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QUICK REFERENCE GUIDE TO HITACHI MEMORIES

H MOS RAM
 jAccess| Cycle - Power Package "
Mode | Total Type No. Process ?Jg?g'iatl')?g T(Ir:‘s‘f .Iilr:g)e v.,“:‘TEg’L Dissipation
Max | Max PinNo. | 6 [ P |FP|SPizp|ca|cP | | M
[AMBT6-22 20 | 120 0.1m0.2 oo
HM6T16-32 50 [ 150 0
[HM6116.4 200 ] 200 0.1m/o.175 0
HMBTIBL2°2 720 | 120 104/0.175 ole
HM6116L-3-2 150 | 150 1005 oo
RM6116L-4°2 oMos | oodexs 200|200 : °le
RMBTI6A12°2 120 | 120 NED
HM6116L-15"2 150 | 150 0.1m/15m 24 D [
HMG116A-20°7 200 | 200 o] Te
HMBITBAL. 122 120 | 120 o] |e
HMG116AL-1572 150 | 150 Su0m o] [e
HM6116AL-20°2 200 | 200 o] e
HM6716-25 %5 | 25 0
AM6716-30 ) 2048x8 | 30 | 30 0 7
166D 1 ve719-25 BR-OMOS | (withOF) [ 25 | 25 028 0 7
AM6719.30 30 | 30 . i
HM6268-25 25 | 25 . 80
HM6268-35 35 | 35 0.1,/0.25 ° 80
HM6268-45 45 | 45 D 80
HM6268L.25 4096x4 5 T 95 * EN)
HM6268L-35 35 | 35 5u/0.25 . 80
HM6268L-45 45 | 45 0 80
FM6267:35 cuos 3B [ 35 D 87
AM6267.45 45 | 45 0.1m/0.2 0 87
HMB267:55 55 | 55 . 87
HM6267L-35 16384x 1 55 T3 . 87
AM6267L-45 45 | 45 5,/0.2 . 7
Static RM6267L:55 55 | 55 | +5 0 7
HM6719-25 - %5 [ 25 0 7
18cb | TMOTAED BLOMOS | 2048x9 (212 028 |2 2 a
HM6264-10°2 300 | 100 oo %
HM6264-12°2 120 | 120 01m/0.2 oo o
HM6264A-10 300 | 100 olele 9%
HM6262A-12 120 ] 120 0.Am/5m NOD 9
HM6262A-15 150 | 150 oo e 9
AM6264AL-10 100 | 100 B[ [ele]e 94
AMB264AL-12 8192x8 [ 120 | 120 10u/15m 0D 94
HME264AL-15 CcMoS 150 | 150 0D 9
HM6264AL-10L 700 | 100 olele 9%
HM6264AL-12L 120 | 120 104/15m 0D 9
AM6264AL-15L 150 | 150 oo e 94
16k-b [HM6288-25 25 | 25 . . 103
HM6288-35 35 | 35 0im/03 gﬁ . ° 103
HM6288L-25 25| 25 R P ° 0 103
AM6288L:35 S . ° 103
HM6788-25 %5 | 25 ° [
FiM6788-35 16384x4 55 T35 10m/0.23 * M
HIM6788H-20 ' 20 | 20 0.28 0 15
HM6788HA-12 B-CM0S 12 ] 12 2 D 19
HM6788HA-T5 B 15 3 . 119
HM6788HA-20 20 | 20 . 119
FIM6289-25 % | 25 . 124
FiM6289-35 16384x4 | 35 | 35 . 124
84d I ime289L-25 CMOS | with0B) [ 25 | 25 0Im/03 | 24 o 2
HM6289L-35 35| 3 . 124
(continued)
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QUICK REFERENCE GUIDE

" MOS RAM
' Access| Cycle Power N
A A Power Package ™1
Mode | Total Type No. Process ?\;g?glz:tll)?t’)' T(::g)e (":’s‘;" 3:(.3.;’;’9 Dissipation 9 Page
Max | Max PinNo. | G | P |FP|SP|zP|CG|CP |JP | M
FM6789.25 %[5 0 D 135
FIM6789-30 30 [ 30 104/0.23 0 o | 1%
HM6789H-15 astrs |15 . * 142
HM6789H20 Biomos | ooae 20 | 20 24 ° 0 142
HM6789HA-12 212 0.28 . * 149
HIM6789HA 15 5 15 ° * 149
HMB789HA-20 20 | 20 ° * 149
HM6287.45 45 | 45 , . 157
HM628755 55 | 55 0.1m/0.3 A 157
HM6287-70 70 [ 70 » 0 157
HM6287L-45 45 [ 45 0 157
HM6287L.55 oMoS 55 | 55 10403 ° 157
HM6287L.70 70 | 70 ® 157
HMB287H-25 % | 25 ° ° 164
HM6287H-35 3% | % 01m/03 D 0 164
HMB287HL-25 65536 x1 | 25 | 25 03 ° D 164
HMB287HL-35 35 | 35 : . D 164
HM6787.25 25 | 25 2 D 173
FiM6787:35 35 | 3 8018 | 54 0 173
HM6787H-15 15 | 15 021 (S0J) ° ° 178
AMB787H-20 BI-CMOS 20 | 20 : ° . 178
HM6787HAP-12 A ° . 178
[HB7E7HAIP-15 B 15 3 ° * 183
HM6787HAJP 20 20 | 20 . ° 183
HM62256.¢ 85 | 85 ole 189
HM62256-10 700 [ 100 ole 189
HM62256-12 120 | 120 0.2m/40m ole 189
HM62256-15 150 | 150 ole 189
[HMB2256L-8 85 | 85 ole 1890
HM62256L-10 700 | 700 ole 189
[HMB2256L12 120 [ 120 104/40m °le 189
Static |256k-b [HM62256L-15 150 | 150 | +5 ole 189
HM62256L-105L 100 | 100 ole 189
HM62256L-125L 32768x8 [ 120 | 120 1owdom | 28 [“Te e 189
FM62256L-155L 150 | 150 0 189
[HM62832-35 35 | 35 . . 197
HM62832-45 45 | 45 om'3 ° o [ 1w
FMG2832L-35 35 | 35 3 ° . 197
62832L45 CMOS 45 | 45 : . . 197
HM62832H-25 %5 | %5 ° ° 197
HM62832H-35 3 | 3 am3 ° 0 107
HM62839H-45 45 | 45 ° ° 197
HM62832HL25 25 | 25 ° . 107
HM62832HL-35 35 |35 30m/.3 ° 0 197
HM62832HL45 45 [ 45 ° ° 197
HM6208-35 35 | 35 . 0
HM6208-45 45 [ 45 01m/0.3 . 03
HM6203L-35 3B [ 35 . 03
FiM6208L45 545 10./03 ° 03
HM6208H-25 %5 | 25 . * 03
[ AM208H-35 3535 01m/0.3 ° . ®
HM6208HL25 25 [ 25 ow0s | 2 ° 0 03
[HM6208HL-35 35| 3 - . 0 03
[HM6708-20°% 20 | 20 . . I
[ HM6708-25°3 655364 o5 125 035 ° ° i
THM6708A-15 B | 15 . . o7
[HMB708A-20 20 | 20 4 ° . 217
HM6708A-25 . 25 [ 25 . . 217
HM6709-20 BR-GMOS 20 [ 2 p ol | 22
HM6709-25 25 : o 22
[HMB700A- 15 B 15 28 . ° 229
[HM6700A-20 20 | 15 4 ° ° 229
HM6709A.25 25 [ 25 . D 229
(continued)
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QUICK REFERENCE GUIDE

H MOS RAM
. |Access| Cycle Power Package *1
Mode | Total Type No. Process ?vcg?gliatll)?{)l 1;:'3‘)3 T(Ir:TsT vs.f(n“v,’)’:ﬁ Dissipation chage Page
Max | Max PinNo. | 6 | P {FP [sP|zpfca]cP|up| M
F6207.35 % | % . 736
HM6207.45 5 % 01m/03 0 2%
HMB207L-35 35 | 35 10403 . 236
HMB207L-45 oMOS 45 | %5 : . 236
HMB207H-25 25 | 25 01m/03 0 . 543
HM6207H-35 soitdx 1 |35 | 3 -ImiS. . . 243
256k-b [ AM6207HL-25 25 | 25 008 | 2 . ° 243
HMB207HL-35 35 | 35 : ° . 243
HM6707-20°2 20 | 20 035 . ° 250
HM6707-2572 25 | 2 - ° . 250
HM6707A-15 Bi-CMOS B[ 1 . ° 255
HM6707A-20 20 | 20 4 . . 255
HM6707A-25 % | 25 . D 255
AM628198.73 70 | 70 .o 261
Static HM628128-8°2 85 | 85 ole 261
HM628128-10°2 100 | 700 0.1m/75m ol 261
ANGoBL 7 worzxs |0+ 2 eTe o
HM628128L.87 85 | 8 g oo 261
HM628128L-107 700 | 100 & o e 261
HM628128L127 120 | 120 oo 261
HMB24256.35°3 35 | 3 D ° 269
o | HME24256 4573 45 | 45 0ImO% | g 0 o | 269
AMGZAZ56L-35°3 BT H pupe . 0 269
HM624256L.45°3 ootaaxa |2 45 A . D 269
HM624257-35'4 X* 173 | 3 ° 275
HM624257-45"1 45| & D 275
RM624257L-35% 3 | 35 ] +5| OO o | [ 275
HM624257L.45'4 45 | % D 275
. CMOS 2
" 4
= - wit
Mode| | decoder) |02 | 40wsom T
FM63921-20 20 | 30 . 289
18kb [ HiM63921-25 %x9 | 25 [ 35 . 289
HFO HM63921-35 35 | 4 W | [[e 289
HMB3941-25 % | 35 max. D 289
36kb | HMB3941-35 &x9 [ 35| 45 ° 289
HMB394145 45 | 60 ° 289
HM62A168-25 PR B . 311
120k-b | HMG2A168-35 Qwy) || 3 0 311
HM62A168-45 45 | 45 11 5 D 1
Cash HM62A188-25 PR I (max.) ° 11
Stc | 128k | HM62A188-35 @way) | 3535 D 11
RANS HM62A188-45 45 | 45 * 1
HM67C932-20 20 | 20 D) 310
HM67C932.25 . 3%kx9 | 25 | 2 D 319
256kt | M678932-20 BiCMOS | Uway) [T20 [ 20 TBD |44 ° 1
HM678932-95 25 | 25 ° 1
FB66B1616A-25 Bkx16 | 25 | 25 ® | 333
i HB66B1616A-35 (module) |35 [ 35 Amii2 ) 3 o 33
HB66A2568A-25 256k=8 | 25 | 25 o 343
Module) 2Mb | ieranoneshas ] CMOS | (module) 35 38 Bmi24 | 60 o] 33
TAG | gp [HM644332-25 %x20 | 25 | % 10 o 351
RAM HM624332-30 {tagram) [730 | 30 max. 351
tData sheet not included in this manual. Request data sheet for HM67B932. (continued)
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QUICK REFERENCE GUIDE

E MOS RAM
Access| Cycle Power Package *1
; Power ge
Mode | Total Type No. Process ?&gﬂ'ia%?{)' T(":‘;)e 1(”:";)9 3.,"(%’;‘4 Dlssu(‘;;f)non Page
Max | Max PnNo.| G | P [FP|sP|zp jca[ce |up | ™
[ HM65256B-10 100 | 100 elele 369
 HMB52568-12 120 [ 190 eole[e 369
[ HM652568-15 150 | 235 eolele 369
[ HM65256B-20 200 | 310 olele 369
HMB5256BL-10 327688 300 1 180 2mOT5 | B ToTeTe 39
"HMB5256BL-12 120 | 190 olele 369
Pseudo | pee , [HMB5256BL-15 150 | 235 olee 369
Static HMB5256BL-20 200 | 310 oo e 369
[ HM6581280-10 | 100 | 180 ele 376
HMB58128D-12 120 | 210 5m/0.2 D 376
HMB58128D-15 150 | 250 °le 376
HM658128L-10 1310728 =00 T 180 2 —eTe 376
HM658128L-12 120 | 210 0.5m/0.2 oo 376
HM658128L-15 150 | 250 °le 376
m ECL RAM
Access
- Supply | Power Package *1
Leve! Tg%?' Type No. ?v:g?d!"?ttl)?tl; Output T(':g)e Vo(ltva)ge Dnssu(vpva)tlon Page
Max PinNo. | G [ F [ca | P
HM10494-10 10 o e 388
sapt LEMIO2 16984 x4 1 08 13 IeTe 38
HM10490-10 10 o e 393
ECL 10K HM10490-12 655%-1 | Open 2] 52| ¥ |2 [eTe 393
HM10504-10 10 . 397
256k-bit | HM10504-12 65536 x4 12 S0 B g 397
HM10500-158 262144 x 1 15 052 | 24 |e 399
HM100494-10°4 10 ole ® | 403
FINI100494-12°4 16384 x4 12 0685 | B I oTeT Tol 4t
Bdk-bit | HM100490-10 15 ole]| |e]| 407
HM100490-12 65536 x 1 2] 5 | 057 |22 [e]e] Te[ 4w
HM100490-15 ' elo| [o] 407
HM100504F-10 10 . 4
256k-bit | HMT00504F12 655364 Emit 12 S0 B g 41
ECL100K HM100500-18°3 62148 x 1| coer 18 05 [p4i28[e e e 42
FAM101494-10 10 ole 45
HM101494-12 163844 12 BB eTe 45
HM101490-10 10 7 |z o]® 419
Bdk-bit | HM101490-12 2] 52 ) 10 419
HM101504-10 65536 x 1 10 ° 423
HM10504-12 2 D) 123
AM101500- 153 50 |24 | |e 425
Notes) *1. The package codes of G, F and CG and applied to the package material as follows.
G; cerdip, F; Flat Package, CG; Ceramic Leadiess Chip Carrier
*2. Maintenance Only. This device is not available for new application.
*3. Preliminary
*4. Under Development
G HITACHI
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Package Information
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Hl PACKAGE INFORMATION

@ Dual-in-line Plastic

Unit: mm (inch) Scale 1/1

oDP-16B eDP-18B
19.2(0.756)
20.32max.
Fs_ (0800max) o
FI 22.0(0.866)
) 5 §:§ 18 22.86max.(0.900max) |
_u b = nonnnoaon = .3
J.o.g9 13]].8 ol B 82
(0038) (a0sD)" . € 3 Fo%sn%)" €l o8
_E § ég o ; TUO OO T
1STSE 7.62
5 5’,-3 1.3(0.051) 2 (0.300)
£1z - if
T o - 0.23.00% s o
7501025 048101 N = Oy "\\’61.0\0*_‘1’%9 =l ]e2 M. “'“M.i.m\
(0.100+0.010) (0.019+0.004) £ i EE £ 0.0\
g ~g
048£0.1 2543025 = =
(0.019+0.004) (0.100+0.010)
eDP-18C m ®DP-20N
25.40max.
22.26(0.876) 20 (1.000max.} m
8 22.86max.(0.900max.) 10 nnoanoanonnQ =
noooonn — 2l
SE8 ° “°le
:zég quuuuuuuul\.‘;
e~
ToooogoOoo . < _.”.ﬂg '_3.”._~ - 3 162
! 162 (0035)  (os1) < E 58 (0.300)
1.3(0.051) ~ . £ E BE .
i (0.300) STES
=8 we
we 0 =i
.= N 2ttl EE »o
i P UEE sk ‘;‘L oot 2 Bt
e 435 <32 2541025 048+0.l s 0w (i
0.48+0.1 2544025 = = (0.100+0.010)  (0.019+0.004)
(0.019£0.004) (0.100+0.010)
®DP-20NA ®DP-22N
o 27.08(1.066)
27.90max.(i.098max.}
24.8(0.976) 22 12
]20 25.40max.(1.000max) || gaonnanonon. . -
553 |8 § g
_les e|g 82
o ~ Na§ o e~y
e~g 1 ooaogu UIIT'
.3 162 0.88(0.035) 1.3(0.051)
S E EE 110:300) 1.62
oS8 J z 10.300)
1N e { é
= s 35
€2 s . i
— ! yEf S ] | ' [ : o, 02558l
v - E g 0% 0"kw 3 é s (0,0\0:%'.&)
2.54+0.25 0.48+0.1 s 0 (5 o\ g Vs
(0.100+0.010) (0.019 0.004) 0.48+0.1 254025 =
(0.019£0.004) (0.100£0.010)
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PACKAGE INFORMATION

® Dual-in-line Plastic Unit: mm (inch) Scale 1/1

® DP-22NB oDP-24

31.6().244)
20 325max(1.280max) 3
nonnpnononoaonna

27.90max.(1.098max.)

22 12 =
nnononn _ .3

S €

2[8 SBES

s c<hk

-e

[
quoouoouogooy
—‘H» *H‘- " \g=gepegegegageg magag

0.88(0.035) 1.3(0.051) 1 12 12
162 l-— 15.24

x'";: (0300 (0.087) E 70600
hiVEipE L
% =cS o 025%88 ]
—fElEE & 00101338 .
] ~g ™ 28]
> 2544025 4801 28 [ P By
(u,:i‘ssfo%n (o?l'gaiulg?o) {0.100£0.010)  '(0019£0008) S O~15 o
®DP-24A ®DP-24N

) 30.4(1.197)
{ 31.75max{1.250max.)

30.48(1.200)max.

24 29.62(1.166) 13 24 13 .
Jslalainlalnisialulainls! —~ . R
a1 w88 E
f 32 E[Q'E §
= - =]
HE 1.08 7 -
e Uouooou (ow)-l-l--u» '
0.89 1300 12 EE 10.160.400) : “',gw
(0.035) (0.051) H “‘—‘1 -
— E
= 58
w2
£ A% [ T
£ 15"—°v°'gm E S{E S
i21 048%0.10 2544025 8 O~j5  OFI G CnE'SE
(0:050)max. (0.019:+0.004) (0:100£0.010) & o0 “ﬁuo-T 2502028 |ZR 28
-~ (0013 £0.00a) (010040010} = 2
®DP-24NC
29.88(1.176)
30.48max.(1.200max.)
24 13
nonoaoanong
Js
=k
] k=
TUUTUUUTUHUY
1.14(0.045) 1.3(0.051)
7162
- (0.300)
%8
£
< [ WS o ‘ 02588 \
i PG B
S E|E
048+0.1 2544025 e 28
(0.019.+0.008) {0.100+0.010) “e
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PACKAGE INFORMATION

® Dual-in-line Plastic Unit: mm (inch) Scale 1/1

® DP-28 ® DP-28C
34,70 (1.366)
3581402 28 35.56max.(1.400max) s
28 36.6man (144 imax) s anffnaanann
B noanananannnl P
2 § k] §
H 358
H B

TUTTOUTYOw
.3

——u—' o ETRER " - 01
Ly e " 1520 (0.035) ©.051) T3 T0.400)
o047 £ 3 T0.600) ] g £
; ‘ 2565025 i casiol 3 ‘LJ /p}‘:’“-ﬂ
wn ? azor S5 /] »
2502025 4ol ) 02547 10,100 £:0.010} 1920000 Ng 015 oo

51 min.
(0.020min)
in. 5. 7max

o:

in)(0.224max)

55

5420,
T0.400£0.010) ©i9too) Vg oI5 [
o DP-28N
36.0(1.417) n
[ 37.32max.(1.470max.}
15 -
S % B
BBEE
“ler g
e
1.30(0.051)
7.62(0.300)
|
52
WWFW -
s::‘ oy
€EE /s 'Y
3 $ 0254
__.u._ "35 L &n\'%m)
0.48+0.) 254£0.25
(0.019+0.004)  (0.100+0.010)
o DP-32 41.9(1.650) -
22 42.5max.(1.673max.) 7 é
oOonoononnnononn a
w
zle
D 2l
3£
b Bl
oF OO0 o000 OO0 On
RNy 16 15.24
(0.047) - I (0.600)
EE K8
a18JES
éw sls |88
I~ s
| | 2sax02s 0dsr0l £% = 025405
£ ~ e
(0.100+0.010) (0.013+0.004) 2% 15 o Q\Q—O w,
o DP-40
52.8(2.079)
m 54.0max.(2.126max.) 21
nnooonnaonoonoaoOononnonnM
%3
olzs 2
=38
4 T8
L 0 [t N R e R W 0 oA A Ry e
: , 1.2 « - 15.24
(0.047) E £ x_g {0.600)
ES_3E
HENE
S X"
2544025 £ 1)
(0.100 £ 0.010) (0.019£0.008) 3 8 0'~15° D
~3 @
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PACKAGE INFORMATION

® Dual-in-line Plastic Unit: mm (inch) Scale 1/1

oDP-42

52.8(2.079)
53.7max.(2.114max.)

42 22
OonmAamAamaAaAnOanAnOaonaon

134
(0.528)
14.6max.

(0.575max.)

&

TUOoUO OO o DO 00U oOoouOg

i 2'

(0.047)

15.24

. r y '“;, (0.600)

2188

22
2581025 048+ 0.1 ~ 5 ey
{0100 +0010) (0.019+0.004) 0 s QB
w_gmi

Applicable ICs
DP-16B HM50256P Series, HM50257P Series, HM51256P Series, HM51256LP Series, HM51258P Series
DP-18B HM50464P Series, HM50465P Series
HM53051P, HM511000AP Series, HM511000SP Series, HM511000HP Series, HM511001AP Series, HM511001SP Series,

DP-18C
HMS511002AP Series, HM511002SP Series

DP-20N HM6168HP Series, HM6168HLP Series, HM6268P Series, HM6268LP Series, HM6167P Series, HM6167LP Series,
HM6167HP Series, HM6167HLP Series, HM6267P Series, HM6267LP Series

DP-20NA HM514256P Series, HM514256 AP Series, HM514256SP Series, HM514256HP Series, HM514258 HLP Series,

HM514258SP Series

DP-22N | HM6287P Series, HM6287LP Series

HM6288P Series, HM6288LP Series, HM6788P Series, HM6788HP Series, HM6287HP Series, HM6287HLP Series,

HM6787P Series, HM6787HP Series

DP-24 HM6116P Series, HM6116LP Series, HM6116AP Series, HM116ALP Series

DP-24A | HM53461P Series, HM53462P Series

DP-24N | HM6116ASP Series, HM6116ALSP Series

HMG6716P Series, HM6719P Series, HM6789P Series, HM6789HP Series, HM6208P Series, HM6208LP Series, HM6208HP Series,

DP-22NB

DP-24NC HM6208HLP Series, HM6708P Series, HM6207P Series, HM6207LP Series, HM6207HP Series, HM6207HLP Series, HM6707P Series
HM6264P Series, HM6264LP Series, HM6264LP-L Series, HM6264AP Series, HM6264ALP Series, HM6264ALP-L Series,

DP-28 HM62256P Series, HM62256LP Series, HM62256LP-L Series, HM65256 AP Series, HM65256BP Series, HM§5256BLP Series,
HN623257P, HN623258P, HN62321P, HN62321BP, HN62331P, HN62321EP, HN62331EP, HN62321AP, HN62331AP, HN58064P,
HNS58C66P, HN58C256P, HN27128AP, HN27256P, HN27512P

DP-28N HM6264ASP Series, HM6264ALSP Series, HM6264ALSP-L Series, HM65256 ASP Series, HM65256BSP Series,

HM65256BLSP Series, HM63021P Series
DP-32 HM628128P Series, HM628128LP Series, HM658128DP Series, HM65256 ASP Series, HM65256BSP Series,

HN27C101P Series, HN27C301P Series
DP-40 HN62412P, HN62422P, HN62404P, HN62424P
DP-42 HN62408P, HN624016P

@ HITACHI
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PACKAGE INFORMATION

® CERDIP Unit: mm (inch) Scale 1/1
®DG-20N o DG-22N
25.16(0.991)
21.18(1.070)
Qe nonnanal T 3
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(0.100%0.010) 048201 F g 15
(0.019£0.004) ~
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B onnonnnaanaall
E
b
s
8
P
| T U T O U T T
— 14
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6 Hitachi America, Ltd.  Hitachi Plaza » 2000 Sierra Point Pkwy. ® Brisbane, CA 94005-1819 ¢ (415) 589-8300



PACKAGE INFORMATION

o CERDIP Unit: mm (inch) Scale 1/1

®DG-32
1191
71,6500

noonAonoanoaoanoanan

15.24

14.66
0.577)

—oHo TooToooTy
- ikl = 10.600
(0.052) [ ]
F]
£ -
o i
. e
Y.
L 0~10°
|_251£025 [l_04801 £|E
(0.100 £ 0.010) " (0.019£0.004) :é
s
oDG-40A
52.07(2.050)
40
Snnosmnmamanannanani
=
N
il
s
=
1 20 3
1.32(0.052) 3£
ElS 15.24(0.600)
&N
ole
0.25:344
_ I ”“ (0.01023:933)
£le °~
25amax| | | 254025 ” 0.4840.1 E|f ¢ ?‘L g~10
(0.100max) ' (0.100£0.010) "0.019+0.004) 2|8 s|E
S8
=l

Applicable ICs
DG-20N | HM10480-15, HM100480-15
DG-22N | HM10490-15, HM100490 Series
DG-24V | HM10500-15
HN27128AG Series, HN27256G Series, HN27C256G Series, HN27C256AG Series, HN27C256HG Series,
HN27512G Series
DG-28N | HM10494 Series, HM100494 Series
DG-32 HN27C101G Series, HN27C301G Series
DG-40A | HN27C1024HG Series

DG-28

G HITACHI
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PACKAGE INFORMATION

©® Zigzag-in-line Plastic

Unit: mm (inch) Scale 1/1

(0.02023:358)

®ZP-16 ®ZpP-20
H é . 2561(1008)_
20 |3(0 793) g z 26 1imax (1 0Z8max )
2065max(0813max);, w9 2i3
l'§ HBSE
w qes
b 53 e
iz IO, iR
EEIT oo 20 gel (om"”‘)
ﬂ HHUHMMIG §§ (w,mﬂ 08045 | Lezioosy <3 25101000
AL i £
048+0. [ 27(0050)) Ne m 00z20%3%) S
) 2% :t: s
:L\i ;
o 2ZP-24 ®Zp-28
305001201 - L 35.58(1.401) o
31.00max.(1.220max. | 36.57max.(1.440max) I
EFE s 3
EEE s &5
=g = s
©3 310 s =il g
2 025:332 -
£§ (0.01 585 £s (0.010%9%8%
| 2 82 a ! 2 gs
0505 (i.270.050) | Ng < 50(0.100)" 0.5078 42 “s 254(0.100)

2.85
0.112)

(0.020:3 839

Applicable ICs

ZP-16 HM50256ZP Series, HM50257ZP Series, HM51256ZP Series, HM51256LZP Series
HMS514256ZP Series, HM514256 AZP Series, HM514256SZP Series, HM514256HZP Series, HM514258AZP Series
ZP-20 HMS514258SZP Series, HM511000AZP Series, HM511000SZP Series, HM511000HZP Series, HM511001AZP Series,
HM511001SZP Series, HM511002AZP Series, HM511002SZP Series
ZP-24 HM53461ZP Series, HM53462ZP Series
ZP-28 HM534251ZP Series, HM534252ZP Series, HM534253ZP Series

G HITACHI
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PACKAGE INFORMATION

® Flat Package Unit mm (inch) Scale 1%
o FP-24D0 ® FP-28D
15.80(0.622) 0'-10°
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PACKAGE INFORMATION

@ Flat Packages (continued)

® FG-28D

0433005
(0.0170.002)

S.8max,
0.228mex)

T

27.94min.

— (imin) 7

17.8max.
70.700max)

e
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| ——
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10.2max. £ @402max)
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)J T

(0.005 £0.001

8.38+0.08
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® FG-24A

0.76 £0.08
, (0,030 £0.003)

0.23£0.05
10.009 £0.002)

9.53 0.375)

927 (03651

GO O000000000

c—]
[————————
[
W
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23
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g 23
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Applicable ICs

FP-24D | HM6116FP Series, HM6116LFP Series

HM6264FP Series, HM6264LFP Series, HM6264LFP-L Series, HM6264AFP Series, HM6264ALFP Series

FP-28D HM6264ALFP-L Series, HN58C65FP Series. HN58C66FP Series, HN58C256FP Series
HMG6264FP Series, HM6264LFP Series, HM6264LFP-L Series, HM6264AFP Series, HM6264ALFP Series

FP.28DA HM6264ALFP-L Series, HM62256FP Series, HM62256LFP Series, HM62256SLFP Series, HM65256BFP Series,
HM65256BLFP Series, HN623257F, HN623258F, HN62321F, HN62321BF, HN62331F, HN62321EF, HN62331EF, HN58C65FP,
HN58C66FP, HN58C256FP, HN27C256FP

FP-32D HM628128FP Series,T-IMGZS]ZSLFP Series, HM658128DFP Series, HM658128LFP Series, HN62321AF,

HNG62331AF, HN62304BF, HN62324BF, HN27C101FP, HN27C301FP

FP-44A | HN62412FP, HN62422FP, HN62404FP, HN62424FP, HN62408FP

FG-20D | HM101500¢-1>

FG-24A | HMIOISWE-15

FG-28D | HM10049F Series

@ TSOP Packages

o TFP-32D
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32 1
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1 1
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——————1
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i
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0.2020.10_L (575 08(0.003)&

(0.00820.004)

Omin
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® Leadless Chip Carrier

PACKAGE INFORMATION

® CG-22A ® CG-28 ® CG-28A ® CG-28B
e
; [
22£025
1245103 6.35£0.2(0.25£0008)  (0.087:+0.010) ’
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® Flat Package (J-bend Leads)
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PACKAGE INFORMATION

©® Flat Packages (J-Bend Leads) (continued)

Unit: mm (inch) Scale 112

® CP-32D

o anems
l‘ 21 0810 830imar
2

2
(©.04°339
. L063min._(0.025min)
€ (1 fafe
i
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i
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~hr 29
’é i) %
3% E
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s 8
i E
Ed
Eleraen | { MLy B
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15.50 + 0.50(0 610 +0 020)
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010012
(0.790 + 0.005)
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o) 8l
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28 d[ =
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52 ] 5
g5 S S
]
2 n
19.12
(
(SEATNG PLANE) | s
8 2
~8 2
Se P
wa 84
=2 <8
v - =1
s s

Applicable ICs

CG-22A HM6787CG Series, HM100490CG Series
CG-28 HM10490CG-15
CG-28A | HM2144CG Series, HM10480CG-13 HMI0ISWCG-15
CG-28B HM100500CG-18
CP-18 HM50464CP Series, HM50256CP Series, HM50257CP Series, HM51256CP Series, HM51256LCP Series
HMS514256]P Series, HM514256AJP, HM514256S]P Series, HM514256H]JP Series, HM514258A]P Series, HM514258S]P Series,
CP-20D | HM511000AJP Series, HM511000SJP Series, HM511000H]P Series, HM511001AJP Series, HM511001S]P Series,
HM511002A]P Series, HM511002S]P Series .
HM6288]P Series, HM6288LJP Series, HM6289]JP Series, HM6289L]JP Series, HM6789)JP Series, HM6789H]JP Series, HM6287HJP
CP-24D | Series, HM6287HL]JP Series, HM6787HJP Series, HM6208HJP Series, HM6208HLJP Series, HM6708JP Series, HM6207H]JP Series,
HM6207HLJP Series, HM6707JP Series,
CP-28D | HM#624256]P Series, HM534251JP Series, HM534252]P Series, HM534253]P Series
CP-32D | HM624257]P Series, HM624257LJP Series
CP-40D | HM538121]P Series, HM538122]P Series, HM538123] P Series
CP-44 HM67C932 Series
CP-52 HMG62A168 Series, HM62A 188 Series

O HITACHI
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B RELIABILITY OF HITACHI IC MEMORIES

1. STRUCTURE

IC memories are basically classified into bipolar
type and MOS type and utilized effectively by their
characteristics. The characteristic of bipolar memo-
ries is high speed but small capacity, instead, MOS
memories have large capacity. There are also dif-
ferences in circuit design, layout pattern, degree of
integration, and manufacturing process. These
memories have been produced with the standardized
concept of design and inspection all through the

® Table 1 Basic Cell Circuit of IC Memories

processes of designing, manufacturing and inspec-
tion,

IC memories are constituted by the unit patterns
calied cells, which are integrated in high density.
The knowhows based on our experience have been
applied in every production stage. In addition, re-
liability has been ensured using TEG (Test Element
Group) evaluation. Examples of cell circuits of
bipolar and MOS memories are shown in Table 1.

NMOS, CMOS
e Bipolar memory Bipolar memory NMOS memory » -0 NMOS memory
Classification (RAM) (PROM) (Dynamic RAM) | (static RAM) (FROM)
Buffer memory, 5 For
Application control memory Microcomputer Main memory of computer, microcomputer
PP of high-speed control use microcomputer memory control
computer
= 2
Example of
basic cell
circuit

Dies of {C memories are produced in various pack-
ages. In this process of packaging, Hitachi has also
innovated new techniques and ensured to high level.
As packages for IC memories, cerdip (glass-sealed)
packages and plastic packages are currently used.
Also such packages as LCC (Leadless Chip Carrier)
or SOP (Small Outline Package) have been devel-
oped for high density packaging. Cerdip packages
sealed hermetically are suitable for equipment re-
quiring high reliability. Plastic packages are widely
applied to many kinds of equipment. Hitachi
plastic packages have been improved the reliability

® Table 2 1C Memory Package Outline

level as highly as that of the hermetically sealed
packages. Table 2 shows the outlines of the Hitachi
packages.

& Cerdip

® 16 pin ® 18 Pin

® 20 Pin

® 24 Pin

G HITACHI
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Reliability of Hitachi IC Memories

B Cerdip (continued)

® 28 Pin with Lid ® 32 Pin with Lid

® Plastic DIP
® 16 Pin ® 18 Pin ® 24 Pin
® 24 Pin ® 28 Pin ® 28 Pin

® Leadless Chip Carrier
© 20 Pin ® 22Pin ® 24 Pin

\\‘,‘4“'" v
8 SOP u PLCC = S0OJ
® 24 Pin ® 28/32 Pin ® 18 Pin ® 20/26/28/32 Pin

e o

GO HITACHI
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Reliability of Hitachi IC Memories

2. RELIABILITY

Results of reliability tests are listed below.

ty control, there is no difference in reliability
among the various types. And the larger the capac-
ity is, the higher the reliability per bit becomes.

2.1 Reliability Test Data on Bipolar Memories

The reliability test data on the bipolar memories are
shown in Table 3 and 4. Since they are manufac-
tured under the standardized design rules and quali-

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

HM10480-15 HM2144CG
Test item Test Sam-| Total g, | Failure Test Sam-| Total g 4 | Failure
o t * > *
condition ples cor}rllggrsen ures (rf/tﬁr) condition ples cottr:gltl)rnsent ures {f;ﬁr)
High- T2=125°C CH 1h | Tg=125°C
2 JH. a C.H, 1/h
Onpereey | vep=s.2v | 20| 34100 | © a0t | vep-sav | 10| 1ax0s | O |7.7ma0%
gi(i};g:mp T4=200°C 351 | 3.51x10% | 0 | 2.6x107 | Tp=200°C 120 | 1.2x10° | 0 [7.7x10°®
* Confidence level 60%
o Table 4 Results on Bipolar Memory Reliability Test (2)
. . HM10480-15 HM2144CG
Test item Test condition
Samples Failure Samples Failures
Temperature cycling ~55°C to +150°C, 10 cycle 160 0 180 0
Soldering heat 260°C, 10 seconds 35 0 22 0
Thermal shock 0°C to +100°C, 10 cycles 50 0 50 0
Mechanical shock 1500G, 0.5ms, Three times each for X, 30 0 22 0
Yand Z
Variable frequency 100 to 200 Hz, 20G, Three times each 40 0 22 0
for X, Yand Z
Constant-acceleration 20000G, 1 minute, each for X, Y and Z 40 0 22 0

2.2 Reliability test data on Hi-BiCMOS memory

Hi-BiCMOS memory is newly designed based on the listed in table 5 and table 6.

latest fine machining technologies (2m ~ 1m),
which features low electric consumption / high
integrity by CMOS and high speed / high drivability
by bipolar. This device also attains high speed close
to ECL and low electric consumption as CMOS.
Input and output level supports both ECL and TTL.
Reliability test data of HM100490-15 (64k-words x
1-bit) and HM6788P-25 {16k-words x 4-bits) are

Table 5 Results on Hi-BiCMOS Memory Reliability Test (1)

The above shows the sufficient reliability of high
speed Hi-BiCMOS in the normal use with some
limitations considered from its own circuit com-
position. For further information, see each data
sheet. Besides the caution points with CMOS and
bipolar device, avoid abnormal use as in deformed
or slow wave form which causes malfunction and
latch up.

HM100490-15 (Cerdip) HM6788P-25 (Plastic)
Test item Test Total test|y, Failure |Test item Test Test test | . Failure | Remarks
condition Samples time Failures rate condition Samples time Failures rate
High-
e ™ |70 = 125°C CH ih |3
< ture a = WH. * .
S puse  |Voc=50v | 420 azxios| 17 |4.8xi0e |forcin
ture Ta=125°C | 34, | CH 0 1/h ‘t’igf‘“'
pulse VEE=-4.5V 3.8x10° 2.4x10¢
- Moisture
tion endur- (S CESERH | 910 |2.1x10¢| 0 |48x10°
ance
High- Pressure o s -5
temp. Ta=200°C 330 |[3.3x10° 0 3.0x10-¢ cooker 121°C100%RH 80 (0.16x10 0 6.3x10
storage
G HITACHI
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Reliability of Hitachi IC Memories

Table 6 Results on Hi-BiCMOS Memory Reliability Test (2)

. HM100490-15 (Cerdip) HM6788P-25 (Plastic)
Test item Test condition - -

Samples Failure Samples Failure
Temperature cycling -55°C ~ -150°C 100 cycles 180 0 180 0
Soldering heat 250°C 10 seconds 22 0 22 0
Thermal shock 0°C ~ 100°C 10 cycles 50 0 50 0
Mechanical shock 1500G, 2051";(5 ’I"{hl;%tizmes each 22 0 - -
Variable frequency 100 ~ 20023‘, )2(0% ';l:]e; times each 2 0 _ _
Constant acceleration 2000&?’)(1 r;’i::‘;ei cach 22 0 - -

23 Reliability test data on MOS memories

2.3.1 Reliability test data on MOS DRAM and
SRAM

Table 7 and table 8 shows the reliability test data on

the representative types of 1M DRAM (HM511000/

HM514256), 256k SRAM (HM62256) 1M SRAM

(HM628128FP).

® Table 7 Reliability Data on 1M DRAM

The life test is performed at high temperature and
high voltage to evaluate the reliability of products
using fewer samples. Al failures are caused in
manufacturing process, so we feedback the data into
manufacturing process to improve the quality and
reliability.

HM511000P/HMS514256P HM511000JP/HM514256JP
T Test Series (DIP) Series (SOP)
est item e p P Remarks
condition | sam- | Total | Fail-| FAMC | gom.| Total |Fai| Fadure
ples | test time | ures (1/hr) ples | total time | ures (1/h5)
High 125°C/5.5V | 300 | 6.00x10° | O 1.53x107¢ | 200 | 4.00x10% 0 |2.30x10
temperature 125°C/TV 1252 | 4.50x10° | 1* |4.48x10° | 3186 9.34x10° | 0 | 9.85x10™"
pulse operation 5 - —1 *1
150°C/7V_| 200 | 4.00x10° | 0 [2.30x10| 200 | 4.00x10° | 0 |2.30x10°® | oo
s L3 F 1
Moisture | 85°C85% RH| 420 | 8.40x10% | 0 | 1.10x10°*| 682 | 1.36x10° | 0 | 6.74x10-7 | " 2rre X1
Pressure I21°C/100% | 150 | 4.50x10* | 0 |2.04x10°*| 200 | 6.00x10% | 0 | 1.53x10°
* Confidence level 60%
® Table 8. Reliability Data on 256K and 1M SRAM
HM62256FP (SOP) HM628128FP (SOP)
: Test . :
Test item condition |Sam-| Total Fail- ﬁzltl::e Sam-| Total Fail- I;:‘tl:? Remarks
ples | test time | ures (1/hr) ples | total time | ures (1/hn)
Hich 125°C/5.5V 13088 | 3.11x10° 0 |8.88x1077|1038 | 1.04x10° 0 |8.86x1077
igh-
temperature 125°C/7V 455 | 4.55x10* 0 |[2.02x107¢| 951 5.33x10% | 1** | 3.79x107¢ *1 .
ulse operation Foreign x 2
4 P 150°C/7V 103 | 1.00x10° | 1*! | 2.02x10°° 80| 1.60x10° 0 |5.75x10°¢
. o *
Moisture 85°CI8S% | 680 | 6.80x10° | 0 |1.35x10°| 127|2.54x105 | 0 |3.62x10% | "2 LK *1
endurance RH 7V
Pressure 121°C/100% | 33 | 6.40x10* | 1*2 [3.16x10%| 90| 2.70x10% | 0 |3.41x10°®
cooker RH
* Confidence level 60%
@ HITACHI
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Reliability of Hitachi IC Memories

2.3.2 Reliability Test Data on EPROM

EPROM has two types; conventional EPROM with
transparent window and one time programmable
ROM (OTPROM) packaged in plastic package. Table

9 shows reliability test data on the representative
EPROM types 512k EPROM (HN27512,
HN27512P), 1M EPROM (HN27C101, HN27C301).

® Table 9. Reliability Data on 512K and 1M EPROM

HN27512 (Cerdip/Plastic) HN27C101/HN27C301
. Test s .
Test item condition |Sam-| Total |Fail| Failire | sam | Total | Fail| Fallure Remarks
ples | test time | ures (1/hr) ples | total time | ures (la/hr)

High- 125°C/5.5V | 200 | 3.72x10° | 0 | 247x10% | 180 | 3.24x10° | 0 |2.84x10°
t 11
opemation | 125°C/7V | 530 [7.95x105 | 0 |116x10% | 327 | 6.54x105| 0 [141xt0| L
Hish 175°C 260 [4.91x10° | 0 |[1.87x10¢| 150 [ 7.5x10% | 0 |[1.23x10°¢ | dissipation x 49
igh-
temperature 200°C 240 |3.72x10° | 1*' | 5.43x10™ | 130 | 6.49x10% | 1*' [3.11x107
bak
ake 250°C 180 | 1.89x10° | 7*' | 4.44x10°* | 110 | 3.07x10° | 40** | 1.30x40*
M‘;‘““;e ;5}1‘;/’5‘@% 290 |5.22x10° | 0 |1.76x10% | — - - - | pataof 512K
enaurance . OTPROM
Pressure 12°C/100% | 50 | 0.10x10° | 0 |920x10%| — | - - -
cooker RH

* Confidence level 60%.

The failure shown in table 9 is due to the data dis-
sipation in memory cells. Getting thermal energy,
electrons in memory cells are activated and go
through the floating gate. In actual usage, however,
it has no problem because this phenomenon de-
pendes on temperature (about 1.0eV of activated

Table 10 shows the example of PROM derating.
When derating, the parameter is generally only the
temperature because other operating conditions are
specified. Especially to lower the junction tempera-
ture during mounting is important for stabilizing the
operation relative to access time, refresh time and

energy) greatly. The moisture resistance of other characteristics.

OTPROM is also satisfactory.

® Table 10 Example of HN27C101/HN27C301 Derating

Factor

Temperature 10°
Electrical Characteristics,
107 /
108

Failure criteria Function Test

Increase of leak current
and others

Failure mechanism

Results:
The result from high temperature baking of PROM
is shown in the right figure.

MTTF (hr)
3
\

104

/
4/

PlL PP
/éﬁ g 888 8 &
102 P N N ) ]
15 20 25 3.0 35
103/7j (K™')

Note: Decreasing junction temperature shown in the figure will promise the higher reliabili%. The junction temperature
can be calculated by a formula : Tj = T, + 0j3*Pg 0, in about 100°C/{5 with no air flow and about 60 to
70°C/W with 2.5 m/s air flow,

@ HITACHI
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Reliability of Hitachi IC Memories

2.3.3 Reliability Data on MASK ROM
Table 9 shows the reliability test data on 2M and
4M bit MASK ROM. MASK ROM is patterned ac-

® Table 11.

cording to ROM information in manufacturing
process, so data dissipation isn‘t occurred in high
temperature like EPROM and EEPROM.

Reliability Data on 2M and 4M MASK ROM

HN62412P (Plastic) HN62404P (Plastic)
Testitem | (1%t | Sam- | Total |Fail-| FolMe | gum | Tota | Fail-| Falue | pemary
ples | test time | ures (1/hr) ples | test time | ures a /h').e
Hightemp. | 125°C/s.5V | - . - - 200 | 40x10° | 0 | 237
Speraton 125°C/1V | 120 | 1.2x10° | 0 | 7.67x10° | 300 | 3.0x10° | 0 | 3.0x10°
Moisture 85°C/85%
Moisture | 85 C/839 120 | 1.2x10° | 0 | 7.67x10% | 120 [1.20x10°| 0 | 7.67x10%
Pressure 121°C/ - " -
Pressur I tn 45 | 23x10° | 0 | a1x10® | 45 | 23x10*| 0 | 4.1x10°

* Confidence level 60%.

2.3.4 Reliability Data on MOS Memory (The result
of environment test)

Table 12 shows examples of each environment test

data. They show good results without any failure

even in severe environment.

Vry of MOS transistor is one of the basic process

® Table 12 Reliability Data on MOS Memories

parameters in MOS memory, which has almost no
change using surface stabilization technology and
clean process. Figure 4 shows the examples of time
changes for 1M DRAM; Vpp min. (Vn) and
access time (tgac) in high temperature puise test.

HM511000P [HM511000JP|HM62256 FP[HM628128FP| EPROM
P SOJ SOP’ OP i
Test item Test condition (o1 - (509 , (S0F) - (50P) (Cerdip) Remarks
Sam- | Fail- | Sam- | Fail- | Sam- | Fail- | Sam- | Fail- | Sam- | Fail-
ples | ure | ples | ures | ples | ures | ples | ures | ples { ures
5 -55°C to 150°C
Temperature cycling 10 cycle 3755( 0 2786 0 3328( 0 7100 0 2790 0
Temperature cycling Ef)f) g,g; 150°C| 150] o | 200| 0 4821 o 105/ 0 |450| 0O
Thermal shock Igfy‘é]? 150°C| 77/ o | 100l 0 | 76 o | 77| o | 80| o
Soldering heat 280 C: s 2|0 | 2|0 20 0 | 22010 | 22| 0
Mechanical shock 1,500G, 0.5ms - - - - - - - - 38| 0
Variable frequency ;3((); t02,000Hz | _ - -] - - - - - 38 0
Constant-acceleration 6000G - - — - - - - — 38 0 *6,000G

2.4 Change of Electrical Characteristics on IC
Memory

The degradation of lcgp and hge are the main

factors of degradation in inner cell transistor of

bipolar memory. In actual element designing, how-

ever, it is designed to operate in the range at which
no degradation happen. Therefore no change of
characteristics including access time are observed.
Time dependence in access time for HM10470 are
shown in Fig. 1.

@ HITACHI
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Reliability of Hitachi IC Memories

Figure 1 Time change in time for bipol Y
Example Example of time change in access time for Bipolar memory
Device name HM10480-15

Test condition

Ta =125°C, VEg = -5.2V

Failure criteria

tq4 = 15ns

Failure mechanism

Surface degration

Results:

Access time is stabilized.

2 Test Condition
[ Vee=—52v Maximum
Ta=25T §Average
Marching Pattern Minimum
151
»
£
<
3
10 i i i i
5+
L L 1 (C 1
0 500 1,000 772,000
Time (hr)

Figure 2 Time change in access time for Hi-BiCMOS memory

Example Example of time change in access time for Hi-Bi CMOS memory
Device name HM100490
Test condition Ta = 125°C, Vgg = -4.5V
all bit scanning
Failure criteria t44 =15ns Test Condition
p : - 20F Veg=—4.5V
Failure mechanism Surface degradation Ta=85C Haximon
Results: Marching Pautern :‘:,:::,;
Access time is stabilized. 15
z
] | !
100 X I
5 -
[:\4
r L Il 1 (( 1
0 500 1,000 772,000
Time thr!
@ HITACHI
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Figure 3 Time change in Voc min and t4 4 for Hi-BiCMOS memory

Example g)gnn:’glfs of time change in V¢ min and 144 for Hi-Bi CMOS
Device name HM6788P-25 r
Test condition Ta =125°C, VcC = 5.0V a
all bit scanning s § I T §
Failure criteria Voo =4.5V,t44 = 25ns e 3 b I
: , - £
Failure mechanism Surface degradation >g 2F Test Condition Moimum
Resuits: 1| Yee =5V Average
Both of V¢ (min) and t4 4 are stabilized. Ta=25.t Minimum
o Marching Pattern
1 il e 1
3 500 1,000 72,000
Time (hr)
30 Test Condition
Same as above
. BF
2
|
= 20 h 1
151
T 1 A1 L. -l
[1] 500 1,000 2,000
Time (hr)

Figure 4 Time change in Vpp min and tg4c for MOS memory

Example Example of time change in Vpp min and tg 4 ¢ for MOS memory
Device name HM511000P
Test condition Ta =125°C, Voc =7V 5r
all bit scanning
Failure criteria Vpp = 4.5V, aVpp = 1.0V ir
Failure mechanism Surface degradation s st F + 4 2
Results: ]
Access time (4 4) is stabilized and is within the failure 2 2F Test Condition .
- Maximum
criteria, Marching pattern } Average
ir ;z:z.ﬁ s Minimum
ol
4 — i |
0 500 1,000 2,000
Time (hr)
1o} Test Condition
Same as above
100}
2%
3 wf
Note: Test accuracy is 0.2V, 2ns.
70k
60}
O % T0% T
Time (hr)
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2.5 Failure Mode Rate

Figure 5 and 6 show examples of failure mode
happened in users’ application. Since IC memories
require the finest pattern process technology, the
percentage of failures, such as pinholes, defects on
photoresist and foreign materials, tends to increase.
To eliminate the defects in the manufacturing

Defective Insulation
Layer Due 10 Foregn

Materials 99

Pinholes

13%

Drfh:cliveh Photo-
lithography
10%

Defective
Metalization

2%

Statistics
for 1985~1987
10 ~ 50FIT

Non
reappearing
ailures

21%

Destruction

32%

Figure 5 Failure Mode Rate of Bipolar Memory

3. Reliability of Semiconductor Devices

3.1. Reliability Characteristics for Semiconductor
Devices
Hitachi semiconductor devices are designed, manu-
factured and inspected so as to achieve a high level
of reliability. Accordingly, system reliability can be
improved by combining highly reliable components
along proper environmental conditions. This
section describes reliability characteristics, failure
types and their mechanisms in terms of devices.

First, semiconductor device characteristics are

examined in light of their reliability.

(1) Semiconductor devices are essentially structure
sensitive as seen in surface phenomenon. Fab-
ricating the device requires precise control of a
large number of process steps.

(2) Device reliability is partly governed by elec-

Reliability of Hitachi Memories

process, Hitachi has improved the process and
performed 100% burn in screening under high tem-
perature. Hitachi has been collecting and checking
customers’ process-data and marketing data for
higher reliability of our products. To analyze them
is very helpful for the improvement of designing and
manufacturing.

Oxide
Film Failures

10%

Statistics
for 1985~1987
10 ~ 100FIT

Destruction 30%

Figure 6 Failure Mode Rate of MOS Memory

(4) Semiconductor device technology advances
drastically: Many new devices have been
developed using new processes over a short
period of time. Thus, conventional device re-
liability data cannot be used in some cases.

(5) Semiconductor devices are characterized by
volume production. Therefore, variations
should be an important consideration.

(6) Initial and accidental failures are only con-
sidered to be semiconductor device failures
based on the fact that semiconductor devices
are essentially operable semipermanently.
However, wear failures caused by worn mate-
rials and migration should be also reviewed
when electrode and package materials are not
suited for particular environmental conditions.

trode materials and package materials, as well as (7) Component reliability may depend on device

by the coordination of these materials with the mounting, conditions for use, and environment.

device materials. . Device reliability is affected by such factors as
(3) Devices employ thin-film and fine-processing voltage, electric field strength, current density,

techniques for metallization and bonding. Fine temperature, humidity, gas, dust, mechanical

materials and thin film surfaces sometimes stress, vibration, mechanical shock, and radia-

exhibit physically different characteristics from tion magnetic field strength.

the bulks.
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Initial failure
: Declining fnlure rates (m<1)

Wearout failure
: Rising failure nus (m>1)

Reduced failure rate
by maintenance

Speicfied failure rate

oo N Sedd b,

— e ———
=

Failure rate Aw

m : Weibull distribution

Random failure regio:
form parameter

h
1
(
|
: : Constant fnlure ntes (m=1)
t
L

Useful longevity

i
Time (t)

Figure 7 Typical failure rate curve

Device reliability is generally represented by the
failure rate. ‘Failure’ means that a device loses
its function, including intermittent degradation
as well as complete destruction.

Generally,~ the failure rate of electric com-
ponents and equipment is represented by the
bathtub curve shown in Fig. 7Z. For semicon-
ductor devices, the configuration parameter of
the Weibull distribution is smaller than 1, which
means an initial failure type. Such devices
ensure a long lifetime unless extreme environ-
mental stress is applied. Therefore, initial and
accidental failures can become a problem for
semiconductor devices. Semiconductor device
reliability can be physically represented as well
as statistically. Both aspects of failures have
been thoroughly analyzed to establish a high
level of reliability.

3.2 Failure Types and Their Mechanisms

3.2.1 Failure physics

Failure physics is, in a broad sense, a basic tech-

nology of “physics + engineering”. It is used to

examine the physical mechanism of failures in terms

of atoms and molecules to improve device reliabili-

ty. This physical approach was introduced to the

reliability field with the demand for minimized de-

velopment cost and period, as technology rapidly

developed and system performance increased, re-

quiring more complex and higher levels of reliabili-

ty. These conditions derived from the development

of solid state physics (semiconductor physics) after

World War |1 and associated device development.

Failure physics have been employed to:

1) Detect failed devices as soon as possible

2) Establish models and equation used for failure
prediction

3) Evaluate reliability in short periods by acceler-
ated life test

The purpose of the failure physics approach is to

contribute to reliability related fields such as
product design, prediction, test, storage and usage
by adding physics as a basic technology to conven-
tional experimental and statistical approaches.

3.2.2 Failure types and their mechanism

Device failures are physically discussed in this
section. Semiconductor device failures are basically
categorized as disconnection, short-circuit, de-
terioration and miscellaneous failures. These
failures and their causes are summarized in Table
11. Typical failure mechanisms are reviewed next.
(1) Surface Deterioration

The pn junction has a charge density of 10 —
10%/cm3. If charges exceeding the above density
are accumulated on the pn junction surface, partic-
ularly adjacent to a depletion layer, electric
characteristics of the junction tend to be easily
varied. Although the surface of such devices as
planar transistors is generally covered with a SiO,
film and is in an inactive state, the possibility of
deterioration caused by surface channels still exists.
Surface deterioration depends heavily on applied
temperature and voltage and is often handled by the
reaction model.

One example of recent failures is surface deteriora-
tion caused by hot carriers. Hot carriers are
generated when such devices as MOS dynamic
RAMs are operated at a voltage near the minimum
breakdown voltage BVpg by raising internal voltage
and when a strong electric field is established near
the MOS device's drain resulting from reduced de-
vice geometry from 2 um to 0.8 um. Generated hot
carriers may affect surface boundary characteristics
on a part of the gate oxide film, resulting in de-
gradation of threshold voltage (V+y) and counter
conductance (gm). Hitachi devices have employed
improved design and process techniques to prevent
these problems. However, as process becomes finer,
surface deterioration may possibly become a serious
probiem.

(2) Electrode-related Failures

Electrode-related failures have become increasingly
important as multi-layer wiring has become more
complicated. Noticeable failures include electro-
migration and Al wiring corrosion in plastic sealed
packages.

@ Electromigration

This is a phenomenon in which metal atoms are
moved by a large current of about 10° A/cm?
supplied to the metal. When ionized atoms collide
with current of about scattering electrons, an
‘electron wind’ is produced. This wind moves the
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metal atoms in the opposite direction from the
current flow, which generates voids at a negative

scopic volume resistivity of sealed resin. The Al line
corrosion mechanism described above is summarized

electrode, and hillock and whiskers at an opposite
one. The generated voids increase wiring resistance
and cause excessive currents to flow in some areas,
leading to disconnection. The generated whiskers
may cause shortcircuits in multi-metal line.

@ Multi-metal line related failures

Major failures associated with multi-metal line
include increased leak currents, shortcircuits caused
by a failed dielectric interlayer, and increased
contact metal resistance and disconnection between
metal wirings.

(® Al line corrosion and disconnection

When Plastic encapsulated devices are subjected to
high-temperatures, high-humidity or a bias-applied
condition, Al electrodes in devices can cause corro-
sion or disconnection (Fig. 8). Under high-tempera-
ture and high-humidity, corrosions are randomly

]

High Temp and High Temp and
High Humidity ?nldghBHu‘:“d“y

-

Random

Higher Potential Lower Potential
Area

Area

A

i

Intergranular
Corrosions

Figure 8 Categorized Al corrosion mode

Pit Corrosions Pit Corrosions

generated over the element surface. However, after
an extended period of time, the corrosions have not
significantly increased. Accordingly, this failure is
possibly due to an initial failure associated with
manufacturing. It is also verified that this type of
failure can be generated when the adhesion surface
between an element and resin is separated or when
foreign materials are attached to the element with
human saliva. Under a bias-appllied, high-tempera-
ture, high-humidity condition, on the other hand,
corrosions are generated in higher potential areas
while in lower potential areas, grain corrosion
occurs. Once this failure occurs in part of a device,
the device can become worn out in a relatively short
time. This failure proves to depend on the hydro-

in Fig. 9.
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(3) Bonding related failures

(@) Degradation caused by intermetallic formation
Bonding strength degradation and contact resistance
increase are caused by compounds formed in con-
nections between Au wire and Al film or between
Au film and Al wire. These are the most serious
problems in terms of reliability. The compounds
are formed rapidly during bonding and are increased
through thermal treatment. Consequently, Hitachi
products are subjected to a lower-temperature,
shorter-period bonding whenever possible.

@ Wire creep

Wire creep is wire neck destruction in an Au ball
along an intergranular system occurring when a
plastic sealed device is subjected to a long-term
thermal cycling test. This failure results from
increased crystal grains due to heat application
when forming a ball at the top of an Au wire, or
from an impurity introducing to the intergranular
system. Bonding under usual conditions with no
loop configuration failures does not cause this
failure unless a severe long-term thermal cycling test
is applied. Accordingly, wire creep is not a problem
in actual usage.

@ Chip crack

With the increase in chip size associated with the
increased number of incorporated functions, more
problems have been occurring during assembly, such
as chip cracks during bonding. Bonding methods

include Au-silicon eutectic, soldering and Ag-paste.
Soldering and Ag-paste exhibit few chip crack
problems. For Au-silicon eutectic, in contrast, large
stress is applied to a pellet due to its strength and
high temperature resistance for attachment, which
may result in critical chip defects. Today, the chip
destruction limit can be determined by finite-
element analysis and by distortion measurement
using a fine accuracy gauge. ldeally, Au-silicon
eutectic should be evenly applied over the entire
surface. However, this is difficult due to the
existence of a silicon oxide film on the silicon back
surface. Therefore, specifications for Au-silicon
eutectic have been - established based on stress
analysis and thermal cycling test results.

@ Reduced maximum power dissipations

For power devices, heat fatigue due to thermal

expansion coefficient mismatch among different

materials deteriorates thermal resistance. This
results in decreased maximum power dissipations.

(4) Sealing related failures

Hermetic sealing packages, including metal, glass,

ceramic, and all other types, have the possibility of

the following failures.

1. Al line corrosion on the chip surface due to slight
moisture and reaction between the different
ionized materials.

2. Intermittent moving foreign metals short

3. Al line corrosion due to extraneous H,0 caused
by hermetic failure

Moving foreign matter, even if it is a non-active

solid, can be charged up within a cavity during move-

ment, thereby inducing parastic effects and metal
shorts. The foreign matter detection method is
specified by MIL-STD-883C, PIND (Particle Impact

Noise Detection) Test. The PIND test consists of

filtering a particle impact waveform (ultrasonic

waveform), detecting it with a microphone, and
then amplifying.

(5) Disturbance

(DElectrostatic discharge destruction

Destruction caused by electrostatic discharge is a

problem common to semiconductor devices. A

recent report introduced three modes of this failure;

the human body model, charged device model and
field induced model.

The human body is easily charged. A person just

walking across a carpet can be charged up to 15000

V. This voltage is high enough to destroy a device.

An equivalent circuit of the human body model is

shown in Fig. 10. The human body’s capacitance

Cb and resistance Rb are 100 to 200 pF and 1000

to 200082, respectively. Assuming a body is charged
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with 2000V, the dissipated energy is obtained as
follows: With a time constant of 10”7 sec, the dis-
sipated energy is 2 KW, which is enough to destroy
a small area of a chip.

F—wA——e

Ch Rb Rd Re

¢ — Human Body Capacity

Rb — Human Body Resistance

Rd— Device Resistance

Re — Resistance Between Device and Ground

E= 2 CbV* =02x10%]
Figure 12 Equivalent circuit of human body model

In the charged device model, charges are accumulat-
ed in a device, not a human body, and discharged
through contact resistance during a short time. The
equivalent circuit of this model is shown in Fig. 13,
Device size and device position relative to GND are
important parameters in this model since the model
depends on device capacity.

In the field induced model a device is left under a
strong electric field or is affected by neighboring
high voltage material. Since the capacitor of device
or lead of device acts like an antenna, the following
cases will possibly cause destruction. 1) a device is
incorporated into a high electric field such as a
CRT, 2) a device is left under a high-frequency
electric field and 3) a device is moved with a con-
tainer charged at high voltage, such as a tube.

Vo >———’\N\r—°\ >
@ 1_:
___T_

Figure 13 Equivalent circuit of charging model

@ Latch up
Latch up is a problem unique to CMOS devices.

This problem is a thyristor phenomenon caused by
a parasitic PNP or NPN transistor formed in the
CMOS configuration. Latch up occurs when an
accidental surge voltage exceeding a maximum
rating, a power supply ripple, an unregulated power
supply and noise is applied, or when a device is
operated from two sources having different set-up
voltages. These cases can cause input or output
current to flow in the opposite direction from usual
flow, which triggers parasitic thyristors. This results
in excessive current flowing between a power supply

Reliability of Hitachi IC Memories

and ground. This phenomenon continues until the
power is off or the flowing current is forced to be
reduced to a certain level. Once latchupoccursin an
operating device, the device will be destroyed.
Much effort should be made in designing circuits to
prevent latch up. Latch up triggering input or
output currents start to flow under the following
conditions.

Vin <Vcc or Vin < GND for'input level

Vout > Vce or Vout < GND for input level
Therefore, circuits should be designed so that no
forward current flows through the input protection
diodes or output parasitic diodes.
@ Soft errors
When « particles are generated from uranium or
thorium in a package the silicon surface of an LSI
chip, electron-hole pairs are formed which act as
noise to data lines and other floating nodes, causing
temporary soft errors. This phenomenon is shown
in Fig. 14. Only electrons from among the electron-
hole pairs are only collected to a memory cell. As a
result, the cell changes from a state of 1 to 0, which
is a soft error.
Hitachi devices have been subjected to simulation
and irradiation tests to prevent soft errors. In some
cases, organic material, P1Q, is applied to the surface
of the device.

Figure 14 Soft error caused by « particles in dynamic
memory
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Table 13, Failure causes and mechanism

Failure related causes

Failure mechanisms

Faijlure modes

Passivation Surface oxide film, Pin hole, Crack, Uneven Withstanding voltage
Insulating film between thickness, Contamination, reduced, Short, Leak
wires Surface inversion, current increased,

Hot carrier injected hFE degraded, Threshold
voltage variation, Noise

Metallization Interconnection, Flaw, Void, Mechanical Open, Short,
Contact, Through hole damage, Resistance increased

Break due to uneven
surface, Non-ohmic
contact, Insufficient
adhesion strength,
Improper thickness,
Electromigration,
Corrosion

Connection Wire bonding, Bonding runout, Open, Short

Ball bonding Compounds between metals, Resistance increased
Bonding position mismatch,
Bonding damaged
Wire lead Internal connection Disconnection, Open, Short
Sagging, Short
Diffusion, Junction Junction diffusion, Crystal defect, Withstanding voltage

Isolation

Crystallized impurity,
Photo resist mismatching

reduced, Short

Die bonding

Connection between die
and package

Peeling chip, Crack

Open, Short, Unstable
operation, Thermal
resistance increased

Package sealing

Packaging, Hermetic
Seal, Lead plating,
Hermetic pakage &
plastic package, Filler gas

Integrity,

moisture ingress,
Impurity gas, High
temperature, Surface
contamination, Lead
rust, Lead bend, break

Short, Leak current
Increased, Open, Corrosion
disconnection, Soldering
failure

Foreign matter

Foreign matter in package

Dirt, Conducting foreign
matter, Organic carbide

Short, Leak current
increased

Input/output pin Electrostatistics, Electron destroyed Short, Open, Fusing
Excessive Voltage, Surge
Disturbance o particle Electron hole generated Soft error

High electric field

Surface inversion

Leak current increased
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(6) Fine geometry related problems However power supply has not been scaled down
In response to higher integration requirements for used for BV, only line dimensions have been fined
memories and microcomputers, LS| geometry has increasingly. Problems associated with finer geo-
been reduced in the way of 3um—2 um - 1.3 um metry are shown in Table 14.

->0.8um.,

Table 14. Finer ge y related probl

Item

Problems Countermeasure

5V single supply voltage

» Breakdown voltage of gate oxide films Oxide film formation process improved
+ 8i0, defects « Cleaning

» Gettering

« Screening

Horizontal dimension
reduction

» Soft errors by a particles Surface passivation film improved
- Al reliability reduced » Metallization improved

+ CMOS latch up « Design/layout improved

» Mask alignment margin reduced * Process improved

« Hot carriers

Vertical & horizontal
dimension reduction

» Higher breakdown voltage not permitted | Use of low voltage examined
« Electrostatic discharge resistance reduced | « Configuration improved
« Protection circuits enhanced
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Hl QUALITY ASSURANCE OF IC MEMORY

1. VIEWS ON QUALITY AND
RELIABILITY

Hitachi basic views on quality are to meet individual

users’ purpose and their required quality level and

also to maintain the satisfied level for general ap-

plication, Hitachi has made efforts to assure the

standardized reliability of our IC memories in actual

usage. To meet users’ requests and to cover expand-

ing application, Hitachi performs the followings;

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

(2) Establish the quality at all steps in manufactur-
ing process.

(3} Intensify the inspection and the assurance of re-
liability of products.

(4) Improve the product quality based on market-
ing data.

Furthermore, to get higher quality and reliability,

we cooperate with our research laboratories.

With the views and methods mentioned above,

Hitachi makes the best efforts to meet the users’ re-

quirements.

2. RELIABILITY DESIGN OF
SEMICONDUCTOR DEVICES

2.1 Reliability Target

Establishment of reliability target is important in
manufacturing and marketing as well as function
and price. It is not practical to determine the re-
liability target based on the failure rate under single
common test condition. So, the reliability target is
determined based on many factors such as each
characteristics of equipment, reliability target of
system, derating applied in design, operating condi-
tion and maintenance.

2.2 Reliability Design

Timely study and execution are essential to achieve

the reliability based on reliability targets. The main

items are the design standardization, device design

including process and structural design, design

review and reliability test.

(1) Design Standardization
Design standardization needs establishing design
rules and standardizing parts, material, and
process. When design rules are established on
circuit, cell, and layout design, critical items
about quality and reliability should be ex-
amined. Therefore, in using standardized

process or material, even newly developed prod-
ucts would have high reliability, with the excep-
tion of special requirement on function.
(2) Device Design
It is important for device design to consider
total balance of process design, structure
design, circuit and layout design. Especially in
case of applying new process or new material,
we study the technology prior to development
of the device in detail.
(3) Reliability Test by Test Site
Test site is sometimes called Test Pattern. It is
useful method for evaluating reliability of
designing and processing {Cs with complicated
functions.
1. Purposes of Test Site are as foilows;
e Making clear about fundamental failure mode;
e Analysis of relation between failure mode and
manufacturing process condition,
o Analysis of failure mechanism.
¢ Establishment of QC point in manufacturing.
2. Effects of evaluation by Test Site are as follows;
e Common fundamental failure mode and
failure mechanism in devices can be evaluated.
e Factors dominating failure mode can be
picked up, and compared with the process
having been experienced in field.
e Able to analyze relation between failure
causes and manufacturing factors,
e Easy to run tests.

2.3 Design Review

Design review is a method to confirm systematically

whether or not design satisfies the performance

required including by users, follows the specified

ways, and whether or not the technical items

accumulated in test data and application data are

effectively applied.

In addition, from the standpoint of competition

with other products, the major purpose of design

review is to insure quality and reliability of the

product. In Hitachi, design review is performed

in designing new products and also in changing

products.

The followings are the items to consider at design

review,

(1) Describe the products based on specified design
documents.

(2) Considering the documents from the standpoint
of each participant, plan and execute the sub-
program such as calculation, experiments and
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investigation if unclear matter is found.

(3) Determine the contents and methods of reliabil-

ity test based on design document and drawing.

(4) Check process ability of manufacturing line to

achieve design goal.

(5) Arrange the preparation for production,

(6) P!an and execute the sub-programs of design
changes proposed by individual specialists, for
tests, experiments and calculation to confirm the
design change.

(7) Refer to the past failure experiences with

similar devices, confirm the prevention against

Quality Assurance of IC Memory

3. QUALITY ASSURANCE SYSTEM OF
SEMICONDUCTOR DEVICES

3.1 Activity of Quality Assurance

The following items are the general views of overall

quality assurance in Hitachi;

(1) Problems is solved in each process so that even
the potential failure factors will be removed at
final stage of production,

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

As the resuit, we assure the reliability.

them, and plan and execute the test program
for confirmation of them.
In Hitachi, these study and decision at design review
are made using the individual check lists according
to its objects.

Step Contents

I - -
— Design Review

Purpose

Target
Specification
Design Material>, Parts Characteristics of Material and
Trial Approval Parts
Production aldd Appearance

Confirmation of
Characteristics and

Appearance, Dimension

gi:‘f";ei‘s’?slance Reliability of Materials
Mechanical and Parts
Electrical
Others
. Electrical Confi . fT

Characteristics Approval I Characteristics onhrmation of Target
Function Spec. Mainly about
Voltage Electrical
Current o
Temperature Characteristics
Others

Reliability Test
j Life Test
Thermal Stress
Moisture Resistance
Mechanical Stress
Others

r Quality Approval (1)

Confirmation of Quality
and Reliability in Design

l Quality Approval (2) J Reliability Test
Process Check same as

Quality Approval (1)

Confirmation of Quality
and Reliability in Mass
Production

Mass
Production

Figure 1 Flow Chart of Qualification
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3.2 Qualification

To assure the quality and reliability, the qualifica-

tion tests are done at each stage of trial production

and mass production based on the reliability design

described in section 2.

The followings are the views on qualification in

Hitachi:

(1) From the standpoint of customers, qualify the
products objectively by a third party.

(2) Consider the failure experiences and data from

customers.

(3) Qualify every change in design and work.

(4) Qualify intensively on parts and materials and
process.

(5) Considering the process ability and factor of
manufacturing fluctuation, establish the control
points in mass production.

Considering the views mentioned above, qualifica-

tion shown in Fig. 1 is done.

Process

i

Material, Parts I

o

Material,

Quality Control

Parts

Inspection of
Material and Parts

Method

Inspection on Material and
S
Parts for Semiconductor

Devices

Lot Sampling,
Confirmation of

Quality Level

Manufacturing

Manufacturing Equipment,
Environment, Sub-material,
Worker Control

Confirmation of
Quality Level

Screening

Inner Process

Quality Control

Lot Sampling,
Confirmation of
Quality Level

100% Inspection

L

|
|
|
|
|
i |
|
|
J

100% Inspection on
Appearance and Electrical

Characteristics

Products

Products
Inspection

Sampling Inspection on

Appearance and Electrical

Characteristics

Testing,

Inspection

Lot Sampling

Reliability Test i
__________ 1
Quality Information, |
Claim |
Field Experience |
General Quality |
Information ]
|
__________ -4

Figure 2 Flow Chart of Quality Control in Manufacturing Process

Confirmation of
Quality Level, Lot
Sampling

Feedback of
Information
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3.3 Quality and Reliability Control in Mass Produc-
tion

To assure quality in mass production, quality is

controfled functionally by each department, mainly

by manufacturing department and quality assurance

department. The total function flow is shown in

Fig. 2.

3.3.1 Quality Control on Parts and Materials

With the tendency toward higher performance and
higher reliability of devices, quality control of parts
and materials becomes more important. The items
such as crystal, lead frame, fine wire for wire bond-
ing, package and materials required in manufactur-
ing process like mask pattern and chemicals, are ali
subject to inspection and control.

Besides qualification of parts and materials stated in
3.2, quality control of parts and materials is defined
in incoming inspection. Incoming inspection is per-
formed based on its purchase specification, drawing
and mainly sampling test based on MIL-STD-105D.
The other activities for quality assurance are as
follows.

® Table 1. Quality Control Check Points of Parts
and Material (example)

Material, Important . N
Parts Control Items Point for Check
Appearance Damage and Contamina-
tion on Surface
Dimension Flatness
Wafer Sheet Resistance Resistance
Defect Density Defect Numbers
Crystal Axis
Appearance Defect Numbers, Scratch
Mask Dimension Dimension Level
Resistoration
Gradation Uniformity of Gradation
Fine Appearance Contamination, Scratch,
Wire for . R Bend, Twist
Wire Dimension )
Bonding Purity . Purity Level
Elongation Ratio Mechanical Strength
Appearance Contamination, Scratch
Dimension Dimension Level
Processing
Frame Accuracy
Plating Bondability, Solderability
Mounting Heat Resistance
Characteristics
Appearance Contamination, Scratch
Dimension Dimension Level
Leak Resistance Airtightness
Plating Bondability, Solderability
Ceramic Mounting Heat Resistance
Package Characteristics
Electrical
Characteristics
Mechanical Mechanical Strength
Strength
Composition Characteristics of
Plastic Material
Electrical
Characteristics
: Thermal
Plastic Characteristics
Molding Molding Performance
Performance
Mounting Mounting Characteristics
Characteristics

Quality Assurance of IC Memory

(1} Technology Meeting with Vendors

(2) Approval and Guidance of Vendors

(3) Analysis and tests of physical chemistry.

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

3.3.2 tnner Process Quality Control
To control inner process quality is very significant
for quality assurance of devices. The quality
control of products in every stage of production is
explained below. Fig. 3 shows inner process quality
control.
(1) Quality Control of Products in Every Stage of
Production
Potential failure factors of devices should be re-
moved in manufacturing process. Therefore, check
points are set up in each process so as not to move
the products with failure factors to the next
process. Especially, for high reliability devices,
manufacturing lines are rigidly selected in order to
control the quality in process. Additionally we per-
form rigid check per process or per lot, 100%
inspection in proper processes sO as to remove
failure factors caused by manufacturing fluctuation,
and screenings depending on high temperature aging
or temperature cycling. Contents of controlling
quality under processing are as follows:
e Contro! of conditions of equipment and workers
and sampling test of uncompleted produsts.
Proposal and execution of working improvement.
Education of workers
Maintenance and improvement of yield
Picking up of quality problems and execution of
countermeasures toward them.
¢ Communication of quality information.
{2) Quality Control of Manufacturing Facilities and
Measuring Equipment
Manufacturing facilities have been developed with
the need of higher devices in performance and the
automated production. It is also important to de-
termine quality and reliability.
In Hitachi, automated manufacturing is promoted
to avoid manufacturing fluctuation, and the opera-
tion of high performance equipment is controlled to
function properly.
As for maintenance inspection for quality control,
daily and periodically inspections are performed
based on specification on every check point.
As for adjustment and maintenance of measuring
equipment, the past data and specifications are
clearly checked to keep and improve quality.
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(3) Quality Control of Manufacturing Circumst-

ances and Sub-material.

Quality and reliability of devices are affected
especially by manufacturing process. There-
fore, we thoroughly control the manufacturing
circumstances such as temperature, humidity,
dust, and the sub-materials like gas or pure

Dust control is essential to realize higher in-
tegration and higher reliability of devices. To
maintain and improve the clearness of manufac-
turing site, we take care buildings, facilities, air-
conditioning system, materials, clothes and
works. Moreover, we periodically check on
floating dust in the air, fatlen dust or dirtiness

water used in manufacturing process.

on floor.

Process Control Point Purpose of Control
YPurchase of Material
FWafer Wafer Characteristics, Appearance Scratch, Remova! of Crystal
Defect Wafer
Surface Oxidation Oxidation Assurance of Resistance
Inspection on Surface Appearance, Thickness of Pinhole, Scratch
Oxidation Oxide Film
Photo Resist Photo
Resist
Inspection on Photo Resist Dimension, Appearance Dimension Level
OPQC Level Check Check of Photo Resist
Diffusion Diffusion Diffusion Depth, Sheet Diffusion Status
Resistance
Inspection on Diffusion Gate Width Control of Basic Parameters
OPQC Level Check Characteristics of Oxide Film | (VTH, etc) Cleaness of surface,
' Breakdown Voltage Prior Check of Viu
I Breakdown Voltage Check
Evaporation Evapo- Thickness of Vapor Film, Assurance of Standard
ration Scratch, Contamination Thickness
Inspection on Evaporation
OPQC Level Check
Wafer Inspection Wafer Thickness, Vru Characteris- Prevention of Crack,
tics Quality Assurance of Scribe
Inspection on Chip Chip Electrical Characteristics
Electrical Characteristics
Chip Scribe Appearance of Chip
Inspection on Chip .
Appearance
J OPQC Lot Judgement
I-Frame
PAssembling Assembling | Appearance after Chip Quality Check of Chip
Bonding Bonding
Appearance after Wire Quality Check of Wire
Bonding Bonding
©OPQC Level Check Pull Strength, Compresion Prevention of Open and
Width, Shear Strength Short
?Inspection after Appearance after Assembling
Assembling
OPQC Lot Judgement
-Packnge% ) .
Sealing Sealing Appearance after Sealing Guarantee of Appearance
Outline, Dimension and Dimension
OPQC Level Check Marking Marking Strength
Final Electrical Inspection
OFailure Analysis Analysis of Failures, Failure | Feedback of Analysis Infor-
Mode, Mechanism mation
Appearance Inspection
Sampling Inspection on
Products
Receiving
Shipment
Figure 3 Example of Inner Process Quality Control
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Quality Assurance of IC Memory

The inspection is executed not only to confirm
that the products meet users’ requirement, but

3.3.3 Final Tests and Reliability Assurance
(1) Final Tests

Lot inspection is done by quality assurance
department for the product passed in 100% test
in final manufacturing process. Though 100%
of passed products is expected, sampling inspec-
tion is subjected to prevent mixture of failed
products by mistake.

(2)

to consider potential factors. Our lot inspec-
tion is based on MIL-STD-105D.

Reliability Assurance Tests

To assure reliability, the reliability tests are per-
formed periodically, and performed on each
manufacturing lot if user requires.

Customer

Claim
(Failures, Information)

Sales Dept.
Sales Engineering Dept.

Quality Assurance Dept. Failure Analysis

|
I i

Countermeasure
Execution of
Countermeasure

I
|
|
= s
|
I
I

Manufacturing Dept. Design Dept.

L

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

Quality Assurance Dept. Follow-up and Confirmation

of Countermeasure Execution

Sales Engineering Dept.

Reply

Customer

Figure 4 Process Flow Chart of Coping with Failure to a Customer
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l OUTLINE OF TESTING METHOD

1. INSPECTION METHOD

Compared to conventional core memories, IC
memories contain all peripheral circuits, such as the
decoder circuit, write circuit and read circuit. Asa
result, assembly and electrical inspection of ICs are
all performed by IC manufacturers. Consequently,
as the electrical inspection of IC memories are
becoming more systematic, conventional IC inspec-
tion facilities are becoming useless. This has led to
the development and introduction of a memory
tester with pattern generator to generate the inspec-
tion pattern of the memory IC at high speed. A
function test for such as TTL gates can be per-
formed even by a simple DC parameter facility.
However, when the address input becomes muiti-
plexed as in 16K, 64K and 256K memory, even the
generation of the function test pattern becomes a
serious problem,

In the memory IC inspection, its quality cannot be
judged by DC test on external pins only, because the
number of the element such as transistor which can
be judged in the DC test is only 1/1000 of all ele-
ments. The followings are the address patterns pro-
posed to inspect whether the internal circuits are
functioning correctly.

(1) All “Low”, All “High”

(2) Checker Flag

(3) Stripe Pattern

(4) Marching Pattern

(5) Galloping

(6) Waling

(7) Ping-Pong

Those are not all, but only representative ones.
There are the pattern to check the mutual inter-
ference of bits and the pattern for the maximum
power dissipation. Among the above mentioned
patterns, those of (1) to (4) are called N pattern,
which can check one sequence of N bit 1C memory
with the several times of N patterns at most. Those
of (5) to (7) are called N? pattern, which need
several times of N? patterns to check one sequence
of N bit IC memory. Serious problem arises in using
N? pattern in a large-capacity memory. For ex-
ample, inspection of 16K memory with galloping
pattern takes a lot of time — about 30 minutes. (1),
(2} and (3) are rather simple and good methods,
however, they are not perfect to find any failure in
decoder circuits. Marching is the most simple and
necessary pattern to check the function of IC
memories.

2. MARCHING PATTERN

The marching pattern, as its name indicates, is a pat-

tern in which ““1's march into all bits of ““0"’s. For

example, a simple addressing of 16 bit memory is

described below.

(1) Clearallbits ............. See Fig. 1 (a)

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

(3) Write “1' on Oth address. . . . . .. See Fig. 1(b)

(4) Read 0" from 1st address.

(5) Write “1" on 1st address.

(6) Read "“0” from nth address.

(7) Write “1” onnth address . .. ... See Fig. 1(c)

(8) Repeat (6) to (7) to the last address. Finally,
all data will be “1".

(9) After all data become ““1”, repeat from (2) to
(8) replacing “'0” and “1”',

In this method, 5N address patterns are necessary

for the N-bit memory.

a b c
) 0 0 0 . 1 0 0 0 1 1 i 1
[] 0 0 0 0 0 [ 0 1 1 1 1
0 0 [ 0 0 0 [ [} 1 1 0 [
0 0 0 [ 0 0 0 [} 0 [ 0 0

Figure 1 Addressing method of for 16 bit memory in the
Marching pattern
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l APPLICATION

1. Static RAM

1.1. Static RAM Memory Cell

The static RAM memory cell consists of flip-flops
organized as 4 NMOS transistors and 2 load resistors
as shown in figure 1-1. The data in the cell can be
retained as long as power is supplied, and read out
without being destroyed.

Word Line

Data
Line

(®)

Data
Line
(D)

Figure 1-1. Static RAM Memory Cell

1.2. Data Retention Mode and Battery Back-up
System
The data in RAM is destroyed at power off. How-
ever, CMOS static RAM has a data retention mode.
In this mode, power consumption at standby is ex-
tremely low and supply voltage can be reduced to
2V. So, it enables a battery back-up system to
retain data during power failure.
Data Retention Mode: The important point in
designing a battery back-up system is the timing
relation between the memory power supply during
the change (ordinal source = battery) and the chip
select signal. If the timing for the change is missed,
the data in memory might be destroyed.
Figure 1-2. shows the timing for switching the
power supply. The following explains the technical
terms related to the data retention mode.

Data retention mode

Vee
45V 4.5V

[
& v Vor 220V 22V

teor 2]

CS(CE)Z Vor—02V-
Ve e e —_—

Figure 1-2. Timing for Battery Back-up Application
Data retention mode: The period that the power
supply voltage is lower than the specified operation
voltage, During this period, memory must be kept in
non-select condition (e.g. CS = Vpr ~ 0.2V).

tcpr (time for chip select to data retention): The
minimum time needed to change from operating
mode to data retention mode. Normally O ns.
tp (Operation recovery time): The minimum time
needed to change from data retention mode to
operating mode. Normally, it is the same as the
cycle time of the memory.
Vpr (data retention voltage): The voltage applied in
data retention mode. Normally, the minimum
supply voltage needed to retain memory datais 2 V.
Iccpr (data retention current): The current con-
sumption in data retention mode. It depends on
memory power supply voltage and ambient tem-
perature. It is specified at supply voltage (Vpg) =
3.0V.
Battery Back-up System: battery back-up sequence
is described in the following:
1. External circuit detects failure of system power
supply.
2. External circuit changes RAM to standby mode.
3. External circuit separatess RAM from system
power supply.

4. External circuit switches to Back-up power
supply.
o System Vee g . Memory Vee
3
]
— g =
D 2
5 B
© © Memory
control pin

Figure 1-3. Example of Battery Back-up System

The control circuit detects the power failure and
cuts off the power after switching memories to
standby mode. On recovery, it confirms power
supply and after some delay, returns memories to
operating mode. The memory control signals
depend on the types of memories used in the
system.

Using memory with only one CS. NAND signal
between the control signal and chip select signal
should be connected to CS. As the level of CS in
data retention mode must be higher than Vpg —
0.2V, the power supply for this NAND gate must
either be shared with the memory power supply,
or be pulled up to the memory power supply.
Using memory with two CS. Basically, the
signals are the same as mentioned above. In
general use, two pins should be used for the
control signal and the chip select signal respec-
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tively. C—S which can intercept current path of
other pins in the input buffers, is for control
signal input of data retention mode.

Using memory with CS and CS. As CS selects
the chips at high level, it is better to use CS than
€S as control signal input for data retention
mode. As soon as power down is detected,
signals should be brought to low level. So a pull-

up to the memory power supply level is not

needed and circuit organization is simplified.
Figure 1-4 shows an example of a battery back-up
system circuit. Hitachi recommends using CMOS
logic for gate Gy in control circuit and memory
Vee. The low Vg transistor Q; is required to
switch regulating circuit from system power supply
to back-up power supply.

Regulating circuit

+5V o System Voe !—én Memory Vec {— - ""—I

-—t- -1 CMOS RAM )

) % |

'

! Detective & i 2~V
circuit

l of system Vss I

N VCC

L™

Chip B

select

Control circuit

r
L

Back-up
‘? circuits

Figure 1-4. Example of Battery Back-up System Circuit
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2. Pseudo-Static RAM

2.1 Pseudo-Static RAM Features

A new type of memory, pseudo-static RAM has
been developed providing the advantages of
dynamic RAM (low cost, high density), and static
RAM (easy usage). |C memory consists of memory
cells for data storage, and input/output circuits for
interfacing to the external circuits. PSRAM pro-
vides the memory cell and peripheral circuits of
DRAM and the external control circuits, which
includes a part of the refresh control circuits not
provided by dynamic RAM, and interface circuits
similar to that of static RAM, on a chip, as shown in
table 2-1. Address input is not multiplexed and
data input/output is byte-wide like standard static
RAM. With PSRAM x 8 organization, medium
density memory system can be designed easily.
PSRAM provides address refresh, automatic refresh
and self refresh.

Figure 2-1 shows examples of system design using
PSRAM and DRAM. Using PSRAM, the circuits

Lod o

e Data 1
Address
¢ Address E
P Selector S
=
U Ref. Address
Status Generator
Ti &
B I
(DRAM)
Y Data
[‘ Address
P
Timer &
:

tion

Table 2-1. PSRAM Features
SRAM PSRAM | DRAM
Memory Cell 4Tr+2R 1Tr+1C
Organization x1, x4, x8 x8 x1, x4
Address Single Address Xg(lit;g Slsexed
Nor
Refresh Necessary Necessary
External Circuits Simple <—————=> Complexed

interfacing CPU to DRAM can be drastically
reduced.

Figure 2-2 shows block diagram of pseudo static
RAM.

2.2. 1 Mbit Pseudo-Static RAM Function

Read/Write Cycle: Figure 2-3 and figure 2-4 show
the timing chart for the read/write cycle of 1 Mbit
pseudo-static RAM HM658128. The HM658128
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F Ty ~

OE

(PSRAM)
Figure 2-1.  System Organization
< =l e lemory Array
3 2
:S: . é T (1Tre+ 10/Celd
o 2] e
o n:E >4
Refresh ] J\I
Address %efreSh
Counter imer Column I/0 Data
) Column Decoder
CE —]
= Control
OE | Logic
WE —~
Column Address
Figure 2-2, Block Diagram (PSRAM)

can perform 2 types of access in a read cycle, CE
access (Figure 2-3 (a)) and OE access figure 2-3 (b)).
It writes the data at the rising edge of WE (figure
2-4 (a)) or at the rising edge of CE (figure 2-4 (b)).
The CS pin should be brought high when the ad-
dress is latched at the falling edge of CE in the read/
write cycle. The HM658128 has no OE specifica-
tion at the falling edge of CE as it provides both OF
pin and RFSH pin.

—_ —
TR XEXXRERRER

WE

Cs

AR
iy
Z777 7 I

|
LT\

teea

(a) CE access

Data

Figure 2-3.

(b) ()_F:‘ access
Read Cycle
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CS Standby Mode: The HM658128 enters CS
standby mode for one cycle if CS turns to low
at the falling edge of CE (figure 2-5).

E _—_J[ {_ -/ 1 -
Standby
a XCRRIRIRIR —
e R YOO XXX & —
= L0 . - W\ | [ITTITTITT]
e \ [
s ’ ” - H ,HE\ ,” ‘! H\ \H Figure 2.6, CS Standby Mode
Data 4‘ Din 3 —{ Din D—
(a) Write at the rising edge of WE. (b) Write at the rising edge of CE,
Figure 2-4. Write Cycle
Address Refresh: Address refresh mode performs distributed mode). In this mode, CS should be high

refresh by access to row address (AQ — A8) 0 — 511 at falling edge of CE.
sequentially within 8 ms, as shown in figure 2-6 (in

15us

(@

AO~AS Don't

/
0 care
ol
Don’t Don't Don't Don't
e X E TS T
——

Cs

Refresh R/W

Figure 246. Address Refresh

Automatic Refresh: The HM658128 goes to auto- address pins A0 — A8, as it is generated internally.
matic refresh mode if RFSH falls while CE is high Figure 2-7 shows the timing chart for distributed
and it is kept low for more than 180 ns. refresh. In automatic refresh mode, the timing for
It is not required to input the refresh address from only CE and RFSH are specified.

15us

& _f VY S VR A VR A
LE// N S I I N A WA/ A S A W

180ns = Refresh<<8us

Figure 2.7. Automatic Refresh

Self Refresh: Self refresh mode performs refresh at enabled by keeping CE high and RFSH low for
the internally determined interval. The HM658128 more than 8 us {figure 2-8).
enters the mode when the internal refresh timer is
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CE / 7 3
RFSH
N/ R
L
Refresh
28us 2 180ns

Figure 2.8.  Self Refresh

Considerations on Using HM658128: The following

should be considered when using the HM658128.

® Data retention. The HM658128 can retain the
data with a battery (but not for long time). The
HM658128L, low power version, offers typical
self-refresh or standby current of 100uA.
A 1-Mbyte system (using eight HM658128Ls)
can retain the data for about 1.5 months with
battery of 100 mAh current. Vge =5V £10%
must be maintained for data retention.

® Power on. Start HM658128 operation by
executing more than eight initial cycles (dummy
cycles) more than 100 us after power voltage
reaches 4.5 V — 5.5 V after power on.

® Bypass capacitor. Hitachi recommends inserting
1 bypass capacitor per RAM.

2.3 Pseudo-Static RAM Data Retention

PSRAM with self refresh retains data CE and OE
are fixed for more than defined period. The follow-
ing explains considerations for PSRAM data reten-
tion. .

First, PSRAM cannot retain the data at low supply
voltage.

They employ 1 MOS type memory cell as shown in
figure 2-9. The charge is stored on the capacitor C
as memory data. The data 1, written at low supply

éﬂa

3
Figure 2-9. Memory Cell of PSRAM

Word Line

voltage, cannot be read as 1 at high supply voltage.
Figure 2-10 indicates the operation voltage for self
refresh and subsequent read of PSRAM. !f the data
is read out at more than 5 V of V¢, for example,
after self refresh is performed at Voc = 3.7 V, it is
destroyed.

PSRAM must be used at supply voltage from 4.5V
to 5.5V.

Application

Second self refresh current increases at low supply
voltage.

Spec

Read Voltage

Fail

Self Refresh Voltage
Figure 2-10. PSRAM Operating Voitage

PSRAM provides the voltage level detector circuit
to reduce self refresh current. However, it should
be noted that the circuit increases the current with
low supply voltage in self refresh (figure 2-11). Self
refresh current also increases at low temperature
(figure 2-12).

Current

Spec
45V 55V

Power Supply Voltage

Figure 2-11. Self Refresh Current vs. Voltage

‘Temperature

Figure 2-12. Self-Refresh Current vs Temperature

Please use PSRAM within the recommended opera-
tion range (Ve more than 4.5 V, temperature more
than 0°C) for data retention, especially using a
battery.
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3. Video RAM

3.1. Multiport Video RAM

Figure 3-1 shows general idea of video RAM. Multi- display memory is realized by using the random
port video RAM provides an internal data register port of the RAM part for graphic processor drawing
(SAM} with the memory (RAM). Both of them and the serial port of the SAM part for CRT display.
can be accessed asynchronously. Effective graphic

RAM SAM
"
H
DRAM : .
Random port <::> memory cell ” § M Serial port
5
a

Drawing ﬁ Display

Address Multi-port

Video RAM
Graphic
Processor

Figure 3-1. General Idea of Multi-port Video RAM

Figure 3-2 shows the block diagram of the 256- shows the operation modes of the HM53461.
kbit multiport vidleo RAM HM53461, and table 3-1

DT/OE

' RAM SAM :
| Dl}i'xﬁic AL A §
2 s1/0
1/0 :> :;Ir:ory y 3 /
a
Random 1 E::al
port
Temporary
write mask
i register H
WE. 1
P - - - - |
sC SOE
Figure 3-2. Block Diagram of HM53461
The operation modes shown in table 3-1 are described as follows.
Table 3-1. Operation Modes of HM53461
At the falling edge of RAS SAM modes
—— — — — RAM mod
TAS | DT/OE | WE SOE odes S1/O direction Notes
H H H X Read/write Sin/Sout 1,2,3
H H L X Temporary write mask data program Sin/Sout 1,2,3
H L H X Read transfer Sout 2
H L L L Write transfer Sin
H L L H Pseudo transfer Sin
L X X X CBR refresh Sin/Sout 1,2
H: High
L: Low

X: Don’t Care
Notes: 1. Transfer cycle executed previously defines SI/O direction.
2. SI/O is in high impedance state with SOE high, even if the direction is Sout,
3. The HMS$3461 starts write operation if WE is low at the falling edge of CAS or become low between the falling
edge of CAS and the rising edge of RAS,
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Read/Write Operation: Read/write is performed
on the random port in the same sequence as for a
dynamic RAM (figure 3-3). The HM53461 starts
the read operation with WE high and the write
operation at the falling edge of WE.

Column 1/0
Data register
Selector

Temporary
AN write mask
register
1/01—1/04
Figure 3-3. Read/Write Operation

Temporary Write Mask Set and Temporary Masked
Write Operation: The HM53461 provides tem-
porary masked write operation which inhibits to
write data bit-by-bit (write mask) during one RAS
cycle. Temporary write mask set function defines
the bits to be inhibited (figure 3-4). This operation
puts the data on I/O1 — 1/04 into the internal tem-
porary write mask register. When 0 is programmed
to the register, writing to the corresponding bit is
inhibited.

The temporary write mask register is reset at the
rising edge of RAS.

Data register
Selector

Column [/0

1/01—1/04

Figure 3-4, Temporary Masked Write Operation

Application

Read Transfer Operation: In this cycle, the
HM53461 transfers the data of one row in RAM
(1024 bits), which address is specified at the falling
edge of RAS, to SAM (figure 3-5). The start address
in SAM can be programmed at the falling edge of
CAS in this cycle. After data transfer, the serial
port turns to serial read mode at the rising edge of
DT/OE.

SAM start address

§ ° L] F_\\
B e
SllE memors N 2| £ = svoi-svos
£ll3 cell el
2 z
Figure 35. Read Transfer Operation

Write Transfer Operation: In this cycle, the
HM53461 transfers the data in the SAM data re-
gister (1024 bits) to one row in RAM, which address
is specified at the falling edge of RAS (figure 3-6).
The start address in SAM can be programmed in this
cycle. After data transfer, serial port turns to serial
write mode.

A0~ A7

SAM start address

I

Row decoder

'§ =3 ﬂ’\\g
= DRAM A & &
-E 5 memory gl § K3 si/o1-s1/04
E 3 cell N g &
3¢ .

Figure 3-6. Write Transfer Operation

Pseudo Transfer Operation: This operation switches
the serial port to serial write mode (figure 3-7). It
does not perform data transfer between RAM and
SAM. SAM start address can be programmed in this
cycle.
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DRAM
memory
cell

Column /0

g K s1/01-s1/04

Column decoder

Data register

Figure 3-7. Pseudo Transfer Operation
CAS-Before-RAS Refresh Operation: The HM53461

performs refresh by using the internal address
counter in this operation (figure 3-8).

| Column l
latch

Row
latch

DRAM
memory
cell

Column decoder
Column 1/0
Data register

Selector

Figure 3-8. CAS-Before-RAS Refresh

Serial Read/Write Operation: The HM53461 reads/
writes the contents of the SAM data register in serial
at the rising edge of SC (serial clock input) (figure
3-8). The address for serial access is generated by
the internal address pointer, independently of
random port operation. It should be considered
that serial access is restricted in transfer cycles. The
SAM, employing static-type data registers, requires
no refresh.

Column
latch
Row

DRAM
memory
cell

K= si/o1-s1/04

Data register
Selector

Column 1/0

Figure 3-9. Serial Read/Write Operation

The HMb53462 is a multiport video RAM, adding
logic operation capability to the advantages of
HM53461.

Figure 3-10 shows the block diagram. Table 3-2
describes the operation modes.

DT/OE
RAM SAM i
At on |
DRAM Data o N
memory register |\ A SI/0
cells N~ 14
'
Serial
Write Temporary port
) mask write mask !
register register )
Eep; |
1
'
WE——— - - - A — _ _]
sC SOE

Figure 3-10. Block Diagram of HM53462
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Table 3-2. Operation Modes of HM53462

At the falling edge of RAS SAM modes

CAS DT/OE WE SOE RAM modes S1/0 direction Notes
H H H X Read/write Sin/Sout 1,2,3
H H L X Temporary masked write Sin/Sout 1,2,3
H L H X Read transfer Sout 2
H L L L Write transfer Sin
H L L H Pseudo transfer Sin
L X X X ‘CAS-before-RAS refresh Sin/Sout 1,2
R e S e B i smsou |12

H: High L: Low X: Don’t Care
Notes: 1. Transfer cycle previously executed defines SI/O direction.
2 SI/O is in high impedance with SOE high, even if S1/O direction is Sout.

3: HMS5 3462 writes if WE is low at the falling edge of CAS or becomes low between the falling edge of CAS and the

rising edge of RAS.

Logic Operation Programming: This function
programs a logic operation (figure 3-11). The logic
operation is available until re-programmed or reset.
In logic operation mode, HM53462 performs read-
modify-write internally when data is written into
random port. The result of the logic operation
between memory data and written data is put into
the address from which the memory data is trans-
ferred.

In the logic operation programming cycle, the mask
register, which differs from the temporary mask re-
gister, is also programmed. It is available until re-
programmed.

A0—A7

&
- o
HEE z|s
N - &0
s | E B§
MEIRE 2|4
S a

Temporary write
mask register

t
register

1/01—1/04
(dotted lines indicate write in logic operation mode)

Figure 3-11. Logic Operation Programming

Notes: Notes on using HM53461/HM53462 are as

follows.

® Dummy RAS cycle. Devices should be initialized
by 8 dummy RAS cycles (minimum) before
access to random port. Refresh cycle can be in-
serted for initialization. It is recommended that
the system be initialized by dummy RAS cycle in
the automatic reset time of the processor.

® Bypass capacitor. One bypass capacitor should
be inserted between Ve and Vsg to each device.
The Ve pin should be connected to the capaci-
tor by the shortest path. A capacitor of several
MF is suitable.

® Negative voltage input. Negative polarity input
level to input pin or 1/O pin should be under -1
V. In this range, it has no effect on device
characteristics or RAM/SAM data retention.

® |[nitialization of logic operation mode
(HM53462). The logic operation programming
cycle should be executed before access to the
random port to initialize logic operation mode
after power on. At this time, the operation
codes (0101) and all 1 write mask data are re-
commended.

3.2. Line Memory

Hitachi has produced a line memory for line buffers

with simple circuits, providing specific functions as

described below.

The line buffer can improve picture quality by

storing 1 horizontal line data. It has following

features.

® (Capacity to store 1 horizontal line data

® High-speed operation matching the sampling
speed of PAL TV signal (4 fsc/8 fsc) or NTSC TV
signal (4 fsc/8 fsc).
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® Separate data inputs/outputs and capability of
serial data inputs and outputs.

The conventional line buffer composed of high
speed static RAMs requires separate input/output
for double buffer organization. It also requires
interleaving for high speed operation, matching
4 fsc/8 fsc, where fsc is the subcarrier frequency. In
addition, external circuits are needed for serial
address scan.

The line memory provides all of these functions.
Figure 3-12 shows the standard organization of a
conventional memory buffer and figure 3-13
shows the block diagram of line memory.

Line Buffer
Interleaving. -

A

SRAM

Output

Address
Address Control

Figure 3-12. Standard Organi of C ional
Line Buffer
Read
Add Read
Counter Clock
Input Output
Buffer 1H Memory Buffer

) Write
Write. Address

Clock Counter

Figure 3-13. Block Diagram of Line Memory

Output

The Hitachi HM63021 is a 2048-word x 8-bit line
memory storing 2 horizontal lines of data.
It has five different modes for various video graphic
system applications. It realizes high speed opera-
tions for PAL and NTSC TV signals, and dissipates
little power employing 1.3 um CMOS technology
and static-type memory cells.
The features of the HM63021 are described as
follows:
® Five modes for various video graphic system
applications
- Delay line mode
Alternate 1H/2H delay mode
— TBC (Time-Base Corrector) mode
Double speed conversion mode
— Time-base compression/expansion mode
® High speed cycle time
— HM63021-34: 34 ns min (corresponds to 8 fsc
of NTSC TV signal)
— HM63021-28: 28 ns min (corresponds to 8 fsc
of PAL TV signal).
Line memory in the system using digital signal
processing technologies offers following applica-
tions:
1. comb filter
2. double-speed conversion (non-interlace)
3. compression/expansion of graphics (picture-
in-picture)
4. dropout canceller
. time-base corrector
6. noise reducer

(3]
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4. Dynamic RAM

4.1. Dynamic RAM Memory Cell

The dynamic RAM memory cell consists of 1 MOS

transistor and 1 capacitor, as shown in figure 4-1. It
= detects the data in the cell (1 or 0) by the charge

stored in capacitor. Dynamic RAM offers higher

density than that of static RAM because of fewer

components per chip.

However, Dynamic RAM must rewrite data, called

refresh, in a defined cycle because the charge stored

in the capacitor leaks.

Figure 4-1. Memory Cell of Dynamic RAM

4.2. Power On Procedure

After turning on power, to set the internal memory
circuitry, hold for more than 100 us, then apply
eight or more dummy cycles before operation. The
dummy cycle may be either a normal read/write
cycle or a refresh cycle. When using an internal re-
fresh counter, eight or more CAS before RAS
refresh cycles are required as dummy cycles.

A0 — A9| Address Inputs
CAS | Column Address Strobe
Din Data In
Dout | Data Out
RAS | Row Address Strobe
WE | Read/Write Input
Veoc | Power (+5V)
Vss | Ground
A0 — A8| Refresh Address Inputs

(a) Pin Arrangement

Application

4.3 Address Multiplexing

Dynamic RAMs are used to increase capacity be-
cause of their smaller cell area. In using dynamic
RAMs in systems, however, it is desirable to increase
the memory density by using smaller packages. To
reduce the number of pins and the package size,
address multiplexing is used.

Using a 1-Mbit dynamic RAM, 20-address signals are
necessary to select one of 1,048,576 memory cells.
Address multiplexing allows address signals to be
applied to each address pin. Thus only 10-address
input pins are required to select one of 1048,576
addresses. Multiplexed address inputs are latched
as follows: RAS (Row Address Strobe) selects one
of word lines according to the row address signal,
and one of column decoders is selected by CAS
(column address strobe) following column address
signal. Although two extra signals, RAS and CAS,
are required, the number of address pins is reduced
to half. Figure 4-2 shows the pin arrangement,
address latch waveform, and the block diagram of
address-multiplexed 1-Mbit dynamic RAM. Systems
need an address multiplexer in order to latch the
multiplexed address signals into the device.

Extemal pennberal—-‘— Internal memory LSI

Row
Address __g
i3
Col
Address <= I
Multiplexed 1
Address |

_Memory Cycle
RAS \
CAS
Row Address Column Address
Address% R x ”
(b) Address Latch
RAS Row
Address
Word Line
tch
Circuit _§ L
Latch 3 >
Circuit a
CAS
Column address

{¢) Block diagram of Address Multiplexing
Figure4-2  Address Multiplexing of Dynamic RAMs
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4.4, Dynamic RAM Function

Figure 4-3 shows the normal function of Dynamic
RAM,

v ___4‘ taco
RAS
CAS y /

00 i

Address

Dout High Z
(a) Read Cycle

s B /
CAS A /

TN

Address
w TN /I
Din
Dout Tieh Z
(Barly WIite) ) write Cycle
P tawe

Dout ——<Hi¢h Z }‘—

(c) Read-Modify-Write Cycle

Random Read or Write Cycle Time
RAS to CAS Delay Time

Access Time from RAS

Access Time from CAS

Row Address

C: Column Address

tre:

tRCD:
IRAC:
CAC:

CAS \ /

Address

Din

(Delayed Write)

tRwc: Read-Write Cycle Time

Figure 4-3 Norms! Function of Dynamic RAM

Read Cycle: In the read cycle, a row address is

latched at the falling edge of RAS, and a column

address is latched at the falling edge of CAS after

the RAS falling edge. 1f WE is high, the data is

read out from Dout with the access time of tcac

{Access time from TAS) or tgac (Access time

from RAS). .

The tpep maximum (RAS to CAS delay time) is
specified only to guarantee the specified minimum
values of other timings such as the cycle time,
‘RAS/CAS pulse width. Therefore, when using these

timings with more than the specified minimum
value, there is no need to limit the tgeop to the
specified maximum value.

Write Cycle: Dynamic RAM provides two write
cycle modes: early write cycle and delayed write
cycle. In the early write cycle, when WE is low,
data is written into Din at the falling edge of CAS.
In delayed write cycle, when WE is high, data is
written into Din at the falling edge of WE after CAS
falling.

Read-Modify-Write Cycle: The read-modify-write
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cycle is initiated by taking WE high. Data is read
out from Dout at the falling edge of CAS with WE
high. Then, when WE goes low, data is written into
the same address from Din in the same cycle.

The cycle time in the read-modify-write mode
(trwc) is longer than the cycle time in read/write
mode (tgpc).

4.5 High Speed Access Mode

Dynamic RAM access time is typically longer than
that of static RAMs. To realize higher speed opera-
tion, they have high speed access modes.

The read operation in dynamic RAM is performed
as follows:

ation

o o

When a word line is selected by row address, all data
in the memory cells connected to the selected word
line is transferred to sense amplifiers. One of these
sense amplifiers is selected by the column address,
and its contents are output.

The output of data from other sense amplifiers is
controlied only by the column address.

Access controlled only by column address with the
row address fixed is called high speed access mode.
Table 4-1 compares each mode.

Page Mode: This is the most typical access mode in
dynamic RAM. The column address is switched
synchronized with CAS falling.

Nibble Mode: In a nibble mode dynamic RAM,

Table 4-1. C ison of Dy ic RAM High Speed Access Modes
RAS
Normal CAs
Mode Address
R : Row Address
Dout C : Column Address
RAS
Page CAS
Mode Address 2(E)
Dout
RAS /
Nibble CAS )
Mode niivens DX, 7777
Dout (1) {2) (30 D,
RAS
Static Column cs
Mode
Address
Dout
RAS
High-Speed —
Page Mode CAS
Address
Dout
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data from 4 sequential addresses is stored in the
4-bit output latch circuits. Output is provided by
the CAS signal, which controls the latch circuits.
When 4 addresses are accessed sequentially, the row
addresses on and after second bit need not be
selected. Therefore, it facilitates the timing design.
In nibble mode, the operation is limited to 4 ad-
dresses, however, it enables faster access {tyac)
than that in page mode.

Static Column Mode: In static column mode, the
column address is switched without the synchro-
nized signal by high-speed static RAM technology
in the peripheral circuits.

High Speed Page Mode: This mode is the advanced
mode of static column mode, with CAS providing
the address tatch function.

4.6 Refresh

Refresh operation is performed by accessing every
word line within the specified time (refresh cycle).
Table 4-2 compares the following refresh modes in
dynamic RAM.

RAS Only Refresh: In RAS only refresh mode,
refresh can be completed by selecting only row
addresses synchronized with RAS.

CAS Before RAS Refresh: This mode refreshes by
the CAS falling edge before RAS in the period de-
fined by the internal refresh address generator. This
mode simplifies the external address multiplexer.
Hidden Refresh: In hidden refresh, CAS before
RAS refresh is performed while output data is valid.

Table 4-2. Comparison of Dynamic RAM Refresh Modes

RAS
CAS
Read
Address
R : Row Address
pot ——————— > C : Column Address
RAS Ty /
RAS Only Y R
Refresh Nods 2 XN
Dout Dout : High Impedance
CAS before TN/
RAS cas TN/
Refresh Address
Dout
«———Read Cycle cec—sp <«———Refresh Cycle —on
RAS
Hidden —
Refresh CAS
Address ZZZK R X C WLLIZLZ72D)
Dout

V//J: Don’t care
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5. EEPROM

5.1. EEPROM Memory Cell

EEPROM s electrically erasable and programmable
ROM, which can be erased or written remotely
while the system is in operation.

The Hitachi EEPROM memory cell is MNOS (Metal
Nitride Oxide Semiconductor) type, as shown in
figure 5-1.

An MNOS memory cell consists of two layers of
oxide film and nitride film. The thickness of oxide
film is about 20 A and that of nitride film is 300 to
500 A. There are traps in the boundary of the
oxide and nitride films to catch electrons. Electrons
move by the tunneling phenomenon between the
substrate and traps.

777 )

Si0s

SisN,

_N“—J

P-Well

N Substrate

Figure 5-1. MNOS Type Memory Transistor

5.2. 64-kbit CMOS EEPROM Function

Page Write Function: The 64-kbit HN58C65 can

latch 32 bytes (max) and write them in one write

cycle. Writer cycle time is specified as 10 ms (max.).

The effective byte write speed of HN58CE5 in page

write mode is:

10 ms/32 bytes = 0.31 ms/byte

Thus it takes only 2.56 seconds to write the whole

HN58C65. Figure 5.2 shows internal operation.

The following describes operation sequence:

1. 32-byte memory cell data at the row address
selected by address pins A5 — A12 is latched.

2. Latched data at the column address specified by
address pins A0 — A4 is altered with write data,
which is put into Din buffer from 1/0 pins 1/00
- 1/07.

The 32 bytes (max) of latched data are altered
by repeating this operation 32 times.

3. 32-bytes memory cell data in the selected row
(1) are erased {(All 1).

4. Latched data is written into the selected row (3).

5. CPU acknowledges the completion of write cycle
by the internal timer. The HN58C85 provides
RDY/BUSY and Data polling to indicate the
write completion.

Application

MNOS memory cell

A5~A13 I;

ch_s—&z—»u_ﬁ_:tog:B

Row decoder

RDY/BUSY == Column Decoder
®
A0~A4
Figure 5-2. HNS58C6E5 Page Write
Internal Timer: The HNS58C65 indicates the

completion of data write to the CPU by using the .
internal timer. The HN58C65 enters next cycle as
soon as detecting the completion of write. This
function offers high system throughput as the CPU
can access other devices during write cycle. The
HNB8CB5 has two functions, RDY/Busy and Data
polling, to indicate the completion of data write.
The RDY/Busy approach indicates the completion
of data write by using pin 1. It is low when the
HNS58C65 is in data write operation (Busy) and
turns to high impedance state at the end of data
write (RDY). RDY/Busy pin should be pulled up as
it uses open drain output. The RDY/Busy pins can
be wired-OR when using several HN58C65s.
The Data polling approach, implemented by soft-
ware, indicates the completion of data write
through pin 19 (1/07). While the data write is not
completed, /07 shows the inverted data of what
was written in the last cycle. In using this approach,
RDY/Busy pin should be opened or grounded.
The Data polling approach can acknowledge the
completion of data write in an individual HN58C65,
even if several HN58C65s are used in the system.
Data Protection: EEPROM performs data write
with a higher voltage (Vpp) than power supply
voltage (V¢c). The HN58C65 internally generates
Vpp by a high voltage generator with the combina-
tion of control pins (CE, OE, WE). It supports the
following functions to avoid accidental data write
(data protection).
1. Data protection against the noise on the control
pins (CE, OE, WE) during operation.
2. Data protection against the noise at power-on/
power-off.
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6. EPROM/OTPROM

6.1. EPROM Programming

Figure 6-1 shows the sectional structure of an
EPROM memory cell. The upper gate, one of the
gates made of two-layered polycrystalline silicon, is
called the control gate and is connected to a word
line. The lower layer is called the floating gate and
is not connected. This memory cell is programmed
as follows: With substrate and source grounded,
apply high voltage between drain and control gate.
Then, an electric potential incline occurs between
source and drain so that intensity of the electric
field becomes high near the drain. Because of this
electric field, electrons are accelerated and so-called
hot electrons are generated, which jump over the
energy barrier of SiO, film. Hot electrons are
pulled by the electric potential of the control gate
and pour into the floating gate. Electrons stored in
the floating gate remain stable, as they fall into a
well surrounded by an energy barrier of SiO, film.
Therefore, it is evident that the quality of SiO, film
surrounding the floating gate is essential for good
data retention characteristics. To keep data reten-
tion in the 5- or 10-year range, high quality SiO,
film is needed.

Figure 6-2. shows the fundamental characteristics of
the EPROM transistor. While 1p in a non-pro-
grammed transistor begins to flow with Vg of about
1V, the current in a programmed transistor does not
flow until Vg rises to 7V — 10 V. Therefore, if the
voltage of word line applied to the control gate is
about 5 V in readout, the non-programmed memory
transistor will be on, and the programmed one will
be off. This means that the data can be read out by
means of the same structure as NOR-type mask
ROM.

6.2, Erasing EPROM

When shipped, all bits of the EPROM are at logic 1
with all electrons in the floating gate released
(erase). Changing the logic 1 to logic O through the
application of the specified waveform and voltage,
programs the necessary information. The higher the
Vpp voltage and the longer the program pulse width
tow. the more electrons can be programmed in, as
shown in Figure 6-3. If Vpp exceeds the rated
value, such as by overshoot, the p-n junction of the
memory may yield to permanent breakdown. To
avoid this, check Vpp overshoot of the PROM
programmer. Also, check negative-voltage-induced
noise at other terminals, which can create a parasitic
transistor effect and reduce the yield voltage.

Hitachi’s EPROM:s can usually be written and erased
more than 100 times.

Control Gate
Floating Gate
— rzzzzz/

'5 P Substrate :

Cross Section of EPROM Memory Cell

Figure 6-1.

Ip

Non-| prosnmmed
Memory cell

Programmed
Memory cell
/ Ve

Fundamental Characteristic of EPROM
Memory Cell

Figure 6-2,

Programming Conditions ;
8 Vec=6.0V,
Vep=12.5V

Stored Charge (Relative)
o

01 0z o5 1 ¢ T
Program Pulse Width tpw (ms)

Figure 6-3. Standard Programming Characteristics
of EPROMs

EPROMs are erased by ultraviolet light exposure
through a transparent window on the package.
Electrons in the floating gate get energy from
photons and become hot electrons again with
enough energy to go over the energy barrier of SiO,

GO HITACHI
50 Hitachi America, Ltd. e Hitachi Plaza e 2000 Sierra Point Pkwy. ® Brisbane, CA 94005-1819  (415) 589-8300



Annl

film. The hot electrons go through to the control
gate or the substrate and erasure is compieted.
Therefore, light with enough energy to get the
electrons over the energy barrier of SiO, film is
needed for erasure. Light energy is proportional to
its frequency, and described as E = hy. E means the
energy of light, h is Planck’s constant, » is light
frequency. Erasure isn‘t caused by light over certain
wavelengths, and under certain wavelengths, erasure
does occur. However, erasure time depends upon
the quantity of photons, therefore erasure time
cannot be shortened by shorter wavelength. Figure
6-4 shows the relation between wavelength and
erasure effectiveness. Erasure starts at about 4000
A, and is saturated at about 3000A.

Erasure efflclency

3000A 4000A Wavelength

Figure 64. Erasure Efficiency of EPROM

For erasure, the wavelength and minimum irradia-
tion rate of ultraviolet light must be 2,537A and 15
W-s/cm? respectively. These conditions can be met
by placing the device 2 — 3 cm below a 12,000
W/em? UV lamp for about 20 minutes.

The UV transmittance of the transparent lid
materials is about 70%. However, it is influenced by
contamination or foreign materials on the lid
surface. Contamination or foreign materials should

Static Charge (Relative)
»

W - Irradiation (W - sec/em®)

Figure 6-56. Standard Erasure Characteristics

\pplication

be removed with a solvent such as alcohol that does
not damage the package.

Figure 6-5 shows EPROM standard erasure charac-
teristics.

6.3. EPROM Data Retention Characteristic

About 2 to 20 x 10* coulomb of electrons are
accumulated in the floating gate when programmed.
However, these electrons dissipate with time. Then
the data may be inverted. The mechanism of
electron dissipation is generally explained as fol-
lows.

Data Dissipation by Heat: The electrons at the
floating gate are in a non-equilibrium state, so the
dissipation of electrons by thermal energy is un-
avoidable. Therefore, the data retention time
depends on temperature. Figure 6-6 shows typical
data retention characteristics. The data retention
time is proportional to the reciprocal of absolute
temperature.

10’ /

£ 0 /

E 108

1/
y

i
300 200150 1
Stored temperature ('C)

Figure 66. EPROM'’s Data Rentention Characteristic

Data Dissipation by Ultraviolet Light: Ultraviolet

rays at a wavelength of not greater than 3,000 —
4000A is capable of releasing the electric charge at

| 40W fluorescent
lamp 30cm away

Direct sunlight

Eradiation Time (relative)
3
T

0

Ultraviolet eraser
of-2t 2537A,6mW/cm?

—

1A\
03 04 05 06 07 08 09

Writing Charge (relative)

Figure 6-7. EPROM's Data Retention Time
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floating gate of the EPROM with varying efficien-
cies. Fluorescent light and sunlight contain some
ultraviolet light, and so prolonged exposure to these
lights can cause data corruption as a result of
electric charge dissipation. Figure 6-7 shows the
standard, data retention time under an ultraviolet
eraser, sunlight and fluorescent lighting.

6.4 Optimized High-Speed Programming

With the increase of EPROM density, the time for

programming becomes more important. The

method for high speed programming has been de-

veloped and put into practical use according to

each EPROM generation.

Following explains three methods for High-Speed

programming.

(1) First generation ... conventional programming.

This method is employed in the 3 um and 5 um

process products. Programming is performed with

a uniform pulse of 50 ms per byte. Although it is

the advantage that it applies enough pulse to all

bits, it takes much time to program high density

devices.

{2) Second generation
programming

This method is employed in 2 um process product.

“High Performance programming (figure 6-8) is

High performance

SET PROG./VERIFY MODE
Vop=12510.3V Vee=6.0£0.25V

Program tpy=1ms £5%

! Address+1—Address ‘

NOGO

SET READ MODE
Vee=5.0£0.25V.Vpp=Vec

(FAIL)
Figure 6-8. High-Speed Programming
{High Performance Programming)

performed with a base puise of 1 ms width. It
repeats programming and reading (verifying) until
the data is programmed enough. There are two
good points in this programming.
First, the programming itself is performed with
optimum program time depending on the capabili-
ty of each memory cell.
Second, after verification, the data is programmed
using three times as long a pulse and assures high-
reliability data retention.
(3) Third generation ... Fast High Reliability Pro-
gramming
This method is employed in the 1.3 um process
products. ‘‘Fast High-Reliability Programming”
(figure 6-9) is performed with a base pulse of 0.2
ms. It also shortenes a supplement pulse width to
one-third of that of “High Performance Pro-
gramming’’. As a result, this method realizes short
programming time, reduced to one-tenth
theoretically.
1M bit EPROM series employ ‘“Page Pro-
gramming’’, which programs 32-bit at once (figure
6-10), reducing programming time to a quarter of
““Fast High-Reliability Programming” for 128k x 8
organization and a half for 64k x 16 organization.
Figure 6-11 shows the programming time of above
methods.

SET PROG./VERIFY MODE
Vpp=12540.3V Ve =6.010.25V

NOGO

Figure 6-9. 0.2ms High-Speed Programming
{Fast High-Reliability Programming)
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((START )

SET PAGE PROGRAM LATCH MODE
Vep=12.5V+0.3V, Vcc=6.0V£0.25V

Address =0

=0

SET PAGE PROG./VERIFY MODE
Vpp=12.5V 0.3V, Vcc=6.0V10.25V

Program topw=0.2n m

AS
Address?
YES
SET READ MODE
Vee=5.0V£0.25V, Vpp=Vcc

READ NOGO

Application

T T T T T T T T

/ 50ms programming

101 ] N

!
]

_ ]

g 8r 1

E 1ms High-speed

E programming I’

g ' '

g2

o

Page mode

. programming

0.2ms High-speed 1
-

programming

1

! I s ] L
32k 64k 128k 256k 512k 1M 2M 4aM

Storage capacity(X8 organization) (bit)

(Note) Actual program time differs according to
the programmer,

Figure 6-11. Shortened Program Time by High-
Speed Programming.

All Address

Figure 6-10. Page-Mode Programming
(Page Programming)

6.5 Device Indentifier Code

EPROM programming conditions depend on
EPROM manufacturers and device types, confusion
may cause miss operation. As a countermeasure
some EPROMs provide device identifier code in-
cluding such information as manufacture and device
type. Some newly developed commercial EPROM
programmers can set write conditions automatically
by recognizing this code.

Different programming conditions are as follows:
(1) program voltage, (2) program timing, (3) high-
performance programming algorithm, (4) pin con-
figuration. The Hitachi EPROM has a device
identifier code area besides the memory access area,
as shown in figure 6-12.

C FAL )

FWDQ&R identifier code area

Address Q ~.

D 5 10 ari e 1> Do

Figure 6-12. Device Identifier Code

Data access are
P a

Address Decoder

Table 6-1 describes how to use the device identifier
code. Setting A9 at 12V and A1 — A8, A10 — A13
at V, access the device identifier code area and
1/00 — 1/07 output the programming condition
code with V,_ or V| of AQ,
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Tablel 6-1. Hitachi EPROM Device Identifier Code

A, | yos-yo15 | 1707 [yo6 | 1y0s [1704 | 703 [1702 | 1701 [1/00 | Hex Data

Manufacturer|  Hitachi viL - ojo o |oflo]1j|1]1 07
AN27128A - 000 [0 1T 1|11 0D
HN27256 - o|lo|o |10 ]ofo]o 10
ROM HN27C256 - t|o|1]1]0o|o]o]o BO
i HN27C256H | Viy - oo |1 |1]o]olo]1 31
coce HN27C256A - 0o ol 1 i|lo o] o |1 31
HN27512 - 1t {o|lo|1]o|1]o]o 94
HN27C1024H - 1o 1|11 ]|of|1t]o BA

A9: 12V

Al -AS8, A10 -A13: V1,
A14, A15: Don’t care

6.6 Shielding Label

When using an EPROM in an environment where it

can be exposed to ultraviolet light, Hitachi recom-

mends putting a shielding label on its transparent lid

to absorb ultraviolet light. In choosing a shielding

label, the following points should be carefully
checked.

* Adhesiveness (mechanical strength). Avoid
repeated attaching or exposure to dust that may
reduce the adhesive strength. Ultraviolet erasing
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 over the old one since peeling may
create a static charge.)

* Allowable temperature range. Use the shielding
label in an environment whose temperature falis
within the specified allowable temperature range.
Beyond the specified temperature 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 after the label has been re-
moved.

* Moisture resistance. Use the shielding label in an
environment whose humidity falls within the
specified aliowable humidity range.

6.7 EPROM Programmer

The EPROM programmer stores the user’s program
in its internal RAM and writes the program in the
EPROM. For this programming, 3 functions at least
are necessary: blank check function prior to pro-
gramming, programming function, and the verify
function after programming. Figure 6-13 shows the
programming flow chart. Some programmers check
for pin contact failure or the reverse insertion
before the blank check.

The outline of each block is as follows.

5.

. Pin contact check

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

. Reverse insertion check

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

. Blank check

This check is performed before programming. It
checks whether the device is an erased EPROM,
or it preventing EPROM reprogramming. Since
the output data in the erased condition are 1
(high level), check whether or not data in
EPROM are all 1. It will fail-stop even when one
bit is O (low level). Normally, it is designed to
provide warning with a lamp or buzzer.

. Programming

The function of programming the data in the
internal RAM of the programmer into EPROM
will fail-stop when programming cannot be done.
The normal flow is as shown in figure 6-14. 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 per-
formed. Then, the data will be read out again
and compared with the programming data, and if
they coincide, the programmer will progress to
the next address.

Verify

This function checks after programming com-
pletion whether or not the programming is
correct when comparing with the data in the
internal RAM of the programmer. It performs
fail-stop when they do not coincide. Normally,
when it fails, it lights the fail lamp and displays
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AN
. N
’ N
# Check Pin >
\_ Contact
~ P
N L

Y

Programming

Figure 6-13. Programming
Flow Chart of EPROM
Programmer (1)

Figure 6-14. Programming
Flow Chart of EPROM
Programmer (2)

the address and data.

6. How to input the program
Table 6-2 shows several methods for inputting
the program data to the internal RAM of the
programmer. Normally, paper tape input and
teletypewriter input are prefered options.

Table 6-2. EPROM Data Input

Method Content

Copy input Input by copying the master ROM.

Manual input Input by the keyswitch on the front
panel. Used for correction or

revision of program

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

tape reader

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

6.8 Handling EPROMs

Touched with a charged human body or rubbed
with plastics or dry cloth, the glass window of an
EPROM generates static electricity which causes de-
vice malfunctions. Typical malfunctions are faulty
blanking and write margin setting that give the false
impression that information has been correctly
written in. As already reported at the international
conferences concerning the reliability of LS| chips,
this is due to the prolonged retention of electric
charge (resulting from the static electricity) on the

glass window. Such malfunctions can be eliminated
by neutralizing the charges by irradiating with ultra-
violet rays for a short time. The EPROM should be
reprogrammed after this irradiation since it reduces
the electric charges in the floating gate, too. The
basic countermeasure is to prevent the charging of
the window, which can be achieved by the following
methods as in the prevention of common static
breakdown of ICs.

1. Ground operators who handle the EPROM.
Avoid using things such as gloves that may
generate static electricity.

2. Refrain from rubbing the glass window with
plastic or other materials that may generate static
electricity.

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

4, Use shielding labels (especially those containing
conductive substances) that can evenly dis-
tribute established charge.

6.9 Ensuring OTPROM Reliability

One time electrically programmable ROM
(OTPROM) has two kinds of packages: standard
dual in-line package (D1P) and small outline package
(SOP). It is one time only programmable because it
has no window for uitraviolet light exposure; testing
by programming and erasure cannot be performed
after it is assembled.

So, Hitachi performs screening test for program-
ming, access time, and data retention on wafers at
proving test.

However, rare defects may occur in the assembly
process cannot be completely removed in final test
screening which is only a reading test.

Therefore, Hitachi recommends that users perform
high temperature baking after programming devices
to ensure high reliability.

Detailed conditions and procedures for screening are
shown in figure 6-15. First, program and verify
devices. Then, leave them without bias at 125 to
150°C for 24 to 48 hours.

After that, check read-out function and remove the
chips with data retention failures.

From the results of devices in which the recom-
mended screening test is properly performed, we
confirm that the data retention characteristics of
OTPROMs are equal to general EPROM:s.
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Programming,
Reading-out

Proving(1)

Data
Retention

for 24 to 48hrs

I

Ensuring
Read-out

Recommended
Screening Conditions

Figure 6-15. Screening Flow Chart of OTPROM
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had 4

SO0 indicates the head of the file and S9 indicates the
end of the file. The actual data starts following S1.
This means that the data starts from the address
(hexadecimal) indicated in the address size. The
address of the address size of the data recorder is

compared with the next data recorder address by
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 in figure 7-3.

End of
File Record —~S9030000FC

Header Record -=S00B000058204558414D504CBS5
Data Record —S113F0007EFS5587EF7897EFAA77EF9CO07EF9C47E24
Data Record —S112F010FA657EFA8B7EFAA07EF9DC7EFA247E06

Figure 7-3. HMCS6800 Load Module Example

If an address is skipped, enter the skipped address
into the “ROM Specification ldentification Sheet'’
and the data (00 or FF) entered into the skipped
address.

5. BNPF mode
One word is symbolized by the word start mark
B, the bit content represented by 8 characters of
P and N, and the BNPF slice composed of succes-
sive 10 characters of the work end mark F.
The contents from F of one BNPF slice up to B
of the next BNPF slice are ignored.
(Example) The code of AA (hexadecimal) is

symbolized as shown in figure 7-4.

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 becomes 0.

B....... Indicates start of 1 word.
N..oo Indicates 1 bit data.
P Indicates 1 bit of 1 data.
Fo Indicates end of 1 word.

=

AT T o

(K]

b ———

s tTI LT

Figure 7-4. BNPF Mode Example

7.3 Specification of Floppy Disk

1. Use the following type of floppy disk (figure
7-5):
Type. . . . 8 Inch Single Sided and Single Density

NumberofSectors .. ............... 26
Numberof Tracks. .. ............... 77
Sector 26
,/ Sector 01
Sector 21 _ '/ ’ /Seclor o

Sector 03

Sector 16

Track 74 .
One Record

Track 00
(Index - Track)

Figure 7-5. Floppy Disk Format

2. Use EBCDIC as the use code.

3. Format the floppy disk as described below.
Composition is described in table 7-1.
Recordsize ............. 80 byte/1 record

Table 7-1. Floppy Disk Composition

Location
No. Item

Track Sector

1 Standard Volume Label 00 07
2 Standard Head Label 00 08 — 26
3 Data Area 01-73 | 01 -26
4 Alternal Track 75,76 01 - 26
5 Spare Track 00 01 - 06
74 01 - 26
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7. MASK ROM PROGRAMMING INSTRUCTION

The writing of the custom program code into mask
ROMs is perfarmed by the CAD system on a large-
sjzed computer. ROM code data should conform to
specifications given below, using either paper tape,
EPROM, or magnetic tape. Additional instructions,
such as chip select and customers’ part number,
should be given in the “ROM Specification |dentifi-
cation Sheet”

7.1 Specification of EPROM

1. Submit the three sets of the EPROM-stored data.
Specify the address of the EPROM in the case of
two or four EPROMs.

2. The ROM code data is input from the start
address to Final Address in the EPROM.

3. Type of EPROM
HN482764 (8-kword x 8-bit, 2764 Compatible)}
HN4827128 (16-kword x 8-bit, 27128 Com-

patible)

HN27256  (32-kword x 8-bit, 27256 Com-
patible)

HN27C256 (32-kword x 8-bit, 27C256 Com-
patible)

7.2 Specification of Magnetic Tape

1. Use the following type of magnetic tape which
can be used by a magnetic tape device com-
patible with the IBM magnetic tape device.

N

\pplication

Length .. ... 2,400 feet, 1,200 feet or 600 feet
Width . . ..................... 1/2 inch
Channel ................... 9 channels
Bit density . ... 800 BPI or 1,600 BPI (Clearly

state which it is in the “ROM
Specification Indetification
Sheet”".)

. Use EBCDIC as the use code.
. Follow the format of the magnetic tape as de-

scribed below
No leading tape mark

No labe!
Recordsize ............. 80 byte/1 record
Blocksize ............. 10 records/1 block

The end of the file should be indicated by 2
successive tape marks (TM) (figure 7-1).

. HMCS6800 1oad module data mode. This mode

is the object mode output from the assembler

HMCS6800.

Divide the 8-bit code into the upper and lower

4-bit codes, and convert each into hexadecimal

notation,

Example: The code 1100 0110 is as follows
under binary notation,

{Upper 4-bits)  {Low 4-bits) Bit weight

D7D6D5D4 D3 D2D1D0 (ROM output

1100 0 1 1 O equivalence)

The actual load module mode is shown in figure
7-2,

8 £
0 Block 1 Block 2 Block 3 L )T‘ H
T
Figure 7-1.  Magnetic Tape Format
Dt End of
I:::::dr record lile record
Record Start 5 3 s s 3 S S 3 :
Record Type 30 ) 3 1 1 39 | 9
390 i 6 30 03
Byte Count 16 06 106 1 33
b 31 10
30 3 0 0000
O I 30| MO 30
Address Size 310
30 10 10
39 ‘8 { Check
D : : o-H 3.8 i 4 3 Fe Sum )
14 3 02
Data 1. “D 3 2
15
Data 32 52-R
[
Check Sum : ; 1B ( Check Sum) 38 A8 {Check Sum )

Figure 7-2. HMCS68000 Load Module Data Format
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Application

Use the sectors as in figure 7-6. Use one sector used for one record.
for one record, that is, 80 bytes out of 128 bytes 4. Data Mode. See data mode for magnetic tape.

1 Track
Sector | L Sector 2 - Sector 3 - _ Sector2d Sector 25 Sector 26
(128bytes) |  (128bytes) | (128 bytes) T (28bytess | (128 bytes) (128 bytes)
L
Record ! Record 2 Record 3 Record 24 Record 25 / Record 26
(80 bytes) (80 bytes) (80 bytes) (80 bytes) (80 bytes) (80 bytes)
/

Figure 7-6. Floppy Disk Sector Format

z : unused

4

Customer Hitachi
ROM Code “Customer
Rom L_'J Bart Number
1p Select
List and Other
Select Lnformat,on

Checicine
ROM Specification
Zitdcnticication Sheet >
ROM Code
Customer List

Computer Processing

B
12t
0

O
Check L
Mask Preparstion
Inst ruction
Mask Preparation I
Investion
Patteen 0K
Check

Mass Production

pply

Figure 7-7. Mask ROM Development Flowchart

@ HITACHI
Hitachi America, Ltd. e Hitachi Plaza e 2000 Sierra Point Pkwy. ® Brishane, CA 94005-1819 e (415) 589-8300 59




Application

J

8. INSTRUCTIONS FOR USING MEMORY
DEVICES

8.1 Prevention of Electrostatic Discharge
As semiconductor memory designs are based on a
very fine pattern, they can be subject to malfunc-
tion or defects caused by static electricity. Though
the built-in protection circuits assure unaffected re-
liability in normal use, devices should be handled
according to the following instructions:

1. In transporting and storing memory devices, put
them in conductive magazine or put all pins of
each device into a conductive mat so that they
are kept at the same potential. Manufacturers
should give enough consideration to packing
when shipping their products.

2. When devices touch a human body in mounting
or inspection, the handler must be grounded. Do
not forget to insert a resistor (1MQ approx is
desirable) in series to protect the handles from
electrical shock.

3. Keep the relative ambient humidity at about 50%
in process.

4. For working clothes, cotton is preferrable to
synthetic fabrics.

5. Use a soldering iron operating at low voltage (12
Vor 24 V, if possible) with its tip grounded.

6. In transporting the board with memory devices
mounted on it, cover it with conductive sheets.

7. Use conductive sheets of high resistance (about
10° ohm/0) to protect devices from electrostatic
discharge. For, if dropped onto conductive
materials like a metal sheet, devices may de-
teriorate or even breakdown owing to sudden
discharge of the charge stored on the surface.

8. Never set the system to which memory devices
are applied near anything that generates high
voltage (e.g. CRT Anode electrode, etc.).

8.2 Using CMOS Memories

As shown in figure 8-1, the input of a CMOS
memory is connected to the gate of an inverter con-
sisting of PMOS and NMOS transistors. Figure 8-2
shows the relationship between the input voltage
and current in this inverter, The top and bottom
transistors turn ON and make current flown when
the input voltage becomes intermediate level. There-
fore, it is necessary to keep the input voltage below
0.2V or above Vo — 0.2 V in order to minimize
power consumption. The data sheet specifies the
stand-by current for both the cases of input level
with minimum V,, and maximum V;_ and that
with 0.2V or Ve — 0.2V, and the difference in
value is remarkably great. Some memory devices

are designed to cut off such current flow in standby
mode by the control of input signals, but it depends
on device type. This should be confirmed in data
sheets for each device type.

Vee

41
P
Input Output
N
Figure 8-1. CMOS Inverter
s Ve =5.0V
- o=
E
E 3
TN
1 N
3O
0 O

Input Voltage

Relationship between Input Voltage & Current
In CMOS inverter

Figure 8-2,

Another problem particular to CMOS devices is
latch-up. Figure 8-3 shows the cross section of a
CMOS inverter and the structure of a parasitic
bipolar transistor. The equivalent circuit of the
parasitic thyristor is shown in figure 8-4. When
positive DC current or pulse noise is applied (figure
8-4 (a)), TR3 is turned on owing to the bias voltage
generated between base and emitter. And trigger
current flows into GND through Rp, the base re-
sistance of TR2. As a result, TR2 becomes conduc-
tive and current flows from power supply (Vcc)
through the base resistance of TR1 (Ry), which
puts TR1 into conduction, too. Then, as the base
of TR2 is rebiased by collector current from TR1,
the closed loop consisting of TR1 and TR2 reacts.
Thus current flows constantly between power
supply (V) and GND even without trigger current
caused by outside noise.

Latch-up can be caused by a negative pulse, too
(figure 8-4 (bb)). Most of semiconductor memory
manufacturers are trying to improve latch-up im-
munity of their products. Hitachi provides enough
guard band by applying diffusion layer around
inputs and outputs, taking care not to connect input
to p* diffusion layer. Input voltage for 64 kbit
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static RAM HM6264A, for example, is specified as
follows:
Vinu max 6.0 V  (not depending on V¢c)
VL min3.0V  (puise width = 50 ns)
-0.3 V (DC level)

Internal Input

Vec(+5V) Ve

Application

P

Thus almost no consideration for latch-up is re-
quired in system design.

P
Internal Input Pin
N
Vss 9(0V)
(a)
Figure 8-3.
Closed Loop
Pin | oVe |

Positive T;, ON 4V
Voltage 1

|
Tra ON |

(a) Thyristor Effect by
Positive Voltage

Figure 8-4.

8.3 Noise Prevention

Noise in semiconductor memories is roughly clas-
sified into input signal noise and power supply
noise.

8.3.1 Input Signal Noise

Input signal noise is caused by overshoot and under-
shoot. If either of them is out of recommended DC
operating conditions, normal operation is hindered,
and voltage over absolute maximum rating will
break the device. In operating high speed systems,
special care is required to prevent input signal
noise.

The noise can be prevented by inserting a serial re-
sistance of less than 50 ohm into each input or a
terminating resistance into the input line. Actually,
however, input signal noise can be simply reduced by
a stable power supply line, because it is often caused
by unstable reference voltage (GND level).

Cross Section Structure of CMOS Inverter

Vee
Pin
©
I T Ra
Tn
Negative T, ON T
Voltage 4
ZRp
Tr: ON 9
Ty ON 77

(b) Thyristor Effect by
Negative Voltage

Equivalent Circuit of Parasitic Thyristor

8.3.2 Power Supply Noise

The power source noise can be classed as low-
frequency noise and high-frequency noise as shown
in figure 8-5. To assure stable memory operation,
the peak-to-peak power supply voltage in the pre-
sence of low-or high-frequency noise should be held
below 10 percent of its standard level.

Low-frequency Noise
No:’Mon than 10% of Standsrd Power

Supply Voltage.

otk of Low-and High-frequency

Not Moee than + 10% of Standard Power
Supply Vohage.

Figure 8-5. Power Source Noise
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Application

Devices like dynamic RAMs, which operate from
clock signals, or high speed CMOS static RAMs,
through which current flows during transition of
signals, consume high peak current. When a power
supply does not have enough capacity for the peak
current, voltage drops. And if the recovery rate of
the power supply synchronizes with its time con-
stant, it may start oscillating. To reduce the in-
fluence of the peak current, a bypass capacitor of
0.1 — 0.01 uF should be inserted near the device.
The following points must be considered in design-
ing pattern of the board:
* For bypass capacitors, use titanium, ceramic, or
tantalum capacitors which have better high-

Preferred

- poo

—t— 41— +—3—

b4 $—i—q $——

— I

i i i
Vee Vss Ve VssVee Vss

frequency characteristics.

* Bypass capacitors must be applied as near to the
power supply pin of memory devices as possible,
and inductance in the path from V¢ pin to Vgg
pin through the bypass capacitor must be as little
as possible.

* The line connected to the power supply on the
board should be as wide as possible.

* |t is preferrable for the power supply line to be
at right angles to devices selected at the same
time, lest too much peak current should flow
through one power supply line at a time.

Data 1/0

Figure 8-6.

8.4 Address Input Waveform of Hi-BiCMOS
Memory

Data stored in memory might be destructed in case

that Address Input of the HM6716, HM6719,

HM6787, HM6788 and HMG789 series becomes

floating and sticks at and around threshold voltage.

(e.g. CPU does Address Bus to off state in Figure 1.)

Consequently, the following three methods are re-

commended so as to preserve malfunction of

memory device.

A: Insert latch as shown in Figure 8-7 lest Address
Input should become floating.

B: Put CS into High while Address Input becomes
fioating.

(Dotted line in Figure 8-8)

C: Insert Pull-up Resistor (R) to hold time
constant of Rising Edge wave form of Address
Input pin (tr = R x C) below 150 ns.

Stable operation can be assured if you have already

adopted the above three method (A, B, C), while

if you have any problem, please contact our sales
offices.

Non-preferred
| -Faults-
1. Bypath Lines are too
ong.
2. Devices Selected at
a Time are on the
Same Mother Line.
cc Vss
Data 1/0

Examples of Power Supply Board Pattern

Pull-up
Resistor

CPU

Address
Bus

|_//_' | Memory

Input

VStray
capacitance

|
cs on board :
Control C l ll___ 3 s
' !

Figure 8-7

t

Address

input \

Write Floating Read

Figure 8-8
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Section 2
MOS Static RAM
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HM 6116 Series Maintenance Only

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

WFEATURES HM6116P Series
o Single 5V Supply
o High speed: Fast Access Time 120ns/150ns/200ns (max.)
® Low Power Standby and Low Power Operation
Standby: 100uW (typ.)
10uW (typ.) (L-version)
Operation: 200mW (typ.)
175mW (typ.) {L-version)
o Completely Static RAM: No clock or Timing Strobe Required
e Directly TTL Compatible: All Input and Output
@ Pin Out Compatible with Standard 16K EPROM/MASK ROM
o Equal Access and Cycle Time

(DP-24)
® Capability of Battery Back Up Operation (L-version)
HM6116FP Series
IORDERING INFORMATION

Type No. Access Time Package
HM6116P-2 120ns
HM6116P-3 150ns
HM6116P-4 200ns 600mil 24pin
HM6116LP-2 120ns Plastic DIP
HM6116LP-3 150ns
HM6116LP-4 200ns
HM6116FP-2 120ns
HM6116FP-3 150ns
HM6114FP-4 20008 - Plastic SOP
HM6116LFP-2 120ns Zpin Plastic
HM6116LFP-3 150 ns (FP-24D)
HM6116LFP-4 200ns

BPIN ARRANGEMENT

EFUNCTIONAL BLOCK DIAGRAM N \J
. {1 24 | Vec

"°_-—%: —O Ve &[] 23] &

-
Row ° Memory Matrix O Vss Al 3 21 A
Decoder | ® Al 21 | WE
128x128
B AlS 20 | OF
A o_—.I x ]
' a8 19 | A
PR — _
Jo o] a7 TR K
Vo . Column 1/0 N T e
Input B
] H o Column Decoder g o 16 | 1vor
i H N 1700 10 15 ] o
] : Control
| - vofu TR IS

s

°
F
=
s

(Top View!

e E E Note) This device is not available

D— for new application.

!
%
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HM6116 Series

HABSOLUTE MAXIMUM RATINGS

Item Symbol Rating Unit
Voltage on Any Pin Relative to Vss Vr —0.5"'t0 +7.0 \
Operating Temperature T.,. 0to +70 'C
Storage Temperature Toe —55 to +125 ‘C
Storage Temperature Under Bias Toe —~10 to +85 °C
Power Dissipation Pr 1.0 w

Note) * 1. 3.5V for pulse width<50ns

ETRUTH TABLE

[ OF. WE Mode Vee Current 1/0 Pin Ref. Cycle

H X X Not Selected Iss, Ism High Z

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

L L L Write Icc Din Write Cycle (2)

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

Item Symbol min typ max Unit
Ve 4.5 5.0 5.5 \
Supply Voltage =<
Vss 0 0 0 \Y
) |Z 2.2 3.5 6.0 \
Input Voltage i
Vi —0.3% - 0.8 \'

Note) #* 1. —3.0V for pulse width=50ns.

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

. HM6116-2 HM6116-3/-4 .
Item Symbol Test Conditions - - Unit
min | typ*! | max min | typ*! | max
- - 10 - - 10
Input Leakage Current |IL1| Vee =5.5V, Vin= Vss to Vcc — Py — - o3 rA
Output Leakage G \zol CS= Vi or OE= Vin, - - 10 - — 10 A
t t M
utput Leakage Lurren e Vo= Vss to Vec - - 2%3 - - 2%3
e - A0 80 - 35 70
Icc CS= Vi, Ir0=0mA mA
Operating Power Supply - 35%31  70*3 - 30%3| 60*3
Current Vin =35V, ViL=06V, - 35 - - 30 -
Icci*? mA
I1/0=0mA - 30*3 | - - 25%3| —
: - - 40 80 - 35 70
. Min. cycle, duty =100%
Average Operating Current Iccz Tr0—=0mA - PRPEY e — 3073|603 mA
— - 5 15 - 5 15
Iss CS= Vi mA
Standby Power Supply - 4*3 12%3 - 4*3 12%3
Current I CS= Vec—0.2V, OV Vin s - 0.02 2 - 0.02 2 A
]
U102V or Vec—02VS Vi - 2e3 | 50%3| - 203 | 503
Jor=4mA - - 0.4 - - - v
VoL
QOutput Voltage ToL=2.1mA - - - - - 0.4 A"
Vou ITon=—1.0mA 2.4 - - 2.4 - - v

Notes) *1. Vec =5V, Ta=25C
*2, Reference Only )
%3, This characteristics are guaranteed only for L-version.
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HM6116 Series

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

Item Symbol Test Conditions typ max Unit
Input Capacitance C. V..=0V 3 S pF
Input/Output Capacitance Cuo Vio=0V 5 7 pF
Note) This parameter is sampied and not 100% tested.
BAC CHARACTERISTICS (Vec=5V+10%, Ta=0 to +70°C)
®AC TEST CONDITIONS
Input Puise Leveis: 0.8 to 2.4V
input Rise and Fall Times: 10 ns
input and Output Timing Reference Levels: 1.5V
Output Load: 1TTL Gate and C; (100pF) (including scope and jig)
®READ CYCLE
HM6116-2 HM6116-3 HM6116-4
Item Symbol - - - Unit
min max min max min max
Read Cycle Time tac 120 - 150 - 200 — ns
Address Access Time taa — 120 - 150 - 200 ns
Chip Select Access Time tacs - 120 — 150 - 200 ns
Chip Selection to Output in Low Z teuz 10 - 15 - 15 -— ns
Output Enable to Output Valid tor - 80 - 100 - 120 ns
Output Enable to Output in Low Z torz 10 — 15 - 15 — ns
Chip Deselection to Output in High Z tewz 0 40 0 50 0 60 ns
Chip Disable to Output in High Z townz 0 40 0 50 0 60 ns
Output Hold from Address Change tow 10 - 15 — 15 — ns
O WRITE CYCLE
HM6116-2 HM6116-3 HM6116-4
Item Symbol - - - Unit
min max min max min max
Write Cycle Time twe 120 — 150 ~ 200 - ns
Chip Selection to End of Write tew 70 - 90 - 120 - ns
Address Valid to End of Write taw 105 — 120 - 140 — ns
Address Set Up Time tas 20 - 20 - 20 — ns
Write Pulse Width twp 70 - 90 - 120 — ns
Write Recovery Time twr 5 — 10 — 10 — ns
Output Disable to Output in High Z tonz 0 40 0 50 0 60 ns
Write to Output in High Z twnz 0 50 0 60 0 60 ns
Data to Write Time Overlap tow 35 - 40 - 60 - ns
Data Hold from Write Time ton 5 - 10 — 10 — ns
Output Active from End of Write tow 5 — 10 - 10 - ns

ETIMING WAVEFORM
®READ CYCLE (1)

Address

X

X

/-;;;;Z

P01} ——eni

7}///

Dout

tacs

torz
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HM6116 Series

® READ CYCLE(z)tn(z)u)
Address ><

= ——%

.READ CYcl-E(s)(l)(ll(l)

tac |

cs
————laCS cnr
ez
Dout

NOTES: 1. WE is High for Read Cycle.
2. Device is continucusly selected, CS = V.

3. Address Valid prior to or coincident with TS transition Low.
4. GE—= VIL'

o WRITE CYCLE (1)

——

e(2)

03 Zb( \:::E

tew

NN ANNNN X/

tan

" AANNN A

}‘—hm;-(-a—l'— )

Dout

p—— tow —-.-——1“__.1
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HME116 Series

®WRITE CYCLE(2)®

Address

Dout

NOTES:

N
7 N
9.

C

S~ . GV ITTTTT

7

»(1)
NN o -

b
s O ® |

Wz

SN NN NNNNNNN
VATV LLLL

L L

W N

‘wﬂou.

. twg is measured from the earlier of

) Vavavavas

A write occurs during the overlap (lgf) o_g]aglow CSand a low WE.
or going high to the end

of write cycle.

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

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

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

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

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

e

is Low d}ning this period, 1/O pins are in the output state.
Then the data input signals of opposite phase to the outputs must
not be applied to them.

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

This characteristics are guaranteed only for L-version.

Item Symbol Test Conditions min typ max Unit

Vce for Data.Retention Vor CS2Vce 0.2V, V..2Vec —0.2Vor V.. 0.2V | 2.0 - - \

Data Retention Current Iccon*!| Vec=30V,CS22.8V, Vin228V or OV V<02V - - 30 HA
i to Data Retention Ti ! 0 - -

Chip Deselect to Data Retention Time cor See Retention Waveform _ = - ns

Operation Recovery Time

tr trc

Notes) # 1. 10uA max at 72=0'C to +40°C, Vi, min=—0.3V

#2. trc=Read Cycle Time.

®Low Vcc Data Retention Waveform
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HMG6116 A Series —— Maintenance Only

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

® FURTURES ‘ HM6116AP Series
® High speed: Fast Access Time 120ns/150ns/200ns (max.)
® Low Power Standby and Standby: 100uW (typ.)
Low Power Operation 5uW (typ.) (L-version)
Operation:  156mW (typ.) {(f = 1 MHz)
10 mW (typ.) (L-version)
® 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 (DP-20)
® Pin Qut Compatible with Standard 16K EPROM/MASK ROM HM6 116 ASP Serics
® Equal Access and Cycle Time
® Capability of Battery Back Up Operation {L-version)
HORDERING INFORMATION
Type No. Access Time Package
HM6116AP-12 120ns
HM6116AP-15 150ns
HM6116AP-20 200ns 600mil 24pin
HM6116ALP-12 120ns Plastic DIP (DP-24N)
HM6116ALP-15 150ns
HM6116ALP-20 200ns
HM6116ASP-12 120ns @PIN ARRANGEMENT
HM6116ASP-15 150ns U —
HM6116ASP-20 200ns 300mil 24pin ALt 24 | Vee
HM6116ALSP-12 120ns Plastic DIP Asf 2 2] A
HM6116ALSP-15 150ns = .,
HM6116ALSP-20 200ns NE [ 2] A
A s 21 WE
Asl| S ? OE
=
EFUNCTIONAL BLOCK DIAGRAM As LS bt
7 )]s
Ao . —
: o Ve MO 17] 100
) v N -
i Row Memory Matrix — Vs 9 16 | 1/0
! s Decoder 128128 v m
— 0. L1° 18 1/05
I/OxET_- 14 ] 1/0s
— 1 1 Vss | 12 131704
) 1 Column 1/0 [: :
II;::: Column Decoder (Top View)
Control
N~ HE|
- 0 S S S L
A A A A [
1

Note) This device is not available for new application.
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HM6116A Series

EABSOLUTE MAXIMUM RATINGS

Item Symbol Rating Unit
Voltage on Any Pin Relative to Vss Vr —0.5" to +7.0 \'
Operating Temperature T.,. 010 +70 ‘C
Storage Temperature Toe —55 to +125 ‘C
Storage Temperature Under Bias Toe. —10 to +85 C
Power Dissipation P 1.0 w
Note) * 1. ~3.5V for pulse width=<50ns.
BTRUTH TABLE
CS OF. WE Mode Vee Current 1/0 Pin Ref. Cycle
H x x Not Selected Isa, Isa) ‘High 2
L L H Read Iec Dout Read Cycle (1)~(3)
L H L Write lec Din Write Cycle (1)
L L L Write Iec Din Write Cycle (2)
BRECOMMENDED DC OPERATING CONDITIONS (Ta=0 to +70°C)
ltem Symbol min typ max Unit
Vee 4.5 5.0 5.5 v
Supply Voltage Ves 0 ° ° v
Viu 2.2 3.5 6.0 v
Input Voltage v o3 — o8 v

Note) * 1. —3.0V for pulse width<50ns.

m DC AND OPERATING CHARACTERISTICS (Ve = 5V £ 10%, Vss =0V, T, = 0to +70°C)

et HM6116A-12 HM6116A-15 HMé6116A-20 .
Item Symbol Test Condition Tin [ typ* | max | min | typ* | max | min |typ* | max Unit
Input Leakage I Veo=5.5V, Vin=Vgs _ _ _ _ 2 _ _ 2 A
Current 24 to Veeo 2 ¥
Output Leakage CS=Vpyor OE=Vyg, | B B 3 5 B B 2 A
Current Lol Vijo=Vss to Vcc 2 a
CS=Vq I7j0=0mA — 5 15 — 5 15 ~ 5 15
I ’ mA
Operating Power ce Vin=Vim or VL, B A R A T
Supply Current Vir=Vee, ViL=0V, B 3 6 B 3 P _ 3 6
Icc1 | CS=Vy’ mA
11/0=0mA,f=1MHz - 2% | §%2 - 2% | §5%2 - %2 | 5%2
Average Operating I min. cycle, Iy;o=0mA - 35 60 - 25 | 45 - 20 35 mA
Current cc2 duty = 100% _ 302 [ 50%2| — 20%2 [40%2] _— 15%2[ 30"
. “T i e 1 Ta]-]17]a
Standby Power Isg | CS=Vim Tl0s% 3% | = [05% 3% | = [05%] 37| MA
Supply Current Iens |CS2Vcc-02V —lo02] 2 | - [002] 2 | — o02] 2 | ma
SBI 1oV £ Vin — [ 1%7 [50%7| — | 1** [50*2| — | 12 |50%%| uA
Vor |Ior =4mA b - doa| - - Joaj-| - |04 v
Output Voltage oL oL
Vi Ioy = -1.0mA 24 — - 2.4 - - 24 - - \'
OH O

Notes) *1. Voe=5V, T,=25°C

*2. This characteristics is guaranteed only for L-version.
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HM6118A Series

ECAPACITANCE (f/=1MHz, Tae=25C)

Item Symbo! Test Conditions typ max Unit
Input Capacitance C.. V=0V 3 5 pF
Input/Output Capacitance Cuvo Vio=0V 5 7 pF

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

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

Input Pulse Levels: 0.8 to 2.4V

Input Rise and Fall Times: 10 ns

Input and Output Timing Reference Levels: 1.5V

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

® READ CYCLE

HM6116A-12 HM6116A-15 HM6116A-20
Item Symbol Unit
min max min max min max
Read Cycle Time trRC 120 - 150 - 200 - ns
Address Access Time taa - 120 - 150 - 200 ns
Chip Select Access Time tacs - 120 - 150 - 200 ns
Chip Selection to Output irr Low Z tcLz 10 - 10 - 10 - ns
Output Enable to Qutput Valid toE - 55 - 60 - 70 ns
Output Enable to Qutput in LowZ toLz 10 - 10 - 10 - 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 toH 10 - 15 - 20 - ns

® WRITE CYCLE

HM6116A-12 HM6116A-15 HM6116A-20 .
Item Symbol Unit
min max min max min max
Write Cycle Time twe 120 - 150 - 200 - ns
Chip Selection to End of Write tew 70 - 90 - 120 - ns
Address Valid to End of Write taw 105 - 120 - 140 - ns
Address Set Up Time tas 0 - 0 - 0 - ns
Write Pulse Width  twp 70 - 80 - 100 - ns
Write Recovery Time twr 0 - 0 - 0 - ns
Output Disable to Output in High Z toHzZ 0 40 0 50 0 60 ns
Write to Output in High Z twHZ 0 35 0 40 0 50 ns
Data to Write Time Overlap tpw 35 - 40 - 50 - ns
Data Hold from Write Time tDH 0 - 0 - 0 - ns
Output Active from End of Write tow 10 - 10 - 10 - ns
ETIMING WAVEFORM
OREAD CYCLE (1)’ \ tRC
Address ) (
— taa
NN /77
tOE =toH~]
cs ~foLz LV AL
. lOHZ.
facs tcHZ
= XX+
G HITACHI
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HMG6116A Series

®READ CYCLE (2) " V@

trC
Address J{
Ton— A4 ' toH —
Dout )(

.mw CYG.E (3)(!)(3)(‘)

Cs :_—"'
tacs lcHZ
terz
Dout

NOTES: 1. WE is High for Read Cycle.
2. Device is continucusly selected, TS = V.
3. Address Valid prior to or coincident with TS transition Low.
4. UE.' V”_.

OWRITE CYCLE(1)

! twe
Address % *

twr(2]
& /LK RO\
tew
& ANANNNN Y IO
Cas aw
WE /——"—
AN\ /
- tonzl3 twpll)
Dout 7772777/
.._IDW_..L_tD"—d

Din X XXXX

@ HITACHI
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HM6116A Series

®WRITE CYCLE(2)®

Address J\( )(
j tew twr (2]
CANNANNRRE . A VIV
WE j\\\\\\ twp()) p

LrAs IWHZ 5,

[:: i [

Din X JOOOOK

NOTES: 1. A write occurs during the overlap (fyp) of a low T3 and a low WE.

2. tyg is measured from the earlier of gforWEgoing high to the end

of write cycle.

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

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

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

OFE is continuously low. (OE = ¥;;)
. Dgyt is the same phase of write data of this write cycle.
. Dgyy is the read data of next address.

if & is Low during this period, 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.

LET Y

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

This characteristics is guaranteed only for L-version.

Item Symbol Test Conditions min typ max Unit

Vcc for Data Retention Voa CS2 Ve -0.2V 2.0 - - A
Data Retention Current Iccon®'| Vec=3.0V, CS22.8V, 0V Viv - - 30 KA

] i i 0 - - ns
Chip Deselect to Data Retention Time | fcon See Retention Waveform - =
Operation Recovery Time ta tac - ns
Notes) * 1. 10uA max at Ta=0"C to +40°C, ViL min=—0.3V

* 2.trc=Read Cycle Time.
®Low Vcc Data Retention Waveform
Duta Retention Mode
@ HITACHI
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HM6716 Series Maintenance Only
HM6719 Series

2048-word x 8-bit High Speed Hi-BiCMOS Static RAM (with OE)
2048-word x 9-bit High Speed Hi-BiCMOS Static RAM (with OE)

Features T
Fast Access Time: 25/30ns (max)

Low Power Dissipation (DC): 280mW (typ.)

+5V Single Supply

Completely Static Memory No Clock or Timing Strobe Required
Balanced Read and Write Cycle Time

Fully TTL Compatible Input and Output

m ORDERING INFORMATION

Type No. Access Ti Pack
p ss Time ackage (DP-24NC)
HM6716P-25 25ns
HM6716P-30 30ns i i
300 |.'ml 24 Pin ® PIN ARRANGEMENT
HM6719P-25 25ns Plastic DIP
HM6719P-30 30ns ® HM6716
A75 1 7 24 [] Vce
8 Block Diagram Ag ) 2 23 [ Ag
As] 3 22 [T A
A 4 21 [JWE
As D_——E: A3l 5 20 [JOE
: - —oV¢e Ay q 6 19 [JAjo
! s Row Memory Matrix —©Vgs A7 18 [JCS
1
' Decoder || 128x128 Aol 8 17 [J1/0g
Ay : (144) 7w 16 D I/O;
Vo 10 15 [J1/0g
) I I rvo; O 14 [11/0g
1/01°_T' "] Column VO Vgg O 12 13 [J1/04
i Input Column Decoder i
hn Data (Top View)
[}
i Control —~ ’ ® HM6719
L0go D | sl i )
9) } : Ao A1 Aj Ag S E : A1 24 ] Vee
. : o A 2 23 [JAg
COS_DO v Lﬁ_) As[] 3 22 [ ﬁ
WE A 4 21 (JWE
O Az 5 20 [1CS
(OF) A 6 19 [ Ao
A0 18 [J1/0g
Ao ] 8 17 ] I/Og
u Absolute Maximum Ratings vo, d ¢ 16 [ 1/04
Item Symbol Rating Unit 10, 0 10 15 J1/0g
Terminal Voltage to Vgg Pin Vrp —0.5to +7.0 v \11/03 gn 1 :535
Power Dissipation Pp 1.0 w ss {2 1 4
Operating Temperature Range Topr 0 to +70 °C (Top View)
Storage Temperature Range Tstg —55to +125 °C
GO HITACHI
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HM6716, HM6719 Series
8 Truth Table

e HM6716
CS OE ‘WE Mode Ve Current Pin Ref. Cycle
H Hor L HorL Not selected Isp, Isp; High Z -
L L H Read Iccs Iccr Dout Read Cycle (1) (2) (3)
L H L Write Ice, Icci Din Write Cycle (1)
L L L Write Icce, Ices Din Write Cycle (2)
L H H Output Disabled Icc, Icci High Z -
®HM6719
CS WE Mode Vee Current 1/O Pin Ref. Cycle
H HorL Not selected Isp, Isp; High Z -
L H Read Ice Icci Dout Read Cycle (2) (3)
L L Write IcesIccy Din Write Cycle (2)

= Recommended DC Operating Conditions (72 = 0 to +70°C)

Item Symbol min typ max Unit
Vee 4.5 5.0 5.5 v
Supply Voltage Vss 0.0 0.0 0.0 v
Input High Voltage Vin 2.2 - 6.0 A\
Input Low Voltage Vi -3.0 - 038 v

*) Pulse Width: 20ns, DC: —0.5V

» DC and Operating Characteristics (Voc = 5V + 10%, T, = 0 to +70°C)

Item Symbol Test Conditions min typ max Unit
Input Leakage Current pr V| Vee=5.5V, Vin=Vgg to Voo - - 2 nA
Output Leakage Current Hpol | CS=Vix, Vo= Vss to Veo - - 2 uA
Operating Power Supply Current| Icc | CS=Vip, Iy/0=0mA - — 120 mA
Average Operating Current Icc1 | Min. Cycle, Duty: 100% Iy;0=0mA - - 130 mA
Isg | CS=Viy - - 30 mA
ét&?g:{ Power Supply rens CS2 Vpe—0.2V B _ 10 mA
VinS0.2Vor Viy2 Vee-0.2V
Output Low Voltage Vor |lorL=4mA - - 04 v
Output High Voltage Vou |loy=—1mA 24 - - \4
® AC Test Conditions

Input pulse levels: Vgg to 3.0V

Input and Output reference levels: 1.5V
Input rise and fall time: 4ns

QOutput Load: See Figure

+5V +5V
910Q 910Q
Dout Dout
o——y o—"
6208 EE 30pF* 620Q 5: 5pF*
P P *including
scope and jig
Output Load A Output Load B

(tehzs twhz, tcrz, tow toiz, tonz)
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HM6716, HM6719 Series

= Capacitance (7, = 25°C, f= 1.0 MHz)

Item Symbol Test Conditions min typ max Unit
Input Capacitance CIN ViN=0V - - 6 pF
1/0 Capacitance Cro Vi/o=0V - - 8 pF
Note) This parameter is sampled and not 100%, tested.
® AC Characteristics (Voo SV + 10%, T, = 0 to +70°C, unless otherwise noted.)
©® Read Cycle
HM6716-25 HM6716-30
Item Symbol liIMm 19-25 l:lM6 715-30 Unit Notes
min max min max
Read Cycle Time tre 25 - 30 - ns -
Address Access Time taa - 25 - 30 ns -
Chip Select Access Time tacs - 25 - 30 ns -
Chip Selection to Output in Low Z teLz 0 - 0 - ns *2
Output Enable to Qutput Valid toE 0 20 0 20 ns *1
Output Enable to Output in Low Z toLz 0 ~ 0 - ns *1,*2
Chip Deselection to Output in High Z tcHz 0 10 0 12 ns *2
Chip Disable to Output in High Z toHZ 0 10 0 10 ns *1,%2
Output Hold from Address Change toH 5 - 5 - ns -
Input Voltage Rise/Fall Time tr - 150 - 150 ns *3
©® Write Cycle
HM6716-25 HMé6716-30
Item Symbol HM6719-25 HM6719-30 Unit Notes
min max min max
Write Cycle Time twe 25 - 30 - ns -
Chip Selection to End of Write tcw 20 - 25 - ns -
Address Setup Time tas 0 - 0 - ns -
Address Valid to End of Write tAw 20 - 25 - ns -
Write Pulse Width twp 20 - 25 - ns -
Write Recovery Time twr 0 - 0 - ns -
Output Disable to Output in High Z tonz ] 10 0 10 ns *1,%2
Write to Output in High Z twHZ 0 10 0 12 ns 2
Data Valid to End of Write tow 15 - 15 - ns -
Data Hold Time tpH 5 - 5 - ns -
Output Active from End of Write tow - - ns *2

Notes) *1. These parameters are for HM6716.
*2. Transition is measured :200mV from steady state voltage with Load(B).

76

*3,

This parameter is sampled and not 100% tested.
If 7 becomes more than 150ns, there is possibility of function fail,
Please contact your nearest Hitachi’s Sale Dept, regarding specification,
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HM6716, HM6719 Series
® Timing Waveforms
® Read Cycle (1)

< tre

Address X X
AN XY/ ///

4—— toE —> }"‘OH"

- towz > A/

v

ﬁm.

v
7
S
8

o
[-]
=3
v
7N
o
-]
g
<
e
e
N1
é[; YvY \

tacs
tcLz

High impedance

4 A

e Read Cycle (2)"7-72°4

< tre »
Address % !

«—————— tan
+—— toH —»] tor
Dout  Previous Data Valid ><><>< Data Valid ><

e Read Cycle (3}

Cs tRC |
N
N
H—— tacs
<+ tcLz oHz
Dout

Data Valid
High impedance I\

Notes) *1. WE is High for Read Cycle.  ___
*2. Device is continuously selected, CS=V/ .

*3. Address Valid prior to or coincident with CS transition Low.
*a4. OE=Vy.
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HM6716, HM6719 Series

® Write Cycle (1)

twe >
Address

twr *2

g /7 ¥ NANNN

e——— tow ———>

A

A
A4

CANNANNNN N 7P,
WE < i tag \ AV - /
RO /
<« 3 4—-twpl*l—’ High Impedance

Dout 9—=9—27"A
<4 tpw —»>l4— tpy >

Din (X Data valid XXX

G HITACHI
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HM6716, HM6719 Series

Write Cycle (2)*°
< twe >
Address k k
< tew > twr "2
CANNNANNNNN NV S
< taw >
WE toro ]
tAsj\\\\\' X on—
IWHZ 144 w6 | *7
Dout SSSSSUSS ST High Impedangs 0%
777777777777 ow | ton NOYNZSZ

l¢—"p'¢——p| *8

Din Data Valid W

Notes) *1. A write occurs during the overlap (twp) of a low CS and 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/O pins are in the output state so that the input
signals of opposite phase to the outputs must not be applied.

*4. If the CSlow transition occurs simultaneously with the WE low tran-
sitions or after the WE transition, output remain in a high impedance
state.

*5, OE is continuously low. {OE=V;, ).

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

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

*8, If CS is Low during this period, 1/O pins are in the output state.
Then the data input signals of opposite phase to the outputs must
not be applied to them.
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HMVM 6268 Series

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

uFEATURES

e Single 5V Supply and High Density 20 Pin Package.

® High Speed: Fast Access Time 25/35/45ns (max.)

® Low Power Standby: 100uW typ, 5uW typ (L-version)
Active: 250mW typ.

® Completely Static Memory: No Clock or Timing

Strobe Required

® Equal Access and Cycle Times

Directly TTL Compatible — All Inputs and Outputs

e Capability of Battery Back Up Operation {L-version)

B ORDERING INFORMATION

Type No. Access Time Package
HM6268P-25 25ns
HM6268P-35 35ns
HM6268P-45 45ns 300mil 20pin
HM6268LP-25 25ns Plastic DIP
HM6268LP-35 35ns
HM6268LP-45 45ns
BMBLOCK DIAGRAM
A 1
- Ve
Ao—{o— Memory Array Vss
Ao 64 Rows g
Row Decoder 256 Columns
As o—k:
A1 o——
As
/e E — Column 1/0
1/02
Input Data Column Decoder
1/0s j?_ Control
e $26538

Ao A1 Az As Au Ag

L

e
WE

BABSOLUTE MAXIMUM RATINGS

Item Symbol Rating Unit
Voltage on Any Pin Relative to Vss Vr —0.5* to +7.0 \
Power Dissipation P 1.0 w
Operating Temperature Topr 0to +70 ‘c
Storage Temperature T —55to +125 ‘c
Temperature under Bias Tours —10 to +85 °C
Note) *1. —3.5V for pulse width<10ns.

@ HITACHI
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(DP-20N)
HPIN ARRANGEMENT
——
AT [20] vee
as[Z] 1] as
NE Az
Arf 4 E Ar
3] [16 4
M [E] [15] vou
an[7] 1] 1/0,
an (8] [13] 1105
&[5 (2] /04
vis [10] mEkz
(Top View)
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HM6268 Series

ETRUTH TABLE
S WE Mode Vee Current 1/0 Pin Ref. Cycle
H X Not Selected Iss, IsB1 High Z -
L H Read Icc Dout Read Cycle
L L Write Icc Din Write Cycle

IRECOMMENDED OPERATING CONDITIONS (Tz=0to +70C)

Parameter Symbol min typ max Unit
Vee 45 5.0 55 \%
Supply Voltage
Vss 0 0 [ v
Input High (logic 1) Voltage Vin 2.2 - 6.0 \Y
Input Low (logic 0) Voltage Viu —0.5*%! - 0.8 \Y

Note) * 1. —3.0V for pulse width<10ns.

Il DC AND OPERATING CHARACTERISTICS (Ve = 5V = 10%, Vgg = OV, T, = 0to +70°C

Parameter Symbol Test Condition Min. | Typ.*! | Max. { Unit
Input Leakage Current [yl | Vee = 5.5V, Vi, = Vggto Ve — — 20 | pA
Output Leakage Current Lol | CS =V, Vio = Vssto Ve — - 20 | pA
Operating Power Supply Current Icc CS = ViL Ijo = OmA, min. cycle — 50*3 90 mA
Standby Power Supply Current Isg CS = Vi, min. cycle — 15 25 | mA
Standby Power Supply Current (1) Isp) (():\3 z X;[C; ;002‘2/\/ or Vee - 0.2V < Vyy : 0].*022 520?2 f::
Output Low Voltage VoL Ig, = 8mA - - 0.4 v
Output High Voltage Vou Ioy = -0.4mA 2.4 — - v

Notes) * 1. Typical limits are at Vcc=5.0V, Ta= +25°C and specified loading.
*2. This characteristics is guaranteed only for L-version.
*3. 40mA typ. for 45ns version.

BMCAPACITANCE ( Ta=25°C, f=1.0MHz)

Parameter Symbol Test Conditions min | max | Unit
Input Capacitance Civ Vin=0V - 6 pF
Input/Output Capacitance Ci/o Vi/o=0V - 9 pF

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

B AC CHARACTERISTICS ( Vcc=5V +10%, Ta=0 to +70TC, unless otherwise noted.)
® AC Test Conditions Input and Output timing reference levels: 1.5V

Input pulse levels: Vss to 3.0V Output load: See Figure

Input rise and fall times: 5ns
Output Load (B)

Output Load (A) (for tHZ, L7, tWZ & tOW)
5V 5V
480Q 480Q
Dout [ Dout
255Q = 30pF* 255Q = 5pF*
77 ezd
* Including scope and jig.
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HM6268 Series

®READ CYCLE
HM6268-25 HM6268-35 HM6268-45
Parameter Symbol - - - Unit
min max min max min max
Read Cycle Time re 25 - 35 - 45 — ns
Address Access Time taa — 25 - 35 — 45 ns
Chip Select Access Time tacs — 25 - 35 - 45 ns
Output Hold from Address Change ton 5 - 5 - 5 — ns
Chip Selection to Qutput in Low Z / fz*! 10 - 10 - 10 — ns
Chip Deselection to Output in High Z iz 0 15 0 20 0 20 ns
Chip Selection to Power Up Time tpu 0 - 0 - 0 — ns
Chip Deselection to Power Down Time tep — 25 - 25 — 30 ns
Note) * 1. Transition is measured +200mV from steady state voltage with Load (B).
This parameter is sampled and not 100% tested.
® Timing Waveform of Read Cycle No, 1142
1174 ]
P
Laa i
tow toy
Dout Data Valid
® Timing Waveform of Read Cycle No, 2{1(3
[ tac
__X\ 7[_——_—
tacs 1774
Dout Tigh Tmpedance Data Valid
tey
G K o
Iss
Notes: 1. WE is High for Read Cycle. ___
2. Device is continuously selected, CS = ¥y
3. Address Valid prior to or coincident with CS transition Low.
O WRITE CYCLE
Parameter Symbol %{M6268v25 ~HM6268-35 %IM6268~45 Unit
min max min max min max
Write Cycle Time twe 25 - 35 - 45 — ns
Chip Selection to End of Write few 20 - 30 — 40 - ns
Address Valid to End of Write taw 20 — 30 — 40 — ns
Address Setup Time s 0 — 0 — 0 - ns
Write Puise Width twp 20 - 30 - 35 - ns
Write Recovery Time e 0 - 0 - 0 - ns
Data Valid to End of Write tow 12 - 20 — 20 — ns
Data Hold Time ton 0 — 0 - 0 - ns
Write Enabled to Output in High Z wz*! 0 8 0 10 0 15 ns
Output Active from End of Write fow*! 0 — 0 — 0 — ns

Note) * 1. Transition is measured +200mV from steady state voltage with Load (B).

This parameter is sampled and not 100% tested.
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HM6268 Series

® Timing Waveform of Write Cycle No. 1 (WE Controlled)

I e {

tew

& SO 1L

taw
po— a5 —-1 e
WE AN y.d

x5

W e LDH
Din Data in Valid .

*3 ol 6
P= w7 p—— LW e £ 011
Dout el L L LT L ;| High Impedance
. . . . . . .

® Timing Waveform of Write Cycle No. 2 (CS Controlled)

*1 tux

twe

- X

taw

145 twa (2)

R\ Y LAY,

Low

Dout High Impedance  (4)

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

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

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

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

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

. Dout is the same phase of write data of this write cycle, if #yyp is long enough.

w N

A U
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HM6268 Series

ELOW V. DATA RETENTION CHARACTERISTICS (0'C=Tas70C)

This characteristics guaranteed only for L-version.

Parameter Symbol Test Conditions min typ max Unit
Vee for Data Retention Von TSz V0.2V 2.0 - - v
Vi@ Vec—0.2V or .
Data Retention Current Iccor oVs V.s0.2V - - gg.z MA
Chip Deselect to Data Retention Time tcon 0 - — ns
See retention waveform
Operation Recovery Time ie tac *1 - — ns
Notes) # 1. tac=Read Cycle Time. *2. Vec=3.0V
3. Vec=2.0V

OLOW V.. DATA RETENTION WAVEFORM

84

DATA RETENTION MODE
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Supply Current Icc (Normalized)

Access Time 24, tacs (Normalized)

Access Time 244, tacs (Normalized)

HM6268 Series

SUPPLY CURRENT VS. SUPPLY SUPPLY CURRENT VS. AMBIENT
VOLTAGE TEMPERATURE
16 16
Ta=25C Vee=5.0V
14 14
12 - 312
L~ é
&
1.0 -E 1.0 ‘\
g —
08 ,/ S 08
£
£}
"
06 06
M 175 50 5.25 55 o4 20 10 60 80
Supply Voltage Vee (V) Ambient Temperatare Ta (°C)
ACCESS TIME VS. SUPPLY ACCESS TIME VS. LOAD
VOLTAGE CAPACITANCE
13 18
Ta=25C
12 16 =
3 /
11 é 14 1
\ é /
1.0 3 12 /
3 -~
0.9 N |-§- 1.0 /
L
08 08
07 06
45 475 5.0 5.25 55 0 100 200 300 400
Supply Voltage Vee (V) Load Capacitance C; (pF)
ACCESS TIME VS. SUPPLY CURRENT VS.
AMBIENT TEMPERATURE FREQUENCY
T (ns)
13 11 100 50 33 25 20
Vee=5.0V T T T
12 1.0
11 09 e
/ / 3 / /
1.0 / —— Y]
0.9 % 0.7
08 0.6
075 %0 © 3 % 085 I ) T —
Ambient Temperature Ta ('C) Frequency / (MHz)
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HM6268 Series

INPUT LOW VOLTAGE VS. SUPPLY INPUT HIGH VOLTAGE VS. SUPPLY
VOLTAGE VOLTAGE
13 13
Ta=25'C Ta=25C
12 _ 12
E 11 s 11
2 — | 3
§ 1.0 § 1.0
;5 '/ E /
g 09 3 09
£ =
4 3
= 08 T 08
0'74.5 4.75 5.0 5.25 55 0'7445 4.75 5.0 5.25 5.5
Supply Voltage Vee (V) Supply Voltage Vec (V)
OUTPUT CURRENT VS. OUTPUT OUTPUT CURRENT VS, OUTPUT
VOLTAGE VOLTAGE
16 16
Ta=25C Ta=25C
Vee=5V ) Veo =5V

14 \ 14 /
12 \ 5 12

I 1
£ \ i
Z 2
- Z
< 10 3 10
%’ 08 S 08
g
g \ 5 /
06 \ 08 4
047 4 045 0.2 04 0.6 0.8
Qutput Voltage Vox (V) Output Voltage Vor (V)
STANDBY CURRENT VS. AMBIENT STANDBY CURRENT VS. SUPPLY
TEMPERATURE VOLTAGE
10° 14
Vec=3V
CS=2.8v

10~

e

/
/ 08
' / Ta=25C

/,

Standby Current Iss (A)
Standby Current Isp, (Normalized)

C8=Vcc—02V
/ o
1S 20 40 60 80 023 3 - 4
Ambient Temperature Ta ('C) Supply Voltage Ve (V)
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HM6267 Series

16384-word x 1-bit High Speed CMOS Static RAM

m FEATURES

® High Speed: Fast Access Time 36/46/56ns (max.)

® |ow Power Standby and Low Power Operation
Standby: 0.1mW (typ.)/6uW (typ.) (L-version),
Operation: 200mW (typ.)

® Single 5V Supply and High Density 20 Pin Package

® Completely Static Memory ...... No Clock or Timing Strobe

Required

® Equal Access and Cycle Time (DP-20N)

® Directly TTL Compatible: All Input and Output

® Capability of Battery Back Up Operation (L-version) 8 PIN ARRANGEMENT

\J _
m ORDERING INFORMATION M[:l: | Vee
Type No. Access Time Package A E E An

HM6267P-35 35ns -

HM6267P45 45ns »[E] LAY
HM6267P-55 S5ns 300 mil 20 pin A,E ) an

Plactic DIP
HM6267LP-35 35ns . E =\
HM6267LP-45 45ns i e
HM6267LP-55 55ns AsE 15 )4
7 A
= BLOCK DIAGRAM [ -
Dot E 5] A

Ao ——w - Vee W_I:E El)m
Al——{ s -— s _
3 Row Memory Array il T E >
As—{}: Decoder 128x128 -

— (Top View)

A ——F]

Au—w 1

I I
Din Column | O Dout
Column Decoder
An Ao Ay Ax At An As
u ABSOLUTE MAXIMUM RATINGS
Item Symbol Rating Unit

Voltage on Any Pin*1 Vr -0.5%2 to +7.0 \'

Power Dissipation Py 1.0 w

Operating Temperature Topr 0to +70 °C

Storage °

Temperature Tetg =55 to +125 C

Storage Temperature Under Bias Thias -10 to +85 °c
Notes) *1. With respect ot Vgg.

*2. —3.5V for pulse width < 20ns.
G HITACHI
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HM6267 Series

B TRUTH TABLE

(43 WE Mode Vce Current Dout Pin Ref. Cycle
H X Not selected Iss, Isa High-Z

L H Read Iec Dout Read Cycle

L L Write lec High-Z Write Cycle

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

Item Symbol min typ max Unit
Vee 4.5 5.0 5.5 v
ly Volt.
Supply Voltage Vss 0 0 0 v
Vin 2.2 - 6.0 v
Vv
Input Voltage ViL 051 — 08 v

Note) *1. -3.0V for pulse width < 20ns

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

HM6267-35 HM626745/55
Item Symbol Test Conditions - " - - Unit
min |typ*!| max | min [typ®l| max

Input Leakage Current i Vee=5.5V, Viy=Vgsto Vee| — - 10 | - - | 10 | uA
Output Leakage Current ILo! | C8=Vix, Vour=Vss to Vee| - - 10 | - - 10 | pA
Operating Power Supply Current | Icc CS=¥j1,loyr=0mA,min.cycle| — 40 | 100 | - 40 | 80 | mA
Isp CS=Vx, min cycle - 10 20 | - 10 | 20 | mA

Stand by Power Supply Current CS2Vec-0.2v, - | 0.02 2| — [002] 2 | mA
Isp1 ?/Z.f-?;vé Qpyor ~ |17 |s0%2| - |12 [502| kA

VoL Ipr = 8mA - - | 04 | - - |04 V

Output Voltage Vou IoH =-4mA 24 - - 24 - - v

Notes) *1. Typical limts are at Voc = 5V, T, = 25°C and specified loading.
*2. This characteristics is guaranteed only for L-version.

B CAPACITANCE (7, = 25°C, f = 1MHz)

Item Symbol typ. max Unit Conditions
Input Capacitance Cin - 5 pF Vin=0V
Output Capacitance Cour - i pF Vour=0V

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

m AC CHARACTERISTICS (Vcc = SV £10%, T, = 0 to +70°C, unless otherwise noted)
® AC TEST CONDITIONS

Input pulse levels: Vgg to 3.0V Output Load A Output Load 8
Input rise and fall times: 5ns +sV (for twz, tiz, twz & tow)
Input and Output timing reference levels: 1.5V o
Output load: See Figure 800 800
Dout Qg
2550 5: 30pF* Dout Qg
zssni; SoF*
+ Including scope and jig. » Including scope and jig.
GO HITACHI
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HM@8267 Series

© Read Cycle
HM6267-35 HM626745 HM6267-55
Item Symbol Unit { Notes
min max min max min max
Read Cycle Time tRC 35 - 45 - 55 - ns 1
Address Access Time t44 - 35 - 45 - 55 ns
Chip Select Access Time tacs - 35 - 45 - 55 ns
Output Hold from Address Change toH 5 - 5 - 5 - ns
Chip Selection to Output in Low Z tLz 5 - 5 - 5 - ns 23,7
Chip Deselectio to OQutput in High Z tHz 0 30 0 30 0 30 ns 2,3,7
Chip Selectio to Power Up Time tpy 0 - 0 - 0 - ns
Chip Deselection to Power Down Time tpp - 20 - 30 - 30 ns

O TIMING WAVEFORM OF READ CYCLE NO.1 4%
L ’RC ]

Address

-ton
Data Out Previous Data >< X Data Valid

O TIMING WAVEFORM OF READ CYCLE NO.24 ®

trc
& ) 7
Hz
igh Im| High Imped
DataOut High!mi Data Valid ’_J_le,
cc 'PD

I
Vee Supply =<----
Current ISB__J 50% 50%

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

2. At any given temperature and voltage condition, 7 max. is less than ¢, 7 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 = ViL.

6

7.

Notes)

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

® Write Cycle

HM6267-35 HM6267-45 HM6267-55 .
Item Symbol min | max [ min | max | min | max Unit | Notes
Write Cycle Time twe 35 - 45 - 55 - ns 2
Chip Selection to End of Write toew 30 - 40 - 50 - ns
Address Valid to End of Write taw 30 - 40 - 50 - ns
Address Setup Time tgs 0 - 0 - 0 - ns
Write Pulse Width twp 20 - 25 - 35 - ns
Write Recovery Time twr 0 - 0 - 0 - ns
Data Valid to End of Write tpw 20 - 25 - 25 - ns
Data Hold Time tDH 0 - 0 - 0 - ns
Write Enabled to Output in High Z twz 0 20 0 25 0 25 ns 34
Output Active from End of Write tow 0 - 0 - 0 - ns 34
G HITACHI
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HM6267 Series

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

Address

- T

Data In

Dsta Out

\\\

et

Deta In Vaiud

twz tow

Data Undefined

ﬂ High Impedance

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

Address >

Din

twe -
¢
j——1tAS —~1 . j— twr
N 7
AN, 772 sssss/

Dout

Data Undefined

High Impedance

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 :500mYV from steady state voltage with specified loading in Load B.
4. This parameter is sampled and not 100% tested.

@ HITACHI
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BLOW V.. DATA RETENTION CHARACTERISTICS (0'C<Ta<70'C)

This characteristics is guaranteed only for L-version.

HM6267 Series

Parameter Symbeol Test Conditions min typ max Unit
Vee for Data Retention Vor 52 Vee—0.2V 2.0 - - v
2

Data Retention Current Iccon Vi Vec—0.2V or 0Vs V..50.2V - - ggaz HA

Chip Deselect to Data Retention Time tcon 0 - - ns

Operation Recovery Time ta see retention waveform tre sl — - ns
Notes) * 1. £ac=Read Cycle Time. *2. Vee=3.0V
*3. Vec=2.0V

OLOW V.. DATA RETENTION WAVEFORM

DATA RETENTION MODE

TS2Vec-02v

SUPPLY CURRENT VS. SUPPLY VOLTAGE

16
Ta=25C
14
3
FIRY ]
: —
C /
T 10
g
5
S /
£ o8
A
06
04
45 475 5.0 5.25 5.5

Supply Voltage Vee (V)

16
Vee=5.0V
14
E
‘E 12
2
4 |0,\'\
P T
o
z 08
2
06
04
0 20 10 6 80
Ambient Temperature Ta (C)
@ HITACHI
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HM6267 Series

ACCESS TIME VS. SUPPLY VOLTAGE ACCESS TIME VS. AMBIENT TEMPERATURE
13 13
Ta=25C Vee=5.0V
12 1.2
i I
E " \ —E M _
% 10 T —] % 10 /
'33 09 g
¢ ;
08 08
o 15 475 50 5.25 55 07 N 0 50 %
Supply Voltage Voo (V) Ambient Temperature Ta (T)
ACCESS TIME VS. LOAD CAPACITANCE SUPPLY CURRENT VS. FREQUENCY
T tns)
A 0 200 i 66 50 33
16 10 -
z //
£l £ o /,
g. 12 ‘f 08
2 L E
: E //
E 10 ] é 07
08 06
06 03
0 100 200 300 400 ] 5 0] 15 2 25 3
Load Capacitance (1. tpF) Frequency f {MHz)

INPUT LOW VOLTAGE VS. SUPPLY VOLTAGE  INPUT HIGH VOLTAGE VS. SUPPLY VOLTAGE

13 13
Ta=25C Ta=25C

12 _ 1.2
E 1 H L1
£ z
z / - /
5 =

10 . P

/

& o T 09
F £
2

0.8] 08

0.7 0.7

45 475 50 5.25 55 45 475 5.0 525 55
Supply Voltage Vee (V) Supply Voltage Ve (V)
@ HITACHI

92 Hitachi America, Ltd. » Hitachi Plaza ¢ 2000 Sierra Point Pkwy. ® Brisbane, CA 94005-1819 e (415) 589-8300



HM6267 Series

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

Ta=25C

| /
A /

. \ / et
. \ L/
\ /

04

1.0

08

Output Current fox (Normalized)
Output Current Jor (Normalized)

1 E 02 0.4 08 08
Output Voltage Vow (V) Output Voltage Voo (V)
STANDBY CURRENT VS.
AMBIENT TEMPERATURE STANDBY CURRENT VS. SUPPLY VOLTAGE
o Vee=3V 4
CS=28V /
1.2
2 3
= 10 3 10
: / oo
E . 4
§ 10 ,/ ‘é 06 //
i H Ta=25C
& C5= Vec-02V
7 1
/
1 ) © 3 B 025 3
Ambient Temperature Ta (T) Supply Volage Vec (V)
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HM6264A Series Maintenance Only

8192-word x 8-bit High Speed CMOS Static RAM

® FEATURES HA6264AP Series
® Low Power Standby Standby: 0.1mW (typ.)
10uW (typ.) L-/LL-version
Low Power Operation Operating: 15mW/MHz (typ.)
® Fast access Time 100ns/120ns/150ns {max.)
® 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: Ali Input and Output

® Capability of Battery Back Up Operation (L-/LL-version)

(DP-28)
HM6264 ASP Series

® ORDERING INFORMATION

Type No. Access Time Package
HM6264AP-10 100ns
HM6264AP-12 120ns
HM6264AP-15 150ns
HM6264ALP-10 100ns . .
HM6264ALP-12 120ns g?a‘z t'i’c":)zlg pin
HM6264ALP-15 150ns
HM6264ALP-10L 100ns (DP-28N)
HM6264ALP-12L 120ns
HM6264ALP-15L 150ns HM6264AFP Series
HM6264ASP-10 100ns
HM6264ASP-12 120ns
HM6264ASP-15 150ns
HM6264ALSP-10 100ns . .
HM6264ALSP-12 120ns f,?ag t’i';‘lDzIf, pin
HM6264ALSP-15 150ns
HM6264ALSP-10L 100ns
HM6264ALSP-12L 120ns (FP-28D/DA)
HM6264ALSP-15L 150

ns » PIN ARRANGEMENT
HM6264AFP-10 100ns
HM6264AFP-12 120ns
HM6264AFP-15 150ns
HM6264ALFP-10 100ns 28 pin
HM6264ALFP-12 120ns Plastic SOP
HM6264ALFP-15 150hs (Note)
HM6264ALFP-10L 100ns
HM6264ALFP-12L 120ns
HM6264ALFP-15L 150ns
Note) T is added to the end of the type no. for a SOP of 3.00 mm (max.)
thickness.
(Top View)
G HITACHI
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HMG6264A Series
2 BLOCK DIAGRAM

An

:: — —o Veo
I — :

_'::, i g Row | Memory Matrix —o Vs

A ! Decoder L 56 X 256

Ag !

A >3

— T I

1
1100 ™ T] Colum 1/0
' inpu Column Decoder
: Control
V N—
1708 S
AyAzAv. Ao Ay
1 :
CSz0 Timing Pulse Gen. j

Column Decoder

® ABSOLUTE MAXIMUM RATINGS

Item Symbol Rating Unit
Terminal Voltage'! Z3 —0.5"2 t0 +7.0 v
Power Dissipation Pt 1.0 w
Operating Temperature Topr 0to +70 °C
Storage Temperature Tstg -55to +125 °C
Storage Temperature (Under Bias) | Tbias -10to +85 °C

Notes) *1. With respect to Vgg.
*2. -3.0V for pulse width < 50ns

® TRUTH TABLE

WE | CS, | CS, |OE Mode I/OPin |V Current Note
X Hpx X Not Selected HighZ | IsplsB1
x { x| L | x |(Power Down) High Z | IspIsB)
H | L | H | H | Output Disabled High Z Icc
H|{ L|H| L |Read Dout Icc Read Cycle
LIL|IHI|H Write Din Icc Write Cycle (1)
L{L|H|L Din Icc Write Cycle (2)
X:HorL

8 RECOMMENDED DC OPERATING CONDITIONS (77 = 0 to +70°C)

Item Symbol min typ max Unit
Vee 4.5 5.0 5.5 v
Supply Voltage
upply Voltage Vss 0 0 0 v
14 2.2 o 6.0 v
Input Voltage Ll +
Vi, -0.3°1 - 0.3 v

Note) *1. -3.0V for pulse width S 50ns
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HM6264A Series

@ DC AND OPERATING CHARACTERISTICS (V¢¢ =5V t 10%, Vs =0V, T, =0 to +70°C)
Item Symbol Test Condition min |typ*!| max | Unit
Input Leakage Current gl Vin=Vss to Voo - ~ 2 | WA
CST=V gy or CS2=Vy1, or OE=Vyzy0r WE=V,
Output Leakage Current ol H L) _ -
? 8 Lo Vijo=Vss to Vec 2| ua
Operating Power Supply Cutrent | Iccpc | CS1=Vyr, CS2=Vy, Irjo=0mA - 7 (15 | mA
I Min. cycle, duty=100%, CSi=Vjz, CS2=Viy 30 |45* A
cc1 I1j0=0mA " [30 [ss%| ™
Average Operating Current Cycle time = 1us, duty = 100%, II/O =0maA,
Icc2 CS1 0.2V, CS2 2 Voo ~0.2V - 3 5 | mA
Vin 2 Voc 0.2V, Vi, S 0.2V
Is CS1=Vgy o1 CS2=Vp, - 1] 3 |{ma
Standby P - - 0.02 2 | mA
andby Power Supply Current Isgp*2 CS12Voc-0.2V, CS22V 0.2V or 2% oo™
0V=0S250.2V,0VSVy, - A
-,
— 2% [ soe
7 Ipr=2.1mA - - 4
Output Voltage oL oL m 0 v
Vou Iogr=-1.0mA 24 - - v

Notes) :1. Typical limits are at Vo0=5.0V, T,=25°C and specified loading.

. ViL min=-0.3V

. For 120ns/150ns version.
For 100ns version.

® CAPACITANCE (f = IMHz, T, = 25°C)

. This characteristics is guaranteed only for L-version.
. This characteristics is guaranteed only for LL-version.

Item Symbol

Test Condition

typ | max | Unit

Input Capacitance Cin

Vin = 0V - 5

pF

Input/Output Capacitance Cro

Vijo = OV - 7

pF

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

@ AC CHARACTERISTICS (Ve = 5V£10%, Ta = 0 to +70°C)

o AC TEST CONDITIONS
Input Pulse Levels: 0.8V/2.4V
Input Rise and Fall Time: 10ns
Input Timing Reference Level: 1.5V
Output Timing Reference Level: 0.8V/2.0V
Output Timing Reference Level:

HM6264A-10 1.5V

HM6264A-12/15 0.8V/2.0V
Output Load: 1TTL Gate and Cy (100pF) (including scope and jig)

96
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HM6264A Series

e READ CYCLE

HM6264A-10 HM6264A-12 HM6264A-15 .
Item Symbol - - Unit

min max min max min max
Read Cycle Time IRC 100 - 120 - 150 - ns
Address Access Time t44 - 100 - 120 - 150 ns
. . CS1 tcol - 100 - 120 — 150 ns
Chip Selection to Output os2 02 - 100 - 120 — 150 o
Output Enable to Output Valid tOE - 50 - 60 - 70 ns
Chip Selection to CSt 1Lz1 10 - 10 - 15 - ns
Output in Low Z CS2 .72 10 - 10 - 15 — ns
Output Enable to Output in Low Z tOLZ B — 5 — 5 - ns
Chip Deselection to CS1 tHZI 0 35 0 40 0 50 ns
Output in High Z Cs2 tHZ2 0 35 0 40 0 50 ns
Output Disable to Output in High Z tOHZ 0 35 0 40 0 50 ns
Output Hold from Address Change tOH 10 - 10 — 10 - ns

Notes) 1. tgz and tQHyz are defined as the time at which the outputs achieve the open circuit condition and are not referred
to output voltage levels.
2. Atany given temperature and voltage condition, #z77 max is less than 7z min both for a given device and from
d device to device.

e X | X
I 2N
ST/ — AU
7 AN NN LA,
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HM6264A Series

e WRITE CYCLE

HM6264A-10 HM6264A-12 HM6264A-15 .
Item Symbol - - - Unit
min max min max min max
Write Cycle Time twe 100 - 120 - 150 - ns
Chip Selection to End of Write tcw 80 - 85 - 100 - ns
Address Setup Time t4s 0 - 0 - 0 - ns
Address Valid to End of Write taw 80 ~ 85 - 100 - ns
Write Pulse Width typ 60 - 70 - 90 - ns
Write Recovery Time " tWR 0 - 0 - 0 - ns
Write to Output in High Z tWHZ 0 35 0 40 0 50 ns
Data to Write Time Overlap tpw 40 - 40 - 50 — ns
Data Hold from Write Time tDH 0 - 0 - 0 - ns
Output Enable to Output in High Z tOHZ 0 35 0 40 0 50 ns
Output Active from End of Write tow 5 - 5 - 5 - ns
® WRITE CYCLE (1) {OE clock)
twe
X X
AL, NN
/ 4 / / K tew [2] 'WR
Y
S ENNNNNNIN AN . A/
(6]
4 )
s A, AW AERRRRRR RS
| a5 3] twp (1]
WE
\ N e
ANRANS VL
1oHZ (5]
Do t e N VN
L LLL LLL LS tDW !DH
Din \ /]
@ HITACHI
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© WRITE CYCLE {2) (OE Low Fix)

Address

Csl1

Cs2

WE

Dout

Din

NOTES:

twe
X_ X
AW 2 twr [4]
l tew |
AN - X/ N
tew [2)
LN PARNARRRRREY
t4s 13] _%X\ N we L) ;/ 'OH
[51 twHZ tow
[N (8]
NAVAVAAA AN VN
77777777777 " ow | ton —

R

1) A write occurs during the overlap of alow CS1, a high CS2 and a low WE. A write begins at the latest transi-
tion among CS1 going low, CS2 going high and WE going low. A write ends at the earliest transition among
CS1 going high, CS2 going low and going high, typ is measured from the beginning of write to the end
of write.

2) tcow is measured from the later of TSI going low or CS2 going high to the end of write.

3) t5gis measured from the address valid to the beginning of write.

4) twg is measured from the earliest of CSI or WE going high or CS2 going low to the end of write cycle.

5) During this period, I/O pins arein the output state, therefore the input signals of opposite phase to the outputs
must not be applied.

6) If TSI goes low simultaneously with WE going low or after WE going low, the outputs remain in high im-
pedance 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 CS1 is low and TS2 is high during this period, [/O pins are in the output state. Therefore, the input signals
of opposite phase to the outputs must not be applied to them.

GO HITACHI
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HM6264A Series

® LOW Voo DATA RETENTION CHARACTERISTICS (T, = 0 to +70°C)
This characteristics is guaranteed only for L/LL-version.

Item Symbol Test Condition min | typ | max | Unit

CS12Vc-0.2V, CS22 Vee-0.2V or

Ve for Data Retention Vpr CS250.2V 2.0 - - v
Vce = 3.0V _ 1%t | 50%!

Data RetentionCurrent Iccpr CSt 2 Ve -0.2V *2 | HA
CS2 2 Voo —0.2V or OVSCS250.2VOVEYy, | = | 17|25

Chip Deselect to Data Retention

Time ICDR 0 B B ns
See Retention Waveform

Operation Recovery Time tr tre#® | - — ns

Notes) *1. V7, min = -0.3V, 204A max at T,=0 to 40°C, This characteristics is guaranteed only for L-version.

*2, Vi1 min = -0.3V, 10uA max at T; = 0 to 40°C, This characteristics is guarnteed only for LL-version.
*3. tRC = Read Cycle Time

® LOW Vcc DATA RETENTION WAVEFORM (1) (CS1 Controlled)
tcpR~ Data Retention Mode

CS12Vee - 0.2V

OV- = - mm e e e

® LOW Vcc DATA RETENTION WAVEFORM (2) (CS2 Controlied)

Data Retention Mode

_________________ AN

'R

CS2 € 0.2V

Note) In Data Retention Mode, CS2 controls the Address, WE, CSI, OF and Din buffer. If CS2 controls data retention
mode, Vin for these inputs can be in the high impedance state. If CS1 controls the data retention mode, CS2 must

satisfy either CS2 >V cc—0.2V or CS2 £ 0.2V. The other input levels (address, WE, OE, 1/0) can be in the high
impedance state.

@ HITACHI
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HM6264A Series

SUPPLY CURRENT VS, SUPPLY CURRENT VS.
SUPPLY VOLTAGE AMBIENT TEMPERATURE

T 257 Vee=5.0\

L~

Supply Current Jocwdcez - Normalizd

o, nd
L5 [ a0 n 20 0 0 80
Suppls Vel Ve ¥ Ambient Temperature Tu 'C
SUPPLY CURRENT VS. ACCESS TIME VS.
FREQUENCY LOAD CAPACITANCE
12 T - T \ K3
20n> 130ns 12ny 1000y
. L 7 ) 1.6 /
/é e // _g L4 /
T : /
/ S
:;. nl // i .
’ 02 // 0R
i - | g ® v b T 30 400 300
Frequeney [ MH/ Load Capacitance {1 'pF?
ACCESS TIME VS. ACCESS TIME VS.
SUPPLY VOLTAGE AMBIENT TEMPERATURE
13 13
Tu= 230 Vee=5.0V
1.2 /
I P e
é 09 § 09
[ 08
"o 07
15 475 an 5.25 55 o 20 40 60 80

Supply Voltage L Ambient Temperature 7u ()
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Input Low Voltage V7mss (Normalized?

Output Curren® Jow « Normalized

Standby Current Jccor.Iss, Jsaz  Normalized)

INPUT LOW VOLTAGE VS.
SUPPLY VOLTAGE

13
=25
12
11
10

09

475 540 5.25

Supply Voltage Ve V'

OUTPUT CURRENT VS.
OUTPUT VOLTAGE

Ta=25C
Vee =5V
14
1.2
08 \\
\
0.4
1 2 3 1 5
Output Voltage Vou (V)
STANDBY CURRENT VS.
AMBIENT TEMPERATURE
10
5 oL

v

v

0.5

pd

01

(

2 in 6

Ambient Temperawre Tu «C)

B0

INPUT HIGH VOLTAGE VS.
SUPPLY VOLTAGE

Input High Voltage Vivme  Normalized

0K

175 S0 325

Supphy Voligee Voo v

OUTPUT CURRENT VS.
OUTPUT VOLTAGE

06

ul

14
L2
I
=
g
A ]
<
g
s oy
E
=
£ 08
S
&
g 04
7
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Tum 250
Vees 5\

Oupuat Valtage Voi A

STANDBY CURRENT VS.
SUPPLY VOLTAGE

Ta=25C
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/
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Supply Voltage Vee (Ve
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HMG6288 Series

16384-word X 4-bit High Speed CMOS Static RAM

The Hitachi HM6288 is a high speed 64k static
RAM organized as 16-kword x 4-bit. It realizes
high speed access time (25/35/45 ns) and low
power consumption, employing CMOS process
technology.

It is most advantageous for the field where high
speed and high density memory is required, such
as the cache memory for main frame or 32-bit
MPU.

The HM6288, packaged in a 300 mil plastic DIP
and SOJ, is available for high density mounting.
Low power version retains the data with battery
back up.

MFEATURES

® Single 5V Supply and High Density Plastic Package.
® High Speed: Fast Access Time 25/35/45 ns {(max.)

® Low Power dissipation
Active mode 300mW (typ.)
Standby mode 100uW (typ.)
Completely Static Memory
No Clock or Timing Strobe Required.
Equal Access and Cycle Times.

s ORDERING INFORMATION

Directly TTL Compatible — All Inputs and Outputs,

(DP-22NB)

«

(CP-24D)
HPIN ARRANGEMENT

® HM6288P Series

(Top View)

® HM6288JP Series

(Top View)

HPin Description

Type No. Access Time Package
HM6288P-25 25ns 300 mil
HM6288P-35 35ns 22-pin
HM6288LP-25 25ns Plastic DIP
HM6288LP-35 35ns (DP-22NB)
HM6288JP-25 25ns 300 mil
HM62881P-35 35ns m

24-pin
HM6288LIP-25 25us SOJ (CP-24D)
HM6288LIP-35 35ns
EBLOCK DIAGRAM
wo—{a— u —
A ol Memary —rs
Az °_R= Row Array
A Lo Decoder 128 Hows
Ay oy 512 Calumns
A
As o—t:
1 hro—— — Column 10
10 T Input == -
Lo Data Column Decoder
the _:?_' Control
e |
A7 As Ae Aw An Az An

G HITACHI

Pin Name Function

A0 - Al3 Address

1/01-1/04 Input/Output
CS Chip Select
WE Write Enable
Vce Power Supply
Vss Ground
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HM6288 Series

H ABSOLUTE MAXIMUM RATINGS
Item Symbeol Rating Unit
Voltage on Any Pin Relative to Vss Vr —05*t0 +7.0 v
Power Dissipation Py ] 1.0 w
Operating Temperature To. 0t +70 ‘c
Storage Temperature Tue —55to +125 ‘c
Temperature under Bias , Thas —10 to +85 C
Note: *1. Vr min.=—2.0V for pulse width=10ns
ETRUTH TABLE
TS WE Mode Vec Current 1/0 Pin Ref. Cycle
H X Standby Iss, Is; High Z -
L H Read Icc Dout Read'Cycle 1,2
L L Write Icc Din Write Cycle 1, 2

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

Parameter Symbol min typ max Unit
Vee 45 5.0 55 v
Stpply Voltage Vss 0 0 0 v
Input High (logic 1) Voltage Vi 2.2 - 6.0 A%
Input Low (logic 0) Voltage Vi —0.5*1 - 0.8 A%

Note: *1.  ViL min.=—2.0V for pulse width<10ns

HDC AND OPERATING CHARACTERISTICS (T2=0to +70°C, Vec=5V£10%, Vss=0V)

Parameter Symbol Test Condition min typ*! max Unit
Input Leakage Current | It | | Vec=MAX. Vin=Vss to Vec - - 2.0 LA
Output Leakage Current | Iro)| | CS= Vi, Vio=Vss to Vec - — 2.0 A
Operating Power Supply Current Icc CS= Vi, [1/0=0mA, min. cycle - 60 120 mA
Standby Vcc Current Iss CS= Vin, min. cycle - 15 30 mA
Isp1*? | CS=Vec—0.2V - 0.02 2.0 mA
Standby Vec Current 1
Isg1*3 | OV ViIn<0.2V or Vec —0.2VE Vin - 0.02 0.1 mA
Output Low Voltage Vor JToL=8mA - - 0.4
Qutput High Voltage Vou ITon=—4.0mA 2.4 - -
Notes: # 1. Typical limits are at Vcc=5.0V, Ta= +25C and specified loading.

*2. P version
*3. LP version

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

Parameter Symbol Test Conditions min max Unit
Input Capacitance Cin Vin =0V - 6 pF
Input/Output Capacitance Ci/o Vi/o=0V - 8 pF

Note: This parameter is sampled and not 100% tested

@ HITACHI
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HM6288 Series

IMAC CHARACTERISTICS
® AC Test Conditions
Input pulse levels: OV to 3.0V Input and Output timing reference levels: 1.5V
Input rise and fall times: 5ns Output load: See Figure
5V
5V
4800 480Q
Dout Dout
2550 20pF* 250 5pF*
Output Load (A)
Output Load (B)
#Including scope & jig. (fortyz, tLz, twz & tow)
® READ CYCLE
HM6288-2 -
Parameter Symbol I 825 H¥6288 35 Unit
min | max min max
Read Cycle Time tRC 25 - 35 - ns
Address Access Time tad - 25 — 35 ns
Chip Select Access Time tacs - 25 - 35 ns
Output Hold from Address Change toH 3 - 5 - ns
Chip Selection to Output in Low Z trz» 5 - 5 — ns
Chip Deselection to Output in High Z tHZ* 0 12 0 20 ns
Chip Selection to Power Up Time tpyu 0 — 0 - ns
Chip Seselection to Power Down Time tpD - 25 - 30 ns
* Transition is measured +200mV from steady state voltage with Load(B).
This parameter is sampled and not 100% tested.
® Timing Waveform of Read Cycle No.1 [1112]
tnc
Address >< ><
tan |
ton ton
Provious Data Valid
Dout Data Valid b
® Timing Waveform of Read Cycle No.2 [11[3]
s tre [_—
N /]
tuz
tacs {
tiz
Dout Data Valid N —
High | d Impednl:e
tep
Ve supply v——j" Y
Teo 50% 50%
current
ISI

Notes: I,Wfis High for Read Cycle. _
2. Device is continuously selected, CS= Vi .
3. Address Valid prior to or coincident with CS transition Low.

G HITACHI
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HM6288 Series

= WRITE CYCLE

HM6288-25 HM6288-35 .
Parameter Symbol - n Unit

min [ max | min | max
Write Cycle Time twe 25 - 35 - ns
Chip Selection to End of Write tcw 20 — 30 - ns
Address Valid to End of Write tAw 20 - 30 - ns
Address Setup Time tas 0 - 0 - ns
Write Pulse Width twp 20 - 30 - ns
Write Recovery Time twr 0 - 0 - ns
Date Valid to End of Write tpw 12 - 20 - ns
Data Hold Time tDH 0 — 0 -~ ns
Write Enabled to Output in High Z tyz* 0 8 0 10 ns
Output Active from End of Write tow= 5 - 5 - ns

* Transition is measured +200mV from steady state voltage with Load (B).

This parameter is sampled and not 100%; tested.

©® Timing Waveform of Write Cycle No.1 (WE Controlled)

twe

o X

X

tew

NN

[/

/ [/
e Lwp %2
WE - twex1
" PANNY ¥
| tow ton#5
Din ‘< E * Data in Valid m————————-—
ton *6
tow *¥5
twz %3
Dout & / £ g A / { i ( High Impedance S
G HITACHI

106 Hitachi America, Ltd. ® Hitachi Plaza ® 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 e (415) 589-8300



HM6288 Series

©® Timing Waveform of Write Cycle No.2 (Eé Controlled)

. Y ¥
3 - - tow — % -
NN\ N 7SI

Dout High Impedance *4

Notes) 1. A write occurs during the overlap of a low 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, I/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 transition or after the WE
transition, the output buffers remain in a high impedance state.

5.1 CS is low during this period, 1/0 pins are in the output state after tow. 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, if twr is long enough.

® Low Vcc Data Retention Characteristics ( 7a=0 to +70°C)
(This Characteristics is guaranteed only for L-version.)

Parameter Symbol| Min Typ | Max | Unit Test Conditions
Vec for data retention Vbr 2.0 - - y | CS&Vee—02v
Vin2Z Vec —0.2V or
. 502
Data retention current Iccor - - 359 | HA | OVE V02V
Chip deselect to data teor 0 _ _ ns
retention time
See retention waveform
Operation recovery time 7 trc? - - ns

NOTE: 1. tre=Read cycle time
2. Vec=3.0V
3. Vec=2.0V

Low Vcc Data Retention Waveform

Data Retention Mode

CS2 Voc—02V
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HM6288 Serles

SUPPLY CURRENT V8. SUPPLY VOLTAGE SUPPLY CURRENT V8. AMBIENT TEMPERATURE
1.6 1.6
Tam25C Vee=5.0V
% 1.4 14
1.2 é 1.2
£ / Z
g 3
0 1.0 S
E 08 § 0.8
0.6 0.6
4
04,5 4.75 5.0 5.25 5.5 045 20 40 60 80
Supply Voltage Vee (V) Ambient Temperature Ta (°C)
ACCESS TIME VS, SUPPLY VOLTAGE ACCESS TIME VS. LOAD CAPACITANCE
1.3 1.8
N Ta=25C
o g 16
~ =
g £
zZ Z 14
ERT i e //
E o
r Y N
g 0.9 % 1.0
& 3 —
0.8 0.8
07435 4.75 5.0 5.25 5.5 065 50 100 150 200
Supply Voltage Vec (V) Load Capacitance CL(pF)
ACCESS TIME VS. AMBIENT TEMPERATURE SUPPLY CURRENT VS. FREQUENCY

100 50 33 25 20 T (ns)

1.3 1.1

3 Voo =5.0V
S 12
é ,_g 1.0
2 B E )
g — 0.9
é / § /
3 0 — 8 o8 //
-5 -
£
e —] g /
g 09 S 01
-1 a,
= 8

0.8 0.6

0.7

0 20 20 60 80 05% W 20 30 40 50
Ambient Temperature Ta (°C) Frequency f (MHz)
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g 1.2

s

E

z 1

2

=

& 10

2

>

g 0.9

S 08

=]

-1
0.7

LOW LEVEL INPUT VOLTAGE VS.
SUPPLY VOLTAGE

Ta=25C

45

4.75 5.0 5.25 5.5

Supply Voltage Vce (V)

OUTPUT CURRENT VS. OUTPUT VOLTAGE(1)

1.6

Ta=25T
Vee=5V

0.8

\

0.6

High Level Output Current Iox(Normalized)
5

0.4

\
\

2 3 4

High Level Output Voltage Vou (V)

STANDBY CURRENT VS. AMBIENT TEMPERATURE

High Level Input Voltage Vm(Normalized)

0.9

0.8

0.7

HIGH LEVEL INPUT VOLTAGE VS.
SUPPLY VOLTAGE

Ta=25T

45 475 5.0 5.25 5.5

Supply Voltage Vee (V)

OUTPUT CURRENT VS. OUTPUT VOLTAGE(2)

Low Level Output Current lov (Normalized)

>

, Ta=25C
J Vee=5V

v

0.8

0.6

Ve

A

0.4

0 0.2 04 06 0.8

Low Level Output Voltage VoL (V)

STANDBY CURRENT VS. SUPPLY VOLTAGE

10 14
] Vee =3V /
= CS=2.8V
5 12
¥ / g
5 5
E / =
£ Z
g 5 08
S 10 // p /
5 £ 06
= =1 -
S 05 S /
5 5 04
5 8 %=25°C
n w CS= —_
0.2 Vec—0.2V
0.1 0
0 20 40 60 80 2 3 4 5 6
Ambient Temperature Ta ("C) Supply Voltage Vce (V)
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HM6288 Series

STANDBY CURRENT V8. INPUT VOLTAGE

10 Tam25%C
Yoo =5.0V
3 TS=4.8v
% 8
S
H
I
] /
E 2 / W

0 3

Input Voltage Vi, (V)
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HM6788 Series Maintenance Only

16384-word x 4-bit High Speed Hi-BiCMOS Static RAM

BFEATURES
® Super Fast Access Time : 25/30ns {max.)
® Low power Operation
Operating: 230mW (typ), Standby: 10mW (typ)
° +5y Single Supply
® Completely Static Memory —
No Clock or Timing Strobe required
® Balanced Read and Write Cycle Time
® Fully TTL compatible Input and Output

B ORDERING INFORMATION (DP-22NB)
Type No. Access Time Package
HM6788P-25 25ns 300 mil 22 pin BPIN ARRANGEMENT
HM6788P-30 30ns Plastic DIP AE’_'V_@ Yee
AnE Em:
MBLOCK DIAGRAM ] s
A,E [19}au
Azo——‘x H— AIE EA:«
Aso— 5 ——OVer o] o
amo—5 ) o
AsO— Desader vt Ves AT [16]v0n
AO—] M| [15]1/04
Aro—— 3 8] [14]1/05
he T T T ) [13)/04
UO'O——-?—— é Column 1/0 vss[ EWE
1/02 g:lu; Column Decoder (Top View)
. - % % % % % ‘% ?
1/04 B_Q

Aun Az Az As A Ac A

81> 5
=D S

BABSOLUTE MAXIMUM RATINGS

Item Symbol Rating Unit
Terminal Voltage to Vss pin Vr —05to0 +7.0 v
Power Dissipation Pr 1.0 w
Operating Temperature Topr 0to +70 °C
Storage Temperature (with bias) Tue(bias) —10to +85 °C
Storage Temperature Tas —55to +125 °C
@ HITACHI
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HM6788 Series

ETRUTH TABLE
CS WE Mode Vee Current Output Pin Ref. Cycle
H X Not selected Iss, Ispm HighZ -
L H Read Icc, Iccr Dout Read Cycle (1) (2)
L L Write Icc, Icc Din Write Cycle (1) (2)
X:HorL
HRECOMMENDED DC OPERATING CONDITIONS (0°C = Tz=70°C)
Item Symbol min typ max Unit
Vee 45 5.0 5.5 \Y
Supply Voltage Vo 5 o o v
Input High Voltage Vin 22 - 6.0 \'
Input Low Voltage Vi —0.5%! - 0.8 \4
Note) # 1. —3.0V with 20ns pulse width.
MDC AND OPERATING CHARACTERISTICS ( Vec=5V + 10%, Ta=0"C to +70°C)
Item Symbol Test Conditions min typ max Unit
Input Leakage Current | Iur | Vec=5.5V, Vin=Vss to Vec - - 2 rA
Output Leakage Current {Iro| | CS=Vin, Vi/o= Vss to Vec - - 2 uA
Opearating Power Supply Current Icc CS= Vi, I /o=0mA - - 80 mA
Average Operating Current Icar Min. Cycle, Duty: 100% - - 120 mA
Standby Power Supply Current [ss SS= Vi — — 0 mA
Ism CS2 Vec-0.2V, Vin0.2Vor Vixz Vec—0.2V - - 10 mA
Output Low Voltage Vor Ior.=8mA - - 0.5 \%
Qutput High Voltage Vou Ton=—4mA 2.4 - - v

sAC CHARACTERISTICS (Vo =5V £10%, T, = 0 to +70°C, unless otherwise noted)

® AC Test Conditions

Input pulse levels: Vss to 3.0V
Input rise and fall time: 4ns

+5V

300F*

Output Load A

112

input and Qutput reference levels: 1.5V
Output Load: See Figure

+5V

> .
503 5F

#Inchuding scope and jig.

Output Load B
(tCHZ, tWHZ, tCLZ, tOW)

® HITACHI
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HM6788 Series

O®READ CYCLE

HM6788-25 HM6788-30 .
Item Symbol - Unit
min max min max
Read Cycle Time tre 25 - 30 — ns
Address Access Time taa - 25 - 30 ns
Chip Select Access Time tacs - 25 - 30 ns
Chip Selection to Output in Low Z terz* ? 0 - 0 - ns
Chip Deselection to Output in High Z tcuz* ? 0 10 0 12 ns
Output Hold from Address Change tow 5 - 5 - ns
Chip Selection to Power Up Time*! tru 0 - 0 - ns
Chip Deselection to Power Down Time*! tep - 20 — 30 ns
Input Voltage Rise/Fall Time*? r — 150 - 150 ns
Notes) * 1. This parameter is sampled and not 100% tested.
* 2. Transition is measured +200mV form steady state voltage with Load (B). This parameter is sampled and not 1007, tested
*3. If tr becomes more than 150ns, there is possibility of function fail.
please contact your nearest Hitachi Sales Dept. regarding specification.
. *1,%2
® Timing waveform of Read Cycle No. 1
1R
Address >< ><
1aa
Loy lon
Do Previous data Valid > Data Valid ><><
® Timing waveform of Read Cycle No, 2"1-*3 -
: i £
1acs 1cHz
L ] High Impedance
Dout - Data Valid
High Impedance
Note) *1. WE= Vg
*2. CS=Vp, .
*3. Address valid prior to or coincident with CS transition Low,
® WRITE CYCLE
HM6788-25 HM6788-30
Item Symbol Unit
min max min max
Write Cycle Time twe 25 — 30 - ns
Chip Selection to End of Write tew 20 — 25 - ns
Address Setup Time tas 0 - 0 - ns
Address Valid to End of Write taw 20 — 25 — ns
Write Pulse Width twp 20 — 25 - ns
Write Recovery Time twr 0 - 0 — ns
Write to Output in High Z twuz*! 0 10 0 12 ns
Data Valid to End of Write tow 15 — 15 - ns
Data Hold Time ton 5 - 5 - ng
Output Active from End of Write tow *! 0 - 0 - ns
* 1. Transition is measured *200mV from steady state voltage with Lood(B).
This parameter is sampled and not 100% tested.
@ HITACHI

Hitachi America, Ltd.  Hitachi Plaza 2000 Sierra Point Pkwy.  Brisbane, CA 94005-1819 » (415) 589-8300 113



HM6788 Series

® Timing waveform of Write Cycle No. 1 (WE Controlled)

L twe

Address ><

N lew

SN (/77777

taw

toy

tow Lo

High Impedance *5
Din £ Ld Data Valid \ -
High Impedance

® Timing waveform of Write Cycle No. 2 (CS Controlled)

twe

- K x_

\ r

Law tWR

*6

twp

SEEARRRAN Y /][]
High ImpedanLc:_u—'/iti—\] High Impedance

\_/ 1, Low
S——

T 000X

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

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

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

*4. If the CS low transition occurs after the WE low transition, output 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. twR is measured from the earlier of CS or WE going high to the end of write cycle,

IBICAPACITANCE ( 7T2=25'C, f/=1.0MHz)

N

Item Symbol min typ max Conditions
Input Capacitance Civ = - 6.0 Vin=0V
Input/Output Capacitance Ci/a = = 8.0 Vour=0V

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

@ HITACHI
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HMG6788H Series

16384-word x 4-bit High Speed Hi-BiCMOS Static RAM

Features
® Super Fast Access Time : 15/20ns (max.)
® Low power Operation
Operating: 280mW (typ)
® +5V Single Supply
® Completely Static Memory —
No Clock or Timing Strobe required
® Equal Access and Cycle Times
® Fully TTL compatible Input and Output (DP-22NB)

/

Ordering Inf ti
ering Information Pin Arrangement

Type No. Access Time Package
HM6788HP-15 15ns 300 mil 22 pin
HM6788HP-20 20ns Plastic DIP i %) Vee
;\|E E Al
Block Diagram 3] 2jAn
A:E E An
Au o—-.%: = _YOCC \tE EA::
2, o— ] . ME] i7]ar
6 C T Row Memory Matrix Vss AT
A 7] 161701
s o——{%]
A, e Decoder 128512 ME] 151704
Ay o—— 5 M3 [efivo,
A, o] R -+ . s [io] (131700
Vo, __?_ B Column 1/0 VssE EWE
10z o= ..?_ l];P:t Column Decoder
1103 ata .
o] PR
AlﬂAl lAloAOAI AO Al!
T E
WE 1 —

Absolute Maximum Ratings

Item Symbol Rating Unit
Terminal Voltage to Vss pin Vr —05to +7.0 \'
Power Dissipation Pr 1.0 'W
Operating Temperature Topr Oto +70 ‘C
Storage Temperature (with bias) Tue(bias) —~10to +85 ‘C
Storage Temperature Tus —55to +125 °C

Note) The specifications of this device are subject to change without notice.
Please contact Hitachi’s Sales Dept. regarding specifications.
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HM6788H Series

Truth Table
Cs WE Mode Vee Current I/O Pin Ref. Cycle
X Not selected Iss, Ism High Z -
L H Read Iec, Iccr Data Out Read Cycle (1), (2)
L L Write Icc, Iccr Data In Write Cycle (1), (2)
x:HorlL
Recommended DC Operating Conditions (0°'C < Ta< 70°C)
Item Symbol min typ max Unit
Vee 45 5.0 5.5 v
Supply Voltage Ve o o o v
Input High Voltage Vin 2.2 - 6.0 A%
input Low Voltage Vi -0.5%! - 0.8 A

Note) *1. -3.0V with 10ns pulse width,

DC and Operating Characteristics ( Vcc=5V + 10%, Ta=0"C to +70°C)

Item Symbol Test Conditions min typ max Unit

Input Leakage Current | Iee] Vee=5.5V, Vin=Vss to Vec - - 2 1A
Output Leakage Current tIrol  CS= Vi, Vifo= Vss to Vec - - 10 wA
Opearating Power Supply Current Icc CS=Vie Ii/o=0mA - - 100 mA
Average Operating Current Iecy Min. Cycle, Duty: 100% I1/0 = 0mA - - 120 mA
Standby Power Supply Current fsn SS= Yiu - — % mA
Is;p  CS2 Vec-0.2V, Vins0.2V or Vina Vec -02V - - 10 mA

Output Low Voltage Voo  Io.=8mA - - 04 \'4

Output High Voltage Vo  Iow=—4mA 24 - - \'

AC Characteristics (Ve = 5V £10%, T, = 0 to +70°C, unless otherwise noted)

® AC Test Conditions
Input pulse levels: Vss to 3.0V
Input rise and fall time: 4ns

Input and Output reference levels: 1.5V

Output Load: See Figure

+5V

116

+5V
]
Output
4800 [
Output
< ]
603 F
<
#Including scope and jlg.
Output Load B
Output Load A (*HZ. tLZ, twZ, tOwW)
@ HITACHI
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HM6788H Series

Read Cycle
HM6788H-15 HM6788H-20
Item Symbol Unit Note
min max min max
Read Cycle Time trRC 15 - 20 - ns
Address Access Time taa - 15 - 20 ns
Chip Select Access Time tacs - 15 - 20 ns
Chip Selection to Output in Low Z trz 3 - 3 - ns 1,2
Chip Deselection to Output in High Z thz 0 6 0 8 ns 1,2
Output Hold from Address Change toH 3 - 3 - ns
Note) *1. This parameter is sampled and not 100% tested.
*2. Transition is measured +200mV from steady state voltage with specified loading in Load B.
e Timing waveform of Read Cycle No. 1*!*2
'rC
Address }{ >§
taa ton
le—OH —{
Data Out Previous Data Valid Data Valid ><><
® Timing waveform of Read Cycle No. 2*!-*3
—\ 'RC
= \ 7[
tacs Hz
t
Lz . High
Data Out - Data Valid
High Impedance mpedance
Note) *1. WE = Vg
*2. CS=V¥p
*3. Address valid prior to or coincident with CS transition Low.
Write Cycle
HM6788H-15 HM6788H-20
Item Symbol 6 Unit Note
min max min max
Write Cycle Time twe 15 - 20 - ns 2
Chip Selection to End of Write tew 10 - 15 - ns
Address Setup Time tas 0 - 0 - ns
Address Valid to End of Write tAw 10 - 15 - ns
Write Pulse Width twp 10 - 15 - ns
Write Recovery Time twr { - 1 - ns
Write Enable to Output in High Z twz 0 6 0 8 ns 3,4
Data Valid to End of Write tpw 9 - 10 - ns
Data Hold Time tDH 0 - 0 - ns
Output Active from End of Write tow 0 - 0 - ns 3,4

Note) 1. If CS goes high simultaneously 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 :t200mV from steady state voltage with specified loading in Load B.
4. This parameter is sampled and not 100% tested.
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HMB788H Series

® Timing waveform of Write Cycle No. 1 (WE Controlled)

< twe >
Address )( *
< tcw >
& \\\X £/
& tas 4 e o >l twr*2 ¥
_ ——— twp*l ——p
e RN\K 7

tpH *5
High Impedance High Impedance

Data In
toH*6

twz 3| <tow*s

oon. T ()

® Timing waveform of Write Cycle No. 2 (CS Controlied)

“ twe >

Address

‘/I
g
=
A

N

& R )
——— twp *1 ——>

7 AT 1/ /11

e in X XXXXXXXXXXXRD ROOXN

High Impedance *4

Data Out

Note)*1. A write occurs during the overlap of a low CS and a low WE. (twp)
*2.twg is measured from the earlier of CS or WE going high to the end of write cycle.

*3. During this period, 1/0 pins are in the output state so that the input signals of opposite
phase to the outputs must not be applied.
*4.1f the TS low transition occurs simultaneously with the WE low transition or after the
transition, the output buffers remain in a high impedance state.

*5.1f 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. Data Out is the same phase of writ’e data of this write cycle.

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

Item Symbol min typ max Conditions
Input Capacitance Cin - - 6.0 Vin=0V
Input/Output Capacitance Ci/o - - 10 Vi/0 =0V

Note) This parameter is sampled and not 100% tested.
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HM6788HA Series— Preliminary

16384-Word x 4-Bit High Speed Static RAM

8 FEATURES
e Super Fast
AccessTime.............oivvinnnnn. 12/15/20ns (max.)
e +5V Single Supply
¢ Low Power Dissipation
(DC)Operating ........covvviiieinnnnann 300mW (typ.)
e Completely Static Memory
No Clock or Timing Strobe Required (DP-22NB)
e Fully TTL Compatible—All Inputs and Outputs
B ORDERING INFORMATION W PIN ARRANGEMENT
Type No. Access Time Package
HM6788HAP-12 12ns 300 mil 22 pin Ao 1 22 Vee
HM6788HAP-15 15ns Plastic DIP Ad 2 21 ] A1z
HM6788HAP-20 20ns (DP-22NB) n[] 3 20 [ Atz
A 4 19 A
B BLOCK DIAGRAM g ] An
A s 18] ] A
As[| 6 17 ] As
As o0——n || —oVec As[ ] 7 16 [_] 0y
Aro —OVss A 8 15 ] 110
As O Row Memory Matrix A7 0 9 “ % y 02
As 0———{>| Decoder 128 X 512 As [ 3
Ao | ¢S]0 13[7] '_/%‘
Aso— | vss [ | M 12 ] WE
A2 O
1 .
110y o0— _2— | - Column 1/O — (Top View)
#02 0—— 41> Sg:: Column Decoder
I/Osz 3 Control %%%%%‘%%
/04 *2—
Az A11A10 Ag Ay AgA
L
o f —— 1 ‘
W_Ec * :)"I jn
| N
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HM6788HA Series
W ABSOLUTE MAXIMUM RATINGS

Item Symbol Rating Unit
Voltage on Any Pin Relative to Vgg Vt -0.5t0 +7.0 \
Power Dissipation Pr 1.0 A\
Operating Temperature Topr 0to +70 °C
Storage Temperature Ty -55to0 +125 °C
Temperature Under Bias Thias -10to +85 °C
B RECOMMENDED DC OPERATING CONDITIONS (0°C < T, < 70°C)
Item Symbol Min. Typ. Max. Unit
Supply Volta;
upply voltage Vss 0.0 0.0 0.0 \
Input High (Logic 1) Voltage Vi 2.2 — 6.0 v
Input Low (Logic 0) Voltage ViL -3.0% — 0.8 \'
*Pulse width < 10ns, DC: -0.5V
M TRUTH TABLE
CS WE Mode Ve Current I/O Pin Ref. Cycle
H X Not Selected ISB, ISBI High Z —_
L H Read Icc, Icct Data Out Read Cycle (1), (2)
L L Write Ices Ieci Data In Write Cycle (1), (2)
B DC AND OPERATING CHARACTERISTICS (Ve = 5V + 10%, T, = 0°C to 70°C, Vgg = 0V)
Item Symbol Test Condition Min. | Typ. [ Max. | Unit
Input Leakage Current Il [ Vee = 5.5V, Vin = Vssto Ve — - 2 wA
Output Leakage Current Il | CS = Vi, Vyo = Vss to Vee — — 10 | pA
Operating Power Supply Current Icc | CS = Vg, Iyo, = OmA — — 100 | mA
Average Operating Current Icci | Min. Cycle Duty: 100% I;;0 = OmA — — 120 | mA
Standby Power Supply Current Isg CS =V — — 30 mA
CS = Ve - 0.2V .
Standby Power Supply Current (1) Isp; Vi = 02V or Vpy = Ve - 0.2V 10 mA
Output Low Voltage VoL | IoL = 8mA — — 0.4 v
Output High Voltage Vou |Iog = 4mA 2.4 — — \4
B AC TEST CONDITIONS
© Input Pulse Levels: Vgg to 3.0V ¢ Input Rise and Fall Times: 4ns
¢ Input Timing Reference Levels: 1.5V ® Output Reference Levels: 1.5V
¢ Qutput Load: See Figure
+5V +5V
Ot O
2 3
2550 1 30 pF * 2550 SpF*
Output Load B
Output Load A (for tyz, tz, twz, & tow)
*Including scope and jig capacitance.
@ HITACHI
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B CAPACITANCE (T, = 25°C, f = 1.0MHz)

HM6788HA Series

Item Symbol Max. Unit Conditions
Input Capacitance CiNn 6.0 pF Viy =0V
Input/Output Capacitance Cyo 10.0 pF Vyo = 0V
NOTE:  This parameter is sampled and not 100% tested.
Bl AC CHARACTERISTICS (Vcc = 5V + 10%, T, = 0°C to 70°C, unless otherwise noted.)
* Read Cycle
Jtem Symbol HM6788HA-12 | HM6788HA-15 | HM6788HA-20 Unit | Notes
Min. | Max. | Min. | Max. | Min. | Max.
Read Cycle Time tre 12 — 15 — 20 — ns —
Address Access Time tAA — 12 — 15 — 20 ns —
Chip Select Access Time tacs — 12 — 15 — 20 ns —
Output Hold from Address Change toH 4 — 4 — 4 — ns —
Chip Selection to Output in Low Z tLz 3 — 5 — 5 — ns 1,2
Chip Deselection to Output in High Z thz 0 6 0 6 0 8 ns 1,2
NOTES: 1. This parameter is sampled and not 100% tested.
2. Transition is measured +200mV from steady state voltage with specified loading in Load B.
¢ Write Cycle
HM6788HA-12 | HM6788HA-15 | HM6788HA-20 .
Item Symbol - - - Unit | Notes
Min. | Max. | Min. | Max. | Min. | Max.
Write Cycle Time twe 2 — 15 — 20 — ns 2
Chip Selection to End of Write tew 8 — 10 — 15 — ns —
Address Valid to End of Write tAwW 8 — 10 — 15 — ns —
Address Setup Time tas 0 — 0 — 0 — ns —
Write Pulse Width twp 8 — 10 — 15 — ns —
Write Recovery Time twR 0 — 0 — 0 — ns o
Data Valid to End of Write tpw 6 — 7 - 10 — ns —
Data Hold Time tpH 0 — 0 — 0 — ns -
Write Enable to Output in High Z twz 0 6 0 6 0 8 ns 3,4
Output Active from End of Write tow 3 — 3 — 3 — ns 3,4

NOTES: 1. If CS goes high simultaneously 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 +200mV from steady state voltage with specified loading in Load B.
4. This parameter is sampled and not 100% tested.
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HM6788HA Series

B TIMING WAVEFORM
¢ Read Cycle (1) 1) 2

the R
Address X k
tAA .
toH toH
Data Out Previous Data Valid Data Valid
¢ Read Cycle (2) () @)
tac R
cs —\ /_—
/]
E tacs o
- tz - otz
Data Out Data Valid >—
High Impedence High
Impedence

NOTES: 1. WE is High for READ cycle.
2. Device is continuously selected, CS=vy
3. Address valid prior to or coincident with CS transition low.
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HM6788HA Series
» Write Cycle (1) (WE Controlied)

Address X X
T RN | A7 7227777
P s | _ twp(1) : r

WE \_FX\\ - '7/

tow tpH(5)

o

High Impedance High Impedance

Data In Data Valid

tow(s) toH (6)

twzd)

High Impedance

Ll il el l
DataOut _ N NN NN NN NN NN\

* Write Cycle (2) (CS Controlled)

Address X X
< taw >l twr(2 -
- tas -
- ‘ tew
(o N ¥
N /
twe (1) -

tow

NN\ AL
XXXXXKXXKXXKXKXXKOO

High Impedance (4)

Data In Data Valid

Data OQut

NOTES: 1. A write occurs during the overlap of a low 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, I/O pins are in the output state so that the input signals of opposite phase to the outputs must not
be applied.

4. If the CS low transition occurs simultaneously with the WE low transition or after the WE transition, the output
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. Doy is the same phase of write data of this write cycle.
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HM6289 Series

16384-Word x 4-Bit High Speed CMOS Static RAM (with OE)
The Hitachi HM6289 is a high speed 64k static RAM organized

as 16-kword x 4-bit. It realizes high speed access time (25/35/45 ns)
and low power consumption, employing CMOS process technology.

Pin Arrangement

It is most advantageous for the field where high speed and high #o [}
density memory is required, such as the cache memory for main M
frame or 32-bit MPU. # (]
The HM6289, packaged in a 300-mil SQJ, is available for high o
density mounting. Low power version retains the data with battery MG
back up. a
as (7]
Features o
» High speed o
Access time: 25/35 ns (max) o
« High density 24-pin SOJ package OE (i}
+ Low power vas [
Active mode: 300 mW (typ) (Top View)
Standby mode: 100 uW (typ)
« Single 5 V supply
» Completely static memory
No clock or timing strobe required
» Equal access and cycle times Pin Description
+ Directly TTL compatible: All inputs and outputs Pin Name Function
- A0-A13 Address
Ordering Information U011/04  Inpuvjoutput
Type No. Access Time Package CS Chip select
HM6289JP-25 25ns 300-mil OE Output enable
HM6289JP-35 35ns 24-pin WE Write enable
HM6289LIP-25 25ns SOJ Vee Power supply
HM6289LIP-35 35ns (CP-24D) Vss Ground
Block Diagram
Az O— B 0 Vec
A3 0——— — Vs
:: E Row Memory Matrix
Eg: Decoder 128512
as o—— %]
a1 o——%]
aso—%]
I
1/01 o-——a—ﬁ—- Column 1/0 —
vozo »-?_ Input Column Decoder
Data
welEE] 7 | SHERHER
1/04 ©
'B_ All Al2 AI3 A9 A10 A0 Al
%o ‘ <—
L

P
™
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HM6289 Series

Function Table

CS OE WE Mode Vee Current I/O pin Ref. Cycle
H X X Not selected Iss, Isp1 High-Z —_
L L H Read Icc Dout Read cycle (1)~(3)
L H L Write Icc Din Write cycle (1)-(2)
L L L Write Iec Din Write cycle (3)-(6)

Note: x; HorL

Absolute Maximum Ratings

Ttem Symbol Value Unit
Voltage on any pin relative to Vss Vin -0.5"to +7.0 v
Power dissipation Pr 1.0 w
Operating temperature range Tope 0to+70 °C
Storage temperature range Tatg —55to +125 °C
Storage temperature range under bias Thias -10 1o +85 °C

Note: *1. Vin min =-2.0 V for pulse width < 10 ns.

Recommended DC Operating Conditions (Ta = 0 to +70°C)

Item Symbol Min Typ Max Unit
Supply voltage Vee 4.5 5.0 55 v
Vss 0 0 0 v
Input high (logic 1) voltage Vm 22 — 6.0 \4
Input low (logic 0) voltage Vi -0.5"! — 0.8 \

Note:  *1. VIL min =-2.0 V for pulse width < 10 ns.

DC Characteristics (Ta=01t0+70°C, Vcc=5V £ 10%, Vss=0 V)

Item Symbol Min Typ! Max  Unit Test Conditions
Input leakage current 1181} — —_ 2.0 HA Ve = Max
Vin =0V to Vec
Output leakage current Mol — — 2.0 HA CS=Vu
Vyo=0V to Vcc
Operating Vcc current Icc —_ 60 120 mA CS=Vr,Iyo=0mA,
Min. cycle
Standby Vcc current IsB — 15 30 mA CS = Vm, Min. cycle
Standby Vcc current (1) Isp1"? — 0.02 2.0 mA CS>Vec-02V
Is1"? — 0.02 0.1 mA 0V<Vin<02Vor
Vec-0.2V < Vin
Output low voltage VoL — — 04 v ToL = 8 mA
Output high voltage Vou 24 - — v Ton=—-4.0mA

Notes: *1. Typical limits are at Vcc=5.0 V, Ta = +25°C and specified loading.
*2. P-version
*3. LP-version

Capacitance (Ta = 25°C, f = IMHz)

Item Symbol Min Typ Max Unit Test Conditions
Input capacitance Cin — — 6 pF Vin=0V
Input/output capacitance Ciro — - 8 pF VIjO=0V

Note:  This parameter is sampled and not 100% tested.
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HM6289 Serles

AC Characteristics (Ta = 0 to +70°C, VcC = 5 V £ 10%, unless otherwise noted.)
Test Conditions

Input pulse levels: Vssto 3.0V
Input rise and fall times: 5ns
Input and output timing reference lgvels: 1.5V
Output load: See figures
Output Load (A) Output Load (B)
(for ICHZ, ICLZ, IOHZ, 10LZ, IWHZ & 10W)
+5V +5V
480Q 4800
Dout 0—— Dout 0—

< *
25503 I30pF 25503 ISpF*

Note:  * Including scope & jig.

Read Cycle
HM6289-25 HM6289-35 .
Tem Symbol e Max  Min M Unit
Read cycle time RC 25 — 35 — ns
Address access time taa — 25 — 35 ns
Chip select access time tacs — 25 — 35 ns
Chip selection to output in low-Z terz™! 5 — 5 — ns
QOutput enable to output valid tOB — 12 — 15 ns
Output enable to output in low-Z torz”! 0 — 0 — ns
Chip deselection to output in high-Z  tcuz"! 0 12 0 20 ns
Chis disable to output in high-Z tonz"! 0 10 0 10 ns
Qutput hold from address change toH 3 — 5 — ns
Chip selection to power up time Py 0 — 0 — ns
Chip deselection to power down time  tpp — 25 — 30 ns
Note:  *1. Output transition is measured £200 mV from steady state voltage with Load (B). This parameter is sampled and not 100%
tested.
@ HITACHI
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HM6289 Series

Read Timing Waveform (1)

-XC X

= N\ k AN L

facs

Dout i —
=X XX

Read Timing Waveform (2) "'-2*
- K A

TS N

Dout High T " Data Valid

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.

*4. OE = VL.
Write Cycle
HM6289-25 HM6289-35 .
Item Symbol Mo Max M Max Unit

Write cycle time twe 25 — 35 — ns
Chip selection to end of write tcw 20 — 30 — ns
Address valid to end of write taw 20 — 30 — ns
Address setup time tas 0 — 0 — ns
Write pulse width twp 20 — 30 — ns
Write recovery time tWR 0 — 0 — ns
Output disable to output in high-Z'!  tonz 0 10 0 10 ns
Write to output in high-Z"! tWHZ 0 8 0 10 ns
Data to write time overlap DW 12 — 20 — ns
Data hold from write time DH 0 — 0 — ns
Output active from end of write"! tow 5 — 5 — ns

Note: *1. Output transition is measured + 200 mV from steady state voltage with Load (B). This parameter is sampled and not 100%
tested.
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HM6289 Series

Write Timing Waveform (1) (OE = High, WE = Controlled)

twc

- X X

tew

= ANON\K ALy

taw

p— ! twr®1 - -
WE

! tow

tow
> W o M

High Impedance

Dout

Write Timing Waveform (2) (OE = High, CS = Controlled)

twe

- X X

/

al
N

taw

- N7,

tow

N0 SR CA089;

High Impedance
Dout

m

Di
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Write Timing Waveform (3) (OE = Clocked, WE = Controlled)

HM6289 Series

OF

s

WE

Din

-___K

[/

Kl\

RN

al

a

X

A

TN

/

INRRRRNN

1777777,

KXXK

low
Data Valid >

High impedance
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HM6289 Series

Write Timing Waveform (5) (OE = Low, WE = Controlled)

- X

- \ tup® 1 L)
\\\\ N // 5
e SSNSSUN i e =
7777777

- <>< e vt z_>'5—

Write Timing Waveform (6) (OE = Low, CS = Controlled)

- X X

s B /

NN V7T
) .

tow ton

w (K= K00

Notes: *1

*2.
*3,
*4,

*5.

*6.
*7.

130

A write occurs during the overlap of_a_low§ and a low WE. (twp)
tWR is measured from the earlier of CS or WE going high to the end of write cycle.
During this period, I/O pins are in the output state so that the input signals of opposite phase to the outputs must not be applied.

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

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

Dout is the same phase of write data of this write cycle, if twr is long enough.

If CS low transition occurs simultaneously with the OE high transition or after the OE transition, output remain in high
impedance state.
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HM6289 Series

Low Vcc Data Retention Characteristics (Ta = 0 to +70°C)
This characteristics is guaranteed only for L-version.

Item Symbol  Min Typ Max  Unit Test Conditions
Ve for data retention VDR 2 — — \ CS2>Vec-0.2V, .
Data retention current Iccor — — 502 HA  Vin2Vcc-02Vor
35" 0V<Vin<02V
Chip deselect to data retention time CDR 0 — — ns See retention waveform
Operation recovery time ® Re"! — — ns
Note: *1. tRC = Read cycle time
*2. Vec=3.0V
*¥3, Vec=2.0V

Low Vcc Data Retention Waveform

Data Retention Mode

CS& Vec—0.2V
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HM6289 Series

Supply Current vs. Supply Voltage Supply Current vs. Ambient Tempemure
1.6 1.6
= Ta=25C o~ Vee =5.0V
E 14 E 14
E E
% 1.2 é 12
8
L 10 S o
3 0.8 8 08
2 )
g os B o6
(7] w
a
0'44.5 4.75 5.0 5.25 5.5 o 0 20 40 60 80
Supply Voltage Vece (V) Ambient Temperature Ta (°C)
Access Time vs. Supply Voltage Access Time vs. Load Capacitance
13 18
? Ta=25TC E‘
12 o516
=
[
E 5
2 M & 14
T g
2 10 3 12 ,/
¢ 03 e 10 ]
= =
3 o8 g os
i :
< <
O ars 50 525 55 065 50 100 150 Z00
Supply Voltage Vee (V) Load Capacitance  CL (pF)
Access Time vs. Ambient Temperature Supply Current vs. Frequency
13 » 100 50 33 25 20 T (ns)
:’g Vee =5.0V -
8 12 1.0
s :
3 5
& - 09
1.0 8 _Z
s . = 0.8
b / i /
g os g 0.7 M
-
= 8]
f os £ 0
§ ;
0.7 05
0 20 40 60 80 0 10 20 30 40 50
Ambient Temperature Ta (°C) Frequency f(MHz)
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Low Level Input Voltage ViL (Normalized)

Tou (Normalized)

High Level Output Current

Standby Current Iccor (Normalized)

Low Level Input Voltage vs. Supply Voltage

13
Ta=25T

12

11

1.0 —

—/

0.9

0.8

07es 4.15 50 5.25 55

Supply Voltage Vcc (V)

Output Current vs. Output Voitage (1)

High Level Input Voitage vs. Supply Voltage

§ 13
= Ta=25C
E 12
g
E 1
) ]
a 1.0
°
> /
E‘_ 0.9
T 08
30
<=
'ﬂ
B 07
45 4.75 50 525 55

Supply Voltage Vec (V)

Output Current vs. Output Voltage (2)

16 S 16
Ta=25T 8 Ta=25C
Vee =5V S Voo =5V
1.4 g 14
& /
1.2 g 12
1.0 \ E 1.0
\ 3
0.8 3_ 08
8 /
0.6 N T 06
\ 3 )
% 04
043 2 3 4 5 3 ™o 0.2 0.4 06 0.8
High Level Output Voltage VoH (V) Low Level Output Voltage VoL (V)
Standby Current vs. Ambient Temperature Standby Current vs. Supply Voltage
10 14
\Ec =3V /
CS=28v =)
5 / 3 12
-
3
E o
(3
g 08
w— g /
g 06
05 E /
8 o4 A
2 Ta=25CT
=l TS=Vec —0.2V
§ 02p—
7]
0.1 0
0 20 40 60 80 2 3 4 5 6
Ambient Temperature  Ta (°C) Supply Voltage Vcc (V)
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HM6289 Series

Standby Current vs. Input Volitage

Ta=25C

) Vee=5.0V
3 TS=4.8V
2 8
=]
(3
3 6
94
E 4
3
>
3 /

0 1 3 4 5 6

Input Voltage Vi (V)
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HM6E6789 Series Maintenance Only

16384-word x 4-bit High Speed Hi-BiCMOS Static RAM (with OE)

Features HM6789P Series
® Super Fast Access Time:............... 25/30 ns (max)

® Low Power Dissipation (DC) Operating . . . . . 230 mW (typ.)

® +5V Single Supply

® Completely Static Memory

No Clock or Timing Strobe Required
Balanced Read and Write Cycle Time
Fully TTL Compatible Input and Output

Ordering Information

Type No. Access Time Package (DP-24NC)
HM6789P-25 25ns 300 mil 24 pin
HM6789P-30 30ns plastic DIP HM6789JP Series
HM6789JP-25 25ns 300 mil 24 pin
HM6789JP-30 30ns Plastic SOJ
Block Diagram
A2 O——| — -0 Vee
A3 O——— -0 Vss
ao—¥
Row Memory Matrix
as o——¥]
Decoder 128 X512
aso——F]
A7 00— g (CP-24D)
A8 O——— 3
| 1
u Pin Arrangement
101 o—-———?— Column 1/0 m— 9
/020 E Input Column Decoder A0 E N E Vee
Data
1/03 o ?— Control a1z 23 A3
1/04 © 2— a2(3] 22] Al2
All Al12 AI3 A9 Al0 A0 Al A3 E 21] A1
a5 29 At0
g - e I o
cs
Tg:c 1 ﬁ_ as[7] 18] NC
o
——‘:D_l <+ a1 [3] 7] 1/01
As 9] 6] 1/02
5 ) Lo ) 15] 1/03
Absolute Maximum Ratings 1]
1/0
Item Symbol Rating Unit M'l—_l E __4
Terminal Voltage to Vg Pin Vr -05t0+7.0 V ves 2 ] 7
Power Dissipation Pp 1.0 w (Top View)
Operating Temperature Range Top, 0to+70 °C
Storage Temperature Range under bias  Tgrg(bias) ~10 to +85 °C
Storage Temperature Range T,tg ~55 to+125 °C
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HM6789 Series

Recommended DC Operating Conditions (7, = 0 to +70°C)

Item Symbol min typ max Unit
Vee 4.5 5.0 55 v
Supply Voltage
Vss 0.0 00 00 v
Input High Voltage Viy 22 - 6.0 A\
Input Low Voltage ViL -0.5*%! - 0.8 v
Note) *1. -3.0V for pulse width < 20ns,
Function Table
CS OE WE Mode Ve Current 1/0 Pin Ref. Cycle
H HorL HorL Not selected IsB, Isp; High Z -
L H H Output Disabled Icc, Iccy High Z -
L L H Read Icc, Icc Dout Read Cycle (1) (2) (3)
L H L Write Icc: Iech Din Write Cycle (1) (2) (3) (4)
i
L L L . Ice Icor Din Write Cycle (5) (6)
DC and Operating Characteristics (V oc =5V+10%, T,=0 to +70°C)
Item Symbol min typ max Unit Test Conditions
Input Leakage Current Iy - - 2 uA Vec=5.5V,VIN=Vggto Ve
CS=Vjy orOE = Vjgor WE =V,
Output Leakage Current Iy ol - - 2 HA Vyo =Vssto Vee
Operating Power Supply Current Icc - - 100 mA CS=vy, Ijj0 = 0mA
Average Operating Curren? Iccy _ _ 120 mA Min.Cycle,Duty:100%,I;,0=0mA
Iss - - 30 mA CS=VmH
Standby Power Supply Current I CS2 Vee - 0.2V
SB1 - - 10 mA v N<02VorViy 2 Vee -0.2V
Output Low Voltage VoL - — 04 \' IoL = 8mA
Output High Voltage Vou 2.4 - - v IoH = —-4mA
AC Test Conditions
® Inputpulselevels .................... Vgs to 3.0V
® Input and Output reference levels .............. 1.5V
® Inputriseandfalltime ...................... 4ns
® Output Load: See Figure
+5V +5V
4800 4800
Dout Dout
2550 30pF* 255 5pF* " sachuding
scope and jig
Output Load A Output Load B
(tenz, Ewnz, tou,
terz, tow, torz
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HM6789 Series

Capacitance (T, = 25°C, f = 1.0MHz)

Item Symbol min typ max Unit Test Conditions
Imput Capacitance CIN - - 6 pF VIN =0V
Input/Output Capacitance Cro - - 8 pF Vyo=0vV

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

AC Characteristics (Vo c=5V+10%, T,=0to +70°C, unless otherwise noted.)

Read Cycle
Item Symbol .HM6789-25 ‘HM6789-30 Unit
min max min max
Read Cycle Time trc 25 - 30 - ns
Address Access Time tAA - 25 - 30 ns
Chip Select Access Time tACS - 25 - 30 ns
Chip Selection to Output in Low Z tcpz*1 0 -~ 0 - ns
Output Enable to Output Valid toE 0 15 0 15 ns
Output Enable to Output in Low Z toLz*1 0 - 0 - ns
Chip Deselection to Output in High Z tcHz*! 0 10 0 12 ns
Output Hold from Address Change toH N - 5 - ns
Input Voltage Rise/Fall Time tp*? - 150 - 150 ns
Write Cycle
Item Symbol : HM6789-25 'HM6789-30 Unit
min max min max

Write Cycle Time twe 25 - 30 - ns
Chip Selection to End of Write tcw 20 - 25 - ns
Address Setup Time tas 0 - 0 - ns
Address Valid to End of Write tAW 20 - 25 - ns
Write Pulse Width twp 20 - 25 - ns
Write Recovery Time tWR 0 - 0 - ns
Write to Output in High Z twHZ*1 0 10 0 12 ns
Data Valid to End of Write tpw 15 - 20 - ns
Data Hold Time tpH 5 - N - ns
Output Disable to Qutput in Hihg Z toHZ*1 0 10 0 10 ns
Output Active from End of Write /tOW'l 0 - 0 - ns

Notes) *1. Transition is measured +200mV from steady state voltage with Load (B).
This parameter is sampled and not 100% tested.
*2, Iftt becomes more than 150ns, there is possibility of function fail.
Plcase contact your nearest Hitachi Sales Dept. regarding specification.
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HM6789H - Series

Timing Waveform

Read Cycle (1)"
tre
-Address >< <
taa
OE \ /_
\\\\\\ N\ A/ ; ; ; ;
tog ton
TS torz { / Z
NN 0
tacs tonz
teuz
terz
- (== W0r
High Impedance
Read Cycle (2)"1.°2.°3
tre
Address >< >
tan | toy
tou
Dout Previovs Data Valid x Data Valid W

Read Cycle (3)"1.°3.°4

—\ fre /—-——
© N /
tacs | touz
taz
Dout High Impedance Data Valid
Notes) *1. WE=Vin
*2. C8= VL
*3 OE=ViL
*4,
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Address valid prior to or coincident with CS transition Low.
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HM6789 Series
Write Cycle (1) (OE = H, WE Controlled)

- K X

tew

© NN 1/ NS s
X /['

L

High Impedance

8
1

Write Cycle (2) (OE = H, CS Controlled)

- X X
- SNk ——/77777

Dout

G HITACHI
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HME789 Series

Write Cycle (3) (O = Clocked, WE Controlled)

D G X
« 7707 RN

s SN\N\NK T
" u \\\\;\ /TM

torz%2

tonz %2
; High Impedance
Dout

tow ton I
High I High Impedance
R VT =

Write Cycle (4) (OE = Clocked, CS Controlled)

- X X
« ZZITF ARNRY
. ——\'\ s B
" NN YT
e T

High Impedance

™~

Dout
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HMG6789 Series
Write Cycle (5) (OE = L, WE Controlled)

- X

S vs/0000

WE R\ 5 }/ -

o — N NN NN NN Hih Inpedance o
VAV -~

High Impedance \ *5  High Impedance
Din Data Valid /

Write Cycle (6) (OE = L, CS Controlled)

- X X

& O\ /

= MONMNK

*4 High Impedance
Dout

77777,

twrk1

N

tow ton

High Impedance .
Din Data Valid

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

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

*3. Dout i_s_the same phase of write data of tm_g_w_rite cycle.
*4, If the CS is low transition occurs after the WE low transition, output 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.

If CS low transition occurs simultaneously with the OF high transition or after the OF transition, output remain

in high impedance state.
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HMGE6789H Series

16384-word x 4-bit High Speed Hi-BiCMOS Static RAM (with OE)

Features

® Super Fast Access Time:. . . ............ 15/20 ns {(max)
® Low Power Dissipation (DC) Operating . . . . . 280 mW (typ.)
® +5V Single Supply

® Completely Static Memory

No Clock or Timing Strobe Required
Balanced Read and Write Cycle Time
Fully TTL Compatible Input and Output

Ordering Information

Type No. Access Time Package
HM6789HP-15 15ns 300 mil 24 pin
HM6789HP-20 20ns plastic DIP
HM6789HIP-15 15ns 300 mil
HM6789HIP-20 20ns 24 pin plastic SOJ
Block Diagram

A8 Eg: | 0 Vee

Aro—% -0 Vs

Aso——% ]

Row Memory Matrix
As o5
Decoder 128 X512

Ato—%]

Aro—L5

Azo—¥ -

T T
1/01 0—— | Column 1/0 —_T
10z 0— E Input Column Decoder
Data
1/03 0— Control
1/04 3—
Al12 A11 A10 A9 Al A0 A13
WEO
OE o~
! .

HM6789HP Series

(DP-24NC)

HM6789HIP Series

(CP-24D)

Pin Arrangement

Absolute Maximum Ratings

Item Symbol Rating Unit
Terminal Voltage to Vgg Pin Vr ~05to+7.0 V
Power Dissipation Pr 1.0 w
Operating Temperature Range Topr 0to +70 °C
Storage Temperature Range under bias Ts,g(bias) -10 to+85 °C
Storage Temperature Range T_,,g -55 to +125 °C

Note)

142

The specifications of this device are subject to change without notice.
Please contact Hitachi’s Sales Dept. regarding specifications.
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ao 1] ~ 24] Ve
Az 23] A13
az[3] 22] A2
as[4] 21) A1t
a4 5] E Al0
as 6] h_?] A9
as[7] 18] NC
A7 3] [17] 1701
ns[3] 16] 1/02
cs|io] E| 1/03
oE(i]] E 1/04
vss[12 13) WE
(Top View)




HM6789H Series

Recommended DC Operating Conditions (7, = 0 to +70°C)

Item Symbol min typ max Unit
Vee 4.5 5.0 5.5 \'
Supply Voltage
Vss 0.0 00 00 v
Input High Voltage ViH 2.2 - 6.0 \%
Input Low Voltage ViL ~0.5%! - 0.8 \'

Note) *1. -3.0V for pulse width < 10ns.

Function Table

[ OE WE Mode Vec Current 1/0 Pin Ref. Cycle

H HorL HorL Not selected Isg, IsB) High Z -

L H H Output Disabled Ices Ieci High Z -

L L H Read Iccs Iect Data Out Read Cycle (1) (2) (3)

L H L Write Icc: Icc Data In Wr