HLN1OO

VEMIOR

IACHI

A World Leader in Technology




oEMIGONDUGTOR DATA BOOK
HITAGHIGIMENORIES



INDEX

CURRENT LINE OF HITACHI IC MEMORIES
TYPICAL CHARACTERISTICS:

® MOS RAM
e MOS ROM

HM472114A-1
HM472114A-2
HM472114AP-1
HM472114AP-2
HM472114-3
HM472114-4
HM472114P-3
HM472114P-4
HM4334-3
HMA4334-4
HM4334P-3
HM4334P-4
HM4334P-3L
HM4334P-4L
HM6148
HM6148-6
HM6148P
HM6148P-6
HM6148LP
HM6148LP-6
HM4315P
HM6147
HM6147-3
HM6147P
HM6147P-3
HM6147LP
HM6147LP-3
HM6147H-35
HM6147H-45
HM6147HP-35
HM6147HP-45
HM6147HLP-35
HM6147HLP-45
HM6116-2

1024-WORD x 4-BIT

1024-WORD x 4-BIT
1024-WORD x 4-BIT
1024-WORD x 4-BIT
1024-WORD x 4-BIT
1024-WORD x 4-BIT
1024-WORD x 4-BIT
1024-WORD x 4-BIT
1024-WORD x 4-BIT
1024-WORD x 4-BIT
1024-WORD x 4-BIT
1024-WORD x 4-BIT

1024-WORD
1024-WORD
1024-WORD
1024-WORD
1024-WORD
1024-WORD
1024-WORD
1024-WORD
4096-WORD
4096-WORD
4096-WORD
4096-WORD
4096-WORD
4096-WORD
4096-WORD
4096-WORD
4096-WORD
4096-WORD
4096-WORD
4096-WORD
4096-WORD
2048-WORD

X
X
X
X
X
X
X
X

X
X
X
X
X
X
X
X
X
X
X
X
X
X

4-BIT
4-BIT
4-BIT
4-BIT
4-BIT
4-BIT
4BIT
4-BIT
1-BIT
1-BIT
18IT
1-BIT
1BIT
1-BIT
1-BIT
1-BIT
1-BIT
18IT
1-BIT
1BIT
1BIT
8BIT

RELIABILITY OF HITACHI IC MEMORIES
PRECAUTIONS FOR HANDLING IC MEMORIES
QUALITY ASSURANCE OF IC MEMORIES

RAM
RAM
RAM
RAM
RAM
RAM
RAM
RAM
RAM
RAM
RAM
RAM
RAM
RAM
RAM
RAM
RAM
RAM
RAM

RAM
RAM
RAM
RAM
RAM
RAM
RAM
RAM
RAM
RAM
RAM
RAM
RAM

...................... 6
..................................... 7
10

...................... 14
..................... 22
................... 24
............ 30
...................... 33
...................... 33
............................ 37
...................... 40
45

45

(NMOS)........oen.... 46
(NMOS)............... 46
(NMOS) ..... e 46
(NMOS) ............... 46
(NMOS) ..........o... 50
(NMOS) ............... 50
(NMOS) ...t 50
(NMOS)............... 50
(CMOS) ...ovviiieinn. 53
(CMOS) ......cvvnnn 53
(CMOS) .covvviienn.. 53
(CMOS) .....covvvnnn. 53
(CMOS) ....ovivvnn 58
(CMOS) ......cvvvnnnn 58
(CMOS) ......covvvun.. 63
{CMOS) ..covvivet 63
(CMOS) ...l 63
(CMOS) ....oovvvnnt 63
(CMOS) ............... 69
(CMOS) .....ccvvennnn 69
(CMOS) ......oevvn... 75
(CMOS) ........ovinnt 80
(CMOS) ...ttt 80
(CMOS) . ..oeiiieae 80
(CMOS) ... 80
(CMOS) .........count 84
(CMOS) ....ovvvvennnn. 84
(CMOS) ...t 88
(CMOS) ...ooii i 88
(CMOS) .. oo 88
(CMOS) ............... 88
(CMOS) ...t 92
(CMOS) .......ovvnne 92
(CMOS) ...t 96



HM6116-3 2048-WORD x 8-BIT RAM
HM6116-4 2048-WORD x 8-BIT RAM
HM6116P-2 2048-WORD x 8-BIT RAM
HM6116P-3 2048-WORD x 8-BIT RAM
HM6116P-4 2048-WORD x 8-BIT RAM
HM6116FP-2 2048-WORD x 8-BIT RAM
HM6116FP-3 2048-WORD x 8-BIT RAM
HM6116FP-4 2048-WORD x 8-BIT RAM
HM6116L-2 2048-WORD x 8-BIT RAM
HM6116L-3 2048-WORD x 8-BIT RAM
HM6116L-4 2048-WORD x 8-BIT RAM
HM6116LP-2 2048-WORD x 8-BIT RAM
HM6116LP-3 2048-WORD x 8-BIT RAM
HM6116LP-4 2048-WORD x 8-BIT RAM
HM6116LFP-2  2048-WORD x 8-BIT RAM
HM6116LFP-3 2048-WORD x 8-BIT RAM
HMG6116LFP-4 2048-WORD x 8-BIT RAM
HM6117P-3 2048-WORD x 8-BIT RAM
HM6117P-4 2048-WORD x 8-BIT RAM
HM6117FP-3 2048-WORD x 8-BIT RAM
HM6117FP-4 2048-WORD x 8-BIT RAM
HM6117LP-3 2048-WORD x 8-BIT RAM
HM6117LP-4 2048-WORD x 8-BIT RAM
HM6117LFP-3 2048-WORD x 8-BIT RAM
HM6117LFP-4 2048-WORD x 8-BIT RAM
HM6167 16384-WORD x 1-BIT RAM
HM6167-6 16384-WORD x 1-BIT RAM
HM6167-8 16384-WORD x 1-BIT RAM
HM6167P 16384-WORD x 1-BIT RAM
HM6167P-6 16384-WORD x 1-BIT RAM
HM6167P-8 16384-WORD x 1-BIT RAM
HM6167LP 16384-WORD x 1-BIT RAM
HM6167LP-6 16384-WORD x 1-BIT RAM
HM6167LP-8 16384-WORD x 1-BIT RAM
® MOS Dynamic RAM
HM4716A-1 16384-WORD x 1-BIT RAM
HM4716A-2 16384-WORD x 1-BIT RAM
HM4716A-3 16384-WORD x 1-BIT RAM
HM4716A-4 16384-WORD x 1-BIT RAM
HM4716AP-1 16384-WORD x 1-BIT RAM
HM4716AP-2 16384-WORD x 1-BIT RAM
HM4716AP-3 16384-WORD x 1-BIT RAM
HM4716AP-4 16384-WORD x 1-BIT RAM
HM4816A-3 16384-WORD x 1-BIT RAM
HM4816A-3E 16384-WORD x 1-BIT RAM
HM4816A-4 16384-WORD x 1-BIT RAM
HM4816A-7 16384-WORD x 1-BIT RAM
HM4816AP-3 16384-WORD x 1-BIT RAM
HM4816AP-3E  16384-WORD x 1-BIT RAM
HM4816AP-4 16384-WORD x 1-BIT RAM
HM4816AP-7 16384-WORD x 1-BIT RAM
HM4864-2 65536-WORD x 1-BIT RAM
HM4864-3 65536-WORD x 1-BIT RAM
HM4864P-2 65536-WORD x 1-BIT RAM

............... 26

(CMOS) ............... 926
(CMOS) ............... 26
(CMOS) v vveeeiineenn 96
(CMOS) -+ evveeineen 96
(CMOS) ............... 102
(CMOS) « -+ eveveenns 102
(CMOS) ... oo i 102
(CMOS) .- e i 107
(CMOS) + v vveinein e 107
(CMOS) ++ v v veieaenn 107
(CMOS) -+ v vveeeeeann 114
(CMOS) ..o 114
(CMOS) -+ veeeee e 114
(CMOS) -+ e v vvieaeens 121
(CMOS) + - evevieei e 121
(CMOS) v cveievinenne 121
(CMOS) « v vviiinne 125
(CMOS) .-l 125
(CMOS) ............ 130
(CMOS) ............ 130
(CMOS) ............ 135
(CMOS) .. .c..... ... 135
(CMOS) ............ 141
(CMOS) ............ 141
(CMOS) « - v vveeeenn 147
(CMOS) -« cvvvivinn 147
(CMOS) - -+ eee e 147
(CMOS) .-+ v vevie e 147
{CMOS) -« veveeeeenn 147
(CMOS) -« v vveia v 147
{CMOS) - ..o vv vl 150
(CMOS) -+ v vvvviininnn 150
(CMOS) -+ eveeie e 150
155

(NMOS) - v e e eeeeeaa 156
(NMOS) -+« oot 156
(NMOS) -+ v veeieeeens 156
(NMOS) « oo vvinvne 156
(NMOS) - .o vvieninn 156
(NMOS) -+ v vt 156
(NMOS) .- e iveeeiiias 156
(NMOS) .-« v v vvens 156
(NMOS) « v+ v vvveent 167
(NMOS) «« v vvvieeeenn 167
(NMOS) ++veveeeeent 167
(NMOS) « v v v eevvnnrnn 167
(NMOS) .- - veveveints 167
(NMOS) - - - o eoveee e 167
(NMOS) ... vieeens 167
(NMOS) - ..o oo veee s 167
(NMOS) . v oeveeen 175
(NMOS) ... voivenen 175
(NMOS) -+ v e vieieees 175



HM4864P-3
HM4864A-12
HM4864A-15
HM4864A-20
HM4864AP-12
HM4864AP-15
HM4864AP-20

® MOS MASK ROM ...

HN46332P
HN48364P
HN43128P

HN613128P
HN61256P

® MOS PROM
HN462716G

HN462716G-1

HN462532G

HN462532G-2

HN462732G

HN462732G-2

HN462732AG-20

HN462732AG-25

HN462732AG-30

HN482764G

HN482764G-3

HN482764G-4

HN48016P

® BIPOLAR RAM ......

HM2105
HM2106
HM10414
HM10414-1
HM2110
HM2110-1
HM2110-2
HM2112
HM2112-1
HM10422

65536-WORD x 1-BIT RAM (NMOS) .............. 175
65536-WORD x 1-BIT RAM (NMOS) .............. 185
65536-WORD x 1-BIT RAM (NMOS) .............. 185
65536-WORD x 1-BIT RAM (NMOS) .............. 185
65536-WORD x 1-BIT RAM (NMOS) .............. 185
65536-WORD x 1-BIT RAM (NMOS) .............. 185
65536-WORD x 1-BIT RAM (NMOS) .............. 185
................................................. 191
4096-WORD x 8-BIT ROM (NMOS) ............... 192
8192-WORD x 8-BIT ROM (NMOS) ............... 194
16384-WORD x 8-BIT OR

32768-WORD x 4-BIT ROM (CMOS) .............. 196
16384-WORD x 8-BIT ROM (CMOS) .............. 198
32768-WORD x 8-BIT OR

65536-WORD x 4-BIT ROM (CMOS) .............. 200
2048-WORD x 8-BIT U.V. ERASABLE

& ELECTRICALLY PROM (NMOS) .......covvvnnn. 202
2048-WORD x 8-BIT U.V. ERASABLE

& ELECTRICALLY PROM (NMOS) .......vvvvvnnnn 206
4096-WORD x 8-BIT U.V. ERASABLE

& ELECTRICALLY PROM (NMOS) ................. 210
4096-WORD x 8-BIT U.V. ERASABLE

& ELECTRICALLY PROM (NMOS) ...........vuee 210
4096-WORD x 8-BIT U.V. ERASABLE

& ELECTRICALLY PROM (NMOS) ................. 214
4096-WORD x 8-BIT U.V. ERASABLE

& ELECTRICALLY PROM (NMOS) ........covvnnn, 214
4096-WORD x 8-BIT U.V. ERASABLE

& ELECTRICALLY PROM (NMOS) ........ovvvnnnns 218
4096-WORD x 8-BIT U.V. ERASABLE

& ELECTRICALLY PROM (NMOS) ................. 218
4096-WORD x 8-BIT U.V. ERASABLE

& ELECTRICALLY PROM (NMOS) ................. 218
8192-WORD x 8-BIT U.V. ERASABLE

& ELECTRICALLY PROM (NMOS) ...........ootee 219
8192-WORD x 8-BIT U.V. ERASABLE

& ELECTRICALLY PROM (NMOS) ................. 219
8192-WORD x 8-BIT U.V. ERASABLE

& ELECTRICALLY PROM (NMOS) ................. 222
2048-WORD x 8-BIT ELECTRICALLY ERASABLE

& PROM(NMOS)......coviiviiiiiiiiiiiiiii e 225
................................................. 229
256-WORD x 1-BIT RAM (ECL10K)............... 230
256-WORD x 1-BIT RAM (ECL 10K)............... 234
256-WORD x 1-BIT RAM(ECL 10K)............... 238
256-WORD x 1-BIT RAM (ECL 10K)............... 238
1024-WORD x 1-BIT RAM (ECL 10K) ............. 242
1024-WORD x 1-BIT RAM (ECL 10K) ............. 242
1024-WORD x 1-BIT RAM (ECL 10K) ............. 242
1024-WORD x 1-BIT RAM (ECL 10K) ............. 246
1024-WORD x 1-BIT RAM (ECL 10K) ............. 246

256-WORD x 4-BIT RAM (ECL 10K)........ovvunen 251



HM10470 4096-WORD x 1-BIT RAM (ECL 1OK) ............. 256

HM10470-1 4096-WORD x 1-BIT RAM (ECL 10K) ............. 256
HM10474 1024-WORD x 4-BIT RAM (ECL 10K) ............. 261
HM100415 1024-WORD x 1-BIT RAM (ECL 100K) ............ 265
HM100422 256-WORD x 4-BIT RAM (ECL 100K) ............. 268
HM100422F 256-WORD x 4-BIT RAM (ECL 100K) ............. 268
HM100470 4096-WORD x 1-BIT RAM (ECL 100K) ............ 271
HM100474 1024-WORD x 4-BiT RAM (ECL 100K) ............ 275
HM100474F 1024-WORD x 4-BIT RAM (ECL 100K) ............ 275
HM2504 256-WORD x 1-BITRAM(TTL) .......cvvvennnn. .. 279
HM2504-1 256-WORD x 1-BITRAM (TTL) .........c..couent. 279
HM2510 1024-WORD x 1-BITRAM (TTL) ...............u0. 283
HM2510-1 1024-WORD x 1-BITRAM (TTL) ...............ow. 283
HM2510-2 1024-WORD x 1-BITRAM(TTL) .........oonvnnt 283
HM2511 1024-WORD x 1-BITRAM(TTL) ..........couenn 287
HM2511-1 1024-WORD x 1-BITRAM(TTL) ......ovvevennn 287
® BIPOLAR PROM ...t i e it e e 291
HN25084 2048-WORD x 4-BITPROM (TTL).......vvvvvnnn. 294
HN25085 2048-WORD x 4-BITPROM (TTL).......ovvvennnn 294
HN25084S 2048-WORD x 4-BIT PROM (TTL)........enevennen 297
HN25085S 2048-WORD x 4-BITPROM (TTL)........couennnn 297
HN25088 1024-WORD x 8-BIT PROM (TTL) . ......covvvvinnn 300
HN25089 1024-WORD x 8-BIT PROM (TTL).......ovienenn 300
HN25088S 1024-WORD x 8-BIT PROM (TTL).....ovvvenvnnt 303
HN25089S 1024-WORD x 8-BIT PROM (TTL)......covvevennns 303
HN25168S 2048-WORD x 8-BIT PROM (TTL)......evnvnnennt. 306
HN25169S 2048-WORD x 8-BITPROM (TTL).....ovvnennnnen 306
® MEMORY SUPPORT ...ttt e 309
HD2912 QUADRUPLE TTL-TO-MOS CLOCK DRIVERS ...... 310
HD2916 QUADRUPLE TTL-TO-MOS CLOCK DRIVERS ...... 313
HD2923 QUADRUPLE ECL-TO-TTL DRIVERS............... 316
B CROSS REFERENCE ... .. .ttt 319
NOTICE

The example of an applied circuit or combination with other equipment shown
herein indicates characteristics and performance of a semiconductor-applied products.
The Company shall assume no responsibility for any problem involving a patent
caused when applying the descriptions in the example.




BCURRENT LINE OF HITACHI IC MEMORIES

—— —

O®MOS Memory 3 Supplies J—{ imarion-1 1] twazion-2 J—{ wnszion-s ] hmana-
16k-bit [ 1638431
Sigle Suply |—{ ANBIEA S }—] ianien ¢
Bkobie J—{ 65536 x 1 |—{ Htesr2 1] Husgees ] wwssoeacts | nuessan- 15— inasa o)
NMOS f—{ ak-bit Jf 1024 4 |—{ HMeT2210A-L}—{ BMeT2114A2 | HMUT211S |—{ BieTznnes |
4096 1 |—{ HMa31s | imeier/L |—{ W3 —famrannss s —famersmr -
1024 X 4 ] s/ —{ oL ] suert. | msies L6

HM6167/L

NMOS

Dynamic

cMos —{ ak-bic

Static

HM§167/L-6 HM6167/L-8

cMOS_J—{ 16k-bit

2048X 8 HMB116/L-2 HMS116/L-3 HMB116/L-4

HMB117/

32k-bit 4096 x 8 J-— HiNessaz |

6ak-bit_—{ #1928 —{ HNsuse |

NMOS

256k-bit || Srex " |—{ HN61256 |

HN462716

2048X 8 HN462716°1 HNe62716-2

32k-bin | 4096 8 | HNasess2 | hvsesse-2 }—{ Hmeastal

64k-bit

H EP RoM b NMOs

HN162732 HNd627R-2 WA |

192X 8

HN482764-4

*Preliminary

-{EEI’ I(K)MH NMOS H 16k-bit H ZUMMMUIG‘] % % Under development

256-bit || 256x | J—{ HM2105 |—] HM2106 HM10414 f—{HM10414-1]

1024 1 | HM2110 HM210- T p—{HMz10-2}— Hmziiz f—{HmMz112- 1
HM 10422
4096 % 1 J—{ iM10470 | uw10470-1}
HM100415)
HM100474
256-bir p—] 26x1 | 0/C | HMesoe }—{HM2504-1]

0/¢_ | Hmesio f{nmesi0-t}—{nmzs10-2]

HN25084/S

®Bipolar Memory

1k-bit

1024X 4

1k-bit_}—{ 10241

2048% 4

{proM - TTL 8k-bit

1024X8

HN25089/S

HN251685"

16k-bit |—] 2048x 8

HN25169"
% Preliminary



BTYPICAL CHARACTERISTICS OF MOS MEMORY

oMOS RAM

Organi- | Access | Cycle | Supply Power Package**
Total zation Time | Time | Voltage| Dissi- . Repl
Mode . Type No. Process N N Page
Bit (word) (ns) (ns) pation Pin clo!lp|pp| ment
X bit max min (V) (W) No.
HM472114A-1 150 | 150 ol e 16
HM472114A-2 200 | 200 oo 2114L-2 | 46
X .
HMdz21143 | MOS | 10244 T | TP 0.2 |18 oo 2114L-3 | 50
HM472114-4 450 | 450 oo 2114L-4 | 50
HM4334-3 300 | 460 Lou/20 ) HM-6514 | 53
m
HM4334-4 450 | 640 °|e 53
% | 58
HM4334-aL | CMOS | 1024460 | 15 0w/20 18 . 58
HM4334-4L 450 | 640 pEom ° 58
HM6148 70 70 oo 2148 63
0.1m/0.2
HM6148-6 85 85 oo 2148-6 63
X
4k-bit | HM6148L CMOS | 10244 0| 0 50/0.2 18 . 69
HM6148L-6 85 85 we . 69
HM4315 CMOS | 4096x1| 450 | 640 | +5 | 104/20m | 18 e HM-6504 | 75
HM6147 70 70 oo 2147 80
0.1m/75m
HM6147-3 55 55 oo 2147-3 80
X
IMeLaTL CMOS | 4096 X 11—+ e — 18 . N
HM6147L-3 55 55 urom . 84
HM6147H-35+ 35 35 e 2147H-1 | 88
Static HM6147H-45% 45 45 0-1m/0.15 o e 2147H-2 | 88
M X
HMB147HL-35¢| COS | 40961 s | TP 52/0.15 18 . 92
HM6147HL-45° 45| 45 w . 92
HM6116-2 120 | 120 e[ |e 96
HM6116-3 150 | 150 0.1m/0.18 ele]e 96
HM6116-4 200 | 200 o |0 @ 96
% | 96
nMe1t6L2 | CMOS | 28X T ] Y u o eole 107
HM6116L-3 150 | 150 204/0.16 oo e 107
HM6116L-4 200 | 200 eleo|e 107
HM6117-3+ 150 | 150 e 125
0.1m/0.2
HM6117-4* 200 | 200 ole 125
~bi . X =22
16kebit M amenizige | MOS | 2988 50 im0 | TP Tou0.2 u ole 135
HM6117L-4* 200 | 200 e e 135
HM6167 70 70 ° e 2167 147
HM6167-6 85 85 25m /0.15 .| e 2167-6 | 147
HM6167-8 100 | 100 o e 2167-8 | 147
M X
HM6167L CMOS 16384 X1 0| *° 0 . 150
HM6167L-6 85 85 54/0.15 . 150
HM6167L-8 100 | 100 ) 150
HM4716A-1 o [ 320 [ ol e 156
HM4716A-2 150 | 320 g oo MK4116-2 | 156
X
AMaI6A-3 | oo (1630 s I e e [ MKai6-3 156
Lokt |- EMATI6A-4 250 | 410 .| e MK4116-4 | 156
" ' HM4816A-3 100 | 235 oo 2118-3 | 167
HM4816A-3E 105 | 200 oo 167
M X m/0.

Dynamic HMasioA-g | OO (183X agg | Y8 | U015 16 oo Tongs 167
HM4816A-7. 150 | 320 oo 2118-7 | 167
HM4864-2 150 | 270 o e 175
HM4864-3 200 | 335 20m/0.33 oo 175

64k-bit | HM4864A-12» | NMOS |65536x1| 120 | 230 | +5 16 oo 185
HM4864A-15* 150 | 260 20m /0.275 oo 185
HM4864A-20* 200 | 330 oo 185

* Prelimvinary AHM6116LP Series: 10 #W

*% The package codes of P, G, C, and FP are applied to the package materials as follows.
P : Plastic DIP, G : Cerdip, C . Side-brazed Ceramic DIP, FP : Small Sized Flat Package.



®MOS ROM

Organi- | Access | Supply Pf)w?r Package***
Program ToFal Type No. Process zation Time | Voltage Dls.sr N Replacement | Page
Bit (wor'd) (ns) pation | Pin clelp
X bit. max (V) (W) | No.
32k-bit | HN46332 NMOS 4096 <8 350 0.25 | 24 ° 192
64k-bit | HN48364 8192 <8 350 0.225 | 24 | [ ] 194
16384 X
Mack gy | HN43128 poasts ] 6000 . 3m | 28 . 196
HN613128* CMOS | 16384 %8 250 5u/0.1 | 28 ® 198
256k-bit | HN61256 s | 3000 3m | 28 . 200
16k-bit HN462716 450 0.555 oo 2716 202
HN462716-1 NMOS 2048 % 8 350 +5 0,555 24 [ ] 2716-1 206
HN462716-2 390 ] 2716-2 206
HN462532 450 0.858 LN TMS2532 210
HN462532-2 NMOS 4096 X 8 390 +5 24 L] 210
UV E bl HN462532L 450 0.543 L ] TMS25L32 | 214
. V. Erasable
& Elect:iscally 32k-bit HN462732 NMOS 4096 <8 4% +5 0.788 | 24 °le 232 2
HN462732-2 390 [ ] 217
HN482732A-20** 200 L] 2732A-2 221
HN482732A-25*| NMOS 4096 % 8 250 +5 — | 24 L] 2732A 221
HN482732A-30** 300 * 2732A-3 221
HN482764* 250 LN ] 2764 222
64k-bit | HN482764-3* NMOS 8192 %8 300 +5 0.555 1 28 |®@ @ 2764-3 222
HN482764-4 450 e @ 225
Electrically Erasable | 16k-bit | HN48016* NMOS 2048 <8 350 +5 0.3 24 [ 228

* Preliminary
*% Under development

*%% The package codes of P, G, and C are applied to the package materials as follows.
P ! Plastic DIP, G : Cerdip, C: Side-brazed Ceramic DIP



BTYPICAL CHARACERISTICS OF BIPOLAR MEMORY

®Bipolar RAM

Organi— AcFess Supply .Po'wer. Package™
Level Tgittal Type No. Zt:::i> Output '{::)e Voltage | Dissipation Pin rlo Replacement | Page
X bit max (V) (mW/bit) | No.
HM2105 35 1.8 [ F10410 234
HM2106 15 1.8 L] 238
256-bit 2561
HM10414 10 28 ° F10414 242
HM10414-1 8 L] 242
HM2110 35 16 [ F10415 246
HM2110-1 25 0.5 ° F10415A 246
ECL .| HM2110-2 | 1024 x1 20 —5.2 [ ] 246
o | % Mo 10 . 250
HM2112-1 Open Emitter 8 0.8 ° 250
HM10422 256 X 4 10 0.8 24 [ F10422 255
HM10470 25 L 4 F10470 260
. 4096 <1 0.2 18
4k-bit | HM10470-1 15 ® 260
HM10474 1024 x 4 25 0.2 24 [ F10474 265
eobit HM100415* | 1024 X1 10 0.6 16 [ ] F100415 270
ECL HM100422 256 X 4 10 45 0.8 24 (o |® F100422 273
100k tobit HM100470 | 4096x 1 25 ’ 0.2 18 ° F100470 | 276
HM100474 | 1024 x4 25 0.2 24 (e |® F100474 279
256-bit HM2504 256 X 1 % 1.8 hd 93411 284
HM2504-1 45 [ 93411A 284
HM2510 Open Collector 70 L] 288
TTL HM2510-1 45 +5 0.5 16 L4 93415 288
1k-bit | HM2510-2 | 1024x1 35 [ 93415A 288
HM2511 70 [ ] 292
3-state 0.5
HM2511-1 45 ® 93425 292
®Bipolar PROM
Organi- Acyess Supply ) Power- Package™
Level TB‘)::I Type No. E‘z::;:l) Output 1(‘::? Voltage | Dissipation Pin ele Replacement | Page
X bit max (V) (mW) No.
HN25084 Open Collector 60 550 L] 825184 303
HN25085 20488 3-state 18 [ 825185 303
HN25084S* Open Collector 50 550 ° | 306
TTL Bkobit HN25085S* 3-state 45 ° 306
HN25088 Open Collector 60 600 [ 825180 309
HN25089 1024 %8 3-state 2 ° 825181 309
HN25088S* Open Collector [ 312
50 600 e
HN25089S* 3-state [ ] 312
.| HN25168S* Open Collector [ 825190 315
16k-bit esi60s™ | 27 T 3 crate 60 600 |2 o 825191 | 315

* Preliminary

*% The package codes of F, G, and P are applied to the package material as follows.
F ! Flat Package, G : Cerdip, P : Plastic DIP



HPACKAGING INFORMATION (Dimensions in_ mm)
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® RELIABILITY OF HITACHI IC MEMORIES

1. STRUCTURE

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

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

integration, etc.

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

® Table 1 Examples of Basic Cell Circuit of IC Memories

ificati Bipolar memory Bipolar memory NMOS memory Nh:lnoersﬁéi-]iggs NM(%SRg]ewmory
Classification (RAM) (PROM) (Dynamic RAM) (Static RAM) ( )
Buffer memory, X . For
Application control memory Microcomputer Main memory of computer, microcomputer
pplica of high-speed control use microcomputer memory control
computer
$
Example of
basic cell
circuit
o
S

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

® Table 2 Examples of IC Memory Package Outlines

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

m Ceramic DIP

® 16 Pin ® 24 Pin

® 28 Pin
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& Cerdip
® 16 Pin

® 18 Pin

® 28 Pin with Lid

@ 20 Pin

® 24 Pin

u Plastic DIP

® 16 Pin

® 18 Pin

® 20 Pin

® 24 Pin

2. RELIABILITY DATA Results of reliability tests are listed below.
rules and quality control, there is no difference in

2-1 Reliability test data on Bipolar memories

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

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

reliability among various types. In addition, it can
be said that the greater the capacity, the higher the
reliability per bit.

T HM10470 (Cerdip) HN25089 (Cerdip)
Test item Congﬁﬁon Sam- | Total com- | Fail- Failure Sam- | Total com- | Fail- Failure
ples |ponent hours| ures rate* ples | ponent hours| ures rate*
Ta=125°C CH i/hr CH. 1/hr
VEE=-5.2V (RAM) ‘ns -6 ‘04 0 26x10°6
High- Voe=5.5V (ROM) 125 4.0x 10 0 2.3x10 36 36x1 x
t(e)mperqture Ta=150°C
(Operating) | v o=_5 2v (RAM) 80 | 2.7x10° 0 |34x10¢| 10 1.0 x 10* 0 | 92x107
VCC=5.5V} (ROM)
teyc=1lus
High- Ta=200°C 27 2.7 x 10° 0 34x10°° 15 1.5 x 10¢ 0 6.1 x 10°°
Sorbeat e Ira=295°C 20 | 20x10° | 0 | 46x10°| 15 | 15x10° | 0 | 61x10°

* Estimated failure rate with confidence level 60%
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® Table 4 Results on Bipolar Memory Reliability Tests (2)

HM10470 (Cerdip)

HN25089 (Cerdip)

Test Item Test condition Samples | Failures Samples Failures
Temperature cycling -65°C ~ 150°C, 10 cycles 120 0 45 0
Soldering heat 260°C 10 seconds 22 0 22 0
Thermal shock 0°C ~ 100°C 10 cycles 36 0 22 0

. 1,500G, 0.5ms
Mechanical Sheck Three times each for X, Y, and Z 30 0 22 0
Vv ogeney | 100 200K 206 " w | o [ = | o
Constant-accelaration | 20,000G 1 minute each for X, Y and Z 40 0 22 0

2-2 Reliability test data on MOS memories

The reliability test data on the MOS memories are
shown in Tables 5, 6 and 7, In these tables, data are
shown on representative types of HM4864 (64K

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

HN462532
EPROM).

DRAM), HM4716AP (16K DRAM), HM6116P (16K
SRAM), HM6147P (4K SRAM), HN462732,
(32K EPROM),

HN462716 (16K

HM4864 (Ceramic)

HN462532/HN462732 (Cerdip)

Testitem |  TeSt = lgam Total com- git. | Faiture | Sam- [Tl €M1 Egit. | Failure Remarks
ples ‘;1 ol:xrs ures rate* ples ph ours ures
High- _1hco
Ta=125°C C.H. 1/hr C.H. 1/hr *1 Oxid
Sy Vee=5.5V  |187203.33x10° | 3% | 1.25x10°¢| 100 | 1.0x10° | 0 | 9.2x10°¢ failure x 2
operation | toyc™3ms Unknown x 1
High- )
temperature | Ta=200°C 20 | 4.0x10* 0 | 2.3x10°% | 140 | 1.4x10° 0 6.6x10°¢
storage
High- R
temperature | Ta=259°C - - - - 100 | 5.0x10* 0 1.8x10°%
storage
High- *2 Dat
temperature | Ta=295°C - - - - 100 | 4.2x10% | 1*2 | 4.8x10°° ata
storage disappearance
* Estimated failure rate with confidence level 60%
® Table 6 Results on MOS Memory Reliability Tests (2)
HM4716AP (Plastic) HM6116P/HM6147P (Plastic)
Total com- i . Total com- : :
: Test Sam- Fail-| Failure | Sam- Fail- Failure Remarks
Testitem | ., ndition | ples I;:L'f;;t ures| rate* | ples p]:’:::;t ures
Ta=125"C *1 ?)i(lide 6
High- Vpp=13.2V CH I/t CH Uhr | %2 Gaiae X
H. H. Oxide
temperature | (NMOS) 5330 3 46x10¢ | 6%1 | 2.12x10° | 1216 | 1.90x10°® | 3*2 | 2.19x10° |  fajlure x 1
dynamic Vce=5.5V Electrostatic
operation (CMOS) discharge x1
teyc=3us Unknown x 1
High- "
temperature | Ta=150°C 451 45x10° {0 2.0x10°% 20| 2.0x10* {0 4.6x10°5
storage
High Ta=85°C, *3  Aluminium
telrz;g;eratu:e RH=85% corrosion x 17
andhigh- | YDD=12V 13081} 62x100 |19%3| 3.1x10° | 630 | 13x10° |4*s | 4.0x10°¢ |, Ghknownx2

ity | | SMO8)
bias CMOS)

Aluminjum
corrosion x 3
Unknown x 1

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

Reliability of Hitachi IC Memories

HM4864 HM4864 EPROM AMa716ap | HAMGIIGP/
Test item Test condition (Ceramic) (Cerdip) (Cerdip) HM6147P
n Sam- | Fail- | Sam- | Fail- | Sam- | Fail- | Sam- | Fail- | Sam- | Fail-
ples ures ples ures ples ures ples ures ples ures
Temperature -65°C~RT~150°C
cychlr’lg 10°cycles 1208 0 260 0 50 0 - - - —
Temperature —55°C~RT~150°C
cycling e 1 ~150 -] - - - | 310 0 | 7892 | 0 | 2080 [ o
Temperature -55°C~ 150°C
cydling 1000 cycies 164 0 100 0 50 0 600 0 - | -
Thermal shock | 18 eres 0 © 2| 0] 6 | o] 72 [ 0] 19] o0 -1 -
Thermal shock | G~ 100°C - - - - |17 | o] 13| o 60 | o
Soldering heat | 260°C, 10 seconds 22 0 22 0 22 0 128 0 60 0
Mechanical 1 4 500G, 0.5ms 20 0] 38| 0| 38 |0 -] - - -
P 20~2,000Hz, 20G 2| 0| 38 | o | 38 [0 -] - - -
Constant: | 20,0006 2| o0 38 | 0 38 | 0 -l - - | -

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

The degradation of lcgg of the celi 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 HM10470
Test condition Ta=125°C, VEg=-5.2V Measuring Condition }Ma’(imum
verage
Failure criteria taa=25ns Minimum
. N X 351 Marching Pattern
Failure mechanism Surface degradation
Results: - 30r
Access time (t p) is stabilized and is within the failure = g5l
criteria. =
20}
T
) 500 1000 " 2000
Time (hr)
VT is a basic parameter in the MOS memories,
however, it has been confirmed there is not any
shift in Vyy for practical usage because we have 7
. o N _BF HMag64-3 N=50pcs
applied surface stabilizing technique, clean process, Sl
etc. \;4)» l';‘/l&x« ication
f S5 S SENE SN SEE (S
In case of dynamic RAM which needs refresh cycle, =3t Measuring Conditions Min
< 5
refresh time is also stabilized owing to the above- =2r o Te=zsl
mentioned process. Time dependence of Vcc min é | " Marching Pastern . ‘
and tgge characteristics for the 64K DRAM are 0 500 1,000~ 1500 2,000
shown in Fig. 2 and 3. Time (hrs)
Fig. 2 Ve min time depend indy ic operation
test at 125°C
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150
HM4864-3 Measuring  Ta=70"C
N=50pcs  Conditions Vcc=4.5V
Disturb Pattern
100+
+ F
£
- F
)
= 50+
[ Specification
L 2ms
0 L L ) | | ity
0 500 1,000 1,500 2,000
Time (hrs)

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

2.4 Classification of failure modes

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

Pinholes

20%

reappearing
Failures

25%

Defective Insulation
Layer Due to Foreign
Materisls 9%

Statistics
for 1979-1980
20~60FIT

Destruction
30%
Defective Photo-

lithography 3%
Defective Metalization 3%

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

Unknown
or
Others

15%

Pinholes

27%

Statistics

for 1979-1980
30 ~200FIT

Defective
Photo-
lithography

1%

Denstruction

40%

Marginal
Failures
7%

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

3.1 Soft Error Mechanism

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

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

Polysilicon Gate

PN

Il '

& Silicon Substratei_____\___i & K
Information Storage Area
(e being absem)y

111 1" (b)

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

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

Fig. 6 Misoperation in Memory Cell

Incident o-particle generate a  (c)

Inversion of memory informa-
tion from 1" (electrons ‘‘ab-
sent’’) to ‘0"’ (electrons ‘“filled’’)
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Bit Line Potential .
Information

DU

Reference Level

‘ Information 0
| 1

" T -t
Pre-  Inforamtion  Amplified
charge Read Cycle

&

{a) Read out memory information
into bit line

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

Fig. 7 Misoperation on Bit Line

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

10%

Cell Mode
102 -

10 Bit Line Mode

Soft Error Rate (Relative Figure)

l 1 1
1 10 102 103

Cycle Time (Relative Figure)

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

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

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

3.2 Examples of soft error preventive measures in
products

At the initial stage of the 64K DRAM development,

its soft error rate was estimated from accelerated

irradiation test data to be higher than the expected

design value. Hitachi has performed the following

soft error preventive measures.

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

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

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

Owing to these corrective measures, soft errors in

64K DRAM have reached a practically acceptable

level. Preventive measures applied for 64K DRAM

are also applied to other types. 16K DRAM with

single power supply 5V family, for which chip

coating was originally used, no longer requires this

coating because of remarkable improvement by the

third measure.



4 n

50 N\ N 16k-bit Dynamic RAM
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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

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

(111} General communication-industrial use

In using our products, therefore, we would like you

to consider the classification of the application.

Especially, when you are going to apply our

memories to any special equipment, please do not

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

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

1. BIPOLAR IC MEMORY
1.1 Prevention of static electricity
Bipolar 1Cs have been considered to have high
resistance to the static electricity than MQOS I[Cs.
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 taypes, in
order to perform higher capability. Take note of the
following points.

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

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

Insulated clip

J
(o=
\

Copper ring
(put it on a finger) Shielding wire

(about 1 meter) IMOMW resistor

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

(4) 1t is also recommendable to wear cotton clothes
instead of the ones made of synthetic fabrics to
prevent the static electricity from occurring. -
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(5) It is desirable to ground the soldering iron tips.
Use a low voltage soldering iron (12 or 24V), if
possible.

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

1.2 Cooling down

A bipolar memory will dissipate about 0.5 W of
power notwithstanding it is operated or not oper-
ated. For instance, a 4K byte memory card consist-
ing of 36 peices of HM2510 devices will dissipate
about 20 Watts. Since the heat generated by such a
circuit board is too great to be removed by the
natural convection, a forced air cooling system
having a capability of 2.5 m/s or more air blow must
be installed. A large memory system must be
installed in a sealed housing which has a pair of air
inlet and outlet.

1.3 Preventive measures for reverse insertion

If a device is reversely connected, an excessive
current will flow to burn the connection leads to
the memory chip resulting in breakdown of the
device, because its Ve and ground terminals are.
symmetically positioned. Locate the pin No. 1
which is indicated by a mark on the top surface of
each device and provide the device with correct
connection.

2. MOS IC MEMORY

2.1 Prevention of static electricity

Similar to bipolar 1C 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 V¢ 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 V¢ and

interrupted in the reverse sequence, here the reverse

bias Vgg is applied first and interrupted last.

It may be impossible for some smali-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

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).

teyc=10 us
Read modify write oper-
tion

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

Precautions for Handling IC Memories

2.) Test results

Number of | Number of | Number of
Type No. 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
memory 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 quality at the sources of manufactur-
ing process.
(3) Execute harder the inspection and reliability
confirmation of final products.
(4) Make quality level higher with field data feed
back.
(5) Cooperate with research laboratories for higher
quality and reliability.
With the views and methods mentioned above,
utmost efforts are made for users’ requirements.

2. RELIABILITY DESIGN OF
SEMICONDUCTOR DEVICES

2.1 Reliability Targets

Reliability target is the important factor in manu-

facture and sales as wel as performance and price.

It is not practical to rate reliability target with

failure rate at the certain common test condition.

The reliability target is determined corresponding to

character of equipments taking design, manufacture,

inner process quality control, screening and test

method, etc. into consideration, and considering

operating circumstances of equipments the semicon-

ductor device used in, reliability target of system,

derating applied in design, operating condition,

maintenance, etc.

2.2 Reliability Design

To achieve the reliability required based on reliabil-

ity targets, timely sude and execution of design

standardization, device design (include process
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design, structure design), design review, reliability
test are essential.
(1) Design Standardization
Establishement of design rule, and 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 LSI 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 to run tests,
etc.

2.3 Design Review

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

determined at design review are as follows;

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

(2) From the standpoint of specialty of individual

participants, design documents are studied, and

if unclear matter is found, sub program of

calculation, experiments, investigation, etc. will

be carried out.

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.

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

(7

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 failrue factors have been already
removed.

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

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

The followings are regarding device design, quality

approval at mass production, inner process quality

control, product inspection and reliability tests.

3.2 Quality Approval

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

The views on quality approval are as follows;

Step Contents

Purpose

Design Review

Target |
Specification 1

Design : Characteristics of Material and . .
Trial x[:;ig";lls Parts Parts Confirmation of
Production Appearance Characteristics and
Dimension bl :
Heat Resistance Reliability of Materials
Mechanical and Parts
Electrical
Others
Electrical . .
Characteristics Approval Characteristics Conflrmatilon of Target
Function Spec. Mainly about
Loltage Electrical
Temperature Characteristics
Others

Appearance, Dimension

Quality Approval (1)

Others

Reliability Test
Life Test
Thermal Stress
Moisture Resistance
Mechanical Stress

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

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

(2) Fully consider past failure experiences and
information from field.

(3) Approval is needed for design change and work
change.

(4) Intensive approval is executed on parts material
and process.

(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

f

Material, Parts ]

— -

Material,
Parts

Inspection of
Material and Parts

Manufacturing

Screening

l

100% Inspection

L

Products

I
e ———

Products
Inspection

Lot
Assurance
Test

Quality Control

Method

Inspection on Material and

Parts for Semiconductor

Devices

Lot Sampling,
Confirmation of

Quality Level

Manufacturing Equipment,
Environment, Sub-material,
Worker Control

Confirmation of
Quality Level

Inner Process

-Qua'lity Control

Lot Sampling,
Confirmation of
Quality Level

100% Inspection on
Appearance and Electrical

Characteristics

Testing,

Inspection

Sampling Inspection on

Appearance and Electrical

Characteristics

Lot Sampling

Reliability Test

Confirmation of
Quality Level, Lot
Sampling

__________ 1

Quality Information |
Claim |
Field Experience | —
General Quality |
Information |

__________ d

Fig. 2 Flow Chart of Quality Control in Manufacturing
Process

Feedback of

Information
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3.3.1 Quality Control of Parts and Material
As tendency toward higher performance and higher
reliability of semiconductor-devices, is going, impor-
tance is increasing in quality control of material and
parts, which are crystal, lead frame, fine wire for
wire bonding, package, to build products, and
materials needed in manufacturing process, which
are mask pattern and chemicals. Besides quality
approval on parts and materials stated in section
3.2, the incoming inspection is, also, key in quality
control of parts and materials. The incoming inspec-
tion is performed based on incoming inspection
specification following purchase specification and
drawing, and sampling inspection is executed based
on MIL-STD-105D mainly.
The other activities of quality assurance are as
follows;
(1} Outside Vendor Technical Information Meeting
(2) Approval on outside vendors, and guidance of
outside vendors
(3) Physical chemical analysis and test
The typical check points of parts and materials are
shown in Table 1,

® Table 1 Quality Control Check Points of Material
and Parts (Example)
Material, Important .
Parts Control Items Point for Check
Appearance Damage and Contamina-
tion on Surface
Dimension Flatness
Wafer Sheet Resistance Resistance
Defect Density Defect Numbers
Crystal Axis
Appearance Defect Numbers, Scratch
Mask Dimension Dimension Level
Resistoration
Gradation Uniformity of Gradation
; Appearance Contamination, Scratch,
fine PP Bend, Twist
Wire for . .
Wire Dimension i
Bonding Purity Purity Level
Elongation Ratio | Mechanical Strength
Appearance Contamination, Scratch
Dimension Dimension Level
Processing
Frame Accuracy
Plating Bondability, Solderability
Mounting Heat Resistance
Characteristics
Appearance Contamination, Scratch
Dimension Dimension Level
Leak Resistance Airtightness
Plating Bondability, Solderability
Ceramic Mounting Heat Resistance
Package Characteristics
Electrical
Characteristics
Mechanical Mechanical Strength
Strength
Composition Characteristics of
Plastic Material
Electrical
hChara;xteristics
: Thermal
Plastic Characteristics
Molding Molding Performance
Performance
Mounting Mounting Characteristics
Characteristics

Quality Assurance of IC Memory

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

(3} Quality Controt of Manufacturing Circum-

stances and Sub-materials

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

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

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

Process

TPurchase of Material

Wafer

Surface Oxidation

Inspection on Surface
Oxidation

Photo Resist

Inspection on Photo Resist
OPQCLevel Check
Diffusion

Inspection on Diffusion
OPQC Level Check

Evaporation

Inspection on Evaporation
OPQC Level Check
Wafer Inspection

Inspection on Chip
Electrical Characteristics
Chip Scribe
Inspection on Chip
Appearance

OPQC Lot Judgement

}-Frame

Assembling

OPQC Level Check

Inspection after
Assembling

OPQC Lot Judgement

L-Package-
ackage Sealing

OPQC Level Check
Final Electrical Inspection
OFailure Analysis

Appearance Inspection

Sampling Inspection on
Products

Receiving

Shipment

Control Point

Wafer Characteristics, Appearance
Oxidation
Appearance, Thickness of
Oxide Film

Photo
Resist
Dimension, Appearance

Diffusion Depth, Sheet
Resistance

Gate Width

Characteristics of Oxide Film
Breakdown Voltage

Diffusion

Thickness of Vapor Film,
Scratch, Contamination

Evapo-
ration

Wafer Thickness, Vtu Characteris-
tics

Chip Electrical Characteristics

Appearance of Chip

Assembling | Appearance after Chip
Bonding

Appearance after Wire
Bonding

Pull Strength, Compresion
Width, Shear Strength

Appearance after Assembling

Appearance after Sealing
QOutline, Dimension

Marking Strength

Sealing
Marking

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
(V1H, etc) Cleaness of surface,
Prior Check of Vin

Breakdown Voltage Check
Assurance of Standard
Thickness

Prevention of Crack,
Quality Assurance of Scribe

Quality Check of Chip
Bonding

Quality Check of Wire
Bonding

Prevention of Open and
Short

Guarantee of Appearance
and Dimension

Feedback of Analysis Infor-
mation
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3.3.3 Final Product Inspection and Reliability As-
surance

(1) Final Product Inspection

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

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

(2) Reliability Assurance Tests

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

Customer

Claim

Sales Dept.
Sales Engineering Dept.

(Failures, Information)

Sales Engineering Dept.

Customer

Reply

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

Fig. 4 Process Flow Chart of Field Failure
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BOUTLINE 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
{C memories. As a result, all works of assembling
the parts and performing electrical inspection,
which had been carried out by core memory
manufacturers in the past, have be come to be
incorporated as works of |IC manufacturers. Con-
sequently, the electrical inspection of the memory
IC has been faced to a more systematic inspection
method and conventional |IC inspection facilities
have become completely useless. This has led to the
development and introduction of a memory tester
with pattern generator to generate the inspection
pattern of the memory IC at high speed. A function
test for such as TTL gates can be performed even by
a comparatively simple DC parameter facility. How-
ever, when the address input becomes multiplexed
as in 16K memory, even the generation of the
function test pattern becomes a serious problem. In
the memory IC inspection, its quality cannot be
judged by only inspecting DC characteristics related
to external pins. This is because numbers of
transistors, etc., related to the DC characteristics of
the pins only amount to 1/1000 of all element
numbers within 1C memories. The following various
address patterns are proposed to inspect whether or
not the internal circuits are functioning correctly.
(1) All “Low", all “’"High”

(2) Checker flag

(3) Stripe pattern

(4) Marching

(5) Galloping

(6) Walking

(7) Ping-pong

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

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

- function, there is a “’Marching” pattern.

2. Marching Pattern

The marching pattern, as its name indicates, is a

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

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

simple 16 bit memory as an example.

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

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

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

(4) Read “0” of 1st address

(5) Write ‘1" in 1st address

(6) Read ““0" of nth address

(7) Write “1” innth 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.

(a) {b) (¢)

0 0 0 0 1 0 0 0 1 1 1 1
0 0 0 0 0 0 0 0 1 1 1 1
0 0 0 0 0 0 0 0 1 1 0 0
0 0 0 0 0 0 0 0 0 0 0 0

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

3. Generation of Marching Pattern

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

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

As shown in Fig 2. In the read and write cycles after
cleaning all bits addressing is twice the period of
clearing. This switching is performed at the gate of
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the binary circuit following the reference pulse
generating circuit.
—ibi—1

Pulse Gen

Clock Gen

|—e ADDRo
|———= ADDR:
|—— ADDR:
—— ADDRs

CP " HDT4161

Carry Out

A
A
& —— s
Ba
T A
Im y
——CP HD74161  {A Az

Cacry Out B:

f—e= ADDR:
Y ADDRs
HD74157 Y3f——w== ADDRe

T A
Ay
——f CP HDT4161 A

A
Carry Out
4k Carry Ouf
Tl
——CP HD74161 Aw

to Din of memory

Fig. 2 Marching Pattern Generating Circuit

Ag ——] A
Al—
Ar—f |
As—— D/A Converter AW 0P AMP Z Axis of Oscilloscope
r—] |
As—
Ag—
Ar — A
As—
Ay ——
Ap—] D/A Converter L, 0P AMP > Y Axis of Oscilloscope
An—
Az—
Ay——]
A
From Comparator Circuit m

Fig. 3 Fail Bit Map Display Circuit

s -

|

F q

oA 0" —erfm——"0"Read "1 Write ——ee——"1"Read"0" Write —=]
o U LT P I I I O I I

a o —J |

AH _—]———._—l__._.—————---J
{Din} l_.._..__——
Ais

Fig. 4 Entire Pulse Relations

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

s I—o to Comparator Circuit of Memary

X Axis 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) Vs —0.3V X Address - —

Y Address

(b) Veg=—0.1V X Address = *
Fig. 5 Example of Dependency of Fail Bit Map on Vg

Y Address —-

X Address - -+

Fig. 6 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 |Cs 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 PROGRAMMING & ERASING OF PROMS

1. PROGRAMMING & ERASING
OF EPROM

1.1 Programming

Programming to the memory cell of EPROMs is
achieved by applying a high voltage to the drain and
gate. The high voltage of the drain raises the
electron energy of the channel and the voltage of
the gate induces the high energy electron (hot
electron) injecting to the floating gate. Thus, the
charge injected to the floating gate changes the
threshold voltage of the memory cell and stores it as
the memory information gate changes the threshold
voltage of the memory cell and stores it as the
memory information. Initially, and after each era-
sure all bits of EPROMs are in the /1" state.

Drain
Gate

Floating Cate
Fig. 1 Equivalent circuit shematic of memory cell

Data can be programmed (1" — “0") by applying
the timing relation waveform and voltage supply
stipulated in the specification of EPROMs. Program-
ming can be made to a sequential address and a
random address. In addition, writing of only 1 word
is also possible. Bits programmed in this manner
become ‘0" in normal power supply condition,
however, the output data inverses to /1" when V¢
is rises. This voltage (READ Vcc) becomes the
index for confirming how sufficiently programming
has been-made to the floating gate. (Of course, the
switching speed, input/output levels and others
cannot be guaranteed in the range exceeding the
power supply condition of Vcc.) Fig. 2 shown the
correlations among this READ V¢, program pulse
width (tpW) and Vpp is designated at 25V +1V.
When Vpp exceeds the maximum rating {including
overshoot), the p-n junction of the device some-
times leads to permanent breakage of the element,
Taking this point into consideration, please take
sufficient care by performing checking of Vpp over
shoot of the P-ROM writer, etc.

And also take care of negative voltage noise on any
pin.

Since a total inspection cannot be performed prior
to shipment on matters such as writing & erasing
cycles, a guarantee form is not employed but it
maintains a standard capable of repeating more than
100 times normally. It can be said to be a sufficient

standard when considering the repetition to be
about 10 times in maximum in actual use.

Changes on the floating is gradually decreasing and
high the temperature is, faster the decreasing rate is.
Please refer Fig. 3.
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/
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: %
/
B 6 Write : Ve =5V
=2 tiw=45ms
=
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17
7
4
3
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Write Vep 1V

Fig. 2 Typical Programming Characteristics
of EPROMs.

1.2 Erasing

Data erasing of EPROMs is performed by the
discharge of the electric charge in the floating gate
and with the ultraviolet ray irradiation to the
memory cell.

The erasing condition is stipulated as ultraviolet ray
wavelength 2,637A and minimum integrated dose
15W. sec/cm?. This condition can be obtained by
placing an ultra violet lamp of 12,000uW/cm?
within 1 inch of the device and shelving it for about
20 minutes. The material quality of the transparent
lid is a sapphire and the transmission ratio of the
ultravioletrays is about 70%. However, when con-
tamination and foreign matters exist on the cap

33



Programming & Erasing of PROMs

surface, the transmission ratio will deteriorate and
the time required for erasing will become extended.
In such a case, it is necessary to remove the
contamination with solvents such as an alcohol, etc.,
which do not affect the package. Actually, erasing
of the element can be sufficiently performed in a
shorter time than the stipulated erasing time but
since the erasing condition of 15W.sec/cm?® for
performing erasing with a sufficient margin within
the device usage condition range has been decided,
always be sure to perform irradiation above this
condition.

Although the efficiency of ultraviolet rays of a
wavelength of less than 3,000 ~ 4,000A may differ,
it has the capability of discharging the electric
charge accumulated in the memory cell of EPROMs.
The typical erasing characteristics of EPROMs are
shown in Fig. 4. The existance of easy-to-erase and
hard-to-erase bit in the LSI in this drawing is due to
the disperison of accumulated electron volume, etc.
Since a slight a mount of ultraviolet rays is
contained in fluorescent lights and sunlight, there
lies a possibility of causing inversion {0’ = *1"') of

/
/

108 /

10%

MTTF (hrsi

1ot /

1?

300 200 150 100

Storage Temperature ('C)

Fig. 3 Typical Data Retention Characteristics
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Fig. 4 Typical Erasing Characteristics
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the memory information accompanying the vanish-
ing of the charge when such light is irradiated for a
long period. Therefore, when there lies a possibility
of light being irradiated and a high reliability is
demanded, provide measures for shielding the light
such as pasting a seal on the lid, etc.

1.3 EPROM Writer
The 16K EPROM wirter 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 Veri-
fy function after programming are necessary.
As shown in the ‘drawing, there are also wirters
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 resist-
ance 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 reprogram-
ming.
Since the output data in the erased condition
are “1’" (high level), check whether or not data
in EPROM are all “1”. It will fail-stop even
when 1 bit of “0” (low level).
Normally, it is designed to provide warning
with a lamp or buzzer.
(d) Programming
The function of programming the data in the
internal RAMof the writer 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 program-
ming and compared with the 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.
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Blank Check

Programming

END

(e) Verify

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

Start

Address Set

Is Programming
Necessary!

Is it the
Final address?

Address
Increment

(f) How to input the program
There are the following methods for inputing
the program data to the internal RAM of the
writer.,

Normally, paper tape input and teletypewriter
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.

1.4 Handling of EPROM

1.4.1 Malfunction caused by static charge

There is a possibility of static charge generation on
the glass window of*EPROM leading to malfunction
of the LSI when the glass surface of EPROM is
touched by charged human body or rubbed with
plastic or dried cloth. Typical malfunctions are
blank fail, write margin fail, etc., which look as if
writing has been made in the LSI. This subject has
already been mentioned at the international society
on LSI reliability and the cause lies in the fact that a
charge generates on the chip of LS| due to static
charge on the window and this charge remains for a
prolonged period.

1.4.2 Regeneration method of charged LSI

When EPROM is accidentally charged and the
above-mentioned fail has occurred, the LS| can be
completely regenerated to blank condition by irradi-
ating with ultraviolet rays for erasing for a pre-
scribed time. The charge remaining on the chip
differs from that accumulated on the floating gate
and normally, practically all charges are neutralized
when ultraviolet rays of about 50 mW.s/cm? are
irradiated. Therefore, when static charge fail occurs
on EPROM in which the program has been written,
it is possible to remove the residual charge on the
chip surface without changing the programmed
pattern by irradiating ultraviolet rays slightly (about
5~ 10 seconds in case of 6.5 mW/cm?). However,
since a slight amount of the charge stored in the
floating gate will also be discharged in this case, it is
necessary to take are not to apply an ““overdose’’ of
ultraviolet rays.

1.4.3 Caution in handling

Since the basic cause is the static charge on the
window, its prevention is the most important
measure in handling. This is the same as the normal
IC electrostatic breakdown measures and the follow-
ing methods exist.
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(1) Earth the operator’s body during operation. Do
not use gloves, etc.,, which tend to generate
static charge.

(2) Do not rub the glass window with plastic, etc.,
which are easily cause static charge.

(3) Take care as a slight amount of ion is some-
times contained in the cooling medium spray.

(4) Ultraviolet ray light shielding labels {particular-
ly those containing conductive substances) are
also effective from the standpoint of staitc
electricity charge prevention.

1.5 Light Shielding Labels
1.5.1 Light shielding effect
In case the data retaining characteristics is essential
when EPROM is used in an environment where
there is the possibility of exposure to ultraviolet
rays, it is effective to paste a light shielding label
having an ultraviolet ray absorption effect on the
glass window. A special label for this purpose is
being marketed, however, those containing metal
are generally effective as they absorb ultraviolet
rays. 1.4.2 Selection of light shielding label
1.6.2 Selection of light shielding label
In selecting a suitable light shielding label, it is
necessary to take care about the following points
besides the above-mentioned items.
(1) Adhesive property (Mechanical strength)
Care is necessary in case of reusing the label or
adherence of dust as the bonding force is
weakened.
Besides, when peeling off, the label may induce
static charges that before using EPROMs, eras-
ing-reprogramming or short time erasure will be
recommended.
(2) Permissible temperature range
Labels have their own maximum ratings and the
range of guarantee, as well as their degradation
characteristics. Please check them before using
them.
(3) Moistureproofness
Upon considering the above points, it is necessary to
make suitable selection according to the usage
purpose.
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2. PROGRAMMING OF BIPOLAR PROMS

2.1 Programming System

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

Programming & Erasing of PROMs

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. HITACH!| devices use the blowin diode
system.

Open in

X Bit Line
Programming

Word Line

Fig. 5 Fuse system

Short-circuit

in Programming Bit Line

Word Line

Fig. 6 Blown diode 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 {Is). Vs — Is
characteristic of normal series and S series is shown
in Fig. 8 and 9, respectively. Specified value of sense
current (ls) 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.

~
7" System Check ™~_

< (check pin contact ete.), Prg
~o -
~ - -

Blank Check

Apply Program Pulse

One Bit Progammed

Additional Pulse

Every Bit Programmed

C END D)

Fig. 7 Programming Flow of PROM
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Fig. 10 Program Pulse — lw Characteristic of Normal Series
(HN25089)

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
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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 specification and performs delivery. In this case,
a special writing fee is charged.

Submittance of

Program Specification
PROM
Manufacturer

v

User [

-

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

Development Demand
of Hitachi Exclusive
Performance Board

and Socket.

Manufacture of Board

PROM
and Socket WRITER

Manufacturer

Hitachi ¢

Manufactcrer’s
Certification

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

Delivery Upon

Programming (Hitachi)

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.

® It 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 consoclidated. The setup should be one that
judgement can be accurately made on whether it
is a 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 ldentification 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.

00000000000000000000000000000000|00000000

Trailer ——I

Data

L-.-—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
Odd 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
(2) Width ....... ..., 1/2 inch
(3) Channel ..................... 9 channels

(4) Bit density 800 BPI or 1,6008P! (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

More Than 600 Frames)
(3) Recordsize ............. 80 byte/1 record
(4) Block size 10 records/1 block
(6) 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
11 00 01 10 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 ASCI!
code hexadecimal numbers of the data.

Block 1 Block 2 Block 3

—How
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Frame

Mask ROM Programming Instruction

Leader(NULLS)

{CR}
‘LFy
(NULL)--4

o

1)

oo

S = Head of Record
CC= Type of Record

olw|s

o

]

Max. 70 frame
Byte count

Check sum

— —{ } Byte Count
2 Frames = 1 Byte

TT
|

Address Size

Data

- —| ¢ Data

— —} Check Sum

(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 S 5 3 s 5 3 S
2 Record Type 3 0 0 3 1 1 3 9 9
3 30 31 30
B, 03
. yte Count 36 06 3 6 16 3 3
5 3.0 31 30
6 30 0000 301 3001 4000
7 Address Size 30 30 1100 30
8 30 3 0 3 0
9 3 4 . 39 4 6 ( Check
o Daa Ss| M Sl 0 P L e
3 ¢ 30
Dat. -
ata 3 4 44-D 3 2 02
35
Data - 52-R =
Check S 8 1) 1B (Check Sum) | 4 1
N eck sum 42 3 8 A8 (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 shown below.

Data Record

Data Record
End of

File Record —S9030000FC

Header Record -S00B000058204558414D504CB5
—-S113F0007EF5587EF7837EFAA7T7EFI9CO7EF9C47E2¢4
—S112F010FA657EFA8B7EFAA0TEF9DC7EFA247E06
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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
checks whether or not it is in
a sequential address, it becomes
Data 7 necessary that the address not be
A skipped. The ROM head address
column of the “ROM Specific-
ROM ation |dentification Sheet’ beco-
mes 0.
(2) Case when data is input from en route of ROM
In this case, perform entry by

SAANSNAN
N\

— decimal notation in the ROM
(00 or FF) head address column of the
“ROM Specification ldentifica-

Data tion Sheet”” on which ROM

address you wish to input the
on data, The data 00 or FF will
enter into the blank address by
hexadecimal notation.

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

The address of the address size
of the data recorder is counted
Data 1 in increments of 1 byte of the
data, compared with the next
address of the data recorder and
checked whether or not it is
sequential. The data 00 automat-
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

Blank
(00 or FF)

7,
Data 2

ROM

of ROM
In case the data volume is less
/ than the total byte capacity of
7 Data ROM LSI when the end of file
. recorder appears, it becomes
&’g"ﬁ"r ) written as the ROM code as

shown in the folowing drawing.

(Example) Indicates the example of the paper tape
when the data recorder is S1141920B6-
FC...

000 OO

o O 00000

o]
Q0000000 O
0000000 O

000000000000 0000000O0O0

o) O 000
0000 O 000
S 1 1 2 B F 4 4

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-
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tion Identification Sheet’” always becomes O.

B ... ... Indicates start of 1 word.
N .. Indicates “‘0”" of 1 bit data.
P Indicates *’1” of 1 bit data.
F o, Indicates end or 1 word.
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00000 (o]
0000 (o}
©0000000000000000000000000000000009
[eYeJeTo)
[eYeXe]e]

0000000000

TR

B N PP
Dr Di Do

P
Ds Ds Di Dy D2

Note 1) Sometimes X is used besides P and N in the Mask ROM Development Flowchart

display of the word content by the BNPF Customer Hitach
slice. ) ROM Cade Custamer
X means that the user is not concerned Ean et
g e . . i nd Othe
whether the bit is P or N. However, since it Setect Bither | information

is necessary to decide the P or N for
performing tests, Hitachi performs selec- | [_ ] ﬁ Q
tion of P or N. The results are informed by T
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 @ 0K
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.

Computer Processing

Ouipu Witk
the Same as nput

Mask Preparation
Instruction

Investion

Pattern 0K
Check

Mass Production

b
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HM472114 A-1,HM4 72114 A-2

HM472114AP-1,HM472114 AP-2

1024-word X 4-bit Static Random Access Memory

® Fast Access Time ............. HM472114A-1 150ns {max.)
HM472114A-2 200ns (max.)

® LowOperatingPower ...................... 200mW (typ.)

® Single +5V Supply

® Completely Static Memory . No Clock or Refresh Required

® Fully TTL Compatible ................. All Inputs and Outp

® Common Data Input and Output Using Three-state Outputs

® N-channel Si Gate MOS Technology

® Pin Equivalent with intel 2114L Series

EBLOCK DIAGRAM

(DG-18)

HM472114A-1, HM472114A-2

HM472114AP-1, HM472114AP-2

Ao P
As oD —-— Ve
Mo v T
PSS R et
Ao ]
Aso————
I 1
o B Colunm 1/0
102 & Input Column Decoder (DP-18)
Data
1/03 & ’_?— Control ~
Uowo HPIN ARRANGEMENT
)—E Ao AL Az As
p—
(L AGE 18| Vee
cs AsE 17| A7
Adl 3 6] As
WE Azl 4 1) As
AoE 1] 1/0
BABSOLUTE MAXIMUM RATINGS w ] 1o
Item Symbol Value Unit a7 2] 1705
Terminal Voltage* Vr —0.5 to +7 \Y cs|« n}/o4
Power Dissipation Pr 1.0 w onpl s w| W
Operating Temperature Topr 0 to +70 ‘C
(Top View)
Storage Temperature (Ceramic) Tos —65 to +150 °C
Storage Temperature (Plastic) T —55 to +125 °C
* In respect to GND.
HRECOMMENDED OPERATING CONDITIONS
Item Symbol min typ max Unit
Supply Voltage Vee 4.5 5.0 5.5 \4
Vie —0.5 — 0.8 v
Input Voltage
Vin 2.0 - Vee+1.0 v
Operating Temperature B Topr 0 — 70 ‘C
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BDC AND OPERATING ELECTRICAL CHARACTERISTICS (Vcc=5V+10%, Ta=0 to +70°C)

HM472114A-1, HM472114A-2, HM472114AP-1, HM472114AP-2

Item Symbol Test Condition min typ max Unit
Input Leakage Current Iy Via=0~5.5V - - 10 HA
1/0 Leakage Current | 1o | €-§=2.0V. Viio=0.4V~Vcc - - 10 HA
Supply Current Icc Va=5.5V, Ii,0=0mA — 35 60* mA
Vie —0.5 - 0.8 A%
Input Voltage
Vin 2.0 — Vee+1.0 A
Voo Tor=2.1mA - - 0.4 v
Output Voltage Top=—0.6mA(Vcc=4.5V) 2.4 — —
Vou A%
Ton=—1.0mA(Vcc=4.75V) 2.4 — —
Note) * ! in respect to HM472114A/AP-2. This value of HM472114A/AP-1 is 70mA.
BCAPACITANCE (Ta=25°C, f=1MHz)
Item Symbol Test Condition min typ max Unit
Input Capacitance Cin Via=0V - 3 5 pF
1/0 Capacitance Cio Vio=0V - 5 7 pF
MAC ELECTRICAL CHARACTERISTICS (Vec=5V+10%, Ta=0 to +70°C)
®AC TEST CONDITIONS
INPUL LBVEI « v v cvrmmmnnananae e 2.4V, 0.8V
Input Rise and Fall Time -« vreerrraenns 10ns
Timing Measurement Level « - vevenie.n 1.8V
Output Load «++svrerrrrrtiiiiiiiii 1 TTL + 100pF
® READ CYCLE
HM472114A-1 HMA472114A-2
Item Symbol - - Unit
min max min max
Read Cycle Time trc 150 - 200 — ns
Access Time ta - 150 - 200 ns
TS to Output Valid tco - 70 - 70 ns
C S to Output Active tex 10 — 10 — ns
Qutput 3-state from Deselection torn — 60 — 60 ns
Output Hold from Address Change tona 20 — 50 — ns
L the(TCA)Y ;
SN AN,
NNNANNNGY it Y
tco orn ]
(TSLDQV) ‘(T/SHDQZ)
Tex T0HA
(TSLDQX) (TAXDQX)
7,
4 e —
ANNNN
talTACAD
~ 700 TS
NOTE: 1) tgrp defines the time at which the outputs achieve the open

circuit condition and is not referenced to output voltage levels.
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HM472114A-1, HM472114A-2, HM472114AP-1, HM472114AP-2

®WRITE CYCLE

HM472114A-1 HM472114A-2
Item Symbol Unit
min max min max
Write Cycle Time twe 150 — 200 — ns
Address to Write Setup Time taw 20 - 20 - ns
Write Pulse Width tw 120 — 120 — ns
Write Release Time twr 0 — 0 — ns
Output 3-state from Write torw — 60 — 60 ns
Data to Write Time Overlap tow 70 — 120 — ns
Data Hold from Write Time ton 0 — 0 — ns
L wc(TCLAY) |
wa(TH(A))®3
& A,
<N NONNN Z Z
taw*2
(TS(A)) w(TW(WDH "1
N /
torw * 6
(TWLDQZ)
o SSSSSSSKSS,
LLLL L L
v ¢
s T4 (rs(oa)) (THODQ) .5
Din <“\\ :, \\‘/, /' N\ /s \\
NOTE:

1) A WRITE state occurs during the overlap of a low CS and low WE (ty,).

2) taw is measured from the address setting to the latter of CS or WE going low.
3) twr is measured from the earlier of CS or WE going high to the end of the
write cycle.
4) During this period I/O pins are in the output state, the input signals of oppo-
site phase to the outputs must not be applied to them.
5) If CSis low during this period, I/O pins are in the output state. Then the input

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

6) toTw defines the time at which the outputs achieve the open circuit condition

and is not referenced to output voltage levels.

48



Access Time(Normalized) Access Time(Normalized)

Qutput Source Current fox (mA)

0.9

0.7

ACCESS TIME vs. SUPPLY VOLTAGE

Ta=70"C

4.0 4.4

4.8

5.2 5.6

Supply Voltage Vce (V)

ACCESS TIME

vs. OUTPUT LOAD CAPACITANCE

6.0

1.3
1.2 /4/
L1 /
1.0
0.9
os Vee =4.5V
Te=25C
0.7
0 100 200 300 400 500
Qutput Load CapacitanceCL (pF}
OUTPUT SOURCE CURRENT
vs. OUTPUT VOLTAGE
6
5
4
3
2
Vee=4.5V
Ta=70"C
1
0
0 1 2 3 4 5

Qutput Voltage Vou (V)

Access Time(Normalized)

Supply Current(Normalized)

Output Sink Current for (mA)

HM472114A-1, HM472114A-2, HM472114AP-1, HM472114AP-2

ACCESS TIME vs. AMBIENT TEMPERATURE

1.2
L1
/
10 /’/
//
0.9 =
Vee=4.5V
0.8
0.7
-20 0 20 40 60 80
Ambient Temperature Ta (°C)
SUPPLY CURRENT
vs. AMBIENT TEMPERATURE
13
L2
L1 \"
1.0 \\
\
0. \
Vec=5.5V
0.8
0.7
-20 0 20 40 60 80
Anmbient Temperature Te ('C)
OUTPUT SINK CURRENT
vs. OUTPUT VOLTAGE
6
s /
4
3 /
2 pd
Vee=4.5V
Ta=70"C
1
0
0 0.1 0.2 0.3 04 0.5

Qutput Voltage Vor (V)
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HM472114-3,HM472114-4

HM472114P-3,HM472114 P-4

1024-word X 4-bit Static Random Access Memory

® AccessTime .................. HM472114-3 300ns (max.)
HM472114-4 450ns (max.)

e LowOperatingPower ...................... 200mW (typ.)

e Single +5V Supply Voltage

o Completely Static Memory No Clock of Refresh Required

® Directly TTL Compatible .. ... e All Inputs and Outputs

e Common Data Inputs and Output

® Three-state Qutputs

e DCStandby Mode ........................ Reduces V¢

® N-channel Si Gate MOS Technology

® Interchangeable with intel 2114L Sertes

HBLOCK DIAGRAM

HM472114-3, HM472114-4

(DG-18)

HM472114P-3, HM472114P-4

P —
A °——E -0 Veo
o PET 1 Bow [T | Memory Matrix ~—o GND
o &———E Decoder 64 %64
. > N B
T [
/01 o— - —
F Column 1/0
1/02 Input
© ? Dat: Column Decoder
Control
1/0s o > ontre (DP-18)
/0« O
As As A7 As A
" WPIN ARRANGEMENT
- \
s ABE 18 Jvec
WE w2] _‘__7_] A
AdE 16 | As
MABSOLUTE MAXIMUM RATINGS A’E e I
Item Symbol Value Unit
ADE 14 11/01
Terminal Voltage Vr —0.5 to +7 v
Power Dissipation Pr 1.0 w Ar[__ﬁ: 13 11/0:
Operating Temperature Topr 0 to +70 C AZE 12 |1/03
Storage Temperature (Ceramic) | Tore —65 to +150 C csls 110,
Storage Temperature (Plastic) Tos —55 to +125 C
GND| 9 10 | WE
HERECOMMENDED DC OPERATING CONDITIONS (Top View)
Item Symbol min typ max Unit
Supply Voltage Vee 4.5 5.0 5.5 A%
Vie =0.5 — 0.8 v
Input Voltage
Vin 2.0 — Veet1.0 A%
Operating Temperature Topr 0 — 70 C
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EDC AND OPERATING ELECTRICAL CHARACTERISTICS (Vec=5V+10%, Ta=0~+70C)

HM472114-3, HM472114-4, HM472114P-3, HM472114P-4

Item Symbol Test Condition min typ max Unit
Input Leakage Current Iy Via=0~5.5V - — 10 KA
1/0 Leakage Current 110} CT5=2.0V, Vi, 0=0.4~Vcc — — 10 uA
Supply Current Icc Vi»=5.5V, I, o0=0mA — 35 60 mA
Vie —0.5 - 0.8 v
Input Voltage
Vin 2.0 - Veet+1.0
Vo IoL=2.1mA - - 0.4 \Y
Qutput Voltage Ton=—0.6mA, Vcc=4.5V 2.4 - —
Vou v
lop=-—-1.0mA, Vcc=4.75V 2.4 — —
BMCAPACITANCE (Ta=25C, f=1MHz)
Item Symbol Test Condition min typ max Unit
Input Capacitance Cin Via=0V - 3 5 pF
I/0 Capacitance Cio Viio=0V — 5 10 pF
MAC ELECTRICAL CHARACTERISTICS (Vcc=5V+10%, Ta=0 to +70°C)
O®AC TEST CONDITIONS
INPUL LEVEE + v v v eeeeniaaian e aneaenans 2.4V, 0.8V
Input Rise and Fall Time «««++ccvvevvnn .t 10ns
Timing Measurement Level -« ovvveein 1.5V
Output Load  « -« -rcnvrtir i 1 TTL and 100pF
®READ CYCLE
HM472114-3, HM472114P-3 | HM472114-4, HM472114P-4
Item Symbol Unit
min max min max
Read Cycle Time trc 300 - 450 — ns
Access Time ta — 300 — 450 ns
CS to Output Valid tco - 100 — 120 ns
CS to Output Active tex 20 - 20 — ns
Output 3-state from Deselection torn — 80 — 100 ns
Qutput Hold from Address Change tona 50 — 50 — ns

Address

>[

N

NN

e

7

!
pe-tr 4 A0

Dout

K

o

NOTE:

circuit condition and is not referenced to output voltage levels.

/Y

RN

1) torp defines the time at which the outputs achieve the open
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HM472114-3, HM472114-4, HM472114P-3, HM472114P-4

BWRITE CYCLE

HM472114-3, HM472114P-3 | HM472114-4, HM472114P-4
Item Symbol - - Unit
min max min max

Write Cycle Time twe 300 - 450 — ns
Address to Write Setup Time taw 20 - 50 - ns
Write Pulse Width tw 150 - 200 - ns
Write Release Time twr 0 - 0 - ns
Output 3-state from Write torw — 80 - 100 ns
Data to Write Time Overlap tow 150 - 200 — ns
Data Hold from Write Time ton 0 - 0 - ns

Address ><

- tin*"

A

ttan?" th

v X

torw

——

Dout

AOVNNANANN
L

fton

N
\7

N

N EaY Ay I\ A ;.
NAVAVAVAYAY

/ /
VAVAVAVAVAVA!

Notes: 1) Both CS and WE are paced in the WRITE state during low level

period (t,).

2)t is an interval from the address setting through the catter of
C§ o

r WE going low.

3) twr is from the earlier rise pulse of CS or WE till the end of the

write cycle (tyc).

4) During this period the pulse is output state so that the input signal
which is the opposit phase to the output must not be applied to

the 1/O terminal.

5) During this period, when the CS signal is at low level, the pulse is
output so that the input signal which is the same in phase with the
output data may be applied, if required. Do not however apply the

input signal of reverse phase.
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6) toTw defines the time at which the outputs achieve the open
circuit condition and is not referenced to output voltage levels.



HMVM4334-3,HM4334-4

HM4334P-3,HM4334P-4

1024-word X 4-bit Static CMOS RAM

HEFEATURES
e Single 5V Supply
® Low Power Standby and Standby: 10uW (typ.)
Low Power Operation; Operation:  20mW (typ.)

® Access Time; HM4334/P-3: 300 ns {max.) (5V+5%)
HM4334/P-4:" 450 ns (max.) (5V+10%)

e Directly TTL Compatible: All inputs and outputs

® On Chip Address Register

MBLOCK DIAGRAM

Aso—
Aso— - Vee
Aso—— Latched | Row Memory ND
Ao Address | [ Decoder Y Matrix ¢
As Register | . ! 64X 64
Ago—rd ™
170
\ i 1 @
% (I:/o(r:(ml Column Decoder
4 I
|| Latched
— Address
Register
WEo Clock Clock l l l l
WE Gen. Gen.
T Ao A1 Az As
CE

MABSOLUTE MAXIMUM RATINGS

Common Data Input and Output using Three-state Outputs

Item Symbol Rating Unit
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 Topr 0 to +70 ‘C
Storage Temperature (Plastic) Tore —55 to +125 ‘C
Storage Temperature (Cerdip) Tus —65 to +150 °C

* with respect to GND

HM4334-3, HM4334-4

(DG-18!

HM4334P-3, HM4334P-4

(DP-18)

HMPIN ARRANGEMENT

|\

W[T
W3
o
o3
w0
s
2[4

GNDE

181 Vec

7] ar
[16] as
[15] 46
(1410,
[13]1/0,
12]1/05
[11] /0,

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
Item Symbol - - Unit
min typ max min typ max
Supply Voltage Vee 4.75 5.0 5.25 4.5 5.0 5.5 \
: GND 0 0 0 0 0 0 \%
Vin 2.4 - Vee+0.5 2.4 — Veet0.5 v
Input Voltage
: Vi —0.3 — 0.8 —0.3 - 0.8 v
HMDC AND OPERATING CHARACTERISTICS
(Ta=0 to +70°C, GND=0V, HM4334/P-3 . Vec=5V£5%, HM4334/P-4 . Vec=5V+10%)
Item Symbol Test Condition min typ max Unit
Input Leakage Current I Vin=0 to Vecc —-1.0 - +1.0 MA
Output Leakage Current Io CE=Vis, Vou=0 to Vcc -1.0 - +1.0 HA
Icar CE=0V, Vix=Vcc, I;,0=0 — - 1.0 mA
Operating Power Supply Carrent | == = 1 0p 0 8V, Vinm2.4V. I, 00 — | 25 | 50| mA
Average Operating Current Iccs Vix=0 or Vcc, f=1MHz, duty 50%, I:. o=0 — 4 7 mA
Standby Power Supply Current Iccr CE=Vce—0.2V — 2 100 HA
Vor Io.=2.0mA — - 0.4 v
Output Voltage
Vou Ion=—1.0mA 2.4 - — v
BCAPACITANCE (Te=25C, f=1MHz)
Item Symbol Test Condition min typ max Unit
1/0 Terminal Capacitance Cio Vi o=0V — 7 10 pF
Input Capacitance Cin Via=0V — 3 5 pF
MAC CHARACTERISTICS
(Ta=0 to +70°C, GND=0V, HM4334/P-3 . Vec=5V+5%, HM4334/P-4 : Vec=5V+10%)
HM4334/P -3 HM4334/P -4
Item Symbol Unit
min typ max min typ max
Read or Write Cycle Time* TELEL tc 460 — — 640 — — ns
Chip.Enable Access Time TELQV tac — - 300 - — 450 ns
Chip Enable to Output Active TELQX tex 50 — — 50 - - ns
Output 3-state from Deselection TEHQZ torm — — 100 — — 100 ns
Write Enable Output Disable Time TWLQZ torre - — 100 — — 100 ns
Chip Enable Pulse Width** TELEH tee 300 - et 450 — — ns
Chip Enable Precharge Time TEHEL tp 120 — — 150 — — ns
Address Hold Time TELAX tan 100 — — 100 - — ns
Address Setup Time TAVEL tas 20 — — 20 — — ns
Read Setup Time TWHEL trs 0 — — 0 — — ns
Read Hold Time TEHWL trn 0 — - 0 - — ns
Write Enable Setup Time TWLEL tws —20 — — —20 — — ns
_ WE to CE Precharge Lead Time TWLEH tweL 300 — — 450 — — ns
Chip Enable to Write Enable Delay Time | TELWL tewn 300 - — 450 — — ns
Write Enable Hold Time TEHWH tewn 0 - — 0 — — ns
Write Hold Time TELWH twn 300 — — 450 — — ns
Data Input Setup Time ?Szg:: tps 200 - — 350 — - ns
Data Hold Time EEV}?[?)E( ton 0 - - 0 — — ns
Write Data Delay Time TWLDV twps 100 - — 100 — — ns
Chip Enable Rise/Fall Time TT tr — — 300 — — 300 ns

* TELEL(tc)=TELEH(tce)+TEHEL(tp)+1t. (20ns)+t;(20ns)
*% For Read Modify Write Cycle, TELEH (tce) =TELWL(tcwp)+TWLEH(twe.)+2,(20ns)
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HM4334-3, HM4334-4, HM4334P-3, HM4334P-4

MAC TEST CONDITIONS

Input Level - ... ool e [ 2.4V, 0.8V
Input Rise and Fall Time « « .« oot 20ns
Timing Measurement Level. . . ......... .ot 2.4V, 08V
Reference Level « v oo vv i it VOoH = 2.0V, VgL = 0.8V
OUtPUL Load « v v v vv it 1 TTL and Cy_ = 100 pF
[}
TELAX(tan)
TELEL(tc)
TAVEL TELEH(tcE) TEHEL(tp)
(tas)
CE N /1 )
K 7
TWHEL
(ts)

EWL‘UM)

WE i i / TtLQV(MC) L\

TELQX(tcx) TEHQZ(torr1)
o HIGHZ OO vauppata outeuT }—@M
Note) *; TEHQZ (fporp,) defines the time at which the outputs

® WRITE CYCLE

Ao~ As

achieve the open circuit condition and is not referenced to
output voltage levels.

,

TELAX(tas)
1

TELEL (tc)
TELEH(tce) | (TEHEL(te)
CE
7
TELWH (¢wn)

77777

TDVWH TWHDX

TDVEH(tps) | TEHDX (404
1o -——"19&———\ VALIDDATA INPUT aam—

Note) tpg and tpyy are measured from the earlier of CE or WE going high.
®READ MODIFY WRITE CYCLE

=
Ao~ As VALID ADD.

CE

vo

TELAX(tan) .
TELEL(tc) o
TAVEL
(tas) TELEH(tck) | | TEHEL(tp)
TWHEL
(trs) TELWL(tcwp) TWLEH(twer)
TEHWH{tewn)
-ZZ/ TELQV(tac)
TWLDV (twbs)
TELQX(tcx) TWLQZ TDVEH
M,m () TEHDX(t0#)
HIGH-Z VAVAY, b HIGH-Z
DATA OUT INPUT DATA }-——
JAVAY A A
HIGH-Z

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

©® CURRENT WAVEFORM

CE

Icc(mA)

0\

30

J_——_\___

[NOTE] Ve =5.0V,Tq =
MLOW V.. DATA RETENTION CHARACTERISTICS (Ta=0 to +70°C)

25°C

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

* tzc=Read Cycle Time

O LOW V. DATA RETENTION TIMING

DATA RETENTION MODE

SUPPLY CURRENT vs. SUPPLY VOLTAGE

T
Ta=25C
T s
=
£
E
2
=
;E‘
< 1.0
=
n
Z 05
H
H
£
5
“
é
7
0.1
3.0
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5.0 6.0
Supply voltage Vee (V)

TEzVee ~02V

SUPPLY CURRENT vs, AMBIENT TEMPERATURE

Supply Current{Stand By} lcce (Normalized '
S

0.1

Vee=5V

//

7

20 40 60 80

Ambient Temperature Ta (°C)



Access Time(Normalized)

Average Supply Current Iccs {mA)

Input Voltage (V)

ACCESS TIME vs. SUPPLY VOLTAGE

16
4 Ta=70"C
12 \\
1.0
\\
0.8
0.6
0.4
40 50 6.0
Supply Voltage Ve (V)
AVERAGE SUPPLY CURRENT
vs. SUPPLY VOLTAGE
12
Ta=25"C
10
8
6
/
4 ——
]
2
0 40 5.0 6.0
Supply Voltage Vec (V)
INPUT VOLTAGE
vs. SUPPLY VOLTAGE
25
Ta=25C
Vis(min)
20 ]
/
/'/
15 Vi (max)——oI{
//
//
—
10
05 2.0 5.0 6.0

Supply Voltage Ve (V)

Access Time{Normalized)

Iccs (mA)

Average Supply Current

Input Voltage (V)

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

ACCESS TIME

vs. AMBIENT TEMPERATURE
16

Vee=45V
14
-
1.2
L
10 |~
//
08
0.6
0.4
=20 [ 20 40 60 8U 100
Ambient Temperature Ta ('C)
AVERAGE SUPPLY CURRENT
vs. AMBIENT TEMPERATURE
12
10
Vee=5V
8
6
4
2
0
-2 0 20 40 60 80 100
Ambient Temperature Ta (C)
INPUT VOLTAGE
vs. AMBIENT TEMPERATURE
2.5 -
Vee=5V
20 ——] -
-\r\. Vis{min}
—
15
—
\\-\ Viz(max)
e
10 =
0.5
=20 0 20 40 60 80 100

Ambient Temperature Ta (‘C)
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HM4334P-3L, HM4334P-4L.

1024-word X 4-bit Static CMOS RAM

HEFEATURES

® Single 5V Supply

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

® Fast Access Time; HM4334P-3L: 300 ns (max.) (5V+5%)
HM4334P-4L: 450 ns (max.) (5V+10%)

® Directly TTL Compatible: All inputs and outputs

Common Data Input and Output using Three-state Outputs

® On Chip Address Register

MBLOCK DIAGRAM (DP-18)
As oA
Aso— - —o¥cc HPIN ARRANGEMENT
Avo— Latched |!| Row Memory ———oGND
Aro Address | Decoder Matrix ' Y
Avo]| Register |! | eaxes as[1] 18)Vee
Ag
170 T T 73 ASE 17]Ar
1
A
2 é/() Column Decoder A E 16 ] As
3 ontrol
" 7] as[e] 15] A
Latched
Address AOIE 14§1/0s
Register Ar E 1311/0;
TE Clock %lock 1 l l l
en. en. A 12(1/0.
Ac A1 Az As 2E :
CE CE| 8 11{1/04
GNDE 10]WE
HMABSOLUTE MAXIMUM RATINGS
Top Vi
Item Symbol Rating Unit (Top View)
Voltage On Any Pin* Vr —0.3 to Vect+0.5 \Y
Power Supply Voltage* Vee —0.3 to +7.0 \Y%
Power Dissipation Pr 1.0 w
Operating Temperature T,,, 0to +70 ‘C
Storage Temperature Tots —55 to +125 ‘C
* with respect to GND
MRECOMMENDED DC OPERATING CONDITIONS (Ta=0 to +70°C)
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 \Y
Supply Voltage
GND 0 0 0 0 0 0 \Y%
Viu 2.4 — Vee+0.5 2.4 — Vee+0.5 AY
Input Voltage
Vie —0.3 — 0.8 -0.3 - 0.8 \Y
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HDC AND OPERATING CHARACTERISTICS
(Ta=0 to +70°C, GND=0V, HM4334P-3L : Vec=5V£5%, HM4334P-4L . Vec=5V+10%)

HM4334P-3L, HM4334P-4L

Item Symbol Test Condition min typ max Unit
Input Leakage Current I, Vin=0 to Vcc —1.0 — +1.0 HA
QOutput Leakage Current I CE=Vis, V=0 to Vec —-1.0 — +1.0 77:8
Operating Power Supply Current foc: CE=OV. Vin=Vee, Tr0=0 — — L0 mA
Icce CE=0.8V, Vix=2.4V, I;,0=0 — 1 2.5 5.0 mA
Average Operating Current Tces Vin=0 or Vec, f=1MHz, duty 50%, I,,0=0 — 4 7 mA
Standby Power Supply Current Icco CE=Vcc—0.2V — 2 20 HA
Output Voltage Vo Io.=2.0mA — — 0.4 \Y
Vou Toy=—1.0mA 2.4 - — A
BCAPACITANCE (Ta=25C, f=1MHz)
Item Symbol Test Condition min typ max Unit
1/0 Terminal Capacitance Crio Vi, o=0V — 7 10 pF
Input Capacitance Cin V=0V — 3 5 pF
HAC CHARACTERISTICS
(Ta=0 to +70°C, GND=0V, HM4334P-3L : Vec=5V+5%, HM4334P-4L . Vec=5VEt10%)
Ltem Symbol HM4334P-3L HM4334P-41L Unit
min typ max min typ max
Read or Write Cycle Time* TELEL te 460 — — 640 - - ns
Chip Enable Access Time TELQV tac — - 300 - - 450 ns
Chip Enable to Output Active TELQX tex 50 - - 50 — — ns
Output 3-state from Deselection TEHQZ torm — - 100 — — 100 ns
Write Enable Output Disable Time TWLQZ torr: - - 100 - - 100 ns
Chip Enable Pulse Width** TELEH tce 300 - - 450 — — ns
Chip Enable Precharge Time TEHEL tp 120 — — 150 - — ns
Address Hold Time TELAX tan 100 — — 100 - — ns
Address Setup Time TAVEL tas 20 — — 20 - - ns
Read Setup Time TWHEL trs 0 — - 0 - — ns
Read Hold Time TEHWL try 0 - - 0 — — ns
Write Enable Setup Time TWLEL tws —20 — — —20 — et ns
WE to CE Precharge Lead Time TWLEH twpr 300 — — 450 - - ns
Chip Enable to Write Enable Delay Time | TELWL tewn 300 — — 450 — — ns
Write Enable Hold Time TEHWH tewn 0 — — 0 — — ns
Write Hold Time TELWH twy 300 — — 450 — — ns
Data Input Setup Time ¥B‘\§g: tos 200 - — 350 — — ns
Data Hold Time ¥¥}?DD;( ton 0 — - 0 — — ns
Write Data Delay Time TWLDV twps 100 — — 100 — — ns
Chip Enable Rise/Fall Time TT tr — — 300 — — 300 ns

# TELEL (¢¢)=TELEH (¢ce)+ TEHEL (2¢)+¢, (20ns ) +2,(20ns)
*% For Read Modify Write Cycle, TELEH (2ce)=TELWL (tcwo)+ TWLEH (¢we.)+¢/{20ns)
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HM4334P-3L, HM4334P-4L

MAC TEST CONDITIONS

Input Level «........ e e 2.4V, 0.8V
Input Rise and Fall Time . ..o, 20ns
Timing Measurement Level ................. 2.4V, 08V
Reference Level « .o, VoH = 2.0V, VoL = 0.8V
OQutput Load -+ v v v e vt 1TTL and C_ = 100pF
SrEAD cYaLE e YN o RO oo
TELAX(tan)
TELEL(tc)
TRVEL TELEH(ece) TEHEL(tp)
tas)
s N
K A
TWHEL
(tas)
TEHWL(try)
e / f/ TELQV(tac) \
TELQX({tcx) TEHQZ(tors1) *!
1/0 HioH 2 {3\//\\/\/ VALID DATA OUTPUT >_m2i_

NOTE) *:TEHQZ (toFF,) defines the time at which the outputs achieve the

open circuit condition and is not referenced to outputs voltage level.

NEXT ADD.

® WRITE CYCLE

VALID ADD.

TELAX{tas)

TELEL({tc)
TELEH(ter) TEHEL(te)
T\
b
TELWH(twn)

WE

TDVWH TWH,

TOVEH(tas)  TEHDX (1o}

70 HIGH-Z VALID DATA INPUT

; HIGH-Z

NOTE) tpg and tpy are measured from the earlier of CE or WE going
high.
® READ MODIFY WRITE CYCLE

TELAX (tan}
TELEL(tc)
TAVEL]
(tas) TELEH(tce) TEHEL(tr)
CE
A
TWHEL
(trs) TELWL{cwo) TWLEH(twpe}
r TEHWH(tewn)
TELQV(tac)
TWLDY (twos),
TELQX(tcx) TWLQZ TDVEH
(torrn)* (10s) | |TEHDX(ton)
Ty =
vo HIGH:Z {W\/ DATA OUT INPUT DATA  [y—HIGH-Z
A
HIGH-Z

NOTE) *: TwLQz (torF,) defines the time at which the outputs achieve the

open circuit condition and is not referenced to output voltage levels.



HM4334P-3L, HM4334P-4L

/S

© CURRENT WAVEFORM

CE

Icc(mA) 20
10 -
ol

[NOTE] Vcc =5.0V, Ta = 25°C

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

Item Symbol Test Condition min typ max Unit
Vee for Data Retention Vor CEzVec—0.2V 2.0 - — A
Data Retention Power Supply Current Iccor Vor=3.0V - 0.5 10 HA
Chip Deselection to Data Retention Time tepr 0 — — ns
Operation Recovery Time ir tre* - — ns

* tzc=Read Cycle Time

®LOW V.. DATA RETENTION TIMING

DATA RETENTION MODE

E2Vee—-02vV
SUPPLY CURRENT (Standby) SUPPLY CURRENT (Standby)
vs. SUPPLY VOLTAGE vs. AMBIENT TEMPERATURE
10 " 10
Ta=25'C
Vee=5v /
5 5 4
E? /' z //
ﬁf 1.0 8; 1.0 4
£ g o ,/
2
01 30 5.0 50 o 0 20 40 60 80

Supply Voltage Vee (V) Ambient Temperature Ta ('C)
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HM4334P-3L, HM4334P-4L

ACCESS TIME vs. SUPPLY VOLTAGE

Ta=70'C

08

Access Time(Normalized)
5

0.6

04

40 50 6.0
Supply Voltage Vcc (V)

AVERAGE SUPPLY CURRENT

vs. SUPPLY VOLTAGE
12

Ta=25C

10
<
E
o
=8
K
§
2
£
3 6
>
& -
& "
o 4 —
+—
2
z

2

0 40 50 6.0

Supply Voltage Vee (V)

INPUT VOLTAGE
vs. SUPPLY VOLTAGE

2.5
fo=25t Viu(min)
|-
20
//
®
g 15 Vie(max)—I_
= L—
B //
-1
1.0
05 75 5.0 6.0

Supply Voltage Vee (V)
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Access Time(Normalized)

Average Supply Current Icc (mA)

Input Voltage (V)

ACCESS TIME
vs. AMBIENT TEMPERATURE

16
Vee=4.5V
14
b~
1.2 -~
//
1.0 ,/
//
08
0.6
04
-20 0 20 40 60 80 100
Ambient Temperature Ta ('C)
AVERAGE SUPPLY CURRENT
vs. AMBIENT TEMPERATURE
12
10
Vee=5V
8
6
—
4 pre—
2
0
—20 [ 20 T 40 60 80 100
Ambient Temperature Ta ('C)
INPUT VOLTAGE
vs. AMBIENT TEMPERATURE
25
Vee=5V
20—
1.5
—
1.0
05
-20 0 20 40 60 80 100

Ambient Temperature Ta (*C)




HV6148,HM6148-6
HM6148P,HM6148P-6

1024-word X 4-bit High Speed CMOS RAM

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

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

Directly TTL Compatible; All Inputs and Outputs
Three State Output

Common Data Input and Output

Pin-Out Compatible with Intel 2148

No Clock or Timing Strobe Required

EBLOCK DIAGRAM

Avo——
Aso——Pg ~——0 Vec
-
Aco——— g ] Row Memory Matrix ~=—0 GND
Ar &——E Decoder 64X 64
Ao
PO | —
I |
1/04 O——B—— —
— Column 1/0.
170z o= E Input Column Decoder
Data
1/0s o 3———- Control
1/04 O— B—
Ao A1 Az As
cs
WE
HABSOLUTE MAXIMUM RATINGS
Item Symbol Value Unit
Terminal Voltage* Vr —0.52t0 +7.0 A\
Power Dissipation Pr 1.0 W
Operating Temperature Topr 0 to +70 ‘C
Storage Temperature (Plastic) Toe —55 to +125 ‘C
Storage Temperature (Cerdip) Tus —65 to +150 C
Storage Temperature** Totgcsias —10 to +85 °C

% with respect to GND. A —1.0V (Pulse Width = 50ns)
%% Under Bias

ETRUTH TABLE

HM6148, HM6148-6

(DG-18}

HM6148P, HM6148P-6

(DP-18)

EPIN ARRANGEMENT

As| 1
'
B
AJE
o
o
oC
cs| s

GNDE

131/02

12 {1/0s

E 1704

10} WE

(Top View)

CS WE Mode Vee Current 1/0 Pin Reference Cycle
H X Not Selected Isz, Isg High Z

L H Read Icc Dout Read Cycle

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

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

Item Symbol min typ max Unit
Supply Voltage Vee 4.5 5.0 5.5 v
GND 0 0 0 v
Vi 2.4 3.5 6.0 v
Tnput Voltage Vi —0.3+ — 0.8 v
* V. min=—1.0V (Pulse width=50ns)
HDC AND OPERATING CHARACTERISTICS (Vec=5V+10%, GND=0V, Ta=0 to +70°C)
Item Symbol Test Condition “min typ* max Unit
Input Leakage Current 1Tl Vec=5.5V, V,,=GND to Vcc - - 2.0 HA
Output Leakage Current | Io ] CS=Vis, Vi,o=GND to Vcc — — 2.0 HA
Operating Power Supply Current fec E-__VIL' [1/0=0mA _ 35 80 mA
Icer CS= V., Minimum Cycle, Duty=100%, I, o=0mA - 40 80 mA
Average Operating Current Icco* Cycle=150ns, Duty=>50%, I:;,0o=0mA — 35 — mA
Iss CS=Vu - 5 12 mA
Standby Power Supply Current —
Ism CS=Vec—0.2V, V0.2V or Vi.2Vec—0.2V — 20 800 HMA
Vou Io.=8mA — - 0.4 \Y
Output Voltage
Vou Ion=—3.2mA 2.4 - - A%
Notes) % Typical limits are at Vec=5.0V, Ta=25C and specified loading.
%% Reference only.
BMCAPACITANCE (Ta=25C, f=1MHz)
Item Symbol Test Condition min max Unit
Input Capacitance Cin V=0V - 5 pF
Input/Output Capacitance Cio Vi o=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
Input Pulse Levels « oo veveen e GND to 3.0V
Input Riseand Fall Times - .« ..ovvvnveniiineiene, 10ns
Input and Output Timing Reference Levels . .. .......... 1.5V
OULPUL LOAd -« vt v vt e et e See Figure 1
Load Circuit(A) Ve Load Circuit(B) e
510Q 510
Dout et BN ¢ .
3300 30pF 33”9%;_ I '
Fig. 1
HEREAD CYCLE
‘Parameter Symbol - HMG148/P - HM®148/P-6 Unit
min max min max
Read Cycle Time tre 70 — 85 - ns
Address Access Time taa - 70 - 85 ns
Chip Select Access Time tacs - 70 - 85 ns
Output Hold from Address Change ton 5 — 5 — ns
Chip Selection to Output in Low Z* tLz 10 - 10 — ns
Chip Deselection to Output in High Z* thz 0 40 40 ns
Chip Selection to Power Up Time tey 0 d 0 — ns
Chip Deselection to Power Down Time tpp - 40 - 40 ns

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

HM6148, HM6148-6, HM6148P, HM6148P-6

HM6148/P HM6148/P-6
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 taw 65 - 80 — ns
Address Setup Time tas 15 - 15 - ns
twpi 50 — 60 - ns

Write Pulse Width* -
twpz 65 — 80 — ns
Write Recovery Time twe 5 - 5 - ns
Data Valid to End of Write tow 30 — 35 — ns
Data Hold Time ton 5 — 5 — ns
Write Enabled to Output in High Z** twz 0 35 0 45 ns
Output Active from End of Write** tow 0 — 0 — ns

Notes) % When the CS low transition occurs simultaneously with the WE low transition or after the WE transition, I/O pins remain in a high impedance

state. In this case twpi, in the other case twpz(=twz+iow).
*% Transition is measured =500mV from high impedance voltage with Load B. This parameter is sampled and not 100% tested.

® TIMING WAVEFORM OF READ CYCLE NO.1 <’

Address ><

fee——tOH

previous

data valid Data valid

Data out

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

= /—

\ /

Lz

High impedance High impedance
Data out Data valid e e
preatP -
Vee supply
current

NOTES) 1. WE is high for Read Cycle.
2. Device is continuously selected, CS = Vi
3. Address Valid prior to or coincident with CS transition low,_
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HM6148, HM6148-6, HM6148P, HM6148P-6

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

Address )( )

= N | Ja r7

7S

3

) 1 R ——e—m]
[ee—t4s: et P et

, — T
WE l: N y

LDW —emt (DH
Din

. . ) fmton
. 7)
Dout High Impedance

(6)

0]

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

66

Address D< )(

e D— ‘/—
[ N /t
| —— A
& (2)
WE N L L

Dout

LDW et
o XXX

(s) High Impedance

Notes)

1

2.
3.

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

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

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

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

. 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.

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

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



ACCESS TIME vs. V«

1.2

Ta=25C

~

Address Access Time taa (Normalized)

L0
0.9
0.8
4.5 4.75 5.0 5.25 5.5

Supply Voltage Vee (V)

SUPPLY CURRENT vs. Vc«

50

Ta=25C

/

Supply Current Icc (mA)

20

4.5 4.75 5.0 5.25 5.5

Supply Voltage Vee (V)

SUPPLY CURRENT vs. Ta

50
Vee=5V

40
=
E
=
£ B
]
e —
B
&
5
< 20

10

0 20 40 60 80

Ambient Temperature Ta (C)

Address Access Time taa (Normarized)

Supply Current(Stand By) Iss (mA)

Supply Current(Stand By) Iss (mA)

ACCESS TIME vs. Ta

1.2

HM6148, HM6148-6, HM6148P, HM6148P-6

Vee=5v

o

0.9

0.8

0 20 40 60 80

Ambient Temperature Ta (°C)

SUPPLY CURRENT vs. Vc

8 —

Ta=25'C

6

4

) //

0

4.5 4.75 5.0 5.25 5.5

Supply Voltage. Vec (V)
SUPPLY CURRENT vs, Ta
8
Vee=5V

6

4

]

[ ——
\\

2

0

0 20 40 60 80

Ambient Temperature Ta ('C)
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HM6148, HM6148-6, HM6148P, HM6148P-6

68

Supply Current(Stand By) IccL(Normalized)

SUPPLY CURRENT vs. Ve

(STANDBY)
10 T
Ta=25C
S
/’
1.0
0.5
01 3.0 5.0 6.0

Supply Voltage Vee (V)

Supply Current(Stand By) Icci(Normalized)

SUPPLY CURRENT vs. Ta
(STANDBY)

10

0.5

Vee=5V /

Y

/

0.1

Ambient Temperature Ta ('C)




HM6148LP,HM6148LP-6

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

MFEATURES

Single 5V Supply

Fast Access Time ............. HM6148LP 70 ns (max.)
HM6148LP-6 85 ns (max.)

Low Power Standby and Low Power Operation;

Standby: 5uW (typ) Operation: 200mW (typ)
Completely Static RAM; No Clock or Timing Strobe Required
No Peak Power-On Current
No Change of t4 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

IPPSEE ¥ —
P S— —o v
Row [ ] oN
As O] Row Memory Matrix ~—oGND
A7°—_K Decoder 64 x 64
O > S—
P S
] 1
[/07 Oy
! ! E Column /0
1o © Input Column Decoder
Data
/03 © B—— Control
1/0¢ ©
Ao A1 Az Az
cs
HABSOLUTE MAXIMUM RATINGS
Item Symbol Value Unit
Terminal Voltage* Vr —0.52t0 +7.0 \Y%
Power Dissipation Pr 1.0 w
Operating Temperature Topr 0 to +70 °’C
Storage Temperature Tos —55 to +125 °C
Storage Temperature** Totghiae> —10 to +85 C

* with respect to GND.

& —1.0V (Pulse Width =< 50ns)

*% Under Bias

(DP-18)

MPIN ARRANGEMENT

o]
AsE
u[5
AaE
o[
AIE
o[
cS| 8

GND| ¢

Y e

(Top View)
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HM6148LP, HM6148LP-6

BMTRUTH TABLE

CS WE Mode Vee Current 1/0 Pin Reference Cycle
H x Not Selected Iss, Isai ' High Z

L H Read Icc Dout Read Cycle

L L Write Icc Din Write Cycle

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

Item Symbol min typ max Unit
Suvoly Vol Vee 4.5 5.0 5.5 \
oltage
upply Yollag GND .0 0 0 v
Vin 2.4 3.5 6.0 \4
Input Voltage
Vie —0.3* — 0.8 A

* Vi min=—1.0V (Pulse width=50ns}

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

Item Symbol Test Condition min typ* max Unit

Input Leakage Current [ 1] Vee=5.5V, Vi.=GND to Vcc - — 2.0 HA
Output Leakage Current | Io] CS=V, Vio=GND to Vcc — — 2.0 pA
Operating Power Supply Current Icc CS=Vi,, Lo=0mA - 35 80 mA

Ica CS=V,., Minimum Cycle, Duty=100%, I.0=0mA - 40 80 mA
Average Operating Current

Tcca** Cycle=150ns, Duty=>50%, I.0o=0mA — 35 - mA

Iss CS=Vi — 5 12 mA
Standby Power Supply Current —

Ism CS=Vec—0.2V, V.=0.2V or V,,2Vec—0.2V — 1 100 HA

Voo Io.=8mA — — 0.4 v
Output Voltage

Vou | Ton=—3.2mA 2.4 - - v

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

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

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

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

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

InputPulse Levels « .« oo v i ittt e e GND to 3.0V
InputRise and Fall Times « v v oo v i e v nniiieenn . 10ns
Inputand Output Timing Reference Levels - - - - .. .. ...... 1.5V
OULPUL L0 + + t v vttt ettt et it e See Figure .
Load Circuit(A) Load Circuit(B)
Vee Yee
5100 5100

Dout Do

) 3300
3300 30pF W—j;
* includes probe and

jig capacitance.

SpF
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® READ CYCLE

HM6148LP, HM6148LP-6

HM6148LP HM6148L.P-6
Parameter Symbol - - Unit
min max min max
Read Cycle Time tre 70 — 85 - ns
Address Access Time taa — 70 — 85 ns
Chip Select Access Time tacs — 70 — 85 ns
Output Hold from Address Change ton 5 — 5 - ns
Chip Selection to Output in Low Z* trz 10 — 10 - ns
Chip Deselection to Output in High Z* tuz 0 40 0 40 ns
Chip Selection to Power Up Time tey 0 — 0 — ns
Chip Deselection to Power Down Time tro — 40 — 40 ns
* Transition is measured =500mV from high impedance voltage with Load B. This parameter is sampled and not 100% tested.
® WRITE CYCLE
HM6148LP HM6148LP-6
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 taw 65 — 80 — ns
Address Setup Time tas 15 — 15 — ns
Write Pulse Width* et 50 - 60 — =
twpe 65 — 80 — ns
Write Recovery Time twr 5 — 5 — ns
Data Valid to End of Write tow 30 — 35 — ns
Data Hold Time ton 5 — 5 — ns
Write Enabled to Output in High Z** twz 0 35 0 45 ns
Output Active from End of Write** tow 0 — 0 — ns

Notes) * When the CS low transition occurs simultaneously with the WE low transition or after the WE transition, 1/0 pins remain in a high impedance

state. In this case twpi, in the other case twpz(=twz+tow).
*% Transition is measured £500mV from high impedance voltage with Load B. This parameter is sampled and not 100% tested.

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

Address

)

previous
data valid

Data out

Data valid

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

High impedance

Data out

Vec supply

current

TN

N

Y,

bt

- th 2

Data valid

f—tpD-

Notes) 1. WE is high for Read Cycle.

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

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

—

High impedance
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HM6148LP, HM6148LP-6

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

atress X X

Address }( )(

—_— @81
o tw R
twp1-(2)
TE SN\ \ y. 04

b

%% | -

P,

wz @)

la—t4s . (2}
WE % N y
tou,(6)
- DW it
| tow () toH
m
ya High Impedance
Dout Mma—n——
ot TN S SN S~ 7

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

tox

RRRRIIIIIIIK —— PRIXKHKIL

) High Impedance

ﬁotes)

L.

2.
3.

CS and WE are paced in the WRITE state during low level period

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

of write cycle.

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

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

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

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

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

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

7. Dout is the same phase of write data of this write cycle.
BMLOW V. DATA RETENTION CHARACTERISTICS (Ta=0 to +70°C)

Parameter Symbol Test Condition min typ max | Unit
Vce for Data Retention Vor CS2Vec—0.2V, ViazVee—0.2V or V,£0.2V 2.0 - — \Y
Data Retention Current Iccor Vee=2.0V, CS21.8V, V..=1.8V or V,,<0.2V — — 40 HA
Chip Deselect to Data Retention Time tcor 0 — - ns

: - See Retention Waveform

Operation Recovery Time tr trc* - — ns

* trc=Read Cycle Time

®LOW V.. DATA RETENTION WAVEFORM
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Address Access Time taa (Normalized)

Supply Current Icc (mA)

Supply Current Icc (mA)

ACCESS TIME vs. Vc

1.2

Ta=25C

T~

Address Access Time taa (Normarized)

08

10
. \
0.8

4.5 4.75 5.25

SUPPLY CURRENT vs. Vc

50

Supply Voltage Vce (V)

5.5

Ta=25C

30

20

7

Supply Current(Stand By) Iss (mA)

4.5 4.75

SUPPLY CURRENT vs. Ta

50

5.25
Supply Voltage Vee (V)

40

Vee=5V

20

—

5.5

Supply Current(Stand By) Iss (mA)

0 20

60

Ambient Temperature Ta ('C)

80

HM6148L.P, HM6148LP-6

ACCESS TIME vs. Ta

1.2

Vee=5vV

\

—r

\

=

0 20 40 60 80

Ambient Temperature Ta (°C)

SUPPLY CURRENT vs. Vc

Ta=25"C

/

4.5 4.75 5.0 5.25 5.5
Supply Voltage Vee (V)

SUPPLY CURRENT vs. Ta

8
Vee=5V

6
4

\\

\\

2
0

0 20 40 60 -80

Ambient Temperature Ta ('C)
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HM6148LP, HM6148LP-6

74

Supply Current(Stand By) IccL(Normalized)

10

0.5

0.1

SUPPLY CURRENT vs. Ve

(STANDBY)
|
Ta=25C
I
] I
3.0 5.0 6.0

Supply Voltage Ve (V)

Supply Current{Stand By! Iccr{ Normalized)

0.5

0.1

SUPPLY CURRENT vs. Ta
(STANDBY)

Vee=5V /

//

/|

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




HV4315P

4096-word X 1-bit Static Random Access Memory

Low Power Standby
Low Power Operation
Data Retentien
Access Time

On Chip Address Register
Si Gate CMOS Technology

HEBLOCK DIAGRAM

TTL/CMOS Compatible Input/Output

Ag0—

Aio—  Latched h Row
Az0—]  Address H

Ay 0—— Register ,_; Decoder
Ajo—

L I

Memory
Matrix
32 x 128

(]

10uW typ.
20mW typ.
2.0V
450 ns max.

=0 Ve

—~——0 GND

Column Decoder

(DP-18)

HPIN ARRANGEMENT

Din i . and Data 170 Dout
Y
J e As E 18§ Vee
= Clock
WE Gen. Az E 17 ] As
Latched
3
Address As D 16] As
e Clcock | Register As E 15| As
en.
LT o] e
As As A7 As As Aio An
An % 131 A1
Dout | 7 12] A
BABSOLUTE MAXIMUM RATINGS ?
WE i
Item Symbol Value Unit § 1] Din
Supply Voltage* Vee —0.3 to +7.0 Y GNDE 10{CE
Terminal Voltage* Vr —0.3 to Vec+0.3 \4 (Top View)
Power Dissipation Pr 1.0 W
Operating Temperature Toor 0 to +70 C
Storage Temperature Tos —55 to +125 ‘C
* with respect to GND
BRECOMMENDED DC OPERATING CONDITION (Ta=0 to +70°C)
Item Symbol min typ max Unit
Vee 4.5 5.0 5.5
Supply Voltage
GND 0 0 0 \
Vin 2.4 — Vee+0.3 v
Input Voltage
Vie —0.3 - 0.8 \Y




HM4315P

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

Item Symbol Test Condition min typ max Unit
Input Leakage Current I Vin=0~Vec —-1.0 — 1.0 MA
Output Leakage Current "o CE=Vit, Vour=0~Vcc —1.0 — 1.0 LA
Icc, CE=Vcc, Viv=Vec or 0V, Output Open — — 1.0 mA
Operating Power Supply Current
Icc: CE=2.4V, Vin=2.4V, Output Open — 2.5 5.0 mA
Tccs VinzVee—0.2V, f=1MHz, duty 50% et 4 10 mA
Average Power Supply Current
Icca Vin=2.4V, f=1MHz, duty 50% — 6 15 mA
Standby Power Supply Current Icce CE=0.2V - 2 100 KA
Voo Ip.=2.0mA — — 0.4 A%
Output Voltage
Vou Ton=—1.0mA 2.4 — - v
BCAPACITANCE (Ta=25C, f=1MHz)
Item Symbol Test Condition min typ max Unit
Input Capacitance Cin V=0V — 3 5 pF
Output Capacitance Cout Vour =0V — 7 10 pF
BLOW V. DATA RETENTION CHARACTERISTICS (Ta=0 to +70°C)
Item Symbol Test Condition min typ max Unit
Ve for Data Retention Vor - CE=0.2V 2.0 — — v
Data Retention Power Supply Current Iccor CE=0.2V, Vor=2.0V — 0.5 50 HA
Chip Deselect to Data Retention Time tcor 0 — - ns
Operation Recovery Time tr tc* — - ns

* tc=Cycle time

BLOW V.. DATA RETENTION TIMING

Data Retention Mode

4.0V 4.0V
Vee ﬂ

teor

CE
oV

04V 0.4V

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

Input High Level «..vvvvinereinnn ., 2.4V

Input Low Level . .....ooviii i, 0.8V

Input Rise and Fall Times «« - «.cvovveenen. 20ns

Timing Measurement Levels. .. .........ovvnn 2.4V, 0.8V

Reference Level « « v oo v v eeremennaenennennns VOH = 2.0V, VgL =08V
Output Load « -+ v vveveevnin i 1TTL +C = 100pF
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HM4315P

Item Symbol min max Unit
Read or Write Cycle Time TEHEH (tc¢) 640 — ns
Random Access Time TEHQV (tac) — 450 ns
Chip Enable Pulse Width TEHEL (tce) 450 — ns
Chip Enable Precharge Time TELEH (tp) 150 — ns
Address Hold Time TEHAX (tan) 200 — ns
Address Setup Time TAVEH (tas) 20 — ns
Output Buffer Turn-off Delay TELQZ (t.y) 0 100 ns
Write Enable Setup Time TEHWL (tws) —20 — ns
Data Input Hold Time TWHDX (tom) 60 — ns
Data Input Hold Time referenced to CE TELDX (tos2) 40 — ns
Write Enable Pulse Width TWLWH (tww) 120 — ns
Chip Enable to Write Enable Delay* TEHWL (tcwo) 350 - ns
WE to CE Precharge Lead Time TWLEL (twes) 150 — ns
Data Input Setup Time TDVWH, TDVEL((ips) 100 — ns
Write Enable Hold Time TEHWH (tws) 300 — ns
Read Setup Time TWHEH (izs) 0 — ns
Read Hold Time TELWL (tzs) 0 — ns
Chip Enable Rise/Fall Time TT(tr) — 300 ns

# Read -Modify Write Cycle.
®READ CYCLE

cE Z \t;

S R O L

u«s——l bt ISy E—

P—*UL’—-——J [—toss

HIGH-2 7

HIGH-Z
Dout { VALID DATA OUTPUT >———
N

®EARLY WRITE CYCLE

" N\

tAS
X
A
W S
m XX

HIGH-Z

Dout
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HM4315P

® READ MODIFY WRITE CYCLE AND READ WRITE CYCLE

fa——t P

CE

LAS
Fo 2ot

R
A ADD VALID ><
A

W PL ]

LW W ]
WE
| tonz

" tom

Din DATA VALID
XXXXZWL—J

to—t0/ (=4

HIGH-Z

g
A

Notes) %1 Read-Modify -Write Cycle lcwp = 350ns, tce=550ns.
*2 Read-Write Cycle.

lectmA) 14

Note) Vec=5.0V, Ta=25C
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Access Time(Normalized)

Average Supply Current Iccs (mA)

Input Voltage (V)

ACCESS TIME vs. SUPPLY VOLTAGE

Ta=70C

12 &
~N

0.6

0.4

4.0 5.0 6.0
Supply Voltage Vce (V)

AVERAGE SUPPLY CURRENT
vs. SUPPLY VOLTAGE

12
Ta=25C
10
8
° -
L]
4
2 A/

4.0 50 6.0
Supply Voltage Vcc (V)

INPUT VOLTAGE
vs. SUPPLY VOLTAGE

25
Ta=25C|
Vin(min)
-
20 e
7 Vii(max)
-
15 = —
//
1.0
05
40 5.0 6.0

Supply Voltage Vec (V)

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

Input Voltage (V)

ACCESS TIME
vs. AMBIENT TEMPERATURE

16 I
Vee=45V
14
12 el
/ ~
10 Pz
//
08
0.6
04
~20 0 20 40 60 80 100
Ambient Temperature Ta (°C)
AVERAGE SUPPLY CURRENT
vs. AMBIENT TEMPERATURE
12
Vec=5V
10
8
6
e
2
0
-20 0 20 40 60 80 100

Ambient Temperature Ta ('C)

INPUT VOLTAGE
vs. AMBIENT TEMPERATURE

25
Vee=5V
20 =
Vin(min)
1 —
15
*}\.—\ ViL{max)
o
10
0.5
=20 0 20 40 60 80 100

Ambient Temperature Ta (‘C)

HM4315P
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HM6147,HM6147-3

HM6147P,HM6147P-3

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

BFEATURES

® Single 5V Supply and High Density 18 Pin Package

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

® Low Power Standby and Low Power Operation, .
Standby:100uW typ., Operation: 75mW typ.

Required

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
Pin-out Compatible with Intel 2147 NMOS STATIC RAM

EBLOCK DIAGRAM

As O—' % ‘ — Ve

Az Row Memory Matrix

A o——.‘Z: Decoder 3 64X64 oD

Ao O_K

As  O—f

A O—

Din Column 1/0 Dout
Column Decoder

= RiRRleken

OOO(LOO
Az Ac As Ae Aw An

EABSOLUTE MAXIMUM RATINGS

Completely Static Memory — No Clock nor Timing Strobe

HM6147, HM6147-3

{DG-18)

HM6147P. HM6147P-3

‘DP-181

HPIN ARRANGEMENT

Ao Ej i 18] vee
a[z] [17] 46
a3 [16] &0
af1 [15] 4
Al% EA;

#s[] 73] w
DOME '1_?] An

Item Symbol Rating i Unit WE m El Din
Voltage on Any Pin relative to GND* Vr —0.5 to +7.0 \Y GNDE E Cs
Power Dissipation Pr 1.0 w
Operating Temperature Tor 0 to +70 ‘C (Top View
Storage Temperature(Ceramic) Tos —65 to +150 C
Storage Temperature(Plastic) Tots —55 to +125 ‘C
* Viymin=—1.0V (Pulse Width < 20ns)
BMRECOMMENDED DC OPERATING CONDITIONS (0°C < Ta<70C)
Parameter * Symbol min typ max Unit
Vee 4.5 5.0 5.5 \'
Supply Voltage GND o o 0 v
Input High (logic 1) Voltage Vin 2.2 3.5 6.0 v
Input Low (logic 0) Voltage Viu —0.3* — 0.8 \

%* Vi min=-—1.0V(Pulse width=20ns)
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HM6147, HM6147-3, HM6147P, HM6147P-3

MDC AND OPERATING CHARACTERISTICS (0°C=Ta=<70°C, Vec=5V+10%, GND=0V)
Parameter Symbol Test Conditions min typ max Unit Notes
Input Leakage Current |10l Vee=5.5V, GND to Vec — - 2.0 HA
Output Leakage Current [ 1ol CS=Vin, Viuw=0~Vec — — 2.0 KA
Operating Power Supply Current(1) DC Icc CS=V,., Output open — 15 35 mA
Operating Power Supply Current(2) DC Ica (‘ii; Z[CI:_‘O/[.NZ%IO‘ZV or — 12 — mA 2)
Average Operating Current(3) Icce Cycle 150ns, duty 50% — 14 — mA (2)
Standby Power Supply Current(1) DC Isg CS=Vix — 5 12 mA
Standby Power Supply Current(2) DC Isz (I‘;ji(g,.c;\;?)f\(/;"g Vee—0.2V — 20 800 HA
Output Low Voltage Voo Io.=12mA — — 0.40 \%
Output High Voltage Vou Ton=-—8.0mA 2.4 — — M
Note) 1. Typical limits are at Vcc=5.0V, Ta=25'C and specified loading.
2. Reference only
Ve
HAC TEST CONDITIONS
e Input pulse levels: GND to 3.5V 5100
e Input rise and fall times: 10 ns
e Input and output timing reference levels: 1.5V Dot
e Output load: See Figure 1 3000 30pE*
* Including scope & jig capacitance
Figure 1 Output Load
BCAPACITANCE (Ta=25C, f=1.0MHz)
Item Symbol Conditions max Unit
Input Capacitance Cin Vi.=0V 5 pF
Output Capacitance Cout Vour =0V 7 pF
Note) This parameter is sampled and not 100% tested.
BAC CHARACTERISTICS (Ta=0°C to 70°C, Vec=5VE10%, unless otherwise noted.)
®READ CYCLE
Parameter Symbol - HM6147/P -3 - HM6147/P Unit
min max min max
Read Cycle Time tre 55 — 70 - ns
Address Access Time taa — 55 - 70 ns
Chip Select Access Time tacs — 55 — 70 ns
Output Hold from Address Change tow 5 — 5 — ns
Chip Selection to Qutput in Low Z trz 10 — 10 — ns
Chip Deselection to Output in High Z tuz 0 40 0 40 ns
Chip Selection to Power Up Time tpy 0 — 0 — ns
Chip Deselection to Power Down Time tep — 30 — 30 ns
®WRITE CYCLE
Parameter Symbol - HM6147/P -3 - HM6147/P Unit
min max min max
Write Cycle Time twe 55 — 70 — ns
Chip Selection to End of Write tcw 45 - 55 — ns
Address Valid to End of Write taw 45 — 55 — ns
Address Setup Time tas 0 — 0 — ns
Write Pulse Width twep 35 — 40 - ns
Write Recovery Time twr 10 - 15 — ns
Data Valid to End of Write tow 25 — 30 — ns
Data Hold Time ton 10 — 10 - ns
Write Enabled to Output inh High Z twz 0 30 0 35 ns
Output Active from End of Write tow 0 — 0 - ns
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HM6147, HM6147-3, HM6147P, HM6147P-3

© TIMING WAVEFORM OF READ CYCLE NO.1<’®

Address X

previous
data valid

Data out Data valid

= '__\\ Z/—_

b tH £

f———tt.2

High impedance . High impedance
Data out 7 Data valid

fmt 12

Ve supply

current

Notes: 1. WE is high for READ Cycle.

2. CS'is low for READ Cycle.

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

© TIMING WAVEFORM OF WRITE CYCLE

- X

Data in X Data in valid

Data out Data undefined P

High impedance




Supply Current Icc,lccz (mA)

Access Time (Normalized)

Access Time Ataa, Atacs

SUPPLY CURRENT
vs. SUPPLY VOLTAGE

30
Ta=25C
25
Icc /
15

/’/{

0
4.5 4.75 5.0 5.28 55
Supply Voltage Vee (V)

ACCESS TIME
vs. SUPPLY VOLTAGE

13

Ta=25C

taa, tacs

09

0.8

0.7

4.5 4.75 5.0 5.25 55
Supply Voltage Vec (V)

ACCESS TIME
vs. LOAD CAPACITANCE

20

Ta=25C
Vee=MIN

i T
/

0 100 200 300 400
Load Capacitance Cr (pF)

!

Access Time(Normalized)

Supply Current Iccz (Normalized)

Supply Current Icc,lcce (mA)

SUPPLY CURRENT
vs. AMBIENT TEMPERATURE
30

Vee=5.0V
25 cC
20
15 —2
\.h—
Ieca| ————rd
10
5
0
0 20 40 60 80

Ambient Temperature Ta ('C)

ACCESS TIME
vs. AMBIENT TEMPERATURE
13

Vee=5.0V

1.2

11

taa tacs L

° ///

0.9

08

0.7

0 20 40 60 80

Ambient Temperature Ta (°C)

SUPPLY CURRENT

vs. FREQUENCY
16 ' ——

150ns 70n: S5ns

14
12 /
10 -

/ Ta=25C
0.8
0.6
04

0 5 10 15 20

Frequency f {MHz)

HM6147, HM6147-3, HM6147P, HM6147P-3
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HM6147LP,HM6147LP-3

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

BWFEATURES

Single 5V Supply and High Density 18 Pin Package

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

Low Power Standby and Low Power Operation,

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

Completely Static Memory — No Clock nor Timing Strobe
Required

No Peak Power—On Current

No Change of t4 og with Short Chip Deselect Time

Equal Access and Cycle Time

Directly TTL Compatible — All Input and Output
Separate Data Input and Output: Three State Output
Capability of Battery Back up Operation

Pin-out Compatible with Intel 2147 NMOS STATIC RAM

HEBLOCK DIAGRAM

(DP-18}

o ) -— Ve
A o——fg ] Row Memory Matrix HPIN ARRANGEMENT
A"‘_K Decoder j 64 x 64 GND o
A o——Pg ] K 18] Vec
As r—-wj N E E "
A o—F ] -
U ‘\zE E A
Din Column 1/0 Dout AZE E 4
Column Decoder A‘E E Ao
% [7] 73] 410
cs DoulE E An
ﬁ E E Din
wE GNDE [10] cs
Az A As As A An (Top View)
HABSOLUTE MAXIMUM RATINGS
Item Symbol Rating Unit
Voltage on Any Pin relative to GND* Vr —0.5 to +7.0 v
Power Dissipation Pr l:O w
Operating Temperature Topr 0 to +70 °C
Storage Temperature Tore —55 to +125 °C
* V. min=-—1,0V (Pulse Width < 20ns)
BRECOMMENDED DC OPERATING CONDITIONS (0°C=Te<70C)
Parameter Symbol min typ max Unit
Vee 4.5 5.0 5.5
Supply Voltage
GND 0 0 0 v
Input High (logic 1) Voltage ' Vin 2.2 3.5 6.0 v
Input Low (logic 0) Voltage Vi —-0.3* — 0.8 \Y

* Vi min=—1.0V (Pulse width=20ns)
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HM6147LP, HM6147LP-3

HDC AND OPERATING CHARACTERISTICS (0'C=Ta<70°C, Vec=5Vx10%, GND=0V)

Parameter Symbol Test Condition min typ max Unit Notes
Input Leakage Current [ Il Vee=5.5V, GND to Vec - — 2.0 HA
Output Leakage Current [ 1.0} CS=Viu, Viu—=0~Vee - — 2.0 HA
Operating Power Supply Current(1) DC Icc CS=Vy, Output open — 15 35 mA
Operating Power Supply Current(2) DC Iccy CS=Vhu, Vin=0.2V or — 12 — mA (2)
ViezVec—0.2V
Average Operating Current(3) Icce Cycle 150ns, duty 50% — 14 — mA (2)
Standby Power Supply Current(1) DC Iss CS=V - 5 12 mA

Standby Power Supply Current(2) DC 1 CS2Veem0. 2V, Viu=0.2V or - 1 100 A
andby Power Supply Curren sB1 Vo2 Vee—0.2V u

Output Low Voltage ‘oL Io.=12mA - — 0.40

Output High Voltage Vou Io=—8.0mA 2.4 — —

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

BMAC TEST CONDITIONS

® Input pulse levels: GND to 3.5V
Input rise and fall times: 10 ns
Input and output timing reference levels: 1.5V s 0pE"
Output load: See Figure 1 '

510

Dout

* Including scope & jig capacitance
Figure 1 Output Load

BCAPACITANCE (Te=25°C, f=1.0MHz)

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

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

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

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

Read Cycle Time tre 55 - 70 — ns
Address Access Time taa - 55 - 70 ns
Chip Select Access Time tacs - 55 — 70 ns
Output Hold from Address Change ton 5 — 5 - ns
Chip Selection to Output in Low Z tiz 10 — 10 - ns
Chip Deselection to Output in High Z thz 0 40 0 40 ns
Chip Selection to Power Up Time tpr 0 - 0 — ns
Chip Deselection to Power Down Time tro — 30 - 30 ns
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HM6147LP, HM6147LP-3

®WRITE CYCLE

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

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

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

Address )

previous

data valid Data valid

Data out

® TIMING WAVEFORM OF READ CYCLE NO.2V®

VN §

pr——tiz
High impedance
Data out 1

Vcc supply

pem-thiz

High impedance
Data valid

p 11

current

NOTES: 1. WE is high for READ Cycle.
2. CSislow for READ Cycle,
3. Addresses valid prior to or coincident with CS transition low.
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© TIMING WAVEFORM OF WRITE CYCLE

C

R

} ton

Data in valid

X
cs
WE

Data in

Data out Data undefined

po——twz q

A High impedance

HELOW V.. RETENTION CHARACTERISTICS (Te=0C to 70°C)

HM6147LP, HM6147LP-3

Parameter Symbol Test Condition min typ max Unit
Vie for Data Retention Vi CS-“Vee 0.2V, V. -Vee 0.2V or -20.2V 2.0 — — \Y
Data Retention Current Teenk | Voo -2.0V, CS--1.8V, V.,.-"1.8V or 0.2V - - 40 uA
Chip Deselect to Data Retention Time | tcnk 0 - — ns
Operation Recovery Time I Lie® — - ns

* Iy Read Cycle Time

®LOW Vcc RETENTION CHARACTERISTICS

tenn

Data Retention Mode

Vor2 2.0V

2.2V

2.2V
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HM6147H-35, HM6147H-4 5 Preliminary
HM6147HP-35, HM6147HP-45

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

BMFEATURES

® Single 5V Supply and High Density 18 Pin Package

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

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

Completely Static Memory — No Clock nor Timing Strobe
Required

No Peak Power—On Current

No Change of t4 og with Short Chip Deselect Time

Equal Access and Cycle Time

Directly TTL Compatible — All Input and Output

Separate Data Input and Output: Three State Output

Plug-In Replacement with Intel 2147H NMOS STATIC RAM

EBLOCK DIAGRAM

HM6147H-35, HM6147H-45

(DG-18)

HM6147HP-35, HM6147HP-45

® 0 00 0 v

Aoy > _— e
\ o] Row Memory Matrix
\ [ Decoder D 64 x 64 GND
v o—LF ] v
wo—F
Q (DP-18)
Din Column 170 Dot
Column Decoder HPIN ARRANGEMENT
—_— p—
cs MR Evl.
o[ e
Al 4 15] As
Ar Ac A Ay A An C 3

afs 14| A
N 1] A
MABSOLUTE MAXIMUM RATINGS
. Dout E E An
Item Symbol Rating Unit J— E [
Wi |8 Di
Voltage on Any Pin relative to GND| V7 ~3.5%t0 +7.0 v ' 1] -
DC Output Current I. 20 mA “‘“’E o] €S
Power Dissipation Pr 1.0 W Top View
Operating Temperature T, 0 to +70 C
Storage Temperature (under bias) Toigoiass —-10 to +85 °C
Storage Temperature (Ceramic) Tus —65 to +150 °C
Storage Temperature (Plastic) T —-55 to +125 °C

* Pulse Width 20ns, DC: 0,5V

Note) The specifications of this device are subject to change without notice.
Please contact your nearest Hitachi’s Sales Dept. regarding specifications.
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HM6147H-35, HM6147H-45, HM6147HP-35, HM6147HP-45

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

Parameter Symbol min typ max Unit
Vee 4.5 5.0 5.5 v

Supply Volt
tppy Yoltage GND 0 0 0 v
Input High (logic 1) Voltage Vin 2.0 3.0 6.0 A
Input Low (logic 0) Voltage ViL —3.0* — 0.8 \Y

* Pulse Width 20ns, DC . —0.5V

EDC AND OPERATING CHARACTERISTICS (0°C=Tas70°C, Vec=5V%10%, GND=0V)

Parameter Symbol Test Condition min typ max Unit
Input Leakage Current | Ior] Vee=5.5V, GND to Vec — — 2 HA
Output Leakage Current | Io | CS=Viy, Vour=0V~Vce — — 2 KA
Operating Power Supply Current(1) DC Icc CS=V;., Output open — 30 80 mA
Operating Power Supply Current(2) DC Icor CS=V,., Minimum Cycle - 40 80 mA
Standby Power Supply Current(1) DC Iss CS=Vis, Vec=Min to Max — 8 20 mA
Standby Power Supply Current(2) DC Ism €82 Vec—0.2V, - 20 800 HA

Vin=0.2V or VinzVec—0.2V

Output Low Voltage Voo IoL=8mA — - 0.40 v
Output High Voltage Vou Ioy=—4mA 2.4 - — v

Note) 1. The operating ambient temperature range is guaranteed with transverse air flow exceeding 400 linear feet minute.
2. Typical limits are at Vec=5.0V, Ta=25°C and specified loading.

BAC TEST CONDITIONS

Input pulse levels: GND to 3.0V
Input rise.and fall times: 5 n? Output Load A Dout
Input timing reference levels: 1.5V
Output load: See Figure
Output timing reference levels: 1.5V (HM6147H/P-35)
0.8 to 2.0V (HM6147H/P-45)

510Q

3300 30pF*

* Including scope & jig capacitance

Vee
5100
Dout
Output Load B 4500 SoF
BCAPACITANCE (Ta—25C, f=1.0MHz)
Item Symbol Conditions max Unit
Input Capacitance Cin V=0V 5 pF
QOutput Capacitance Cour Vou =0V 6 pF

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

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

®READ CYCLE

unless otherwise noted.)

HM6147H/P-35 HM6147H/P-45
Parameter Symbol Unit Notes
min max min max
Read Cycle Time trc 35 — 45 — ns 1)
Address Access Time taa - 35 — 45 ns
Chip Select Access Time tacs — 35 — 45 ns
Output Hold from Address Change ton 5 - 5 - ns
Chip Selection to Output in Low Z trz 5 — 5 — ns 2),(3), (M
Chip Deselection to Output in High Z thz 0 30 0 30 ns (2, (3), (M
Chip Selection to Power Up Time o tey 0 — 0 - ns
Chip Deselection to Power Down Time tep - 20 — 20 ns
© TIMING WAVEFORM OF READ CYCLE NO.1¢®
tae |
Address ><
[ i
tow
Data Out Previous Data Valid >< >< Data Valid
© TIMING WAVEFORM OF READ CYCLE NO.2“ ¢
tRC
T X ‘
tacs
tHz
tLz
. Y .
Data Out High Impedance X X_X Data Valid High Impedance
tey tep
Vee Supply Pkttt
Iec {50% 50%
Current Iss
Notes: 1. All Read Cycle timings are referenced from last valid address to the
first transitioning address.
2. At any given temperature and voltage condition, £47Z max. is less than

90
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7,7 min. both for a given device and from device to device.

specified loading in Load B.

. WE is high for READ Cycle.
. Device is continuously selected, CS=V7rL.
. Addresses valid prior to or coincident with CS transition low.
. This parameter is sampled and not 100% tested.

. Transition is measured *500mV from steady state voltage with



®WRITE CYCLE

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

HM6147H/P-35 HM6147H/P-45
Parameter Symbol - - Unit Notes

min max min max

Write Cycle Time twe 35 —_ 45 — ns 2)

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

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

Address Setup Time tas 0 — 0 - ns

Write Pulse Width twe 20 — 25 — ns

Write Recovery Time twr 0 — 0 — ns

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

Data Hold Time ton 10 - 10 - ns

Write Enabled to Output in High Z twz 0 20 0 25 ns (3), (4)

Output Active ‘from End of Write tow 0 — 0 — ns (3), @)

® TIMING WAVEFORM OF WRITE CYCLE (WE CONTROLLED)

we

Address

X

- T

f

tas

\\\\ /

P tow

Data In

* Data In Valid

twz

Data Out

Data Undefined

High Impedance

® TIMING WAVEFORM OF WRITE CYCLE (CS CONTROLLED)

twe

o X X
B X ¥
B NN\ X 7/
L tow ton
Data In
Data In Valid
Data Qut

Data Undefined

Notes:

Note) TS or WE are High for Address Transition

High Impedance

. 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.

. This parameter is sampled and not 100% tested.

1
2
3. Transition is measured +500mV from steady state voltage with specified loading in Load B.
4
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HM614 7HLP-35,HM6147HLP-45

—Preliminary—
4096-word X1-bit High Speed Static CMOS RAM

HEFEATURES

® Single 5V Supply and High Density 18 Pin Package

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

® Low Power Standby and Low Power Operation,

Standby; BuW. typ., Operation: 150mW typ.

Completely Static Memory — No Clock nor Timing Strobe
Required

® No Peak Power—On Current
® No Change of t4 o5 with Short Chip Deselect Time
® Equal Access and Cycle Time
® Directly TTL Compatible — All Input and Output
® Separate Data Input and Output: Three State Output (DP-18)
® Plug-In Replacement with Intel 2147H NMOS STATIC RAM
® Capable of Battery Back up Operation HPIN ARRANGEMENT
HBLOCK DIAGRAM -
1] E Vee
o—(F ] _ -_—
A ,_.._,_K F(ow Memory .Malrnx Al E EA&
.“\s$ Decoder :> 64 x 64 - o o AzE Em
e ¥ o 5] o
Ao o——PF— w5 E A
0 As E EAN
Din Column 1/0 Dout Dout E .l_—z_lA”
Column Decoder -W—F: E E Din

= ah
)

3 Ac As

BABSOLUTE MAXIMUM RATINGS

10

Item Symbol Rating Unit
Voltage on Any Pin relative to GND| Vr —3.5* to +7.0 v
Power Dissipation Pr 1.0 w
Operating Temperature ‘ Topr 0 to +70 ‘C
Storage Temperature (under bias) Torschian —10 to +85 C
Storage Temperature Toe —55 to +125 ‘C

* Viv min=—0,5V (Pulse width=20ns)

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

Parameter Symbol min typ max Unit

Vee 4.5 5.0 5.5 A

Supply Voltage oND 0 o 0 v
Input High (logic 1) Voltage Vin 2.2 3.0 6.0 A
Input Low (logic 0) Voltage Vie —3.0* - 0.8 \Y

* Vi, min=—0.5V(Pulse width<20ns)

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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HM6147HLP-35, HM6147HLP-45

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

Parameter Symbol Test Condition min typ max Unit
Input Leakage Current [ I/ | Vee=5.5V, GND to Vec — — 2 HA
Output Leakage Current | To| CS=Vin, Var=0V~Vece - - 2 KA
Operating Power Supply Current(1) DC Icc CS=V,., Output open — 30 80 mA
Operating Power Supply Current(2) DC Icch CS=V;., Minimum Cycle - 40 80 mA
Standby Power Supply Current(1) DC Iss CS=Vi, Vcc=Min to Max — 5 15 mA
Standby Power Supply Current(2) DC I C82 Vee—0.2%, - 1 100 A
andby Power Supply Curren 581 VinZ0.2V or Vie2 Veo—0.2V M
Output Low Voltage Vor IoL=8mA — — 0.40 A
Output High Voltage Vou Ioy=—4.0mA 2.4 — —
Note) 1. The operating ambient temperature range is guaranteed with transverse air flow exceeding 400 linear feet per minute.
2. Typical limits are at Vec=5.0V, Ta=25C and specified loading.
Vee
HMAC TEST CONDITIONS
e Input pulse levels: GND to 3.0V sioa
e Inputrise and fall times: 5 ns Dout
® Input timing reference levels: 1.5V Output Load A .
e Output load: See Figure 3300 30pF
o

Output timing reference levels:

1.5V (HM614HLP-35)
0.8 to 2.0V (HM614HLP-45)

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

Output Load B

* Including scope & jig capacitance

510Q

P

L
33002
T‘j;

SpF

Item Symbol Conditions max Unit
Input Capacitance Cin Via=0V 5 pF
Output Capacitance Cout Vour=0V 6 pF
Note) This parameter is sampled and not 100% tested.
HBAC CHARACTERISTICS (Ta=0°C to 70°C, Vec=5V110%, unless otherwise noted.)
®READ CYCLE
HM6147HLP-35 HM6147HLP-45
Parameter Symbol - Unit Notes
mn max min max
Read Cycle Time tre 35 — 45 — ns m
Address_Access Time taa - 35 - 45 ns
Chip Select Access Time tacs - 35 - 45 ns
Output Hold from Address Change ton 5 — 5 - ns
Chip Selection to Output in-Low Z tiz 5 — 5 — ns (2),(3), (M
Chip Deselection to Output in High Z thz 0 30 0 30 ns (23,03, (™
Chip Selection to Power Up Time try 0 — 0 - ns
Chip Deselection to Power Down Time tpo - 20 — 20 ns
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HM6147HLP-35, HM6147HLP-45

©® TIMING WAVEFORM OF READ CYCLE NO.1“’*”

Address

tac

A

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

© TIMING WAVEFORM OF READ CYCLE NO.2“

s

tac

|

tacs thz
iz
) s High Imped
K
try 1]
Vec Supply T
Icc 50% 50%
Current Iss
Notes: 1. All Read Cycle timings are referenced from last valid address to the

first transitionining address.

. At any given temperature and voltage condition, HZ max. is less than

{LZ min. both for a given device and from device to divice.

3. Transition is measured +500mV from steady state voltage with
specified loading in Load B.
4. WE is high for READ Cycle.
S. Device is continuously selected, CS=Vpz..
6. Addresses valid prior to or coincident with CS transition low.
7. This parameter is sampled and not 100% tested.
®WRITE CYCLE
. HM6147HLP-35 HM6147HLP-45
Parameter Symbeol - - Unit Notes
min max min max
Write Cycle Time twe 35 — 45 — ns (2)
Chip Selection to End of Write tew 35 — 45 — ns
Address Valid to End of Write taw 35 — 45 — ns
Address Setup Time tas 0 — 0 - ns
Write Pulse Width twp 20 - 25 — ns
Write Recovery Time twr 0 — 0 — ns
Data Valid to End of Write tow 20 — 25 - ns
Data Hold Time ton 10 — 10 — ns
Write Enable to Output in High Z twz 0 20 0 25 ns (3), (4)
Output Active from End of Write tow 0 — 0 — ns (3),(4)
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® TIMING WAVEFORM OF WRITE CYCLE (WE CONTROLLED)

twe

HM6147HLP-35, HM6147HLP-45

Address

X

A\

. Tow

Data In

Data In Valid

X

twz

Data Out Data Undefined

High Impedance

@ TIMING WAVEFORM OF WRITE CYCLE (CS CONTROLLED)

tne

Address —_\<
—

X

Data In Valid *

Data Ot
Data Undefined

High Impedance

Note: CS or WE are High for Address Transition

Notes:

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

. All Write Cycle timings are referenced from the last valid address to the first transitioning address.

. This parameter is sampled and not 100% tested.

1
2
3. Transition is measured +500mV from steady state voltage with specified loading in Load B.
4

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

Item Symbol Test Condition min typ max Unit
CSz=Vec—0.2V
Vee for Data Retenti Vi 2.0 — - \Y
ce for Tata Retention o Vin=Vee—0.2V or Vin=0.2V
Data Retention C . I Vec=2.0V, CS=2.8V _ _ 0 N
ata Retention Curren ccor VinZ2.8V or V0.2V H
Chip Deselect to Data Retention Time teor 0 — — ns
See Retention Waveform
Operation Recovery Time ir trc* — — , ns
* tac=Read Cycle Time.
®| OW V. DATA RETENTION WAVEFORM
Data Retention Mode
‘1.5V5 b z4.5V
Vee \ Vor 22,0V /
tCDR tr
2.2V CS2 Vpr—0.2V 2.2V
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HM6116-2,HM6116-3, HVI6116-4
HM6116P-2,HM6116P-3, HVI6116P-4

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

MFEATURES

@ 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

Standby:

EFUNCTIONAL BLOCK DIAGRAM

A —O Ve
Row ° Memory Matrix ———O GND
Decoder | ®
128x128
- = T 1
Vo . Column 1/0
Input B

Column Decoder
Data
Control
—
1/0s ©

A A A Ao

\/(}-_fj

i

EABSOLUTE MAXIMUM RATINGS

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

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

HM6116-2, HM6116-3,
HM6116-4

(DG-24)

HM6116P-2, HM6116P-3,
HM6116P-4

(DP-24)

HPIN ARRANGEMENT

A7E e E Vee
aml2 (23] &

As| 3 22 | As
A.[I 21 | WE

Al 6 19 1§ Aw
Item Symbol Rating Unit A E 18 ]'cs
Voltage on Any Pin Relative to GND | Vr —0.5* to +7.0 \% M8 17 [ 1/0s
Operating Temperature Topr 0 to +70 °C j E 16 | 1v0s
Storage Temperature (Plastic) Toe —55 to +125 °C vo.[ 1o 5] 106
Storage Temperature (Ceramic) T —65 to +150 °C
- - Vos| 1 14 {1/0s
Temperature Under Bias Thias —10 to +85 C
Power Dissipation Pr 1.0 w CKD | 12 E] 170
* Pulse Width 50ns : —1.0V
(Top View)
HTRUTH TABLE
[ OE WE Mode Vee Current 1/0 Pin Ref. Cycle
H X X Not Selected Isp, Issi High Z
L L H Read Icc Dout Read Cycle (1)~(3)
L H L Write Icc Din Write Cycle (1)
L L L Write Icc Din Write Cycle (2)
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HM6116-2, HM6116-3, HM6116-4, HM6116P-2, HM6116P-3, HM6116P-4

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

Item Symbol min typ max Unit
Susnly Vol Vee 4.5 5.0 5.5 A%
uj oltage
i GND 0 0 0 v
Vin 2.2 3.5 6.0 \
Input Voltage
Vi —1.0* - 0.8 v
% Pulse Width ! 50ns, DC: Vi, min=—0.3V
HMDC AND OPERATING CHARACTERISTICS (Vec=5V*10%, GND=0V, Ta=0 to +70°C)
HM6116/P-2 HM6116/P-3/-4
Item Symbol Test Conditions Unit
min typ* max min typ* max
Input Leakage Current [ 1] Vee=5.5V, V,,=GND to Vcc — — 10 — — 10 HA
Output Leakage Current |1p| | G5 Vin or OE=Viu - - 1w -1 10 A
utpul eaKage arren Lo ‘/I/O=GND to VCC 22
b S Iec CS=V1, Io=0mA . — 40 80 — 35 70 mA
Operating Power Supply
Current ooy us Vin=3.5V, Vi.=0.6V, _ as _ _ %0 . A
| Lo=0mA "
Average Operating Current Icce Min. cycle, duty=100% — 40 80 — 35 70 mA
Isp CS=Viy — 5 15 - 5 15 mA
Standby Power Supply p—
CS=2Vee—0.2V, V,=Vee
Current Isp — 0.02 2 — 0.02 2 mA
—0.2V or V., 0.2V
Ior=4mA - - 0.4 — — — Vv
Vo
Output Voltage Ior=2.1mA — — — — — 0.4 \4
Vou Ion=—1.0mA 2.4 - — 2.4 - — v
* Vec=5V, Ta=25C
%% Reference Only
MAC CHARACTERISTICS (Vcc=5V+10%, Ta=0 to +70°C)
O AC TEST CONDITIONS
tnput Pulse Levels: 0.8 to 2.4V
Input Rise and Fall Times: 10 ns
Input and Output Timing Reference Levels: 1.5V
Output Load: 1TTL Gate and C; = 100pF {including scope and jig)
®READ CYCLE
HM6116/P-2 HM6116/P-3 HM6116/P-4
Item Symbol - - - Unit
min max min max min max
Read Cycle Time tac 120 — 150 — 200 — ns
Address Access Time taa - 120 — 150 — 200 ns
Chip Select Access Time tacs — 120 - — 150 — 200 ns
Chip Selection to Output in Low Z tcLz 10 — 15 — 15 — ns
Output Enable to Output Valid tor — 80 — 100 — 120 ns
QOutput Enable to Output in Low Z torz 10 — 15 — 15 - ns
Chip Deselection to Qutput in High Z tcnz 0 40 0 50 0 60 ns
Chip Disable to Output in High Z tonz 0 40 0 50 0 60 ns
Output Hold from Address Change ton 10 — 15 — 15 — ns
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HM6116-2, HM6116-3, HM6116-4, HM6116P-2, HM6116P-3, HM6116P-4

® WRITE CYCLE

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

Item Symbol Test Conditions typ max Unit

Input Capacitance Cin V=0V 3 5 pF

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

ETIMING WAVEFORM
®READ CYCLE (1)®

Address ><

the

e
]
/rn/
%

tox ety —]

s XN e | 77

towz
1CH

teiz
Dout < }_

®READ CYCLE(Z)”)U) 4> (5)
Address ><

taa Fryp——
Lo
Dout >

® READ CYCLE (3)(!)(3)(4)(5)

tre

Cs
cHz
Dout
NOTES: 1. WE is High for Read Cycle.

1
2. Device is continuously selected, CS = Vy;,.

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

4. OE= VIL'

5. When CS is Low, the address input must not be in the high impedance state.
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WRITE CYCLE (1)

Address

Dout

® WRITE CYCLE(2)®

Address

A

wa(2)

LK RNNNNN

tow

AONONNNRY 1SS

AN\ ‘

/|
e ton 2 o
SSSS

el

e DU e tee——e g ]

tow twr(2)

NN LTV /77777

DN S

20K

-t nz—{(3) - 6 |
ANAVAVANANANANANANANANAN ’
/777777777777

r=—tow’

(8)

- A write occurs during the overlap (¢3yp) of a low CS and a low WE.

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

NN W

of write cycle.

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

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

. OEis continuously low. (OE = Vj;)

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

. Doyt is the read data of next address.
1r°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.

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

Supply Current Icc.lcc2(Normalized)

Access Time taa,tacs(Normalized)

Access Time taa,tacs(Normalized)

SUPPLY CURRENT
vs. SUPPLY VOLTAGE
16

Ta=25C

08 =

06

04

45 4.75 50 525 55
Supply Voltage Vec (V)

ACCESS TIME
vs. SUPPLY VOLTAGE

Ta=25C

0.9

08

0.7

a5 .75 50 5.25 5.5
Supply Voltage Vec (V)

ACCESS TIME
vs. LOAD CAPACITANCE
18 -

16 /

-

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

Load Capacitance C. (pF)

Supply Current lec,lccz (Normalized )

Access Time ta4,tacs(Normalized)

Supply Current Iccz (Normalized)

SUPPLY CURRENT
vs. AMBIENT TEMPERATURE

16
Vec=5.0V
14
1.2
1.0
\'\
—
08
0.6
04
0 20 40 60 80
Ambient Temparature Ta (‘C)
ACCESS TIME
vs. AMBIENT TEMPERATURE
1.3
Vee=5.0V
1.2
11 //
’ / /
0.9
0.8
0.7
0 20 40 60 80
Ambient Temperature Ta (°C)
SUPPLY CURRENT
vs. FREQUENCY
13 -7 T T
200ns | 150ns 120ns
1.2
11
10 —
-
L]
09
08
0.7
0 4 10

Frequency f (MHz)



Low Input Voltage Vir(Normalized)

Qutput Current low{Normalized)

LOW INPUT VOLTAGE
vs. SUPPLY VOLTAGE
13

Ta=25'C

0.9

0.8

0.7

4.5 4.75 5.0 5.25

Supply Voltage Vec (V)

OUTPUT CURRENT
vs. OUTPUT VOLTAGE

5.5

16

Ta=25'C
Vee=5V

0.8

0.6

0.4

1 3 4
Output Voltage Von (V)

High Input Voltage Vig(Normalized)

Qutput Current for(Normalized)

HIGH INPUT VOLTAGE
vs. SUPPLY VOLTAGE
13

Ta=25C

0.9

0.7

4.5 4.75 5.0 5.25 5.5

Supply Voltage Vec (V)

OUTPUT CURRENT
vs. OUTPUT VOLTAGE

1.6

/

/

Ta=25C
Vee=5V

7

0.6 /

04
0

Output Voltage Vor (V)

0.2 0.4 0.

6 0.8

HM6116-2, HM6116-3, HM6116-4, HM6116P-2, HM6116P-3, HM6116P-4
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HMVM6116FP-2, HMI6116FP-3,
HVI6116FP-4 —Preliminary—

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

HFEATURES

® High Density Small-Sized Package

® Projection Area Redueced to One-Thirds of Conventional DIP

® Thickness Reduced to a Half of Conventional DIP

® Single 5V Supply

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

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

® Low Power Operation; Operation: 180mW (typ.)

e Completely Static RAM: No clock nor Timing Strobe Required

® Directly TTL Compatible: All Input and Output

@ Equal Access and Cycle Time

HFUNCTIONAL BLOCK DIAGRAM (FP-24)
Al —0 Vee

- HPIN ARRANGEMENT

Row . Memory Matrix ———O GND
ecoder

128128

- As E 23 | As
A70—-%: w 7] 22 | A
—— [ e A E 21 | WE
1o, . Column 170 w[F] ) o8

/08 O

l/O:I 9 16 1 1/0r

/02 f 10 15 1 1/08

Input Ay 6 19 | A
Column Decoder E l
Data a7 [®]cs
Control
- M| 8 17 | 1/0s
N
Ao A5 A Aw

1I70s | 11 1 1/0s

GND | 12 13 |1/0s

0E O—DO——I‘
WE
ED {Top View)

HABSOLUTE MAXIMUM RATINGS

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

* Viy min = —1.0V (Pulse Width < 50ns)

ETRUTH TABLE

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

H X X Not Selected Iss, Ism High Z

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

L L L Write Icc Din Write Cycle(2}

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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HM6116FP-2, HM6116FP-3, HM6116FP-4

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

Item Symbol min typ max Unit
Suoply Vol Vee 4.5 5.0 5.5 \Y
upply Voltage
GND 0 0 0 \%
Vin 2.2 3.5 6.0 A
Input Voltage
Vie —1.0* - 0.8 A%

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

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

HM6116FP-2 HM6116FP-3/-4
Item Symbol Test Conditions Unit
min typ* max min typ* max
Input Leakage Current | Iur] Vee=5.5V, Vi.=GND to Vcc — — 10 — — 10 HA
CS=Vis or OE=Vyy
Output Leak C t I — - 10 — - 10 A
utpu akage Curren 1 10| Vio=GND to Vec M
Icc CS=Vi, I,0=0mA - 40 80 - 35 70 mA
Operating Power Supply Vi3 5V, Vim0.6V
Current Tccr®* et e Eah — 35 — — 30 - mA
I0=0mA
Average Operating Current Icc: Min. cycle, duty=100% — 40 80 - 35 70 mA
Iss CS= Vi - 51 15 — 5 15 mA
Standby Power Supply p—
CS=Vee—0.2V, Vi.=Vee
Current Ism — 0.02 2 — 0.02 2 mA
—0.2V or Vi,=0.2V
10L=4mA - - 0.4 - - - \Y
VOL
Output Voltage IoL=2.1mA — — — - — 0.4 \Y
Vou Ion=—1.0mA 2.4 — - 2.4 — —
* Vec=5V, Te=25C
%% Reference Only
BAC CHARACTERISTICS (Vec=5V£10%, Ta=0 to +70°C)
® AC TEST CONDITIONS
Input Pulse Levels: 0.8 to 2.4V
Input Rise and Fall Times: 10 ns
Input and Output Timing Reference Levels: 1.5V
Output Load: 1TTL Gate and C; = 100pF (including scope and jig)
®READ CYCLE
HM6116FP-2 HM6116FP-3 HM6116FP-4
Item Symbol - - - Unit
min max min max mn max
Read Cycle Time tre 120 — 150 — 200 — ns
Address Access Time tan - 120 — 150 — 200 ns
Chip Select Access Time tacs — 120 — 150 — 200 ns
Chip Selection to Output in Low Z terz 10 — 15 — 15 — ns
Output Enable to Output Valid toe - 80 - 100 — 120 ns
Output Enable to Output in Low Z torz 10 bt 15 — 15 — ns
Chip Deselection to Output in High Z teuz 0 40 0 50 0 60 ns
Chip Disable to Output in High Z tonz 0 40 0 50 0 60 ns
Output Hold from Address Change ton 10 — 15 — 15 — ns
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HM6116FP-2, HM6116FP-3, HM6116FP-4

® WRITE CYCLE

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

Item Symbol Test Conditions typ max Unit

Input Capacitance Cin Via=0V 3 5 pF

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

M TIMING WAVEFORM
®READ CYCLE (1)"®

Address ><

el
e
e
L

Ny
N
LN
AN

N

Dout o < <>O

® READ CYCLE (2)(I)(2)(A)(5)
Address ><

fas tog——ed
Dout <

.READ CYCLE (3)(!)(3)(‘)(5)

tacs - W
L— terz
Dout ) SE—

NOTES: 1. WE is High for Read Cycle.
2. Device is continuously selected, CS= Vjr.
3. Address Valid prior to or coincident with CS trarnsition Low.
4. OE= IL-
5. When ?_SLis Low, the address input must not be in the high impedance state.

trC:
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HM6116FP-2, HM6116FP-3, HM6116FP-4

HETIMING WAVEFORM
® WRITE CYCLE (1)

s K X

twa(2)

//Z \r“:iif

tew

SEANNARNANE ATT77777

|

=

—
" AN Wi
~—um/[3j (
Do SIS -
L LS
pe— thw ton

®WRITE CYCLE (2)®

T X
tew wrl2]

NN AR & ATV 777777
" JASS
4s >L%m%:l.s) I 16 7

E‘um’—-———um-—ﬂ (8)
,\ RRK

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

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

of write cycle.

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

signals of opposite phase to the outputs must not be applied.
4, If the CS low transition occurs simultaneously with the WE low
transitions or after the WE transition, output remain in a high
impedance state.
. OEis continuously low. (OE = V1)
. Doyt is the same phase of write data of this write cycle.
. Doyt is the read data of next address.

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

T

u NN N
Dout >

N

NN N NN
[

go\la\u-
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HM6116FP-2, HM6116FP-3, HM6116FP-4

106

Supply Current lcc,lcc2(Normalized)

Access Time taas,tacs(Normalized)

. Access Time t4s.tacs(Normalized)

SUPPLY CURRENT
vs. SUPPLY VOLTAGE

16

Ta=25C
14

12 //
10

0.6

04

45 4.75 5.0 525 55

Supply Voltage Vec (V)

ACCESS TIME
vs. SUPPLY VOLTAGE

13

Ta=25C

0.9

08

0.7

4.5 4.75 5.0 525 55

Supply Voltage Vce (V)

ACCESS TIME
vs. LOAD CAPACITANCE

/

L

Ta=125C
Vee=MIN
1.0
08
06
100 200 300 400 500

Load Capacitance C. (pF)

1 Supply Current Icc,fccz(Normalized)

Access Time tas,tacs(Normalized)]

Supply Current Iccz(Normalized)

SUPPLY CURRENT
vs. AMBIENT TEMPERATURE
16

Vee=540V

08

06

04

0 20 40 60
Ambient Temperature To (°C)

ACCESS TIME
vs. AMBIENT TEMPERATURE

80

13

Vee=50V

-

09

0.8

0.7

0 20 40 60

Ambient Temperature Ta ('C)

SUPPLY CURRENT
vs. FREQUENCY

20‘0ns 150ns

IEOns

09

08

0.7

0 2 C 4 6

Frequency f (MHz)

8 10



HM6116L-2, HM6116L--3,

HM6116L-4

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

B FEATURES

® Single 5V Supply and High Density 24 Pin Package

® High Speed: Fast Access Time

Low Power Standby and
Low Power Operation;
Completely Static RAM:

Standby:

0]

B FUNCTIONAL BLOCK DIAGRAM

120ns/150ns/200ns {max.)
20uW (typ.)
160mW (typ.)
No clock nor Timing Strobe Required
Directly TTL Compatible: All Input and Output
Pin Out Compatible with Standard 16K EPROM/MASK ROM
Equal Access and Cycle Time
Capability of Battery Back up Operation

peration:

A.o——%: _J

Row -
Decoder | ®

Memory Matri

128x128

—0 Ve

* —O GND

(DG-24)

HEPIN ARRANGEMENT

wo——¢ 1 s [0 - 7] e
— T <] 7] ah
-
1o : Column 1/0 s E 7 l Ao
! —
H : DnDUl Column Decoder A E S
ata | e
! : Control " E 2] o
i | - w6 19 | Aio
] —_
/0 © E i A ’I 18| Cs
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Eo—Do—L 1702 | 10 15 | 1/06
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—_ E GND
& 12 13 [ 1704
(Top View)
B ABSOLUTE MAXIMUM RATINGS
Item Symbol Rating Unit
Voltage on Any Pin Relative to GND Vr —0.5* to +7.0 A"
Operating Temperature Topr 0 to +70 °C
Storage Temperature Tes —65 to +150 ‘C
Temperature Under Bias Thies —10 to +85 ‘C
Power Dissipation Pr 1.0 W
% Pulse Width 50ns . —1.0V
B TRUTH TABLE
CS OE WE Mode Vece Current I/0 Pin Ref. Cycle
H X X Not Selected Iss, Iser High Z
L L H Read Icc Dout Read Cycle (1)~(3)
L H L Write Icc Din Write Cycle (1)
L L L Write Icc Din Write Cycle (2}
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HM6116L-2, HM6116L-3, HM6116L-4

B RECOMMENDED DC OPERATING CONDITIONS (Ta=0 to +70°C)
Item Symbol min typ max Unit
Suoaly Vol Vee 4.5 5.0 5.5 \Y
upply Voltage GND 0 0 0 A
Viu 2.2 3.5 6.0 A
Input Voltage
Vie —1.0* - 0.8 A

% Pulse Width:50ns, DC: V/i min=—0.3V

B 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 | Turd Vee=5.5V, Viu=GND to Vec - — 2 - - 2 KA
E=VIH or 6E=VIH' — — — —_
Output Leakage Current [ 1o | Vio=GND to Vec 2 2 MA
. Icc ﬁ=V1L. Ii,o=0mA - 35 70 - 30 60 mA
Operating Power Supply
Current Teci** Viu=3.5V, V,.=0.6V, _ 30 . _ 25 _ mA
Ii,0=0mA
Average Operating Current Icc: min. cycle, duty =100% — 35 70 — 30 60 mA
Iss CS=Vu - 4 12 — 4 12 mA
Standby - Power Supply ==V AT
Current 2Vee —0.2V, Va2 Vee — . —
Tsor 102V or V=02V 4| 10 4 1001 KA
Ior=4mA - - 0.4 - - -
Voo v
Output Voltage Ior=2.1mA — — — - — 0.4
Vou Ton=—1.0mA 2.4 — - 2.4 — — A
* I Vee=5V, Te=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 Output Timing Reference Levels: 1.5V
Output Load: 1TTL Gate and C; = 100pF (including scope and jig)
O®READ CYCLE
HM6116L.-2 HM6116L-3 HM6116L.-4
Item Symbol - - - Unit
min max min max min max
Read Cycle Time tac 120 — 150 — 200 — ns
Address Access Time taa — 120 — 150 — 200 ns
Chip Select Access Time tacs — 120 — 150 — 200 ns
Chip Selection to Output in Low Z tcrz 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 — ns
Chip deselection to OQutput in High Z tcnz 0 40 0 50 0 60 ns
Chip Disable to Output in High Z tonz 0 40 0 50 0 60 ns
Output Hold from Address Change tou 10 — 15 — 15 - ns
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HM6116L-2, HM6116L-3, HM6116L-4

® WRITE CYCLE

HM6116L-2 HM6116L-3 HM61161.-4
Item Symbol - - - Unit
min max min max min max
Write Cycle Time twe 120 — 150 — 200 - ns
Chip Selection to End of Write tew 70 - 90 — 120 — ns
Address Valid to End of Write taw 105 — 120 — 140 — ns
Address Set Up Time tas 20 — 20 — 20 - ns
Write Pulse Width twe 70 — 90 — 120 — ns
Write Recovery Time twr 5 — 10 — 10 — ns
Output Disable to Output in High Z touz 0 40 0 50 0 60 ns
Write. to Output in High Z twiz 0 50 0 60 0 60 ns
Data to Write Time Overlap tow 35 — 40 — 60 — ns
Data Hold from Write Time ton 5 - 10 — 10 — ns
Output Active from End of Write tow 5 — 10 — 10 — ns
B CAPACITANCE (f=1MHz, Ta=257C)
Item Symbol Test Conditions typ max Unit
Input Capacitance Cin V=0V 3 5 pF-
Input/Output Capacitance Cio Vieo=0V 5 7 pF

H TIMING WAVEFORM
®Read Cycle (1) ¢ ¢®°

wer X X

=]
»
%
g
/'J/
N
3

!
]
S
AN
8
N

4 X3

®Read Cycle (2) 1)y (235 (43 (5)

e X D a
— X

® Read cyc|e (3) 1)y (3D (4)y (5)

tacs -~ tenz
L—u'u
Dout

NOTES:

1. WE is High for Read Cycle.

2. Device is continuously selected, CS = V7.

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

4. OE=Vy;.

5. When CS is Low, the address input must not be in the high
impedance state.
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HM6116L-2, HM6116L-3, HM6116L-4

® Write Cycle (1)

® Write Cycle (2)

NOTES: 1.

twe

Address

&

s
NN

04)

tew

NN

" RO

taw:

K

/)

(3
[ toxz—=

Dout

I [€)]

Din

)--—lbn'——o—“",_‘

[ DENN

—~\
Address ,F

Icw twr(2)

[
5 TR ATV /77777
A%
= wp(l)
" ‘TI\X\\\‘\ A .
s [qu (6) 0
ot SSSSSSTSSINS D
7777777777777
(:—taw——'-r'——um—— ®
< atenee

A write occurs during the overlap (¢yp) 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.

transition, output remain in a high impedance
state.

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

3. During this period, I/O pins are in the output write cycle.
state so that the input signals of opposite 7. Doyt is the read data of next address.
phase to the outputs must not be applied. 8. If %S is Low during this period, I/O pins are
4. If the CS low transition occurs simultaneously in the output state. Then the data input
with the WE low transitions or after the WE signals of opposite phase to the outputs must
not be applied to them.
BMLOW Vcc DATA RETENTION CHARACTERISTICS (Ta=0 to +70°C)
Item Symbol Test Conditions min typ max Unit
Vece for Data Retention Vor €S2 Vee —0.2V, Via2Vee —0.2V or Vin 0.2V 2.0 — — v
Data Retention Current Iccor*’| Vec=3.0V, CS22.8V, V.. 22.8V or Vi 0.2V — — 50 HA
Chip Deselect to D; Retention Ti t 0 — —
hip Deselect to Data Retention Time cDR See Retention Waveform ns
Operation Recovery Time tr trc** — — ns
* Vie=—0.3V min.
* % trc=Read Cycle Time.
®Low Vcc Data Retention Waveform
Data Retention Mode
T vy isv
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Supply Current fec,lecz (Normalized)

Access Time taatacs(Normalized)

Access Time taa, tacs(Normalized)

0.7

SUPPLY CURRENT vs.
SUPPLY VOLTAGE

Ta=25C

0.8

0.6

04

45 4.75 50 5.25 55
Supply Voltage Vec (V)

ACCESS TIME vs.
SUPPLY VOLTAGE
13

Ta=25C

0.9

08

4.5 4.75 50 5.25 55
Supply Voltage Ve (W

ACCESS TIME vs.
LOAD CAPACITANCE

14 / 7

//
1.2 P
Ta=25C
Vee=MIN
10
08
0.6
100 200 300 400 500

Load Capacitance C. (pF)

Supply Current Icc,lcc2(Normalized)

Access Time t4a,tacs (Normalized)

Supply Current Icc2(Normalized)

SUPPLY CURRENT vs.
AMBIENT TEMPERATURE
16

Vee=5.0V

08

06

04

0 20 40 60 80

Ambient Temperature Ta (°C)

ACCESS TIME vs.
AMBIENT TEMPERATURE

13

Vee=50V
12
11 e

=

09

038

0.7
0 20 40 60 80

Ambient Temperature Ta (°C)

SUPPLY CURRENT vs.
FREQUENCY

13 T T T

200ns | 150ns  {120ns

1.2

11

10 =

"]

R

09

08

07
0 2 4 6 8 1¢

Frequency f (MHz)

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

LOW INPUT VOLTAGE vs.
SUPPLY VOLTAGE

13
Ta=25"C
. 1.2
? L1
2
N "
. 10
2
3 0.9
:
08
0.7
4.5 4.75 5.0 5.25 5.5
Supply Voltage Vec (‘{)
OUTPUT CURRENT vs.
OUTPUT VOLTAGE
1.6
Ta=25'C
Vee=5V
14
2
'% 10 \
LE 0.8
g
0.6
0.4
1 2 3 4 5
Output Voltage Vou (V)
STANDBY CURRENT vs.
AMBIENT TEMPERATURE
104
Vee=3V
Cs=2.8V
3 IOAS
8 /
;: 107 ]
1077

112

20 40 60 30

Ambient Temperature Ta (C)

High Input Voltage Viy(Normalized)

Output Current lor(Normalized)

Standby Current Ispi{Normalized)

HIGH INPUT VOLTAGE vs.
SUPPLY VOLTAGE

1.3
Ta=25C
1.2
11
1.0

0.8

0.7
4.5 4.75 5.0 5.25 5.5

Supply Voltage Vee (V)

OUTPUT CURRENT vs.
OUTPUT VOLTAGE

/

14 /
1.2

L0
Ta=25C
Vee=5V
0.8 /
0.6 /
04
0 0.2 0.4 0.6 0.8

Output Voltage Voo (V)

STANDBY CURRENT vs.
SUPPLY VOLTAGE

1o

// Y, U
0.4 / §S=Vec—0.2V
/

2 3 4 5 6

~
B}
il
o
pt

Supply Voltage Vcc (V)



Standby Current Is; (mA)

STANDBY CURRENT vs.
INPUT VOLTAGE

T
Ta=25T
Vec=5.0V
TS=4.8V
N
1 2 3 4 5

Input Voltage Vi, (V)

HM6116L-2, HM6116L -3, HM6116L-4
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HMG6116LP-2, HM6116LP-3,

HM6116L P-4

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

B FEATURES

® Single 5V Supply and High Density 24 Pin Package
® High Speed: Fast Access Time
® | ow Power Standby and
Low Power Operation;
Completely Static RAM:
Directly TTL Compatible: All Input and Output

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

Capability of Battery Back up Operation

Standby:

B FUNCTIONAL BLOCK DIAGRAM

120ns/150ns/200ns (max.)
10uW (typ.)

Operation: 160mW (typ.)
No clock nor Timing Strobe Required

(DP-24)

- HPIN ARRANGEMENT
Row . Memory Matrix —OGND U
& \ . Decoder | ® e E 24} Vee
128x128
_4 As E 23| As
wo—> w1 2] %
1o el As [I 21| WE
1o . Column 1/0 A’E 20 | OF
Input A E 19 | Ao
1 : Column Decoder —
: ! Data AIE 181CS
) : Control ol s RIS
1
— b
V0 O 11 | : UO‘E 16 | 1/0;
)
A A A A I 10 | 10 15 | 1/0s
Vo 11 14 |1/0s
EQ—DO_L GND| 12 13110
D
(Top View)
B ABSOLUTE MAXIMUM RATINGS
Item Symbol Rating Unit
_Voltage on Any Pin Relative to GND Vr —0.5* to +7.0 \
Operating Temperature Topr 0 to +70 ‘C
Storage Temperature Tos —55 to +125 C
Temperature Under Bias Thias —10 to +85 ‘C
Power Dissipation Pr 1.0 w
* Pulse Width 50ns . —1.0V
B TRUTH TABLE
CS OE WE Mode Vce Current _ 1/0 Pin Ref. Cycle
H X X Not Selected Iss, Iss: High Z
L L H Read Icc Dout Read Cycle (1)~(3)
L H L Write Icc Din Write Cycle (1)
L L L Write Icc Din Write Cycle (2)

114




HM6116LP- 2, HM6116LP-3, HM6116LP-4

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

Item Symbol min typ max Unit
Supply Vol Vee 4.5 5.0 5.5 v
uj oltage
PRIy Tolleg GND 0 0 0 v
Viu 2.2 3.5 6.0 \'
Input Voltage
Viu —1.0* — 0.8 v
* Pulse Width:50ns, DC: Vi. min=—0.3V
M DC AND OPERATING CHARACTERISTICS (Vcc=5V *+10%, GND=0V, Ta=0 to +70°C)
HM6116LP-2 HM6116L.P-3/-4
Item Symbol Test Conditions Unit
min typ* max min typ* max
Input Leakage Current | Ier ] Vee=5.5V, Vix=GND to Vcc — — 2 - — 2 KA
§=VIH or ﬁ= Vm, _ . - _
Output Leakage Current | Tiol Vioo—GND to Vee 2 2 HA
. Tcc CS=Vi., I.o=0mA - 35 70 - 30 60 mA
Operating Power - Supply
Current Teci** Viu=3.5V, Vi.=0.6V, A 30 _ _ 25 _ mA
I1,0=0mA
Average Operating Current Icce min. cycle, duty =100% — 35 70 - 30 60 mA
Iss CS=Vu — 4 12 - 4 12 mA
Standby Power Supply Y RS
Current 2Vee —0.2V, VinzVee — o —
Isor 1 0ovor vus0.2v 2| %0 2| %0 kA
Tor=4mA — — 0.4 — - -
Vo \Y
Output Voltage Tor=2.1mA — — — — — 0.4
Vou Ton=—1.0mA 2.4 — — 2.4 — — AY

* 1 Vec=5V, Ta=25C
% % _ Reference Only

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

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

®READ CYCLE

HM6116LP-2 HM6116L.P-3 HM6116LP-4
Item Symbol - - - Unit

min max min max min max
Read Cycle Time tre 120 — 150 — 200 — ns
Address Access Time taa - 120 — 150 — 200 ns
Chip Select Access Time tacs — 120 — 150 — 200 ns
Chip Selection to Output in Low Z terz 10 - 15 — 15 — ns
Output Enable to Output Valid toe — 80 - 100 — 120 ns
Output Enable to Output in Low Z toLz 10 — 15 — 15 — ns
Chip Deselection to Output in High Z tciz 0 40 0 50 0 60 ns
Chip Disable to Output in High Z tonz 0 40 0 50 0 60 ns
Output Hold from Address Change ton 10 — 15 — 15 - ns
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HM6116LP-2, HM6116LP-3, HM6116LP-4

® WRITE CYCLE

HM6116LP-2 HM6116LP-3 HM6116LP-4 .
Item Symbol - - - Unit
min max - min max min max
Write Cycle Time twe 120 — 150 — 200 — ns
Chip Selection to End of Write tew 70 - 90 - 120 — ns
Address Valid to End of Write taw 105 — 120 — 140 — ns
Address Set Up Time tas 20 — 20 - 20 - ns
Write Pulse Width twe 70 — 90 — 120 - ns
Write Recovery Time twe 5 - 10 — 10 — ns
Qutput Disable to Output in High Z tonz 0 40 0 50 0 60 ns
Write to Output in High Z twiz 0 50 0 60 0 60 ns
Data to Write Time Overlap tow 35 — 40 — 60 - ns
Data Hold from Write Time toun 5 — 10 - 10 - ns
OQutput Active from End of Write tow 5 - 10 - 10 - ns
B CAPACITANCE (f=1MHz, Te=25C)
Item Symbol Test Conditions typ max Unit
Input Capacitance Cin Via=0V 3 5 pF
Input/Output Capacitance Cro Vio=0V 5 7 pF

H TIMING WAVEFORM
®Read Cycle (1) ¢

T X

INANRRANY L7777
e | 77777

Dout tonz < F

® Read cyc'e (2) (15 (2)y (4)5 (5

5

a

e X

®Read Cycle (3) 7 @» @@

s TN

Dout

NOTES: 1. WE is High for Read Cycle.

l(‘nzj_
1
2. Device is continuously selected, CS = Vy..
3. Address Valid prior to or coincident with CS transition Low.
4. OE=Vyy.
5. When CS is Low, the address input must not be in the high
impedance state.

116



® Write Cycle (1)

Address )<

A

wx(2)

oF fi,l

RN

tew

taw

NN AN IV

b 1,

\}\\\ i

oH 71 )

Dout

Din

[ tow ton

XXXX

® Write Cycle (2)

Address ><

tcw twa(2)

SENNARNRNN T 77777777

_ twp(1)
WE N\ : 4
\ \ —/ ety
l‘us L—-(uwzq(a] . (6) (7)
fe—low
Dout NN N NN N N
L L /7 7/ 777/ AVAVAVAVA
;‘m ton ®
Din N /
NOTES: 1. A write occurs during the overlap (Zyp) of 2 transition, output remain in a high impedance
low CS and a low WE. o State.
2. twpg is measured from the earlier of CS or WE 5. OE is continuously low. (OE = Vj;)
going high to the end of-write cycle. 6. Doyt is the same phase of write data of this

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

state so that the input signals of

phase to the outputs must not be applied.

opposite . Dgyt is the read data of next address.
1185

is Low during this period, I/O pins are

o0 -3

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.

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

HM6116LP-2, HM6116LP-3, HM6116LP-4

Item Symbol Test Conditions min typ max Unit

Vce for Data Retention Vor CS2Vee —0.2V, Va2 Vee ~0.2V or V.. £0.2V | 2.0 - - A%

Data Retention Current Tccor* | Vee=3.0V, CS22.8V, V.. 22.8V or V.. £0.2V — - 30 KA

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

Operation Recovery Time tr tre** — - ns

* 10 #A max at Te=0T to +40T, V:. min=-0.3V
* % trc=Read Cycle Time.

®Low Vcc Data Retention Waveform

Data Retention Mode o

4.5V 4.5V
Vor22.0V
tcor tr

N

_ CSz Vor—0.2V 2.2V

17z



HM6116LP-2, HM6116LP-3, HM6116LP-4
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Supply Current Icc,lccz (Normalized)

" Access Time taa,tacs(Normalized)

Access Time taa,.tacs(Normalized)

SUPPLY CURRENT vs.
SUPPLY VOLTAGE

16
Ta=25C

14
12 //
1.0
08 ]
i
0.6
04

4.5 4.75 5.0 §.25 5.5

Supply Voltage Vec (V)

ACCESS TIME vs.

SUPPLY VOLTAGE
1.3

Ta=25C

12
11 \
10
0.9
0.8
0.7

45 4.75 5.0 5.25 55

Supply Voltage Vec (V)

ACCESS TIME vs.

LOAD CAPACITANCE
18

Pes

14 /
P

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

Load Capacitance C. (pF)

Access Time taa,tacs (Normalized) Supply Current Icc,lccz(Normalized)

Supply Current Icca(Normalized)

SUPPLY CURRENT vs.
AMBIENT TEMPERATURE
16

Vee=5.0V

08

0.6

04

[ 20 40 60

80

Ambient Temperature Ta (°C)

ACCESS TIME vs.
AMBIENT TEMPERATURE

13

Vee=50V
12
11 e

/

09
08
0.7
0 20 40 60 80
Ambient Temperature Ta ('C)
SUPPLY CURRENT vs.
FREQUENCY
13 U T T
200ns | 150ns  |120ns
1.2
11
10 —
——a
09
08
0.7
0 2 4 6 10

Frequency / (MHz)



Low Input Voltage Vio(Normalized)

Output Current lon{Normalized)

Standby Current Isp: (A)

LOW INPUT VOLTAGE vs.
SUPPLY VOLTAGE

1.3
Ta=25°C
1.2
11
s
1.0
-—/
0.9
0.8
0.7
4.5 4.75 5.0 5.25 5.5
Supply Voltage Vee (V)
OUTPUT CURRENT vs.
OUTPUT VOLTAGE
16
Te=25C
Vee=5V
14 \
1.2 \
10 \
0.8
0.6 \
0.4
1 2 3 4 5
Output Voltage Vou (V)
STANDBY CURRENT vs.
AMBIENT TEMPERATURE
107¢
Vee=3V
Cs=2.8V
1078
105 //
1077
20 40 60 80

Ambient Temperature Ta (‘C)

HM6116LP-2, HM6116LP-3, HM6116LP-4

High Input Voltage Viu(Normalized)

Standby Current Isgi(Normalized)

Output Current Ior{Normalized)

HIGH INPUT VOLTAGE vs.
SUPPLY VOLTAGE

Ta=25C

09—
0.8
0.7
45 4.75 5.0 5.25 5.5
Supply Voltage Vec (V)
OUTPUT CURRENT vs.
OUTPUT VOLTAGE
1.6
/

/

10
Ta=25C
Vee=5V
0.8 /
0.6 /
0.4
0 0.2 04 0.6 0.8
Output Voltage Vor (V)
STANDBY CURRENT vs.
SUPPLY VOLTAGE
14
1.0
0.8 /
0s /
Ta=25°C
CS=Vec—0.2V
0.4 /1
0.2
3 4

Supply Voltage Vec (V)
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HM6116LP-2, HM6116LP-3, HM6116LP-4

STANDBY CURRENT vs.
INPUT VOLTAGE

10 T
Ta=25'C
Vee=5.0V
TS=4.8v
8
<
E
S 6
2
g
2
o
S
S X
2
~
2
s
2 \
0 N
0 1 2 3 4 6

Input Voltage Vi, (V)

120




HM6116LFP-2, HMG6116LFP-3,
HMG116L.FP-4 Preliminary

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

HMFEATURES

® High Density Small-sized Package

® Projection Area Redueced to One-Thirds of conventional DIP

® Thickness Reduced to a Half of Conventional DIP

® Single 5V Supply

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

® |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

® Equal Access and Cycle Time

® Capability of Battery Back up Operation (FP-24)

HFUNCTIONAL BLOCK DIAGRAM BWPIN ARRANGEMENT

A —O0 Vee A\
| | A1 24 I Vee
& Row . Memory Matrix ——O GND Al 2 23 | As
Decoder [ @
| 128128 hf3 2| A
A7o——%: A E 21 | WE
a5 20 | OE
J—— —[ . * l
] Al 6 19 1 Ap
170, . Column 1/0 A [Z 18 |Cs
Input .
J \ Column Decoder K 17 | 1/0s
1 : Data
| ! Control 70 __|9 16 170
1 —
1/0s O ' : /0§ 10 15 {1/0s
d i
%4 b vo [ n 14 | 1/0s
A A A Aw |
GND | 12 13 [ 1/04
OE : (Top View)
- L
cs

HMABSOLUTE MAXIMUM RATINGS

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

* Vi min=—1.0V (Pulse Width <50ns)

Note) The specifications of this device are subject to change without notice.
Please contact your nearest Hitachi’s Sales Dept. reqarding specifications.
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HM6116LFP-2, HM6116LFP-3, HM6116LFP-4

MTRUTH TABLE

CS OE WE Mode Vece Current 1I/0 Pin Ref. Cycle
H X X Not Selected Ise, Ism High Z
L L H Read Icc Dout Read Cycle {1)~(3)
L H L Write Icc Din Write Cycle (1)
L L L Write Icc Din Write Cyecle (2)
IMRECOMMENDED DC OPERATING CONDITIONS (Ta=0 to +70°C)
Item Symbol min typ max Unit
Supgly Voltage Vee 4.5 5.0 5.5 \'
GND 0 0 0 \'
Input Voltage Vi 2.2 3.5 6.0 \%
Vie —1.0* — 0.8 A

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

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

] HM6116LFP-2 HM6116LFP-3/-4 |
Item Symbol Test Conditions - - Unit
min typ* max min typ* max
Input Leakage Current | Ier] | Vee=5.5V, Vie=GND to Vec —_ — 2 — — 2 KA
Output Leakage Currant | Io | CS=Viy or OE=Vn, - - 2 - - 2 HA
- Vi.o=GND to Vcc
Icc C8=Vi, Io=0mA — 35 70 — 30 60 mA
Operating Power Supply
Current Leeyes | V7 73:5V: Vie=0.6V, — | 30 - - | 2 — | ma
I 0=0mA
Average Operating Current | Icc: Min cycle, duty=100% — 35 70 — 30 60 mA
Standby Power Suppl Iss ES.=V’H - 4 12 — 4 12 mA
P i L[S0y, Vazve N P S R O B
—0.2V or V,=0.2V
Vou Tor=4mA — — 0.4 — — — Sy
Output Voltage Tor=2.1mA — - — — — 0.4
Vou IOH=_1.0mA 2.4 — - 2.4 - - v
* . Vec=5V, Ta=25C
* % . Reference Only
BAC CHARACTERISTICS (Vcc=5V+£10%, Ta=0 to +70°C)
O®AC TEST CONDITIONS
Input Pulse Levels: 0.8 to 2.4V
Input Rise and Fail Times: 10 ns
Input and Output Timing Reference Levels: 1.5V
Output Load: 1TTL Gate and Cy, = 100pF (including scope and jig)
O®READ CYCLE
HM6116LFP-2 HM6116LFP-3 HM6116LFP-4 i
Item Symbol - - - Unit
min max min max min max
Read Cycle Time tac 120 — 150 — 200 — ns
Address Access Time taa — 120 — 150 — 200 ns
Chip Select Access Time tacs — 120 — 150 — 200 ns
Chip Selection to Output in Low Z tcrz 10 — 15 - 15 — ns
Output Enable to Output Valid toe — 80 - 100 - 120 ns
Output Enable to Output in Low Z torz 10 — 15 — 15 — ns
Chip deselection to Output in High Z tenz 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 — 15 — 15 — ns
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® WRITE CYCLE

HM6116LFP-2, HM6116LFP-3, HM6116LFP-4

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

ETIMING WAVEFORM
®READ CYCLE (1)”®

the

Address

el

&

N

L)

& <<\

o tof ]

fra——t011.7 ]

Dout

®READ CYCLE (3)V ¥

OO_

Address

J

1RC #J
L .
" )%:m_.

Dout

X

®READ CYCLE (2)"®“®

TS

tacs
L—tu.z
Dout

{

[ (.13

g

NOTES: 1. WE is High for Read Cycle _
2. Device is continuously selected, CS= Vy
Address Valid prior to or coincident with CS

3.
4.
5. When CS is Low, the address input must not

transition Low.
OE = VIL‘

be in the high impedance state.
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HM6116LFP-2, HM6116LFP-3, HM6116LFP-4

®WRITE CYCLE (1)

® Write Cycle (1) Notes) 1 twe
Address >k 3{
po—et twa (2)
OF 4 AN
/ tew N
s “) 4
Vi
LI
——tes
e — N ——
N Vi
touz [ ) twe (1)
Dot - tOW ——et——— DK
Din @(
® WRITE CYCLE (2)®
twe
Address \< ><
tow twa(2)
s N /
N /Z
Law
e (1)
WE 4
N /| o
e twrz(3)
tow (6) {7)
Dout AN
l— tow —— 11—t
Din
N

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

low CS and a low WE.

. twr is measured from the earlier of CS or WE

going high to the end of write cycle.

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

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

If the CS low transition occurs simultaneously
with the WE low transitions or after the WE
transition, output remain in a high impedance

0

state.

. OEis continuously low. (OE = Vj7)
« Doyt is the same phase of write data of this

write cycle.

« Dgut 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.

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

Item Symbol Test Conditions min typ max Unit
CSzVec—0.2V
Vee for Data Retention Vor 2.0 — — \'
VinzVee—0.2V or Viv<0.2V
Data Retention C . eeos® Vec=3.0V, CSz2.8V 2 A
ata Retention Curren — —
CON ] Vinz2.8Y or Vivs0.2V #
Chip Deselect to Data Retention Time tcor ’ 0 — — ns
- - See Retention Waveform
Operation Recovery Time tr **irc - — ns

% Vi min=—0.3V, 10#A max (at Ta=0to +40C)

* % txc=Read Cycle Time.

®Low Vcc DATA RETENTION WAVEFORM
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HM6117P-3, HM6117P-4 —Preliminary —

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

BMFEATURES

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

® High Speed: Fast Access Time

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

Equal Access and Cycle Time

BFUNCTIONAL BLOCK DIAGRAM

150ns/200ns (max.)
100uW (typ.)
200mW (typ.)
No clock nor Timing Strobe Required
Directly TTL Compatible: All Input and Output
Pin Out Compatible with Standard 16K EPROM/MASK ROM

Standby:
Operation:

As H
Ad i 5 Row - Memory Matrix
As : Decoder . 1
28X 128
A5 F—
A7 °—_‘j F
I | [
1/0
] 2 Column I/0

Input
Data
Control

Column Decoder

(DP-24)

1
1/0s 0— [
- Av As As Aw : :
I .
e
CEl 0——
WE o]
HBABSOLUTE MAXIMUM RATINGS
Item Symbol Rating Unit
Voltage on Any:Pin Relative to GND Vr *—0.5 to +7.0 v
Power Dissipation Pr 1.0 w
Operating Temperature Topr 0 to +70 °C
Storage Temperature Tare —55 to +125 °C
Temperature Under Bias Tsies —10 to +85 °C
* Pulse width 50ns . —1.0V
BTRUTH TABLE
CE: CE: WE Mode Vee Current I/0 Pin
H X X Not Selected Iccua High Z
X H X Not Selected IccLe High Z
L L H Read Icc Dout
L L L Write Icc Din

Note) The specifications of this device are subject to change without notice.
Please contact your nearest Hitachi's Sales Dept. regarding specifications.

HPIN ARRANGEMENT

w0
w4
N
o[
NG
o
wlE
Vo]
1/0: [10]
vos 1]
anp(iZ]

_—'\J——‘

[24] vee
_z__a_] As

[22] Ao

[21] WE
20| CEz
[19] Ao
E [
E 1/0s
6] 1/0:
F_;] 1/06
[1¢] /05
[13] 1704

(Top View)
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HM6117P-3, HM6117P-4

HMRECOMMENDED DC OPERATING CONDITIONS (0°C<Ta<70C)

[tem Symbol min typ max Unit

Supply Voltage Vee 4.5 5.0 5.5 v
i GND 0 0 0 \%

Input High (logic 1) Voltage Viu 2.2 3.5 6.0 v
Input Low (logic 0) Voltage Vie —1.0* — 0.8 A

* Pulse width: 50ns, DC: Viiaw=—0.3V

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

Item Symbol Test Conditions min typ max Unit
Input Leakage Current | Ier ] Vi»=GND to Vcc — — 10 KA
CE =V CE.=V.
Output Leakage Current | Lo | 1T or MR Y — - 10 HA
Vi.o=GND to Vcc
Operating P Suppl [
perating Tower Supply Icc CEl“CE2=VIL, Il/o=0mA _ 40 80 mA
Current : DC
Min cycle, duty=100%
A Operating C t I — — - 40 80 A
wverage Operating Curren cc1 CE Vi, CE=Vn m
Standby Power Supply CE12Vec—0.2V,
Icen* — 0.02 2 A
Current (1): DC | VinE Ve —0.2V or Ving0.2V "
Standby P Suppl e
andby: Hower Supply Tecur | CE22Vee—0.2V - 0.02 2 mA
Current (2} DC
Output low Voltage Vor Ior=2.1mA — — 0.4 \
Output High Voltage Vou Tow=—1.0mA 2.4 — - A
Notes 1 1) Typical limits are at Vcc=5.0V, Ta=+25C
2) * 1 Vitwn=-0.3V
BCAPACITANCE (Ta=25C, f=1.0MHz)
Item Symbol Test Conditions typ max Unit
Input Capacitance Cin Vin=0V 3 5 pF
I[nput/Output Capacitance Cio Viio=0V 5 7 pF
Note) This parameter is*sampled and not 100% tested.
BMAC CHARACTERISTICS (Ta=0T to +70C, Vcc=5V+10% unless otherwise noted)
® AC TEST CONDITIONS
Input Pulse Levels: 0.8 to 2.4V
Input Rise and Fall Times: 10 ns
Input and Output Timing Reference Levels: 1.5V
Output Load: 1 TTL Gate and Cp =100pF (including scope and jig)
O®READ CYCLE
HM6117P-3 HM6117P-4
Item Symbol - - Unit
mmn max min max
Read Cycle Time tre 150 — 200 - ns
Address Access Time taa — 150 - 200 ns
Chip Enable (CE;) to Output teor — 150 — 200 ns
Chip Enable (CE:) to Output tcor — 150 - 200 ns
Chip Enable (CE;) to Output in Low Z tez 10 — 10 — ns
Chip Enable (CE:) to Output in Low Z trze 10 — 10 — ns
Chip Disable (CE,) to Output in High Z taz 0 70 80 ns
Chip Disable (CE:) to Output in High Z tnze 70 0 80 ns
Output Hold from Address Change ton 15 — 15 — ns
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® TIMING WAVEFORM OF READ CYCLE

(Notes 1, 2)

tre

HM6117P-3, HM6117P-4

tHz1

Address ><

tan
CE: N \N tcor

tLz)

oo |
CE2 \ tcoz

trze

D)

thze

Data Valid

<

NOTES: 1. WE is High for Read Cycle.
2. When CEl1 and CE2 are Low, the address
input must not be in the high impedance

state.
® WRITE CYCLE

overlap (fyp) of low CE,,
CE, and W% '

2. t4s is measured from: the
address changes to the bigin-
ning of the write,

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

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

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

HM6117P-3 HM6117P-4 .
Item Symbol - - Unit
min max min max
Write Cycle Time twe 150 — 200 — ns
Chip Enable (CE:) to End of Write tew 100 — 120 — ns
Chip Enable (CE:) to End of Write tewe 110 — 130 — ns
Address Set Up Time tas 20 — 20 — ns
Address Valid to End of Write taw 130 — 150 — ns
Write Pulse Width twe 100 — 120 — ns
Write Recovery Time twr 15 — 15 - ns
Write to Output in High Z twhz 0 60 0 70 ns
Data to Write Time Overlap tow 50 - 60 — ns
Data Hold from Write Time tou 20 — 20 — ns
Output Active from End of Write tow 10 — 10 — ns
® TIMING WAVEFORM OF WRITE CYCLE
twe
Address
/|
TewL T (3)
CE: \E (5) )[
tewz
e T o
AW
_ twe(1)
WE
tas(2) }h N /| tou
twhz{4),
~ tow 6) | (1)
Dout LAVAVAVA
N tow LDH
(8)
Din Data In Valid VA
NOTES: 1 A write occurs during the 4, During this period, I/O pins 6. Dout is the same phase of

write data of this write
cycle.

7. Dout is the read data of next
address.

8. If CE, and CE, are low
during this period, I/O pins
are in the output state. Then
the data input signals of op-
posite phase to the outputs
must not be applied to them.
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HM6117P-3, HM6117P-4
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Access Time tas, tacs (Normalized) Supply Current Icc,lccz (Normalized)

Access Time taa,tacs(Normalized)

SUPPLY CURRENT
vs. SUPPLY VOLTAGE

Ta=25"C

0.6

04

45 4.75 50 5.25 5.5
Supply Voltage Vec (V)

ACCESS TIME
vs. SUPPLY VOLTAGE
13

Ta=25C

09

08

0.7

45 4.75 50 5.25 55
Supply Voltage Ve (V)

ACCESS TIME
vs. LOAD CAPACITANCE

N e

Te=25C
Vee=MIN
10
08
0.6
100 200 300 400 500

Load Capacitance Cr (pF)

Supply Current Icc,lcc2(Normalized)

Access Time taatacs(Normalized)

Supply Current fcc2(Normalized)

SUPPLY CURRENT
vs. AMBIENT TEMPERATURE
16

Vec=50V

1.0 ]
\\

08

06

04

0 20 40 60 80
Ambient Temperature Tu °C,

ACCESS TIME

vs. AMBIENT TEMPERATURE

1.3
Vee=50V

1.2
11 //
1.0 //
0.9
08
0.7

0 20 40 60 80

Ambient Temperature Ta *°C
SUPPLY CURRENT.
vs. FREQUENCY
13 T T T
200ns | 150ns  [120ns
1.2
11
1.0 -
"1

L
0.9
08
0.7

0 4 10

Frequengy f (MHz:



Low [nput Voltage Viz(Normalized)

Output Current Jon(Normalized)

INPUT LOW VOLTAGE
vs. SUPPLY VOLTAGE

1.3
Ta=25C
12
11
| ="
1.0 sl
"
0.3
0.8
0.7
4.5 4.75 5.0 5.25 5.5

Supply Voliage Vee (V)

OUTPUT HIGH CURRENT
vs. OUTPUT HIGH VOLTAGE
16

Ta=25"C
Vee=5V

0.6

0.4

1 2 3 4 5

Qutput Voltage Vou (V)

High Input Voltage Viu{Normalized)

Output Current lor(Normalized)

INPUT HIGH VOLTAGE
vs. SURPLY VOLTAGE

1.3
Ta=25TC
1.2
1.1
10

0.9

0.8

0.7
4.5 4.75 5.0 5.25- 5.5

Supply Voltage Vec {V)

OUTPUT LOW CURRENT
vs. OUTPUT LOW VOLTAGE

i /
/

Ta=25"C
Vee=5V
0.8 /
06 /
0.4
0 0.2 0.4 0.6 0.8

Output Voltage Vor (V)

HM6117P-3, HM6117P-4



HMG6117FP-3, HMG6117FP-4 — Preliminary

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

BMFEATURES
® High Density Small Sized Package
® Projection Area Reduced to One-Thirds of Conventional DIP
® Thickness Reduced to a Half of Conventional DIP
® Single 5V Supply and High Density 24 pin Package.
® High Speed: Fast Access Time 150ns/200ns (max.)
® Low Power Standby and Standby: 100uW (typ.)
Low Power Operation: Operation:  200mW (typ.)
e Completely Static RAM:  No clock nor Timing Strobe Required
o Directly TTL Compatible: All Input and Output
® Pin Out Compatible with Standard 16K EPROM/MASK ROM
® Equal Access and Cycle Time (FP-24)
HMFUNCTIONAL BLOCK DIAGRAM HPIN ARRANGEMENT

N A,E [24] vec
~ &————j: AsE E N

A3 i ——{

Ae : S Row . Memory Matrix ~—o0 GND ASE 22) A9
As ! N

A ! Decoder 128X 128 a4 (21 WE

oo | w5 )
. I I AzE EAIG

/0 — CEi
! Column I/0 A'E E !
) ! Input N E 1/0s
: ; Data Column Decoder
. 1/0 16| 1/0:
: : Control - 'E j 4
1 : TN
!

1704 [10] [15]1/0s

/0 0— -
* |
o A A A A 5 i vos[1] [14] 1705
! ! GNDE 13| 1704
CE2 o—>o- g i |
(Top View)
| —

BABSOLUTE MAXIMUM RATINGS

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

—
* Pulse width 50ns . —~1.0V

HTRUTH TABLE-

CE: CE: WE Mode Vee Current 1/0 Pin
H X X Not Selected Tecta High Z
X H X Not Selected Iccr2 High Z
L L H Read Icc Dout
L L L Write Icc Din

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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BRECOMMENDED DC

OPERATING CONDITIONS (0°C=Ta<70°C)

HM6117FP-3, HM6117FP-4

item Symbol min typ max Unit

Supply Voltage Vee 4.5 5.0 5.5 \
GND 0 0 0 \4

Input High (logic 1) Voltage Vin 2.2 3.5 6.0 A%
Input low (logic 0) Voltage Viu —1.0* — 0.8 \

* Puise width:50ns, DC: Viim=—0.3V

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

[tem Symbol Test Conditions min typ max Unit
Input Leakage Current | Tee ) V..=GND to Vcc - - 10 HA
CEi =V or CE.=Viy
Output Leakage Current | o] . — — 10 HA
Vi 0=GND to Vce
ting P Suppl [
Operating Power Supply Iee CE=CE.=Vi., I v=0mA — 40 80 mA
Current . DC
A o ting G . I Min cycle, duty=100% . %0 A
verage - e — m
erage Operating Curren cel CE = Ve, CEamVit
Standby P Suppl CEi1zVcee—0.2V,
anchy, ower Supply Tecu® = - 0.02 2 mA
Current (1) ! DC VinzVee—0.2V or Vins0.2V
Standby P Suppl .
anchy, Tower Suppy Iecirt | CRazVee—0.2V - 0.02 2 mA
Current (2): DC
Output low Voltage Vor Ioi=2.1mA - — 0.4 Y
Output High Voltage Vou Ton=—1.0mA 2.4 - — v
Notes : 1) Typical limits are at Vec=5.0V, Ta=+25C
2) % Vin=-0.3V
BCAPACITANCE (Ta=25C, f=1.0MHz)
Item Symbol Test Conditions typ max Unit
Input Capacitance Ciy Vis=0V 3 5 pF
Input/Output Capacitance Cro Vi o=0V 5 7 pF
Note) This parameter is sampled and not 100% tested.
BMAC CHARACTERISTICS (Ta=0T to +70C, Vcc=5V+10% unless otherwise noted)
® AC TEST CONDITIONS
Input Pulse Levels: 0.8 to 2.4V
Input Rise and Fall Times: 10 ns
Input and Output Timing Reference Levels: 1.5V
Qutput Load: 1TTL Gate and Cy, = 100pF (including scope and jig)
®READ CYCLE
HM6117P-3 HM6117P-4 .
Item Symbol - - Unit
min max min max
Read Cycle Time tre 150 — 200 — ns
Address Access Time tan - 150 — 200 ns
Chip Enable (CE:) to Output teor — 150 — 200 ns
Chip Enable (CE:) to Output tcoz — 150 — 200 ns
Chip Enable (CE)) to Output in Low Z tiz 10 — 10 — ns
Chip Enable (CE:) to Output in Low Z tize 10 — 10 — ns
Chip Disable (CE.) to OQutput in High Z thzy 0 70 0 80 ns
Chip Disable (CE;) to Output in High Z thze 0 70 0 80 ns
Output Hold from Address Change tou 15 — 15 — ns
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HM6117FP-3, HM6117FP-4

® TIMING WAVEFORM OF READ CYCLE

(Notes 1, 2)

tre

Address >{
[ZY) ton
CE1 N\, tcor
\\
tLz1 tuzl
RS
CE:z \\ tcoz
3 4
tLzz tHz2
Dout

<

Data Valid

NOTES: 1. WE is High for Read Cycle.

®WRITE CYCLE

2.

When CE, and CE, are Low, the address

input must not be in the high impedance

state.

X

HM6117P-3 HM6117P-4 .
Item Symbol - - Unit
min max min max
Write Cycle Time tue 150 — 200 - ns
Chip Enable (CE:) to End of Write tew 100 — 120 — ns
Chip Enable (CE:} to End of Write tews 110 - 130 - ns
Address Set Up Time tas 20 — 20 - ns
Address Valid to End of Write Law 130 - 150 — ns
Write Pulse Width twp 100 — 120 - ns
Write Recovery Time twr 15 — 15 - ns
Write to Output in High Z twiz 0 60 0 70 ns
Data to Write Time Overlap tow 50 — 60 - ns
Data Hold from Write Time toy 20 — 20 — ns
Output Active from End of Write tow 10 — 10 — ns
® TIMING WAVEFORM OF WRITE CYCLE
twe
Address N\
___/
Tcwt 7 (3)
CEi \E [6)
tewz
= \
&\ (Q}L ¢
AW
_ twe(1)
WE 4
tas(2) N / tow
twiz(4)
‘—:] tov__ () | (1)
ou SANAN
pout 7 \VAVavANE
. tow ton
(8)
Din Data In Valid

NOTES: 1. A write occurs during_the

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

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

3. twr is measured from the

earlier of CE,, CE, or WE
going high to the end/of

write cycle.

132

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

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

pedance state.

- Dout is the same phase of

write data of this write
cycle.

. Dout is the read data of next

address.

. If C_E, and C_E, are low

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



Access Time taa, tacs{Normalized) Supply Current Icc,lccz (Normalized)

Access Time a4,tacs(Normalized)

SUPPLY CURRENT
vs. SUPPLY VOLTAGE
16

Ta=25C

08 7

0.6

04

4.5 4.75 5.0 525 5.5
Supply Voltage Vee (V)

ACCESS TIME
vs. SUPPLY VOLTAGE
13

Ta=25C

0.8

0.7

4.5 4.75 5.0 5.25 55
Supply Voltage Vec (V)

ACCESS TIME
vs. LOAD CAPACITANCE
18

=

A

Ta=25C
Vee=MIN

08

0.6

100 200 300 400 500

Load Capacitance Cr (pF)

HM6117FP-3, HM6117FP-4

SUPPLY CURRENT
vs. AMBIENT TEMPERATURE

1.6

-

Vee=5.0V

&

o
&

Supply Current Icc,lccz2(Normalized)
5

e
>

0.4

0 2

0 40 60 80
Ambient Temperature Ta ('C)

ACCESS TIME
vs. AMBIENT TEMPERATURE

1.3

5

Vee=50V

P

\

=3
©

Access Time taa,tacs(Normalized)

o
o

=3
by

0 20 40 60 80

Ambient Temperature Ta ('C)

SUPPLY CURRENT.
vs. FREQUENCY

13

T T T
200ns [ 150ns [120ns

09

Supply Current Iccz(Normalized)
S

0.8

0.7

4 6 8 10
Frequency f (MHz)
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134

Low Input Voltage Vip(Normalized)

Output Current Jou(Normalized)

INPUT LOW VOLTAGE
vs. SUPPLY VOLTAGE
13

Ta=25C

0.9

0.7
4.5 4.75 5.0 5.25 5.5

Supply Voltage Vec (V)

OUTPUT HIGH CURRENT
vs. OUTPUT HIGH VOLTAGE
16

Ta=257C
Vee=5V

S

0.4

Output Voltage Vou (V)

High Input Voltage Viu(Normalized}

Output Current for(Normalized)

INPUT HIGH VOLTAGE
vs. SUPPLY VOLTAGE

1.3
Ta=25C
12
11
1.0

0.9

0.8

0.7
4.5 4.75 5.0 5.25 5.5

Supply Voltage Vee (V)

OUTPUT LOW CURRENT
vs. OUTPUT LOW VOLTAGE
16

" /

; /

Ta=25C
Vee=5V

11/
/

0.2 0.4 0.6 0.8

0.4
0

Output Voltage Vor (V)



HMG117LP-3, HM6117L. P-4 Preliminary-

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

WFEATURES (
® 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

® 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

EFUNCTIONAL BLOCK DIAGRAM or
N H— .,  WHPIN ARRANGEMENT
As ‘ - ]
A : 5 Row - Memory Matrix ——0 GND R (24] Ve
A i :

n Decoder | - 128X 128 As E El As
A *—*—ﬂ: e % As

T —[ A‘E 21 -W_E

/01 _—
1ﬁ Column 1/0 as[5] 2] C5

Input
S Data Column Decoder AZE E Ao

Control m[7] 18] TEs
1/0s 09— % N %’ | AoE [17] 1/0s
- T A A A v S | o3 [16] 170/

Sz o> ! 1/02 10} E]I/os
j‘ﬁ_‘ 1705 1] [14] vos

c‘mo——, GND@ 13] 1/04

WE

'
'
1
I
}
1

(Top View)

BMABSOLUTE MAXIMUM RATINGS

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

* Pulse width 50ns : ~1.0V

HTRUTH TABLE

CE: CE: WE Mode Vce Current I/0 Pin
H X X Not Selected Iecw High Z
X H X Not Selected Iccie High Z
L L H Read Icc Dout
L L L Write Icc Din

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

Item Symbol min typ max Unit

Vee 4.5 5.0 5.5 A%

Supply Voltage GND 0 0 0 v
Input High (logic 1) Voltage Vin 2.2 3.5 6.0 \
Input low (logic 0) Voltage Vie —1.0* — 0.8 \Y%

% Pulse Width: 50ns, DC: Viimin=—0.3V.

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

Item Symbol Test Conditions min typ max Unit
Input Leakage Current [ I | Vix=GND to Vecc — - 2 HA
CEi=Viw or CE:=Vu
Output Leak Ci t I - - 2 A
utput Leakage Curren . | Io | Vi omGND to Ve M
Operating P Suppl —
perating Tower Supply Iee | TEi=CE:=Vu, L o=0mA - 35 70 mA
Current . DC h
Mi cle, duty=100%
Average Operating Current Iec: _m ¥ 2 % — 35 70 mA
CEi=Vi, CE:=Vi.
Standby P Suppl 1 CEi=Vee—0.2V
e bl Icc® 1= Tee - 2 50 #A
Current (1) DC VinzVee—0.2V or Vins0.2V
Standby Power Supply -
Iccre* | CEc2Vee—0.2V — 2 50 A
Current (2): DC coue s vee a
Output low Voltage Voo Ior=2.1mA — — 0.4 \%
Output High Voltage Vou Toy=—1.0mA 2.4 — — \%

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

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

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

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

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

Input Puise Levels -« v vvenneevo., 0.8V to 2.4V

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

Input and Output Timing Reference Levels ... 1.5V

Outputload - -« ..vovoniivn e, 1 TTL Gate and Cz = 100pF (including Scope & Jig)

®READ CYCLE

HM6117L.P-3 HM6117LP-4
Item Symbol - - Unit
) min max min max

Read Cycle Time trc 150 — 200 — ns
Address Access Time taa — 150 — 200 ns
Chip Enable (CE,) to Output tcor - 150 — 200 ns
Chip Enable (CE:) to Output tcoe — 150 — 200 ns
Chip Enable (CE:) to Output in Low Z tizi 10 — 10 — ns
Chip Enable (CE:) to Output in Low Z trze 10 — 10 —_ ns
Chip Disable (CE:) to Output in High Z tuzi 0 70 0 80 ns
Chip Disable (CE;) to Output in High Z thze 0 70 0 80 ns
Output Hold from Address Change ton 15 - 15 — ns
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® TIMING WAVEFORM OF READ CYCLE

(Notes 1, 2)

tRC

Address >\ﬁ

CE: \\\ \\ tcor

c'_E2 \\\ tcoz

thz1

Dout

thzy

Data Valid

NOTES: 1. WE is High for Read Cycle.
2. When CE, and CE, are low, the address input must not be in the
high impedance state,

O®WRITE CYCLE

HM6117LP-3, HM6117LP-4

HM6117LP-3 HM6117LP-4 .
Item Symbol - - Unit
min max min max
Write Cycle Time twe 150 — 200 — ns
Chip Enable (CE:) to End of Write tewt 100 — 120 — ns
Chip Enable (CE:) to End of Write tews 110 — 130 — ns
Address Set Up Time tas 20 — 20 - ns
Address Valid to End of Write taw 130 — 150 — ns
Write Pulse Width twp 100 - 120 — ns
Write Recovery Time twr 15 ‘ — 15 — ns
Write to Qutput in High Z twuz 0 60 0 70 ns
Data to Write Time Overlap tow 50 — 60 — ns
Data Hold from Write Time ton 20 — 20 — ns
Output Active from End of Write tow 10 — 10 — ns
® TIMING WAVEFORM OF WRITE CYCLE
twe
Address Y N
/| /]
town ey LHR (3)
CEs \ N
tewz
taw
_ twe(1)
WE
tas(2) \ 4}(7 ton
twiz (4)
tov__ (6) | (1)
o AN N AN -
Dout e A
tow toH
(8)
Din Data In Valid ee%éé
NOTES: 1 A write occurs during the 4. During this period, 1/O pins 6. Dout is the same phase of

overlap (typ) -of low CE,,
CE, and WE,

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

ning of the write, S.

3. twr is measured from the
earlier of CE,, CE, or WE
going high to the end/of

write cycle.

are in the output state so

that the input signals of

opposite phase to the out-

puts must not be applied.

If the CE, or CE, low transi-
tion occurs simultaneously
with the WE low transitions or
after the WE transitions, out-

put remain in a high im-

pedance state.

write data of this write

cycle.

7. Dout is the read data of next

address.

8. If CE, and CE, are low
during this period, 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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MLOW V.c DATA RETENTION CHARACTERISTICS (Ta=0"Cto +70°C)

Item Symbol Test Conditions min typ max Unit
Voo for Data Retenti v CE,=Vec—0.2V, 2.0 _ _ v
e for Tata Retention P | Vinz Vee—0.2V or VinS0.2V :
Vee for Data Retention Vore CE. = Vec—0.2V 2.0 — -~ A
Data Retention C . i Vee=3.0V, CE 22.8V, 200 N
t t - -
ata etention urren CCDR1 ‘/INZZ,BV or V1N§0,2v M.
Data Retention Current Iccpre Vee=3.0V, CE.=Vec—0.2V — — 30* HA
Chip Deselect to Data Retention Time teor 0 - — ns
See Retention Waveform
Operation Recovery Time tr tre** — — ns
* 10gA max at Ta=0°C to +40°C, Vi. min=—0.3V
*% tgc=Read Cycle Time
®LOW Vcc DATA RETENTION WAVEFORM
..Data Retention Mode
Vee
Vo2 2.0V
[ — !
o 2y CEi or CE22 Vor— 02V o
NOTE: 1. CE, controls Address buffer, WE buffer, CE, buffer and DN
buffer, If CE, controls data retention mode, VIN level (address,
(WE, CE,, D[ ©0) can be in the high impedance state. If CE
controls data retentlon mode, Vin level (address, WE, DE
D[/o) must be Vi 2 Vee—=0.2V or Vin £ 0.2V.
SUPPLY CURRENT SUPPLY CURRENT
vs. SUPPLY VOLTAGE vs. AMBIENT TEMPERATURE
16 1.6
Ta=25C Vee=5.0V
5 14 S 14
E: 12 // : 12
E 10 i 10
S 08 3 08
A 06 7 08
04 04
45 4.75 50 5.25 5.5 0 20 40 60 80
Supply Voltage Vee (V) Ambient Temparature Ta (°C)
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Access Time taa,tacs(Normalized)

Access Time tas,tacs(Normalized)

Low Input Voltage Vir(Normalized)

ACCESS TIME vs.
SUPPLY VOLTAGE

13
Ta=25C
1.2
11 \\
10
09
0.8
0.7
4.5 4.75 5.0 5.25 5.5
Supply Voltage Vee (V)
ACCESS TIME vs.
LOAD CAPACITANCE
18
16 //
14 / I
12 P
Ta=25C
Vee=MIN
1.0
08
0.6
100 200 300 400 500
Load Capacitance Ci (pF)
INPUT LOW VOLTAGE vs.
SUPPLY VOLTAGE
13
Ta=25C
1.2
1.1
" /__’-—‘
—/
0.9
0.8
0.7
45 4.75 5.0 5.25 5.5

Supply Voltage Vec (V)

Supply Current Icca (Normalized) Access Time taa,tscs{Normalized)

High Input Voltage Vig(Normalized)

ACCESS TIME vs.
AMBIENT TEMPERATURE

Vee=5.0V

L~

0.9

0 20 40 60 80

Ambient Temperature Ta (°C)

SUPPLY CURRENT vs.

FREQUENCY

13 T T
200ns | 150ns  [120ns
1.2
11
10 —
___,.———P"”

-————'1
09
08
0.7

0 4 8 10

Frequency f (MHz)

INPUT HIGH VOLTAGE vs.

SUPPLY VOLTAGE
1.3

Ta=25C
1.2
11
/

10

0.9

0.8

0.7
4.5 4.75 5.0 5.25 5.5

Supply Voltage Vec (V)

HM6117LP-3, HM6117LP-4
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HM6117LP-3, HM6117LP-4

Output Current Jos(Normalized)

(A)

Standby Current sz

140

Standby Currect IJccrz {Normalized)

OUTPUT HIGH CURRENT
vs. OUTPUT HIGH VOLTAGE

16
Ta=25C
Vee=5V
14
1.2 \\
1.0 \
0.8
0.6
04
1 4 5
Output Voltage Vor (V)
STAND-BY CURRENT vs.
AMBIENT TEMPERATURE
1074
Vee=3V
CE;=2.8V
1073

P

/

-

e

1077
0 20 40 60 80
Ambient Temperature Ta {‘C)
STAND-BY CURRENT -vs.
INPUT VOLTAGE
10
Ta=25C
Vee=5V
CE1=4.8V
8
6
| \\
2
0 \¥
0 1 2 3 4 5

Input Voltage Vin (V)

Output Current lor{Normalized)

Standby Current Ispi(Normalized)

Standby Current Iccrz {Normalized)

OUTPUT LOW CURRENT

vs. OUTPUT LOW VOLTAGE

16

/

/

Ta=25C
Vee=5V

17

0.6 /

0.4
0 0.2 0.4

0.6 0.8

Output Voltage Vor (V)

STAND-BY CURRENT vs.
SUPPLY VOLTAGE

14

Ta=25"C
CEz=Vec—0.2V

N
>

2 3 4 5

Supply Voltage Vee (V)

STAND-BY CURRENT vs.
INPUT VOLTAGE

10

"|CEz=4.8V

Ta=25C
Vee=5V

0 1 2 3

Input Voltage Vin (V)



HM6117LFP-3,HM6117LFP-4—

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

BFEATURES

® High Density Small-sized Packaged

® Projection Area Reduced to One-Thirds of Conventional DIP

® Thickness Reduced to a Half of Conventional DIP

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
® Pin Out Compatible with Standard 16K EPROM/MASK ROM (FP-24)
® Equal Access and Cycle Time
® Capability of Battery Back up Operation HPIN ARRANGEMENT
HEFUNCTIONAL BLOCK DIAGRAM w{1] ~ 7] Ve
Ay o—————’jﬁ: — : A‘E EA'
:2 ! __J —0 Ve AsE EA:
A: i S Row R Memory Matrix ——o GND A‘E Eﬂ
:: \ Decoder r__ 128X 128 s[5 [20] CE2
A7 °_—'j_ AzE %Aw
T I ] A1E 18} CEs
Vore—1 ] Column 1/0 an 17] /01
\ ] Input Column Decoder I/O'E E 1701
I Data 170210 DI o
: i Control 25 15]1/0¢
0s0 . - "\-t | i - e
o A Ax hs Aw | : aND[Z] 13 vo.
|
CE2 l—ﬂ}"—j (Top View)
CE1 0—
WE o———

HABSOLUTE MAXIMUM RATINGS

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

* Pulse width 50ns . —1.0V

ETRUTH TABLE

CE: CE. WE Mode Vce Current 1/0 Pin
H X X Not Selected Iccu High Z
X H X Not Selected Iccie High Z
L L H Read Icc Dout
L L L Write Icc Din

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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HM6117LFP-3, HM6117LFP-4

HMRECOMMENDED DC OPERATING CONDITIONS (Ta=0C to+70TC)
Item Symbol min typ max Unit
Vee 4.5 5.0 5.5 A
Supply Voltage GND 0 0 0 v
Input High (logic 1) Voltage Vi 2.2 3.5 6.0 v
Input low (logic 0) Voltage Vi —1.0* — 0.8 1

* Pulse Width: 50ns, DC: Viiaw=—0.3V.

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

Item Symbol Test Conditions min typ max Unit
Input Leakage Current | Ior | Vin=GND to Vecc — — 2 HA
C‘E1=Vm or sz:Vm
Output Leak C t I — — 2 A
put Leakage Curren | Io | Vi o=GND to Vec R
ting P Suppl S,
Operating Power Supply Iec CE, —CE:~Vii, I o=0mA - 35 70 mA
Current . DC
Min cycle, duty=1007
Average Operating Current Icc _]_n evele u_y % — 35 70 mA
CEi=Vi, CE:=ViL
Standby P Suppl, CEi2Vec—0.2V
andby Power Supply Teess® 12 Vee B 5 50 A
Current (1) DC VinzVee—0.2V or Vix=0.2V
Standby Power Supply —
Iccr2* | CE22Vec—0.2V — 2 50 A
Current (2):.DC cer e e #
Output low Voltage Vor Ior=2.1mA - — 0.4 \Y
Output High Voltage Vou Ion=—1.0mA 2.4 - — \
Notes : 1) Typical limits are at Vcc=5.0V, Ta=+25C
2) * 1 Viwn=—0.3V
BCAPACITANCE (Ta=25C, f=1.0MHz)
Item Symbol [ Test Conditions typ max Unit
Input Capacitance Cix Vix=0V 3 5 pF
Input/Output Capacitance Cio Vio=0V 5 7 pF
Note : 1) This parameter is sampled and not 100% tested.
BAC CHARACTERISTICS (Ta=0C to +70°C, Vcc=5V+10% unless otherwise noted)
® AC TEST CONDITIONS
InputPulse Levels « .. ....covvvin i 0.8V to 2.4V
Input Rise and Fall Times - - .............. 10ns
Input and Output Timing Reference Levels . . . 1.5V
Output Load « -« v vvveir e, 1 TTL Gate and ¢y = 100pF (Including Scope & Jig}
®READ CYCLE
HM6117LFP-3 HM6117LFP-4 .
Item Symbol - - Unit
min max min max
Read Cycle Time tre 150 — 200 — ns
Address Access Time taa — 150 — 200 ns
Chip Enable (CE\) to Output tco — 150 - 200 ns
Chip Enable (CE:) to Output tcoz — 150 — 200 ns
Chip Enable (CE:) to Output in Low Z tiz 10 — 10 — ns
Chip Enable (CE;) to Output in Low Z tiz 10 — 10 — ns
Chip Disable (CE,) to Output in High Z tuzi 0 70 0 80 ns
Chip Disable (CE:) to Output in High Z thze 0 70 0 80 ns
Output Hold from Address Change ton 15 . 15 - ns
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® TIMING WAVEFORM OF READ CYCLE (Notes 1, 2)

HM6117LFP-3, HM6117LFP-4

tre (
Address X

thz1

CE1 tcor /V
-
v

tizz thze

Dout
Data Valid

NOTES: 1. WE is High for Read Cycle.

2. When CE, and CE, are low, the address input must be in the high

impedance state.

®WRITE CYCLE

HM6117LFP-3 HM6117LFP-4
Item Symbol - - Unit

min max min max
Write Cycle Time twe 150 — 200 — ns
Chip Enable (CE,) to End of Write tew 100 — 120 — ns
Chip Enable (CE:) to End of Write tew: 110 — 130 — ns
Address Set Up Time tas 20 — 20 — ns
Address Valid to End of Write taw 130 — 150 — ns
Write Pulse Width twp 100 — 120 — ns
Write Recovery Time twr 15 — 15 — ns
Write to Output in High Z twuz 0 60 0 70 ns
Data to Write Time Overlap tow 50 — 60 — ns
Data Hold from Write Time ton 20 - 20 — ns
Qutput Active from End of Write tow 10 — 10 — ns

® TIMING WAVEFORM OF WRITE CYCLE

Address Q (

tewl IWR

C& KX\ (5 /J
—

= T

_ twe (1)

WE
tas(2) }h J

77

toy
twnz(4)
tow (6) | (7)
Dot > R
DH

tow

(8)

NOTES: 1 A write occurs during the 4, During this period, 1/O pins 6
overla t of low CE are in the output state so
CE, aﬁd(w’é’f’) b that the input signals of
2. tyg is measured from the opposite phase to the out-

puts must not be applied. 7

address changes to the bigin-

ning of the write, 5. If the CE, or CE, low transi-
3. tyr is measured from the tion occurs simultaneously 8
earlier of CE,, CE, or WE with the WE low transitions or
going high to the end/of after the WE transitions, out-
write cycle. put remain in a high im-

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, I/O pins
are in the output state. Then
the data input signals of op-
posite phase to the outputs
must not be applied to them.
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BLOW V.. DATA RETENTION CHARACTERISTICS (Tae=0Cto +70°C)
Item Symbol Test Condition min typ max Unit
Vec for Data Retenti 17 CE12 Vee—0.2V, 2.0 - ~ A%
cc Tor Tata Tetention P | Viez Vee—0.2V or Vins0.2V :

Vee for Data Retention Vore CE.2Vec—0.2V 2.0 - - v
Data Retention C . I Vee=3.0V,.CE, 22.8V, _ _ 30 A
ata etention urren CCDR1 V,Ngzsv or V,,.,gl),zv y
Data Retention Current Iccore Vee=3.0V, CE,=Vec—0.2V —_ - 30+ HA
Chip Deselect to Data Retention Time tcor 0 - — ns

See Retention Waveform
Operation Recovery Time tr trc** — - ns
* 10gA max at Ta=0'C to +40°C, Vii min=—0.3V
%% zc=Read Cycle Time
O®LOW Vcc DATA RETENTION WAVEFORM
Data Retention Mode
Vee
———
teor NSV Vor 220V 45V 1
CEr Vav CEi or CE22 Vo — 0.2V o m
%Ez Ve Vie
NOTE: 1. CE, controls Address buffer, WE buffer, CE, buffer and Din
buffer. If CE, controls data retention mode, VIN level (address,
WE, CE,, Dy, O) can be in the high impedance state. If CE con-
trols data retennon mode, Viy level (address, WE, CE,, D;/o)
must be Vi 2 Voe—0.2V or Vi S 0.2V,
SUPPLY CURRENT SUPPLY CURRENT
vs. SUPPLY VOLTAGE vs. AMBIENT TEMPERATURE
16 16
Ta=25C Vee=5.0V
@ 14 T 14
2 1 // ERRE:
g 10 £ 10 —~—
5 08 3 08
= =
S g
A 06 3 06
04 04
45 4.75 5.0 5.25 55 4 20 40 60 80

Supply Voltage Vee (V)
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Access Time taa,tacs(Normalized)

Low Input Voltage Viz(Normalized)

Access Time taa,tacs(Normalized)

ACCESS TIME vs.
SUPPLY VOLTAGE

Ta=25C

/y

k=3

/

o
%0

e
3

45 4.75 50 5.25 5.5
Supply Voltage Vee (V)

ACCESS TIME vs.
LOAD CAPACITANCE

14 //

Ta=25C
Vee=MIN
1.0
08 ’—
06
100 200 300 400 500
Load Capacitance Cr (pF)
INPUT LOW VOLTAGE vs.
SUPPLY VOLTAGE
13
Ta=25C
1.2
11
1.0 "]
/F
0.9
0.8
0.7
4.5 4.75 5.0 5.25 5.5

Supply Voltage Vec (V)

Access Time taa,tacs(Normalized!

Supply Current Iccz (Normalized)

High Input Voltage Viy(Normalized)

0.8

o1 |

0.9

08

0.7

0.9

0.8

0.7

=

09

HM6117LFP-3, HM6117LFP-4

ACCESS TIME vs.
AMBIENT TEMPERATURE

Vee=50V

L~

0 20 40 60 80

Ambient Temperature Ta ('C}

SUPPLY CURRENT vs.
FREQUENCY

T T T
200ns | 150ns |120ns

0 4 8 10
Frequency f (MHz)

INPUT HIGH VOLTAGE vs.
SUPPLY VOLTAGE

Ta=25C

4.5 4.75 5.0 5.25 5.5

Supply Voltage Vcc (V)
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146

Standby Current Iss1 (A)

OUTPUT HIGH CURRENT
vs. OUTPUT HIGH VOLTAGE
16

Ta=25C
Vec=5V

LN

Output Current Jos(Normalized)
S 5

0.4

Output Voltage Vor (V)

STAND-BY CURRENT vs.
AMBIENT TEMPERATURE

1074

Vee=3V
CE:=2.8V

10°%

10°%
/

-

0 20 40 60 80

~

Ambient Temperature Ta ('C)

STAND-BY CURRENT vs.
INPUT VOLTAGE

10
Ta=25C

5 Vee=5V
3
3 CEi=4.8V
i 8
2
3
g s
b
it
5
Q4
=
2
&

2 \

0

1 2 4

Input Voltage Vin (V)

Output Current JoL(Normalized)

Standby Current Isgi(Normalized)

Standby Current Jccrz (Normalized)

OUTPUT LOW CURRENT
. vs. OUTPUT LOW VOLTAGE

1.6

/

/

0.8

Ta=25C
Vee=5V

0.6

04
0

0.2 0.4 0.6 0.8
Output Voltage Vor (V)

STAND-BY CURRENT vs.
SUPPLY VOLTAGE

0.8

0.6

0.4

Ta=25'C
CEz=Vec—~0.2V

0.2

Supply Voltage Vec (V)

STAND-BY CURRENT vs.
INPUT VOLTAGE

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

8

6

4

2

00 2 4

Input Voltage Vin (V)



HM6167 HM6167-6, HM6167-8,

HM6167P,HM6167P-6,HM6167P-8

16384-word X1-bit High Speed Static CMOS RAM

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

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

HEBLOCK DIAGRAM

Ao
Ve
Al——{ 3 S e
&—— GND
n—F7
As———‘kj Row Memory Array
A‘_—k Select 128X128
A — 51
Az
Din L Column 1/0 Dout
[ &
ﬁ_-[>-l An A A A A A As
HABSOLUTE MAXIMUM RATINGS
Item Symbol Rating Unit
Terminal Voltage with Respect to GND Vr —0.5 to +7.0 \Y
Power Dissipation Pr 1.0 W
Operating Temperature Topr 0 to +70 ‘C
Storage Temperature(Plastic) Tois —55 to +125 °C
Storage Temperature(Ceramic) Tog —65 to +150 ‘C
HMRECOMMENDED DC OPERATING CONDITIONS
(0°C<Ta=70C)
Item Symbol min typ max Unit
Vee 4.5 5.0 5.5 \%
Supply Voltage
GND 0 0 0
Input High Voltage Vin 2.2 — 6.0
Input Low Voltage Vi —0.5 — 0.8

Note} The specifications of this device are subject to change without notice.
Please contact your nearest Hitachi’s Sales Dept. regarding specifications,

HM6167, HM6167-6,
HM6167-8

(DG-20)

HM6167P, HM6167P-6,
HM6167P-8

(DP-20)

HPIN ARRANGEMENT

/
AU[T- 20 | Vee
—
A2 19 1A
Az 3 E.‘\l?
Azl 4 171 An

a5 ] [16] 40
ASE 15 | Ag
Aslz E]»'\S
UoutE 3] &
WE[ 9 EDm

GND| 10 11|Cs

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

BDC AND OPERATING CHARACTERISTICS (Voc=5V+10%, Te=0T to +70T)

Item Symbol Test Conditions min typ max Unit
Input Leakage Current |1 ] Vec=5.5V, Vin=0V~Vcc — - 2 KA
Output Leakage Current 1 Io| CS=Vin, Vour=0V~Vec — — 2 MA
Operating Power Supply Current Icc §=VIL, Output Open — 30 60 mA
Iss |CS=Vi - 5 20 mA
Standby Power Supply Current CS=Vee—0.2V
Iss — 0.02 2 mA
Vin£0.2V or 2Vec—0.2V
Output Low Voltage Vou Io.=8mA — - 0.4 \'
Output High Voltage Vou TIon=—4mA 2.4 — -
Note) Typical limits are at V¢c=5.0V, Ta=25C and specified loading.
BAC TEST CONDITIONS
Output Load A Output Load B
Input pulse levels: GND to 3.0V +5V (for tuz, trz, twz & tow)
Input rise and fall times: 6 ns 5V
Input timing reference levels: 1.5V
Output reference levels: 1.5V 4800 4809
Output load: See Figure Dout & 1
2550 %; 30pF* Dout Ot
2550 3; SpF*
* Including scope and jig.
BCAPACITANCE (Ta=25C, f=1.0MHz)
Item Symbol max Unit Conditions
Input Capacitance Civ 5 pF Vin=0V
Output Capacitance Cour 6 pF Vour=0V
Note) This parameter is sampled and not 100% tested.
BAC CHARACTERISTICS (Vcc=5V=*10%, Ta=0C to 70°C, unless otherwise noted.)
®READ CYCLE
HM6167, HM6167P HM6167-6, HM6167P-6 | HM6167-8, HM6167P-8
Item Symbol Unit
min max min max min max
Read Cycle Time tre 70 — 85 — 100 - ns
Address Access Time taa — 70 — 85 — 100 ns
Chip Select Access Time tacs — 70 — 85 — 100 ns
Output Hold from Address Change ton 5 - 5 - 5 — ns
Chip Selection to Output in Low Z trz 5 - 5 — 5 - ns
Chip Deselection to Output in High Z tuz 0 30 [(] 40 0 40 ns
Chip Selection to Power Up Time try 0 — 0 — 0 — ns
Chip Deselection to Power Down Time tep — 35 — 40 — 45 ns
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HM6167,HM6167-6, HM6167-8, HM6167P, HM6167P-6, HM6167P-8

®WRITE CYCLE

Ltem Symbol HM6167, HM6167P HM6167-6, HM6167P-6 | HM6167-8, HM6167P-8 Unit
min max min max min max

Write Cycle Time twe 70 — 85 - 100 — ns
Chip Selection to End of Write tew 55 — 65 — 80 — ns
Address Valid to End of Write taw 55 - 65 - 80 — ns
Address Setup Time tas 0 — 0 — 0 - ns
Write Pulse Width twe 40 — 45 — 55 - ns
Write Recovery Time twr 0 — 0 — 0 — ns
Data Valid to End of Write tow 30 — 35 — 40 — ns
Data Hold Time ton 0 — 0 — 0 — ns
Write Enable to Output in High Z twz 0 30 0 40 0 40 ns
Output Active from End of Write tow 0 — 0 . 0 — ns

® TIMING WAVEFORM OF READ CYCLE NO.1 "%

Address ><

Data Out Previous Data Valid Data Valid

tre

® TIMING WAVEFORM OF READ CYCLE NO.2-¥

tac
cs ;
thz
. High Impedance
Data Out Data Valid
teo
Vee Supply
50%
Current

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 +550mV from steady state voltage with
specified loading in Figure B.

® TIMING WAVEFORM OF WRITE CYCLE

Address

_
s Y_\[ £

1 Tow ton
Data In Data In Valid *

Twz tow

Data Out Data Undefined
High Impedance

NOTE: 1, Transition is measured +500mV from steady state voltage with
specified loading in Figure B.
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HM6167LP,HM6167L P-6,

HM6167LP-8

16384-word X1-bit High Speed Static CMOS RAM

M FEATURES
o Single +5V Supply and High Density 20 Pin Package

® FastAccess TiMe .. ....cveveerncnnsnss 70ns/85ns/100ns

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

® Completely Static Memory., .. ... No Clock or Refresh Required
® Fully TTL Compatible. ............. All Inputs and Output
® Separate Data Inputand OQutput .. ....... Three State Output
® Capable of Battery Back up Operation
HEBLOCK DIAGRAM
Ao { v
A e <« "CI:D
U,
a—_{F]
Az k: Row Memory Array
N s Decoder . 128X 128
=
Au——%
Din Column I/0 | Dout
Column Decoder
T R R EAATR
W_E—-D— An Aw A As Ar A As
HMABSOLUTE MAXIMUM RATINGS
'
Item Symbol Rating Unit
Terminal Voltage with Respect to GND Vr —0.5 to +7.0 v
Power Dissipation Pr 1.0 w
Operating Temperature Topr 0to +70 ‘C
Storage Temperature Tets —55 to +125 ‘C

(DP-20)

HPIN ARRANGEMENT

w[]
w2
w5
w[4]
afE]
o[
w7
pou[s]
(o]

GND| 10

N

20 | Vee

EA]:
EAIZ

[17]An
[16] A
[15] 4
[1¢] 4
i3] a0
oo

[11]cs

(Top View)

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

Item Symbol min typ max Unit
Vee 4.5 5.0 5.5
Supply Voltage
GND 0 0 0 \Y
Input High Voltage Vin 2.2 — 6.0 v
Input Low Voltage Vie —0.5 - 0.8 \%
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HM6167LP, HM6167LP-6, HM6167LP-8

EDC AND OPERATING CHARACTERISTICS (Vec=5V +£10%, Te=0~+70C)

Item Symbol Test Conditions min typ max Unit
Input Leakage Current {1 ] Vee=5.5V Vin=0V~Vecc — — 2 HA
Output Leakage Current [Iro|l | CS=Vik, Yu=0V~Vcc - — 2 KA
Operating Power Supply Current Icc CS =V, Output Open — 30 60 mA
Iss CS=Vu — 5 20 mA

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

Ving0.2V or 2 Vec—0.2V

Output Low Voltage Vor Ior=8mA — — 0.4 \Y
Output High Voltage “Vou Ton=—4mA 2.4 — — A%

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

HAC 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

QOutput load: See Figure

Output Load A

+5V

480Q
Dout

2550 30pF"

* 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 6 pF Vour=0V

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

Output Load B
(for tuz, trz, twz & tow)

+5V

480Q

Dout

2550 SoF*

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

O®READ CYCLE

Item Symbol ?’lMGlG?LP H.M6167LP-6 H.M6167LP-8 Unit
min max min max min max

Read Cycle Time tre 70 — 85 — 100 — ns
Address Access Time taa — 70 — 85 — 100 ns
Chip Select Access Time tacs - 70 — 85 — 100 ns
Output Hold from Address Change ton 5 — 5 - 5 — ns
Chip Selection to Output in Low Z tiz 5 - 5 - 5 —_ ns
Chip Deselection to Output in High Z thz 0 30 0 40 0 40 ns
Chip Selection to Power Up Time try 0 — 0 — 0 — ns
Chip Deselection to Power Down Time tep — 35 — 40 — 45 ns
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HM6167LP,HM6167LP-6, HM6167LP-8

®WRITE CYCLE

HM6167LP HM6167LP-6 HM6167LP-8
Item Symbol - - - Unit
min max min max min max
Write Cycle Time twe 70 — 85 — 100 — ns
Chip Selection to End of Write tew 55 — 65 — 80 — ns
Address Valid to End of Write taw 55 — 65 - 80 - ns
Address Setup Time tas 0 — 0 — 0 — ns
Write Pulse Width twp 40 — 45 — 55 — ns
Write Recovery Time twr 0 - 0 - 0 - ns
Data Valid to End of Write tow 30 - 35 - 40 — ns
Data Hold Time ton 0 — 0 — 0 — ns
Write Enable to Output in High Z twz 0 30 0 40 0 40 ns
Output Active from End of Write tow 0 - 0 - 0 — ns
® TIMING WAVEFORM OF READ CYCLE NO.1 "%
tae |
Address ><
tas ]
Data Out Previous Data Valid Data Valid

-

® TIMING WAVEFORM OF READ CYCLE

Data Out

NO.2 1+ ¥

tre

s N

High Impedance

tacs

t

Data Valid

Ve Supply (el
50%
Iss /

Current

NOTES: 1. WE is high and CS is low for READ Cycle.
2. Addresses valid prior to or coincident with CS transition low.

3, Transition is measured *500mV from steady state voltage with

specified loading B.

® TIMING WAVEFORM OF WRITE CYCLE

Address

Data In

Data Out
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—

High Impedance

Hz
tro
50%

A

tew

Data In Valid

Wz

Data Undefined

High Impedance




BMLOW V.. DATA RETENTION

CHARACTERISTICS (Ta=0C to 70°C)

HM6167LP,HM6167LP-6, HM6167LP-8

Parameter Symbol Test Condition min typ max Unit
Vec for Data Retention Vor 2.0 — — \Y
CSz2Vee—0.2V - - 20°
Data Retention Current Iccor HA
Vinz Vec—0.2V or - - 30+
Chip Deselect to Data Retention Time teor 0V V.=0.2V 0 — — ns
Operation Recovery Time tr tre? — - ns
A tre=Read Cycle Time *  Vee=2.0V
* % Vee=3.0V

BLOW V.. DATA RETENTION WAVEFORM

Vee

tcor

Vec—02V

AN

Data Retention Mode

Vor sy

Vec—0.2V
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HM4716 A-1, HM4 716 A-2,

HM4716A-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 pih DIP on 0.3 inch centers. This package
size provides high system bit densities and is compatible with widely
available automated testing and insertion equipment. The HM4716A
is designed to facilitate upgrading of the 16-pin 4K RAM. However,
the data output latch incorporated in the present 4K design is not
appropriate for 16K RAM’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 /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
TCELQYV until CE returns to precharge.

This allows data to be valid from one cyclg)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, AQ to A6.

(2) RE only cycles on 128 addresses, AO to AB.

A write cycle will refresh stored data on all bits of the selected row
except the bit which is addressed.

RE only refreshes results in a substantial reduction in operating
power,

5. Page Mode Operation

The HM4716A is designed for page mode operation.
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HM4716A-1, HM4716A-2,
HM4716A-3, HM4716A-4

HM4716AP-1, HM4716AP-2,
HM4716AP-3, HM4716AP-4

(DP-16)

HPIN ARRANGEMENT

Viy

=3

+ o+ 3 3
I L AT

E2

<
©
5

S

16 | Vss

EES

E Dout

E] As

2]

mp
0] As
9 | Ve

(Top View)

Old New Definitions
Ao-As A0-A6 | Address Inputs’
N — Column Address
CAS CE

Strobe
Din D Data In
Dour Q Data Out
_ — Row Address
RAS RE

Strobe
WRITE | W Read/Write Input
Vs VBB Power (—5V)
Vee vVCcC Power (+5V)
Voo VDD Power (+12V)
Vss VSS Ground




HM4716A-1, HM4716A-2, HM4716A-3, HM4716A-4,

HM4716AP-1, HM4716AP-2, HM4716AP-3, HM4716AP-4

B FEATURES
® All Inputs Including Clocks TTL Compatible ® Maximum Access Time
® |nput Latches for Address and Data in HM4716A-1 .. ....... .00 oot 120ns
® Three-State TTL Compatible Output HM4A716A-2 .. ... v iivien oaet 150ns
® Common 1/O Capability HM4716A-3 .. ..o iv it 200ns
® Only 128 Refresh Cycles Required Every 2ms HMA716A4 .. .. ..ot 250ns
® Standard Power Supplies +12V, +5V, =5V ® Read or Write Cycle Time
(All with 10% tolelance) HMA716A-1 . ... oo 320ns
HMA716A-2 oo it e it iaeeeens 320ns
HMA716A-3 « oo eeeeeeeaeennn 375ns
HM4716A-4 .. oo e i 410ns
B FUNCTIONAL BLOCK DIAGRAM _
w— e
RE —o] Clock Write Data in Data Out
Generator No.l Clocks Buffer Buffer
T
;ﬂ 'l—l L Q
'
cE '—D_ g;:‘;};ntor No.2 — -§ E E 5
$ < |s] <
a > £ z
g:}i‘:‘:s Latch 3 = ;, =
A }i::{l
A6
i:dwress Latch ﬁm
B ABSOLUTE MAXIMUM RATINGS
Voltage on any Pin Relativeto VBB .................... -0.5V to +20V
Voltage on VDD, VCC Supplies RelativetoVSS ........... -0.5V to +15V
Voltage on Q Pin RelativetoVSS - .. -« ...ovivnnn -0.5V to +10V
Operating Temperature, TA (Ambient) -« -« v+ v evnnveean.. 0°C to +70°C
Storage Temperature (Ambient)™. -+ oo vevi it -65°C to +150°C
Short-Circuit Output Current: - -« c e v eevee e, 50mA
Power Dissipation: -+« - v v et 1w
* In case of HM4716AP Series are ~-65°C to +125°C.
Hl RECOMMENDED DC OPERATING CONDITIONS (TA=0 to +70°C)
Parameter Symbol min. typ. max. Unit Notes
VDD 10.8 12.0 13.2 v
vCC 4.5 5.0 5.5 Y
Supply Voltage vss 0 0 5 v 1
VBB —4.5 —5.0 —5.5 \
Input High (logic 1) Voltage 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 \Y% 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, HM4716AP-4

HDC ELECTRICAL CHARACTERISTICS
(Ta=0 to +70°C, Voo=12V£10%, Vec=5V£10%, Ves=—5V+10%, Vss=0V)

Parameter Symbol min max Unit Notes
OPERATING CURRENT Inp - 35 mA 2
Average Power Supply Operating Current Icc - - mA 3
(RE,CE Cycling; TRELREL=2375ns) Iss - 300 KA 2
STANDBY CURRENT Ipp2 - 1.5 mA
Power Supply Standby Current Iccz —10 10 HA 5
(ﬁ=ﬁ= Vine) Iss: - 100 HA
REFRESH CURRENT Ipps - 27 mA 2
Average Power Supply Current, Refresh Mode Iccs —10 10 #A 5
(RE Cycling, CE = Vix;; TRELREL=375ns) Isss — 300 A
PAGE MODE CURRENT Ipps - 27 mA
Average Power Supply Current, Page-mode Operation Icca - - mA 3
(RE= Vi1, CE Cycling; TCELCEL=225ns) Igss - 300 #A
INPUT LEAKAGE
Input Leakage Current, any Input (Ves=—5V, Vin=0 to +7V, I —10 10 H#A
all other pins not under test=0V)
OUTPUT LEAKAGE Tot —10 10 “A 5
Output Leakage Current (Q is Disabled, Vour=0 to +5.5V)
OUTPUT LEVELS Vou 2.4 Vee v 4
Output High (Logic 1) Voltage (Iour=—5mA)
Output Low (Logic 0) Voltage (Iour=4.2mA) Vo | 0 0.4 \Y
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. achieves the open circuit condition and is not re-
2. Current depend on cycle rate: maximum current is ferenced to output voltage levels.
measured at the fastest cycle rate. 12. Operation with the TRELCEL (max) limit insures that
3. ICC depends upon output loading. The VCC supply is TRELQC (max) can be met TRELCEL (max) is
connected to the output buffer only. specified as a reference point only; if TRELCEL is
4. Output voltage will swing from VSS to VCC when greater than the specified TRELCEL (max) limit, then
activated with no current loading. For purposes of access time is controlled exclusively by TCELQV.
maintaining data in standby mode, VCC may be 13. These parameters are reference to CE leading edge in
reduced to VSS without affecting refresh operations early write cycles and to W leading edge in delayed
or data retention. However, the VOH (min) specifica- write or read-modify-write cycles.
tion is not guaranteed in this mode. [ 14. TWLCEL, TCELWL and TRELWL are not restrictive
5. ICC2, ICC3 and IOL consists of leakage current only. operating parameters. They are included in the data
6. AC measurements assume TT = 5ns. sheet as electrical characteristics only: if TWLCEL =
7. VIHC (min) or VIH (min) and VIL (max) are TWLCEL (min), the cycle is an early write and the
reference levels for measuring timing of input signals. data out pin will remain open circuit (high impedance)
Also, transition times are measured between VIHC or throughout the entire cycle; if TCELWL = TCELWL
VIH and VILS. (min) and TRELWL will contain data read from the
8. Assumes that TRELCEL = TRELCEL (max.) If selected cell; if neither of the above sets of conditions
TRELCEL is greater than the maximum recommended is satisfied the condition of the data out (at access
value shown in this table, TRELQV exceeds the value time) is indeterminate.
shown. 15. Capacitance measured with Boonton Meter or effec-
9. Assumes that TRELCEL = TRELCEL (max). tive capacitance measuring methods.)
10. Measured with a load circuit equivalent to 2TTL loads 16. CE = VIHC to disable Q. ’
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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.



HM4716A-1, HM4716A-2, HM4716A-3, HM4716A-4,
HM4716AP-1, HM4716AP-2, HM4716AP-3, HM4716AP-4

M ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS
(Ta=0 to +70°C, Vor=12V+10%, Vec=5V+10%, Vss=0V, Ves=—5V*10%)

Symbol HM4716A-1 HM4716A-2 HM4716A-3 HM4716A-4
Parameter - Unit | Notes
Old New min max min max min max min max
Random Read or Write
! tre TRELREL | 320 —| 320 - 375 - 410 — | ns
Cycle Time
Read-Write Cycle Time tawc | TRELREL | 320 —| 320 - 375 - 515 — | ns |8
Page Mode Cycle Time trc TCELCEL 160 —| 170 - 225 - 275 - ns
Access Time From RE trac | TRELQV - 120 - 150 - 200 - 250 | ns | 8,10
Access Time From CE tcac | TCELQV - 80 - 100 - 135 = 165 | ns | 9,10
Output Buffer Turn-off 1
4iput Buler Tamo torr | TCEHQZ 0 B0 50, 0 60 0 70| ns
Delay
T ition Ti
ransition ~ime te | TT 3 5| 3 | 3 50| 3 50| ns | 7
(Rise and Fall)
RE Precharge Time tre TREHREL 100 - 100 - 120 - 150 - ns
RE Pulse Width trmas | TRELREH | 120 10000 150 10000 200 | 10000 250 | 10000 | ns
RE Hold Time trsw | TCELREH 80 - 100 et 135 - 165 - ns
CE Pulse Width tcas | TCELCEH 80 10000 100 10000 135 | 10000 165 | 10000 | ns
CE Hold Time tesv | TRELCEH | 120 = | 150 — | 200 — | 250 —| ns
RE to CE Delay Time treo | TRELCEL 15 40 25 50 30 65 40 85 | ns 12
CE to RE Precharge Time tcee | TCEHREL 0 — | —20 - 20 - —=20 | - ns
Row Address Set-up Time tase | TAVREL 0 - 0 0 - 0 — | ns
Row Address Hold Time tran | TRELAX 15 - 20 - 25 - 35 — | ns
Column Address Set-up Time tasc | TAVCEL —5 - —5 - —5 - -5 - ns
Column Address Hold Time tcan | TCELAX 40 - 45 - 55 - 75 — | ns
Column Address Hold Time
— tar TRELAX 80 - 95 - 120 - 160 — | ns
Reference to RE
Read Command Set-up Time tres | TWHCEL 0 - 0 - 0 - 0 — | ns
Read Command Hold Time trew | TCEHWL 0 - 20 - 20 - 20 — | ns
Write Command Hold Time twen | TCELWH 40 - 45 55 - 75 — | ns
Write Command Hold Time )
— twee | TRELWH 80 - 95 - 120 - 160 — | ns
Reference RE
Write Command Pulse Width twp TWLWH 40 - 45 - 55 - 75 - ns
Write Command to RE
tawe | TWLREH 50 - 60 - 80 - 100 — | ns
Lead Time
Write Command to CE
tewe | TWLCEH 50 - 60 - 80 - 100 - ns
Lead Time
Data-in Set-up Time tps TDVCEL 0 - 0 - 0 - 0 — | ns 13
Data-in Hold Time ton TCELDX 40 - 45 - 55 - 75 - ns 13
Data-in Hold Time
— towr | TRELDX 80 - 95 - 120 - 160 — | ns
Referenced RE
CE Precharge Time (f |
vecharge Time (for |\~ |rcpnceL | 60 -1 60 - 8 —| 10 = ns
Page-mode Cycle Only)
Refresh Period trer | TRVRV - 2 — 2 — 2 - 2| ms
W Command Set-up Time twes | TWLCEL 0 — | —20 — | —20 — | =20 — | ns 14
CE to RE Delay tewp | TCELWL 60 —_ 70 - 95 - 125 - ns 14
RE to W Delay two | TRELWL | 100 —| 120 — | 160 — | 200 — | ns | 14
RE Precharge to
i X tree |TREHCEL 0 - 0 - 0 - 0 - ns
CE Hold Time

I AC ELECTRICAL CHARACTERISTICS

Parameter Symbol typ max Unit Notes
Input Capacitance (Ao-As, D) Cn - 5 pF 15
Input Capacitance RE, CE, W Ciz - 10 pF 15
Output Capacitance (Q) Co - 7 pF 15, 16
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HM4716A-1, HM4716A-2, HM4716A-3, HM4716A-4

HM4716AP-1, HM4716AP-2, HM4716AP-3, HM4716AP-4
ETIMING WAVEFORMS

O®READ CYCLE

TRELREL
THELRE.
- VIHC TRELAX ———— |
it /‘ N
TRELCE TREHREL —f
f——TRELCEL —— TCEL] P TCEHREL~
VIHC TCELCEK
CE
vil. T\
[TRELAX Tﬂim TCELAX

VIR
ADDRESSES
v

COLTMY
ADDRESS % Z

ZX

TCEHWI.
-

®WRITE CYCLE (EARLY WRITE)

- VIHC /i, ‘W /
viL ‘ L—TCELQ\'
! TRELQY- — t'rcanqz
VoK VALID
DATA X
Q voi.
TRELREL
VIHC TRELREH
— TRELAX-
Ty 1 N
TCELREH TRE
TRELCEH ——— - RF”"E"—_]
[— TRELCEL TCELCEH TCEHREL
VIHC " p
TWLCEH J
TWLCEL] TCELWH -
VIHC ) N
i i 2 i
| I |
TRECET TWLREH
TOVCEL+ +  ~TCELDX~
VIH
VALID
> TR
e TRELDX ——
VOH
Q X
voL

O READ - WRITE/READ -MODIFY-WRITE CYCLE

TRELRELRW-—
TRELREH

wE VIHC —— TRELAX—
VIL — \_
TCELRE TREHREL ~|
F—TRELCEL TEELSER TCERREL
Vi ¢
By
- - TCELAX
OLUI
ADDRESSES U Y X
TRELWL TWLCEH _]
| TwherL— TCELWL TWLREH
e
Voo 7 r__{
= TWLWH .
——TCELQV— — |TCEHQz
VOH
VALID
e oL opPEN——F VAL
TRELQ
VIH
D viL

® “RE ONLY” REFRESH CYCLE
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TRELREL

TRELREH
VIHC T
viL —RELAK TREHREL
TAYREL|
VIH
oW

ADDRESSES - X BWess XU, i /

o [ A— —  |-TREKCEL
B g 777

VIL / / v/ Y‘(/ //
0 VOR OPEN

voL




®PAGE MODE READ CYCLE

HM4716A-1, HM4716A-2, HM4716A-3, HM4716A-4

HM4716AP-1, HM4716AP-2, HM4716AP-3, HM4716AP-4

- TRELREH
E VIHC=—\ ~— TRELAX—
VIL —i5
——TRELCEHA TCELREH —— {~TREHREL
Ve FTRELCEL- TCELCEH [:TCELCEH ——— TCEHREL —
‘ —
VIL - gBELAX TCELAX TELA
TAVREL ~/[ TAVCEL TAV(T% TAVCEL~ H-
VIHC
TOL COL COL
ADDRESSES VIL ADD / ADD , ADD / / / /W
TRELQV — |F-TceLQy J l-TcELQV
TRELQV _{- TCEHQZ TCEHQZ TCEHQZ
VOH
Q +—OPEN f—
VoL *
-—TWHCEL
VIHC TWHCEL - TCEHWL TCEHWL ™ |-
W //ﬂ’ X
® PAGE MODE WRITE CYCLE
TRELREH
. VIHC—— L~ TRELAX
RE T\ .
VIL y
TRELCEH L-TCELREH—— TREHREL
TCELCELA——1 .
~TRELCEL ~~—TCELCEH | Fregpesi— TCELCEH TCELCEH—| [~TCEHREL
B VIHC : —
CE VIL ¥
TRELAX TCELAX ~—TCELAX TCELAX
TAVREL - - ~ -TAVCEL  TAVCEL~ TAVCEL~{ K-
ViH ‘ oL
oW COL COL C ///
ADDRESSES Row 05 o ,@( ADD L
VIL TCELWH TCELW TCELWH j
r~Tw .CEH— TWLCEH‘J TWLCEH
. VIHC
VoL T /////ﬁf W/Z///i ///////
TWLWH TWLWH TWLWH
TRELWH ——TWLREH
TOVWL{~—~ TWLDX~ TDVWL TWLDX~ TDVWLf— F~TWLDX—~f
VIH y  VALD /////
L VALID k%%;;;? ?
o DATA IW DATA 7, % DATA /
—rRELDV—
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HM4716A-1, HM4716A-2, HM4716A-3, HM4716A-4
HM4716AP-1, HM4716AP-2, HM4716AP-3, HM4716AP-4

B TYPICAL CHARACTERISTICS

ACCESS TIME (NORMARIZED) vs. Voo ACCESS TIME (NORMARIZED) vs. V,s

1.2

1.2

T,=50°C
T;=50"C

TRELQV(Normarized)
TRELQV(Normarized)
5

0.9

0.9
0.8 0.8
10 11 12 13 14 -3 —4 -5 —6 -7
Supply Voltage VDD (V) Supply Voltage VBB (V)
ACCESS TIME (NORMARIZED) vs. T; IDDI vs. Vo
12 30
T;=50C
/ TRELREL =375ns
z
11 £ s ]
= g TRELREL=500ns
g Lo = 20
: =
= 2
§ S /
g H //
= g
0.9 £ B — TRELREL =800ns
/
10
0.8 10 3
“10 2 50 80 110 1 12 ! 14
Junction Temperature Tj (C) Supply Voltage Vou (V)
IDDI vs. T; IDDI vs. CYCLE RATE
0
30 [
Vop =13.2V
Von=13.2V TRELREL=375ns T;=50C /
~ = P
E (0
ié “ ] e ! /
H TRELREL =500ns § /
ERY) 3
< = /
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HM4716A-1, HM4716A-2, HM4716A-3, HM4716A-4
HM4716AP-1, HM4716AP-2, HM4716AP-3, HM4716AP-4

IDD2 (STANDBY) vs. Vo IDD2 (STANDBY) vs. T;
12 1.2
7, =50C Vin=13.2v
z = 10 S
E a E \\
£ B 0.8 —
3 0.8 B .
(8]
-
Z ..
2w = 0.6
3 H
0.4 i}
10 1 12 13 14 -10 20 50 80 110
Supply Voltage Vone (V) Junction Temperature T, (°C)
IDD3 ( RE ONLY CYCLE) vs. Voo IDD3 (RE ONLY CYCLE) vs. T;
25 5
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TRELREL=375ns ——
~ 1 - [— TRELREL=375ns
] = 20 :
E /[ £
- / TRELREL=500ns E _—
_ ~ [ — TRELREL=500ns
£ /i/ g \\
S = — s
z / =
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z 7 o 3 ~1-\(\T‘RELREL:800M
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3
o
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16 11 12 13 14 -10 20 50 80 110
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-é / / E "
PO =
% L~
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HM4716A-1, HM4716A-2, HM4716A-3, HM4716A-4
HM4716AP-1, HM4716AP-2, HM4716AP-3, HM4716AP-4

Input Level (V)

Input Level (V1

Input Level {V)
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CLOCK INPUT LEVELS vs. Vo
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HM4716A-1, HM4716A-2, HM4716A-3, HM4716A-4
HM4716AP-1, HM4716AP-2, HM4716AP-3, HM4716AP-4

B CURRENT WAVEFORMS

RE/CE Cycle Long RE/CE Cycle RE only Cycle Page Mode Cycle
|
RE 4 —n —nm /——L\
CE Y s suss— / \ [~
" 1 —f ]
L 1 ] It
MEwin \_] ] r / \ / /
=P T NN NN TN NIV
T ] [ I
s, NUA A M A N 1A
(mA.ﬁzu W‘v v VV ‘W y"‘v W'— \ad

NOTE : VDD =13.2V, VBB =—4.5V, Ta=25C

~ = sons
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HM4716A-1, HM4716A-2, HM4716A-3, HM4716A-4

HM4716AP-1, HM4716AP-2, HM4716AP-3, HM4716AP-4

APPLICATION INFORMATION

e READ CYCLE;

A read cycle begins with addresses stable and a negative
going transistion of RE. The time delay between the stable
address and the start of RE-on is controlled by parameter
TAVREL.

Following the time when RE reaches its low level, the row
address must be held stable long enough to be captured.
This controlling parameter is TRELAX. Following this
interval, the address can be changed from row address to
column address,

When the column address is stable, CE can be turned on.
The leading edge of CE is controlled by parameter
TRELCEL.

The basic limit on the CE leading edge is that CE cannot
start until the column address is .stable, and this is
controlled by parameter TAVCEL.

The column address must be held stable long enough to be
captured.

The controlling parameter is TCELAX. Note that
TRELCEL(max) is not an operating limit of the HM4716A
though its specification is listed on the data sheets. 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 becomes high impedance.
This parameter is TECHQZ,

e WRITE CYCLE;

A write cycle is performed by bringingW low before or
during CE-on.

Two different write cycles can be defined as;

Write cycle — Write data are available at the beginning of

the CE-on so that the write operation starts at the begin-

ning. In this mode, D and W signal times are not in any
critical path for determining cycle time.

Following the time when W reaches its low level. W must be
held stable long enough to be captured. This W-on pulse
duration is called TWLWH.

The time required to capture write data in a latch is called
TWLDX.

This cycle is called an “early write”

Read Write cycle — This cycle starts as a read cycle, but as
soon as the device specification is met, a write cycle is
initiated. W and. D are delayed until after Q. This cycle is
called a “delayed write'’. A “Read-modify-write’’ cycle is a
variation of this operation. In this mode, D and W become
critical path signals for determining cycle time,
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o CLOCK-OFF TIMING;

RE and CE must stay on for Q stabilized to valid data. In
the case of CE, this is controlled by parameter TCELCEH
{min). In the case of RE, this controlled by parameter
TCELREH(min).

Following the end of RE, CE must stay off long enough to
precharge internal circuits. The only parameter of concern
is TREHREL.

Normaily 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,

o DATA OUTPUT;

Q is three-state TTL compatible with a fan-out of two
standard TTL loads.

When CE s 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 allows faster successive memory
operations at multiple column locations of the same row
address with increased speed.

This is done by strobing the row address into the chip and
maintaining RE at a logic low throughout all successive CE
memory cycles in which the row address is latched. As the
time normally required for strobing a new row address is
eliminated, access and cycle times can be decreased and the
operating power is reduced. These are reflected in the
TCELQV, TCEHCEL, IDD4 specifications.



HVI4816 A-3, HM4 816 A-3E,

HMVM4816A-4, HM4816A-7,
HM4816AP-3,HM4816 AP-3E,
HV4816AP-4, HVI4 816 AP-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.

HE FEATURES
® Single 5V supply

Low power standby and operation

(Standby: 11mW max., operation: 150mW max.)
® Fast access time & cycle time

HM4816A-3, HM4816A-3E,
HM4816A-4, HM4816A-7

(DG-16B)

HM4816AP-3, HM4816AP-3E,
HM4816AP-4, HM4816AP-7

HM4816A-3 | HM4816A-3E | HM4816A-4 | HM4816A-7
HM4816AP-3 |HM4816AP-3E( HM4816AP-4 | HM4816AP-7
M.aximnm Access 100 105 120 150
Time (ns)
Read, Write Cycle 235 200 270 320 (DP-16)
(ns)
Read-Modify-Write
285 235 320 410
Cyele (ns) MPIN ARRANGEMENT

® Directly TTL compatible: All inputs & outputs

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

Common 1/0 capability using “easy write’’ operation.

Read modify write, RAS only refresh and page mode capability
Only 128 refresh cycle required every 2ms

Compatible with Intel 2118-3/-4/-7

HBLOCK DIAGRAM

7 1ok 64128 CELL
BIT ROW
el LATCH oW s | MEMORY ARRAY
A:- " (ROW) 128 SENSE 10F 2
ne |8 T A AMPLIFIERS %% outPuT
MFE iy Y i BUFFER
ae|B 7 DECODERS GATING
peH R
Mz it |1 R sxizs CELL
(COLUMN) V| _oecopers MEMORY ARRA

— CLOCK CLOCK
RAS GENERATOR GENERATOR

No.1 No.2
CAs

Din

WRITE
ENABLE
BUFFER

DATA
INPUT
BUFFER

\J

(Top View)
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HM4816A-3, HM4816A-3E, HM4816A-4, HM4816A-7;
HM4816AP-3, HM4816AP-3E, HM4816AP-4, HM4816AP-7

W ABSOLUTE MAXIMUM RATINGS

Item Symbol HM4816A or AP Unit
Voltage on any pin relative to GND Vr -1.0 ~ +7.0 \Y
Power supply voltage relative to GND Vee —-0.5 ~ +7.0 \
Short-circuit Output Current Lo 50 mA
Power Dissipation Pr 1.0 w
Operating Temperature Toor 0~ +70 C
Cerdip —65 ~ +150 C
Storage Temperature Toe B
Plastic —55 ~ +125 C
B RECOMMENDED DC OPERATING CONDITIONS
Item Symbol min typ max Unit Notes
Vee 4.5 5.0 5.5 \' 1
Supply voltage Vs 0 o 0 v 12
Input high (logic 1) voltage RAS, CAS, WE Vine 2.4 - 7.0 \Y 1
Input high (logic 1) voltage except RAS, CAS, WE Vin 2.4 - 7.0 \Y 1
Input low (logic 0) voltage all inputs Viu —-2.0 - 0.8 \% 1
Notes . 1. All voltage referenced to Vis.
2. Output voltage will swing from Vss to Vie when activated with no current loading.
HDC AND OPERATING CHARACTERISTICS
(Ta=0°C to 70°C, Vec=5V=+10%, Vss=0V, unless otherwise noted.)
Parameter Symbol Test Conditions min typ ‘| max Unit | Notes
Input Load Current (anyinput)| . | Vis=Vss to Vee - 0.1 10 #A
Output Leakage Current for _
o] Chip Deselected;CAS at Viu, Vour=0to 5.5V - 0.1 10 HA
High Impedance State
L o HM4816AP-3,4,7 _ L2 g -
Vee Supply Current. Standby Icca CAS and RAS at Vi HM4816A-3,4,7
HM4816A, AP-3E - 1.2 3 mA
HM4816A, AP-3 tac= tremiv - 23 27 mA 3
HM4816A, AP-3E trc= tremin - 27 35 mA 3
Ve Supply Current. Operating | foct 168, AP—4 from tronrx — ] u | 5 | wmA | 3
HM4816A, AP-7 tre=tremiv - 19 23 mA 3
HM4816A, AP-3 trc=tkemin - 16 18 mA 3
l/ic_Supply Current ; Jeos HM4816A, AP-3E trc=tremin - 20 25 mA 3
RAS-Only Cycle HM4816A, AP-4 tpc= tremin - 14 16 mA 3
HM4816A, AP-7 trc= tremin - 12 14 mA 3
‘S/:nj::‘p(l)yutcp::r;::bled fecs CAS at Vi, RAS at Vi - 3 6 mA 8
Output Low Voltage Voo Io,=4.2mA - - 0.4 v
Output High Voltage Vou Tor=—5mA 2.4 - — v
Notes ' 1. All voltages referenced to Vss.
2: Typical values are for Ta=25'C and nominal supply voltages.
3. Icc is dependent on output loading when the devices output is selected. Specified /cc MAX is measured with the output open.
H CAPACITANCE (Ta=25°C, Vec=5V £10%, Vss=0V, unless otherwise noted.)
Parameter Symbol typ max Unit
Address. Data In Cn 3 5 pF
RAS, CAS, WE, Data Out Cre 4 7 oF

Notes : Capacitance measured with Boonton Meter or effective capacitance calculated from the equation:

C= AAV with AV equal to 3 volts and power supplies at nominal levels.
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HM4816A-3, HM4816A-3E, HM4816A-4, HM4816A-7,
HM4816AP-3, HM4816AP-3E, HM4816AP-4, HM4816AP-7

B AC CHARACTERISTICS @23 (Tg=0°C to 70°C, Vec=5V%10%, Vss=0V, unless otherwise noted.)
® READ, WRITE, READ-MODIFY-WRITE AND REFRESH CYCLES

HM4816A-3 HM4816A-3E HM4816A-4 HM4816A-7

Parameter Symbol HM4816AP-3 | HM48i6AP-3E | HM4816AP-4 HM4816AP-7 | Unit | Notes
min max min max min max min max

Access Time From RAS trac - 100 - 105 - 120 - 150 ns 4,5
Access Time From CAS teac - 55 - 60 - 65 - 80 ns 4,5,6
Time Between Refresh Erer — 2 - 2 - 2 — 2 | ms
RAS Precharge Time tap 110 — 70 - 120 - 135 — ns
"AS Drecharge Time tey | 50 - 50 —| 5 - 1 — | ns
CAS to RAS Precharge Time terp 0 — 0 — 0 - 0 — ns
RAS to CAS Delay Time trew 25 45 25 45 25 55 25 70 | ns 7
RAS Hold Time tasu 70 - 60 - 85 — | 105 = | ns
CAS Hold Time tesu 100 — | 105 —| 120 — | 165 — | ns
Row Address Set-up Time task 0 — 0 — 0 — 0 — ns
Row Address Hold Time tran 15 - 15 - 15 b 15 - ns
Column Address Set-up Time tasc 0 — 0 — 0 - 0 - ns
Column Address Hold Time tean 15 — 25 — 20 - 20 - ns
Column Address Hold Time to RAS ta 60 - 70 - 75 - 90 = | ns
Transition Time (Rise and Fall) tr 3 50 3 50 3 50 3 50 ns 8
Output Buffer Turn Off Delay torr 0 45 0 50 0 50 0 60 | ns

® READ AND REFRESH CYCLES

Random Read Cycle Time tre 235 - 200 — 270 - 320 - ns
RAS Pulse Width tras 115 10000 105 10000 140 10000 175 10000 | ns
CAS Pulse Width teas 55 10000 60 10000 65 10000 95 10000 | ns
Read Command Set-up Time tres 0 — 0 — 0 — 0 - ns
Read Command Hold Time tren 10 - 10 - 10 - 10 - ns

® WRITE CYCLE

Random Write Cycle Time trc 235 - 200 - 270 — 320 — | ns
RAS Pulse Width teas 115 10000 105 10000 140 10000 175 10000 ns
CAS Pulse Width teas 55 10000 60 10000 65 10000 95 10000 ns
Write Command Set-up Time twes 0 - 0 - 0 — 0 — ns 9
Write Command Hold Time twen 25 — 30 — 30 — 45 — ns
Write Command Hold Time to RAS twer 70 — 75 — 85 - | 115 —| ns
Write Command Pulse Width twp 25 - 30 - 30 - 50 — | ns
Write Command to RAS Lead Time trwe 60 — 45 — 65 — 110 - ns
Write Command to CAS Lead Time tewr 45 - 45 - 50 - 100 b ns
Data-in Set-up Time tos 0 - 0 - 0 - 0 — 1| ns
Data-in Hold Time ton 25 - 30 - 30 — 45 — | ns
Data-in Hold Time to RAS tonr 70 — 75 - 85 — 115 — | ns

® READ-MODIFY-WRITE CYCLE

Read-Modify-Write Cycle Time tawe 285 — 235 - 320 - 410 — | ns
RMW Cycle RAS Pulse Width Errw 165 | 10000 155 10000 190 | 10000 | 265 10000 | ns
RMW Cycle CAS Pulse Width terw 105 10000 110 10000 120 10000 185 10000 ns
RAS to WE Delay brwo 100 — | 105 — ] 120 — | 150 = | ns 9
CAS to WE Delay tewnp 55 - 60 - 65 - 80 — | ns 9
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HM4816A-3, HM4816A-3E, HM4816A-4, HM4816A-7

HM4816AP-3, HM4816AP-3E, HM4816AP-4, HM4816AP-7
Notes:

1.

All voltages referenced to Vgg

2. Eight cycles are required after power-up or prolonged
periods (greater than 2ms) of RAS inactivity before
proper device operation is achieved. Any 8 cycles which
perform refresh are adequate for this purposes.

3. AC Characteristics assume f7=5ns

4. Assume that tpep S frep (max.) If tpep is greater
than tgcp (max.) then g ¢ will increase by the
amount that tg cp exceeds fgcp (max.)

5. Load =2 TTL Loads and 100pF

6. Assumes tpcp > trcp (max.)

M WAVEFORMS

O®READ CYCLE

7. trep (max.) is specified as a reference point only. If

trcp is less than tpop (max.) access time is fg 4. If
trcp is greater than fg cp (max.) access time is {pcp +
fcac

.t is measured between Vi (min.) and V7 (max.)
. twcs, tcwp and tg wp are specified as reference points

only. If tycs 2 twes (min.) the cycle is an early write
cycle and the data out pin will remain high impedance
throughout the entire cycle. If tcwp 2 tewp (min.)
and tpwp 2 trwp (min.), the cycle is a read-modify-
write cycle and the data out will contain the data read
from the selected address if neither of the above
conditions is satisfied, the condition on the data out is
indeterminate.

tre

ViHC )
@

f‘——

tesu

tees

trep

tRSH

Vine tcas
cws RN /
CAS Vie ____/ 7
tak
task -—4 tRAH lasc Lcan
Vin <
Add ) Row Column
resses @ Address Address
Vi
iRCS tRCH @
Vine
e 5
Vie teac
torr
Dot 0¥ High QA Vatd
oL Impedance @ ¥ Data Out
®WRITE CYCLE
tRC
tRaAs LRP
Vine 3 f—
7S ?\__
Vit \& P
tcsH teey
t”p—-l et tRep tRSH.
Vine t
o / NN / \
CAS Vi 4
Tk
LAS Rpw—tn] Laan LASClmen] tean
Vi
" FO T Row Column
Address L @ Address X L | Address
& tR¥L
tewe
twes tWCH
e \ TS /
2 3
Vie @X
LWeR
e D 1os ton &
b Vin N,@ v
in ]
Vie A 4
tour
Vou High
Dout o, Impedance
Notes:
L.2. Vig pnv and Vyp ap4x are reference levels for meas- 7.t F%H is referenced to the trailing edge of CAS or

3.4.

S.
6.
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uring timing of input signals.

Vou miN and Vor max are reference levels for
measuring timing of Do yr.

torr is measured to Ipyr <o .

tps and !ppy are referenced to CAS or WE, whichever
occurs last.

whichever occurs first.

8. tcgrp requirement is only applicable for RAS/CAS

cycles preceeded by a CAS-only cycle (i.e., for system
where CAS has not been decoded with RAS)



®READ-MODIFY-WRITE CYCLE

RAS

Addresses

®RAS-ONLY

RAS

CAS

Addresses

Dout

HM4816A-3, HM4816A-3E, HM4816A-4, HM4816A-7

HM4816AP-3, HM4816AP-3E, HM4816AP-4, HM4816AP-7

trwe

®HIDDEN REFRESH CYCLE

RAS

Addresses

Dout

Notes:

tRRW trp
|77 J—
ON@ N
Vie I~
lcnr——1 = tRCD teen
teaw - ~
Vin
/ O NN 2 N
Vie tar tRwl
23
v (Asxj:——( hed{ L 45 ¢ tewt
. D Row X
Vi Address Address
%) 1 tawp
tewp twp
v trCs:
e
) /@ /
" ToH
® tosem| (e  ®
Vi
" @ _Data in
Valid
Vi e
tRAC |t LOFF
Von . ) ®
High r Valid Data Out e
VoL Impedance [0
REFRESH CYCLE
tre
tRAS - trp
Vine e | }-———_
Vie e
-‘l g LCRP
Vine
"
“"_'__.J 1RAK
Vin
X Row Address K
Vie
Vou High
Vor Impedance
tre
tRAS tRp taas LRAS LRP
- N 2 e N
w N \
7713
tcxr.1 pest—_ ircp tcas 4 tCPy
Vine
Vie —f
taan tcan tra !
v tasrpeey ..]o bt~ tasc tASR we] jea— lLAS!-b —
W ]
@ Row Column Row Row
Address /') Address ‘Address Address ¥/
Vi ;
@ - Llncs —-‘tucn @
Vine e fo
J N
Vi @ tca
e
tRAC - - torr
Vou Ja ®
_—< ® Valid Data }—-—
Vor JO) .
7.t is referenced to the trailing edge of CAS or

1.2. Vig miny and Vyp prax and reference levels for
measuring timing of input signals.

34.

measuring timing of DoyT.

5.
6.

togF is measured to IoyT < ol
tps and tpyy are referenced to CAS or WE, whichever
occurs last.

Vor min and Vor prax are reference levels for

oo

AS, whichever occurs first.

. tcrp Trequirement 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

B DC AND AC CHARACTERISTICS, PAGE MODE (7:8)
(Ta=0C to 70°C, Vec =5V £10%, Vss=0V, unless otherwise noted.)

HM4816A-3 HM4816A-3E HM4816A-4 HM4816A-7
Parameter Symbol HM4816AP-3 HM4816AP-3E | HM4816AP-4 HM4816AP-7 Unit
min, max. min. max. min. max. min. max
Page Mode Read or Write Cyele e 125 - 130 - 145 - 190 - ns
Page Mode Read Modify Write Cycle brox 175 - 180 - 200 - 280 - ns
CAS Precharge Time. Page Cycle b 60 - 60 et 70 - 85 - ns
RAS Pulse Width, Page Mode ticiv 115 10000 105 10000 140 10000 175 10000 ns
CAS Pulse Width teas 55 10000 60 10000 65 10000 95 10000 ns
Vo Supply Current Page Mode,
o0 SUPPLY Lurment Tage Hode Los - 3| - 23| - al| - 18| mA
Minimum ¢pc. Minimum fess
@ PAGE MODE READ CYCLE
1RPM
tAR
VIHC e
s @ N o /
" Tcsh —3f “Thsh_ tre
terr 1pc
taco tcas tep tcas teas tepn 1
— Vinc r—
0]
EX N2 A N / /
o4 [ee-itcan f-—ettcan tcan
tasn—ef - | e fm—tasc fasC il 14_s.cj |
Viu { Row Col % Col i Col
Addresses | ®)<, Add )g AddK X Add ) Add K
¢ ’ 'J'—lkcs t—tRCS
tres et ® t —.._.l tRCH -] LRCH =
e -1 RCH ] RCH ~|—-».] H r.—
Vil ey tcac tcac tcac s
taag N or —1~ LoFF LoFF
Dour  'o# o ® —
N ®
O
Notes:
1.2. Vig mun and Vi pax are reference levels for
measuring timing of input signals.
3.4. Vog mmv and Vor apax are reference levels for
measuring timing of DoyrT-
S. torF is measured to Ioyr < /1 ol
6. trey Is referenced to the trail[ing edge of CAS or
iAé, whichever occurs first.
7. All voltages referenced to Vgg.
8. AC Characteristic assume f7=5ns.
9. See the typical characteristics section for values of this
parameter under alternate conditions.
10. tcrp requirement is_only applicable for RAS/CAS
cycles preceeded by a CAS-only cycle (i.e., for systems
where CAS has not been decoded with RAS).
11. All previous specified A.C. and D.C. characteristics are
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HM4816A-3, HM4816A-3E, HM4816A-4, HM4816A-7
HM4816AP-3, HM4816AP-3E, HM4816AP-4, HM4816AP-7

®PAGE MODE WRITE CYCLE

LRPM
tar
Vine
— @
RAS v, ® p
- [ RSH 224
terp —— L ‘
tRCD leas tcp lcas teas tepn
s e D /[ N % \ '
Vi , @] b S S
i o ey R
'
o | s ) o
Vin Row Col J1 Col Col
Addresses Vie \ Add Add 4 Add L | [Add
! W "
@ twes| s twes [ e twes| twe
T o el towL - tewr
WE Vine N (D S/ | / —"—”—’_y fr— e ————
Vi @ . N
—[ twp twp twp
twer LRWL
|‘ tDH tps) tDH tos toH
DS |-e]
1© 6]

Din  Vin D Valid Valid Valid b
Vi (@  Data Data Data
LDHR "

®PAGE MODE READ-MODIFY-WRITE CYCLE
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1.2. Vi aun and Vi max are reference levels for
measuring timing of input signals.
3.4. Vou minv and Vor max are reference levels for
measuring timing of DoyT-
5.t is measured to IpyT S o !
6. tg{;];nd tpy are referenced to CAS or WE, whichever
occurs last. -
7. trcy s referenced to the trailing edge of CAS or
RAS, whichever occurs first. o
8. tcrp requirement is_only applicable for RAS/CAS,
cycles preceeded by a CAS-only cycle (i.e., for systems
where CAS has not been decoded with RAS).
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HM4816A-3, HM4816A-3E, HM4816A-4, HM4816A-7

HM4816AP-3, HM4816AP-3E, HM4816AP-4, HM4816AP-7

® Typical Characteristics of HM4816A
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vs. CYCLE RATE
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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 65,5636-words by 1-bit, MOS random access
memory circuit fabricated with HITACHI's double-poly N-channel
silicon gate process for high performance and high functional
density. The HM4864 uses a single transistor dynamic storage cell
and dynamic control circuitry to achieve high speed and low power
dissipation.

Multiplexed address inputs permit the HM4864 to be packaged in a
standard 16 pin DIP on 0.3 inch centers.

This package size provides high system bit densities and is
compatible with widely available automated testing and insertion
equipment. System oriented features include single power supply of
+5V with £10% tolerance, direct interfacing capability with high
performance logic families such as Schottky TTL, maximum input
noise immunity to minimize ‘‘false triggering’” of the inputs, on-chip
address and data registers which eliminate the need for interface
registers, and two chip select methods to allow the user to determine
the appropriate speed/power characteristics of this memory system.
The HM4864 also incorporates several flexible timing/operating
modes.

In addition to the usual read,write, and read-modify-write cycles, the
HM4864 is capable of delayed write cycles, page-mode operation
and RAS-only refresh.

Proper control of the clock inputs (RAS, CAS, and WE) allows
common |/O capability, two dimensional chip selection, and
extended page boundaries (when operating in page mode).

B FEATURES

® Recognized industry standard 16-pin configuration

® 150ns access time, 270ns cycle time (HM4864-2, HM4864P-2)
200ns access time, 335ns cycle time (HM4864-3, HM4864P-3)
Single power supply of +5V+10% with a built-in Vgg generator
Low Power; 330 mW active. 20 mW standby (max)

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

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

® Common 1/0 capability using "‘early write’’ operation
Read-Modify-Write, RAS-only refresh, and Page-mode capability
® 128 refresh cycle

HM4864-2, HM4864-3

(DG~16A)

HM4864P -2, HM4864P -3

(DP-16)

HPIN ARRANGEMENT

ool

on7]
w ]
Wl
5D
0
o
[

15 | CAS
14 | Dout

13 | As

1A

of
of

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

175



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

B FUNCTIONAL BLOCK DIAGRAM

WE ﬂﬁﬁﬁﬁ'ﬁf}i *l' R/W Swich ll
 A— 3
7i< o RAS Clock Data ou
— $ Il ABSOLUTE MAXIMUM RATINGS
— o Memory | 2] & | al Memor Data in |o R X
cas o Arrr Rl ot P st \/gltage on any pin relative
< 8l%|e < OVSS v veeii e -1.0 to +7V
2 NN B -~ Ve o ing T twure. T
wot 1 [E[Fewoec. c=_+:> Row Dec. |5 . perating Temperature, Ta .
< & ° (Ambient) . ............. 0to+70°C
Mo ! H
g 3 semory | | 2] | vemors |3 Storag'e Temperature .
: @ Array = Array (Ambient) . ............. -65t0+150 C
z i S Short-circuit Output Current . 50 mA
: = Power Dissipation .. ....... 1W
© Ao &——__—__—ﬁ}
M RECOMMENDED DC OPERATING CONDITIONS (Ta=0 to +70°C)
Parameter Symbol min typ max Unit Notes
Supoly Volt Vee 4.5 5.0 5.5 \% 1
uppy Hottase Vis 0 0 0 v
Input High Voltage Vi 2.4 - 6.5 v 1
Input Low Voltage Vie —-1.0 - 0.8 A% 1
B DC ELECTRICAL CHARACTERISTICS (Ta=0 to +70°C, Vec=5V£10%, Vss=0V)
Parameter Symbol min max Unit Notes
OPERATING CURRENT I _ 60 mA 24
Average Power Supply Operating Current (RAS, CAS Cycling; ! ke=min.) e '
STANDBY CURRENT I _ 3.5 mA 2
Power Supply Standby Current (RAS = Vi Dout =High Impedance) cee :
REFRESH CURRENT
Average Power Supply Current, Refresh Mode Iccs - 45 mA 2,4
(RAS Cycling, CAS = Viy; t ke =min.)
PAGE MODE CURRENT
Average Power Supply Current, Page-mode Operation Icce - 45 mA 2,4
(RAS = Vi, CAS Cyecling; trc=min.)
INPUT LEAKAGE
Input Leakage Current, any Input (V.. =0 to +6.5V, all other pins not Iu —10 10 HA
under test=0V)
OUTPUT LEAKAGE _
Output Leakage Current (Dout is disabled, Vou=0 to +5.5V) Lo 10 10 #A 3
OUTPUT LEVELS
Output High (Logic 1) Voltage (J.u = —5mA) “;O” 2'3 :CZ z
Output Low (Logic 0} Voltage (L. =4.2mA) o )

NOTES
1. All voltages referenced to Vgg.

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

3. 11 o consists of leakage current only.

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

M AC ELECTRICAL CHARACTERISTICS

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

NOTES

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

2. CAS =V to disable Dout-
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HM4864-2, HM4864-3, HM4864P-2, HM4864P-3

M ELECTRICAL CHARACTERISTICS AND
(Te=0 to +70°C, Vec=5V£10%, Vss=0V)

RECOMMENDED AC OPERATING CONDITIONS "%

HM4864-2/P-2 HM4864-3/P-3
Parameter Symbol - P - 44 Unit Notes
min max min max
Random Read or Write Cycle Time tre 270 - 335 - ns
" Read-Write Cycle Time L 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 56
Output Buffer Turn-off Delay torr 0 40 0 50 ns 7
Transition Time (Rise and Fall) tr 3 35 3 50 ns 3
RAS Precharge Time trp 100 - 120 — ns
RAS Pulse Width tras 150 10000 200 10000 ns
RAS Hold Time trsw 100 — 135 - ns
CAS Pulse Width teas 100 — 135 - ns
CAS Hold Time tesn 150 - 200 - ns
RAS to CAS Delay Time tren 20 50 25 65 ns 8
CAS to RAS Precharge Time torr —20 - —20 - ns
Row Address Set-up Time task 0 - 0 — ns
Row Address Hold Time tran 20 — 25 - ns
Column Address Set-up Time tasc —10 - —-10 - ns
Column Address Hold Time tean 45 - 55 - ns
Column Address Hold Time referenced to RAS tar 95 - 120 - ns
Read Command Set-up Time tres 0 — 0 — ns
Read Command Hold Time tren 0 - 0 — ns
Write Command Hold Time wen 45 - 55 - ns
Write Command Hold Time referenced to RAS twer 95 - 120 - ns
Write Command Pulse Width twp 45 - 55 - ns
Write Command to RAS Lead Time trwe 45 — 55 — ns
Write Command to CAS Lead Time tews. 45 — 55 — ns
Data-in Set-up Time tos 0 - 0 - ns 9
Data-in Hold Time ton 45 — 55 - ns 9
Data-in Hold Time referenced to RAS tour 95 - 120 b ns
CAS Precharge Time (for Page-mode Cycle Only) tep 60 - 80 - ns
Refresh Period trer - 2 - 2 ms
Write Command Set-up Time twes —20 - —20 - ns 10
CAS to WE Delay tewp 60 - 80 - ns 10
RAS to WE Delay tawp 110 — 145 - ns 10
RAS Precharge to CAS Hold Time trec 0 - 0 - ns
NOTES
1. AC measurements assume fp = Sns. tr Ac (max)can be met, fgop (max) is specified as a
2. 8 cycles are required after power-on or prolonged reference point only; if tgrcp is greater than the
periods (greater than 2ms) of RAS inactivity before specified tgreop (max) limit, then access time is
proper device operation is achieved. Any 8 cycles controlled exclusively be tc4c-
which perform refresh are adequate for this purpose. 9. These parameters are reference to CAS leading edge in
3. Vi (min) and Vj; (max) are reference levels for early write cycles and to WE leading edge in delayed
measuring timing of input signals. Also, transition write or read-modify-write cycles.
times are measured between Vg and V. 10. twcs, tcwp and trwp are not restrictive operating
4. Assumes that tpep € trep (max). If tpep is greater parameters. They are included in the data sheet as
than the maximum recommended value shown in this electrical characteristics only: if fwcs 2 twes (min),
table 7 4 exceeds the value shown. the cycle is an early write cycle and the data out pin
5. Assumes that fgop 2 trcp (max). will remain open circuit (high impedance) throughout
6. Measured with a load circuit equivalent to 2TTL loads the entire cycle; if Zowp 2 towp (min) and tRyp 2
and 100 pF. trwp (min) the cycle is a read/write and the data
7. torrp (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,



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

B TIMING WAVEFORMS
®READ CYCLE

the
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O®WRITE CYCLE
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HM4864-2, HM4864-3, HM4864P-2, HM4864P-3

®“RAS-ONLY” REFRESH CYCLE

— B tRAS:
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Dout Open

®PAGE MODE READ CYCLE
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®PAGE MODE WRITE CYCLE

o tar——ed

p—tRC D CAS—4=| [=={C P lCAs—ﬂ ot as~—~ 1CRp—==
Cas VIVH Z*
Vie
tRAH e lCAH tcan
LASR; — | - -—LlA 3 .’
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HM4864-2, HM4864-3, HM4864P-2, HM4864P-3

M TYPICAL CHARACTERISTICS

ACCESS TIME
vs. SUPPLY VOLTAGE

180
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HM4864-2, HM4864-3, HM4864P-2, HM4864P-3
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HM4864-2, HM4864-3, HM4864P-2, HM4864P-3

182
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B APPLICATION INFORMATION

®POWER ON

An initial pause of 500 us is required after power-up and a
minimum of eight (8) initialization cycle,{(any combination of
cycles containing a RAS clock such as RAS-only refresh) must
follow an initial pause.

The Vee current {/cc) requirement of the HM4864 during
power on is, however, dependent upon the input levels (RAS,
CAS) and the rise time of V¢, as shown in Fig. 1,

O®READ CYCLE
A read cycle begins with addresses stable and a negative going

transition of RAS. The time delay between the stable address
and the start of RAS-on is controlled by parameter tasg .
Following the time when RAS reaches its low level, the row
address must be held stable long enough to be captured. This
controlling parameter is tgay . Following this interval, the
address can be changed from row address to column address.
When the column address is stable, CAS can be turned on. The
leading edge of CAS is controlled by parameter tgep . The
basic limit on the CAS leading edge is that CAS can not start
until the column address is stable, and this is controlled by
parameter tagc . The column address must be held stable long
enough to be captured. The controlling parameter is tcay.
Note that tgcp (max) is not an operating limit of the
HM4864 though its specification is listed on the data sheets. |f
‘CAS becomes on later than tgcp (max), the access time from
RAS will be increased by the time which tgcp exceeds tgpep
{max).

Following the time when CAS reaches its low level, the
data-out pin remains in a high impedance state until a valid
data appears. This parameter is tcac -access time from CAS.
The access time from RAS—tgac—is the time from RAS-on
to valid Dout,

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

fee mA

Vee (V)

lec tmA)

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

RAS.CAS =V

1T

1y

Fig.1
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te( Vee rise time) =100us
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HM4864-2, HM4864-3, HM4864P-2, HM4864P-3

® WRITE CYCLE

A write cycle is performed by bringing WE low
before or during CAS-on.

Two different write cycles can be defined as;

Write cycle—Write data are available at the beginning
of the CAS-on so that the write operation starts at
the beginning. In this mode, Dout and WE signal
times are not in any critical path for determining
cycle time.

Following the time when WE reaches its low level,
WE must be held stable long enough to be captured.
This WE-on pulse deration is called typ. The time
required to capture write data in a latch is called
tpr- 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 untif 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 controlied by
parameter tcag (min).

In the case of RAS, this is controlled by parameter
tcas (min). Following the end of RAS, CAS must
stay off long enough to precharge internal circuits.
The only parameter of concern is trp. Normally
CAS is not required to be off for minimum time of
tcrp. However, in a page mode memory operation,
m is a tcp (min) specification to control the
CAS-off time.

® DATA OUTPUT

Dout is three-state TTL compatible with a fan-out
of two standard TTL loads.

When CAS is high, Dout is in a high impedance
state. When CAS is low, valid data appears after
tcac at a read cyclé, and Dout is not valid as an
early-write cycle.

184

® REFRESH

Refresh of the HM4864 is accomplished by per-
forming a memory cycle at each of the 128 row
addresses within each two millisecond time interval.
A0 to A6 are refresh address pin compatible with
standard 16K RAM (HM4716A, HM4816A). During
refresh, either V|| or V,y 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 /cc3z 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.



HM4864 A-12, HMI4864 A-15; Preliminary—
HVI4864 A-20, HM4864AP-12,
HM4864AP-15 HM4864AP-20

65536-word X 1-bit Dynamic Random Access Memory

B FEATURES . . . HM4864A-12, HM4864A-15,
® Industry standard 16- Pin DIP (plastic, Cerdip) HM 4864A-20
® Single 5V (¥10%)
® On chip substrate bias generator
® Low Power: 275 mW active, 20 mW standby
® High speed: Access Time 120ns / 150ns / 200ns
® Common I/0O capability using early write operation
® Page mode capability
® Output data controlled by CAS
® TTL compatible
® 128 refresh cycles — {2ms)
(DG-16B)
HWBLOCK DIAGRAM HM 4864AP-12, HM4864AP-15,
HM4864AP-20
WE X:ﬁgxzﬁk] ’ R/W Switch
£ 2| © |2 £
< 8 g £ -0 Vec
Ao _ ] % Row Dec. K% g=Df Row Dec. *: o Vss
o 1 o
As © o 8 E
% :: "’5 Memory éé Memory g (DP-16)
_g ?’ Array = Array
2 ] <
g 3 HPIN ARRANGEMENT
K] ' O
Ao R | NcE 16 | Vss
Dinf 2 1__51075
WE|3 14 | Dout
M ABSOLUTE MAXIMUM RATINGS RAS| ¢ 3]
Voltage on any pin relativeto Vgg -+« -+« vt —-1Vto 7V w5 2]
Operating temperature, Ta (Ambient) -.«-...... 0°C to 70°C
Storage temperature (Cerdip) « - « =+ e enan —65°C to 150°C A6 1ja
Storage temperature (Plastic) --«+-c rvoviinn —55°C to 125°C mE EM
Power dissipation -« s eerriianiiianaaa 1W m[_s__ ZIA'
Short circuit outputcurrent - -« .- n 50 mA
M RECOMMENDED DC OPERATING CONDITIONS (Te=0 to 70°C) (Top View)
Parameter Symbol min. typ. max. Unit Notes
Supply Voltage Vee 4.5 5.0 5.5 \Y 1 AO—A7 : Address Inputs
- CAS :  Column Address Strobe
Input High Voltage Vin 2.4 - 6.5 v 1 Din : Dataln
Input Low Voltage Vio -1.0 - 0.8 v 1 Dout : Data Output
— RAS . Row Address Strobe
Notes : 1. All voltages referenced to Vss WE :  Read/Write Input
) - ) ) Vee : Power (+5V)
Note) The specifications of this device are subject to change without notice. \Y/ : Ground
Please contact your nearest Hitachi’s Sales Dept. regarding specifications, A?)—S—AG :  Refresh Address Inputs
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HM4864A-12, HM4864A-15, HM4864A-20;

HM4864AP-12, HM4864AP-15, HM4864AP-20

M DC ELECTRICAL CHARACTERISTICS (Ta=0 to 70°C, Vec=5V10%, Vss=0V)

Parameter Symbol min max Unit Notes
Operating Current (RAS, CAS Cycling : txe=min) Iee — 50 mA 1, 2
Standby Current (RAS = V;y, Dout =High Impedance) Icce - 3.5 mA
Refresh Current (RAS Cycling, CAS = Viy, tzc=min) Iccs - 35 mA 2
Standby Current (RAS = V4, Dout Enable) Ices - 5.5 mA 1
Page Mode Current (RAS =V;,, CAS Cycling;trc=min) Iecs - 35 mA 1, 2
Input Leakage (0< V;..<6.5V) I -10 10 rA
Output Leakage(Dout is disabled, 0< V,..<5.5V) I, —10 10 rA
Output Levels High(l,u=—5mA)/Low ([..=4.2mA) Vou, Vor 2.4/0 Vee/0.4 V/V
Notes) 1. Ic- depends on output loading condition when the device is selected. [« max. is specified at the output open condition.

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

M CAPACITANCE (Vcc=5V+10%, Ta=25°C)

Parameter Symbol typ max Unit Notes
Input Capacitance Ao~Ar, Din Con _ 5 L !

RAS,CAS,WE Conz — 10 pF 1
Output Capacitance Dout Cou - 7 pF 1,2
Notes) 1. Capacitance measured with Boonton Meter or effective capacitance measuring method.
2. CAS =V to disable Dout.
B ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS
(Ta=0 to 70°C, Vec=5V+10%, Vss=0V)
Parameter Symbol HM4864A'12 HM4864A-15 HM4864A-20 Unit | Notes
min max min max min max

Access Time From RAS trac - 120 - 150 - 200 ns 2,3
Access Time From CAS 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 3H 3 35 3 50 ns 6
Random Read or Write Cycle Time tre 230 — 260 — 330 — ns
RAS Precharge Time tre 100 — | 100 - 120 — ] nms
RAS Pulse Width tras 120 | 10000 150 | 10000 200 | 10000 ns
CAS Pulse Width teas 60 2ms 75 | 2ms 100 | 2ms | ns
RAS to CAS Delay Time trep 25 60 25 75 30 100 ns 7
RAS Hold Time rsi 60 — 75 - 100 — ns
CAS Hold Time tesu 120 - 150 = | 200 — ns
CAS to RAS Precharge Time tcrp —-10 — | —10 — | —-10 — ns
Row Address Set-up Time Lask 0 = 0 — 0 — ns
Row Address Hold Time tran 15 - 15 - 20 — ns
Column Address Set-up Time tasc 0 - 0 — 0 — ns
Column Address Hold Time tean 20 - 25 - 30 - ns
Column Address Hold Time Referenced to RAS tar 80 — 100 — 130 — ns
WE Command Set-up Time twes 0 — 0 — 0 — ns 8
Write Command Hold Time twen 40 — 45 — 55 — ns
Write Command Hold Time Referenced to RAS twen 100 - 120 - 155 = ns
Write Command Pulse Width twp 40 — 45 — 55 - ns
Write C d to RAS Lead Time towe, 40 — 45 - 55 - ns
Write C d to CAS Lead Time lowl, 40 = 45 — 55 — ns
Data-in_Set-up Time tos 0 — 0 - 0 - ns 9
Data-in Hold Time ton 40 - 45 - 55 - ns 9
Data-in Hold Time Referenced to RAS Lunk 100 - 120 - 155 - ns
Read C d Set-up Time txes 0 — 0 — 0 — ns
Read Command Hold Time Referenced to CAS tren 0 - 0 - 0 = ns
Read Command Hold Time Referenced to RAS Lari 10 = 10 = 10 - ns
Refresh Period trer - 2 — 2 — 2 ms
Read Write Cycle Time tawc 255 - 280 — 345 - ns
CAS to WE Delay tewn 40 — 45 - 55 - ns 8
RAS to WE Delay tawp 100 - 120 — | 155 — | ms
Page Mode Cycle Time tec 130 - 145 — 190 - ns
CAS Precharge Time (for Page-mode Cycle Only) tee 60 — 60 — 80 - ns
CAS Precharge Time tepn 30 - 35 — 45 - ns
RAS Precharge to CAS Hold Time trec 0 - 0 - 0 - ns
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Notes

1.
2.

@

AC measurements assume ?7 = 5ns,

Assumes that trcp < treop (max). If tgrep is greater
than the maximum recommended value shown in this
table, g 4 ¢ exceeds the value shown.

Measured with a load circuit equivalent to 2TTL loads
and 100pF.

Assumes that tpcp 2 tRrop (max).

topr (max) defines the time at which the output
achieves the open circuit condition and is not refer-
ence to output voltage levels.

Vig (min) and Vy; (max) are reference levels for
measuring timing of input signals. Also, transition
times are measured between Vyzy and V.

Operation with the fpep (max) limit insures that
trAc¢ (max) can be met, tgp (max) is specified as a
reference point only, if tgcp is greater than the
specified fpeop (max) limit, then access time is
controlled exclusively by ¢ 4.

B TIMING WAVEFORMS
®READ CYCLE

10.

twes, tcwp and tgwp are not restrictive operating
parameters. '

They are included in the data sheet is electrical
characteristics only; if tycg 2 twes (min), the cycle
is an early write cycle and the data output pin will
remain open circuit (high impedance) throughout the
entire cycle; if tCWD g tcewp (min) and tRWD g
IRwp (min) the cycle is a read-write and the data
output will contain data read from the selected cell; if
neither of the above sets of conditions is satisfied the
condition of the data out (at access time) is indeter-
minate.

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.

s Vin \<~—————|
v k N
" T tar
trey LT terp
v ) 1 _teas |
"
[ )4
Vi tern
Lask tRAH tean
Lasc
Vi y!
Mddresses >{ Row Address }O{ Column Address )( x
Vi
'247 B P o
_ Vin
Wi 4 3
Vi teac gy
LRAC — torr
. 0
Dot Von il —{  Valid Data
Vo

O®WRITE CYCLE (EARLY WRITE)

[ pon't Care

tRas

tre

Tasw

tcas teap

N
N—

teey

L

y

tRwe

X

— Vin
RAS 3 ._.LAL_____,‘
Vi o
1T
i
LRCD ]
7 Vin \‘\
Vie N\
LASR, R “5“’1 tCAH
Vig N
Addresses X Row Address Column Address >(
vin A
tewi
twes tWCH.
_ [ —— 1
WE
v X ! p.
1
tWCR 1
ton
———1 J—tos
) Vin
Din X Valid Data
Vie
LDHR

Dout V¥

Open

Vor.

[ oon't Care
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HM4864A-12, HM4864A-15, HM4864A-20
HM4864AP-12, HM4864AP-15, HM4864AP-20

®READ-WRITE/READ-MODIFY-WRITE CYCLE

tawe
1Ras

o Vin e tan

Vir tRsH tre

iRy Teas Tcap
7 \

e N\ \ teps -

Vi 2

taa tean
uan -———1 145C o
Vin .I

Addresses X Rov Mdress)O( Column Address X X
vie

| tawy tewe

tewn LR
tRCS
Vi

LN 4 \:{ J

teac

I__ torr
[y

e Valid Data }————
Dout

thac.

ton

tos]
Din X Valid Data V
Vi

[ vont care

than
D

o g e

Addresses X Row Address x
'

Vo Open
Dout

3 pon'e care

®PAGE MODE READ CYCLE

tras

Viw .—“"—.’
Ee ; N
Ra: Vie e TRoH I

tee
LRCD. teas tee teas teas Lewr

Vi — r
Y3 3

Vi Tran

p—qtcan
task - | LLELS
Addresses Y ¥ &
st H
teac
- thac o Lo]

Von Open /1

Dout Vor U

o e
Ve e L mu—vij:-] ‘——jﬂr—
NS

3 von't Care
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®PAGE MODE WRITE CYCLE

Addresses

Vig

HM4864A-12, HM4864A-15, HM4864A-20

HM4864AP-12, HM4864AP-15, HM4864AP-20

LRAS
LAR zr-——___\
i 2 \

LRSH 134
tcas tcas tere

-]

/

tean

ton’ 1DH

RWL

tus'-—‘

CX Valid Data

PN

”“75
X Valid Data K

|
|
|

Addresses

Dout

D Don't Care

thas

tRCD

A\

S
[

e tran
task e tase -—I
Column Row
Address Address
f- thcH
LRRH
— e —
-.4 [ torr

Open

teac

Valid Data >-—

D Don't Care
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HN46332P

4096-word X 8-bit Mask Programmable Read Only Memory

The HN46332P 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 DTL, and requires no clocks or refreshing because of static
operation.

The memory is compatible with the HMCS6800 Microcomputer
Family, providing read only storage in byte increments. Memory
expansion is provided through multiple Chip Select inputs. The
active level of the Chip Select inputs and the memory content are
defined by the user.

B FEATURES
Fully Static operation

Three-State Data Output for OR-Ties
Mask-Programmable Chip Selects for Simplified Memory Expan-

(DP-24)

B PIN ARRANGEMENT

R NS
sion Ar E E Vee
® Single + 5-Volt Power Supply a E e
3 8
® Fully TTL Compatible
. . As | 3 22 | A
® Maximum Access Time = 350ns ? % y
® N-Channel Si Gate MOS Technology ML ajcs:
® Pin Compatible with EPROMs m 5] o] cs:
HBLOCK DIAGRAM A E 9] Ao
Ao ~— Al 7 18] An
— ————
2: ] D? Ao} 8 171 Dy
A — Memory b 2 b 1 e
A¢ ——f Add Matrix (‘i)u(sp[ua:e — g] ' E
P ress 96 —————
:5 — e (4096 X8) Botions D o {10] 15] Ds
A —— ) L o Ds m M
Az ——1 b7 Vss | 12 13| D
- s [] (5] o
A —
Ay —— (Top View)
Vee=Pin24
st Vss=Pinl2
cs:*
* Active level defined by the user.
W ABSOLUTE MAXIMUM RATINGS
Item Symbol Value Unit
Supply Voltage* Vee -0.3 to +7.0 \
Input Voltage* Via ~0.3 to +7.0 A%
Operating Temperature Range Topr —20 to +75 C
Storage Temperature Range Tee —55 to +125 C
% With respect to Viss.
I RECOMMENDED DC OPERATING CONDITIONS
Item Symbol min. typ. max. Unit
Supply Voltage Vee 4.5 5.0 5.5 \4
I Vol Vi —0.3 - 0.8 \
nput Voltage Vin 2.0 — Vi v
Operating Temperature Topr —-20 - 75 C
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HN46332P

B ELECTRICAL CHARACTERISTICS (Vec=5.0V£10%, Vss=0V, Ta=—20 to +75°C unless otherwise noted)

Item Symbol Test Condition min. typ. max. Unit
Input High-level Voltage Vin 2.0 - Vee \Y%
Input Low-level Voltage Vi —0.3 - 0.8 v
Output High-level Voltage Vou Toy=—100 A 2.4 - — v
Output Low-level Voltage Vo Ioo=1.6mA - - 0.4 \
Input Leakage Current Iin Vi.=0 to 5.5V bt — 2.5 A
Output High-level Leakage Current Tion Vo =2.4V,CS=0.8V,CS=2.0V - - 10 #A
Output Low-level Leakage Current Tioc Vo =0.4V,CS =0.8V,CS =2.0V = - 10 HA
Supply Current Icc Vee=5.5V = - 80 mA
Input Capacitance Cin Via =0V, f=1.0MHz, Ta=25"C = - 7.5 pF
OQutput Capacitance Cout Vi =0V, f=1.0MHz, Ta=25°C = — 12.5 pF

M AC OPERATING CONDITIONS AND CHARACTERISTICS
®READ SEQUENCE

Ttem Symbol min. max. Unit
Read Cycle Time tre 350 - ns
Address Access Time tacc - 350 ns
Chip Enable to Output Time tco — 150 ns
Data Hold Time from Address tona 10 - ns
Data Hold Time from Deselection ty 10 150 ns

tace

20V N A
Address X
08V .
oV
- SRR N
08V
tco

Fo— ty,—|

b 111 4 ~o=]

Data Out

9

20%0%6%% %26 %%

M AC TEST LOAD

i 5.0V(Vee)

= R=24K0

Test Point

130pF —L 11kQ
T

|

Notes : 1. t.=t;=20ns
2. C. includes jig capacitance
3. All diodes are 182074 ®
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HN48364P

8192-word X 8-bit Mask Programmable -Read Only Memory
The HN48364P 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 DTL, and requires no clocks or refreshing because of static

operation.

The memory is compatible with the HMCS6800 Microcomputer
Family, providing read only storage in byte increments. The active
level of the Chip Enable input 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.

M FEATURES
® Fully Static Operation
® Automatic Power Down (DP-24)
® Single +5-Volt Power Supply
® Three-State Data Output for OR-Ties
S pu B PIN ARRANGEMENT
® Mask Programmable Chip Enable
e TTL Compatible N i =1 v
® Maximum Access Time-350ns w[7] —
® Pin Compatible with EPROMs
ASE 22 | As
Al 4 21 | Az
B BLOCK DIAGRAM E )
A E 20 | E
Jo Y p—
A?___ ——) A E 19 | Awo
— [t [} }
2;_.. Memory 3-State el 7% A E 18 [ An
’:‘ =] Address Matrix Output L . B: Ao E 17Dy
A ement
Ag == Decode (8192x8) Buffers " Ds Do E 16 § De
pu— " D
::_ D: D E 15 ] Ds
Ag =—— Dz}l 14| D
A1 0 m——
] [ oft
Arz =
Vee=Pin 24 (Top View)
*E Vss=Pin 12
*Active level defined by the user
B ABSOLUTE MAXIMUM RATINGS
Item Syinbol Value Unit
Supply Voltage* Ve 0.3 to +7.0 \'
Input Voltage* Vi —0.3 to +7.0 v
Operating Temperature Range T —20 to +75
Storage Temperature Range Tus —55 to +125 '
* With respect to Vs,
B RECOMMENDED DC OPERATING CONDITIONS
Item Symbel min. typ. max. Unit
Supply Voltage Vee 4.5 5.0 5.5 \
Vie —0.3 - 0.8 \'A
Input Voltage
Vlll 2.0 - VL'L' V
Operating Temperature Toor -20 - 75 °c
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‘HN48364P

B ELECTRICAL CHARACTERISTICS (Vec=5.0V+10%, Vss=0V, Ta=—20 to +75°C unless otherwise noted.)

Item Symbol Test Condition min. typ. max. Unit
Input High-level Voltage Vin - 2.0 - Vee \Y
Input Low-level Voltage Vii - -0.3 - 0.8 \
Output High-level Voltage Vo Ton==—205pA 2.4 — - AY
Output Low-level Voltage Vo Tor=3.2mA - — 0.4 A%
Input Leakage Current I V=0 to 5.5V - — 2.5 #A
Output High-level Leakage Current T.ou Viu —=2.4V,E=0.8V,E=2.0V — - 10 HA
Output Low-level Leakage Current Tow Vou =0.4V,E=0.8V,E=2.0V - - 1 10 pA
Supply Current (Active /Standby) Tee/lw Vee=5.5V - 45/6 80/10 mA
Input Capacitance C. V=0V, f=1.0MHz, Ta=25°C - - 1 7.5 pF
Output Capacitance Cout V.. =0V, f=1.0MHz, Ta=25C - - 12.5 pF
B RECOMMENDED AC OPERATING CONDITIONS (READ SEQUENCE)
(Vee=5.0VE10%, Ta=—20 to +75°C, All timing with ¢,=t,=20ns)
Item Symbol min max. Unit
Read Cycle Time tke 350 - ns
Chip Enable Pulse Width ter 350 - ns
Address Access Time bace - 350 ns
Chip Enable to Output Time teo - 350 ns
Previous Read Data Valid ton 10 - ns
Chip Enable Low to Output Invalid tex 10 - ns
Chip Enable High to Output High Z Forr 0 80 ns
Chip Selection to Power Up Time tov 0 - ns
Chip Deselection to Power Down Time 12 — 120 ns
Address Setup Time tas 0 - ns
®READ CYCLE TIMING 1 (E Held Low)
tre —‘—;
ADDRESS k vin
Jmf‘;‘_‘ Vi
QWata out)  Previous Data Valid M( Data Valid Vou
Vou
®READ CYCLE TIMING 2
b tas
ADDRESS @ Address Valid v
Vi

[

E

TN

tcE,

Wiz "

Vin
Vie
J._

QiData out)

Vee
Supply
Current Isg

B AC TEST LOAD

Test Point

130pF

QURXX

torr
Hrz Vou
e

- \E;

Vou

is.ov( Vee)

S Ru=24kQ

ke

Notes : 1. t,=t;=20ns
2. C. includes jig capacitance

3. All diodes are 1S2074®

il
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HN43128P

16384 X 8-bit or 32768 x 4-bit CMOS Mask Programmable Read Only Memory
The Hitachi HN43128P is a mask programmable, 16384x8-bit or
32786x4-bit CMOS read only memory. It operates from a single
power supply and is compatible with TTL and DTL. Low power con-
sumption makes this memory well-suited for battery-operation or
hand-held personal computers. Memory expansion can be imple-
mented through two chip select inputs, Either active “"High" or active
“Low" of chip select inputs and a chip enable input is defined at mask
level. The organization of 8 bit or 4 bit is designed by the user.

B FEATURES
Mask-programmable for either 4-bit or 8-bit organization. (DP-28)

°
® Three-state outputs, can be wired-OR.
® Two mask programmable chip select terminals facilitate memory W PIN ARRANGEMENT

expansion. Ne(a) * 1 % | ve
® Asignie 5V power supply (£10%). Au[z 71 cs,
® |ow power consumption: 3mW typ. A’E 51Cs e
® TTL corppatlble Ml 1 e
® Access time: 6us (max) ASE 24| A
® Sigate CMOS technology [T 7] A
Azl 7 22 |CE
8 21 | A
EBLOCK DIAGRAM a8 "
N, N 0]
2 A [ 10 19 Dr
T 1 D 18 | De
3-State Buffers l-1 N
. 17 ] D
csi 1 I o[22 :
cs —1 CS Logie L Latch j._ p:[13 16 ] D
[ f Vssl 14 15 | Ds
I Y-Decoder
A —— T 7 (Top View)
! . *The most significant address in 4-bit organization.
A —— CS Control — " A
emory Array
X Decoder [
(A1) \ ——ed |— 131072 bits
*2 HPIN EXPLANATION
_ ) t
CE ————I . T Ao-Aue Address Inputs
‘1 Timing Generator
l Do-D- Data Outputs
CS., CS; Chip Select Inputs
CE Chip Enable Input
Vee +5V
Vss GND

*1 Active level defined at mask level.

*2 Mask programmable selection of either 4-bit or
8-bit organization.
In 4-bit organization, data outputs are Do to Ds.
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HN43128P

B ABSOLUTE MAXIMUM RATINGS

Item Symbol Rating Unit
Supply Voltage* Vee —-0.3~+7.0 \
Input Voltage* Vi —0.3~+7.0 \
Operating Temperature Range Topr —20~+75 ’C
Storage Temperature Toe —55~+125 °C

Note : * Referenced to Vis.

B ELECTRICAL CHARACTERISTICS (Unless otherwise specified, Vec=5V+10%, Vss=0V, Ta=—20~+75°C)

Item Symbol Test Condition min typ max Unit

Input “High” Level Voltage Vin 2.4 — Vee v
Input “Low” Level Voltage Vie 0 - 0.8 \%
Output “High” Level Voltage Vou Ton=—100 A 2.4 - - \
Output “Low” Level Voltage Vou Ioo=1.6mA — - 0.4 \
Input Leakage Current L. Via=0~5.5V - - 2.0 HA
Output “High” Level Leakage Current Toon CE=0.8V Viu =2.4V — — 5 #A
Output “Low” Level Leakage Current Iow CE=2.0V Vou =0.4V - - 5 HA
In stand-by Iss VR Ve BN - 1 50 HA

Supply Current In operation Icc :/Rc=7.5(;125 Vee=58V - 0.6 1.5 mA
Input Capacitance Ca V=0V, j=1MHz, Ta=25C - - 10 pF
Output Capacitance Cout - - 12.5 pF

W AC OPERATING CHARACTERISTICS
® READ SEQUENCE

Item Symbol min max Unit
Read Cycle Time tre 7.5 - Us
Address Access Time tascc - 6.5 Hs
Chip Enable Access Time teace - 6.0 Hs
Data Hold Time from Address tor 0.05 0.5 Hs
Address Set-up Time tas 0.5 - Hs
Address Hold Time tan 0 — Us
Chip Enable ON Time teg 6.0 - Hs
Chip Enable OFF Time tee 1.0 - Hs
1 e
| ! ®LOAD CIRCUIT
cs | 5.0V(Vee)
A Huu Re=2.4k2
}_‘L‘.} : = i 1% = Test point
cE M 30pF 11kQ
| [ 7T LH:F_‘
| taace ; |

o LK

Notes . 1. t.=#=20ns.
2. C. includes jig capacitance.
3. All diodes are 152074 ®.
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HN613128P Preliminary ———

16384-word X 8-bit Mask Programmable Read Only Memory
The HN613128P 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 DTL, and requires no clocks or refreshing because of static
operation, The active level of the CS, 'OT’O, bT, input and the
memory content are defined by the user. The Chip Select input
deselects the output and puts the chip in a power-down mode.

B FEATURES

® Fully Static Operation

® Automatic Power Down

® Single +5-Volt Power Supply (DP-28)

® Three-State Data Output for OR-Ties

® Mask Programmable Chip Select, Output Enable B PIN ARRANGEMENT

® TTL Compatible \_J

® Maximum Access Time-250ns e [1] 28] Vec

® Low Power Standby and Low Power Operation; A 2] [27] O,
Standby: 5uW (typ.) A 3] [26] Aus
Operation: ~ 100mW (typ.} As 4] [25] As

As E 241 Ay
EBLOCK DIAGRAM a[E] 23] An

10— As[z @6@»'

— )
1 . » (5] 2] Au
A3— Memory 3-State gas Ay E 20{CS*
A — Matrix Output o
85— Address (16384 X8) Buffers Ds 4o [10] 19] Dr
46—
w] e gg oo [I] 78] o

g: D1 @ E Ds
A10—] D2 [E E D4
ﬁi;— Vss E E Ds

. & 1 (Top View)
* O
* OE

* Active level defined by the user.

M ABSOLUTE MAXIMUM RATINGS

Item Symbol Value Unit
Supply Voltage® Vee —0.3 to +7.0 v
Input Voltage* Vin —0.3 to +7.0 v
Operating Temperature Range Topr —20 to +75 ‘c
Storage Temperature Range Tog —55 to +125 ‘C

* With respect to Vss,

M RECOMMENDED DC OPERATING CONDITIONS

Item Symbol min. typ. max. Unit

Supply Voltage Vee 4.5 5.0 5.5 \
Vie —0.3 - 0.8 v

Input Voltage Vi 50 - Voo v
Operating Temperature Topr —~20 - 75 C

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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HN613128P

B ELECTRICAL CHARACTERISTICS (Vec=5.0V+£10%, Vss=0V, Te=—20 to +75°C unless otherwise noted)

NN\

N
kY
§

tog

toLz

= A\ k

.S

tacs

tonz
fcuz

tcLz

Dout

® READ CYCLE(2) (Notes 1,3,4)

tre

D ¢
tas y ton
ton

Dout ><

®READ CYCLE (3) (Notes 2,3,4)
RN
N
tacs | tonz
iz
N

Item Symbol Test Condition min typ max Unit
Input High-level Voltage Viu 2.0 - Vee \'
Input Low-level Voltage Vi —0.3 - 0.8 A
Output High-level Voltage Vou Ton=—2051A 2.4 - - \%
Output Low-level Voltage Vou Io.=3.2mA - - 0.4 \
Input Leakage Current Lin V.=0to 5.5V — - 2.5 HA
Output High-level Leakage Current Ton Voue=2.4V,CS=0.8V,CS = 2.0V — — 10 HA
Output Low-level Leakage Current IoL Vo =0.4V,CS =0.8V,CS =2.0V — - 10 MA
Supply Current (Active/Standby) Ice/ Ins | Vee=5.5V, Inovr=0mA /CS 2 Vee—0.2V,CS<0.2V — | 20/1 | 40/30 {mA /A
Input Capacitance Cin V.. =0V, f=1.0MHz, Ta=25C - - 10 pF
Output Capacitance Cout V.. =0V, f=1.0MHz, Ta=25C - - 15 pF
B RECOMMENDED AC OPERATING CONDITIONS (READ SEQUENCE)
(Vee=5.0V£10%, Ta=—20 to +75°C, All timing with ¢,=¢,=20ns)
HN613128P
Item Symbol - Unit
min max
Read Cycle Time tre 250 - ns
Address Access Time tas - 250 ns
Chip Select Access Time tacs - 250 ns
Chip Selection to Output in Low Z terz 10 b ns
-Output Enable to Output Valid toe - 100 ns
Output Enable to Output in Low Z torz 10 - ns
Chip deselection to Output in High Z tenz 0 80 ns
Chip Disable to Output in High Z tonz 0 80 ns
Output Hold from Address Change ton 10 — ns
B TIMING WAVEFORM
® READ CYCLE(1) (Notes 4)
e I NOTES:
1. Device is continuously selected.
Address >é % 2. Address Valid.p‘rior to or coincident
"4 with CS transition low.
m 3. OE=VIL.
4. When CS is Low, the address

input must be in the high
impedance state.

199



HNG61256P

32768 X 8-bit or 65536 X 4-bit CMOS Mask Programmable Read Only Memory
The Hitachi HN61256P is a mask programmable, 32768x8-bit or

65536x4-bit CMOS read only memory. It operates from asingle power
supply and is compatibel with TTL and DTL. Low power consump-
tion 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.

WM FEATURES
® Mask-programmable selection of either 4-bit or 8-bit organization. (DP-28)

® Three-state outputs, can be wire-ORed.
® One mask programmable chip select terminal facilitates memory EWPIN ARRANGEMENT

expansion. .
® Asingle 5V power supply (x10%). NC(Ais)®| 1 Jvee
® |ow power consumption: 7.5mW typ. mal2 27 | Au
® TTL compatible =3 26 ] CS
® Access time: 3us (max) nf[ 2 25 | As
® Sigate CMOS technology As% 2] &

A6 23 | Aiz
ME?: 22 | CE
HBLOCK DIAGRAM By i “E 21 | Ao
2 al o 20 | Al
t j ‘ 9 :u,
I 3-State Buffers J"— Ao 10 !
1 1 w [ s
i 'f D] 13 16 | Do
N | "| Y-Decoder J.-J Vss 15 | s
\ —_— S C 1 L 11 (Top View)
Ars €S Contro - Memnry Array |
ecoder
ety B N e b BMPIN EXPLANATION
CE '—_f . ! Ao-A Add
CE - } 0-Ais ress Inputs
o Timing Generator J DD, ot Outputs
CS Chip Select Input
CE Chip Enable Input
Vee +5V
Vss GND

*1 Active level defined at mask level.

*2 Mask programmable selection of either 4-bit or
8-bit organization.
In 4-bit organization, data outputs are Do to Da.
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HN61256P

Il ABSOLUTE MAXIMUM RATINGS

Item Symbol Rating Unit
Supply Voltage* Vee —0.3~+417.0 A%
Input Voltage* Vi —0.3~+7.0 A
Operating Temperature Range Topr —20~+175 ‘C
Storage Temperature Range Tots —55~+125 C

Note . * Referenced to Vss.

B ELECTRICAL CHARACTERISTICS
(Unless otherwise specified, Vec=5V£10%, Vss=0V, Ta= —20~+75°C)

Item Symbol Test Condition min typ max Unit
Input “High” Level Voltage Vin 2.4 - Vee \
Input “Low” Level Voltage Vi 0 - 0.8 \
Output “High” Level Voltage Vou Ton=—1002A 2.4 - — \Y
Output “Low” Level Voltage Vou Ion=1.6mA - - 0.4 \'
Input Leakage Current Iin Vi =0~5.5V - - 2.0 HA
Output “High” Level Leakage Current Ion CE=0.8V Vo =2.4V — - 5 HA
Output “Low” Level Leakage Current Iou CE=2.0V Vour =0.4V - - 5 KA
Supply Current In stand-l?y Lse S 522;%.'22% Vee=5V — ! 50 HA

In operation Iec tre=4.0 us - 1.5 3.0 mA

Input Capacitance Cin Vio=0V, f=1MHz, Ta=257C - - 10 pF
Output Capacitance Cout - - 12.5 pF
M AC OPERATING CONDITION AND CHARACTERISTICS
® READ SEQUENCE

Item Symbol min max Unit
Read Cycle Time tre 4.0 — Ms
Address Access Time Eaace - 3.5 Hs
Chip Enable Access Time tEeace - 3.0 #s
Data Hold Time from Address tor 0.05 0.5 Hs
Address Set-up Time tas 0.5 - #s
Address Hold Time tan 0 - s
Chip Enable ON Time ter 3.0 - Hs
Chip Enable OFF Time tee 6.5 - HUs

; = ! ®LOAD CIRCUIT
Address ! 1 5.0V(Vee)
! tas | 1 KE | —F.“M e )] Test point
_ 1| ; I, | N
CE m 30pF 11K

p—— } -
Doue “2‘2" Notes : 1.¢,=1#,=20ns.

2.C, includes jig capacitance.
3.All diodes are 1S2074®.
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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.
HN462716G
@ Single Power Supply - - -+ +6V 5%

® Simple Programming - - - - Program Voltage: +25V DC
Programs with One 50ms Pulse

® Static - ---cee i No Clocks Required

® |nputs and Outputs TTL Compatible During Both Read and

Program Modes

® Fully Decoded-on Chip Address Decode

® Access Time -««+--vx 450ns Max.

® Low Power Dissipation - - 555mW Max. Active Power
213mW Max. Standby Power

. ™" (DG-24B)
® Three State Output - - - - - OR- Tie Capability
® |nterchangeable with Intel 2716
M BLOCK DIAGRAM BMPIN ARRANGEMENT
0o~07
TN .
27997191 g B
— Ad 2 23] An
OE O—f CS, Power Down & EE
& o Prog, Logic Output Buffers -‘\3E 22|
,-\‘E E\‘M'
¥ Decoder 5 Y Gating 5] [20]0E
— A,E EAN
O L]
Ao~A O—=] : A,E ECT
O—+ X Decoder 16384bit EPROM Matrix T
! r Aol 8 17|07
o——l . “C :
O—] : OVE EOs
: 01@ EOS
OzEE EO'
B PROGRAMMING OPERATION ovo[iz] 3)os
Pins CE OE Vir | Ve Outputs ( :
Top V
Mode (18) 200 ||| 9~-11,13-17) op View)
Read Vir Vii +5| +5 Dout
Deselect Don’t Care Viu +5| +5 High Z
Power Down Viu Don’t Care +5] +5 High Z
Program Pulsed Vii to Viu Viu +25| +5 Din
Program Verify Vi Vi +25| +5 Dout
Program Inhibit Vie Vin +25| +5 High Z
W ABSOLUTE MAXIMUM RATINGS
Item Symbol Value Unit
Operating Temperature Range Topr 0 to +70 ‘C
Storage Temperature Range Torx —65 to +125 ‘C
All Input and Output Voltages* Vr —0.3 to +7 v
Ver Supply Voltage* Vew —0.3 to +28 )

#* With respect to Ground
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B READ OPERATION

®DC AND OPERATING CHARACTERISTICS (Ta=0 to +70°C, Vec=5V 5%, Ver=Vcc£0.6V)

HN462716G

Item Symbol Test Condition min, typ. max. Unit
Input Leakage Current Iu Vix=5.25V - - 10 #A
Output Leakage Current Lio Vour="5.25V/0,4V - - 10 #A
Ver Current Iri Ver=5,85V — — 5 mA
Vce Current (Standby) Iee CE=Vi,OE =V - 21 35 mA
Vee Current (Active) Iec: OE=CE=Vu. - 62 100 mA
Input Low Voltage Vie —0.1 - 0.8 \'
Input High Voltage Viu 2.0 - Vee+1 \Y
Output Low Voltage Voo Io=2.1mA — - 0.4 \Y
Output High Voltage Vou Ton=—400 1A 2.4 - — v
Note : V.. must be applied simultaneously or before V... and removed simultaneously or after Vir.
® AC CHARACTERISTICS (Ta=0 to +70°C, Vec=5V 5%, Ver=Vcc10.6V)

Parameter Symbol Test Condition min. typ. max. Unit

Address to Output Delay tacc OE=CE=V. - - 450 ns
CE to Output Delay tce OE =V, - — 450 ns
OE to Output Delay tog CE=Vu — - 120 ns
OE High to Output Float* tor CE=Vi 0 - 100 ns
Address to Output Hold ton OE=CE=Vi. 0 - — ns
% [t defines the time at which the output achieves the open circuit condition and is not’ referenced to output voltage levels.
® CAPACITANCE ( Ta=25°C, f=1MHz)

Item Symbol Test Condition typ. max. Unit
Input Capacitance C.. Vis=0V - 6 pF
Output Capacitance Cou Voer=0V - 12 pF

® SWITCHING CHARACTERISTICS
Test Conditions
Input Pulse Levels:
Input Rise and Fall Times:
Output Load:

Reference Level for Measuring Timing:

READ MODE (CE=Vi.)

0.8V t0 2.2V

<20ns
1TTL Gate + 100 pF
Inputs 1V and 2V

Outputs 0.8V and 2V

Address X
k.

F—tnE
l-—ur(——-j

Data Ous

STANDBY MODE (OE = Vi)

Data Out Valid

Address

X

Standby Mode

Active Mode

ter—]

Dara Out

- "

Standby Mode

< ta Out Valid b—
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HN462716G

® TYPICAL CHARACTERISTICS

a0 r 800 —
Leer Vee=5V
Ta=25C
5o [— 600
——]
2 % "1
z 0 2 a0
= leca 5
= =
20 200
o 20 40 60 0 0 200 400 600 800
Temperature C Capacitance (pF!
300 T 800
Vee=3\v
Ta=25C
50U 600
‘i 400 i 400 \,\
200 200
0
9 20 10 60 30 4
Vee (V)
Temperature '°C,
®DC PROGRAMMING CHARACTERISTICS (Ta=25C+5C, Vec=5V 5%, Vepr=25V£1V)
Parameter Symbol Test Condition min. ‘typ. max. Unit
Input Leakage Current 1u Viv=5.25V - - 10 HA
Ver Supply Current Ier CE=V. - - 6 mA
Ver Supply Current During Programming Irpz CE=Vix - — 30 mA
Vee Supply Current Icc - - 100 mA
Input Low Level Vie —0.1 — 0.8 \J
Input High Level Viu 2.0 - Veet+1 v
® AC PROGRAMMING CHARACTERISTICS (Ta=25C£5°C, Vec=5V +£5%, Ver=25VE1V)
Parameter Symbol Test Condition min. typ. max. Unit
Address Setup Time tas 2 — — Hs
OE Setup Time toes 2 - - Hs
Data Setup Time tos 2 - — “s
Address Hold Time ta 2 - - s
OE Hold Time toen 5 — — HS
Data Hold Time ton 2 - - us
OE to Output Float Delay* tor CE=Vi. 0 - 120 ns
OE to Output Delay toe CE=V. - - 120 ns
Program Pulse Width tew 45 50 55 ms
Program Pulse Rise Time tekr 5 - — ns
Program Pulse Fall Time terr 5 - - ns

Notes : V.. must be applied simultaneously or before Vi and removed simultaneously or after Vi
%ty defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels.
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O SWITCHING CHARACTERISTICS
Test Conditions
Input Pulse Level: 0.8V to 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; 0.8V and 2V

® PROGRAMMING WAVEFORMS

HN462716G

Program: Program Verify
R
Addresses x K
b
P 14§ =y 1
§ <‘ i Data Ou
. t
Data Data Out Valid Data In Stable aV:Iid
J K.
t0E .
~tor.
OE /
tos , o
ﬁ / \——mzn
-
trRT tPFT

®ERASE
Erasure of HN462716 is performed by exposure to uitra-

violet light with a wavelength of 256374, and all the output
data are changed to "1’ after this erasure procedure.

The minimum integrated close (i.e., UV intensity x expo-
sure time) for erasure is 15W - sec/cm?

IBDEVICE OPERATION

® READ MODE

Dataout is available 450ns (t'scc) from addresses
with OE low or 120ns {tog) from OE with add-
resses stable.

e DESELECT MODE

The outputs may be OR-tied together with the
other HN462716s. When HN462716s are dese-
lected, the OE inputs must be at high TTL level.

e POWER DOWN MODE
Power down is achieved with CE high TTL level. in
this mode the outputs are in a high impedance state.

® 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 07).

The addresses and inputs are at TTL levels.

After the address and data setup, a 50 ms, active
high program pulse is applied to the CE input. The
CEisat TTL level.

The HN462716 must not be programmed with a DC
signal applied to the CE input.

® PROGRAM VERIFY
The HN462716 has a program verify mode. A verify
should be performed on the programmed bits to
determine that they were correctly programmed. In
this mode Vpp is at 25V,

® PROGRAM INHIBIT

Programming of multiple HN462716s in parallel
with different data is easily accomplished by using
this mode. Except for CE, all like inputs of the
parallel HN462716s may be common.

A TTL program pulse applied to a HN462716's CE
input will program that HN462716. A low level CE
inhibits the other HN462716s from being pro-
grammed.
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HN462716G-1

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 exposes the chip to ultraviolet light to erase the bit pattern,
whereby a new pattern can then be written into the device.

® Single Power Supply ---- .- +5V £5%;

® Simple Programming «-- - Program Voltage: +25V DC
Programs with One 50ms Pulse

® Static +-cc oty No Clocks Required

® Inputs and Outputs TTL Compatible During Both Read and
Program Modes
® Fully Decoded-on Chip Address Decode
Access Time 350ns Max.: HN462716G-1
® Low Power Dissipation - - - - 565mW Max. Active Power
161mW Max. Standby Power

(DG-24B)

HE PIN ARRANGEMENT

® Three State Output - - -« -« OR- Tie Capability D I T vee
® |Interchangeable with Intel 2716 -
AsE EA!
AsE 2214
afq] 2] v
H BLOCK DIAGRAM 00~01 —
a5 0] OE
/—"—'—"A_——"\
TTPeRees q B
o af7 18 ]JCE
OE 0—{ CS,POWERDOWN& E ]
. PROG.LOGIC OUTPUT BUFFERS sof¥] (17 ]os
CE O— ’
oa% E()s
. 510
Y . Y GATING o )0s
DECODER . O'E E().
o . G.\'DE E"!
Ao~ Ao 4 O . ]
oO— X 16384 bit (Top View)
o——-
DECODER . EPROM MATRIX
o— :
\. O~
M PROGRAMMING OPERATION
Pins CE OE Ver Vee Outputs
Mode (18) (20) (21) (24) (9~11,13~17)
Read Vi Viu +5 +5 Dout
Deselect Don’t Care Viu +5 +5 High Z
Power Down Viu Don’t Care +5 +5 High Z
Program Pulsed Vie to Vi Viu +25 +5 Din
Program Verify Vie Vi +25 +5 Pout
Program Inhibit Vic Vi +25 +5 High Z
M ABSOLUTE MAXIMUM RATINGS
Item Symbol Value Unit
Operating Temperature Range Topr 0 to +70 ‘C
Storage Temperature Range Toee —65 to +125 C
All Input and Output Voltages* Vr —0.3 to +7 \
Ver Supply Voltage* Ver —0.3 to +28 A

* With respect to Ground
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B READ OPERATION

®DC AND OPERATING CHARACTERISTICS (Ta=0 to +70°C, Vec=5V 5%, Ver=Vcct0.6V)

HN462716G-1

Item Symbol Test Condition min typ max Unit
Input Leakage Current I Vin=>5.26V - - 10 ~A
Output l.eakage Current Io Vour=5.25V /0.4V - - 10 HA
Vep Current Ivpi Ver=5.85V - - 5 mA
Vee Current (Standby) Tees CE=V, OE=Vi. - 13 25 mA
Vee Current (Active) Icc: OE=CE=Vi, - 56 100 mA
Input Low Voltage Vi —0.1 - 0.8 v
Input High Voltage Viu 2.0 - Veet1 v
Output Low Voltage Vou Ton=2.1mA — - 0.4 \%
Output High Voltage Vou Ton=—400 xA 2.4 — - A
Note © Ve must be applied simultaneously or before Vis and removed simultaneously or after Vis.
® AC CHARACTERISTICS (Ta=0 to +70°C, Vec=5V£5%, Vep=Vcc£0.6V)
Parameter Symbol Test Condition - HIN462716G -1 Unit
min typ max
Address to Output Delay tac OE=CE=V.. - - 350 ns
CE to Output Delay tee OE =V - — 350 ns
CE to Output Delay toe CE=Vu. - - 120 ns
OE High to Output Float tor CE-Vi. 0 - 100 ns
Address to Output Hold ton OE=CE=V,. 0 — — ns
Note : tu+ defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels.
® CAPACITANCE (Ta=25°C, f=1MHz)
Item Symbol Test Condition typ max Unit
Input Capacitance Cin Vis=0V - 6 pF
Output Capacitance Conr Vorr=0V - 12 pF
® SWITCHING CHARACTERISTICS
Test Conditions
Input Pulse Levels: 0.8V to 2.2V
Input Rise and Fall Times: <20ns
Output Load: 1TTL Gate + 100 pF
Reference Level for Measuring Timing: Inputs 1V and 2V

READ MODE(CE="V..)

{

Data 0m————\

STANDBY MODE (OE = Vi.)

¥
Address
.

OE

Outputs 0.8V and 2V

| S—rr—
fo——tacc——e]
|

Data Qut Valid

Address
CE Standby Mode Standby Mode
Active Mode
3
tex
Data Out Data Out Valid >—
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HN462716G-1

® TYPICAL CHARACTERISTICS

80
. Iccz
—
-~ —
3
~ 40
o
2
Icc1
20
0 20 40 60 80
Temperature (°C)
800 T
Vee=5V
600
T
2 400
—
200
0 20 40 60 80

Temperature ('C)

Il PROGRAMMING OPERATION
®DC PROGRAMMING CHARACTERISTICS (Ta=25°C£5°C, Vec=5V 5%, Vepr=25V+1V)

tacc (ns)

tacc (ns)

800
Vec=5V__J
Ta=25'C
600
~l
400
——
L~
L1
0 200 400 600 8
Capacitance (pF)
Ta=25C
600
400
\\
0

Vee (V)

Parameter Symbol Test Condition min typ max Unit
Input Leakage Current I Vec=5.25V - - 10 KA
Vee Supply Current Iy |CE=Vi. - - 5 mA
Ver Supply Current During Programming Ipp2 CE =V et - 30 mA
Vee Supply Current Icc - - 100 mA
Input Low Level Vi —0.1 - 0.8 A
Input High Level Viu 2.0 - Vec+1 v
® AC PROGRAMMING CHARACTERISTICS (Te=25°C+5°C, Vec=5V+5%, Vepr=25V+1V)

Parameter Symbol Test Condition min typ max Unit
Address Setup Time tas 2 - - #s
OE Setup Time toes 2 - - #s
Data Setup Time tos 2 - - #s
Address Hold Time tan 2 - - s
OE Hold Time toen 5 - - Hs
Data Hold Time ton 2 - - s
OE to Output Float Delay tor CE=V. 0 - 1120 ns
OE to Output Delay tor 1CE=v. - - 120 ns
Program Pulse Width tew 45 50 55 ms
Program Pulse Rise Time terr 5 - - ns
Program Pulse Fall Time terr 5 - - ns

Note : Voc must be applied simultaneously or before Ver and removed simultaneously or after Ver.
o defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels.
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HN462716G-1

® SWITCHING CHARACTERISTICS
Test Conditions

input Pulse Level: 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

®PROGRAMMING WAVEFORMS

I
Address X
N

Data Out
Valid

PROGRAM PROGRAM VERIFY

tas

Data

3
Data In Stable Q,f;tlaiadOut > <
k
toe
OE
tos {124 Loy

CE toES \ toex
A

tPRT — — b tprr

b toF

O®ERASE

Erasure of HN462716 is performed by exposure to ultra-
violet light with a wavelength of 25374, and ail the output
data are changed to ‘’1" after this erasure procedure.

The minimum integrated close (i.e., UV intensity x expo-
sure time) for erasure is 15W + sec/cm? .
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HN462532G, HN462532G-2 — —

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

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.

MFEATURES HN 462532,
o Single Power Supply ...... +5V £5% HN462532G -2
® Simple Programming ..... Program Voltage: +25V D.C.

Program with One 50ms Pulse
® StaticC .......i0n0ueennn No Clocks Required

® Inputs and Outputs TTL Compatible During Both Read and
Program Modes
® Fully Decoded On-Chip Address Decode
® AccessTime ............ 450ns (max.) HN462532G
390ns (max.) HN462532G-2
® Low Power Dissipation . ... 858mW (max) Active Power

201mW (max) Standby Power (DG-24B)
® Three Stste Output . ...... OR-Tie Capability
® Compatible with TMS2532
HBLOCK DIAGRAM EPIN ARRANGEMENT
0o~
—— e )
a1 [24] vie
| RERERAN NG =
R N
- Buffers a3 [21] von
w5 20] TF
oo
o— Y : Y Gating Az E EA'"
° Decoder » A E E n
o— 04 Ao E B 0z
L]
. o X * 32768 bit oo 3] [16] 0
ool Decoder . EPROM Matrix i [lE E 05
o— 0Oz []_—1_ E O
o M 580 12 [13] 03
[ ]
(Top View)
MBMODE SELECTION
Pins CE Ver Vee Outputs
Mode (20) (21) (24) (9t011,13 to 17)
Read Vi +5 +5 Dout
Stand by Viu +5 +5 High Z
Program Pulsed Vin to Viu +25 +5 Din
Program Inhibit Viu +25, +5 High Z
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B ABSOLUTE MAXIMUM RATINGS

HN462532G, HN462532G-2

Item Symbol Value Unit
All Input and OQutput Voltages* Vr —=0.3 to +7 v
Ve Voltage* Ver —0.3 to +28 v
Operating Temperature Range Topr 0 to +70 C
Storage Temperature Range Tore —65 to +125 ‘C
* With respect to GND.
l READ OPERATION
®DC AND OPERATING CHARACTERISTICS (Ta=0 to +70°C, Vec=5V +5%, Ver=Vec£0.6V)
Parameter Symbol Test Condition min typ max Unit
Input Leakage Current m Vin=5.25V - - 10 MA
Output Leakage Current Iy Vi =5.25V /0.4V - - 10 A
Vep Current Iem Ver=5.85V - - 12 mA
Vee Current {Standby) Icen CE =V - - 25 mA
Vee Current (Active) Iec CE=V. - - 150 mA
Input Low Voltage Vie —-0.1 - 0.8 \
Input High Voltage Vin 2.0 - Vee+1 \%
Qutput Low Voltage Vou Inn=2.1mA et - 0.4 v
Output High Voltage Vou Toy=—400 #A 2.4 - - \'
Note : Vi must be applied simultaneously or before Vi and removed simultanecusly or after Vis.
® AC CHARACTERISTICS (Ta=0 to +70°C, Vec =5V £5%, Vpp=Vec£0.6V)
HN462532G-2 HN462532/G .
Parameter Symbol Test Condition - - Unit
min typ max min typ max
Address to Output Delay tace CE=V. - - 390 - - 450 ns
CE to Output Delay tee - - 390 - - 450 ns
CE High to Output Float* tor 0 - 100 0 - 100 ns
Address to Output Hold ton CE =V 0 - - 0 - - ns
% .t defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels.
® SWITCHING CHARACTERISTICS
Test Conditions
Input Pulse Levels: 0.8V to 2.2V
Input Rise and Fall Times: <20ns
Output Load: 1TTL Gate + 100pF
Reference Level for Measuring Timing: tnputs; 1V and 2V,
Qutputs; 0.8V and 2V
Address xﬁ
CE
Standby Mode \ Active Mode Standby Mode
K.
e
Data Out
©® CAPACITANCE (Ta=25°C, f=1MHz)
Parameter Symbol Test Condition min typ max Unit
Input Capacitance Cin Via =0V - - 6 pF
Output Capacitance Cou Vour =0V - - 12 pF
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~HN462532G, HN462532G-2

Hl PROGRAMMING OPERATION
®DC PROGRAMMING CHARACTERISTICS (Ta=25°C£5°C, Vec=5V£5%, Ver=25VE1V)

Parameter Symbol Test Condition min typ max Unit
Input Leakage Current I Vin=5.25V /0.4V - - 10 H#A
VerSupply Current During Programming Ipp: CE=Vu. - - 30 mA
Vee Supply Current Tee - - 150 mA
Input Low Level Vii. —0.1 - 0.8 A
Input High Level Viu 2.0 - Vee+1 A%

® AC PROGRAMMING CHARACTERISTICS (Ta=25°C £5°C, Vec=5V£5%, Vepr=25V£1V)

Parameter Symbol Test Condition min typ max Unit
Address Setup Time tas 2 - — Us
Data Setup Time tos 2 - - us
Address Hold Time Lan 2 - - “s
Data Hold Time ton 2 - - Hs
Setup Time from Vpr tvers 0 — — ns
Program Pulse Hold Time trru 0 - — ns
Ver Hold Time tveen 0 - — ns
Program Pulse Width trw 45 50 55 ms
Program Pulse Time terr 5 - - ns
Program Pulse Time trrr 5 - - ns

Note . Ve must be applied simultaneously or before Vi and removed simultaneously or after Vir.

© SWITCHING CHARACTERISTICS
Test Conditions

Input Pulse Level: 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 x K
f——— tag————

—— Hi-Z
Data Data Out :>——-< Data In Data Out >—

it k.

b 5 =] = ton=—|
. ET pppr
o i p [y | s
| S,

wreR
!._.__.,V pps————— ._.i
PR

@ ERASE

Erasure of HN462532 is performed by exposure to ultra-
violet light with a wavelength of 2537A, and all the output
data are changed to *’1" after this erasure procedure.

The minimum integrated close {i.e., UV intensity x expo-
sure time) for erasure is 15W + sec/cm?.
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HN462532G, HN462532G-2

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

1,000 1,000
800 800
§ 600 E 600
400 400
\\
Pt e
0
3 4 0 20 40 60 80
Vee (V) Ta (C)
SUPPLY CURRENT vs. SUPPLY VOLTAGE SUPPLY CURRENT vs. AMBIENT TEMPERATURE
100
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HN462732G, HN462732G-2

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 ...... +5V 6%

® Simple Programming ...... Program Voltage: +25V D.C.
Program with One 560ms Pulse

® Static.................. No Clocks Required

® |Inputs and Outputs TTL Compatible During Both Read and
Program Modes
® Fully Decoded On-Chip Address Decode
® AccessTime ............ 450ns (max) HN462732G
390ns (max) HN462732G-2
® Low Power Dissipation .... 150mA (max) Active Currents
30mA (max) Standby Current
® Three State Output....... OR-Tie-Capability
® Compatible with INTEL 2732

EBLOCK DIAGRAM

HN462732G

HN462732G -2

(DG-24B)

—
OE/Ver 0— Powerdown & \
N Output
o— Prog. Log:
CE ’ ‘ Buffers
Y : Y Gating
O——O Decoder 'Y
O
Ao~ An § 0 :
o— X 32768 bit
- Decoder EPROM Matrix
[ o—
°— .
O] .
.
B MODE SELECTION
Pins CE OF /Ver Vee Outputs
Mode (18) (20) (24) (9~11, 13~17)
Read Vi Vie +5 Dout
Stand by Viu Don't Care +5 High Z
Program Viu Ve +5 " Din
Program Verify Vi Vie +5 Dout
Program Inhibit Viu Ve +5 High Z
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HEPIN ARRANGEMENT

a[1]
7]
o]
Mo
o
a2 5]
~ [
NG
00 [2]
o [ie]
0. 1]
GND E

——

[24] vec
(23] A
[22] as
[21] an
[20] GE/ ver
[19] e
] ce
[17] o
[16] 06
[15] 05
[i¢] o,
[13] 05

(Top View)




HN462732G, HN462732G-2

Hl ABSOLUTE MAXIMUM RATINGS

Item Symbol Value Unit
Operating Temperature Range Topr 0 to +70 ‘C
Storage Temperature Range Tog —65 to +125 C
All Input and Output Voltage* Vr —0.3to +7 \
Ver Voltage* OE /Vir —0.3 to +28 \Y

* With respect to GND

Il READ OPERATION

o DC AND OPERATING CHARACTERISTICS (Te=0 to +70°C, Vec=5V£5%, Vpp=Vcc10.6V)

Parameter Symbol Test Condition min typ. max. Unit
Input Leakage Current (Except OE /Vip) Tun Vix=5.25V - - 10 HA
OE /Ver Input Leakage Current Iy Vix=5.25V - - 10 MA
Output Leakage Current Lo Veu =5.25V - - 10 HA
Vee Current (Standby) Icen CE=Vi,OE=V. - - 30 mA
Vee Current (Active) Icc: OE=CE=Vi. - - 150 mA
Input Low Voltage Vie -0.1 - 0.8 \Y
Input High Voltage Viu 2.0 - Veet+1 v
Output Low Voltage Vor Io.=2.1mA - - 0.45 v
Output High Voltage Vou Toy=—400 A 2.4 - - \
® AC CHARACTERISTICS (Ta=0 to +70°C, Vec=5V+5%, Ver=Vcct0.6V)
H 732G-2 HN46 G
Parameter Symbol Test Condition - N462732 - N462732/ Unit
min. | typ. | max.| min. | typ. | max.
Address to Output Delay tace CE=0E=V. - - 13% | — — 1 450 | ns
CE to Output Delay tee OE=Vi. - - 139 ] — — | 450 | ns
Output Enable to Output Delay tor CE=Vi. - — 120} — - 120 | ns
Output Enable High to Output Float* tor CE=V. 0 — | 100 0 — | 100 | ns
Address to Output Hold ton CE=0OE=V. 0 - - 0 -— — | ns
* 1pr defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels.
® SWITCHING CHARACTERISTICS
Test Condition
Input Pulse Levels: 0.8V to 2.2V
Input Rise and Fall Times: < 20ns
Output Load: 1TTL Gate + 100pF
Reference Level for Measuring Timing: Inputs 1V and 2V
Qutputs 0.8V and 2V
= ————
Address X x
CE /
Standby Mode Active Mode Standby Mode
(A |
OF
10E
tace toF ==
Y111/
Data Out Data Out Valid >————
@ CAPACITANCE (Te=25°C, f=1MHz)
Parameter Symbol Test Condition min. typ. max Unit
Input Capacitance (Except OE/Vep) Cim Vin=0V - - 6 pF
OE /Vrr Input Capacitance Cinz Vin=0V - - 20 pF
Output Capacitance Cout Vour =0V - - 12 pF
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B 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 Curreat Iu Vin=5.25V/0.4V - - 10 HA
Output Low Voltage During Verify Vo Io.=2.1mA - - 0.4 A%
Output High Voltage During Verify Vou Ton=—400 A 2.4 - - \%
Vee Supply Current Icc - - 150 mA
Input Low Level Vi —0.1 - 0.8 v
Input High Level (All Input Except OE /Vpp) Viu 2.0 - Vee+1 \
Ver Supply Current Ipp CE =V,., OF = Vpp - - 30 mA

® AC PROGRAMMING CHARACTERISTICS (Vec=5V £5%, Vep=25V 1V, Ta=25'C£5C)

Parameter Symbol Test Condition min. typ. max. Unit
Address Setup Time tas 2 — — Hs
OE Setup Time toes 2 - - HUs
Data Setup Time tos 2 - - Hs
Address Hold Time tan 0 - - “s
OE Hold Time toen 2 — - Hs
Data Hold Time ton 2 - - Hs
Chip Enable to Output Float Delay* tor 0 - 120 ns
Data Valid from CE tov CE=V,,0E=V,, - - 1 HS
CE Pulse Width During Programming trw : 45 50 55 ms
OE Pulse Rise Time During Programming terr 50 - - ns
Vir Recovery Time tvr 2 - - Hus

% tyr defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels.

® SWITCHING CHARACTERISTICS
Test Conditions

Input Pulse Level: 0.8V to 2.2V

Input Rise and Fall Times: < 20ns

Output Load: 1TTL Gate + 100pF
Reference Level for Measuring Timing: Inputs; 1V and 2V,

Qutputs; 0.8V and 2V

Program Program Verify
r Address
Address k Address N N+m
o taS
\r A—
Data } Data In Stable Data Out Valid
(Address N) (Address N)
b tps —= —=] ton [ =] oy [— ] o
tan —e= }'—

OE

A

e LOE'S =] te {OEH L'lvk
tew
tppr—en] l—o

@ \
® ERASE N‘_—'“’j

Erasure of HN462732 is performed by exposure to Ultra-
violet light of 25374, 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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SUPPLY CURRENT vs. SUPPLY VOLTAGE

ACCESS TIME vs. SUPPLY VOLTAGE
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SUPPLY CURRENT vs. AMBIENT TEMPERATURE
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HNA482732AG Series Under Development —

4096-word X 8-bit U. V. Erasable and Programmable Read Only Memory
The HN482732A is a 4096-word by 8-bit erasable and electrically
programmable ROM. This device is packaged in a 24 pin dual-in-line
package with transparent lid.
The transparent lid on the package allow the memory content to be
erased with ultraviolet light.

B FEATURES

® Single Power Supply ...... +5V 5%

® Simple Programming ...... Program Voltage: +21V D.C
Program with one 50ms Pulse

® Static.......ocovuennnn No clocks Required

® Inputs and Outputs TTL Compatible During Both Read and

(DG-24B)

Program Mode

® AccessTime ............ HN482732AG-20  200ns (max) HPIN ARRANGEMENT
HN482732AG-25 250ns (max) U,
HN482732AG-30  300ns (max) qn 2] veo
® Absolute Max. Rating of Vpp Pin ... 28V a[2] (23] &
® |ow Stand-by Current ........... 35mA (max) as[5] [72] as
® Compatible with Intel 2732A a4 [21) An
As E 20| OF/ Vee
WM BLOCK DIAGRAM a [5] [15] Ave
Op~ 00 a7 [1#] ce
N . Ao E E 07
LITITIIT NG o
OFE/Ver 06— Powerdown & (43 E E 05
. Outpu
CF o— Prog. Loete Bul‘(‘:r‘s 0 E E O
GND [13] 0
: Y b
?_.—_: Decoder : Y Gating (Top View)
pou— )
Av~An & o—rf .
Ord X 32768 bit
:: Decoder EPROM Matrix
o—1|
o .
o— L)
*
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HN482764G,HN482764G-3 rreliminary

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 ...... +5V £ 5%

® Simple Programming ...... Program Voltage: +21V D.C.
Program with one 50ms Pulse

® Static ........0iueiinnn No Clocks Required

® [nputs and Outputs TTL Compatible During Both Read and
Program Mode.

® AccessTime............. HN482764G  250ns max
HN482764'G-3 300ns max

® Absolute Max. Rating of Vpp pin ... 28V

® Low Stand-by Current............ 35mA max.

® Compatible with Intel 2764
Ml BLOCK DIAGRAM

~0:

PTPPITOT

PGM O~ Power Down
e Output
OE  o— Prog. Logic
CE  o— Buffers
o—
Ol Y-Decoder Y-Gating
O]
O
fo
Ao N
\ o— 65536 bit
Arz X-Decoder
O Memory Matrix
o—
o—-
N

M MODE SELECTION

HN482764G, HN482764G-3

(DG-28)
B PIN ARRANGMENT
ver [T] 28] Ve
A"E T__7| PGM
e 26] NC
A [4] 25] A
ASE E Ay
8] 23) An
7] [27] OF
A:E E Ao
a5 l20] CE
‘-\oE E (4]
oo 1] I18] 05
o [IZ] [17] 0s
0 {13] [16] O«
G (i) [15] 0s
(Top View)
Note)

Pins | CTE OE | PGM Ver Vee Outputs
Mode (20) (22) (27) (1) (28) (11~13, 15~19)
Read Vie Viu Viu Vee Vee Dout
Stand-by Viu x X Vee Ve High Z
Program Vie x Vio Ve Vee Din
Program Verify Vie Vie Vin Vep Vee Dout
Program Inhibit Vin X X Ver Vee High Z
X Idon’t care
M ABSOLUTE MAXIMUM RATINGS

Item Symbol Value Unit

Operating Temperature Range Tonr 0to +70 °C
Storage Temperature Range Tuts —65 to +125 °C
All Input and Output Voltage* Vr —-0.3 to +7 \%
Ver Voltage Ver —0.3 to +28 A

* . with respect to GND

The specifications of this device are
subject to change without notice.
Please contact your nearest Hitachi’s
Sales Dept. regarding specifications.

219



HN482764G, HN482764G-3

I READ OPERATION
®DC AND OPERATING CHARACTERISTICS (Ta=0 to +70°C, Vec=5V £5%, Vep=Vec£0.6V)

Parameter Symbol Test Condition min typ max Unit
Input l.eakage Current Iu Vee=5.25V, Vin =5.25V - - 10 MA
Output Leakage Current Lo Vec=5.25V, Vo =5.25V /0.4V - - 10 #A
Vi Current Tpm Vip=Vec+0.6V — - 15 mA
Vee Current (Standby) Teer CE=Vu - - 35 mA
Vee Current (Active) Iece CE=0E =V — 100 150 mA
Input Low Voltage Vi -0.1 - 0.8 A
Input High Voltage Viu 2.9 - Vee+1 \'
Output Low Voltage Vou. To=2.1mA - - 0.45 v
Output High Voltage Vou Ton=—400 A 2.4 - — v

® AC CHARACTERISTICS (Ta=0 to +70°C, Vec=5V=£5%, Ver=Vcc£0.6V)

HN 482764 G HN482764G-3
Parameter Symbol Test Condition - - Unit

mm max min max
Address to Output Delay Lace CE=OE =V.. - 250 - 300 ns
CE to Output Delay lew OF = Vi, - 250 - 300 ns
OE to Output Delay tor CE=V.. 10 100 10 150 ns
OFE High to Output Float tor CE=V. 0 90 0 130 ns
Address to Output Hold ton CE=0E =V, 0 - 0 - ns

Note © tor defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels,

® SWITCHING CHARACTERISTICS
Test Condition

Input Pulse Levels: 0.8V to 2,2V

Input Rise and Fall Time: < 20ns

Output Load: 1TTL Gate + 100pF
Reference Level for Measuring Timing: Inputs; 1V and 2V

Output; 0.8V and 2.0V

4 N
Address >< ><
X 7
CE —_— .
Standby Mode Active Mode / Standby Mode
7

ek

OF /
I
tor 173
tacc (L tow _,
4 !
Data Out V4 J Data Out Valid >—
ANMANY )
® CAPACITANCE (Ta=25°C, f=1MHz)
Parameter Symbol Test Condition min typ max Unit
Input Capacitance Cin Via =0V et 4 6 pF
Output Capacitance Cout Vouw =0V - 8 12 pF
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HN482764G, HN482764G-3

Il PROGRAMMING OPERATION

®DC PROGRAMMING CHARACTERISTICS (Ta=25C+t5°C, Vee=5V +5%, Vir=21V£0.5V)

Parameter Symbol Test Condition min typ max Unit
Input Leakage Current I V..=5.25V - - 10 HrA
Output Low Voltage During Verify Vor Ii=2.1mA - - 0.45 \Y
Output High Voltage During Verify Vou Ton=—400 A 2.4 - - \Y
Vee Current (Active) o - - 150 mA
Input Low Level Vie —0.1 - 0.8 \
Input High Level Vin 2.0 - Veet+1 v
Vi Supply Current Ipp CE =PGM = Vi, - - 30 mA
® AC PROGRAMMING CHARACTERISTICS (Ta=25C +5%C, Ve =5V 5%, Vep=21V10.5V)

Parameter Symbol Test Condition min typ max Unit
Address Setup Time las 2 —_ - Hs
OE Setup Time toes 2 - - Hs
Data Setup Time tos 2 - - Hs
Address Hold Time Lan 0 - - s
Data Hold Time ton 2 - - s
OE to Output Float Delay tor 0 - 130 ns
Ver Setup Time tvs 2 - - H“s
PGM Pulse Width During Programming tew 45 50 55 ms
CE Setup Time ces 2 - - #s
Data Valid from OE tor - - 150 ns

Note : 1pr defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels.

® SWITCHING CHARACTERISTICS
Test Condition

Input Pulse Level:
Input Rise and Fall Time:
Reference Leve! for Measuring Timing:

0.8V to 2.2V
<20ns

Input; 1V and 2V
Output; 0.8V and 2V

Program Program

Verify

Address >‘<
T

las

Ay

In Stable

DK,

¥

"
Data Out
Data Data >——<( Vald
ins
Vpp
Ve
Vee trs

CE
ICEs

10ES tox

OE

M ERASE

Erasure of HN482764 is performed by exposure to Ultra-
violet light of 2537A, 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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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.
HN 482764G -4

B FEATURES

® Single Power Supply ..... +5V 5%

® Simple Programming...... Program Voltage: +21V D.C.
Program with one 50ms Pulse

® Static .........cciuannn No Clocks Required

® Inputs and Outputs TTL Compatible During Both Read and

Program Mode
Access Time, ............ 450ns max. (DG-28)

Absolute Max. Rating of Vpp Pin ... 28V
Low Stand-by Current............ 35mA max.
Compatible with Intel 2764

W BLOCK DIAGRAM M PIN ARRANGEMENT
~0r
Ver E

ARANAEA i

Power Down Ar E
Output
Prog. Logic AcE
Buffers A E
AoE
Y-Decoder Y-Gating a[7]
AIE
A E
Ao(l0
65536 bit E
o]

X-Decoder
Memory Matrix O E

A
GNDE

{1

12l

(2]
™

N

Ao

Anz

TITTTTIT 7911

—

(Top View)

HMODE SELECTION

Pins | CE OE PGM Ver Vee Outputs
Mode (20) (22) (27) (1) (28) (11~13, 15~19)
Read Vie Vie Vin Vee Vee Dout
Stand by Viu X X Vee Ve High Z
Program Ve X \ Ve Vee Din
Program Verify Vi Vie Vin Ve Vee Dout
Program Inhibit Vin X X Ver Vee High Z

X ! Don’t care

E ABSOLUTE MAXIMUM RATINGS

Item Symbol Value Unit
Operating Temperature Range Tonr 0 to +70 ‘C
Storage Temperature Range Teog —65 to +125 C
All Input and Output Voltage* Vr —0.3 to +7 \
Ver Voltage Ver —0.3 to +28 \4

* : With respect to GND

222



HN482764G-4

M READ OPERATION

®DC AND OPERATING CHARACTERISTICS (Ta=0 to +70°C, Vec=5V £5%, Vep=Vcec£0.6V)

Parameter Symbol Test Condition min typ. max. Unit
Input Leakage Current Iy Vee=5.25V, Vi, =5.25V - - 10 HA
Output Leakage Current 1o Vec=5.25V, V. =5.25V/0.4V - - 10 HA
Vep Current Ipp Vep=Vec+0.6V - - 15 mA
Vee Current (Standby) Iec CE=Vu - - 35 mA
Vee Current (Active) Iec, CE=0E=V. - 100 150 mA
Input Low Voltage Vi, —0.1 - 0.8 \
Input High Voltage Vin 2.0 — Vee+1 \
Output Low Voltage Vou Tor=2.1mA - — 0.45 \Y
Output High Voltage Vou Toy=—400 A 2.4 - - \4
® AC CHARACTERISTICS (Ta=0 to +70°C, Vee=5V +5%, Ver=Vcc£0.6V)
Parameter Symbol Test Condition min max. Unit
Address to Output Delay tace CE=0E=V. — 450 ns
CE to Output Delay tce OE=Vi. - 450 ns
OE to Output Delay tog CE=Vi. 10 150 us
OE High to Output Float tor CE=Vu. 0 130 ns
Address to Output Hold ton CE=0E =V 0 - ns
Note © o+ defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels.
® SWITCHING CHARACTERISTICS
Test Condition
Input Pulse Levels: 0.8V to 2.2V
Input Rise and Fall Time: < 20ns
Output Load: 1TTL Gate + 100pF
Reference Level for Measuring Timing: Inputs; 1V and 2V
Output; 0.8V and 2.0V
¥ p
Address >< ><7
K 7
CE
Standby Mode Active Mode / Standby Mode
7
tce
OF /
I
} L0E LoF
tace ton
Data Out / A vase ow Valid ~>—
ARNAN ;
® CAPACITANCE (Ta=25°C, f=1MHz)
Parameter Symbol Test Condition min typ. max. Unit
Input Capacitance Cia V=0V — 4 6 pF
Output Capacitance Cout Vour =0V - 8 12 pF
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HN482764G-4

M PROGRAMMING OPERATION
© DC PROGRAMMING CHARACTERISTICS (Ta=251+5°C, Vee=5V +5%, Vep=21V+0.5V

Parameter Symbol Test Condition min. typ. max. Unit
Input Leakage Current Ius Vin=5.25V - - 10 nA
Output Low Voltage During Verify Vor Tor=2.1mA — — 0.45 \'
Output High Voltage During Verify Vou Ton=—400p A 2.4 — — A%
Vee Current (Active) Iccz - - 150 mA
Input Low Level ' Vie —0.1 — 0.8 \Y
Input High Level Vin 2.0 - Veet1 \'
Vir Supply Current Irr CE=PGM =Vi. - - 30 mA

® AC PROGRAMMING CHARACTERISTICS (Ta=25°C%5°C, Vee=5V +5%, Ver=21V10.5V)

Parameter Symbol Test Condition min typ. max. Unit
Address Setup Time tas 2 - — Ks
OE Setup Time togs 2 - - Hs
Data Setup Time tps 2 — — us
Address Hold Time tan 0 — — us
Data Hold Time ton 2 - — us
OE to Output Float Delay tor 0 - 130 ns
Vir Setup Time tvs 2 - - s
PGM Pulse width During Programming tew 45 50 55 ms
CE Setup Time tces 2 - - us
Data Valid from OE tor - — 150 ns

Note © t p defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels.

® SWITCHING CHARACTERISTICS
_ Test Condition

Input Pulse Level: 0.8V to 2.2V
Input Rise and Fall Time: < 20ns
Reference Level for Measuring Time: Input; 1V and 2V

Output; 0.8V and 2V

Program Program
= Verify
Address I
" tan
~ Y
N Data Out
Data Data In Stable >__<( Valid
U toF,
oK
DU
Vep
Upp
Vee s
CE
— Ty ¢
PGM
e . 1055_! l—t0f__]
Py /
OE \

® 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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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 ...... +5V +5%
e Simple Programming . ..... Program voltage: +25V D.C.
Program with one 20ms pulse.
e Electrically Erasing ....... Erase Voltage: +25V D.C.
Erase all words with one 200ms pulse.
e FullyStatic............. No clocks required. P20
e Inputs and Outputs TTL compative during read, program and
erase mode. _ B PIN. ARRANGEMENT
e FullyDecoded .......... On-Chip Address Decode.
® AccessTime ............ 350ns Max. » [ A4 ) v
e Low Power Dissipation . ... 300mW Max. e [: z] fe
o Three State Output . ...... OR-Tie Capability W[ 7
o Pin-out Compatible with Intel 2716.
A E E Vep
BMBLOCK DIAGRAM - ~ ] n) T
Az [:6: E Ao
TTTTTTTT AT 18] PGM
Ts o— — E ?
. CS. Prog. & AQE 17) O
- Erase lLogic Output Buffers O E E 06
Oy E E 03
o— O4
(o—— Y Decoder . Y Garing e [‘—.L B
o— ° oxn [12 (3] o
Ao=o < : - (Top View)
X Decoder L4 .
. EEPROM Matrix
o1 *
- :
L
l MODE SELECTION
Pins PGM CS Ver Vee Outputs
Mode (18) (20) (21) (24) (8~11,13~17)
Read Vie Vie +5 +5 Dout
Deselect Don't Care . Vin +5 +5 High Z
Program Pulsed Vi to Vix Viu +25 +5 Din
Program Verify Vie ViL +25 +5 Dout
Program Inhibit Vie Vin +25 +5 High Z
Erase Pulsed Vi to Vi Vie +25 +5 High Z

Noter The specifications of this device are subject to change without notice.
Please contact your nearest Hitachi's Sales Dept. regarding specifications.

225



HN48016P

Il ABSOLUTE MAXIMUM RATINGS
Item Symbol Rating Unit
All Input and Output Voltage Viv, Viur o ~0.3 to Veec +0.3 or Vir +0.3 v
Vee Voltage Vee —0.3 to +7.0 A
Vier Voltage Ver —0.3 to +28 A
Operating Temperature Range T, 0 to +70 ‘C
Storage Temperature Range Tus —65 to +125 C
M READ OPERATION
®DC AND OPERATING CHARACTERISTICS (Vec=5V 5%, Ver=Vect0.6V* Ta=0 to +70°C)
Parameter Symbol Test Condition min typ max Unit
Input Leakage Current Iu Vin=5.25V — - 10 #A
Output Leakage Current Iio Vour=5.25V - - 10 HA
Vee Current Icc: -C-S-= Viu/Vie, - 32 50 mA
Vep Current Ipp Vep=5.85V - 4 7 mA
ViL -0.1 - 0.8 \
Input Volt.
et Tohaee Vi 2.0 | — - v
Vo Tor=1.6mA - - 0.4 \
Output Voltage
Hiput Yoltag Von Ton=—100 A 2.4 - - \'
#* The tolerance of 0.6V allows the use of a driver circuit for switching the Ver supply pin from Vi in read to 25V for programming.
® AC CHARACTERISTICS (Vec=5V 5%, Vep=Vec+0.6V, Ta=0 to +70°C)
Parameter Symbol Test Condition min typ max Unit
Address to Output Delay tacce PGM =CS=V, - 200 350 ns
Chip Select to Output Delay {co PGM =V}, - 70 150 ns
Chip Deselect to Output Float tor 0 40 100 ns
Address to Output Hold ton 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
Outputs 0.8V and 2.0V
'S
Address ) K
STy p——
TS
tor
tco
I |
Ourpur - i8R Z Data Out Valid High Z
©® CAPACITANCE (Te=25C, f=1MHz)
Parameter Symbol Test Condition typ max Unit
Input Capacitance Cin Via =0V - 7.5 pF
Output Capacitance Cour Vou =0V - 15 pF
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HN48016P

Il PROGRAM OPERATION

®DC PROGRAMMING CHARACTERISTICS (Vec=5V 5%, Vee=25VE1V, Ta=0 to +70C)

\
Parameter Symbol Test Condition min typ max Unit,
Input Leakage Current Iu Vin=5.25V - - 10 rA
Vee Supply Current Icc: ) - 32 50 mA
Vep Supply Current Ipp2 - 10 20 mA
Vie —0.1 - 0.8 A
Input Voltage Vie 20 — — v
® AC PROGRAMMING CHARACTERISTICS (Vec=5V+5%, Vepr=25VE1V, Ta=0 to +70T)
Parameter Symbol Test Condition min typ max Unit
Address Setup Time ) tas 2 - - us
CS Setup Time tess 2 - - s
Data Setup Time tos 2 - - #s
Address Hold Time ban 2% — - #s
CS Hold Time tesn 7 - - Hs
Data Hold Time ton 2 - — " ous
Chip Deselect to Output Float Delay tor 0 40 100 ns
Chip Select to Output Delay tco - 70 150 ns
Program Pulse Width trw 15 20 25 ms
Program Pulse Rise Time terr 5 - - ns
Program Pulse Fall Time terT 5 — - ns
Ver Setup Time tps 10 - — s
Vep Hold Time e 10 - - “s
CS to Program Mode Time tvs 10 — — Hs
Ver Read Mode Time tuw 10 - — “s

* If the mode changes from program mode to program verify mode sequentially (in the same address), tw must be larger than ! + fo.

® TEST CONDITION
Test Condition
Input pulse levels:

0.8V to 2.0V

20ns (10% to 90%)
Input; 1V and 1.8V
Output: 0.8V and 2.0V

Input rise and fall time:
Reference level for Measuring Timing:

Program
Read Program Verify Read
J
. Address Address
Address Valid Valid
tas [71]
Data Data
in L
Data Suable valid > < >
tos tod jtco tDF
- |
. ;
tess! ew tesH i
PGM
e b
teRT  tPFT
Vee
A2 1ps Loy vy
-t
+25V
Ver

F5Y e J
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M ERASE OPERATION
o DC ERASING CHARACTERISTICS (Vec=5V 5%, Ver=25VE1V, Ta= 0 to +70C)

HN48016P

Parameter Symbol Test Condition min. typ. max. Unit
Input Leakage Current Tu Vin=5.25V — - 10 A
Vce Supply Current Iccs - 32 50 mA
Ver Supply Current Irps — 10 20 mA
Input Volt Vie —0.1 - 0.8 A%
nput Voltage
P ¢ Vin 2.0 = - v
® AC ERASING CHARACTERISTICS (Vec=5V£5%, Vepr=25VE1V, Ta= 0 to +70T)
Parameter Symbol Test Condition min, typ. max. Unit
CS Setup Time tecss 2 - — us
PGM to Output Delay teo 2 - — Hs
Erase Pulse Width tew 190 200 210 ms
Erase Pulse Rise Time terT 5 — — ns
Erase Pulse Fall Time terr 5 - - ns
Ver Setup Time tes 10 - - us
Ver Hold Time ted 10 - - uns
Erase Program Time tgp tep 10 - — Hs
Program Enase Time tp¢ tre 10 — — #s
® 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
Erase Verify ®Erasing—Programming—Erasing
Read Erase or Read all 1"
Erase Program Erase
Address D_X Don't Care x:XI ~ Address Don't Care X “}gﬁ?“ Gxi«liirgss X Don’t Care
. Vo
s ANAWAL s ]
tep
teCss tEW Lp;g{ po—tth e
— PGM \
PGM f
- LERT -I_Err
Ve +25V.
tES | 124 |
+25V
Ver

+5V.
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HM2105

256-word X 1-bit Fully Decoded Random Access Memory

The HM2105 is a 256-word x 1-bit read/write random access
memory developed for application to buffer memory, control

memory, etc.
e Level

e e v e

veveeenss.. 10K ECL compatible
® Chip select access time .......

Address access Time .

12ns (max)

eeeesa. 35ns (max)

(DG-16)

® Power Consumption ........ e 1.8mW/bit (typ)
® Output obtainable by Wired-OR (open emitter)
l TRUTH TABLE
Input
— —— Output Mode
CS WE Din
any one H X ;< L Not Selected
all L L L L Write “0”
all L L H L Write “1”
all L H X Dout * Read

X : Don't care
* [ Read out non-inverted

BBLOCK DIAGRAM

@
¢
£s
3%
<g
g
B

Sense Amp
Write Drivers.
Y Address

Decoder

A s A6 A

B ABSOLUTE MAXIMUM RATINGS

Item Symbol Value Unit
Supply Voltage Veeto Veq +0.5 to —7.0 v
Input Voltage Via +0.5 to Ve v
Output Current Lo —30 mA
Storage Temperature Totg —65 to +150 ‘C
Storage Temperature T.1s(Bias)" —55 to +125 ‘C

% Under Bias
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B ELECTRICAL CHARACTERISTICS
®DC CHARACTERISTICS (Ver= 5.2V, R.=500 to —2.0V, Ta=0 to +75°C,air flow exceeding 2m/sec)

HM2105

Item Symbol Test Condition min (B) typ max (A) Unit
0°C —1000 - —840
Vo +25°C —960 - —-810
+75°C —900 - —720
Output Voltage Vin=Viua or Vi 0C 1870 — 1665 mV
Vo +25°C | —1850 - —1650
+75C | —1830 — —1625
0°C | —1020 - .
Voue +25°C — 980 - —_
Output Threshold Voltage Vin="Vius or Viia +75:C — %20 — — mV
0°C - - —1645
Vore +25°C - - —1630
+175°C - - —1605
Guaranteed Input Voltage 0:C — 1145 — 840
Vin +25°C —1105 — —810
High for All Inputs TC YT — 0
Input Voltage 0C 1870 — 1390 mV
Vie Guaranteed Input Voltage T35 1850 — T
Low for All Inputs o 1830 — 1450
Ly Viv="Viua 0 to +75°C — - 220
Input Current I gtSher Vie=Viss 0 to 475°C jsz - l'ﬁ) HA
Power Supply Current I All Input and Output Open. +75°C —120 —85 - A
Test pin 8. 0°C —130 —95 -
® 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 min typ max Unit
Chip Select Access Time tacs - 7 12 ns
Chip Select Recovery Time trcs - 7 12 ns
Address Access Time taa - 20 35 ns
2. WRITE MODE
Item Symbol Test Condition min typ max Unit
Write Pulse Width tw twsa=8ns 25 15 - ns
Data Setup Time twsp 5 3 — ns
Data Hold Time twhp 5 3 - ns
Address Setup Time twsa tw=25ns 8 5 - ns
Address Hold Time twia 2 0 - ns
Chip Select Setup Time twscs 5 3 - ns
Chip Select Hold Time twics 5 3 - ns
Write Disable Time tws 3 14 - ns
Write Recovery Time twr - 15 20 ns
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HM2105

3. RISE AND FALL TIME

Item Symbol I Test Condition | min, typ. max. Unit
Output Rise Time tr — 5 - ns
Output Fall Time ty l [ - 5 - ns
4. CAPACITANCE
Item Symbol Test Condition min typ. max. Unit
Input Lead Capacitance Cin - 4 5 pF
Qutput Lead Capacitance Cout - 7 8 pF
B TEST CIRCUIT AND WAVEFORMS
1. LOADING CONDITION 2. INPUT PULSE
GND
i
80%
16
15|
20%
HMZ105 ke 12V d
]; te ty
[
> t, =t;=2.5ns yp
0014k -2ov
I Ry =500
ToVe €L =30pF (includes jig and
stray capacitance)
3. READ MODE
Address >Q%
taa
(]
Dout Viea
4. WRITE MODE

Address 50%1< ——————
________ I S, ~——t——
) o /
Din 50% K e

N e o o o e e e e ~

F—l WHD

WE 50% % — ———— - /

1 wsped N/ ! WhA———]

twsAs tw L WHC

________ b e — 7
Dout twscs (7]
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Supply Current Ier (mA)

Supply Current It (mA)

SUPPLY CURRENT

vs. AMBIENT TEMPERATURE
120

100
——]
\‘\\
80 —
\
60
10
20
0
—-20 20 40 60 80 100

Ambient Temperature Ta (°C)

SUPPLY CURRENT

vs. SUPPLY VOLTAGE
120

100 Z
80 A /

o /

40

Supply Voltage Vg (V)

Address Access Time t4a (ns)

ADDRESS ACCESS TIME
vs. AMBIENT TEMPERATURE

40

20

10

20

Ambient Temperature Ta (°C)

Kl

60

HM2105
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HM2106

256-word X 1-bit Fully Decoded Random Access Memory

The HM2106 is an ECL compatible, 256-word x 1-bit, read/write
random access memory developed for application to scratch pad,
control and buffer memories, etc. which require high speeds.

B TRUTH TABLE

It is compatible with 10K ECL logic.
Chip select access time
Address Access time
Power consumption

L I I N I I S,

Output obtainable by wired-OR (open emitter)

... 1.8mW/bit (typ)

10ns (max)
15ns (max)

Input
— —— Output Mode
CS WE Din
any one H X X L Not Selected
all L L L L Write “0”
all L L H L Write “17
all L H X Dout * Read

X ! Don't care
*  Read out non-inverted

B BLOCK DIAGRAM

Aoo——rd
Ayo——
Azo——rd]
Aye—

X Address
Decoder

16x16

Memory
Cell

Sense Amp
Write Drivers
Y Address
Decoder

A A A A

W ABSOLUTE MAXIMUM RATINGS

1 £

o)
&

5

I
&<

Ed

(DG-16)

Item Symbol HM2106 Unit
Supply Voltage Vee to Vee +0.5 to —7.0 A
Input Voltage Via +0.5 to Ve \J
Output Current Tow —30 mA
Storage Temperarature Toe —65 to +150 °C
Storage Temperature T.s(Bias)* —55 to +125 °C

* Under Bias

234

HPIN ARRANGEMENT

NS

B Dout
4] WE
El)in
E A
o
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B ELECTRICAL CHARACTERISTICS
®DC CHARACTERISTICS (Vee=—5.2V, R.=50Q to —2.0V, Ta=0 to +75°C,air flow exceeding 2m/sec)

HM2106

Item Symbol Test Condition min (B) typ max (A) Unit
0°’C | —1000 - —840
Vou +25°C —960 - —810
Output Voltage Viv="Vius or Vies +75:C — 0 — ~T%0 mV
0°C —1870 - —1665
Vou +25C | —1850 - —1650
+75°C | —1830 - —1625
0°C | —1020 - —
Vore +25°C | — 980 - -
+75°C | — 920 - -
Output Threshold Voltage Viv="Vius or Vi 0C — — 64 mV
Vore +25°C — - —1630
+75°C - = —1605
Guaranteed Input Voltage U:C —1145 — —840
Viu K +25C —1105 - —810
oot Voltage High for All Input 75 YT — 720 o
0°C —1870 - —1490
Vi Guaranteed Input Voltage TEC | 1850 — ey
Low for All Inputs 750 1830 — {150
Ly Vin="Viu 0 to +75°C - - 220
Input Current P Vin—Viis 0 to +75°C 9.5 — 0 1
Other —50 - -
Supply Current Iee All Input and Output Open. + 75:C —-120 —85 - mA
Test pin 8. 0C —130 —95 -
@ AC CHARACTERISTICS
(Vee=—5.2VE5%, Ta=0 to +75°C, air flow exceeding 2m/sec, see test circuit and waveforms)
1. READ MODE
Item Symbol Test Condition min typ max Unit
Chip Select Access Time tacs - 6 10 ns
Chip Select Recovery Time tres - 6 10 ns
Address Access Time 3 9 15 ns
2. WRITE MODE
Item Symbol Test Condition min typ max Unit
Write Pulse Width tw twsa=2ns 10 - — ns
Data Setup Time twsp 2 - — ns
Data Hold Time twip 2 - - ns
Address Setup Time twsa tw=10ns 2 - — ns
Address Hold Time twia 2 - - ns
Chip Select Setup Time twscs 2 - — ns
Chip Select Hold Time twics 2 - — ns
Write Disable Time tws 3 - - ns
Write Recovery Time twr - - 10 ns
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HM2106

3. RISE/FALL TIME

Item Symbol Test Condition min. typ. max. Unit
Output Rise Time t: - 3 - ns
Output Fall Time tr _ 3 — ns

4. CAPACITANCE

Item Symbol Test Condition min. typ. max. Unit
Input Capacitance Cin - 2 5 pF
Output Capacitance ' Cout et 3 8 pF

B TEST CIRCUIT AND WAVEFORMS

1. LOADING CONDITION 2. INPUT PULSE
GND
~0.9V
16 f 80%

15,
HM2106 n,{ = 20%
=17V

8
n.(nuFI-L_‘l =20V t,=t;=2.5ns typ
) Vir

RL=50Q
CL=30pF (includes jig and stray capacitance)

3. READ MODE

Address 50%

t gy

Ving
Dout Viea

4. WRITE MODE

Ving

ViLa
Ll ws LwR
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Output “17 Level Von tV)

Supply Current Ire imA:

—0.80 v

-0.90

= Low

Address Access Time 144 (ns

SUPPLY CURRENT
vs. AMBIENT TEMPERATURE

140

40

Vep = —520V

- S S
-2 0 2 Kl 60 a0 1

Ambient*Temperature Ta (C)

OUTPUT “1” LEVEL
vs. AMBIENT TEMPERATURE

Ver = —5.20V

=20 [ 20 40 60 & 160

Ambient Temperature Ta (°C}

ADDRESS ACCESS TIME
vs. AMBIENT TEMPERATURE

18
6
1
T
12 L
S
10
Ver =—5.20V
8
6
-2 20 40 5 #0100

Ambient Temperature Ta (°C)

Output "0" Level Vor (V)

Address Access Time taa (ns)

SUPPLY CURRENT
vs. SUPPLY VOLTAGE

o
z ~
€ Y
L //
3
Z
Te=25¢C
- = = = — =
Supply Voltage Vig (V)
OUTPUT “0” LEVEL
vs. AMBIENT TEMPERATURE
- 160
"
-1.70 —
/
—t]
Ver =-5.20V
- 18
—L
—20 20 40 60 80 100
Ambient Temperature Ta {°C)
ADDRESS ACCESS TIME
vs. SUPPLY VOLTAGE
1]
16
"
12 o

Ta =250

=572 =520 —1.68

Supply Voltage Ver (V)

HM2106
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HM10414,HM10414-1

256-word X 1-bit Fully Decoded Random Access Memory

The HM10414 is ECL 10K compatible, 256-word x 1-bit, read write,
random access memory developed for high speed systems such as
scratch pad and control/buffer storages.
The fabrication process uses the Hitachi’s low capacitance, oxide
isolation method with double metalization.
The HM10414 is encapsulated in cerdip-16pin package, compatible
with Fairchild’s F10414.
® Fully compatible with 10K ECL level
® Address access time:  HM10414: 10ns (max.)

HM10414-1: 8ns (max.)
® Write pulse width: 6ns (min.)
® Three chip select pins
® Output obtainable by wired-OR (open emitter)

B TRUTH TABLE

Input
— — Output Mode
[oF} WE Din
any one H X x L Not Selected
all L L L L Write “0”
all L L H L Write “17
all L H X Dout * Read

X . Don't care
* ! Read out non-inverted

HEBLOCK DIAGRAM

H ABSOLUTE MAXIMUM RATINGS

Item Symbol Rating Unit
Supply Voltage Vee to Vee +0.5 to —7.0 \%
Input Voltage Vin +0.5 to Vee v
Output Current Tou -30 mA
Storage Temperature T —65 to +150 °C
Storage Temperature T.s(Bias)* —55 to +125 °C

* Under Bias
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B PIN ARRANGEMENT

z

S
oinlaniBlepiEl

o
[z

(9]
[

(g)
[

Ve

S

(Top View)




B ELECTRICAL CHARACTERISTICS
®DC CHARACTERISTICS (Vee=—5.2V, R.=50Q to —2.0V, Ta=0 to +75°C, air flow exceeding 2m/sec)

HM10414, HM10414-1

item Symbol Test Condition min (B) typ max (A} Unit
’ 0°C | —1000 — | a0
Von +25C | —960 - —810
Output Voltage Vin="Vius or Virn H75C —%0 — 0 mV
0C —1870 - ~— 1665
Voo +25C —1850 - — 1650
+175°C | —1830 - —1625
0°C | —1020 - -
Voue + 25“C —980 - -
+75°C —920 - -
Output Threshold Voltage Vin="Vius or Vi oC — — TYT mV
Vorc +25'C - - | —1630
+75°C - - —1605
0°C —1145 - —840
Vin G‘uaranteed Input Voltage T25C 110 — 810
High for Al Inputs T75C ot — 720
Input Voltage 0C 1870 — 1790 mV
Vi Guaranteed Input Voltage To5C {850 — YT
Low for All Inputs T 1830 — 1150
Iin Vin="Viua 0 to +75°C - - 220
Input. Current I gtsher Viv="ViLs 0 to +75°C :)52 — 17_0 HA
All Input and Output Open, +75°C - —130 -
Supply Current | Test Pin 8 0C | 180 | —140 - ™
® AC CHARACTERISTICS
(Vee=—5.2V+5%, Ta=0. to +75°C, air flow exceeding 2m /sec, see test circuit and waveforms)
1. READ MODE
HM 10414 HM10414-1
Item Symbol Test Condition - Unit
min typ J max min typ max
Chip Select Access Time tacr - 3 | 6 - 3 6 ns
Chip Select Recovery Time tres - 3 6 - 3 6 ns
Address Access Time tas - 7 10 — 6 8 ns
2. WRITE MODE
Item Symbol Test Condition min typ max Unit
Write Pulse Width tw twsa=2ns 6 4 - ns
Data Setup Time twsp 1 0 - ns
Data Hold Time twp 1 0 - ns
Address Setup Time twsa tw="6ns 2 0 - ns
Address Hold Time twha 2 0 = ns
Chip Select Setup Time twscs 1 0 - ns
Chip Select Hold Time twics 1 0 - ns
Write Disable Time tws - 5 ns
Write Recovery Time twr - - 5 ns
3. RISE/FALL TIME
Item Symbol Test Condition min typ max Unit
Output Rise Time t - 1.5 2.5 ns
Output Fall Time ty - 1.5 2.5 ns
4. CAPACITANCE
Item Symbol Test Condition min typ max Unit
Input Capacitance Cin - 3 5 pF
Output Capacitance (o) - 5 8 pF
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HM10414, HM10414-1

M TEST CIRCUIT AND WAVEFORMS

1. LOADING CONDITIONS 2. INPUT PULSE
GND
T ~0.9V
80%
16 55
20%
HM10414 Ry Ce oL
I I ty,=ty=20ns typ

0.01uF -L_—‘ =20V N
T

3. READ MODE

Ru=50Q

Vee

C.=30pF (includes jig and stray capacitance)

Address 50%

Dout 50%

4. WRITE MODE NE
= smk' ——————————————————————— 7(‘

. [t W .
T T T
__ ) p— £ T
WE twsi] e — WHA'_-I J
W ty LWHeS d
Dout twscs
SUPPLY CURRENT SUPPLY CURRENT
vs. AMBIENT TEMPERATURE vs. SUPPLY VOLTAGE
200 200
180 180
<
£
PR U e S z 60
=< £ —
g B B—
, \!\‘ L 8 -\\
5 Mo \\ z 140
A 190 . ER:
&
100 100
Veg=—5.20V Ta=25C
& 80 1
—20 0 20 40 60 80 100 -5.72 —5.20 —4.68

Ambient Temperature Ta (°C) Supply Voltage Veg (V)
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Address Access Time tas (ns}

Chip Select Access Time tacs (ns)

Write Pulse Width tw (ns)

ADDRESS ACCESS TIME
vs. AMBIENT TEMPERATURE

10

? ///
“M\m\&
] — | //
on -
5
Vee=—5.20V
. | |
-20 0 20 40 60 80 100

Ambient Temperature Ta (C)

CHIP SELECT ACCESS TIME
vs. AMBIENT TEMPERATURE

6
5
4
3
2
1
Veg=—5.20V
0 L]
-2 0 20 40 60 80 100

WRITE PULSE WIDTH

Ambient Temperature Ta (°C)

vs. AMBIENT TEMPERATURE

6
5
—
4
3
2
L
Veg=—-5.20V
0
-20 0 20 40 60 80 100

Ambient Temperature Ta (T)

Address Access Time tas tns)

Chip Select Time tacs (ns)

Write Pulse Width tw (ns)

ADDRESS ACCESS TIME
vs. SUPPLY VOLTAGE

1

7 P
“N\\\\A\A
’ |
et
5 "]
Ta=25C
4 {
—572 Z520 —168

Supply Voltage Vee [\

CHIP SELECT ACCESS TIME
vs. SUPPLY VOLTAGE

6

-\4\
2
1
Ta=25"C
L |
~5.72 - 5.20 - 4.68
Supply Voltage Ver (V)
WRITE PULSE WIDTH
vs. SUPPLY VOLTAGE
6
5
4
3
2
1
Ta=25'C
0
~5.72 -5.20 —4.68

Supply Voltage Veg (V')

HM10414, HM10414-1

241



HM2110, HM2110-1, HM2110-2

1024-word X 1-bit Fully Decoded Random Access Memory
The HM2110 Series item is an ECL compatible, 1024-word x 1-bit,

read/write, random access memory developed for application to
scratch pads, control and buffer memories, etc. which require high

speeds.

® |tis compatible with 10K ECL logic.

® Chipselectaccesstime ............. 10ns (max.)

® Addressaccesstime ............... HM2110: 35ns (max.)

HM2110-1: 26ns (max.)
HM2110-2: 20ns {max.)
® Power consumption ,...... e 0.5mW/bit (typ)
® Qutput obtainable by Wired-OR (open emitter).

(DG —16A)

B TRUTH TABLE

Inout HPIN ARRANGEMENT
npu
— — Output Mode \_
cs WE Din Dout [ 1] 16]vee
H X X L Not Selected A"E an
L L L L Write “0” —
A.E E]cs
L L H L Write “1”
A WE
L H x Dout* Read 7E E“E

X ! irrelevant A‘E EA’
* . Read out noninverted
A.‘ 6 11| A

HEBLOCK DIAGRAM N E"v
L | -

Ao is H ax32 Vee| 8 E]A.
N %?; & Memory

Aae =8 T cenl .

A = Dout op View)

Write Drivers
and Sense Amp -

X Address
Decoder

As As A7 Ar As

M ABSOLUTE MAXMUM RATINGS

Item Symbol HM2110 Series Unit
Supply Voltage Vee to Vec +0.5 to —7.0
Input Voltage Vin +0.5 to Ve
Qutput Current Tou —30 mA
Storage Temperature Toe —65 to +150 °C
Storage Temperature T.s(Bias)* —55 to +125 °C

* Under Bias
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B ELECTRICAL CHARACTERISTICS
®DC CHARACTERISTICS (Vie=—5.2V, R.=50Q to —2.0V, Ta=0 to +75°C, air flow exceeding 2m/sec)

HM2110, HM2110-1, HM2110-2

Item Symbol Test Condition min(B) typ max (A) Unit
0°C —1000 et —840
Vou +25°C —960 — —810
+75°C —900 - -—720
Output Voltage Vin=Visa or ViLs " mV
0°C —1870 - —1665
Vou +25°C —1850 - —1650
+75°C —1830 — —1625
0°C —1020 — -
Voue +25°C —980 - —
+175°C —920 — -
Output Threshold Voltage Vin=Viup or Viia . mV
0°C — - —1645
Vorc +25°C — - —1630
+175°C — - —1605
0°C —1145 — —840
d I V.
Vin Guaranteed Input Voltage Py 1105 — a0
High for All Inputs
+175°C —1045 - —1720
Input Voltage - mV
0C - 1870 - —1490
G d Input Volt
Vi uaranteed Input Voltage +25C | —1850 — | s
Low for All Inputs
+75°C —1830 - —1450
Lia Vin="Viua 0 to +75°C — — 220
Input Current CcS . 0.5 - 170 KA
I Vin=Vus 0 to +75°C -
Other —50 — -
Supply G . 1 All Input and Qutput Open, | 0= Te<25C —150 —100 = A
U] urren
pey £ Test Pin 8 Ta225C | —125 | —90 -
®AC CHARACTERISTICS
(Vee=—5.2V £5%, Ta=0 to +75°C, air flow exceeding 2m/sec, see test circuit and waveforms)
1. READ MODE
HM2110 HM2110-1 HM2110-2
Item Symbol Test Condition Unit
min typ | max | min typ | max | min typ | max
Chip Select Access Time tacs - 7 10 - 7 10 — 7 10 ns
Chip Select Recovery Time tres — 7 10 — 7 10 — 7 10 ns
Address Access Time taa — 20 35 — 15 25 - 15 20 ns
2. WRITE MODE
HM2110 HM2110-1 HM2110-2
Item Symbol Test Condition Unit
min typ | max [ min typ | max | min typ | max
Write Pulse Width tw twsa=8ns 25 — — 25 — — 25 — — ns
Data Setup Time twso 5 — — 5 — — 5 — — ns
Data Hold Time twip 5 — - 5 — - 5 - - ns
Address Setup Time twsa tw=25ns 8 —_ — 8 — — 8 — — ns
Address Hold Time twia 2 - — 2 — — 2 — - ns
Chip Select Setup Time twscs 5 — — 5 — — 5 — — ns
Chip Select Hold Time twics 5 — — 5 - — 5 — — ns
Write Disable Time tws - - 10 — — 10 — — 10 ns
Write Recovery Time twr - — 10 — — 10 - - 10 ns

243



HM2110, HM2110-1, HM2110-2

3. RISE/FALL TIME

Item Symbol Test Condition min typ max Unit
Output Rise Time t: — 5 — ns
Output Fall Time iy — 5 - ns
4. CAPACITANCE
Item Symbol Test Condition min typ max Unit
Input Capacitance Cin — 4 5 pF
Output Capacitance Cou - 7 8 pF
B TEST CIRCUIT AND WAVEFORMS
1. LOADING CONDITION 2. INPUT PULSE
GND ~0.9V
80%
16 -1.7V . o
1
HM2110 t, =ty =2.5ns typ

8

0.01uF II

Veg

3. READ MODE

4. WRITE MODE

cs

50%

—2.0V

RL=50Q
CL=30pF{includes probe and
. jig capacitance}

Dout

Address ><50%

Ving
ViLa

Address
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Address Access Time f4a (ns)

SUPPLY CURRENT vs.

AMBIENT TEMPERATURE

120

T

60

40

Supply Current lre imA)

20

-20 0

ADDRESS ACCESS TIME vs.
AMBIENT TEMPERATURE

20

Ambient Temperature Te (°C}

40 60

80

100

30

HMZL 1o

HM2H1u-2

HM2110-1

Pl

20

-

\

>

/
A4

10

0

=20 0

Ambient Temperature Ta ("C)

20

40 60

80

Supply Current Ieg (mA)

HM2110, HM2110-1, HM2110-2

SUPPLY CURRENT vs.
SUPPLY VOLTAGE

120
100 /J
w Vel
/
) /
40 //
0 =1 -2 -3 -4 -5 -6

Supply Voltage Ver (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.
M FEATURES
® Level ...t 10k ECL Compatible
® Construction ............cvieninnnnn. 1024-word by 1-bit
® Address Access Time ................. HM2112 10ns (max.)
HM2112-1 8ns (max.)
® Chip Select Access Time ...........ovvvnnnnn. 5ns (max.)
® Power Consumption ............ovnvnn.n. 0.8mW/bit (typ)
e Qutput Obtainable by Wired-OR (open emitter) 'DG-164
® Fully Pin Compatible with F10415
B TRUTH TABLE HPIN ARRANGEMENT
— lim Output Mode Dout E ~ EVU
CSs WE Din
H X X L Not Selected AOE ED.H
L L L L Write “0" "“E _T‘_lcs
L L H L Write “1” a0 B
L H X Dout * Read A’E E A,

X Ilrrelevant
*  Read out noniverted A«E EA.
pu—
“[1 o]
Vee E E A¢
32x32

Memory (Top View)
Cell

Write Drivers o F——o&

B BLOCK DIAGRAM

Waord Drivers

and Sense Amp {—

X Address
Decoder

A5 As A7 Aa e

M ABSOLUTE MAXIMUM RATINGS

Item Symbol HMZ2112 Unit
Supply Voltage Ver to Vee +0.5 to —7.0 v
Input Voltage Vin +0.5 to Vir \%
Output Current Lo —30 mA
Storage Temperature Tus —65 to +150
Storage Temperature T.(Bias)* —55 to +125 °C

* Under Bias
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BMELECTRICAL CHARACTERISTICS
(Vee=-—5.2V, R.=500 to —2.0V, Ta=0 to +75°C, air flow exceeding 2m/sec)

®DC CHARACTERISTICS

HM2112, HM2112-1

Item Symbol Test Condition min(B) typ max(A) Unit
0'C --1000 - —840
Vou +25C —960 - —810
+175°C —900 - —1720
Output Voltage Vin=Viua or Virs - mV
0C —1870 - —1665
Vou +25°C | —1850 - —1650
+75°C —1830 - —1625
0°C —1020 - -
Vone +25°C 980 — -
+175°C —920 - —
Output Threshold Voltage Vin=Vius or Vira ~ mV
0C — - —1645
Vorce +25°C — - —1630
+75°C — — —1605
0°C | —1145 - —840
G teed Input V.
Vin uaranteed Input Voltage +25C | 1105 — | s
High for All Inputs -
+75°C —1045 - —720
Input Voltage - mV
0°C —1870 — —1490
Guaranteed Input Voltage "
Viu +25°C —1850 — —1475
Low for All Inputs
+75°C | —1830 - —1450
I Vin="Vina 0 to +75C — — 220
Input Current cs . 0.5 - 170 HA
I Vin=Vis 0 to +75C
Other —50 - —
Al Input and Output Open, Ta=0C —200 - —
Supply Current Iee nput and Hutput Lpen mA
Test Pin 8 Ta=75C -170 — —

® AC CHARACTERISTICS
(Vee=—5.2V £5%, Ta=0 to +75°C, air flow exceeding 2m/sec, see

test circuit and waveforms)

1. READ MODE
Item Symbol Test Condition - HM2112-1 - HM2112 Unit
min typ max min typ max
Chip Select Access Time tacs 1 3 5 1 3 5 ns
Chip Select Recovery Time tres 1 3 5 1 3 5 ns
Address Access Time tan 3 6.5 8 3 7.5 10 ns
2. WRITE MODE
Item Symbol Test Condition - HMzLz - Hmz112 Unit
min typ max min typ max
Write Pulse Width tw twsa=3ns 6 2 - 6 2 — ns
Data Setup Time twsp 1 0 - 1 0 — ns
Data Hold Time twio 1 0 — 1 0 - ns
Address Setup Time twsa tw="6ns 3 0 — 3 0 — ns
Address Hold Time twha 2 0 — 2 0 — ns
Chip Select Setup Time twscs 1 0 — 1 0 - ns
Chip Select Hold Time twhcs 1 0 — 1 0 — ns
Write Disable Time tws 1 3 5 1 3 5 ns
Write Recovery Time twe 1 3 5 1 3 5 ns
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HM2112, HM2112-1

3. RISE/FALL TIME

Item Symbol Test Condition min typ max Unit
Output Rise Time t. 0.8 1.5 2.5 ns
Output Fall Time ty 0.8 1.5 2.5 ns
4, CAPACITANCE

Item Symbol Test Condition min typ max Unit
Input Capacitance Cix 1 3 5 pF
Output Capacitance Cou 3 5 8 pF

B TEST CIRCUIT AND WAVEFORMS

1. LOADING CONDITION 2. INPUT PULSE
GND
T —0.9V
-7V

16 . . .

HM2112 te=t/=2.0ns typ
Re. Cr
8

0014F -E —20V
I P} Ru=500

Vee

Ci=30pF(includes probe and jig capacitance)

3. READ MODE

Address 50%

Dout

4. WRITE MODE

cs 50%

Address
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SUPPLY CURRENT

vs. AMBIENT TEMPERATURE

200

180

N

160

N

NN

Supply Current  [eg (mA)
=
=)

120

100

30

Vip= =520V

—20

[ 20

40

60

80 100

Ambient Temperature Ta (‘C:

ADDRESS ACCESS TIME
vs. AMBIENT TEMPERATURE

©

o

_._wfi”/

I

RS Sy

HMzLE

>

Address Access Time 44 (ns)
-

Veg=—520V

-20

0 20

40

60

80 100

Ambient Temperature T, (°C)

CHIP SELECT ACCESS TIME
vs. AMBIENT TEMPERATURE

Chip Select Access Time tacs (ns)

Veg =520V

-20

0 20

40

60

80 100

Ambient Temperature Ta (°C)

SUPPLY CURRENT

vs. SUPPLY VOLTAGE

200
180
=< ~
E ’\
160 R—
- —_—
S oo
S
§ 120
100
Ta=25C
80
—5.72 —5.20 —468
Supply Voltage Vep (V)
ADDRESS ACCESS TIME
vs. SUPPLY VOLTAGE
10
- 9
HR RN
= ~]
t 2,
C o —
K HMy
8 '\1‘12_,
; 6 \\\
£
5
Ta=25C
4
=572 —5.20 —4.68
Supply Voltage Vee (V)
CHIP SELECT ACCESS TIME
vs. SUPPLY VOLTAGE
6
-
4 -
= ~
]
E 3 —
3,
2
1
Ta=257C
0 N
—5.72 -5.20 —468

Supply Voltage Vgg (V)

HM2112, HM2112-1
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HM2112, HM2112-1

250

Write Pulse Width tw ins!

WRITE PULSE WIDTH
vs. AMBIENT TEMPERATURE

Vee=-520V

-20 0 20 40 60 80 100

Ambient Temperature Ta 1°C)

nst

tw

Write Pulse Width

o

WRITE PULSE WIDTH

vs. SUPPLY VOLTAGE

SSupply Voltage

Vee

(Vi




HM10422

256-word X 4-bit Fully Decoded Random Access Memory
The HM10422 is ECL 10K compatible, 256-word x 4-bit, read write,

random access memory developed for high speed systems such as
scratch pads and control buffer storages.

Four active Low Block Select lines are provided to select each block
independently.

The fabrication process is the Hitachi’s low capacitance, oxide
isolation method with double metalization,

The HM10422 is encapsulated in cerdip-24 pin package, compatible
with Fairchild’s F10422.

HFEATURES
256-word x 4 bit organization.

(DG-24A)

Fully compatible with 10K ECL level

Address access time: 10ns (max)

Write pulse width: 6ns {min)

Power dissipation: 0.8mW/bit

Output obtainable by wired-OR {open emitter)

B TRUTH TABLE

Inpﬁt
— — Output Mode
BS WE Din
H X X L Not Selected
L L L L Write “0”
L L H L Write “1”
L H X Dout* Read

Notes) X :lIrrelevant
* _ Read out noninvert

HBLOCK DIAGRAM N ‘
S S
r Y-Decoder/Driver J

g g U U

Aoo-i

Memory Cell Array
256 Words X4 Bits

A2 O~

X-Decoder/Driver

Az O

As o
Block 1 Block 2 Block 3 Block 4

O U 0 U

—

WE 0 R/W Circuit | R/W Circuit [ R/W Circuit | R/W Circuit
R IEEE TR
258 1854 g58 83 ¢

HPIN ARRANGEMENT

Veea | 1
Do g
o
o [1]
Lh E
DIz E
o
6
As |10

Ar E

Vee E

/"

E DO«

bOs
o
19] Ll4
% LIs
E A
6] 4

)
EA)

13} Ao

(Top View)
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HM10422

WM ABSOLUTE MAXIMUM RATINGS

Item Symbol Rating Unit
Supply Voltage Vee to Vee +0.5 to —7.0 \%
Input Voltage Via +0.5 to Vee v
Output Current Tow —30 mA
Storage Temperature Tus —65 to +150 °C
Storage Temperature Tus(Bias)* —55 to +125 °C

#* Under Bias
BELECTRICAL CHARACTERISTICS

(Vee=—5.2V, R.=5080 to —2.0V, Ta=0 to +75C, air flow exceeding 2m/sec)
®DC CHARACTERISTICS

Item Symbol Test Condition min(B) typ max(A) Unit
0°C | —1000 - —840
Vou +25°C —960 - —810
Output Voltage Vin=Vins +75°C —900 — —720 v
or Viia 0'C | —1870 — —1665
Vo +25°C | —1850 - 1650
+75C | —1830 - —1625
0°C | —1020 - -
Vone +25°C —980 - —
Output Threshold Voltage Vin="Vins or Viea + 75:(: —%%0 - — mV
0°C — — —1645
Vorc +25°C — — —1630
+175°C — — —1605
0°C —1145 — —840
Vin Gl'xaranteed Input Voltage TC 108 — TP
reet Valtiae High for All Inputs T 75:C 106 — 0 .
0°C | —1870 — — 1490
Vie i::"‘f:iefnl'}z:z:""m +25C | —1850 — [ “urs
+75°C | —1830 - ~—1450
LIiw Vin="Viua 0 to +75°C — — 220
Input Current In gtier Vie=Vis | 0 to +75C _052 : lﬁ) A
All Input and Output Open, Ta=0C ~200 —160 —
Supply Current 55| Tegt Pin 12 Ta=175C — | “is —] ™
@®AC CHARACTERISTICS
1. READ MODE
Item Symbol Test Condition min typ max Unit
Block Select Access Time tass - - 5 ns
Block Select Recovery Time tres - — 5 ns
Address Access Time taa - 7 10 ns
2. WRITE MODE
Item Symbol Test Condition min typ max Unit
Write Pulse Width tw twsa=2ns 6 4.5 - ns
Data Setup Time twsp 2 0 - ns
Data Hold Time twip 2 0 — ns
Address Setup Time twsa tw=6ns 2 0 — ns
Address Hold Time twaa 2 0 - ns
Block Select Setup Time twsss 2 0 - ns
Block Select Hold Time twips 2 0 - ns
Write Disable Time tws - 4 5 ns
Write Recovery Time twr - 4.5 9 ns
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HM10422

3. RISE/FALL TIME

Item Symbol Test Condition min typ max Unit
Output Rise Time t, — 2 - ns
Output Fall Time ts — 2 - ns
4. CAPACITANCE

Item Symbol Test Condition min typ max Unit
Input Capacitance Cin - 4 - pF
Output Capacitance Cou - 7 - pF

M TEST CIRCUIT AND WAVEFORMS

1. LOADING CONDITION

Test Circuit

T Vee (GND)

MUT.

Dout

Ru=50Q

2. INPUT PULSE

0.9V ————

i
|
-1V | :

CL=30pF(includes
probe and jig
capacitance)

t=1t;=2.0ns typ Y

Address X
|

: :80"/,, ot t g g ]
Dout ! 50%| :
| 1 20%
o [ A% Dout
e

4. WRITE MODE

Address 50%, ;<

—— e r

Din 50% 50%, T
/
- ——————— - —
L
- s wk
WE trsp-==l 5% 507, bew.
pe——tu's L HAS

Dot L——lu'sn»
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HM10422

200

SUPPLY CURRENT vs.
AMBIENT TEMPERATURE

180

160
u
= w0 e~
g
g
: \\
o
= 120
[
=
w

100

Vee=~5.20V

80

-20 0 20 40 60 80 100
12
u
Z
<
3
g
£
a
3
2
- 8
H
14
3
-

Ambient Temperature Ta (‘C}

ADDRESS ACCESS TIME vs.
AMBIENT TEMPERATURE

]
—
Vee=-5.20V
]
-20 0 20 40 60 80 100

Ambient Temperature Ta ('C)

BLOCK SELECT ACCESS TIME
vs. AMBIENT TEMPERATURE

5
%
£
2 4
Pl I
2 3 [am—
¢
3
-
2 2
]
w
¥
=2
@
Vee=—5.20V
o |
" 0 20 40 60 80 100
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Ambient Temperature Te ('C)

Supply Current [gg (mA)

Address Access Time £aa (ns)

Block Select Access Time fass (ns)

200

160

140

120

80

SUPPLY CURRENT vs.
SUPPLY VOLTAGE

—
P — .
P————
Ta=25C
—5.72 —5.20 —4.68

Supply Voltage Ver (V)

ADDRESS ACCESS TIME vs.
SUPPLY VOLTAGE

10
9
8 el
< ——
7
Ta=257C
—5.72 —5.20 —4.68
Supply Voltage Vee (V)
BLOCK SELECT ACCESS TIME
vs. SUPPLY VOLTAGE
6
5
4
—
\
3 '\\\
T ———
2
1
Te=25C

0

—5.72 —5.20 —4.68

Supply Voltage Vee (V)




Write Pulse Width (ns)

HM10422

WRITE PULSE WIDTH vs. WRITE PULSE WIDTH vs.
AMBIENT TEMPERATURE SUPPLY VOLTAGE
6 6 (
5 5 y_
\
\ R
4 P~ 2 4
s R
z
2 K] 2
=
1 — 1
Vee=—5.20V Ta=257C
0 || .
-20 0 20 40 60 80 100 -5.72 -5.20 —4.68
Ambient Temperature Ta (‘C) Supply Voliage Ver (V)
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HM10470, HM10470-1

4096-word X 1-bit Fully Decoded Random Access Memory
The HM10470 is ECL 10K compatible, 4096-words x 1-bit, read

write, random access memory developed for high speed systems such

as scratch pads and control/buffer storages.

The fabrication process is the Hitachi’s low capacitance, oxide

isolation method with double metalization.

The HM10470 is encapsulated in cerdip-18pin package, compatible

with Fairchild’s F 10470.

B FEATURES
® 4096-word x 1-bit organization

® Fully compatible with 10K ECL level
® Address access time:

® Write pulse width:

HM10470
HM10470-1
HM 10470
HM10470-1

25ns (max)
15ns (max)
25ns (min)
15ns {min)

(DG-18)

HPIN ARRANGEMENT

Evcc
[17] bin
5]
5] wE
[1e] An
[13] 4
[12] 4
1]~
[10] &

® Low power dissipation: 0.2mW/bit n S
® Output obtainable by wired-OR (open emitter)
w2
B TRUTH TABLE A;E
Input Al g
— ﬂ Output Mode E
Cs WE Din A E
H X X L Not Selected A‘E
L L L L Write “0”
As| 7
L L H L Write “1” E
L H X Dout * Read A E
Notes) X ! Irrelevant Vee E
* : Read Out Noninvert
(Top View)
HEBLOCK DIAGRAM
Ao O—
A o . 64X64
A; o %-g :E, Memory Cell
Az 0— Eg v Array
Ay O~ > =
Dout
As 0—
I I
Sense Amp and TS
Write Drivers
l WE
Y Address
Decoder Din
<& 22 :
B ABSOLUTE MAXIMUM RATINGS (Te=25C)
Item Symbol Rating Unit
Supply Voltage Vee to Ve +0.5 to —7.0 \%
Input Voltage Vin +0.5 to Vee v
Output Current Tow —30 mA
Storage Temperature Totg —65 to +150 °C
Storage Temperature Torg(Bias)* —55 to +125 °C

% Under Bias
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BMTEST CIRCUIT AND WAVEFORMS
®DC CHARACTERISTICS (Vee=—5.2V, R.=50Q to —2.0V, Ta=0 to +75°C, air flow exceeding 2m/sec)

HM10470, HM10470-1

Item Symbol Test Condition min (B) typ max(A) Unit
0C —1000 - —840
Vou +25C —960 — —810
+75°C —900 — —720
Output Voltage Vin=Vis or Virg " mV
0C —1870 — —1665
Vou +25°C ~-1850 — —1650
+175°C —1830 — | —1625
0°C —1020 - -
Vone +25°C —980 - —
+175°C —920 - -
Output Threshold Voltage Vin=Vis or ViLa " mV
0C - — | —1645
Voie +25°C - - —1630
+175°C — — | —1605
0°C —1145 — —840
G teed Input Volt
Vin naranteed tmput Vollage +25C | —1105 — [ =810
High for All Inputs "
+75C —1045 - —720
Input Voltage - mV
0C —1870 — | —1490
G teed Input Volt
Vi uaranteed fnput Tollage F25C | —1850 — | —1415
Low for All Inputs
+75°C —1830 — —1450
Iy Vin="Vina 0 to +75C - — 220
Input Current cS . 0.5 — 170 KA
I Vin=ViLe 0 to +75°C
Other —50 - -
O —
All Input and Output s a=
Supply Current Tee meut and Qutput Open —280** | —200+ — | ma
Test Pin 9
Ta=175C - —145 -
* HM10470
* % HM10470-1
®AC CHARACTERISTICS (Ver=—5.2V *+5%, Ta=0 to +75°C, air flow exceeding 2m/sec)
HM10470 HM10470-1
Item Symbol Test Condition - Unit
min typ max min typ max
Chip Select Access Time tacs — — 10 — — 8 ns
Chip Select Recovery Time tres — — 10 — — 8 ns
Address Access Time taa — 15 25 - 12 15 ns
2. WRITE MODE
HM10470 HM10470-1
Item Symbol Test Condition Unit
min typ max min typ max
Write Pulse Width tw twsa=3ns 25 — — 15 — - ns
Data Setup Time twsp 2 — — 2 — — ns
Data Hold Time twip 2 - — 2 — — ns
Address Setup Time twsa tw=1w min 3 - — 3 — - ns
Address Hold Time twHa 2 — — 2 — - ns
Chip Select Setup Time twscs 2 — — 2 — — ns
Chip Select Hold Time twics 2 — — 2 — — ns
Write Disable Time tws — — 10 - — 8 ns
Write Recovery Time twr - — 10 — — 8 ns
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HM10470, HM10470-1

3. RISE/FALL TIME

Item Symbol Test Condition min typ max Unit
Output Rise Time te — 2 — ns
Output Fall Time s — 2 - ns
4. CAPACITANCE

Item Symbol Test Condition min typ max Unit
Input Capacitance Cin — 3 — pF
Output Capacitance Cout - 5 - pF

B TEST CIRCUIT AND WAVEFORMS

1. LOADING CONDITION

Test Circuit
T Vec{GND)
Dout
M.U.T.
Re ; Ce
0.01¢F =20V

; Vee

3. READ MODE

RL=50Q

C1.=30pF (includes
probe and jig
capacitance)

4. WRITE MODE

cs 50%

2. INPUT PULSE

~0.9V

-17V

te=1/=2.0ns typ

Address

Address
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Address Access Time taa (ns) Supply Current Ize (mA)

Chip Select Time tacs (ns)

SUPPLY CURRENT vs.
AMBIENT TEMPERATURE

200 ‘
i
180
160
140 Te——
'\\
120
100
Vep=—5.20V
80 | |
—20 0 20 40 60 80 100
Ambient Temperature Ta (C)
ADDRESS ACCESS TIME
vs. AMBIENT TEMPERATURE
35
30
25
20 —
RY LI ey
15 ,,}M—/
—
i
10—
Veg=—5.20V
5
-20 20 40 60 80 100
Ambient Temperature Ta (°C)
CHIP SELECT ACCESS TIME
vs. AMBIENT TEMPERATURE
12
10
8
6
HM10479
4 - HM10470-}
P ———r—
2
Veg=-5.20
[
-20 20 40 60 80 100

Ambient Temperature Ta (T)

Supply Current Irg (mA)

Address Access Time £44 (ns)

Chip Select Time tacs (ns}

200

180

160

140

120

100

SUPPLY CURRENT vs.
SUPPLY VOLTAGE

Ta=25C

—5.72

—5.20

—4.68

Supply Voltage Vee (V)

ADDRESS ACCESS TIME
vs. SUPPLY VOLTAGE

35

30

25

nl/
HML 27’0‘___ —T1

15
HM10470-1 L™

10
Ta=25°C

5
572 520 468

Supply Voltage Vee (V)

CHIP SELECT ACCESS TIME
vs. SUPPLY VOLTAGE

HM1047f
HM10470-1
Ta=25C
=5.72 -5.20 ~4.68

Supply Voltage Vee (V)

HM10470, HM10470-1
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HM10470, HM10470-1

WRITE PULSE WIDTH vs. WRITE PULSE WIDTH vs.
AMBIENT TEMPERATURE SUPPLY VOLTAGE
35 35

25 25

HMI0470 | et HM10470 "

20

Write Pulse Width tw (ns)
3
Write Pulse Width tw (ns)

10470-1

HM10470-1 e

\

Vee=—5.20V Ta=25C

—20 20 40 60 80 100 —5.72 —5.20 —4.68

Ambient Temperature Ta (°C) Supply Voltage Ver (V)
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HM10474

1024-word X 4-bit Fully Decoded Random Access Memory

The HM10474 is ECL 10k compatible, 1024-words x 4-bit, read/write, random
access memory developed for high speed systems such as scratch pads and control/
buffer storages.
The fabrication process uses the Hitachi’s low capacitance, oxide isolation method
with double metalization.
The HM10474 is encapsulated in cerdip-24pin package, compatible with Fair-
child’'s F10474.

s FEATURES
® 1024-word x 4bit organization
® Fully compatible with 10k ECL. level
@ Address access time: HM 10474 25 ns (max)
HM 10474-1 15 ns (max)
® Write pulse width: HM 10474 25 ns (min)
HM 10474-1 15 ns (min)
® | ow power dissipation: 0.2mW/bit
®' Qutput obtainable by wired-OR (open emitter)
s TRUTH TABLE (DG-24A)
Input Output Mode
cs WE Din
H X X L Not Selected
L L L L Write “0”
L L H L Write “1”
L H X Dout* Read
Notes : X irrevelant
*.Read Out Noninverted
® BLOCK DIAGRAM A, A, A, A, = PIN ARRANGEMENT
J
7 7 7 Veea[l] 24 vee
Y-Decoder/drive:
L {} eco ex/{riv 1 L}J Do, [Z EDO,
- y DO, E E DO,
A
°7] g Mgm&ry Eell ‘.;\ll';r.ay A“E E DI,
A, o] é 1024Words x 4 Bits A‘E EDI,
Az '§ ﬂ A, E E DI,
Q
Ao & A7 18] DI,
>
A, o0 A8 =
* Block 1| Block 2 | Block 3 | Block 4 (] 17cs
o G Y; 2 el we
WE oA RW T RW T RW T RIW ] Nc(19] 154,
<s Circuit | Circuit | Circuit | Circuit
IS _ A} 14]A,
- O = N ST °
A 28 88 g8&a § veE [12] 13 A,
(Top View)
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HM10474

® ABSOLUTE MAXIMUM RATINGS (7,=25°C)

Item Symbol Rating Unit
Supply Voltage Veg to Voo +0.5 to -7.0 A
Input Voltage Vin +0.5 to Vgg v
Output Current Tout -30 mA
Storage Temperature Totg —65 to +150 °C
Storage Temperature Tstg (Bias)* —55to +125 °C

Under Bias

® ELECTRICAL CHARACTERISTICS

® DC CHARACTERISTICS (Vrg=-5.2V, Ry =50 2 t0-2.0V, T,=0 to + 75°C, air flow exceeding 2m/sec)

. HM10474 HM10474-1
Item Symbol Test Condition B typ A B e A Unit
0°C | -1000 - -840 | -1000 - -840
Yo +25°C | -960 - -810 | —960 - -810
VIN=Viga +75°C -900 - -720 -900 - —-720
Output Voltage v
’ ’ or Vg o°c | -1870 | - | -166s | 1870 [ - [ -1665 | "
VoL +25°C | ~1850 - —1650 | —1850 - -1650
+75°C | -1830 - -1625 | —1830 - -1625
0°C | -1020 - - | -1020 - —
YoHc +25°C | 980 - - | -980 - -
Output Threshold ViN=Vim +75°C _920 _ _ 920 _ _
Volt
olage or Via 0°c 1 = T-ieas | - = [ ieas ) ™Y
YoLc +25°C - - -1630 - - -1630
+75°C - - —1605 - - -1605
0°C | —1145 - -840 | -114s - 840
Guaranteed Input Voltage S
Vi +25°C | -1105 - -810 | -1105 - —-810
High for All Inputs "
. Volt +75°C | -1045 - —720 | 1045 - -720
nput Voltage v
P 0°C | -1870 - —~1490 | —-1870 - —-1490 m
Guaranteed Input Voltage S
Vi +25°C | —1850 - —1475 | -1850 - —-1475
Low for All Inputs "
+75°C | -1830 - -1450 | -1830 - -1450
Ity ViN=Vina 0to +75°C - - 220 - - 220
Input Current CS 0.5 - 170 0.5 - 170 | pA
I Vin=V 0to +75°C
L Others N LB -50 - - -50 - _
All Input and Output Open,{ T, =0°C -200 | -160 - —280 -220 -
Supply Current Igg mA
Test Pin 12 T,=15°C - | -145 - - - -
® AC CHARACTERISTICS (Vgg=-5.2V£5%, T;=0 to + 75°C, air flow exceeding 2m/sec)
1. READ MODE
» HM10474 HM10474-1
Item Symbol Test Condition - Unit
min. | typ. | max. | min. | typ. | max.
Chip Select Access Time tacs - - 10 - - 8 ns
Chip Select Recovery Time | tpcs - = 10 - - 8 ns
Address Access Time taa - - 25 - - 15 ns
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2. WRITE MODE

HM10474

HM10474* HM10474-1
Item Symbol Test Condition - - Unit
min. | typ. | max. | min. | typ. | max.
Write Pulse Width ty twsa = 3 ns 25 - - 15 _ _ ns
Data Setup Time twsD 2 - _ 2 _ _ ns
Data Hold Time twHD 2 _ — 2 — _ ns
Address Setup Time twsa t;v =15 ns *T,, = 25 ns 3 - - 3 - - ns
Address Hold Time twea | 2 - - 2 - - e
Chip Select Setup Time twscs 2 - - 2 - — ns
Chip Select Hold Time twhes | 2 _ Z 2 _ z s
Write Disable Time tws - - 10 - - 8 ns
Write Recovery Time L’WR - - 10 T - - 8 ns
3. RISE/FALL TIME
Item Symbol Test Condition min typ. max. Unit
Output Rise Time ty - 2 - ns
Output Fall Time tr - 2 - ns
4. CAPACITANCE
Item Symbol Test Condition min typ. max. Unit
Input Capacitance Cin — 4 - pF
Output Capacitance Cout - - 7 - pF

® TEST CIRCUIT AND WAVEFORMS

1. LOADING CONDITION

Test Circuit

T Vce (GND)
Dout
M.UT.
R ; L
0-01PF; VEE 2.0V
R =500
Cp=30pF (includes

probe and jig
capacitance)

3. READ MODE

Address

2, INPUT PULSE

-1.7V

50%

t=t;=2.5ns

L7V

Dout

50%
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HM10474

4. WRITE MODE

CS 50% Y

\

Address

—— _ﬁ ______
Din
WE t WSD\K 50% 50% A IWHA

twsa Tw IwHCS
_____ L
() 77
Dout twscs 0% 30%
IWR
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HM100415 Preliminary

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.

M FEATURES

® Llevel ........iiiiviiiiiiiii, 100K ECL Compatible

® Organization .........civvinnennnenns 1024-word by 1-bit

® Address Access TiMe . .........oevveunnnernnn 10ns (max)

® ChipSelect AccessTime .........covvveinennnn 5ns (max.) (DG-16A)

® Power Consumption ...........ccoivvnuenn 0.6mW/bit {typ)

e OQOutput Obtainable by Wired-OR (open emitter) HPIN ARRANGEMENT

® Compatible with Fairchild F100415. \_J

ETRUTH TABLE e [1] 1] vee

Input AoE 15| Din

— — Output Mode
Cs WE Din : A E E'c—s'
H X X L Not Selected " E EW
L L L L Write “0”
L L H L Write “1” ABE I] v
L H X Dout* Read Aals \l

Notes) X : Irrelevant [: 3
* Read Out Noninvert As E :EI A

BMBLOCK DIAGRAM ve ] ]

Avo—] (Top View)

Alo—— @ 32%32

Ao—— Memory

A3 e
Ayo—rif

Cell

Word Drivers

Write Drivers
and Sense Amp

X Address
Decoder

As As A7 As Ag

HMABSOLUTE MAXIMUM RATINGS (Te=25C)

Dout

Item Symbol Rating Unit
Supply Voltage | Vee to Vee +0.5 to —7.0 A%
Input Voltage Via +0.5 to Vee \4
Output Current Tow —30 mA
Storage Temperature Toe —65 to +150 °C
Storage Temperature Tus(Bias)* °C

—55 to +125

* Under Bias

Note) The specifications of this device are subject to
Please contact your nearest Hitachi’s

change without notice.

Sales Dept. regarding specifications.
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HMELECTRICAL CHARACTERISTICS
®DC CHARACTERISTICS (Ve =—4.5V, R.=50Q to —2.0V, Ta=0 to +85°C, air flow exceeding 2m/sec)

HM100415

Item Symbol Test Condition min (B) typ max (A) Unit
Vou —1025 —955 —880 mV
Output Voltage e Via=Vina or Vire 1810 “ims 1620 mV
Vone ~1035 - - mV
Output Threshold Voltage Vin=Viue or Vira
Vore - - -1610 mV
Input Voltage Vin Gx.laranteed Input Voltage —1165 - —880 mV
Vie High/Low for All Inputs —1810 . —1475 mV
In Via=Vina - — 220 HA
Input Current CS 0.5 — 170
fr Vo Ve Others —50 — - KA
Supply Current Tee All Inputs and Outputs Open —200 —150 — mA
®AC CHARACTERISTICS (Vee=—4.5V +5%, Ta=0 to +85°C, air flow exceeding 2m/sec)
1. READ MODE
Item Symbol Test Condition min typ max Unit
Chip Select Access Time tacs — 3 5 ns
Chip Select Recovery Time tres - 3 5 ns
Address Access Time taa - 7 10 ns
2. WRITE MODE
Item Symbol Test Condition min typ max Unit
Write Pulse Width tw twsa=2ns 6 4 - ns
Data Setup Time twsp 2 0 — ns
Data Hold Time twip 2 0 - ns
Address Setup Time twsa tw=6ns 2 0 — ns
Address Hold Time twia 2 0 - ns
Chip Select Setup Time twscs 2 0 — ns
Chip Select Hold Time twics 2 0 - ns
Write Disable Time tus - 3 5 ns
Write Recovery Time fwr — 3 5 ns
3. RISE/FALL TIME
Item Symbol Test Condition min typ max Unit
Output Rise Time i, — 2 — ns
Output Fall Time t; — 2 - ns
4. CAPACITANCE
Item Symbol Test Condition min typ max Unit
Input Capacitance Cin — 3 — pF
Output Capacitance Cout - 5 - pF
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HM100415

B TEST CIRCUIT AND WAVEFORMS
1. LOADING CONDITION

Test Circuit

T Vec(GND)

Dout

—20v  Ru=500
—177; Vee C=30pF (includes
probe and jig

capacitance)

3. READ MODE

Address

Dout

4. WRITE MODE

cs 50% Y

2. INPUT PULSE

-0.9V

=17V

tr

te=t;=2.0ns typ

50%

50%

Address
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HM100422,HM100422F

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.

HM100422

(DG-24A)

M FEATURES

256-word x 4-bit organization

Fully compatible with 100K ECL level
Address access time: 10ns {max.)

Minimum write pulse width: 6ns (min.)

Low power dissipation: 0.8mW/bit

Output obtainable by wired-OR (open emitter)

H TRUTH TABLE

Input
— — Output Mode
BS WE Din
H X X L Not Selected
L L L L Write “0”
L L H L Write “1”
L H X Dout* Read
Notes) X :Irrelevant
¥ ! Read Out Noninvert
M BLOCK DIAGRAM A As A

Y-Decoder/Driver

g U U U

Memory Cell Array
256 Words X4 Bits

4
?
X-Decoder/Driver

Block 1 Block 2 Block 3 Block 4

g 0O U U

R/W Circuit { R/W Circuit [ R/W Circuit | R/W Circuit

EREREEEREREEE

g | £ 3

3l
1

DO

bl o

BSi 0~

7]
2

BSs

3 =

|
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HM100422F

(FG-24)

HEPIN ARRANGEMENT

®HM100422

veea [1] A
vo [2]
w0
voe 4]
8% [5
bl lé
ot {7
W
N
2 [10
o
vee 2]

24¢ Vee

[23] vo.
[22] 55
[21] vos
[20] 55
[15] v
Emz
[17] A
[16] 40
[15]
[1e] &

B

(Top View)

o HM100422F

Ver  Ar s

hililih

N S Zoa B —]
A 2 17t_’_‘jWI;
m,g 3 16— Jure
o4 15[ Jon
BS[1s u[Bs
003:6 9 10 11 1213—_'-——3')02

(Top View)

| m—
:ar.
1
]
—
-



HM100422, HM100422F

B ABSOLUTE MAXIMUM RATINGS (Te=25C)

Item Symbol Rating Unit
Supply Voltage Vee to Vee +0.5 to —7.0 \Y
Input Voltage Via +0.5 to Vee \Y%
Output Current Tou —30 mA
Storage Temperature Toe —65 to +150 °C
Storage Temperature Tue(Bias)* —55 to +125 °C

* Under Bias

HBELECTRICAL CHARACTERISTICS
®DC CHARACTERISTICS (Vee=—4.5V, R.=50Q to —2.0V, Ta=0 to +85°C, air flow exceeding 2m/sec)

Item Symbol Test Condition min (B) typ max (A) Unit
Output Voltage Vor Via=Vina or ViLs 1025 —9% ~ 880 my
Vou —1810 —1715 —1620 mV
Output Threshold Voltage Voue Via=Vis or Vira —10% - — mv
Vorc - - —1610 mV
Input Voltage Vin G\Axaranteed Input Voltage —1165 - —880 mV
Viu High/Low for All Inputs —1810 — | —1475 mV
Iy Vin=Vina — — 220 HMA
Input Current BS 0.5 — 170
I Vin=ViLe KA
Others —50 - -
Supply Current Iee All Inputs and Outputs Open —200 —165 — mA
®AC CHARACTERISTICS (Ver=—4.5V 5%, Ta=0 to +85°C, air flow exceeding 2m/sec)
1. READ MODE
Item Symbol Test Condition min typ max Unit
Block Select Access Time tass — - 5 ns
Block Select Recovery Time tres - - 5 ns
Address Access Time tan — 7 10 ns
2. WRITE MODE
Item Symbol Test Condition min typ max Unit
Write Pulse Width tw twsa=2ns 6 4.5 - ns
Data Setup Time twsp 2 0 — ns
Data Hold Time twho 2 0 — ns
Address Setup Time twsa tw="6ns 2 0 — ns
Address Hold Time twia 2 0 — ns
Block Select Setup Time LwsBs 2 0 — ns
Block Select Hold Time twhss 2 0 — ns
Write Disable Time tws - 4 5 ns
Write Recovery Time twr - 4.5 9 ns
3. RISE/FALL TIME
Item Symbol Test Condition min typ max Unit
Output Rise Time it — 2 — ns
Output Fall Time 17 — 2 — ns
4. CAPACITANCE
Item Symbol Test Condition min typ max Unit
Input Capacitance Cin — 4 — pF
Output Capacitance Cout — 7 — pF
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B TEST CIRCUIT AND WAVEFORMS
1. LOADING CONDITION

Test Circuit
T Vec(GND)
Dout
MU.T.
Ri ; Cu
0.01uF -[ Vi“ 20V
; RL=50Q

CL=30pF(includes

probe and jig
capacitance)

3. READ MODE

BS 50%,
! I
|

| tras
f—

= tany=d
i I

HM100422, HM100422F

2. INPUT PULSE

te=t;=2.0ns typ

Address X
|

"*——tu-—-*

|
|
Dout X

Dout
{
[ [
= "
4. WRITE MODE

BS 50%, 5K

v %><
—_—— T Y

Din 0%, P

|

s sy

270
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HM100470

4096 -word X 1-bit Fully Decoded Random Access Memory

The HM100470 is ECL 100k 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 HM100470 is encapsulated in cerdip-18pin package, compatible with Fair-

child’s F100470.
» FEATURES

® 4096-word x 1-bit organization
® Fully compatible with 100k ECL level
.

Address access time: HM 100470

HM 100470-1
Write pulse width: HM 100470

HM 100470-1
® Low power dissipation: 0.2mW/bit
® Qutput obtainable by wired-OR (open emitter)

s TRUTH TABLE

25 ns (max)
15 ns (max)
25 ns (min)
15 ns (min)

(DG-18)

= PIN ARRANGEMENT

Dout E
Ao[2]
A,E

A,[4
NG
Al 6

NG
VEEE

S

18] Ve
El)in
[1S] wi-
.,
1 5,

10| A,

{Top View)

Input Output Mode
cS WE Din
H X X L Not Selected
L L L L Write “0”
L L H L Write “1”
L H X Dout* Read
Notes: X ;lIrrevelant
*.Read Out Noninverted
s BLOCK DIAGRAM
AD
A, O—
A,0—] 85 2 64 x 64
3 ?E 2 —4 Memory Cell
A, O— : 2 g Array
A, O—]
A O—

Sense Amp and
Write Drivers

I

Y Address
Decoder

RNy

A

6

A, Ay Ay A Ay,

Dout
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HM100470

s ABSOLUTE MAXIMUM RATINGS (7,=25°C)

Item Symbol Rating Unit
Supply Voltage VEg to Voo +0.5 to -7.0 \4
Input Voltage Vin +0.5 to Vgg \
Output Current Tout -30 mA
Storage Temperature Tstg —65 to +150 °C
Storage Temperature Tstg (Bias)* —55to +125 °C

*

Under Bias

m ELECTRICAL CHARACTERISTICS
® DC CHARACTERISTICS (Vgg=-4.5V, R; =50 t0-2.0V,T,=0 to + 85°C, air flow exceeding 2m/sec)
HM100474 HM100474-1 .
item Symbol Test Condition B ey A B vp A Unit
Output Voltage Vou Vin=Vma orVypg -1028 —9%5 880 -1025 955 ~880 | m¥
VoL ~1810 } -1705 | -1620 | -1810 | ~1705 ~1620 | mV
Yorc -103s - - | -1035 - - mv
Output Threshold Voltage Vorc Vin=VmpgorVyp ~ " Te10 - - Z1610 | v
Vi Guaranteed Input Voltage —1165 - -880 | —1165 - ~880 | mV
Input Voltage
Vi, High/Low for All Inputs -1810 - | -1475 | -1810 - ~1475 | mV
Im Vin=Vina - - 220 N 220 | wA
input Current I Vin= Vi Cs 0.5 - 170 0.5 - 170# A
Others -50 - - -50 - -
Supply Current Igg All Inputs and Outputs Open | —200 -165 - -280 :2;0 - mA
® AC CHARACTERISTICS (Vgg= -4.5V5%, T,=0 to + 85°C, air flow exceeding 2m/sec)
1. READ MODE
HM100474 HM100474-1
Item Symbol Test Condition - - Unit
min. | typ. | max. | min. | typ. | max.
Chip Select Access Time tacs - - 10 - - 8 ns
Chip Select Recovery Time | tgcs - . 10 - - 8 ns
Address Access Time taa - - 25 - - 15 ns
2. WRITE MODE
. HM 100474* HM100474-1
Item Symbol Test Condition vy typ. | max. | min . T max. Unit
“Write Pulse Width tw twsa = 3ns 25 - - 15 - - ns
Data Setup Time twsp 2 - - 2 I ns
Data Hold Time twHD 2 - - 2 - - ns
Address Setup Time twsa | tw= 15 ns =25ns 3 - -~ 3 - - ns
Address Hold Time twHA T 2 - - 2 - - ns
Chip Select Setup Time twscs 2 - - 2 - - ns
Chip Select Hold Time twHCS 2 - - 2 - - ns
Write Disable Time tws - - 10 - - 8 ns
Write Recovery Time twr - - 10 ~ - 8 ns
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3. RISE/FALL TIME

HM100470

Item Symbol Test Condition min. typ. max. Unit
Output Rise Time ty - ns
OQutput Fall Time ty - ns
4, CAPACITANCE
Item Symbol Test Condition min. typ. max. Unit
Input Capacitance Cin 4 - pF
Output Capacitance Cout - pF

® TEST CIRCUIT AND WAVEFORMS

-

Test Circuit

. LOADING CONDITION

T Vee (GND)
Dout
M.U.T.
R ; L
0.01pF ; VEE 2.0V
Ry =500

3. READ MODE

€1,=30pF (includes
probe and jig
capacitance)

2. INPUT PULSE

Address 50%

t=t(=2.5ns

faa

Dout

50%
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HM10470

4. WRITE MODE

= 50% N

G \ 50% j
Address 50%>< 50‘7><
[P S R —— e e ] —_————
\\ / e
Din 50%/\
\
Ve e e v e ——— v —— —— ——. —
VE ’WSD\ 50% 50%
twsA W
e
Dout twscs 50% 50%

274
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HM100474,HM100474F

1024-word x 4 -bit Fully Decoded Random Access Memory

The HM100474 is ECL 100k 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 uses the Hitachi‘s low capacitance, oxide isolation method
with double metalization.

The HM100474 is encapsulated in cerdip-24pin and flat-24pin package, compati-

ble with Fairchild’s F100474.

s FEATURES

® 1024-word x 4-bit organization

® Fully compatible with 100k ECL level
°

Address access time: HM 100474 25 ns (max)
HM 100474-1 15 ns (max)

® Write pulse width: HM 100474 25 ns (min)
HM 100474-1 15 ns (min)

® | ow power dissipation: 0.2mW/bit

HM100474/-1

® Qutput obtainable by wired-OR (open emitter)
s TRUTH TABLE
(DG-24A)
Input Out
put Mode
= = - HM100474F /-1
H X X L Not Selected
L L L L Write “07
L L H L Write “1”
L H x Dout* Read
Notes: x:lIrrelevant
*.,Read Out Noninverted
(FG-24)
s BLOCK DIAGRAM s PIN ARRANGEMENT
A, A, Ay A, HM100474F/-1 HM100474/-1
: : : 9 A .
A, A, Vgg A, NC N\
[ Y-Decoder/driver J J_l I_BJ J’:l] ﬂ I_GI Di, [I @ DI,
o - A Wﬂ:lm B0 00 19 b1, (7] Z_i]c's?
Ago | _ N NE 1A, o1, [5 23 WE
4 emory Cel rray
A g 1034Words x 4 Bits. pL[ |3 16:/\, po, [4] 21 A,
Ajo- E — DI:[: 4 ISZ]A’ DOQE 204,
S v v E 19
A | 8 ‘ DL s 14 ]a, cc A,
Ao ] * : 1 o L 1713:]/\0 VCCAE 18] VeE
| Z
Block 1| Block 2 . Block 3 ' Block 4 DO, [8 17] A
= i BiR|N|EIE|E, L] 17 A,
¥ 1= Tr I% DO, DO,VccYeeaDO, PO, 0, 9] 6] NC
WE© | RIW - RIW T RW T RIW (Top View) A
Gs gClIC\ll(; . Circuit (;‘ucuLt{ lCucun p View AQ@ E s
O O o [<J-] O
= g ¢dF & ¢ Al 14 A,
a a a 2 A ['__—2 E A
2 3
{Top View)
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HM100474, HM100474F

s ABSOLUTE MAXIMUM RATINGS (7,=25°C)

Item Symbot Rating Unit
Supply Voltage Veg to Vee +0.5 to -7.0 \Y
Input Voltage Vin +0.5 to Vgg v
Output Current Iout -30 mA
Storage Temperature Tstg 65 to +150 °C
Storage Temperature Tstg (Bias)* ~55 to +125 °C

* Under Bias

m ELECTRICAL CHARACTERISTICS
® DC CHARACTERISTICS (Vg x=-4.5V, R; =509 t0-2.0V, T,=0 to + 85°C, air flow exceeding 2m/sec)

Item Symbol Test Condition TM100470 HM100470-1 Unit
B typ. A B typ. A
QOutput Voltage Von Vin=Viga or Viig 1025 935 ~880 | -1025 =955 ~880 | mv
Vor -1810 | -1705 | -1620 | ~1810 | —1705 -1620 { mV
Output Threshold Voltage Yone Vin= Vg or Vg 1039 - | 1038 . _ mv
Vorc - - | -1610 - - -1610 | mv
Input Voltage Vi Guaranteed Input Voltage 1165 - 880 | —1165 _ 7880 | mv
Vi, High/Low for All Inputs —-1810 - -1475 —-1810 . —1475 | mV
I Vin = ViHa - - 220 - - 220 | uA
Input Current I Vin = Vis I 0.5 - 170 0.5 - - lzq_ A
Others -50 - - =50 - -
Supply Current leg All Inputs and Qutputs Open | —~200 - 165 - -280 § 220 - mA
® AC CHARACTERISTICS (Vgp=-4.5V+5%, T,=0 to + 85°C, air flow exceeding 2m/sec)
1. READ MODE
HM100470 HM100470-1
Item Symbol Test Condition - Unit
| min typ. max. .| max. _
Chip Select Access Time tacs B - Lf 10 8 | ms
Chip Select Recovery Time [ tgpcg - - 10 8 ns
Address Access Time taa - I - 25 15 ns
2. WRITE MODE
HM 100470* HM1004 70-1
Item Symbol Test Condition - - Unit
min. | typ. | max. | min typ. | max.
“Write Pulse Width w L rwen=3m s - - 1T s | - | - | m
‘Data Setup Time twsD 2 - - 2 - - ns
"Data Hold Time twHD 2 | - Z 2 | - ” ns
:icl’r;srswsaup Time twsa tW =15 ns *T, = 25 ns 3 _ _ 3 _ - ns
Address Hold Time | twya ) R R
(‘h;)‘S;l—e‘crt Setup Tlmev_ ’:;,ggs 2 - 2 - - ns
‘Chip Select Hold Time twhes T2 C . 2 - — T us
Write Disable Time tws T o - - 10 - - 8 ns
Write Recovery Time tWR_ ) - - 10 - - 8 ns
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3. RISE/FALL TIME

HM100474, HM100474F

Item Symbol Test Condition min. typ. max. Unit
Output Risc Time ty N - 2 - ns
Output Fall Time te - 2 - ns
4. CAPACITANCE
Item Symbol Test Condition min. typ max, Unit
Input Capacitance (™ - 4 _ pF
Output (‘upaci(aﬁﬁc i Cout - 7 - pb

s TEST CIRCUIT AND WAVEFORMS
1. LOADING CONDITION

Test Circuit

T Vee (GND)
Dout
M.U.T.
0.01pt ;’ Vik 2.0V
R =508
€1,=30pl (includes

probe and jig
capacitance)

3. READ MODE

2. INPUT PULSE

50%
Address I

Dout

t=tp=2.5ns
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HM100474, H

M100474F

4. WRITE MODE

o 50% \ 50%]
Address 5@< SO%X
__________ - fm——— e — o ————
\ —/
Din 50‘77\ 50%/
\\_ ———————————— g
IWHD
WE 1ws1)\§ 50% 50% 7/ tWHA
twsa W tWHCS
Dout twscs 50% 50%
tWR
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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 standard DTL and TTL logic family, designed as

an open collector output type for simplicity of expansion.

® level .................. .... TTL compatible

® Construction .............. .. 256-word x 1 bit

® Read accesstime .............. HM2504: 55ns (max)
HM2504-1: 45ns (max.)

® Chip select access time ......... 30ns (max.)

® Power consumption .......... . 1.8mW/bit (typ)

® Output ........... e Open collector

B TRUTH TABLE

Inputs Output
— — Open Mode
CS WE Din Collector
any one H X X H Not Selected
all L L L H Write “0”
all L L H H Write “1”
all L H X Dout* Read

Notes) X ! Don’t care
% [ Read out inverted

HBLOCK DIAGRAM

o] "
" z
Ao—ro ¢ ¢ B 16X 16
Ao—— 3 % = Memary
no—— 7 % T c
= £ Cells
: B b
Ve
Sense Amp S
and S
Write Drivers u—""‘

Y Address

Decoder
::<C}>———‘5 Din

ArAs A A7

M ABSOLUTE MAXIMUM RATINGS

(DG-16)

M PIN ARRANGEMENT

(Top View)

Item Symbol HM2504, HM2504-1 Unit
Supply Voltage Vee —0.5 to +7.0 \Y
Input Voltage Via —0.5 to +5.5 A
Input Current I —12 to +5.0 mA
Output Voltage (Output High) Vout —0.5 to +5.5 \Y
Output Voltage (DC Output Low) Low +20 mA
Storage Temperature Tees --65 to +150 °C
Storage Temperature T.s (Bias)* —55 to +125 °C

* Under Bias
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B ELECTRICAL CHARACTERISTICS
®DC CHARACTERISTICS (Vec=5.0V £5%, Ta=0 to +75°C, air flow exceeding 2m/sec)

HM2504, HM2504-1

HM2504 Series
Item Symbol Test Condition Unit
min typ max
Output Voltage Vor Vee=4.75V, Ior=16mA — 0.3 0.45 \4
Vi Guaranteed Input Voltage High 2.0 1.6 —
Input Voltage
Vie Guaranteed Input Voltage Low — 1.5 0.85
In Vee=5.25V, Vi.=4.5V — 0 20 KA
Input Current
I Vee=5.25V, V=0 — —530 —800 HA
Output Leakage Current ITcex Vee=5.25V, V.u=4.5V - 0 50 MA
Input Clamp Voltage Vi Vee=5.25V, lw=—10mA — —1.0 —1.5 A
Vee=5.25V 0< Ta<25C - - 135 mA
Supply Current Ice
All input GND Taz225C — - 130 mA
® AC CHARACTERISTICS :
(Vee=5.0V £5%, Ta=0 to +75°C, air flow exceeding 2m/s, see test circuit and waveforms)
1. READ MODE
HM2504 HM2504-1
Item Symbol Test Condition N - Unit
min typ max min typ max
Chip Select Access Time tacs — 12 30 — 12 30 ns
Chip Select Recovery Time tres — 18 25 — 18 25 ns
Address Access Time tan - 35 55 — 30 45 ns
2. WRITE MODE
HM2504 HM2504-1
Item Symbol Test Condition - Unit
min typ max min typ max
Write Pulse Width tw twsa=0ns 30 8 - 30 8 - ns
Data Setup Time twsp 0 0 — 0 0 — ns
Data Hold Time twip 5 0 — 5 0 - ns
Address Setup Time twsa tw=30ns 0 0 — 0 0 — ns
Address Hold Time twia 5 0 — 5 0 - ns
Chip Select Setup Time twscs 0 0 — 0 0 - ns
Chip Select Hold Time twiaes 5 0 - 5 0 — ns
Write Disable Time tws - 14 35 — 14 35 ns
Write Recovery Time twr — 12 40 — 12 40 ns
3. CAPACITANCE
HM2504 HM2504-1
Item Symbol Test Condition - - Unit
min typ max min typ max
Input Capacitance Cin - 3 5 — 3 5 pF
Output Capacitance Cou - 6 8 — 6 8 pF
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HM2504, HM2504-1

M TEST CIRCUIT AND WAVEFORMS
1. LOADING CONDITION

Vee
Vee
300Q
Dout
16
HM2504 “Oi CL
or 30pF
HM2504-1

3. READ MODE

=\ /

Dout

4. WRITE MODE

2. INPUT PULSE

90%
3.5Vp.p
10%

ov

10ns 10ns

Note:Ce includes jig and stray capacitance

/

Lf RCS

—tacs

Ao~ Ay
Address

Dout

f————tas

(All time measurements refer to 1.5V)

As~Ar
Address

Dout

btws

.(wnu—]

L WHA e
tWHCS

twr

(All time measurements refer to 1.5V)
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HM2504, HM2504-1

INPUT CHARACTERISTICS OUTPUT CHARACTERISTICS
05 Ta= 100C 7 ’ W
2 17
0 P =30 I] 2%
- =
T -o0s E 2
; < - ﬂ Ta=100°C
s —L0 & 15 +
[ 5 25
] 3 /2 \
Z Ta=100C S / 30
& -15 R
£ 2 3
7
-2.0 5
Output Low Level
~25 |
2")—2 .0 2 4 6 R 10 0 0.1 0.2 0.3 0.4 0.5 0.6
Input Voltage Vin (V) Output Voltage Vour (V)
SUPPLY CURRENT vs. ADDRESS ACCESS TIME vs.
AMBIENT TEMPERATURE AMBIENT TEMPERATURE
120 70 F
——
100 60
\ —
\ E
:é 80 . 5o HM2504 /
£ N HM2504-1 /
3 H ~
= &
5 60 y 40
5 g //
o
ERN Voo =5.25V ‘; 0 L //
%‘ All Input Low Level _E p—1
2
20 20
0 10
=20 20 40 60 80 100 -20 20 40 60 R0 100
Ambient Temperature Ta (°C) Ambient Temperature Ta ('C)
SUPPLY CURRENT vs.
SUPPLY VOLTAGE
120
100
% 80 »
s /
E 0
(2
20 //
0 1 2 4 6

Supply Voltage Vee (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 standard DTL and TTL logic families, designed as an open
collector output type for simplicity of expansion.

® level ..., TTL compatible
® Construction ................ 1024-word x 1 bit
® Read accesstime ............. HM2510: 70ns (max.)

HM2510-1: 45ns {max)
HM2510-2: 35ns (max.)
Chip select access time ......... HM2510: 40ns (max.)
HM2510-1: 30ns (max.)
HM2510-2: 25ns (max.)
Power consumption ........... 0.5mW/bit
Output ..o.vviiiiii i ieeenn Open collector

B TRUTH TABLE

Inputs
— — Output Mode
CS WE Din
H X X H Not Selected
L L L H Write “0”
L L H H Write “1"
L H X Dout* Read
Notes) ~ : Don’t care
* . Read out non-inverted
HEBLOCK DIAGRAM
Ao o——] .
Ay o= E 32X 32
Az om—rif g Molmnry
Ar d 2 Cell
M :q o = _f\ Dout
L/

Sense Amp G»-—a(_s

and
Write Drivers| M
Wi

Y Address

Deeoder

AsAs A1 As A

(DG-16A)

B PIN ARRANGEMENT
cs E E Vee

Dout [z E] As
GND |__8__ 9] A

(Top View)
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HM2510, HM2510-1, HM2510-2

M ABSOLUTE MAXIMUM RATINGS

Item Symbol HM2510 Series Unit
Supply Voltage Vee —0.5 to +7.0 \%
Input Voltage Via —0.5 to +5.5 \Y
Input Current I —12 to +5.0 mA
Output Voltage (Qutput High) Vou —0.5 to +5.5 v
Output Voltage (DC Output Low) Tow +20 mA
Storage Temperature Tss —65 to +150 °C
Storage Temperature T.s(Bias)* —55 to +125 °C

* Under Bias

BMELECTRICAL CHARACTERISTICS
®©DC CHARACTERISTICS (Vcc=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 Vo Vee=4.75V, Io.=16mA - 0.3 0.45 v
Vin Guaranteed Input Voltage High 2.1 1.6 — \Y
Input Voltage -
|47 Guaranteed Input Voltage Low — 1.5 0.80 AY
HI Vee=5.25V, V..=4.5V — 0 40 HA
Input Current Lin: Vee=5.25V, V.,=5.25V - 0 1.0 mA
I Vee=5.25V, V.=0.4V - —250 —400 HA
Output L.eakage Current ITcex Vee=5.25V, V..=4.5V — 0 100 KA
Input Clamp Voltage Vi Vee=5.25V, [..=—10mA — —1.1 —1.5 v
Vee=5.25V 0< Ta<25C - - 155 mA
Supply Current Icc ) "
All input GND Taz225C - 95 130 mA
® AC CHARACTERISTICS (Vcc=5.0V +5%, Ta=0 to +75C, air flow exceeding 2m/sec)
1. READ MODE
HM2510 HM2510-1 HM2510-2
Item Symbol Test Condition - Unit
min | typ | max | min | typ | max | min | typ | max
Chip Select Access Time tacs — 15 40 - — 30 — 15 25 ns
Chip Select Recovery Time tres - 25 40 — — 30 — 17 25 ns
Address Access Time tan - 40 70 — 35 45 — 25 35 ns
2. WRITE MODE
HM2510 HM2510-1 HM2510-2
Item Symbol Test Condition Unit
min typ max | min typ | max | min typ | max
Write Pulse Width tw twsa=min 50 10 — 35 10 — 25 10 — ns
Data Setup Time twsp 5 0 — 5 - - 5 0 - ns
Data Hold Time twio 5 0 — 5 — - 5 0 — ns
Address Setup Time twsa tw=min 15 0 — 5 — — 5 0 — ns
Address Hold Time twha 5 0 — 5 — — 5 0 — ns
Chip Select Setup Time twscs 5 0 — 5 — — 5 0 — ns
Chip Select Hold Time twhcs 5 0 — 5 — — 5 0 — ns
Write Disable Time tws — 20 40 - 20 35 — 15 25 ns
Write Recovery Time twa - 30 55 — 1 30 45 — 15 25 ns
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HM2510, HM2510-1, HM2510-2

3. CAPACITANCE

HM2510 Series
Item Symbol Test Condition - Unit
min typ max
Input Capacitance Cin — 3 5 pF
Output Capacitance Cout — 6 8 pF
B TEST CIRCUIT AND WAVEFORMS
1. LOADING CONDITION 2. INPUT PULSE
Vee
90%
Vee
1300&2 35t
10%
ov
6 7 Dout J
Cp 10ns 10ns
HM2510 g = 30oF
=3
8
3. READ MODE
cs [ Ao~As
Address
Dout
Dout
tReS
tacs po—————1 44
(All time measurements refer to 1.5V)
4. WRITE MODE

cs x

A=A,
ADDRESS
Din ‘><
WE twsh
et wsa——=
twses
Dout
tws

v /twm)
.\ / tw

HA——ame

p——1 WR

twHCs

(All time measurements refer to 1.5V}
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HM2510, HM2510-1, HM2510-2

INPUT CHARACTERISTICS OUTPUT CHARACTERISTICS
0.5 - T — 30
Ta= 100
=] //
=301
0 / 25
— Ta=100C
2 3 i 7 /
£ —us T 25 Zr
= : - 30
- Ta=100°C Eon 1///
s} (8]
3 % Z
S-S 30 g w 4
. Vee =5.00V
-2.0 5 y 6.:¢pue Low Level ~ |
Vee =5.00V
| L
-2 0 2 4 6 8 10 ] 0.1 0.2 0.3 0.4 0.5 0.6
Input Voltage Via (V) Output Voltage Vou (V)
SUPPLY CURRENT vs. ADDRESS ACCESS TIME vs.
AMBIENT TEMPERATURE AMBIENT TEMPERATURE
120 RO
[——— 20,
100 \ =
~ \\ E 60
E w0 2 HM 2310
3 ": 50 n \ >
- 2 HM2510-
§ 60 § HM25t0.2 )P’
U; ; 0
2w g — il
@ 30
Ve =5.25V ____—-—A'-'F""J
20 \ ; 2
All Input GND__-‘ "j-m o m 10 64 Ru 100
Ambient Temperature Ta (°C)
-20 o 20 40 60 &0 100
Ambient Temperature Ta ('C)
SUPPLY CURRENT vs.
SUPPLY VOLTAGE
120 ¥
100 /
3w //
5 60 /
S
w40
3
20 r/
Z
0 1 2 ) s 6

Supply Voltage Vec (V)
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HM2511, HM2511-1

1024-word X 1-bit Fully Decoded Random Access Memory
The HM2511 Series item is a 1024-word x 1-bit read/write random

access memory with three-state output developed for application to
buffer memories, control memories, high-speed main memories, etc.
It is a fully decoded, read/write, random access memory perfectly
compatible with standard DTL and TTL logic families.

(DG-16A)

M PIN ARRANGEMENT

® level .............. vvsse... TTL compatible
® Construction ................ 1024-word x 1 bit
® Read accesstime ............. HM2511: 70ns (max)
HM2511-1: 45ns (max)
® Chip select access time ......... HM2511: 40ns (max)
HM2511-1: 30ns (max)
® Power consumption ........... 0.5mW/bit
® Output ......... e three-state
B TRUTH TABLE s
Input A,
—= — OQutput Mode
Cs WE Din A,
H X X High Z Not Selected A
L L L High Z | Write “0" E
L L H High Z Write “1” Ao
L H X Dout* Read Ad

Notes) X : Don’t care
% . Read out noninverted

HBLOCK DIAGRAM

R |
Ao ¥
Ar0—— 3
Ao——— :
fres

32x32

Memory Cell

wrd Drivers

W

Sense Amp
And
Write Drivers

Dout

GND

B ABSOLUTE MAXIMUM RATINGS

Dout

Item Symbol HM2511 Series Unit
Supply Voltage Vee —0.5 to +7.0 \Y
Input Voltage Via —0.5 to +5.5 v
Input Current Lin —12 to +5.0 mA
Output Voltage (Output High) Vour —0.5 to +5.5 \
Output Voltage (DC Output Low) Low +20 mA
Storage Temperature Teee —65 to +150 °C
Storage Temperature _ Toe (Bias)* —55 to +125 °C

% Under Bias

e

HEEEHEEE

5

=]
El

Zl

=
-

(1AL [l [ [ =1 1]

(Top View)
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HM2511; HM2511-1

HMELECTRICAL CHARACTERISTICS
®DC CHARACTERISTICS (Vcc=5.0V £5%, Ta=0 to +75°C, air flow exceeding 2m/sec)

HM2511 Series
Item Symbol Test Condition - Unit
min typ max
Output Low Voltage Vo Vee=4.75V, Tor=16mA — 0.3 0.45
Viu Guaranteed Input Voltage High 2.1 1.6 — A%
Input Voltage
Vie Guarnnteed» Input Voltage Low — 1.5 0.8 v
TR Vee=5.25V, Vi.=4.5V - 0 40 KA
Input Current Linz Vee=5.25V, Via=5.25V — 0 1.0 mA
In Vee=5.25V, Vin=0.4V - —250 —400 KA
IorFF1 Vee=5.25V, Vou=2.4V — — 50 KA
Output Current (High Z)
Torr: Vee=5.25V, Veu=0.5V — - —50 HA
Output Current Short Circuit to Ground Tos Vee=5.25V, - - —100 mA
Output High Voltage Vou Tow=—10.3mA, Vcc=5.0V £5% 2.4 — — v
Input Clamp Voltage Vi Vee=5.25V, Ii=—10mA — —1.0 —1.5 v
Swely C Vee=5.25V 0=Ta<25C - - 155 mA
upply Current Icc . .
All input GND Ta225C — 95 130 mA

® AC CHARACTERISTICS (Vcc=5.0V 5%, Ta=0 to +75°C, air flow exceeding 2m/sec)
1. READ MODE

HM2511 HM2511-1

Item Symbol Test Condition - - Unit

: min | typ max min typ max
Chip Select Access Time tacs — 187 40 - - 30 ns
Chip Select to High Z tzrcs - 20 40 — - 30 ns
Address Access Time taa - 40 70 — 35 45 ns

2. WRITE MODE

Item Symbol Test Condition HM‘2511 HM2S1L-1 Unit

min typ © max min typ max
Write Pulse Width tw twsa=min 50 25 - 35 10 - ns
Data Setup Time twsp 5 0 - 5 - — ns
Data Hold Time twip 5 0 - 5 - - ns
Address Setup Time twsa tw=min 15 0 - 5 - - ns
Address Hold Time Lwha 5 0 - 5 - - ns
Chip Select Setup Time twscs 5 0 - 5 - - ns
Chip Select Hold Time twines 5 0 — 5 - - ns
Write Disable to High Z tzws - 20 40 - 20 35 ns
Write Recovery Time twr - 42 55 — 30 45 ns

3. CAPACITANCE

Item Symbol Test Condition - HM2511 Series Unit

min typ max
Input Capacitance Cin - 3 5 pF
Output Capacitance Cout - 9 11 pF
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HM2511, HM2511-1

B TEST CIRCUIT AND WAVEFORMS

1. LOADING CONDITION 2. INPUT PULSE
VE( r F 90%
Dout 3008 Dout 3.5Vpp \
HMz31 1600 ::;{'pp HM2511 ‘lkgq:g,'b,_- ov 10%
A M 10ns Tons
Load A Load B

3. READ MODE

Aor+Ag

Address
|
|
I
|
-

Dout ) X

|
+ |
|

{All time measurements refer to 1.5V}

4. WRITE MODE

) f

WD WHD
b——— w5 4 L
Losd A High 2
r—twﬁl
Load B
High Z

(Al time measurements refer to 1.5V)

5. WRITE ENABLE TO HIGH Z DELAY

WE
15V
750Q
Dout
D e
HM2511 s 'l'SpF ov 0 Level =
‘5009.[’ "1 Level
—
—L Dout
Load C
6. PROPAGATION DELAY FROM & 15V (All fzxxx parameters are measured
CHIP SELECT TO HIGH Z sznes at a delta of 0.5V from the logic level
Tl and using Load C)
Dout 0" Level Yosv
1" Level .
Yosv
Dout \ High Z
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BIPOLAR
PROM




MPROGRAMMING INFORMATION

Hitachi's sophisticated Fine Emitter technology and programming
pulse method enables higher programmability and faster program-
ming time ordinary PROMs, for the highest reliability.

Fast programming time of typically 7.5us/bit is achieved with a fine
emitter cell which requires less programming energy; thus, negligible
thermal stress, Further, Hitachi advanced technology allows very
high programmability.

To assure that the element is programmed properly an additional
four progr pulses are applied diately after a sense pulse
indicates conduction in the programmed (one programmlng pulse:
Series) bit, This high reliability feature virtually eliminates aluminum
migration in the programmed cell.

One extra row and one extra column of test cells, plus additional
circuitry built into the PROM chip, allow improved factory testing
of DC, AC and programming characteristics. These test cells and test
circuitry provide enhanced correlation between programmed and
unprogrammed circuits in order to guarantee high programmability
and eliability.

PROGRAMMED CELL (CROSS SECTION)

Aluminum

e

7=

P Substrate

N* Buried Layer

P( Base)

N(Emitter)

292

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 programming.

A logic “one” can be permanently programmed into a selected bit
location. The desired bit for programming is selected using ten
address inputs to turn on transistors Q1 and Q2. By taking either (or
both) chip enable inputs high, the chip is disabled and transistor Q3
is held off. Then, a train of programming pulses applied to the
desired output flows through the junction into transistor Q1. This
programming current changes the junction to the conducting state.
The pulse train is stopped as soon as the sensed voltage indicates that
the selected bit is in the logic in state,

An additional 4 programming pulses (1 programming pulse: S-series)
are required to ensure that the bit is fully programmed, and to
achieve high reliability. One output must be programmed at a time,
since the internal decording circuit is capable of sinking only one
unit of programming current at time.

INTERNAL PROGRAMMING CIRCUIT

Y-addresses Q2

X-addresses
—O

Output

Y-addresses Q

Chip Enables




HM HITACHI

PROMS AND PROGRAMMING CURRENT

Memory Size Organization Output N-Series S-Series
0.C. HN25044 (50ns max) -
4k 1kx4
3s HN25045 (50ns max) -
2kt 0.C. HN25084 (60ns max) HN25084S (50ns max)
X
8k 3s HN25085 (60ns max) HN25085S (50ns max)
Lkxs 0.C. HN25088 (60ns max) HN25088S (50ns max)
X
3s HN25089 (60ns max) HN25089S (50ns max)
0.C. - HN25168S (60ns max)
16k 2kx8
38 — HN25169S (60ns max)
Programming Current 130mA (typ) 90mA (typ)

Note) 0.C.: Open Collector Qutput
3S ! Three State Output

Hitachi's PROM has two families in accordance with the program
specifications. They are usually discriminated by the suffix of the
model name. For the S-series PROM, the production technique
established for the N-series PROM is further improved to attain very

small memory cell area and chip area as well as high performance.
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HN25084, HN25085

2048-word X 4-bit Programmable Read Only Memories
The HITACHI HN25084 and HN25085 are high speed electrically

programmable, fully decoded TTL Bipolar 8192 bit read only
memories organized as 2048 word by 4 bit with on-chip address
decoding and one chip enable input. The HN25084 and HN25085
are fabricated with logic level “zeros’ (low); logic level “ones”
(high) can be electrically programmed in the selected bit locations.
The same address inputs are used for both programming and reading.

B FEATURES

® 2048 word x 4 bit organization (fully decoded)

® DTL/TTL compatible inputs and outputs

® Fast read access time: 40 ns typ. (60 ns max) (DG-18)

® Medium power consumption: 560 mW typ.

® One chip enable input for memory expansion B PIN ARRANGEMENT

® Open collector outputs (HN25084)/ Three-state outputs —~_
(HN25085) ME EVCC

® Standard cerdip 18-pin dual in-line package "’E Z] A

H OPERATION "‘E E"'

® Programming

A logic one can be permanently programmed into a selected bit "’E .‘._il"’

location by using programming equipment. First, the desired word is ME EJO'

selected by the eleven address inputs in TTL level. The device is w7 o

disabled by bringing CE to a logic “one”. Then a train of high N o

current programming. pulses is applied to the desired output. After

the sensed voltage indicates that the selected bit is in the logic “one” A8 my

state, an additional pulse train is applied, then is stopped. onofs ] [T0)ce

® Reading .

To read the memory the device is enabled by bringing CE to a logic (Top View)

“zero’”’. The outputs then correspond to the data programmed in the
selected word.

B LOGIC DIAGRAM

Aro——]
Aro——I
A20— 8192 Bit

O——| Address [ | 1:128 (128X 64)
As Buffer Decode —

A O———1 Memory Cell Array

As O——

ApO———

| I ] I

As

o 1:16 1:16 1:16 1:16
A Si?f:ers ¢ Maltiplexer | | Multiplexer | | Multiplexer | | Multiplexer

AyO——r] ] l

Output Output Output Output
Buffer Buffer Buffer Buffer

Chip T

— 1 J I 1] i
CE = Enable l l l i
0 302

" 0a [
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HN25084, HN25085

HABSOLUTE 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 Vou —0.5 to +5.5 v
Output Current Tou 50 mA
Operating Temperature Topr —25 to +75 °C
Storage Temperature Tos —65 to +150 °C

B DC CHARACTERISTICS (Vcc=4.75 to 5.25V, Ta=0 to 75°C)

Characteristic Symbol Test Conditions min typ max Unit
Input High Voltage Vin 2.0 — — \Y
Input Low Voltage Vie - - 0.8 A%
Input High Current Iin Vi=2.7V — — 40 MA
Input Low Current —In Vi=0.4V — — 0.40 mA
Output Low Voltage Vo Ioo=16mA — - 0.45 \%
Output Leakage Current " Iowxa Vo=5.25V — - 100 HA
Output Leakage Current Toike Vo=0.4V - — 40 MA
Input Clamp Voltage ' I;=—18mA — — —1.2 v
Power Supply Current Icc Inputs Either Open or at Ground — 110 150 mA
Output High Voltage* Vou Io=—2mA 2.4 — — \'
Output Short Circuit Current*} —J,s Vo=0V 15 — 60 mA
* Note: Applicable to HN25089 only.

BMAC CHARACTERISTICS (Vcc=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 tacE — 20 35 ns
Chip Enable Disable Time toce — 20 35 ns

Note) 1. Output Load: See Test Circuit,
2. Measurement Reference: 1.5V for both inputs and outputs.

M SWITCHING WAVEFORMS

Chip Enable
Address Input
pm—taa [*taa
Output 15V 15V: Output
or or
Qutput Output
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ESWITCHING TIME TEST CONDITIONS

HN25084, HN25085

SWITCHING HN25084 HN25085
Vee PARAMETER R R: Ce R: R: C.
tan 3000 | 600Q | 30pF | 3000 | 600Q | 30pF
R -
tace ‘17 - - — o 6002 | 10pF
tace “07 300Q | 6000 | 10pF | 300Q | 6000 | 10pF
e R
: J; tocs 1" — — — o | 6000 | 30pF
toce “0” 300Q | 600Q | 30pF | 300Q | 600Q | 30pF
INPUT CONDITIONS
Amplitude -0V to 3V
Rise and Fall time—5ns from 1V to 2V
Frequency —1MHz
H PROGRAMMING SPECIFICATION
Characteristic Limit Unit Notes
Ambient Temperature 25+5 °‘C
Programming Pulse
Amplitude 130+5% mA
Clamp Voltage 20+2% \Y
Ramp Rate 70max V/us
Pulse Width 7.5+5% s 10V point/150Q load
Duty Cycle 70% min
Sense Current
Amplitude 20%£0.5 mA
Clamp Voltage 20+2% \
Ramp Rate 70max V/us
Sense Current Interruption before and after address change 10min Hs
Programming Vcc 5.0+5% —0% A%
Maximum Sensed Voltage for programmed “1” 7.51+0.1 \'%
Delay from trailing edge of programming pulse before sensing 0.7min us
output voltage
Programming Pulse Number 100max ms
Additional Programming Pulse Number 4 Time

B TYPICAL WAVEFORMS

7.5V REF.

Sense Strobe
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HN25084S, HN25085S —Freliminary

2048-word X 4-bit Programma'bre 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)

® DTL/TTL compatible inputs and outputs
® Fastread access time: 25 ns typ. (50 ns max)
® Medium power consumption: 550 mW typ.
@ One chip enable input for memory expansion { (DG-18)
® Open collector outputs (HN25084S)/Three-state outputs
(HN25085S) HPIN ARRANGEMENT
® Standard cerdip 18-pin dual in-line package )
BMOPERATION «[1] %Vfr
® Programming -“SE T
A logic one can be permanently programmed into a selected bit “E E"
location by using programming equipment. First, the desired word is L o
selected by the eleven address inputs in TTL level. The device is A{Z _1_—5_].«
disabled by bringing CE to a logic “one”. Then a train of high o5 ] [0
current programming pulses is applied to the desired output. After "'E —,
the sensed voltage indicates that the selected bit is in the logic ““one’’
state, an additional pulse train is applied, then is stopped. ‘“E E”’
L ] Reading »-\w[z E]fh
To read the memory the device is enabled by bringing CE to a logic el Tl
'“zero’’. The outputs then correspond to the data programmed in the
selected word. (Top View)
HLOGIC DIAGRAM
Ao O———
AL O——
ArO—— 8192 Bit
40— gs;i(reerss - [l)e:cloiae L_T (128%64)
AcO——d] Memory Cell Array
As O—
A O———
I il T L
Aao—ﬁ
A10——) Qﬁ}{fffs M“‘I‘i:P"tf" ] Mullli;l!lxser Mulh;vllefer Mnlll:pltfer
As O——{
4 [ 1 1 I
g:;?vu: g:;::: 3:}22“,' (a’u“??e“,' Note) The specifications of this device are
. Chip T - A subject to change without notice.
CE O Enable l i l l Please contact your nearest Hitachi’s
b g o o Sales Dept. regarding specifications.
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HN25084S, HN25085S

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 Vou —0.5 to +5.5 v
Output Current Tou 50 mA
Operating Temperature Topr —25 to +75 °C
Storage Temperature Tats —65 to +150 °C
B DC CHARACTERISTICS (Vcc=4.75 to 5.25V, Ta=0 to 75°C)
Characteristic Symbol Test Conditions min typ max Unit
Input High Voltage Vin 2.0 - - v
Input Low Voltage Vie — - 0.8 v
Input High Current Ly Vi=2.7V — — 40 HA
Input Low Current =In Vi=0.4V - — 0.40 mA
Output Low Voltage Vor Io=16mA — — 0.45 A
Output Leakage Current ToLx: Vo=5.25V - — 100 KA
Output Leakage Current Tovk: Vo=0.4V - — 40 HA
Input Clamp Voltage Vi Ir=—18mA — — -1.2 A
Power Supply Current Icc Inputs Either Open or at Ground - 110 160 mA
Output High Voltage* Vou To=-—2mA 2.4 — — \'
Output Short Circuit Current* —1Ios Vo=0V 15 — 60 mA
* Note : Applicable to HN25089 only.
MAC CHARACTERISTICS (Vcc=4.75 to 5.25V, Te=0 to 75°C)
Characteristic Symbol Test Conditions min typ max Unit
Address Access Time taa - 25 50 ns
Chip Enable Access Time tace — 20 35 ns
Chip Enable Disable Time toce - 15 35 ns

Note) 1. Output Load: See Test Circuit.

2. Measurement Reference: 1.5V for both inputs and outputs.

M SWITCHING WAVEFORMS

Address i
Input
— el taa e tan
15V
15V ,
Output
or
Output

298

%Z 15V L5V )

Chip- Enable J

Input

tocE"l" el

Vo

Qutput
or

Output toce 0" —i

Z 15V 1.5V N

tace®1”

Vo —0.5V

15V
GND

tace®0”

Vo

1.5V
Vo +0.5V



HN25084S, HN25085S

M SWITCHING TIME TEST CONDITIONS

SWITCHING HN25084S HN25085S
Vee PARAMETER R R: C. R: R: C.
taa 3000 | 6000 | 30pF | 3000 | 600Q | 30pF
Ri
' tacs “1" - =] =1 |60/ 10pF
tace “07 3000 | 6000 | 10pF | 300Q | 600Q | 10pF
g R
o I toce “17 -1 -1 - w | 6000 | 30pF
toce “0” 3000 | 6000 | 30pF | 3000 | 600Q | 30pF
INPUT CONDITIONS
Amplitude —0V to 3V
Rise and Fall time—5ns from 1V to 2V
Frequency — IMHz
HPROGRAMING SPECIFICATION
PARAMETER Symbol min typ max Unit Note
Ambient Temperature Ta 20 25 30 °C
Programming V¢c Vee 4.75 5.0 5.25 A%
Programming Pulse
Amplitude Iw 88 90 92 mA
Clamp Voltage Vw 19.0 19.5 20.0 A
Ramp Rate 10 - 70 V/us
Pulse Width tew 7.1 7.5 7.9 us 9V point/2000) load
Duty Cycle 70 - —_ %
Sense Current
Amplitude Is 19 20 21 mA
Sense Voltage Vs 7.4 7.5 7.6 \'
Clamp Voltage 19.0 19.5 20.0 A
Ramp Rate 70 - — V/us
Address Setup Time tsa 10 - - us
Address Hold Time tHa 10 - — Hs
Sense Setup Time tss 0.7 - - #s
Sense Hold Time tus 0.7 - - Hs
Additional Programming Pulse 1 1 1 time
Programming Pulse Number per bit n — - 10000 time
Vee '
Vig
Ao >(
§
Ao vy
Vin
CE
Vi
tsa tHA f-—

Programming Pulse

iss
Sense Strobe I i

Programming Pulse

90mA (20Vmax)

45mA(9V)

20mA (4V)

() 22002 load
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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)
DTL/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

M OPERATION
® Programming

A logic one can be permanently programmed into a selected bit
location by using programming equipment. First, the desired word is
selected by the ten address inputs in TTL level. The device is
disabled by bringing CET and/or CE2 to as logic “one” or CE3
and/or CE4 to a logic “zero”, Then a train of high current
programming pulses is applied to the desired output. After the
sensed voltage indicates that the selected bit is in the logic one state,
an additional pulse train is applied, then is stopped.

® Reading

To read the memory the device is enabled by bringing CET and CE2
1o a logic “"zero”. CE3 and CE4 to a logic “one”. The outputs them
corresponed to the data programmed in the selected word.

HLOGIC DIAGRAM

AgOo—r]

Aro——Address| | 164 8192 Bit

Az0 Buffer f] Decode |} (64X 128

A3 O]
Ayo—
A; 00—

Memory Cell Array

A O]
Ao Address
Ayo——d Bulfer

Ay O—rf

CE1o—]
= Chip
CE2 0

Enable

CE3 00—
CEi0—
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HPIN ARRANGEMENT
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HN25088, HN25089

B ABSOLUTE MAXIMUM RATINGS

Item Symbol Rating Unit
Supply Voltage Vee —0.5 to +7.0 \Y
Input Voltage Vin —0.5 to +5.5 \Y
Output Voltage Vou —0.5 to +5.5 \Y
Output Current Lou 50 mA
Operating Temperature Tope —25 to +75 °C
Storage Temperature Tus —65 to +150 °C

B DC CHARACTERISTI

CS (Vcc=4.75 to 5.25V, Ta=0 to +75°C)

Characteristic Symbol Test Conditions min typ max Unit
Input High Voltage Vin 2.0 - — v
Input Low Voltage Vie — - 0.8 v
Input High Current Iin Vi=2.7V — — 40 MA
Input Low Current —In Vi %‘0.4V — - 0.40 mA
Output Low Voltage VoL Too=16mA —_ —_ 0.45 \Y%
Output Leakage Current Torks Vo=5.25V - - 100 HA
QOutput Leakage Current Tovk: Vo=0.4V — — 40 HA
Input Clamp Voltage Vi Ir=—18mA — — —1.2 \
Power Supply Current Icc Inputs Either Open or at Ground - 120 160 mA
Output High Voltage* Vou Toy=—2mA 2.4 - - \
Output Short Circuit Current* | —Ios Vo=0V 15 — 60 mA
* Note : Applicable to HN25089 only.
BMAC CHARACTERISTICS (Vcc=4.75 to 5.25V, Ta=0 to 75°C)
Characteristic Symbol Test Conditions min typ max Unit

Address Access Time tas — 40 60 ns
Chip Enable Access Time tace - 20 35 ns
Chip Enable Disable Time toce - 20 35 ns
Note) 1. Output Load: See Test Circuit.

2. Measurement Reference: 1.5V for both inputs and outputs.
W SWITCHING WAVEFORMS

(o w0 )
adress | X Chip Enable Ly 18V -
Input Input
——e . tha —d a4 toee™l” —f ey tace™1”
i Vo ~0.5V
— 15V

Out put
or

Output

GND

301



HN25088, HN25089

E SWITCHING TIME TEST CONDITIONS

SWITCHING HN25088 HN25089
Vee PARAMETER R. R. C. R, R: C.
X taa 3000 | 600Q | 30pF | 3000 | 6000 | 30pF
|
tace “17 - —_ o 6000 10pF
& tace “0” 3000 | 600Q 10pF | 3000 | 6000 10pF
[ 2
I toce “17 - - o | 6000 [ 30pF
toce “0” 3000 | 600Q | 30pF | 3000 | 60002 | 30pF
INPUT CONDITIONS
Amplitude -0V to 3V
Rise and Fall time—5ns from 1V to 2V
Frequency — IMHz
H PROGRAMMING SPECIFICATION
Characteristic Limit Unit Notes
Ambient Temperature 25+5 °C
Programming Pulse
Amplitude 130+5% mA
Clamp Voltage 20+2% \'
Ramp Rate 70max V/us
Pulse Width 7.5+5% us 10V point/150Q load
Duty Cycle 70% min
Sense Current
Anmplitude 20+0.5 mA
Clamp Voltage 20+2% v
Ramp Rate 70max V/us
Sense Current Interruption before and after address change 10min us
Programming Vec 5.0+5%—0%
Maximum Sensed Voltage for programmed “1” 7.510.1
Delay from trailing edge of programming pulse before sensing 0. 7min us
output voltage
Programming Pulse Number 100max ms
Additional Programming Pulse Number 4 Time

Programming Pulse

Sense Pulse
7.5V REF.

Sense Strobe

Additional Pulse Train
A
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HN25088S, HN25089S —  Preliminary

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
HN26089S 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)
DTL/TTL compatible inputs and outputs

Fast read access time: 25 ns typ. (50 ns max)

Medium power consumption: 600 mW typ.

Four chip enable inputs for memory expansion

Open collector outputs (HN25088S)/Three-state outputs
(HN25089S)

Standard cerdip 24-pin dual in-line package

H 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 CE1 and CE2
to a logic ““zero”, CE3 and CE4 to a logic ‘‘one’’. The outputs then
corresponed to the data programmed in the selected word.

HMLOGIC DIAGRAM

Avo—
A1 O——] Address 1:64 8192 Bic
Az0 Buffer || Decode |1 (64128
Ay 0—

Memory Cell Array
A

As

As

450 Address Loasf el sy {ncas][1oel {1 sf{1:1e
Buffer Mulki- | |Muli§ [Sutei- | [Muli-| [Muei-] {Muii-] | Muhi-
Aso plexer| [plexer| [plexer| [plexerf fplexer| [plexer| [plexer

Ay O—

1:16
Mubi-
plexer

To—— o Output] [Ouput Output

T 00— Buffer| |Buffer| |Buffer | | Butfer| {Buffer| |Buffer| |Buffer| | Buffer

CEs Enable NOte)
chio—] IS S T S S

4]} 2 03 O3 o5} Os 07 Oy

(DG-24)

B PIN ARRANGEMENT
— /]
A:L_|: (] vee

A E 73] o
A E :] A
\E o
h[: 2] CE
&E 10 CE
\.E 13 CEd
.\UE @ O
n,E 5] o
@ g
Nn m
il

G\D 12

(Top View)

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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HN25088S, HN25089S

BMABSOLUTE MAXIMUM RATINGS

Item Symbol Rating Unit
Supply Voltage Vee —0.5 to +7.0 \Y%
Input Voltage Vi —0.5 to +5.5 \
Output Voltage Vou —0.5 to +5.5 v
Output Current Low 50 mA
Operating Temperature Topr —25 to +75 °C
Storage Temperature Tots —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 - - v
Input Low Voltage Vio — — 0.8 A%
Input High Current I Vi=2.7V ) — — 40 MA
Input Low Current ~In Vi=0.4V — - 0.40 mA
Output Low Voltage Vo Joo=16mA - — 0.45 v
Output Leakage Current Tork Vo=5.25V — — 100 KA
Output Leakage Current Torkz Vo=0.4V — — 40 HA
Input Clamp Voltage Vi I;=—18mA - — —-1.2 A
Power Supply Current Icc Inputs Either Open or at Ground - 120 160 mA
Output High Voltage® Vou Toy=—2mA 2.4 — — \%
Output Short Circuit Current* | —Jos Vo=0V 15 — 60 mA
* Note: Applicable to HN25089S only.
M AC CHARACTERISTICS (Vcc=4.75 to 5.25V, Ta=0 to 75°C)

Characteristic Symbol Test Conditions min typ max Unit
Address Access Time tas - 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

ZLSV 15V . Z 15V 1.5V S
Address ; ; Chip Enable j N
Input Input
—{ a4 L toce"l” —= — tace"l”
Vo e
15V Vo —05V 15V
: 1.5V
Qutput GND
Output or
Output  toce™0” —= tace™0

L5V

Vo Vo +0.5V
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HN25088S, HN25089S

B SWITCHING TIME TEST CONDITIONS

SWITCHING HN25088S HN25089S
Vee PARAMETER R: R: C. R, R C.
X taa 3000 | 6000 | 30pF | 3000 | 60002 | 30pF
]
tace “17 - - — o | 600Q | 10pF
tace “0” 3000 | 6000 | 10pF | 300Q | 600Q | 10pF
Cr. R
l toce “1” - - - o | 6000 | 30pF
toce “0” 300Q | 6000 | 30pF | 300Q | 6000 | 30pF
INPUT CONDITIONS
Amplitude -0V to 3V
Rise and Fall time—5ns from 1V to 2V
Frequency — IMHz
B PROGRAMING SPECIFICATION
PARAMETER Symbol min typ max Unit Note
Ambient Temperature Ta 20 25 30 °C
Programming V¢ Vee 4.75 5.0 5.25 v
Programming Pulse
Amplitude Iw 88 90 92 mA
Clamp Voltage Vw 19.0 19.5 20.0 v
Ramp Rate 10 — 70 V/ps
Pulse Width tew 7.1 7.5 7.9 #s 9V point /20002 load
Duty Cycle 70 — — %
Sense Current
Amplitude Is 19 20 21 mA
Sense Voltage Vs 7.4 7.5 7.6 v
Clamp Voltage 19.0 19.5 20.0 A%
Ramp Rate 70 — — V/us
Address Setup Time tsa 10 — — us
Address Hold Time tha 10 — — us
Sense Setup Time tss 0.7 — — us
Sense Hold Time tys 0.7 — — ©s
Additional Programming Pulse 1 1 i time
Programming Pulse Number per bit n — — 10000 time

Vee —/

Vin

ViL
Viu

Vie

Programming Pulse

Sense Strobe

tHa

]

Programming Pulse

[_——- 90mA(20Vmax)
\ / — == 45mA(9V)

20mA(4V)

() 2002 8%
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HN25168S, HN25169S~  Preliminary

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)

® DTL/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 HPIN ARRANGEMENT
(HN25169S) G Y [Fw

® Standard cerdip 24-pin dual in-line package . |: -3] N

A E 224 A

HOPERATION W[ 7 e

® Programming ) ) ""E %c_ﬁ

A logic one can be permanently programmed into a selected bit z

location by using programming equipment. First, the desired world *E ECEZ

is selected by the eleven address inputs in TTL level. The device is A-IZ ECEa

disabled by bringing CET to as logic “one” or CE2 and/or CE3 to a o3 ] BE

logic ““zero””. Then a train of high current programming pulses is N 5] o

applied to the desired output. After the sensed voltage indicates that o[ 7] o

the selected bit is in the logic one state, an additional pulse is o E E"’

applied, then is stopped.

® Reading GND |12 13| o

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
corresponed to the data programmed in the selected word.

HELOGIC DIAGRAM

Avo—
Ayo—— Address 1:128

16384 Bit

Azo Buffer || Decode || (128x128)

A3 0— Memory Cell Array
Aso—
A3 0——f
As Oy
Ar 0—

A5 0 Address

Ao oo Buffer

Ao O——o

CE\0—

Chip

- Enable
Ck2 0—

CEs o—

h O Os Oy 05 Os 07 Oy

Note) The specifications of this device are subject to change without notice.
Please contact your nearest Hitachi’s Sales Dept. regarding specifica-
tions,
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HN25168S, HN25169S

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 A
Output Voltage Vout —0.5 to +5.5 \Y
Output Current Tou 50 mA
Operating Temperature Topr —25 to +75 °C
Storage Temperature Tos —65 to +150 °C

B DC CHARACTERISTICS (Vcc=

4.75 to 5.25V, Ta=0 to +75°C)

Characteristic Symbol Test Conditions min typ max Unit
Input High Voltage Vi 2.0 — — \Y
Input Low Voltage Vie - — 0.8 A%
Input High Current Iu Vi=2.7V — — 40 KA
Input Low Current —In Vi=0.4V — — 0.40 mA
Output Low Voltage Vor Io,=16mA — - 0.45 A"
Output Leakage Current Touxa Vo=5.25V — — 100 HA
Output Leakage Current Tovrk2 Vo=0.4V - - 40 KA
Input Clamp Voltage Vi Ir=—18mA — — —-1.2 A
Power Supply Current Icc Inputs Either Open or at Ground — 120 170 mA
Output High Voltage* Vou Toy=—2mA 2.4 — - \%
Output Short Circuit Current* | —Ios Vo=0V 15 — 60 mA
* Note : Applicable to HN25169S 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 tan — 40 60 ns
Chip Enable Access Time tace - 20 35 ns
Chip Enable Disable Time toce - 20 35 ns

Note) 1. Output Load: See Test Circuit.

2. Measurement Reference: 1.5V for both inputs and outputs.

B SWITCHING WAVEFORMS

15V
Address ;
Input
——{ tas
1.5V
Output
or
Qutput

z X 15V 5

Input

toce™l” ——ed

Vo

Qutput

or
Output

Vo

Chip Enable 7

toc 0" —=d

Vo—05V

Vo +0.5V

Z 1.5V 15V N

tace™0”

15V
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B SWITCHING TIME TEST CONDITIONS

HN25168S, HN25169S

SWITCHING HN25168S HN25169S
Ve PARAMETER | R, R: C. R R: C.
R taa 3000 | 6000 | 30pF | 3000 | 60002 | 30pF
]
tace “17 - - - oo | 6000 | 10pF
o
_[_ u tace 07 300Q | 6000 | 10pF | 3000 | 6000 | 10pF
Co
I toce “1” -1 =] = | 6000/ 30F
toce “0” 3000 | 6000 | 30pF | 3000 | 6000 | 30pF
INPUT CONDITIONS
Amplitude—0V to 3V
Rise and Fall time—5ns from 1V to 2V
Frequency — IMHz
H PROGRAMING SPECIFICATION
PARAMETER Symbol min typ max Unit Note
Ambient Temperature Ta 20 25 30 °C
Programming V¢ Vee 4.75 5.0 5.25 v
Programming Pulse
Amplitude Iw 88 90 92 mA
Clamp Voltage Vw 19.0 19.5 20.0 v
Ramp Rate 10 - 70 V/us
Pulse Width tew 7.1 7.5 7.9 s 9V point/200Q load
Duty Cycle 70 - - %
Sense Current
Amplitude Is 19 20 21 mA
Sense Voltage Vs 7.4 7.5 7.6 v
Clamp Voltage 19.0 19.5 20.0 A%
Ramp Rate 70 — — V/us
Address Setup Time tsa 10 — — us
Address Hold Time tua 10 — — us
Sense Setup Time tss 0.7 - - Hus
Sense Hold Time tyd 0.7 — — us
Additional Programming Pulse 1 1 1 time
Programming Pulse Number per bit n — - 10000 time
Vee ’
Ao Vig ) (
) Vi
Ao Vi
CE
ViL

Programming Pulse

Sense Strobe

tHa

Programming Pulse
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HD2912

Quadruple TTL-to-MOS Clock Drivers

The HD2912, a clock driver for the MOS memory, has basically the
NAND function. Its inputis a TTL level and its output becomes and
N MOS clock input level. It operates on two power supplies — Vcc
(5V) and Vpp (12V). It anticipates taking as its load a maximum of
ten units of 4K-bit N MOS memories and can drive a load capacity
of 400 pF at high speed.

TTL-MOS level converter circuit
Switching time: 50 ns (max.)

Load capacity drivable: 600pF
Mounted with 4 circuits
Applicable temperature: 0 to 70°C

B ABSOLUTE MAXIMUM RATINGS

(DG-16)

M PIN ARRANGEMENT

Item Symbol HD2912 Unit
-/ N
Vee® 7.0 A Voo 1 16| Vee
Supply Voltage
Voo 18.0 v v 7] E] Y.
Input Voltage Vin* 5.5 ° \
- 3o of
Load Capacitance CL** 600 pF -
Power Dissipation Prses 800 mW B, E E] B.
Operating Temperature Topr 0 to +70 C B, E E 8,
Storage Temperature Tue —65 to +150 °C
* With respect GND A E i A,
* % per circuit
* % % per package Y. 7 0] Ya
W RECOMMENDED OPERATING CONDITIONS CND | 8 o] N
Item Symbol min typ max Unit (Top View)
Susaly Vol Vee 4.75 5.0 5.25 v
upply tage
ppy Tonas Voo | 114 | 12 | 12.6 v
Operating Temperature Tope 0 25 70 °C
Load Capacitance C. 100 = 600 pF
Damping Resistance Ro 10 — - Q
MELECTRICAL CHARACTERISTICS (Ta=0 to +70°C, Vcc=5V +5%, Vop=12V +5%)
Item Symbol Test Condition min typ* max Unit
Vie 2.0 — - A
Input Volt j
nput oltage Vi —T = 0.8 v
Vo Vi.=2V, Io.=0.1mA - 0.45 0.6 \%
Output Voltage
Vou Vin=0.8V, Iox=—0.1mA Voo—0.9 11.5 — A"
A I — -1 —1.6 mA
Vin=0.4
B I v - -2 —3.2 mA
Input C t A — — 0
nput Curren Liw Vim2.4V 4 HA
B Iu - - 80 IIA
It Viu=5.5V — — 1 mA
IToon Via=0V — 16 U7 mA
I Vie=5V — — 0.5 mA
Power Supply Current- £ot
Icen V=0V — 12 18 mA
Iccr Vin=5V — 67 100 mA
Input Clamp Voltage Vi Li.=—12mA — — —-1.5 \'

* Vec=5V, Voo=12V

310




HD2912

B SWITCHING CHARACTERISTICS (Ta=0 to +70°C, Vcc=5V, Vop=12V)

Item Symbol Test Condition min typ max Unit
Rising Delay Time toLw - 35 50 ns
Falling Delay Time tonL C.=300pF - % 45 ns
Rise Time trin R»r=00Q — 12 25 ns
Fall Time trHL — 12 25 ns

® TEST CIRCUIT AND WAVEFORMS

P.

30

20

Falling Delay Time towi (ns)

Vee Von
Input
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Output
G !
Ci.
500 I
FALLING DELAY TIME vs.
LOAD CAPACITANCE (1)
1
e
2108 o il
R0
~0%
T
s %
pat
an{=]2V
V’cc|=SY
Ta=25C—
100 200 300 400 500 600
Load Capacitance CL (pF)
RISE TIME AND RISING DELAY TIME
vs. AMBIENT TEMPERATURE
50
40
LDLH I
2
s
i
tTLH e —
10 Vo =12V—
Vee =5V
C1 =300pF
Ry=0Q
0 10 20 30 40 50 60 70

Ambient Temperature Ta ('C)

Rising Delay Time tatu (ns)

ov
Lumi
Vo
Vi —2V H
tZV
Vo,
P>t THL
te =250n$,Leyei =350ns,tr =1, =10 % 1ns
RISING DELAY TIME vs.
LOAD CAPACITANCE (2)
50
|1
40 =109 ——
R £ - — ]
fy,=00
30
20
Vpp=12V
10 Vee=5V
Te=25'C—
0 100 200 300 400 500 600

tDHL,ETHL (ns)
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vs. AMBIENT TEMPERATURE

A
401
30
g - LDHL
20 T
ETHL
10 Voo =12V_|
Vee =5V
Ce '=300pF
Ry=0Q
0 10 20 30 40 50 60 70

Ambient Temperature Ta ('C)
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HD2912

Switching Time (ns)

Power Dissipation Pr (mW)

312

SWITCHING TIME vs.
SUPPLY VOLTAGE (1)

50

A — [T

30 Fn

'\’_\T
20
Lrue

" Trin €1 =300pF
Vop=12V
Ta=25C

0 Rn=0Q
44 4.6 48 5.0 5.2 54 5.6

Supply Voltage Vee (V)

POWER DISSIPATION
vs. CYCLE TIME

700

1

T T

600

X L T 1
\ (1. =400pF

500
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L. 200pF
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T

400

300

+CL=0pF

T
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i
1+

N

|
T
I
N
|

M~
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{ 1

200

b .
| Duty Cvcle=50%;

1o

One Circuit Operation

AN

il

0.1

0

Cycle Time tcycre (us)

SWITCHING TIME vs.
SUPPLY VOLTAGE (2)

50
40
L
o 30 LKL
E
=
2w e R N —
E tTHL
0 tTLH C1=300pF
Vee =5V
Ta=25C
0 Riy=02
10.5 1.0 1.5 120 25 130 13.5
Supply Voltage Vop (V)
HITEMS REQUIRING CARE WHEN USING

THE HD2912

When measuring or mounting the HD2912, consider
the following.

1.

At the time of “H"’ level output, if a short circuit
occurs between the output terminal and the
other terminal (the GND terminal or input
terminal), the element will breakdown.

. When measuring the input/output characteristic

of the circuit, do not place the input level in the
vicinity of the threshold voltage (about 1.5V) for
more than 10 seconds. If this caution is neg-
lected, the element may breakdown.

If its load capacity is less than a certainalue
(100pF), sometimes this element cannot fully
provide its function. Take note of this fact when
designing a system.

. When mounting this element, it is recommended

providing the output terminal with a damping
resistor (Rp) or a diode terminating circuit.

Vi

Clock Driver

Rv
@_» i N MOS



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
— Vgc (8V) 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.

HMFEATURES
TTL-MOS level converter
Switching time: 50 ns (max.)

Load capacity drivable: 300pF
Mounted with 4 circuits
Applicable temperature: 10 to 65°C

M ABSOLUTE MAXIMUM RATINGS

Average power consumption: 600mW (max.)

(DG-16A)

M PIN ARRANGEMENT

+

S

Vou E

16 |Vee

Item Symbol HD2916 Unit %z 15 X,
Vee* —0.5 to +7 A
Supply Voltage = ° A E E A
Von* —0.5 to +15 \Y \
Input Terminal Voltage Vine —0.5 to +5.5 v 8. [} 1T 13]B.
Output Load Capacitance CL** 300 pF B,E ' EB,
P Dissipati Pre*» 700 W
ower Dissipation T m A’[z A,
Operating Temperature Topr 0 to +70 °C
Storage Temperature Tog —50 to +150 °C XIE Ex’
* With respect to GND NC
* % Per circuit GNDE ®
* % % P k
er packege (Top View)
B RECOMMENDED OPERATING CONDITION
Item Symbol min typ max Unit
Vee 4.75 5.0 5.25 \%
Supply Voltage
Vob 11.4 12.0 12.6 \Y%
Operating Temperature Topr 10 25 55 °C
Vi 2.0 - 5.5 v
Input Voltage Level
Viu —0.5 - 0.8 \'
BMELECTRICAL CHARACTERISTICS (Ta=10 to 55°C, Vee=5V 5%, Voo=12V +5%)
Item Symbol Test Condition min typ* max Unit
A Iy Vin=2.4V - ot 40 HzA
I Vin=0.4V - -1 -2 mA
Input Current
B In Vin=2.4V - — 80 MA
I Vin=0.4V — -2 —4 mA
Vou Vin=0.8V, Iox=—50uA Vop—0.7 |Vop—0.4 - \'A
Output Voltage
VoL Vin=2.0V, Io,=50uA — 0.3 0.45 A\
Ippn Vin=0V — 13 20 mA
I Vin=0V — 13 40 mA
Supply Current el "
Iope Vin=5V — — 39 mA
ITcce Vin=5V » - 40 60 mA
s C.=300pF, f=1MHz _
Average Power Dissipation Prs tw=0.5us, one circuit operation 300 600 mW

* Vce=5V, Vop=12V
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HD2916

M SWITCHING CHARACTERISTICS (Ta=10 to 55°C, Vcc=5V *5%, Voo=12V *5%)

Item Symbol Test Condition min typ max Unit
toLn C1=200pF — - 50 ns
Output Delay Time f=1MHz
toue tw=0.5us - - 50 ns

O TEST CIRCUIT & WAVEFORMS

\
Vee ? Vou ¥
Input
Input L e—— o
tane
P.C T Owput X" Viou
CL
500 I Output
- ) Vo,
J=1MHz,t, =500ns.tren = tTHe = 10ns £ Ins
PROPAGATION DELAY TIME PROPAGATION DELAY TIME
vs. LOAD CAPACITANCE vs. AMBIENT TEMPERATURE
=0 60
£ w ] R
3 toth ! 2 40|
s ., M/ ! g T ——— Ll |
2 —T | —T | t
[ — =30
z !nm.// R B ting
& 2 &
§ 1 Voo =5V s 20
2 1 Kl . = Vee =5V
H T Vi =12V g ces
g ' Ta=25C" 2 Vi =12V
g 10 3 (1 =200pF
& a 10
0 50 100 150 200 250 300 0 10 20 £ 4 0 60 T
Load Capacitance Cr. (pF) Ambient Temperature Ta('C)
PROPAGATION DELAY TIME PROPAGATION DELAY TIME
vs. SUPPLY VOLTAGE vs. SUPPLY VOLTAGE
50 50
£ 40 S
= I L § tn
z 30 - s 30
& e S 13 i LKL
T — <
I z 0
= 2
H Vio =12V = Voosv
2 Ta=257C 2 [la= 25"
£ =0 20
[} 0
44 4.6 4.8 5.0 5.2 5.4 5.6 10.5 110 115 120 12.5 130 135
Supply Voltage Vee V. Supply Voltage Voo (V)
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Power Dissipation Pr (mW)

POWER DISSIPATION
vs. CYCLE TIME

500
Duty Cycle 50%

400 One circuit ____ |

Cr =300pF Operation

/

CL=150pF
30.«%Q
CL=0pF

Cycle Time tcyete

{us)

HD2916

MITEMS REQUIRING CARE WHEN USING

THE HD2916
When measuring or mounting the HD2916, consider

the following:

1. At the time of "H’’ level output, if a short circuit
occurs between the output terminal and the-
other terminal (the GND terminal or input
terminal), the element will breakdown.

2. When measuring the input/output characteristic
of the circuit, do not place the input level in the
vicinity of the threshold voltage (about 1.5V) for
more than 10 seconds. If this caution is neg-
lected, the element may breakdown.
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HD2923

Quadruple ECL to TTL Drivers
The HD2923 is a monolithic, high speed Quadruple ECL to TTL

Driver which accepts ECL input signals. It provides high output
current suitable for driving the TTL clock inputs or other address
multiplexing inputs of N-channel MOS memories such as the
HMA4816A of MIK4116.Power supply requirements are ground, +5.0
Volits 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
technolégy to assure high performance over the 0°C to 75°C
ambient temperature range.

(DG-16A)
W FEATURES MPIN ARRANGEMENT
® High Speed ....... tpd = 10ns MAX. (60% to 2.2V dc out or to +

+1.0V dc out, 200pF Load) v"E [isJonn
® lowPower ............ o i 250mW typ. (DC) A'E EB‘
® 10K ECL Compatible Inputs
® Pin Compatibility .................. MC10125 or HD 10125 B'E EA‘

YnE EYI

B ABSOLUTE MAXIMUM RATINGS Y;E 12{¥s
Item Symbol Value Unit ,\,Ea l ! &EB’
Vee —0.5 to +7 \4
Supply Voltage BZE EAJ
Vee ~7 to +0.5 v VEEE BVQ
Input Voltage Via Vee to +0.5 v + )
Vi
Qutput Voltage Vout —1.0 to Vec+1 v (Top View)
— The Vss reference voltage is available
Power Dissipation Pr 1.0 w on pin 1 for use in single ended input
Operating Temperature®* Topr —10 to +85 ‘C biasing
Storage Temperature Toe —65 to +150 °C
B TRUTH TABLE
* under bias
Input Output
B RECOMMENDED OPERATING CONDITIONS A B Y
Item Symbol min typ max Unit H Vae L
Vee 4.75 5.0 5.25 v L Vsa H
Supply Voltage
Ves —~5.46 | —5.2 | —4.94 v H L L
Vin ~1.025 - - \% L H H
Input Voltage
Vi — — | —1.520 v Vs H H
Operating Temperature Topr 0 _ 75 °C Vea L L
Open Open H
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B DC CHARACTERISTICS

HD2923

Item Symbol Test Condition min typ max Unit
—IeE — 22 27 mA
Power Supply Drain Current Iccn Vee=-—5.2V, Vcc=5.0V — 23.5 29 mA
TccL — 4.5 42 mA
Input Current Tiow Vin=—0.81V - — 115 HA
Input Leakage Current Icso Vin=—5.2V —_ - 1.0 HA
Vou Ton=—1.0mA 2.7 — — \Y
Output Voltage
Vor Io=5.0mA - — 0.5 \Y
Vona Vm"—-“‘l.lv. Ion=—1.0mA 2.7 - - v
Threshold Voltage
Vora Vie=—1.48V, Io.=5.0mA — —_ 0.5 v
Indeterminate Input All inputs =Vee 2.7 — —
Vosns v
Protection Tests All inputs =Open 2.7 — —
Reference Voltage Ves —1.420 — | —1.150 v
Vinw=0.300V, Vin.=-—0.825V 2.7 — —
VO"C V
Vive=—1.890V, Vin,=—2.890V 2.7 — —
Common Mode Rejection Tests
VINM=0.300V, VINL=—0.825V - - 05
VOLC V
VINH=—“1.890V. Vine=—2.890V - - 0.5
BMAC CHARACTERISTICS
Item Symbol Test Condition min typ max Unit
tor 50% to +2.2V, C.=200pF - - 10 ns
Propagation Delay Time
tor 50% to +1.0V, C.=200pF - - 10 ns
Rise Time i +1.0V to 42.2V, C.=200pF - — 5 ns
Fall Time t- +2.2V to +1.0V, C.=200pF - — 5 ns

Vin

Vour

50%

22V

~0.880V

—1.690V
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CROSS-
REFERENCE




Note)

HM4864-2 «———————— Type No.
150 ‘ C «————————— Package Material
1 Access Time ns (max)
1. MOS RAM
Mode Structure Total Bit | Organization | Number of Pin Hitachi Intel Texas
HM4716A-1
120 [ P, G
HM4716A-2 2117-2 TMS4116-15
15 | P, G 15 [ P, G 150 [ P, G, C
HM4716A-3 2117-3 TMS4116-20
20 | P, G 20 [ P, G 200 [ P, G, C
HM4716A-4 2117-4 TMS4116-25
250 [ P, G 20 | P, G 250 | P, G, C
16k 16384 1 16
HM4816A-3 2118-3
100 [ P, G 10 [ P, G
Dynamie NMOS HM4816A-4 21184
120 [ P, G 120 [ P, G
HM4816A-7 21187
15 [ P, G 15 [ P, G
HM4864A-12
120 [ P, G
o4l 65536 %1 " HM4864-2 TMS4164-15
150 [ P, G 150 [ C
HM4864-3
20 [ P, G
2114AL-1
100 [ P, G
2114AL-2
120 [ P, G
HM472114A-1 2114AL-3
150 | P, G 150 [ P, G
HM472114A-2 2114A/L-4
20 [ P, G 20| P, G
2114A-5
1024X 4 18
HM472114-3
Static NMOS 4k 300 1 P, G
HM472114-4
450 [ P, G
(HM6148) 2148
0[P 0] PG
(HM6148-6) 2148-6
8 | P 8 | P, G
(HM6147H-35) | 2147H-1
35| PG $|GC
0961 8 (HM6147H-45) | 2147H-2
65 | PG $5]GC
(HM6147-3) 2147H-3
55 | PG 55 [ G C
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VUIUDD T v v

Mostek Motorola NEC Toshiba Mitsubishi Fujitsu Remarks
MBBZI6E
120 | C
MK4116-2 MCM4116-15 | pPD416-3 TMM416-2 M5K4116-2 MBB116H
150 [ P, G 150 [ P, G 15 [ P, G 150 | P, G 15 | P, C 15 | C
MK4116-3 MCM4116-20 | pPD416-2 TMM416-3 M5K4116-3 MB8116E
200 [ P, G 200 [ P, G 200 [ P, G 20 P, G 200 [ P, C 200 [ €
MK4116-4 MCM4116-25 | pPD416-1 TMM416-4 MB8116N
250 | P, G %0 | P, G 250 [ P, G 250 [ P, G 250 [ C
MCM4116-30 | 4PD416
30 [ P, G 30 P, G
MK4516-10 MCM4516-10 MB8118-10
100 [ P, G 100 [ PG 100 |
MK4516-12 MCM4516-12 MB8118-12
5V single
120 | P, G 120 | P, G 120 |
MK4164-10
0 [ PG
MK4164-12 TMMA4164-2
120 [ P, G 120 | ¢
MCM6664-15 | #PD4164-3 TMM4164-3 M5K4164-15 MB8264-15 )
5V single
150 | 150 | C 150 | C 150 | C 150 | €
MCM6664-20 | #PD4164-2 M5K4164-20 MB8264-20
200 [ C 200 | C 200 [ C 200 | C
MCM6664-25 | pPD4164-1
250 | C 250 [ C
#PD2114L-5
150 [ P, G
MK4114-3 MCM21/L14-20 | #PD2114L-3 | TMM314A/L-1 | M5L2114L-2 MBBII4E/L
200 [ P, C 20 [ P C 200 | P, G 200 | P 200 [ P, C 200 | P, C
MK4114-4 MCM21/L14-25 | pPD2114L-2
250 [ P, C 250 [ P, C 250 | P, C
MK4114-5 MCM21/L14-30 | #PD2114L-1 TMM314A/L-3 | M5L2114L-3 | MBSII4N/L
300 [ P, C 30 [P, C 30 [ P, C 30 [ P 30 ] p.C 30 [ P, C
MCM21/L14-45 | pPD2114 TMM3L4A/L | MSL2114L
450 [ P, C 450 [ P, C 450 | P 450 [ P. C
MK2148-70 MB8148-70/L
0] G.C ]G
MK2148-85
8 | G, C
MBBI47F-35
B[ G
MB8147F-45
$5] G
MK4027-55 “PD2147-3 TMM315-1 MB8147H
55 | P, G 55| G 5] G 5 | G
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Mode

Structure

Total Bit

Organization

Number of Pin

Hitachi

Intel

Texas

Static

NMOS

4k

4096 X 1

18

(HM6147/L)

2147/L

2147/L-7

0] PG

0 ][ PG

70 | P.G

2147-6

2147-9

8 | P, G

% [ PG

16k

2048 < 8

24

(HM6116/L-2)

120 [ P

(HM6116/L-3)

150 [ P

(HM6116/L-4)

200 | P

4016-45
450 P

16384 x1

20

(HM6167-3)

2167-3

55 | P

55 | G

(HM6167}

2167

[P

0 |G

CMOS

4k

4096 x 1

HM6147/1.-3

55 | P.G

HM6147/L

70 [ P, G

HM4315

50 [ P

1024 x4

HM6148/L

0] P

HM6148/1.-6

85 | P

HM4334-3

30 | P, G

HM4334-4

450 | P, G

16k

2048 %8

24

HM6116/L-2

120 [ P, G
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Cross-reference

Mostek Motorola NEC Toshiba Mitsubishi Fujitsu Remarks
MK4027-70 HPD2147-2 TMM315 MBSI4TE
0] PG 0] G 0] G 06
MK4027-90 MBSL4IN
9 [Pc %5 ]G
MK4802-70
]G C
MK 4802-90
0 ]G C
MK4802-1 (#PD446-2) TMM2016-1 MB8128-10
120 [ P, G, C 120 [ P, G wo [ P 100 [
(4PD446-1) TMM2016 M58725-15 MB8128-15
150 | P, G 150 [ P 150 [ P, G 150 |
MK4802-3 (#PD446) M58725
200 [ P. G, C 200 [ P, G 200 | P, G
MB8167-55
5 | G
MB8167-70
e
MB8404E
250 | G
MCM16504 TC5504 HM6504
50 [ P 50 [ P Compati.
TC5504-1
550 | P
TC5504-2
soo [ P
4PD444-3
200 [ P
4PD444-2 MBB414E
250 | P 250 | G
HPD444-1
300 [ P HM6514
#PD444 TCS5514 M58981-45 Compati.
50 | P 450 | P 450 | P, C
TC5514-1
650 | P
TCS514-2
800 [ P
#PD446-2
Hitachi Pin
o] p
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Cross-reference-

Mode Structure Total Bit | Organization | Number of Pin Hitachi Intel Texas
HM6116/1.-3
15 | P, G
HM6116/1.-4
200 ] P, G
Static CMOS 16k 2048 %8 24
HM6117/L-3
150 | P
HM6117/1.-4
200 | P
2. MOS ROM
Program Structure Total Bit | Organization | Number of Pin Hitachi Intel Texas
HN46332 TMS4732
350 | P 450 | P, G
32k 4096 x 8 24 1 1
23324
450 | P, G
Mask NMOS
u HN48364 TMS4764
64k 8192x8
350 [ P 30 | P
2364A
28
, 40 [ PG
HN462716-1 2716-1
350 | G 350 [ G, C
HN462716-2 2716-2
390 | G 390 [ G, ¢
N462716 271
16k 20488 2 i § TMS 2516
450 | G, C 450 | G, C 4650 | G, C
2716-5
490 [ G, C
2716~
Electrically 6;06 6 e
& NMOS NiEzsA 0 | A
UV Erasable
200 | G 200 | G, C
HN482732A-25 | 2732A
250 | G 250 [ G, C
HN482732A4-30 | 2732A-3
32k 4096x8 24 30 | G 00 |G ¢
HN462732-2 2732
390 [ G, ¢ 450 [ G, C
HN462732 2732-6
4650 | G, C 55 | G, C
HN462532-2 TMS2532-25
30 [ G 250 |G, C
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Cross-reference

Mostek Motorola NEC Toshiba Mitsubishi Fujitsu Remarks
4PD446-1
190 [ P Hitachi Pin
4PD446 MB8416
200 [ P 200
#PD447-2
120 [ P
#PD44T-1
Toshiba Pin
150 [ P
#PD447 TC5516A MB84L7
200 [ P 250 | P 200 [
NEC Pin
#PD449 MBB8418
200 | P 200 |
Mostek Motorola NEC Toshiba Mitsubishi Fujitsu Remarks
MK32000-5 MCM68A 332 #PD2332 TMM333 M58333 MB8332 _
Texas Pin
30 P, G 30 [ P, C 450 | P, G 450 | P 650 | P 200 [ P }
TMM2332 MB8333 )
350 | P 200 [ P }I"tel Pin
MK36000-4 MCM68B364 MB8364
250 [ P,G,C| 250 [ P, C 250 | P
MK36000-5 MCM68A364 #PD2364 M58334
30 [ PG, c[30]PC 450 [ P, G 65 | P
MK37000-4 TMM2364
250 [ P, G 250 [ P
MK2716-6 MCM27A16 MB8516H
350 | G 30 [ € 30 | G, C
MK2716-7
400 | G
MK2716-8 MCM2716 #PD2716 TMM323 M5L2716 MB8516
450 [ G 40 [ ¢ 450 | G, C 450 | G, C 450 | G 450 | G, C
MK2716-12
650 | G
MBM2732A-20
200 |
MBM2732A-25
250 |
MBB8532-35
Intel Pin
350 [ C
#PD2732 TMM2732 M5L.2732 MB8532-45
450 | G 450 ] G 450 [ G 450 [ C
M5L2732-6
55 | G
MCM25A32 )
301 C }Texas Pin
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Cross-reference

Program Structure Total Bit | Organization | Number of Pin Hitachi Intel Texas
221 (0968 2t HN462532 TMS2532-45
450 | G, C 450 | G, C
2764-2
. 20 | G
E'“‘;'“"y AMOS HN482764 2764
UV Erasabl 64k 8192x8 28 20 | G, %0 | G
rasable HN482764-3 2764-3 TMS2564-35
30 | G, C 30 | G 350 | G, C
HN482764-4 TMS2564-45
450 | G, C 450 | G, C
HN48016 2816
Electrically 350 [ P 250 |
Erasable NMOS 16k 2048 %8 24 28163
350 |
3. BIPOLAR RAM
Structure Total Bit | Organization| Number of Pin Output Hitachi Fairchild Texas
HM2504-1 93411A
4 ]G 5| G
2 X
5 2561 16 /¢ HM2504 93411 SN74S301
55 | G 55 | G, F 2 PG
HM2510-2 93415A
5] G 0 [ G F
HM2510-1 93415
L o/¢ #5 |G 65 [P, G, F
HM2510 SN74S314A
1k 10241 16 nlc CNEC
93425A
|G F
a5 HM2511-1 93425
|G 45 | G, F
HM2511 SN74S214A
70| G 70 [ PG
HM2105 F10410 SN10144
3 [ G 30} P,G,F | 30][GF
HM10414-1
8 |G
256 2561 16 HM10414 F10414
10 ]G 1] ¢
HM2106 F10411
5] G 3 [ P,G,F
HM10422 F10422
ECL
256 4 ot 10]c 10 [ G, F
HM100422 F100422
10 [ G F 10]GF
1 HM2110-2 F10415A
20 ] G 20| G, F
HM2110-1
4 X
1024x1 16 5[ G
HM2110 F10415
35 | G 35 | G, F
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Cross-reference

Mostek Motorola NEC Toshiba Mitsubishi Fujitsu Remarks
MCM2532 ]
450J G. C }Texas Pin
MCM68764 MBM2764-20
450 | C(24Pin) 200 | )

MK2764-8 MBM2764-25 Intel Pin
450 | C 250 |
MBM2764-30
300 | )
Texas Pin
2816 :
Byte Erase
10ms
Intel Motorola MMI Signetics NEC Fujitsu Remarks
3107A N82S117
60 [ G, C 0]
3107 6530 745301 4PB2206
80 [ G, C 55 | C 50 G 50] G
N93415A
e
MCM93415 N93415 uPB2205 MBM93415
5| P,G,F 6] G 50 [ G $s]G
N93425A
]G
MCM93425 N93425
45 [ G, F 45 ]G
MCM10144 4PB10144 MBT7044
30 | GF %] G 3] G
MB7042H
2]c
MCM10152 MB7042
45| G, F 5] G
MB7074
w]a
MB7046H
0] G
MCM10146 MB7046
30| G, F 35| G
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Cross-reference

Structure | Total Bit | Organization | Number of Pin Output Hitachi Fairchild Texas
N lozdx1 " HM100415 F100415
35 | G 5| G F
HM10474 F10474
%[ G 30 [ G.F
10244 18 HM100474 F100474
ECL % [ G F 30 [ G F
i HM10470-1
5] G
HM10470 F10470
X
4096 X 1 18 5] % | G.F
HM100470 F100470
%5 |G 35 [ G, F
3. BIPOLAR PROM
Structure Total Bit | Organization | Number of Pin Output Hitachi Fairchild Texas
TBP24SA41
0 [ P.G
0/¢ HN25044 93452
5 [ G 55 | G
4k 1024x4 18
TBP24541
a5 0 [ PG
HN25045 93453
50 [ G 5 [ G
0/C HN25084 TBP24SA81
TTL 20484 18 & ] G $5tp | P, G
a5 HN25085 TBP24S8]
80 ] G ttyp | P, G
HN25088 93450 TBP28SA86
0/C
60 | G 5 | G, F 60 [ P, G
8k
HN25089 93451 TBP28586
1024 %
0248 # s 6 [ G 55 | G F 60 | P,G
HN25168 93510
C
0/ 60 [ G 5 | G, F
HN25169 93511 TBP28S 166
16k 2048 %
0488 # 55 60 | G 5 | G, F 45typ | G
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Cross-reference

Intel Motorola MMI Signetics NEC Fujitsu Remarks
MB7076
5[ c
MB7078
5] cC
Intel Motorola MMI Signetics NEC Fujitsu Remarks
MBT121H
5| G
MBT121E
65| G
3605A-1
50 [ G
3605A-2 MCM7642 6352-1 N82S136 #PB406 MB7059
60 | G 0] 60 [ G 60 | G 70 ]G 0]
MB7122H
3% |G
MBT122E
45 | G
3625A-1
5 | G
3625A-2 MCM7643 6353-1 N83S137 #PB426 MB7054
60 | ¢ e 60 [ G 60 [ G 0][c 0 ]G
MCM7684 N82S184
80 | G 100 | C
MCM7685 N825188 MB7128E
80 | G 100 | C 55 | G
3608 MCM7680 6380-1 N825182 4PB408 MB7060
80 | G 70-] G 90 ]G 60 | G 8 | G 250 | G
3628A-1
50 [ G
3628A MCM7681 6381-1 N825183 4PB428 MB7132E
60 | G 0] G % ]G 60 | P, G 8 | G 55 | G
3628
8] a
3628-4 MB7055
100 [ G 250 | G
N82S 190
80| ¢
3636-1 N825191 MBT7138E
65 | G 80 ] ¢ 55 [ G
3636
80| G
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HITACHI, LTD. SEMICONDUCTOR AND
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Tai Ling Pai RD., Kwai Cheongrd., Kwai Chung. N. T
Tel: 0-295661 5

Telex: 64644 HISEKHK

Fax: 852-0-251012

Branch offices

Hitachi Semiconductor {Hong Kong) Ltd.
Taiwan Branch Office

No. 73 7th F1-1, Fu Shing N. RD.

Hsing Nan Bldg. Taipei, Taiwan

Tel: 02-773-2162 3

Telex: 23222 HISEKTWN

Hitachi Semiconductor (Hong Kong) Ltd.
Singapore Branch Office

60 Benoi Road, Singapore 2262

Tel: 268-9658

Telex: RS33904 HEDS







REGIONAL OFFICES

For further information, contact your Regional Sales Office:

North Central
500 Park Blvd.
Suite 415
ltasca, IL 60143
312-773-4864

Northwest

9700 Reseda Bivd,

Suite 208

Northridge, CA 91324

213-701-6606

Eastern

594 Marrett Road,
Suite 22
L . ; LD Lexington, MA O2173
% Ange, - ) [ 617-861-1642
Southwest
9700 Reseda Blvd, Suite 208
Northridge, CA 91324
213-701-6606
Southern

6200 Savoy Drive, Suite 704
Houston, TX 77036
713-974-0534

Houston
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