-2,HME6116L-3,HME116L-4

Supply Curcent lec.lecr (Normalized)

Accens Time taa.tacs(Normalized)

Accens Time taa, facs({Normelized)

128

SUPPLY CURRENT vs.
SUPPLY VOLTAGE

Te=25C

08

04

4“5 475 50 525 55
Supply Voliage Ve (V)

ACCESS TIME vs.
SUPPLY VOLTAGE

Ta=25C

08

0s

o7

45 475 50 525 85
Supply Voltage Vee (V)

ACCESS TIME vs.
LOAD CAPACITANCE

14 //

s

12
Te=125C
Vee=MIN
1o
(¥ ]
oE
100 200 300 400 500

Load Capacitance Cp (pF)

Access Time faa,tacs (Normalized) Supply Current lee,Jocr{Normalized)

Supply Current lecal Normalized)
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SUPPLY CURRENT vs.
AMBIENT TEMPERATURE

15
Vee=50V
14
12
10
_\\
—
08
06
04
[} 20 4“0 60 &0

08

o8

[ &)

Ambient Temperatare Ta (C)

ACCESS TIME vs.
AMBIENT TEMPERATURE

Vee=50V

|~

0 20 40 60 B0
Ambient Temperature Ta (C)

SUPPLY CURRENT vs.

FREQUENCY
13 T T T
200ns | 150ns  [120ns
12
11
10 —
—
08
08
0.7
[ 4 10

Frequency f ( MHz)



Low Input Voltage Vie{MNormalized)

(utput Current Joul Normalized)

Standby Carrent fsm (A)

LOW INPUT VOLTAGE vs.
SUPPLY VOLTAGE

L3
Ta=25T
12
11
10 — ___,_.--'__,_..—-""'
"
0.9
0.8
0.7
45 475 5.0 5.25 5.5
Supply Voltage ¥ec (VI
OUTPUT CURRENT vs.
OUTPUT VOLTAGE
16
Ta=125C
Vee=3V
14 \
L2
1.0 \\
0.8
05 \
04
1 4 5
Output Vaoliage Vou (V)
STANDBY CURRENT vs.
AMBIENT TEMPERATURE
ot
Vec= 3V
CS=28Y
1074
//
107* //
T
0 o L1 50 B0

Ambient Tempersture To (T)

® HITACHI

High Input Voltage Vin{Normalized)

Output Carrent fooi Normalized)

Standby Current 5ol Normalized)

HIGH INPUT VOLTAGE vs.
SUPPLY VOLTAGE

HM6E116L-2,HM6116L-3, HME6116L-4

Ta=25T

is

[ 5}
08
o7
4.5 475 5.0 5.25 55
Supply Voltage Voo (V)
OUTPUT CURRENT vs,
OUTPUT VOLTAGE
L&
14 //
12
1o
Te=25C
Vee=5V
08 /
05 /
o4
0.2 04 L2 0.8

Outpur Voltage Voo (Vi

STANDBY CURRENT vs.
SUPPLY VOLTAGE

ug

/

(%)

3 4 5

Supply Voluage Vee (V)
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HM6116L-2,HM6116L-3,HM6116L4

STANDBY CURRENT vs.
INPUT VOLTAGE

I
To=25T
Vee=5.0V
TIE=1.8Y
8
=
5
% »
] L J
5
Y !
=
<
H
7
0 -
1 z 3 [ 6

Input Voltege Vio (V)
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HM&6116L1-2, HM6116L1-3,
HM6116L|-4 ——Wide Operating Temperature Range ——

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

B FEATURES
@ Wide Operating Temperature Range ........... —A40~+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.)
e Completely Static RAM:  No clock nor Timing Strobe Required |
@ Directly TTL Compatible: All Input and Output
e Pin Out Compatible with Standard 16K EPROM/MASK ROM
@ Equal Access and Cycle Time
e Capability of Battery Back up Operation
B FUNCTIONAL BLOCK DIAGRAM (=R .
g \ Row T Memary Matrix o
Decioder | @
|28 | 28
ﬁ,o_u— B PIN ARRANGEMENT
e it ] v [1] - i
17t Q- I D i Column 119 Ml 2 4y
1 L :-::‘“ Column Decoder *‘E As
LN [ o w
] e A,E t_F
140w Cr V Ao

&

e W

v

\1;—] Aol @
9 D ° | ol 8
WE j:/\ tos [ 10

s

.
EEEEECEEEERE

cs s 11 L
D oNp | 12 10w
e —
B ABSOLUTE MAXIMUM RATINGS (Tap View!
Item Symbol Rating Unit
Voltage on Any Pin Relative to GND Ve —0.5* to +7.0 v
Operating Temperature Tepr —40 to +85 €
Storage Temperature Tara —65 to +150 '€
Power Dissipation Pr 1.0 W
* Pulse Width 50ns: — 15V
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HM6116L1-2, HM6116L1-3, HM6116L1-4

B TRUTH TABLE

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

H x x Not Selected Ise, Tsmy High Z

L. L H Read Iec Dout Read Cycle (1)—(3}
L H E Write Icc Din Write Cycle (1)

L L L Write Tee Din Write Cyele (2)

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

Item Symbol min typ max Unit
oy Velssis Vee 4.5 5.0 5.5 v
GND 0 0 0 v
Vin 2.2 3.5 6.0 W
gl Vie -1.0* = 0.8 v

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

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

Item Symbol Test Conditions min typ* max Unit
Input Leakage Current | Tesl Vee=5.5V, Viu=GND to Vee > — : 4 MA
CS=Viw or DE=Vin, = -
Output Leakage Current | Ieo | V).0=GND to Vee 2 HA
I CS=Vi., li.o=0mA = 35 90 mA
Operating Power Supply = v 3:;\1’ i'l: =
Current - m=3.5V, Vi.=0.6V, - n
L Tcci*® Dtk 30 mA
Average Operating Current Iees min. cycle, duty =100% — 35 90 mA
Stsndby Ba Suppl Isa CS=Vin -~ 4 20 mA
y Power Supply
Carirest CS=Ver —0.2V. ==
s | V_2Vee — 0.2V or V.50.2V i 8
Vor Ia:-!.lmA _ = 0.4
Output  Volt
s Vaw Tow=—1.0mA 2.4 - - v
# : Vee=5V, Ta=25C & # . Relerence Only
M AC CHARACTERISTICS (Vec=5V +10%, Ta=—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
HM#6116L1-2 HMB116L1-3 HMB1161.1-4
Ttem Symbol - = - Unit
min max min max min max
Read Cycle Time tre 120 o 150 = 200 = ns
Address Access Time Lan ke 120 - 150 s 200 ns
Chip Select Access Time lacs = 120 = 150 = 200 ns
Chip Selection to Output in Low Z lere 10 = 10 = 10 = ns
Output Enable to Output Valid Lo == 80 = 100 = 120 ns
Output Enable to Output in Low Z torz 10 — 10 =3 10 . ne
Chip deselection to Output in High Z touz 0 40 0 50 0 60 ns
Chip Disable to Output in High Z towz 0 40 0 50 0 60 ns
Output Hold from Address Change taw 10 == 10 = 10 = ns

132



® WRITE CYCLE

HM6116L1-2, HM6116L1-3, HM6116LI-4

HM6116L.1-2 HM6116L.1-3 HMB116L.1-4
Item Symbol = = . Unit
min max min max min max .
Write Cyele Time twe 120 — 150 = 200 - ns
Chip Selection to End of Write tew 70 = 90 - 120 — ns
Address Valid to End of Write Law 105 = 120 == 140 = ns
Address Set Up Time tas 20 — 20 — 20 — ns
Write Pulse Width twe 70 - 50 - 120 = ns
Write Recovery Time twn 5 = 10 = 10 = ns
Output Disable to Output in High Z Lows 0 40 ] 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 Low 5 = 10 ™ 10 - ns
Output Active from End of Write tow 5 — 10 == 10 e ns
B CAPACITANCE (f=1MHz, Ta=25C)
[tem Symbol Test Conditions max Unit
Input Capacitance Cu V=0V 5 pF
Input/ Output Capacitance Cro Via=0V 7 pF
Note) This parameter is sampled and not 100% tested.
B TIMING WAVEFORM
®Read Cycle (1) “' ¥ 3
Addreun )(_
' "
E N S
e PRI § {; /
] < { \| — 4
s K 141 e //// //
( XX
.R“d Cycle (2) CV e (23 (4}
Address * (
g ) X
.Read c,cle (3) (10s (30g L4
- N
fary———— 1 enr
po—li 1
Dout
NOTES: 1. WE is High for Read Cycle.
2. Device is continuously selected, CS = ¥7;.
3. Address Valid prior-to or coincident with CS transition Low.
4. OE= ¥y,
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HM6116L1-2, HM6116LI1-3, HM6116L1-4

® Write Cycle (1)

twx(2]

a‘séél

WE — P
5 /
-—ru{ﬂ” P )
Daut 2777277
f=—olpw Hon
b Q XXXX
® Write Cycle (2) e

twal2]

A

¥ AN

F=tas

1

P . R R R
P A AT 5 7 7 5 S

bmtwirz = (3]
=
i

[8)

Din

XK

NOTES: 1. A write occurs during the overlap (fyyp) of a transition, output remain in a high impedance
low CS and a low WE. W s state. %4
2. tyyp is measured from the earlier of CS or WE 5. OF is continuously low. (OE = V)
going high to the end of write cycle. 6. Dgyyt is the same phase of write data of this
3. During this period, 1/O pins are in the output write cycle.
state so that the input signals of opposite 7. Dgyq is the read data of next address.
phase to the outputs must not be applied. 8. If‘z&g is Low during this period, 1/O pins are
4. If the CS low transition occurs simultaneously in the output state. Then the data input
with the WE low transitions or after the WE signals of opposite phase to the outputs must
not be applied to them.
B LOW Vcc DATA RETENTION CHARACTERISTICS (Ta= —40 to +85C)
Ttem Symbol Test Conditions min typ max Unit
Vee for Data Retention Vor CS2Vee —0.2V, Vie2Vee 0.2V or V.. 0.2V 2.0 — = v
. s | Vee=3.0v, CS522.8V, - -
Data Retention Current fecon Il'.::—gﬁ.ﬂr or —0.3V=<V.50.2V 100 HA
Chip Deselect to Data Retention Time | tcon b S 0 — = ns
Operation Recovery Time e . colon Faxeseom tac*® — = i

* Vii=—0.3V min.

® % (e =Head Cycle Time.

®Low Vcc Data Retention Waveform
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HM6116LP-2, HMG6116LP-3,
HMG6116L.P-4

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

B FEATURES

e Single 5V Supply and High Density 24 Pin Package

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

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

e Completely Static RAM:  No clock nor Timing Strobe Required

e Directly TTL Compatible: All Input and Output

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

@ Equal Access and Cycle Time

e Capability of Battery Back up Operation

B FUNCTIONAL BLOCK DIAGRAM DR

B PIN ARRANGEMENT

A.O_D;;: —ok:
o] v g B

Raw
Decoder ik
128x
M| 2 2| A

vo— N i) o
e ] #-E 2| WE

Memory Matrix —OGND

[ oo ]

1/0i O D : Catumn 140 NIB W] o
Input Arl & 19 | Auw
[ Column Decoder Aty
: : Data Hl! 7 18 | s
! Ca

i ntral - )
‘ ! - | e 17 |l
I/ © H ! Vo o 16 | 1/

]

A A A An ! 1o [ 10 15 |: o

{t vo [ Em.\
nEo—Do—L GND | 12 13 | 1o
WEO——

__I_\_ir [Tap View)
c"o—Dc
s
D)
M ABSOLUTE MAXIMUM RATINGS
Item Symbol Rating Unit
Voltage on Any Pin Relative 1o GND Vr —0.5" te +7.0 v
Operating Temperature T 0 to +70 €
Storage Temperature Tura —55 to +125 'c
Temperature Linder Bias This —10 to +85 G
Power Dissipation Pr 1.0 w
#* Pulse Width 50ns © —1.5V
B TRUTH TABLE
(3 OE WE Mode Vee Current 1/0 Pin Ref. Cycle
H x X Not Selected Iso, Isns High Z
L L H Read lce Dout Read Cycle (1}~(3)
L H L Write Icc Din Write Cycle (1)
L L L Write Iee Din Write Cyele (2)
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HM&116LP-2,HM6116LP-3,HM6116LP4

H RECOMMENDED DC OPERATING CONDITIONS (Ta=0 to +70°C)
Item Symbol min typ max Unit
Vee 4.5 5.0 5.5 v
s Velogr GND [] 0 0 A
Vin 2.2 3.5 6.0 v
Input Voltage Vie =50 = 0.8 v

® Pulse Width: 50ns, DC: Vi min=

0.3V

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

HM6116LP-2 HM6116LP-3/-4
Item Symbol Test Conditi Unit
min typ® | max min typ* max
Input Leakage Current | T | Vee=5.5V, V..=GND to Vec - = 2 —_ — 2 KA
CS=V, OE = Vi,
Output Leakage Current | Lo | v, c_é'h;)rm Vee i = j= 2 = . 2 HA
T it Iee CS= Vi, Iio=0mA — 35 70 — 30 60 mA
rating Power Supply
Corrent Lecree | V=S8V Vim0, e AR R
Average Operating Current Tees min. eycle, duty =100% — 35 70 = 30 60 mA
Isa TS~V e 4 12 — 4 12 mA
Standby Power Supply Y IV EY
Cu t cc —0.2V, Ve Vee — - .
.10 Issr | 02V or V..m0.2V $ s ’ ol
Toi=4mA = = 0.4 = = s
Vou v
Output Voltage loc=2.1mA e — - - - 0.4
Vou Ton=—1.0mA 2.4 = e 2.4 e = v
® 1 Vie=5V, Ta=25C
% & _ Reference Only
IMAC CHARACTERISTICS (Vec=5V +£10%, Ta=0 to +70°C)
®AC TEST CONDITIONS
Input Pulse Levels: 0.8 ta 2.4V
Input Rise and Fall Times: 10 ns
Input and Output Timing Refarence Levels: 1.5V
Output Load: 1TTL Gate and C; = 100pF (including scope and jig)
® READ CYCLE
HM6116LP-2 HMG116LP-3 HM6116LP-4
Item Symbol Unit
min max min max min max
Read Cycle Time Lrc 120 = 150 == 200 == ns
Address Access Time taa =5 120 = 150 =1 200 ns
Chip Select Access Time tacs - 120 - 150 — 200 ns
Chip Selection to Output in Low Z lerz 10 — 15 — 15 - ns
Output Enable to Output Valid tor = 80 - 100 -~ 120 ns
Output Enable to QOutput in Low Z torz 10 = 15 - 15 = ns
Chip Deselection to Output in High Z tenz 0 40 50 0 60 ns
Chip Disable to Output in High Z towz 0 40 50 0 60 ns
Output Hold from Address Change ton 10 — 15 = 15 - ns
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HM&116LP-2,HM6E116LP-3,HME116LP-4

@ WRITE CYCLE

HM6116LF-2 HM6116LP-3 HM6116L P-4 .
Item Symbol = 5 - Unit
min max min max min max
Write Cycle Time Lwe 120 A 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 twn § = 10 — 10 - ns
Output Disable to Output in High Z lowz 1] 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 Lo 5§ = 10 = 10 = ns
QOutput Active from End of Write taw 5 — 10 = 10 = ns
B CAPACITANCE (f=1MHz, Ta=25C)
Item Symbol Test Conditions typ max Unit
Input Capacitance Cin V=0V 3 pF
Input / Output Capacitance Cio Via=0V 5 pF

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

H TIMING WAVEFORM
®Read Cycle (1) ‘"’

o -
Address &

AN Y7777

® Read cycl. ‘2} €10 (274 €4

®Read Cycle (3) '@

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= Vu’.
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HM6E116LP-2,HM6116LP-3,HME116LP4

® Write Cycle (1)

¢

(2]
o f f 4 N ‘
T <<§\§§§ﬁ>w, },777777
3 JANNN e
w2 Ll
Lim O( )
@ Write Cycle (2) ()

X

L LR LTV T77777
JASNN A S—aE

- tas: I )
—ton
Dout

| Tow

3

WE

(8]

NOTES:

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

. If the CS low transition occurs simullaneou_ﬂ%
W

with the WE low transitions or after the

transition, output remain in a high impedance
state.

2. Iy is measured from the earlier of CS or WE 5. OE is continuously low. (OF = V)

going high to the end of write cycle. 6. Dm,, is the same phase of write da‘a of this
3. During this period, 1/O pins are in the output write cycle.

state so that the input signals of opposite 7. Dgyq is the read data of next address,

phase to the outputs must not be applied. 8. "°-E§ is Low during this period, 1/O pins are
4 in the output state. Then the data input

signals of opposite phase to the outputs must

not be applied to them.
B LOW Vcc DATA RETENTION CHARACTERISTICS (Ta=0 to +70°C)

Item Symbol Test Conditions min typ max Unit
Vee for Data Retention Vor C82Vee —0.2V, Va2 Vee —0.2V or V., 50.2V 2.0 = — v
Data Retention C:urrent Tccor® | Vee=3.0V, CS22.8V, V..22.8V or V.. S0.2V — - 30 HA

lcon 0 - =

Chip Deselect to Data Retention Time
See Retention Waveform

Operation Recovery Time tn

# 10 #A max at Ta=0T to +400, Vi, min=——0.3V
*% [y =Head Cycle Time.

tac

®Low Vcc Data Retention Waveform
Dats Retention Mode

L Yo R e
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Access Time fqatacs(Normalized) Supply Current lec focr (Normalized)

Access Time faa, tacs{Normalized)

SUPPLY CURRENT vs.
SUPPLY VOLTAGE

15
Ta=25'C
14 -
45 ] g
/ 2
&
10 g
i f/ §
s
06 &
L
45 475 50 525 55
Supply Voluge Vec (V)
ACCESS TIME vs.
SUPPLY VOLTAGE
13
Ta=25C
12 =
[
11 \ :
10 <
2
09 Lo
&
=
08
[ &}
45 4.7% 50 525 55
Supply Voltage Veo (V)
ACCESS TIME vs.
LOAD CAPACITANCE
18
16 // i
R - / gs
12 / :-
Ta=25'C o
Veo=MIN 2
10 =
3
(5]
08
100 200 300 400 500

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

15
Vee =50V
14
12
10 ————
‘\‘q_‘“‘“
08
06
04
0 20 40 60 4o
Ambient Tempersture Ta (C)
ACCESS TIME vs.
AMBIENT TEMPERATURE
1.3
Vee=50V
12
11 //
i / @
09
08
[
o 20 40 B0 B0
Ambient Temperature Ta ()
SUPPLY CURRENT vs.
FREQUENCY
13 T T T
200ns 150ns  |120ns
1.2 p—
1l
10
__.-.-"'.'.‘-—...._.
0.5
08
o7
L] 1 L] 8 1
Frequency f { MMz}

HM6116LP-2,HME116LP-3, HM6116LP-4
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HM&116LP-2,HM&116LP-3,HME116LP4

140

Low Input Voltage Viel(Normalized)

Output Current Tow(Normalized)

Standby Current lsa (A)

LOW INPUT VOLTAGE vs.
SUPPLY VOLTAGE

HIGH INPUT VOLTAGE vs.
SUPPLY VOLTAGE

13 L3
Ta=25C Ta=25T
12 -~ L2
3
11 5 11
10 —_— B 10
03 Z o0
3
(¥ ] = 08
o7 0.7
4.5 475 50 525 5.5 45 4.75 5.0 5.25 55
Supply Veltage Vec (V] Supply Voltage Voo (V)
OUTPUT CURRENT vs. OUTPUT CURRENT vs.
OUTPUT VOLTAGE OUTPUT VOLTAGE
15 1.6
Te=25T
Vee=5V
14 % 14 /
\ /
1.2 \ T 12
\ 2
10 =
\ £ Ic-zs;?
o q o3 fec=5
g
] i
0.6 08 /
o4 0.4
i [ 0.7 04 0.6 08
Output Voltage Vow (V) Output Voltage Vou (V)
STANDBY CURRENT vs. STANDBY CURRENT vs.
AMBIENT TEMPERATURE SUPPLY VOLTAGE
10t = 14
Vee =3V
CE=28Y /
1.2
3
1ot T
E
et 3
‘: 08
/ £ /
10 > S o Z
/ 2 Ta=257¢
3 6= Vg — 0.2V
[} A /J
10-! b i 0.2
20 40 &0 80 4 [3

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




Standby Current [sm (mA)

STANDBY CURRENT vs.

INPUT VOLTAGE

T
Ta=25C
¥ee =50V
[ LTV

\\
e
1 4

lnput Valtage Vi, (V)
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HM6116LPI-2, HMG6116LPI-3,
HM6116LP|-4 ——Wide Operating Temperature Range ——

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

B FEATURES

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

® Single 5V Supply and High Density 24 Pin Package

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

® |ow 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

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

Capability of Battery Back up Operation

H °e*ece

FUNCTIONAL BLOCK DIAGRAM | (DP-24)

—0 Vee
B PIN ARRANGEMENT
.
24 | ¥ee

Memory Mairix —O GND

28 8
128% |2 w3 =] A

Al 3 22 | &

o oLy —

| A.| ‘ 21 | WE

1/ . Calumn 1/0 als 20| oF
R

Input A B 19 1 Aie

E
B

Column Decoder

Data A:l 7 18 | T3

Caniral

\

17 |1/ tn
m).l ] 16 Izmv
e | 10 15 |1.-o.

o | 11 H |1/

7

1y O

GND | 32 [ R PTY

EQ—DO—L
D
(Top Viewl

B ABSOLUTE MAXIMUM RATINGS

Item Symbol Rating Unit
Voltage on Any Pin Relative to GND Vr —0.5" to +7.0 v
Operating Temperature Toss —40 to +85 e
Storage Temperature | ™ —55 to +125 [ o
Power Dissipation Pr 1.0

#* Pulse Width 50ns | —1.5V
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HM6116LPI-2,HME1 16LPI-3,HME116LPI-4

B TRUTH TABLE

CS OE WE Mode Vee Current 1/0 Pin Ref. Cycle
H x x Not Selected Isa, Isa High Z
L L H Read Icc Dout Read Cycle (1}~{3]
L H L Write Icc Din Write Cyele (1)
L L L Write Icc Din Write Cycle (2]
M RECOMMENDED DC OPERATING CONDITIONS (Ta=—40 to +85C)
Item Symbol min typ max Unit
Vee 4.5 5.0 5.5 v
Supply Voltage oND : = 2 =
Vin 2.2 3.5 6.0 v
Input Voltage Vie T1.0° i T v

* Pulse Width: 50ns, DC: Vi min=—0.3V

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

ltem Symbol Test Conditions min typ*® max Unit
Input Leakage Current | Fuil Vee=5.5V, V..=GND to Vee = = 2 BA
Output Leakage Current | Ito| | CS=Viu or DE=Vin, Vi.a=GND to Vcc = = 2 HA
Operating Power Supply Iee CS=Vi. li0=0mA = 35 % mA
Current Teer** | Vin=3.5V, Vie=0.6V, [;.o=0mA = 30 = mA
Average Operating Current leca min. cycle, duty = 100% = 35 90 mA
Standby Power Supply Isa CS=Vu = 4 20 mA
Current Issy CS5=Vee —0.2V, Va2 Vee — 0.2V or V..50.2V - 2 100 HA
V. Toc=2.1mA = - 0.4 f
Output Voltage = - .
Vou Ton= —1.0mA 2.4 = o
* - Vie=5V, Ta=25T
® % " Relerence Only
B AC CHARACTERISTICS (Vce=5V £10%, Ta=—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 Cy = 100pF lincluding scope and jig)
®READ CYCLE
HMB6116LP1-2 HM6116LP1-3 HMB116LP1-4
Item Symbol = . Unit
min max min max min max
Read Cycle Time tae 120 == 150 = 200 == ne
Address Access Time Laa o 120 — 150 = 200 ns
Chip Select Access Time Lacs = 120 — 150 -~ 200 ne
Chip Selection to Output in Low Z tes 10 - 10 = 10 — ns
Output Enable to Output Valid tox = 80 — 100 — 120 ns
Output Enable to Output in Low Z torz 10 = 10 — 10 — ns
Chip Deselection to Output in High Z tewz 0 40 0 50 0 60 ns
Chip Disable to Output in High 2 tawz 40 0 50 0 60 ns
Output Hold from Address Change tow 10 == 10 - 10 — ns
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HM6116LPI-2,HM6116LPI-3,HME116LPI-4

@®@WRITE CYCLE

HM6116L.P1-2 HM6116LP1-3 HM6116LPI-4 ,
Item Symbol : 2 - Unit
min max min max min max
Write Cycle Time twe 120 — 150 = 200 = ns
Chip Selection to End of Write tew 70 o 9% — 120 — ns
Address Valid to End of Write Law 105 = 120 =5 140 — ns
Address Set Up Time tas 20 = 20 — 20 — ns
Write Pulse Width twp 70 F7i 90 = 120 "y ns
Write Recovery Time twn 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 twaz 0 50 0 60 0 60 ns
Data to Write Time Overlap tow 35 = 40 = 60 == ns
Data Hold from Write Time ton 5 =g 10 s 10 — ns
Qutput Active from End of Write Low 5 <k 10 = 10 = ns
B CAPACITANCE (f=1MHz, Ta=257C)
Item Symbol Test Conditions typ max Unmit
Input Capacitance Cu V=0V 3 5 pF
Input /OQutput Capacitance Ciro Vica=0V 5 7 pF

Note) This parameter is sampled and not 100% tested.
B TIMING WAVEFORM
®Read Cycle (1) "’

RN AN 7
& W\ I / ///j{//
Dour I (_ )(X)‘

.R..d c,,cl. (2) Ch3y (20 (4)

e |

- T IRK X

®Read Cycle (3) 7@

# X = )[
Focs i 11w =]

Dot

[

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

@ Write Cycle (1) - :)( r 1
® 77F FARAN
CEBNN AN X777

= — sy —
N /7
i 2 P )
Dowr 277277
| tox
—X 3
(%3] e
®Write Cycle (2 — j
y { } Address ( (
I i wal(2)
cs ; : \; ; : : {(li b
taw
— well]
- AN )( | -
*uj esmaz () ) | (n
P \\\\\\\\\\\\:l g
7 B O AT A L
Ulﬁ‘ tow- [3]
Din < XOO0OK
NOTES: 1. A write occurs during the overlap (fyp) of a transition, output remain in a high impedance
low CS and a low WE. state.

2. typg 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 dzla of this
3. During this period, 1/O pins are in the output write cycle.

o

state so that the input signals of opposite 7. Dgyq is the read data of next address.
phase to the outputs must not be applied. 8. & is Low during this period, /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.

BELOW Vcc DATA RETENTION CHARACTERISTICS (Ta=—40 to +857C)

Item Symbel Test Conditions min typ max Unit
Vee for Data Retention Voa CS2Z Vee —0.2V, V.2 Vee 0.2V or V.. S0.2V 2.0 = — v
Data Retention Current Iccon® | Vec=3.0V, CS22.8V, . . 50 A
V..22.8Vor —0.3V=V,.20.2V
Chip Deselect to Data Retention Time | fcor 0 == = ns
; 2 See Retention Waveform
Operation Recovery Time tn tac*® - - ns

* 10#A mox st Ta=—40T to +40T Vi min=—0.3V
® & p —Read Cycle Time.

®Low Vcc Data Retention Waveform

Duta R Mode
Vou
TS5z V02V
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HMG6116LFP-2,HM6116LFP-3,
HMG6116L.FP-4

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

BFEATURES

@ High Density Small-sized Package

® Projection Area Reduced to One-Thirds of Conventional DIP

® Thickness Reduced to a Half of Conventional DIP

e Single 5V Supply

e 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 el

BFUNCTIONAL BLOCK DIAGRAM BWPIN ARRANGEMENT

wo—— ] E— T SRR
Ml M| Vee
— I
Row - Memory Marriz —) GND M| 2 2lA
Decoder | @
128128 o U 2 M
A o_%: K 5| WE
MIE 20 | OE
—— [T —
- M| 6 18 | Auw
O
/ SN
1700 O o | Column /0 "'l P 2 15
Input
] Column Decoder M| B 17 | I/ a
H : Data
: : Cantrol lron] 9 16 | 1/0e
1 T
e V| 10 15 | o
1/00 O |
! | Low | 11 | 1o
As A As A 1
CND | 12 13 | 1/0x

ED—%—L [Top View)
o
-

HEABSOLUTE MAXIMUM RATINGS

Item Symbol Rating Unit
Voltage on Any Pin Relative to GND Vr —0.5*to +7.0 v
Operating Temperature Tosr 0 to +70 C
Storage Temperature Toe —55 to +125 'C
Temperature Under Bias Taice =10 to +85 g5
Power Dissipation Pr 1.0 w

* Vis min— —1.5V (Pulse Width = 50ns)
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ETRUTH TABLE

HM6116LFP-2,HM6116LFP-3,HM6116LFP-4

Ccs OE WE Maode Vee Current I/0 Pin Ref. Cycle
H x x Not Selected Iss, Iss High Z
L L H Read Iee Dout Read Cyele (11—(3)
L H L Write Iee Din Write Cyele (1)
L L L Write Ice Din Write Cyele (2)
BRECOMMENDED DC OPERATING CONDITIONS (Ta=0 to +70°C)
Item Symbol min typ max Unit
) Vee 45 5.0 5.5 v
ey Vit GND 0 0 0 v
Ik Valtage Vin 2.2 3.5 6.0 v
Vie —L.0* — 0.8 v

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

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

Lo HM6116LFP-2 HM6116LFP-3/-4 ;
Item Symbol Test Conditions - - Unit
min typ* max min typ* max
Input Leakage Current | Iee | | Vee=5.5V, Vi.=GND to Ve —_ -_ 2 = — 2 HA
i ﬁ—"m or 65— Vi,
Output l.eakage Currnnt | Jen | Vi 6= GND to Vi ves. = 2 - . 2 HA
Iec C5=Vie, It o=0mA — 35 70 = 30 60 mA
Operating Power Supply =
Current fecyss Vin=3.5V, Vi.=0.6V, = 30 - - 25 = o
Ii a=0mA
Average Operating Current | [ Min cycle, duty=100% - 35 70 - 30 60 mA
. Isa C5=Vin - 4 12 = 4 12 mA
z:::’. B fy ] e O Ve - 2 se | — 2 50 | uA
—0.2V or Vi..50.2V
Ve For=4mA — = 0.4 = == = v
Output Voltage Tor=2.1mA - = - — — 0.4
Vou Toy=—1.0mA 2.4 = = 2.4 = — v
® . Vie=5V, Ta=25C
# % [ Relerence Only
BAC CHARACTERISTICS (Vcce=5V+10%, Ta=0 to +70°C)
®AC TEST CONDITIONS
Input Pulse Levels: 0.8 to 2.4V
Input Rise and Fall Times: 10 ns
Input and Output Timing Reference Levels: 1.5V
Output Load: 1TTL Gate and (1, = 100pF (including scope and jig)
®READ CYCLE
HM6116LFP-2 HM6116LFP-3 HM6116LFP-4 .
Item Symbol - - = Unit
min max min max min max
Read Cycle Time Ire 120 — 150 i 200 = ns
Address Access Time laa = 120 = 150 = 200 ns
Chip Select Access Time lacs = 120 = 150 = 200 ns
Chip Selection to Output in Low Z teiz 10 — 15 == 15 == ns
Output Enable to Output Valid tos == 80 = 100 = 120 ns
Output Enable to Output in Low Z larz 10 — 15 — 15 — ns
Chip deselection to Output in High Z towe 0 40 0 50 0 60 ns
Chip Disable to Output in High Z towz 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

HMG116LFP-2 HM6116L.FP-3 HM6116LFP-4 |
Item Symbol = 5 = Unit
min max min max min max
Write Cycle Time twe 120 —_ 150 - 200 — ns
Chip Selection to End of Write tew 70 =5 20 = 120 = ns
Address Valid to End of Write Law 105 = 120 - 140 = ns
Address Set Up Time tas 20 = 20 = 20 — ns
Write Pulse Width twe 70 = 90 = 120 — ns
Write Recovery Time twa 5 = 10 = 10 - ns
Output Disable to Output in High Z towz 0 40 0 50 0 60 ns
Write to Output in High Z twaz 0 50 0 60 0 60 ns
Data to Write Time Overlap tow 35 = 40 - 60 - ns
Data Hold from Write Time Low 5 — 10 £ 10 = ns
Output Active from End of Write tow 5 — - 10 = 10 =3 ns
BMCAPACITANCE (f=1MHz, Ta=25C)
Item Symbol Test Conditions typ max Unit
Input Capacitance Cin Vin=0V 3 5 pF
Input/Output Capacitance Cia Vi o=0V 5 pF

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

BTIMING WAVEFORM
®READ CYCLE(1)""

Address

AR URARNN | Y7777

o et

Duut

®READ CYCLE (3]”““'“

Address

Dout

27 R

@READ CYCLE (2)""®@

[ —\R

Dout

NOTES:

T tonz
p—Lr

1. 'WE is High for Read Cycle

2. Device is continuously selected, CS = ¥y

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

4. OE= VIL'
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HM6116LFP-2, HM6116LFP-3, HM6116LFP-4

® Write Cycle (1] Mosmi 1 ... 4

® WRITE CYCLE (1)

Addresa

teal2)

= XX

tis

e
" K /
toas [ ] 1 twrll)
Dout :
W 0 S

®WRITE CYCLE (2)

- - X

LLLLLS

L \L\\\\ _}{ Ll

tow 18] (7]
TSNS S SRS

A TP AT A j..._.._ PEEEREN L VAY, \ WAV

o K ), Savavava

NOTES: 1. A write occurs during the overlap (fwp) of a state. .
low CS and a low WE. _____ 5. OEis continuously low. (OE = V1)
2. tg is measured from the earlier of CSor WE 6. Dy is the same phase of write data of this
going high to the end of write cycle. write cycle.
3. During this period, I/O pins are in the output 7. Dy, is the read data of next address.
state so that the input signals of opposite 8. 1r°& is Low during this period, 1/O pins are
phase to the outputs must not be applied. in the output state. Then the data input
4. If the CS low transition occurs simultaneousl signals of opposite phase to the outputs must
with the WE low transitions or after the not be applied to them.
transition, output remain in a high impedance
BLOW V.. DATA RETENTION CHARACTERISTICS (Ta=0 to +707C)
ltem Symbel Test Conditions min typ max Unit
Vee for Data Retention Vor CER VetV 2.0 = = v
VinzVece—0.2V or Vins0.2V
; % Vece=3.0V, TS=2.8V
Data Retention Current Iecon VT —_ 30 A
Chip 9.Ese|etl to Dua. Retention Time feon S e —— 0 - - ns
Operation Recovery Time tr **inc = = ns
* Vi min=—0.3V, 10#A maz (at Ta—0 to +407)
®# fuc=Read Cyele Time.
®Low Vcc DATA RETENTION WAVEFORM
Data Hetention Mode
IV e e e 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

@ [ndustrial 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}

EPIN ARRANGEMENT

mo—u: ——0 Ve \J
Row T Memary Matriz ——O GND u E E T
\ o R w[2] 25| M
. 128128 5 E 22 ] A
A o—w: a1 21 | WE
— Tl o[ =
L'ty T Calumn 1/0 A E 19 | A
1 ! o Column Decoder - 'I__RI %
: \: Deta Ao | B 17 | Vs
! Contenl %___’__ ' vin| o 16 | 1/0x
1/0s ©O— : o] 1o E] 170
T i v [T "] Lo
- i)—l GNIY E 12 | Vo
0E D—DO—L +
w & (Top View)
so o ]
B ABSOLUTE MAXIMUM RATINGS
Item Symbol Rating Unit
Voltage on Any Pin Relative to GND Vr —0.5% to +7.0 v
Operating Temperature Tr —55 to +125 C
Storage Temperature Tow —65 to +150 R
Power Dissipation Pr 1.0 w
#® Pulse Width 50ns : —1.5V
ETRUTH TABLE
cs OE WE Mode Vee Current I1/0 Pin Rei. Cycle
H x b Not Selected Isa, Ism High Z
L L H Read Tee Dout Read Cyele (11—~{3)
L H L Write Ice Din Write Cycle(l)
L L L Write Fee Din Write Cycle(2)
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B RECOMMENDED DC OPERATING CONDITIONS (Ta=0 to +70°C)

HM6116K-3, HM6116K-4

Item Symbol ‘min typ max Unit
Veo 5 5.0 5.5 v
PR GND 0 0 0 v
Vi 2.2 3.5 6.0 v
et it Vie ~1.0° - 0.8 v

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

EDC AND OPERATING CHARACTERISTICS (Vee=5V+10%, GND=0QV, Ta=—55~+125C)

Item Symbol Test Conditions min typ* max Unit
Input Leakage Current | Tee | Vee=5.5V, Vi,=GND to Vec - 3 10 A
CS=Vy or OE= Vi,
L I = — 10 A
Olll‘pﬂi m.‘! Curimt I = I Vi o= GND to Vee %
Tec CS=Vir, I .o=0mA — 35 9% | mA
Operating Power Supply Va8 5V Voem 0OV
Caivrent e W=J.3V, ¥ii=Uu.0V, = i ik
Jes 61 o=0mA »
Average Operating Current Tces Min. cycle, duty=100% = 35 90 mA
s CS=Viy = 4 20 | mA
Standby Power Supply a0 Bt
C t occ— V. " i oc et
g i —0.2V or V.=0.2V 9.0 3 4
Vor To=2.1mA - = 0.4 v
Qutput Voltage
Van Fow=—1.0mA 2.4 - - v
* Vee—5V, Ta—25C
*#% Reference Only
BMAC CHARACTERISTICS (Vec=5V+10%, Ta=—55 to +125C)
® 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
Ttem Symbol Unit
min max min max
Read Cyele Time tre 150 = 200 - ns
Address Access Time taa s 150 g 200 ns
Chip Select Access Time tacs —_ 150 -_ 200 ns
Chip Selection to Output in Low Z teiz 10 wie 10 = ns
Output Enable to Qutput Valid Lo == 100 == 120 ns
Output Enable to Output in Low Z torz 10 _ 10 . ns
Chip Deselection to Qutput in High Z teaz 0 50 0 60 ns
Chip Disable to Output in High Z tour 0 50 0 60 ns
Output Hold from Address Change tow 10 — 10 ) ns
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HM6E116K-3,HME116K-4

®WRITE CYCLE

HM6116K-3 HM6116K-4
Item Symbaol 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 baw 120 it 140 - ns
Address Set Up Time tas 20 — 20 - ns
Write Pulse Width twe 90 - 120 - ns
Write Recovery Time [ 10 = 10 - ns
Output Disable to Output in High Z Eonz 0 50 0 60 ns
Write to Output in High Z bwiz ] 60 0 60 ns
Data to Write Time Overlap tow 40 = 60 <y ns
Data Hold from Write Time ton 10 A 10 = ns
Output Active from End of Write tow 10 ol 10 = ns
B CAPACITANCE (f=1MHz, Ta=257C)
Item Symbol Test Conditions typ max Unit
Input Capacitance Cu Vie=0V 3 5 pF
Input/Output Capacitance Cro Vie=0V % 7 pF

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

ETIMING WAVEFORM
®READ CYCLE (1)

o . i

Address

RN RARNNRN 777777
ks W& ] £V / / A /.

® READ cva-Eiz}tllﬂl 4y

S e i ot
= PXXRK X
4

.READ CYQE(a)H)())(-U

= |- )[

NOTES: 1. WE is High for Read Cycle.
2. Device is continuously selected, TS= V7.
3. Address Valid prior to or coincident with T3 transition Low.
4. OE= Vu..
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HM6116K-3,HM6116K-4

WRITE CYCLE(1)

Address

@ WRITE CYCLE(2)*

Address

Din

NOTES:

(n

po— D%

X

S
(\

. mwaf2)

NNARRRN

F TN 5T

ep(l]

}\\\k

== lag

(6] n

p——

—-nnd“]
/!

AN
LD

D T T O, T W N
L L L e

f—— o

(8)

oo

)i vavavava

- A write occurs during the overlap (¢yp) of a low TS and a low WE,
- Iwg is measured from the earlier of &

or WE going high to the end
of write cycle.

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

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

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

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

OF is continuously fow. (OE = V1)

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

D gyt is the read data of next address.

Ir“& 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 AP-10,HMG6116 AP-12,
HMG6116 AP-15,HMG6116 AP-20,
HMG6116 ASP-10,HMG6116 ASP-12,
HM6116 ASP-15, HMG6116 ASP-20

2048-word % B-bit High Speed Static CMOS RAM

s 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

BFUNCTIONAL BLOCK DIAGRAM

HM6116AP Series

(DP-24)

HM6116ASP Series

N°ﬂ:
H ——0 e
: S ic T Memary Matrin ——a GND
: Decoder T2 28
s, S— "
ST
ol ~ - — L (DP-24A)
x I I'L Colum [0
H Input
vl n Cotumn Decoder
b S i WPIN ARRANGEMENT
L
' — S
1/0s ”é—‘ #1 _____ _% ; i M| Ve
I o S i
' 23| Aa
te—De. ‘—ﬁ—‘ 2|
- 1 | WE
o 20 | OE
19 | Aue
L]
MABSOLUTE MAXIMUM RATINGS 5"-"
17 | 1/0n
Item Symbol Rating Unit
Voltage on Any Pin Relative to GND Vr =0.5%to +7.0 v o
Operating: Temperature T 0w +70 e 1 | 10 15 | 1os
Storage Temperature Toui —55 1o +125 o4 Wos | 1 1| o
Temperature Under Bias Tius =10 to +85 C ono [ 12 1] 1o
Power Dissipation Pr 1.0 w
# Pulse Width 508 ° —1 .5V (Top View)
BTRUTH TABLE
cs OF WE Mode Vee Current 1/0 Pin Ref. Cycle
H x x Not Selected Isa, Ism High Z
L L H Read lee Dout Read Cycle 11}1—3)
L H L Write Iee Din Write Cycle (1)
L L L Write Icc Din Write Cycle (2)
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HM6116AP-10,HME116AP-1.2,HM6116AP-15HM6116AP-20
HM6116ASP-10,HME116ASP-12,HM6116ASP-15HM6116ASP-20

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

ltem Symbol min typ max Unit

Vee 4.5 5.0 5.5 v

Supply Voltage BN . o ° ”
Viu 2.2 3.5 6.0 v

e VeNaw Vie =1.0* T 0.8 ¥

* Pulse Width © 50ns, DC ¥ min= 0.3V

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

HM6116AP/ASP-10 HME116AP/ASP-12 HM6116AP/ASP-15 HM6116 AP/ASP-20
Item Symbol | Test Conditi Unit
min |typ* | max | min |typ* | max | min |typ* | max | min |typ* | max
Input Leakage Vec=5.5V, Vin=GND| | _ ot L gt il 1 lepr] - odlmuntlesd LsG
Current My to Vee 2
Output Leakage LGPt s o I (RS N ST e (S (RS R da
Current Lol Vi;0=GND to Vee
Cs= Vi, Iyyo=0mA

Iee Vin=Vix or Vo = 5 15 -t 5 15 - 5 15 = 5 15 | mA
Operating Power =
Supply Current Vi=Vee, Vip=0v,

Iecr |C8=ViL. = I TETE o= 3 6 Akt Lol = 3 | 6 |ma

I1y0=0mA, f~1MHz

Average Operating | |, |miin. cycle,duty=100% - |40 | 70 | - |35 |60 | - |25 |as | - [ 20 | 35 |ma
Current
Standby Power | Iss  [CS=Viy I 9 |1, v [, Y i i e i ol i, el s
Supply Current Isp; [C82Z Vee -0.2V =—hopp g lam—foioaf2] lomsJoo2| 2 | - |002] 2 |[mA

Vor |loL=4mA -~ ]os | -] - |o#4]| - | =los| - |- |oa| W
Output Volt

" = Vou |lop=-1.0mA = =Apze == |2¢ ] - | - |24 | - L v

* Vee=5V, Ta=25°C

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

Input Pulse Levels: 0.8 to 2.4V

Input Rise and Fall Times: 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 Irc 100 - 120 - 150 - 200 - ns
Address Access Time taa - 100 = 120 = 150 - 200 | ns
Chip Select Access Time taoe- | —{-100-f — [ 130 - |1s0o [ - | 200 | ns
Chip Selection to Output in Low Z lerz 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 Outputin HighZ | fopz 0 40 0 40 0 50 0 60 | ns
Chip Disable to Output in High Z toz | 0 | 40 0 | 40 0| 50 0 [ 60 | ns
Output Hold from Address Change loH 10 - 10 - 15 - 20 - ns
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HM6116AP-10,HM6116AP-12,HM6116AP-15,HM6116AP-20

HM6116ASP-10,HME116ASP-12,HM6E116ASP-15,HM6116ASP-20

®WRITE CYCLE

HM6116AP/ HM6116AP/ "HME116AP/ HM6116AP/
min max | min | max min | max min | max
Write Cycle Time twe 100 = 120 - 150 - 200 - ns
Chip Selection to End of Write tfew 65 = 70 — 90 - 120 - ns
Address Valid to End of Write tAw 80 - 105 - 120 - 140 - ns
Address Set Up Time fas 0 - 0 - 0 = 0 e ns
Write Pulse Width twp 60 - 70 - 80 - 100 - ns
Write Recovery Time 'wr 0 = 0 = 0 = 0 = ns
Output Disable to Output in High Z lonz 0 | 40 0 | 40 0 | 50 0 | 60 | ns
Write to Output in High Z twyz 0 30 0 35 0 40 0 50 ns
Data to Write Time Overlap ow 30 - 35 — 40 — 50 - ns
Data Hold from Write Time D 0 = 0 - 0 = 0 = ns
QOutput Active from End of Write tow 10 - 10 - 10 - 10 - ns
BICAPACITANCE (f=1MHz, Ta=25C)
Item Symbol Test Conditions typ max Unit
Input Capaci G V, =0V 3 5 pF
Input/Output Capacitance Cuo Vio=0V 5 7 pF
Mote) This parameter is sampled and not 100% tested.
ETIMING WAVEFORM
®READ CYCLE (1)
I IrReC
s faa
o8 AN\ K i/
tog toH~
e — I
NN ot | JYT7IT7
loHz
facs tcHZ
Dout L2 ( )@-

.mw cya_E{zitl)l!)uJ

I IrC
o 5
L l for—
Dout )(XXX;( X

.m c'asis}(nnnn

Cs '—*
facs ‘ [‘cuz
IcLz
Dout

NOTES: 1. WE is High for Read Cycle.
2. Device is continuously selected, TS5 = V..
3. Address Valid prior to or coincident with TS transition Low.
4. DE= Vir-
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@®WRITE CYCLE(1)

HM6&116AP-10,HME116AP-12,HME116AP-15,HM6116AP-20
HME116ASP-10,HM6116ASP-12,HME116ASP-15HME116ASP-20

Address

'we

twr(2]

toew

CANNRRNNN ' IV

A ‘

D W ——t=— Iy —]

X AXXX

@ WRITE CYCLE(2)™

wce
\
Address X1 X
} tew twr__[2]
& SURNSN ke LY ST LS ]
faw
WE Twpll} /
J\\\\\\ /7 ton
A IWHZ 1 y 61 | (M
R S S A -
Wil A i i i
l:l' DW——IpH— (8]
B N )
NOTES: 1. A write occurs during the overlap (fyyp) of a low CS and a low WE.

2. twg is measured from the earlier of C5 or WE going high to the end
of write cycle.

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

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

5. OFE is continuously low. (OE = Vi)

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

7. Dgyt is the read data of next address.

8 1r e

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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HMG6116 ALP-10, HMG116 ALP-12,
HMG6116 ALP-15 HM6116 ALLP-20,
HMG6116 ALSP-10,HMG6116 ALSP-12,
HMG6116 ALSP-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:  10mW (typ.) (f = IMHz)

Capability of Battery Back up Operation

Single 5V Supply and High Density 24 Pin Package

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

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

B FUNCTIONAL BLOCK DIAGRAM
o . —

|

—
: o Memary Muiren —a LA
: Unesiler 12w 12K

A ,_'F
s |

gt
Dats Cislumn Decod

-
JT
|
L

<
e
¢
7
>
=

&

B ABSOLUTE MAXIMUM RATINGS

HM6&116ALP Series

\Mﬂ it

(DP-24)

HM6116ALSP Series

(DP-24A)

B PIN ARRANGEMENT
S

>

(=]
2
F

4

T 2 T P
AT
T

Mz

[=1=1

I

Item Symbol Rating Unit Won| 9 1/th
Voltage on Any Pin Relative to GND Vr —0.5* to, +7.0 v 1/ 08 1ith
IOpeuliu Temperature T 0 o +70 k= wes [T i
Storage Temperature Tos —55 to +125 & > el E g TN
Temperature Under Bias Thies —10 to +85 C
Power Dissipation Pr 1.0 w (Tap View)
* Pulse Width 50ns : —1.5V
B TRUTH TABLE
CcS OE WE Mode Vee Current 1/0 Pin Ref. Cyele
H x x Not Selected Isu, Isay High Z
L 5 H Read Ice Dout Read Cycle (1)~(3)
E H L Write Ice Din Write Cycle (1)
L L L Write Ice Din Write Cyele (2)
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HM&116ALP-10,HM6116ALP-12,HM6116ALP-15HM6116ALP-20

HM6116ALSP-10,HM6116ALSP-12,HM6116ALSP-15HM6118ALSP-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 P > 3 5 >
Vin 2.2 3.5 6.0 v

Input Voltage . - v I P =

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

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

HME1 16ALF/ HMETT6ALP] HME116ALP/ Wg’ﬁ.‘m
Item Symbol| Test Conditi ALSE1 : stk ALSP LS o Unit
min |typ* | max | min |typ* [max | min |typ* | max | min |typ*® |max
Input Leakage Vec=5.5V, Vip=GND| _ | P T ool
Current 1 Zp1) to Ve 2 2 2 2 bA
Output Leakage 8= Vg or OE= V”‘, - L A2 - e = = T
Curkent Hroll y, o=GND to Ve : = 2 i .
C8=vy, Ijo=0mA
Ioc {\v=ve ot Vit oo B - (1 v e 5 A (S I 9 5 - 7
Operating Power 5
Vis=Vee. V=0V,
Supply Current Loci é}_{; :c: IL o 2 5 . 2 5 U 2 5 - 2 5 A
Tyo=bhA, f=1MHz
Average Openating Iccz |min. cycle,duty=100% — | 35 | 60 | - |30 |50 | — |20 |40 | - |15 | 30 | mA
Current
Standby Power Igg |C5=Vig o T - |05 | 3 - |os | 3 - |05] 3 |mA
Supply Current Igp; | G52 Vge —0.2V =ai-rpseet =] fusape=y | 1 |80 | - 1 |50 | wA
v Iop=4mA = =" A= ] o= s | = ] faal. = | = [k [Fw
Output Voltage gL Lot
VOH !0H= ~1.0mA 14 - = 24 - = 24 == P 24 e = v
*: Vee=5V, T4=25°C
BMAC CHARACTERISTICS (Vee=5V £10%, Ta=0 to +70°C)
®AC TEST CONDITIONS
Input Pulse Levels: 0.8 to 2.4V
Input Rise and Fall Times: 10 ns
Input and Output Timing Reference Levels: 1.5V
Output Load: 1TTL Gate and C; = 100pF (including scope and jig)
®READ CYCLE
HM6116ALP/ HM6116ALP/ HM6116ALF/ HM6116ALP]
Tocsiy Symbol .ALSF- 10 ‘AI..SF-I 2 ALSP-15 j\LSFlﬂ Unit
min max min max min max min max
Read Cycle Time tre 100 - 120 - 150 - 200 - ns
Address Access Time A4 - 100 - 120 - 150 - 200 | ms
Chip Select Access Time tacs — 100 = 120 = 150 - 200 | ns
Chip Selection to Output in Low Z torz 10 - 10 - 10 - 10 - ns
Output Enable to Output Valid tog - 50 - 55 - 60 - 70 ns
Output Enable to Output in Low Z loLz 10 = 10 = 10 - 10 - ns
Chip Deselection to Output in High Z tcHZ 0 40 0 40 0 50 0 60 ns
Chip Disable to Output in High Z foiiz 0 | 40 0 | 40 0o | so0 0 | 60 | ns
Output Hold from Address Change ton 10 - 10 - 15 - 20 - ns
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HM6116ALP-10,HM6116ALP-12,HM6116ALP-15HM6116ALP-20
HM6E116ALSP-10,HM6116ALSP-12,HM6116ALSP-15,HM6116ALSP-20

®WRITE CYCLE

HM6116ALP/ HM6116ALP/ HM6116ALP/ HM6116ALPf
Toein Symbol ALSP-10 ALSP-12 ALSP-15 ALSP-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 lew 65 - 70 - 90 - 120 = ns
Address Valid to End of Write Taw 80 = 105 = 120 — 140 — ns
Address Set Up Time fas 0 s 0 5 0 = 0 = ns
Write Pulse Width twp 60 - 70 - 80 - 100 - ns
Write Recovery Time 'wR 0 - 0 - 0 — 0 - ns
Output Disable to Output in High Z loHz 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 IpH 0 - 0 - 0 = 0 - ns
Output Active from End of Write tow 10 . 10 e 10 i 10 - ns
B CAPACITANCE (f=1MHz, Ta=25C)
Item Symbeol Test Conditions typ max Unit
Input Capacitance € V.=0v 3 5 pF
Input /Output Capacitance Cro Vio=0V 5 pF

Note) This parameter is sampled and not 100% tested

B TIMING WAVEFORM
®Read Cycle (1)

(1]

- re
Address *

tha

AR

S

S
§

IcE ~lOH-]

SANNY roy | VT 7ITT
= facs :2”,,;

( XX+

®Read Cycle (2)

(11, (2], [4]

fom TAA i toH—
= YRIRK X
®Read Cycle (3)

(11, [3], [4]

el £
facs { fcHz
fcLz
Dout

NOTES: 1. WE is High for Read Cycle.
2. Device is continuously selected.a = V,q,_
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)

Address J( e ;(
Y

OE LLA

® Write Cycle (2)

(5) fwe
—
Address :( )\
. few 'wr (2]
& TRENSONe LV 77777
n. TAw
WE —+ —twp[1]—
@ F : : :\ )‘(_ tor
IwHZ (31 ‘ [6] 171
“::::::::::éél —low
Dout
P
Din K 20000C
NOTES: 1. A write occurs during the overlap (fyp) of a transition, output remain in a high impedance
low TS and a low WE. Ten state.
2. twg is measured from the earlier of CS or WE 5. OE is continuously low. (OE = V)
going high to the end of write cycle. 6. Dgyy is the same phase of write data of this
3. During this period, 1/O pins are in the output write cycle.
state so that the input signals of opposite 7. Dgyy is the read data of next address.
phase to the outputs must not be applied. 8. Ifo'&g is Low during this period, 1/O pins are
4. If the CS low transition occurs simultaneously in the output state. Then the data input
with the WE low transitions or after the WE signals of opposite phase to the outputs must

not be applied to them.

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

ltem Symbel Test Conditions min typ max Unit
Vee for Data Retention Von €52 Ve —0.2V 2.0 — — i)
Data Retention Current Tccon® | Vec=3.0V, CS22.8V - - 30 BA
Chip Deselect to Data R ion Time | ftcon See Reteuting Wavidii 0 - = ns
Operation Re¢overy Time ta tac*® p— = ns

® 0p#A max st Ta=0T te +40T, V.. min=—0,3V
# % 14 =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.)

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

BFUNCTIONAL BLOCK DIAGRAM

(DP-24)
Ay G—F
Ar
A ; ) - WPIN ARRANGEMENT
Ae : 5 Row - Memory Matrix —o CND [
“ ' Decoder | - 128128 s ] foc
- -
| n[z] 7]
ME 22| Av
- | | £
s [ o Column 1/0 “0 e
: . 5] 5] EE
" lI S Data Column Decoder ilG E i
i
| o % =20 | o[ )
|
10y o—p— ks r e i von
As A A A P
ol 1o [3] [16] 1701
TE2 0—>o ‘—ﬁ"—' 1104 [10] [15] 1/04
= 170s 11} Elro.
CEl o
Bt cnn[l__z 13] 1404
WE o———4
({Top View)
BABSOLUTE MAXIMUM RATINGS
[tem Symbol Rating Unit
Voltage on Any Pin Relative to GND Vr *—0.5 to+7.0 v
Power Dissipation Py 1.0 w
Operating Temperature T 0 to +70 G
Storage Temperature T —55 to 4125 i
Temperature Under Bias Thic —10 to +85 =

® Pulse width 50ns . —1.5V

BTRUTH TABLE

CE. | CE: | WE Mode Vee Current 1/0 Pin
H : o Not Selected Tecu High Z
5 H x Not Selected Teces High Z
Ls L H Read Iec Dout
L I L Write Icc Din
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BMRECOMMENDED DC OPERATING CONDITIONS (0°C < Ta<70°C)

HME117P-3,HM6117P-4

Item Symbol min typ max Unit

Vee 4.5 5.0 5.5 v

Supply Voltage GND 0 0 0 v
Input High (logic 1) Voltage Vin 2.2 3.5 6.0 v
Input Low (logic 0) Voltage Vi —1,0* — 0.8 v

® Pulse width: 50ns, DC: Vipa==0.3V

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

Item Symbol Test Conditions min typ max Unit
Input Leakage Current | Fei V..=GND to Vee = - 10 BA
ﬁ| =Vin or EEI-VJI'
= = 10 A
Output Leakage Current | To | Vi o CND: o Thoc K.
O.perltin-g Fa-tly Icc CE,=CE:=Vi, 1i.o=0mA — 40 B0 mA
Current . DC
Min eyele, duty=100%
1 =23 40 80 mA
Average Operating Current fee CE. = Vi, TE=Va
Standby Power Supply CEi=Vec—0.2V,
. = 0.02 2 mA
Current (11 DC fects® | v 2 Vee—0.2V or Vieg0.2V
S S
i bt Siad lecwss | CEazVee—0.2V - 0.02 2 mA
Current (2} DC
Output low Voltage Vai Jor=2.1mA = = 0.4 v
Output High Voltage Van Jow=—1.0mA 2.4 = T ¥
Notes ! 1) Typical limits are at Vec=5.0V, Ta=+257C
2 ® Viaa=—0.3V
BCAPACITANCE (Ta=25C, f=1.0MHz)
Item Symbol Test Conditions typ max Unit
Input Capacitance Cin Vis=0V 3 5 pF
Input/Output Capacitance Ci.o Vi a=0V 5 7 pF
Note! This parsmeter is sampled and not 100% tested.
BAC CHARACTERISTICS (Ta=0T to +70C, Vce=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)
®READ CYCLE
H
fiam Symbol . M6117P-3 .H'Mﬁllﬂ"ﬂl Unit
min max min max
Read Cycle Time fre 150 =t 200 - ns
Address Access Time Lan 4 150 — 200 ns
Chip Enable (CE\) to Output teon = 150 T3 200 ns
Chip Enable (CE:) to Output teor = 150 —_ 200 ns
Chip Enable (CE:) to Output in Low Z Lz 10 = 10 - ns
Chip Enable (CE:) to Output in Low Z toz: 10 — 10 - ns
Chip Disable (CE;) to Output in High Z twz 0 70 0 80 ns
Chip Disable (CE:) to Output in High Z byza 0 70 0 80 ns
Output Hold from Address Change tow 15 — 15 = ns
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HME117P-3HME117P-4

(Notes 1)

dac

/WA

(174}

Y,

Y,

L

@ TIMING WAVEFORM OF READ CYCLE
ress f
Add ),\ :
CE1 tcol
N
ez
CEa tcor
ALY
tezy
Dout ®

| tazy
: Data Valid ]&i iS

NOTES: 1. WE is High for Read Cycle.

@ WRITE CYCLE

T Symbol HMB117P-3 -HMGHTP'G Unit

min max min max

Write Cycle Time twe 150 = 200 = ns
Chip Enable (CEi) to End of Write tew 100 -y 120 - ns
Chip Enable (CE:) to End of Write tewn 110 — 130 — ns
Address Set Up Time las 20 4 20 1y ns
Address Valid to End of Write Law 130 = 150 = ns
Write Pulse Width twe 100 =4 120 2= ns
Write Recovery Time twa 15 - 15 = ns
Write to Output in High Z twnz 0 60 0 70 ns
Data to Write Time Overlap tow 50 — 60 — ns
Data Hold from Write Time Low 20 £ 20 = ns
QOutput Active from End of Write tow 10 = 10 = ns

® TIMING WAVEFORM OF WRITE CYCLE

i) j(_ Tcwn \(‘!l
5 \EEEE‘\ i5)
tcw
= TN . r—twr
terll)
WE tas(2) }\\\\\I\ — }/ x
Dot \\\\\\\\\\\\\\\\\\\\\m fer . 8 | 2]
VITITITIITIETIITETIITIIII & e
()

NOTES: 1 A write occurs during the

overlap (fyp) of low
CE, andwg

. t4g is measured from the
address changes to the bigin-
ning of the write.

- twr is measured from the
earlier of CE,, or
going high lo the end/of
write cycle.

164

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

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

@ HITACHI

6. Dout is the same phase of

write data of this write
cycle.

. Dout is the read data of next

address.

. If CE, and CE, are low

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



Recs Tias Ak tesloraatinedy Sopply Current lee.Joer (Normalized)

Access Time taatacs|Normalized)

SUPPLY CURRENT
vs. SUPPLY VOLTAGE

Te=25C

os/

06

04

45 475 50 525 55
Supply Voluage Vee (V)

ACCESS TIME
vs. SUPPLY VOLTAGE

Ta=25C

o

45 475 50 525 55
Supply Voliage Ver (V)

ACCESS TIME
vs. LOAD CAPACITANCE

e

Ta=125C
Vee=MIN

08

06

100 200 300 400 500
Load Capacitance (i (pF)

Supply Current lec.leca(Normalized)

Acceas Time faa,tacs | Normalized)

Supply Current Jecs{ Normalized)

©® HITACHI

SUPPLY CURRENT
vs. AMBIENT TEMPERATURE
16

Vec=50V

10 ]

05

o4

L 20 0 60 80

Ambient Temperature Ta (T}

ACCESS TIME
vs. AMBIENT TEMPERATURE

Vec=50V

11 -~ /

/7

03

o7

o 20 40 L1 80

Ambient Temperaiure Ta (T)

SUPPLY CURRENT
vs. FREQUENCY

13 T T T
200ns | 150ns  |120me

12

Ll

w | —

I

09

08

0.7

0 2 8 10

Frequency J ( MHz|

HM6117P-3,HM6117P-4
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HMG117P-3,HM6117P-4

166

Low Input Voltage ¥ie{Normalized)

Datput Current  low{ Normalized)

INPUT LOW VOLTAGE
vs. SUPPLY VOLTAGE

L2
Te=25T
12
H
11 2
£
i -— E
-____...-—- E
S
0 =
k]
oe =
0T
45 475 50 5.25 5.5
Supply Voluge Vec (V)
OUTPUT HIGH CURRENT
vs. OUTPUT HIGH VOLTAGE
15
Ta=25C
Vec=5V
[ X}
\
12 z
\ :
10 =
3
0.6
04

Outpat Voltage Vo (VI

@ HITACHI

INPUT HIGH VOLTAGE
vs. SUPPLY VOLTAGE

Ta=25T

_—]

X}
o7
45 475 5.0 525 5.5
Supply Veltage Voo (V)
OUTPUT LOW CURRENT
vs. OUTPUT LOW VOLTAGE
1.6
" //
12
1.0
Ta=25T
Ve =5V
L /
0.6 /
L 0.z 04 0.6 0.8

Output Valtage Voo (V)



HM6117FP-3,HM6117FP-4

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

BFEATURES
@ High Density Small Sized Package
@ Projection Area Reduced to One-Thirds of Conventional DIP
@ Thickness Reduced to a Half of Conventional DIP
@ Single 5V Supply and High Density 24 pin Package.
@ High Speed: Fast Access Time 150ns/200ns (max.)
e 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
—
Ay ,ﬂ: Avm Ev“
= 1 b “‘E EA‘
: i 5 Rt T Memory Matrix ——o GND m[3] 2] As
: ' Decoder __ 128 128 a4 3] WE
A '——3(: &[5 [20] CE:
; T n[e] (18] Au
e °—T_ﬁ = lColum vo M E E CEi

Input mle 17] /08

i l' Data Column Decoder C j
vo[s 18] 1/0
: : Control 'E j J
i 1/0s 1o} 15] 1704
170 11} 1] 170

GHDE (i3] 104

(Top View!)

?
E 7
L
r
z)
=
S—,

;
.

MABSOLUTE 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 T 0 to +70 {3
Storage Temperature Tiig —55 to +125 C
Temperature Under Bias Tiags —10 to +85 C

® Pulse width 50es . —1.5V

ETRUTH TABLE

CE: CE: WE Mode Vee Current I/0 Pin
H * x Not Selected Teers High Z
* H x Not Selected ITccer High Z
E 5 H Read Ice Dout
L i % : 5 Write Icc Din
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HM6117FP-3,HM6117FP-4

BRECOMMENDED DC OPERATING CONDITIONS (0'C<Ta<70C)

Item Symbol min typ max Unit

Vee 4.5 5.0 5.5 v

iy Ysitane GND 0 0 0 v
Input High (logic 1) Voltage Viw 2.2 3.5 6.0 v
Input low (logic 0) Voltage Vie —1,0* - 0.8 v

* Pulse width: 5008, DC: Viewu=—0.3V

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

Item Symbol Test Conditions min typ max Unit
Input Leakage Current | Ter | Via=GND to Vee — - 10 HA
CE, =V or CE:=V
; = - 10 A
Output Leakage Current | Ieol Vi o=GND to Vec M
ing Po S
et Fower By i CE=CE:=Vie, I o=0mA = 0 80 mA
Current . DC
Mi X -
Average Operating Current Icer E\I’: :ﬁlz ;."E‘f_ JT% = 40 80 mA
Standby Power Supply CEi2Vee—0.2V,
Iccu* = 0.02 2 mA
Current (1) DC e VisZ Ve —0.2V or Viss0.2V
Standby Power Supply -
Curvent LB Iccus CE:zVee—0.2V 0.02 2 mA
Output low Voltage Var Tor=2.1mA — ) 0.4 X
Output High Voltage Vox Tow=—1.0mA 2.4 — — v
Notes | 1) Typieal limits are at Vec=50V, Te—+25C
2) I Via.=—0.3V
BCAPACITANCE (Ta=25C, f=1.0MHz)
Item Symbol Test Conditions typ max Unit
Input Capacitance Cix Vis=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=0T to +70TC, Vee=5V+10% unless otherwise noted)
®AC TEST CONDITIONS
Input Pulse Levels: 0.8 to 2.4V
Input Rise and Fall Times: 10 ns
Input and Output Timing Reference Levels: 1.5V
Output Load: 1TTL Gate and Cy, = 100pF (including scope and jig)
®READ CYCLE
M
o Symbol 'HMGU?P-S .H 16117P-4 Unit
min max min max
Read Cyele Time tre 150 —= 200 -+ ns
Address Access Time Laa == 150 = 200 ns
Chip Enable (CE:) to Output teom = 150 = 200 ns
Chip Enable (CE:) to Output teor o 150 - 200 ns
Chip Enable (CE,) to Output in Low Z tez 10 - 10 - ns
Chip Enable (CE:) to Output in Low Z tiz: 10 — 10 - ns
Chip Disable (CE;)} to Output in High Z tyzi 0 70 0 80 ns
Chip Disable (CE:) to Output in High Z thzs 0 70 0 80 ns
Output Hold from Address Change ton 15 —_ 15 ot ns
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@ TIMING WAVEFORM OF READ CYCLE (Notes 1)

Inc

HM6117FP-3,HM6117FP4

Address ><

I NN\ L0007

[ten]

c-_EI kws SSS \ teor

Q%]
SREELLE L B

Dout ®

NOTES: 1. WE is High for Read Cycle.

®WRITE CYCLE

T

( Data Valid I %;_

s Symbol -}'[MEIITP-S -HM5117F4 Uait
min max min max

Write Cycle Time twe 150 — 200 — ns
Chip Enable (CE:) to End of Write tow 100 = 120 G ns
Chip Enable (CE:) to End of Write tew 110 = 130 — ns
Address Set Up Time tas 20 - 20 v ns
Address Valid to End of Write taw 130 — 150 = ns
Write Pulse Width twp 100 -— 120 — ns
Write Recovery Time twa 15 = 15 — ns
Write to Output in High Z twyz 0 60 0 70 ns
Data to Write Time Overlap tow 50 = 60 = ns
Data Hold from Write Time fon 20 = 20 — ns
Output Active from End of Write tow 10 - 10 — ns

® TIMING WAVEFORM OF WRITE CYCLE

= X

&l

T \(

'
. mw_wi_______r“‘*'—

Py

fas(2) }\\W

b
Sy

4

Dowt S350 L3 SLAARARRRARANANRNNN

tow
e ‘L‘Va/%'
] ]
VAV A VAN
o

{8)

NOTES: 1. A write occurs during_the
overlap (fyp) of low CE,,
+ and WE.

2. f ¢ is measured from the add-
ress changes to the biginning
of the write,

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

N
Dats In Valid

ROOORK

4. During this period, 1/O pins
are in the output state so 6.
that the input signals of
opposite phase to the out-
puts must not be applied. 7.
5. If the CE, or CE, low transi-
tion occurs simultaneously
with the WE low transitions or
after the WE transitions, out-
put remain in a high im-

@ HITACHI

pedance state.

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

Dout is the read data of next
address. m Lt

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

Supply Corrent Ice.decs (Normalized)

Access Time tag, tacs{Normalized)

Access Time taadacs(Normalized)

170

SUPPLY CURRENT
vs. SUPPLY VOLTAGE

Ta=25"C

u/

06

o4

s 415 50 515 55
Supply Voltage Vec (V)

ACCESS TIME
vs. SUPPLY VOLTAGE

Ta=25C

0.5

08

[ &)

45 W15 50 535 55
Supply Voltage Vee (V)

ACCESS TIME
vs. LOAD CAPACITANCE

/

o o A 4

Ta=25C
Veo=MIN

08

06

100 200 o0 400 500
lLasd Capacitance Co (pF)

Accons Time faatacs(Normalized)

Supply Current Joca{ Normalized)
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Supply Current fec,Jocr(Normalized)

SUPPLY CURRENT
vs. AMBIENT TEMPERATURE

16
Vee=50V
14
12
10 e —]
k‘\-“-l‘--‘
08
06
o4
(1] 0 40 &0 a0
Ambient Tempersture Ta ()
ACCESS TIME
vs. AMBIENT TEMPERATURE
13
Vec=50V
12
11 //
& /P'
08
08
0.7
] 20 0 60 B0
Ambient Temperature Ta (T]
SUPPLY CURRENT
vs. FREQUENCY
13 T T T
200ns | 150ms  [120ns
L2
11
10
__-...-
08
0.r
] i 10

Frequency f (MHz)



Low Input Voltage ¥io{Normalized)

Outpus Current low! Normalized)

INPUT LOW VOLTAGE
vs. SUPPLY VOLTAGE

13
Ta=25C
1.2
L1
10 ___.--—-"L"'———-
0.9
o0&
0.7
45 475 5.0 5.25 55

Supply Voltage Vee (V)

OUTPUT HIGH CURRENT
vs. OUTPUT HIGH VOLTAGE

L&
Ta=25T
Vee =5V
LA
LE \\
1o \
o8
05
04
4

Output Voltage Vow (V)

©® HITACHI

High Input Voltage Viw(Normalized)

Output Current o ( Normalized)

HME117FP-3,HME117FP-4

INPUT HIGH VOLTAGE
vs. SUPPLY VOLTAGE

13
Ta=25T
1.2
L1 ’/‘-‘J
10
,--""'-
o
0.8
0.7
4.5 475 50 5.2% 5.5
Supply Voltage Vee (V)
OUTPUT LOW CURRENT
vs. OUTPUT LOW VOLTAGE
1.6
1 //
L2
1.0
Ta=257C
Vee=5V
0.8 /
0.6
/
04
0.2 04 0.6 08
Output Voltage Voo (V)
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HM6117LP-3, HM6117LP-4

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

BMFEATURES
e Single 5V Supply and High Density 24 Pin Package.
® High Speed: Fast Access Time 150ns/200ns max.

® Low Power Standby and Low Power Operation;
Standby: 10uW (typ.) Two Chip Enable Input for Battery Back up
Operation: 180mW (typ.)

@ Completely Static RAM:  No clock nor Timing Strobe Required
e Directly TTL Compatible: All Input and Output
® Equal Access and Cycle Time
® (Capability of Battery Back up Operation
MFUNCTIONAL BLOCK DIAGRAM ol
T —— BPIN ARRANGEMENT
& : ), o - —0 Voo
A | 5 o : Memory Matrix —o GND A [T 2] vec
- : Deeoder | - | 128 128 A7) 5]
Ar ’__F .\,E 22| As
Vo I - - o[y g
I | 3 m Column 1/0 a[5] Bl
i I: :::: Column Decoder ME E o
i S Control s 1] CF:
SN H H S et ' A.E Euo.
I ] Ar M As Aw : : o 3] [75] 170r
2 \ T voefio 15] 1706
= _I a UB:E %UO:
Eérv—-% ooz} _T_;I 1104
= (Top View)

HWABSOLUTE MAXIMUM RATINGS

Item Symbol Rating Unit
Voltage on Any Pin Relative to GND Vr *—0.5 to +7.0 v
Operating Temperature Tpe 0 te +70 e
Storage Temperature Tite —55 to +125 e
Temperature Under Bias Tias —10 to +85 L
Power Dissipation Py 1.0 w

* Pulse width 50ns > —] 5V

ETRUTH TABLE

CE, CE: WE Mode Vee Current 1/0 Pin
H x * Not Selected Ieews High Z
x H x Not Selected Icces High Z
1. L H Read lee Dout
L L L Write 33 Din
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BRECOMMENDED DC OPERATING CONDITIONS (Ta=0C to+70°C)

HM6E117LP-3,HM6117LP-4

Item Symbol min typ max Unit
Sty Valady Vee 4.5 5.0 5.5 v
GND 0 0 0 v
Input High (logic 1) Voltage Viu 2.2 3.5 6.0 v
Input low (logic 0) Voltage Vie —3.0" - 0.8 v

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

BDC AND OPERATING CHARACTERISTICS (Ta=0C to +70°C, Vee=5Vi10%, GND=0V)

Ttem Symbol Test Conditions min typ max Unit
Input Leakage Current | Ter | Vin=GND to Vee - = 2 HA
CE:=Vin or CE:=Vin
L = = z “
Output Leaksge Current | o | V,,5=GND. 1o Vec M
ok 15 gt e lee |CE=CE=Vi, Ino=0mA - 3 70 mA
Current . DC
Mi le, duty =100
Average Operating Current Ieer CE::::: ;;_Vu% e 35 70 mA
Standby Power Supply CEi2Vee—0.2V
1 =0 A
Current (1} DC fue Vivs Vee—0.2V or Viu=0.2V . 5 3
Standby Power Supply
. —0. - 50
(e T Iecia CExz Vec—0.2V 2 BA
Output low Voltage Var Tor=2.1mA — - 0.4 \4
Output High Voltage Vox Toa=—1,0mA 2.4 = =+ v
Notes - 1) Typical limits are at Vec—=5.0V, Ta—+25C
2] * I Viea=—0.3V
BCAPACITANCE (Ta=25°C, f=1.0MHz)
Item Symbol Test Conditions typ max Unit
Input Capacitance Cin V=0V 3 5 pF
Input/Output Capacitance Ci o Vi o=0V 5 7 pF
MNote =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 . .........ccovennunens 0.8V to 2.4V
Input Rise and Fall Times - -.::-vivanaasnn 10ns
Input and Output Timing Reference Levels . . . 1,6V
n T 0 ) A, - 1 TTL Gate and Cp = 100pF (Including Scope & Jig)
®READ CYCLE
frass Symbol ‘HMSIITLP-a _HMﬁll'fLP--\l it
min max min max
Read Cycle Time tac 150 - 200 = ns
Address Access Time tas = 150 = 200 ns
Chip Enable (CEi) to Output teon _ 150 = 200 ns
Chip Enable (CE:) to Output teos - 150 — 200 ns
Chip Enable (CE,) to Output in Low Z tez 10 - 10 Es ns
Chip Enable (CE:) to Output in Low Z tezs 10 - 10 == ns
Chip Disable (CE;) to Output in High Z tuz 0 70 0 80 ns
Chip Disable (CTE:) to Output in High Z tuz 0 70 0 80 ns
Output Hold from Address Change R 15 - 15 — ns
@ HITACHI 173



HM6117LP-3,HM6117LP-4

® TIMING WAVEFORM OF READ CYCLE (Notes 1)

Ing

Address ><
taa 1R
CE teoy
SR L0000
l"l'l-—".‘i tuz
cEs tcon LT,
N K7
tLn tuzy
D Ak NS,
b ®( Data Valid % 5
NOTES: 1. WE is High for Read Cycle.
® WRITE CYCLE
HM6117LP-3 HM6117LP-4
Item Symbel - - Unit
min max min max
Write Cycle Time twe 150 = 200 13 ns
Chip Enable (CE:) to End of Write tows 100 - 120 - ns
Chip Enable (CE:) to End of Write tews 110 - 130 — ns
Address Set Up Time tas 20 e 20 — ns
Address Valid to End of Write taw 130 == 150 — ns
Write Pulse Width twp 100 = 120 = ns
Write Recovery Time tun 15 = 15 =4 ns
Write to Output in High Z tunz 0 60 0 70 ns
Data to Write Time Overlap tow 50 = 60 — ns
Data Hold from Write Time Lo 20 = 20 = ns
Output Active from End of Write tow 10 i 10 - ns

® TIMING WAVEFORM OF WRITE CYCLE

NOTES: 1

174

Address :k
R F.L
€&, \:::; K&{E (51
tem
[
WE twr(l] /
tas(2) i\\\\)\ / tow
twwr (4]
tow__ (8) | (1)
Dot PP TII T TTIT I : ;
ow i
E =
Din Data In Valid \%e%e

A write occurs during the

overlap (twp) of low CE,,
CE, and %E .

. t45 is measured from the

address changes to the bigin-
ning of the write,

. twr is measured from the

earlier of . CEy or
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 out-
puts must not be applied.

. If the CE, or CE, low transi-

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

@ HITACHI

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

. Dout is the read data of next
address.

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



HM6117LP-3,HME6117LP-4

BELOW V.. DATA RETENTION CHARACTERISTICS (Ta=0Cto +70°C)

Item Symbeol Test Conditions min typ max Unit

CE: 2= Vee—0.2V,

Vec for Data Retenti Vi 2.0 ] = v

it e | Vw2 Vee—0.2V or Vin=0.2V

Vee for Data Retention Vorr CE:1= Vee—0.2V 2.0 - - v
Vee=3.0V, CE =2.8V,

Data Retention C t I - - 300 A

i i i Vinz2.8V or Vins0.2V i

Data Retention Current Tccone Vee=3.0V, CE:=Vcc—0.2V = - 30+ HA

Chip Deselect to Data Retention Time teon 0 = 3 ns
See Retention Wayeform

Operation Recovery Time ta tyc™ = — ns

* 10gA max at Ta=0C o +40°C. Vi min=—0.3V
#% fyc=Read Cycle Time

®LOW Vcc DATA RETENTION WAVEFORM

Data Retention Mode

CEi or TErz Van—0.2V

NOTE: 1. CE, controls Address buffer, WE buffer, CE, buffer and Dy
buffer, If CE, controls data retention mode, Vqy level (address,
(WE, CE,, Dyg) can be in the high impedance state. If CE,
controls data retention mode, Vyy level (address, WE, DE,,
Dyjo) must be Viy 2 Vee—-0.2V or Vi S 0.2V.

SUPPLY CURRENT SUPPLY CURRENT

vs. SUPPLY VOLTAGE vs. AMBIENT TEMPERATURE

15 15

Ta=25C Vee=50V

‘-z 14 'E 14
i i
£ W // £ 1
_;‘ 10 ‘i to —
£ ; T R
g 08 // E o [
o 3
2 06 'E (17

04 o4

5 475 50 525 55 0 20 a0 50 80
Supply Voltage Voo (V) Ambient Temparatare Ta 1'C)
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HMB117LP-3, HM6117LP-4

Access Time fas,tacs(Normalived)

Accoss Time taatacs{Normalized)

Low Input Voltage VielMNormalized)

176

ACCESS TIME vs.
SUPPLY VOLTAGE

13
Ta=25T
1.2
1 "‘-\
18
0s
08
07
45 475 50 525 35
Supply Voltage Vee iV)
ACCESS TIME vs.
LOAD CAPACITANCE
18
16 //‘
14 / /
12
Ta=25C
Vec=MIN
10
o8
06
100 200 300 0o 500
Lasd Capacitance Ot (pF)
INPUT LOW VOLTAGE vs.
SUPPLY VOLTAGE
13
Ta=25°C
12
L1
i _________...-——"‘
____.—-—-'
0.9
0.8
0.7 .
45 475 5.0 5.25 55

Supply Volisge Ve (V)

Access Time faatacs! Normalized)

Supply Current lecr [Normalized)

High Input Voltage Vil Normalized!
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13

ACCESS TIME vs.
AMBIENT TEMPERATURE

Vec=50V

09

08

o
P

=]

ar

o 0 40 0 B0
Ambient Temperature Ta ('C?

SUPPLY CURRENT vs.
FREQUENCY

200ns | 150ns  [120ms

08

0.7

Frequency [ IMHz)

INPUT HIGH VOLTAGE vs.
SUPPLY VOLTAGE

Ta=25C

475 5.0 5.25 35
Sopply Voltsge Vee (V)



Outpat Current  Jow(Normalized)

Standby Current lsm (A)

Standby Currect leces (Normalized)

OUTPUT HIGH CURRENT
vs. OUTPUT HIGH VOLTAGE

Te=25C
Vee=5V

04

Output Voltage Vou (V)

STAND-BY CURRENT vs.
AMBIENT TEMPERATURE

1w

Veemav
CEa=28V

]

T

/

R~

s

0 0

Ambient Temperature Ta

TAND-BY CURRENT vs.

INPUT VOLTAGE

1o

60 80

i

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

\

\

3

Input Voltage Viw (V)

O HITACHI

Output Current for(Normalized)

. Standby Current Jsai(Normalized |

Standby Current Joces ( Normalized )

HMG6117LP-3,HME117LP-4

OUTPUT LOW CURRENT
vs. OUTPUT LOW VOLTAGE

/]

/:

Ta=257C
Voo =5V

4

V

0z 04

0.6 0.8

Output Voltage Vor (V)

STAND-BY CURRENT vs.
SUPPLY VOLTAGE

4

el

=25T
1= Vee =02V

e

5 &

Sopply Voltsge Vee (V)

STAND-BY CURRENT vs.
INPUT VOLTAGE

Ta=25T
Vee=5Y
CEa=4.8V

=

Input Voltage Vi. (V)
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HM6117LFP-3, HM6117LFP-4 —

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

BMFEATURES

@ High Density Small-sized Packaged

® Projection Area Reduced to One-Thirds of Conventional DIP

® Thickness Reduced to a Half of Conventional DIP

e 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

BFUNCTIONAL BLOCK DIAGRAM

(FP-24)

HPIN ARRANGEMENT

E Vee

73] As

B

[21] We
[20] TF
[19] Au
E Efl
[17] 1704
i8] 170
1] 1700
4] 1705

I;_] 1404

(Top View)

JIE
A o—ﬁ: afz]
:,: f — Yop ""E
7 i S Pons 48 | 22 Memory Matrix —o GND ‘.E
! >
: Decoder | - | 128128 m[E]
e - w[E
e | I M
o ] 1 | climio a[]
' Input
i - Deti Column Decoder 1is E
;I i S Cantrol ["O'E
L} T —
_ b c‘[ i 10 i}
i | A A s A i ono[T]
|
1
T2 oo | \_ﬁ_,
Ciie -30«
WE i
BABSOLUTE MAXIMUM RATINGS
Item Symbol Rating Unit
Voltage on Any Pin Relative to GND Vr *—0.5 to +7.0 v
Operating Temperature T 0 te +70 a
Storage Temperature T —55 to +125 s
Temperature Under Bias Thisi —10 to +85 0
Power Dissipation Pr 1.0 W
#® Pulse width 50ns: —].5V
BTRUTH TABLE
CE, CE: WE Mode Vee Current 1/0 Pin
H ® X Not Selected Fecus High Z
X H * Not Selected Tecur High Z
L L H Read Icc Dout
L | L Write Ice Din
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HM6117LFP-3, HMG117LFP-4

BRECOMMENDED DC OPERATING CONDITIONS (Ta=0'C to+70T)

Item Symbol min typ max Unit
Vee 4.5 5.0 5.5 v
Sepely Veltage GND 0 0 0 v
Input High (logic 1) Voltage Vin 2.2 3.5 6.0 v
Input low (logic 0) Voltage Vie = = 0.8 v

® Pulse Width: 50ns, DC : Vitau=—0.3V.

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

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

Item Symbol Test Conditions min typ max Unit
Input Leakage Current | sl | Vin=GND to Vee - — 2 HA
CEi=Vin or CE:=Vin
I = == 2 A
Output Leakage Current | o | V1,0=GND to Vec M
Opecating Fower Supsly Icc CEi=CE:=Vie. Ii 0=0mA —— 35 70 mA
Current : DC
Min eyele, duty=100%
ing Curr I == 35 70 mA
Average Operating ent (33 TE. = Vi, TR~V
Vee=0.2V
Standby Power Supply leeqys | CE1Z Vee=0.2 = g o o
Current (1/: DC Vi Vee—=0.2V or Vius0.2V
Standby Power Supply
- g ap— 50 A
g Iecus® | CEe2Vec—0.2V 2 M
Output low Voltage Vou Tor=2.1mA o = 0.4 Vv
Output High Voltage Vou Tow=—1.0mA 2.4 =~ ¥ L
Notes : 1) Typical limits are at Vec=5.0V, Ta=+25'C
2) % Vian=—0.3V
BCAPACITANCE (Ta=25C, f=1.0MHz)
ltem Symbol Test Conditions typ max Unit
Input Capacitance Cin Vin=0V 3 5 oF
Input/Output Capacitance Cio Vi o=0V 5 7 pF

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

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

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

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

Input and Output Timing Reference Levels . . . 1.6V

QUL LIBI v v v e 5y s s sines vaisnsadansas 1 TTL Gate and C; = 100pF (Including Scope & Jig)

®READ CYCLE

e Symbol ll'[MGllTLFP-ﬂ FiMEll?LFP-{ Unit
min max min max

Read Cycle Time tic 150 £ 200 - ns
Address Access Time Laa == 150 = 200 ns
Chip Enable (TE:) to Output teor - 150 - 200 ns
Chip Enable (CE:) to Output tcan o 150 = 200 ns
Chip Enable (CEi) to Output in Low Z tiz 10 — 10 = ns
Chip Enable (CE:) to Output in Low Z tez: 10 — 10 —_ ns
Chip Disable (CE;) to Output in High Z Lz 0 70 0 80 ns
Chip Disable (TE:) to Output in High Z iz 0 70 0 80 ns
Output Hold from Address Change ton 15 - 15 = ns
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HM6117LFP-3, HMG6117LFP-4

® TIMING WAVEFORM OF READ CYCLE (Notes 1)

tne

Address 7(

CE tcoi
RN

H00

CEi \\W 3 tgos

i

Dout

®( Data Valid

L

NOTES: 1. WE is High for Read Cycle.

®WRITE CYCLE

Tk Symbol. ]%MSIITLFP'S l‘.fMﬁl‘l?LF"P-ll Ui
min max min max
Write Cycle Time twc 150 = 200 ~ ns
Chip Enable (CEi) to End of Write tews 100 = 120 — ns
Chip Enable (CE:) to End of Write lews 110 — 130 — ns
Address Set Up Time tas 20 — 20 — ns
Address Valid to End of Write law 130 - 150 = ns
Write Pulse Width twp 100 120 — ns
Write Recovery Time twn 15 - 15 e ns
Write to Output in High Z twaz o 60 0 70 ns
Data to Write Time Overlap tow 50 = 60 = ns
Data Hold from Write Time tow 20 = 20 o~ ns
Output Active from End of Write tow 10 — 10 = ns
@ TIMING WAVEFORM OF WRITE CYCLE
twe
Address
>( Tw ) €]

ok \Q: :; \EE&E (s) - )

e N\ WL Vs

WE = twr(l)

e NANK i
twenzid), = % 7
Dout }»»}»}»}9»))})»)»#7 .
tow tou

Din

(#)

NOTES: 1 A write occurs during the
overlap (typ) of low CE,,
CE, mwﬂ' :

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

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

180

<E§>E Data In Valid

DORORK

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

6.

5. If the CE, or CE, low transi- =
tion occurs simultaneously 5
with the WE low transitions or

after the WE transitions, out-
put remain in a high im-

@ HiITACH!

pedance state.

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

. Dout is the read data of next

address.

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



HM6117LFP-3, HM6117LFP-4

HELOW Vic DATA RETENTION CHARACTERISTICS (Ta=0Cto +70C)

Item Symbol Test Condition min typ max Unit

CE 2 Vee—0.2V,

Vee for Data Retenti Vi 2.0 - = v

cc tor s ention bRl Vin Vee—0.2V or Vixs0.2V

Vec for Data Retention Vome CE:= Vec—0.2V 2.0 = — v
Vee=3.0V, CE, =2.8V,

Dat tion Cu t I 5 L 30+ A

. PRt | Vw228V or VinS0.2V i

Data Retention Current Iccons | Vec=3.0V, CE:=Vec—0.2V - = 30 HA

Chip Deselect to Data Retention Time teon 0 — = ns
See R ion Wavef;

Operation Recovery Time ta Lac™ - - ns

* 10pA mix at Ta=0C to +400C. Vie min=—0.3V
#% (yc=Head Cycle Time

®LOW V.c DATA RETENTION WAVEFORM

Data Retention Mods

CEi or THaz Voa—-0.2v

NOTE: 1. CE, controls Address buffer, WE buffer, CE, buffer and Dpy
buffer. If CE; controls data retention mode, Vypy level (address,
WE, CE,, Dyjp) can be in the high impedance state. If CE, con-
trols data retention mode, Vyy level (address, WE, CE,, Dy/0)
must be Vi 2 Voe—0.2V or Vi S 0.2V.

SUPPLY CURRENT SUPPLY CURRENT

vs. SUPPLY VOLTAGE vs, AMBIENT TEMPERATURE

16 15

Ta=25C Vec=50V

T ou 3 14
F i
2 12 // 2 12
t 10 : 1.0
] = _-""-\.._
& 08 5 08
S 08 £ 05

04 04

45 475 50 525 55 0 20 0 &0 80
Supply Voltige Vee (V) Ambient Temparature Ta ['C)
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HM6117LFP-3, HM6117LFP-4

Access Time faatacs(Normalized)

Access Time taa.tacs(Normalized)

Low Input Voltage VielNormalized)

182

ACCESS TIME vs.
SUPPLY VOLTAGE
13

Ta=25T

10

039 \

o7

45 475 50 525 55
Supply Valtage Vee (V)

ACCESS TIME vs.
LOAD CAPACITANCE

//
/

12
Ta=25T
Vec=MIN
1o
03
06
100 200 300 400 500
Losd Capacitance Co (pFi
INPUT LOW VOLTAGE vs.
SUPPLY VOLTAGE
1.8
Te=25TC
1.2
11
10 See—
'___,..--—"
0.9
0.8
o7
45 75 5.0 5.25 55

Supply Voltage Vee (V)

Supply Current Tecy (Mormalized) Access Time taa.lacs{Normalized)

High Input Voltage Viw{Normalized)

® HitacHi

ACCESS TIME vs.
AMBIENT TEMPERATURE

10

03

08

Vee=50V

L~

/

o7

e

[] 20 40 0 L]
Ambient Temperature Ta ['C)

SUPPLY CURRENT vs,

FREQUENCY

13 T T T
200ns | 150ns  |120na
12
11
10
-———.—-.-_...-....

08
08
0.7

0 L 10

Frequency f (MHz}

INPUT HIGH VOLTAGE vs.

SUPPLY VOLTAGE
13

Ta=25T
12
1.1
-‘"""—-

10

-""'.‘—‘
08
[ &)

45 475 5.0

525 55

Supply Voltage Vec (V)



Standby Curcent fm (A)

Output Current Jow{Normalized)
i

OUTPUT HIGH CURRENT
vs. OUTPUT HIGH VOLTAGE

Tam25C
Vee=5V

Cutput Voltage Vou (V)

STAND-BY CURRENT vs.
AMBIENT TEMPERATURE

1t

Vee=3V
CEim28V

e

7

10 /

e

20 40 &0

Ambient Temperature Ta {C)

STAND-BY CURRENT vs.
INPUT VOLTAGE

10

Ta=35C
Vee=5V
CEi=4.8V

Sundby Currect lecir (Normalized)

il

HINE

Input Voltage Viw (V)
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QUTPUT LOW CURRENT
vs. OUTPUT LOW VOLTAGE

HM8117LFP-3, HMG6117LFP-4

/)

14
" /

Ta=25C
Vee=5V

Output Carrent log(Normalized)
E

s J 2

4

Output Voltage Vor (V)

STAND-BY CURRENT vs.
SUPPLY VOLTAGE

02 04 0.6 08

14
o= /
z
i 1o
£
—: 08 /
i 0.6 /
2 Ta=25C
3 / CEs= Vee-0.2V
== /1
0.2
H 3 4 5 (]
Supply Voltage Vee (V)
STAND-BY CURRENT vs.
INPUT VOLTAGE
Ta=25T
i Vee=5V
L CEa=4.8V
! B
Z
3
= 4
E
&
2
g 1

Input Voltage V. (V)
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HM6168H-45,HM6168H-55
HM6168H-70,HM6168HP-45,

HM6168HP-55,HM6168HP-70

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

BFEATURES

® High Speed: Fast Access Time 45/565/70 ns (max.)

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

® |Low Power Standby and Low Power Operation;
100uW typ. (Standby), 250mW typ. (Operation)

® Completely Static Memory

No Clock or Timing Strobe Required
@ Equal Access and Cycle Times
@ Directly TTL Compatible — All Inputs and Outputs

EFUNCTIONAL BLOCK DIAGRAM

As

Ai
As

Memory Matrix

—C Yo

p———=0 GCND

Row
By Decader 128 128
A
As
A
Vo o Column 1/0
Ve o
ot Column Decoder

Dta

Uih o Contral

Ar A A Aw An I

3
L]
YU wwn

BABSOLUTE MAXIMUM RATINGS

—Under
Development

HM6168H-45/55,/70

(DG-20)

HM6168HP-4

Item Symbeol Rating Unit
Voltage on Any Pin Relative to GND Vin —3.5% to +7.0 v
Power Dissipation P: 1.0 w
Operating Temperature Tie 0 to +70 C
Storage Temperature (Ceramic) Tore —65 to +150 e
Storage Temperature (Plastic) Tou —556 to +125 b o
Temperature under Bias Toine —10 to +85 i

* Pulse Width 20ns, DC——0.5V

Note) The specifications of this device are subject to change without notice.
Please contact your nesrest Hitachis Sales Dept. regarding specifications.
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5/55/70

(DP-20)

HPIN ARRANGEMENT

Ml
A 2
B
afa
NG

Ml

o0

— ]

E Vie
[19] 40
18] &
'r:r] A
(6] a
[15] von
1] vos

Au E E Vim

G B

GND | 10 1| WE
(Top View)




HMG6168HL P-45 HMG6168HL P-55,
HMG6168HLP-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), 250mW 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)
HEFUNCTIONAL BLOCK DIAGRAM
N EWPIN ARRANGEMENT
A
Ar —a0 Ve NE—TE Viex
Memory Matrix
i lht::,, m:x 128 t——0 GND A.E EA‘
A o7 o
: ME E' A
l J_ a5 6] 2
Wil Column 1/0 | A [g] [15] vor
P el [l",.":: Column Decoder - E ’——‘i L':&
105 o Control a3 5] vos
— e s 5 foe
Vi o I~
WE
— As A‘ h Alﬂ A‘I GND ~ E
oS : E E (Top View)
CH o—y
WE o—
-

BMABSOLUTE MAXIMUM RATINGS

ltem Symbal Rating Unit
Voltage on Any Pin Relative to GND Vin —3.5% w0 +7.0 v
Power Dissipation Pr 1.0 w
Operating Temperature Tose 0 to +70 c
Storage Temperature Tos —55 to +125 C
Temperature under Bias Taces =10 to +85 '€

* 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 X 1-bit High Speed Static CMOS RAM

BFEATURES

@ Single +5V Supply and High Density 20 Pin Package
@ Fast Access Time — 70ns/85ns/100ns

e Low Power Stand-by and Low Power Operation

Stand-by 26mW Typ. and Operating 150mW Typ.

Completely Static Memory . . ...
Fully TTL Compatible — All Inputs and Output

Pin-Out Compatible with Intel 2167 Series

BEEBLOCK DIAGRAM

No Clock nor Refresh Required

Separate Data Inputand Output . .. ...... Three State Output

s}
A § €« Vic
|
&—— GND
t—
A)—‘—ﬂw Row Memory Array
Select 128128
u—_
m—p
Au—w
Din —P ]I_ Column 1/0 = .
L
VE—> Ar Ae A A A A A
BABSOLUTE MAXIMUM RATINGS
Item Symbal Rating Unit
Terminal Voltage with Respect to GND Vr —0.5 to +7.0 v
Power Dissipation Pr 1.0 w
Operating Temperature y 0 te +70 T
Storage Temperature( Plastic) T —55 to +125 G
Storage Temperature( Ceramic) Toua —65 ‘to +150 t
BRECOMMENDED DC OPERATING CONDITIONS
(0°C=Ta=70C)
Item Symbol min typ max Unit
Vee 4.5 5.0 5.5 N
Supply Voltage
GND 0 0 0 v
Input High Voltage Viu 2.2 = 6.0 v
Input Low Voltage Vie —0.5 = 0.8 v
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(DG-20)

HM6167P, HM6167P-6,
HM6167P-8

{DP-20)

HPIN ARRANGEMENT

.-hE hssd 2] vec
.ME 5] a0
A:E 18)An
A:E 17]An
3] 16 | Awe
NG
7] 4]
no...E 13] As
6

GND| 10 1n|cs

{Top View)




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

ETRUTH TABLE

cs WE Maode Vee Current Output Pin Reference Cycle
H X Not Selected Isa, Isay High Z

L Read Iee Dout Read Cycle 1,2

L L Write Tec High Z Write Cyele 1,2

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

Item Symbol Test Conditions min typ max Unit
Input Leakage Current | Iee | Vee=5.5V, Vin=0V—Vec = == 2 EA
Output Leakage Current | Iea) CS~- Vin, Vour=0V—~Vee e o 2 BA
Operating Power Supply Current Ice CS =Vi., Output Open o 30 60 mA
Iss | CS=Viy = 5 20 mA
Standby Power Supply Current CS=Vec—0.2V
Isa: BT 0.02 | mA
Vin=0.2V or = Vee—0.2V
Output Low Voltage Vau Tor=8mA = S 0.4
Output High Voltage Vo Tow=—4mA 2.4 - —
Note) Typical limits are at Vee=5.0V. To=25T and specified loading.
MAC TEST CONDITIONS
Output Load A Output Load B
Input pulse levels: GND to 3.0V 5V ( for tyz, trz, twz & tow)
Input rise and fall times: 5 ns +5V
Input timing reference levels: 1.5V
Output reference levels: 1.5V 4o 4800
Output load: See Figure L
50T 00F" Tt Ot
& 25503; 5pF*
#* Including scope and jig. ;i‘
BMCAPACITANCE (Ta=25C, f=1.0MHz)
Ttem Symbol max Unit Conditions
Input Capacitance Cin 5 pF Vis=0V
Output Capacitance Cour ] pF Vour=0V
Note! This parameter is sampled and not 100% tested.
BAC CHARACTERISTICS (Vee=5V+10%, Ta=0C to 70°C, unless otherwise noted.)
®READ CYCLE
HM6167, HMB167P HM6167-6, HMB167P-6 | HM6167-8, HM6167P-8
Item Symbal Unit
min max min max min max
Read Cycle Time tac 70 — B5 — 100 —_ ns
Address Access Time taa ~ 70 -— 85 - 100 ns
Chip Seleet Access Time tacs — 70 — 85 o 100 ns
Output Hold from Address Change ton 5 = 5 — -] = ns
Chip Selection to Output in Low Z tiz 5 — 5 — 5 — ns
Chip Deselection to Output in High Z tuz 0 30 0 40 0 40 ns
Chip Selection to Power Up Time try 0 —— 0 - 0 = ns
Chip Deselection to Power Down Time tra = 35 = 40 = 45 ns
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HM6167, HM6167-6, HM6167-8, HM6167P, HM6167P-6, HMG6167P-8

@ WRITE CYCLE

HM6167, HMG167P |HM6167-6, HM6167P-6 | HM6167-8, HM6167P-8
Item Symbol ” = : Unit Notes

min max min max min max

Write Cycle Time twe 70 -— 85 — 100 — ns 2

Chip Selection to End of Write tew 55 = 65 = 80 = ns

Address Valid to End of Write Law 55 = 65 = B0 = ns

Address Setup Time tas 0 = 0 o 7 o Sy 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 tow 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 C5 goes high simultancouly 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 sddress.
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'*

Lo lpe.

A

®TIMING WAVEFORM OF READ CYCLE NO.2"¥

Data Out

Ve Supply

Currant

Data Valid
\ /
High lmpeduance 3 T Wt ;1 High Impedance

{7}

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 1.oad B.

@ HITACHI




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

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

-
= TN £V /7,

I [
D ln *- Duts In Valid
dow
Duis Dur Dute Usdelined
High lmsedince :

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)

- T

twc Il

few

i o W T W

Low Lo
Data In i
_Data In Valid

Data Out

Dats ined High [mpedance

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

SUPPLY CURRENT vs. SUPPLY VOLTAGE SUPPLY CURRENT vs. AMBIENT TEMPERATURE
A 16
Te=25C - Vec=50V
T M E 14
a
B o
£ i /,/ 2 a2
. § —
Eoos ,/ S 08
=] -
&b 2 08
o 04 .
G .75 50 525 55 L] 20 4 80 [
Sigply Voltage: Vee 0 Ambient Temperature Te (T)
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HMB167, HM6167-6, HM6167-8, HM6167P, HM6167P-6, HM6167P-8

ACCESS TIME vs. ACCESS TIME vs.
SUPPLY VOLTAGE AMBIENT TEMPERATURE
13 13
Ta=257C Vee=50V
-E 12 i 12
i i LA
s M ~ 5 u /
§ 10 3 10 ,/
3 3
. . /
7 ol F oos
+ L} 2 08
0.7 0.7 B |1
45 475 50 525 55 0 i) 40 50 BO
Supply Voltage Vee (V) Ambient Temperature Ta ('C)
ACCESS TIME vs. SUPPLY CURRENT vs.
LOAD CAPACITANCE FREQUENCY
18 13 : : .
200ns 150ns  |120ns
= // 12
3
E o / =
2 P M
= / £
3 12 i
ES Ta=25C 81
2 Vee=MIN H _...---'""".—.-
& 10 H 1
: 6 ua
: 3
e @ 08
s 0.7
100 200 . 300 400 500 (] 4 10
Load Capacitance T (pF) Frequency J (MHz!
INPUT LOW VOLTAGE vs. INPUT HIGH VOLTAGE vs.
SUPPLY VOLTAGE SUPPLY VOLTAGE
1.3 13
Ta=25'C i
= ¥ .tz e
H E
E 1 _E 1t
= ¥
2 s _______'__,.—-—"" s 4 -__’-f'""
= = s
5 3
£ 08 E:n 08
0.7 0T
4.5 4.75 5.0 5.25 55 45 475 5.0 5.25 55
Supply Voltage Vee (V) Supply Voltage Ve (V)
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Standby Current lssy [A)

Dutput High Current Jow {Normalized]

Standby Current fsm (Normalized)

OUTPUT HIGH CURRENT vs.
OUTPUT HIGH VOLTAGE

Ta=25C
Vee=5V

[}

0.6

n4

Output Low Current Jor, | Normalized)

Output High Voliage Yow (V]

STANDBY CURRENT vs.
AMBIENT TEMPERATURE

Vee=3V
CE=2.8V

P

W

i

Standby Carrent Iss (Normalized)

20 40 60 B0

Ambient Temperature To (T)

STANDBY CURRENT vs.
INPUT VOLTAGE

T
Ta=25TC
Vec =50V
C5=4.8V

5

N

P

2 i 4

Input Voltage W (V)

@ HITACHI

OUTPUT LOW CURRENT vs.
OUTPUT LOW VOLTAGE

/

Py

08

Lo

0.8

u.6

0.2

Te=25C
Vee=5V

L

/

02 4 0.k (]

Outpur Low Voluage Voo (V)

STANDBY CURRENT vs.
SUPPLY VOLTAGE

7

Ta=2570C
5= bec—0.2V

Supply Voltage bec (V)

HM6167, HM6167-6, HM6167-8, HM6167P, HME167P-6, HM6167P-8
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HM6167LP,HM6167LP-6,
HM6167LP-8

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

B FEATURES
e Single +5V Supply and High Density 20 Pin Package
® FastAccess TIMB . . ...ccnavovnes ST 70ns/85ns/100ns

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

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

HEBLOCK DIAGRAM

[DP-20)

A LN

[ (19
A'_;;; e BPIN ARRANGEMENT
; L
rw—LF = M Arra
As m D!’::dn ';’;’; |2; > ""E El’rc
Aax Al E E.ﬁn
As n;E Em,

Column Decoder Ay E E A

ﬁ‘%%ﬂ%h i ]

b & My a7 [14] A
: Dout E EM
\'\"_EE Eum

—
—1

m.—? Column 1/0 | —— Dot A:E E]An
D>

EABSOLUTE MAXIMUM RATINGS

Item Symbol Rating Unit y
cxof 1o 11]cs
Terminal Voltage with Respeet to GND Vr —0.5 to +7.0 v
Power Dissipation Pr 1.0 w (Top View)
Operating Temperature Toe 0t +70 5
Storage Temperature Toa —55 to +125 o

BRECOMMENDED 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 A
Input High Voltage Vin 2.2 | =g 6.0 v
Input Low Voltage Vie -0.5 — 0.8 v
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ETRUTH TABLE

HM6167LP, HM6167LP-6, HM6167LP-8

CS WE Maode Vee Current Output Pin Reference Cyele
H * Not Selected Iss, Ism High Z

L H Read Iee Dout Read Cycle 1, 2

E L Write Iee High Z Write Cycle 1, 2

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

Item Symbol Test Conditions min typ max Unit
A LR e | Vee=5.5V  Vin=0V~Vec — = ) HA
Output Leakage Current [Ieo] | CS=Viu, Wu=0V~Vee s = 2 HA
Operating Power Supply Current Ice CS = Vi, Output Open - 30 60 mA
Iss CS = Vis = 5 20 mA

Standby Power Supply Current C5 = Vee—0.2V
Isen = 1 50 RrA

Vins0.2V or 2Vec—0.2V

Output Low Voltage Vau Tor=BmA == = 0.4 v
Output High Voltage Vou Top=—4mA 2.4 — — v

Note) Typical limits are at Vec=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
Qutput load: See Figure

Output Load A
#5V

Deut O—

3550 2
£

# Including scope and jig.

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

Item Symbel max Unit Conditions
Input Capacitance Cin 5 pF Vin=0V
Output Capacitance Cour ] pF Vour=0V

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

Output Load B

(for twz, trz, lez & tow)
+5V
4B0Q

Deut O——y

550S
s

SpF"

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

®READ CYCLE

i Syiiol HME]GTLP I'EMG_IS?LP-G H-MGIS?LP-B -
min max min max min max
Read Cycle Time tac 70 = 85 == 100 = ns
Address Access Time taa = 70 = 85 = 100 ns
Chip Select Access Time tacs = 70 = 85 - 100 ns
Output Hold from Address Change tow 5 = 5 = 5 = ns
Chip Selection to Output in Low Z tiz ) == 5 =7 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 i 0 —_ ns
Chip Deselection to Power Down Time ten -_ a5 — 40 — 45 ns
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HM6&167LP, HM6167LP-6, HM6167LP-8

e TIMING WAVEFORM OF READ CYCLE NO.1'?

A

lar
;I High Impedance

Address
— fas
y
Data Dut Previous Data Valid X X X Data Valid
o
e TIMING WAVEFORM OF READ CYCLE NO.2'"¥
s N ¢
N\ /l
tucs
fr
Vee Supply i
0% 0%
Currant 1]

NOTES: 1. WE is high and TS is low for READ Cycle. __
2. Addresses valid prior to or coincident with CS transition low.

3, Transition is measured +500mV from steady state voltage with

specified loading B.

@ WRITE CYCLE

oyl Sl HM6167LP HM6167LFP-6 HM61671.P-8 it o
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 Law 55 =t 65 = B0 = ns
Address Setup Time Las 0 o 0 = 0 = ns
Write Pulse Width twe 40 = 45 =5 55 T ns
Write Recovery Time Lwn 0 — 0 = 0 == ns
Data Valid to End of Write tow 30 - 35 = 40 — ns
Data Hold Time bou 0 i o = 0 — ns
Write Enable to Output in High Z tuz 0 30 0 40 0 40 ns 3.4
Output Active from End of Write tow 0 — 0 — 1] == ns 3.4

Notes! 1,

If €S 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 lirst 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)

e

A

O S /—...%

194
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e TIMING WAVEFORM OF WRITE CYCLE No. 2 (CS Controlled)

(73

s I

fag

AR,

Data In

e

Data Out

Dura Undelined ry High Imeedunce

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

HM6167LP, HM6167LP-6, HMG167LP-8

Parameter Symbol Test Condition min typ max Unit
Vee for Data Retention Vo 2.0 — - v
C8= Vee—0.2V - = 20°
Data Retention Current Fecon BA
Viezz Vec—0.2V or 2= = 30°-
Chip Deselect to Data Retention Time teor ovV=V.=0.2V 0 == == ns
Operation Recovery Time ta trct = = ns
& tae=Head Cyele Time - Vec=2.0V
®% Keem3.0V
BLOW V.. DATA RETENTION WAVEFORM
Data Retention Mode
c-_s 2 Vee -2V
195
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HM6167H-45, HM6167H-55,
HM6167HP-45, HM6167HP-55

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

= FEATURES HM6167H-45, HM6167H-55
® Fast Access Time. . ......... HM6167H/P-45  45ns (max)
HMB6167H/P-66  5bns (max)
® |ow Power Standby and Low Power Operation
Standby 100uW (typ), Operating 200mW (typ)
e Single +5V Supply and High Density 20 Pin Package
® Completely Static Memory . . . .No Clock nor Refresh Required
® Fully TTL Compatible. . ... .. All Inputs and Qutput
® Separate Data Inputand Output. . .. ..... Three State Output
= BLOCK DIAGRAM (DG-20)
HM616THP-45, HM6167THP-55
A _ »
n—H 5 g
€—— CND

n—F

M—B: Row Memory Array

™ G Select 128x 128
An—

-‘Il_—w
Din ——{F { P P —Dout (DP-20)

S A g H H ﬂ H H = PIN ARRANGEMENT

[
VE—{>- AL A A A A A A N0 S 1
e (19
A.E 19] A
= ABSOLUTE MAXIMUM RATINGS ME 18 | 4w
Item Symbol Rating Unit ‘,E 71 An

Terminal Voltage with respect to GND Vr —3.5%to+7.0 v

Power Dissipation Pr 1.0 w "‘E 301] Ao

Operating Temperature Topr Oto +70 e A;E 15 | A

Storage Temperature (Plastic) Tstg —55to +125 ¢ A E =

Storage Temperature (Ceramic) Tstg —65 to +150 T .

Storage Temperature (under bias) Thias | —10to +85 | °C ik E i o
* Pulse Width 20ns, DC: —0.5V W-;:E o
® RECOMMENDED DC OPERATING CONDITIONS (7, = 0 to +70°C) cvolm Tles

Item Symbol min typ max Unit
Vou a5 5.0 55 v (Top View)
o g 3 ;
Woply Volter GND 0 0 0 v
ViH 22 - 6.0 v
. Vi, |30~ = 0.8 v

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

HM6167H-45, HM6167H-55, HM6167HP-45, HMG167HP-55

Ccs WE Mode Vee Current Dout Pin Ref. Cycle
H x Not selected Isa, Ism1 High-Z
L H Read Iee Daout Read Cycle
L. L Write lee High-Z Write Cycle
EDC AND OPERATING CHARACTERISTICS (Vcc=5V+10%, Ta=0T to +70T)
Item Symbol Test Conditions min typ max Unit
Input Leakage Current Il | Vee=5.5V, Via=0V—~Vee = = 2 HuA
Output Leakage Current |dzol E-Hw, Vour=0V— Vee — e 2 HA
Operating Power Supply Current Iee CS = Vi, Output Open - 40 BO mA
Iss | CS=Vu - 10 20 mA
Standby Power Supply Current C52Vec—0.2V
Iss: 7 0.02 2 mA
Vin=0.2V or = Vee—0.2V
Output Low Voltage Vor loL=8mA - = 0.4
Output High Voltage Vou Tonw=—4mA 24 = e v
Note) Typical Himits are at Vee=5.0V. Ta=25T and specified loading.
BAC TEST CONDITIONS
Output Load A Output Load B
Input pulse levels: GND to 3.0V 5V (for tuz, tiz, twz & low)
Input rise and fall times: 5 ns g
Input timing reference levels: 1.5V
QOutput reference levels: 1.5V e sxa
Output load: See Figure oo &1
s s 00F* Pt
L3 3~
#® lncluding scope and jig. # Including scope and jig.
BCAPACITANCE (Ta=25C, f=1.0MHz)
Ttem Symbol typ max Unit Conditions
Input Capacitance Ciw 3 5 pF Vis=0V
Output Capacitance Cour 5 i pF Vour=0V
Note! This parameter is sampled snd not 100% tested.
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HM8167H-45, HM6167H-55, HM6167HP-45, HM6167HP-55

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

®READ CYCLE

HM6 16 TH/P45 HM616THP-55
Item Symbol Unit Notes
min max min max
Read Cycle Time IRC 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 3 - 5 - ns
Chip Selection to Output in Low Z 1Lz 5 - 5 - ns (2) 3) (T}
Chip Deselection to Output in High Z tHZ 0 30 0 30 ns | (23 (N
Chip Selection to Power Up Time tPu 0 - 0 s ns :
Chip Deselection to Power Down Time | tpp = 30 = 30 il

NOTES:

from device to device.

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

Device is continuously selected, CS= Vyp.

Addresses valid prior to or coincident with CS transition low.

This parameter is sampled and not 100% tested.

et bt

e TIMING WAVEFORM OF READ CYCLE NO.1 %)%

Address

Previous Data

Data Out Valid Data Valid
@ TIMING WAVEFORM OF READ CYCLE NO.2 4).6)
rc
s X £
TACS lHz
i e High Impedance
High Impedance Data Valid

Data Out

'pD

vee Supply !‘C"‘q""
50% 50%
Current Isp ;l
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® WRITE CYCLE

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

HM616TH/P-45 HM6167H/P-55 "
Item Symbol - - Unit Notes
min max min max
Write Cycle Time we 45 - 55 - ns (2)
Chip Selection to End of Write cw 40 - 50 - ns
Address Valid to End of Write TAW 40 - 50 - ns
Address Setup Time IAS 0 - 0 - ns
Write Pulse Width twp 25 = 3s = |
Write Recovery Time IWR 0 - 0 - ns !
Data Valid to End of Write tpw 25 = 25 = P |
Data Hold Time IDH 0 - 0 - ns
Write Enable m_Outpul in High Z twz 0 25 ] 25 ns (3) (4)
Output Active from End of Write tow 0 - 0 - ns (3) (4)
NOTES: 1. If CS goes high simultaneously with WE high, the output remains in a high impedance states.
2. All write cycle timings are referenced from the 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)
1 !'wc
Address )L X
I tew
cs ; \ [ Vi ; /
]
fas lod twp —w
T Y S N TR |
WE i&s_f tbs
| DW
Data In * Data In Valid
~fwz —low—
Data Out Data Undefined 1——*| Tigh Impedance
e TIMING WAVEFORM OF WRITE CYCLE (CS Controled)
'we
Address ;( (
% fas ‘o
cs
\\ z‘{
faw 'wr
wp
wE_\ NN X ) i WA AT,
| ‘Dw 'DH
Data In X Data In Valid *
'wz
Data Out Data Undefined High Impedance
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HM6167H-45, HM6167H-55, HM6167HP-45, HM6167HP-55

Supply Current lee (Normalized)

Accons Time Lea,tacs (Normalized}

Access Time tua tucs [Normalized)

SUPPLY CURRENT vs.
SUPPLY VOLTAGE

16
Ta=25C
14
L2 / %
=1 -
10 8
08 // 3
£
0.6 &
04
4.5 475 5.0 5.25 55
Supply Voltage Ve (V)
ACCESS TIME vs.
SUPPLY VOLTAGE
13
Ta=25C
1.2 =
3
H
| ‘.--""\..._ é
S —— 3
09 £
0.8 §
o7
& ] 475 50 5.25 5.5
Supply Veltage ¥e (V)
ACCESS TIME vs.
LOAD CAPACITANCE
L&
1.6 / £1s
/ &
14 / §
// 3
L2 — -‘;
1.0 f‘
H
o8
0.6
100 200 300 400 500

Load Capacitance Ci (pF)

@ HITACHI

SUPPLY CURRENT vs.
AMBIENT TEMPERATURE

Yee=5.0V

0.8

04

n 40 &0
Ambient Temperature Ta ()

B0

ACCESS TIME vs.
AMBIENT TEMPERATURE

Vee=5.0V

08

or

0 20 40 B0 B0

Ambient Temperature Ta [C)

SUPPLY CURRENT vs.
FREQUENCY

11 200 10 1]

' 1
100ns B5ns

Fal

7

50

Thaa

/
.o

10

0.8

e

0.7

6

LA}

10 15

Frequency f [MHz)



Outpit High Gurrent Ty { Normialized) Input Low Voltage Vis (Normalized)

Standby Current fsm (A}

INPUT LOW VOLTAGE vs.
SUPPLY VOLTAGE

Ta=25TC

Lo
-—-.'___‘_.___,.--"_
0.9
0.8
[ 5 - -
4.5 4.75 5.4 535 i3

Supply Voltage Wee (V)

OUTPUT CURRENT vs.
OUTPUT VOLTAGE

Ta=25C
Vee =5V

Y3 )
\

1 2 3 4

04

Output High Voltage Wow (V)

STANDBY CURRENT vs.
AMBIENT TEMPERATURE

10t

Yee=3V
CB=z.av

o

Ela

10 /

10-2 J. L

Ambient Temperature Ta ('C)

0 20 40 60 #0

Otput Low Current Jor (Normalized) Input High Voltage Vin (Normalized}

Standby Current [5pi (Normalized)

® HITACHI

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

INPUT HIGH VOLTAGE vs.
SUPPLY VOLTAGE

Ta=25TC

(5]

0.8

0.7
4“5 4.75 5.0 525 5.5

Supply Voltage Voo (V)

OUTPUT CURRENT vs.
OUTPUT VOLTAGE

y /

/

Ta=25T
Ve =56V
0.8 /
06 /
% 0.2 or 5 08

Dutput Law Voltage Voo (V)

STANDBY CURRENT vs.
SUPPLY VOLTAGE

0.8 /
/ g:=25'€

3= Vec—0.2V

04 /

2

Supply Voliage We (V)



HM6&167H-45, HM6167H-55, HM6167HP-45, HM6167HP-55

STANDBY CURRENT vs.
INPUT VOLTAGE

10

o

Standby Current ko (Normalized)
/

i T

Input Voltage ¥ (V)
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HM6167HCG-45,HM6167HCG-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
® Equal Access and Cycle Times
® Directly TTL Compatible; All Inputs and Output

EBLOCK DIAGRAM

(CG-20)
A ——
o -
| -
€— GOND HPIN ARRANGEMENT
n—
m—w Row Memary Array A Vee A A
n—LF essdy s 18 20
l\l—h:
‘I,_w A8 A
An T iOa
Aws[J16 Lm PN
; P— s B
n.,—l: Colomn 110 U asblis sas
sz Column Decoder A4 A
G—>o g a ﬂ ﬂ ﬂ ﬂ Bt (T v
[
W_E—[>— An A A A A A A 12 11 10 8
Din C5 GND WE
(Bottom View)
BABSOLUTE MAXIMUM RATINGS
Ttem Symbol Rating Unit
Voltage on Any Pin® Vr —0.5 to +7.0 v
Power Dissipation Py 1.0 w
Operating Temperature Toos 0 to +70 c
Storage Temperature Tow —65 to +150 C
Temperature Under Bias Tiia =10 to +85 C
® with respect to GND. Viw min—=—3.5V (Pulse width 20ns)
ETRUTH TABLE
Ccs WE Mode Vee Current Dout Pin Ref. Cycle
H X Not selected Isn, Tsz: High-Z
L Read Iec Dout Read Cycle
15 Write Iee High-Z Write Cycle

@ HITACHI
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HM6167HCG-45, HM6167HCG-55

*

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

Item Symbol min _otyp max Unit
Vee 4.5 5.0 5.5 v
Supply Voltage pmes . 5 s N
Vie 2.2 S 6.0 v
Input Voltage Vie o5 ol 0.8 v
* —3.0V (Pulse width 20ns)
EDC AND OPERATING CHARACTERISTICS (Vee=5V £10%, Ta=0 to +70°C)
Item Symbol Test Conditions min typ* max Unit
Input Leakage Current | T | Vee=5.5V, Vie=0V to Vee = ~ 2 HA
Output Leakage Current | I | CS =V, Vour=0V to Vee =+ — 2 BA
Operating Power Supply Current Iac CS = Vi1, Output Open - 40 80 | mA
Iss CS=Viu ¢ 10 20 | mA
Standby Power Supply Current =—
Isun CSZ=Vee—0.2V, Viu=0.2V or Vinz Vec— 0.2V ot 20 2000 KA
A iaieh Var Io=8mA — = 0.4
Vau Ton=—4mA 2.4 - =
Note) # : Typical limits are at Vec=5.0V, Ta=25C and specified loading.
BCAPACITANCE (Ta=25C, f—=1MHz)
Item Symbol Test Conditions typ max Unit
Input Capacitance Cia Vie=0V 3 5 F
Output Capacitance ot Ve =0V 5 7 pF
(Nats) |This primster is sampled aod ol 106%: tested,
BMAC CHARACTERISTICS (Vee=5V +10%, Ta=0 to +70°C)
®AC TEST CONDITIONS Output Load A Output Load B
Input Pulse Levels: GND to 3.0V +5¥ (for taz, tiz. twz & tow)
Input Rise and Fall Times: 5 ns Ll
Qutput Reference Levels: 1.5V 4800
Daut 60— 44
550 2 3pF Dout O—tg
ﬁ; tsanE ; i
* Including scope and jig.
®READ CYCLE
HM6167HCG-45 HM6167HCG-55
Item Symbol 7 - Unit Notes
min max min max
Read Cycle Time Lac 45 = 55 = ns 1
Address Access Time laa = 45 == 55 ns
Chip Select Access Time tacs e 45 = 55 ns
Output Hold from Address Change Low 5 — 5 = ns
Chip Selection to Output in Low Z tex 5 == > =z ns 2,3,4
Chip Deselection to Output in High Z tnz 0 30 0 30 ns 2,3,.4
Chip Selection to Power Up Time teu 0 == 0 == ns
Chip Deselection to Power Down Time teo = 30 = 30 ns

Notes] 1.

2. At any given & and voltage diti

. This parameter is sampled and not 100% tested.

204
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All Read Cycle timings are referenced from lsst valid address to the first transitioning address.
tyz max is less than tis min both for a given device and from device to device.
3, Transition is messured £500mV from steady state voltage with specified loading in Load B.

4



®Read Cycle-1 (Notes 1, 2)

HM6167HCG-45, HM6167HCG-55

tre == |
Address )Q
taa |
fon
Previous P
Daa Oat pyyy Valid % >< >< Se
®Read Cycle-2 (Notes 1, 3)
tae
lacs
s e
Data Ot High Impedsnce e High Impedance
Ley Irp
Teg = ==
Vee Supply
Currem Iss ____J
Notes] 1. WE is high for Read Cyele. =
2. Address valid prier to or coineid with C5 ition low. P
3. Transition is measured +500mV from steady state voltage with specified loading in Load B.
®WRITE CYCLE
HM6E167THCG-45 HM6167HCG-55
Item Symbal 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 s ns
Address Setup Time tas (] - 0 - ns
Write Pulse Width Lwp 25 = 35 A ns
Write Recovery Time tn 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 bz [] 5 0 25 ns 3.4
Output Active from End of Write tow 0 == 0 — ns 3.4
Notes) 1. If C5 goes high simultaneouly with WE high, the output remains in & 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 parsmeter is sampled and not 100% tested.

@ HITACH!
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HM6167HCG-45, HM6167HCG-55

®Write Cycle-1 (WE Controlled)

Iwe

twp

ﬁ X\ K *

ISy e | P
Data ln % Data In Valid

Data Out Data Undefined ﬁ
High 1

@ Write Cycle-2 (CS Controlled)

Address *
tas

47 (e e

g hedh oo B .

| ™

Da1a In *
Data In Valid

g

Usia Undefined High Impedance

206 @ HITACH!



HM6167HLP-45 HM6167HLP-55

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

m FEATURES
® Fast Access Time. . ......... HMG6167HLP-45  45ns (max)
HMB167HLP-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
N lz:[ =i ® PIN ARRANGEMENT
3 €——GND S
,q,_a: A-E EL}:

: D: ow Memory Array = -
:. D: S':!en 128128 Ay E E«\
MI—W A'E E.-\n
A|1~—{ 3 AIE E_),..

.-\.E El Aie
Column 14O Dy

|

I -\\E 'Ejm
AanANAH b I =
P . ) bout [ BE

9.

s *
WE —D—
WE [_T_ E] Ui
= ABSOLUTE MAXIMUM RATINGS axofw mE
Item Symbol Rating Unit -

Terminal Voltage with respect to GND | V1 | —3.5* to+7.0 | V il

Power Dissipation Pr 1.0 w

Operating Temperature Topr 0to +70 il

Storage Temperature Tstg ~-55 10 +125 °C

Storage Temperature Under Bias Thias ~10to +85 e

* Pulse Width 20ns, DC: —0.5V
= RECOMMENDED DC OPERATING CONDITIONS (72 = 0 to +70°C)

Item Symbaol min typ max Unit
Vee 45 5.0 55 v
Supply Volt :
o s GND 0 0 0 v
Vi 2.3 - 6.0 v
Input Volt
TR [ Vi 3.0° = 0.8 v

* Pulse Width 20ns, DC: V[ min=—0.5V

® HITACHI 207



HM6167HLP-45, HM6167HLP-
Il TRUTH TABLE

55

cs WE Mode Vee Current Dout Pin Ref. Cycle
H Not selected Ise, Ise: High-Z
L Read lee Dout Read Cycle
1a Write fee High-Z Write Cycle
BEDC AND OPERATING CHARACTERISTICS (Vcc=5V£10%, Tc:ﬂ~—+?0‘c )
Item Symbol Test Conditions min typ max Unit
Input Leaksge Current | et | Vee=5.5V Vin=0V—Vec o - ' BA
Output Leakage Current [Io| | CS=Viw, Wu=0V~Vee = = 2 HA
Operating Power Supply Current Iee CS = Vi, Qutput Open - 40 80 mA
Iss CS = Vix == 10 20 mA
Standby Power Supply Current CS = Vec—0.2V
Ism = 1 50 HA
Vins0.2V or & Vec—0.2V
Output Low Voltage Vou Tor=8mA — - 0.4 N
Output High Voltage Vo Ton=—4mA 2.4 - =+ i

Note] Typical limits are at Vee=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

L

E,

Dout O—y
2550 2

* Including scope and jig.

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

JopF*

Output Load B

(for tuz, tiz, twz & low)
+5Y

Ll

Dour O——9

ssm!: &

* Including scope and jig.

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

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

BAC CHARACTERISTICS (Ta=0C to

®READ CYCLE

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

HM616 THLP-45 HM6 16 THLP-55 :
Item Symbol Unit Notes
min max min max
Read Cycle Time tRC 45 . 55 = ns (45
Address Access Time TAA - 45 - 55 ns
Chip Select Access Time TACS - 45 - 55 ns
Output Hold from Address Change ton 5 - 5 - ns
Chip Selection to Output in Low Z Lz 5 - 5 - ns (DN
Chip Selection to Output in High Z tHZ 0 30 0 30 ns @3N
Chip Selection to Power Up Time Py 0 - 0 = ns
Chip Deselection to Power Down Time PD - 30 - 30 ns

NOTES: 1.

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

2. At any given temperature and voltage condition, 7gyz max. is less than 11,z min. both for a given device and

from device to device.

WE is High for READ

TR L

208

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.

® HITACHI

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



HM6167HLP-45, HM8167HLP-55

@ TIMING WAVEFORM OF READ CYCLE NO.1% %
L ‘Rc |

Address

Data Out Data Valid
® TIMING WAVEFORM OF READ CYCLE NO.2% ®
Ire
e 7
‘vz
High Impedance
Data Out Data Valid q- "
'pp
Veeo Supply
Current 50%
® WRITE CYCLE
HM6 16 THLP-45 HM616THLP-55
Item Symbol - Unit Notes
min max min max

Write Cycle Time twe 45 - 55 - ns (2)
Chip Selection to End of Write tcw 40 - 50 - ns
Address Valid to End of Write taw 40 - 50 - ns
Address Setup Time IAS 0 - 0 - ns
Write Pulse Width wp 25 - 35 - ns
Write Recovery Time IWR 0 - 0 — ns
Data Valid to End of Write tDw 25 - 25 - ns
Data Hold Time IDH 0 - 0 - ns
Write Enable to Output in High Z wz 0 25 0 25 ns 3H &
Output Active from End of Write tow 0 - 0 — ns (EIRC))

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)

we
P X
few
s ) A
Taw g —
E ——TAS——m : &
AKX i ()
DW—= DH
Din e:]tjzin
-t wz-j — fow-‘l/
Dout A ngh hnr - I\

@ rHiITacH! 209



HM6167HLP-45, HM6167HLP-55

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

'we
Address )(
faw
—1tas —-' ~—twR
™ — i ’
A /

ull T'wp /

WE -

‘ow _")——j IDH
Din Data in Valid
'wz ]
High Impedance
Dout

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

Parameter Symbol Test Condition min Lyp max Unit
Vee for Data Retention Vor 2.0 - - v
€Sz Vec—0.2V - = 20
Data Hetention Current fecon HA
Vez Vee—0.2V or = — 30%*
Chip Deselect to Data Retention Time teon ovsV.so.2v 0 - - ns
Operation Recovery Time ta tecs wa - ns
& tac=Read Cycle Time *  Vec—=2.0V

eLOW V.. DATA RETENTION WAVEFORM

210

Data Retention Mode

CS = Vpe-02V
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HM6264P-10,HM6264P-12,

HM6264P-15

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

= FEATURES

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

® Low Power Standby Standby: 0.1mW (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

(DP-28)

= PIN ARRANGEMENT

~o——’§:i
—0 ke
i 0 p—
mory Marris ~—0 GNDY
; S Dvesder E bt NC E E ¥eg
a-o——:'-g:. U 27] we
! —— - ——md
Vo E o 1 A, E E CS,
I Column 1/0
: S ;’: Column Decoder "e E E A,
] Conteol
L — . A A
eyl ﬁ W .= ] A,
1 [
l : 5 A8 ..
Cho— 4 + A, E E OE
E»o——- Timing Pulse Gen, A8
_______________ 2 21 ’A|
w8 Read, Write Castral E j_“
o NG s,
0E An@ E 1/0,
= ABSOLUTE MAXIMUM RATINGS o C
Item Symbol Rating Unit g E /o,
Terminal Voltage * VT —0.5** 10 +7.0 v 1/0, E [17] 1/0,
Power Dissipation Pt 1.0 W
Operating Temperature Topr 0to+70 o 1/0,13 E] 1/o,
Storage Temperature Tstg —55 to +125 € GND[14] E] i/o,
Storage Temperature (Under Bias) | Thias —10to +85 “c
* With respect to GND.  ** Pulse width 50ns: —3.0V (Top View)
= TRUTH TABLE
WE |CS, |CS, | OE Mode 1/O Pin Ve Current Note
X H X X Not Selected High Z IsB, IsB1
X X L | X |(Power Down) High Z ISB, IsB2
H L H H | Output Disabled High Z Icc, Icca
H L H L Read Dout Icc, Icca
L L H H Write Din Icce, Icc Write Cycle (1)
L L H L Din Icc, Icca Write Cycle (2)

* | Don't eare.

@ HITACHI
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HM6264P-10, HM6264P-12, HM6264P-15
= RECOMMENDED DC OPERATING CONDITIONS (7; =0 to +706C).

Item Symbol min typ max Unit
Vee 4.5 5.0 5.5 v
Supply Voltage GND 0 0 0 v
Vir 2.2 - 6.0 v
V
i Vi | —03* | - 08 | V

* Pulse Width 50ns: —-3.0V
= DC AND OPERATING CHARACTERISTICS (V¢ = 5V£10%, GND = 0V, 7, = 0 to +70°C)

Ttem Symbol Test Condition min |typ* |max | Unit

Input Leakage Current Ursl | ¥in=GNDto Vee - | = 2 | A
Output Leakage Current Lot ES_IVZ:;H or C82=V1, ot OE=V1H, V1/0=GND - - 2 | pA
Operating Power Supply Current| Icc CS1=Vir, CS2=Va, Iiyo=0mA - 40 80 | mA
Average Operating Current leci Min, cycle, duty=100%, CS1=V1, CS2=Viy - | 60 [110 | mA
Isp CS1=Vyy or CS2= ViL, Iro=0mA - 1 3 mA
Standby Power Supply Current | Ispi+# | CS12Vce—0.2V, CS2ZVee—0.2Vor CS220.2V| — (002 | 2 | mA
Ispass | CS250.2V - |0.02 2 |mA

VoL Jor=2.1mA - - 0.4 v

e s Von Tor=-1.0mA 24 - - v

* Typical limits are at Vce=5.0V, Tg=25"C and specified loading.
** Vir 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 Ciyo Vijo = 0V - 8 pF

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

m AC CHARACTERISTICS (Ve = 5V£10%, T2 = 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

Qutput Load: 1TTL Gate and Cg = 100pF (including scope and jig)
® READ CYCLE

HM6264P-10 HM6264P-12 HM6264P-15
Item Symbal - - - Unit

min max min max min max
Read Cycle Time IRC 100 - 120 - 150 - ns
Address Access Time t4A - 100 - 120 - 150 ns
CNip Selostion to Cutgut Cs1 tcoi - 100 = 120 - 150 ns
Ccs2 rco2 - 100 - 120 - 150 ns
Output Enable to Output Valid tOE = 50 - 60 - 70 ns
Chip Selection to csi 1Lz1 10 - 10 - 15 - ns
Outputin Low Z Cs2 1Lz2 10 = 10 = 15 - ns
Output Enable to Output in Low Z tOLZ 5 - 5 = 5 - ns
Chip Deselection to Cs1 tHZ1 0 35 0 40 0 50 ns
Output in High Z cs2 tHZ2 0 35 0 40 0 50 ns
Output Disable to Output in High Z IOHZ 0 35 0 40 0 50 ns
Output Hold from Address Change toH 10 - 10 - 15 - ns

NOTES: 1 fyyz and rggyz 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, 757z max is less than ¢7 7 min both for a given device and from
device to device.
212 ©® HITACHI



» READ CYCLE

HM6264P-10, HM6264P-12, HM6264P-15

'rRe =
4 \ |7
ag A A
taa
i & NI
& MWW\ R / i,
1Lz1 ‘
tcoz }——r— tZ1—
T - AAVANARRRNN AN
CS2 ,r" "/ szg \K \ \
fog IHz2
%AW Wi L
ZHANNIANNNNANNANRNRANARAY 5 , /
loHz
4 ==
P \ Data Valid
~—IoH
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 s 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 s -
CS2 'wRr2 15 - 15 - 15 - ns
Write to Output in High Z fwHZ 0 35 0 40 0 50 ns
Data to Write Time Overlap IDw 40 - 50 - 60 - ns
Data Hold from Write Time 'nH 0 - - - ns
OE to Output in High Z torz 35 40 0 50 ns
Output Active from End of Write tow - - 10 - ns
®HITACH! 213



HM6264P-10, HM6264P-12, HM6264P-15

® WRITE CYCLE (1) (OE clock)

“C
Mdress _>< I lk
4
T5T \\H KT
[ leny 'I_\_li_._
st 777770077777 TONTRINTINNN
= by

WE —!...Eaé.mj PRRTY

1,

ouz 5]
Dout
9—)—)—)—)-)99—9;;—«.--—:,,——

* WRITE CYCLE (2) (OE Low Fix)

e

Address X *

" tu 4]

I—- e (2] typs [4]
N
ese 7/ LALLLLF EARVIARRRRAN
T (4]
tu (1] =
WE fex 1) !kj : = b
[5] T fou |y
=== 7] 4]
T T T L
Dout —2 333333t o G Tow

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 at the earliest transition
among %Sl going high, CS2 going low and WE going high. fwp is
measured from the beginninng of write to the end of write.

2) tew is measured from the later of CS1 going low or CS82 going high to
the end of write.

3) t4s is measured from the address valid to the beginning of write.

4) fwg is measured from the end of write to the address change.
twr1 applies in case a write ends at CS1 or WE going high.
I'wr2 applies in case a write ends at CS2 going low.

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

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

7) Dout is 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 C82 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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HMG6264LP-10,HM6264LP-12
HM6264LP-15

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

100ns/120ns/150ns (max.)
Standby: 0.01mW (typ.)
Operating: 200mW (typ.)

clock or Timing Strobe Required

= FEATURES
® Fast access Time
® |ow Power Standby
Low Power Operation
® (Capability of Battery Back-up Operation
@ Single +5V Supply
® Completely Static Memory. .. .. No
® Equal Access and Cycle Time
® Common Data Input and Output, Three State Output
@ Directly TTL Compatible: All Input and Qutput
e Standard 28pin Package Configuration
L ]

= BLOCK DIAGRAM

Pin Out Compatible with 64K EPROM HN482764

| =

— Wi

Faw o Memary Matriz e
Uecoder | § 156 256

1 |

I Caluwmn | 0

Input .
Dats Calunn Decader
Comrnl

S

2 PIN ARRANGEMENT
NC E e
Aa|2

A,E
A.[4]

28] veoe
27) WE
26] Cs,

&
v

[ - AlE] A,
oy : A, [7] 22] oE
- ] Timing Pulue Gen |
So—o = g ] A,EE E]Jq”
flend, Write Cantrol
Si—— I A 5] 20] cs,
T A, [10] 19]1/0,
® ABSOLUTE MAXIMUM
BS A UM RATINGS 1/0, E E 1/0,
Item Symbol Rating Unit
Terminal Voltage * Vr | 05**tw+70| V 10,12 [17] 1/0,
Power Dissipation PT 1.0 w
Operating Temperature Topr 0to+70 i - —l_—ﬁl 1o,
Storage Temperature Tstg —55 to +125 e GND|14 E 1/0,
Storage Temperature (Under Bias)| Tbias -10to +85 i &
* With respect to GND,  ** Pulse width 50ns; —3.0V (Top View)
= TRUTH TABLE
WE |TS, |Cs, | OE Mode 1/O Pin Vee Current Note
X H X X | Not Selected High Z ISB, IsB1
s b T L X | (Power Down) High Z IsB, IsB2
H | L | H | H |Output Disabled High Z Icc, Iccl
H | L | H | L |Read Dout Icc, Iccl
A (0 L Din Ice, Iccl Write Cycle (1)
- b -8k L Din Icc, Iccl Write Cycle (2)
® ! Don't care.

@ HITACHI
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HM6264LP-10, HM6264LP-12, HM6284LP 15
= RECOMMENDED DC OPERATING CONDITIONS (T, = 0 to +70’C)

Item Symbol min typ max Unit
Vec 4.5 5.0 5.5 v
Su Vi
Wy Vet GND 0 0 0 v
Vi 2.2 - 6.0 A
V
Input Voltage ViL 03 = 08 v

* Pulse Width 50ns: -3.0V
® DC AND OPERATING CHARACTERISTICS (Vo = SV£10%, GND = 0V, 7, = 0 to +70°C)

Item Symbol Test Condition min |typ* |max | Unit
Input Leakage Current Wen Vin=GND to Vcc - - 2 | A
Ouiput Leaksge Ciitrint Lol CS1=Viy or C82=V}L or OE=ViH, Vijo=GND | iy 5
to Vee
Operating Power Supply Current | Jcc CS1=Vir, C82=Vin, I170=0mA — 40 80 | mA
Average Operating Current Ieci Min, cycle, duty=100%, CS1=Vj, CS2=Vin — | 60 |110 | mA
Isp CS1=Vy or CS2=Vyr, Iiyo=0mA == 1 3 | mA
Standby Power Supply Current | Jspre* | CS12Vec—0.2V, CS22Vee—0.2Vor C8250.2V| — 2 1100 | pA
Ispos* | C5250.2V - 2 100 | pA
VoL foL=2.1mA - - 0.4 v
Output Voltage
Von Iop=—1.0mA 24 - - Vv
* Typical limits are at ¥cc=5.0V, T5=25"C and specified loading.
** V7L min=-0.3V
m CAPACITANCE (f= IMHz, T, = 25°C)
Item Symbol | Test Condition | typ | max | Unit
Input Capacitance Cin Vin =0V - 6 pF
Input/Output Capacitance Cro Viro = 0V - 8 pF
Note) This parameter is sampled and not 100% tested.
m AC CHARACTERISTICS (Ve = 5V+10%, Ta = 0 to +70°C)
e AC TEST CONDITIONS
Input Pulse Levels: 0.8 to 2.4V
Input Rise and Fall Times: 10ns
Input and Output Timing Reference Level: 1.5V
Output Load: 1TTL Gate and €y = 100pF (including scope and jig)
* READ CYCLE
HM6264LP-10 HM6264LP-12 HM6264LP-15
Item Symbol - - : Unit
min max min max min max
Read Cycle Time IRC 100 = 120 - 150 = ns
Address Access Time TAA - 100 — 120 - 150 ns
Cs1 tcol - 100 - 120 - 150 s
Chip Selection to Output e
Cs2 tcoz - 100 - 120 ~ 150 ns
Output Enable to Output Valid toE - 50 - 60 - 70 ns
Chip Selection to Cs1 1Lz1 10 - 10 L 15 = ns
Outputin Low Z Cs2 tLz2 10 - 10 - 15 - ns
Output Enable to Outputin Low Z toLz 5 - 5 - 5 - ns
Chip Deselection to Cs1 tHZ1 0 35 0 40 0 50 ns
Output in High Z cs2 IHZ2 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 toy 10 - 10 - 15 - ns

NOTES: | gz and fg gz are defined as the time at which the outputs achieve the open circuit condition and are not referred
to output voltage levels.
2 At any given temperature and voltage condition, 15z max is less than r; 7 min both for a given device and from
device to device.
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HM6264LP-10, HM6264LP-12, HMG6264LP-15

® READ CYCLE

r |

3 |

X

SR — Y
S A S~ POV
NN T/

NOTE : 1) WE is high for Read Cycle

* WRITE CYCLE

HM6264LP-10 HM6264LP-12 HM6264LP-15

Item Symbeol - - - Unit
min max min max min max

Write Cycle Time we 100 - 120 - 150 - ns
Chip Selection to End of Write tew 80 - 85 - 100 - ns
Address Setup Time rAs 0 - 1] - 0 - ns
Address Valid to End of Write TAW 80 - 85 - 100 - ns
Write Pulse Width WP 60 - 70 - 90 - ns
Write Recovery Time CRL R ol 2 = . - 19 = =

C52 IWR2 15 - 15 - 15 - ns
Write to Output in High Z IWHZ 0 35 0 40 0 50 ns
Data to Write Time Overlap tDW 40 - 50 - 60 - ns
Data Hold from Write Time tDH (4] - 0 - 0 - ns
OE to Output in High Z OHZ 0 35 0 40 0 50 ns
Output Active from End of Write row 5 = 5 - 10 - ns
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HME264LP-10, HM6264LP-12, HM6264LP-15

© WRITE CYCLE (1) (OE clock)

) twe =
A Ad X
| {41*
OF L/ L7 7 H NN
— — towi WRI]
CSl1 N O 4 b/ YT
Csz : ST 8 S NG \'\ -
i ot PR
—f Ltas(3 t
¥ Asl3] = li'f-_r—J
fonzl5]
| |
Dant 5 F 2 — oW
Din <X FANRA
© WRITE CYCLE (2} (OE Low Fix)
twe- — —
Address X
ok 'WRI (4]
81 SN 16y fewl2) 777777777,
- towzl2] ~|'WR2 (4]
cs2 777777777 L NRUARRRNRRY
'WR1 (4]

WE— twypldl—— T ————
m‘_; ~ton
fslj-fwnrz —fow—7]| (8]

W W WL R LA
Dout ————rrr

” Ftow-tpH- 9]
Din -

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

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

3) 45 is measured from the address valid to the beginning of write,

4) twr is measured from the end of write to the address change.
twr1 applies in case a write ends at CS1 or WE going high.
twr 2 applies in case a write ends at CS2 going low.

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

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

7) Dout is 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, 1/O pins are in the
output state. Therefore, the input signals of opposite phase to the
outputs must not be applied to them.
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® LOW Voc DATA RETENTION CHARACTERISTICS (7, =0 to +70 °C)

HM6264LP-10, HM6264LP-12, HM6264LP-15

Item Symbol Test Condition min |typ | max | Unit
) Vpri | CS12Vce—0.2V,C822Vce—02VorC82502V [ 20 [ - | - | V
Ve for Data Retent — —
Cf T R R VpbRr2 Cs2 £ 0.2V 20 | =li= il
Iocpri | Yee=3-0V,C81 2 Ve -- 0.2V, - |1 [50% | pA
Data Retention Current Ol Voe S iVars R S0
fgcpnz Vec= 3.0v,C825 0.2V = 1 |50* | pA
Chip Deselect to Data Retention
Time ‘cDR See Retention Waveform o 5 il L
Operation Recovery Time IR trc**| — - ns
* ¥z min= —0.3V
** tpc = Read Cycle Time
© LOW Vcc DATA RETENTION WAVEFORM (1) (CS1 Controlled)
Data Retention Mode
CS12Vpe - 0.2V
e
® LOW Vcc DATA RETENTION WAVEFORM (2) (CS2 Controlled)
v Data Retention Mode
cc \
45V-— —— ——— ————-
'cDR
CS2
VbR2- —— — -\ — 41— — ————-
(7 A b L e L
PR XS S o =
NOTE: CS, controls Address buffer, WE buffer, CS, buffer and Din buffer. If
CS, controls data retention mode, Vin level (Address, WE, CS, , 1/0) can
be in the high impedance state. If CS, controls data retention mode, CS,
must be C§,>Vee—0.2V or €S, 20.2V. The other inputs level (address,
WE, 1/0) can be in the high impedance state.
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MOS DYNAMIC RAM
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HM4716 A-1,HM4 716 A-2,

HM4716 A-3, HM4 716 A-4,
HM4716AP-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

HM4716A-1, HM4716A-2,
HM4716A-3, HM4T16A-4

(DG-

18A )

is designed to facilitate upgrading of the 16-pin 4K RAM. Hc 3
the data output latch incorporated in the present 4K design is not
appropriate for 16K RAM'’s. 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/O 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, AD to AB.

(2) RE only cycles on 128 addresses, AQ 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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HM4716AP-1, HM4T16AP-2,
HM4T16AP-3, HMATI6AP-4

(DP-16)

B PIN ARRANGEMENT

S
Vaa E E Vs
-0 o)
wE E Il ot
A E E A
7] an
B mp
i E W] As
o ot
(Top View)
Old New Definitions
Ao-As AQ-A6 | Address Inputs
e 1
CAS CE Column Address
Strobe
Din D Data In
Dour Q Data Out
e Row Address
RAS R
Strobe
WRITE | W Read /Write Input
Via VBB Power (—5V)
Vee vCcC Power (+5V)
Voo VDD Power (+12V]
Vis VSS Ground




B FEATURES

All Inputs Including Clocks TTL Compatible

HM4716A-1, HMA716A-2, HM4716A-3, HM4716A-4,

HM4716AP-1, HM4716AP-2, HM4716AP-3, HM4716AP-4

® Maximum Access Time

®
@ Input Latches for Address and Data in HMATIBATY :+ crnpvacmpsvssrenss 120ns
@ Three-State TTL Compatible Output AT ) s e Ry 150ns
® Common |/O Capability FAMATIGAD & sisiinsisam oo ne soses 200ns
e Only 128 Refresh Cycles Required Every 2ms HMA716A4 . ... copimarsnssonsss 250ns
® Standard Power Supplies +12V, +6V, =5V ® Read or Write Cycle Time
{All with 10% tolelance) PIMBTIBAA e e oiiomiaaimonyd o m a0 » 320ns
N TIB D o naim roneenivias o vivinsofe 320ns
BMATIBAD . onssnons o Sitagic 375ns
HMAT 16 At wasaibudl povwsunss o« wiacorow 410ns
B FUNCTIONAL BLOCK DIAGRAM
F— | TS
RE —] Clock Write Data in Data Out
Generator Ne.l ‘_I Clocks Buffer Buffer
| T
==njim
i !
CE Clock g
—‘iD_‘ Ge:inlor Ne.2 T 'E E E ?
& ol & 8 B
Colu =t =
A:d:::a Latch -] S 2% ,5 -+
Al s
= m—
.\J
Row
Address Latch —=J—>‘ﬁw
B ABSOLUTE MAXIMUM RATINGS
Voltage on any Pin Relativeto VBB .................... -0.5V to +20V
Voltage on VDD, VCC Supplies Relative to VSS .. ......... -0.5V to +15V
Voltage on Q Pin Relative to V88 - - -« cvvvnn s -0.5V to +10V
Operating Temperature, TA (Ambient) - - - .- ... ..ovvnvn. 0°C to +70°C
Storage Temperature (Ambient) ™ - - «ovocivroeieeanin.. -65°C to +150°C
Short-Circuit Output Current.« s« seerraeianeeananns .. 50mA
Power Dissipation: - - -+« - vv vttt 1w
* In case of HM471BAP Series are -65°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
vCcC 4.5 5.0 5.5 v
Supply Voltage vSS o 0 3 v 1
VBB =45 =5.0 —5.5 v
Input High (logic 1) Veltage RE, CE, W VIHC 2.7 - 6.5 v 1
Input High (logic 1) Voltage All inputs except RE,CE, W VIH 2.4 — 6.5 v 1
Input Low (logic 0) Voltage all inputs VIL —1.0 = 0.8 v 1
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HM4716A-1, HM4716A-2, HM4716A-3, HM4716A-4;

HM4716AP-1, HM4716AP-2, HM4716AP-3, HM4T16AP-4

M DC ELECTRICAL CHARACTERISTICS

(Ta=0 to +70°C, Voo=12V£10%, Vec=5VE10%, Vas——5VE10%, Vss=0V)

Parameter Symbol min max Unit Notes
OPERATING CURRENT oo = 35 mA 2
Average Power Supply Operating Current Ieey i = mA 3
(RE.CE Cyeling; TRELREL=375ns) Fisy = 300 A 2
STANDBY CURRENT Toos = 1.5 mA
Power Supply Standby Current Tecs —10 10 HA B
(RE=CE = Viuc) Tnaz = 100 HA
REFRESH CURRENT o3 o n mA
Average Power Supply Current, Refresh Mode Ices -10 10 HA
(RE Cyeling, CE = Viw; TRELREL=375ns) Inss == 300 rA 2
PAGE MODE CURRENT Tone = 27 mA
Average Power Supply Current, Page-mode Operation lecu = = mA 3
(RE = Vi, CE Cycling; TCELCEL=225ns) Ians = 300 HA
INPUT LEAKAGE
Input Leakage Current, any Input (Vea=—5V, Vin=0to +7V, I =10 10 A
all other pins not under test=0V)
DRIFEEARRRAGE - Foe —10 10 A 5
Output Leakage Current (Q is Disabled, Vour=0to +5.5V)
sl e Vou 2.4 Vee ¥ 4
Output High (Logic 1) Voltage (lovr=—5mA)
Output Low (Logic 0) Voltage (Jorr=4.2mA) Voo 0 0.4 \'
NOTES
1. All voltages referenced to VSS, VBB must be applied 11. TCEHQZ (max) defines the time at which the output

before and removed after other supply voltage.

. Current depend on cycle rate: maximum current is
measured at the fastest cycle rate.
ICC depends upon output loading. The VCC supply is
connected to the output buffer only.
. 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 VS8 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 = Sns.

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.

Assumes that TRELCEL TRELCEL (max.) If

TRELCEL is greater than the maximum recommended

value shown in this table, TRELQV exceeds the value

shown.

Assumes that TRELCEL = TRELCEL (max).

. Measured with a load circuit equivalent to 2TTL loads
and 100pF (in case of HM4716A-2:1 TTL and 50pF).
And VSS + 0.8V, VSS + 2.0V are the reference level
for measuring timing of Q.

2
3.
4

bt e

224

12.

13.

14.

18,
16.

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,
HM4716AP-1, HM4716AP-2, HM4716AP-3, HM4716AP-4

B ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS
(Ta=0 to +70°C, Vop=12V£10%, Vec=5V+£10%, Vss=0V, Vas=—5V+10%)

Symbol HM4716A-1 HM4T716A-2 HM4716A-3 HM4716A-4 1
Parameter = Unit [ Notes
0ld New min max min max min max min max
Safies Seakox Wath t | TRELREL | 320 —| 320 —| s -| a0 —| s
Cyele Time
Read-Write Cycle Time twwe | TRELREL 320 —|_ 3% = 375 == 515 =1 ns |8
Page Mode Cycle Time tec TCELCEL | 160 —| 170 o 225 = 275 — | ns
Access Time From RE tme | TRELQV = 120 = 150 = 200 == 250 | ns | 8,10
Access Time From CE tesc | TCELQV - 80 sl 100 4 135 = 165 | ns | 9,10
Dt Sutss en el torr | TCEHQZ 0 s o sof o e| of 7| as| M
Delay
{T;:::'::’: ;;' 5 | 3 il 8 5| 3| so| 3| s0|ms| 7
RE Precharge Time ter | TREHREL | 100 — | 100 — | (230 1 e 150 —| ns
RE Pulse Width tras | TRELREH | 120 10000 150 10000 200 | 10000 250 | 10000 | ns
RE Hold Time trsk | TCELREH 80 = 100 = 135 = 165 —:| um
CE Pulse Width tcas | TCELCEH 80 10000 100 10000 135 | 10000 165 | 10000 | ns
CE Hold Time tesn | TRELCEH | 120 =] -180 s — | 250 — | ns
RE to CE Delay Time tsco | TRELCEL 15 40 25 50 30 65 40 85 | ns 12
CE to RE Precharge Time | tcss | TCEHREL 0 Stah-— 30 e —| —20 — | ns
Row Address Set-up Time tass | TAVREL 0 o 0 = 0 = 0 = | ns
Row Address Hold Time . tian | TRELAX 15 = 20 == 25 = 35 =.| ns
Column Address Set-up Time tase | TAVCEL =5 i —9 — =5 e -5 = | ns
Column Address Hold Time tean | TCELAX 40 - 45 P 55 = 7% = | ns
Column Address Hold Time
Hopaa e tan TRELAX B0 3 95 ™ 120 = 160 = | ns
Read Command Set.up Time tres | TWHCEL 0 = 0 o 0 - 0 —| ns
Read Command Hold Time tucn | TCEHWL 0 =, 20 = 20 3 20 = | ns
Write Command Hold Time twew | TCELWH 40 . 45 = 55 e 75 = | ns
Write Command Hold Time
twea TRELWH 80 i 95 = I 120 g/ 160 Tk ns
Reference RE
Write Command Pulse Width | twe TWLWH 40 = 45 = 55 = (4 = | ns
o) donn e twe | TWLREH | 50 -] e - | —| w0]| —|ns
Lead Time
L“:_‘;‘T?::"“'"d SRR teve | TWLCEH | 50 -] e —| 8| —| w0 | —|ons
Data-in Set-up Time tos TDVCEL ] 5. 0 57 0 = 0 =1V 13
Data-in Hold Time tow TCELDX 40 = 45 — 55 == 75 5 13
E:::‘r':":::"k_g'“ tom | TRELDX | 80 —-| o = 20| —| 160 —| s
CE Precharge Time (for
kool yiie Only) tee TCEHCEL 60 = 60 o 80 i 100 = ns
Refresh Period trer | TRVRV. i 2 -~ 2 3 2 = 2| ms
wC d Set-up Time twes | TWLCEL 0 — | —20 —| =20 =] —2 — | ns 14
CE to RE Delay towo | TCELWL 60 =1 "0 = 95 =] . 32 —| ns | M
HE to W Delay tawp | TRELWL 100 —| 120 i 160 = 200 — | ns 14
RE Precharge to
ZF Hold Time tare |TREHCEL [] = L] = L] e 0 = | ns
Il AC ELECTRICAL CHARACTERISTICS
Parameter Symbol typ max Unit Notes
Input Capacitance (Ac-As, D) Ciy = 5 pF 15
Input Capacitance RE, CE, W Cn e 10 pF 15
Output Capacitance (Q) Cq = 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
“l =] -
' e s 20
L
p— NI,
O - NI

L TCEWGT
Yok
VoL

THELREH
VIHC ————
- + N——TRELAR— F.
TC —
T.Etﬁ TREHREL
TCELCEH
& L

Vi
ADDRESSES
il

=

9

®READ-WRITE/READ-MODIFY-WRITE CYCLE

Vi TRELAX ‘%F i [—\
L YiL L
THEHREL =
VIHE —TRELCEL ﬁ!gﬁ TCRHREL
! viL A
TAVREL. T E
VIH i
MORESSES RESS
viiie TWHCFL r.HJ!‘L:ELII. -—-Wf‘{l!
W m \ V'
ViL e J
——TCELQY —— r TCEHGT
VOu
4 VoL P NE
TRELGV——— <
VI
L) VL DATA
®"“RE ONLY” REFRESH CYCLE
TRELREL
— |
TREHREL
t—ﬂZKCEL
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HM4716A-1, HM4716A-2, HM4716A-3, HM4716A-4
HM4716AP-1, HM4716AP-2, HM4716AP-3, HM4716AP-4
@ PAGE MODE READ CYCLE

e

f TRELREH
fE vIHC—\—-—TRELAx—-i
VIL N Ly
—rRELCER TCELREH ——] |~TREHREL
FTRELCELA—{TCELCEH~ Fooicel - TCELCEH+~| ——TCEHREL
2 VIHC 4 — —
CE
VIL TRELAX
TAVREL-
VIHC
ADDRESSES RO
VIL
TCELQV
TRELQV _{- TCEHQZ TCEHQZ
VOH -
Q OPEN { l -
voL L
TWHCEL
ik TWHCEL~ = TCEHWL ‘l TCEHWL = |~

=

®PAGE MODE WRITE CYCLE

TRELREH j
= VIHC—y [~ TRELAX —
RE ViL \k i
TRELCEH- - TCELREH—] TREHREL
TCELCEL————t :
- TRELCEL 4~—TCELCEH| brppmgsr— TCELCEH— ——TCELCEH—| |—TCEHREL
A\ VIHC o y
CE VIL \\ 7 A /i
TRELAX
——{TCELAX TCELAX TCELAX
TAVREL~ H- — TV TAVCEL~ H-
1 ‘ bb T
ROW Y7\ COL
ADDRESSESVIL @kann ADD ADD /// //
TCEL
——TWL
. VIHC
v T 7
A
Wit AL

TRELWE1-—-
DVWL

TDVWL

VALID
7 W B M.
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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. Vio ACCESS TIME (NORMARIZED) vs. Vi,

N T
T/=50°C .

TRELQV(Normarized)
TRELQV(Normarized)
B

0.8 0.8
10 1} 12 13 14 -3 -4 =5 —§

Supply Voliage VDD (V) Supply Voltage VBB (V)

ACCESS TIME (NORMARIZED) vs. T, IDDI vs. Voo
L2 30
Ty=50°C
/ ~ TRELREL=375ns
i
4| E 25 //
2 g ~ -
= 5 TRELREL=500ns
E i 2
2 : //
E @
é g -
09 N / - /-:RELREL=MM
-
10
0.8
8 = 50 %0 10 10 1 12 13 14
Junction Temperature T; (T} Supply Voluage Vou (V)
IDDI vs. T, IDDI vs. CYCLE RATE
40
= e —
Voo =13.2V
i TRELREL=4750s T=30C /
%' 25 E 30 /A‘
5 TRELREL=500ns g /
5 20 (s 2 /
© P— -
= TRELREL=80(0ns <
10 0
=10 20 50 B0 110 [ 1 2 3 4
Junctwn Tempersture T ('C) Cycle Rate (I/TRELREL) (MHz)
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Standby Supply C looe (md)
RE thly Supply Current lops (mAl R s

Page Made Supply Current luns (mA}

HM4716A-1, HM4716A-2, HM4716A-3, HM4T716A-4

HM4716AP-1, HM4716AP-2, HM4716AP-3, HM4716AP-4

IDD2 (STANDBY) vs. Ve

12
T,=50C
10 j
L~ E
0.8 L‘,;
243
=
/ 3
]
0.6 2
3
n
04
10 11 12 13 1

Supply Voluge Vo (V)

IDD3 ( RE ONLY CYCLE) vs. Vao

25
=50
TRELREL=375ns
s | =
.3
/ TRELREL=500ns ;.
e | §
15 =
/"‘ | 3
TRELREL=800ns =
— | @
=
10 &
— 1€
(1] 11 12 13 it
Supply Voltage Voo (V)
IDD4 (PAGE-MODE CYCLE) vs. Vo
25
Ti=50°C
TRELREL=225ns
20 i
1 / TRELREL=375ns z
15 s
E
/ TRELREL =500na 0
1 — ol 3
// £
5
10 11 12 13 14

Supply Volitage Voo (V]

® HITACHI

IDD2 (STANDBY) vs. T;

1.2
Vop=13.2V
e ‘\\
\.‘-‘
0.8 ~—
0.6
0.4
=10 20 50 80 1o
Junction Temperature Ty (C)
IDD3 (RE ONLY CYCLE) vs. T,
25
o T TRELREL=375ns
——

TRELREL=500ns

h'-""'-'---'-------...___:REil..lT.El.. =B00ns

el

-10 20 50 BO

Junction Temperature T; ('C)

IDD4 (PAGE-MODE CYCLE) vs. T;
25

1o

Voo=13.2V ]
e
" -""‘--.___‘ —_— TRELREL=225ns
— .-""'"--.__‘ TRELREL =375
=
15 P— £ i
——
TRELREL=500ns
10
]
=10 0 50 B0

Junction Temperature T; (T}

110
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HM4716A-1, HM4716A-2, HM4716A-3, HM4716A-4

HM4716AP-1, HM4716AP-2, HM4716AP-3, HM4716AP-4

Input Level (V)

Inpur Level (V1

Input Lavel (V)

230

CLOCK INPUT LEVELS vs. Voo

25 l
7=50'C
Ve =-5YV VIHC(MIN)
70 T~
s
15
—— VILC[MAX)
Lo
{153
1] 1n 12 13 14

Supply Voltage Voo (V)

CLOCK INPUT LEVELS vs. T,

25 l
Voo=12V
Vin = -5V
VIHC{MIN]
2.0
1.5
VILC! MAX)
Lo
05
—10 20 50 80 i
Junetion Temperature T) ('C)
ADDRESS AND DATA INPUT
LEVELS vs. Vi
25 I
T)=50'C
Voo =12V
VILEMAX)
240
L5
VIH(MIN)
1.0
0.5
40 —45 ~5.0 —5.6 =01

Supply Voluage Vas (V]

Input Level (V)

Input Level (V)

Input Level (V)

CLOCK INPUT LEVELSvs. Vy,

5

Ti=50C
Vou =12V

VIHCI MING

VILCI MAX |

05

-4

Supply Voltage Van (V|

ADDRESS AND DATA INPUT
LEVELS vs. Vo

—60

25 I

Ti=50'C
Vin = -5V

VI MIN)

..--""""_——-- ¥

Il

Max

Supply Voltage Vop (V)

ADDRESS AND DATA INPUT

LEVELS vs. T;
25 -

Vou=12V
Vaa=-5V

VIH{

MIN]

VIL(MAX)

0.5

=10 20 50

Junction Temperature T) (T
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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 Cyele Long RE/TE Cyele RE only Cycle Page Mode Cycle
RE: v =\ g—=tm) F=T
i S| s ¥ Iy P \ £
100
B "
Jop o j‘I I'r\
il | / ) LN /
DT Yoo v anh wXetill Nz T, T G S
3 - T | - 1
188 D_W—W\_/ LA ™. 9 i - .
tmAr 95 v yv \ r ‘\nrh-
—40

NOTE @ VDD =13.2V, VBB = -4.5¥, Ta=257T

—-i _L—SUM
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HM4716A-1, HM4716A-2, HM4716A-3, HM4716A-4

HMA4716AP-1, HM4716AP-2, HM4716AP-3, HMAT16AP-4

APPLICATION INFORMATION

® READ CYCLE;

A read cycle begins with addresses stable and & 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, If 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 b es high imped
This parameter is TECHQZ.

* 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 availabie at the beginning of
the TE-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.

232

e 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.

® 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.

» 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 all faster suc 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 2 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, |DD4 specifications.
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HM4816A-3, HM4816A-3E,

HM4816 A-4,HM4816A-7,
HM4816AP-3, HM4 816 AP-3E,
HM4816AP-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, HMd4B16A-3E,
HM4B16A-4, HM4B16A-7

{DG-16B)

HM4B16AP-3, HM4816AP-3E,
HM4816AP-4, HM4816AP-T7

HM4816A-3 | HM4816A-3E | HM4816A-4 | HM4B16A-T7
HM4816AP-3 |HM4816AP-3E| HM4816AP-4 | HM4B16AP-7
M.a)u'mnm Access 100 108 120 150
Time (ns)
Read, Write C)n'cl.&.['“sJ 235 200 270 320 p-seam
Read-Modify-Write 285 235 320 410

Cyele (ns)

® Directly TTL compatible: All inputs & outputs

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

Common 1/O capability using “easy write" operation.

Read modify write, RAS only refresh and page mode capability
Only 128 refresh cyc'l'e required every 2ms

® Compatible with Intel 2118-3/-4/-7

HBLOCK DIAGRAM

e 0 @

i ' oo 54X 125 CELL
BIT ROW
prne 1 LATCH DECODERS MEMORY ARRAY
ulls cizal —wE— . [Tor
b , = AMPUIFIERS o UTRUT |y
1| OF 64 COLUMN d |—-| bt |—
o g 7 H DECODERS GATING
] ke i 1 0F 54 64 128 CELL
LATCH ROW
(COLUMN) DR s | MEMORY ARRAY
T

)

L
CLOCK CLOCK
AS GENERATOR GENERATOR
Mol No.2

A

o
wl
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HPIN ARRANGEMENT
h—

NC E 16 | Vss
Din E E] CAS
WE E EI Dout
RAS E 13] As
a5 1z As
a6 ] 1] A
Ay E 10 | As
vee 2] 5 ] nC

(Top View)
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HM4816A-3, HM4816A-3E, HM4816A-4, HM4816A-7;

HM4816AP-3, HM4816AP-3E, HM4816AP-4, HM4816AP-7
Il ABSOLUTE MAXIMUM RATINGS

[tem Symbol HM4816A or AP Unit
Voltage on any pin relative to GND Vr —1.0 — +7.0 v
Power. supply voltage relative to GND Ve =0.5 ~ +7.0 v
Short-circuit Output Current L 50 mA
Power Dissipation Pr 1.0 w
Operating Temperature Topr 0~ +710 'C
Storage Temperature Sigrdip Toe Sl :C
Plastic —50 ~ +125 C
Il RECOMMENDED DC OPERATING CONDITIONS
Item Symbeol min typ max Unit Notes
ol silbias Vee 4.5 5.0 5.5 N 1
Vss 0 0 0 v 1,2
Input high (logic 1) voltage RAS, CAS, WE Vine 2.4 = 7.0 v 1
Input high (logic 1) voltage except RAS, CAS, WE Vin 2.4 = 7.0 v 1
Input low (logic 0) voltage all inputs Vie —2.0 = 0.8 \' 1
Notes © 1. Al voltage referenced to Vi
2. Output voltage will swing from Vis to Ve when activated with no current loading.
M DC AND OPERATING CHARACTERISTICS
(Ta=07T to 70°C, Vee=5V +£10%, Vss=0V, unless otherwise noted.)
Parameter Symbol Test Conditions min typ 2 max Unit Notes
Input Load Current (anyinput)| |Iu | Vin=Vss to Vee = 2.1 10 HA -
st Laskabs WS L | 1) | Chip DessiecteiCB o Cahams s anal = Lo | v [
High Impedance State
HM4816AP-3,4,7
Vee Supply Current. Standby Iee: CAS and RAS at Viw HM4816A-3,4,7 1 7 : =4
E HM4816A, AP-3E > 1.2 3 mA
HM4816A, AP-3 fuc= troan = 23 27 mA 3
Vee Supply Current. Operating Iecs HUBNOR, SESE IR e & = % 2
HM4816A, AP-4 trc= tacwin = 21 25 mA 3
HMA4816A, AP-T fac= tacwin 2 19 23 mA 3
HM4816A, AP-3 tac= tacwin = 16 18 mA 3
Vee Supply Current ; . HM4816A, AP-3E tac=lucuin = 20 25 mA 3
RAS-Only Cycle " | HM4B16A, AP4 frc= tacurn - u 16 | mA 3
HMA4816A, AP-T fae= tacwin - 12 14 mA 3
;znj:rguti::r;::bled Iees CAS at Vi, RAS at Vix = 3 6 mA 3
Output Low Voltage Vor Toe=4.2mA 0 M 0.4 v
Output High Voltage Vaw Tow=—"5mA 2.4 - Vee v
Notes | 1. All voltages referenced to Vs,
2. Typical valves are for Ta=25°C and nominal supply voltages.
3. lec is dependent on output loading when the devices output is selected. Specified loe MAX is measured with the output open.
Il CAPACITANCE (Ta=25°C, Vee=5V+10%, Vss=0V, unless otherwise noted.)
Parameter Symbol typ max Unit
Address, Data In Ci 3 5 pF
RAS, TAS, WE, Data Out Ci 4 T pF
Notes . C 1 with B Meter or effi I from the ey

C-va— with AV equal to 3 volts and power supplies at nominal levels.
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HM4816A-3, HM4816A-3E, HM4816A-4, HM4B816A-7,
HM4816AP-3, HM4816AP-3E, HM4816AP-4, HM4816AP-7

B AC CHARACTERISTICS “%¥ (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 Symbal HM4816AP-3 | HM4816AP-3E | HM4816AP-4 HM4816AP-7 | Unit | Notes
min max min max min max min max

Access Time From RAS [ = 100 = 105 = 120 = 150 [ ns 4,5
Access Time From CAS Leac = 55 = 60 - 65 = 80 | ns | 4,56
Time Between Refresh ugr = 2 = 2 =5 2 Y 2| ms
RAS Precharge Time tar 110 - 70 - 120 -1 185 = | ns
Al ey Loon 50 -] 50 - =5 = — | ns
CAS to RAS Precharge Time tenp 0 = 0 - 0 - 0 — | o=
RAS to CAS Delay Time teo 25 5| 5 65| 25 5 | 25 70| ns 7
RAS Hold Time [ 70 = 60 = 85 =" 308 e
CAS Hold Time tean 100 — 105 =i 120 = 165 == ns
Row Address Set-up Time tusy 0 e 0 = 0 v 0 = |, .8
Row Address Hold Time Eran 15 = 15 = 15 = 15 — | ns
Column Address Set-up Time Easc 1] o 0 = 0 — 0 — ns
Column Address Hold Time lean 15 = 25 - 20 - 20 = ns
Column Address Hold Time to RAS ban [:11] = 70 — 75 - 80 — | ns
Transition Time (Rise and Fall ) tr 3 50 3 50 3 50 3 50 ns 8
Qutput Buffer Turn Off Delay towr 0 45 0 50 50 0 60 ns

® READ AND REFRESH CYCLES

Random Read Cyele Time tae 235 — | 200 —| 210 = 320 = | ns
RAS Pulse Width tuas 115 10000 105 10000 140 10000 175 10000 ns
CAS Pulse Width teus 55 | 10000 60 | 10000 65 | 10000 95 | 10000 | ns
Read C d Set-up Time thes 0 — 0 = 0 = 0 = ns
Read Command Hold Time acu 10 =4 10 = 10 = 10 = ns

® WRITE CYCLE

Random Write Cyele Time tac 235 = 200 = 270 — 320 il (T

RAS Pulse Width baas 115 10000 105 10000 140 10000 175 10000 | ns

CAS Pulse Width leas 55 | 10000 60 10000 65 10000 95 10000 | ns

Write Command Set-up Time twes 0 = 0 - 0 = 0 = ||iins 9
Write C 1 Hold Time twew 25 . 30 - 30 e 45 T ns

Write C d Hold Time to RAS twen 70 ~3 75 - 85 3y 115 = |i=ns

Write C | Pulse Width twp 25 = 30 = 30 = 50 = ns

Write Command to RAS Lead Time Lawr 60 - 45 = 65 = 110 = ns

Write Command to CAS Lead Time “lewe 45 o 45 = 50 e 100 -5 ns

Data-in Set.up Time tos 0 = 0 — 0 = 0 = | "ms

Data-in Hold Time Lo 35" =11 80 o T ) TS — [ ns

Data-in Hold Time to HAS toin 70 ==y =728 =" 335 — | s

® READ-MODIFY-WRITE CYCLE

Read-Modify-Write Cycle Time awe 285 s 235 = 320 = 410 = ns

RMW Cycle RAS Pulse Width Ermw 165 | 10000 155 10000 190 10000 | 265 10000 | ns

RMW Cycle CAS Pulse Width Leaw 105 10000 110 10000 120 10000 185 10000 | ns

RAS to WE Delay Tawp 100 = 105 = 120 = 150 = 1 ' 9
CAS to WE Delay tewn 55 = 60 = 65 = 80 =1 i 9
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HM4816A-3, HM4816A-3E, HM4816A-4, HM4816A-7

HM4816AP-3, HM4816AP-3E, HM4816AP-4, HM4816AP-7
Notes:

| E
2.

All voltages referenced to Vgg

Eight cycles are required after power-up or prolonged
periods (greater than 2ms) of hg 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 fgcp S (rep (max.) If fpep is greater

than frep (max.) then fg4c¢ will increase by the
amount that fpop exceeds fpop (max.)

. Load = 2 TTL Loads and 100pF
. Assumes fpp = frep (Max.)

EWAVEFORMS
®READ CYCLE

© e

7. trep (max.) is specified as a reference point only. If

trep is less than (g op (max.) access time is g 4 If
tpp is greater than tp op (max.) access time is fgop +
fcac

t7is measured between Vi (min.) and ¥y (max.)
twess towp and g wp are specified as reference points
only. If fyes 2 twes (min.) the cycle is an early write
cycle and the data out pin will remain high impedance
throughout the entire cycle. If towp = towp (min.)
and fpwp = 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.

Inas

N F
RAS @ \m )
=T tcew
- l:n—-—l i — tacy "";t 3
e @ 4] 4 L
ghs Vie _/ }'\\\ J’
Laan Tean
= q}ll!! o -t——-u-l |-—Iur
w Column
m"“;‘ @D ndrluX X Address K
(T
ffincs --Iu.:- @
Vine
i 5 \_
" L 2 j Leat
trac torr
ot Von High @) Valid
Vor Impedance @ W Dats Out

®WRITE CYCLE

thas
Vine —O *’— L
S Vie \.0 J \_
13T term
fcar py— lace [T
Viwe —.1 ) \ teay 2,—
S NG , e
FFTTT= Lran U s o
Wiu
7 TN T g
Mddzess A% ek [
Vi lawe
lewi
Vine twes IncH
"o Q\t twr ? 4
¥ fl’sl
B Loy tow -
Vi
A3
D m
i Vie )K @ }(
foms
Vou High
Dout Wor Impedance
Notes:
L2, Vg puwv and Vip ara x are reference levels for meas- A ¢ is referenced to the trailing edge of TAS or

34.

5.
6.
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uring timing of input signals.

Vor miN and Vop pmax are reference levels for
measuring timing of Do

topF is measured to Ioyr <”LO l.

tps and Ipyy are referenced to CAS or WE, whichever
oceurs last.

whichever occurs first.

8. tcrp requirement is only applicable for RAS/CAS

ceeded by a CAS-only cycle (i.e., for system
has not been decoded with RAS}

cyclas re
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®READ-MODIFY-WRITE CYCLE

HM4816A-3, HM4816A-3E, HM4816A-4, HM4816A-7

HM4816AP-3, HM4816AP-3E, HM4816AP-4, HM4B16AP-7

tawe
[ = tar
Viwe
s —3\o —
Paiote e niat
ltll'—-‘! » tacy el icen g
—— Vin
a8 Vie J = hm o ’ L.
o FL )
¥ :?—." tasc fean SRS - NS
(]
ow Column
Addresses Vie rg \ddrgss K ) r -Iddmllm
f tcwn wy
Vi #Cs
- Vie @ z \hr_
@% ®
Vin
Din ol inv‘:l_:
daac G .
Vou A @ ®
High "
Dout Vor 7 T Valid Dats Ow s___
®RAS-ONLY REFRESH CYCLE
Inc
Inas i inr
S e T — i
BAS Vie F
e
CAS e
tran
uur—. e
Viw
Addresses x Row Address (
Vi :
¥ High
< i': Impedance

®HIDDEN REFRESH CYCLE

tras 11 tnay fnas iar
Viwe
= e —
@
L \;w 1’ \. ]( \: ](l \
lur-.l o lmm teas crw
Vimc
1 @
tas 7 @ ﬁ_
¥ Lhan [— = i — ; ’f
Vin fagapee] tase fast o f-— et
Row Column Row o oW
Addresses e mx mnu)‘ Address x Adduux Mfirul X
L T
@ L tacs L)
S s e, s --}m: D
L —— 2 e
lnac - -
Vox 1F &
Dot —< @ Valid Da ?—_
Var @ ‘5 n
Notes:
L.2. Vig mav and Vip prqx and reference levels for T2 is referenced to the trailing edge of CAS or

measuring timing of input signals.

, whichever occurs first.

8. Icrp 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).

34. Vo miv and Voy ppqx are reference levels for
measuring timing of DgyT.
topr is measured to oyt S ol

Ipg and tppy are referenced to éﬂ?mﬁ: whichever
occurs last.

3.
6.
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HM4816A-3, HM4816A-3E, HM4816A-4, HM4B16A-7

HM4816AP-3, HM4816AP-3E, HM4816AP-4, HM4816AP-7

B DC AND AC CHARACTERISTICS, PAGE MODE [.8)
(Ta=0C to 70°C, Vec=5V £10%, Vss=0V, unless otherwise noted.)

HM4816A-3 HM4816A-3E HM4816A-4 HM4B16A-7
Poraster Symbol | HM4816AP-3 | HM4816AP-3E | HM4816AP-4 | HM4BIGAP-7 | (.
min, max. min. max. min. max. min. max.,
Page Mode Read or Write Cycle trc 125 = 130 = 145 = 190 — ns
Page Mode Read Modify Write Cycle Lecu 175 e 180 = 200 = 280 = ns
CAS Precharge Time, Page Cycle o 60 = 60 = 70 > 85 = ns
RAS Pulse Width, Page Mode tarn 115 10000 105 10000 140 10000 175 10000 ns
CAS Pulse Width leas 55 10000 60 10000 65 10000 95 10000 ns
Voo Supply Ci P Mode.
O e e e Inna - 3 — 2| - an{ -~ 18| mA
Mini tec. Minimum feas
®PAGE MODE READ CYCLE
lorw
fan
ViNg sy
fas o F ®
e Tesn Tosu
[TE I L.
taco | tcas Ter teas teas tern i
- T =y
= v AT *Ne ) 7N /
4 AN teaw Ecan
Tasn—u] |t tase ““—-1 ..:_“ ik L4 | 2
v’“ - i } o 18 a
irenes O N N XSH i X 2 WAL 5 K
@ | v
—=tacs p— fCE
D U -1 @ uuv—-tf—:.l un—-‘-l-t] l-u--r-
WE 7
Vi feac teae teac
LARe ‘Ig” —t= torr --l .
Dout Vow @ s " 3. il ¥
Vo R = = -
Notes:
1.2. Vig aan and Vyp ppqx are reference levels for
measuring timing of input signals.
34. Voyg amunv and Vop arax are reference levels for
measuring timing of DgyT-
5. topgis measured to fpyr < Wppl.
6. 1 is referenced to the lmﬁg edger of CAS or
, Whichever occurs first.
7. All voltages referenced to Vgg.
8. AC Characteristic assume {7=5ns.
9. See the typical characteristics section for values of this
parameter under alternate conditions.
10. fegp 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 ERIS).
11. All previous specified A.C, and D.C. characteristics are
applicable to their respective page mode device.
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®PAGE MODE WRITE CYCLE

HM4816A-3, HM4816A-3E, HM4816A-4, HM4B16A-7
HM4816AP-3, HM4816AP-3E, HM4816AP-4, HM4816AP-7

trrw
tan
Vine
A Vie % e
[137] (373
teap tec
41 leca lcas lce lcas Icas leew
— Ve [k} \ F /_"ﬂ._ m\-
R \ N )
Vi k P .
£ j ‘f_l_A: @ o ta Ican
Lasal tas Lase]
m---- | ] et 53 - o |
Viw R Cal Cel Col
e Xnar O s X s X A i K
@ twes) L twes Lﬂi" twe s ﬂ"‘
e _"I = iewt 1™ aw
e e LD Z—Tj /—q"—\
e No - | X N /
twr Iwp we
| fwea) Lawp
|'®m_ Ton 0§ oW fos| Ton
L ] 5
Din  Viw ') Q Valid K ) Valid K )I‘ Valid K
Vie & Data Data st Diata
L oum
®PAGE MODE READ-MODIFY-WRITE CYCLE
(L [
Vine
FAE 2
RAS Ve W . e iF ——bitm
-1 L] iraw ler Icaw ICEw
= i =y
o R _/T }: NE A N / 4
A : n
1;,_;'1 :—“::1_.‘.;:“"‘ e 32;’_.-‘-‘4 Li- /8 h-sfﬁ* . tO¥L
Addresses V0 XR" %gn‘li K Cisl K Eﬁx
Vie T e tany "l e ”.[ {L1acs
RS fewy twp town i fewn Inr
T - F
e / Wav, \ o
T :_1:;1 __—-EN tos| bemqli g tpy. | ey ton
Vi i
L 3 XX V" ; e
. loac ’ ECAL P kY i SLEAL, .
ASE OFF] toFr UFF
Vo L Valid — I-_ (77 o '-_ - =2
e il JM_{. oy p—— Babs out
1.2. ¥y sy and Vi ppax are reference levels for
measuring timing of input signals.
3.4. Vpy aman and Vop aax are reference levels for
measuring timing of DgyrT.
5. topp is measured to Igpyr s |1 A
6. tpg and fpyy are referenced to%gs_orWE, whichever
occurs last.
Tt is referenced to the trailing edge of CAS or
AS, whichever occurs first.
8. togpp 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

® Typical Characteristics of HM4816A
TYPICAL ACCESS TIME tc vs. Ve

\ -
TN

teac (ns)
£

Vee (V)

TYPICAL STANDBY CURRENT lcc
vs. Ve

i

Ta=25'C

Teer (mA)

Vee (V)

@ TYPICAL SUPPLY CURRENT WAVEFORMS

RAS/CAS Cycle  Long RAS/CAS Cycle RAS Only Cycle
fR5 M e 1 =
s e )

i 0 .n.l " TV . | s

g || A P A N K
o Vi/ | B o W |
ot Nete. Tec=30v

Iee (mA)

TYPICAL OPERATING CURRENT Il
vs. CYCLE RATE

a0

™ ///
% /
g ] //

//

4 5

Cyele Rate (1/tne) (MHz)

TYPICAL OPERATING CURRENT lcc,
vs. Vi

T
tac=2350s
Ta=25'C

leca (mA)

=

Vee (V)

TYPICAL Icc vs. Vic DURING POWER UP

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

65536- word X 1-bit Dynamic Random Access Memory
The HM4864 is a 65,536-words by 1-bit, MOS random access
memory circuit fabricated with 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-164)
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 v
HM4864 is capable of delayed write cycles, page-mode operation
and RAS-only refresh.

Proper control of the clock inputs (RAS, CAS, and WE) allows

common |/O capability, two dimensional chip selection, and (DP-16)
extended page boundaries (when operating in page mode).
B FEATURES HPIN ARRANGEMENT
® Recognized industry standard 16-pin configuration “‘E - E"“
® 150ns access time, 270ns cycle time (HM4864-2, HM4864P-2) 45
@ 200ns access time, 335ns cycle time (HM4864-3, HM4864P-3) """E et Fe
® Single power supply of +5V+10% with a built-in Vgg generator er 14 | Dout
® Low Power; 330 mW active. 20 mW standby (max) mE 1k
® The inputs TTL compatible, low capacitance, and protected
against static charge “'E L
® Output data controlled by CAS and unlatched at end of cycle to "E e
allow two dimensional chip selection and extended page bound- "“E 0
ary
@ Common |/O capability using “‘early write”” operation ““E ol L
® Read-Modify-Write, RAS-only refresh, and Page-mode capability
® 128 refresh cycle (Top View}
Av-Ar Address Inputs
TAS Column Address Strobe
Din Data In
Dout Data Out
RAS Row Address Strobe
WE Read /Write Input
Vee Power {+5V}
Vss Ground
Ac-As Refresh Address Input
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HM4864-2, HM4864-3, HM4864P-2, HM4864P-3

B FUNCTIONAL BLOCK DIAGRAM

TR/W Swisch |
— =
o é o M ABSOLUTE MAXIMUM RATINGS
Row Dec. b d=2{ Row Dec, Voltage on any pin relative
L Memors | [ 2] | semory [B] VOIS oL YWY, T 1.0t0+7V
E Arrey !L‘?’.i Herny £ Operating Temperature, Ta .
2 v I il s & CAmbteAt) AT UG DAY Oto+70 C
- H ; Array i 35 Array ; Storage Temperature - :
Hi 13 Pttt (Ambient) ... ..... -65 t0 +150°C (Cerdip)
3 i tions | R -56 to +125°C (Plastic)
E 3 arny | || | Avray Short-circuit Output Current . 50 mA
=/ ;], Power Dissipation . ........ 1W

Il RECOMMENDED DC OPERATING CONDITIONS (Ta=0 ta +70°C)

Parameter Symbol min typ max Unit Notes
Vee 4.5 5.0 5.5 v
Supply Voltage e ; e ] 3 . 1
Input High Voltage Vin 2.4 T 6.5 W 1
Input Low Voltage Vi —1.0 = 0.8 v 1

B DC ELECTRICAL CHARACTERISTICS (Ta=0 to +70°C, Vee=5V£10%, Vss=0V)

Parameter Symbal min max Unit Notes

OPERATING CURRENT I 2 60 mA 2.4
Average Power Supply Operating Current (RAS, CAS Cycling; t xc = min. ) e v
STANDBY- CURRENT 1 = 3.5 ik 2
Power Supply Standby Current (RAS = Vis, Dout = High Impedance ) B 4

REFRESH CURRENT

Average Power Supply Current, Refresh Mode Ices = 45 mA 2,4

(RAS Cycling, CAS = Viu; t e =min.)
PAGE MODE CURRENT

Average Power Supply Current, Page-mode Operation Tecs = 45 mA 2,4
(RAS = Vi, CAS Cyeling; tre=min.)

INPFUT LEAKAGE

Input Leakage Current, any Input (V.. =0 to +6.5V, all other pins not Tu =10 10 pA

under test =0V ) b

OUTPUT LEAKAGE

Output Leakage Current (Dout is disabled, V=0 to +5.5V) b < o e :
OUTPUT LEVELS

Output High (Logic 1) Voltage (. =—5mA) o - [ :

Output Low (Logic 0) Voltage (L. =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.

B AC ELECTRICAL CHARACTERISTICS

Parameter Symbol typ max Unit Notes
Input Capacitance (Aq-Aq,Din) Graa = 7 pF I
Input Capacitance (RAS,CAS,WE) Cinz = 10 pF 1
Output Capacitance (Dout ) { o == 9 pF 12
NOTES
1 acitance measured with Boonton Meter or effective capacitance measuring method.

2. CAS = Vyy to disable DouyT-
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B ELECTRICAL CHARACTERISTICS AND

(Ta=0 to +70°C, Vee=5V+10%, Vss=0V)

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

RECOMMENDED AC OPERATING CONDITIONS "%

HM4864-2/P-2 HM 4864-3/P-3 .
Parameter Symbol . = Unit Notes
min max min max
Random Read or Write Cycle Time Lac 270 ~ 2 335 = ns
Read-Write Cycle Time tawe 270 = 335 = ns
Page Mode Cycle Time tpe 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 T
Transition Time (Rise and Fall) tr 3 kK b | 50 ns 3
RAS Precharge Time trp 100 = 120 - ns
RAS Pulse Width Laas 150 10000 200 10000 ns
RAS Hold Time Lusn 100 = 135 — ns
CAS Pulse Width teas 100 = 135 - ns
CAS Hold Time tosw 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 Lask 0 T 0 - ns
Row Address Hold Time Laan 20 = 25 — ns
Column Address Set-up Time Lasc =19 = —10 — ns
Column Address Hold Time tean 45 5 55 — ns
Column Address Hold Time referenced to RAS [ 95 - s 120 = ns
Read Command Set.up Time Iacs 0 = 0 = ns
Read Command Hold Time tacu 0 = 0 = ns
Write Command Hold Time lwen 45 s 55 — ns
Write Command Hold Time referenced to RAS twen 95 I= 120 — ns
Write C 1 Pulse Width bwr 45 = 55 = ns
Write C 1 to RAS Lead Time towe 45 = 55 — ns
Write Command to CAS Lead Time towt 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 Long 95 = 120 — ns
CAS Precharge Time (for Page-mode Cycle Only) tep 60 4 80 = ns
Refresh Period Trer - 2 s 2 ms
Write Command Set-up Time tucs —20 ¥ —20 = ns 10
CAS to WE Delay tewn 60 - 80 - ns 10
RAS to WE Delay twii 110 — 145 = ns 10
RAS Precharge to CAS Hold Time tree 0 = 0 = ns
NOTES
1. AC measurements assume f7-= 5ns, trac (max)can be met, tpop (max) is specified as a
2 B gycles are required after power-on or prolonged reference point only; if fgep is greater than the
periods (greater than 2ms) of RAS inactivity before specified fgep (max) limit, then access time is
proper device operation is achieved. Any B cycles controlled exclusively be tcgec.
which perform refresh are adequate for this purpose. 9. These parameters are reference to CAS leading edge in
3. Viy (min) and ¥j; (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 Vyy and Vyy. 10. fwes, fowp and fRwp are not restrictive operating
4. Assumes that fpep € treop (max). If fpep is greater parameters. They are included in the data sheet as
than the maximum recommended value shown in this electrical characteristics only: if fyeog 2 twes (min),
table tp 4 exceeds the value shown. the cycle is an early write cycle and the data out pin
5. Assumes that tpeop 2 tgop (max). will remain open circuit (high impedance) throughout
6. Measured with a load circuit equivalent to 2TTL loads the entire cycle; if tcwp 2 towp (min) and fgwp 2
and 100 pF. trwp (min) the cycle is a read/write and the data
1. topp (max) defines the time at which the output output will contain data read from the selected cell; if
achieves the open circuit condition and is not refer- neither of the above sets of conditions is satisfied the
enced to output voltage levels. condition of the data out (at access time) is indeter-
8. Operation with the fpcp (max) limit insures that minate.
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HM4864-2, HM4864-3, HM4864P-2, HM4864P-3

B TIMING WAVEFORMS

®READ CYCLE

@ WRITE CYCLE

244
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HM4864-2, HM4864-3, HM4864P-2, HM4864P-3

©“RAS-ONLY" REFRESH CYCLE
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HM4864-2, HM4864-3, HM4864P-2, HM4864P-3

B TYPICAL CHARACTERISTICS

ACCESS TIME
vs. SUPPLY VOLTAGE

246
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HM4864-2, HM4864-3, HM4864P-2, HM4864P-3
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HM4864-2, HM4864-3, HM4864P-2, HM4864P-3

248
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HM4864-2, HM4864-3, HM4864P-2, HM4864P-3

mac‘n?c;:h L-qm'ﬂ_scxh T;g‘ Only Cyele Page Made Cycle
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Mage | Wer =50V, Ta=20'C
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HAPPLICATION INFORMATION

®POWER ON Kot
An initial pause of 500 s is required after power-up and a z
minimum of eight (8) initialization cycle,(any combination of ~ o

cycles containing a RAS clock such as RAS-only refresh) must

follow an initial pause.

The Vee current (/oe) requirement of the HM4864 during is ’
power on is, however, dependent upon the input levels (RAS, / \

RASCAS= Vs

CAS) and the rise time of Vo, as shown in Fig. 1.

®READ CYCLE
A read cycle begins with addresses stable and a negative going £ a

transition of RAS. The time delay between the stable address V FAG,CAS=Ver

and the start of RAS-on is controlled by parameter tAsg . I [
Following the time when RAS reaches its low level, the row 0

address must be held stable long enough to be captured. This ’ 9 r.:‘...u N b .
controlling parameter is tga4y . Following this interval, the tot Ve rine time) =i

address can be changed from row address to column address.

When the column address is stable, CAS can be turned on. The 5
leading edge of CAS is controlled by parameter tgcp . The
basic limit on the CAS leading edge is that CAS can not start o
until the column address is stable, and this is controlled by
parameter tasc . The column address must be held stable long

enough to be captured. The controlling parameter is toapy. 1
Note that tggp (max) is not an operating limit of the
HM4864 though its specification is listed on the data sheets. If
'CAS becomes on later than tgep (max), the access time from
RAS will be increased by the time which tgep exceeds tgep
{max).

Following the time when CAS reaches its low level, the TRASERS= ¥re
data-out pin remains in a high impedance state until a valid l I
data appears, This parameter is tc4c -access time from CAS. o
The access time from RAS—tgac—is the time from RAS-on L

to valid Dout, 1ol Ver sine time) =100us
The minimum value of tgac is derived as the sum of tgcp

(max) and tgac- e Fig.1 lcc vs. Vee during power up.
The selected output data is held valid internally until CAS

becomes high, and then Dout pin becomes high impedance.

This parameter is tofF .

Fee (W)

TRAS.CAB=Vus

lfee ima)
s

L] oo 00 300 w00 500

@ HITACHI 249



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

e 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
tpy - This cycle is called an “early write”.

Read Write cycle—This cycle starts as a read cycle,
but as soon as the device specification is met, a
write cycle is initiated.

WE and Din are delayed until after Dout. This cycle
is called a “delayed write’”’. A ""Read-modify-write”
cycle is a variation of this operation. In this mode,
Din and WE become critical path signals for
determining cycle time.

® CLOCK-OFF TIMING

RAS and CAS must stay on for Dout stabilized to
valid data. In the case of CAS, this is controlled by
parameter tcas (min).

In the case of RAS, this is controlled by parameter
tcas (min). Following the end of RAS, CAS must
stay off long enough to precharge internal circuits.
The only parameter of concern is tgp. Normally
CAS is not required to be off for minimum time of
tcap. However, in a page mode memory operation,
there is a tep (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.

250

® REFRESH

Refresh of the HM4864 is accomplished by per-
forming a memory cycle at each of the 128 row
addresses within each two millisecond time interval.
AD to AG are refresh address pin compatible with
standard 16K RAM (HM4716A, HM4816A). During
refresh, either V or Vi is permitted for A7. Any
cycle in which RAS signal occurs refreshes the
entire selected row. RAS-only refresh results in
substantial reduction in operating power. This re-
duction in power is reflected in the /gcz specifica
tion,

® PAGE MODE

Page mode operation allows faster successive memo-
ry operations at multiple column locations of the
same row address with increased speed.

This is done by strobing the row address into the
chip and maintaining RAS at a logic low throughout
all successive CAS memory cycles in which the row
address is latched. As the time normally required for
strobing a new row address is eliminated, access and
cycle times can be descreaded and the operating
power is reduced. These are specifications,

@ HITACHI



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 Vg generator

® Low power: 330mW active, 20mW standby (max)

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

® Qutput 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 Refresh, and Page-mode capability
128 refresh cycle

B FUNCTIONAL BLOCK DIAGRAM

WE /W Clock [y

Generator ~1 R/W Switch I
[ i i 3
5% o RAS Clock g
rAR Cnrm: Memory 5 Memary
Array = Array
TAS Cluck -
Taso i .
= | oo ke o]
E| Memory a g Memory E
gl Areay (el | Array L -—0 Vi
e
— T —
Ar = =l gl E -—0 Vi
1 Memory |5 5 = | Memory
& A I 2| Array 13| Array
e HE e
£ 2 Row Dec, [o=h o= Row Dec.
3 ¢ ¢
: : emers | [ 2] [emors
E 3 Array - Array
= [s]
-=
Ax - 9f

Bl ABSOLUTE MAXIMUM RATINGS
Voltage on any pin relative

WiVer Soin dinae v e e o -1.0to+7V
Operating Temperature, Ta

(ROBIONtY < o o antewsn e 0to+70°C
Storage Temperature

(Ambient) . . .. ... . e -85 to +150°C
Short-circuit Output Current . 50 mA

Power Dissipation . ........ 1w

©® HITACHI
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(CC-18)

B PIN ARRANGEMENT

CAS Vs NC Uin

(Bottom View)

Ac-As Address Inputs

CAS Column Address Strobe
Din Data In

Dout Data Out

RAS Row Address Strobe
WE Read /Write Input

Vee Power (+5V)

Vs Ground

Aa-As Refresh Address Input
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HM4864CC-2, HM4864CC-3

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

Parameter Symbol min typ max Unit Notes
Vee 4.5 5.0 5.5 '
Supply Vol 1
i Vs 0 0 0 v
Input High Voltage Vi 2.4 - 6.5 v 1
Input Low Voltage Vir —1.0 - 0.8 v 1
B DC ELECTRICAL CHARACTERISTICS (Ta=0 to +70°C, Vee=5V£10%, Vss=0V)
Parameter Symbol min max Unit Notes

OPERATING CURRENT ¢ P 59 A '
Average Power Supply Operating Current (RAS, CAS Cycling; t sc=min,) on ® 2
STANDBY CURRENT i oy s " ¢
Power Supply Standby Current (RAS = Vi Dout =High Impedance ) il ' =
REFRESH CURRENT
Average Power Supply Current, Refresh Mode Tees == 45 mA 2.4
(RAS Cyeling, CAS = Viu; t sc=min.)
PAGE MODE CURRENT
Average Power Supply Current, Page-mode Operation Iees = 45 mA 2.4
(RAS = V), CAS Cyeling; tre=min.)
INPUT LEAKAGE
Input Leakage Current, any Input (Vi.=0 to +6.5V, all other pins not Iu —10 10 ~A
under test=0V)
OUTPUT LEAKAGE I 10 10 A 3
Output Leakage Current (Dout is disabled, Vi, =0 to +5.5V) * ol
OUTPUT LEVELS V. 2.4 V. v
Output High (Logie 1) Voltage (fm =—5mA) s o 04 vV
Output Low (Logic 0) Voltage (1., =4.2mA ) ; § E

NOTES
1. All voltages referenced to Vgg.

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

3. Iy o consists of leakage current only.

4. Current deperids 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) Cia1 = 7 oF 1
Input Capacitance (RAS,CAS,WE) Ciaz == 10 pF 1
Output Capacitance (Dout ) Cuut = 7 pF 1,2

NOTES

1. g%u:iunce measured with Boonton Meter or effective capacitance measuring method.

2. CAS= Vpy to disable Dgyt.
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B ELECTRICAL CHARACTERISTICS AND

(Ta=0 to +70°C, Vee=5V+10%, Vss=0V)

HM4864CC-2,HM4864CC-3

RECOMMENDED AC OPERATING CONDITIONS " *

HM4864CC-2 HM4864CC-3 Z
Parameter 5 . Unit Notes
min max min max
Random Read or Write Cycle Time tac 270 — ! 335 == ns
Read-Write Cycle Time Lawe 270 = 335 — ns
Page Mode Cycle Time lac 170 - 225 = ns
Access Time from RAS Fric == 150 = 200 ns 4.6
Access Time from CAS beac = 100 ~ 135 ns 5.6
Output Buffer Turn-off Delay tarr 0 40 0 50 ns 7
Transition Time (Rise and Fall) ir 3 35 3 50 ns 3
RAS Precharge Time tre 100 = 120 - ns
RAS Pulse Width taas 150 10000 200 10000 ns
RAS Hold Time tasu 100 = 135 = ns
CAS Pulse Width teas 100 = 135 = ns
CAS Hold Time tesw 150 = 200 7= ns
RAS to CAS Delay Time taco 20 50 25 65 ns B
CAS to RAS Precharge Time tegr —20 ax =20 - ns
Row Address Set-up Time tasn 0 Ty 0 = ns
Row Address Hold Time Eran 20 - 25 = ns
Column Address Set-up Time tasc =10 3 =10 - ns
Column Address Hold Time tean 45 = §5 — ns
Column Address Hold Time referenced to RAS tan 95 =+ 120 = ns
Read Command Set-up Time tacs 0 2 0 — ns
Read Command Hold Time tucn 0 = 0 - ns
Write Command Hold Time twien 45 G s 56 = ns
Write Command Hold Time referenced to RAS twen 95 = 120 - ns
Write Command Pulse Width b 45 - 55 = ns
Write Command to RAS Lead Time tawe 45 = 55 = ns
Write Command to CAS Lead Time tews, 45 == 55 = ns
Data-in Set-up Time tos (] e 0 = ns 9
Data-in Hold Time tow 45 =2 55 ) ns 9
Data-in Hold Time referenced to RAS Lok 95 = 120 = ns
CAS Precharge Time (for Page-mode Cycle Only) ter 60 5% 80 = ns
Refresh Period Lrer = 2 e 2 ms
Write Command Set-up Time twes —20 = —20 = ns 10
CAS to WE Delay tewn 60 o oo 80 = ns 10
RAS to WE Delay tawn 110 — 145 = ns 10
RAS Precharge to CAS Hold Time trre 0 T 0 = ns

NOTES

2

AC measurements assume {7 = 5ns.

8 cycles are required after power-on or prolonged
periods (greater than 2ms) of RAS inactivity before
proper device operation is achieved. Any 8 cycles
which perform refresh are adequate for this purpose.
Vi (min) and ¥y (max) are reference levels for
measuring timing of input signals. Also, transition
times are measured between Vg and Vyy.

Assumes that Ipep € IRep (Max). ]fchD is greater
than the maximum recommended value shown in this
table g 4 exceeds the value shown.

Assumes that fpop 2 tpop (max).

Measured with a load circuit equivalent to 2TTL loads
and 100 pF,

topr (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 fpop (max) limit insures that

® HITACHI

10.

IR 4c (max)can be met, [gcp (max) is specified as a
reference point only; if fgep is greater than the
specified fpep (max) limit, then access time is
controlled exclusively be fcq¢0.

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.

twes, fowp and fgwp are not restrictive operating
parameters. They are included in the data sheet as
electrical characteristics only: if ¢ ycg 2 fwog (min),
the cycle is an early write cycle and the data out pin
will remain open circuit (high impedance) throughout
the entire cycle; if fowp 2 towp (min) and tgyp2
tpwp (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

HETIMING WAVEFORMS

®READ CYCLE

®WRITE CYCLE

e

AAS vib ar
CAs Viu — s
Vi
g i | I A ]

Y
Inul——-r
Address V1o
y ﬂ Row Address
{1 -

Column Address

4

®READ-WRITE/READ-MODIFY-WRITE CYCLE
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W v e e
(3
Vit /r A ry. \__
¥, nac
Dow F:: pen Valid Data ?‘—
B T — s
RAS
e L= NG
e nco asH
CAS A u
Wie 5 - —
Vypts e tse—=1 AN
Addresy ' x Row Address Q:ﬂ umn Address K X
n
. ¥ e = Sosd =t —==4
WE Y
LI
e
10§ _
. v toi
Din i X Valid Data K
Vou
i Vou Ope
9 ——————— : .
[TH tan
i b 7l N\
Lue B 1
&% Vin "
Vie tasa i it
Flo= --tun-1 nsr—-1 = i ANy il
ﬁﬁnnh‘ M Row Address U_.. umn MJMHK X_
-
Vin L 5 p—— Ll fom i
WE
Vii < — toFr
At
Dot | Valid Data
You
. Via toypa—e] | tha-—y
o );' Valid Data I
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@ “RAS-ONLY" REFRESH CYCLE

s N 4 RN
uur.-- -—lu»—d-l

Address x Row Address X
un—l L-— e I-l-m-r

s / N - o

Deut Opes

®PAGE MODE READ CYCLE

HM4864CC-2, HM4864CC-3

| s |
Bt Vin
RAS
Vi =
f—tac o feat—e ol e——ias [e—tas
s Viw s
Vie | 1 |
nan|  Pe=ican U1 I aw
T ] 4 tase tasc =] — mr-l =
Viu = X Cal Cal
Al iy Add | |Add 4 Add
—= -tacs ey
ey —i RN —= tnew—=] e uu-o-E
= Vm
e !r'h._...__J
"'——lﬂf—'l___ Fe—dC AT p=—icac
tmac o tarr arr
Do Vow F I
oM ko1 ) = 2

®PAGE MODE WRITE CYCLE

f:u—_-' jre—

Vi
Address
Bt 5 i e 5= b
i tewe i tewy)
i ¥i N
" N/ 4 Sy -
i - == —
e 1T = oty ———
155} ton mJ -—-u.,—-i to3 | be—ton—=
Viw g as
; Valid Data D Valid Das Valid Dae
L L xi 7 i K i ) K
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HM4864I1-2,HM48641-3,
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 ”CE e E}m
the appropriate speed/power characteristics of this memory system. =
The FMA4864 also incorporates several flexible timing/operating D'"E Em
modes. WE E 14 | Dous
In addition to the usual read, write, and read-modify-write cycles, the W’E .__,1 s
HM4864 is capable of delayed write cycles, page-mode operation
and RAS-only refresh. "E s ke
Proper control of the clock inputs (RAS, CAS, and WE) allows a6 1] a
common |/O capability, two dimensional chip selection, and “E =
extended page boundaries (when operating in page mode).
""‘E 9 |Ar

B FEATURES Alad, e b

® Wide Operating Temperature Range (Top View)

i SO AsvA: | Address Inputs
HASEB0AK2/-S —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, 336ns 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 s Cromsd

I % 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

e Common 1/O capability using ““early write”” operation

® Read-Modify-Write, RAS-only refresh, and Page-mode capability
e 128 refresh cycle

256 @ HITACHI



HM48641-2, HM48641-3, HM4864K-2, HM4864K-3

EFUNCTIONAL BLOCK DIAGRAM
—lll'"l Sm\lil
I - '] e,
Memary 5 Memory
Areay 3| [ Aeer W ABSOLUTE MAXIMUM RATINGS
Row Dec Ko o= Rlow Dec Voltage on any pin relative
: Memary g Memary ; to VS ................ -1.0to +7V
E ey (312 Y i 5 e Operating Temperature, Ta
c| | — Vi (Ambient) . . —40 to +85°C (HM4864I Series)
i| Memory [S emory |7
ol 1 A 13 S Array ; —55 to +85°C (HM4864K Series)
H 2 How Dec. kp o Row Dec. Storage Temperature
.- — 2 o
?_; i ~mo Y Gl -65 to +150°C
i 3 Ay | | Am Short-circuit Output Current . 50 mA
o As S — 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 v i
Supply Voltage = b 0 0 v
Input High Voltage Vi 2.4 = 6.5 X 1
Input Low Voltage Vie -1.0 =~ 0.8 A 1
*:HM4864K Series; T,=—55 to +85°C .
B DC ELECTRICAL CHARACTERISTICS (Ta=—40 to +85C, Vee=5V+10%, Vss=0V)
Parameter Symbol min max Unit Notes
OPERATING CURRENT 1 === 50 Sk 24
Average Power Supply Operating Current (RAS, CAS Cyeling; ! sc=min. ] =S "
STANDBY CURRENT I E 4 ak 2
Power Supply Standby Current (RAS = Vi, Dout =High Impedance) e
REFRESH CURRENT
Average Power Supply Current, Refresh Mode feex - 45 mA 2.4
(RAS Cyeling, CAS = Vin; t xe=min.)
PAGE MODE CURRENT
Average Power Supply Current, Page-mode Operation Tecu - 45 mA 2.4
(RAS =V, CAS Cyeling; trc=min.)
INFUT LEAKAGE
Input Leakage Current, any Input (V..=0 to +6.5V, all other pins not Iu -=10 10 BA
under test =0V
OUTPUT LEAKAGE 2
Output Leakage Current (Dout is disabled, Vi.,=0 to +5.5V) a i 10 A $
OUTPUT LEVELS 3
Output High (Logic 1) Voltage ([, = —5mA ) r,” 2'; :r: ¥
Output Low (Logic 0) Voltage ([... =4.2mA ) 5 »

NOTES
1. All voltages referenced to Vgg.

3. I o consists of leakage current only.

2. I depends on output loading condition when the device is selected. Jo max. is specified at the output open condition.

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

5. *: HM4864K Series; T,=— 55 to +85°C

M AC ELECTRICAL CHARACTERISTICS (Vcc=5V+10%, Ta=25'C)
Parameter Symbol typ max Unit Notes

Input Capacitance (Ao-A;,Din) [ == 7 pF 1
Input_Capacitance (RAS,CAS, WE) Gt == 10 pF 1
Output Capacitance (Dout ) Cai g ; § pF L2

NOTES

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

2. CAS= V”.{ to disable DOUT'
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HM48641-2, HM4864I1-3, HM4864K-2, HM4B864K-3

B ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC

(Ta=—40 to +85C", Vec=5V+10%, Vss=0V)

OPERATING CONDITIONS " ¥

HM48641/K-2 HM48641/K-3 :
Parameter Symbol x . Unit Notes
min max min max
Random Read or Write Cycle Time tac 270 == 335 =2 ns
Read-Write Cycle Time Lawe 270 = 335 S ns
Page Mode Cycle Time [ 170 = 225 - ns
Access Time from RAS trac o 150 - 200 ns 4.6
Access Time from CAS teac L 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 tar 100 = 120 - ns
RAS Pulse Width taas 150 10000 200 10000 ns
RAS Hold Time Lasn 100 + 135 - ns
CAS Pulse Width teas 100 = 135 = ns
CAS Hold Time tesn 150 s 200 = ns
RAS to CAS Delay Time taco 20 50 25 65 ns 8
CAS to RAS Precharge Time tenp —20 S —20 == ns
Row Address Set-up Time Lasa 0 = 0 = ns
Row Address Hold Time Lran 20 = 25 = ns
Column Address Set-up Time asc —5§ = —5 = ns
Column Address Hold Time Lean 45 i 55 ] ns
Column Address Hold Time referenced to RAS [T 95 = 120 = ns
Read Command Set.up Time tres 0 = 0 o ns
Read Command Hold Time Lacw 0 = 0 = ns
Write Command Hold Time lwen 45 = 55 = ns
Write Command Hold Time referenced to RAS twex 95 = 120 - ns
Write Command Pulse Width twp 45 = 55 = ns
Write C i to RAS Lead Time tawe 45 = 55 -5 ns
Write Command to CAS Lead Time towe 45 a 55 = ns
Data-in Set-up Time tos 0 = 0 -~ ns 9
Data-in Hold Time Lo 45 e 55 - ns 9
Data-in Hold Time referenced to RAS [ 95 = 120 T ns
CAS Precharge Time (for Page-mode Cycle Only) ter 60 = B0 - ns
Refresh Period Laer = 2 = 2 ms
Write Command Set-up Time twes —10 S -10 = ns 10
CAS to WE Delay tewn 60 = 80 - ns 10
RAS to WE Delay tawn 110 — 145 -_ ns 10
RAS Precharge to CAS Hold Time tare 0 = 0 - ns

NOTES

1.
2. 8 cycles are required after p

258

AC measurements assume {7-= 5ns.

a4

fRAC‘ (max) can be met, Igcp (max) is specified asa

r-on or prolong
periods (greater than 2ms) of RAS inactivity before
proper device operation is achieved. Any 8 cycles
which perform refresh are adequate for this purpose.
Vig (min) and Vj7 (max) are reference levels for
measuring timing of input signals. Also, transition
times are measured between ¥z and Vg,

Assumes that Ipep € IRop (max). If trop is greater
than the maximum recommended value shown in this
table g 4 exceeds the value shown.

Assumes that tpop 2 g cp (max).

Measured with a load circuit equivalent to 2TTL loads
and 100 pF.

Iopp (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 fgeop (max) limit insures that

10.

1

point only; if tgcp is greater than the
speclﬁed trecp (max) limit, then access time is
controlled exclusively be fc 4o

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.

twes, tcwp and fgwp are not restrictive operating
parameters. They are included in the data sheet as
electrical characteristics only: if fweog 2 fweg (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 2tcwp (min) and Igwp 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,

1. *: HM4864K Series; T,=—55 to +85°C
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H TIMING WAVEFORMS
® READ CYCLE

b

et

RAS 1y ! N
t
o
CAS t -
‘.”' [ e e L] Ty =t
Alrays o R Miress BT =5
WE Um IR 5y |t TN
Tl F__rr«- tar
i icind e mp—
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@ WRITE CYCLE
i*
fesn
T 5 tas
LEES Vi — s F e
. g L3 Lraw
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o bastpt =t s 1 A Tean
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[ | 1 L) WL
Tew
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Vit
[
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@ READ-WRITE/READ-MODIFY-WRITE CYCLE
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HM48641-2, HM48641-3, HM4864K-2, HM4864K-3

® “RAS-ONLY" REFRESH CYCLE

s 1

task F=—Ina
Address w Mdress
Lo i uv—‘ l——- —] p—tiirc
€A5 NS
Deur (Open

e PAGE MODE READ CYCLE

® PAGE MODE WRITE CYCLE

o vk b tan
s
S— Tasw. A Py
= - A5 piE i ax —tc e
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¥ jlaax C AN ican bran
‘!'m- bt | {jttase  tase P M
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w5 hren L 0 Lt
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i ey i T
Vi {uw o p={ 0w Hua, —llN i
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HVI4864 A-12,HVI4864A-15;
HM4864A-20,HM4864AP-12,
HM4864AP-15 HM4864AP-20

65536-word X 1-bit Dynamic Random Access Memory

B FEATURES
HM4864A-12, HM4B64A-15,
® Industry standard 16- Pin DIP (plastic, Cerdip) HM4864A-20
@ Single 5V (£10%)
® On chip substrate bias generator
® Low Power: 260mW 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 3
EBLOCK DIAGRAM HM4864AP-12, HM 4864AP-15,
HM 4864AP-20
WE E:,‘Ei‘;‘,‘]i e
1 ; A— =
S o Bln e
— mor - 3 - emor
CAS ::uy’ E"'i E :rrn,
HEIH B
Q i < -—0 Ve
1| | Row Dec. 7] Row Dec. B i i
- Mo = * I:
1 - Array = Array
3 H 3
£ 3 HPIN ARRANGEMENT
5
A O ﬁ NCE Elﬁs
DIHE Elé_:\s.
WE E E[bul
B ABSOLUTE MAXIMUM RATINGS mE E"'
Voltage on any pin relative to Vgg «++«ttveerenn -1V to 7V "E E]“’
Operating temperature, Ta (Ambient) - «-.cc«-.. 0°C to 70°C
Storage temperature (Cerdip) « = + ===+ cssesaaoas —65°C to 150°C w[s] El*‘
Storage temperature (Plastic) «- -+ --coiaeeeaan. —55°C to 125°C A.E :__u]a.
Power c.|issi!::ation -------------------------- 1w "”E E""
Short circuit output cUrreNt < «csvvvvrrennanns 50 mA
M RECOMMENDED DC OPERATING CONDITIONS (Ta=0 to 70°C) (Top View)
Parameter Symbol min, Lyp. max. | Unit | Notes
Supply Voltage Vie 45| 50 | 5.5 v 1 AO—A7 : Address Inputs
Input High Voltage Vin 24 = 6.5 v 1 g:'ns g‘;:::T: v S L
Input Low Veltage Vie. [[=30] = 0.8.| V 1 Dout  : Data Output
RAS :  Row Address Strobe
Notes 1. All voltages referenced to V.. WE :  Read/Write Input
Vcc :  Power (+5V)
Vgs ¢ Ground

AD—A6 : Refresh Address Inputs

260 @ HITACHI



HM4864A-12, HM4B864A-15, HM4864A-20,

HM4864AP-12, HM4864AP-15, HM4864AP-20

W DC ELECTRICAL CHARACTERISTICS (Ta=0 to 70°C, Vec=5V£10%, Vss=0V)

Op ing Current{RAS,CAS Cycling:¢zc=min) Teer - 55 - 50 - [ mA 1,2
Standby Cnrrent{ RAS = Vs, Dout =High Imped ] Icea — 3.5 - 3.5 s 3.5 mA
Refresh Corrent{RAS Cyeliu,m— Viw, t xe=min) Iees - 42 - — 33 mA 2
Standby Current(RAS — Vi Dout Enable) Iccs — | 85| — |85 — [ &5 | mA | 1
“Page Mode Current{RAS="V;.,CAS Cycling;lpc=min) Tees — 38 | — 35 - ™
Input Leakage(0<V...<86.5V) I =10 10 —10 10 —10 10 pA
Output Leakage(Dout is disabled,0 <V,..<5.5V) Lo —10 10 | —10 10 —10 10 sA
Output Levels High{l..——5mA) Vou 2.4 Vec | 2.4 Vee 2.4 Vee v
Output Levels Low(l.=4.2mA) Vou 0 0.4 0 0.4 0 0.4 A\
Notes) 1. Ice depends on outpur loading condition when the device is selected, In max. is specified at the output open condition,
2. Current depends on cycle rate :maximum current is messured st the fastest cycle rate.
B CAPACITANCE (Vec=5V+10%, Ta=25C)
Parameter Symbol typ max Unit Notes
[ A,~A., Din Ciu = 5 pF 1
ek Dopsritome. AT .CIS,WE s B 10 oF i
Output Capacitance Dout Ca = 7 pF 12 3
Notes) 1. Capacitance measured with Boonton Meter or effective capacitance measuring method.
2. TAS =Viy 1o disable Dout.
W ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS
(Ta=0 to T0°C, Vee=5V*10%, Vss=0V)
B eamaiiar Symbol H.M 4B864A-12 m.lma 15 HM4B64A-20 Unit | Notes
min max min max min max
Access Time From RAS taac = 120 s 150 oy 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 B 3 50 ns 6
Random Read or Write Cycle Time fac 220 e 260 == 330 — ns
RAS Precharge Time Lae 90 = 100 = 120 — ns
RAS Pulse Width taas 120 | 10000 150 | 10000 | 200 | 10000 ns
CAS Pulse Width teas 60 | 10000 75 | 10000 | 100 | 10000 ns
RAS to CAS Delay Time tace 25 60 25 75 30 100 ns 7
RAS Hold Time Eas 60 = 75 = 100 = ns
CAS Hold Time tesw 120 == 150 = 200 = ns
CAS to RAS Precharge Time tear —10 =] =10 = Ji=10 i ns
Row Address Set-up Time Lagn 0 = 0 = 0 = ns
Row Address Hold Time L ran 15 == 15 = 20 = ns
Column Address Set-up Time tasc 0 =2 0 - 0 = ns
Column Address Hold Time Fean 20 o 25 = 30 = ns
Column Address Hold Time Referenced to RAS Lax 80 =" 300 == 130 — ns
_WE Command Set-up Time Iwes 0 - 1] = 0 = ns 8
Write Command Hold Time twew 40 >= 45 = 55 =] a
Write C d Hold Time Referenced to RAS twer 100 = 120 = 155 - ns
Write C 1 Pulse Width twy 40 = 45 = 55 = ns
Write Command to RAS Lead Time Lawe 40 = 45 == 55 = ns
Write Command to CAS Lead Time tew i 40 e 45 - 55 = ns
Data-in Set.up Time tos 0 = 0 = 0 = ns 9
Data-in Hold Time Low 40 — 45 A 55 — ns 9
Data-in Hold Time Referenced to RAS Lonn 100 = 120 = 155 - ns
Read C i Set-up Time trcs 0 = 0 = 0 =3 ns
Read Command Hold Time Referenced to CTAS Laci 0 = 0 £= 0 == ns
Read Command Hold Time Referenced to RAS i 10 ez 10 = 10 = ns
Refresh Period Laer = 2 = 2 = 2 ms
Read Write Cycle Time tawe 245 —- 280 = 345 - ns
CAS to WE Delay lowa 40 = 45 = 55 = ns 8
RAS to WE Delay tawn 100 = 120 = 155 = ns
Page Mode Cyele Time tic 120 = 145 = 190 = ns
CAS Precharge Time (for Page-mode Cycle Only) [ 50 - &0 - 80 - ns
CAS Precharge Time tepw 30 = 35 = 45 = ns
RAS Precharge to CAS Hold Time trrc 0 = 0 == 0 == ns
@ HITACHI 261



HM4864A-12, HM4864A-15, HM4864A-20;

HM4864AP-12, HM4864AP-15, HM4864AP-20
Notu

‘1,

3.

AC measurements assume 7= Sns.

Assumes that 'RCD <I!rCD (max). If tgop is greater
than the maximum recommended value shown in this
table, fr 4 ¢ exceeds the value shown.

Memted with a load circuit equivalent to 2TTL loads
and 100pF.

Assumes that fpop 2 tg op (max).

topp (max) defines the time at which the output
achieves the open circuit condition and is not refer-
ence to output voltage levels.

Vigr (min) and ¥y (max) are reference levels for
measuring timing of input signals. Also, transition
times are measured between Vygand Vyp

Operation with the tpcop (max) Iimit mnres that
IR Ac (max) can be met, fgop (max) is specified as a

8.

fwes, fowp and fpwp are not restrictive operating
parameters.

They are included in the data sheet is electrical
characteristics only; if tyeg 2 fweg (min), the cycle
is an early write cycle and the data output pin will
remain open circuit (high impedance) throughout the
entire cycle; if ropy 2rw (min) and ¢ 2
trwp (min) thecc!'tl:)le is f ugddwme and &r gata
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 TAS leading edge
in early write cycles and to WE leading edge is delayed
write or read-modify-write cycles,

reference point only, if fpep is greater than the 10. An initial pause of 100us is required after power-up
specified tpeop (max) limit, then access time is followed by a minimum of 8 initialization cycles,
controlled exclusively by tc4 .
B TIMING WAVEFORMS
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®READ-WRITE/READ-MODIFY-WRITE CYCLE

Addresses

fAs

Addrevass

@PAGE MODE READ C

Addrest

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

®PAGE MODE WRITE CYCLE
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HM4864ACG-12,HM4864ACG-15,
HM4864ACG-20 Preliminary

65536-word x 1-bit Dynamic Random Access Memory
Hl FEATURES

18-pin Leadless Chip Carrier

Single 5V (£10%)

On chip substrate bias generator

Low Power: 250mW active, 18mW standby

High speed: Access Time 120/150/200ns (max)
Common 1/0 capability using early write operation
Page mode capability

Output data controlled by CAS

TTL compatible

128 refresh cycles/2ms

Hidden refresh capability

(CG-18)

HPIN ARRANGEMENT
EBLOCK DIAGRAM

hi L [
s B
= A ]| Mewor
CAS® cl‘_I:||Se|‘cllt‘1:rk il—n E Arur!
1 el
SIS
Al e t‘r'_l$ Row Dec.
g w2
3 : 8 -
= = {Bottom View)
i 3
5 el o —
F AD—A7 : Address Inputs
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B ABSOLUTE MAXIMUM RATINGS Din : Datain
. 3 lati v v +IV Dout :  Data Qutput
Voltage on any pin relativetoVgg . .. . ... oo v v = to A RAS ' Row Addrass Strobe
Operating temperature, Ta (Ambient) . .. . ......... 0Cto+70C WE :  Read/Write Input
Storage temperature . , .. .......c...ocr.n. -66°Cto +150°C Vcc i Power (+5V)
P Dissi . 1w Vss ¢ Ground
ower : ISHDREION o ;L 50w 5 o0 vt e e vk O o A e s AO—A6 : Refresh Address Inputs
Short circuit outputcurrent . . ... ... .0 iuan TS e A 50mA

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

Parameter Symbol min, t¥p. max, | Unit | Notes
Supply Voltage Ve 4.5 5.0 5.5 v 1
Input High Voltage Vi 2.4 = 6.5 v 1
Input Low Voltage Viu =1.0 e 0.8 v 1

Notes : 1. All woltages referenced to Vs

Notel The specifications of this device are subject to change without notice,
Pleass contact your nearest Hitachi's Sales Dept. regarding specifications.
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HM4864ACG-12, HM4864ACG-15, HM4864ACG-20

B DC ELECTRICAL CHARACTERISTICS (Ta=0 to 70°C, Vec=5V£10%, Vss=0V)

Parameter Synl;ol Hu,mwu HM_WCG.IS HDA%MACG'& Unit | Notes
min max | min max | min ma x
Operating Current{HAS,CAS Cyeling:tac=min) Icci — 55 — 50 — “ mA | 1,2
Standby Cnrrent{lRAS = Vi, Dout=High Impedance) Icen - 3.5 W 3.5 — 3.5 mA
Refresh CurrentiRAS Cycling, CAS = Vi, tac=min) Icca - 42 — 38 — 33 mA 2
Standby Current{RAS = Vi, Dout Enable) Ices = 5.5 = 5.5 - 5.5 mA 1
Page Mode Current{RAS=V;,CAS Cyeling;tpc—min) Iecs - 38 - 35 - 3 mA 1,2
Input Leakage(0<V..,<6.5V) It —10 10 —10 10 —10 10 BA
Output Leakage(Dout is disabled,0<V,..<5.5V) Ia —10 10 —10 10 —-10 10 sA_
Output Levels High(l...=—5mA) Vou 2.4 Vee | 2.4 Vee 2.4 Vee v
Output Levels Low([...~4.2mA) Vo | O 0.4 0 0.4 0 0.4 v
Notes) 1. lcc depends on output loading condition when the device is selected, [o- max. is specified a1 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)
Item Symbol typ max Unit Notes
Input Capacitance 2'&" v S = 3 . § :
RAS, CAS, WE Cint — 10 pF 1
Output Capacitance Dout Cou — 7 pF 1, 2
Notes) 1. Capacitance measured with Boonton Meter or effective capacitance measuring method.
2. TAB = Vin to disable Dout.
B ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS
(Ta=0 to 70°C, Vee=5V +10%, Vss=0V)
o Symbol HM‘lBNACG-l.Z HM?BG‘ACG-IS HM4B64ACG -20 Oaat | Notes
min max min max min max
Access Time From RAS [ =% 120 = 150 == 200 ns 2.3
A Time From CAS teac = 60 = 75 =2 100 ns 3.4
Output Buffer Turn-off Delay Lorr - 35 = 40 = 50 ns 5
Transition Time (Rise and Fall) ir 3 35 3 35 3 50 ns ]
Random Read or Write Cycle Time Lac 220 = 260 = 330 = ns
RAS Precharge Time [ %0 =4 100 ¥ 120 =3 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 thc 25 60 | 25 75 | 30 | 100 | ns 7
RAS Hold Time tash 60 = 75 =il 00 = ns
CAS Hold Time tosw 120 = 150 = 200 =3 ns
CAS to RAS Precharge Time tear | —10 = -1 — | —10 = ns
Row Address Set-up Time Lask 0 = 0 - 0 = ns
Row Address Hold Time [ 15 o 15 = 20 = ns
Column Address Set-up Time basc 0 = 0 oF 0 = ns
Column Address Hold Time tean 20 = 5 T 30 7= ns
Column Address Hold Time Referenced to RAS tan B0 =4 100 - 130 - ns
WE C d Set-up Time twes 0 = 0 e 0 =" na 8
Write C i Hold Time twew 40 =, 45 = 55 s ns
Write Command Hold Time Referenced to RAS twes 100 = 120 = 155 = ns
Write Ci d Pulse Width twp 40 == 45 - 55 = ns
Write Command to RAS Lead Time Law it 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 ton 40 = 45 s 55 = ns 9
Data.in Hold Time Referenced to RAS tous 100 — 120 = 155 = ns
Read C d Set-up Time tacs 0 = 0 == 0 = ns
Read C. d Hold Time Referenced to CTAS [ 0 = 0 = 0 - ns
Read Command Hold Time Referenced to RAS Luaw 10 = 10 = 10 = ns
Refresh Period Lar 2 2 — 2 = F ms
Read-Write Cycle Time tawe 245 = 280 = 345 = ns
CAS to WE Delay tewn 40 = 45 = 55 =T ns 8
RAS to WE Delay tawo 100 — 120 = 155 - ns
Page Mode Cycle Time b 120 == 145 o= 190 = ns
CAS Precharge Time (for Page-mode Cycle Only) ter 50 == 60 = 80 = ns
CAS Precharge Time teew 30 — 35 o 45 =t ns
RAS Precharge to CAS Hold Time tarc 0 = 0 = 0 — ns
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HM4864ACG-12, HM4B864ACG-15, HM4864ACG-20

Notes

1. AC measurements assume (7= Sns. 8. twes, Icwp and fgwp are not restrictive operating

Assumes that fpep < frcp (max). If tpep is greater
than the maximum recommended value shown in this
table, fg 4 ¢ exceeds the value shown.

. Measured with a load circuit equivalent to 2TTL loads

and 100pF.

. Assumes that rRCDgrRCD (max).

. fopp (max) defines the time at which the output
achieves the open circuit condition and is not refer-

parameters.

They are included in the data sheet is electrical
characteristics only; if fycg = fweg (min), the cycle
is an early write cycle and the data output pin will
remain open circuit (high impedance) throughout the
entire cycle; if fcwp 2 fowp (min) and tpyp 2
tpwp (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.

ence to output voltage levels.

6. Vyy (min) and ¥j; (max) are reference levels for
measuring timing of input signals. Also, transition
times are measured between Vyzyand Vyy. 9.

7. Operation with the fpcp (max) limit insures that
It 4c (max) can be met, fpop (max) is specified as a
reference point only, if fpep is greater than the 10.
specified fgep (max) limit, then access time is
controlled exclusively by fc4c.
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HM4864ACG-12, HM4864ACG-15, HM4864ACG-20

@READ-WRITE/READ-MODIFY-WRITE CYCLE
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@®PAGE MODE WRITE CYCLE
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HM4865AP-12,HM4865AP-15
HM4865AP-20

65536-word X 1-bit Dynamic Random Access Memory

B FEATURES

® Auto Refresh Function

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

TTL compatible

EBLOCK DIAGRAM

128 refresh cycles/2ms
Hidden refresh capability

Output data controlled by TAS

(DP-16)

BMPIN ARRANGEMENT
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e rater |
L - 1
Din| 2 15| CAS
o [EE T 2 2
To TAE Clock [T Memary | o j «| Memary WE| 3 ED“I
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(Top View)
RFSH Refresh
B ABSOLUTE MAXIMUM RATINGS Ao—As Address Inputs
Ttem Symbal Value Unit CAS Column Address Strobe
Voltage on any pin Vr —1.0 to +7.0 v Din Data In
Data O
Supply Voltage Vee ~1.0 to +7.0 v i s
AP s = s RAS Row Address Strobe
ort Circuit Output Current - 50 WE Read/Write Input
Power Dissipation Pr 1.0 w e Power (+5V)
Operating Temperature Tosr 0 to +70 = Vs Gromsd
Storage Temperature y —55 to +125 T As~As Refresh Address Inputs
#® with respect to Vi
M RECOMMENDED DC OPERATING CONDITIONS (Ta=0 to +70°C)
Item Symbol min typ max Unit
Susets Vo Vee 4.5 5.0 5.5 v
upply Voltage
Vss 0 0 0 v
I Vol Vi 2.4 = 6.5 v
nput Voltage
Vie =10 = 0.8 ¥

Note] All volteges referenced to Vg
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HM4865AP-12, HM4865AP-15, HM4865AP-20

B DC ELECTRICAL CHARACTERISTICS (Ta=0 to 70°C, Vee=5V £10%, Vss=0V)

HM4865A/P-12 | HM4865A/P-15 | HM4B6SA/P-20 ;
Unit | Notes
Parepeter gL min max min max min ma X
Operating Current(RAS,CAS Cycling:tac=min) Iees = 55 = 50 = 44 mA 1.2
Standby Cnrrent{ RAS= V4, Dout=High Imped ] Ices v 3.5 == 3.5 = 3.5 mA
Refresh Current{RAS Cycling, = Vin, tre=min) Tces = 42 = 38 = 33 mA 2
Standby Current{RAS= Vs, Dout Enable) Tces =4 5.5 = 5.5 = 5.5 mA 1
Page Mode Current{(RAS=V;,,CAS Cycling:tec=min) Fecd - 38 — 35 - 31 mA 1.2
Auto Refresh Current (RFSH=Cycle, RAS=Vis) Teer == 44 — 40 = 35 mA
Input Leakage(0<V.,,<6.5V) I —10 10 —10 10 —10 10 pA
Output Leakage{Dout is disabled,0<V..,<5.5V) Lo —10 10 =10 10 —10 10 A
Output Levels High{l..——5mA) Vou 2.4 Vee | 2.4 Vee 2.4 Vee ok
Output Levels Low(l..—4.2mA) Voo 0 0.4 0 0.4 0 0.4 v
Notes) 1. Icc depends on output loading condition when the device is selected, Jo max. is specified at the output open condition.
2. Current depends on cycle rate:maximum current is measured at the fastelst cycle rate.
B CAPACITANCE (Vec=5V+10%, Ta=25C)
Parameter Symbol typ max Unit Notes
- Ag~A;, Din Cin e 5 pF 1
Input Capacitanc
RAS, CAS,WE Ciz = 10 pF 1
Qutput Capacitance Dout Cawr = 7 pF s e |
Notes) 1, Capacitance measured with Boonton Meter or effective capacitance measuring method.
2. CAS = Viu to disable Dout.
B ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS
(Ta=0 to 70'C, Vee=5V +10%, Vss=0V)
BAC CHARACTERISTICS (Vee=5V+10%, Vis=0V, Ta=0to +70°C)" "%
HM4B865AP-12 | HM4B65AP-15 | HM4865AP-20
Item Symbol 4 E & Unit | Notes
min max min max min max
Random Read or Write Cyele Time tae 220 = 260 == 330 = ns
Read-Write Cycle Time t awe 245 = 280 - 345 - ns
Page Mode Cycle Time Lee 120 = 145 = 190 — ns
Access Time from RAS taic 7 120 = 150 = 200 ns 4, 6
Access Time from CAS teac =< 60 = »m T 100 ns 5 6
Output Buffer Turn-off Delay Larr = 35 = 40 = 50 ns 7
Transition Time(Rise and Fall) tr 3 35 3 35 3 50 ns 3
RAS Precharge Time tap 90 = 100 =3 120 =" ns
RAS Pulse Width bras 120 | 10000 150 | 10000 200 | 10000 ns
RAS Hold Time Easy 60 = 75 riv 100 - ns
CAS Pulse Width teas 60 | 10000 75 | 10000 | 100 | 10000 | ns
CAS Hold Time tosy 120 — 150 == 200 — ns
RAS to CAS Delay Time taco 25 60 25 75 30 100 | ns 8
CAS to RAS Precharge Time tewr —10 =] == =1l =1 —| s
Row Address Set-up Time Lasr 0 —_ 0 — 0 — ns
Row Address Hold Time tan 15 == 15 — 20 — ns
Column Address Set-up Time tase 0 —= 0 == 0 — ns
Column Address Hold Timal toak 20 - 25 - 30 = ns
Column Address Hold Time referenced to RAS tar B0 = 100 =3 130 = ns
Read Command Set-up Time tacs 0 = 0 = 0 o= ns
Read Command Hold Time Eack 0 — 0 — 0 — ns
Write Command Hold Time Ewew 40 = 45 = 55 = ns
Write Command Hold Time referenced to RAS twer 100 -_ 120 - 155 — ns
Write Command Pulse Width tup 40 =" 45 = 55 a ns
Write Command to RAS Lead Time Ewe 40 == 45 = 55 = ns

{to be continued )
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HM4865AP-12, HM4B65AP-15, HM4865AP-20

HM4865AP-12 | HM4865AP-15 | HM4865AP-20
Item Symbol z - . Unit | Notes
min max min max min nax
Write Command to CAS Lead Time tom 40 — 45 — 55 —_ ns
Data-in Set-up Time tos U] > 0 s 0 s ns 9
Data-in Hold Time tow 40 — 45 e 55 — ns 9
Dats-in Hold Time referenced to RAS toun 100 = 120 = 155 — ns
CAS Precharge Time(for Page-mode Cycle Only) tee 50 e 60 = 80 o ns
Refresh Period taer e 2 = 2 s 2 ns
Write Command Set-up Time twes o — 0 - = 0 = ns 10
CAS to WE Delay tom 40 - 45 - 55 - ns 10
RAS to WE Delay o 100 — | 120 — | 158 —= | ns
RAS Precharge to CAS Hold Time tarc 0 = 0 = 0 = ns
Read-modify-write Hold Time t ko 10 - 10 —_ 10 = ns
CAS Precharge Time teen 30 - 35 —_ 45 = ns
RFSH Set-up Time brsx 90 —- 100 = 120 -5 ns
RAS to RFSH Delay Time tarn 90 = 100 = 120 == ns
RFSH Cycle Time tre 220 o 260 = 330 = ns
RFSH Pulse Width e 120 5000 150 5000 200 _| 5000 ns
RFSH Precharge Time te 90 == 100 = 120 = ns
Notes) 1. AC measurements assume t1 = Sns.

2. An initial pause of 100us is required after power-up followed by a minimum of 8 initalization of cycles.

3. Vpy(min) and Vy (max) are reference levels for measuring timing of input signals. Also, transition times are
measured between Vyy and V.

4. Assumes that tycp = trep(max). If tgep is greater than the maximum recommended value shown in this table,
tRAC exceeds the value shown.

5. Assumes that tpp,~tpcplmax).

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 tgcp(max) limit insures that tg oc(max) can be met, tpep (max) is specified as a reference
point only, if tgep is greater than the specified tgop(max) limit, then access time is controlled exclusively by
tocac-

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. twes, towp and tpyp are not restrictive operating parameters. They are included in the data sheet as electrical
characteristics only; if tyog = twesg(min), the cycle is an early write cycle and the data out pin will remain open
circuit (high impedance) throughout the entire cycle; if towp = tcwp(min) and tpwp(min) the cycle js a
read fwrite and the data output will contain data reall from the selected cell; if neither of the above sets of
conditjons is satisfied the condition of the data out (at time) is ind minate,
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ETIMING WAVEFORM
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® READ-MODIFY-WRITE CYCLE
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®RAS ONLY REFRESH CYCLE
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®PAGE MODE READ CYCLE
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®PAGE MODE WRITE CYCLE
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S HIDDEN REFRESH CYCLE
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HM50256-12,HMS0256-15  Preliminary

HM50256-20

262144-word X 1-bit Dynamic Random Access Memory

M FEATURES
® |ndustry 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 |/O capability using early write operation
® Page mode capability
® TTL compatible
® 256 refresh cycles/4ns
® 3 variation of refresh . . . RAS only refresh
CAS before RAS refresh (DG-16B)
Hidden refresh
W BLOCK DIAGRAM BPIN ARRANGEMENT
_'-—. s 0 ] J2 ™~ =
T 1 — | ‘&F?i"" o7 w]es
ll_' lfxm Dot WE| 3 E[but
T 3 - T mE 13 | A
CASefClock  H=d S| ulE
c |4 o AaE 1Z | As
.T:::-ry ;‘!E_ i','.?;” Ar] 6 1| A
s = 1] '; 3|3 A E 10] As
rator] 5 [x e E %
I_L—] Desader <:D:> e
g B W ¥ ol (Top View)
Az o [ (=)
{=] <
Address Memory ‘:‘ E i Memory A._‘-I“ ARy
Buffers Array l Array CAS Column Address Strobe
== E 3 E Din Data In
i § 3 Dout Data Out
= | RAS Row Address Strobe
ari-arl, acth-acl WE Read/Write Input
g::emor Vee Power (+5V)
BABSOLUTE MAXIMUM RATINGS L3 e
Voltage on any pin relativetoVgg . . . ......... =1V to +7V L, Refeesh RASERA T
Operating temperature, Ta{(Ambient) . .. ...... 0°C to +70°C
Stora? thpeﬂture ................. —35‘(: to +1 SGUC Note) The specifications of this device ars subjest to
Power dissipation . . . . . e L 8 Setd B 8 1w i i St
Shortclrelit oupUL CUITeNt . i is rotvasio b wrasratievs 50mA Dept, regarding specifications.
B RECOMMENDED DC OPERATING CONDITIONS (Ta=0 to +70°C)
Par Symbol min typ max Unit Note
Supply Voltage Vee 4.5 5.0 5.5 v 1
Input High Voltage Vin 2.4 - 6.5 v 1
Input Low Voltage Vie =10 = 0.8 Y 1
Note) 1. All voltages referenged to Vis
@ HITACHI 277



HM50256-12, HM50256-15, HM50256-20

EDC ELECTRICAL CHARACTERISTICS (Ta=0 to +70°C, Vee=5V=£10%, Vss=0V)

Parameter Symbel H.l‘l|50355-13 il HB"ISMSG-?D Unit | Notes
min max min max min max
Operating Current(RAS, CAS Cyeling : txe=min) Tces =i 8 =% | 120 — | 5 [ mA 1
Standby Current{RAS = Vs, Dout—~High Impedance) Ices — " &6 — | 4.8 == 4.5 | mA
Refresh Current{RAS only Refresh, Inc=min) Toes = 62 —_ 53 - 42 mA
Standby Current{RAS = Viy, Dout Enable) Tecs — 10 — 10 &= 10 | mA 1
Refresh Current{CAS before RAS Refresh, tac—min) Ices - 69 — 58 - 45 mA
Input leakage{0< V... <7V) Iu -10 10 —10 10 -10 10 phA
Output leakage(0< V.. <7V) Io —10 10 —10 10 —10 10 uA
Output levels High( L= —5mA) Vou 2.4 Vee 2.4 Vee 2.4 Vee v
Output levels Low([,.=4.2mA) Vou 0| 0.4 0| 0.4 0| 0.4 v

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

B CAPACITANCE (Vee=5V+10%, Ta=257C)

Parameter Symbol typ max Unit Notes
" ; Address, Data-in Cn s 5 oF | 1
Input Capacitance Clocks, Data-out Ca b 7 1, 2

Notes) 1. Capacitance measured with Boonton Meter or effective capacitance measuring method.
2. CAS~= Vi to disable Dout.

MELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS
(Ta=0to +70°C, Vec=5VE10%, Vss=0V)

Parameter Symbol thlﬁﬂ!ﬁﬁ-lﬂ Hl:ﬂfﬂm-lﬁ HB-GSUZSG-N Unit | Notes
min max min max min max
Access Time from RAS [ — 120 T~ 150 = 200 ns 2, 3
Access Time from CAS teae = 60 o 75 == 100 ns 3, 4
Output Buffer Turn-off Delay torr — 30 = 40 == 50 ns 5
Transition Time(Rise and Fall) ir 3 50 3 50 3 50 ns 6
Random Read or Write Cycle Time tac 220 — | 260 — | 330 il ns
RAS Precharge Time tir 90 — | 100 — | 120 =H na
RAS Pulse Width taas 120 10000 | 150 10000 | 200 10000 ns
CAS Pulse Width teas 60 | 10000 | 75 | 10000 | 100 | 10000 | s
RAS to CAS Delay Time taco 25 60| 25 75| 30 100 | »s 7
RAS Hold Time Psu 60 =il .15 — | 100 —| ns
CAS Hold Time tesu 120 — | 150 — | 200 —| ns
CAS to RAS Precharge Time tear 10 — | 10 —| 10 —| ns
Row Address Set-up Time task 0 =3 0 — 0 e ns
Row Address Hold Time i 15 = 15 - 20 = ns
Column Address Set-up Time tasc 0 — ] e 0 = ns
Column Address Hold Time tean 20 —_ 25 = 30 = ns
Column Address Hold Time referenced to RAS tan B0 — | 100 — | 130 —= ns
WE Command Set-up Time twes 0 = 0 ~ar- 0 = ns 8
Write € d Hold Time twew 40 — 45 — 55 - ns
Write Command Hold Time referenced to RAS [ 100 — | 120 i | <185 = ns
Write Command Pulse Width twr 40 — 45 — 55 — ns
Write Command to RAS Lead Time e 40 = 45 — 55 = ns
Write Command to CAS Lead Time tow 40 —| 48 o ] —| ns
Data-in Set-up Time tos 0 = 0 o 0 = ns 9
Data-in Hold Time tow 40 . 45 = 55 = ns 8,9
Data-in Hold Time referenced to RAS £omn 100 —.|. 120 = | 15 — | ms
Read Command Set-up Time tacs 0 - 0 = 0 = ns
Read Command Hold Time referenced to CAS bacw 0 et 0 = 0 - ns
Read C. d Hold Time referenced to RAS o 10 = 10 = 10 e ns
Refresh Period Lrer = 4 o= 4 e 4| ms
(to be continued)
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Parameter Symbol H‘_'[m“-u H!jiﬁl)!ﬁﬁ*].'n Hl:llSﬂz%‘?.ﬂ Unit | Notes
min max min max min max
Read-Write Cycle Time e 265 — 310 — 390 = ns
CAS to WE Delay tom 60 | — 7 | — [ 100 | — ns 5
RAS to WE Delay 1t 120 = 150 —3 200 == ns
CAS Precharge Time teen 50 - 60 = i 80 = ns
CAS Setup Time tesn 10 — 10 - 10 - ns
CAS Hold Time (CAS before HAS Refresh) Lewn 120 = 150 - 200 e ns
RAS Precharge to CAS Hold Time tpre 0 - 0 — 0 - ns

Notes

1.

AC measurements assume /7= 5ns.

B. fwcs: tewp and fgwp are not restrictive operating

2. Assumes that tgop < frep (max). If IrCp is greater parameters.
than the maximum recommended value shown in this They are included in the data sheet is electrical
table, Iz 4 ¢ exceeds the value shown. characteristics only; if fyeg 2 twes (min), the cycle
3. Measured with a load circuit equivalent to 2TTL loads is an early write cycle and the data output pin will
and 100pF. remain open circuit (high impedance) throughout the
4. Assumes that fgop 2t op (max). entire cycle; if toyp = tcwp (min) and tpywp 2
5. topp (max) defines the time at which the output trwp (min) the cycle is a read-write and the data
achieves the open circuit condition and is not refer- output will contain data read from the selected cell: if
ence to output voltage levels. neither of the above sets of conditions is satisfied t‘he
6. Vi (min) and Vpz (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 Vygyand Vyy. . There parameters are referenced to UAS leading edge
7. Operation with the fpeop (max) limit insures that in early write cycles and to WE leading edge is delayed

{r Ac (max) can be met, fpcp (max) is specified as a
reference point only, if fpop is greater than the
specified Ipcp (max) limit, then access time is

write or read-modify-write cycles.
An initial pause of 100us is required after power-up
followed by a minimum of 8 initialization cycles.

controlled exclusively by ¢4 ¢ 11. Minimum of 8 CAS before RAS refresh cycle is re-

quired before using internal refresh counter,

ETIMING WAVEFORMS
®READ CYCLE

g
Z

A

g
-
.

ASR tnan LASC tcaw

amae SNRLLLPY
Address X
.4

WRITE /

Dout

O HITACHI 279



HM50256-12, HM50256-15, HM50256-20

® WRITE CYCLE

Eras
taxn Fuan tase .._._ﬂ_-*
o | — -
Address XF yl K
E p's A
on
|
_f_lzsh twew
WRITE ta /
..!L’_ o ———]
Din X X
5 F.
Hi 2
Dout
® READ MODIFY WRITE CYCLE
WA \ { 3\—
TR ———
L S—
TAS oo
\ -—-rw:#
baza Enaw tage tean
Address X‘ ‘K >< =1
‘ X

fos

tow

Dout T S~
ey




HM50256-12, HM50256-15, HM50256-20

®RAS ONLY REFRESH CYCLE

mﬁ\

ASR Toaw

Address >< :><

¢ REFRESH ADDRESS Ao—Ar(AXo—AXr)

@ HIDDEN REFRESH CYCLE

RAS \ (READ) thas /‘ ‘\ (REFRESH) /——\_
|
\ Lewe /
Luan -

Ecau

=
=
)l

I

g
-
o

=

=
=
&
a

Address

~
Iv.
~
.
ZON

A

Ky

Deout (

®CAS BEFORE RAS REFRESH CYCLE

EAS ¥ IhAS
tnas tap "4

p——lenn
CAS

Address

[han't care
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© COUNTER TEST

RAS

(REFRESH) (READ/WRITE} /s
/ fcas
o

e [ 1§ — ]

|

.
b
o

Address

BPAGE MODE CHARACTERISTICS (Ta=0 to +70°C, Vec=5V£10%, Vis=0V)

HM50256-12 HM50256-15 HM50256-20 ;
Parameter Symbol ¥ B - Unit

min max min max min max
Page Mode Supply Current Feer - 57 — 48 - 37 mA
Page Mode Read or Write Cycle e 120 = 145 s 190 - ns
CAS Precharge Time, Page Cycle ter 50 = 60 — 80 — ns
Page Mode Read Modify Write Cycle trew 1 165 — 195 = 250 = ns

®PAGE MODE READ CYCLE

ol I - e —

CAS b -
\-—tu: -—l'rr-—--\-—vu'u*ﬂ s
ASC 1
Jhase Ean tean tyse]  [o—=icau
e [
S
X{ 4 X X X
f .
tae ﬂ—-!-| trew - trcw
WRITE x }v{ 3';
ot 1 40 fr——— A
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® PAGE MODE WRITE CYCLE

e —s\t ﬁ
‘ G \r-,__ \‘._/

fas fa

tasc Ican

Address ><: ‘x: >< ><‘ ’K
\

ey

WRITE \
- e |
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HMS0257-12, HMS0257-15, Preliminary

HMS0257-20

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, 20mW standby

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

Common |/O capability using early write operation

Nibble mode capability

Indifinite Dout hold using CAS control

TTL compatible

256 refresh cycles . . . .. (4ms)

3 Variatians of refresh; RAS only refresh, CAS befor RAS
refresh, Hidden refresh

[l BLOCK DIAGRAM

(DG -16B)

HPIN ARRANGEMENT

i .=
I I 1 16 Vas
Data-In
Buffer Din| 2 15 |TAS
I
Din WE| 3 14 | Dout
I—‘= a'_'l TH I 13| as
E i L:j 5 12 ]
Memary ol -1 M
el “; EE‘ e A.E 1] A
; 3 ; A E 10 | As
2 &
A
Wc| B 8 |Ar
Row Row
Daecoder %‘% Decoder
= (Top View)
s |8
3| g |3
e E g
Aihrans PRI 1 | ! Ao~As | Address Inputs
Buffers Array 2| E M Array m‘_’ _Eo_l_-ll_mn .b\ddress_$trobe
2 3 = Din Data In
An o - E
wE £ Dout Data Out
RAS Row Address Strobe
ard-ar?, ach-ac? WE Read /Write Input
Vee Power (+5V)
Vss Ground
B ABSOLUTE MAXIMUM RATINGS Aoc—~A; |Refresh Address Inputs
Voltage on any pinrelativetoVgg . .. ........... -1V to +7V
Operating temperature, Ta (Ambient) . .. ....... 0°C to +70°C
Storage temperature . . . ... ............. -65°C to +150°C
e ) SR S G Ty o ek w
Shorteircuit QUIPUL CUITeNT . ... . v ioiva s e oo s s ans 50mA
l RECOMMENDED DC OPERATING CONDITIONS (Tz=0 to +70°C)
Parameter Symbol min typ max Unit Note o
jole
V v
Supply Voltage Vie 4.5 5.0 5.5 1 The ifi of this device are subject 1o
Input High Voltage Viw 2.4 —_ 6.5 o % change without notice.
e oy Teve T [V I [T T ISV -y mommaicrimin

Note 1) Al voltages referenced to Viss
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HM50257-12, HM50257-15, HM50257-20

BWDC ELECTRICAL CHARACTERISTICS (Ta=0 to +70°C, Vec=5V+10%, Vss=0V)

B e Symbol HM50257-12 H:MSGZS?-IS H?lmS?‘ZD Usit | Notes
min max min max min max
Operating Current (RAS, CAS Cycling: txc=min) Feer - 83 o 70 — 55 mA 1
Stand by Current (RAS=Viy, Dout=High Impedance) | lccs — | &5 — | 4.5 — | 4.5 | mA
Refresh Current (RAS only Refresh, ize=min) Ices - 62 - 53 — 42 mA
Standby Current (RAS= Vix, Dout Enable) Iecs — | ‘10 — | 10 — | 10 | mA 1
Refresh Current (CAS before RAS Refresh, tac=min)| JFccs ol 69 = 58 =+ 45 mA
Input leakage (0< Vi <TV) Tus —10 10 —10 10 ~10 10 HA
Output leakage (0< V.., <7V) Iio =10 10 =10 10 =10 10 BA
Output levels High (Lu=—5mA) Vou 2.4 Vee 2.4 Vee 2.4 Vee Vv
Output levels Low (l.u=4.2mA) Voo 0 0.4 0 0.4 0 0.4 v

Notes) 1. lcc 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
Address, Data-In Cni o 5 1
i F
Input Capacitance Clocks. Data-Out Cir = T B 1, 2
Notea) 1. Capacitance messured with B Meter or effective mothod,

2, CAS=Viy to disable Dout.

HMELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS
(Ta=0 to +70°C, Vece=5V+10%, Vss=0V)

Parameter Symbeal B}_‘m‘i‘lz m%ﬂ'-lﬁ Hm?‘m Unit | Notes
min max min max min max
Access Time from RAS trac — 120 o 150 = 200 ns
Access Time from CAS teac et 60 = 75 = 100 ns
Qutput Buffer Turn-off Delay torr = 30 = 40 e 50 ns 5
Transition Time (Rise and Fall) iy 3 50 3 50 3 50 ns 6
Random Read or Write Cycle Time tue 220 — | 260 — | 330 == ns
RAS Precharge Time tup 90 — | 100 — | 120 — | ns
RAS Pulse Width taas 120 | 10000 | 150 | 10000 | 200 | 10000 | ns
RAS Pulse Width teas 60 | 10000 | 75 | 10000 | 100 | 10000 | ns
RAS to CAS Delay Time taco 25 60 25 75 30 100 ns 7
RAS Hold Time sy 60 =il 5 — | 100 — | ns
CAS Hold Time besu 120 — | 150 — | 200 — | ns
CAS to RAS Precharge Time terr 10 — 10 = 10 - ns
Row Address Set-up Time Lasn 0 = o o= 0 — ns
Row Address Hold Time Eaan 15 = 15 = 20 - ns
Column Address Set-up Time lasc 0 — 0 == 0 = ns
Column Address Hold Time leaw 20 = 25 - 30 . ns
Column Address Hold Time referenced to RAS lan 80 = | 100 — | 130 — ns
WE C 1 Set-up Time twes 0 " 0 i 0 = ns 8
Write Command Hold Time twen 40 E 45 == 55 = ns
Write Command Hold Time referenced to RAS twer 100 — | 120 — | 155 — ns
Write Command Pulse Width twp 40 e 45 e 55 = ns
Write Command 1o RAS Lead Time Lawe 40 = 45 o 55 = ns
Write Command to CAS Lead Time tewe 40 —| 45 — | 85 — | ns
Data-in Set-up Time Los 0 - 0 —— 0 = ns 9
Data-in Hold Time tow 40 . 45 - 55 == ns 8,9
Data-in Hold Time referenced to RAS town 100 = 120 = 155 = ns
Read Command Set-up Time tres 0 — 0 == 0 - ns
Read Command Hold Time referenced to CAS tacw 0 - o] 0 = ns
Read Command Hold Time referenced to RAS tann 10 = 10 - 10 = ns
Refresh Period tugr = 4 = 4 = 4 ns
(to be continued |
® HITACHI 285



HM50257-12, HM50257-15, HM50257-20

HM 7- HM - HM50257-
Parameter Symbol 5 L] - s " S Unit | Notes
min max min max min max
Read-Write Cycle Time tawe 265 — | 310 — | 3% = ns
CAS to WE Delay town 60 — |7 — | 100 — | ns 8
RAS to WE Delay tawn 120 = =150 — | 200 —
CAS Precharge Time tern 50 — 60 et 80 — ns
CAS Setup Time tesa 10 == 10 e 10 = ns
CAS Hold Time(CAS before RAS Refresh) teun 120 =] 150 — 1 200 = ns
RAS Precharge-to CAS Hold Time tapc 0 - 0 - 0 = ns
Not“ - . .
1. AC measurements assume 7= 5ns. 8. twes, tcwp and fpwp are not restrictive operating
2. Assumes that frep < freop (max). If fpep is greater parameters.
than the maximum recommended value shown in this 'I‘hnymhwlndedinthedata sheet as electrical
table, g 4 ¢ exceeds the value shown. characteristics only; if fcs = tweg (min), the cycle
3, Measured with a load circuit equivalent to 2TTL loads is an early write cycle and the data output pin will
and 100pF. remain open circuit (high impedance) throughout the
4. Assumes that tgcp 2 'RCD {max). entire cycle; if Iewp 2 tewp (min) and IRwD 2
5. topp (max) defines the time at which the output trwp (min) the cycle “is a read-write and the data

achieves the open circuit condition and is not refer-
ence to output voltage levels.

6. Vpy (min) and Vjp; (max) are reference levels for
measuring timing of input signals. Also, transition
times are measured between Vyyand Viy.

7. Operation with the fgcp (max) limit insures that
tr ac (max) can be met, fpop (max) is specified as a
reference point only, if tgeop is greater than the
specified fpcp (max) limit, then access time is
controlled exclusively by fo4e.

ETIMING WAVEFORMS
®READ CYCLE

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 TAS 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

11.

followed by a minimum of 8 initialization cycles.
Minimum of 8 CAS before RAS refresh cycle is re-
quired before using internal refresh counter.

Eae-

=|
|
~3

= i N

e B P —ef

2
=
)
./F

-——Ius——-./

Ecan——am

basn Eman tase

fcaw
-

Address Xt X

RC S|

drca

WRITE

_— e ]

Dout
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® WRITE CYCLE

ey Nesr / N

7
VAl
5

tasa tran tase ,..._L.i
= 3

Address ><" _ >S "K
e \NF——/

Hi Z

Dot

@ READ MODIFY WRITE CYCLE

o F s

tawe
TAS 3
\ -———-lrlL—M
Pasn Enan Lasc Lean
= -
Address X ’K xr -\K
5 .
tnes) 5
Z i
7 tuw D —-mwu-/
Ins
fowr
Din Xf ‘K
2
fcac

Daout _~ ~
S~
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HM50257 -12, HM50257 -15, HM50257 -20

®RAS ONLY REFRESH CYCLE

N :

FAS b

fcur

=7 N

ASE Enay

=

* REFRESH ADDRESS As—As(AXe—AXs)

@ HIDDEN REFRESH CYCLE

RAS *\ (READ) taas ‘ y o ¥ (REFRESH) /—\_
-r——lns——c—

=|
o

fasn fascC] fcan

o FF

® CAS BEFORE RAS REFRESH CYCLE

G IRy I"—A : /

P iR

Address

Don't care
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® COUNTER TEST

RAS

{REFRESH) (READ/WRITE) /

iz
b
o

g DM, =T B

B NIBBLE MODE CHARACTERISTICS (Ta=0 to +70°C, Vee=5V+10%, Ves=0V)

HM50257-12 HM50257-15 HM50257-20 i
Parameter Symbol e = > Unit
min max min max min max
Nibble Mode Supply Current Iccs == 57 = 48 = 37 mA
Nibble Mode Access Time twae == 20 = 25 = 35 ns
Nibble Mode HAS Cycle Time twrc 390 == 460 == 590 — ns
Nibble Mode RAS Pulse Width twia 290 = 350 =r 460 — ns
Nibble Mode Cycle Time tuc 50 - 60 — B0 —_ ns
Nibble Mode TAS Precharge Time twce 20 = 25 = 35 et ns
Nibble Mode TAS Pulse Width tnca 20 = 25 == 35 = ns
Nibble Mode RAS Hold Time twrsu 40 = 45 = 55 = ns
@ NIBBLE MODE READ CYCLE
- " =
RAS I
inma
L&—tnc ENR 5N —a]
TAS \ | | fﬂ\
Iras tycr Inca
L ML I et
Addreas ><"‘ W ‘><
I -~ #®
---—'—-uu
WRITE V4 ‘k
LS S,

Dot

& |
\_-l
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@ NIBBLE MODE WRITE CYCLE
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HN61364P,HNG61364FP

8192-word x 8-bit Mask Programmable Read Only Memory

The HNG61364P/FP is a mask-programmable, byte-organized memory
designed for use in bus-organized systems.

To facilitate use, the device operates from a single power supply, has
compatibility with TTL, and requires no clocks or refreshing because of
static operation.

The active level of the CS, OE; ~ OE; inputs and the memory content
are defined by the user. The Chip Select input deselects the output and
puts the chip in a powerdown mode.

= FEATURES

@ 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

AD—
Al— —no
A2 — —D1
A3—1 Memaory MSue —D2
::-5 T Matrix Qutput "—g:
ress (8192 x B) Buffe 3 [

A6 DS
A7 — Decoder =D
Az — —D7
As—1

=

1—

52—

s —Pp 1

*OED

*OE2 ® Active level defined by the user.

= ABSOLUTE MAXIMUM RATINGS

HN61364P

HN61364FP

(FP-54)

Item Symbol Value Unit
Supply Voltage* Vee -0.3to +7.0 v
Input Voltage* Vin -03to +7.0 v
Operating Temperature Topr -20to +75 *c
Storage Temperature Totg —55 to +125 °C
Bias Storage Temperature Thias —20 to +85 *C

* with respect to Vgg
= RECOMMENDED DC OPERATING CONDITIONS

Item Symbol min typ max Unit
Supply Voltage » Voc 45 5.0 55 v
V, -0.3 - 0.8 v
Input Voltage * LS
s Ve 22 = Voo v
Operating Temperature | Topr -20 - 75 *c

* with respect to Vis

292 ® HITACHI

= PIN ARRANGEME
® HNG61364P

Ne[T]

Aia[2]
Aq[3]
A[4]
AS[S]
Asls]
As[T]
Aq[8]
Al5]
Asfio
Do11]
D, [i2]
D, [13]

NT

@Vcc
7oK, *
260, *
e
A,
23]A4s
22]OE,*
WA
l20]CS*
ED?
D,
17)D,
oL

Vss E

(Top View)

® HNG61364FP

15]D3




= ELECTRICAL CHARAGTERISTICS (Voc = 5V+10%, Vs = 0V, T = —20 to +76°C

HNE61364P, HN61364FP

Item Symbol Test Condition min typ max | Unit
Input High-level Voltage Vi 22 | - | Vec v
Input Low-level Voltage Vi 03 - 0.8 v
Output High-level Voltage Vor |lon=—205sA 24 | - = v
Output Low-level Voltage Vor |Tor=3.2mA - - 04 v
Input Leakage Current Iin Vin=01to 5.5V & - 25 | pA
Output High-evel Leakage Current | Iz op | Vour=2.4V, CS=0.8Y, C8=2.2V o - 10 | uA
Output Low-level Leakage Currenit | [ op | Vour=0.4V, CS=0.8V, C5=2.2V = - 10 | pA
* —
Seply . | Active Tce * | Voo=5-5V, Ipy=0mA 10 25 | mA
Standby Igp Vee=5.5V, C82V 5—0.2V, CS£0.2V - 1 30 BA
Input Capacitance Cin - - 10 pF
- Vin=0V, f=1MHz, Ty=25°C
Output Capacitance e F o m _ 15 oF
* steady state current
= RECOMMENDED AC OPERATING CONDITIONS (READ SEQUENCE)
(Vece=5V=+£10%, Vss=0V, Ta=—20 to +75°C, t,=t;=20ns)
Item Symbol | min max Unit
Read Cycle Time tre 250 = ns
Address Access Time [ - 250 ns
Chip Select Access Time Tacs = 250 ns e AC TEST LOAD
Chip Selection to Output in Low Z ferz 10 - ns
Output Enable to Output Valid tog - 100 ns I s
Output Enable to Outputin Low Z foLz 10 - ns e
Chip Deselection to Output in High Z teuz 0 100 ns Ry =24kn
Chip Disable to Output in High Z toHzZ 0 100 ns Test Point
Output Hold from Address Change lon 10 - ns 15000 ST
= TIMING WAVEFORM
o Read Cycle (1) x
e IRe ——}
Address )‘ Notes) 1. t,=i;=20ns
3. A Ghodes sie 1SHHUD.
CANRARNNNY 77777 e =
ARN Cadl ™| ¥y 77777 NOTES
s -
i ToHZ 1. Device is continuously selected.
= e T ﬂ' 2. Address Vaild prior to or coincident

e Read Cycle (2) Notes1,3

TR

Address X

X

"r‘- "
o —] Of =
Dout Z_

e Read Cycle (3) Notes2,3

(&3
tacs
fcrz

Dout

IcHz,

@ HiTacHI

with TS transition low.
3. 0E=Vy
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HN61365SP

B8192-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 (DP-24)
® Automatic Power Down
@ Single +5 Volt Power Supply HPIN ARRANGEMENT
@ Three-State Data Output for OR-Ties —
® Mask Programmable Chip Select w ] 2] e
® TTL Compatible ae[7] 23] A4
® Maximum Access Time; 250ns a.E 2] a,
® Low Power Standby and Low Power Operation; Standby SuW a[E] E Aik
(typ.), Operation 50mW (typ.) m[E ] s+
@ Pin Compatible with EPROM
AlE E!Il
A|E E An
BEBLOCK DIAGRAM a7 [17] v
p, p— DDE E D
:: : SRR g: Dy E 1_3 Ds
jREe= Memory 3-State ————— 1 D:E ED.
| ——
:: : Address Matrix Output g: v,.E E Ds
Ag =i Decoder (8192x8) Buffers s
Ay ——f T b (Top View)

Ay —

Ay —
Ary—
Ay —
Ary ———

Vee=Pin 24

#CS ’ 1 Vis=1n 12

* Active level defined by the user.

BABSOLUTE MAXIMUM RATINGS

Item Symbol Value Uit
Supply Voltage® Vee —0.3 to +7.0 i 4
Input Voltage® Vi —0.3 to +7.0 v
Operating Temperature y —20 to +75 T
Storage Temperature y —55 to +125 c
Storage Temperature (under bias) O —20 to +85 ko

* with respect to Vi
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HNG61365P

B RECOMMENDED DC OPERATING CONDITIONS

Item Symbol min typ max Unit
Supply Voltage* Vee 4.5 5.0 5.5 v
Vie -0.3 = 0.8 v
I Vol »
O A Viu 2.2 == Vee v
Operating Temperature Towr =20 == 75 'C
* With respeet to Vas
BELECTRICAL CHARACTERISTICS (Vee=5V £10%, Vss=0V, Ta=—20 to +75°C)
Item Symbeol Test Conditions min typ max Unit
Viu 2.2 = Vee v
I Vol
T Vid —03 | — 0.8 v
Von Tou=—205uA 2.4 i 5 v
Ot Vol
ol i | Vor | Toc=3.2mA -1 = 0.4 v
Input Leakage Current i Vin=0~5.5V — — 2.5 HA
Teow = V=24V - - 10 A
Output Leal Ci CS5=0.8V, C5~-2.2V
W et e Tege . il £ ) - — 10 #A
Active Supply Current Iec Vee=5.5V, lsour=0mA == 10 25 mA
Stand by Supply Current Iss CS=Vec—0.2V, CS=0.2V, Vec=5.5V - 1 30 HA
Input Capacitance Cu = 3 10 pF
Va=0V, f= ' =257
Output Capacitance Cour W f=Uith Te=it = = 15 pF
#* Steady stale current
ERECOMMENDED AC OPERATING CHARACTERISTICS
®READ SEQUENCE (Vec=5VE10%, Vss=0V, Te=—20 to +75°C, t.—1,=20ns)
Item Symbol min max Unit
Read Cycle Time tre 250 = ns
Address Access Time tan = 250 ns
Chip Select Access Time tacs == 250 ns
Chip Selection to Output in Low Z terz 10 = ns
Chip deselection to Output in High Z tewz 0 100 ns
Qutput Hold from Address Change ton 10 g ns
e AC TEST LOAD
®READ CYCLE (1)
f i 5.0V (Vo)
Mdrans Rp=24kn
~ - Test Point
¥ 130pF 1k
3 Y
3 NN KLLLALL & ,
tars '™
Notes) 1. t,=t,=20ns,

®READ CYCLE (2) (Notes 1)

- T

(2]

KXXXX X

®READ CYCLE (3) (Notes 2)

i3 lh

@ HITACHI

2, Co includes jig espacitance.
3. Al diodes are 152074,

Notes )

1. Device is continuously selected

2. Address Valid prior to or coincide
transition low.

nt with C5
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HNG61366P

8192-word X 8-bit Mask Programmable Read Only Memory

The HNG61366P is a mask-programmable, byte-organized memory
designed for use in bus-organized systems.

To facilitate use, the device operates from a single power supply, has
compatibility with TTL, and requires no clocks or refreshing because of
static operation.

The active level of the OE input and the memory content are defined
by the user.

BFEATURES
@ 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.) ""E_\J— e
@ Pin Compatible with EPROM ""E E"
HEBLOCK DIAGRAM as[3] [22] Ay
O M[E] B
] = a3 [35] oe
EE Address E]::’:i::s, :;:";?E:Et EE ~ 3] [15] Ao
fo— Decoder 4 = a [T o
<00 - a 2] mEs
] N El [16] 0
::: o E Ell]n
0s [11] M
0E ' ves [12] [15]0:
(Top View)

#® Active level defined by the user.

HABSOLUTE MAXIMUM RATINGS

Item Symbol Value I Unit

Supply Voltage® Ve —0.3 to +7.0 ¥

Input Voltage® Vie —0.3 to +7.0 v

Operating Temperature T —20 to +75 T

Storage Temperature Tise —55 to +125 i

Storage Temperature (under bias) Thiau —20 to +85 'C
® With respect to Vis
BRECOMMENDED DC OPERATING CONDITIONS

Item Symbol min typ max Unit
Supply Voltage* Vee 4.5 5.0 5.5 v
Vie —0.3 e & 0.8 v

Input Voltage*®

il g Viu 2.2 % Vee ¥
Operating Temprature ¢ —20 - 75 ©

* With respect to Vis
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BMELECTRICAL CHARACTERISTICS (Vcc=5Vt10%, Vss=0V,

Ta=—20 to +75°C)

HNG1366P

Item Symbol Test Conditions min typ max Unit
i Vol Vig 2.2 = Vee A4
o i Vie =03 | — 0.8 v
ane N Von Tou=—205pA 2.4 - o v
B ARG Vor Toi=3.2mA =+ == 0.4 v
Input Leakage Current I Vin=0--5.5V s -2 2.5 HA
Tion — Vour=2.4V = — 10 KA
=.8V, =2.2V
Cutput Luh.e Current Tl OE=0.8V, OE=2.2 Vour=0.4V — — 10 e
Operating Supply Current Iec® Vec=5.5V, lour=0mA - 10 25 mA
Input C Cin il ” 10 pF
Via=0V, f= x e
Output Capacitance Coui o, JEINEE AromD == ] 15 pF
# Sieady stsle current
B RECOMMENDED AC OPERATING CONDITIONS
®READ CYCLE (Vce=5V+10%, Vss=0V, Ta=—20~+75'C, t,=t,—20ns) ®LOAD CIRCUIT - A
Item Symbeol min max Unit Re=2A4K0
Read Cycle Time tac 250 — ns 1
Test point
Address Access Time tan = 250 ns
Output Enable to Output Valid tog = 100 ns ek i
Output Enable to Qutput in Low Z tovz 10 = ns
Output Disable to Output in High Z tonz 0 100 ns
Qutput Hold from Address Change low 10 - ns Notes) 1. t.—t;=20ns
2. C. includes jig capacitance.
3. All diodes are 1520740
ETIMING WAVEFORM
@®READ CYCLE (1)
i |

Addreas

X

= SANARATR

®READ CYCLE (2)N V

Address

0

- by ——a

Deout

Note) 1. DE=Vy

@ HITACHI




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.

B FEATURES
Mask-programmable for either 4-bit or 8-bit organization.

Three-state outputs, can be wired-OR,

Two mask programmable chip select terminals facilitate memory
expansion,

A single 5V power supply (£10%).

Low power consumption: Operation 3mW (typ.),

Standby 3uW (typ.)

TTL compatible

Access time: 6.5us (max)

B BLOCK DIAGRAM

b
I 3-State Boffers }‘—'
I

cs
Ccse —4]'1 S Lanie l Latch —I——<
; =y !
T

I Y-Decoder

[} ]

| I [ 2N )
g ) CS Conteol | Ba
Me: A
X Decoder S o
{A1e) N\ ———] — . 131072 bita
&5 b | l Timing Generator

el

! ®1 Active level defined at mask level.
#2 Mask programmable selection of either 4-bit or
B-bit organization,
In 4-bit organization, data outputs are Ds to D

298 @ HITACHI

(DP-28)

HPIN ARRANGEMENT

m(All)'E: Sk 28 | Vee
A2 ] 27 | css
.hE Ecs:
AT EL
""E 24 | As
A,.{I EAH
""[Z [ 2]cE
“’lI 2 | Aw
AlE EAN
INED 19 | Dr
[ 11 18 | Ds
o [iz] 7] Ds
o[ 13 16 | D
Ves| W 15 | Ds
(Top View)

#*The most sighificant address in 4-bit organization.



HN43128P

B ABSOLUTE MAXIMUM RATINGS

Item Symbol Rating Unit
Supply Voltage* Vee —-0.3—+7.0 v
Input Voltage* Vis —0.3—+70 v
Operating Temperature Range Tor =20~+75 c
Storage Temperature Tou —55~+125 i
Bias Storage Temperatore Thins —20~+85 c

Note : ® Heferenced to Vs

B ELECTRICAL CHARACTERISTICS (Vce=5V£10%, Vss=0V, Ta=—20~+75'C)

Item Symbol Test Condition min typ max Unit

Input “High" Level Voltage Vie 2.4 m Vee v
Input “Low” Level Voltage Vie 0 5 0.8 v
Output “High” Level Voltage Von Tow=—100puA 2.4 r = v
Output “Low” Level Voltage Vou Io=1.6mA T I 0.4 v
Input Leakage Current Ly Vi =0~5.5V = = 2.5 A
Output “High" Level Leakage Current Liow CE=0.8V Vi =24V - = 5 H2A
Output “Low” Level Leakage Current Tioo CE=2.4V Ver =0.4V = — 5 HA
i I CS= Vee— 0.2V —_ 1 HA

Sy Cemret [ £ e e 7 YN T
Input Capacitance GCa Vi =0V, j=1MHz, Ta=25'C = - 10 pF
Output Capacitance Gt = == 12.5 pF

* Steady state current

W AC OPERATING CHARACTERISTICS
® READ SEQUENCE (V.c=5V£10%, Vss=0V, Ta=—20 to +75C, t,—1;—20ns)

Item Symbol min max Unit
Read Cyele Time tac 7.5 = Hs
Address Access Time baace - 6.5 s
Chip Enable Access Time teace = 6.0 Hs
Data Hold Time from Address tor 0.05 0.5 Hs
Address Set-up Time Las 0.5 = #s
Address Hold Time Ly 0 + oS
Chip Enable ON Time &= 6.0 s - s
Chip Enable OFF Time tee 1.0 =5 HS
- [
| ! - @ LOAD CIRCUIT
Adress I T
cs ! 5OV Vee)
: | Elisn R =24k0
} s I L T 1 2ot (43
| 1 T T Test point
|
e m “~ 30pF 11k
I I T3 I tor |

Notes © 1. =1, =20ns.
2, C. mcludes jig capacitance,
3. All dicdes are 152074 @.
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HNG613128P, HNG613128FP

16384-word % B-bit Mask Programmable Read Only Memory

The HNG613128P/FP is a mask-programmable, byte-organized HN613128P
memory designed for use in bus-organized systems. To facilitate use,
the device operates from a single power supply, has compatibility
with TTL, and requires no clocks or refreshing because of static ope-
ration. The active level of the CS, OE,, OE, input and the memory
content are defined by the user. The Chip Select input deselects the
output and puts the chip in a power-down mode.

M FEATURES i
e Fully Static Operation
® Automatic Power Down ERRRIIET
® Single +5-Volt Power Supply
® Three-State Data Output for OR-Ties
® Mask Programmable Chip Select, Output Enable
® TTL Compatible
® Maximum Access Time; 250ns
® Low Power Standby and Low Power Operation; (FP-54)
Standby: 5uW (typ.)
Operation: 50mW (typ.) HPIN ARRANGEMENT
® Pin Compatible with EPROM ®HN613128P
B BLOCK DIAGRAM
N %0
Az— f——m
A3— Memory 3-State :
= Matrix Output
B Address (16384 x8) Buffers :
Tl o
P b7
Ao—
All—p
Al2—
Al3—
o
* 05
* 0
* Active level defined by the user.
MABSOLUTE MAXIMUM RATINGS
(Top View)
Ttem Symbol Value Unit ®HNG613128FP
Supply Voltage® Vee —0.3 to +7.0 \ DD Do DDy VDD
Input Voltage® V. —0.3 to +7.0 v ZiZigiag
Operating Temperature Range y —20 to +75 C
Storage Temperature Range Tue —55 to+125 C
Storage Temperature Range (under bias) Tiier —20 to +85 o
® With respect 1oV zs.
B RECOMMENDED DC OPERATING CONDITIONS
Item Symbol min. typ. max. Unit
Supply Voltage * Vee 4.5 5.0 5.5 v
Viu —-0.3 = 0.8 v
Input Voltage*® Vin 2.2 = Ve v
Operating Temperature Tepe —20 = 75 €

*® With respect to Vi

300 @ HITACHI
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HN613128P, HN613128FP

M ELECTRICAL CHARACTERISTICS (Vec=5.0V+10%, Vss=0V, Ta=—20to +757C)

Item Symbol Test Condition min typ max Unit
Input High-level Voltage Vi 2.2 s - Ver A
Input Low-level Voltage Vie —0.3 = 0.8 X
Output High-level Voltage Von Ton=—205 #A 2.4 o= = v
Output Low-level Voltage Vou Tor=3.2mA = = 0.4 v
Input Leakage Current I Va=0 to 5.5V - - 2.5 BA
Output High-level Leakage Current | frow Vou=2.4V,CS=0.8V,CS = 2.2V - s 10 HA
Output Low-level Leakage Current | Jiow Vi =0.4V,CS =0,8V,CS = 2.2V = = 10 HA
Supply Current (Active/Standby) Iec L | Vee=5.5V, Ioour—=0mA /CS = Vec—0.2V,C5=0.2V = | 10/1 | 25/30 [mA /uA
Input Capacitance [+ Vie =0V, f=1.0MHz, Ta=25C =X = 10 pF
QOutput Capacitance G Vi. =0V, f=1.0MHz, Ta=25C =t = 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.=t;=20ns)
HN613128P
Item Symbol ; Unit
min max
Read Cycle Time tac 250 .- ns
Address Access Time Laa = 250 ns
Chip Select Access Time tacs = 250 ns
Chip Selection to Output in Low Z leiz 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 o 100 ns
Chip Disable to Output in High Z tonz 1] 100 ns
Output Hold from Address Change tow 10 - ns
H TIMING WAVEFORM
® READ CYCLE(1)
| L3 |
: taa
B0 NN T
log ton
— toLr e AC TEST LOAD
BANN Y £V /AL
tacs =
pis e 5.0V (Vee)
Doat ( >(>O.. Ry=24k0
®READ CYCLE(2) (Notes 1,3) i Fokait
L 130pF 11k
s X > !
low = { "_-'ﬂ-”. 1 :
Dout >Wk ( Notes) 1. f,=t;=20ns.

®READ CYCLE (3) (Notes 2,3)

B~
N\

facs

Dout

@ HITACHI

2. C. includes jig capacitance.
3, All diodes are 1S2074@.

NOTES:

i

Device is continuously selected.

2. Address Valid prior to or coincident
with CS transition low,
3. OE=VIL.
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HNG61256P, HNG61256FP

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.

BFEATURES

® Mask-programmable selection of either 4-bit or 8-bit organization

® Three-state outputs, can be wire-ORed.

® One mask programmable chip select terminal facilitates memory
expansion.

® A single 5V power supply (£10%)

® | ow power consumption: Operation 7.5mW (typ.),
Standby 5uW (typ.)

® TTL compatible

® Access time: 3.5us (max)

B BLOCK DIAGRAM

Iy G ey
2
! !
I 3-State Buifers ]‘_
] 1 1
. [C e
S, 1
~ _ —_j Y-Uecoder i’—
o 1 T
Ar CS Conteal
|_ Memory Array
X Decoder =
{Ais) '!————-l — 262144 bits
) i |

E
o "1 l Timing Generator l

®1 Active level defined at mask lJevel.

#2 Mask programmable selection of sither 4-bit or
8-bit organization.
In 4-bit organization, data outputs are Ds to Da,

302 ®HiTacH

HN61256P

HN61256FP

(FP-54)

HPIN ARRANGEMENT
®HN61256P

NClas) | 1 ez E"“
""E 27 | Au
"’II 26 |Cs
,,E 25 | A
“‘E EREY
“l:“.: %An
_,,E 22 | CE
~E 21 | A
"‘E E.\u
w10 19 | br
w1 18 | Do
o[ 1z 17 | D
e T 16 | oo
v,,[I 15 | o

(Top View)
®HNG61256FP

(Top View)



HN61256P, HN61256FP

B ABSOLUTE MAXIMUM RATINGS

Item Symbol Rating Unit
Supply Voltage* Vee: —0:3~+7.0 v
Input Voltage® Vi —.3~+7.0 '
Operating Temperature Range Lo 0~+75 ©
Storage Temperature Range Tosx —55~+125 k &
Bias Storage Temperature Range Thins —20~+85 1.0]

Note © # Relerenced to Vis,

M ELECTRICAL CHARACTERISTICS

(Vee=5V£10%, Vss=0V, Ta=0~+75C)

[tem Symbol Test Condition min typ max Unit
Input “High" Level Voltage Vi 2.4 == Vee v
Input “Low” Level Voltage Vie 0 = 0.8 v
Output “High” Level Voltage Vou Tow=—100pA 2.4 == - v
Output “Low" Level Voltage Vau To.=1.6mA - e 0.4 v
Input Leakage Current y 1 Via=0—5.5V = = 2.5 HA
Output “High" Level Leakage Current Tuow CE=-0.8V Vi =24V - 2 = 5 HA
Output “Low” Level Leakage Current fiow CE=2.4V Vear =0.4V = i 5 #A
In stand-b I 2 ] - 1 #A
Supply Current Ll _)‘ - ﬁg&‘+%§¥f Vee=5.5V ..
In operation Iec® tuc=4.0 ps ot 1.5 3.0 mA
= e Lo F
Input Capacitance G V=0V, f~1MHz, Ta=25C 10 p
Output Capaeitance G = = 12.5 pF
#® Steady state current
B AC OPERATING CONDITION AND CHARACTERISTICS
®READ SEQUENCE (Voc=5V+10%, Vss=0V, Ta=0—+75C, t,=t,—20ns)
Item Symbol min max Unit
Read Cycle Time tac 4.0 = Hs
Address Access Time Laacc = 3.5 Hs
Chip Enable Access Time eace % 3.0 Hs
Data Hold Time from Address tor 0.05 0.5 Hs
Address Set-up Time tas 0.5 = Hs
Address Hold Time Lan 0 £ Hs
Chip Enable ON Time ter 3.0 = Hs
Chip Enable OFF Time tee 0.5 = Bs
"‘ @ LOAD CIRCUIT
1 S.0V( ¥ec)
Ru=2.4k2
I-«lm-
o fex = | Test poiat
i e |
m 30pF 11k2
i
| tor
! s
e 82
Notes © 1. L=, =20ns.
2.C. includes jig capacitance,
3.Al diodes are 1S2074@.
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HNG613256P,HNG613256FP

32768-word x 8-bit Mask Programmable Read Only Memory
The HN613256P/FP is a mask-programmable, byte-organized memo- HN613256P
ry designed for use in bus-organized system.

To facilitate use, the device operates from a single power supply, has
compatibility with TTL, and requires no clocks nor refreshing
because of static operation.

The active level of the CS and OE input, and the memory content
are defined by the user. The Chip Select input deselects the output
and puts the chip in a power-down mode. (DP-28)

FEATURES HN613256FP
Fully Static Operation

Automatic Power Down

Single +5V Power Supply

Three-state Data Output for OR-ties

Mask Programmable Chip Select and Output Enable
TTL Compatible

Maximum Access Time: 250ns (FP-54)
Low Power Standby and Low Power Operation; = PIN ARRANGEMENT
Standby 5uW (typ.), Operation 50mW (typ.) * HNG13256P
® Pin Compatible with EPROM

= BLOCK DIAGRAM

A0—

Al— DO

= B

A3—] Memory 3-State

o Ouﬁut Out&ut 4

A6—] Address i Bufter - |—-n%

AT Decad (32,768 x8) —Dé

AB— —D7
Am——

10—
All—]
=

ca—
Al4— <
wcs—p—4 (Top View)
'OE—' #* Active level ‘can be defined by the customer.

* Active level defined by the user. HNB13256FP

= ABSOLUTE MAXIMUM RATINGS

Item Symbeol Value Unit
Supply Voltage* Vee —0.3 to +7.0 v
Input Voltage* Vin —031t0+7.0 | V
Operating Temperature Range Topr | —20to +75 C
Storage Temperature Range Tstg -55t0+125 | °C
Storage Temperature Range (Under Bias) | Tbias | —20to +85 i e

*With respect to Vsg
B RECOMMENDED DC OPERATING CONDITIONS

Item Symbol min. typ. max. Unit
Supply Voltage* Vee 4.5 5.0 5.5 v
Vie ~0.3 — 0.8 v
U
SRR Vin 2.2 — Vee v
. * Active level can be defined by the customer.
Operating Temperature Terr —20 == 75 o)

® With respect to Vis.
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HN613256P, HN613256FP

= ELECTRICAL CHARACTERISTICS (Ve =5.0V£10%, Vss =0V, T, = —20 ~ +75 °C)

Item Symbol Test Condition min |[typ | max | Unit
Vi 22| - [Vee| v
i 7 03| - |08 [V
VOH I.OH= —105 uA 2.4 - = V
Vi
Output Voltage Vor ToL™ 32 mA g et v
Input Leakage Current Iin Vin=0~ 55V == | =128 |.uA
! fmﬂr —— Voul‘ =24V o = 10 HA
Output Leakage Current CS=0.8V,CS =2.2V
e me Vau¢= 04V — - 10 BA
Active Ice* Vee=5.5V, Iyt =0mA — |10]| 30 | mA
Supply Current -
Hppy e "Standby Iss | Voc=53V.C8 3 Vog - 02V,CS 02V — | 1[30 [
Input Capacitance Cin - - | =] 10 | pF
Vin=0V,f=1MHz, T, =
Output Capacitance i, in=OV.f e P )
#* Steady state current
= RECOMMENDED AC OPERATING CONDITIONS (READ SEQUENCE)
(Vee=5V£10%, Vss=0V, Ta=—20~+75°C, t,= t;=~20ns)
Item Symbol| min max Unit
Read Cycle Time tRC 250 - ns
Address Access Time tAA - 250 ns
Chip Select Access Time tAcs - 250 ns
Chip Selection to Output in Low Z tcLz 10 - ns
Output Enable to Output Valid tOE - 100 ns
Output Enable to Output in Low Z toLz 10 - ns
Chip Deselection to Output in High Z ICHZ 0 100 ns
Chip Disable to Output in High Z tOHZ 0 100 ns
Output Hold from Address Change tOH 10 - ns
= TIMING WAVEFORM
® READ CYCLE (1)
e s
Address __X_ X ®LOAD CIRCUIT
OF NNNNNNR THZTTT ¥ 1”‘“‘1
ton fom R =24k
cs ; : * == )"{ /Fé/(// Tast Poim
Dout - o
® READ CYCLE (2) (Notes 1, 3)
3
Address X = =
= Taa Tan
Notes : 1. f.=t;=20ns
Dout KXXXXK. X 2. Cu includes jig eapacitance
® READ CYCLE (3) (Notes 2, 3) 3. All disdes are 1SOT®
C?_-\ NOTES:
| )| - 1. Device is continuously selected.
prige 2. Address Valid prior to or coincident
Dout —}L with 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.

BFEATURES

@ Static Operation

® Automatic Power Down

@ Single +5-Volt Power Supply (DP-28)

® Three-State Data Output for OR-Ties

® TTL Compatible EMPIN ARRANGEMENT

® Maximum Access Time-350ns S

® Lower Power Standby and Low Power Operation; A E E Ve
Standby: 2mW (typ.), Operation: 75mW (typ.) 2] 27 | Ane

RrE 26 | Ais
EBLOCK DIAGRAM AaE 25 | As

Az| 5 24 [ A
:a— As~Ay E
e 1 -ﬂaE 23 |An
o De
[ E— D Al 7 22 |An
]E]l: A8 21 | A
™ CE
Al 20 |CE
Address Ds - E

A
As—— —

Decoder Ds ml 10 190y
M s
s (! | 1 18]D
A — o 4
Avz—] D‘E 17 | s
Ate— o,l i3 16 | Dy

Ars ——f
A — l-"ui 14 15 | Dy

(Top View)

Memary Mairix Nibble = %’5!41!
Ahw | (32768%32)  |omi | Decoder| mie | Bhifer
uliers

BABSOLUTE MAXIMUM RATINGS

Item Symbol Value Unit
Supply Voltage* Vee —0.3 to +7.0 v
Input Voltage® Vis —0.3 to +7.0 v
Operating Temperature Range i 0 to +70 c
Storage Temperature Range Toe —55 to +125 p
Bias Storage Temperature Range Thise —20 to +85 'C

® With respect to Vis

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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BRECOMMENDED DC

OPERATING CONDITIONS (Ta=0 to 70C)

HN62301P

Item Symbol min typ max Unit
Supply Voltage * Vee 4.5 5.0 5.5 v
Vie —0.3 = 0.8 v
Tl Bl Vin 2.2  —~ Vee v
® with respect Vis
BMELECTRICAL CHARACTERISTICS (Vee=5V+10%, Vss=0V, Ta=0 to +70°C)
Item Symbol Test Conditions min typ max Unit
Normal Operating Current Iecy® tper=min, Vee=5.5V, L.=0mA - 15 50+ mA
Nibble Operating Current Icer® taca=min, Vee=5.5V, l..=~0mA s 15 50 mA
Stand by Current Tsu CE= Vec—0.2V, Vee=5.5V = 0.4 10 mA
Input Leakage Current I Vin=0 to 5.5V, other OV =10 == 10 BA
Output Leakage Current L CE=2.2V i = = - s
Lo Veur=0.4V = s 10 KA
il ks Van Liw=—2051A 2.4 == =3
Vor Lu=3.2mA = = 0.4 v
*  Steady state current
== TBD
B CAPACITANCE (Vce=5V+10%, Ta=25C, IMHz V,.=0V)
Item Symbol typ max Unit
Input Capacitance (As~A., CE) Cis TBD 10 pF
Output Capacitance (Dy~D;) Coir TBD 15 pF
BAC CHARACTERISTICS (Vec=5V=E10%, Vss=0V, Ta=0 to +70°C,t.=t;=20ns)
Mode Item Symbal min max Unit
Cyele Time tre 350 = ns
Normal Address Access Time tam o 350 ns
Data Hold Time ton 10 Fa ns
CE Access Time tace = 350 ns
CE Enable Pulse Width log 350 fair ns
CE Disable Pulse Width ITE 1% = ns
CE operation
Address Set up Time tas 0 e ns
Data Hold Time from CE towr 10* ST ns
Data Set Time from CE leez 10 - ns
SRS cyseation Nibble Address Access Time® Laas 5 50 ns
Nibble Cycle Time tace 50 - ns
Turn-on & Turn-off Time tr = 40 ns
®  Nibble Address As, A
*« TBD
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HN62301P

ETIMMING CHART
®NORMAL CYCLE (CE=Low)

) &

C

Dout Previous Data Valid Data M
®CE CYCLE

=

IcE

tas —jem—

Addresa

X

Hi Z

®NIBBLE CYCLE

- -

Valid Data BLZ

e X

- liti ———— i m—hy

==

A X

P=——_ 44z

Laar
i valld
Dw‘ Prn!w. D.‘. m D“‘

wEXo X

® AC TEST LOAD

Test Paint

130pF 1ka

5.0V (Vo)
Ry =24ka

Notes) 1. i,=t;—=20ns
2. €. includes jig capacitance.

3. All diodes are 15207400,
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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%
e Simple Programming - - - - Program Voltage: +25V DC
Programs with One 50ms Pulse
® Static - vrrraenen No Clocks Required
@ Inputs and Outputs TTL Compatible During Both Read and
Program Modes
® Fully Decoded-on Chip Address Decode

HN462716

® Access Time «««-u«vv 450ns Max. sl
® Low Power Dissipation - - 555mW Max. Active Power HN462716G

161mW Max, Standby Power
® Three State Output - - - - - OR- Tie Capability

® |nterchangeable with Intel 2716

EBLOCK DIAGRAM

O~
N ———
OE ©O—={ S, Power Down &
o Prog. Logic ! Output Buffers (DG-24B)
¥ Decoder . ¥ Gating EPIN ARRANGEMENT
.
e}
i . .'uE b4 24 Vee
Aa=Ais{ O—od :
©—=  XDecoder 16384bit EPROM Matrin ] =
= . s3] 224
0 e A.E 2]t
s[5 [30]0F
A1 6 19 A
B PROGRAMMING OPERATION ] ]
a.E ms
Pins CE 0E Ver | Voo Outputs hE Eﬂr
Mode (18) (20) (21) | (24) | (9~11,13—17) 1
Read Vie Vi +5| +5 Dout O.E E
Deselect Don’t Care Vin +5| +5 High Z O'E Em
Power Down Vi Don't Care +5| +§ High Z O'E EIO'
Program Pulsed Vi to Vi Viw +25] +5|  Din = m [17]o:
Program Verify Vie Vic +25| +5 Dout
Program Inhibit Vie Vin +25| +5 High Z (Top View)
B ABSOLUTE MAXIMUM RATINGS
Item Symbol Value Unit
Operating Temperature Range T 0to +70 c
Storage Temperature Range Tty —65 to +125 k -]
All Input and Output Voltages* Vr —0.3 to +7 v
Ver Supply Voltage® Vir —0.3 to +28 v

* With respect to Ground
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B READ OPERATION

HN462716, HN462716G

®DC AND OPERATING CHARACTERISTICS (Ta=0 to +70°C, Vec=5V 5%, Ver=Vec10.6V)

Item Symbal Test Condition min. typ. max. Unit
Input Leakage Current Tu Vin=5.25V = == 10 A
Output Leakage Current Io Vour="5,25V/0.4V o s 10 pA
Ver Current Teps Vepr=5,85V = == 5 mA
Vee Current (Standby) Teca CE=Vin, OE=Vi = 13 25 mA
Vee Current [Active) Tecs OE=CE=Vi. — 56 100 mA
Input Low Voltage Vi —0.1 = 0.8 v
Input High Voltage Viu 2.0 - Vee+1 v
Qutput Low Voltage Vo Ja=2.1mA = = 0.4 v
Output High Voltage Vou Tow=—400 A 24 = - v
Note © Voc must be spplied simultanecusly or before V. and removed simullancously or after Ve
®AC CHARACTERISTICS (Ta=0 to +70°C, Vec=5V £5%, Ver=Vec£0.6V)
Parameter Symbol Test Condition min, typ. max, Unit
Address to Output Delay tace OE=CE=Viv = == 450 ns
CE to Output Delay fcx OE = Vi. E = 450 ns
OF to Output Delay tog CE=Vi. - - 120 ns
OE High to Output Float* tor CE=Vn 0 - 100 ns
Address to Output Hold ton OE =CE = Vi 0 - - ns

® _ toy defines the time at which the output achieves the open circuit d

©® CAPACITANCE (Ta=25'C, f=1MHz)

and is pot

Item Symbol Test Condition typ. max, Unit
Input Capacitance Ch Via=0V = 6 pF
Output Capacitance Cowt Voarr=0V A 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.)
Addreas X
oE h\ 1”
S———
L_...“_..
Data n.u———< Data Our Valed >—
STANDBY MODE (OE=Vi.)
Address X
CE Standby Mode X 15»-.-5, Mode
Active Mode
i
.
Data Ot <‘Dnu Out Valid >——
® HITACHI 3n



HN4627186, HN462716G

© TYPICAL CHARACTERISTICS

Tecs
60
o
= —
2
=i
&
leet
b -
& 20 40 B0 [1]
Temperatare (C)
B0 T
Vee =5V
500
£
= 400
L
200
] 0 40 &0 B0
Temperatare (T)

tace (ns)

tice (ns)

- 1 I
Vec =5V
Ta=25C
600
"
400
200
A "
0 200 400 600
Capacitance (pF)
Ta=25T
= \\
R =

Vee (V)

®DC PROGRAMMING CHARACTERISTICS (Ta=25'C£5°C, Vec=5V 5%, Ver=25VE1V)

Parameter Symbol Test Condition min. typ. max, Unit
Input Leakage Current Iu Vin=5.25V = e 10 HA
Vee Supply Current Iers CE=Vi = = 5 mA
Ver Supply Current During Programming Isr2 CE=Vin - = 30 mA
Vee Supply Current Tec = = 100 mA
Input Low Level Vie —=0.1 -~ 0.8 v
Input High Level Viu 2.0 - Veet+1 v
® 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 Las 2 - - ©s
OE Setup Time toes 2 = B ns
Data Setup Time tos 2 - - Hs
Address Hold Time Lan 2 - - ns
OE Hold Time toen 5 = - us
Data Hold Time tow 2 = — ME
OE to Output Float Delay* tor CE=V 0 - 120 ns
OE to Output Delay toe CE=Vi. - = 120 ns
Program Pulse Width trw 45 50 55 ms
Program Pulse Rise Time tenr 5 = = ns
Program Pulse Fall Time terr 5 - v ns

Notes | Voc must be applied simultaneously or before Vrr and removed simultanecusly or after Vee.
® [ tor defines the time st 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 10 2.2V
Input Rise and Fall Times: <20ns
Output Load: 1 TTL Gate + 100 pF
Reference Level for Measuring Timing:
Inputs; 1V and 2V, Outputs; 0.BV and 2V

® PROGRAMMING WAVEFORMS

HN462716, HN462716G

Program Verify

Mdresses

X

fm—— ta1 e 1
e o Bsy P
Duts Dats Out Valid >—< Dats In Stable >—< \l':m
—
i Ll =
. —
> _/ l_/
L3 &
& i z \-——uu
.
tear trrt

®ERASE

Erasure of HN462716 is performed by exposure to ultra-
violet light with a wavelength of 2637A, and all the output
data are changed to 1" after this erasure procedure,

The minimum integrated close li.e., UV intensity x expo-
sure time) for erasure is 15W - sec/cm?

B DEVICE OPERATION

® READ MODE

Dataout is available 450ns (t'5cc) from addresses
with OE low or 120ns (tog) from OE with add-
resses stable.

® 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.

® POWER DOWN MODE
Power down is achieved with CE high TTL level. In
this mode the outputs are in a high impedance state.

e 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 26V 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 O7).

O HITACHI

The addresses and inputs are at TTL levels.

After the addréss and data setup, a 50 ms, active
high program pulse is applied to the CE input. The
CE is at TTL level.

The HN462716 must not be programmed with a DC
signal applied to the CE input.

e 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 26V,

@ 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 HN4627 16s 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

4096-word X 8-bit U. V. Erasable and Programmable Read Only Memory
The HN462532 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.
B FEATURES
e Single Power Supply ..,... +5V 6%
@ Simple Programming ..... Program Voltage: +25V D.C.
Program with One 50ms Pulse
® Static ..... R o .. No Clocks Required
@ Inputs and Outputs TTL Compatible During Both Read and (DC-24C)
Program Modes
e Fully Decoded On-Chip Address Decode it i g
® AccessTime ..........-- 450ns (max.)
® Low Power Dissipation . ... 858mW (max) Active Power
201mW (max) Standby Power
@ Three Stste Output ....... OR-Tie Capability
e Compatible with TMS2532
HEBLOCK DIAGRAM
(g~ 1
TITT1I1IT s
& o— o _— EPIN ARRANGEMENT
Huffers ”E S E e
/E i 5 Y Gating w0 e
- Decoder - As E E £
o ; [ ] v
Av=~ At < o— 5 s[5 7] 7%
o— X 32768 bat
: Decoder EPRIM Matrix M E E:\n
—_ Ay E E Aii
\:__‘... : A E m (i
[ Tis E E i
{11 E E th
HEMODE SELECTION N E (i3] o»
Pins PP (= utpu' .
Mode EnE) ol T T (TeprPisss
Read Vie +5 +5 Dout
Stand by Vin +5 +5 High Z
Program Pulsed Viu to Vie +25 45 Din
Program Inhibit Vi +25 +5 High Z
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Bl ABSOLUTE MAXIMUM RATINGS

HN462537%, HN462532G

Ttem Symbol Value Unit
All Input and Output Voltages® Vr —0.3 to +7 v
Ver Voltage* Ver —0.3 to +28 v
Operating Temperature Range p 0 to +70 &
Storage Temperature Range Toe —65 to +125 G
* With respect 1o GND,
B READ OPERATION
®DC AND OPERATING CHARACTERISTICS (Ta=0 to +70°C, Vee=5V£5%, Vep=Vec£0.6V)
Parameter Symbol Test Condition min typ max Unit
Input Leakage Current Tu V.. =5.25V == > 10 HA
Output Leakage Current Iio Vi =5.25V /0.4V = = 10 HA
Vep Current Ipes Ver=5.85V = = 12 mA
Vec Current (Standby) Iecy CE = Vix = = 25 mA
Vee Current (Active) Ieca CE=V. = i 150 mA
Input Low Voltage Vie —0.1 = 0.8 v
Input High Voltage Vi 2.0 == Vee+1 v
Qutput Low Voltage Vou foo=2.1mA == = 0.4 v
Output High Voltage Vow Tow=—400 A 2.4 a= —= v
Note © Voo must be applied simultanecusly or before Vie and removed simultaneously or after Ve
® AC CHARACTERISTICS (Ta=0 to +70°C, Vece=5V+5%, Vee= Vec+0.6V)
Parameter Symbol Test Condition min typ max Lhit
Address to Output Delay tace CE= Vi 5 e 450 ns
CE to Output Delay tee == = 450 ns
CE High to Output Float* tor 0 — 100 ns
' Address to Output Hold ton CE=Vu 0 = = ns
#* . toe defines the time al which the output achieves the open circuit dition and is not refs d 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
Address
e
CE
Standby Mode \ Active Mode Standby Mode
tor
ke
® CAPACITANCE (Ta=25'C, f=1MHz)
Parameter Symbol Test Condition min typ max Unit
Input Capacitance Cee Vi. =0V el = 6 pF
Output Capacitance [ Vi =0V - = 12 pF
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HN462532, HN462532G

B PROGRAMMING OPERATION
®DC PROGRAMMING CHARACTERISTICS(Ta=25"C+5'C, Vec=5V+5%, Ver=25VL1V)

Parameter Symbol Test Condition min typ max Unit
Input Leakage Current Iu Vi.=5.25V /0.4V - = 10 HA
Vep Supply Current During Prog in Ieer CE=Vu = = 30 mA
Vee Supply Current Iec = = 150 mA
Input Low Level Vi —0.1 = 0.8 v
Input High Levek Viw 2.0 e Vee+1 v
® AC PROGRAMMING CHARACTERISTICS (Ta=25"C+5C, Vece=5V 5%, Vep=25VE1V)

Parameter Symbol Test Condition min typ max Unit
Address Setup Time tas 2 = =3 s
Data Setup Time tos 2 — T Hs
Address Hold Time Lan 2 = - Hs
Data Hold Time ton 2 — - Hs
Setup Time from Vee tvees 0 - i ns
Program Pulse Hold Time Eean 0 = ™ ns
Ve Hold Time tvren 0 = 1 ns
Program Pulse Width tow 45 50 55 ms
Program Pulse Time Loy 5 - R ns
Program Pulse Time teer 5 A= = ns

Note - Vir must be applied simultanecusly or before Ve and removed simultaneocusly or after Ve,

@ 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

s X
p——————— fap————d
Hi-Z
Data Data Out Date In Dara Out >'—
oy low =
e ppar

? = ﬂw-— -

—

]——‘tvrn——'-

® ERASE

Erasure of HN482532 is performed by exposure to ultra-
violet light with a wavelength of 2637A, 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/fem?®.
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HN462532, HN462532G

ACCESS TIME vs, SUPPLY VOLTAGE ACCESS TIME vs. AMBIENT TEMPERATURE
1,000 1,000
800 #00
; 600 3 600
§
0 400
s,
o . . e = —
0 7 0 ) 0 50 [}
Vee (V) Ta ()
SUPPLY CURRENT vs. SUPPLY VOLTAGE SUPPLY CURRENT vs. AMBIENT TEMPERATURE
LY Jec =
..--"'"'—. ---"""--..___ :
- —.- —
o iw
£ -
0 Teer T 2]
| Sd—t—1"] Iect
0 .
0 20 40 (] [}
Vee (V) Ta ()
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HN462732,HN462732G

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.

B FEATURES

® Single Power Supply ...... 4BV 6%

® Simple Programming ...... Program Voltage: +25V D.C.
Program with One 50ms Pulse

@ SEBC.L b o deiidciioianaia No Clocks Required

@ |nputs 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

HBLOCK DIAGRAM

HN 462732

(DC-24C)

HN 462732G

(DG-24B)

e—=0h
iR
OE{Vm 0— Powerdown &
CF o— Prog. Logic b i
Ruffers
[+ 0
= Y Gating
= Decoder >
o— .
As=An § o—ri :
ol X J276R bir
o} Decoder EPROM Matrix
[ —
i -
\o— [ ]
.
B MODE SELECTION
Pins CE ‘éffvnr Ve Outputs
Mode (18) (20) @ | o~1, 1310
Read Vie Vie +35; Dout
Stand by Vig Don't Care +5 High Z
Program Vie Ver +5 Din
Program Verify Vie Vie +5 Dout
Program Inhibit Viu Ver +5 High Z
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B ABSOLUTE MAXIMUM RATINGS

HN462732, HN462732G

Item Symbol Value Unit
Operating Temperature Range Toor 0 to +70 T
Storage Temperature Range Tue —65 to +125 c
All Input and Cutput Voltage® Vr —0.3 to. +7 v
Vir Voltage® OFE /Ver —0.3 to +28 v
® With respect to GND
B READ OPERATION
@DC AND OPERATING CHARACTERISTICS (Ta=0 to +70°C, Vec=5V+5%, Vep=Veet0.6V)
Parameter Symbol Test Condition min. typ. max. Unit
Input Leakage Current (Except OE /Ver) Tuy Vin=5.25V I = 10 A
OE /Vr Input Leakage Current Liss Vin=5.25V — = 10 HA
Output Leakage Current Io Ve =5.25V — - 10 HA
Vee Current (Standby) Tech CE=Vix, OE- Vi - == 30 mA
Vee Current [Active) Teea OE=CE=Vi. — == 150 mA
Input Low Voltage Vie —0.1 = 0.8 v
Input High Voltage Viu 2.0 = Vee+1 v
Output Low Voltage Ve Jor=2.1mA = = 0.45 Vv
Output High Voltage Vow Tow=—400 A 2.4 = ™ v
@ AC CHARACTERISTICS (Ta=0 to +70°C, Vec=5V+5%, Ver=Vec+0.6V)
Parameter Symbeol Test Condition min typ max Unit
Address to Output Delay tace TE=DE =V, = = 450 ns
CE to Output Delay tee OE =V, - —_ 450 ns
Output Enable to Output Delay tox TE=Vn = = 120 - N8
Output Enable High to Output Float ® tor TE=Vn 0 - 100 ns
Address to Output Hold ton CE=DE=Vi. 0 e I ns
# (ur defines the time at which the output achieves the open circuit and is not ref d to output voltage levels.
® SWITCHING CHARACTERISTICS
Test Condition i
Input Pulse Levels: 0.8V to 2.2V
Input Rise and Fall Times: < 20ns
Qutput Load: 1TTL Gate + 100pF
Reference Level for Measuring Timing: Inputs 1V and 2V
Qutputs 0.8V and 2V
R X
“f Standby Mode Active Mode / Standby Mode
lep—=
o _/‘
m_--...-
m----.—__,
Dass Out \\\\ Lata Out Valid i }——
@ CAPACITANCE (Ta=25C, f~1MHz)
Parameter Symbol Test Condition min. typ. max. Unit
Input Capacitance (Except OE/Ves) Gim Vie=0V — - 6 pF
OF /Vpr Input Capacitance Gim Vie=0V = e 20 pF
Qutput Capacitance G Vi =0V = 0 12 pF
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HN462732, HN462732G

Il PROGRAMMING OPERATION

®DC PROGRAMMING CHARACTERISTICS (Vec=5V +5%, Vep=25V£1V, Ta=25'C+5C)

Parameter Symbol Test Condition min. typ. max. Unit
Input Leakage Current Iu Vin=5.25V /0.4V - 2 10 HA
Output Low Voltage During Verify Voo Jor=2.1mA = 53 0.4 v
Output High Voltage During Verify Vow Tou=—400 A 2.4 = = v
Vee Supply Current Iec = == 150 mA
Input Low Level Vie —0.1 = 0.8 ¥
Input High Level (All Input Except OE/Vir) Viw 2.0 - Vee +1 v
Ver Supply Current Ien CE=Vi.,0E=Vir = - 30 mA
@ AC PROGRAMMING CHARACTERISTICS (Vec=5V £5%, Ver=25V L1V, Ta=25C+57C)
Parameter Symbol Test Condition min, typ. max, Unit
Address Setup Time tas 2 - " Hs
OE Setup Time togs [ = T Hs
Data Setup Time tos 2 = = Hs
Address Hold Time an 0 - i Hs
OE Hold Time Lugw 2 == = Hs
Data Hold Time Lo 2 = e Hs
Chip Enable to Output Float Delay* tor 0 = 120 ns
Data Valid from CE tov CE=V,,OE=V. ~ ¥ 1 Hs
CE Pulse Width During Programming tow 45 50 55 ms
OE Pulse Rise Time During Progr Lenr 50 iy - ns
Vee Recovery Time Ly 2 = — Hs
* (g defines the time at which the output achieves the open circuit condition and is nol referenced to output voltage levels.
® SWITCHING CHARACTERISTICS
Test Conditions
Input Pulse Level: 08V 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 Verily
Address ) Address N ::I:“
pem— (45
Daws _ qr Tmssxrl. = _< Du :::I.m
p— [ps —== — fon p=— — iy — "—-I pp— fr
= Ham —— p—
NE
|__ e = toes *
1
TE 4

® 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/cm®.
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HN462732, HN462732G

SUPPLY CURRENT vs. SUPPLY VOLTAGE SUPPLY CURRENT vs. AMBIENT TEMPERATURE
~ "] =
——
e :}f =t ™~ feee
80 e e
e I
£ ks
Lt s be- decy
’ e E) 40 515 B0
Vee (V) Ta (C)
ACCESS TIME vs. SUPPLY VOLTAGE ACCESS TIME vs. AMBIENT TEMPERATURE
1,000 1,000,
g %
ir ..--'-"""----
'--._._________ —
. L
o ) m w0 £
Vee (V) Ta ('C)
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HN4627326I —————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 chip to ultraviolet light to erase the bit pattern, whereby
a new pattern can then be written into the device.

B 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
L HE T TS e e i e No Clocks Required (DG-24B)
@ Inputs and Outputs TTL Compatible During Both Read and
Program Modes B PIN ARRANGEMENT
@ Fully Decoded On-Chip Address Decode T
® AccessTime ............ 450ns (max) 1] [24] vee
® Low Power Dissipation . ... 150mA (max) Active Currents a[2] 23] A
30mA (max) Standby Current s3] 72) 40
® Three State Output . ...... OR-Tie-Capability N 7] an
Ay E Ed!-’ Ver
B BLOCK DIAGRAM a 5] 1] e
1N ;\m . A E El fa
TIITTIIT 't o
o i o
o= | & o
Buflers 0 [_|__|_ [14] 0.
,:: - ! ano 12 Eo.
—] Deceder . s (Top View)
o— L ]
Av=An § 0— .
o X 3A2T6R bin
— Deceder EPROM Matris
R
— .
B MODE SELECTION
Pins CE OFE /Vrr Ve Outputs
Mode (18) (20) (24) | (9~11, 13~17)
Read Vi Vie +5 Dout
Stand by Vin Den't Care +5 High Z
Program Vie Ver +5 Din
Program Verify Vie Vi +5 Dout
Program Inhibit Vin Vep +5 High Z
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HN462732GI
B ABSOLUTE MAXIMUM RATINGS

ltem Symbol Value Unit
Operating Temperature Range y —40 to +85 T
Storage Temperature Range Tatx —65 to +125 'C
All Input and Output Voltage* Vr —0.3 to +7 ¥
Ver Voltage* OE /Ver —0.3 to +28 v

* With respect 1o GND
B READ OPERATION
®DC AND OPERATING CHARACTERISTICS (Ta=—40to +85°C, V=5V £5%,)

Parameter Symbol Test Condition min. typ. max, Unit
Input Leakage Current (Except OE /Ver) Tuy Vin=5.25V == i3 10 #A
_-éﬁ_/l-’» Input Leakage Current Iz Vin=5.25V = = 10 HA
Output Leakage Current Iio Vout = 5.25V/[0.45V = = 10 HA
Vee Current IStamlbr} Icct ﬁ— vn’. ﬁ- Vie = = 30 mA
Vec Current [Active) Tccs OE=CE=V. = = 150 mA
Input Low Voltage Vie —=0.1 = 0.8 v
Input High Voltage Viw 2.0 = Ve t+1 i/
Output Low Voltage Vo loe=2.1mA - . 0.45 v
Output High Voltage Vou Tow= —400 A 2.4 e = v
® AC CHARACTERISTICS (Ta=—401t0 +85°C, Ve = 5V £5%)
Parameter Symbol Test Condition - HN462732G1 Unit
min. typ. max.
Address to Output Delay facc | CE=0E=¥ = = 450 ns
"CE to Output Delay IcE OE= V. - - 450 ns
Output Enable to Output Delay IoE CE=V;; = - 150 ns
Qutput Enable High to Output Float* ipF CE= VL 0 - 130 ns
Address to Output Hold ToH CE=0E= VL 0 - = ns

# (pr defines the time st which the output achieves the open circuit condition and is not referenced to output voltage levels.
® SWITCHING CHARACTERISTICS

Test Condition
Input Pulse Leveis: 0.8V 10 2.2V
Input Rise and Fall Times: S 20ns
Output Load: 1TTL Gate + 100pF
Reference Level for Measuring Timing: Inputs 1V and 2V
Qutputs 0.8V and 2V

s
Address X x
& Standby Mode \‘ Active Mode ’ Sundby Mode

L= ;

o \ i
= s

tacc o

Dawn Out % Dnta Out Valid >——

® CAPACITANCE (Ta=25C, f=1MHz)

Parameter Symbol Test Condition min. typ. max, Unit
Input Capacitance (Except OE/Ver) G Vin=0V i = 6 pF
OE /Ver Input Capaci Cim Vin=0V 7 = 20 pF
Output Capacitance G Ve =0V =1 T 12 pF
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HN462732GI

[l PROGRAMMING OPERATION

®DC PROGRAMMING CHARACTERISTICS (Vee=5V £5%, Ver=25V+1V, Ta=25'C£5C)

Parameter Symbol Test Condition min. typ max. Unit
Input Leakage Current Tu Vin=5.25V/0.4V = = 10 HBA
Output Low Voltage During Verify Vou for=2.1mA = - 0.4 V
Output High Voltage During Verify Vow Tow=—400 A 2.4 = - v
Vee Supply Current Tee = s 150 mA
Input Low Level Vie —0.1 = 0.8 v
Input High Level (All Input Except OE /Vis) Vix 2.0 = Veet+1 N
Vs Supply Current Isr CE = Vi, OE = Vir T = 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 = 7] Hs
OE Sltlm Time toes 2 - — Hs
Data Setup Time los 2 = = Hs
Address Hold Time Law 0 = i~ Bs
OE Hold Time loen 2 ] = HS
Data Hold Time tou 2 = e Hs
Chip Enable to Output Float Delay® tor 0 = 120 ns
Data Valid from CE tov CE = Vi, OE = Vi N - 1 Hs
CE Pulse Width During Progr 8 trw 45 50 55 ms
OE Pulse Rise Time During Programming Lenr 50 - - ns
Ver Recovery Time ™ 2 - .- #s
#® (s defines the time at which the output achieves the open circuit and is not rels d 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 Verily
Address ) Address x Address
pr— a5
Data —< Data In Stable >——< Data Owt Valid \--—-—-
5 _—-\.—f
- ] t f— —] tor f— ] Mo
Faw - e
E
10K s —-— re= atllCE L—l!l
Ll
— e
TE ! / \

;\\—/

® ERASE

Erasure of HN462732 is performed by exposure to Ultra-
violet light of 2637A, and all the output data are changed

10 1" after this prosedure.

The minimum integrated close li.e., UV intensity x expo-

sure time) for erasure is 15W - sec/cm?
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HN482732AG-20,
HN482732AG-25,
HN482732AG-30

4096-word % 8-bit U.V. Erasable and Programmable Read Only Memory

The HN482732A is a 4096-word by 8-bit erasable and electrically
programmable ROM. This device is packaged in a 24 pin dual-in-line

package with transparent lid.

The transparent lid on the package allow the memory content to be

erased with ultraviolet light.

B FEATURES

® Single Power Supply ...... +5V 5%

® Simple Programming...... Program Voltage: +21V D.C
Program with one 50ms Pulse

L T e No clocks Required

® |nputs and Outputs TTL Compatible During Both Read and
Program Mode

® AccessTime ............ 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

B BLOCK DIAGRAM

e~
aN

(DG-24B)

'

[TTIIIIT

OE/ Vi 0— Powerdnwn &
CE Proge Logic (utput
Huffers
Ku—' ¥ -
o T : Y Gating
o0— -
Av=An § o— :
o—1 X 32768 bit
e Decrder EPROM Matrix
f-a—
B .
e -
-
B MODE SELECTION
Pins CE El-E-fVPF Vee Outputs
MODE | (18) (20) (24) (9~11, 13~17)
Read | Vie [V +5 Dt
Stand by = Vin | Don't Care +5 High Z
Program Vie | Ver +5 Dis
_Program Verify Vi Ve +5 D
Program Inhibit Viu : }"‘.FP +5 High Z

G HITACHI

HEPIN ARRANGEMENT

l!E‘ ) Vex
NE 23] As
e [22] A
N E Aay
& [5] [20] OF/ v
A 5] DED
v e
x [1] 1] o
NG ol
o [ [15] o
oy [11} 4] o
an [i2] [13] s

(Top View)
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HN482732AG-20, HN482732AG-25, HN482732AG-30

B ABSOLUTE MAXIMUM RATINGS

Item Symbol Value Unit
Operating Temperature Range Tir 0 to +70 c
Storage Temperature Range Tiis —65 to +125 L
All Input and Output Voltages* Vineg Veur —0.3 to +7 v
Ver Voltage * OE/Vee —0.3 to +26.5 v
Vee Voltage® Vee —0.3 to +7 v
#* with respect to GND
B READ OPERATION
@ D.C. AND OPERATING CHARACTERISTICS (Ta=0 to 70°C, Vce=5V+5%)
Parameter Symbol Test Conditions min typ max Unit
Input Leak Current Iu Vin=5.25V — — 10 #A
Output Leakage Current Iio Ve =5.25V = = 10 HA
Vee Current (Standby) lees CE= Vi, OE=Vu == = 35 mA
Vee Current (Active) Tees OE=CE=Vi = =7 150 mA
Input Low Voltage Vie =0.1 = 0.8 v
Input High Voltage Vi 2.0 — Veet1 v
Output Low Voltage Voo Tor=2.1mA = e 0.45 v
Output High Voltage Vou Tow=—400 #A 2.4 == E v
® AC CHARACTERISTICS (Ta=0 to 70'C, Vec=5V+5%)
Patameter Symbol | Test Conditi HN.‘E??EZAG~ZB HN'-I82?321§G‘25 HN‘ISZ?H.&G-SO Usit
min max _I'l“n max min max
Address to Output Delay Lace CE=DE=V.. == 200 Bt 250 == 300 ns
CE to Output Delay ter OE=Vn — 200 = 250 = 300 ns
OF to Output Delay tog CE=Vn 10 90 10 100 10 150 ns
OE High to Output Float tor  |CE=Vi 0 80 0 90 0 130 ns
Address to Output Hold [ CE=DE =V 0 - 0 —_ 0 - ns
@ SWITCHING CHARACTERISTICS
Test Conditions
Input Pulse Level: . . ..... s AT a2V
Input Rise and Fall Times: . ............... = 20ns
Output Load: ........ e 1 TTL Gate + 100PF
Reference Level for Measuring Timing . . . ......... Inputs, 1V and 2V, Outputs; 0.8V and 2V
Address ‘X .
k
CE
Standby Mode Active Mode ( Standby Mode
7
e
oE S/
H—
tor tor
tacc tow
+£
Data O <_<<-/< Duta Out Valid >/-
@ CAPACITANCE (Ta=25°C, f=1MHz)
Parameter Symbaol Test CamiltionS_ min typ max Unit
Input Capacitance (Except OE /Vpp) Cimi | Viv=0V - — [ pF
OE /V#r Input Capacitance Cin Vin=0V - — 20 pF
Output Capacitance Conr V=0V s Y 12 pF
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HN482732AG-20, HN482732AG-25, HN482732AG-30

B PROGRAMMING OPERATION
o DC PROGRAMMING CHARACTERISTICS (Ta=25C+5°C, Vee=5V+5%, Ver—21V+0.5V)

Parameter Symbol Test Condition min typ max Unit
Input Leakage Current Iu Viser Vi or Vg == == 10 HA
Output Low Voltage During Verify Vou Toe=2.1mA = =3 0.4 \
Output High Voltage During Verify Vou Tou=—400#A 2.4 = = v
Vee Supply Current - Teo — - 150 | ma
Input Low Level Vi =0.1 o 0.8 v
Input High Level (All Inputs Except DE/V2s) Viu 2.0 — Veert1 v
Ve Supply Current Ier CE=Vi, OE=V;p — e 30 mA

®AC PROGRAMMING CHARACTERISTICS (Ta=25"C+5°C, Vec=5V+5%, Ver=21V£0.5V)

Parameter Symbaol Test Conditions min typ max Unit
Address Setup Time —_ tas 2 o S Hs
OE Setup Time taxs 2 £5 - Hs
Data Setup Time tos 2 £ = Hs
Address Hold Time tan 0 = = L
OFE Hold Time toew 2 e _— HE
Data Hold Time o 2 - | = us
Chip Enable to Output Float Delay® tor 0 — 130 ns
Data Valid from CE oy CE=Vi, OE=Vi. e - 1 us
TE Pulse Width During Programming o 45 50 55 ms
OE Pulse Rise Time During Programming| tear | 50 = i ns
Ver Recovery Time t twm = 2 - - s

* (or defines the time at which the output achieves the open circuit dition and is not refe d to output voltage levels.

® SWITCHING CHARACTERISTICS
Test Condition

InputPulse Level ............co00n. 0.8V to 2.2V

Input Riseand Fall Time . ................ = 20ns

Reference Level for Measuring Timing: . ............ Inputs 1V and 2V; Outputs 0.8V and 2V
Frogram Frogram Verify

g ) A 1 =

o {5

Data -—‘ Data In Stable

e —=] row
/
BE
jt trw
[} ——
— SR e .
CE \

® 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.

B FEATURES

Single Power Supply . ........ccoeeeeanarans +5V £ 5%

Simple Programming . . ........ Program Voltage: +21V D.C.
Program with one 50ms Pulse

T sy s T D el oW, e No Clocks Required

Inputs and Outputs TTL Compatible During Both Read and Pro-

gram Mode.

AccessTime .........conuen- HN482764/G  250ns max

HN482764/G-3 300ns max
HN482764/G-4 450ns max

® High Performance Programming Available
® LowStandby Current . ..........0000cnnnn 35mA max
® Compatible with Intel 2764
a0
EBLOCK DIAGRAM e e T i)
N_l! o— Puwer Liown Ot
flE_ o— Prog. Logie i
CE o Buffers
/o—]
R ¥-Decoder ¥-Garing
o—
F—
o—-
aw |'®
° 65536 it
| pd
Al e X-Decoder
Memary Matrix
o—
.
o—
B MODE SELECTION
Pins | GTE OE | PGM | Vee Vee Outputs
Mode (20) (22) (27) (1) (28) | (11—13, 15~19)
Read Vi Vie Vin Vee Vee Dout
S tand-by Vi x X Ver Ve High Z
Program Vie x Vie Ver Ve Din
Program Verify Vie Vi Vin Ver Vee Dout
Program Inhibit Viu x x Ver Vee High Z
* don't care
M ABSOLUTE MAXIMUM RATINGS
Item Symbol Value Unit
Operating Temperature Range T 0to +70 c
Storage Temperature Range Tira —65 to +125 ©
All Input and Output Voltage® Vr —0.3 to +7 v
Ver Voltage Vee —0.3 to +26.5 v

*  with respect ta GND
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(DC-28B1

HN482764G -4

HN482764G, HN482764G-3.

(DG-28}

B PIN ARRANGMENT

h'wm
.lnE
wm[E]
w0
w[]
NG
w[T]
w[E
S
~
oo [1]
o [12]
A

GNo i)

(Top View)




HN482764, HN482764-3, HN482764-4,
HN482764G, HN482764G-3, HN482764G-4

Il READ OPERATION
®DC AND OPERATING CHARACTERISTICS (Ta=0 to +70°C, Vec=5V+5%, Ver=Vec+0.6V)

Parameter Symbol Test Condition min Lyp max Unit
Input Leakage Current Tu Vee=5.25V, V.. =5.25V =3 = 10 HA
Output Leakage Current Iio Vee=5.25V, Vi =5.25V /0.4V = = 10 FA
Vep Current Irps Vee=Vec+0.6V — = 15 mA
Vee Current (Standby) Iecs CE = Viu = = 35 mA
Vee Current (Active) Iec: CE=0E=V. = 100 150 mA
Input Low Voltage Vie =1 = 0.8 v
Input High Voltage Vin 2.0 = Vee+1 v
Output Low Voltage Vor Toe=2.1mA = = 0.45 v
Output High Voltage Vow Jon=—400 A 2.4 e = v

® AC CHARACTERISTICS (Ta=0 to +70°C, Vee=5V£5%, Vep= Vec0.6V)

Parameter Symbol Test Conditions HTHSZ?EUG HN?HT“;G-S HN:!ER?M/G—{ Unit

min max min max min max
Address to Output Delay bace CE=OE-=V;, e 250 — 300 = 450 ns
TE to Output Delay tee DE=Vi. — 250 — 300 - 450 ns
OF to Output Delay tox CTE=Vu 10 160 10 150 10 150 ns
OE High to Output Fleat tor CE=Vn 0 90 0 130 0 130 ns
Address to Output Hold o CE=0E=Vi, 0 - 0 = 0 — ns

Note © lor defines the time at which the cutput achieves the apen 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
Qutput Load: 1TTL Gate + 100pF
Reference Level for Measuring Timing: Inputs; 1V and 2V
Output; 0.8V and 2.0V
& X
Address
X X
C_E ——
Standby Mode Active Mode Z Standby Mode
7
fce
T /
|——
} tog tor
facc low
Dats Out ////} Dista Out Valid >\'
AN ¢/

©® CAPACITANCE (Ta=25C, f=1MHz)

Parameter Symbol Test Condition min typ max Unit
Input Capacitance Cin Vie =0V = 4 6 pF
Output Capacitance Cet Viu =0V - 8 12 pF
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HN482764, HN482764-3, HN482764-4;

HN482764G, HN482764G-3, HN482764G-4

B PROGRAMMING OPERATION
®DC PROGRAMMING CHARACTERISTICS (Ta=25TC%5'C, Vee=5V 5%, Ver=21V10.5V)

Parameter Symbel Test Condition min typ max Unit
Input Leakage Current Tu Via=5.25V - - 10 HA
Output Low Voltage During Verify Vo Tor=2.1mA - = 0.45 v
Output High Voltage During Verify Vow Tou=—400 A 2.4 - = v
Vee Current (Active) ITeer = = 150 mA
Input Low Level Vie —0.1 = 0.8 v
Input High Level Vi 2.0 - Veet1 v
Ver Supply Current Ter CE=PGM =V, = - 30 mA

® AC PROGRAMMING CHARACTERISTICS (Ta=25C £5%TC, Vec=5V 5%, Ver=21V£0.5V)

Parameter Symbol Test Condition min typ max Unit
Address Sefup Time las 2 = = fis
OE Setup Time togs 2 — = Hs
Data Setup Time tos 4 - il Hs
Address Hold Time Lak 0 - - s
Data Hold Time Lo 2 - - Hs
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 ) tees 2 — " s
Data Valid from OE toe = = 150 ns

Note © tor defines the time at which the output achieves the open cireuit 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

Verily

o 3 (

Law

tag
Data Dan | In Stable >_—< e:nio“
A
tor
—L_

Ver
¥ee

CE
fces

TR £
: foEs I .13
3 T\ £
B ERASE

Erasure of HN482764 is performed by exposure to Ultra-
violet light of 2637A, and all the output data are changed
to “1" after this erasure procedure. The minimum inte-
grated dose (i.e. UV intensity x exposure time) for erasure
is 15W - sec/cm?
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HN482764, HN482764-3, HN482764-4,
HN482784G, HN482764G- 3, HN482764G-4

B HIGH PERFOMANCE PROGRAMMING

START
This device can be applied the High Performance Pro-
i i i i SET PROG./V!
gramming algorithm shown in following flowchart. [ QT SROc/vERIFY MRDE |

This algorithm allows to obtain faster programming
time without any voltage stress to the device nor
deterioration in reliability of programmed data.

Prvl'rlm topw =dn ms

8=10,11,+15 ‘E
YES

ET READ MODE
Vc: 501025V Vep= vatusv

High Performance Programming Flowchert

@ AC PROGRAMMING CHARACTERISTICS (Ta=25°C+5°C, Vcc=6V+0.25V, Vpp=21V:t0 5V)

Pnrap_ieier__ Symbol Test Condition min t)‘p max Unit
Address Setup Tin;; ] = I taz 2 — == HS
OF Setup Time Logs 2 = s HS
Data Setup Time tos 2 = — us
Address Hold Time tan 0 = e HE
Data Hold Time W Lo 2 — =2 s
"OF to Output_Float Delay* i g tor 0 - 130 ns
_'[\:r-_f: ?_el_tq-) T:I'me_ tves 2 = e M5
Ve -Sef.up Time Lyves 2 = = S
PGM Pulse Width during Initial Program rw 0.95 1.0 1.05 ms
PGM Pulse Width during Oyper Program®** topw F 3.8 =5 63 ms
CE Setup Time i tees 2 . = HS
Data Valid from OF tae | — - 150 ns
Notes ) #* 1oy defines the time at which t; ml_lnul a_ehie\'rs the open cireuit condition and is not referenced to output voltage levels,
* % fopn is defined as mentioned in flort chart.
@ SWITCHING CHARACTERISTICS
Test Condition 15 St b s
Input Pulse Level: 0.8V to 2.2V w""j_,,,,
Input Rise and Fall Time: <20ns Data —'(l_:" fs Balle ~M'_|D'—
Reference Level for Measuring Timing: Input; 1V and 2V . 27 bid
Output; 0.8V and 2V § :t—’f—“—
B
TE
Al
s H sy
oE N F.
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HN4827128G-25,

HN4827128G-30,
HN4827128G-45

16384-Word x 8-bit UV Erasable and Programmable Read Only Memory
The HN4827128 is a 16384 word by 8 bit erasable and electrically

programmable ROM. This device is packaged in a dual-in-line
package with transparent lid. The transparent lid allows the user to
expose the chip to ultraviolet light to erase the bit pattern, whereby

a new pattern can then be written into the device.

B FEATURES

@ Single Power Supply
@ Simple Programming

Program Voltage: +21V DC
Program with One 50ms Pulse

+5V £ 6%

Preliminary—

W BRI o e e s b R e No Clocks Required
Inputs and Outputs TTL Compatible During Both Read and
Program Mode. (DG-2A)
& Accest TINe T o suis obontlibsy aw s 250ns/300ns/450ns
® Absolute Max. Ratingof VppPin ................ 26.5V EPIN ARRANGEMENT
® LowStand-byCurrent . .. .....cconuaaenrainnss 35mA ver 1] Vee
® High Performance Programming Available Aul] PR
® Compatible with INTEL 27128 M3 8] A
W BLOCK DIAGRAM ] 28]
a5 A
Qe 1 afE] (23] Au

(EENETER 8T

gad
f11

TIREERIRARANE

r

8 A
POWERDOWN & g 21] A
PROGRAM LOGIC OUTPUT a5 [70] CE
BUFFERS a0 73] 0n
oo [IT [
e 0 [iZ] 0s
¥ DECODER . Y GATING o [T 18] 0
= GND [14] i5] 05

. (Top View)

X PR 131072 bit

MEMORY MATRIX

BEMODE SELECTION

i = Pins

CE

OE

Ver Vee Outputs
MODE (20) (22) (27) (1) (28) (11~13, 15~19)
Read Viu Vio Viu Vee Vee Dout
Stand by Vin x X Vee Vee High Z
Program Vic x Vie Ver Vee Din
Program Verify Vie Vie Vin Vee Vee Dout
Program Inhibit Viu x x Vep Ve High Z

Note) The specifications of this device are subject to change without notice.
Please contsct your nearest Hitachi's Sales Dept. regarding specifications.
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HN4827128G-25, HN4827128G-30, HN4827128G-45

B ABSOLUTE MAXIMUM RATINGS

Item Symbol Value Unit
Operating Temperature Range Toe 0 to +70 ‘C
Storage Temperature Range Tecs —65 to +125 =
All Input and Output Voltages® Vix, Veu —0.3 t0 +7 v
Ver Voltage® Ver —0.3 to +26.5 v
Vee Voltage* Vee —0.3to +7 v

* with respeet to GND

READ OPERATION
®DC AND OPERATING CHARACTERISTICS (Ta=0 to +70°'C, Vee=5V£5%, Ver=Vect0.6V)

Parameter Symbaol Test Conditions min typ max Unit
Input Leak Current It Vee=5.25V, Viu=5.25V —_ - 10| pA
Output Leakage Current Lo Vee=5.25V, V..=5.25V/0.4V = =31 10| pA
Vee Current Iom Ver=Vcc+0.6V — — 5 mA
Vee Current (Standby) Ioey CE=Viu — — 35| mA
Vee Current (Active) Icez CE=0E=V. - 60 100| mA
Input Low Voltage Vie —0.1 = 0.8 v
Input High Voltage Vin 2.0 - Veot+1 v
Output Low Voltage Vou JTor=2.1mA —_ = 0.45 v
Output High Voltage Von Tow=—400pA 24 = — ¥
® AC CHARACTERISTICS (Ta=0 to 70°C, Vec=5V£5%, Vee= Vect0.6V)
Parameter Symbol Test Condition e AN
min max min max min max
Address to Qutput Delay tace CE=0OE=Vi. - 250 —_— 300 — 450 ns
CE to Output Delay tes OE=V;, — 250 — 300 — 450 ns
OE to Output Delay toe CE=Vi. — 100 — 120 - 150 ns
OE High to Output Float tor CE=Vu 0 85 0 105 0 130 ns
Address to Output Hold bow CE=OE=V;. 0 — 0 - 0 - ns
#® (s defines the time at which the output achieves the open circuit dition and is not refl d to output voltage levels.
@ SWITCHING CHARACTERISTICS
Test Condition
Input Pulse Levels: 0.8V to 2.2V
Input Rise and Fall Time: <20ns
Output Load: 1 TTL Gate + 100 pF
Reference Level for Measuring Timing: Inputs; 1V and 2V
Outputs; 0.8V and 2.0V
i : JK
& oo B
Standly sk \] Aetive Masde Seandby Mode
) __—_E sl
e
tacx i
D s {({{1 Diase Ous Vulid >\-
@ CAPACITANCE (Ta=25°C, f=1MHz)
Parameter Symbol Test Condition min typ max Unit
Input Capacitance Ci V=0V = = 4 6 pF
Output Capacitance { 50 V=0V = 8 12 pF
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HN4827128G-25, HN4827128G-30, HN4827128G-45

BPROGRAMMING OPERATION

®DC PROGRAMMING CHARACTERISTICS (Ta=25'C+5C, Vee=5V+5%, Ver=21V10.5V)

Par Symbol Test Condition min typ | max Unit
Input Leakage Current Iy Vin=5.25V — = 10 pA
Output Low Voltage During Verify Vor Tor=2.1mA = - 0.45 v
OQutput High Voltage During Verify Vou Tow=—400pA 2.4 == - v
Vee Current (Active) Tec: — = 100 mA
Input Low Level Vie —0.1 i 0.8 v
Input High Level Vi 2.0 e Veet1 v
Vep Supply Current Ipe CE=PGM- Vie — T 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 — - ps
OE Setup Time toes 2 - - s
Data Setup Time ios 2 i = s
Address Hold Time tax 0 o - Hs
Data Hold Time B ow 2 = - ps
OE to Output Float Delay tor 0 = 130 ns
Vre Setup Time tys 2 - - s
PGM Pulse Width During Programming trw 45 50 55 ms
CE Setup Time bees 2 i - s
Data Valid from OE tor - — 150 ns

Note © ior defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels.

@ SWITCHING CHARACTERISTICS

Test Condition
Input Pulse Level:
Input Rise and Fall Time:

0.8V to 2.2V

<20 ns

Reference Level for Measuring Timing: Input; 1V and 2V
Output; 0.8V and 2V

Pragram Program
Verify
s
Data “¢ Data | In'Suble — T
A LS
Iz
gt
Vs
CE
Ices
3 s
i, togs I toE
, P

® ERASE

Erasure of HN4827128 is performed by exposure
to ultraviolet light of 2637A and all the output data
are changed to "'1" after this erasure procedure.
The minimum integrated dose (i.e. UV intensity x
exposure time) for erasure is 15 W+sec/cm?.
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BHIGH PERFORMANCE PROGRAMMING

This device can be applied the High Performance Pro-
gramming algorithm shown in following flow chart.
This algorithm allows to obtain faster programming
time without any voltage stress to the device nor

deterioration in reliability of programmed data.

HN4827128G-25, HN4827128G-30, HN4827128G-45

SET PROG/VERIFY MODE
Ver=21£05V Ver=6.040.25V

]

SET READ MODE
Vee=5010.25V Ver= Ver £ 0.6V

High Performance Progeamming Flowchart

® AC PROGRAMMING CHARACTERISTICS (Ta=25'C+5C, Vec=6V0.25V, Ver=21V10.5V)

Parameter Symbol Test Condition min typ max Unit
Address Setup Time tas 2 3 - HS
OE Setup Time togs 2 -— — us
Data Setup Time tos 2 = — HS
Address Hold Time Law 0 e =+ HS
Data Hold Time tou 2 = == HS
OE to Output Float Delay® tor 0 — 130 ns
Vep Setup Time Lvrs 2 == = 3 us
Ver Setup Time twes 2 = -+ s
PGM Pulse Width during Initial Program tew 0.95 1.0 1.05 ms
PGM Pulse Width during Over Program** Lo 3.8 = 63 ms
CE Setup Time Lexs 2 — = S
Data Valid from OE to = == 150 ns
* iy defines the time at which the output achieves the open circuit and is not ref d to output voltage levels,

®% lgpw is defined as mentioned in flow chart.

® SWITCHING CHARACTERISTICS
Test Condition

Input Pulse Level:

Input Rise and Fall Time:

0.8V to 2.2V
<20ns

Reference Level for Measuring Timing: Input; 1V and 2V

Output; 0.8V and 2V

@® HITACHI

b= Program-— =
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Address j‘
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HN48O16P

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.

B FEATURES
e Single Power Supply
e Simple Programming......

+5V 5%
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. [
@ Inputs and Outputs TTL compative during read, program and
oo _ M PIN. ARRANGEMENT
® Fully Decoded .......... On-Chip Address Decode.
® Access Time ............ 350ns Max. N J 2] Ve
® Low Power Dissipation . ... 300mW Max. s3] o
e Three State Output....... OR-Tie Capability NB =
e Pin-out Compatible with Intel 2716.
A [I 3 Vos
M BLOCK DIAGRAM . e BEg
x 5] _|__°] ™
-y TTTTTTTT a7] (18] Pom
s o— =
: T5. Prog. & g0 El 2
e — Erase Logic thatpur Hulffers ‘)‘E E (49
Oy E E [
o—=d
g: Y Decoder E ¥ Gaving B E E B
o—1 an [1Z] 13]
A=A 4 :: : (Top View)
Gl L€ 3 163R1 Biv
:: . EEPROM Matrix
O .
|
HE MODE SELECTION
Pins PGM TS Vee Vee Outputs
Mode (18) (20) (21) (24) (8~11,13~17)
Read Vie Vie +5 +5 Dout
Deselect Dan't Care Viu +5 +35 High Z
Program Pulsed Viz to Vin Viu +25 +5 Din
Program Verify Vis Vie +25 +5 Dout
Program [nhibit Vie Vin +25 +5 High Z
Erase Pulsed Vii to Vin Vi +25 +5 High Z
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Il ABSOLUTE MAXIMUM RATINGS

HN48016P

Item Symbol Rating Unit
All Input and Output Voltage Viny Veur o =0.3 to Voe +0.3 or Ver +0.3 v
Vee Voltage Vee —§.3 10 +7.0 v
Vip Voltage Vep —0.3 to +28 v
Operating Temperature Range Has 0 to +70 2
Storage Temperature Range Tue —55 to +125 C
B READ OPERATION
®DC AND OPERATING CHARACTERISTICS (Vec=5V £5%, Ver=Vec£0.6V2 Ta=0 to +70°C)
Parameter Symbol Test Condition min typ max Unit
Input Leakage Current I Vie=5.25V = = 10 pA
Output Leakage Current Lo Vour=5.25V = = 10 HA
Vee Current Teer CS=Viu/Vie = 32 50 mA
Ver Current Tep Ver=5.85V == 4 7 mA
T Vel Vi =0.1 =5 0.8 v
¢ 5. Bt vy Vin 2.0 = - v
Voo foi=1.6mA . = 0.4 v
Output Volt
a5 Vo Toy=—100 pA 2.4 < — v
# The tolerance of 0.6V allows the use of a driver circuit for switching the Vie supply pin from Vie in read to 25V for programming.
® AC CHARACTERISTICS (Vee=5V £5%, Ver=Veet0.6V, Ta=0 to +70°C)
Parameter Symbol Test Condition min typ max Unit
Address to Output Delay Lace PGM=CS =V, = 200 350 ns
Chip Select to Output Delay feo PGM = Vi, = 70 150 ns
Chip Deselect to Output Float tor 0 40 100 ns
Address to Output Hold Lon PGM =CS =V, 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
Qutputs 0.8V and 2.0V
4
Address ) K
P
s
tor
ice
tate
turpar ERZ Data Out Valid i 2
® CAPACITANCE ( Ta=25'C, f/=1MHz)
Parameter Symbol Test Condition typ max Unit
Input Capacitance Cia Via =0V = 7.5 pF
Output Capacitance Caut Vou =0V == 15 pF
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HN48016P

B PROGRAM OPERATION

®DC PROGRAMMING CHARACTERISTICS (Vee=5V+5%, Vee=25V+1V, Ta=0 to +70T)

Parameter Symbol Test , Condition min typ max Unit
Input Leakage Current Iy Vin=5.25V = = 10 pA
Vee Supply Current Tces = 32 50 mA
Vee Supply Current Irps - 10 20 mA
Vie =0.1 = 0.8 A
Input Voltage Vin 2.0 = = v
® AC PROGRAMMING CHARACTERISTICS (Vec=5V 5%, Ver=25VE1V, Ta=0 to +70TC)
Parameter Symbol Test Condition min typ max Unit
Address Setap Time tas 2 - Y Hs
C5 Setup Time tess 2 = = #s
Data Setup Time tos 2 = = #5
Address Hold Time Lan 2* - - KS
TS Hold Time tesy 7 == == M5
Data Hold Time fom 2 = == HS
Chip Deselect to Output Float Delay tor 0 40 100 ns
Chip Select to Output Delay teo = 70 150 ns
Program Pulse Width Low 15 20 25 ms
Program Pulse Rise Time terr 5 - = ns
Program Pulse Fall Time Leer & el = ns
Ver Setup Time tes 10 = s HE
Ver Hold Time tow 10 - e [
CS to Program Mode Time tvs 10 — — s
Ver Read Mode Time tw 10 - = HS

# [i the mode changes from program mode to program verify mode sequentially (in the same address), fu must be larger than fouw + fo

® TEST CONDITION
Test Condition

Input pulse levels: 0.8V to 2.0V
Input rise and fall time: 20ns (10% to 90%)
Reference level for Measuring Timing: Input; 1V and 1.8V
Output: 0.8V and 2.0V
Program
Resd Program Verify

Read

Address Address
i x X ) Valid Valid

[ ras | -

Mo
Duts " n;:‘.
Suable | Valid
.

X
-
L\

L

£ M }
tess| || tew cin teiy
PGM
!
- —
tear  tPFT
Vee
trs L] Len
+V
Ver
+5V
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HN48016P

B ERASE OPERATION

®DC ERASING CHARACTERISTICS (Vec=5V+£5%, Ver—=25V£1V, Ta= 0 to +70TC)

Parameter Symbol Test Candition min. typ. max. Unit

Input Leakage Current Tu Vin=5.25V = = 10 aA
Voo Supply Current Icca == 32 50 mA
Ver Supply Current Ter = 10 20 mA
Vie =1 o 0.8 v

Input Voltage Vin 2.0 = = v

®AC ERASING CHARACTERISTICS (Vec=5V 5%, Ver=25VE1V, Ta= 0 to +70TC)

Parameter Symbol Test Condition min. typ. max. Unit

CS Setup Time Lecss 2 = — us
PGM to Output Delay ten 7 == — HE
Erase Pulse Width Law 190 200 210 ms
Erase Pulse Rise Time texr 5 = = ns
Erase Pulse Fall Time terr § - - ns
Ver Setup Time tes 10 - = HE
Ve Hold Time tew 10 = = Hs
Erase Program Time lep tep 10 —_ — s
Program Enase Time te tee 10 ad i HE
® TEST CONDITION
Test Condition

Input pulse levels: 0.8V to 2.0V

Input rise and fall time: 20ns (10% to 90%)

Reference level for Measuring Timing:

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 CS5 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 TS and

PGM terminals.

(1) For the 5V 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 TS 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 §V- V- Ve 25V-Ver
Vi Vie Possible Possible only when
Vi Vin Vee=4.5~7V*
Vi e Possible impossible®*
Vin Viu

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 26V Vpp were operated to choose a “‘write”
or “erase’’ mode while PGM = “V," contents of
ROM would probably change.
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HN48016P

@ Example of Standard Power Supply Sequence
The following is an example of standard power
supply sequence:

5\!'__0/0——-

(1) Pawer On (2) Power Off
I Tern on 5V Ve, Wec{SWI1) | Fiz PGM a1 "Low’ (SW3) |
i i
l Fix PGM at"Low’ (SW3) ] Turn off 25V-Ver( SW2} —|
] 4
Turn an 25V Ve (SW2) Turn off 5V=Vep, Vec( SW1) |
5W3
/ POM
p— Vi D e

@ 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 tys). After the terminal Vpp has been
turned to 25V, keep the terminal TS at “Low” for a
period of 10us minimum (as indicated by tps). Before
turning the terminal Vpp to 5V, keep the terminal TS at
“Low" for a period of 10us minimum (as indicated by
tpy). After the terminal Vpp has been turned to 5V,
keep the terminal PGM at “Low” for a period of 10us
minimum (as indicated by tyy).

® 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
10ps minimum (as indicated by tgq) 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
10ps minimum (as indicated by tpg).

340
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Input levy |n|lh|lrml-|c-§ﬂthi!lhr “Low™
wr Hlth 1= hen = (e e,

Fig. 1. Power on-off timing sequence.

£
= Readout —| |._wm-

Fig. 2. "Readout—Write—~Readout” timing

|_Readout

Flu. 3. “Readout—Erase—Readout” timing.

Jiiid |
Address _ Don't Clﬂl ! Address Valid X ﬂun]\‘niid! Don't Care

T
i i
—=—Erase—=| l——Wrile 1&“

Fig. 4. “Erase—Write—Erase” timing.
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HM10414, HM10414-1

256-word X 1-bit Fully Decoded Random Access Memory

The HM10414 is ECL 10K compatible, 266-word x 1-bit, read write,
random access memory developed for high speed systems such as

seratch pad and control/buffer storages.

The fabrication process uses the Hitachi's low capacitance, oxide
isolation method with double metalization.
The HM10414 is encapsulated in cerdip-16pin package, compatible

with Fairchild’s F10414.

@ Fully compatible with 10K ECL level
HM10414: 10ns (max.)
HM10414-1: 8ns (max.)
® Write pulse width: 6ns (min.)

® Address access time:

B TRUTH TABLE

Three chip select pins
Output obtainable by wired-OR (open emitter)

(DG-16)

Input

—_— Output Maode

Cs WE Din
any one H x x Not Selected
all L L L L Write “0"
all L L H Write “1"
all L H x Dout * Read

% ! Don't care

* : Read out non-inverted

EBLOCK DIAGRAM

1]

Decrder

B ABSOLUTE MAXIMUM RATINGS

Item Symbol Rating Unit
Supply Voltage Viz to Vec +0.5 to —7.0 v
Input Voltage Vi +0.5 to Ve v
Output Current Lo —~30 mA
Storage Temperature Toe —65 to +150 C
Storage Temperature T../Bias)* —55 to +125 C

* Under Bias
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E Ver
E Dout
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13| Din
12| A

1] A
)
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HM10414, HM10414-1

B ELECTRICAL CHARACTERISTICS
@DC CHARACTERISTICS ( Vee=—5.2V, Ri=500 to —2.0V, Ta=0 to +75°C,air flow exceeding 2m /sec)

Item Symbaol Test Condition min B) typ max (A4) Unit

0'C | —1000 = — 840
Vou +25°C — 960 ™ —810
+175°C — 800 = —1720

Output Voltage Vie=Vius or Viea 0c —1870 T — 1665 mV
Vie +25°C | —1850 T — 1650
| fr5c | 1830 — | —1625
o'C | —1020 = =
Tk +25C —880 "' =
+75°C —920 = =

Qutput Threshold Voltage Vis=Ving or Vi 0'c 5 £t — 1645 mV
Voue +25C = 1 —1630
+75°C = == — 1605
0'c | —1145 - —B40
Vox Gtm ranteed Input Voltage S25C | —1108 = 810
High for All Inputs 175C 1045 - —720

Input Voltage 0'C | —1870 = =] ™
Ve Guaranteed Input Voltage o5 1850 = 475
Low for All Tnputs I75C 1830 = — 1450
I | Viee Vims U to +75°C = = 49

Input Current - ﬁer —_ & _05: e l'f'_ﬂ HA
All Input and Output Open, +75°C = —130 =

Supply Current Tee Test Pin 8 oc —180 — 140 - =S

® 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 * il _ AM1GE-1 Unit

min typ max min 1yp max
Chip Select Access Time tace = 7 3 6 = 3 6 ns
Chip Select Recovery Time taes =+ 3 L] = 3 ] ns
Address Access Time tan = il 10 = 6 B ns

2. WRITE MODE

Item Symbel Test Condition min typ max Unit
Write Pulse Width tw twsa=2ns 6 4 = ns
Data Setup Time twso 1 0 = ns
Data Hold Time twrn 1 0 — ns
Address Setup Time twsa tw=fins 2 0 = ns
Address Hold Time Bwna 2 ] T ns
Chip Select Setup Time twscs 1 0 = ns
Chip Select, Hold Time twncs 1 0 == ns
Write Disable Time tws 5 = ) ns
Write Recovery Time twn = — 5 ns

3. RISE/FALL TIME

Item Symbol Test Condition min typ max Unit
Qutput Rise Time b = 1.5 25 ns
Output Fall Time 17 = 1.5 4N ns

4. CAPACITANCE

Item Symbol Test Condition min typ max Unit
Input Capacitance G — 3 5 pF
Output Capacitance [+ = 5 8 pF
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HM10414, HM10414-1

B TEST CIRCUIT AND WAVEFORMS

1. LOADING CONDITIONS 2. INPUT PULSE
GND

T —0.8V
80%
16
15
20%
=1LV
HMI0414 Ry Ce

] I t,=ty=20ns typ

0.0luF I-I: =20V
= ] d
Ves Ri=500
Co=30pF{includes jig and stray capacitance)
3. READ MODE
I.- 50% Address 50%
(5]

Lay
Drout 50%

4. WRITE MODE —\ 7/—
= A s e e e e
cs [
Address 509%-—-————————-________* |
| . .

SUPPLY CURRENT SUPPLY CURRENT
vs. AMBIENT TEMPERATURE vs. SUPPLY VOLTAGE
200 2
180 180
<
E |
s 160 "'--...._‘ = e
5 “\"\ £ —
g i \"“""--._ = e o R
":'. i ‘H""\ F o
-g | e~ é’
S £ 120
3
100 100
Vig=—5.20V Ta=25C
L] B |
-20 o bl 40 &0 B 100 =57 =520 —4.68
Ambient Temperature Ta ('C) Supply Voltage Vee (V)
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Address Access Time taa (ns)

Chip Seloct Accosn Time tacs (ns)

Write Pulse Width tw (ns)

ADDRESS ACCESS TIME
vs. AMBIENT TEMPERATURE

-
M/

A

“u\ui:“" =
5 - ta i
| Vee=—5.20V
i H |
-2 0 20 0 &0 B0 100

Ambient Temperature Ta ('C)

CHIP SELECT ACCESS TIME
vs. AMBIENT TEMPERATURE
6

Ver=—5.20V
A

o |
-0 [] 20 40 60 B0 100

Ambient Tempersture Ta (T}

WRITE PULSE WIDTH
vs. AMBIENT TEMPERATURE

L3

Vee=—5.20V

-20 o 0 40 60 B0 100

Ambient Temperature Ta (T

Address Access Time tas (ns)

Chip Select Time tacs ins!

Write Pulse Width tw [ns)

® HITACHI

HM10414, HM10414-1

ADDRESS ACCESS TIME
vs. SUPPLY VOLTAGE

7 il
i
a _—A
—— | =
\‘\'I‘\u:,\...’-‘-""/-‘
5 —
Ta=25C
1
-572 ~5m - 468

Supply Voluge Ver (V)

CHIP SELECT ACCESS TIME
vs. SUPPLY VOLTAGE

L]

'-'-'—-_-._-‘
2
)
Ta=25C
0 I
-4 = 520 = 4.58
Sapply Voltage Vee V)
WRITE PULSE WIDTH
vs. SUPPLY VOLTAGE
]
5
4
3
2
1
Ta=257C
[
=572 -520 — 458

Supply Voltage Ver (V1
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HM2110, HM2110-1

1024-word X 1-bit Fully Decoded Random Access Memory
The HM2110 Series item is an ECL compatible, 1024-word x 1-bit,
read/write, random access memory developed for application to
scratch pads, control and buffer memories, etc. which require high

speeds.

® |tis compatible with 10K ECL logic.

® Chip select accesstime ............. 10ns (max.) |

® Addressaccess time ............... HM2110: 35ns (max.) |
HM2110-1: 25ns (max.) |

® Power cONSUMPLION ,....cvuveennnas 0.5mW/bit (typ) '

® Qutput obtainable by Wired-OR (open emitter). |

DG 184

B TRUTH TABLE

HPIN ARRANGEMENT

Input
— — Output Mode N
cs WE Din Doue [ 1] 16] Ve
H s x Not Selected A'E 151 Din
L L L Write “0" —
A.E 14|CS
L L H Write "17
As 13|WE
L H x Dout* Read (] &

® D irrelevant -'\lE E Ay
® . Read out noninverted
0 o

EBLOCK DIAGRAM a[7] Ela,

Ve E 9 | A

=T o Top View
o A

Weie Drivers
and Sense Amp

X Address
Decoder

B ABSOLUTE MAXMUM RATINGS

Item Symbal HM2110 Series Unit
Supply Voltage Vie to Vee +0.5 to —7.0 v
Input Voltage Via +0.5 to Ver v
Output Current Fou —30 mA
Storage Temperature T —65 to +150 G
Storage Temperature T.ig(Bias)® —55 to +125 €
® LUnder Bias
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B ELECTRICAL CHARACTERISTICS

®DC CHARACTERISTICS (Vee=—5.2V, R.=500 to —2.0V, Ta=0 to +75°C, air flow

HM2110, HM2110-1

exceeding 2m/sec)

Item Symbol Test Condition min(B) typ max (A) Unit
0C | —1000 e —B40
Vou HEHE —960 i —810
Output Voltage Vin=Viua or Vies A% =i = =i mV
0C | —1870 s —1665
Vor +25C —1850 = —1650
475C | —1830 — —1625
0C | —1020 = e
Vawe +25C —980 ey s
+75°C —920 == =
Output Threshold Voltage Vin=Vis or Viea pres - S =T mV
Vorc +25C . = —1630
+75°C S s — 1605
0C | —1145 =¥ —Bd0
Vin Guaranteed Input Voltage To5e | —nos, =3 810
High for All Inputs
S it +75'C —1045 -+ —T20 oV
o'c —1870 -+ — 1490
¢ Guaranteed Input Voltage 125C 1850 = 75
Low for All Inputs
+75'C —1830 S —1450
v Vie=Viua 0 to +75°C = = 220
Input Current - CS Viu=Vies 0 to 478C 0.5 — 170 HA
Other —50 =% ==
All Input and Output , | 0= Ta<25°C —150 —100 e
i B H;:n 8 pegt Ta225C | —125 | -%0 o b
® AC CHARACTERISTICS
(Vee=—5.2V £5%, Ta=0 to +75°C, air flow exceeding 2m/se¢, see test circuit and waveforms)
1. READ MODE
Item Symbol | Test Condition - L i Unit
min typ max min typ max
Chip Select Access Time tacs = T 10 = 7 10 ns
Chip Select Recovery Time res o 7 10 o~ i 10 ns
Address Access Time tan = 20 35 = 15 25 ns
2. WRITE MODE
Item Symbol | Test Condition L bt ol Unit
min typ max min typ max
Write Pulse Width tw twsa=Bns 25 - = 25 = = ns
Data Setup Time T twsp 5 — = 5 = — ns
Data Hold Time twnn o = =t 5 = = ns
Address Setup Time tway tw=25ns 8 =5 = 8 — — ns
Address Hold Time Pwhia 2 - — 2 — -_— ns
Chip Select Setup Time twacs 5 — == 5 = = ns
Chip Select Hold Time twncs 5 — — 5 - — ns
Write Disable Time bz = - 10 - 5 10 ns
__Write Recq_n:ery _Time tw_- =l - = 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 i = 5 — ns
Output Fall Time (N = 5 = ns
4. CAPACITANCE
Item Symbol Test Condition min typ max Unit
Input Capacitance Cin = 4 5 pF
Output Capacitance Cou == 8 pF
B TEST CIRCUIT AND WAVEFORMS
1. LOADING CONDITION 2. INPUT PULSE
GND -
0.9V 0%
|
L -1V 1 .
1
HMz2110 t, = =25ns typ
Re C
s I
s '
0.01uF I —20v
- o Re=502
Vee CL=30pF(includes probe and
iig capacitance)
. 3. READ MODE
Address ><50%
faa
Ving
Dout Viea
4. WRITE MODE
s R e geomas S /
K 7
Address Y= —m e e e e ——— —————— %
—_—————— SR et ———
Din SO0 e = e e e e
| T e e Fd
ot WH
vE L soN _______ 4
twsped \__ /‘-»-—-fwm*-—-
w5 t W twics
____________ Viug
Dout I wscs Vies i
e ' 5- [———1 Im—-l
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Address Access Time ta (ns)

Supply Current [ze (mA)

Ent

SUPPLY CURRENT vs.
AMBIENT TEMPERATURE

0 oy

—-20 20 40 60 80
Ambient Temperatare Ta ()

ADDRESS ACCESS TIME vs.

AMBIENT TEMPERATURE

HM2110

HM2110-1

I

1
"1 1

o 20 Li 60 B0

Ambient Temperature Ta (C)

100

@ HITACHI

Supply Current fex (mA}

SUPPLY CURRENT vs.
SUPPLY VOLTAGE

HM2110, HM2110-1

120
100 —
sk
80
4
0 7
: //
0 ShL ==, =3 o = =
Supply Veltage Vee (V)
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HM2112, HM2112-1

1024-word X 1-bit Fully Decoded Random Access Memory

The HM2112 is an ECL compatible, 1024-word x 1-bit, read/write,
random access memory developed for application to scratch pads,

control and buffer memories, etc. which require high speeds.

B FEATURES
(R 0 D, SRR e Laaey S - 10k ECL Compatible
@ Construction ......us.sesbes NN J 1024-word by 1-bit
® Address Access TiMe ........cvvvavrns HM2112 10ns (max.)
HM2112-1 8ns (max.)
Chip Solact Mocess TIMe it vowmins s wamassas 5ns (max.)
Power Consumption ..... B e [T . 0.8mW/bit (typ)

Output Obtainable by Wired-OR (open emitter)
Fully Pin Compatible with F10415
B TRUTH TABLE

Input
- Output Mode
CS WE Din
H X * L Not Selected
L L L Write “0"
L L H Write 1"
L H X Dout® Read

* 1 Irrelevant
% _ Read out noniverted

HEBLOCK

o
Ae———
Lo —
Aze—
A e—

DIAGRAM

R
)
L5

Tt

53

Write Drivers
and Sense Amp

A As Ar An e

B ABSOLUTE MAXIMUM RATINGS

Ttem Symbol HM2112 Unit
Supply Voltage Vee to Vee +0.5 to —7.0 v
Input Voltage Vi +0.5 to Ve v
Output Current | Ao —30 mA
Storage Temperature Tota —65 to +150 °C
Storage Temperature Tus(Bias)® —55 to +125 M

* Under Bias
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HELECTRICAL CHARACTERISTICS
(Vee=—5.2V, R.=500 to —2.0V, Ta=0 to +75°C, air flow exceeding 2m/sec)

eDC CHARACTERISTICS

HM2112, HM2112-1

Item Symbol Test Condition min (B typ max (A Unit
0'c —1000 s — 840
Vow +25°C —960 == —810
+75C —900 S —T720
Output Voltage Vin=Vins or Vies oC | —1870 = 1665 mV
Vo +25°C | —1850 - —1650
+175°C | —1830 e —1625
0'C — 1020 =t =
Voue +25C —980 s az
+75C —920 e -
Output Threshold Voltage Vin=Vius or Viea 0C = = — 1685 mV
Vore +25°C = = — 1630
+75°C = et —1605
[} e —1145 = —840
Vi Guaranteed Input Voltage T25C ~1105 - —810
High for All Inputs T
. = +T§IC — 1045 = —720 wV
o°C | —1870 - — 1490
Vi Guaranteed Input Voltage 25C 1850 B 1475
Low for All Inputs =
+75C —1830 e — 1450
It Viv=Vina 0 to +75C = — 220
Input Current cs = 0.5 = 170 HA
I Vin=Viee 0 to +75C
Other —50 = S
All In; and Output Open, Ta=0"C —200 = s o
Supply Current Iee s ;I: 8 N TaT8C BT = ~ mA
® AC CHARACTERISTICS
(Vee=—5.2V +£5%, Ta=0 to +75C, air flow exceeding 2m/sec, see test circuit and waveforms)
1. READ MODE
Item Symbaol Test Condition - sl = Hals Unit
min typ max min typ max
Chip Select Access Time tacs 1 3 5 1 3 5 ns
Chip Select Recovery Time tacs 3 5 1 3 5 ns
Address Access Time taa 3 6.5 3 7.5 10 ns
2. WRITE MODE
HM2112-1 HM2112
Item Symbol Test Condition Unit
min typ max min typ max
Write Pulse Width tw twsa=3ns 6 2 = 6 2 e ns
Data Setup Time twso 1 o -+ 1 /] 75 ns
Data Hold Time twwp 1 0 3 1 0 o ns
Address Setup Time twsy tw=tins 3 (1] = 3 0 = ns .
Address Hold Time twua 2 0 == 2 0 =3 ns
Chip Select Setup Time twics | 0 = 1 0 = ns
Chip Select Hold Time twies 1 0 - 1 0 — ns
Write Disable Time bws 1 3 5 1 3 5 ns
Write Recovery Time twn 1 3 5 1 3 5 ns
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3. RISE/FALL TIME

Item Symbol Test Condition min typ max Unit
Output Rise Time t. 0.8 1.5 2.5 ns
Qutput Fall Time 1 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 C s 3 5 8 pF

B TEST CIRCUIT AND WAVEFORMS

1. LOADING CONDITION 2. INPUT PULSE
GND
-0.9V
B0%
T 20%
15 =17V
1 t 1y
HMz112 fe=tr=2.0m5 typ
Re Ce

r: l
0.01xF -2.0V
I o] Ri=50Q

Cr=30pF{includes probe and jig capacitance)

Address 50%

4. WRITE MODE

cs 50%

Address
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Supply Corrent  [eg imA)

SUPPLY CURRENT SUPPLY CURRENT
vs. AMBIENT TEMPERATURE vs. SUPPLY VOLTAGE
200 200
180 \\\ 180
= -
£ T
160 S w 160 P ———
"--.\ 2 f—
140 E "o
(5]
120 & 120
100 100
Vee= =520V Ta=25T
80 BO
-0 1 0 ] ih ] 100 =572 —520 —4568
Ambient Temperature Ta () Supply Voltage Vee (V)
ADDRESS ACCESS TIME ADDRESS ACCESS TIME
vs. AMBIENT TEMPERATURE vs. SUPPLY VOLTAGE
10 1]
3 a3
: L — —E 8 \.“"“"--.
F e = P——
- . 7 —
8 | — e e T
: | e H ~21,
3 CHE [t~
= .
£
& §
Veg=~520V Ta=25C
4
-l 0 20 40 60 80 100 * =572 —520 -4 568
Ambient Temperature T4 (C) Supply Voltage Vee (V)
CHIP SELECT ACCESS TIME CHIP SELECT ACCESS TIME
vs. AMBIENT TEMPERATURE vs, SUPPLY VOLTAGE
6 (]
£ ER
By o
,: = —t—
H 2 """---.-.._________‘_-_
i 3 2 3 ==
g g i
& 5
1 1
Ver= =520V Ta=25"C
0 0 |
-0 o 20 40 60 80 100 =572 —520 — 458
Ambient Temperature Ta (C) Supply Voltage Vee (V)
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354

Write Pulse Width t (na)

WRITE PULSE WIDTH
vs. AMBIENT TEMPERATURE

Write Pulse Width tw (ns)

Vee=—5.20V

20 40 &0 L
Ambient Tempersture Ta ('C)

@ HITACHI

WRITE PULSE WIDTH
vs. SUPPLY VOLTAGE

Ta=25'C

=520 -4 68
Supply Voltage Veg (V)




HM10422

256-word X 4-bit Fully Decoded Random Access Memory
The HM10422 is ECL 10K compatible, 266-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)
® Power dissipation: 0.8mW/bit vees [1] Mt 2] vee
® Output obtainable by wired-OR (open emitter) oo [2] 23] o
EE _z__zJE
HETRUTH TABLE “"‘E E]”“’
= I;L: e Output Mode E’_E EE
. K e
H x x L Not Selected :: E: % l;
L L L L Write "0" _'
L 3 H r Write “1" W 1] [i7] &
E H x Dout* Read aE E] i
. A |10 E A
Notes) x ! Irrelevant
#* | Read out noninvert At E E Ay
M BLOCK DIAGRAM = " " vnE BE
T T T (Top View)
r Y-Decoder/Driver
L
As O
Memary Cell Array
A1 o 256 Words x4 Bits

Ar 0+

X-Decoder/Driver
1)

Blick 1 Block 2 Block 3 Block 4

SN E QTR

WE 0~ R/W Circuit | R/W Circait | R/W Cireuit | R/W Cireuit

§ 64 T3 8 8484 646346
gszsRespges 82
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B ABSOLUTE MAXIMUM RATINGS

Item Symbol Rating. Unit
Supply Voltage Ve to Vee +0.5 to —7.0 v
Input Voltage Vie +0.5 to Vee v
Output Current § —30 mA
Storage Temperature p —65 to +150 'C
Storage Temperature Tue(Bias)® —55 to +125 ©

# Under Bias
B ELECTRICAL CHARACTERISTICS

(Vee=—5.2V, R:=500 to —2.0V, Ta=0 to +75°C, air flow exceeding 2m/sec)
®DC CHARACTERISTICS

Item Symbol Test Condition min(B) typ max (A) Unit
0'C | —1000 = —840
Vou +25°C —960 = —810
Output Voltage ol L il — i mV
or Viea 0'C — 1870 == — 1665
Vor +25'C | —1850 - —1650
+75C —1830 s —1625
0'C | —1020 - =
Vose ¥BHC —980 >t -
+75'C —920 = -~
Output Threshold Voltage Vin=Vius or Viea 0C — = =TT mV
Vore +25C = = — 1630
+75C = = — 1605
0'C —1145 == —B840
Vie Guaranteed Input Voltage T2 | —1es - 810
High for All Inputs 750 106 = 720
s oC | —1810 = |am] *
Vi f.::r::“:nlm:d“ F25C | —1850 — T —n
+175°C — 1830 = — 1450
I Viw=Viua 0 to +75C . == 220
g - I L] Vik=Vies | 0 to +75C 5 i IR o
Other —50 — ==
All Input and Output Open, Ta=0C —200 —160 -
Townly Soeet e | rent Pin 12 Ta=15C — [ —us =] ™
@ AC CHARACTERISTICS
1. READ MODE
Item Symbol Test Condition min typ max Unit
Block Select Access Time Lass o = 5 ns
Block Select Recovery Time Lras = — 5 ns
Address Access Time Las — 7 10 ns
2. WRITE MODE
Item Symbol Test Condition min typ max Unit
Write Pulse Width tw twsa=2ns 6 4.5 — ns
Data Setup Time twso 2 0 — ns
Data Hold Time twun 2 0 = ns
Address Setup Time twsa tw=F6ns 2 0 - ns
Address Hold Time twaa 2 0 = ns
Block Select Setup Time twsns 2 0 = ns
Block Select Hold Time twnis 2 0 — ns
Write Disable Time tws = 4 5 ns
Write Recovery Time tws = 4.5 9 ns
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3. RISE/FALL TIME

Item Symbol Test Condition min T typ max Unit
Qutput Rise Time L. - 2 — ns
Qutput Fall Time ty = 2 = ns

4. CAPACITANCE

Item Symbol Test Condition min typ max Unit
Input Capacitance Ci = 4 = pF
Output Capacitance Cuut = 7 == pF

B TEST CIRCUIT AND WAVEFORMS

1. LOADING CONDITION 2. INPUT PULSE
Test Circuit —g.av
Vee (GND) 80%
1 |
T _/ (A
LV | : |l h
Dout : L--:
MULT. & to=gy=2.0ns typ U
R ; Co
0.01uF Vix -2.0V
Ce=30pF(includes
probe and jig
capacitance )
3. READ MODE
. v
I I Address :
;"“lﬂs‘-‘ |._l_|‘g_| |
|l 105 e taa——={
— i . |
i 1 i Lo Dout X
i e
4. WRITE MODE

Address W% W%
—_———) ~—
Din m{ SD;}
O e e .
== b

WE N 0% 50%

50 50%
Dot
sk \ 4 |
|
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HM10422

Supply Current Jex (mA)

Addreas Access Time tas (ns)

Block Sélact Access Time tass {ns)

358

SUPPLY CURRENT vs.
AMBIENT TEMPERATURE

Vier= —5.20V

0 0 20 40 &0 B 100
Ambient Temperature Ta ('C)

ADDRESS ACCESS TIME vs.
AMBIENT TEMPERATURE

- 20 o 20 40 (] BO 100
Ambient Temperature Ta ('C)

BLOCK SELECT ACCESS TIME
vs. AMBIENT TEMPERATURE

6
5
4
—
—
_,..-—-""""-_
] E—
2
i
Vee=—520V
0 L o)
3, o o0 40 60 80 100

Ambient Tempersture Ta ('C)

Supply Current lex (mA)

Address Access Time faa (ns)

@ HITACH!

Black Select Access Time fass (ns)

140

SUPPLY CURRENT vs.
SUPPLY VOLTAGE

—
"‘"-...______-_-—_-
——
Ta=25'C
-&T2 =520 ~ 468

Supply Voluge Ver (V)

ADDRESS ACCESS TIME vs.
SUPPLY VOLTAGE

|

J/
.""N-—__ P
Ta=25C
=572 =520 —d.68

Supply Voltage Vee (V)

BLOCK SELECT ACCESS TIME
vs. SUPPLY VOLTAGE

"-—-'--.__._.\-
—
e ——
Ta=25C
=572 —5.20 —4.568

Supply Voltage Vee (V)




Write Pulse Width (ns)

WRITE PULSE WIDTH vs.
AMBIENT TEMPERATURE

Ambient Teperature Ta (T}

Hh..‘

M =

—— £

=

=

=

=

2

&

2

=

Vee=—5.20V
1] 40 60 & 100

@ HITACHI

WRITE PULSE WIDTH vs.
SUPPLY VOLTAGE

u

Ta=25C

—5n

=520
Supply Voltage Vez (V)

—4.68

HM10422
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HM10422-7

256-word x 4-bit Fully Decoded Random Access Memory
The HM10422 is ECL 10K compatible, 256-word x 4-bit, read write,

random access memory developed for high speed systems such as
scratch pads and control buffer storages.

Four active Low Block Select lines are provided to select each block
independently.

The fabrication process is the Hitachi’'s low capacitance, oxide
isolation method with double metalization.

The HM10422 is encapsulated in cerdip-24 pin package, compatible
with Fairchild’s F10422,

® FEATURES
® 256-word x 4 bit organization (DG-24A)
® Fully compatible with 10K ECL level
® Address access time: 7ns (maxl HPIN ARRANGEMENT
® Write pulse width: 4ns (min)
® Power dissipation: 1.0 mW/bit vees (1] i 7] ver
® Qutput obtainable by wired-OR (open emitter) oy E E 1y
e 22| 55
B TRUTH TABLE =i ]
0 E E s
=== IL’m Output Mode EE EE
BS WE Din
Ul E 1] bt
H x x L Not Selected i E 1_—"1 i
& L L L Write “0" o
—_— wE 1] (7] &
L L H L Write "1
L H x Dout* Read ‘] 1] &
Notes} * : lrrelevant M E E "
#*  Read out noninvert Ar E E A
M BLOCK DIAGRAM 3 . N Ve [12] [13]
T T T (Top View)
r Y-Decoder/Driver |
I {J 1) J 1}
As o
Memory Cell Array
A o 256 Words x4 Bits

=
?
X-Decoder/Driver

A o+

As 0
Black | Block 2 Block 3 Block 4

T

WE ©— R/W Circuit | R/W Circuit | R/W Cireuit | R/W Cireuit

5 & Booh B Gk o) el
g =8 228 @2 =

H51 0
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HM10422-7
W ABSOLUTE MAXIMUM RATINGS
Item Symbol Rating Unit
Supply Voltage Vee to Vee 4+0.5 to —7.0 v
Input Voltage Vi 4+0.5 to Ves v
Qutput Current L —30 mA
Storage Temperature Tua —65 to +150 ‘c
Storage Temperature TuelBias)* —55 to +125 'c
# Under Bias
M ELECTRICAL CHARACTERISTICS
(Veg=—5.2V, R.=500 to —2.0V, Ta=0 to +75C, air flow exceeding 2m/sec)
®DC CHARACTERISTICS
Item Symbaol Test Condition min(B) typ max(A) Unit
0C | —1000 o —Bdl
Von +25°C —960 = —810
Viw=Vina +75°C —900 - —720
T Nownn or Vies 0'c — 1870 — — 1665 .
Voo +3°C — 1850 = — 1650
+75C | —1830 == —1625
0C | —1020 = =
Vowe +25°C —980 == { =
o +75TC —920 — = v
tput Threshold Voltage Vin=Vius or Viea Frs = == =TT m
Vare +25°C = == —1630
+75'C = - —1605
Guaranteed Input Voltage <5 .. — ...
Vin £ +25°C —1105 — —810
High for All Inputs e | =106 = s
Input Voltage 0C 1870 =— YT mV
Vi Guaranteed Input Voltage T5C | —i8m0 == =
Low for All Inputs Yo | —iam ~ T
Fin Vin="Vina 0 to +75C = = 220
Thee: Corennt In zer Viu=Viea 0 to +75°C —o-'l: - IT -
m—— S et
® AC CHARACTERISTICS
1. READ MODE
Item Symbol Test Condition min typ max Unit
Block Select Access Time tigs - = 5 ns
Block Select Recovery Time tass - — 5 ns
Address Access Time Baa o 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 Lwio 1 3T ns
Address Setup Time twsa tw=4ns 2 — ns
Address Hold Time twia 1 = ns
Block Select Setup Time twsas 1 = ns
Block Select Hold Time twnes 1 = ns
Write Disable Time tws = 3 5 ns
Write Recovery Time twk = 3 5 ns
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3. RISE/FALL TIME

W 5

Item Symbol Test Condition min typ max Unit
Output Rise Time ty == 2 = ns
Output Fall Time ty — 2 — ns
4. CAPACITANCE
Item Symbol Test Condition min typ max Unit
Input Capacitance Cis = 3 — pF
Output Capacitance Cau - 5 = pF
M TEST CIRCUIT AND WAVEFORMS
1. LOADING CONDITION 2. INPUT PULSE
Test Circait — 0.8V
Vee(GND) 80%
| I
I | |
-1 | : : h
Dout ,;--l L-—-:
MUT. & t=t;=2.0ns typ ¥
R ; Ce
0.01uF Ver -2.0V
I -
Ce=30pF(includes
probe and jig
capacitance
3. READ MODE
B5 50%
BSU Address X
Il-r.-n*-l Il""-..—."‘ 1
| :m h'_"_t‘l_-{
" i :
1
| L-' L Dout X
oa .
4. WRITE MODE
B 551;5\ 50% j£
Addresa MXX MX
o 5 = | » S
Din 50%, Sﬂ%
Y, T /
X -
WE I—msn\iE il i { i
ot Wm 0% T
B =

362
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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)

® | ow power dissipation: 0.2mW/bit

® Qutput obtainable by wired-OR (open emitter)

B TRUTH TABLE

Input
—— —— Output Mode
CSs WE Din
H x X L Not Selected
L L L L Write “0”
L I H E Write “17
L H x Dout * Read
Notes! * ! Irrelevamt
% : Read Out Noninvert
B BLOCK DIAGRAM
A O—
K G < £4%64
mo— B3 Z Memary Call
A 0— 33 B = Array
A o— = =
Doat
Ay 00—
I | _J
Sense Amp and o]
Write Drivers
| WE
Y Address
Dacoder Bin
2z222:
HMABSOLUTE MAXIMUM RATINGS (Ta=25C)
Item Symbol Rating Unit
Supply Voltage Vee to Vee +0.5 to —7.0 v
Input Voltage Vie +0.5 to Ver v
Output Current Tut —-30 mA
Storage Temperature y —65 to +150 'c
Storage Temperature Ture (Bias)® —55 to-+135 &
#* Under Bias

® HITACHI

HM10470, HM10470-1

(DG -18)

HM10470F

(FG-18)
BPIN ARRANGEMENT

Dowt | 1 e E Vee
-"E E]D'm
A.E E]ﬁ
w1 15] WE
NG mp
hE El\n
A.E _l_i.lh
N mp
Var E :IB A

(Top View)
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HM10470, HM10470-1, HM10470F

B TEST CIRCUIT AND WAVEFORMS
®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
e —1000 — —840
Vou +25°C —960 = —810
W V. v +175C —900 . =720 (7
Output Voltage 1N 1ha or Vies oC 1870 = 1665 m
Vou +25C — 1850 — —1650
4+75°C | —1830 — | —1625
0C —1020 = =
Vauc +25°C —980 = I
Threshold Vol Vie=V v TG | cesbiN — e v
Output res oltage 13 ma or Viea ve = = o m
Vore +25C = = —1630
+75C = — — 1605
oc —1145 —= — B840
Vin OGuarssted Toput Velimne +25C | —1105 — | —s10
High for All Inputs
Vi +75C —1045 = —720 v
Tuget: Vabesgn . . 0C | —1870 =gy 1
Vie Guaranteed Input Voltage v —1850 . s
Low for All Inputs
+75°C | —1830 — | —1450
Iin Vin=Vina 0 to +75C = = 220
Input Current cs 0.5 - 170 HA
e A In Vin=Via 0 to +75C
Other —50 - -
d Out o Sl i T
Supply Current e e e e i o - —280°* | —200% — | ma
Test Pin 9
Ta=75C = — 145 —
* HM10470/F
% HMIOAT0-1

®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 o = 10 e = 8 ns
Chip Select Recovery Time taos = == 10 = = 8 ns
Address Access Time tan - 15 25 — 12 15 ns
2. WRITE MODE
Item Symbel Test Condition = i v o Unit
min typ max min typ max
Write Pulse Width tw twsa=23ns 25 e - 15 = => ns
Data Setup Time twso 2 = = 2 = = ns
Data Hold Time twno 2 = = 2 = - ns
Address Setup Time twsa L= LW min 3 — — 3 B ~ ns
Address Hold Time Ewia 2 = = ‘i = — ns
Chip Select Setup Time twscs 2 = = 2 = = ns
Chip Select Hold Time twucs 2 = = : | = — ns
Write Disable Time tws = = 10 = = 8 ns
Write Recovery Time twn = == 10 = = 8 ns
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3. RISE/FALL TIME

Item Symbol Test Condition min typ max Unit
Output Rise Time v — 2 - ns
Output Fall Time ty - 2 - ns

4, CAPACITANCE

Item Symbol Test Condition min typ max Unit
Input Capacitance Ca - 3 s PF
Output Capacitance Cou - 5 - pF

B TEST CIRCUIT AND WAVEFORMS
1. LOADING CONDITION 2. INPUT PULSE

Test Circuit

0.9V
T Vee(GND) o

20%,

=1V

M.U.T: b=1=20ns typ
Ce

Re
; Re=50Q
('L‘—‘”pF(_in:luiel
0.014F probe and jig

- and
; Vee o capacitance )

3. READ MODE

= 0% Address >é¢%
f— 1 aj
Dour 50%
4. WRITE MODE

cs 50% 4

Address
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HM10470, HM10470-1, HM10470F

Supply Current leg (mA)

Address Access Time tas (ns)

Chip Select Time tacs (ns)

366

SUPPLY CURRENT vs.
AMBIENT TEMPERATURE

Supply Current [ex (mA)

1o T—
P—
‘"""-u.
120
100
Veg==—520V
80 | |
-20 20 40 60 B0

Ambient Temperature Ta ('C)

ADDRESS ACCESS TIME
vs. AMBIENT TEMPERATURE

100

EL
30
5 :
E
P =
e H
70/ ¥ L H
ML0A s
= -
10A70-L_—"] #
| 3
10 ...-""'".‘ -
Ver=-520V
Sl —
=20 20 7] 60 80 100

Ambient Temperature To ('C)

CHIP SELECT ACCESS TIME
vs. AMBIENT TEMPERATURE

HM10479/

4 410470~
—

Chip Select Time tacs (ns)

'h’t['--.'llﬂ\l"

| o

20 40
Ambient Temperature Ta (T)

=1

G HITACHI

SUPPLY CURRENT vs.
SUPPLY VOLTAGE

200
180
160
140 = —
120
100
Ta=25T
w =502 =520 —4.68
Supply Voltage Ves (V)
ADDRESS ACCESS TIME
vs. SUPPLY VOLTAGE
%5
-
- 10470 F__L—]
HM10470-1 | _—T
Ta-r.'v‘c
; —5.72 —520 —468

Supply Voltage Ver (V)

CHIP SELECT ACCESS TIME
vs. SUPPLY VOLTAGE

HMLO470/ F
HM10470-1
Ta=25'C
-5.72 —520 — 468

Supply Voluage Ve (V)




Write Pulue Width tw (ns)

WRITE PULSE WIDTH vs.
AMBIENT TEMPERATURE

HM

o470/

AMIAT-

Veg=—520

4

0

Ambient Temperature Ta (C)

® HITACHI

Write Pulse Width tw (ns)

HM10470, HM10470-1, HM10470F

WRITE PULSE WIDTH vs.
SUPPLY VOLTAGE

HMLOATO E L et

&

HMID4T0-1

=520 —4.58

Supply Voltage Viz (V)



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.

W FEATURES

® A4096-word x 1-bit organization

15ns (min)

Fully compatible with 10K ECL level
Address access time: 15ns (max)

Write pulse width:
Low power dissipation: 0.2 mW/bit
Qutput obtainable by wired-OR (open emitter)

(DG-18)

HEPIN ARRANGEMENT

S
W TRUTH TABLE oue [1] 2] ve
Input
— m— Output Mode w2 [17] e
cs WE Din A E 73 b
H X X L Not Selected "'[‘: 1__5]W‘£'
L L L L Write "0"
NG o
L L H | = Write "17
As E E Aw
L H * Dout * Read
As| 7 12 M
Notes) * I lIrrelevant E j
# : Read Out Nonivert a7 o
Vee E E B
EBLOCK DIAGRAM
(Top View)
Ao O P
A o . 64x64
mo— 53 E [ Memory con
Mmo— 3 X - Array
MO = ;
Dout
As 0—
| |
Sense Amp and 7T
Write Drivers
I WE
Y Address
Decoder Din
222 <22
W ABSOLUTE MAXIMUM RATINGS (Ta=257C)
[tem Symbol Rating Unit
Supply Voltage Vee to Vee +0.5 to —7.0 i v
Input Voltage Vi +0.5 to Ve v
Output Current j —30 | mA
Storage Temperature Tea —65 to +150 C
Storage Temperature Tux (Bias)® —55 to 4125 T

* Under Biss

368
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HM10470-15

B ELECTRICAL CHARACTERISTICS
®DC CHARACTERISTICS (Ver=—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
(ol —1000 o —B840
Vou 4-25°C —960 — —B10
+75°C —900 s —720
Cutput Voltage Vin=Vius or Vies 0e 10 = T mV
Vo +25°C —1850 = — 1650
+175C —1830 — | =182
0C —1020 =t &
Vone +25°C —980 s =
+75C —920 . =
Output Threshold Voltage Vin=Vixs or Viea 3 = — mV
Vore +25°C — — | —1630
+75°C = — | —1606
0c —1145 - —840
e e +75°C —1045 += —1720 ¥
0c —1870 = —1490
Mg, | R A +25C | —1850 — | —wus
Low for All Inputs
+75'C | —1830 — | —1450
Iin Viw=Vina 0 to +75C — = 220
Input Current cs 0.5 - 170 EA
I Viw=Vise 0 to +75C
Other —50 = -
Sy Cavast " All Input and Output Open, Ta=0"C —200 —160 == A
Test Pin 12 Ta=75C = —145 -~

@AC CHARACTERISTICS (Vgr=—5.2V+5%, Ta=0 to +75°C, air flow exceeding 2m/sec)
1. READ MODE

Item Symbol Test Candition min typ max Unit
Chip Select Access Time tacs = == 8 ns
Chip Select Recovery Time tres — = 8 ns
Address Access Time tas = —_ 15 ns

2. WRITE MODE

Item Symbol Test Condition min typ max Unit
Write Pulse Width tw twsa=3ns 15 - — ns
Data Setup Time twso 2 — = ns
Data Hold Time twin 2 == — ns
Address Setup Time twsa tw=15ns 3 == — ns
Address Hold Time twwa 2 v — ns
Chip Select Setup Time twics 2 — = ns
Chip Select Hold Time twies 2 — = ns
Write Disable Time tws - - 8 ns
Write Recovery Time bwn = — 8 ns
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3. RISE/FALL TIME

Item Symbol Test Condition min typ max Unit
Output Rise Time i i 2 i ns
Output Fall Time t N 2 = ns

4. CAPACITANCE

Item Symbol Test Condition min typ max Unit
Input Capacitance Cis = 3 — pF
Output Capacitance Cou — 5 = pF

B TEST CIRCUIT AND WAVEFORMS
1. LOADING CONDITION 2. INPUT PULSE

Test Circuit 0V

T Vec(GND) ok
20%

-1V

M.UT b =1=20ns typ

Re Cy
; Re=50Q
Co=30pF (includes
0.01F probe and jig

- robe
;;_ Ver 2 capacitance)

3. READ MODE

50%

cs 50% s

Address 50% —————————————————— X

=t} T}
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HM2142

4096-words x 1-bit Very High Speed Random Access

The HM2142 is 4096-words x 1-bit very high speed read/write,
random access memory developed for high speed systems such as
pads and control/buffer storages.

The fabrication process uses the Hitachi’s low capacitance, oxide
isolation method with double metalization.

The HM2142 is encapsulated in cerdip-20 pin package.

W FEATURES

® 4096-words x 1 bit organization

® Very high speed address access time: 10ns (max)
® Write pulse width: 10ns (min)

® Power dissipation: 0.3 mW/bit

® Qutput obtainable by wired-OR

Il TRUTH TABLE

Input
Output Mode
CS WE Din
H * * L Not Selected
55 L L L/ Write “0"
L L H L Write “1"
L H * Dout* Read
Notes) X I Irrelevant
# [ Read Out Nonivert
B BLOCK DIAGRAM
Ay 0—
A 0— 3 64 x64
Ay 00— g% cE Memory Cell
Az 0— i ;" = Array
A o— > ;
Dout
Ay 10—
1 ]
Sense Amp and T
Write Drivers
I WE
Y Address
Decoder [in
$-&-2 255
4 4

® HITACHI

Memory

(DG -20)

HPIN ARRANGEMENT

we[1]
Dout [ 2|
oG
VB
o[
NG
NG
o]
iG]
Ve E

b -

2] vec
[19] vec
1] Dia
7] s
[16] wE
[15] A
E A
G
[12] aa
E Ar

(Top View)
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HM2142

W ABSOLUTE MAXIMUM RATINGS (Ta=25°C)

Item Symbol Rating Unit
Supply Voltage Ver to Vee +0.5 to —7.0 i
Input Voltage Vi +0.5 to Ver i ]
Output Current L =30 mA
Storage Temperature E - S —65 to +150 52
Storage Temperature T. (Bias)* —55 to +125 G

* Under Bias

B ELECTRICAL CHARACTERISTICS
@ DC CHARACTERISTICS (Vee=—5.2V, R:=500 to —2.0V, Ta=0 to +75°C, air flow exceeding 2m/sec)

Item Symbol Test Condition min(B) typ max(A) Unit
0C —1000 = —B40
Vou +25°C — 980 - —810
Output Voltage Viu=Vim or Viea +?::§ _1:‘:2 = = 1::: mV
Vo +25°C | —1850 = —1650
+75°C —1830 — —1625
0°C | —1020 - -—
Vone +25°C —980 = —
+75°C —920 = =
Output Threshold Voltage V= Viun or Vi 0C = == =TT mV
Voue +25C = = —1630
+75°C e - —1605
0C —1165 -+ —B880
Vin Guaranteed Input Voltage T25C 1165 = 880
High for All Inputs =
Lt Voltage +?5.C —1165 — —B880 mV
Guaranteed Input Voltage OIC = = S
Vi Low for All Inputs +25°C —1810 =y — 1560
+175°C —1810 = —1560
Iin Viv=Vin 0 to +75°C i — 220
Input Current e CS Vie= Vies 0 to +75C 0.5 == 170 HA
Others —50 — =
Ta=0"C —270 —240 =
Supply Current Tee All Input and Output Open. ——— - 230 = mA

©® AC CHARACTERISTICS (Ves=—5.2V+£5%, Ta=0 to +75°C, air flow exceeding 2m/sec)
1. READ MODE

Ttem Symbol Test Condition min typ max Unit
Chip Select Access Time tacs = = 6 ns
Chip Select Recovery Time tres s = 6 ns
Address Access Time Las — = 10 ns

2. WRITE MODE

ltem Symbol Test Condition min typ max Unit
Write Pulse Width tw twsa=3ns 10 = = ns
Data Setup Time twsp 1 _— —_ ns
Data Hold Time twup 1 — - ns
Address Setup Time twsa tw=10ns 3 - — ns
Address Hold Time Ewita 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 Lwn — —_ 6 ns
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3. RISE/FALL TIME

Item Symbol Test Condition min typ max Unit
Output Rise Time (5 v 4 — ns
Output Fall Time 17 _ g pr. ns

4. CAPACITANCE

Item Symbol Test Condition min typ max Unit
Input Capacitance Cia — B - pF
Output Capacitance Cint — 5 - pF

B TEST CIRCUIT AND WAVEFORMS

1. LOADING CONDITION 2. INPUT PULSE
Test Circuit

~0.5V

T\Q’CCGNDI
-1V

( Iy
Dout
MLU.T. b= ty=Lins typ.

1

Re
; Ry=500
Cp=30pF ( includes
probe and jig
; Vi —2.0V capacitance)

3. READ MODE

50% Address B0%

Dout iiﬂ%
4. WRITE MODE

<s 50% C

Addcens snésX_ _____________________ )(

Sier - [ —— )

e s e e e et Ll

® HITACHI

B0%

20%
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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.
M 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)
HM10474-15 15ns (min)

® |ow power dissipation: 0.2mW)/bit

@ Qutput obtainable by wired-OR (open emitter)

B TRUTH TABLE

Input
== ﬂ Output Mode
Ccs WE Din
H x X L Not Selected
L L L L Write “0"
L L H L Write “17
L H X Dout* Read
Notes) * | Irrelevant
# [ Read Out Nonivert
B BLOCK DIAGRAM
A Ar As As
y el f B

Y-Decoder/ Driver |

E T G A 5 S

Memary Cell Array
1024Words x 4 Bits

Block 1 | Block 2 | Block 3 | Block 4

r
f
o gl L X-Decoder/Driver

B ABSOLUTE 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 Ve v
Output Current Tows —30 mA
Storage Temperature Toa —65 to +150 G, o
Storage Temperature Tus(Bias)® —55 to +125 g

® Under Bias

374 ® HITACHI

(DG-A)

HPIN ARRANGEMENT

Iv\'nE t24] vee
o: [Z] (1] DOx
o, 3] 2] DOx
4[] Dl
o\lE (20] Dl
n[E] [15] 01
a7 18] 0ix
m[E] 7] &
NG e
we [ig] [15] A
m MmN
VHE EM
(Top View)




HM10474, HM10474-15

BMELECTRICAL CHARACTERISTICS
®DC CHARACTERISTICS (Vee=—5.2V, R.=500 to —2.0V, Ta=0 to +75C, air flow exceeding 2m/sec)

Item Symbol Test Condition min (B) typ max(A) Unit
0'C | —1000 — —B40
Vou +25°C —860 = —810
4+75C —800 - —1720
Output Voltage Vie=Vina or Viea o | =m0 == T mV
Voo +25C | —1850 = —1650
+75'C | —1830 s — 1625
oc —1020 = ==
Vone +25°C —980 i et
+75C —920 - ==,
Output Threshold Voltage Vin=Visza or Viea prs = = — 166 mV
Voue +25C = = —1630
+715C = == —1605
0C | —1145 = —B40
Vi Guaranteed Input Voltage FEy 1105 3 —810
High for All Inputs
+75°C —1045 : —T720
Input Voltage o a0 i T mV
Vi Guaranteed Input Voltage 150 —1850 = s
Low for All Inputs
+75°C | —1830 = —1450
I Vin="Vina 0 to +75°C = = 220
Input Current CcS - 0.5 — 170 KA
Inc Vin=Via 0 to +75C
Others —50 et ==
All Input and Out; v Ta=0C —200 —160 -
Supply Current lee Tt n::n 12 Pt Sy Ta=15C 3 e £rs mA

® AC CHARACTERISTICS (Vee=—5.2V £5%, Ta=0 to +75°C, air flow exceeding 2m/sec)
1. READ MODE

Item Symbol Test Condition i EMINT4- 18 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 tas = 15 25 =: 2 15 ns
2. WRITE MODE
Ttem Symbol Test Condition oo s i Unit
min typ max min typ max
Write Pulse Width tw twza=3ns 25 15 = 15 . = ns
Data Setup Time twso 2 - — 2 = = ns
Data Hold Time twmn 2 = el 2 — - ns
Address Setup Time [ bu=lwais 3 T == 3 frd - ns
Address Hold Time Pania 2 = — 2 - == ns
Chip Select Setup Time twics s = = 2 - — ns
Chip Select Hold Time tancs 2 — == 2 — - ns
Write Disable Time tws = - 10 o o 8 ns
Write Recovery Time i - — 10 == — ns
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3. RISE/FALL TIME

Item Symbol Test Condition min typ max Unit
Qutput Rise Time Ke ik 2 — ns
Qutput Fall Time ty - 2 — ns

4. CAPACITANCE

Item Symbol Test Condition min typ max Unit
Input Capacitance Cu - 4 v pF
Output Capacitance Cou - 7 — oF

B TEST CIRCUIT AND WAVEFORMS

1. LOADING CONDITION 2. INPUT PULSE
Test Circuit 0 —— ————
T Vec(GND) : %
1
| [
| ! 0%
-3V 1 | | |
' Dout I | : :
|
M.ULT. I i
Re ; Ce to=1;=2.0ns
0.01uF ri ~2.0V Re=500
; S Ci=30pF (includes
probe and jig
capacitance)
3. READ MODE
Address S50%
tha
Dewt 0%

4. WRITE MODE

5 oa

=T =X X
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ler (mAl

Supply Current

tas (na)

Address Access Time

Chip Select Access Time tacs (ns)

SUPPLY CURRENT vs.
AMBIENT TEMPERATURE

e
““‘H\
=
]
S~ &
A :
S
o H
Vir= —5.20V
._"“ o 40 L L o
Asbient Temperawre Ta ()
ADDRESS ACCESS TIME
vs. AMBIENT TEMPERATURE
2b| 3
£
— =}
15 H
:
2
5
Veg=-5.20V
o -
=20 o 0 40 60 B0 100
Ambient Temperature Ta ('C)
CHIP SELECT ACCESS TIME
vs. AMBIENT TEMPERATURE
12
1o E
. 3
£
6 = §
/ -
| "1 g
et 3
5
2
Vee=—520V
[ -
—-20 20 40 60 80 100

Ambient Temperature Ta (T)

@ HITACHI

HM10474, HM10474-15

SUPPLY CURRENT vs.
SUPPLY VOLTAGE

180 —]
ﬁ
---
h—-—______

40

120

Ta=25T
N Tsm =520 ~i68

Supply Voltage Vee (V)

ADDRESS ACCESS TIME
vs. SUPPLY VOLTAGE

25

Ta ‘IES'C

a
|
o

72 —5.20 —4.68

Supply Voltage Vee (V)

CHIP SELECT ACCESS TIME
vs. SUPPLY VOLTAGE

Ta=25C

=5 =520 —4.568

Supply Voltege Vee (V)



HM10474, HM10474-15

WRITE PULSE WIDTH vs. WRITE PULSE WIDTH vs.
AMBIENT TEMPERATURE SUPPLY VOLTAGE

25 25

Write Pulse Width tw (ns)
Write Pulse Width tw (ns)
&

Vee=—5.20V Ta=25C

0 Il o
-20 0 20 40 60 B0 100 =572 =520 -458

Ambient Temperature Ta ('C) Supply Voltage Ver (V)
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HM10480,HM10480F

16,384-words x 1-bit Fully Decoded Random Access Memory

The HM10480 is ECL 10K compatible, 16,384-words x 1-bit,
read/write random access memory developed for high speed
systems such as scratch pads and control/buffer storages.

The fabrication process uses the Hitachi’s low capacitance, oxide
isolation method with double metalization.
The HM10480 is encapsulated in cerdip-20 pin and flat 20-pin
package, compatible with Fairchild’s F10480.

M FEATURES

B TRUTH TABLE

16,384-words x 1-bit organization
Fully compatible with 10K ECL level
Address access time:
Write pulse width:

Low power dissipation:
Output obtainable by wired-OR (open emitter)

25ns (max)
25ns(min)
0.05mW/bit

HM10480

(DG-20)

HM10480F

(FG-20)

Input
— e - Output Mode
Cs WE Din
H % - L. Not Selected
| L L. Write "0"
| L H L Write "17
L H X Dout* HRead
Notes) ® I Irrelevant
*® | Read Dut Noninvert
HEBLOCK DIAGRAM
Ao O—
Alod £
- 3 £ 128 128
al EE Fa a I Memoary Cell
ol § -E Array
A =
J\. &l o Dout
: o0
e | I
; Sense Amp. cs
Write Drivers
1 3=
WE
¥-Address Decoder
Diin
I EEEEEE
£ 2 25 FTEZ
B ABSOLUTE MAXIMUM RATINGS ( Ta=25C)
Item Symbol Rating Unit
Supply Voltage Ve to Ve +0.5 to —7.0 v
Input Voltage Vi +0.5 to Vi v
Qutput Current  fie —30 mA
Storage Temperature Tete —65 to +150 T
Storage Temperature Tusl Bias)® —55 to +125 C

* Unmer Bins

@ HITACHI

HMPIN ARRANGEMENT

Dout E T E Vee
% [2] [15] o
A E EE
a1 [17] e
a 5] (6] An
&[] E A
as [7] [14] Au
x [1] (5] A
Ar E E Ay
s [ e

(Top View)

379




HM10480, HM10480F

B ELECTRICAL CHARACTERISTICS
@DC CHARACTERISTICS (Vee=—5.2V, R.=500 to —2.0V, Ta=0 to +75C, air flow exceeding 2m/sec)

Item Symbol Test Condition min (B) typ max(A) Unit
0C | —1000 = —B40
Vou +25C —960 - —810
+75C —900 - —=720
Output Voltage Vin=Vius or Viea vc | 1m0 _ 1868 mV
Vou " +25C | —1850 — | —1650
+75C | —1830 = —1625
0'C | —1020 - ==
Vonc +25°C —980 — ]
+75C | —920 - -
Output Threshold Voltage Vie=Vins or Viea 0C = - 7Y mV
Voie +25°C — = — 1630
+75°C - — | —1605
0'c | —1145 . —840
Vin ﬁ‘f;*:::-:]:nr:;u t\:nltm +25C | —1105 — | —a10
476C —1045 = —720
Bt Vit 0C | —1870 — [ —uw | ™
Vie f;':r;::_e::'l"::u:“l"“ +25C | —1850 — | —us
E +75C —1830 -, — 1450
L Viw=Vina 0 to +75C — = 220
et i I o Vin=ViLa 0 to +75C d = L A
Others —50 — —_
All Input and Output n, Ta=0C —170 —140 -
Supply Current I o4 :: = - e —— —  mA

® AC CHARACTERISTICS (Vee=—5.2V +5%, Ta=0 to +75°C, air flow exceeding 2m/sec)
1. READ MODE

Ttem Symbol Test Condition min typ max Unit
Chip Select Access Time tacs 2 = 10 ns
Chip Select Recovery Time Lacs 2 e 10 ns
Address Access Time taa 3 15 25 ns
2. WRITE MODE
Item Symbol Test Condition min typ max Unit
Write Pulse Width tw twsa™5ns 25 - — ns
Data Setup Time twso 5 — == ns
Data Hold Time twno 5 _ — ns
Address Setup Time Lwsa tw=25ns 5 == = ns
Address Hold Time twita 5 - —_ ns
Chip Seleet Setup Time twscs 5 — == ns
Chip Select Hold Time twncs 5 = 5 ns
Write Disable Time tws = = 10 ns
Write Recovery Time twn - — 10 ns
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HM10480, HM10480F

3. RISE/FALL TIME

Item Symbol Test Condition min typ max Unit
Output Rise Time t. = 2 e ns
Output Fall Time t; - 2 = ns

4. CAPACITANCE

[tem Symbaol Test Condition min typ max Unit
Input Capacitance Ci - 4 i pF
Output Capacitance Cout - 7 = pF

B TEST CIRCUIT AND WAVEFORMS

1. LOADING CONDITION 2. INPUT PULSE
Test Circuit —0.8V ——
Vec(GND) | h -
[ | |
| |
I | 20%
—LV 1 | | I
Dout : | : i
(0 |
M.U.T. i
Re ; Ce t=t;=2.0ns
0.01uF _[ —20V Re=500
; Yo CL=30pF (includes
probe and jig
capacitance )
3. READ MODE
= 50% Address s0%

Las

Dout 10

4. WRITE MODE

cs 19‘\ snx/r

Address 50 %X Sﬂ%

TR 4

0% 50%
Dot twscs
s e
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HM100415,HM100415CC

1024-word X 1-bit Fully Decoded Random Access Memory
The HM100415 is a 1024-word x 1-bit, read/write random access
memory developed for application to scratch pads, control and
buffer storages which require very high speeds.

The HM100415 is compatible with the HD100K families and
includes on-chip voltage and temperature compensation for im-
proved noise margin. This memory is encapsulated in cerdip-16pin

package.

B FEATURES

LI NI vessssesssss. 100K ECL Compatible
& ODrpganiEation :iciisiaiiiiiee e e 1024-word by 1-bit
® Address Access TiMme ..........ccvvvevnnnennns 10ns (max)
® ChipSelect Access Time .......ccvoevvnvesennss 5ns (max.)
® Power Consumption ........eoevnveneenns 0.6mW/bit (typ)
e Output Obtainable by Wired-OR (open emitter)

® Compatible with Fairchild F100415,

ETRUTH TABLE

HM100415

(DG-16A)

HM100415CC

Input
== o Output Mode
cCS WE Din
H ¥ x L Not Selected
L L L L Write “0"
L L H L Write “1"
L H X Dout* Read {cc-24)
g MPIN ARRANGEMENT
®HM100415

HBLOCK DIAGRAM

Write Drivers
and Sense Amg

X Addreas
Decoder

Dot
]

=
WE

e
L

A=
=

o Din

A As A An

E ABSOLUTE MAXIMUM RATINGS (Ta=25C)

Item Symbol Rating Unit
Supply Voltage Vee to Ve 40.5 to —7.0 v
Input Voltage Vi +0.5 to Vs v
Qutput Current Tt —30 mA
Storage Temperature Tora —65 to +150 c
Storage Temperature Tue(Bias)® —55 to +125 g

# Under Bias

382 @ HITACHI
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HM100415,HM100415CC

M ELECTRICAL CHARACTERISTICS
@DC CHARACTERISTICS (Vee=—4.5V, R.=5000 to —2.0V, Ta=0 to +85°C, air flow exceeding 2m/sec)

Item Symbal Test Condition min (B) typ max (A) Unit
Von —1025 =955 —880 mV
Output Voltage Vie=Vina or Viis
Vou —1810 —1715 —1620 mV
Voue —1035 - = mV
Output Threshold Voltage Vio=Vina or Viea
Vore = = —1610 mV
Viu Guaranteed Input Voltage —1165 - —880 mV
Input Voltage i
Vie High/Low for All Inputs — 1810 - — 4TS mV
I Vie=Vina == =i 220 HA
Input Current Cs 0.5 — 170
I Vie=Via HA
Others —50 - c
Supply Current Iee 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
Ttem Symbol Test Condition min typ max Unit
Chip Select Access Time tacs - 5 ns
Chip Select Recovery Time trcs —_ 5 ns
Address Access Time Laa - 7 10 ns
2. WRITE MODE
Item Symbol Test Condition min typ max Unit
Write Pulse Width tw twsa=2ns ] 4 = ns
Data Setup Time twso : 3 0 = ns
Data Hold Time twio 2 0 e ns
Address Setup Time twsa tw=fins 2 0 = ns
Address Hold Time Bwia 2 0 e ns
Chip Select Setup Time twscs 2 0 — ns
Chip Select Hold Time twics 2 0 = ns
Write Disable Time tws o 3 5 ns
Write Recovery Time twa - 3 5 ns
3. RISE/FALL TIME
Item Symbol Test Condition min typ max Unit
Output Rise Time (. = 2 = ns
Output Fall Time iy —_ 2 —_ ns
4. CAPACITANCE
Item Symbol Test Condition min typ max Unit
Input Capacitance [ = 3 == pF
Output Capacitance €t _— 5 - pF
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HM100415,HM100415CC

B TEST CIRCUIT AND WAVEFORMS
1. LOADING CONDITION

Test Circuit

T Vee(GND)

M.U.T.

Dout

3. READ MODE

2

2. INPUT PULSE

-0.8Yv

L= ti=20ns typ

Ce

—20V Re=500
CL=30pF{ includes
probe and jig
capacitance)

S,
— 3

4. WRITE MODE
cs 0% f e e e e e v y
Address 509&)( —————————————————— X
_______ - ——— ==t S5 T I
“*)(:::::::*_‘_;ji
= [ — F
Tmept pre— g b
384

@ HITACH!

L

80%

20%



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 F100422.

B FEATURES

® 256-word x 4-bit organization

Fully compatible with 100K ECL level
Address access time: 10ns (max.)

Minimum write pulse width: 6ns {min.)

Low power dissipation: 0.8mW/bit

Output obtainable by wired-OR (open emitter)

B TRUTH TABLE

Input
—— = Output Mode
BS WE Din
H X X Not Selected
L L L Write “0"
E L H Write “17
L H X Dout * Read
Notes) * ! Irrelevant
® | Read Out Noninvert
B BLOCK DIAGRAM :'I: ‘%‘ ?
I Y-Decoder/Driver ‘

IR N © S

Memary Cell Array
256 Words x4 Bits

&
?
X-Decoder/Driver

Hlack | Block 2 Block 3 Block 4

I i S G

WE ©—| R/W Circuit |R/W Cireait | R/W Cirewit | R/W Cireuit

EEEEEEEEEEE
g 425238 g=5¢8

®HITACHI

HM100422

(DG-244)

HM100422F

(FG-24)

HM100422CC

(CC-24)

HPIN ARRANGEMENT

®HM100422

(Top View)

®HM100422F

SRS
L s [ (] s £
P e | v W
s W Ju
w— (1 s T
m (L] o 13
W s “u:m

g

(Tep View)

®HM100422C

o Y L ) A
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HM100422,HM100422F HM100422CC

BWABSOLUTE MAXIMUM RATINGS (Ta—=25C)

Item Symbol Rating Unit
Supply Voltage Vee to Vee +0.5 to —7.0 A
Input Voltage Vi 40.5 to Ve v
Output Current j . —30 mA
Storage Temperature Tue —65 to +150 €
Storage Temperature Tiiu(Bias)® —§5 to +125 C

® Lnder Bias

B ELECTRICAL CHARACTERISTICS
@®DC CHARACTERISTICS (Vee=—4.5V, R:=500 to —2.0V, Ta=0 to +85C, air flow exceeding 2m/sec)

Item Symbol Test  Condition min (B} typ max (A) Unit
BRI Vou - " 1 =102 —955 | —880 mV
tput 1. M
T Vor s —1810 | —1715 | —1620| mV
Voue —1035 = = mV
Output Threshold Voltage Vie=Va or Viia
Vore 2 e — 1610 mV
Vi Guaranteed Input Voltage —1165 E —B8B0 mV
Input Voltage 5
Vi High/Low for All Inputs —1810 -_ — 1475 mV
Iin Vie=Vina = == 220 BA
Input Current BS 0.5 — 170
I Via=Vicea HA
Others —50 - —
Supply Current Tex All Inputs and Outputs Open —200 —165 — mA

®AC CHARACTERISTICS (Vee=—4.5V £5%, Ta=0 to +85C, air flow exceeding 2m/sec)
1. READ MODE :

Item Symbol Test Condition min typ max Unit
Block Select Access Time tans - e 5 ns =
Block Select Recovery Time tras — = 5 ns
Address Access Time taa = T 10 ns
2. WRITE MODE

Item Symbol Test Condition min typ max Unit
Write Pulse Width tw twsa=2ns 6 4.5 = ns
Data Setup Time twso 2 0 = ns
Data Hold Time twno 2 0 = ns
Address Setup Time twsa tw=6ns 2 0 - ns
Address Hold Time Ewiia 2 0 = ns
Block Select Setup Time twsss 2 0 = ns
Block Seleet Hold Time twies 2 0 = ns
Write Disable Time tws i = 4 ns
Write Recovery Time twn p 4.5 ns

3. RISE/FALL TIME

Item Symbol Test Condition min typ max Unit
Output Rise Time Y e = Z e ns
Output Fall Time Ly — 2 — ns

4. CAPACITANCE

Ttem Symbol Test Condition min typ max Unit
Input Capacitance Cis b= 4 = pF
Output Capacitance Con - 7 e pF
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HM100422 HM100422F, HM100422CC

B TEST CIRCUIT AND WAVEFORMS

1. LOADING CONDITION 2. INPUT PULSE
Test Circuit
T Vee (GND) i 80%
| |
: ! 20%
=L I : I lf
Dout
MUT. r-'-'-J l..;?..
" ; o L=t;=2.0ns typ
0.014F Ver -20V
" -
Ci =30pF( includes
probe and jig
eapacitance )
3. READ MODE

4. WRITE MODE

R 2
Address S0 * m’&x
———e——— ————————— o

Min Ay L

N, 4

| TR p——
P

3 Nk  wib
i ol

i CE
7T S0% MT

o
b
1 uid 1
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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-1Bpin
package, compatible with Fairchild’s F100470.

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)

ETRUTH TABLE

Input
— —— Output Mode
CS WE Din
H x x L Not Selected
L L L L Write “0"
L L H L Write “1"
A H X Dout * Read
Notes) * : Irrelevant
% . Read Out Nomivert
HEBLOCK DIAGRAM
As 00—
A o— : 6464
i o— gé | | £ || Memoer cen
mo— 32 T Array
L =
i Deit
4 o
1 | _J
Sense Amp and TS
Write Urivers
' wE
Y Address
Vecoder Din

A O—

:

o—o
As O—
A 00—
An 0—j

B ABSOLUTE MAXIMUM RATINGS (Ta=25C)

Item Symbol Rating Unit
Supply Voltage Vee to Vec +0.5 to —7.0 v
Input Voltage Vie +0.5 to Vee v
Output Current Tout —30 mA
Storage Temperature Taa —65 to +150 C
Storage Temperature Tue(Bias)® —55 to +125 'C

#® Under Bias

388 ® HITACHI

(DG-18)

HPIN ARRANGEMENT

wmld O [@w
G o
A E E'EE
o v
a5 [14] An
afe] [13] Ao
s[7] [1Z] &
A 1] &

ver 3] mE

(Top View)




B ELECTRICAL CHARACTERISTICS
®DC CHARACTERISTICS (Ver=—4.5V, R.=500 to —2.0V, Ta=0 to +85'C, air flow exceeding 2m/sec)

HM100470,HM100470-15

Item Symbel Test Condition min(B) typ max (A) Unit
Von —1025 —856 —B880 mV
Output Voltage s Via=Viua or Viee T g 830 N
Voue —1035 = = mV
Output Threshold Voltage = Vie=Viuz or Vi = I —1e10 -
Tpit Voltags Vin Glr.lrlnteed Input Voltage —1165 E —880 mV
Vie High/Low for All Inputs —1810 — | —u1s mV
I Vie=Viua e — 220 HA
Input Current cs 0.5 T 170
I Vie=Viuas s % 0 = KA
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 ‘ HM100470-15 S Unit
min typ max min typ max
Chip Select Access Time facs - — 8 — — 10 ns
Chip Select Recovery Time tacs = - 8 = — 10 ns
Address Access Time tas = - 15 = = 25 ns
2. WRITE MODE
Item Symbol Test Condition . ot B - - i Unit
min typ max min typ max
Write Pulse Width tw fwsa=13ns 15 — - % = s ns
Data Setup Time twsp = = - 2 — — ns
Data Hold Time twnn 2 = = 2 — = ns
Address Setup Time twsa tw=twmin 3 = = 3 = == ns
Address Hold Time twia 2 = = 2 — - ns
Chip Select Setup Time twscs 2 - —_ 2 = = ns
Chip Select Hold Time twics 2 = = ] = - ns
Write Disable Time tws =5 = 8 - = 10 ns
Write Recovery Time twn = — 8 - —_ 10 ns
3. RISE/FALL TIME
Item Symbol Test Condition min typ max Unit
Output Rise Time te = 2 = ns
Output Fall Time 1 = 2 = ns
4. CAPACITANCE
Item Symbol Test Condition min typ max Unit
Input Capacitance Ci — 3 = pF
Output Capacitance Cuit = 5 == »F
® HITACHI 389



HM100470,HM100470-15

B TEST CIRCUIT AND WAVEFORMS

1. LOADING CONDITION 2. INPUT PULSE
T est Circuit
T Vec(GND) =
=17V
B t
M.U.T. L=l=20ns 1yp
Ry ; Ce
0.01uF ;'l: ._,.lu ~20V Ri=500
Ci=30pF { includes
probe and jig
capacitance )
3. READ MOBE

Address %SOK
Dot LS‘J%
4. WRITE MODE

cs I e e e e e e e Y
/

Mbcess m,)( __________________ ){

— S—
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HM100474,HM100474-15
HM100474F,HM100474F-1S

1024-word X 4-bit Fully Decoded Random Access Memory

The HM100474 is a 1024-words x 4-bit, read/write, random access
memory developed for high speed systems such as scratch pads and
control/buffer storages.

The fabrication process is the Hitachi's low capacitance, oxide
isolation method with double metalization.

The HM100474 is compatible with the HD100K ECL families and
includes on-chip voltage and temperature compensation for im-
proved noise margin. This device is encapsulated in cerdip-24-pin and
flat 24pin package, compatible with Fairchild’s F 100474,

B FEATURES

® 1024-word x 4-bit organization

® Fully compatible with 100K ECL level

® Address access time: HM100474/F 2b5ns(max)
HM100474/F-15 15ns{max)

® Write pulse width: HM100474/F 25ns(min)
HM100474/F-15 16ns(min)

@ Qutput obtainble by wired-OR (open emitter)

B TRUTH TABLE

— 11“ —_— Qutput Mode
S WE Din
H x % L Not Selected
L L L L Write "0
L L H L Write “1"
L H X Dout * Read

Notes! * ! Irrelevant
# | Read Out Nonivert

.BLOCK DIAGRAM My Az As A4

y B S B
| Y-Decoder/Driver I
e 3 B ¥ Tt Sl
He o
E Memary Cell Array
Ay o £ 1024Wards x 4 Bits
i
Ar o % =%
Az o z
%
Aa 0
Block 1 | Block 2 | Block 3 | Block 4
Aso— |
WE© RIW
£ gt | chiow | cirene | o |

a%agaéag

B ABSOLUTE MAXIMUM RATINGS (Ta=25C)

Item Symbol Rating Unit
Supply Voltage Vee to Vee +0.5 to —7.0 v
Input Voltage Vie +0.5 to Vee v
Output Current Lot =30 mA
Storage Temperature Toie —65 to +150 ©
Storage Temperature Tee | Bias)* —55 to +125 ‘G

* Under Bias

® HITACHI

HM100474, HM100474-15

(DG-24A)

HM100474F, HM100474F-15

(FG-24)

B PIN ARRANGEMENT
®HM100474,HM100474-15

ot 1]
bl E
ot 3]
ooi[4]
005
Vee E
Van
=0 [
i
i
NG

e 2] o1,
BE
2] W
E&
[70] A
[19] 4
EV::
[17]
18] ne
o
1]
[13] &

(Top View)

L] HM100474F HM100474F-15

Ar Vex A NC

ﬂﬂﬂﬂﬂﬂ

WEEl
c_s.Ez
I E
e[ J4
G
Uhl:s

UUUUUU

Doy DOz Vee Veea DOy

_(Top View) 1A



HM100474,HM100474-15 HM100474F, HM100474F-15

HBELECTRICAL CHARACTERISTICS
®DC CHARACTERISTICS (Ve = —4.5V, Rc=500 to —2.0V, Ta=0 to +85C, air flow exceeding 2m/sec)

Item Symbol Test Condition min(Bl typ max (A) Unit
Vou —1025 —955 —880 mV
QOutput Voltage Vie= Vina or Vies
Vae —1810 1715 — 1620 mV
Vone —1035 = = mV
Output Threshold Voltage Via=Va or Vi
Voie = ™ —1610 mV
Vi Guaranteed Input Voltage —1165 = —880 mV
Input Voltage 1 ]
Vie High/Low for All Inputs —1810 — — 1475 mV
Iin Vie="Vina = = 220 HA
Input Current cs 0.5 = 170
Iie Via=Vis HA
Others —50 - =
Supply Current Tee All Inputs and Outputs Open —200 - 165 L mA

® AC CHARACTERISTICS (Vee=—4.5V £5%, Ta=0 to +85C, air flow exceeding 2m/sec)

1. READ MODE
Item Symbol Test Condition = DL O S Unit
min typ max min typ max
Chip Select Access Time tacs — = 8 = = 10 ns
Chip Select Recovery Time tacs - = 8 — — 10 ns
Address Access Time taa - - 15 o 15 25 ns
2. WRITE MODE
Item Symbol Test Condition = _HMNN“/F_IS = kil Unit
min typ max min typ max
Write Pulse Width tw twsa=3ns 15 = = 25 15 = ns
Data Setup Time twso 2 = e 2 = = ns
Data Hold Time twio 2 = = 2 == = ns
Address Setup Time twsa tw=twmin 3 = =3 3 = = ns
Address Hold Time B 2 = = 2 = - ns
Chip Seleet Setup Time twscs 2 = =3 2 - = ns
Chip Select Hold Time twics 2 - - 2 -_ - ns
Write Disable Time tws - - 8 - - 10 ns
Write Recovery, Time twn - — 8 - - 10 ns
3. RISE/FALL TIME
Item Symbel Test Condition min typ max Unit
Output Rise Time t. T 2 — ns
Output Fall Time ty =% 2 =25 ns
4. CAPACITANCE
Item Symbol Test Condition min typ max Unit
Input Capacitance Ca —_ 4 - pF
Output Capacitance Coani — T - pF
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HM100474, HM100474-15HM100474F,HM100474F-15

B TEST CIRCUIT AND WAVEFORMS

1. LOADING CONDITION 2. INPUT PULSE
Test Circuit e S
Vee(GND)
i .
I
I
[}
Dout -1V g
MLLLT. : |
| 1
=
& ; £L t.=1y=25ns
e 'L—i -20V  Re=502
;; i Co=30pF (includes
probe and jig
capacitance |
Address 50%
tad
Dout 50%
4. WRITE MODE
s 50%5\ Sﬂ%/f
Address 509>< 509(
————— o — — ——\ . —— ——
Lin 5“%/\{ 50% i
Ne sl S
[T
— wgp 50% 50% /_ LLLL]
WE
iwsa ™ IWRES
Daut iwscs W% sa%
w5 e |

©® HITACHI

BO%

20%
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HM100474 HM100474-15,HM100474F HM100474F-15

SUPPLY CURRENT vs.
AMBIENT TEMPERATURE

& H\
g 160 E
E 140 P :
e ¢
—; 120 E
Ver=—450V
et 20 10 50 B0 100
Ambient Temperature Ta ('C)
ADDRESS ACCESS TIME
vs. AMBIENT TEMPERATURE
30
25
3w 3
£ H
- L — =
§ Vee=—4.50V g
ol 1 NS
—-20 20 40 [1] ] 100
Ambient Temperature Ta [T}
CHIP SELECT ACCESS TIME
vs. AMBIENT TEMPERATURE
12
21 F
B =
s *""'"‘/ §
E L—1 “j
= Vee=—4.50V -
= [+
z
0 j—-
-20 20 A0 [ B0 100

Ambient Temperaturs To (C)

394 ® HitachH

SUPPLY CURRENT vs.
SUPPLY VOLTAGE

-_--'---._
P —
140
120
Ta=25"C]
" —4.95 —4.50 —4.05
Supply Voltage Vee (V)
ADDRESS ACCESS TIME
vs. SUPPLY VOLTAGE
25
20
» —
Ta=Z5
5
- —4385 —450 —405
Supply Voliage Vee (V1
CHIP SELECT ACCESS TIME
vs. SUPPLY VOLTAGE
12
10
4
Ta=257C]
2
~495 —450 —4.05

Supply Valtage Ver (V)



Write Pulse Width tw {ns}

30

25

WRITE PULSE WIDTH vs.
AMBIENT TEMPERATURE

HM100474 HM100474-15,HM100474F HM100474F-15

Veg=—4.!

=8
0 o 20 40 60 80

Ambient Temperature Ta ('C)

@ HITACH!I

Write Pulse Width tw (ns}

WRITE PULSE WIDTH vs.
SUPPLY VOLTAGE

25

20

Ta=25C

—4.55 —4.50 —4.05

Supply Veltage Ve (V)
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HM100480,HM100480F

16,384-words X 1-bit Fully Decoded Random Access Memory

The HM100480 is ECL 100K compatible, 16,384-words x 1-bit,
read/write random access memory developed for high speed
systems such as scratch pads and control/buffer storages.

The fabrication process uses the Hitachi’s low capacitance, oxide
isolation method with double metalization.

The HM100480 is encapsulated in cerdip-20 pin and flat-20 pin
package, compatible with Fairchild's 100480.

BFEATURES

® 16,384-words x 1-bit organization

@ Fully compatible with 100K ECL level

® Address access time: 25ns (max)

® Write pulse width: 25ns (min)

® |ow power dissipation: 0.05mW/bit

® Qutput obtainable by wired-OR (open emitter)

BETRUTH TABLE

HM100480

(DG-20)

HM100480F

Input
— = Qutput Mode
CcSs WE Din
H x x L Not Selected (FG-20)
L L L L Write "0~
L L H L Write “17
L H x Dout* Read HPIN ARRANGEMENT
Notes) * lirrelevant
#* | Read Out Noninvert Dout E Az E Vo
HBLOCK DIAGRAM ™ E E -
As O Ay E E s
Ao & A
. £ 128128 A E E WE
Moo & & Memory Cell
Mo ENRL T [ Arcay A E 16] a0
s
=
Av 0 E Dout As E E LT
- T . e
Sense A s
\'tTi:: D?i:eu A E E A
1 WE Ar E EI A
Y-Address Decoder Vee E E An
Diin
$ 64 é 3 é é (Top View)
<= 4 £ £ F < 2
M ABSOLUTE MAXIMUM RATINGS ( Ta=25C)
Item Symbol Rating Unit
Supply Voltage Ve to Ve +0.5te —7.0 v
Input Voltage Vie +0.5 to Ve v
Output Current L —30 mA
Storage Temperature Towe —65 to +150 g
Storage Temperature Tu{Bias)® —55 to +125 k

* Under Bias
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HM100480, HM100480F

BMABSOLUTE MAXIMUM RATINGS (Ta=25C)

Item Symbol Rating Unit
Supply Voltage Vee to Vee +0.5 to —7.0 v
Input Voltage Vi +0.5 to Vee v
Output Current f 28 —30 mA
Storage Temperature Teia —65 to +150 C
Storage Temperature Tuss [ Bias)* —55 to +125 )

#* Under Bias

BELECTRICAL CHARACTERISTICS
®DC CHARACTERISTICS (Veg=—4.5V, R:=500 to —2.0V, Ta=0 to +85C, air flow exceeding 2m/sec)

Item Symbol Test Condition min(B} typ max(A) Unit
Output Voltage e Vie="Viua or Vies = = & i
Vor —1810 —1715 —1620 mV
Output Threshold Voltage i Vie=Viua or Viua = L — o
Vore — = —1610 mV
Sl Wi Vin Guaranteed Input Voltage —1165 - —B80 mV
Vi High/Low for All Input —1810 =— — 1475 mV
Ty Vie=Viua — s 220 HA
Input Current cs 0.5 = 170
i Rt Others ~50 - =+
Supply Current Tee All Inputs and Outputs Open —200 —165 ™ mA
®AC CHARACTERISTICS (Ver=—4.5V1t5%, Ta=0 to +85C, air flow exceeding 2m/sec)
1. READ MODE
Item Symbel Test Condition min typ max Unit
Chip Select Access Time Lacs 2 r 10 ns
Chip Select Recovery Time taes 2 =, 10 ns
Address Access Time Lan 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 twso 5 1 = ns
Data Hold Time twip 5 - - ns
Address Setup Time twsa tw=1tw min 5 - — ns
Address Hold Time Lwya 5 -t — ns
Chip Select Setup Time twscs 5 — — ns
Chip Select Hold Time twwes - — 5 ns
Write Disable Time tws = = 10 ns
Write Recovery Time tws -~ == 10 ns
397
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HM100480, HM100480F

3. RISE/FALL TME

Item Symbol Test Condition min typ Unit
Output Rise Time s = 2 ns
Output Fall Time tr = 2 ns
4. CAPACITANCE
Item Symbol Test Condition min typ Unit
Input Capacitance Ci = 3 pF
Output Capacitance Cou — 5 pF
ETEST CIRCUIT AND WAVEFORMS
1. LOADING CONDITION 2. INPUT PULSE
Test Circoit -0V
T Vec{GND)
-1
b
M.UT. Post b=y=20ns typ
Re Cy
; Ry =500
Cr.;pr[lilncludea
U.OlnF; e —20V ::;lci:jcr?
3. READ MODE
Address ><5¢%
p—————————— 4 &
Deut 50%
4. WRITE MODE
cs . PR ey RGPS S B es e s B 4
N /]
Address 50“’0)( —————————————————— X
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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.

& Bl ... . vy TTL compatible
@ Gonstrubon . . ... 00 ke 256-word x 1 bit
® Readaccesstime.............. HM2504: 56ns (max)
HM2504-1: 45ns (max.)
® Chip select accesstime ......... 30ns (max.)
® Power consumption ........... 1.8mW/bit (typ)
T D e MFERT Open collector (DG-16)

B PIN ARRANGEMENT

a1 B Ver

B TRUTH TABLE a 2] 5] A,
Inputs Output cs, E E A

Ts WE Din Chhlctor . &5, ] [17] win

any one H x x H Not Selected CS, E E WE
all L E L H Write “0" s E E %
all L L H _H Write “1" i E E ”:
all L H x Dout* Read Siib E E] X

Notes) x : Don't ecare
* _ Read out inverted

(Top View)
B BLOCK DIAGRAM

vo———J
A G 16X 16
Arg——f e Memary
A=t o Crlls
Dout
(4]
Senne Amp @E&
nnd €5
Write Drivers B

=
m

¥ Address
Deender
% Din

Al A

B ABSOLUTE MAXIMUM RATINGS

Item Symbol HM2504, HM2504-1 Unit
Supply Voltage Vee =0.5 to +7.0 v
Input Voltage Via —0.5 to +5.5 5
Input Current L —12 te +5.0 mA
Output Voltage (Output High) Via —0.5 to +5.5 v
Output Voltage (DC Output Low) Lt +20 mA
Storage Temperature Tuea —65 to +150 3 i
Storage Temperature Ty (Bias)® —55 to +125 &

#® Under Bias

@ HITACHI
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HM2504, HM2504-1

BELECTRICAL CHARACTERISTICS
@DC CHARACTERISTICS (Vec=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 Vo Vee=4.75V, Tor=16mA s 0.3 0.45 v
Viu Guaranteed Input Voltage High 2.0 1.6 o v
Input Voltage
Vie Guaranteed Input Voltage Low = 1.5 0.85 v
1T Vee=5.25V, Vi.=4.5V - 0 20 HA
Input Current
m Vee=5.25V, Vi.=0 = —530 —B00 HA
Output Leakage Current Teex Vee=5.25V, Vei=4.5V e 0 50 BA
Input Clamp Voltage Vi Vee=5.25V, [i.=—10mA - —1.0 —1.5 v
p i 5 Vee=5.25V 0< Ta<25C — - 135 mA
Raphy Terent - All input GND Ta225C - - 130 mA
®AC CHARACTERISTICS
(Vee=5.0V £5%, Ta=0 to +75C, air flow exceeding 2m/s, see test circuit and waveforms)
1. READ MODE
HM2504 HM2504-1
Item Symbol Test Condition = - Unit
min typ max min typ max
Chip Select Access Time bars = 12 30 = 12 30 ns
Chip Select Recovery Time trcs = 18 25 — 18 25 ns
Address Access Time taa — 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 L] — 0 0 - ns
Data Hold Time twin 5 0 — 5 0 - ns
Address Setup Time twsa tw=30ns 0 0 —_ 0 0 - ns
Address Hold Time twia 5 0 =3 5 0 = ns
Chip Select Setup Time twscs 0 0 == 0 0 — ns
Chip Select Hold Time twies 5 0 = 5 0 — ns
Write Disable Time tws = 14 35 — 14 35 ns
Write Recovery Time twa - 12 40 G2 12 40 ns
3. CAPACITANCE
HM2504 HM2504-1
[tem Symbol Test Conditi Unit
min typ max min typ max
Input Capacitance e = 3 5 — 3 5 oF
Output Capacitance G — 6 8 = 6 8 pF
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HM2504, HM2504-1

B TEST CIRCUIT AND WAVEFORMS
1. LOADING CONDITION 2. INPUT PULSE

Ver 0%
Vee 15Vpp /
T 3002 10%
o t___
Dout
16 6 i

10ns 10ns
HM2504 o ¢
or 30pF
HM2504-1

Note:Ce includes jig and stray capacitance

3. READ MODE

“—\ / #h )(

Dout

—tars

(All time measurements refer to 1.5V)

4. WRITE MODE

T—s_\k /
B ¥ ¥

= —*

tw
WE \ -I
[-l wsnal\ J_éwm -
twsa ]
= t wscs
Dout
=t wg ——t Wy

(Al time measurements refer to 1.5V)
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HM2504, HM2504-1

INPUT CHARACTERISTICS OUTPUT CHARACTERISTICS
[k T T o
0 = 1, 2
7 //
2 _-o05 Eow
a 3
g S0 § is ?EILI:'U
5 8 ki
% s Tu= 1007 £ A W
e 2 &
- /]
bt 1 ] / 1
Output Low Level
=2.§ | / l ’l’ | -
-2 4 6 R 1 [} 0.1 02 0.3 0.4 0.5 0.6
Input Voltage Wi (V) Output Voltage Vi (V)
SUPPLY CURRENT vs. ADDRESS ACCESS TIME vs.
AMBIENT TEMPERATURE AMBIENT TEMPERATURE
120 0 I —
=w"---...._-.._______‘-__-‘~ ¥
----...._'.'| N
3 —~ z
i s 0 HM2504 -7
5 L HM2504 g
£ & P~
= =
= 60 - 40 -
H ] [ /
E' All Input Low Level 5 —
3
20 2 -
] ]
-0 20 an 80 B 10 -20 0 ) n ) )
Ambient Temperature Te (T Ambient Temperature Ta (C)
SUPPLY CURRENT vs.
SUPPLY VOLTAGE
120
o s
i w /]
: /
3 e /
0 1 6

Sapply Valtage Voo (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.

e U g e TTL compatible
& CONBRPLIBHION. oo oon av o mnnmms 1024-word x 1 bit
® Readaccesstime ............. HM2510: 70ns (max.)

HM2510-1: 45ns (max)
HM2510-2: 35ns (max.)
® Chip select accesstime ......... HM2510: 40ns (max.)
HM2510-1: 30ns (max.)
HM2510-2: 25ns (max.)
® Power consumption ........... 0.5mW/bit
e T A T o T 12 Open collector

ETRUTH TABLE

(DG-16A)

Inputs
— = Output Mode
CS WE Din
H x X H Not Selected
L i A L H Write "0
L L H H Write "1
L H * Dout* Read

Notes! = . Don't care
* | Read out non-inverted

B BLOCK DIAGRAM

Ayo—
Art==—"1 3% A2
Memory
Cell

Ari—1

f Ay m—

M

X Address
Decoder
Werd Drivers

Sene Amp

d
Wrimirlrwvr

Y Addreas
Decoder

A Av ArAn Ay

@ HITACH!

HEPIN ARRANGEMENT

Euin
Ejﬁ
EA-
] -

A [® E X
Dout E El Ay
GND | 8 9] A

(Top View)
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HM2510, HM2510-1, HM2510-2

B ABSOLUTE MAXIMUM RATINGS

Item Symbel HM2510 Series Unit
Supply Voltage Vee —=0.5 to +7.0 v
Input Voltage Vis —0.5 to +5.5 v
Input Current I —12 to +5.0 mA
Output Voltage (Output High) Viat 20.5 to +5.5 v
Qutput Voltage (DC Output Low) y +20 mA
Storage Temperature Tea —65 to +150 C
Storage Temperature T.u(Bias)® —55 to +125 g

#* Under Bias

BMELECTRICAL CHARACTERISTICS

®DC CHARACTERISTICS (Vee=5.0V £5%, Ta=0 to +75°C, air flow

exceeding 2m/sec)

HM2510 Series

Item Symbol Test Condition Unit
min typ max
Output Voltage Voo Vee=4.75V, lor=16mA — 0.3 0.45 Vv
Viw Guaranteed Input Voltage High 5 | 1.6 = v
Input Voltage -
Vo Guaranteed Input Voltage Low — 1.5 0.80 v
Iiny Vee=5.25V, V.=4.5V = 0 40 KA
Input Current Tins Vee=5.25V, V.=5.25V = 0 1.0 mA
In Vee=5.25V, V.=0.4V = —250 —400 HA
Output Leakage Current Texx Vee=5.25V, V..=4.5V — 0 100 HA
Input Clamp Voltage Vi Vee=5.25V, l.=—10mA = -1.1 —-1.5 v
Vee=5.25V 0< Ta<25°C = == 155 mA
sl g fee | All input GND Ta225C — % 130 | mA
®AC CHARACTERISTICS (Vec=5.0V £5%, Ta=0 to +75C, air flow exceeding 2m/sec)
1. READ MODE
s A HM2510 HM2510-1 HM2510-2 z=
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 —3 - 30 = 17 25 ns
Address Access Time taa = 40 70 = 35 45 — 25 35 ns
2. WRITE MODE
Item Symbel Test Condition et ot e Unit
min typ max | min typ max | min typ max
Write Pulse Width tw twsa=min 50 10 = 35 10 =5 25 10 - ns
Data Setup Time twso 5 0 — 5 = — 5 0 = ns
Data Hold Time twin 5 0 i 5 = = 5 0 == ns
Address Setup Time twsa tw=min 15 0 — 5 =% 5 5 [] = ns
Address Hold Time [ 5 0 e 5 - e 5 '] - ns
Chip Select Setup Time twses 5 0 — 5 e - 5 o - ns
Chip Select Hold Time twies 5 0 = 5 - = 5 0 = ns
Write Disable Time tws — 20 40 = 20 35 = 15 25 ns
Write Recovery Time twa = 30 55 = 30 45 = 15 % ns

@ HITACHI



HM2510, HM2510-1, HM2510-2

3. CAPACITANCE

HM2510 Series
Item Symbol Test Condition Unit
min typ max
Input Capacitance Cis = 3 5 pF
Output Capacitance Cou == 6 8 pF
B TEST CIRGUIT AND WAVEFORMS
1. LOADING CONDITION 2. INPUT PULSE
Vi
7 90%
Yrr 280 3.5Vpp
0%
ov
16 E Dout ] L]
3 C 10n 10n
HM2510 E = St;-pF ~ o
8

3. READ MODE

T\

Z A=Ay
Address

Dout

Lars
et BT fo———————— 1 s

(All time measurements refer to 1.5V)

4. WRITE MODE

& \ 4

R X X

i Ty
WE fwsh A | WHD
b wia ——=
PR et

twsy e s——1

t w5
Dout

I ws
1 wR

{All time measurements refer to 1.5V
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HM2510, HM2510-1, HM2510-2

Input Current Tis {(mA)

Supply Carrent fec [mA)

Supply Cureent Jee (mA)

INPUT CHARACTERISTICS

(1]

Te=100C

=5

—

Ta= 00T
%5

— 10

Ver =5.00V

=2 n 2 1

& L 0

Input Voltage Vi (V)

SUPPLY CURRENT vs.
AMBIENT TEMPERATURE

120
[ ——
100 ——
H‘*
N.\'.

A0 \\
&0

4

Voir=5.25

. Al Input GND ™|
n

20 (1] n 40 60 RO 100

120

100

Ambient Temperatere Ta ('C)

SUPPLY CURRENT vs.

SUPPLY VOLTAGE

7

v

Sapply Voltage Vee (V)

@ HITACHI

Output Current [ie (mA)

30

25

OUTPUT CHARACTERISTICS

/|

/4
/i

/,

Ver =500V

/y nqlsut La-‘Lml

n2 03 0.4 (8]

Output Voltage Vewr (V1

ADDRESS ACCESS TIME vs.
AMBIENT TEMPERATURE

Addrexs Access Time taa (nz)

Wil

06

0
HM i
1M510-1 L~
I )
Y
—
; l
,_,_.——-""""_—'

-
- " 2!| m Wi il 1

Ambient Temperature Ta ('C)



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

TTL compatible
1024-word x 1 bit
HM2511: 70ns (max)
HM2511-1: 45ns (max)

@ Chipselectaccesstime ......... HM2511: 40ns (max)
HM2511-1: 30ns (max)
® Power consumption ......... .. 0.5mW/bit
® JEUIPRITON . . L i s e three-state
B TRUTH TABLE
Input
— i Output Mode
cs WE Din
H x ® High Z Not Selected
E L L High Z Write “0"
L L H High Z Write 17
E H X Dout ® Read

Notes! * : Don't care
#* | Read out noninverted

B BLOCK DIAGRAM

axaz

Memiry Cell

B ABSOLUTE MAXIMUM RATINGS

1DG-16A)

HEPIN ARRANGEMENT

sG] 7 Ja
E fBin
]
[12] A
] A
1] A
[o] &

(g}

(Top View)

Bt

Item Symbol HM2511 Series Unit
Supply Voltage Vee —8.5 to +74 v
Input Voltage Vi —0.5 to +5.5 N
Input Current T —12 to +5.0 mA
Output Voltage (Output High) Vour ~0.5to 455 v
Output Voltage (DC Output Low! Tonr +20 mA
Storage Temperature Tota —65 to +150 e
Storage Temperature Te(Bias)* — it 126 4 2

* Under Bias

® HITACHI
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HM2511, HM2511-1

MELECTRICAL 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 Vau Vee=4.75V, Toc=16mA = 0.3 0.45
Vi Guaranteed Input Voltage High 2.1 1.6 —
Input Voltage
Vie Guaranteed Input Voltage Low - 1.5 0.8
Tns Vee=5.25V, Vi.=4.5V b= 0 40 HA
Input Current Lins Vee=5.25V, Vi.=5.25V - 0 1.0 mA
In Vee=5.25V, Vi.=0.4V = —250 —400 HA
Torr: Vee=5.25V, Var=2.4V — - 50 A
Output Current (High Z)
Torrs Vee=5.25V, V.u=0.5V = T —50 BA
Output Current Short Circuit to Ground Tos Vee=5.25V, ey — —100 mA
Output High Voltage Von Tow=—10.3mA, Vec=5.0V +5% 2.4 = - v
Toput Clamp Voltage Vi Vee=5.25V, [i=—10mA - -1.0 | —1.5 v
Vee=5.25V 0= Ta<25C e — 155 mA
Supply Cu t I
gl | Allinput GND [ paz25C - % | 10 | mA
®AC CHARACTERISTICS (Vec=5.0V £5%, Ta=0 to +75°C, air flow exceeding 2m/sec)
1. READ MODE
HM2511 HM2511-1
Item Symbol Test Conditi Unit
min typ max min typ max
Chip Select Access Time tacs — 15 40 = = 30 ns
Chip Select to High Z tzacs — 20 40 — — 30 ns
Address Access Time taa = 40 70 — 35 45 ns
2. WRITE MODE
HM2511 HM2511-1
Item Symbol Test Conditi: Unit
min typ max min typ max
Wrjte Pulse Width tw twsa=min 50 25 == 35 10 — ns
Data Setup Time twso 5 0 == 5 = i ns
Data Hold Time twio 5 0 = 5 = - ns
Address Setup Time twia tw=min 15 0 - 5 = - ns
Address Hold Time Twna -1 0 == § = == ns
Chip Select Setup Time twics 5 0 - 5 = — ns
Chip Select Hold Time twics 5 0 = 5 = = ns
Write Disable to High Z taws — 20 40 = 20 35 ns
Write Recovery Time twn = 42 55 - 30 45 ns
3. CAPACITANCE
HM2511 Series
[tem Symbol Test Condition Unit
min typ max
Input Capacitance Cis = 3 5 pF
QOutput Capacitance Cuu — 9 11 pF

@ HITACH!



HM2511, HM2511-1

B TEST CIRCUIT AND WAVEFORMS

1. LOADING CONDITION 2. INPUT PULSE
Vee
Dout e Diui 15Vpe
HM2511 wﬁ_’-; ::‘,?-?,p HM2511 EM";I:’F o l 1 r‘:""'
- i 10ns One
Load A Load B
3. READ MODE
o X
Address
= :
1
——————— |
Doed g
Doat | X

Dowt
Load B HICGH 2 et

(All time measurements refer to 1.5V

4. WRITE MODE

High Z

Lead B

LAll time measurements refer to 1.5V

5. WRITE ENABLE TO HIGH Z DELAY

5V WE
15V
nﬂﬂi ?sm s —_———— et
LM / High Z
HM2511 3 159F Dout "0 Level  —A——yosv
'WWT 1" Level i
+ Dowt N Wi 2
Load C
6. PROPAGATION DELAY FROM o 15V {All trers parameters are measured
CHIP SELECT TO HIGH Z arce) at a delta of 0.5V from the logic level
e Z and using Load C)
Dout "0 Level b}ujv
“1” Level
—}osv
Dout ___Hi.h z

@ HITACHI 09
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BIPOLAR PROM
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B PROGRAMMING INFORMATION

Hitachi's sophisticated Fine Emitwer technology and progr

pulse hod enables higher progr bility 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 prwnmmlng pu'lg:

The device is manufactured with outputs low (positive logic ““zero™)
in all storage cells. To make an output high at a particular cell, a
junction must be changed from a blocking state to a conducting
state. This procedure is called pwgmnmmq.

A logic “one” can be per tly prog i into a sel 1 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 03
is held off. Then, a train of programming pulses applied to the
desired output flows through the junction into transistor Q1. This

Series) bit. This high reliability feature virtually elimi

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 prnnﬁmrning eharacwmies These test cells and test
ircuitry p ! i correl Lo d and

unprogrammed circuits in order to guarantee high programmability

and eliability.

PROGRAMMED CELL (CROSS SECTION)

Mummum
//L il 7
7 |
N* Buried Layer
/ / P Substrate
P{Buel
N{Emitter)

XN-addresses

g current changes the junction to the conducting state.
Thc pulse mln 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 capable of sinking only one
unit of programming current at time.

INTERNAL PROGRAMMING CIRCUIT

Y-addresses Q:

+—oO
Output

Chip Enables

412 ©® HITACHI



BHITACHI PROMS AND PROGRAMMING CURRENT

Memory Size Organization Output N-Series S-Series
0.C. HN25044 (50ns max) —
4k kx4
38 HN25045 (50ns max) —
s o0.C. HN25084 (60ns max) HN250845(50ns max)
x
35 HN25085 (60ns max) HN250855(50ns max)

HN25088 (60ns max)

Bk 0.C. HN25088S(50ns max)
HNZ5088L(100ns max)
1kx8
HN25089 (60ns max)
35 HN250895(50ns max)
HN25089L.(100ns max)
0.C. - HN251685(60ns max)
16k 2kx8
35 - HN251695(60ns max)
Programming Current 130mA( typ) S0mA(typ)

Note) 0.C. | Open Collector Output
35 Three State Qutput

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 technigue
established for the N-series PROM is further improved to attain very
small memory cell area and chip area as well as high performance.

@ 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 i
® 1024 words x 4 bits organization (fully decoded)
@ TTL Compatible inputs and outputs
® Fast read access time; 30 ns typ. (50 ns max.) (DG-18]
® Medium power consumption; 500 mW typ.
® Two Chip enable inputs for memory expansion EPIN ARRANGEMENT
® Open collector outputs (HN25044)/Three-state outputs foh
(HN25045) “‘E EW'
® Standard cerdip 18-pin package *‘E E] g
B BLOCK DIAGRAM A‘E EI o
Multiplexer Ourput Buffer 0 hE E Av
4056 By
fiontd [T s3] P
‘.' Multiplexer |1  Outpu Bulfer |40 Oy .\;E E O
wemer ot [T TTT] A =]
Array "o | Multipleser L1 Outpwt Bulfer |10 0 EE T_‘] o
T wof] g
.u. Multiplexer |  Outpat Buffer L 4+o o, (Top View)
—
=
Word Decoder Address
Chip Enable
Address Baffer Bulfer
608468 3644 & o
A A A Ay A My M A MM T CE
B ABSOLUTE MAXIMUM RATINGS (Ta=25C)
Item Symbaol Rating Unit
Supply Voltage Vee —0.5 to +7.0 v
Input Voltage Vi —0.5 to +5.5 b4
Output Voltage Vow —0.5 to +5.5 ¥
Output Current T 50 mA
Operating Temperature Tuse —25 t0o +75 'cC
Storage Temperature Tuis —65 to +150 *‘C
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HN25044, HN25045

B DC CHARACTERISTICS (Vcc=4.75 to 5.25V, Ta=0 to +75C)
HN25044 HN25045
Item Symbol Test Condition - = Unit
min typ max min Lyp max
s = Viw 2.0 == == 2.0 = 7= v
e Vi =1 =1 s8] = | = | ssfusm
B Vo Vou Ton=—2mA = — =1 -F.4 = S v
t
s Mg = Voo | Tou=16mA — 1 —les] = | — [ o]
Ien Viu=2.7V = — 40 = == 40 HA
Input Current
In Vie=0.4V — — =04 == — | =04 mA
0o Leak ¢ I Veur=5.5V = = 100 = = 100 i
tput t
put Leakage Curren oLk — T = = = = = 3 M
Input Clamp Voltage Vi Ii.=—18mA = i Sl — == =18 v
Power Supply Current Tee Input Either Open or at Ground == 100 130 = 100 130 | mA
Output Short-circuit Current Tos Veur=0V — - — 15 30 60 mA
Input Capacitance Ci Via=2V, Vee=0V = 5 10 == 5 10 pF
Output Capacitance Cut Veur=0V, Vee=0V = 7 12 - 7 12 pF
Notes: 1. Typ. value is at Voc=5.0 V and
B AC CHARACTERISTICS (Vcc=4.75 to 5.25V, Ta=0 to 75°C) Tq=25°C
2. Output disable time is the time
Item Symbol min typ max Unit teken for the output to reach a
Add i Ti W e 15 50 high resistance state when either
el i - e chip enable is taken high. Out-
Chip Enable Access Time tace — 20 30 ns put enable time is the time
Chip Enable Disable Time toce - 20 30 ns taken for the output to become

HE SWITCHING WAVEFORMS

Address f ! Input {l'sv
e z 15V 15V ‘ _j
- t=Lia
e 15V 15V Pyt
o or
Output COutput
B SWITCHING TIME TEST CONDITIONS
SWITCHING HN25044 HN25045
Vee PARAMETER Ri R: Ce R R: Ci
Laa 3000 | 6000 | 30pF | 30000 | 60000 | 30pF
f tace "1" - - = = | 6000 | 10pF
tace “O" 3000 | 6000 | 10pF | 30000 | 60000 | 10pF
€ R tocs "1" = —_ — o | 6000 | 30pF
I toce 0" 3000 | 60000 | 30pF | 30000 | 60000 | 30pF

Chip Enable

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.

INPUT CONDITIO
Amplitude - 0V 1o

NS
w

Rise and Fall time-5ns from 1V to 2V

Frequency - IMHz

@ HITACHI
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HN25044, HN25045

B PROGRAMMING SPECIFICATION

Characteristic Limit Unit Notes
Ambient Temperature 25+5 C
Programming Pulse
Amplitude 130+£5% mA
Clamp Voltage 20+0%—2% v
Ramp Rate T0max 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+0% —2% v
Ramp Rate T0max V/ps 10V point /15000 load
Sense current interruption before and after address change 10min Hs
Programming Vec 5.045%—0%
Maximum Sensed Voltage for programmed “1" 7.510.1
Delay from trailing edge of programming pulse before sensing 0. 7min o
output voltage
Programming Time Allocation/Bit 100max ms
Additional Programming Pulse Number 4 Time

B TYPICAL WAVEFORMS

Sense Pulse
7.5V REF.

Sense Strobe

Additional Pulse Train
A
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B TYPICAL DC CHARACTERISTICS

INPUT CURRENT vs.
INPUT VOLTAGE

0
3 NN ,
: \\\ Vee=45V
o I
3 N N sov
£ 1
2 N sy
:
2
=] o 1
Input Vol tage Viw (V)
OUTPUT HIGH CURRENT vs.
OUTPUT HIGH VOLTAGE
(HN25045)
[ 7 -
=10 /
i “d
f ™ 7/’/% = Vee=4.5V e —)
5 sov
{% -30 / ™ |
= / N ssv
& _u
-50
(1] 1 H 3 4 5

Owtput High Volisge Vow (V)
B TYPICAL AC CHARACTERISTICS

ACCESS TIME vs,
AMBIENT TEMPERATURE

(HN25044)
50
Vee =4,
o cri 4.5V
- / 5.0V
2l L
= ez
&
B
- 20
=
= 55V
2
10
o
—25 0 +50 +100

Ambient Temperature Ta (C)

Access Time fau (ns}

Output Low Current Jor (mA)

OUTPUT LOW CURRENT vs.
OUTPUT LOW VOLTAGE

HN25044, HN25045

100
1]
Vee=5.0V
60
40 /J
20
1] /
0 200 400 600
Dutput Low Voltage Vor (mV)
ACCESS TIME vs.
AMBIENT TEMPERATURE
(HN25045)
a0
Vec=4.5V
]
* Vs
N
20
~
\ 5.5V
10
o
=25 o +50 + 100
Ambient Temperature Ta ('C)
417
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HN25044, HN25045

418

Disable Time toce (ns)

Enable Time tace (na)

Delay Time Increase (ns)

DISABLE TIME vs.
AMBIENT TEMPERATURE
(HN25044)

Vee=4.5V
ra

)\

av
AV

HNZS044

+50 +100

Ambient Temperature Ta (T)

ENABLE TIME vs.
AMBIENT TEMPERATURE
(HN25044)

Vee =4,

\

5V

—

T

\

\ 50V

\

55V

=25

+50 +100

Ambient Temperature Ta (T}

DELAY TIME INCREASE vs.
LOAD CAPACITANCE
(HN25044)

4

Add to
tock"0 Delay

Add to Access

Delay taa

_é%::—*.—-——-"‘"—-

{0

200

Load Capacitance Ci (pF)

@ HITACH!

300

Disable Time toce (na)

Enable Time tace (nn)

Delny Time Incresse (na)

DISABLE TIME vs.

AMBIENT TEMPERATURE

(HN25045)
Vee=d4.5V %
e —— /
5.0V
\5.5\'
HNZ5045
[}
-25 +50 +100
Ambient Temperature Ta (T)
ENABLE TIME vs.
AMBIENT TEMPERATURE
(HN25045)
20
Veo=45V
1o
:
\
5.0V
\
5.5V J
i |
—25 0 +50 +100

Ambient Temperature Ta ('T)

DELAY TIME INCREASE vs.
LOAD CAPACITANCE

(HN25045)
30
Add to tace
Delay
20 ! AN
Add to
Access Delay faa >//
10 N, =] |
%,—n—‘"
0 _/
100 200 300

o

Load Capacitance Co (pF)



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 theé 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)

Medium power consumption: 550 mW typ,

One chip enable input for memory expansion

Open collector outputs (HN25084)/Three-state outputs
(HN25085)

® Standard cerdip 18-pin dual in-line package

B 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 CE to a logic “one”. 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 CE to a logic
“zero”. The outputs then correspond to the data programmed in the
selected word.

HELOGIC DIAGRAM

As 0——
Ay O—1
ho—s #192 Bit
o Address | | 12128 | | (128%64)
¥ Buffer Decode
MO Memory Cell Array
g O
AnO—
| 1 I I
Mo—]
A Addres 1_:!5 1:.15 1718 1118
e Maltipleser | | Maltipleser | | Multipiener | | Maltipleser
np—7
Ay O ] [
Output Dutput Output Output
Bulfer Bufler Bulfer Bulfer
— 5 Chip L 4 b 5 S
CE Enable 1
O 1] O O

@ HITACHI
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B PIN ARRANGEMENT

W
'
o
B
o5
o
wli]

GNDE

s[4

18] vee
EA:
Ea.
Bf
Em
[13]ox
[iz] o
|

10 |CE

(Top View)
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HN25084, HN25085

B ABSOLUTE MAXIMUM RATINGS

Item Symbol Rating Unit
Supply Voltage Vee —0.5 to +7.0 v
Input Voltage Vi —0.5 to +5.5
Output Voltage Vs —0.5 to +5.5 v
Output Current Ea 50 mA
Operating Temperature ; - —25 to +75 ‘C
Storage Temperature Teea —65 to +150 e

W DC CHARACTERISTICS (Ve

=4.75 to 5.25V, Ta=0 to 75°C)

Characteristic Symbol Test Conditions min Lyp max Unit
Input High Voltage Vi 2.0 =4 = v
Input Low Voltage Vie — = 0.8 v
Input High Current I Vi=2.7V = = 40 KA
Input Low Current —~In Vi=0.4V — — 0.40 mA
Output Low Voltage Vo Too=16mA — — 0.45 v
Output Leakage Current Tore Vo=5.25V = = 100 KA
Output Leakage Current Toies Vo=0.4V — — 40 KA
Input Clamp Voltage Vi Ii=—18mA — - =17a v
Power Supply Current Iec Inputs Either Open or at Ground - 110 150 mA
Output High Voltage® Vou To=—2mA 2.4 - - v
Output Short Circuit Current®| —J,q Vo=0V 15 = 60 mA
# Note: Applicable to HN25089 only.

BMAC CHARACTERISTICS (Vec=4.75 to 5.25V, Ta=0 to 75C)

Characteristic Symbol Test Conditions min typ max Unit
Address Access Time tas - 40 60 ns
Chip Enable Access Time tack - 25 35 ns
Chip Enable Disable Time toce =< 25 5 ns

Note] 1. OQutput Load: See Test Circdit .
2. Measurement Reference: 1.5V for both inputs and outputs.

B SWITCHING WAVEFORMS

Ve=0.5V

Chip Enable
Address e 5 Input
oot 7 15V 15V k _]
toce 1"
bt 4 F=l44
- —
St 15V 15V- Output
or or
p— (44 Pt
Quitput 15V 15V Output
420 @ HITACHI




E SWITCHING TIME TEST CONDITIONS

HN25084, HN25085

SWITCHING HN25084 HN25085
Ve PARAMETER R R: Ce R R: Cu
tas 3000 | 6000 | 30pF | 3000 | 6000 | 30pF
L
tacz "1 == = oo | 60000 | 10pF
tace 07 3000 | 6000 | 10pF | 300Q | 6000 | 10pF
- h -
“I toce "1" = = w | 6000 | 30pF
toce “0" 3000 | 6000 | 30pF | 30003 | 60000 | 30pF
INPUT CONDITIONS
Amplitude—0V to IV
Rise and Fall time—5ns from 1V to 2V
Frequency — IMHz
B PROGRAMMING SPECIFICATION
Characteristic Limit Unit Notes
Ambient Temperature 2515 *C
Programming Pulse
Amplitude 130+5% mA
Clamp Voltage 20+2% ¥
Ramp Rate T0max V/ps
Pulse Width 7.5+5% Hs 10V point /15001 load
Duty Cyele 70% min
Sense Current
Amplitude 20+0.5 mA
Clamp Voltage 20+2% v
Ramp Rate T0max V/ps
Sense Current Interruption before and after address change 10min us
Programming Vec 5.0+5%—0%
Maximum Sensed Voltage for programmed “1" 7.510.1
Delay from trailing edge of programming pulse before sensing )
output voltage 0. 7min e
Programming Pulse Number 100max ms
Additional Programming Pulse Number 4 Time

B TYPICAL WAVEFORMS

Vee /

A Vi
|
Ay Vit
Vin
i3
Vit 1045,  75us
Programming Pulse .——
Sense Pulste ——————_
7.5V REF. MR
Henve Strnbe

Additiona| Pulse Train

@ 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
® Fast read access time: 25 ns typ. (50 ns max)
® Medium power consumption: 550 mW typ.
® One chip enable input for memory expansion iy
® Open collector outputs (HN25084S)/Three-state outputs

(HN25085S) HPIN ARRANGEMENT
® Standard cerdip 18-pin dual in-line package U
M OPERATION en mES
® Programming W7 [
A logic one can be permanently programmed into a selected bit *'E E“
location by using programming equipment, First, the desired word is T
selected by the ten address inputs in TTL level. The device is “E E"
disabled by bringing CE to a logic “one”. Then a train of high u[F] me
current programming pulses is applied to the desired output. After 5] o
the sensed voltage indicates that the selected bit is in the logic “‘one””
statg, an additional pulse train is applied, then is stopped. w7 12]
® Reading ’HIE th
To read the memory the device is enabled by bringing CE to a logic Gm[z‘ IF
“zero”, The outputs then correspond to the data programmed in the e ———= e
selected word. (Top View)

ELOGIC DIAGRAM
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HABSOLUTE MAXIMUM RATINGS

HN25084S, HN25085S8

Ttem Symbol Rating Unit

Supply Voltage Vee =0.5 to +7.0 v
Input Voltage Vie —0.5 to +5:5 v
Output Voltage Vit —0.5 to +5.5 v
Output Current L 50 mA
Operating Temperature Tis —25 to +75 *c
Storage Temperature Tue —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 Vin 2.0 — T v
Input Low Voltage Vie - e 0.8 v
Input High Current I Vi=2.7V —_— - 40 MA
Input Low Current —fi | Vi=0.4V - - 0.40 mA
Output Low Voltage Vou To=16mA - - 0.45 v
Output Leakage Current Torka Va=5.25V e - 100 HA
Output Leakage Current Toiea Va=0.4V — = 40 HA
Input Clamp Voltage Vi Ii=—18mA - e ~1.2 A\
Power Supply Current Ice Inputs Either Open or at Ground == 110 160 mA
Output High Voltage®* Vau To=—2mA 2.4 = == v
Output Short Circuit Current* —las Vao=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 tas — b 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 cutputs,

E SWITCHING WAVEFORMS

Address
Input

DOutpat

Chip Enable J

Input
toce™l" —ed

¥a

toce"0” —=

Va

@ HITACHI

tace™l”

Vo —0.5V

L5V
GND

Vo +0.5V
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HN25084S, HN25085S

BE SWITCHING TIME TEST CONDITIONS

SWITCHING HN250845 HN250855
PARAMETER | R, R: Ce R R: Ce
Baa 3oon | 6000 | 30pF | 30000 | 6000 | 30pF
tace “1" O = - oo | 6000 | 10pF
tace “0" 3000 | 600N | 10pF | 3000 | 6000 | 10pF
toce "1" - = o o | 6000 | 30pF
toce "0" 3000 | 6000 | 30pF | 30000 | 6000 | 30pF
INPUT CONDITIONS
Amplitude —0V 1o 3V
Rise and Fall time—5as from 1V to 2V
Frequency — IMHz
HMPROGRAMMING SPECIFICATION
PARAMETER Symbol min typ max Unit Note
Ambient Temperature Ta 20 % 30 €
Programming Vec Vee 4.75 5.0 5.25 ¥
Programming Pulse
Amplitude Iw 88 90 92 mA
Clamp Voltage Ve 19.0 19.5 20.0 v
Ramp Rate 10 = 70 V/pus
Pulse Width tew 7.1 7.5 7.9 Hs 9V point /20001 load
Duty Cyele 70 - — %
Sense Current
Amplitude Is 19 20 21 mA
Sense Voltage Vs 74 7.5 7.6 v
Clamp Voltage 19.0 19.5 20.0 v
Ramp Rate 70 — - V/ps
Address Setup Time bsa 10 - - #s
Address Hold Time tua 10 — — s
Sense Setup Time tss 0.7 - - Hs
Sense Hold Time tws 0.7 — - s
Additional Programming Pulse 1 1 1 time
Progr ing Pulse Number per bit n = = 10000 time

Vee f

Vi

Vie

Viw

Vi

Programming Pulse

Sense Strobe

Programming Pulse

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

B 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 CEZ to as logic “one” or CE3
and/for 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 CE1 and CEZ
to a logic ““zero”. CE3 and CE4 to a logic “one”. The outputs them
correspond to the data programmed in the selected word.

B LOGIC DIAGRAM

Ay o—— Addreas 1264 8192 Bin

Bulfer }— Decode || (64 28!
Memory Cell Array

Address

As 0] Puller

Chip
Enable

(DG-24)

HPIN ARRANGEMENT
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!ﬁE )] %
N e
s [5] Ecr_.
u[7] E ki
.-\.E D [
o [¥] i5] o
iyfin Elh
QE Ea

6xp |12 E“‘

(Top View)
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HN25088, HN25089

M ABSOLUTE MAXIMUM RATINGS

Item Symbol Rating Unit
Supply Voltage Ve —0.5 to +7.0 v
Input Voltage Vs —0.5 to +5.5 v
Output Voltage Ve —0.5 to +5.5 v
Output Current | g 50 mA
Operating Temperature T —25 to +75 ‘C
Storage Temperature T —65 to +150 €

M DC CHARACTERISTICS (Vcc=4.75 to 5.25V, Ta=0 to +75C)

Characteristic Symbol Test Conditions min typ max Unit
Input High Voltage Vin 2.0 = 2 o v
Input Low Voltage Vis = - 0.8 v
Input High Current Iin Vi=2.7TV = = 40 HA
Input Low Current —1n Vi=0.4V = == 0.40 mA
Output Low Voltage Voo Tor=16mA = = 0.45 v
Output Leakage Current Touxs Vo=5.25V = = 100 HA
Output Leakage Current Toirs Vo=0.4V s i 40 BA
Input Clamp Voltage Vi Ii=—18mA — = =12 v
Power Supply Current Ice Inputs Either Open or at Ground = 120 160 mA
Output High Voltage* Vas for=—2mA 2.4 e s v
Output Short Circuit Current® | —/los Vo=0V 15 — 60 mA
* Note: Applicable to HN25089 only.
BAC CHARACTERISTICS (Vcc=4.75 to 5.25V, Ta=0 to 75°C)

Characteristic Symbaol Test Conditions min typ max Unit
Address Access Time taa e 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. Messurement Reference: 1.5V for both inputs and outputs.
B SWITCHING WAVEFORMS
e e avi _ f i
—_— er™l”
== Vo5V

15V
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B SWITCHING TIME TEST CONDITIONS

HN25088, HN25089

SWITCHING HN25088 HN25089
Vee PARAMETER R R: Cy R: R: Ce
g Las 3000 | 6000 | 30pF | 30000 | 60000 | 30pF
tace "1" T e = oo | 6000 | 10pF
: b g bace 0" 3000 | 6000 | 10pF | 3000 | 6000 | 10pF
e
l toce 17 = = o w | 6000 | 30pF
toce "O" 3000 | 6000 | 30pF | 30000 | 60003 | 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 b 4
Programming Pulse
Amplitude 130+5% mA
Clamp Voltage 20+2% v
Ramp Rate 70max V/ps
Pulse Width 7.515% s 10V point /15000 load
Duty Cycle 70% min
Sense Current
Amplitude 20+0.5 mA
Clamp Voltage 20+2% v
Ramp Rate T0max V/ips
Sensd Current Interruption before and after address change 10min ps
Programming Vee 5.0+5%—0% v
Maximum Sensed Voltage for programmed “17 7.540.1
Delay from trailing edge of programming pulse before sensing ;
output voltage 0.7min A
Programming Pulse Number 100max ms
Additional Programming Pulse Number 4 Time

Vee /

As Viw

i

Ar Viu

— Viw

413

ViL 045 75u8
Py Pulse .- -
Sense Pulse — e
TSVREF, <
0.7us

Sense Strobe _IL

Additional Pulse Train

e e e et

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. (60 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

(HN250895) G Y Bw
® Standard cerdip 24-pin dual in-line package a2 ) Y

.ME Nl

B OPERATION WG e
® Programming “'E — =
A logic one can be permanently programmed into a selected bit -
location by using programming equipment. First, the desired word is “E L
selected by the ten address inputs in TTL level. The device is "'E L B2
disabled by bringing CE1 and/or CEZ to as logic “one” or CE3 »[¥] 3‘\-
and/or CE4 to a logic “zero”., Then a train of high current uE W] i
programming pulses is applied to the desired output. After the ale E"‘
sensed voltage indicates that the selected bit is in the logic one state, "’E E“‘
an additional pulse train is applied, then is stopped.
® Reading cqu; (i3] o
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.

HLOGIC DIAGRAM
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B 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 Wik —0.5 to +5.5 v
Output Current L 50 mA
Operating Temperature T —25 to +75 ‘C
Storage Temperature b 2 —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 Vin 2.0 = = v
Input Low Voltage Vie - — 4.8 v
Input High Current I'iw Vi=2.7V = — 40 HMA
Input Low Current I Vi=0.4V — — 0.40 mA
Output Low Voltage Vou Toe=16mA oy = 0.45 v
Qutput Leakage Current Toiri Vo=5.25V = — 100 MA
Output Leakage Current Towns Vo=0.4V - 5% 40 KA
Input Clamp Voltage Vi Ii=—18mA == == —1:2 v
Power Supply Current Icc Inputs Either Open or at Ground o 120 160 mA
Output High Voltage* Vo IToy=—2mA 2.4 - b v
Output Short Circuit Current* | —Jos Va=0V 15 e 60 mA
* Noto : Applicable to HN250895 only.
BWAC CHARACTERISTICS (Vec=4.75 to 5.25V, Ta=0 to 75C)

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

it 1.5V 5
Address
Input
— a4
L5V
e

Output

or
Out pur

5V

Chip Enable ¥

Input

Output
or
Output

tace™1"

Vo —0.5V

L5V
GND

@ HiITACH!

Ve +05V
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HN25088S, HN25089S
B SWITCHING TIME TEST CONDITIONS

SWITCHING HN250885 HN250895
Vee PARAMETER R: R: Ce. R R: Cu
& taa 3000 | 6000 | 30pF | 3000 | 60000 | 30pF
Lace "17 - e = oo 6000 | 10pF
| tace “0" 3000 | 6000 | 10pF | 3000 | 60000 | 10pF
o
'I toce “1* —| = =1 o[ eo0n| 30pF
toce "07 3000 | 6000 | 30pF | 3000 | 6000 | 30pF
INPUT CONDITIONS
Amplitude —0V to IV
Rise and Fall time—5ns from 1V to 2V
Frequency — IMHz
B PROGRAMMING SPECIFICATION
PARAMETER Symbol min typ max Unit Note
Ambient Temperature Ta 20 25 30 C
Programming Vee Vee 4.75 5.0 5.25 Vv
Programming Pulse
Amplitude Iw 88 90 92 mA
Clamp Voltage Ve 19.0 19.5 20.0 v
Ramp Rate 10 —_ 70 V/us
Pulse Width tew i ¢ 7.5 7.9 ps 9V point /20002 load
Duty Cyele 70 - — %
Sense Current
Amplitude Is 19 20 21 mA
Sense Voltage Vs 7.4 7.5 1.6 v
Clamp Voltage 19.0 19.5 20.0 v
Ramp Rate 70 e = V/pus
Address Setup Time tsa 10 — = #s
Address Hold Time tua 10 == = s
Sense Setup Time tss 0.7 i = ps
Sense Hold Time tus 0.7 = - ns
Additional Programming Pulse 1 1 ¥ time
Programming Pulse Number per bit n == == 10000 time
Vee —/
Vin
i X
A W
Viw
CE
bt 54 INA
Programming Pulse
s

Sense Strobe

:

|

Iw

HmA {20V max)

/— ——— 45mA(SY)

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)

B 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 CET1 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.

B LOGIC DIAGRAM
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HN25088L, HN25089L

MABSOLUTE MAXIMUM RATINGS

Item Symbol Rating Unit
Supply Voltage Vee —0.5 to +7.0 v
Input Voltage Via —0.5 to +5.5 v
Output Voltage Veur —0.5to +5.5 v
Output Current Lai 50 mA
Operating Temperature Terr —25 to +75
Storage Temperature Ty —65 to +150 €

BDC CHARACTERISTICS (Vcc=4.75 to 5.25V,

Ta=0 to +75°C)

Item Symbol Test Conditions min typ max Unit
! s Vin 2.0 — == v
L e
- - Viu 3 = 0.8 v
G Vou® o= —2mA 2.4 = — v
Output Voltage
Vor Ior=16mA = o 0.45 iy
In Vi=2.1V = — 40 HA
Input Current
—In Vi=0.4V — — 0.4 mA
Vo=5.25V - - 100
Output Leakage Current Towx JA
Vo=0.4V = = 40
Supply Current Iec Inputs Either Open or at Ground = 70 100 mA
Output Short-circuit Current —Tos* Vo=0V 8 - 30 mA
Input Clamp Voltage Vi L= —18mA = = -1.2 v
#* Applicable to HN25039L only.
BMAC CHARACTERISTICS (Vcc=4.75 to 5.25V, Ta=0 to +75C)
Item Symbaol min typ max Unit
Address Access Time Laa rE 60 100 ns
Chip Enable Access Time tace == 40 70 ns
Chip Enable Disable Time toce s 40 70 ns
Notes) 1. Output Lioad: See Test Circuit
2. Messurement Reference: 1.5V for both inputs and outputs
HESWITCHING WAVEFORMS
! 15V 1 'i"-! Z L5V 5
Addrul_] -5 (_ ;:hip Enable _] 15¥ {_—
Input nput
—=i laa —y tad thee’l” — = i
Ve )
-5 Va—05V 157
e 15v GND
Dutpu Output
or
Output toce 0" —= tace™0”
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B SWITCHING TIME TEST CONDITIONS

HN25088L, HN25089L

SWITCHING HN25088L HN25089L
¥ee PARAMETER R R: Ce R: R: Ce
. Baa 300n | 6000 | 30pF | 3000 | 6000 | 30pF
tace "1" = = = oo | 6000 | 10pF
4 tice 0" 3000 | 6000 | 10pF | 3000 | 6000 | 10pF
0 p
: I toce “1" s — T oo | 6000 | 30pF
toce “0" 3000 | 6000 | 30pF | 3000 | 60000 | 30pF
INPUT CONDITIONS
Amplitede —0V to 3V
Rise and Fall time—5ns from 1V to 2V
Frequency — IMHz
B PROGRAMMING SPECIFICATION
Characteristic Limit Unit Notes
Ambient Temperature 2545 ‘C
Programming Pulse
Amplitude 130£5% mA
Clamp Voltage 201£2% v
Ramp Rate T0max V/pus
Pulse Width 7.5+5% us 10V point/15001 load
Duty Cyele 70% min
Sense Current
Amplitude 20+0.5 mA
Clamp Voltage 20+2% v
Ramp Rate T0max V/ius
Sense Current Interruption before and after address change 10min ps
Programming Vee 5.045% —0%
Maximum Sensed Voltage for programmed “1" 7.5+0.1
Delay from trailing edge of programming pulse before sensing 0.7min “a
output voltage
Programming Pulse Number 100max ms
Additional Programming Pulse Number 4 Time

TE

Vit

Programming Pulse

Additional Pulse Train
A

Sense Pulse ——e—e—o
75V REF. =

Sense Strobe

10us

® HiITaCcHI
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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) (DG-24)

® Medium power consumption: 600 mW typ.

® Three chip enable inputs for memory expansion.

® Open collector outputs (HN25168S)/Three-state outputs EPIN-ARRANGEMENT
(HN25169S) avE - 7] Vee

® Standard cerdip 24-pin dual in-line package 3 5]

E M e

B OPERATION .‘\.% [71] v

® Programming _ ) A7 Ec_k"

A logic one can be permanently programmed into a selected bit

location by using programming equipment. First, the desired world o B ie] cex

is selected by the eleven address inputs in TTL level. The device is a7 7] ces

disabled by bringing CET to as logic “one’ or CE2 and/or CE3 to a u[w [i7]

logic “zero”. Then a train of high current programming pulses is o[5] [iv]

applied to the desired output. After the sensed voltage indicates that il '_—"1 o

the selected bit is in the logic one state, an additional pulse is = E"‘

applied, then is stopped.

® Reading oo 12 E.,,

To read the memory the device is enabled by bringing CE1 to a logic (Top View)

“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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B ABSOLUTE MAXIMUM RATINGS

Item Symbol Rating Unit
Supply Voltage Vee =0.5 to +7.0 A
Input Voltage Via —=0.5'to +5.5
Output Voltage Ve —0.5 to +5.5 v
Qutput Current T 50 mA
Operating Temperature T —25 to +75 €
Storage Temperature T —65 to +150 c

BMDC CHARACTERISTICS (Vec=4.75 to 5.25V, Ta=0 to +75'C)

HN25168S, HN25169S

Characteristic Symbol Test Conditions min typ max Unit
Input High Voltage Vin 2.0 - - v
Input Low Voltage Vie - =5 0.8 v
Input High Current T Vi=2.7V — - 0 HA
Input Low Current =In Vi=0.4V = - 0.40 mA
Output Low Voltage Vou Too=16mA i = 0.45 v
Output Leakage Current Toury Vo=5.25V — * 100 HA
Output Leakage Current Torxs Vo=0.4V — — 40 EA
Input Clamp Voltage Vi Ii=—18mA — > -1 v
Power Supply Current Tec Inputs Either Open or at Ground — 120 170 mA
Output High Voltage* Vau Tov=—2mA 2.4 = a= v
Qutput Short Cireuit Current® | —/los Vo=0V 15 — 60 mA
® Note: Applicable to HN251695 only.
B AC CHARACTERISTICS (Vcc=4.75 to 5.25V, Ta=0 to 75°C)
Characteristic Symbel Test Conditions min typ max Unit
Address Access Time taa = 40 60 ns
Chip Enable Access Time bace = 20 35 ns
Chip Enable Disable Time toce = 20 3 ns
Note! 1. Output Load : See Test Circuit.
2. Messurement Reference: 1.5V for both inputs and outputs,
BE SWITCHING WAVEFORMS
R::’ufl"‘ _}f 15V 15V }K ﬁ,‘:‘,’ ‘ £ _H._j 15V L5V K
— 1 — tar toee"l” — — tace™1”
=== Ve—05V 35V
1.5V e
P —— 0“:":“ GND
Duul;u: tah —=] fas Output  toer™0" —= tace"0”
15V 15V 15V

G HITACHI
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HN25168S, HN25169S

B SWITCHING TIME TEST CONDITIONS

SWITCHING HN251685 HN251695
Vee PARAMETER Ri R: Ci R R: Ci
i taa 3000 | 6000 | 30pF | 3000 | 60000 | 30pF
tace "1" = = - o | 60000 | 10pF
i _L o pice: 0" 3000 | 6000 | 10pF | 3000 | 6000 | 10pF
Cr
¥ I toer "1 - = & = 6000 | 30pF
toce “0" 3000 | 6000 | 30pF | 3000 | 6008 | 30pF
INPUT CONDITIONS
Amplitude —0V to 3V
Rise and Fall time—5ns from IV te 2V
Frequency — IMHz
EPROGRAMMING SPECIFICATION
PARAMETER Symbol min typ max Unit Note
Ambient Temperature Ta 20 25 30 ‘C
Programming Vco Voo 475 5.0 5.25 v
Programming Pulse
Amplitude Iw ] 90 mA
Clamp Voltage Vw 19.0 19.5 20.0 v
Ramp Rate 10 - 70 V/pus
Pulse Width tew 7.1 7.5 7.9 ps 9V point /20001 load
Duty Cyele 70 —_ - %
Sense Current
Amplitude Is 19 20 21 mA
Sense Voltage Vs 7.4 7.5 7.6 v
Clamgp Voltage 19.0 19.5 20.0 v
Ramp Rate 70 = vy V/ps
Address Setup Time tsa 10 — - Hs
Address Hold Time twa 10 — = ps
Sense Setup Time tss 0.7 -_— - us
Sense Hold Time tad 0.7 - - oS
Additional Programming Pulse 1 1 1 time
Programming Pulse Number per bit n = = 10000 time
Vee ’
As Viw
. Vi - )(
:‘ Viw
CE
Vie

Programming Pulse

T

Programming Pulse

() 2000)0d
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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 input is a TTL level and its output becomes and
N MOS clock input level. It operates on two power supplies — Ve
(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

M ABSOLUTE MAXIMUM RATINGS

Item Symbol HD2912 Unit

Vee® 7.0 v

Supply Voltage Voot B0 v
Input Voltage Vie® 5.5 \'l
Load Capacitance Ce.** 600 pF
Power Dissipation Pyese 800 mW
Operating Temperature y - 0 to 470 'C
Storage Temperature Tora —65 to +150 C

* With respect GND
® ® per circuit
%% per package

B RECOMMENDED OPERATING CONDITIONS

Item Symbol min typ max Unit

Supply Voltage Vee 4.75 5.0 5.25 v
Voo 11.4 12 12.6 '

Operating Temperature T 0 25 70 C
Load Capacitance Ce 100 — 600 pF
Damping Resistance Ro 10 - e 1}

| DG-161

B PIN ARRANGEMENT
o
N0
a0
: @

(Top View)

B ELECTRICAL CHARACTERISTICS (Ta=0 to +70°'C, Vce=5V £5%, Vop=12V *£5%)

FIENEEEEER

=

o
-

=
&

b}
w

>

i

o

4
()

Item Symbol Test . Condition min typ* max Unit

Input Voltage o p — — z
Viw i = 0.8 v

Outyiot: Vel Vo Va=2V, loc=0.1mA " 0.45 0.6 v
Von Vi=0.8V, loa=—0.1mA Von—0.9 11.5 — v

A I — -1 —1.6 mA

B In i 12 —| —2 | —sz mA

Input Current A I — —_ 40 A
B I il - E 80 ia

1 Vin=5.5V — = 1 mA

lopn V=0V = 16 24 mA

Ivo Vie=5V — = 0.5 mA

Power Supply Current e ry—— = 12 18 w7
Tcc V=5V = 67 100 mA

Input Clamp Voltage Vi Ia=—12mA = = —1.5 v

* Vee=5Y, Vau—12V
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HD2912

B SWITCHING CHARACTERISTICS (Ta=0 to +70°C, Vec=5V, Voo=12V)

Item Symbol Test Condition min typ max Unit
Rising Delay Time toww = 35 50 ns
Falling Delay Time towe C . =300pF —_ 25 45 ns
Rise Time trew Re=00 - 12 25 ns
Fall Time Frac = 12 25 ns
@ TEST CIRCUIT AND WAVEFORMS 3
Vee Von ov
=t umi
Rp Vi =2V Yo
Output
P.C
Ci
500
I o
=1 THL
Ly =250m3, L i0 =350n0.0r =1, =10%1na
FALLING DELAY TIME wvs. RISING DELAY TIME vs.
LOAD CAPACITANCE (1) LOAD CAPACITANCE (2)
50 50
|
40 40 =108
& ] =5 1|
Tﬁ @ | 1 : —1 Ro=02
~ - =\ = 30
£ B = -
- = :
2 20 == = 20
2 Vog=12V é Voo=12V
L Vee=5V 10 Vee =5V
Ta=25C— r.l =25'c—]
0 100 200 00 400 500 (1] ] 100 200 300 400 500 600

Load Capacitance Ct (pF)

RISE TIME AND RISING DELAY TIME
vs. AMBIENT TEMPERATURE

50
“0
L DLA |
T W
.
5 ®
ETLN B
10 Vou=12V—|
Vee =5V
Cp =300pF
Ry=00
] 10 20 0 40 50 60 0

Ambient Temperatore Ta (T)

@ HITACHI

tonL.tTae (ns)

Load Capacitance Cr [pF)

FALL TIME AND FALLING DELAY TIME
vs. AMBIENT TEMPERATURE

50
40
307
— LTS
) =HEe: N
LTHL
w Voo =12V_
Ve =5V
Ci =300pF
Ry=00
0 10 o 0 40 50 (-] 0

Ambient Temperature To ('C)
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HD2912

Switehing Time (na)

Power Dissipation Pr (mW)

440

SWITCHING TIME vs. SWITCHING TIME vs.
SUPPLY VOLTAGE (1) SUPPLY VOLTAGE (2)
50 50
40 T " LuLh
== S
Wt A 1.
3 1 f
m ‘5: m R e e e e
L] ] E LTHL
10 Tris u =30pF —| 10 TTLH €1 =300pF |
I"'p_n-lﬂ" Vee =5V
Ta=25C Ta=25TC
0 Ry =00 0 Ry =00
U S T 8 50 52 54 56 105 110 s 120 125 B0 s
Supply Voltage Vee (V) Supply Voltage Voo (V)
POWER DISSIPATION EITEMS REQUIRING CARE WHEN USING
vs. CYCLE TIME THE HD2912
s O e i O e 18 When measuring or mounting the HD2912, consider
24 €1 =400pF. LR the following.
beis ) }.- 1. At the time of "H" level output, if a short circuit
mrm\*' \ % t occurs between the output terminal and the
=TT other terminal (the GND terminal or input
N ] ERE
3 b WL VTt terminal), the element will breakdown.
wohCimovr it L | 11 1] 2. When measuring the input/output characteristic
s : of the circuit, do not place the input level in the
200 Ty e il vicinity of the threshold voltage (about 1.5V) for
T T One Cirewit Operation more than 10 seconds. If this caution is neg-
b 10 Cirois: uipet Low. ) lected, the element may breakdown,
0 U T T TTE 3. If its load capacity is less than a certainalue
AR Py 4 ¢ = (100pF), sometimes this element cannot fully
ERERETIN Sew: G provide its function. Take note of this fact when

designing a system.

4. When mounting this element, it is recommended
providing the output terminal with a damping
resistor (Rp ) or a diode terminating circuit.

Vi

Ro
D——-w— ----------- N MOS

Clock Driver
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HD2916

Quadruple TTL-to-NMOS Clock Drivers

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 (6V) 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.)
Average power consumption: 600mW (max.)
Load capacity drivable: 300pF
Mounted with 4 circuits
Applicable temperature: 10 to 65°C

HABSOLUTE MAXIMUM RATINGS

(DG-16A)

B PIN ARRANGEMENT

VuhE

S
Item Symbol HD2916 Unit xi[ 2] (1] X.
Vec* —0.5 to +7 v
Supply Voltage ki 2 Ay E_I_é A
Voo* —0.5 to +15 ¥ |
Input Termmal Voltage Vin® —0.5 to +5.5 v 8,[4] [ 13]e.
Output Load Capacitance Ci*e 300 pF B.E ! Bs
Power Dissipation Py 700 mW A‘E EA’
Operating Temperature Tre 0 to +70 C
Storage Temperature Tuss —50 to +150 ‘C :'E EX,
* With respect to GND NC
* % Per circuit GNDE
® %% Per package (TW View)
B RECOMMENDED OPERATING CONDITION
Item Symbol min Lyp max Unit
s Vee 4.75 5.0 5.25 v
olt
s Voo | 114 | 12.0 | 126 v
Operating Temperature Tepr 10 25 55 0
; ¥l s Vin 2.0 — 5.5 v
t t Ve
o iy ViL iad| S0 - 0.8 v
BELECTRICAL CHARACTERISTICS (Te=10 to 55'C, Vee=5V £5%, Vpo=12V +5%)
Item Symbol Test Condition min typ* max Unit
A I Vin=2.4V = == 40 A
% s . Inc Vin=0.4V — —3 = | mA
ol il > Iin Vin=2.4V = = 80 aA
I Vie=0.4V — —3 —4 mA
Gtk Vailta Von Vin=0.8V, los=—50pA Voo —0.7 |Voo—0.4 — v
> = Vo Vin=2.0V, To,=504A = 03| 0.45 v
Ioou Vin=0V — 13 20 mA
Icen Vin=0V = 13 40 mA
g - Too: | Vin=5V = - WA
Tcer Vin=58V = 40 60 mA
VT r— C.=300pF, f=1MHz -
Average Power Dissipation Pra l:—-ﬂ. Bs: oise cibetit operation 300 600 mW
® Vee=35V, Vae=12V
@ HITACHI 441




HD2916

B SWITCHING CHARACTERISTICS (Ta=10 to 55°C, Vee=5V 5%, Voo=12V +5%)

Item Symbol Test Condition min typ max Unit
toiw C1=200pF = . 50 ns
Output Delay Time S=1MHz
tone tw=0.5us = - 50 ns
@ TEST CIRCUIT & WAVEFORMS
Veco g Vi
]
I Output

PG

-

PROPAGATION DELAY TIME
vs. LOAD CAPACITANCE

J=1MHa

Vot
e =500n0. b rin = irui = l0ns £ [ns

PROPAGATION DELAY TIME
vs. AMBIENT TEMPERATURE

50 L 60
—_— i —_—
£ m — £ 5
3
o LuLw ! < 40
2 un T =l | 2 i [ |1
E —1 —] £ '
= - =~ 1
x lrrlr/dr"‘" = ——t— il
& 2 £
s cll )
i E Ve =5V
B o8 e 00pF
B a. w
50 100 150 700 250 0 0 TR % 0 E] 0 i
Lasd Capacitance Ci (pF) Ambient Temperature Ta{'C)
PROPAGATION DELAY TIME PROPAGATION DELAY TIME
vs. SUPPLY VOLTAGE vs. SUPPLY VOLTAGE
50 50
2w !
E "'---...________-!1,;_» ; i )
2 0P~ =3 E 2
g — (JICTR g ne
I D e = 23 v
‘E = 20— !
:_' v.,.,::zv %._: i v;cis\r
2w = w0 =25C
£ : L= 200pF
i n
44 46 48 50 52 54, 56 105 1.0 115 120 | 125 130 135
Supply Voluge Vec (V) Supply Voltage Voo (V)
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HD2916

Power Dissipation Pr (mW)

POWER DISSIPATION HITEMS REQUIRING CARE WHEN USING
vs. CYCLE TIME THE HD2916
0 When measuring or mounting the HD2916, consider
T T the following:
o One circuit____| 1. At the time of “H'" level output, if a short circuit
S TmsE R occurs between the output terminal and the
AN C1.=130pF other terminal (the GND terminal or input
¥l ﬁ ' terminal), the element will breakdown.
Co=tpF 2. When measuring the input/output characteristic
2001 of the circuit, do not place the input level in the
vicinity of the threshold voltage (about 1.5V) for
o more than 10 seconds. If this caution is neg-
i lected, the element may breakdown.
16

Cycle Time topete (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.

I DG-16A ¢
B FEATURES B PIN ARRANGEMENT
® High Speed ....... tpd = 10ns MAX. (60% to 2.2V dc out or to
+1.0V de out, 200pF Load) 1] 6] oo

1 A
& PR COMBRIBIIY . . . . .. oousniiins MC10125 or HD10125 ] o

S T . S ) | T ey 250mW typ. (DC) ApE ;__s]u.
® 10K ECL Compatible Inputs ﬁ ﬁ
T.E E]v.

M ABSOLUTE MAXIMUM RATINGS ""E 12|
Item Symbol Value Unit ME;'_% g &B&
Vee —0.5 to +7 v E.E 0| As
Supply Voltage
Vee ~7 to +0.5 v ""E 3»
Input Voltage Vi Ver to +0.5 v "
(Top View)
Output Voltage Vi —1.0 to Veetl v
=5 The Vss reference voltage is available
Power Dissipation Py 1.0 w on pin 1 for use in single ended input
Operating Temperature® p —10 to +85 G biasing
Storage Temperature T —65 to +150 C
- B TRUTH TABLE
* under bias
Input Output
B RECOMMENDED OPERATING CONDITIONS A B Y
Item Symbol min 1y¥p max Unit H Vin |
Vee 4.75 5.0 5.25 v L Vi H
Supply Voltage ==
Vee —5.46 | —5.2 —4.94 v H L
Viu —1.025 = = v | H
Input Voltage
Vie = — ||-—1:520 v Vas H
Operating Temperature T 0 = 5 T Vaa L
Open Open H
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MDC CHARACTERISTICS

HD2923

Item Symbol Test Condition min typ max Unit
—Iss S 22 27 mA
Power Supply Drain Current Icen Vee=—5.2V, Vee=5.0V e 23.5 29 mA
feer = .5 42 mA
Input Current | P Vie=—0.81V = = 115 HA
Input Leakage Current Icao Vin=—5.2V U - 1.0 HA
o ” Vou Tow=—1.0mA 2.7 — — v
tput Voltage
Vou for=5.0mA = — 0.5 v
Vora Vig=—1.1V, los=—1.0mA 2.7 = = v
Threshold Voltage
Vora Vie=—1.48V, [oc=5.0mA = = 0.5 v
Indeterminate Input All inputs =Vee 2.7 — —
Vous v
Protection Tests All inputs = Open 2.7 — —
Reference Voltage Vaa —1.420 = —1.150 v
Viww=0.300V, Vine=—0.825V 2.7 - -
Voue v
Vinw=—1.890V, Vine=—2.890V 2.7 g =
C Mode Rejection Tests
Vina=0.300V, Vine=—0.825V = - 0.5
Vore v
Vina=—1.890V, Vier=——2.800V = = 0.5
BMAC CHARACTERISTICS
Item Symbol Test Condition min typ max Unit
ton 50% to +2.2V, C.=200pF = == 10 ns
Propagation Delay Time
tar 50% to +1.0V, C.=200pF = - 10 ns
Rise Time 2t +1.0V 1o +2.2V, C.=200pF — = 5 ns
Fall Time & +2.2V to +1.0V, C.=200pF - = 5 ns
~0.880V
S o
=1.690V
Vowr
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