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•QUICK REFERENCE GUIDE TO HITACHI IC MEMORIES 

•Mos RAM 

Organization Access Cycle Supply Power Package! 
Total 

Mode Type No. Process (word Time Time Voltage Dissipation Page 
Bit Pin CG G p FP SP 

x bit) (ns)max (ns)min (V) (W) No. 

HM6184H-35 35 35 • • 46 

HM6148H-45 45 45 O.lm 0.25 • • 46 

HM6148H-55 55 55 • • 46 
1024 x 4 • HM6148HL-35 35 35 50 

HM6148HL-45 45 45 5µ 0.25 • 311 

HM6148HL-55 55 55 • 50 
4k-bit 18 • • --

HM6147H-35 35 35 ;);) 

HM6147H-45 45 45 O.lm;0.15 • • 55 

HM6147H-55 55 55 • • --
JO 

4096x1 • HM6147HL-35 35 35 61 

HM6147HL-45 45 45 5µ/0 15 • 61 

HM6147HL-55 55 55 • 61 

HM6116-2 120 120 O.lm;0.2 • • • • 65 

HM6116-3 150 150 • • • • 6'> 

HM6116-4 200 200 
O.lm."0.18 • • • • 65 

HM6116L-2 120 120 20w'.i0.18 • • • 80 

HM6116L-3 150 150 • • • 811 

HM6116L-4 200 200 
20µ6/0.16 • • • 811 

HM6116A-12 120 120 • • 98 

HM6116A-15 150 159 O.lm/15m • • 98 
2048X8 24 • • HM6116A-20 200 200 98 

HM6116AL-12 120 120 • • 102 

HM6116AL-15 150 150 5µ/IOm • • 102 

HM6116AL-20 200 200 • • 102 
Static CMOS +5 • • HM6117-3 150 150 106 

HM6117-4 200 200 
O.lm/0.2 • • 106 

HM6117L-3 150 150 • • 116 

HM6117L-4 200 200 
10µ/0.18 • • 116 

HM6168H-45 45 45 • • 128 

HM6168H-55 55 55 O.lm/0.25 • • 128 
16k-bit • • 128 HM6168H-70 70 70 

4096X4 20 • HM6168HL-45 45 45 132 

HM6168HL-55 55 55 5µ/0.25 • 132 

HM6168HL-70 70 70 • 132 

HM6167 70 70 • • 137 

HM6167-6 85 85 O.lm/0.15 • • 137 

HM6167-8 100 100 • • 137 

HM6167L 70 70 • 143 

HM6167L-6 85 85 5µ/0.15 • 143 

HM6167L-8 100 100 • 143 

HM6167H-45 45 45 • • • 147 
16384x1 O.lm/0.2 20 • • • HM6167H-55 55 55 147 

HM6167HL-45 45 45 • 158 

HM6167HL-55 55 55 
5µ/0.2 • 158 

HM6267-35 .. 35 35 • 162 

HM6267-45" 45 45 
O.lm/0.25 • 162 

(to be continued) 
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Total 
Organization Access Cycle Supply 

Mode Type No. Process (Word Time Time Voltage Bit 
x bit) (ns)max (ns)min (V) 

HM6264-10 100 100 
HM6264-12 120 120 

HM6264-15 150 150 
HM6264L-10 

8192X8 
100 100 

HM6264L-12 120 120 Static 64k-bit CMOS 15 HM6264L-15 150 150 
HM6287-55' 55 55 
HM6287-70' 70 70 

65536 x I 
HM6287L-55 • 55 55 
HM6287L-70' 70 70 

Psude Hl\165256-15' 150 150 
Static 256k-bit CMOS 32768 X8 +5 Hl\165256-20' 200 200 

HM48416A-12 120 230 
HM48416A-15 16384 x 4 150 260 

HM48416A-20 200 330 

64k-bit 
Hl\14864-2 150 270 

Hl\14864-3 200 335 
HM4864A-12 65536 x I 120 220 

HM4864A-15 150 260 Dynamic NMOS +5 HM4864A-20 200 330 
Hl\150256-12 120 220 
Hl\150256-15 150 260 

Hl\150256-20 200 330 256k-bit 262144 x 1 
Hl\150257-12 120 220 
Hl\150257-15 150 260 
HM50257-20 200 330 

• l'nder de\·eloµrnent •• I'rt'lin1inan HM6116LP LFP Series: 10µ W 
t The µackagt" code~ of((;, C. I'. FP ctnd SJ' are applit'd to tht· !XJCkag\' mall'ntib ct~ follows. 

CC : Clas::.-seaiL'd C<irarnic LeadlL·s~ Ch1µ Carm.'r. c; : Ct•rdip, l' : Plastic DIP. 
FP : Fiat Plastic Package (SOP), SP : Skinny Type Plastic DIP 
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Power Package' 
Dissipation Page 

Pin CG G p FP SP (W) No. 

• 166 
O.lm/0.2 • • 166 

• • 166 
28 • 176 

10µ/0.2 • • 176 

• • 176 

• • 188 O.lm/0.3 • • 188 
22 • 189 10µ, 0.3 • 189 

• 190 7m,0.3 28 • 190 

• 192 
20m, 0.3 18 • 192 

• 192 

• • 199 
20m. 0.33 • • 199 

• • • 209 

20m 0.25 • • • 209 

• • • 209 

16 • • 219 

20m 0.35 • • 219 

• • 219 

• • 226 
20m.'0.35 • • 226 

• • 226 
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•MOS ROM 

Organization 
Total 

Mode Type No. Process (Word 
Bit 

x bit) 

HN61364 

HN61364H .. 
64k·bit 8192 X8 

HN61365 

HN61366 

HN61312S 
Mask 12Sk-bit CMOS 163S4 XS 

HN613128H .. 

HN61256 32768 x8 or 
65536 X4 

256k-bit HN613256 

HN613256H., 
32768 XS 

lM-bit HN62301 .. 131072 x s 
HN482732A-20 

32k-bit HN482732A-25 4096 x 8 

HN482732A-30 

HN4S2764 
NMOS 

HN482764-2 

HN4S2764-3 

64k-bit HN27C64-15 8192XS 

U. V. Erasablce IIN27C64-20 

& Electrically HN27C64-25 
CMOS 

HN27C64-30 

H N 4827128· 25 

128k-bit HN4S27128-30 163S4 x 8 

HN4S2712S-45 NMOS 

256k-bit 
HN27256-25" 

32768 X8 
HN27256-30'' 

One Time 64k-bit HN4S2764-3 8192X8 

Electrically 128k-bit HN482712S-30'' 
NMOS 

16384 XS 

Electrically 
HN58064-25" 

Erasable & 64k-bit HN58064-30" NMOS 8192X8 
Programmable HN58064-45" 

• Under de\·el1ipmc11t .. PrPliminarv 
t The packadt• code:-; nf (;. P and FP an'. applied to the packge material as follows 

G : Ct:>rd1p, P : Pla~tic DIP. FP: Pla~tic Flat Package 

Access 

Time 

(ns)max 

250 

200 

~ 
250 

250 

200 

3500 

250 

200 

350 

200 

250 

300 

250 

200 

300 

150 

200 

250 

300 

250 

300 

450 

250 

300 

300 

300 

250 

300 

450 
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Supply Power Package t 
Voltage Dissipation Page 

Pin c G p FP (V) (W) No. 

• • 234 
28 • 236 

5µ/50m • 237 
24 • 239 

• • 241 
I 5 5µ/50m • 243 

5µ.!7.5m • • 244 
28 • • 246 

5µ/50m • 248 

2m/75m • 249 

• 254 

O. lK 0.S 24 • 254 

• 254 

• 258 

0.18 0.55 • 258 

• 258 

• 267 

• 267 
+5 0.55m 0.17 • 267 

28 • 267 

• 272 

0.18 0.53 • 272 

• 272 

• 280 
0.22 0.55 • 280 

O.lS 0.55 • 263 
+5 28 

0.18 0.53 • 276 

• 28.j 

+5 0.22 0.55 28 • 28.j 

• 28.j 



•BIPOLAR RAM 

Organiza- Access Supply Power Package t Total 
Replace-Level Type No. ti on Output Time Voltage Dissipation Page Bit Pin 

F G cc ment (wordXbit) (ns)max (V) lmW bit) No_ 
HM10414 10 • FI0414 290 256 256X! 2.8 • HM!0414-l 8 2911 
HM2110 35 • Fl0415 294 

0.5 16 • HM2110-l 25 Fl0415A 294 ]024X 1 • HM2112 10 298 IK 0.8 • HM2112-l 8 298 
HM10422 10 0.8 • Fl0422 :m:i 256X4 24 • HM10422-7 7 LO :lll8 
HM!0470 25 • F!0470 :n 1 
HM10470-l 15 

0.2 
18 • :lll ECL 4096X 1 • HM10470-20 20 -5.2 11.25 :ll6 !OK 

• HM2142 10 0.3 20 :ng 4K 

• HM10474 25 0.2 F!0474 :122 
HM!0474-8" 8 • :J27 1024 x 4 0.3 24 • HM10474-JO .. JO :J27 
HM10474-15 

Open 
15 0.2 • :i22 Emitter • • HMI0480 25 0.05 F!0480 :no 

HMI0480-J5 .. 16384 x I 15 20 • :i:n 
0.06 • 16K HM10480-20 .. 20 :i:n 

HM10484-15• 15 • :l:l6 4096 X4 0.06 28 • HM10484-20• 20 :n6 
HM!00415 1024x1 10 0.6 16 • • Fl011415 :tl9 IK 

• • • Fl00422 HM!00422 256X4 10 (1_8 24 :l42 
HM!00470 4096 x 1 25 0.2 18 • Fl00470 :l45 

4K HMI00474 25 • • Fl00474 :l48 1024 x 4 0.2 24 • • ECL HM100474-15 15 :l48 -4.5 • • lOOK HM!00480 25 0.05 F!00480 :is:i 
HM100480-J5• 16384 x I 15 20 • 356 

0.06 • 16K Hl\1100480-20' 20 :l56 
Hl\1100484-15• 15 • 359 4096 x 4 0.06 28 HM!00484-20' 20 • :l:J9 
HM2510 70 • 362 
HM2510-l 

Open 
45 0.5 • 93415 :l62 Collector • TTL IK HM2510-2 1024 x I 35 +5 16 93415A 362 

HM2511 70 • 366 3-state ()_5 • HM2511-l 45 93425 :l66 
• Under development •• Preliminary 
t The package codes of F.C and CC are applied to the packge materials as follows. 

F : Flat Package. G : Cerdip. CC : Ceramic Leadless Chip Carrier 
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• PACKAGE INFORMATION (Dimensions in mm) 

•Dual-in-line Plastic 

• DP-16 • DP-16A 

• DP-18 

O.Slm1n 

~S06mu 

o- is·lL~lo.20-0.38 

• DP-22A 
22 
21 
20 

19 

rj 
18 
17 
16 
15 
14 

~ 111 13 -
II 12 ::: 1 

- 6.6 

• DP-24A • DP-28 

12 @HITACHI 
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Applicable ICs 

DP-16 HM4864P-2, HM4864P-3, HM4864AP-12, HM4864AP-15, HM4864AP-20 

DP-16A HM50256P-12, HM50256P-15, HM50256P-20, HM50257P-12, HM50257P-15, HM50257P-20 

DP-18 HM6!48HP-35, HM6148HP-45, HM6148HP-55, HM6148HLP-35, HM6148HLP-45, HM6148HLP-55, HM6147HP-35, 
HM6147HP-45,HM6!47HP-55,HM6147HLP-35,HM6147HLP-45,HM6147HLP-55,HM48416AP-!2,HM48416AP-15,HM48416AP-20 

HM6168HP-45, HM6168HP-55, HM6168HP-70, HM6!68HLP-45, HM6!68HLP-55, HM6168HLP-70, HM6167P, 
DP-20 HM6167P-6, HM6167P-8, HM6167LP, HM6167LP-6, HM6167LP-8, HM6167HP-45, HM6167HP-55, HM6167HLP-45, 

HM6167HLP-55, HM6267P-35, HM6267P-45 

DP-22A HM6287P-55, HM6287P-70, HM6287LP-55, HM6287LP-70 

HM6116P-2, HM6116P-3, HM6116P-4, HM6116LP-2, HM6116LP-3, HM6116LP-4, HM6116AP-12, HM6116AP-15, 
DP-24 HM6116AP-20, HM6116ALP-12,' HM6116ALP-15, HM6116ALP-20, HM6117P-3, HM6117P-4, HM6117LP-3, HM6117LP-4, 

HN61365P, HN61366P 

DP-24A HM6116ASP-12, HM6116ASP-!5, HM6116ASP-20, HM6116ALSP-12, HM6116ALSP-15, HM6116ALSP-20 

HM6264P-!O, HM6264P-12, HM6264P-15, HM6264LP-10, HM6264LP-12, HM6264LP-15, HM65256P-15, HM65256P-20, 
DP-28 HN61364P, HN6!364HP, HN6!3128P, HN6!3128HP, HN6!256P, HN613256P, HN613256HP, HN62301P, HN482764P-3, 

HN4827128P-30, HN58064P-25, HN58064P-30, HN58064P-45 

•CERDIP 

• DG-16A 

• DG-168 • DG-18 

~~ 
·. I 

"'"-rur;~ ¥-~It.\~ 

'i.Ollmax 2.~n11n 

r--__ ti_J'._l __ 

Hil.~ 
r

i:, 
_l~, 

i.i,:.= 
).\ """" 

l:.! 

11 

JO 

ti'' 

~ .3:: 

~-i_r-----i I<'~~ 

I!~ 1'1:. 
I :l~ [nfj 

~ ~ 15 

i' 
n 
I! 
II 

R 

-

r _rr-lfl>l _\_,._,,,. 

(to be continued) 

@HITACHI 13 



• DG-20 

• DG-24A 

• DG-28 

Applicable !Ca 

~ EEl 
ll.~ll-H.J_ ! J\_o'-J5' 

28 
27 
26 
25 
24 
23 
22 ~ 

21 ~ 
2() 

19 
IQ 
17 
16 
15 

N 

1524 

~ 589max 

o·-1s·~lo20-036 

DG-16 HMI0414, HMI0414-l. Hl>2912 

• DG-24 

• DG-28A 

DG-16A HM2110, HM2110-l, HM2112. HM2112-I, HMI00415, HM2510, HM2510-l. HM2510-2. HM2511. HM2511-I. 
HD2923 

IO 
II 
12 

HD2916. 

DG-168 HM4864-2, HM4864-3, HM4864A-12. HM4864A-15. HM4864A-20. HM50256-12. HM50256-15. HM50256-20, HM50257-12, 
HM50257-15, HM50257-20 

DG-18 HM6148H-35. HM6148H-45. HM6148H-55. HM6147H-35. HM6147H-45. HM6147H-55, HM10470, HM104'0-l, HMI0470-15. 
HM100470 

DG-20 HM6168H-45, HM6168H-55. HM6168H-70, HM6167, HM6167-6, HM6167-8. HM6167H-45. HM6167H-55_ HM2142. 
HMI0480, HM10480-15, HM10480-20, HM100480, HM100480-15, HMI00480-20 

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

DG-24A HMI0422. HM10422-7. HMI0474, HMl0474-8, HM10474-10, HM10474-15. HMI00422. HMI00474. 
HMI00474-15 

DG-248 HN482732AG-20, HN482732AG-25, HN482732AG-30 

DG-28 HN482764G, HN482764G-2, HN482764G-3, HN27C64G-l5, HN27C64G-20. HN27C64G-25. HN2iC64G-30, HN482718G-25. 
HN4827128G-30, HN4827128G-45, HN27256G-25, HN27256G-30 

DG-28A HMI0484-15, HMI0484-20, HMI00484-15, HMI00484-20 
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24 
23 
22 
21 
211 
19 ~ 

I~ M 

17 
16 

M 

2.~1im1;li.5"11m111 

W.16 :l::lllm-;_x 

L,"-"1 n'- !:i' 



Package Information 

•Flat Packages 

• FP-24 • FP-28 

• FP-54 • FG-20 

, I lPMrn 

I "T' I ~I ~ 

• FG-24 

•Applicable ICs 

IHM6116FP 2 HM6l 
FP-24 HM6116LFP~2 HM6116FP 3, HM6116FP-4, -

HM6117FP-3, 'HM61l::L~P-3, HM6116LFP-4, 
HM6117LFP 4 p 4, HM6117LFP-3, 

FP-54 HN61364FP HN613 HN613256FP IZSFP. HN6!256FP, -

FG-20 HM10480F, HMI00480F 

FG-24 HM100422F, HM!00474F 
HM!00474F 15 ' 
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Package Information 

• Leadless Chip Carrier 

• CC-24 

• 
• CG-20 

• CG-32 

16 

d 

~'b-~~--< 
l 1{11.:1 

fii 
-;:~:n 

1143 
10.83 

x 

1 
~~y ~-t-y 

I 
'X' 

2.JSma 

• CG-18 

_ liJ.Hll± O.:l81 _. 

"10 rra ~I l/j 
~ ~·~ ' 

• CG-22 

• Applicable ICs 

CC-24 HM100415CC, HM100422CC 

CG-lS HM4864ACG-12. HM4864ACG-15 
HM4864ACG-20 

CG-20 HM6167HCG-45, HM6167HCG-55 

CG-22 HM6287CG-55, HM6287CG-70 

CG-32 HM6116CG-2, HM6116CG-55 
HM6116CG-4 
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• RELIABILITY OF HITACHI IC MEMORIES 

1. STRUCTURE 
IC memories are structurally classified into bipolar 
type and MOS type. The former has a characteristic 
of an extremely high speed. But it is a comparative
ly small capacity and on the other hand, the latter 
features a large capacity. These IC memories are 
utilized by effectively taking the most of their 
respective characteristics. 
Flows from designing, manufacturing and up to 
inspection for both Bipolar and MOS type IC 
memories are established under a unified concept, 
design and inspection standards. Therefore stable 
results concerning their reliability have been ob
tained with these IC memories, regardless of differ
ences in the circuit design, pattern, layout, degree of 

integration, etc. 

From its characteristics, the memory LSI 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 

Classification 

Application 

Example of 
basic cell 
circuit 

Bipolar memory 
(RAM) 

Buffer memory, 
control memory 
of high-speed 
computer 

Bipolar memory 
(PROM) 

Microcomputer 
control use 

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. 

NMOS memory 
(Dynamic RAM) 

NMOS, CMOS 
memories 

Static RAM 

Main memory of computer, 
microcomputer memory 

NMOS memory 
(PROM) 

For 
microcomputer 
control 

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. 

• Table 2 Examples of IC Memory Package Outlines 

• Cerdip 

• 16 pin • 18 Pin • 20 Pin • 24 Pin 
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Reliability of Hitachi IC Memories------------------------

18 

• 24 Pin with Lid 

•Plastic DIP 

• 16 Pin 

• 24 Pin 

• Leadless Chip Carrier 

• 18 Pin 

•SOP 

• 24 Pin 

• 28 Pin with Lid 

• 18 Pin • 20 Pin 

• 28 Pin 

• 20 Pin • 24 Pin • 32 Pin 

• 
• 28 Pin 
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----------------------------Reliability of Hitachi IC Memories 

2. RELIABILITY DATA Results of reliability tests are listed below. 
2-1 Reliability test data on Bipolar memories 
The reliability test data on the Bipolar memories are 
shown in Tables 3 and 4. Since they are manufac
tured under the aforementioned standardized design 

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

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

HM10470 Cerdip HMl 00422 (Chip Carrier) 
Test item Test condition Total Failure Total Failure Samples component Failures rate* Samples component Failures rate* hours hours 

Ta;l25°C C.H. I/hr 
VEE; -5.2V 125 4.0xlO' 0 2.3x10·• - - - -

(HM10470) 
High-

Ta; 150°C tempera tu re 
(Operating) VEE; -5.2V 

(HM104 70) 80 2.7x!O' 0 3.4xJo·• 40 4xl04 0 2.3x10-s 
Vee; -5.0V 

(HM100422) 

High- Ta; 200°C 27 2. 7xl 04 0 3.4x1o·s 40 4xl04 0 2.3x!o·s temperature 
storage Ta; 295°C 20 2.0xl04 0 4.6x10-s 40 4xl04 0 2.3x10-s 

* Estimated failure rate with confidence level 60%. 

• Table 4 Result on Bipolar Memory Reliability Tests (2) 
-------------------,.------------ --------------------------------

Test item Test condition HM104 70 (Cerdip) HMl 00422 (Chip carrier) 

Samples Failures Samples Failures 
Temperature cycling -65°C - +150°C, IO cycles 120 0 40 0 
Soldering heat 260°C, 10 seconds 22 0 ----------+---------------1-- --·- --- -- +---------+-----Thermal shock 0°C - +100°C, 10 cycles 36 0 20 0 ----------+------------- ------ t--------+------T--------;------

1500G, 0.5ms, Mechanical shock 30 0 60 0 Three times each for X, Y and Z 
--------~~·- --- -----t---------+-----T-----+------

Variable frequency 
Three times each for X, Y and Z 

100 - 2000Hz, 20G 
0 40 0 60 

Co nstan t-accelera ti on 20000G, I minute, each for X, Y and Z 40 0 60 0 

2-2 Reliability test data on MOS memories 
The reliability tes~ data on the MOS memories are 
shown in Tables 5, 6 and 7. In these tables, data are 
shown on representative types of HM50256 (256K 

DRAM), HM4864AP (64K DRAM), HM6264P 
(64K SRAM), HM6116P/FP (16K SRAM), 
HN4827128 (128K EPROM) and leadless chip 
carrier device of 64K DRAM, 4K/16K SRAM. 

•Table 5 Results on MOS Memory Reliability Test (1) 
HM50256 (Ceramic) HN4827128G (Cerdip) 

Test item Test 
Sam- Total Fail- Failure Sam- Total Fail- Failure 

Remarks 
Condition component pies ures rate* pies component ures rate* hours hours -------~ 

Ta; 125°C I/hr I/hr 
Vee; 5.5V - - - - 100 I.Ox 105 0 9.2xlo-• 

High-
fcyc ; 3µs 

tern per a ture 
Ta; 150°C 

Oxide dynamic Vee;8V/7V 723 1.44xIO' 7 5.8xlo-• - - - - failure x 7 operation fcyc ; 3µs 

Ta;l25°C 
Oxide Vee;8V/7V 2920 1.12xl0' 2 2.8x10-• - - - - failure x 2 fcyc; 3µs 

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

• Table 6 Results on MOS Memory Reliability Tests (2) 
---------------------------~----

Test 
condition 

>----~_H_M_48_6 __ 4_AP_(~P._la_s t_i~c ) ___ -+ ____ H_M_6_26_4_P~(P_la_s_t i_c~) ___ __, 
Remarks 

Test item Sam- Total Fail- Failure Sam- Total Fail- Failure 
pies component ures rate* pies component ures rate* 

!JJ = 150°C 
Vee= 7V 
tcyc = 3µs 

_____ _L _____ _j_ ___ ~o~u~r~s--+---+-----+--+-__ch~o~u~rs=---+---+-----+----
1/hr I/hr 

High
temperature 
dynamic 
operation 

173 l.73xl0 5 0 l.3x10-• 

--- ---+-----+------+----+------+--+--------! 

Ta=l25°C 
Vee= 7V 
tcyc = 3µs 

173 l.73xl0 5 0 l.3xl0- 6 774 8.4xl0 5 2 3.7xl0-6 
Isolation 
'failure x 1 
Defective 

-- ·----+----_J_ __ _ --+------+---+-------+ crystal x 1 
High-temper
ature and 
high-humi
dity bias 

Ta= 85°C 
RH= 85% 
Vee= 5.5V 

177 l.77xl0' 0 5.2xl0-6 304 3xl05 0 3x10-• 

Pressure 
cooker 

Ta= 121°C 
RH= 85% 
storage 

22 l.lxl04 0 8.4x10-s 55 2.2xl04 0 4.2x10-s 

* Estimated failure rate with confidence level 60%. 

• Table 7 Results on MOS Memory Reliability Tests (3) 

HM50256 EPROM 

Test item Test (cerdip) (Cerdip) 
condition Sam- Fail- Sam- Fail-

pies ures pies ures 

Temperature -55°C-+150°C 386 0 775 
cycling 10 cycles 
Temperature -55°C-+150°C 116 0 250 
cycling 1000 cycles 
Thermal -65°C-+150°C 145 0 146 
shock 15 cycles 
Soldering 260°C 50 0 90 
heat 10 seconds 
Mechanical 1500G 38 0 90 
shock 0.5ms 
Variable 20Hz-2000Hz 38 0 90 
frequency 20G 
Constant- 20,000G 38 0 90 
acceleration 

2.3 Change of electrical characteristics under endur-

ance test for IC memories 
The degradation of lcso of the cell transistor, 

degradation of hFE· etc., can be considered as main 

factors in the internal elements for reliability of 

Bipolar memories. In actual element designing, 

0 

0 

0 

0 

0 

0 

O* 

Fig. 1 Example of Change in Bipolar Memory Characteristics 

HM6116P HM6116FP LCC 

Sam- Fail- Sam- Fail- Sam- Fail-
Remarks 

pies ures pies ures pies ures 

5462 0 1838 0 860 0 

100 0 90 O* 445 0 *500 cycles 

38 0 38 0 498 0 

22 0 297 0 82 0 

- - - - 82 0 

- - - - 82 0 

- - - - 82 0 *6000G 

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=l25°C, VEE=-5.2V Measuring Condition I Maximum 
Ave rage 

Failure criteria tAA=25ns Minimum 

Failure mechanism Surface degradation 
35 Marching Pattern 

Results: 30 -

l l I j 
Access time (tAAl is stabilized and is within the failure _s 25 
criteria. ~ 

~ 

20 

15 

u 500 1,000 
-\\-

2,000 

Time (hrl 
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-----------------------------Reliability of Hitachi Memories 

VTH is a basic parameter in the MOS memories, 
hoV11ever, it has been confirmed there is not any 
shift in VTH for practical usage because we have 
applied surface stabilizing technique, clean process, 
etc. 

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

:0: 5 

= 4 E 
;-> 3 

:;: 2 

1 

H ~!4864-1 ,\ - S1Jpcs 

---------------Spec1firat1on 

+-+---+----1-----+---<I ~1~,~~ .. o: .. 
M,., 

1,500 
Time I hrs I 

2,000 

Fig. 2 V CC min time dependence in dynamic operation 
test at 125° C 

1so~------------------------
HM4864-3 Measuring 
N=50pcs Conditions 

Disturb Pattern 

](l() 

:: 50 

5(1(1 1.00(! 

Time 1 hrs', 

J.500 

Specification 

~ms 

I 
= 

2,000 

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

2-4 Classification of failure modes 
Examples of failures happened in the field are 
shown in Fig. 4 and 5. Since memory LSls generally 
require the most fine processing in semiconductor 
manufacturing technology, the percentage of fail
ures resulting from pinholes, photoresist defects, 
foreign materials, etc., is tending to increase. To 
eliminate the latent defects which are generated in 
these manufacturing processes, we are constantly 

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

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

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 TH 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 

Polys il·icon Gate 

Silicon Substrate L ____ \-_J 
Information Stnrage AreaT 

\ le being absent)) 

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 "O" to "1" will t<Jke 

place. On the other hand, with decrease of standard 

potential, misoperation from information "1 '' to 

"O" 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. 

~~ 
l ~--C"". J i 

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

(b) Incident ex-particle generate a 

large quantity of electron-hole 
pairs. Generated electrons enter 
the informatiOn storage area and 

holes are drawn to the substrate 
power supply. 

(c) Inversion of memory informa

tion from "1 " (electrons "ab

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

Fig. 6 Misoperation in Memory Cell 
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Bit Line Potential 

/ Information 

Reference Level 

'!' 

~ 
\c_ __ lc_fo_rmat1on "()" 

Pre- !nforamuon Amplified 
chargf' Read Cycle 

0 

(a) Read out memory information 
into bit line 

(b) Inversion of information 
from "1" to "O" 

(c) Inversion of information 
from "O" to "1 " 

(fall of "1 " potential) (fall of standard potential) 

Fig. 7 Misoperation on Bit Line 
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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 O!-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 O!-particles. 

2) Application of chip coating technology to pre

vent the O!-particles. 

3) Use of circuitry and layout technology with 

inherent ability to resist O!-particles. 

Owing to these corrective measures, soft errors in 

64K DRAM have reached a practically acceptable 

level. Preventive measures applied for 64K DRAM 

are also applied to other types. 16K DRAM with 

single power supply 5V family, for which chip 

coating was originally used, no longer requires this 

coating because of remarkable improvement by the 
third measure. 
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Fig. 9 Example of Soft Error Improvement on 64K-bit 
Dynamic RAM 

3.3 Request for soft error preventative measures in 
system equipment 

Thus our efforts to reduce soft errors have resulted 

in almost trouble-free memories. System reliability 

can be more improved by supplying some functions, 

that is, ECC device for lage memory system and 

parity bit for small one. 

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: 

(I) For large scale computers and electronic 

exchangers 

(I I) For important parts for auto-motive applica-

tion 

(II I) General com mun ication-i ndustrial use 

In using our products, therefore, we would like you 

to consider the classification of the application. 

Especially, when you are going to apply our 

memories to any special equipment, please do not 

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

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

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

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

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

Insula tcd clip 

~~ 
I \ I, Copper ring '1 

· r I put rt on a mger. Shielding wire ' 
about 1 meter 1M!1'4W resistor 

Fig. 1 

(3) It is advisable to control the ambient relative 

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

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

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

1.3 Mounting and Removal of I Cs during Voltage is 
supplied 

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

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

1.5 Precaution on Simple "H" Level of ECL 
Memory 

In some cases, it is seen that input of I Cs is directly 
connected to ground to fix input as "H" level. 
However, it sometimes causes misoperation in con
junction with internal circuit composition. "H" and 
"L" leveJ of input are specified as V1L(min) and 
V1H(max) for ICs respectively. Please refer them 
and use I Cs properly. 

1.6 Cooling 
humidity at about 50 per cent to prevent the Power dissipation of bipolar memory is 400mW to 
occurrence of static electricity. 1000mW depending on products. In the case many (4) It is also recommendable to wear cotton clothes bipolar memories are mounted on the board, natural 
instead of the ones made of synthetic fabrics to convention is insufficient for cooling. Therefore, 
prevent the static electricity from occurring. please run forced air cooling with velocity higher 
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than 2.5m/s. In addition, by cooling, improvement 

of reliability can be expected as shown in Fig. 2. 

We recommend the junction temperature to be kept 

less than 85°C for high reliability use. 

lll ' 

10 ) 
K 

10 ' 
~ 

~ 
1'-

11 ) 

l 
·1·0 10 3 T, ( K'1 3·) 

~l)\) l 75 15\1 12'l j()\1 7'1 :i() 

Fig. 2 Example of derating of ECL 

1. 7 Other Precautions 

(1) Deforming of magazine and carrier 

Since material of plastic magazine and carrier 

(for ECL flat package) is usually thermal 

plasticity, they deforms at temperature higher 

than 40 to 50°C and may not perform suffi

ciently. If burn-in is carried out at users, please 

use aluminum magazine or other metal fixtures. 

(2) Shock at transportation 

Glass sealed type package is fragile. Usual 

handling and drop test (JIS C7021 A-8) on 

individual devices do not cause any problem. 

However, it devices packed in magazine receive 

strong shock such as drop shock, devices hit 

neighbouring devices and packages may be 

damaged. Therefore, at transportation or load

ing on/off, be careful not to drop them. Even 

after devices are mounted on board, IC 

packages may be damaged if strength of board 

is not enough and board receives strong deform

ing stress. Please be careful on strength of 

board and handling. If any questions rose at 

using Hitachi products, please feel free to 

contact closest Hitachi representatives or 

offices. 

2. MOS IC MEMORY 
2. 1 Prevention of static electricity 

Similar to bipolar IC memories, suitable preventive 

measures should be taken for MOS IC memories by 

referring to paragraph 1.1. 

2.2 Absorption of power source noise 

The source current level flowing in the dynamic 

memory during the time of access is considerably 

different from that of stand by. Although the 

current difference is quite effective to save the 

power consumption, the current spike may be 

developed into the power source noise. Since all 

MOS IC memories are, in general, accessed while 

being refreshed, it is recommended to insert large 

capacitors (a 10 µF capacitor for every 9 pieces of 

64K-bit HM4864P, for example) as well as a 0.1 µF 

capacitor having good high-frequency characteristics 

for each memory. Needless to say, it is very 

important to reduce the power circuit impedance 

when designing. 

2.3 Assessment of the memory system design 

It is quite effective to obtain the power margin 

curves (shmoo curve) for evaluating the memory 

system designs (timing margin or adaptability to the 

peripheral circuits). Investigate the V DD and access 

time behaviors by gradually varying theri levels, 

and the ones which are closer to the margine shown 

by the memory device itself can be judged to be 

better than others. 

2.4 Overhead parity bit 

Application of MOS IC static memory especially to 

microcomputers has been rapidly increasing due to 

the advantages that MOS static memory is operated 

by a single 5V power source and refreshing is not 

required. 

There are some cases where all bits are used as the 

information bit without inclusion of any parity bit 

by some circuit designing reasons. It is, however, 

desirable to add parity bits to thoroughly avoid the 

memory error. 

2.5 Use under high electric field 

In case MOS IC memories are placed near to high 

voltage source, the high electric field may cause 

failures in system operation. 

In order to avoid the problem, it is advisable to 

shield the parts or keep them away enough from the 

high voltage source. 
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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, reliatility target of system, 
derating applied in design, operating condition, 
maintenance, etc. 
2-2 Reliability Design 
To achieve the reliability required based on reliabil~ 
ity targets, timely sude and execution of design 
standardization, device design (include process 

design, structure design). design review, reliability 
test are essential. 
(1) Design Standardization 
Establishement of design rule, and standerdization 
of parts, material and process are necessary. As for 
design rule, critical items on quality and reliability 
are always studied at circuit design, device design, 
layout design, etc. Therefore, as long as standard
ized process, material, etc. are used, reliability risk is 
extremely small even in new development devices 
only except for in the case special requirements in 
function needed. 
(2) Device Design 
It is important· for device design to consider total 
balance of process design, structure design, circuit 
and layout design. Especially in the· case new 
process and new material are employed, technical 
study is deeply executed prior to device develop
ment. 
(3) Reliability Evaluation by Test Site 
Test site is sometimes called Test Pattern. It is 
useful method for design and process reliability 
evaluation of IC and 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 

¢?>HITACHI 27 



Quality Assurance of IC Memory----~-------------------------

for design changed products. I terns discussed and 

determined at design review are as follows; 
(1) Description of the products based on specified 

design docu'ments. 
(2) From the standpoint of specialty of individual 

participants, design documents are studied, and 

if unclear matter is found, sub program of 

calculation, experiments, investigation, etc. will 

be carried out. 
(3) Determine contents of reliability and methods, 

etc. based on design document and drawing. 

(4) Check process ability of manufacturing line to 

achieve design goal. 
(5) Discussion about preparation for production. 

(6) Planning and execution of sub-programs for 

design change proposed by individual specialist, 

and for tests, experiments and calculation to 

confirm the design change. 

(7) Reference of past failure experiences with 

similar devices, confirmation of method to 

provent them, and planning and execution of 

test program for confirmation of them. These 

study and decision are made using check lists 

made individually depending on the objects. 

3. QUALITY ASSURANCE SYSTEM OF 
SEMICONDUCTOR DEVICES 

3.1 Activity of Quality Assurance 
General views of overall quality assurance in Hitachi 

are as follows; 
( 1) Problems in individual process should be solyed 

in the process. Therefore, at final product stage, 

the potential failure factors have been already 

removed. 
(2) Feedback of information should be made to 

insure satisfied level of process ability. 

(3) To assure reliability required as an result of the 

things mentioned above is the purpose of 

quality assurance .. 
The followings are regarding device design, quality 

approval at mass production, inner process quality 

control, product inspection and reliability tests. 

3.2 Quality Approval 
To insure quality and reliability required, quality 

approval is carried out at trial production stage of 

device design and mass production stage based on 

reliability design described at section 2. 
The views on quality approval are as follows; 

Step Contents Purpose 

lTargPt. . l 
Spec1f1cat10~ 

I Design Review 

J 
[ lle>igc Jl Materiah, Parts H Characteristics of Material and 

Confirmation of 
Trial Approval Parts 
Production Appearance Characteristics and 

Dimension Reliability of Materials 
Heat Resistance 
Mechanical and Parts 
Electrical 
Others 

ll Characteristics Approval H Electrical Confirmation of Target 
Characteristics 

Function Spec. Mainly about 
Voltage Electrical 
Current 
Temperature Characteristics 
Others 

Appearance, Dimension 

[I Quality Approval ( 1) ~ 
Reliability Test 

Confirmation of Quality Life Test 
Thermal Stress and Reliability in Design 
Moisture Resistance 
Mechanical Stress 
Others 

ll H Quality Approval ( 2) Reliability Test Confirmation of Quality 

Process Check same as and Reliability in Mass 

Quality Approval ( 1) Production 

lMass J 
Production 

Fig. 1 Flow Chan of Oualit A roval y pp 
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(1) The third party executes approval objectively 
from the stand point of customers. 

3.3 Quality and Reliability Control at Mass Produc
tion 

(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, 
and set up control points at mass production. 

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

Considering the views mentioned above, quality 
approval shown in Fig. 1 is executed. 

I 
I 
I 
I 
L 

Material, 
Parts 

Process 

Material, Parts 

,--- ---1 
1 

I 
I 
I 
I 
I 
I 
I 
I 

Manufacturing 

Screening 

100% Inspection 

I__ 
I 
I 
I 
I ,--
1 

I 
I 
1-

___ J 

Receiving 

Shipment 

Customer 

Quality Control 

Inspection on Material and 

Parts for Semiconductor 

Devices 

Manufacturing Equipment, 

Environment, Sub-material, 

Worker Control 

Inner Process 

Quality Control 

100% Inspection on 

Appearance and Electrical 

Characteristics 

Sampling Inspection on 

Appearance and Electrical 

Character is tics 

Reliability Test 

,-----------, 
I Quality Information. I 
I Claim I 
I Field Experience 

General Quality 
I Information 
I L-----------_J 

---1 

- ___, 

- --

- --

---

---1 

Fig. 2 Flow Chart of Quality Control in Manufacturing 
Process 
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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-1050 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. lmport~nt Point for Check 
Parts Control Items 

Appearance Damage and Contamina-
tion on Surface 

Wafer Dimension Flatness 
Sheet Resistance Resistance 
Defect Density Defect Numbers 
Crystal Axis 
Appearance Defect Numbers, Scratch 

Mask Dimension Dimension Level 
Resistoration 
Gradation Uniformity of Gradation 

Fine Appearance Contamination, Scratch, 

Wire for 
Bend, Twist 

Wire Dimension 

Bonding 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 Bond ability. Solder ability 

Ceramic Mounting Heat Resistance 
Package Characteristics 

Electrical 
Characteristics 

Mechanical Mechanical Strength 
Strength 

Composition Characteristics of 
Plastic Material 

Electrical 
Characteristics 

Plastic Thetmal 
Characteristics 

Molding Molding Performance 
Performance 

Mounting Mounting Characteristics 
Characteristics 

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 qua I ity 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) Ouality 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 re~ated, and periodical inspection 

which is performed periodically. At the inspection, 

insJ:?ection 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. 

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

(3) Quality Control of Manufacturing Circum-

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. 

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 

Process Control Point 

___ _J l Purchase of Material 

Wafer-

0 Surface Oxidation 
Inspection on Surface 
Oxidation 

Q Photo Resist 

~Inspection on Photo Resist 
0 PQC Leve 1 Check 

) Diffusion 

~Inspection on Diffusion 
0 PQC Level Check 

' ' 6 Evaporation 

Q Inspection on Evaporation 
O PQC Leve 1 Check 

Q Wafer Inspection 

Q Inspection on Chip 
Electrical Characteristics 

QChip Scribe 
¢Inspection on Chip 

Appearance 

0 PQC Lot Judgement 
Frame-

Wafer 

Oxidation 

Photo 
Resist 

Diffusion 

Eva po-
ration 

Wafer 

Chip 

Q Assembling Assembling 

0 PQC Leve 1 Check 

¢i Inspection after 
Assembling 

0 PQC Lot Judgement 

Package) Sealing Sealing 

0 PQC Leve 1 Check Marking 
) Final Electrical Inspection 

OFailure Analysis 

~Appearance Inspection 
.¢>Sampling Inspection on 

Products 
)Receiving 

Shipment 

Characteristics, Appearance 

Appearance, Thickness of 
Oxide Film 

Dimension, Appearance 

Diffusion Depth, Sheet 
Resistance 
Gate Width 
Characteristics of Oxide Film 
Breakdown Voltage 

Thickness of Vapor Film, 
Scratch, Contamination 

Thickness, Vrn Characteris-
tics 
Electrical Characteristics 

Appearance of Chip 

Appearance after Chip 
Bonding 
Appearance after Wire 
Bonding 
Pull Strength, Compresion 
Width, Shear Strength 
Appearance after Assembling 

Appearance after Sealing 
Outline, Dimension 
Marking Strength 

Analysis of F~ilures, Failure 
Mode, Mechanism 

Fig. 3 Example of Inner Process Quality Control 
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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 
( Vrn, etc) Cleaness of surf ace, 
Prior Check of VIH 
Breakdown Voltage Check 
Assurance of Standard 
Thickness 

Prevention of Crack, 
Quality Assurance of Scribe 

Quality Check of Chip 
Bonding 
Quality Check of Wire 
Bonding 
Prevention of Open and 
Short 

Guarantee of Appearance 
and Dimension 

Feedback of Analysis Infor
mation 
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Quality Assurance of IC Memory 

3.3.3 Final Product Inspection and Reliability As-

surance 

(1) Final Product Inspection 

Lot inspection is done by quality assurance depart

ment for products which were judged as good 

products in 100% test, which is final process in 

manufacturing department. Though 100% of good 

products is expected, sampling inspection is exe

cuted to prevent mixture of ·failed products by 

Customer 

Claim 

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. 

(Failures, Information) 
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Execution of 
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Sales Engineering Dept. 
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Fig. 4 Process Flow Chart of Field Failure 
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•OUTLINE OF TESTING METHOD 

1. Inspection Method 
Compared to conventional core memories, all peri
pheral circuits such as the decoder circuit, write 
circuit, read circuit, etc., are contained within the 
IC memories. As a result, all works of assembling 
the parts and performing electrical inspection, 
which had been carried out. by core memory 
manufacturers in the past, have be come to be 
incorporated as works of IC manufacturers. Con
sequently, the electrical inspection of the memory 
IC has been faced to a more systematic inspection 
method and conventional IC inspection facilities 
have become completely useless. This has led to the 
development and introduction of a memory tester 
with pattern generator to generate the inspection 
pattern of the memory IC at high speed. A function 
test for such as TTL gates can be performed even by 
a comparatively simple DC parameter facility. How
ever, when the address input becomes multiplexed 
as in 16K memory, even the generation of the 
function test pattern becomes a serious problem. In 
the memory IC inspection, its quality cannot be 
judged by only inspecting DC characteristics related 
to external pins. This is because numbers of 
transistors, etc., related to the DC characteristics of 
the pins only amount to 1/1000 of all element 
numbers within IC memories. The following various 
address patterns are proposed to inspect whether or 
not the internal circuits are functioning correctly. 
(1) All "Low", all "High" 
(2) Checker flag 
(3) Stripe pattern 
(4) Marching 
(5) Galloping 
(6) Walking 
(7) Ping-pong 
Although there are a lot of address patterns, only 
representative ones have been listed. These patterns 
are convenient for checking the mutual finter
ference of bits and sometimes are patterns with 
maximum power dissipation. Among the above
mentioned patterns, those of (1) to (4) are the 
socalled N patterns and these patterns are capable of 
checking IC memories of N bits with several 
sequences of N at most against the memory IC of N 
bits. Whereas, those of (5) to (7) are caled N2 

patterns and they need patterns several sequences of 
N2 

A serious problem arises in using the N2 patterns in 
a large-capacity memory, for example, a long period 
of about 30 minutes becomes necessary to perform 
inspection of the 16K memory with galloping 

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

2. Marching Pattern 
The marching pattern, as its name indicates, is a 
pattern in which "l"s march into all bits written in 
"O"s. The addressing method will be explained for a 
simple 16 bit memory as an example. 
(1) Write "O" for all bits . . . . . . . . . . . . Fig. 1 (a) 
(2) Read "O" of 0th address and check that the 

read data is "O". Hereafter, the meaning of 
"Read" is "checking and judging the data". 

(3) Write "1" in the 0th address ....... Fig. l(b) 
(4) Read "O" of 1st address 
(5) Write "1" in 1st address 
(6) Read "O" of nth address 
(7) Write "1" in nth address . . . . . . . . . Fig. 1 (c) 
(8) Repeat above procedures (6) and (7) up to the 

last. Finally, all data will become "1". 
(9) Since all data are 'T's in this condition, replace 

"O" and "1" after procedure (2) ·and repeat 
once more up to procedure (8). 

It is understood that 5N address patterns are 
necessary for the N bit memory in this method. 

,,. 

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

3. Generation of Marching Pattern 
The method of generating the marching pattern and 
displaying failed bits of the memory on the Braun 
tube will be introduced. Fig. 2 shows the all block 
diagram. The address pattern is generated by using 
four synchronous 4 bit counters. All address pat
terns are shown in Fig. 4. This example, is for 16K 
bit memory, however, it can be easily understood 
that A 14 which has a half frequency of the 
maximum address input A 13 is the same as the data 
input. 
The A 15 signal together with the carrier signal of 
HD74161 is used to determinine the termination of 
the sequence. 
As shown in Fig 2. In the read and write cycles after 
cleaning ail bits addressing is twice the period of 
clearing. Thi~ switching is performed at the gate of 
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the binary circuit following the reference pulse 

generating circuit. 

Fig. 2 M•ching Pattern Generating Circuit 

ADO Ro 
ADDR1 
·\DDRi 
ADDR1 

ADDR~ 

ADD Rs 
ADDR6 

DI A Converter Z Axis of Oscilloscope 

DIA Converter >-_.__~p Y Axis of Oscilloscope 

From Comparator Circuit 

Fig. 3 Fail Bit Map Display Circuit 

f---------1 Sequence---------! 

t--All"O" -+-·o"Read" I"Wrne -----+------·1 "Read"O'"W rm~ 

Ail _JI~--~ 

A" 
(Dini 

A" -------------' 

Fig. 4 Entire Pulse Relations 

Input the output of HD74161 is input to the D/A 

converter and the output of DI 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 

power voltage Vee. the increase and decrease of the 
failed bits can be well understood. The operation of 

the memory can be dynamically understood by 
displaying its operation on the CRT. The operation 

of the memory IC is extremely complicated differ

ing from other TTLs, etc .. Its operation is not easy 
to understand by pulse waveform observation with 

an ordinary oscilloscope. The fail bit map as shown 

in Fig. 5 is extremely useful. It is capable of visually 

understanding the operation of memory IC. 

(A) 

(B) 

(C) 

(D) 

Fig. 5 Example of 1 bit solid fail 

34 @HITACHI 



-------------------------------Outline of Tes ting Method 

4. Failure Mode 
Generally, failure 70% ~ 90% of failures at users are 
of those called solid failure. This failure mode has 
no relation with access time, voltage margin and 
timing, and is not capable of reading from or writing 
to certain specified bits and is failure fixed to "O" 
or "1 ". The convenient checker, previously men
tioned as simple tester, is sufficiently capable of 
detecting such failures. Therefore, with the excep
tion of special cases, it can be considered that the 
necessity of performjng high-precision measure
ments such as those made by memory IC manufac
turers is rare. 
In the inspection of memory IC at our company, 
full inspection under the worst conditions are 
performed so as to guarantee sufficient operations 
under all power voltage conditions and timing 
conditions listed in the data sheet. 
An extremely accurate memory tester becomes 
necessary for performing high-precision inspection 
with 1ns accuracy. Our company is developing IC 
memory testers to supply memory ICs with excel
lent characteristics and quality to users and is 
establishing the system capable of developing 
further high-efficiency memory ICs. 
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• APPLICATION OF DYNAMIC RAMS 

1 .. Power On 
After turning on power to set the memory circuitry, 

hold for more than 500µs and apply eight or more 

dummy loads before actuating the memory. The 

dynamic cycle may be either an ordinary memory 

cycle or a refresh cycle. When power is turned on, 

power-on current flows which varies with the rise 

time of Vee and clock conditions, as shown in Fig. 

1. If the rise time is 10µs or thereabout, the RAM 

does not operate dynamically and through-current 

passes to the internal inverter since the potential at 

the internal circuitry becomes unstable. Neverthe

less, this through-current decreases as the operation 

of the internal circuitry becomes stable. With all 

this in mind, rise time of not shorter than 1 OOµs is 

recommended for power-up. 

;: 

: I s: 

15 

::;: 10 
!' 

"' 5 

20 30 40 so 
Vee Rise Time== 10µ s 

Time (µ s) 

~ 10<----+--,"'--'--I--+--' 
I 

I 

"' 5~-t-r'c.+-i~~~~ 

Ver Rise Time==lOOµs 
Time (µsl 

Fig. 1 Relationship between standard value 

of Ice and V cc during power-up 

2. Operation Modes (See Fig. 2) 

( 1) Read Cycle: 
First, decide the X address of the memory cell 

chosen and start with trailing of RAS. When 

the X address has been held by the internal 
circuitry, change it to Y address. Then, trail 

CAS to take in the Y address. If the WE pin is 

at high level, output will appear on the Dout 

pin after a certain time. 
(2) Write Cycle: 

The input at Din is written in the memory cell 

when WE turns to low level before CAS. 

(3) Read/Modify/Write Cycle: 
During this cycle, CAS and, then, WE are 

trailed down to low level so that data is read 

out from and written in the same address with 

in the same memory cycle. 
(4) Page Mode Cycle: 

In this cycle; CAS is cyclically moved, after 

taking in the X address through RAS, to scan 

only the Y address. This permits reading out 

and writing in only one column data at high 

speed. 

OReadcycle -
Wr11e cHle ---

.A.ddres'= 

Dout -----<=== 

'."')Page m.•de read ncl~ -
Page m<ide write <vcle---

Address~ 

[lout ---o---cr--

0 Read modify wri1e cycle 

CAS----"\__ 

Address~ 

WE~ 

Din~ 

Dou! 

") R.A.S nnly refresh cycle 

.\ddreS< ~'------

llnut 

Fig. 2 Operating modes of Dynamic RAMs 

2. Data Output 

Dout is a TTL-compatible three-state output with 

two TTL-load fan outs. The output is controlled by 

the CAS signals; it is held while CAS is low, while 

Dout returns to a floating state when CAS is high. 

In the early write cycle, the output becomes a high

impedance one to permit the use as a common 1/0 
terminal. 

3. Refreshing 
Refreshing is a process of periodical rewriting to 

make up for the leakage of the charge accumulated 

in the memory cell. This operation is implemented 

in the RAS only refresh cycle, ordinary read cycle, 

and so on. Whether 16k- or 64k-bit, all bits can be 

refreshed by giving a 128-cycle scanning to only the 

X addresses between AO and A6. To be more 

specific, each cycle refreshes 128 bits for the 16k

bit Dynamic RAMs and 512 bits for the 64k-bit 

RAMs. Especially, the RAS only refresh cycle per

mits such a power-efficient refresh as calls for only 

approximately 75 percent of the current consumed 

by the read cycle. With CAS fixed at high level, the 

output is a high-impedance one. The HM4816A has 

a special function called the hidden refresh which 

enables holding the output by turning CAS to 

"low" while RAS only refresh is on. There are two 

methods of refreshing: concentrated and decon

centrated refreshing. The former gives a concentrat

ed 128-cycle refresh after operating the memory for 

a period of 2ms maximum. In contrast, the latter 

repeats a refreshing cycle every 16µs following the 

initial 16µs ("'2ms/128) memory operation. A 
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choice between the two modes calls for a careful 
consideration about the system's efficiency. 

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

< 
' 

RAS,'CAS Cycle Long RAS/CAS Cycle RAS Only Cycle Page Mode Cycle 

Note: Vrr=S.OV, Ta=ZO"C 

--l fo--so,, 

Fig. 3 Power supply voltage (HM4864) 

40,..--,.-..,..---,----,----,--,--,.., 

: :::=:!::==:=:=:=:::: 
~ ~ 10 

~-+-+-l 

;;§ 0 "-20 .. on-s'""o~o.'"'1~. ""'2 ... _.,.s.~1'°"0.'----'2'="'0. 
I~ Cycle Time (tRc) 

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

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

held below the highest input level specified. As to 
the undershoot, the input-undershoot-induced par
asitic transistor effect in the input area is prevent
ed by providing a -5V Vee to the three-way power 
source and a built-in bias circuit on the substrate. 
Normally, design should be such that the input 
undershoot does not exceed the minimum value 
specified for V1L. at worst. The power source noise 
can be further classed into low-frequency noise and 
high-frequency noise as shown in Fig. 5. To assure a 
stable memory operation, the peak-to-peak power 
supply voltage in the presence of low- or high
frequency noise should be held below 10 percent of 
its standard level. Overshoot and undershoot can be 
reduced by inserting a damping resistance of several 
tens of ohms in Dynamic RAM series. To prevent 
the power source noise, it is recommended to pro
vide a condenser of 0.1µF or so to each one or two 
devices. 

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

~j= 
Low-frequency noise: 1 
Not more than 10% of standard power 
supply voltage. 
Total of low-and high-frequency: 
Not more than + 10% of standard power 
supply voltage. 

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

1. PROGRAMMING & ERASING OF EPROM 

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

Gate 

1 
~ 

Fig. 1 Memory transistor 
circuit symbols 

Fig. 2 Cross section of 
memory transistor 

Logic ~1 • Logic ~ON Drain 

IDs 

Source 

Readout VGS 

Fig. 3 Reading out stored information 

1 L_...J.._....J....__J__.___.__.___,___._,___. 
ii Jil '" 

Program Pulse Width tPw (ms) 

1 

22 26 28 

Program \t'.PP ( V 

Fig. 4 Typical Programming Characteristics 
of EPROMs. 
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-----------------------------Programming & Erasing of PROMs 

1.2 Erasing 
Data stored in the EPROM is erased by releasing 

the electric charge from the floating gate through 

the exposure of the memory chip to ultraviolet 

light. Light has an energy that is inversely propor

tional to its wavelength. Receiving the energy of 

the ultraviolet light, the electrons in the floating 

gate are again turned into hot electrons, which jump 

across the oxide film into the control gate or sub

strate. As a result of this process, the stored 

information is erased. Accordingly, the stored 

information can not be erased by such lights whose 
wavelengths are too long to give adequate energy to 
jump over the barrier of the oxide film. For 

successful erasing, the wavelength and minimum 
exposure rate of ultraviolet light are specified as 
2,537 A and 15W sec/cm2 respectively. This condi
tion is attained by exposing a device to an ultra
violet lamp of 12,000µW/cm 2 1.2 ~ 3cm away for 
approximately 20 minutes. The ultraviolet light 

transmission rate of the transparent lid is about 70 

percent. Any contamination or foreign material 

at the surface of the capsule lowers the transmission 

rate, prolonging the erasing time. So such contami
nation should be recovered by use of alcohol or 

other solvent that does not damage the package. 

Fig. 5 shows typical erasure characteristics for 
EPROM. 

~ 7 

stored 

~'"k-~--l-+--+--t==lALL. O 
I 

~~~--l-+--+-__;,~-"-"ALL 1 

• '-'~"-".:....J--"'--+-~-l--_J_____,_~ 
0: 

UV-!rrad1a1ion ( W ·sec.'cm21 

Fig. 5 Typical Erasing Characteristics 

1.3 Data retention characteristic of EPROM 

As a result of writing in, approximately 0.5 to 2.0 

x 10-13 coulomb of electrons are accumulated at 
the floating gate. With the elapse of time, however, 
these electrons decrease, as a result of which the 

inversion of stored information can happen. The 

mechanism of electron dissipation is generally 

explained as follow: 

(1) Data dissipation by heat 

The accumulation of electrons at the floating 

gate is an unbalanced state, so the dissipation of 
thermally excited electron is unavoidable. 

Therefore, the data holding time has a close re
lationship with temperature. Fig. 6 shows 

typical data retention characteristics. The data 

retention time is proportional to the reciprocal 
of absolute temperature. 

(2) Data dissipation by ultraviolet light 
Ultraviolet rays at a wavelength of not greater 

than 3,000 ~ 4,000A is capable of releasing the 
electric charge stored in the memory of the 

EPROM with varying efficiencies. Fluorescent 

light and sunlight contain some ultraviolet rays, 

so prolonged exposure to these lights can cause 
data corruption as a resu It of electric charge 

dissipation. Fig. 7 shows examples of the data 

retention time under an ultraviolet eraser, 

sunlight and fluorescent lighting. But it should 

be noted that the data for fluorescent light and 
sunlight are not definite because of their·vary

ing ultraviolet ray contents. The ultraviolet ray 

content in sunlight, for example, varies greatly 
with seasons, weather and the composition of 

the atmosphere. 

JO r/-
JU v - Ill 

... ... 
" 

' 

1 JU 

I 
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Storage Temperature i"C: 

Fig. 6 Typical Data Retention Characteristics 
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(3) Data dissipation by voltage 
This type of data dissipation occurs while infor
mation is being written in. At other memory 
cells lying on the same word line or data line as 
the memory cell being programmed, high 
voltage can cause the dissipation of stored 
electric charge. Of course, such defects are 
removed at the factory by pre-shipment inspec
tion. The programming voltage and pulse width 
should be always kept within the specified 
range for the same reason. 

1.4 EPROM Programmer 
The 16K EPROM Programmer stores the program in 
its internal RAM an<;i writes the program in the 
EPROM. For this programming, the minimum of 3 
functions, the Blank check function prior to pro
gramming, the programming function and the 
Verify function after programming are necessary. 
As shown in the drawing, there are also pro
grammers provided with a reverse insertion checking 
function or pin contact checking function prior to 
the Blank Check. The outline of each block is as 
follows. 
(a) Pin contact check 

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

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

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

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

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

(e) Verify 

9 
/ ' 

/ ' 
/ ' 

/ ' 
/ ' 

<<Check Pin Contact \, 
' / ' / ' / ' / ', / 

Programming 

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

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

Method 

Copy input 

Manual input 

Paper tape input 

Teletypewriter 
input 

Content 

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

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

Input with the teletypewriter. 
Preparation, correction and list 
preparation of the program can be 
made. 

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

EPROM. Avoid the use of gloves etc. that may 
develop a static charge. 

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

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

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

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

marketed. Metal-loaded labels are particularly effec
tive. In choosing a shielding label, the following 
points should be carefully checked. 
(1) Adhesiveness (mechanical strength) 

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

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

(3) D11mp-proofness 
Use the shielding label in an environment whose 
humidity falls within the specified allowable 
humidity range. Today there are few shielding 
labels that can meet all environmental require
ments established for the EPROM. So a 
suitable one must be chosen for each specific 
application. 
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•MASK ROM PROGRAMMING INSTRUCTION 

The writing of the custom program code into the 

mask ROM is performed by the CAD system using a 

large-sized computer. You should submit the data of 

the ROM code in conformity with the specification 

explained below by either Floppy Disk, EPROM or 

magnetic tape. In addition, enter your instructions 

such as the chip select, in the "ROM Specification 

Identification Sheet" and attach it to the ROM code 

data. 

1. Specification of EPROM 
(1) You should submit the three set of the EPROM 

stored Data and spesify the address of the 

EPROM in case of the two or four EPROMS. 

(2) The ROM Code data is in put from the start 

address to Final Address in the EPROM. 

(3) Type of EPROM 

HN462716 (2K-wordx8-bit, 2716 Compatible) 

HN462532 (4K-word x 8-bit, TMS2532 Com-

patible) 

HN462732 (4K-word x 8-bit, 2732 Compatible) 

HN482764 (SK-word x 8-bit, 2764 Compatible) 

HN4827128 (16-K word x 8-bit, 27128 Com-

patible) 

2. Specification of Magnetic Tape 
2.1 Use the following type of magnetic type which 

can be entered in a magnetic tape device which is 

compatible with the IBM magnetic tape device. 

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

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

(3) Channel . . . . . . . . . . . . . . . . . . 9 channels 

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

ly state which it is in the 

"ROM Specification lnden

tification Sheet".) 

2.2 Use the EBCDIC code as the use code. 

2.3 Make the format of the magnetic tape as de

scribed below. 

(1) No leading tape mark 

(2) No label 

(3) Record size ............ 80 byte/1 record 

(4) Block size ............ 10 records/1 block 

(5) The end of the file should be indicated by 2 

successive tape marks (TM). 

2.4 Ensure that the magnetic tape becomes of 1 

roll for each chip. Since extending the single-chip 

portion over several rools is impermissible, submit 

by compiling into the single-chip portion for each 

roll. 

2.5 Data Mode 

2.5.1 HMCS6800 Load Module Mode 

This mode is the object mode output from the 

assembler of HMCS6800. 

(1) Divide the 8 bit code into the upper and lower 

4 bit codes and convert each into hexadecimal 

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

follows under binary notation. 

(Upper 4 bits) 

0 7 0 6 0 5 0 4 

1 1 0 0 

(Lower 4 bits) 

o, 02 o, o. 
0 1 1 0 

Bit weight 
(ROM output 

equivalence) 

(2) The actual load module mode becomes as 

shown below. 

Data 
record 

5 3 

3 I 

3 I 
3 6 

3 I 
3 I 
3 0 

3 0 

3 9 

3 8 

3 0 
3 2 

Record Start 

Record Type 

Byte Count 

Address Size 

Data 

Data 

Data 

Check Sum 

s 
I 

I 6 

1100 

9 8 

0 2 

Header 
record 

5 3 

3 0 

3 0 
3 6 

3 0 
3 0 

3 0 
3 0 

3 • 

3 • 

3 5 

3 2 

0 6 

0000 

48-H 

44-D 

52-R 

! ~ IB (Check Sum) 

End of 
file record 

5 3 s 
3 9 9 

0 0 3 
3 3 

3 0 
3 0 0000 
3 0 
3 0 

• 6 FC ( Check 

• 3 ·Sum) 
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---------------------------Mask ROM Programming Instruction 

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

Example 

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

Header Record --+ S 0 0 B 0 0 0 0 5 8 2 0 4 5 5 8 4 I 4 D 5 0 4 CB 5 

Data Record --+SI I 3 F 0 0 0 7 E F 5 5 8 7 E F 7 8 9 7 E FA A 7 7 EF 9 C 0 7 E F 9 C 4 7 E 2 4 
Data Record --+ S I I 2 F 0 I 0 FA 6 5 7 E FA 8 B 7 E FA A 0 7 E F 9 DC 7 E FA 2 4 7 E 0 6 End of 
File Record --+ S 9 0 3 0 0 0 0 F C 

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

2.5.2 BNPF Mode 
(1) One word is symbolized by the word start 

mark B, the bit content represented by 8 char
acters of P and N, and the BNPF slice com
posed of successive 10 characters of the work 
end mark F. 

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

notation is symbolized as shown 
below. 

(3) It is necessary to designate the bit pattern 
(BNPF slice) on all ROM addresses. Therefore, 
the term of the ROM head address of "ROM 
Specification Identification Sheet" always be
comes 0. 
B · · · · · · · · · · · · Indicates start of 1 word. 
N · · · · · · · · · · · · Indicates "O" of 1 bit data. 
P · · · · · · · · · · · · Indicates "1" of 1 bit data. 
F · · · · · · · · · · · · Indicates end or 1 word. 

Example 

[J ~ 

Lil 
l}ii 

3. Specification of Floppy Disk 
3.1 Use the following type of Floppy Disk 
(1) Type . 8 Inch Single Sided and Single Density. 
(2) Number of Sector . . . . . . . . . . . . . . . . . 26 
(3) Number of Track . . . . . . . . . . . . . . . . . 77 

Track DO 
(Index· Track) 

Sector 26 

Sector 01 

Sector 03 

One Record 

3.2 Use the EBCDIC code as the use code. 
3.3 Make the format of the floppy disk as des

cribed below. 
(1) Composition 

Location No. Item 
Track Sector 

I Standard Volume Label 00 07 
2 Standard Head Label 00 08 - 26 
3 Data Area 01 - 73 01 - 26 
4 Alternal Track 75, 76 01 - 26 

5 Spare Track 00 01 - 06 
74 01 - 26 
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Mask ROM Programming Instruction----------------------------

(2) Record size ............ 80 byte/1 record 

(3) Use the sector as below. Use one sector for one 

record, that is 80 bytes out of 128 bytes used 

for one record. 

3.4 Data Mode 

See 2.5 

1 Track 
!--------. - ------~------ ------------ - ----------- ---------------- ------

~ 

Sector l Sector 2 Sector 3 Sector :!.t Sector 25 Sector 26 

~---~------------
--- "-"--------+-----~- ----- -

' (128 bytes) (128 bytes) (128 bytes) 

Record l 
(80 bytes) 

Mask ROM Development Flowchart 

1)1\ 

Supply 

44 
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(\:!K byte!'! (128 bytes) (128 bytes) 

Record 26 
(80 bytes) 

~: unuse 



DATA 
SHEETS 

I MOS STATIC RAM 
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HM6148H-35, HM6148H-45, 
HM6148H-55, HM6148HP-35, 
HM6148HP-45, HM6148HP-55 

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

•FEATURES 
• Fast Access Time .................. 35/45/55ns (max) 

• Low Power Standby and Low Power Operation; 

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

• Single SV Supply 

• Completely Static RAM: No Clock or Timing Strobe Required 

• No Peak Power-On Current 

• No Change of tAcs with Short Deselected Time 

• Equal Access and Cycle Times 

• Directly TTL Compatible; All Inputs and Outputs 

• Common Data Input and Output; Three-State Outputs 

• Pin-Out Compatible with Intel 2148H 

• BLOCK DIAGRAM 

A, o-----(:::\_~::) 

A, o----{~ _ _J 

A, o----{X:::=::J 

A, <>----{:;l~:=l_ _ _j 

Memory Array 

64 X64 

•ABSOLUTE MAXIMUM RATINGS 

Item Symbol 

Terminal Voltage• Vr 

Power Dissipation Pr 

Operating Temperature T". 

Storage Temperature (Plastic) T.,. 

Storage Temperature (Ceramic) T.ig 

Storage Temperature•• Tb1as 

---0 Vee 

--o GND 

Ratings 

- 0. 5 to -t 7 .0 

1.0 

0 to +70 

·- 55 to i 125 

-65 to + 150 

-10 to -t 85 

* with respect to G~D. 

* * under bias 

V'1L.,,.= 3.SV {Pulse l'iidth=20nsl 

• TRUTH TABLE 

Unit 

\' 

\\ 

·c 
·c 
·c 
·c 

HM6148H Series 

(DG-18) 

HM6148HI' Series 

(DP-18) 

• PIN ARRANGEMENT 

(Top \'iew) 

cs WE ~lode Vee Current 1/0 Pin Reference Cycle 

H x !liot selected I SB, I SBI High z 

L H Read I cc Dout Read Cycle I, 2 

L L Write Ice Din \\'rite Cycle I, 2 
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----------------------HM6148H-35, HM6148H-45, HM6148H-55, 
HM6148HP-35, HM6148HP-45, HM6148HP-55 

• RECOMMENDED DC OPERATING CONDITIONS (Ta=O to +70°C) 

Item Symbol min typ max Unit 

Vee 4.5 5.0 5.5 v 
Supply Vol !age 

GND 0 0 0 v 
VIH 2.2 - 6.0 v 

Input Voltage 
V" -o.s• - 0. 8 v 

* -3.0V (Pulse width 20ns) 

• DC AND OPERATING CHARACTERISTICS[1] ( Ta=0-70°C, Vee =5V±Hl%, GND=OV) 

Parameter Symbol Test Conditions min typ max Unit Notes 
Input Leakage Current IIu I Vcc=max, V.n=GND to Vee 

Output Leakage Current lhal CS~ V,H, V,,a~GND to Vee 

Operating Power Supply Current 11) I cc CS~ ViL,l1~a~OmA 

Operating Power Supply Current (2) lcc1 min. cycle, CS= VIL, 11 a~OmA 

Standby Power Supply Current I 11 f sB CS~ V,H 

Standby Power Supply Current(2) f sB1 
CS.;:; Vcc-0.2V, ViN;£0.2V or 
VIN~ Vcc-0. 2V 

Output Low Voltage VoL IoL ~smA 

Output High Voltage VoH foH~-4.0mA 

Notes) 1. Typical limits are at Vcc=S.OV, Ta= +25'C and specified loading. 
2. 120mA max. for HM6148HP-35 

•CAPACITANCE (Ta=25°C, f=lMHz) 

Item Symbol Test Conditions 

Input Capacitance 

- - 2.0 µA 

- - 2.0 µA 

- 35 80 mA 

- 50 JOO mA (2) 

- 5 20 mA 

- 20 800 µA 

- - 0.4 v 
2.4 - - v 

typ max Unit 

3 5 pF 
-----------------+----r-------------~·--t-----+----+----

Input /Output Capacitance 

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

• AC CHARACTERISTICS (Vcc=5V±l0%. Ta=O to +70°CJ 

•RISE/FALL TIME 

Item 

Input Rise Time 

Input Fall Time 

•AC TEST CONDITIONS 
Input pulse levels: GND to 3.0V 
Input rise and fall times : 5ns 

Symbol 

t. 

t1 

Input and Output timing reference levels : 1. SV 
Output load : See Figure 

I lutput Load . .\ 

* Including scope & jig. 

Ouiput Lriad B 

i'for t11z,ttz,twz,towj 

min 

-

-

@HITACHI 

5 7 pF 

typ max 

+ 
Unit 

5 JOO ns 

5 JOO j ns 

t. 

t.=t 1 -Sns 
Input Pulse Wa.efrHm 
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HM6148H-35,HM6148H-45,HM6148H-5S,~~~~~~~
~~~~~~~~~~~~~ 

HM6148HP-35, HM6148HP-45, HM6148HP-55 

•AC CHARACTERISTICS (Ta~O to 70°C, Vcc~5V±10%, unless otherwise noted.) 

•READ CYCLE 

HM6148HP-35 HM6148HP-45 HM6148HP-55 

Item Symbol 
min max min max min max 

Read Cycle Time l RC 35 - 45 - 55 -

Address Access Time t,, - 35 - 45 - 55 

Chip Select Access Time tACS - 35 - 45 - 55 

Output Hold from Address Change loH 5 - 5 - 5 -

Chip Selection to Output in Low Z iLz* 10 - 10 - 10 -

Chip Deselection to Output in High z tHz* 0 20 0 20 0 20 

Chip Selection to Power Up Time lpu 0 - 0 - 0 -

Chip Deselection to Power Down Time lpn - 30 - 30 - 30 

* Transition is measured ±SOOmV from high impedance voltage with Load(Bl. This parameter is sampled and not 100% tested. 

At any temperature and voltage condition IHz max is less than lu min. 

•TIMING WAVEFORM OF READ CYCLE N0.1 (l)( 2) 

'" 

Address 

1------- '" '" 

Dou! Data \'alid 

•TIMING WAVEFORM OF READ CYCLE N0.2<1l< 3l 

'" cs ~--------~--~------------< 

'"' l,,.cs 
tu 

Dou! 
Impedance 

Vee supply 

Notes) 1. WE is High for Read Cycle. 

2. Device is continuously selected, cs~ V1L. 

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

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 



~~~~~~~~~~~~~~~~~~~~~HM6148H-35, HM6148H-45, HM6148H-55, 
HM6148HP-35, HM6148HP-45, H.M6148HP-55 

e WRITE CYCLE 

HM6148H /P-35 HM6 l 48H /P -45 HM6148H /P-55 
Item Symbol 

min 

Write Cycle Time twc 35 

Chip Selection to End of Write tcw 30 

Address Valid to End of Write t.~w 30 

Address Setup Time l,s 0 

Write Pulse Width twp 30 

Write Recovery Time fwH 5 

Data Valid to End of Write low 20 

Data Hold Time foH 0 

Write Enabled to Output in High z• lwz 0 

Output Active from End of Write• tow 0 

* Transition -is measured ± 500mV from high impedant't> voltage with Load B 
This parameter is sampled and not 100 % tested. 

max 

-

-

-

-

-

-

-

-

10 

-

e TIMING WAVEFORM OF WRITE CYCLE N0.1 (WE Controlled) 

min max 

45 -

40 -

40 -

0 -

35 -

5 -

20 -

0 -

0 15 

0 -

,__ _________ ,., _________ __ 
Address 

Dout ((((((( High Impedance 

•TIMING WAVEFORM OF WRITE CYCLE N0.2 (CS Controlled) 

.-----------twc----------l 
Address 

Din 

High Impedance (4J 
Dout 

NOTES of Timing Waveform of Write 
1. A write occurs during the overlap of a low CS and a low WE. (twp) 
2. t wR is measured from the earlier of CS or WE going high to the end of write cycle. 

min max 

55 -

50 -

50 -

0 -

40 -

5 -

20 -

0 -

0 20 

0 -

3. During this period, l/0 pins are in the output state so that the input signals of opposite phase to the outputs must not be applied. 
(. If the CS low transition occurs simultaneously with the WE low transition or after the WE transition, the output buffers remain 

in a high impedance state. 
5. If CS is low during this period, 1/0 pins are in the output state. Then the data input signals of opposite phase to the outputs 

must not be applied to them. 
6. Dout is the same phase of write data of this 

write cycle. @HITACHI 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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HM6148HLP-35, HM6148HLP-45, 
HM6148HLP-55 
1024-word x 4-bit High Speed Static CMOS RAM 

•FEATURES 
• Low Power Standby and Low Power Operation; 

Standby:5µW (typ.), Operation: 175mW (typ.) 

• Fast Access Time: 35/45/55ns (max) 

• Capability of Battery Back Up Operation 

• Single 5V Supply 

• Completely Static RAM: No Clock or Timing Strobe 

Required 
• No Peak Power-On Current 

• No Change of t,cs with Short Deselected Time 

• Equal Access and Cycle Time 

• Directly TTL Compatible: All Inputs and Outputs 

• Three State Output 

• Pin-Out Compatible with Intel 2148H 

• BLOCK DIAGRAM 

Memory Array 
64X64 

•ABSOLUTE MAXIMUM RATINGS 

Item Symbol 

Terminal Voltage• Vr 

Power Dissipation Pr 

Operating Temperature T.,. 

Storage Temperature T.1s 

Storage Temperature•• Tb ... 

---0 Vee 

--oGND 

Ratings 

-0.5 to +7.0 

1.0 

0 to +70 

-55 to + 125 

-10 to +85 

* with respect to GND. 

* * under bias . 

VIL m ,= -3.SV (Pulse w1dth=20ns) 

• TRUTH TABLE. 

Unit 

v 

w 
·c 
·c 
·c 

(DP-18) 

• PIN ARRANGEMENT 

(Top View I 

- -------,--------· 

cs WE Mode Vee Current 1/0 Pin Reference Cycle 

H x :-lot selected f sR, Isa1 High z 

L H Read lee Dout Read Cycle I, 2 

L L Write lee Din Write Cycle I. 2 
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--------HM6148HLP-35, HM6148HLP-45, HM6148HLP-55 

•RECOMMENDED DC OPERATING CONDITIONS (Ta~O to +70°C) 

Item Symbol min typ max Unit 

Vee 4. 5 5 .0 5. 5 v 
Supply Voltage 

GND 0 0 0 v 

v'" 2.2 - 6.0 v 
Input Voltage 

-0.5 * VrL - 0.8 v 

* -3.0V (Pulse width 20ns) 

• DC AND OPERATING CHARACTERISTICS[1] ( Ta~0~70°C, Vcc~5V±10%, GND~OV) 

Parameter Symbol Test Conditions 

Input Leakage Current I Iu I Vcc=max, V.~=GND to Vee 

Output Leakage Current lho I CS= Vrn, Vi/o=GND to Vee 

Operating Power Supply Current ill Ice CS~ ViL, J,"o~OmA 

Operating Power Supply Current (2) lcci min. cycle, CS~ Vi L, 11 a~OmA 

Standby Power Supply Current ill I SB cs~ v/H 

Standby Power Supply Current (2) Is Bl 
cs~ Vcc-0.2V, v,N,,;o.2v or 
ViN~ Vcc-0. 2V 

Output Low Voltage Vo1 IoL ~8mA 

Output High Voltage VoH IoH~ -4.0mA 

Notes) 1. Typical limits are at Vcc=S.OV, Ta=+25"C and specified loading. 
2. 120mA max. for HM6148HLP-35 

•CAPACITANCE (Ta~25°C, J~IMHz) 

Item Symbol Test Conditions 

Input Capacitance v,, ~ov 
Input /Output Capacitance V1/o~~ov 

'.'lote) This parameter is sampled and not 100 'j,, tested . 

• AC CHARACTERISTICS (Vcc~5V±l0%, Ta~O to +70°C) 

•RISE/FALL TIME 

Item 

Input Rise Time 

Input Fall Time 

•AC TEST CONDITIONS 
Input pulse levels: GND to 3.0V 
Input rise and fall times : 5ns 

Symbol 

L 

I! 

Input and Output timing referenee levels: 1. 5V 
Output load: See Figure 

]hut 

()utput LL>ad f3 

'for lHZ,lLz,twz,tow' 

* Including scope & jig. 

min 

-

-

@HITACHI 

min typ max Unit 

- - 2.0 µA 

- - 2.0 µA 

- 35 80 mA 

- 50 100 mA 

- 5 20 mA 

- I 50 µA 

- - 0 .4 v 

2 .4 - - v 

typ max 

typ max 

5 100 

5 100 

t,-t1-Sns 

Input Pulse \\aveform 

Notes 

[2) 

Unit 

pF 

pF 

Unit 

ns 

ns 
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HM6148HLP-35, HM6148HLP-45, HM6148HLP-55 

•Ac CHARACTERISTICS (Ta=O to 70°C, Vcc=5V±10%, unless otherwise noted.) 

•READ CYCLE 

HM6148HLP-35 HM6148HLP-45 HM6148HLP-55 
Item Symbol 

min max min max min 

Read Cycle Time t,c 35 -- 45 - 55 

Address Access Time t,, - 35 - 45 -

Chip Select Access Time t1ics - 35 - 45 -

Output Hold from Address Change loH 5 - 5 -- 5 

Chip Selection to Output in Low Z lLz• 10 - 10 - 10 

Chip Deselection to Output in High z lHz• 0 20 0 20 0 

Chip Selection to Power Up Time lpu 0 - 0 - 0 

Chip Deselection to Po~er Down Time lpo - 30 - 30 -
* Transition is measured ±500mV from high impedance voltage with Load(B). This parameter is sampled and not 100% tested. 

At any temperature and voltage condition lHz max is less than lLz min. 

•TIMING WAVEFORM OF READ CYCLE N0.1 (1)( 2) 

t" 

Address 

''" ''" 
Oout Data Valid 

•TIMING WAVEFORM OF READ CYCLE NO. 2 (l)(a) 

t" 

lHs '"' tu 

Dout High Impedance Data Valid 

Ia 
Vee supply ----- ------ir-------------------~+ 

current 50% 

J,, 

Notes) l. WE is High for Read Cycle. 
2. Device is continuously selected, CS- V 1L. 

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

Impedance 

max 

-

55 

55 

-

-

20 

-

30 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 



~~~~~~~~~~~~~~~~~~HM6148HLP-35, HM6148HLP-45,HM6148HLP-55 

e WRITE CYCLE 

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

min max min max min max 

Write Cycle Time lwc 35 - 45 - 55 - ns 

Chip Selection to End of Write lcw 30 - 40 - 50 - ns 

Address Valid to End of Write 1,. 30 - 40 - 50 - ns 

Address Setup Time 1'5 0 - 0 - 0 - ns 

Write Pulse Width IWP 30 - 35 - 40 - ns 

Write Recovery Time 1., 5 - 5 - 5 - ns 

Data Valid to End of Write lnw 20 - 20 - 20 - ns 

Data Hold Time IDH 0 - 0 - 0 - ns 

Write Enabled to Output in High Z • twz 0 10 0 15 0 20 ns 

Output Active from End of Write• IDw 0 - 0 - 0 - ns 

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

•TIMING WAVEFORM OF WRITE CYCLE N0.1 (WE Controlled) 

Address---'\'--------------------"!'-----

f--------kw-----~~ 

Dout ((((((( 

•TIMING WAVEFORM OF WRITE CYCLE N0.2 (CS Gintrolled) 

,__--------~~c--------~~ 

Address 

Din 

High lmpedance(4J 
Dout 

Notes of Tining Waveform of Write : 
1. A write occurs during the overlapf dft<i:i low CS and a low WE. ( l w P) 
2. t w R is measured from the earlier of -CS- or -wr- going high to the end of write cycle. 
3. During this period, 1/0 pins are in the output state so that the input signals of opposite phase to the outputs must not be applied. 
4. If the CS hw transition occurs simultaneously with the WE low transition or after the WE transition, the output buffers remain in a high impedance state. 
5. If CS is low during this period, l/0 pins are in the output state. Then the data input signals of opposite phase to the outputs must not be applied to them. 
6. Dout is the same phase of write data of this write cycle. 
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HM6148HLP-35, HM6148HLP-45, HM6148HLP-55 ------------------

• LOW v cc DATA RETENTION CHARACTERISTICS ( o·c;:;;; Ta;;>; 1o·c) 

Parameter Symbol 

Vee for Data Retention v •• 

Data Retention Current IccD11 

Chip Deselect to Data Retention Time le DR 

Operation Recovery Time 

Note) 1. he-Read Cycle Time. 

h 

* Vcc-3.0V 
* * Vcc-2.0V 

Test Conditions 

ES";;;; Vcc-0.2V 

V.,<;; Vcc-0.2V or 

ov:;; v .. :;;o.2v 

•LOW Vee DATA RETENTION WAVEFORM 

min 

2.0 

-

0 

taco, 

typ max 

- -

30• - 20•• 

- -

- -

Vee-------~ >-----~D~A~T~A~R=ET=E=N~T=!O~N~M=O=D=E _____ r--------

4.5V---------

2.ZV-- --VD11 ___ _ 

CS<: v .. -0.ZV 

ES ____ .J 

W------------------------------------------
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Unit 

v 

µA 

ns 

ns 



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

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

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

• Low Power Standby and Low Power Operation, 

Standby: lOOµW typ., Operation: 150mW typ. 

• Single 5V Supply and High Density 18 Pin Package 

• Completely Static Memory - No Clock nor Timing Strobe 

Required 

• No Peak Power-On Current 

• No Change of tA cs 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 

•BLOCK DIAGRAM 

Ao 

cs 

Memory Array 
64 x b4 

•ABSOLUTE MAXIMUM RATINGS 

Item Symbol 

Voltage on Any Pin relative to GND Vr 

DC Output Current I. 

Power Dissipation Pr 

Operating Temperature Top· 

Storage Temperature (under bias) T.1110 ... 

Storage Temperature (Ceramic) T.1, 

Storage Temperature (Plastic) T.1 1 

* Pulse Width 20ns, DC: -O.SV 

~\'1r 

GND 

Rating Unit 

~ 3. s• to +7.0 v 
20 mA 

1. 0 w 
0 to +70 ·c 

-10 to +85 ·c 
-65 to +150 ·c 
·-55 to +125 ·c 
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HM6147H-35, HM6147H-45, 

HM6147H-55 

IDG-18) 

HM6147HP-35, HM6147HP-45, 

HM6147HP-55 

(DP·18J 

•PIN ARRANGEMENT 

{Top View) 
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HM6147H-35,HM6147H-45,HM6147H-55,HM6147HP-35,HM614 7HP-45,HM6147HP-55 -------

•RECOMMENDED DC OPERATING COWDITIONS (O°C::;;;; ra;;;;;10°C) 

Parameter Symbol min typ max 

Vee 4.5 5.0 5. 5 
Supply Voltage 

GND 0 0 0 

Input High (logi< 1) Voltage V, H 2.0 3.0 6.0 

Input Low (logic 0) Voltage v, c -3.0• - 0.8 

* Pulse Width 20ns, DC: -0.SV 

•DC AND OPERATING CHARACTERISTICS (O°C;;;;;Ta;;;;;10°C, Vcc~5V±l0%, GND~OV) 

Parameter Symbol Test Condition min 

Input Leakage Current I Iu I Vcc~5.5V, GND to Vee -

Output Leakage Current I Ico I cs~ vlH, V..,-OV-Vcc -

Operating Power Supply Current I 1) Ice cs~ Vic, Output open -

Operating Power Supply Current 12) lcci cs~ v, '· Minimum Cycle -

Standby Power Supply Current I 11 I SB cs~ v,"· Vcc==Min to Max -

Standby Power Supply Current 121 I SBI 

CS~Vcc-0.2V, -
V,":>0.2V or ViN~ Vcc-0.2V 

Output Low Voltage Voe Ioc~BmA -

Output High Voltage VoH loH~-4mA 2. 4 

Note) 1. The operating ambient temperature range is guaranteed with transverse air flow exceeding 400 linear feet minute. 

2. Typical limits are at Vcc-5.0V. Ta-25"C and specified loading. 

•Ac TEST CONDITIONS 

• Input pulse levels: GND to 3.0V 

• Input rise and fall times: 5 ns 

• Input timing reference levels: 1.5V 

• Output load: See Figure 
• Output timing reference levels: 1.5V (HM6147H/P·35) 

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

typ 

-

-

30 

40 

8 

20 

-

-

Unit 

v 
v 
v 
v 

max Unit 

10 µA 

10 µA 

80 mA 

80 mA 

20 mA 

800 µA 

0.40 v 
- v 

v" 

51UQ 

30pf * 

* Including scope & jig capacitance 

Output Load B 

•CAPACITANCE (Ta~25°C, j~l.OMHz) 

Item Symbol Conditions max Unit 

Input Capacitance c .. v .. ~ov 5 pF 

Output Capacitance CoMI v~,~ov 6 pF 

Note) This parameter is sampled and not 100% tested. 
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HM6147H-35,HM614 7H-45,HM614 7H-55,HM614 7HP-35,HM614 7HP-45,HM614 7HP-55 

•AC CHARACTERISTICS (Ta=O'C to 70°C, Vcc=5V±l0%, unless otherwise noted.) 

•READ CYCLE 

HM6!47H/P-35 HM6147H/P-45 HM6!47H/P-55 
Parameter Symbol 

min max min max min max 

Read Cycle Time he 35 - 45 - 55 

Address Access Time 1,, - 35 - 45 -

Chip Select Access Time fACS - 35 - 45 -

Output Hold from Address Change IOH 5 - 5 - 5 

Chip Selection to Output in Low Z ILZ 5 - 5 - 5 

Chip Deselection to Output in High Z IHz 0 30 0 30 0 

Chip Selection to Power Up Time fpu 0 - 0 - 0 

Chip Deselection to Power Down Time fpo - 20 - 20 -

e TIMING WAVEFORM OF READ CYCLE N0.1 '" "' 
/Rf 

Ad.dress 

'" 
'" 

Data Out Previous Data \'alid Data\'alui 

•TIMING WAVEFORM OF READ CYCLE N0.2"" 6 ' 

cs 

Data t)u1 Data Valid 

'" 
rec Supplv -- --- - -ho-------------------.. 

Ice sut-,, 
Current lss 

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

2. At any given temperature and voltage condition, tHz max. is less than 
t LZ min. both for a given device and from device to device. 

3. Transition is measured ±SOOmV from steady state voltage with 
~cified loading in Load B. 

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

$HITACHI 

-

55 

55 

-

-

30 

-

20 

Unit Notes 

ns [I) 

ns 

ns 

ns 

ns [2), [3), [7) 

ns [2), (3), [7) 

ns 

ns 
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HM6147H·35, HM6147H-45, HM6147H-55, HM6147HP-35, HM6147HP-45, HM6147HP-55----

e WRITE CYCLE 

HM6147H/P-35 HM6147H/P-45 HM6147H/P-55 
Parameter Symbol Unit Notes 

min max min max min max 

Write Cycle Time twc 35 - 45 - 55 - ns (2) 

Chip Selection to End of Write tcw 35 - 45 - 45 - ns 

Address Valid to End of Write t,w 35 - 45 - 45 - ns 

Address Setup Time t,, 0 - 0 - 0 - ns 

Write Pulse Width twp 20 - 25 - 30 - ns 

Write Recovery Time twR 0 - 0 - 0 - ns 

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

Data Hold Time toH 10 - 10 - 10 - ns 

Write Enabled to Output in High Z twz 0 20 0 25 0 30 ns (3), (4) 

Output Active from End of Write tow 0 - 0 - 0 - ns (3], (4] 

•TIMING WAVEFORM OF WRITE CYCLE (WE Controlled) 

Address 

"' 
cs 

'" 
WE 

O.ta In 

O.ta Out 0.ta Undefined 

•TIMING WAVEFORM OF WRITE CYCLE (CS Controlled) 

Addrl'H 

Dua In 
01.11 In Valid 

Data Out 

,"late I fS or W£ are H11h for . .\ddreu Tr1ns11ion 

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

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

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

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

u .., 
.; 

" 

ACCESS TIME VS. SUPPLY VOLTAGE 

1.3.----...,....-----,----,-----. 

Ta=25"C 

1.2 l-----+-----t----+------4 

1.1 ~---+-----t----+-----1 

1--1--_ 
1.01----+---""'+_,--+----l 

~ 0.9 t-----+-----t----+-----1 

~ 0.8t-----+-----t----+-----t 

0·7 4'"'_5,...---4""'.1'""5 __ .....,.5_0,..---5,-._2_5 __ ___,5.5 

Supply Voltage Vee ( V) 

ACCESS TIME VS. LOAD CAPACITANCE 

1.8 

1.6 

1.4 

1.2 

1.0 

~ 
/ 

v 
~ 

Ta=25°C 
Vcc=MIN 

0.8 

0·6 100 200 300 400 500 

Load Capacitance CL (pf) 

INPUT LOW VOLTAGE VS. SUPPLY VOLTAGE 

1.3..---....,...---.,-----.------. 

To=25°C 

1.21-----+---+----+----I 

1.11-----+---+----+----I 

___i----
1.ot-----+----=--1"""=---t--------l 

~ 
• .s 

0.81------+---+-----+-------t 

0·74 .... _5---, ..... 75 ___ 5 ..... 0 ___ 5 ...... 25 __ ___.5.5 

Supply Voltage Vee ( V) 

ACCESS TIME VS. AMBIENT TEMPERATURE 

1.3..---...,...-----.----,-----, 

Vcc=S.OV 

1.2t-----+-----t---+-----+ 

y 
1.11---+-----J-~,,£-+-----l 

L 1.ot-----t::;~---t----r-----J v 0.9F----+-----t----+-----I 

0.81-----+-----t----+-----t 

0.7 0 20 40 60 80 

Ambient Temperature Ta ('Cl 

SUPPLY CURRENT VS. FREQUENCY 

1.3.-----,--....,...--...,...-------.--~ 

1.2t-----t---+---+---+----t----I 

] 
";; l.l t-----+---+---+---+----t----1 
E 

~ 
1.0 t---t---t----+---+----t-=...--i 

~ 
0.91---+-=:::::::+:_----1~---l----l---l 

} 0.81-----+---+--+----+----t----I 

0 ·7 ~0 __ ....._ __ 1._o __ _.15 ___ 2.._o __ _.25 __ _,30 

Frequency f (MHz) 

INPUT HIGH VOLTAGE VS. SUPPLY VOLTAGE 

1.3.----....,...----.------.--------. 
Ta=2s·c 

2t-----+----t-----+-----i 

11-----+----t-----+-----i 

__J.---
•!.Ol----+-=-+""=---+---i 
~ 

~ 0.91-----+---+----+----I 
:i 

! 0.81-----+---+----+----I 

0.1'------L.----'-----'------' 
4.5 4.75 5.0 5.25 5.5 

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

OUTPUT CURRENT VS. OUTPUT VOLTAGE 

1.6 

1 
Ta=25'C 
Vcc=SV 

1 
\ 

1.4 

1.2 

1.0 

0.8 

0.6 

Output Voltage VoH { \/) 

STANDBY CURRENT VS. AMBIENT TEMPERATURE 

io-s~---.----~---.------. 

<' 
10-6 

• "' 
0 
~ 
~ io- 1 

'° 

io-Ho~ ---, ... 0---,"-o---"-60 __ __.80 

Ambient Temperature Ta ("C) 

STANDBY CURRENT VS. INPUT VOLTAGE 

10.----,-.---.---,---,--~----. 

ro~~5'C 

Input Voltage V.. ( V) 

Vee =5.0V 
CS~4.8V 

OUTPUT CURRENT VS. OUTPUT VOLTAGE 

1.6 

1.4 

~ 

E 1.2 

"-

- 1.0 

0 0.8 

8 
0.6 

i 
I7 

f Ta=25'C 
Vee =SV 

v 
0.2 0.4 0.6 0.8 

Output Voltage VoL ( V) 

STANDBY CURRENT VS. SUPPLY VOLTAGE 

1.•.-----,-----,----..----.--. 

1.2 
~ 

E 1.0 
"-
j 

0.8 

u 
0.6 

~ 

"' 0.4 

Supply Voltage Vee (VJ 
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HM6147HLP-35, HM6147HLP-45,
HM614 7HLP-55 
4096-word x 1-bit High Speed Static CMOS RAM 

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

• Low Power Standby and Low Power Operation, 
Standby; 5µW typ., Operation: 150mW typ. 

• Single 5V Supply and High Density 18 Pin Package 

• Completely Static Memory - No Clock nor Timing Strobe 
Required 

• No Peak Power-On Current 

• No Change of tAcs 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 

• Capable of Battery Back up Operation 

•BLOCK DIAGRAM 

cs 

N. o--IT"----i 
N. - ,......___, 

,, 

• ABSOLUTE MAXIMUM RATINGS 

Item Symbol 

Voltage on Any Pin relative to GND VT 

DC Output Current lo 

Power Dissipation PT 

Operating Temperature Topr 

Storage Temperature (under bias) T.16 (b•u) 

Storage Temperature T.1 11 

* Pulse Width 20ns. DC: -0.SV 

GNU 

u .. u1 

Rating 

-3.5• to +7.0 

20 

1.0 

0 to +70 

-10 to +85 

-55 to + 125 

Unit 

v 
mA 

w 
·c 
·c 
·c 

•RECOMMENDED DC OPERATING CONDITIONS (0°C;;;; Te>;i;70°C) 

Parameter Symbol min 

Vee 4.5 
Supply Voltage 

GND 0 

Input High (logic I) Voltage V,H 2.2 

Input Low (logic 0) Voltage v,, -0.5• 

* VrL mm=-3V (Pulse width ~20ns) 

@HITACHI 

(DP-18) 

•PIN ARRANGEMENT 

:Top View) 

typ max Unit 

5.0 5.5 v 
0 0 v 

3.0 6.0 v 
- 0.8 v 
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HM6147HLP-35,HM6147HLP-45,HM6147HLP-55 --------------------

•DC AND OPERATING CHARACTERISTICS (0°C;:';;Ta;:';;70°C, Vcc=5V±l0%, GND=OV) 

Parameter Symbol Test Condition min typ 

Input Leakage Current I [LI I Vee-5.5V, GND to Vee -

Output Leakage Current I ho I cs- VIH, V ... 1=0V--Vcc -

Operating Power Supply Current 11) lee cs- \'i,, Output open -
-

Operating Power Supply Current 121 lcc1 CS- \'iL, Minimum Cycle -

Standby Power Supply Current 111 r,. cs-v'"· Vcc=Min to Max -

Standby Power Supply Current 121 I SBl 

cs;;; Vee-0.2V, 
-

ViN;;>0.2V or ViN;;;; Vee-0.2V 

Output Low Voltage Vo, lo,-BmA -

Output High Voltage VoH loH- -4.0mA 2.4 

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

•AC TEST CONDITIONS 
• Input pulse levels: GND to 3.0V 
• Input rise and fall times: 5 ns 
• Input timing reference levels: 1.5V Output Load A 
• Output load: See Figure 
• Output timing reference levels: 

1.5V (HM6147HLP-35) 

-

-

30 

40 

5 

I 

-

-

max Unit 

10 µA 

IO µA 

80 mA 

80 mA 

15 mA 

100 µA 

0.40 v 
- v 

Vu 

SIOQ 

0.8 to 2.0V (HM6147HLP-45/55) • Including scope & jig capacitance 

Vee 

Output Load B :tjS!OQ 

o ... 

SpF 

•CAPACITANCE (Ta=25°C, /=l.OMHz) 

Item Symbol Conditions max 

Input Capacitance c .. v..-ov 5 

Output Capacitance c ... v ... -ov 6 
Note) This par·•meter ts sampled and not 100% tested. 

•AC CHARACTERISTICS (Ta~o·c to 70°C, Vcc~5V±l0%, unless otherwise noted.) 
•READ CYCLE 

HM6147HLP-35 HM6147HLP-45 HM6147HLP-55 
Parameter Symbol 

min max min max min max 

Read Cycle Time I Re 35 - 45 - 55 -

Address Access Time t,, - 35 - 45 - 55 

Chip Select Access Time l'4CS - 35 - 45 - 55 

Output Hold from Address Change toH 5 - 5 - 5 -

Chip Selection to Output in Low Z tu 5 - 5 - 5 -

Chip Deselection to Output in High Z IHZ 0 30 0 30 0 30 

Chip Selection to Power Up Time IPU 0 - 0 - 0 -
Chip Deselection to Power Down Time tpo - 20 - 20 - 20 
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Unit 

pF 

pF 

Unit Notes 

ns [I] 

ns 

ns 

ns 

ns [2], [3], (7) 

ns (2), (3], [7) 

ns 

ns 



---------------------HM6147HLP-35,HM6147HLP-45,HM6147HLP-55 

•TIMING WAVEFORM OF READ CYCLE N0.1'""' 

Address 

0111 Out Data Valid 

•TIMING WAVEFORM OF READ CYCLE N0.2"" 6 ' 

Data Out 

Vee S11pply 

50% 

Current 

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

•WRITE CYCLE 

2. At any given temperature and voltage condition, tHZ max. is less than 
t 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. 
5. Device is continuously selected, CS= VIL· 
6. Addresses valid prior to or coincident with -CS-transition low. 
7. This parameter is sampled and not 100% tested. 

HM6147HLP-35 HM6147HLP-45 HM6!47HLP-55 
Parameter Symbol 

min max min max min max 

Write Cycle Time lwc 35 - 45 - 55 -

Chip Selection to End of Write lcw 35 - 45 - 45 -

Address Valid to End of Write t .~w 35 - 45 - 45 -

Address Setup Time f;S 0 - 0 - 0 -

\\trite Pulse Width fwp 20 - 25 - 30 -

Write Recovery Time fwR 0 - 0 - 0 -

Data Valid to End of Write low 20 - 25 - 25 -

Data Hold Time foH 10 - 10 - 10 -

Write Enable to Output in High Z twz 0 20 0 25 0 30 

Output Active from End of Write low 0 - 0 - 0 -

@HITACHI 

Unit Notes 

ns [2) 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns [3), [4) 

ns [3), [4) 
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HM614 7HLP-35,HM614 7HLP-45,HM6147HLP-55 

•TIMING WAVEFORM OF WRITE CYCLE (WE Controlled) 

Address 

'" 
cs 

WE 

Dua In 

Data Out Data Undefined 

•TIMING WAVEFORM OF WRITE CYCLE (CS Controlled) 
'"' 

1~ 

I'----

l::==1 
\ "' r 

"' ... ... 
"'\'\\\ \ Y777 

J "' "l )( Dou Jn hhd 

,., 

J 
1 DotaL;nd•f,o•d fi••~ l"'P•dtn« 

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

•LOW Vee DATA RETENTION CHARAC"FERISTICS ( Ta~O'C to +70'C) 

Item Symbol Test Condition min typ max Unit 

Vee for Data Retention VvR 
CS<'; Vcc-0.2V 

ViN~ Vcc-0.2V or v,N;::;o.zv 
2.0 - - v 

Vee ~3.0V, CS<';2.8V 
Data Retention Current I CCDR 

V,N<';2.8V or V,N;:>0.2V 
- - 50 µA 

Chip Deselect to Data Retention Time le DR 0 - - ns 
See Retention Waveform 

Operation Recovery Time t, he* - - ns 

* he~ Read Cycle Time. 

•LOW Vee DATA RETENTION WAVEFORM 
Data Retention Mode 

4.5V 

cs----.J 
ov - - - - - - - - - - - - - - - - - - -- - - - - - - ·- - - - - - - - - - - - - - - - - - - - - -
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HM6116-2, HM6116-3, HM6116-4 
HM6116P-2, HM6116P-3, HM6116P-4 

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

•FEATURES 

• Single 5V Supply and High Density 24 Pin Package 

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

• Low Power Standby and Standby: 100µW (typ.) 

Low Power Operation Operation: 1 BOmW (typ.) 

• Completely Static RAM: No clock or Timing Strobe Required 

• Directly TTL Compatible: All Input and Output 

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

• Equal Access and Cycle Time 

•FUNCTIONAL BLOCK DIAGRAM 

----OVcc 

Memory Matrix ---OGND 

128X 128 

•ABSOLUTE MAXIMUM RATINGS 

Item Symbol Rating Unit 

Voltage on Any Pin Relative to GND v, ~o.s• to +7.0 v 
Operating Temperature Top• 0 to +70 ·c 
Storage Temperature (Plastic) T.1, -55 to +125 ·c 
Storage Temperature (Ceramic) T.1, -65 to +150 ·c 
Temperature Under Bias T .... -10 to +85 ·c 
Power Dissipation p, 1.0 w 
* Pulse Width 50ns : ~ 

•TRUTH TABLE 

cs OE WE Mode Vee Current 

H x x Not Selected I SB, I SB\ 

L L H Read Ice 

L H L Write Ice 

L L L Write Ice 

@HITACHI 

HM6116-2. HM6116-3. 
HM6116-4 

(DG-24) 

HM6116P-2, HM6116P-3, 
HM6116P-4 

(DP-241 

•PIN ARRANGEMENT 

(Top View' 

1/0 Pin Ref. Cycle 

High Z 

Dout Read Cycle 11 )-13) 

Din Write Cycle I 1) 

Din Write Cycle 12) 
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HM6116-2,HM6116-3,HM6116-4,HM6116P-2,HM6116P-3,HM6116P-4 -------------

•RECOPIMENDED DC OPERATING CONDITIONS ( Ta~O to +70°C) 

Item Symbol min typ max 

Vee 4 .5 5.0 5.5 
Supply Voltage 

GND 0 0 0 

V,H 2.2 3. 5 6.0 
Input Voltage 

v,, -3.0' 0.8 -

* Pulse Width: SOns, DC: Vn min- -0.3V 

•DC AND OPERATING CHARACTERISTICS ( Vcc~5V±10%, GND~OV, Ta~O to +70°C) 

Item 

Input Leakage Current 

Output Leakage Current 

Operating Power Supply 

Current 

Average Operating Current 

Standby Power Supply 

Current 

Output Voltage 

* V,-, -SV, Ta-25'C 
** Reference Only 

Symbol 

I Iu I 

Iha I 

le< 

lcc1 .. 

lcci 

[SB 

I SBI 

VoL 

VoH 

Test Conditions 
min 

Vee~5.5V, V..~GND to Vee -

cs~ v,H or OE~ V,H, 
-

Vio~GND to Vc:c 

cs~ v,,, 1,,,,~0mA -

V,H~3.5V, V,, ~0.6V, 
-

11a~OmA 

Min. cycle, duty~IOO% -

cs~ v," -

CS"' Vec-0.2V, V.~~ Vee 
-

-0.2V or V..;i;0.2V 

loL ~4mA -

fo,~2.ImA -

loH~ -1.0mA 2.4 

•AC CHARACTERISTICS ( Vcc~5V±l0%, Ta~O 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: lTTL Gate and CL = lOOpF (including scope and jig) 

•READ CYCLE 

HM6116/P-2 
Item Symbol 

min max 

Read Cycle Time IRC I20 -

Address Access Time '" - I20 

Chip Select Access Time '"'cs - I20 

Chip Selection to Output in Low Z lcLZ 10 -

Output Enable to Output Valid I OE - 80 

Output Enable to Output in Low Z t OL Z 10 -

Chip Deselection to Output in High Z le HZ 0 40 

Chip Disable to Output in High Z lo HZ 0 40 

Output Hold I rom Address Change I OH IO -
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HM6116/P-2 HM6116/P-3/-4 

typ• max min typ• max 

- IO - - IO 

- IO - - IO 

40 80 - 35 70 

35 - - 30 -

40 80 - 35 70 

5 I5 - 5 I5 

0.02 2 - 0.02 2 

- 0.4 - - -

- - - - 0.4 

- - 2.4 - -

HM6116/P-3 HM6116/P-4 

min max min max 

I50 - 200 -

- I50 - 200 

- 150 - 200 

15 - 15 -
- JOO - 120 

15 - 15 -

0 50 0 60 

0 50 0 60 

15 - 15 -

Unit 

v 
v 
v 
v 

Unit 

µA 

µA 

mA 

mA 

mA 

mA 

mA 

v 
v 
v 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 



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

•WRITE CYCLE 

Item Symbol 

Write Cycle Time twc 

Chip Selection to End of Write lcw 

Address Valid to End of Write t;w 

Address Set Up Time l;s 

Write Pulse Width twp 

Write Recovery Time lwR 

Output Disable to Output in High z loHZ 

Write to Output in High Z twHz 

Data to Write Time Overlap low 

Data Hold from Write Time loH 

Output Active from End of Write low 

•CAPACITANCE (f-lMHz, Ta-25°C) 

Item Symbol 

Input Capacitance c .. 
Input/Output Capacitance Cf/o 

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

•TIMING WAVEFORM 

•READ CYCLE (1)'" 

.-'\dd rt'~ s 

Uout 

•READ CYCLE(2)'""'"' 

Address 

Dout 

•READ CYCLE (3) "'""" 

Dout 

HM6116/P-2 

min max 

120 -

70 -
105 -

20 -

70 -
5 -

0 40 

0 50 

35 -

5 -
5 -

Test Conditions 

ic.~ov 

v,A)~ov 

NOTES: 1. WE is High for Read Cycle. 
2. Device is continuously selected, CS-= VIL. 

IM6116/P-3 

min max 

150 -

90 -

120 -

20 -
90 -

10 -
0 50 

0 60 

40 -
10 -

10 -

typ 

3 

5 

3. Address Valid prior to or coincident with "CS transition Low. 
4. ffi:= VIL· 

@HITACHI 

HM6116/P-4 
Unit 

min max 

200 - ns 

120 - ns 

140 - ns 

20 - ns 

120 - ns 

10 - ns 

0 60 ns 

0 60 ns 

60 - ns 

10 - ns 

10 - ns 

max Unit 

5 pF 

7 pF 
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HM6116-2,HM6116-3,HM6116-4,HM6116P-2,HM6116P-3,HM6116P-4 

WRITE CYCLE(1) 

>----------111·c----------I 

Address 

~---1"----~ 

CiJ 
'----111,.,~---

lJou1 

IDHI 
----<% 4J<XX 

•WRITE CYCLE(2)"' 
.__ ________ ," _______ _ 

Address 

Doot 

'"j (8) 

)000( Din 

NOTES: 1. 
2. 

A write occurs during the overlap (fl!'£) of a low CS and a low WE. 
t WR is measured from the earlier of CS or WE going high to the end 
of write cycle. 

68 

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

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

5. OE"is continuously low. (Qt= VIL) 
6. Dout is tlte same phase of write data of this write cycle. 
7. 0 0.Y.Lis the read data of next address. 
8. 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. 
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-------------HM6116-2,HM6116-3,HM6116-4,HM6116P-2,HM6116P-3,HM6116P-4 

SUPPLY CURRENT 

vs. SUPPLY VOLTAGE 

1.6 

To=25'C 

l.41-----l.---+----1------1 

1.21----1----+----+--= .... /~ 

~ 1.0 l------+---..!"':::_--1-----1 

~ 
0.8p 

0.6 l------+---+----1------1 

0.4 '----I.----+----'-----' 
4.5 4.75 5.0 5.25 5.5 

Supply Voltage Vee \ V) 

ACCESS TIME 

vs. SUPPLY VOLTAGE 

l.3---------------
Ta=zs·c 

1.21-----1----+-----<1-----1 

~ LI l=f...,""'-~-.l-----+----4-----J 

~ ~ 
1.0 l------+--=-k:-----11----l 

! 0.91-----1----1----------t--.i---=.._j 

~ 0.81-----1----+-----<-----1 

0.7 '-----'-----+-----<'-----
4.5 4.75 5.0 5.25 5.5 

Supply Voltage Vee (V) 

ACCESS TIME 
vs. LOAD CAPACITANCE 

!$---~-------~---

lhl-----l----1-----c::::'7'1---~L"'""-' 

1.4 ~ 
/ 

Ta=2s·c 
Vcc=MIN 

0.6 .__ __ _._ ___ _._ __ _J ___ _, 

100 200 300 400 500 

Load Capacitance Ct (pf) 
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SUPPLY CURRENT 

vs. AMBIENT TEMPERATURE 
1.6 ---~----------~ 

Vee= 5.0V 

...,, l.41-----1----+-----<-----1 

~~ 1.21-----1----+-----<-----1 

1.0 t---1--. ---=~--...=:-----l---+----1 
~ ~ u 0.8 

l 0.6 l-----+----+----1------1 

0.4 '-----'-----+----'-------' 
0 20 40 60 80 

Amb1rn1 Tt>mparalure Ta :·c 

ACCESS TIME 

vs. AMBIENT TEMPERATURE 

l.3---------------
Vcc=S.OV 

1.2 1----+----+----1-----< 

y 
LI l-----+----+--~,c__l------1 

7 1.0 l------+--.C:...--t------1----1 

~ 
0.91----+----+----1-----< 

0.81----+----+----1-----< 

0.7 '----I.----'----'-----' 
0 20 40 60 

. .\mb1ent Temperature Ta r'C '1 

SUPPLY CURRENT 
vs. FREQUENCY 
l.3 

200ns ISOns 

1.2 

1. 1 

0 

1---I--
I. 

0. 9 

0. 7 

Frequency f {MHz) 

80 

120ns 

10 
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HM6116-2,HM6116-3,HM6116-4,HM6116P-2,HM6116P-3,HM6116P-4 -------------

70 

. 

LOW INPUT VOLTAGE 

vs. SUPPLY VOLTAGE 

1.3 

1.2 

1.0 

i--

0.9 

j 0.8 

0.7 
4.5 4.75 5.0 5.25 

Supply Voltage Vee ( \') 

OUTPUT CURRENT 

vs. OUTPUT VOLTAGE 

1.6 

1.2 

1.0 

0.8 

0.6 

0.4 
I 

\ 

~ 
\ 

I\ 
Output Voltage VoH (V) 

Ta=ZS'C 

-

5.5 

Ta=ZS°C 
Vcc=SV 

@HITACHI 

; 

HIGH INPUT VOLTAGE 

vs. SUPPLY VOLTAGE 
1.3..----,-----,..---,.-----. 

Ta=2S'C 

l.2t----r-------+---t-----i 

~ llt----r-------+---t-----i 

~ ---t---1 
1.01----+---=-+-"""":;__-l-----j 

~ 
0.9f-----+-----+---f-----4 

~ 

::C 0.8t----+-----+----t--~ 

0.7~--~--~---~-~ 
4.5 4.75 5.0 5.25 5.5 

Supply Voltage Vee (VI 

OUTPUT CURRENT 

vs. OUTPUT VOLTAGE 

6 

4 i 2 

lZ 
I. 

E L 

~ 

- l.0 

u 0.8 

8 
0.6 

0.4 
0 

LJ 
L v 

0.2 0.4 0.6 

Output Voltage \ioL ( \/l 

---I 

Ta=25'C 
Vcc=SV 

0.8 



HM6116FP-2, HM6116FP-3, 
HM6116FP-4 

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

•FEATURES 
• High Density Small-Sized Package 
• Projection Area Reduced to One-Thirds of Conventional DIP 
• Thickness Reduced to a Half of Conventional DIP 

• Single 5V Supply 
• High Speed: Fast Access Time 120ns/150ns/200ns (max.) 

• Low Power Standby Standby: lOOµW (typ.) 
• Low Power Operation; Operation: 180mW (typ.) 

• Completely Static RAM: No clock nor Timing Strobe Required 

• Directly TTL Compatible: All Input and Output 

• Equal Access and Cycle Time 
•FUNCTIONAL BLOCK DIAGRAM 

------0 Vee 

IFP-W 

A10-----< ......,v---. •PIN ARRANGEMENT 

l28X 128 
Decoder • 

---OGNO \ Row Memory Matrix 

•ABSOLUTE MAXIMUM RATINGS 

Item Symbol Rating Unit 

Voltage on Any Pin Relative to GND Vr ~o.s• to +7.0 v 
Operating Temperature To,,, 0 to +70 ·c 
Storage Temperature T,,, -55 to +125 ·c 
Temperature Under Bias 11.,., -JO to +85 ·c 
Power Dissipation Pr 1.0 w 

*Pulse \\'tdth ~Uns -3_:)\ 

•TRUTH TABLE 

cs OE WE Mode Vee Current l/O Pin Ref. Cycle 

H x x Not Selected I SB, Issi High Z 

L L H Read lee Dout Read Cyclelll-131 

L H L Write lee Din Write Cyclelll 

L L L Write lee Din Write Cyclei21 
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HM6116FP-2,HM6116FP-3,HM6116FP-4 -----------------------

•RECOMMENDED DC OPERATING CONDITIONS ( Ta=O to +70°C) 

Item Symbol min typ max 

Vee 4.5 5.0 5.5 
Supply Voltage 

GND 0 0 0 

v,. 2.2 3.5 6.0 
Input Voltage 

V1L -3.0' - 0.8 

* Pulse Width: SOns, DC'. Vn min--0.3V 

•oc AND OPERATING CHARACTERISTICS (Vcc=5V±10%, GND=OV, Ta=O to +70'C) 

Item 

Input Leakage Current 

Output Leakage Current 

Operating Power Supply 

Current 

Average Operating Current 

Standby Power Supply 

Current 

Output Voltage 

• Voc-SV, Ta-25'C 
** Reference Only 

Symbol 

h1 

ho 

Ice 

lcci•• 

lcci 

lss 

I SBI 

VoL 

Vo• 

Test Conditions 
min 

Vcc-5.5V, V,.-GND to Vee -

CS- v,. or OE- v,. -
V,"'-GND to Vee 

cs-v,L, lvo=OmA -

v,.-3.5V, V1L-0.6V, 
-

J,"'-OmA 

Min. cycle, duty-100% -

cs-v,. -

CS<:; Vcc-0.2V, V.. <:;Vee 
-

-0.2V or V .. ~0.2V 

IoL-4mA -
loL-2. lmA -

/o•--1.0mA 2.4 

•Ac CHARACTERISTICS (Vcc=5V±10%, Ta=O to +70'C) 

•AC TEST CONDITIONS 
Input Pulse Levels: 0.8 to 2.4V 

Input Rise and Fall Times: 10 ns 

Input and Output Timing Reference Levels: 1.5V 

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

•READ CYCLE 

HM6116FP-2 
Item Symbol 

min max 

Read Cycle Time he 120 -

Address Access Time 1 .. - 120 

Chip Select Access Time IA.cs - 120 

Chip Selection to Output in Low Z fCLZ 10 -

Output Enable to Output Valid loE - 80 

Output Enable to Output in Low Z foLZ IO -

Chip Deselection to Output in High Z le Hz 0 40 

Chip Disable to Output in High Z foHZ 0 40 

Output Hold from Address Change loH 10 -
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HM6116FP-2 HM6116FP-3/-4 

typ• max min typ• max 

- 10 - - 10 

- 10 - - 10 

40 80 - 35 70 

35 - - 30 -

40 80 - 35 70 

5 15 - 5 15 

0.02 2 - 0.02 2 

- 0.4 - - -

- - - - 0.4 

- - 2.4 - -

HM6116FP-3 HM6116FP-4 

min max min max 

150 - 200 -

- 150 - 200 

- 150 - 200 

15 - 15 -
- 100 - 120 

15 - 15 -
0 50 0 60 

0 50 0 60 

15 - 15 -

Unit 

v 
v 
v 
v 

Unit 

µA 

µA 

mA 

mA 

mA 

mA 

mA 

v 
v 
v 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 



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

•WRITE CYCLE 

Item Symbol 

Write Cycle Time lwc 

Chip Selection to End of Write few 

Address Valid to End of Write t,w 

Address Set Up Time 1'5 

Write Pulse Width twp 

Write Recovery Time fwR 

Output Disable to Output in High z lo HZ 

Vv'rite to Output in High Z fWHZ 

Data to Write Time Overlap tow 

Data Hold from Write Time toH 

Output Active from End of Write low 

•CAPACITANCE (f~lMHz, Ta~25°C) 

Item Symbol 

Input Capacitance c .. 
Input/Output Capacitance C1 o 

:\'otel This parameter is sampled and not 100% tested. 

•TIMING WAVEFORM 

•READ CYCLE (1) '" 

HM6116FP-2 HM6116FP-3 HM6116FP-4 

min max min max min max 

120 - 150 - 200 -

70 - 90 - 120 -

105 - 120 - 140 -

20 - 20 - 20 -

70 - 90 - 120 -

5 - 10 - 10 -

0 40 0 50 0 60 

0 50 0 60 0 60 

35 - 40 - 60 -

5 - 10 - 10 -

5 - 10 - 10 -

Test Conditions typ max 

V .• ~O\' 3 5 

V, a~O\' 5 7 

\dd re~~ 

~--*-I 

llc>u1 

•READ CYCLE(2)'"""" 

l.ddress 

!Joli! 

•READ CYCLE(3)"''""' 

Oout 

NOTES: l. WlO is High for Read Cycle. 
2. Device is continuously selected, CS= Vn. 
3. Address Valid prior to or coincident with ITtrarisition Low. 
4. OE= Vn. 
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Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Unit 

pF 

pF 
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HM6116FP-2,HM6116FP-3,HM6116FP-4 ----------------------

•TIMING WAVEFORM 

•WRITE CYCLE(1)'" 

Addreu 

llou1 

llm 

•WRITE CYCLE (2)"' 

Address 

(IJ 
i-----1111·=----1 

--cf" 4)<XX 

>----------fl!( ________ ____, 

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

74 

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

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

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

5. Mis continuously low. (UE'= VIL) 
6. Dout is the same phase of write data of this write cycle. 
7. 0 0 .lll..is the read data of next address. 
8. If CS is Low during this period, 1/0 pins are in the output state. 

Then the data input signals of opposite phase to the outputs must 
not be applied to them. 
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----------------------HM6116FP-2,HM6116FP-3,HM6116FP-4 

SUPPLY CURRENT 
vs. SUPPLY VOLTAGE 
1.6---------------. 

Ta=25'C 

1.41----l-----1-----1------l 

1.2 ~--+---+-----+-~,,,,,_/"'-l 

~ 1.0 l----+---:;;;.1""':::......--1----l 

~ 
0.8p 

0.61----l-----1-----1------l 

0.4 .__ __ __.. ___ ....._ ___ ,__ __ _, 

4.5 4.75 5.0 5.25 5.5 

Supply Voltage \"n , \'i 

ACCESS TIME 
vs. SUPPLY VOLTAGE 
1.3--------------~ 

Ta=25'C 

1.21------1-----1----4----1 

~ !.l l--...p_.-+---+----\----1 

J. ~ 
1.0 l---+--=-!-..::----4-----1 

j 09 ~--l----+-~----1-t--_-~ 
~ 0.81-----1-----1------l,__-----< 

0.7 L4-.5---4.l...7-5 ----'-5.-0 ----'5.L25---.,.5.5 

Supply \'11ltage \.'c( \ 

ACCESS TIME 
vs. LOAD CAPACITANCE 
1.8---------------

0.81-----+-----l-----L----l 

0.6 L._ __ _._ ___ ....._ ___ .__ __ _, 

100 200 300 400 500 

Load Capacitance C1 lpf-
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SUPPLY CURRENT 

vs. AMBIENT TEMPERATURE 

1.6 ---------------

Vee= 5.0V 

1.41----l-----1-----1-----l 

~ 121----l-----1------lL-----l 
J. 

IJ) 0.61-----l----+----L----l 

-
~ 

.fa_ 

~ 

~ 

0.41-__ _,_ ___ ....._ ___ 1-__ _, 

0 20 40 60 80 

Ambient Temperature T. l"C 1 

ACCESS TIME 
vs. AMBIENT TEMPERATURE 

13---------------
Vcc=S.OV 

1.21------1-----1------l-----l 

y 
l.l lc-----+---/--l-v--..-£-lc------l 

1.0~ 

0.9 

0.81----l------1------'L----l 

0.7 .__ __ _._ ___ ....._ ___ ...._ __ _, 

20 40 60 

Amb1en1 Temperature Ta r•c; 

SUPPLY CURRENT 
vs. FREQUENCY 

80 

1.3---------------200ns lSOns l20ns 

1.2'----l---4--->---<----< 

I. I 

1.0 

0.9 

0.8 

0.7 
0 10 

Frequency f (MHz'1 
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HM6116CG-2, HM6116CG-3, 
HM6116CG-4 

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

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

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

• Low Power Standby and Standby: 100µW (typ.) 

Low Power Operation Operation: 180mW (typ.) 

• Com·pletely Static RAM: No Clock or Timing Strobe Required 

• Directly TTL Compatible: All Input and Output 

• Equal Access and Cycle Time 

• FUNCTIONAL BLOCK DIAGRAM 

A1 -OVcc 

\ \ Row Memory Matrix ---OGND 

Decoder • l28X 128 

Ai 

• 
1/01 Colurm 1/0 

Column Decoder 

• ABSOLUTE MAXIMUM RATINGS 

Item Symbol Rating Unit 

Voltage on Any Pin Relative to GND Vr -o.s• to +1.0 v 

Operating Temperature T.,. 0 to +70 ·c 
Storage Temperature T.,. -65 to +ISO ·c 
Temperature Under Bias n,., -10 to 85 ·c 
Power Dissipation Pr 1.0 w 
* Pulse Width SOns : -3. SV 

•TRUTH TABLE 

cs OE WE Mode Vee Current 

H x x Not Selected Isa, Issi 

L L H Read Ice 

L H L Write Ice 

L L L Write Ice 
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(CG-32) 

•PIN ARRANGEMENT 

.\.1 :>!"~ 

.4.2 :i~ 

:\; .\C .V • .' \C i(·r NC \L' 

~E \c 

[~~ WR 
~;[i ~ 

~~~ A10 

. .\u n:: ~~1 cs 
>ic l!~ ~~~ i (~ 

I \h I ~1 ~ ~f I ( i-: 
,., r'"I ,., r"! .-, r'"l ..... 

:u: ,1.~ :1~ :i~ :1~ :19: ::?~ 

I 0.I'fhG~DNCl n~J O~I (Ji; 

(Top View) 

l/0 Pin Ref. Cycle 

High Z 

Dout Read Cycle (I )-(3) 

Din Write Cycle (1) 

Din Write Cycle (2) 



----------------------HM6116CG-2,HM6116CG-3,HM6116CG-4 

•RECOMMENDED DC OPERATING CONDITIONS ( Ta~O to +70°C l 

Item Symbol min typ max 

Vee 4. 5 5. 0 5. 5 Supply Voltage 
GND 0 0 0 

V, H 2. 2 3. 5 6.0 Input Voltage 
Vii --3 .O' - 0.8 

* Pulse Width: SOns, DC Vic min= --0.3\' 

•DC AND OPERATING CHARACTERISTICS ( Vcc~5V±l0%, GNO~OV, Ta~O to +70°C) 

Item 

Input Leakage Current 

Output Leakage Current 

Operating Power Supply 

Current 

Average Operating Current 

Standby Power Supply 

Current 

Output Voltage 

* V,,, =5\', Tu=25\' 
** Referenee Only 

Symbol 

i I LI I 

ll1c.I 

Ice 

fr·c1** 

Ice~ 

Isa 

lsa1 

Fu1 

\/1111 

Test Conditions 
min 

Vee ~5.5\". V., -"G;>.;D tu Ve( 

cs~ v," or OE~ Vrn, 

\/111=G:\D to Vil 

cs~v,,, f1o=OmA 

ViH~3.5\'. \i1 ~0.6\', 

11 o=OmA 

Min. cycle, duty= 100% 

cs~ 1·," 

cs~ 1~, 0. 2\". \>_>\',, 

-0.2\" or V.."i'O 2\' 

L!/ =4mA 

fuc ~2 lmA 

fu11-= -1.0mA 2. 4 

•Ac CHARACTERISTICS ( Vcc~SV ±10%, Ta~O to +70°C I 
•AC TEST CONDITIONS 

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

•READ CYCLE 

HM6116CG-2 
Ite"' Symbol 

min max 

Read Cycle Time 1,, 120 -

Address Access Time l,; - 120 
Chip Select Access Time lAcs - 120 

Chip Selection to Output in Low z fc ! L 10 -

Output Enable to Output Valid loE - 80 

Output Enable to Output in Low z lntz 10 -

Chip Deselection to Output in High z le HL 0 40 

Chip Disable to Output in High Z l OHZ 0 40 

Output Hold from Address Change l UH 10 -

@HITACHI 

HM6116CG-2 HM61 !6CG-3/-4 

typ• min typ• max 

10 10 

10 JO 

40 80 35 70 

35 30 

40 80 35 70 

15 15 

0.02 0. 02 

0. 4 

0 .4 

2 .4 

HM6116CG-3 HM6116CG-4 

min max min max 

150 - 200 -

- 150 - 200 
- 150 - 200 

15 - 15 ·-

- 100 - 120 

15 - 15 -

0 50 0 60 

0 50 0 60 

15 - 15 -

Unit 

v 
v 
v 
v 

Unit 

µA 

µA 

mA 

mA 

mA 

mA 

mA 

v 
\' 

v 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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HM6116CG·2,HM6116CG-3,HM6116CG-4 --------------------
-

•WRITE CYCLE 

Item Symbol 

Write Cycle Time !we 

Chip Selection to End of Write !cw 

Address Valid to End of Write I Aw 

Address Set Up Time '•• 
Write Pulse Width lwp 

Write Recovery Time lw• 

Output Disable to Output in High Z loHZ 

Write to Output in High Z lwHz 

Data to Write Time Overlap IDW 

Data Hold from Write Time IDH 

Output Active from End of Write low 

•CAPACITANCE (f=lMHz, Ta=25°C) 

Item Symbol 

Input Capacitance c .. 
Input/Output Capacitance Cvo 

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

•TIMING WAVEFORM 

•READ CYCLE(1)'" 

. .\d.drt'SS 

lJou1 

•READ CYCLE(2)'"m"' 

Address 

Oout 

•READ CYCLE(3)'"""" 

Oout 

HM6116CG-2 

min max 

120 -

70 -
105 -

20 -

70 -
5 -
0 40 

0 50 

35 -
5 -

5 -

Test Conditions 

v..-ov 
v,,,,~ov 

NOTES: 1. WE is High for Read Cycle. 

2. Device is continuously selected, °CS= VJL· 

HM6116CG-3 

min max 

150 -
90 -

120 -
20 -
90 -
10 -
0 50 

0 60 

40 -

10 -
10 -

typ 

3 

5 

3. Address Valid prior to or coincident with -rs-transition Low. 

4. OE= VIL. 
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HM6116CG-4 
Unit 

min max 

200 - ns 

120 - ns 

140 - ns 

20 - ns 

120 - ns 

10 - ns 

0 60 ns 

0 60 ns 

60 - ns 

10 - ns 

10 - ns 

max Unit 

5 pF 

7 pF 



-----------------------HM6116CG-2, HM6116CG-3, HM6116CG-4 

WRITE CYCLE(1)'" 

._--------twc---------1 
Address 

Oout 

!Jin 

•WRITE CYCLE(2)"' 
"--------tire-------~ 

Address 

Dou< 

Din 

NOTES: I. A write occurs during the overlap Uwp) of a low CS and a low WE. 2. t WR is measured from the earlier of (;Sor WE going high to the end of write cycle. 
3. During this period, 1/0 pins are in the output state so that the input signals of opposite phase to the outputs must not be applied. 4. If the CS- low transition occurs simultaneously with the WE low transitions or after the WE transition, output remain in a high impedance state. 
5. "Otis continuously low. {OE= V1L) 
6. Dout is t'1e same phase of write data of this write cycle. 7. D0.JU..is the read data of next address. 
8. If CS is Low during this period, 1/0 pins are in the output state. Then the data input signals of opposite phase to the outputs must not be applied to them. 
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HM6116L-2, HM6116L-3, 
HM6116L-4 

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

•FEATURES 
• Single 5V Supply and High Density 24 Pin Package 

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

Low Power Standby and Standby: 20µW (typ.) 

• Low Power Operation; Operation: 160mW (typ.) 

• Completely Static RAM: No clock nor Timing Strobe Required 

• Directly TTL Compatible: All Input and Output 

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

• Equal Access and Cycle Time 
• Capability of Battery Back up Operation 

• FUNCTIONAL BLOCK DIAGRAM 

I DG-24! 

• PIN ARRANGEMENT 

Top \'iewJ 

• ABSOLUTE MAXIMUM RATINGS 

Item Symbol Rating Unit 

Voltage on Any Pin Relative to GND v, -0.5' to +7.0 v 
Operating Temperature To,, 0 to +70 ·c 
Storage Temperature T.,, -65 to + 150 ·c 
Temperature Under Bias Tb, .. -10 to +85 ·c 
Power Dissipation p, 1.0 w 

* Pulse Width 50ns: -3.SV 

• TRUTH TABLE 

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

H x x Not Selected lsB, lsBI High Z 

L L H Read I cc Dout Read Cycle 111-131 

L H L Write I cc Din Write Cycle I 11 

L L L Write I cc Din Write Cycle 121 
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~~~~~~~~~~~~~~~~~~~~~~~HM6116L-2,HM6116L-3,HM6116L-4 

• RECOMMENDED DC OPERATING CONDITIONS (Ta-0 to +70°C l 
Item Symbol min typ max Unit 

Vee 4. 5 5.0 5.5 v Supply Voltage 
GND 0 0 0 v 
v,. 2.2 3.5 6.0 v Input Voltage 
VJL -3.0' 0.8 v -

* Pulse Width; 50ns, DC: V1L min- -0.3V 

•DC AND OPERATING CHARACTERISTICS (Vcc-5V ±10%, GND-OV, Ta-0 to +70°C) 

HM6116L-2 
Item 

Input Leakage Current 

Output Leakage Current 

Operating Power Supply 
Current 

Average Operating Current 

Standby Power Supply 
Current 

Output Voltage 

* '. Vcr-SV. Ta=25°C 
* * : Reference Only 

Symbol 

I Iu I 

I I LO I 

Ice 

Ice i •• 

Ice 2 

I SB 

I SB I 

VoL 

' VoH 

Test Conditions 
min 

Vcc-5.5V, V,.-GND to Vee -

CS - V1H or OE - V1H, -
V, o -GND to Vee 

CS-Vn, /, o-OmA -

v,.-3.5V, VJL-0.6V, -
/, o-OmA 

min. cycle, duty-100% -
cs-v,. -

cs;;;;Vcc -0.2V, V .. ;;;;Vcc - -0.2V or V,.:>;0.2V 

/o,-4mA -
/o,-2.lmA -

/,,.- -1.0mA 2.4 

•Ac CHARACTERISTICS (Vcc-5V ±10%, Ta-0 to +1o·c l 
•AC TEST CONDITIONS 
Input Pulse Levels: 0.8 to 2.4 V 
Input Rise and Fall Times: 10 ns 
Input and Output Timing Reference Levels: 1.5V 
Output Load: 1TTL Gate and CL = 100pF (including scope and jig) 

•READ CYCLE 

typ• 

-

-

35 

30 

35 

4 

4 

-

-

-

max 

2 

2 

70 

-

70 

12 

100 

0.4 

-

-

HM6116L-2 HM6lf6L-3 
Item Symbol 

min max min max 

Read Cycle Time I RC 120 - 150. -
Address Access Time J,. - 120 - 150 

Chip Select Access Time t ... cs - 120 - 150 
Chip Selection to Output in Low z tcLZ 10 - 15 -

Output Enable to Output Valid loE - 80 - 100 

Output Enable to Output in Low z toJ.Z 10 - 15 -

Chip deselection to Output in High z le Hz 0 40 0 50 

Chip Disable to Output in High Z f OHZ 0 40 0 50 

Output Hold from Address Change loH 10 - 15 -

$HITACHI 

HM6116L-3/-4 
Unit 

min typ• max 

- - 2 µA 

- - 2 µA 

- 30 60 mA 

- 25 - mA 

- 30 60 mA 

- 4 12 mA 

- 4 100 µA 

- - -
v 

- - 0.4 

2 .4 - - v 

HM6116L-4 
Unit 

min max 

200 - ns 

- 200 ns 

- 200 ns 

15 - ns 

- 120 ns 

15 - ns 

0 60 ns 

0 60 ns 

15 - ns 

81 



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

•WRITE CYCLE 

HM6116L-2 HM6116L-3 HM6116L-4 
Item Symbol Unit 

min max min max min max 

Write Cycle Time lwc 120 - 150 - 200 - ns 

Chip Selection to End of Write lcw 70 - 90 - 120 - ns 

Address Valid to End of Write t,w 105 - 120 - 140 - ns 

Address Set Up Time t<S 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 l OHZ 0 40 0 50 0 60 ns 

Write to Output in High Z lwHZ 0 50 0 60 0 60 ns 

Data to Write Time Overlap t DW 35 - 40 - 60 - ns 

Data Hold from Write Time t DH 5 - 10 - 10 - ns 

Output Active from End of Write tow 5 - 10 - 10 - ns 

•CAPACITANCE (f~IMHz, Ta~25°C) 

Item Symbol Test Conditions typ max Unit 

Input Capacitance c .. v .. ~ov 3 5 pF 

Input/ Output Capacitance Cr,o V1·0-0V 5 7 pF 

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

• TIMING WAVEFORM 

•Read Cycle (1) '" 

!lour 

•Read Cycle (2) 

Address =tt.~_t~'"'3< 
lJout 

•Read Cycle (3) 

Uout 

NOTES: 1. WE is High for Read Cycle. 
2. Device is continuously selected, CS= Vn. 
3. Address Valid prior to or coincident with CS transition Low. 
4. OE= Vn. 
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------------------------HM6116l-2,HM6116l-3,HM6116l-4 

•Write Cycle (1) 

Address 

'"'"'(I"-) __ _, 

Uour 

----<%"-1->------L.l-'t><XX"'--"'--""-
•Write Cycle (2)'" 

Address 

NOTES: I. A write occurs during the overlap Uwp) of a 
low CS and a low WE. 

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

3. During this period, 1/0 pins are in the output 
state so that the input signals of opposite 
phase..!Q_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. 

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

write cycle. 
7. 0 0.ll!.is the read data of next address. 
8. If CS is Low during this period, 1/0 pins are 

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

•LOW Vee DATA RETENTION CHARACTERISTICS (Ta~O to +70°C) 

Item Symbol Test Conditions min typ max 

V cc for Data Retention \/DR CS~Vcc -0.2V, V .. ~Vcc -0.2V or V .. ;>0.2V 2 .0 
Data Retention Current lccoR• Vu. =3.0V, CS~2.BV, V,. ~2.BV or V .. ;>0.2V 50 
Chip Deselect to Data Retention Time tcDR 

See Retention Waveform 
Operation Recovery Time t R I RC•• 

* VrL=-0.3V min 
* * lR, =Read Cycle Time. 

•low Vee Data Retention Waveform 
Data Retentwn Mode 

«<-------~ 

on--------- ------------------------

~-------------------------------------------

@HITACHI 

Unit 

v 
µA 

ns 

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

84 

~ 

~ z 

-g 

u 

; 

SUPPLY CURRENT vs. 

SUPPLY VOLTAGE 

I.6------r-----------

l.4 

l.2 

1.0 

0.8 

0.6 

0.4 

l.3 

f-"" 

4.5 4.75 5.0 5.25 

Supply Voltage Vee (V) 

ACCESS TIME vs. 

SUPPLY VOLTAGE 

Ta=2s·c 

5.5 

Ta=zs·c 

~ 1. 
2 

,f... 
.............. 

1.0 

0.8 

0.7 

l.8 

1. 6 

1. 4 

12 

1.0 

0.8 

0.6 

~ 

----r--.. 
4.5 4.75 5.0 

Supply Voltage Vee (V) 

ACCESS TIME vs. 

LOAD CAPACITANCE 

5.25 5.5 

.......-! v 
L 

V" 

L 
~ 

Ta=25°C 

Vcc=MIN 

100 200 300 400 500 

Load Capacitance C1. (pF} 

SUPPLY CURRENT vs. 

AMBIENT TEMPERATURE 

1.6 ...-------r-----------
Vee= 5.0V 

-0 1.4 t-----+----+----1------i 

~ 1.2 >------+----+----+------< 
ii. 

0.8 t-----+----+----1-------1 

r..fJ 0.61------+----+----1-------1 

0.4~--~---~---~--~ 
0 20 40 60 

Ambient Temperature Ta ('CJ 

ACCESS TIME vs. 

AMBIENT TEMPERATURE 

80 

I.3 ...-------r-----------
Vcc=S.OV 

1.21-----+----+----f------I 

~ l.l t-----+----+--~/.c....vf------1 
ii. y 

1.0 l----+--<r--+-----11------l 

~ ~ 
r: 0.9 >-----+-----+-----<f------< 

] 
~ 
ii. 

"" 
0 

l 

0.8 t-----+----+-----<1------i 

0·1 '""0 ___ 2.._o ___ ..... 40 ___ .... 6.._o __ ____.80 

Ambient Temperature Ta ("C) 

SUPPLY CURRENT vs. 

FREQUENCY 

200ns 150ns 120ns 

1.2 1----ii-----<----t---+----I 

1. l 

1.0 

0.9 

0.8 

0.7 
0 10 

Frequency f (MHz) 
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------------------------HM6116L-2,HM6116L-3,HM6116L-4 

LOW INPUT VOLTAGE vs. 
SUPPLY VOLTAGE 

1.3---------------

1.21-------+----+----+-----+ 

~ 11 [_ __ _J_ ___ __._ ___ ,_ ___ __, 

~ 

---1-----l.Ol-t-----+,__----::::=---+,_,,=c.+----I 

0.9 [_ __ _j_ ___ -1----+-----+ . 
..5 0.8 [_ __ _J_ ___ __._ ___ -1-__ __, 

0.7 '-----+----'----"----___,.. 
4.5 4.75 5.0 5.25 5.5 

l.6 

l.4 

Supply Voltage Vee '\! 1 

OUTPUT CURRENT vs. 
OUTPUT VOLTAGE 

\ 

Ta=ZS\' 
~'cc=- 5 V 

- 1.0 ~ 
\ u 0.8 

8 
0.6 

0.4 
I 

I\ 

Output Voltage VoH {\I) 

STANDBY CURRENT vs. 

AMBIENT TEMPERATURE 
10-4 ~--~-------~-----. 

Vcc=3V 
C$=2.8V 

~ w-sL---i----1----+------1 

10-1 L------+-----'-----'---__,. 
0 20 40 60 80 

Ambient Temperaturt> Ta ('(1 

HIGH INPUT VOLTAGE vs. 
SUPPLY VOLTAGE 

u~--~-------~-----. 

Ta=25'C 

1.21------4----+---+-----; 

~ 1.11--------+----+---+-----; 
~ 

0.91-------+----+---+------i 

0.81------4----+---+-------; 

0.7 '-----+----'----+-------=-4.5 4.75 5.0 5.25 5.5 

l.6 

14 

Supply Voltage ht 1V1 

OUTPUT CURRENT vs. 
OUTPUT VOLTAGE 

1 
- 1.0 ~ 

l fo=ZS'C 

0 
0.8 

Vcc=SV 

8 
0.6 v 
0.4 

0 0.2 0.4 0.6 0.8 

Output Voltage ViJJ lV 1 

STANDBY CURRENT vs. 
SUPPLY VOLTAGE 

14 

1.2 

-
] j.() 

~ ll.8 

u !I.ti 
A 

v; 
1).4 

0.2 

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

86 

STANDBY CURRENT vs. 
INPUT VOLTAGE 

o.-----.--.---.--~--~-r-.7~2-sc-.~ 

Vee =5.0V 
CS=4.BV 

Bt---t-+--+-----t--t----1---~ 

s.t-----t--ft--1-1\ ~-+-----1 

41----+-+-~-~--+--+----l 

2 i---++--+1"___,,,_""\+----+--+-----l 

O>,!-----!L-u -+-~~--+--
Input Vo It age V .. 1, VJ 
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HM6116LP-2, HM6116LP-3, 
HM6116LP-4 
2048-word x 8-bit High Speed Static CMOS RAM 

•FEATURES 
• Single 5V Supply and High Density 24 Pin Package 
• High Speed: Fast Access Time 120ns/150ns/200ns (max.) 
• Low Power Standby and Standby: lOµW (typ.) 

Low Power Operation; Operation: 160mW (typ.) 
• Completely Static RAM: No clock nor Timing Strobe Required 
• Directly TTL Compatible: All Input and Output 
• Pin Out Compatible with Standard 16K EPROM/MASK ROM 
• Equal Access and Cycle Time 
• Capability of Battery Back up Operation 

• FUNCTIONAL BLOCK DIAGRAM 

--OVcc 

( DP-24,1 

• PIN ARRANGEMENT 
Memory Matrix ---0GND 

128 x 128 

Colul!Vl 110 

ColurM Decoder 

OE 

cs 

•ABSOLUTE MAXIMUM RATINGS 

Item i Symbol Rating Unit 

Voltage on Any Pin Relative to GND 1 Vr -0.5' to +7.0 v 
Operating Temperature I To~· 0 to +70 ·c 
Storage Temperature T.c, -55 to + 125 ·c 
Temperature Under Bias ± T .... -IO to +85 ·c 
Power Dissipation Pr 1.0 w 
* Pulse Width SOns: -3.5V 

• TRUTH TABLE 

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

H x x Not Selected lsB, lsBt High Z 

L L H Read I cc Dout Read Cycle I 11-131 

L H L Write I cc Din Write Cycle Ill 

L : L L Write I cc Din Write Cycle 121 
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HM6116LP-2,HM6116LP-3,HM6116LP-4 -----------------------

• RECOMMENDED DC OPERATING CONDITIONS (Ta~O to +1o·c) 

Item Symbol min typ max Unit 

Vee 4.5 5.0 5 .5 v 
Supply Voltage 

GND 0 0 0 v 

Vrn 2 .2 3.~ 6.0 v 
Input Voltage 

Vu -3.0' - 0.8 v 

*Pulse Width 50ns, DC V1L min= -0.3V 

•DC AND OPERATING CHARACTERISTICS (Vcr~sv ±10%, GND~ov. Ta~O to +70°CI 

Item 

Input Leakage Current 

Output Leakage Current 

Operating Power Supply 
Current 

Average Operating Current 

Standby Power Supply 
Current 

Output Voltage 

*: V,, =SY. Ta=25"C 

* * : Reference Only 

Symbol 

I Iu I 

I I LU I 

I cc 

I cc i •• 

I cc 2 

LB 

I SB I 

V11L 

VuH 

HM6116LP-2 
Test Conditions 

min typ• max 

V1, ~5.5V, V .. ~GND to Vee - - 2 

cs~ V1H or OE~ V1H, - - 2 
V1u~GNDto Ve( 

cs~ VIC, Ii u~OmA - 35 70 

V1H ~3.5V, V"~0.6V, - 30 -
/1 u=OmA 

min. cycle, duty~ 100% - 35 70 

cs~ V1H - 4 12 

CS;;;; Vee -·0.2V, v,.;;;Vcc- - 2 50 
0. 2V or v .. ;;;o.2v 

lu1.=4mA - - 0.4 

fuL=2.lmA - - -

/o,~-l.OmA 2 .4 - -

•AC CHARACTERISTICS 1v,,~5v ±10%, Ta~O to +70°CI 

•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: !TTL Gate and CL= 100pF (including scope and jig) 

•READ CYCLE 

HM6116LP-2 HM6116LP-3 
Item Symbol 

min max min max 

Read Cycle Time l RC 120 - 150 -

Address Access Time 1., - 120 - 150 

Chip Select Access Time t 14 LS - 120 - 150 

Chip Selection to Output in Low z l CL Z 10 - 15 -

Output Enable to Output Valid t !il - 80 - 100 

Output Enable to Output in Low z t 01.Z 10 - 15 -

Chip Deselection to Output in High z le HZ 0 40 0 50 

Chip Disable to Output in High z l UHZ 0 40 0 50 

Output Hold from Address Change l IJH 10 - 15 -

88 @HITACHI 

HM6116LP-3/-4 
Unit 

min typ• max 

- - 2 µA 

- - 2 µA 

- 30 60 mA 

- 25 - mA 

- 30 60 mA 

- 4 12 mA 

- 2 50 µA 

- - -
v 

- - 0.4 

2 .4 - - v 

HM6116LP-4 
Unit 

min max 

200 - ns 

- 200 ns 

- 200 ns 

15 - ns 

- 120 ns 

15 - ns 

0 60 ns 

0 60 ns 

15 - ns 



----~------------------HM6116LP-2,HM6116LP-3,HM6116LP-4 

•WRITE CYCLE 

Item Symbol 

Write Cycle Time t WC 

Chip Selection to End of Write t(·w 

Address Va lid to End of Write Lo•1 

Address Set Up Time to 

Write Pulse Width f WP 

Write Recovery Time t10. 

Output Disable to Output in High z l UHZ 

Write to Output in High z lwHZ 

Data to Write Time Overlap t °" 
Data Hold from Write Time t "" 
Output Active from End of Write lo11t 

•CAPACITANCE (j~lMHz. Ta~25'C I 

Item Symbol 

Input Capacitance c .. 
Input/Output Capacitance c, u 

--
>.'oteJ This parameter is sampled and not 100% tested . 

• TIMING WAVEFORM 

•Read Cycle (1) "' 

llnut 

•Read Cycle (2) 

Address 

Uout 

•Read Cycle (3) 

lJout 

HM6116LP-2 

min max 

120 -
70 -

105 -

20 -

70 -

5 -

0 40 

0 50 

35 -

5 -

5 --

Test Conditions 

v .. ~ov 

v, "~ov 

NOTES: 1. WE is High for Read Cycle. 

HM6116LP-3 

min max 

150 -

90 -

120 -

20 -
90 -

JO -
0 50 

0 60 

40 -

JO -

JO -

typ 

3 

5 

2. Device is continuously selected, CS= VJL. 

HM6116LP-4 

min max 

200 -

120 -

140 -

20 -

120 -

JO -

0 60 

0 60 

60 -

JO -

10 -

max 

5 

7 

3. Address Valid prior to or coincident with CS transition Low. 
4. OE= VJL. 

@HITACHI 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Unit 

pF 

pF 
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HM6116LP-2,HM6116LP-3,HM6116LP-4 -----------------------

•Write Cycle (1) 

Address 

Uo1.11 

Uin 

•Write Cycle (2) "' 
,__ _______ ,., ______ __, 

Address 

Orn 
-_~r_,,. ---."·=L+;,-:-..,.-i'i ~ 

K_ _4)000( 
NOTES: I. A write occurs during the overlap Uwp) of a 

low CS and a low WE. 
transition, output remain in a high impedance 
state. 

5. OE is continuously low. (OE = VIL) 2. t WR is measured from the earlier of CS or WE 
going high to the end of write cycle. 

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

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

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

7. D o..111. is the read data of next address. 
8. If CS is Low during this period, 1/0 pins are 

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

•LOW Vee DATA RETENTION CHARACTERISTICS \Ta~O to +70°C 1 

Item Symbol 

Vee for Data_ Retention VvR 

Data Retention Current lccoR• 

Chip Deselect to Data Retention Time t C DR 

Operation Recovery Time 1. 

* lOµA max at Ta=Ot to +40"C, V11 min=-·0.3V 
* * t11. =Read Cycle Time. 

•Low Vee Data Retention Waveform 

Test Conditions min 

CS<: Vee -0.ZV, V .. <:V,·c -0.2\' or v .. ,,;O.ZV 2 .o 
Vcc-3.0V. CS<:2.8V, V .. <:2.8V or V .. ,,;o.zv -

0 
See Retention Waveform 

t RC•• 

typ 

-
-

-

-

Vee-------- 1---------'D"-''"'""-'"'°'""''"'"""'"''-""'"'"'''---------< r--------
4.SV- - - - -----

0-------------------------------------------
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max 

-

30 

-

-

Unit 

\' 

µA 

ns 

ns 



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

SUPPLY CURRENT vs. 
SUPPLY VOLTAGE 
1.6~-------------

Ta=25°C 

1.4 l-----+----1-----+-----I 

1.21-----+----1-----+------:7""./"'--1 

~ 1.01-----+-----,,..!i""'----+----l 

~ 0.81-::;.o t-'""""--+----lr-----+----l 

0.6 t-------+-----11-----+-----I 

0.4.__ __ ~----<.._--~----< 
4.5 4.75 5.0 5.25 

Supply Voltage Vee (VJ 

ACCESS TIME vs. 
SUPPLY VOLTAGE 

5.5 

1.3~----------,-----, 

Ta=2s·c 
1.2 t------+-----1----+-----I 

~ 1.01---+---=~~--+--~ 

~ 0.91-----+-----I----+---==-

0.81-----+-----l----+-----I 

0.7 ._ __ _._ ___ .___ __ _..__ __ __, 

4.5 4.75 5.0 

Supply Voltage Vee l V'1 

ACCESS TIME vs. 
LOAD CAPACITANCE 

5.25 5.5 

IA-----------,----, 

Ta=25'C 

I.61------+----1-----+----......-!"'-l 

7 1.41----+---....... -----+-----i 

/ 
12~ 
1.0 

Vcc=MIN 

OA,___---+----r-----+-----< 

0.6,__ __ -+-___ .._ __ ~----< 

100 200 300 400 500 

Load Capacitance CL (pF) 

@HITACHI 

SUPPLY CURRENT vs. 
AMBIENT TEMPERATURE 
1.6~--~----------

Vee= 5.0V 

~ 1.41----+---l-----+-------I 

~ 1.21----+----1-----+-------I 
"'-

OAl------+----r------+------< 

r..n 0.61------+----1-------+------' 

r 
0 

0.4<----~----'----'-----' 
0 20 40 60 

Ambient Temperature Ta ('C) 

ACCESS TIME vs. 
AMBIENT TEMPERATURE 

80 

1.3--------------
Vcc=S.OV 

l.21-----+-----1----1-----l 

y 
l.l l-----+-----1-----+-----I y 
1.0 l----+-,..C'----1----+-----1 

~ 
0.91-----+----l-----+-----1 

0.81-----+----l-----+-----1 

0.7 '------'------'----'-----' 

1.3 

1.2 

I. I 

1.0 

0.9 

OA 

0.7 

0 20 40 60 

Ambient Temperature Ta ('Cl 

SUPPLY CURRENT vs. 
FREQUENCY 

200ns 150ru 

l----
0 

Frequency f (MHz) 

80 

120ns 

10 
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HM6116LP-2,HM6116LP-3,HM6116LP-4 ------------------------

92 

~ 

LOW INPUT VOLTAGE vs. 
SUPPLY VOLTAGE 

1.3..------.----r----,------, 

Ta=25'C 

1.21-----+---1-----t-----t 

1 1.11----+---t----t----; 
ci. 

• 

--i-- -1.01----+--===--+-"""'=--t----; 
~ 

0.91------1----1-----+-----t 

j o.sl----+---t----t----; 

0 · 14~.s---•. ""'1s,-----=5~.o---=-5.2'"=5----='s.5 

1.6 

1.4 

Supply Voltage Vee (V) 

OUTPUT CURRENT vs. 
OUTPUT VOLTAGE 

\ 

Ta=25'C 
Vcc=SV 

- 1.0 ~ 
~ u 0.8 

~ 8 

~ 

.E 
c 

<.) 

1 

0.6 

0.4 
l 

\ 

Output Voltage VoH (V) 

STANDBY CURRENT vs. 
AMBIENT TEMPERATURE 

10-t ...------...---...-----.--------. 

10-s 

Vcc=3V 
cs=2.8V 

10-1 
o'-----2~0---4~0---6~0---'so 

Ambient Temperature Ta ("C) 

HIGH INPUT VOLTAGE vs. 
SUPPLY VOLTAGE 

1.3 ....----.-----.-------..-----, 

Ta=2S'C 

1.21-----+---+-----+----I 

---+---1 1.01----+---==--+-=---+----i 

v-i--
0.91-----+---+----+----I 

0.81-----+---+----+----1 

0 · 74 .,__5---4 _"-75----=5.,,_o----=5"'=°.2s=---~5_5 

I. 6 

I. 4 

2 

Supply Voltage Vee 1 V1 

OUTPUT CURRENT vs. 
OUTPUT VOLTAGE 

L .z 
..!; 1.0 1Z r 0 0.8 

8 

] 
1 
ci. 
.§ 

<.) 

A 

l 

0.6 

0.4 
0 

0.4 

v 
0.2 0.4 

Ot,itput Voltage VoL (VJ 

STANDBY CURRENT vs. 
SUPPLY VOLTAGE 

Supply Voltage Vee (V) 

fo=2s·c 
Vcc=SV 

0.6 0.8 
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-----------------------HM6116LP-2,HM6116LP-3,HM6116LP-4 

STANDBY CURRENT vs. 
INPUT VOLTAGE 

io.---..--.----.----r---.--"-.~..-2-s·c--, 

Vee =5.0V 
N=UV 

~ 

~ 41-----+-f-~-----+------+-----+-----I 
~ 
Input Volta1e V,. (V) 
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HM6116LFP-2, HM6116LFP-3, 
HM6116LFP-4 
2048-word x 8-bit High Speed Static CMOS RAM 

•FEATURES 

• High Density Small-sized Package 
• Projection Area Reduced to One-Thirds of Conventional DIP 

• Thickness Reduced to a Half of Conventional DIP 
• Single 5V Supply 
• High Speed: Fast Access Time 120ns/150ns/200ns (max.) 
• Low Power Standby and Standby: 10µW (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 

•FUNCTIONAL BLOCK DIAGRAM 

A, ---Q\/cc 

\ \ 
Row Memory Matrix --OGND 

Decoder . 
128 x 128 

A, 

J/01 Column l 0 

•ABSOLUTE MAXIMUM RATINGS 

Item Symbol Rating Unit 

Voltage on Any Pin Relative to GND Vr -0.5•to +7.0 v 
Operating Temperature Topr 0 to +70 ·c 

Storage Temperature T.1, -55 to +125 ·c 

Temperature Under Bias T, .. , -10 to +85 ·c 
Power Dissipation Pr 1.0 w 

*Pulse width 50ns - 3.5\ 
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I FP-241 

•PIN ARRANGEMENT 

A, 
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---------------------HM6116LFP-2,HM6116LFP-3,HM6116LFP-4 

•TRUTH TABLE 
cs OE WE Mode Vee Current 1/0 Pin Ref. Cycle 
H x x Not Selected lss, Issi High Z 
L L H Read lee Dout Read Cycle II )-131 
L H L Write Ice Din Write Cycle t1) 
L L L Write Ice Din Write Cycle 121 

•RECOMMENDED DC OPERATING CONDITIONS (TPO to +70°C) 
Item Symbol min typ max Unit 

Vee 4.5 5.0 5.5 v Supply Voltage 
GND 0 0 0 v 
V1H 2.2 3.5 6.0 v Input Voltage 
Vn -3.0" 0.8 v -

* Pulse Width: SOns. DC: 1/n min- -0.3V. 

•DC AND OPERATING CHARACTERISTICS (Vcc=5V±IO%, GND=OV, Ta=O to +70°C) 

HM6116LFP-2 Item Symbol 

Input Leakage Current I Iu I 

Output Leakage Currnnt 11i.,, I 

Operating Power Supply 
Ice 

Current fcc1 •• 

Average Operating Current fcc2 

Standby Power Supply 
lse 

Current I SBI 

Output Voltage 
-F,,, 

• · \'r, = 5\'. Ta= 2s·c 
* * : Reference Only 

V,JH 

Test Conditions 
min 

Vcc-5.5\', V,.- Gi'<D to Vrc -
CS- V'" or OE- ViH, 

-v, o=GND to \lee 

cs-v". /, ,,-OmA -

V1H-3.5\', V,, -0.6V, 
-Ir o=OmA 

Min cycle, duty- 100% -
CS-V1H -
CS<: Vri --0.2\', v .. ~ i'cc 

--0.2\' or V,.;i;0.2\' 

lu1. =4mA -
/,.,-2.lmA -

lv11- --1.0mA 2 .4 

•Ac CHARACTERISTICS (Vcc=5V±l0%. Ta=O to +70°C) 
•AC TEST CONDITIONS 
Input Pulse Levels: 0.8 to 2.4V 
Input Rise and Fall Times: 10 ns 
Input and Output Timing Reference Levels: 1.5V 
Output Load: 1TTL Gate and Cl = 100pF (including scope and jig) 

•READ CYCLE 

HM6116LFl'-2 Item Symbol 
min max 

Read Cycle Time IR< 120 -
Address Access Time 1 .. - 120 
Chip Select Access Time IAi:s - 120 
Chip Selection to Output in Low z lcLZ 10 -
Output Enable to Output \'alid loE - 80 
Output Enable to Output in Low z iuLZ 10 -
Chip deselection to Output in High Z fcHz 0 40 
Chip Disable to Output in High Z fuHZ 0 40 
Output Hold from Address Change f OH 10 -

@HITACHI 

typ• max 
- 2 

- 2 

35 70 

30. -

35 70 

4 12 

2 50 

- 0.4 

- -
- -

HM6116LFl'-3 

min max 

150 -
- 150 
- 150 

15 -
- 100 

15 -

0 50 

0 50 

15 -

HM6116LFP..3/-4 
Unit 

min typ• max 

- - 2 µA 

- - 2 µA 

- 30 60 mA 

- 25 - mA 

- 30 60 mA 
- 4 12 mA 

- 2 50 µA 

- - -
v - - 0.4 

2.4 - - v 

HM6116LFP-4 
Unit 

min max 

200 - ns 

- 200 ns 

- 200 ns 

15 - ns 

- 120 ns 

15 - ns 

0 60 ns 

0 60 ns 

15 - ns 
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HM6116LFP-2,HM6116LFP-3,HM6116LFP-4 ---------------------

•WRITE CYCLE 

HM6116LFP-2 HM6116LFP-3 
Item Symbol 

Write Cycle Time lwc 

Chip Selection to End of Write lcw 

Address Valid to End of Write t,w 

Address Set Up Time t.u 

Write Pulse Width lwP 

Write Recovery Time lwR 

Output Disable to Output in High Z '""' 
Write to Output in High Z lwHz 

Data to Write Time Overlap lnw 

Data Hold from Write Time IDH 

Output Active from End of Write low 

•CAPACITANCE (f=IMHz, Ta=25°C) 

Item 

Input Capacitance 

Input/Output Capacitance 

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

•TIMING WAVEFORM 
•READ CYCLE (1 )'" 

Addros 

lloul 

•READ CYCLE (2) (l>m"' 

Addr~ss 

Dou I 

•READ CYCLE (3) (1) """ 

Dout 

Symbol 

Cin 

c, (} 

min max 

!20 -
70 -

105 -
20 -
70 -
5 -

0 40 

0 50 

35 -
5 -
5 -

Test Conditions 

Vin-OV 

v, ,,-ov 

NOTES: 1. WE is High for Read Cycle 

min 

150 

90 

120 

20 

90 

10 

0 

0 

40 

10 

10 

typ 

3 

5 

2. Device is continuously selected, CS = VIL 
3. Address Valid prior to or coincident with CS 

transition Low. 
4. OE= VIL· 
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max 

-
-
-

-
-
-
50 

60 

-
-
-

HM6116LFP-4 
Unit 

min max 

200 - ns 

120 - ns 

140 - ns 

20 - ns 

120 - ns 

10 - ns 

0 60 ns 

0 60 ns 

60 - ns 

10 - ns 

10 - ns 

max Unit 

5 pF 

7 pF 



~~~~~~~~~~~~~~~~~~~HM6116LFP-2.HM6116LFP-3.HM6116LFP-4 

•WRITE CYCLE (1) 

Addren 

Dout 

Om 

•WRITE CYCLE (2) '" 

Address 

WE 

Dou! 

Dm 

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

state. 
5. OE is continuously low. (OE = VIL) 

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

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

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

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

7. Dofil is the read data of next address. 
8. If CS is Low during this period, 1/0 pins are 

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

•LOW Vee DATA RETENTION CHARACTERISTICS (Ta~O to +70°CJ 

Item Symbol 

Vee for Data Retention 

Data Retention Current lccvR • 

Chip Deselect to Data Retention Time lcvR 

Operation Recovery Time 

* VIL min=-0.3V, lOµA max (at Ta=O to +40'CJ * * t1u =Read Cycle Time. 

Test Conditions 

CS"'Vcc-0.2V 

Vi,.,.~Vcc-0.2V or V"~0.2V 

Vcc~3.0V, CS"'2.8V 
ViN~2.8V or Vu-.. ~0.2V 

See Retention Waveform 

•Low Vee DATA RETENTION WAVEFORM 
Data Retention Mode 

Vee-------~ 

4.SV- - - ---- --

min 

2.0 

0 

**lRc 

typ 

W-------------------------------------------
@HITACHI 

max 

30 

Unit 

v 

µA 

ns 

ns 
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HM6116AP-12, HM6116AP-15, 
HM6116AP-20, HM6116ASP-12, 
HM6116ASP-15, HM6116ASP-20 

2048-word x 8-bit High Speed Static CMOS RAM 
• FEATURES 
• High speed: Fast Access Time 120ns/150ns/200ns (max.) 

• Low Power Standby and Standby: lOOµW (typ.) 

Low Power Operation Operation: 15mW (typ.) (f ; 1 MHz) 

• Single 5V Supply and High Density 24 Pin Package 

• Completely Static RAM: No clock or Timing Strobe Required 

• Directly TTL Compatible: All Input and Output 

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

• Equal Access and Cycle Time 

•FUNCTIONAL BLOCK DIAGRAM 

----0 ~·f, 

•ABSOLUTE MAXIMUM RATINGS 

Item Symbol Rating Unit 

Voltage on Any Pin Relative to GND v, -o.s• to +7.0 v 
Operating Temperature T.,. 0 to +70 ·c 
Storage Temperature T,,, -55 to +125 ·c 
Temperature Under Bias To, •• -JO to +85 ·c 
Power Dissipation p, 1.0 w 

* Pulsf' Width SOns: -3.SV 

•TRUTH TABLE 

cs OE WE Mode Vee Current 

H x x :\ot Selected lss, I SB I 

L L H Read Ice 

L H L Write Ice 

L L L \\'rite Ice 
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HM6 ! !6AP Series 

IDP-24J 

HM6l16ASP Series 

(DP-24A) 

•PIN ARRANGEMENT 

A1 l 24 Vee 

"' 2 

>. 3 

A, ' 

"' s. 

"' 6 

A• 7 

l/O Pin 

High Z 

Dout 

Din 

Din 

(Top View) 

23 "' 

22 "' 

21 WE 

20 <lE 

17 1/0. 

Ref. Cycle 

Read Cycle 111-131 

Write Cycle 111 

Write Cycle 121 



----------------------HM6116AP-12,HM6116AP-15,HM6116AP-20 
HM6116ASP-12,HM6116ASP-15,HM6116ASP-20 

•RECOMMENDED DC OPERATING CONDITIONS ( Ta~O to +70"C) 

Item Symbol min typ max Unit 
Vee 4. 5 5.0 5. 5 v Supply Voltage 
GND 0 0 0 v 
v,. 2. 2 3 .5 6.0 v Input Voltage 
v,, -3.o· - 0.8 v 

• Pulst" W 1dth SOns. DC : Y'n mm~ 0 J\' 

• DC AND OPERATING CHARACTERISTICS CVcc = 5V ±10%, GND = OV, Ta= 0 to +70°C) 
HM6116AP/ HM6116AP/ HM6116AP/ 

Item Symbol Test Condition 1-----.:A:..::S:::P:_·.::_12~-+----T-'A=S-=-P--=l:..::5--+---~A-'-'S""P_-2'-..0~___, Unit 
min typ* max min typ* max min typ* max 

Vcc=5.5V, V;n =GND 
2 2 2 

Input Leakage 
Current to Vee 
---·.----+----•------~-----+----l--+---+---+--+---+---+--f----+--

µA 

Output Leakage 
Current 

Operating Power 
Supply Current 

lhol 2 
CS=V1H or OE=VJH, 
Vuo=GND to Vee 2 2 µA 

Ice CS=VnJuo=OmA _ 5 15 - 5 15 - 5 15 mA 
r-----i-V_;n_=_V1_H_o_r _v_IL __ -+ ----+------+- --+---+---+----+---+--+----+--

VIH= V ce. VIL=OV, 
CS=VIL, 
h;o=OmA,f=lMHz 

3 6 3 6 3 6 mA 

Average Operating / min. cycle, _ _ 25 45 Current ec2 duty = 100% 35 60 20 35 mA 
--------+-·---\------ --- -----+---+--·---1---+---+--+-----+---+--f----+---

Standby Power 
Supply Current 

lsB CS=VIH - 1 4 - 1 4 - 1 4 mA 
lsBJ CS~ Vcc-0.2V - 0.02 2 - 0.02 2 - 0.02 2 mA ---------+---f--c---c---c---·----t--T----r--::-..,..-i---·-+----l--+---+----+--+---VoL IoL=4mA - - 0.4 - - 0.4 - - 0.4 v Output Voltage 
VoH IoH=-1.0mA 2.4 - - 2.4 - - 2.4 - - v 

•AC CHARACTERISTICS ( Vcc~5V±l0%, Ta~O to +70°C I 
•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: lTTL Gate and CL = lOOpF (including scope and jig) 

• READ CYCLE 
-·-------~----·~------- --,.-- -- - ----- ------··- -----,----· 

HM6116AP/ HM6116AP/ HM6116AP/ 
Item Symbol ASP-12 ASP-I5 ASP-20 Unit 

----------·---___ ,__ ____ t-- _!!_1_!!! _ ~~-~~ __ n __ ... __ m_a_x_+-_m_i_n_t---_m __ ~~-----Read Cycle Time fRc I20 - I50 - 200 - ns 
Address Access Time I20 I50 200 ns 
Chip Select Access Time I20 I50 200 ns 
Chip Selection to Output hr Low Z fcLZ 10 IO IO ns 
Output Enable to Output Valid 55 60 70 ns 
Output Enable to Output in Low Z toLZ IO IO IO ns 
Chip Deselection to Output in High Z tcHz 0 40 0 50 0 60 ns 
Chip Disable to Output in High Z toHZ 0 40 0 50 0 60 ns 
Output Hold from Address Change IO I5 20 ns 
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HM6116AP-12,HM6116AP-15.HM6116AP-20-------------------

HM6116ASP-12,HM6116ASP-15,HM6116ASP-20 

• WRITE CYCLE 

Item Symbol 

Write Cycle Time twc 
Chip Selection to End of Write tcw 
Address Valid to End of Write tAw 
Address Set Up Time tAs 
Write Pulse Width twp 
Write Recovery Time twR 
Output Disable to Output in High Z toHZ 
Write to Output in High Z twHz 
Data to Write Time Overlap tnw 
Data Hold from Write Time tnH 
Output Active from End of Write tow 

•CAPACITANCE (J-lMHz, ·Ta-25°C) 

Item Symbol 

Input Capacitance c .. 
Input/Output Capacitance Cvo 

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

•TIMING WAVEFORM 

•READ CYCLE (1)'" 

Address 

HM6116AP/ HM6116AP/ HM6116AP/ 
ASP-12 ASP-15 ASP-20 

min max min max min max 

120 - 150 - 200 -
70 - 90 - 120 -

105 - 120 - 140 -
0 - 0 - 0 -

70 - 80 - 100 -
0 - 0 - 0 -

0 40 0 50 0 60 

0 35 0 40 0 50 

35 - 40 - 50 -
0 - 0 - 0 -

10 - 10 - 10 -

Test Conditions typ max 

v..-ov 3 5 

v,,,,-ov 5 7 

tRc-------l 

Dout 

>-----tAcs---+---' 
.._---tcLZ ~-...!.....-~~~:.:..,::~ 

•READ CYCLE(2)'"'»"' 
IRC 

~JI 
Address ____JI\ JI\ 

Dout 
tA= ~toH--j==: ~toH=i 

•READ CYCLE(3)""""' 

NOTES: 1. WE is High for Read Cycle. 
2. Device is continuously selected, ~ = V1L· 
3. Address Valid prior to or coincident with -CS-transition Low. 
4. OE°= V1L· 
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Unit 

ns 

ns 
ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Unit 

pF 

pF 



---------------------HM6116AP-12,HM6116AP-15,HM6116AP-20 
HM6116ASP-12,HM6116ASP-15,HM6116ASP-20 

•WRITE CYCLE(1) 

Address 

OE 

cs 

twp-11_1 __ 

Dout 

Din 

•WRITE CYCLE(2)"' 

Address 

cs 

Din 

NOTES: I. A write occurs during the overlap (twp) of a low CS and a low WE. 
2. t WR is measured from the earlier of cr or WI'." going high to the end 

of write cycle. 
3. During this period, 1/0 pins are in the output state so that the input 

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

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

5. N"is continuously low. (OE; V1L) 
6. Dout is tlie same phase of write data of this write cycle. 
7. D0.111..is the read data of next address. 
8. If CS is Low during this period, 1/0 pins are in the output state. 

Then the data input signals of opposite phase to the outputs must 
not be applied to them. 
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HM6116ALP-12, HM6116ALP-15, 
HM6116ALP-20, HM6116ALSP-12, 
HM6116ALSP-15, HM6116ALSP-20 

2048-word x 8-bit High Speed Static CMOS RAM 
•FEATURES HM6'116ALP Series 

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

• Low Power Standby and Standby: 5µW (typ.) 

Low Power Operation; Operation: 10mW (typ.) (f = 1MHz) 

• Capability of Battery Back up Operation 

• Single 5V Supply and High Density 24 Pin Package 

• Completely Static RAM: No clock nor Timing Strobe Required 

• Directly TTL Compatible: All Input and Output 

• Pin Out Compatible· with Standard 16K EPROM/MASK ROM <or-2•1 

• Equal Access and Cycle Time HM6116ALSP Series 

•FUNCTIONAL BLOCK DIAGRAM 

•ABSOLUTE MAXIMUM RATINGS 

ltem Symbol Rating Unit 

Voltage on Any Pin Relative to GND Vr -o.s• to +1.0 v 
Operating Temperature T.,. 0 to +70 ·c 
Storage Temperature T.,. -SS to +12S ·c 
Temperature Under Bias T .... -10 to +8S ·c 
Power Dissipation Pr 1.0 w 
• Pulse Width 50ns: -3.SV 

• TRUTH TABLE 

cs OE WE Mode Vee Current 

H x x Not Selected Isa. lsa1 

L L H Read lee 

L H L Write lee 

L L L Write lee 
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(DP-24A) 

• PIN ARRANGEMENT 

1/0 Pin 

High Z 

Dout 

Din 

Din 

(Top Vie.-) 

23 "' 

22 At 

21 WE 

20 OE: 

19 Aio 

17 110. 

Ref. Cycle 

Read Cycle 111-13) 

Write Cycle Ill 

Write Cycle 12) 



--------------------HM6116ALP-12,HM6116ALP-15,HM6116ALP·20 
HM6116ALSP-12,HM6116ALSP-15,HM6116ALSP-20 

•RECOMMENDED DC OPERATING CONDITIONS (Ta~O to +70'C l 

Item Symbol min typ max Unit 

Vee 4.5 5.0 5 .5 v 
Supply Voltage 

GND 0 0 0 v 
v,. 2 .2 3.5 6.0 v 

Input Voltage 
V" -3.0' - 0.8 v 

• Pulsf! Width SOns, DC VIL min- -0.3V 

• DC AND OPERA TING CHARACTERISTICS (Vee= 5V ± 10%, GND = OV, Ta= o to +70°C) 

HM6116ALP/ 
Item Symbol Test Condition ALSP-12 

min typ* max 

Input Leakage 
I/Lii 

Vcc=5.5V, Vin=GND 
- - 2 Current to Vee 

Output Leakage 
I/Loi 

CS=Vm or OE=Vm, - - 2 Current Vuo=GND to Vee 

Ice 
CS=Vn, Iuo=OmA 

- 4 12 
Vin=V1H or Vn 

Operating Power 
V1H=Vcc. Vn=OV Supply Current 

Icc1 CS=Vn, - 2 5 
h;o=OmA,f=lMHz 

Average Opera ting 
Icc2 

min. cycle, 
- 30 50 Current duty= 100% 

Standby Power lsB CS=Vm - 0.5 3 
Supply Current 

lsBI CS~Vcc-0.2V - 1 50 

VoL IoL=4mA - - 0.4 Output Voltage 
VoH IoH= -1.0mA 2.4 - -

* Vcc=5V, Ta=25°C 

•AC CHARACTERISTICS (Vcc~5V ±10%, Ta~O to +70'Cl 

•AC TEST CONDITIONS 
Input Pulse Levels: 0.8 to 2.4V 
Input Rise and Fall Times: 10 ns 
Input and Output Timing Reference Levels: 1.5V 
Output Load: 1TTL Gate and CL = lOOpF (including scope and jig) 

• READ CYCLE 
HM6116ALP/ 

Item Symbol ALSP-12 

min max 
Read Cycle Time tRc 120 -

Address Access Time fAA - 120 
Chip Select Access Time tAcs - 120 
Chip Selection to Output in Low Z tcLz 10 -

Output Enable to Output Valid toE - 55 
Output Enable to Output in Low Z toLZ 10 -

Chip Deselection to Output in High Z tcHZ 0 40 
Chip Disable to Output in High Z toHZ 0 40 
Output Hold from Address Change toH 10 -

@HITACHI 

HM6116ALP/ HM6116ALP/ 
ALSP-15 ALSP-20 Unit 

min typ* max min typ* max 

- - 2 - - 2 µA 

- - 2 - - 2 µA. 

- 4 12 - 4 12 mA 

- 2 5 - 2 5 mA 

- 20 40 - 15 30 mA 

- 0.5 3 - 0.5 3 mA 

- 1 50 - 1 50 µA 

- - 0.4 - - 0.4 v 
2.4 - - 2.4 - - v 

HM6116ALP/ HM6116ALP/ 
ALSP-15 ALSP-20 Unit 

min max min max 
150 - 200 - ns 

- 150 - 200 ns 
-- 150 - 200 ns 
10 - 10 - ns 
- 60 - 70 ns 
10 - 10 - ns 
0 50 0 60 ns 
0 50 0 60 ns 

15 - 20 - ns 

103 



HM6116ALP-12,HM6116ALP-15,HM6116ALP-20 
HM6116ALSP-12,HM6116ALSP-15,HM6116ALSP-20 

• WRITE CYCLE 

Item Symbol 

Write Cycle Time twc 

Chip Selection to End of Write tcw 

Address Valid to End of Write tAw 

Address Set Up Time tAs 

Write Pulse Width twp 

Write Recovery Time twR 
Output Disable to Output in High Z to Hz 
Write to Output in High Z twoH 

Data to Write Time Overlap tvw 

Data Hold from Write Time tvH 

Output Active from End of Write tow 

•cAPACITANCE (/-lMHz, Ta-2s·c) 

Item Symbol 

Input Capacitance c .. 
Input/Output Capacitance c, 0 

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

• TIMING WAVEFORM 

•Read Cycle (1) 

[ 1] 

Address 

HM6116ALP/ 
ALSP-12 

min max 

120 -

70 -

105 -
0 -

70 -

0 -
0 40 

0 35 

35 -

0 -

10 -

Test Conditions 

v .. -ov 
v, 0 -ov 

'--~~~-tAcs·~~---+--~-

HM6116ALP/ 
ALSP-15 

min max 

150 -

90 -

120 -

0 -

80 -

0 -

0 50 

0 40 

40 -

0 -

10 -

typ 

3 

5 

1----~~- t cLz ~~...:...~~~~,.....,~ 

Dout ~~~~~~~~~~~-1 

•Read Cycle (2) 

(1). [2). [4] 

•Read Cycle (3) 

[l], [3). [4] 

NOTES: I. WE is High for Read Cycle. 
2. Device is continuously selected, CS= Vn. 
3. Address Valid prior to or coincident with CS transition Low. 
4. OE= Vn. 

HM6116ALP/ 
ALSP-20 Unit 

min max 

200 - ns 

120 - ns 

140 - ns 

0 - ns 

100 - ns 

0 - ns 

0 60 ns 

0 50 ns 

50 - ns 

0 - ns 

10 - ns 

max l'nit 

5 pF 

7 pF 



--------------------HM6116ALP-12,HM6116ALP-15,HM6116ALP-20 
HM6116ALSP-12,HM6116ALSP-15,HM6116ALSP-20 

•Write Cycle (1) 

•Write Cycle (2) 
------twc----~ 

cs 

WE 

Dou! 

Din 

NOTES: I. A write occurs during the overlap Uwp) of a 
low CS and a low WE. 

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

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

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

~-----

transition, output remain in a high impedance 
state. 

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

write cycle. 
7. D 0..ll..l.is the read data of next address. 
8. If C'S is Low during this period, 1/0 pins are 

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

•LOW Vee DATA RETENTION CHARACTERISTICS ITa~O to +70°C 1 

Item Symbol Test Conditions min typ max 
Vee for Data Retention Vo, cs~ Vee -o.2v 2 .0 - -
Data Retention Current I cc DR. Vee -3.0V, CS~2.8V - - 30 
Chip Deselect to Data Retention Time tco11 0 - -

See Retention Waveform 
Operation Recovery Time ,, l R( ••• - -

• lQµA max at Ta=O't to +40't, V11 mm= 0.3V 
* * ti. ~Read Cycle Time 

•Low Vee Data Retention Walleform 
Data Retention Mode Vee-------....... 

4.SV- -- - -----

~~ Vo11-0.2V 

cs-----' 

W-------------------------------------------
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Unit 

v 
-"-~-

µA 

ns 

ns 
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HM6117P-3, HM6117P-4----

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

•FEATURES 
• Single SV Supply and High Density 24 pin Package. 

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

• Low Power Standby and Standby: 100µW (typ.) 

Low Power Operation: Operation: 200mW (typ.) 

• Completely Static RAM: No clock nor Timing Strobe Required 

• Directly TTL Compatible: All Input and Output 

•, Equal Access and Cycle Time 

•FUNCTIONAL BLOCK DIAGRAM 

CE:1 o----t-1~--t 

Row 

Decoder 

W1 ----i'j-.::l;!:)----' 

•ABSOLUTE MAXIMUM RATINGS 

Item Symbol 

Voltage on Any Pin Relative to GND Vr 

Power Dissipation Pr 

Operating Temperature Topr 

Storage Temperature T.1, 

Temperature Under Bias T&,~· 

* Pulse width SOns: -3.SV 

•TRUTH TABLE 

CE, CE, WE Mode 

H x x Not Selected 

x H x Not Selected 

L L H Read 

L L L Write 

Memory Matrix 

!28Xl28 

Rating 

•--0.5 to +7.0 

1.0 

0 to +70 

-55 to +125 

--10 to +85 

Vee Current 

lccL1 

lccL2 

Ice 

Ice 

--o Vee 

---<> GND 

Unit 

v 
w 
·c 
·c 
·c 

l/0 Pin 

High Z 

High Z 

Dout 

Din 
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(DP-24) 

•PIN ARRANGEMENT 

(Top View) 



----------------------------HM6117P-3,HM6117P-4 

•RECOMMENDED DC OPERATING CONDITIONS (Ta=0°C to +70°Cl 

Item Symbol min typ max Unit 

Vc1- 4 .5 5.0 5. 5 v 
Supply Voltage 

G1'D 0 0 0 v 
Input High (logic 1: Voltage V111 2. 2 3. 5 6.0 v 
Input Low ilogic 0 1 \

0 oltage v,, -3 .o· - 0.8 v 
* Pulse width: SOns, DC: Vu_~.= -0.3V 

•DC AND OPERATING CHARACTERISTICS (Ta~0°C to +70°C, Vcc~5V±l0%, GND~OV) 

Item 

Input Leakage Current 

Output Leakage Current 

Operating Power Supply 

Current : DC 

Average Operating Current 

Standby Power Supply 

Current 1 li : DC 

Standby Power Supply 

Current 12! : DC 

Output low Voltage 

Output High Voltage 

Symbol 

I fr., I 

I / 1 " : 

I ((LI. 

Vni 

'.\otes: 1 1 Typical limits are at ~-,=5.0\', Tu=+25'C 

2 * : Vn~ .. = - 0.3\' 

Test Conditions 

CE1 = VJH or CE.:= VJH 

F1 r1 = G;\D to Vee 

Min cycle, duty= 100% 

CE,~V,,, CE,~V,, 

CE,:;; Vcc 0. 2\', 

\':\~ Vec·-0.2V or V:\S0.2\' 

/,11~2 lmA 

/1111 = l .OmA 

•CAPACITANCE (Ta~25°C, j~l.OMHz) 

Item Symbol Test Conditions 

Input Capacitance Cr.\ v"~ov 

Input/Output Capacitance c, 
" v, ,,~ov 

:\ote! This parameter is sampled and not 100% tested. 

min typ max 

10 

10 

40 80 

40 80 

0 .02 

0 .02 

0.4 

2. 4 

typ max 

3 5 

5 .7 

•AC CHARACTERISTICS (Ta~0°C to +70°C, Vcc~SV±l0% 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: l.5V 
Output Load: I TTL Gate and CL =IOOpF (including scope and jig) 

•READ CYCLE 

HM6117P-3 HM61l7P-4 
Item Symbol 

min max min max 

Read Cycle Time I" 150 - 200 -

Address Access Time t,. - 150 - 200 

Chip Enable (CE, I to Output lcu1 - 150 - 200 

Chip Enable (CE, l to Output fem - 150 - 200 

Chip Enable (CE, I to Output in Low Z l /.Zl 10 - 10 -

Chip Enable (CE,) to Output in Low Z l LZ2 10 - 10 -

Chip Disable (CE,) to Output in High Z lHZI 0 70 0 80 

Chip Disable (CE,) to Output in High z tHzz 0 70 0 80 

Output Hold from Address Change loH 15 - 15 -

@HITACHI 

Unit 

µA 

µA 

mA 

mA 

mA 

mA 

v 
v 

Unit 

pF 

µF 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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HM6117P-3,HM6117P-4 ---------------------------

•TIMING WAVEFORM OF READ CYCLE (Notes 1) 

'" 
Address 

CE:, tco2 

tizz 

Dout 
Data Valid 

NOTES: 1. WE is High for Read Cycle. 

•WRITE CYCLE 

Item 

Write Cycle Time 

Chip Enable (CE,) to End of Write 

Chip Enable (CE,) to End of Write 

Address Set Up Time 

Address Valid to End of Write 

Write Pulse Width 

Write Recovery Time 

Write to Output in High Z 

Data to Write Time Overlap 

Dal~ Hold from Write Time 

Output Active from End of Write 

•TIMING WAVEFORM OF WRITE CYCLE 

Address 

Oout 

Din 

NOTES: l A write occurs during the 
overlap Qwp) of low CE,, 
n:'.2 and WE. 

2. t AS is measured from the 
address changes to the bigin
ning of the write. 

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

Symbol 
HM6117P-3 

min max 

lwc 150 -

tcw1 100 -

tcwr 110 -

IAS 20 -

IAW 130 -
twp 100 -
lw• 15 -

lwHz 0 60 

low 50 -
loH 20 -

low 10 -

twp{ I) 

ID• IDH 

Data In Valid 

4. During this period, 1/0 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 CF:, or Cl'.2 low transi
tion occurs simultaneously 
with the WE low transitions or 
after the WE transitions, out
put remain in a high im
pedance state. 

108 @HITACHI 

HM6117P-4 
Unit 

min max 

200 - ns 

120 - ns 

130 - ns 

20 - ns 

150 - ns 

120 - ns 

15 - ns 

0 70 ns 

60 - ns 

20 - ns 

10 - ns 

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, 1/0 pins 
are in the output state. Then 
the data input signals of op
posite phase to the outputs 
must not be applied to them. 



SUPPLY CURRENT 

vs. SUPPLY VOLTAGE 

l.6---~------------. 

Ta=25"C 

" 1.41----+---+----l-------l 

l.2 

l.O 

0.8 lo-' 

0.6 

0.4 
4.5 4.75 5.0 5.25 5.5 

Supply Voltage l'u (V\ 

ACCESS TIME 

vs. SUPPLY VOLTAGE 

l.3---------------. 

Ta=2s·c 

1.2 l----+---+------i----l 

l 1.1 t-....p_,--+---+-------1------1 

~ 
l.O i---+--=-k::-----1----j 

~ ~ 
..: 0.91------l----+-----1---=-i 

0.81----'----+----1------1 

0.7 ._ __ _,_ ___ .....__ ___ ._ __ ~ 

4.5 4.75 5.0 5.25 5.5 

Supply Voltage Ver 1 V1 

ACCESS TIME 

vs. LOAD CAPACITANCE 

1.8---------------. 

0.8 L-----l.----1-----l-----l 

0.6 LI0_0 ___ 2.L00 ___ 3...l0-0---40L0----'500 

Load Capacitance CL {pf) 
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HM6117P-3,HM6117P-4 

SUPPLY CURRENT 

vs. AMBIENT TEMPERATURE 

1.6 

Vee =5.0V 

t-- --t---
,:d LO 

t--
u 0.8 

1. '" 0.6 

-
~ 

,Ji. 

-
u 
~ 

~ 

0.4 
0 20 40 60 80 

Ambient Temperature Ta ('C) 

ACCESS TIME 

vs. AMBIENT TEMPERATURE 

1.3---~------~---~ 

Vcc=S.OV 

1.2'-----L-----L-----J----< 

1.0~ 

0.9 '-------'-----+------<>-----< 

0.8 '------'-----+----->-----< 

0.7 '----'-----'-----'--------' 
0 20 40 60 

Ambient Temperature Ta ('CI 

SUPPLY CURRENT 

vs. FREQUENCY 

80 

1.3---------------
200ns ISOns 120ns 

1.2 L----ll----l----l----1.---1 

I.I 

1.0 

0.9 

OJ! 

0.7 
0 JO 

Frequency f (MHzJ 

109 



HM6117P-3,HM6117P-4 -----------------------------
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!. 

!. 

INPUT LOW VOLTAGE 

vs. SUPPLY VOLTAGE 
3 

2 

1 

Ta=25'C 

-
~ 

0.9 

• 
.3 0.8 

0.7 
4.5 4.75 

-

5.0 5.25 

Supply Voltage Vee {V) 

OUTPUT HIGH CURRENT 

vs. OUTPUT HIGH VOLTAGE 
1.6 

Ta=2S'C 
Vcc=SV 

' ~ 
-~ 

\ 

1.2 

1.0 

u 0.8 

0.6 

\ 
0.4 

1 

Output Voltage VoH (V) 

5.5 

INPUT HIGH VOLTAGE 

vs. SUPPLY VOLTAGE 

3~--~--~---~---

Ta=25"C 
2>----+-----+---1----~ 

0.91----4-----1----.l------l 

:I: 0.8>----+-----+---1----~ 

0.71-----+-----+---"------' 
4.5 4.75 5.0 5.25 

Supply Voltage \.ice (V) 

OUTPUT LOW CURRENT 
vs. OUTPUT LOW VOLTAGE 

1.6 

1.4 

- 1.0 

u 0.8 

3 
0.6 

0.4 
0 

11 

7 
[Z 

-J 
l7 

0.2 0.4 0.6 

Output Voltage VoL (Vl 

5.5 

Ta=25°C 
Vcc=SV 

0.8 
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HM6117FP-3, HM6117FP-4 

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

•FEATURES 
• 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: 100µW (typ.) 

Low Power Operation: Operation: 200mW (typ.) 
• Completely Static RAM: No clock nor Timing Strobe Required 
• Directly TTL Compatible: All Input and Output 
• Equal Access and Cycle Time 

(FP-24) 

•FUNCTIONAL BLOCK DIAGRAM •PIN ARRANGEMENT 

A1 

__..., GND 

A2 
A, 

) A• Row 
A1 

Decoder 
tu 

__..,.Vee 

Memory Matrix 

128X 128 

Ai 

(Top View) 
Ci:1 ---H~»--; 
WE: ---~_::i;;;ur----' 

•ABSOLUTE 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 To,, 0 to +70 ·c 
Storage Temperature T.,, -55 to +125 ·c 
Temperature Under Bias r .... -JO to +85 ·c 

• Pulse width SOns: -3.5V 

•TRUTH TABLE 

CE, CE, WE Mode Vee Current 1/0 Pin 
H x x Not Selected lccLi High Z 
x H x Not Selected Iccu High Z 
L L H Read Ice Dout 

L L L Write Ice Din 

@HITACHI 111 



HM6117FP-3,HM6117FP-4 --------------------------~ 

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

Item Symbol min typ max Unit 

Vee 4.5 5.0 5.5 v 
Supply Voltage 

GND 0 0 0 v 
Input High (logic I) Voltage VIH 2. 2 3.5 6.0 v 
Input low (logic 0) Voltage Vn -3.o· - 0.8 v 

* Pulse width: SOns, DC: V;1 •.• --0.3V 

•DC AND OPERATING CHARACTERISTICS (Ta~0°C to +70"C, Vcc~5V±l0%, GND~OV) 

Item Symbol 

Input Leakage Current I Iu I 

Output Leakage Current I ho I 

Operating Power 

Current: DC 

Supply 
lee 

Average Operating Current lcc1 

Standby Power Supply 

Current II I : DC 
lccL1• 

Standby Power 

Current 121: DC 

Supply 
lr:c L2 • 

Output low Vo_ltage Voe 

Output High Voltage V OH 

r.-otes: I) Typical limits are at V,,-5.0V. Ta- +2S°C 

2) * : V11 ••• = -0.3\' 

Test Conditions 

V .. -GND to Vee 

CE1 = V1H or CE2 = V1H 

v, o-GND to Vee 

CE, -CE, -v,,. [, o-OmA 

Min cycle, duty-JOO% 

CE, -VIL. CE,-VIL 

CE,"'Vee-0.2V, 

Vr·•~Vcc-0.2\' or v,,~o.2v 

CE,"' Vcc-0.2V 

loL=2.1mA 

hH- - J .OmA 

•CAPACITANCE (Ta~25°C, /~l.OMHz) 

Item Svmbol Test Conditions 

Input Capacitance c, ... v,,-ov 

Input/Output Capacitance c, 0 v, o-OV 

r\ote) This parameter is sampled and not 100% tested. 

min typ max 

- - JO 

- - IO 

- 40 80 

- 40 80 

- 0.02 2 

- 0 .02 2 

- - 0.4 

2. 4 - -

typ max 

3 5 

5 7 

•AC CHARACTERISTICS ( Ta~0°C to +70"C, V,,~5V±10% unless otherwise noted I 

•AC TEST CONDITIONS 
Input Pulse Levels: 0.8 to 2.4V 
Input Rise and Fall Times: 10 ns 
Input and Output Timing Reference Levels: l.5V 
Output Load: I TTL Gate and CL = I OOpF (including scope and jig) 

•READ CYCLE 

H:>16JJ7P-3 H'161J7P-4 
Item Symbol 

min max min max 

Read Cycle Time f RC J50 - 200 -

Address Access Time t .~ ~ - J50 - 200 

Chip Enable I CE, ) to Output tc1il - 150 - 200 

Chip Enable I CE,) to Output t c (12 - J50 - 200 

Chip Enable \CE,) to Output in Low Z f LZI JO - 10 -

Chip Enable (CE,) to Output in Low Z f LZ2 JO - JO -

Chip Disable (CE,) to Output in High Z lHZl 0 70 0 80 

Chip Disable (CE,) to Output in High z lHZ2 0 70 0 80 

Output Hold from Address Change I OH J5 - J5 -

112 @HITACHI 

Unit 

µA 

µA 

mA 

mA 

mA 

mA 

v 

v 

Unit 

pf 

pf 

LTnit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 



-------------------------- HM6117FP-3,HM6117FP-4 

•TIMING WAVEFORM OF READ CYCLE (Notes 1) 

IRC 

Address 

tco2 

lLZ2 

Dout 

Data Valid 

NOTES: !. WE is High for Read Cycle. 

•WRITE CYCLE 

Item Symbol 
HM6117P-3 HM6117P-4 

Unit 
min max min max 

Write Cycle Time twc 150 - 200 - ns 
Chip Enable (CE,) to End of \\'rile lcw1 100 - 120 - ns 
Chip Enable (CE,) to End of Write tc., 110 - 130 - ns 
Address Set Up Time t,, 20 - 20 - ns 
Address Valid to End of Write t;w 130 - 150 - ns 
Write Pulse Width twp 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 toH 20 - 20 - ns 
Output Active from End of Write tow 10 - 10 - ns 

•TIMING WAVEFORM OF WRITE CYCLE 
r-----· -- ______ tit.!:_ _____________ _ 

Address 

WE 

Dout 

Din 

NOTES: I. A write occurs during the 
overlap ~) of low CE, , 
CE, and WE. 

2. t AS is measured from the add
ress changes to the biginning 
of the write. 

3. twR is measured from the 
earlier of CE,, CE2 or WE 
going high to the end of 
write cycle. 

"" -------,WP( I)----~~---+---

4. During this period, 1/0 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 1 or CE2 low transi
tion occurs simultaneously 
with the WE low transitions or 
after the WE transitions, out
put remain in a high im-

$HITACHI 

pedance state. 
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 CE2 are low 
during this period, 1/0 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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SUPPLY CURRENT 

vs. SUPPLY VOLTAGE 

I.6r---...,-------...,------. 

Ta=2s·c 
l.4 l-----+----1-----+-----+ 

1.2 i----+----1----+-,,,.....,,.."--l 

~ 1nt-----+--"7"r-=='----+----1 

~ 
0.81-"' 

0.61-----+----l-----+-----I 

0.41--------~--~--~ 
4.5 4.75 5.0 5.25 5.5 

Supply Voltage Vee (V) 

ACCESS TIME 

vs. SUPPLY VOLTAGE 

1.3 .----....-----,---...,------, 

Ta=25'C 

1.21-----t-----1----+-----i 

~ l.O f----t----"";....,----t----i 

~ 0.91-----+-----1----1----==~ 

0.81-----+-----l----+-----I 

0.7~---+---~----+---~ 
4.75 5.0 5.25 5.5 

Supply Voltage Vee (Vl 

ACCESS TIME 

vs. LOAD CAPACITANCE 
1~..-----,....------...,-----, 

O~l-----+----1-----+------1 

0.6 ..._ __ _...... ___ .__ __ _._ __ __. 

100 200 300 400 500 

Load Capac 1tance CL (pf) 

SUPPLY CURRENT 

vs. AMBIENT TEMPERATURE 

I.6.----...,-------...,----

Vcc=S.OV 

1.4 l-----+------11-----+-----+ 

~ 1.2 l-----+------11-----+-----+ 
~ 

: 1.0 r-----.. 
" 

0.8 l-----+------11-----+-----+ 

VJ 0.6 l-----+------1r----+-----+ 

0.4 ..._ __ _._ __ __.1--__ _.._ __ __. 

0 20 40 60 80 

Ambient Temperature Ta ('CJ 

ACCESS TIME 

vs. AMBIENT TEMPERATURE 

l.3 .----...,----..---...,----

Vcc=S.OV 

-0 l.2 1-----+-----+---+-----i 

~ y 
~ l.l l-----+----1---~~L.-I---~ 

-
~ 
~ 

-
u 

J 

/ l.O f----t::,,,....'---t----t----t 

~ 
0.91-----+----l-----+------1 

0.81-----+----l-----+------1 

0.7,__ __ ~---~---+---~ 
0 20 40 60 

Ambient Temperature Ta ,:•c 1 

SUPPLY CURRENT. 
vs. FREQUENCY 

80 

1.3..---,.----,....-..-...,-...,--~--

200ns 150ns l20ns 

1.2 I----+---+----+---+----+ 

I.I 

L---+--r---1-i---
l.O 

r-
0.9 

0.8 

0.7 
0 IO 

Frequency f (MHz.} 
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• 

INPUT LOW VOLTAGE 

vs. SUPPLY VOLTAGE 

1.3 

1.2 

1.0 

I---
0.9 

j 0.8 

0.7 
4.5 4.75 5.0 

fo=25'C 

-

5.25 5.5 

Supply Voltage. Vee ! V,i 

OUTPUT HIGH CURRENT 
vs. OUTPUT HIGH VOLTAGE 

I. 6 

Ta=25'C 
Vcc=SV 

I. 4 

' I\ 

\ 
\ 

1.2 

1.0 

u 0.8 

0.6 

~ 
o. 4 

Output Voltage Vo11 (V) 

@HITACHI 

HM6117FP-3,HM6117FP-4 

INPUT HIGH VOLTAGE 

vs. SUPPLY VOLTAGE 
1.3.----~---.----~----. 

Ta=25'C 
u l------1----1------1------l 

~ LI 1-----'----1-----J-----I 

i! 

:i: 0.81------1----1-----+----; 

0.7 '-----'----'----..,..C,,-----;' 
4.5 4.75 5.0 5.25 5.5 

Supply Voltage Vee (VJ 

OUTPUT LOW CURRENT 

vs. OUTPUT LOW VOLTAGE 
6 

I. 4 J 

~ 2 

0 

7 Ta=25'C 
Vee =SV 

8 

l-
u o. 

-
0.6 

0 . • 0.2 0.4 0.6 0.8 

Output Voltage Voi (V) 
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HM6117LP-3, HM6117LP-4---

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

•FEATURES 

• Single SV Supply and High Density 24 Pin Package. 

• High Speed: Fast Access Time 150ns/200ns max. 

• Low Power Standby and Low Power Operation; 

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

Operation: 180mW(typ.) 

• Completely Static RAM: No clock nor Timing Strobe Required 

• Directly TTL Compatible: All Input and Output 

• Equal Access and Cycle Time 

• Capability of Battery Back up Operation 

•FUNCTIONAL BLOCK DIAGRAM 

A1 

128X 128 

--<>GND 

Az 
A, 

) A, Row 

As Decoder 
As 

-----0 Vee 

Memory Matrix 

A7 

CEZ 

CE:1 ---iH~»--t 

WE: ----1:::~---_, 

•ABSOLUTE MAXIMUM RATINGS 

Item Symbol Rating Unit 

Voltage on Any Pin Relative to GND Vr •-o.5 to +7.0 v 

Operating Temperature T,,, 0 to +70 ·c 
Storage Temperature T.,. -55 to +125 ·c 
Temperature Under Bias T6 ... -10 to +85 ·c 
Power Dissipation Pr 1.0 w 

* Pulse width SOns: -3.SV 

•TRUTH TABLE 

CE, CE, WE Mode Vee Current 

H x x Not Selected lccL1 

x H x Not Selected Iccu 

L L H Read Ice 

L L L Write Ice 
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(DP-241 

•PIN ARRANGEMENT 

(Top View) 

1/0 Pin 

High Z 

High Z 

Dout 

Din 



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

•RECOMMENDED DC OPERATING CONDITIONS (Ta~0°C to +70°C) 

Item Symbol min typ max Unit 

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

Input High (logic 1) Voltage VIH 2. 2 3.5 6.0 v 
Input low (logic 0) Voltage Vn -3.o· - 0.8 v 

* Pulse Width: SOns, DC: VtL .. ,.--0.3V. 

•DC AND OPERATING CHARACTERISTICS (Ta~0°C to +70'C, Vcc~5V±l0%, GND~OV) 

Item Symbol 

Input Leakage Current I Iu I 

Output Leakage Current I ho I 

Operating Power 

Current: DC 

Supply 
Ice 

Average Operating Current lcc1 

Standby Power 

Current I II : DC 

Supply 
lccu• 

Standby Power Supply 
lccL2• 

Current 121: DC 

Output low Voltage V 01 

Output High Voltage VoH 

Notes: 1) Typical limits are at Vcc~S.OV, Ta-+25"C 
2) *: Vn .. ,.--0.3V 

Test Conditions 

VJN~ GND to Vee 

CE,~ VIH or CE,~ v,H 

V,. a~GND to Vee 

CE,~ CE,~ Vn, [, a~OmA 

Min cycle, duty~ 100% 

CE,~ Vn, CE,~ VIL 

CE,;;; Vcc-0.2V 

V,N;;;Vce-0.2V or VJN;;>0.2V 

CE,;;;Vee-0.2V 

Ia,~2.lmA 

loH~ -1.0mA 

•CAPACITANCE ( Ta~25°C, f~l.OMHz) 

Item Symbol Tfst Conditions 

Input Capacitance C1N v,N~ov 

Input/Output Capacitance C1/o V,.a~OV 

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

min typ max 

- - 2 

- - 2 

- 35 70 

- 35 70 

- 2 50 

- 2 50 

- - 0.4 

2. 4 - -

typ max 

3 5 

5 7 

•AC CHARACTERISTICS (Ta~0°C to +70°C, Vee ~SV±l0% unless otherwise noted) 
•AC TEST CONDITIONS 

l nput Pulse Levels .................. . O.BV to 2.4V 
Input Rise and Fall Times ................ 10ns 
Input and Output Timing Reference Levels ... 1.5V 
Output Load .......................... 1 TTL Gate and CL= 100pF (Including Scope & Jig) 

•READ CYCLE 

HM6117LP-3 HM6117LP-4 
Item Symbol 

min max min max 
Read Cycle Time IRC 150 - 200 -

Address Access Time tu - 150 - 200 
Chip Enable (CE,) to Output tco1 - 150 - 200 
Chip Enable (CE,) to Output tcoi - 150 - 200 
Chip Enable (CE,) to Output in Low Z f LZI 10 - 10 -

Chip Enable (CE,) to Output in Low Z f Lzz 10 - 10 -
Chip Disable (CE,) to Output in High z lHZl 0 70 0 80 

Chip Disable (CE,) to Output in High z iHZ2 0 70 0 80 
Output Hold from Address Change IOH 15 - 15 -

@HITACHI 

Unit 

µA 

µA 

mA 

mA 

µA 

µA 

v 
v 

Unit 

pF 

pF 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

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

•TIMING WAVEFORM OF READ CYCLE (Notes 1) 

Address 

CE2 

tizz 

Dout 
Data Valid 

NOTES: l. WE is High for Read Cycle, 

•WRITE CYCLE 

Item Symbol 
HM6117LP-3 HM6117LP-4 

Unit 
min max min max 

Write Cycle Time lwc 150 - 200 - ns 

Chip Enable (CE, ) to End of Write tcw1 100 - 120 - ns 

Chip Enable (CE,) to End of Write lcw2 110 - 130 - ns 

Address Set Up Time l.s 20 - 20 - ns 

Address Valid to End of Write I Aw 130 - 150 - ns 

Write Pulse Width lwp 100 - 120 - ns 

Write Recovery Time lwR 15 - 15 - ns 

Write to Output in High z lwHZ 0 60 0 70 ns 

Data to Write Time Overlap low 50 - 60 - ns 

Data Hold from Write Time loH 20 - 20 - ns 

Output Active from End of Write low 10 - 10 - ns 

•TIMING WAVEFORM OF WRITE CYCLE 
,., 

Address 

lcwi ... 
(5) 

tcw2 

twp( l) 

Dout 

low to11 

Din 

NOTES: 1 A write occurs during the 

~rlap Q_wp) of low CE, , 
CE 2 and WE. 

118 

2. t AS is measured from the 
address changes to the bigin
ning of the write, 

3. 'WR is measured from the 
earlier of CE1 , CE1 or WE 
going high to the end of 
write cycle. 

Data ln Valid 

4. During this period, 1/0 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 1 or CE1 low transi
tion occurs simultaneously 
with the WE low transitions or 
after the WE transitions, out
put remain in a high im
pedance state. 

@HITACHI 

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

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

8. If CE, and CE, are low 
during this peliod, 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. 



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

•LOW Vee DATA RETENTION CHARACTERISTICS ( Ta~o·c to +70°C) 

Item Symbol Test Conditions min typ max Unit 

Vee for Data Retention 

Vee for Data Retention 

Data Retention Current 

Data Retention Current 

Chip Deselect to Data Retention Time 

Operation Recovery Time 

• lOµA max at Ta~o·c to +40'C, VIL min- -0.3V 
** he'"" Read Cycle Time 

VoRi 

Vo112 

Ice DR I 

lccoR2 

le DR 

1. 

•LOW Vee DATA RETENTION WAVEFORM . 

.Vee---------.. 
4.SV--------

tco1 

rr.----...1 

CE,~ Vee-0.2V, 
2.0 - -

v,.~ Vee-0.2V or v,.~o.2v 

CE,~ Vee-0.2V 2.0 - -

Vee~3.0V, CE,~2.8V, 
30• - -

v,.~2.8V or v,.~o.2v 

Vce~3.0V, CE2~Vee·-o.2v - - 30• 

0 - -
See Retention Waveform 

l11:c•• - -

Data Retention Mode 

OV--------- ------------ ---- -----------------

]: 

NOTE: L rr, controls Address buffer, WE buffer, CE, buffer and DJN 
buffer.:J!: CE 2 controls data retention mode, VIN level (address, 
(WE, CE,, D110> can be in the high impedance state. If CE, 
controls data retention mode, VJN level (address, WE, DE 2 , 

D110> must be VIN~ Vcc-0.2V or VIN~ 0.2V. 

SUPPLY CURRENT SUPPLY CURRENT 
vs. SUPPLY VOLTAGE vs. AMBIENT TEMPERATURE 
l.6 l.6 .-------..----,------,...-----, 

Ta=25'C Vee =S.OV 

l.41-----+---+-----if------t 

......-1 

~ 
v 

~ 
~ 

0.8 

I.Or---

~ 
.fa_ 1.21-----+---+----f------t 

~ 0 OBl-----+---+----f------t 

~ 0.6 ! .. , 0.6f------+-----+------t-----t 

v 

v 

µA 

µA 

ns 

ns 

0.4 
4.5 5.5 o.•L.0 ---2"-:o---."=oc----~60,,__--~so 4.75 5.0 525 

Supply Volta1e Vee (VJ Amb1enl Tempara!ure Ta \'Ci 
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HM6117LP-3, HM6117LP-4--------------------------

120 

~ 

ACCESS TIME vs. 
SUPPLY VOLTAGE 
1.3~-------------

Ta=25'C 

1.21-----!-----J----l-----J 

~ I.I i::k""'---l----1----1----l 

~ ~ 
1.0 

i 0.91---4----+--........._,--t--....1---=-i 

-ii! o.81------1----l----+----1 

0.7L.. __ ...1... __ __.1 ___ ...L __ _J 

4.5 4.15 5.0 

Supply Voltage Vee 1 V1 

ACCESS TIME vs. 
LOAD CAPACITANCE 

5.25 5.5 

12--------------

021-------1----1------!-----J 

0.6L..--.....L..---'-----'-----' 

1.3 

100 200 300 400 

Load Capacitance CL (pF) 

INPUT LOW VOLTAGE vs. 
SUPPLY VOLTAGE 

500 

Ta=25'C 

1.2 

l 

l.O 

i--
0.9 

j 0.8 

0.7 
4.5 4.75 

--
5.0 5.25 5.5 

Supply Voltage Vee (V) 
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ACCESS TIME vs. 
AMBIENT TEMPERATURE 

u~--~----------

Vcc=S.OV 

l.2 1------1----1-----!-----< 

y 
1.11-----l--/-7~~---l 

l.O~ 

0.9 

0.81-----+----l-----l---__J 

0.7 L----'---~'-----'-----' 

l.3 

L2 

1. l 

l.O 

0. 9 

0.8 

0. 1 

0 20 40 

SUPPLY CURRENT vs. 
FREQUENCY 

200ns 

60 

150ns 

l---.i.--

Frequency f I MHz) 

INPUT HIGH VOLTAGE vs. 
SUPPLY VOLTAGE 

80 

l20ns 

10 

3,-----,..---.,.-----,..--~ 

Ta=25'C 

1.2t----+----+----J..--___j 

~ Llt----+----1-----+----l 
~ 

0.9t---+---l------1-----l 

:i: 0.8f----+----l-----l-----l 

0-~i,..5-----,4."'75,----5L.0 ___ 5L.25,..--_J5.5 

Supply Voltage Vee {V) 



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

OUTPUT HIGH CURRENT 
vs. OUTPUT HIGH VOLTAGE 

1.6 

1.4 

1.2 

1.0 

u 0.8 

0,6 

0.4 
I 

\ 

\ 
\ 

~ 

Output Voltage VoH (VJ 

STANO-BY CURRENT vs. 
AMBIENT TEMPERATURE 

Ta=ZS"C 
Vcc=SV 

10-1 _____________ _ 

Vcc=3V 
CT2=2.8V 

10-1L_ __ _L ___ -'------'-----..J 
0 20 40 60 

Ambient Temperature fo ·c' 

STANO-BY CURRENT vs. 
INPUT VOLTAGE 
10 

0 
0 

u ~ 
Input Voltage ViN (V) 

80 

Ta=25'C 
Vcc:::o5V 
CT1=4.8V 

OUTPUT LOW CURRENT 
vs. OUTPUT LOW VOLTAGE 

1.6 

1.4 .t1 

- 1.0 i 
u 0.8 -l ,3 

0.6 

O.< 
0 

v 
0.2 0.4 

Output Vol-tage VoL (V) 

STANO-BY CURRENT vs. 
SUPPLY VOLTAGE 

Supply Voltage Vee (Vi 

STANO- BY CURRENT vs. 
INPUT VOLTAGE 

0.6 

Ta=25°C 
Vcc=SV 

0.8 

111-----~-----~-~ 

Ta=25°C 
Vcc'=SV 
CE2=4.8Y 

~ 61-----+---+---+---+----I 

Input Voltage V,. (VJ 
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HM6117LFP-3, HM6117LFP-4--

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

•FEATURES 
• High Density Small-sized Packaged 
• Projection Area Reduced to One-Thirds of Conventional DIP 

• Thickness Reduced to a Half of Conventional DIP 

• Single 5V Supply 
• High Speed: Fast Access Time 150ns/200ns max. 

• Low Power Standby and Low Power Operation; 
Standby: 10µW (typ.) Two Chip Enable Input for Battery Back up 

Operation: 180mW (typ.) 

• Completely Static RAM: No clock nor Timing Strobe Required 

• Directly TTL Compatible: All Input and Output 

• Equal Access and Cycle Time 
• Capability of Battery Back up Operation 

•FUNCTIONAL BLOCK DIAGRAM 

A1 ---i:1'==::::f-l 
A. 
A. 
At 
A. ,,. 
A• o---H:;c===l 

uo.---u-~-' 

Row 

Decoder 

•ABSOLUTE MAXIMUM RATINGS 

Item Symbol 

Voltage on Any Pin Relative to GND Vr 

Operating Temperature T.,. 

Storage Temperature T.i. 

Temperature Under Bias T,.,, 

Power Dissipation Pr 

* Pulse width SOns: -3.SV 

•TRUTH TABLE 

CE:, CE, WE 

H x x 

x H x 

L L H 

L L L 

Memory Matrix 

IZ8X 128 

Rating 

•-o.5 to +7 .o 

0 to +70 

-55 to +125 

-10 to +85 

1.0 

Mode 

Not Selected 

Not Selected 

Read 

Write 

---0 Vee 

-...GND 

Unit 

v 
·c 
·c 
·c 
w 

Vee Current 

Ice LL 

lccLz 

Ice 

lee 
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IFP-24) 

•PIN ARRANGEMENT 

(Top View) 

1/0 Pin 

High Z 

High Z 

Dout 

Din 



•RECOMMENDED DC OPERATING CONDITIONS (Ta-o·c to +70'C) 

Item Symbol min typ max Unit 

Vee 4.5 5.0 5.5 v 
Supply Voltage 

GND 0 0 0 v 

Input High (logic I) Voltage VIH 2.2 3.5 6.0 v 

Input low (logic 0) Voltage VTL -3.0' - 0.8 v 

* Pulse Width: SOns, DC: Vu .•.• - -0.3V. 

•DC AND OPERATING CHARACTERISTICS (Ta-o·c to +1o·c. Vee-5V±10%, GND-OV) 

Item Symbol 

Input Leakage Current I Iu I 

Output Leakage Current I ho I 

Operating Power 

Current: DC 

Supply 
lee 

Average Operating Current Icci 

Standby Power Supply 
IccL1• 

Current Ill: DC 

Standby Power Supply 

Current 121 : DC 
lccu• 

Output low Voltage Voe 

Output High Voltage VoH 

Notes: 1) Typical limits are at Vcc-5.0V. Ta-+25'C 
2) • : VIL ... - -0.3\' 

Test Conditions 

V1N-GND to Vee 

CE1 - V1H or CE2 - V1H 

V1,o-GND to Vee 

CE1 - CE, - VTL. [, o-OmA 

Min cycle, duty-100% 

CE1 -v,,, CE2-VTL 

CE1;;:Vcc-0.2V 

V,,;;; Vcc-0.2V or v,,:;;o.2v 

CE,;;:Vcc-0.2V 

loc-2.lmA 

foH- -1.0mA 

•CAPACITANCE (Ta-2s·c, J-1.0MHz) 

Item Symbol Test Conditions 

Input Capacitance c,,... v,.-ov 
Input/Output Capacitance Cr,o V1 o-OV 

Note: l) This parameter is umpled and not 100% tested. 

min typ max 

- - 2 

- - 2 

- 35 70 

- 35 70 

- 2 50 

- 2 50 

- - 0.4 

2. 4 - -

typ max 

3 5 

5 7 

•AC CHARACTERISTICS ( Ta-O'C to +1o·c. Vee -5V±10% unless otherwise noted) 

•AC TEST CONDITIONS 

Input Pulse Levels ...................... O.SV to 2.4V 
Input Rise and Fall Times . . . . . . . . . . . . . . . . 1 Ons 
Input and Output Timing Reference Levels ... 1.SV 
Output Load .......................... 1 TTL Gate and CL= 100pF (Including Scope & Jig) 

•READ CYCLE 

HM6117LFP-3 HM6117LFP-4 
Item Symbol 

min max min max 

Read Cycle Time I Re 150 - 200 -
Address Access Time 1,, - 150 - 200 

Chip Enable ( CE1 ) to Output tcoi - 150 - 200 

Chip Enable (CE,) to Output lco2 - 150 - 200 

Chip Enable (CE1) to Output in Low Z lLZI 10 - 10 -

Chip Enable (CE,) to Output in Low Z iLzr 10 - 10 -
Chip Disable ( CE1) to Output in High z IHZI 0 70 0 80 

Chip Disable ( CEz) to Output in High z iHzi 0 70 0 80 

Output Hold from Address Change loH 15 - 15 -

@HITACHI 

Unit 

µA 

µA 

mA 

mA 

µA 

µA 

v 

v 

Unit 

pF 

pF 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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•TIMING WAVEFORM OF READ CYCLE (Notes 1) 
IRC 

Address 

tco2 

tLZ2 

Dout 
Data Valid 

NOTES: 1. WE is High for Read Cycle. 

•WRITE CYCLE 

Item 

Write Cycle Time 

Chip Enable ( CE1 ) to End of Write 

Chip Enable (CE,) to End of Write 

Address Set Up Time 

Address Valid to End of Write 

Write Pulse Width 
Write Recovery Time 

Write to Output in High Z 

Data to Write Time Overlap 

Data Hold from Write Time 

Output Active from End of Write 

•TIMING WAVEFORM OF WRITE CYCLE 

124 

Address 

Dout 

Din 

NOTES: 1 A write occurs during the 
overlap Qwp) of low CE,, 
CE 2 and WE. 

2. t AS is measured from the 
address changes to the bigin
ning of the write. 

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

HM6117LFP-3 
Symbol 

min max 

lwc 150 -
tcw1 100 -

tcwz llO -
l;s 20 -
l.w 130 -

lwP 100 -

lwR 15 -
lrmz 0 60 

low 50 -
loH 20 -

low IO -

tow IDH 

Otta In Valid 

4. During this period, 1/0 pins 
are in the output state so 
that the input signals of 
opposite phase to the out
puts must not be applied. 

5. lf the CE 1 or CE, low transi
tion occurs simultaneously 
with the WE low transitions or 
after the WE transitions, out
put remain in a high im-

@HITACHI 

HM6117LFP-4 
Unit 

min max 

200 - ns 

120 - ns 

130 - ns 

20 - ns 

150 ns 

120 - ns 

15 - ns 

0 70 ns 

60 - ns 

20 - ns 

10 - ns 

pedance state. 
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, 1/0 pins 
are in the output state. Then 
the data input signals of op
posite phase to the outputs 
must not be applied to them. 



•LOW Vee DATA RETENTION CHARACTERISTICS ( Ta~o·c to +70°C) 

Item Symbol Test Condition min typ max Unit 

Vee for Data Retention 

Vee for Data Retention 

Data Retention Current 

Data Retention Current 

Chip Deselect to Data Retention Time 

Operation Recovery Time 

* IOµA max at Ta~o·c to +40'C, Vn min- ~0.3V 

** he= Read Cycle Time 

Vo1P 

Vv.u 

lccoRi 

fccDR2 

tcoR 

IR 

•LOW Vee DATA RETENTION WAVEFORM 

IT2-----' 

CE,<;: Vee-0.2V, 
2.0 - -

V,N<;=Vee-0.2V or Vi",,;o.2v 

CE,<;: Vee-0.2V 2.0 - -

Vee-3.0V, CE, ;;;:2.sv. - - 30• 
ViN<;:2.8V or \li",,;o.2v 

Vee~3.0V, CE,<;: Vee-0.2V - - 30• 

0 - -
See Retention Waveform 

he" - -

OV------- -- - ------ --- -- -- -- --- -------- -----· 

NOTE: 1. CE, contr~ Address buffer, WE buffer, CE, buffer and DIN 
buff~If CE, controls data retention mode, VIN level (address, 
WE, CE, , D110) can be in the high impedance state. If CE con
trols data retention mode, VIN level (address, WE, CE,, 'o110) 
must be VIN~ Va::-0.2V or VIN~ 0.2V. 

SUPPLY CURRENT SUPPLY CURRENT 
vs. SUPPLY VOLTAGE 

1.6 

] 1.4 

... 
~ 
z 1.2 

E u o~ ,., 
l 
r.n 0.6 

.,,.,,,./ 
~ 

~ 
~ 

vs. AMBIENT TEMPERATURE 
1.6.---~---~------~ 

Ta=25'C Vee= 5.0V 

-0 l.41-----+---+-------i-----t 

/ l z 1.21-----+----+------<----< 

I.Or---
1---t-u 0.81-----+---+-------i-----t 

if) 0.61-----+---+-------i-----t 

0.4~--~---~---~--~ 

v 

v 

µA 

µA 

ns 

ns 

0.4 
4.5 4.75 5.0 525 5.5 0 20 40 60 80 

Supply Voltage Vee { V} Ambient Temparature Ta ("Cl 
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HM6117LFP-3, HM6117LFP-4 

ACCESS TIME vs. 

SUPPLY VOLTAGE 

Ta=25*C 

121-----l----__J ___ ..j_ __ __J 

] 
I u i:::t....~---l----+---__. ___ _J 

~ ~ 
1»1-----+----=~oe::---.+---~ 

~ 0.91-----~--+--~--.... t---.....--==~ 
~ o~l-----+---~1------+-----l 

] 

0.7 L----'-----''----....L...--__J 
1.5 1.75 5.0 

Supply Voltage Vee (V) 

ACCESS TIME vs. 
LOAD CAPACITANCE 

525 5.5 

OAL-----'----'-----+------< 

0.6._ __ _J,_ ___ .__ __ _._ __ __. 

1.3 

1.2 

100 200 300 400 

Load Capacitance CL (pf) 

INPUT LOW VOLTAGE vs. 
SUPPLY VOLTAGE 

Ta=-25'C 

500 

~ 1.1 
~ 

~ 
1.0 

1--

0.9 . 
.'.l 0.8 

0.7 
4.5 

--i 

4.75 5.0 5.25 5.5 

Supply Voltage Vee (V) 

ACCESS TIME vs. 

AMBIENT TEMPERATURE 
I.3---~--~---..,..-----, 

Vcc=S.OV 

1.2 I----+---~---+----; 

~ 1.1 ~--+---+---7"/£.-f------1 
~ y 
~I.0~ 
~ 0.9 . 
< o~l-----1---~1-----+------I 

~ 
~ 
! 

""' 
~ 
0 .. 
J 

0.7 L----2L...O ---4L...0--~6:-0 ---;:'.80 

Ambient Temperature Ta ('C' 

SUPPLY CURRENT vs. 

FREQUENCY 

I.Jr--~-----~~-......---, 
200ns 150ns 120ns 

121----+----+---+---+---__J 

1.1 

1.0 

0.9 

o~ 

0.7 

L__.i.._-1L---+----

0 

Frequency f (MHz) 

INPUT HIGH VOLTAGE vs. 
SUPPLY VOLTAGE 

10 

1.3-----------------. 

To=25'C 

1.2 l-----+----+------+------1 

~ 1.11------1----1-------1-------i 

~ 

1.0 i----
1---1 

0.91------1----1------+------i 

~ 

x 0.81-----+---+-----+-----1 

0.71,._ __ ....L.---.I,---~,..------;' 
4.5 4.75 s.o 5.25 5.5 

Supply Voltage Vee (V) 
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OUTPUT HIGH CURRENT 

vs. OUTPUT HIGH VOLTAGE 
1.6 

Ta=25"C 
Vcc=SV 

' 
0 ~ 

~ 
0 0.8 

o. 6 

\ 
0. ' 

Output Voltage VoH (V} 

STAND-BY CURRENT vs. 
AMBIENT TEMPERATURE 

10- 1 ~---.----..-----,-----, 

10- 7 .__ __ _._ ___ ~---;,,--~ 

0 20 40 60 80 

Ambient TemperatLire Ta 1'C! 

STAND-BY CURRENT vs. 
INPUT VOLTAGE 

IO 

~ 6 

0 
0 

ii \ 
lnp\lt Voltage V1N (V) 

To=Z5'C 
Vcc=SV 

C°E1=4.8V 
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OUTPUT LOW CURRENT 

vs. OUTPUT LOW VOLTAGE 
l. 6 

4 t 2 

lL 

I. 

. Ta=25'C LJ Vcc=SV 

I-
0 0.8 

8 

; 

0.6 

0.4 
0 0.2 0.4 

Output Voltage VoL (V) 

STAND-BY CURRENT vs. 
SUPPLY VOLTAGE 

0.6 0.8 

u~---.----..-----.-----, 

~ l.01-----+----+----#----t 
~ 

~ 

Supply Voltage Vee (V) 

STAND-BY CURRENT vs. 
INPUT VOLTAGE 
10~-~--~---.---~-~ 

Tca=25'C 
Vcc=SV 
cr.~•.8V 

~ 8>-----+---+---+---+----1 

i 

~ 61-----f----+---+--+-----I 
0 

u 

00 

Input Volta1e V,. {V} 
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HM6168H-45,HM6168H-55, 
HM6168H-70,HM6168HP-45, 
HM6168HP-55, HM6168HP-70 
4096-word x 4-bit High Speed Static CMOS RAM 

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

100µW typ. (Standby), 200mW typ. (Operation) 

• Completely Static Memory 
No Clock or Timing Strobe Required 

• Equal Access and Cycle Times 

• Directly TTL Compatible - All Inputs and Outputs 

•FUNCTIONAL BLOCK DIAGRAM 

Input 

Data 

Control 

Memory Array 

128X 128 

Column 1/0 

Column Decoder 

•ABSOLUTE MAXIMUM RATINGS 

Item I Symbol 
I 

Rating 

Voltage on Any Pin Relative to GND v,, -3.s• to +7.0 

Power Dissipation Pr 1.0 

Operating Temperature T.,. 0 to +70 

Storage Temperature (Ceramic) T$1, -65 to +150 

Storage Temperature (Plastic) T$1, -55 to +125 

Temperature under Bias Tb .• $ -JO to +85 

* Pulse Width 20ns, DC~-0.5V 

GND 

Unit 

v 

w 
·c 
·c 
·c 
·c 
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HM6168H-45/55/70 

I J)G-20> 

HM6168 H P-45/55/70 

I DP-20' 

•PIN ARRANGEMENT 

(Top View) 



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

•TRUTH TABLE 

cs WE Mode Vee Current 1/0 Pin Reference Cycle 

H x Not selected IsB,ISBI High z 
L H Read Ice Dout Read Cycle 1, 2 

L L Write Ice Din Write Cycle 1, 2 

•RECOMMENDED DC OPERATING CONDITIONS (Ta=O to+ 70°C) 

Item Symbol min typ max Unit 

Vee 4.5 5.0 5.5 v 
Supply Voltage 

GND 0 0 0 v 

Vm 2.2 - 6.0 v 
Input Voltage 

VIL -0.5* - 0.8 v 

* -3.0V (Pulse width 20ns) 

• DC AND OPERATING CHARACTERISTICS (V cc=SV ±10%, GND=OV, Ta =Oto+ 70°C) 

Item Symbol Test Conditions 

Im put Leakage Current llu I Vcc=5.5V, V;n=GND to Vee 

Output Leakage Current I/Lo I cs =V1H. VIJo=GND to Vee 

Operating Power Supply Current Ice CS= VJL, lJ;o=OmA 

Standby Power Supply Current IsB CS=Vm 

Standby Power Supply Current(!) lsBl CS= v cc-0.2V, VJN~D.2V or VIN~ v cc-0.2V 

Output Low Voltage VoL IoL=SmA 

Output High Voltage VoH IoH=-4mA 

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

•CAPACITANCE (Ta =25°C,f= lMHz) 

Item Symbol Test Conditions min max Unit 

Input Capacitance C;n VIN=OV - 6 pF 

Input/Output Capacitance CIJo v110 =0V - 8 pF 

•AC CHARACTERISTICS (Vcc=SV ±10%, Ta =Oto+ 70°C, unless otherwise noted.) 

•AC TEST CONDITION 

• Input pulse levels; GND to 3.0V 

• Input rise and fall times: 5ns 

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

sv 5\ 

l>out Dout 

255Q 

Output Load (A) Output Load (B) 
*Including scope and jig. (for tHz, f£z, twz, tow) 

@HITACHI 

!min typ max Unit 

- - 2.0 µ.A 

- - 2.0 µ.A 

- 40 90 mA 

- 15 25 mA 

- 0.02 2.0 mA 

- - 0.4 v 
2.4 - - v 
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HM6168H-45, HM6168H-55, HM6168H-70, HM6168HP-45, HM6168HP-55, HM6168HP-70----

•READ CYCLE 

Symbol 
HM6168H/P-45 HM6168H/P-55 HM6168H/P-70 

Unit Item 
min max min max min max 

Read Cycle Time fRC 45 - 55 - 70 - ns 

Address Access Time fAA - 45 - 55 - 70 ns 

Chip Select Access Time tAcs - 45 - 55 - 70 ns 

Output Hold from Address Change toH 5 - 5 - 5 - ns 

Chip Selection to Output in Low Z* tLz 20 - 20 - 20 - ns 

Chip Des~lectiort to Output in High Z* tHz 0 20 0 20 0 20 ns 

Chip Selection to Power Up Time tpu 0 - 0 - 0 - ns 

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

*Transition is measured ±500mV for high impedance voltage with Load (B). 
This parameter is sampled and not 100% tested. 

•TIMING WAVEFORM OF READ CYCLE NO. 1UJ, 121 

'" 

Address 

i------'"------i 
''" 

''" 

Dout • Data Valid 

•TIMING WAVEFORM OF READ CYCLE NO. 2UJ, <3> 

'" cs 

'"' '" 

Impedance 

1 .. 

Notes) 1. WE is High for Read Cycle. 
2. Device is continuously selected, CS= Vn. 
3. Address Valid prior to or coincident with CS transition Low. 
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----HM6168H-45, HM6168H-55, HM6168H-70, HM6168HP-45, HM6168HP-55, HM6168HP-70 

•WRITE CYCLE 

HM6168H/P-45 
Item Symbol 

HM6168H/P-55 HM6168H/P-70 
Unit 

min max min max 

Write Cycle Time twc 45 - 55 -

Chip Selection to End of Write tcw 40 - 50 -

Address Valid to End of Write tAw 40 - 50 -

Address Setup Time tAs 0 - 0 -

Write Pulse Width twp 35 - 45 -

Write Recovery Time twR 0 - 0 -

Data Valid to End of Write tnw 20 - 25 -

Data Hold Time tnH 0 - 0 -
Write Enabled to Output in High Z* twz 0 15 0 20 

Output Active from End of Write* tow 0 - 0 -

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

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

Address __ /l'-------------------'r'----

Oout 

[3J 

'"'"i 
(((((((( ~ 

•TIMING WAVEFORM OF WRITE CYCLE NO. 2 (CS Controlled) 
>----------,we-------~'"' 

r.u (2) 

1-----twp· 'J 

Doul 

Notes) I. A write occurs during the overlap of l!]ow CS and a low WE, (twp) . 

min max 

70 - ns 

60 - ns 

60 - ns 

0 - ns 

55 - ns 

0 - ns 

30 - ns 

0 - ns 

0 25 ns 

0 - ns 

2. twR 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 ~lied. _ _ 
4. If the CS low transition occurs simultaneously with the WE low transition or after the WE transition, the output buffer 

buffers remain in a high impedance state. 
5. If CS is low during this period, I/O pins are in the output state. Then the data input signals of opposite phase to 

the outputs must not be applied to them. 
6. Dout is the same phase of Write data of this write cycle. 
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HM6168HLP-45, HM6168HLP-55,
HM6168HLP-70 
4096-word x 4-bit High Speed Static CMOS RAM 

•FEATURES 
• High Speed: Fast Access Time 45/55/70ns(max.) 

• Single +5V Supply and High Density 20 Pin Package 

• Low Power Standby and Low Power Operation; 
5µW typ. (Standby), 200mW typ. (Operation) 

• Completely Static Memory 
No Clock or Timing Strobe Required 

• Equal Access and Cycle Times 

• Directly TTL Compatible-All Inputs and Output~ 

• Capable of Battery back up Operation 

•FUNCTIONAL BLOCK DIAGRAM 

Input 

Data 

Control 

\.1ernory Array 
128 x 128 

Column I 0 

Column Decoder 

•ABSOLUTE MAXIMUM RATINGS 

Item Symbol Rating 

Voltage on Any Pin Relative to GND Vi,.,. -3.S" to +7.0 

Power Dissipation Pr 1.0 

Operating Temperature T"P' 0 to +70 

Storage Temperature T,,, -SS to + 12S 

Temperature under Bias Tb .•• ·-JO to +SS 

* Pulse \\'idth 20ns. UC= ·0.5V 

Unit 

v 

w 
·c 
·c 
·c 
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•PIN ARRANGEMENT 

GND 

(Top View) 



------------------HM6168HLP-45, HM6168HLP-45, HM6168HLP-70 

• TRUTH TABLE 

cs WE Mode Vee Current l/O Pin Reference Cycle 

H x Not selected IsB. IsB1 High z 
L H Read Ice Dout Read Cycle I, 2 

L L Write Ice Din Write Cycle 1, 2 

•RECOMMENDED DC OPERATING CONDITIONS (Ta=O to+ 70°C) 

Item Symbol min typ max Unit 

Vee 4.5 5.0 5.5 v 
Supply Voltage 

GND 0 0 0 v 
V1H 2.2 - 6.0 v 

Input Voltage 
VIL -0.5* - 0.8 v 

• -3.0V (Pulse width 20ns) 

•DC AND OPERATING CHARACTERISTICS (Vcc=5V ±10%, GND=OV, Ta=O to+ 70°C) 

Item Symbol Test Conditions min 

Imput Leakage Current IIu I Vcc=5.5V, V;n=GND to Vee -
Output Leakage Current lhol CS= V1H. Vuo=GND to v cc -

Operating Power Supply Current Ice CS= VIL, /i;o=OmA -

Standby Power Supply Current IsB CS= Vm -

Standby Power Supply Current(!) IsBl CS= V cc-0.2V, Vm ~0.2V or 1'1N°?; V cc-0.2V -

Output Low Voltage VoL IoL=BmA -

Output High Voltage VoH IoH=-4.0mA 2.4 

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

•CAPACITANCE (Ta=25°C f=lMHz) 

Item Symbol Test Conditions min max Unit 

Input Capacitance C;n Vm=OV - 6 pF 

Input/Output Capacitance Cl/o Vl/o=OV - 8 pF 

•AC CHARACT~RISTICS (V cc=SV ±10%, Ta=O to+ 70°C, unless otherwise noted) 
•AC TEST CONDITIONS 
Input pulse levels: GND to 3.0V 
Input rise and fall times: 5 ns 
Input timing reference levels: 1.5V 
Output reference levels: 1.5V 
Output load: See Figure 

+ SV 
+5V 

Output Load (A) * Including scope and jig. Output Load (B) 
(for tHz. tLz, twz, tow) 
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typ max Unit 

- 2.0 µ.A 

- 2.0 µ.A 

40 90 mA 

15 25 mA 

1 50 µ.A 

- 0.4 v 
- - v 
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HM6168HLP-35, HM6168HLP-55, HM6168HLP-70------------------

•READ CYCLE 

HM6168HLP-45 HM6168HLP-55 HM6168HLP-70 
Item Symbol Unit 

min max min max min max 

Read Cycle Time IRC 45 - 55 - 70 - ns 

Address Access Time IAA - 45 - 55 - 70 ns 

Chip Select Access Time tAcs - 45 - 55 - 70 ns 

Output Hold from Address Change toH 5 - 5 - 5 - ns 

Chip Selection to Output in Low Z* ILz 20 - 20 - 20 - ns 

Chip Deselection to Output in High Z* I Hz 0 20 0 20 0 20 ns 

Chip Selection to Power Up Time tpu 0 - 0 - 0 - ns 

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

*Transition is measured ±500mV for high impedance voltage with Load (B). 
This parameter is sampled and not 100% tested. 

•TIMING WAVEFORM OF READ CYCLE NO. 2lll, l2> 

I" 

Address 

''" 
''" 

Dout Data Valid 

•TIMING WAVEFORM OF READ CYCLE NO. 2lll,l3l 

I" 

'" 
I u 

Dout 
Impedance 

Vee supply 

J,. 

Notes) 1. WE is High for Read Cycle. 
2. Device is continuously selected, CS= VIL. 
3. Address Valid prior to or coincident with CS transition Low. 
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------------------HM6168HLP-45, HM6168HLP-55, HM6168HLP-70 

•WRITE CYCLE 

HM6168HLP-45 HM6168HLP-55 HM6168HLP-70 
Item Symbol Unit 

min max min max min max 

Write Cycle Time twc 45 - 55 - 70 - ns 

Chip Selection to End of Write tcw 40 - 50 - 60 - ns 

Address Valid to End of Write tAw 40 - 50 - 60 - ns 

Address Setup Time tAs 0 - 0 - 0 - ns 

Write Pulse Width twp 35 - 45 - 55 - ns 

Write Recovery Time twR 0 - 0 - 0 - ns 

Data Valid to End of Write tvw 20 - 25 - 30 - ns 

Data Hold Time tvH 0 - 0 - 0 - ns 

Write Enabled to Output in High Z* twz 0 15 0 20 0 25 ns 

Output Active from End of Write* tow 0 - 0 - 0 - ns 

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

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

~ J 

Dout 

,.,; 
(((((((( 11 

•TIMING WAVEFORM OF WRITE CYCLE NO. 2 (CS Controlled) 
f-----------,.c--------

Doul 

Notes) 1. A write occurs during the overlap of '!Jow CS and a low WE, (twp) 
2. twR is measured from the earlier of CS or WE going high to the end of write cycle. 
3. During this period, 1/0 pins are in the output state so that the input signals of opposite phase to the outputs must 

not b~plied. _ _ 
4. If the CS low transition occurs simultaneously with the WE low transition or after the WE transition, the output buffer 

buffirs remain in a high impedance state. 
5. If CS is low during this period, 1/0 pins are in the output state. Then the data input signals of opposite phase to 

the outputs must not be applied to them. 
6. Dout is the same phase of Write data of this write cycle. 
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HM6168HLP-45, HM6168HLP-55, HM6168HLP-70------------------

•LOW Vee DATA RETENTION CHARACTERISTICS (0°C;;;; Ta;;;;70°C) 

Parameter Symbol 

Vee for Data Retention VDR 

Data Retention Current lee DR 

Chip Deselect to Data Retention Time f c DR 

Operation Recovery Time 

Note· l. he-Read Cycle Time. 

t' 

* Vcc~3.0\' 

** Vcc=2.0V 

Test Conditions 

cs;:, Vec-0.2\i 

v .. ;:, Vcc-0.2\i or 

ov:;; v..:;;o. 2v 

•LOW Vee DATA RETENTION WAVEFORM 

min 

2.0 

-

0 

f RC; I 

typ max 

- -

30' - 20 .. 

- -

- -

Vee---------. t-----~D~A~T~A~R~ET~E~N~T~IO~N~M,._.0'-"D"'E ____ ___, ,.--------

4.SV---------

" 

cs 
---~ 

OV- -------- ------- ---------- -- --- ---- -------
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Unit 

\i 

µA 

ns 

ns 



HM6167,HM6167-6,HM6167-8, 
HM6167P,HM6167P-6,HM6167P-8 
16384-word x 1-bit High Speed Static CMOS RAM 

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

Stand-by 25mW Typ. and Operating 150mW Typ. 
• Completely Static Memory ..... No Clock nor Refresh Required 
• Fully TTL Compatible - All Inputs and Output 
• Separate Data Input and Output ......... Three State Output 
• Pin-Out Compatible with Intel 2167 Series 

•BLOCK DIAGRAM 

'" ,, 
,, 

Row 

'" Decoder ,, 
'" 

Din 

cs 

A11 

:.rlrmory .\rray 
128X 128 

A9 As :\; A~ As 

•ABSOLUTE MAXIMUM RATINGS 

Item Symbol Rating 

Terminal Voltage with Respect to GND Vr -o.s• to +7.0 

Power Dissipation Pr 1.0 

Operating Temperature Topr 0 to +70 

Storage Temperature (Plastic) Tstfl, -55 to +125 

Storage Temperature (Ceramic) Tstg -65 to +150 

Storage Temperature•• T.1g(bra5) --IO to +85 

• Pulse width 20ns : -3.SV ••under bias 

•RECOMMENDED DC OPERATING CONDITIONS 
( 0°C~ Ta~70°C) 

Item Symbol min typ max 

Vee 4 .5 5.0 5.5 
Supply Voltage 

GND 0 0 0 

Input High Voltage \f,H 2 .2 - 6.0 

Input Low Voltage v,, -3.o· - 0.8 

•Pulse width 20ns, DC: V1L min= - 0.3V 

--1" 
-- C:\D 

IJout 

Unit 

v 
w 
"C 

"C 

·c 
·c 

Unit 

v 
v 
v 
v 
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HM6167, HM6167-6. 
HM6167-8 

IDG-201 

HM6167P, HM6167P-6. 
HM6167P-8 

(DP-201 

•PIN ARRANGEMENT 

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

•TRUTH TABLE 

cs WE Mode Vee Current Output Pin Reference Cycle 

H x Not Selected lss, Issi High Z 

L H Read Ice Dout Read Cycle 1, 2 

L L Write Ice High Z Write Cycle 1, 2 

•DC AND OPERATING CHARACTERISTICS (Vcc=5V±l0%, Ta=O'C to +70'C) 

Item Symbol Test Conditions min typ max 

Input Leakage Current llu I Vcc-5.SV, v,.-OV-Vcc - - 2 

Output Leakage Current JhoJ cs-v,"· Vour-OV-Vcc - - 2 

Operating Power Supply Current Ice cs-v,L, Output Open - 30 60 

Iss cs-v," - 5 20 

Standby Power Supply Current CS-Vcc-0.2V 
Issi - 0.02 2 

v,.;;;o.2v or Vis;;;: Vcc-0.2V 

Output Low Voltage VoL IoL-8mA 

Output High Voltage VoH IoH- -4mA 

Note) Typical limits are at Vcc-5.0V. Ta-25't and specified loading. 

•AC TEST CONDITIONS 

Input pulse levels: GND to 3.0V 

Input rise and fall times: 5 ns 

Input timing reference levels: 1.5V 

Output reference levels: 1.5V 

Output load: See Figure 

Output Load A 
+SV 

•CAPACITANCE ( Ta=25°C, j=l.OMHz) 

Item Symbol max Unit Conditions 

Input Capacitance c,. 5 pF v,.-ov 

Output Capacitance Cour 6 pF Vovr-OV 

f'otel This parameter is sampled and not 100% tested. 

- - 0.4 

2.4 - -

Output Load B 
(for lHz, lLz, twz & tow} 

+SV 

SOQ 

Do"' 
Spf" 

• Including scope and 111 

•AC CHARACTERISTICS ( Vcc=5V±l0%, Ta=O'C to 70°C, unless otherwise noted.) 

•READ CYCLE 

HM6167, HM6167P HM6167-6, HM6167P-6 HM6167-8, HM6!67P-8 

Item Symbol 
min max min max min max 

Read Cycle Time he 70 - 85 - 100 -

Address Access Time t., - 70 - 85 - 100 

Chip Select Access Time fACS - 70 - 85 - 100 

Output Hold from Address Change loH 5 - 5 - 5 -

Chip Selection to Output in Low Z t1z 5 - 5 - 5 -

Chip Deselection to Output in High z I Hz 0 30 0 40 0 40 

Chip Selection to Power Up Time fpu 0 - 0 - 0 -

Chip Deselection to Power Down Time I Po - 35 - 40 - 45 
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Unit 

µA 

µA 

mA 

mA 

mA 

v 

v 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 



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

•WRITE CYCLE 

HM6167, HM6167P HM6!67-6, HM6!67P-6 HM6167-8, HM6!67P-8 Item Symbol 
min max min max min 

Write Cycle Time fwc 70 - 85 - JOO 

Chip Selection to End of Write f cw 55 - 65 - 80 

Address Valid to End of Write f;w 55 - 65 - 80 

Address Setup Time f AS 0 - 0 - 0 

Write Pulse Width fwp 40 - 45 - 55 

Write Recovery Time lwR 0 - 0 - 0 

Data Valid to End of Write lvw 30 - 35 - 40 

Data Hold Time IDH 0 - 0 - 0 

Write Enable to Output in High Z lwz 0 30 0 40 0 

Output Active from End of Write low 0 - 0 - 0 
Notes I 1. If CS goes high simultaneouly with-WE high, the output remains in a high impedance state. 

2. All Write Cycle timings are referenced from the last valid address to the first transitioning addres!>. 
3. Transition is measured l:SOOmV from steady state voltage with specified loading in Loa<l R. 
4. This parameter is sampled and not 100% tested. 

e TIMING WAVEFORM OF READ CYCLE N0.1 11 · 21 

Address 

Data Out 
Data Valid 

•TIMING WAVEFORM OF READ CYCLE N0.2 11 · 3 

'" 
cs 

Data Cl.it 

Vee Supply 

50% 
C11rren1 

NOTES: 1. WE is high and CS is low for READ cycle. 
2. Addresses valid prior to or coincident with CS transition low, 
3. Transition is measured ±500mV from steady state voltage with 

specified loading in Load B. 
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max 

-

-

-

-

-

-

-

-

40 

-

Unit Notes 

ns 2 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 3,4 

ns 3,4 
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HM6167, HM6167-6, HM6167-8, HM6167P, HM6167P-6, HM6167P-8 -----------

•TIMING WAVEFORM OF WRITE CYCLE N0.1 (WE Controlled) 

Dua bi 

Dua 0..1 0.1a Urtd;afi111cl 

NOTE: 1. Transition is measured ±SOOmV from steady state voltage with 

specified loading in Load B. 

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

'"' 
Address ~I/ 

__} _jf\. 

'" I 

cs t ''* v 
J 

lAi.· '" 
t11·p 

WE \~~=:st -'-v zzz 
Data In i 

toi.· IDH _j x Data In Valid 

i.·z 

Data Out ' Data Undefined I Hi11:h Impedance 

Note) Transition is measured ±SOOmV from steady state voltage with specified loading in Load B. 

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

1.6 
1.6....---.....---~-----~ 

Vcc=S.OV 

~ lA 

~ z 1.2 

Ta=25"C 

./ 

~ 
v 

] 1.4 t-----+-----1-----"1----------< .. 
~ 
z 1.2 t-----+-----1-----"1------l 

. 
8 

0.8 
.----~ " 

a o.s 

0.4 
4.S 4.75 5.0 5.25 5.S 

o.4..,..o __ __..20---,'-o ----'60----'so 

Supply Voltage Vee (V) 
Ambient Temperature To ("Cl 
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-----------HM6167, HM6167-6, HM6167-8, HM6167P, HM6167P-6, HM6167P-8 

5 

ACCESS TIME vs. 
SUPPLY VOLTAGE 

1.3,---...,..------.---...,..-----

1.21---+----l----l-----I 

l.lr.... 

~ 1.0 t---+---'~...,.---1-----l 

0.91----+----+-~--it'---___::~ 
0.8 t---+----1----1-----l 

0.7 ~---'----'-----'---__J 

1.8 

l. 6 

l. 4 

1.2 

4.5 4.75 5.0 5.25 

Supply Voltage \lee ( V) 

ACCESS TIME vs. 
LOAD CAPACITANCE 

5.5 

......-1 v 
/__ 

v 
/ 

Ta=25'C 
Vcc=MIN 

~ 1.0 
v 

~ 0.8 

~ 

0.6 
100 200 300 400 

Load Capacitance CL { pFl 

INPUT LOW VOLTAGE vs. 
SUPPLY. VOLTAGE 

500 

.1.----~----------

1.21-----+---l-----+-----l 

... e u 1------+---+----+-----1 

"' 
"' 1.0 _.+-- -
~ I---
~ 0.9 • j 

i 0.8 

0.7 
4.5 4.75 5.0 5.25 5.5 

Supply Voltage Vee ( V) 

ACCESS TIME vs. 
AMBIENT TEMPERATURE 

1.3 .----...,..--------...,..-----

Vcc=5.0V 
1.2 1-----+---.-J>-------1---_J 

y 
1.11-------+---l----"1---_J y 
ID~ 

0.91-----+---l-----+---.-J 

0.81-----+----l-----+---.-J 

o.7 c..0 __ __;20 ___ ..J4_0 __ _J,6o __ ___J8o 

l. 3 

1.2 

l. I 

1.0 

Ambient Temperature Ta ('C) 

SUPPLY CURRENT vs. 
FREQUENCY 

!-----t--
u 0.9 

l 0.8 

0.7 

1 

I. 2 

-
~ I I 

0 

Frequency f (MHz l 

INPUT HIGH VOLTAGE vs. 
SUPPLY VOLTAGE 

10 

"' 
$ 1.ot---+---=~""---"""'----+l...-----.-J ~.~ 
~ 0.9t----+---+.-----+-----I 

O.Bt----+---+.-----+-----1 

0 -~i,..5--......,. •. J,,75---5.1..,.0---5.L..25 __ __,5.5 

Supply Voltage Vee {V) 
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HM6167, HM6167-6, HM6167-8, HM6167P, HM6167P-6, HM6167P-8·-----------

.6 

4 

2 

L 0 

0. 8 

OUTPUT HIGH CURRENT vs. 
OUTPUT HIGH VOLTAGE 

Ta=25°C 
\i'cc=SV 

\ 

\ 
\ 
\ 

6 

~ 
J ll. 

;;o 

• "" 
0 

f 
Vi 

4 

Output High Voltage VoH (VJ 

STANDBY CURRENT vs. 
AMBIENT TEMPERATURE 

\() ·~---.----~---.---~ 

10 ; 

\.t (=JV 
CS=2.iiv 

rn-1.~---,,J.,,0---,.1..0---,.1..11 __ -...J'" 
Ambient Temperature Ta ('C) 

STANDBY CURRENT vs. 
INPUT VOLTAGE 

0.---.---.--.---.----.----.r----, 
ro~\S"C 
Vcc=S.OV 
f5=4.8V 

81----+--+--+--+---+--~-~ 

6.l---+--A---l--+---+--1---------l 

·~~r-------+--~ 
zt---++-~"'~ 
~ u 

Input Voltage V,. ( V) 

.6 

.4 

.2 

0 

0 
:t IJ. ' j 

6 

4 

OUTPUT LOW CURRENT vs. 
OUTPUT LOW VOLTAGE 

_j_ 

~ 
-l v 

IU U.4 \l.b 

Output Low Voltage VoL (Vl 

STANDBY CURRENT vs. 
SUPPLY VOLTAGE 

fo=25°(' 
Vee o:o5\' 

O.tl 

ll.2L-------1----.l..----...l---..J 

Supply Voltage Vee \ \') 
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HM6167LP, HM6167LP-6, 
HM6167LP-8 
16384-word x 1-bit High Speed Static CMOS RAM 

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

Stand-by 5µW (typ) and Operating 150mW (typ.) 
• Completely Static Memory ...... No Clock or Refresh Required 
• Fully TTL Compatible .............. All Inputs and Output 
• Separate Data Input and Output .....•... Three State Output 
• Capable of Battery Back up Operation 

•BLOCK DIAGRAM 

Ao 
--v('( A, 

IDP-201 

Ai 
-G,'l/f) •PIN ARRANGEMENT 

~, 

A2 

.\12 

. .\t.i 

Din 

cs 

WE 

Row 
Decoder 

-\11 A10 

Memory . .\rray 

128XJ28 

•ABSOLUTE MAXIMUM RATINGS 

Item Symbol 

Terminal Voltage with Respect to GND Vr 

Power Dissipation Pr 

Operating Temperature To pr 

Storage Temperature T_stg 

Storage Temperature•• Tstg(brns) 
-
•Pulse width 20ns -3.5V ••under bias 

Rating Unit 

·· 0. 5' to +7-0 v 
LO w 

0 to +70 °C 

-55 to + 125 ·c 
-10 to +85 ·c 

•RECOMMENDED DC OPERATING CONDITIONS ( 0 ·c-;;, Ta-;;, 70°C) 

Item Symbol min typ 

Vee 4. 5 5.0 Supply Voltage 
G:\'D 0 0 

Input High Voltage V/11 2 .2 -

Input Low Voltage V, L -3.0' -

•Pulse width 20ns, DC, VJL min= -0.3V 

@HITACHI 

!Top View) 

max Unit 

5 .5 v 
0 v 

6.0 v 
0.8 v 
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HM6167LP,HM6167LP-6,HM6167LP-8----------------------

•TRUTH TABLE 
-cs WE Mode Vee Current Output Pin Reference Cycle 

H x Not Selected lsB, lsB i High Z 

L H Read Ice Dout Read Cycle l, 2 

L L Write Ice High Z Write Cycle 1, 2 

•DC AND OPERATING CHARACTERISTICS (Vcc=5V±l0%, Ta=0-+70°C) 

Item Symbol Test Conditions min typ max Unit 

l~t Leak~e Current IIu I Vcc~5.5V Vi .... =oV~ Vee - - 2 µA 

Output Leakage Current lhol cs~v,"· l(o,~OV-Vcc - - 2 µA 

Operating Power Supply Current Ice cs~v,,, Output Open - 30 60 mA 

J,. CS~ \r,H - 5 20 mA 

Standby Power Supply Current CS~Vcc-0.2V 

lsa1 
- 1 50 µA 

V,No;;0.2V or Vi,;;, Vcc-0.2V 

Output Low Voltage Voe Iac~8mA 
- - 0 .4 v 

Output High Voltage VoH loH~ -4mA 2.4 - - v 

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

•AC TEST CONDITIONS 

Input pulse levels: GND to 3.0V 

Input rise and fall times: 5 ns 

Input timing reference levels: 1.5V 

Output reference levels: 1.5V 

Output load: See Figure 

Output Load A 
+SV 

Output Load B 
(for lHz, lLZ, lwz & tow) 

+5V 

* Including scope and jig. 

•CAPACITANCE (Ta=25°C,f=l.OMHz) 

Item Symbol max Unit Conditions 

Input Capacitance Cm 5 pF v,N~ov 

Output Capacitance Cour 6 pF Vour~OV 

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

•AC CHARACTERISTICS (Ta=0°C to +70°C, Vcc=5V±l0%,unless otherwise noted.) 

•READ CYCLE 

HM6!67LP HM6167LP-6 HM6167LP-8 

Item Symbol 
min max min max min max 

Read Cycle Time IRc 70 - 85 - 100 -

Address Access Time t;; - 70 - 85 - 100 

Chip Select Access Time lA.CS - 70 - 85 - 100 

Output Hold from Address Change loH 5 - 5 - 5 -

Chip Selection to Output in Low Z ILz 5 - 5 - 5 -

Chip Deselection to Output in High z !Hz 0 30 0 40 0 40 

Chip Selection to Power Up Time I Pu 0 - 0 - 0 -

Chip Deselection to Power Down Time !po - 35 - 40 - 45 
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Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 



~~~~~~~~~~~~~~~~~~~~~-HM6167LP,HM6167LP-6,HM6167LP-8 

•TIMING WAVEFORM OF READ CYCLE NO. 1 ll. Zl 

Address 

Dau Out O.u Valid 

•TIMING WAVEFORM OF READ CYCLE NO. 2 ll. 3l 

cs 

Data Olit Data Valid 

Vee S1,1pply 

Current 

NOTES: I. 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 ±SOOmV from steady state voltage with 

specified loading B. · 

•WRITE CYCLE 

HM6!67LP HM6167LP-6 HM6!67LP-8 
Item Symbol Unit Notes 

min max min max min max 

Write Cycle Time fwc 70 - 85 - JOO - ns 2 

Chip Selection to End of Write few 55 - 65 - 80 - ns 

Address Valid to End of Write 1,. 55 - 65 - 80 - ns 

Address Setup Time t" 0 - 0 - 0 - ns 

·write Pulse Width lwp 40 - 45 - 55 - ns 

Write Recovery Time fw, 0 - 0 - 0 - ns 

Data Valid to End of Write f vw 30 - 35 - 40 - ns 

Data Hold Time fvH 0 - 0 - 0 - ns 

Write Enable to Output in High Z fwz 0 30 0 40 0 40 ns 3,4 

Output Active from End of Write low 0 - 0 - 0 - ns 3,4 

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

•TIMING WAVEFORM OF WRITE CYCLE N0.1 (WE Controlled) 

Address 

"' 
cs 

"' 

Data lo 

Data Out Data Unde f med 
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HM6167LP,HM6167LP-6,HM6167LP-S~~~~~~~~~~~~~~~~~~~~~ 

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

Address 

cs 

WE 

... 
Dau. In 

Data In Valid 

Data Out 

Daia Undefined Hi.di !1r1pedance 

•LOW Vee DATA RETENTION CHARACTERISTICS (Ta~0°C to 70°C) 

Parameter Symbol Test Condition min 

Vee for Data Retention v,, 2.0 

CS;? Vcc-0.2V -
Data Retention Current lccDR 

\.';,;? Vcc-0.2V or -

Chip Deselect to Data Retention Time icDR OV;> V:.;>0.2V 0 

Operation Recovery Time t R l RC 6 

.C::. hr - Read Cycle Time 

•LOW Vee DATA RETENTION WAVEFORM 

Data Retention Mo<le 

(S ____ _, 

typ max 

- -

- 20• 

- 30" 

- -

- -

Unit 

v 

µA 

ns 

ns 

V'"c-2.0V 

* * Vcc-3.0V 

ov _________________ ---------- - --- - -- --- --------
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HM6167H-45, HM6167H-55, 
HM6167HP-45, HM6167HP-55 
16384-word x 1-bit High Speed Static CMOS RAM 
•FEATURES 
• Fast Access Time ........... HM6167H/P-45 45ns (max) 

HM6167H/P-55 55ns (max) 
• Low Power Standby and Low Power Operation 

Standby 1 OOµW (typ), Operating 200mW (typ) 
• Single +5V Supply and High Density 20 Pin Package 
• Completely Static Memory .... No Clock nor Refresh Required 
• Fully TTL Compatible ....... All Inputs and Output 
• Separate Data Input and Output ......... Three State Output 

•BLOCK DIAGRAM 

f{'l\\ 

I lt' ( t><l" ~ 
\\i'1n,ry \rrdy 

1 !K ~ 121' 

•ABSOLUTE MAXIMUM RATINGS 

--(,\j) 

[lout 

Item Symbol Rating Unit 
Terminal Voltage with respect to GND Vr -3.5* to +7.0 v 
Power Dissipation Pr 1.0 w 
Operating Temperature Topr 0 to +70 oc 
Storage Temperature (Plastic) Tstg -55 to +125 oc 
Storage Temperature (Ceramic) Tstg -65to+l50 oc 
Storage Temperature (under bias) Tbias -10 to +85 oc 

*Pulse Width 20ns, DC: -0.5V 

•RECOMMENDED DC OPERATING CONDITIONS (Ta= 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 

lnpu t Voltage 
VIH 2.2 - 6.0 v 
VIL -3.0* - 0.8 v 

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

@HITACHI 

HM6167H-45, HM6167H-55 

(DG-20) 

HM616 ?HP-45, HM616 7HP-55 

(DP-20) 

•PIN ARRANGEMENT 
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HM6167H-45, HM6167H-55, HM6167HP-45, HM6167HP-55 

•TRUTH TABLE 

cs WE Mode Vee Current Dout Pin Ref. Cycle 

H x Not selected I SB, I SB I High-Z 

L H Read lee Dout Read Cycle 

L L Write lee High-Z Write Cycle 

•DC AND OPERATING CHARACTERISTICS (Vcc-5V±l0%, Ta-O'C to +70'C) 

Item Symbol Test Conditions 

Input Leakage Current I I LI I Vee-5.SV, Vi.-OV-Vee 

Output Leakage Current lhol CS-ViH, VouT-OV--Vcc 

Operating Power Supply Current lee CS-Vi,, Output Open 

1,. cs- \liH 

Standby Power Supply Current CS ~Vee-0.2V 
f sBl 

V,.:>o.2v or Vi\<;'; Vee-0.2V 

Output Low Voltage VoL lo,-8mA 

Output High V<>ltage VoH loH"""' -4mA 

Note) Typical limits are at Vcc-5.0V, To-25'C and specified lo.1.ding. 

•AC TEST CONDITIONS 

Input pulse levels: GND to 3.0V 
Input rise and fall times: 5 ns 
Input timing reference levels: 1.5V 
Output reference levels: 1.5V 
Output load: See Figure 

Output Load A 

• lncludirt1 scope and jig. 

•CAPACITANCE ( Ta=2s·c, /=1.0MHz) 

Item Symbol typ max Unit Conditions 

Input Capac i lance c,. 3 5 pF 11i.-ov 

Output Capacitance Cour 5 7 pF Vour-OV 

Note) This par-ameter is sampled and not 100°/o tested. 
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min typ max 

- - 2 

- - 2 

- 40 80 

- 10 20 

- 0.02 2 

- - 0.4 

2.4 - -

Output Load B 
(for lHz, ILZ, twz & low) 

+SV 

• lncludil'll'. scope and ji1. 

Unit 

µA 

µA 

mA 

mA 

mA 

v 

v 



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

•Ac CHARACTERISTICS ( Vcc~SV±l0%, Ta~o·c to 70°C, unless otherwise noted.) 
•READ CYCLE 

HM6167H/P-45 HM6167HP·55 
Item Symbol Unit 

min max min max 

Read Cycle Time fRC 45 - 55 - ns 
Address Access Time fAA - 45 - 55 ns 

Chip Select Access Time tAcs - 45 - 55 ns 

Output Hold from Address Change fOH 5 - 5 - ns 

Chip Selection to Output in Low Z fLZ 5 - 5 - ns 
Chip Deselection to Output in High Z fHZ 0 30 0 30 ns 
Chip Selection to Power Up Time fPU 0 - 0 - ns 
Chip Deselection to Power Down Time fPD - 30 - 30 ns 

NOTES: 1. All Read Cycle timing are referenced from last valid address to the first transitioning address. 

r Notes 

(I) 

(2) (3) (7) 

(2) (3) (7) 

2. At any given temperature and voltage condition, tHz max. is less than tLz min. both for a given device and 
from device to device. 

3. Transition is measured ±500mV from steady state voltage with specified loading in Load B. 
4. WE is High for READ cycle. 
5. Device is continuously selected, CS= Vn. 
6. Addresses valid prior to or coincident with CS transition low. 
7. This parameter is sampled and not 100% tested. 

•TIMING WAVEFORM OF READ CYCLE N0.1 4l. 5) 

Add"" ~.______(RC -*'----
__J2toH 

Data Out 
Previous Data 
Valid 

-~~~~~~~~~-

Data Valid 

•TIMING WAVEFORM OF READ CYCLE N0.2 4), 6) 

cs 

Data Out 

•"Supply 

Current 

Data Valid 
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HM6167H-45, HM6167H-55, HM6167HP-45, HM6167HP-55---------------

•WRITE CYCLE 

HM6167H/P-45 HM6!67H/P-55 
Item Symbol Unit 

min max min max 

Write Cycle Time rwc 45 - 55 - ns 

Chip Selection to End of Write rcw 40 - 50 - ns 

Address Valid to End of Write fAW 40 - 50 - ns 

Address Setup Time fAS 0 - 0 - ns 

Write Pulse Width twp 25 - 35 - ns 

Write Recovery Time fWR 0 - 0 - ns 

Data Valid to End of Write row 25 - 25 - ns 

Data Hold Time fDH 0 - 0 - OS 

Write Enable to Output in High Z rwz 0 25 0 25 ns 
-----

Output Active from End of Write tow 0 - 0 - ns 

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

•TIMING WAVEFORM OF WRITE CYCLE (WE Controlled) 

Address 

cs 

WE 

Data In 

Data Out Data Undefined 

•TIMING WAVEFORM OF WRITE CYCLE (CS Controlled) 
twc 

Address 

cs tcw 

tvw 

twz 

Data Out Data Undefined High Impedance 
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Notes 

(2) 

(3) (4) 

(3) (4) 



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

SUPPLY CURRENT vs. 

SUPPLY VOLTAGE 

1.6~--------------

Ta=oo25°C 

!.41----+---+----.J----J 

1.2 L----'------'---'v-~.......-1"--' 

1.0 f-----+---'*"'~""----+-----1 
~ 

0.81--' 

l 0.61------+----1----+-----1 

E 

0.4 '------'----+-----'-----' 
4.5 4.75 5.0 5.25 

Supply Voltage Vee { V) 

ACCESS TIME vs. 

SUPPLY VOLTAGE 

5.5 

u-----------....-----, 
Ta=25'C 

~ 0.91-----l.----l----+-----I 

.:;: 0.81-----l-----l----+-----I 

~ 
~ 
,; 

-
~ 

~ 

"' 

0.7 L_ __ -!. ___ __L ___ _._ __ __, 

4.5 4.75 5.0 S.25 .l .. S 

Supply \'oltage Y(c ( \') 

ACCESS 11ME vs. 

LOAD CAPACITANCE 

i.s:~----.----------~ 

I. 

-v 
() ~---+----+----+-----1 

0.81------1----1----+-----l 

0.6 L----L----'-----"-----' 
100 200 300 400 500 

Load Capacitance CL { pFl 

~ 

~ 
~ 

"" 

u 

l 

SUPPLY CURRENT vs. 

AMBIENT TEMPERATURE 

1.6,-----.-----------
hc=5.0V 

IA 

1.2 

1.0 
t---

0.8 

0.6 

O.{ L.o ___ ..J.21_1 ---4Lll ___ 6J.O ___ Jso 

Ambient Temperature Ta ('C) 

ACCESS TIME vs. 

AMBIENT TEMPERATURE 

l.3.----....----------~ 

Vn c::.S.O\' 

i.2 l------+----1----+-----+ 

11------+----l----t.-~_..."'-----l 

~ l.Ov 
0.9 

0.81------+----1----+-----+ 

0.7 '-----'-----'----"------' 
() 20 40 60 

Ambient Temperature Ta !"C) 

SUPPLY CURRENT vs. 

FREQUENCY 

811 

i.01----1----1-----<----lJ?--.L,__, 

l (), ,__ _ __. __ __. __ --lv__,L__~_... __ _. 

~ ~8 ~ 
u _,/j 

IU 1-----J..,,C..---J.----l----+---l 

l / 
o.u 1-----<----<----l---+---< 

10 15 20 25 

Frequency f (MHz) 
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HM6167H·45, HM6167H-55, HM6167HP-45, HM6167HP·5S--------------

152 

INPUT LOW VOLTAGE vs. 
SUPPLY VOLTAGE 

1.3:~--~-----------. 

Ta=25'C 

l.21-----+---+-----+-----j 

1.Il-----+---+-----+-----i 

__.J----
1.01------+----=--""""=---+-----i 

~ 
0.9>-----+----+----+-----< 

o.81-----+---+-----+-----1 

0,7L---.....1...---+----"----' 

1.6 

4.5 4.75 5.0 .5.25 ::i.5 

Supply Voltage Vee ( \!) 

OUTPUT CURRENT vs. 
OUTPUT VOLTAGE 

Ta=25'C 
Vcc=SV 

] 1.4 ~ 

j 
~ 1.2 1 J 

~ l.O 

1 u 

""' :I: 0.8 

8 0.6 

\ 
0.41 

Output High Voltage VoH ( V) 

STANDBY CURRENT vs. 
AMBIENT TEMPERATURE 

io-6---------------

Vcc=3V 
CS=2.8V 

10-3 
~o---~2oc----~,o:----~60,,.---~80 

Ambient Temperature Ta ('C) 

c 
• j 

] 
~ 
~ 

-
u 

~ . ,,, 
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INPUT HIGH VOLTAGE vs. 
SUPPLY VOLTAGE 

l.3~--~----------

l.21------+---+----+-----' 

I.I l------+---+----1-------1 

__i-----
1.01------+---,=-...... =---+----l 

~ 
u.g 1-----+---+----1--------l 

0.81-----+---+----+------I 

0.7 L----'----+----l.----' 
4.5 4.i'S 5.0 5.25 ~.5 

Supply Voltage \.(·1 ( \'' 

OUTPUT CURRENT vs. 
OUTPUT VOLTAGE 

l.6 

I v 
I v 

1.2 

l.U 

U.8 

0.6 

0.4 () 0.2 0.4 0.1) 

Output Low Voltage Vot. ( V) 

STANDBY CURRENT vs. 
SUPPLY VOLTAGE 

Ta'='25°C 
Vcr=SV 

0.8 

1.4---------------

1.0 

0.8 

0.6 

Ta=25'C 
C!;= Vcc-0.2V 

Supply Voltage Vee ( V) 



STANDBY CURRENT vs. 

INPUT VOLTAGE 

Jnput V•Jltage L i \"1 

HM6167H-45, HM6167H-55, HM6167HP-45, HM6167HP-55 
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HM6167HCG-45,HM6167HCG-55-

16384-wordx 1-bit High Speed Static CMOS RAM 

•FEATURES 

• High Density 20 pin Leadless Chip Carrier 
• High Speed: Fast Access Time 45/55ns Max. 
• Low Power Standby and Low Power Operation 

Standby: lOOµW typ., Operation: 200mW typ. 

• Completely Static Memory; 
No Clock or Timing Strobe Required 

• Equal Access and Cycle Times 
• Directly TTL Compatible; All Inputs and Output 

•BLOCK DIAGRAM 

Ao 
--\.'o ,, 

A, 

Ai 

"' 
.\12 

A11 

LJin 

cs 

WE 

How 

Decoder 

Memory . .'\rray 

12HX12H 

.'\,9 :\~ :\; .--\~ -\; 

-G.\ILJ 

Dout 

•ABSOLUTE MAXIMUM RATINGS 

Item Symbol Rating Unit 

Voltage on Any Pin• Vr -0.5 to +7.0 v 

Power Dissipation Pr 1.0 w 

Operating Temperature Ta,~ 0 to +70 ·c 

Storage Temperature T,,. -65 to + 150 ·c 

Temperature Under Bias T,.,, -10 to +85 ·c 
* with respect to GND. Vir; min~-3.SV (Pulse width 20ns) 

•TRUTH TABLE 

cs WE Mode Vee Current 

H x Not selected Isa, Issi 

L H Read Ice 

L L Write Ice 
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(CG-20) 

•PIN ARRANGEMENT 

Dout Pin 

High-Z 

Dout 

High-Z 

Din CS C\LJ Ytt: 

(Bottom View) 

Ref. Cycle 

Read Cycle 

Write Cycle 



~~~~~~~~~~~~~~~~~~~~~~-HM6167HCG-45,HM6167HCG-55 

•RECOMMENDED DC OPERATING CONDITIONS (Ta~O to +70°C) 

Item Symbol min typ max 

Vee 4.5 5.0 5. 5 
Supply Voltage 

GND 0 0 0 

VIH 2.2 - 6.0 
Input Voltage 

Vic -o.5• - 0.8 

* -3.0V (Pulse width 20ns) 

•DC AND OPERATING CHARACTERISTICS (Vcc~5V ±10%, Ta~O to +70°C) 

Item Symbol Test Conditions min typ• max 

Input Leakage Current I I CI I Vcc~5.5V, VIN=OV to Vee - - 2 

Output Leakage Current I Ico I cs~ v,H, Vour=OV to Vee - - 2 
-

Operating Power Supply Current lee CS~ Vic, Output Open - 40 80 

I SB cs~ VIH - 10 20 
Standby Power Supply Current 

I SB I cs"' Vcc-0.2V, v,N;o;;o.2v or VIN"' Vcc-0.2V - 20 2000 

v" lac ~smA l - - 0.4 
Output Voltage 

VoH laH= -4mA 2 .4 - -

Note) * : Typical limits are at Vcc=S.OV, Ta=25°C and specified loading. 

•CAPACITANCE (Ta~25°C, f~lMHz) 

Item Symbol Test Conditions typ max 

Input Capacitance c .. \,'..~ov 3 5 

Output Capac i ta nee c .. , v •• ,~ov 5 7 

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

•AC CHARACTERISTICS (Vcc~5V ±10%. Ta~O to +70°C) 

•AC TEST CONDITIONS Output Load A Output Load B 
Input Pulse Levels: GND to 3.0V 
Input Rise and Fall Times: 5 ns 
Output Reference Levels: 1.5V 

•SI (for lHz, lLz, twz & low) 

•READ CYCLE 

Item Symbol 

Read Cycle Time I RC 

Address Access Time 1., 

Chip Select Access Time lACs 

Output Hold from Address Change loH 

Chip Selection to Output in Low z lcz 

Chip Dese lection to Output in High z I Hz 

Chip Selection to Power Up Time I PL 

Chip Deselection to Power Down Time I PD 

48<ll2 

Uout 

JOpF' 

+5\' 

... - - 1 '"'" 
~SpF' 

* Including scopf' and jig. 

HM6!67HCG-45 HM6167HCG-55 
Unit 

min max min max 

45 - 55 - ns 

- 45 - 55 ns 

- 45 - 55 ns 

5 - 5 - ns 

5 - 5 - ns 

0 30 0 30 ns 

0 - 0 - ns 

- 30 - 30 ns 

~otes 1. All Read Cycle timings are referenced from last valid address to the first transitioning address. 

2. At any given temperature and voltage condition, l11z max. is less than lLz min both for a given de\·ice and from device to device. 

3. Transition is measured ±500m\' from steady state voltage with specified loading in Load B. 
4. This parameter is sampled and not 100% tested. 

eHITACHI 

Unit 

v 

v 

v 

v 

Unit 

µA 

µA 

mA 

mA 

µA 

v 

v 

Unit 

pF 

pF 

Notes 

I 

2,3,4 

2,3,4 
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HM6167HCG-45,HM6167HCG-55~~~~~~~~~~~~~~~~~~~~~~~~ 

•Read Cycle-1 (Notes 1, 2) 

Address 

Data Out 
Previous 
Data Valid 

•Read Cycle-2 (Notes 1, 3) 

Data Out High Impedance 

Vee Sllpply 

Current Iss 

IOH 

lACS 

Notes) 1. WE is high for Read Cycle. 

IRC 

'" 

IRC 

Data Valid 

2. Address valid prior to or coincident with CS transjtion low. 

Data Valid 

High Impedance 

IPo 

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

•WRITE CYCLE 

HM6167HCG-45 HM6167HCG-55 
Item Symbol Unit 

min max min max 

Write Cycle Time twc 45 - 55 - ns 

Chip Selection to End of Write tcw 40 - 50 - ns 

Address Valid to End of Write t,w 40 - 50 - ns 

Address Setup Time t,s 0 - 0 - ns 

Write Pulse Width twp 25 - 35 - ns 

Write Recovery Time lwR 0 - 0 - ns 

Data Valid to End of Write low 25 - 25 - ns 

Data Hold Time IDH 0 - 0 - ns 

Write Enable to Output in High Z lwz 0 25 0 25 ns 

Output Active from End of Write low 0 - 0 - ns 

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

2 

3,4 

3,4 



-----------------------HM6167HCG-45, HM6167HCG-55 

•Write Cycle-1 (WE Controlled) 

Address 

'" 

'" 
'"' 

WE 

,,. 

Data In Data !n Valid 

'" 

Llata Out Data L'ndef1ned 
H111:h Impedance 

•Write Cycle-2 (CS Controlled) 

111-·c 

Add res., ~v v 
__/ _JI\_ 

cs 

IAS J 

t lc11 

l 
'" '" 

'" 
WE 

:s~~~_i \ _f 7-?Z 
L '" IDH I 

Dau In f x Da!a In Valid 

'" 

Data Out ~ 
Data l 1ndefined _/I Hii;ch Impedance 
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HM6167HLP-45, HM6167HLP-55-

16384-word x 1-bit High Speed Static CMOS RAM 
•FEATURES 
• Fast Access Time ........... HM6167HLP-45 45ns (max) 

HM6167HLP-55 55ns (max) 
• Low Power Standby and Low Power Operation 

Standby 5µW (typ) and Operating 200mW (typ) 
• Capable of Battery Back-up Operation 
• Single +5V Supply and High Density 20 Pin Package 
• Completely static Memory 

No Clock or Timing Strobe Required 
• Equal Access and Cycle Times 

• Directly TTL Compatible ..... All Inputs and Output 

• BLOCK DIAGRAM 

Ao 
-- Vee 

A, 

A, 

A> 

A, 

A" 

Din 

cs 

WE 

Row 
Decoder 

Memory Array 

128X 128 

• ABSOLUTE MAXIMUM RA TINGS 

-G.'liD 

Dout 

Item Symbol Rating Unit 

Terminal Voltage with respect to GND Vr -3.5* to +7.0 v 
Power Dissipation Pr 1.0 w 
Operating Temperature Topr 0 to +70 oc 
Storage Temperature Tst11 -55 to +125 oc 
Storage Temperature Under Bias Tbias -IO to +85 oc 

* Pulse Width 20ns, DC: -0.5V 

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

Item Symbol min typ max Unit 

Vee 4.5 5.0 5.5 v 
Supply Voltage 

GND 0 0 0 v 
VIH 2.2 - 6.0 v 

lnpu t Voltage 
Vn -3.0* - 0.8 v 

• Pulse Width 20ns, DC: Vn min= -0.5V 
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(DP-20) 

•PIN ARRANGEMENT 

'Top \'1ew 



.TRUTH TABLE 

cs WE Mode Vee Current Dout Pin Ref. Cycle 

H x Not se~ected lse. Issi High-Z 

L H Read Ice Dout Read Cycle 

L L Write Ice High-Z Write Cycle 

•DC AND OPERATING CHARACTERISTICS ( Vcc=SV±l0%, Ta=0-+70'C) 

Item Symbol Test Conditions 

Input LeakaK" Current lh1I Vcc-5.5V v,.-OV-Vcc 

Output Leakage Current lhol cs-v, •• 1(,.-0V-Vcc 

Operating Power Supply Current Ice cs-v,,, Output Open 

Isa cs- v,. 

Standby Power Supply Current CS-Vcc-0.2V 
Issi 

v,.:;;o.2v or VJ,~ Vcc-0.2V 

Output Low Voltage Vot Iot-8mA 

Output High Vol \age VoH Io•- -4mA 

Note) Typical limits are at Vcc-5.0V. Ta-2S"C and specified loading. 

•AC TEST CONDITIONS 

Input pulse levels: GNO to 3.0V 
Input rise and fall times: 5 ns 
Input timing reference levels: 1.5V 
Output reference levels: 1.5V 
Output load: See Figure 

•CAPACITANCE ( Ta=25'C,f=lMHz) 

Item Symbol typ. max 

Input Capacitance c,. 3 5 

Output Capacitance Cour 5 7 

Note) This parameter is s.mpled and not 100°/o tested. 

Output Load A 
+SV 

• Including scope and jig. 

Unit Conditions 

pF v,.-ov 

pF Vour-OV 

L 

min 

-
-

-

--

-

-

2.4 

typ max Unit 

- 2 µA 

- 2 µA 

40 80 mA 

10 20 mA 

1 50 µA 

- 0.4 v 

- - v 

Output Load B 
(for IHz, ILz, lwz & low) 

+SV 

80Q 

Do" 
5pF• 

• Including scope and jig. 

•Ac CHARACTERISTICS ( Ta=O'C to +70'C, Vee= SV±10%, unless otherwise noted.) 

•READ CYCLE 
-------,----- -~-

HM616 7HLP-45 HM6167HLP-55 
Item Symbol Unit Notes 

min max min max 

Read Cycle Time lRC 45 - 55 - ns (1) 
-------~----~~ 

Address Access Time IAA - 45 - 55 ns 

Chip Select Access Time IACS - 45 - 55 ns 

Output Hold from Address Change IOH 5 - 5 - ns 

Chip Selection to Output in Low Z ILZ I 
5 - 5 - ns (2) ( 3) (7) 

Chip Selection to Output in High Z lHZ 0 30 0 30 ns (2)(3)(7) 

Chip Selection to Power Up Time tpu 0 - 0 - ns 

01.ip Deselection to Power Down Time IPD - 30 - 30 ns 

NOTES: I. All Read Cylce timing are referenced from last valid address to the first transitioning address. 
2. At any given temperature and voltage condition, !Hz max. is less than tLz min. both for a given device and 

from device to device. 
3. Transition is measured ±500mV from steady state voltage with specified loading in Load B. 
4. WE is High for READ cycle. 
5. Device is continuously selected, CS= Vn. 
6. Addresses valid prior to or coincident with CS transition low. 
7. This parameter is sampled and not 100% tested. 
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•TIMING WAVEFORM OF READ CYCLE NO. 1 4 > 5 > 

Address 

Data Out 

-}==._____tRc~L 

_J~:AA 
~~~~ous Dat~-X~.,......X-~>k .... __ D_a_t_a_v_a_li_d ____ _ 

•TIMING WAVEFORM OF READ CYCLE NO. 2 4 > 6 l 

cs 

Data Out Data Valid 

Vee Supply 

Current 

e WRITE CYCLE 

HM616 7HLP-45 HM6!67HLP-55 
Item Symbol 

min max min max 

Write Cycle Time twc 45 - 55 -

Chip Selection to End of Write tcw 40 - 50 -

Address Valid to End of Write tAW 40 - 50 -

Address Setup Time IAS 0 - 0 -
Write Pulse Width twp 25 - 35 -

Write Recovery Time tWR 0 - 0 -
Data Valid to End of Write tvw 25 - 25 -
Data Hold Time IDH 0 - 0 -

Write Enable to Output in High Z twz 0 25 0 25 

Output Active from End of Write tow 0 - 0 -

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

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

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

Dout 

twzj~--to---«w--j _ A High Impedance ~-------
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Notes 

(2) 

(3) (4) 

(3) (4) 



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

~--------~twc---------~--i 

Add«• =k=====-=-=--t-A-W---_-_-_-_-_-_-_-_-_-_-_-_-_-_-.:--t-w-J'------
cs 

---------,.'----~twp-----<~,~---------~ 
WE 

Din 

Dout 

-_____________ r_w_z_~~------'--'-------_J High Impedance 

•LOW Vee DATA RETENTION CHARACTERISTICS ( Ta=0°C to 70°C) 

Parameter Symbol Test Condition mm typ 

Vee for Data Retention Vo, 2 .0 -
-
CS~ Vcc-0.ZV - -

Data Retention Current lccoR 
V..~ Vcc-0.ZV or - -

Chip Deselect to Data Retention Time l CDR ov,,; v.. ,,;o. zv 0 -

Operation Recovery Time IR f RC:_, -

L::. tu - Read Cyde Time 

•LOW Vee DATA RETENTION WAVEFORM 

Data Retention Mode v cc----------
4.SV - -- - - - - - -

;cvnj 
,,...... __ ..,. 

cs~ Vcc-0.2V 
cs----J 

OV---------------------------------------------

@HITACHI 

max 

-

20• 

30 .. 

-

-

Unit 

v 

µA 

ns 
-

ns 

Vcc-2.0V 

• * Vu--3.0V 
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HM6267P-35,HM6267P-45 

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

• FEATURES 
• High Speed: Fast Access Time 35/45ns (max.) 

• Low Power Standby and Low Power Operation 

Standby: 0.1mW (typ.), Operation: 200mW (typ.) 

• Single 5V Supply and High Density 20 Pin Package 

• Completely Static Memory ..... No Clock or Timing Strobe Re
quired 

• Equal Access and Cycle Time 
• Directly TTL Compatible: All Input and Output 

• BLOCK DIAGRAM 

·'" 
A, 

A, 
Row 

A., Decoder 

Ao 

A1z 

A1.i 

o,, 

cs 

WE 

Memory Array 

128Xl28 

• ABSOLUTE MAXIMUM RATINGS 

Item Symbol Rating 

Voltage on Any Pin* Vr -0.5 to +7.0 

Power Dissipation Pr 1.0 

Operating Temperature Topr 0 to +70 

Storage Temperature Tstg -55 to +125 

Temperature Under Bias Tbiaa -10 to +85 

•with respect to GND. VT min= -3.SV (Pulse width 20ns) 

-- Vee 

-- GND 

Dour 

Unit 

v 
w 
oc 
oc 
oc 

•RECOMMENDED DC OPERATING CONDITIONS (Ta= 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 

lnpu t Voltage 
VJH 2.2 - 6.0 v 
Vn -3.0* - 0.8 v 

* Pulse Width 20ns, DC: Vn min= -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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Preliminary 

(DP-20) 

• PIN ARRANGEMENT 

(Top View) 



.TRUTH TABLE 

cs WE Mode Vee Current Dout Pin Ref. Cycle 

H x Not se~ected lss, Issi High-Z 

L H Read Ice Dout Read Cycle 

L L Write Ice High-Z Write Cycle 

• DC AND OPERATING CHARACTERISTICS(ll(Vcc = 5V ±10%<2>, GND = OV, Ta= 0 to +70°C) 
Item Symbol Test Conditions min typ max Unit 

_l_n~p_u_t_L_e_a_ka~g~e_C_u_r_re_n_t ____ +_i_I_=L=I_l-+=V=c_c_=_5_.5_V_,_V~;n~=-G_N_D_t_o~V_c~c~-----+---+---f----+-~ 
CS= VIH· V0 ut = GND to Vee 

CS= V1L, Output Open 

- - 10 µA 

- - 10 µA 
- 40 80(3) mA 

Output Leakage Current I ho I 
-------------~---

Operating Power Supply Current Ice 

lsB CS= Vm - 10 20 mA 
f----~---------·---------

- 0.02 2 mA 
Standby Power Supply Current 
------------+-I_s __ B_J_ cs~_l::' cc-0.2V, VIN~0.2V or VIN~Vcc-~_.2_v--+---+---+---+---

V 0L IoL = 8mA - - 0.4 v 
2.4 - - v 

Output Voltage 
_____________ l_V_o~H = --4mA --------------~--~--~--~-
Notes) 1. 

2. 
3. 

Typical limits are at V cc= 5V, Ta= 25°C and specified loading. 
V cc = 5V ±5% for 35ns version. 
I OOmA max. for 35ns version. 

• AC TEST CONDITIONS 
Input pulse levels: GND to 3.0V 
Input rise and fall times: 5ns 
Input and Output timing reference levels: 1.5V 
Output load: See Figure 

Output Load A 
t5V 

Output Load B 
(for lHz, t1z, twz & low) 

t5V 

sog 

Do" 

SpF• 

* Including scope and jig. * Including scope and jig. 

• CAPACITANCE (Ta= 25°C,f= !MHz) 

Item Symbol typ. max Unit Conditions 

Input Capac i ta nee c,. 3 5 pF v,.-ov 
Output Capacitance Cour 5 7 pF Vovr-OV 

Note) This parameter is sampled and not 100°/6 tested. 

• AC CHARACTERISTICS Wee= 5V ± 10%*, Ta= 0 to 70°C, unless otherwise noted.) 
• READ CYCLE 

HM6267P-35 HM6267P-45 
Notes Item Symbol Unit 

min max min max 
Read Cycle Time tRc 35 - 45 - ns 1 
Address Access Time tAA - 35 - 45 ns 
Chip Select Access Time tA_9S - 35 - 45 ns 
Output Hold from Address Change toH 5 - 5 - ns 
Chip Selection to Output in Low Z tLz 5 - 5 - ns 2, 3, 7 
Chip Deselection to Output in High Z tHz 0 30 0 30 ns 2, 3, 7 
Chip Selection to Power Up Time tpu 0 - 0 - ns 
Chip Deselection to Power Down Time tpv - 20 - 30 ns 

* V cc= 5V ± 5% for 35ns version. 
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•TIMING WAVEFORM OF READ CYCLE NO. 1 4 > 5 l 

Address 

Data Out 

~~~------tRc------:j-</ 

_J~-t'AA -~ 
~~~~ous Data)( x x * .... __ D_a_ta_v_a_li_d ____ _ 

•TIMING WAVEFORM OF READ CYCLE NO. 2 4 l 6 l 

cs 

Data Out 

Vee Supply 

Current 

Data Valid 

NOTES: 1. All Read Cylce timing are referenced from last valid address to the first transitioning address. 
2. At any given temperature and voltage condition. t HZ max. is less than t LZ min. both for a given device and 

from device to device. 
3. Transition is measured ±500m V from steady state voltage with specified loading in Load B. 
4 WE is High for READ cycle. 
5. Device is continuously selected, CS= VIL· 
6. Addresses valid prior to or coincident with CS transition low. 
7. This parameter is sampled and not 100% tested. 

• WRITE CYCLE 

HM6267P-45 
Item Symbol 

HM6267P-35 

~~ max min max 
Unit Notes 

Write Cycle Time __ ----f-----t,w~ t--3 __ 5 __ --+-------f----4_5_-+ __ -__ +--_n_s __ +-_2_~ 
Chip Selection to End of Write t cw 30 - 40 - ns 

--t-----t-------;----+------+-----+----
A d dress Valid to End of Write tAw 30 - 40 ns 

Address Setup Time t AS 0 - 0 ns 
Write Pulse Width twp 20 - 25 ns 

-~------ --------+-- ------+------+--------+----+-----+-----f------
Write Recovery Time twR 0 - 0 - ns 
Data Valid to End of Write tvw ----+--io' ____ lf----_ 25 - ns 

Data Hold Time --------, __ t_v __ H ___ +-__ o_-+-----+---0---+-----+---ns __ -+----
Write Enabled to Output in High Z twz 0 20 0 25 ns 3, 4 
Output Active from End of Wri-te-------t--to_w_----t-----,O:------t--_--+-----co---+--_---+--n-s--+--c3-, -4~ 
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e TIMING WAVEFORM OF WRITE CYCLE NO. 1 (WE Controlled) 

I 
I 

Dout Data Undefined 

twzj•.......;;...__:t----11ow--! ~ J--High Impedance ~~-----

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

f-- twc 

<wR4 
Address 

~~ tAW 

cs 1cw 

twp 
WE \ \ I I I I 

\ I 

tvw tDH 

Din 

twz~ High Impedance 
Dout Data Undefined 

NOTES: I. If CS goes high simultaneously with WE high, the output remains in a high impedance states. 
2. All Write Cycle timings are referenced from the last valid address to the first transitions address. 
3. Transition is measured ±500mV from steady state voltage with specified loading in Load B. 
4. This parameter is sampled and not 100% tested. 
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HM6264P-10, HM6264P-12, 
HM6264P-15 
8192-word x 8-bit High Speed Static CMOS RAM 

•FEATURES 

• Fast access Time 
• Low Power Standby 

Low Power Operation 
• Single +5V Supply 

100ns/120ns/150ns (max.) 
Standby: O.lmW (typ.) 
Operating: 200mW (typ.) 

• Completely Static Memory ..... No clock or Timing Strobe Required 
• Equal Access and Cycle Time 
• Common Data Input and Output, Three State Output 
• Directly TTL Compatible: All Input and Output 
• Standard 28pin Package Configuration 
• Pin Out Compatible with 64K EPROM HN482764 

•BLOCK DIAGRAM 

(DP-28) 

• PIN ARRANGEMENT 
~ !---l-t~=:f""-1 

~Vee k 
Ao 
A> 
A• 
Au 
Au 

Row 
Decoder • 

Memory Matrix 
256X256 

~GND 

CS,O-----t 

cs,0-----1 Timing Pulse Cen. 

Read. Write Control 

•ABSOLUTE MAXIMUM RATINGS 
Item Symbol 

Terminal Voltage * VT 
Power Dissipation PT 
Operating Temperature Topr 
Storage Temperature Tstg 

Storage Temperature (Under Bias) Thias 

Rating 
-0.5 **to +7.0 

1.0 
0 to +70 

-55 to+l25 
-10 to +85 

*With respect to GND. **Pulse width SOns: -3.0V 

•TRUTH TABLE 

WE cs, cs, OE Mode 1/0 Pin 
x H x x Not Selected High z 
x x L x (Power Down) High z 
H L H H Output Disabled High z 
H L H L Read Dout 

NC 

A,' 

A, 

A, 

A, 

A, 

Unit 
v 
w (Top View) 

oc 
oc 
oc 

V cc Current Note 
[SB, /SBl 

!SB,/SB2 

Icc,Jcci 
Icc,Icc1 

Vee 

A, 

A, 

1/0, 

1/0, 

1/0, 

L L H H 
Write 

Din Jee, !CCI Write Cycle (I) 

L L H L Din Ice. /CCl Write Cycle (2) 

X: Hor L 
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~~~~~~~~~~~~~~~~~~~~-HM6264P-10, HM6264P-12, HM6264P-15 

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

Item Symbol min typ max Unit 

Vee 4.5 5.0 5.5 v 
Supply Voltage 

GND 0 0 0 v 
Vm 2.2 - 6.0 v 

Input Voltage 
VIL -0.3* 0.8 v -

* Pulse Width 50ns: -3.0V 

•DC AND OPERATING CHARACTERISTICS (Vee= 5V±IO%, GND = OV, Ta= 0 to +70°C) 

Item Symbol Test Condition 

Input Leakage Current I/Lii V;n=GND to V cc 

Output Leakage Current lhol 
CS!=Vm or CS2= VIL or OE=Vm or WE= VIL, 
Vuo=GND to Vee 

Operating Power Supply Current Ice nr1 =VIL, CS2= Vm, luo=OmA 

Average Operating Current lce1 Min. cycle, duty=i00%, lr;o=OmA 

lsB CSl=Vm or CS2=VIL 

Standby Power Supply Current ~Bl•• CSl~Vcc-0.2V, CS2~Vec-0.2Vor CS2~0.2V 

l ISB2** CS2~0.2V 

! v I =2.lmA 
Output Voltage ~ OL 

I Vott -1 /ott=-l.OmA ---

* Typical limits are at Vcc=5.0V, Ta=25°C and specified loading. 
** VIL min=-0.3V 

•CAPACITANCE (j= \MHz, Ta= 25°C) 
---~ 

Item ~Symbol : Test Condition typ max 

Input Capacitance e;n l V;n = OV - 6 

Input/Output Capacitance euo l Vuo = OV - 8 

Note) This parameter is sampled and not I 00% tested. 

•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: 1 Ons 
Input and Output Timing Reference Level: 1.5V 
Output Load: 1TTL Gate and CL = 100pF (including scope and jig) 

•READ CYCLE 

I Symbol 
HM6264P-10 

Item 

l min max 

Read Cycle Time I fRC 100 -

Address Access Time fAA - 100 

Chip Selection to Output 1 CS! lCOI - 100 
I CS2 lC02 - 100 j_ 

Output Enable to Output Valid fQE - 50 

Chip Selection to J CS! ILZI 10 -

Output in Low Z CS2 fLZ2 10 -

Output Enable to Output in Low Z IOLZ 5 -

Chip Deselection to 

J 
CS! tHZI 0 35 

Output in High Z CS2 fHZ2 0 35 

Output Disable to Output in High Z fOHZ 0 35 

Output Hold from Address Change fOH 10 -

Unit 

pF 

pF 

HM6264P-12 

min max 

120 -

- 120 

- 120 
I - 120 

- 60 

10 -

10 -

5 -

0 40 

0 40 

0 40 

l 0 -

min typ* 

- -

- -

- 40 

- 60 

- I 

- 0.02 

- 0.02 

- -

HM6264P-15 

min max 

150 -

- 150 

- 150 

- 150 

- 70 

15 -

15 -

5 -

0 50 

0 50 

0 50 

15 -

max Unit 

2 µA 

2 µA 

80 mA 

110 mA 

3 mA 

2 mA 

2 mA 

0.4 v 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

NOTES: I tHz and toHZ are defined as the time at which the outputs achieve the open circuit condition and are not referred 
to output voltage levels. 

2 At any given temperature and voltage condition, tHz max is less than tLz min both for a given device and from 
device to device. 
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HM6264P-10, HM6264P-12, HM6264P-15---------------------

•READ CYCLE 

CSl 

i--~~~tLz1~~~-

i--~~~~-tco2~~-+~----i 

CS2 

OE 

NOTE: 1) WE is high for Read Cycle 

•WRITE CYCLE 

Item 

Write Cycle Time 

Chip Selection to End of Write 

Address Setup Time 

Address Valid to End of Write 

Write Pulse Width 

1 CSl, WE 
Write Recovery Time 

CS2 

Write to Output in High Z 

Data to Write Time Overlap 

Data Hold from Write Time 

OE to Output in High Z 

Output Active from End of Write 

168 

Symbol 

twc 

tcw 

tAs 

IAW 

twp 

twRI 

twR2 

twHZ 

tvw 

tvH 

to HZ 

tow 

toE 

toLz 

HM6264P-10 

min max 

100 ·-

80 -

0 -
80 -

60 -
5 -

15 -

0 35 

40 -

0 -
0 35 

5 -

@HITACHI 

HM6264P-12 HM6264P-15 
Unit 

min max min max 

120 - 150 - ns 

85 - 100 - ns 

0 - 0 - ns 

85 - 100 - ns 

70 - 90 - ns 

5 - 10 - ns 

15 - 15 - ns 

0 40 0 50 ns 

50 - 60 - ns 

0 - 0 - ns 

0 40 0 50 ns 

5 - 10 - ns 



HM6264P-10, HM6264P-12, HM6264P-15 

•WRITE CYCLE (1) (OE clock) 

Address 

CS2 

\IE------

li!H/ '.:i, I 

IJ"'" ) ) ) )) ) )) 5 )) ) 9 

•WRITE CYCLE (2) (OE Low Fix) 

~, 

CS! 

--~---~-

[)c1lll 

IJ1n 

NOTES: I) ~rite occurs during the overlap of a low CSi, al1~i~h CS2 and a low 
WE. A write begins at the latest transition among CS! going low, CS2 
going high and WE going low. A write ends at the earliest transition 
among CS! going high, CS2 going low and WE going high. twp is 
measured from the beginninng of write to the end of write. 

2) tcw is measured from the later of CS! going low or CS2 going high to 
the end of write. 

3) t AS is measured from the address valid to the beginning of write. 
4) twR is measured from the end of write to the address change. 

twRl applies in case a write ends at CSI or WE going high. 
twR2 applies in case a write ends at CS2 going low. 

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

6) If CS I goes low simultaneously with WE going low or after WE going 
low, the outputs remain in high impedance state. 

7) Dout is the same phase of the latest written data in this write cycle. 
8) Dout is the read data of next address. 
9) If CS! is low and CS2 is high during this period, 1/0 pins are in the 

output state. Therefore, the input signals of opposite phase to the 
outputs must not be applied to them. 
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HM6264P-10,HM6264P-12,HM6264P-1S~~~~~~~~~~~~~~~~~~~~-

170 

~ 

"O 

-~ 

SUPPLY CURRENT vs. 
SUPPLY VOLTAGE 

1.6,...----,...-----.----r-----. 
Ta=25"C 

-; L4 f-----+-----1----+-----I 

e 
0 e 1.21---+---+----+---......-1""-1 

u ~ 
.5:? 1.0l----+--~""~O----t-------1 

~ ~ 
~ 0.8 ...... f::.,."""'---+----t----t------j 

t: 
::> 
u 
;., 
Q. 
Q, 
::> 

"' 

0.6 f-----+-----1----+-----I 

0.4 '-----'-----'-----'-----' 
45 4.75 SJl 5.25 5.5 

Supply Voltage Vee (V) 

SUPPLY CURRENT vs. FREQUENCY 

200ns 150ns 120ns IOOn 

~ 

"O 

~).\) y 
o 0.9t---+---+---+v--7"'-+----4 

~0.8 L_ 

~ ~ 
~ 0.7 __,,,..., 

u 
-a 0.b I-----+---+---+---+----! 
Q, 
::> 

"' O.S ~\I --~--._ _ ___. __ _._ __ _.lei 

Frequency (MHz} 

ACCESS TIME vs. SUPPLY VOLTAGE 

l.3r----r-----.----r---~ 

:;;- ra=2s·c 

.~ 1.2 t----+-----1----+------t 
-;; 
e 
ou~ e -......... 
~ 1.0 r---
j 0.9 t-----+---+-~--J'-.....,l------""""I 
" e 

E= 
0.8 >-----+-----I----+----< 

0.7 ..._ __ __._ __ __, ___ _..__ __ __, 

4.5 4.15 5.ll 5.25 J.5 

Supply Voltage V cc (V) 

SUPPLY CURRENT vs. 
AMBIENT TEMPERATURE 

::;- 1.6 

" .!:l 
Vcc=o-5.0V 

-;; 

E 
1.4 f------1-----1----1------1 

0 

b 1.2 f------1-----1----1------1 

u 
.5:? t---
G i.o 

.5:? 

= " t: 
::> 
u 

0.8 f------1-----lf-----t------t 

>- 0.6 >-----+-----If-----+-------< 

Q. 
Q, 
::> 

"' 0.4 ~---+-------<>------+---~ 
0 20 40 60 80 

Ambient Temperature T0 ("C) 

ACCESS TIME vs. LOAD CAPACITANCE 

:;;-
" .!:l 
-;; 
e 
0 e 
0 
~ 

.i: 
~ 

" e 
E= 
~ 

" u 
u 
< 

1.8 

l.b 

u 

1.2 

l.U 

o.; 

v v 
L 

/ 
v 

Tn=25'C 

\."cc=\1I\ 

.:nu 300 ..)()\) 

Load Capacitance CL (pF) 

ACCESS TIME vs. 
AMBIENT TEMPERATURE 

1.3,...----,...--------r----
kc=SU\" 

u.~ t----t------lt----+-----t 

ll.~ '-----'------''-------'-----' 
..'.U 8\1 

Ambient Temperature T 8 ("C) 
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~~~~~~~~~~~~~~~~~~~~-HM6264P-10,HM6264P-12,HM6264P-15 

~ 1.3 

"' .!::l 
-; 
E 
(5 

1.2 

INPUT LOW VOLTAGE vs. 
SUPPLY VOLTAGE 

Ta=25°C 

b 1.1 '-----'----1------1-----1 

"' .. 
~ 
0 
> 
~ 
0 

...< 

s-
"' .!::l 
-; 
§ 
0 

U.91-----'----1------+------i 

U.8 '-----I..---+----+-----< 

il.i''-4-.5---,-'-_7'J-. ---,-'-.,-, ----=,--:,-:;;;..___ __ _,~J.:'i 

1.6 

1.4 

Supply Voltage V cc (V) 

OUTPUT CURRENT vs. 
OUTPUT VOLTAGE 

\ 

6 1.2 

\ .9 
c 
t 

1.0 

a 0.8 

.c .. 
:E 
= 0. 

= 0 

0.6 \ 
~ 

Output High Voltage VoH (V) 

= 0. 

INPUT HIGH VOLTAGE vs. 
SUPPLY VOLTAGE 

1.2'-----'----'-----'-----< 

l.ll ~ 

L---
IJ.~JL_ __ ...J... ___ J.._ __ _j_ __ __, 

IJ.Xl-----l..---.l..----1------l 

~ 71--__ ...J... ___ ..___ __ _,_ __ --i 

.t.'.1 4.7.S 5.25 :i.S 

Supply Voltage Vee (V) 

OUTPUT CURRENT vs. 
OUTPUT VOLTAGE 

Ui-------------~ 

U.8 

Outut Low Voltage VoL (V) 
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HM6264FP-12,HM6264FP-15 
8192-word x 8-bit High Speed Static CMOS RAM 

• FEATURES 
• High Density Small-sized Packaged 
• Projection Area Reduced to One-Thirds of Conventional DIP 
• Thickness Reduced to a Half of Conventional DIP 
• High Speed: Fast Access Time 120/150ns (max) 
• Single 5V Supply 
• Low Power S\andby and Low Power Operation 

Standby: 0.1 mW (typ.), Operation: 200mW (typ.) 
• Completely Static RAM: No clock nor Timing Strobe Required 
• Directly TTL Compatible: All Input and Output 
• Equal Access and Cycle Time 

• BLOCK DIAGRAM 

Ae ~-+-ct.1:=~1-1 
A• 
A, 
Ao 
A, 
Ao 
A11 

A,, 

CS20-----l 

CS10-----l 
Timing Pulse Cen. 

f{E'ad. Write Cuntrnl 
WE O-----j!__ ___ -r _____ _J 

()[ o--------~ 

•ABSOLUTE MAXIMUM RATINGS 

Item Symbol Rating 
Terminal Voltage * VT -0.5 **to +7.0 
Power Dissipation PT 1.0 
Operating Temperature Topr 0 to +70 
Storage Temperature Tstg -55 to +125 
Storage Temperature {Under Bias) Tbias -10 to +85 

*With respect to GND. **Pulse width 50ns: -3.0V 

•TRUTH TABLE 

WE cs, cs, OE Mode I/O Pin 
x H x x Not Selected High z 
x x L x (Power Down) High z 
H L H H Output Disabled High z 
H L H L Read Dout 
L L H H 

Write 
Din 

L L H L Din 

X: Hor L 

Unit 
v 
w 
cc 
cc 
cc 
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(FP-28) 

• PIN ARRANGEMENT 

NC 

A, 

A, 

V cc Current 
/SB, /SBl 

/SB,/SB2 

Ice, /CCl 

/ee,/ee1 
Ice, /ee1 
Jee, /ee1 

(Top View) 

Note 

vcc 

A, 

A, 

A,' 

1/0, 

1/0, 

1/0, 

1/0, 

Write Cycle (I) 
Write Cycle (2) 



•RECOMMENDED DC OPERATING CONDITIONS (Ta= 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 

Vm 2.2 - 6.0 v 
Input Voltage 

VIL -0.3* 0.8 v -

*Pulse Width 50ns: -3.0V 

•DC AND OPERATING CHARACTERISTICS (Vee= 5V±10%, GND = OV, Ta= 0 to +70°C) 

Item Symbol Test Condition 

Input Leakage Current l/LJI V;n=GND to V cc 

Output Leakage Current lfL01 
CS!=Vm or CS2= VIL or OE=Vm or WE= VIL, 
Vuo=GND to Vee 

Operating Power Supply Current' Ice CS!=VIL. CS2=Vm. IJ;o=OmA 

Average Operating Current lcc1 Min. cycle, duty=IOO%, fr;o=OmA 

lsB CSl=Vm or CS2= VIL 

Standby Power Supply Current lsBl** CSl~Vcc-0.2V, CS2~Vcc-0.2Vor CS2;£0.2V 

ISB2** cs2;£0.2v 

VoL loL=2.lmA 
Output Voltage 

VoH loH=-1.0mA 

* Typical limits are at Vcc=5.0V, Ta=25°C and specified loading. 
** VIL min=-0.3V 

•CAPACITANCE (j= !MHz, Ta = 25°C) 

Item Symbol Test Condition typ max 

lnpu t Capacitance e;n V;n = OV - 6 

Input/Output Capacitance e110 Vuo = ov - 8 

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

•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: 1 Ons 

Input and Output Timing Reference Level: 1.5V 

Output Load: 1TTL Gate and CL = 100pF (including scope and jig} 

• READ CYCLE 

Unit 

pF 

pF 

min typ* 

- -

- -

- 40 

- 60 

- I 

- 0.02 

- 0.02 

- -

2.4 -

Symbol 
HM6264FP-12 HM6264FP-15 

Item 
min max min max 

Read Cycle Time tRc 120 - 150 -

Address Access Time tAA - 120 - 150 

Chip Selection to Output l CS! tco1 - 120 - 150 

CS2 tco2 - 120 - 150 

Output Enable to Output Valid toE - 60 - 70 

Chip Selection to Output l CS! tLzl 10 - 15 -

in Low Z CS2 tLz2 IO - 15 -

Output Enable to Output in Low Z toLZ 5 - 5 -
Chip Deselection to Output l CS! tHzl 0 40 0 50 
in High Z CS2 tHZ2 0 40 0 50 

Output Disable to Output in High Z toHZ 0 40 0 50 

Output Hold from Address Change toH 10 - 15 -

max Unit 

2 µA 

2 µA 

80 mA 

110 mA 

3 mA 

2 mA 

2 mA 

0.4 v 

- v 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

NOTES: I tHz and toHZ are defined as the time at which the outputs achieve the open circuit condition and are not referred 
to output voltage levels. 

2 At any given temperature and voltage condition, tHz max is less than tLz min both for a given device and from 
device to device. 
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HM6264FP-12, HM6264FP-15------------------------

•READ CYCLE 

tAA 

CSl 
tco1 

tLZI 

tco2 

CS2 
tLZ2 

toE 

toLZ 
OE 

NOTE: 1) WE is high for Read Cycle 

• WRITE CYCLE 

HM6264FP-12 HM6264FP-15 
Item Symbol Unit 

min max min max 
Write Cycle Time twc 120 - 150 - ns 
Chip Selection to End of Write tcw 85 - 100 - ns 
Address Setup Time tAs 0 - 0 - ns 
Address Valid to End of Write tAW 85 - 100 - ns 
Write Pulse Width twp 70 - 90 - ns 

Write Recovery Time 
l CSl, WE twRJ 55 - JO - ns 
j CS2 twR2 15 - 15 - ns 

Write to Outputiin High Z twHZ 0 40 0 50 ns 
Data to Write Time Overlap tnw 50 - 60 - ns 
Data Hold from Write Time tnH 0 - 0 - ns 
OE to Output in High Z to Hz 0 40 0 50 ns 
Output Active from End of Write tow 5 - 10 - ns 
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•WRITE CYCLE (1) (OE clock) 

Address ____ _,, 
14 I 

•WRITE CYCLE (2) (OE Low Fix) 

NOTES: 1) A write occurs during the overlap of a low CS l, a ~h CS2 and a low 
WE. A write begins at the latest transition among CS! going low, CS2 
going high and WE going low. A write ends at the earliest transition 
among CS! going high, CS2 going low and WE going high. twp is 
measured from the beginninng of write to the end of write. 

2) tcw is measured from the later of CS! going low or CS2 going high to 
the end of write. 

3) tAs is measured from the address valid to the beginning of write. 
4) twR is measured from the end of write to the address change. 

twR1 applies in case a write ends at CS! or WE going high. 
twR 2 applies in case a write ends at CS2 going low. 

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

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

7) Dout is the same phase of the latest written data in this write cycle. 
8) Dou! is the read data of next address. 
9) If CS! is low and CS2 is high during this period, 1/0 pins are in the 

output state. Therefore, the input signals of opposite phase to the 
outputs must not be applied to them. 
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HM6264LP-10, HM6264LP-12 
HM6264LP-15 
8192-word x 8-bit High Speed Static CMOS RAM 

•FEATURES 

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

• Low Power Standby Standby: 0.01mW(typ.) 
Low Power Operation Operating: 200mW (typ.) 

• Capability of Battery Back-up Operation 

• Single +5V Supply 

• Completely Static. Memory ..... No clock or Timing Strobe Required 
• Equal Access and Cycle Time 

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

• Standard 28pin Package Configuration 

• Pin Out Compatible with 64K EPROM HN482764 

• BLOCK DIAGRAM 

Ao ~-+-~:t==r-1 
A, 
Ao 
Ao 
Ao 
A• 
An 
A12 

Row Memory Matrix 
256 x 256 

---0 G:JD 

CS20----i 

CS1 0------1 

. 
Decoder • 

Timing Pulse Cen. 

H.ead. Wrlte Control 

WE <>-----,L---~-----_J 

0£0----------' 

•ABSOLUTE MAXIMUM RATINGS 

Item Symbol Rating 
Terminal Voltage * VT -0.5 **to +7.0 
Power Dissipation PT 1.0 
Operating Temperature Topr 0 to +70 
Storag~ Temperature Tstg -55to+l25 
Storage Temperature (Under Bias) 7bias -10 to +85 

*With respect to GND. **Pulse width 50ns: -3.0V 

•TRUTH TABLE 

WE cs, cs, OE Mode 1/0 Pin 
x H x x Not Selected High z 
x x L x (Power Down) High Z 

H L H H Output Disabled High z 
H L H L Read Dout 
L L H H 

Write 
Din 

L L H L Din 

X: Hor L 

Unit 
v 
w 
'C 
oc 
'C 
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• PIN ARRANGEMENT 

NC 

A,, 

A, 

A, 

A, 

(Top View) 

Vee Current Note 
/SB, /SBl 

/SB, /SB2 

/CC, /CCI 

Icc, Iec1 
Iee, Iee1 Write Cycle (I) 
1cc, Ice1 Write Cycle (2) 

Vee 

A, 

A, 

1/0, 

110. 



--------------------HM6264LP-10, HM6264LP-12, HM6264LP-15 

•RECOMMENDED DC OPERATING CONDITIONS (Ta= 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 

--
VIH 2.2 - 6.0 v 

Input Voltage 
Vn -0.3* 0.8 v -

* Pulse ~dth 50ns: -3.0V 

•DC AND OPERATING CHARACTERISTICS (Vee= 5V±i0%, GND = OV, Ta= 0 to +70°C) 
----------,-----" 

Item min typ* max Unit 

Input Leakage Current T I/ LJI V;n=GND to V cc 2 µA 
--------------'----

Output Leakage Current lhol 
CS!= Vrn or CS2= VIL or OE= Vm or WE=VII, 

2 µA I VI!o=GND to Vee 

Operating Power Supply Current Ice CSl=Vn. CS2=Vm, IJ;o=OmA - 40 80 mA 
----------------+---+--+---+--

Average Opera ting Current Icc1 Min.cycle,duty=100%,/J/o=OmA - 60 110 mA 
-------+----l---+----1-----

lsB CS!=VrnorCS2=Vn - I 3 mA 
--l---+-------------------1----l---t----+-----

Standby Power Supply Current lsBJ •• CSl~ Vcc-0.2V, CS2~Vcc -0.2V or CS2~0.2V - 2 JOO µA 
l-----+--------------------l----+---l----+----

lsB2** CS2~0.2V - 2 100 µA 

VoL I foL=2.lmA 
Output Voltage --------------

1 VoH loH=-1.0mA 

* Typical limits are at Vcc=5.0V, Ta=25°C and specified loading. 
** Vn min=-0.3V 

•CAPACITANCE (f= !MHz, Ta = 25°C) 

Item Symbol} Test Condition typ max --
Cin 1 Vin= OV Input Capacitance -- 6 

Input/Output Capacitance Clio I V1;0 = OV - 8 

Note) This parameter is sampled and not I 00% tested. 

•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: 1 Ons 

Input and Output Timing Reference Level: 1.5V 

Output Load: 1TTL Gate and CL= 100pF (including scope and jig) 
•READ CYCLE 

HM6264LP-10 
Item Symbol 

min max 

Read Cycle Time IRC 100 -

Address Access Time IAA - 100 

l CS! tco1 - 100 
Chip Selection to Output 

CS2 100 tco2 -

Output Enable to Output Valid IQE - 50 

1 
-

Chip Selection to CS! ILZJ 10 -

Output in Low Z CS2 ILZ2 IO -

Output Enable to Output in Low Z IOLZ 5 -

Chip Deselec ti on to T CS! IHZJ 0 35 

Output in High Z I CS2 1Hz2 0 35 

Output Disable to Output in High Z IOHZ 0 35 

Output Hold from Address Change IOH 10 -

Unit 
--
pF 

pF 

HM6 264 LP- I 2 

min max 

120 -

- 120 

- 120 

- 120 

- 60 

10 -

10 -

5 -

0 40 

0 40 

0 40 

IO -

0.4 v 
2.4 - I - v 

HM6264LP-15 
Unit 

min max 

150 - ns 

- 150 ns 

- 150 ns 

- 150 ns 

- 70 ns 

15 - ns 

15 - ns 

5 - ns 

0 50 ns 

0 50 ns 

0 50 ns 

15 - ns 

NOTES: I !Hz and toHZ are defined as the time at which the outputs achieve the open circuit condition and are not referred 
to output voltage levels. 

2 At any given temperature and voltage condition, IHZ max is less than ILz min both for a given device and from 
device to device. 
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HM6264LP-10, HM6264LP-12, HM6264LP-15-------------------

•READ CYCLE 

tAA 

CS! 
tco1 

tLZI 

tco2 

CS2 
tLZ2 

toE 

OE 

NOTE : I) WE is high for Read Cycle 

•WRITE CYCLE 

HM6264LP-10 HM6264LP-12 HM6264LP-15 
Item Symbol Unit 

min max min max min max 

Write Cycle Time twc 100 - 120 - 150 - ns 

Chip Selection to End of Write tcw 80 - 85 - 100 - ns 

Address Setup Time IAS 0 - 0 - 0 - ns 

Address Valid to End of Write tAW 80 - 85 - 100 - ns 

Write Pulse Width twp 60 - 70 - 90 - ns 

} 
-- -~ 

5 5 CS!, WE tWRI - - 10 - ns 
Write Recovery Time 

CS2 tWR2 15 - 15 - 15 - ns 

Write to Output in High Z tWHZ 0 35 0 40 0 50 ns 

Data to Write Time Overlap tDW 40 - 50 - 60 - ns 

Data Hold from Write Time IDH 0 - 0 - 0 - ns 

OE to Output in High Z tOHZ 0 35 0 40 0 50 ns 

Output Active from End of Write tow 5 - 5 - 10 - ns 
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--------------------HM6264LP-10, HM6264LP-12, HM6264LP-15 

•WRITE CYCLE (1) (OE clock) 

- -twc 

Address 
---~ 

[4] 
OE ', '7 twR~. ''· 
~~~----~; ,_ tcw 

CS! ~~--------11........,..."~-............. t~;_-...._'.E~-?~/;-'-"'-;j 
t ~l61 tcw _;!wRg 

WE 

Dout-4--+-+-r-r--+->--+-.,.....,-+-tvw~----
tvH -

Din------------<'-.1.C~---.....:..."-"-'......_ 

•WRITE CYCLE (2) (OE Low Fix) 

1- twc 
Address ==::k-----------~'.*:~----

r tAw 

WE 

NOTES: I) A write occurs during the overlap of a low CS!, a high CS2 and a low 
WE. A write begins at the latest transition among CS! going low, CS2 
going high and WE going low. A write ends at the earliest transtion 
among CS! going high, CS2 going low and WE going high. twp is 
measured from the beginninng of write to the end of write. 

2) tcw is measured from the later of CS! going low or CS2 going high to 
the end of write. 

3) tAs is measured from the address valid to the beginning of write. 
4) twR is measured from the end of write to the address change. 

twRl applies in case a write ends at CS! or WE going high. 
twR2 applies in case a write ends at CS2 going low. 

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

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

7) Dout is the same phase of the latest written data in this write cycle. 
8) Dout is the read data of next address. 
9) If CS! is low and CS2 is high during this period, 1/0 pins are in the 

output state. Therefore, the input signals of opposite phase to the 
outputs must not be applied to them. 
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HM6264LP-10,HM6264LP-12,HM6264LP-1S~~~~~~~~~~~~~~~~~~~~ 

• LOW Vee DATA RETENTION CHARACTERISTICS (Ta= 0 to +70 °C) 

Item Symbol 

VDRl 
V cc for Data Retentioh 

VDR2 

IccDRl 

Data Retention Current 
IccnR2 

Chip Deselect to Data Retention tcDR Time 

Operation Recovery Time IR 

* Vn min= -0.3V, 20µ.A max at T0 =0-40°C 
** tRc =Read Cycle Time 

Test Condition 

CSl ~ Vcc-0.2V,CS2~Vcc-0.2Vor CS2~0.2V 

CS2 s 0.2V 
V cc= 3.0V, CS! ~ V cc - 0.2V, 
CS2 ;::: V cc - 0.2V or CS2 s 0.2V 

V cc'= 3.0V, CS2;;; 0.2V 

See Retention Waveform 

•LOW Vee' DATA RETENTION WAVEFORM 11) (CS1 Controlled) 

tcnR 
Vee--_._ __ _ 

4.5V-- --

CSl~Vcc -0.2V 

ov- -

•LOW Vee DATA RETENTION WAVEFORM (2) (CS2 Controlled) 

min typ max 

2.0 - -

2.0 - -

- 1 50* 

- l 50* 

0 - -

tRc** - -

:c::·~-~-~~-----------------~-(7--D-;f\ ~==-;~.--- C--------------
VDR2- - - --

0.4V-
CS2 ~ 0.2V 

OV- -

NOTE: In Data Retention Mode, CS2 controls the Address, WE, CSl, OE and Din 
buffer. If CS2 controls data retention mode, Vin for these inputs can be in 
the high impedance state. If CS! controls the data retention mode, CS2 
must satisfy either CS2 2' Vcc--0.2V or CS2 < 0.2V. The other input 
levels (address, WE, OE, 1/0} can be in the high impedance state. 
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Unit 

v 
v 

µ.A 

µ.A 

ns 

ns 



~~~~~~~~~~~~~~~~~~~HM6264LP-10,HM6264LP-12,HM6264LP-15 
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0.4 

~.5 

l.l 
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~. iS 5.0 5.25 

Supply Voltage Vee (V) 

fo=25°C 

SUPPLY CURRENT v •• 

FREQUENCY 

0 200ns 150n> l20n> 

5.5 

l~ 

v 1.0 

0.9 

CJ 0.8 
.5i 
c 
~ a 
u 
;., 

o.-' 

0.. 0.6 
0. 

" Cll 

~ 
v 

~ 

Frequency (MHz) 

ACCESS TIME vs. 
SUPPLY VOLTAGE 

10 

1.3~--~---.,----r------, 

~ 

'O 

" 
fo=25"C 

.!:: 1.21------+-----+----+-----+ 
Cl 
E 
c; 11 f-'t-...------j----+-----+----t 
6 ~ 
§ t--. 

1.01-----+-----=""4~--+--------j 

~ ~ 
;!. I ---" 0.9 ~----+--------j---+----""-1 
E 
~ 
~ 

~ 0.81------+------Jr----+------J 

" " < 0.7'----_...,,_ __ __. ___ ,....,. __ _,._ -
4.5 4.75 5.0 5.2:J 

Supply Voltage V cc (V) 

:;
-~ 

SUPPLY CURRENT vs. 
AMBIENT TEMPERATURE 

1.6,------,----,-----,---, 

Vcc=5.0V 

-; 1.4 t-----+-------j----+------l 
E 
Ci 
e, 1.2 t-----+------l----+------l 

(:; 
:::: l.Ot----
U ----r-----+-.5i 

0.8 t-----+------l----+------l 

0.6 t-----+------l----+------l 

0.4~--~--~---~--~ 
0 40 60 

Ambient Temperature Ta (°C) 

ACCESS TIME vs. 
LOAD CAPACITANCE 

80 

1.8,------,----,r-----.----. 

1.6 t-----+-----,t-----+------l 

1.4 t------t---------t-~.L.""'t-v-------i 
0 

~ 12 ~ 
:f. ./ Ta=2s·c 

Vcc=MIN 
0) 1.0 i"'_,/'"------l-----+---1-------1 
E 

E= 
~ 8 0.8 

" < 

~ 

'O 

" .::: 
Cl 
E 
0 

6 
0 
~ 
~ 
:f. 
" E 

E= 
~ 
~ 

" " " < 

0·6'-100 ___ 200'-----,oo'-----,oo'------'5()(1 

1.3 

1.2 

l.l 

\.o 

0.9 

0.8 

Load Capacitance c:L (pF) 

ACCESS TIME vs. 
AMBIENT TEMPERATURE 

\/cc=5.PV. 

~ 

0.7 '------'-----'----~--~ 
0 20 40 60 80 

Ambient Temperature Ta (° C) 
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HM6264LP-10,HM6264LP-12,HM6264LP-15~~~~~~~~~~~~~~~~~~~ 
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INPUT HIGH VOLTAGE 
vs. SUPPLY VOLTAGE 

fo;;:=25°C 

l--1 ---~ 
~ 

4.5 

0 

4.75 5.0 5.25 

Supply Voltage Vee (V) 

OUTPUT CURRENT vs. 
OUTPUT VOLTAGE 

) 
~ 

t v 
0.2 0.4 0.6 

Ta=2S'C 
Vee =SV 

Output Low Voltage VoL (V) 

STANDBY CURRENT vs. 
SUPPLY VOLTAGE 

Supply Voltage V cc (V) 

5.5 

0.8 



HM6264LFP-12,HM6264LFP-15-
8192-word x 8-bit High Speed Static CMOS RAM 

• FEATURES 
• High Density Small-sized Packaged 

• Projection Area Reduced to One-Thirds of Conventional DIP 

• Thickness Reduced to a Half of Conventional DIP 

• High Speed: Fast Access Time 120/150ns (max) 

• Single 5V Supply 

• Low Power Standby and Low Power Operation 

Standby: 10µW (typ.), Operation: 200mW (typ.) 

• Capability of Battery Back-up Operation 

• Completely Static RAM: No clock nor Timing Strobe Required 

• Directly TTL Compatible: All Input and Output 

• Equal Access and Cycle Time 

• BLOCK DIAGRAM 

II' <>-------jL _________ _J 

• ABSOLUTE MAXIMUM RA TINGS 

Item Symbol Rating Unit 

Terminal Voltage * VT -0.5 **to +7.0 v 
Power Dissipation PT 1.0 w 
Opera ting Tempera tu re To pr 0 to +70 QC 

Storage Temperature ~ -55to+I25 oC 
-· ··c-

-IO to +85 QC Storage Temperature (Under Bias) 7bias 

*With respect to GND. **Pulse width 50ns: -3.0V 

•TRUTH TABLE 
-- cs, T cs, T of' Mode 1/0 Pin WE 

x H x x Not Selected High Z 
-

x x L x (Power Down) High Z 

H L H H Output Disabled High Z 

H L I H L Read Dout 

L L H H 
'Write 

Din 

L L H L Din 

X: Hor L 

@HITACHI 

(FP-28) 

• PIN ARRANGEMENT 

NC 

A,, 

A, 

A, 

A, 

A, 

A, 

A, 

A, 

Vee Current 

[SB, /SBl 

!SB, /SB2 

Ice, [CCI 

Ice. /CCl 

tee, IcCI 

!CC, /CCl 

(Top View) 

Note 

Vee 

A, I 

1/0, 

1/0• 

!/O, 

l/O, 

Write Cycle (I) 

Write Cycle (2) 
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HM6264LFP-12,HM6264LFP-1S-~~~~~~~~~~~~~~~~~~~~~~~ 

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

Item Symbol min typ max Unit 

Vee 4.5 5.0 5.5 v 
Supply Voltage 

GND 0 0 0 v 

VJH 2.2 - 6.0 v 
Input Voltage 

Vn -0.3* - 0.8 v 

* Pulse Width 50ns: -3.0V 

•DC AND OPERATING CHARACTERISTICS (Vee= SV±!O%, GND = OV, Ta= 0 to +70°C) 

Item Symbol Test Condition min typ* max 

Input Leakage Current 1/LJI Vin=GND to Vee - - l 2 

Output Leakage Current lhol 
CSJ=VIH or CS2=Vn or OE=VIH or WE=VfL, 

- - 2 Vu0 =GND or Vee 

Operating Power Supply Current lee CSl=VIL, CS2=VIH, !J;o=OmA - 40 80 

Average Operating Current Iee1 Min. cycle, duty= JOO%, h;o=OmA - 60 110 

lsB CS!= VIH or CS2= Vn - I 3 

Standby Power Supply Current lsBI ** CSi~Vee-0.2V, CS2~Vee -0.2V or CS2;£0.2V - 2 100 
1--

cs2;£0.2v Isn2•• - 2 100 

Output Voltage 
VoL loL=2.lmA - - L o.4 

-- I VoH loH=-1.0mA 

* Typical limits are at Vee=5.0V, Ta=25°C and specified loading. 
** VIL min=-0.3V 

•CAPACITANCE (f= !MHz, Ta= 25°C) 

Item Symbol Test Condition typ max 

Input Capacitance Cin Vin= OV - 6 

Input/Output Capacitance e110 Vuo = ov - 8 

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

•AC CHARACTERISTICS Wee= 5V±10%, Ta= 0 to +70°C) 
•AC TEST CONDITIONS 

Input Pulse Levels: 0.8 to 2.4V 
Input Rise and Fall Times: 10ns 
Input and Output Timing Reference Level: 1.5V 
Output Load: lTTL Gate and CL= 100pF (including scope and jig) 

• READ CYCLE 

Unit 

pF 

pF 

HM6264LFP-12 
Item Symbol 

min max 
Read Cycle Time tRe 120 -

2.4 - -

HM6264LFP-15 
min max 

150 -

Unit 

µA 

µA 

mA 

mA 

mA 

µA 

µA 

v 

v 

Unit 

ns 
- 120 

120 
_A_d_d_re_s_s_A_c_ce_s_s_T_im_e ____ ~--~--~~~__,c------+-----+-----+-------t----

} CSl te01 

- 150 ns 

150 
Chip Selection to Output 

Output Enable to Output Valid 

Chip Selection to Output 
in Low Z l 
Output Enable to Output in Low Z 

Chip Deselection to Output 
in High Z } 
Output Disable to Output in High Z 

Output Hold from Address Change 

-

CS2 te02 -

toE -

CS! tLZl 10 
CS2 tLz2 10 

toLZ 5 
CS! tHzl 0 

CS2 tHz2 0 

toHZ 0 

toH 10 

- ns 

120 - 150 ns 

60 - 70 ns 
- 15 - ns 
- 15 - ns 
- 5 - ns 
40 0 50 ns 

40 0 50 ns 

40 0 50 ns 
- 15 - ns 

NOTES: 1 tHz and toHz are defined as the time at which the outputs achieve the open circuit condition and are not referred 
to output voltage levels. 
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2 At any given temperature and voltage condition, tHZ max is less than tLz min both for a given device and from 
device to device. 
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•READ CYCLE 

tAA 

CS! 
tco1 

tLZI 

tco2 

CS2 
tLZ2 

foE 

OE 
toLZ 

NOTE: 1) WE is high for Read Cycle 

• WRITE CYCLE 

Symbol 
HM6264LFP-12 HM6 264 LFP-15 

Item Unit 
min max min max 

Write Cycle Time twc 120 - 150 - ns 

Chip Selection to End of Write tcw 85 - 100 - ns 

Address Setup Time tAs 0 - 0 - ns 

Address Valid to End of Write tAW 85 - 100 - ns 

Write Pulse Width twp 70 - 90 - ns 

L CS!, WE twRI 5 - 10 - ns 
Write Recovery Time 

l CS2 twR2 15 - 15 - ns 

Write to Output in High Z twHZ 0 40 0 50 ns 

Data to Write Time Overlap tvw 50 - 60 - ns 

Data Hold from Write Time tDH 0 - 0 - ns 

OE to Output in High Z toHZ 0 40 0 50 ns 

Output Active from End of Write tow 5 - 10 - ns 
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HM6264LFP-1 2, HM6264LFP-15 

•WRITE CYCLE (1) (OE clock) 

i- ------- - twc ----- ~ 

Address =--=x:. _______ ___JX 
- [4] ,'----

WE 

tvw--t-v_H ____ _ 

Din---------<,J~ ___ ...L6L;.2:... 

•WRITE CYCLE (2) (OE Low Fix) 

twc 

[ tcw[2] - - twRJ [4] 

CS2 !//&Z/Zl t\\-{\\\\\\\ _ r ~l!:R~ (4) 
WE I Y\ r-twp[l]----}~-1----

rtAs[3]--l'I \~ ~ -ton-j 
~ [5] f---fWHZ f-.tow~ 

Dout-) )-) -) )-)-) ~) )-)-) )-)-) ~ I ,~ 
1-tvw+tvnJ i [9J I 

Din ill ~ )} ))@ 

NOTES: 1) A write occurs during the overlap of a low CS!, a high CS2 and a low 
WE. A write begins at the latest transition among CS! going low, CS2 
going high and WE going low. A write ends at the earliest transtion 
among CS! going high, CS2 going low and WE going high. twp is 
measured from the beginninng of write to the end of write. 

2) tcw is measured from the later of CSl going low or CS2 going high to 
the end of write. 

3) t AS is measured from the address valid to the beginning of write. 
4) twR is measured from the end of write to the address change. 

twRl applies in case a write ends at CS! or WE going high. 
twR2 applies in case a write ends at CS2 going low. 

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

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

7) Dout is the same phase of the latest written data in this write cycle. 
8) Dout is the read data of next address. 
9) If CS! is low and CS2 is high during this period, 1/0 pins are in the 

output state. Therefore, the input signals of opposite phase to the 
outputs must not be applied to them. 
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• LOW Vee DATA RETENTION CHARACTERISTICS (Ta= 0 to +70 °C) 

Item Symbol 

VDR1 V cc for Data Retention 
VDR2 

IccvR1 
Data Retention Current 

IccvR2 
Chip Deselect to Data Retention tcDR Time 

Operation Recovery Time tR 

*VIL min= -0.3V, 20µ.A max at T0 =0-40°C. 
** tRc =Read Cycle Time 

Test Condition 

CS 1 ~ V cc - 0.2V, CS2 ~ V cc - 0.2V or CS2~0.2V 
CS2 <:: 0.2V 
v cc-:, 3.ov,c·s1 ~ v cc - o.2v, 
CS2 ~ V cc - 0.2V or CS2 ~ 0.2V 

V cc= 3.0V, CS2 ~ 0.2V 

See Retention Waveform 

•LOW Vee DATA RETENTION WAVEFORM 11) (CS1 Controlled) 

Vcc~~-+-~~-. 

4.SV-- --

CSl~Vcc -0.2V 

ov - - - - - - - - - - - - - - - - - - - -- - - - - - - - - -- - - - - - -- - -

•LOW Vee DATA RETENTION WAVEFORM (2) (CS2 Controlled) 

0.4V - - -- - - - - -
CS2 ~ 0.2V 

ov- - -- - - - - - - - - - - - - - - -

NOTE: In Data Retention Mode, CS2 controls the Address, WE, CS!, OE and Din 
buffer. If CS2 controls data retention mode, Vin for these inputs can be in 
the high impedance state. If CS! controls the data retention mode, CS2 
must satisfy either CS2 ~ Vcc--0.2V or CS2 <:: 0.2V. The other input 
levels (address, WE, OE, I/O)can be in the high impedance state. 

@HITACHI 

min typ max Unit 

2.0 - - v 

2.0 - - . v 
- l 50* µ.A 

- I 50* µ.A 

0 - - ns 

tRc** - - ns 
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HM6287P /HM6287CG Series 

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

• FEATURES 
•High Speed: Fast Access Time 55/70ns (max.) 

• Low Power.Standby and Low Power Operation 
Standby: 0.1mW (typ.): Operation: 300mW (typ.) 

• Single 5V Supply 
• Completely Static Memory 

No Clock or Timing Strobe Required 
• Equal Access and Cycle Time 
• Directly TTL Compatible: All Inputs and Output 

• BLOCK DIAGRAM 

+-\ 

\1f'mur1 _'\rra1 

128 . 512 

[) i c ·-----t(]- Column Ii() 

• ABSOLUTE MAXIMUM RATINGS 
Item Symbol Rating 

Voltage on Any Pin* Vr -0.5 to +7.0 
Power Dissipation PT 1.0 
Operating Temperature Topr 0 to +70 
Storage Temperature** Tstg -65 to +150 
Temperature Under Bias Tbias -10 to +85 
*with respect to GND. VT min= -3.5V (Pulse width 20ns) 

** -55 to +!25°C for Plastic DIP 

Unit 

v 
w 
oc 
oc 
oc 
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Under Development 

HM6287P-55, HM6287P-70 

(DP-22A) 

HM6287CG-55, HM6287CG-70 

(CG-22) 

• PIN ARRANGEMENT 
• HM6287P Series 

(Top View) 

• HM6287CG Series 
A2 A1 Ao \/cc A1s 

I 0 I I 21 I I 1" I 211 
I 11 11 I 1 1 I I ... _ ...... _ _, I 1 I .. _ ... L_J 

l_J 

r-1 r-1 r-1 r-, ,.-, 

Lui i 11 1 /i,1 l13l :1,l 
WE GND CS Drn As 

(Top View) 



HM6287LP Series 
Under Development 

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

• FEATURES 
• High Speed: Fast Access Time 55/70ns (max.) 
• Low Power Standby and Low Power Operation 

Standby: 10µW (typ.), Operation: 300mW (typ.) 
• Capability of Battery Back-up Operation 
• Single 5V Supply 
• Completely Static Memory 

No Clock or Timing Strobe Required 
• Equal Access and Cycle Time 
• Directly TTL Compatible: All Inputs and Output 

• BLOCK DIAGRAM 
(DP-22A) 

_,. • PIN ARRANGEMENT 

~lemon .-'\rra\ 

128 512 

Din Column 1-'0 

Column llf'coder 
cs 

l ffi~A .\.A. \\'E 

• ABSOLUTE MAXIMUM RATINGS (Top View) 

Item Symbol Rating Unit 
Voltage on Any Pin* Vr -0.5 to +7.0 v 
Power Dissipation Pr 1.0 w 
Operating Temperature Topr 0 to +70 oc 
Storage Temperature Tstg -55to+l25 oc 
Temperature Under Bias Tbias -10 to +85 oc 

*with respect to GND. Vr min= -3.SV (Pulse width 20ns) 
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HM65256P Series 

32768-word x 8-bit High Speed Pseudo Static CMOS RAM 

The HM65256P is a 32,768-words x 8-bits, high speed, pseudo static 

CMOS Random Access memory. 
This new breed of pseudo static RAM utilizes H ITACH l's double

layers CMOS technology and advanced circuit techniques for high 
performance and high functional density. 

The HM65256P is offered in a standard 600 mil 28 pin dual-in-line 
plastic package, and guaranteed for operation from 0°C to 70°C at 

the condition of 5-V single power supply with ±10% tolerances. 

All inputs and outputs are compatible with high performance logic 

families, such as Schottky TTL. 
As for refresh functions, including address refresh, refresh control 

function available on 22 pin provides automatic and self-refresh 
modes. 

• FEATURES 
• Organized as 32768-words x 8-bits 
• Single 5V Power Supply 
• High Speed · · · · · Access Time 150/200ns (max). 
• Control on Pin-22 for automatic and self reflesh 
• Equal access and cycle time 
• All inputs and outputs TTL compatible 

• 22 pin function 
cs OE/RF SH 

H RFSH 

L OE 
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Under Development 

(DP-28) 

• PIN ARRANGEMENT 

(Top View) 



1 

MOS DYNAMIC RAM~ 
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HM48416AP-12, HM48416AP-15 
HM48416AP-20 
16384-word X 4-bit Dynamic Random Access Memory 

• FEATURES 
• 16384-word x 4-bit Organization 
• Single 5V (±10%) 
• Low Power; 303mW Active, 20mW Standby 
• High speed: Access Time 120ns/150ns/200ns (max) 
• Page mode capability 
• Output data controlled by CAS, OE 
• TTL compatible 
• 128 refresh cycles (A0 ~ A6 , 2ms) 

• BLOCK DIAGRAM 

WE 

FiAS 

CAS 

R W Clock 
Generator 

RAS Clock 
Generator 

CAS Clock 
Generator 

. 
" 0 

Memor ~ 
Array 

• ABSOLUTE MAXIMUM RATINGS 
Item Symbol 

Voltage on any pin relative to V ss VT 
Supply Voltage relative to V ss Vee 
Short Circuit Output Current lout 

Power Dissipation PT 
Operating Temperature Tapr 

Storage Temperatue Tstg 

---+i1oi Generatorj 

Value 

-1.0 to +7.0 

-1.0 to +7.0 

50 

1.0 

0 to +70 

-55to+125 

Unit 

v 
v 

mA 

w 
oc 
oc 

• RECOMMENDED DC OPERATING CONDITIONS (Ta=O to +70°C) 

Item Symbol min typ max Unit 

Vee 4.5 5.0 5.5 v 
Supply Voltage 

Vss 0 0 0 v 
V1H 2.4 - 6.5 v 

lnpu t Voltage 
Vn -1.0 0.8 v -

Note All voltages referenced to V SS· 
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HM48416AP-12, HM48416AP-15, 
HM48416AP-20 

(DP-18) 

• PIN ARRANGEMENT 

(Top View) 

AO-A7 Address lnpu ts 

CAS Column Address Strobe 

1/01-1/04 Data In/Data Out 

OE Output Enable 

RAS Row Address Strobe 

WRITE Read/Write Input 

Vee Power (+5V) 

Vss Ground 



------------------HM48416AP-12, HM48416AP-15, HM48416AP-20 

• DC ELECTRICAL CHARACTERISTICS (Ta=O to 70°C, v cc=5V±10%, v ss=OV) 

HM48416AP HM48416AP HM48416AP 

Paramater Smbol -12 -15 -20 Unit Notes 
min max min max min max 

Operating Current (RAS, CAS Cycling: IRc=min) Icc1 - 60 - 55 - 45 mA 1, 2 

Standby Current (RAS=V1H, Dout=High Impedance) Icc2 - 3.5 - 3.5 - 3.5 mA 

Refresh Current (RAS Cycling, CAS=V1H, IRc=min) Icc3 - 42 - 38 - 33 mA 2 

Standby Current (RAS=V1H, Dout Enable) Ices - 5.5 - 5.5 - 5.5 mA 1 

Page Mode Current (RAS=Vn, CAS Cycling; tpc=min) Icc6 - 42 - 38 - 33 mA 1, 2 

Input Leakage (0< V;n <6.5V) Iu -10 10 -10 10 -10 10 µA 

Output Leakage (Dout is disabled, 0 < Vout< 5.5V) !Lo -10 10 -10 10 -10 10 µA 

Output Levels High Uou1=-5mA) VoH 2.4 Vee 2.4 Vee 2.4 Vee v 
Output Levels Low Uout=4.2mA) VoL 0 0.4 0 0.4 0 0.4 v 

Notes) 1. Ice depends on output loading condition when the device is selected, Ice max is specified at the output open 
condition. 

2. Current depends on cycle rate: maximum current is measured at the fastest cycle rate . 

• CAPACITANCE (Vcc=SV±10%, Ta=25°C) 
Parameter Symbol typ max 

Address Cinl - 5 
Input Capacitance 

RAS, CAS, WRITE, OE C;n2 - 10 

Output Capacitance Data In/Data out C110 - 10 

Notes) 1. Capacitance mesured with Boonton Meter or effective capacitance measuring method. 

2. CAS=V1H to disable Dout. 

Unit 
pF 
pF 
pF 

• ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Ta=O to 70°C, Vcc=SV±10%, Vss=OV)1 >· 10> 

HM48416AP-12 HM48416AP-15 HM48416AP-20 
Parameter Symbol Unit 

min mas min max min max 

Random Read or Write Cycle Time tRc 230 - 260 - 330 - ns 

Read-Write Cycle Time tRwc 320 - 360 - 450 - ns 

Page Mode Cycle Time tpc 130 - 145 - 190 - ns 

Access Time from RAS fRAC - 120 - 150 - 200 ns 

Access Time from CAS fCAC - 60 - 75 - 100 ns 

Output Buffer Turn-off Delay referenced to CAS toFFl - 35 - 40 - 50 ns 

Transition Time (Rise and Fall) tr 3 35 3 35 3 50 ns 

RAS Precharge Time tRP 100 - 100 - 120 - ns 

RAS Pulse Width IRAS 120 10000 150 10000 200 10000 ns 

CAS Pulse Width fcAS 60 10000 75 10000 100 10000 ns 

RAS to CAS Delay Time fRcD 25 60 25 75 30 100 ns 

RAS Hold Time IRSH 60 - 75 - 100 - ns 

CAS Hold Time tcsH 120 - 150 - 200 - ns 

CAS to RAS Precharge Time fcRP -10 - -10 - -10 - ns 

Row Address Set-up Time fASR 0 - 0 - 0 - ns 

Row Address Hold Time IRAH 15 - 15 - 20 - ns 

Column Address Set-up Time tAsc 0 - 0 - 0 - ns 

Column Address Hold Time (CAH 20 - 25 - 30 - ns 

Column Address Hold Time referenced to RAS fAR 80 - 100 - 130 - ns 

Write Command Set-up Time twcs 0 - 0 - 0 - ns 

Write Command Hold Time twcH 40 - 45 - 55 - ns 

Notes 
1 
1 

1, 2 

Note 

2, 3 

3,4 

5 

6 

7 

8 

(to be continued) 
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HM48416AP-12, HM48416AP-15, HM48416AP-20-----------------

Parameter 
HM48416AP-12 HM48416AP-15 HM48416AP-20 

Unit Note Symbol 

Write Command Hold Time refferenced to -- twcR RAS 

Write Command Pulse Width twp 
Write Command to RAS Lead Time tRWL 
Write Command to CAS Lead Time tcwL 
Data-in Set-up Time tvs 

Data-in Hold Time fDH 

Data-in Hold Time refferenced to RAS tDHR 
Read Command Set-up Time tRcs 

Read Command Hold Time refferenced to 
tRCH 

CAS 

Read Command Hold Time refferenced to 
-- tRRH RAS 

Refresh Period tREF 

CAS to WE Delay Time !c_wv 
RAS to WE Delay Time tRWD 
CAS Precharge Time (for Page-mode 

Cycle Only) tcp 

CAS Precharge Time tcPN 
RAS Precharge to CAS Hold Time tRPC 
Access Time from OE toAc 

Output Buffer Turn-off Delay refferenced 
toFF2 to OE 

-
OE to Data-in Delay Time tovv 

Notes: 
1. AC measurements assume tT = 5ns. 
2. Assumes that tRcD ~ tRcD (max). If tRcD is greater 

than the maximum recommended value shown in this 
table, tRAC exceeds the value shown. 

3. Measured with a load circuit equivalent to 2TTL loads 
and lOOpF. 

4. Assumes that tRcD ~ tRcD (max). 
5. toFFl (max) and toFF2 (max) define the time at 

which the output achieves the open circuit condition. 
6. V1H (min) and VIL (max) are reference levels for 

measuring timing of input signals. Also, transition times 
are measured between v1H and VIL. 

7. Operation within the tRCD (max) limit insures that 
tRAc(max) can be met, tRcD (max) is specified as a 
reference point only; if tRcD is greater than the spe
cified tRcD (max) limit, then access time is controlled 
exclusively by tcAC· 

8. twcs. tcwv and tRwD are not restrictive operating 
parameters. 

min 

100 

40 
40 

40 

0 

40 

100 

0 

0 

10 

-
105 

165 

60 

35 

0 
-

-

35 

max min max min max 

- 120 - 155 - ns 

- 45 - 55 - ns 
- 45 - 55 - ns 
- 45 - 55 - ns 

- 0 - 0 - ns 9 

- 45 - 55 - ns 9 

- 120 - 155 - ns 
- 0 - 0 - ns 

- 0 - 0 - ns 

- 10 - 10 - ns 

2 - 2 - 2 ms 
- 125 - 160 - ns 8 
- 200 - 260 - ns 8 

- 60 - 80 - ns 

- 40 - 50 - ns 
- 0 - 0 - ns 
35 - 40 - 50 ns 3 

35 - 40 - 50 ns 5 

- 40 - 50 - ns 11 

They are included in the data sheet as electrical charac
teristics only; if twcs ~ twcs (min), the cycle is an 
early write cycle and the data output pin will remain 
open circuit (high impedance) throughout the entire 
cycle; if tcwv ~ tcwv (min) and tRwD ~ tRwD (min) 
the cycle is a read-write cycle and the data output will 
contain data read from the selected cell; if neither of the 
-above sets of conditions is satisfied, the condition of the 
data out (at access time) is indeterminate. 

9. These parameters are referenced to CAS leading edge in 
early write cycles and to WE leading edge in delayed 
write or read-modify-write cycles. 

10. An initial pause of 1 OOµs is required after power-up 
followed by a minimum of 8 initialization cycles. 

11. In delayed write or read-modify-write cycles, OE must 
disable output buffers prior to applying data to the 
device. 
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-----------------HM48416AP-12, HM48416AP-15, HM48416AP-20 

• TIMING WAVEFORMS 

• Read Cycle RAS ___ ,t---------- fRc----------

<--------- lRAs-------1 

fRP 

tr 
'-----tRSH---.., 

tRcD---'---- lCAS tcRP 

>-------+- tcsH------1 

lASR icPN 

l-----f AR-4---4----1 

lRAH 

Address 

IRCS 

WRITE 

lRRH 
ICAC 

OPEN 
1/0-----1----------~ 

1------fRAC------1 

-+---I- lOFF2 
IOAC -f--1-o---

OE------------~ 

• Early Write Cycle 

!--------- lRAs-------J 

lRCD---'----lcAS 

1-------+tcsH------I CAS ___ ...._. ____ _, 

lASR 

'"----IAR-4---4---1 

Address 

1/0 

lCAH 

._ _ _._._ tcwL-----
1------1---1--tRwL------I 

,__ _ _._.__twp,----~ 

@HITACHI 

* c::::::::J: Don't care 

* OE : Don 'I care 
c::::::::J : Don't care 
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HM48416AP-12,HM48416AP-15,HM48416AP-20-~~~~~~~~~~~~~~~~~ 

• Delayed Write Cycle 
1-----------tRc--------~ 

'-------- lRAs-------+-1 

tncv--'----tcAs 

tASR 

Address 

---'----'-- tovv 

OE--------' * C=:J : Don't care 

• Read Modify Write Cycle 

RAS 

lRCD- lCAS 

>-----'-tcsH _____ .,.. 
CAS---~,__ __ _.. in------~ 

Address 

OE--------

* C=:J: Don't care 
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------------------HM48416AP-12, HM48416AP-15, HM48416AP-20 

• Page Mode Read Cycle 

RAS 

i------tcsH-----1 

----lRAt -----! 

f--_tc4c 

OPEN 
110-------------< 

OE-----------. 

• Page Mode Write Cycle 

le Rf' 

t H.Cll-+->----;---

,__, __ --T-li<kll 

* c:=:J : Don't care 

RAS C------------------lH.4'-;-----------------.; 

f( RI' 

Address 

I:O 

lDHR 

* c::J : Don't care 
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HM48416AP-12,HM48416AP-15,HM48416AP-20~~~~~~~~~~~~~~~~~~ 

• RAS Only Refresh Cycle 

1------------IRC--------___,>< 

lRAS 

i------IRp-----i 

--------<-~lRPC 

-,:-'"" '"""]--Address )<!..__ ROW =::}< 

198 

OPEN 
1/0~~~~~~~~~~~~~~~~~~~~~~·~~~~~~~~~~~~~~~ 

@HITACHI 

*OE, WE: Don't care 
C:::J : Don't care 



HM4864-2, HM4864-3----
HM4864P-2, HM4864P-3 
65536-word x 1-bit Dynamic Random Access Memory 

The HM4864 is a 65,536-words by 1-bit, MOS random access 
memory circuit fabricated with HITACHl'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 1/0 capability, two dimensional chip selection. and 
extended page boundaries (when operating in page mode). 

•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 Vss generator 
• Low Power; 330 mW active. 20 mW standby (max) 

• The inputs TTL compatible, low capacitance, and protected 
against static chqrge 

• 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 "early write" operation 
• Read-Modify-Write, RAS-only refresh, and Page-mode capability 
• 128 refresh cycle 

@HITACHI 

HM4864-2, HM4864-3 

IDG-!6A 

HM4864P-2. HM4864P-3 

(DP-16) 

• PIN ARRANGEMENT 

(Top View) 

Ao-A, Address Inputs 

CAS Column Address Strobe 

Oin Data In 

Dout Data Out 

RAS Row Address Strobe 

WE Read/Write Input 

Vee Power (+5V) 

V SS Ground 

Ao-Ab Refresh Address Input 
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HM4864-2, HM4864-3, HM4864P-2, HM4864P-3-------------------

•FUNCTIONAL BLOCK DIAGRAM 

Din 

Dout 

• ABSOLUTE MAXIMUM RATINGS 
Voltage on any pin relative 
to Vss . . . . . . . . . . . . . -1.0to+7V 
Operating Temperature, Ta 
(Ambient) .............. 0 to +70°C 
Storage Temperature 
(Ambient) ........ -65 to +150°C (Cerdip) 

-55 to +125°C (Plastic) 
Short-circuit Output Current 50 mA 
Power Dissipation . . . . . . . . 1 W 

• RECOMMENDED DC OPERATING CONDITIONS ( Ta=O to +70°C) 

Parameter Symbol min typ max Unit Notes 

Vn 4. 5 5 .0 5. 5 v 
Supply Voltage I 

Vss 0 0 0 v 
Input High Voltage Vrn 2 4 - 6. 5 v I 

Input Low Voltage Vic -·I 0 - o. 8 v I 

•DC ELECTRICAL CHARACTERISTICS ( Ta=O to +70°C, Vcc=5V±l0%, Vss=OV) 

Parameter Symbol min max Unit ~otes 

OPERATING CURRENT 
Icr 1 - 60 mA 2, 4 Average Power Supply Operating Current I RAS, CAS Cycling; I Re~ min. 1 

-
STANDBY CURRENT 

-- !ff.' - 3. 5 mA 2 Power Supply Standby Current I RAS~ Vi,,, Dout ~High Impedance 1 

REFRESH CURRENT 
Average Power Supply Current, Refresh Mode lco - 45 mA 2, 4 
(RAS Cycling, CAS ~ Vi,,; I Re~ min.) 

PAGE MODE CURRENT 
Average Power Supply Current, Page-mode Operation [,'' - 45 mA 2, 4 
(RAS~V,,.CAS Cycling;/pc~min.I 

INPUT LEAKAGE 
Input Leakage Current, any Input 1 v., ~o to +6.5V, all other pins not lu -10 10 µA 
under test = 0 V ) 

OUTPUT LEAKAGE 
lw -10 10 µA 3 Output Leakage Current IDout is disabled, v'"' = 0 to +5.5\'l 

OUTPUT LEVELS 
VoH 2 4 v,,- \' 

Output High (Logic I) Voltage (I,.,~ -5mA) 
V(!L 0 0. 4 \' 

Output Low (Logic O' Voltage (L, ~4.2mA I 

NOTES 
I. All voltages referenced to V SS· 
2. Ice depends on output loading condition when the device is selected. Ice max. is specified at the output open condition. 
3. !Lo consists of leakage current only. 
4. Current depends on cycle rate: maximum current is measured at the fastest cycle rate. 

•AC ELECTRICAL CHARACTERISTICS 

Parameter Symbol typ max 

Input Capacitance (A,-A,,Dinl C."1 - 7 
Input Capacitance (RAS,CAS,WE) c.,' - 10 

Output Capacitance (Dout) c. .. - 7 

NOTES 
I. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. CAS = VIH to disable DouT· 
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Unit '.\otes 

pF I 

pF I 

pF I, 2 



~~~~~~~~~~~~~~~~~~HM4864-2,HM4864-3,HM4864P-2,HM4864P-3 

• ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS ii. 2: 

(Ta~O to +70°C, Vcc~5V±l0%, Vss~OV) 

Parameter Symbol 

Random Read or Write Cycle Time f Rc 

Read.Write Cycle Time lRwc 

Page Mode Cycle Time lee 

Access Time from RAS f RAC 

Access Time from CAS fcAC 

Output Buffer Turn-off Delay loFF 

Transition Time (Rise and Fall) Ir 

RAS Precharge Time t,p 

RAS Pulse Width IRAS 

RAS Hold Time fRSll 

CAS Pulse Width le AS 

CAS Hold Time fcsH 

RAS to CAS Delay Time lRcD 

CAS to RAS Precharge Time fLRf' 

Row Address Set-up Time IASR 

Row Address Hold Time fRAH 

Column Address Set-up Time l11sc 

Column Address Hold Time fcAH 

Column Address Hold Time referenced to RAS 1., 

Read Command Set-up Time lRcs 

Read Command Hold Time l11.CH 

Write Command Hold Time fwrn 

\\'rite Command Hold Time referenced to RAS lwrR 

Write Command Pulse Width lwe 

\\'rite Command to RAS Lead Time fRWl, 

Write Command to CAS Lead Time lrwi 

Data·in Set-up Time f {JS 

Data·in Hold Time I"" 
Data·in Hold Time referenced to RAS lnHR 

CAS Precharge Time (for Pa~e-mode Cycle Only I l Ci-' 

Refresh Period 111.u 

Write Command Set up Time twn 

CAS to WE Delay lr·wv 

RAS to WE Delay fRwv 

RAS Precharge to CAS Hold Time f11.pr 

NOTES 
1. AC measurements assume tr; Sns. 
2. 8 cycles are required after power-on or prolonged 

periods (greater than 2ms) of RAS inactivity before 
proper device operation is achieved. Any 8 cycles 
which perform refresh are adequate for this purpose. 

3. V1H (min) and VIL (max) are reference levels for 
measuring timing of input signals. Also, transition 
times are measured between V1H and VJL-

4. Assumes that tRcD ~ tRCD (max). If tRcD is greater 
than the maximum recommended value shown in this 
table tRAC exceeds the value shown. 

5. Assumes that tRcD ~ tRcD (max). 
6. Measured with a load circuit equivalent to 2TTL loads 

and 100 pF. 
7. toFF (max) defines the time at which the output 

achieves the open circuit condition and is not refer
enced to output voltage levels. 

8. Operation with the IRCD (max) limit insures that 

T 

HM4864-2/P-2 HM4864-3/P-3 
Unit Notes 

min max min max 

270 - 335 - ns 

270 - 335 - ns 

170 - 225 - ns 

- 150 - 200 ns 4, 6 

- 100 - 135 ns 5, 6 

0 40 0 50 ns 7 

3 35 3 50 ns 3 

100 - 120 - ns 

150 10000 200 10000 ns 

100 - 135 - ns 

100 - 135 - ns 

150 - 200 - ns 

20 50 25 65 ns 8 

-20 - -20 - ns 

0 - 0 - ns 

20 - 25 - ns 

--10 - -IO - ns 

45 - 55 - ns 

95 - I20 - ns 

0 - 0 - ns 

0 - 0 - ns 

45 - 55 - ns 
--

95 - I20 I - ns 

45 - 55 - ns 

45 - 55 - ns 

45 - 55 - ns 

0 - 0 - ns 9 

45 - 55 - ns 9 

95 - I20 - ns 

60 - 80 - ns 

- 2 - 2 ms 

-20 - -20 - ns 10 

60 - 80 - ns IO 

IIO - I45 - ns 10 

0 - 0 - ns I 

tRAC (max) can be met, IRCD (max) is specified as a 
reference point only; if IRCD is greater than the 
specified IRCD (max) limit, then access time is 
controlled exclusively be tcAC· __ 

9. These parameters are reference to CAS leading edge in 
early write cycles and to WE leading edge in delayed 
write or read-modify-write cycles. 

10. twcs tcwD and tR WD are not restrictive operating 
parameters. They are included in the data sheet as 
electrical characteristics only: if t wcs ~ twcs (min), 
the cycle is an early write cycle and the data out pin 
will remain open circuit (high impedance) throughout 
the entire cycle; if tcwo ~ tcwD (min) and tR WD ~ 
tR WD (min),the cycle is a read/write and the data 
output will contain data read from the selected cell; if 
neither of the above sets of conditions is satisfied the 
condition of the data out (at access time) is indeter
minate. 
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HM4864-2,HM4864-3,HM4864P-2,HM4864P-3~~~~~~~~~~~~~~~~~~ 

•TIMING WAVEFORMS 

•READ CYCLE 

!\AS 
v .. 

'" 
CAS v,. 

v,, 

Addrtu Vi11 

'" WE v .. 

'" o .. , v .. 
Voe 

•WRITE CYCLE 

f------------tRc-------------< 

----------tit( ____________ __, 

>----------ICSH---------< 

v,. ---...,,[_ >---------IRAS-------< _,,r-----..i_ 
RAS 

Va 

m v,. 
Va 

"' Address 

'" 
v,. 

WI 

'" 

"' o,. 
Vit 

Dout v .. 
Voe -----------~'Open---------------~ 

•READ-WRITE/READ-MODIFY-WRITE CYCLE 

-----------/1111(-------------< 
t----------U ~H-----------1 

RAS 
v,. 

~I I[ 

ffi \/111 
---+--111~11-----< 

~· JL 

'" Address 

'" 
v,. 

WE 
~' ll 

Dout '" Voe 

"' Din 

'" 
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~~~~~~~~~~~~~~~~~~HM4864-2,HM4864-3,HM4864P-2,HM4864P-3 

•"RAS-ONLY" REFRESH CYCLE 

i-------11c·--------------,,!._ ~----tllAS•---- J.----,[ 

'" 
Address 

__ ''__,,"))-

Do•t --------------OP'"-------------~ 

•PAGE MODE READ CYCLE 

>--------------111c-----------------.; 

'"------------t11AS-------------~ 

RA'S V11t 

\."11. 

CAS 
v,. 
1.'tL 

Aajre,, 
i'JH 

\.'11 

WE 
\.

1/H 

\/11 

\.'nH 
Dout \ioL 

•PAGE MODE WRITE CYCLE 

iW\ VtH 

VtL 

CAS VtH 
Vil 

Vt. 
Address 

Vu 

iVE 
v,. 
VtL 

Din 
v,. 
V1t 
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HM4864-2,HM4864-3,HM4864P-2,HM4864P-3~~~~~~~~~~~~~~~~~~ 

• TYPICAL CHARACTERISTICS 

ACCESS TIME 

204 

vs. SUPPLY VOLTAGE 

Ta=2o·c 

l.l l--~-....... -+----1-----+----t 

LO i------t-~~----t----l 
~ 

~ U.9 l-----+----1-----+----t 

< _s 

·-

8-
~ 

0 

l 

0 

8" 

5<1 

40 

30 

'" 

10 

4.0 4.5 5.0 5.5 

Supply Voltage \/cc (VJ 

SUPPLY CURRENT 

vs. SUPPLY VOLTAGE 

7'11=20'( '" 

4.0 4.5 5.n 5.5 

Supply Voltage Vee (V1 

SUPPLY CURRENT 

vs. CYCLE RATE 

6.0 

b.0 

5Uc----"""T""------,c----..,----, 

\'cc=S.5\' 
Ta=20'C 

40~---+-----11-----+-~----t 

~ 301-----+----r,.<----+------t 

10'-----'----'------'------' 
n 

Cycle Rate(l/l11c) (MHz) 
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ACCESS TIME 
vs. AMBIENT TEMPERATURE 
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~~~~~~~~~~~~~~~~~~HM4864-2,HM4864-3,HM4864P-2, HM4864P-3 

SUPPLY CURRENT 

vs. AMBIENT TEMPERATURE 

ll'----'----....1...----'-----' 
-2.1 ill 411 71l ]IHI 

Ambient Temperature Ta \°C) 

SUPPLY CURRENT 

vs. AMBIENT TEMPERATURE 
so~--~---~---~---

Vcr=5.SV 

401-----1-----+----+----

;:; -~ 10 r--=1---=-t;;::::::::'._'J."::.:_:n«ons -- __ ,_ ____ ,,__ -
--:ri11 

0 '° r----1+--=--r-=:::t:::::-:--i 
--'101l 

"' 
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~ 

"' 
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-:?0 10 40 70 
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\00 
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:?II 
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SUPPLY CURRENT 

vs. SUPPLY VOLTAGE 
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HM4864-2, HM4864-3,HM4864P-2,HM4864P-3~~~~~~~~~~~~~~~~~~ 

> 
~ 
j 

-
q 
:; 

~ .. 
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-
u 
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SUPPLY CURRENT 

vs. CYCLE RATE 
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INPUT LEVEL 
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~~~~~~~~~~~~~~~~~~HM4864-2,HM4864-3,HM4864P-2, HM4864P-3 

RAS 1 C4.S Cvcle Long RAS'CAS Cyde RAS Only Cycle 

~nle \" =5 ll\. fo=Lil'C 

•APPLICATION INFORMATION 

•POWER ON 
An initial pause of 500 µs 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 Ucci requirement of the HM4864 during 
power on is, however, dependent upon the input levels {RAS, 
CAS) and the rise time of Vee. as shown in Fig. 1. 

•READ CYCLE 
A read cycle begins with addresses stable and a negative going 
transition of RAS. The time delay between the stable address 
and the start of RAS-on is controlled by parameter tAsR . 
Following the time when RAS reaches its low level, the row 
address must be held stable long enough to be captured. This 
controlling parameter is tRAH. 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 tRcD. The 
basic limit on the CAS leading edge is that CAS can not start 
until the column address is stable, and this is controlled by 
parameter tAsC. The column address must be held stable long 
enough to be captured. The controlling parameter is tcAH· 
Note that tRcD (max) is not an operating limit of the 
HM4864 though its specification is listed on the data sheets. If 
CAS becomes on later than tRcD (max), the access time from 
RAS will be increased by the time which tRco exceeds tRco 
(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-tRAc-is the. time from RAS-on 
to valid Dout. 

-

-;: 

,II 
> 

I"• 

,,, 

15 

1 10 

f'•g~ Mode Cycle 

lZ1 

HA~.C-\S= r" 

]{I 20 30 "' 
THTll' I/IS 

RAs.cAs = Vs s 

/ 

t RAS.Us= ~·re 

IOO 200 3011 '°" 
/,(Vee rise !1!!ll') =!OOus 

The minimum value of tRAC is derived as the sum of tRcD 

(max) and tcAC· Fig.1 Ice vs. Vee during power up. 
The selected output data is held valid internally until CAS 
becomes high, and then Dout pin becomes high impedance. 
This parameter is toFF. 
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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 twp. The time 

required to capture write data in a latch is called 

toH. This cycle is called an "early write". 

• 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. 

AO to A6 are refresh address pin compatible with 

standard 16K RAM (HM4716A, HM4816A). During 

refresh, either V 1 L or V 1 H is permitted for A 7. 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 lcc3 specifica

tion. 

• PAGE MODE 
Page mode operation allows faster successive memo-

Read Write cycle-This cycle starts as a read cycle, ry operations at multiple column locations of the 

but as soon as the device specification is met, a same row address with increased speed. 

write cycle is initiated. This is done by strobing the row address into the 

WE and Din are delayed until after Dout. This cycle chip and maintaining RAS at a logic low throughout 

is called a "delayed write". A "Read-modify-write" all successive CAS memory cycles in which the row 

cycle is a variation of this operation. In this mode, address is latched. As the time normally required for 

Din and WE become critical path signals for strobing a new row address is eliminated, access and 

determining cycle time. cycle times can be descreaded and the operating 

po~er is reduced. These are specifications. 

• CLOCK-OFF TIMING 

RAS and CAS must stay on for Dout stabilized to 

valid data. In the case of CAS, this is controlled by 

parameter tcAs (min). 

In the case of RAS, this is controlled by parameter 

tcAs (min). Following the end of RAS, CAS must 

stay off long enough to precharge internal circuits. 

The only parameter of concern is tRP· Normally 

CAS is not required to be off for minimum time of 

tcRP· However, in a page mode memory operation, 

there is a tcp (min) specification to control the 

CAS-off time. 

• DATA OUTPUT 

Dout is three-state TTL compatible with a fan-out 

of two standard TTL loads. 

When CAS is high, Dout is in a high impedance 

state. When CAS is low, valid data appears after 

tcAc at a read cycle, and Dout is not valid as an 

early-write cycle. 
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HM4864A-12, HM4864A-15,--
HM4864A-20, HM4864AP-12, 
HM4864AP-15, HM4864AP-20 
65536-word x 1-bit Dynamic Random Access Memory 

•FEATURES 
• Industry standard 16- Pin DIP (plastic, Cerdip) 
• Single 5V (±10%) 
• On chip substrate bias generator 
• Low Power: 250mW active, 18mW standby 
• High speed: Access Time 120ns I 150ns I 200ns 
• Common 1/0 capability using early write operation 
• Page mode capability 
• Output data controlled by CAS 
• TTL compatible 
• 128 refresh cycles - (2ms) 
• Hidden refresh capability 

• BLOCK DIAGRAM 

WE 

CAS 

m 
:: Memory dl Array 

j 

Memory 

Array 

•ABSOLUTE MAXIMUM RATINGS 

Din 

--0 Vee 

--0 Vss 

--i Vss Generator I 

Voltage on any pin re.lative to Vss · · · · · · · · · · · · · -1V to 7V 
Operating temperature, Ta (Ambient) · · · · · · · · · · 0°C to 70°C 

Storage temperature (Cerdip) · · · · · · · · · · · · · · · · · -65°C to 150°C 
Storage temperature (Plastic) · · · · · · · · · · · · · · · · · -55°C to 125°C 
Power dissipation · · · · · · · · · · · · · · · · · · · · · · · · · · 1 W 
Short circuit output current · · · · · · · · · · · · · · · · · 50 mA 

• RECOMMENDED DC OPERATING CONDITIONS (Ta~ 0 to 70°C) 

Parameter Symbol min. typ. max. Unit Notes 

Supply Voltage Vt.:C 4. 5 5.0 5. 5 v I 

Input High Voltage V111 2. 4 - 6. 5 v I 

Input Low Voltage v" -1.0 - 0.8 v I 

~ote~: 1. All \'oltages referenced to\/,, 

eHITACHI 

HM4864A-12, HM4864A-15, 
HM4864A-20 

IDG-16Bl 

HM4864AP-12, HM4864AP-15, 
HM 4864AP-20 

(DP-16) 

• PIN ARRANGEMENT 

AO-A7 
CAS 
Din 
Dout 
RAS 
WE 

Vee 
Vss 
AO-A6 

(Top View) 

Address Inputs 
Column Address Strobe 
Data In 
Data Output 
Row Address Strobe 
Read/Write Input 
Power 1+5V) 
Ground 
Refresh Address Inputs 
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HM4864A-12, HM4864A-15, HM4864A-2o,~~~~~~~~~~~~~~~~~~~~
HM4864AP-12, HM4864AP-15, HM4864AP-20 

• DC ELECTRICAL CHARACTERISTICS (Ta~O to 70°C, Vcc~SV±10%, Vss~OV) 

Parameter Symbol 
HM4864A/P-I2 HM4864A/P- I5 HM4864A/P-20 
min max min max min 

Operating Current(Ri\S";"CAS Cycling:he-min) lcc1 - 55 - 50 -

Standby Cnrrent(RAS-v,.,Dout-High Impedance) lccz - 3. 5 - 3.5 -

Refresh Current(lf,\S Cycling,CAS-V,.,1.e-min) Icc3 - 42 - 38 -

Standby Current(RAS-v, •• Dout Enable) Ices - 5.5 - 5.5 -
Page Mode Current(!{,A~_-VIL,"CAS Cycling;t,e-min) Ices - 38 - 35 -

Input Leakage(O<V •• .<6.5V) lu -IO 10 -IO 10 -IO 

Output Leakage(Dout is disabled,O<V •• .<5.5V) ho -IO 10 -IO IO -IO 

Output Levels High(/ .. ,- -5mA) VoH 2.4 Vee 2.4 Vee 2.4 

Output Levels Low(J .. ,-4.2mA) Vo, 0 0.4 0 0.4 0 

Notes} 1. Ire depends on output loading condition when the device is selected. Io: max. is specified at the output open condition. 
2. Current depends on cycle rate : maximum current is measured at the fastest cycle rate . 

• CAPACITANCE (Vcc~SV±10%, Ta~zs·c) 

Parameter Symbol 

Ao~A1. Din c .. 1 

Input Capaci ta nee 
RAS.GAS.WE c .. , 

Output Capacitance Dout c .. 
Notes) 1. Capacitance measured with Boonton Meter or effective capacitance measuring method. 

2. CA'S -V, 11 to disable Dout. 

typ max 

- 5 
- IO 
- 7 

max 

44 
3. 5 

33 
5.5 
31 

10 
IO 

Vee 

0.4 

Unit 

pF 

pF 

pF 

Unit 

mA 
mA 
mA 

mA 
mA 
µA 
µA 

v 
v 

• ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Ta~O to 70°C, Vcc~SV±l0%. Vss~OV) 

Parameter Symbol 
HM4864A-I2 HM4864A-I5 HM4864A-20 

Unit 
min max min max min max 

Access Time From RAS IMC - 120 - I50 - 200 ns 

Access Time From CAS to.c - 60 - 75 - IOO ns 

Output Buffer Turn-off Delay luFF - 35 - 40 - 50 ns 

Transition Time (Rise and· Fall) Ir 3 35 3 35 3 50 ns 

Random Read or Write Cycle Time IRC 220 - 260 - 330 - ns 

RAS Precharge Time I RP 90 - IOO - I20 - ns 

RAS Pulse Width I RAS I20 IOOOO I50 IOOOO 200 IOOOO ns 

CAS Pulse Width iCAS 60 10000 75 10000 IOO 10000 ns 

RAS to CASDelay Time I RCD 25 60 25 l 75 30 IOO ns 
f{ASHold Time lRSH 60 - 75 ' 

- IOO - ns 
CASHold Time lcsH I20 - I50 - 200 - ns 
CAS to RAS Preeharge Time ICRP -IO - -10 - -IO - ns 

Row Address Set-up Time IHR 0 - 0 - 0 - ns 

Row Address Hold Time IR.<H I5 - I5 - 20 - ns 

Column Address Set·up Time IASC 0 - 0 - 0 - ns 

Column Address Hold Time lCAH 20 - 25 - 30 - ns 
Column Address Hold Time Referenced to RAS tu 80 - 100 - I30 - ns 

WE Command Set-up Time twcs 0 - 0 - 0 - ns 

Write Command Hold Time lwCH 40 - 45 - 55 - ns 

Write Command Hold Time Referenced to RAS lwcR IOO - I20 - I55 - ns 

Write Command Pulse Width lw P 40 - 45 I - 55 - ns 

Write Command to RAS Lead Time IRWL 40 - 45 - 55 - ns 

Write Command to CAS Lead Time lCWL 40 - 45 - 55 - ns 

Data-in Set·~ Time los 0 - 0 - 0 - ns 

Data-in Hold Time IDH 40 - 45 - 55 - ns 
Data-in Hold Time Referenced to RAS lDHR JOO - I20 - I55 - ns 

Read Command Set-up Time hes 0 - 0 - 0 - ns 

Read Command Hold Time Referenced to GAS lRCH 0 I - 0 - 0 - ns 

Read Command Hold Time Referenced to RAS lRRH IO - 10 - 10 - ns 
Refresh Period lREF - 2 - 2 - 2 ms 
Read-Write Cycle Time IRwc 245 - 280 - 345 - ns 
CAS to WE Delay lcwD 40 - 45 - 55 - ns 
RAS to ff Delay IRWD 100 - I20 - I55 - ns 
Page Mode Cycle Time lpe I20 - I45 - 190 - ns 
CAS Precharge Time (for Page-mode Cycle Only) ICP 50 - 60 - 80 - ns 
CAS Precharge Time ten• 30 - 35 - 45 - ns 
RASPrecharge to CASHold Time IRK 0 - 0 - 0 - ns 
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----------------------HM4864A-12, HM4864A-15, HM4864A-20, 
HM4864AP-12, HM4864AP-15, HM4864AP-20 

Notes 
1. AC measurements assume tr= Sns. 
2. Assumes that tRCD ~ tRCD (max). If tRCD is greater 

than the maximum recommended value shown in this 
table, tRAC exceeds the value shown. 

3. Measured with a load circuit equivalent to 2TTL loads 
and lOOpF. 

4. Assumes that tRcD ?JRCD (max). 
5. topp (max) defines the time at which the output 

achieves the open circuit condition and is not refer
ence to output voltage levels. 

6. V1H (min) and Vn (max) are reference levels for 
measuring timing of input signals. Also, transition 
times are measured between V1H and Vn. 

7. Operation with the fRCD (max) limit insures that 
tRAC (max) can be met, tRCD (max) is specified as a 
reference point only, if tRcD is greater than the 
specified tRCD (max) limit, then access time is 
controlled exclusively by tcAC· 

•TIMING WAVEFORMS 

•READ CYCLE 

il .\-: .... r,. 

"' t'7-. 
\,'/ 

1,, 
~ad re> Sf> 

10 
\'1H 

r-----

8. twcs. tcwv and tR wv are not restrictive operating 
parameters. 
They are included in the data sheet is electrical 
characteristics only; if twcs ~ twcs (min), the cycle 
is an early write cycle and the data output pin will 
remain open circuit (high impedance) throughout the 
entire cycle; if tcwv f; tcwv (min) and tR wv f; 
tR'WD (mm) the cycle is a read-write and the data 
output will contain data .read from the selected cell; if 
neither of the above sets of conditions is satisfied the 
condition of the data out (at access time) is indeter
minate. 

9. There parameters are referenced to CAS' leading edge 
in early write cycles and to WE leading edge is delayed 
write or read-modify-write cycles. 

10. An initial pause of 100µs is required after power-up 
followed by a minimum of 8 initialization cycles. 

\.'11 

lJ.,u1 Vi1H 

r", 
'----------------=-"3" -l)~~n • ---~r>-_'"_" ___ _ _ \"al1d!Jara p 

•WRITE CYCLE (EARLY WRITE) 

\"1H 

H .\~ 
\"/J 

l'rH 
(_.\S 

\'1t 

\"1 H 

Addruse1 
\'11. 

\'1H 

WE 
\'ll 

1,, 
O.o 

D~ut 
Vi>H 

roi 
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HM4864A-12, HM4864A-15, HM4864A-2Q,~~~~~~~~~~~~~~~~~~~~
HM4864AP-12, HM4864AP-15, HM4864AP-20 

e READ-WRITE/READ-MODIFY-WRITE CYCLE 

''" RAS 
v,, 

v,. 
CAS 

'" 
''" i\ddrenei 
v,, 

v,. 
WE 

v,, 

v,, 
Dou! 

VoL 

v,. 
Orn 

Vii 

Open 
Valid Data 

'"t::!J::::i "' 

=================================~================ 0Don'tCare 

e"RAS-ONLY" REFRESH CYCLE 

\."rn 
Addrfl!"' 

\
0 /L 

\.'oH Op<'n 
Ooul 

rn1. 

0Don'tCar~ 

•PAGE MODE READ CYCLE 

\:1H 

RAS \.'it 

v,. 
rn Vn 

l.'1H 

Add ruses 
\.'IL 

roH 
Dou1 Voe 

r1H =3 WE 
\'u. 

0Doo'<Cm 
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~~~~~~~~~~~~~~~~~~~~~-HM4864A-12, HM4864A-15, HM4864A-20, 
HM4864AP-12, HM4864AP-15, HM4864AP-20 

•PAGE MODE WRITE CYCLE 

RAS 
V1H 

Vn 

Adclresse~ ~:: 

Din 

•HIDDEN REFRESH CYCLE 

'" RAS 

\.'IL 

\i/H 

C.AS 

VIL 

\'1H 

Addresses 

Vii 

v,, 
WE 

\.'1L 

v,, 
Doin 

VnL 

D Don't Care 
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HM4864ACG-12, HM4864ACG-15, 
HM4864ACG-20 

65536-word x 1-bit Dynamic Random Access Memory 

• FEATURES 
• 18-pin Leadless Chip Carrier 
• Single 5V (±10%) 
• On chip substrate bias generator 
• Low Power: 250mW active, 18mW standby 
• High speed: Access Time 120/150/200ns (max} 
• Common 1/0 capability using early write operation 

• Page mode capability 
• Output data controlled by CAS 

• TTL compatible 
• 1 28 refresh cycl es/2m s 
• Hidden refresh capability 

•BLOCK DIAGRAM 

WE 

RAS 

CAS 

) aS 
., 

" ~ 
Ao 

Memory 
Array 

Memorv 

Array 

•ABSOLUTE MAXIMUM RATINGS 

Dout 

--0 Vee 

--OVss 

~ VBB Generator I 

Voltage on any pin relative to V55 ................ -1V to +7V 
Operating temperature, Ta (Ambient} ............. 0°C to +70°C 

Storage temperature . . . . . . . . . . . . . . . . . . . . . -65°C to +150°C 

Power Dissipation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1W 
Short circuit output current .................... . . 50mA 

•RECOMMENDED DC OPERATING CONDITIONS(Ta~o to 70°C) 

Parameter Symbol min. typ. max. Unit Notes 

Supply Voltage V,:c 4.5 5.0 5. 5 v I 

Input High Voltage Vrn 2 .4 - 6.5 v I 

Input Low Voltage Vu -1.0 - 0.8 v I 

Notes: 1. All voltages referenced to v~, 
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(CG-181 

•PIN ARRANGEMENT 

AO-A7 
CAS 
Din 
Dout 
RAS 
WE 

Vee 
Vss 
AO-A6 

-\·, A; Ve(., -\1 

(Bottom View) 

Address Inputs 
Column Address Strobe 
Data In 
Data Output 
Row Address Strobe 
Read/Write Input 
Power (+5V) 
Ground 
Refresh Address Inputs 



~~~~~~~~~~~~~~~~~~HM4864ACG-12, HM4864ACG-15,HM4864ACG-20 

• DC ELECTRICAL CHARACTERISTICS ( Ta~O to 70°C, Vcc~5V±l0%, Vss~OV) 

Symbol 
HM4864ACG-12 HM4864ACG-15 HM4864ACG-20 

Parameter 
min max min max min 

Operating Current(~ Cycling:t•c-min) lcc1 - 55 - 50 -

Standby Cnrrent(RAS-v,.,Dout-High Impedance) Icc2 - 3. 5 - 3. 5 -

Refresh Current( RAS Cycling,CAS - V1H, t Re - min) Icc3 - 42 - 38 -

Standby Current(RX!s- VJH, Dout Enable) lco - 5. 5 - 5. 5 -
Page Mode Current(RAS-Vn,CAS Cycling;fpc-min) Icc6 - 38 - 35 -

Input Leakage(O<V,.,<6.5V) I LI -10 IO -IO IO. -IO 

Output Leakage(Dout is disabled,O<V,..<5.5V) ho -10 IO -10 10 -10 

Output Levels High([,,,- -5mA) VoH 2. 4 Vee 2. 4 v cc 2. 4 

Output Levels Low(l,.,-4.2mA) VoL 0 o. 4 0 0.4 0 

:\otes: l. lu depends on output loading condition when the device is self>cted, J,i max. is specified at the output open condition. 

2. Current depends on cycle rate: maximum current is measured at the fastest cycle rate. 

•CAPACITANCE ( Vcc~5V±l0%, Ta~25'C) 

Item Symbol 

Al1~A '· Din C,"1 
Input Capacitance 

RAS. CAS. \\ E c., 
Output Capacitance Dout Cu"t 

:--;otes l. Capacitance measured with Boonton Meter or effective capacitance measuring method. 

2. LAS= V111 to disable Dout. 

typ max 

- 5 

- 10 
- 7 

max 

44 

3.5 

33 

5.5 

3I 

10 
10 

Vee 

0.4 

Unit 

pF 

pF 

pF 

Unit 

mA 
mA 
mA 
mA 
mA 
µA 
µA 

v 
v 

• ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Ta~O to 70°C, Vcc~5V±l0%, Vss~OV) 

m14864ACG -12 HM4864ACG-15 HM4864ACG-20 
Parameter Symbol Unit 

min max min max min max 

Access Time From RAS /,,,.c - 120 - 150 - 200 ns 

Acces~ Time From GAS tcAL - 60 - 75 - 100 ns 

Output Buffer Turn-off Delay l(JF/ - 35 ~ 40 - 50 ns 

Transition Time (Rise and Fall) t' 3 35 3 35 3 50 ns 

Random Read or Write Cycle Time t" 220 - 260 - 330 - ns 

RAS Precharge Time t '" 
90 - 100 - 120 - ns 

RAS Pulse Width LR.As 120 10000 150 10000 200 10000 ns 

CAS Pulse Width lc1is 60 10000 75 10000 100 10000 ns 

RAS to CAS Delay Time lRCD 25 60 25 ' 75 30 100 ns 

RAS Hold Time iR.SH 60 - 75 - 100 - ns 

CAS Hold Time IC.SH 120 - 150 ...'.. - 200 - ns 

GAS to RAS Precharge Time le RP -10 - -10 - -10 - ns 

Row Address Set-up Time ii'. SR 0 - 0 - 0 - ns 

Row Address Hold Time 1 ... 15 - 15 - 20 - ns 

Column Address Set·up Time IA.SC 0 - 0 - 0 - ns 

Column Address Hold Time iCAH 20 - 25 - 30 - ns 

Column Address Hold Time Referenced to RAS I;, 80 - 100 - 130 - ns 

\VE Command Set·UP Time twcs 0 - 0 - 0 - ns 

Write Command Hold Time twcH 40 - 45 - 55 - ns 

Write Command Hold Time Referenced to RAS lwcR 100 - 120 - 155 - ns 

Write Command Pulse Width tw e 40 - 45 - 55 - ns 

Write Command to RAS Lead Time lRW L 40 - 45 - 55 - ns 

Write Command to CAS Lead Time tcw L 40 - 45 - 55 - ns 

Data·in Set.up Time tos 0 - 0 - 0 - ns 

Data·in Hold Time loH 40 - 45 - -55 - ns 

Data-in Hold Time Referenced to RAS fDHR 100 - 120 - 155 - ns 

Read Command Set·up Time lRCS 0 - 0 - 0 - ns 

Read Command Hold Time Referenced to CAS iRcH 0 - 0 - 0 - ns 

Read Command Hold Time Referenced to RAS lRRH 10 - 10 - 10 - ns 

Refresh Period lREF - 2 - 2 - 2 ms 

Read-Write Cycle Time lRWC 245 - 280 - 345 - ns 

CAS to WE Delay tcwn 40 - 45 - 55 - ns 

RAS to WE Delay lRWD 100 - 120 - 155 - ns 

Page Mode Cycle Time lpe 120 - 145 - 190 - ns 

CAS ?recharge Time (for Page.mode Cycle Only) Ice 50 - 60 - 80 - ns 

CAS Precharge Time lCPN 30 - 35 - 45 - ns 

RAS ?recharge to CAS Hold Time fRPc 0 - 0 - 0 - ns 

@HITACHI 

Notes 

1,2 

2 

I 
I ,2 

Notes 

1 

1 

1, 2 

Notes 

2. 3 
3, 4 

5 

6 

7 

8 

9 

9 

8 
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HM4864ACG-12, HM4864ACG-15, HM4864ACG-2Q~~~~~~~~~~~~~~~~~-

Notes 
1. AC measurements assume tr= Sns. 
2. Assumes that fRCD :":: tRCD (max). If tRCD is greater 

than the maximum recommended value shown in this 
table, tRAC exceeds the value shown. 

3. Measured with a load circuit equivalent to 2TTL loads 
and lOOpF. 

4. Assumes that tRcv°?.tRcD (max). 
5. topp (max) defines the time at which the output 

achieves the open circuit condition and is not refer
ence to output voltage levels. 

6. V1H (min) and VIL (max) are reference levels for 
measuring timing of input signals. Also, transition 
times are measured between V1H and VJL. 

7. Operation with the tRCD (max) limit insures that 
tRAC (max) can be met, tRcD (max) is specified as a 
reference point only, if tRCD is greater than the 
specified tRcD (max) limit, then access time is 
controlled exclusively by tcAC· 

•TIMING WAVEFORMS 
•READ CYCLE 

1iT~ 

\"11 

''" l'.\~ 

~dd'""" 

"'~-

8. twcs. tcwv and tR WD are not restrictive operating 
parameters. 
They are included in the data sheet is electrical 
characteristics only; if twcs "?_ twcs (min), the cycle 
is an early write cycle and the data output pin will 
remain open circuit (high impedance) throughout the 
entire cycle; if tcwv "?_ tcwv (min) and tR WD "?_ 
tR WD (min) the cycle is a read-write and· the data 
output will contain data read from the selected cell; if 
neither of the above sets of conditions is satisfied the 
condition of the data out (at access time) is indeter
minate. 

9. There parameters are referenced to CAS" leading edge 
in early write cycles and to WE leading edge is delayed 
write or read-modify-write cycles. 

10. An initial pause of lOOµs is required after power-up 
followed by a minimum of 8 initialization cycles. 

Dnul '"" 
1--1~',,,. 

Opt>n j 
--------'-'-'-'-------~'\: \"alid llata '------1·,.n 

0"""' 

•WRITE CYCLE (EARLY WRITE) 

\.'1H 

RAS 
\'11 

\-'JH 
CAS 

rr1 

v,. 
AdoJr~ssu 

1'11 

V1H 

WE 
~·IL 

r1H 

0<0 

Dnuc liQH 

Voe 
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~~~~~~~~~~~~~~~~~-HM4864ACG-12, HM4864ACG-15, HM4864ACG-20 

e READ-WRITE/READ-MODIFY-WRITE CYCLE 

v,. 
"' RAS 

v,, 

v,. 
CAS 

v,, 

v,, 
Ad.Jrenes 

v,, 

lcwo 

Vrn 
WE 

v,, 
/CA( 

v,, 
Dou! 

Voe 

Vrn 

"'" Vu 

Valtd Data 

--~'"'t:!J:.:::i"' 
-----------------~================ 0 Don't Ca.re 

•"RAS-ONLY" REFRESH CYCLE 

\..'1H 

k.'\S 

\'1H 

("IS 

V1t 

V'1H 

Addi~ ss~s 

l'n 

i.:OH 
!Joul 

v"' 

0 Cm 

•PAGE MODE READ CYCLE 

\'1H 

kAS >'il 

\/1H 

{715 ~·,I. 

V'tH 

~.!dresses 
~·, l 

\/oH 
Dolli Voe 

\.'1H ----3 Wt: 
\'1L 

0Doo',Cm 
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HM4864ACG-12, HM4864ACG-15, HM4864ACG-20~~~~~~~~~~~~~~~~~~ 

•PAGE MODE WRITE CYCLE 

VtH 
VIL 

Addresses ~;: 

Din 

V1H 

VIL 

ViH 
VIL 

•HIDDEN REFRESH CYCLE 

v,, 
RAS 

v,, 

l/1H 

CAS 

v,, 

v,, 

Addresses 

v,, 

v,, 
iVE 

v,, 

Vo. 

Dout 

v" 

218 

0 Don't Care 

Ooon'tCare 

@HITACHI 



HM50256-12,HM50256-15, 
HM50256-20,HM50256P-12, 
HM50256P-15,HM50256P-20 
262144-word x 1-bit Dynamic Random Access Memory 

•FEATURES 
.e Industry Standard 16-Pin DIP 
• Single 5V (±10%) 
• On chip substrate bias generator 

• Low Power: 350mW active, 20mW standby 

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

• Common 1/0 capability using early write operation 

• Page mode capability 
• TTL compatible 

• 256 refresh cycles · · · (4ms) 

• 3 variations of refresh · · · RAS only refresh, CAS before RAS 
refresh, Hidden refresh 

• BLOCK DIAGRAM 

,\; 

..\o 

~!t·m<>n· 
\ rral" . 

~lt'mor\" 
Array· 

~ ' 
3 a..:..: 

:i: 
:>id Q ~ 

- i ~ 
;~; 
~ ~ ~ 
<(Ci<( 

~ u ~ 

~lt>mon· 
·\rray 

How 
Deender 

Memun· 
Array. 

'------'-""'.~ L.:~-'.1' ------' 
artl-ar7.ac0 ac7 

HM50256 Series 

(DG-16B) 

HM50256P Series 

(DP-16A) 

•PIN ARRANGEMENT 

(Top View) 

Ao-Ao Address Inputs 

CAS Column Address Strobe 

•ABSOLUTE MAXIMUM RATINGS Ge""''"' . 
Voltage on any pin relative to V55 ••.......... -1V to +7V 

Operating temperature, Ta (Ambient) ......... 0°C to +70°C 

Storage temperature ............ (Cerdip) -65°C to +150°C 

(Plastic DIP) -55°C to +125°C 

Power dissipation ............................. 1W 

Short circuit output current . . . . . . . . . . . . . . . . . . . . 50mA 

•RECOMMENDED DC OPERATING CONDITIONS ( Ta=O to +70°C) 

Parameter Symbol min typ 

Supply Voltage Vee 4.5 5.0 

Input High Voltage ViH 2.4 -
Input Low Voltage Vn -1.0 -

Note) 1. All voltages referenced to Vss 

@HITACHI 

Din Data In 

Dout Data Out 

RAS Row Address Strobe 

WE Read/Write Input 

Vee Power (+5V) 

Vss Ground 

Ao-A1 Refresh Address Inputs 

max Unit Note 

5.5 v 1 

6.5 v 1 

0.8 v 1 

219 



HM50256-12,HM50256-15,HM50256-20~~~~~~~~~~~~~~~~~~~~~ 
HM50256P-12, HM50256P-15, HM50256P-20 

•DC ELECTRICAL CHARACTERISTICS ( Ta~o to +70°C, Vcc~5V±l0%, Vss~OV) 

HM50256/P-12 HM50256/P-15 HM50256/P-20 
Parameter Symbol 

min max min max min max 

Operating Current( RAS, CAS Cycling: t,e~min) Icc1 - 83 - 70 - 55 

Standby Current(RAS-VJH, Dout~High Impedance) Icc2 - 4. 5 - 4.5 - 4. 5 
Refresh Current( RAS only Refresh, tRc=min) Icc3 - 62 - 53 - 42 

Standby Current( RAS~ V,H, Dout Enable) Icc5 - IO - 10 - IO 

Refresh Current(CAS before RAS Refresh, lRc=min) f cc6 - 69 - 58 - 45 

Input leakage(O< V,,,< 7V) Iu -IO IO -IO IO -IO IO 

Output leakage(O< V • .,< 7V) ho -IO IO -IO IO -IO IO 

Output levels High([,.,~ -5mA) VoH 2 .4 Vee 2 .4 Vee 2 .4 Vee 
Output levels Low(I,.,~4.2mA) Voe 0 0.4 0 0.4 0 0.4 

Notes) 1. le c depends on output loading condition when the device is selected. lee max is specified at the output open condition. 

•CAPACITANCE ( Vcc~5V±l0%, Ta~25·c) 

Parameter Symbol 

l Address, Data-in Cn 
Input Capacitance 

Clocks, Data-out Cn 

Notes) 1. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. CAS - ViH to disable Dout. 

typ max Unit 

- 5 
pF 

- 7 

•ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
( Ta~O to +70°C, Vcc~5V±10%, V55 ~0V) "· 10 '· rn 

.HM50256/P 12 HM50256; P-15 HM50Z561 P-20 
Parameter Symbol 

min max min max min max 

Access Time from RAS t /UC - 120 - 150 - 200 

Access Time from CAS i CAC - 60 - 75 - 100 

Output Buffer Turn-off Delay loFF - 30 - 40 - 50 

Transition Time( Rise and Fall) t' 3 50 3 50 3 50 

Random Read or Write Cycle Time t RC 220 - 260 - 330 -

RAS Precharge Time t RP 90 - IOO - 120 -

RAS Pulse Width t /US 120 10000 150 10000 200 10000 
CAS Pulse Width l CAS 60 10000 75 10000 IOO 10000 
RAS to CAS Delay Time t RCD 25 60 25 75 30 100 

RAS Hold Time l RSH 60 - 75 - IOO -

CAS Hold Time t CSH I20 - 150 - 200 -

CAS to RAS Precharge Time fcRP 10 - IO - 10 -

Row Address Set-up Time f ASR 0 - 0 - 0 -

Row Address Hold Time l RAH 15 - 15 - 20 -

Column Address Set-up Time l ASC 0 - 0 - 0 -

Column Address Hold Time f CAH 20 - 25 - 30 -

Column Address Hold Time referenced to RAS t,. 80 - 100 - 130 -

WE Command Set-up Time t""s 0 - 0 - 0 -

Write Command Hold Time t""" 40 - 45 - 55 -

Write Command Hold Time referenced to RAS t""' IOO - 120 - 155 -

Write Command Pulse Width twp 40 - 45 - 55 -

Write Command to RAS Lead Time l RWL 40 - 45 - 55 -

Write Command to CAS Lead Time tcwL 40 - 45 - 55 -

Data-in Set-up Time t DS 0 - 0 - 0 -

Data-in Hold Time t OH 40 - 45 - 55 -
Data-in Hold Time referenced to RAS lnHR 100 - I20 - 155 -

Read Command Set-up Time t RCS 0 - 0 - 0 -

Read Command Hold Time referenced to CAS lRCH 0 - 0 - 0 -

Read Command Hold Time referenced to RAS t RRH IO - 10 - 10 -

Refresh Period i REF - 4 - 4 - 4 
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Unit Notes 

mA I 

mA 

mA 

mA I 

mA 

µA 

µA 

v 
v 

Notes 

I 

I, 2 

Unit Notes 

ns 2, 3 

ns 3, 4 

ns 5 

ns 6 

ns 

ns 

ns 

ns 

ns 7 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 8 

ns 

ns 

ns 

ns 

ns 

ns 9 

ns 8, 9 

ns 

ns 

ns 

ns 

ms 

(to be continued) 



--------------------- HM50256-12, HM50256-15, HM50256-20 
HM50256P-1 2, HM50256P-15, HM50256P-20 

Parameter Symbol 

Read-Write Cycle Time t,wc 

CAS to WE Delay lcwv 

RAS to WE Delay f RWD 

CAS Precharge Time lcPN 

CAS Setup Time l CSR 

CAS Hold Time ( CAS before RAS Refresh I tcHR 

RAS Precharge to CAS Hold Time f RPC 

Notes 
1. AC measurements assume tr= 5ns. 
2. Assumes that tRCD ~ tRCD (max). If tRCD is greater 

than the maximum recommended value shown in this 
table, tRAC exceeds the value shown. 

3. Measured with a load circuit equivalent to 2TTL loads 
and IOOpF. 

4. Assumes that tRCD :S tRCD (max). 
5. toFF (max) defines the time at which the output 

achieves the open circuit condition and output voltage 
levels are not referred_ 

6. VJH (min) and Vn (max) are reference levels for 
measuring timing of input signals. Also, transition 
times are measured between v1H and Vn. 

7. Operation with the tRCD (max) limit insures that 
tRAC (max) can be met, tRCD (max) is specified as a 
reference point only; if tRCD is greater than the 
specified tRCD (max) limit, access time is controlled 
exclusively by tcAc. 

•TIMING WAVEFORMS 
•READ CYCLE 

IIM50256/P-12 IIM50256/P-15 HM50256/P-20 
Unit Notes 

min max min max min max 

265 - 310 - 390 - ns 

60 - 75 - 100 - ns 8 

120 - 150 - 200 - ns 

50 - 60 - 80 - ns 

10 - 10 - 10 - ns 

120 - 150 - 200 - ns 

0 - 0 - 0 - ns 

8. twcs. tcwv and tR WD are not restrictive operating 
parameters. 
They are included in the data sheet as electrical 
characteristics only; if twcs :S twcs (min), the cycle 
is an early write cycle and the data output pin will 
remain open circuit (high impedance) throughout the 
entire cycle; if tcwv :S tcwv (min) and tRWD ;>: 
tR WD (mm), the cycle is a read-write and the data 
output will contain data read from the selected cell· if 
neither of the above sets of conditions is satisfied the 
condition of the data out (at access time) is indeter
minate_ 

9. These parameters are referenced to CAs- leading edge 
in early write cycles and to WE leading edge in delayed 
write or read-modify-write cycles. 

I 0. An initial pause of I OOµs is required after power-up 
then execute at least 8 initialization cycles_ 

11. At least, 8 CAS before RAS refesh cycle are required 
before using internal refresh counter. 

'------------l'f--------------< 

'--------IRAS-------< 
RAS '" 

'-----IRCD•------<- IR~ll 

Address 

IR!S IRCH 

Dou! 
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HM50256-12, HM50256-15, HM50256-201-------------------
HM50256P-12, HM50256P-15, HM50256P-20 

e WRITE CYCLE 

1------------l<e----------, 

1-----4--- tRM·'L 

L-------tRAS-----< 

Address 

Din 

Dout 

•READ MODIFY WRITE CYCLE 

lRWl. 

Address 

IDS 

Din 

tRAC ""1 Dout > 
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---------------------HM50256-12, HM50256-15, HM50256-20 
HM50256P-12, HM50256P-15, HM50256P-20 

•RAS ONLY REFRESH CYCLE 

-------lR4~----~-< 

IRP! 

ICRP 

Address 

e HIDDEN REFRESH CYCLE 

I ~ \" Iii \Ii 
'Ii' \__ 

\\ 1'111 

e CAS BEFORE RAS REFRESH CYCLE 
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HM50256-12,HM50256-15,HM50256-20~~~~~~~~~~~~~~~~~~~~~ 

HM50256P-1 2, HM50256P-15, HM50256P-20 

•COUNTER TEST 

I REFRESH! I READ/WRITE I 

Address 

WiITfE -------- -- -- -------- _______ //~------/ 
' ' ' '-----

•PAGE MODE CHARACTERISTICS (Ta~O to +70°C, Vcc~5V±l0%, Vss~OV) 

HM50256/P-12 HM50256/P-15 HM50256/P-20 
Parameter Symbol 

min max min max min max 
Page Mode Supply Current lcC1 - 57 - 48 - 37 
Page Mode Read or Write Cycle lpe 120 - 145 - 190 -

CAS Precharge Time, Page Cycle lcP 50 - 60 - 80 -

Page Mode Read Modify Write Cycle IPCM 165 - 195 - 250 -

•PAGE MODE READ CYCLE 

--------IR~-;---------

IR(lf 

__ ""~~> ''6 
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Unit 

mA 

ns 

ns 

ns 



~~~~~~~~~~~~~~~~~~~~~HM60256-12,HM50256-15,HM50256-20 
HM50256P-1 2, HM50256P-15, HM50256P-20 

e PAGE MODE WRITE CYCLE 

Hi Z Onut 

@HITACHI 225 



HM50257-12,HM50257-15, 
HM50257-20,HM50257P-12, 
HM50257P-15, HM50257P-20 
262144-word x 1-bit Dynamic Random Access Memory 

•FEATURES 
• Industry standard16-pin DIP 
• Single 5V (±10%) 
• On chip substrate bias generator 
• Low Power: 350mW active, 20mW standby 
• High speed: Access Time 120ns/150ns/200ns (max.) 

• Common 1/0 capability using early write operation 

• Nibble mode capability 
• TTL compatible 
• 256 refresh cycles ..... (4ms) 
• 3 Variations of refresh; RAS only refresh, GAS before RAS 

refresh. Hidden refresh 

• BLOCK DIAGRAM 

(DG-168) 

(DP-16A) 

• PIN ARRANGEMENT 

(Top View) 

Ao--As Address lnput_s 

• ABSOLUTE MAXIMUM RATINGS 
CAS Column Address Strobe 

Din Data In 
Voltage on any pin relative to Vss .............. -1V to +7V 

Operating temperature, Ta (Ambient) .......... 0°C to +70°C 
Dout Data Out 

RAS Row Address Strobe 

Storage temperature ............. (Cerdip) -65°C to +150°C 
(Plastic DIP) -55°C to +125°C 

WE Read/Write Input 

Vee PoweT (+5V) 

Power dissipation .............................. 1W V SS Ground 

Short circuit output current ..................... 50mA Ao--A1 Refresh Address Inputs 

• RECOMMENDED DC OPERATING CONDITIONS (Ta~O to +70°C) 

Parameter Symbol min typ max Unit Note 

Supply Voltage Vee 4.5 5.0 5 .5 v 
Input High Voha_ge ___ -~ +-_2_.i_ ·--+--6_._5_1--V~--

Jll.!'.'.'t Low V_~tage __ ··-~-·- _ Vn -1.0 _O~_ll_--'--V 1 

Note 1) All voltages referenced to V ss. 
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---------------------HM50257-12. HM50257-15, HM50257-20 
HM50257P-12, HM50257P-15, HM50257P-20 

•DC ELECTRICAL CHARACTERISTICS (Ta~O to +70°C, Vcc~5V±l0%, Vss~OV) 

HM50257-12 HM50257-15 HM50257-20 
Parameter Symbol 

min max min max min max 

Operating Current (RAS, CAS Cycling: lRc=min) Ice i - 83 - 70 - 55 

Stand by Current (RAS~ Vrn, Dout ~High Impedance J Ice 2 - 4. 5 - 4. 5 - 4.5 

Refresh Current (RAS only Refresh, IRc~min) l cc 3 - 62 - 53 - 42 

Standby Current (RAS~ V,,, Dout Enable) lees - 10 - IO - 10 

Refresh Current ( CAS before RAS Refresh, iRc=min) Icc6 - 69 - 58 - 45 

Input leakage (O< V •• .< 7V) I LI -IO 10 -JO 10 -IO IO 

Output leakage (O< V •• .< 7V) ho -IO 10 --IO 10 -IO 10 

Output levels High(/ •• ,~ -5mA) VoH 2.4 Vee 2.4 Vee 2.4 Vee 

Output levels Low (/ •• ,~4.2mA) Voe 0 0.4 0 0.4 0 0.4 

Notes) l. lee depends on output loading condition when the device is selected lee max, is specified at the output open condition. 

•CAPACITANCE (Vcc~5V±l0%, Ta~25'C) 

Parameter Symbol 

1 Address, Data-In c,, 
Input Capacitance l Clocks, Data-Out c,, 

Notes) 1. Capacitance measured with Boonton Metn or effective capacitance measuring method. 
2. CAS= V111 to disable Dout. 

typ max Unit 

- 5 

7 
pF 

-

Unit Notes 

mA I 

mA 

mA 

mA I 

mA 

µA 

µA 

v 
v 

Notes 

I 

I, 2 

•ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Ta~O to +70°C, Vcc~5V±10%, V55 ~0V)" 101 • 111 

HM50257 /P-12 HM50257 /P 15 HM50257 /P-20 
Parameter Symbol Unit Notes 

min max min max min max 

Access Time from RAS l RA ( - 120 - 150 - 200 ns 2, 3 

Access Time from CAS l CA C - 60 - 75 - 100 ns 3,4 

Output Buffer Turn-off Delay lorr - 30 - 40 - 50 ns 5 

Transition Time (Rise and Fall) IT 3 50 3 50 3 50 ns 6 

Random Read or Write Cycle Time t RC 220 - 260 - 330 - ns 

RAS Precharge Time IR p 90 - 100 - 120 - ns 

RAS Pulse Width l RAS 120 10000 150 10000 200 10000 ns 

RAS Pulse Width t CA S 60 10000 75 10000 100 10000 ns 

RAS to CAS Delay Time f R< D 25 60 25 75 30 100 OS 7 

RAS Hold Time t R SH 60 - 75 - 100 - ns 

CAS Hold Time lc.rn 120 - 150 - 200 - ns 

CAS to RAS Precharge Time l (Rf' 10 - 10 - 10 - ns 

Row Address Set-up Til]le f AS R 0 - 0 - 0 - ns 

Row Address Hold Time t R 4 H 15 - 15 - 20 - ns 

Column Address Set-up Time t ASC 0 - 0 - 0 - ns 

Column Address Hold Time fl AH 20 - 25 - 30 - ns 

Column Address Hold Time referenced to RAS '" 80 - 100 - 130 - ns 

WE Command Set-up Time lwcs 0 - 0 - 0 - ns 8 

Write Command Hold Time lwcH 40 - 45 - 55 - ns 

Write Command Hold Time referenced to RAS lwcR 100 - 120 - 155 - ns 

Write Command Pulse 'Width fwp 40 - 45 - 55 - ns 

Write Command to RAS Lead Time f RWL 40 - 45 - 55 - ns 

Write Command to CAS Lead Time lcwL 40 - 45 - 55 - ns 

Data-in Set-up Time IDS 0 - 0 - 0 - ns 9 

Data-in Hold Time I DH 40 - 45 - 55 - ns 8,9 

Data-in Hold Time referenced to RAS f DHR 100 - 120 - 155 - ns 

Read Command Set-up Time t RCS 0 - 0 - 0 - ns 

Read Command Hold Time referenced to CAS l RC H 0 - 0 - 0 - ns 

Read Command Hold Time referenced to RAS f RRH 10 - 10 - IO - ns 

Refresh Period f REF - 4 - 4 - 4 ms 

(to be continued ) 
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HM50257-12,HM50257-15,HM50257-20~~~~~~~~~~~~~~~~~~~~~ 

HM5025 7P-1 2, HM5025 7P-15, HM5025 7P-20 

Parameter Symbol 

Read-Write Cycle Time lRwc 

CAS to WE Delay lcwv 

RAS to WE Delay f RWD 

CAS Precharge Time icPN 

CAS Setup Time l CSR 

CAS Hold Time ( CAS before RAS Refresh) f CHR 

RAS Precharge to CAS Hold Time f RPC 

Notes 
1. AC measurements assume tr= 5ns. 
2. Assumes that IRCD ~ IRCD (max). If tRCD is greater 

than the maximum recommended value shown in this 
table, tRAC exceeds the value shown. 

3. Measured with a load circuit equivalent to 2TTL loads 
and lOOpF. 

4. Assumes that IRCD?, tRCD (max). 
5. topp (max) defines the time at which the output 

achieves the open circuit condition and output voltage 
levels are not referred. 

6. V1H (min) and Vn (max) are reference levels for 
measuring timing of input signals. Also, transition 
times are measured between v1H and Vn. 

7. Operation with the tRCD (max) limit insures that 
tRAC (max) can be met, tRCD (max) is specified as a 
reference point only; if IRCD is greater than the 
specified tRcD (max) limn, access lime is controlled 
exclusively by tcAC· 

•TIMING WAVEFORMS 

•READ CYCLE 

HM50257 /P-12 HM50257 /P-15 HM50257 /P-20 
Unit Notes 

min max min max min max 

265 - 310 - 390 - ns 

60 - 75 - 100 - ns 8 

120 - 150 - 200 - ns 

50 - 60 - 80 - ns 

IO - IO - 10 - ns 

120 - 150 - 200 - ns 

0 - 0 - 0 - ns 

8. twcs. tcwn and tR WD are not restrictive operating 
parameters. 
They are included in the data sheet as electrical 
characteristics only; if twcs?, twcs (min), the cycle 
is an early write cycle and the data output pin will 
remain open circuit (high impedance) throughout the 
entire cycle; if tcwD ?, tcwn (min) and tRWD ~ 
tR WD (min), the cycle is a read-write and the data 
output will contain data read from the selected cell; if 
neither of the above sets of conditions is satisfied the 
condition of the data out (at access time) is indeter
minate. 

9. These parameters are referenced to CXS- leading edge 
in early write cycles and to WE leading edge in delayed 
write or read-modify-write cycles. 

1 O. An initial pause of 1 OOµs is required after power-up 
then excute at least 8 initialization cycles. 

11. At least, 8 CAS before RAS refresh cycle are required 
before using internal refresh counter. 

_____________ ," ___________ __-J 

RAS >--------tR_~S-------i 

'" 
------IRCfJ-----IRSH 

CAS 

Address 

IRCS 

Dou! 
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---------------------HM50257-12. HM50257-15. HM50257-20 
HM50257P-12, HM50257P-15, HM50257P-20 

e WRITE CYCLE 

'---+---I RI\ I 

WRITE 

I l i ~i 

111 I. 

•READ MODIFY WRITE CYCLE 

Address 

IDS 

D.o 

tRAC "'~ 
Dout > 
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HM50257-12,HM50257-15,HM50257-20-~~~~~~~~~~~~~~~~~~~~ 

HM50257P-12, HM50257P-15, HM50257P-20 

e RAS ONLY REFRESH CYCLE 

-------IRAS----~~ 

lRPC 

Address 

* REFRESH ADDRESS Ao-AilAXo-AX,) 

e HIDDEN REFRESH CYCLE 

C.\S 

WH!TE 

IOFF 

Dout 

e CAS BEFORE RAS REFRESH CYCLE 

ICHR 

CA.S 

---------------s(~J _______ __,, 
,\ddress 
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---------------------HM50257-12, HM50257-15, HM50257-20 
HM50257P-12, HM50257P-15, HM50257P-20 

e COUNTER TEST 

I REFRESH I I READ/WRITE I 
tcsR 

lcp 

Address 

WRITE -- ---- -- -- -- -- ------ _______ ////~- -----/ 
' ' ' "----

8NIBBLE MODE CHARACTERISTICS ( Ta=O to +70°C, Vcc=5V±10%, Vss=OV) 

HM50257 P-12 HM50257 P-15 HM502571P-20 
Parameter Symbol 

min max min max min max 

Nibble Mode Supply Current Ices - 57 - 48 - 37 

Nibble Mode Access Time f\M - 25 - 25 - 35 

Nibble Mode RAS Cycle Time f:..·Rc 390 - 460 - 590 -

Nibble Mode RAS Pulse Width J:r...·RA 290 - 350 - 460 -

Nibble Mode Cycle Time !Ac S5 - 60 -- 80 -

Nibble Mode LAS Precharge Time /.\Ci' 20 - 25 -- 35 -

Nibble Mode CAS Pulse Width fr..·cA 25 - 25 - 35 -

Nibble Mode RAS Hold Time ft..'RSH 40 - 45 - 55 -

Nibble Mode LAS to WE Delay fNCWD 20 - 25 - 35 

Nibble Mode Write Command to CAS Lead Time ft..•ctrL 20 - 25 - 35 -

Nibble Mode Write Command to RAS Lead Time fNRtt"L 40 - 45 - 35 -

Nibble Mode Write Command Pulse Widt f?...·wp 20 - 25 - 35 

e NIBBLE MODE READ CYCLE 

C .\S 

A.ddress 

/IJU 
/\'AC 

Unut 

@HITACHI 

Unit 

mA 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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HM50257-12,HM50257-15,HM50257-20~~~~~~~~~~~~~~~~~~~~~ 
HM50257P-12, HM50257P-15, HM50257P-20 

e NIBBLE MODE WRITE CYCLE 

Dn111 
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HN61364P, HN61364FP 

8192-word x 8-bit Mask Programmable Read Only Memory 

The HN61364P/FP is a mask-programmable, byte-organized memory 
designed for use in bus-organized systems. 
To facilitate use, the device operates from a single power supply, has 
compatibility with TTL, and requires no clocks or refreshing because of 
static operation. 
The active level of the CS, OE0 ~ OE2 inputs and the memory content 
are defined by the user. The Chip Select input deselects the output and 
puts the chip in a powerdown mode. 

• FEATURES 
• Fully Static Operation 
• Automatic Power Down 
• Single +5V Power Supply 
• Three-state Data Output for OR-ties 
• Mask Programmable Chip Select and Output Enable 
•TTL Compatible 
• Maximum Access Time; 250ns 
• Low Power Standby and Low Power Operation; Standby 5µW (typ), 

Operation 50mW (typ) 

•Pin Compatible with EPROM 

• BLOCK DIAGRAM 

JJO 
DI 
02 
Ill. 
D4 
05 
06 

AO 
Al 
A2 
Al 
A4 
AS 
A6 
A7 
AB 
A9 

AJO 
All 

>-----< ~--~ 1--07 

A12-1 I 
•cs--.__._ _________ __, 

•oEo 
•OEI 
•QE2 *Active level defined by the user 

• ABSOLUTE MAXIMUM RATINGS 

Item Symbol Value Unit 

Supply Voltage* Vee -0.3 to +7.0 v 
Input Voltage* V;,, -0.3 to +7.0 v 
Operating Temperature Topr -20 to +75 oc 
Storage Temperature T,tg -55 to +125 oc 
Bias Storage Temperature Tbias -20 to +85 oc 
* with respect to V ss 

• RECOMMENDED DC OPERATING CONDITIONS 

Item Symbol min typ max Unit 

Supply Voltage* Vee 4.5 5.0 5.5 v 

Input Voltage* VIL -0.3 - 0.8 v 
Vm 2.2 - Vee v 

Operating Temperature Topr -20 - 75 oc 
* with respect to Vss 
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HN6!364P 

IDP·281 

HN6!364FP 

i_ FP-54) 

• PIN ARRANGEMENT 

• HN61364P 

(Top View) 

• HN61364FP 

(Top View) 



• ELECTRICAL CHARAGTERISTICS !Vee = 5V±10%, Vss = OV, Ta = -20 to +75°C 

Item Symbol Test Condition min typ** max Unit 

Input High-level Voltage VrH 2.2 - Vee v 
Input Low-level Voltage ViL -0.3 - 0.8 v 
Output High-level Voltage VoH / 0 H=-205µA 2.4 - - v 
Output Low-level Voltage VoL IoL=3.2mA - - 0.4 v 
Input Leakage Current Jin Vin=O to 5.5V - - 2.5 µA 

Output High-level Leakage Current hoH Vout=.2.4V, CS=O.BV, CS=2.2V - - 10 µA 

Output Low-level Leakage Current ILOL Vaut=0.4V, CS=0.8V, CS=2.2V - - JO µA 

l Active Ice* Vc~=-5.SV. lout=OmA. trc=min. duty= 100"0 - 10 25 mA 
Supply Current J 

Standby isB Vcc=5.5V, CS~:Vcc-0.2V, CS~0.2V - l 30 µA 

Input Capacitance Cin Vin=OV, f=lMHz, T0 =25°C 
- - 10 pF 

Output Capacitance Cou.t - - 15 pF 

* Steady state current ** V cc= 5V, T0 = 25°C 

• RECOMMENDED AC OPERATING CONDITIONS (READ SEQUENCE) 

(Vcc=5V±10%, Vss=OV, Ta=-20 to +75'C, t.=t1=20ns) 

Item 

Read Cycle Time 

Address Access Time 
Chip Select Access Time 

Chip Selection to Output in Low Z 
Output Enable to Output Valid 

Output Enable to Output in Low Z 
Chip Deselection to Output in High Z 

Chip Disable to Output in High Z 
Output Hold from Address Change 

• TIMING WAVEFORM 
• Read Cycle (11 

• Read Cycle (21 Notes 1, 3 

Symbol 

tRc 
tAA 
tACS 
tcLZ 
toE 
toLZ 
tcHZ 
toHZ 
toH 

min max 

250 -
- 250 
- 250 

10 -

- 100 

10 -

0 100 

0 1-00 
JO -

---,t IRC-

Ad<lress____f--________ *---
Erou~ -----, .--1011?-: 

Dout-----~~-----~-~ 
• Read Cycle (31 Notes 2, 3 

cs--i-:--_ __.~:z 
r-tc1.;~==-1 _____ _ 

Dout-----=-1<ZX)K 

@HITACHI 

Unit 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 

• AC TEST LOAD 

5.0V(Vcc) 

R1.=2.4kn 

TestPointT 

l30pF 

"';='" -::;:-

Notes) 1. t,~ f1==20ns 

2. C1.. includes jig capacitance. 
3. All diodes are 152074®. 

NOTES: 
1. Device is continuously selected. 
2. Address Vaild prior to or coincident 

with CS transition low. 
3. OE= VtL 
4. Input pulse level: 0.8 to 2.4V 
5. Input and output reference level: 

1.5V 
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HN61364HP---------Preliminary 
8192-word x 8-bit Mask Programmable Read Only Memory 

The HN61364HP is a mask-programmable, byte-organized memory 
designed for use in bus-organized systems. 
To facilitate use, the device operates from a single.power supply, has 
compatibility with TTL, and requires no clocks or refreshing because 
of static operation. 
The active level of the CS, OE0 ~ OE2 inputs and the memory con
tent are defined by the user. The Chip Select input deselects the 
output and puts the chip in a powerdown mode. 

• FEATURES 
• Fully Static Operation 
• Automatic Power Down 
• Single +5V Power Supply 
• Three-state Data Output for OR-ties 
• Mask Programmable Chip Select and Output Enable 
• TTL Compatible 
• Maximum Access Time; 200ns 
• Low Power Standby and Low Power Operation; Standby 5µW 

(typ), Operation 50mW (typ) 
• Pin Compatible with EPROM 

• BLOCK DIAGRAM 

AO 
Al 
A2 
AJ 
A4 
AS 
A6 
A7 
A8 
A9 

AIO 

'----'--'---I---._-llO 
DI 
02 
DJ 
1)4 

DS 
06 r----;_ __ _t-----;_ __ _J--07 

NOTE: 

All 
A!2-.., __ ...J 

•cs---1--+----------~ 
•QEO 
•QEI 
•QE2 *Active level defined by the user. 

The specifications of this device are subject to 
change without notice. 
Please contact your nearest Hitachis Sales Dept, 
regarding specifications. 
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(DP-28) 

• PIN ARRANGEMENT 

A, l 

A,8:) 
A,cn 
A•CIJ 

AJ~ A 2 B 

A, 9 

(Top View) 



HN61365P 

8192-word x 8-bit Mask Programmable Read Only Memory 

The HN61365P is a mask-programmable, byte-organized memory 

designed for use in bus-organized systems. 
To facilitate use, the device operates from a single power supply, 

has compatibility with TTL, and requires no clocks or refreshing 

because of static operation. 
The active level of the CS input and the memory content are de

fined by the user. The chip select input deselects the output and 

puts the chip in a power-down mode. 

•FEATURES 

• Fully Static Operation 
• Automatic Power Down 

(DP-24) 

• Single +5 Volt Power Supply •PIN ARRANGEMENT 
• Three-State Data Output for OR-Ties 
• Mask Programmable Chip Select 

• TTL Compatible 
• Maximum Access Time; 250ns 
• Low Power Standby and Low Power Operation; Standby 5µW 

(typ.). Operation 50mW (typ.) 

• Pin Compatible with EPROM 

•BLOCK DIAGRAM 

Ao 
A• 
Az 
Ai Memory 

A, Address Matrix 
A> 
A• Decoder 18192 X8} 

A1 

Ao 
A• 

A'° 
A» 
A» 

*CS 

* Active level defined by the user. 

•ABSOLUTE MAXIMUM RATINGS 

Item Symbol 

Supply Voltage' Vee 

Input Voltage• v .. 
Operating Temperature Topr 

Storage Temperature T.1, 

Storage Temperature (under bias) Tb ... 

* with respect to Vss 

3- State 

Output 

Buffers 

'----Do 
'----o, 
"-----02 
1----0, 
1----0. 
"----o, 
"----o, 
1----0, 

'-------

Vrf= Pin 24 

r.-;~ =Pin 12 

Value Unit 

-0.3 to +7.0 v 
-0.3 to +7.0 v 

-20 to +75 ·c 
-55 to +125 ·c 
-20 to +85 ·c 

@HITACHI 

(Top View) 
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•RECOMMENDED DC OPERATING CONDITIONS 

Item Symbol min typ max Unit 

Supply Voltage• Vee 4.5 5.0 5.5 v . VIL -0.3 - 0.8 v 
Input Voltage 

ViH 2.2 - Vee v 
Operating Temperature To pr -20 - 75 ·c 

* With respect to Vu 

•ELECTRICAL CHARACTERISTICS (Vcc=5V ±10%, Vss=OV, Ta=-20 to +75°C) 

Item Symbol Test Conditions min typ** max Unit 

Vrn 2. 2 - Vee v 
Input Voltage 

ViL -0.3 0.8 v -

Vo" loH=-205µA 2.4 - - v 
Output Voltage 

VoL loL=3.2mA v - - 0.4 

Input Leakage Current lu Vrn=0-5.5V - - 2 .5 µA 

hoH - l V,.,=2.4V - - 10 µA 
Output Leakage Current 

hoL 
CS=0.8V, CS=2.2V j V,.,=0.4V 10 µA - -

Active Supply Current Ice• Vcc=S. 5V, lootF0mA, b<c =min, duty=l00% - 10 25 mA 

Stand by Supply Current I SB CS"' Vec-0.2V, CS~0.2V, Vec=5.5V - I 30 µA 

Input Capacitance c .. - - 10 pF 
Output 

V,.=OV, J= !MHz, Ta~25·c 
Capacitancf! Co .. 1 - - 15 pF 

• Steady state current •• Vcc=5V, T,=25"C 

•RECOMMENDED AC OPERATING CHARACTERISTICS 

•READ SEQUENCE (Vcc=5V±10%, Vss=OV, Ta=-20 to +75"C, t,=t1=20ns) 

Item Symbol 

Read Cycle Time I RC 

Address Access Time t., 

Chip Select Access Time f ACs 

Chip Selection to Output in Low z tcu 

Chip deselection to Output in High z le Hz 

Output Hold from Address Change I OH 

e READ CYCLE (1) 

"' 

'" "'"' 

•READ CYCLE (2) (Notes 1) 

•READ CYCLE (3) (Notes 2) 

-~="" '"b-ri1-==5i-
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min max 

250 -

- 250 
- 250 

10 -

0 100 

IO -

• AC TEST LOAD 

Test Point 

J30p 

';:" ':;:"' 

Notes) I. t,=tr=20ns. 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

5.ov ( v cc) 

RL = 2.4kfl 

2. CL includes jig capacitance. 
3. All diodes are 152074®. 

Notes1 
1 . Device is continuously selected 
2. Address Valid prior to or coincident with CS 

transition low. 

3. Input pulse level: 0.8 to 2.4V 
4 . Input and output timing reference level: 1.5\' 



HN61366P 
8192-word x 8-bit Mask Programmable Read Only Memory 

The HN61366P is a mask-programmable, byte-organized memory 

designed for use in bus-organized systems. 

To facilitate use, the device operates from a single power supply, has 

compatibility with TTL, and requires no clocks or refreshing because of 

static operation. 
The active level of the OE input and the memory content are defined 

by the user. 

•FEATURES 

• Fully Static Operation 
• Single +5V power supply 
• Three-State Data Output for OR-Ties 

• Mask Programmable Output Enable 

(DP-24) 

• TTL Compatible •PIN ARRANGEMENT 

• Maximum Access Time; 250ns 
• Low Power Operation; 50mW (typ.) 

• Pin Compatible with EPROM 

•BLOCK DIAGRAM 
... 
A> ,._ 
A> 
A. ,.. Address 

IV> Decoder 

A, 
IV> ,.. 

A" 
An 
Au 

Memory 

Matrix 
(8192X8) 

ll> 
ti. 

3~State °' Output u. 
Reffers 0. 

ll5 
Di 
(), 

•OE----~--------------_J 

* Active level defined by the user. 

•ABSOLUTE MAXIMUM RATINGS 

Item Symbol Value Unit 

Supply Voltage• Vee -0.3 to +7.0 v 
Input Voltage• v,. -0.3 to +7.0 v 
Operating Temperature T.,. -20 to +75 ·c 
Storage Temperature T.,. -55 to + 125 ·c 
Storage Temperature (under bias) T.,,, -20 to +85 ·c 
* With respect to V ss 

•RECOMMENDED DC OPERATING CONDITIONS 

Item Symbol min 

Supply Voltage• Vee 4.5 

Vn -0.3 
Input Voltage• 

V1H 2.2 

Operating Temprature To~r -20 

* With respect to Vss 

$HITACHI 

(Top View) 

typ max 

5.0 5.5 

- 0.8 

- Vee 

- 75 

Unit 

v 
v 
v 

·c 

239 



•ELECTRICAL CHARACTERISTICS (Vcc=5V±l0%, v'ss=OV, Ta=-20 to +75'C) 

Item Symbol Test Conditions 

Input Voltage 
Vrn 

V1L 

VoH foH~-205µA 
Output Voltage 

Vol loL~3.2mA 

Input Leakage Current lu ViN~0~5.5V 

I LOH 

OE~2 
1 Vour~2.4V 

Output Leakage Current OE~0.8V, 2V 
I LOL l Vuur~0.4V 

Operating Supply Current lee• Vcc=5.5V, Iocr=OmA, ffic=min 

Input Capacitance C,, 
v.,~ov, 1~1MHz, Ta~25·c 

Output Capacitance Co~1 

* Steady state current o Vcc=SV, T0 =25°C 

•RECOMMENDED AC OPERATING CONDITIONS 

•READ CYCLE (Vcc=5V±l0%, Vss=OV, Ta=-20~+75'C, t,=t1 =20ns) 

Item 

Read Cycle Time 

Address Access Time 

Output Enable to Output Valid 

Output Enable to Output in Low z 
Output Disable to Output in High Z 

Output Hold from Address Change 

•TIMING WAVEFORM 

e READ CYCLE (1) 

Address 

Dou I 

• READ CYCLE (2) Note l) 

Symbol min max Unit 

t RC 250 - ns 

t" - 250 ns 

l OE - 100 ns 

l ULZ 10 - ns 

lo Hz 0 100 ns 

f OH 10 - ns 

min typ .. max Unit 

2. 2 - Vee v 
-0.3 - 0.8 v 

2.4 - - v 
- - 0. 4 v 
- - 2 .5 µA 

- - 10 µA 

- - 10 µA 
- 10 25 mA 

- - 10 pF 

- - 15 pF 

•AC TEST LOAD 
5.0V( Vee I 

RL =2.4kQ 

~utes' 1. t. 0=/1=20ns 
2. Ci includes jig capacitance. 
3. All diodes are lS2074®. 

Address 

-t,.. __________ ," _________ _,i--~ 
-1~,,.=---"·i><XX--l==-t=-~'""=¥+-r--

Note) 1. OE= V11 

2. Imput pulse level : 0.8 to 2.4V 
3 . Imput and output timing reference level : l.SV 
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HN613128P, HN613128FP 
16384-word x 8-bit Mask Programmable Read Only Memory 

The HN613128P/FP is a mask-programmable, byte-organized 

memory designed for use in bus-organized systems. To facilitate use, 

the device operates from a single power supply, has compatibility 

with TTL, and requires no clocks or refreshing because of static ope

ration. The active level of the CS, OE0 , OE 1 input and the memory 

content are defined by the user. The Chip Select input deselects the 

output and puts the chip in a power-down mode. 

•FEATURES 
• Fully Static Operation 
• Automatic Power Down 
• Single +5-Volt Power Supply 

• Three-State Data Output for OR-Ties 

• Mask Programmable Chip Select, Output Enable 

• TTL Compatible 
• Maximum Access Time; 250ns 
• Low Power Standby and Low Power Operation; 

Standby: 5µW (typ.) 

Operation: 50mW (typ.) 

• Pin Compatible with EPROM 

• BLOCK DIAGRAM 

AO 

Al 
A2 
A3 
A4 
AS 
A6 
A? 

AS 
A9 

A!O 
All 
A12 
A13 

• cs 
* OE,,, * OE1 

lJetJde 

Memory 

Matrix 
(16384X8J 

* Active level defined by the user. 

•ABSOLUTE MAXIMUM RATINGS 

Item Symbol 

Supply Voltage• Vrc 

Input Voltage• v,. 
Operating Temperature Range TOP' 

Storage Temperature Range T31 11 

Storage Temperature Range (under bias) Tb,u 

* With respect toV:,~ 

' 
I 

3-State 
Output 

Huffers 

>------00 
Dl 
02 
03 

1-----04 
1-----05 

D6 
07 

Value Unit 

-0.3 to +7.0 v 
-0.3 to +7.0 v 

-20 to +75 ·c 
-55 to+ 125 ·c 
-20 to +85 ·c 

• RECOMMENDED DC OPERATING CONDITIONS 

Item Symbol min. typ. l max. Unit 

Supply Voltage• Vu 4.5 5 .0 5. 5 v 
v,, -0.3 - I 0.8 v 

Input Voltage• 
V,H 2. 2 - 1 Vn v 

Operating Temperature Top· -20 - 75 ·c 

* With respect to i's, 

@HITACHI 

~-------------~ 

HN613!28P 

IDP-28) 

HN6!3128FP 

(FP-54! 

•PIN ARRANGEMENT 
•HN613128P 

A12 

A1 

A, 

As 

A, 

A3 

Az 

A1 

Ao 

Do 

D1 

D2 

Vss 

!Top View) 

•HN613128FP 
Lr L\; ~I.Ji Di Vss Dt Di Lb h 

(Top View) 

Vee 

OE1' 

A13 

As 

A, 

A11 

OEo' 

A10 

cs· 
D1 

o, 
Ds 

o. 
DJ 
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~~~~~~~~~~~~~~~~~~~~~~~~~~-HN613128P,HN613128FP 

• ELECTRICAL CHARACTERISTICS ( Vcc~5.0V± 10%, Vss~OV, Ta~ -20 to +75°C l 

Item Symbol Test Condition min typ** max Unit 

Input High.level Voltage VJH 2. 2 - Vee v 

Input Low-level Voltage V,L -0.3 - 0.8 v 

Output High-level Voltage VoH foH~ -205µA 2. 4 - - v 

Output Low.level Voltage Vci /"'~3.2mA - - 0. 4 v 

Input Leakage Current L v. ~o to 5.5V - - 2. 5 µA 

Output High-level Leakage Current I um v,., ~2.4V,CS ~o.sv. cs~ 2.2V - - 10 µA 

Output Low-level Leakage Current lw1. V,., ~o. 4V, CS~ 0 .BV. CS~ 2. 2V - - 10 µA 

Supply Current (Active /Standby) Ice*/ J,b \cc=5.5\', /no1r=OmA IRc=min. duty= 100°0 L'~ I(, -0.2\'.CS<;;0.21. - 10/1 25/30 mA/µA 

Input Capacitance c, v.,~ov.1~1 OMHz. Ta~25°C - - 10 pF 

Output Capacitance C,., v .. ~ov.1~1 .OMHz, Ta~25°C - - 15 pF 
----- -

* Steady state current • • Vee= 5V, T. = 25'C 

• RECOMMENDED AC OPERATING CONDITIONS (READ SEQUENCE) 

(Vcc~S.OV±10%, Vss~OV, Ta~-20 to +75°C,All timing with L~11~20ns) 

Item 

Read Cycle Time 

Address Access Time 

Chip Select Access Time 

Chip Selection to Output in Low z 
Output Enable to Output Valid 

Output Enable to Output in Low z 
Chip deselection to Output in High 

Chip Disable to Output in High z 
Output Hold from Address Change 

• TIMING WAVEFORM 
e READ CYCLE (1) 

Add res;, 

Dout 

lACS 

tCLZ 

•READ CYCLE(2) !Notes 1,3' 

Address 

'" 

Dout 

e READ CYCLE (3) i Notes 2, 3, 

Symbol 

1,, 

1,. 

iAO 

l(LZ 

lr1t, 

l i!LL 

z lrnL 

ioHZ 

iuH 

'" 
IOLZ 

'" 

"-i_-ICLZ ''-"~, 
Doot----------1~ 
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min max 

250 -

- 250 

' - 250 

10 -

- 100 

10 -

0 100 

0 100 

10 -

IOH 

~HITACHI 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

• AC TEST LOAD 

Notes·, 1. 1,=1r=20ns. 
2. C1. includes jig capacitance. 

3. All diodes are 152074®. 

NOTES: 
1. Device is continuously selected. 
2. Address Valid prior to or coincid 

with CS transition low. 
3. OE= VIL. 
4. Input pulse level: 0.8 to 2.4V 
5. Input and output reference le~ 

l.SV 



HN613128HP 
16384-word x 8-bit Mask Programmable Read Only Memory 

The HN613128HP is a mask-programmable, byte-organized memory 

designed for use in bus-organized systems. To facilitate use, the 

device operates from a single power supply, has compatibility with 

TTL, and requires no clocks or refreshing because of static opera

tion. The active level of the CS, OE0 , OE 1 input and the memory 

content are defined by the user. The Chip Select input deselects the 

output and puts the chip in a power-down mode. 

• FEATURES 
• Fully Static Operation 
• Automatic Power Down 

• Single +5-Volt Power Supply 

• Three-State Data Output for OR-Ties 

• Mask Programmable Chip Select, Output Enable 

• TTL Compatible 

• Maximum Access Time: 200ns 

• Lower Standby and Low Power Operation; 
Standby: 5µW (typ.) 

Operation: 50mW (typ.) 

• Pin Compatible with EPROM 

• BLOCK DIAGRAM 

AO 
Al 
A2 
A3 
A4 
AS 
A6 
A7 
A8 
A9 

AJO 
All 
Al2 
AJ3 

Memory 

Matrix 
( 16384 X8) 

3-State 
Output 

1:3uffers 

•cs~~~.__~~~~~~~~~~~--' 

* OEo * OE1 

* Active level defined by the user. 

NOTES: 
The specifications of this device are subject to 

change without notice. 
Please contact your nearest Hitachis Sales Dept, 

regarding specifications. 

DO 
DI 
02 
03 

°' D5 
D6 
07 

@HITACHI 

Preliminary 

HN613128HP 

(DP-28) 

•PIN ARRANGEMENT 

Vee 

A11 OE1' 

A11 

As 

As A9 

A, A11 

AJ OEo' 

A2 A10 

A1 cs· 
Ao D1 

o, 
D1 Ds 

D2 D, 

Vss DJ 

(Top View) 
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HN61256P, HN61256FP 
32768 x 8-bit or 65536 x 4-bit CMOS Mask Programmable Read Only Memory 

The Hitachi HN61256P/FP is a mask programmable 32768 x 8-bit or 
65536x4-bit CMOS read only memory. It operates from a single 

power supply and is compatible with TTL. Low power consumption 

makes this memory well-suited for battery-operation or hand-held 
personal computers. Memory expansion can be implemented through 

one chip select input. Either active "High" or active "Low"or chip 

select input and a chip enable input are defined at mask level. The 

organization of 8 bit or 4 bit is defined by the user. 

•FEATURES 

• Mask-programmable selection of either 4-bit or 8-bit organization 

• Three-state outputs, can be wire-ORed. 
• One mask programmable chip select terminal facilitates memory 

expansion. 
• A single 5V power supply (±10%) 

• Low power consumption: Operation 7.5mW (typ.), 

Standby 5µW (typ.) 

• TTL compatible 
• Access time: 3.5µs (max) 

• BLOCK DIAGRAM l'i -------u,· ., 

3-State liuffers 

Latch 

'Y-lJecuder 

X lJecuder 
262144 bits 

Timing Generat<Jr 

• l 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 Di. 
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HN61256P 

(DP-28) 

HN61256FP 

(FP-54) 

•PIN ARRANGEMENT 
•HN61256P 

NC(A1s l • 

Au 

,,., 
,.. 
"' ,.. 

"' 
"' 
A, 

(Top View) 

•HN61256FP 

(Top View) 

Vee 

A" 

cs 
,.. 

Au 

CE 

A,. 

A., 



• ABSOLUTE MAXIMUM RATINGS 

Item Symbol 

Supply Voltage• Vee 

Input Voltage• v. 
Operating Temperature Range T.,pT 

Storage Temperature Range T3:1 

Bias Storage Temperature Range Tbiu 

Note: * Referenced to Vss . 

• ELECTRICAL CHARACTERISTICS 

(Vcc~5V±l0%. Vss~OV. Ta~0-+75°C) 

Item Symbol 

Input "High" Level Voltage V,H 

Input "Low" Level Voltage Ve 

Output "High" Level Voltage VoH 

Output "Low" Level Voltage Voe 

Input Leakage Current I .. 

Output "High" Level Leakage Current f wH 

Output "Low" Level Leakage Current fLoL 

1 in stand-by [,, 
Supply Current 

l1n operation lcr • 

Input Capacitance c. 
Output Capacitance c,., 

* Steady state current .. ViT=SV, Ti=25"C 

Rating 

-0.3-+7.0 

--0.3-+7.0 

o-+75 

-55-+125 

-20-+85 

Test Condition 

loH~ -100µA 

fo1~1.6mA 

v .. ~o-5.5V 
CE ~o.8v v .. , ~2.4 v 

CE~2.4V v .. , ~o.4 v 
CS~ Vuc-0.2V. 
cs~ v~,,+o.2v 

~~rif,;;I • ., ~omA 
Vcc~5.5V 

v .. ~ov.J~lMHz. Ta~25·c 

• AC OPERATING CONDITION AND CHARACTERISTICS 

Unit 

v 

v 

·c 
·c 
·c 

min typ" max Unit 

2 .4 - Vee v 

0 - 0.8 v 

2 .4 - - v 

- - 0. 4 v 

- - 2 .5 µA 

- - 5 µA 

- - 5 µA 

- 1 30 µA 

- 1.5 3 .0 mA 

- - 10 pf 

- - 12. 5 pf 

•READ SEQUENCE (Vcc~5V±l0%, Vss~OV, Ta~0-+75°C, t.~t1 ~20ns) 

Item 

Read Cycle Time 

Address Access Time 

Chip Enable Access Time 

Data Hold Time from Address 

Address Set·up Time 

Address Hold Time 

Chip Enable or-; Time 

Chip Enable OFF Time 

Address 24\' 

cs 0.8\' 
I 
I 
~ tCE 

I 

CE 2.4\' 

0.8V 

I 
IEACC 

IA ~cc 

L>vut @(''v 04V 

Symbol 

I BC 

t AACC 

l EACC 

t DF 

t '5 

t '" 
Irr 

t" 

"' 

0.8\' 

l>•)Ut Valid 

min max 

4 .0 ! -

- 3. 5 
- 3 .0 

0.05 o. 5 

0. 5 -

0 -

3.0 -

0. 5 -

I 
I !Df 

t4 

b HI Z 

@HITACHI 

Unit 

µs 

µs 

µs 

µs 

µs 

µs 

µs 

µs 

•AC TEST LOAD 

Notes: l.f,-t1 -20ns. 

S.OV( Vee) 

R.t=2.4kQ 

2. CL inchxles jig capacitance. 

3.AU dooes "" 152074®. 
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HN613256P, HN613256FP 

32768-word x 8-bit Mask Programmable Read Only Memory 
The HN613256P/FP is a mask-programmable, byte-organized memo
ry designed for use in bus-organized system. 

To facilitate use, the device operates from a single power supply, has 
compatibility with TTL, and requires no Clocks nor refreshing 

because of static operation. 
The active level of the CS and OE input, and the memory content 

are defined by the user. The Chip Select input deselects the output 

and puts the chip in a power-down mode. 

• FEATURES 

• Fully Static Operation 
• Automatic Power Down 
• Single +5V Power Supply 
• Three-state Data Output for OR-ties 
• Mask Programmable Chip Select and Output Enable 
• TTL Compatible 
• Maximum Access Time: 250ns 

• Low Power Standby and Low Power Operation; 
Standby 5µW (typ.), Operation 50mW (typ.) 

• Pin Compatible with EPROM 

• BLOCK DIAGRAM 

Memory 
Matrix 

3-State 
Output 
Buffer 

AO 
Al 
A2 
A3 
A4 
AS 
A6 
A7 
A8 
A9 

Address 
Decoder J----i._3_2_. 7_6_s_x_sJf----_ -_ ----L~~~_J 

AIO 
All 
Al2 
Al3 
Al4 
•cs~..__....._ _____________ ~ 

*OE~ ... -----------------~ 

DO 
DI 
D2 
D3 
D4 
DS 
D6 
D7 

* Active level defined by the user. 

•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 oc 
Storage Temperature Range Tst11 -55to+!25 oc 
Storage Temperature Range (Under Bias) Tbias -20 to +85 oc 
*With respect to V ss 

• RECOMMENDED DC OPERATING CONDITIONS 

Item Symbol min. typ. max. Unit 

Supply Voltage• Vee 4.5 5.0 5.5 v 
VIL -0.3 - 0.8 v 

Input Voltag"e• 
VIH 2. 2 - Vee v 

Operating Temperature T.,. -20 - 75 ·c 
* With respect to Vss. 
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HN613256FP 

(FP-54) 

•PIN ARRANGEMENT 
• HN613256P 

(Top View) 

* Active level can be defined by the customer. 

• HN613256FP 

A, A, A, ,A,, l'cc N( A,, A, A• A. 

(Top View) 

* Active level can be defined by the customer. 



• ELECTRICAL CHARACTERISTICS (Vee= S.OV±10%, Vss = OV, Ta= -20-+75 °C) 

Item Symbol Test Condition min ty~-.; max Unit 

Input Voltage 
2.2 - Vee v 

-0.3 - 0.8 v 

2.4 
VoH IoH= -205 µ.A - - v 

Output Voltage 
VoL IoL - 3.2 mA - - 0.4 v 

Input Leakage Current fin Vin= 0 - 5.5V - - 2.5 µ.A 

Output Leakage Current ,_,,_IL_O_H_---i cs= 0.8V, cs= 2.2V l~V.,..o_u_1_=_2_.4.,.,v ____ +----+----.-1_,.o-+-_µ._A_ 

ILoL l Vout = 0.4V - - 10 µ.A 

[ Active Ice* Vcc=5.5V,l0 ut=OmA,tRc=min,duty=l00%. - 10 30 mA 

Supply Currentj . 
Standby lsB Vcc=5.5V,CS ~ Vcc-0.2V,CS~0.2V - l 30 µ.A 

15 pF 
eout 

Vin= OV,f= l MHz, T 0 = 25 °C Input Capacitance 

Output Capacitance 

10 pF 

* Steady state current 
** Vcc=5V, T0 =25°C 

•RECOMMENDED AC OPERATING CONDITIONS (READ SEQUENCE) 

(Vcc=5V±10%, Vss=OV, Ta=-20-+75°C, t,=t1=20ns) 

Item 

Read Cycle Time 

Address Access Time 

Chip Select Access Time 

Chip Selection to Output in Low Z 

Output Enable to Output Valid 

Output Enable to Output in Low Z 

Chip Deselection to Output in High Z 

Chip Disable to Output in High Z 

Output Hold from Address Change 

•TIMING WAVEFORM 
• READ CYCLE (1) 

•READ CYCLE (2) (Notes l, 3) 

Symbol 

tRC 

IAA 

IACS 

fCLZ 

IOE 

IOLZ 

ICHZ 

IOHZ 

IOH 

min max 

200 -
- 200 

- 200 

10 -

- 100 

10 -
0 100 

0 100 

10 -

Add-=tz ... •tt ~ 
Dout 'o• =sk><XX)k,----S--....,,-17-

@HITACHI 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

• AC TEST LOAD 

15.0V(Vu) 

.? Rt"'2.4Ul 

""" 

Notes: 1. t. -t1 -20ns 

2. Ci includes ji1 capacitance 

3. All diodes are 1S2074® 

NOTES: 
1. Device is continuously selected. 
2. Address Valid prior to or coinci-

dent with CS transition low. 

3. OE= VrL. 
4. Input pulse level: 0.8 to 2.4V 
5. Input and output reference level: 

1.5V 
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HN613256HP--------Preliminary 
32768-word x 8-bit Mask Programmable Read Only Memory 

The HN613256HP is a mask-programmable, byte-organized memory 
designed for use in bus-organized system. 
To facilitate use, the device operates from a single power supply, has 
compatibility with TTL, and requires no clocks_ nor refreshing be
cause of static operation. 
The active level of the CS and OE input, and _the memory content 
are defined by the user. The Chip Select input deselects the output 
and puts the chip in a power-down mode. 

• FEATURES 
• Fully Static Operation 
• Automatic Power Down 
• Single +5V Power Supply 
• Three-state Data Output for OR-ties 
• Mask Programmable Chip Select and Output Enable 
• TTL Compatible 
• Maximum Access Time: 200ns 
• Low Power Standby and Low Power Operation; 

Standby 5µW (typ.), Operation 50mW (typ.) 
• Pin Compatible with EPROM 

•BLOCK DIAGRAM 

AO 
Al 
A2 
A3 
A4 
AS 
A6 
A7 
AS 
A9 

AIO 
All 
Al2 
Al3 
Al4 

Address 
Decoder 

Memory .___ __ _, 
Matrix 

3-State 
Output 
Buffer 

•cs:~_.._._ ____________ __) 
*OE'~_.. ________________ _j 

DO 
DI 
02 
03 
04 
OS 
06 
07 

* Active level defined by the user. 

•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 oc 
Storage Temperature Range Tst11 -55 to +J 25 oc 
Storage Temperature Range (Under Bias) Tbias -20 to +85 oc 
*With respect to Vss 

• RECOMMENDED DC OPERATING CONDITIONS 

Item Symbol min. typ. max. Unit 

Supply Voltage • Vee 4 .5 5 .0 5. 5 v 
v,, -0.3 - 0.8 v 

Input Voltage• 
Vrn 2 .0 - Vee v 

Operating Temperature Tapr -20 - 75 ·c 
* With respect to Vs~. 
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•PIN ARRANGEMENT 

(Top View) 

* Actiw· level can be rlefined by the customer. 

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



HN62301 p----------Preliminary 

131,072-word x 8-bit Mask Programmable Read Only Memory 
The HN62301 P is a mask-programmable, byte-organized memory 
designed for use in bus-organized systems. To facilitate use, the 
device operates from a single power supply, has compatibility with 
TTL, and requires no clocks or refreshing because of static opera-
tion. The Chip Enable and the memory content are defined by the 
user. The Chip Enable input deselects the output and puts the chip 
in a power-down mode. 

•FEATURES 

• Static Operation 
• Automatic Power Down 
• Single +5-Volt Power Supply 
• Three-State Data Output for OR-Ties 

( DP-28 ·, 

• TTL Compatible 
•PIN ARRANGEMENT • Maximum Access Time-350ns 

• Lower Power Standby and Low Power Operation; 
Standby: 2mW (typ.), Operation: 75mW (typ.) 

•BLOCK DIAGRAM 

•ABSOLUTE MAXIMUM RATINGS 

Item J Symbol Value 
Supply Voltage• I Vee -0. 3 to 
Input Voltage• 1 V., 0. 3 to 
Operating Temperature Range i To,. 0 to 
Storage Temperature Range i T,1, 55 to 
Bias Storage Temperature Range To, .. -20 to 

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

t 7. 0 

+7.0 

+ 70 

c 125 

+ 85 

]!,, 

lJ 
ll1 

JJ-1 
u, 
!li 
[lo 

II· 

Unit 

v 
v 

·c 
·c 
·c 

@HITACHI 

(Top View: 
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•RECOMMENDED DC OPERATING CONDITIONS (Ta=O to 70°C) 

Item Symbol min typ max 

Supply Voltage • Vee 4. 5 5.0 5.5 

ViL -0.3 - 0.8 
Input Voltage• 

2.4-t 0.4( Vcc-5) ViH - Vee 

• with respect to v .. 

•ELECTRICAL CHARACTERISTICS (Vcc=5V±10%, Vss=OV, Ta=O to +70°C) 

Item Symbol 

Normal Operating Current lcc1 • 

Nibble Operating Current Icc2 • 

Stand by Current ls• 

Input Leakage Current hr 

hoH 
Output Leakage Current 

ILoL 

Vo• 
Output Voltage 

VoL 

* Steady state current ••• Vcc=5V, T.,,,,25"C 

* * TBD 

Test Conditions 

bic1=min, Vcc=5.5V, J,.,=OmA, duty=l00% 

1Rc2=min, Vcc=5.5V, J,,,=OmA, duty=l00% 

CE'1: Vcc-0.2V, Vcc=5.5V 

V;, =O to 5. 5V, other OV 

0'=2.4V 
l V,.,=2.4V 

l V,,.=0.4V 

f,,.=-205µA 

f,,.-3.2mA 

•CAPACITANCE (Vcc=5V±10%, Ta=25°C, lMHz \/,,=OV) 

Item Symbol typ 

Input Capacitance (Ao-A10, CE} c .. -

Output Capacitance (Do-Di) Co111 -

min typ** ... 

- 15 

- 5 

- 0.4 

-10 -

- -

- -

2.4 -

- -

max 

10 

15 

•AC CHARACTERISTICS ( Vcc=5V±10%, Vss=OV, Ta=O to +70°C, t,=t1=20ns) 

Mode Item Symbol min max . 
Cycle Time hc1 350 -

Normal Address Access Time fAAI - 350 

Data Hold Time loH 10 -

CR Access Time l.tCE - 350 

CE Enable Pulse Width lcE 350 -

CE Disable Pulse Width tu 15 -
CE operation 

Address Set up Time 1., 0 -

Data Hold Time from CE tcHz 10 
.. 150 

Data Set Time from CE fcLZ 10 -

... Nibble Address Access Time• fAA2 - 100 

Nibble operation 
Nibble Cycle Time hc2 100 -

* Nibble Address Ao, A1 ••THD 

***Thl' specifications of this mode art' subject to chan,!!e without notice. 

Please contact your nearest Hitachi's Sales Dept, regarding specifications. 
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Unit 

v 
v 
v 

max Unit 

50 mA 

15 .. mA 

10 mA 

IO µA 

10 µA 

10 µA 

- v 

0.4 v 

Unit 

pF 

pF 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 



•nMMING CHART 

•NORMAL CYCLE (CE~Low) 

Address 

Onut 

•CE CYCLE 

~1---------u r.-------<-+---tr:F 

Address 

Dout 

•NIBBLE CYCLE* 

-------tRC1-------~---tRC2 

Ao,A1 

t-1------IHl -----

Dout Previous Data Valid 
Data 

* Please contact your nearest Hitachi's Sales Dept, regardmg spec1ftcat1ons. 

• AC TEST LOAD 

ITT.OY<Vccl 

RL =2.4kn 

Test Point 

130p 

~ ";"' 

Notes) 1. t.~t1-20ns 

2. CL includes jig capacitance. 
3. All diodes are lS2074®. 
4 . Input pulse level : 0.8 to 2.4V 

Valid 
Data 

5 . Input and output timing reference level : l.5V 
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• CE DUMMY CYCLE 

CE dummy cycle is necessary when Vee rise time is longer than 20 ms. 

I~ 

252 

- - - - - - - - - - - - - - I-,\ 

(Note) 1. There is no limitation for Vee rise time when at least one of 
addresses or CE signal is changed after power-up (V cc ~ 4.SV). 
350ns is required for the access after the transition. 

-------1.-,\ 

(Note) 1. Transition of neither address nor CE is necessary for system 
initialization when V cc rise time is less than 20ms, because of 
V cc-detective-circuit-operation. 
2ms is required for the access after power-up. 

@HITACHI 
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HN482732AG-20, 
HN482732AG-25, 
HN482732AG-30 
4096-word x 8-bit U. V. Erasable and Programmable Read Only Memory 
The HN482732A is a 4096-word by 8-bit erasable and electrically 
programmable ROM. This device is packaged in a 24 pin dual-in-line 
package with transparent lid. 
The transparent lid on the package allow the memory content to be 
erased with ultraviolet light. 

•FEATURES 
• Single Power Supply . . . . . . +5V ±5% 
• Simple Programming ...... Program Voltage: +21V D.C 

Program with one 50ms Pulse 
• Static. . . . . . . . . . . . . . . . . . No clocks Required 
• Inputs and Outputs TTL Compatible During Both Read and 

Program Mode 
• Access Time . . . . . . . . . . . . HN482732AG-20 200ns (max) 

HN482732AG-25 250ns (max) 
HN482732AG-30 300ns (max) 

• Absolute Max. Rating of Vpp Pin ... 26.5V 
• Low Stand-by Current ........... 35mA (max) 
• Compatible with Intel 2732A 

•BLOCK DIAGRAM 

Ao- A11 

Powerdown & 

Prog, Logic 

Decoder 

VecodPr 

•MODE SELECTION 

~· CE 
E (18) 

Read VIL VIL 
~-----

Stand by V1H Don't 

Program VIL VPP 

Program Verify VIL VIL 
--~ --- -

Program Inhibit VIH VPP 

254 

OE IV PP 

(20) 

Care 

. 
• 

Y Gating 

32i6fl bit 

EPHOM Matrix 

Vee Outputs 

(24) (9-11, 13-17) 

+5 Do .. 

+5 High Z 

+5 D,o 

+5 Do•• 
+5 High Z 

@HITACHI 

(DG-248) 

•PIN ARRANGEMENT 

(Top View) 



~~~~~~~~~~~~~~~~-HN482732AG-20,HN482732AG-25,HN482732AG-30 

• ABSOLUTE MAXIMUM RATINGS 
Item Symbol f Value Unit 

Operating Temperature Range T.,. 0 to +70 ·c 
Storage Temperature Range T.i, ! -65 to +125 ·c 
All Input and Output Voltages• v ... v ... i -0.3 to +7 v 
V PP Voltage• OE/Vpp ! -0.3 to 26.5 v 
V cc Voltage• Vee -0.3 to +7 v * with respect to GND 

• READ OPERATION 
eD.C. AND OPERATING CHARACTERISTICS (Ta=O to 70°C, Vcc=5V±5%, V,,= v" ±0.6Vl 

Parameter I Symbol Test Conditions min typ max Unit 
Input Leakage Current Iv V1N=5.25V - - 10 µA 
Output Leakage Current ho v ... =5.25V - - 10 µA 
V cc Current (Standby) /cc1 CE= V!H, OE= VIL - - 35 mA 
V cc Current (Active) lcci OE=CE"= VIL - - 150 mA 
Input Low Voltage VIL -0.1 - 0.8 v 
Input High Voltage I V1H 2.0 - Vee+l v -Output Low Voltage VoL loL=2.lmA - - 0.45 v 
Output High Voltage VoH loH= -400µA 2.4 - - v 
eAC CHARACTERISTICS (Ta=O to 70°C, Vcc=5V±5%. V,,= v" ±0.6Vl 

Parameter 
I 
I Symbol 

Unit 
HN482732AG-20 I HN482732AG -25 HN482732AG-30 Test COnditionsr----..-------...------t---~----1 min max min max min max 

Address to Output Delay t,ee CE =OE= VIL - 200 - 250 - 300 ns 

ns 
CE to Output Delay leE OE= VIL - 200 - 250 - 300 _m:-__ t_o_O_u_t-pu_t_D-el-ay ___ _,__lo-,- - +cf:-.:.-v{L -- --<---l-0--+--9-0--+--l-O--+--l-00--+--1-0--+-·-1-50--+---ns--+- - - - =----· ---+---- -------+---·--+----OE High to Output Float loF CE= VIL 0 80 0 90 0 130 
Address to Output Hold toH CE=OE=VIL 0 - 0 - 0 

e SWITCHING CHARACTERISTICS 
Test Conditions 

Input Pulse Level: .................. 0.SV to 2.2V 
Input Rise and Fall Times: . . . . . . . . . . . . . . . . ~ 20ns 
Output Load: ............... 1 TTL Gate+ 100PF 
Reference Level for Measuring Timing ........... Inputs, 1V and 2V, Outputs; O.SV and 2V 

Address 

Standby Mode Aclivt> Mode Standby Mode 

IOF. 

IACC 

Data Ouc 

eCAPACITANCE (Ta=25'C, f=IMHz) 

ns 

ns 

·-~·---_______ P_a_rameter Symbol _____ T_es_t_C_on_d_it_io_n_s ____ , ___ m_•_n ___ _ max Unit t_Y!>_ -
. Input Capacitance (Except Of:~ t- _C_'"-'···---+-v_,_•=_OV _________ +-----T----;----+--pF __ 
OEIVPP Input Capacitance c/N, v_,._=_O_V______ l~-1-~---Output Capacitance v ... -ov 12 pF 
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HN482732AG-20, HN482732AG-25, HN482732AG-30---------------~ 

• PROGRAMMING OPERATION 

e DC PROGRAMMING CHARACTERISTICS ( Ta~25 'C±5 'C, Vcc~5V±5%, VPP~21V±0.5V) 

Parameter Symbol Test Condi_ti_·_ o_n ____ -+_m_in_-+_t~y~p-+-_m_a_x_+-_U_ni_t _ 

_ In_p_u_t_L_e_a_ka_g~e_C_ur_r_e_n_t ______ --+ __ l_1_1_--+_V_1_N_~_V_1_1_o_r_V_1H ______ -+-----+------+----!~ __ µ_A __ 

Output Low Voltage During Verify Vo1 la1 ~2.1mA - - 0.45 V 

Output High Voltage During _V_e_r_if~y ___ +-__ V_o_H_--+_I o_H_~_-_4_00_µ_A ________ --+ __ 2_._4_+-- -=---+------+-__ V __ 

V cc Supply Current I cc 150 mA 

Input Low Level -0.1 0.8 v 
Input High Level (All Inputs Except OE/V pp) 2. n Vee+ I v 
V PP Supply Current [pp CE~V11, OE~VPP 30 mA 

eAC PROGRAMMING CHARACTERISTICS (Ta~25'C±5°C, Vcc~5V±5%, VPP~21V±0.5V) 

Parameter typ Symbol 
---- - -------------+--~---+-

Test Conditions min max Unit 

µs Address Setup Time 
-------- ~-------------+-------+--------------+----+------+------f-----

OE Setup Time µs 

Data Setup Time lns µs 
--------------------- -----

Address Hold Time tAH µs 
---------+------+-------------~ -----+-----+----+----

OE Hold Time lOEH µ• 
-------+-----

Data Hold Time f oH µs 
-----·-----~- ------ -·----j-------+----

Chip Enable to Output Float Delay• t DP 130 ns 

Data Valid from CE t"' CE~ V11, OE~ V11 I µs 
------------------------1-- - -+---- - --- - - ---·- --- ------r-------

CE Pulse Width During Programming t FW 55 ms 45 50 
----- -----+----+------

OE Pulse Ri_~Time ___ _p_u_:_i~g ___ ~rogramn:iin_g 50 ns 

V PP Recovery Time µs 

* t vr defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels. 

e SWITCHING CHARACTERISTICS 

Test Condition 
Input Pulse Level ............. . 

Input Rise and Fall Time ........ . 

a.av to 2.2v 
;;:; 20ns 

Reference Level for Measuring Timing: . ........ Inputs 1V and 2V; Outputs O.BV and 2V 

Address 

Data 

OE 

tots ,,.. IOE.H 

IPllT 

•ERASE 

Erasure of HN482732A is performed by exposure to 
ultraviolet light of 2537A and all the output data are 
changed to "1" after this erasure procedure. The 
minimum integrated dose (i.e. UV intensity x ex

posure time) for erasure is 15W-sec/cm2 
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-~~~~~~~~-~~~~~~HN482732AG-20,HN482732AG-25,HN482732AG-30 

SUPPLY CURRENT vs. 
SUPPLY VOLTAGE 

rno-------------Ta--=~-,5,-l ~ 

::(" 801---1-----lf-----t--->---+--->---+---I 

s 
(.) 

~ ti(I r---r-----11-----t----t---+---+-i="~' +----j 
c 
~ 
;; ~ 
U -Hll---1---1-----1----t---+--->---+----t 
» 
'i5. 
0. 

" U) 2() f---j---f-----l----t---+----t- /r1 I t------1 

I'---'---'-----'----'---'---'---'---' 

~ 
~ 

Supply Voltage V cc (V) 

ADDRESS ACCESS TIME 
vs. SUPPLY VOLTAGE 

,l(l\1------~-----~ 

r,, - ~51.. 

5 ~lllll----+----+-----+-----1 
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(.) 
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~ l ~~--f-L 
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"O 

< 
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Supply Voltage V CC (V) 

SUPPLY CURRENT vs. 
AMBIENT TEMPERATURE 

Vcc=5\. 

~ 801---+--+----l>---+---+----l-+--+----t-+---I 
< s 
(.) 
~ 60 r---t---+--l--+---+----1>--+--+---+-+---t 
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0. 
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411 

Ambient Temperature Ta (°C) 

ADDRESS ACCESS TIME vs. 
AMBIENT TEMPERATURE 

kt =5\' 

5 4UIJ 1---+---+----+----+----+--I 
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~ 
E \I)() 1---+----+----+----+----+--1 

f::: 
~ 
~ 
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Ambient Temperature Ta (°C) 
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HN482764G,HN482764G-2, 
HN482764G-3 
8192-word x 8-bit UV Erasable and Programmable Read Only Memory 
The HN482764 is a 8192 word by 8 bit erasable and electrically 
programmable ROM. This device is packaged in a 28 pin dual-in-line 
package with transparent lid. The transparent lid on the package 
allows the memory content to be erased with ultraviolet light. 

•FEATURES 
• Single Power Supply ....................... +5V ± 5% 
• Simple Programming .......... Program Voltage: +21V D.C. 

Program with one 50ms Pulse 
• Static .......................... No Clocks Required 
• Inputs and Outputs TTL Compatible During Both Read and Pro

gram Mode. 
• Access Time ............... HN482764G-2 200ns max 

HN482764G 250ns max 
HN482764G-3 300ns max 

• High Performance Programming Available 
• Low Standby Current .............. . 35mA max. 
• Compatible with Intel 2764 

Oo-01 

•BLOCK DIAGRAM 

Y-Dewler Y-Gating 

Ao 65536 blt 

X-Vecoder Au 
Memory Matrix 

• MODE SELECTION 

~ CE OE PGM VPP Vee Outputs 

e (20) (22) (27) (1) (28) (11-13, 15-19) 

Read VIL VIL Vrn Vee Vee Dout 
Stand-by Vrn x x Vee Vee High Z 
Program VIL x VIL VPI' Vee Din 

Program Verify VIL VIL v,H VPP Vee Dout 
Program Inhibit v,H x x VPP Vee High Z 

x . don t care 

•ABSOLUTE MAXIMUM RATINGS 

Item Symbol Value Unit 

Operating Temperature Range T.,. 0 to +70 ·c 
Storage Temperature Range T.,, -65 to +125 ·c 
All Input and Output Voltage• Vr -0.6 to +7 v 
V PP Voltage VPP -0.6 to +26.5 v 
* . w 1th respect to GND 
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HN482764G, HN482764G-2 
HN482764G-3 

I DG-28 

• PIN ARRANGMENT 

(Top View) 



---------------------- HN482764G-2,HN482764G, HN482764G-3 

•READ OPERATION 

•DC AND OPERATING CHARACTERISTICS(Ta~O to +70°C, Vcc~SV±5%, Vpp~Vcc±0.6V) 

Parameter Symbol Test Condition min typ 

Input Leakage Current lu Vcc~5.25V, V .. ~5.25V - -

Output Leakage Current ho Vcc~5.25V, V,., ~5.25V /0.45V - -

VPP Current [ppj Vpp~Vcc+0.6V - -

Vee Current (Standby) lcCJ CE"' VIH - -

Vee Current (Active) lccz CE~OE ~Vu. - 40 

Input Low Voltage V, L -0.1 -

Input High Voltage VIH 2 .o -

Output Low Voltage Vin loL~2.lmA - -

Output High Voltage VoH loH ~ -400 µA 2. 4 -

•AC CHARACTERISTICS( Ta~O to +70°C, Vcc~SV±5%, Vpp~ Vcc±0.6V) 

HN482764G-2 HN482764G 
Parameter Symbol Test Conditions 

min max min max 

Address to Output Delay fACC CE=OE= Vn - 200 - 250 

CE to Output Delay la OE= ViL - 200 - 250 

OE to Output Delay U!E CE= ViL 10 80 10 100 

OE High to Output Float Im CE= ViL 0 70 0 90 

Address to Output Hold WH CE=OE= Vn 0 - 0 -

~ote : taF defines the time at which the output achie\·es the open circuit condition and is not referenct>d to output rnltage le\'els. 

e SWITCHING CHARACTERISTICS 
Test Condition 

Input Pulse Levels: 
Input Rise and Fall Time: 

Output Load: 
Reference Level for Measuring Timing: 

Address 

Standby Mode 

Data Out 

•CAPACITANCE ( Ta~2s·c.1~ lMHz) 

Parameter Symbol 

Input Capacitance c .. 
Output Capacitance c.., 

o.av to 2.2v 
:'.S 20ns 
1TTL Gate+ 100pF 
Inputs; 1 V and 2V 
Output; o.av and 2.0V 

Act\l/e Mode 

/(Jf' 

IACC 

Test Condition 

v.;~ov 

v ... ~ov 
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Standby Mode 

min typ 

- 4 

- 8 

max 

10 

10 

15 

35 

100 

0.8 

Vcc+I 

0. 45 

-

HN482764G-3 

min max 
- 300 
- 300 

10 150 

0 130 

0 -

max 

6 

12 

Unit 

µA 

µA 

mA 

mA 

mA 

v 
v 
v 
v 

Unit 

ns 

ns 

ns 

ns 

ns 

Unit 

pF 

pF 
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HN482764G-2,HN482764G,HN482764G-3,~~~~~~~~~~~~~~~~~~~~~~-

• PROGRAMMING OPERATION 

•DC PROGRAMMING CHARACTERISTICS(Ta~2s"C±S°C, Vcc~sv±5%, vpp~21v±o.sv) 

Parameter Symbol Test Condition min typ 

Input Leakage Current lu V., ~5.25V - -

Output Low Voltage During Verify VoL loL~2.lmA - -

Output High Voltage During Verify VoH foH~ -400 µA 2 .4 -

Vee Current (Active) lcu - -

Input Low Level V,L -0.1 -

Input High Level Vrn 2. 0 -

VPP Supply Current [pp CE ~PGM ~ ViL - -

•AC PROGRAMMING CHARACTERISTICS(Ta~25"C±5"C, Vcc~5V±5%, VPP~21V±0.5V) 

Parameter Symbol Test Condition min typ 

Address Setup Time '" 2 -

OE Setup Time loES 2 -

Data Setup Time to, 2 -

Address Hold Time i<H 0 -

Data Hold Time foH 2 -

OE to Output Float Delay fop 0 -

VPP Setup Time I '5 2 -

PGM Pulse Width During Programming fpw 45 50 

CE Setup Time lCES 2 -

Data Valid from OE foE - -

Note: lpr 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 Level for Measuring Timing: 

Address 

Data 

Vpp 

•ERASE 

ICES 

0.8V to 2.2V 
~20 ns 
Input; 1 V and 2V 
Output; 0.8V and 2V 

Program 

In Stable 

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' 

2~ @HITACHI 

max Unit 

10 µA 

0. 45 v 
- v 

100 mA 

0.8 v 
Vcc+l v 

30 mA 

max Unit 

- µs 

- µs 

- µs 

- µs 

- µs 

130 ns 

- µs 

55 ms 

- µs 

150 ns 



~~~~~~~~~~~~~~~~~~~~~~HN482764G-2,HN482764G,HN482764G-3 
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HN482764G-2, HN482764G,HN482764G-3t---------------------~ 

•HIGH PERFOMANCE PROGRAMMING 

This device can be applied the High Performance Pro
gramming algorithm shown in following flowchart. 
This algorithm allows to obtain faster programming 
time without any voltage stress to the device nor 
deterioration in reliability of programmed data. 

SET PROG.iVERIFY MODE 
\/pp=21±0.5\' \/cr=6.0±0.25\" 

Address+ I-Address 

S= IU,ll.-·-15 

Program lopw = 4n ms 

St:T RE:'l.D MO/JC: 
\.'(c=5.0±0.25\' Vn= Vu ::0.6\' 

High Performance Pn>gramming Flowchart 

•AC PROGRAMMING CHARACTERISTICS (Ta~25°C±5°C, Vcc~6V±0.25V, VPP~21V±0.5V) 

Parameter ] Symbol I Test Condition l min typ-,~~-x-~_U_n_i_t _ 

-~-~d-r5_e_:;_u_pS-~-\"_:_e_T-im_e_ f :::s 1 • = f = µs 

µs 

Data Setup Time f DS I µs 

f,H µs Address Hold Time 

Data Hold Time foH --- ·-------·~-----------·-··--~----+-------- ~-._µ_s __ 
OE to Output Float Delay• Iv, -----~----1--1 ____ 130 ns 

[ VPS µs 

t vcs µs 

t.w 0. 95 1.0 .05 ms 

tow; 3.8 63 ms 

l CES 2 µs 

Data Valid from OE l fOE 

--+--------· --- - --+-------+-----~J--15_0_-+-_n_s __ 

Notes) * t Df defines the time at which the output achie\'es the open circuit condition and is not referenced to output rnltage level;;. 
* * l ui·" is defined as mentioned in ftort chart. 

e SWITCHING CHARACTERISTICS 
Test Condition 

Input Pulse Level: 
Input Rise and Fall Time: 

o.av to 2.2v 
:S: 20 ns 

Reference Level for Measuring Timing: Input; 1 V and 2V 
Output; 0.8V and 2V 
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HN482764P-3 
8192-word x 8-bit One Time Electrically Programmable ROM 

The HN482764P-3 is a 8192 word by 8-bit one time electrically 
programmable ROM. Initially, all bits of the HN482764P-3 are in 
the "1" state (Output High). Data is introduced by selectively pro
gramming "O" into the desired bit locations. This device is packaged 
in a 28 pin, dual-in-line plastic package. Therefore, this device can 
not be re-written. 

• FEATURES 
• Spring Power Supply ....... +5V ±5% 
• Simple Programming .... Program Voltage: +21V D.C. 

Program with one 50ms Pulse 
• Static . . . . . . No Clocks Required 
• Inputs and Outputs TTL Compatible During Both Read and 

Program Mode 
• Access Time .......... 300ns max. 
• Low Standby Current ........ 35mA max. 

• Compatible with Intel P2764 

•BLOCK DIAGRAM 

M p,,wer LJ,1wn 
Outpur 

Ot: Pr·>g L·>g1c 

CT Hullers 

Y-Uec,oder Y-Gating 

'" 65536 bit 

A12 
\-Uec,Jder 

Mem·>rv Matr111t 

• MODE SELECTION 

~ 
-

OE PGM CE. Vf•P V1·( Outputs 

e (20) (22 I (27) I I ! (28) (11-13. 15-19) 

Read v,, v" Vrn Vee Vee Dout 

Stand-by Vrn x x Ver Vee High Z 

Program v" x V1L VP/' Vcc Din 

Program Verify V11, v" Vrn V1'1-' Vee Dout 

Program Inhibit Vrn x x V1'1' Vee High Z 

x : don't care 

• ABSOLUTE MAXIMUM RATINGS 
Item Symbol Value Unit 

Operating Temperature Range Topr 0 to +70 oc 
Storage Temperature Range Tstg -55 to +125 oc 
All Input and Output Voltage* VT -0.6 to +7 v 
Vpp Voltage Vpp -0.6 to +26.5 v 

-~-~ 

* with respect to GND 

~HITACHI 

HN482764P-3 

(DP-28} 

• PIN ARRANGMENT 

(Top View) 
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• READ OPERATION 
• DC AND OPERATING CHARACTERISTICS (Ta= 0 to +70°C, Vee= 5V ± 5%, Vpp =Vee± 0.6V) 

Parameter Symbol Test Conditions min typ max Unit 
Input Leakage Current Iu Vee= 5.25V, Vin= 5.25V - - 10 µA, 
Output Leakage Current ho Vee= 5.25, Vout = 5.25V/0.45V - - 10 µA 
Vpp Current !pp] Vpp =Vee+ 0.6V - - 15 mA 
Vee Current (Standby) Icc1 CE= VIH - - 35 mA 
V cc Current (Active) Icc2 CE= OE= VIL - 40 100 mA 
Input Low Voltage V1L -0.1 - 0.8 v 
Input High Voltage JfH 2.0 - Vcc+l v 
Output Low Voltage VoL IoL = 2.lmA - - 0.45 v 
Output High Voltage VoH loH = -400µA 2.4 - - v 

• AC CHARACTERISTICS (Ta= 5V ± 5%, Vpp =Vee± 0.6V, Ta= 0 to +70°C) 

Parameter Symbol Test Conditions min max Unit 
Address to Output Delay tACC CE= OE= V1L - 300 ns 
CE to Output Delay tcE OE= VIL - 300 ns 
OE to Output Delay toE CE= VIL 10 150 ns 
OE High to Output Float* tDF CE= VIL 0 130 ns 
Address to Output Hold toH CE= OE= VIL 0 - ns 

* tnF defines the time at which the output achives the open circuit condi!Ion and is not referenced to output voltage levels. 

• SWITCHING CHARACTERISTICS 
Test Condition 
Input Pulse Levies: 0.8V to 2.2V 
Input Rise and Fall Times:~ 20ns. 
Output Load: 1 TTL Gate + 100p F 

AdJre<;s 

Standbv ~ode 

()[ 

Da1a Ouc 

• CAPACITANCE ( Ta~25°C, j~ !MHz) 

Parameter Symbol 

Input Capacitance c.. 
Output Capacitance c.., 

264 

Reference Level for Measuring Timing: 
Inputs ; 1 V and 2V 
Outputs; 0.8V and 2V 

Active Mode 

Test Condition 

v .. -ov 
V,,, -OV 
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Standby Modf' 

min 

-

-

typ max Unit 

4 6 pf 

8 12 pf 



•PROGRAMMING OPERATION 

•DC PROGRAMMING CHARACTERISTICS(Ta~25"C±5°C, Vcc~5V±5%, VPP~21V±0.5V) 

Parameter Symbol Test Condition min typ 

Input Leakage Current Iu V .. -5.25V - -

Output Low Voltage During Verify Vat loL=2.1mA - -

Output High Voltage During Verify VoH loH- -400pA 2 .4 -

Vee Current (Active) lccz - -

Input Low Level Vic -0.1 -

Input High Level V,H 2. 0 -

VPP Supply Current ll't' CE-PGM -V,, - -

•AC PROGRAMMING CHARACTERISTICS(Ta~25°C±5°C, Vcc~5V±5%, Vpp~21V±0.5V) 

Parameter Symbol Test Condition min typ 

Address Setup Time '" 2 -

OE Setup Time fnES 2 -

Data Setup Time la> 2 -

Address Hold Time f,H 0 -

Data Hold Time foH 2 -

OE to Output Float Delay IN 0 -

VPP Setup Time t" 2 -

PCM Pulse Width During Programming lrw 45 50 

CE Setup Time fr ES 2 -

Data Valid from OE lot. - -

'.\ote : t1,F defines the time at which the output achieves thf' open circuit condition and is not refere-nced to output voltage levels 

e SWITCHING CHARACTERISTICS 
Test Condition 

Input Pulse Level: 

Input Rise and Fall Time: 
Reference Level for Measuring Timing: 

. .\ddrt>SS 

Data 

CE 

/Cf_) 

0.8V to 2.2V 

:S. 20 ns 
Input; 1 V and 2V 

Output; 0.8V and 2V 

In Stable 
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max Unit 

10 PA 

0. 45 v 
- v 

150 mA 

0. 8 v 
Vee +l v 

30 mA 

max Unit 

- PS 

- PS 

- PS 

- PS 

- PS 

1 0 ns 

- Ps 

55 ms 

- Ps 

150 ns 
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• HIGH PERFOMANCE PROGRAMMING 

This device can be applied the High Performance Pro

gramming algorithm shown in following flowchart. 

This algorithm allows to obtain faster programming 

ti me without any voltage stress to the device nor 

deterioration in reliability of programmed data. 

eAC PROGRAMMING CHARACTERISTICS (Ta~25°C±5°C, Vcc~6V±0.25V, VP1·~21V±0.5V) 

Parameter ---~--~---_.__ typ r-~ax I Unit ' 

-------+t----- --L!~s __ Address Setup Time 

OE Setup Time 

Data Setup Time 

Address Hold Time 

Data Hold Time 

OE to Output Float Delay• 

V n' Setup Time 

V re Setup Time 

PGM Pulse Width <luring Initial Program 

PGM Pulse Width during Over Program""" 

CE Setup Time 

Data Valid from OE 

f ()f_S 

(fJS 

!01 

f\'/'S 

lie'; 

lu!-'1-1' 

f CFS 

lot: 

--t-

95 1.0 

3 .8 
r-----2 t - -

I -r' -----' - -' . 
Notes) * loF' dPfines thP time at 11·hich the output a<'hieres the open (·irruit condition and is not refen•nct'd to output 1oltag:t• l1•1t·I~. 

* * /,,,."is defined as mentiorwd in flort rhart. 

e SWITCHING CHARACTERISTICS 

Test Condition 
Input Pulse Level: a.av to 2.2V 
Input Rise and Fall Time: :<::::: 2a ns 
Reference Level for Measuring Timing: Input; 1 V and 2V 

Output; a.av and 2V 
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HN27C64G-15, HN27C64G-20, 
HN27C64G-25, HN27C64G-30 
8192-word x 8-bit U.V. Erasable and Programmable CMOS ROM 

The CMOS EPROM HN27C64 is a 8192-word by 8-bit erasable and 

electrically programmable ROM. This device is packaged in a 28-pin, 

dual-in-line package with transparent lid. 

The transparent lid allows the memory content to be erased with 

ultraviolet light, where by a new pattern can then be written into the 

device. 

• FEATURES 
• Low Power Dissipation . . . . . 40mW/MHz max. (Active Mode) 

550µW max. (Stand by Mode) 

• Access Time ............... 150ns max. (HN27C64G-15) 

200ns max. (HN27C64G-20) 

250ns max. (HN27C64G-25) 

300ns max. (HN27C64G-30) 

(DG-28) 

• Single Power Supply ....................... +5V±10% 

• Simple Programming .......... Program Voltage; +21 V D.C. 
• PIN ARRANGEMENT 

Program with One 50ms Pulse 

• Support High Performance Programming 

• Static .......................... No Clocks Required 

• Inputs and Outputs TTL Compatible During Both Read and Pro-

gram Modes 

• Fully Decoded On-chip Address Decode 

• Compatible with Intel 2764 

• BLOCK DIAGRAM 

A, 

A, 

A, 

A, 

i ) A; 

A, 
I 

X- Memory Matrix 

Decoder 65536 bit 

A, 

A12 

(Top View) 

Oo 

PGM<>--...J-l _ _. 
OE<>--....:r~...'.:::::;[}--__J 
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HN27C64G-15,HN27C64G-20~~~~~~~~~~~~~~~~~~~~~~~~ 
HC27C64G-25,HN27C64G-30 

•MODE SELECTION 

~ CE OE PGM VPP Vee Outputs 
(20) (22) (27) ( l ) (28) (11-13, 15-19) e 

Read VIL VIL v,. Vee Vee Dout 
Stand-by v,. x x Vee Vee High Z 
Program v,, x v,, VPP Vee Din 
Program Verify VIL VIL v,. VPP Vee Dout 
Program Inhibit v,. x x VPP Vee High Z 
x : c1on•1 care 

• ABSOLUTE MAXIMUM RATINGS 
Item Symbol Value Unit 

All Input and Output Voltage* Vr -1.0-**- +7.0 v 
V cc Voltage* Vee -0.6- + 7.0 v 
Vpp Voltage* Vpp -0.6- + 25 v 
Operating Temperature Range T_. o- + 70 •c 
Storage Temperature Range T1t1 -65- + 125 •c 

* With respect to GND 
**Pulse Width: sons, DC: -0.5V 

• READ OPERATION 
• DC AND OPERATING CHARACTERISTICS (Ta=O-+ 70°C, Vcc=SV± 10%, Vpp=Vcc±0.6V) 

Parameter Symbol Test Conditions min typ max Unit 
Input Leakage Current h1 Vcc=5.5V, Vjn=GND to Vee - - 2 µA 
Output Leakage Current ho Vcc=5.5V, V0 ut=GNDto Vee - - 2 µA 
Vpp Current lppJ Vpp= V cc+ 0.6V - 1 100 µA 

lsBI CE=VIH - - 1 mA V cc Current (Stand-by) 
lsB2 CE=Vcc±0.3V - 1 100 µA 

Icc1 CE= VIL• lout=O mA - - 30 mA V cc Current (Active) 
Icc2 /=5MHz, lout=O mA - - 30 mA 

VIL -1.0* - 0.8 v Input Voltage 
VIH 2.2 Vee+ 1.0 v -
VoL loL=2.1 mA - - 0.45 v Output Voltage 
VoH loH= -400µA 2.4 - - v 

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

• AC CHARACTERISTICS ITa=O-+ 70°C, Vcc=SV±10%, Vpp=Vcc±0.6V) 

Parameter 
Sym-

Test Condition 
HN27C64G-15 HN27C64G-20 HN27C64G-25 HN27C64G-30 

bol Unit min max min max min max min max 
Address to Output Delay fACC CE=OE=VJL, PGM=VIH - 150 - 200 - 250 - 300 ns 
CE to Output Delay fcE OE= VIL, PGM=VIH - 150 - 200 - 250 - 300 ns 
OE to Output Delay tog CE= VIL PGM= VIH 10 60 10 70 10 100 10 150 ns 
OE High to Output Float fDF CE=VIL, PGM=V1H 0 50 0 60 0 90 0 130 ns 
Address to Output Hold foH CE=OE=VJL, PGM=VIH 0 - 0 - 0 - 0 - ns 

• CAPACITANCE (Ta=25°C,f=lMHz) 

Parameter Symbol Test Condition min typ max Unit 
Input Capacitance c .. v .. -ov - 4 6 pF 
Output Capacitance c ... v ... -ov - 8 12 pF 
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~~~~~~~~~~~~~~~~~~~~~~~~HN27C64G-15,HN27C64G-20 
HN27C64G-25,HN27C64G-30 

• SWITCHING CHARACTERISTICS 
Test Condition 

Input Pulse Levels: 
Input Rise and Fall Time: 
Output Load: 
Reference Level for Measuring Timing: 

Addreu 

Standby Mode 

Data Ou1 

• PROGRAMMING OPERATION 

o.av to 2.2v 
~20ns 
1TTL + 100pF 
Input; 1Vand 2V 
Output; o.av and 2V 

Ac1ive Mode 

IC£ 

"' 
lACC 

Standby Mode 

IOF 

• DC PROGRAMMING CHARACTERISTICS (Ta=25°C±5°C, Vcc=5V±5%, Vpp=21V±0.5V) 
Parameter Symbol Test Condition mln typ max 

Input Leakage Current hi VIN=5.25V/0.45V - - 2 
Output Low Voltage During Verify VoL IoL=2.l mA - - 0.45 
Output High Voltage During y erify VoH loH= --400 µ.A 2.4 - -
V cc Current (Active) Ice - - 30 
Input Low Level Vn -0.1 - 0.8 
Input High Level VIH 2.2 - Vcc+l.O 
Vpp Supply Current /pp CE=PGM=Vn - - 30 

Notes) 1. V cc must be applied before Vpp and removed after Vpp. 
2. Vpp must not exceed 25V including overshoot. 
3. An influence may be had upon device reliability if the device is installed or removed while Vpp= 21 V. 
4. Do not alter Vpp either VIL to 21 V or 21 V to V1L when CE=PGM=Low. 

• AC PROGRAMMING CHARACTERISTICS (Ta=25°C±5°C, Vcc=5V±5%, Vpp=21V±0.5V) 
Parameter Symbol Test Condition min typ max 

Address Setup Time fAs 2 - -
OE Setup Time toEs 2 - -
Data Setup Time tDs 2 - -
Address Hold Time fAH 0 - -
Data Hold Time fDH 2 - -
OE to Output Float Delay fDF 0 - 130 
V pp Setup Time tvs 2 - -
P<Thf Pulse Width During Programming tpw 25 50 55 
CE Setup Time tcEs 2 - -
Data Valid from OE fOE - - 150 

.HITACHI 

Unit 

µ.A 

v 
v 

mA 

v 
v 

mA 

Unit 

µ.s 

µ.s 

µ.s 

µs 

µ.s 

ns 

µs 

ms 

µ.s 

ns 
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HN27C64G-15,HN27C64G-20,~~~~~~~~~~~~~~~~~~~~~~~~ 

HN27C64G-25, HN27C64G-30 

• SWITCHING CHARACTERISTICS 
Test Condition 

Input Pulse Level: 
Input Rise and Fall Time: 
Reference Level for Measuring Timing: 

Address 

Data 

Vrr 

icis 

• ERASE 

o.av to 2.2v 
.$.20ns 
Input; 1 V and 2V 
Output; O.BV and 2V 

Program 

In Stable 

... 

Erasure of HN27C64 is performed by exposure to ultraviolet 

light of 2537A and all the output data are changed to "1" 

after this erasure procedure. The minimum integrated dose 

(i.e. UV intensity x exposure time) for erasure is 15W· 

sec/cm2 • 

• HIGH PERFOMANCE PROGRAMMING 
This device can be applied the High Performance Program
ming algorithm shown in following flowchart. This algorithm 

allows to obtain faster programming time without any 

voltage stress to the device nor deterioration in reliability of 
programmed data. 

270 .HITACHI 

SET PROCJVERIFY MODE 
v,.,.=21±0.SV Vcc=6.0±0.25V 

SET READ MODE 
Vcc=5.0±0.25V v,.,.= Vcc±0.6V 

NO 

High Performance Programming Flowchart 

Address+ I-Address 



~~~~~~~~~~~~~~~~~~~~~~~~~HN27C64G-15,HN27C64G-20 

HN27C64G-25,HN27C64G-30 

• AC PROGRAMMING CHARACTERISTICS (Ta=25°C±5°C, Vcc=6V±0.25V, Vpp=21V±0.5V) 
Parameter Symbol Test Condition min typ 

Address Setup Time t .. 2 -
OE" Setup Time loES 2 -

Data Setup Time tos 2 -
Address Hold Time fA·H 0 -
Data Hold Time tos 2 -
UE" to Output Float Delay• to, 0 -

V PP Setup Time lvps 2 -
V cc Setup Time Ives 2 -
PGM Pulse Width during Initial Program IPW 0.95 1.0 
~ Pulse Width during Over Program•• to/'W 3.8 -
CE" Setup Time fcES 2 -
Data Valid from OE" IOE - -

Notes) * t 0 , defines the time at which the output achieves the open circuit condihon and is not referenced to output voltage levels. 
* * r "''" is defined as mentioned in flort chart. 

• SWITCHING CHARACTERISTICS 
Test Condition 

Input Pulse Level: 
Input Rise and Fall Time: 
Reference Level for Measuring Timing: 

O.BV to 2.2V 
S20ns 
Input; 1 V and 2V 
Output; 0.BV and 2V 

Program __ ......, __ 

Data 

IDH 

Vpp 
Vpp 

Vee 

Vcc+I 
Vee 

Vee tvcs 

CT 
ICES 

PG1J 

OR 
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max 

-
-
-

-
-

130 

-
-

1.05 

63 
-

150 

Unit 

µs 

µs 

µs 

µs 

µs 

ns 

µs 

µs 

ms 

ms 

µs 

ns 
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HN4827128G-25,------
HN4827128G-30, 
HN4827128G-45 
16384-Word x 8-bit UV Erasable and Programmable Read Only Memory 
The HN4827128 is a 16384 word by 8 bit erasable and electrically 
programmable ROM. This device is packaged in a dual-in-line 
package with transparent lid. The transparent lid allows the user to 
expose the chip to ultraviolet light to erase the bit pattern, whereby 
a new pattern can then be written into the device. 

•FEATURES 
• Single Power Supply ....................... +5V ± 5% 
• Simple Programming ........... Program Voltage: +21V DC 

Program with One 50ms Pulse 
• Static .......................... No Clocks Required 

Inputs and Outputs TTL Compatible During Both Read and 
Program Mode. 

• Access Time ..................... 250ns/300ns/450ns 

(DG-28) 

• Absolute Max. Rating of Vpp Pin ................ 26.5V • PIN ARRANGEMENT 

• Low Stand-by Current . . . . . . . . . . . . . . . . . . . . . . . . 35mA 
• High Performance Programming Available 
• Compatible with INTEL 27128 

•BLOCK DIAGRAM 

POWERDOWN & 
PROGRAM LOGIC 

Y DECODER 

X DECODER 

•MOC>E SELECTION 

~s CE OE 
E (20) ( 22) 

Read VIL v,, 
Stand by VIH x 

Program v,, x 

Program Verify v,, VIL 

Program Inhibit V,H x 

272 

PGM 

(27) 

v,H 
x 

v,, 

Vrn 

x 

OUTPUT 

BUFFERS 

Y GATING 

131072 bit 

MEMORY MATRIX 

Vpp Vee 
( I ) (28) 

Vee Vee 

Vee Vee 

Vpp Vee 

VPP Vee 

vpp Vee 

Outputs 

(11-13, 15-19) 

Dout 

High Z 

Din 

Dout 

High Z 
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-------------------HN4827128G-25, HN4827128G-30, HN4827128G-45 

•ABSOLUTE MAXIMUM RATINGS 

Item Symbol Value Unit 

Operating Temperature Range Topr 0 to +70 ·c 
Storage Temperature Range Tsig -65 to +125 ·c 
All Input and Output Voltages* ViN, VoMl -0. 3 to +7 v 
Vpp Voltage• VPP -0.6 to +26.5 v 
Vee Voltage• Vee -0.6 to +7 v 

* with respect to GND 

• READ OPERATION 
•DC AND OPERATING CHARACTERISTICS ( Ta~O to +70°C, Vcc~5V±5%, Vpp~ Vcc±0.6V) 

Parameter Symbol Test Conditions min 

Input Leakage Current lu Vee~5.25V, VIN~5.25V -

Output Leakage Current ho Vee~5.25V, V,.,~5. 25V/ 0. 45V -

Vpp Current I PPJ VPP~ Vee+O. 6V -

Vee Current (Standby) lcc1 CE~ v," -

Vee Current (Active) IcC2 CE~OE~ Vn -

Input Low Voltage V,L -0.1 

Input High Voltage v,H 2.0 

Output Low Voltage Voi /01.=2. lmA -

Output High Voltage VoH loH~ -400µA 2 .4 

•AC CHARACTERISTICS ( Ta~O to 70'C, Vcc~5V±5%, Vpp~ Vcc±0.6V) 

HN4827128G-25 HN4827128G-30 
Parameter Symbol Test Condition 

min max min max 

Address to Output Delay f ACC CE~OE~ V,L - 250 - 300 

CE to Output Delay f Ct: OE~V,L - 250 - 300 

OE to Output Delay I OE CE~ V,L - 100 - 120 

0 E High to Output F Joa t I DF CE= VIL 0 85 0 105 

Address to Output Hold I OH CE~OE~ ViL 0 - 0 -

* / 1,, defines the tune at which the output achlt'\·es the open circuit condition and is not referenced to output \ollage le\lels. 

e SWITCHING CHARACTERISTICS 

Test Condition 
Input Pulse Levels: 
Input Rise and Fall Time: 
Output Load: 

0.8V to 2.2V 
::::; 20 ns 
1 TTL Gate+ 100 pF 

Reference Level for Measuring Timing: Inputs; 1 V and 2V 
Outputs; 0.8V and 2.0V 

,___"'-----1 
1'l 

-----;--~ I 

•CAPACITANCE ( Ta~25'C, j~ 1 MHz) 

Parameter Symbol Test Condition 

Input Capacitance c.. v .. ~ov 
Output Capacitance c. .. v .. ,~ov 

@HITACHI 

min typ 

- 4 

- 8 

typ max 

- 10 

- 10 

- 5 
- 35 

60 100 

- 0.8 
- Vee+l 

- 0.45 

- -

HN4827128G-45 

min max 

- 450 

- 450 

- 150 

0 130 

0 -

max 

6 

12 

Unit 

µA 

µA 

mA 

mA 

mA 

v 
v 
v 
v 

Unit 

ns 

ns 

ns 

ns 

ns 

Unit 

pF 

pF 

273 



HN4827128G-25, HN4827128G-30, HN4827128G-45-------------------

•PROGRAMMING OPERATION 
•DC PROGRAMMING CHARACTERISTICS (Ta=25°C±5°C, Vcc=5V±5%, Vpp=2IV±0.5V) 

Parameter Symbol Test Condition min typ 
Input Leakage Current lu ViN~5.25V - -

Output Low Voltage During Verify VoL Io,~2.lmA - -
Output High Voltage During Verify VoH IoH~ -400µA 2. 4 -

Vee Current (Active) lcc2 - -

Input Low Level v,, -0.1 -

Input High Level ViH 2.0 -

VPP Supply Current I PP CE~PGM~ViL - -

•AC PROGRAMMING CHARACTERISTICS ( Ta=25'C ±5°C, Vcc=5V±5%, Vpp=21V±0.5V) 

Parameter Symbol Test Condition min 

Address Setup Time t;s 2 
OE Setup Time t OES 2 
Data Setup Time t OS 2 
Address Hold Time IAH 0 
Data Hold Time f oH 2 
OE to Output Float Delay f oF 0 
VPP Setup Time t vs 2 
PGM Pulse Width During Programming t fW 45 
CE Setup Time tcES 2 
Data Valid from OE loE -

Note : lDF defines the time at which the output achieves the open circuit condition and is. not referenced to output voltage levels. 

e SWITCHING CHARACTERISTICS 

Test Condition 
Input Pulse Level: 
Input Rise and Fall Time: 
Reference Level for Measuring Timing: 

Address 

Data 

ICES 

•ERASE 

0.8V to 2.2V 
S 20 ns 
Input; 1 V and 2V 
Output; 0.8V and 2V 

Program 

In Stable 

"" 

Erasure of HN4827128 is performed by exposure 
to ultraviolet light of 2537A and all the output data 
are changed to "1" after this erasure procedure. 
The minimum integrated dose (i.e. UV intensity x 
exposure time) for erasure is 15 W·sec/cm2 . 
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typ 

-
-

-
-

-

-

-

50 
-

-

max Unit 

!() µA 

0.45 v 
- v 

100 mA 

0.8 v 
Vcc+l v 

30 mA 

max Unit 

- µs 

- µs 

- µs 

- µs 

- µs 

130 ns 

- µs 

55 ms 

- µs 

150 ns 



-------------------HN4827128G-25, HN4827128G-30, HN4827128G-45 

•HIGH PERFORMANCE PROGRAMMING 

This device can be applied the High Performance Pro
gramming algorithm shown in following flow chart. 
This algorithm allows to obtain faster programming 
time without any voltage stress to the device nor 
deterioration in reliability of programmed data. 

START 

SET PROG./VERIFY MODE 
Vrp=21±0.5V Vcc=6.0±0.25V 

Program lop~ =4n ms 

•AC PROGRAMMING CHARACTERISTICS (Ta~25'C±5'C, Vcc~6V±0.25V, VPP~21V±0.5V) 

Parameter Symbol Test Condition 

Address Setup Time t., 

OE Setup Time foES 

Data Setup Time f DS 

Address Hold Time f<H 

Data Hold Time f OH 

OE to Output Float Delay• f OF 

VPP Setup Time t VPS 

Vee Setup Time t vcs 

PGM Pulse Width during Initial Program f PW 

PGM Pulse Width during Over Program** f oPW 

CE Setup Time f CEs 

Data Valid from OE t 0£ 

* lDF defines the time at which the output achieves the open circuit conditions and is not referenced to output voltage levels. 
* * lopw is defined as mentioned in flow chart. 

e SWITCHING CHARACTERISTICS 

Test Condition 
Input Pulse Level: 0.8V to 2.2V 
Input Rise and Fall Time: :::; 20 ns 
Reference Level for Measuring Timing: Input; 1 V and 2V 

Output; 0.8V and 2V 

eHITACHI 

min typ 

2 -

2 -

2 -

0 -

2 -

0 -

2 -

2 -

0. 95 1.0 

3.8 -

2 -

- -

Address+ J-o Address 

FAIL 

max Unit 

- µs 

- µs 

- µs 

- µs 

- µs 

130 ns 

- µs 

- µs 

1. 05 ms 

63 ms 

- µs 

150 ns 
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HN4827128P-30------Preliminary 
16384-word x 8-bit One Time Electrically Programmable ROM 

The HN4827128P-30 is a 16384-word by 8-bit one time electrically 

programmable ROM. Initially, all bits of the HN4827128P-30 are in 
the "1" state (Output High). 

Data is introduced by selectively programing "O" into the desired 

bit locations. This device is packaged in a 28 pin, dual-in-line plastic 

package. Therefore, this device can not be re-written. 

• FEATURES 
• Single Power Supply. . . . . . +5V ±5% 

• Simple Programming ..... Program Voltage: +21 V DC 

Program with One 50ms Pulse 

• Static ........ No Clocks Required 

• Inputs and Outputs TTL Compatible During Both Read and 

Program Mode. 

• Access Time ........ 300ns 

• Absolute Max. Rating of Vpp Pin 26.5V 

• Low Stand-by Current . . . . . . 35mA 

• High Performance Programming Available 

• Compatible with Intel 27128 

• BLOCK DIAGRAM 

Ao 
I 

A,, 

POWERDOWN & 
PROGRAM LOGIC 

Y DECODER 

X DECODER 

•MODE SELECTION 

CE OE PGM 

OUT PCT 
BUFFERS 

Y GATING 

131072 bit 

MEMORY MATRIX 

VPP, Vee Outputs 

(DP-28) 

• PIN ARRANGEMENT 

(Top View) 

~· E (20) (22) ( 27) ( 1) ( 28) (11-13, 15-19) 

Read VIL VIL Vrn Vee Vee Dout 

Stand by Vrn x x Vee Vee High Z 

Program Vic x VIL VPP Vee Din 

Program Verify VIL Vic V,H VPP Vee Dout 

Program Inhibit Vrn x x VPP Vee High Z 

x Don't care 

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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•ABSOLUTE MAXIMUM RATINGS 

Item Symbol Value Unit 

Operating Temperature Range Tap• 0 to +70 'C 

Storage Temperature Range T.1, 55 to +125 'C 

All Input and Output Voltages• ViN, V,,, -0.3 to +7 v 
Vpp Voltage• VPP -0.3to +26.5 v 
Vee Voltage• Vee -0.3 to +7 v 

* with respect to GND 

• READ OPERATION 
e DC AND OPERATING CHARACTERISTICS (Ta= Oto +70°C, Vee= 5V ± 5%, Vpp =Vee± 0.6V) 

Parameter Symbol Test Conditions min typ max Unit 

Input Leakage Current lu Vcc~5.25V, VIN~5.25V - - 10 µA 

Output Leakage Current ho Vcc~5.25V, V,,,~5.25V/0.45V - - 10 µA 

VPP Current I PPI VPP~ Vce+O. 6V - - 5 mA 

Vee Current (Standby) Icci CE~ VIH - - 35 mA 

Vee Current (Active) I ccz CE~OE~ Vic - 60 100 mA 

Input Low Voltage v, L -0.1 - 0.8 v 
Input High Voltage V,H 2.0 - Vce+l v 
Output Low Voltage Voe loc ~2. lmA - - 0.45 v 
Output High Voltage VoH Icm~ -400µA 2.4 - - v 

• AC CHARACTERISTICS (Ta= 0 to 70°C, Vee= 5V ± 5%, Vpp =Vee± 0.6V) 
-----------~-----~------~--~ 

Parameter Symbol Test Conditions min max Unit ------------ -----

Address to Output Delay tAee C_I::__= () E = Vn 300 ns 
CE to Output Delay teE OE= Vn 300 ns 

·-------

OE to Output Delay toE CE= Vn 120 ns 
-----·· 

OE High to Output Float* tnF CE= Vn 0 105 ns 
Address to Output Hold toH CE= OE= Vn 0 ns 

-----

* tnp 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: 
Input Rise and Fall Time: 
Output Load: 
Reference Level for Measuring Timing: 

1f._ 

,i[ 

•CAPACITANCE ( Ta~25°C, j~ 1 MHz) 

Parameter Symbol 

Input Capacitance c .. 
Output Capacitance Co~c 

O.BV to 2.2V 

'.:'.'.: 20 ns 
1 TTL Gate+ 100 pF 
Inputs; 1 V and 2V 

Outputs; O.BV and 2.0V 

r~ 

Test Condition min 

v .. ~ov -

v ... ~ov -

@HITACHI 

typ max Unit 

4 6 pF 

8 12 pF 
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•PROGRAMMING OPERATION 
•DC PROGRAMMING CHARACTERISTICS (Ta~25°C±5°C, Vcc~5V±5%, VPP~21V±0.5V) 

Parameter Symbol Test Condition min typ 

Input Leakage Current lu V,N~5.25V - -

Output Low Voltage During Verify VoL Io,~2.lmA - -

Output High Voltage During Verify VoH loH~ -400µA 2.4 -

Vee Current (Active) IcC2 - -

Input Low Level Vn -0. l -

Input High Level V,H 2.0 -

VPP Supply Current ]pp CE~PGM~V,, - -

•AC PROGRAMMING CHARACTERISTICS (Ta~25°C±5°C, Vcc~5V±5%, VPP~21V±0.5V) 

Parameter Symbol Test Condition min 

Address Setup Time IAS 2 

OE Setup Time toES 2 

Data Setup Time t OS 2 

Address Hold Time IAH 0 

Data Hold Time loH 2 

OE to Output Float Delay tor 0 

VPP Setup Time t" 2 

PGM Pulse Width During Programming IPW 45 

CE Setup Time t CES 2 

Data Valid from OE loE -

Note : tor defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels. 

•SWITCHING CHARACTERISTICS 

Test Condition 
Input Pulse Level: 
Input Rise and Fall Time: 

O.BV to 2.2V 
~ 20 ns 

Reference Level for Measuring Timing: Input; 1 V and 2V 
Output; O.BV and 2V 

Program 

Address 

Data In Stable 

'" 
Vpp 

VPP 
Vee 

cr 
IL"£S 

PGM 

OE 
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Program 

Verify 

typ 

-

-
-
-

-
-

-

50 

-

-

max Unit 

10 µA 

0.45 v 
- v 

100 mA 

0.8 v 
Vcc+l v 

30 mA 

max Unit 

- µs 

- µs 

- µs 

- µs 

- µs 

130 ns 

- µs 

55 ms 

- µs 

150 ns 



•HIGH PERFORMANCE PROGRAMMING 

This device can be applied the High Performance Pro
gramming algorithm shown in following flow chart. 

This algorithm allows to obtain faster programming 

time without any voltage stress to the device nor 

deterioration in reliability of programmed data. 

SET PROG./VERIFY MODE 
Vpp=2l±0.5\! Vcc=6.0±0.2SV 

SET RUD MODE 
Vrc=5.0±0.25V Vpp'= ~·cc±0.6\' 

•AC PROGRAMMING CHARACTERISTICS ( Ta~25°C ±5°C. Vcc~6V±O. 25V, Vpp~21V±O.5V) 

Parameter Symbol 1 Test Condition 

Address Setup Time f As 

OE Setup Time t OES 

Data Setup Time l DS 

Address Hold Time IAH 

Data Hold Time IDH 

OE to Output Float Delay• Iv, 

V PP Setup Time t VPS 

Vee Setup Time l VCS 

PGM Pulse Width during Initial Program f PW 

PGM Pulse Width during Over Program .. loPW 

CE Setup Time lCES 

Data Valid from OE loE 

* lvc defines the time at which the output achieves the open circuit conditions and is not referenced to output voltage levels. 

* * lopw is defined as mentioned in flow chart. 

•SWITCHING CHARACTERISTICS 

Test Condition 
Input Pulse Level: 
Input Rise and Fall Time: 
Reference Level for Measuring Timing: 

o.av to 2.2v 
~ 20 ns 
Input; 1 V and 2V 
Output; 0.8V and 2V 

@HITACHI 

min typ 

2 -

2 -

2 -

0 -

2 -

0 -

2 -

2 -

0.95 1.0 

3.8 -

2 -

~ -

.\ddress + 1-+ Address 

max Unit 

- µs 

- µs 

- µs 

- µs 

- µs 

130 ns 

- µs 

- µs 

1.05 ms 

63 ms 

- µs 

150 ns 
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HN27256G-25,HN27256G-30~ 
32768-word x 8-bit UV Erasable and Programmable ROM 

•FEATURES 
• Single Power Supply . . . . . . . . . . +5V ± 5% 

• High Performance Programming .. Program Voltage: +12.5V 

D.C. 
Automated Programming 

Operations 

• Static .................... No Clocks Required 

• Inputs and Outputs TTL Compatible During Both Read and 

Program Modes 
• Access Time ............... HN27256G-25:250ns(max.) 

HN27256G-30:300ns(max.) 

• Absolute Max. Rating of Vpp pin .. 13.0V 

• Low Stand-by Current . . . . . . . 40mA (stand-by) 

• Compatible with INTEL 27256 

• BLOCK DIAGRAM 

Allll]{f.SS 

l,.,o--

•MODE SELECTION 

~ CE 
M (20) 

Read Vn 

Output Disable Vn 

Stand by V1H 

High Performance Program Vn 

Program Verify V1H 

Program Inhibit V1H 

\tLMtll-i.Y \1:'\rkl) 

·\IJJ11\l·:::'S 

HH;11 Tf.Rf_:,1!1lJ.l1 
l\\-Ei-nER 

OE A, 
(22) (24) 

Vn x 

Vm i x 
x x 

, V1H x 
+--- -~-----

i Vn x 

Vm x 
-

VPP 
(I) 

Vee 

Vee 

~e 
' Vpp 

I 
Vpp 

Vpp 

I 

Preliminary 

(DG-28) 

•PIN ARRANGEMENT 

Vee Outputs 
(28) (II - 13, 15 - 19) 

Vee Dout 

Vee : High Z 

Vee + High Z 
--

Vee +---- Din 

Vee J Dout 

Vee I High Z 
--- --

Note) X : Don't care. 
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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-------------------------HN27256G-25, HN27256G-30 

•ABSOLUTE MAXIMUM RATING 
Item Symbol Value 

Operating Temperature Range Topr 0 to +70 
Storage Temperature Range Tstg - 65 to +125 

Storage Temperature Range Under Bias Tbias - 10 to +80 
All Input and Output Voltages* V1N' Vout -0.6 to +7 
Voltage on Pin 24 (A,)* Vw -0.6 to +13.5 

Vpp Voltage* Vpp -0.6 to +13.0 

Vee Voltage* Vee -0.6 to +7 

* with respect to GND. 

•READ OPERATION 
• DC AND OPERATING CHARACTERISTICS (Ta=o~+70qC, Vcc=5V±5%, Vpp=Vcc) 

Parameter Symbol Test Conditions Min. Typ. Max. 
Input Leakage Current Iu VIN= 5.5 V - - 10 
Output Leakage Current !Lo Vout = 5.5V/0.45V - - IO 
Vpp Current lpPl Vpp=5.5V - - 5 
V cc Current (Standby) Icc1 CE = VIH - - 40 
V cc Current (Active) Icc2 CE =OE= Vn - 45 100 
Input Low Voltage Vn -0.1 - 0.8 
Input High Voltage V1H 2.0 - Vee+ I 
Output Low Voltage VoL loL = 2.1 mA - - 0.45 

-Output High Voltage VoH loH = -400 µ,A 2.4 - -

• AC CHARACTERISTICS (Ta=0~7Q°C, Vcc=5V±5%, Vpp=Vcc) 

HN27256G-25 HN27256G-30 Parameter Symbol Test Condition r---.· 
mm. max.. min. max. 

- -Address to Output.Delay 1ACC CE= OE= Vn - 250 - 300 

CE to Output Delay lcE OE= Vn - 250 l - 300 

OE to Output Delay 10E 

I 
OE= Vn - 100 - 120 

OE High Output Float tvF CE= Vn 0 60 I 0 105 

Address to Output Hold toH CE=OE= Vn 0 - 0 -

Note: tvF defines the time at which the Output achieves the open circuit condition and Data is no longer driven. 

•SWITCHING CHARACTERISTICS 
• TEST CONDITION 
• Input pulse levels: a.av to 2.2v 
• Input rise and fall time: .<'..20ns 
• Output load: 1 TTL Gate +1 OOpF 
• Reference level for measuring timing: Inputs ; 1.0V and 2.0V 

Outputs ; 0.8V and 2.0V 

@HITACHI 

Unit 

oc 
oc 
oc 
v 
v 
v 
v 

Unit 

µ,A 

µ,A 

mA 

mA 

mA 

v 
v 
v 
v 

Unit 

ns 

ns 

ns 

ns 

ns 
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HN27256G-25, HN27256G-30-- -----------

Addr1•s 

CY.:--------h 
Stand h\· f\.lodf' 

•CAPACITANCE (Ta=25°C,/=!MHz) 

Parameter Symbol 
---

Input Capacitance Cin 

Output Capacitance Cout 

•HIGH PERFORMANCE PROGRAMMING 

Act i H' ~lode 

Test Condition 

Vin= 0 V 

Vout=OV 

Stand hy Mode 

-f111·~ 

Min. Typ. Max. Unit. 

- 4 6 pF 

- 8 12 pF 

This device can be applied the High Performance Programming algorithm shown in following flowchart. This 

algorithm allows to obtain faster programming time without any voltage stress to the device nor deterioration in 

reliability of programmed data. 

s ~10.11 .. 

282 

25 

START 

SET PROG. VERIFY MODE 

V1»·~I2.5±0 3V. y,, 6.0 •0.25V 

Address 0 

n 0 

n t-1 •n 

Program t !'II - lms ±:5% 

Program t 111•11 =3n 

SET READ MODE 

V1 < =V1·1·---'5 OV::t-0.25V 

High Performance Programming Flowchart 

@HITACHI 
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---------------------------HN27256G-25, HN27256G-30 

•HIGH PERFORMANCE PROGRAMMING OPERATION 
• DC PROGRAMMING CHARACTERISTICS (Ta=25°C±5°C, Vcc=6V±0.25V, Vpp=12.5V±0.3V) 

Parameter Symbol Test Condition min. typ. max. 

Input Leakage Current Iu VIN= 5.25 V - - 10 

Output Low Voltage During Verify VoL loL = 2.1 mA - - 0.45 

Output High Voltage During Verify VoH loH = -400 µA 2.4 - -

Vee Current (Active) fcc2 - - 100 

Input Low Level Vn -0.1 - 0.8 

Input High Level VrH 2.0 - Vee+ I 

V PP Supply Current fpp2 CE= Vn - - 50 

• AC PROGRAMMING CHARACTERISTICS (Ta=25°C±5°C, Vcc=6V±0.25V, Vpp=12.5V±0.3V) 

Parameter Symbol Test Condition min. typ. max. 

Address Setup Time tAs 2 - -

OE Setup Time to Es 2 - -

Data Setup Time tvs I 2 - -

Address Hold Time tAH 0 - -

Data Hold Time tDH 2 - -

OE to Output Float Delay fDFP 0 - 130 

VPP Setup Time tvps 2 - -

V cc Setup Time tvcP 2 - -

PGM Pulse Width During Initial Programming tpw 0.95 1.0 I.OS 

CE Pulse Width During Overprogramming topw 2.85 - 78.75 -,,-
CE Setup Time tcES 2 - -

Data Valid from OE toE - - 150 
Notes: topwis defined as mentioned in flow chart. 

tDFP defines the time at which the output achieves the open circuit condition and data is no longer driven. 

•SWITCHING CHARACTERISTICS 
• TEST CONDITION 
• Input pulse level: 0.8V to 2.2V 
• Input rise and fall time: '.S.20ns 
• Reference level for measuring timing: Input ; 1.0V and 2.0V Output; 0.8V and 2.0V 

•ERASE 

..,---------1-_.Program 
r---Progra~Verify "..-

Unit 

µA 

v 
v 

mA 

v 
v 

mA 

Unit 

µs 

µs 

µs 

µs 

µs 

ns 

µs 

µs 

ms 

ms 

µs 

ns 

Erasure of HN27256G is performed by exposure to ultraviolet light of 2537 A and all the output data are 
changed to "1" after this erasure procedure. The minimum integrated dose (i.e. UV intensity x exposure time) 
for erasure is 15W. sec/cm 2 • 
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HN58064P-25,HN58064P-30,
HN58064P-45 Preliminary 

8192-word x 8-bit Electrically Erasable and Programmable ROM 

• FEATURES 
• Single 5V Supply 
• Address, Data, CE, OE Lathes 
• Byte Erase/Byte Write Time ...... 10ms typ. 
• Chip Erase Time ....... 20ms typ. 
• Fast Access Time ...... 250/300/450ns max. 
• Low Power Disispation ....... 100mA (max) Active 

40mA (max) Standby 
• Comforms to JED EC Byte-Wide Standard 
• Reliable N-channel MNOS Technology 

• 10000 Erase/Write Cycles 

• BLOCK DIAGRAM 

\,Jd1 ,,~~ 
H11ff~1 

• MODE SELECTION 

CE OE WE 1/0 

I I); 

:;::-~ M (20) (22) (27) (11-13, 15-19) 

Read Vn Vn Vm Dout 
Standby V1H x x High z 
Byte Erase 

t-----::-::· 
Vn V1H Vn D;n = V1H 

Byte Write Vn VJH Vn D;n 

Chip Erase V1L Vn Vn D;n = V1H 

Deselect Vn V1H V1H High z 
x: Vn or VrH 

284 ~HITACHI 

(DP-28) 

• PIN ARRANGEMENT 

(Top View) 

A, -A12 Address Input 

1/00 -1/0, Data in/Data out 

OE Output Enable 

CE Chip Enable 

WE Write Enable 

~(2--+_P_o_w_e_r_(+_5_V_) __ 
Vss GND 

NC No Connect 

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



~~~~~~~~~~~~~~~~~~~~HN58064P-25,HN58064P-30,HN58064P-45 

• ABSOLUTE MAXIMUM RATINGS 
Item Symbol Value 

Supply Voltage* Vee -0.3 to +7.0 
Input Voltage* V;n -0.3 to +7.0 
Opera ting Tern pera ture Range Topr 0 to +70 
Storage Temperature Range Tstg -55to+l25 

* With Respect to Vss 

• RECOMMENDED DC OPERATING CONDITIONS 
Item Symbol min 1 typ 

Supply Voltage Vee 4.5 l 5.0 

Input Voltage Vn -0.1 I -

V1H 2.0 f -

Opera ting Tern pera tu re To pr 0 -

• DC AND OPERATING CHARACTERISTICS (Ta= o to 10°c, Vee= 5V +10%) 

Parameter Symbol Test Condition 

Input Leakage Current [Ll 
Vee= 5.5V 
V;n = 5.SV 

Output Leakage Current ho 
Vee= 5.SV 
V0 ut = 5.5 - 0.4V 

Vee Current (Standby) Iee1 

Vee Current (Active) Iee2 
CE= OE= Vn 
WE= Vm 

Input Low Voltage Vn 
Input High Voltage V1H 
Output Low Voltage VoL IoL = 2.lmA 
Output High Voltage VoH IoH = --400µA 

• CAPACITANCE (Ta= 25°C,f= !MHz) 

Parameter 

Input Capacitance 

Output Capacitance 

• AC TEST CONDITIONS 
Input Pulse· Levels: 
Rise and Fall Time: 
Output Load: 
Reference Level for Measuring 

Timing: 

Symbol Test Condition 

C;n 

Cout 

O.BV to 2.0V Input 
~ 20ns 

V;n 

V;n 

1TTL Gate+ 100pF 
Inputs; 1 V and 2V 
Outputs; O.BV and 2.0V 

= ov 
=OV 

@HITACHI 

min 

-

-

-

-

-0.1 

2.0 
-

2.4 

min 
-

-

Unit 

v 
v 
oc 
oc 

max Unit 

5.5 v 
0.8 v 

Vee+ I v 
70 oc 

typ max unit 

- 10 µA 

- 10 µA 

20 40 mA 

60 .100 mA 

- 0.8 v 
- Vee+ I v 
- 0.4 v 
- - v 

typ max unit 
- 6 pF 
- 12 pF 
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HN58064P-25, HN58064P-30, HN58064P-45-------------------

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

• READ OPERATION 
------ ----,---------------~- ------~----~~----~--

Parameter Symbol 

Address to Output Delay tAee 

CE to Output Delay teE 

Test Condition 

CE= OE= Vn 
WE= V1H 

I' OE= Vn 

HN58064P-25 HN58064P-30 HN58064P-45 

min max min max min max 
Unit 

---+------+-----+---~ 

250 300 450 ns 

250 300 450 ns 
I WE= V1H 

-----+--------+-----------+------+----+----+-----+-----+----+--~ 

OE to Output Delay toE 

Address to Output Hold toH 

CE= Vn 
WE= V1H 

CE= OE= Vn 
WE= Vm 

CE= Vn 

0 

0 

100 150 I 150 ns 

0 0 ns 

90 0 130 0 130 ns OE High to Output Float tvF WE= Vm 
-------~---~--~-__ _L_ __ --'-"c__ __ i ___ _L_ ___ _L_ __ L___ __ L___ __ L___ __ ~ __ 

• WAVEFORM · · · · · READ CYCLE 

A!lUHESS 

In 

/IJf 

High 

DATA llata (Jut \"aliJ 

• BYTE ERASE AND BYTE WRITE OPERATION 

Parameter Symbol Test Condition min typ max Unit 

Address Setup Time tAs 10 - - ns 
---- --------·-··--

Address Hold Time tAH 50 - - ns 

CE Setup Time teES 10 - - ns 

CE Hold Time teEH 50 - - ns 
-

OE Setup Time toESl 10 - - ns 

OE Hold Time toEH 50 - - ns 

WE Pulse Width twEPl 8 10 15 ms 
--~· ------ - - -- ---·--· 

WE High Time twEH_--1 500 - - ns 
------ ·-·--

Data Setup Time tvs 10 - - ns 

Data Hold Time tDH 50 - - ns 
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~~~~~~~~~~~~~~~~~~~~HN58064P-25,HN58064P-30,HN58064P-45 

• WAVEFORM · · · · · ERASE AND WRITE CYCLE 

.'\DORE SS 

IAS t.rn 

CT 

1u:s ICEH 

l<if:Sl IUEH 

UE 

/\\EH 

WE /\\£Pl 

DXL\ Data in Stahle 

• CHIP ERASE OPERATION 
Parameter Symbol Test Condition min typ max Unit 

-------- -----! ------
CE Setup Time tcES 10 - - ns 

CE Hold Time tcEH 50 - - ns 

OE Setup Time toES2 0 - 50 ns 

OE Hold Time to EH 50 - - ns 
--------------

WE Pulse Width tw}l;P2 15 20 50 ms 
--

WE High Time twEH 500 - - ns 

Data Setup Time tvs 10 - - ns 

Data Hold Time tvH 50 - - ns 
·- ·- -- ---------~- -- -- _ _____,_________ ___ 

WAVE FORM······ CHIP ERASE 

CE 

ICES lr'EH 

lof:S2 tOEH 

f\\'EH 

lf•iEP 2 

fDS IDH 

Data in Stable 
DATA 
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HN58064P-25,HN58064P-30,HN58064P-45~~~~~~~~~~~~~~~~~~~-

• SEQUENCE OPERATION 

Parameter Symbol Test Condition min typ max Unit 

WE Setup Time ------+- twE§--+------------+--I_s5_o0_-+-----+-------+--n_s_ 
WE to OE Time------- two - - ns 

~~~--------------------r---------j----------------

WE High Time twEH 500 
--------------------~----~------

e WAVE FORM 

288 

' I l'Jl]\l EIL4.:-.F I I REA!l I 
I I I 
I I I 

I I : 

AllllklS~~~ 
I I I 

er \ d n?=h c,:,,,,,,m \ 
I I 
I I 
I I 
I I : ~ ,, ,....__'_'"_' .... : __ _ 
I 
I 
I 
I 
I 
I I 
I I 

lJYL\>-1----T--<®0 

I I WiTE LJ{_.\SE Wl-{JTL I I HYTE t.R:\SL w1i.rn: I~ 
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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) 

• TRUTH TABLE 

Input 
Output Mode 

cs WE Din 

any one H x x L Not Selected 

all L L L L Write "o'· 
all L L H L Write "l" 

all L H x Dout • Read 

x : Don't care 

* : Read out non·inverted 

• BLOCK DIAGRAM 

• ABSOLUTE MAXIMUM RATINGS 

Item Symbol Rating Unit 

Supply Voltage Vt:E to Vee +0.5 to ~7 .0 v 
Input Voltage v .. +0.5 to VEE v 
Output Current loM/ -30 mA 

Storage Temperature T.r, -65 to +150 ·c 
Storage Temperature T.1.( Bias)• -·55 to +125 ·c 

* Under Bias 
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• PIN ARRANGEMENT 

(Top View) 



• ELECTRICAL CHARACTERISTICS 
•DC CHARACTERISTICS (VEE~ -5.2V, RL~SOO to -2.0V, Ta~O to +75°C, air flow exceeding 2m/sec) 

Item 

Output Voltage 

Output Threshold \'oltage 

Input Voltage 

Symbol Test Condition 

Vu11 

!-----j Vi\'".,,- V111H or \/, 1 4 

Guaranteed Input Voltage 

High for All Inputs 

Guaranteed Input Voltage 

Low for All Inputs 

o·c 

+75'C 

o·c 
+25°C 

+75°C 

+25°C 

+75°C 

o·c 
+-25°C 

+75·c 

+75'C 

o·c 
+25'C 

+75'C 

min (Bl typ max (A) Unit 

-1000 - 840 

-960 --810 

- 900 -720 

-1870 -1665 
mV 

-1850 -1650 

-1830 -1625 

1020 

-980 

--920 
mV 

- 1645 

-1630 

1605 

-· 1145 -840 

- 1105 -810 

- 1045 -720 
mV 

-1870 --1490 

-1850 -1475 

1830 -1450 

Im U to +75'(' 220-+-----

Input Current 
fu 

Supply Current lu 

e AC CHARACTERISTICS 

cs I 
-0--th_e_r ___ J' Vi,-= V;i_/J 

I All Input and Output Open, 

! Test Pin 8 

o. 5 170 
0 to + 75\' 

- 50 

- 130 

O\' .. 180 140 

(Vi:E~-5.2V±5%, Ta~O to +75'C,air flow exceeding 2m/sec, see test circuit and waveforms) 
L READ MODE 

l 
! HM10414 HM10414-1 

Item Symbol Test Condition ---+-- --,---
min typ max min typ max 

Chip Select Access Time f.41"/( 1 - 3 6 - 3 6 

Chip Select Recovery Time f RCS I - 3 6 - 3 6 

Address Access Time t.4.4 ! - 7 
I 10 - 6 8 

2. WRITE MODE 

Item Symbol Test Condition min typ max 

Write Pulse Width t. tv.s4 = 2ns 6 4 -

Data Setup Time lwsv 1 0 -

Data Hold Time fWHD 1 0 -

Address Setup Time lws11 tw= 6ns 2 0 -

Address Hold Time fWHA 2 0 -

Chip Select Setup Time lwscs 1 0 -

Chip Select Hold Time t.rncs 1 0 -
f---· 

Write Disable Time lws - - 5 

Write Recovery Time iwR - - 5 

3. RISE/FALL TIME 

Item Symbol Test Condition min typ max 

Output Rise Time t. - 1.5 2. 5 

Output Fall Time 11 - I. 5 2. 5 

4. CAPACITANCE 

Item Symbol Test Condition min typ max 

Input Capacitance c. - 3 5 

Output Capacitance c.., - 5 8 

@HITACHI 

µA 

mA 

Unit 

ns 

ns 

ns 

Unit 

ns 

ns 

ns 

ns 

ns 

TIS 

ns 

ns 

ns 

Unit 

TIS 

ns 

Unit 

pf 

pF 
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•TEST CIRCUIT AND WAVEFORMS 

1. LOADING CONDITIONS 
GND 

16 15 

HM10414 

O.OlµF -2.ov 

Ri.=SOQ 

CL=30pF( includes Jig and stray capacitance) 

3. READ MODE 

cs 

Dout 

2. INPUT PULSE 

tr = t f = 2.0ns typ 

Add,,,,~ 

~~ 
Dout 

50~\-----------------------f 4. WRITE MODE 

cs 

-A-dd_'_'_" ______ s_o~~*-----------------X ..... _________ _ 
:,------:-- -,~\=_-=--=--=--=--=--------~~~'*'-------------

;.-/ ~ Hli--i 

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

21l0 

ltlll 

E 

!till 

-
140 

~ 

.J. J~() 120 .._ _ _,_ __ _,__ _ _, __ --1----.J--___J 

i 

100 i ··~·· 
rEf""-5.WV 

&l 

!OP '----+---+---'----1----.J-----J 

Ta==25'C 

"' '-----'---..J__ _ ___J __ ___L ___ .L_ _ ___J 
-2() '° 40 60 80 JOO -5.72 -"i.:20 

Ambient Temperature Ta ·c, 
Supplv \'oltage ru \'I 
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E 
c: 

ADDRESS ACCESS TIME 

vs. AMBIENT TEMPERATURE 

10--~------------

4'----'---'----------'-----' 

I 

-20 20 40 60 

Ambient Temperature Ta l'C I 

CHIP SELECT ACCESS TIME 

vs. AMBIENT TEMPERATURE 

-10 10 40 60 

Ambient Temperature fa '( 

WRITE PULSE WIDTH 

vs. AMBIENT TEMPERATURE 

-

80 

80 

0 

\/Ef.:=15.20\' 

-20 20 40 60 80 

Ambient Temperature Ta 1 'C ·1 

[Q(J 

100 

@HITACHI 

ADDRESS ACCESS TIME 

vs. SUPPLY VOLTAGE 

w---------------

-5.20 -4.bl' 

Supply \'oltagP \/u: i V, 

CHIP SELECT ACCESS TIME 

vs. SUPPLY VOLTAGE 

T 

T 

I l 
I -r-1 ! l fooT 
"L__ _ _l_ _ __J ____ __J __ _j_ _ __J 

-:i.72 - 5.'.M 

WRITE PULSE WIDTH 

vs. SUPPLY VOLTAGE 

- 5.72 -5.20 

Supply Voltage \t'n: i\.' 

- 4.bK 

Ta,25'C 

-4.68 
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HM2110, HM2110-1 

1024-word x 1-bit Fully Decoded Random Access Memory 

The HM2110 Series item is an ECL compatible, 1024-word x 1-bit, 

read/write, random access memory developed for application to 

scratch pads, control and buffer memories, etc. which require high 

speeds. 
• It is compatible with 10K ECL logic. 

• Chip select access time ............. 10ns (max.) 

• Address access time ............... HM2110: 35ns (max.) 
HM2110-1: 25ns (max.) 

• Power consumption , ............... 0.5mW/bit (typ) 

• Output obtainable by Wired-OR (open emitter). 

• TRUTH TABLE 

DC- 16A 

-==i--- • PIN ARRANGEMENT 
Input 

cs WE 

H >< 

L L 

L L 

L H 

x : irrelevant 

* : Read out noninverted 

• BLOCK DIAGRAM 

12"']2 

Mtmory 

Output Mode 
Din 

x L I :\ot Selected 

L L Write "O" 

H L \\'rite "I" 

x Dout• Read 

• ABSOLUTE MAXMUM RATINGS 

Item Symbol HM2110 Series Unit 

Supply Voltage V.1::.1,: to Vee +0.5 to -7.0 v 

Input Voltage v'" +0.5 to Vu: v 

Output Current [.., -30 mA 

Storage Temperature T.,, -65 to +150 ·c 

Storage Temperature T..1,(Bias)• -55 to +!25 ·c 

* Under Bias 
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•ELECTRICAL CHARACTERISTICS 

•DC CHARACTERISTICS (VE£~-5.2V, RL~500 to -2.0V, Ta~O to +75°C, air flow exceeding 2m/sec) 

Item Symbol Test Condition minlBI typ maxlAI Unit 

o·c -1000 - -840 

VoH +25°C -960 - -810 

+75'C -900 - -720 
Output Voltage Vis= V1HA or V1LB mV 

o·c -1870 - -1665 

VoL +z5·c -1850 - -1650 

+75'C -1830 - -1625 

o·c -1020 - -

Vo He +z5·c -980 - -

+15·c -920 - -
Output Threshold Voltage Vi.v=V1HB or Viu mV 

o·c - - -1645 

! 
V ULC +z5·c - - -1630 

+15·c - - -1605 

o·c -1145 - -840 

V1H 
Guaranteed Input Voltage 

+z5·c -1105 - -810 
High for All Inputs 

+75'C -1045 - -720 
Input Voltage mV 

o·c -1870 - -1490 

~IL 
Guaranteed Input Voltage 

+25'C -1850 - -1475 
Low for All Inputs 

+15·c -1830 - -1450 

f 1H VJ,·=V1HA 0 to +75°C - - 220 

Input Current cs i Vis~ VnH 

0.5 - 170 µA 
[,, 0 to +15·c 

Other -50 - -

All Input and Outp~t Open, o:;;; Ta<25°C -150 ·-100 -
Supply Current In mA 

Test Pin 8 Ta~25°C -125 -90 -

•AC CHARACTERISTICS 

(Vn~-5.2V ±5%, Ta~O to +75°C, air flow exceeding 2m/sec, see test circuit and waveforms) 

1. READ MODE 

l HM2110 HM2110-l 
Item Symbol Test Condition Unit 

min typ max min typ max 

Chip Select Access Time l l;1cs - 7 JO - 7 JO ns 

Chip Select Recovery Time I f RCS - 7 JO - 7 JO ns 

Address Access Time f;, - 20 35 - J5 25 ns 
-----·---".L..._ 

2. WRITE MODE 

HM2110 HM2110-l 
Item Symbol Test Condition Unit 

min typ max min typ max 

\\Trite Pulse Width tw lws..i=Bns 25 25 ns 

Data Setup Time lwsn ns 

Data Hold Time lWHD 5 ns 
----+-- - ----·· 

Address Setup Jime fwSA fw= 25ns 8 I ns 

Address Hold Time fWHA ns 

Chip Select Setup Time lwscs l ns 

Chip Select Hold Time lwHcS ns 

Write Disable Time tws JO JO ns 
.... ---------·------i-----

Write Recovery Time l JO JO ns 
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3. RISE/FALL TIME 

Item Symbol Test Condition min 

Output Rise Time t. -

Output Fall Time t1 -

4. CAPACITANCE 

Item Symbol Test Condition min 

Input Capacitance c,. -

Output Capacitance c ... -

•TEST CIRCUIT AND WAVEFORMS 

1. LOADING CONDITION 2. INPUT PULSE 

GND 

16 

HM2110 

O.OlµF .r 
Vu 

3. READ MODE 

4. WRITE MODE 

50% 

Address 

Din 

296 

Re 

- 2.0V 

RL =50Q 
CL=.10pf( includP5 probe and 

J 1g capacitance\ 

50% 

-- ... 
50% 

I 
'------------1 
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;- --

typ max Unit 

5 - ns 

5 - ns 

typ max Unit 

4 5 pF 

7 8 pF 

t. = t1 := 2.5ns typ 



SUPPLY CURRENT vs. 

AMBIENT TEMPERATURE 
12U r--.....----,------,r---r---.------, 

60r---+----+---1r----+---+---l 

40r---+----+---1C----+---+---l 

2or---+----+---'r----+---+---l 

~~20:--~--2~0-__,4~0-~60--w'----'100 

Ambient Temperature Tri. ( ·c '1 

ADDRESS ACCESS TIME vs. 

AMBIENT TEMPERATURE 
10~--.---.,..----.--..,-----,----, 

101-----+--+---+--+--t----1 

10 40 60 80 100 

Ambient Temoerature Ta 

@HITACHI 

SUPPLY CURRENT vs. 

SUPPLY VOLTAGE 
120 r----r---,---,..----r----r-----, 

-3 -s -6 

Supplv V,,ltage Vu: (VJ 
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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 . 

• FEATURES 

• Level ............................. 10k ECL Compatible 
• Construction ........................ 1024-word by 1-bit 
• Address Access Time ................. HM2112 10ns (max.) 

HM2112-1 8ns (max.) 
• Chip Select Access Time ...................... 5ns (max.) 
• Power Consumption ..................... 0.8mW/bit (typ) 
• Output Obtainable by Wired-OR (open emitter) DG- !6A 

• Fully Pin Compatible with F 10415 

•TRUTH TABLE • PIN ARRANGEMENT 

Input 

cs WE 

H x T 
L L 

L L 

L H 

x : Irrelevant 

* : Read out noniverted 

• BLOCK DIAGRAM 

'" ,, 
!\, 

A1 

A• 

Din 

32X32 

.\iemorv 

x 

L 

H 

x 

Output 

L 

L 

L 

Dout • 

Mode 

~ot Selected 

\\'rite "0" 

Write "l" 

Read 

•ABSOLUTE MAXIMUM RATINGS 

Item Symbol HM2112 Unit 

Supply Voltage Vt:t: to Vee +0.5 to -7.0 v 
Input Voltage v .. +0.5 to Vn v 
Output Current !.., -30 mA 

Storage Temperature T,1 6 -65 to + 150 ·c 
Storage Temperature T..1g (Bias J • - 55 to +125 ·c 

* Under Bias 

298 @HITACHI 
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•ELECTRICAL CHARACTERISTICS 
(VEE~-5.2V, RL~SOO to -2.0V, Ta~O to +75°C, air flow exceeding 2m/sec) 

•DC CHARACTERISTICS 

Item Symbol Test Condition minlBI typ maxlAI Unit 

o·c -1000 - -840 

VoH +25°C -960 - -810 

+75°C -900 - -720 
Output Voltage V1N = V1H11 or V1LB mV 

o·c -1870 - -1665 

VuL +25°C -1850 - -1650 

+75°C -1830 - -1625 

o·c -1020 - -

VoHt +25°C -980 - -

+75°C -920 - -
Output Threshold Voltage Vrs=ViHB or V1u. mV 

o·c - - -1645 

v(), c +25°C - - -1630 

+75°C - - -1605 

o·c -1145 - -840 

V1H 
Guaranteed Input Voltage 

+25°C -1105 - -810 
High for All Inputs 

+15·c -1045 - -720 
Input Voltage mV 

o·c -1870 - -1490 

Va 
Guaranteed Input Voltage 

+25°C -1850 - -1475 
Low for ·All Inputs 

+75'C -1830 - -1450 

lu Vis= V1HA 0 to +75'C - - 220 

Input Current cs l v,,, ~ V11.B 
0 .5 - 170 µA 

f 11 0 to +75'C 
Other -50 - -

All Input and Output Open, Ta~o·c -200 - -
Supply Current I EE mA 

Test Pin 8 Ta~75'C -170 - -

•AC CHARACTERISTICS 

(VEE~-5.2V ±5%, Ta~O to +75°C, air flow exceeding 2m/sec, see test circuit and waveforms) 

l. READ MODE 

HM2112-1 HM2112 
Item Symbol Test Condition Unit 

min typ max min typ max 

Chip Select Access Time t.'4C S 1 3 5 1 3 5 ns 

Chip Select Recovery Time t RCS I 3 5 I 3 5 ns 

Address Access Time I" 3 6.5 8 3 7 .5 10 ns 

2. WRITE MODE 

HM2112-1 HM2112 
Item Symbol Test Condition Unit 

min typ max min typ max 

Write Pulse Width lw twsA."""3ns 6 2 - 6 2 - ns 

Data Setup Time twso 1 0 - I 0 - ns 

Data Hold Time twHD I 0 - I 0 - ns 

Address Setup Time twsA tw=6ns 3 0 - 3 0 - ns 

Address Hold Time lwHA 2 0 - 2 0 - ns 

Chip Select Setup Time twscs I 0 - I 0 - ns 

Chip Select Hold Time lWHCS I 0 - I 0 - ns 

Write Disable Time lws I 3 5 I 3 5 ns 

Write Recovery Time lwR I 3 5 I 3 5 ns 
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3. RISE/FALL TIME 

Item Symbol Test Condition 

Output Rise Time I, 

Output Fall Time 11 

4. CAPACITANCE 

Item Symbol Test Condition 

Input Capacitance c .. 
Output Capacitance c ... 

•TEST CIRCUIT AND WAVEFORMS 

1. LOADING CONDITION 
GND 

16 

HM2112 

O.OJµF r 
VEE 

3. READ MODE 

4. WRITE MODE 

cs 

Address 

Din 

WE 

50% 

r 
-2.0V 

RL =SOQ 

CL=30pF(includes probe and jig capacitance) 

50% 

-"""\ 

' 50% 

Dout twscs 

min 

0.8 

0.8 

min 

I 

3 

2. INPUT PULSE 

lWHCS 

50% 

,., 

300 @HITACHI 

typ max Unit 

1.5 2.5 ns 

1.5 2.5 ns 

typ max Unit 

3 5 pF 

5 8 pF 

t, =tr=2.0ns typ 



SUPPLY CURRENT 

vs. AMBIENT TEMPERATURE 
200 .----....--r---....--r---....-~ 

180 ~ 

1601----t-~--+b,,.~-+----+--+-----i 
~ 

1401--+--t---+--tt-.._---""'k::--I -l 120 t-----+---+----+--+----+------1 

1 uo t-----+---+----+--+----+----1 

'o~---+---~-~--~-''_'_=l~--:i._211_v~ 
- 2LJ 2!1 ~II l:J(J !'\II )ll() 

Ambient Temperall.lre Ta ''( 

ADDRESS ACCESS TIME 
vs. AMBIENT TEMPERATURE 

10.----....--r---....--r---....-~ 

-_.___\\~,2\\'! ~ - -
VE£=1-5.20V 

4.__--+---~---+---~---+--~ 
-20 20 40 60 80 100 

Ambient Temperaturf' Ta ( 'C) 

CHIP SELECT ACCESS TIME 

vs. AMBIENT TEMPERATURE 

Vu=15.20V 

-20 20 40 60 80 

Ambient Temperature Ta 1·c J 

100 

SUPPLY CURRENT 

vs. SUPPLY VOLTAGE 
200 r----r--r---....--r---....-~ 

180 !-----+---+----+---+----+--~ 

-:; -t--,.__ 
~ 160 t---+--t---T"'""-+-==-+----1 

.!; ~ 

140 t-----+---+-----+---+----+------< 

~ 120t-----+---+-----+---+----+------< 

100 r-----+---t-----+---t-----+----l 

Tol=25'C 
80.__.,..._ __ .__--+-__ ._ _ _,_ _ __. 

-5.72 -5.20 -4.68 

Supply Voltage Vu (VI 

ADDRESS ACCESS TIME 

vs. SUPPLY VOLTAGE 
1or----.--,----.---r---....-~ 

5.72 -520 -4.68 

Supply Voltage ~'EE 'VI 

CHIP SELECT ACCESS TIME 

vs. SUPPLY VOLTAGE 

-+-
r--

Tol25'C 

-5.72 -5.20 -4.68 

Supply Voltage Vu ( V) 
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302 

0 
-20 

WRITE PULSE WIDTH 

vs. AMBIENT Tf:MPERATURE 

Vn=15.20V 

20 411 till 80 ]OU 

Ambient Temperature Ta i•C; 

@HITACHI 

WRITE PULSE WIDTH 

vs. SUPPLY VOLTAGE 

-

-5.72 -5.20 

T125'C 

-H8 

Supp!v Voltage VEE (\/; 



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. 

•FEATURES 
• 256-word x 4 bit organization. 

• Fully compatible with 10K ECL level 

(DG-24A) 

• Address access time: 1 Ons (max) • PIN ARRANGEMENT 
• Write pulse width: 6ns (min) 

• Power dissipation: 0.8mW/bit 

• Output obtainable by wired-OR (open emitter) 

• TRUTH TABLE 

Input 

BS WE Din 

H x x 

L L L 

L L H 

L H x 
---
r\otes) x : Irrelevant 

* : Read out noninvert 

•BLOCK DIAGRAM 

Ao 

A, 

A, i 
Ao x 

'" 

Output 

L 

L 

L 

Dout* 

,, 

Y-Dernder/Driver 

Mtmory Cell Array 
I 

256 WordsX4 A•ts 

Block 2 Block 3 

----

Mode 

Not Selected 

Write "Q'" 

Write "1" 

Read 

Block 4 

@HITACHI 

(Top View) 
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•ABSOLUTE MAXIMUM RATINGS 

Item Symbol Rating Unit 

Supply Voltage VEE to Vee +o.5 to -7 .o v 
Input Voltage v .. +0.5 to Vu v 
Output Current J o~I -30 mA 

Storage Temperature T.16 -65 to + 150 ·c 
Storage Temperature T,,,(Bias)• -55 to +125 ·c 

* Under Bias 

• ELECTRICAL CHARACTERISTICS 
(VEE--5.2V, RL-500 to -2.0V, Ta-0 to +75°C, air flow exceeding 2m/sec) 

•DC CHARACTERISTICS 

Item 

Output Voltage 

Output Threshold Voltage 

Input Voltage 

Input Current 

Supply Current 

•AC CHARACTERISTICS 

1. READ MODE 

Item 

Block Select Access Time 

Block Select Recovery Time 

Address Access Time 

2. WRITE MODE 

Item 

Write Pulse Width 

Data Setup Time 

Data Hold Time 

Address Setup Time 

Address Hold Time 

Block Select Setup Time 

Block Select Hold Time 

Write Disable Time 

Write Recovery Time 

304 

Symbol 

VoH 

Voe 

Vo He 

Vo Le 

Vrn 

Vn 

Im 

In 

I EE 

Symbol 

l ABS 

f RBS 

t" 

Symbol 

'• 
lwso 

t WHD 

lws1o 

t WHA 

twsBs 

f WHBS 

lws 

t •• 

Test Condition minlBI 

o·c -1000 

+25"C -960 

ViN = V1HA +75"C -900 

OT V!LB o·c -1870 

+25"C -1850 

+75'C -1830 
o·c -1020 

+25'C -980 

+75"C -920 
ViN = VJHB or Viu 

o·c -

+25"C -

+75"C -

o·c -1145 
Guaranteed Input VoJtage 

+25"C -1105 
High for All Inputs 

+75"C -1045 
o·c -1870 

Guaranteed Input Voltage 
+25'C -1850 

Low for All Inputs 
+75'C -1830 

ViN = ViHA 0 to +75'C -
BS i VIN~ VnB 

0.5 
0 to +75"C 

Other -50 

All Input and Output Open, Ta~o·c -200 

Test Pin 12 Ta~15·c -

Test Condition min typ 

- -

- -

- 7 

Test Condition min typ 

lwsA =2ns 6 4 .5 

2 0 

2 0 
tw=6ns 2 0 

2 0 

2 0 

2 0 
- 4 
- 4 .5 

@HITACHI 

typ maxlAI Unit 

- -840 
- -810 
- -720 

mV 
- -1665 
- -1650 
- -1625 
- -

- -

- -
mV 

- -1645 
- -1630 
- -1605 
- -840 
- -810 

- -720 
mV 

- -1490 
- -1475 

- -1450 
- 220 

- 170 µA 
- -

-160 -
mA 

-145 -

max Unit 

5 ns 

5 ns 

10 ns 

max Unit 
- ns 

- ns 

- ns 

- ns 

- ns 

- ns 

- ns 

5 ns 

9 ns 



3. RISE/FALL TIME 

Item Symbol Test 

Output Rise Time t. 
... 

Output Fall Time 11 

4. CAPACITANCE 

Item Symbol Test 

Input Capacitance c,. 
Output Capacitance c ... 

• TEST CIRCUIT AND WAVEFORMS 

1. LOADING CONDITION 

O.OlµF J;. 

3. READ MODE 

Dou! 

Test Circuit 

M.U.T. 

Vu 

Vcc(GND) 

I 
I 

-----~, I 

r---l ,, 
4. WRITE MODE 

Dout 

-2.0V 
RL=50Q 

CL =30pF( includes 
probe and Jig 

capacitance) 

Condition 

Condition 

min 

-
-

min 

-

-

2. INPUT PULSE 

I 
I 

typ 

2 

2 

typ 

4 

7 

t.- ti-2.0ns typ 

f----- I'' ----i 

max 

-

-

max 

-

-

1 I 
~ ,, 

Dout---------....J><'-----

SO)( 

50% 

@HITACHI 

Unit 

ns 

ns 

Unit 

pF 

pF 

305 



306 

SUPPLY CURRENT vs. 

AMBIENT TEMPERATURE 

1801----+----+--+-------+------+---l 

120 1----+----+--+-------+------+---l 

100 1-----+------+--+-------+-------+----l 
Vn:= -15.20V 

"''----'-----+---.1_--.L_-l. _ _.J 
-20 20 40 60 80 100 

12 

1 

10 

Amb1ent Temperature Ta ! 'C ·1 

ADDRESS ACCESS TIME vs. 

AMBIENT TEMPERATURE 

: 

i 
i 
I 
I 

I 
' 

1 ' 

~ - ~1 
I I 
I i 1 Vn= -~20V 

-20 20 40 60 80 100 

Ambient Temperature Ta i'C! 

BLOCK SELECT ACCESS TIME 

vs. AMBIENT TEMPERATURE 

4'-----1----"---1-----+------+----I 

2'----+-----+---1-----+----+---< 

11-----+-------+---+------+----+----I 
Vu= -5.20V 

I I 
20 40 6-0 100 

Ambient Temperature Ta t•c} 

! 
u 

@HITACHI 

SUPPLY CURRENT vs. 

SUPPLY VOLTAGE 
200 ~-~-~--~-~-~-~ 

180 ,__ _ _.__ _ _,_ _ _.. __ l_,_1 __ 1-----' 

160 -
l I 

r--+----,--+--L... -
140 <----+---+--I---+---+---< 

I 
I 

120 1----+-- --+---I--+----+---< 

1001-----+----+--+------+----+----I 

8,l '-__ .___...._ __ l' _ _.. __ ....__ _ __. Ta""25'C 

l 

12 

11 

10 

-S.72 -5.20 -4.68 

Supply Voltage VEF i \' 

ADDRESS ACCESS TIME vs. 

SUPPLY VOLTAGE 

I 
i I 

i ! 

l I 

I ' 1 ! 

! 
I ' 

I 

! I 
i I I 

1 i y : 

-.....;.;,;: I --f"'""' 
I i 1 

I ] ra=2s·c 
I l l 

-5.72 -5.20 -H8 

Supply Voltage V£E (V' 

BLOCK SELECT ACCESS TIME 

vs. SUPPLY VOLTAGE 

1 
I 
l 

l'----+-----+---+----+--~----< 

l fo=25"1 
o'----'---"---J_---'----'-----' 

-5.72 -5.20 -4.68 

Supply Voltage Vu (V) 



WRITE PULSE WIDTH vs. 

AMBIENT TEMPERATURE 

Vu=-5.ZOV 

l l 
-20 20 40 60 

Ambient Temperature Ta ('C} 

-1 

100 

@HITACHI 

WRITE PULSE WIDTH vs.' 

SUPPLY VOLTAGE 

Ta=25'C 

-5.72 -5.20 

Suppl:( Voltage Vu (VJ 

I 
-4.68 

307 



HM10422-7 

256-word x 4-bit Fully Decoded Random Access Memory 

The HM10422 is ECL lOK 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 HMl 0422 is encapsulated in cerdip-24 pin package, compatible 
with Fairchild's F10422. 

• FEATURES 
• 256-word x 4 bit organization 
• Fully compatible with lOK ECL level 

(DG-24A) 

• Address access time: 7ns (max) 
• Write pulse width: 4ns (min) • PIN ARRANGEMENT 

• Power dissipation: 1.0 mW /bit 
• Output obtainable by wired-OR (open emitter) 

• TRUTH TABLE 

Input 
Output Mode 

BS \\iE Din 

H x x L Not Selected 

L L L L Write "O" 

L L H L Write "I" 

L H x Dout • Read 
----
Notes) x : Irrelevant 

• : Read out noninvert 

• BLOCK DIAGRAM 
A; Ao 

(Top View) 

Y - Decoder !Or iv er 

Ao 

Memory CeH Array 

A> 
I 

256 WordsX4 Bits 

Ao 

Block 2 Block 3 Block 4 

308 .HITACHI 



• ABSOLUTE MAXIMUM RATINGS 

Item Symbol Rating Unit 

Supply Voltage VEE to Vee +0.5 to -7 .0 v 
Input Voltage v .. +0.5 to VEE v 
Output Current f oMI -30 mA 
Storage Temperature T.1, -65 to + 150 ·c 
Storage Temperature T.,,(Bias)• -55 to + 125 ·c 

* Under Bias 

•ELECTRICAL CHARACTERISTICS 
(V££~-5.2V, RL~500 to -2.0V, Ta~O to +75°C, air flow exceeding 2m/sec) 

•DC CHARACTERISTICS 

Item 

Output Voltage 

Output Threshold Voltage 

Input Voltage 

Input Current 

Supply Current 

•AC CHARACTERISTICS 

1. READ MODE , 

Item 

Block Select Access Time 

Block Select Recovery Time 

Address Access Time 

2. WRITE MODE 

Item 

Write Pulse Width 

Data Setup Time 

Data Hold Time 

Address Setup Time 

Address Hold Time 

Block Select Setup Time 

Block Select Hold Time 

Write Disable Time 

Write Recovery Time 

Symbol 

VoH 

Vo, 

Vo He 

Vo Le 

V1H 

VIL 

f 1H 

I" 

I EE 

Symbol 

LtB s 

t RBS 

t" 

Symbol 

tw 

t WSD 

t WHD 

twsA 

lwHA 

t WS BS 

f WHBS 

tws 

twR 

Test Condition min(B) 

o·c -1000 

+25'C -960 

V1N = VrHA +75'C -900 

or V1LB o·c -1870 

+25'C -1850 

+75'C -1830 

o·c -1020 

+25'C -980 

+75°C -920 
VrN = V1HB or Viu o·c -

+25'C -

+75'C -

o·c -1145 
Guaranteed Input Voltage 

+25'C -ll05 
High for All Inputs 

+75'C -1045 

o·c -1870 
Guaranteed Input Voltage 

+25'C -1850 
Low for All Inputs 

+75'C -1830 

ViN =Vt HA 0 to +75'C -

BS Iv,.~ v,,, 0.5 
0 to +75'C 

Other -50 

All Input and Output Open, Ta-O'C - 240 

Test Pin 12 Ta~75'C -

Test Condition min typ 

- -

- -

- 4 

Test Condition min typ 

lwsA.=2ns 4 3 

1 

1 
fw = 4ns 2 

1 

1 

1 
- 3 

- 3 

@HITACHI 

typ max(A) Unit 

- -840 

- -810 
- -720 

mV 
- -1665 
- -1650 

- -1625 
- -

- -

- -
mV 

- -1645 
- -1630 

- -1605 
- -840 

- -810 
- -720 

mV 
- -1490 
- -1475 
- -1450 
- 220 
- 170 µA 

- -

~ 200 -
mA 

- 180 -

max Unit 

5 ns 

5 ns 

7 ns 

max Unit 

- ns 

- ns 

- ns 

- ns 

- ns 

- ns 

- ns 

5 ns 

5 ns 
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3. RISE/FALL TIME 

Item Symbol Test Condition 

Output Rise Time t. 

Output Fall Time t1 

4. CAPACITANCE 

Item Symbol f Test Condition 

Input Capacitance c .. 
Output Capacitance c ... l 

•TEST CIRCUIT AND WAVEFORMS 

1. LOADING CONDITION 
Test Circuit 

Vee( GND) 

M.U.T. 

0.0!µF + 
3. READ MODE 

-2.0V 

RL =500 
CL =30pF( includes 
probe and jig 
capacitance) 

min 

-

-

min 

-
-

2. INPUT PULSE 

I 
I 

typ 

2 

2 

typ 

3 

5 

1--- t ,,------1 

max 

-

-

max 

-

-

Dout __________ )(.._ ___ _ 

4. WRITE MODE 

50% 

Din 
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Unit 

ns 

ns 

Unit 

pF 

pF 



HM10470, HM10470-1 

4096-word x 1-bit Fully Decoded Random Access Memory 
The HM10470 is ECL 10K compatible, 4096-words x 1-bit, read 

write random access memory developed for high speed systems such 

as scratch pads and control/buffer storages. 

The fabrication process is the Hitachi's low capacitance, oxide isola

tion method with double metalization. 

The HM10470 is encapsulated in cerdip-18 pin package, compatible 

with Fairchild's F10470. 

• FEATURES 
• 4096-word x 1-bit organization 

• Fully compatible with 10K ECL level 

• Address access time: HM10470 

• Write pulse width: 
HM10470-1 
HM10470 
HM10470-1 

• Low power dissipation: 0.2mW/bit 

25ns (max) 
15ns (max) 
25ns (min) 
15ns (min) 

• Output obtainable by wired-OR (open emitter) 

• TRUTH TABLE 

Input 
Mode Output 

cs WE Din 

H x x L Not Selected 

L L L 

L L H 

L H x 

Notes) X : Irrelevant 
* : Read Out Noninvert 

• BLOCK DIAGRAM 

64 X64 

Memory Cell 

Array 

L Write "O" 

L Write "l .. 

Dout• Read 

•ABSOLUTE MAXIMUM RATINGS(Ta-25°C) 

Item Symbol Rating Unit 

Supply Voltage VEE to Vee +0.5 to -7 .o v 
Input Voltage v .. +0.5 to VEE v 
Output Current I •• , -30 mA 

Storage Temperature T,,. -65 to +150 ·c 
Storage Temperature T • .,(Bias)• -55 to +125 ·c 
* Under Bias 

.HITACHI 

Dout 

Din 

(DG-18) 

• PIN ARRANGEMENT 

(Top View) 
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• ELECTRICAL CHARACTERISTICS 

•DC CHARACTERISTICS(VE£~-5.2V, RL~50!1 to -2.0V, Ta~O to +75°C, air flow exceeding 2m/sec) 

Item 

Output Voltage 

Output Threshold Voltage 

Input Voltage 

Input Current 

Supply Current 

* HM10470 

* * HMI0470-l 

Symbol 

VoH 

VoL 

VoHt 

Vote 

v,H 

Vu 

~-

f,H 
f------

I" 

I u 

Test Condition 

o·c 

+25°C 

+75°C 
Vi.v=ViHA or Vu B 

o·c 

+25°C 

+75°C 

o·c 

+z5·c 

+75°C 
V1.,,,=VIHB or V11A 

o·c 

~25°C 
-- --

+75°C 

o·c 
Guaranteed Input Voltage 

+25°C 
High for All Inputs ----

+75°C 

o·c 
Guaranteed Input Voltage 

+25"c 
Low for All Inputs 

+75°C 

Vi,= ViHA 0 to -t-75°C 
+--='------,-------

cs j 
I--- ] V1s=i'1LB 0 to I 75°C 

Other 

All Input and Output Open, Ta ~o·c 

Test Pin 9 
Ta ~15·c 

min IBI typ maxi A) Unit 

-1000 - -840 

-960 - -810 

-900 - -720 
mV 

-1870 - -1665 

-1850 - -1650 

-1830 - -1625 

-1020 - -

-980 - -

-920 - -
- t--- mV 

- - -1645 

- - -1630 

- - -1605 
--- ---

-1145 - --840 

-1105 - -810 
f-------

-1045 -- 720 
mV 

-1870 - -1490 
-- +---- ~- --- --

-1850 - --1475 
--

-1830 - -1450 

- - 220 

0.5 - 170 µA 
1---

-50 - -

-200' -160' -

-280'' -200" - mA 

- - 145 -

•AC CHARACTERISTICS(Vu ~ -5.2V ±5%, Ta~O to t 75°C, air flow exceeding 2m/sec' 
1. READ MODE 

HM10470 HM10470-l 
Item Symbol Test Condition -----j ---- Unit 

min typ max min typ max 

Chip Select Access Time fA(','> 10 ns 

Chip Select Recovery Time t Rl' ~ 10 

Address Access Time 1 .. 15 25 12 15 ns 

2. WRITE MODE 

Item Symbol Test Condition 
HMl0470 HM10470-l ~-

t---m-i-n~--ty--p-~_m_a_x___,~-m-in-~-t-;--p-~-m~l L'nit 
-------------+------+-----------+-----+-

Write Pulse Width 

Data Setup Time lW:'.>/J 

Data Hald Time f WHD 

Address Setup Time 

Address Hold Time 

Chip Select Setup Time twscs 

Chip Select Hold Time limes 

Write Disable Time lws 

Write Recovery Time 

312 

lws~=3ns 

/11- =fw m'n 

25 15 ns 

ns 

ns 

ns 

ns 

ns 
t-----+----~-----j---+-----+------+----

n s 

IO 8 ns 

10 8 ns 
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3. RISE/FALL TIME 

Item Symbol 

Output Rise Time t. 

Output Fall Time 11 

4. CAPACITANCE 

Item Symbol 

Input Capacitance c .. 
Output Capacitance Co~1 

•TEST CIRCUIT AND WAVEFORMS 

1. LOADING CONDITION 

Test Circuit 

Vcc(CNDl 

Dout 

M.l'.T. 

Rt 

O.OJµF * -2.ov 
capac 1tanC'e 1 

3. READ MODE 

Dout 

4. WRITE MODE 

cs 

.\dd ress 50'\ 

WE 

Dout 111scs---.; 

Test Condition 

Test Condition 

2. INPUT PULSE 

f-,., 

@HITACHI 

----
min typ max Unit 

- 2 - ns 

- 2 - ns 

min typ max Unit 

- 3 - pF 

- 5 - pF 
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314 

SUPPLY CURRENT vs. 
AMBIENT TEMPERATURE 

200~-~--..--,.-1, ----.--1,-. ----, 
180 l----+--1----+----+--+---t 

! i 
" I ~ 1601----+----+~--+----t--+----i 

u 
~ 

I 

140 f---'"-P-..._=:-lr--+- -+----1 

~ l 120 

1001------1---1-----+---+--+---t 

Vu= -5.20V 

o'----'~-'-~----'-~~l.____._l~_. 
-20 20 40 60 80 100 

Ambient Temperature Ta ('C) 

ADDRESS ACCESS TIME 
vs. AMBIENT TEMPERATURE 

301----+--l----+----t--+----i 

251----+--l----+----+--+---i 

201------1---1-----+---+i---+---t 

IHMl~ 
1s1---_......-..:::::~i:::::::=:J....--,t----+----::±"'"'--t 

111A\0~ 
~ 1ot--~"""'=--t----+---il----t---i 

Vu=- 20V 

~2~0--'----2~0--4~0---"6~0---!-80:----.,1~00 

Ambient Temperature Tu ('CJ 

CHIP SELECT ACCESS TIME 
vs. AMBIENT TEMPERATURE 

12 

10 

5 8 

0 
-20 

- HM10470 
HM10470-1 

]=-SJ 
20 40 60 80 

Ambient Temperature Ta ( "C} 

100 

SUPPLY CURRENT vs. 

SUPPLY VOLTAGE 

:::~~~~~~~~~"""'l-+T~~~-~~~~~~~~~~~~~~~~~ 
< l ~ 1601----+----+r---+----+--+---t 

-+- I 
140 r--f=""t !, ---F;:;:::l:::=:t::--1 

I l 120 l----+---,1---+----+--+----t 

I 

30 

-
25 -

E 

.: 
20 

.:( 
15 

~ 
~ 

< 
10 

12 

10 

Supply Voltage \/n :V) 

ADDRESS ACCESS TIME 
vs. SUPPLY VOLTAGE 

HM10470 ~ 

-5.72 -520 -4.68 

Supply Voltage VEE (VJ 

CHIP SELECT ACCESS TIME 
vs. SUPPLY VOLTAGE 

HM10470 
HM10470·1 

T·=r·c 
-5.72 -5.20 -4.68 

Supply Voltage VEE (V) 
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5 

30 

5 

0 

5 

0 

5 

WRITE PULSE WIDTH vs. 
AMBIENT TEMPERATURE 

HM10470 -
H~ 10470-1 

-
Vu=-rOV 

-20 20 40 6() 80 

Ambient Temperature Ta (.Cl 

35 

30 

- 25 
~ 

15 

10 

100 

~HITACHI 

WRITE PULSE WIDTH vs. 
SUPPLY VOLTAGE 

HM10410 

HM1i70-l 

-5.72 -5.20 

Supply Voltage Vu (V) 

-
I-

r.=1·c 
-4.68 
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HM10470-20 
4096-word x 1-bit Fully Decoded Random Access Memory 
The HM10470 is ECL 10K compatible, 4096-words x 1-bit, read/ 
write, random access memory developed for high speed systems 
such as scratch pads and control/buffer storages. 
The fabrication process uses the Hitachi's low capacitance, oxide 
isolation method with double metalization. 
The HM10470 is encapsulated in cerdip-18 pin package, compatible 
with Fairchild's F10470. 

•FEATURES 
• 4096-word x 1-bit organization 
• Fully compatible with 10K ECL level 
• Address access time: 20ns (max) 
• Write pulse width: 20ns (min) 

~ 
~~u-

IDG-181 

• Low power dissipation: 0.25 mW/bit 
• Output obtainable by wired-OR (open emitter) • PIN ARRANGEMENT 

• TRUTH TABLE 

Input 

cs WE Din 

H x x 

L L L 

L L H 

L H x 

Notes) X : Irrelevant 
* : Read Out Nonivert 

• BLOCK DIAGRAM 

Ao 

64 X64 

Memory Cell 

.\rray 

Output Mode 

L Not Selected 

L Write "O" 

L Write 'T' 

Dout • Read 

•ABSOLUTE MAXIMUM RATINGS (Ta~25°C) 

Item Symbol 

Supply Voltage VEE to \/cc 

Input Voltage v .. 
Output Current [,., 

Storage Temperature T,,, 

Storage Temperature T,1 8 (Bias)• 

* Under Bias 

316 @HITACHI 

(Top View) 

D0ut 

cs 

Rating I Unit 
-

+0.5 to -7.0 

t 
v 

+o. 5 to v ,, v 
-30 l mA 

-65 to +150 l ·c 
-- 55 to +125 ·c 

---



• ELECTRICAL CHARACTERISTICS 
•DC CHARACTERISTICS(VE£=-5.2V, RL=500 to -2.0V, Ta=O to +75°C, air flow exceeding 2m/sec) 

Item Symbol Test Condition minlBI typ max(A) 

o·c -1000 - -840 

VoH +25°C -960 - -810 

+1s·c -900 - -720 
Output Voltage V1N-V1HA or VILs 

o·c -1870 - -1665 

VoL +25°C -1850 - -1650 

+15·c -1830 - -1625 

o·c -1020 - -

VoHc +25°C -980 - -

+15·c -920 - -
Output Threshold Voltage V1N-V1HB or Yiu 

0°C - - -1645 

Vo Le +25°C - - -1630 

+75°C - - -1605 

o·c -1145 - -840 

V1H 
Guaranteed Input Voltage 

+25°C -l105 - -810 
High for All Inputs 

+75°C -1045 - -720 
Input Voltage 

o·c -1870 - -1490 

VIL 
Guaranteed Input Voltage 

+25°C -1850 - -1475 
Low for All Inputs 

+75'C -1830 - -1450 

l1H V,N=ViHA 0 to +75'C - - 220 

Input Current cs 1 0.5 - 170 
I" 1 VIN= VrLB 0 to +75'C 

Other ' -50 - -

All Input and Output Open, Ta-o·c -260 -220 -
Supply Current IEE 

Test Pin 12 Ta-75°C - -210 -

eAC CHARACTERISTICS (VEE=-5.2V±5%, Ta=O to +75°C, air flow exceeding 2m/sec) 

1. READ MODE 

Item Symbol Test Condition min typ max 

Chip Select Access Time tAcs - - 8 

Chip Select Recovery Time lRCS - - 8 

Address Access Time I« - - 20 

2. WRITE MODE 

Item Symbol Test Condition min typ max 

Write Pulse Width lw twsA=3ns 20 - -
Data Setup Time lw&D 3 - -

Data Hold Time lwHD 2 - -

Address Setup Time lwSA lw- 20ns 3 - -

Address Hold Time lwHA 2 - -

Chip Select Setup Time lwscs 3 - -

Chip Select Hold Time lwHCS 2 - -
Write Disable Time lws - - 8 

Write Recovery Time lwR - - 22 

@HITACHI 

Unit 

mV 

mV 

mV 

µA 

mA 

Unit 

ns 

ns 

ns 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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3. RISE/FALL TIME 

Item Symbol 

Output Rise Time 1, 

Output Fall Time 11 

4. CAPACITANCE 

Item Symbol 

Input Capacitance c .. 
Output Capacitance c ... 

•TEST CIRCUIT AND WAVEFORMS 

1 • LOADING CONDITION 

Test Circuit 

Vcc(GND) 

"M.U.T. 

0.0lµF J;. v .. 

3. READ MODE 

4. WRITE MODE 

Address 

Din 

WE 

o. •• 

50% 

Dout 

-2.ov 

50% 

-, 
50% 

RL=SOO 
CL=30pF(includes 
probe and jig 
capacitance) 

i-----flrscs---~ 

Test Condition min 

-

-

Test Condition min 

-
.-

2. INPUT PULSE _.,,=<l 
-l.7V 

" 
r.=r1=2.0ns typ 

-... ft"' "' * 
Dout SO% 

318 .HITACHI 

typ max Unit 

2 - ns 

2 - ns 

typ max Unit 

3 - pF 

5 - pF 

~ 20% 

If 



HM2142 
4096-words x 1-bit Very High Speed Random Access Memory 

The HM2142 is 4096-words x 1-bit very high speed read/write, 
random access memory developed for high speed systems such as 
pads and control/buffer storages. 
The fabrication process uses the Hitachi's low capacitance, oxide 
isolation method with double metalJzation. 
The HM2142 is encapsulated in cerdip-20 pin package. 

•FEATURES 
• 4096-words x 1 bit organization 
• Very high speed address access time: 10ns (max) 
• Write pulse width: 10ns (min) 
• Power dissipation: 0.3 mW/bit 
• Output obtainable by wired-OR 

(DG-20) 

• TRUTH TABLE • PIN ARRANGEMENT 

Input 
~ 

cs WE Din 

H x x 

L L L 

L L H 

L H x 

Notes) X : Irrelevant 
* : Read Out Noni vert 

•BLOCK DIAGRAM 

Ao 

64 X64 

Memory Cell 

4.rray 

Output Mode 

L Not Selected 

L Write "O" 

L Write "I" 

Dout • Read 

(Top View) 

Dou I 

Din 
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•ABSOLUTE MAXIMUM RATINGS (Ta=25°C) 

Item Symbol Rating Unit 

Supply Voltage VEE to Vee +0.5 to -7.0 v 
Input Voltage v .. +o.5 to VEE v 
Output Current foMt -30 mA 

Storage Temperature T.,, -65 to +150 ·c 

Storage Temperature T11, (Bias)• -55 to +125 ·c 

* Under Bias 

• ELECTRICAL CHARACTERISTICS 
•DC CHARACTERISTICS(VEE=-5.2V, RL=500 to -2.0V, Ta=O to +75°C, air flow exceeding 2m/sec) 

Item Symbol Test Condition min(B) typ 

0°C -1000 -
VoH +25°C -980 -

+15·c -950 -
Output Voltage V1H= VrnA or VrLB 

o·c -1870 -
Vo, +25°C -1850 -

+75°C -1830 -

0°C -1020 -
VoHc • +25°C -980 -

+15·c -920 -
Output Threshold Voltage VIH= ViHB or Vn,. 

o·c - -

VoLc +25°C - -

+15·c - -

o·c -1165 -v,. Guaranteed Input Voltage 
+25°C -1165 -

High for All Inputs 
+15·c -1165 -

Input Voltage 
o·c -1810 -

Vn 
Guaranteed Input VoJtage 

+25°C -1810 -
Low for All Inputs 

+15·c -1810 -
Ii. VrN= VrHA 0 to +15·c - -

Input Current cs Iv,"- v". 0. 5 -
[IL 0 to +15·c 

Others -50 -

Ta-o·c -270 -240 
Supply Current IEE All Input and Output Open. 

Ta-75°C - -220 

eAC CHARACTERISTICS (VEE=-5.2V±5%, Ta=O to +75°C, air flow exceeding 2m/sec) 

1. READ MODE 

Item Symbol Test Condition min typ 

Chip Select Access Time fACS - -

Chip Select Recovery Time hes - -

Address Access Time t ... - -

2. WRITE MODE 

Item Symbol Test Condition min typ 

Write Pulse Width lw lwsA=3ns 10 -

Data Setup Time twso 1 -

Data Hold Time lwHD 1 -
Address Setup Time twsA tw-lOns 3 -

Address Hold Time twHA 2 -
Chip Select Setup Time twscs 1 -

Chip Select Hold Time lwHcs 1 -
Write Disable Time tws - -
Write Recovery Time lwH - -

320 @HITACHI 

max(A) Unit 

-840 

-810 

-720 
mV 

-1665 

-1650 

-1625 

-

-

-
mV 

-1645 

-1630 

-1605 

-880 

-880 

-880 
mV 

-1560 

-1560 

-1560 

220 

170 µA 

-

-
mA 

-

max Unit 

6 ns 

6 ns 

10 ns 

max Unit 

- ns 

- ns 

- ns 

- ns 

- ns 

- ns 

- ns 

6 ns 

6 ns 



---- -·--------------------

3. RISE/FALL TIME 

Item Symbol Test Condition typ max Unit 

ns 
Output Hise _T_i_m_e _____ +-__ t_·--+---------------·--------+----;----1----
0utput 1:a11 Time 2 ns 

-------~----~------~-----------'---.-~---~---~----

4. CAPACITANCE 

Item Symbol Test Cnndit11111 min max Unit typ 
-----·-------~- ---+--'-'--+----4f-----

Input Capacitance c.~ 

Output Capacitance Co .. 1 

•TEST CIRCUIT AND WAVEFORMS 

1. LOADING CONDITION 

~Cc( G ND l 

\I.I I 

3 READ MODE 

Dout 

4. WRITE MODE 

Dout 

Re 

~z.ov 

Ri=50Q 
CL=30pF{ includes 
probe and Jig 
capacitance) 

2. INPUT PULSE 

t,=11=2 Ons typ 

~ ---------------------------

Address 

Din 

Dout 

50% - - ----------- ---------

--~, 

50% 

.-----twscs----i 

$HITACHI 

3 pF 

pF 
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HM104 74, HM104 74-15 

1024-word x 4-bit Fully DecoJed Random Access Memory 
The HM10474 is ECL 10k compatible, 1024-words x 4-bit, read 
write, random access memory developed for high speed systems such 
as scratch pads and control/buffer storages. 
The fabrication process is the Hitachi's low capacitance, oxide 
isolation method with double metalization. 
The HM10474 is encapsulated in cerdip-24pin package, compatible 
with Fairchild's F10474 . 

• FEATURES 
• 1024-word x 4-bit organization 
• Fully compatible with 10K ECL level 
• Address access time: HM10474 25ns (max) 

HM10474·15 15ns (max) 
• Write pulse width: HM10474 25ns(min) 

HM10474-15 20ns (min) 

(DG-24A) 

• Low power dissipation: 0.2mW/bit •PIN ARRANGEMENT 
• Output obtainable by wired-OR (open emitter) 

• TRUTH TABLE 

Input 
Output Mode -cs WE Din 

H x x L Not Selected 

L L L L Write "O" 

L L H L Write" l" 

L H x Dout• Read 

Notes) x : Irrelevant 

* : Read Out Nonivert 

• BLOCK DIAGRAM 

(Top View) 

•ABSOLUTE MAXIMUM RATINGS(Ta~25°C) 

Item Symbol Rating Unit 

Supply Voltage VEE to Vee +0.5 to -7 .0 v 
Input Voltage v .. +0.5 to VEE v 
Output Current ! ..• -30 mA 

Storage Temperature T,,, -65 to + 150 ·c 
Storage Temperature T,1,(Bias)• -55 to +125 ·c 
* Under Bias 
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----------------------------HM10474,HM10474-15 

•ELECTRICAL CHARACTERISTICS 

•DC CHARACTERISTICS(VEE=-5.2V, RL=500 to -2.0V, Ta=O to +75°C, air flow exceeding 2m/sec) 

Item Symbol Test Condition min(B) typ max(A) 

o·c -1000 - -840 

VoH +25°C -960 - -810 

+75'C -900 - -720 
Output Voltage VIN""" V1HA or VILB 

o·c -1870 - -1665 

VoL +25'C -1850 - -1650 

+15·c -1830 - -1625 

o·c -1020 - -
Vo He +25'C -980 - -

+15·c -920 - -
Output Threshold Voltage Vi,..=V1HB or Viu 

o·c - - -1645 

Vo LC +25'C - - -1630 

+75'C - - -1605 

o·c -1145 - -840 

V1H 
Guaranteed Input Voltage 

+25'C -1105 - -810 
High for All Inputs 

+15·c -1045 - -720 
Input Voltage 

o·c -1870 - -1490 

V1L 
Guaranteed Input Voltage 

+25'C -1850 - -1475 
Low for All Inputs 

+75'C -1830 - -1450 

f 1H V1N = V1HA 0 to +75'C - - 220 
- 1 V1N-ViLB 

170 Input Current cs 0.5 -
In 0 to +75'C 

Others -50 - -

All Input and Output Open, Ta-o·c -200 -160 -
Supply Current I EE 

Test Pin 12 Ta-75'C - -145 -

•AC CHARACTERISTICS(V££=-5.2V ±5%, Ta=O to +75°C, air flow exceeding 2m/sec) 

1. READ MODE 

HM10474 HM10474-!5 
Item Symbol Test Condition 

min typ max min typ max 

Chip Select Access Time lACS - - 10 - - 8 

Chip Select Recovery Time f RCS - - IO - - 8 

Address Access Time t;; - 15 25 - - 15 

2. WRITE MODE 

HM10474 HM10474-15 
Item Symbol Test Condition 

min typ max min typ max 

Write Pulse Width tw lwsA=3ns 25 15 - 20 - -

Data Setup Time lwsD 2 - - 2 - -

Data Hold Time IWHD 2 - - 2 - -

Address Setup Time lws11. tw=tw ... ~ 3 - - 3 - -

Address Hold Time IWHA 2 - - 2 - -

Chip Select Setup Time twscs 2 - - 2 - -

Chip Select Hold Time lWHcs 2 - - 2 - -

Write Disable Time tws - - 10 - - 8 

Write Recovery Time !WR - - 27 - - 17 

@HITACHI 

Unit 

mV 

mV 

mV 

µA 

mA 

Unit 

ns 

ns 

ns 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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HM10474, HM10474-15----------------------------

3. RISE/FALL TIME 

Item Symbol Test Condition 

Output Rise Time t. 

Output Fall Time 11 

4. CAPACITANCE 

Item Symbol Test Condition 

Input Capacitance c .. 
Output Capacitance c ... 

•TEST CIRCUIT AND WAVEFORMS 

1. LOADING CONDITION 2. INPUT PULSE 

Test Circuit 

Vcc(GND) 

Dout 
M.U.T. 

O.OJµF;};. Vu -2.ov 

3. READ MODE 

IACS 

4. WRITE MODE 

Ad.dress 50% 

Din 

Ri=50Q 
CL=30pf(includes 
probe and jig 
capacitance) 

-, 

. ..\dclress 

Dout 

50~ 50% 

' / 
~--------------J tWHD 

twso 50% 

fWSA .. 
-----------+-....... 

Oout lwscs 

324 @HITACHI 

'" 

50% 

fWHA 

IWHCS 

, .. 

min typ max Unit 

- 2 - ns 

- 2 - ns 

min typ max Unit 

- 4 - pF 

- 7 - pF 

20% 



------------------------------HM10474, HM10474-15 

~ 

u 

~ 
;:: 

< 

-,;; 
_;; 
u 

SUPPLY CURRENT vs. 

AMBIENT TEMPERATURE 

180f---......... -P ..... ;::-lf--+--;--+--t 

~ 
160 l----+---11------il'---J---=,,,..-..:,--t--; --r-
1401----+----lf---+-----i--+---f 

1201----+----1r--+----!--+---1 

1001----+----lr--+-----i--+---f 

Vcc=1.2ov 

~~0---"'---~20'---~,0--~,0--~80,...---'IOO 

30 

25 

2b 

15 

10 

0 

Ambient Temperuure Ta ("CJ 

ADDRESS ACCESS TIME 

vs. AMBIENT TEMPERATURE 

1E=~s-1v 

20 20 40 60 80 

Ambient Temperature Ta ('C) 

CHIP Sl!LECT ACCESS TIME 

vs. AMBIENT TEMPERATURE 

-

100 

12~-~--~--..----,,---,----, 

10 

OL---'--__,!.,---_,.,,. _ _.,,1~'-~_-_5.~2L~v--;-! 
-20 20 40 60 80 100 

Ambient Temperature Ta ('C) 

< 
E 

c 

u 

200 

180 

160 

140 

120 

100 

80 

30 

?.5 

- 20 . 
E 

;:: 

u 

15 

IO 

0 

12 

10 

2 

0 
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SUPPLY CURRENT vs. 

SUPPLY VOLTAGE 

-5.72 5.20 

Supply Voltage VH (V) 

ADDRESS ACCESS TIME 

vs. SUPPLY VOLTAGE 

-5.72 -5.20 

Supply Voltage Vu (V) 

-

To15'C 

4.68 

Tal25'C 

-4.68 

CHIP SELECT ACCESS TIME 

vs. SUPPLY VOLTAGE 

roj_5'C 

~S.72 -5.20 4.68 

Supply Voltage VEE (V) 
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HM10474, HM10474-15---------------------------~ 

326 

30 

25 

20 

5 

0 

WRITE PULSE WIDTH vs. 

AMBIENT TEMPERATURE 

0 
-20 

VE£=15.20V 

20 40 60 80 100 

Ambient Temperature Ta ("C) 
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30 

25 

-.! 20 

10 

0 

WRITE PULSE WIDTH vs. 

SUPPLY VOLTAGE 

-

-5.72 - 5.20 

Supply Voltage Vu (Vl 

ToJ25"C 

-4.68 



HM104 74-8,HM104 74-1 o-Preliminary 
1024-wordX4-bit Fully Deco.ied Random Access Memory 

The HM10474 is ECL 10k compatible, 1024-words x 4-bit, read 

write, random access memory developed for high speed systems such 

as scratch pads and control/buffer storages. 

The fabrication process is the Hitachi's low capacitance, oxide 

isolation method with double metalization. 

The HM10474 is encapsulated in cerdip-24pin package, compatible 
with Fairchild's F10474. 

•FEATURES 
• 1024-word x 4-bit organization 
• Fully compatible with lOK ECL level 

• Address access time: HM10474-8 Sns (max) 

• Write pulse width: 
HM10474-10 10ns (max) 
HM10474-8 5ns (min) 
HM10474-10 5ns (min) 

• Low power dissipation: 0.3mW/bit 
• Output obtainable by wired-OR (open emitter) 

•TRUTH TABLE 

Input 
Output 

cs WE Din 
Mode 

H x x L Not Selected 

L L L L Write. "O" 

L L H L Write "l" 

L H x Dout• Read 

Notes) X : Irrelevant 

• : Read Out Nonivert 

• BLOCK DIAGRAM 

•ABSOLUTE MAXIMUM RATINGS(Ta-25°C) 

Item Symbol Rating Unit 

Supply Voltage VEE to Vee +o.5 to -7 .o v 
Input Voltage V;. +0.5 to v,. v 
Output Current I .. , -30 mA 

Storage Temperature T.1. -65 to +150 ·c 
Storag~ Temperature T • .,(Bias)• -55 to +125 ·c 
* Under Bias 

$HITACHI 

(DG-24A) 

• PIN ARRANGEMENT 

(Top View) 

Note) 
The specifications of this device are 
subject to change without notice. 
Please contact your nearest Hitachis 
Sales Dept, regarding specifications. 
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HM10474-8, HM10474-10----

•ELECTRICAL CHARACTERISTICS 
•DC CHARACTERISTICS(VE£~-5.2V, RL~500 to -2.0V, Ta~O to +75°C, air flow exceeding 2m/sec) 

Item Symbol Test Condition min(B) typ max(A) 

0°C -1000 - -840 

VoH +25°C -960 - -810 

+75°C -900 - -720 Output Voltage VrN = V1HA or VrLB 
0°C -1870 - -1665 

VoL +25°C -1850 - -1650 

+75°C -1830 - -1625 

o·c -1020 - -

VoHc +25°C -980 - -

+15·c -920 - -
Output Threshold Voltage ViN=VJHB or V1u 

o·c - - -1645 

Vo Le +25"C - - -1630 

+15·c - - -1605 

o·c -1145 - -840 

V1H 
Guaranteed Input Voltage 

+25°C -1105 - -810 
High for All Inputs 

+15·c -1045 - -720 Input Voltage 
o·c -1870 - -1490 

VIL 
Guaranteed Input Voltage 

+25°C -1850 - -1475 Low for All Inputs 
+15·c -1830 - -1450 

f1H V1N= VJHA o to +15·c - - 220 
Input Current cs 

lV1N-V1LB 
0.5 - 170 

llL o to +15·c 
Others -50 - -

All Input and Output Open. Ta~o·c -240 - 220 -Supply Current I EE 
Test Pin 12 Ta-75°C - -205 -

•AC CHARACTERISTICS(VEE~-5.2V ±5%, Ta~O to +75°C, air flow exceeding 2m/sec) 
!. READ MODE 

HMI0474-8 HMI0474-IO Item Symbol Test Condition 
min typ max min typ max 

Chip Select Access Time t . .cs - - 5 - - 6 
Chip Select Recovery Time t RCS - - 5 - - 6 
Address Access Time 1,, - - 8 - - 10 

2. WRITE MODE 

HM10474-8 HMI0474-IO Item Symbol Test Condition 
min typ max min typ max 

Write Pulse Width tw lws,. -2ns 5 - 5 - -

Data Setup Time twsD I - - 2 - -
Data Hold Time IWHD I - - 2 - -
Address Setup Time twsA tw=tw ""~ 2 - - 2 - -

Address Hold Time IWH, I - - 2 - -
Chip Select Setup Time twscs I - - 2 - -

Chip Select Hold Time li+Hcs I - - 2 - -
Write Disable Time tws - - 5 - - 5 
Write Recovery Time tWR - - 9 - - 12 
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Unit 

mV 

mV 

mV 

µA 

mA 

---

i 
Unit 

l ns 

l ns 

I ns 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 



3. RISE/FALL TIME 

Item Symbol Test Condition 

Output Rise Time 1. 

Output Fall Time 11 

4. CAPACITANCE 

Item Symbol Test Condition 

Input Capacitance c .. . 
Output Capacitance Co • .i 

•TEST CIRCUIT AND WAVEFORMS 

1 . LOADING CONDITION 2. INPUT PULSE 

Test Circuit 

Vcc(GND) 

Dout 
M.U.T. 

O.OJµF +. Vn -2.0V 

3. READ MODE 

IACS 

LJ.JUI 

4. WRITE MODE 

Address 50% 

Din 

Dout 

RL=50Q 
CL:;::: 30pF( includes 
probe and jig 
capacitance) 

IACS 

80% 

-, 

. ..\ddress 

Dout 

50%' 50% 

' / L--------------j .... 
twsD 

IWSA 

twscs 

@HITACHI 

'" 

50% 

tWHA 

IWHCS 

... 

min typ max Unit 

- 2 - ns 

- 2 - ns 

min typ max Unit 

- 4 - pF 

- 7 - pF 

20% 

50% 

329 



HM10480,HM10480F 

16,384-words x 1-bit Fully Decoded Random Access Memory 

The HM10480 is ECL 10K compatible, 16,384-words x 1-bit, 
read/write random access memory developed for high speed 
systems such as scratch pads and control/buffer storages. 
The fabrication process uses the Hitachi's low capacitance, oxide 
isolation method with double metalization. 
The HM10480 is encapsulated in cerdip-20 pin and flat 20-pin 

package, compatible with Fairchild's F10480. 

•FEATURES 
• 16,384-words x 1-bit organization 

• Fully compatible with lOK ECL level 

• Address access time: 25ns (max) 
• Write pulse width: 25ns(min) 

• Low power dissipation: 0.05mW/bit 
• Output obtainable by wired-OR (open emitter) 

•TRUTH TABLE 

Input 
Output Mode 

cs WE Din 

H x x L Not Selected 

L L L L Write "O'' 

L L H L Write "I" 

L H x Dout• Read 

Notes) X : Irrelevant 

* : Read Out Noninvert 

• BLOCK DIAGRAM 

Ao 

A1 

A, .~ 128X 128 

Ci Memory Cell 
AJ l'! Array 
A, ; 
A, 

A• 

•ABSOLUTE MAXIMUM RATINGS ( Ta~25"C) 

Item Symbol Rating Unit 

Supply Voltage VEE to Vee +0.5 to -7.0 v 
Input Voltage v.. +o. 5 to v,, v 
Output Current Io .. 1 -30 mA 

Storage Temperature T.,, -65 to + 150 ·c 
Storage Temperature T.,,(Bias)* -55 to +125 ·c 

* Under Bias 
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HM10480 

(DG-20) 

HM10480F 

(FG-20) 

• PIN ARRANGEMENT 

(Top View) 



• ELECTRICAL CHARACTERISTICS 

•DC CHARACTERISTICS(VEE=-5.2V, RL=500 to -2.0V, Ta=O to +75°C, air flow exceeding 2m/sec) 

Item Symbol Test Condition min(B) typ max(A) 

o·c -1000 - -840 

VoH +25·c -960 - -810 

+15·c -900 - -720 
Output Voltage VIN= VJHA or VJLB 

o·c -1870 - -1665 

VoL +25·c -1850 - -1650 

+15·c -1830 - -1625 

o·c -1020 - -

Vo He +25·c -980 - -

+75"C -920 - -
Output Threshold Voltage VIN=V1HB or V1LA 

o·c - - -1645 

Vo Le +25·c - - -1630 

+75"C - - -1605 

o·c -1145 - -840 

V'" 
Guaranteed Input Voltage 

+25'C -l105 - -810 
High for All Inputs 

+15·c -1045 - -720 
Input Voltage 

o·c -1870 - -1490 

V1L 
Guaranteed Input Voltage 

+25·c -1850 - -1475 
Low for All Inputs 

+75·c -1830 - -1450 

f1H Vu•= VrHA 0 to +15·c - - 220 

Input Current cs I V1N-V1LB 
0.5 - 170 

ill 0 to +15·c 
Others -50 - -

All Input and Output Open. Ta-o·c -170 -140 -
Supply Current i£E 

Test Pin 10 Ta-15·c - -130 -

•AC CHARACTERISTICS(VEE=-5.2V ±5%, Ta=O to +75°C, air flow exceeding 2m/sec) 

1. READ MODE 

Item Symbol Test Condition min typ max 

Chip Select Access Time t.-4 cs 2 - 10 

Chip Select Recovery Time l RCS 2 - IO 

Address Access Time I" 3 15 25 

2. WRITE MODE 

Item Symbol Test Condition min typ max 

Write Pulse Width tw twSA=5ns 25 - -

Data Set up Time l WSD 5 - -

Data Hold Time twHD 5 - -

Address Setup T itne f WSA tw=25ns 5 - -

Address Hold Time f WHA 5 - -

Chip Select Setup Time t wscs 5 - -

Chip Select Hold Time f WHCS 5 - -

Write Disable Time lws - - IO 

Write Recovery Time I•• - - 10 

@HITACHI 

Unit 

mV 

mV 

mV 

µA 

mA 

Unit 

ns 

ns 

ns 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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3. RISE/FALL TIME 

Item Symbol Test Condition 

Output Rise Time t. 

Output Fall Time 11 

4. CAPACITANCE 

Item Symbol Test Condition 

Input Capacitance c .. 
Output Capacitance c°"' 

• TEST CIRCUIT AND WAVEFORMS 

1. LOADING CONDITION 2. INPUT PULSE 

Test Circuit 

Vcc(GND) 

Dout 
M.U.T. 

0.0JµF J;. VEE -2.ov 

3. READ MODE 

lAfS 

0.1ut 

4. WRITE MODE 

Address 50% 

Din 

Dout 

332 

RL=SOQ 
CL =30pf (includes 
probe and jig 
capacitance) 

80% 

-, 

...\.ddress 

Dout 

~%' ~% 
\ / 

~--------------J .... 
twsD 

tit' SA 

twscs 

@HITACHI 

'" 

50% 

tWllA 

flrHCS 

... 

min typ max Unit 

- 2 - ns 

- 2 - ns 

min typ max Unit 

- 4 - pF 

- 7 - pF 

20% 



HM 10480-15,H M 10480-20-Preliminary 
16,384-words x 1-bit Fully Decoded Random Access Memory 
The HM10480 is ECL 10K compatible, 16,384-words x 1-bit, 
read/write random access memory developed for high speed 
systems such as scratch pads and control/buffer storages. 
The fabrication process uses the Hitachi's low capacitance, oxide 
isolation method with double metalization. 
The HM 10480 is encapsulated in cerdip-20 pin package, compatible 
with Fairchild's F10480. 

•FEATURES 
• 16,384-words x 1 -bit organization 
• Fully compatible with 10K ECL level 
• Address access time: HM10480-15 

• Write pulse width: 
HM10480-20 
HM10480-15 
HM10480-20 

• Low power dissipation: 0.06mW/bit 

15ns (max) 
20ns (max) 
15ns (min) 
20ns (min) 

• Output obtainable by wired-OR (open emitter) 

•TRUTH TABLE 

Input 
Output Mode cs WE Din 

H x x L Not Selected 

L L L L Write "O" 

L L H L Write "l" 

L H x Dout• Read 

Notes) X : Irrelevant 

• . Read Out Noninvel-t 

• BLOCK DIAGRAM 

Ao 

Ai 

A, ~ 128X 128 
g Memory Cell 

AJ '!? Array 
A, ~ 

As 

A• 

•ABSOLUTE MAXIMUM RATINGS ( Ta~25°C) 

Item Symbol Rating Unit 

Supply Voltage VEE to Vee +o.s to -7.0 v 
Input Voltage V,. +0.5 to VEE v 
Output Current I ... -30 mA 
Storage Temperature T.,, -65 to +150 ·c 
Storage Temperature T.1,( Bias)• -55 to +125 ·c 

* Under Bias 

@HITACHI 

(DG-20) 

•PIN ARRANGEMENT 

(Top View) 

Note) 
The specifications of this device are 
subject to change without notice. 
Please contact your nearest Hitachis 
Sales Dept, regarding specifications. 
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• ELECTRICAL CHARACTERISTICS 

•DC CHARACTERISTICS(v,,~-5.2V, RL~500 to -2.0V, Ta~O to +75'C, air flow exceeding 2m/sec) 

Item Symbol Test Condition min(B) typ max(A) 

o·c -1000 - -840 

VoH +25°C -960 - -810 

+75°C -900 - -720 
Output Voltage V1N=V1HA or V1LB o·c -1870 - -1665 

VoL +25°C -1850 - -1650 

+75°C -1830 - -1625 

o·c -1020 - -

Vo He +25°C -980 - -

+75°C -920 - -
Output Threshold Voltage VJN=VrHB or Vtu o·c - - -1645 

Vo Le +25°C - - -1630 

+75°C - - -1605 

o·c -1145 - -840 

Vrn 
Guaranteed Input Voltage 

+25°C -1105 - -810 
High for All Inputs 

+75°C -1045 - -720 
Input Voltage o·c -1870 - -1490 

VIL 
Guaranteed Input Voltage 

+25"C -1850 - -1475 
Low for All Inputs 

+75°C -1830 - -1450 

f1H ViN = VIHA 0 to +75°C - - 220 

Input Current cs l V1H ~ VILB 
0.5 - 170 

fIL 0 to +75°C 
Others -50 - -

All Input and Output Open, Ta~o·c -240 -220 -
Supply Current IEE 

Test Pin 10 Ta~75°C - -200 -

•AC CHARACTERISTICS(v,,~-5.2V ±5%, Ta~O to +75'C, air flow exceeding 2m/sec) 

1. READ MODE 

HM10480-15 l!M10480-20 
Item Symbol Test Condition 

min typ max min typ max 

Chip Select Access Time fACS 2 - 8 2 - 10 

Chip Select Recovery Time !Res 2 - 8 2 - 10 

Address Access Time IAA 3 12 15 3 15 20 

2. WRITE MODE 

llM10480·15 HM10480-20 
Item Symbol Test Condition ---,----

min typ max min typ max 

Write Pulse Width t" lu·sA-2ns 15 - - 20 - -

Data Setup Time f',t,' S/J 3 - - 3 -

Data Hold Time fi,t;H/J 2 - - 2 - -

Address Setup Time f<,r SA lw=' iw min 3 - - 3 - --

Address Hold Time f..rnA 2 - - 2 - -

Chip Select Setup Time /r,rscs 3 - - 3 -

Chip Select Hold Time fo,rncs 2 - - 2 - -

Write Disable Time tws - -- 8 - - 10 

Write Recovery Time fwR 17 - - 22 
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Unit 

mV 

mV 

mV 

µA 

mA 

Unit 

ns 

ns 

ns 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 



3. RISE/FALL TIME 

Item Symbol Test Condition 

Output Rise Time t, 

Output Fall Time 11 

4. CAPACITANCE 

Item Symbol Test Condition 

Input Capacitance c,. 
Output Capacitance Cui 

• TEST CIRCUIT AND WAVEFORMS 

1. LOADING CONDITION 2. INPUT PULSE 
Test Circuit 

Vcc(GND) 

Dout 
M.U.T. 

0.0lµF ;J;. -2.ov 

3. READ MODE 

U.lut 

4. WRITE MODE 

Address 50% 

Din 

Dout 

RL=SO!l 
CL=30pF( includes 
probe and jig 
capacitance} 

-, 

Address 

Dout 

~~ ~% 
\ I 
~--------------J ..... 

@HITACHI 

'" 

50% 

tW'HCi 

... 

min typ max Unit 

- 2 - ns 

- 2 - ns 

min typ max Unit 

- 3 - pF 

- 5 - pF 

20% 
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HM10484-15,HM10484-20 
4096-word x 4-bit Fully Decoded Random Access Memory Under Development 

The HM 10484 is ECL 1 OK compatible, 4096 words x 4-bit read 

write, random access memory developed for high speed systems such 

as scratch pads and control/buffer storage. The fabrication process is 

the Hitachi's low capacitance U-groove isolation method with double 

metalization. The HM10484 is encapsulated in cerdip-28 pin pack

age . 

• TRUTH TABLE 

Input 
Output Mode 

cs WE Din 

H x x L Not Selected 

L L L L Write "'O" 

L L H L Write "1" 

L H x Dout• Read 

Notes/ x : Irrelevant 

* : Read Out Nonivert 

• BLOCK DIAGRAM 

•ABSOLUTE MAXIMUM RATINGS (Ta~25°C) 

Item Symbol Rating Unit 

Supply Voltage VEE to Vee +0.5 to -7 .0 v 
Input Voltage v .. +0.5 to VEE v 
Output Current loo• -30 mA 

Storage Temperature T.1, -65 to +150 "C 

Storage Temperature T •. ,(Bias)• -55 to +125 "C 

* Under Bias 
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(DG-28A) 

• PIN ARRANGEMENT 

I ' I ~ '" 
j)(l; l)(J, 

lHl1 [hl1 

'" 25 ])J4 

,, :.'..) DJ; 

\, :'.:l Db 

,, -- DJ, 

,, 21 cs 
\; WEz 

'· JO \:\E1 

:\; II \C 

,, I:.' 1; \lC 

,, Ll '" 
IEf I' 15 :\10 

(Top View) 



•ELECTRICAL CHARACTERISTICS 

e DC CHARACTERISTICS (VEE= -5.2V, RL=500 to -2.0V, Ta-0 to +75°C, air flow exceeding 2m/sec) 

Item Symbol Test Condition min(B) typ max(A) 

o·c -1000 - -840 

VoH +25'C -960 - -810 

+75'C -900 - -720 
Output Voltage V1N -V1HA or V1La o·c -1870 - -1665 

VoL +25'C -1850 - -1650 

+75'C -1830 - -1625 

o·c -1020 - -
VoHC +25'C -980 - -

+75'C -920 - -
Output Threshold Voltage V1N -V1Hs or VJL.A 

o·c - - -1645 

Vo Le +25'C - - -1630 

+75'C - - -1605 

o·c -1145 - -840 

V1H 
Guaranteed Input Voltage 

+25'C -1105 - -810 
High for All Inputs 

+75'C -1045 - -720 
Input Voltage 

o·c -1870 - -1490 

VIL 
Guaranteed Input Voltage 

+25'C -1850 - -1475 
Low for All Inputs 

+75'C -1830 - -1450 

f1H V1ri-VtHA 0 to +75'C - - 220 

Input Current cs I v,.-v". 
0.5 - 170 

l IL 0 to +75'C 
Others -50 - -

All Input and Output Open. Ta-O'C -240 - -
Supply Current 1££ 

Test Pin 10 Ta-75'C - - -

•AC CHARACTERISTICS(Vu=-5.2V ±5%, Ta=O to +75°C, air flow exceeding 2m/sec) 

1. READ MODE 

HMI0484-15 HMI0484-20 
Item Symbol Test Condition 

min typ max min typ max 
Chip Select Access Time IAcs 2 - 8 2 - 10 
Chip Select Recovery Time b<cs 2 - 8 2 - 10 

Address Access Time IAA 3 I2 15 3 15 20 

2. WRITE MODE 

HM10484-15 HMI0484-20 
Item Symbol Test Condition 

min typ max min typ max 
Write Pulse Width tu fa·sA=2ns 15 - - 20 - -

Data Setup Time /'t,/J 3 - - 3 - -

Data Hold Time IV.BD 2 - - 2 - -

Address Setup Time f\L)A fw=ltr min 3 - - 3 - -
Address Hold Time firH.4. 2 - - 2 - -
Chip Select Setup Time fiL5CS 3 - - 3 - -

Chip Select Hold Time fwttcs 2 - - 2 - -

Write Disable Time ltrs - - 8 - - 10 

Write Recovery Time f'i,r R - - 17 - - 22 

@HITACHI 

Unit 

mV 

mV 

mV 

µA 

mA 

Unit 

ns 

ns 

ns 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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3. RISE/FALL TIME 

Item Symbol Test Condition min typ max Unit 

Output Rise Time 1. - 2 - ns 

Output Fall Time It - 2 - ns 

4. CAPACITANCE 

Item Symbol Test Condition min typ mu Unit 

Input Capacitance C1. - 3 - pF 

Output Capacitance C .. 1 - 5 - pF 

•TEST CIRCUIT AND WAVEFORMS 

l. LOADING CONDITION 2. INPUT PULSE 

Test Circuit 

Vcc(GNDI 

20% 
-I.7V 

Dout 
M.U.T. 

Rt J; c, 

0.0Jµf;;;. VEE -2.ov Rt=50Q 
CL=30pF( includes 
probe and jig 
capacitance) 

3. READ MODE 

.~dress 

tics '" 
lACS 

U·11.1t 
80% 

Dou1 

4. WRITE MODE 

Addreu 50% 50% 

-, 
Din so%' 50% 

\ I 
'----------------_/ 

llUD 

twso 50% 
50%/1----..::'"c::c":__---l 

tWSA llf'HCS 

OCl\lt trscs ... 
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HM100415,HM100415CC 

1024-word x 1-bit Fully Decoded Random Access Memory 
The HM100415 is a 1024-word x 1-bit, read/write random access 
memory developed for application to scratch pads, control and 
buffer storages which require very high speeds. 
The HM100415 is compatible with the HD100K families and 
includes on-chip voltage and temperature compensation for im· 
proved noise margin. This memory is encapsulated in cerdip·16pin 
package. 

•FEATURES 
• Level ........................... 100K ECL Compatible 
• Organization . . . . . . . . . . . . . . . . . . . . . . . . 1024-word by 1 ·bit 
• Address Access Time . . . . . . . . . . . . . . . . . . . . . . . . 10ns (max) 
• Chip Select Access Time ...................... 5ns (max.) 
• Power Consumption ..................... 0.6mW/bit (typ) 
• Output Obtainable by Wired-OR (open emitter) 

• Compatible with Fairchild F 100415 . 

• TRUTH TABLE 

Input 
-cs WE 

H x 

L L 

L L 

L H 

Notl'!s) x : Irrelevant 

* : Read Out Noninn•rt 

• BLOCK DIAGRAM 

J2XJ2 

M'mory 

Din 

x 

L 

H 

x 

Output Mode 

L Not Selected 

L Write "O" 

L Write" J" 

Dout• Read 

• ABSOLUTE MAXIMUM RATINGS (Ta-25°C) 

Item Symbol Rating Unit 

Supply Voltage Vu· to Vee +o.5 to -7 .o v 
Input Voltage v .. +0.5 to v" v 
Output Current Ja,.I -30 mA 

Storage Temperature T.,. -65 to + 150 ·c 
Storage Temperature T • .,(Bias)• -55 to + 125 ·c 
* Under Bias 

@HITACHI 

HMI00415 

(DG-!6A) 

HMI004!5CC 

• 
(CC-24) 

•PIN ARRANGEMENT 
•HM100415 

(Top View) 

•HM10041 SCC 

(Top View) 
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•ELECTRICAL CHARACTERISTICS 

e DC CHARACTERISTICS (VEE= -4.5V, RL=500 to -2.0V, Ta=O to +85°C, air flow exceeding 2m/sec) 

Item Symbol Test Condition min(B) typ max(A) 

VoH -1025 -955 -880 
Output Voltage V,.=VtHA. or V1LB 

VoL -1810 -1715 -1620 

Vo He -1035 - -

Output Threshold Voltage V ... = VIHe or V1LA 

Vo Le - - -1610 

V1H Guaranteed Input Voltage -1165 - -880 
Input Voltage 

High/Low for All Inputs Vil -1810 - -1475 

f1H v, .. = VrHA - - 220 

Input Current l cs 0.5 - 170 
Ill v .. ~ V1L• l Others -50 - -

Supply Current [,, All Inputs and Outputs Open -200 -150 -

•AC CHARACTERISTICS(vEE=-4.SV ±5%, Ta=O to +85°C, air flow exceeding 2m/sec) 

1. READ MODE 

Item Symbol Test Condition min typ max 

Chip Select Access Time Lt cs - 3 5 

Chip Select Recovery Time t RCS - 3 5 

Address Access Time IAA - 7 10 

2. WRITE MODE 

Item Symbol Test Condition min typ max 

Write Pulse Width tw twSA=2ns 6 4 -

Data Setup Time twsv 2 0 -

Data Hold Time f WHD 2 0 -

Address Setup Time f WSA tw=6ns 2 0 -

Address Hold Time f WHA 2 0 -

Chip Select Setup Time twscs 2 0 -

Chip Select Hold Time IWHCS 2 0 -

Write Disable Time ,., - 3 5 

Write Recovery Time t .. - 3 5 

3. RISE/FALL TIME 

Item Symbol Test Condition min typ max 

Output Rise Time t. - 2 -

Output Fall Time ,, - 2 -

4. CAPACITANCE 

Item Symbol Test Condition min typ max 

Input Capacitance c .. - 3 -

Output Capacitance Cut - 5 -
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Unit 

mV 

mV 

mV 

mV 

mV 

mV 

µA 

µA 

mA 

Unit 

ns 

ns 

ns 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Unit 

ns 

ns 

Unit 

pF 

pF 



• TEST CIRCUIT AND WAVEFORMS 

1. LOADING CONDITION 

Test Circuit 

M.U.T. 

O.OJµF J;. Vu 

3. READ MODE 

4. WRITE MODE 

cs 

Addr~ss 

Din 

Doot 

Vcc(GND) 

Dout 

-2.0V 

50% 

50~, 

RL=SOQ 
CL= 30pF( includes 
probe and jig 
capacitance} 

~---twscs-----.--

2. INPUT PULSE 

1, =11=2.0ns typ 

~... ~-- ... ~ 
Oout 50% 

@HITACHI 341 



HM100422,HM100422F 
HM100422CC 
256-word x 4-bit Fully Decoded Random Access Memory 
The HM100422 is ECL 100K compatible, 256-word x 4-bit, read 
write, random access memory developed for high speed system such 
as scratch pads and control/buffer storages. 
Four active Low Block Select lines are provided to select each block 
independently. 
The fabrication process is the Hitachi's low capacitance, oxide 
isolation method with double metalization. 
The HM100422 is encapsulated in cerdip-24pin package, or 24pin 
flat package compatible with Fairchild's F 100422. 

•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: O.SmW/bit 
• Output obtainable by wired-OR (open emitter) 

• TRUTH TABLE 

Input 

BS WE 

H x 

L L 

L L 

L H 

Notes) X : Irrelevant 

* : Read Out Noninvert 

•BLOCK DIAGRAM 

Ao 

Din 

x 

L 

H 

x 

A; 

Output 

L 

L 

L 

Dout• 

Ao 

Memory Cell Arra.v 
I 

256 WordsX4 Bits 

Block 2 Blnck 3 

Mode 

Not Selected 

Write "O" 

Write" J" 

Read 

Block 4 
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HM!00422F 

IFG-24) 

HM!00422CC 

• ICC-24) 

• PIN ARRANGEMENT 
•HM100422 

•HM100422F 

(Top View) 

•HM100422CC 

ITop Voowl 



---------------------HM100422,HM100422F,HM100422CC 

• ABSOLUTE MAXIMUM RATINGS (Ta~2s·c ! 

Item Symbol Rating Unit 

Supply Voltage VEE to Vee +0.5 to -7.0 v 
Input Voltage v .• +o.5 to VEe v 
Output Current I.,,, -30 mA 

Storage Temperature T.ur -65 to +150 ·c 
Storage Temperature T.,,(Bias)• -55 to +125 ·c 

* Under Bias 

• ELECTRICAL CHARACTERISTICS 
•DC CHARACTERISTICS(VEE~-4.5V, RL~50!1 to -2.0V, Ta~O to +85°C, air flow exceeding 2m/sec) 

Item Symbol Test Condition min(Bl typ max(A) 

VoH -1025 -955 -880 
Output Voltage V,.=V1H.-1 or V!LB 

Vo1. -1810 -1715 -1620 

Vo He -1035 - -
Output Threshold Voltage v,~ = V1HB or Vi LA 

VoLc - - -1610 

V'" Guaranteed Input Voltage -1165 - -880 
Input Voltage 

High/ Low for All Inputs v" -1810 - -1475 

f ,H v .. = V1HA - - 220 

Input Current 

I 
l BS 0.5 - 170 

I" V,.=V1LB l Others -50 - -

Supply Current I EE All Inputs and Outputs Open -200 -165 -

•AC CHARACTERISTICS(VEE~-4.5V ±5%, Ta~O to +85°C, air flow exceeding 2m/secl 
1. READ MODE 

Item Symbol Test Condition min typ max 

Block Select Access Time tABS - - 5 r-----
Block Select Recovery Time lRBS - - 5 

Address Access Time I« - 7 10 

2. WRITE MODE 

Item Symbol Test Condition min typ max 

Write Pulse Width lw twsA =2ns 6 4.5 -
Data Setup Time t WSD 2 0 -

Data Hold Time lWHD 2 0 -

Address Setup Time tws..t tw=6ns 2 0 -

Address Hold Time IWHA 2 0 -

Block Select Setup Time t WSBS 2 0 -

Block Select Hold Time lWHBS 2 0 -.., 
Write Disable Time lws - 4 5 

Write Recovery Time I•• - 4.5 9 

3. RISE/FALL TIME 

Item Symbol Test Condition min typ max 

Output Rise Time t. - 2 -

O"tput Fall Time 11 - 2 -

4, CAPACITANCE 

hem Symbol Test Condition min typ max 

Input Capaejtance c .. - 4 -

Output Capacitance Co~J - 7 -

@>HITACHI 

Unit 

mV 

mV 

mV 

mV 

mV 

mV 

µA 

µA 

mA 

Unit 

ns 

ns 

ns 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Unit 

ns 

ns 

Unit 

pF 

pF 
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HM100422,HM100422F,HM100422CC---------------------

•TEST CIRCUIT AND WAVEFORMS 

1. LOADING CONDITION 

Test Circuit 

Vcc(GND) 

M.U.T. 

O.OlµF;;;;:. 

3. READ MODE 

- 2.0V 

RL=50Q 
CL =30pF( includes 
probe and jig 
capacitance) 

'-------'I 
~ 

Dmu 

,, 

4. WRITE MODE 

:\ddrts~ 

Uin 

WE 

2. INPUT PULSE 

I 
I 

I---···----I 
Dou• ________ __,)(,.. ___ _ 

50"{ 
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HM100470---------

4096-word x 1-bit Fully Decoded Random Access Memory 

The HM100470 is a 4096-words x 1-bit, read/write, random access 

memory developed for high speed systems such as scratch pads and 

control buffer storages. 
The fabrication process is the Hitachi's low capacitance, oxide 

isolation method with double metalization. 
The HM100470 is compatible with the HD100K ECL families and 

includes on-chip voltage and temperature compensation for im

proved noise margin. This device is encapsulated in cerdip-18pin 

package, compatible with Fairchild's F100470. 

•FEATURES 
• 4096-word x 1-bit organization 
• Full compatible with 100K ECL level 
• Address access time: 25ns(max) 

IDG-18) 

• Write pulse width: 25ns (min) •PIN ARRANGEMENT 

• Output obtainable by wired-OR (open emitter) 

•TRUTH TABLE 

Input 
Output 

cs WE Din 
Mode 

H x x L Not Selected 

L L L 

L L H 

L H x 

Notes) X : Irrelevant 

* : Read Out Nonivert 

•BLOCK DIAGRAM 

:\11 

:\.t 

A, 

64 xb.a 

Memory Cell 

Array 

L Write "O" 

L Write "1" 

Dout• Read 

• ABSOLUTE MAXIMUM RATINGS (Ta-25°C) 

Item Symbol Rating Unit 

Supply Voltage VEE to Vee +0.5 to -7 .0 v 

Input Voltage v .. +o.5 to v .. v 

Output Current 1 .. , -30 mA 

Storage Temperature T.,. -65 to +150 ·c 
Storage Temperature T • .,(Bias)• -55 to +125 ·c 
* Under BiH 

.HITACHI 

(Top View) 

Unut 

cs 

WE 

Uin 
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•ELECTRICAL CHARACTERISTICS 

•DC CHARACTERISTICS(VEE~-4.5V, RL~500 to -2.0V, Ta~O to +85°C, air flow exceeding 2m/sec) 

Item Symbol Test Condition min(B) typ max(A) 

VoH -1025 -955 -880 
Output Voltage Vu= ViHA or VILB 

VoL -1810 -1715 -1620 

Vo He -1035 - -
Output Threshold Voltage V,.=V1HB Or ViLA 

Vo Le - - -1610 

v,. Guaranteed Input Voltage -1165 - -880 
Input Voltage 

High/Low for All Inputs Vn -1810 - -1475 

Im v.~= V1HA - - 220 

Input Current 1 cs 0 .5 - 170 
In v .. = VILB l Others -50 - -

Supply Current I" All Inputs and Outputs Open --200 -165 -

•AC CHARACTERISTICS(v,,~-4.5V ±5%, Ta~O to +85°C, air flow exceeding 2m/sec) 

1. READ MODE 

Item Symbol Test Condition min typ max Unit 

Chip Select Access Time fACS - 10 ns 

Chip Select Recovery Time !Res - 10 ns 

Address Access Time IAA - 25 ns 

2. WRITE MODE 

Item Symbol Test Condition min typ max Unit 

Write Pulse Width /11 lll·As=3ns 25 - - ns 

Data Setup Time hrsJJ 2 - - ns 

Data Hold Time fWH/J 2 - - ns 

Address Setup Time lwsA /ir=-lirmin 3 - - ns 

Address Hold Time fWHA 2 - - ns 

Chip Select Setup Time l..i .scs 2 - - ns 

Chip Select Hold Time fwHC.'i 2 - ns 

Write Disable Time firs - - 10 ns 

Write Recovery Time fo·H - - 10 ns 

3. RISE/FALL TIME 

Item Symbol Test Condition min typ max 

Output Rise Time t. - 2 -

Output Fall Time 11 - 2 -

4. CAPACITANCE 

Item Symbol Test Condition min typ max 

Input Capacitance c .. - 3 -

Output Capacitance Ca .. 1 - 5 -
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Unit 

mV 

mV 

mV 

mV 

mV 

mV 

µA 

µA 

mA 

Unit 

ns 

ns 

Unit 

pf 

pf 



•TEST CIRCUIT AND WAVEFORMS 

1 . LOADING CONDITION 2. INPUT PULSE 
Test Circuit 

Vcc(GNDI 

M.U.T. 

O.OJµF * 
3. READ MODE 

4. WRITE MODE 

cs 501?-,, 

Addr@SS SO'~, 

Din 

Dou< 

"''=rt -l.7V .. Oout 

-2.ov R,=soo 
CL=30pf(includes 
probe and jig 
capacitance) 

~... :t- "' ~ 
Dout 50% 

.HITACHI 

&---00211''· 

" 
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HM1004 74,HM1004 74-15 
HM100474F,HM100474F-15 
1024-wordX4-bit Fully Decoded Random Access Memory 
The HM100474 is a 1024-words x 4-bit, read/write, random access 
memory developed for high speed systems such as scratch pads and 
control/buffer storages. 

HM100474, HM100474-15 

The fabrication process is the Hitachi's low capacitance, oxide 
isolation method with double metalization. 
The HM100474 is compatible with the HD100K ECL families and 
includes on-chip voltage and temperature compensation for im
proved noise margin. This device is encapsulated in cerdip-24-pin and 
flat 24pin package, compatible with Fairchild's F 100474. 

•FEATURES 
• 1024-word x 4-bit organization 
• Fully compatible with lOOK ECL level 
• Address access time: HM100474/F 25ns(max) 

HM 100474/F-15 15ns(max) 
• Write pulse width: HM100474/F 25ns(min) 

HM100474/F-15 20ns(min) 
• Output obtainble by wired-OR (open emitter) 

• TRUTH TABLE 

Input 
Output Mode 

cs WE Din 

H x x L Not Selected 

L L L L Write "O" 

L L H L Write •• 1" 

L H x Dout• Read 

Notes) x : Irrelevant 

• : Rud Out Nonivert 

• BLOCK DIAGRAM 

•ABSOLUTE MAXIMUM RATINGS(Ta-25°C) 

Item Symbol Rating Unit 

Supply Voltage Ve£ to Vee +0.5 to -7 .0 v 
Input Voltage v .. +o.5 to v., v 
Output Current /,,.,, -30 mA 

Storage Temperature T.,. -65 to + 150 ·c 
Storage Temperature T.1.(Bias)• -55 to +125 ·c 
* Under Bias 

348 $HITACHI 

IDG-24A l 

HMJ00474F, HM100474F-15 

I FG-241 

• Pl.N ARRANGEMENT 

•HM100474,HM100474-15 

(Top View) 

•HM100474F, HM100474F-15 
:\9 A1 A1 \i:EE A1 .'lC 

(Top View) 



--------------HM100474,HM100474-15,HM100474F,HM100474F-15 

• ELECTRICAL CHARACTERISTICS 

•DC CHARACTERISTICS(VEE~-4.5V, RL~500 to -2.0V, Ta~O to +85°C, air flow exceeding 2m/sec) 

Item Symbol Test Condition min(BI typ max(A) 

VoH -1025 -955 -880 
Output Voltage Vu= VIHA or VrLB 

VoL -1810 1715 ~1620 

VoHC -1035 - -
Output Threshold Voltage V.n = V!HB or VILA 

Vo Le - - -1610 

V1H Guaranteed Input Voltage -1165 - -880 
Input Voltage 

High/ Low for All Inputs V1L -1810 - -1475 

llH Vu= VIHA - - 220 

Input Current l cs 0.5 - 170 
ill Vu= V!LB l Others -50 - -

Supply Current I EE All Inputs and Outputs Open -200 -165 -

•AC CHARACTERISTICS(VEE~-4.5V ±5%, Ta~O to +85°C, air flow exceeding 2m/sec) 

1. READ MODE 

HM100474/F-15 HM100474/F 
Item Symbol Test Condition 

min typ max min typ max 

Chip Select Access Time t ACS - - 8 - - 10 

Chip Select Recovery Time t RCS - - 8 - - 10 

Address Access Time I" - - 15 - 15 25 

2. WRITE MOOE 

HM100474/F-15 HM100474/F 
Item Symbol Test Condition 

min typ max min typ max 

Write Pulse Width lw t WSA = 3ns 20 - - 25 15 -

Data Setup Time t WSD 2 - - 2 - -
Data Hold Time t WHD 2 - - 2 - -

Address Setup Time t WSA t w=twmin 3 - - 3 - -
Address Hold Time t WHA 2 - - 2 - -

Chip Select Setup Time t WSCS 2 - - 2 - -
Chip Select Hold Time [ WHCS 2 - - 2 - -
Write Disable Time I WS - - 8 - - 10 

Write Recovery Time I WR - - 17 - - 27 

3. RISE/FALL TIME 

Item Symbol Test Condition min typ max 

Output Rise Time t. - 2 -

Output Fall Time tr - 2 -

4. CAPACITANCE 

Item Symbol Test Condition min typ max 

Input Capacitance c .. - 4 -

Output Capacitance Co .. - 7 -

@HITACHI 

Unit 

mV 

mV 

mV 

mV 

mV 

mV 

µA 

µA 

mA 

Unit 

ns 

ns 

ns 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Unit 

ns 

ns 

Unit 

pF 

pF 
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HM100474,HM100474·15,HM100474F,HM100474F-15--------------

•TEST CIRCUIT ANO WAVEFORMS 

1. LOADING CONDITION 

Test Circuit 

Vcc(GND) 

M.U.T. 

0.0lµF J; 

3. READ MODE 

l.4CS 

Llout 

'· 
4. WRITE MODE 

Address 50% 

Uin 

Dout 

350 

Dout 

Rt h Ct 

-2.0V Rt=50Q 
CL=30pf( includes 
probe and jig 
capacitance) 

2. INPUT PULSE 

-1.7V I 
I I 

I I 
1---l 
I 1. I 

1.=11=2.Sns 

80% 

"'"" t •% "' ~ 
Dout 50% 

50% 

-, 
so%' so% 

\ I 
L--------------J 

IWHD 

twso tll'HA 

tWSA 

,., 

@HITACHI 
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-------------HM100474,HM100474-15,HM100474F,HM100474F-15 

SUPPLY CURRENT vs. 

AMBIENT TEMPERATURE 

200--~---.-----~---.----. 

180t-""""":-t------t---r----t-------t----; 

~ 
~ 1601--+---+r-........--""'+..::--+---+--; 

1" 1401---+----+--l---+---l' ... ...._~-i 

u 

l 120 

1001----+---+--+---+---+----t 
Vu=-14.50V 

so~--+---+--~--+--~-~ 
-20 20 40 60 80 100 

Ambient Temperature Ta t ·c 1 

ADDRESS ACCESS TIME 

vs. AMBIENT TEMPERATURE 

30 

25 

20 

-
15 

10 

\/uj-4.50V 

~~20,-------'--~20--4~0----'60--~80----'IOO 

Ambient Temperature Ta ('C1 

CHIP SELECT ACCESS TIME 

vs. AMBIENT TEMPERATURE 

12.----.----.---.----.----.----. 

~ 10>----+---+--+---+----+----t 

. 
< ~ 1--+--1 

VEE= -4.SOV 

~2~0----''---~20--1~0---,6~0---;t80-~100 

Ambient Temperature Ta ("Cl 

200 

180 

< 

SUPPLY CURRENT vs. 

SUPPLY VOLTAGE 

-
E 160 -

140 

l 120 

100 

80 

To=25"C 

-4.95 -4.50 

Supply Voltage Vn (\'1 

ADDRESS ACCESS TIME 

vs. SUPPLY VOLTAGE 

-4.05 

Jo.----.----.---.----.----.----. 

251----+-----l--+---+---t----t 

201--~--+---+--+---+---+---i 

-15~=~=~-t--r=q=--i 

101----+----l--+---+---+---i 
Ta=25'C 

-4.95 -4.50 -4.05 

Supply Voltage Vrt (\!) 

CHIP SELECT ACCESS TIME 

vs. SUPPLY VOLTAGE 

12.---~-~----....--~---. 

To=25"C 

-4.95 -4.50 -4.05 

Supply Volcage Vu ( Vl 
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HM100474,HM100474-15,HM100474F,HM100474F-15-------------

c 

~ 
~ 

~ 

~ 

0.. . 
; 

352 

WRITE PULSE WIDTH vs. 

AMBIENT TEMPERATURE 

30 ,.---...-----.-----.----.--..-----. 

251---~-~---+--1---.J.---l 

20 

15 

10 

Vn=-4'.SOV 

0 
-20 20 40 60 80 100 

Ambient Temperature Ta ("C) 

-
~ 
~ 

~ 

~ 

-
o". 

; 

@HITACHI 

WRITE PULSE WIDTH vs. 

SUPPLY VOLTAGE 

30 

25 

20 

15 

10 

Ta=25"C 

-4.95 -4.50 -4.05 

Supply Voltage VEE (V) 



•ELECTRICAL CHARACTERISTICS 

•DC CHARACTERISTICS (VEE= -5.2V, RL=500 to -2.0V, Ta=O to +75°C, air flow exceeding 2m/sec) 
Item Symbol Test Condition min(B) typ max(A) 

o·c -1000 - -840 
VoH +25'C -960 - -810 

+75'C -900 - -720 Output Voltage V1N -VJHA or VJLa 
o·c -1870 - -1665 

v., +25'C -1850 - -1650 

+75'C -1830 - -1625 

o·c -1020 - -
VoHc +25'C -980 - -

+75'C -920 - -Output Threshold Voltage ViN-ViHa or VILA 
o·c - - -1645 

Vo Le +25'C - - -1630 

+75'C - - -1605 

o·c -1145 - -840 
V1H 

Guaranteed Input Voltage 
+25'C -1105 - -810 High for All Inputs 
+15·c -1045 - -720 Input Voltage 

o·c -1870 - -1490 
Va 

Guaranteed Input Voltage 
+25'C -1850 - -1475 Low for All Inputs 
+75'C -1830 - -1450 

f1H VtN -V1HA 0 to +75'C - - 220 
Input Current cs 1 0.5 - 170 [,, ] YIN -V1L8 0 to +75'C 

Others -50 - -

All Input and Output Open, Ta-O'C -240 - -Supply Current IEE 
Test Pin 10 Ta-15'C - - -

•AC CHARACTERISTICS(V££=-5.2V ±5%, Ta=O to +75°C, air flow exceeding 2m/secl 
1. READ MODE 

HM10484-15 HM10484-20 Item Symbol Test Condition 
min typ max min typ max 

Chip Select Access Time IAcs 2 - 8 2 - 10 
Chip Select Recovery Time !Res 2 - 8 2 - 10 
Address Access Time IAA 3 12 15 3 15 20 

2. WRITE MODE 

HM10484-15 HM10484-20 Item Symbol Test Condition 
min typ max min typ max 

Write Pulse Width 1 .. fi.rsA=2ns 15 - - 20 - -
Data Setup Time I :1 ~ 11 3 - - 3 - -
Data Hold Time fwHD 2 - - 2 - -
Address Setup Time fwsA hr= tw min 3 - - 3 - -
Address Hold Time f\rnA 2 - - 2 - -
Chip Select Setup Time fi.rscs 3 - - 3 - -
Chip Select Hold Time flrHCS 2 - - 2 - -
Write Disable Time ti.rs - - 8 - - 10 
Write Recovery Time fwR - - 17 - - 22 

@HITACHI 

Unit 

mV 

mV 

mV 

µA 

mA 

Unit 

ns 

ns 

ns 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

337 



3. RISE/FALL TIME 

Item Symbol Test Condition 

Output Rise Time t. 

Output Fall Time 11 

4. CAPACITANCE 

Item Symbol Test Condition 

Input Capacitance c .. 
Output Capacitance C..,1 

• TEST CIRCUIT AND WAVEFORMS 

1. LOADING CONDITION 2. INPUT PULSE 

Test Circuit 

Vcc(CND) 

M.U.T. 

0.0lµf J;. Vu 

3. READ MODE 

1At5 

lJ•IUl 

4. WRITE MODE 

Addreu 

Oin 

Dout 

338 

Dout 

RL 1 CL 

-2.0V 

50% 

RL=50Q 
CL =30pF( includes 
probe and jig 
capacitance) 

llfCS 

80% 

-, 

. ..\ddress 

Oout 

50%' 50% 

\ I 

~--------------~ IWHD 

IWSD 

IWSA 

l•scs 

@HITACHI 

'" 

50% 

IWHCS 

... 

min typ max Unit 

- 2 - ns 

- 2 - ns 

min typ max Unit 

- 3 - pf 

- 5 - pf 

20% 

t.-t,-2.0ns 

50% 



HM100415,HM100415CC 

1024-wordX1-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. 

•FEATURES 
• Level . . . . . . . . . . . . . . . . . . . . . . . . . . . 100K ECL Compatible 

• Organization ........................ 1024-word by 1-bit 

• Address Access Time . . . . . . . . . . . . . . . . . . . . . . . . 10ns (max) 

• Chip Select Access Time ...................... 5ns (max.) 

• Power Consumption ..................... 0.6mW/bit (typ) 

• Output Obtainable by Wired-OR (open emitter) 

• Compatible with Fairchild F100415. 

• TRUTH TABLE 

Input 

cs WE Din 

H x x 

L L L 

L L H 

L H x 

Notes) X : Irrelevant 

* : Read Out Noninn•rt 

• BLOCK DIAGRAM 

32X32 

Output Mode 

L Not Selected 

L Write "O" 

L Write "1" 

Dout• Read 

•ABSOLUTE MAXIMUM RATINGS (Ta-25'C) 

Item Symbol Rating Unit 

Supply Voltage VEE to Vee +o.5 to -7 .o v 

Input Voltage V;. +0.5 to v .. v 

Output Current lo.t -30 mA 

Storage Tempe. ature T.,. -65 to +150 ·c 
Storage Temperature T,,.(Bias)• -55 to +125 ·c 
* Under Bias 

.HITACHI 

HM100415 

(DG·16A) 

HM100415CC 

• 
(CC-24) 

•PIN ARRANGEMENT 
•HM100415 

(Top View) 

•HM100415CC 
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• ELECTRICAL CHARACTERISTICS 

•DC CHARACTERISTICS(Vn--4.5V, RL-500 to -2.0V, Ta-0 to +s5•c, air flow exceeding 2m/sec) 

Item Symbol Test Condition min(B) typ max(A) 

Vo• -1025 -955 -880 
Output Voltage v,.= V1HA or VJLs 

VoL -1810 -1715 -1620 

VoHc -1035 - -
Output Threshold Voltage V,,. = VrHB or Vt LA 

Vo Le - - -1610 

v,. Guaranteed Input Voltage -1165 - -880 
Input Voltage 

High/Low for All Inputs v,L -1810 - -1475 

Im V,,."""'V1H,t - - 220 

Input Current T cs 0.5 - 170 
In Vu= V1LB l Others -50 - -

Supply Current I EE All Inputs and Outputs Open -200 -150 -

•AC CHARACTERISTICS(vn--4.5V ±5%, Ta-0 to +85°C, air flow exceeding 2m/sec) 

1. READ MODE 

Item Symbol Test Condition min typ max 

Chip Select Access Time t ACS - 3 5 

Chip Select Recovery Time t RCS - 3 5 

Address Access Time t" - 7 10 

2. WRITE MODE 

Item Symbol Test Condition min typ max 

Write Pulse Width tw tws..t=2ns 6 4 -

Data Setup Time twsD 2 0 -

Data Hold Time f WHD 2 0 -

Address Setup Time twsA tw=6ns 2 0 -

Address Hold Time f WHA 2 0 -

Chip Select Setup Time t wscs 2 0 -

Chip Select Hold Time f WHCS 2 0 -

Write Disable Time tws - 3 5 

Write Recovery Time twR - 3 5 

3. RISE/FALL TIME 

Item Symbol Test Condition min typ max 

Output Rise Time t. - 2 -

Output Fall Time t1 - 2 -

4. CAPACITANCE 

Item Symbol Test Condition min typ max 

Input Capacitance c,. - 3 -

Output Capacitance C°"' - 5 -
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Unit 

mV 

mV 

mV 

mV 

mV 

mV 

µA 

µA 

mA 

Unit 

ns 

ns 

ns 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Unit 

ns 

ns 

Unit 

pF 

pF 



• TEST CIRCUIT ANO WAVEFORMS 

1. LOADING CONDITION 

Test Circuit 

M.U.T. 

0.0lµF J,;. 

3. READ MODE 

4. WRITE MODE 

cs 

Addros 

Din 

WE 

Doot 

Vcc(GND) 

509';, 

Dout 

Ri 1 Ci 

-2.0V 

50~, 

Ri=50Q 
CL =30pF( includes 
probe and jig 
capacitance) 

-, 
50% 

-----,t .. scs---~ 

2. INPUT PULSE 

t.=t1=2.0ns typ 

"""' ~ ... ~ 
Dout 50% 
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HM100422,HM100422F 
HM100422CC 
256-word x 4-bit Fully Decoded Random Access Memory 
The HM100422 is ECL lOOK compatible, 256-word x 4-bit, read 
write, random access memory developed for high speed system such 
as scratch pads and control/buffer storages. 
Four active Low Block Select lines are provided to select each block 
independently. 
The fabrication process is the Hitachi's low capacitance, oxide 
isolation method with double metalization. 
The HM100422 is encapsulated in cerdip-24pin package, or 24pin 
flat package compatible with Fairchild's F 100422. 

•FEATURES 
• 256-word x 4-bit organization 
• Fully compatible with lOOK 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) 

• TRUTH TABLE 

Input 

BS WE 

H x 

L L 

L L 

L H 

Notes) x : Irrelevant 

* : Read Out Noninvert 

•BLOCK DIAGRAM 

Ao 

A; 

Din 

x 

L 

H 

x 

A; 

Output 

L 

L 

L 

Dout• 

Ao 

Memory Cell Arrav 
I 

256 Words X4 Bits 

Block 2 Block 3 

Mode 

Not Selected 

Write "O" 

Write" J" 

Read 

Block 4 
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HM100422F 

(FG-24) 

HM100422CC 

• (CC-24) 

•PIN ARRANGEMENT 
•HM100422 

•HM100422F 

(Top View) 

•HM100422CC 

fTop V•~•I 



~~~~~~~~~~~~~~~~~~~~~~HM100422,HM1
00422F,HM100422CC 

• ABSOLUTE MAXIMUM RATINGS (Ta~25°C ! 

Item Symbol Rating Unit 

Supply Voltage Vu to v cc +0.5 to -7 .0 v 

Input Voltage v .. +0.5 to VEE v 

Output Current J o~r -30 mA 

Storage Temperature T.1, -65 to +150 oc 

Storage Temperature T,.,(Bias)' -55 to +125 oc 

* Undt'r Bias 

•ELECTRICAL CHARACTERISTICS 

•DC CHARACTERISTICS(VEE~-4.5V, RL~500 to -2.0V, Ta~O to +85°C, air flow exceeding 2m/sec) 

Item Symbol Test Condition min(Bl typ max(A) 

V OH -1025 - 955 -880 

Output Voltage V,n = V1HA or Vit.B 

Vo, -1810 -1715 -1620 
-L 

\/ uHC 
-1035 - -

Output Threshold Voltage V,n = V1HB or Vi LA 

Vou 
- - -1610 

I 
Vrn Guaranteed Input Voltage -1165 - -880 

Input Voltage 
High/ Low for All Inputs 

r-
VIC -1810 - · 1475 

I'" V,n=VrHA - - 220 

Input Current 1 BS 0 .5 - 170 

I I" \/,n= V1LB l Others -50 - -

Supply Current IEE All Inputs and Outputs Open -200 -165 -

•AC CHARACTERISTICS(VEE~-4.5V ±5%, Ta~O to +85°C, air flow exceeding 2m/sec) 

1. READ MODE 

Item Symbol Test Condition min typ max 

Block Select Access Time t ,>,BS 
- - 5 

----

Block Select Recovery Time t RB s - - 5 

Address Access Time t" 
- 7 10 

2. WRITE MODE 

Item Symbol Test Condition min typ max 

Write Pulse Width tw tws1i =2ns 6 4 .5 -

Data Setup Time t WSD 2 0 -

Data Hold Time f WHO 
2 0 -

Address Setup Time twsA tw=6ns 2 0 -

Address Hold Time twHA 2 0 -

Block Select Setup Time twsss 2 0 -

Block Select Hold Time tWHBS 2 0 -; 

Write Disable Time tws - 4 5 

\\.'rite Recovery Time IWR 
- 4.5 9 

3. RISE/FALL TIME 

Item Symbol Test Condition min typ max 

Output Rise Time t, - 2 -

Output Fall Time t1 
- 2 -

4. CAPACITANCE 

Item Symbol Test Condition min typ max 

Input Capacitance c .. - 4 -

Output Capacitance c ... , - 7 -

$HITACHI 

Unit 

mV 

mV 

mV 

mV 

mV 

mV 

µA 

µA 

mA 

Unit 

ns 

ns 

ns 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Unit 

ns 

ns 

Unit 

pF 

pF 
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HM100422,HM100422F,HM100422CC---------------------

•TEST CIRCUIT AND WAVEFORMS 

I. LOADING CONDITION 

Test Circuit 

O.OlµF + 
3. READ MODE 

Dou! 

Vcc(GND) 

M.U.T. 

I 
I ____ _,,, I 

i-l 
/, 

4. WRITE MODE 

l>in 

w~: 

- 2.0V 

RL =50Q 
CL =30pF( includes 
probe and jig 
Capacitance) 

2. INPUT PULSE 

I 
I 
f--- •••-----i 

Dout ________ -J)('-----
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HM100470----------

4096-word x 1-bit Fully Decoded Random Access Memory 
The HM100470 is a 4096-words x 1-bit, read/write, random access 
memory developed for high speed systems such as scratch pads and 
control buffer storages. 
The fabrication process is the Hitachi's low capacitance, oxide 
isolation method with double metalization. 
The HM100470 is compatible with the HDlOOK ECL families and 
includes on-chip voltage and temperature compensation for im
proved noise margin. This device is encapsulated in cerdip-18pin 
package, compatible with Fairchild's F100470. 

•FEATURES 
• 4096-word x l·bit organization 
• Full compatible with lOOK ECL level 
• Address access time: 25ns(max) 

(DG-18) 

• Write pulse width: 25ns (min) •PIN ARRANGEMENT 
• Output obtainable by wired-OR (open emitter) 
• TRUTH TABLE 

Input 
Output cs WE Din 

Mode 

H x x L Not Selected 

L L L L Write "Q" 

L L H L Write "l" 

L H x Dout• Read 

Notes) x : Irrelevant 
* : Re.d Out Nonivert 

• BLOCK DIAGRAM 

'" ,, 
,; 
,, 
,, 
\; 

•ABSOLUTE MAXIMUM RATINGS(Ta~25°C) 

Item Symbol Rating Unit 

Supply Voltage Vu to Vee +o.5 to -7.0 v 
Input Voltage v .. +0.5 to VEE v 
Output Current J ... -30 mA 

Storage Temperature T .. , -65 to +150 ·c 
Storage Temperature T,,,(Bias)• -55 to +125 ·c 
* Under Bias 

@HITACHI 

(Top View) 
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• ELECTRICAL CHARACTERISTICS 

•DC CHARACTERISTICS(V££~-4.5V, RL~50!1 to -2.0V, Ta~O to +85°C, air flow exceeding 2m/sec) 

Item Symbol Test Condition min(B) typ max(A) 

VoH -1025 -955 -880 

Output Voltage V,n = VJHA or VILB 

VoL -1810 -1715 -1620 

Vo He -1035 - -

Output Threshold Voltage V,n=VIHB or V,L;1 
Vo Le 

- - -1610 

V1H Guaranteed Input Voltage -1165 - -880 

Input Voltage 
High/Low for All Inputs VIL -1810 - -1475 

JJH V,n= Vt HA 
- - 220 

Input Current l cs 0 .5 - 170 

J1L V,n= VTLB 

_l Others -50 - -

Supply Current IEE All Inputs and Outputs ~pen --200 -165 -

•AC CHARACTERISTICS(VEE~-4.5V ±5%, Ta~O to +85°C, air flow exceeding 2m/secl 

1. READ MODE 

Item Symbol Test Condition min typ max Unit 

Chip Select Access Time fACS 
- 10 ns 

Chip Select Recovery Time !Res 
- IO ns 

Address Access Time IAA 
- 25 ns 

2. WRITE MODE 
I 
I 

Item Symbol Test Condition min typ max Unit 

Write Pulse Width fo h1As=3ns 25 - - ns 

Data Setup Time /irsn 2 - - ns 

Data Hold Time /11 HIJ 
2 - - ns 

Address Setup Time lwsA fir=-- fir min 3 - - ns 

Address Hold Time IU"HA 2 - - ns 

Chip Select Setup Time /irscs 2 - - ns 

Chip Select Hold Time fWHCS 2 ns 

Write Disable Time fws - - 10 ns 

Write Recovery Time fwR - - 10 ns 

3. RISE/FALL TIME 

Item Symbol Test Condition min typ max 

Output Rise Time t. - 2 -

Output Fall Time 11 
- 2 -

4. CAPACITANCE 

Item Symbol Test Condition min typ max 

Input Capacitance c .. - 3 -

Output Capacitance Co .. r - 5 -
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Unit 

mV 

mV 

mV 

mV 

mV 

mV 

µA 

µA 

mA 

Unit 

ns 

ns 

Unit 

pF 

pF 



•TEST CIRCUIT AND WAVEFORMS 
1. LOADING CONDITION 2. INPUT PULSE 

O.OJµF ;i;. 

3. READ MODE 

4. WRITE MODE 

cs 

Mdreu 

Din 

Test Circuit 

Vcc(GNDI '"=<l -1.7V .. Dout 
M.U.T. 

50'?·,, 

-2.0V RL=50Q 
CL=30pF(includes 
probe and jig 
capacitance) 

n ------------------

-, 
SQ'?-,, 

i-----t•·scs----t 

.HITACHI 

1.=t1=2.0ns typ 
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HM1004 74,HM1004 74-15 
HM100474F,HM100474F-15 
1024-word x 4-bit Fully Decoded Random Access Memory 

The HM100474 is a 1024-words x 4-bit, read/write, random access 
memory developed for high speed systems such as scratch pads and 
control/buffer storages. 

HMI00474, HMI00474-15 

The fabrication process is the Hitachi's low capacitance, oxide 
isolation method with double metalization. 
The HM100474 is compatible with the HD100K ECL families and 
includes on-chip voltage and temperature compensation for im· 
proved noise margin. This device is encapsulated in cerdip-24-pin and 
flat 24pin package, compatible with Fairchild's F 100474. 

•FEATURES 
• 1024-word x 4-bit organization 
• Fully compatible with 100K ECL level 
• Address access time: HM100474/F 25ns(max) 

HM100474/F-15 15ns(max) 
• Write pulse width: HM100474/F 25ns(min) 

HM100474/F-15 20ns(min) 

• Output obtainble by wired-OR (open emitter) 

• TRUTH TABLE 

Input 

HMI00474F, HM100474F-15 

i FG-241 

cs WE Din 

H x x 

Output 

L Not 

Mode 

Selected 

• Pl.N ARRANGEMENT 

•HM100474,HM100474-15 

L L L L Write "O" 

L L H L Write "]" 

L H x Dout• Read 

Notes) x : Irrelevant 

• : Read Out Nonivert 

• BLOCK DIAGRAM 

(Top View) 

•HM100474F, HM100474F-15 
A• Ao A' ht Ao ~c 

0 
" WE 

•ABSOLUTE MAXIMUM RATINGS (Ta=25°C) 
cs 

Item Symbol Rating Unit 

Supply Voltage VEE to Vee +0.5 to -7 .0 v Uh 

Input Voltage v .. +0.5 to v,, v UJ, 

Output Current / ... , -30 mA O!J 

Storage Temperature T.1, -65 to +150 ·c u1. 
Storage Temperature T.1,(Bias)• -55 to +125 ·c 

• Under Bias uo, uo, ~·cc i-cc.t oo, DO, 
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--------------H M1004 74,HM1004 74-15,HM1004 74F ,HM1004 74F-15 

• ELECTRICAL CHARACTERISTICS 

•DC CHARACTERISTICS(V£,~-4.5V, RL~500 to -2.0V, Ta~O to +85°C, air flow exceeding 2m/sec) 

Item Symbol Test Condition minlBI typ max(A) 

VoH -1025 -955 -880 
Output Voltage Von= VIHA or V1LB 

VoL -1810 1715 ~1620 

Vo He -1035 - -
Output Threshold Voltage Vin= Vrns or VILA 

Vo Le - - -1610 

VIH Guaranteed Input Voltage -1165 - -880 
Input Voltage 

High/Low for All Inputs VIL -1810 - -1475 

Im Vu=VrHA - - 220 

Input Current l cs 0.5 - 170 
f 1L Vu= VILB l Others -50 - -

Supply Current 1££ All Inputs and Outputs Open -200 -165 -

•AC CHARACTERISTICS(V££~-4.5V ±5%, Ta~O to +85°C, air flow exceeding 2m/sec) 

1. READ MODE 

HM100474/F-15 HM100474/F 
Item Symbol Test Condition 

min typ max min typ max 

Chip Select Access Time l,1,cs - - 8 - - 10 

Chip Select Recovery Time t RCS - - 8 - - 10 

Address Access Time t" - - 15 - 15 25 

2. WRITE MOOE 

HM100474/F-15 HM100474/F 
Item Symbol Test Condition 

min typ max min typ max 

Write Pulse Width t. tws..t=3ns 20 - - 25 15 -
Data Setup Time f WSD 2 - - 2 - -

Data Hold Time f WHD 2 - - 2 - -

Address Setup Time lwsA tw=twmin 3 - - 3 - -

Address Hold Time t WHA 2 - - 2 - -
Chip Select Setup Time t wscs 2 - - 2 - -

Chip Select Hold Time t WHCS 2 - - 2 - -

Write Disable Time I WS - - 8 - - 10 

Write Recovery Time I WR - - 17 - - 27 

3. RISE/FALL TIME 

Item Symbol Test Condition min typ max 

Output Rise Time t. - 2 -

Output Fall Time 11 - 2 -

4. CAPACITANCE 

Item Symbol Test Condition min typ max 

Input Capacitance c .. - 4 -

Output Capacitance c ... - 7 -

@HITACHI 

Unit 

mV 

mV 

mV 

mV 

mV 

mV 

µA 

µA 

mA 

Unit 

ns 

ns 

ns 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Unit 

ns 

ns 

Unit 

pF 

pF 
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HM100474,HM100474-15,HM100474F,HM100474F-15---------------

• TEST CIRCUIT AND WAVEFORMS 

1. LOADING CONDITION 2. INPUT PULSE 

Test Circuit 

Vcc(GND) 

M.U.T. 

O.OlµF + 
3. READ MODE 

L4C5 

Oout 

1, 

4. WRITE MODE 

Address 50% 

Uin 

Uout 

350 

Dout 

-2.ov Rc~soQ 

-, 

CL =30pF{ includes 
probe and jig 
capacitance) 

lRCS 

80% 

If 

-l.7V I 

I ' 
I I 
1----4 
t f, 1 

t.=tr==2.Sns 

"'"" t '" "' i 
Dout 50% 

50% 

~0 ~% 
' / 
~--------------J tWHD 

twso 50%/ ... ~--.:.:".:c""'----< 
fWSA 

fll'SCS 

,., 
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I 
I 
I 

80% 

t 20% 

: 1~---
1 I 
I 0 

1----l 
If 



--------------HM100474,HM100474-15,HM100474F,HM100474F-15 

SUPPLY CURRENT vs. 
AMBIENT TEMPERATURE 

200 ,...---,---,...---.----...,---,---.., 

180 r--...... ::-t---i-----t-----1---t----1 

~ 
~ 1601----t---r---.....l----'"'+.:::----1---t---! 

~ 
1401----+---f---+---l----f"~...,----j 

u 

} 120 

E 
;:: 

100 t----+---t----+----t---+----t 

V££=-14.SOV 

so~--+--~~--+--~---+--~ 
-20 20 40 60 80 100 

Ambient Temperature Ta ('C' 

ADDRESS ACCESS TIME 

vs. AMBIENT TEMPERATURE 

30 

25 

20 

15 

10 

~·u1-4.SOV 

0 
-20 20 40 60 80 

Ambient Temperature Ta ("C\ 

CHIP SELECT ACCESS TIME 

vs. AMBIENT TEMPERATURE 

-

100 

12 r-----.---..-----.-----,r-----,---. 

IOt----+--t----+----tf-----t----1 

~ Li---+---1 

Vu= -4.SOV 

~~20,___,___~2~0---,4~0----,6~0---;:8~0--l~OO 

Ambient Temperature Ta ('Cl 

200 

180 

< 

SUPPLY CURRENT vs. 
SUPPLY VOLTAGE 

-
E 160 --...., 

140 

l 120 

100 

80 

Ta=25'C 

-4.95 ··4.50 

Supply Voltage Vu (V\ 

ADDRESS ACCESS TIME 

vs. SUPPLY VOLTAGE 

-4.05 

30r-----.------.-----,---,----. 

251----+---+----+----l---+----1 

zot--~-+---+----+----l--+----1 

-15~=k==~-f--f==f=--1 

101----+---+----+---lf-----+----1 
Ta=2S'C 

-4.95 -4.50 -4.05 

Supplv Voltage VEE IV) 

CHIP SELECT ACCESS TIME 

vs. SUPPLY VOLTAGE 

12..-----.----...,---,--~--~--. 

Ta=2S'C 

-4.95 -4.50 -4.05 

Supply Voltage Vu (V) 
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HM100474,HM100474-15,HM100474F,HM100474F-15--------------

c 

! 

352 

5 

2 0 

5 

10 

5 

0 

WRITE PULSE WIDTH vs. 

AMBIENT TEMPERATURE 

-
Vu= -4.SOV 

-20 20 40 60 80 

Ambient Temperature Ta ("C) 

WRITE PULSE WIDTH vs. 

SUPPLY VOLTAGE 

30 

25 

-
! 20 

~ 

~ 15 . 
a': 

10 ·-
~ To=25°C 

100 -4.95 -4.50 -4.05 

Supply Voltage Vu (V) 
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HD2912 

Quadruple TTL-to-MOS Clock Drivers 
The H 02912, a clock driver for the MOS memory, has basically the 

NANO function. Its input is a TTL level and its output becomes and 

N MOS clock input level. It operates on two power supplies - Vee 

(SV) and Vo 0 (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 

• ABSOLUTE MAXIMUM RATINGS 

Item 

Supply Voltage 

Input Voltage 

Load Capacitance 

Power Dissipation 

Operating Temperature 

Storage Temperature 

• With respect GND 

* • per circuit 

* * * per package 

Symbol HD2912 

Vrc• 7 .0 

Voo• 18.0 

v ... • 5 .5 

CL•• 600 

Pr••• 800 

Top• 0 to +70 

T~,, -65 to + 150 

• RECOMMENDED OPERATING CONDITIONS 

Item Symbol min typ max 

Vee 4. 75 5.0 5 .25 
Supply Voltage 

Voo 11. 4 12 12 .6 

Operating Temperature To,,. 0 25 70 

Load Capacitance c, 100 - 600 

Damping Resistance Rv 10 - -

Unit 

v 

\' 

\" 

pF 

mW 

·c 
·c 

Unit 

v 

v 
·c 
pF 

n 

(DG-161 

•PIN ARRANGEMENT 

(Top View\ 

•ELECTRICAL CHARACTERISTICS (Ta~O to +1o·c, Vcc~5V ±5%, VDo~l2V ±5%l 

Item Symbol Test Condition min typ• max 

Vn 2.0 - -
Input Voltage !-·----- I--

0.8 v'" - -

Voe v .. ~2v. foc~O.lmA - 0.45 0.6 
Output Voltage 

VoH v .. ~0.8V, I oH ~ -0. lmA Von -0.9 11.5 -

A I" 
- -1 -1.6 

V .. ~0.4V 
B In - -2 -3.2 

Input Current A LH -- - 40 
V .. ~2.4V 

B ['" - - 80 
~-

[, V .. ~5.5V - - 1 

I DDH v .. ~ov - 16 24 

I DDL v .. ~5V - - 0 .5 
Power Supply Current 

I C'CH v .. ~ov 12 18 -

I CCL v .. ~5v - 67 100 

Input Clamp Voltage v, I .. ~-12mA - - -1.5 

* Vcc=SV, Voo~I2V 
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Unit 

v 

v 

v 

v 

mA 

mA 

µA 

µA 

mA 

mA 

mA 

mA 

mA 

v 



•SWITCHING CHARACTERISTICS (Ta~O to +1o·c, Vcc~SV, Von~IZV) 

Item Symbol Test Condition 

Rising Delay Time t DLH 

Falling Delay Time t DHL CL~300pF 

Rise Time t TLH Ro~oo 

Fall Time t THL 

•TEST CIRCUIT AND WAVEFORMS 

FALLING DELAY TIME vs. 
LOAD CAPACITANCE (1) 

40f---l---+-+---+-+--+-~--l---+-+---+----t 

Vo~= 12V 

100 200 300 400 500 

Load Capac 1tance CL (pF) 

RISE TIME AND RISING DELAY TIME 
vs. AMBIENT TEMPERATURE 
50 

40 I .I---;..--t DLH 

3() 

t TLH 

600 

10 Vo11 12V-
Vn =SV 
CL =JoopF 
Ro=ixl 

10 20 3() 40 50 60 70 

Ambient Temperature Ta ('C) 

-
~ 

"' 
-

"' 
'" 
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40 

30 

20 

10 

min typ max 

- 35 50 

- 25 45 

- 12 25 

- 12 25 

90% 

llV 

l/1HJ 

V1,1. -2V 

2V 

IT111 ITHl 

1. = 250ns,l,,<1, = 350n~.ll =I. =IQ :t Ins 

RISING DELAY TIME vs. 
LOAD CAPACIT ... NCE (2) 

~ 

Unit 

ns 

ns 

ns 

ns 

JV 

ov 

v,,1i 

Ve, 

Voo=l2V 

100 100 JOO 400 500 600 

L"ad Capac 11ance CL (pf) 

FALL TIME AND FALLING DELAY TIME 
vs. AMBIENT TEMPERATURE 
50 

0 

3() 

11 OHL 

,f---+---+-· - +- -

t THL -r Yoo,= l2V _ 
Vee =SV 
CL ;.300pF 
R1J::,OQ 

lU 

lO 20 3() 40 50 60 70 

Ambient Temperature Ta {"C) 
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SWITCHING TIME vs. 

SUPPLY VOLTAGE (1) 

5(1-----11 -1-, -
40'-------"--, ,-,,-" ---'----'----'----__J.T ___ _j 

I 1 I 

30kc--+~-----'-----l----t-~ --i---__J 
~ ! 

r--~-~~'-_J ---+-+- ---"-' ~1 ---1 

I THL j I I ; 

20~ 

4.4 4.6 4.8 5.0 5.2 5.4 5.b 

Supplv Voltage i'rr '\ 

POWER DISSIPATION 

vs. CYCLE TIME 

tiOO 

500 

4(JlJ 

:mo 

lOO 

100 

" 0.1 0.2 0.5 1.0 10 

Cycl<' T1mP /,~"' 1 ws 

30 

~ 
;... 

20 

-
j 

10 

SWITCHING TIME vs. 

SUPPLY VOLTAGE (2) 

10.5 11.0 

tTLHr· --+-,. ----r-, --c'1,=300pF 
Vee <=SV 

I I I Ta=25"C 
R11::0Q 

11.5 12.0 12.5 13.0 13.5 

•ITEMS REQUIRING CARE WHEN USING 

THE HD2912 

When measuring or mounting the HD2912, consider 

the following. 
1. At the time of "H" level output, if a short circuit 

occurs between the output terminal and the 

other terminal (the GND terminal or input 

terminal), the element will breakdown. 

2. When measuring the input/output characteristic 

of the circuit, do not place the input level in the 

vicinity of the threshold voltage (about 1.5V) for 

more than 10 seconds. If this caution is neg

lected, the element may breakdown. 
3. If its load capacity is less than a certain value 

(100pF), sometimes this element cannot fully 

provide its function. Take note of this fact when 

designing a system. 
4. When mounting this element, it is recommended 

providing the output terminal with a damping 

resistor (Ro) or a di.ode terminating circuit. 

V1111 

~t~ 
Clock Omer ~ 
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HD2916 
Quadruple TTL-to-NMOS Clock Drivers 
The HD2916, a clock driver for the MOS memory, basically 
possesses a NANO function. Its Input is a TTL level and its output 
becomes N MOS clock input level. It operates on two power supplies 
- Vee (5V) and Voo (12V). A!iSuming 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 . 

• FEATURES 
• TTL-MOS level converter 
• Switching time: 50 ns (max.) 
• Average power consumption: 600mW (max.) 
• Load capacity drivable: 300pF 
• Mounted with 4 circuits 
• Applicable temperature: 10 to 65°C 

•ABSOLUTE MAXIMUM RATINGS 

Item Symbol HD2916 

v cc. -0.5 to +7 
Supply Voltage 

Von• -0.5 to +15 

Input Terminal Voltage V1N• -0.5 to +5.5 

Output Load Capacitance 

Power Dissipation 

Operating Temperature 

Storage Temperature 

* With respect to GND 

* * Per circuit 

* * * Per package 

CL•• 300 

Pr••• 700 

T • .,,. 0 to +70 

T.1. -50 to +150 

• RECOMMENDED OPERATING CONDITION 

Item Symbol min typ 

Vee 4. 75 5.0 
Supply Voltage 

Voo 11.4 12 .0 

Operating Temperature Tp,,. 10 25 

V'" 2.0 -
Input Voltage Level 

VIL -0.5 -

Unit 

v 
v 
v 

pF 

mW 

·c 
·c 

max Unit 

5.25 v 
12.6 v 

55 ·c 
5.5 v 
0.8 v 

IDG-16AI 

• PIN ARRANGEMENT 

(Top View) 

•ELECTRICAL CHARACTERISTICS (Ta-10 to 55'C, Vcc-5V ±5%, VDD-12V ±5%) 

Item Symbol Test Condition min typ• max 

I'" V1N-2.4V - - 40 
A 

IIL ViN-0.4V - -I -2 
Input Current 

flH ViN-2.4V - - 80 
B 

IIL Vrn-0.4V - -2 -4 

VoH V1N-0.8V, loH--50µA Voo-0.1 Voo-0.4 -
Output Voltage 

VoL ViN-2.0V, fo,-50µA 0.3 0.45 -

I DDH V1N-OV - 13 20 

I CCH V1N-OV - 13 40 
Supply Current 

I DDL V1N-5V - - 39 

I CCL ViN-5V - 40 60 

Average Power Dissipation p,, c,-300pF, /-!MHz - 300 600 tw-0. Sµs, one circuit ~eration 

$HITACHI 

Unit 

µA 

mA 

µA 

mA 

v 
v 

mA 

mA 

mA 

mA 

mW 
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•SWITCHING CHARACTERISTICS (Ta-10 to 55°C, Vcc-5V ±5%, VDD-12V ±5%) 

Item Symbol Test Condition min typ max Unit 

t DLH 

Output Delay Time 
t DHL 

•TEST CIRCUIT & WAVEFORMS 

PROPAGATION DELAY TIME 

vs. LOAD CAPACITANCE 

CL~200pF 

/-lMHz 
tw-0.5µs 

Output 

j_I l 
- 40 

>-·+--+--1--J-,---'--r=-t-'~~-+'--~ 
~ ~r--+---t--:::::~t...-f~~''_"'t-~+-1---~t--+--+'-t--+:~ 
i f"'-1,...-c+-1--+i----+-+-+----t--::::J'.....-r=:t==c+ _ ~ 
_ i 1~ I 
~ 20 ~ T i 

r--A -+i -+--+---+---+----+---1,,.,r,, __ =~5•..-<· ___, 
~ I 1 ii·,,,,= 12V 

~ IOt---+--+--r---+-~' ---11---+--+-j~T-•=_2~\·~c-+---t 
o': l 

50 100 150 200 

Load Capacitance CJ. (pF) 

PROPAGATION DELAY TIME 

vs. SUPPLY VOLTAGE 

I l 
250 ~ 

- 40r-"-~r--1C:::'-~t--,-+1---+--+11-,L~Hr-+--+-+--+---l--1 

-
~ ~r1--.,""'-iioc;;::+--+-+--+--1--t--+-+--+--1----i 

~lt•HL 

. 
~ 20t---+--+-+--+-t---+--+-+--+-t---+---t 

; ~-w 

i IOt---+--+-+--+-t---+---t-+---!7T~a=~2~§'.l:..,_..___, 
o: I l c, -l.wpl 

Supply Voltage Vee (V\ 

- - 50 

- - 50 

Input 

Output 

J= IMHz,1. =SOOn1,tru= tTHL = !Onst lnJ 

PROPAGATION DELAY TIME 

vs. AMBIENT TEMPERATURE 

ns 

ns 

w~~~~~~~~l-~~ 

l 

- 201---+--+--+--+-+-l---+-l+--+--+-+---ll----+--I 
Vee =5\' 

t---t-- ~1-+--+-+1--+-+---k,,,. = 12v--+-
0: 10 j_ Ct =200pf 

- 40 

10 

0 
10.5 

10 20 40 50 

Ambient Temperature fo( 'C 

PROPAGATION DELAY TIME 

vs. SUPPLY VOLTAGE 

l11111 

I 

' t /IHI 

I 

11.0 11.5 12.0 12.5 

Supply Voltage ~·oo (VJ 

1 
60 

~·cc-5V 
Ta=?\'C 
c,}?QOpJ 

13.0 

70 

13.5 
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500 

400 

300 

200 

100 

POWER DISSIPATION 

vs. CYCLE TIME 

_f' =300pf 

~ 1'=~50pf 

J ~ 
Cc =OpF I 

I 

Duty Cycle 50% 
One circuit_ 
Operation 

IO 20 

•ITEMS REQUIRING CARE WHEN USING 
THE HD2916 

When measuring or mounting the HD2916, consider 
the following: 
1. At the time of "H" level output, if a short circuit 

occurs between the output terminal and the 
other terminal (the GND terminal or input 
terminal). the element will breakdown. 

2. When measuring the input/output characteristic 
of the circuit, do not place the input level in the 
vicinity of the threshold voltage (about 1.5V) for 
more than 10 seconds. If this caution is neg
lected, the element may breakdown. 

Cycle Time tc,r1. \µsl 
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HD2923 
Quadruple ECL to TTL Drivers 
The HD2923 is a monolithic, high speed Quadruple ECL to TTL 
Driver which accepts ECL input signals. It provides high output 
current suitable for driving the TTL clock inputs or other address 
multiplexing inputs of N-channel MOS memories such as the 
HM4816A of MK4116.Power supply requirements are ground, +5.0 
Volts and -5.2 Volts. The HD2923 requires no particular power 
supply sequencing in order to assure standby mode of memories, 
because the outputs are always "high" at applying the power. 
Propagation delay is 10ns MAX. 
The HD2923 is fabricated by means of HITACHl's Schottky Bipolar 
technology to assure high performance over the 0°C to 75°C 
ambient temperature range. 

•FEATURES 
• High Speed ....... tpct = 10ns MAX. (50% to 2.2V de out or to 

+1.0V de out, 200pF Load) 
• Low Power ........................... 250mW typ. {DC) 
• 10K ECL Compatible Inputs 
• Pin Compatibility .................. MC10125 or HD10125 

•ABSOLUTE MAXIMUM RATINGS 

Item Symbol I Value Unit 

\/(.( - 0. 5 to +7 v 
Supply Voltage 

\,'Et. - 7 to -'-0. 5 v 
Input Voltage v .. Vu: to +0.5 v 
Output Voltage v.., -1.0 to v,,+1 v 
Power Dissipation p, I 1.0 w 
Operating Temperature• T,p, -10 to +85 ·c 
Storage Temperature T.,8 -65 to +150 ·c 

* under bias 

• RECOMMENDED OPERATING CONDITIONS 

Item Symbol min typ l max ! L'nit 

Vt·, 4.751 5 .0 l 5 .25 \' 
Supply Voltage 

i T ~4.94 T Fu -5.46 
I 

-5.2 \' 

Vrn 1.025 - - v 
Input Voltage v,, - - -1.520 v 
Operating Temperature Top· 0 - 75 ·c 
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• PIN ARRANGEMENT 

The V 1JB reference voltage is available 
on pin 1 for use in single ended input 
biasing 

• TRUTH TABLE 

Input Output 

A B y 

H \,' HB L 

L VBB H 

H L L 

L H H 

v,, I H H 

\/BB L L 

Open Open H 



• DC CHARACTERISTICS 

Item Symbol Test Condition min typ max Unit 

-IEE - 22 27 mA 

Power Supply Drain Current I CCH Vu~-5.2V. Vcc~5.0V - 23.5 29 mA 

I CCL - 34 .5 42 mA 

Input Current I .. H V'"~-0.81V - - 115 µA 

Input Leakage Current I CBO VIN~ -5.2V - - 1.0 µA 

VoH I OH~ -1.0mA 2. 7 - - v 
Output Voltage 

VoL foL~5.0mA - - 0.5 v 

Vo HA V,.~-1.lV, loH~-1.0mA 2. 7 - - v 
Threshold Voltage 

Vou V1L~-l.48V, foL~5.0mA - - 0.5 v 

Indeterminate Input All inputs= V n: 2. 7 - -
Vo HS v 

Protection Tests All inputs~ Open 2. 7 - -

Reference Voltage v •• ·-1.420 - -1.150 v 
V/NH~0.300V. V1NL~ -0.825V 2. 7 - -

VoHc v 
V1NH~ -l .890V, V1NL~ -2.890V 2. 7 - -

Common Mode Rejection Tests 
V1NH~0.300V. V1NL~-0.825V - - 0.5 

Vo Le v 
V/NH~ -l.890V, V1NL~ -2.890V - - 0.5 

•AC CHARACTERISTICS 

Item Symbol Test Condition min typ max Unit 

to• 50% to +2.2V. c L ~200pF - - 10 ns 
Propagation Delay Time 

t D> 50% to +1.ov. CL~200pF - - IO ns 

Rise Time t. + l.OV to +2.2V. CL~200pF - - 5 ns 

Fall Time t - +2.2V to +l.OV. CL~200pF - - 5 ns 

-0.890V 

- l.690V 

2.2V 

Vot'T 

IDR tDF 
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