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MEDICAL APPLICATIONS

Hitachi’s products are not authorized for use in MEDICAL APPLICA-
TIONS, including, but not limited to, use in life support devices without the
written consent of the appropriate officer of Hitachi’s sales company. Buyers
of Hitachi’s products are requested to notify Hitachi’s sales offices when
planning to use the products in MEDICAL APPLICATIONS.

When using this manual, the reader should keep the following in mind:

1. This manual may, wholly or partially, be subject to change without
notice.

2. All rights reserved: No one is permitted to reproduce or duplicate, in
any form, the whole or part of this manual without Hitachi’s permission.

3. Hitachi will not be responsible for any damage to the user that may result
from accidents or any other reasons during operation of his unit accord-
ing to this manual.

4. This manual neither ensures the enforcement of any industrial proper-
ties or other rights, nor sanctions the enforcement right thereof.

5. Circuitry and other examples described herein are meant merely to
indicate characteristics and performance of Hitachi semiconductor-
applied products. Hitachi assumes no responsibility for any patent in-
fringements or other problems resulting from applications based on the
examples described herein.

6. No license is granted by implication or otherwise under any patents or
other rights of any third party or Hitachi, Ltd.
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HN27C64G-25 8K X 8U.V.EPROM (CMOS) ........coviiiiiiiiinnnnnn.. 476
HN27C64FP-20 8K X 80.T.P.EPROM (CMOS). ......civiiiiiiiiinn 483
HN27C64FP-25 8K X 8O0.T..EPROM (CMOS). .......ccoiiiiiiininnn.. 483
HN27128AG-17 8K X 8U.V.EPROM (NMOS)............ooiiiiiiin.. 488
HN27128AG-20 16K X 8UV.EPROM(NMOS) ..., 488
HN27128AG-25 16K X 8U.V.EPROM (NMOS) . .......coiitiiiiiinannn 488
HN27128AG-30 16K X 8U.V.EPROM(NMOS) . .......coviiiiiininnnnn.. 488
HN27128AP-20 16K X 8 O.T.. EPROM (NMOS)..........coiviiniinn.... 495
HN27128AP-25 16K X 8 O.T.. EPROM (NMOS)...........ooiiiiiiiin 495
HN27128AP-30 16K X 8O.T.P. EPROM (NMOS).. ...ttt 495
HN27256G-25 16K X 8U.V.EPROM(NMOS) ...t 501
HN27256G-30 32K X 8U.V.EPROM(NMOS) ...t 501
HN27256P-25 32K X 80.T.P. EPROM (NMOS). . .....coiviiiiiiiin 506
HN27256P-30 32K X 80.T.. EPROM (NMOS). . .......cooiviiniininn.. 506
HN27C256G-17 32K X 8U.V.EPROM(CMOS) .........ciiiiiiiiinnnnn.. 510
HN27C256G-20 32K X 8U.V.EPROM (CMOS) ........cviiiiiiiiiinennn 510
HN27C256G-25 32K X 8U.V.EPROM (CMOS) . .......ccoviiiiinniiniann 510
HN27C256G-30 32K X 8UV.EPROM (CMOS) ...........coiiiiniininn. 510
HN27C256FP-20 32K X 8O.TP.EPROM(CMOS) ..........coviiiiiiinin.. 516
HN27C256FP-25 32K X 8O.TP.EPROM(CMOS) ...........coiiviiiiininn. 516
HN27C256FP-30 32K X 8O.TP.EPROM(CMOS) ........coviiiiiiinnnnn.. 516
HN27512G-25 64K X 8UV.EPROM(NMOS) ...........oiiiiii.. 521
HN27512G-30 64K X 8UV.EPROM (NMOS) .............ccoiiiiiinn, 521
HN27512P-25 64K X 8 O.T.P.EPROM (NMOS). ........coviiiiinn... 528
HN27512P-30 64K X 8 O.T.P. EPROM (NMOS). .......coiiiiiiiiiin.n 528
HN27C1024G-15 64K X 8UV.EPROM (CMOS) ... ...ttt 534
O HITACHI
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HN27C1024G-20 64K X 8U.V.EPROM(CMOS).......ccvviiiniinnnnnnn. 534
HN27C101G-20 128K X 8 U.V.EPROM (CMOS) . . ...ttt 535
HN27C101G-25 128K X 8 U.V.EPROM (CMOS) .. .....ciitiiiiiienannnn 535
HN27C301G-20 128K X 8U.V.EPROM (CMOS) .. .....ciitiiiiiieannn 542
HN27C301G-25 128K X 8U.V.EPROM (CMOS) .........iviiiiiiiiinnnnn. 542
® Non-Volatile Memory: EEPROM. .. ... ... it 550
HNS58064P-25 8K X 8EEPROM (NMOS) ............covuven... e 550
HN58064P-30 8K X 8EEPROM (NMOS) ......oiiiiiiiiiiiiiiiiainn 550
HNS58C65P-20 8K X 8EEPROM (CMOS) ..ottt 556
HNS58C65P-25 8K X 8EEPROM (CMOS) ...t 556
HNS58C65P-30 8K X 8EEPROM (CMOS) . .....iititiiiii e 556
@ ECLRAM 10K . ..ottt e e e e e e e e e 565
HM 10414 256 X IRAM . ... i e 566
HM10414-1 256 X IRAM . ... 566
HM10422 256 X LRAM . ... i e 570
HM10422-7 256 X TRAM . ... e 575
HM2110 IK X TRAM ..o e 578
HM2110-1 IK X TRAM L. o s 578
HM2112 IKXTRAM ..o e 582
HM2112-1 IKX TRAM ..o e 582
HM10474 IKX4RAM ..o 587
HM10474-8 IK X 4RAM ..o e 592
HM10474-10 IK X4RAM ..o e 592
HM 10470 4K X TRAM ... 595
HM10470-1 4K X TRAM ... 595
HM 10480 I6K X TRAM. ... i i 600
HM10480F 16K X TRAM . ... e 600
HM10480-15 I6K X IRAM. .. ... F 603
HMI10480F-15 I6K X 1RAM. ..o e 603
HM10480L 6K X TRAM. ... i 606
® ECLRAM 100K . . ...t et e e e 609
HM 100422 256 X ARAM . ... i 609
HM100422F 256 X A4RAM . ... e 609
HM100422CG 256 X ARAM . ..o 609
HM 100415 IK X LRAM . ..o e 612
HM100415CG IK X TRAM . .. et 612
HM 100474 IKXARAM . ... e 615
HMI100474F IKX4RAM . ..o e e 615
HM100474-8 IKX4RAM ... 620
HMI100474F-8 IK X4RAM .. o e 620
HM100474-10 IK X4RAM ... e 620
HMI100474F-10 IKX4RAM ... e 620
HM100470 AK X TRAM .. 623
HM100480-15 IBK X TRAM. ... e 626
HM100480F-15 I6K X 1RAM. ..o e e 626
B HITACHISALESOFFICES ... .................... ..., e 629
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M PACKAGE INFORMATION

©® Dual-in-line Plastic

Unit: mm (inch) Scale 1/1
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PACKAGE INFORMATION

Unit: mm (inch) Scale 1/1
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PACKAGE INFORMATION

©® Applicable ICs
DP-16B HM50256P Series. HM50256 AP Series, HM50257P Series, HM50257AP Series, HM51256P Serres, HM51256LP Series.
HM51258P Series
DP-18 HM6148HP Series, HM6147HP Series, HM6147HLP Series, HM511000P Series, HM511001P Series, HM511002P Series
DP-18B HM50464P Series, HM50465P Series
DP-20N HM6168HP Series, HM6168HLP Series, HM6268P Series, HM6167P Series, HM6167LP,HM6167HP Series.
HM6167HLP Series, HM6267PF Series, HM6267LP Series,
DP-22N HM6287P Series,HM6287LP Series, HM6288P Series,
DP-24 HM6116P Series, HM6116LP Series, HM6116AP Series, HM6116ALP Series, HN61365P, HN61366P
DP-24A HM53461P Series, HM53462P Series
DP-24N HM6116ASP Series HM6116ALSP Series,
HM6264P Series. HM6264LP Series, HM6264LP-L Series. HM622561° Series, HM62256LP Series, HM65256AP Series,
DP28 HM65256BP Series, HM65256BLP Series, HN61364P, HN613128P, HN61256P,HN613256P,HN623256P, HN62101P,
- HN62301AP. HN62301BP, HN62301DP, HN482764P Series, HN27128AP Series, HN27256P Series, HN27512P Series,
HNS58064P Series, HN58C65P Series
DP-28N HNG6264ASP Series, HM6264 ALSP Series, HM65256 ASP Series HHM65256BSP Series, HM65256BLSP Series
DP-40 HN62302P. HN642402P
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PACKAGE INFORMATION

Unit: mm (inch) Scale 1/1

® DG-20NA © DG-22N
211801070
2413
20 0.950 ] f"
= H
=8 E e
= ie
! Ir] umo 154(0 061) ~H— 11
099(0039) 153(0 060) 040) 762(0300
= (0300) 3
H EE
5 Ze 24
3 ‘ 28 y
= 0258 ete Ve . 0z )
:é EE J (o0\°’%w” §‘5' '55 s L— o ®
— g~z ~s °s =
04801 254+025 s = 48‘.0! 5 025
(0019£0004)  (0100+0010) (oms:uoo&) (0100+0010)
® DG-24N
3030
2 (1193) 13
AnAannnnana
=8
=18
( e
TvoooTtooToow
1 12
4
(0055) -~ - 1016
c £ .é (0 400)
£y B |
siejas
£¢ "
SE 02548
254- 025 048-01 =&
{0100-0010) (00197 0008) " = T~ 15 ‘“‘60\0*%‘39
o DG-28
3683
|28 (1 450) 15|
Danannannonnnan
=
i
e A A-A-R-2-n-2
! 132 R
(0052) £z 1524
EEEE (0600)
H 5
E? E{E
< o
€ o
250+025 | £s ozmﬁoﬁg‘,)
(0100~ 0010) 048-01 35 05 (00150
1191 (0019+-0004) ~=
1650
® DG-32
Beanamanonaananall
1 132 16
(0052) 1524
= (0 600)
s|£
f ] 8IS 2f3 [ ]
P
- i
2543025 04801 HE
(010010 010) (0019.+0 004) 38 <l
=3

Hitachi America Ltd. 2210 O’Toole Avenue ® San Jose, CA 95131 e (408) 435-8300



PACKAGE INFORMATION

® Applicable ICs
DG-16 HM10414, HM1014-1
DG-16A HM2110,HM2110-1, HM2112, HM2112-1 HM100415
DG-18 HM10470,HM10470-1, HM10470-20,HM100470
DG-18A HM511000 Series, HM511001 Series, HM511002 Series
DG-20NA HM2142,HM10480,HM10480-15,HM10480L,HM100480-15
DG-22N HM6787, HM6787-30, HM6788
DG-24N HM10422,HM10422-7, HM10474-8, HM10474-10, HM 100422, HM 100474 HM100474-8, HM 100474-10
DG-28 HN482764G Series, HN27C64G Series, HN27128A Series, HN27256G Sertes, HN27C256G Series, HN27512G Series
DG-32 HN27C101G Series, HN27C301G Sertes
® Zigzag-in-line Plastic Unit: mm (inch) Scale 1/1
° "
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PACKAGE INFORMATION

Unit: mm (inch) Scale 1-1/2
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® Applicable ICs
FP-24D HMG6116FP Series, HM6116LFP Series
HMG6264FP Series, HM6264LFP Series, HM6264LLFP Series, HM6264AFP Series, HM6264ALFP Series,
FP-28D HM62256FP Series, HM62256LFP Series, HM65256 BFP Series, HM65256BLFP Series, HN27C64FP Series,
HN27C256FP Series
FP-54 HN61364FP, HN613128FP, HN61256FP, HN613256FP, HN623256FP, HN62101FP
FP-64 HN62301AFP, HN62301BFP, HN62301DFP
FG-20D HM10480F, HM10480F-15, HM100480F-15
FG-24 HM100422F, HM100474F, HM100474F-8, HM100474F-10
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PACKAGE INFORMATION

@ CHIP CARRIER Unit: mm (inch) Scale 1-1/2
® CG-20 ; ® CG-22A
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® Chip Carrier
CG-20 HM6267CG Series
CG-22A HM6287CG Series, HM6787CG Series
CG-24 HM100422CG, HM100415CG
CP.18 HMB50464CP Series, HM50465CP Series, HM50256CP Series, HM50257CP Series, HM51256CP Series, HM51256LCP Series
HMS51258CP Series
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PACKAGE INFORMATION

® 24 Pin with Lid © 28 Pin with Lid ® 32 Pin with Lid

® Plastic DIP

® 16 Pin ® 18 Pin ® 20 Pin ® 24 Pin

® 24 Pin © 28 Pin ® 28 Pin

® | eadless Chip Carrier

® 18 Pin ® 20 Pin ® 22 Pin ® 24 Pin
= SOP = PLCC u S0J
® 24 Pin ® 28 Pin © 18 Pin ® 26/20 Pin

* &
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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 béen 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
called 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

P Bipolar memory Bipolar memory NMOS memory : NMOS memory
lassificat memories
Classification (RAM) (PROM) (Dynamic RAM) (Static RAM) (PROM)

Buffer memory, i For

Applicati control memory Microcomputer Main memory of computer, microcomputer

pplication of high-speed control use microcomputer memory control

computer

Example of

basic cell =

circuit

—

Dies of IC 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

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

® Table 2 IC Memory Package Outline
® Cerdip
©® 16 pin ® 18 Pin ® 20 Pin ® 24 Pin
@ HITACHI
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Reliability of Hitachi IC Memories

2. RELIABILITY Results of reliability tests are listed below.

2.1 Reliability Test Data on Bipolar Memories

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

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.

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

HM10480 (Cerdip) HM10470 (Cerdip) HM 100422 (Flat Package)
Test item Test sam- | Total | Fail l-;:l'lél:e Test sam- | 1ol gy li:ltl::e Test sam. | Jotal fg. F:'l:‘re

condition | ples ‘oﬁgﬁgen ures (1/hr) condition | ples hours | Ures (1/hr) condition | ples hours | Ures (1/hr)
Ta=125°C CH N . | Ta=125°C 5 CH ” -5

High- Vermdsv | %0 | qonot | O | 330T ppisay) 135 | 4gxgf | O | 2310 mesee | g | CH Lo |00

(Openating) | T5=150°C o s | Ta=150°C s . | VEES-50V Ox1 :
Py sy| 40| 40610t |0 | 230107 PR | 80 | 27x10° | 0 | 34x10

il l;'g‘,""” 7a=150°C | 80 | 80x10° | 0 | 12x10"° [7a=150°C | 120 | 12x10° | 0 | 77x10°° | Tu=150°C | 80 | 80x10° | 0 |1.2x10°*

® Table 4 Results on Bipolar Memory Reliability Test (2)

HM10480 HM10470 HM 100422
Test item Test condition (Cerdip) (Cetdip) (Flat Package)
Samples| Failure | Samples| Failures | Sample |Failures

Temperature cycling -60°C~+150°C, 10 cycles 40 0 120 0 40 0
Soldering heat 260°C, 10 seconds 22 0 22 0 — —
Thermal shock 0°C~+100°C, 10 cycles 30 0 36 0 20 0
Mechanical shock | 1390, G,5ms, Three times 30 | 0 30| 0o | 60 | o0
Variable frequency | 100°~2000Hz, 200G, Three 40 | o 0 | o | 60 | o
Constant- 20000G, 1 minute, each for
acceleration X,YandZ 40 0 40 0 60 0

2.2 Reliability test data on MOS memories

2.2.1 Reliability test data on MOS DRAM and
SRAM

The reliability test data on the MOS memories are
shown in Tables 5, 6 and 7. In these tables, data are
shown on representative types of 256K DRAM
(HM50256), 64K SRAM (HM6264P), 16K SRAM
(HM6116P).

® Table5 Reliability Data on 256K and 64K DRAM

The life test at high temperature and high voltage is
performed to estimate the reliability of the products
using fewer samples. The cause of failure are all in
manufacturing process, so we feedback the data into
manufacturing process to improve the quality and
reliability.

HM50256 (Cerdip) HM4864 AP (Plastic)
; Test Total : Failure Total o | Failure
Testitem | .1 dition sal':s' component| Fail-l  “rate* S:im- component| Fail"| “rate* Remarks
p hours ures|  (1/hr) ples hours ures | (1/hr)
High- 150°C/8V | 525 1.02x10% [10*!] 1.13x10-3 | 500 [ 1.00x10* [ 1** [2.02x10* [+1_3
temperature | 150°C/7V_ | 4481 0.81x10% | 4*2[ 6.47x10* | 69 0.35x10* [0 [2.63x10% | Pxide,
pulse 125°C/8V | 336 0.67x10% | 4*3] 7.82x10% | 300 [ 0.60x10* [0 [1.53x10%] x17,
operation 125°C/7V_[2834] 0.95x10* | 0 19.68x107 | 429 ] 1.04x10% [0 8.85x107% | matenal
High- 85°C 85% 7 X1
temperature | RH 5.5V 160 | 0.36x10° | 0 |2.56x10% | 650 | 1.23x10* |0 |7.48x10 e
Presure [ RI°CI0% T T [ T100|500c10* [0 [184x10%] X"

cooker

* Confidence level 60%.
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® Table 6. Reliability Data on 64K and 128K EPROM

HM6264P (Plastic) HM616P (Plastic)
: Test Total : Failure Total : Failure
Test item frts Sam- Fail- Sam- Fail- Remarks
condition component rate* component rate*
ples hgurs ures| (j/hr) | Ples hours | ures (1/hr)

High- 150°C/7V_| 100 0.10x105 [ 1*!1]2,02x10° [ — - - = "B
temperature | 125 C/8V 162 | 0.20x10* [2*2 | 1.55x10°% | — - - - g‘}émﬂ
pulse 125°C/7V_| 1014 | 1.16x10* [ 2*3 [ 2.67x10* | — - - - Sihaed
operation 125°C/5.5V] — - - - 9940 2.28x10% [ 2** [1.36x10™* | “faithe x2
High- 85°C/85% .
temperature | RH 7(, 304 | 0.30x10* |0 3.07x10™ {1430| 2.35x10% | 4*5 |2.23x10* Z\“Z
Pressure 121°C S | uonx2
cooker 100% {KH 55| 2.20x10* |0 4.18x10°5 | 250{ 4.40x10* | 0 2.09x10% 2

* Confidence level 60%.

plastic package. The reliability test data on the
representative  EPROM types of 64K EPROM

2.2.2 Realiability Test Data on ERROM
EPROM has two types; the conventional EPROM

with transparent window and the one time program- (HN482764, HNA482764P), 128K  EPROM
mable ROM (OTPROM). The latter is packaged in (HN4727128) are shown in Table 7.
® Table 7 Reliability Data on 64K and 128K EPROM
HN482764 (Cerdip/Plastic) HN4827128 (Cerdic)
: Test Total ; Failure Total ; Failure
Testitem | . 4dition Spal’ens' component E?;ls' rate* Szig;- component E?éls- rate® |[Remarks
hours (1/hr) p hours (1/hr)
‘i’!lilﬂ'-e-temp. 125°C/5.5V{ 131 [ 0.43x10* [ 0 [2.14x10%[100[0.10x10% |0 9.20x10¢
operation 125°C/7V 760 [ 0.61x105 | 0 |1.51x10™*| — _ _ _ *ll)ata
High- 200°C 117 | 1.17x10% | 1*1]1.73x10° | 80| 0.40x10° [0 | 2.30x10% | gissipa-
temperature| 250°C 106 | 1.06x10% | 5*1]5.94x10* | 65| 0.33x10°% | 1*! |6.12x10°5 | tion x 38
lsitorage 309°C 67 | 0.67x10% [25*1]3,73x10% | 50 0.25x10% [ 6*! [2.93x10*
igh- 85°C[85%
toerature| RH S5~ | 200 | 0.20x10* | 0 |4.60x10% | - - - = lbwr
Pressure 121°C N
cooker 100% RH 78 | 0.16x10% | 0 |5.75x10°5 | — - - —

* Confidence level 60%.

The failure in table 7 is due to the data dissipation
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 depends on tem-
perature (about 1.0eV of activated energy) greatly.
The moisture resistance of OTPROM is also satis-
factory.

The example of PROM derating are shown in Table
8. When users apply the derating, the parameter is
generally only the temperature because |C memories
are specified the operating condition. Especially to
lower the junction temperature during mounting is
important to stabilize operation on access time,
refresh time and other characteristics.

@ HITACHI
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® Table8 Example of EPROM Derating

Factor Temperature

Electrical Characteristics,

Failure criteria Function Test

Increase of leak current

ilure me i
Failur chanism and others

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

108
101 /
|/
E /
o 10
E /
=
10 /
o PO OO O L
2 0
/%a E 2as &l =®
102 44 14 41 4 ¢ I
15 20 25 30 5
103/T) (K™)

Note:

Decreasing junction temperature shown in the figure will promise the higher reljability the junction
temperature can be calcylated by a formula: Tj = Ty + 0j5*Pg. 6, is about 100 C/W with no air
flow and about 60 to 70" C/W with 2.5 m/s air flow.

2.2.3 Reliability Data on MASK ROM
The reliability test data on 256K and 1M bit MASK
ROM are shown in Table 9. MASK ROM is pat-

terned according to ROM information in manufac-
turing process, so has no problem of data dissipation

in high temperature like EPROM and EEPROM.

® Table 9 Reliability Data on 256K and 1M MASK ROM

- HNG613256P (Plastic) HN62301P (Plastic)
Test item est Sam- Total (g, | Failure fg. 1 Total |p.. | Failure |Remarks
condition component| & rate* am-| ;omponent| ;& rate*
ples PR 8urs - |vres| (/) | Ples |“hours | ures| (T/hn)
Hightomp  [125°C/5.5V| 90 | 0.9x105 | 0 [102x10% | — | - [ — [ -
Speration __[125°C/7V_ | 50 | 0.5x10° | 0 |1.84x10° | 246 | 2.46x10° | 0 |3.74x10%
thigh, ature | Ru S | 120 | 12x105 | 0 |7.67x10° 120 | 1.20x10° | 0 |7.67x10%
L]
Pressure  |120Cky | 80 | 0.8x10% | 0 [1.15x10% | 78| 1.56x10* | 0 |5.90x10%

* Confidence level 60%.

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

Examples of each environment test data are shown

in Table 10. They show good results without any

failure even in severe environment.

Vry of MOS transistor is one of the basic process

® Table 10 Reliability Data on MOS Memories

parameters in MOS memory, which has almost no
change using surface stabilization technology and
clean process. Table 2 shows the examples of time
changes for 266K DRAM; Vcc min. (V) and
access time (tgac) in high temperature pulse test.

Tty | oo [ ey | e
. o erdip erdip astic astic
Remark:
Test item Test condition o i [Sam-| Fail-| Sam- | Fail- | Sam-| Fail- [Sam-| Fail-| 2Tk
ples | ure | ples | ures| ples |ures | ples | ures | ples | ures
-55°C~150°C
Temperature cycling 10 cycle 1486 0 [775| O | 887 | O |(3315{ O (80| O
o O
Temperature cycling ;ggoccyc‘feoc 316/ 0 [250| 0-]277| 0 | 150 0 |445]| 0
-65°C~150°C
Thermal shock 15 cycle 145/ 0 |146| 0 | 38| O 76| 0 |498| 0
Soldering heat 260°C, 10 500 o0 | 90] o] 380 76| 0 | 82| o
1,500G,05ms| 38/ o | 90| o | — | — | — [ -] 82| 0
Variable frequency 2206&2’000“2 38 0 90 O - - - - 82| 0
Constant-acceleration| 20,000G 38f O 90| 0*| — - - - 82| 0 |*6,000G
@ HITACHI
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2.3 Change of Electrical Characteristics on I1C
Memory

The degradation of Icgo and hgg are the main

factors of degradation in inner cell transistor of

bipolar memory. In actual element designing, how-

Fig. 1 Time Dependence in Access Time for HM10470

Reliability of Hitachi IC Memories

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.

Example Example of time change in access time for Bipolar memory
Device name HM10470
Test condition Ta=125°C, VEg=-5.2V Measuring Condition } XI:::':;;"
Failure criteria’ taa=25ns Minimum
Failure mechanism Surface degradation Bt Marching Pattern
Results: 30+

Access time (ta ) is stabilized and is within the failure
criteria.

taa (ns)
o ~>
= 2l
—

-

T T

. A oy R
0 500 1000 2,000
Time (hr}

Fig. 2 Time Dependence in Vpp min and tgac for HM50256

Example

Examples of time change in access timer for MOS memory

Device name
Test condition
Failure criteria

HM50256
T, = 125°C, all bit scanning
Vpp = 4.5V, AVgg = 1.0V

Failure mechanism

Surface degradation

Results:
Both of Vpp (min) and tg 5 c are stabilized.

Note: Test accuracy is 0.2V, 2ns.

1 I I
LT ) T

—0—t

Von min \

\leasuring Conditon Max.mum

Ta= 25¢ { Vierage

E o v=opcs Minmum
Vlarching Pavern

s L e
[ 500 1om 2,000
Time hr

trac ns
z

T

>t
>
——i
——t

1204

1
L " i
& 500 LI 2000

Time hr

2.4 Failure Mode Rate

Examples of failure mode happened in users’ ap-
plication are shown in Figure 3 and 4. Since IC
memories require the finest pattern process of
semiconductor technology, the percentage of fail-

ures, such as pinholes, defects on photoresist and
foreign materials, tends to increase. To eliminate
the defects in the manufacturing process, Hitachi
has improved the process and performed 100%

G HITACHI
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burn-in screening under high temperature. Hitachi
has been collecting and checking customers’ process-
data and marketing data for higher reliability of our

Defective Insulation

Laver Due to Foreign
Maternls %

Defective Photo~
lithography 2%

Statistics
for 1979~1984
20~60FIT

Defective
Metahization 2%

Fig. 3 Failure Mode Rate of Bipolar Memory

3. SOFT ERROR

3.1 Soft Error Mechanism

As mentioned before, IC memories have been highly
integrated. By integration, the chip size is reduced
and also signal level on the chip and storage charge
of dynamic memories is reduced. An obstacle of
integration is soft error. Soft error is a transistory
failure which can be recovered by reprogramming.
It is caused by a-particles emitted from U and TH
contained in the package materials. As memory
chips are irradiated by a-particles, a great deal of
electronhole pairs are induced in Si substrate.
These induced electrons reverse the data in memory
cell.

products. To analyze them is very helpful for the
improvement of designing and manufacturing.

Stauistics
for 1979~1984
30~200FIT

Destruction
9,
% Defective Photo-
Inthography 5%

Fig. 4 Failure Mode Rate of MOS Memory

Fig. 5 shows the mechanism of soft error by a-
particle. In case of NMOS dynamic memory, posi-
tive holes are drown to substrate because negative
voltage is applied to the Si substrate, so, the data is
reversed only by electrons (from data 1" to “‘0"')
Fig. 5 shows the soft error in memory cell mode.
This soft error is defined as ‘“Memory cell mode”
distinguished from “Bit line mode”.

Soft error in ““Bit line mode” is shown in Fig. 6. As
the data is read out on bit line, bit line potential
changes according to the data in memory cell. As
this changed level is very small (about 100 mV), it
is amplified by sense amplifier compared with the

Polysilicon Gate

= I

gﬁlhcon Substrate | \ H g Y
Information Storage Area

e being absent) Y

e == d

—_—

a-particle 5

(a) Memory information at 1  (b)
(Electrons are absent)

(1 Transistor type memory cell)

Incident a-particle generate a  (c)
large quantity of electron-hole
pairs. Generated electrons enter

Inversion of memory informa-
tion from ‘1" (electrons ‘‘ab-
sent’’) to '’ (electrons ‘filled"’)

the information storage area and
holes are drawn to the substrate
power supply.

Fig. 5 Soft Error in Memory Cell Mode
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Bit Line Potential
Information

.y

Reference Level

‘ Information 0"
L |

-t -t=
Pre- Information  Amplified
charge Read Cycle

Lod
(b) Inversion of information (c) Inversion of information
(a) Read inf . from 1" to0 0" from 0" to “1"”
a}  Read out memory information (fall of “1"* potential) (fall of standard potential)
into bit line
Fig. 6 Soft Error in Bit Line Mode
103 3.2 Prevention against Soft Error in Products

The soft error rate of initial 64K DRAM was

beyond the expected rate. Therefore Hitachi has

prevented against soft error as follows.

1) Use of package materials which emit less number
of a-particles

_______ 2) Application of chip coating technology to pre-
vent the a-particle

3) Improvement of circuitry and layout technology
with a-particle immunity

As the result of these preventions, the soft error rate

Cell Mode

102 -

10 Bit Line Mode

Soft Error Rate (Relative Figure)

L
1 10 10? 103
Cycle Time (Relative Figure)

Fig. 7 Soft Error Rate Depending on Cycle Time 10'—

reference potential (potential read out from dummy
cell). If bit line is irradiated by a-particle in this
short cycle of read out to amplification, bit line
potential decreases. In case that bit line potential
becomes less than reference potential, soft error
(data 1" to "“0”) will be occurred. On the other
hand, with decrease of reference potential, soft
error (data “’0” to ““1’) will be occurred.

Both are defined as the soft error in “’Bit line mode”’ \
because the errors are occurred by the a-particle \
irradiation to bit line.

Fig. 7 shows the soft error rate depending on cycle
time.

In actual products, the soft errors are occurred in 0* me‘ Maskzl M:skll Mnkll
three different modes; Memory cell mode, Bit line
mode and a mixture of both modes.

100— Q

(Relative Figure)

Soft Error Rate in Forced Test

Fig. 8 Soft Error Improvement on 64K DRAM
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of 64K DRAM has attained the acceptable level.
Figure 8 shows a development of the soft error rate
of 64K 'DRAM. Chip coating was applied for mask
1 and 2, however, according to the improved tech-
nology, it is not required for mask 3 and 4.

The improved technology in 64K DRAM has also
applied to 266K SRAM and attained the high level.

3.3 Request for Prevention against Soft Error in
System Equipment

System reliability can be improved more by supply-

ing some function, that is, ECC device for large-scale

memory system and parity bit for small-scale one.

4, RELIABILITY CLASSIFICATION

In designing IC memories, Hitachi classifies memory

reliability according to their application and

controls the flows of design, production and test.

Reliability can be roughly classified as follows;

1) For large scale computers and electronic ex-
changes

2) For Important parts of auto-motive application

3) For general communication industry

Our products would be used effectively to consider

the above-mentioned classification by its applica-

tion.

Especially, for your special application, please

consult our sales engineering staff.
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B PRECAUTIONS FOR HANDLING IC MEMORIES

A variety of IC memories such as large capacity
dynamic memory, high speed bipolar memory and
low power dissipation static CMOS memory have
been developed and commercially available, which
can be selected according to application. Precaution
for handling 1C memories will be given below to pre-
vent the device from malfunctioning.

1. BIPOLAR MEMORY

1.1 Prevention of Static Electricity

Bipolar memories have been more affected by the

static electricity than conventional type because

their diffused layers have become thinner., Preven-

tions against electrostatic discharge are as follows.

(1) Keep all terminals of a device at the same
potential, use conductive mat and tubes in
transporting or storing them,
Hitachi usually uses the plastic tube coated
with or made of conductive material, and in
some cases, uses the conductive mat called
“MOSPAK"” for our shipment. Reused tubes
should not be used.

(2) Ground operator in handling memories for in-

spection or connection as shown in Fig. 1. In-

sert a 1M ohm resistor to protect operator

against an electric shock.

Control the ambient relative humidity at about

50%.

Wear cotton clothes instead of the ones made

of synthetic fabrics.

(5) Ground tips of soldering iron, which is prefer-
able the one operates at low voltage.

(6) Pack with conductive mats in shipping I1C
memories mounted on the circuit board.

3

~

(4

Insulated clip

|
f:ﬁ%
/ \

Copper ring
{put 1t on a finger !

Shielding wire

tabout 1 meter " IMOAW resistor

Fig. 1

1.2 Prevention of Reverse Insertion

Inserting ICs reversely may cause excess current to
be flown and sometimes the devices to be damaged.

The device orientation is indicated on the package
surface definitely.

1.3 Mounting and Removal of ICs with Power On
Usually rather high current flows in regulator of
bipolar memory. Therefore, if ICs are mounted or
removed from board with power on, the induced
voltage may destroy the ICs. The device should be
mounted on or removed from the board with power
off. The same precaution is required in measuring
ICs using tester.

1.4 Prevention of Oscillation

As ECL bipolar memory has a high transistor cut-off
frequency, external circuit might cause oscillation
which brings ICs into misoperation. So, the capa-
city of about 0.1 uF with high frequency charact-
eristics is recommended to put between ICs and
voltage supply line.

1.5 Precaution on Simple “H"’ Level of ECL
Memory

In some cases, the input of ICs is directly connected
to ground to set input as “H" level. However, it
sometimes causes misoperation in conjunction with
internal circuit conjunction with internal circuit
composition. ““H’" and ““L” level of input are spe-
cified as V,_{(min) and V,4(max) respectively.
Please utilize ICs properly according to its specifica-
tion.

1.6 Cooling
Power dissipation of bipolar memory is 400 mV to
1000 mV per chip. In the case that many bipolar

o —

10?

il
i

Acceleration Rate

20 25 30 35

101 ke

a0 25

200175 150 125 100 7

Junction Temperature on Operation T, (C:

Fig. 2 Derating of ECL Memory
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memories are mounted on a board, it is difficult to
cool the device sufficiently in natural air flow.
Therefore, the forced-air cooling at higher than 2.5
m/s is required. Then, reliability will be improved
as shown in Fig. 2.

We recommend the junction temperature to be kept
less than 85°C in high reliability use.

1.7 Other Precaution

(1) Deforming of Shipping Tube and Carrier
Since the plastic tube and carrier for shipment
(for ECL flat package) are usually made of
thermo-plastic, they are deformed at the tem-
perature of higher than 40 to 50°C.

If the device is subjected to the burn-in by
users, please use the aluminum tube or other
metal fixtures.

(2) Glass sealed package is easily damaged by the
shock, however, it is not so seriously damaged
by normal handling or the drop test (JIS
C7021A-8) on individual one. In case of receiv-
ing strong shock during transportation or load-
ing of devices packed in the tube, they are
damaged. So please take care not to drop the
tube packed the device in transporting and
loading on/off. In addition after mounting on
board, the device may be damaged if the board
strength is not strong enough, or the board re-
ceives the strong deforming stress. Please be
careful the board strength and handling of the
board mounting ICs.

2. MOS MEMORY

2.1 Prevention against Static Electricity

MOS IC memory requires the same caution for
handling as bipolar memory against static electricity
as described in 1.1.

2.2 Prevention against Power Supply Noise

As for the dynamic memory, power supply current
is different greatly between in operation (access
time) and in non-operation (stand-by time). It is
effective to reduce the power dissipation, however,
it may cause the spike noise on the supply current.
To supply the enough current during refresh, it is
recommended to insert the large capacitor (ex. a
10uF capacitor for every 9 pieces of 64K-bit of
HM4864) as well as an 0.1uF high-frequency capaci-
tor for each device. In addition, it is very important
to reduce the impedance in circuits on designing.

2.3 Evaluation of Memory System Design

The power margin curve (shmoo curve) is available
for evaluating the memory system design (timing
margin or adaptability to the peripheral circuits).
Investigating the variable Vpp and access time, the
device with the closer curve to its margin is judged
to be better.

2.4 Parity Bit

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

In some cases, |IC memory is designed as all bits are
information bits and no partiy bit. Is is, however,
desirable to add parity bits to detect the memory
errors.

2.5 Use under High Electric Field

In case MOS IC memories are placed near to high
voltage source, the high electric field may cause
failures in system operation.

To avoid the failure, shield the ICs from the high
voltage source.
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® 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 at a 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.
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 deeply study the technology prior to devel-
opment of the device.
(3) Reliability Test by Test Site
Test site is sometimes called Test Pattern. Itis
useful method for evaluating reliability of
designing and processing ICs with complicated
functions.
1. Purposes of Test Site are as follows;
e Making clear about fundamental failure mode;
o Analysis of relation between failure mode and
manufacturing process condition.
o Analysis of failure mechanism.
e 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

-

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
investigation if unclear matter is found.

(3) Determine the contents and methods of reliabil-
ity test based on design document and drawing.
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(4) Check process ability of manufacturing line to
achieve design goal.

(5) Arrange the preparation for production.

(6) Plan 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
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.

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 result, we assure the reliability.

Step Contents

Purpose

Design Review ]

Target |
Specification I

Design
Trial
Production

Materials, Parts
Approval

Parts

Dimension

Electrical
Others

Characteristics of Material and
Appearance

Heat Resistance
Mechanical

Confirmation of
Characteristics and
Rehability of Materials
and Parts

Electrical

Characteristics Approval l

Function
Voltage
Current

Others

Characteristics

Temperature

Appearance, Dimension

Confirmation of Target
Spec. Mainly about
Electrical
Characteristics

L Quality Approval (1)

Others

Rehabihity Test
Life Test
Thermal Stress
Moisture Resistance
Mechanical Stress

Confirmation of Quahty
and Rehability in Design

[ Quality Approval (2)

Rehability Test
Process Check same as
Quality Approval (1)

Confirmation of Quahty
and Reliability in Mass

Production

Mass
I Production I Fig. 1 Flow Chart of Qualification
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Quality Assurance of IC Memory

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 at section 2.

The followings are the views on qualification in

Hitachi:

(1) From the standpoint of customers, quality 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 Quality Control Method
———I Material, Parts I
Material,
Parts Inspection on Material and Lot Sampling,

Inspection of
Material and Parts

Parts for Semiconductor

Devices

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

|

1
|
|
|

e

100% Inspection

L _

100% Inspection on

Appearance and Electrical

Characteristics

Testing,

Inspection

Products

Products

Inspection

Sampling Inspection on

Appearance and Electrical

Characteristics

Lot Sampling

Rehability Test

Confirmation of
Quahty Level, Lot

Samphng

—————————— -1

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

__________ J

Fig. 2 Flow Chart of Quality Control in Manufacturing Process

Feedback of
Informat.on
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Quality Assurance of IC Memory

3.3 Quality and Reliability Control in Mass Produc-
tion

To assure quality in mass production, quality is

controlled 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 all
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.

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

Material, Important
Parts Control Items Pomnt 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 Bend, Twist
Wire Dimension
Bonding Punity Punity 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
Charactenistics
Mechanical Mechanical Strength
Strength
Composition Characteristics of
Plastic Material
Electrical
Characteristics
Thermal
Plastic Characteristics
Molding Molding Performance
Performance
Mounting Mounting Characteristics
Characteristics

22

(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 Inner 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 Control 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.
o Communication of quality information.
(2) Quality Control of Manufacturing Facilities and
Measuring Equipment
Manufacturing facilities have been developed as the
need of higher devices in performance and the auto-
mated production. It is also important to determine
quality and reliability.
In Hitachi, automated manu?acturing 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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Quality Assurance of IC Memory

(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, fallen dust or dirtiness

water used in manufacturing process.

on floor.

Process Control Point
YPurch:se of Material
FWafer Wafer Characteristics, Appearance
Surface Oxidation Oxidation
Inspection on Surface Appearance, Thickness of
Oxidation Oxide Film
Photo Resist Photo
Resist
Inspection on Photo Resist Dimension, Appearance
©OPQCLevel Check
Diffusion Diffusion Diffusion Depth, Sheet
Resistance
Inspection on Diffusion Gate Width
OPQC Level Check Characteristics of Oxide Film
' Breakdown Voltage
Evaporation Evapo- Thickness of Vapor Film,
ration Scratch, Contamination
Inspection on Evaporation
OPQC Level Check
Wafer Inspection Wafer Thickness, Vru Characteris-
tics
Inspection on Chip Chip Electrical Characteristics
Electrical Characteristics
Chip Scribe Appearance of Chip
Inspection on Chip
Appearance
OPQC Lot Judgement
+-F rame—|
Assembling Assembling | Appearance after Chip
Bonding
Appearance after Wire
Bonding
OPQC Level Check Pull Strength, Compresion
Width, Shear Strength
2 Inspection after Appearance after Assembling
Assembling
o OPQC Lot Judgement
LPackage
€ ? Sealing Sealing Appearance after Sealing
Outline, Dimension
OPQC Level Check Marking Marking Strength
Final Electrical Inspection .,
OFailure Analysis Analysis of Failures, Failure
Mode, Mechanism
Appearance Inspection
Sampling Inspection on
Products
Recewing
Shipment

Fig. 3 Example of Inner Process Quality Control

Purpose of Control

Scratch, Removal of Crystal
Defect Wafer

Assurance of Resistance
Pinhole, Scratch

Dimension Level
Check of Photo Resist
Diffusion Status

Control of Basic Parameters
(VTH, etc) Cleaness of surface,
Prior Check of Vi

Breakdown Voltage Check
Assurance of Standard
Thickness

Prevention of Crack,
Quality Assurance of Scribe

Quality Check of Chip

Bonding

Quahity Check of Wire
Bonding

Prevention of Open and
Short

Guarantee of Appearance
and Dimension

Feedback of Analysis Infor-
mation
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Quality Assurance of IC Memory

3.3.3 Final 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)

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

Sales Dept.
Sales Engineering Dept.

(Failures, Information)

Sales Engineering Dept.

Reply

Customer

| : . |
| Quality Assurance Dept. Failure Analysis I
| |
l ] |
| ! i |
| i ] Countermeasure |
| Manufacturing Dept. Design Dept. Execution of I
| Countermeasure |
| I |
: Report |

|
: |

|
| i |
| Quality Assurance Dept. Follow-up and Confirmation |
| of Countermeasure Execution |
I [
| Report |
e ] b o .

Fig. 4 Process Flow Chart of Coping with Failure to a Cutomer
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BOUTLINE OF TESTING METHOD

1. INSPECTION METHOD

Compared to conventional core memories, IC
memories contain afl 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 manufactures. 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 multi-
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 at 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) Al “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 IC 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
N2 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 metnods,
however, they are not perfect to find any failure in
decoder c¢ircuits. 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” on nth 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.

[0 0 0 0 i 0 0 0 1 1 1 !
o 0 0 0 o 0 0 o0 i | 1 1
0 0 0 o 0 v 0 0 1 i 0 0
o 0 0 v 0 0 0 0 o 0 0 Qo

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

3. GENERATION OF MARCHING
PATTERN

The simple method of generating the marching
pattern and displaying failure bits of the memory on
the braun tube will be introduced. Fig. 2 shows the
block diagram. The address pattern is generated
using four synchronous 4 bit counters. Fig. 4 shows
the entire pulse relations. This example is for 16K
bit memory and shows that A14, which has a half
frequency of A13, is the same as the data inputs.
A15 signal, together with the carrier signal of
HD74161, is used to determine the termination of
the sequence.

As shown in Fig. 2, in the read and write cycles
after clearing all bits, addressing is twice the period
of clearing. This switching is performed at the
binary gate, following the reference pulse generating
circuit. Output of HD74161 is input to D/A con-
verter and input to the oscilloscope as an analogue
signal of X-Y matrix. The output of the comparator
circuit is input to the Z axis and performed lumi-
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Outline of Testing Method

Clock Gen
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Fig. 4 Entire Pulse Relation

nous intensity modulation. In this way, the fail bit
map is displayed on the CRT. Compared with
others like TTL, the operation of IC memories is
too complicated to understand only by pulse wave-
form observed with an ordinary oscilloscope.

to Comparator Circunt of Memory

Therefore, the fail bit map as shown in Fig. 5 is very
useful for observing the operation of IC memories.

(A)

(c)

(D)
Fig. 5 Example of 1 bit Solid Failure
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4. FAILURE MODE

Generally, 70% — 90% of failures at users are called
solid failures. This failure mode has no relation
with access time, voltage margin or timing. In this
mode, a certain specified bit is stuck in “0" or “1".
The simple methods previously mentioned is useful
to detect such failures. Therefore, high-precision
measurements such as those performed in memory
IC manufactures are not necessary except any spe-
cial cases.

Hitachi performs 100% inspection on the worst
conditions for devices so as to guarantee sufficient
operations under all power voltage conditions and
timing conditions specified.

An extremely accurate memory tester is necessary
to perform high-precision inspection considering 1ns
accuracy. Hitachi has been developing testers to
supply excellent memory ICs in characteristics and
quality to users, and establishing the system capable
of developing further high-efficiency memory |Cs.
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H APPLICATION OF DYNAMIC RAMS

1. Power On

After turning on power to set the memory circuitry,
hold for more than 500us and apply eight or more
dummy loads before actuating the memory. The
dynamic cycle may be either an ordinary memory
cycle or a refresh cycle.

2, Operation Modes (See Fig. 1)

(1) Read Cycle:
First, decide the X address of the memory cell
chosen and start with trailing of RAS. When
the X address has been held by the internal
circuitry, change it to Y address. Then, trail
CAS to take in the Y address. If the WE pin is

at high level, output will appear on the Dout

pin after a certain time.
(2) Write Cycle:
The input at Din is written in the memory cell
when WE turns to low before CAS.
Read/Modify/Write Cycle:
During this cycle, CAS and WE are trailed down
to low, so that data is read out from and
written in the same address in the same
memory cycle.
(4) Page Mode Cycle:
In this cycle; CAS is cyclically moved, after
taking in the X address through R_AS, to scan
only the Y address. This permits reading out
and writing in only one column data at high
speed.

3

-

()ae-d cvile —— ORead modify write cycle
e ovell

oS RAs

n
———

T Page mude read cvile — YRAS unly refresh cycle

Page mude write cvile ===

?(
j

Open

Dout

Fig. 1 Operating modes of Dynamic RAMs

2. Data Output

Dout is a TTL-compatible three-state output with
two TTL-load fan outs. The output is controlled by
the CAS signals; it is held while CAS is low, while
Dout returns to a floating state when CAS is high.
In the early write cycle, the output reaches high-
impedance to permit the use as a common 1/0 ter-
minal.

3. Refresh

Refresh is a process of periodical rewriting to make
up for the leakage of the charge accumulated in the
memory cell. This operation is implemented in the
RAS only refresh cycle, ordinary read cycle, and so
on. In 16k and 64k bit memories, all bits can be re-
freshed by a 128-cycle scanning to only the X
addresses from AO to A6. In 256k bit memories,
refresh is performed by 256-cycle scanning to X
addresses from AO to A7. Especially, the RAS only
refresh cycle permits such a power-efficient refresh
as calls for only approximately 75 percent of the
current consumed by the read cycle. With CAS
fixed at high level, the output is in high-impedance.
There are two methods of refresh: concentrated and
deconcentrated refresh. The former gives a concent-
rated 128-cycle or 250-cycle refresh after operating
the memory for a period of 2ms or 4ms maximum.
In contrast, the latter repeats a refresh cycle every
16us following the initial 16us (=2ms/128 or =
4ms/256) memory operation. A choice between the
two modes calls for a careful consideration about
the system’s efficiency.

4. Operating Current of Dynamic RAMs

Fig. 2 shows the waveforms of the current applied
in various operating modes. The mean operating
current in each mode equals the value obtained by
dividing the integrated result of each waveform by
the cycle time. The first peak current in each ope-
rating mode appears as a result of the circuit opera-
tion during the memory access time. On the other
hand, the peak current during standby appear as a
result of the precharging operation in each circuit.
Having two circuitry operation modes -X and Y.
Dynamic RAMs show different peak currents de-
pending upon the operating timing of RAS and
CAS. That is, the greatest peak current appears
when both X and Y circuits operate simultaneously.
The current consumed while the memory stands by
on the board is expressed in terms of the cycle time
dependency shown in Fig. 3.
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Application of Dynamic RAMs

RAS/CAS Cycle |Long RAS/CAS Cycle |[RAS Only Cycle| Page Mode Cycle 5. Noise
N N S ] Broadly, noise can be classified into power source
L_\_/ | - U noise and input signal noise. The power source
: noise can be further classed into low-frequency
x - -~ . .y R .
AT T AT To ssire o stble memery operetion, th posk o
A L WA L WA WA W .

peak power supply voltage in the presence of low-
or high-frequency noise should be held below 10
percent of its standard level. To prevent the power
source noise, it is recommended to provide a con-
' denser of 0.1uF or so to each one or two devices.
) Input signal noise can be classified overshoot or
\ undershoot. The undershoot should be held below
- \ the highest input level specified. To prevent input-
undershoot-induced parasitic transistor effects, a
-5V Vgg is provided to the three-way power source
I~ or a built-in Vgg bias circuit is included on chip.
0 200n 500n 1% 24 54104 20u Normally, design should be such that fhe input
Cycle Time {tac) undershoot does not exceed the minimum value
specified for V,_, at worst. Overshoot and under-
Fig. 3 Cycle time dependence of RAS only shoot can be reduced By inserting a damping resist-
refresh current ance of several tens of ohms in Dynamic RAM

series.

Fig. 2 Power supply voltage Wave form

RAS Only Refresh Current Icc (mA)

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

<L i

Low-frequency noise 1
Not more than 10% of standard power

supply voltage

Total of low-and high-frequency

Not more than +10% of standard power

supply voltage

Fig. 4 Power source noise
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B PROGRAMMING & ERASING OF EPROMS

1. PROGRAMMING & ERASING OF EPROM

1.1 Programming

Data is programmed into the memory cell of an Logic I Logic *0°
EPROM by applying a high voltage to its drain and
gate (Fig. 1 and 2). The high voltage at the drain
increases the energy of the electrons in the channel
area. When the energy becomes high enough, the
electrons become what are known as "hot elec-
trons” that are capable of jumping across the oxide
film, Pulled by the high voltage at the gate, the hot Fig.3 Reading out stored information
electrons are admitted into the floating gate. The
electric charge entering the floating gate changes the
threshold voltage in the memory element, whereby
it is stored as new information. When reading out,
voltage is applied as shown in Fig. 3, and 1" and A
“0"” are identified by checking whether or not
current flows. Since the drain voltage for read-out L
is set at about 3V, no erroneous writing takes place.
When shipped, all bits of the EPROM are held at
logic 1" with all electric charge released (with no
data in). In changing the logic 1 to logic O through
the application of the specified waveform and volt-
age, the necessary information is programmed in.
The higher the V. voltage and the longer the
program pulse width t,, the more the quantity of
electrons can be programmed in, as shown in Fig. 4,
If the V, exceeds the rated value, such as by over-
shoot, the p-n junction of the memory may yield to 0 [ 20 0 w0 0
permanent breakdown. To avoid this, check Vg Program Pulse Width ¢ (ms)
overshoot by the PROM programmer. Also, check
negative-voltage-induced noise at other terminals,

which can create a parasitic transistor effect and N
appearently reduce the yield voltage. Hitachi’s /I
EPROMs are usually capable of being written and (
erased more than 100 times. y

Readout Ves

1
)
g
"
~
&

Write Voo
6 Read Ver

"
o
=

Stored Charge (Relative)
g

AN

Late Gate

Polysilicon
Oxide film
Source r—|“‘ Drain bourcej ZFDrnln
Fig.1 Memory transistor P T
circuit symbols 4

N\ A
Write Vee=5V

L L=
A

Read Vep=5\

Stored Charge (Relative)
o

Fig.2 Cross section of
memory transistor 3

20 22 U 26 28
Program Ver (V)

Fig.4 Typical Programming Characteristics
of EPROMs.
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1.2 Erasing

Data strored in the EPROM is erased by releasing
the electric charge from the floating gate through
the exposure of the memory chip to ultraviolet
light. Light has an energy that is inversely propor-
tional to its wavelength., Receiving the energy of
the ultraviolet light, the electrons in the floating
gate are again turned into hot electrons, which jump
across the oxide film into the control gate or sub-
strate. As a result of this process, the stored
information is, erased. Accordingly, the stored
information can not be erased by such lights whose
wavelengths are too long to give adequate energy to
jump over the barrier of the oxide film. For
successful erasing, the wavelength and minimum
exposure rate of ultraviolet light are specified as
2,5637A and 15W sec/cm? respectively. This condi-
tion is attained by exposing a device to an ultra-
violet lamp of 12,000uW/cm? 1.2 ~ 3cm away for
approximately 20 minutes, The ultraviolet light
transmission rate of the transparent lid is about 70
percent. Any contamination or foreign material
at the surface of the capsule lowers the transmission
rate, prolonging the erasing time. So such contami-
nation should be recovered by use of alcohol or
other solvent that does not damage the package.
Fig. 5 shows typical erasure characteristics for
EPROM.

SN
N
8 i& ALL 0 T
NN N P Y TS T
RSS!
< Most Easy-to-E Bu
; E\Q ls lsy - rase By
ASSEEN
g \‘\ Most Hard-to-Erase Bit
~
T, N
505
@ ALL’E] .\\§}* AL
' NN
RG]
0 i 2 3 4

UV-lIrradiation (W sec/cm?)

Fig.5 Typical Erasing Characteristics

1.3 Data retention characteristic of EPROM

As a result of writing in, approximately 0.5 to 2.0
x 107'3 coulomb of electrons are accumulated at
the floating gate. With the elapse of time, however,
these electrons decrease, as a result of which the
inversion of stored information can happen. The
mechanism of electron dissipation is generally
explained as follow:

Progr ing & Erasing of EPROMs

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

Ultraviolet rays at a wavelength of not greater
than 3,000 ~ 4,0004 is capable of releasing the
electric charge stored in the memory of the
EPROM with varying efficiencies. Fluorescent
light and sunlight contain some ultraviolet rays,
so prolonged exposure to these lights can cause
data corruption as a result of electric charge
dissipation. Fig. 7 shows examples of the data
retention time under an ultraviolet eraser,
sunlight and fluorescent lighting. But it should
be noted that the data for fluorescent light and
sunlight are not definite because of their-vary-
ing ultraviolet ray contents. The ultraviolet ray
content in sunlight, for example, varies greatly
with seasons, weather and the composition of
the atmosphere.

/
/

MTTF (hrs)

17

100 /

v

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

106} 40W Fluorescent Lamp
30cm Away

o M

104
Direct Sunlight

10°

X

Eradiation Time (Relative)

102 F

Ultraviolet Eraser
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Fig.7 EPROM's data retention time
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Programming & Erasing of EPROMs

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

1.4 Application of OTPROM
One time electrically programmable ROM
(OTPROM) has two kinds of packages: standard
Dual In-line Package (DIP) and Small Outline Pack-
age (SOP). And it features only one time pro-
gramming because it has no window through which
ultraviolet light exposes; testings of programming
and erasure cannot be performed after assembled.
So, in Hitachi, we perform screening test for pro-
gramming, access time, and data retention on wafers
at proving test.
However, defects rarely occurred in assembly
process cannot be completely removed in final test
screening which can perform only reading test.
Therefore, we would recommend users to per-
form high temperature baking after programming
devices in order to ensure high reliability so as not
to be inferior to EPROM:s,
Detailed conditions and procedures for the screen-
ing are shown in the right. First, please program
and verify devices by programmer, then, leave them
without bias at 125 to 150°C for 24 to 48 hours.
After that, please ensure the function of reading-out
and remove the data retention failures.
From the results of devices in which the recom-
mended screening test is properly performed, we
would confirm that the data retention charac-
teristics of OTPROMs are equal to general EPROMs,

i Programming,
Proving (1) Reading-out

Wafer
Baking

- Data
Proving (2) Retention

Wafer Screening

Program and
Verify
by Programmer

l

Baking at,
125t0 150 C
for 24 to 48 hrs

l

Ensuring
Read-out

Mounting

Recommended
Screening conditions

1.5 EPROM Programmer

The 16K EPROM Programmer stores the program in

its internal RAM and writes the program in the

EPROM. For this programming, the minimum of 3

functions are necessary: blank check function prior

to programming, programming function and the

verify function after programming. As shown in the

right chart, there are another programmers provided

with a reverse insertion checking function or pin

contact checking function prior to the blank check.

The outline of each block is as follows.

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

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

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

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

address.

Programming

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

Address
Increment

Progr ing & Erasing of EPROMs

(f) How to input the program
There are the following methods for inputting
the program data to the internal RAM of the

programmer. Normally, paper tape input and
teletypewriter input are options.
Method Content
Copy input Input by copying the master ROM.

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

revision of program

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

tape reader

Teletypewriter

Input with the teletypewriter.
input

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

1.6 Maker ldentifier Code

Programming condition of EPROM is various
according to EPROM manufacturers and device
types. It may cause miss operation. To counter-
measure it, some EPROMs provide maker identifier
code. Users can write EPROM by reading out write
condition coded before shipped. Some commercial
programmers set write condition by recognizing this
code. This function enables effective program.
Following programming condition is; @ program
voltage, @ program timing, @ high speed pro-
gramming algorithm, @ pin configuration. EPROM
has maker identifier code area besides memory
access area, as shown in Fig. 2.32.

Table 2.7 describes how to utilize maker identifier
code. Setting A9 at 12V and A1 — A8, A10 — A13
at V,_ access to maker identifier code area and O,
— 05 output programming condition code with V_
or V|H of Ao.

(3 Maker Identifier
Area

Address=do.
-1 Data Access

Area
. [TTTTTIII
Din<={1/0 Control Creut>Dout
Fig. 2.32
Table 2.7

e A0 0.0 ][0 [0 ] 0 [0 ] 0O [Hex bata

mk:' Hitachh (v ofofofofof1r]1]|1]0 7

R | HN271Z8A o]0 o]0 |1 ]1]®6]1]0D

o | HN2r2se ololo |1 ]o]loflofo]1 o

M mNzrese | f ol folojofolso

Code | HN27512 “lrjofolrfo|1|ofo|o a

HN27C101 ofo| 1|1 ]afolofo] 3 s

HN27C301 1Jofar i frjofloelr|B o

A9 a2\
AL A8 A0-A13
A A Dont care
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Programming & Erasing of EPROMs

1.7 Handling EPROM
Contact 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 marging setting that give a wrong
imperssion that information has been correctly
written in. As already reported at the international
conferences concerning the reliability of LSI chips,
this is due to the prolonged retention of electric
charge (resulting from the static electricity) on the
glass window. Such malfunctions can be eliminated
by neutralizing the charges through the eradiation
of ultraviolet rays for a short time. It is recom-
mended to execute reprogramming after this eradia-
tion 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 preven-
tion of common static breakdown of ICs.

(1) Ground operator to handle EPROM. Avoid the
use of things such as gloves that may generate
static electricity.

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

(3) Avoid the use of coolant sprays which contain

some ions.

Use shielding labels (especially those containing

conductive substances) that can evenly distri-

bute the established charge.

(4

1.8 Shielding label

When using an EPROM in an environment where

ultraviolet exposure can occur, it is advisable to put

a shielding label on its glass window to absorb ultra-

violet light. Specially prepared shielding labels are

marketed. Metal-loaded labels are particularly effec-

tive. In choosing a shielding label, the following

points should be carefully checked.

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

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

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

The writing of the custom program code into mask
ROMs is performed by the CAD system, using a
large-sized computer., ROM code data should con-
form 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
Identification Sheet”.

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

2.4 Data Mode

2.4.1 HMCS6800 Load Module Mode

This mode is the object mode output from the

assembler of HMCS6800.

(1) Divide the 8 bit code into the upper and lower
4 bit codes, and convert each into hexadecimal
notation,

(Example) The code of 1100 0110 is as follows

under binary notation.

(Upper 4 bits) (Lower 4 bits) Bit weight
D, Dy D; D, D, D, D, D, (ROM output
1100 0110 equivalence)

(2) The actual load module mode is shown as fol-

address to Final Address in the EPROM. lows:
(3) Type of EPROM
HN482764 (8K-word x 8-bit, 2764 Compatible)
HN4827128 (16-K word x 8-bit, 27128 Com- ’::c‘:fd'
patible) Record Start T S
HN27256 (32K-word x 8-bit, 27256 Com- Record Tpe |3 0] o
patible) Byte Coum_ : g 06
HN27C256 (32K-word x 8-bit, 27C256 Com- —3-7J
patlble) Address Size g g 0000
30
2. Specification of Magnetic Tape Dace HR
2.1 Use the following type of magnetic type which %—:-“
can be entered in a magnetic tape device compatible - 13 e
with the IBM magnetic tape device. Data 3 ; s2-R
(1) Length . ... 2,400 feet, 1,200 feet or 600 feet Check Som 5 7| 15 ( Cheek Sum)
@) Width .. ..o 1/2inch L
(3) Channel .................. 9 channels
(4) Bit density 800 BP! or 1,600 BPI (Clear-
ly state which it is in the Data End of
“ROM Specification Inden- record Hle record
tification Sheet”.) $3 S s3] S
2.2 Use the EBCDIC code as the use code. - ! Z z 2
2.3 Follow the format of the magnetic tape as de- 3o 'S 33| "
scribed below i i
(1) No leading tape mark 30| M sof O
(2) No label ; : : : Trc { Check
(3) Recordsize ............ 80 byte/1 record 3] °° 3 " s
(4) Blocksize ............ 10 records/1 block i 2 02
(5) The end of the file should be indicated by 2
successive tape marks (TM).
Ve | Asicheek sum)
§ Block 1 Block 2 Block 3 wlw §
@ HITACHI
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Mask ROM Programming Instruction

S0 indicates the head of the file and S9 indicates the
end of the file. The actual data enters following S1.
It means that the data starts from the address
(hexadecimal) indicated in the address size. The
address of the address size of the data recorder is

Example

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

Data Record

Data Record
End of
File Record

—=S9030000FC

Header Record -S00B000058204558414D504CBS
—-S113F0007EF5587EF7897EFAA77EF9C07EF9C47E24
—=S112F010FA657EFA8B7EFAA07TEF9DC7EFA247E06

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

2.4.2 BNPF Mode

(1) One word is symbolized by the word start

mark B, the bit content represented by 8 char-

acters of P and N, and the BNPF slice com-
posed of successive 10 characters of the work

end mark F.

The contents from F of one BNPF slice up to

B of the next BNPF slice are ignored.

(Example) The code of AA by hexadecimal

notation is symbolized as shown
below.

(3) It is necessary to designate the bit pattern
(BNPF slice) on all ROM addresses. Therefore,
the term of the ROM head address of ‘“ROM
Specification Identification Sheet’’ always be-

(2

-

comes 0.
- B Indicates start of 1 word.
N Indicates 0"’ of 1 bit data.
Poeeeeiennnn. Indicates ““1’* of 1 bit data.
Foerenononnn Indicates end or 1 word.
Example
Dr——te p
\
N
\
N
\
pl——= P
Dy——= \
h
B
4
N
N
N
N
N
N
N
F

3. Specification of Floppy Disk
3.1 Use the following type of Floppy Disk
(1) Type . 8 Inch Single Sided and Single Density.

(2) NumberofSector ................. 26
(3) Numberof Track ................. 77
Sector 26
/ Sector 01
Sector 21 Sector 02

Sector 03

Sector 16

Track 74
One Record

Track 00
(Index- Track)

3.2 Use the EBCDIC code as the use code.

3.3 Make the format of the floppy disk as des-
cribed below.

(1) Composition

Location
No. Item

Track Sector

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
00 01 ~ 06
5 Spare Track 74 01~ 26

@ HITACHI
Hitachi America Ltd. e 2210 O’Toole Avenue ¢ San Jose, CA 95131 e (408) 435-8300



Mask ROM Programming Instruction

(2) Recordsize ............80byte/1record 3.4 Data Mode
(3) Use the sector as below. Use one sector for one See 2.4
record, that is 80 bytes out of 128 bytes used
for one record.

1 Track
Sector 1 Sector 2 Sector 3 Sector 24 Sector 25 Sector 26
(128 bytes) (128 bytes) (128 bytes) (128 bytes) (128 bytes) (128 bytes)
Record 1 Record 2 Record 3 Record 24 Record 25 Record 26
(80 bytes) (80 bytes) (80 bytes) (80 bytes) (80 bytes) (80 bytes)
v
Mask ROM Development Flowchart ’ . unuse
. Customer _ Hitach: 4
ROM °Cy
Rom Ce]  femensr ]
List Chip Select
Select Either  |and Other
of the three Information

Computer Processing

/o
g

Mask Preparation
Instruction

Check

Mask Preparation

Investion
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HM6148HP Series

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

B FEATURES
® Fast Access Time

® Low Power Standby and Low Power Operation;
Standby: 100 uW (typ.), Operation: 175mW (typ.)

Single 5V Supply

M BLOCK DIAGRAM

A
A

— ]
i S—
RS —
— ]

Decoder

Row

Memory Array
64 %64

1 I

T

Input
Data
Control

=0 Vec

~=—0 GND

cs
WE

B ABSOLUTE MAXIMUM RATINGS

45/55ns (max)

Completely Static RAM: No Clock or Timing Strobe Required
No Peak Power-On Current
No Change of t,cs with Short Deselected Time
Equal Access and Cycle Times
Directly TTL Compatible; All Inputs and Outputs
Common Data Input and Output; Three-State Outputs
Pin-Out Compatible with Intel 2148H

Item Symbol Ratings Umt
Terminal Voltage * Vr -0.5t0 +7.0 \'
Power Dissipation Pr 1.0 w
Operating Temperature Tore 0to +70 ‘c
Storage Temperature Tute —55 to +125 ‘C
Storage Temperature®*® Toen —10 to +85 C

(DP-18)

HPIN ARRANGEMENT

o]
"D
o
gb
g
o0
[

GNDE

U

(Top View)

* with respect to GND Vit e ==3.5V (Pulse width=20ns)

* % under bias

B TRUTH TABLE

TS WE Mode Vee Current 1/0 P Reference Cycle
X Not selected Iss, Ism High Z
H Read Icc Dout Read Cycle 1, 2
L Write Icc Din Write Cycle 1, 2
G HITACHI
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HM6148HP Series

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

Item Symbol ) min typ max Unit
Vee | 45 | 5.0 5.5 v
Supply Voltage
GND 0 0 0 \'
Viu 2.2 - 6.0 v
Input Voltage
Vie -0.5* - 0.8 v

#* —3.0V (Pulse width 20ns)

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

Parameter Symbol Test Conditions min typ® | max Umt
Input Leakage Current M| Vec=max, V..=GND to Vcc - — 2.0 MA
Output Leakage Current |10l | CS=Vin, Vi, o=GND to Vcc — — 2.0 HA
Operating Power Supply Current (1) Icc CS=Vi, I1,0=0mA - 35 80 mA
Operating Power Supply Current (2) Ice min. cycle, CS= Vi, I;,0=0mA - 50 100 mA
Standby Power Supply Current (1) Iss CS=Viu - 5 20 mA
Standby Power Supply Current(2) Iss ﬁ:&f:g;‘," Ving0.2V or —_ 20 800 HA
Output Low Voltage Vo Io,=8mA — - 0.4 v
Output High Voltage Vou Tow=—4.0mA 2.4 - - \Y%

* Typical hmits are at Vec=5 0V, Ta=+25'C and specified loading

M CAPACITANCE (Ta=25°C, f=1MHz)

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

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

B AC CHARACTERISTICS (Vcc=5V+10%, Ta=0 to +70°C)
ORISE/FALL TIME

Item Symbol min typ max }Jml
Input Rise Time L. - 5 100 ns
Input Fall Time ty - 5 100 ns

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

N 3N

J <

g B0Q < oY

P4 <
Bout | Dot
e == 30pF" 2550 == Spf"

Output Load A+ Ouput Load B to=t;=5ns
(for twz,tiz,twz, tow) Input Pulse Waveform
* Including scope & jig
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HM6148HP Series

BAC CHARACTERISTICS (Ta=0 to 70°C, Vcc=5V110%, unless otherwise noted.)

OREAD CYCLE

Item Symbol HMGEL48HP-45 HM6148HP-55 Unit
min max min max

Read Cycle Time tre 45 -_ 55 - ns
Address Access Time taa - 45 - 85 ns
Chip Select Access Time tacs - 45 - 55 ns
Output Hold from Address Change ton 5 - 5 - ns
Chip Selection to Output in Low Z .2 10 - 10 - ns
Chip Deselection to Output in High Z tuz® 0 20 0 20 ns
Chip Selection to Power Up Time tey 0 - 0 - ns
Chip Deselection to Power Down Time teo - 30 - 30 ns

% Transition is measured £500mV from steady state voltage with Load(B). This parameter i1s sampled and not 100% tested.

At any and voltage dition tyz max 1s less than f.z min,

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

w X

)

D 0.0.0 G

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

R

tacs
tez

Dout High Impedance N\ X X )(

Data \ahd

teo

—
High

Impedance

Ve supply ——————— — y

current 1 50%

Notes) 1. WE 1s High for Read Cycle. _
2. Device 1s continuously selected, CS= V.
3. Address Valid prior to or coincident with CS transition Low.

G HITACHI
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HM6148HP Series
® WRITE CYCLE

HM6148HP-45 HM6148HP-55
Item Symbol - - Unit
min max min max

Write Cycle Time twe 45 - 85 - ns
Chip Selection to End of Write tow 40 - 50 - ns
Address Valid to End of Write taw 40 - 50 el ns
Address Setup Time tas 0 - 0 - ns
Write Pulse Width twe 35 - 40 - ns
Write Recovery Time twa 5 - 5 - ns
Data Valid to End of Write tow 20 - 20 - ns
Data Hold Time ton 0 - 0 - ns
Write Enabled to Output in High Z* twz 0 15 0 20 ns
Output Active from End of Write® tow 0 - 0 - ns

* Transition 18 measured +500mV from steady state voltage with Load B
This parameter is sampled and not 100% tested.

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

[ - -
Address i *
[
T N\% LIT77XT777
| T twre (l)' el
WE £ 1
0w —amd lON @
@) s ”.(5)

pee tw 2 01 peo

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

[ i

3 N
R ——__ﬁ s £—
———Ul(z]—-
twr a).
B ANSSSSSOY X7 7 7A7 77

High Impedance w

Dout

NOTES of Timing Waveform of Write _

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

2. tws 15 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. 1f the TS low transmition occurs simultaneously with the WE low transition or after the WE transition, the output buffers remain
n a high impedance state.

5. 1f TS 1s low during this period, 1/0 pins are in the output state. Then the data input signals of opposite phase to the outputs
thust not be applied to them.

6. Dout 1s the same phase of write data of this
write cycle.

@ HITACHI
Hitachi America Ltd. e 2210 O’Toole Avenue ® San Jose, CA 95131 e (408) 435-8300 43



HM6148HP Series

SUPPLY CURRENT VS. SUPPLY VOLTAGE SUPPLY CURRENT VS. AMBIENT TEMPERATURE
16 16
Ta=25C V=50V
14 14
I ] 1 12
: = [
£ 10 2 m\\\
3 o8 ] &
= = S 08
; i
06 06
0445 475 50 525 55 04" 20 10 60 80
Supply Voltage Vec (V) Ambient Temperature Ta (T)
ACCESS TIME VS. SUPPLY VOLTAGE ACCESS TIME VS. AMBIENT TEMPERATURE
13 13
Ta=25C Lee=50v
12 o
i 2
E o s
‘;» 0 g 09
§ &
08 08
07 07
45 175 50 525 55 0 20 10 [ ’0

Supplv Voltage Lee (V) Ambient Temperature Tu ('C)

ACCESS TIME VS. LOAD CAPACITANCE SUPPLY CURRENT VS. FREQUENCY
18 11
d a
16 1
E 14 E 0
i‘ 12 / é 0R /
g 10 %E 0" /
08 06 /
06]“) 200 300 400 5060 " 0 5 10 15 20" 2% o
Load Capacuance ( 1 (pF) Frequencs f (MH7)
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HM6148HP Series

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

13 13
Ta=25C Ta=25¢C
12 12
i E
TN g ou
3 k [ — ; 10 /
& s
E / = -/
: 09 £ o
3 z
07 07
5 175 50 525 55 45 17 30 535 55
Supplv Voltage Vee (V) Supply Voltage bee (V)
OUTPUT CURRENT VS. OUTPUT VOLTAGE OUTPUT CURRENT VS. OUTPUT VOLTAGE
16 16
Ta=25C
Vee=5V Ta=25¢
" . / Ve =5V
" g o
Z 10 2 V.
H £
z 0 FL)
06 \ 06 V
04 04
1 0 02 (LR} 06 08
Output Voleage Vou (V) Output Voltage Vor (V)

STANDBY CURRENT VS. AMBIENT TEMPERATURE STANDBY CURRENT VS. SUPPLY VOLTAGE

Standby Current Isa (A)

106 ¥
Lee=W
Ts=28v
12
H
0# £ 1
z
K : /
= 0
v 24
/ H /
z
104 > % 06
P / Ta=25C
/ TS=Vec-02v
04 —
03 02
0 20 10 60 Ed 2 1
Ambient Temperature Ta (C) Supplv Valtage Ve (V)
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HMG6148HLP Series

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

B FEATURES

® Low Power Standby and Low Power Operation;
Standby:5uW (typ.), Operation: 175mW (typ.)

Fast Access Time: 45/55ns (max)
Capability of Battery Back Up Operation
Single 5V Supply

Required

Completely Static RAM: No Clock or Timing Strobe

©® No Peak Power-On Current
® No Change of tics with Short Deselected Time
® Equal Access and Cycle Time
® Directly TTL Compatible: All Inputs and Outputs op-1®
® Three State Output \ E T
® Pin-Out Compatible with Intel 2148H B PIN ARRANGEMEN
U
Wl BLOCK DIAGRAM A.E 18} vee
A {5 S— AsE 17 A7
As b___u: ~=—0 Vce
:' o—P D:’;" Mensm‘o::‘ Array ~—oGND As E 16] As
o——L
ho— - A:E 15| As
ao—— — AaE u| vor
10 o A.E 13] Vo
1/0: j?——-— Input
Da AzE 12| 1/0s
1/0s Control
1o, ot Cs|s 1] 1704
GND| 9 10| WE
cs
wE (Top View)
l ABSOLUTE MAXIMUM RATINGS
Item Symbol Ratings Unit
Terminal Voltage * Vr —0.5 to +7.0 '
Power Dissipation Pr 1.0 w
Operating Temperature Top 0 to +70 ‘c
Storage Temperature Toe —55 to +125 ‘c
Storage Temperature ** Toous —10 to +85 ‘C
#* with respect to GND. Vit mia=—3.5V (Pulse wxdth=20ns)
#* % under bas.
l TRUTH TABLE
Cs WE Mode Vee Current 1/0 Pin Reference Cycle
X Not selected Iss, Is; High Z
H Read Icc Dout Read Cycle 1, 2
L Write Icc Din Write Cycle 1, 2
G HITACHI
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HM6148HLP Series

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

Item Symbol min typ max Unit
Vee 4.5 5.0 5.5
Supply Voltage
GND 0 0 0 v
Vin 2.2 - 6.0 v
Input Voltage
Vi -0.5% - 0.8 \

* —3 0V (Pulse width 20ns)

HDC AND OPERATING CHARACTERISTICS (T7a=0to +70°C, Vcc=5V+10%, GND=0V)

Parameter Symbol Test Conditions min typ' | max Unit
Input Leakage Current 11| Vec=max, V..=GND to Vecc - - 2.0 KA
Output Leakage Current [Ieo|l | CS=Vin, Vi,o=GND to Vcc - - 2.0 KA
Operating Power Supply Current (1) Icc CS=Vie, Ii,.0=0mA - 35 80 mA
Operating Power Supply Current (2) Icc min. eycle, CS= Vi, I, o=0mA bl 50 100 mA
Standby Power Supply Current (1) Iss CS=Viu - 5 20 mA
Standby Power Supply Current(2) Iss ?;f: “25:33“;‘ Vins0.2V or - 1 50 KA
OQutput Low Voltage Vo lo.=8mA - — 0.4 v
Output High Voltage Vou Ion=—4.0mA 2.4 - - v

* Typical hmits are at Vec=5 0V, Ta=+25C and specified loading

Il CAPACITANCE (Ta=25°C, f=1MHz)

Item Symbol Test Conditions typ max Unit
Input Capacitance C. V=0V - 5 pF
Input /Output Capacitance Cio Vi,o=0V - 7 pF

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

B AC CHARACTERISTICS (Vcc=5V+10%, Ta=0 to +70°C)
ORISE/FALL TIME

Item Symbol min typ max Unit
Input Rise Time t, - 5 100 ns
Input Fall Time ty - 5 100 ns

®AC TEST CONDITIONS
Input pulse levels : GND to 3.0V
Input rise and fall times: Sns
Input and Output timing reference levels: 1.5V
Output load : See Figure

)

\ 5\

180Q > 180Q

AN

\AA
AAA

vV

Dot ! Dout

2550 L 30pF" 2550 = spF°

™ 7

Qutput Load A} Output Load (B) t.=t;=5ns
(for tuz,tiz, twz, tow) Input Pulse Waveform
# Including scope & g
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HM6148HLP Series

HMAC CHARACTERISTICS (Ta=0 to+70C,Vcc=5V110%, unless

OREAD CYCLE

otherwise noted.)

ltem Symbol l.'lMGNBHLPﬂS H.M6148HLP-55 Unit
min max min max
Read Cycle Time tre 45 -— 55 - ns
Address Access Time taa - 45 - 55 ns
Chip Select Access Time tacs - 45 - 55 ns
Output Hold from Address Change ton 5 —_— 5 - ns
Chip Selection to Output in Low Z 7% 24 10 - 10 - ns
Chip Deselection to Output in High Z tuz® 0 20 0 20 ns
Chip Selection to Power Up Time try 0 - 0 - ns
Chip Deselection to Power Down Time teo - 30 - 30 ns

# Transition is measured £500mV from steady state voltage with Load(B). This parameter is sampled and not 100% tested.
dition tz max is less than fiz min.

At any and voltage

® TIMING WAVEFORM OF READ CYCLE NO.1"®

Address >C

X

|

Data Vald

S 0.0.0

®TIMING WAVEFORM OF READ CYCLE N0.2("®

tro

High

Impedance

C—S tac
tacs
tez
Dout High Impedance \_X X }( Data Vald
Iee fre
Vee supply ————— ——

current a

Iss

Notes) 1. WE 1s High for Read Cycle

50%

2. Device 13 continuously selected, CS= V..
3. Address Valid prior to or coincident with CS transition Low

Hitachi America Ltd. 2210 O'Toole Avenue * San Jose, CA 95131
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® WRITE CYCLE

HM6148HLP Series

HM6148HLP-45 HM6148HLP-55
Item Symbol - Unit

min max min max
Write Cycle Time twe 45 — 55 - ns
Chip Selection to End of Write tov 40 - 50 - ns
Address Vald to End of Write tor 40 - 50 - ns
Address Setup Time tas 0 - 0 - ns
Write Pulse Width twep 35 - 40 - ns
Write Recovery Time twr 5 - 5 - ns
Data Valid to End of Write tow 20 - 20 - ns
Data Hold Time tow 0 - 0 - ns
Write Enabled to Output in High Z* twz 0 15 0 20 ns
Output Active from End of Write® tow 0 - 0 - ns

#* Transition 15 measured +500mV from steady state voltage with Load B.

This parameter 15 sampled and not 100% tested.

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

[

Address *

<N

f—tas.
WE k : 4

(5

O e |

Em'—. {ton

@

Din

High Impedance 0}

Dout
Notes of Tuming Waveform of Write

P W=

A write occurs during the overlap of a low C5 and a low WE. (tws)
twa 15 measured from the earher of TS or WE gong high to the end of write cycle.
. During this period, 1/0 pins are i the output state so that the input sgnals of opposite phase to the outputs must not be apphed.

If the TS bw transition occurs sumultaneously with the WE low transition or after the WE transition, the output buffers reman in s high mpedance state.
. 1f TS s low during this period, 1/O pins are i the output state Then the data mput signals of opposite phase to the outputs must not be appbed to them.
. Dout 15 the same phase of write data of this write cycle.

@ HITACHI
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HM6148HLP Series

BMLOW Vc DATA RETENTION CHARACTERISTICS (0'C=Ta=70C)

Parameter Symbol Test Conditions min typ max Unit
Vec for Data Retention Vor 2.0 - — v
T8z Vec—0.2V 30°
Data Retention Current Iccor - - 20%* KA
Ve Vec—0.2V or
Chip Deselect to Data R Time teor OVS V.s0.2V (] - - ns
Operation Recovery Time tr taca - - ns
Note) 1. tac=Read Cycle Time. *  Vec=3.0V
*%x Vec=2.0V

OLOW Vcc DATA RETENTION WAVEFORM

DATA RETENTION MODE

@ HITACHI
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HM6147HP Series

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

BFEATURES

® High Speed: Fast Access Time 35ns/45ns/565ns Max.
® Low Power Standby and Low Power Operation,
Standby: 100uW typ., Operation: 150mW typ.

Required
No Peak Power—On Current

Equal Access and Cycle Time

HEBLOCK DIAGRAM

Single 5V Supply and High Density 18 Pin Package
Completely Static Memory — No Clock nor Timing Strobe

No Change of t4 o with Short Chip Deselect Time
Directly TTL Compatible — All Input and Output

Separate Data Input and Output: Three State Output
Plug-in Replacement with Intel 2147H NMOS STATIC RAM

N ‘—‘D: - Vi
,\,,_t Row Memory Array
'\‘°_t Decoder j 64 x o4 CND
v o—{F ]
wo—{y 1
A o——F 1
Din Column 1/0 Dot
Column Decoder
Ay A s 4 A An
BABSOLUTE MAXIMUM RATINGS
Item Symbol Rating Unit
Voltage on Any Pin relative to GND|{ V:r —3.5%t0 +7.0 v
DC Output Current I, 20 mA
Power Dissipation Py 1.0 w
Operating Temperature Tore 0to +70 °C
Storage Temperature (under bias) Togvians —10 to +85 ‘C
Storage Temperature Toe --55 to +125 ‘C
* Pulse Width 20ns, DC: -0 5V
@ HITACHI

(DP-18)

HPIN ARRANGEMENT

N

B
NG
NG
B
o

pout 7]

w0

v 7]

18] v
7] &
161 A
5] &
1]
[13] A
EA--
Ebi.

oK

(Top View)
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HM6147HP Series

HRECOMMENDED DC OPERATING CONDITIONS (0'C=T7a<70°C)

Parameter Symbol min typ max Unit
Vee 4.5 5.0 5.5 \J
Vo
Sopply Voltage GND 0 0 0 v
Input High (logi~ 1) Voltage Viu 2.0 3.0 6.0 \'
Input Low (logic 0) Voltage Vie —3.0° - 0.8 \
% Pulse Width 20ns, DC: —0.5V
HDC AND OPERATING CHARACTERISTICS (0°C=Tas70°C, Vec=5V+10%, GND=0V)
Parameter Symbol Test Condition min typ max Unit
Input Leakage Current (¥ Vcc=5.5V, GND to Vcc - —_ 10 HA
Output Leakage Current 1o CS=Vin, Veur=OV~Vecc — — 10 uA
Operating Power Supply Current(1) Icc CS=Vi., Output open - 30 80 mA
Operating Power Supply Current(2) Icc CS=V;.. Minimum Cycle - 40 80 mA
Standby Power Supply Current(1) Iss CS=Viu, Vecc=Min to Max —_ 8 20 mA
CS2Vec—0.2V,
ndby P S 1 —_
Standby Power Supply Current(2) s81 VinS0.2V or Vinz Vec—0.2V 20 800 HA
Output Low Voltage Vo ToL=8mA - - 0.40
Output High Voltage Vou Ton=—4mA 2.4 - - A
Note) 1. The ambient P range 1s d with transverse air flow exceeding 400 linear feet minute.
2. Typical limits are at Vec=5.0V, Ta=25'C and specified loading.
Vee
BAC TEST CONDITIONS
5100
® Input pulse levels: GND to 3.0V
@ Input rise and fall times: 5 ns Dout
® Input timing reference levels: 1.5V Output Load A 3300 0pF*
e Output load: See Figure
e Output timing reference levels: 1.6V (HM6147HP-35)

0.8 to 2.0V (HM6147HP-45/55)

* Including scope &

118 capacitance

Ve

Y

Duvs O~—q
Output Load B - b *
1—i
BCAPACITANCE (Ta=25C, f=1.0MHz)
Item Symbol Conditions max Unit
Input Capacitance C. V.=0V 5 pF
Output Capacitance Cuut Var =0V 6 pF
Note) This parameter 13 sampled and not 100% tested.
@ HITACHI
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HM6147HP Series

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

HM6147HP-35 HM6147HP-45 HM6147HP-55
Parameter Symbol - - - Unit Notes
min max min max min max
Read Cycle Time tac 35 - 45 - 55 — ns | (1)
Address Access Time taa - 35 - 45 - 55 ns
Chip Select Access Time tacs et 35 - 45 - 55, ns
Output Hold from Address Change ton 5 - 5 - 5 - ns
Chip Selection to Output in Low Z tez 5 — 5 — 5 — ns [(2),(3), (M
Chip Deselection to Output in High Z tuz 0 30 0 30 0 30 ns [(2),3), (7
Chip Selection to Power Up Time tey 0 — 0 - 0 - ns
Chip Deselection to Power Down Time tep - 20 - 20 - 20 ns
® TIMING WAVEFORM OF READ CYCLE NO.1‘“¢’ ' L
ac
. X
tan ]
tow

Data Out Previous Data Vahd >< Data Valid

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

tac

& _\\ i

tacs

ez

High Impedance 4 High Impedance
Data Out D—— Data Vahd b

Yee Supply
50% 50,

Current Iss

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

2. At any given temperature and voltage condition, f4/Z max. is less than
t1.Z min. both for a given device and from device to device.

3. Transition is measured :+500mV from steady state voltage with
%ciﬁed loading in Load B.

4. is high for READ Cycle.

5. Device is continuously selected, C3=V L.

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

7. This parameter is sampled and not 100% tested.

@ HITACHI
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HM6147HP Series

® WRITE CYCLE

HM6147HP-35 HM6147HP-45 HM6147HP-55
Parameter Symbol - - - Unit Notes

min max min max min max

Write Cycle Time twe 35 - 45 - 55 - ns |(2)

Chip Selection to End of Write tow 35 - 45 — 45 - ns

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

Address Setup Time tas 0 _ 0 —_ 0 - ns

Write Pulse Width twe 20 - 25 - 30 - ns

Write Recovery Time twr 0 - 0 - 0 - ns

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

Data Hold Time town 10 - 10 - 10 - ns

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

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

® TIMING WAVEFORM OF WRITE CYCLE (WE Controlied)

twe

< | tow

[

tas twe

Data In

NE
X

ton
Data In Vald

twz

Dats Out Data Undefs

ned

High Impedance

® TIMING WAVEFORM OF WRITE CYCLE (CS Controlled)

173

- X

tan

tan

H]

ANANAVANANE |

| on

ton |

Dats In

* Dats In Vald

Data Out

Data Undelined

Notes:

W N -

Note) TS or WE are High for Address Transition

High Impedance

@ HITACHI
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. If T3 goes high simultaneously with WE high, the output remains in a high impedance states.
. All Write Cycle timings are referenced from the last valid address to the first transitioning address.
. Transition is measured +500mV from steady state voltage with specified loading in Load B.
. This parameter is sampled and not 100% tested.



HM6147HP Series

ACCESS TIME VS. SUPPLY VOLTAGE ACCESS TIME VS. AMBIENT TEMPERATURE
13 13
Ta=25C Vec=5.0V
S 12 12
= 3
é 11 —é 1 //
i 2 —
3: 10 S 10 /
3 3 -
¥ \ k] /
e 09— g o9
2 e
< 08 § o
01T TS 50 3 35 075 25 m %0 30
Supply Voltage Vec (V) Ambient Temoerature Ta (C)
ACCESS TIME VS. LOAD CAPACITANCE SUPPLY CURRENT VS. FREQUENCY
18 13
- 1t 1.2
_E 14 / 72 H
z / 5
i, / c 10 —
< L~ Ta=25C = /
= e = —
. Vec =MIN H "
S0 g
i 08 E 08
06 o7
100 200 300 400 500 0 10 15 20 25 30
Load ClplClllnt! CL (DF' Frequ."c' j (M”l'
INPUT LOW VOLTAGE VS. SUPPLY VOLTAGE INPUT HIGH VOLTAGE VS. SUPPLY VOLTAGE
13 13
Ta=25¢C Ta=25C
5 2 5 12
ﬁé 11 ; 11
s o
% L— H
i 09 £ 09
S =
2 08 H 08
073 415 50 525 55 s 475 50 525 55
Supply Voltage Vec (V) Supply Voltage Vec (V)
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HM6147HP Series

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

Te=25C
\ Vec =5V /

Ta=25"C.
Vec =5V

Output Current fon (Normalized)
1Y
]

Output Current Jor (Normalized)
o

A
. L/
\ /

04 0.4

0.2 0.4 06 0.8
Output Voltage Von (V) Output Voltage VoL (V)

STANDBY CURRENT VS. AMBIENT TEMPERATURE STANDBY CURRENT VS. SUPPLY VOLTAGE

108 14
Vec =3V
CS=238v
12
107" -

//

08 /
06
Ta=25C
CS=Vec-02v
04

10 02
20 40 60 80 2 3 4

Standby Current Isa1 (A)

1077 /

Standby Current Iss1 (Normalized)

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

STANDBY CURRENT VS. INPUT VOLTAGE

10 T
Ta=25C

Vec=5.0V
CS=48v

Standby Current /s (Normalized)
- L

\\
JIINL

0 3 4

o~

Input Voltage V.. (V)
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HMG6147HLP Series

4096-word X1-bit High Speed Static CMOS RAM

BFEATURES

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

® Low Power Standby and Low Power Operation,

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

Single 5V Supply and High Density 18 Pin Package
Completely Static Memory — No Clock nor Timing Strobe
Required

® No Peak Power—On Current

® No Change of t4 o With Short Chip Deselect Time

® Equal Access and Cycle Time

® Directly TTL Compatible — All Input and Output

® Separate Data Input and Output: Three State Output (DP-18)

® Plug-In Replacement with Intel 2147H NMOS STATIC RAM

® Capable of Battery Back up Operation HPIN ARRANGEMENT

HEBLOCK DIAGRAM . [j_-\J—D

Al 18| Ve

mo—{F _—
A °__u_—_ Row Memory Array ! A E E A
MO—K Uecoder :> 64 x o4 oND ME EA;
:°_‘—t A’E E "
Ao A E E A

0O A E 1] A
Din Column 1/0 Dot M% EAH

Column Decoder -TvE 8 mbm

B ABSOLUTE MAXIMUM RATINGS

Ay A As Ao

Item Symbol Rating Unit
Voltage on Any Pin relative to GND Vr —3.5*to +7.0 v
DC Output Current Io 20 mA
Power Dissipation P: 1.0 w
Operating Temperature T.. 0to +70 ‘c
Storage Temperature (under bias) Toreorae —10 to +85 'C
Storage Temperature Toe —55 to +125 ‘c

* Pulse Width 20ns. DC: —0 5V

HERECOMMENDED DC OPERATING CONDITIONS (0°'C s Ta<70C)

Parameter Symbol min typ max Unit

Vee 4.5 5.0 5.5 \)

Supply Voltage GND o . o v
Input High (logic 1) Voltage Viu 2.2 3.0 6.0 \
Input Low (logic 0) Voltage Vi —0.5° - 0.8 v

* Vi. min=—3V (Pulse width < 20ns)

@ HITACHI
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HM6147HLP Series

HDC AND OPERATING CHARACTERISTICS (0'C=Ta=<70'C, Vec=5V110%, Gr:ID-OV)

Output load: See Figure
Output timing reference levels:
1.5V (HM6147HLP-35)
0.8 to 2.0V (HM6147HLP-45/55)

Parameter Symbol Test Condition min typ max Unit

Input Leakage Current [ 1) Vec=5.5V, GND to Vcc - - 10 HA

Output Leakage Current [ 1o CS=Vin, Var=0V~Vcc - - 10 HA

Operating Power Supply Current(1) Icc CS=V;., Output open - 30 80 mA

Operating Power Supply Current(2) Icc CS=V;i, Minimum Cycle - 40 80 mA

Standby Power Supply Current(1) Iss CS=Vin, Vecc=Min to Max - 5 15 mA
CS2Vec—0.2V,

Standby P S t(2) I - 100 A
andby Power Supply Current(2 | VieS0.2V or VinZVee—0.2V A
Output Low Voltage Voo ToL=8mA - - 0.40 \'
Output High Voltage Vou Ion=—4.0mA 2.4 - - \'

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

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

Vee

HAC TEST CONDITIONS
e Input pulse levels: GND to 3.0V sia
® Input rise and fall times: 5 ns Dout
® Input timing reference levels: 1.5V Output Load A N
° 3300 0pF
°

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

#* Including scope & ji1g capacitance

Output Load B

[ 0—1

33003

3 SoF
1hi

510Q

Item Symbol Conditions max Umt
Input Capacitance C. V=0V 5 pF
Output Capacitance Cont V=0V 6 pF
Note) This parameter s sampled and not 100% tested.
B AC CHARACTERISTICS (Ta=0"C to 70°C, Vcc=5V110%, unless otherwise noted.)
® READ CYCLE
Parameter Symbol HM6147HLP-35 HM6147HLP-45 HM6147HLP-55 Unt Notes
min max min max min max
Read Cycle Time trc 35 — 45 - 55 - ns | (1)
Address Access Time tan - 35 - 45 - 55 ns
Chip Select Access Time tacs — 35 — 45 — 55 ns
Output Hold from Address Change ton 5 - 5 - 5 - ns
Chip Selection to Output in Low Z tuz 5 -_ 5 - 5 - ns | (2),03). (7
Chip Deselection to Output in High Z tnz 0 30 0 30 0 30 ns | (2),03), (7
Chip Selection to Power Up Time tru 0 - 0 - 0 - ns
Chip Deselection to Power Down Time teo — 20 - 20 - 20 ns
@ HITACHI
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HM6147HLP Series

© TIMING WAVEFORM OF READ CYCLE NO.1‘“‘®

. X
ton
Y 4 4
Deta Ot Pravious Data Valud K x >< >< Data Valid
A K.

© TIMING WAVEFORM OF READ CYCLE NO.2“®

tac -l

& _\ £

tacs

17

Vee Supsly
fee * 0% s0%
Currem Iss

Notes: 1. All Read Cycle timings are referenced from last valid address to the
first transitionining address.
2. At any given temperature and voltage condition, fZ max. is less than
{LZ min. both for a given device and from device to divice.

3. Transition is measured +S00mV from steady state voltage with
specified loading in Load B.
4. is high for READ Cycle.
S. Device is continuously selected, CS=Vp..
6. Addresses valid prior to or coincident with TS transition low.
7. This parameter is sampled and not 100% tested.
O®WRITE CYCLE
HM6147HLP-35 HM6147HLP-45 HM6147HLP-55 .
Parameter Symbol - - Unit Notes
min max min max min max
Write Cycle Time twe 3H - 45 - 55 - ns |(2)
Chip Selection to End of Write tw 35 — 45 - 45 - ns
Address Valid to End of Write taw 35 . 45 — 45 b ns
Address Setup Time tas 0 - 0 - 0 - ns
Write Pulse Width twe 20 - 25 — 30 - ns
Write Recovery Time twe 0 - 0 - 0 - ns
Data Valid to End of Write tow 20 - 2% — 25 - ns
Data Hold Time ton 10 - 10 — 10 - ns
Write Enable to Output in High Z twz 0 20 0 25 0 30 ns |(3),(4)
Output Active from End of Write tow 0 - 0 — 0 - ns | (3), (4)
@ HITACHI
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HM6147HLP Series

® TIMING WAVEFORM OF WRITE CYCLE (WE Controlled)

twe

Address

)
- T

taw

NE

Deta In

N Tow ton
* Dats In Vald

twz tow

Deta Out Data Undefined

High Impedance

O TIMING WAVEFORM OF WRITE CYCLE (CS Controlied)

- X

Dare Owt

Dats Undetined

Foah tmpedance

Notes:

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

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

. This parameter is sampled and not 100% tested.

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

1
2
3. Transition is measured +tS00mV from steady state voltage with specified loading in Load B.
4

Item Symbol Test Condition min typ max Unit
CS2Vcec—0.2V
V. . — — A
Vee for Data Retention (7] Vi Vie—0.2V or VinS0 2V 2.0
Data R c ' Vec=3.0V, CS=22.8V _ 5 A
ata Retention Current CCOR Vin22.8V or Vins0.2V H
Chip Deselect to Data Retention Time teor 0 — — ns
See Retention Waveform
Operation Recovery Time te trc® - — ns

* tac ~Read Cycle Time

®LOW V.. DATA RETENTION WAVEFORM

Data Retention Mode

CS2 Vor-02V

@ HITACHI
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HMG6116P Series

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

BFEATURES
® Single 5V Supply
® High speed: Fast Access Time 120ns/150ns/200ns (max.)
® Low Power Standby and Standby: 100uW (typ.)

Low Power Operation Operation: 180mW (typ.)
o Completely Static RAM: No clock or Timing Strobe Required
o Directly TTL Compatible: All Input and Output
® Pin Out Compatible with Standard 16K EPROM/MASK ROM
e Equal Access and Cycle Time
EFUNCTIONAL BLOCK DIAGRAM

(DP-24)
rvo—L — o

WPIN ARRANGEMENT
\J

Al 24 | Vee

Row
Decoder
128x128
Al 2 23
no——> L
| Al 3

Memory Matrix O GND

IO

s |
l e o I al
—
oo > . Column 1/0 als ) o5
Input
: Column Decoder kl 6 19 IAn
H Data NE = a
' H Control I
1 —_— : M| 8 17 v
1
o H | "0'| 9 16 ||.fo.
|
A A A A H

_] /02§ 10 15 I 1/os
ol 1 i} 'I/Os
oF ﬁ
GND } 12 13 } 1/0¢
WE
(Top View!
cs

EABSOLUTE MAXIMUM RATINGS

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

#* Pulse Width 50ns —35V

ETRUTH TABLE

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

H X X Not Selected Iss, Issu 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)
@ HITACHI
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HM6116P Series

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

Item Symbol min typ max Unit
Suonly Vot Vee 4.5 5.0 5.5 \'
uppy Toltege GND 0 0 0 v
| Vol Vin 2.2 3.5 6.0 v
it It
nput Toltage Vi -3.0° - 0.8 v
% Pulse Width: 50ns, DC: Vi min=—0.3V
HDC AND OPERATING CHARACTERISTICS (Vcc=5V+10%, GND=0V, Ta=0 to +70C)
HM6116P-2 HM6116P-3/-4
Item Symbol Test Conditions Unit
min typ* max min typ* max
Input Leakage Current | 1) Vee=5.5V, V.=GND to Vec - - 10 - - 10 uA
CS= Vi or OE= Vi,
1 - - 10 - - A
Output Leakage Current 1ol Vio=GND to Vec 10 H
Ope P Suopl Icc CS=Vis, Io=0mA - 40 80 - 35 70 mA
rating Power Supply
Current Teerse Viu=3.5V, Vi.=~0.6V, _ - _ _ 30 _ A
I o=0mA
Average Operating Current Icc: Min. cycle, duty=100% - 40 80 - 35 70 mA
Iss CS=Vu - 5 15 — 5 15 mA
Standby Power Supply TS2Ver—0.2V. V.2V
Current Ism e et Hs Tee - 0.02 2 - 0.02 2 mA
—0.2V or V,,s0.2V
IoL=4mA - - 0.4 - - - Y
Vo
Output Voltage Io=2.1mA - - - - - 0.4 v
Von Iow=—1.0mA 2.4 - - 2.4 - - v
* V=5V, Ta=25C
*% Reference Only
BAC CHARACTERISTICS (Vec=5V+10%, Ta=0 to +70°C)
®AC TEST CONDITIONS
Input Pulse Levels: 0.8 to 2.4V
Input Rise and Fall Times: 10 ns
Input and Output Timing Reference Levels: 1.5V
Output Load: 1TTL Gate and C; = 100pF (including scope and jig)
O READ CYCLE
HM6116P-2 HM6116P-3 HM6116P-4
Item Symbol Unit
min max min max min max
Read Cycle Time tre 120 - 150 - 200 - ns
Address Access Time taa - 120 — 150 - 200 ns
Chip Select Access Time tacs - 120 - 150 - 200 ns
Chip Selection to Output in Low Z tcrz 10 - 15 - 15 - ns
Output Enable to Output Valid tor - 80 - 100 - 120 ns
Output Enable to Output in Low Z torz 10 - 15 - 15 - ns
Chip Deselection to Output in High Z tenz 0 40 0 50 0 60 ns
Chip Disable to Output in High Z tonz 0 40 0 50 0 60 ns
Output Hold from Address Change tow 10 - 15 - 15 - ns
@ HITACHI
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HMG6116P Series

®WRITE CYCLE

HM6116P-2 HM6116P-3 HM6116P-4 3
Item Symbol - - Unit
min max min max min max
Write Cycle Time twe 120 - 150 - 200 - ns
Chip Selection to End of Write tew 70 - 90 - 120 — ns
Address Valid to End of Write taw 105 — 120 — 140 — ns
Address Set Up Time tas 20 - 20 - 20 - ns
Write Pulse Width twe 70 — 90 — 120 — ns
Write Recovery Time twr 5 — 10 — 10 — ns
Output Disable to Output in High Z tonz 0 40 0 50 0 60 ns
Write to Output 1n 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
ECAPACITANCE (f=1MHz, Ta=25C)

Item Symbol Test Conditions typ max Unit

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

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

Note This parameter 1s sampled and not 100% tested

HETIMING WAVEFORM
®READ CYCLE (1)

P X
V) z Z -Z- 21
« XN ey | 77777

tacs

Vour g L ><>O_

®READ CYCLE (2)" V¥

|

tac

e L D3

- D (X)O&( - X

® READ CYCLE(a)(l)uy(.)

cs
tacs tons
tcee
Dout

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

4. OF= vy
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HM6116P Series

WRITE CYCLE (1)

Address

Dout

®WRITE CYCLE(2)*®

Address

Dout

%

A

ma(?)

d/[

RN

ANAONNR® L7

ALK A |

(3)
r——:un/Rl

m

LLLLLLS

-y

<X XXXX

X

X
SN VI TTTT7

#(1)

%%
]
@
A

™

b———ton

~'llnj(3) on (6) (7
AN >—to
LS

N

o tom

(8)

) vavivavas

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

of write cycle.

3. During this period, 1/0 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.

NV

. OE is continuously low. (OE = V1)
- Doyt is the same phase of write data of this write cycle.
. Doyt is the read data of next address.
If & is Low during this period, I/O pins are in the output state.

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

© HITACHI
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HM6116P Series

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

Access Time taatacs(Normalized)

SUPPLY CURRENT
vs. SUPPLY VOLTAGE

16

Ta=25C

08 —

0.6

04

45 475 5.0 525 55

Supply Voltage Vec (V)

ACCESS TIME
vs. SUPPLY VOLTAGE
13

Te=25C

09

08

0.7

45 475 50 525 $S

Supply Voltage Vee (V)

ACCESS TIME
vs. LOAD CAPACITANCE

]

15 /

e

Ta=25C
Vec=MIN

08

06

100 200 300

Load Capacitance Cu (pF)

400 500

@ HITACHI

Supply Current Icc,Jccz (Normalized)

Access Time taatacs(Normalized)

Supply Current Iccz (Normalized)

SUPPLY CURRENT
vs. AMBIENT TEMPERATURE
16

Vee =50V

08

06

04

0 20 40 60 80
Ambient Temparature Ta (C

ACCESS TIME

vs. AMBIENT TEMPERATURE
13

Vee=50V

~

09

08

07

0 20 40 60 80
Ambient Temperature To (C)

SUPPLY CURRENT
vs. FREQUENCY
13

200ns | 150ns [120ns

09

08

07

0 4 10

Frequency / (MHz)
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HM6116P Series

Low Input Voltage Vii(Normalized)

Output Current Jow(Normalized)

LOW INPUT VOLTAGE
vs. SUPPLY VOLTAGE

13
Ta=25C
12 _
3
L1 ?
2
0 /__—-—" 3
— ¢
2
0.9 3
0.8 ;-:-
0.7
45 475 50 5.25 55
Supply Voltage Vcc (V)
OUTPUT CURRENT
vs. OUTPUT VOLTAGE
16
Ta=25C
Vec=5V

0.8

06

Output Current Joc(Normalized)

04

Output Voltage Vow (V)

@ HITACHI

HIGH INPUT VOLTAGE
vs. SUPPLY VOLTAGE

13

Ta=25C

07

45 475 5.0

Supply Voltage Vec (V)

OUTPUT CURRENT
vs. OUTPUT VOLTAGE

525 55

16

/

" /

Ta=257C
Vee=5V

L1/

06 /

04

Output Voltage Voo (V)

02 04 06

08
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HMMG6116FP Series

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

BFEATURES

® High Density Small-Sized Package

® Projection Area Reduced to One-Thirds of Conventional DIP

® Thickness Reduced to a Half of Conventional DIP

® Single 5V Supply

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

® Equal Access and Cycle Time

HFUNCTIONAL BLOCK DIAGRAM Lk

A.Q——%: ——O Ve
- HPIN ARRANGEMENT
Row . Memory Matrix O N
& \ Decoder | ® o Ar [I w E Veo

128128
- N 23] A
A:O—%: NE 2] A
s —
[ o] Al 21 | wE
1o : Column 1/0 a[s 20 | OF
b

Input afs ] A
\ Column Decoder "

Data Al | 7 18 g
Control
- Al 8 17110

L0 O

¥ ;__‘—[;O:ELEE} 2 v
-

HEABSOLUTE MAXIMUM RATINGS

Item Symbol Rating Unit
Voltage on Any Pin Relative to GND Vr —05°t0 +7.0 \%
Operating Temperature T.,. 0to +70 °C
Storage Temperature Tou —55 to +125 ‘C
Temperature Under Bias T —10 to +85 ‘Cc
Power Dissipation Pr 1.0 w

* Pulse Width sns 35V

ETRUTH TABLE

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

H x X Not Selected Iss, Iss High Z

L L H Read Iec Dout Read Cycle(1)~(3)

L H L Write Icc Din Write Cycle(l)

L L L Write Icc Din Write Cycle(2)
@ HITACHI
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HM6116FP Series

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

Item Symbol min typ max Unit
Susply Volt Vee 4.5 5.0 55 \%
upply Voltage
*® ¢ GND 0 0 0 v
Vi 2.2 3.5 6.0 \'
Input Voltage -
Vie -3.0° - 0.8 \)

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

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

HM6116FP-2 HM6116FP-3/-4
Item Symbol Test Conditions Unmit
min typ* max min typ* max
Input Leakage Current 1] Vee=5.5V, V..=GND to Vcc - — 10 - - 10 HA
CS=Vw or OE=Vix
’ -_— f— — p—
Output_Lelluge Current 110l Vio=GND to Vec 10 10 HA
Ope P Suopl Icc CS=Vi, lo=0mA — 40 80 = 35 70 mA
rating Power Supply
Current s Vin=3.5V, Vi.=0.6V, _ 35 _ _ 0 _ mA
lo=0mA
Average Operating Current Icc: Min. cycle, duty =100% - 40 80 - 35 70 mA
Iss CS=Viu — 5 15 - 5 15 | mA
Standby Power Supply Sz Vee0.2V. V.2V
Current Ison cemian Te= e - | .02 2 — | 0.02 2 | mA
—0.2V or V.s0.2V
IoL=4mA - - 0.4 — - - v
VOL
Output Voltage Ior=2.1mA - - - — — 0.4 v
Vou Ion=—1.0mA 2.4 - - 2.4 - - v
® Vec=5V, Ta=25C
#% Reference Only
BAC CHARACTERISTICS (Vcc=5V+10%, Ta=0 to +70°C)
O AC TEST CONDITIONS
Input Pulse Levels: 0.8 to 2.4V
Input Rise and Fall Times: 10 ns
Input and Output Timing Reference Levels: 1.5V
Output Load: 1TTL Gate and C; = 100pF (including scope and jig)
O®READ CYCLE
HM6116FP-2 HM6116FP-3 HM6116FP-4
Item Symbol Unit
min max min max min max
Read Cycle Time tre 120 - 150 - 200 — ns
Address Access Time taa - 120 - 150 - 200 ns
Chip Select Access Time tacs - 120 - 150 — 200 ns
Chip Selection to Output in Low Z tcrz 10 - 15 - 15 - ns
Output Enable to Output Vald tog bt 80 - 100 - 120 ns
Output Enable to Output in Low Z torz 10 - 15 - 15 - ns
Chip Deselection to Output in High Z tewnz 0 40 0 50 0 60 ns
Chip Disable to Output in High Z tonz 0 40 0 50 0 60 ns
Output Hold from Address Change ton 10 - 15 - 15 - ns
@ HITACHI

68 Hitachi America Ltd. ¢ 2210 O’Toole Avenue ¢ San Jose, CA 95131 e (408) 435-8300



HM6116FP Series

O WRITE CYCLE

HM6116FP-2 HM6116FP-3 HM6116FP-4
Item Symbol Unit
min max min max min max
Write Cycle Time twe 120 - 150 - 200 - ns
Chip Selection to End of Write tew 70 - 90 - 120 - ns
Address Valid to End of Write taw 105 - 120 - 140 - ns
Address Set Up Time tas 20 - 20 - 20 - ns
Write Pulse Width twp 70 - 90 - 120 - ns
Write Recovery Time twe 5 - 10 - 10 — ns
Output Disable to Output in High Z tonz 0 40 0 50 0 60 ns
Write to Output 1n High Z twwz 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
BMCAPACITANCE (f=1MHz, Ta=25C)
Item Symbol Test Conditions typ max Unmit
Input Capacitance C. . V.=0V 3 5 pF
Input/Output Capacitance Cio Vio=0V 5 7 pF

Note This parameter 1s sampled and not 100% tested

H TIMING WAVEFORM
®READ CYCLE(1)'"

o X X

3
L]
%
L
-
i

tas

( K-

®READ CYCLE (2)" ‘"

tac J
Address >E %
tan )
l ——‘*

— N o
Dowr ) >

®READ CYCLE(S)H)(JHA)

[
———— Ay - s
s
Dout

NOTES: 1. WE 1s High for Read Cycle.
2. Device is continuously selected, CS = V.
3. Address Valid prior to or coincident with TS transition Low.
4. UE= VIL'
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HM6116FP Series

ETIMING WAVEFORM
O WRITE CYCLE (1)’

Address )(
mu(2)

~ ZZF EARRNN
NN Y777777

—
" FANNN A
P_,’M,Rt“! m.(ll
Dout
LLLLLLS

otk et ——

4 XXXX

O WRITE CYCLE (2)*®

Address

X X
s SSSSSSWe . VTVTTTTTT

—_ (1)
" j\\\\\ A
s O (6] (7

TSSSSSSSOSST D
77777777777

g
NA

/!

Flnn e iy ——= (¥}
o K P avavavan

NOTES:

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

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

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

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

. OE s continuously low. (OE = V1)

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

. Doyt is the read data of next address.

If & is Low during this period, 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.

P R N

SR X7
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Access Tume tan.tacs(Normalized) Supply Current Jec,lcc2(Normalized)

Access Time taa.tacs(Normalized)

HM6116FP Series

SUPPLY CURRENT SUPPLY CURRENT
vs. SUPPLY VOLTAGE vs. AMBIENT TEMPERATURE
16 16
Ta=25C Vee=5.0V
14 = 14
P 3
12 / é 12
10 f 10
£ o~
08 5 08
o
0.6 uga 06
04 04
45 47 50 5.25 55 0 20 40 60 80
Supply Voltage bce V) Ambient Temperature To ('C)
ACCESS TIME ACCESS TIME
vs. SUPPLY VOLTAGE vs. AMBIENT TEMPERATURE
13 13
Ta=25C Vee=5.0V
12 = 12
11 L\ _E 11 ]
\ :
1o § to ,/
¥ -/
09 « 09
08 < 08
0.7 07
45 47 50 525 55 0 20 40 60 80
Supply Voltage Vec (V) Ambient Temperature Ta ('C)
ACCESS TIME SUPPLY CURRENT
vs. LOAD CAPACITANCE vs. FREQUENCY
18 13 Y T T
200ns | 150ns |120ns
16 // _ 12
14 / _é 1
/7 2
12 E 10
Ta=257 z |
Vee=MIN H ’_——‘/
19 < o9
2
08 08
06 0.7
100 200 300 400 500 0 4 10
Load Capacitance Cu (pF) Frequency / (MHz)
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HMG6116LP Series

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

B FEATURES

o Single 5V Supply and High Density 24 Pin Package
120ns/150ns/200ns (max.)

@ High Speed: Fast Access Time

® Low Power Standby and
Low Power Operation;

Standby:
Operation:

10uW (typ.)
160mW (typ.)

o Completely Static RAM:  No clock nor Timing Strobe Required
e Directly TTL Compatible: All Input and Output
o Pin Out Compatible with Standard 16K EPROM/MASK ROM
o Equal Access and Cycle Time
e Capability of Battery Back up Operation
B FUNCTIONAL BLOCK DIAGRAM (DP-24)
A.o—-%_ —Oe
‘ - HPIN ARRANGEMENT
Row . Memory Matrix — OGN
| o Ty
128%128
- a 7] 23| A
vo—¢ ] (3] =
—— Te o] A.E 21| WE
110:0- > T Column 1/0 al s 20 | o
I st | ] p—— afs 9 | Ao
. olumn Decoder
E : D a7 18] cs
: ll Control - A'E TRITS
Voo 1 i UO'E 16 |10
1 .
Ao A A Ae I v [ 10 15 | 1706
va[n u lvo
0E (501 ) 13 |10
wE (Top View)
cs
B ABSOLUTE MAXIMUM RATINGS
Item Symbol Rating Unit
Voltage on Any Pin Relative to GND Vr ~0.5% to +7.0 \'
Operating Temperature Tore 0to +70 ‘c
Storage Temperature Tue -55 to +125 °C
Temperature Under Bias Toas —10 to +85 ‘c
Power Dissipation Pr 1.0 w
#* Pulse Width S0ns 35V
B TRUTH TABLE
CS OE WE Mode Ve Current 1/0 Pmn Ref. Cycle
H x x Not Selected Iss, Iss High Z
L L H Read I Dout Read Cycle (1)~(3)
L H L Write Icc Din Write Cycle (1)
L L L Write Tcc Din Write Cycle (2)
@ HITACHI
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HM6116LP Series

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

Item Symbol min typ max Unit
Susaly Vol Vee 4.5 5.0 5.5 v
t
upply Voltage GND 0 0 0 v
Vin 2.2 3.5 6.0 v
Input Voltage
Viu -3.0° - 0.8 A
#* Pulse Width 50ns, DC Vii min= -0 3V
HDC AND OPERATING CHARACTERISTICS (Vcc=5V £10%, GND=0V, Ta=0 to +70°C)
HM6116LP-2 HM6116LP-3/-4
Item Symbol Test Conditions Unit
min typ* max min typ* max
Input Leakage Current (W Ve =5.5V, V..=GND to Vcc - - 2 — - 2 HA
CS=Vis or OE=Vin, _ _ . _
Output Leakage Current | Teo | Vi 0=GND to Vec 2 2 HA
I CS=Vi, I o=0mA - 35 70 - 30 60 mA
Operating Power Supply
Current Iocaee Vin=3.5V, Vi.=0.6V, _ 30 _ _ 25 _ mA
I v=0mA
Average Operating Current Iec: min. cycle, duty =100% — 35 70 - 30 60 mA
I CS=-v - 4 12 - 4 12 A
Standby Power Supply > ngvm TR o
Current cc =0.eV, Vias Ve = — _
Tsor 1022V or vius0.2V 2 N
Toi=4mA - - 0.4 - - -
Voo v
Output Voltage : Tor=2.1mA - — — — - 0.4
| Vow | fon=—1.0mA 24 | — - | 24 | - - v

* V=5V, Ta=25C
® % Reference Only

B AC CHARACTERISTICS (Vic=5V *£10%, Ta=0 to +70°C)

®AC TEST CONDITIONS

Input Pulse Levels: 0.8 to 2.4V

Input Rise and Fall Times: 10 ns

Input and Output Timing Reference Levels: 1.5V

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

® READ CYCLE

HM6116LP-2 HM6116LP-3 HM6116LP-4
Item Symbol Unit

min max min max min max
Read Cycle Time tre 120 - 150 - 200 - ns
Address Access Time taa - 120 - 150 — 200 ns
Chip Select Access Time tacs - 120 - 150 — 200 ns
Chip Selection to Output 1in Low Z terz 10 - 15 — 15 - ns
Output Enable to Output Vahd tue — 80 - 100 - 120 ns
Output Enable to Output in Low Z torz 10 - 15 — 15 - ns
Chip Deselection to Output 1n High Z towz 0 40 0 50 0 60 ns
Chip Disable to Output 1n High Z tonz 0 40 0 50 0 60 ns
Output Hold from Address Change ton 10 - 15 - 15 - ns
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HM6116LP Series

®WRITE CYCLE

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

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

H TIMING WAVEFORM
®Read Cycle (1) "’

we X X

s ——— bt =]

XX

.R.ad cyc'. ‘2) (1) (2), (&)

T G
5 X

®Read Cycle (3) ‘'’

Cs Y
N
——— s tns
s
Dout

NOTES: 1. WE is High for Read Cycle.
2. Device is continuously selected, CS = V.
3. Address Valid prior to or coincident with CS transition Low.
4. OE= vy,
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HM6116LP Series

® Write Cycle (1) <
Address (7
wa(2)
L4 PN
& SRR X777
“ ._l_‘i_l tan
NN Wi
L—mu\:q[n l"ll]
Dout o4 —

® Write Cycle (2)

Address

X

tcn ma(2)
Cs ; : N (43
— (1)
E
y j\\\\ K A .
b tas beeta 2 —{(3) (6 | (1
o SSSSSSSSUSNSN -
277777777 7/0L)
‘:_m - (8)
Din K
NOTES: 1. A write occurs during the overlap (fyp) of a transition, output remain in a high impedance
low CS and a low WE. o state.
2. twg is measured from the earlier of CS or WE 5. OFE is continuously low. (OE = V)
going high to the end of write cycle. 6. Doyt is the same phase of wnte data of this

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

& 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.

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 apphed.

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

o0 =

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

Item Symbol Test Conditions min typ max Unit

Vee for Data Retention Vor CS2Vec —02V, V..2Vec —0.2Vor V..50.2V| 2.0 — - v

Data Retention Current Iccon® | Vec=30V, CS=22.8V, V..22.8V or V.. 0.2V - — 30 HA

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

Operation Recovery Time tr trc®* - - ns

* 10 #A max at Ta=0T to +40C, V. min=-03V

*® % tx, =~Read Cycle Time

®Low Vcc Data Retention Waveform

Hitachi America Ltd.

Data Retention Mode
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HM6116LP Series

Access Tume tan.tacs (Normelized) Supply Current fec.leca (Normalized)

Access Time ta4, tacs(Normalized)

SUPPLY CURRENT vs.
SUPPLY VOLTAGE

16
Ta=25C
14
/
12
L~

10
08 ,/
0.6
04

45 475 50 525 55

Supply Voltage Vcc (V)

ACCESS TIME vs.

SUPPLY VOLTAGE
13

Ta=25C

12
11 \
10
09
08
0.7

45 47 S0 §.2% §s

Supply Voltage Vec (V)

ACCESS TIME vs.

LOAD CAPACITANCE
18

1

14 /
P

12
Ta=25C
Vee=MIN

10

08

06

100 200 300 400 500
Load Capacitance Cu (pF)

@ HITACHI

Supply Current lcc,Icc2(Normalized)

Access Time tas.tacs (Normalized)

Supply Current Icc2(Normalized)

SUPPLY CURRENT vs.
AMBIENT TEMPERATURE

16
Vee =50V
14
12
10 ~—]
\\
08
06
04
0 20 40 60 80
Ambient Temperature Ta (°C)
ACCESS TIME vs.
AMBIENT TEMPERATURE
13
Vee =50V
12
11 //
10 /

09

08

0.7

0 20 40 60
Ambient Tempersture Ta ('C)

SUPPLY CURRENT vs.

FREQUENCY

13 y T
200ns | 150ns  {120ns
12
11
10
—/

09
08
0.7

0 4 10

Frequency / (MHz)
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Output Current low(Normalized)

Standby Current Ism (A)

Low Input Voltage Vio(Normalized)

LOW INPUT VOLTAGE vs.
SUPPLY VOLTAGE

HM6116LP Series

HIGH INPUT VOLTAGE vs.
SUPPLY VOLTAGE

13
Ta=25°C Ta=257C
12 5 12
11 E 11
;5 /
10 s 10
, 3
" =
2 /
0.9 2 o9
08 = 08
07 07
45 075 50 5.25 55 45 475 50 525 55
Supply Voltage Vec (V) Supply Voltage Vec (V)
OUTPUT CURRENT vs. OUTPUT CURRENT vs.
OUTPUT VOLTAGE OUTPUT VOLTAGE
16 16
Ta=257C
Vee=5V
14 = RRL /
1.2 \ ? 12
\ E
10 =
H Ta=25C
o8 ? 08 Vee=5V
3 /
06 06 /
04 04
g 0 02 04 06 08
Output Voltage Vow (V) Output Voltage Vor (V)
STANDBY CURRENT vs. STANDBY CURRENT vs.
AMBIENT TEMPERATURE SUPPLY VOLTAGE
107 1
Vee=3V
Cs=28V /
12
1078 —é 10
_ 2
] i 7
10 7 8 46 /
/ 2 Ta=25T
E / C8= Ve 02V
@ 04 /A
10-? 4 L 02
20 40 60 80 0
Ambient Temperature Ta ('C) Supply Voltage Vec (V)
G HITACHI
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HM6116LP Series

STANDBY CURRENT vs.
INPUT VOLTAGE

T
Ta=25C
Vec=5.0V
CT=4.8v

Standby Current Iss1 (mA)
-

BN
N

4

Input Voltage V., (V)

@ HITACHI
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HMG116LFP Series

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

BFEATURES

® High Density Small-sized Package

® Projection Area Reduced to One-Thirds of Conventional DIP

® Thickness Reduced to a Half of Conventional DIP

@ Single 5V Supply

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

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

® Completely Static RAM: No Clock nor Timing Strobe Required

o Directly TTL Compatible: All Input and Output

® Equal Access and Cycle Time

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

EFUNCTIONAL BLOCK DIAGRAM BPIN ARRANGEMENT

|| Al 2 | Vec
\ Row ° Memory Matrix ——OGND Al 2 23 | A
Decoder | @
coder L8128 als 2] A
wo— ] A o | WE
T T als 20 | OE
s | . e
N - 1 Al 6 19 | Awe
/0,0 I o | Column 1/0 NE 18 |Cs
Input
! . . Column Decoder N 7 | vos
: : Data
' H Control Vo) s 16 {1/Or
1
- . 10 | 10 15 | vos
1/0s O- i :
[ o b 1 4170
As As A Ao ]

’_] GND | 12 13 | 1704
0E Q—DO_L t (Top View)
D

HABSOLUTE MAXIMUM RATINGS

Item Symbol Rating Unit
Voltage on Any Pin Relative to GND Vr —0.5°to +7.0 \4
Operating Temperature T 0to +70 C
Storage Temperature Toe —55 to +125 ‘Cc
Temperature Under Bias Toe —10 to +85 ‘c
Power Dissipation Pr 1.0 w

* Pulse width 50ns - 35V

@ HITACHI
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HM6116LFP Series

HETRUTH TABLE

Cs OE WE Mode Vco Current 1/0 Pin Ref. Cycle

H X X Not Selected Iss, Iss High Z

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

L L L Write Icc Din Write Cycle (2)

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

Item Symbol min typ max Unit
Sunnly Volt Vee 4.5 5.0 5.5 v
upply Toltage GND 0 0 0 v
Inout Volt Vin 2.2 3.5 6.0 \'/
npur Toltage Vi —3.0° — 0.8 v
* Pulse Width 50ns, DC Vi min= -0 3V
HDC AND OPERATING CHARACTERISTICS (Vcc=5V+10%, GND=0V, Ta=0 to +70°C)
HM6116LFP-2 HM6116LFP-3/-4 X
Item Symbol Test Conditions Unit
mn typ* max min typ* max
Input Leakage Current | Ii] | Vee=5.5V, V.,=GND to Vec - - 2 — — 2 HA
Output Leak c Il | §= Vin or O_E= 14, _ _ 2 _ _ 2 A
put Leakage Current 1o Vi »=GND to Vee H
Icc CS=Vi, I o=0mA — 35 70 — 30 60 mA
Operating Power Supply -
Vik=3.5V, V,.=0.6V, .
Current Icci*® - 30 - - 25 - mA
I o=0mA
Average Operating Current | Icc. Min cycle, duty=100% - 35 70 - 30 60 mA
I Cs=V, - 4 12 — 4 12 mA
Standby Power Supply 2 =
C . ! CSz2Ve 0.2V, Va2V 2 50 2 50 A
r — —
arren | 0.2V or V.s0.2V “
Toi=4mA — — . — — —
Vou v =4m, 0.4 v
Output Voltage loi=2.1mA — — — — — 0.4
Vou Ton=--1.0mA 2.4 — — 2.4 — — \
* VemSV, Ta=25C
* % Reference Onh
BAC CHARACTERISTICS (Vcc=5V£10%, Ta=0 to +70°C)
O®AC TEST CONDITIONS
Input Pulse Levels: 0.8 to 2.4V
Input Rise and Fall Times: 10 ns
Input and Output Timing Reference Levels: 1.5V
Output Load: 1TTL Gate and C;, = 100pF (including scope and jig)
O®READ CYCLE
HM6116LFP-2 HM6116LFP- HM6116LFP-4
Item Symbol - 6 SUELEP-3 . Unit
min max min max min max
Read Cycle Time Lre 120 - 150 - 200 - ns
Address Access Time tas — 120 — 150 — 200 ns
Chip Select Access Time tacs - 120 - 150 - 200 ns
Chip Selection to Output 1n Low Z teiz 10 -— 15 - 15 - ns
Output Enable to Output Vahd toe - 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 1n High Z towz 0 40 0 50 0 60 ns
Output Hold from Address Change ton 10 - 15 - 15 - ns
@ HITACHI
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HM6116LFP Series

®WRITE CYCLE

HM6116LFP-2 HM6116LFP-3 HM6116LFP-4
Item Symbol Unit

min max min max min max
Write Cycle Time twe 120 — 150 - 200 — ns
Chip Selection to End of Write tew 70 - 90 — 120 - ns
Address Valid to End of Wnite 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 thow 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

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

Item Symbol Test Conditions typ max Unit
l;\put Capacitance Cin Vin=0V 3 5 pF
Input/Output Capacitance Cro Vi o=0V 5 7 pF

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

ETIMING WAVEFORM
®READ CYCLE (1)”

wn K X

p— te11y ot

S\ S N 0705, 04
Dour i ( OO_

@READ CYCLE (2) (¥

n

Address ><

S —

®READ CYCLE (3) "

[+
—— LAy tws
tcrs
Dout

NOTES: 1. WE is High for Read Cycle

2. Device is continuously selected, CS = ¥y

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

4. OE= VIL'

@ HITACHI
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HM6116LFP Series

O®WRITE CYCLE (1)

Address

@

4

NEW

EANNNN

AN\

777777

| Y

B -
% ter(1)
Dow AN
t 277777 — tow — tos —]
D O Vi
®WRITE CYCLE (2)*
- X X
1 tew tra(2)
= NANRNNT AV 77
= twr(1)
i K X o
L.“‘ ten2(3) ton [ )
AN AN
ou VT [,/.A.._. o —w NSNS
o K );

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

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

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

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

AW

[- -3 ]

state.

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

write cycle.

. Dgyt is the read data of next address.
T

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

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

Item Symbol Test Conditions min typ max Unit

CS2Vec—0.2V

Vee for Data Retention Vor i 2.0 - - v
VinzVec—0.2V or Vins0.2V
Vec=3.0V, C522.8V

Data Retention C t Iccor® - - A

sta etentlon Burren " | Vinz2.8V or Vins0.2V % :
Chip Deselect to Data Retention Time teor 0 — - ns
- - See Retention Waveform
Operation Recovery Time tr **trc - - ns

* Vie min=—0.3V, 10#A max (at Ta=0 to +40T)
* 8% tac=Read Cycle Time.

®Low Vcc DATA RETENTION WAVEFORM

Deta Retention Mode

Vou

TSz Vor-02V

@ HITACHI
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HMG6116 AP Series,
HMG6116 ASP Series

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

8 FURTURES

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

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

Low Power Operation Operation:  15mW (typ.) (f = 1MHz)
Single 5V Supply and High Density 24 Pin Package

Completely Static RAM: No clock or Timing Strobe Required
Directly TTL Compatible: All Input and Output

Pin Out Compatible with Standard 16K EPROM/MASK ROM

Equal Access and Cycle Time

EFUNCTIONAL BLOCK DIAGRAM

'

: S Kow Memory Matrix
1

N Uecoder 128x 128

I T

—0 b

—o0 UND

Column Decoder

I Column 1.0
S E . S Dea
1704 i‘l Ll i l j_/_ S i

HM6116 AP Series

(DP-24)

HM6116 ASP Series

(DP-24N)

BPIN ARRANGEMENT

. = N
v M N A A !
: o al2
s o—>o- L—%—‘ Al 3
Al o
[ —
OF mlLs
ANt 6
A 7
EABSOLUTE MAXIMUM RATINGS '
M| 8
Item Symbol Rating Umt
Voltage on Any Pin Relative to GND Vr -0 5%t t70 v vorl e
Operating Temperature T 0to +70 ‘C Vo | 10 i R
Storage Temperature T 55 to 1125 C Vo[ n 14 [1/00
Temperature Under Bias T... -10 to 485 ¢ ono [ 12 13 ] 170
Power Iissipation Py 10 w
* Pulse Width SOns 3 5V (Top View)
BTRUTH TABLE
cS OF WE Mode Voo Current 1/0 Pin Ref. Cycle
H x x Not Selected Iss, Ison High Z
L. 1. H Read I'm Dout Read Cycle (1)~(3)
I. H 1. Write Im Din Write Cycle (1)
1. 1 L Write I Din Write Cycle (2)
@ HITACHI
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HM6116AP Series, HM6116ASP Series

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

Item Symbol min typ max Unit
) Vee 4.5 5.0 5.5 \
Supply Voltage GND o 0 0 v
Vin 2.2 3.5 6.0 v
Input Voltage Vie “3.0° — 0.8 v
® Pulse Width SOns. DC Vi min= 0 3V
8 DC AND OPERATING CHARACTERISTICS (V¢ =5V £10%, GND = 0V, T, = 0 to +70°C)
L HM6116AP/ HM6116AP/ HM6116AP/
Item ymbol|  Test Condition ASP-12 ASP-15 ASP-20 Unit
min | typ*| max | min | typ* | max | min | typ*| max
Input Leakage Vec=5.5V,Vin =GND| _ 2 _ _ 2 _ - 2 | wA
Current e | 4o Vee
Output Leakage CS=V;y or OE=Vy, _ _ _ _ 2 - - 2 A
Current |ILO| V’/O=GND to VCC 2 b
lee CS=ViL,11/0=0mA - s| 15| - | s | 15| - 5| 15| mA
. Vin=Vim ot Vi1,
Operating Power ~
Supply Current Vin=Vee, ViL=0v,
Iccy | CS=VpL, - 3 6 - 3 6 - 3 6 [ mA
II/O=OI'I1A, f=1MHz
Average Operating min. cycle, _ - - 2 35
Cunex%t P Iccz duty = 100% 35| 60 25| 45 0 mA
Standby Power Isp CS= Vin - 1 4 - 1 4 - 1 4 mA
Supply Current Isg; | CS2Vec-0.2V - 1002 2 - 1002 2 - 1002 2 | mA
VOL IOL =4mA - el 04 - - 04 - - 04 v
Output Voltage Vor | lon=-10mA 24| - | - 24| - | - 24| -] - [V
* Vcc=5V, Ta =25°C
BAC CHARACTERISTICS (Vcc=5V+10%, Ta=0 to +70°C)
®AC TEST CONDITIONS
Input Pulse Levels. 0.8 to 2.4V
Input Rise and Fall Times: 10 ns
Input and Output Timing Reference Levels. 1.5V
Output Load 1TTL Gate and C; = 100pF (including scope and ig)
® READ CYCLE
HM6116AP/ HM6116AP/ HM6116AP/
Item Symbol ASP-12 ASP-15 ASP-20 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 OQutput irr Low Z teLz 10 - 10 = 10 - ns
Output Enable to Output Valid toE - 55 - 60 - 70 ns
Output Enable to Output in Low Z 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 1] 40 0 50 0 60 ns
Output Hold from Address Change ton 10 - 15 - 20 ~ ns
@ HITACHI
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HM6116AP Series, HM6116ASP Series

® WRITE CYCLE

HM6116AP/ HM6116AP/ HM6116AP/
Item Symbol ASP-12 ASP-15 ASP-20 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 toHZ 0 40 0 50 0 60 ns
Write to Output in High Z 'wWHZ 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
BICAPACITANCE (f=1MHz, Ta=25'C)
Item Symbol Test Conditions typ max Umt
- Input Capacitance C.. V..=0vV 3 5 pF
Input/Output Capacitance Cuo Vio=0V 5 7 pF
Note) This parameter 1s sampled and not 100% tested
ETIMING WAVEFORM
®READ CYCLE (1)
IRC

Address )( )
CANNNNNRN /777

faa
"——"OE——" —IOH-
& N\ —toLz }/ // / /
tOHZ
facs tcHZ
t
( -

®READ CYCLE (2) "V
Address )(
toH fas ' foH—

Dout >

®READ CYaE(s)mu)(n

CS
tacs [rcﬁz
fcLz
Dout

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

IRC

@ HITACHI
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HM6116AP Series, HM6116ASP Series

OWRITE CYCLE(1)

twce
Address £
twr(2]

%® [/ F ANNNNN

tew
ANNANNNNT ) SO0 0D,
. -'As-1 tAw
VE ) v
AOAN\K Y
r"onzﬂm twpll)

Dout 277227777

Din O( X>0<X

OWRITE CYCLE(2)'¥

twe

Address )( )(
e tew 'twr__ (2]
& SIS R . JADIIIIVA

tAw
WE twp(1)
S I \NNN & 1
&zt IWHZ 3
Dout
[:l DW—t—!DH—~ (8]
Din K )

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

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

of write cycle.

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

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

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

OE is continuously low. (OE = V)

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

. Dgyty is the read data of next address.

. If 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.

N W
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HM6116AP Series, HM6116ASP Series

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

Ta=25C Ta=25¢C

10

ng na

Input T ow Voltage Vir (Normalized)
Input High Voltage Vin (Normalized)
B

or 08

15 175 S0 325 55 15 475 50 525 55

Supph Volage Vi (V) Supply Voltage Vee (V)

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

16 16
Ta=25C
Lee=50V

/

\ B /

Ta=25¢C
Vee=50V

/

08 /
b \ 06
\ 7

0t 04
I 2 i 1 3 0 02 04 06 08

Output Current Jon (Normahzed
Output Current for (Normahzed)
>

Output Voltage Lon (V) Output Voltage Vor (V)

STANDBY CURRENT VsS. STANDBY CURRENT VS.
AMBIENT TEMPERATURE SUPPLY VOLTAGE
0t 11

dee=3my
(S=2nry

0>

10

08

m* / 0k /
/ Ta=25(
CS=\ec-02V
/ 01 A

'’ 02
n 20 10 hi R0 2 3 1 5

Stamdby Coreent s\

Standby Current [sy (Normalized)

A\mbient Femperature Tu Supply Voltage Vee (V'
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HM6116AP Series, HM6116ASP Series

SUPPLY CURRENT VS.

SUPPLY CURRENT VS. SUPPLY VOLTAGE AMBIENT TEMRERATURE
15 16
Ta=257¢ Vee=50v
= i 14
5 %
£ 3
ERR: E 12
o
5 / §
FEL 5 o8
76 & 06
94 04
43 475 30 525 55 0 E [ 6 B
Supply Voltage Ve 1\ Ambient Temperature Ta (C)
ACCESS TIME.VS.
ACCESS TIME VS. SUPPLY VOLTAGE AMBIENT TEMPERATURE
13 1

V=50V
Ta=25¢C =y

12 /

10

L}

09

Access Time fa4. tacs Normalzed)

Access Tume faa, tacs \Normahized)

0% 08
07
o 75 0 B 5 0 = o o o
Supply Voltage Voo (V) \mhient Tempetature Ta ()
ACCESS TIME VS. LOAD CAPACITANCE SUPPLY CURRENT VS. FREQUENCY
H 12 T T T
e 25 20 | o 1o
Ve MIN
H 1
z 3
E‘ " ”g . L w0y
< - -
Ion Z an
: £
z £
¥ / 5
e )
2 10 g n
g
£ Z
0y [
0% 0
100 200 00 00 S0 0 2 1 b R 1

1 oad Capacitance (¢ (ph) requencs [ (MIHZ)

@ HITACHI
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OPERATING SUPPLY CURRENT VS. INPUT VOLTAGE

Operaung Supply Current /cc (Normahzed)

10

T
Ta=25¢C
Vee=50v

\ CS=02\
\

P

1 : 3 1

Input Voltage Via (V)

Hitachi America Ltd. ® 2210 O’Toole Avenue ¢ San Jose, CA 95131 e (408) 435-8300
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HMG6116 ALP Series,

HMG116 ALSP Series

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

® FEATURES
® High Speed: Fast Access Time
® Low Power Standby and

Low Power Operation;

Equal Access and Cycle Time

120ns/150ns/200ns (max.)
Standby: SuW (typ.)
Operation:

Capability of Baftery Back up Operation

Single 5V Supply and High Density 24 Pin Package

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

Pin Out Compatible with Standard 16K EPROM/MASK ROM

B FUNCTIONAL BLOCK DIAGRAM

L}

1]

1] S Row

! et

—0 b
Memory Mateix — LND

12128

I [

Dats

Contral

-

Cotuma 100 -
Column Decoder
% —— %’
7

N

10mW (typ.) (f = 1MHz)

HM6116ALP Series

(DP-2¢)

HM6116ALSP Series

(DP-24N)

B PIN ARRANGEMENT
A%

24 | Ve

Vo, b MU
Y S: E af2 23] A
To—Po ]—ﬁ'_] M3 22| M
Al 4 2 | WE
_Wf"—— Ml s 20 | OF
OE A6 19 | A
NE x| &
M ABSOLUTE MAXIMUM RATINGS am[s E s
Item Symbol Rating Umit 1o E E 1/
Voltage on Any Pin Relative to GND Vr -0.5% to +7.0 v o [0 E_} 10n
Operating Temperature Tope 0t +70 'C Vo f 1 % 1/0s
Storage Temperature Toe —55 to +125 ‘c
Temperature Under Bias Toee * —10 to +85 ‘C R B
Power Dissipation Pr 1.0 w (Top View)
& Pulse Width S0ns | —3 5V
B TRUTH TABLE
Cs OE WE Mode Vee Current 1/0 Pin Ref. Cycle
H x x Not Selected Iss, Isar High Z
L L H Read Icc Dout Read Cycle (1)~(3)
L H L Write lcc Din Write Cycle (1)
L L L Write Icc Din Write Cycle (2)
@ HITACHI
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HM6116ALP Series, HM6116ALSP Series

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

Item Symbol min typ max Unit
Vee 4.5 5.0 5.5 \}
Supply Voltage GND o o Y v
Vin 2.2 3.5 6.0 v
Input Voltage ™ o — ) v
® Pulse Width S0ns, DC V. min=—0 3V
® DC AND OPERATING CHARACTERISTICS (V¢c = SV  10%, GND = 0V, T4 = 0 to +70°C)
HM6116ALP/ HM6116ALP/ HM6116ALP/
Item Symbol Test Condition ALSP-12 ALSP-15 ALSP-20 Unit
min | typ*| max | min | typ* | max | min | typ* | max
Input Leakage P Yee=5SV.Vin=GND | _ | _ | o | _ | _ | 2| | = | 2| ua
Current Mep to Voo
Output Leakage CS=Vjgor OE=Vpy, | _ | _ ool 20 = = 21 ua
Current Vro! V1/0=GND to Vee 2 *
CS=vy, Iy 0=0mA
I - 4 12 - 4 12 - 4 12 | mA
Operating P cc Vin=Vin ot ¥y
perating Power V= Vi =0V
IH™YCC,» YIL
SUPPlY Current ICCI C§=V]L. - 2 5 - 2 S - 2 5 mA
11/o= OmA, f= 1MHz
Average Operating min. cycle, _ _ _
Current Icc2 duty = 100% 30| S50 20 | 40 15| 30 | mA
Standby Power ISB C_S=V".I - 0.5 3 - 0.5 3 - 0.5 3 mA
Supply Current Isp; | CS2Vce -0.2V — o] so] =t {sof -] 1] s0] sa
o - - 0.4 - - 04 | - - 04| V
Output Voltage YoL loL=4mA
VOH IOH= -1.0mA 2.4 - - 24 - - 24 - - A\

*Vec=5V, T4=25°C
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 CL = 100pF (including scope and jig)

@ _READ CYCLE

HM6116ALP/ HM6116ALP/ HM6116ALP/
Item Symbol ALSP-12 ALSP-15 ALSP-20 Unit

i - min max min max min max
Read Cycle Time tRC 120 - 150 - 200 - ns
"Address Access Time taa - 120 - 150 - 200 ns
Chip Select Access Time T taes - 120 - 150 - 200 ns
Chip Selection to Output inLowZ tCL:Z 10 - 10 - 10 - ns
_ Output Enable to Output Valid toE 1TC 55 - 60 - 70 ns
Output Enable to Outputrir'\‘L(-)w z toLz 10 - 10 - 10 - ns
Chip Deselection to Output in High Z tcnz 0 40 0 50 0 60 ns
" Chip Disable to Output 1n High Z toHzZ 0 40 0 50 0 60 ns
Output Hold from Address Change toH 10 - 15 - 20 - ns
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HM6116ALP Series, HM6116ALSP Series
® WRITE CYCLE

HM6116ALP/ HM6116ALP/ HM6116ALP/
Item Symbol ALSP-12 ALSP-15 ALSP-20 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 10$ - 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 toHz 0 40 0 50 0 60 ns
Write to Output in High Z 'woH 0 35 0 40 0 50 ns
Data to Write Time Overlap tpw 35 - 40 - 50 - ns
Data Hold from Write Time tpy 0 - 0 - 0 - ns
Output Active from End of Write tow 10 - 10 - 10 - ns
B CAPACITANCE (f=1MHz, Ta=25C)
Item Symbol Test Conditions typ max Lt
Input Capacitance C. V.=0V 3 5 pF
Input/ Output Capacitance Cio Vio=0V ) 7 pF
Note) This parameter 1s sampled and not 100% tested.
H TIMING WAVEFORM
®Read Cycle (1)
t
(11 RC
Address )( )(
tAA
ﬁ:<<<§<-\-<‘k /;:;;;;/
t-tcs ~lOH=]
p— t 4
cs<\_\\ oLz /////
tOHZ
tacs IcHZ

t
Dout CLZ ; )

®Read Cycle (2)
(11, 12], [4)

tRC

Address ) &

tOH —=

Dout >

®Read Cycle (3)
(1], (3], {4}
cs

['cnz

tacs
tecLz
Dout

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

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

4. OE= V”_.

G HITACHI

<l

92 Hitachi America Ltd. e 2210 O’Toole Avenue ¢ San Jose, CA 95131 e (408) 435-8300



HM6116ALP Series, HM6116ALSP Series

@ Write Cycle (1)

I lwe
Address :* K
—'wr|[2]
R

OE i

tew—
cs AN YA

t

WE ~AS| AW SN
'OHZ~l3i-\1 F—_rwm-i

Dout >
tpw+IDH
PO, s 0
® Write Cycle (2)
t )
) we ‘
Address }L )
—tow———/WR (2]
cs N\ 141 £/
— taw
WE —F L
Ly foH
AS twHz 31 - (611 17]
Dout S3S5S5S55555555 owv—
2722727272727 7727
oW ipH 8|
i l~
Din K )
NOTES: 1. A wrte occurs during the overlap (fyp) of a transition, output remain 1n a high impedance
low CS and a low WE. o state.
2. twyg is measured from the earlier of CS or WE 5. OE 1s continuously low (OE =V¥)
going high to the end of wnte cycle. 6. Doyy 1s the same phase of write data of this
3. During this period, 1/O pins are in the output write cycle,
state so that the input signals of opposite 7. Dgyy s the read data of next address
phase to the outputs must not be applied. 8. If & 1s Low during this peniod, 1/O pins are
4. If the CS low transition occurs simultaneously tin the output state Then the data input
with the WE low transitions or after the WE signals of opposite phase to the outputs must

not be apphed to them.

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

Item Symbol Test Conditions min typ max Unmit

Vcc for Data Retention Voa CS2Vec -02V 20 - - \%

Data Retention Current Iccon® | Vec=30V, CS228V - - 30 MA

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

Operation Recovery Time ta trc®* - - ns

* 10 #4A max at Ta=0TC to +40C, V.. mn= 03V
*% ¢, ~Read Cycle Time
®lLow Vcc Data Retention Waveform
Data Retention Mode

@ HITACHI
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HMG6716 Series,
HM6719 Series

HM6716: 2048-word x 8-bit High Speed Static RAM
HM6719: 2048-word x 9-bit High Speed Static RAM

B FEATURES

® 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

e Fully TTL Compatible Input and Output

* Skinny 24 Pin Cerdip (300mil)

W BLOCK DIAGRAM

—o0 Ve
E Memory Matrix GND
i Row | | 128 X 128
! Decoder (144)
Aw 0——:3:
1 T ll I
Vo, °'“‘T‘ Column /O

Column Decoder

Input
Data

1

1

"

i : Control

In : TN
o el S
|

F;

W ABSOLUTE MAXIMUM RATINGS

Item Symbol Rating Unit
Terminal Voltage to GND Pin Vr -0.5t0 +7.0 \4
Power Dissipation Pr 1.0 w
Operating Temperature Range Topr 0to +70 °C
Storage Temperature Range Tstg -55to +125 °C
@ HITACHI

Hitachi America Ltd.

Preliminary

(DG-24N)

B PIN ARRANGEMENT

LI

I o

Top View
A7 E 1 24
L 23
As [ |3 22
A4 [ 4 21
YE 20
a2l |e e 19
A1 E 7 E 18
ML 17
wot [ |9 16
voz [ |10 15
woz [ |1 14
GND [ |12 13
Top View

a1 24
As E 2 23
A5 E 3 22
A4 |: 4 21
A ] 20
A2 E § 19
z 18

A0 D
vor ||
uoz [ |10
1103 [: 1
en [ ] 12

15
14

13

I O [
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HM6716, HM6719 Series
B RECOMMENDED DC OPERATING CONDITIONS (0°C < T, = 70°C)

Item Symbol min type max Unit
Supply Vol Vee 4.5 5.0 5.5 \'
u loltage
PPy € GND 0.0 0.0 0.0 \
Input High Voltage Viu 22 — 6.0 v
Input Low Voltage ViL* -3.0 — 0.8 v
*Pulse width: 20ns, DC: -0.5V
B TRUTH TABLE HM6716
[ OE WE Mode Vcc Current I/0 Pin Ref. Cycle
H HorL | HorL | Not Selected Is. IsBi High-Z —
L L H Read Ico, Ieci Doyt Read Cycle (1) (2) (3)
L H L Write Iees Ieci Din Write Cycle (1)
L L L Write Tee: Iect Din White Cycle (2)
B TRUTH TABLE HM6719
CS WE Mode Vc Current 1/0 Pin Ref. Cycle
H HorL Not Selected Isp, Ispi High-Z —
L H Read Icc, Ieci Doyt Read Cycle (2) (3)
L L Write Iccs Iecy DiN Write Cycle (2)
B DC AND OPERATING CHARACTERISTICS (V¢ = 5V+10%, T, = 0°C to 70°C)
Item Symbol Test Conditions min typ max Unit
Input Leakage Current Il | Vo = 5.5V, Viy = 0V to V¢ — — 2 _A
Output Leakage Current ol | CS = Vi, Vo = GND to Ve — — 2 uA
Operating Power Supply Current Icc | CS =V, Vo = OmA — — 120 mA
Average Operating Current Icc; | Min. Cycle, Duty: 100% — - 130 mA
Isg | CS =V, Ijo = 0mA — — 30 mA
Standby Power Supply Voltage . CS=Vee -02V, Viy < 0.2V or Vi o R
- — m
SBI | vee-0.2V
Output Low Voltage VoL |loyg =-1mA - — 0.4 \
Output High Voltage Vou |log =-1mA 24 — — v

B AC TEST CONDITIONS

® Input pulse levels: GND to 3.0V

¢ Input and Output reference levels: 1.5V
+200mV from steady level

 Input rise and fall time: 4ns
® Output Load: See Figure

(Output Load B)
+5V +5V
A A
910Q 910Q
Dout Dout
A620Q 30pF* A620Q 5pF*
* including
Z 7 scope and jig

Output Load A Output Load B

(tcuz, twuz, tcrz, tow)

@ HITACHI
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HM6716, HM6719 Series

B CAPACITANCE (T, = 25°C, f = 1.0MHz)

Item Symbol Test Conditions min typ max Unit
Input Capacitance CiN VIN = OV - — 6 pF
1/0 Capacitance Cro Vyo = OV — — 8 pF

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

B AC CHARACTERISTICS (V¢ = 5V + 10%, T = 0°C to 70°C, unless otherwise noted.)
e READ CYCLE

HM6716 HM6716-30
Item Symbol HM6719 HM6719-30 Unit Notes
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 toLz 0 — 0 — ns 2
Output Enable to Output 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 1,2
Chip Disable to Output in High Z tOHZ 0 10 0 10 ns 1,2
Output Hold from Address Change ton 5 - 5 - ns -
* WRITE CYCLE
HM6716 HM6716-30
Item Symbol HM6719 HMG6719-30 Unit Notes
min max min max
Write Cycle Time twe 25 - 30 - ns =
Chip Selection to End of Write . tow 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 toHZ 0 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 tbw 15 — 15 — ns —
Data Hold Time tbH 5 — 5 — ns —
Output Active from End of Write tow 0 — 0 — ns —

NOTES) 1. These parameters are for HM6716
2 Transition 1s measured =+200mV from steady state voltage with Load (B)
This parameter 1s sampled and not 100% tested.

G HITACHI
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HM6716, HM6719 Series
H TIMING WAVEFORMS OF READ CYCLE NO. 1

4

< trc

Address X X
< taa
EANNNNNNNS 1S
o
T5 N\ Y
¢ <— toHZ
ACS <+— tCHZ
tcLz >

Dout - ( Data Valid XX
High impedance

\ 4

v

-4—— toE —>»

ol | A/

e

Y

A A

SN

H TIMING WAVEFORMS OF READ CYCLE NO. 20

< trc >|
Address X
< taa »| < tog >
<+—— toH —> OH
Dout  Previous Data Valid \O< Data Valid \<

B TIMING WAVEFORMS OF READ CYCLE NO. 3@

CS
tacs —> <+t -3
<+ tCLZ-bI/ cHz
Dout Data Valid
High impedance l\

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.
4, 0E = V.

G HITACHI
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HM6716, HM6719 Series

B TIMING WAVEFORMS OF WRITE CYCLE NO. 1

twc

Address

§<

twgr (2]

d
4

OF :-/-7/

«— tcw ——>

1v

WO

AN ANNRNY XT77777
WE pE I N taw '/
RNV ]
Dout }} > ;?H\Zf/l ——twpl——» High Impedance
< tpw < tpy >
Din (X Data Valid

B TIMING WAVEFORMS OF WRITE CYCLE NO. 2¢

<

%

twc

>
>

Address

X

X

cs \\\\\\\\4:

twr (2!

—

i

WE e ),

tas ONN\K /] ¢ ton

| LwHz ) ) [

< i tow
Dout SN S S S S SN NSNS\ High Impedanke m
L L L L L L L L :
D) 'DH |8

Din Data Valid D YAVAN

Notes) 1.

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

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

3. During this period, I/O pins are in the output state so that the input signals of opposite phase to the outputs must not be applied.
4. If the CS low transition occurs simultaneously with the WE low transitions or after the WE transition, output remain in a high

impedance state.

0 NN W

must not be applied to them.

Hitachi America Ltd. 2210 O’'Toole Avenue * San Jose, CA 95131 e (408) 435-8300

. OE is continuously low. (OE = Vy; .
. Doy is the same phase of write data of this write cycle.
. Doy is the read data of next address.

. 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

@ HITACHI



HMG6168HP Series

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

BFEATURES
® High Speed: Fast Access Time 45/55/70 ns (max.)
® Single +5V Supply and High Density 20 Pin Package
® Low Power Standby and Low Power Operation;
100uW typ. (Standby), 200mW typ. (Operation)
® Completely Static Memory
No Clock or Timing Strobe Required
® Equal Access and Cycle Times
® Directly TTL Compatible — All Inputs and Outputs

HFUNCTIONAL BLOCK DIAGRAM

Avo— P DP 20N
Mo—3——
Aro—— Py— ——o Vee
’ Row Memory Array -PIN ARRANGEMENT
Mo pecoder 128x 128 ———o GND
Avo——5— A.E E Ve
Aso——— Py . E 5.
Aco—— 5| 1
‘ o ol
}—{ Al g 17 A
/010 B ] —_— Column 1/0 [: :] |
o] o
1/0: Input Column Decoder
Data ME E 1o

- ~| TEINE 0 B

- A1 As A Aw An c—sE 12) vo.

= CND |10 1| WE
WE (Top View)

BABSOLUTE MAXIMUM RATINGS

Item Symbol Rating Unit
Voltage on Any Pin Relative to GND Vin —3.5%t0 +7.0 \%
Power Dissipation Pr 10 W
Operating Temperature Tep. 0to +70 T
Storage Temperature (Ceramic) Tue —65 to +150 C
Storage Temperature (Plastic) Tue —55 to +125 ‘C
Temperature under Bias Toee —10 to +85 °C

* Pulse Width 20ns. DC= -0 5V

@ HITACHI
Hitachi America Ltd. ® 2210 O’'Toole Avenue ¢ San Jose, CA 95131 e (408) 435-8300 99




100

HM6 168HP Series

® TRUTH TABLE

CS WE Mode V¢c Current 1/0 Pin Reference Cycle
H X Not selected Igp,Igp; High Z

L H Read Icc Dout Read Cycle 1, 2
L L Write Ice Din Write Cycle 1, 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 GND 0 0 0 v
Input Voltage Vin 22 - 6.0 M
ViL -3.0* - 0.8 \%
* Pulse width, 20 ns, DC, V7, min -0 5V

l lcm

Symbol
CInput Leakage Current | gy !
()u};)u;_Ledkagc (ur;e;I; T IiL;-T
Optmung Power Supply Current ICC- ’
Standby Power Supply Current Igp
Standby Power Supply Lum,nt(l) | Igp,
Output Low Voltage VoL
Output High Voltage Vou

= DC AND OPERATING CHARACTERISTICS (Vcc=5V £10%, GND=0V, 7a=0 to + 70°C)

Test Conditions min | typ {max | Unit
Vee=55V. Vin=GND to Ve [ B Y
Cs= ﬁ,:ﬁ,; -GND to V¢e T - 720 wa
TS=Vip. Iy0= OmA v “Ta0 |90 | mA
CS=vyy T “Tis 125 [ ma
Cs= Vccuo_i\"/ml?,;,&o 2v or V,NZVCC 0.2V - [0.02]20 | mA
IoL=8mAa - loa| v
loy --4mA 24|~ ] v

Note. Typical mits are at V:=5.0V, Ta=25°C and speaified loading.

= CAPACITANCE (72=25°C, f= I1MHz)

Nole

Item Symbol
Input Capacitance Cin
Input/Output Capacitance Cro

Test Conditions
ViN=0V
Vijo=0V

Unit

min | max
6 pF
8 pl

Ihis parameters are sampled and not 1004 tested

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

AC TEST CONDITION

Input pulse levels, GND to 3.0V
Input nise and fall imes 5ns

Input and Output tuming reference levels: 1.5V

Output load. See Figure

+5V
4802
Dout O———yq
2550 % 30pF ¢
Output Load (A)

Hitachi America Ltd.

* Including scope and jig.

Dout O———ty

zssai

"

480Q

SoF*

Output Load (B)

(for tHZ, tLz, twz, tOW)

O HITACHI
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HM6168HP Series

® READ CYCLE
HM6168HP-45 | HM6168HP-55 HM6168HP-70
Item Symbol - - - Unit
min max min max min max
Read Cycle Time trRC 45 - 55 - 70 - ns
Address Access Time tAA - 45 - 55 - 70 ns
Chip Select Access Time tacs - 45 - 55 - 70 ns
Output Hold from Address Change ton N - 5 - 5 - ns
Chip Selection to Output in Low Z* trz 20 - 20 - 20 - ns
Chip Deselection to Output in High Z* tHz 0 20 0 20 0 20 ns
Chip Selection to Power Up Time tpu 0 - 0 - 0 - ns
Chip Deselection to Power Down Time tpp - 30 - 30 - 30 ns

* Transition is measured +500mV from steady state voltage with Load (B).
This parameter is sampled and not 100% tested.

® TIMING WAVEFORM OF READ CYCLE NO. 1V (2

tac

e ) & X

) ;
tow
Dout S{ X X Daw Vald

© TIMING WAVEFORM OF READ CYCLE NO.21):

— tac
cs P
N N e
tacs
Lz
Dout High Impedance N ( Data Vald > High
tru teo Impedance
Ice
Vee supply = —— — = o ——— ————
current 50% 50% X

Notes) 1. WE 1s High for Read Cycle. _
2. Device 1s continuously selected, CS=V .
3. Address Valid prior to or comncident with CS transition Low.

G HITACHI
Hitachi America Ltd. ® 2210 O’Toole Avenue ¢ San Jose, CA 95131 e (408) 435-8300 101




HM6168HP Series

® WRITE CYCLE

HM6168HP-45 HM6168HP-55 HM6168HP-70
Item Symbol - - - Unit
min max min max min max
Write Cycle Time twe 45 - 55 - 70 - ns
Chip Selection to End of Write tew 40 - 50 - 60 - ns
Address Valid to End of Write tAwW 40 - 50 - 60 - ns
Address Setup Time tAS 0 - 0 - 0 - ns
Write Pulse Width twp 35 - 45 - 55 - ns
Write Recovery Time twr 0 - 0 - 0 - ns
Data Valid to End of Write tpw 20 - 25 - 30 - ns
Data Hold Time 'DH 0 - 0 - 0 - ns
Write Enabled to Output in High Z* twz 0 15 0 20 0 25 ns
Output Active from End of Write* tow 0 - 0 - 0 - ns

* Transition is measured +500mYV from steady state voltage with Load (B)
This parameter is sampled and not 100% tested.

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

k

& Rk ' NTTT77XT777

0 el
—ts ter L
WE A
s
LW — —ameplON
Din < g £
3 (s

o)
p=toz oot
Dout High impedance

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

High Impedance !

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

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

. Durning this peniod, 1/O pins are 1n the output state so that the input signals of opposite phase to the outputs must
not be applied. — —_

. 1t the ;l)uw transition occurs simultaneously with the WE low transition or after the WE transition, the output buffer
buffers remain 1in a hugh impedance state.

. 1f CS 1s low during ths period, 1/0 pins are 1n the output state. Then the data input signals of opposite phase to
the outputs must not be apphed to them.

6. Dout 1s the same phase of Write data of thus write cycle.

fod by =

4

123
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HM6168HP Series

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

Ta=25TC Vee=50V

10

oa/

10 ———l
\
—

nr

Supply Current Icc (Normalized)

06

06

Supply Current Icc (Normalized)

04 0y
45 175 50 525 55 0 20 40 b0 80

Supply Voltage Vcc (V) Ambient Temperature Ta (°C)

ACCESS TIME VS. SUPPLY VOLTAGE ACCESS TIME VS. LOAD CAPACITANCE

Ta=25C

e

10

09 10

Access Time taA, tacs (Normalized)
Access Time taA, tacs (Normalized)

08 oy

07 b
5 17 30 52 g 100 200 00 10 S0

Supply Voltage Vcc (V) Load Capacitance CL (pF)

ACCESS TIME VS. AMBIENT TEMPERATURE SUPPLY CURRENT VS. FREQUENCY

11 1 200 1 nh 0 LU TN

Lae=7m

1o yd

d
pd

14 4/

10 ,/
/

0y

Supply Current Icc (Normalized)

ox

ot

Access Time taA, tacs (Normalized)

o 20 0 H) X0 0 5 0 S n I

Ambient Temperature Ta (°C) Frequency f (MHz)
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HM6168HP Series

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

Ta=25T Ta=25C
a2 12
ZE 1 E N
= / :S /
2o U
Tz 0y E
i [ 09
ax 08
" [ 50 55 55 "5 FEG 50 525 55
Supph Volage b V1 Supply Voltage Ve (V)
OUTPUT CURRENT VS. OUTPUT VOLTAGE OUTPUT CURRENT VS. OUTPUT VOLTAGE
In 16
la=25C

Ta=25C

Lee=5
= / Vee=sv
|} 14

/
/

it Jor - Normaled )

Outpir Carrent Jon Normaliznd
H =

AN 1

1 2 3 1 5 0 02 il 06 L

Outpn Voltage Von <\ Output Voltage Vor (V)

STANDBY CURRENT VS.
AMBIENT TEMPERATURE STANDBY CURRENT VS. SUPPLY VOLTAGE

[ [}

Yooy
S=2m\ /
12

E
3
- £
R (U 5 1o
< z
< L~ 5
: / z oa
z £ /
3 / £ /
7 oo > Z 06
- / Ta=25C
/ CS=te~o02v
01 =
0ty 2 10 0 Y 023 y T r
Ambvent Femperature Ta (1 Supplv Voltage Lo (V)
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HMG6168HLP Series

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

BFEATURES
® High Speed: Fast Access Time 45/55/70ns (max.)
® Single +5V Supply and High Density 20 Pin Package
® Low Power Standby and Low Power Operation;
5uW typ. (Standby), 200mW typ. (Operation)
® Completely Static Memory
No Clock or Timing Strobe Required
® Equal Access and Cycle Times
® Directly TTL Compatible—All Inputs and Outputs
® (Capable of Battery back up Operation

BMFUNCTIONAL BLOCK DIAGRAM o
L s > Sm— -
Y — BWPIN ARRANGEMENT
Aro— Py—— Memory Arras ' ]
Aso B—— D::::er eT;ar i \zrsra) ——o GND A Ij E Vee
Avo—Py—— ME ng
Aso—— g A.E B N
Avo——Lg—— [ T » [ ]
10 o0 — —— A.E E] N
‘B" —_— Column 1 O
AvE _1__5_] 1o
1/02 Input
;_’_[ Dute Column Decoder ‘"’E W)t o
3 - ontrol
1/0 | Control A..E E| 0
1/04 a : r &[] 2] v
- _ Ay A As Aw An pm T we
[ (Top View)
WE

HABSOLUTE MAXIMUM RATINGS

Item Symbol Rating Unit
Voltage on Any Pin Relative to GND Vie ~35%t0 +70 \%
Power Dissipation Py 10 W
Operating Temperature T.,. 0 to +70
Storage Temperature Tt —55 to +125
Temperature under Bias Tous -~-10 to +85

#* Pulse Width 20ns. DC= -0 5\

@ HITACHI
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HM6168HLP Series

s TRUTH TABLE

Cs WE Mode Vcc Current 1/O Pin Reference Cycle
H X Not selected Isp,Isp; High Z

L H Read Icc Dout Read Cycle 1, 2
L L Write Ice Din Write Cycle 1, 2

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

Item Symbol min typ max Unit
Supply Voltage Vee 4.5 5.0 5.5 v
GND 0 0 0 v
Vin 2.2 - 6.0 \4
Input Voltage ViL 3.0 — 08 v

* Pulse width; 20 ns, DC; V1 min= -0.5V

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

Item Symbol Test Conditions min | typ |max |Unit
Imput Leakage Current Uprl | Voc=5.5V, Vi, =GND to Ve - - |20 | A
Output Leakage Current ol |CS=Viy, Viyo=GND to V¢ - - |20 | A
Operating Power Supply Current Iec Cs= Vir, Iyo=0mA - 40 | 90 | mA
Standby Power Supply Current Isg | CS=Viy - 15 | 25 | mA
Standby Power Supply Current(1) Isp; |CS=Vcc-0.2V, VinS0.2V or Kin2Vec0.2V| — 1 |50 |uA
Output Low Voltage VoL |Ior=8mA - - |04 |V
Output High Voltage Vor |lon=-4.0mA 24 | - | - |V

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

® CAPACITANCE (T2=25°C f=1MHz)

Item Symbol | Test Conditions | min | max | Unit
Input Capacitance Cin ViN=0V - 6 pF
Input/Output Capacitance | Cy/0 Vij0=0V - pF

Note: This parameters are sampled and not 100% tested.

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

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

480Q
Dout Oy

2550 i

Output Load (A)

Hitachi America Ltd. 2210 O’'Toole Avenue ¢ San Jose, CA 95131 ¢ (408) 435-8300

300F ¢

* Including scope and jig.

480Q

Dout O———9

25503

o

Output Load (B)

SpF*

(for tHz, tLz, tWZ, tOW)
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HM6168HLP Series
® READ CYCLE

HM6168HLP-45 | HM6168HLP-55 | HM6168HLP-70
Item Symbol - - - Unit
min max min max min max
Read Cycle Time trRC 45 - 55 - 70 - ns
Address Access Time taA - 45 - 55 - 70 ns
Chip Select Access Time tacs - 45 - 55 - 70 ns
Output Hold from Address Change toH 5 - N - 5 - ns
Chip Selection to Output in Low Z* tLz 20 - 20 - 20 - ns
Chip Deselection to Output in High Z* tHz 0 20 0 20 0 20 ns
Chip Selection to Power Up Time tpy 0 - 0 - - ns
Chip Deselection to Power Down Time tpp - 30 - 30 - 30 ns

* Transition is measured £t500mV from steady state voltage with Load (B)
This parameter is sampled and not 100% tested.

® TIMING WAVEFORM OF READ CYCLE NO.11)- @

tac

e X

© TIMING WAVEFORM OF READ CYCLE NO. 2@

tac

Ts
N N
tacs
tuz
Dout High Impedance N X Data \ald High
try tro Impedance
Iec
Vee supply — === —— \ -
current 7 50% 50% “R

Iss T

\

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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HM6168HLP Series

® WRITE CYCLE
HM6168HLP-45 | HM6168HLP-55 | HM6168HLP-70
Item Symbol - - -~ Unit
min max min max min max
Write Cycle Time twe 45 - 55 - 70 - ns
Chip Selection to End of Write tew 40 - 50 - 60 - ns
Address Valid to End of Write tAw 40 - 50 - 60 - ns
Address Setup Time tas 0 - 0 - 0 - ns
Write Pulse Width twp 35 - 45 - 55 - ns
Write Recovery Time twr 0 - 0 - 0 - ns
Data Valid to End of Write tpw 20 - 25 - 30 - ns
Data Hold Time tDH 0 - 0 - 0 - ns
Write Enabled to Output in High Z* twz 0 15 0 20 0 25 ns
Output Active from End of Write* tow 0 - 0 - 0 - ns

* Transition is measured +500mV from steady state voltage with Load (B).
This parameter is sampled and not 100% tested.

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

e

Address i (
5 SSTE ] YTTTTH777
0] et

ety twp
WE %{ N 41
LW — e 1ON

&) s K3
p=twy P tON

High impedance

Dout e

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

e . -

e K X

- .
— - (z:ﬂ
twr 1

WE K. X777 77,

High Impedance !

S

Dout
Notes) 1. A write occurs during the overlap of a low CS and a low WE, (fyp)
2. twp is measured from the earlier of CS or WE going high to the end of write cycle.
3. During this period, 1/O pins are in the output state so that the input signals of opposite phase to the outputs must
not be applied. J— —
4. If the'Cglow transition occurs simultaneously with the WE low transition or after the WE transition, the output buffe
buffers in in a high i dance state.
5. 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.
6. Dout is the same phase of Write data of this write cycle.
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HM6168HLP Series

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

Parameter Symbol Test Conditions min typ max Umt
Vee for Data: Retention Vor 2.0 - - \'
TSz Vec—0.2V 0
Data Retention Current Iccor - - 200e 7.
Vie2 Vec—0.2V or
Chip Deselect to Data Retention Time tconr OVS V.50.2V (] - - ns
Operation Recovery Time ta trcan - - ns
Note' 1. tac=Resd Cycle Time. ®  Vie=3.0V
8 Ve =2.0V

OLOW V.. DATA RETENTION WAVEFORM

DATA RETENTION MODE

Vor

CS2Vec-02V
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HMG6268P Series

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

mFEATURES

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

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

® Low Power Standby and Low Power Operation
100uW typ. (Standby), 250mW typ. (Op.).

® Completely Static Memory: No Clock or Timing

Strobe Required
® Equal Access and Cycle Times
® Directly TTL Compatible — All Inputs and Outputs

Preliminary

EBLOCK DIAGRAM (DP20N)
oD [
e :‘22“2?: — WPIN ARRANGEMENT
Moy Row Decoder N E‘—U—LE g
A7 o—p—] a[Z] [9] v
A o] | as[3] [18] s
arfa 17) A
Vo o——a{— g Column 1/0 ‘\,E % \:
poaniisan P N jo mfft
33353
w (] (3] 10
Ao AL Ar A An A s 2o
_ oo [10 miky
CS:@- (Top View)
WE
B ABSOLUTE MAXIMUM RATINGS
Item Symbol Rating Unit
Voltage on Any Pin Relative to GND Vin —-3.5°to +7.0 v
Power Dissipation Pr 1.0 w
Operating Temperature Tor 0to +70 ‘C
Storage Temperature Tus —55to +125 °C
Temperature under Bias Tois —10 to +85 °C
* Pulse Width 20ns, DC=-0.5V
(Top View)
ETRUTH TABLE
cs WE Mode Vee Current 1/0 Pin Ref. Cycle
H X Not Selected Iss, Isg1 High Z -
L Read Icc Dout Read Cycle
L L Write Icc Din Write Cycle

Note) The specifications of this device are subject to change without notice.
Please contact your nearest Hitachi’s Sales Dept. regarding specifications.
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HM6268P Series

BMRECOMMENDED OPERATING CONDITIONS (7z=0to +70C)

Parameter Symbol min typ max Unit
Vee 45 5.0 5.5 A%
Supply Voltage
GND 0 0 0 v
Input High (logic 1) Voltage Vin 2.2 - 6.0 A%
Input Low (logic 0) Voltage ViL -3.0* - 0.8 \Y%

* Pulse width 10ns, DC —05V

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

Parameter Symbol Test Condition min typ | max | Umt
Input Leakage Current | It | | Vee=MAX Vin=GNDto Vec - - 20 uA
Output Leakage Current | Io| | CS= Vi, Vi/o=GNDto Vec - - 10 | wA
Operating Power Supply Current Icc CS=ViL, i /o=0mA - 50 90 | mA
Standby Power Supply Current ks CS=Vm - 15 25 | mA
Standby Power Supply Current (1) J CS= Vee—0.2V, Vins0.2V or Vinz Vee—0.2V - 002 10 | mA
Output Low Voltage VoL IToL=8mA - 04 \%
Output High Voltage Vou ITon=—4.0mA 24 - - \%

Note 1. Typical imits are at Vec =50V, Ta= +25°C and specified loading

ECAPACITANCE ( 72=25C, f=1.0MHz)

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

Note' This parameter 1s sampled and not 100% tested

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

® AC Test Conditions Input and Output timing reference levels: 1.5V
Input pulse levels: GND to 3.0V Output load: See Figure
Input rise and fall times: 5ns
5V 5V
480Q 480Q
Dout Dout
255Q 30pF* 255Q 5pF*

* Including scope and jig. Output Load (B)

Output Load (A) (for tHZ, tLZ, tWZ & tOW)
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Hitachi America Ltd. ® 2210 O’Toole Avenue ¢ San Jose, CA 95131 e (408) 435-8300 111




112

HM6268P Series

®READ CYCLE ‘
HM6268P-25 HM6268P-35 .
Parameter Symbol - - Unit .
min max min max
Read Cycle Time tre 25 - 35 - ns
Address Access Time taa - 25 - 35 ns
Chip Select Access Time tacs - 25 - 35 ns
Output Hold from Address Change ton 5 - 5 - ns
Chip Selection to Output in Low Z N tLz* 10 - 10 - ns
Chip Deselection to Qutput in High Z tuz* 0 15 0 20 ns
Chip Selection to Power Up Time tru 0 - 0 - ns
Chip Deselection to Power Down Time tep - 25 - 25 ns
* Transition 1s measured +200mV from steady state voltage with Load (B)
This parameter 1s sampled and not 100% tested
® Timing Waveform of Read Cycle No. 112
LRC. i
Address ‘><
|77} q
ton toH
® Timing Waveform of Read Cycle No. 2143
[« tre
—
N /]
LACS thz
Lz
Dout Tigh Imped Data Vahd S High
Vee Suppiy n
g
Current “ 7[ 50%
Isn
Notes: 1. WE is High for Read Cycle. =~
2. Device is continuously selected, CS = Vjr.
3. Address Valid prior to or coincident with CS transition Low.
® WRITE CYCLE
HM6268P-25 HM6268P-35
Parameter Symbol Unit
min max min max
Wrnite Cycle Time twe 25 - 35 - ns
Chup Selection to End of Write . ten 20 - 30 - ns
Address Valid to End of Write tan 20 - 30 - ns
Address Setup Time tas 0 - 0 - ns
Write Pulse Width twp 20 - 30 - ns
Write Recovery Time twr 0 - 0 - ns
Data Valid to End of Write tow 12 - 20 - ns
Data Hold Time ton 0 - 0 - ns
Write Enabled to Output in High Z twz* 0 8 0 10 ns
Output Active from End of Write tow* 0 - 0 - ns
* Transition 1s measured +200mV from steady state voltage with Load (B)
This parameter 1s sampled and not 100% tested
@ HITACHI
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HM6268P Series -

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

Notes: 1.
. 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

w N

twe

K X

)
SEEN\VAN Y T

Address

Z
taw. 1oa )
tas
WE — twp [§}]
N /
tow ton | _(5)
D < g* Data in Valid _':@—————
wz 3 tow (5) o (6)
Dout L7777 777 :] High Impedance
AANANMA NN NNNANNN A

Address ) <

tas twr_(2)

T N VA

1w ton
D

Dout High Impedance (1)

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

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.
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HMG6268LP Series

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

sFEATURES

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

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

® Low Power Standby and Low Power Operation
5uW typ. (Standby), 250mW typ. (Op.).

® Completely Static Memory: No Clock or Timing

Strobe Required

® Equal Access and Cycle Times
® Directly TTL Compatible — All Inputs and Outputs
® Capable of Battery Back Up Operation

EBLOCK DIAGRAM (DP20N)
S N | —
N %[ P — BPIN ARRANGEMENT
Row Decoder 256 Columns e
2oy \.E E Vee
A1 o—p— w[Z] 9] v,
8 - w[3] 1] v
v HE
':U' 10— g Column 1/0 \,g % .
Soum | T I e o offe
Sniicans PP Y. C I
w [F] o
Woh % A An A & o
_ wa [10] miy
CS‘E‘ (Top View)
WE
EMABSOLUTE MAXIMUM RATINGS
Item Symbol Raung Unit
Voltage on Any Pin Relative to GND Vin —3.5%°t0 +7.0 \
Power Dissipation P 1.0 w
Operating Temperature Tore 0to +70 ’C
Storage Temperature Toe —55to +125 ‘C
Temperature under Bias Toian —10 to +85 ‘C
* Pulse Width 20ns, DC=—0 5V
HETRUTH TABLE
cS WE Mode Vee Current 1/0 Pin Ref Cycle
H X Not Selected Iss, IsB1 HighZ -
L H Read Icc Dout Read Cycle
L L Write Icc Din Write Cycle

Note) The specifications of this device are subject to change without notice.
Please contact your nearest Hitachi’s Sales Dept. regarding specifications
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HM6268LP Series

HMRECOMMENDED OPERATING CONDITIONS (72=0to +70T)

Parameter Symbol min typ max Ut
Ve 45 50 55 \
Supply Voltage GND o ) P v
Input High (logic 1) Voltage Vi 2.2 - 60 \%
Input Low (logic 0) Voltage Vi -30° - 08 A%

* Pulse width 10ns,|DC 05V

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

Parameter Symbol Test Condition mmn typ | max | Umt

I\put Leakage Current | Tua | Vic=MAX Vi=GNDto Vi - - 2.0 uA
Output Leakage Current | Io, | CS=Vm, Vi 0=GNDto Vi - 10 | wA

Operating Power Supply Current lcc CS= Vi, I 0=0mA 50 90 mA

Standby Power Supply Current I CS= Vi 15 25 | mA

Standby Power Supply Current (1) Lm CS= Vi ~02V, Vins02Vor Vinz Ve 02V 10 50 1A
Output Low Voltage Vor lor.=8mA - 04 A%
Output High Voltage Vou Ton=—40mA 24 - \Y%

Note 1 Typical hmitsareat Vi« 50V, Ta= + 25°C and specified loading

BICAPACITANCE ( 72=25°C, f=1.0MHz)

Parameter Svmbol Test Conditions mm | max | Unt
Input Capacitance Cin Vin=0V 6 pF
Input ‘Output Capacitance Ci'o Vi o=0V 9 pF

Note This parameter 1s sampled and not 1007, tested

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

® AC Test Conditions Input and Output timing reference levels: 1.5V
Input pulse levels: GND to 3.0V Output load: See Figure
Input rise and fall times: 5ns
5V 5V
480Q 480Q
Dout Dout
255Q = 30pF" 255Q S5pF*
77

* Including scope and jig. Output Load (B)
utput Loa

Output Load (A) (for tHZ,tLZ, tWZ & tOW)
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HM6268LP Series

®READ CYCLE
HM6268LP-25 HM6268LP-35
Parameter Symbol Unit
min max min max
Read Cycle Time tre 25 - 35 - ns
Address Access Time taa - 25 - 35 ns
Chip Select Access Time tacs - 25 - 35 ns
Output Hold from Address Change ton 5 - 5 - ns
Chip Selection to Output in Low Z trz* 10 - 10 - ns
Chip Deselection to Output in High Z thz* 0 15 0 20 ns
Chip Selection to Power Up Time tet 0 - [} - ns
Chip Deselection to Power Down Time ten - 25 - 25 ns
* Transition 1s measured +200mV from steady state voltage with Load (B)
This parameter 1s sampled and not 1007, tested
® Timing Waveform of Read Cycle No. 1 .2
tre )
Address ‘>
Lan y
ton ton
Dout Data Valid
® Timing Waveform of Read Cycle No. 2(1.3)
IS the
/]
tacs ) thz
tiz
Lec S th
Curcemt 0%
Ish
Notes: 1. WE is High for Read Cycle.
2. Device is continuously selected, CS= Vyr.
3. .Address Valid prior to or coincident with CS transition Low.
® WRITE CYCLE
HM6268LP-25 HM6268LP-35
Parameter Symbol Unit
min max min max
Write Cycle Time tc 25 - 35 ns
Chip Selection to End of Write tcn 20 - 30 - ns
Address Valid to End of Write tan 20 - 30 - ns
Address Setup Time tas 0 - 0 - ns
Write Pulse Width twp 20 - 30 - ns
Write Recovery Time twr 0 - 0 - ns
Data Valid to End of Write tow 12 - 20 - ns
Data Hold Time ton 0 - 0 - ns
Write Enabled to Output in High Z twz* 0 8 0 10 ns
Output Active from End of Write tow* 0 - 0 - ns
* Transition 1s measured +200mV from steady state voltage with Load (B)
This parameter 1s sampled and not 1007, tested
@ HITACHI
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HM6268LP Series

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

twe

Address

I tew

)
® T 27T

tow ton
Din { %* Data in Vahd %7—

( 6
wz 3 tow ton

[ [T YA NSN High Impedance
AN AN ANAVAN

Dout

TN

\ddress ><

Ay twr_(2)

BEEEENAANNNRNNNS 2L

tow toH
)
D Data i Vald m

Dout High Impedance (1)

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

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. o

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, 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.

6. Dout is the same phase of write data of this write cycle.
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-HM6268LP Series

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

Parameter Symbol Test Conditions min typ max Unit
Vcc for Data Retention Vor 2.0 - - v
TSz Vec—0.2V 300
Data Retention Current Iccor - - 20¢° HA
Va2 Vec—0.2V or
Chip Desel to Data R ion Time tcon OVs V.$0.2V 0 - - ns
Operation Recovery Time ta tacan - - ns
Note' 1. tac=Read Cycle Time * V=30V
% Vee=2.0V

O®LOW V.. DATA RETENTION WAVEFORM

DATA RETENTION MODE

CS2Vec-02y
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HM6167P Series

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

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

Stand-by 100uW Typ. and Operating 150mW Typ.
Completely Static Memory . . ... No Clock nor Refresh Required
Fully TTL Compatible — All Inputs and Output
Separate Data Inputand Output . .. ...... Three State Output
Pin-Out Compatible with Intel 2167 Series

EBLOCK DIAGRAM

(DP 20N )
A.——{Z | —
—-— Vec

& —3] -— HPIN ARRANGEMENT
A) [ Row Memory Array \
A—LF] vecoder 128X128 Aa[T Zo]lcc
A

‘__x A E E:\u
Au-—m
A — AzE E—\n

[ I
A:l 4 l7|An
Din Column 1/0 Dout
Column Decoder Aal 5 16 IAM

pormn | 4

I Dout E E Ar

e A A A A A A A W—EE ED"‘
HABSOLUTE MAXIMUM RATINGS GND| 10 E](Z—S
Item Symbol Rating Umt (Top View)
Termunal Voltage with Respect toGND | Vr —0.5* to +7.0 \4
Power Dissipation Pr 1.0 w
Operating Temperature Topr 0to +70 °C
Storage Temperature T —55 to +125 °C
Storage Temperature** Totatbion —10 to +85 °C

« Pulse width 20ns * —3 5V «+under bias

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

Item Symbol min typ max Umit
Vec 4.5 5.0 5.5 v
Supply Voltage

GND 0 0 0 A
Input High Voltage Viu 2.2 - 6.0 \
Input Low Voltage Vi -3.0° - 0.8 \"

* Pulse width 20ns, DC : Vi min=—03V
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HM6167P Series

ETRUTH TABLE

GS WE Mode Vec Current Output Pin Reference Cycle
H X Not Selected Iss, Iss High Z

L H Read Icc Dout Read Cycle 1, 2

L L Write Icc High Z Write Cycle 1, 2

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

Item Symbol Test Conditions min typ max Unit
Input Leakage Current [T ] Vec=5.5V, Vin=0V~Vcc — — 2 HA
Output Leakage Current 1ol CS = Vin, Vour=0V~Vec - - 2 KA
Operating Power Supply Current Icc CS = Vi, Output Open — 30 60 mA
Iss CS=Vin - 5 20 mA
Standby Power Supply Current CS = Vee—0.2V
Iss - 0.02 2 mA
Ving0.2V or Viy 2 Vec—0.2V
Output Low Voltage Vou Io.=8mA - - 0.4 v
Output High Voltage Vou Ion=—4mA 2.4 - —
Note) Typical himits are at Vcc=5.0V, Ta=25TC and specified loading
HAC TEST CONDITIONS
Output Load A Output Load B
Input puise levels: GND to 3.0V +5V (for twz, trz, twz & tow)
Input rise and fall times: 5 ns +5V
Input timing reference levels: 1.5V
Output reference levels: 1.5V 4800 4800
Output load: See Figure Dout 0——4
2550 30pF* Dout O——r"e
25508 SoF*
* Including scope and yig
BCAPACITANCE (Ta=25C, f=1.0MHz)
Item Symbol max Unit Conditions
Input Capacitance Cin 5 pF Vin=0V
Output Capacitance Cour 6 pF Vour=0V
Note) This parameter 1s sampled and not 100% tested
BAC CHARACTERISTICS (Vcc=5V+10%, Ta=0C to 70°C, unless otherwise noted.)
®READ CYCLE
HM6167P-6 HM6167P-8
Item Symbol Unit
min max min max
Read Cycle Time tre 85 - 100 - ns
Address Access Time taa - 85 - 100 ns
Chip Select Access Time tacs - 85 - 100 ns
Output Hold from Address Change ton 5 - 5 - ns
Chip Selection to Output in Low Z tLe 5 - 5 - ns
Chip Deselection to Output in High Z the 0 40 0 40 ns
Chip Selection to Power Up Time te 0 - 0 - ns
Chip Deselection to Power Down Time ten - 40 - 45 ns
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HM6167P Series

O®WRITE CYCLE

HM6167P-6 HM6167P-8
Item Symbol Unit Notes
min max min max

Write Cycle Time twe 85 - 100 - ns 2
Chip Selection to End of Write tew 65 - 80 - ns

Address V'alid to End of Write tan 65 - 80 - ns

Address Setup Time tas 0 - 0 - ns

Write Pulse Width twp 45 - 55 - ns

Write Recovery Time tur 0 - 0 - ns

Data Valid to End of Wnite tow 35 - 40 - ns

Data Hold Time toH 0 - 0 - ns

Write Enable to Output in HighZ twz 0 40 0 40 ns 3,4
Output Active from End of Write tow 0 - 0 - ns 3,4

Notes) 1 1f CS goes high simultaneouly with WE high. the output remains in a high impedance state
All Write Cycle timings are referenced from the last valid address to the first transitioning address
3 Transition 1s measured £500mV from steady state voltage with specified loading in Load B
4 This parameter 1s sampled and not 100% tested

@ TIMING WAVEFORM OF READ CYCLE NO.1"

e X

Deta Out Previous Data Valid Data Valid

tac |

® TIMING WAVEFORM OF READ CYCLE NO.2¥

tag

s N /

High Impedance

Data Owt Data Valid

Vee Supply
50%

Current

NOTES: 1. WE is high and CS is low for READ cycle.
2. Addresses valid prior to or coincident with CS transition low.
3. Transition is measured +500mV from steady state voltage with
specified loading in Load B.
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HM6167P Series

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

- e
g “_\E - i[Z— /

N/

RN

__'-_11 ‘ tow

A Hagh I

Dutas Ot Data Undefined

NOTE: 1. Transition is measured +SO0mV from steady state voltage with
specified loading in Load B.

@ TIMING WAVEFORM OF WRITE CYCLE No.2 (CS Controlled)

twe

- X 3

N /

£
Ei

ANV ! [ [/

1 ton ton |

Data In
Dats In Valid

Dats Out

Dats_Undefined High Impedance

Note) Transition 1s measured £500mV from steady state voltage with specified loading in Load B.

SUPPLY CURRENT vs. SUPPLY VOLTAGE SUPPLY CURRENT vs. AMBIENT TEMPERATURE

Ta=25C Vee=5.0V

12 =

oa/

08

Supply Current Iccilccz (Normalized)
-
o
Supply Current Icci lccz (Normalized)
s

06

06

o4 04 L
5 X3 50 525 55 0 0 4 60 80

Ambient Temperature Ta ('C)

Supply Voltage Ve (V)
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Access Time taa,tacs (Normelized) Access Time taa,tcs (Normalized)

Input Low Voitage Vir (Normalized)

ACCESS TIME vs.
SUPPLY VOLTAGE

Ta=25C

09

038

0.7

45 475 50 525 55
Supply Voltage Vec (V)

ACCESS TIME vs.
LOAD CAPACITANCE

14 //

//
12
Ta=25'C
Vee=MIN
10
08
06
100 200 300 400 500
Load Capacitance G (pF)
INPUT LOW VOLTAGE vs.
SUPPLY VOLTAGE
13
Ta=25C
12
11
1o //
/,
0.9
0.8
07
45 475 5.0 525 5.5

Supply Voltage Vec (V)

Access Time taa,tacs (Normahzed)

Supply Current Iccz (Normalized)

Input High Voltage Vin (Normalized)

ACCESS TIME vs.
AMBIENT TEMPERATURE

HM6167P Series

13
Vee=5.0V
12
11 //
’ / ,/
09
08
0.7
0 20 40 60 80
Ambient Temperature Ta ('C)
SUPPLY CURRENT vs.
FREQUENCY
13
12
11
1.0
—
.._————"‘/
09
08
0.7
0 10

Frequency / (MHz)

INPUT HIGH VOLTAGE vs.

SUPPLY VOLTAGE

Ta=257C

0.8
0.7
45 475 5.0 5.25 §5
Supply Voltage Vec (V)
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HM6167P Series

OUTPUT HIGH CURRENT vs.
OUTPUT HIGH VOLTAGE

Ta=25C
Vee=5V

08

Output High Current Iow (Normalized)
o

04

Output Low Current 1oL (Normalized)

Output High Voltage Von (V)

STANDBY CURRENT vs.
AMBIENT TEMPERATURE

Vee=3V
Cs=28V

v

e

Standby Current Ispi (A)

]

L~

Standby Current Issi (Normalized)

2

i

40 60 80

Ambient Temperature Ta (°C)

STANDBY CURRENT vs.
INPUT VOLTAGE

T
Ta=25C
Vee=5.0V
Cs=4.8v

Standby Current Issi (Normalized)

124

\

\

N

Input Voltage Vi (V)

@ HITACHI

OUTPUT LOW CURRENT vs.
OUTPUT LOW VOLTAGE

/

14 /
12

la=25C
Vee=5V
08

0o /

(X}

0 02 0.4 06 08

Output Low Voltage Vor (V)

STANDBY CURRENT vs.
SUPPLY VOLTAGE

5
won

~

S

/

02

Supply Voltage Vec (V)
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HMG6167LP Series

16384-word X1-bit High Speed Static CMOS RAM

B FEATURES
® Single +5V Supply and High Density 20 Pin Package
® FastAccessTime............cc0neeunn 85ns/100ns

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

® Completely Static Memory. .. ... No Clock or Refresh Required
e Fully TTL Compatible. ............. All Inputs and Output
® Separate Data Input and Output . ., ...... Three State Output
® Capable of Battery Back up Operation

HBLOCK DIAGRAM

(DP 20N)
Ao—tl E: —
—-— Vec
Al
A.—u:w ——aw HPIN ARRANGEMENT
Row Memory Array ——\J———w
m—LF] Decoder 128X 128 A'E Evcc
w—
A —3 aZ] [19] A0
Az — AxE EAU

Din | Column 1/0 Dout A!E EA:.
Column Decoder A‘E EA"

TM#MT q3 B

‘ Dout E -l__J] Ar

WE
Ar Al A A A A A W_EE Epm
anof1o 11]cs
BMABSOLUTE MAXIMUM RATINGS (Top View)
Item Symbol Rating Unit
Terminal Voltage with Respect to GND Vr —0.5* to +7.0 \%
Power Dissipation Pr 1.0 \'
Operating Temperature Topr 0to +70 ‘C
Storage Temperature Tous —55 to +125 °C
Storage Temperature*®* Ttgtbran —10 to +85 ‘C

« Pulse width 20ns —35V *+under bias

BRECOMMENDED DC OPERATING CONDITIONS (0°C<Tas70C)

Item Symbol min typ max Unit

Vee 4.5 5.0 5.5
Supply Voltage

GND 0 0 0 v
Input High Voltage Viu 2.2 -_ 6.0 A
Input Low Voltage Vi -3.0° — 0.8 v
« Pulse width 20ns, DC, Vi min=—03V ’

@ HITACHI
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HM6167LP Series

ETRUTH TABLE

cS WE Mode Vce Current Output Pin Reference Cycle
H X Not Selected Iss, Iss: High Z

L H Read Icc Dout Read Cycle 1, 2

L L Write Icc High Z Write Cycle 1, 2

WDC AND OPERATING CHARACTERISTICS (Vcc=5V+10%, Ta=0~+70C)

Item Symbol Test Conditions min typ max Unit
Input Leakage Current i | Vee=5.5V Vin=0V~Vcc - - 2 HA
Output Leakage Current 1ol | CS=Vin, Wum=0V~Vec — — 2 uA
Operating Power Supply Current Icc CS =Vi., Output Open - 30 60 mA
Iss | CS=Vu — 5 20 mA
Standby Power Supply Current CS = Vee—0.2V
Ism - 1 50 HA
Vins0.2V or Vin2 Vec—0.2V
Output Low Voltage Vou Ior=8mA - - 0.4 v
Output High Voltage Vou Toy=—4mA 2.4 - - A%
Note) Typical limits are at Vcc=5 0V, Ta=25°C and specified loading
HAC TEST CONDITIONS
Input pulse levels: GND to 3.0V Output Load A (Dutput Load B )
Input rise and fall times: 5 ns nze feze fwz & Tow
Input timing reference levels: 1.5V v
Output reference levels: 1.5V 4802
Output load: See Figure Dout O——yg 4800

30pF*

25502 Dout O—ty
3; 25508 SoF*

Including scope and jig.

£

B CAPACITANCE (Ta=25C,f=1.0MHz)

Item Symbol max Unit Conditions
Input Capacitance Cin 5 pF Vin=0V
Output Capacitance Cour 6 pF Vour=0V

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

BAC CHARACTERISTICS (Ta=0°C to +70°C, Vcc=5V110%, unless otherwise noted.)
®READ CYCLE

ltem Symbol HM6167LP-6 HM6167LP-8 Unt
min max min max
Read Cycle Time tre 85 - 100 - ns
Address Access Time taa - 85 - 100 ns
Chip Select Access Time tacs - 85 - 100 ns
Output Hold from Address Change ton 5 - 5 - ns
Chip Selection to Output in Low Z trz 5 - 5 - ns
Chip Deselection to Output in High Z thz 0 40 0 40 ns
Chip Selection to Power Up Time tpe 0 - 0 - ns
Chip Deselection to Power Down Time tep - 40 - 45 ns
@ HITACHI
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HM6167LP Series

@ TIMING WAVEFORM OF READ CYCLE NO.1"

- X

faa J
ton
-
Date Ot Previows Data Vahd X >< Data Vald

® TIMING WAVEFORM OF READ CYCLE NO.2"+¥

T -

& _\ £

tacs e ®)

102 3) oL
o High wEkXX}( e vera High Iwpedance

toe | 12

Yec Sepply o
s0% 50%

Cerrent T}

NOTES: 1. WE is high and C3 is low for READ Cycle,
2. Addresses valid prior to or coincident with CS transition low.
3. Transition is measured +500mV from steady state voltage with

specified loading B,
O®WRITE CYCLE
tem Symbol HM6167LP-6 HMS6167LP-8 Unt Notes
min max min max

Write Cycle Time twe 85 - 100 - ns 2
Chip Selection to End of Write tew 65 — 80 - ns

Address Valid to End of Write taw 65 - 80 - ns

Address Setup Time tas 0 - 0 - ns

Write Pulse Width twp 45 - 55 - ns

Write Recovery Time twr 0 - 0 - ns

Data Valid to End of Write tow 35 - 40 - ns

Data Hold Time ton 0 - 0 - ns

Write Enable to Output in High Z twz 0 40 0 40 ns 3,4
Output Active from End of Write tow 0 - 0 - ns 3,4

Notes) 1. 1f CS goes high simultancouly with WE high, the output remains 1n a high impedance state.
2. All Write Cycle timings are referenced from the last valid address to the first transitioning address.
3. Transition 15 measured £500mV from steady state voltage with specified loading in Load B.
4. This parameter 1s sampled and not 100% tested.

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

twe

)

7 \\X\,S ;

} ise ton
Date In * Deta In Valid *

g tow

Data Out Deta Undefined

High lmpedance

@ HITACHI
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HM6167LP Series

® TIMING WAVEFORM OF

Address

Data In

Data Out

WRITE CYCLE No. 2 (CS Controlled)

twe

X

ANANAN

NN

7

j Data In Valyd

Data Undefined

High Impedance

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

Parameter Symbol Test Condition min typ max Unit
Vcc for Data Retention Vor 2.0 - - v
CSz Vec—0.2V - - 20°
Data Retention Current Tccor KA
Va2 Vec—0.2V or - - 30e°
Chip Desel to Data R ion Time tcor ovsV.so0.2V 0 - - ns
Operation Recovery Time tr tact - - ns
A txe=Read Cycle Time *  Vee=2.0V
*% Vec=3.0V

HLOW V.. DATA RETENTION WAVEFORM

128 Hitachi America Ltd.

Data Retention Mode

© HITACHI

2210 O’Toole Avenue ® San Jose, CA 95131 e« (408) 435-8300



HM6167HP Series

16384-word x 1-bit High Speed Static CMOS RAM
s FEATURES
® Fast Access Time. . ......... HM6167HP-55 55ns (max)
HM6167HP-70 70ns (max)
® Low Power Standby and Low Power Operation
Standby 100uW (typ), Operating 200mW (typ)

@ Single +5V Supply and High Density 20 Pin Package
® Completely Static Memory . . . .No Clock nor Refresh Required
® Fully TTL Compatible . . ... .. All Inputs and Output
® Separate Data Input and Output. . . ... ... Three State Output
= BLOCK DIAGRAM (DP-20N)
:“ E B —_— = PIN ARRANGEMENT
' ~s—— GND
Ay
w—F] Row Memory Array *eE 20| Vee
w—-TLFT Decoder 128X 12
\‘_‘w Ay E EAu
\I'—m AIE Er\n
n —| ;:; -
' T A:E 17} An
Din Column | O Dout '\'E 161 Ase

ﬁE Bbm

Column Decoder A,E 15 | As
N SILTTAE

REERR B

EYTR Y L

(] i) 1|cs
(Top View)
® ABSOLUTE MAXIMUM RATINGS
Item Symbol Rating Unit
Terminal Voltage with respect to GND Vr -3.5*to +7.0 \4
Power Dissipation Pr 1.0 w
Operating Temperature Topr 0to +70 °C
Storage Temperature Tstg -55 to +125 °C
Storage Temperature (under bias) Toias | —10to +8S °C

* Pulse Width 20ns, DC: —-0.5V
= RECOMMENDED DC OPERATING CONDITIONS (7, =0 to +70°C)

Item Symbol min typ max Unit
Vee 4.5 5.0 55 \Y
Supply Voltage
pply Voltag GND 0 0 0 v
Input Voltage Vin 2.2 — 6.0 v
ViL -3.0* - 0.8 v
* Pulse Width: 20ns, DC: ¥y (min) = -0.5V
@ HITACHI
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HM6167HP Series

® TRUTH TABLE
Ccs WE Mode Vce Current Dout Pin Ref. Cycle
H X Not selected Iss, Issy High-Z
L H Read Iec Dout Read Cycle
L L Write Iec High-Z Write Cycle

HMDC AND OPERATING CHARACTERISTICS (Vcc=5V+10%, Ta=0T to +70T)

HM6167HP-55 HM6167HP-70
Item Symbol Test Conditions - Unit
min | typ | max | min | typ | max
Input Leakage Current |Ir| | Vec=5.5V, Vin=0V~ Vcc - - 2 - - 2 7.8
Output Leakage Current |Iro| | CS= Vin, Vour=0V~ Vec - - 2 - - 2 LA
Operating Power Supply Current Icc | CS= Vi, Output Open - 40 | 80 - 30 | 60 | mA
Iss | CS=Vm - 10 | 20 - 5| 20 | mA
Standby Power Supply Current CS= Vec—0.2V
Isp - 0.02 2 - 0.02 2 mA
Vins0.2Vor Vinz Vec—02V
Output Low Voltage Vo. | Io,=8mA - - 0.4 - - 0.4 v
Output High Voltage Vou | Ion=—4mA 24 - - 24 - - \%
Note) Typrcal limits sre at Vcc=5.0V, Ta=25T and specified loading.
HAC TEST CONDITIONS
Output Load A Output Load B
Input pulse levels: GND to 3.0V +5V (for tnz, tiz, twz & tow)
Input rise and fall times: 5 ns SV
Input timing reference levels: 1.5V
Output reference levels: 1.5V 4800 4800
Output load: See Figure Dout o o
550 300F* v o .
5508 sF
# Including scope and )ig. # Including scope and )ig.
BMCAPACITANCE (Te=25C, f=1.0MHz)
Item Symbol typ max Unit Conditions
Input Capacitance Cin - s pF Vin=0V
Output Capacitance Cour = 7 pF Vour=0V

Note) This parameter 13 sampled and not 100% tested.
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HM6167HP Series

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

HM6167HP-55 HM6167HP-70
Item Symbol - - Unit Notes
min max min max

Read Cycle Time tRC 55 - 70 - ns (1)
Address Access Time tAA - 55 - 70 ns

Chip Select Access Time tacs - 55 - 70 ns

Output Hold from Address Change tOH 5 - 5 - ns

Chip Selection to Output in Low Z tLz s - s - ns )3
Chip Deselection to Output in High Z tHZ 0 30 0 35 ns Q@Q3)Mm
Chip Selection to Power Up Time tpU 0 - 0 - ns

Chip Deselection to Power Down Time tPD - 30 - 35 ns

NOTES: All Read Cycle timing are referenced from last valid address to the first transmonmg address.

1.

2. At any given temperature and voltage condition, 57z max. is less than r; z min. both for a given device and
from device to device.

3. T_ransmon is measured +500mYV from steady state voltage with specified loading in Load B.

4. WEis ngh for READ cycle.

5. Device is continuously selected, CS = Vj; .

6. Addresses valid pnot to or coincident with CS transition low.

7. This parameter is sampled and not 100% tested.

®TIMING WAVEFORM OF READ CYCLE NO.14):5)

tac 1
Address )(
'OH
Data Out {’,revxous Data%X Data Valid

®TIMING WAVEFORM OF READ CYCLE NO.24).6)
trc

a—\\ ]

DataOut Tghlm Data Valid

vee Supply Igg-"’-
50% 50%
Current Isp }'
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HM6167HP Series

® WRITE CYCLE
HM6167HP-55 HM6167HP-70
Item Symbol " " Unit Notes
min max min max

Write Cycle Time twe 55 - 70 - ns 2)
Chip Selection to End of Write tcw 50 - 55 - ns
Address Valid to End of Write tAw 50 - 55 - ns
Address Setup Time tAS 0 - 0 - ns
Write Pulse Width twp 35 - 40 - ns
Write Recovery Time IWR 0 - 0 - ns
Data Valid to End of Write tDw 25 - 30 - ns
Data Hold Time tDH 0 - 0 - ns
Write Enable to Output in High Z twz 0 25 0 30 ns (3)@)
Output Active from End of Write tow 0 - 0 - ns 3)@)

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

2. All write cycle timings are referenced from the last valid address to the first transitioning address.

3. Transition is measured +500mV from steady state voltage with specified loading in Load B.
4. This parameter is sampled and not 100% tested.

® TIMING WAVEFORM OF WRITE CYCLE (WE Controlled)

Address D(

s %

twe
tcw
LV /.
IAS faw twp -l WR
— D /———_
WE i- SEE At
D.
| IDw H
Data In Valid

Data In

Data Out Data Undefined

® TIMING WAVEFORM OF WRITE CYCLE (CS Controlled)

= wzi 'owq
High Impedance

twe
Address }( !(
A cw
Cs
\ ¥
aw !wR
twp
WE K X7 7/
!pw IDH,
Data In * Data In Valid
twz
Data Out Data Undefined Tiigh impedance
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Supply Current Icc (Normalized)

Access Time taa,tacs (Normalized)

Access Time taa,tacs (Normalized)

SUPPLY CURRENT vs.
SUPPLY VOLTAGE
16

Ta=25C

os/

Supply Current Icc (Normalized)

06
04
45 475 50 525 55
Supply Voltage Vec (V)
ACCESS TIME vs.
SUPPLY VOLTAGE
13
Ta=25¢C
12 5
11 £
\ g
o — ¢
'\ i
09 &
08 ]
07
45 a5 50 525 55
Supply Voltage Vec (V)
ACCESS TIME vs.
LOAD CAPACITANCE
18
16 // ~
14 / ~§
L~ 3
. ,/ f
8
10 2
a
08
0.6
00 200 300 400 500
Load Capacitance Cu (pF)
@ HITACHI

SUPPLY CURRENT vs.
AMBIENT TEMPERATURE

HM6167HP Series

1
Vee =5.0V
14
12p—-
1o \\
——
08
06
04
20 40 60 80

Ambient Temperature Ta ('C)

ACCESS TIME vs.
AMBIENT TEMPERATURE

Vee =50V

1 .

/’

09
08
07
0 20 10 50 30
Ambient Temperature Ta ('C)
SUPPLY CURRENT vs.
FREQUENCY Cycle Time (ns)
200 100 56 50 0
11
10 //
09 /
//
a8 //
0.7 /,
06
05 10 is 20 2

Frequency f (MHz)
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HM6167HP Series

Output High Current Tay (Normalized) Input Low Voltage Vi (Normalized)

Standby Current Iss1 (A)

INPUT LOW VOLTAGE vs.

INPUT HIGH VOLTAGE vs.

SUPPLY VOLTAGE

Ta=25C
12 ~
11 H
L 2
10 S— :
/ L;'
09 ;
£
08 H
07
45 §75 50 525 55
Supply Voltage Vec (V)
OUTPUT CURRENT vs.
OUTPUT VOLTAGE
16
Ta=25C
Ve =5V
14 3
\
12 \ 3
10 H
08 \ 3
06 \ E
04y 2 3 4
Output High Voltage Vou (V)
STANDBY CURRENT vs.
AMBIENT TEMPERATURE
107
Vec =3V
CS=28v
1078 é
/ z
107 /// ;;:
107
20 10 50 80
Ambient Temperature Ta ('C)
@ HITACHI

SUPPLY VOLTAGE

13
Ta=25C
1.2
11
10

09
08
T 4.75 50 525 55
Supply Voltage Ve (V)

OUTPUT CURRENT vs.

OUTPUT VOLTAGE
16
y /
10

Ta=25C
Vee =5V
08
. //
04 02 04 s 08
Output Low Voltage Vor (V)

STANDBY CURRENT vs.

SUPPLY VOLTAGE
14
12 /
10
08 /
06 /

/ Ta=25C
/ C3=vec-02v
04 /
02 +
Supply Voltage Vec (V)
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Standby Current Issi (Normalized)

STANDBY CURRENT vs.
INPUT VOLTAGE

10

1
Ta=25C
=50V
=4.8V

[~

Input Voltage V. (V)

@ HITACHI
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HMG6167HLP Series

16384-word x 1-bit High Speed Static CMOS RAM
® FEATURES
® Fast Access Time, . ......... HM6167HLP-55 55ns (max)
HM6167HLP-70  70ns (max)
® Low Power Standby and Low Power Operation
Standby 5uW (typ) and Operating 200mW (typ)
® Capable of Battery Back-up Operation
Single +6V Supply and High Density 20 Pin Package
® Completely static Memory
No Clock or Timing Strobe Required
® Equal Access and Cycle Times
® Directly TTL Compatible . . . .. All Inputs and Output

® BLOCK DIAGRAM

vt H .
A'—m —-— N
a—37 Row Memory Array
A—LF] Decoder 128X 128
1]
Au—{}:
Au——m -
I T
Din Column 1/0 Dout
Column Decoder
) EEETE
B |

An Ao As As A1 As As

% ABSOLUTE MAXIMUM RATINGS

Item Symbol Rating Unit
Terminal Voltage with respect to GND vr ~3.5*to +7.0 v
Power Dissipation Pr 1.0 w
Operating Temperature Topr Oto +70 °C
Storage Temperature Tstg ~55 to +125 °C
Storage Temperature Under Bias Tbias -10to +85 °C

* Pulse Width 20ns, DC: 0.5V

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

Item Symbol min typ max Unit
Vee 4.5 5.0 5.5 \"
A\
Supply Voltage GND 0 0 0 v
ViH 2.2 - 6.0 v
Input Voltage ViL Ry - 08 v

* Pulse Width 20ns, DC: V; min = -0.5V

O HITACHI
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(DP-20N)
= PIN ARRANGEMENT

\“E ~ 20]Vee
N5 o
ME 18 | A2
A)E 17]an
«.E 16] 410
As| o 15 49
M% 14 ] A
DUHIE %Ay
vTEE E]Dm
(;\UE,: 1]

(Top View)




HM6167HLP Series
B TRUTH TABLE

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

L H Read Icc Dout Read Cycle

L L Write Icc High-Z Write Cycle

BDC AND OPERATING CHARACTERISTICS (Vcc=5V+10%, Ta:0~+70'C)

Item Symbol Test Conditions min typ max Unit
_Input_Leakage Current I} | Vee=5.5V Vin=0V~Vec - - 2 #A
Output Leakage Current |Iol | CS=Vin, =0V~ Vce - - 2 MA
Operating Power Supply Current Icc CS = Vi, Output Open - 40 80 mA
Iss | CS=Vin - 10 mA
Standby Power Supply Current CS = Vec—0.2V
Ism - 1 50 MA
Vins0.2V or Vin2 Vec—0.2V
Output Low Voltage Voo IoL=8mA - - 0.4 v
Output High Voltage Vou Tow=—4mA 2.4 - - v
Note) Typical limits are at Vcc=5 OV, Ta=25C and specified loading.
BAC TEST CONDITIONS
Input pulise levels: GND to 3.0V Output Load A Output Load B
. . +5V (for tuz, tiz, twz & tow)
Input rise and fall times: 5 ns +5V
Input timing reference levels: 1.5V
Output reference levels: 1.5V 4800 800
Output load: See Figure Dout O——qg
2550 1: 30pF* Dout O~y
< > SpF*
__i zssni, ;
* Including scope and jig. * Including scope and jig.
BCAPACITANCE (Ta=25C, f=1MHz)
Item Symbol typ. max Unmit Conditions
Input Capacitance Cin - 5 pF Vin=0V
Output Capacitance Cour - 7 pF Vour=0V
Note) This parameter 1s sampled and not 100% tested
BAC CHARACTERISTICS (Ta=0'C to +70°C, Vcc=5V 110%, unless otherwise noted.)
OREAD CYCLE
HM6167HLP-55 HM6167HLP-70
Item Symbol - - Unit Notes
min max min max
Read Cycle Time tRC 55 - 70 - ns (1)
Address Access Time taa - 55 - 70 ns
Chip Select Access Time tAacs - 55 - 70 ns
Output Hold from Address Change tOH s - 5 - ns
Chip Selection to Output in Low Z tLz N - S - ns QM
Chip Selection to Output in High Z tHZ 0 30 0 30 ns @3 M
Chip Selection to Power Up Time tpu 0 - 0 - ns
Chip Deselection to Power Down Time tPD - 30 - 35 ns
NOTES:

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

. At any given temperature and voltage condition, r;;z max. is less than t;  min. both for a given device and
from device to device.

1.

2

3. Transition is measured +500mV from steady state voltage with specified loading in Load B.
4. WEis High for READ cycle.

5. Device is continuously selected, CS = Vy; .

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

7. This parameter is sampled and not 100% tested.
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HMG6167HLP Series

® TIMING WAVEFORM OF READ CYCLE NO.1% %

trC |
Address >C
=—lOH
Data Out r,xevlous Data >< >< Data Valid

®TIMING WAVEFORM OF READ CYCLE NO.24% ®

IrRC
s X y
rHZ(G)
i L1z .
Data Out ngmaedance Data Valid High Impedance
tpU '
Vee Supply 19(-:-—?1 i
Current Isp 0% S0%
©® WRITE CYCLE
HM6167HLP-55 HM6167HLP-70
Item Symbol . = Unit Notes
min max min max
Write Cycle Time twe 55 - 70 - ns 2)
Chip Selection to End of Write tcw 50 - 55 - ns
Address Valid to End of Write tAw 50 - 55 - ns
Address Setup Time tAs 0 - 0 - ns
Write Pulse Width twp 35 - 40 - ns
Write Recovery Time tWR 0 - 0 - . ns
Data Valid to End of Write tDW 25 - 30 - ns
Data Hold Time IDH 0 - 0 - ns
Write Enable to Output in High Z twz 0 25 0 30 ns 3)@
Output Active from End of Write tow 0 - 0 - ns 3)@
NOTES: 1. If CS goes high simultaneously with WE high, the output r ins in a high impedance states.

2. All Write Cycle timings are referenced from the last valid address to the first transitions address.
3. Transition is measured +500mV from steady state voltage with specified loading in Load B.
4. This parameter is sampled and not 100% tested.

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

twe
Address )( )(
tew
Ccs \ 7
taw lea— I Wy R —e]
WVE fee——1 4 § ———
twp 4
NN 7
IDW—e=i IDH
. Data in
Din Valid
-tz l—IOW
High Impedance i
Dout /f N
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HM6167HLP Series

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

twe |
Address :}(
taw
. l—4S A’ —IwWR
C§ — tew /
/|
twp
WE 5( ][
tDw —= | tpu
Din Data in Valid *
Wz ———

High Impedance

Dout

BLOW V.. DATA RETENTION CHARACTERISTICS (Ta=07C to 70°C)

Parameter Symbol Test Condition min typ max Unat
Vec for Data Retention Vor 2.0 - - v
CSzVec—0.2V - - 20°
Data Retention Current Iccon HA
Vo2 Vec—0.2V or - - 30°°
Chip Deselect to Data Retention Time tcor 0vVsV.s0.2V 0 - - ns
Operation Recovery Time tr trco - - ns
& tac=Read Cycle Time * V=20V
s® Vec=3.0V

oLOW V. DATA RETENTION WAVEFORM

Data Retention Mode

CS 2 Vec-0.2V
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HMVMG6267P Series

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

s FEATURES
High Speed: Fast Access Time 35/45ns (max.)
® Low Power Standby and Low Power Operation
Standby: 0.1mW (typ.), Operation: 200mW (typ.)
® Single 5V Supply and High Density 20 Pin Package
® Completely Static Memory ..... No Clock or Timing Strobe Re-

quired
® Equal Access and Cycle Time
® Directly TTL Compatible: All Input and Output (DP-20N)
s BLOCK DIAGRAM = PIN ARRANGEMENT
\J

%————m - » -\\-E 20 bee
N ~—— GND AIE 19145
] Row Memory Array A’E s
As—-—-—m Decoder 126x128 "
w—{F] -\;E 17]An
M \4E 16 | A
r\u————-{x —

| I \sE 15§ 49
Din Column | O Dout

a7 14] As
Column Decoder E j

o
173

TT#MM H B

An Al A A A A A (Top View)

=
o

= ABSOLUTE MAXIMUM RATINGS

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

* with respect to GND. V1 min = -3.5V (Pulse width 20ns)

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

Item Symbol min typ max Unit
) 45 50 55 v
ly Volt
Supply Voltage GND 0 0 0 v
Vi 2.2 Z 6.0 v
Input Vol
nput Voltage ViL 3.0% Z 0.8 v

* Pulse Width 20ns, DC: Vj; min = ~0.5V
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HM6267P Series

l TRUTH TABLE

[ WE Mode Vee Current Dout Pin Ref. Cycle
H X Not selected Iss, Iss\ High-Z

L H Read Icc Dout Read Cycle

L L Write Icc High-Z Write Cycle

® DC AND OPERATING CHARACTERISTICS®) (V¢ = 5V £10%(2), GND = 0V, T, = 0 to +70°C)

Item Symbol Test Conditions min | typ max | Unit
Input Leakage Current Wt | Vee =5.5V, Vi, =GND to Ve - - 10 uA
Output Leakage Current 1ILo || CS = Viy, Vour = GND to Ve - - 10 MA
Operating Power Supply Current | Icc CS = ¥z, Output Open - 40 | 80(3) | mA
Isg | CS=Viy - 10 | 20 mA
Standby Power Supply Current
andby Tower Supply Lurr Isp; | CS2Vec-02V, Vin<0.2V of VinaVoo-02V | — | 002] 2 | mA
14 Ior = 8mA — _ R
Output Voltage oL oL =8m 04 v
VOH IOH = —4mA 2.4 - - \

Notes) 1. Typical imits are at Voc = 5V, T, = 25°C and specified loading.
2. Ve = 5V5% for 35ns version.
3. 100mA max. for 35ns version.

B AC TEST CONDITIONS

Input pulse levels: GND to 3.0V Output Load A Output Load B
Input rise and fall times: 5ns *5v (for tuz, tiz, twz & tow)
Input and Output timing reference levels: 1.5V o
Output load: See Figure 4800 800
Doyt Oy
2550 1: 300F* Dout Oy
'{ zssn%, l SeF*
* Including scope and jig. « Including scope and jig.

B CAPACITANCE (T, = 25°C, f = IMHz)

Item Symbol typ. max Unit Conditions
Input Capacitance Cin — s pF Vin=0V
Output Capacitance Cour — 7 pF Vour=0V

Note) This parameter 15 sampled and not 100% tested

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

Item Symbol BM6267P'35 ,HM6267P-45 Unit Notes
min max min max
Read Cycle Time tRC 35 - 45 - ns 1
Address Access Time tha - 35 - 45 ns
Chip Select Access Time tacs - 35 — 45 ns
Output Hold from Address Change oH S — 5 - ns
Chip Selection to Output in Low Z tLz N - 5 - ns 2,3,7
Chip Deselection to Output in High Z tHz 0 30 0 30 ns 2,3,17
Chip Selection to Power Up Time tpy 0 - 0 - ns
Chip Deselection to Power Down Time tpp - 20 -~ 30 ns
*Vee = SV £ 5% for 35ns version.
O HITACHI
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HM6267P Series

® TIMING WAVEFORM OF READ CYCLE NO.1 %4 ®

t RC ]
Address ><
taa

]
""O_ H
Data Out Previous Data Data Valid
Valid

® TIMING WAVEFORM OF READ CYCLE NO.2 %) 8)
trRC
S X f

tacs "Hz

High Impedance
Data Valid e pe

I ..Ifg* tpp
Vce Supply cc

Current lSB___/FS 0% 50%

%L

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

2. At any given temperature and voltage condition, ry;z max. is less than f; z min. both for a given device and
from device to device.

3. Transition 1s 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 = Vj;.

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

7. This parameter is sampled and not 100% tested.

® WRITE CYCLE

Item Symbol IE{M6267P-35 l_.lM6267P45 Unit Notes
min max min max

Write Cycle Time twe 35 - 45 - ns 2
Chip Selection to End of Write tew 30 - 40 - ns

Address Valid to End of Write taw 30 - 40 - ns

Address Setup Time tas 0 - 0 - ns

Write Pulse Width twp 20 - 25 - ns

Write Recovery Time twR 0 - 0 - ns

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

Data Hold Time tpH 0 - 0 - ns

Write Enabled to Output in High Z twz 0 20 0 25 ns 3,4
Output Active from End of Write tow 0 - 0 - ns 3,4

@ HITACHI
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HM6267P Series

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

twe
Address }( )(
tew
& X 2 /
taw
t
. f——t A S —— ' WR—=
WE t 7
wP
ALK 7
tIpw—e={ IDH
. Data in
Din Valid
|-tz l~—Ilow
High Impedance
Dout Data Undefined / N
® TIMING WAVEFORM OF WRITE CYCLE NO. 2 (CS Controlled)
twe
Address ;(
taw
——1!as *1 ~—I{WR
Cs tew /
/
twp

¥E AMMAANNNNY 1L

‘pw _'j tDH
Din Data in Valid

fo——— w2z

High Impedance

Dout Data Undefined

NOTES: 1. If CS goes high simultaneously with WE high, the output remains in a high impedance states.
2. All Write Cycle timings are referenced from the last valid address to the first transitions address.
3. Transition is measured :+500mV from steady state voltage with specified loading in Load B.
4. This parameter is sampled and not 100% tested.
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HM6267P Series

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

T Vee=50V
14 14
% -
E 12 / lg 12
2 L H
% 10 / £ m\ —]
L?, / S
_g 08 _é 08
06 06
T 175 30 555 55 o 20 ) 60 30
Supply Voltage Lec (V) Ambient Temperature Ta ('C)
ACCESS TIME VS. SUPPLY VOLTAGE ACCESS TIME VS. AMBIENT TEMPERATURE
13 1
Ta=25C Vee=50V
12 1
£ u T —
I — g " '/
o LI
; §
08 . 08
07 . 07
15 175 30 i S5 0 20 10 50 [l
Suppls Voltage Lee (V) Ambient Temperature Ta (C)
ACCESS TIME VS. LOAD CAPACITANCE SUPPLY CURRENT VS. FREQUENCY
Iins)
. " 200 100 o6 5 ‘40
h 10 -

: v
£ 09 /

v

08 /

2 10

Access Time (44, tacs (Normalized!
Supphy Current Icc (Normalized

08 . 06
06 03
100 200 300 100 500 0 5 10 15 20 25
Load Capacitance (1 tpF) Frequency [ (MH/)

144 Hitachi America Ltd. ¢ 2210 O'Toole Avenue * San Jose, CA 95131 e (408) 435-8300



HM6267P Series

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

13 13
Ta=25C Ta=25C
12 12
3 L
E n £ n
= o & 10
] 2
2 o9 T 09
E £
08 08
07 07
45 3 50 525 55 45 475 50 525 55
Supply Voltage Vcc (V) Supply Voltage Vee (V)
OUTPUT CURRENT VS. OUTPUT VOLTAGE OUTPUT CURRENT VS. OUTPUT VOLTAGE
16 16
Ta=25C
Vee=5V
14 14 /
G 3
\ 7
P 3
M \ = Ta=25C
g £ Vee=5V
‘é 08 &é 08
: \ : /
06 06
04 \ 04
i 0 02 04 06 08
Output Voltage Vou (V) Output Voltage Vor (V)
STANDBY CURRENT VS.
AMBIENT TEMPERATURE STANDBY CURRENT VS. SUPPLY VOLTAGE
10 14
Vee=3V

CS=28V /
12

08

4
06 /

Ve Ta=25C
/ CS=Vec—02V|
04

7

Standby Current [sa1 (A)

/

7 02
17 2 0 6 3 3

Standby Current Iss1 (Normalized)

Ambient Temperature Ta () Supply Voltage Vec (V)
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HM6267CG Series

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

= FEATURES

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

® Low Power Standby and Low Power Operation
Standby: 0.1mW (typ.), Operation: 200mW (typ.)

® Single 5V Supply

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

quired
® Equal Access and Cycle Time
® Directly TTL Compatible: All Input and Output

= BLOCK DIAGRAM

——— Vec
A ~=——— GND
Row Memory Array
a—LF] Decoder 128X 128
a—LF
w—J]
Al:;w —
I I
Din Column 1/0 Dout
Column Decoder
WE ’ l ‘
An Ao Ay Ay A1 As As

® ABSOLUTE MAXIMUM RATINGS

~

(CG-20)

Item Symbol Rating Unit
Voltage on Any Pin* Vr -0.5to +7.0 v
Power Dissipation Pp 1.0 w
Operating Temperature Topr 0 to +70 °C
Storage Temperature Tytg -65 to +150 °C
Temperature Under Bias Thias -10 to +85 °C

* with respect to GND. YV min = -3.5V (Pulse width 20ns)

= RECOMMENDED DC OPERATING CONDITIONS (T2 = 0 to +70°C)

Item Symbol min typ max Unit
Vee 4.5 5.0 5.5 \"
ly V

Supply Voltage GND 0 0 0 v
ViH 2.2 - 6.0 v

Input Voltage ViL 30 — 08 v

* Pulse Width 20ns, DC: V;; min = —-0.5V

GO HITACHI

= PIN ARRANGEMENT

As

z ZFF

Dout

Al Ao Vec Ais
e
gy
[13 18£]
34 177
35 16
36 15
[37 1]

[38 1377

9 1011 12

e (]
WEGND CS Din
(Top View)
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HM6267CG Series

B TRUTH TABLE
CS WE Mode Vee Current Dout Pin Ref. Cycle
H X Not selected Iss, Iser High-Z
L H Read lec Dout Read Cycle
L L Write Icc High-Z Write Cycle

® DC AND OPERATING CHARACTERISTICS®) (V¢ = 5V £10%(2), GND = 0V, T, = 0 to +70°C)

Item Symbol Test Conditions min | typ max | Unit
Input Leakage Current 1yl | Vec =5.5V, Vi =GND to Ve - - 10 BA
Output Leakage Current 1ILo 1] CS = Vi, Vout = GND to Vec - - |10 BA
Operating Power Supply Current | Icc | CS = V7, Output Open - 40 | 8013 | maA
Isg |CS=Viy - 10| 20 mA
Standby P Supply C t
ancby Fower Suppy SUIRY [ TTop1 | C32Voc-0.2V, Vin<0.2V of VinaVec02V | — | 002| 2 | mA
17 ToL = — | < To.
Output Voltage oL oL = 8mA 04 v
Vo |Iox=-4mA 24 - - \4

Notes) 1. Typical limits are at Vgc = SV, T, = 25°C and specified loading.
2. Ve = 5V5% for 35ns version.
3. 100mA max. for 35ns version.

8 AC TEST CONDITIONS

Input pulse levels: GND to 3.0V Output Load A Output Load B
Input rise and fall times: 5ns +5V (for twz, tiz, twz & tow)

. +5Vv
Input and Output timing reference levels: 1.5V
Output load: See Figure 4800 0n

Dout Qg
2550 1: 30pF* Dout Qg
A zssn%, SoF*
* Including scope and jig. * Including scope and jig.

® CAPACITANCE (T, = 25°C, f = 1MHz)

Item Symbol typ. max Unit Conditions
Input Capacitance Cin - 5 pF Vin=0V
Output Capacitance Cour - 7 pF Vour=0V

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

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

HM267CG-35 HM6267CG45
Item Symbol " - Unit Notes
min max min max
Read Cycle Time tre 35 - 45 - ns 1
Address Access Time tAA - 35 - 45 ns
Chip Select Access Time tacs - 35 = 45 ns
Output Hold from Address Change toH S - 5 - ns
Chip Selection to Output in Low Z trz 5 - 5 - ns 2,3,7
Chip Deselection to Output in High Z tHz 0 30 0 30 ns 2,3,7
Chip Selection to Power Up Time tpu 0 - 0 - ns
Chip Deselection to Power Down Time tpp - 20 - 30 ns
* Vec = SV + 5% for 35ns version.
@ HITACHI
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HM6267CG Series

® TIMING WAVEFORM OF READ CYCLE NO.1 4 ®

trc ]
Address )Q

~oH

Data Out l"lrewous Data}( X >< Data Valid

® TIMING WAVEFORM OF READ CYCLE NO.24% ®

trRc
Cs N\ 7(—_
'z
i 5‘ High Imped
Data Out 1igh Imi Data Valid igh Impedance
tpy
I, tpp
Vcc Supply cc___

Current  /sB / 50% 50%

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

. At any given temperature and voltage condition, gz max. is less than 7; > min. both for a given device and
from device to device.

. ‘_lEnsition is measured +500mYV from steady state voltage with specified loading in Load B.

WE is High for READ cycle.

Device is continuously selected, CS = ¥, L-

Addresses valid prior to or coincident with CS transition low.

. This parameter is sampled and not 100% tested.

~ -

NOwn AW

® WRITE CYCLE

HM6267CG-35 HM6267CG-45 .
Item Symbol " n Unit Notes
min max min max
Write Cycle Time twe 35 - 45 - ns 2
Chip Selection to End of Write tew 30 - 40 - ns
Address Valid to End of Write taw 30 - 40 - ns
Address Setup Time tas 0 - 0 - ns
Write Pulse Width twp 20 - 25 - ns
Write Recovery Time twr 0 - 0 - ns
Data Valid to End of Write tpw 20 - 25 - ns
Data Hold Time tDH 0 - 0 - ns
Write Enabled to Output in High Z twz 0 20 0 25 ns 3,4
Output Active from End of Write tow 0 - 0 - ns 3,4
@ HITACHI
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HM6267CG Series

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

twe
Address >< )(
tew %
cs \: N\ R\ X 7 /
taw le— f W R —ad
. tAS——e
WE Vs
NN i /
tDpw——t 'pH
) Data in
Din Valid
twz = fow
High Impedance
Dout Data Undefined A N

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

Address :><

Din

Dout

~—'As*1 . j_tWR
N 7
AANNARNNNN Y 77724

High Impedance

Data Undefined

NOTES: 1. If CS goes high simultaneously with WE high, the output remains in a high impedance states.
2. All Write Cycle timings are referenced from the last valid address to the first transitions address.
3. Transition is measured +500mV from steady state voltage with specified loading in Load B.
4. This parameter is sampled and not 100% tested.

 @HITACHI
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HMGE6267LP Series

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

8 FEATURES

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

® Low Power Standby and Low Power Operation

Standby: 5uW (typ.), Operation: 220mW (typ.)

Single 5V Supply and High Density 20 Pin Package

Completely Static Memory ..... No Clock or Timing Strobe Re-
quired

Equal Access and Cycle Time

Directly TTL Compatible: All Input and Output

Capable of Battery Back Up Operation

BLOCK DIAGRAM

—-— e

~s——— GND

__.m
—
— Row Memory Array
a—LF] Decoder 128X 128
—L
—
—5

D Column 1 O Dout

Column Decoder

T?MM#

An o Aw A A A A A

® ABSOLUTE MAXIMUM RATINGS

Item Symbol Rating Unit
Voltage on Any Pin* Vr -0.5to +7.0 v
Power Dissipation Prp 1.0 w
Operating Temperature Topr - 0 to +70 °C
Storage Temperature Tyt -55to +125 °C
Temperature Under Bias Thias -10 to +85 °C

* with respect to GND. VT min = -3.5V (Pulse width 20ns)

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

Item Symbol min typ max Unit
Vee 4.5 5.0 ss | v
v
Supply Voltage GND 0 0 0 v
ViH 2.2 - 6.0 v
Input Voltage ViL S0 - 08 v

+ Pulse Width 20ns, DC: ¥y min = —0.5V

G HITACHI

(DP-20N)

= PIN ARRANGEMENT

[T
o[
o
o
Y5
o
Y5

:

Dout

WE

G\L

1w

7B

20| Vee

E-\n

EM:
B‘\Il

16 | A0

(Top View)
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HM6267LP Series

B TRUTH TABLE

CS WE Mode Vcc Current Dout Pin Ref. Cycle
H X Not selected Iss, Iss\ High-Z

L H Read Icc Dout Read Cycle

L Write Icc High-Z Write Cycle

® DC AND OPERATING CHARACTERISTICS™) (Ve = 5V £10%(2), GND = 0V, T, = 0 to +70°C)

Item Symbol Test Conditions min typ max | Unit
Input Leakage Current W Ipr! | Vec =5.5V, Vi =GND to Ve - - 10 BA
Output Leakage Current 1ILo V| CS= Vi, Vout = GND to Vec - - 10 nA
Operating Power Supply Current | Icc CS = V1, Output Open - 40 | 803 | mA
Isg | CS=Viy - 10 | 20 mA
Standby P Supply C t
andby Fower SUpPY TNt o1 | OS2V 0c-0.2V, VIN<0.2V of Vin2Vee 0.2V | — 1050 | uA
VOL IOL =8mA - - 0.4 A\
Output Volt
utput Voltage Vou |Ioy=-4mA 24 - - \"

Notes) 1. Typical limits are at V¢ = 5V, T4 = 25°C and specified loading.
2. Ve = 5V5% for 35ns version.
3. 100mA max. for 35ns version.

® AC TEST CONDITIONS

Input pulse levels: GND to 3.0V Output Load A Output Load B
Input rise and fall times: 5ns +5V (for tuz, tiz, twz & tow)
Input and Output timing reference levels: 1.5V S’
Output load: See Figure e g
Dout Oy
2550 1: 300F* Dout O~y
'——i 550 I SoF*
* Including scope and jig. « Including scope and yg.

B CAPACITANCE (T, = 25°C, f = IMHz)

Item Symbol typ. max Unit Conditions
Input Capacitance Cin - s pF Vin=0V
Output Capacitance Cour — 7 pF Vour=0V

Note) This parameter 13 sampled and not 100% tested

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

HM6267LP-35 HM6267LP-45
Item Symbol - - Unit Notes
min max min max
Read Cycle Time trRc 35 - 45 - ns 1
Address Access Time taA - 35 - 45 ns
Chip Select Access Time tacs - 35 - 45 ns
Output Hold from Address Change toH 5 - N — ns
Chip Selection to Output in Low Z trz 5 — 5 - ns 2,3,7
Chip Deselection to Output in High Z tHz 0 30 0 30 ns 2,3,7
Chip Selection to Power Up Time tpu 0 - 0 - ns
Chip Deselection to Power Down Time tpp - 20 - 30 ns
*Vee =5V + 5% for 35ns version.
O HITACHI
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HM6267LP Series

® TIMING WAVEFORM OF READ CYCLE NO.14 ®

trc |

Address >
-tOH
Data Out I‘Zelvlous @( >< >< Data Valid

® TIMING WAVEFORM OF READ CYCLE NO.24% 8

NOTES:

NN & w

tRC

c—s—_\L /

tacs Hz

Lz
igh Im] High Imped
Data Out "*%ka o—— :}l igh Impedance
1, tpp
Vcec Supply cc

Current  IsB / 50% 50%

. All Read Cylce timing are referenced from last valid address to the first transitioning address.
. At any given temperature and voltage condition, 7z max. is less than t; z min. both for a given device and

from device to device.
Ensition is measured +S00mV from steady state voltage with specified loading in Load B.

. WE is High for READ cycle.

. Device is continuously selected, CS = ViL.

. Addresses valid prior to or coincident wnh CS transition low.
. This parameter 1s sampled and not 100% tested.

® WRITE CYCLE

HM6267LP-35 HM6267LP-45 .
Item Symbol - - Unit Notes

min max min max

Write Cycle Time twe 35 — 45 - ns 2

Chip Selection to End of Write tew 30 - 40 - ns

Address Valid to End of Write taw 30 - 40 - ns

Address Setup Time tas 0 - 0 - ns

Write Pulse Width twp 20 - 25 - ns

Write Recovery Time twR 0 - 0 - ns

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

Data Hold Time IDH 0 - 0 - ns

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

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

@ HITACHI

Hitachi America Ltd. ® 2210 O’Toole Avenue * San Jose, CA 95131 e (408) 435-8300



HM6267LP Series

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

twe
Address )( )(
tew
& O\ )
faw l— [ W R —i
VE fas
E t Ve
wP
ANRN 7
IDW—e !DH
X Data in
Din Valid
el 74 ~—Ilow
High Impedance
Dout Data Undefined A \
® TIMING WAVEFORM OF WRITE CYCLE NO. 2 (CS Controlled)
twe
Address >(
taw
le—tas A’ —!wr
a tew /
N 7
. twp
Ve AN 1/
tpw —ei
DW IDH
Din Data in Valid
wz
High Impedance
Dout Data Undefined

NOTES: 1. If CS goes high simultaneously with WE high, the output remains in a high impedance states.
2. All Write Cycle timings are referenced from the last valid address to the first transitions address.
3. Transition is measured +500mV from steady state voltage with specified loading in Load B.

4. This parameter is sampled and not 100% tested.
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HM6267LP Series

BLOW V.. DATA RETENTION

CHARACTERISTICS (0C=Ta=70C)

Parameter Symbol Test Conditions min typ max Unit
Vec for Data Retention Vor 2.0 - - v
CS2 Vec—0.2V 300
Data Retention Current Iccon - - 20 HBA
Vi Ve —0.2V or
Chip Deselect to Data R ion Time teonr VS V.s0.2V 0 - — ns
Operation Recovery Time tr e an - - ns
Note' 1. ta.=Read Cycle Time. *  Vc=3.0V
% Ve =2.0V

OLOW V.. DATA RETENTION WAVEFORM

DATA RETENTION MODE

CS2Vee-02\

O HITACHI
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HMG6264P Series

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

® FEATURES

® Fast access Time 100ns/120ns/150ns (max.)

® Low Power Standby Standby: 0.1mW (typ.)
Low Power Operation Operating:  200mW (typ.)

® Single +5V Supply

® Completely Static Memory. . . .. No clock or Timing Strobe Required

® Equal Access and Cycle Time

® Common Data Input and Output, Three State Output

® Directly TTL Compatible: All Input and Output

® Standard 28pin Package Configuration

® Pin Out Compatible with 64K EPROM HN482764 (DP-28)

= BLOCK DIAGRAM
= PIN ARRANGEMENT

g e— \
A o— - ok Ne [T 28] vee
:: o—1 ! Row . Memory Matrix ——o0 GND -
Ao ]! Decoder | & | 2562 AL [2] 27 WE
Az @t ! N —
An @—— ] L—J' A, E 26| CS,
— | 1 A 4 25| A,
voo—p 7] Column 1/0 ) E j ’
A(lS 24| A
l' g‘.’.‘:‘ Column Decoder s[: :] ’
| S Control A4E E A,
_— . —_— %] : : A, E E OE
Al Al Az Aw_As S 1
i B A 8] 214,
— A0 s
(C:—:: ° | Timing Pulse Gen A° @ E I/O.
e Read. Write Control l/O, E E 1/0-,
_ [ 10, [12) 17] 10,
OE o
1/0,[13 16] 1/0,
8 ABSOLUTE MAXIMUM RATINGS
Ttem Symbol Rating Unit GND{14 15] o,
Terminal Voltage * vt —0.5** to +7.0 \4 Top Vi
Power Dissipation PT 1.0 w (Top View)
Operating Temperature Topr 0to+70 °C
Storage Temperature Tstg —55to +125 °C
Storage Temperature (Under Bias) | 7Tbias —10to +85 °C
* With respect to GND.  ** Pulse width 50ns: —3.0V
8 TRUTH TABLE
WE [CS, |Cs, | OE Mode 1/0 Pin Ve Current Note
X H X X _| Not Selected High Z IsB, ISB1
X X L | x |(Power Down) High Z IsB, IsB2
H L H H | Output Disabled High Z Icc, Icci
H L H L | Read Dout Icc, Icci
L L H H Write Din Icc, Icci Write Cycle (1)
L L H L Din Icc, Icci Write Cycle (2)
X:HorL
© HITACHI
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HM6264P Series
= RECOMMENDED DC OPERATING CONDITIONS (T = 0 to +70°C)

Item Symbol min typ max Unit
Vee 4.5 5.0 5.5 v
S Vol
upply Voltage GND 0 0 0 v
ViH 2.2 - 6.0 \%
V
Input Voltage ViL 3% — 08 v

* Pulse Width 50ns: -3.0V
= DC AND OPERATING CHARACTERISTICS (Vcc = 5V£10%, GND =0V, T, =0 to +70°C)

Item Symbol Test Condition min |typ* | max | Unit
Input Leakage Current Ln Vin=GND to Vcc - - 2 | A
Output Leakage Current Lo f,f/lgi/g;g S,Sﬁ:g"‘ or OE=Vin or WE=Vyy, - - 2 | A
Operating Power Supply Current! JIcc CS1=ViL, CS2=VIH, I1/0=0mA - | 40 | 80 |mA
Average Operating Current Icci Min. cycle, duty=100%, I;;0=0mA ey 60 |110 | mA
IsB CS1=ViH or CS2=V1L - 1 3 | mA
Standby Power Supply Current | Isgy+* | CS12Vcc—0.2V, CS22Vec -0.2Vor CS250.2V| — | 0.02 2 | mA
Isp2** | CS250.2V - 10.02 2 | mA
Output Voltage vor loL=2. lmA- - _ - 04 v
i VoH IoH=-1.0mA 24 - - v

* Typical limits are at Vcc=5.0V, Tg=25°C and specified loading.
** V1L min=-0.3V

® CAPACITANCE (f = IMHz, T, = 25°C)

Item Symbol | Test Condnﬁon typ | max | Unit
Input Capacitance Cin Vin = 0V - 6 pF
Input/Output Capacitance Cr/o Viso = 0V - 8 pF

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

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

Input Pulse Levels 0.8 to 2.4V

Input Rise and Fall Times: 10ns

Input and Output Timing Reference Level 1.5V

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

Item Symbol H.MG 264P-10 H.M6 264P-12 H.M6 264P-15 Unit
min max min max min max

Read Cycle Time tRC 100 - 120 - 150 - ns
Address Access Time taa - 100 - 120 - 150 ns
Chip Selection to Output e feot - 100 — 120 - 150 i
€S2 ico2 - 100 - 120 - 150 ns

Output Enable to Output Valid tOE - 50 - 60 - 70 ns
Chip Selection to st tLzi 10 - 10 - 15 - ns
Outputin Low Z CS2 tLz2 10 - 10 - 15 - ns
‘ Output Enable to Output in Low Z toLz N - S - 5 - ns
Chip Deselection to Csi tHZ1 0 3s 0 40 0 50 ns
Output in High Z CS2 tHzo 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 - 15 - ns

NOTES: 1 57 and gz are defined as the time at which the outputs achieve the open circuit condition and are not referred
to output voltage levels,

2 At any given temperature and voltage condition, fiz max is less than t; z min both for a given device and from
device to device.
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HM6264P Series

e READ CYCLE

Address )

trc -

A

<

taa
st AT
STV TR / L
tLzi I
tcoz = tHz)
s /1T PIINANRARANNAN
¥ 4]
toE tHz2
ZZNANANNNRNNNNRRNNNNNNNNS i NI
MW MK 2/ /
fonz
/ —
Dout \ Data Valid
-—1oH
NOTE: 1) WE is high for Read Cycle
© WRITE CYCLE
HM6264P-10 HM6264P-12 HM6264P-15
Item Symbol Unit
min max min max min max
Write Cycle Time twe 100 - 120 - 150 - ns
Chip Selection to End of Write tew 80 - 85 - 100 - ns
Address Setup Time tas 0 - 0 = 0 - ns
Address Valid to End of Write taw 80 - 85 - 100 - ns
Write Pulse Width twp 60 - 70 - 90 - ns
CS1,WE | ¢ s - s - 10 - ns
Write Recovery Time WR1
CS2 'wR2 15 - 15 - 15 - ns
Write to Output in High Z twHZ 0 35 0 40 0 50 ns
Data to Write Time Overlap tpw 40 = 50 = 60 = ns
Data Hold from Write Time tDH 0 - 0 - 0 - ns
OE to Output in High Z toHz 0 3s 0 40 0 50 ns
Output Active from End of Write tow 5 - N - 10 - ns
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HM6264P Series

© WRITE CYCLE (1) (OE clock)

N

Address ‘>< j(

4]

% 7 B TR NN
SN Z

[6] Lo tuke

cs2 4 e X

Ly

’ll/‘il;

\\\\\{ 7

]

tons 5
Dout ——c— \\\\\\\j
>

WE t,.(3)

t

i H

® WRITE CYCLE (2) (OE Low Fix)

N

Address }( *
fan i tu 14
t, 12
o L w12
o AN\ K8 7 7
toy (2 tanz (4
. 7
cs2 /. PARNARRRARRAY
w41
WE t (1) -
t, (3, }E EX L /A ton
[ lins Lo
i '
Dowt —3 3333V NV NVINY
VA L o Lon [
= 0

Din J\X* TSSVA
LN

NOTES: 1) A write occurs during the overlap of a low CS1, a high CS2 and a low
WE. A write begins at the latest transition among CS1 going low, CS2
going high and WE going low. A wnte ends at the earliest transition
among CS1 going high, CS2 gong low and WE going high. twp is
measured from the beginninng of write to the end of write.

2) tew is measured from the later of CS1 going low or CS2 going high to
the end of wnte.

3) t4 s is measured from the address valid to the beginning of write.

4) twr is measured from the end of write to the address change.
twr1 applies in case a write ends at CS1 or WE going high.
twr 2 applies in case a write ends at CS2 going low.

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

6) If CS1 goes low simultaneously with WE going low or after WE going
low, the outputs remain in high impedance state.

7) Dout is 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 CS2 is high during this period, 1/O pins are in the
output state. Therefore, the input signals of opposite phase to the
outputs must not be applied to them.
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SUPPLY CURRENT vs.
SUPPLY VOLTAGE

Ta=25C

0.6

Supply Current Icc, Iccy (Normalized)

0.4

45 X3 50 525 5.5
Supply Voltage Voe (V)

SUPPLY CURRENT vs. FREQUENCY

11 T T Y
200ns 150ns 120ns  100ns

0.9 /

0.7

0.6

Supply Current Icc; (Normalized)
il

0.5

Frequency (MHz)

ACCESS TIME vs. SUPPLY VOLTAGE

13

Ta=257C

0.9

Access Time t4 4, tco (Normalized)

45 %3 50 5.25 55
Supply Voltage Voc (V)

HM6264P Series

SUPPLY CURRENT vs.
AMBIENT TEMPERATURE

Vee=50V

08

Supply Current Icc, Iccy (Normalized)

04

0 2 40 60 80
Ambient Temperature T, co

ACCESS TIME vs. LOAD CAPACITANCE

18
-~
)
3
S s
o
E
5
3 14 ]
[« /
2 0 /
< o
3 Ta=25C
- Vee =MIN
o 10
E
=
2 o8
L3
Q
Q
<

06

00 « 3 400 500

Load Capacitance Cp, (pF)

ACCESS TIME vs.
AMBIENT TEMPERATURE

—~ Vee=50V

® 12

k]

£ v

5 11 -~

z L

g —

< /

I 09

0

£

B

4]

8

S

< 07

0 20 0 E) %
Ambient Temperature Tq (°C)
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HM6264P Series

160

Input Low Voltage Viy 0, (Normalized)

Output High Current Igy (Normalized)

INPUT LOW VOLTAGE vs.
SUPPLY VOLTAGE

Ta=25"C

09

08

07

45 a7

50 525 55

Supply Voltage Vo (V)

OUTPUT CURRENT vs.
OUTPUT VOLTAGE

Ta=25C
Vee =5V

\

08

N\

\

\

2 3 4

Output High Voltage Vop (V)

@ HITACHI

Input Low Voltage Viry,mi, (Normalized)

Output Low Current Igy (Normalized)

INPUT HIGH VOLTAGE vs.
SUPPLY VOLTAGE

Ta=25C

5 47 5.0 §.25 55

Supply Voltage Voc (V)

OUTPUT CURRENT vs.
OUTPUT VOLTAGE

/

v

Ta=25"C
Vee =5V

v

04

/

02 04 06 08

Outut Low Voltage Vor, (V)
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HMG6264FP Series

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

FEATURES

Single 5V Supply

High Density Small-sized Packaged
Projection Area Reduced to One-Thirds of Conventional DIP
Thickness Reduced to a Half of Conventional DIP

High Speed: Fast Access Time 100/120/150ns (max)

Low Power Standby and Low Power Operation

Standby: 0.1mW (typ.), Operation: 200mW (typ.)

8 BLOCK DIAGRAM

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

(FP-28D)

® PIN ARRANGEMENT

. \J
P 5 o Ne [ 2] vee
Aco— | - —
A o—— ) Row o Memory Matrix —0 CND ALl2 27| WE
A: - | Decoder : 256 X256
" !
v g u A0 29 cs,
o _ A 5 A,
1
vore P: Column 1/0 ASE E A
: S 1[]".“":‘ Column Decoder A.% E A,
I Control =
' — %l [ A EOE
Voo i
v’z Aol AL Az A A S; } A,E EAN
3 [ —
— T
A, |10 19{1/O
(_:i' Timing Pulse Gen J ° E j / ¢
i@ R 1/0, [11 18] 1/0,
_ Read Write Control
WE o——— 10, [i2 17] 1/0,
oo | 1/0,[13 16] 1/0,
GND|14 5| 1/0
8 ABSOLUTE MAXIMUM RATINGS ! D 10y
Item Symbol Rating Unit (Top View)
Terminal Voltage * VT —0.5** to +7.0 \4
Power Dissipation Pr 1.0 w
Operating Temperature Topr 0to+70 °C
Storage Temperature Tstg —55to +125 °C
Storage Temperature (Under Bias) |  Tbias -10to +85 °C
* With respect to GND.  ** Pulse width SOns: —3.0V
= TRUTH TABLE
WE |CS, |CS, | O Mode 1/0 Pin Vo Current Note
X | H | X | X |NotSelected High Z IsB, IsB1
X X L X | (Power Down) High Z ISB, ISB2
H L H H | Output Disabled High Z Icc, Icci
H L H L |Read Dout Icc, Icci
L L H H Write Din Icc, Icc1 Write Cycle (1)
L L H L Din Icc, Icc1 Write Cycle (2)
X HorlL
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HM6264FP Series

= RECOMMENDED DC OPERATING CONDITIONS (7 = 0 to +70°C)

Item Symbol min typ max Unit
Vee 4.5 5.0 5.5 \%

Supply V
upply Voltage GND 0 0 0 v
Vi 2.2 - 6.0 \'%

\Y
Input Voltage ViL 3% — 08 v

* Pulse Width 50ns: 3.0V
® DC AND OPERATING CHARACTERISTICS (Vcc = 5V+10%, GND =0V, T, =0 to +70°C)

Item Symbol Test Condition min |typ* |max | Unit
Input Leakage Current \Ln Vin=GND to Vcc - - 2 | WA
CS1=ViH or CS2=VL ot OE=ViH ot WE=Vpp, | _ | _
Qutput Leakage Current Lol V1/0=GND to Voe 2 | uA
Operating Power Supply Current | Icc CS1=ViL, CS2=Vin, I1/0=0mA - |40 | 80 |mA
Average Operating Current Icci Min. cycle, duty=100%, Ij;0=0mA - 60 | 110 | mA
IsB CS1=VyH or CS2=VL - 1 3 | mA
Standby Power Supply Current | Ispis+ | CS12Vcc—0.2V, CS22Vcc -0.2Vor CS250.2V| — [ 0.02 2 | mA
Isp2s* | CS250.2V - 10.02 2 | mA
VoL IoL=2.1mA - - 0.4 A\
Output Voltage
VoH IoH=-1.0mA 2.4 — _ v
* Typical limits are at Vcc=5.0V, Tq=25°C and specified loading.
** V1L min=-0.3V
® CAPACITANCE (f = IMHz, T, = 25°C)
Item Symbol | Test Condition | typ | max |[Umt
Input Capacitance Cin Vin = 0V - 6 pF
Input/Output Capacitance Cr/o Vijo =0V - 8 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: 0.8 to 2.4V
Input Rise and Fall Times: 10ns
Input and Output Timing Reference Level: 1.5V
Output Load: 1TTL Gate and C; = 100pF (including scope and )ig)
® READ CYCLE
HM6264FP-10 | HM6264FP-12 | HM6264FP-15 R
Item Symbol . - - Unit
min | max | min max | min | max
Read Cycle Time tRC 100 - 120 - 150 - ns
Address Access Time tAA - 100 - 120 - 150 ns
CS1 tcol - 100 - 120 — 150 ns
Chip Selection to Output
ip Sefection to Dutpu Ccs2 1co2 Z 1100 | = | 120 | - | 150 ns
Output Enable to Output Valid tOF - 50 - 60 - 70 ns
Chip Selection to Output Cs1 1Lz1 10 - 10 - 15 - ns
inLow Z CS2 1172 10 - 10 - 15 - ns
Output Enable to Output in Low Z toLz 5 - S - 5 = ns
Chip Deselection to Output Cs1 tHZ1 0 35 0 40 0 50 ns
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 - 15 - ns

NOTES: 1 tyz and toyz are defined as the time at which the outputs achieve the open circuit condition and are not referred
to output voltage levels,

2 At any given temperature and voltage condition, 5z max 1s less than ¢; z min both for a given device and from
device to device.
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HM6264FP Series

o READ CYCLE

trRc -
/ 'Y
Address >\ /\
faa
= LI
ST il L
fo————— Lz ————— l
fcoz }————- tHZ1——
s T RINARNINRRNN
tLz2 NN
toE tHz2
2 NNNANRANNNNRNNNNNNNRNNNY i A
MW X 1/ /
foHz
Dout / -
N_ Data Valid
-— IO
NOTE: 1) WE is high for Read Cycle
® WRITE CYCLE
HM6264FP-10 | HM6264FP-12 | HM6264FP-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 twp 60 - 70 - 90 - ns
. ) CSI,WE| tyRrl 5 - 5 - 10 - ns
Write Recovery Time o) TWR2 13 — G — B — "
Write to Output in High Z twHZ 0 35 0 40 0 50 ns
Data to Write Time Overlap tpw 40 - 50 - 60 - ns
Data Hold from Write Time tDH 0 - 0 - 0 — ns
OE to Output in High Z tOHZ 0 35 0 40 0 50 ns
Output Active from End of Write tow 5 - 5 - 10 — ns
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HM6264FP Series

© WRITE CYCLE (1) (OE clock)

twe

Address ><
= > > / (4) \

SRV y /
7, S \
" — /
= M

X

¢ WRITE CYCLE (2) (OE Low Fix)

e X X

14w
twri(4)
tew(2) W
m\:::‘w - 7£:: <
e (2) tral4)
w7777V ¥ EANMHANRNNNN
twmi(4)
W as(3) \\\l aelll ]ﬁ tow
- ® = = ) (8)
TS SN NN N NN NNNNANN
7 7777777777777 L ow 1on

NOTES: 1) A write occurs during the overlap of a low CSI, a high CS2 and a low WE. A write begins at the latest

164

2)
4)

5

~

6

~

7
8)
9)

transition among CS1 going low, CS2 going high and WE going low. A write ends at the earliest transtion
among CS1 going high, CS2 going low and WE going high. tpp is measured from the beginning of write
to the end of write. _

tCw is measured from the later of CS1 going low or CS2 going high to the end of write.

t4s is measured from the address valid to the beginning of write.

twR 1s measured from the end of write to the address change.

twR | applies in case a write ends at CS1 or WE going high.

twR 2 applies in case a write ends at CS2 going low.

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

If CS1 goes low simultaneously with WE going low or after WE going low, the outputs remain in high
impedance state.

Dout is the same phase of the latest written data in this write cycle.

Dout is the read data of next address.

If CS1 1s low and CS2 is high during this period, 1/O pins are in the output state. Therefore, the input
signals of opposite phase to the outputs must not be applied to them.
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HM6264LP Series

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

® FEATURES

® Fast access Time 100ns/120ns/150ns (max.)

® Low Power Standby Standby: 0.01mW (typ.)
Low Power Operation Operating: 200mW (typ.)

® Capability of Battery Back-up Operation

® Single +5V Supply

® Completely Static Memory. . . .. No clock or Timing Strobe Required

® Equal Access and Cycle Time

® Common Data Input and Output, Three State Output

® Directly TTL Compatible: All Input and Output

® Standard 28pin Package Configuration (DP-28)

® Pin Out Compatible with 64K EPROM HN482764

® BLOCK DIAGRAM

= PIN ARRANGEMENT

As 0——]
N — : P —0 Vee —\_J
Pl fow | ®]  Memory Matrix —o GND NC I ZS_] vee
Ao : Decoder | & 256 X256 a3 _2__7| Vi
e g ] "

o A3 26) CS,

T

I I

]

vore A Column 1/0 As E E As

:)"."“:‘ Column Decoder A E E A,

Control — %‘ : A‘E E A,,
3, S ! ] 22) oF
: |

A3
AIE EAIO

Iy =

V0s 0~

Al Ai Az Aw

— Timing Pulse Gen
o ﬁ A [19) 19]1/0,
Read Write Control
o | e Contro l/O, E E I/O.,
o | 10, [12 [17] 1o,
® ABSOLUTE MAXIMUM RATINGS 1/0,13 16] 1/0,
Item Symbol Rating Unit
GND{14 1/0.
Terminal Voltage * % -0.5**t0+7.0 \ ! E fo.
Power Dissipation PT 1.0 w (Top View)
Operating Temperature Topr 0to +70 °C
Storage Temperature Tstg -55t0 +125 °C
Storage Temperature (Under Bias) | Toias -10to +85 °C

* With respect to GND ** Pulse width 50ns* —3.0V
8 TRUTH TABLE

WE |CS, |Cs, | OE Mode 1/0 Pin Vcc Current Note

X | H | X X__| Not Selected High Z ISB, ISB1

X X L X | (Power Down) High Z IsB, ISB2

H L H H | Output Disabled High Z Icc, Icci

H L H L | Read Dout Icc, Icc1

L L H H Write Din Icc, Icca Write Cycle (1)

L L H L Din Icc, Icc Write Cycle (2)
X:HorL
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HM6264LP Series
8 RECOMMENDED DC OPERATING CONDITIONS (7 = 0 to +70°C)

Item Symbol min typ max Unit
. Vce 4.5 5.0 55 \Y
ly Volt.
Supply Voltage GND 0 0 0 v
ViH 2.2 - 6.0 \4
\Y
Input Voltage ViL 03* — 08 v

* Pulse Width 50ns: -3.0V
® DC AND OPERATING CHARACTERISTICS (V¢ = 5V£10%,GND=QV, T, =0 to +70°C)

Item Symbol Test Condition min |typ* |max | Unit
Input Leakage Current \Ln Vin=GND to Vcc - - 2 | A
CS1=V1s or CS2=Vyy or OE=Viy or WE=Vi., _
Output Leakage Current Lol V1/0=GND to Ve - 2 | uA
Operating Power Supply Current| /Icc CSi= Vi, CS2=VIH, I1/0=0mA - 40 80 | mA
Average Operating Current Icci Min. cycle, duty=100%, /10 =0mA - 60 [110 | mA
IsB CS1=Vy or CS2=VyL - 1 3 | mA
Standby Power Supply Current | Isgisx | CS12Vcc-0.2V, CS22Vec -0.2Vor CS220.2V| - 2 (100 | WA
Isp2sx | CS250.2V - 2 100 | A
VoL IoL=2.1mA - - 0.4 v
Output Voltage
VoH IoH=-1.0mA 24 - - v
* Typical limits are at ¥cc=5.0V, T=25°C and specified loading.
** V1L min=-0.3V
® CAPACITANCE (f= IMHz, T, =25°C)
Item Symbol |Test Condition | typ | max |Umt
Input Capacitance Cin Vin =0V - 6 | pF
Input/Output Capacitance Cro Vijo = OV - 8 pF
Note) This parameter is sampled and not 100% tested.
® AC CHARACTERISTICS (Vo = 5V10%, 7Ta = 0 to +70°C)
® AC TEST CONDITIONS
Input Pulse Levels 0.8 to 2.4V
Input Rise and Fall Times. 10ns
Input and Qutput Timing Reference Level: 1.5V
Output Load. 1TTL Gate and C; = 100pF (including scope and jig)
e READCYCLE
HM6264LP-10 HM6264LP-12 HM6264LP-15
Item Symbol - Unmit
min max min max min max
Read Cycle Time tRC 100 - 120 - 150 - ns
Address Access Time tAA = 100 - 120 ~ 150 ns
Csi tco1 - 100 - 120 - 150 ns
Chip Selection to Output
CS2 tcoz - 100 ~- 120 - 150 ns
Qutput Enable to Output Valid tOE - 50 - 60 - 70 ns
Chip Selection to Csl tLz1 10 - 10 - 15 - ns
Outputin Low Z CS2 1Lz2 10 - 10 - 15 - ns
Output Enable to Output in Low Z toLz 5 - N - 5 - ns
Chip Deselection to Csi tHZ1 0 35 0 40 0 50 ns
Output in High Z CS2 tHZ2 0 35 0 40 0 50 ns
Output Disable to Output in High Z tOHZ 0 35 0 40 0 50 ns
Qutput Hold from Address Change tOH 10 - 10 - 15 - ns

NOTES: 1 tyyz and toyz are defined as the time at which the outputs achieve the open circuit condition and are not referred
to output voltage levels.
2 At any given temperature and voltage condition, {4z max 1s less than t; z min both for a given device and from
device to device.
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HM6264LP Series

® READ CYCLE

X - X

N — Y
T PANARMININN
2 \ARARNRNANARANANNANANNN s LI,
Dout ( Data Valid -

NOTE : 1) WE is high for Read Cycle

® WRITE CYCLE

HM6264LP-10 HM6264LP-12 HM6264LP-15

Item Symbol - - Unit
min max min max min max

Write Cycle Time twe 100 - 120 - 150 - ns
Chip Selection to End of Write tew 80 - 85 - 100 - ns
Address Setup Time tAs 0 - 0 - 0 - ns
Address Valid to End of Write tAw 80 - 85 - 100 - ns
Write Pulse Width twp 60 - 70 - 90 - ns
Write Recovery Time CS1, WE [WR! 5 _ 5 _ 10 - i

Cs2 IWR2 15 - 15 - 15 - ns
Write to Output in High Z IWHZ 0 35 0 40 0 50 ns
Data to Write Time Overlap tpw 40 - 50 - 60 - ns
Data Hold from Write Time tDH 0 - 0 ~ 0 - ns
OE to Output in High Z tOHZ 0 35 0 40 0 50 ns
Output Active from End of Write tow N - N - 10 - ns
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HM6264LP Series

© WRITE CYCLE (1) (OE clock)

twe

Address

X

X

(4)

w L

tew

N

twRl

N\

~ SR T
w T TTTTHTT  IRVVARRS
i N
S T

<X (XXX

© WRITE CYCLE (2) (OE Low Fix)

NOTES.

1

2)
4)

5)
6)
7)

8)
9

¥
T
AN\

Lan

T
T N 77

tow (2)

twr2(4)

LA NN

twri(4)

W wrll)
PR\ " O
WHZ tow
- " 7 (8)
SSSS SN NNNNNNNN
7 777777777777 i o

A write occurs during the overlap of a low CS1, a high CS2 and a low WE. A write begins at the latest
transition among CS1 going low, CS2 going high and WE going low. A write ends at the earliest transtion
among CS1 going high, CS2 gomng low and WE going high. typ is measured from the beginning of write
to the end of write. .

tcw 1s measured from the later of CS1 going low or CS2 going high to the end of write.

t4s 1s measured from the address valid to the beginning of write.

twR 1s measured from the end of write to the address change.

twR1 applies in case a write ends at CS1 or WE going high.

twR 2 applies in case a write ends at CS2 going low.

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

If CS1 goes low simultaneously with WE going low or after WE going low, the outputs remain in high
impedance state

Dout is the same phase of the latest written data in this write cycle.

Dout 1s the read data of next address.

If CS1 1s low and CS2 is high during this period, I/O pins are in the output state. Therefore, the input
signals of opposite phase to the outputs must not be applied to them.
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HM6264LP Series

® LOW Vcc DATA RETENTION CHARACTERISTICS (T, =0 to +70 °C)

Item Symbol Test Condition min |typ | max | Unit

Ve for Data Retention !;z : ; E:_;i VoC;\: 0.2V,CS22V cc - 0.2V or CS250.2V ;3 - |- :1,
Data Retention Current focors ggfg igz,—ts_&% :rCé:S; g%?;’v - o el
Icepr2 | Vee=3.0V,C82 £ 0.2V - 1 |50*% | A

gz‘i‘peDeselect to Data Retention tcor See Retention Waveform 0 - B ns

Operation Recovery Time tR trc** - | - ns

* V1 min = -0.3V, 20uA max at T,=0~40°C
** tpc = Read Cycle Time

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

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

Data Retention Mode

04V- - — - — =N Y
CS2 € 0.2V

NOTE: In Data Retention Mode, CS2 controls the Address, WE, CS1, 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 > Vec—0.2V or CS2 < 0.2V. The other input
levels (address, WE, OE, 1/O) can be in the high impedance state.
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HM6264LP Series

Supply Current Icc, Icc) (Normalized)

Supply Current Icc; (Normalized)

Access Time t4 4, tco (Normalized)

SUPPLY CURRENT vs.
SUPPLY VOLTAGE

Ta=25C

0.8 /

06

475 50 525 55

Supply Voltage Voo (V)

SUPPLY CURRENT vs.
FREQUENCY

T v
200ns 150ns  [120ns  100ns

09

0.8

07

06

05

2 4 8 10
Frequency (MHz)

ACCESS TIME vs.
SUPPLY VOLTAGE

Ta=25C

10

09

08

07

45

47 50 525 55

Supply Voltage Vo (V)

Supply Current Icc, Icc) (Normalized)

Access Time t4 4, tco (Normalized)

Access Time t4 4, tco (Normalized)
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SUPPLY CURRENT vs.
AMBIENT TEMPERATURE

Vee=50V

0.8

0.6

0.4

0 20 M 60 80
Ambient Temperature T, (°C)

ACCESS TIME vs.
LOAD CAPACITANCE

]

Ta=25C
Vee=MIN

0.8

100 200 300 400 500

Load Capacitance Cy, (pF)

ACCESS TIME vs.
AMBIENT TEMPERATURE

Vee=50V.

L~

/

09

08

07

0 20 40 60 80

Ambient Temperature Tg CC)



Input Low Voltage Vi1 ey (Normalized)

Output High Current Iogy (Normalized)

Standby Current IccpRr., Ispy, Isp2 (Normalized)

INPUT LOW VOLTAGE vs.
SUPPLY VOLTAGE

Ta=257C

09

08

07

45 4TS 5.0 525 5.5

Supply Voltage Voc (V)

OUTPUT CURRENT vs.
OUTPUT VOLTAGE

Ta=25C
Vee=5V

LN\
S\

0 \\
\

3 4 5

Output High Voltage Voy (V)

04

STANDBY CURRENT vs.
AMBIENT TEMPERATURE

7

v

e

OS/

Ambient Temperature Tg (°C)
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20 40 60 80

Output High Current Iy (Normalized) Input High Voltage Vit min (Normalized)

Standby Current IccpRr. Isp1, Isp2 (Normalized)

HM6264LP Series

INPUT HIGH VOLTAGE
vs. SUPPLY VOLTAGE

Ta=25C

45 47 50 525 55

Supply Voltage Voo (V)

OUTPUT CURRENT vs.
OUTPUT VOLTAGE

/

14 /
12

Ta=25C
Vee =SV
08

L/

/

[ 02 04 06 08

04

Output Low Voltage Vgr, (V)

STANDBY CURRENT vs.
SUPPLY VOLTAGE

Ta=25C /
12

ni /
M,/
/

2 3
Supply Voltage Voc (V)

4 5 6
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HMG6264LFP Series

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

High Density Small-sized Packaged
Projection Area Reduced to One-Thirds of Conventional DIP
Thickness Reduced to a Half of Conventional DIP
High Speed: Fast Access Time 100/120/150ns (max)
Single 5V Supply
Low Power Standby and Low Power Operation
Standby: 10uW (typ.), Operation: 200mW (typ.)
Capability of Battery Back-up Operation
Completely Static RAM: No clock nor Timing Strobe Required
Directly TTL Compatible: All Input and Output
Equal Access and Cycle Time

(FP-28D)

® BLOCK DIAGRAM ® PIN ARRANGEMENT

Ao— |
A o— —0 Ve \J
et Q0 ; Ne 1] 28] vee
™ o—— ! Row M Memory Matrix —o0 GND
ol Decoder | o 256425 AL Eﬂ
A o—od ! e
T A [3] 26) s,
to N l I A (4] 23] A,
— KR Column 10 A,E E N
! i;“"‘" Column Decoder
: S (‘:n‘:ml A'E E A,
TN 1
Los Ir - ; \ A’ E > b_E
3 o A,E 31A,,

L. A
[l anm— Timing Pulse Gen A, @

19]1/0,
Head Write Control 1/0, E E 1/0,

] /0,17 17 o,

wi o——|

0 o

1/0,[13 % 1o,
® ABSOLUTE MAXIMUM RATINGS
Item Symbol Rating Unit GNDE 15] 1/0,

Terminal Voltage * VT -0.5 ** t0 +7.0 \" ,

Power Dissipation PT 1.0 w (Top View)

Operating Temperature Topr 0to+70 °C

Storage Temperature Tstg -55t0 +125 °C

Storage Temperature (Under Bias) Thias -10to +85 °C

* With respect to GND.  ** Pulse width SOns: —3.0V

® TRUTH TABLE

WE |CS, |cs, | OE Mode 1/0 Pin Vcc Current Note
X H X X | Not Selected High Z ISB, ISB1
x | x L | x |(Power Down) High Z ISB, ISB2
H L H H | Output Disabled High Z Icc, Icca
H L H L | Read Dout Icc, Icci
L L H H Write Din Icc, Iccl Write Cycle (1)
L L H L Din Icc, Icc1 Write Cycle (2)
X:HorL
@ HITACHI
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HM6264LFP 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 GND 0 0 o v
I Vol Vin 2.2 - 6.0 \%
nput Voltage vie | —03* | - 08 v

* Pulse Width SOns: —3.0V
®» DC AND OPERATING CHARACTERISTICS (Vcc = 5V£10%, GND =0V, T, =0 to +70°C)

item Symbol Test Condition min |typ* | max | Unit

Input Leakage Current ULn Vin=GND to Vcc - - 2 | wA
Output Leakage Current Lol (‘Z/f/l;:’g{q (l;r 583;2’", or OE=Vjy or WE=Vy, | _ 2 | uA
Operating Power Supply Current| Icc CS1=V1L, CS2=V1H, I1/0=0mA - 40 80 | mA
Average Operating Current Icci Min. cycle, duty=100%, I1/0=0mA - 60 (110 | mA
IsB CS1=VyH or CS2=V1L - 1 3 (mA
Standby Power Supply Current | Ispi*+ | CS12Vcc—0.2V, CS22V e —0.2Vor CS250.2V| — 2 [100 | pA
Isp2s» | CS250.2V - 2 | 100 | mA

VoL IoL=2.1mA - - 04 \"

Output Voltage Vou IoH=-1.0mA 24 - - v

* Typical limits are at ¥cc=5.0V, T4=25°C and specified loading.
** V11 min=-0.3V

® CAPACITANCE (f= IMHz, T, = 25°C)

Item Symbol |Test Condition | typ | max |Umt
Input Capacitance Cin Vin = 0V - 6 pF
Input/Output Capacitance Cro Vijo = OV - 8 pF

Note) This parameter is sampled and not 100% tested.
8 AC CHARACTERISTICS (Voo = 5V+10%, Ta =0 to +70°C)
® AC TEST CONDITIONS
Input Pulse Levels: 0.8 to 2.4V
Input Rise and Fall Times. 10ns
Input and Output Timing Reference Level- 1.5V

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

HM6264LFP-10 | HM6264LFP-12 | HM6264LFP-15 .
Item Symbol - - - Unit
min max min max min max

Read Cycle Time tRC 100 - 120 - 150 - ns

Address Access Time t44 - 100 - 120 - 150 ns
—— . — — -

Chip Selection to Output ¢Sl col 100 120 150 s

CS2 tco2 - 100 - 120 - 150 ns

Output Enable to Output Valid tOE - 50 - 60 - 70 ns

Chip Selection to Output CS1 | tzs 10 - 10 - 15 - ns

inLow Z CS2 | trz2 10 - 10 — 15 - ns

Output Enable to Output in Low Z toLZ 5 - 5 - S - ns

Chip Deselection to Cs1 'HZ1 0 35 0 40 0 50 ns

Output in High Z CS2 tHZ2 0 35 0 40 0 50 ns

Output Disable to OQutput in High Z tOHZ 0 35 0 40 0 50 ns

Output Hold from Address Change tOH 10 - 10 - 15 — ns

NOTES: 1 tyz and to 7 are defined as the time at which the outputs achieve the open circuit condition and are not referred
to output voltage levels.
2 At any given temperature and voltage condition, fHz max is less than t; ; min both for a given device and from
device to device.
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HM6264LFP Series

e READ CYCLE

Address

Dout

X - X
o TRV,
S S RN
VAR ARRAR NN T,

NOTE: 1) WE is high for Read Cycle

® WRITE CYCLE

HM6264LFP-10 | HM6264LFP-12 | HM6264LFP-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 AW 80 - 85 — 100 — ns
Write Pulse Width twp 60 - 70 - 90 - ns
X i CS1, tWR1 5 - 5 - 10 - ns
Write Recovery Time 2 WR2 15 - s - 15 - s
Write to Output in High Z tWHZ 0 35 0 40 0 50 ns
Data to Write Time Overlap tpw 40 - 50 - 60 - ns
Data Hold from Write Time tDH 0 - 0 - 0 - ns
OE to Output in High Z tOHZ 35 0 40 0 50 ns
Output Active from End of Write tow 5 - S - 10 - ns
@ HITACHI
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HMG6264LFP Series

© WRITE CYCLE (1) (OE clock)

- twce -
Address ’(
. l4l !
OF L /10 7K . fwm\
— tow - —V
(‘:—Si N \ ‘ g /
' _[_]_ tow (lw}u
CS2. ./, , ’)” N\
AW — ~—-x
WE -tas(3)4 ~twp-—YRI
a1 27
tonz[5]
I
Dout 35555555 >—tpw

——-IDH

Din S 5N

© WRITE CYCLE (2) (OE Low Fix)

twe f
Address:x
faw |'WR1(4]
TANAN NN () 7 77
- tew(2] ——{!WR2 (4]
cs2 777 777F EAANARRRRRNY
| twR1 (4}

WE— t 1_.’,:3[——
~tas(3] T3 welll toH
J-'wnz ~fow[7]| (8]

TTTTTTTTTTTTTT
Dout =2

{DwW-!DH |[9]
Din

NOTES: 1) A write occurs during the overlap of a low CS1, a high CS2 and a low
WE. A write begins at the latest transition among CS1 going low, CS2
going high and WE going low. A write ends at the earliest transtion
among CS1 going high, CS2 going low and WE going high. typ is
measured from the beginninng of write to the end of write.

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

3) t4 5 is measured from the address valid to the beginning of write.

4) twR is measured from the end of write to the address change.

twR1 applies in case a write ends at CS1 or WE going high.
twRr2 applies in case a write ends at CS2 going low.

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

6) If CS1 goes low simultaneously with WE going low or after WE going
low, the outputs in in high imped. 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 CS2 is high during this period, 1/O pins are in the
output state. Therefore, the input signals of opposite phase to the
outputs must not be applied to them.
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HM6264LFP Series

® LOW Vcc DATA RETENTION CHARACTERISTICS (7, = 0 to +70 °C)

Item Symbol Test Condition min |typ [ max | Unit
. Vbr1 CS12 Voo -0.2V,C822Vcc-0.2Vor CS250.2V | 2.0 | — | - v
V ta Retent: = =
cc for Data Retention Voma CS3<02V o T = v
Iccpry | Yee=3.0V,C81 2 Ve - 0.2V, - |1 |s0* | uA
- <
Data Retention Current €522 Vec ~0.2Vor €S2 502V
lccpng VCC = 3.0V, CS2 'é 0.2V - 1 50* KA
Chip Deselect to Data Retention _
Time fcor See Retention Waveform 0 ns
Operation Recovery Time tp trc*t - | - ns

* V) min = -0.3V, 20uA max at T,=0~40°C.

** trc = Read Cycle Time

® LOW Vcc DATA RETENTION WAVEFORM (1) (CS7 Controlled)

Data Retention Mode

© LOW Vcc DATA RETENTION WAVEFORM (2) (CS2 Controlled)

Data Retention Mode

CS2 £ 0.2V

NOTE: In Data Retention Mode, CS2 controls the Address, WE, CS1, OE 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 > Vcc—0.2V or CS2 < 0.2V. The other input
levels (address, WE, OE, I/O)can be in the high impedance state.
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HMG6264L P-L Series

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

s FEATURES

® Fast access Time 100ns/120ns/150ns (max.)

® Low Power Standby Standby: 0.01mW (typ.)
Low Power Operation Operating: 200mW (typ.)

® (Capability of Battery Back-up Operation

® Single +5V Supply

® Completely Static Memory. . . .. No clock or Timing Strobe Required

® Equal Access and Cycle Time

® Common Data Input and Output, Three State Output

® Directly TTL Compatible: All Input and Output

® Standard 28pin Package Configuration (DP-28)

® Pin Out Compatible with 64K EPROM HN482764

® BLOCK DIAGRAM

A8 21| A
~ A | 9 20' C. o
(oY - SE——— ' SI
Timing Pulse Gen

Ar O] ® PIN ARRANGEMENT
:: o—— |'_r || —0 Vee \UJ
Ao—ro . Memory Matrix ——0 GND NC]|1 28| vce
A o] Row y
A o—0 ] : Decoder | o 256 X256 N EWE
Atz @] | 2
Ano—— 1 [
A, 3] 26) s,
| — I T
vor E D Ea Column 1/0 A E Zgl A,
: S :)""’l‘:‘ Column Decoder AsE 24] A,
[} Control — %, | A,E E A,
N b .
V0s Mol AL Az A R S : | A’E EOE
\ |
|
)

so— _ _ A.[ig 19]1/0,
Read Write Control
uT].f ea te Contro l/O, E E ”01
o J 10, [12) 17] 1/0,
® ABSOLUTE MAXIMUM RATINGS l/o,[]'_s' 16] 1/0,
Item Symbol Rating Unit
GND{14 5(1/0,
Terminal Voltage * VT —0.5**t0+7.0 v L D 10,
Power Dissipation PT 1.0 w (Top View)
Operating Temperature Topr 0to +70 °C
Storage Temperature Tstg -55to0 +125 °C
Storage Temperature (Under Bias) Toias ~10to +85 °C

* With respect to GND ** Pulse width SOns: -3.0V
8 TRUTH TABLE

WE [TS, |cs, | OE Mode 1/0 Pin Vcc Current Note

X H X X | Not Selected High Z IsSB, ISB1

X X L | x |(Power Down) High Z ISB, ISB2

H L H H | Output Disabled High Z Icc, Icc1

H L H L | Read Dout Icc, Icc1

L L H H Write Din Icc, Icca Write Cycle (1)

L L H L Din Icc, Icca Wnte Cycle (2)
X:HorL
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HM6264LP-L Series

s RECOMMENDED DC OPERATING CONDITIONS (7% = 0 to +70°C)

Item Symbol min typ max Unit
Vee 4.5 5.0 5.5 v
Supply V -
upply Voltage GND 0 0 0 v
VIH 2.2 - 6.0 \Y%
Input Vol
nput Voltage ViL -0.3* - 0.8 \"

* Pulse Width 50ns: 3.0V
® DC AND OPERATING CHARACTERISTICS (V¢ = 5V£10%, GND = 0V, T, = 0 to +70°C)

Item Symbol Test Condition min |typ* |{max | Unit
Input Leakage Current HULn Vin=GND to Vcc - - 2 | WA
Output Leakage Current Lol Icff,l;:/g;q oDrf)Sﬁ:;’lL or OE=Viyg or WE=V,., _ B 2 | ua
Operating Power Supply Current| Icc CS1=ViL, CS2=ViH, 11/0=0mA - |40 | 80 | mA
Average Operating Current Icci Min. cycle, duty=100%, I1/0=0mA - 60 | 110 | mA
IsB CS1=ViH or CS2=V1L - 1 3 | mA
Standby Power Supply Current | Ispjsx | CS12Vcc—0.2V, CS22V e —0.2Vor CS2£0.2V| - 2 50 | uwA
Isp2«x | CS250.2V - 2 50 | uA
Output Voltage VoL IoL=2.1mA - - 0.4 \"
Vou Ion=-1.0mA 24 | - - \'

* Typical limits are at ¥cc=5.0V, Tg=25°C and specified loading.
** V1 min=-0.3V

@ CAPACITANCE (f= IMHz, T, = 25°C)

Item Symbol | Test Condition | typ | max |Umt
Input Capacitance Cin Vin = 0V - 6 pF
Input/Output Capacitance C1/0 Vijo = OV - 8 pF

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

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

Input Pulse Levels 0.8 to 2.4V

Input Rise and Fall Times' 10ns

Input and Output Timing Reference Level 15V

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

HM6264LP-10L | HM6264LP-12L | HM6264LP-15L
Item Symbol Umit
min max min max min max
Read Cycle Time IRC 100 - 120 - 150 - ns
Address Access Time tAA - 100 - 120 - 150 ns
Cs1 tcol - 100 - 120 - 150 ns
Chip Selection to Output
CSs2 tco2 - 100 - 120 - 150 ns
Output Enable to Output Vahd tOE - 50 - 60 - 70 ns
Chip Selection to csi 1LZ1 10 - 10 - 15 - ns
Outputin Low Z CS2 tLz2 10 - 10 - 15 - ns
Output Enable to Output in Low Z toLz N - S - S - ns
Chip Deselection to Csi IHZ1 0 35 0 40 0 S0 ns
Output in High Z CS2 tHZ2 0 35 0 40 0 50 ns
Output Disable to Output in High Z tOHZ 0 3s 0 40 0 50 ns
Output Hold from Address Change tOH 10 - 10 - 15 - ns

NOTES. 1tz and to 7 are defined as the time at which the outputs achieve the open circuit condition and are not referred
to output voltage levels.

2 At any given temperature and voltage condition, 1z max 1s less than t; 7 min both for a given device and from
device to device.
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HM6264LP-L Series

i ¢ )

& VWA .Y,
T PV \
CCN\NNANANNNNNRNN NN i T,

Dout L Data Valid .

NOTE : 1) WE is high for Read Cycle

® WRITE CYCLE

HM6264LP-10L HM6264LP-12L | HM6264LP-15L

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 tas 0 - 0 - 0 - ns
Address Valid to End of Write taAw 80 - 8s - 100 - ns
Write Pulse Width twp 60 - 70 = 90 - ns
Write Recovery Time CS1, WE [WR1 5 - 5 - 10 - ns

Cs2 tWR2 15 - 15 - 15 - ns
Write to Output in High Z tWHZ 0 35 0 40 0 50 ns
Data to Write Time Overlap tpw 40 - 50 - 60 - ns
Data Hold from Write Time tDH 0 - 0 - 0 - ns
OE to Output in High Z toHZ 0 3s 0 40 0 50 ns
Output Active from End of Write row N - S = 10 - ns
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HM6264LP-L Series

© WRITE CYCLE (1) (OE clock)

s X X
® L 3 \

- N 777 Z
S Y, SRS NN
" Y
IR

\ XXX

© WRITE CYCLE (2) (OE Low Fix)

NOTES. 1)

2)
4)

S)
6)
7)

8)
9

am X X

1 an
twri(4)
ew(2)
R I
1 (2) aa4)
w77V TH PANMTNARNNN
twri(4)
b RIR\NN § e
J Y twnz ot
I (8)
NSNS NSNSV NNNNNNANN
[ 7717777 [ L s (o0

A write occurs during the overlap of a low CS1, a high CS2 and a low WE. A write begins at the latest
transition among CS1 going low, CS2 going high and WE going low. A write ends at the earliest transtion
among CS1 going high, CS2 going low and WE going high. tp 1s measured from the beginning of write
to the end of write. _

tCw 1s measured from the later of CS1 going low or CS2 going high to the end of write.

t4S 1s measured from the address vahd to the beginning of write.

twWR is measured from the end of write to the address change.

twR1 applies in case a write ends at CS1 or WE going high.

twR 2 applies in case a write ends at CS2 going low.

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

If CS1 goes low simultaneously with WE going low or after WE going low, the outputs remain in high
impedance state.

Dout is the same phase of the latest written data in this write cycle.

Dout is the read data of next address.

If CS1 is low and CS2 is high during this period, 1/O pins are in the output state. Therefore, the input
signals of opposite phase to the outputs must not be applied to them.
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HM6264LP-L Series

® LOW Vo DATA RETENTION CHARACTERISTICS (T, =0 to +70 °C)

Item Symbol Test Condition min_|typ | max | Unit
) VbR1 CSI2 Ve -0.2V,C822V e —0.2Vor CS250.2V | 2.0 | - | - v
Vo for Data Retention Vors CS2<02V Y v
’CCDRI VCC=3.0V.mg VCC -0.2V, - 1 25% MA
. CS22 Vee —0.2VorCS2 £0.2V
Data Retention Current = =
Iccpnz Vcc= 3.0v,Cs2 é 0.2V - 1 25*% | uA
Chip Deselect to Data Retention o
Timl:: fcpr See Retention Waveform 0 ns
Operation Recovery Time tR tre*t - | - ns

* ¥y min = -0.3V, 10uA max at T, =0~ 40°C
** trc = Read Cycle Time

® LOW Vcc DATA RETENTION WAVEFORM (1) (CS1 Controlied)
Data Retention Mode

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

Data Retention Mode

NOTE: In Data Retention Mode, CS2 controls the Address, WE, CS1, OF and Din
buffer. If CS2 controls data retention mode, Vin for these inputs can be 1n
the high impedance state. If CS1 controls the data retention mode, CS2
must satisfy either CS2 > Vec—0.2V or CS2 < 0.2V. The other input
levels (address, WE, OE, I/O) can be in the high impedance state.
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HMM6264LFP-L Series

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

FEATURES
High Density Small-sized Packaged
Projection Area Reduced to One-Thirds of Conventional DIP
Thickness Reduced to a Half of Conventional DIP
High Speed: Fast Access Time 120/150ns (max)
Single 5V Supply
Low Power Standby and Low Power Operation
Standby: 10uW (typ.), Operation: 200mW (typ.)
Capability of Battery Back-up Operation
Completely Static RAM: No clock nor Timing Strobe Required
Directly TTL Compatible: All Input and Output
Equal Access and Cycle Time

® BLOCK DIAGRAM

(FP-28D)

8 PIN ARRANGEMENT

Py -s— U
ao— | - ol Nc 1] E vee
:’ o— | Row . Memory Matrix ——0 GND .
A: [ Su— : Decoder }_:_ 26x2% Aal2 :23 WE
Az il
we— | g A, 3] 26) CS,
R — NG 5 A,
' T olumn 1,
'_ij KR Column 1,0 AsE E A,
: '[;"Pl‘;‘ Column Decoder
1 g Control AaE E A,
] TN [
Lo 2y ol 4 n e B S: ! A1 22] OE
: B A [8] 24,0
i A E Ea-
M e | A )10,
Read Write Control 1/0, E E 1/0,
Wt O——————rf
_ ] 1/0, 17 17 10,
OF o
10,13 1] 1/0,
® ABSOLUTE MAXIMUM RATINGS
Item Symbol Rating Unit GNDl14 E 1o,
Terminal Voltage * vt —0.5 ** to +7.0 v )
Power Dissipation Pr 1.0 w (Top View)
Operating Temperature Topr 0to +70 °C
Storage Temperature Tstg -551t0+125 °C
Storage Temperature (Under Bias) Toias -10to +85 °C
* With respect to GND.  ** Pulse width 50ns: —3.0V
= TRUTH TABLE
WE |CS, |cs, | OE Mode 1/0 Pin Vcc Current Note
_X | H | X | X |NotSelected High Z IsB, ISB1
X X L X | (Power Down) High Z ISB, ISB2
H L H H | Output Disabled High Z Icc, Icca
H L H L | Read Dout Icc, Icc1
L L H H Write Din Icc, Iccl Write Cycle (1)
L L H L Din Icc, Icci Write Cycle (2)
X:HorL
@ HITACHI

Hitachi America Ltd. 2210 O'Toole Avenue * San Jose, CA 95131 (408) 435-8300




HM6264LFP-L Series

® RECOMMENDED DC OPERATING CONDITIONS (7; = 0 to +70°C)

Item Symbol min typ max Unit
Vce 4.5 5.0 5.5 \
Supply Vot
pply Voltage GND 0 0 0 v
Viu 2.2 - 6.0 \%
1 Vi
nput Voltage ViL 03 — 08 v

* Pulse Width SOns: -3.0V
® DC AND OPERATING CHARACTERISTICS (V¢cc = 5V£10%,GND=0V, T, =0 to +70°C)

item Symbol Test Condition min |typ* [ max | Unit
Input Leakage Current L Vin=GND to Vcc - - 2 | kA
Output Leakage Current Lol (l:/f/l;rg;l Br SSIEZCIJ’IL or OE=Vjy or WE=Vp, | _ 2 | ua
Operating Power Supply Current | Icc CS1=ViL, CS2=VH, I1/0=0mA — |40 | 80 | mA
Average Operating Current Icci Min. cycle, duty=100%, I;70=0mA - | 60 [110 | mA
Isp CS1=Vyy or CS2=VL - 1 3 |mA
Standby Power Supply Current | Ispjs+ | CS12Vcc—0.2V, CS22Vec —-0.2Vor CS250.2V | — 2 50 | wA
Isp2+* | CS250.2V - 2 50 | uA
Output Voltage VoL IoL=2.1mA - - 0.4 \"
VoH IoH=-1.0mA 24 | - _ v

* Typical limits are at ¥cc=5.0V, Ta=25°C and specified loading.
** V1L min=-0.3V

® CAPACITANCE (f= IMHz, T, = 25°C)

Item Symbol | Test Condition | typ | max | Unit
Input Capacitance Cin Vin = 0V - 6 pF
Input/Output Capacitance Cr/0 Viyo = OV - 8 pF

Note) This parameter is sampled and not 100% tested.
8 AC CHARACTERISTICS (Vo = 5V+10%, 7a = 0 to +70°C)
® AC TEST CONDITIONS
Input Pulse Levels: 0.8 to 2.4V
Input Rise and Fall Times: 10ns
Input and Output Timing Reference Level: 1.5V

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

HM6264LFP-10L | HM6264LFP-12L | HM6264LFP-15L
Item Symbol - - - Unit
min max min max min max

Read Cycle Time tRC 100 - 120 - 150 - ns
Address Access Time tAA - 100 - 120 - 150 ns

. . CS1 | tcol - 100 - 120 - 150 ns
Chip Selection to Output cs2 | tcoz — 100 - 120 — 150 s
Output Enable to Output Valid [{0):4 - 50 — 60 - 70 ns
Chip Selection to Output Cs1 'Lz1 10 — 10 _ 15 - ns
in Low Z CS2 | tLz2 10 - 10 — 15 - ns
Output Enable to Output in Low Z toLz 5 - N - N - ns
Chip Deselection to Output CS1 | tyz1 0 35 0 40 0 50 ns
in High Z cs2 | tyzo 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 - 15 - ns

NOTES: 1 tyz and 1oz are defined as the time at which the outputs achieve the open circuit condition and are not referred
to output voltage levels.
2 At any given temperature and voltage condition, tHz max is less than t; ; min both for a given device and from
device to device.
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Hitachi America Ltd. * 2210 O'Toole Avenue ® San Jose, CA 95131 e (408) 435-8300 183




HM6264LFP-L Series

© READ CYCLE

Y ° D¢

ANANANANRNNNN e Y,
T AU
ZNANANNRNANARNNNARNNANNN i 7T

NOTE : 1) WE is high for Read Cycle

® WRITE CYCLE

HM6264LFP-10L | HM6264LFP-12L | HM6264LFP-15L
Item Symbol - r A 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 4w 80 - 85 — 100 - ns
Write Pulse Width twp 60 - 70 - 90 - ns
i N CSI,WE| twr; 5 - 5 - 10 - ns
Write Recovery Time Cs? | twrz 15 - 15 — s — o
Write to Output in High Z tWHZ 0 35 0 40 0 50 ns
Data to Write Time Overlap tpw 40 - 50 - 60 - ns
Data Hold from Write Time tDH 0 -~ 0 - 0 = ns
OE to Output in High Z tOHZ 0 35 0 40 0 50 ns
Qutput Active from End of Write tow 5 - 5 - 10 - ns
G HITACHI
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HM6264LFP-L Series

© WRITE CYCLE (1) (OE clock)

P twe ——
Address X X
. (41
OE /. ") - tow. wRINLL D
Cﬁ N X\ ﬁ,// 77777
‘ LL6T roy —WRZ
Csz;.u_‘.s.';..._ 1 ¢ ‘;\_\_\\_\J’\ S
F==F=taw--- - —i
VE ~fas(3]4 ~twp—WERI
TN M 27
t 5
oHz|5]
Dout >>>——tpw YR
Din A

© WRITE CYCLE (2) (OE Low Fix)

o -— - MW -
Address J( ) &

b ——faw —— TTTTIwWRI(4)
GTANNNANN W Ak R 700, /2R

- tew(2] - —~{'WR2 (4]
cs2 4 ) R

_ ‘;@11 (4]
WE — — 1

~tas(3]4 fwelll ~tOH
—'HS])]"WHZ ~fow (7] (8]

Dout ——>—> > —~

o !'pw-!DHA |[9]
Din 12K

NOTES: 1) A write occurs during the overlap of a low CS1, a high CS2 and a low
WE. A write begins at the latest transition among CS1 going low, CS2
going high and WE going low. A write ends at the earliest transtion
among CS1 going high, CS2 going low and WE going high. typ is
measured from the beginninng of write to the end of write.

2) tcw is measured from the later of CS1 going low or CS2 going high to
the end of write.

3) t4 s is measured from the address valid to the beginning of write.

4) twr is measured from the end of write to the address change.
twRr1 applies in case a write ends at CS1 or WE going high.
twR2 applies in case a write ends at CS2 going low.

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

6) If CS1 goes low simultaneously with WE going low or after WE going
low, the outputs in in high imped 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 CS2 is high during this period, 1/O pins are in the
output state. Therefore, the input signals of opposite phase to the
outputs must not be applied to them.

@ HITACHI
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HMG6264LFP-L Series

® LOW Vcc DATA RETENTION CHARACTERISTICS (T, =0to +70 °C)

Item Symbol Test Condition min [typ | max | Unit
. Vpr1 CS12 Ve - 0.2V,CS22¥ cc - 0.2V or CS250.2V 20 | - | - v
Vcc for Data Retent = =
cc for Data Retention Vorz | C52 <02V 0 |- < | Vv
ICCDR] Vee = 3.0V, CST 2 Vcc -0.2V, - 1 25*% | uA
Data Retention Current €522 Ve — 0.2V or €82 £ 0.2V
ICCDR2 VCC = 3.0V, CS2 § 0.2V - 1 25% MA
Chip Deselect to Data Retention
Time fcpR See Retention Waveform 0 |- |- |ms
Operation Recovery Time tR trc*Y - | - ns

* VL min= -0.3V, 10uA max at T, = 0 ~ 40°C.
** trc = Read Cycle Time

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

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

Data Retention Mode

CS2 € 0.2V

NOTE: In Data Retention Mode, CS2 controls the Address, WE, CS1, OE 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 > Vec—0.2V or CS2 < 0.2V. The other input
levels (address, WE, OE, 1/O)can be 1n the high impedance state.

O HITACHI
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HMG6264 ASP Series,
HMG6264 AFP Series

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

s FEATURES
® High Density 300 mil 28 pin Package
® Low Power Standby

Low Power Operation
® Fast access Time
® Single +5V Supply
® Completely Static Memory. . . ..
® . Equal Access and Cycle Time
® Common Data Input and Output, Three State Output
® Directly TTL Compatible: All Input and Output

® BLOCK DIAGRAM

Standby: 0.1mW (typ.)
Operating:  15mW/MHz (typ.)
120ns/150ns (max.)

No clock or Timing Strobe Required

An 1
2; o —o Vee
| —
AAIZ ! Row | Memorv Matrix —oGND
a | Decoder | 2| 256256
™ | —
A (>3
\ — T T
/0 Dy = /
™ [T]  Colum1/0
[ npu Column Decoder
| ata
i Control
" —~— 1
I
/0 I ‘rﬂ —r ALAz, A0, Ao, AT S : :
T : i

Timing Pulse Gen

Column Decoder

s ABSOLUTE MAXIMUM RATINGS

Item Symbol Rating Unit
Terminal Voltage * Vr —-0.5 **t0 +7.0 \Y%
Power Dissipation Pr 1.0 w
Operating Temperature Topr 0to+70 °C
Storage Temperature Tstg —55t0+125 °C
Storage Temperature (Under Bias) Tbias -10to +85 °C
* With respect to GND.  ** Pulse width SOns: 3 0V
® TRUTH TABLE
WE | CS, |CS, |OE Mode 1/0 Pin |Vc Current Note
X | H | X | X | NotSelected High Z Isplsp1
X | x| L | x | (Power Down) HighZ |Isplspi
H| L | H | H | Output Disabled High Z Icc
H|{ L|H]| L |Read Dout Icc
LI L[(HI[H Write Din Icc Write Cycle (1)
Ti
L|L|HJL Din Icc Write Cycle (2)
X:HorL
@ HITACHI
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HM6264 ASP Series

(DP-28N)

HM6264 AFP Series

(FP-28D)

= PIN ARRANGEMENT

ne [T ~ 28) vee
AL[2 [27) we
A (3] chs,
A, E T_ﬂ A,
A,E 22] E
A, [10] Ello.
1o, [ 18] 1/0,
110, [12) 7] 10,
10,13 [i9] 1/0,
GNDE '1_?[1/0,
(Top View)

187




HM6264ASP Series, HM6264AFP Series

®» RECOMMENDED DC OPERATING CONDITIONS (T, = 0 to +70°C)

Hem Symbol min typ max Unit
Vee 4.5 5.0 5.5 v
N Voltage
upply Voltage GND 0 0 0 v
Vin 2.2 - 6.0 v
Input Voltage 7N KL — 08 v

* Pulse Width SOns: -3.0V

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

Item Symbol Test Condition min |typ* |max | Unit
Input Leakage Current Upr | Vin=GND to Vcc - - 2 | uA
CS1=V1y or CS2=ViL or OE=Viy or WE=Vy ,
Output Leakage Current Iro | V1/0=GND to Ve L - - 2 | uA
Operating Power Supply Current| Iccpc | CS1=Vir, CS2=ViH, [1/0=0mA - 7 15 | mA
Icer Min. cycle, duty=100%, CS1=Vy;, CS2=Vy, N 30 45 | mA
I,0=0mA
Average Operating Current Cycle = 1us, duty = 100%, I1/0 = OmA,
Iccs | CS1£0.2V,CS22 Ve - 0.2V, - 3 5 | mA
ViH2 Vee - 0.2V, VL £0.2V
IsB CS1=Viy or CS2=VpL - 1 3 [ mA
Standby Power Supply Current =
Isp1s* | C812Vcc—-0.2V, CS22Vee -0.2Vor €S25£0.2V| - | 0.02 2 | mA
Vo Ior=2.1mA - - 104 |V
Output Voltage L oL m |
| Von | Ion=-1.0mA 24 | - [ - v

* Typical limitseare at ¥cc=5.0V, Tq=25°C and specified loading. ** V1L min=-0.3V
8

s CAPACITANCE (f = IMHz, T, = 25°C)

Item Symbol :Tesl Condition | typ | max |[Umt
Input Capacitance Cin Vin = 0V - 5 pF
Input/Output Capacitance (& 776} Viyo = OV - 7 pF

Note) This parameter 1s sampled and not 1007 tested.

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

e 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 Load 1TTL Gate and Cg = 100pF (including scope and }ig)
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HM6264ASP Series, HM6264AFP Series

o READ CYCLE

HM6264ASP/FP-12 | HM6264ASP/FP-15 .
Item Symbol - = Unit
. min max min max

Read Cycle Time tRC 120 - 150 - ns
Address Access Time tAA - 120 - 150 ns
. . CS1 tcol - 120 - 150 ns
Chip Selection to Output s2 tcoz — 120 — 150 o
Output Enable to Qutput Valid tOF - 60 - 70 ns
Chip Selection to st 'Lzi 10 — 10 — ns
Output in Low Z CS2 trz2 10 - 10 - ns
Output Enable to Output in Low Z torz 5 - 5 - ns
Chip Deselection to Cs1 'HZ] 0 40 0 50 ns
Output in High Z CS2 tHZ?2 0 40 0 50 ns
Output Disable to Output in High Z tOHZ 0 40 0 50 ns
Output Hold from Address Change tOH 10 _ 10 — ns

NOTES: | tyz and topyz are defined as the time at which the outputs achieve the open circuit condition and are not referred
to output voltage levels.
2 At any given temperature and voltage condition, f4Z max is less than t; > min both for a given device and from
device to device.

e READ CYCLE

X - X

A, A

O — T

AR T

Dout \ Data Valid __,OH_‘@_—
@ HITACHI
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HM6264ASP Series, HM6264AFP Series

e WRITE CYCLE

HM6264ASP/FP-15 | HM6264ASP/FP-15 .
Item Symbol - - Unit
min max min max

Write Cycle Time twe 120 - 150 - ns
Chip Selection to End of Write tcw 100 - 120 - ns
Address Setup Time ) 148 0 - 0 - ns
Address Valid to End of Write taw 100 - 120 - ns
Write Pulse Width twp 80 - 100 - ns
Write Recovery Time tWR 0 - 0 - ns
Write to Output in High Z tWHZ 0 40 0 50 ns
Data to Write Time Overlap tpw 40 - 50 - ns
Data Hold from Write Time tDH 0 - 0 - ns
Output Enable to Output in High Z tOHZ 0 40 0 50 ns
Output Active from End of Write tow 5 - 5 - ns

® WRITE CYCLE (1) (OE clock)

e

D ¢ X
OF / / 4 @] \

tew (2] 'WR

NN NN 7

AN

(6]

N
cs2 4 //’AW _\
tqs 3] twp [1]
WE Y \
NN\ &

Dout

toHz 5]

NV MV
/ tDW IDH
< OO\
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HM6264ASP Series, HM6264AFP Series

© WRITE CYCLE (2) (OE Low Fix)

twe
Address }( )(
v twRr [4]
tew (2]
EANNNANN - s SR NIIII,
tew (2]
s/ /SN EARUARRRRREY
Ve t4s 3] }F\\\ s 7F -
(51 tWHZ tow
7] (8]
Dout ANAVAVAAVAVAA VAV MV VA VAN
L | tbw IDH o
Din \ SN\
77772

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

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

3) t4gis measured from the address valid to the beginning of write.

4) twp is measured from the earliest of TSI 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 CSI 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 CSI is low and CS2 is high during this period, 1/O pins are in the output state. Therefore, the input signals
of opposite phase to the outputs must not be applied to them.
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HM6264ASP Series, HM6264AFP Series

Supply Current JearJccz ¢ Normalived !

Supphy Cureent Joer ke Normaized

z

\ccess Time taa teo

SUPPLY CURRENT VS.
SUPPLY VOLTAGE

13
Ta=25¢C
I2 -
3
11 e g
L~ Z
! g
0 // ‘_3
z
0ORr
074') L) 50 525 55
Supph Voltage Ve -\ 0
SUPPLY CURRENT VS.
FREQUENCY
12 T T Ll L]
My | 130 1200 100ns
| v )
/ :
0a é
// :
" / %
/ g
02 //
i B 1 [ 8 10
Frequencs £ H,
ACCESS TIME VS.
SUPPLY VOLTAGE
13
Tu=23¢
12
I
1t \ E
< :
\ E
0y ’é
08
(174 3 170 50 525 k]
Supphs \ oltage Lec 1\
@ HITACHI

SUPPLY CURRENT VS.
AMBIENT TEMPERATURE

16
Vee=50v
14
12
/ /
10 e
08
04
20 0
Ambient Temperature Tu 1°C
ACCESS TIME VS.
LOAD CAPACITANCE
18
1o
. — /
12 /
=
Ta=25C
Vee=MIN
10
08
" 0 300 100 50

Load Capacitance (1 'pF )

ACCESS TIME VS.
AMBIENT TEMPERATURE

tee=50V

12 /

1 /
/
1 //
09 /
08
07
0 20 40

Ambient Temperature Ta ()

Hitachi America Ltd. 2210 O’Toole Avenue ® San Jose, CA 95131 e (408) 435-8300



Input Low \oltage | 1taus (Normahzed)

Output Current Jon  \Normalized |

INPUT LOW VOLTAGE VS.
SUPPLY VOLTAGE

13
Ta=25C
12
11
1
—

/
09
08
07

15 175 50 325 3%

Supph Voltage L (V1

OUTPUT CURRENT VS,
OUTPUT VOLTAGE

16

Tu=25C
Tee=5\

14

L\

10 \

03 \\X

o 1 2 3 4 3

Output Voltage Vou (V)
@ HITACHI

«Normalized |

Input High \ oltage {1vmin

Output Current for * Normahved)

INPUT HIGH VOLTAGE VS.

HM6264ASP Series, HM6264AFP Series

SUPPLY VOLTAGE
13
Tu=25C
12
1
10
l)v/
08
i 175 50 525 35
Supph \ olage e\ :
OUTPUT CURRENT VS.
OUTPUT VOLTAGE
1o
¥ /
/
10
Tu=25¢C
Vec=5\
08
b /
/
04
0 02 04 Ob 0R
Output \ oliage Tor (\ )
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HMG6264 ALSP Series,
HMG6264 ALFP Series

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

® FEATURES
® High Density 300 mil 28pin Package
® Low Power Standby

Low Power Operation

Standby: 0.0TmW(typ.)
Operating: 15mW/MHz (typ.)

® Fast access Time 120ns/150ns (max.)
® Capability of Battery Back-up Operation
® Single +5V Supply
® Completely Static Memory. . . .. No clock or Timing Strobe Required
® Equal Access and Cycle Time
® Common Data Input and Output, Three State Output
® Directly TTL Compatible: All Input and Output
® BLOCK DIAGRAM
Ao+
= Zaw
7 . —0
B O] fhma 3] e
As o0— ! t—
Ay ol .._l'
. -  —
' D) [T] Colum /0
' S nput Column Decoder
f Control
Vo N it '
. [ — — — Ay Az Av Ay, AT S Va
I : '
css0——] __j

pd Timing Pulse Gen

® ABSOLUTE MAXIMUM RATINGS

Item Symbol Rating Unit
Terminal Voltage * vr -0.5**10+7.0 v
Power Dissipation Pr 1.0 \d
Operating Temperature Topr 0to+70 °C
Storage Temperature Tstg ~55to +12§ °C
Storage Temperature (Under Bias)| Thias -10to +85 °C

* With respect to GND.  ** Pulse width 50ns: -3.0V
® TRUTH TABLE
ﬁﬁ" CS, |OE Mode 1/0 Pin |V cc Current Note
X | H| X | X | Not Selected HighZ | IspIsB]
x | x | L] x | (Power Down) HighZ |IsplsBi
H| L | H | H| Output Disabled| HighZ |IcC
H| L| H| L | Read Dout Icc
L{L|H|H . Din Icc Write Cycle (1)
Ll L[ H|L|Wite Din Icc Write Cycle (2)
X:HorL
GO HITACHI

HM6264 ALSP Series

(DP-28N)

HM6264 ALFP Series

(FP-28D)

= PIN ARRANGEMENT

e [1] ~ 28) e
A2 27 wE
A, (3] 26] €S,
A (4] 25] A,

Afs 24 A

AJ6 23) A, ,
A [7 22] GE

O ..
19]1/0,
18] 1/0,
17] /0,

1/0,[13 1¢] 1/0,
GND[14 Es] 1/0,

(Top View)
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HM6264ALSP Series, HM6264ALFP Series

# RECOMMENDED DC OPERATIN CONDITIONS (T, =0 to +70°C)

Item Symbol min typ max Unit
Vce 4.5 5.0 5.5 v
Supply Volt.
UPPly Voltage GND 0 0 0 v
ViH 2.2 - 6.0 v
Vol
Input Voltage ViL o3¢ — o8 v

* Pulse Width 50ns: -3.0V

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

ltem Symbol Test Condition min |typ* | max | Unit
Input Leakage Current Vgl Vin=GND to Vcc - - 2 [ uA
CS1=ViH or CS2=VL or OE=V 4 or WE=V/.,
Output Leakage Current Lo\ V1/0=GND to Ve - - 2 | BA
Operating Power Supply Current| Iccpc | CS1=ViL, CS2=Vin, 11/0=0mA - 7 5 [ mA

Min. cycle, duty=100%, CS1=V 7, CS2=V yy,

Iect I;j0=0mA - [ 30 | 45 | mA
Average Operating Current Cycle = 1us, duty = 100%, I1/0 = OmA,
Icce CS1£0.2V,CS2 2 Ve - 0.2V, - 3 5 | mA
ViH2 Vce - 0.2V, VL £0.2V
Standby Power Supply Cu IsB CS1=ViH o1 CS2=V)L _ 1 3 Tma
tan ower Su rrent —
Y PPy IsBi*+ | CS12Vee-0.2V, CS22V e —-0.2Vor CS250.2V | — 2 1 A
Vo Ior=2.1mA - - 04 \%
Output Voltage L oL e
VoH IoH=-1.0mA 24 | - - \Y

* Typical limits are at ¥¢cc=5.0V, Tq=25°C and specified loading. ** VyL min=-0.3V

® CAPACITANCE (f= IMHz, T, = 25°C)

Item Symbol | Test Condition | typ | max | Unit
Input Capacitance Cin Vin = OV - 5 pF
Input/Output Capacitance Ciyo| Vio=0V - 7 | pF

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

® AC CHARACTERISTICS (Ve = 5V10%, Ta = 0 to +70°C)
© 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: 0.8Vv/2.0V

Output Load 1TTL Gate and Cg = 100pF (including scope and jig)
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HM6264ALSP Series, HM6264ALFP Series

e READ CYCLE

HM6264ALSP/FP-12 | HM6264ALSP/FP-15 3
Item Symbol - n Unit
min max min max

Read Cycle Time IRC 120 — 150 — ns
Address Access Time t44 - 120 - 150 ns
Chip Selection to Output CS1 tcol - 120 - 150 ns
1p Selection to Qutpu Cs2 1C02 Z 120 Z 150 ns
Output Enable to Output Valid tOE - 60 - 70 ns
Chip Selection to Cs1 1LZ1 10 - 10 - ns
Output in Low Z CS2 1172 10 - 10 - ns
Output Enable to Output in Low Z tOLZ 5 - 5 - ns
Chip Deselection to Cs1 tHZ] 0 40 0 S0 ns
Output in High Z CS2 tHZ2 0 40 0 50 ns
Output Disable to Output in High Z tOHZ 0 40 0 50 ns
Output Hold from Address Change toOH 10 - 10 - ns

NOTES: 1 tyz and oy are defined as the time at which the outputs achieve the open circuit condition and are not referred

to output voltage levels.

2 At any given temperature and voltage condition, fHz max 1s less than r; > min both for a given device and from

device to device.

e READ CYCLE

Fs'l\

Dout

X X
S A
S - NNV
CEEAANANNANNRNNANANNNN i MY,
Data Valid — }@T—
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e WRITE CYCLE

HM6264ALSP Series, HI6264ALFP Series

HM6264ALSP/FP-12 | HM6264ALSP/FP-15 R
Item Symbol - - Unit
min max min - max
Write Cycle Time twe 120 - 150 — ns
Chip Selection to End of Write tcw 100 - 120 - ns
Address Setup Time tAS 0 - 0 - ns
Address Valid to End of Wrnite tAw 100 - 120 - ns
Write Pulse Width twp 80 — 100 - ns
Write Recovery Time tWR 0 - 0 - ns
Write to Output in High Z tWwHZ 0 40 0 50 ns
Data to Write Time Overlap tbw 40 - 50 - ns
Data Hold from Write Time tDH 0 - 0 - ns
Output Enable to Output in High Z tOHZ 0 40 0 50 ns
Output Active from End of Write tow 5 — S — ns
© WRITE CYCLE (1) (OE clock)
twC
Address ) )(
]
OE 4 (2]
tcw WR~
EINAARNURNNRY Z
(6]
cs2 A K
t
o t4s 31 | twp
WE < m
NN . 4 /L
(51
l—tOHZ j
AN N
Dout—> 227 W 1on
Din <X (XXX
@ HITACHI

Hitachi America Ltd. 2210 O'Toole Avenue ¢ San Jose, CA 95131 e (408) 435-8300

197




198

HM6264ALSP Series, HM6264ALFP Series

© WRITE CYCLE (2) (OE Low Fix)

I twC
Address * *

faw twR [4]

ANNA NN 2
s2////] f EARNARRRRRSY

Cs1

WE le——typ [1]—n)
—t45 [3]—%\\ N 7

[51

| twHZ

ANEAN ANAVAVAVAVANAVA AN

Dout—>— 77777 7
DW=t

Din

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

2) tow is measured from the later of CS1 going low or CS2 going high to the end of write.

3) t4gis measured from the address valid to the beginning of write.

4) twp is measured from the earliest of CS1 or WE going high or CS2 going low to the end of write cycle.

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

6) If CST 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 CSI is low and CS2 is high during this period, 1/O pins are in the output state. Therefore, the input signals
of opposite phase to the outputs must not be applied to them.
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HM6264ALSP Series, H{M6264ALFP Series

® LOW Ve DATA RETENTION CHARACTERISTICS (T, =0to +70 °C)

Item Symbol Test Condition min [typ | max | Unit

Vcc for Data Retention VDR CS12Vec - 0.2V,CS22V ¢ - 0.2V o CS250.2V 20 | - | - v
Vec=3.0V

Data Retention Current Iccpr | C812Vee —0.2V, - |1 |50* | uA
CS2 2 Vee —0.2VorCS2 £0.2v

Chip Deselect to Data Retention - -

Time fcor See Retention Waveform 0 ns

Operation Recovery Time 1§73 tRe*™ - | - ns

* ¥y min = -0.3V, 20uA max at T,=0~40°C
** trc = Read Cycle Time

© LOW Vcc DATA RETENTION WAVEFORM (1) (CS1 Controlled)
Data Retention Mode

CS12Vee - 0.2V
L it i i
® LOW Vcc DATA RETENTION WAVEFORM (2) (CS2 Controlled)

Data Retention Mode

Vee
4.sv———————————\ ————————————————— / —————————————

'R

!CDR

Vpr2- - - —- _—

04V-  ——~ -~ -~ T
CS2£ 0.2V

NOTE: In Data Retention Mode, CS2 controls the Address, WE, CSI, OE 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 c—0.2V or CS2 < 0.2V. The other input levels (address, WE, OE, 1/0) can be in the high
impedance state.
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HMG6264ALSP Series, HM6264ALFP Series

Supply Current Iccikccz (Normalized)

Supplv Cutrent ey decz +Normalized .

Aceess Time s tco Narmahized

SUPPLY CURRENT VS.
SUPPLY VOLTAGE

13
Tu=25C
12 -
E
11 ] E
L~ <
/ £
0 / 3
M~ =z
0
07
15 475 50 525 55
Supph \ oltage Ve (V'
SUPPLY CURRENT
VS. FREQUENCY
12 |l T T 1
200ms 150ns 1200 10ns
1 v4 '
/ :
0OR / g
/
/
[} // é
02 /l
! i 2 4 0 L 10
Frequencs [ +MH,+
ACCESS TIME VS.
SUPPLY VOLTAGE
13
Tu=250C
12
11 \ _§
~ :
0 ;é
0
07 -
45 15 o 525 iR
Supph \oltage Yoo\
@ HITACHI

SUPPLY CURRENT VS.
AMBIENT TEMPERATURE

Yee=50\

//

038

0 20 1] 60 80

Ambient Temperature [« ('C)

ACCESS TIME VS.
LOAD CAPACITANCE

]

la=25C
Lee=MIN
10

08

06

100 200 300 100 500

Load Capacitance (1 (pF 1

ACCESS TIME VS,
AMBIENT TEMPERATURE

bee=50\

p-

0y

0 2 40 60 80

Ambient Temperature fa ('C )
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Normalized)

Input Low \ oltage | /Lmax

Output Current fow * Normalized |

Standby Current Iccor,Is,Issz ' Normalized !

INPUT LOW VOLTAGE
VS. SUPPLY VOLTAGE

Tu=25C

45 50 525 55
Supply Voltage Vee 1\

OUTPUT CURRENT VS.
OUTPUT VOLTAGE

Ta=25¢C

Vee=5\

1o

03

\
\

3 i

b

04

Qutput Voltage Vow (V)

STANDBY CURRENT VS.
AMBIENT TEMPERATURE

INPUT HIGH VOLTAGE
VS. SUPPLY VOLTAGE

HM6264ALSP Series, HN6264ALFP Series

13
Tu=25C
12
K
a5
E 1
Z
i
=1
§
= /
2
& 09
ES
3
£
08
07
45 475 50 525 55
Supply \ oltage Yo\
OUTPUT CURRENT VS.
OUTPUT VOLTAGE
16
14 J
T o /
=
E
s
7z
<10
z
g Ta=25C
£ V=5V
]
(o] 0Rr
g
(=]
06 /
04
0 02 04 06 08

Output Voltage Vor (V)

STANDBY CURRENT VS.
SUPPLY VOLTAGE

14
10
Ta=25T /
5 o’ a2
v 3
=
E
/ g 10
<
/ %
s 03
10 E]
v £
/ E /
05 E o6 /
L £
3
£
S 04 o
} /
ot %3 3 1 5 ®
0 20 10 60 20
)
Ambient Temperature Ta ('C ) Supply Voltage Vcc (V
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HM6264LP-SL series, Preliminary
HM6264LFP-SL Series,
Hi-CMOS 64K Static Ram

(Super Low Power Data Retention Version)

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

B FEATURES
* Super Low Power Data Retention and Low Power Operation;
Data Retention: 9uW max. @ Ta = 0°C to 40°C
Two Chip Selection for Battery Backup
Operation: 200mW typ.
 Single 5V Supply
¢ High Speed: Fast Access Time 100ns/120ns/150ns max
e Equal Access and Cycle Time
e Completely Static RAM: No Clock or Timing Strobe Required
o Capability of Battery Backup Operation: (LP)
e Common Data Input and Output: Three State Outputs
e Directly TTL Compatible: All Input and Outputs
e Standard 28 Pin Package Configuration
¢ Pin Out Compatible with 64K EPROM HN482764

24] A,

23] A,
22| oE
21] Ao

(DP-28)
= BLOCK DIAGRAM
A3 O—r F
|3 i o ok = PIN APPRANGEMENT
8 : S Row : Memory Matrix —O0 GND
Al : Decoder ; 256 X 256 e E u E e
A2 °—F
! —— | T A Ll2 EWE
1/0r 00—
r:ﬁ - I Column 1/0 A7 E - Csz
| S e Column Decoder
: Control A6 E E Au
/oo ~ — E] S .

>
o]

:
AgAtAz AgAlg .
CS$ o——4

& ] Timing Pulse Gen

>

T
I
|
|
|
|
|
|
|
|
|
|
|
I
> > >

Read,Write Control

WE o—————
OE O—J 1 E C_S.
8 ABSOLUTE MAXIMUM RATINGS Al 1__91”00
Item Symbol Rating Unit
Terminal Voltage * VT 0.5 ** to +7.0 v 1/0, [11 18] 1/0,
Power Plsmpatlon Pt 1.0 OW 1/0, E E 1/0,
Operating Temperature Topr 0 to +70 C
Storage Temperature Tstg —55 to +125 °C I OsE El 1/0,
Storage Temperature (Under Bias) | Thbias —10to +85 C GND[12 E 1/0,
* With respect to GND.  ** Pulse width 50ns: —3.0V
= TRUTH TABLE (Top View)
WE |CS, |CS, | OE Mode 1/0O Pin Ve Current Note
X | H X | X | Not Selected High Z ISB, ISB1
X | X | L | x |(PowerDown) High Z ISB, IsB2
H L H H | Output Disabled High Z Icc, Icc1
H L H L |Read Dout Icc, Icc1
L L H H Write Din Icc,Icc1 Write Cycle (1)
L L H L Din Icc, Icc1 Write Cycle (2)

© HITACHI
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HM6264LP-SL, HM6264LFP-SL Series

s RECOMMENDED DC OPERATING CONDITIONS (7 = 0 to +70°C)

Item Symbol min typ max Unit
Vee 4.5 5.0 5.5 \'

Supply V
upply Voltage GND 0 0 0 v
ViH 2.2 - 6.0 \'

I t Volt:
nput Voltage Vi | —03* | - 0.8 v

* Pulse Width S0ns: —-3.0V

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

HM6264LP-
Parameter Symbol 10SL/12SL/ISSL Unit Test Conditions Notes
min typ (1) max
Input Leakage Current 141 — — 2 pA | VN = GNDto Ve —
CSI = VjyorCS2 = V.
Output Leakage Current Lol — - 2 pA | orOE = Vyyor WE =V , -
Vo = GND to V¢
CST = Vy, CS2 = Vi,
Operating Power Supply Current. DC Iee — 40 80 mA Iyo = OmA
, Minimum Cycle duty = 100%,
Average Operating Current lecy — 60 110 mA Iyo = OmA
Standby Power Supply Current (1) Isg — 1 3 mA CS1 = Viygor CS2 = Vi —
Standby Power Supply CSI = Vee-0.2V, CS2 =
_ — 2)(3 |
Current (2) DC Ishi 20 HA Vee-02v, or CS2 < 0.2V @3 \
Standby Power Supply
Current (3) DC Ispy 20 A CS2 = 0.2V 2)(3)
Output Low Voltage VoL — — 04 A loL =2 1ImA —
Output High Voltage Vou 24 . — v Iog = -10mA —

Notes) 1 Typical hmits arc at V. = 5 0V. T, = +25°C and specitied loading
2 V) min = -03V
3 Iggy 2 = 8uA max. @ T, = 0°C 1040°C. Vy; min = -0 3V

® CAPACITANCE (f= 1MHz, T, = 25°C)
Note) This parameter is sampled and not 100% tested.

Item Symbol | Test Condition | typ | max | Unit
Input Capacitance Cin Vin = 0V - 6 pF
Input/Output Capacitance Cr/0 Vijo = 0V - 8 pF

® AC CHARACTERISTICS (V¢ = 5V£10%, Ta = 0 to +70°C)
© AC TEST CONDITIONS
Input Pulse Levels: 0.8 to 2.4V S
Input Rise and Fall Times: 10ns
Input and Output Timing Reference Level: 1.5V
Output Load: 1TTL Gate and C; = 100pF (including scope and jig)
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! HM6264LP-SL, HM6264LFP-SL Series

© WRITE CYCLE (1) (OE clock)

Address

OE

Cs1

© WRITE CYCLE (2) (OE Low Fix)

twe

taw twr1[4]

Xt fom 777
——tews[2]- ——|!WR2 (4]

7 hNNN

'WR1(4)

tas(3] w1l t‘mﬁ
— 5] twpz [~tow-[7]| (8]

7

tpw-+1DHA |[9]

e WRITECYCLE
HM6264LP-10 HM6264LP-12 HM6264LP-15 .
Item Symbol ~ - - Unit
J min max min max min max
Write Cycle Time twe 100 - 120 - 150 - ns
Chip Selection to End of Write tew 80 - 85 - 100 - ns
Address Setup Time tASs 0 - 0 - 0 - ns
Address Valid to End of Write tAw 80 - 85 - 100 - ns
Write Pulse Width twp 60 - 70 - 90 - ns
CS1,WE | twr1 s - 5 ~ 10 - ns
Write Recovery Time
CSs2 tWR2 15 - 15 - 15 - ns
Write to Output in High Z tWHZ 0 35 0 40 0 . 50 ns
Data to Write Time Overlap tpw 40 - 50 - 60 - ns
Data Hold from Write Time tDH 0 - 0 - 0 - ns
OE to Output in High Z tOHZ 0 35 0 40 0 50 ns
Output Active from End of Write tow 5 - 5 - 10 - ns
NOTES:
1) A write occurs during the overlap of alow CS1, ahigh CS2 and alow WE. A twro applies in case a write ends at CS2 going low.
write begins at the latest transition among CS1 going low, CS2 going high  5) During this period, I/O pins are in the output state, input signals of opposite
and WE going low. A write ends at the earliest transition among going phase to the outputs must not be applied. .
high, CS2 going low and WE going high. t, is measured from the begin-  6) If CS1 goes low simultaneously with WE going low or after WE going low,
ning of write to the end of write. ___ the outputs remain in high impedance state.
2) tew 1s measured from the later of CS1 going low or CS2 going high to the  7) Dout is in the same phase as written data of this cycle.
end of write. 8) Dout 1s the read data of the new address.
3) t,g is measured from address valid to the beginning of write. 9) If CST 15 low and CS2 15 high during this period, 1/O pins are 1n the output
4) tyg is measured from the end of write to the change of address. state, input signals of opposite phase to the outputs must not be apphed.
twg; apphes in case a write ends at CS1 or WE going high.
@ HITACHI
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HM6264LP-SL, HM6264LFP-SL Series

s TIMING WAVEFORM
e READ CYCLE

X (

taa

& LMW I,

tLz1

tcoz tHZ 11—

S AN

toE tHZ2

3 LILALME ] 2

toHz

Data Valid

NOTES: 1) WE is high for Read Cycle
2) When CS1 is Low and CS2 is High the
address input must not be in the high impedance state.

® READ CYCLE
HM6264LP-10 HM6264LP-12 HMG6264LP-15
Item Symbol - -~ - Unit

min max min max min max
Read Cycle Time trRC 100 - 120 - 150 - ns
Address Access Time tAA - 100 - 120 - 150 ns
Chip Selection to Output Gt feo1 _ 100 - 120 - 150 ns
CS2 tcoz - 100 - 120 - 150 ns
Output Enable to Output Valid tOE - 50 - 60 - 70 ns
Chip Selection to Cs1 tLzi 10 - 10 - 15 - ns
Output in Low Z Cs2 tLz2 10 - 10 - 15 - ns
Output Enable to Output in Low Z toLz 5 - 5 - 5 - ns
Chip Deselection to sl tHZ1 0 35 0 40 0 50 ns
Output in High Z Cs2 tHZ2 0 35 0 40 0 50 ns
Output Disable to Output in High Z tOHZ 0 35 0 40 0 50 ns
Output Hold from Address Change tOH 10 - 10 - 15 - ns

NOTES" 1 tyzandty,;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, actual t;; 1s less than actual t,; both for a given device and from device
to device.
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HM6264LP-SL, HM6264LFP-SL Series

® LOW Ve DATA RETENTION CHARACTERISTICS (T4 = 0°C to 70°C)

(1) Iccpr = 3pA max, @ Tp = 0°Cto 40°C, Vi min = -0.3V
(2) Iccpr = 1.5pA max, @ Tp = 25°C, V. min = -0.3V

(3) VIL min = -0.3V

(4) tgc = Read Cycle Time

Parameter Symbol Test Conditions min typ max Unit
CSI = V¢ -0.2V, CS2 = Ve -0.2V
V¢ for Data Retention (1) VpRi or CS2 <Cg oV cc 2.0 — — \Y
V¢ for Data Retention (2) Vpr2 | CS2 = 0.2V 20 — — \"

Vee = 3.0V, CST = Ve -0 2V, CS2

Data Retention Current (1) Iccpri | o Vee -0.2V or €S2 = 02V — 1 Mm@ 310

Data Retention Current (2) Icppr2 | Voc =30V, CS2 < 0.2V -— 1 @) 3) 10 kA
Chip Deselection to Data tepR 0 — — ns
Retention Time See Retention Waveform

Operation Recovery Time tR @ e — — ns

CS2 € 0.2V

NOTE: CS, controls Address buffer, WE buffer, CS buffer and Din buffer. If
CS controls data retention mode, Vin level (Address,WE CSl , I/O) can
be in the high impedance state. If CS, controls data retention mode, CS,
must be CS, 2Vcc—-0.2V or CS, <0. 2V The other inputs level (address,
WE, 1/0) can ‘be in the high impedance state,
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HMG6288P Series Preliminary

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

BFEATURES
® Single 5V Supply and High Density 22 Pin Package.
® High Speed: Fast Access Time 35/45/55 ns (max).
® Low Power Standby and Low Power Operation
100uW typ. (Standby) 300mW typ. (Op.).
® Completely Static Memory
No Clock or Timing Strobe Required.
® Equal Access and Cycle Times.
® Directly TTL Compatible — All Inputs and Outputs.

EBLOCK DIAGRAM
ool » v (DP-22N)
- Ve
A1 o—y—]
' ; Memory "
o e BPIN ARRANGEMENT
- Decoder 128 Rows
APy 512 Columns U]
s :ﬁ AuE 22] Vee
~ — Az o
101 Ot Ar E 20 Arz
R a =
— Column /0
1/0, Input a7 9] an
1/0s Data Column Decoder A E E Ao
Control
/0, 2_4 as [5] [17] A
A [7] [16] vou
A7 A As A An Az An
a [x] 5] vor
— As ] 9 14) 1/0s
s «[] 4]
csfw 13} 1/04
WE aum 2] WE
(Top View)

EABSOLUTE MAXIMUM RATINGS

Item Symbol Rating Unit
Voltage on Any Pin Relative to GND Vin —3.5%t0 +7.0 \Y
Power Dissipation P 1.0 w
Operating Temperature T.,. 0to +70 ‘c
Storage Temperature T —55to +125 ‘c
Temperature under Bias Tous —10 to +85 ‘C

* Pulse Width 20ns, DC=—0 5V

Note) The specifications of this device are subject to change without notice.
Please contact your nearest Hitachi's Sales Dept. regarding specifications.
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HM6288P Series

ITRUTH TABLE
TS WE Mode Vee Current 1/0 Pin Ref. Cycle
H X Not Selected Iss, Isp High Z —
L H Read Icc Dout Read'Cycle
L L Write Icc Din Write Cycle
ERECOMMENDED DC OPERATING CONDITIONS ( 72=0to +70°C)
Parameter Symbol min typ max Unit
Supply Voltage Vee 45 50 55 A%
GND 0 0 0 \4
Input High (logic 1) Voltage Vin 2.2 - 6.0 \"
Input Low (logic 0) Voltage Vi -3.0* - 0.8 \4
* Pulse width 10ns DC —05V
BDC AND OPERATING CHARACTERISTICS (7z=0to +70°C, Vcc=5V £10%, GND=0V)
Parameter Symbol Test Condition min typ max Unit
Input Leakage Current | Ier | Vece=MAX. Vin=GND to Vcc - - 20 LA
Output Leakage Current I 1o | | CS=Vm,Vi/o0=GNDto Vec - - 10 uA
Operating Power Supply Current Icc CS= Vi, [10=0mA - 60 TBD mA
Standby Power Supply Current Iss CS=Vu - 15 TBD mA
Standby Power Supply Current (1) Isp1 CS2 Vec—=02V, Vins02V or Vin Vee—-02V - 0.02 2.0 mA
Output Low Voltage VoL ToL=8mA - - 04 v
Output High Voltage Vou Ton=—4.0mA 24 - - \%
Note 1, Typical hmits are at Vcc =50V, Ta= +25°C and specified loading
BCAPACITANCE ( T2=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 10 pF

Note This parameter 1s sampled and not 100% tested

AC CHARACTERISTICS
® AC Test Conditions

Input pulse levels: GND to 3.0V
Input rise and fall times: 5ns 5v

Dout

255Q

Input and Output timing reference levels: 1.5V
Output load: See Figure

480Q

3

5V

480Q

A

Dout

OpF*

Output Load (A)

Output Load (A)

*Including scope & jig.

@ HITACHI
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Output Load (B)
(for tHZ, tLZ, tWZ & tOW)
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HM6288P Series

HMREAD CYCLE ( Te=0to +70°C, Vcc=5V £10%, unless otherwise noted.)

HM6288P-35 HM6288P-45 HM6288P-55
Parameter Symbol . Unit

min max min max min max
Read Cycle Time tre 35 - 45 - 55 - ns
Address Access Time taa - 35 - 45 - 55 ns
Chip Select Access Time tacs - 35 - 45 - 55 ns
Output Hold from Address Change ton 5 - 5 - 5 = ns
Chip Selection to Output in Low Z tLz* 10 - 10 - 10 - ns
Chip Deselection to Output in High Z thz* 0 20 0 20 0 20 ns
Chip Selection to Power Up Time teu 0 - 0 - 0 - ns
Chip Deselection to Power Down Time tep - 30 - 30 - 30 ns

* Transition 1s measured +200mV from steady state voltage with Load(B)
‘This parameter 1s sampled and not 100% tested

©® Timing Waveform of Read Cycle No.1 (112

tRC i

Address ><
(77} N
ton
Data Valid

ton

Dout

© Timing Waveform of Read Cycle No.2 [11[3]

— IRC
cs —_..\ (____
N 7 thz
tacs
774 |

Dout .

High Impedance Data Vahid High

1778 o Impedance

Lo Supply —mm ——m— - - - - .
Current e——— ; 50% 50%

Iss
Notes 1 WE 1s High for Read Cycle
2 Device 1s continuously selected, CS= V.
3 Address Valid prior to or coincident with CS transition Low

EWRITE CYCLE
HM6288P-35 HM6288P-45 HM6288P-55
Parameter Symbol - Unit
min max min max min max
Write Cycle Time thc 35 - 45 - 55 - ns
Chip Selection to End of Write tcw 30 - 40 - 50 - ns
Address Valid to End of Write tan 30 - 40 - 50 - ns
Address Setup Time tas 0 - 0 - 0 - ns
Write Pulse Width twp 30 - 35 - 45 - ns
Write Recovery Time twr TBD - TBD - TBD - ns
Data Valid to End of Write tow 20 - 20 - 25 - ns
Data Hold Time ton 0 - 0 - 0 - ns
Write Enabled to Output in High Z twz* 0 10 0 15 0 20 ns
Output Active from End of Write tow* 0 - 0 - 0 - ns

* Transition 1s measured +200mV from steady state voltage with Load (B)
This parameter i1s sampled and not 100% tested
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HM6288P Series

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

twe

Address

fow.

taw. wa(2)

twe(1)

ton(5)
D Data in Valid —(—
ton(6)
tow(5)
Nl[s] ~
Dout VNN NSNNNNN High Impedance
ANAAA AN AVAN
©® Timing Waveform of Write Cycle No.2 (65 Controlled)
twe
Address
X P4
tas = ,'.[2]
cs _——_———1‘ tew y
~ 7
twe(1)

o SN 2/

Data 1n Vahd

Dout High Impedance (4)

Notes) 1 A write occurs during the overlap of a low CS and a low WE (tur)

2 twr 1s measured from the earler of CS orW_Egomg high to the end of write cycle

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

4 If the CS low transition occurs simultaneously with the WE low transition or after the WE
transition, the output buffers remain 1n a high impedance state

5 If CS 1s low during this period, 1/0 pins are i the output state Then the data input signals
of opposite phase to the outputs must not be applied to them

6 Dout 1s the same phase of write data of this write cycle

@ HITACHI
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HMG6788 Series,
HMG6788P Series

16384-word x 4-bit High Speed Static RAM

B FEATURES
® Super Fast Access Time: 25ns (max) available
30ns (max.)
* Low power Operation
Operating: 230mW (typ), Standby: 10mW (typ)
* +5V Single Supply
¢ Completely Static Memory—
No Clock or Timing Strobe required
* Balanced Read and Write Cycle Time
e Fully TTL compatible Input and Output
® Skinny 22 Pin cerdip (300 mil)
® 22 Pin plastic dip (300 mil) available

EBLOCK DIAGRAM
Az —
AJO——'—“ —OVer
AO—
‘ Row Memory Matrix ——OGND
AsO—— Decoder 128 X512
ASO'—X
A1O———
AO—— 5] —
I
/00 — Column 1/0
/02 Input Column Decoder

T

1/0s

oo Bl IEE L L L L L

Au Az A As Aw Av Al

ST -
LD S

[

EABSOLUTE MAXIMUM RATINGS

Item Symbol Rating Unit
Terminal Voltage to GND pin Vr —0.5t0 +7.0 \%
Power Dissipation Pr 1.0 w
Operating Temperature Topr 0to +70 °C
Storage Temperature (with bias) Ture(bias) —10to +85 °C
Storage Temperature Tas —55to +125 °C
@ HITACHI

Preliminary

(DG-22N)

EPIN ARRANGEMENT

[21] Au
[20] Aue
18] An
(18] A
[17]4s

El/ol
[15]1/02
Na]i/0s
131700
[e]we

(Top View)
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HMé6788

ERECOMMENDED DC OPERATING CONDITIONS (0°C = T2=<70°C)

Item Symbol min typ max Unit
Supply Voltage Vee 45 5.0 5.5 \'
GND 0 0 60 \'
Input High Voltage Vi 22 - 6.0 A%
Input Low Voltage ViL -0.3 - 0.8 A%
B TRUTH TABLE
[ WE Mode Vee Current Output Pin Ref. Cycle
H X Not selected Iss, Ism High Z -
L H Output Disabled Icc, Iccr High Z -
L H Read Icc, Icca Dout Read Cycle (1) (2)
L L Write Icc, Iccr Din Write Cycle (1) (2)
X.HorL

HDC 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=0V to Vcc - - 2 rA
Output Leakage Current | ILo| CS= Vin, Vi/o=GNDto Vce - - 2 uA
Opearating Power Supply Current Icc CS=ViL, I1 /o=0mA - 46 80 mA
Average Operating Current Ica Min Cycle, Duty: 100% - 69 120 mA
Standby Power Supply Current fse SS= Vin I1/o=0mA — 1 % mA
Isp CS2 Vec—02V, Vins0.2Vor Vinz Vec-02V - 2 10 mA
Output Low Voltage VoL ToL=8mA - - 0.5 \%
Output High Voltage Vou Ton=—4mA 24 - - v

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

® AC Test Conditions
Input pulse levels: GND to 3.0V Input and Output reference levels: 1.5V
Input rise and fall time: 4ns +500mV from steady level (Output Load B)
Output Load: See Figure

+5V +5V
480Q
4800
b Dout
Oo——
Oo—
s 30F* 5508 »
b3
#Including scope and ng.
Output Load A Output Load B

((CHZ, tWHZ, tCLZ. tOW)

@ HITACHI
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HM6788

® READ CYCLE (25 ns (max) version available)

Item Symbol min max Unit
Read Cycle Time trc 30 - ns
Address Access Time taa - 30 ns
Chip Select Access Time tacs - 30 ns
Chip Selection to Output in Low Z tcLz 0 - ns
Chip Deselection to Output in High Z tcuz 0 12 ns
Output Hold from Address Change ton 5 - ns
Chip Selection to Power Up Time teu* 0 - ns
Chip Deselection to Power Down Time tep* - 30 ns

* This parameter 1s sampled and not 100% tested

® Timing waveform of Read Cycle No, 172

|
> 3

® Timing waveform of Read Cycle No. 213

° N

RO

14cs IeHe

Dout /_

Note) 1. WE = Vjy
2. CS=Vp o
3. Address valid prior to or coincident with CS transition Low.

®WRITE CYCLE

Item Symbol min max Umt
Write Cycle Time twc 30 - ns
Chip Selection to End of Write tew 25 - ns
Address Setup Time tas 0 - ns
Address Valhd to End of Write taw 25 - ns
Write Pulse Width twp 25 - ns
Write Recovery Time twr 0 - ns
Write to Output in High Z twnz 0 12 ns
Data Valid to End of Write tow 15 - ns
Data Hold Time ton 5 - ns
Output Active from End of Write tow 0 - ns

G HITACHI
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HMé788

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

- X X
SN S 7/,/// /4
" K 2) 7/_ ton
_ TTTTTI N

[ L/ LS

(5)

w <¥

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

N

twe

N X

\ ‘e

SANANNN SR 771/

N/ ,
- m—

- & KX

Notes: 1. A write occurs during the overlap (typ) of a low CS and a low WE.
2. 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.

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

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

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

al
1\
N

twp

™.

H»w

wn

G HITACHI
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HMé788

BCAPACITANCE ( T2=25C, f=1.0MHz)

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

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

@ HITACHI
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HMGE6287P Series,

HM6287CG Series

65536-word X 1-bit High Speed Static CMOS RAM

FEATURES

High Speed: Fast Access Time 45/55/70ns (max.)
Single 5V Supply and High Density 22 Pin Package
Low Power Standby and Low Power Operation
Standby: 100uW (typ.), Operation: 300mW (typ.)
Completely Static Memory

No Clock or Timing Strobe Required

Equal Access and Cycle Times

Directly TTL Compatible: All Inputs and Output

s BLOCK DIAGRAM

216

w—D3]
A —3] o—
3 «—GND
A Decode Memory Array
[ 2 128 x 512
v—L3
rw—LF
Din Column 170 Dout
T{"D" Column Decoder
e ARRARARR
A: Ay Ao Ay Ac A Al Ay A
PIN ARRANGEMENT
® HM6287P Series ® HM6287CG Series
Ae E — E\'“ A1 Ao Vec A
A E Z] Ars
2 " 73 )
= 2y i3 o
s [19] A 52 TR
[ o
A¢E E Aun i; ;‘Lg
AsE E An g:i ,L::;z
A‘E E Ao ': :'13':
w e E A WE GND G5 Du
o 3] 1] » (Top View)
WE 19| E D
CNDE 12) 3
(Top View)

@ HITACHI

HM6287P Series

(DP-22N)

HM6287CG Series

o

(CG-22A)
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HM6287P Series, HN6287CG Series

® ABSOLUTE MAXIMUM RATINGS

Item Symbol Rating Unit
Voltage on Any Pin Relative to GND* Vr —0.5t0 +7.0 \%
Power Dissipation Pr 1.0 w
Operating Temperature Topr 0 to +70 °C
Storage Temperature Plastic Tty 55 to +125 °C
Ceramic —65 to +150
Temperature Under Bias Thias —10 to +85 °C

* Vo min = —3.5V (Pulse width 20ns)

s TRUTH TABLE

cs WE Mode Vcc Current Dout Pin Ref. Cycle
H X Not Selected Isp,Isp; High Z -
L H Read Iec Dout Read Cycle
L L Write Icc High Z Write Cycle

= RECOMMENDED DC OPERATING CONDITIONS (7; =0 to +70°C)

Item Symbol min typ max Unit
Vee 4.5 5.0 5.5 v
Supply Voltage GND 0 0 0 v
Vi 2.2 - 6.0 v
Input Voltage ViL 0° — o8 v

*Pulse width 20ns, DC: —0.5V
= DC AND OPERATING CHARACTERISTICS (Vcc =5V £10%, GND = 0V, T, = 0 to +70°C)

Item Symbol Test Conditions min | typ* | max | Unit

Input Leakage Current pp! Vece = Max., Vi, =GND to Ve - - 20 | uA
Output Leakage Current i o' | CS=Viy, Vout=GND to Ve - | - 20| mA

Operating Power Supply Current| I¢c CS = ViprJJout =0mA — | 60 | 100 | mA

Isp CS=Viy - |10 | 30 [ mA

Standby Rowet Supply Current Ispi CS=Vee -0.2V, VNS 0.2Vor2Veoc-Q.2V| - |0.02] 20 | mA
Output Voltage VoL for = 8mA _ _ 04 M
Vou IoH =-4.0mA 24| - | - |V

* Typical limits are at Vcc = 5.0V, Tg = 25°C and specified loading.

® CAPACITANCE (f=1MHz,T,=25°C)

Item Symbol Test Conditions min typ max Unit
Input Capacitance Cin Vin =0V - - 5 pF
Output Capacitance Cout Vout =0V - - 1.5 pF

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

@ HITACHI
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HM6287P Series, HM6287CG Series

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

® AC TEST CONDITIONS
Input Pulse Levels: GND to 3.0V
Input Rise and Fall Times: 5ns

Input and Output Timing Reference Levels: 1.5V

Output Load: See Figure
Output Load A
5V
4800
Dout
2550 30pF
*Including scope & jig

= READ CYCLE

Output Load B

4802

Dout 0—1 .

2550 % SeF

iy
l VW

*Including scope & jig capacitance

HM6287-45 HM6287-55 HM6287-70 .
Item Symbol - - - Unit Notes
min | max [ min | max | min | max
Read Cycle Time tRC 45 - 55 - 70 - ns 1
Address Access Time tA4 - 45 - 55 - 70 ns
Chip Select Access Time tACS - 45 - 55 - 70 ns
Output Hold from Address Change tOH 5 - 5 - S - ns
Chip Selection to Qutput in Low Z Lz 5 - 5 - 5 - ns 2,3,7
Chip Deselection to Output in High Z tHZ 0 30 0 30 0 30 ns 2,3,7
Chip Selection to Power Up Time tPy 0 - 0 - 0 - ns 7
Chip Deselection to Power Down Time tPD - 40 - 40 - 40 ns 7

® Timing Waveform of Read Cycle No. 1(4)(5)

tre

Address

X

f—— tn

i

Dout

Previous Data Vald

=X

XX>i<

ton
Data Vahd &_

® Timing Waveform of Read Cycle No. 2(4)(6)

cs Y

\

tre

1acs

--——Il/——.‘/

Dout

High Imp

1

N

X X;{ Data Vahd

o1/
; High

r—trt

Vee supply
current

Notes: 1.

Impedance

et
507, L

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

. At any given temperature and voltage condition, £ffZ max. is less than 77, Z min. both for a given device

and from device to device.

. WE is high for READ Cycle.

G HITACHI

Device is contiuously selected, while CS = Vyr.
. Address valid prior to or coincident with CS transition low.
. This parameter is sampled and not 100% tested.

. Transition is measured +500 mV from steady state voltage with specified loading in Load B.
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HM6287P Series, HM6287CG Series

® WRITE CYCLE

HM628745 HM6287-55 HM6287-70 .
Item Symbol - ~ - Unit Notes

min | max | min | max [ min | max

Write Cycle Time twe 45 - 55 - 70 - ns

Chip Selection to End of Write tcw 40 - 50 - 55 - ns

Address Valid to End of Write tAwW 40 - 50 - 55 - ns

Address Setup Time tAS 0 - 0 - 0 - ns

Write Pulse Width typ 25 - 35 - 40 — ns

Write Recovery Time tWR 0 - 0 - 0 - ns

Data Valid to End of Write tpw 25 - 25 - 30 - ns

Data Hold Time tpp 0 - 0 - 0 - ns

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

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

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

twe

Address :)( )(

s —X — T

ol A S ] o4 R —n]
T
WE JAAN 7
tow —» toH
Din *Dala mn Vajlidf
-tz tow
Dout High Impedance

Data Undefined

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

Address D{

tue 4

fe—1 4> fe—1tW K
Cs tew [
. twp
WE _*—\\ ){—————_

oy —e] ton
Din ; Data in Vahd 1
re———tu s
Dout High Impedanc
ou Data Undefined M

Notes) 1. If TS goes high Simultaneously with WE high, the output remains in a_high impedance state.

. All Write Cycle timings are referenced from the last valid address to the first transitioning address.
. Transition is measured +500mV from steady state voltage with specified loading in Load B.
. This parameter is sampled and not 100% tested.

& wN

@ HITACHI
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HM6287P Series, HM6287CG Series

SUPPLY CURRENT vs. SUPPLY VOLTAGE SUPPLY CURRENT vs. AMBIENT TEMPERATURE

16 15
Ta=25C bee=50v
14 14
3 12 E 12
=
E E
2 1w / 2 m——
% Tt_: \\
g s — 4
3 = 3 ox
% >
B 06 § 06
'“4‘5 5 50 525 35 04 0 ™ 60 w0
Supply Voltage Vee (V) Ambient Temperature Ta (C)
ACCESS TIME vs. SUPPLY VOLTAGE ACCESS TIME vs. AMBIENT TEMPERATURE
13 13
Ta=25C Vee=50V
12 12

Ve

10

09

Access Time taa,tacs (Normalized)
Access Time tas,tacs (Normalized)

0s 0x

B I 50 5% 55 20 10 % 80

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

STANDBY CURRENT vs. STANDBY CURRENT vs.
SUPPLY VOLTAGE AMBIENT TEMPERATURE
14 10

3 3
2 1e 3 .
5 g L~
2 2
a &
5 o =z
; E
S 3 /
g 06 V. i? 107! >
3 Ta=25C 3
TS=Vee-0.2v
04 /’
02 10°? .
"2 4 0 20 0 60 80
Supply Voltage Vcc (V) Ambient Temperature Ta (C)
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SUPPLY CURRENT vs.

FREQUENCY
1
Z
10
/
3
‘é 09 //
£
8 s //
£
3 o7 /,
06
05
) 1 x 25
Frequency / (MHz)
INPUT LOW VOLTAGE vs.
SUPPLY VOLTAGE
13
Ta=25C
3
2
s — |
2 1o
E_ 09
8
07
4.5 475 50 3.25 55

30

Output High Current Jos (Normahzed)
>

s

Supply Voltage V¢ (V)

OUTPUT HIGH CURRENT vs.
OUTPUT HIGH VOLTAGE

Ta=25C
Vee=5\

\

\

A
\

! 2 3

Output High Voltage Vo (V)

Standby Current 51 (Normalized)

Input High \ oltage \1u (Normalized)

Output Low Current Jor (Normalized)

G HITACHI

STANDBY CURRENT vs.
INPUT VOLTAGE

10 T
Ta=25C
Vee=50V
CS=48V
8
6
\ i\
} N
0 1 3 4
Input Voltage V.. (V)
INPUT HIGH VOLTAGE vs.
SUPPLY VOLTAGE
13
Ta=25C
12
1 /
L0
//
09
0.8
07

45 475 5.0 525 5.5

Supply Voltage Vec (V)

OUTPUT LOW CURRENT vs.
OUTPUT LOW VOLTAGE

y /

,, /

1o
Ta=25T
Vee=5V
08
06 //
04 [ 0.2 0.4 06 08
Output Low Volage Var (V')
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HMGE6287LP Series

65536-word X 1-bit High Speed Static CMOS RAM

FEATURES

High Speed: Fast Access Time 55/70ns (max.)
Single 5V Supply and High Density 22 Pin Package
Low Power Standby and Low Power Operation
Standby: 10 uW (typ.), Operation: 300 mW (typ.)

Completely Static Memory
No Clock or Timing Strobe Required
Equal Access and Cycle Times

Directly TTL Compatible: All Inputs and Output
m BLOCK DIAGRAM

(DP-22N)

® PIN ARRANGEMENT

A —L3

::kg Ro ::vn a1 E‘“

U B o

A—LF 128 x 512 A:[3] 20] Ave
w3 asfa] E An
15 A 5] EA-:
o...—-[E Column 170 Dout As[s ] EA"
— ] Column Decoder A E e

s A 3] [15] +

et | ARAARAAAN g @
A Ay AL Ac AL A AL AL A ﬁ En..

w11} T_z]('s

(Top View)
= ABSOLUTE MAXIMUM RATINGS
Item Symbol Rating Umt
Voltage on Any Pin Relative to GND* Vr -0.5t0+7.0 v
Power Dissipation Pr 1.0 W
Operating Temperature Topr 0to+70 °C
Storage Temperature Tsg =55 to +12§ °C
Temperature Under Bias Thias -10 to +85 °C
* Vr min = -3.5V (Pulse width 20ns)
@ HITACHI
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HM6287LP Series

s TRUTH TABLE

cs WE Mode Vcc Current Dout Pin Ref. Cycle
H X Not Selected Igp,Isp) High Z -
L H Read Icc Dout Read Cycle
L L Write Ioc High Z Write Cycle

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

Item Symbol min typ max Unit
Vece 4.5 5.0 5.5 v
Supply Voltage
pply Tollag GND 0 0 0 v
vV, 2.2 - 6.0 v
Input Voltage 1H
ViL -3.0* - 0.8 v

*Pulse width 20ns, DC: ~0.5V
= DC AND OPERATING CHARACTERISTICS (V¢ =5V £10%, GND = 0V, T, = 0 to +70°C)

Item Symbol Test Conditions min | typ* | max | Unit
Input Leakage Current Upp! Vece = Max., Vi, =GND to Ve - - |20 ] wA
Output Leakage Current ol CS=Viy, Vout = GND to Ve - - |20 A
Operating Power Supply Current| Icc¢ CS = Vi Jout = 0OmA - 60 | 100 | mA
Isp CS=Viy - {10 ] 30| mA
Standby Power Supply Current —
Isp1 CS=Vce ~0.2V, VNS 0.2Vor2 Voo -0.2V| - 2 | 100 | wA
V Ior = 8mA - - 104} V
Output Voltage oL oL G
Vou Ion =-4.0mA 24| - | - |V

* Typical limits are at Voo = 5.0V, T4 = 25°C and specified loading.

® CAPACITANCE (f=1MHz, T, =25°C)

Item Symbol Test Conditions min typ max Unit
Input Capacitance Cin Vin =0V - - 5 pF
Output Capacitance Cout Vout = 0V - - 1.5 pF

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

® AC CHARACTERISTICS (V¢c = 5V £10%, T, = 0 to +70°C, unless otherwise noted)
® AC TEST CONDITIONS

Input Pulse Levels: GND to 3.0V

Input Rise and Fall Times: 5ns

Input and Output Timing Reference Levels: 1.5V

Output Load: See Figure

Output Load A Output Load B
5V

5V
4802 4802
Dout Dout o——l .
- S SpF

2550 300F G i

#Including scope & )ig capacitance *Including scope & jig
@ HITACHI
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HM6287LP Series

® READ CYCLE

HM6287LP-45 | HM6287LP-55 | HM6287LP-70 .
Item Symbol " — ~ Unit Notes
min | max | min | max | min | max
Read Cycle Time tRC 45 - 55 - 70 - ns 1
Address Access Time t4A4 - 45 - S5 - 70 ns
Chip Select Access Time t4ACs - 45 - 55 - 70 ns
Output Hold from Address Change tOH S - 5 - 5 - ns
Chip Selection to OQutput in Low Z trz 5 - N - 5 - ns 2,3,7
Chip Deselection to Output in High Z tHZ 0 30 0 30 0 30 ns 2,3,7
Chip Selection to Power Up Time tPy 0 - 0 - 0 - ns 7
Chip Deselection to Power Down Time | tpp - 40 - 40 - 40 ns 7
® Timing Waveform of Read Cycle No. 1(#)(5)
tRe |
Address ) (
taa {
— toH toy
Dout Previous Data Vahd l X X Data Vald \k

® Timing Waveform of Read Cycle No. 2¢4)(6)

cs

(774

tacs

——

Dout

High I

q

XX

* Data Valid

«-—IWL
High

—1pt

e trn

Impedance

Vee supply
current ______J 50%

Notes:
and from device to device.

. WE is high for READ Cycle.

NN AW

. Device is continuously selected, while ﬁ=_V1L.
. Address valid prior to or coincident with CS transition low.
. This parameter 1s sampled and not 100% tested.

O HITACHI
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1. All Read Cycle timings are referenced from last valid address to the first transitioning address.
2. At any given temperature and voltage condition, fff7 max. is less than ¢f 7 min. both for a given device

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



HM6287LP Series

® WRITE CYCLE

HM6287LP-45 | HM6287LP-55 | HM6287LP-70 .
Item Symbol - n - Unit Notes
min max min max | min | max
Write Cycle Time twC 45 — 55 — 70 - ns 2
Chip Selection to End of Write tCw 40 — 50 — 55 - ns
Address Valid to End of Write tAw 40 - 50 — 55 — ns
Address Setup Time t4AS 0 - 0 - 0 - ns
Write Pulse Width twpP 25 — 35 - 40 - ns
Write Recovery Time tWR 0 - 0 - 0 - ns
Data Valid to End of Write [7))7% 25 - 25 - 30 — ns
Data Hold Time tDH 0 - 0 - 0 - ns
Write Enabled to Output in High Z twz 0 25 0 25 0 30 ns 3,4
Output Active from End of Write tow 0 - 0 - 0 - ns 3,4

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

Address :)K - )(

s — —

b2 AS—t [e—twR—e

WE \\\ N

v
tow ——‘ toH
Din ;Data n Va‘hd%

ba-ttt 2 tow

High Impedance
Dout Data_Undefined

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

Address DL

1% —o] tou
Din ; Data in Vald I
re————tuz
Dout High Impedance
Data Undefined

. If CS goes high Simultaneously with WE high, the output remains in a_high impedance state.

. All Write Cycle timings are referenced from the last valid address to the first transitioning address.
. Transition is measured +500mV from steady state voltage with specified loading in Load B.

. This parameter is sampled and not 100% tested.

Notes)

W -
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HM6287LP Series
= LOW V¢c DATA RETENTION CHARACTERISTICS (T, =0 to +70°C)

Parameter Symbol Test Condition min. typ. max. Unit
Ve for Data Retention VDR TS 2 vee-0a2v 2.0 - - \4
Data Retention Current IcCcDr Vin_z Vec-0.2v ’or - 1 50%* A
Chip Deselect to Data Retention Time tCDR ov S— Vin S 0..2V 0 - - ns
Operation Recovery Time tR - - trRC* - - ns

*tRC = Read Cycle Time  ** Vcc= 3.0V

® LOW Voo DATA RETENTION WAVEFORM

CSz2Vec-0.2v

O HITACHI
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HM6E6787 Series, Preliminary
HM6787CG Series

65536-word X 1-bit High Speed Static RAM HM6787 Series

s FEATURES

® Super Fast Access Time: 25ns/30ns (max.)

® Low Power Dissipation (DC):
Operating 180mW (typ)

® High Driving Capability: 1g_16mA

+5V Single Supply

® Completely Static Memory (DG-22N)
No Clock or Timing Strobe Required

® Balanced Read and Write Cycle Time

Fully TTL Compatible Input and Output

® Skinny 22-pin Cerdip (300 mil) and 22-pin Chip Carrier

HM6787CG  Series

e

= BLOCK DIAGRAM

(CG-22A)

A:—E . ~—Vcc

-+=—GND
N = PIN ARRANGEMENT
A'_m Memory Matrix o HNG6787 Series
A'—Disf::;z 128x512 A“E A E Vee
A—3] ALE E Ais
A—L3] - AzE E A
A I 1 AsE E A1z

I Column 1'0 Dout a5 [18) A
o (R RBRERREE g @
WE—— A A A A A A A AL A As [16] Ano

- a[8] [15] Ao

Dout E E As
WE E E Din

mABSOLUTE MAXIMUM RATINGS anp 1] 12)cs
Item Symbol Rating Unit (Top View)
Terminal Voltage to GND Pin vr -0.5 to +7.0 A%

® HM6787CG Series

Power Dissipation Pr 1.0 w A A Ve As
Operating Temperature Range Topr 0to +70 °C
Storage Temperature Range Tstg -55to +125 °C

SIS SIS

k=

o1l 1~ 11 <)
[ TN T T "I [ I TN}

=|

Note) The specifications of this device are subject to change without D
notice. Please contact your nearest Hitachi’s Sale Dept. regarding
specifications. WE GND G5 Da

-
I
=
[
H
L
&
S
F
[N
-
[
E
(=

B
|

(Top View)
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HM6787 Series, HM6787CG Series

= RECOMMENDED DC OPERATING CONDITIONS (0°C £ Ta £ 70°C)

Item Symbol min. typ. max. Unit
Supply Voltage Vee 45 50 5.5 v
GND 0 0 0 \4
Input High Voltage Viu 22 - 6.0 v
Input Low Voltage ViL -0.3 - 0.8 v
s TRUTH TABLE
CS WE Mode Vcc Current Output Pin
H X Not Selected Igp,Igp) High Z
L H Read Icc Dout
L L Write Icc High Z
= DC AND OPERATING CHARACTERISTICS (V¢cc=5V+10%, T, =0°C to +70°C)
Item Symbol Test Conditions min.| typ. | max.| Unit
Input Leakage Current gyl Vee=5.5V, Vin=0V to Vce - - 2| WA
Output Leakage Current Lol CS=Viy, Vour=0V to V¢e - - 2| wA
Operating Power Supply Current | Joe CS=Vvy,1I 170 =0mA - - 100 [ mA
Igp CS=Vy,l/0=0mA - - 40 | mA
Standby Power Supply Current CS2 Voo -0.2V
Igp,; -1 - | 20| mA
ViNS$0.2Vor VN2V e -0.2V
Output Low Voltage VoL Ior=16mA - - |05 \4
Output High Voltage Vou Ioyg=-4mA 24| - - v
® AC TEST CONDITIONS Output Load A Output Load B
Input pulse levels: GND to 3.0V +5V (for tuz, Lz, twz & tow)
Input rise and fall times: 4ns +5V
Input timing reference levels: 1.5V
Output reference levels: 1.5V 480 Q
Output load: See Figure 4809
Dout
2550 30pF + Dout
255Q 5pF %
* Including scope and jig.
@ HITACHI
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HM6787 Series, HM6787CG Series

m CAPACITANCE (T, =25°C, f=1.0MHz)

Item Symbol typ. Unit Conditions
Input Capacitance CIN 2.0 pF VinN=0V
Output Capacitance Cour 3.0 pF Vour=0V

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

® AC CHARACTERISTICS (V¢ =5V£10%, T, =0°C to 70°C, unless otherwise noted.)
® READ CYCLE

Jtem Symbol l-!M6787/CG l-’lM6787/CG-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
Output Hold from Address Change tOH 5 - 5 — ns
Chip Selection to Output in Low Z tLz 5 - 5 - ns
Chip Deselection to Output in High Z tHZ 0 15 0 15 ns
Chip Selection to Power Up Time tpy 0 - 0 - ns
Chip Deselection to Power Down Time tPD - 25 - 30 ns
¢ WRITE CYCLE
Item Symbol HM6787/CG H¥6787/CG‘30 Unit Notes
min. max. min. max.

Write Cycle Time twe 25 - 30 - ns 2
Chip Selection to End of Write tcw 20 - 25 — ns

Address Valid to End of Write tAw 20 - 25 - ns

Address Setup Time t4s 0 - 0 - ns

Write Pulse Width twp 20 - 25 - ns

Write Recovery Time tWR 5 - 5 — ns

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

Data Hold Time tDH 0 - 0 - ns

Write Enable to Output in High Z twz 0 15 0 15 ns 3,4
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 +500mV from steady state voltage with specified loading in Load B.
4. This parameter is sampled and not 100% tested.
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HM6787 Series, HM6787CG Series

e TIMING WAVEFORM OF READ CYCLE NO. 1¥): 2

tRC |

Address X
i

AA |
oH
Data Out Previous Data Valid * X X Data Valid

e TIMING WAVEFORM OF READ CYCLE NO. 21 ¥

tRC

A /T

tACS |

11%4

High Impedance High Impedance
Data Out Data Valid pos———

Vec Supply = = = = = = = = = = = =
Icc
50% 50%

Current

Note: 1. WE is high and CS is low for READ cycle. __
2. Addresses valid prior to or coincident with CS transition low.
3. Transition is measured +500mV from steady state voltage with specified loading in Load B.

@ HITACHI
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HM6787 Series, HM6787CG Series

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

twc

Adires K X

| tcw

* A\ X 17/

taw
tas IWR
twp

" \\\ j/

} oW toH |

Data In Data In Valid X

twz tow

Data Out Data Undefined

\ High Impedance

|
!

Note: 1. Transition is measured +500mV from steady state voltage with specified loading in Load B.

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

e we |
Address * *
tAs
tcw
cs X A
taw twr
twp
1 tow tDH |
Data In Data In Vahd
twz
Data Out Data Undefined
High Impedance

Note: 1. Transition is measured +500mV from steady state voltage with specified loading in Load B.
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HMGE62256L P Series,
HMG2256LFP Series

32768-word x 8-bit High Speed CMOS Static RAM

B FEATURES

¢ High Speed: Fast Access Time 85/100/120/150ns (max)

* Low Power Standby and Low Power Operation;
Standby: 200 W (typ.), 10 uW (typ.) (L-version)
Operation: 40mW (typ.) (f = 1MHz)

e Single 5V Supply

¢ Completely Static RAM: No Clock or Timing Strobe Required

* Equal Access and Cycle Time

e Common Data Input and Output, Three-state Output

e Directly TTL Compatible: All Input and Output

¢ Standard 28 Pin Package Configuration

o Capability of Battery Backup Operation

= BLOCK DIAGRAM

A12 — — —
Al4 — — —1 Memory Array
AB X
A13 !

L
A9 1 |Address| Row

L

'

Decoder
A3 Buffer

512%512

[---11

1/00—‘—-—— vo [ Column 1/0

' Buffer

1/07 Column Decoder

Y Address Buffer

HM62256LP Series

(DP-28)

HM62256LFP Series

(FP-28D)

WE
OE A0 Al A2 A10A3 A4
CS—
= ABSOLUTE MAXIMUM RATINGS
Item Symbol Rating Unit
Voltage on any pin with relative to GND| V' —-0.5*to+70| V
Power Dissipation Pr 10 w
Operating Temperature Topr 0 to +70 °C
Storage Temperature Tog | —55t0+125| °C
Temperature Under Bias Tpias | —10to+85 | °C
*Pulse Width 50ns: —3.0V
B TYPES OF PRODUCTS
Type No. Access Package
HM62256P-8 85 ns
HM62256P-10 }% ns
HMG62256P-12 ns .
HM62256P-15 150 ns 620: mil
HM62256LP-8 85 ns pin
HM62256LP-10 100 ns plastic DIP
HM62256LP-12 120 ns
HM62256LP-15 150 ns
HM62256FP-8 85 ns
HMG62256FP-10 100 ns
HMG62256FP-12 120 ns X
HM62256FP-15 150 ns 28 pin
HMG62256LFP-8 85 ns plastic SOP
HMG62256LFP-10 100 ns
HM62256LFP-12 120 ns
HM62256LFP-15 150 ns
@ HITACHI

= PIN ARRANGEMENT

afl] N [E)ve
Ai[2] 27|WE
A: 3] 26] A1
as [4] 5] A
As [5] 24] A
A [6] 23] A0

A [7] 22]0E
A |8 Ao

a 9] 20]c3
Ao [19] [19]10r
/00 [11] [18)106
10 [12] [17]1/05
1/0:[13] [16]1/0,
GND14] [15)1/05

(Top View)
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HM62256LP Series, HM62256LFP Series

8 TRUTH TABLE

CcS OE WE Mode V¢ Current 1/0 Pin Reference Cycle
H X X Not Selected Isp.IsB) High Z -
L L H Read Icc Dout Read Cycle No. 1~3
L H L Write Icc Din Write Cycle No. 1
L L L Write Icc Din Write Cycle No. 2

XmeansHor L

= RECOMMENDED DC OPERATING CONDITIONS (7,=0 to +70°C)

Item Symbol min. typ. max. Unit
Supply Vol Vee 45 50 55 A%
u oltage
pply Yolag GND 0 0 0 v
14 2.2 - 6.0 v
Input Voltage H
ViL -3.0* - 0.8 v

*Pulse Width: 5Ons. DC: Vy; min = —-0.5V

m DC AND OPERATING CHARACTERISTICS (Vcc=5V* 10%. GND=0V, T,=0 to +70°C)

Item Symbol Test Condition min. | typ.* | max. | Unit
Input Leakage Current |1l | ViN=GND to Vce - - 2 | uA
Output Leakage Current Lol | CS=Viy or OE=Vg, V1/0=GND to VcC - - 2 | sA
Operating Power Supply Current{ Icc | CS=VjL, I7/0=0mA - 8 1S | mA
HM62256LP/LFP-8 - 50 70
Average IHM62256LP/LFP-10 - |40 ] 70
Operatin in. Cycle, duty=100%, Ir/0=0mA A
Power © [IM62256LP/LFP-12| (CCI | Min- Cycle, duty=100%, I1/=0m 35 (70| ™
Supply - [HM62256LP/LFP-15 - [33 ]
Icc2 |CS=ViL, VIH=VCC, VIL=0V, I[/0=0mA, f~1MHz - 8 | 15 | mA
Isp |CS=Viy - 105 3 | mA
Standby P ly C t —
andby Power Supply Current | o oS Voo 0.2V Z | 2]100] sa
VoL |IoL=2.1mA - - 04| V
t
Output Voltage VoH |IoH=-1.0mA 24| - | - | v

Notes: *: Typical values are at ¥C(C=5.0V, T;=25°C and specified loading.

® CAPACITANCE (T,=25°C, f=1MHz)

Item Symbol Test Condition typ. [ max. | Unit
Input Capacitance Cin Vin=0V - 6 pF
Input/Output Capacitance Cro Vijo=0V - 8 pF

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

& AC CHARACTERISTICS (Vcc=5V£10%, T, =0 to +70°C unless otherwise noted)
® AC Test Conditions
O Input pulse levels: 0.8V to 2.4V O Input and Output timing reference levels: 1.5V
O Input rise and fall times: 5ns O Output load: 1TTL Gate and C_ = 100pF
(Including scope and jig)
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HM62256LP Series, HM62256LFP Series

® Read Cycle
HM62256LP/LFP-8 | HM62256LP/LFP-10 | HM62256LP/LFP-12 | HM62256LP/LFP-15 )
Item Symbol - - > Unit
min. | max. | min. | max. | min. | max. | min. | max.
Read Cycle Time tRC 85 - 100 = 120 - 150 - ns
Address Access Time t4A - 85 - 100 - 120 - 150 ns
Chip Select Access Time tACS - 85 - 100 - 120 - 150 ns
Output Enable to Output Valid tOE - 45 - 50 - 60 - 70 ns
Output Hold from Address Change tOH B - 10 - 10 - 10 - ns
Chip Selection to Output in Low Z tcrz | 10 - 10 - 10 - 10 - ns
Output Enable to Output in Low Z toLZ 5 - S - 5 - 5 - ns
Chip Deselection to Output in High Z | tcHz 0 30 0 35 0 40 0 50 ns
Output Disable to Output in High Z tOHZ 0 30 0 35 0 40 0 50 ns
® Timing Waveform of Read Cycle No. 1(1
trC
Address >< ><
[Z¥)
% AN /]
N / //
toe toH
© PORNE — 2N
toHz
; tacs tcHz
CLZ
Dout ( Data Valid JAN
® Timing Waveform of Read Cycle No. 2[11121 (4]
tre
Address >< ><
taa | ton
tou
Dout .
OO0 G
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HM62256LP Series, HM62256LFP Series

® Timing Waveform of Read Cycle No. 3[11[31(4]
CS — l
\ tacs { tcHz
tcrLz
Dot Data Valid

Notes) 1. WE is High for Read Cycle.
2. Device is continuously selected, CS = V.
3. Address Valid prior to or coincident with TS transition Low.
4. GE = VIL'

¢ Write Cycle

HM62256-8 HM62256-10 HM62256-12 HMG62256-15
ftem Symbol min max min max min max min max Unit
Write Cycle Time twe 85 - 100 - 120 - 150 — ns
Chip Selection to End of Write tew 75 — 80 - 85 - 100 - ns
Address Valid to End of Write taw 75 - 80 — 85 - 100 — ns
Address Setup Time tAs 0 - 0 — 0 — 0 — ns
Write Pulse Width twp 60 — 60 — 70 — 90 - ns
Write Recovery Time twr 10 - 0 - 0 - 0 — ns
Write to Output in High Z twHZ 0 30 0 35 0 40 0 50 ns
Data to Write Time Overlap tpw 40 . 40 - 50 — 60 — ns
Data Hold from Write Time tby 0 — - — 0 - ns
Output Disable to Output in HighZ | toyz 0 30 35 40 0 50 ns
Output Active from End of Write tow 5 — — 5 — 5 — ns
G HITACHI
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HM62256LP Series, HM62256LFP Series

® Timing Waveform of Write Cycle No. 1 (OE Clock)

twe
Address ><
—Twr o

w777 , X

[ cw
ANV AN £777777

tas tAaw
- —
wE OO Y
tonz (3] twp (1)
Dout NN NN NSNANNN
LLLL LS tow tpH

¢ XXX

® Timing Waveform of Write Cycle No. 215) (BE Low Fixed)

Address >< ) <

twe

‘ few tw[kzl““‘
SN NN 7 vsss000/4
taw
J— twp (1)
e lﬁj\\\\\ A o
tWHZ[B) tow e (N
Dout NANANN NN ANNNN
L L/ / fow ton —
Din NN N/
VAN
Notes: 1.

HwN

00 N W»n

. twr is measured from the earlier of

. During this period, I/O pins are in the output state. The input signals out of phase must not be apphed
. If the CS low transition occurs simultaneously with the WE low transition or after the WE low transition,

A write occurs during the overlap (£ yp) of a low CS and a low WE.
C% or WE going high to the end of write cycle.

outputs remain in a high impedance state.

. OE is continuously low. (OE = V1)

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

. Dout 1s the read data of next address.

. If CS is low during this period, I/O pins are in the output state. The input signals out of phase must not be

apphied to I/O Pins.
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HM62256LP Series, HM62256LFP Series

8 LOW V¢ DATA RETENTION CHARACTERISTICS (T4 = 0 to 70°C)

These characteristics are guaranteed only for L version.

Item Symbol Test Conditions min. | typ. | max. | Unit
V¢ for Data Retention VbR CS2 Vge 0.2V 20 - | - \4
Data Retention Current Iccpr | Vee=30V,CS228V - | =15 | wA
Chip Deselect to Data Retention Ti t 0 - -
P e Tetenton e CDR See Retention Waveform i
Operation Recovery Time tp trc*| - - ns
* tpc = Read Cycle Time
® Low Voo Data Retention Waveform
Vee DATA RETENTION MODE
Y — 4.5V
R
Vbr=2.0V N _-—-2.2V
\ /
CS=Vcec—0.2V

———

oV ---

NOTE) In data retention mode, CS controls the address, WE, OE and Dyy Buffers. Vyy for these mputs can be in high impedance state
in data retention mode.
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HM62256LP Series, HM62256LFP Series:

SUPPLY CURRENT vs.
SUPPLY VOLTAGE
1.6
Ta=25°C
§ 1.4 §
s ]
£ ] E
8 3
510 5
n} n]
& / &
> ] =)
3] 08 / [&]
% ]
& &
S o6 >
7} 7]
0.4
450 4.75 5.00 525 5.50
Vee (V)
Supply Voltage Vce (V)
SUPPLY CURRENT vs.
SUPPLY VOLTAGE
leer-Vee
16
. Ta=25°C
5 -
g e 2
2 12 3
E 10 =
o / E
8 08 >
[$)
% >
2 T
2 o6 a
? ?
0.4
4.50 4.75 5.00 5.25 5.50
Vee (V)
Supply Voltage Ve (V)
SUPPLY CURRENT vs.
SUPPLY VOLTAGE
lec2-Vee
1.6
5 Ta=25°C =
(3 @
& 1.4 N
= B
£ g
5 E
£ 12 2
o
E 1o =
w w
c [
[ [
O 0.8 8
oy 2
5 o6 5
2] : c:r;
0.4
4.50 4.75 500 5.25 5.50
Vee (V)
Supply Voltage Vcc (V)
@G HITACHI

SUPPLY CURRENT vs.

AMBIENT TEMPERATURE

lec1-Ta
1.6

Ve =5.0V
14
12
1.0
—

08
06
04

0 20 40 60 80

Ta(°C)

Ambient Temperature Ta (°C)

SUPPLY CURRENT vs.

AMBIENT TEMPERATURE

lec1-Ta
13

Vee=5.0V
1.2
11
1.0
-\\

0.9
0.8
0.7

0 20 40 60 80

Ta(°C)

13

12

11

09

08

0.7

Ambient Temperature Ta (°C)

SUPPLY CURRENT vs.
AMBIENT TEMPERATURE
lcc2-Ta
Vee=5.0V
~— |
—
0 20 40 60 80
Ta(°C)

Ambient Temperature Ta (°C)
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SUPPLY CURRENT lgg; (Normalized) ACCESS TIME taa (Normalized)

SUPPLY CURRENT lecy, lgcz (Normalized)

13

1.0
09 \
0.8
0.7
4.50 475 5.00 5.25 5.50
Vee (V)
Supply Voltage Ve (V)
STANDBY CURRENT vs.
SUPPLY VOLTAGE
lsg1-Vee
1.4
12 / H
K]
13
1.0 g
Ta=25°C g
0.8 et
z
]
/ £
0.6 74 8
/ >
o
0.4 — g
_/ ?
0.2
2 3 4 5 6
Vee
Supply Voltage Ve (V)
STANDBY CURRENT vs.
FREQUENCY (READ)
lects leca-Frequency (Read)
1.2
150ns, 120ns, 100ns, 85ns §
1.0 3
£
S
0.8 2
g o
v 8
0.6 g
% Ta=25°C =
Voo =5.0V b
0.4 E
=)
/ N
>
0.2 }——A a
o
>
7]
0.0
[ 2 4 6 8 10 12
f (MHz)
Frequency f (MHz)
O HITACHI

ACCESS TIME vs.
SUPPLY VOLTAGE
taa-Vec

Ta=25°C

ACCESS TIME taa (Normalized)

HM62256LP Series, HM62256LFP Series

ACCESS TIME vs.
AMBIENT TEMPERATURE
taa-Ta
13
Ve =5.0V
1.2 —
11 /
=
1.0
0.9
0.8
0.7
0 20 40 60 80
Ta(°C)
Ambient Temperature Ta (°C)
STANDBY CURRENT vs.
AMBIENT TEMPERATURE
lsg1-Ta
10
Ve =5.0V
1
107
102
0 20 40 60 80
Ta(°C)
Ambient Temperature Ta (°C)
STANDBY CURRENT vs.
FREQUENCY (WRITE?N
lec1s lec2—-Frequency (Write)
1.2
150ns, 120ns, 100ns, 85ns
10

o8 d

0.6
Ta=25°C
Veec=50V

0.4

0.2

0.0

0 2 4 6 8 10 12
f (MH2)
Frequency f (MHz)
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HM62256LP Series, HM62256LFP Series

INPUT LOW VOLTAGE V,_(max) (Normalized)

ACCESS TIME taa, tacs (Normalized)

INPUT LOW VOLTAGE vs.
SUPPLY VOLTAGE
Vie-Vee
13 _
Ta=25°C 2
12] ]
5
£
11 €
E
| E:
1.0 w
l—"] Q
<
5
0.9 g
T
[]
I
0.8 =
=)
'8
z
0.7 =
4.50 4.75 5.00 5.25 5.50
Vee (V)
Supply Voltage Vcc (V)
ACCESS TIME vs.
LOAD CAPACITANCE
18
16
14
12
1.0
0.8
0.6
100 200 300 400 500
Load Capacitance C (pF)
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INPUT HIGH VOLTAGE vs.

SUPPLY VOLTAGE

Vin-Vee
13

Ta=25°C
1.2
11
1.0
0.9
0.8
0.7
4.50 4.75 5.00 5.25 5.50
Vee (V)
Supply Voltage Vce (V)
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HM62256LP-SL Series, Preliminary
HM62256LFP-SL Series,
CMOS 256K Static Ram

(Super Low Power Data Retention Version)

32,768 x 8-bit High Speed Static CMOS RAM

B FEATURES
* High Speed: Fast Access Time 100/120ns max.
¢ Low Power Standay and Low Power Operation;
Standby: 10uW typical
Operation: 40mW typical (f = 1MHz)
 Single 5V Supply
o Completely Static RAM: No Clock or Timing Strobe Required
e Equal Access and Cycle Time
e Common Data Input and Output: Three State Output
¢ Directly TTL Compatible: All Input and Output
» Standard 28 Pin Package Configuration
e Capability of Battery Backup Operation

(DP-28)

= BLOCK DIAGRAM

# PIN ARRANGEMENT

/::(4 —] —— — Memory Array \_J
¥ X 1 t 7
Al ! Al 1 281V
‘:x\(l)l '|Address| Dch“oder ! HE -
R ] ] 1 e
a5 | Buffer | - 512512 a[2] [27]WE
M N )
= -1 w0 ap
/00— |, [  Column /0 As [5] [24] a0
'
1/07-'———‘ Buffer Column Decoder A E.-. EA“
T i aor
. Y Address Buffer A 8] 21] A0
- ] a8 z]cs
OE A0 Al A2 A10A3 A4
Ao @ EI O
CS—»
I ooE 18] 1 os
= ABSOLUTE MAXIMUM RATINGS 1oi[xg] 17]1 0
Item Symbol Rating Unit IfOzE EI 04
Voltage on any pin relative to GND Vr -0.5*to+7.0| V GND[12 EI/Oa
Power Dissipation Pr 10 w -
X S (Top View)
Operating Temperature Topr 0to+70 C
Storage Temperature Tstg -55to+125 | °C
Temperature Under Bias Thigs | —10to+85 | °C

*Pulse Width SOns: -3.0V

Note) The specifications of this device are subject to change without notice.
Please contact your nearest Hitachi’s Sales Dept. regarding specfications.
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HM62256LP-SL Series, HM62256LFP-SL Series

s TRUTH TABLE

Ccs OF WE Mode Ve Current 1/0 Pin Reference Cycle
H X X Not Selected Isp.IsB1 High Z -
L L H Read Icc Dout Read Cycle No. 1~3
L H L Write Icc Din Write Cycle No. 1
L L L Write Icc Din Write Cycle No. 2

Xmeans Hor L

= RECOMMENDED DC OPERATING CONDITIONS (7,=0 to +70°C)

Item Symbol min. typ max. Unit
|4 45 5.0 5.5 v
Supply Voltage cc
GND 0 0 0 v
v 22 - 6.0 A
Input Voltage H
ViL -3.0* - 08 A
*Pulse Width: S0ns. DC: 'y min = -0 5V
 DC AND OPERATING CHARACTERISTICS (T, = 0to 70°C, Ve = 5V % 10%, GND = OV)
HM62256LP/LFP
Parameter Symbol 10SL/12SL Unit Test Conditions Notes
min typ max
Input Leakage Current Il — — 2 A | Vin = GND to Ve —
E:—S = VlH 0I‘6E = VIH‘
Output Leakage Current 1ol 2 A Vi/o = GND to Ve
Operating Power Supply Current: DC | Icc — 8 15 mA | CS =V, Ijo=0mA —
Average Operating Power Iccr 40 70 mA -10 Mini Cycle Duty = _
Supply Current (1) 35 70 1R 100%, Ij;o = OmA
Average Operating Power Iccz — 8 15 mA [CS=ViL.Vig=Vee. ViL=OV. | @
Supply Current (2) Ijo = OmA, f = IMHz
Standby Power Supply Current: DC Isp - 0.5 3 mA | CS=Vy -
Standby Power Supply -
Current (1): DC Isgi - 2 50 pA | CS=Ve -0.2V
Output Low Voltage VoL — — 0.4 \ IgL = 2.1mA —
Output High Voltage Vou 24 - — v Iog = -1.0mA -

Notes) 1. Typical values are at Vi = 50V, T, = +25°C and specified loading.
2. Reference only

® CAPACITANCE (7,=25°C, f=1MHz)

Item Symbol Test Condition typ. | max. | Unit
Input Capacitance Cin Vin=0V - S pF
Input/Output Capacitance Cro Vijo=0V - 8 pF

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

® AC CHARACTERISTICS (Vcc=5V+10%, T, =0 to +70°C unless otherwise noted)

® AC Test Conditions
O Input pulse levels: 0.8V to 2.4V O Input and Output timing reference levels: 1.5V
O Input rise and fall times: 5ns O Qutput load: 1TTL Gate and C_ = 100pF
(Including scope and jig)
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HM62256LP-SL Series, HM62256LFP-SL Series

* Read Cycle
HM62256P-8 | HM62256P-10 | HM62256P-12 | HM62256P-15
Item Symbol | HM62256LP-8 | HM62256LP-10 | HM62256LP-12 | HM62256LP-15 | ypt
min. | max. | min. [ max. [ min. [ max. | min. | max.
Read Cycle Time tre 85 - 100 - 120 - 150 - ns
Address Access Time tay - 85 - 100 - 120 - 150 ns
Chip Select Access Time tacs - 85 = 100 - 120 - 150 ns
Output Enable to Output Valid toe - 45 - 50 - 60 - 70 ns
Output Hold from Address Change ton 5 - 10 - 10 - 10 - ns
Chip Selection to Output in Low Z taiz 10 - 10 — 10 - 10 - ns
Output Enable to Output in Low Z torz 5 - - - - ns
Chip Deselection to Output in HighZ | t¢y; 30 35 40 0 50 ns
Output Disable to Output in High Z tonz 30 35 40 50 ns

® Timing Waveform of Read Cycle No. 111}

trC
Address >< ‘><
taa
% AWK 00NN
toe ton
& \\\% forz s
tacs !5;011;2

Dout ferz K Data Valid AN

® Timing Waveform of Read Cycle No. 2{11121[4]
trC
Address >< >£
taa | ton
ton

Dout > Data Valid ‘>
® Timing Waveform of Read Cycle No. 3[11(3114]
(o5

TN

\ tacs ~| tcuz
tcrz

Dout Data Valid

Notes) 1. WE is High for Read Cycle.
2. Device 1s continuously selected, CS = ViL.
3. Address Valid prior to or coincident with CS transition Low.
4.0E=VqL.
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HM62256LP-SL Series, HM62256LFP-SL Series

e Write Cycle

HM62256P-8 HMG62256P-10 | HM62256P-12 | HM62256P-15
Item Symbol | HM62256LP-8 | HM62256LP-10 | HM62256LP-12 | HM62256LP-15 | yypi¢
min. max. min. | max. min. max. min. max.
Write Cycle Time twe 85 - 100 - 120 - 150 — ns
Chip Selection to End of Write tew 75 — 90 — 100 - 120 - ns
Address Valid to End of Write taw 75 - 90 —_ 100 — 120 — ns
Address Set Up Time tas 0 - 0 - 0 - 0 - ns
Write Pulse Width twp 65 - 75 - 90 - 110 — ns
Write Recovery Time twr 10 - 0 - 0 — 0 - ns
Write to Output 1n High Z twaz 0 30 0 35 0 40 0 50 ns
Data to Write Time Overlap tow 35 - 40 - 50 - 60 - ns
Data Hold from Write Time oy 0 - 0 - 0 - 0 - ns
Output Disable to Output in High Z tonz 0 30 0 35 0 40 0 50 ns
Output Active from End of Write tow 5 - 5 - 5 o 5 - ns
® Timing Waveform of Write Cycle No. 1 (OE Clock)
twe
Address }( )(
W R (2)
e [/f N\
1 tcw
N I
tAs —= taw
WE \\\\ %
}\ K J
tonz(3) twe (1)
Dout NNV N NNNNN
(L LS toH tow
< XXX
\
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HM62256LP-SL Series, HM62256LFP-SL Series

® Timing Waveform of Write Cycle No. 2151 (OE Low Fixed)

twe
Address )( ){
| tew tw(h?]‘—‘
SN 74 72000004
taw
——— twp[l]
. ﬁj\\ \ \ /] g ton
tWHZ[S] tow 6| N
Dout ANANAN N\
tpw tDH (8)

Din %

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

2. twpg 1s 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. The input signals out of phase must not be applied

4. If the CS low transition occurs simultaneously with the WE low transition or after the WE low transition.
outputs remain in a high impedance state.

5. OE is continuously low. (OE = V1)

6. Dout 1s in the same phase of written data of this write cycle.

7. Dout 1s the read data of next address.

8. If CS is low during this period, I/O pins are in the output state. The input signals out of phase must not be

applied to I/O Pins.

* LOW Ve DATA RETENTION CHARACTERISTICS (T = 0°C to 70°C)

Parameter Symbol min typ max Umit Test Conditions
Ve for Data Retention Vpr 2.0 — — V| CS = Ve -0.2V
Data Retention Current Icepr — — (1) 10 wA | Voo =3.0V,CS = 2.8V
Chip Deselect to Data tCDR 0 — — ns
Retention Time Sec Retention Waveform
Operation Recovery Time tR @) e _ — ns

® Low V¢ Data Retention Waveform

Vee DATA RETENTION MODE
4.5V 4.5V
tcDr .
Vbr=2.0V
= /_‘—-3----- 2.2V
CS=Vece—0.2V
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HM66202 Series

NEW DESIGNS SHOULD USE
HM62256, 32K x 8 SRAM

32768-word X 8-bit High Density Static RAM Module
» FEATURES
® |Industry Standard 30 pin DIP Mechanical Outline.
® Single +5V Supply.
® High speed: Fast Access Time 120ns/150ns/200ns max.
® Equal Access and Cycle Time.
® Completely Static RAM: No Clock or Timing
Strobe Required.
® CS,,,CS,,, CS;3,CS;4 for Chip Decode.
® Low Power Standby and Low Power Operation;

Standby: 0.4mW typ. Operation: 200mW typ. (DM-30)
® Common Data Input and Output, Three State
Output.

® Directly TTL Compatible: All Input and Output.
= PIN ARRANGEMENT

= BLOCK DIAGRAM ] Y s
Ao-hn @ [ E EVcc
e @ A 3] 28] WE
Tr © Ar E 27] s
Sr @—— a[5] 26] s
i © as[6] 25] As
1/01-1/08 @— ] 7] An
% ‘f:" —@ Ve a[E] 23] O
= o a9 22] Ao
OF
—® GND Mm (21 o
m 20] 1/0s
a RAM RAM 170 [iz] [19] 1r0r
® fol a2 1702 E E] 1706
von 1] 7] 105
o 5] [16] 1704
RAM RAM (Top View)
No3 No4
8 TRUTH TABLE
Mode WE CS2 OE 1/0 Current Ref. Cycle
Not Selected (Power Down) X L X High-Z Isp, Isp2
Output Disabled H H H High-Z Ice, Icca
Read H H L Dout Icc, Icc]
Writ L H H Din Icc, Icci Write Cycle (1)
rite
L H L Din Ice, Icci Write Cycle (2)

Notes) 1. X:HorL _
2.C§,,,Cs,,,CS,, and CS, , are chip decode use only. When one chip is selected, others are not selected.
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HM66202 Series

= ABSOLUTE MAXIMUM RATINGS

Item Symbol Rating Unit
Voltage on Any Pin Relative to GND Vi -0.5%to 7 \4
Operating Temperature Topr 0 to +70 °C
Storage Temperature Tstg —5§5 to +125 °C
Temperature under Bias Thias —10 to +85 °C
Power Dissipation Pr 1.0 w

* —3.0V (pulse width 50ns)

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

Parameter Symbol min typ max Unit
Supply Voltage Vee 45 5.0 55 \4
GND 0 0 1] \4
Input High (logic 1) Voltage Vi 22 - 6.0 A\
Input Low (logic 0) Voltage ViL -0.3* - 0.8 A\

* —3.0V (Pulse width 50ns)

= DC AND OPERATING CHARACTERISTICS (7,=0°C to +70°C, V=5V 10%, GND=0V)

Parameter Symbol Test Conditions min [typ* [ max |Unit
Input Leakage Current Ity Vin=GND to V¢ - - 10 | A
Output Leakage Current Io |CS2=Vyy or OE=Vyyor WE=Vp, - | -] 10|k

V1/0=GND to Ve

Operating‘Power Supply Current: DC | Icc | CS2=Vy, Ij0=0mA - 40 90 | mA
Average Operating Current Icci |Min, cycle, duty=100%, I;/0=0mA - | 60 [120 | mA
Standby Power Supply Current (1) Isg |CS2=V;y - 4 12 | mA
Standby Power Supply Cuarrent(3):DC| /ggp |CS2 S 0.2V, ¥z min=-0.3V - |0.08 8 | mA
Output Low Voltage VoL |loL=2.1mA - - 104 | V
Output High Voltage Vou |log=-1.0mA 24 | - - v

*: Typical limits are at Vee=5.0V, Tg=+25°C and specified loading
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HM66202 Series

® CAPACITANCE (7,=25°C,f=1.0 MHz) [1]

Parameter Symbol typ. max. Unit Test Conditons
Input Capacitance Cin - 40 pF Vin=0V
Input/Output Capacitance Cro - 40 pF Vijo=0V

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

® AC CHARACTERISTICS (T,=0°C to +70°C, V¢ =5.0V+£10% unless otherwise noted)

® AC Test Conditions

Inputpulselevels ....................
Inputriseand fall times .. ..............
Input and Output timing reference level . . ...
Outputload.............covuun...

® READ CYCLE

................. 0.8V to 24V
................. 10ns
................. 1.5V
................. ITTL Gate and C, =100pF
(Including scope & Jig)

HM66202-12 HM66202-15 HM66202-20 R
Parameter Symbol ~ - ) Unit

min max min max min max
Read Cycle Time tRC 120 - 150 - 200 - ns
Address Access, Time tAA - 120 - 150 - 200 ns
Chip Selection (CS2) to Output tco - 120 - 150 - 200 ns
Output Enable (OE) to Output Valid tOE - 60 - 70 - 100 ns
Chip Selection (CS2) to Output in Low Z tLz 10 — 15 - 15 - ns
Output Enable (OE) to Output in Low Z toLZ 5 - 5 - 5 - ns
Chip Deselection (CS2) to Output in High Z | zgz+ 0 40 0 50 0 60 ns
Output Disable (OE) to Output in High Z tOHZ* 0 40 0 50 0 60 ns
Output Hold from Address Change tOH 10 - 15 = 15 - ns

Note) *: tyz and ¢, define the time at which the output achieves the open circuit condition and are not referenced to
'HZ OHZ P

output voltage levels.
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HM66202 Series

® Timing Waveform of Read Cycle'®

tRC

X X
TR AN

10E tHz

N - A

toHZ

( Data Valid

OH

(9]
w
&

‘7
Ve

Lz

Dout

Notes) 1. WE is High for Read Cycle.
2. Cs,,, CS,,, CS,, and CS,, are used only for chip decoding. When one chip is selected, others are not selected.
When one CSiN pin is in Vjy level, other CSin pins must not be in ¥y level. N=1, 2, 3, 4.

® WRITE CYCLE

HM66202-12 HM66202-15 HM66202-20 .
Parameter Symbol - - - Unit
min max min max min max
Write Cycle Time twe 120 - 150 - 200 - ns
Chip Selection to End of Write tcw 85 - 100 - 120 - ns
Address Set Up Time t4S 0 - 0 - 0 - ns
Address Valid to End of Write t4AwW 85 - 100 — 120 — ns
Write Pulse Width twpP 70 = 90 - 100 — ns
Write Recovery Time WE IWRI 10 - 10 - 10 ~ ns
CS, | twr2 15 - 15 - 15 - ns
Write to Output in High Z tWHZ 0 40 0 50 0 60 ns
Data to Write Time Overlap tDw 50 = 60 - 70 — ns
Data Hold from Write Time tDH 0 - 0 - 0 - ns
Output Disable (OE) to Output in High Z tOHZ 0 40 0 50 0 60 ns
Output Active from End of Write tow 5 - 10 - 10 - ns
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HM66202 Series

® Timing Waveform of Write Cycle'*) (OE Clock)

e X X

[10)
(4]

/777 G B NN\
SR e SRR
" NN\ 77777

XX

o Timing Waveform of Write Cycle® (OE Low Fixed)

we

we X S
{10} Taw
twrz  |[4]
« U e - FRULIATIINNN
twr1__|4]
WE tas (3] %}\\ N = Jl ton
[5)
WHz tow )
\\\\\\L\\\\\X\\\J v v
o 7777777777 7777777 - -

(9]

Notes): 1. A write occurs during the overlap of a high CS, and a low WE. A write begins at the later transition of Cs,
going high or WE going low. A write ends at the earlier transition of CS, going low or WE going high. twp is
measured from the beginning of write to the end of write.

. tcw is measured from CS, going high to the end of write.

. tag is measured from the address valid to the beginning of write.

. twg is measured from the end of write to the address change.

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

6. If CS, goes high simultaneously with WE going low or after WE going low, the outputs remain in high im-
pedance state.

. Dout is the same phase of the latest written data in this write cycle.

. Dout is the read data of next address.

. If CS, 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.

10. CS,,, CS,,, CS,, and CS,, are used only for chip decoding. When one chip is selected, others are not selected.

When one CS 1N pinisin ¥y level, other CSiN pins must not be in ¥V level. N=1, 2, 3, 4,

wn AW

O 00 3
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HM686202 Series

u PACKAGE OUTLINE (Dimensions in mm)

39.60(40.64max )

(2 54max )
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HMG66202L. Series

NEW DESIGNS SHOULD USE
HM62256, 32K x 8 SRAM
32768-word X 8-bit High Density Static RAM Module
s FEATURES
® Industry Standard 30 pin DIP Mechanical Outline.
® Single +5V Supply.
® High speed: Fast Access Time 120ns/150ns/200ns max.
® Equal Access and Cycle Time.
® Completely Static RAM: No Clock or Timing
Strobe Required.
e C5,,.CS,,, -C_S'l 3, é_S-l 4 for Chip Decode.
® Low Power Standby and Low Power Operation;
Standby: 40uW typ. Operation: 200mW typ. (DM-30)
® Common Data Input and Output, Three State
Output.
® Directly TTL Compatible: All Input and Output.
= PIN ARRANGEMENT
® BLOCK DIAGRAM w6 1] [ojese
=B 2] 1cc
M_é% © Az 3] K] WE
Gr @ a1 37 cse
o @—— A [5] 2] As
G @ 2 [¢] [5] As
1/01-1/08 ©r Ad E E An
% f —@ Ve »[E] [23] 5%
oF Z x5 [22] A
—® GND Mm o
— - m 20] 1/08
T 1 &am 11 ram vor [iz] [i5) vor
Nal No2 1on E E 106
l/(nE Ell/()s
| ww [15] [16] 1704
RAM RAM (Top View)
No3 Nod

® TRUTH TABLE

Mode WE CS2 OE 1/0 Current Ref. Cycle
Not Selected (Power Down) X L X High-Z IsB, IsB2
Output Disabled H H H High-Z Ice, Icca
Read H H L Dout Ice, Icci
. L H H Din Icc, Icca Write Cycle (1)
Write
L H L Din Ices Icci Write Cycle (2)

Notes) 1. X: Hor L
2.Cs,,,CS,,,CS,, and CS, , are chip decode use only. When one chip is selected, others are not selected.
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HM66202L Series
s ABSOLUTE MAXIMUM RATINGS

Item Symbol Rating Unit
Voltage on Any Pin Relative to GND Vin -05*to 7 \%
Operating Temperature Topr 0to +70 °C
Storage Temperature Tstg —55to +125 °C
Temperature under Bias Thias I —10 to +85 °C
Power Dissipation Pr 1.0 w

*: —3.0V ( Pulse Width 50ns)

= RECOMMENDED DC OPERATING CONDITIONS (7,=0°C to +70°C)

Parameter Symbol min typ max Unit
Supply Voltage Vee 4.5 5.0 5.5 A\
GND 0 0 0 \%
Input High (logic 1) Voltage Vig 22 - 6.0 v
Input Low (logic 0) Voltage Vi -0.3* - 0.8 \%

*:-3.0V (Pulse width 50ns)

= DC AND OPERATING CHARACTERISTICS (7,=0°C to +70°C, V¢ =5V 10%, GND=0V)

Parameter Symbol Test Conditions min |typ* | max | Unit
Input Leakage Current Ipy Vin=GND to Ve - - 2 | A
Output Leakage Current Irp |CS2=Vjp or OE=Vy or WE= ViL,V1/0=GND | — - 2 | A

to Vee

Operating Power Supply Current: DC | Icc  |CS2=V 1y, I1/0=0mA - 40 90 | mA
Average Operating Current Icci |Min. cycle, duty-100%, I1,0=0mA - 60 1120 | mA
Standby Power Supply Current (1) Isg |CS2=Vp - 4 12 | mA
Standby Power Supply Cuarrent(3):DC| /ggy |CS2 £ 0.2V, Vi min=—0.3V - 8 | 400 | uA
Output Low Voltage VoL |loL=2.1mA - - 04 |V
Output High Voltage Vou |Iog=—1.0mA 24 - - v

*: Typical limits are at ¥V ¢c=5.0V, T,=+25°C and specified loading
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HM66202L Series

® CAPACITANCE (T,=25°C,f=1.0 MHz) [1]

Parameter Symbol typ. max. Unit Test Conditons
Input Capacitance Cin - 40 pF Vin=0V
Input/Output Capacitance Cro - 40 pF Vyo=0V

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

® AC CHARACTERISTICS (7,=0°C to +70°C, V(c=5.0V+10% unless otherwise noted)

® AC Test Conditions
Input pulse levels
Input rise and fall times
Input and Output timing reference level

Outputload . . ..ot

® READCYCLE

10ns
1.5V

0.8V to 2.4V

ITTL Gate and C; =100pF

(Including scope & Jig).

HM66202L-12 HM66202L-15 HM66202L-20 .
Parameter Symbol ” , - Unit

min max min max min max
Read Cycle Time tRC 120 - 150 - 200 - ns
Address Access Time tA4 - 120 - 150 - 200 ns
Chip Selection (CS2) to Output tco - 120 - 150 - 200 ns
Output Enable (OE) to Output Valid tOE - 60 - 70 - 100 ns
Chip Selection (CS2) to Output in Low Z t1z 10 - 15 - 15 - ns
Output Enable (OE) to Output in Low Z toLz 5 - 5 - N - ns
Chip Deselection (CS2) to Qutputin High Z | tfyz+ 0 40 0 50 60 ns
Output Disable (OE) to Output in High Z tOHZ* 0 40 0 50 0 60 ns
Output Hold from Address Change tOH 10 - 15 - 15 - | ns

Note) *: tyyz and tgyz define the time at which the output achieves the open circuit condition and are not referenced to

output voltage levels.
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HM66202L Series

® Timing Waveform of Read Cycle!”

IrRC

e A X

(2]

tAA

/I

Lz

]
g
7z

loE Hz

RN NN - A,

lonz

Dout

( Data Valid

Notes) 1. WE 1s High for Read Cycle.
2. CS,,, CS,,, CS,, and CS,, are used only for chip decoding. When one chip is selected, others are not selected.
When one CS~ pin is in Vi level, other CSin pins must not be in ¥y level. N=1, 2, 3, 4.

® WRITE CYCLE

HM66202L-12 HM66202L-15 HM66202L-20 .
Parameter Symbol - - Unit
min max min max min max
Write Cycle Time twe 120 - 150 - 200 - ns
Chip Selection to End of Wnite tcw 85 - 100 - 120 - ns
Address Set Up Time tAS 0 - 0 - 0 - ns
Address Valid to End of Write AW 85 - 100 - 120 - ns
Write Pulse Width tWpP 70 - 90 - 100 - ns
Write Recovery Time WE ‘WR] 10 - 10 = 10 ~ =
CS, | twr2 15 - 15 - 15 - ns
Write to Output in High Z tWHZ 0 40 0 50 0 60 ns
Data to Write Time Overlap tDW 50 - 60 - 70 - ns
Data Hold from Write Time tDH 0 - 0 - 0 - ns
Output Disable (OE) to Output in High Z tOHZ 0 40 0 50 0 60 ns
Output Active from End of Write tow N - 10 - 10 - ns
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HM66202L Series

® Timing Waveform of Write Cyeleu’ (OE Clock)

v X X

777 G NN\

i e SRR

tas (3] A twe [1]

. SN\

tonz [5]

v

C!

Id

AN N NN
/ / tow ton

< XX

® Timing Waveform of Write Cycle'?) (OE Low Fixed)

Adges \( }
{10] Tan
wr2 |[4]
s LR - R RO
wr1 _|[4]
t we (1]
WE tas 3] %\ \\ = // ton
[s]
WHZ toey. m 8
MAVIVNNVNNNANNVANNN
v 77777777 777777 - -

(9]

Notes): 1. A write occurs during the overlap of a high CS, and a low WE A write begins at the later transition of CS,
going high or WE going low A write ends at the earlier transition ot CS, going low or WE going high typis
measured from the beginning of write to the end of write

. tew is measured from CS, going high to the end of write.

. tpg is measured from the address valid to the beginning of write

. twng is measured from the end of write to the address change

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

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

10. CS,,, CS,,, CS,, and CS,, are used only for chip decoding. When one chip is selected, others are not selected.

When one CSin pinisin ¥y level, other CS |y pins must not bein V-, level. N=1, 2, 3, 4.

w AW N

o
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HM66202L Series

® LOW V. -DATA RETENTION CHARACTERISTICS (7,=0 to +70°C)

Parameter Symbol Test Conditions min | typ |max | Unit
Vcc for Data Retention Vpr | CS250.2V 20 | - - | v
Data Retention Current Iccpr | Vec=3.0V,CS2£0.2V, ¥y min= -0.3V| - 4 |200* | uA
Chip Deselect to Data Retention Time | tcpgr 0 [ - - ns
See Retention Waveform %
Operation Recovery Time 'R trc | — = ns

* 80uA max. under the condition of T;=0 to +40°C
** trc=Read Cycle Time

8 Low V¢ Data Retention Waveform

Data Retention Mode

m PACKAGE OUTLINE (Dimensions in mm)

39 60(40 64max |

1499

2 54min

(2 54max }
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HMG66203 Series,

HMG66203L Series

HI-CMOS 1M STATIC RAM 128K x 8 BIT HIGH DENSITY
131072 x 8 BIT HIGH DENSITY STATIC RAM MODULE

B FEATURES

High Density Industry Standard 32 Pin DIP Mounting
4pcs of 256k Static RAM (SOP).

Single +5V Supply.
High speed: Fast Access Time 100ns/120ns/150ns max.
Equal Access and Cycle Time.

Completely Static RAM : No Clock or Timing Strobe Required.
Low Power Standby and Low Power Operation;

Standby : 40uW typ. (L Type)

Operation : 50mW type. (f= 1MHz)

(DM-32)

M PIN ARRANGEMENT

e Common Data Input and Output, Three State Outputs. Top View
¢ Directly TTL Compatible: All Inputs and Outputs.
TS [ |1 32| ]vee
TS |2 31| T8
B FUNCTIONAL BLOCK DIAGRAM aa [ s0[ ]nc
AO‘gSu g A |4 20| |WE
1
[ % ar[ s 28| |A
TS,
G © rs[ |6 27| ] As
IO, - 0y © as [ ]7 26 ] Ao
LR © Vao A |8 25| ] An
OE © © GND '
] ] L 24| |OE
RAM RAM A2 []10 23| ] Ao
NO. 1 NO. 2 A [ 22 :l TS
Ao E 12 21| Juos
| oy [ 13 20[ wor
RAM RAM W0z | 14 19 ] uos
NO. 3 NO. 4 woa [ |15 18] Juos
GND [ |16 17| | 10a
B TRUTH TABLE ‘
Mode S, WE OE 1/0 Current Note
Not Sclected (Power Down) *H X X High-Z Isp, Isp)
Read L H L Dout Ice Read Cycle (1) ~ (3)
Writ L L H Dy, Icc Write Cycle (1)
ne
*EL L L Dy Ice Write Cycle (2)
X :Don'tCarc(HorL):i=1,2,3,4

* All chips arc not sclected.

** CS,,CS,, CS; and CS; pins are used for chip decoding. Only onc chip should be sclected. Two or more chips must not be selected at one time.
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HM66203-10/-12/-15, HM66203L-10/-12/-15

B ABSOLUTE MAXIMUM RATINGS

ftem Symbol Rating Unit
Voltage on Any Pin Relative to GND Vi -0.5% 10 +7 v
Operating Temperature Topt 0to +70 °C
Storage Temperature Toe -551t0 +125 °C
Temperature Under Bias T -0t +85 °C
Power Dissipation Pr 1.0 w

¥-3.0V (pulse width 50ns)

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

Parameter Symbol min type max Unit Notes
\% 4.5 5.0 5 \4
Supply Voltage « 5
GND 0 0 0 \Y
Input High (logic 1) Voltage Viu 22 = 6.0 v
. *Pulsc width: 50ns
Input Low (logic 0) Voltage ViL -3.0% - 0.8 \ DC: V::: mlin - —OI.‘;V

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

HM66203/L
Parameter Symbol -10/-12/-15 Unit Test Conditions Notes
min [ typ (1) | max
Input Leakage Current 1l — — 2 pA | Vin = GNDto Ve
Output Leakage Current 1ol — — 2 pA | CSn = Viyor OE = Vi, Vyo = GND to Ve )
Opcrating Power _ N = _
Supply Current: DC Iec 10 25 mA | CSN = Vi Ijjo = 0mA 3)
— 42 80 -10
Average Opcrating Power Icc — 37 80 mA | min. cycle duty = 100%, Iy, = 0 mA -12
Supply Current (1) —
— 35 80 -15
Average Operating Power | — 10 15 n;A CSN = V., Vig = Ve, Vi = 0V, 3)
Supply Current (2) Iyjo =0mA, f = IMHz
Standby Power Supply Current: DC | Igp — 2 12 mA | CSn =V )
Standby Power Supply - 8 400 | pA | HM66203L
Current (1): DC so e T8 T | S0 = Vee 02V HM66203
Output Low Voltage VoL — - 0.4 V g, =21mA
Output High Voltage Vou 2.4 — — VvV |lpy = L.LOmMA

NOTES:

1. Typical values are at Ve = 5.0V, T, = +25°C and specificd loading.

2. CSn, All chips arc not selected.

3. CSN pins arc used for chip decoding. Only onc chip should be selceted. Two or more chips must not be sclected at one time.

B CAPACITANCE (T, = 25°C, f = 1.0 MHy) (1)

Parameter Symbol min typ max Unit Conditions Notes
Input Capacitance Cin — — 45 pF ViNn = 0V
Input/Output Capacitance Cio — — 50 pF Vyo = 0V

NOTE.
1 This parameter 1s sampled and not 100% tested.
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B AC CHARACTERISTICS (T, = 0°Cto +70°C, Vcc = 5.0V % 10% unlcss otherwise noted)
e AC TEST CONDITIONS

¢ Input pulse levels: 0.8V to 2.4V

e Input rise and fall times: 5ns

¢ [nput and Output timing reference level: 1.5V

¢ Output load: 1 TTL Gate and CL = 100pF (Including scope & jig)

B READ CYCLE

Parameter Symbol HM66203 L/-10 HIT/I66203 L/-12 Hl\.466203 L/-15 Unit
min max min max min max
Read Cycle Time tre 100 — 120 — 150 - ns
Address Access Time tAA — 100 - 120 - 150 ns
Chip Sclcct Access Time tacs — 100 = 120 - 150 ns
Output Enablc to Output Valid toE — 50 - 60 — 70 ns
Output Hold from Address Change toH 10 - 10 - 10 - ns
Chip Sclection to Output in Low Z teLz 10 — 10 — 10 — ns
Output Enable to Output in Low Z toLz, 5 — 5 — 5 - nSe
Chip Desclection to Output in High Z tchz, 0 - 0 40 0 50 ns
Output Disable to Output in High Z tonz, 0 — 0 40 0 50 ns
* Timing Waveform of Read Cycle No. 1 (2)
trc

Address )(

taA
% MAAMANNY LI
toe +—toH—*
toLz .
esven \\\\ Y | LN
tcn.iAcb N tcr:? e
Dout ( Data Valid
* Timing Waveform of Read Cycle No. 2 (1) (2) (3) (5)
tRC >
Address X X
L— :AA »
——toH—> toH ol

Dout XXX XXX Data Valid
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* Timing Waveform of Read Cycle No. 3 (2) (4) (5)

CSN (1) *

tacs >
L—tcu tCHz—
Dout Data Valid )——
NOTES:
1. CS1, CS2. CS3 and C54 pins are used for chip decoding. 3. Device is continuously selected, CSN = V.
Only onc chip should be sclected. 4. Address should be valid prior to or coincident with CSN transition low.
Two or more chips must not be sclected at one time. 5. OE = V,,.

2. WE'is high for read cycle.

B AC CHARACTERISTICS (Cont’d.)
* WRITE CYCLE

Parameter Symbol Hl\/f66203 L/-10 thl66203 1/-12 HM66203 L/-15 Unit
min max min max min max

Write Cycle Time twe 100 —_ 120 — 150 — ns
Chip Sclection to End of Write tew 90 — 100 — 120 — ns
Address Valid to End of Write tAw 90 - 100 — 120 — ns
Address Sct Up Time tAs 0 — 0 - 0 — ns
Write Pulsc Width twp 75 — 90 - 110 - ns
Writc Recovery Time twr 10 — 0 — 0 — ns
Write to Output in High Z twHZ, 0 35 0 40 0 50 ns
Data to Write Time Overlap tpw 40 — 50 — 60 - ns
Data Hold from Writc Time {pH 0 - 0 — 0 - ns
Output Disablc to Output in High Z tOHZ, 0 35 0 40 0 50 ns
Output Active from End of Writc tow 5 - 5 — 5 — ns

* Timing Waveform of Write Cycle (1) (OE Clock)

address Y A -
o TITTLUVLLLILW (IITTTTT7]
- AN

Oin o AAX
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 Timing Waveform of Write Cycle (2) (6) (OE Low Fixed)

twe >
Address ){ )(
| tcw :vvnw;
st A\ \ \X\\\\Jx [T
Moy \ /
taw(s)
twp(2)
! \ /
\ /
—tas ——ton—>
twHz(4) [——tow—
@) 6)
Dout AV VNV VN VN VAN NN VNN
[ L1 L]
tow—>«——tDpH(9)—*
(9)
( Seasmass)
NOTES:
1. CS,, CS,, CS; and CS, pins arc used for chip decoding. Only one chip should be sclected. Two or more chips must not be selected at one time.
2. A writc occurs during the o