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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: 

I. 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 
mdicate 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. 

March 1987 "' Copynght 1987, HitachI America Ltd Pnnted m U.S.A. 
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HN6230lBP 128K x 8 ROM (CMOS) ................................ .463 
HN62301BFP 128K x 8 ROM (CMOS) ................................ .463 
HN6230lDP 128K x 8 ROM (CMOS) ................................. 466 
HN6230lDFP 128K x 8 ROM (CMOS) ................................ .466 
HN62402P 128K x 16 ROM (CMOS) ................................ 469 
HN62302P 256K x 8 ROM (CMOS) ................................ .472 

• Non-Volatile Memory: EPROM ..... " " ... " .. " .............. " ................ .475 
HN27C64G-15 8K x 8 V.V. EPROM (CMOS) ........................... .476 
HN27C64G-20 8K x 8 V.V. EPROM (CMOS) ........................... .476 
HN27C64G-25 8K x 8 V.V. EPROM (CMOS) ........................... .476 
HN27C64FP-20 8K x 8 O.T.P. EPROM (CMOS) .......................... .483 
HN27C64FP-25 8K x 8 O. TP. EPROM (CMOS) .......................... .483 
HN27128AG-17 8K x 8 V.V. EPROM (NMOS) ........................... .488 
HN27128AG-20 16K x 8 V.V. EPROM (NMOS) .......................... .488 
HN27128AG-25 16K x 8 V.V. EPROM (NMOS) .......................... .488 
HN27128AG-30 16K x 8 V.v. EPROM (NMOS) ........... , .............. .488 
HN27128AP-20 16K x 8 O.T.P. EPROM (NMOS) ......................... .495 
HN27128AP-25 16K x 8 O.T.P. EPROM (NMOS) ......................... .495 
HN27128AP-30 16K x 8 O.T.P. EPROM (NMOS) ......................... .495 
HN27256G-25 16K x 8 V.V. EPROM (NMOS) ...................... , .... 501 
HN27256G-30 32K x 8 V.v. EPROM (NMOS) ........................... 501 
HN27256P-25 32K x 8 O.TP. EPROM (NMOS) .......................... 506 
HN27256P-30 32K x 8 O.T.P. EPROM (NMOS) ............ " ...... " .... 506 
HN27C256G-17 32K x 8 V.V. EPROM (CMOS) ........................... 510 
HN27C256G-20 32K x 8 V.V. EPROM (CMOS) ........................... 510 
HN27C256G-25 32K x 8 V.V. EPROM (CMOS) .. , ........................ 510 
HN27C256G-30 32K x 8 V.V. EPROM (CMOS) ........................... 510 
HN27C256FP-20 32K x 8 O.T.P. EPROM (CMOS) ...................... '" .516 
HN27C256FP-25 32K x 8 O.T.P. EPROM (CMOS) .......................... 516 
HN27C256FP-30 32K x 8 O.T.P. EPROM (CMOS) .......................... 516 
HN27512G-25 64K x 8 V.V. EPROM (NMOS) ........................... 521 
HN27512G-30 64K x 8 V.V. EPROM (NMOS) ........................... 521 
HN27512P-25 64K x 8 O.TP. EPROM (NMOS) .......................... 528 
HN27512P-30 64K x 8 O.T.P. EPROM (NMOS) .......................... 528 
HN27C1024G-15 64K x 8 V.V. EPROM (CMOS) ........................... 534 
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HN27C 1024G-20 
HN27C 101 G-20 
HN27C 101 G-25 
HN27C301G-20 
HN27C301G-25 

64K x 8 U.V. EPROM (CMOS) ........................... 534 
128K x 8 U.V. EPROM (CMOS) .......................... 535 
128K x 8 U.V. EPROM (CMOS) .......................... 535 
128K x 8 U. V. EPROM (CMOS) .......................... 542 
128K x 8 U.V. EPROM (CMOS) .......................... 542 

• Non-Volatile Memory: EEPROM .................................................. 550 
HN58064P-25 8K x 8 EEPROM (NMOS) ............................... 550 
HN58064P-30 8K x 8 EEPROM (NMOS) ............................... 550 
HN58C65P-20 8K x 8 EEPROM (CMOS) ............................... 556 
HN58C65P-25 8K x 8 EEPROM (CMOS) ............................... 556 
HN58C65P-30 8K x 8 EEPROM (CMOS) ............................... 556 

• ECL RAM 10K ................................................................ 565 
HMI0414 
HMI0414-l 
HMI0422 
HMI0422-7 
HM2110 
HM2110-1 
HM2112 
HM2112-1 
HMI0474 
HMI0474-8 
HMI0474-10 
HMI0470 
HMI0470-1 
HMI0480 
HMI0480F 
HMI0480-15 
HMI0480F-15 
HMI0480L 

256 x 1 RAM .......................................... 566 
256 x 1 RAM .......................................... 566 
256 x 1 RAM .......................................... 570 
256 x 1 RAM .......................................... 575 
lK x 1 RAM .......................................... 578 
lK x 1 RAM .......................................... 578 
lK x 1 RAM .......................................... 582 
lK x 1 RAM .......................................... 582 
lK x 4 RAM .......................................... 587 
lK x 4 RAM .......................................... 592 
lK x 4 RAM .......................................... 592 
4K x 1 RAM .......................................... 595 
4K x 1 RAM .......................................... 595 
16K x 1 RAM .......................................... 6OO 
16K x 1 RAM .......................................... 6OO 
16K x 1 RAM .......................................... 603 
16K x 1 RAM .......................................... 603 
16K x 1 RAM .......................................... 606 

• ECL RAM lOOK ............................................................... 609 
HM100422 256 x 4 RAM .......................................... 609 
HM100422F 256 x 4 RAM .......................................... 609 
HM100422CG 256 x 4 RAM .......................................... 609 
HM100415 lK x 1 RAM ........................................... 612 
HM100415CG lK x 1 RAM ........................................... 612 
HM100474 
HM100474F 
HM100474-8 
HM100474F-8 
HM100474-10 
HM100474F-I0 
HM100470 
HM 100480-15 
HM100480F-15 

lK x 4 RAM ........................................... 615 
lK x 4 RAM ........................................... 615 
lK x 4 RAM .......................................... 620 
lK x 4 RAM .......................................... 620 
lK x 4 RAM .......................................... 620 
lK x 4 RAM .......................................... 620 
4K x 1 RAM .......................................... 623 
16K x 1 RAM .......................................... 626 
16K x 1 RAM .......................................... 626 

• HITACHI SALES OFFICES . ................................................ 629 

$ HITACHI 
Hitachi America Ltd. • 2210 O'Toole Avenue • San Jose, CA 95131 • (408) 435-8300 vii 





• PACKAGE INFORMATION 
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PACKAGEINFORMATION---------------------------------------------------------
Unot: mm (inch) Scale 1/1 
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---------------------------PACKAGE INFORMATION 

• Applicable ICs 

Op·16B 
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-------------------------------------------------------PACKAGEINFORMAnoN 

• Applicable IC. 
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PACKAGEINFORMATION---------------------------------------------------------
Unit: mm (inch I Scale 1·1/2 
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---------------------------PACKAGE INFORMATION 

e CHIP CARRIER Unit: mm (inch) Scale 1·1/2 
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• 24 Pin with Lid 

- Plastic DIP 

.16 Pin 

.24 Pin 

- Leadless Chip Carrier 

.18 Pin 

-SOP 

.24 Pin 

• 28 Pin with Lid .32 Pin with Ud 

.18 Pin .20 Pin 

.28 Pin .28 Pin 

.20 Pin • 22 Pin .24 Pin 

• 
- PLCC - SOJ 

.28 Pin • 18 Pin .26/20 Pin 

• .. , 
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• RELIABILITY OF HITACHI IC MEMORIES 

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

• Table 1 Basic Cell Circuit of IC Memories 

Classification 

Application 

Example of 
basic cell 
circuit 

Bipolar memory 
(RAM) 

Bipolar memory 
(PROM) 

Microcomputer 
control use 

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 Ie memories, cerdip (glass-sealed) 
packages and plastic packages are currently used. 
Also such packages as Lee (Leadless Chip Carrier) 
or SOP (Small Outline Package) have been devel
oped for high density packaging. Cerdip packages 
sealed hermetically are suitable for equipment re
quiring high reliability. Plastic packages are widely 
applied to many kinds of equipment. Hitachi 
plastic packages have been improved the reliability 

• Table 2 IC Memory Package Outline 

• Cerdip 

.16 pin .18 Pin 

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 memory 
(DynamIc RAM) 

Main memory of computer, 
microcomputer memory 

NMOS memory 
(PROM) 

For 
microcomputer 
control 

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

.20 Pin .24 Pin 

~HITACHI 
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Reliability of Hitachi Ie 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) 

liM I 0480 (Ce,dlp) liM I 04 70 (Ce,dlp) HMI00422 (Flat Package) 

T~s11Um Test ---To,al ,I Fall- Failure Test sam- Total Fall. Failure Test sam- Total Fad· Fadure 
sam- rate· rate· component rate* 

\:ondltlOn pies ..:omponent ures condition pies component ures condition pies ures 
hours (1Ih,) hours (I/h') hours (I/h,) 

--
TIl=12S=( 

40 CH I 0 ~ 3,,10'5 Ta=! :!SOC 
125 Cli 0 2 3x to"s 

HIgh· ~'E£='" 5\' 40'\104 I VEE=-52V 4 Ox lOs Ta=ISO°C Cli 
:cmptraturC' 

TJ =150'C I Ta-ISO°C VEE=-50V 
80 8.0xlO 4 0 1.2xlO-5 

(Opell!!ng) 
-10 ~O,,104 I 0 '23>.10-5 80 :2 7xIOs 0 34x1O"2 

VEE=~ 5V VEE=-52V 

st~~ifimp Ta 150'C 80 80xlOs 0 12'dO's Ta ISO°C 120 1 2xlOs 0 77xlO"s T,=150°C 80 80xIOs 0 1.2x1O·s 

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

Test item I Test condition 

Temperature cycling -60°C-+150°C, 10 cycles 
Soldering heat 260°C, 10 seconds 
Thermal shock OOC-+IOOoC, 10 cycles 

Mechanical shock l500G, 0_5ms, Three times 
each for X, Y and Z 

Variable frequency 100-2000Hz, 200G, Three 
times each for X, Y and Z 

Constant- 20000Gd I minute, each for 
acceleration X, Y an Z 

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). 

HMI0480 HMI0470 HMI00422 
(Cerdip) (Cetdip) (Flat Package) 

Samples Failure Samples Failures Sample Failures 
40 0 120 0 40 0 
22 0 22 0 - -
30 0 36 0 20 0 

30 0 30 0 60 0 

40 0 40 0 60 0 

40 0 40 0 60 0 

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. 

• Table 5 Reliability Data on 256K and 64K DRAM 

HM50256 (Cerdip) HM4864AP (Plastic) 

Test item Test Sam- Total Fail- Failure Sam- Total Fail- Failure Remarks condition component m~;) component m~;) pies hours ures pies hours ures 

High· ISO°C/8V 525 1.02x 105 10*1 1.13xlO-3 500 1.00x I (j4 1*4 2.02xl0'" ·1-3 
tempera ture 150°C/7V 448 0.81x104 4* 6.47xI0'" 69 0.35x 104 0 2.63x 10-4 Oxide 

Failure 
pulse 125°Cj8V 336 0.67x 104 4*3 7.82xI0-4 300 0.60x 1(j4 0 1.53x10-4 x 17, 
operation 12SoCj7V 2834 0.95xl04 0 9.68x 10-1 429 1.04x I (j4 0 8.85x 10'" Fore·sn 

material 
High- 85 C 85% 0.36x I 05 2.56x 1 0-4 1.23x I (j4 7.48xl0-7 

x 1 
160 0 650 0 ·4 temperature RH S.5V Oxide 

Pressure 121°C/l00% 5.00x I (j4 1.84x 10-5 
Failure 

cooker RH - - - - 100 0 x 1 

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

HM6264P (Plastic) HM616P (Plastic) 
Test item Test Sam- Total Fail-condition pies component 

hours ures 

High· 150 CI7V 100 0.10x1OS 1",1 
temperature I 25"CJIIV 162 0.20xlCj4 2",2 
pulse 2,,3 125"C/7V 1014 1.l6x 10" 
operation 125 C/5.5V - - -
High-
temperature 

85 W5% 
RH 304 0.30xl04 0 

Pressure 121"C~ ~.20xI04 cooker 100% H 55 0 

'" Confidence level 60%. 

2.2.2 Reliability Test Data on ERROM 
EPROM has two types; the conventional EPROM 
with transparent window and the one time program
mable ROM (OTPROM). The latter is packaged in 

Failure Sam- Total Fail· Failure Remarks mg;) pies component m~;) hours ures 
2.02xI0-S - - - - ·t~?~;1 
1.55x 10-' - - - - xl 

PSG 
2.67xI0'" - - - - fa.lure K I 

- 9940 2.28x 10" 2*~ 1.36x 10~ 
.2\l',~r x I 

failure x 2 

3.07x 10-4 1430 2.35x 104 4*s 2.23x 10-4 ·s 
Ah.2 

4.18xlO-s 4.40x104 2.09xI0-s 
P:J.'~Iva.· 

250 0 tlon x 2 

plastic package. The reliability test data on the 
representative EPROM types of 64K EPROM 
(HN482764, HN482764P), 128K EPROM 
(HN4727128) are shown in Table 7. 

• Table 7 Reliability Data on 64K and 128K EPROM 

HN482764 (Cerdip, Plastic) HN4827128 (Cerdic) 

Test item Test Sam- Total Fail-condition component pies hours ures 

~~f::'·temp. I 25u C/5.5V 131 0.43x104 0 
1 25"Cj7V 760 0.6lxlOS 0 operation 

High- 200°C 117 1.l7xlOs 1*1 
temperature 250°C 106 1.06x I OS 5*1 
Storage 300u C 67 0.67x105 25u 
High- rJ;W5% 200 0.20x104 0 temperature 
Pressure 121 Ck 78 0.16x102 cooker 100% H 0 

... Conftdence 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. 

Failure Sam- Total Fail- Failure Remarks rate* component rate'" 
(l/hr) pies hours ures (fihr) 

2.14x 10'" 100 0.10xl0'" 0 9.20xI0-6 

1.5lxlO-4 ·1 - - - - Data 1. 73x I O-s 80 0.40xlOs 0 2.30x 10-5 dissipa-
5.94x 10-4 65 0.33x lOs 1*1 6.l2x IO-S tion x 38 
3.73x 10'" 50 0.25x1Os 6*1 2.93x 10-4 

4.60x 10-4 - - - - Data of 

5.75xI0-s 64KOTP 
- - - -

The example of PROM derating are shown in Table 
8. When users apply the derating, the parameter is 
generally only the temperature because IC 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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• Table 8 Example of EPROM Derating 
Factor Temperature 10' 

F aHure criteria Electrical Characteristics, II Function Test 10' 

Failure mechanism Increase of leak current J and others 10' - I 
Summary - 10' "" V The result from high temperature baking of PROM I: 

" is shown in the right figure. 10' 

I~ I 
!/f~ p pp p p 

.., 
-'" 5l gJ 8 R gJ , i'N~ IT-

10 15 20 25 30 5 

WITJ (K- l ) 

Note: Decreasing junction temperature shown in the figure will promise the higher reY-ability the junction 
temperature can be calc'I,lated by a formula: Tj = Ta + Bja,Pd. 8ja is about 100 CfW with no air 
flow and about 60 to 70 CfW with 2.5 mls air flow. 

I 

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 

HN613256P (Plastic) HN6230lP (Plastic) 

Test item Test 
Sam- Total Fail-condition component pies hours Ufes 

~~f~;temp 125°CI5.SV 90 0.9x 105 0 
operation 12SoC/7V 50 0.5x I 05 0 
High- 85 C1J5% 120 1.2xl05 0 
~mperat~~ RH 5 
Pressure 121 Ck 80 0.8x 104 0 cooker 100% H 
* 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. 
V TH of MOS transistor is one of the basic process 

• Table 10 Reliability Data on MOS Memories 

HM5026 
(Cerdip) 

Failure Sam- Total FaiI- Failure Remarks 
rate * component rate* 
(l/hr) pies hours ures (I/hr) 

1.02x I 0-5 - - -
1.84x I 0-5 246 2.46x lOs 0 3.74x 10-4 

7.67x I 0-5 120 1.20x 105 0 7.67xI0-4 

1.15x 10-4 78 1.56x104 0 5.90xI0-4 

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 256K DRAM; Vcc min. (Vmln) and 
access time (tRAe! in high temperature pulse test. 

EPROM HM4864AP HM6264P LCC (Cerdip) (Plastic) (Plastic) 
Remarks Test item Test condition 

Sam- FaiI- Sam- Fail- Sam- Fail- Sam- Fail- Sam- FaiI-
pies ure pies ures pies ures pies ures pies ures 

Temperature cycling _55°C-150°C 1486 0 775 0 887 0 3315 0 860 0 10 cycle 

Temperature cycling -5SoC-ISO°C 316 0 250 o· 277 0 ISO 0 445 0 1000 cycle 

Thermal shock -65°C-150°C 145 0 146 0 38 0 76 0 498 0 15 cycle 
Soldering heat 260°C, 10 50 0 90 0 38 0 76 0 82 0 

1,500G,0.Sms 38 0 90 0 - - - - 82 0 _. 
Variable frequency 2Q-2,000Hz 

20G 38 0 90 0 - - - - 82 0 

Constant-acceleration 20,000G 38 0 90 0* - - - - 82 0 *6,000G 
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2.3 Change of Electrical Characteristics on IC 
Memory 

The degradation of leBo and hFE are the main 
factors of degradation in inner ceil transistor of 
bipolar memory. In actual element designing, how· 

Fig. 1 Time Dependance In Ac_ Time for HM10470 

ever, it is designed to operate in the range at wh ich 
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 tune for Bipolar memory 
Device name HMlO470 

Test condition Ta=12S·C, VEE=-S.2V 

Failure criteria' tAA=2Sns 

Failure mechanism Surface degradation 

Results: 
Access time (tAA) is stabilized and is wlthm the failure 
criteria. 

Fig. 2 Time Dependence in VDD min end tRAC for HM50256 

Example 

Device name HMS0256 

Test condition T. = 125·C, all bit scanning 
Failure criteria VOO = 4.5V, AVDD = LOV 

Failure mechanism Surface degradation 

Results: 
Both of VOO (min) and tRAe are stabilized. 

Note: Test accuracy is O.2V, 2ns. 

2.4 Failure Mode Rate 
Examples of failure mode happened in users' ap· 
plication are shown in Figure 3 and 4. Since Ie 
memories require the finest pattern process of 
semiconductor technology, the percentage of fail· 

Measuring ConditiOn I Max,mum 
Average 
Minimum 

35 Marching Pattern 

- 30 

~ 25 I I I I 211 

15 

r , 
5(10 

, , 
U 1,000 2,000 

T,me Ihrl 

Examples of time change in access timer for MOS memory 

\ 

, 
I f ~ I ~ , 

E , 
\\!a~Ur1ng L.mdlllUl' - f \\.~,mum 

Tu= ~5l \\\'r<l~I' , 
. '=~UIIPlS \llnlnlllm 

\1&rtblngPaltern 

" 
" 5111 ImKI '.I~KJ 

1,,,,, h, 

'0' 
15u 

2 I·Uj 

I I I I ~ ,~, 

I.W 

llll 

" 5lKI 1,10) 'l0lx] 

lime hr 

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% 
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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 

DefetllY! 
Metahzatlon 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. 

SlItCClI1 ~ubstratt' L ____ \-_J 
InformatIon Stflragt' Arear 

\ '" being ab .. ntl) 

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

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 

(a) Memory ,"formation at "I" 
(Electrons are absend 
(1 Transistor type memory cell) 

(b) Incident ",opartlcle generate a 
large quantity of electron-hole 
pairs. Generated electrons enter 
the information storage area and 
holes are drawn to the substrate 
power supply. 

(c) Inversion of memory informa
tion from "1" (electrons ''ab
sent") to "0" (electrons "filled'" 

Fig. 5 Soft Error in Memory Cell Mode 
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8.t Line Potential a 
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Fit. 6 Soft Error In Bit Line Mode 

10' 
~ 
" !!!' 

:.... 

" :: .. \0' 

" a: 

" :; 
a: 
~ 10 1': 

U.l 

'0 
Vl 

Cycle T.me (Relat.ve F.gure) 

Fig. 7 Soft Error Rata Depending on Cycle Time 

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 "'" to "0") will be occurred. On the other 
hand, with decrease of reference potential, soft 
error (data "0" to "''') 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 
three different modes; Memory cell mode, Bit line 
mode and a mixture of both modes. 

3_2 Prevention against Soft 1:rror in Products 
The soft error rate of initial 64K DRAM was 
beyond the expected rate. Therefore Hitachi has 
prevented against soft error as follows. 
,) 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 resu It of these preventions, the soft error rate 
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Fill_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 256K 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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• 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 IC 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 1 M ohm resistor to protect operator 
against an electric shock. 

(3) Control the ambient relative humidity at about 
50%. 

(4) We,ar 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 IC 
memories mounted on the circuit board. 

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 J.l.F with high frequency charact
eristics is recommended to put between I Cs 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 IL (min) and V I H (max) respectively. 
Please utilize les 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 

)' 

)' 
I' 
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, 

, I' 
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Fig.2 Derating of Eel 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 
10J.(F capacitor for every 9 pieces of 64K·bit of 
HM4864) as well as an 0.1J.(F 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 V DO 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 Standard ization 

Design standardization needs establishing design 
rules and standardizing parts, material, and 
process. When design rules are established on 
circuit, cell, and layout design, critical items 
about quality and reliability should be ex
amined. Therefore, in using standardized 
process or material, even newly developed prod
ucts would have high reliability, with the excep-

tion of special requirement on function. 
(2) Device Design 

It is important for device design to consider 
total balance of process design, structure 
design, circuit and layout design. Especially in 
case of applying new process or new material, 
we deeply study the technology prior to devel
opment of the device. 

(3) Reliability Test by Test Site 
Test site is sometimes called Test Pattern. It is 
useful method for evaluating reliability of 
designing and processing ICs with complicated 
functions_ 

1. Purposes of Test Site are as follows; 
• Making clear about fundamental failure mode; 
• Analysis of relation between failure mode and 

manufacturing process condition. 
• Analysis of failure mechanism. 
• Establishment of QC point in manufacturing. 

2. Effects of evaluation by Test Site are as follows; 
• Common fundamental failure mode and 

failure mechanism in devices can be evaluated. 
• Factors dominating failure mode can be 

picked up, and compared with the process 
having been experienced in field. 

• Able to analyze relation between failure 
causes and manufacturing factors. 

• Easy to ru n tests. 

2.3 Design Review 
Design review is a method to confirm systematically 
whether or not design satisfies the performance 
required including by users, follows the specified 
ways, and whether or not the technical items 
accumulated in test data and application data are 
effectively applied. 
In addition, from the standpoint of competition 
with other products, the major purpose of design 
review is to insure quality and reliability of the 
product. In Hitachi, design review is performed 
in designing new products and also in changing 
products. 
The followings are the items to consider at design 
review. 
(1) Describe the products based on specified design 

documents. 
(2) Considering the documents from the standpoint 

of each participant, plan and execute the sub
program such as calculation, experiments and 
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. 

3. QUALITY ASSURANCE SYSTEM OF 
SEMICONDUCTOR DEVICES 

(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. 

3.1 Activity of Quality Assurance 
The following items are the general views of overall 
quality assurance in Hitachi; 

(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. 

(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. 

In Hitachi, these study and decision at design review 
are made using the individual check lists according 
to its objects. 

As the result, we assure the reliability. 

Step Contents Purpose 

I Targ!'! 
Spe( iflcatlon Des Ign Review 

I I [l",." 
11 

Matt'rJah, Parts It- Characteristics of Matenal and 
ConfirmatIOn of Tria! >\pproval Parts 

I'roduCtlOn Appearance Characteristics and 
DImenSion Reltablltty of Materials 
Heat ReSistance 
Mechanical and Parts 
Electrical 
Of hers 

II Characteristics APprova~1-- Electrical 
ConfirmatIOn of Target Charactenst ICS 

FunctIon Spec. Mainly about 
Voltage Electrical 
Current 

Charac te r istlcs Temperature 
Other'> 

Appearance, DImenSIOn 

II Qualtty Approval (J) n-- Reltabtllty Test 
ConfirmatIOn of Qualtty Life Test 

Thermal Stress and Reltabtllty In DeSign 
MOisture ReSistance 
Mechanical Stress 
Others 

II Qualtty Approval (2) Jt- Reltablltty Test Confirmation of Qualtty 

Process Check same as and Reliability In Mass 
Qua Itty Approva I (1) ProductIOn 

1 M", ,I Production 
Fig. 1 Flow Chart of Qualification 
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3.2 Qualification customers. 
To assure the quality and reliability, the q~alifica. 
tion tests are done at each stage of trial production 
and mass production based on the reliability design 
described at section 2. 

(3) Qualify every change in design and work. 
(4) Qualify intensively on parts and materials and 

process. 

The followings are the views on qualification in 
Hitachi: 

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

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

Considering the views mentioned above, qualifica· 
tion shown in Fig. 1 is done. 

(2) Consider the failure experiences and data from 

Process Quality Control 

InspectIOn on Mater .. 1 and 

Parts for SemIconductor 

DeVIces 

Manufacturing Eq",pment. 

Envoronment. Sub-material. 

Worker Control 

Inner Process 

Quality Control 

100% InspectIon on 

Appearance and Electrical 

Cha racte rlStlCS 

Sampling InspectIOn on 

Appearance and Electrical 

Characte rlS tICS 

ReliabIlity Test 

r------------, 
I Quality Informatoon, I 
I C~m I 
I FIeld Experience 

General Quality I 
I 

I I 
informatIon 

'- __________ ..J 

---

Method 

Lot Sampling. 
Conformatoon of 

Quality Level 

- - - ConformatIOn of 

QualIty Level 

Lot Sampling. 

ConformatIOn of 

Quality Level 

Testing. 

InspectIOn 

Lot Samplong 

ConformatIOn of 

Quality Leve I. Lot 

Samplong 

Feedback of 

Informat.on 

Fig. 2 Flow Chart of Quality Control in Manufacturing Proce. 
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3.3 Quality ahd 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. 

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

Matenal. Important Pomt for Check Parts Control Items 
Appearance Damage and Contamina-

tion on Surface 
Wafer Dimension Flatness 

Sheet Res,stance Resistance 
Defect DenSIty Defect Numbe" 
Crystal Axis 
Appearance Defect Numbers. Scratch 

Mask Dimension DimenSion Level 
Resistoration 
Gradation Uniformity of Gradation 

Fine Appearance ContammatlOn, Scratch, 
Wire for Bend. TWist 
Wire DimenSion 
Bondmg PUrity PUrity Level 

E.longatlon Ratio Mechamcal Strength 
Appearance Contamination, Scratch 
DimenSion DimensIOn Level 

Frame 
Processmg 

Accuracy 
Plating Bondab,hty. Solderability 
Mountmg Heat Resistance 

CharacteristiCS 
Appearance ContaminatIOn, Scratch 
DimenSion DimensIOn Level 
Leak Resistance Airtightness 
Plating Bondab'hty. Solderability 

Ceramic Mountmg Heat Resistance 
Package Characteristics 

Electrical 
Charactenstlcs 

Mechamcal 
Strength 

Mechanical Strength 

CompositIOn Characteristics of 
PlastiC Matenal 

Electncal 
Charactenstlcs 

Plast,c Thermal 
Charactenstlcs 

Molding Moldmg Performance 
Performance 

Mountmg Mountmg Characteristics 
Charactenstlcs 

(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: 
• 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. 
• 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 manufacturing is promoted 
to avoid manufacturing fluctuation, and the opera
tion of high performance equipment is controlled to 
function properly. 
As for maintenance inspection for quality control, 
daily and periodically inspections are performed 
based on specification on every check point. 
As for adjustment and maintenance of measuring 
equipment, the past data and specifications are 
clearly checked to keep and improve quality. 
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(3) Quality Control of Manufacturing Circumst
ances and Sub-material. 

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 
on floor. 

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 
water used in manufacturing process. 

rrame 

Package 

Pr_. 

Purchase 01 MaterIal 

Surface OXldalton 
InspectIOn on Surface 
OXIdation 
Photo ReSIst 

InspectIon on Photo ReSIst 
o PQC Leve I Check 

DllluslOn 

InspectIOn on DIffusIOn 
o PQC Leve I Chec k 

Evaporation 

Inopeclton on EvaporatIon 
o PQC Leve I Check 

Control Point 

Waler 

OXldalton 

Photo 
ReSIst 

Dllluslon 

Evapo
ration 

Characteristics, Appearance 

Appearance, ThIckness 01 
Oxide FIlm 

DlmenSlOn, Appearance 

Dlllusion Depth, Sheet 
ReSistance 
Gate Width 
CharacteristIcs 01 Oxide Film 
Breakdown Voltage 

Thickness 01 Vapor FIlm, 
Scratch, Contammation 

Waler Inspection Waler Thickness, VrH Characteris
tiCS 

Inspeclton on ChIp Chip ElectrIcal CharacteristIcs 
ElectrIcal CharacterIStIcs 
Chip ScrIbe 
Inspecllon on ChIp 
Appearance 

o PQC Lot Judgement 

Assembltng 

o PQC Leve I Check 

Inspecllon alter 
Assembltng 

o PQC Lot Judgement 

Sealtng 

Appearance 01 ChIp 

Assembltng Appearance alter Ch,p 
Bordlng 
Appearance alter WIre 
BondIng 

Sealtng 

MarkIng 

Pull Strength, CompreSlon 
WIdth, Shear Strength 
Appearance after Assembling 

Appearance alter Sealtng 
Outline, Dimension 
MarkIng Strength 

PurpoH of Control 

Scratch, Removal of Crystal 
Defect Waler 
Assurance 01 Res Istance 
Pinho Ie, Sc ratch 

DimenSIon Leve I 
Check of Photo Res ist 
Dilluslon Status 

Control 01 Basic Parameters 
(VrH, etc) Cleaness of surface, 
Prior Check 01 VIH 
Breakdown Voltage Check 
Assurance of Standard 
Thickness 

Prevention of Crack, 
Quality Assurance of Scribe 

Quality Check of Chip 
Bonding 
Qualtty Check 01 WIre 
Bonding 
Prevenlton of Open and 
Short 

Guarantee 01 Appearance 
and DimenSion 

OPQC Level Check 
F,nal Electr,cal Inspect,on 

OFailure Analysis Analysis ol'r' .. lures, F .. lure Feedback 01 AnalySIS Inlor-

Appearance Inspect,on 
Sampltng Inspection on 
Products 
ReceIVing 

Shipment 

Mode, Mechantsm matlon 

Fig. 3 Eumple of Inn. Pro_ Qualitv Control 
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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. 

Report 

Quality Assurance Dept. 

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-10SD. 

(2) Reliability Assurance Tests 
To assure reliability. the reliability tests are per
formed periodically. and performed on each 
manufacturing lot if user requires. 

Failure Analysis 

Countermeasure 
Execution of 
Countermeasure 

Follow-up and Confirmation 
of Countermeasure Execution 

I 
~~rt I L ________________________________ ~ 

Sales Engineering Dept. 

Reply 

Customer 

Fig. 4 Pro_ Flow Chlrt of Coping with Failure to • Cutomer 
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• OUTLINE OF TESTING METHOD 

1. INSPECTION METHOD 

Compared to conventional core memories, IC 
memories contain aU peripheral circuits, such as the 
decoder circuit, write circuit and read circuit. As a 
resu It, iHSlIm bly 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 fu net ion 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) All "Low", All "High" 
(2) Checker Flag 
(3) Stripe Pattern 
(4) Marching Pattern 
(5) Galloping 
(6) Waling 
(7) Ping-Pong 
Those are not all, but only representative ones. 
There are the pattern to check the mutual inter
ference of bits and the pattern for the maximum 
power dissipation. Among the above mentioned 
patterns, those of (1) to (4) are called N pattern, 
which can check one sequence of N bit IC memory 
with the several times of N patterns at most. Those 
of (5) to (7) are called N3 pattern, which need 
several times of N2 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 cirCuits. Marching is the most simple and 
necessary pattern to check the function of IC 
memories. 

2. MARCHING PATTERN 

The marching pattern, as its name indicates, is a pat
tern in which "l"s march into all bits of "O"s. For 
example, a simple addressing of 16 bit memory is 
described below. 
(1) Clear all bits ............. 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 1 st 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. 

Fig. 1 Addressing method of for 16 bit memory in the 
March ing 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. F19. 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 A 14, which has a half 
frequency of A 13, is the same as the data inputs. 
A 15 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 can· 
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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~DDRo 
"DOR, 
\DDRI 
ADORJ 

ADDR~ 
AODRs 
ADOR. 

~--"'r-_t" Dill (If mlm"n 

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

(A) 

In ("mpardt"r ('.rrllil "f \l"mMY 

Fig.2 Marching Pattern Generating Circuit 

.. 
A • .. 
'" 01 A Converter X AxIS of Oscilloscope .. 
" A. 

A, 
Ao .. 
A .. 01 A Converter Y Axil of Oscilloscope 
Au 
A .. 
A" 

Z Axis of Oscillolcbpe 

Fig. 3 Fail Bit Map Dilplay Circuit 

1-_______ 1 Sequence--------! 

~AII-O-+--O-Read"l"Wrne ---I----l·Read-O-Wr,te~ 

A" 
mini 

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

Fig. 4 Entire Pulse Ralation 

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. 
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(B) 

(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 ICs. 
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• APPLICATION OF DYNAMIC RAMS 
1. '_erOn 
After turning on power to set the memory circuitry. 
hold for more than 5OO1lS 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. 

(3) 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 RAS. to scan 
only the Y address. This permits reading out 
and writing in only one column data at high 
speed. 

()Rudc"I.-
'AtOll' ,.~I .. __ _ 

rn \'-____ _ 

m~ 

""IPal • ..,,,dprndrul,,_ 
1'110' m.d. wrn. ,,,1,---

rn ,'--____ _ 
m~ 

A ....... ~ 

wt \,P"\t '\,F 

[)"U! -----0---0---

[Ion ====~ 

Fig. 1 Operating modes of Dynamic RAMs 

2. Da1a 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 I/O 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 AD to A6. In 256k bit memories. 
refresh is performed by 256-cycle scanning to X 
addresses from AD 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 25D-cycle refresh after operating 
the memory for a period of 2ms or 4ms maximum. 
In contrast. the latter repeats a refresh cycle every 
161-1s following the initial 161-1s (=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 resu It 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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Fig. 2 Power supply voltage Wave form 
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Fig. 3 Cycle time dependence of RAS only 
rat .... h current 

5. Noise 
Broadly, noise can be classified into power source 
noise and input signal noise. The power source 
noise can be further classed into low·frequency 
noise and high·frequency noise as shown in Fig. 4. 
To assure a stable memory operation, the peak·to· 
peak power supply voltage in the presence of low
or high-frequency noise should be held below 10 
percent of its standard level. To prevent the power 
source noise, it is recommended to provide a con
denser of 0.1~F 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 Vee is provided to the three·way power source 
or a built-in Vee bias circuit is included on chip . 
Normally, design should be such that the input 
undershoot does not exceed the minimum value 
specified for V IL, at worst. Overshoot and under
shoot can be reduced by inserting a damping resist
ance of several tens of ohms in Dynamic RAM 
series. 
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HI,h-frequ.nc), nOise 
Not more than 10% of sll.nd.rd 
power supply voltlle 

~!-
Low-frequency nOI~el- - - - - - -1-
Not more than 10% of standard power 
supply volta.e 
Total of low-and hllh-frequency 
Not more than + 10% of standard power 
supply volta,e 

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

1. PROGRAMMING & ERASING OF EPROM 

1.1 Programming 
Data is programmed into the memory cell of an 
EPROM by applying a high voltage to its drain and 
gate (Fig. 1 and 2). The high voltage at the drain 
increases the energy of the electrons in the channel 
area. When the energy becomes high enough, the 
electrons become what are known as "hot elec
trons" that are capable of jumping across the oxide 
film. Pulled by the high voltage at the gate, the hot 
electrons are admitted into the floating gate. The 
electric charge entering the floating gate changes the 
threshold voltage in the memory element, whereby 
it is stored as new information. When reading out, 
voltage is applied as shown in Fig. 3, and "1" and 
"0" are identified by checking whether or not 
current flows. Since the drain voltage for read-out 
is set at about 3V, no erroneous writing takes place. 
When shipped, all bits of the EPROM are held at 
logic "1" with all electric charge released (with no 
data in). In changing the logic 1 to logic 0 through 
the application of the specified waveform and volt
age, the necessary information is programmed in. 
The higher the V pp voltage and the longer the 
program pulse width tpw, the more the quantity of 
electrons can be programmed in, as shown in Fig. 4. 
If the V pp exceeds the rated value, such as by over
shoot, the p-n junction of the memory may yield to 
permanent breakdown. To avoid this, check Vpp 
overshoot by the PROM programmer. Also, check 
negative-voltage-induced noise at other terminals, 
which can create a parasitic transistor effect and 
appearently reduce the yield voltage. Hitachi's 
EPROMs are usually capable of being written and 
erased more than 100 times. 

Fig. 1 Memory transistor 
circuit symbols 

Fig. 2 Cross section of 
memory translltor 
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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 lighu whose 
wavelengths are too long to give adequate energy to 
jump over the barrier of the oxide film. For 
successful erasing, the wavelength and minimum 
exposure rate of ultraviolet light are specified as 
2,537 A and 15W sec/cm1 respectively. This condi
tion is attained by exposing a device to an ultra
violet lamp of 12,Ooo",W/cm1 1.2 - 3cm away for 
approximately 20 minutes. The ultraviolet light 
transmission rate of the transparent lid is about 70 
percent. Any contamination or foreign material 
at the surface of the capsule lowers the transmission 
rate, prolonging the erasing time. So such contami
nation should be recovered by use of alcohol or 
other solvent that does not damage the package. 
Fig. 5 shows typical erasure characteristics for 
EPROM. 
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1.3 Data retention characteristic of EPROM 
As a result of writing in, approximately 0.5 to 2.0 
x 10-13 coulomb of electrons are accumulated at 
the floating gate. With the elapse of time, however, 
these electrons decrease, as a result of which the 
inversion of stored information can happen. The 
mechanism of electron dissipation is generally 
explained as follow: 

It) 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,oooA is capable of releasing the 
electric charge stored in the memory of the 

EPROM with varying efficiencies. Fluorescent 
light and sunlight contain some ultraviolet rays, 
so prolonged exposure to these lights can cause 
data corruption as a result of electric charge 
dissipation. Fig. 7 shows examples of the data 
retention time under an ultraviolet eraser, 
sunlight and fluorescent lighting. But it should 
be noted that the data for fluorescent light and 
sunlight are not definite because of their'vary
ing ultraviolet ray contents. The ultraviolet ray 
content in sunlight, for example, varies greatly 
with seasons, weather and the composition of 
the atmosphere. 
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(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 EPROMs. 
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. 

,-----,--:--:----, Programming, 
Reading~out 

r----:::---:'---:-:::----, Data 
~ __ -, __ ~ Retention 

Wafer Screening 

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 levell. 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 tunction 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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---------------------------Programming & Erasing of EPROMs 

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

(e) Verify 

9 " , .- , 
" " " " " " ~ Check PIn Contact '., , ., .-

" .-" .-", " 

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. 

(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 

Copy input 

Manual input 

Paper ta pe inpu t 

Teletypewriter 
input 

Content 

Input by copying the master ROM. 

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

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

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

1.6 Maker Identifier 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; <D 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 - AS, A10 - A13 
at V IL access to maker identifier code area and 0 0 

- 0 7 output programming condition code with V 1L 

or V 1H of Ao. 

Address 

Table 2.7 
:---:-- A" 
Maker Hltach. r" cod. 

R H:'II2n28.'o 
0 Hm7256 

" HN27C256 r,,, 
Code HN27S12 

HN27CWI 
H!'1l27C301 

... 9 U\ 
... , ... . 
\14 ... ,S I~,ft I raT" 

=~;s;;;~~~ Maker Identifier 
1/ Area 

0 

0 

• 
0 
1 
1 

0 
1 

Data Access 
Aru 

I/OControlC",cult~Dout 

Fig. 2.32 

O. O. 0. O. o· o. 0" 

0 0 0 0 1 1 1 

0 0 • 1 1 ~ 1 
0 0 1 0 0 0 0 
0 1 1 0 • 0 0 
0 0 1 0 1 0 0 
0 1 1 ·1 • 0 0 

• 1 1 1 0 0 1 

Htll 'hI'a 

0 7 

0 Il 

1 0 

3 0 

• 4 
3 8 

" • 
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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. 

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

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

The writing of the custom program code into 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 
address to Final Address in the EPROM. 

(3) Type of EPROM 
HN482764 (8K-word x 8-bit, 2764 Compatible) 
HN4827128 (16-K word x 8-bit, 27128 Com

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

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

patible) 

2. Specification of Magnetic Tape 
2.1 Use the following type of magnetic type which 
can be entered in a magnetic tape device compatible 
with the IBM magnetic tape device. 
(1) Length .. _ . 2,400 feet, 1,200 feet or 600 feet 
(2) Width .... ___ . _ ..... _ .. _ .... 1/2 inch 

(3) Channel ............... _ . . 9 channels 
(4) 8it density ... 800 BPI or 1,600 BPI (Clear-

Iy state which it is in the 
"ROM Specification Inden-
tification Sheet"_) 

2.2 Use the EBCDIC code as the use code_ 
2_3 Follow the format of the magnetic tape as de-

scribed below 
(1 ) No leading tape mark 
(2) No label 
(3) Record size .. _ .. _ . . . _ . _ 80 byte/l record 
(4) Block size ......... _ .. 10 records/l block 
(5) The end of the file should be indicated by 2 

successive tape marks (TM). 

Hleck 2 Bluck 3 

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) 
D, D. D, D. 
I I 0 0 

(Lower 4 bits) 
D. D. D, D. 
o 1 1 0 

Bit weight 
(ROM output 
equivalence) 

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

Header 
record 

Record Start 5 3 S 
Record T,p-.- 3 0 0 

Byte Count 3 0 o • 
3 • 
3 0 
3 0 0 ... 

Add ress Size 3 0 
3 0 

0. .. 3 • 4a-H 
3 8 

0. .. 3 • 44-0 • 
0. .. 5 

52-R 
3 2 

Cheek Sum 
3 I 18 (Check Slim) • Z 

Um End of 
record hie record 

5 3 S 53 S 

3 _1_ 3 • • 
3 

I' 
3 0 03 

3 • 33 

0 

1100 
0 

3 0 
.... 

3 0 

.8 •• re ( Check 
3 • .3 Sum) 

3 0 
02 

32 

• I Ej-3 8 ~ckSum) 
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Mask ROM Programming Instruction --------------------------

so indicates the head of the file and S9 indicates the 
end of the file. The actual data enters following Sl. 
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. 

Heade r Reco rd -+ S 0 0 BOO 0 0 5 8 2 0 4 5 5 8 4 1 4 D 5 0 4 C B 5 

Data Record -+ S 1 1 3 F 0 0 0 7 E F 5 5 8 7 E F 7 8 9 7 E F A A 7 7 E F 9 C 0 7 E F 9 C 4 7 E 2 4 

D. ta Record -+ S 1 1 2 F 0 1 0 FA 6 5 7 E FA 8 B 7 E F A A 0 7 E F 9 DC 7 E F A 2 4 7 EO 6 
End of 
File Record -+ S 9 0 3 0 0 0 0 Fe 

(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. 

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

notation is symbolized as shown 
below. 

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

Example 

D7 

Dl 
DU 

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

Sector 16 

Track 74 

Track 00 
(Index' Track) 

Sector 01 

Sector 03 

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 

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

(2) Record size ....•....... 80 byte/1 record 
(3) Use the sector as below. Use one sector for one 

record, that is 80 bytes out of 128 bytes used 
for one record. 

3.4 Data Mode 

See 2.4 

1 Track 

Sector 1 

Record 1 
(80 bytes) 

Sector 2 

M •• k ROM Development Flowch.rt 

Sector 3 

• HITACHI 
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MOS STATIC RAM 
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HM6148HP Series-------
1024-word' x 4·bit High Speed Static CMOS RAM 

• FEATURES 
• Fast Access Time ........................ 45/55ns (max) 
• Low Power Standby and Low Power Operation; 

Standby: 100 p.W (typ.), Operation: 175mW (typ.) 

• Single 5V Supply 
• Completely Static RAM: No Clock or Timing Strobe Required 
• No Peak Power·On Current 
• No Change of tACS with Short Deselected Time 
• Equal Access and Cycle Times 
• Directly TTL Compatible; All Inputs and Outputs 
• Common Data Input and Output; Three·State Outputs 
• Pin·Out Compatible with Intel 2148H 

• BLOCK DIAGRAM 

··o----C(=::ri 
'·o---IX=:::J 
'.o---I:::c.=:J 
•. 0---l~=::1 
"---C;C::::::J 

110·0--..-11:>--4 

110. 0-~t+lC>--4 

1/0.0--'+++11>--1 

1/0. <>-;r+t++ll>--I 

MelnOry Array 
",x", 

.ABSOLUTE MAXIMUM RATINGS 

Item Symbol 

Terminal Voltage· VT 

Power Dissipation PT 

Operating Temperature T.,. 
Storage Temperature 1.,. 

Storage Temperature·· T .... 

---0 Vee 

-oCNO 

Ratmgs 

-0.5 to +1.0 

1.0 

o to +10 

-55 to +125 

-10 to +85 

• with respect to GND 
•• under htas 

V,I. .,. - -3.5 V (Pulse wadth-20ns) 

• TRUTH TABLE 

CS WE Mode Vee Current 

H X Not selected ISB. [SSI 

L H Read Icc 

L L Write Icc 

Unit 

V 

W 

·C 

·C 

·C 

~HITACHI 

(DP-IS) 

• PIN ARRANGEMENT 

(Top View) 

1/0 Pin Reference Cycle 

High Z 

Dout Read Cycle 1. 2 

Din Wrote Cycle 1. 2 
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-------------------------------- HM6148HP Series 

• RECOMMENDED DC OPERATING CONDITIONS (Ta-O to +70'C) 

Item Symbol min typ max Unit 

Vee 4.5 5.0 5.5 V 
Supply Voltage 

G"D 0 0 0 V 

V,N 2.2 - 6.0 V 
Input Voltage 

VIL -0.5' - 0.8 V 

• -3.0V (Pulse wKith 20n5) 

.DC AND OPERATING CHARACTERISTICS[1] (Ta=O-70'C, Vcc =5V±19%,GND-OV) 

Parameter Symbol Test ConditIOns 

Input Leakage Current IlL,1 Vee-max. V,.-GND to Vee 

Output Leakage Current IlLol ~- V,N, \;I, o-GND to Vee 

Operating Power Supply Current III lee CS- VIL./,/o-OmA 

Operatmg Power Supply Current 121 IcC! mm. cycle, 'C"S - VIL,I/',o-OmA 

Standby Power Supply Current III Iss ~-V'N 

Standby Power Supply Currentl2J I S81 
~;: Vcc-0.2V, V'N:iOO.2V or 
\;IN;: Vec -O,2V 

Output Low Voltage VOL IOL-8mA 

Output High Voltage VON ION- -4.0mA 

.. TYPical limits are at Vcr-S OV, Ta- +2S"C and specified leading 

.CAPACITANCE (Ta~25'C, f-lMHz) 

Item Symbol Test ConditIOns 

Input Capacitance C .. V •• -OV 

Input /Output Capacitance Cld} VI~O-OV 

Note) This parameter IS sampled and not 100% tested 

.AC CHARACTERISTICS (Vcc=5V±IO%. Ta=O to +70'CI 

.RISE/FALL TIME 

Item 

Input Rise Time 

Input Fall TIme 

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

Symbol 

/, 

II 

Input and Output timing reference levels: \. 5V 
Output load: See Figure 

min 

-

-

min typO 

- -
- -
- 35 

- 50 

- 5 

- 20 

- -

2.4 -

typ 

-

,-

typ max 

5 100 

5 100 

i"-______ ~---" 

o\' 

I. 

Ifutput Load A,' Outpul Load 11 t.-t,-5n5 

(for tHI, til, tWI, tOIll} [nput Puis,," \'.aHform 

• IncludlnS scope & jig 

~HITACHI 

max 

2.0 

2.0 

80 

100 

20 

800 

0.4 

-

max 

5 

7 
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Unit 

pA 

pA 

rnA 

rnA 

rnA 

pA 

V 

V 

Unit 

pF 

pF 

Umt 

ns 

ns 

I 
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HM6148HP Series ------------------------------

.AC CHARACTERISTICS (Ta-O to 70·C. Vcc -5V±lO%. unless otherwise noted.) 

eREAD CYCLE 

HM6148HP-45 HM6148HP-55 
Item Symbol 

min max min rna. 

Read Cyele Time lac 45 - 55 -
Address Access Time t .. - 45 - 55 

Chip Select Access Time lACS - 45 - 55 

Output Hold from Address Change tON 5 - 5 -

Chip Selection to Output in Low Z hz· 10 - 10 -

Chip Deselection to Output in High Z 1HZ· 0 20 0 20 

Chip Selection to Power Up Time Ipv 0 - 0 -

Chip Deselection to Power Down Time tPD - 30 - 30 

• Trn.ition i. mea.ured ±SOOraV from steady state voltage With Load(B). This parameter IS sampled and not 100% tested. 
At any telilperature and voltap condition 'lIZ Ma .. IS les. than lu min. 

eTIMING WAVEFORM OF READ CYCLE NO.1 (1)(2) 

10< 

~ 
Address 
~ 

I" I., 
I., 

~XX 
r--

Dati Valid '--DOli! 

• TIMING WAVEFORM OF READ CYCLE NO.2 (1)(3) 

I" 

lu 

00111 H'lh Impedance 

/" 
,,, 

Vee supply ---- - ------1r----------------'---,t 
50% 

/" 

Notes) 1. WE IS Hllh for Read Cycle. 
2. DeVice IS continuously selected. CS- V" .. 
3, Address V.lld prior to or cOincident With CS trans Ilion Low. 
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Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 



------------------------------ HM6148HP S.rl .. 
• WRITE CYCLE 

Ite .. Symbol 

Write Cycle Time lwe 

Chip Seleclion to End of Write Ie. 

Addre.. V.lid to End of Write I,. 

Addre.. Setup Time I" 

Write Pul.e Width I", 

Write Recovery Time I •• 

D.ta Valid to End of Write "'. 
Data Hold Time I .. 

Write Enabled to Output in High Z' I., 

Output Actave from End of Write· I.., 

• TranllitlOll _ measured ± SOOmV from steady state ¥ok. wah Load B 
Th.. parameter is ••• pled and not 100" tested. 

HM6l48HP-45 

min max 

45 -
40 -

40 -
0 -

35 -
5 -

20 -

0 -
0 15 

0 -

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

, 
Addr ... 

~ ~ 
Ie. 

//// 

_IAS~ 

... ,---",.l!!...-.. ,.~ 
'1<..."-

.~ .. - lSI 

'·~C 
D .. *x 

HM6148HP-55 

min mu 

55 -
50 -
50 -
0 -

40 -
5 -

20 -
0 -
0 20 

0 -

- -
/// 

{31 - .. ~ ««« ( 
~'~ 

( KI.h Impedance Do .. 

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

~c -
Wr ... - .,. 

_I.IS "'. 

1.,·Ol_ 
r---",.{2I-

""""" "" //// /// 

.~. 
... 

Do. XXXXXXXXXXX'lIEc 4XXX xXX 

HII.'M""ftC.(4) 

NOTES of Tlm'lII Wa"efor .. of Write 
1. A write oecun durllll the oyer", of • low CS .nd • low WE. (hI') 
2. '''I 'I _euured , .... the .. rlier of CS or WE 101.., h" \0 the end of wnte eJcle. 
3. Our • .., thIS per ..... JlO Pins .re i. the output .ute 10 'hit the Input ...... 1. of opposite phase to the CMItINb .... , not be applied. 
4. If the C'S low traultton ocean a ••• ltaneous., With the WE low transition or .fter the WE tra"ltion. the output WI.r ...... i. 

In a h"h Impedance .tate. 
5. If ~ I. low "'r ... dh. penod. 1/0 pi" are In tile output .tate. Then the data Input ...... 1. of opposite phase to tlte CMItpUb 

JUst DOt .. applied to me.. 
.. Dout. ,a the .. me phase of write data of thiS 

Write cycle. 

~HITACHI 
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Unit 

na 

na 

na 

nl 

.1 

nl 

na 

ns 

.s 

na 
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HM6148HPSerles-----------------------------

SUPPLY CURRENT VS. SUPPL Y VOLTAGE SUPPLY CURRENT VS. AMBIENT TEMPERATURE 
6 6 

Ta=25t h(=IlOV 

4 4 

~ I 

2 / 

../ 
V-

0 

.L"""" ~ 8 

~ I 

2 

r---
0 r---K 

j I 

J 
! 
u 

i 
6 6 

• , 
~) M) ~) 45 415 525 

Supplv VoltaHe rcc IV) \mblent Temperature Til ('C I 

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

1 1 

Ta=25'C \fl=i}OV 

2 

I ------0 -I---

I --
----
~ 

o~ 

9 • 

OH • 
o 7 7 

15 ", ", "" ~) 10 ") ., 
Supplv \'olla", \(( tV) \mbK'flt Temperoltull' T" !"C \ 

ACCESS TIME VS. LOAD CAPACITANCE SUPPL Y CURRENT VS. FREQUENCY 

K I 

• ./ 

./ 
V 

, 
/ 

V 

:V 
n '" 

/ 
[7 

• V 
/ • V 

/ 
/ 

V 

H b 

6 
100 .100 ,00 

, 
,-In " 

Load Capacnanre (, (pFl 
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-------------------------------- HM6148HP Series 

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

3 , 
Til =25"(; Ta::25't: 

2 2 

I I --~ II 

~ ~ --L----
0 --l.---

q q 

• • 
7 7 
45 H5 .,0 525 " ", ., 

'.5 

SupplY Vnhaae Vcr (V) %Jpplv Volta~ \rr (VI 

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

6 " Til =25"(; 

\ 
V('(,=')V 

• 
\ 

\ 
• \ 

\ 6 

\ 

J TII=21)"( 
hl=5V 

I 

/ 
2 

/ 
" / 

/ 
V ," 

I , O. 
I 116 II. II I 0. 

Output \ollaK(' Villi (Iv I OUlput \',IIla", \'fIt (\' I 

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

· I 
\rc=lV 
a=2KV / 

/ 
10 · 

V 
V 

./ · 
V 

II 

/ • 
/ 

V 

6 

V TII=25t 

/ cs= \'cr-02V 

4V 

10 

10 
, 

2 
~l 60 '" 

., 
.\mblPn! Temppralurt" Til ('C I Supplv Vohqe Vee (V I 

~HITACHI 
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HM6148HLP Series------
1024-word x 4-blt High Speed Static CMOS RAM 

• FEATURES 
• Low Power Standby and Low Power Operation; 

Standby:.5IlW (typ.), Operation: 175mW (typ.) 
• Fast Access Time: 45/55n5 (max) 
• Capability of Battery Back Up Operation 
• Single 5V Supply 
• Completely Static RAM: No Clock or Timing Strobe 

Required 
• No Peak Power-On Current 
• No Change of 1m with Short Deselected Time 
• Equal Access and Cycle Time 
• Directly TTL Compatible: All Inputs and Outputs 
• Three State Output 
• Pin-Out Compatible with Intel 2148H 

• BLOCK DIAGRAM 

A.o--~C::::::J 

A. o--~:C::=J Row 
A. __ -e~:=JDoc"" 
A._--e~:=J 

A.o----c:.:==::t.........J 

Memory Array 
64X64 

• ABSOLUTE MAXIMUM RATINGS 

Item Symbol 

Terminal Voll • ..,- Vr 

Power DiSSipation Pr 

Operating Temperature To,. 

Storage Temperature T.I. 

Storage Temperature" To ... 

~vc;C' 

Ratings 

-0.5 10 +7.0 

1.0 

o 10 +70 

-55 10 + 125 

-1010 +85 

• with respect to GND • 
•• under h •••. 

V" .,.--3.5V (Pulse wldth-2Ons) 

• TRUTH TABLE 
CS WE Mode Vee Current 

H X Not selected 1s,. lS'1 

L H Read Icc 

L L Write Icc 

Unit 

V 

W 

·c 
·c 
·C 

~HITACHI 

(OP-IS) 

• PIN ARRANGEMENT 

(Top View) 

I/O P,n Reference Cycle 

High Z 

0001 Read Cycle 1. 2 

Don Wrile Cycle 1. 2 

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



-------------------------------------------------------------HM6148HLPS.ies 

.RECOMMENDED DC OPERATING CONDITIONS (Ta-O to +70'C) 

Item Symbol mIn typ max Unit 

Vee 4.5 5.0 5.5 V 
Supply Volt.,. 

GND 0 0 0 V 

v,. Z.Z - 6.0 V 
Input VoIta,e 

-0.5-V'L - 0.8 V 

• -3 OV (Pulse .. ldth 2Ons) 

• DC AND OPERATING CHARACTERISTICS (Ta=O to +70'C, Vcc=5V ± 10%, GND=OV) 
Parameter Symbol Test Conditions 

Input Leak'ie Current IILI I Vee-ma., V..-GND to Vee 

Output L.ak.,e Current 11.01 C"S-V,., V"o-GND to Vee 

Operating Power Supply Current (1) lee l:S"- V",I"o-OmA 

Operating Power Supply Current (21 lcci min. eyele,l:S"- V",l"o-OmA 

Standby Power Supply Current (11 I .. C"S- V,. 

Standby Power Supply Current (Z) lUI 
C"S;;;: Vee-0.2V, Vi.=OO.2V or 
Vi.;;;: Vee-O. 2V 

Output Low Volta.e VOL lOL-8mA 

Output H,gh Voltage Vo. IOH--4.0mA 

• TYPical hmlts are at Vcc-5 OV, Ta-+25'"C .nd specIfied load.nc 

• CAPACITANCE (Ta-2S'C, f-1MHz) 

Item Symbol Test Conditions 

Input Capacitance C .. V .• -OV 

Input /Output Capacitance CI"O V"o-OV 

Sote) This parameter .1 sampled and not 100% tested . 

• AC CHARACTERISTICS (Vcc=SV±lO%, Ta-O to +70'C) 

eRISE/FALL TIME 
Item 

Input Rise Time 

Input Fan TIme 

eAC TEST CONDITIONS 
Input pulse levels: GND to 3.0V 
Input rise and fall times: Sns 

Symbol 

I, 

I, 

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

')\ 5\ 

min 

-
-

.. in typO 

- -
- -
- 35 

- 50 

- 5 

- 1 

- -
2.4 -

typ 

-

-

typ 

5 

5 

1)""1 --t--...... 00 .. 

3'.:.... ______ .,-___ "\, 

t)utput Load. IAI 

• Inclucllna scope I: JII 

Output Load (B \ 

<for In.lu,'''.,'.'') 

$ HITACHI 

ov 

/, 

I.-',-Sn. 
Inplu Pulse Wav.lorM 

max 

2.0 

2.0 

80 

100 

20 

50 

0.4 

-

.. a. 

5 

7 

.. a. 

100 

100 

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

Unit 

"A 

"A 

IlIA 

mA 

mA 

"A 

V 

V 

Unit 

pF 

pF 

Unit 

na 

na 
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HM6148HLPSeries -------------------------------

.AC CHARACTERISTICS (Ta-O to+70·C,Vcc-5V±lO%. unless otherwise noted.) 

e READ, CYCLE 

HM6148HLP-45 HM6148HLP-55 
Item Symbol 

min max min max 

Read Cyeie Time he 45 - 55 -

Address Access Time I" - 45 - 55 

Chip Select Access Time lACS - 45 - 55 

Output Hold from Address Change 10. 5 .- 5 -

Chip Selection to Output in Low Z ttz· 10 - 10 -
Chip De.election to Output in Hi,h Z 1Hz· 0 20 0 20 

Chip Selection to Power Up Time Ipu 0 - 0 -

Chip Deselection to Power Down Time IPD - 30 - 30 

• Tral'llihOil i. Iae .... red ±SOO.V from steady state vol .... with Load(B), Thi. parameter i ..... pled and not 100% te.ted. 
At any teapersture .nd voltate condition 1Hz IIIIU i. Ie .. tMn I", min. 

eTlMING WAVEFORM OF READ CYCLE NO.1 (1)(2) 

I" 

Addrfu 

I .. 
I .. 

I .. 

OOUI Data Valid 

eTIMING WAVEFORM OF READ CYCLE NO.2 (1)(3) 

I" 

I., 

I" 

00" Hllh Impedance Oal1 \'.hd 

I" 

Vee supply ---- - -----y _______________ ..:.... __ ,+ 
50% 

I .. 

Note.) 1. WE .s HI.h for Read Cycle 
2. Device I. contan!otOU.ly selected. ES- Va. 
3. Addreu V.lld prior to or cOincident with CS tuna It Ion Low 

~HITACHI 
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Unit 

n. 

ns 

ns 

ns 

ns 

.s 

ns 

ns 



---------------------------------HM6148HLPSeries 

• WRITE CYCLE 

HM6148HLP-45 HM6148HLP-55 
Item Symbol Unit 

min max mon max 

Write Cycle Time Iwe 45 - 55 - ns 

Chip Selecllon to End 01 Write I"" 40 - 50 - ns 

Address Valid to End 01 Write I. 40 - 50 - na 

Address Setup Time lAS 0 - 0 - na 

Write Pulse Width Iwp 35 - 40 - na 

Write Recovery Time I ... 5 - 5 - ns 

D.ta V.lid to End 01 Write I"" 20 - 20 - ns 

D.ta Hold Time I .. 0 - 0 - ns 

Write Enabled to Output in High Z· IW7 0 15 0 20 na 

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

• TransltW)n I' measured ±500mV 'rom steady state volta.e with tOld B. 
This parameter I' sampled and not 100% te.ted . 

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

.. , 
Addreu __ -1'~ _________________ _'lr__---

Om 

~} «««« ~ 

.TIMING WAVEFORM OF WRITE CYCLE NO.2 (CS G>ntrolled) 

~, 

~ 

Moru. 
.,' 

_lAs leo 

_"'(2)_ 
,.,,(1)_ 

'\.'\.'\.'\.'\.'\.'\. //// /// 

.I"::::!" 
/D. 

Om XXXXXXXXXXX4 ¥xxx XXX 

Hllh hnped.nc:.(4) 

NOle& of Tlnana: W .... eform of Write 
1. A wnte occurs durll'll the overlap of a low nand. low WE. U .. ,.) 
2 , •• IS measured from the earher of a or ~ ,Olnl' hllh to the end of write cycle. 
3. Dutil'll thIS perKMI. I/O pins are In the output state '0 tMt the Input 'lI(Qat of opposite phue to the outputs must not be appbed. 
• If the C'S DW tnnsllion oec:urs sunultaneously "11th the WE iow transitIOn or alter the "WE translhon. the output buffers remul an a hlSh In~nc:e stste. 
5. If a IS low durlftl thIS perIOd. VO p ... are an the output stste Then the dats IRput SIPS" of opposite phase to the outputs must not be sppbed to them. 
6. Dout IS the .. me phase of write dats of thIS "Irate c:yde. 

@HITACHI 
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HM6148HLPSeries --------------------------------

.LOW Vee DATA RETENTION CHARACTERISTICS (O'C;:;;Ta;:;;70'C) 

Parameter Symbol 

Vee for Data Retention YD. 

Data Retention Current IceD. 

Chip Deselect to Data Retention Time tCDR 

Operation Recovery Time 

Note) 1. he-Read Cyele TiIH. 

I. 

• Vee-3.0V 
•• Vcc -2.0V 

Test Conditions 

~;;;:Ycc-O.2V 

v..;;: Ycc-O.2V or 

OV:;; Y •• :;;0.2V 

-LOW Vee DATA RETENTION WAVEFORM 

min 

2.0 

-

0 

heu) 

typ 

-

-

-
-

v,,---------.I-------'="'-""-"====-----I , ______ _ 

4.SV--- ------

2.2V-- --
VD.----

cs ___ -1 

max 

-

30" 
20" 

-

-

w--------------------_____________________ _ 

~HITACHI 
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Unit 

V 

JlA 

.s 

.s 



HM6147HP Series-------
4096-word x 1-blt High Speed Static CMOS RAM 

.FEATURES 
• High Speed: Fast Access Time 35ns/45nsl55ns Max. 
• Low Po_r Standby and Low P~r Operation, 

Standby: 100pW tyP., Operation: 150mW typo 
• Single 5V Supply and High Density 18 Pin Package 
• Completely Static Memory - No Clock nor Timing Strobe 

Required 
• No Peak Po_r-On Current 
• No Change of tACS with Short Chip Deselect Time 
• Equal Access and Cycle Time 
• Directly TTL Compatible - All Input and Output 
• Separate Data Input and Output: Three State Output 
• Plug-In Replacement with Intel 2147H NMOS STATIC RAM 

.BLOCK DIAGRAM 

Do. 

,,-~tE::::::1 

"---1IX:::::l 
.\. ---1IX:::::l 
"---1tE::::::1 
.\o--i4J=L_~ 

Memory Array ..... 

.ABSOLUTE MAXIMUM RATINGS 
Item Symbol 

Voltage on Any Pin relative to CND Vr 

DC OUlput Cu •• ent 1. 

Power DiSSipation Pr 

Operatlna: Temperature T.,. 
Sto.o.e Tempe.atu.e (unde. b,as) T.".lt •• r, 
Storace Temperature Tel. 

• Pulse Width 2Ona. DC: -0 5 V 

l)uUI 

Roti .. Unit 

-3.5°to +7.0 V 

20 ..A 
\.0 W 

o 10 +70 ·C 

-10 10 +85 ·C 

'-55 to +125 'C 

$ HITACHI 

(D"'II) 

.PIN ARRANGEMENT 

Hitachi America Ltd. • 2210 O'Toole Avenue • San Jose, CA 95131 • (408) 435-8300 
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HM6147HP Series --------------------------------

.RECOMMENDED DC OPERATING CONDITIONS (O·CliOTali070·C) 

Parameter Symbol min typ max Unit 

Supply Volta,e 
Vee 4.5 5.0 5.5 V 

GND 0 0 0 V 

Input Hillh OOli- 1) Volt .. e v,. 2.0 3.0 6.0 V 

Input Low OOlic 0) Volt .. e V,L -3.0' - 0.8 V 

• Pul .. Wodlh ZO ... DC: -O.5V 

.DC AND OPERATING CHARACTERISTICS (O·CliOTa;;;;70·C, Vcc-SV±lO%, GND-OV) 

Parameter Symbol Test Condition min typ max Unit 

Input Leakqe Current IILlI Vee-5.5V. GND to Vee - - \0 I'A 

Output Leaka,e Current liLo I CS-V'H, v,.,-OV- Vee - - 10 I'A 

Operatiftl Power Supply Currentlll lee CS- V,L, Output open - 30 80 mA 

Operatiftl Power Supply Current (2) lcci CS- V,L. Minimum Cycle - 40 80 mA 

Standby Power Supply Current (1 ) I .. CS- Vi., Vee-Min to Max - 8 20 mA 

Standby Power Supply Current(2) lUI 
CS;;;: Vee-0.2V. 

20 800 I'A -
V,.:>0.2Vor V,.;;;: Vee -0. 2V 

Output Low Volt .. e VOL IOL-8mA - - 0.40 V 

Output Hi,h Volt .. e VON lo.--4mA 2.4 - - V 

Note) 1. The operati", •• tuent t._perature r .... 1& IUIranteed with transverse air flow exceedll'l(J 400 linear feet minute. 

Z. T"ieal Ii.lb are at Vcc-S.OV. T.-2S·C and specified Io.du ... 

• AC TEST CONDITIONS 
SIOQ 

• Input P!llse levels: GND to 3.0V 
• Input rise and fall times: 5 ns 
• Input timing reference levels: 1.5V 
• Output load: See Figure 

Output Load A OOlut 0----..---4 
33011 

• Output timing reference levels: 1.5V (HM6147HP·35) 
0.8 to 2.0V (HM6147HP-45/55) 

Output Load B 

.CAPACITANCE (Ta-2S·C, j-l.OMHz) 

Item Symbol Conditions max Unit 

Input Capacitance e .. V .. -OV 5 pF 

Output Capacitance e .. 1 V.,-OV 6 pF 

~HITACHI 
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---------------------------------- HM6147HP Series 

.AC CHARACTERISTICS (To-O·C to 70·C. Vcc-5V±10%. unless otherwise noted.) 

eREAD CYCLE 

HM6147HP-35 HM6147HP-45 HM6147HP-55 
Parameter Symbol 

min max min max min max 

Read Cycle Time he 35 - 45 - 55 

Address Access Time IAA - 35 - 45 -

Chip Select Access Time tACS - 35 - 45 -

Output Hold from Addre .. Change too 5 - 5 - 5 

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

Chip Deselection to Output in High Z 1HZ 0 30 0 30 0 

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

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

e TIMING WAVEFORM OF READ CYCLE NO.1 ")(SJ 

Address 

0.11 Cft.It 

eTIMING WAVEFORM OF READ CYCLE NO.2'''(6) 

cs 

Dat. Out Dill hl1d 

\cc SupplY 

Current 

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. tHZ max. is less than 
t LZ min. both for a given device and from device to device. 

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

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

~HITACHI 

-

55 

55 

-
-

30 

-

20 
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Unit Notes 

nS [I) 

ns 

ns 

ns 

ns (2). (3). (7) 

ns (2). (3). (7) 

n. 

ns 
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HM6147HP Series --------------------------------

e WRITE CYCLE 

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

min max min max min max 

Write Cycle Time I.e 35 - 45 - 55 - ns (2) 

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

Addre •• Valid to End of Write I,. 35 - 45 - 45 - ns 

Addre .. Setup Time I" 0 - 0 - 0 - ns 

Write Pulse Width I.p 20 - 25 - 30 - ns 

Write Recovery Time I •• 0 - 0 - 0 - ns 

Data V.lid to End of Write low 20 - 25 - 25 - ns 

Data Hold Time ID_ 10 - 10 - 10 - ns 

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

Output Active from End of Write low 0 - 0 - 0 - ns (3), (4) 

e TIMING WAVEFORM OF WRITE CYCLE (WE Controlled) 

Add" .. 

, .. 

DUIIII 

Dlt. Out o.'l Undrhnrd 

eTiMING WAVEFORM OF WRITE CYCLE (CS Controlled) 
,., 

--, 
--I 

~ ,,, 

'f 
, .. ,,, .. , 

\ \ \ \ \ III 
I ". ", 

0.'1 In t Oa'i In Valul * .. , _I 

0.'10..1 ~ 
Oall UndefIned H •• " illlPrdan(f 

Notes: 1. If ~ 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 lust 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. 

@HITACHI 
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----------------

--------------------------------------------------------~HM6147HPS.i.B 

ACCESS TIME VS. SUPPLY VOLTAGE 

, 
Til = 25"C 

I. , 
! 

Ii--r--.. 
0 

I ------Or--

8 

; 
415 50 525 55 

S .. pply Volt •• e Vee (VI 

ACCESS TIME VS. LOAD CAPACITANCE 

18 

~ 
Ib 

~ " :t 

.:; 12 • " t 
,.: 10 

~ 
./" 

/ 

V 
Ta=2S'C 
Vcc=MIN 

.l! 08 

06 100 , .00 300 .00 500 

Lo.d Capac ,lance CJ. (pF) 

INPUT LOW VOLTAGE VS. SUPPLY VOLTAGE 

J 

To=25'C 

2 

I ----0 
I--"" ~ 

9 

8 

7 o 45 415 50 525 55 

Supply Volta.e Vee (VI 

ACCESS TIME VS. AMBIENT TEMPERATURE 

3 

Vcc=5.0V 

2 

... V 
I 

V 
./ 

0 

9V 
8 

60 80 
7 

20 .0 
Ambient TelllDeralure Ta ("C) 

SUPPLY CURRENT VS. FREQUENCY 

3 

I. 2 

I. I 

--I---~ 1.0 

09 

0.8 

7 o 0 10 15 20 25 30 

Frequency I (MHz) 

INPUT HIGH VOLTAGE VS. SUPPLY VOLTAGE 

3 

To=25"C 

2 

1 

---l.---
0 

~ ~ 
9 

j 08 

0.7 
45 415 50 525 55 

Supply Voltale \te (V) 
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HM6147HPSeries----------------------------------

OUTPUT CURRENT VS. OUTPUT VOLTAGE 

1. 6 

\ To = 2S'C 
Vcc=5V 

• 
\ 

2 

\ 
0 

\ 8 

\ 6 

\ 

1. 

1. 

1. 

o. 

o. • 
Output Volt.ge VoII' (V) 

STANDBY CURRENT VS. AMBIENT TEMPERATURE 

, 
Vec '"'3V 
C'S:28V 

;: 
10" • '" 

a 
1> 
] 10" 
.;; 

· ./ 

L/ 
V 

, 

V 

10" · o 20 .0 60 80 

Amluent Temperature To rC) 

STANDBY CURRENT VS. INPUT VOLTAGE 

0 

To = 2S'C 
Vcc=S.OV 
CS:'.8V 

8 

6 

\ • 

2 ~ 
"", 

0 

Input Volt.,e Yr. (V) 

OUTPUT CURRENT VS. OUTPUT VOLTAGE 

1.6 

1.4 

..e 1.0 

U 0.8 

i 
3 

06 

I 
/ 

I 

I 

/ 
/ 

To = 2S·c.. 
Vee =5V 

• o. 0 0.2 0.' 06 0.8 

Output Vohage VoL (V) 

STANDBY CURRENT VS. SUPPLY VOLTAGE 

O. 

~ .. • 
~ 

- O. 

u 

i 
.;; 

• 
/ 2 

0 V 
8 / 

V 6 

/ To=2S'C 

'/ 
~=VCC-02V 

2 

Supply VoltA,e Vee (V) 
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HM6147HLP Series------

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

.FEATURES 
• High Speed: Fast Access Time 35ns/45ns/55ns Max. 
• Low Power Standby and Low Power Operation, 

Standby; 5IJ.W typ., Operation: 150mW typo 

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

Required 

• No Peak Power-On Current 
• No Change of tACS with Short Chip Deselect Time 
• Equal Access and Cycle Time 
• Directly TTL Compatible - All Input and Output 
• Separate Data Input and Output: Three State Output 
• Plug-In Replacement with Intel 2147H NMOS STATIC RAM 
• Capable of Battery Back up Operation 

.BLOCK DIAGRAM 

A,...--D:=::l .. --,......---j 
.. --;::;t=L_.J 

Do. 

Memory Array 
64,", 

• ABSOLUTE MAXIMUM RATINGS 

Item Symbol 

Voltage on Any Pin relative to GND V, 
DC Output Current 10 

Power Dissipation p, 

Operating Temperature T.,. 
Storage Temperature (under boas) T"'(~'II ) 
Storage Temperature Til, 

* Pulse Width 20n5, DC: -0 SV 

GNU 

U"III 

Rating 

-3.5' to +7.0 

20 

1.0 

o to +70 

-10 to +85 

-55 to +125 

Unit 

V 

mA 

W 

-c 
·c 
·c 

.RECOMMENDED DC OPERATING CONDITIONS (o'c;a; T~;;;;70'C) 

Parameter Symbol min 

Vee 4.5 
Supply Volta.e 

GND 0 

Input Hi.h (10,,< I) Volta.e V,. 2.2 

Input Low (10,,< 0) Volta.e v" -0.5' 

• V'L mlo--3V (Pulse wdth ~20ns) 

~HITACHI 

(oP-ISI 

.PIN ARRANGEMENT 

(Top View) 

typ max 

5.0 5.5 

0 0 

3.0 6.0 

- 0.8 

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

Unit 

V 

V 

V 

V 

I 
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HM6147HLP Series -------------------------------

.DC AND OPERATING CHARACTERISTICS (O'C:i>Ta:i070'C, Vcc -5V±lO%, GND-OV) 

Parameter Symbol T .sl Condilion min Iyp max Unil 

Inpul Leakage Currenl I hd Vee -5.5V. GND 10 Vee - - 10 "A 

Oulpul Leak.ge Currenl Ihol CS-V'H. V ... -OV-Vcc - - 10 "A 

Operaling Power Supply Currenll!) Icc CS- v", Output open - 30 80 mA 

Operating Power Supply Current (2) Icci CS- V". Minimum Cyc:le - 40 80 mA 

Standby Power Supply Current III I .. CS- V,H. Vee-Min to Max - 5 15 mA 

Standby Power Supply Currentl21 1$11 
CSo: Vee-0.2V. - 1 100 "A V,N::OO.2Vor V,NO: Vee-O. 2V 

Output Low Volla,e VOL 10,-8mA - - 0.40 V 

Outpul High Voltage VON 10N- -4.0mA 2.4 - - V 

Note) 1. The opentull' ambient tempenture fa",e IS IloNIranteed with tr.n .... erse a', flow tueech,.. 400 hneu feet per minute 
2. TYPical III111,ts are at Vcc-S.OV. r.-2S"C .nd speclf,ed lo.d .... . 

Va 

.AC TEST CONDITIONS 
• Input pulse levels: GND to 3.0V 
• I nput rise and fall timas: 5 ns 
• I nput timing reference levels: 1.5V 
• Output load: See Figure 
• Output timing reference levels: 

1.5V (HM6147HLP-351 

Output Load A ~SIOQ 
U .. I.II 

lJOQ lOpf'-

O.S to 2.0V (HM6147HLP-45/551 • Induda ... scope &: JlI capacitance 

<" 

Output Load B :qSIOQ 

D ... 

JJOQ 5pF 

.CAPACITANCE (Ta-2S·C. /-1.0MHz) 

Item Symbol Conditions max Untt 

Input Capacitance C .. V .. -OV 5 pF 

Output Capacitance C .. , V •• ,-OV 6 pF 

Note} ThiS pllra.eter I •• ampled and not 100% lested . 

• AC CHARACTERISTICS (Ta-O'C to 70·C. Vcc-5V±lO%, unless otherwise noted.) 

• READ CYCLE 

HM6147HLP-35 HM6147HLP-45 HM6147HLP-55 
Parameter Symbol Unit Notes 

min max moo max min max 

Read Cycle Time he 35 - 45 - 55 - ns (I) 

Address Access Time I" - 35 - 45 - 55 ns 

Chip Select Access Time tACS - 35 - 45 - 55 ns 

Output Hold from Address Change ION 5 - 5 - 5 - ns 

Chip Selection to Output in Low Z ILz 5 - 5 - 5 - ns [2). [3). [7) 

Chip Deselechon to Output in High Z 1Hz 0 30 0 30 0 30 ns [2). [3). [7) 

Chip Selection to Power Up Time Ip. 0 - 0 - 0 - ns 

Chip Deselection to Power Down Time IPD - 20 - 20 - 20 ns 

$ HITACHI 
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------------------------------HM6147HLP Series 

e nMING WAVEFORM OF READ CYCLE NO.1 ,.,(1) 

AUr ... 

Data V.Ii. 

enMING WAVEFORM OF READ CYCLE NO.2""" 

....... 

CAu ... 

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

eWRITE CYCLE 

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

3. Transition is measured r500mV from steady state voltage with 
~cified loading in Load B. 

4. WE"is high for READ Cycle. 
S. Device is continuously selected, ~z V fL. 
6. Addresses valid prior to or coincident with IT transition low. 
7. This parameter is sampled and not 100% tested. 

HM6147HLP-35 HM6147HLP-45 HM6147HLP-55 
Parameter Symbol 

mIn max min max min max 

Write Cycle Time Iwe 35 - 45 - 55 -
ChIp Selection to End of Write lew 35 - 45 - 45 -
Addre •• Valid to End of Write lAW 35 - 45 - 45 -
Addre.. Setup Time I" 0 - 0 - 0 -
Write Pul •• Width Iwp 20 - 25 - ~ -
Write Recover), Time IWI 0 - 0 - 0 -
Data Valid to End of WrIte I ... 20 - 25 - 25 -
Data Hold Time I .. 10 - 10 - 10 -
Write Enable to Output in Hilh Z IWI 0 20 0 25 0 30 
Output Active from End of Write I"" 0 - 0 - 0 -

• HITACHI 
Hitachi America Ltd. • 2210 O'Toole Avenue • San Jose, CA 95131 • (408) 435·8300 

Unit Note. 

ns (2) 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns (3), (4) 

ns (3), (4) 
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HM6147HLP Series ---------------------------------

eTIMING WAVEFORM OF WRITE CYCLE (WE Controlled) 

Addreu 

,c. 

WE 

Oratl In 

eTIMING WAVEFORM OF WRITE CYCLE (CS Controlled) 
'" ----

I~ 

!::::=-i ". 
'\ 

... ... 
'" 

\ \ \ \ \ I j L 
... ... 

X Poul.V,I,d ~ 

~ 
o. .. U.d.I",d H,.hlo ... 4 ..... 

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

• LOW Vee DATA RETENTION CHARAC"FERISTICS (Ta- O't to +70't) 

Item Symbol Test Condition mm typ max Unit 

Vee for Data Retention V" 
CS;;; Vee-0.2V 

~N~ VLc -O.2V or V,.:;;O 2V 
2.0 -- - V 

Data RetentIOn Current IccDR 
Vcc -3.0V, CS;;;2.8V 

~,..~2.8V or V,.:;;0.2V 
- 50 pA 

Chip Deselect to Data Retention Time tCDII 0 - - ns 
See Retention Waveform 

OperatIOn Recovery Time t, t fl.e· - - ns 

eLOW Vee DATA RETENTION WAVEFORM 
Dall Retention Mode 

Vee _______ ,1 

45V -

cs~ Vp,II-02V 

fS----J 

OY - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

~HITACHI 
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HM6116P Series--------
2048-word x 8-bit High Speed Static CMOS RAM 

• FEATURES 

• Single 5V Supply 
• High speed: Fast Access Time 120ns/150ns/200ns (max.) 
• Low Power Standby and Standby: 1001tW (typ.) 

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

.FUNCTIONAL BLOCK DIAGRAM 

A,o----D~:::l 

I/O'o--.... ~ 

lIo.o--,,-+~ 

Ro. 
O!cocler _ 

128 x 128 

.ABSOLUTE MAXIMUM RATINGS 

Item Symbol 

Voltale on Any Pm Relallve to GND V, 

Operating Temperature T.,.. 
Storale Temperalure T'I. 
Temperature Under Bias T .... 

Power Dasslpatlon p, 

• Pulse Width SOns -35V 

.TRUTH TABLE 

CS OE WE Mode 

----0 Vee 

----OCND 

Rallnl Unit 

-0.5· to +7.0 V 

o to +70 ·c 
-55 to +125 'C 
-\0 to +85 ·c 

1.0 W 

Vee Current 

H x x Not Selected I,.. 1$11 

L L H Read Icc 

L H L Write Icc 

L L L Write Icc 

~HITACHI 

(DP-h) 

.PIN ARRANGEMENT 

1/0 Pin Ref. Cycle 

Hllh Z 

Dout Read Cycle (1)-(3) 

Dm W rite Cycle (I) 

o.n W rite Cycle (2) 
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HM6116P Series---------------------------------

.RECOMMENDED DC OPERATING CONDITIONS (To-O to +70'C) 

Item Symbol mIn typ max 

Vee 4.5 5.0 5.5 
Supply Volta,e 

GND 0 0 0 

Vi. 2.2 3.5 6.0 
Input Volta,e 

V,. -3.0' - 0.8 

• Pul •• Wtd&h: SOns. DC: v,t •• n- -O.3V 

.DC AND OPERATING CHARACTERISTICS (Vcc-5V±lO%, GND-OV, To-O to +70'C) 

HM6116p·2 HM6116P·31-4 
It ... 

Input Leakage Current 

Output Le.k .. e Current 

Operoti", Power Supply 

Current 

Averl.e (}per.tina Current 

Standby Power Supply 

Current 

Output Voltage 

• Vtc-5V. T.-25~ 
•• Reference Onl, 

Symbol 

11." 

11.01 

Icc 

Icc,·· 

icC! 
I .. 

1$11 

VOL 

Vow 

Test CondItions 
min 

Vee-5.5V, V .. -GND to Vee -
CS- V,. or OE- V,., -
ViA> - GND to V<c 

CS- Vi., l'A>-OmA -

Vi.-3.5V, V,.-0.6V, 
-

I, o-OmA 

Min. cycle, duty-loo% -
CS- V,. -
CS~Vcr-0.2V, v,.;&:: Vee -
-0.2V or v.. lOO.2V 

10.-4mA -
lu.-2.1mA -
10N--1.0mA 2.4 

.AC CHARACTERISTICS (Vcc -5V±lO%, To-O to +70'C) 

eAC TEST CONDInONS 
Input Pulse Levels: 0.8 to 2.4V 
Input RIse and Fall Times: 10 ns 
Input and Output TIming Reference Levels: 1.5V 
Output Load: lTTL Gate and CL • l00pF (including scope and jIg) 

e READ CYCLE 

HM61l6p·2 
Item Symbol 

mon max 

Re.d Cycle Time lac 120 -
Address Aecess Time I .. - 120 

Ch,p Select Acces. Time 'ACS - 120 

Chip Selection to Output in Low Z tCLZ 10 -
Output Enable to Output V.lid 10E - 80 

Output En.ble to Output in Low Z tOLZ 10 -
Chip o.selection to Output on H"h Z teHZ 0 40 

Chip Di.able to Output in HiBh Z 'OHZ 0 40 

Output Hold from Address Chance ION 10 -

$ HITACHI 

type max min type 

- 10 - -
- 10 - -

40 80 - 35 

35 - - 30 

40 80 - 35 

5 15 - 5 

0.02 2 - 0.02 

- 0.4 - -

- - - -
- - 2.4 -

HM61l6P·3 HM6116P·4 

mIn max mon max 

150 - 200 -
- 150 - 200 

- 150 - 200 

15 - 15 -
- 100 - 120 

15 - 15 -

0 50 0 60 

0 50 0 60 

15 - 15 -

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

max 

10 

10 

70 

-
70 

15 

2 

-
0.4 

-

UnIt 

V 

V 

V 

V 

UnIt 

JlA 

JlA 

mA 

mA 

mA 

mA 

mA 

V 

V 

V 

Unit 

ns 

ns 

ns 

ns 

ns 

n' 

ns 

ns 

ns 



----------------------------------HM6116P Series 

eWRITE CYClE 

Item Symbol 

Write Cycle Time I.e 
Chip Selection to End of Write Ie. 
.-\ddress \'ahd to End of Write I,. 
.-\ddress Set Up Time I" 
W rite Pulse Width I., 
Write Reco\'er) Time I •• 
Output Disable to Output In HIgh Z t OHt 

W rite to Output In High Z '''''HZ 
Data to W flte Time Overlap I,. 
Data Hold from WrIte Time 10. 

Output ActIve from End of Write '0' 

.CAPACITANCE (j-1MHz, Ta-2S'C) 

Item 

Input Capacitance 

Input/Output Capacitance 

'.ote ThiS parameter IS sampled and not 100% tested 

.TIMNG WAVEFORM 
eREAD CYClE (1)'» 

Unlit 

e READ CYCLE (2)" ,,,,,., 

Address 

DOUI 

e READ CYClE (3) (1)(3)", 

DOllt 

HM6116P-2 

min max 

120 -
70 -

105 -
20 -
70 -
5 -
0 40 

0 50 

35 -
5 -
5 -

Test Conditions 

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

NOTES: 1. WE is High for Read Cycle. 
2. Device is continuously selected, cr = V/L. 

lM61l6P-3 

min max 

150 -
90 -

120 -
20 -
90 -
10 -
0 50 

0 60 

40 -
10 -
10 -

3, Address Valid prior to or coincident with 'CS""transition Low. 
4, 'OF = !:'lL. 

~HITACHI 

HM61l6P-4 

min max 

200 -
120 -
140 -

20 -
120 -

10 -
0 60 

0 60 

60 -
10 -
10 -

HItachi America Ltd, • 2210 O'Toole Avenue • San Jose, CA 95131 • (408) 435-8300 

Unit 

ns 

ns 

n. 

n. 

n. 

ns 

n. 

n. 

n. 

n. 

n. 

Unit 

pF 

pF 
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HM6116P Series-----------------------------------

WRITE CYQ.E(1) 

1---------10<---------1 

Addr~1I 

1----1<. ----...J 

1--___ ,,,'-0:.:.)---1 

UOUI 

_________ ~l_'··---' .. ~I~~ 
<l- 4XXX 

eWRITE CYClE(2)'S) 
1--------1,,--------1 

I" 

00 .. 

NOTES: 1. 
2. 

A write occurs during the overlap (tJrJ:) of a low CS and a low WE. 
t WR is measured from the earlier of CS or W£ 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 rs- low transition occurs simultaneouslY with the W£ low 
transitions or after the WE tranSition, output remain in a high im
pedance state. 

S. UE"is continuously low. (Of: = V1L ) 
6_ 00ut is tlte same phase of write data of this write cycle. 
7. OO.JU..is the read data of nex t address. 
8. If CS is Low during this period, 1/0 pins are in the output state. 

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

~HITACHI 
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-----------------------------------HM6116P Series 

SUPPLY CURRENT 
VS. SUPPLY VOLTAGE 

16 

T.=25"( 

14 

.;" 

~ 
V 

./""" 
~ 

8 

1.0 

o. 

o. 6 

o. 4 
4.5 415 5.0 5.25 55 

Supply Volls,,, Vee (V) 

ACCESS TIME 
YS. SUPPLY VOLTAGE 

3 

TCI=2S'C 

I. 2 

1 
............. 
~ 

--............. t--.. 
10 

I. 

0.9 

DB 

0.7 
U 415 5.0 5~5 5.5 

Supply VolI.,,, Vee (V) 

ACCESS TIME 
YS. LOAD CAPACITANCE 

I~ 
.;" 

./ 
V 

4 

~ 
V 

~/ To=2S'C 

Vcc=hllN 

0 

B 

6 
100 200 300 400 500 

Load Capacnlnce CL (pF) 

~HITACHI 

SUPPLY CURRENT 
YS. AMBIENT TEMPERATURE 
16 

Vcc=S.OV 

; 14 

~ 
:i. 12 

01--- -j 08 
r--- r--

6 

4 
20 40 60 

Amtllen! TemplrllUre Ta ('e 

ACCESS TIME 
YS. AMBIENT TEMPERATURE 
13 

Vcc=50V 

12 

V 

10 

I 

V 
/" 

~ 
09 

7 
20 40 60 

SUPPLY CURRENT 
YS. FREQUENCY 

3 
200ns 150nl 

12 

1 

0 --r--
9 

DB 

7 

Frequency I (tdHl) 

120na 
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HM6116P Series---------------------------------

LOW INPUT VOLTAGE 
VB. SUPPlY VOLTAG£ 
.3 

.2 

I 

r.=25"(; 

HIGH INPUT VOLTAGE 
VB. SUPPLY VOLTAGE 

I. 3 

I. 2 

I 

r.-25"<: 

- ------0 

t-" 

• 
..§ 0.8 

7 O. 
45 4.75 50 5.25 

Supply Volt.,e Vee IV) 

OUTPUT CURRENT 
VS. OUTPUT VOLTAGE 

I. 6 

I . • , 
0 

\ 
\ 

6 
\ 
~ 

o . • 
OutPUI Volt •• e Vo. (V) 

T.=25"C 
Vcc=5V 

t 
;: 

1.0 

! o . 9 

1> 
:i: o. 8 

o 7 

~ 
~ 

55 OS 475 5.0 525 

SlIppl,. Volt •• e Vee (VI 

OUTPUT CURRENT 
va. OUTPUT VOLTAGE 

6 

• ) 

-; 
I I. 

i 
2 

.! I. 0 

U o. 
i 
~ 

~HITACHI 

0.6 

0.' o 

/ 
/ 

/ 
/ , 

02 o. 06 

Outpul Volt •• e VOl. t VI 

r.=25·C 
Vcc=5V 
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HM6116FP Series 
2048-word x 8-bit High Speed Static CMOS RAM 

.FEATURES 

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

• Single 5V Supply 
• High Speed: Fast Access Time 120ns/150ns/200ns (max.) 
• Low Power Standby Standby: 100llW (typ.) 
• Low Power Operation; Operation: 180mW (typ.) 
• Completely Static RAM: No clock nor Timing Strobe Required 
• Directly TTL Compatible: All Input and Output 
• Equal Access and Cycle Time 
.FUNCTIONAL BLOCK DIAGRAM 

.ABSOLUTE MAXIMUM RATINGS 

Item Symbol 

Voltage on Any Pm Relative to GND V, 

Operating Temperature T_ •. 

Storagf' Temperature T". 

Temperature Under Bias T •. u 

Power DISSlpatton Pr 
.I'ul"t' \\ Idlh ,)Uns .J S\ 

.TRUTH TABLE 

CS OE WE Mode 

------0 Vcr 

Rating Umt 

-05' to +7.0 V 

o to +70 -c 
-55 to +125 ·c 
-10 to +85 -C 

1.0 W 

Vee Current 

H x x Not Selected I,.. 1581 

L L H Read Ioe 

L H L Write /" 

L L L Write Ioe 

~HITACHI 

FI' 2.-1J 

.PIN ARRANGEMENT 

I/O Pon Ref. Cycle 

HIgh Z 

Dout Read Cyclelll-131 

Don Write Cyclelll 

DIn WrIte Cycle 121 
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HM6116FP Series ----------------------------------

.RECOMMENDED DC OPERATING CONDITIONS (Ta=O to HO'C) 

Item Symbol m .. typ max 

Vee 4.5 5.0 5.5 
Supply Volta,e 

GND 0 0 0 

V,. 2.2 3.5 6.0 
Input Volta,e 

I'/L -3.0' O.S -
• Pula. Width: SOn •. DC: Va mln- -O.3V 

.DC AND OPERATING CHARACTERISTICS (Vcc =5V±lO%, GND=OV, Ta-O to HOT) 

HM6116FP-2 HM6116FP-3/-4 
Item 

Input Leakage Current 

Output Leakage Current 

Operahng Power Supply 

Current 

Average Operating Current 

Standby Power Supply 

Current 

Output Volta,e 

• Vcc -5V. To-2S'C 
•• Referente Only 

Symbol 

II LI I 

Ihol 

Icc 

Iccl·· 

IccI 

Iso 

ISBI 

VOL 

VON 

Test Conditions 
min 

Vee-5.5V. V •• -GND to Vee -
CS- V,. or OE-I'/. 

-
I'/",-GND to Vee 

CS-V/L. IJ/o-OmA -
1'/.-3.5V. VIL -0.6V. 

-
1,,,,-OmA 

M ... cycle. duty -100% -
CS-I'/. -
CS;;, Vee-0.2V. v.~ ~ Vee -
-0.2Vor V .• :>0.2V 

IOL-4mA -
IOL-2.lmA -
10.--1.0mA 2.4 

.AC CHARACTERISTICS (Vcc =5V±lO%, Ta=O to +70'C) 

eAC TEST CONDITIONS 
Input Pulse Levels: O.S to 2.4V 
Input Rise and Fall Times: IOns 
Input and Output Timing Reference Levels: 1.5V 
Output Load: lTTL Gate and CL = l00pF (including scope and jig) 

eREAD CYClE 

HM6116FP-2 
Item Symbol 

m .. max 

Read Cycle Time I,e 120 -
Address Access Tiftie' I" - 120 

Chip Select Acce •• Time tAC S - 120 

Chip Selection to Output .. Low Z tCLZ 10 -
Output Enable to Output Vahd 10. - 80 

Output Enable to Output in Low Z tOLZ 10 -
Chip Deseledion to Output in Hia:h Z tCHZ 0 40 

Chip Di.able to Output in Hi,h Z 10HZ 0 40 

Output Hold from Addre •• ChallIe 10. 10 -

~HITACHI 

typ· max m .. typ· 

- 10 - -

- 10 - -

40 SO - 35 

35 - - 30 

40 SO - 35 

5 15 - 5 

0.02 2 - 0.02 

- 0.4 - -
- - - -

- - 2.4 -

HM6116FP-3 HM6116FP-4 

m .. max m .. max 

150 - 200 -

- 150 - 200 

- ISO - 200 

IS - 15 -
- 100 - 120 

IS - 15 -
0 50 0 60 

0 50 0 60 

IS - IS -

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

max 

10 

10 

70 

-

70 

15 

2 

-

0.4 

-

Unit 

V 

V 

V 

V 

Unit 

pA 

pA 

mA 

mA 

mA 

mA 

mA 

V 

V 

V 

URit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 



-------------------------------- HM6116FP Series 

eWRITE CYClE 

Item Symbol 

\\ rite C)ocle Time t.e 

Chip Selecllon to End of Wrote te. 

Addre •• \'ahd to End of Wrote t •• 

Address Set t:p Time t .. 

II rote Pulse Width t., 

\\ rite Reco\'er) Time t •• 

Output Disable to Output .. High Z tOHZ 

\\ rite to Output In High Z h~HZ 

Data to \\ rite Time Overlap tD. 

Data Hold from Write Time tD' 

Output Active from End of Write to. 

.CAPACITANCE (j=lMHz, Ta=2S'C) 

hem Symbol 

Input Capacitance Coo 

Input/Output Capacitance CI"O 

'-ote Tt\LS parameter IS sampled and not 100% tested 

• TIMING WAVEFORM 

eREAD CYCLE(1)'" 

e READ CYCLE (2)'"'' "" 

HM6116FP-2 

m .. max 

120 -
70 -

lOS -
20 -
70 -

5 -
0 40 

0 SO 

35 -

5 -
5 -

Test Conditions 

V .. -OV 

V,,,,-OV 

HM6116FP-3 HM6116FP-4 

m .. max m.n max 

ISO - 200 -

90 - 120 -
120 - 140 -

20 - 20 -
90 - 120 -
10 - 10 -
0 SO 0 60 

0 60 0 60 

40 - 60 -
10 - 10 -
10 - 10 -

typ max 

3 5 

5 7 

l,ddrus =k.'~_%=~I".=t 
\Iou! 

eREAD CYClE(3)'"'''''' 

()()ul 

NOTES: 1. "WE" IS High for Read Cycle. 
2. DeVice is continuously selected, ~ = VIL' 
3. Address Valid pnor to or COincident with cr-transition Low. 
4. UE"= VlL-

$ HITACHI 
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Unil 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Unit 

pF 

pF 
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HM6116FP Series --------------------------------

.TIMNG WAVEFORM 

eWRlTE' CYCLE (1)'1) 

Addr .... 

UnUI 

Ilin 

eWRITE CYCLE(2)'" 

Adelr .... 

!lou. 

~-------------I~'-----------~ 

1----1<.------1 

1-----hll',.,O"-) ----I 

i"" "', 
----------~~ ____ ~~~~x 

D •• -----------------~~-' .. ----_'~_,~I~.)~~~ ~ ~ 
NOTES: I. 

2. 
A write occurs during the overlap (t..I!!E) of a low cr and a low WE 
t WR is measured from the earlier of CS or WE' going high to the end 
of write cycle. 

3. During this penod, 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 ~ low transition occurs simultaneously with the WE low 
transitions or after the WE' transition, output remain in a high 
impedance state. 

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

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

~HITACHI 
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-----------------------.-----------HM6116FP Series 

SUPPLY CURRENT 
vs. SUPPLY VOLTAGE 

I~ 

Ta=2S't 

L 

~ 
V 

.,/"" 
~ 

0.8 

III 

o. 6 

• I.S 175 50 5.25 55 

Supply Volt.le I·'ft \ v} 

ACCESS TIME 
VS. SUPPLY VOLTAGE 

3 

To::2S'C 

2 

I 
............... 

~ 
0 

---- r-..... 9 

8 

o. 7 
175 50 525 55 

Supply Volt"e \'cr (V) 

ACCESS TIME 
va. LOAD CAPACITANCE 
u 

6 ./ 

./ 
V 

• 
~V 

2V Ta=2S"C 
Vcc=MIN 

J) 

.8 

~ 

100 200 300 .00 500 

Load Caplc lIance CL (pFl 

~HITACHI 

SUPPLY CURRENT 
VB. AMBIENT TEMPERATURE 
16 

Vee = S.oV 

I 
~ 12 

~ -"" ~ LO ---r--
6 

o . • 20 .0 60 

Ambient Trmperature T. ("C) 

ACCESS TIME 
va. AMBIENT TEMPERATURE 
3 

Vcc = S.oV 

2 

I 
LV 

/"" V 
0 

t ~ 
,:: 0 9 

8 

7 
20 .0 60 

Ambient Temper.lure To ('C) 

SUPPLY CURRENT 
vs. FREQUENCY 
3 

200n • 150na 

2 

I 

J) - --,..... 
9 

.8 

.7 

Frequency I (MHz 1 

120n. 

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

80 

80 

10 

71 



HM6116LP Series 
2048-word x 8-bit High Speed Static CMOS RAM 

• FEATURES 
• Single 5V Supply and High Density 24 Pin Package 
• High Speed: Fast Access Time 120ns1150ns/20Ons (max.) 
• Low Power Standby and Standby: 10llW (typ.) 

Low Power Operation; Operation: 160mW (typ.) 
• Completely Static RAM: No clock nor Timing Strobe Required 
• Directly TIL Compatible: All Input and Output 
• Pin Out Compatible with Standard 16K EPROMIMASK ROM 
• Equal Access and Cycle Time 
• Capability of Battery Back up Operation 

• FUNCTIONAL BLOCK DIAGRAM (DP·24) 

A,o---; ---.aVec 
• PIN ARRANGEMENT 

128x128 

--QGND \ Ro. 

DrCucit'f • 

A'o---; 

110,0--..,...-1 

/10. 0-""""'114--1 

.ABSOLUTE MAXIMUM RATINGS 

Item Symbol Ratma URll 

Volt.ge on Any Pin Relallve to GND Vr -0.5" 10 +7.0 V 

Operahnl Tf'mperature T.,. o 10 +70 ·C 

Storlie Tempenture T.,. ·5510 +125 ·C 

Temperature Under Bias T" ... -1010 +85 ·C 
-

Power Dlsslpahon Pr 1.0 W 

• Pulu Width SOns 3 5V 

.TRUTH TABLE 

CS DE WE Mode V( c Current liD P,n Ref. Cycle 

H x x No. Selecled I~ •. lUI Hlllh Z 

L L H Read /" DoUI Read Cycle 11)-131 

L H L Write /" D,n Wrole Cycle 11 I 

L L L Write /« D,n Wrole Cycle 12) 

~HITACHI 
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-----------------------------------------------------------------HM6116LPSMi_ 

• RECOMMENDED DC OPERATING CONDITIONS (To-O to +70·C) 

Item Symbol mIn typ max Unit 

Vee 4.5 5.0 5.5 V 
Supply Voltage 

GND 0 0 0 V 

V,. 2.2 3.5 6.0 V 
I nput Voltage 

V" -3.0· - 0.8 V 

• Pulse Width SOns. DC \!'l mnl- -0 3V 

.DC AND OPERATING CHARACTERISTICS (Vcc=5V ±lO%. GND=OV. To-O to +70·C) 

Item 

Input Leakage Current 

Output Leakage Current 

Operating Power Supply 
Current 

Average Operating Current 

Standby Power Supply 
Current 

Output Voltage 

• v .. -S\', r.-2S-C 
•• Referenre Only 

Symbol 

I ILl I 

I [,0 I 

1" 

'I( I·· 
It.( 1 

1" 

lUI 

VOL 

I Vo• 

Test Conditions 

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

cs - V,. or OE - V, •• 
V, (J -GND to Vu 

CS-V". I, u-OmA 

V,.-3.5V. V,,-0.6V. 
I, u-OmA 

mID. cycle. duty -100% 

CS-V" 

CS<: Vee -0.2V. V .. <: V" -
0.2V or V .• :i>0.2V 

IUL-4mA 

1.,-2.lmA 

10. - - LOrnA 

HM6116LP-2 

min typ· max 

- - 2 

- - 2 

- 35 70 

- 30 -

- 35 70 

- 4 12 

- 2 50 

- - 0.4 

- - -
2.4 - -

.AC CHARACTERISTICS (V«-5V ±lO%, To-O to +70'C) 

eAC TEST CONDITIONS 
Input Pulse Levels: 0.8 to 2.4V 
Input RIse and Fall T,mes: 10 ns 
Input and Output TImIng Reference Levels: 1.5V 
Output Load: lTTL Gate and CL • l00pF (including scope and jig) 

eREAD CYCLE 
HM6116LP-2 HM6116LP-3 

Item Symbol 
mID max mIn max 

Read C)c1e T,me /" 120 - ISO -

Address Access Time /" - 120 - ISO 

Chip Select Access Time 'At S 
- 120 - ISO 

Chip Selection to Output In Low Z 'CLZ 10 - 15 -

Output Enable to Output Valid 'liE - 80 - 100 

Output Enable to Output In Low Z tOI Z 10 - 15 -

Chip Deselect Ion to Output In High Z I( HZ 0 40 0 50 

Ch,p DIsable to Output In HIgh Z 10HZ 0 40 0 50 

Output Hold from Address Change InH 10 - IS -

~HITACHI 

HM6116LP-3/-4 

mIn typ· max 

- - 2 

- - 2 

- 30 60 

- 25 -

- 30 60 

- 4 12 

- 2 50 

- - -
- - 0.4 

2.4 - -

HM6116LP-4 

mIn max 

200 -
- 200 

- 200 

IS -
- 120 

IS -

0 60 

0 60 

IS -

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

Unit 

pA 

pA 

rnA 

rnA 

rnA 

rnA 

pA 

V 

V 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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HM6116LPSeries -----------------------------------

eWRITE CYCLE 

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

mIn max min max min max 

Write Cycle Time tW( 120 - 150 - 200 - ns 

Chip Selection to End 01 Write few 70 - 90 - 120 - ns 

Addre •• Valid to End 01 WrIte t,w 105 - 120 - 140 - n. 

Addre .. Set Up Time t" 20 - 20 - 20 - ns 

Write PuIs. Width twp 70 - 90 - 120 - ns 

Write Recovery Time t .. 5 - 10 - 10 - ns 

Output Disable to Ou.put In HIgh Z IUHZ 0 40 0 50 0 60 ns 

Writ~ to Output in High Z IWHZ 0 50 0 60 0 60 ns 

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

D.ta Hold from Write Time IDH 5 - 10 - 10 - ns 

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

.CAPACITANCE (j-lMHz. Ta-25"C) 

Item Symbol Test Conditions typ max UnIt 

Input Capacitance C .. V .• -OV 3 5 pF 

Input/Output Capacitance C, u V, ,,-ov 5 7 pF 

Note) This pt.nmeter IS sampled and not 100% tuted 

• TIMING WAVEFORM 

eRead Cycle (1) (I) 

eRead Cycle (2) 

Addru. 

eRead Cycle (3) 

OOUI 

NOTES: I. WE is High for Read Cycle. 
2. Device is continuously selected. CS = V1L. 
3. Address Valid prior to or coincident with CS transition Low. 
4. OE = V/L. 

@HITACHI 
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_________________________________ HM6116LP Series 

• Write C;ye Ie (1) 

Addre .. 

(I) ,,, 

_________ ~k-"·---"·~I~~ 
<4.- 4XXX 

.Wrlte Cycle (2) <s, 

Addreu 

Do., 

_______________ -4r=-t .. -----"·-~~I~')~~~ 
IC ;pooo< 

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

transition, output remain in a high Impedance 
state. 

S. OE is continuously low. (OE = V/L) 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 ou tpu t 
state so that the input signals of opposite 
phase.!Q. the outputs must not be appbed. 

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

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

7. Do.!U.is the read data of next address. 
8. If CS is Low during thiS period, I/O pms are 

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

• lOW Vee DATA RETENTION CHARACTERISTICS (Ta~O to +70'C) 

Item Symbol 

Vee for Oata Retention YD. 

nata Retention Current IceD"-

Chip Deselect to Data Retention Time Icoll 

Operation Recovery Time t. 

• IOpA max at To-Ot! 10 +40t. VII mln- 03V 
•• tH. -Read Cycle Time 

.Low Vee Data Retention Waveform 

Test Conditions min 

CS.,V" -0 2V. V .• :> V" -0.2Vor V .• SCO.2V 2.0 

Vcc-30V. CS<l;2.8V. V .. :>2.8Vor V .. SCO.2V -

° See Retention Waveform 
t IIC·· 

typ 

-
-
-
-

v" __________ I-------..!O''!'!.!..~R!!''!!'"~,,~''..!.!'''''~.'------I , _______ _ 

4SV---------

~---...J 
w---- ______________________________________ _ 

~HITACHI 

max 

-
30 

-
-
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Unat 

V 

I'A 

ns 

ns 

I 
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HM8116LPSerin---------------------------------------------------------

SUPPLY CURRENT va. 
SUPPLY VOLTAGE 

• 
A 

J 0.6 

1.3 

- I -; 2 

i 
j I. I 

5 
3 1.0 

9 

G.I 

0.7 

u 

1.6 

A 

T.-25'"(: 

~ 

~ 
V" 

~ 
~ 

415 50 525 

Supply Volt"f Vcc (V) 

ACCESS TIME v •• 
SUPPLY VOLTAGE 

.............. 
~ 

To=2S"C 

............... 
~ 

t5 415 50 

Supply VOIt'lf VCC' (V) 

ACCESS TIME v •• 
LOAD CAPACITANCE 

52< 

5.5 

55 

,. 
./' 

V 

I 
,:: 

2/ 
1.0 

~" 
r.=25'C 

V(c=MIN 

0.8 

.6 
100 200 300 400 500 

Load C.pull.nce lL (pFJ 

~HITACHI 

~ d 0.1 

." 

j 0.6 

o. 4 

1.3 

~ 
12 

I ! I. I 

10 

I 
t= o. 9 

] 
i 
:i 
.." 

~ 
d 

0.8 

0.7 

1.3 

12 

I 

0 

~ 0 9 
i 
J! 

0.8 

o . 7 

SUPPLY CURRENT va. 
AMBIENT TEMPERATURE 

Vu=5.oV 

--- -r--r--

20 40 60 

Amlnenl Temperature Ta (t) 

ACCESS TIME v •• 
AMBIENT TEMPERATURE 

Vee = 5.oV 

/" 

./ 
V 

~ 

o 20 40 60 

Amlnenl TUlperuure Ta (t I 

SUPPLY CURRENT va. 
FREQUENCY 

200n. 150ft. 

-~ 

120n, 

80 

80 

0 2 10 

FrequencJ I (MHz) 
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----------------------------------- HM6116LP Series 

3 

1.2 

I 

LOW INPUT VOLTAGE vs. 
SUPPLY VOLTAGE 

T4""25"C 

-0 1. 

~ 1 o. 

• j 

9 

8 

----
07 

'.5 4.75 so S.25 

1. 6 

• 
2 

~ I 0 

8 

o. 6 

O. • 

· 

3 10" · -
~ 
d 

1 10" · .;; 

· 

I 

Supply Volta,e Vee (V) 

OUTPUT CURRENT vs. 
OUTPUT VOLTAGE 

, 
\ 
\ 
\ 

I' 

Output Voltale VOII' (V) 

STANDBY CURRENT V8. 

AMBIENT TEMPERATURE 

./ V 

To = 2S'C 
Vcc=5V 

Vcc=lV 
CS""28V 

y 

V 
/' 

20 .0 60 

Ambient Temperature To (OC) 

5.5 

" .:: u 

80 

~HITACHI 

o 

• 
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8 
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8 

7 

HIGH INPUT VOLTAGE vs. 
SUPPLY VOLTAGE 

Td=2S'C 

~ f.---
~ ~ 

'.5 475 50 525 55 

6 

• 

2 

0 

8 

6 

• 

Supply Voluge Vcc IVI 

OUTPUT CURRENT vs. 
OUTPUT VOLTAGE 

I 

/ 
V 

L 
/ 

1/ 

02 o. 

Output Volliit VOL (V) 

STANDBY CURRENT vs. 
SUPPLY VOLTAGE 

/ 
/ 

To=2S'C 
Vcc=5V 

06 

/ 
~ 

14 =2S'C 

08 

'/ 
V 1S= Vet -1I2V 

2 

Supply Volt.,e Vee (V) 
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HM6116LP Series--------------------------------

0 

I 

< 
.! 

6 

4 

2 

0 

STANDBY CURRENT VL 

INPUT VOLTAGE 

\ 
f\ 

'" Input Volt.,e Vt • (V) 

ra c 25"C 
Vcc=S.ov 
l:J-uv 
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HM6116LFP Series 
2048-wordx8-bit High Speed Static CMOS RAM 

.FEATURES 
• High Density Small-sized Package 
• Projection Area Reduced to One·Thirds of Conventional DIP 
• Thickness Reduced to a Half of Conventional DIP 
• Single 5V Supply 
• High Speed: Fast Access Time 120nsl150ns/200ns (max.) 
• Low Power Standby and Standby: 10llW (typ.) 

Low Power Operation; Operation: 160mW (typ.) 
• Completely Static RAM: No Clock nor Timing Strobe Required 
• Directly TTL Compatible: All Input and Output 
• Equal Access and Cycle Time 
• Capability of Battery Back up Operation 

.FUNCTIONAL BLOCK DIAGRAM 

A, <>----D~=l .---oVer 

A, <>----D~=l 

110.0--...... -1 

1/0. o--r+-~ 

iYE ....... ---,L 

cs 

.ABSOLUTE MAXIMUM RATINGS 

Item Symbol Rating Unit 

Volt.ge on Any Pm Relative to GND V, ~0.5· to +7.0 V 

Operating Temperature T.,. o to +70 ·c 
Storage Temperature T.,. ~55 to +125 ·c 
Temperature Under Bias T .... ~10 to +85 ·c 
Power Dissipation p, 1.0 W 

• Pulse width SOns - 35V 

~HITACHI 

(FP·24D) 

.PIN ARRANGEMENT 

(Top V,ew) 
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HM6116LFP Series ----------

.TRUTH TABLE 

cs· ill; WE Mode V'l Current I/O P,n Ref. Cycle 

H x x NOI Selecled Iss. /SBI High Z 

L L H Read Icc Doul Read Cycle 111-(31 

L H L Write 1« Din W rile Cycle !lI 

L L L Write Icc Din Write Cycle (21 

.RECOMMENDED DC OPERATING CONDITIONS (Ta-O to +70'C) 

Item Symbol min typ max Unit 

Vee 4.5 5.0 5.5 V 
Supply Voltage 

GND 0 0 0 V 

V,N 2.2 3.5 6.0 V 
I nput Vol tage 

V" -3.0' - 0.8 V 

• Puis. \\Idth SOns. DC V'L mln- -03V 

.DC AND OPERATING CHARACTERISTICS (Vcc =5V±lO%. GND=OV. Ta-O to +70'C) 

Symbol 
HM6II6LFP-2 

Item 

Input Leakage Current 

Output Leakage Current 

Operatmg Power Supply 

Current 

Average Ope-rating Current 

Standby Power Supply 

Current 

Outpul Voltage 

• Yr. -5\', Ta-2S'C 
•• R.f.r.n". Onh 

Ihll 

1[,,,1 

Icc 

Icc.-· 

Ie C'l 

I .. 

lUI 

VIIL 

VOH 

Test ConditIOns 
min 

V, r~5.5V. V,,-GND to Vcr -
CS- V,. or OE:- V,N• 

-
V, o-GND to Vrc 

CS-V". II u-OmA -
V,N -3.5V. V,,-0.6V. . 

-
[, o-OmA 

Mm c~'cle. duty-IOO% -
CS-VIN -
CS;;,V" --0.2V. v .. ;;;-r,c -
-0.2V or V,,:>0.2V 

lot.-4mA -
[",-2.lmA -
[0"- ·-1.0mA 2.4 

.AC CHARACTERISTICS (Vcc=5V±lO%. Ta-O to +70'C) 
eAC TEST CONDITIONS 

Input Pulse Levels: 0.8 to 2.4V 
Input Rise and Fall T,mes: 10 ns 
Input and Output Timing Reference Levels: 1.5V 
Output Load: !TTL Gate and CL = 100pF (,ncrudlng scope and jig) 

eREAD CYCLE 

Item Symbol 
HM6116LFI'-2 

min max 

Read Cycle Time I" 120 -
Address Access Time I .. - 120 

ChIp Selecl Acce.s TIme tAl! - 120 

Chip SelectIon 10 Output In Lo~ Z te! I 10 -
Output Enable 10 Oulput Vahd t(lf - 80 

Output Enable to OUlput In Low Z lOLl 10 -
Chip deselectlon to Output In High Z IrJz 0 40 

ChIp DIsable 10 Output In H,gh Z '0HZ 0 40 

Outpul Hold from Address Change ION 10 -

• HITACHI 

typ· max 

- 2 

- 2 

35 70 

30 -
35 70 

4 12 

2 50 

- 0.4 

- -
- -

HM6II6LFP-3 

mIn max 

ISO -
- 150 

- ISO 

15 -
- 100 

IS -
0 50 

0 50 

IS -

HM6II6LFP-3/-4 

mln typ· max 

- - 2 

- - 2 

- ,30 60 

- 25 -
- 30 60 

- 4 12 

- 2 50 

- - -
- - 0.4 

2.4 - -

HM61 \6LFP-4 

min ma. 

200 -
- 200 

- 200 

15 -
- 120 

IS -
0 60 

0 60 

15 -
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Unit 

pA 

pA 

mA 

mA 

mA 

mA 

pA 

V 

V 

Unil 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 



--------------------------------HM6116LFPSeries 

eWRITE CYCLE 

Item Symbol 

Write Cycle Time loe 

Chip Seleeti on to End of Write lew 

Addres. Valid to End of Write I,w 

Addre.s Set Up TIme I" 

Write Pul.e WIdth lop 

Write Recovery Time IWR 

Output DIsable to Output In HIgh Z 10HZ 

Write to Output In HIgh Z IWHZ 

Data to Write Time Overlap Inw 

Data Hold from Write Tune In. 

Output Active from End of Write I .. 

.CAPACITANCE (J-IMHz, Ta-2S"C) 

Item I 
Input Capacitance I 
Input/Output Capacitance I 
Note) This parameter IS sampled .nd. not 100% tested 

.TlMING WAVEFORM 
e READ CYCLE (1 )' I) 

Symbol 

CIft 

CI/J 

HM6116LFP-2 

min max 

120 -
70 -

105 -
20 -
70 -
5 -
0 40 

0 50 

35 -
5 -
5 -

I Test Conditions 

I VIft-OV 

I VJ CI-OV 

f------ ",,----.1r---i 

eREAD CYCLE (2) 'I)""" 

eREAD CYCLE (3) (1"3)'" 

HM6116LFP-3 HM6116LFP-4 

mIn max min max 

150 - 200 -
90 - 120 -

120 - 140 -
20 - 20 -
90 - 120 -
10 - 10 -
0 50 0 60 

0 60 0 60 

40 - 60 -
10 - 10 -
10 - 10 -

I typ ma. 

I 3 5 

I 5 7 

Doul 
t~~--[.3-

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

transition Low. 
4. 00= V/L' 

• HITACHI 
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Unit 

n. 

n. 

ns 

n. 

ns 

n. 

n. 

n. 

ns 

n. 

ns 

Unit 

pF 

pF 
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HM6116LFP Series 

eWRITE CYCLE (1) 

AMrll. 

Of 

Ci 

iii 

.... 
D. 

eWRITE CYCLE (2) '" 

Add" .. 

Cs 

WE 

00" 
( ( 

D. 

_____________ ~~-"·----"-·I~(·l~~~ 
K.. 4O<XXX 

NOTES: 1. A write occurs during the overlap (t wp)· of a state. 
low CS and a low WE. 5. OE is continuously low. (OE = V1L ) 

2. tWR is measured from the earlier of CS or WE 6. 
going high to the end of write cycle. 

Dout is the same phase of write data of this 
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 

7. Do.lll is the read data of next address. 
8. If CS is Low during this period, I/O pins are 

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

.LOW Vee DATA RETENTION CHARACTERISTICS (Ta-O to +70'C) 

Item Symbol 

Vee for Data Retention VD• 

Data Retention Current IceD. 

Chip Deselect to Data Retention Time ICDII 

Operation Recovery Time t. 

• V" mln--O.3V, IOpA mu (at To-O '0 +40'C) 
•• "c-R~ad Cycle Tune. 

. 

eLow Vee DATA RETENTION WAVEFORM 

Test Conditions min 

CS"~ Vcc-O. 2V 

V'N:>Vcc-0.2V or V,.:;;0.2V 
2.0 

Vcc-3.0V, CS';:2.8V -
V'N:>2.8V or V'N:;;0.2V 

See Retention Waveform 
0 

··he 

typ 

-

-

-
-

v" _______ ..." fo _____ -'o.=".!! .. !! .. !!!'!!!,,·!!"..!! .... =· ____ --! ,-______ _ 

~ ___ ....J 

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

~HITACHI 

max 

-

30 

-
-' 
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Unit 

V 

/'A 

ns 

ns 



HM6116AP Series, 
HM·6116ASP Series 
2048-word x 8-bit High Speed Static CMOS RAM 
• FURTURES 
• High speed: Fast Access Time 120ns/150ns/200ns (max.) 
• Low Power Standby and Standby: 100j.lW (typ.) 

Low Power Operation Operation: 15mW (typ.) (f = 1 MHz) 

• Single 5V Supply and High Density 24 Pin Package 
• Completely Static RAM: No clock or Timing Strobe Required 
• Directly TTL Compatible: All Input and Output 
• Pin Out Compatible with Standard 16K EPROM/MASK ROM 
• Equal Access and Cycle Time 

.FUNCTIONAL BLOCK DIAGRAM 

---0 \(' 

".- ~l.NLJ 

I/O, ~--rl-o---t 

~ ~ 
) i 

I 

.ABSOLUTE MAXIMUM RATINGS 

hem Symbol Rallng Unit 

Vohagt" on An> Pin Relallve to GNU V, ~ 0 5· to + 7 0 V 

OpUilllnH Tem~ralurr T ... o 10 +70 ·c 
Storalt' Tf'mperatufr T .. , 55 10 -I 125 ·C 

Temprntuft" Under Bias. T .... -10 to -185 ·c 
POWf'f J)I!Io!lolpatlon /" I 0 W 

• I'ulu y.,dlh SOM 3 5V 

.TRUTH TABLE 

CS OE WE Mod. V" Current 

Ii x x ;'\01 Srlf'ctf'd lu. I SIJ 

I. I. Ii Hn.d /" 

I. Ii I. Wntf' /" 
I. I. I. \\' flit' /" 

@HITACHI 

HM6116AP Series 

IDP'1Il 

HM6116 ASP Series 

(DP-24N) 

.PIN ARRANGEMENT 

24 Vee 

(Top View) 

1/0 Pin R.f. Cyclo 

Ii,gh Z 

Dou. R .. d Cycl. Ill-Ill 

Oon W nle Cycle It I 

Din W nle Cycle 12) 
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HM6116AP Series, HM6116ASP Series -----------------------__ _ 

.RECOMMENDED DC OPERATING CONDITIONS (To-O to +70'C) 

It~m Symbol min typ max Unit 

V,, 
Supply \·olta.o 

4.5 5.0 5.5 V 

GND 0 0 0 V 

v,. 2.2 3.5 6.0 V 
Input Vohag~ 

V" -3.0' - 0.8 V 

• DC AND OPERATING CHARACTERISTICS (Vcc = 5V ±IO%, GND = OV, To = 0 to +70°C) 

HM6116AP/ HM6116AP/ HM6116AP/ 
Item ~ymbol Test Condition ASP· I 2 

min typO max 

Input Leakage 
Ihrl 

VCC-5.5V, Vi" -GND - -Current to Vcc 

Output Leakage 
Ihol 

CS=VrH or OE-VrH, - -Current Vl/o=GND to Vcc 

Icc 
CS-VlL,!r/O- OmA - 5 
Vi" = VrH or VlL Operating Power 
VrH=Vcc, VrL =OV, Supply Current 

ICCI CS=VIL' - 3 
Il/O = OmA,f= I MHz 

Average Operating 
ICC2 

min. cycle, - 35 Current duty = 100% 

Standby Power ISB CS=VrH - 1 
Supply Current 

ISBI CS;:: Vcc -O.2V - 0.02 

VOL IOL =4mA - -
Output Voltage 

VOH IOH=-l.OmA 2.4 -

.AC CHARACTERISTICS (Vcc -5V±10%. To-O to +70'C) 

eAC TEST CONDITIONS 

Input Pulse Levels. 0.8 to 2.4V 
Input Alse and Fall T,mes: 10 ns 

Input and Output TIming Aeference Levels. 1.5V 

2 

2 

IS 

6 

60 

4 

2 

0.4 

-

Output Load lTTL Gate and CL = l00pF (including scope and JIg) 

• READ CYCLE 

HM6116AP/ 
Item Symbol ASp·12 

min max 
Read Cycle Time tRC 120 -
Address Access Time tAA - 120 
Chip Select Access Time tACS - 120 
Chip Selection to Output irr Low Z tCLZ 10 -
Output Enable to Output Valid tOE - 55 
Output Enable to Output in Low Z tOLZ 10 -
Chip Deselection to Output in High Z tCHZ 0 40 
Chip Disable to Output in High Z tOHZ 0 40 
Output Hold from Address Change tOH 10 -

~HITACHI 

ASP·15 ASp·20 

min typO max min typO 

- - 2 - -

- - 2 - -

- 5 15 - 5 

- 3 6 - 3 

- 25 45 - 20 

- I 4 - 1 

- 0.02 2 - 0.02 

- - 0.4 - -
2.4 - - 2.4 -

HM6116AP/ HM6116AP/ 
ASP·15 ASP·20 

min max min max 
150 - 200 -
- 150 - 200 
- ISO - 200 
10 - 10 -
- 60 - 70 
10 - 10 -

0 50 0 60 
0 50 0 60 

15 - 20 -

Hitachi Amenca Ltd .• 2210 O'Toole Avenue • San Jose, CA 95131 • (408) 435·8300 

Unit 
max 

2 "A 

2 "A 

IS rnA 

6 mA 

35 rnA 

4 rnA 

2 rnA 

0.4 V 

- V 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 



--------------------------HM6116AP Series, HM6116ASP Series 

• WRITE CYCLE 

Item Symbol 

Write Cycle Time twe 
Chip Selection to End of Write tew 
Address Valid to End of Write tAw 
Address Set Up Time tAS 
Write Pulse Width twp 
Write Recovery Time tWR 
Output Disable to Output in High Z tOHZ 
Write to Output in High Z tWHz 
Data to Write Time Overlap tDW 
Data Hold from Write Time tDH 
Output Active from End of Write tow 

.CAPACITANCE (j-1MHz, Ta-2S'C) 

Item Symbol 

.. Input Capacitance C" 
Input/Output Capac.tance Cvo 

Note) ThiS ptlrameter IS sampled .nd not 100% testt'd 

.TIMING WAVEFORM 
-READ CYCLE (11(1) 

I 
I 
I 

HM6116AP/ HM6116AP/ 
ASP-12 ASP-IS 

min max min max 

120 - 150 -
70 - 90 -

105 - 120 -
0 - 0 -

70 - 80 -
0 - 0 -
0 40 0 50 
0 35 0 40 

35 - 40 -
0 - 0 -

10 - 10 -

Test Conditions I typ 

v.,-OV I 3 

v,,,,-OV I 

~-------------tRc------------~ 

Address 

Dout 

- READ CYCLE (21' "m '" 

-READ CYCLE(3I'"'''''' 

HM6116AP/ 
ASP-20 

min max 

200 -
120 -
140 -

0 -
100 -

0 -
0 60 

0 50 

50 -
0 -

10 -

I mal I 
I I 
I I 

~: ~,-t~-c-S---,-------L"'i_ 
NOTES: 1. W£ IS High for Read Cycle. 

2, Device is continuously selected, CS" = VIL' 
3, Address Valid prior to or coincident with crtransition Low, 
4. O£'= V1L , 

@HITACHI 
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Unit 

ns 

ns 
ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Unit 

pF 

pF 
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HM6116AP Series, HM6116ASP Series ----------------------____ _ 

-WRITE CYCLE(1) 

Address 

f_---tcw 

twp[l] 

Dout ~~~~~~~~--~------~------~----------------

Din 
___________________ ~-1:~~t-D-w-----tD-H-~~~~~ 

Q ¢XXX 
_WRITE CYCLE(2)'" 

f----------twc------------~ 

Address ____ ~I' ________________________ __J 

~~~~~~~f-----tcw---~I,=;+~~~~~~7 

CS ~~~::::::::::==[~';~~========::~~j_~L-~~-L~-

NOTES: l. 
2. 

A write occurs during the overlap (t JII.e) of a low ~ and a low W. 
t WR is measured from the earlier of cr or WJO 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 cr low transition occurs Simultaneously with the WJO low 
transitions or after the W£ transition, output remain in a high im
pedance state. 

S. Mis continuously low. (0£ = V/L) 
6. Doul is t"e same phase of write data of this write cycle. 
1. Do.lI1.is the read data of next address. 
8. If CS is Low during thiS period, 1/0 pins are in the output state. 

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

@HITACHI 
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-------------------------HM6116AP Series, HM6116ASP Series 

INPUT LOW VOLTAGE VS. SUPPLY VOLTAGE 

11r------,------r------r-----, 
7a=2'it 

"~--4---_+--~--__1 

~ 
~ I' f------+------t-----+----~ 
'" 
~ 11If------+==-+-""'-=---1~r-----___i ;; ,....---r--
1 0" I------t-------t------+-------I 

'" f------+------t-----+----~ 

n 7 ~"--------:,l.:;ir,-----.,;'::II----......,J; "=2i----~1 'i 

OUTPUT CURRENT VS. OUTPUT VOLTAGE 
, 

, 

n 

, 

h 

, 

In , 

:::. If) 

,,, , 

TII'=2'i'r 
\({""'iO\' 

1\ 

\ 
\ 
\ 

I' 

()UI!ll!l \<lh<l~ IUH (\ I 

STANDBY CURRENT VS. 
AMBIENT TEMPERATURE 

Ilf =10\ 

~=:!x\' 

V 
V 

./ 

V 
,,/' 

-" '" ~I 

INPUT HIGH VOLTAGE VS. SUPPLY VOLTAGE 

, 
Tn=2'it 

, 

I 

----.-------• 
OR 

7 

'" 
C:;upplv VnliaRP Vrr (Vl 

OUTPUT CURRENT VS. OUTPUT VOLTAGE 

14 

12 

10 

OR 

n' 

, 

, 

., 

n 

, 

h 

, 

/ 
/ TIJ=25t: 

Vcc='iOV 

/ 
/ 

., 04 06 

Output VoilaI((' !"m IVI 

STANDBY CURRENT VS. 
SUPPLY VOLTAGE 

/ 
/ 

/ 
// 

V TII=2'it 

Rt\CC-02V 

/ , 
6 

"upply VoltliRf! ref (V' 

~HITACHI 
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HM6116AP Series, HM6116ASP Series ------------------------

SUPPLY CURRENT VS. SUPPLY VOLTAGE 
, 

Ta=!5t' 

• 
~ --~ J---~ ! -1. 

j 

• . . .. , 
"upph \nltll«C \("( '\' 

ACCESS TIME VS. SUPPLY VOLTAGE 

1 
Ta=2')t, 

., 

E I 

Ir---r--
" -----.. 

• 
.. 7 

1. " 1. ." '" " 
"'1l1",lyV"It~· h( IV) 

ACCESS TIME VS. LOAD CAPACITANCE 

1 
I" !r,l 
\'If MI' 

1 

., 

---~ , 

..------(I 

• 

• IIJIJ lX' 

I 'lail (aINUllalln- (, (1111 

l 

1 .. 
C .. 
• 
! 
I 

SUPPLY CURRENT VS. 
AMBIENT TEMIlERATURE 

IS 

\'((=50\' 

I • 

12 

-10 -
OH 

(lb 

O. O!,----:!20!:----!.O;----~60;------:!*1 

I 

., 

I 

(I 

II' • 

• 

; 

-\mblrnrTemprralUft> Ttl It'l 

ACCESS TIME. VS. 
AMBIENT TEMPERATURE 

\l('='iu\' 

./ 
V 

/'" 
/' 

~"' 

~, ~, 

\mhll'lll r''ITIIM'ldlm,' I" I't 1 

0' 

SUPPL Y CURRENT VS. FREQUENCY 

, 
_'I.)n, l~lIh" I.!(hh 

,. , 
1" r,ll\ 

• 
/ 

1 / 
V :v II:" 

I 
(I '" 

$ HITACHI 
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------------------------- HM6116AP Serie., HM6116ASP Series 

OPERATING SUPPLY CURRENT VS. INPUT VOLTAGE 

0 

Tn=2St 
\n='iOV 

" 
6 1\ , /5=02\ 

2 K 
/ 

<::]\ 
inIIUI\,.ltaltl'\,.(\' 

• HITACHI 
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HM6116ALP Series,------
HM6116ALSP Series 
2048-wordX8-blt High Speed Static CMOS RAM 
• FEATURES HM6116ALPSeries 
• High Speed: Fast Access Time 120ns/150ns/200ns (max.) 
• Low Power Standby and Standby: 5p.W (typ.) 

Low Power Ope~ation; Operation: 10mW (typ.) (f = 1MHz) 
• Capability of Battery Back up Operation 
• Single 5V Supply and High Density 24 Pin Package 
• Completely Static RAM: No clock nor Timing Strobe Required 
• Directly TTL Compatible: All Input and Output 
• Pin Out Competible-with Standard 16K EPROM/MASK ROM (DP-2I) 

• Equal Access and Cycle Time HM6116ALSP Series 

• FUNCTIONAL BLOCK DIAGRAM 

.. --~=:::f'--, 
-----0 ~Ct 

\I"", .. "".",. 

I~III( 1211 

'''---rq==:=:::J 

vo.--'Yf-I>---f 

~ 
vO.-.--++-c>-+---t 

• PIN ARRANGEMENT 

24 Vee 

~--e-~=t-t:----------, 

wr ---H)I--i 
~ __ -~~~cr-~ 

.ABSOLUTE MAXIMUM RATINGS 

Ite .. Sy ..... 1 Rati .. Unll 

Volt ... 011 Any Pin Relative to GND V, -0.5· to +7.0 V 

Operati .. Te_rature T ... o to +70 'C 

Stor ... Te_rature T.,. -55 to +125 'C 
T __ rature Under Bia. T •••• -10 to +85 'C 
Power Di •• ipation p, 1.0 W (To, V"W) 

• P.IM WI." so .. : -3 5V 

• TRUTH TABLE 

B OE n Mode Vee Current 1/0 P,n Ref. Cyele 

H X X Not Seleeled lu.lul Hip Z 

L L H Read Icc Doul Read Cyele (1)-13) 

L H L Write Icc D,n Wrole Cyele (11 

L L L Write Icc Din Wrile Cyele 12) 

$ HITACHI 
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------------------------HM6116ALP Saries, HM6116ALSP Saries 

.RECOMMENDED DC OPERATING CONDITIONS (To-O to +70·Cl 

It ... Sy .. bol min typ •• Unit 

Vee 4.5 5.0 5.5 V 
Supply Volta,. 

GND 0 0 0 V 

V,. 2.2 3.5 6.0 V 
Input Volta,. 

V" -3.0· - 0.1 V 

• Pulse Wulch, SO"" DC ~ H "In'" -0 3\' 

• DC AND OPERATING CHARACTERISTICS (Vcc = 5V t 10%, GND = OV, Ta = 0 to +7ctc) 

HM6116ALP/ HM6116ALP/ HM611 6ALP/ 
Item Symbol Test Condition ALSp·12 

min type max 

Input Leakage 
IILlI 

VcC=5.5V, V'n=GND - - 2 
Current to Vcc 

Output Leakage 
11'£01 

CS=VIH or OE=VIH. - - 2 Current VI/o=GND to VCC 

Icc 
CS=VIL.I1/0=OmA - 4 12 
V'n=VIH or VIL 

Operating Power 
VIH=VCC. VIL=OV Supply Current 

ICCl CS=V1L • - 2 5 
11/0=OmA,f=IMHz 

Average Opera tmg 
ICC! 

min. cycle. 
- 30 50 Current duty = 100% 

Standby Power ISB CS=VIH - 0.5 3 
Supply Current 

ISBl CS~Vcc-0.2V - I 50 

Output Voltage VOL IOL=4mA - - 0.4 

VOH 10H=-1.0mA 2.4 - -
• Vcc=5V. T.=25°C 

.AC CHARACTERISTICS (Vcc-5V ±10%. To-O to +70·C) 

eAC TEST CONDITIONS 
Input Pulse Levels 0.8 to 2.4V 
Input RISe and Fall T,mes 10 ns 
Input and Output TImIng Reference Levels 1.5V 
Output Load lTTL Gate and CL • l00pF "neludlng scope and jIg) 

• READ CYCLE --------- -- _. --- -

tern 

- . -

--- ------
tme 

55 Time 

Output in Low Z 

o Output Valid 

o Output in Low Z 

Read CYcle Time 

Address Access T 

Chip Select Acce 

Chip Selection to 

Output Enable t 

Outp~t_Enable t 
Chtp Deselection to Output in High Z 

------
utput m High Z -ciiip-O--;-';;ble-ioO 

--
Output Hold fro m Address Change 

-- - -

HM61l6ALP/ 
Symbol ALSP-12 

min max 

tRC 120 -
tAA - 120 

- -. 
120 tAC§ ------ -

tCLZ 10 -
---- '"55 tOE ---'--

tOLz 10 -
tCHZ 0 40 

tOHZ 0 40 

tOH 10 -
----- -- --- ---

~HITACHI 

ALSp·15 ALSP·20 
min type max min type 

- - 2 - -

- - 2 - -

- 4 12 - 4 

- 2 5 - 2 

- 20 40 - 15 

- 0.5 3 - O.S 

- I 50 - I 

- - 0.4 - -
2.4 - - 2.4 -

HM6116ALP/ HM6116ALP/ 
ALSP·15 ALSP-20 

min max min max 
ISO - 200 -
- 150 - 200 

- 150 - 200 
10 - 10 -
- 60 - 70 
10 - 10 -
0 50 0 60 
0 50 0 60 

15 - 20 -

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

Unit 
max 

2 "A. 

2 ",A 

12 mA 

5 mA 

30 mA 

3 rnA 

50 ",A 

0.4 V 

- V 

Unit 

ns 

n. 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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HM6116ALP Series, HM6116ALSP Series -------------------------

• WRITE CYCLE 

Item Symbol 

Write Cycle Time twe 
Chip Selection to End of Write tew 
Address Valid to End of Write tAW 
Address Set Up Time tAS 
Write Pulse Width twp 
Write Recovery Time tWR 
Output Disable to Output in High Z tOHZ 
Write to Output in High Z tWOH 
Data to Write Time Overlap tDw 
Data Hold from Write Time tDH 
Output Active from End of Write tow 

.CAPACITANCE (j-lMHz. Ta-2S'C) 

Item Symbol 

I ..... ' Capacitance C .. 

Input/Output Caplcltance C, 0 

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

• TIMING WAVEFORM 

eRead Cycle (1) 

HM6116ALP/ HM6116ALP/ 
ALSp·12 ALSp·15 

min max min max 

120 - 150 -

70 - 90 -
105 - 120 -

0 - 0 -
70 - 80 -

0 - 0 -
0 40 0 50 

0 35 0 40 

35 - 40 -
0 - 0 -

10 - 10 -

Tf'st Conditions typ 

V .. -OV 3 

V, 0 -OV 5 

[1 ) 

Address 

~------tRe--------~ 

~------tAes----~~ 
___ -2====~t~e~LZ~====~ r--~--~~~~I Dou! 

eRead Cycle (2) 
(1),[2),[4) 

eRead Cycle (3) 
[1), (3], (4J 

NOTES: 1. W£ i. High for Read Cycle. 
2. Device is continuously selected. CS = V/L. 
3. Address Valid prior to or coincident with CS transition Low. 
4. OE = V/L. 

~HITACHI 

HM6116ALP/ 
ALSp·20 

min max 

200 -
120 -
140 -

0 -
100 -

0 -
0 60 

0 50 

50 -
0 -

10 -

max 

5 

7 

Hitachi America Ltd. • 2210 O'Toole Avenue • San Jose, CA 95131 • (408) 435·8300 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

l nil 

pF 

pF 



------------------------HM6116ALP Series, HM6116ALSP Series 

eWrite Cycle (1) 

eWrite Cycle (2) 

(S) 
Address 

WE 

twe 
Address -.../f'---------~c__:_::,,_ 

OE 

Cs 
WE 

tOHZ 

Dout 

Din 

----twe 

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

translllon, outpu t remam In a high Impedance 
state. 

S. OE IS con tinuously low (U! = V IL ) 2. 'WR is measured from the earlJer of CS or WE 
going high to the end of wnte cycle. 

3. During this period, 1/0 pins are m the ou tpu t 
state so that the input signals of opposite 
ph_ to the outputs must not be applied. 

6. DOUI IS the same phase of write data of thiS 
write cycle. 

4. If the CS low transition occurs sunultaneo!!!!r 
with the WE low transitions or after the WE 

7. DO.ll1.IS the read data of next address 
8. If CS IS low durmg thiS period, 1/0 pms are 

m the output state Then the. data mput 
SignalS of opposite phase to the outputs must 
not be applJed to them . 

• LOW Vee DATA RETENTION CHARACTERISTICS ITa-O to +70'CI 

Item Symbol 

Vee for Data Retention v •• 
Data Retention Current /, CDI· 

Chip Deselect to Data Relentlon Tune tl D. 
Operation Recovery Tune I. 

• tOf'A mu., Ta-Ot: 10 -+ 40'C. v" nlln - 03V 
•• III - Rucl Cydt' Til''''' 

eLow Vee Data Retention Walleform 

Test Conditions mIn 

CS;;:V" -02V 2 0 

Vee -3 OV. CS;;:2 BV -
0 

See Retention Wavdorm t.c·· 

v" -------..,. t-------''''=''''' .. " .. '''.'''".''''", .... =.------! r--------
45V---------

a;r; V".-02V 

cs--_-' w----- _____________________________________ _ 

~HITACHI 

Iyp 

-

-
-
-
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-_.- --'--- -----

max 

-

30 

-
-

Unit 

V 

I'A 

ns 

n. 
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HM6716 Series,-------Preliminary 
HM6719 Series 
HM6716: 2048-word x 8-bit High Speed Static RAM 
HM6719: 2048-word x 9-bit High Speed Static RAM 

• 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 
• Fully TTL Compatible Input and Output 
• Skinny 24 Pin Cerdip (300mil) 

• BLOCK DIAGRAM 

A. 

) ) Row 
Memory Matrix 

128 X 128 
Decoder (144) 

AlO 

WE o---I{)L-+ 

(OE) o-----<l)'---01.-./ 

• ABSOLUTE MAXIMUM RATINGS 

Item Symbol Rating 

Terminal Voltage to GND Pin VT -0.5 to + 7.0 

Power Dissipation PT 1.0 

Operating Temperature Range TOPR o to +70 

Storage Temperatnre Range TSTG -55 to + 125 

--aVec 
--oGND 

Unit 

V 

W 

'C 

'C 

@HITACHI 

(DG-24N) 

• PIN ARRANGEMENT 
Top View 

A7 24 

A6 2 23 

A5 3 22 

A4 4 21 

A3 5 20 

A2 6 i§ 19 
-0 

Al 7 ~ lS = 
AD S 17 

1101 9 16 

1102 10 15 

1103 11 14 

GND 12 13 

Top View 

A7 24 

A6 2 23 

A5 3 22 

A4 4 21 

A3 5 20 

A2 6 ~ 19 
-0 
~ 

Al 7 = 18 

AD 8 17 

1101 9 16 

1102 10 15 

1103 11 14 

GND 12 13 

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

Vee 

AS 

A9 

WE 

OE 

Al0 

es 

1/08 

1107 

1106 

1105 

1104 

Vee 

AS 

A9 

WE 

es 

Al0 

1109 

1108 

1107 

1106 

1105 

1104 



-----------------------------------HM6716, HM6719 Series 

• RECOMMENDED DC OPERATING CONDITIONS (O°C :5 T A S 70°C) 

Item Symbol min type 

Vcc 4.5 5.0 
Supply Voltage 

GND 0.0 0.0 

Input High Voltage V!H 2.2 -

Input Low Voltage VIL' -3.0 -

'Pulse width: 20ns, DC: -0.5V 

• TRUTH TABLE HM6716 

CS OE WE Mode VCC Current 110 Pin 

H HorL HorL Not Selected ISS' ISSI High-Z 

L L H Read ICC' ICCI DOUT 

L H L Write ICC, ICC I DJN 

L L L Write ICC' ICCI DJN 

• TRUTH TABLE HM6719 

CS WE Mode Vcc Current 110 Pin 

H HorL Not Selected Iss, ISSI High-Z 

L H Read ICC, ICC I DOUT 

L L Write ICC, ICCI DIN 

• DC AND OPERATING CHARACTERISTICS (Vcc = 5V± \0%, TA = O°C to 70°C) 

Item Symbol 

Input Leakage Current I ILl I 

Output Leakage Current IILOI 

Operating Power Supply Current Icc 

Average Operating Current ICCI 

Iss 
Standby Power Supply Voltage 

Issl 

Output Low Voltage VOL 

Output High Voltage VOH 

• AC TEST CONDITIONS 
• Input pulse levels: GND to 3.0V 
• Input and Output reference levels: 1.5V 

±200mV from steady level 
(Output Load B) 

Dout 

&6200 

+5V 
& 
9100 

30pF* 

Test Conditions min 

Vcc = 5.5V, VIN = OV to Vcc -

CS = V!H, VI/O = GND to VCC -

CS = V!H, VI/O = OmA -

Min. Cycle, Duty: 100% -

CS = V!H, 11/0 = OmA -
CS",Vcc -0.2V, VIN S 0.2V or VIN 

-
'" VCc-°.2V 

IoH = -lmA -

IoH = -lmA 2.4 

• Input rise and fall time: 4ns 

• Output Load: See Figure 

Dout 

&6200 

max Unit 

5.5 V 

0.0 V 

6.0 V 

0.8 V 

Ref. Cycle 

-

Read Cycle (I) (2) (3) 

Write Cycle (I) 

Write Cycle (2) 

Ref. Cycle 

-
Read Cycle (2) (3) 

Write Cycle (2) 

typ max Unit 

- 2 p.A 

- 2 p.A 

- 120 rnA 

- 130 rnA 

- 30 rnA 

- \0 rnA 

- 0.4 V 

- - V 

* including 
scope and jig 

Output Load A Output Load B 
(tcHZ, tWHZ, tcLZ, tow) 

~HITACHI 
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HM6716. HM6719 8erle8---------------------------------

• CAPACITANCE (TA = 25·C, f = 1.0MHz) 

Item Symbol Test Conditions min typ 

Input Capacitance CIN VIN = OV - -

110 Capacitance CliO VIIO = OV - -

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

• AC CHARACTERISTICS (V cc = 5V ,: 10%, TA = O·C to 70·C, unless otherwise noted.) 

• READ CYCLE 

HM6716 

Item Symbol HM6719 

min max 

Read Cycle Time tRC 25 -
Address Access Time tAA - 25 

Chip Select Access Time tAcs - 25 

Chip Selection to Output in Low Z leLZ 0 -
Output Enable to Output Valid IoE 0 20 

Output Enable to Output in Low Z IoLZ O' -
Chip Deselection to Output in High Z leHZ 0 10 

Chip Disable to Output in High Z 10HZ 0 10 

Output Hold from Address Change IoH 5 -

• WRITE CYCLE 

HM6716 

Item Symbol HM6719 

min max 

Write Cycle Time twc 25 -
Chip Selection to End of Write lew 20 -
Address Setup Time tAS 0 -
Address Valid to End of Write tAW 20 -
Write Pulse Width twp 20 -
Write Recovery Time tWR 0 -
Output Disable to Output in High Z 10HZ 0 10 

Write to Output in High Z tWHZ 0 10 

Data Valid to End of Write tDW 15 -
Data Hold Time tDH 5 -
Output Active from End of Write tow 0 -

NOTES) I. These parameters are for HM6716 
2 TranSitIOn IS measured ±200mV from steady state voltage With Load (B) 

ThiS parameter IS sampled and not 100% tested. 

~HITACHI 

HM6716-30 
HM6719-30 

min max 

30 -
- 30 

- 30 

0 -
0 20 

0 -
0 12 

0 10 

5 -

HM6716-30 
HM6719-30 

min max 

30 -
25 -

0 -
25 -
25 -

0 -
0 10 

0 12 

15 -
5 -
0 -

max 

6 

8 

Unit 

ns 

ns 

os 

ns 

ns 

ns 

ns 

ns 

ns 

Unit 

ns 

ns 

ns 

ns 

ns 

os 

os 

os 

ns 

ns 

ns 
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Unit 

pI' 

pI' 

Notes 

-

-
-
2 

I 

1,2 

1,2 

1,2 

-

Notes 

-
-
-
-

-
-
1,2 

2 

-
-
-



------------------------------HM6716, HM6719 Series 

• TIMING WAVEFORMS OF READ CYCLE NO. 1(11 

4 tRC 

Address 

I ~ 

OE 

CS toLZ ~ 

III tACS 
teLz 

Dout Data Valid 
High impedance 

• TIMING WAVEFORMS OF READ CYCLE NO. 2(1K21(41 

l 
tRC 

~ Address 

: ~ ~H __ tAA ~ ~~H+ 
Dout Previous Data Valid Data Valid 

• TIMING WAVEFORMS OF READ CYCLE NO. 3(11(31(41 

CS---l 
tAcs --I~~I 

.... teLZ ;,.,.<-.....--.... 
Dout --------{ Data Valid 

High impedance 

Notes) I. WE is High for Read Cycle. 
2. Device is continuously selected, CS = V1L. 
3. Address Valid prior to or coincident with CS transitioD" Low. 

4. OE = V1L-

~HITACHI 
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HM6716, HM6719 Series-----------------------------------

• TIMING WAVEFORMS OF WRITE CYCLE NO.1 

I~~~-------------twc 
--~ 

Address 

High Impedance 
Dout~~-4~~4_~~----------------------+_---------------

Din --------------------------« Data Valid 1xx; 
• TIMING WAVEFORMS OF WRITE CYCLE NO. 2(5) 

'4-'-:..:..:.:J~[3J 

Dout~~~~-+_r~~~+-~~~H~i.g~h~I~m~p-e~d~a~~----_i~~~~_+ 

I~ tow ~ .. tOH ~[8J 
Din-----------«K Data Valid j>O()()( 

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

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

3. During this period, 110 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 tmnsition occurs simultaneously with the WE low tmnsitions or after the WE tmnsition, output remain in a high 

impedance state. 

5. OE is continuously low. (OE = VIL. 

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

7. DOUT is the read data of next address. 

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

must not he applied to them. 

~HITACHI 
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HM6168HP Series-------

4096-wordX4-bit High Speed Static CMOS RAM 

.FEATURES 
• High Speed: Fast Access Time 45/55/70 ns (max.) 
• Single +5V Supply and High Density 20 Pin Package 
• Low Power Standby and Low Power Operation; 

100~W typo (Standby). 200mW typo (Operation) 
• Completely Static Memory 

No Clock or Timing Strobe Required 
• Equal Access and Cycle Times 
• Directly TTL Compatible - All Inputs and Outputs 

.FUNCTIONAL BLOCK DIAGRAM 

A.o------f~==~----_, 

A, o------l:::c==1 
A, o------{x:===1 

A.o------{::c==1 
A,o------l:::c==~ 

A. o-----Ca:::==L __ .J 

I/O, o---~..r:)----I- ·-E 

I/O. o---~+H:>----I 

Memory Array 

128 x 128 

Column I/O 

Column Decoder 

GND 

n~~J-----------------------~ 

.ABSOLUTE MAXIMUM RATINGS 

Item Symbol Rating Umt 

Voltagf' on Any PIR Relative to GND V,. - 3.5· to +7.0 V 

Power DISsipation P r 1 0 W 

Operating Temperature T •• , o to +70 ·c 
Storage Temperature (Ceramic) T.1, -65 to +150 ·c 
Storage Temperature (Plastic) TOIl -55 to +125 ·c 
Temperature under Bias T .... -10 to +85 ·C 

• Puis. Width 20n&. DC- -0 5V 

~HITACHI 

'DP 20N, 

.PIN ARRANGEMENT 

(Top View) 

Hitachi America Ltd, • 2210 O'Toole Avenue • San Jose, CA 95131 • (408) 435-8300 
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HM6168HP Series ----------------------------------

• TRUTH TABLE 

CS WE Mode Vee Current I/O Pin Reference Cycle 

H X No t selected ISB,ISBl High Z 

L H Read IcC Dout Read Cycle 1. 2 

L L Write Icc Din Write Cycle 1. 2 

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

Item Symbol min typ max Unit 

Vee 4.5 5.0 5.5 V 
Supply Voltage ~ 

0 V GND 0 0 
-~~------

V1H 2.2 - 6.0 V 
Input Voltage ~------ ._--:----

V/L -3.0' - 0.8 V 
--------~--

... PUhl' wIdth, 20 11':., DC, VII, 111m -0 SV 

• DC AND OPERATING CHARACTERISTICS (VCC=5V ±IO%. GND=OV. Ta=O to + 70°C) 

~~~:~I -t-~e~~5~;~~I~-~~~~~=0-t-:)-d-~-t~-~-~~~~~~~~~~-=--~-,--.---~--Item typ max Unit 

2.0 I'A Input l.eak.lge Currelll 

IILO I Cs =V;~~--;l;-:GND t;,-Ve~ --
__ ~ _____ -----___ " __ 0 ___ -

Icc CS= V/L,ll/o=OmA 

Output Leakage Current 

Operating Power Supply Current 

Standby Power Supply Current 

Standby Power Supply Current( I) 

~-- ----- --,----- ---------
ISB (,S= Vllf 

- - -------- - ---

ISBI CS= Vee 0.2V. V/N~O.2V or V/N<?; Vee·0.2 

Output Low Voltage VOl. 101.=8mA 

Output Iflgh Voltage VOII 11011 --4111A 

Note. TypICal hnllt, arc at V cc= S.OV. To= 25"(, and 'peclfied loadmg. 

• CAPACITANCE (To =2.">0(,.f= I MIIJ:) 

Item 

Input CapautdllcC 

Input/Output (',lpaCltam;c 

Symhol 

('In 

('I/O 

Test ('omhtu.ms 

VIN=OV 

VI/O=OV 

nun 
max I Unil 

I> pI' 

H pI' 

• AC CHARACTERISTICS (VCC=5V I I O',y", Ta =0 to + 70°C. unless otherwIse noted.) 

• AC TEST CONDITION 

• Input pulse levels. GND to 3.0V 
• Input' lSe and fall tlllles 5ns 
• Input dnd Output tllfllny reference levels: 1.5V 

• Output 10dd. See Flyure 

+5V 
.5V 

Output Load (A) • Including scope and jig. Output Load (B) 
(for tHZ. tLZ. tWZ. tOW) 

@HITACHI 

40 

15 

0.02 

2.4 -

Hitachi Amenca Ltd .• 2210 O'Toole Avenue • San Jose, CA 95131 • (408) 435-8300 

2.0 I'A 

90 rnA 

25 rnA 

2.0 rnA 

0.4 V 
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----------------------------------HM6168HP Series 

• READ CYCLE 

HM6168HP-45 HM6168HP-55 
Item Symbol 

min max min max 

Read Cycle Time tRc 45 - SS -
Address Access Time tAA - 4S - SS 

Chip Select Access Time 'ACS - 4S - SS 

Output Hold from Address Change tOH S - S -
Chip Selection to Output in Low Z· tLZ 20 - 20 -
Chip Deselection to Output in High Z· tHz 0 20 0 20 

Chip Selection to Power Up Time tpu 0 - 0 -
Chip Deseleclion to Power Down Time tpD - 30 - 30 

• Transition is measured .SOOmV from steady state voltage wIth Load (B). 
This parameter is sampled and not 100% tested. 

• TIMING WAVEFORM OF READ CYCLE NO. 1(1)· (2) 

,,, 

Address 

/ .. ". I,. 

Dout Data Valid 

• TIMING WAVEFORM OF READ CYCLE NO. 2(1), (3) 

,,, 

,,, 

Doul HiCk Impedance 

,,, 
Vee supply 

current 
----------~~----------------------~+ 

50% 
/ .. 

Note,) I. wI-; IS High for Read Cycle. 
2. Device IS continuously selected. i.~S= VII-' 

3. Address Valid pIIor to or cOincident with Cs tranSitIOn Low. 

~HITACHI 

HM6168HP-70 

min max 

70 -
- 70 

- 70 

S -
20 -
0 20 

0 -

- 30 

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

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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HM6168HP Series ----------------------------------

• WRITE CYCLE 

HM6168Hp·45 HM6168Hp·55 
Item Symbol 

min max 

Write Cycle Time twe 45 -

Chip Selection to End of Write tew 40 -

Address Valid to End of Write tAW 40 -

Address Setup Time tAs 0 -

Write Pulse Width twp 35 -

Write Recovery Time tWR 0 -

Data Valid to End of Write tDW 20 -

Data Hold Time tDH 0 -

Write Enabled to Output in High Z" twz 0 15 

Output Active from End of Write" tow 0 -

• TrJIlsltwll is measured ±500mV from stl'.ld~ ~tatl' \'oltag\,.~ \\!til Load (B) 
This parameter is sampled and not 100% tested. 

min 

55 

50 

50 

0 

45 

0 

25 

0 

0 

0 

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

max 

-

-

-

-

-

-

-

-

20 

-

~ 
Addrt5$ __ /f'~ ________________ ..rrI~'---

IT ~ ::{f----- k .---!"/-,.--,/.,-/'7"/...,.-t,_/.,-/"T/-, 

I fA. III _,.,.~ 
-"'-' 1--- 1 .. --"'--I ___ -+ __ 

---'-"---.::",,1--",,1 If 

D •• 

Doul 

1"-.:>+ _____ -'1 

lJ 

"'1 «««« ~ 

• TIMING WAVEFORM OF WRITE CYCLE NO.2 (CS Controlled) 
I., 

Addrus ... 
_h~ k. 

- ... (,)-
I., "'-

~'\..'\.,"", //// 

,~D" 
... 

D •• XXXXXX XXXX~ *,XXX 

H'llllmpeGlnce,4 
Doul 

,-

/// 

XXX 

Not~s) I. A wnt,' ,,<,curs dunng th~ overlap of ;!jow C'S and a low WE, (twp) . 

HM6168Hp·70 
Unit 

min max 

70 - ns 

60 - ns 

60 - ns 

0 - ns 

55 - ns 

0 - ns 

30 - ns 

0 - ns 

0 25 ns 

0 - ns 

1. tWR is mea.ured frolll the earlter of C'S or WE gOing high to the end of wnte cyde. 
J. Dunng tlus penod, I/O pinS are In the output state so that the Input signals of opposite phase to the outputs must 

not he ~plJed. __ 
4. If the (,S low transition on'urs s\lnultan.ou.ly '''th the WE low transition or after the WE transition, the output buffer 

buff!!fS remaJO In a lu.gh unpedance stJte. 
5. If CS IS low during tlus penod, I/O pinS are In the output state. Then the data Input SignalS of opposite phase to 

the outpulS must not be applIed to them. 
O. DOllt IS tlu.' same phJse of Wnte dJta of tlus wnte ('ycle. 

~HITACHI 
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__________________________________ HM6168HP Series 

SUPPLY CURRENT VS. SUPPLY VOLTAGE 

" 
, 

2 

) 

'" " 

~ 

--~ 
Supply Voltage Vee (V) 

TI1=:?'i"(' 

./ 
V 

" ,; 

ACCESS TIME VS. SUPPLY VOLTAGE 

"r----.----r---,-----, 

] 
";j I:! f------+----+---+---~ 

E 
is "f-----+----+---+---~ 
~ I---t--. 
..;:11) __ ~ 

:5 1-

~ "'f-----j----+---+---J 
~ 

] oxf-----j----+---+-----i 

I) i,,,L;---,J;,,:-, __ --:L __ --,l, ,-, __ ---i_, I 

Supply Voltage vee (V) 

ACCESS TIME VS. AMBIENT TEMPERATURE 

I 

1(1 =)0\ 

, 

1 --~ 
V 

" V 
; 

, 

" '" '" 
Ambient Temperature Ta roC) 

" 
1 

SUPPLY CURRENT VS. 
AMBIENT TEMPERATURE 

I'u =iO\' 

II-- r--r--

1 
3! ~o flO 

Ambient Temperature Ta (0C) 

ACCESS TIME VS. LOAD CAPACITANCE 
, 

(, 
./ 

./ 
V 

1 

/ 
V 

:IV 
, 

(, 

IIX) Jill JOO II~I 

Load Capacitance CL (pF) 

SUPPl Y CURRENT VS. FREQUENCY 

, " III I'll' 

" 
/' 

/ 
V 

" 
, / 
7 ./ 

/ 
" 

, 
'" I, ~II " Frequency f (MHz) 

~HITACHI 
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HM6168HPSeries,---------------------------------

INPUT LOW VOLTAGE VS. SUPPLY VOLTAGE 
Ilr-__ ~ __ ~ ___ r-__ ~ 

] 
121----+-----1---+----1 

~ II 
7 ~--~---4---+-----1 

," f----+---f---+----1 

OUTPUT CURRENT VS. OUTPUT VOLTAGE 

;; 
? 

1 
~ 

" 

, 

! 

I' , 

," 

'" 

I" 

I" 

/w='!.it' 

\ 
II{ ="j\ 

\ 

\ 
\ 

r 
\ 
\ 

11U!I,IJj\·,h"Io(I'\flH'\· 

STANDBY CURRENT VS. 
AMBIENT TEMPERATURE 

\(('"1\' 

~=2K\ 

V 
V 

/ 

V 
10 (J III 

INPUT HIGH VOLTAGE VS. SUPPLY VOLTAGE 

3 

TII=25t 

2 

I 

---l---
, 

V-
p--

O,K 

0; ,; '" 
SllPplv VnltaRe Vcr (V) 

OUTPUT CURRENT VS. OUTPUT VOLTAGE 

/ 
fa ""'2S"C 
ICT='1\' 

. / 
/ , 

/ 
"' / 

/ 
III 

" 02 
" 

II; "' 
OIllI'UI VohJ.,Itt, I'm (V) 

STANDBY CURRENT VS. SUPPLY VOLTAGE 

I 

/ 
II / 

/ , 
V 

/ Ii 

V [IF"'2.'i''(' 

./ CS=\'(( -II'!.\' 

IV 

! 

SuPlllv \'nha~ Iff (VI 
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HM6168HLP Series 
4096"word x 4-bit High Speed Static CMOS RAM 

.FEATURES 
• High Speed: Fast Access Time 45/55170ns(max.) 
• Single +5V Supply and High Density 20 Pin Package 
• Low Power Standby and Low Power Operation; 

5jJ.W typo (Standby), 200mW typo (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 

.FUNCTIONAL BLOCK DIAGRAM 

A.~-----t~===1-----' 
A, o------D==::J 
A,o,------"~~ __ .. J 

A,o-----DC=j 

A. o----{)==_-1 

A.o------r::.-----1 

Row 

Decoder 

A.o-------L~==4_ ... I 

110, o------r-C:t-----I 

I /03 0------.1++1 

Input 

Data 

Control 

Memory Array 
128x 128 

Column I 0 

Column Decoder 

GND 

WE~-tL-r-----------------------------~ 

.ABSOLUTE MAXIMUM RATINGS 

Item Symbol Ratmg URlt 

Voltage on Any Pm Relatl\e to GND V" ~ 3 5- to +70 V 

Power DISSipation p, I 0 W 

Operating Temperature T.,. o to + 70 ·C 

Storage Temperature T ... -55 to + 125 ·c 

Temperature under Bias T .... --10 to +85 ·C 

• PulSf' \\ ldlh 200s. DC- -0 5\ 

~HITACHI 

IDP 2QNJ 

.PIN ARRANGEMENT 

(Top V,ew) 
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HM6168HLP Series --------------------------------

• TRUTH TABLE 

CS WE Mode Vee Current I/O Pin Reference Cycle 

H X Not selected ISB,ISBI High Z 

L H Read Icc Dout Read Cycle 1. 2 

L L Write ICC Din Write Cycle 1. 2 

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

Item Symbol min typ max Unit 

Vee 4.5 5.0 5.5 V 
Supply Voltage 

GND 0 0 0 V 

VIR 2.2 - 6.0 V 
Input Voltage 

VlL -3.0· - 0.8 V 

• Pulse width; 20 ns, DC; V/L min = -O.SY 

• DC AND OPERATING CHARACTERISTICS (Vcc=5V ±10%. GND=OV. TI/=O to + 70°C) 
Item Symbol Test Conditions min 

Imput Leakage Current IILlI Vee=S.SV, V1n=GND to Vee -
Output Leakage Current Ihol CS= V1H• VI/O=GND to Vee -
Operating Power Supply Current Icc CS= VlL. Ir/o=OmA -
Standby Power Supply Current ISB CS=V1H -
Standby Power Supply Current(l) ISBI CS= V ec-0.2V. VIN~0.2V or JlIN~ Vec-O.2V -
Output Low Voltage VOL IOL=8mA -
Output High Voltage VOH IOH=-4.0mA 2.4 

Note: Typical limits are at Vee = 5.0V. Ta=2S·C and specified loading. 

• CAPACITANCE (Ta=25°C f= IMHz) 

Item Symbol Test Conditions min max Unit 

Input Capacitance Cin VIN=OV - 6 pF 

Input/Output Capacitance CliO VI/O=OV - 8 pF 

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

• AC CHARACTeRISTICS (VCC=5V ±10%. Ta=O to + 70°C. unless otherwise noted) 
• AC TEST CONDITIONS 
Input pulse levels: GND to 3.0V 
Input rose and fall times: 5 ns 
Input timIng reference levels: 1.5V 
Output reference levels: 1.5V 
Output load: See F,gure 

+5V 

~"OQ 
Do" 

255Q 30~F J 

+5V 

Output Load (A) • Including scope and jig. Output Load (B) 
(for tHZ. tLZ. tWZ. toW) 

$ HITACHI 

typ 

-
-
40 

IS 

I 

-
-
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max Unit 

2.0 /loA 

2.0 /loA 

90 rnA 

25 rnA 

50 /loA 

0.4 V 

- V 



---------------------------------HM6168HLP Series 

• READ CYCLE 

HM6168HLP-45 
Item Symbol 

min max 

Read Cycle Time tRC 45 -

Address Access Time tAA - 45 

Chip Select Access Time tACS - 45 

Output Hold from Address Change tOH 5 -
Chip Selection to Output in Low Z' tLZ 20 -
Chip Deselection to Output in High Z' tHZ 0 20 

Chip Selection to Power Up Time tpu 0 -

Chip Deselection to Power Down Time tpD - 30 

• Transition is measured ±500m V from steady state voltage with Load (B) 
This parameter is sampled and not 100% tested. 

• TIMING WAVEFORM OF READ CYCLE NO.1 (I), (2) 

to< 

Address 
t .. 

DOyl 

• TIMING WAVEFORM OF READ CYCLE NO_ 2(1),(3) 

too 

l.,e5 
te< 

Dout H.gh Imped.nce 

t" 

HM6168HLP-55 

min max 

55 -
- 55 

- 55 

5 -

20 -

0 20 

0 -

- 30 

to> 

Vee supply ----------4~-----------_,+ 
50% 

I" 

Notes) L WE is High for Read Cycle. 
2. Device is continuously selected, Cs= V/L. 
3. Address Valid prior to or coincident with CS transition Low. 

~HITACHI 

HM6l68HLP-70 

min max 

70 -

- 70 

- 70 

5 -

20 -

0 20 

0 -

- 30 

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

---- "-"-"---"""-----

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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HM6168HLPSeries --------------------------------

• WRllE 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 tDW 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 t500m V from steady state voltage with Load (B). 
ThIS parameter is sampled and not 100% tested. 

• TIMING WAVEFORM OF WRITE CYCLE NO.1 (WE Controlled) 
m, 

~ 

Address I-

." 
~ :X //// /// .. , 

l.'~ - .. ,~ - .. ,--{ 

'1<;." 

.......... t=:'"--
5 

ID~~ 
~ ~ 

lJ 

«« ( ( ( 
'.'~ I-".r~ 

( HIIII ill\ptdlnu 
DOli' 

• TIMING WAVEFORM OF WRITE CYCLE NO, 2 (CS Controlled) .. , -
Addnn 

". 1---,., ". 
- .. ,12)-,., .,-

'\.'\.'\.'\.'\.'\.'\. //// /// 

Om 
. i:=::0' 

... 
XXXXXXXXXXX*. ~XXX xxX 

H"lIlmptduCt .4 
OO~I 

Notes) 1. A write occurs during the overlap of !low CS and a low WE, (twp) 
2. tWR is measured from the earlier of CS or WE going high to the end of write cycle. 
3. During this period, I/O pins are in the output state so that the input signals of opposite phase to the outputs must 

not be ...!l1plied. __ 
4. If the 1:S"low transition occurs simultaneously with the WE low transition or after the WE transition, the output buffe 

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

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

@HITACHI 
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-------------------------------- HM8188HLP Sari .. 

• LOW Vee DATA RETENTION CHARACTERISTICS (O·C:;o Ta:;070·C) 

P.r .... t.r Symbol 

Vcc for Data· R.t •• tion V •• 

Data R.tention Curr.nt Icc,,1 

Chip D ... I.ct to D.t. Retention Tim. leu 

Oper.tion Recov.ry Time 

Note, 1. laL-R'" C)'tl. TiMe. 

h 

• Vc.c-3.0V 
•• Vcc.-2.0V 

T.st CondItions 

~<= Vee -0. 2V 

v,.<= Ve<-0.2V or 

OV:o V,.:OO.2V 

eLOW Vee DATA RETENTION WAVEFORM 

DATA RETENTION IIODE 

Vrr------"""'\ 
4.SV--- --- ---

---!.~----------

~ ___ ....J 

mIn 

2.0 

-
0 

""111 

typ 

-
-
-
-

w ____________________________________________ _ 

$ HITACHI 

m •• 

-
30· 

20·' 

-
-
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V 

IIA 

ns 

ns 
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HM6268P Series-----Preliminary 

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

-FEATURES 
• Single 5V Supply and High Density 20 Pin Package. 
• High Speed: Fast Access Time 25/35ns (max.) 
• Low Power Standby and Low Power Operation 

100llW typo (Standby), 250mW typo (Op.). 

• Completely Static Memory: No Clock or Timing 
Strobe Required 

• Equal Access and Cycle Times 
• Directly TTL Compatible - All Inputs and Outputs 

.BLOCK DIAGRAM 

Memory Array 

64 Rows 
256 Column!. 

-~L( 

--t'1o ... 

110, o--rt:r---r--IHI-;::-;;:-...J.t===:::;l 
110, o----,-:H-C~--1 

I/O, o--ffil+C>---1 

1I0·ltttI~----1 __ .J 

.ABSOLUTE MAXIMUM RATINGS 

Item Symbol RIling Unit 

Voltag. on Any P,n Relative to GND V,N -3.5' to +7.0 V 

Power DISSipation PT 1.0 W 

Operating Temperature T.,. o to +70 ·c 
Storage Temperature Til. -55 to +125 ·c 
Temperature under Bias T ... , -\0 to +85 ·C 

• Pliise Width 20nl. DC- -O.S\' 

.TRUTH TABLE 

CS WE Mode Vee Current 

H X Not Selected ISB,IsBI 

L H Read Icc 

L L Write Icc 

I 
I 

(DP-20N) J 
'------

.PIN ARRANGEMENT 

(Top VIew) 

I/O Pm Ref. Cycle 

HighZ -

Dout Read Cycle 

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 . 

• HITACHI 
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-----------------------------------HM6268P Series 

.RECOMMENDED OPERATING CONDITIONS (Ta=O to +70'C) 

Parameter Symbol min typ max Unit 

Vee 4.5 5.0 5.5 V 
Supply Voltage 

GND 0 0 0 V 

Input High (logic 1) Voltage VIH 2.2 - 6.0 V 

Input Low (logic 0) Voltage VIL -3.0' - 0.8 V 

* Pulse width lOns, DC -05V 

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

Parameter Symbol Test Condition min typ max Unit 

Input Leakage Current I ILl I Vee=MAX V,.=GNDto Vc< - - 20 "A 

Output Leakage Current I ILO I CS= VIH, VJ/o=GNDto Vee - - 10 "A 

Operating Power Supply Current Icc CS= V/L, II/o=OmA - 50 90 mA 

Standby Power Supply Current Is. CS= VIH - 15 25 rnA 

Standby Power Supply Current (1) Is., CS;" Vee-0.2V, VIN:i0.2Vor VI";" Vee--0.2V 002 10 rnA 

Output Low Voltage VOL IOL=8mA 04 V 

Output High Voltage VOH IOH= -4.0mA 24 - V 

Note 1. Typlcal11mltsare at Vcc=50V, Ta= +25"C and specified loadmg 

.CAPACITANCE ( Ta=25'C, f= l.OMHz) 

Parameter Svmbol Test CondItIOns mm max Unit 

Input Capacitance CIN VIN=OV 6 pF 

Input/Output CapacItance CI/O VJ/o=OV 9 pF 

Note' This parameter IS sampled and not 100Q0 tested 

.AC CHARACTERISTICS ( Vcc=5V ±10%, Ta=O to +70'C, unless otherwise noted.l 
• AC Test Conditions 

Input pulse levels: GND to 3.0V 
Input rise and fall times: Sns 

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

5V 5V 

480Q 

Dout Dout 

25512 30pF' 255Q 5pF' 

* Including scope and jig. 
Output Load (B) 

Output Load (A) (for tHZ, tLZ, twz & tOW) 

~HITACHI 
HItachI America Ltd .• 2210 O'Toole Avenue • San Jose, CA 95131 • (408) 435-8300 111 
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HM6268P Series -----------------------------------

eREADCYCLE 

Parameter 

Read Cycle Time 

Address Access TIme 

Chip Select Access Time 

Output Hold from Address Change 

Chip SelectIOn to Output in Low Z . 
Chip DeselectIOn to Output in HIgh Z 

Chip Selection to Power Up Time 

Chip Deselection to Power Down Time 

* Transition IS measured ±200mV from steady state voltage with Load (8) 
ThiS parameter IS sampled and not 100% tested 

• Timing Waveform of Read Cycle No.1 (1),(2) 

Address 

ION 

Dou! 

• Timing Waveform of Read Cycle No. 2(1),(3) 

(S 

It< 

DnU! 
High Impedance 

t(C SUPPlY 
Ie< 

Symbol 

IRC 

lAA 

lACS 

IOH 

iLz' 

1HZ' 

Ipu 

IPD 

IRe 

HM6268p·25 HM6268p·35 

min max min max 

25 - 35 -
- 25 - 35 

- 25 - 35 

5 - 5 -
10 - 10 -

0 15 0 20 

0 - 0 -

- 25 - 25 

ION 

Data Valid 

-,,~-----------b-----------, 
Current 50% 

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

e WRITE CYCLE 

Parameter 

Write Cycle TIme 

ChIP Selection to End of Write 

Address Valid to End of Write 

Address Setup TIme 

Write Pulse WIdth 

Wnte Recovery TIme 

Data Valid to End of Write 

Data Hold TIme 

Write Enabled to Output in High Z 

Output Active from End of WrIte 

* TranSItion IS measured ± 200mV from steady state voltage With Load (8) 
ThiS parameter IS sampled and not 10000 tested 

Symbol 

tire 

- Ie" 

IA' 

tAs 

t. P 

t .. 

tD' 

tDH 

,»z· 
low' 

HM6268p·25 

min max 

25 -

20 -

20 -

0 -

20 -

0 -

12 -

0 -

0 8 

0 -

~HITACHI 

HM6268P·35 

min max 

35 -
30 

30 -

0 -
30 -

0 -
20 -

0 -

0 10 

0 -

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

ns 

ns 

ns 

ns 

ns 

ns 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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--- -- --------------

-----------------------------------------------------------------HM8288PSeriM-

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

Addre.u 

0"", 

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

,,, 
o\ddre!>& 

,,, 
,,, tN'. (2) 

,,, 

OUIII 

Notes: 1. A write occurs during the overlap of a low CS and a low WE. (twp). 
2. tWR is measured from the earlier of CS or WE going high to the end of write cycle. 
3. During this period. I/O pins are in the output state so that the input signals of opposite phase to the outputs 

must not be applied. 
4. If the CS low transition occurs simultaneously with the WE low transition or after the WE transition, the output 

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

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

~HITACHI 
Hitachi America Ltd. • 2210 O'Toole Avenue • San Jose, CA 95131 • (408) 435-8300 113 
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HM6268LP Series----Preliminary 

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

-FEATURES 
• Single 5V Supply and High Density 20 Pin Package. 
• High Speed: Fast Access Time 25/35ns (max.) 
• Low Power Standby and Low Power Operation 

5p,W typo (Standby), 250mW typo (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 
.BLOCK DIAGRAM 

--I" 
Memory Array 
M Ruws -- '" 

256 Columns 

.ABSOLUTE MAXIMUM RATINGS 

Item Symbol Rating Unit 

Voltagf> on Any Pin Relative to GND V .. -3.5° 10 +7.0 V 

Power DISSipation p, 1.0 W 

Operating Temperature T.,. o 10 + 70 ·c 
Storage Temperature T.I, -5510 + 125 ·c 
Temperature under Bias T .... -1010+85 ·c 

• PuisI' Width 20n5, DC- -0 5V 

.TRUTH TABLE 

CS WE Mode Vee Current 

H X Not Selected /SB, [S81 

L H Read /Ct 

L L Wnte Icc 

I 
I 

(Dp·20N) J 
'-------

.PIN ARRANGEMENT 

I/O Pm Ref Cycle 

H,ghZ -

Dout Read Cycle 

Dm Wnte Cycle 

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

~HITACHI 
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-----------------------------------HM6268LP Series 

.RECOMMENDED OPERATING CONDITIONS ( Ta = 0 to + 70'C ) 

Parameter Symbol mm typ max UnIt 

V" 4.5 50 55 V 
Supply Voltage 

GND 0 0 0 V 

Input H.gh (log.c 1) Voltage V,H 2.2 60 V 

Input Low (log.c 01 Voltage VII. -30' - 08 V 

111 Pulse wIdth IOns,IDC 05V 

.DC AND OPERATING CHARACTERISTICS (Vee=5V±10;;o, GND=OV, Ta=O to +70'C) 

Parameter Symbol Test CondItIOn mm typ max UnIt 
-

Input Leakage Current 1 lu I V" ~ MAX V .. -'GNDto V" 2.0 I'A 

Output Leakage Current ! /1.0: CS~ V,H. V, o~GNDto V" .- 10 I'A 

Operatmg Power Supply Current I" CS~ VII .. II o-OrnA 50 90 rnA 

Standby Power Supply Current An CS~ VIH 15 25 rnA 

Standby Power Supply Current (1) 1'>1H CS~ 1/(, --02V. VI\;;i;,02Vor Vl\~ Vi, 02V 10 50 I,A 

Output Low Voltage V()L /;".~8rnA - 04 V 

Output H.gh Voltage VOH lon= --4 OmA 24 V 

Note 1 T}plcalhmlt!oareat 11(( :inv. T(/-C • 2S'C and specIfIed loadmg 

.CAPACITANCE (Ta=25'C,f= l.OMHz) 

Parameter Svmbol Test C()ndltJOn~ mm max UnIt 

Input Capac.tance C" V" =OV 6 pF 

Input Output Capac.tance CliO V,O=OV 9 pF 

Note Thl~ parameter lh-.arnpled and not 100",; h'Med 

.AC CHARACTERISTICS ( Vee = 5V ± 10;;0, Ta = 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 

5V 5V 

Dout Dout 

255!l 255!l 

* Including scope and Jig. 
Output Load (8) 

Output Load (A) (for tHZ. tLZ, twz & tOW) 

~HITACHI 
Hitachi America Ltd. • 2210 O'Toole Avenue • San Jose, CA 95131 • (408) 435-8300 115 
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HM6268LP Series ----------------------------------

eREADCYCLE 

Parameter 

Read Cycle TIme 

Address Access Time 

ChIp Select Access TIme 

Output Hold from Address Change 

ChIp SelectIOn to Output m Low Z 

ChIp DeselectlOn to Output m HIgh Z 

ChIp SelectIOn to Power Up TIme 

Chip DeselectlOn to Power Down Time 

* TransltlOn IS measured ±- 200m V from stead} state voltaRe with Load (B) 
This parameter IS sampled and not 100°,) tested 

• Timing Waveform of Read Cycle No.1 (1).(2) 

to. 

DoU! 

• Timing Waveform of Read Cycle No. 2(1)·(3) 

(~ 

tu 

Iff ::-'uPP!\ 
Ie, 

Symbol 

IRe 

IAA 

lACS 

tOH 

tu· 

tHL* 

IPI 

IN) 

Ie, 

I AC~ 

HM6268Lp·25 HM6268Lp·35 

mm max mm max 

25 - 35 -

- 25 - 35 

- 25 _. 35 

5 - 5 -

10 - 10 --

0 15 0 20 

0 - 0 -

- 25 -- 25 

Data \ahd 

-,,~-----------~r-------------------------, 
( urn'nt 

t" 

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

e WRITE CYCLE 

Parameter 

Wnte Cycle TIme 

ChIp SelectIOn to End of Wnte 

Address Valtd to End of Write 

Address Setup TIme 

Write Pulse WIdth 

W nte Recovery Time 

Data Va ltd to End of Write 

Data Hold TIme 

Write Enabled to Output m HIgh Z 

Output ActIve from End of Write 

* TranSitIOn IS measured ±2()Om\ from stead) state \oltage .... 'th Load (B) 

ThIS parameter IS sampled and not !OW'" tested 

Symbol 

til ( 

hit 

I-m 

I" 

till' 

ILt Ii 

tIm 

tllH 

til 7.* 

fou· 

HM6268LP·25 

mm max 

25 

20 

20 

0 -

20 

0 

12 -

0 -

0 8 

0 

@HITACHI 

HM6268Lp·35 

mm max 

35 

30 

30 

0 

30 

0 -

20 -

0 -

0 10 

0 -

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

ns 

ns 

ns 

ns 

Umt 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 



--------------------------------HM6268LP Series 

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

Address 

Dm 

Dou( 

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

,,, 

,,, 
,,, IIU (2) 

,,, 

Onlll 

Notes: I. A write occurs during the overlap of a low CS and a low WE. (tWP). 
2. tWR is measured from the earlier of CS or WE going high to the end of write cycle. 
3. During this period, I/O pins are in the output state so that the input signals of opposite phase to the outputs 

must not be applied. 
4. If the CS low transition occurs simultaneously with the WE low transition or after the WE transition, the output 

buffers remain in a high impedance state. 
S. If CS is low during this period, I/O pins are in the output state. Then the data input signals of opposite phase to 

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

• HITACHI 
Hitachi America Ltd. • 2210 O'Toole Avenue • San Jose, CA 95131 • (408) 435-8300 
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-HM6268LPSeriM----------------------------------------------------------------

.LOW Vee DATA RETENTION CHARACTERISTICS (O'C:;O Ta:;o70'C) 

Parameter Symbol 

Vee: for Data ReAention VD' 

Data Retention Current IceD. 

Chip Deselect to Datil Retention Time tCD. 

Operation Recovery Time 

Note, 1. ,.(.-R.ad C,C'le TiMe 
" 

• V .. c -30V 
•• Vcc.-2.0V 

Test Co .. htion. 

CS-. Vee-O.2V 

v..-' Ve<-0.2V or 

OVii V .. iiO.2V 

-LOW V« DATA RETENTION WAVEFORM 

DATA RETENTION MODE vcc-------... I 
4SV---------

--_!. • .!._---------

CS _____ --I 

min 

2.0 

-
0 

,., til 

typ 

-
-
-

-

"---------------------------------------------

~HITACHI 

max 

-
30' 

20" 

-

-

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

Unit 

V 

pA 

n. 

n. 



HM6167P Series--------
16384-word x 1-blt High Speed Static CMOS RAM 

.FEATURES 
• Single +5V Supply and High Density 20 Pin Package 
• Fast Access Time - 85ns/100ns 
• Low Power Stand-by and Low Power Operation 

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

.BLOCK DIAGRAM 

Iv> 

A, 

A. 
Row 

A> Decoder 

A. 

Au 

Memory A.rray 
128Xl28 

-- Vee 

-eND 

0 .. --1,r-----I~---.::::=-~----.r-., ..... -- 00 .. 

• ABSOLUTE MAXIMUM RATINGS 

Item Symbol Ratlllg 

Tenrunal Voltage WIth Respect toGND Vr -O.S' to +7.0 

Power DlSSlpation Pr 1.0 

Operatmg Temperature T.pr o to +70 

Storage Temperature hI, -SS to +12S 

Storage Temperature·· 7;,.lIuu) -10 to +85 

• Pulse Width 2Ons' -35V ··WIder bias 

.RECOMMENDED DC OPERATING CONDITIONS 
(O'C:;;; To:;;;70'C) 

Item Symbol mIn typ max 

Vee 4.5 5.0 5.5 
Supply Volta,e 

GND 0 0 0 

Input Hllh Volta,e v,. 2.2 - 6.0 

Input Low Volta,e v" -3.0' - 0.8 

• Pulse width 2Ons, DC: VIL mln= -0 3V 

Urut 

V 

W 

·C 

·c 
·C 

UnIt 

V 

V 

V 

V 

~HITACHI 

(DP 20N I 

.PIN ARRANGEMENT 

Hitachi America Ltd .• 2210 O'Toole Avenue. San Jose, CA 95131 • (408) 435-8300 
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HM6167P Series --______________________________ _ 

.TRUTH TABLE 

GS WE Mode Vee Current Output Pm Reference Cycle 

H x Not Selected IS8.1s81 High Z 

L H Read Icc Oout Read Cycle 1. 2 

L L Wnte Icc High Z Write Cycle I, 2 

.DC AND OPERATING CHARACTERISTICS (Vcc -5V±lO%, Ta-O't to +70'tl 

Item Symbol Test Conditions 

Input Leakage Current Ih,1 Vcc-S.SV, l-h-OV-Vcc 

Output Leakage Current 11,01 CS=V,H, VOUT-OV-- Vee 

Operating Power Supply Current lee CS-VtL, Output Open 

I" CS - Vt. 

Standby Power Supply Current CS - Vcc-0.2V 
ISSJ 

\tiN~O.2V or 1'"., Vcc-0.2V 

Output Low Voltage VOL IOL-SmA 

Out~ut High Vol tage VA. /OH- -4mA 

Note) Typical limits are at Vcc -5.0V. Ta-25t: and specified loading 

.AC TEST CONDITIONS 

Input pulse levels: GND to 3.0V 
Input rose and fall times: 5 ns 
Input timing reference levels: 1.5V 
Output reference levels: 1.5V 
Output load: See Figure 

Output Load A 
+5V 

~'80Q 
Do" 

2550: 3011Fo 

.CAPACITANCE (Ta-2S'C, j-1.0MHz) 

Item Symbol max Unit Conditions 

Input Capacitance CIN 5 pF V,.-OV 

Output Capacitance COUT 6 pF VOUT-OV 

!\ole I ThiS parameter IS sampled and not 100% tested 

min typ max 

- - 2 

- - 2 

- 30 60 

- 5 20 

- 0.02 2 

- - 0.4 

2.4 - -

Output Load B 
(for 1Hz, tLZ. twz & tow) 

+5V 

~,~.:,. 
Indudl"l scope and J.I 

.AC CHARACTERISTICS (Vcc-SV±lO%, Ta=O'C to 70'C, unless otherwise noted.) 
eREAD CYCLE 

HM6167P-6 HM6167P-8 
Item Symbol 

mm max mm max 

Read Cycle TI me IH< 85 - 100 -

Addre5.s Access Time 1« 85 - 100 

ChIp Select Access Time I Ai .., -- 85 - 100 

Output Hold from Address Change tOH 5 -- 5 -

Chip SelectIOn to Output m Low Z t LI! 5 -- 5 -

Chip DeselectlOn to Output m Ihgh Z tHI! 0 40 0 40 

Chip SelectIOn to Power Up Time II'I 0 - 0 -

Chip DeselectlOn to Power Down Time II'/) -- 40 - 45 

@HITACHI 
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Unit 

pA 

pA 

mA 

mA 

mA 

V 

V 

Umt 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 



---------------------------------- HM6167P Series 

eWRITE CYCLE 

HM6167P-6 HM6167P-8 
Item Symbol 

mm max mm 

WrIte Cycle TIme /11 C 85 - 100 

ChIp SelectIon to End of Wnte tell 65 - 80 

Address Yalld to End of Wnte t-tll 65 - 80 

Address Setup TIme /" 0 .. 0 

Wnte Pulse WIdth till' 45 - 55 

\Ynte Recover} Time til R 0 - 0 

Data Yalld to End of Wnte t Dli 35 - 40 

Data Hold TIme / DH 0 - 0 

Wnte Enable to Output In HIgh Z tllZ 0 40 0 

Output ActIve from End of WrIte /0" 0 - 0 

Sotnl If CS IO~S high simultaneouly with WE high, the output remains In a high Impedance state 
All Write Cycle timings are referenct'd from the last valid address to the first tranSltlOn'"l address 
TranSItion IS measured ±500mV from steady state voltage WIth specified loading In Load B 

4 ThiS parameter IS sampled and nol 100% tested 

e TIMING WAVEFORM OF READ CYCLE NO.1 1) 

Adartll 

DUa Cui 0.11 V.lld 

e TIMING WAVEFORM OF READ CYCLE NO.2 1),3) 

Dlt.o.., 0.11 V.lul 

NOTES: I. WE is high and CS is low for READ cycle. 

max 

-

-. 

.. 

-

40 

2. Addresses valid prior to or coincident with CS transition low. 
3. Transition is measured t500mV from steady state voltage with 

specified loading in Load B, 

~HITACHI 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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HM6167PSeries ----------------------------------

eTIMING WAVEFORM OF WRITE CYCLE NO.1 (WE Controlled) 

... 

00 .... 

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

eTIMING WAVEFORM OF WRITE CYCLE No.2 (CS Controlled) 

'" 
Addull ------, ,;---
~ 1'---

t:::::-J ", 
'\ 

,,, ... .. , 
\ \ \ \ \ / / / 

I '" .. , 

* 0&,. In V.l"j 1 
h, 

I 
0.1& UlOdef,ned H,.h [""ed,ntt 

Note} Transition IS measured ±500mV from steady state volt_,e with Itpeeafled Io&dma: U1 Luad B. 

SUPPLY CURRENT vs. SUPPLY VOLTAGE SUPPL Y CURRENT vs. AMBIENT TEMPERATURE 

T.=25"C 

• 
...... 

~ 
,/' 

..,...., ~ 

~ 1 . 

~ z 1.2 

.3 0.8 

Vcc:::S.OV 

4 

0-- -r---r--

] 1 .. 
Z~ 1.2 

G 0.8 

I 0.6 

i: 
~ 0.6 

OA 
4~ 4.75 5.0 5.25 

• 
55 20 60 so .0 

Supply Voh.,e Vee (V) 
Ambient Temperatllre To ('C) 

~HITACHI 
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-------------------------------HM6167P Series 

.3 

] .2 

ACCESS TIME VI. 

SUPPLY VOLTAGE 

r.-25't 

Ib.. 
.............. 

; 
i I. 

~ 
1.0 .. 

; 
~ 0.9 . 
~ 

0.1 

0.7 

.8 

, 
A 

~ 0.8 

0.6 

3 

2 

] .. 
• I 

i 
I 

~ 
............... r---.. 

4.5 415 5.0 5.25 

Supply Voltal! Vee (V) 

ACCESS TIME VI. 

LOAD CAPACITANCE 

/ 

/ 
". 

V 

V 

r.-25"<: 
Vee. MIN 

100 200 300 400 

Load Capacltaftce Q (pF) 

INPUT LOW VOLTAGE VB. 

SUPPLY' VOLTAGE 

r.=25"( 

5.5 

soo 

-S I. 0 

i 
;: o. 9 

~ 
f o. 8 

o 7 
4.5 4.75 5.0 525 5.5 

Supply Volta,. Vee (V) 

1.3 

~ 1.2 

-; 
i I. I 

u 
.. 1.0 
3 
& 

.,:: 0.9 

0.8 

0.7 

1.3 

I 

~ 1.0 

9 a o. 

t 
Jl 0.8 

0.7 

J 

2 

I 

ACCESS TIME va. 
AMBIENT TEMPERATURE 

Vec-S.oV 

V-
./ 

V 

~ 

o 

o 

20 40 60 

Ambient Temperature To ("C) 

SUPPLY CURRENT VB. 

FREQUENCY 

-~ 

Frequency I (MHI) 

INPUT HIGH VOLTAGE VB. 

SUPPLY VOLTAGE 

10=25'C 

80 

10 

------~ I. 0 

j 
~ o. 

'I---~ 

~ 
j o. 

9 

8 

7 o. 
4.5 

_HITACHI 

415 5.0 5.25 

Supply Volt ••• Vee (V) 

55 
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HM6167PSwie8 __________________________________________________________________ _ 

.. 

.4 

2 

0 

8 

• 
4 

10-· 

· 

· 

OUTPUT HIGH CURRENT V8. 

OUTPUT HIGH VOLTAGE 
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HM6167LP Series-------
16384-word x 1-bit High Speed Static CMOS RAM 

.FEATURES 

• Single +5V Supply and High Density 20 Pin Package 
• Fast Access Time 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 85n5/100n5 
• Low Power Stand-by and Low Power Operation 

Stand-by 5p.W (typ) and Operating 150mW (typo) 
• Completely Static Memory 0 • 0 0 • 0 No Clock or Refresh Required 
• Fully TTL Compatible .... 0 •• 0 • 0 •• 0 0 All Inputs and Output 
• Separate Data Input and Output. 0 0 •• 0 0 0 • Three State Output 
• Capable of Battery Back up Operation 

.BLOCK DIAGRAM 
iDP 20N I 

,.. 
-- Vee 

A, 
-CND 

" 
.PIN ARRANGEMENT 

A, 

A. 

Au 

Row 
Decoder 

Memory Array 
l~XI28 

D" --L(-----t---~::..::~--____l.---.~.,--- Do., 

CS 

WE 
All Ato At Aa A7 A6 As 

.ABSOLUTE MAXIMUM RATINGS 

Item Symbol Ratmg Unit 

Termmal Voltage with Respect to GND VT -0.5' to +7.0 V 

Power Dissipation Pr 1.0 W 

Operatmg Temperature TriP' o to +70 °C 

Storage Temperature T,t. -55 to +125 °C 

Storage Temperature·· T",(614') -10 to +85 ·C 

• Pulse width 200s - 3 5V •• under bias 

.RECOMMENDED DC OPERATING CONDITIONS (O'C ~ Ta~ 70'C) 

Item Symbol min typ 

Vee •. 5 5.0 
Supply Voltage 

GND 0 0 

Input High Voltage VI_ 2.2 -

Input Low Voltage VI, -3.0' -
• Pulse width 200s. DC, V, L mm = - 0 3V 

~HITACHI 

(Top View) 

max 

5.5 

0 

6.0 

0.8 
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Unit 

V 

V 

V 

V 

I 
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HM6167LP Series --------------------------------

.TRUTH TABLE 

CS WE Mode Vee Current Output P,n Reference Cycle 

H x Not Selected l u ,lul High Z 

L H Read Icc Oout Read Cycle I, 2 

L L Write Icc High Z Write Cycle 1,2 

.DC AND OPERATING CHARACTERISTICS (Vcc-5V±10%, Ta-O-+70'C) 

Item Symbol Test Conditions 

Input Leakage Current IILI I Vee-5.5V Vi.-OV-Vee 

Output Leakage Current Ihol CS-Vi" Il.,-OV-Vcc 

Operating Power Supply Current Icc CS - ViL, Output Open 

In CS- Vi. 

Standby Power Supply Current 
lUI 

CS - Vee-O.2V 

Vi.SO.2V or I1N;;; Vee-O.2V 

Output Low Voltage VOL Io L-8mA 

Output High Voltage Va. Io.--4mA 

Note) Tntlcal hm.h are at Vcc -5 OV. Ta-ZSoC and specified loaduW 

.AC TEST CONDITIONS 

Input pulse levels: GND to 3.0V 
Input rise and fall'times: 5 ns 
Input timing reference levels: 1.5V 
Output reference levels: 1.5V 
Output load: See Figure 

Output Load A 
<SV 

• CAPACITANCE (Ta= 25"C ,/-1. OMHz) 

Item Symbol max Unit ConditIOns 

Input Capacitance e,. 5 pF Vi.-OV 

Output Capacitance COUT 6 pF Vour-OV 

Note) This para-eter IS Mm,led and not 100% tested 

min 

-

-
-

-
-

-
2.4 

typ max Unit 

- 2 pA 

- 2 pA 

30 60 mA 

5 20 mA 

I 50 pA 

- 0.4 V 

- - V 

Output Load B 
(for 1HZ, hz. twz &: low) 

HV 

-=d80Q 
00 .. 

2550 SPY' 

• Inc:luchlllf scope .nd III . 

.AC CHARACTERISTICS (Ta-O'C to +70'C, Vcc-5V±10%, unless otherwise noted.) 

-READ CYCLE 

HM6167Lp·6 HM6167LP·8 
Item Symbol Umt 

mm max mm max 

Read Cycle Time IRe 85 - 100 - ns 

Address Access T,me I AA - 85 - 100 ns 

ChIp Select Access TIme t ACS - 85 - 100 ns 

Output Hold from Address Change IOH 5 - 5 - ns 

ChIp SelectIOn to Output 10 Low Z ILZ 5 - 5 - ns 

ChIp DeselectlOn to Output 10 HIgh Z IH' 0 40 0 40 ns 

ChIp Selectaon to Power Up TIme IPL 0 - 0 - ns 

ChIp DeselectlOn to Power Down TIme IPD - 40 - 45 ns 

$ HITACHI 
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------------------------------- HM6167LP Series 

e TIMING WAVEFORM OF READ CYCLE NO.1 1) 

AlWr ... 

Otl" Gu 0.'10 V"ltd 

eTiMING WAVEFORM OF READ CYCLE NO.2!)·3) 

III .. OIl. Da •• V,ltd 

<Arr .. , 

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

specified loading B. 

eWRITE CYCLE 

HM6167LP·6 HM6167LP-8 
Item Symbol 

mm max mm 

Write Cycle Time twe 85 - 100 

Chip Selection to End of Write lew 65 - 80 

Address Valid to End of Write tAW 65 - 80 

Address Setup Time lAS 0 - 0 

Write Pulse Width Iwp 45 - 55 

Write Recovery Time tWR 0 - 0 

Data Valid to End of Write 10. 35 - 40 

Data Hold Time IOH 0 - 0 

Write Enable to Output in High Z twz 0 40 0 

Output Active from End of Write 10. 0 - 0 

Notes) 1. If CS .oes hi.h simultaneouly with WE hlBh. the output rema.n. 1ft .. hllh Impedance atate. 
2. All Write Cycle llmu". are referenced from the last valid address to the first trantllhonll\& address. 
3. TranSition ,s measured ±500mV from steady state volt'lf: wIth speCified loadln. In Load B . 
•. This parameter .s .ampled and not 100% tested. 

eTIMING WAVEFORM OF WRITE CYCLE NO.1 (WE Controlled) 

Md., ... 

, . 

,,, 

0. •• In 

Dala 0-.1 

@HITACHI 

max 

-

-

-
-

-
-
-

-

40 

-

Untt 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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HM8187LPSeriH---------------------------------

-TIMING WAVEFORM OF WRITE CYCLE No.2 (CS Contro\1ed) 
,., 

--. 

-
~ " 

" , .. ,., 

\ \ \ \ \ 
I , .. 

Data In -* Du. n Val 

.. 
o.t.o.. .I 

0.'1 Und.'.n •• ./' Hlllh l...,Hanee 

• LOW Vee DATA RETENTION CHARACTERISTICS (Ta-O'C to 70'C) 

Parameter Symbol Test Condition min 

Vee for Data Retention V •• 2.0 

CS~ Vcc-O.2V -
Data Retention Current IceDIl 

v..E: Vcc-0.2V or -
Chip De.elect to Data Retention Time IeDIt OV:o V..:OO.2V 0 

Operation Recovery Time ,. hell 

6. br-Read Cycle Tune 

.LOW Vee DATA RETENTION WAVEFORM 

Data Retent.lOn Mode 

Vrr-------,I 
'.sv--- -- - ---

CS ____ J 

.. , 
/ / 

, .. 
:* 

typ 

-
-
-
-
-

/ 

max 

-
20" 

30"" 
-
-

Unit 

V 

pA 

.s 

.s 

• Vee-2.0V 
•• Vee-3.GV 

ov ______________________________ - _ -- --- ---- ----

• HITACHI 
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HM6167HP Series-------

16384-word x 1-bit High Speed Static CMOS RAM 
• FEATURES 
• Fast Access Time ........... HM6167HP·55 

HM6167HP-70 
• Low Power Standby and Low Power Operation 

55ns (max) 
70ns (max) 

Standby 100j.lW (typ). Operating 200mW (typ) 
• Single +5V Supply and High Density 20 Pin Package 
• Completely Static Memory .... No Clock nor Refresh Required 
• Fully TTL Compatible ....... AII Inputs and Output 
• Separate Data Input and Output ......... Three State Output 

• BLOCK DIAGRAM 

'" 
" 
" f{<lW 

" ilt'(odt'r 

I, 

I,· 

,,, 

lho 

" 

~"ll'\()ry .l,rray 

llllX 121i 

• ABSOLUTE MAXIMUM RATINGS 
Item Symbol 

Terminal Voltage with respect to GND VT 
Power Dissipation PT 
Operating Temperature Topr 

Storage Temperature T.IIl 

Storage Temperature (under bias) Tbia. 

" Pulse Width 20ns, DC: -0.5V 

-GNU 

!lou! 

Rating Unit 

-3.5" to +7.0 V 

1.0 W 

o to +70 °C 

-55 to +125 °C 

-10 to +85 °C 

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

Item Symbol min typ max Unit 

Supply Voltage 
Vee 4.5 5.0 5.5 V 

GND 0 0 0 V 

Input Voltage 
VIH 2.2 - 6.0 V 

V/L -3.0" - 0.8 V 

" Pulse Width: 20ns, DC: V/L (mm) = -O.SV 

@HITACHI 

(DP-20N) 

• PIN ARRANGEMENT 

(Top View) 

Hitachi Amenca Ltd .• 2210 O'Toole Avenue • San Jose, CA 95131 • (408) 435-8300 129 
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HM8187HP Series 

-TRUTH TABLE 

CS WE Mode Vcc Currenl Doul Pin Ref. Cyele 

H x NOI selecled 1.1, ',1, Hi,h-Z 

L H Re.d Icc Doul Rud Cyde 

L L Wrile Icc Hi8h-Z Wrile Cy.le 

.DC AND OPERATING CHARACTERISTICS (Vcc -5V±lO%. To-Ot! to +70t!) 

HM6167Hp·55 HM6167Hp·70 
Item Symbol Test Conditions 

Input Leakage Current I ILl I Vee=5.5V, VIN=OV- Vee 

Output Leakage Current Ihol CS= VIH, VOUT=OV- Vee 

Operating Power Supply Current Icc CS= VIL, Output Open 

Iss CS= VIH 

Standby Power Supply Current CS'" Vee-0.2V 
[SBI 

VIN:i>0.2Vor VIN'" Vee-O 2V 

Output Low Voltage VOL IOL=8mA 

Output High Voltage VOH IOH=-4mA 

Nete> T".ell Ii .... ,In at Vee-5.GV. r.-2St: .... 1pIC"led I_Ii .... 

• AC TEST CONDITIONS 

Input pulse lewll: GND to 3.0V 
Input rise and fall timet: 5 ns 
Input timing reference 1 .... 11: 1.5V 
Output r.f.rence level.: 1.5V 
Output load: See Figure 

Output Load A 
+SY 

~ .. 1111 

Do .. 

>SSG 3 .. F' 

• IMlud ... scope .nd II" 

.CAPACITANCE (Ta-2S·C. f-1.0MHz) 

mm typ 

- -
- -

- 40 

- 10 

- 0.02 

- -

24 -

Item Symbol typ .... Unil Condilion. 

lnpul C ..... il.n.e C/. - S pF v,.-OV 

Oulpul C ..... iun.e COUT -:- 7 pF Vour-OV 

Note) Th" ,.rllMler I' ... pled and ftOI I~ ... ted. 

$ HITACHI 

max min typ max 

2 - - 2 

2 - - 2 

80 - 30 60 

20 - 5 20 

2 - 0.02 2 

0.4 - - 0.4 

- 24 - -

Output Load B 
( for bz. hz, h.z I: 10.) 

+SY 

• Incl_ .... scope .... II' . 

Hitachi America Ltd. • 2210 O'Toole Avenue • San Jose, CA 95131 • (408) 435·8300 

Unit 

J-lA 

J-lA 

rnA 

rnA 

rnA 

V 

V 



-------------------------------- HM6167HPSeries 

.AC CHARACTERISTICS (Vcc-5V±lO%, Ta-O'C to 70'C, unless otherwise noted.) 

eREAD CYCLE 

HM6167HP-55 HM6167HP-70 
Item Symbol Unit 

min max min max 

Read Cycle Time IRC 55 - 70 - n. 

Addre.s Access Time IAA - 55 - 70 ns 

Chip Select Acce.s Time lACS - 55 - 70 n. 

Output Hold from Address Change IOH S - S - ns 

Chip Selection to Output in Low Z ILZ S - S - ns 

Chip o.selection to Output in High Z 1HZ 0 30 0 35 ns 

Chip Selection to Power Up Time IPU 0 - 0 - ns 

Chip o.selection to Power Down Time IPD - 30 - 35 ns 

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

Notes 

(I) 

(2) (3) (7) 

(2) (3) (7) 

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

3. Transition is measured ±500mV from steady state voltage with specified loading in Load B. 
4. WE is High for READ cycle. 
5. Device is continuously selected, CS = V/L. _ 
6. Addresses valid prior to or coincident with CS transition low. 
7. This parameter is sampled and not 100% tested. 

eTlMING WAVEFORM OF READ CYCLE NO.1 4),5) 

~, ..... _tRc _Jr-
Address __ if\--

tOH 

Data Out 
Previous Data 
Valid 

~------

Data Valid 

eTlMING WAVEFORM OF READ CYCLE NO.2 4),6) 

CS 

Data Out 

Vc, Supply 

Current 

Data Valid 

~HITACHI 
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HM6167HP Series ----------------------------------

• WRITE CYCLE 

HM6167HP-55 HM6167HP-70 
Item Symbol Unit 

min max min max 

Write Cycle Time Iwe 55 - 70 - ns 

Chip Selection to End of Write lew 50 - 55 - ns 

Address Valid to End of Write 'AW 50 - 55 - ns 

Address Setup Time lAS 0 - 0 - ns 

Write Pulse Width tWI' 35 - 40 - ns 

Write Recovery Time tWR 0 - 0 - ns 

Data Valid to End of Write tDW 2S - 30 - ns 

Data Hold Time tDH 0 - 0 - ns 

Write Enable to Output in High Z twz 0 2S 0 30 ns 

Output Active from End of Write tow 0 - 0 - ns 

NOTES: 1. If Cs goes high simultaneously with WE high, the output remains in a high impedance states. 
2. All write cycle timings are referenced from the last valid address to the fust transitioning address. 
3. Transition is measured ±500m V from steady state voltage with specified loading in Load B. 
4. This parameter is sampled and not 100% tested. 

eTIMING WAVEFORM OF WRITE CYCLE (WE Controlled) 
~-----twe-----~ 

Address 

WE 

Data In 

______________ ~~W~z~~ tow~r---

Data Out _D_a_ta __ U_n_de_fi_IR_e_d ________ -') High Impedance ~ 

• TIMING WAVEFORM OF WRITE CYCLE (CS Controlled) 
twe 

~ 

Address 
~ 

~ tew 

'\ 
tAW 
_IWI' 

\ \ \ \ \ 
L tDW 

Data In * Data In Valid 

twz 

J 

-- -

tWR 

/ / / 
tDH 

X 

Data Out Data Undefined High Impedance 

$ HITACHI 
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Notes 

(2) 

(3)(4) 

(3) (4) 



---------------------------------- HM6167HP Series 

SUPPLY CURRENT vs. 

SUPPLY VOLTAGE 

6 

4 

Ta=2S'C 

.-/ 2 
.,../ 

~ 0 

..,...,...... v----
8 

1 06 

415 50 525 

Supply Voltage Vee (V) 

ACCESS TIME vs. 

SUPPLY VOLTAGE 

3 

2 

1 r--r---0 

55 

Ta=25"C 

- t---
9 

8 

7 
475 50 025 

Supply Voltage Vee (V) 

ACCESS l'IME vs. 

LOAD CAPACITANCE 

8 

6 

4 

/ 
V 

::v 
.8 

.6 
100 200 300 

L 
V 

400 

Load Capacitance CJ. (pFl 

55 

./ 

500 

SUPPLY CURRENT vs. 
AMBIENT TEMPERATURE 
6 

4 

2--

0--

r--

Vcc=S.OV 

I"-
U 08 

~ 
E 

6 

04 
0 ,0 40 60 

AmbIent Temperature Ta ('C) 

ACCESS TIME vs. 

AMBIENT TEMPERATURE 

3 

, 

1 --v----
o~ 
9 

8 

7 
20 40 60 

AmbIent Temperature Ta ee} 

Vcc=50V 

~ 

SUPPLY CURRENT vs. 

FREQUENCY 

1 
200 100 66 

Cycle TIme (n<;) 

50 

0 L 
V 

~ 0 
L 9 

/V 
8 

.7 
/ 

/ 
6 

5 o 0 10 15 20 

Frequency f (MHz) 

~HITACHI 
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HM6167HPSMies-----------------------------------------------------------------

.3 

.2 

.1 

0 

9 

o. 8 

7 

16 

-; 14 

E 

~ 2 

J 

8 

i 
d o. 6 

4 

10' . 

<: 
iii; 10 

., 
.:0 

. 

, 

INPUT LOW VOLTAGE vs. 

SUPPLY VOLTAGE 

To=2S'C 

--~ ~ ~ 

"5 50 525 

Supply Voltage Vee (V) 

OUTPUT CURRENT VB. 

OUTPUT VOLTAGE 

\ 

\ 

\ 
\ 
\ 
\ 

Output High Voltage VON (V) 

STANDBY CURRENT VB. 

AMBIENT TEMPERATURE 

" 

Ta=2S'C 
Vcc=5V 

Vcc-"'3V 
CS=Z 8V 

V /" 

/ 
V~ 

20 40 60 80 

AmbH!nt Temperature 70 ("C) 

~HITACHI 

INPUT HIGH VOLTAGE vs. 
SUPPLY VOLTAGE 

.3 

.2 

1 

Ta:2S'C 

--V-
0 

~ 
~ 

9 

8 

7 

" 4.75 50 5" 
Supply Voltage Vcr (V) 

OUTPUT CURRENT VB. 

OUTPUT VOLTAGE 
6 

4 

2 

0 

8 

6 

4 

4 

J 

/ 
/ 

/ 
/ 

/ 

02 04 

Output Low V"ltage VOL (V) 

STANDBY CURRENT VB. 

SUPPLY VOLTAGE 

To=2S'C 
Vce =5V 

08 

/ , 
/ 

0 

/ 
8 

V 
/' 

6 

V Ta=2S'C 

./ 9= VC{ -ozV 

V 
04 

0'2 

Supply Voltage Vee (V) 
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----------------------------------------------------------------HM6167HPS.i_ 

; ... 

0 

8 

6 

• 

2 

STANDBY CURRENT v •. 
INPUT VOLTAGE 

\ 
1\ 

\ 
"'" J 

r.=25'C 
~=S.OV 

- • .8V 

......... 

Input Volt.le Yo. (V) 

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

I 

135 



136 

HM6167HLP Series------

16384-word x 1-bit High Speed Static CMOS RAM 
• FEATURES 
• Fast Access Time ........... HM6167HLp·55 

HM6167HLP-70 
• Low Power Standby and Low Power Operation 

55ns (max) 
70n5 (max) 

Standby 5IJ.W (typ) and Operating 200mW (typ) 
• Capable of Battery Back-up Operation 
• Single +5V Supply and High Density 20 Pin Package 
• Completely static Memory 

No Clock or Timing Strobe Required 
• Equal Access and Cycle Times 
• Directly TTL Compatible ..... AII Inputs and Output 

• BLOCK DIAGRAM 

A. 
-- V" 

A, 
-- G~D 

" A, 

A, 

A" 

0," 

cs 

Row 
Decoder 

Memory Arr/lY 
128 X 128 

• ABSOLUTE MAXIMUM RATINGS 

Dout 

Item Symbol Rating Unit 

Terminal Voltage wIth respect to GND VT -3.5" to +7.0 V 

Power Dlssipatton PT 1.0 W 

Operating Temperature Topr o to +70 °c 
Storage Temperature T,t. -55 to +125 °c 
Storage Temperature Under Bias TbiiJ8 -10 to +85 °c 

" Pulse WIdth 20ns, DC: -0.5V 

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

Item Symbol min typ max Unit 

Vee 4.5 5.0 5.5 V 
Supply Voltage 

GND 0 0 0 V 

VIH 2.2 - 6.0 V 
Input Voltage 

VIL -3.0" - 0.8 V 

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

~HITACHI 

(DP-20N) 

• PIN ARRANGEMENT 
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-----------------------------------HM6167HLP Series 

• TRUTH TABLE 

CS WE Mode Vee Current Dout Pin Ref. Cycle 

H x Not se~eeted IS8, I ... HiSh-Z 

L H Re.d lee Dout Re.d Cycle 

L L Write Icc Hish-Z Write Cycle 

.DC AND OPERATING CHARACTERISTICS (Vcc-SV±lO%. To-O-+70'C) 

Ite .. Symbol Te.t Condition. 

Input Le.k'Re Current I I., I Vcc-5.5V v,.-OV- Vee 

Ouiput Le ..... Current 11.01 CS- v,., II'..-OV-Vee 

Operatins Power Supply Current Icc CS - V,L, Output Open 

I .. CS- v,. 
St.ndby Power Supply Current CS- Vee-0.2V 

Is II 
V,.=OO.2V or V'N 0= Vee-0.2V 

Output Low Volt.se VOL IOL-8mA 

Output H.sh Volt.se VON 1 •• --4mA 

Note) Typical hllul. ar. at Vcc -5 OV. T.-ZS-c .... speclf.ed 10M ..... 

• AC TEST CONDITIONS 

Input pulse 1 .... 1s: GND to 3.0V 
Input rise and faU time.: 6 n. 
Input timing reference 1 .... 1.: 1.6V 
Output reference 1 .... ls: 1.5V 
Output load: See Figure 

• CAPACITANCE (To-2S·C.J-IMHz) 

Ite .. Symbol typo --Input Capacitance e,. - 5 

Output Capacitance C"UT - 7 
Note) This ,.n •• ter .s .. ..,IM .... aot 100!¥ IHted 

Output Load A 
tSV 

-~:,. 
• InclUding scope and jig. 

Un.t Condit tons 

pF v,.-OV 

pF Vour-OV 

~ 

min 

-
-
-

-

-
-

2.4 

typ ... Unit 

- 2 pA 

- 2 pA 

40 80 mA 

10 20 mA 

1 50 pA 

- 0.4 V 

- - V 

Output Load B 
('or 1Hz. hz. '"z a 10.,) 

+IV 

-~" 
• Including scope and jig . 

.AC CHARACTERISTICS (To-O'C to +70·C. Vcc-5V±lO%.unless otherwise noted,) 

eREAD CYCLE 

HM6167HLP-55 HM6167HLP·70 
Item Symbol Unit Notel 

min max min max 

Reid Cycle Time IRC 55 - 70 - ns (I) 

Address Ac .... Time IAA - 55 - 70 ns 

Chip Select Access Time lACS - 55 - 70 ns 

Output Ho[d from Address Change IOH S - S - nl 

Chip Selection to Output in Low Z I£Z S - S - nl (2)(3) (7) 

Chip Selection to Output in Hi8h Z 1HZ 0 30 0 30 nl (2)(3)(7) 

Chip Selection to Power Up Time IPU 0 - 0 - ns 

Chip Deselection to Power Down Time IPD - 30 - 3S nl 

NOTES: J. All Read Cylce timing are referenced from last valid address to the first transitioning address. 
2. At any given temperature and voltage condition, I HZ max. is less than I LZ min. both for a given device and 

from device to device. 
3. Transition is measured dOOm V from steady state voltage with specified loading in Load B. 
4. wr is High for READ cycle. 
5. Device is continuously selected, CS = V IL' 
6. Addresses valid prior to or coincident with CS transition low. 
7. This parameter is sampled and not [00% tested. 

~HITACHI 
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HM6167HLP Series -------------________________ _ 

eTIMING WAVEFORM OF READ CYCLE NO.1") Ii) --.f== tBe 

-- ---'~'AA '1 
Data Out ~1°US :':1 X X * ... '-_-_-D~a~t_a-_v-_-a1i~·d~~~~~~~= 

eTIMING WAVEFORM OF READ CYCLE NO.2") 6) 

e WRITE CYCLE 

Item 

Write Cycle Time 

Data Out 

VCI:. Supply 

CUrrent 

Clip Selection to End of Write 

Address Valid to End of Write 

Address Selllp Time 

Write Pulse Width 

Write Rec ..... ry Time 

Data Valid to End of Write 

Data Hold Time 

Write Enable to Output in Hich Z 

Output Active from End of Write 

Symbol 

twe 

tew 

tAW 

tAS 

tWI' 

tWR 

tDW 

tDH 

twz 

tow 

HM6167HLP-55 

min max 

S5 -
50 -
50 -

0 -
35 -

0 -
2S -
0 -
0 2S 

0 -

Data Valid 

HM6167HLP-70 

min max 

70 -
55 -
55 -

0 -
40 -

0 -
30 -

0 -
0 30 

0 -

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

NOTES: I. If CS goes high simultaneously with WE high, the output remains in a high impedance states. 
2. All Write Cycle timings are referenced from the last valid address to the fust transitions address. 
3. Transition is measured ±500mV from steady state voltage with specifted loading in Load B. 
4. This parameter is sampled and not 100% tested. 

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

twe 

~ 
---I 

Address 

L tew 

t 
tAW __ tWB __ 

I--tAS_ 

\\\ twp 
J 

Din 
Et

DW
-

~ata an 
Valid 

t::.'DH 
.* 

I-twz r--tow 

Dout----j'-------~___I(:t,--.r Hifh Impedance -K 

~HITACHI 
Hitachi Amenca Ltd. • 2210 O'Toole Avenue • San Jose, CA 95131 • (408) 435-8300 

Notes 

(2) 

(3) (4) 

(3) (4) 



-------------------------------- HM6167HLP Series 

eTIMING WAVEFORM OF WRITE CYCLE NO.2 (CS Controlled) 

~--------twc---------~~ 

Add ... =ti.--j'~ -------tAw . 
tAS- -twR 

CS tcw 

twp 
WE ~ 

Din 

tDW-~DH 
Data in Valid 

f------twz 
H' hIm edance 

Dout ---------------------------~~~------~~~p~--------

.LOW Vee DATA RETENTION CHARACTERISTICS (Ta=O'C to 70'C) 

Parameter Symbol Test Condition min Iyp 

Vee for Data Retention VD • 2.0 -
eso: Vcc-O.2V - -

Oata Retention Current reCDII 

v,.o: Vee -0. 2V or - -
Chip Deselect to Data Retention Time Icoll OV:;; V,.:>0.2V 0 -
Operation Recovery Time " hcD. -

eLOW Vee DATA RETENTION WAVEFORM 

Data Retention Mode 

vcc-------------.I 
4.5V--------- ------------------------- ---------

2.2V-----
VDR -----

CS--_..J 
CS ~ VCC-O.2V 

OV - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - --

~HITACHI 

max 

-
20· 

30·· 

-
-

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

Unit 

V 

pA 

ns 
--

ns 

Vcc-2.0V 
•• Vee-J.OV 

I 
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HM6267P Series 

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

• FEATURES 
• High Speed: Fast Access Time 35/45ns (max.) 
• Low Power Standby and Low Power Operation 

Standby: 0.1mW (typ.), Operation: 200mW (typ.) 
• Single 5V Supply and High Density 20 Pin Package 
• Completely Static Memory ..•.. No Clock or Timing Strobe Re· 

quired 
• Equal Access and Cycle Time 
• Directly TTL Compatible: All Input and Output 

• BLOCK DIAGRAM 

" 
A, 

"" Row 
A, Decoder 

A" 

Memory A.rrdY 
12tiXl28 

--I" 
-GND 

0" --i1>-----i ____ ~~..::.. ___ _Jr--....... ~-Ilo"' 

C; 

WE 

• ABSOLUTE MAXIMUM RATINGS 

Item Symbol Rating Unit 
Voltage on Any Pin· VT -0.5 to +7.0 V 
Power Dissipation PT 1.0 W 
Operating Temperature Topr o to +70 ·C 

Storage Temperature Tatll -55 to +125 ·C 

Temperature Under Bias TbiGs -10 to +85 ·C 

• with .espectto GND. VT min = -3.SV (Pulse width 20ns) 

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

Item Symbol mm typ max Unit 
-

Supply Voltage 
Vee 4.5 5.0 5.5 V 

GND 0 0 0 V 

Input Voltage 
V/H 2.2 - 6.0 V 

VIL -3.0· - 0.8 V 

• Pulse Width 20ns. DC: VIL mm = -0.5V 

~HITACHI 

(DP-20N) 

• PIN ARRANGEMENT 

(Top View) 

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



____________________________________ HM6267PSeries 

.TRUTH TABLE 

CS WE Mode Vee Current Dout Pin R.f. Cycl. 

H X Not selected lSI, lUI Hlgh-Z 

L H R.ad Icc Dout Read Cycle 

L L Write Icc Hlgh-Z Writ. Cycl. 

• DC AND OPERATING CHARACTERISTICS(I) (Vee = 5V ±10%(2), GND = OV, To = 0 to +70°C) 

item Symbol Test Conditions 

Input Leakage Current Ih/l Vee = 5.5V, Vi" = GND to Vee 

Output Leakage Current Ihol CS - VIH, Vout = GND to Vee 

Operating Power Supply Current Icc CS = VIL, Output Open 

Standby Power Supply Current ISB CS = V/H 

lSBI CS~Vee-O.2V, V/NS:0.2Vor V/N~Vee-O.2V 

Output Voltage VOL IOL = 8mA 

VOH IOH--4mA 
. . Notes) I. TYPical hmlts are at Vee = 5V, To = 25°C and specified loadmg . 

2. Vee = 5V±5% for 35ns version. 
3. 100mA max. for 35ns verston. 

• AC TEST CONDITIONS 
Input pulse levels: GND to 3,OV 
Input rise and fall times: 5ns 
Input and Output timing reference levels: 1.5V 
Output load: See Figure 

• CAPACITANCE (To = 25°C,[= IMHz) 

Item Symbol typo max 

Input Capacitance C,. - 5 

Output Capac I tance Cour - 7 

Note) ThiS ,.rame •• r ..... pled and not 100% tested 

Output Load A 
.5V 

• Including scope and jig. 

Unit ConditIOns 

pF v..-OV 

pF Voo.-OV 

mm typ max Unit 

- - 10 ,.A 

- - 10 ,.A 

- 40 80(3) rnA 

- 10 20 rnA 

- 0.02 2 rnA 

- - 0.4 V 

2.4 - - V 

Output Load B 
(for till. hz. h,z I: low) 

.5V 

~ .. g 

Do., 
255Q S.F e 

• Including scope and jig. 

• AC CHARACTERISTICS (Vee = 5V ± 10%·, To = 0 to 70°C, unless otherwise noted.) 

• READ CYCLE 

item Symbol 
HM6267P-35 HM6267P45 

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 tAes - 35 - 45 ns 
Output Hold from Address Change tOH 5 - 5 - ns 
Chip Selection to Output in Low Z tLZ 5 - 5 - ns 2,3,7 
Chip Deselection to Output in High Z tHZ 0 30 0 30 ns 2,3,7 
Chip Selection to Power Up Time tpu 0 - 0 - ns 
Chip Deselection to Power Down Time tpD - 20 - 30 ns 

* Vee = SV ± 5% for 3Sns version. 

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

I 

141 

_ .... _ ... _----------------------------------



142 

HM6267P Series 

eTIMING WAVEFORM OF READ CYCLE NO.1 4) 5) 

Address 

Data Out 

~
--tRe_---it= 

-:---tAA -
tOH 

Previous Data 
Valid Data Valid 

eTIMING WAVEFORM OF READ CYCLE NO.2 4) 6) 

Data Out 

Vcc Supply 

Current 

Data Valid 

NOTES: 1. All Read Cylce timing are referenced from last valid address to the first transitioning address. 
2. At any given temperature and voltage condition, t HZ max. is less than t LZ min. both for a given device and 

from device to device. 
3. Transition IS measured ±500mV from steady state voltage with specified loading in Load B. 
4. WE is High for READ cycle. 
5. Device is continuously selected, ES = V/L' 
6. Addresses valid prior to or coincident with ES transition low. 
7. This parameter is sampled and not 100% tested . 

• WRITE CYCLE 

HM6267p·35 HM6267P45 
Item Symbol 

min 
Unit Notes 

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 tDW 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 
Hitachi America Ltd. • 2210 O'Toole Avenue • San Jose, CA 95131 • (408) 435·8300 



---------------------------------- HM6267P Series 

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

~---------twc---------~ 

Address 

WE--------~~,,~----- I 
Din _____________ ~----J 

tow--j . 
High Impedance --K~~-_-_-_-_-_-_-_-_-_ 

Dout Data Undefined 
----~~~~~-----

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

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 fust transitions address. 
3. Transition is measured t500mV from steady state voltage with specified loading in Load B. 
4. This parameter is sampled and not 100% tested. 

~HITACHI 
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HM6267P Series ---------------------------------

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

6 6 
\/cc=50V 

Ta=21'C 

4 4 

, ./ 

~ 
V 

0 

L------H 

, 

or--
r---r---

H 

'" , 

Ob 6 

, '. "~I "" 

4 
,0 40 60 1., ,,, ,0 

SupplY \,-"Itaw 1(( (V) 
fl,mblPnl Temperature Til ('C) 

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

"r----r---r----r--~ 1 
Vcc=')OV 

,,~--~---+----+--~ 

• l II~--~---~--~--~ 
" I--
-If) ~ 
-
~ 

, ---v----
"l,.--

! I 

-r----
~ Oq f---+----l-----+--- , 
.$ 

'I< f---+---+----+--- H 

7 
" 

{) 7" ,'-:----:-, ~il----,."::, 0----=;.l,'20,-, --......,,; 
~, '" 

,,, ~I 

.l,mblent Tpmperalu", TrI ('C I 

ACCESS TIME VS. LOAD CAPACITANCE SUPPLY CURRENT VS. FREQUENCY 
/In,) 

H 
I(KI "0 100 16 , , ,0 .l3 

b 

, 

-
~ 

I,-----

0L----

0 

/' 
V 

q 

"'" 
V 

H 

V 
/"" 

7 

H b 

6 C, 
2fi :l" 10 1, 1() 100 ,\00 

I.!lad Capa<'ltanrl:' ('/ 'pF) Frequencv f (MH,) 

~HITACHI 
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_______________________________ HM6267P Series 

INPUT LOW VOLTAGE VS. SUPPLY VOLTAGE 
3 

Ta=25'C 

2 

1 -----0 

~ ~ 
9 

8 

o 7 
'5 '75 50 525 

Supply Voltage Vee (V) 

OUTPUT CURRENT VS. OUTPUT VOLTAGE 

6 

] 1 

1 

1\ 4 

1\ 2 

0 \ 
8 \ 
6 \ 

j 
1 0 

, \ 
Otltput Volt&lre V()H (V) 

STANDBY CURRENT VS. 
AMBIENT TEMPERATURE 

10 
, 

s 

Ta=25't 
Vcr=5V 

k('=3V 
CS=2RV 

V 
V 

./ 

V 
-, 10 

20 40 60 

AmbleTlt Temperature Ta (t) 
'" 

INPUT HIGH VOLTAGE VS. SUPPLY VOLTAGE 
3 

Ta=25't 

2 

1 

~ ---0 ---~ 9 

8 

o 7 
.5 .75 50 121 55 

Supply VoItaJl:l' Vee (V) 

OUTPUT CURRENT VS. OUTPUT VOLTAGE 

6 

1 1 

1 
~ 1 

• J 

/ 2 

V 
0 

/ Ta=2S't 
Vcc-=<"SV 

8 

/ 
6 

V 
• 02 06 08 

Output Voltage Val. (V) 

STANDBY CURRENT VS. SUPPLY VOLTAGE 

, 

, L 
0 V 
• / 
6 / 

~ 

,/ Ta=2St: 

,/ CS=Vcc-02V , 
V 

2 , 
Supply Voltlll!! kc (V) 

~HITACHI 
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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: O.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 

<\0 

A, 

'" Row 

'" Decoder 

'" 
Au 

Au 

D,. 

Memory Array 
128xt28 

• ABSOLUTE MAXIMUM RATINGS 

Item Symbol 
Voltage on Any Pin· VT 
Power Dissipation PT 
Operating Temperature Topr 
Storage Temperature T.t• 
Temperature Under Bias Tbltu 

Rating 

-0.5 to +7.0 

1.0 
o to +70 

-65 to +150 
-10 to +85 

• with respect to GND. VT mID - -3.5V (Pulse width 20ns) 

-- V" 

-CND 

Unit 
V 

W 
·c 
·c 
·c 

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

Item Symbol min typ max Unit 

Vee 4.5 5.0 5.5 V 
Supply Voltage 

GND 0 0 0 V 

VIH 2.2 - 6.0 V 
Inpu t Voltage 

VlL -3.0· 0.8 V -
• Pulse Width 20ns, DC: VlL min = -0.5V 

~HITACHI 

(00-20) 

• PIN ARRANGEMENT 

'" 13 
As ·~4 

'" 5 
'" .16 
'" )7 

Ooul )8 

AI ~ Vcc Au 

(Top View) 

Hitachi Amenca Ltd. • 2210 O'Toole Avenue • San Jose, CA 95131 • (408) 435-8300 



--------------------------------- HM6267CGSeri .. 

• TRUTH TABLE 

CS WE Mode Vee Current Dout Pin Rei. Cycle 

H X Not selected 158. I,.. H"h-Z 

L H Read Icc Dout Read Cycle 

L L Write Icc Hi,h-Z Write Cycle 

• DC AND OPERATING CHARACTERISTICS(I)(Vee = 5V ±10%(2), GND = OV, To = 0 to+70·C) 

Item Symbol Test Conditions 

Input Leakage Current 11£11 Vee = S.5V, V'n = GND to Vee 
Output Leakage Current 11£01 CS = VIH, Vollt = GND to Vee 
Operating Power Supply Current Icc CS = VIL, Output Open 

Standby Power Supply Curren.t ISB CS = VIH 

ISB1 ~>Vee-O.2V, VIN!;.0.2Vor VIN;::Vee-O.2V 

Output Voltage VOL 10L = 8mA 

VOH 10H=-4mA . Notes) 1. TypIcal limIts are at Vee = 5V, To = 25 C and specIfied 10adlOg. 
2. Vee = 5V ±5% for 35ns version. 
3. 100mA max. for 3Sns version. 

• AC TEST CONDITIONS 
Input pulse levels: GND to 3.0V 
Input rise and fall times: Sns 
Input and Output timing reference levels: 1.SV 
Output load: See Figure 

• CAPACITANCE (To = 25·C,f= IMHz) 

Item Symbol typo max 

Input C.,.citanee Ct. - 5 

Output Capac,tance Cour - 7 

Output Load A 
+SY 

• Including scope and jig. 

Unit Conditions 

pF v..-ov 
pF Vou,-OV 

min typ max Unit 

- - 10 ,.A 

- - 10 ,.A 

- 40 80(3) mA 

- 10 20 mA 

- 0.02 2 mA 

- - 0.4 V 
2.4 - - V 

Output Load B 
(for 'liZ, hz. h.z a. 'ow) 

+5Y 

~1OIl 
Do" 

25511 SPY' 

• Including scope and jig. 

• AC CHARACTERISTICS (Vee = SV ± 10%·, To = 0 to 70·C, unless otherwise noted.) 

• READ CYCLE 
HM267CG-35 HM6267CG45 

Item Symbol Unit Notes 
min max min max 

Read Cycle Time tIle 35 - 45 - ns I 

Address Access Time tAA - 35 - 45 ns 
Chip Select Access Time tAes - 35 - 45 ns 
Output Hold from Address Change tOH 5 - 5 - ns 
Chip Selection to Output in Low Z tLZ 5 - 5 - ns 2,3,7 
Chip Deselection to Output in High Z tHZ 0 30 0 30 ns 2,3,7 

Chip Selection to Power Up Time tpu 0 - 0 - ns 
Chip Deselection to Power Down Time tpD - 20 - 30 ns 

• Vee = 5V ± 5% for 35ns versIon. 

~HITACHI 
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HM6267CG Series --------------------------------

eTIMING WAVEFORM OF READ CYCLE NO.1 4) 5) 

Address 

Data Out Previous Data 
Valid 

eTIMING WAVEFORM OF READ CYCLE NO.2 4) 6) 

Data Out 

Vcc Supply 

Current 

Data Valid 

Data Valid 

NOTES: I. All Read Cylce timing are referenced from last valid address to the first transitioning address. 
2. At any given temperature and voltage condition, t HZ max. is less than t LZ min. both for a given device and 

from device to device. 
3. Transition is measured tSOOmV from steady state voltage with specified loading in Load B. 
4. WE is High for READ cycle. 
5. Device is continuously selected, ~ = VI L' 
6. Addresses valid pnor to or coincident with CS transition low. 
7. This parameter is sampled and not 100% tested. 

• WRITE CYCLE 

HM6267CG-35 HM6267CG-45 
Item Symbol Unit Notes 

min max min max 

Write Cycle Time twe 35 - 45 - ns 2 
Chip Selection to End of Write few 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 tDW 20 - 25 - ns 
Data Hold Time fDH 0 - 0 - os 

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

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

~HITACHI 
Hitachi America Ltd .• 2210 OToole Avenue • San Jose, CA 95131 • (408) 435-8300 



HM6267CG Series --------------------------------

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

~--------twc---------~ 

Address 

~~~~~-----tcw-----~~,~~~~~~~~~ 

Cs~\~~~======~~==========~~~~~~~ I WE--------~~~,~-----

Din ______________ +-____ -J 

Dout Data Undefined 
----~~~~~-----

tow--j . 
High Impedanct;. -1<,.. ... -_-_-_-::_-_-_-_ 

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

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

~HITACHI 
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HM6267LP 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: 5/lW (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 

" 
" 
'" Row 
A, Decoder 

" 
Au 

Au 

Memory A.rra y 
128X 128 

--I" 
--CND 

D" 
J---c:;;::;I;;"-----Ll----D~ 0." 

• ABSOLUTE MAXIMUM RATINGS 

Item Symbol Rating Unit 
Voltage on Any Pin' VT -0.5 to +7.0 V 
Power Dissipation PT 1.0 W 
Operating Temperature Topr o to +70 °c 
Storage Temperature T. ttl -55 to +125 °c 
Temperature Under Bias TbiGil -10 to +85 °c 

• with respect to GND. VT mID = -3.SV (Pulse width 20RS) 

• RECOMMENDED DC OPERATING CONDITIONS (To = 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 

V/H 2.2 - 6.0 V 
Input Voltage 

V/L -3.0' - 0.8 V 

• Pulse Width 20ns, DC: V/L min = -0.5V 

@HITACHI 

~ ~UII' 

(DP-20N) 

• PIN ARRANGEMENT 

(Top View) 

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



_____________________________________ HM6267LP Series 

.TRUTH TABLE 

CS WE Mode Vee Current Dout Pm Ref. Cycle 

H x Not selected lu. lUI H'gh.Z 

L H Read I" Dout Read Cycle 

L L Write Icc H'gh·Z Write Cycle 

• DC AND OPERATING CHARACTERISTICS(I)(Vee = 5V ±10%(2), GND = OV, To = 0 to +70oq 
Item Symbol Test Conditions 

Input Leakage Current I ILl I Vee = 5.5V, Yin = GND to Vee 

Output Leakage Current Ihol CS - VIH, Vout - GND to Vee 

Operating Power Supply Current Icc CS = VIL, Output Open 

Standby Power Supply Current ISB CS = VIH 

ISBl CS'~Vee-O.2V, VIN~0.2V or VIN~VCe-O.2V 

VOL IOL = 8mA 
Output Voltage 

VOH IOH - --4mA 
° . . 

Notes) 1. TYPlcalltmlts are at Vee - 5V, To = 25 C and speCIfIed loadmg . 
2. Vee = 5V ±5% for 35ns version. 
3. 100mA max. for 35ns version. 

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

• CAPACITANCE (To = 25°C,[= lMHz) 

hem Symbol typo max 

Input Capacitance C .. - 5 

Output Capacitance Cour - 7 

Note) 11 .... per.meter .s "mpled and not 1000,41 tested 

Output Load A .,v 

~"Og 
00., 

2~5C 30pF' 

* Includmg scope and Jig. 

Unit Conditions 

pF v,.-OV 
pF VOUT-OV 

min typ max Unit 

- - 10 p.A 

- - 10 p.A 

- 40 80(3) rnA 
- 10 20 rnA 
- 10 50 p.A 

- - 0.4 V 
2.4 - - V 

Output Load B 
(for hz. lu, h,z &: tow) 

.sv 

~ .. g 

00., 
255" 5pF' 

* Including scope and JIg. 

• AC CHARACTERISTICS (Vee = 5V ± 10%*, To = 0 to 70°C, unless otherwise noted.) 

• READ CYCLE 
HM6267LP·35 HM6267LP-45 

Item Symbol Unit Notes 
min max min max 

Read Cycle Time IRe 35 - 45 - ns 1 
Address Access Time IAA - 35 - 45 ns 
Chip Select Access Time lACS - 35 - 45 ns 
Output Hold from Address Change (OH 5 - 5 - ns 

Chip Selection to Output in Low Z ILZ 5 - 5 - ns 2,3,7 

Chip Deselection to Output in High Z 1HZ 0 30 0 30 ns 2,3,7 

Chip Selection to Power Up Time IpU 0 - 0 - ns 
Chip Deselection to Power Down Time IpD - 20 - 30 ns 

* Vee - 5V ± 5% for 35ns versIon. 

~HITACHI 
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HM6267LP Series--------------------------------

eTIMING WAVEFORM OF READ CYCLE NO.1 4) Ii) 

Address 

Data Out Previous Data 
Valid 

eTIMING WAVEFORM OF READ CYCLE NO.2 4) 6) 

CS 

Data Out 

Vee Supply 

Current 

Data Valid 

Data Valid 

NOTES: 1. All Read Cylce liming are referenced from last valid address to the first transitioning address. 
2. At any given temperature and voltage condition, I HZ max. is less than I LZ min. both for a given device and 

from device to device. 
3. Transition is measured ±SOOmV from steady state voltage with specified loading in Load B. 
4. WE is High for READ cycle. 
S. Device is continuously selected, CS = V/L. 
6. Addresses valid prior to or comcident with CS transition low. 
7. This parameter IS sampled and not 100% tested . 

• WRITE CYCLE 

Item Symbol 
HM6267LP-35 HM6267LP-45 

Unit 
min min 

Notes 
max max 

Write Cycle Time twe 35 - 4S - ns 2 
Chip Selection to End of Write tew 30 - 40 - ns 
Address Valid to End of Write lAW 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 tDW 20 - 2S - 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 I - 0 - ns 3,4 

~HITACHI 
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----------------------------------HM6267LP Series 

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

~-----------------twc------------------~~ 

Address 

WE------.- I 
Din ______________ ~-----J 

Dout ______ ~D~a~ta~U~nd~e~f~in~e~d ______ __ 

tow--j _ 
High Impedance --1<.--:_-_-_-_-_-_-_-_-_ 

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

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 fust transitions address. 
3. Transition is measured ±50OmV from steady state voltage with specified loading in Load B. 
4. This parameter is sampled and not 100% tested. 

~HITACHI 
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HM6267LP Series-----------------------------------

.LOW Vee DATA RETENTION CHARACTERISTICS (O'C:;>; Ta:;>;70'C) 

Parameter Symbol 

Vee for Dall Retention YD. 

Dlta Retention Current 1ceDl 

Chip o...elect to Dati Retention Time leDit 

Operation Recovery Time 

Note' 1. til - Read Cy('le Time. 

I. 

Vtc-3.0V 
•• Vet -2.0V 

Test Conditions 

~<: Vee-O.2V 

v..<: V,,-0.2V or 

OV:o V,,:OO.2V 

-LOW Vee DATA RETENTION WAVEFORM 

DATA RETENTION MODE 

Vcr -------"'\1 

v .. ---------------
CS~ V({ -0 2\ 

~----..1 

min 

2.0 

-
0 

'''«(\1 

typ 

-

-
-

-

ov _________________________________________ - - --

~HITACHI 
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20" pA 

- ns 

- ns 



HM6264P Series 

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

• FEATURES 
• Fast access Time 
• Low Power Standby 

Low Power Operation 
• Single +5V Supply 

100nsI120ns/150ns (max.) 
Standby: O.lmW (typ.) 
Operating: 200mW (tyP.) 

• Completely Static Memory ..... No clock or Timing Strobe Required 
• Equal Access and Cycle Time 
• Common Data Input and Output, Three State Output 
• Directly TTL Compatible: All Input and Output 
• Standard 28pin Package Configuration 
• Pin Out Compatible with 64K EPROM HN482764 

• BLOCK DIAGRAM 

~::::=:j=c~=:rl 
'" Ao 
A. 
AI 
Au 
Au 

VO''''--.i~_~-I 

Vo. -_+'--0.---1-1 

Memory Matrix 
256X256 

--0 Vee 

_GND 

cs .... __ ~--L.---I__:-L__:~_=_----,t-___ __J 

CS, _---I Tlmmg Pulse Gen 

Read. Write Control n-----i-______ r-______ ~ 

OE_------~ 

• ABSOLUTE MAXIMUM RATINGS 
Item Symbol Rating 

Tenninal Voltage • YT -0.5 •• to +7.0 
Power Dissipation PT 1.0 
Operating Temperature Topr o to +70 
Storage Temperature Tlta -55 to +125 
Storage Temperature (Under Bias) Thias -10 to +85 

• With respect to GND. .. Pulse width sOns: -3.0V 

• TRUTH TABLE 

WE cs. CSt OE Mode I/O Pin 
X H X X Not Selected High Z 
X X L X (power Down) High Z 
H L H H Ou tpu t Disabled High Z 
H L H L Read Dout 
L L H H 

Write 
Din 

L L H L Din 

X: Hor L 

(DP-28) 

• PIN ARRANGEMENT 

Unit 
V 
W 

(Top View) 

·c 
°c 
·c 

Vee Current Note 
188,/881 

188,/882 

Icc,ICCl 
Icc,lcCl 
Icc,lcCl Write Cycle (1) 

ICC,lcCl Write Cycle (2) 

~HITACHI 
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HM6264P Series ---------------------------------

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

Item Symbol min typ max Unit 

Supply Voltage 
Vee 4.5 5.0 5.5 V 

GND 0 0 0 V 

VIH 2.2 - 6.0 V 
Input Voltage 

VlL -0.3' 0.8 V -

• Pulse Width SOns; -3.OV 

• DC AND OPERATING CHARACTERISTICS (VCC = SV±JO%, GND = OV, To ='0 to +70°C) 

Item Symbol Test Condition 

Input Leakage Current IILlI Vin=GND to Vee 

Output Leakage Current Ihol 
CSI=VIH or CS2= VlL or OE=VIH or Wf':=V/L, 
VI/O=GND to Vee 

Operating Power Supply Current I Icc t-SI=VlL. CS2=VIH,llIo=OmA 

Average Operating Current I leel Min. cycle, duty=100%, h/o=OmA 

ISH CSI=VIH or CS2=VlL 

Standby Power Supply Current ISHI" CSI~Vee-0.2V, CS2~Vee -0.2Vor CS2~0.2V 

ISH2" CS2~0.2V 

VOL IOL=2.lmA 
Output Voltage 

! VOH 
--------

I 
IOH=-I.OmA 

• Typlcailimits are at Vee=5.0V, Ta=25°C and specified loading . 
•• VlL min= -0.3V 

• CAPACITANCE (j= IMHz, To = 25°C) 

Item SymbollTest CondlilOn typ max 

Inpu t Capacllance On I Vin = OV - 6 

Input/Output Capacllance CliO I VIIO = OV - 8 

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

• AC CHARACTERISTICS (Vee = 5V±10%. Ta = 0 to +70°C) 

• AC TEST CONDITIONS 
Input Pulse Levels 0.8 to 2.4V 
Input RISe and Fall Times: 10ns 
Input and Output Timing Reference Level 1.5V 
Output Load lTTL Gate and CL = 100pF (including scope and Jig) 

• READ CYCLE 

HM6264p·10 
Item Symbol 

min max 

Read Cycle TIme IRe 100 -

Address Access Time IAA - 100 

I CSI leol - 100 
Oup SelectIOn to Output 

I CS2 [CO2 - 100 

Output Enable to Output Valid IOE - 50 

Chip Selection to 

I 
CSI ILZI 10 -

Output 10 Low Z CS2 ILZ2 10 -
Output Enable to Output in Low Z IOLZ 5 -
ChIp DeselectlOn to I CSI 1HZ] 0 35 
Output in HIgh Z I CS2 IHZ2 0 35 

Output Disable to Output in HIgh Z 10HZ 0 35 

Output Hold from Address Change IOH 10 -

Unit 

pF 

pF 

HM6264P·12 

min max 

120 -

- 120 

- 120 

- 120 

- 60 

10 -

10 -

5 -
0 40 

0 40 

0 40 

)0 -

min typO 

- -

- -

- 40 . 
60 -

- I 

- 0.02 

I - 0.02 

- -
2.4 -

HM6264P-15 

min max 

150 -

- 150 

- 150 

- 150 

- 70 

15 -

15 -
5 -

0 50 

0 50 

0 50 

15 -

max Unit 

2 /lA 

2 /lA 

80 mA 

110 mA 

3 mA 

2 mA 

2 mA 

0.4 V 

- V 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

NOTES; 11HZ and 10HZ 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, 1HZ max is less than tLZ min both for a given device and from 
device to device. 

~HITACHI 
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--------------------------------- HM6264P Series 

• READ CYCLE 

~-----------tRe------

~------tAA------~ 

~----tLZ1---~ 

~---------teo2---_+-~ 

CS2 

Dout---------------------------------------{ 

NOTE: 1) WE is high for Read Cycle 

• WRITE CYCLE 

HM6264P-1O 
Item Symbol 

min max 

Write Cycle Time twe 100 

Chip Selection to End of Write tew 80 -

Address Setup Time lAS 0 -
Address Valid to End of Write lAW 80 -
Write Pulse Width IWp 60 -

I CSI, WE IWRl 5 -
Write Recovery Time 

I CS2 IWR2 15 -
Write to Output in High Z IWHZ 0 35 

Data to Write Time Overlap IDW 40 -

Data Hold from Write Time IDH 0 -
of to Output in High Z 10HZ 0 35 

Output Active from End of Write lOW 5 -

~HITACHI 

HM6264P-12 

min max 

120 -
85 -

0 -

85 -

70 -

5 -

IS -
0 40 

50 -

0 -
0 40 

5 -

HM6264P-15 

min max 

150 -

100 -

0 -
100 -

90 -

10 -

IS -
0 50 

60 -

0 -

0 50 

10 -

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

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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HM6264P Series --------------------------______ _ 

• WRITE CYCLE (1) IOE clock) 

Address 
-----" 

• WRITE CYCLE (2) IOE Low Fix) 

Add ,." ---/~:::=====::t:;:=====::::;__:__;_;/l,------
I ~\L 11\ It \ [~ 
I{ II l:, 

NOTES: 1) A write occurs during the overlap of a low CSl, a~.!gh CS2 and a low 
WE. A write begins at the latest transItion among CSI going low, CS2 
going high and WE gomg low. A wnte ends at the earliest rtansitlOn 
among CSI going high, CS2 gomg low and WE going high. IWp is 
measured from the beginninng of write to the end of write. 

2) lew is measured from the later ofCSI gomg low or CS2 going hIgh to 
the end of wnte. 

3) lAS is measured from the address valid to the beginmng of write. 
4) IWR is measured from the end of write to the address change. 

tWRl apphes in case a write ends at CSI or WE going high. 
tWR2 applies in case a write ends at CS2 going low. 

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

6) If CSI 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 CSI is 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. 

@HITACHI 
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---------------------------------HM6264PSeries 

I. 6 

• 
2 
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8 
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SUPPLY CURRENT vs. 
SUPPLY VOLTAGE 

Ta==2S'C 

..... 

~ 
V 

./" ~ 

4.75 50 525 5.5 

Supply Voltage Vee (V) 

SUPPLY CURRENT vs. FREQUENCY 

1 
200 .. ISO .. 12Q" 10 

0 

V 
9 

,,/ 
./ 

8 

7,.-""""" 
./" 

6 

s O. 0 6 

Frequency (MHz) 

10 

ACCESS TIME vs. SUPPLY VOLTAGE 

1.3 

Ta=2S'C 

2 

1 

.............. r--...... 
-.......... 

t:-.... 

7 
415 50 5.25 55 

Supply VoUage Vee (V) 

::;- 16 .. 
.!:l 
0; 
e 
15 

1 , 

~ 12 

6 

• 

SUPPLY CURRENT vs. 
AMBIENT TEMPERATURE 

Vcc=50V 

r--- -I---
20 40 60 

Ambient Temperature T. ('C) 

80 

ACCESS TIME VI. LOAQ CAPACITANCE 

:;;-.. 
. ~ I 
0; 
e 
15 
~l 

~ 

8 

6 

/ • 
/'" 

V 
2 

-i: 
~ 
.. 1 0/ 

~ 
Ta"'2S'C 
vce =MIN 

e 
i== 
:: 0 .. 
" " « 

8 

6 

13 

~ 

." 
.. 12 
N 

:; 
e 
15 
~ 

I 

~ 10 

~HITACHI 

100 200 300 .00 
Load Capacitance C L (p F) 

ACCESS TIME vs. 
AMBIENT TEMPERATURE 
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..... V 
............-

V 
V~ 

20 60 

Ambient Temperature T" ("C) 
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HM6264P Series ----------------------------------

3 

2 

I 

0 

9 

8 

7 

6 

4 

2 

0 

8 

6 

4 

INPUT LOW VOLTAGE VI. 

SUPPLY VOLTAGE 

Ta=25'C 

-~ ---~ 
45 475 50 ,25 

Su pply Voltage Vee (V) 

OUTPUT CURRENT vs. 
OUTPUT VOLTAGE 

Ta=25"C 
Vcc=5V 

\ 
1\ 

\ , 
r-... 

\ 

Output High Voltage VOH (V) 

55 

~HITACHI 

3 

2 

I 

0 

INPUT HIGH VOLTAGE VI. 

SUPPLY VOLTAGE 

Ta=2S"C 

--~ 9~ 
~ 

8 

7 

6 

, 

2 

0 

8 

6 

4 

475 5.0 5.25 

Supply Voltage Vee (V) 

OUTPUT CURRENT VI. 

OUTPUT VOLtAGE 

~ 

L 
V 

/ Ta=ZS'C 
VCC=SV 

L 
V 

02 o. 06 

Outut Low Voltage VOL (V) 

5.5 

08 
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HM6264FP 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 S,andby and Low Power Operation 

Standby: 0.1mW (typ.). Operation: 200mW (typ.) 
• Completely Static RAM: No clock nor Timing Strobe Required 
• Directly TTL Compatible: All Input and Output 
• Equal Access and Cycle Time 

• BLOCK DIAGRAM 

A. 
A, 
A. 
A, 
A. Row 
A, Decoder 

A" 
A" 

va, 

vo.o-_-h-o{)oo--+-l 

Memory MatrIX 

256X256 

--0 Vee 

~GND 

cs, ----lr--'--=~=:::_--,I_----' Timing Pulse Gen 
cs,o----f 

Read WrHe Conlrol 
WEO------L-___ -r _______ ~ 

OEo---------' 

• ABSOLUTE MAXIMUM RATINGS 
Item Symbol Rating 

Terminal Voltage • VT -0.5 •• to +7.0 
Power Dissipation PT 1.0 
Operating Temperature Topr o to +70 
Storage Temperature Tstg -55 to +125 
Storage Temperature (Under Bias) Tbias -10 to +85 

• With respect to GND. •• Pulse width SOns: -3.0V 

• TRUTH TABLE 

WE CS, CS, OE Mode I/O Pin 
X H X X Not Selected High Z 
X X L X (Power Down) High Z 
H L H H Ou tpu t Disabled High Z 
H L H L Read Dout 
L L H H 

Wnte 
Din 

L L H L Din 

X H or L 

Umt 
V 
W 

'c 
'c 
'c 

~HITACHI 

(Fp·28D) 

• PIN ARRANGEMENT 

NC 

A'l 

A, 

A, 

A, 

A. 

A, 

A, 

A, 

Vee Current 
ISB,IsBI 

ISB,ISB2 

ICC, ICCI 
Icc,IcCI 
Icc,lCCI 

Icc, ICCI 

(Top View) 

Note 

VCC 

A" 

I/O, 

I/O. 

1/0, 

Write Cycle (1) 

Write Cycle (2) 
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HM6264FPSeries ----------------------------------

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

Item Symbol min typ max Unit 

Supply Voltage Vee 4.5 5.0 5.5 V 

GND 0 0 0 V 

VIH 2.2 - 6.0 V 
Input Voltage 

VIL -0.3' O.S V -
• Pulse Width SOns: -3.OV 

• DC AND OPERATING CHARACTERISTICS (Vce = 5V±IO%, GND = OV, Ta = 0 to +70°C) 

Item Symbol Test Condition 

Input Leakage Current IILlI Vin=GND to Vee 

Output Leakage Current Ihol 
CSI=VIH or CS2=VIL or OE=VIH or WE= VIL. 
VI/O=GND to Vee 

Operatmg Power Supply Current Icc CSI=VIL. CS2=VIH.ll/o=OmA 

Average Operating Current leel Min. cycle, duty=IOO%, Ir/O=OmA 

ISB CSI=VIH or CS2=V/L 

Standby Power Supply Current ISBI*· CSI~Vee-0.2V, CS2~Vee-0.2Vor CS2~O.2V 

ISB2** CS2~0.2V 

VOL IOL=2.lmA 
Output Voltage 

VOH IOH=-1.0mA 

• Typicailimits are at Vee=5.0V, Ta=25°C and specified loading . 
•• V/L min=-O.3V 

• CAPACITANCE if= lMHz, Ta = 2S°C) 

Item Symbol Test ConditIOn typ max 

Inpu t Capacitance ein Vin - OV - 6 

Inpu tlOu tpu t Capacitance CliO VI/O - OV - S 

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

• AC CHARACTERISTICS (Vee = 5V±10%, Ta = 0 to +70°C) 

• AC TEST CONDITIONS 
Input Pulse Levels: 0.8 to 2.4V 
Input RIse and Fall T,mes: IOns 
Input and Output TImIng Reference Level: 1.5V 
Output Load: lTTL Gate and CL = 100pF (oneludlng scope and IIgl 

• READ CYCLE 

UnIt 

pF 

pF 

Item Symbol 
HM6264FP-IO 

min max 
Read Cycle Time tRC 100 -

Address Access Time tAA - 100 

Chip Selection to Output 
l CSI tCOl - 100 

I CS2 tC02 - 100 

Output Enable to Output Valid tOE - 50 

Chip Selection to Output I CSI tLZl 10 -
in Low Z I CS2 tLZ2 10 -

Output Enable to Output in Low Z tOLZ 5 -

Chip Deselection to Output I CSI tHZl 0 35 
in High Z I CS2 tHZ2 0 35 
Output Disable to Output in High Z tOHZ 0 35 

Output Hold from Address Change tOH 10 -

HM6264FP-12 

min max 

120 -

- 120 

- 120 
- 120 

- 60 

10 -

10 -

5 -

0 40 

0 40 

0 40 

10 -

min typO 

- -

- -

- 40 

- 60 

- I 

- 0.02 

I 
- 0.02 

- -

2.4 -

HM6264FP-15 

min max 

150 -
- 150 

- 150 
- ISO 

- 70 

15 -

15 -

5 -

0 50 

0 50 

0 50 

15 -

max Unit 

2 p.A 

2 p.A 

SO rnA 

110 rnA 

3 rnA 

2 rnA 

2 rnA 

0.4 V 

- V 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

NOTES: I tHz and tOHZ are defined as the time at which the outputs achieve the open circuit condition and are not referred 
to output voltage levels. 

2 At any given temperature and voltage condition, tHZ max IS less than tLZ min both for a given device and from 
device to device. 
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--------------------------------HM6264FP Series 

• READ CYCLE 

r-----------tRc------

r-------rAA-------~ 

CS2 

~---rLZJ---~ 

~---------rC02---_+-~ 

Dout-----------------------------------------< 

NOTE: 1) WE is high for Read Cycle 

• WRITE CYCLE 

HM6264FP-IO 
Item Symbol 

min max 

Write Cycle Time twc 100 -

Chip Selection to End of Write tcw 80 -

Address Setup Time tAS 0 -

Address Valid to End of Write tAW 80 -

Write Pulse Width fWP 60 -

leSl, WE tWRI 5 -
Write Recovery Time 

I CS2 tWR2 15 -

Write to Output in High Z tWHZ 0 35 
Data to Write Time Overlap rDW 40 -

Data Hold from Write Time tDH 0 -

OE to Output in High Z tOHZ 0 35 

Output Active from End of Write tow 5 -

~HITACHI 

HM6264FP-12 HM6264FP-15 

min max min max 

120 - 150 -
85 - 100 -

0 - 0 -

85 - 100 -

70 - 90 -

5 - 10 -

15 - 15 -

0 40 0 50 

50 - 60 -

0 - 0 -

0 40 0 50 

5 - 10 -

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

Unit 

ns 
ns 

ns 
ns 

ns 

ns 

ns 

ns 

ns 

ns 
ns 

ns 
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HM6264FP Series __________________________________ _ 

164 

• WRITE CYCLE (1) IOE clock) 
lwe 

Address 
--_--/ 

CS2 

WE __________________ ~~~~~~I 

Dout __ +-+++++++++++"'* __________ +-________________ _ 
tDW tDH 

nm--------<.J~_~~ 

• WRITE CYCLE (2) IOE Low Fix) 

1>< 

It It (21 

Wf ------i---------~I\~~ __ ----~,,~,~II~I----_V~--lr-----------
I~\I n 

/WHZ to. 

I" 

lJlfl --------------------------<')C'lr------------.,P,~~:,E1~-

NOTES: I) A write occurs du~ the overlap of a low CSl, a h~ CS2 and a low WE. A write begins at the latest 
transiti2!'..i'mong CSI going low, CS2 going high and WE going low. A write ends at the earliest transtion 
among CSI going high, CS2 going low and WE going high. twp is measured from the beginning of write 
to the end of write. 

2) tew is measured from the later ofCSl going low or CS2 going high to the end of write. 
3) tAS is measured from the address vahd to the beginning of write. 
4) tWR IS measured from the end of wnte to the address change. 

tWR I applies in case a write ends a-t CSI or WE going high. 
tWR2 applies in case a write ends at CS2 going low. 

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

6) If CSI 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 CSI IS low and CS2 is high dunng 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. 

~HITACHI 
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HM6264LP Series 

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

• FEATURES 
• Fast access Time 1 00ns/120ns/150ns (max.) 
• Low Power Standby Standby: O.OlmW(typ.) 

Low Power Operation Operating: 200mW (typ.) 
• Capability of Battery Back-up Operation 

• Single +5V Supply 
• Completely Static Memory ..... No clock or Timing Strobe Required 
• Equal Access and Cycle Time 
• Common Data Input and Output, Three State Output 
• Directly TTL Compatible: All Input and Output 
• Standard 28pin Package Configuration 
• Pin Out Compatible with 64K EPROM HN482764 

• BLOCK DIAGRAM 

A. o---+=ii:t::::f-i 
A, 
A, 
A. 
A. 
A. 
Au 
An 

--0 Vee 

VO, o--~-CI---+-i 

va. -r--frDr---H 

R,. 
Decoder 

Memory Matrlx 

Z56X256 

--0 GND 

CS, o----r--'--=-..<-~-::---1-___ ...J 
CS, o---~ Tlmmg Pulse Gen 

Read WrIte Control 

wEo----L ___ ~----~ 

OEo--------...J 

• ABSOLUTE MAXIMUM RATINGS 

Item Symbol Rating Umt 
Terminal Voltage • VT -0.5 •• to +7.0 V 
Power Dissipation PT 1.0 W 
Operating Temperature Topr o to +70 'c 
Storage Temperature Tstl -55 to +125 'c 
Storage Temperature (Under Bias) ]blas -10 to +85 'c 

• W,th respect to GND •• Pulse WIdth 50ns' -3.0V 

• TRUTH TABLE 

WE CS, CS, OE Mode 1/0 Pin 
X H X X Not Selected High Z 

X X L X (Power Down) High Z 

H L H H Ou tpu t Disabled High Z 
H L H L Read Dout 

L L H H 
Write 

Din 
L L H L Din 

X: H or L 

~HITACHI 

(DP-28) 

• PIN ARRANGEMENT 

(Top View) 

Vee Current Note 

fSB,fsBl 
fSB,fsB2 
fcc, feel 
fee,feel 
fcc, feel Write Cycle (1) 

fcc, feel Write Cycle (2) 

Hitachi America Ltd .• 2210 O'Toole Avenue • San Jose, CA 95131 • (408) 435-8300 
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HM6264LP S.rl .. ------------------------------

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

Item Symbol min typ max Unit 

Supply Voltage Vee 4.5 5.0 S.5 V 
GND 0 0 0 V 

VlH 2.2 - 6.0 V 
Input Voltage 

VIL -0.3· - 0.8 V 

• Pulse Width SOns: -3.OV 

• DC AND OPERATING CHARACTERISTICS (Vee = SV± I 0%, GND = OV, To = 0 to +70°C) 

Item Symbol Test Condition -
Jnpu t Leakage Curren t IILlI Vin=GND to Vee 

Output Leakage Current Ihol CSI=VlH or CS2= VIL or OE=VlH orWE=V'L, 
Vl/O=GND to Vee 

Operating Power Supply CUrrent lee CSI=VIL, CS2=VJH,ll/o=OmA 

Average Operating Current leel Min. cycle, duty=IOO%, hIO=OmA 

ISB CSI-VJH or CS2=VIL 

Standby Power Supply CUrrent ISBI" CSI~Vee-0.2V, CS2;:;Vee-0.2Vor CS2;:;l0.2V 

ISB2" CS2~0.2V 

VOL IOL=2.lmA 
Ou tpu t Voltage 

VOH IOH=-I.OmA 

o Typical limits are at Vee=5.0V, Ta=25°C and specified loading. 
O. VIL min=-0.3V 

• CAPACITANCE (/= IMHz, To = 2S°C) 

Item Symbol Test Condition typ max 

Input Capacitance ein Vin = OV - 6 

Input/Output Capacitance el/o VI/O = OV 8 

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

• AC CHARACTERISTICS (VCC = 5V±10%, Ta = 0 to +70°C) 

• AC TEST CONDITIONS 
I nput Pulse levels 0.8 to 2.4V 
Input Rise and Fall T,mes. IOns 
Input and Output TImIng Reference level: 1.5V 
Output load. lTTl Gate and CL = 100pF (IncludIng scope and JIg) 

• READ CYCLE 

HM6264LP-10 
Item Symbol 

mm max 

Read Cycle Time IRe 100 -
Address Access Time IAA - 100 

ChiP Selection to Output 1 CSI leOI - 100 

CS2 le02 - 100 

Output Enable to Output Valid IOE - 50 

ChiP Selection to I CSI ILZI 10 -
OUtputID Low Z I CS2 ILZ2 10 -
Output Enable to Output in Low Z IOLZ 5 -

Chip Deselectlon to l CSI 1HZ I 0 35 

Output in High Z I CS2 IHZ2 0 35 

Output Disable to OUtPUtID High Z 10HZ 0 35 

Output Hold from Address Change IOH 10 -

Umt 

pF 

pF 

HM6264LP-12 

min max 

120 -
- 120 

- 120 

- 120 

- 60 

10 -

10 -

5 -

0 40 

0 40 

0 40 

10 -

min typO 

- -
- -

- 40 

- 60 

- I 

- 2 

- 2 

- -

2.4 -

HM6264LP-15 

mm max 

150 -
- 150 

- 150 

- 150 

- 70 

15 -

15 -
5 -

0 50 

0 50 

0 50 

IS -

max Unit 

2 "A 

2 "A 

80 rnA 

110 rnA 

3 rnA 

100 "A 

100 "A 

0.4 V 

- V 

Umt 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

NOTES: 11HZ and '0HZ 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, 1HZ max IS less than 'LZ mm both for a given deVice and from 
deVice to deVice. 

• HITACHI 
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--------------------------------HM6264LP Series 

• READ CYCLE 

~----------tRc----------~ 

I 
Dout---------------------------------------{ 

NOTE: I) WE is high for Read Cycle 

• WRITE CYCLE 

HM6264LP-10 HM6264LP-12 HM6264LP-15 
Item Symbol UOIt 

mOl max min max min max 

Write Cycle Time twc 100 - 120 - 150 - ns 

Chip Selection to End of Write tcw 80 - 85 - 100 - ns 

Address Setup Time tAS 0 - 0 - 0 - ns 

Address Valid to End of Write tAW 80 - 85 - 100 - ns 

Write Pulse Width twp 60 - 70 - 90 - ns 

I CSI, WE tWRl 5 - 5 - 10 - ns 
Write Recovery Time 

I CS2 tWR2 15 - 15 - 15 - ns 

Write to Output in High Z tWHZ 0 35 0 40 0 50 ns 

Data to Write Time Overlap tDW 40 - 50 - 60 - ns 

Data Hold from Write Time 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 

~HITACHI 
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HM6264LP Series ---------------------_________ _ 

• WRITE CYCLE 111 IOE clock I 
t.r 

Address --_-/ 

CS2 

",,", =t2~t:Z.:t:ttti~t:?II---~j:=:::;::=::;_--1C1M lOR 

ilm -----------<..-.!. ____ -'-~l:J.~ 
• WRITE CYCLE 121 IOE Low Flxl 

tw, 

t .. 

Icw(2) 

'h' 

~ ------t---------~~'\~------~I.~,(~I~I----~----t_~-----------
I~~I 11 

/IIHl tow 

10. tON 

ilm --------------------------( 

NOTES. I) A write occurs du~ the overlap of a low CSl, a h~ CS2 and a low WE. A write begins at the latest 
tranSItion among CSI going low, CS2 gOing hIgh and WE going low. A write ends at the earliest transtion 
among CSI gOing hIgh, CS2 gOing low and WE going high. twp is measured from the beginning of write 
to the end of write. 

2) tew IS measured from the later ofCSI gOing low or CS2 gOing high to the end of write. 
3) (AS IS measured from the address vahd to the beginnIng of write. 
4) tWR IS measured from the end of write to the address change. 

tWR I apphes 10 case a write ends a't CSI or WE gomg hIgh. 
tWR 2 apphes 10 case a write ends at CS2 gomg low. 

5) DUring thIs period, I/O pms are 10 the output state, therefore the mput SIgnals of oPPosIte phase to the 
outputs must not be apphed. 

6) If CSI goes low SImultaneously wIth WE gomg low or after WE gomg low, the outputs remam in high 
Impedance state 

7) Dout IS the same phase of the latest written data 10 this write cycle. 
8) Dout IS the read data of next address. 
9) If CS I IS low and CS2 is hIgh durmg thIS period, I/O pins are 10 the output state. Therefore, the input 

SIgnals of oppoSIte phase to the outputs must not be apphed to them. 

$ HITACHI 
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--------------------------------HM6264LPSeries 

• LOW Vee DATA RETENTION CHARACTERISTICS (Ta = 0 to +70 0c) 

Item Symbol 

VDRI 
V CC for Data Retention 

VDR2 

ICCDRI 
Data RetentIOn Current 

ICCDR2 
Chip Deselect to Data Retention 

tCDR Time 

Operation Recovery Time tR 

• VIL min = -0.3Y, 20/loA max at Ta=0-40·C 
.. tRC = Read Cycle Time 

Test Condition 

CSI ~ Vee - O.2V,CS2~Vee-O.2Vor CS2;i;O.2V 

CS2 < 0.2V 
V CC - 3.0V, CSI f; V CC - 0.2V, 
CS2 > V CC - 0.2V or CS2 < 0.2V 

VCC= 3.0V,CS2 ~ 0.2V 

See Retention Waveform 

• LOW Vee DATA RETENTION WAVEFORM (1) (CS1 Controlled) 

tCDR-+ ______ ~D~at~a~R~e~t~en~t~io~n~M~o~d~e __ . _____ r_-
VCC--+----" 

4.5Y- - --

CSI~VCC -0.2Y 

min 
2.0 

2.0 

-

-

0 

tRC" 

OV - - - - - - - - - - - - - - - - - - - -. - - - - .- - - - - - - - - - - - - - - - - --

• LOW Vee DATA RETENTION WAVEFORM (2) (CS2 Controlled) 

0.4Y-
CS2 ~ 0.2Y 

typ max 
- -

-
I 50' 

I 50' 

- -

- -

OV - - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - -. - - - - - - - - - - - - -

NOTE: In Data Retention Mode, CS2 controls the Address, WE, CSI, OF: and Dm 
buffer. If CS2 controls data retention mode, Yin for these mputs can be in 
the high impedance state. If CSI controls the data retention mode, CS2 
must satisfy either CS2 > Vcc-0.2Y or CS2 .$: 0.2Y. The other input 
levels (address, WE, OE, I/O) can be in the high impedance state. 

~HITACHI 
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Unit 

V 

V 

/loA 

/loA 

ns 

ns I 
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HM6264LP Series -----------____________________ _ 

6 

• 

2 

0 

8 

6 

• 

1 

9 

8 

SUPPLY CURRENT vs. 
SUPPLY VOLTAGE 

To=25'C 

~ 
V 

."......... ~ 

475 50 525 

Supply Voltage Vee (V) 

SUPPLY CURRENT n. 
FREQUENCY 

200 .. 150", 1""'. 

.... 

55 

100. 

V 
/' 

V 

... 
~ 
(j 
~ 

1.6 

1.0 

r:: 0.8 

~ 
" U 0.6 ... 
Q. 
Q, 

~ o . • 

8 

6 

• 
2 

SUPPL Y CURRENT VS. 

AMBIENT TEMPERATURE 

Vcc=SOV 

t:::::----.... --r---r--

40 60 80 

Ambient Temperature To <"C) 

ACCESS TIME VS. 

LOAD CAPACITANCE 

V 
..,../ V 

i-" 
To ""25'C 
Vcc=MIN 

'I ----

vV o~ 
6 

5 

3 

2 

1 

tl 

9 

8 

, 

Frequency (MHz) 

ACCESS TIME VS. 

SUPPLY VOLTAGE 

............ 
'-... 

10 

TG=2S·C 

-.......... 
'-... 

475 50 525 

Supply Voltage Vee (V) 

~HITACHI 

8 

6 

3 

2 

1 

0 

9 

8 

, 

100 200 300 400 

Load Capacitance CL (pF) 

ACCESS TIME VS. 

AMBIENT TEMPERATURE 

Vcc=50V. 

V 
L 

V 

~ 

.0 60 

Ambient Temperature To ("C) 
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-------------------------------- HM6264LP Series 

3 

2 

I 

INPUT LOW VOLTAGE VI. 

SUPPLY VOLTAGE 

To=25"C 

-~ 0 

9 

8 

7 

6 

• 
2 

0 

o. 8 

6 

• 

0 

5 

----
'.5 .75 5.0 525 

Supply Voltage Vee (V) 

OUTPUT CURRENT VI. 

OUTPUT VOLTAGE 

\ 
\ 
\ 

\ 
1\ 

\ 

Ta=25'C 
vcc=SV 

Output High Voltage VOH (V) 

STANDBY CURRENT vs. 
AMBIENT TEMPERATURE 

/ 
V 

/ 
o V 

5/ 
V 

I 
1.0 .0 60 

Ambient Temperature To <"C) 

5.5 

~HITACHI 

3 

, 

I 

0 

• 
8 

7 

6 

4 

2 

0 

8 

6 

• 

• 
, 

0 

8 

6 

INPUT HIGH VOLTAGE 
VI. SUPPLY VOLTAGE 

Ta=25"C 

--l---

----~ 
4S .75 50 525 

Supply Voltage Vee (V) 

OUTPUT CURRENT VI. 

OUTPUT VOLTAGE 

I 

/ 
V 

/ 
/ 

/ 

0' o. 06 

Ta=2S"C 
Vcc =sv 

Output Low Voltage VOL (V) 

STANDBY CURRENT VI. 

SUPPLY VOLTAGE 

55 

08 

To = 25'C / 
[7 

/ 
.... V 

V 
·V , 

Supply Voltage Vee (V) 
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HM6264LFP 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: 10j.lW (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 

A"~~===r-I A, 
A. 
A, 
A. 
A, 

~ow Memory Matrix 
2'i6-<2'i6 

~v(( 

--0 GND 

A" 
A" 

L 0, c>--~--t:.--t-j 

I (I, o-~+r-Dr--+-l 

",0----1 

. 
[x-cod\>r • 

Tlmmg Pulse Gen 

i{,'ad yo, rIll' Control 
\II O----{ ____ ,-____ --l 

'J! C>----------' 

• ABSOLUTE MAXIMUM RATINGS 
Item Symbol Rating 

Terminal Voltage • VT -0.5 •• to +7.0 
Power DlsSlpa tion PT 1.0 
Operating Temperature Topr o to +70 
Storage Temperature Ts!, -55to+125 
Storage Temperature (Under B,as) Tbias -10 to +85 

• W,th respect to GND. •• Pulse wIdth SOns: -3.0V 

• TRUTH TABLE 
WE CS, CS, OE Mode 1/0 Pin 

X H X X Not Selected High Z -
X X L X (Power Down) High Z 
H L H H Ou tpu t Disabled High Z 
H L H L Read Dout 
L L H H 

Write 
Din 

L L H L Din 

X: H or L 

Untt 
V 
W 

°c 
°c 
°c 

@HITACHI 

(FP-28D) 

• PIN ARRANGEMENT 

NC VCC 

AI> 

A, 

A, A. 

A, A, 

A, 

A, 

A, 

(Top View) 

VCC Current Note 
IS8,/S8l 
IS8,/S82 
Icc,lcCl 
Icc,lcCl 
Icc,ICCl Write Cycle (I) 
Icc,lcCl Write Cycle (2) 

HItachi Amenca Ltd .• 2210 O'Toole Avenue • San Jose, CA 95131 • (408) 435·8300 



------------------------------------- HM6264LFP Series 

• RECOMMENOEO DC OPERATING CONDITIONS (To = 0 to +70°C) 

Item Symbol min typ max Unit 

Vee 4.5 5.0 5.5 V 
Supply Voltage 

GND 0 0 0 V 

VIH 2.2 - 6.0 V 
Inpu t Voltage 

VlL -0.3* - 0.8 V 

* Pulse WIdth SOns: -3.0V 

• DC AND OPERATING CHARACTERISTICS (VCC = SV±IO%, GND = OV, To = 0 to +70°C) 

Item Symbol Test ConditIOn -
Input Leakage Current IILlI Vin=GND to Vee 

Output Leakage Current Ihol 
CSI=VIH or CS2=VlL or OE=VIH or WE= VlL , 
Vl!o=GND or Vee 

Operating Power Supply Current Icc CSI=VlL, CS2=VIH, 11!o=OmA 

Average Operating Current leel Min. cycle, duty=IOO%, Ir;o=OmA 

ISB CSI=VIH or CS2= VlL 

Standby Power Supply Current ISB1** CSI~Vee-0.2V, CS2;;;Vee -0.2Vor CS2~0.2V 

ISB2*' CS2~0.2V 

VOL IOL=2.lmA 
Output Voltage 

VOH IOH=-1.0mA 

* TYPlcailimits are at Vee=S.OV, Ta=2SoC and specified loading. 
*" VlL min=-0.3V 

• CAPACITANCE (f= IMHz, To = 25°C) 

Item Symbol Test Condition typ max 

Input Capacitance Cin V," = OV - 6 

Input/Output Capacitance Cl/O Vl/O = OV - 8 

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

• AC CHARACTERISTICS (Vee = 5V±10%, Ta = 0 to +70°C) 

• AC TEST CONDITIONS 
Input Pulse Levels: 0.8 to 2.4V 
Input Rise and Fall TImes. 10ns 
Input and Output Tlmong Reference Level' 1.5V 
Output Load: lTTL Gate and CL = 100pF (oncluding scope and Jlgl 

• READ CYCLE 

Item 
HM6264LFp·10 

Symbol 
min max 

Read Cycle Time tRC 100 -

Address Access Time tAA - 100 

ChIp Selection to Output L CSI tcO] - 100 

I CS2 tC02 - 100 
Output Enable to Output Valid tOE - 50 

ChIp Selection to Output I CSI tLZ] 10 -
in Low Z I CS2 tLZ2 10 -

Output Enable to Output In Low Z tOLZ 5 -

Chip Deselection to I CSI tHZ] 0 35 
Output in High Z I CS2 tHZ2 0 35 
Output Disable to Output in High Z tOHZ 0 35 
Output Hold from Address Change tOH 10 -

UOlt 

pF 

pF 

HM6264LFP-12 

min max 

120 -
- 120 

- 120 

- 120 
- 60 

10 -
10 -

S -
0 40 

0 40 

0 40 

10 -

mm typO max 

- - 2 

- - 2 

- 40 80 

- 60 110 

- I 3 

- 2 100 

- 2 100 

- - 0.4 

2.4 - -

HM6264LFP-15 

min max 

ISO -

- ISO 
- 150 
- ISO 
- 70 

IS -

IS -

S -

0 50 

0 50 

0 50 

IS -

Unit 

IlA 

IlA 

rnA 

rnA 

rnA 

IlA 

IlA 

V 

V 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

NOTES: I tHZ and tOHZ are defined as the time at which the outputs achieve the open circuit condition and are not referred 
to output voltage levels. 

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

$ HITACHI 
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HM6264LFP Series --------------------------------

eREADCYCLE 

~----------tRc---------~ 

Dout---------------------------------------< 

NOTE: 1) WE is high for Read Cycle 

• WRITE CYCLE 

HM6264LFP-I0 HM6264LFP-12 HM6264LFP-15 
Item Symbol Unit 

min max min max mm 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 

l CSI,WE tWRI 5 - 5 - 10 - ns 
Write Recovery Time 

I CS2 tWR2 15 15 15 - - - ns 

Write to Output in High Z tWHZ 0 35 0 40 0 50 ns 

Data to Write Time Overlap tDW 40 - 50 - 60 - ns 

Data Hold from Write TIme 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 

~HITACHI 
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-----------------------------------------------------------HM6264LFPS.riea 

• WRITE CYCLE 111 IOE clock 1 

1-- ---- twe . ------< 

Address===X ~,..---
, (4)' 

CS2 ...... "'"""''''4~:=±~ tAW- --twRI 
tAS(3);!., ~twP , 

WE I i\\\ & [I) M'"';.,...;.,..,//,..,..?I.,.,Z..,.,/0.~//...,. 
I tOHz[ST I 

Dout » ) )) » » ) » ) t~·-_-_ ::-tD-H--

~-------------C<I~~~~?x~S~x 

• WRITE CYCLE 12110E L_ Fixl 

1------- twe ----

Address 

CSI 

CS2 

WE 
tAS(3) 

Dout 

~ 

NOTES: I) A write occurs during the overlap of a low CS I, a !!!p CS 2 and a low 
WI!. A write be&!!! at the latest tra~sition among CSI going low, CS2 
going hiBb and WE going low. A write ends at the earliest transtion 
among C!i going high, CS2 going 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 CSI going low or CS2 going high to 
the end of write. . 

3) tAS is measured from the address valid to the beginning of write. 
4) tWR is measured from the end of write to the address change. 

tWRl applies in case a write ends at CSI or WE going high. 
tWR2 applies in case a write ends at CS2 going low. 

S) During this period,l/O pins are in·the output state, therefore the input 
~s 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 impedance state. 

7) Dout is the fIlme phase of the latest written data in this write cycle. 
8) Dout is the read data of next address. 
9) If C!i is 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 appUed to them. 

$ HITACHI 
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HM6264LFP Series __________________________________ _ 

• LOW Vee DATA RETENTION CHARACTERISTICS (Ta = 0 to +70 °C) 

Item Symbol 

VDR1 
Vee for Data Retention 

VDR2 

ICCDRI 
Data Retention Current 

ICCDR2 
Chip Deselect to Data Retention 

tCDR Time 

Operation Recovery Time tR 

• V/L min = -0.3V, 20"A max at Ta=O -40°C . 
•• tRC = Read Cycle Time 

Test Condition 

CSI ~ Vee - O.2V,CS2~Vee-O.2Vor CS2;;>O.2V 

CS2 < 0.2V 
VCC= 3.0V, CSt ~ VCC -0.2V, 
CS2 ~ V CC - 0.2V or CS2 ~ 0.2V 

V CC = 3.0V, CS2 ~ 0.2V 

See Retention Waveform 

• LOW Vee DATA RETENTION WAVEFORM 111 ICS1 Controlled I 

Data Retention Mode 

CS1~VCC - 0.2V 

min typ max 

2:0 - -

2.0 -

- I 50· 

- t 50· 

0 - -

tRC·· - -

OV ~ - - - - - - - -- - - - - - - - - - ~- - - - - - - - - - - - - - - - - - - - - - -- - - - --~ 

• LOW Vee DATA RETENTION WAVE·FORM 121 ICS2 Controlled I 

VCC--------------~ 

4.5V - - - - - - - - --- ~ 

CS2--~ 

VDR2 - - - --

0.4V- -

Data Retention Mode 

CS2 'f 0.2V 
OV· - - ~ ~ - - - - ~ - - - - - - - - - - - - - ~- - - - - - - - - - - - - - - - ~ - - - - - -- - --

NOTE: In Data Retention Mode, CS2 controls the Address, WE, CSt, OE and Din 
buffer. If CS2 controls data retention mode, Yin for these inputs can be In 

the high impedance state. If CSI controls the data retention mode, CS2 
must satisfy either CS2 ~ Vcc-0.2V or CS2 ~ 0.2V. The other input 
levels (address, WE, OE, I/O)can be in the high impedance state. 

@HITACHI 
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HM6264LP-L Series 

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

• FEATURES 
• Fast access Time 1 OOnsl120ns/150ns (max_) 
• Low Power Standby Standby: O.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 

A.- --f~=rl A,:--
• PIN ARRANGEMENT 

--0 Vee 
A. 
A, 
A. 
A, 
Au 
A" 

Ro. Memory Matrtx 
2S6X256 

~LND NC VCC . 
Decoder • 

A" 

A, 

VQ,o---.i-b--I-I 

A, 

A, 

cs. __ ~r-....J...-=---::-:-::-----,I-__ ----J 

CS, _---l Tlmmg Pulse Gen 

A, 

Read Write Control WEo-----1-______ .-______ ~ 

QEo--------~ 

• ABSOLUTE MAXIMUM RATINGS 
Item Symbol Ratmg Umt 

Terminal Voltage 0 VT -0.5 00 to +7.0 V 
Power Dissipation PT 1.0 W 
Operatmg Temperature Topr o to +70 ·C 

(Top View) 

Storage Temperature Tstl -55to+125 ·C 
Storage Temperature (Under Bias) Tb.as -10 to +85 ·C 

• With respect to GND 00 Pulse width 50ns: -3.0V 

• TRUTH TABLE 

WE CS, CS, OE Mode 1/0 Pin VCC Current Note 
X H X X Not Selected High Z ISB,/sBl 

X X L X (Power Down) High Z ISB,/SB2 

H L H H Output Disabled High Z Icc, Icc 1 

H L H L Read Dout Icc,ICCl 
L L H H 

Write Din iCC,lCCl Write Cycle (I) 

L L H L Om Icc,ICCl Write Cycle (2) 

X: Hor L 

~HITACHI 
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HM6264LP·LS.ies------------------------------------------------__________ __ 

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

Item Symbol min typ max Unit 

Supply Voltage 
Vee 4.5 5.0 5.5 V 

GND 0 0 0 V 

VIH 2.2 - 6.0 V 
Inpu t Voltage 

VIL -0.3· - 0.8 V 

• Pulse Width SOns: -3.0V 

• DC AND OPERATING CHARACTERISTICS (Vee = 5V±IO%, GND = OV, To = 0 to +70°C) 

Item Symbol Test Condition 
-

Inpu t Leakage Curren t IILlI Vin=GND to Vee 

Output Leakage Current Ihol 
CSI=VIH or CS2=VIL or OE=VIH or WE=V/L, 
VI/O=GND to Vee 

Operating Power Supply Current Icc CSI=VIL. CS2=VIH,iI;o=OmA 

Average Operating Current leel Min. cycle, duty= 100%, h;o-OmA 

ISB CSI=VIH or CS2= VIL 

Standby Power Supply Curren t ISBl·· CSI~Vcc-0.2V, CS2~Vcc-0.2Vor CS2;;l0.2V 

ISB2·· CS2~0.2V 

VOL IOL=2.lmA 
Output Voltage 

VOH IOH=-I.OmA 

• Typical limits are at Vee=5.0V, To=25°C and specified loadmg . 
•• VIL min=-0.3V 

• CAPACITANCE (/= IMHz, To = 25°C) 

Item Symbol Test Condition typ max 

Inpu I Capacitance em Vm - OV - 6 

Inpu tlOu tpu t Capaci tance CliO Vl/O = OV - 8 

Note) This parameter IS sampled and nol 100% tested. 

• AC CHARACTERISTICS (VCC = 5V±10%, Ta = 0 to +70°C) 

• AC TEST CONDITIONS 
Input Pulse Levels 0.8 to 2.4V 
Input RIse and Fall T,mes' 10ns 
Input and Output TImIng Reference Level 1 5V 
Output Load lTTL Gate and CL = 100pF (includIng scope and Jlgi 

• READ CYCLE 

HM6264LP·IOL 
Item Symbol 

mm max 

Read Cycle Time tRe 100 -

Address Access Tune tAA - 100 

I CSI teol - 100 
ChiP Selection to Output 

I CS2 100 teo2 -
Output Enable to Output Valtd tOE - 50 

ChiP SelectIOn to I CSI tLZI 10 -

Output ID Low Z I CS2 tLZ2 10 -

Output Enable to Output in Low Z tOLZ 5 -

ChiP Deselectlon to I CSI tHZI 0 35 

Ou tpu t in High Z I CS2 tHZ2 0 35 

Output Disable to Output ID High Z tOHZ 0 35 

Output Hold from Address Change tOH 10 -

Umt 

pF 

pI' 

HM6264LP·12L 

mID max 

120 -

- 120 

- 120 

- 120 

- 60 

10 -

10 -
5 -

0 40 

0 40 

0 40 

10 -

min typO max 

- - 2 

- - 2 

- 40 80 

- 60 110 

- I 3 

- 2 50 

- 2 50 

- - 0.4 

2.4 - -

HM6264Lp·15L 

mID max 

150 -
- 150 

- 150 

- 150 

- 70 

15 -
15 -

5 -

0 50 

0 50 

0 50 

15 -

Unit 

jJoA 

jJoA 

rnA 

rnA 

rnA 

jJoA 

jJoA 

V 

V 

Umt 

os 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

NOTES. 11HZ and 10HZ are defined as the time at which the outputs achieve the open circuit condition and are nol referred 
to output voltage levels. 

2 At any given temperature and voltage condition, tHZ max IS less than 1LZ mm both for a given deVice and from 
deVice to deVice. 
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. ______________________________ HM6264LP_L Series 

• READ CYCLE 

~------------tRe--------------~ 

Dout-----------------------------------------< 

NOTE: 1) WE is high for Read Cycle 

• WRITE CYCLE 

HM6264LP-IOL HM6264LP-12L HM6264LP-15L 
Item Symbol Unit 

min max min max min max 

Write Cycle Time Iwe 100 - 120 - ISO - ns 

Chip Selection to End of Write lew 80 - 85 - 100 - ns 

Address Setup Time lAS 0 - 0 - 0 - ns 

Address Valid to End of Write lAW 80 - 85 - 100 - ns 

Write Pulse Width IWp 60 - 70 - 90 - ns 

I CSI, WE tWRl 5 - 5 - 10 - ns 
Write Recovery Time 

I CS2 tWR2 IS - IS - IS - ns 

Write to Output in High Z tWHZ 0 35 0 40 0 50 ns 

Data to Write Time Overlap tDW 40 - 50 - 60 - ns 

Data Hold from Write Time IDH 0 - 0 - 0 - ns 

OE to Output in High Z tOHZ 0 35 0 40 0 50 ns 

Ou tpu t Active from End of Write tow 5 - 5 - 10 - ns 

~HITACHI 
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HM6264LP-L Series-------------------____________ _ 

• WRITE CYCLE 111 (OE clock I 
'or 

CS2 

Dm _______________ ~ 

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

• WRITE CYCLE (21 (OE Low Fixl 
,,, 

, .. 
fcw(21 

'01 

1(1112) 

if ---i-----~I'~~~---~I.~,~rlll--~_v~-I1-~-----
1,o,:.Il! 

t"HZ 

I .. 

llm----<Xt===::mB®_ 
NOTES. I) A WrIte occurs du~ the overlap of a low CSI, a hi8!!..CS2 and a low WE. A write begins at the latest 

transitIOn among CSI going low, CS2 gOing high and WE going low. A WrIte ends at the earliest transtion 
among CS I gOing hIgh, CS2 gOing low and WE going high. twp IS measured from the beginning of write 
to the end of WrIte. 

2) tew IS measured from the later of CSI gOing low or CS2 gOing high to the end of write. 
3) tAS IS measured from the address vahd to the beginmng of WrIte. 
4) tWR is measured from the end of WrIte to the address change. 

tWR 1 applies in case a WrIte ends at CSI or WE gomg hIgh. 
tWR 2 apphes in case a WrIte ends at CS2 gOing low. 

5) DUrIng thIs perIod, I/O pms are in the output state, therefore the Input signals of opposite phase to the 
outputs must not be apphed. 

6) If CSI 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 CSI is low and CS2 is high dUrIng thIs period, I/O pms 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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---------------------------------HM6264LP-L Series 

• LOW Vee DATA RETENTION CHARACTERISTICS (To = 0 to +70 0c) 

Item Symbol 

VDR1 
Vee for Data Retention 

VDR2 

lCCDRl 

Data Retention Current 
lCCDR2 

Chip Deselect to Data Retention 
tCDR Time 

Operation Recovery Time tR 

• VIL mlO = -0.3V. 10/JA max at To = 0 - 40°C 
•• t RC = Read Cycle Time 

Test Condition 

CSI ~ V cc ~ O.2V,CS2~V cc ~ O.2V or CS2;2;O.2V 

CS2:S; 0.2V 
V CC ~ 3.0V, CSI ~ V CC ~ 0.2V, 
CS2 > V CC - 0.2V or CS2 :s; 0.2V 

V CC = 3.0V, CS2;::; 0.2V 

See RetentIon Waveform 

• LOW Vee DATA RETENTION WAVEFORM (1l (CS1 Controlled 1 

tCDR-+----------~D~at~a~R~e~t~en~t~lo~n~M~o=de~--------_r--

CSI~VCC - O.2V 

OV-~--~~--~--~~--~- -~-

• LOW Vee DATA RETENTION WAVEFORM (21 (CS2 Controlled 1 

VCC--------------~ 

4.5V~--- ----~---

CS2:---~ 

VDR2 - - ~--

0.4V -

ov- - ~ - - ~ -

Data Retenuon Mode 

CS2 ~ 0.2V 

NOTE: In Data RetenUon Mode, CS2 controls the Address, WE, CSI, OE" and DIO 
buffer. If CS2 controls data retentIOn mode, Yin for these inputs can be 10 

the hIgh Impedance state. If CS1 controls the data retentIOn mode, CS2 
must sausfy either CS2 ? Vcc-O.2V or CS2 .:s; 0.2V. The other input 
levels (address, WE, OE. I/O) can be in the high impedance state. 

@HITACHI 
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tRC** 

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

typ max 
- ~ 

- -
I 25" 

I 25" 

- -

- ~ 

Unit 

V 

V 

/JA 

/JA 

ns 

ns I 
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HM6264LFP-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: 10llW (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 

~ ~=::t-i1~=r 
A. 
A, 
A, 
A, 

A" 
A" 

Row 

LJerod~r 

Memory Ma1rlX 
256x2'i6 

--0 V(e 

--0 GND 

(FP,28Dl 

• PIN ARRANGEMENT 

NC VCC 

A" 

A, 

A, A, 

A. A. 

l 0. o-...... -+r-c:.--t-l A, 

A, 

""o---r-~~=-l--_----' Tlmmg Pulse Gen r-
r',e>----j 

A, 

Rt'ad 'Arlie Control 
~fo-----l ____ r-_____ -J 

'If o-------~ 

• ABSOLUTE MAXIMUM RATINGS 
Item Symbol Rating Unit 

Terminal Voltage • VT '-0.5 •• to +7.0 V 
Power DIssipation PT 1.0 W 

(Top View) 

Operating Temperature Topr o to +70 °c 
Storage Temperature Tstg 55 to +125 °c 
Storage Temperature (Under Bias) Thias -10 to +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 Not Selected High Z IS8,/s81 -
X X L X (Power Down) High Z IS8,/s82 
H L H H Output Disabled High Z Icc,IcCI 
H L H L Read Dout ICc./cCI 
L L H H 

Write 
Din Icc,lCCI Write Cycle (I) 

L L H L Din Icc./cCI Write Cycle (2) 

X: H or L 

~HITACHI 
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___________________________________ HM6264LFP·L Serie. 

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

Item Symbol min typ max Unit 

Supply Voltage 
Vee 4.S S.O S.S V 

GND 0 0 0 V 

VIH 2.2 - 6.0 V 
Inpu t Voltage 

VIL -0.3- - 0.8 V 

• Pulse Width sOns: -3.0V 

• DO AND OPERATING CHARACTERISTICS (VCC = SV±IO%, GND = OV, To = 0 to +70°C) 

Item Symbol Test Condition -
Inpu t Leakage Curren t IILlI Vin=GND to Vee 

Output Leakage Current Ihol 
CSI=VIH or CS2=VIL or OE=VIH or WE=VIL, 
VI/O=GND or Vee 

Operating Power Supply Current Icc CSI=VIL, CS2=VIH,IIIO=OmA 

Average Operating Current lee1 Min. cycle, duty=lOO%, ir/o=OmA 

ISB CSl=VIH or CS2=VIL 

Standby Power Supply Current ISB1** CSI~Vee-0.2V, CS2~Vee-0.2Vor CS2~0.2V 

ISB2·· CS2~0.2V 

VOL IOL=2.1mA 
Output Voltage 

VOH IOH=-l.OmA 

• Typicailimits are at Vec=S.OV, Ta=2SoC and specified loading . 
•• VIL min=-0.3V 

• CAPACITANCE (f= IMHz, To = 25°C) 

Item Symbol Test Condition typ max 

Input Capacitance Cin Vin = OV - 6 

Input/Output Capacitance ClIO VI/O - OV 8 

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

• AC 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: 10ns 
Input and Output TimIng Reference Level: 1.SV 
Output Load: 1TTL Gate and CL = 100pF (Including scope and jIg) 

• READ CYCLE 

Unit 

pF 

pF 

HM6264LFP-IOL HM6264LFP-12L 
Item Symbol 

min max min max 

Read Cycle Time tRC 100 - 120 -

Address Access Time tAA - 100 - 120 

I CSI teO] - 100 - 120 
Chip Selection to Output 

I CS2 tC02 - 100 - 120 

Output Enable to Output Valid tOE - 50 - 60 

Chip Selection to Output I CSI tLZ} 10 - 10 -

in Low Z I CS2 tLZ2 10 - 10 -

Output Enable to Output in Low Z tOLZ 5 - 5 -

Chip Deselection to Output I CSI tHZ} 0 35 0 40 
in High Z I CS2 tHZ2 0 35 0 40 

Output Disable to Output in High Z tOHZ 0 35 0 40 

Output Hold from Address Change tOH 10 - 10 -

min type max 

- - 2 

- - 2 

- 40 80 

- 60 lIO 

- I 3 

- 2 SO 

- 2 SO 

- - 0.4 

2.4 - -

HM6264LFP-15L 

min max 

150 -

- 150 

- 150 

- 150 

- 70 

15 -

15 -

5 -

0 50 

0 50 

0 50 

15 -

Unit 

,.A 

,.A 

mA 

mA 

mA 

"A 

"A 

V 

V 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

NOTES: 11HZ and 10HZ are defmed 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, 1HZ max is less than lLZ min both for a given device and from 
device to device. 
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HM6264LFP·L Series-------------------------------

-READ CYCLE 

~----------tRC---------~ 

CSI 

Dout-----------------------------------------( 

NOTE: 1) WE is high for Read Cycle 

• WRITE CYCLE 

HM6264LFP-IOL HM6264LFP-12L HM6264LFP-15L 
Item Symbol 

min min min 
Unit 

max max max 

Write Cycle Time twc 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 tAW 80 - 85 - 100 - ns 

Wnte Pulse Width twp 60 - 70 - 90 - ns 

ICSl,WE tWRl 5 - 5 - 10 - ns 
Write Recovery Time 

I CS2 tWR2 15 - 15 - 15 - ns 

Write to Output in High Z tWHZ 0 35 0 40 0 50 ns 

Data to Write Time Overlap tDW 40 - 50 - 60 - ns 

Data Hold from Write Time tDH 0 - 0 - 0 - n. 

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 

~HITACHI 
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-------------------------------HM6264LFP-L Series 

• WRITE CYCLE (1) IOE clock) 

~ -~~-twe 
Address=:=x~---------X,....---

OE </ 
(4) , 

CSI : \; 

;;;; :r 1 'tAW-u 5,;Ji~ \' so: 
~tAs[31; -twp~ 

I ~ \ \':'1. [I 1 I:r;;.,..../~; ;'7";"'-';(-( 2'7":0"'7" 
i tOHZ[S) 

Dout ) ;»)) \ ) ) ; ) ) ) tDW tDH-

Din---------«r />;);\ 

• WRITE CYCLE (2) IOE L_ Fix) 

NOTES: 

twe -- --- ----1 

Address_~'I'-___ -_-_-_-:-tA-W------------JI'----

CSI~rr<:"':"' .... -- [61 tew[21 

WE --+----.:""r'",,--twP[ I I,-lr--+, ----
tAs(3) f-toH1 

--l [S)ttWHZ tOW~(7) (8) 

Dout ::)B):z) £) )9):1:) £>!:t) £) )8):1:) ~~-:;:::=±±;:~-~EzE 
__ ~tDW tDH1 (9) 

Din-----W=. ==1~E»~»~® 

1) A write occurs during the overlap of a low CSI, a!!!£h CS2 and a low 
WE. A write be~ at the latest tra~sition among CSI going low, CS2 
going high and WE going low. A write ends ~the earliest transtion 
among ffi going high, CS2 going 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 CSI going low or CS2 going high to 
the end of write. 

3) t AS is measured from the address valid to the beginning of write. 
4) tWR is measured from the end of write to the address change. 

tWRl applies in case a write ends at CSI or WE going high. 
tWR2 applies in case a write ends at CS2 going low. 

5) During this period, 1/0 pins are in·the output state, therefore the input 
signals of opposite phase to the outputs must not be applied. 

6) If CSI goes low simultaneously with WE going low or after WE going 
low, the outputs remain in high impedance state. 

7) Dout is the $lime phase of the latest written data in this write cycle. 
8) Dout is the read data of next address. 
9) If ffi is low and CS2 is high during this period, 1/0 pins are in the 

output state. Therefore, the input Signals of opposite phase to the 
outputs must not be applied to them. 

~HITACHI 
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HM6264LFP-L Series ---------________________________ _ 

• LOW Vee DATA RETENTION CHARACTERISTICS (To = 0 to +70 0c) 

Item Symbol 

VDRl 
V CC for Data Retention 

VDR2 

ICCDRl 
Data Retention Current 

ICCDR2 

Chip Deselect to Data Retention tCDR Time 

Operation Recovery Time IR 

* VIL min = -0.3V, IOIJA max at To = 0 - 40°C. 
.* I RC = Read Cycle Time 

Test Condition 

CS I ~ V CC - O.2V, CS2 ~ V CC - O.2V or CS2;;;O.2V 

CS2 < O.2V 
V cc = 3.0V, CSI ~ V CC - 0.2V, 
CS2 > V CC - 0.2V or CS2 < 0.2V 

V cc = 3.0V, CS2 ~ 0.2V 

See Retention Waveform 

• LOW Vee DATA RETENTION WAVEFORM III (CS1 Controlled) 

Data Retention Mode _____ +-_IR 

Vcc--+--"\I 
4.5V- - --

CS1~VCC - O.2V 

min 

2.0 

2.0 

-

-

0 

tRC·· 

OV- - - - -- - - -.- - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - ---

• LOW Vee DATA RETENTION WAVEFORM (2) (CS2 Controlled) 

Vcc-------------~ 

4.5V-- -- --- - ----

CS2--_ 

VDR2-- ---

O.4V - - - - - - - -

Data Retention Mode 

CS2"; O.2V 

typ max 

- -
- -
I 25* 

I 25* 

- -
- -

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

NOTE: In Data Retention Mode, CS2 controls the Address, WE, CSl, OE and Din 
buffer. If CS2 controls data retentlon mode, Yin for these inputs can be in 
the high impedance state. If CSI controls the data retention mode, CS2 
must satisfy either CS2 ;:: Vcc-0.2V or CS2 :s; 0.2V. The other input 
levels (address, WE, OE, I/O)can be In the high impedance state. 

@HITACHI 
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V 

V 

IJA 

IJA 

ns 

ns 



HM6264ASP Series, 
HM6264AFP Series 
8192-word x 8-bit High Speed Static CMOS RAM 

• FEATURES 
• High Density 300 mil 28 pin Package 
• Low Power Standby 

Low Power Operation 

• Fast access Time 

• Single +5V Supply 

Standby: O.lmW (typ.) 
Operating: 15mW/MHz (typ.) 
120ns/150ns (max.) 

• 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 

~:·o---t=%l:=::11 
A, 
A, 
A" 
A, 
A, 
A. 

CS2 
(S. 

Row 
Decoder 

iiI 0--------' 

Memurv MatrlX 
256X256 

--0 Vee 

~GND 

• ABSOLUTE MAXIMUM RATINGS 

Item Symbol Rating 

Terminal Voltage • VT -0.5 •• to +7.0 

Power Dissipation PT 1.0 
Operating Temperature Topr o to +70 
Storage Temperature Tstg -55to+125 

Storage Temperature (Under BIas) Tbias -10 to +85 

• With respect to GND. •• Pulse WIdth SOns: 3 0\ 

• TRUTH TABLE 
WE CSt CS, OE Mode I/O Pin Vee Current 

X H X X Not Selected High Z ISB.ISBI 

X X L X (Power Down) High Z ISB.ISBI 
H L H H Output Disabled High Z ICC 
H L H L Read Dout ICC 
L L H H Din ICC 

Write 
L L H L Din ICC 

X:HorL 

Umt 
V 

W 

°c 
°c 
°c 

Note 

Wnte Cycle (1) 

Write Cycle (2) 

~HITACHI 

HM6264ASP Series 

(DP-28N) 

HM6264AFP Sene. 

(FP-28D) 

• PIN ARRANGEMENT 

NC 

A" 

A, 

A, 

A, 

A, 

A, 

A, 

A, 

(Top VIew) 

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

Vee 

A, 

A, 

I/O, 

I/O, 

I/O, 

I/O, 
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HM6264ASP Series, HM6264AFP Series---------------________ _ 

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

Ilem Symbol min Iyp max URit 

Vee 4.5 5,n 5.5 V 
Supply V"It,,~C 

GND 0 0 0 V 

V/H 2.2 -- 6.0 V 
Inpul Volta~c 

VII. -0.3' - 0.8 V 

• Pulse Wldlh SOns: -3.0V 

• DC AND OPERATING CHARACTERISTICS (Vee = SV±IO'i'O, GND = OV, To = 0 to +70"C) 

Item S)mbol Test Condition 

Input Leakage Current IILlI Vin=GND to Vee 

Output Leakage Current Iho I 
CSI=V/H or CS2=VIL or OE=VlH orWE=VIL' 
Vl/o=GND to Vee 

Operating Power Supply Current leeDe CSI=VIL, CS2=V/H, Il/o=OmA 

leel 
Min. cycle, duty=100%, CSI = VIL' CS2= VIH, 
lI/o=OmA 

Average Operating Current Cycle = II'S, duty = 100%,11/0 = OmA, 

lee2 CSI ~ 0.2V, CS2 ~ Vee - 0.2V, 
VIH ~ Vee - 0.2V, VIL ~ 0.2V 

ISB CSI=V/H or CS2=VIL 
Stdndby Power Supply Curren t 

ISB1" em Vee -0. 2V, CS2~ Vee -0. 2V or CS2~0. 2V 

I VOL IOL=2.1mA 
Ou tpu t V ollage 

I VOH IOH=-1.0mA 
0 • TYPIcal hmlts,are at Vee-5.OV, Ta=25 C and specIfied loadmg. *. VIL mm=-0.3V 

• CAPACITANCE U'= IMHz, To = :!son 
Item Symbol :Tesl CondItIon typ max 

Input CapacItance ein I Vin = OV - 5 
Input/Output CapacItance el/o I VI/O = OV _. 7 

Note) ThIs parameter IS sampled and not 100% tested. 

• AC CHARACTERISTICS (Vee = 5V±10%. Ta = 0 to +70°C) 
• AC TEST CONDITIONS 

Input Pulse Levels: 0.8V/2.4V 
Input RIse and Fall T,me 10ns 
Input TIming Reference Level: 1.5V 

Output TIming Reference Level: 0.8V /2.0V 
Output Load lTTL Gate and CL = 100pF "neludlng scope and 1191 

~HITACHI 

URit 

pF 

pF 

min typO 

- -

- -

- 7 

- 30 

- 3 

- 1 

- 0.Q2 

- -
2.4 -
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max Unit 

2 I'A 

2 I'A 

15 rnA 

45 rnA 

5 rnA 

3 rnA 

2 rnA 

i 0.4 V 

I -- V 



_________________________ HM6264ASP Series, HM6264AFP Series 

• READ CYCLE 

Item Symbol 
HM6264ASP/FP-12 HM6264ASP/FP-15 

Unit 
min max min max 

Read Cycle Time tRC 120 - 150 - ns 

Address Access Time tAA - 120 - 150 ns 

I CSI tCOl - 120 - ISO ns 
Chip Selection to Output 

I CS2 tC02 - 120 - ISO ns 

Output Enable to Output Valid tOE - 60 - 70 ns 

Chip Selection to I CSI tLZl 10 - 10 - ns 

Output in Low Z I CS2 tLZ2 10 - 10 - ns 

Output Enable to Output in Low Z tOLZ 5 - 5 - ns 

Chip Deselection to I CSI tHZl 0 40 0 50 ns 
Output in High Z I 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 tOH 10 - 10 - ns 

NOTES: 11HZ and 10HZ are defined as the time at which the outputs achieve the open clfcuit condition and are not referred 
to output voltage levels. 

2 At any given temperature and voltage condlnon, I HZ max IS less than tLZ mlIl both for a gIven device and from 
devIce to devIce . 

• READ CYCLE 

~-----------tRC---------~ 

Address 

DE' 

Dout--------------------------------________ -{ 

NOTE: I) WE IS hIgh for Read Cycle 

~HITACHI 
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HM6264ASP Series, HM6264AFP Series -----------------_______ _ 

• WRITE CYCLE 

Item Symbol 
HM6264ASP/FP-15 HM6264ASP/FP-15 

Unit 
min max min max 

Write Cycle Time twe 120 - ISO - ns 
Chip Selection to End of Write tew 100 - 120 - os 
Address Setup Time 'AS 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 tDW 40 - 50 - ns 
Data Hold from Write Time tDH 0 - 0 - ns 
Output Enable to Output in High Z tOHZ 0 40 0 50 os 
Output Active from End of Write tow 5 - 5 - ns 

• WRITE CYCLE 111 (DE clock) 

~--------Iwe-------------~ 

10HZ [5] 

Dln----------------------------------~ 

@HITACHI 
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__________________________ HM6264ASP Series, HM6264AFP Series 

• WRITE CYCLE (2) (OE Low Fix) 

twe 

/ / 
\. \. 

Address 

tAW 
tWR (4) 

\\~ 
tew (2) 

\ \\ (6) /111 ,/111 I III 
tew [2] 

Ij jl CS2 'j/II/ ~.\ \ \ ,\\ \ \ \ \ \ 
twp [1) 

'AS (3) \\\ tOH 
I 

(5) tWHZ tow 
[7] [8J 

\ \ \ \ \ \ \ ~ 
/ / / / / / / / tDW tDH "--./~ 

Dout 

(9) 

<X)r \ \ ,V\7\. 
I //\L.Y 

Din 

NOTES: 1) A write occurs during the overlap of a low CSl, a high CS2 and a low WE. A write begins at the latest transi
tion among rSI going low, CS2 going high and WE going low. A write ends at the earliest transition among 
rSI going high, CS2 going low and WE going high, twp is measured from the beginning of write to the end 
of write. 

2) tew is measured from the later of CSI going low or CS2 going high to the end of write. 
3) t AS is measured from the address valid to the beginning of write. 
4) tWR is measured from the earliest of CS1 or WE going high or CS2 going low to the end of write cycle. 
5) During this period, I/O pins are in the output state, therefore the input signals of opposite phase to the outputs 

must not be applied. 
6) If CS1 goes low simultaneously with WE going low or after WE going low, the outputs remain in high 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, I/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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HM6264ASP Series, HM6264AFP Series------------------------__ 

SUPPLY CURRENT VS. 
SUPPLY VOLTAGE 

3 

, 
Tu'=25"( 
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" 
; 

" 
_. ,,, .,. 

~llppl\ \ Ilirdgt' I(t '\ I 

SUPPL Y CURRENT VS. 
FREQUENCY 

, 

" 
, 

" 

I 

, 

" 

?1I0n~ l.)()n~ 

/ 
V 

/ 
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,/ 

V 
/ 

11"'lllt'tl(\ f \lHI 

ACCESS TIME VS. 
SUPPLY VOLTAGE 

-. 

1?/,iOon 
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---I--
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II 7,'" ,---,"=;.:-, --..Jic.."--..,i"=25:---~=)5 

Supp!' \oltil# I(t '\ I 
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6 

, 
, 

II 

, 

6 

, 
I 

" 
, 

, 

, 

SUPPLY CURRENT VS. 
AMBIENT TEMPERATURE 

\cc=50\' 

-~ 
V-

" 60 

.\.mblent Temperatun> Tu i"C I 

ACCESS TIME VS. 
LOAD CAPACITANCE 

V 
/'" V 

11/ 
V 

T(I '= 25'( 
\cc""MI~ 

, 

" 

80 

!I~I 100 '00 500 

I 

I 

II 

Load Capacl1ance (L r pF I 

ACCESS TIME VS. 
AMBIENT TEMPERATURE 

Ic(=50V 

L V 

./ 
V-

,L 
...... 

8 

; 
20 60 
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--------------------------HM6264ASP Series, HM6264AFP Series 

INPUT LOW VOLTAGE VS. 
SUPPLY VOLTAGE 

3 

rl1 = 25'( 

2 

1 --~ 0 --~ 
..5 0 9 

X 

; 
51) 

~upph \O)lta~ \u 1\ I 

OUTPUT CURRENT VS. 
OUTPUT VOLTAGE 

I) 

I 

, \ 
iI 1\ 
, \ 
IJ 

~ 

\ , 

"' 

Output Volt.,e VOH (V) 

-" 

7,,=2'lt 
lu ='i\ 
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INPUT HIGH VOLTAGE VS. 
SUPPLY VOLTAGE 

3 

101:025'(' 

2 

I 

-------iI 

J------
X 

7 
n5 50 525 

')upph \ oltilJl:t' \(( \' 

OUTPUT CURRENT VS. 
OUTPUT VOLTAGE 

I) 

, / 

/ 
II ~ 
, I 
., L 

V 
, 

II- 'Il lib 

(lutplIt\l)lta"" I (!I 1\1 

~) 5 

r,,=2S"C' 
In""5\ 
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HM6264ALSP Series, 
HM6264ALFP Series 
8192-word x 8-bit High Speed Static CMOS RAM 

• FEATURES 
• High Density 300 mil 28pin Package 

• Low Power Standby Standby: O.01mW(typ.) 
Low Power Operation 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 
~:' o-----+~t::::::f-l 

--0 Vee 
A, 
A, 

." A, 
Row 
Decoder 

Memory Malrlx 
256 x 25b 

--oGND 

A, ., 
l'Olo--.T-l>.--+I 

va. o----.-+rl>r-+l_~ 

CS, 
a, 

(lE 0-------1 

• ABSOLUTE MAXIMUM RATINGS 
Item Symbol Rating 

Terminal Voltage • VT -0.5 •• to +7.0 
Power Dissipation PT 1.0 
Operating Temperature Topr o to +70 
Storage Temperature Tat, -55to+125 
Storage Temperature (Under Bias) TblGl -10 to +85 

• With respect to GND. •• Pulse width SOns: -3.0V 

• TRUTH TABLE 
WE CS, CSt OE' Mode 1/0 Pin Vee Current 

X H X X Not Selected HighZ ISB/SBI 
X X L X (Power Down) HighZ ISB/SBI 
H L H H Output Disabled HighZ lee 
H L H L Read Dout lee 
L L H H Din lee 
L L H L Write Din lee 

X: Hor L 

Unit 
V 
W 

'c 
'c 
'c 

Note 

Write Cycle (l) 

Write Cycle (2) 

• HITACHI 

HM6264ALSP Series 

(DP-28N) 

HM6264ALFP Series 

(FP-28D) 

• PIN ARRANGEMENT 

(Top View) 

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



-------------------------- HM8284ALSP Serl .. , HM8284ALfP Seri .. 

• RECOMMENDED DC DPERATIN CONDITIONS (To: 0 to +70°C) 

lIem Symbol min typ max Unit 

Supply Voltage Vee 4.5 5.0 5.5 V 

GND 0 0 0 V 
2.2'- -. 6.0 V VIH 

Inpu t Voltage 
V/L -0.3" - 0.8 V 

" Pulse Width SOns: -3.0V 

• DC AND OPERATING CHARACTERISTICS (Vee : SV±IO%, GND: OV, To: 0 to +70°C) 
--. 

lIem Symbol Test Condition 

Input Leakage Current I ILl I Vin=GND to Vee 

Output Leakage Current Ihol 
CSI=VIH or CS2= V/L or OE=VIH or WE=V'L, 
VI/O=GND to Vee 

Operating Power Supply CUrrent IeeDe c'-sl=V/L. CS2=VIH.ll/o=OmA 
-- ----_._--

IeCI 
Min. cycle, duty=IOO%, CSI=VIL' CS2=VIH, 
11/o=OmA 

Average Operating Current Cycle = I"s, duty = 100%,lI!o = OmA, 

Ieez CSI ;;! 0.2V, CS2 ~ Vce - 0.2V, 
VIH ~ Vee - 0.2V, VIL ;;! 0.2V 

ISB C'SI-VIH or CS2=V/L 
Standby Power Supply CUrrent 

ISBI"" tSi~Vee-0.2V, CS2;:;Vee-0.2Vor CS2;;!0.2V 

VOL IOL=2.lmA 
Output Voltage . 

VOH IOH=-I.OmA 

" Typical limits are at Vee=S.OV, Ta=2S"C and specified loadmg. "" V/L min=-0.3V 

• CAPACITANCE (f: IMHz, To : 25°C) 

lIem Symbol Test Condition typ max 

Inpu t Capacitance Cin Vin = OV - 5 
Input/Output Capacitance CI/O V1/0 = OV - 7 

Note) Th,s parameter is sampled and not 100% tested. 

• AC CHARACTERISTICS (Vcc = 5V±10%. Ta = 0 to +70°C) 

• AC TEST CONDITIONS 
Input Pulse Levels: 0.BV/2.4V 
Input Rise and Fall TIme IOns 
Input Timing Reference Level: 1.5V 
Output Timing Reference Level: 0.BV/2.0V 
Output Load lTTL Gate and CL = l00pF (oncludlng scope and "g) 

Unit 

pF 

pI' 

~HITACHI 

min typO 

- -

- -

- 7 

- 30 

- 3 

- I 

- 2 

- -
- --

2.4 -

max 

2 

2 

5 

45 

5 

3 

I 

0.4 
r---

-
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Unit 

"A 

"A 

rnA 

rnA 

rnA 

rnA 

"A 

V 
-

V 
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HM6264ALSP Serie., HM6264ALFP Serie.------------------------

• READ CYCLE 

Item Symbol 
HM6264ALSP/FP-12 HM6264ALSP/FP-15 

Unit 
min max min max 

Read Cycle Time tRC 120 - 150 - ns 

Address Access Time tAA - 120 - 150 ns 

I CSI tCOl - 120 - 150 ns 
Chip Selection to Output 

I CS2 tC02 120 150 - - ns 

Output Enable to Output Valid tOE - 60 - 70 ns 

Chip Selection to I CSI tLZl 10 - 10 - ns 
Output in Low Z I CS2 tLZ2 10 - 10 - ns 

Output Enable to Output in Low Z tOLZ 5 - 5 - ns 

Chip Deselection to I CSI tHZl 0 40 0 50 ns 
Output in High Z I 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 tOH 10 - 10 - ns 

NOTES: I 'HZ and tOHZ are defined as the time at which the outputs achieve the open circuit condition and are not referred 
to output voltage levels. 

2 At any given temperature and voltage condillon, 'HZ max IS less than 'LZ min both for a given deVice and from 
device to deVice . 

• READ CYCLE 

~---------tRC---------~ 

OE 

Dout--------------------------------------.{ 

NOTE: 1) WE is high for Read Cycle 

• HITACHI 
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------------------------- HM6264ALSP Series, HM6264ALFP Series 

• WRITE CYCLE 

Item Symbol 
HM6264ALSP/FP-12 HM6264ALSP/FP-15 

Unit 
min max min· max 

Write Cycle Time twe 120 - 150 - ns 

Chip Selection to End of Write tell' 100 - 120 - ns 

Address Setup Time tAS 0 - 0 - ns 

Address Valid to End of WrIte tAW 100 - 120 - os 

Write Pulse Width twp 80 - 100 - ns 

Write Recovery Time tWR 0 - 0 - os 

Write to Output 10 High Z tWHZ 0 40 0 50 ns 

Data to Write Time Overlap tDW 40 - 50 - ns 

Data Hold from Write Time tDH 0 - 0 - ns 
I 

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 C1J IOE clockl 

~----------twc----------~ 

Address ___ J 

Din----------------------------~~ ____________ ~~~~ 

~HITACHI 
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HM6264ALSP Series. HM6264ALFP Series ------------------------

• WRITE CYCLE (2) (OE Low Fix) 

=i
----------twc------------~ 

Address ..... ____ _ 

- tAW 

CS2 

WE-----+------~~~ 

Dm--------------------

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 transi
tion among CSI going low, CS2 going high and WE going low. A write ends at the earliest transtion among 
CSI going high, CS2 going low and WE going high. twp is measured from the beginning of write to the end of 
write. 

2) t cw is measured from the later of CSI going low or CS2 going high to the end of write. 
3) t AS is measured from the address valid to the beginning of write. 
4) tWR is measured from the earliest of CSI or WE going high or CS2 going low to the end of write cycle. 
5) During this period, I/O pins are in the output state, therefore the input signals of opposite phase to the 

outputs must not be applied. 
6) If 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, I/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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--------------------- HM6264ALSP Series, HM6264ALFP Series 

• LOW Vee DATA RETENTION CHARACTERISTICS (TQ = 0 to +70 0c) 

Item Symb~ Test Condition min typ max Unit 

Vee for Data RetentIon VDR ('51 ~ Vee - O.2V.(,S2~V ce - O.2V 0. (,S2~O.2V 2.0 - - V 

Vee = 3.0V 
Data Retention Current leeDR CSt ~ Vee - 0.2V, - I 50· ",A 

Chip Deselect to Data Retention leDR Time 

Operation Recovery Time IR 

• VIL min = -0.3V. 20l'A max at Ta=0-40·C 
•• I RC = Read Cycle Time 

CS2 ~ Vee - 0.2V or CS2 ~ 0.2V 

See Retention Waveform 

• LOW Vee DATA RETENTION WAVEFORM m (CS1 Controlled) 

Data Retention Mode 

CSI~Vee -0.2V 

0 - -

IRC·· - -

OV - - - - - - - - - - - - - - - - - - - - - - - - - - -- - - - .. - - - - - - - - - - -- - - - - --

• LOW Vee DATA RETENTION WAVEFORM (2) (CS2 Controlled) 

Vee--------------~ 

4.5V- -

CS2--_ 

VDR2-----

OAV-

OV- -

Data Retention Mode 

CS2 -;; 0.2V 

NOTE: In Data Retention Mode., CS2 controls the Address, WE, CST, OE and Din buffer. If CS2 controls data retention 
mode, Yin for these inputs can be in the high impedance state. If CSI controls the data retention mode, CS2 must 
satisfy either CS2 ~ V CC-O.2V or CS2 !> 0.2V. The other input levels (address, WE, at, 110) can be in the high 
impedance state. - -

~HITACHI 
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HM6264ALSP Series, HM6264ALFP Series------------------------

SUPPL Y CURRENT VS. 
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________________________ HM6264ALSP Series, HM6264ALFP Series 
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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-blt High Speed Static Hi-CMOS RAM 

• FEATURES 
• Super Low Power Data Retention and Low Power Operation; 

Data Retention: 9p,W max. @ TA = O°C to 40°C 
Two Chip Selection for Battery Backup 
Operation: 200mW typo 

• Single 5V Supply 
• High Speed: Fast Access Time 100nsJ120ns/150ns max 
• Equal Access and Cycle Time 
• Completely Static RAM: No Clock or Timing Strobe Required 
• Capability of Battery Backup Operation: (LP) 
• Common Data Input and Output: Three State Outputs 
• Directly TTL Compatible: All Input and Outputs 
• Standard 28 Pin Package Configuration 
• Pin Out Compatible with 64K EPROM HN482764 

• BLOCK DIAGRAM 
AJ <>---{:;C:::jrl 

I 
A8 

All 

A 12 <>--+i:;CC::::J 

1/0. <>-~tt:.+-I 

cs. 

Ro. 
Decoder 

Memor), Matrix 
256x256 

Read, WrIte Control 

~<>--~----,-------~ 

OE<>---------' 
• ABSOLUTE MAXIMUM RATINGS 

--OVer 

--oGND 

Item Symbol Rating 
Terminal Voltage * VT -O.S ** to +7.0 
Power Dissipation PT 1.0 
Operating Temperature Topr o to +70 
Storage Temperature Tstll -SS to +12S 
Storage Temperature (Under Bias) Tbias -10 to +8S 

* With respect to GND. ** Pulse width sOns: -3.0V 

(DP-28) 

• PIN APPRANGEMENT 

Ne VCC 

Unit 
V 
W 
·e 
·e 
·e 

• TRUTH TABLE (Top View) 

WE es, es. OE Mode I/O Pin VCC Current Note 
X H X X Not Selected High Z ISB,ISBI 

X X L X (Power Down) HighZ ISB,IsB2 

H L H H Ou tpu t Disabled HighZ 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) 

@HITACHI 
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----------------------------IHM6264LP-5L, HM6264LFP-5L Series 

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

Item Symbol min typ max Unit 

Supply Voltage 
Vee 4.5 5.0 5.5 V 

GND 0 0 0 V 

VIH 2.2 - 6.0 V 
Input Voltage 

VIL -0.3* 0.8 V -

* Pulse Width SOns: -3.0V 

• DC AND OPERATING CHARACTERISTICS (T A = O°C to 70°C. Vee = 5V + 10%, GND = OV) 

HM6264LP-

Parameter Symbol IOSLlI2SL/15SL 

mm typ (I) max 

Input Leakage Current Ilul - - 2 

Output Leakage Current IILOI - - 2 

Opemtmg Power Supply Current. DC Icc - 40 80 

Average Operatmg Current leci - 60 110 

Standby Power Supply Current (I) ISB - I 3 

Standby Power Supply 
ISBI - - 20 

Current (2) DC 

Standby Power Supply 
ISB2 - - 20 

Current (3)' DC 

Output Low Voltage VOL - - 04 

Output High Voltage VOH 24 - -

Note,) I TYPical lImit' arc at Ve:e: = 5 OV. TA = +25°C and 'pcclilcd loading 
2 VII mm = -03V 
3 ISBI 2::: 8p.Amax.@TA =O°Cto40°C,VII mm = -03V 

• CAPACITANCE (f= IMHz, Ta = 2S°C) 
Note} This parameter is sampled and not 100% tested. 

Item Symbol Test Condition typ 

Input Capacitance Cin Vin = OV -
Input/Output Capacitance CliO VI/o= OV -

Unit 

fiA 

fiA 

rnA 

rnA 

rnA 

fiA 

fiA 

V 

V 

max 

6 

8 

• AC 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: 10ns 
Input and Output Timing Reference Level: 1.5V 
Output Load: lTTL Gate and CL = 100pF (including scope and jig) 

~HITACHI 

Test Condlltons 

VIN = GND to Vee 

CSI = VIH or CS2 = VIL 
or OE = VIH or WE = VIL, 

Vila = GND to Vee 

CSI = VIL, CS2 = VIH , 

Ilia = OmA 

Mmimum Cycle duty = 100%, 

Ilia = OmA 

CSI = VIH or CS2 = VIL 

CSI <!: Vce-0.2V, CS2 <!: 

V ce-O 2v, or CS2 oS 0.2V 

CS2 oS 0.2V 

10L = 2 ImA 

10H = -lOrnA 

Unit 

pF 

pF 

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

Notes 

-

-

-

-

-

(2) (3) 

(2) (3) 

-

-
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HM6264LP-8L, HM6264LFP-sL Serle8---------------------------

NOTES: 

oWRITE,CYCLE 111 IOE clackl 

----twe-------

Address ----
[4) 

OE fij/; tWBl ~'\.'\.'\.'\.'\.'\.'\.' 
-tewl--..c.=;. 

CSI 

..rutew2-~ 
,'I: 

-:---: tAW----
~ tAS[3), twp 

CS2 

~'\.[1) 
tOHZ[5) I 

Dout 

Din 

, , t I , " , '" , " <fWI tDH-lxxZ 

o WRITE CYCLE 121 IOE Low Flxl 

r-----twe---

AddreSS_~====tAi;====ii:;;;:~;_--

Din----------

o WRITE CYCLE 

HM6264LP-I0 HM6264LP-12 
Item Symrl 

min max min max 

Write Cycle TIme twe 100 - 120 -
Chip Selection to End of Write tew 80 - 85 -
Address Setup Time tAS 0 - 0 -
Address Valid to End of Write tAW 80 - 85 -
Write Pulse Width twp 60 - 70 -

j CSI,WE tWBl 5 - 5 -
Write Recovery Time 

1 CS2 15 15 tWB2 - -
Write to Output in High Z tWHZ 0 35 0 40 

Data to Write Time Overlap IDW 40 - 50 -
Data Hold from Write Time tDH 0 - 0 -
OE to Output in High Z tOHZ 0 35 0 40 

Output Active from End of Write tow 5 - 5 -

HM6264LP-15 

min max 

150 -
100 -

0 -
100 -
90 -
10 -
15 -

0 50 

60 -
0 -
0 50 

10 -

tWR2 applIes in case a WrIte ends at CS2 gomg low. 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

I) A write occurs dUring the overlap ofa low CSl, a high CS2 and a low WE. A 
Write begms at the latest transitIon among CST going low, CS2 gQing high 
and WE gomg low. A wri~ds at the earliest transillon among CS1 going 
high, CS2 going low and WE going high. twp is measured from the begin
mng of WrIte to the end of WrIte. _ 

5) During this perInd, 1/0 pms are in the output state, input signals of OppoSIte 
phase to the outputs must not be applied. 

6) If CS1 goes low simultaneously with WP: going low or after WE going low, 

2) tew IS measured from the later of CS I going low or CS2 gomg high to the 
end of WrIte. 

3) tAS is measured from address valid to the beginning of write. 
4) tWR is measured from the end of w~ th£..£..hange of address. 

t WRJ applIes in case a write ends at CS I or WE going high. 

the outputs remain in high Impedance state. 
7) Dout is in the same phase as written data of this cycle. 
8) Dout IS the read data of the new address. 
9) If CST IS low and CS2 IS hIgh durmg this perind, 110 pins are m the output 

state, input SIgnals of opposite phase to the outputs must not be applIed. 

$ HITACHI 
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-----------------------------HM6264LP-5L, HM6264LFP·SL Series 

• TIMING WAVEFORM 
• READ CYCLE 

~---------tRC----------~ 

Dout .... -----------------------------------{ 

NOTES: 1) WE is high for Read Cycle 
2) When CSI is Low and CS2 is High the 

address input must not be in the high impedance state • 

• READ CYCLE 

HM6264LP-1O HM6264LP-12 HM6264LP-15 
Item Symbol Unit 

min max min max min max 

Read Cycle Time tRe 100 - 120 - ISO - ns 

Address Access Time tAA - 100 - 120 - ISO ns 

Chip Selection to Output I CSI teo I - 100 - 120 - ISO ns 

CS2 tC02 - 100 - 120 - ISO ns 

Output Enable to Output Valid tOE - SO - 60 - 70 ns 

Chip Selection to I CSI tLZl 10 - 10 - IS - ns 
Output in Low Z I CS2 tLZ2 10 - 10 - IS - ns 

Output Enable to Output in Low Z tOLZ 5 - 5 - 5 - ns 

Chip Deselection to l CSI tHZl 0 35 0 40 0 SO ns 
Outpu t in High Z I CS2 tHZ2 0 35 0 40 0 SO ns 

Output Disable to Output in High Z tOHZ 0 35 0 40 0 SO ns 

Output Hold from Address Change tOH 10 - 10 - IS - ns 

NOTES' I tHZ and tOHZ are defined as the lime 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, actual tHZ IS less than actual tlZ both for a gIven devIce and from devIce 
to device. 

• HITACHI 
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HM6264LP-SL, HM6264LFP-SL S8r18S---------------------------

• LOW Vee DATA RETENTION CHARACTERISTICS (TA = ooe to 70°C) 

(I) ICCDR = 3p.A max, @ TA = O°C to 40°C, V1L min = -O.3V 
(2) ICCDR = 1.5p.A max, @ TA = 25°C, V1L min = -O.3V 
(3) V1L min = -O.3V 
(4) IRC = Read Cycle Time 

Parameter Symbol Test Conditions min 

V cc for Data Retention (I) VDRI 
CS I "" V cc -0.2V. CS2 "" V cc -0.2V 

2.0 
orCS2 S 0.2V 

V cc for Data Retention (2) VDR2 CS2 S 0.2V 20 

Data Retention Current (I) ICCDRI 
VCC = 3.0V. CSI "" Vcc -0 2V. CS2 

-
"" VCC -0.2V orCS2 sO 2V 

Data Retention Current (2) ICDDR2 VCC = 3 OV. CS2 s 0.2V -

Chip Deselectlon to Data tCDR 0 
Retention Time 

See Retention Waveform 
Operation Recovery Time tR (4) IRC 

• LOW Vee DATA RETENTION WAVEFORM (2) (CS1 Controlled) 

ata etention Mode 

Vcc--+--~ 
4.5V----

esqw cc - O.2V 

typ max Unit 

- - V 

- - V 

I (I) (2) (3) 10 

I (I )(2) (3) 10 {LA 

- - n. 

- - ns 

OV-------- -------- - - - ------- - -- -- -- -- -- -----------

• LOW Vee DATA RETENTION WAVEFORM (2) (CS2 Controlled) 

Vcc'--------------~ 
4.SV-- -- --- - ----

eS2:---~ 

VDR2--- --

Data Retention Mode 

O.4V - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
eS2 <& O.2V 

ov- - --- - ------- - ------ --- ---------- -- --- -- ----- -- ---

NOTE: es. controls Address buffer, WE buffer, es, buffer and Din buffer. If 
eSa controls data retention modeLY'in level (Address, WE, es, , I/O) can 
be in the high impedance state. If es, controls data retention mode, eSa 
must be es.~Vcc-O.2V or eS.;;iO.2V. The other inputs level (address, 
WE, I/O) can be in the high impedance state. 

~HITACHI 
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HM6288P Series------Preliminary 

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

.FEATURES 

• 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 

100~W typo (Standby) 300mW typo (Op.). 
• Completely Static Memory 

No Clock or Timing Strobe Required. 
• Equal Access and Cycle Times. 
• Directly TTL Compatible - All Inputs and Outputs . 

• BLOCK DIAGRAM 

-Vn 
(DP-22N) 

Row 

Decoder 

Memory 

A.rrav .PIN ARRANGEMENT 

.ABSOLUTE MAXIMUM RATINGS 

128 R{)w~ 

512 Columns 

Item Symbol Rating Unit 

Volta, .. on Any Pin Relative to GND V," -3.5' to +7.0 V 

Power DISSipation Pr 1.0 W 

Operating Temperature T.,. o to +70 ·C 

Storage Temperature Tar, -55 to +125 ·C 

Temperature under Bias T .... -\0 to +85 ·C 

• Pulst' Width 20ns. OC- -0 5V 

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

~HITACHI 
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HM6288P Series-----------------------------------

.TRUTH TABLE 

CS WE Mode Vee Current 110 Pin Ref. Cycle 

H X Not Selected ISB,IsBl HighZ ~ 

L H Read Icc Dout Read'Cycle 

L L Write Icc Din Write Cycle 

.RECOMMENDED DC OPERATING CONDITIONS (Ta=O to +70'C) 

Parameter Symbol mm typ max Unit 

Vee 4.5 50 5.5 V 
Supply Voltage 

GND 0 0 0 V 

Input High (logic I) Voltage VIH 2.2 - 6.0 V 

Input Low (logic 0) Voltage V/L -3.0' - 0.8 V 

* Pulse width IOns DC -05V 

.DCANDOPERATING CHARACTERISTICS (Ta=O to +70'C. Vcc=5V±lO%. GND=OV) 

Parameter Symbol Test Condition mm typ max Umt 

Input Leakage Current I ILl I Vee=MAX. VIN=GNDto Vee - - 20 IJ.A 

Output Leakage Current l!Lo I CS=VIH,Vuo=GNDto Vee - - 10 IJ.A 

Operating Power Supply Current Icc CS= V/L, Iuo=OmA - 60 TBD rnA 

Standby Power Supply Current ISB CS= VIH - 15 TBD rnA 

Standby Power Supply Current (I) /S81 CS~ Vcc-OZV, VIN~OZVor VI\~ Vee-O.ZV - 0.02 2.0 rnA 

Output Low Voltage VOL IOL=8mA - - 04 V 

Output High Voltage VOH IOH=-4.0mA 2.4 - - V 

Note 1, Typical hmlts are at Vcc=5 OV. Ta= +2S'C and specified loading 

.CAPACITANCE (Ta=25'C./=l.OMHz) 

Parameter Symbol Test ConditIOns mm max Umt 

Input Capacitance CIN VIN=OV - 6 pF 

Input/Output Capacitance Cdo Vdo=OV 10 pF 

Note This parameter IS sampled and not 100% tested 

.AC CHARACTERISTICS 

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

Input and Output timing reference levels: 1.5V 
Output load: See Figure 

5V 5V 

480Q 

Dout Dout 

255Q 30pF' 255Q 

Output Load (A) 
Output Load (B) 
(for tHZ. tLZ. twz & tOW) 

.Including scope & jig. 

Output Load (A) 

• HITACHI 
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---------------------------------HM6288P Series 

.READ CYCLE (Ta=O to +70T, Vcc=5V ±lO%, unless otherwise noted.) 

Parameter Symbol 

Read Cycle Time IRe 

Address Access Time IAA 

Chip Select Access Time lACS 

Output Hold from Address Change IOH 

Chip SelectlOJl to Output in Low Z ILz· 

Chip DeselectlOn to Output m High Z tHZ· 

Chip Selection to Power Up TIme Ipu 

Chip Deselection to Power Down TIme IPD 

* TranSItion IS measured ± 200mV from steady state voltage with Load(B) 

This parameter 15 sampled and not 1000/0 tested 

• Timing Waveform of Read Cycle No.1 [1] [2] 

,,, 

Address 

'ON 

Dou! 

• Timing Waveform of Read Cycle No.2 [1] [3] 

", 
cs 

,,, 
Dout 

High Impedance 

HM6288P-35 HM6288P-45 

mm max min max 

35 - 45 -
- 35 - 45 

- 35 - 45 

5 - 5 -

10 - 10 -

0 20 0 20 

0 - 0 -

- 30 - 30 

,,, 

Data Valid 

le, * \(( Supply -J~- -- - - - - - ~ ----------------~ 

Current ' 50% 
[" 

Notes 1 WE IS High for Read Cycle 

2 DevIce Iscontmuously selected, CS= VIL 

3 Address Vahd pnor to or comcldent with Cs transItion Low 

.WRITE CYCLE 

HM6288P-35 
Parameter Symbol 

Write Cycle Time I.e 

Chip SelectIOn to End of Write Ie. 

Address Valid to End of Write IA. 

Address Setup TIme lAS 

Write Pulse WIdth twp 

Write Recovery TIme I.R 

Data Valid to End of Write ID. 

Data Hold Time IDH 

Wnte Enabled to Output in High Z twz· 

Output ActIve from End of Wnte to" " 
* TranSition IS measured ± 200m V from steady state voltage with Load (8) 

ThiS parameter IS sampled and not 100~o tested 

mm 

35 

30 

30 

0 

30 

TBD 

20 

0 

0 

0 

~HITACHI 

max 

-

-
-

-

-
-
-

-

10 

-

HM6288P-45 

min max 

45 -

40 -

40 -

0 -
35 -

TBD -
20 -

0 -

0 15 

0 -

HM6288P-55 

mm max 

55 -
- 55 

- 55 

5 -

10 -

0 20 

0 -

- 30 

HM6288P-55 

mm max 

55 -

50 -

50 -

0 -

45 -

TBD -

25 -

0 -

0 20 

0 -

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

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Umt 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

209 



210 

HM6288P Series 

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

Address 

t,. 

Dm 

twz(3) 

Dotll 

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

to< 

Addrtss 

t. 

Dm 

DOUI High Impedance (4) 

Notes) 1 A wnte occurs durmg the overlap of a low CS and a low WE (tkP) 

2 til, R IS measured from the earher of CS or WE gomg high to the end of wnte cycle 
3 Durmg this penod, I/O PinS are m the output state so that the mput signals of oPPOsIte phase to the 

outputs must not be apphed 
4 If the CS low transItIon occurs simultaneously with the WE low transitIOn or after the WE 

transitIOn, the output buffers remam m a high Impedance state 
5 If CS IS low dunng this period, liD PinS are In the output state Then the data mput signals 

of OPPosite phase to the outputs ~ust not be apphed to them 
6 Dout IS the same phase of wnte data of this write cycle 

~HITACHI 
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HM6788 Series, 
HM6788P Series 
16384-word x 4-bit High Speed Static RAM 

• 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 
• Fully TTL compatible Input and Output 
• Skinny 22 Pin cerdip (300 mil) 
• 22 Pin plastic dip (300 mil) available 

.BLOCK DIAGRAM 

A,Q---Dt:=j-, 
A,'"'---p;;-----, 

A.Q---CC::J 
AsQ----/:C::J 

A'Q----/:C::J 
A7Q---CC::J 
A."-----'~;;-----, 

Row 
Decoder 

Memory Matrix 
128 X512 

--OVer 

~ND 

1/01n-~;=~~~=-=-=-=-'~~:r:==~co:lo:m:" 1;/O;::==~~=:-1 
!/02'"'--W---"'----' 

.ABSOLUTE MAXIMUM RATINGS 

Item Symbol Ratmg Urnt 

Termmal Voltage to GND pm VT -0.5 to +7.0 V 

Power Dissipation PT 1.0 W 

Operating Temperature Topr Oto +70 ·C 

Storage Temperature (wIth bIas) TI,~(bias) -lOto +85 "C 

Storage Temperature TstB -55to +125 ·C 

~HITACHI 

Preliminary 

(DG·22N) 

.PIN ARRANGEMENT 

Hitachi America Ltd .• 2210 O'Toole Avenue • San Jose, CA 95131 • (408) 435-8300 
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HM6788-----------------------------------------------------------------

.RECOMMENDED DC OPERATING CONDITIONS (O·C;;;; Ta;;;; 70·C) 

Item Symbol min typ max Unit 

Vee 4.5 5.0 5.5 V 
Supply Voltage 

GND 0 0 60 V 

Input High Voltage VIH 2.2 - 6.0 V 

Input Low Voltage VIL -0.3 - 0.8 V 

.TRUTH TABLE 

CS WE Mode Vee Current Output Pin Ref. Cycle 

H X Not selected [s8,IsHI HighZ -

L H Output Disabled Icc. ICCI HlghZ -

L H Read Icc, Icci Dout Read Cycle (I) (2) 

L L Write Icc. ICCI Din Write Cycle (I) (2) 

x. H otL 

.DC AND OPERATING CHARACTERISTICS ( Vcc=5V ± 10%. Ta=O'C to +70'C) 

Item Symbol Test ConditIOns min typ max 

Input Leakage Current I ILl I Vee=5.5V, VIN=OV to Vee - - 2 

Output Leakage Current 11£01 CS= VJH, Vdo=GNDto Vee - - 2 

Opearating Power Supply Current Icc CS= VIL,h/o=OmA - 46 80 

Average Operating Current /CCI Min Cycle, Duty: 100% - 69 120 

Is. CS= VJH,h/o=OmA - 11 30 
Standby Power Supply Current 

ISBl CS~ Vcc-02V, V,,,";O.2Vor V,,~ Vcc-02V - 2 10 

Output Low Voltage VOL IOL=8mA - - 0.5 

Output High Voltage VOH IOH=-4mA 2.4 - -

-AC CHARACTERISTICS (VCC = 5V ±100'{', Ta = 0 to +70°C, unless otherwise noted) 

• AC Test Conditions 
Input and Output reference levels: 1.5V 

Unit 

,.,A 

,.,A 

rnA 

rnA 

rnA 

rnA 

V 

V 

Input pulse levels: GND to 3.0V 
Input rise and fall time: 4ns ±500mV from steady level (Output Load B) 

Output Load: See Figure 

+5V 

4800 

00" 

2550 

Output Load A 

Dout 

@HITACHI 

255!l 

*lncludmgscope and liB. 

Output Load B 
(tCHZ. til/HZ. tCLZ. tOll/) 

Hitachi America Ltd .• 2210 OToole Avenue. San Jose. CA 95131 • (408) 435-8300 



--------------------------------------------------------------------HM6788 

• READ CYCLE (25 ns (max) version available) 

Item Symbol mm max Unit 

Read Cycle Time IRe 30 - ns 

Address Access Time IAA - 30 ns 

Chip Select Access Time lACS - 30 ns 

Chip SelectIOn to Output m Low Z feLZ 0 - ns 

Chip DeselectlOn to Output in High Z lCHZ 0 12 ns 

Output Hold from Address Change IOH 5 - ns 

Chip Selection to Power Up Time /pu· 0 - ns 

Chip Deselection to Power Down Time /PD* - 30 ns 

*' ThIS parameterls sampled and not IOOo~o tested 

• Timing waveform of Read Cycle No. 1')·2) 

,,, 

\ddrt'"'' 

t{lH 
,,, 

DOHI 

• Timing waveform of Read Cycle No. 2')·3) 

1)"111 

Note) 1. WE = V/H 
2. CS= VIL 
3. Address valid prior to or coincident with CS transition Low . 

• WRITE CYCLE 

Item Symbol mm max Unit 

Write Cycle Time I"" 30 - ns 

Chip Selection to End of Wnte Ie" 25 - ns 

Address Setup Time lAS 0 -- ns 

Address ValId to End of WrIte IA. 25 - ns 

Write Pulse Width twp 25 - ns 

Wnte Recovery Time I.R 0 - ns 

Write to Output m High Z tWHZ 0 12 ns 

Data Valid to End of Wnte tow 15 - ns 

Data Hold Time IDH 5 - ns 

Output Active from End of Write low 0 - ns 

~HITACHI 
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HM6788----------------------------------------------------------------

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

Iwe 

lew 

I,w 

Iwp 

(2) 10H 

low 

00", 

low 10H 

Dm 
lSI 

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

Iwe 

Address 

." lew 

I .. 

III 
twp 

00", 

tow tDII 

Dm 

Notes: 1. A write occurs during the overlap (twp) of a low CS and a low WE. 
2. During this period, I/O pins are in the output state so that the input signals of 

opposite phase to the outputs must not be applied. 
3. Dout is the same phase of write data of this write cycle. 
4. If the CS low transition occurs after the WE low transition, output remain in a 

high impedanoe state. 
5. If CS is low during this period, I/O pins are in the output state. Then, the data 

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

~HITACHI 
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------~--------------

----------------------------------------------------------------HM8788 
.CAPACITANCE (Ta=2S"C, f= 1.0MHz) 

Item Symbol min typ max Conditions 

Input Capacitance C,N - - 6.0 VIN=OV 

Input/Output Capacitance C,Io - - 8.0 VOUT=OV 

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

• HITACHI 
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HM6287P Series, 
HM6287CG Series 
65536-word X 1-bit High Speed Static CMOS RAM 

• FEATURES 
• High Speed: Fast Access Time 45/55170ns (max.) 
• Single 5V Supply and High Density 22 Pin Package 
• Low Power Standby and Low Power Operation 

Standby: 100~W (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 

• BLOCK DIAGRAM 

A. 

A. 

A •• 

A" 
Mtmory Array 

A., 128)(512 

A •• 

A., 

D .. --C:;>--+---1 Dowl 

• PIN ARRANGEMENT 
• HM6287P Series • HM6287CG Series 

AI Ao Vee AlS 

(Top View) 

~HITACHI 

HM6287P Series 

(DP-22N) 

HM6287CG Series 

(CG-22A) 
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-------------------------- HM6287P Series, HM6287CG Series 

• ABSOLUTE MAXIMUM RATINGS 

Item Symbol Rating Unit 

Voltage on Any Pin Relative to GND· VT -0.5 to +7.0 V 

Power Dissipation PT 1.0 W 

Operating Temperature Topr o to +70 ·C 

Storage Temperature 
I Plastic -55 to +125 

·C I Ceramic 
T' tll 

-65 to +150 

Temperature Under Bias Tbia< -10 to +S5 ·C I • V T min = -3.5V (Pulse width 20ns) 

• TRUTH TABLE 

CS WE Mode Vee Current DoutPin Ref. Cycle 

H X Not Selected ISB,lSBl High Z -
L H Read lee Dout Read Cycle 

L L Write lee High Z Write Cycle 

• RECOMMENDED DC OPERATING CONDITIONS (To = a to +7a°C) 

Item Symbol min typ max Unit 

Vee 4.5 5.0 5.5 V 
Supply Voltage 

GND 0 0 0 V 

VIH 2.2 - 6.0 V 
Input Voltage 

VIL -3.0· O.S V -

·Pulse width 20ns, DC: -0.5V 

• DC AND OPERATING CHARACTERISTICS (V cc = SV ±IQ%, GND = av, To = a to +7a°C) 

Item Symbol Test Conditions min type max Unit 

Input Leakage Current I ILl I Vee = Max., Vin = GND to Vee - - 2.0 ,.A 

Output Leakage Current Iho l CS = VIR, Vout = GND to Vee - - 2.0 ,.A 

Operating Power Supply Current lee CS = VlL,Iout = OmA - 60 100 rnA 

ISB CS= VIR - 10 30 rnA 
Standby Power Supply Current 

ISBI CS = Vee -0.2V, VlN~ 0.2Vor ~ VCC -Q.2V 0.02 2.0 rnA -
VOL IOL = SmA - - 0.4 V 

Output Voltage 
VOR lOR =-4.0mA 2.4 - - V 

• Typical limits are at Vee = 5 .OV, To = 25· C and specified loading. 

• CAPACITANCE (/= 1 MHz, To = 2S 0c) 

Item Symbol Test Conditions min typ max Unit 

Input Capacitance Ctn Vin = OV - - 5 pF 

Output Capacitance Cout Vout = OV - - 7.5 pF 

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

~HITACHI 
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HM8287P Series, HM6287CG Series--------------------------

• AC CHARACTERISTICS (Vcc = 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: Sns 
Input and Output Timing Reference Levels: 1.SV 
Output Load: See Figure 

Output Load A 
5V 

Output Load B 

5V 

-=d4SOD 

Dout 

255.0 30pF· 

:q4S0D 

Dout 

255.0 SpF* 

$Jnciudln8 scope & JI' capacllance * Including scope & Jig capacltanu 

• READ CYCLE 

HM6287-45 HM6287-55 HM6287-70 
Item Symbol 

min min min 
Unit 

max max max 
Read Cycle Time tRC 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 - 5 - 5 - ns 
Chip Selection to Output in Low Z tLZ 5 - 5 - 5 - ns 
Chip Deselection to Output iii High Z tHZ 0 30 0 30 0 30 ns 

Chip Selection to Power Up Time tpu 0 - 0 - 0 - ns 
Chip Deselection to Power Down Time tPD - 40 - 40 - 40 ns 

• Timing Waveform of Read Cycle No.1 (4)(5) 

Address 
~~~---------------'.{------------------~~ 

=t-'"II --'t-'"II 
Dout 

Data Valid 

• Timing Waveform of Read Cycle No. 2(4)(6) 

r-------------/H{ ---------------L------

1/1/ 
/1/ 

Dout 

Vee supply ~ c_c - - - - - - t~"-l--_-,,-------------
current _ 50 () 

ISH 

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

Notes 

I 

2,3,7 

2,3,7 

7 

7 

2. At any gIVen temperature and voltage condition, 1HZ max. is less than ILZ min. both for a given device 
and from device to device. 

3. Transition is measured ±500 mV from steady state voltage WIth specified loading in Load B. 
4. WE is high for READ Cycle. 
S. Device is contmuously selected, while CS = V/L. 
6. Address valid prior to or coincident with CS transition low. 
7. This parameter is sampled and not 100% tested. 

~HITACHI 
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--------------------------HM6287P Seriel, HM6287CG Seriel 

• WRITE CYCLE 

Item Symbol 
HM628745 HM6287-55 HM6287-70 

Unit Notes 
min max min max min max 

Write Cycle Time twe 45 - 55 - 70 - ns 
Chip Selection to End of Write tew 40 - 50 - 55 - ns 
Address Valid to End of Write tAW 40 - 50 - 55 - ns 
Address Setup Time tAS 0 - 0 - 0 - ns 
Write Pulse Width twp 25 - 35 - 40 - ns 
Write Recovery Time tWR 0 - 0 - 0 - ns 
Data Valid to End of Write tDW 25 - 25 - 30 - ns 
Data Hold Time tDP 0 - 0 - 0 - ns I 
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) 

10' 

Address ---; 

Iclt' - I'{ 
1,0 

I---I'S~ I--I0H-

\ \ \' 
111"_ 

Don .. C V11
- .1':.' OH 

)l(Data on Validl( 

-111:.::1 I:--tfm 
High Impedance 

Data Undefmed 
Dout 

• Timing Waveform of Write Cycle No.1 (CS Controlled) 

Address =t 10' 

tAil Ii' 

t~~ -tKH 

'\ 
tC.li_ 

1---10'-

Din 
~~lJIl .IIUH 

I Data on Valid )I( 
-tLI~ 

Dout 
Data Undefaned 

HI h 1m edanee 

Notes) 1. If CS goes high Simultaneously with WE high, the output remains in a high impedance state. 
2. All Write Cycle timings are referenced from the last valid address to the first transitioning address. 
3. Transition is measured ±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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HM6287P Series. HM6287CG Series--------------------------

SUPPLY CURRENT VS. SUPPLY VOLTAGE 

, 
7a=25'( 

L ., 

~ 
V--

0 v----
--' 8 

6 

O. 
'.5 50 • -- --

Supply Voltl'lg<) Vcc{V) 

ACCESS TIME VS. SUPPLY VOLTAGE 

L3,----.----,---.----, 
Ta=25'( 

L2~--+---_+_---_If----! 

1 
" § llr---1----t-----r-----1 
;;; ----
g --3 I "r---1---==""!-_=--r-----1 -r--~ 
,: 
~ '!91------I---+---+---j 
<: 

o,~---+-----+----~---1 

117 ~~5-----,7:;"-5 ---,S!,O'----, '!"'!5---='5 ; 

Supply Voltage \/ee{V) 

STANDBY CURRENT VS. 

SUPPLY VOLTAGE 
, 

/ 
" 

V 
, / 

V 
6 

/ Ta=25'( 

',............-
cr = Vcc -0.2V 

o. 

-, 

Supply Voltage Vee (\'j 

SUPPLY CURRENT VS. AMBIENT TEMPERATURE 

L'r---,---...,.---,----, 

1.~--+----r---i---~ 

'i 1:'-.. 
Ii -;;; 

If' 
.!! --! 

0' w 

i 
0.6 

0. 
0 2U 60 '" 

Ambient Temperature Ta (t) 

ACCESS TIME VS. AMBIENT TEMPERATURE 

3 

\((=50\' 

2 

L V 
1 

V 
o~ 
~ 

u. , 

, 

u. ; 

10 

, 

,,, 60 

Ambient Temperature Ta ('C) 

STANDBY CURRENT VS. 

AMBIENT TEMPERATURE 

\cc=3\' 
CSo=2BY 

/ 
/ 

V 

/ 
60 

Ambient Temperature Ta (tl 
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--------------------------- HM6287P Series, HM6287CG Series 

1 

0 

1 
1 tI 

9 

" ~ 0.8 

! 
u , 

0.6 

0., 
o 

3 

2 

1 

SUPPLY CURRENT vs. 
FREQUENCY 

,/ 

/ 
LV 

/ 
/ 

10 10 20 

Frequency/(MHz) 

INPUT LOW VOLTAGE vs. 
SUPPLY VOLTAGE 

./ 

Ta=25t 

25 

~ ~ ~ 
> 

.s 
1i. 0 
.s 

0 

9 

U8 

7 

3' I 

5 

II 

\ 

u 

5 

--~ 
'.5 ~25 

Supply Voltage h't (V) 

OUTPUT HIGH CURRENT VS. 

OUTPUT HIGH VOLTAGE 

Ta=25't 

~ 
\"('c=5\ 

\ 
\ 
\ 
\ 
\ 

I , 

Output High Voltage VOH (V) 

--

~HITACHI 

0 

8 

6 

• 

2 

STANDBY CURRENT vs. 
INPUT VOLTAGE 

1\ 

\ 
I"" r--...... 

Input Voltage V,. (V) 

Ta=2St' 
rcc=S.ov 
CS:'.8V 

INPUT HIGH VOLTAGE VS. 

SUPPLY VOLTAGE 

13 

TG=25t 

12 

1 

---~ ,L---~ 
1.0 

o . 

0.8 

7 ,., , ,5 ~o -. 
Supply Voltage I'ee (V) 

OUTPUT LOW CURRENT VS. 

OUTPUT LOW VOLTAGE 

6 

• J 

/ l 

/ 
0 

/ Ta=25t' 
\'cc=5\" 

8 

L 6 

V 
4 

Q2 0.' 06 

()utput Low \,}Itagl' lOL (\'1 

5.5 

08 
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HM6287LP 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 /loW (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 

• BLOCK DIAGRAM 

A, 

A. +--v., 

A .. 
R,. 

A" 

A .. 

A .. 

A" 

D" 00111 

IT 

WE 

• ABSOLUTE MAXIMUM RATINGS 

Item Symbol 

Voltage on Any Pin Relative to GND* VT 

Power Dissipation PT 

Operating Temperature Topr 

Storage Temperature Tstg 

Temperature Under Bias Tbias 

• VT mm = -3.5V (Pulse width 20ns) 

@HITACHI 

(DP-22N) 

• PIN ARRANGEMENT 

(Top View) 

Rating Unot 

-0.5 to + 7.0 V 

1.0 w 
o to + 70 °c 

-55 to + 125 °c 
-10 to +85 °c 
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------------------------------- HM6287LP Series 

• TRUTH TABLE 

CS WE Mode Vee Current Dout Pin Ref. Cycle 

H X Not Selected ISB'/SBJ High Z -
L H Read Icc Dout Read Cycle 

L L Write Icc High Z Write Cycle 

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

Item Symbol min typ max Unit 

Vee 4.5 5.0 5.5 V 
Supply Voltage 

GND 0 0 0 V 

VIH 2.2 - 6.0 V 
Input Voltage 

VIL -3.0· 0.8 V -

·Pulse width 20ns, DC: -0.5 V 

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

Item Symbol Test Conditions min typ· 

Input Leakage Current IILl I Vee = Max., Vin = GND to Vee - -
Output Leakage Current Ihol CS = V1H, Vout = GND to Vee - -
Operating Power Supply Current Icc CS = VIL,!out = OrnA - 60 

ISB CS= V1H - 10 
Standby Power Supply Current 

ISBJ CS = Vee -0.2V, VIN~ 0.2V or ~ VCC -0.2V 2 -
VOL IOL = 8mA - -

Output Voltage 
VOH IOH=-4.0mA 2.4 -

• Typical limits are at Vee = 5.0V, To = 25°C and specified loading. 

• CAPACITANCE (f= IMHz, Ta = 25°C) 

Item Symbol Test Conditions min typ max 

Input Capacitance Cin Vin - OV - - 5 

Output Capacitance Cout Vout - OV - - 7.5 

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

• AC CHARACTERISTICS (VCC = 5V ±lO%, Ta = 0 to +70°C, unless otherwise noted) 

• AC TEST CONDITIONS 
Input Pulse Levels: GND to 3.0V 
Input Rise and Fa" Times: Sns 
Input and Output Timing Reference Levels: 1.SV 
Output Load: See Figure 

Output Load A 
sv 

~"OQ 
Dout 

2S5.Q 30pF'" 

.Includlng scope & JI' capacitance 

Output Load B 

sv :q'80Jl 

Dout 

255.0 5pF'" 

*lndudlDl scope & JI' capacitance 

~HITACHI 
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max Unit 

2.0 ,.A 

2.0 ,.A 

100 rnA 

30 mA 

100 ,.A 

0.4 V 

- V 

Unit 

pF 

pF 
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HM6287LP Series --------------------------------

• READ CYCLE 

HM6287LP45 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 tAA - 45 - 55 - 70 ns 
Chip Select Access Time tACS - 45 - 55 - 70 ns 

Output Hold from Address Change tOH 5 - 5 - 5 - ns 
Chip Selection to Output in Low Z tLZ 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 tpu 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) 

Address 

~~~---------------IR'----------------~~~ 

=t-'OH -~'t-'Olf 
Dout 

Data Valid 

• Timing Waveform of Read Cycle No. 2(4)(6) 

I---------------IR( --------------~ r------

fHL 

Dout Data Valid 

Vee supply ~ c_c - - - - - - t~"-l------0 -------------------------

current _ 5070 
ISB 

Notes: 1. All Read Cycle timings are referenced from last valid address to the first transltioning address. 
2. At any given temperature and voltage conditIOn, tHZ max. IS less than tLZ min. both for a gIven devIce 

and from device to device. 
3. Transition is measured ±500 mV from steady state voltage with specIfied loading In Load B. 
4. WE is high for READ Cycle. 
S. Device is continuously selected, while CS; V/L. 
6. Address valid prior to or coincident with CS tranSItion low. 
7. This parameter IS sampled and not 100% tested. 

~HITACHI 
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-------------------------------- HM6287LP Series 

• WRITE CYCLE 

HM6287LP-45 HM6287LP-55 HM6287LP-70 
Item Symbol 

min min 
Unit Notes 

max max min max 
Write Cycle Time twe 45 - 55 - 70 - ns 2 
Chip Selection to End of Write tew 40 - 50 - 55 - ns 

Address Valid to End of Write tAW 40 - 50 - 55 - ns 

Address Setup Time tAS 0 - 0 - 0 - ns 

Write Pulse Width twp 25 - 35 - 40 - ns 

Write Recovery Time tWR 0 - 0 - 0 - ns 

Data Valid to End of Write tDW 25 - 25 - 30 - ns 

Data Hold Time tDH 0 - 0 - 0 - ns I 
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) 

'.e 
Address 

---,. 

~ 

- j{ 
,,, 

'A' --_'AS_ 1--'"'-
WE \\ \' 

t~~J'-

.t=:""- • t:.tDH 

,tOata m Vahd)( Om 

f-'":j ~l(m 
High Impedance 

Data Undefmed 
Dout 

• Timing Waveform of Write Cycle No.1 (CS Controlled) 

Address ~ 'oe 

t AI~ I' 

"'=1 -'OR 
\ 

ILW_ 

-',p-

Don 
.L"" .I'DH 
J.. Data In Valid-*-

-t"z 
Dout 

Data Undefmed 
HI h 1m edance 

Notes) 1. If CS goes high Simultaneously with WE high, the output remains in a high impedance state. 
2. All Write Cycle timings are referenced from the last valid address to the first transitioning address. 
3. Transition is measured ±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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HM8287LPS.in-------------------------------------------------------------

• LOW Vee DATA RETENTION CHARACTERISTICS (Ta = 0 to +70°C) 

Parameter Symbol Test Condition min. typo max. Unit 

V cc for Data Retention VDR 
CS ~ VCC- 0.2V, 

2.0 - - V 

Data Retention Current ICCDR 
Vin ~ VCC-0.2V or 

- 1 50** ~A 

Chip Deselect to Data Retention Time tCDR OV;;; Vin ;;; 0.2V 
0 - - ns 

Operation Recovery Time tR tRC" - - ns 

• tRC- Read Cycle TIme •• VCC- 3.0V 

• LOW Vee DATA RETENTION WAVEFORM 

Data Re!ention Mode vcc ______ ,1 

cs~Vcc-O.2V 
Cs ___ --' 

ov _________________ - --- --- --- - --- - -- -- - ---- - ---

~HITACHI 
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HM6787 Series,------Preliminary 
HM6787CG Series 
65536-word X 1-bit High Speed Static RAM 

- FEATURES 
• Super Fast Access Time: 25ns/30ns (max.) 
• Low Power Dissipation (DC): 

Operating 180mW (typ) 
• High Driving Capability: IOL 16mA 
• +5V Single Supply 
• Completely Static Memory 

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 

- BLOCK DIAGRAM 

Dm--;;::r--+---1 
cs -c><>-t..--~., 

-ABSOLUTE MAXIMUM RATINGS 

Item Symbol Rating 

Terminal Voltage to GND Pin VT -0.5 to +7.0 

Power Dissipation PT 1.0 

Operating Temperature Range Top, o to +70 
Storage Temperature Range Tstg -55 to +125 

Dout 

Unit 

V 
W 

°c 
°c 

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

@HITACHI 

HM6787 Series 

(DG-22N) 

HM6787CG Series 

(CG-22A) 

- PIN ARRANGEMENT 
• HN6787 Series 

Ao 

Al 

A, 

A. 

As 

A, 

A, 

Dout 

WE 

GND 

(Top View) 

• HM6787CG Series 
A! Ao Vee AIS 

(Top V,ew) 

Vee 

A" 

Au 

A13 

A12 

All 

AIO 

A, 

As 

Din 

CS 
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HM6787 Series, HM6787CG Series--------------------------

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

Item Symbol min. typo max. Unit 

Vee 4.5 5.0 5.5 V 
Supply Voltage 

GND 0 0 0 V 

Input High Voltage VIH 2.2 - 6.0 V 

Input Low Voltage VIL -0.3 - 0.8 V 

• TRUTH TABLE 

CS WE Mode Vee Current Output Pin 

H X Not Selected ISB'/SBI High Z 

L H Read Icc Dout 

L L Write Icc HighZ 

• DC AND OPERATING CHARACTERISTICS (Vee = 5V±1Q%, Ta =O°Cto+70°C) 

Item Symbol Test Conditions min. typo max. Unit 

Input Leakage Current IhII Vee =5.5V, VIN=OV to Vee - - 2 /loA 

Output Leakage Current Ihol CS=VIH, VOUT=OVto Vee - - 2 /loA 

Operating Power Supply Current Icc cs= VIL,II/o=OmA - - 100 rnA 

ISB CS= vIH,lI/O-OmA - - 40 rnA 

Standby Power Supply Current 
ISBI 

CS!l; Vee -0.2V 

VIN~0.2Vor VIN~Vee-0.2V 
- - 20 rnA 

Output Low Voltage VOL IOL=16mA - - 0.5 V 

Output High Voltage VOH IOH=-4mA 2.4 - - V 

Out put Load B • AC TEST CONDITIONS 
Input pulse levels: GND to 3.0V 
Input rise and fall times: 4ns 

Out put Load A 

+5V (for tHZ, tLZ, twz & tow) 

+5V 
Input timing reference levels: 1.5V 
Output reference levels: 1.5V 
Output load: See Figure 

Dout 0--_---4 

255 Q 

4800 

Dout o--.... --~ 

2550 

• Including scope and jig. 

~HITACHI 
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---------------------------- HM6787 Series, HM6787CG Series 

• CAPACITANCE (Ta = 25°C,[= 1.0MHz) 

Item Symbol typo Unit Conditions 

Input Capacitance CIN 2.0 pF VIN= OV 

Output Capacitance COUT 3.0 pF VOUT=OV 

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

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

• READ CYCLE 

Item Symbol 
HM6787/CG HM6787/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 tpu 0 - 0 - ns 

Chip Deselection to Power Down Time tpD - 25 - 30 ns 

• WRITE CYCLE 

Item Symbol 
HM6787/CG HM6787/CG-30 

Unit Notes 
min. max. min. max. 

Write Cycle Time twc 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 tAS 0 - 0 - ns 

Write Pulse Width twp 20 - 25 - ns 
Write Recovery Time tWR 5 - 5 - ns 

Data Valid to End of Write tDW 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. 

~HITACHI 
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HMe787 Serl .. , HM6787CG SerI .. -------------------------

• TIMING WAVEFORM OF READ CYCLE NO. 11), 2) 

IRe 

Address 

IAA 

ION 

Data Out Previous Data Valid Data Valid 

• TIMING WAVEFORM OF READ CYCLE NO. 21), 3) 

IRe 

tACS 

ILZ 

Data Out 
High Impedance Hi gh Impedance 

Data Valid 

IN 

Vee Supply 

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 ±SOOmV from steady state voltage with specified loading In Load B. 

~HITACHI 
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-------------------------HM6787 Serl .. , HM6787CG Serl .. 

• TIMING WAVEFORM OF WRITE CYCLE NO.1 IWE CONTROLLED) 

Iwe 

Acldre •• 

Iwp I 
lew 

lAW 
lAS 

loW 

Data In Data In Valid 

Iwz 

Data Out Data Undef i ned 
High Impedance 

Note: I. Transition is measured ±SOOmV from steady state voltage with specified loading in Load B . 

• TIMING WAVEFORM OF WRITE CYCLE NO. 21CS CONTROLLED) 

Iwe ----.J\. )~ Addre •• 

lAS 
lew 

1 ) 

lAW IwR 

Iwp 

\. \. \. \. \. \. ~\. '///// 
low IDH 

Data In )( Data In Vahd ..., 

Iwz 

Data Undefined " ) High Impedance 
O.ta Out 

Note: I. Transition is measured ±SOOmV from steady state voltage with specified loading in Load B. 
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HM62256LP Series,-----
HM62256LFP Series 
32768-word x 8-bit High Speed CMOS Static RAM 

• FEATURES 
• High Speed: Fast Access Time 85/100/120/150ns (max) 
• Low Power Standby and Low Power Operation; 

Standby: 200 pW (typ.), 10 ",W (typ.) (L-version) 
Operation: 40mW (typ.) (f = 1 MHz) 

• Single 5V Supply 
• Completely Static RAM: 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 28 Pin Package Configuration 
• Capability of Battery Backup Operation 

• BLOCK DIAGRAM 

Al2 
Al4 

~~3 • X 
A9 I Address 

1;1 I Buffer 
A6 I 
A7 

1/00-----; 

1/07------; 

Row 
Decoder 

WE-----' 

OE------' 

cs-

Memory Array 

512X512 

AO AI A2 AIOA3A4 

• ABSOLUTE MAXIMUM RATINGS 
Item Symbol Rating Unit 

Voltage on any pin with relative to GND VT -0.5' to +7.0 V 

Power Dissipation PT 1.0 W 

Operating Temperature Topr o to +70 °C 
Storage Temperature Tstll -55 to +125 °C 
Temperature Under Bias Tbias -10 to +85 °C 

'Pulse Width SOns: -3.0V 

• TYPES OF PRODUCTS 
Type No. Access Package 

HM62256P-8 85 ns 
HM62256P-IO lOOns 
HM62256P-12 120 ns 600 mil 
HM62256P-15 150ns 
HM62256LP-8 85 ns 

28 pin 

HM62256LP-IO lOOns plastic DIP 
HM62256LP-12 120 os 
HM62256LP-15 150 os 
HM62256FP-8 85 os 
HM62256FP-IO 100 os 
HM62256FP-12 120 os 
HM62256FP-15 150 ns 28 pin 

HM62256LFP-8 85 os plastic SOP 
HM62256LFP-lO 100 os 
HM62256LFP-12 120 os 
HM62256LFP-15 150 ns 

~HITACHI 

HM62256LP Series 

(DP-28) 

HM62256LFP Series 

(FP-28D) 

• PIN ARRANGEMENT 

(Top View) 
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----------------------------<IHM62256LP SerI .. , HM62256LFP SerIes 

• TRUTH TABLE 

CS OE WE Mode Vee Current I/O Pin Reference Cycle 

H X X Not Selected ISB,lsBl High Z -
L L H Read Icc Dout Read Cycle No. 1-3 

L H L Write Icc Din Write Cycle No. I 

L L L Write Icc Din Write Cycle No.2 

X means H or L 

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

Item Symbol min. typo max. Unit 

Vee 4.5 5.0 5.5 V 
Supply Voltage 

GND 0 0 0 V 

V1H 2.2 - 6.0 V 
Input Voltage 

V1L -3.0' O.S V -

·Puls. Width: SOns. DC: VlL mID = -0.5V 

II DC AND OPERATING CHARACTERISTICS (Vee=SV± 10%. GND=OV, Ta=O to +70°C) 

Item Symbol Test Condition min. 
Input Leakage Current Jlul VIN=GND to Vee -

Output Leakage Current IlLol CS=VIHor OE=VIH, VI/O=GND to Vce -

Operating Power Supply Curren ICC CS= V/L, II/o-OmA -

HM62256LP/LFP-S -
Average HM62256LP/LFP-IO -Operating 

HM62256LP/LFP-12 lCCI Min. Cycle, duty=100%,II/o=OmA 
Power -
Supply HM6 2256LP /LFP-15 -Current 

ICC2 CS=V/L, V/H=VCc. V/L=OV,lI/o=OmA,f=IMHz -

Standby Power Supply Current ISB CS=VlH -
ISBI CS ~ VCC-o.2V -
VOL IOL-2.1mA -

Output Voltage 
VOH Ion=-l.OmA 2.4 

Notes: ": Typical values are at VCc=5.0V, Ta=25°C and specified loading. 

• CAPACITANCE (Ta= 2SoC,[=IMHz) 
Item Symbol Test Condition typo max. Unit 

Input Capacitance ein Vin=OV - 6 pF 

Input/Output Capacitanc~ ella VIIO=OV - S pF 

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

• AC CHARACTERISTICS (Vce=SV± 10%, Ta=O to +70°C unless otherwise noted) 

• AC Test Conditions 

typ." 

-
-

S 

50 

40 

35 

33 

S 

0.5 

2 

-
-

o Input pulse levels: O.BV to 2.4V o Input and Output timing reference levels: 1.5V 
o Input rise and fall times: 5ns o Output load: lTTL Gate and CL = l00pF 

(including scope and jig) 

• HITACHI 
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max. 

2 

2 

15 

70 

70 

70 

70 

15 

3 

100 

0.4 
-

Unit 

,.A 

,.A 

rnA 

rnA 

rnA 

rnA 

,.A 

V 

V 

I 
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HM822S8LP 8.,1 .. , HM822S8LFP 8.,1 .. --------------------------

• Read Cycfe 

Item Symbol 
HM62256LP/LFP-8 HM62256LP/LFP·I0 HM62256LP/LFP·12 HM62256LPILFP·15 

Unit 
min. max. min. max. min. max. min. max. 

Read Cycle Time tRC 85 - 100 - 120 - 150 - ns 
Address Access Time tAA - 85 - 100 - 120 - 150 ns 
Chip Select Access Time tACS - 85 - 100 - 120 - 150 ns 
Output ~n~~le to Output Valid tOE - 45 - 50 - 60 - 70 ns 
Output Hold from Address Change tOH 5 - 10 - 10 - 10 - ns 
Chip Selection to Output in Low Z tCLZ 10 - 10 - 10 - 10 - ns 
Output Enable to Output in Low Z tOLZ 5 - 5 - 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 SO ns 

• Timing Waveform of Read Cycle No. ,[11 
tRC 

Address ------,. V 
Ir\ \. 

tAA 

\\\\\\\\ 1\ It '11111111 
tOE IOH 

'\\\' tOLZ / '11111 'III I 
10HZ 

tACS ICHZ 

OOK tCLZ 
Data Valid /\1'.. 

J /\1 
Dout 

• Timing Waveform of Read Cycle No. 2[1] [2] [4] 

IRC 

Address 

tAA IOH 

tOH 

Dout 
Data Valid 

$ HITACHI 
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---------------------------HM62256LP Series. HM62256LFP Series 

• Timing Wavsform of Read Cycle No. 3(1 ) (3) (4) 

ICHZ 

I 
ICLZ 

lACS 

Dout 
Data Valid 

Notes) I. WI: is High for Read Cycle. 
2. Device is continuously selected, <;S = V/L' 
3. Address Valid prior to or coincident with <;S transition Low. 
4. em = V/L. 

• Write Cycle 

HM62256-8 HM62256-10 HM62256-l2 HM62256-15 
Item Symbol Unit 

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 - 80 - 85 - 100 - ns 

Address Valid 10 End of Write tAW 75 - 80 - 85 - 100 - ns 

Address Setup Time tAS 0 - 0 - 0 - 0 - ns 

Write Pulse Width IWp 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 tDW 40 - 40 - 50 - 60 - ns 

Data Hold from Write Time tDH 0 -. 0 - 0 - 0 - ns 

Output Disable to Output in High Z 10HZ 0 30 0 35 0 40 0 50 ns 

Output Active from End of Write low 5 - 5 - 5 - 5 - ns 

~HITACHI 
Hitachi America Ltd. • 2210 O'Toole Avenue • San Jose, CA 95131 • (408) 435-8300 235 



236 

HM62256LP Series, HM62256LFP Series-----------------________ _ 

• Timing Waveform of Write Cycle No.1 (OE Clock) 

we 

Address \V r--
'---

~JwR[2l::-: 

!.L.// 1\\\\\\\ 
I lew 

\\ 1\ 1\\\\\ j'llllll 
!---IAS- lAW 

\\ \ \'['i V 
J 

10HZ (3) lwp (1) 

Dout \\\\\\\\\~ 
[L/ / /J // /JI IDw IDH 

Din / -LXL \~ 

• Timing Waveform of Write Cycle No. 2[111 (OE Low Fixed) 

lwe 

Address 

lew 

(4) 

lAW 

Iwp (1) 

low 

Dout 

IDW IDH 

Din 

Notes: I. A write occurs during the overlap (t ~ of a low CS and a low WE. 
2. tWR is measured from the earlier of CS or WE going high to the end of write cycle. 
3. DUring this period, I/O pinS are In the output state. The J!!put signals out of phase must not be appbed 
4. If the CS low transition occurs simultaneously with the WE low transition or after the wt low transition. 

outputs remain in a high Impedance state. 
5. OE is continuously low. (OE = VIL ) 
6. Dout is in the same phase of written data of this write cycle. 
7. Dout IS the read data of next address. 
8. If <::S is low during thiS period, I/O pinS are in the output state. The input signals out of phase must not be 

appbed to I/O Pins. 

~HITACHI 
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--------------------------HM62256LPSeriea. HM62256LFP Series 

• LOW Vee DATA RETENTION CHARACTERISTICS (T A = 0 to 70°C) 

These characteristics are guaranteed only for L version. 

Item Symbol Test Conditions 

V cc for Data Retention VDR CS ~ V CC -0.2V 

Data Retention Current ICCDR VCC = 3.0V. CS ~ 2.SV 

Chip Deselect to Data Retention Time tCDR 
See Retention Waveform 

Operation Recovery Time tR 

• tRC = Read Cycle Time 

• Low Vee Data Retention Waveform 

Vee DATA RETENTION MODE 

2. 2V ------ 1r---"'''' ___ Vl....;;D....;;R_;;;;....;;2;;.;.._OV ____ --I 
VDR 

CS;;;; Vee-O.2V 
CS __ oJ 

min. typo max. Unit 

2.0 - - V 

- - 50 /loA 

0 - - ns 

tRC· - - ns 

OV ------------------------------------------------------------

NOTE) In data retention mode, CS controls the address, WE, OE and DIN Buffers. VIN for these mputs can be in high impedance state 
in data retention mode. 

~HITACHI 
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HM62256LP Series, HM62256LFP Series-----------------------------
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---------------------------HM62256LP Series, HM62256LFP Series 
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HM62256LP Serlea, HM62256LFP Serlea--------------------------
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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 

• FEATURES 
• High Speed: Fast Access Time 100/120ns max. 
• Low Power Standay and Low Power Operation; 

Standby: 10p.W typical 
Operation: 40mW typical (f = 1 MHz) 

• Single 5V Supply 
• Completely Static RAM: 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 28 Pin Package Configuration 
• Capability of Battery Backup Operation 

• BLOCK DIAGRAM 

(DP-28) 

• PIN ARRANGEMENT 
:\ l~ 
AI~ 

AX X 
AI.l I 

Aq I Address 

:~.!) 1 
I Buff er 

All I 

;\ "I 

Ro\., 
Decoder 

I/OO-----l I/O 

1/07------1 Buffer 

WE------' 

OE------...J 

cs-

Memory Array 

512 X 512 

Column I/O 

Column Decoder 

AO Al A2 AIOA3.-\1 

• ABSOLUTE MAXIMUM RATINGS 
Item Symbol Rating Unit 

Voltage on any pin relative to GND I VT -0.5* to +7.0 V 

Power Dissipation PT 1.0 W 

Operating Temperature Topr o to +70 °c 
Storage Temperature Tstg -55 to +125 °c 
Temperature Under Bias Tbias -10 to +85 °c 

'Pulse Width SOns: -3.0V 

Note) The ,peclflcations of thl' deVice are ,ubject to change without notice. 
Please contact your neare,t HItachi's Sales Dept. regarding specflcation,. 

~HITACHI 
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A" 
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A3 

A, 

Al 

Ao 

1 00 

1 01 
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(Top View) 
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HM62256LP-5L Series, HM62256LFP-5L Series---------------------------

• TRUTH TABLE 

CS OE WE Mode Vee Current 110 Pin Reference Cycle 

H X X Not Selected ISB.ISBl High Z -

L L H Read ICC Dout Read Cycle No. 1-3 

L H --i. Write Icc Din Write Cycle No. I 

L l l Write Icc Dm Write Cycle No. 2 

X means H or l 

• RECOMMENDED DC OPERATING CONDITIONS (Ta= 0 to +70°C) 
Item Symbol min. typ max. Unit 

Vee 4.5 5.0 5.5 V 
Supply Voltage 

GND 0 0 0 V 

VIH 2.2 - 6.0 V 
Input Voltage 

VlL -3.0' - 0.8 V 

'Pulse WIdth: SOns. DC: I'lL mm = -0 5V 

• DC AND OPERATING CHARACTERISTICS (TA = 0 to 70°C, VCC = 5V ± 10%, GND = OV) 

HM62256LP/LFP 

Parameter Symbol IOSlII2SL Unit Test Conditions 

min typ max 

Input Leakage Current Ilul - - 2 p.A VIN = GND to Vcc 

Output Leakage Current IILOI - - 2 p.A 
CS = VIH or OE = VlH , 
VIIO = GND to Vcc 

Operating Power Supply Current: DC Icc - 8 15 rnA CS = VIL' 1110 = OmA 

Average Operating Power 
Icci 

40 70 
rnA ~ Minimum Cycle Duty = 

Supply Current ( I) 35 70 -12 100%,11I0 = OmA 

Average Operating Power ICC2 - 8 15 
Supply Current (2) 

Standby Power Supply Current: DC ISB - 0.5 3 

Standby Power Supply 
ISBI - 2 50 

Current 0): DC 

Output Low Voltage VOL - - 0.4 

Output HIgh Voltage VOH 2.4 -

Notes) I. Typical values are at Vee = 5 OV. T A = +25°C and ~pccJficd loadmg, 
2. Reference only 

• CAPACITANCE (Ta= 2SoC,f=lMHz) 

Item Symbol Test CondItion 

Input Capacitance Cin Vin=OV 

Input/Output Capacitance CliO VIIO=OV 

Note) ThIS parameter IS sampled and not 100% tested 

rnA CS = VIL' VIH = Vcc, VIL = OV, 
11i0 = OmA, f = IMHz 

rnA CS = VlH 

p.A CS;e:Vcc -0.2V 

V 10L = 2.lmA 

V 10H = -I.OmA 

typo max. Unit 

- 5 pF 

- 8 pF 

• AC CHARACTERISTICS (Vcc=5V± 10%, Ta=O to +70°C unless otherwise noted) 
• AC Test Conditions 

o Input pulse levels: O.SV to 2.4V 
o Input rISe and fall times: 5ns 

o Input and Output timing reference levels: 1,5V 
o Output load: lTTL Gate and CL = 100pF 

(including scope and jig) 

@HITACHI 
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--------------------------IHM82258LP-SL Series, HM82258LFP·SL Series 

• Read Cycle 

HM622S6P-8 HM62256P-1O HM622S6P-12 HM622S6P-15 
Item Symbol HM62256LP-8 HM622S6LP-1O HM62256LP-12 HM62256LP-15 Unit 

min. max. min. max. min. max. min. max. 

Read Cycle TIme IRe 85 - 100 - 120 - 150 - ns 

Address Access Time I"" - 85 - 100 - 120 - ISO ns 

Chip Select Access TIme 'ACS - 85 - 100 - 120 - ISO ns 

Output Enable to Output Valid 10E - 45 - SO - 60 - 70 ns 

Output Hold from Address Change 10H 5 - 10 - 10 - 10 - ns 

Chip Selection to Output in Low Z ,= 10 - 10 - 10 - 10 - ns 

Output Enable to Output in Low Z lou 5 - 5 - 5 - 5 - ns 

Chip Deselection to Output in High Z ICHZ 0 30 0 35 0 40 0 SO ns 

Output Disable to Output in High Z 10HZ 0 30 0 35 0 40 0 50 ns 

• Timing Waveform of Read Cycle No.1 11] 

tRC 

Address 

tAA 

tOE 

tOLZ 

Dout 
1-----tACS --+._.., r-J::=====!'E!!..~~:::;=:1 

tCLz 

• Timing Waveform of Read Cycle No. 2[1)[2)[4] 

tRC 

Address 

tAA tOH 

tOH 

Dout 
Data Valid 

• Timing Waveform of Read Cycle No. 311] [3] [4] 

tcHZ 

tCLZ 
tACS 

Dout 
Data Valid 

Notes) I. wr is High for Read Cycle. 
2. DeVice IS continuously selected, CS = V/L. 
3. Address Valid prior to or coincident with CS transition Low. 
4. OJ: = VIL. 

• HITACHI 
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HM62256LP·SL Series, HM62256LFP·SL Serles--------------------------

• Write Cycle 

HM62256p·8 HM62256P-IO HM62256P-12 HM622S6P-1S 

Item Symbol HM622S6LP-8 HM62256LP-IO HM62256LP-12 HM622S6LP-1S Unit 
min. max. min. max. min. max. min. max. 

Write Cycle TIme Iwe 85 - 100 - 120 - 150 - os 

Chip Selection to End of Write 'ew 75 - 90 - 100 - 120 - os 

Address Valid to End of Write lAW 75 - 90 - 100 - 120 - os 

Address Set Up TIme lAS 0 - 0 - 0 - 0 - os 

Write Pulse Width Iwp 65 - 75 - 90 - llO - os 

Write Recovery Time IWR 10 - 0 - 0 - 0 - os 

Write to OutputlD High Z IWHZ 0 30 0 35 0 40 0 SO os 

Data to Write Time Overlap 'DW 35 - 40 - SO - 60 - os 

Data Hold from Write TIme '06 0 - 0 - 0 - 0 - os 

Output Disable to Output io High Z 10HZ 0 30 0 35 0 40 0 50 os 

Output Active from End of Write lOW 5 - 5 - 5 - 5 - ns 

• Timing Waveform of Write Cycle No.1 (OE Clock) 

twe 

Address 

Dout 

Din 

• HITACHI 
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---------------------------,HM62256LP-SL Series, HM62256LFP-SL Series 

• Timing Waveform of Write Cycle No. 2[5] IOE Low Fixed) 

lwe 

Address 

lew 

(4) 

lAW 

lwp (I) 

IOH 

low 

Dout 

IDW IDH 
(8) 

Din 

Notes: 1. A WrIte occurs during the overlap (twp) of a low CS and a low WE. 
2. tWR IS measured from the earlier of CS or WE gomg hIgh to the end of wIlte cycle. 
3. During this period, I/O pins are m the output state. The input signals out of phase must not be appJied 
4. If the CS low transition occurs simultaneously with the WE low transition or after the WE low transition, 

outputs remam in a high Impedance state. 
5. OE is continuously low. (OE = V/L) 
6. Dout IS in the same phase of written data of this write cycle. 
7. Dout IS 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 

a ppJied to I/O Pins. 

• LOW Vee DATA RETENTION CHARACTERISTICS (TA = ooe to 70°C) 

Parameter Symbol mm typ max Unit Test Conditions 

V cc for Data RetentIOn VDR 2.0 - - V CS ;;, V cc -0.2V 

Data Retention Current ICCDR - - (I) 10 I"A VCC = 3.0V, CS ;;, 2.8V 

Chip De,elect to Data tCDR 0 - - n, 
Retention Time Sec Retention Waveform 

Operation Recovery Time tR (2) IRC - - n, 

• Low Vee Data Retention Waveform 

vcc _____ ----... 
DATA RETENTION MODE 

4. 5V --------- ----------- 4 . 5 V 

tR 

VDR~2.0V 

cs~ Vcc-O.2V 
cS-_..J 

OV-----------------------------------------------------------------------
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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/150n5/200n5 max. 
• Equal Access and Cycle Time. 
• Completely Static RAM: No Clock or Timing 

Strobe Required. 

• CS11 , CS1 2, CS1 3, CS I4 for Chip Decode. 
• Low Power Standby and Low Power Operation; 

Standby: O.4mW typo Operation: 200mW typo 
• Common Data Input and Output, Three State 

Output. 
• Directly TTL Compatible: All Input and Output. 

• BLOCK DIAGRAM 

Ao-Au 

CSii" 
cs;; 
cs.; 
CSu 

1/01-[/08 

@--

~ 

~ 

t-

t=f= 

~ 

~ 

• TRUTH TABLE 

Mode 

RAM 
Nu, 

RAM 
N03 

Not Selected (Power Down) 

Output Disabled 

Read 

Write 

Notes) 1. X: H or L 

--@ 

--@ 

I-
RAM I-t-

t-I- N02 

'---

c.===: RAM 
NM 

WE CS2 

X L 

H H 

H H 

L H 

L H 

GND 

OE 

X 

H 

L 

H 

L 

(DM-30) 

• PIN ARRANGEMENT 

(Top View) 

I/O Current Ref. Cycle 

High-Z ISB. fS82 

High-Z fcc. ICCI 

Dout Icc. fCCI 

Din Icc. ICCI Write Cycle (1) 

Din Icc, fCCI Write Cycle (2) 

2. CS", CS", CS'3 and CS'4 are chip decode use only. When one chip is selected, others are not selected. 

~HITACHI 
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--------------------------------------------------------------------HM88202&.iH 

• ABSOLUTE MAXIMUM RATINGS 

Item Symbol Rating Unit 

Voltage on Any Pin Relative to GND Vin -0.5· to 7 V 

Operating Temperature Topr o to +70 ·C 

Storage Temperature T,t, -55 to +125 ·C 

Temperature under Bias Tbia. -10 to +85 ·C 

Power Dissipation PT 1.0 W 

• -3.0V (pulse width SOns) 

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

Parameter Symbol min typ max Unit 

Supply Voltage Vcc 4.5 5.0 5.5 V 

GND 0 0 0 V 

Input High (logic I) Voltage VIR 2.2 - 6.0 V 

Input Low (logic 0) Voltage VIL -0.3· - 0.8 V 

• -3.0V (Pulse width SOns) 

• DC AND OPERATING CHARACTERISTICS (Ta=O°C to +70°C, VCC=SV± 10%, GND=OV) 

Parameter Symbol Test Conditions min typO max Unit 

Input Leakage Current ILl Vin=GND to V cc - - 10 /loA 

Output Leakage Current ho CS2=VIL or OE=VIH or WE=VIL, - - 10 /loA 
VI/o=GND to V CC 

Operating, Power Supply Current: DC ICC CS2= VIR, lI/o=OmA - 40 90 mA 

Average Operating Current ICCI Min. cycle, duty = 100%, Ir,o=OmA - 60 120 mA 

Standby Power Supply Current (1) ISB CS2-VIL - 4 12 mA 

Standby Power Supply Cuarrent(3):DC ISB2 CS2 ~ 0.2V, VIL min=-0.3V - 0.08 8 mA 

Output Low Voltage VOL IOL=2.lmA - - 0.4 V 

Output High Voltage VOH IOH=-l.OmA 2.4 - - V 

.: Typical limits are at V cc=S.OV, To=+2S·C and specified loading 

$ HITACHI 
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HM662025erie5--------------------------______ _ 

• CAPACITANCE (Ta=2S0C,f=l.OMHz) [I] 

Parameter Symbol typo max. Unit Test Conditons 

Input Capacitance Cin - 40 pF Vin-OV 

Input/Output Capacitance CI/O - 40 pF VI/O=OV 

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

• AC CHARACTERISTICS (Ta=O°C to +70°C, VCc=S.OV± 10% unless otherwise noted) 

• AC Test Conditions 
Input pulse levels ..................................... O.BV to 2.4V 
Input rise and fall times. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 10ns 
Input and Output timing reference level ...................... 1.5V 
Output load. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ITTL Gate and CL =100pF 

(Including scope & Jig) 

• READ CYCLE 

HM66202-12 HM66202-15 
Symbol 

HM66202-20 
Parameter 

min min 
Unit 

max max min max 
Read Cycle Time tRC 120 - 150 - 200 - ns 

Address Acce~ Time tAA - 120 - 150 - 200 ns 
Chip Selection (CS2) to Output teo - 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 tHZ· 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) *: tHZ and tOHZ define the time at which the output achieves the open circuit condition and are not referenced to 
output voltage levels. 

~HITACHI 
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---------------------------------HM66202 Series 

• Timing Waveform of Read Cycle(l) 

Address 
CS" 
[2] 

CS2 

Dout 

Notes) 1. WE is High for Read Cycle. 

IRe 

lAA 

leo 

ILZ 

IDE 

toLZ 

2. CS II , CS 12 , CS'3 and CS'4 are used only for chip decoding. When one chip is selected, others are not selected. 
When one CS I N pin is in V 1L level, other CS I N pins must not be in V 1L level. N; I, 2, 3, 4 . 

• WRITE CYCLE 

HM66202-12 HM66202-15 HM66202-20 
Parameter Symbol 

min min 
Unit 

max max min max 
Write Cycle Time twe 120 - ISO - 200 - ns 
Chip Selection to End of Write tew 85 - 100 - 120 - ns 
Address Set Up Time tAS 0 - 0 - 0 - ns 

Address Valid to End of Write tAW 85 - 100 - 120 - ns --. 
Write Pulse Width twp 70 - 90 - 100 - ns 

I WE tWRI 10 - 10 - 10 - ns 
Write Recovery Time I CS, 15 IS IS tWR2 - - - 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 

~HITACHI 
Hitachi America Ltd. • 2210 O'Toole Avenue • San Jose, CA 95131 • (408) 435-8300 249 



250 

HM66202 Series------------__________________ _ 

• Timing Wavaform of Write Cycle(l) IOE Clock) 
twe 

Address 
~ 
[10] 

cs. 

Dout 
tow tDH 

Din 

• Timing Waveform of Write Cycle(2) IOE Low Fixed) 

Address 
CS1' 
[10] 

cs. 

Dou! 

D,n 

.,,[3] 

twe 

.,. 

[6] 
tew 

tWR2 [4] 

[2] 

IW, [I] 

tow 

tow ••• 

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. 

2. tew is measured from CS, going high to the end of write. 
3. t AS is measured from the address valid to the beginning of write. 
4. tWR is measured from the end of write to the address change. 
S. During this period, I/O pins are in the output state, therefore the input signals of opposite phase to the outputs 

must not be applied. 
6. If 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. <:8 .. , CS12 , CS13 and CS •• are used only for chip decoding. When one chip is selected, others are not selected. 

WhenoneCSIN pin is in VILlevel,otherCSIN pins must not be in VnleveL N=l,2,3,4. 
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____________________________________________________________ HM88202SUI_ 

• PACKAGE OUTLINE (Dimensions in mm) 

39.60(4D.64max} 

-DO 

$ HITACHI 
Hitachi America Ltd. • 2210 O'Toole Avenue • San Jose, CA 95131 • (408) 435-8300 251 

-------------- -



252 

HM66202L 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 120n5/150n5/200n5 max. 
• Equal Access and Cycle Time. 
• Completely Static RAM: No Clock or Timing 

Strobe Required. 

• CStt • CSt2 • CSt3 • CSt4 for Chip Decode. 
• Low Power Standby and Low Power Operation; 

Standby: 40pW typo Operation: 200mW typo 
• Common Data Input and Output. Three State 

Output. 
• Directly TTL Compatible: All Input and Output. 

• BLOCK DIAGRAM 

1101-1/08 

cs. 
WE 
liE 

..-
~ 

t-

f-I= 

~ 

'---
'---
'---

• TRUTH TABLE 

Mode 

RAM 
"', 

RAM 
No3 

Not Selected (Power Down) 

Output Disabled 

Read 

Write 

Notes) 1. X: H or L 

---0 

---0 

r 
r-

RAM f-i-
r-r- No' 

'---

'--- RAM 

'--- Nn4 

WE CS2 

X L 

H H 

H H 

L H 

L H 

'cr 

GND 

OE 

X 

H 

L 

H 

L 

(DM-30) 

• PIN ARRANGEMENT 

I/O Current Ref. Cycle 

High·Z ISB, ISB2 

High·Z Icc, ICCI 

Dout Icc, ICCI 

Din ICC, ICCI Write Cycle (I) 

Din Icc, ICCI Write Cycle (2) 

2. CSt , ,CS, 2' CS .. and CS" are chip decode use only. When one chip is selected, others are not selected. 
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--------------------------------------HM66202LSeries 

• ABSOLUTE MAXIMUM RATINGS 

Item Symbol Rating Unit 

Voltage on Any Pin Relative to GND Vin -O.S* to 7 V 

Operating Temperature Topr o to +70 °c 
Storage Temperature Tstg -SS to +12S °c 
Temperature under Bias Tbias -10 to +8S °c 
Puwer DIssipation PT 1.0 W 

': -3.0V (Pulse Width SOns) I 
• RECOMMENDED DC OPERATING CONDITIONS (Ta=O°C to +70°C) 

Parameter Symbol min typ rna, Uott 

Supply Voltage Vee 4.5 5.0 5.5 V 

GND 0 0 0 V 

Input High (logic I) Voltage VIH 2.2 - 6.0 V 

Input Low (logIc 0) Voltage VIL -0.3* - 0.8 V 

*:-3.0V (Pulse wIdth SOns) 

• DC AND OPERATING CHARACTERISTICS (Ta=O"C to +70°C. VcC=5V± 10%, GND=OV) 

Parameter Symbol Test CondItions min typO max Unit 

Input Leakage Current ILl Vin=GND to Vee - - 2 itA 

Output Leakage Current ILO CS2=VIL or OE=VIH or WE=VIL,vl/o=GND - - 2 itA 
to Vee 

Operating Power Supply Current: DC ICC CS2= VIH, II!o=OmA - 40 90 rnA 

Average Operating Current lee I Min. cycle, duty-lOO%,1I/o=OmA - 60 120 rnA 

Standby Power Supply Current (1) ISB CS2=VIL - 4 12 mA 

Standby Power Supply Cuarrent(3):DC ISB2 CS2 ~ 0.2V, VIL min=-O.3V - 8 400 "A 

Output Low Voltage VOL loC2.l mA - - 0.4 V 

Output High Voltage VOH IOH=-1.0mA 2.4 - - V 

*: Typical limits are at Vee=5.0V, Ta=+25°C and specified loading 
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HM88202LS.le.-------------------------------------------------------------

• CAPACITANCE (Ta =2SoC,[=l.OMHz) [II 

Parameter Symbol typo max. Unit Test Conditons 

Input Capacitance Ctn - 40 pF Vln=OV 

Input/Output Capacitance CliO - 40 pF VI/O=OV 

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

• AC CHARACTERISTICS (Ta=O°C to +70°C, VCc=S.OV± 10% unless otherwise noted) 

• AC Test Conditions 
Input pulse levels ...................................... O.BV to 2.4V 
Input rise and fall times . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 10ns 
Input and Output timing reference level ...................... 1.SV 
Output load ......................................... ITTL Gate and CL=100pF 

(Including scope & Jig). 

• READ CYCLE 

HM66202L-12 HM66202L-15 HM66202L-20 
Parameter Symbol 

min max min max min max 

Read Cycle Time tRC 120 - 150 - 200 -
Address Access Time tAA - 120 - 150 - 200 

Chip Selection (CS2) to Output tco - 120 - 150 - 200 
Output Enable (OE) to Output Valid tOE - 60 - 70 - 100 

Chip Selection (CS2) to Output in Low Z tLZ 10 - 15 - 15 -
Output Enable (OE) to Output in Low Z tOLZ 5 - 5 - 5 -
Chip Deselection (CS2) to Output in High Z tHZ" 0 40 0 50 0 60 
Output Disable (OE) to Output in High Z tOHZ" 0 40 0 50 0 60 

Output Hold from Address Change tOH 10 - 15 - 15 -

Unit 

ns 

ns 

ns 
ns 

ns 

ns 

ns 

ns 

ns 

Note) *: tHZ and tOHZ define the time at which the output achieves the open circuit condition and are not referenced to 
output voltage levels. 

~HITACHI 
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----------------------------------HM66202L Series 

• Timing Waveform of Read Cycle(l) 

tRe 

Address 
CS'i; 
[2] 

teo 

tLZ 

tOE 

toLZ 

Doul 

Notes) 1. WE IS High for Read Cycle. 
2. CS Il , CS", CS" and CS'4 are used only for chip decoding. When one chip is selected, others are not selected. 

When one CSp" pin is in V/L level, other CSIN pins must not be in V/L level. N=I, 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 Wnte tew 85 - 100 - 120 - ns 
Address Set Up Time tAS 0 - 0 - 0 - ns 

Address Valid to End of Write tAW 85 - 100 - 120 - ns -_.-
Write Pulse WIdth twp 70 - 90 - 100 - ns 

I WE tWRl 10 - 10 - 10 - ns 
Write Recovery Time I 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 

@HITACHI 
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HM66202L Series-----------___________________ _ 

• Timing Wavaform of Write Cycle(1) IOE Clock) 

Address 
"CSiS 
[10] 

cs. 

Dou. 

twe 

tDw tDR 

Din 

• Timing Waveform of Write Cycle(2) IOE Low Fixed) 

Address 
C51\ 
(10) 

cs. 

000. 

Din 

t,. 

(6) 

!We 

lew [2] 

/wp[I) 

t .... 

''''' 'D. 

Notes): 1. A write occurs during the overlap of a high CS, and a low WE A write begIns at the later transItion of (,S, 
going high or WE going low A WrIte end~ at the earlier tranMtlOn 01 (,S, going low or WI: going hIgh IIl"P is 
measured from the beginmng of WrIte to the end of write 

2. lew is measured from CS, gOIng high to the end of write. 
3. I AS is measured from the address valid to the beginnmg of write 
4. IWR is measured from the end of write to the address change 
S. During this perIod, I/O pins are in the output state. therefore the mput 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. 
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. CSIl , CSI., CS" and CS I • are used only for chip decoding. When one chIp is selected, others are not selected. 

When one CSIN pin is in V/L level, other CS IN pins must not be in V't- level. N= 1,2,3,4. 

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



________________________________ HM66202L Series 

• lOW Vee DATA RETENTION CHARACTERISTICS (Ta=O to +70°C) 

Farameter Symbol Test Conditions 

V CC for Data Retention VDn CS2;£0.2V 

Data Retention Current I ccDn V cc=3.0V, CS2;£0.2V, VIL min= -0.3V 

Chip Deselect to Data Retention Time tCDn 
See RetentIOn Waveform 

Opera tion Recovery Time tn 

• 80llA max. under the condition of Ta =0 to +40"C 
•• tnc=Read Cycle Time 

• Low Vee Data Retention Waveform 

tCDR r-_______ .....::D:::at::...a .:..:R:::.:ete:::.:n:::uo:::n:..:M::.:.o:::d:::.e ________ ~ 

ree _____ +"" 
45V-----_ 

CS2~O.2V 

min typ max Unit 

2.0 - - V 

- 4 200' IlA 

0 - - ns 

t;~ - - ns 

IR 

w-----------------------------___________ _ 

• PACKAGE OUTLINE (Dimensions in mm) 

12'i4ma'\ \ 
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HM66203 Series,------
HM66203L Series 
HI-CMOS 1 M STATIC RAM 128K x 8 BIT HIGH DENSITY 
131072 x 8 BIT HIGH DENSITY STATIC RAM MODULE 

• FEATURES 

• High Density Industry Standard 32 Pin DIP Mounting 
4pcs 01 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: 40p.W typo (L Type) 
Operation: 50mW type. (I = 1 MHz) 

• Common Data Input and Output, Three State Outputs. 

• Directly TTL Compatible: All Inputs and Outputs. 

• FUNCTIONAL BLOCK DIAGRAM 

Ao-A.4 @ 
cs, @ 
cS2 @ 
eS3 @ 
eS4 @ 

1/0.-I/Oa @ 
WE @ 
OE @ 

• TRUTH TABLE 

Mode 

Not Selected (Power Down) 

Read 

Write 

-
- -

r-

X : DOll', Care (H or L): i = 1.2.3.4 
* All chipl\ arc nnt M!lcclcd. 

RAM 
NO.1 

RAM 
NO.3 

CS, 

*H 

"L 

**L 

"L 

...-. 
WE 

X 

H 

L 

L 

-
L.... -

L.... 

OE 

X 

L 

H 

L 

--@ 

--@ 

RAM 
NO.2 

RAM 
NO.4 

110 

High-Z 

DOllt 

0111 

Don 

(OM-32) 

• PIN ARRANGEMENT 
Top View 

eS3 32 Vee 

eS4 31 CS2 

A14 30 Ne 

A12 29 WE 

A7 26 A13 

As 27 As 

As 26 Ag 
Vee 

A4 25 All 
GND 

Aa 24 OE 

A2 10 23 A10 

Al 11 22 eSl 

Ao 12 21 1I0s 

1101 13 20 1/07 

1102 14 19 1/06 

1/03 15 16 1/05 

GND 16 1/04 

Current Note 

ISIl.lslll 

Icc Read Cycle (I) - (3) 

Icc Write Cycle (I) 

Icc Write Cycle (2) 

CS I • CS2• CSJ and CS4 pinl'. arc used for chip decoding. Only one chip !thou"J he ~ICl·tCJ. Two or more chips I11UltlllOI be !-.elected at one lime. 
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-------------------------HM66203-10/-12/-15, HM66203L-10/-12/-15 

• ABSOLUTE MAXIMUM RATINGS 

Item Symbol Rating Unit 

Voltage on Any 1'", RelatIve to GND VT -0.5' to +7 V 

Operating Temperature Tt,p, o to +70 ·C 

Sh)ragc Tcmpclaturc T'lg -55 to + 125 ·C 

Temperature Unuer Bia!'l Th1 ..... -IOto +85 ·C 

Power Dist-.ipation P r 1.0 W 

'-J.OV (pube WIUlh SOn,) 

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

Parameter Symbol min type max Unit Notes 

Vee 4.5 5.0 5.5 V 
Supply Voltage 

GND 0 0 0 V 

Input High (logic I) Voltage VIH 2.2 - 6.0 V 

Input Low (logic 0) Voltage VIL -3.0' 0.8 V 
*Pube width: SOn, -

DC: Vit. min = -0.5V 

• DC AND OPERATING CHARACTERISTICS (Ta = O°C to +70°C) Vee = SV ± 10%, GND = OV) 

HM66203/L 

Parameter Symbol -10/-12/-15 Unit Test Conditions Notes 

min typ (I) max 

Input Leakage Current 111.I1 - - 2 I'A VIN = GND to Vee 

Output Leakage Current IILOI - - 2 I'A CSn = VIII or OE = VIH • VIIO = GND to Vee (2) 

Operating Power 
Icc - 10 25 mA CSN = VIL 1110 = 0 mA (3) 

Supply Current: DC 

- 42 80 -10 
Average Operating Power Ieel - 37 80 mA min. cycle duty = 100%, 1110 = 0 mA -12 
Supply Current (I) 

35 80 -15 -
Average Operating Power IeC2 - 10 15 mA CSN = VIL, VIH = Vee. VtL = OV, (3) 
Supply Current (2) 1110 = 0 mA, f = IMHz 

Standby Power Supply Current: DC ISD - 2 12 mA CSn = VIH (2) 

Standby Power Supply - 8 400 I'A 
CSn :5 Vee - 0.2V 

HM66203L 
Current (I): DC Isul HM66203 - 0.16 8 mA 

Output Low Voltage VOL - - 0.4 V 101. = 2.lmA 

Output High Voltage VOH 2.4 - - V IOH = 1.0mA 

NOTES: 

I. TYPical valuc~ afC at Vee = 5.0V, T .. = +25°C and ~pccllicd loading. 
2. CSn. All (,,·hip:-. afC nut selected. 
3. CSN pm~ arc u!o.cd tilf chip decodmg. Only one chip t.hould be ",elected. Two or more chip,!, must not be !o.c1cctcd at onc time. 

• CAPACITANCE (T" = 25°C, f = 1.0 MHL) (I) 

P-dramctcr Symbol 111111 typ max Unit ComJitiom. Notc~ 

Input Capacitance C IN - - 45 pF VIN = OV 

InputlOutput CapacItance CliO - - 50 pF VIiO = OV 

NOTE. 

1 Tim. p:.ui.llllcicr 1~ ~.II11plcJ ~lIld not 100% tC!\tcd. 
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HM66203-10/-12/-15, HM66203L-10/-12/-15------------------------

• AC CHARACTERISTICS (Ta = ooe to +7ooe, Vcc = 5.0V ± 10% unless otherwise noted) 

• AC TEST CONDITIONS 
• Input pulse levels: 0.8V to 2.4V 

• Input rise and fall times: 5ns 

• Input and Output timing reference level: 1.5V 

• Output load: 1 TTL Gate and CL = 100pF (Including scope & jig) 

• READ CYCLE 

HM66203 L/-IO HM66203 L/-12 HM66203 L/-15 
P-dramctcr Symbol Unit 

min max min max min max 

Read Cycle Time tRC 100 - 120 - 150 - ns 

Address Access Time tAA - 100 - 120 - 150 ns 

Chip Select Acce," Time tAcs - 100 - 120 - 150 ns 

Output Enable to Output Valid tOE - 50 - 60 - 70 Os 

Output Hold from Address Change tOH 10 - 10 - 10 - ns 

Chip Selection to Output in Low Z tCLZ IO - 10 - 10 - n. 

Output Enable to Output in Low Z tOLZ 5 - 5 - 5 - n~ .. 

Chip Deselection to Output in High Z tCHZ 0 - 0 40 0 50 ns 

Output Dbable to Output in High Z tOHZ 0 - 0 40 0 50 ns 

• Timing Waveform of Read Cycle No. 1 (2) 

tRC 

Address - - - -

tAA . 
\\\\\\\\\\ -j IIIIIIIIII 

tOE +-tOH--+ 
tOlZ 

CSN(l) \\\\ I IIIIII IIIIII 
tACS tOHZ 

tClZ tCHZ 

Dout (Xv Data Valid ...... /"-/ 
/'''-/''--

• Timing Waveform of Read Cycle No.2 (1) (2) (3) (5) 

Address 

Dout 
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----------------------HM66203-101-12/-15. HM66203L-101-12/-15 

• Timing Waveform of Read Cycle No.3 (2) (4) (5) 

CSN(1) 

l=~ J XXX Data Valid Dout 

NOTES: 

I. CSI. CS2. CS3 and CS4 pon. are u>Cd for chip decoding. 3. Device i!rl contmu()u!.ly '-Clcclcd. CSN = V It.' 
Only one chIp .hould he .. Iected. 
Two or more chip!. mu~t not be !rIclCCICI.I ut one time. 

4. Addrc!rl!rl !rIhould be vahd prior to or coincident wilh CSN trdnl"lition low. 
S. OE = V,l. 

2. WET.high for read cycle . 

• AC CHARACTERISTICS (Cont'd.) 

• WRITE CYCLE 

HM66203 U-IO HM662031/-12 HM66203 U-15 
Parameter Symbol 

min max min max min max 

Write Cycle Time twe 100 - 120 - 150 -
Chip Selection to End of Write tew 90 - 100 - 120 -
Address Valid to End of Write tAW 90 - 100 - 120 -
Addres. Set Up Time tAS 0 - 0 - 0 -
Write Pulse Width twp 75 - 90 - 110 -
Write Recovery Time tWR 10 - 0 - 0 -
Write to Output in High Z tWHZ 0 35 0 40 0 50 

Data to Write Time Overlap tDw 40 - 50 - 60 -
Data Hold from Write Time tDH 0 - 0 - 0 -
Output Di.able to Output in High Z tOHZ 0 35 0 40 0 50 

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

• Timing Waveform of Write Cycle (1) (DE Clock) 

~-------------------twc--------------------~ 

Address 

OE 

I+-------tcw'-------------+l 

CSN(1) 

1+------------~~---tAw------------------~ 

i+---IoHZ(4)--+l i+---twp(2)----+I 

Dout 

Din 

• HITACHI 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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HM66203-101-12/-15, HM66203L-10/-12/-15-------------------------

• Timing Waveform of Write Cycle (2) (6) (DE Low Fixed) 

twe 

Address 

tew tWR(3)-> 

CSN(1) \ \ \ \ \ \\\\\\ III IIIIIIIII 
tAW(S) 

tWP(2) 

\\\ \ 
I--tAS +--tOH---+ 

i4-tWHZ(4)-- +----tow~ 

(7) (8) 

\\\\\\\\\\\\\\\\\\ 
...---.. 

I I I I 
1111111111I11II111 \ \ \ \ 

Dout 

tOW-i<--tOH(9) 

------------~E-----J~)~)~1)~)~))~) 
NOTES: 

I. CS,• CSZ, CS3 and CS4 pi .. arc u.oo for chip decoding. Only one chip should be ""Iected. Two or more chips mubl not be selected at one time. 
2. A write Ol'CUN. during the uvcllap (twp) of a low CSNand a low WE. 

3. tWR j" II1ca~urcd hOI11 the earher ofCSN or WE gomg high to the end or write cycle. 

4. DUring Ih.b period. 110 pin" arc In the output "laiC. The mput Mgnalh out of pha~ must nol be applied. 
5. If the CSN low traDMllon occur" MDlultancouhly with the WE low (ranhition Of aner the WE low trdnMUon, output remain in a high Impedance "tatc. 

6. OE i. contlOuou.ly low. (OE = VIl) 
7 DIIU1 should be held In phaM: of the written data durmg this write cycle. 

8. 0001 1& the read data of next addrc"", 

9. II CSNj;""low dUring th .. period, I/O plO' arc in the output .tate. The IOput .ignal. which are oppa.ite to the output level .hould not be applied to I/O plO' . 

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

Pammeter Symbol min type max Unit Te.1 Conditions 

Vee lor Data RetentIon V()R 2.0 - - V CSn"" Vee -O.2V 

Data Retention Current lecrJR - - 200 fAA Vee = 3.0V CSn 2: 2.8V (2) 

Chip De&clectto Data Rctention Ttmc tcr)R 0 - - ns 
Sec Retention Waveform 

Operation Recovery Time tR (I) IRe - - os 

NOTES: 
I tRe = Read Cycle Ttllle. 
2. CSn: All chip. are not .elected . 

• Low Vee Data RetentIon Waveform 

Data Retention Mode 

Vec 

VDR 2: 2.0V 
C§i 2: Vce-O.2V 

w--------------------------------w 

• HITACHI 
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-------------------------HM66203-101-12/-15, HM66203L-101-12/-15 

• OUTLINE 

42.00 (43.18 max.) 

. 
~ 

I 
~~~IU~j 
I [ffiFVlMA{ ffiAAflflFl/= t 
if'T"ji I " " (2.54 ii 

I 1.95 ~ 1.02 
" ( 7",,~ 

I (2.54 max.) :: 
-;.::( 0.35 - 0.59 Unit:mm 

@HITACHI 
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HM66204 Series,------
HM66204L Series 
HI-CMOS 1 M STATIC RAM 128K x 8 BIT HIGH DENSITY 
128K x 8 BIT HIGH DENSITY STATIC RAM MODULE 

• DESCRIPTION 

The HM66204 is a high density 1 M-bit static RAM module 
consisting of 4 pieces of HM62256FP/LFP products (SOP type 
256K static RAM) and a HD74HC138FP equivalent product (SOP 
type CMOS decoder logic). 

The outline of the HM66204 is the standard 600 mil width 32 
Pin dual-in-line package. Its pin arrangement is completely 
compatible with the 1M-bit monolithic static RAM. 

The HM66204 offers the features of low power and high speed 
by using high speed CMOS devices. And, the HM66204 makes 
high density mounting possible with no surface mount 
technology. 

These features make the HM66204 ideally suited for high 
density compacted memory systems. 

• FEATURES 

• High Density 32 Pin DIP Mounting 4 pcs. of 256K Static RAM 
(SOP) 

• Single + 5V Supply. 

• High speed: Fast Access Time 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: 40,.W typo (L Type) 
Operation : 50mW type. (f = 1 MHz) 

• Common Data Input and Output, three state outputs. 

PIN ARRANGEMENT 
Top View 

NC vcc 
A16 A15 

Al. NC 

A12 WE 
A7 A13 

As As 
A5 As 

A4 A11 

A3 OE 
A2 A1D 

Al ~ 

AD 1/08 

1/01 1/07 

1/02 1/06 

1103 1105 

vss 110. 

• Directly TTL Compatible: All Inputs and Outputs. • TYPE OF PRODUCTS · p. fbi 'th 1M rth' t f RAM In compa I eWI mono I ICS a IC 

• Capable of battery backup operation (L series) Part No. Access Package 

HM66204-12 120 ns 
HM66204-15 ISO ns 600 mil 
HM66204L-12 120 ns 32 Pin DIP 

• FUNCTIONAL BLOCK DIAGRAM HM66204L-15 ISO ns 

AO-AI4 @ 

A15 @- -
A16 @- Decoder 
cs @- :-

1101-1/08 @ ~vcc 
WE @ 
OE @ ---=r:....@ GND 

I-
'- RAM '-I- RAM 

NO.1 NO.2 

- '-

'--- RAM - RAM 
NO.3 NO.4 

• HITACHI 
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----------------------------HM66204-12/-15, HM66204L-12/-15 

• TRUTH TABLE 

Mode CS WE OE 110 Current Note 

Nut Selected (Power Down) H X X High-Z IsD • ISHI 

Read L H L DULII Icc Read Cycle (I )-(3) 

L L H Din Icc Write Cycle (I) 
Write 

L L L Dm I(,c Write Cycle (2) 

• ABSOLUTE MAXIMUM RATINGS I Note: X = DOll', Care (H or L) 

Item Symbol Ratings Unit 

Voltage on Any Pin Relative to V ss VT -0.5 to +7.0 V 

Operating Temperature Range Torr o to +70 ·C 

Storage Tcmpcmturc Range T ... 1• -55 to + 125 ·C 

Storage Temperature Range Under Bias TtH,.\ -10 to +85 ·C 

Power Di~!\ipation PT 1.0 W 

• ELECTRICAL CHARACTERISTICS 
• RECOMMENDED DC OPERATING CONDITIONS (Ta = 0 to + 70°C) 

Parameter Symbol Min Typ Max Unit Notes 

Vee 4.5 5.0 5.5 V 
Supply Voltage 

Vss 0 0 0 V 

3.85 - 6.0 V A 15 • A lh• CS 
Input High (logic I) Voltage VIH 

2.2 6.0 V Others except Ais . A" •. CS -
I nput Low (logic 0) Voltage VII. -0.5 - 0.8 V 

• DC AND OPERATING CHARACTERISTICS (Ta = 0 to +70°C). Vee = 5V ± 10%, Vss = OV) 

Pdramclcr Symbol Min Typ' Max Unit Tc!\t Conditions Notes 

Input Leakage Current IIul - - 2 I'A VIN = Vss to Vee 

Output Leakage Current IIUlI - - 2 I'A CS = Vlfl or OE = VIfj. VIIO = Vss to Vec 

Operating Power 
Icc - 10 25 mA CS = VII.. 1110 = OmA 

Supply Current: DC 

Average Operating Power - 37 80 -12 

Supply Current (I) Icci mA min. cycle duty = 100%.1110 = OmA 
- 35 80 -15 

Average Operating Power 
IcC2 - 10 15 mA 

CS = VII.. VIH = Vec. VtL = OV. 
Supply Current (2) 1110 = OmA. r = IMHl 

Standby Power Supply Current: DC ISH - 2 12 mA CS = V/H 

Standby Power Supply - 8 400 I'A CS ;,: Vcc - 0.2V. A is • AI6 ;,: Vee -0.2V HM66204L 
Current (I): DC ISDI or A 15. A Ih :5 0.2V HM66204 - 0.16 8 mA 

Output Low Voltage VOL - - 0.4 V 101. = 2.lmA 

Output High Voltage VOlt 2.4 - - V 1011 = 1.0mA 

"'TYPical value!>. arc at Vee = 5.0V. T" = +25°C and !-.pcclficd loadlllg . 

• CAPACITANCE (T. = 25°C. f = I MHz) 

P-drameter Symbol min typ max Unit Text Conditions 

Input Capacitance C1N - - 45 pF VtN = OV 

Input/Output Capacitance CliO - - 50 pF VIIO = OV 

NOTE: 

I. ThiS parameter I~ ~al11plcd and not 100% tCMCO. 

~HITACHI 
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HM66204-121-15, HM66204L-12/-15---------------------------

• AC CHARACTERISTICS (T. = 0 to +70°C. Vee = 5V ± 10% unlchs othcrwise noted) 

• AC TEST CONDITIONS 
- Input pulse levels: 0.8V to 4.0V ................ CS, A15• A16 

0.8V to 2.4V .. Other pin except CS. A15• A16 

- Input rise and faJltimes: Sns 
- Input and Output timing reference level: 1.SV 
- Output load: 1 TTL Gate and CL = 100 pF (including scope & jig) 

• READ CYCLE 

HM66204 L/-12 
Paramcter Symbol 

min max 

Rcad Cycle Time tRC 120 -
Address Access Time tAA - 120 

Chip Select Acce •• Time tACS - 120 

Output Enable to Output Valid tOE - 60 

Output Hold from Addrcs. Change tOH 10 -
Chip Selection to Output in Low Z tCLz 10 -
Output Enable to Output in Low Z tOLZ 5 -
Chip De.election to Output in High Z tCHZ 0 40 

Output Di.able to Output in High Z tOHZ 0 40 

• Read Cycle Timing No.1 (1) 

tRC 

Address 

tAA 

OE \\\\\\\\\\ 
tOE 

tOLZ 

\\\\ 
tACS 

tCLZ . 

Dout 

• Read Cycle Timing No.2 (1) (2) (4) 

Address 

Dout 

HM66204 L/-15 

min max 

150 -

- 150 

- 150 

- 70 

10 -
10 -
5 -

0 50 

0 50 

~ 

~HITACHI 

Unit 

ns 

n. 

ns 

ns 

os 

ns 

n. 

os 

ns 

'I VIIIIIIIII 
I<--tow ...... 

I ii/III '111111 
i--tOHZ-f---+ 

tCHZ 

Data Valid 
~ 
,~ 
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---------------------------HM66204-12/-15, HM66204L-12/-15 

• Read Cycle Timing No.3 (1) (3) (4) 

Dout 

1=,=,~ } 
--l--(xxxxm 

No'n:s: 
WE b lugh lor Icad cycle. 

DCYll.'c l\l'(lIllinunu\ly ,c1cl..'lcd. Cs = VII . 

. \ Addrc~:-. ~llUlild he vi.llld pl'iul to or l'UIIU:idclll with Cs lIal1:-.1I1011 low. 

4. DE = VII . 

• WRITE CYCLE 

Data Valid 

HM66204 L/-12 HM662041/-15 
Parameter Symbol Unit 

min max min max 

Wrile Cycle Time Iwe 120 - 150 - mo, 

Cilip Seleclion to End or Wnle lew 100 - 120 - 11!-o 

Addre" Valid 10 End or Wnle lAW 100 - 120 - n~ 

Addre" Sel Up Time lAS 0 - 0 - n, 

Wrile Pube Widlh twp 90 - 110 - "' 
Wrile Recovery Time IWI! 5 - 5 - n~ 

Wrile 10 OUlpUI in High Z IWHZ 0 40 0 50 "' 
Data In Wrile Tllne Overl"p tnw 50 - 60 - n, 

Dill .. Hold from Write Time ItJll () - 0 - n~ 

OUIPUI Di,able 10 OUlpUI in High Z 1011/ () 40 () 50 n~ 

Output Active from End of Wlitc t()W 5 - 5 - Il!'l 

• Write Cycle Timing No.1 (OE Clock) 

twe 

Address 

IIIIII 

cs 
tew 

1\ \ \\\ \ \"{ \\\\\\\ 
!+---tAS-

tAW 

\ '\ 

Dout 

tOHZ(3) tWP(I) 

J 
/ / / / I / / 

~WRI2 

1\\\\\\\\\\\ 

IIIIIIIII 

Din 

tow ,I. tOH 

-------------~(~(~E-----~~x~x-
~HITACHI 
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HM66204-12/-15, HM66204L-12/-15 --------------------------

• Write Cycle Timing No.2 (5) (OE Low Fixed) 

~-----------------------twc------------------------~ 

Address 

~------------tcw-------------+~ 

CS 

~-----------------tAW(4)------------------------+l 

~-----------twP(1)------------~ 

tAS 
tWHZ(3) 

(7) 

Dout 

Din 

_ __________ ~E-tDW--tDH-(8)1~~~ 
.--- ~ ) ) ) ) ) ) ) ) ) 

NOTES: 

I. A write OCCUf!\ during the overlap «WI') or a low CS and a low WE 

2. tWR i:-. Illca~urcd from the c<lrlicr orcs or WE gOing high to the end or write cycle 

3. DUfmg Ihilo. penod. 1/0 pll1~ ale in the output :-.1.ltc. 

The input ~ignab ouL of pha!\c mu:-.t not be applied. 

4. II the Cs low tran!\itioll nCCUf:-' !->imultancou:-.ly with the WE low lram,nion or alter the WE low tran!-itJoll, output 

remain in a high IInpCtlallCC !\tatc. 

5. OE i!\ cnntinuou:-.ly low. (OE = VII) 

6. DoUi :-.hnuld he held in phusc or the wntten data durmg tim. wnte cycle 

7. DOLI! i!\ the Icad data of next addrc!\:-.. 

8. If Cs i!\ low during thi!\ period. 1/0 p1l11o. arc ill the output ~tatc. The IIlpUI !\Ignub which arc nppo~lte to (he output 

level ~hould 1I0t be :'Ipplied to 110 pll1~ . 

• Low Vee DATA RETENTION CHARACTERISTICS (Ta = DOC to +7DOC) 

P'dramctcr Symbol min type max Unit 

V cc Ibr Data Retention VDR 2.0 - - V 

Data Retention Current ICCDR - - 200 p.A 

Chip De>clect to Data Retention Time ICDR 0 - - n> 

Operation Recovery Time tR (I) tRC - - n~ 

NOTE: 

I. IRe = Read Cycle Time . 

• Low V cc Data Retention Waveform 

Data Retention Mode 

Vce 

VDR ;:,; 2.0V 
CS ;:,; Vec-0.2V 

TeM Condition. 

CS ;:,; Vcc -0.2V 

Vec = 3.0V CS ;:,; 2.8V 

Sec Retenllon Waveform 

w--------------------------------w 
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----------------------------HM66204-12/-15, HM66204L-12/-15 

• PACKAGE DIMENSIONS 

1.870 [1.900 max.l 
47.S0 48.26 max] 

'E~ "I' ~~~! 
I I 
~I I °2~: 

~'~85 
7i !E 4.70 

rO.200 max.] 
lS.08max. 

II I 0.040 
U 1.02 .... ·11~4 -0.023 

~r.~-0.59 

$ HITACHI 

:f I,» ... 

./ 0.008 - 0.014 \. 

I 0.20 - 0.36 I \ .. 
--'»<0-- O· - lS·--··~ 

I 0.600 I 
~lS.24----

inch 
mm 
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MOS PSEUDO STATIC RAM 
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HM65256AP Series, 
HM65256ASP Series 
32768·word X 8·bit High Speed Pseudo Static RAM 

• FEATURES 
• Single 5V (±10%) 
• High Speed 

Access Time 
C"E Access Time .................... 120/150/200ns 
Address Access Time ................... 60175/100ns 
(in static column mode) 

Cycle Time 
Random Read/Write Cycle Time ......... 190/235/310ns 
Static Column Mode Cycle Time ........... 65/80/105ns 

• Low Power 
175mW typo Active. 

• All inputs and outputs TTL compatible 
• Static Column Mode Capability 
• Non Multiplexed Address 
• 256 Refresh Cycles (4ms) 
• Refresh Functions 

Address Refresh 
Automatic Refresh 
Self Refresh 
Hidden Refresh 

• BLOCK DIAGRAM 

.. _, .... -' 

A, 

1/0,0.,-10+--+--+-1 

~HITACHI 

HM65256AP Series 

(DP·28) 

HM65256ASP Series 

(DP·28N) 

• PIN ARRANGEMENT 

(Top View) 

Hitachi America Ltd .• 2210 O'Toole Avenue • San Jose, CA 95131 • (408) 435·8300 



-----------------------HM85258AP Series, HM85258ASP SerIes 

• TRUTH TABLE 

CE OE at CE OE WE I/O Pin Mode Notes 
going Low 

L H L H LowZ Read 

L H H L HighZ Write 

L H H H HighZ -

L L L X LowZ Hidden Output Buffers must keep Low Impedance State in 
Refresh previous Precharge Cycle. 

Auto· Output Buffers must turn off in previous Precharge 
L L X X HighZ matic 

Refresh Cycle. 

L X X X HighZ Self CE Pulse Width ~ 300" sec. Refresh 

H X H X HighZ Standby 

H X L X X - Once Dout Buffers turn off, Output Buffers remain 
in High Impedance State. 

• ABSOLUTE MAXIMUM RATINGS I 
Item Symbol Ratings Unit 

Voltage on any pin relative to V ss VT -1.0 to +7.0 V 

Power Dissipation PT I W 

Operating Temperature Topr o to +70 ·C 

Storage Temperature T. t, -55 to +125 ·C 

Temperature under Bias Tb/GI -10 to +85 ·C 

• RECOMMENDED DC OPERATING CONDITIONS (Ta=O to +70°C) 
Item Symbol min typ max Unit 

Vee 4.5 5.0 5.s V 
Supply Voltage 

Vss 0 0 0 V 

VIH 2.2 - 6.0 V 
Input Voltage 

VIL -1.0 0.8 V -

• DC ELECTRICAL CHARACTERISTICS (Vcc=SV ±10%, Ta=O to +70°C) 
Parameter Symbol Test Condition min typ max Unit 

Operating Power Supply Current ICCl 
Ilia = 0 - 35 65 rnA 
teye = min. 

Standby Power Supply Current ISBl CE = VIH, OE = VIH - I 2 rnA 

Standby Power Supply Current ISB2 
CE> VCC - 0.2V - 0.4 0.6 rnA 
OE> Vee - 0.2V 

Operating Power Supply Current in 
ICC2 CE= V/l - 0.6 I rnA 

Self Refresh Mode 

Input Leakage Current ILl 
VCC= 5.5V -10 - 10 "A Vin = VSS to VCC 

Output Leakage Current 1£0 
OE=VIH 

-10 - 10 "A VIla = VSS to VCC 

VOL 10L = 2.1 rnA - - 0.4 V 
Output Voltage 

Von Ion = -1 rnA 2.4 V - -

~HITACHI 
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HM85258AP SerI .. , HM85258ASPSerI .. ----------------------

• AC)CHARACTERISTICS (Vcc = 5V ± 10%, Ttl = 0 to +70°C) 
• AC TEST CONDITIONS 

o Input Pulse Levels ... 0.4 to 2.4V 
o Input Rise and Fall Times ••. 5 ns 

• READ AND WRITE MODE 

Item Symbol 

Random Read or Write Cycle Time tRC 
Read Modify Write Cycle Time tRJIIC 
Chip Enable Access Time tCEA 
Address Access Time tAA 
Output Enable Access Time tOEA 
Output Buffer Turn-off Delay tOFF 
Chip Enable Pulse Width tCE 
Chip Enable Precharge Time tp 

Address Set·up Time tAS 
Row Address Hold Time tRAH 
Column Address Hold Time tCAH 
Column Address Hold Time from 

tAH CE going High 

Static Mode Read or Write Cycle Time tRSC 

Read Command Set·up Time tRCS 
Read Command Hold Time tRCH 
Output Enable Set·up Time tOES 
Chip Enable to Output Enable Delay 

tCOD Time 

Output Hold Time from Column 
tOH Address 

Write Command Set·up Time tJIICS 
Write Command Hold Time tJIICH 
Write Command Pulse Width tJIIP 
Write Command to Chip Enable Lead 

tJIICL Time 

Column Address Set·up Time for Write tASJII 

Write Command to Column Address 
tWAL Lead Time 

Data In Set·up Time tDS 
Data In Hold Time for Early Write tDHC 
Data In Hold Time for Late Write tDHJII 
Output Enable to Data In Delay Time tODD 
Data In Floating to Output Enable 

tDFO Delay Time 

Transition Time (Rise and Fall) tT 
Refresh Command Set.up Time tRFS 
Refresh Command Hold Time tRFH 
Chip Enable Pulse Width for Self 

tCEF Refresh 

o Input Timing Reference Levels ... O.BV, 2.2V 
o Output Timing Reference L.evels ... VOH - 2.0V. 

VOL -O.BV 
o Output Load ... 1TTL Gate and CL = 100pF 

(including jig and scope) 

HM65256A·12 HM65256A·15 HM65256A·20 
Unit Note 

min max min max min max 

190 - 235 - 310 - ns 

265 - 325 - 425 - ns 

- 120 - 150 - 200 ns 

- 60 - 75 - 100 ns 

- 50 - 60 - 75 ns 

5 20 5 25 5 35 ns (1) 

120 10000 150 10000 200 10000 ns 

60n 4m 75n 4m lOOn 4m s 

0 - 0 - 0 - ns 

20 - 25 - 30 - ns 

120 - 150 - 200 - ns 

0 - 0 - 0 - ns 

65 - 80 - 105 - ns 

0 - 0 - 0 - ns 

0 - 0 - 0 - ns 

0 - 0 - 0 - ns 

20 - 25 - 30 - ns 

5 - 5 - 10 - ns 

0 - 0 - 0 - ns 

30 - 35 - 40 - ns 

20 - 25 - 30 - ns 

45 - 55 - 70 - ns 

0 - 0 - 0 - ns 

45 - 55 - 70 - ns 

0 - 0 - 0 - ns 

30 - 35 - 40 - ns 

20 - 25 - 30 - ns 

20 - 25 - 35 - ns (4) 

0 - 0 - 0 - ns (4) 

3 50 3 50 3 SO ns (7) 

0 - 0 - 0 - ns 

20 - 25 - 30 - ns 

300 - 300 - 300 - I'S 

(to be contUlued) 
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-------------------------------------------HM85268APSeri_,HM85258ASPS~ 

HM65256A-12 HM65256A-15 HM65256A-20 
Item Symbol Unit Note 

min max min max min max 

Chip Enable Pre-charge Time after 
tpF 190 - 235 - 310 - ns Self Refresh 

Refresh Period tREF 4 4 4 256 - - - ms 
cycle 

Notes: 1. tOFF (max) defines the time at which the output achieves the open circuit condition. 

• 

• 

2. Write starts with the later ofCE" or WE going low (exept during a refresh cycle). 
3. If the first write pulse is applied within tCE (min), the second write pulse must be applied after tCE (min). 
4. If input signals of opposite phase to the outputs are applied in write cycle, Of: must disable output buffers prior 

to applying data to the device and data inputs must be floating prior to i5E turning on output buffers. 
S. Once Of: goes high and output buffers turn off in precharge cycle, automatic refresh cycle can start. Output 

buffers remain in high impedance state in automatic refresh cycle. 
6. Output buffers are in high impedance state, and not controlled by OE in self refresh mode. 
7. VIR (min) and VIL (max) are reference levels for measuring timing of input signals. Also, transition times are 

measured between VIN and VlL. 

READ CYCLE ", 

CE 

"t1d~ 
-\11--\7 

.),ddress 
0\,-AI4 

WE 

liE 

Doul 

EARLY WRITE CYCLE(2) 

IT 

Add .... 
o\o-A? 

')'ddress 
"\'->\14 

Om 

UOUI 

~HITACHI 
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HM85258AP Serl .. , HM85258ASP Series 

• LATE WRITE CYCLEI21 ,,, 
CE 

,-.-At-At 

"". --AI-Au 

iR 

iii: 

0.. 

""'" 
• READ MODIFY WRITE CYCLEI21 

CE 

........ 
A.-AI 

.... -
A.-A't 

WE 

0 .. 

0.. • 

• STATIC COLUMN MODE READ CYCLE 

DeIUI 
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-------------------------HM65256AP Series, HM65256ASP Series 

• STATIC COLUMN MODE WRITE CYCLE (2 ),13) 

Dm I Dout 

• HIDDEN REFRESH CYCLE 

O"Ul 

• AUTOMATIC REFRESH CYCLE(5) 

jr;='_~_~_I~~ .~I'---,' ~l!~~\,---_ 

~ YlZIZZIZZZZZI7!77IZZI7717 
Dout 

• SELF REFRESH CYCLE (6) 

~,---__ "" _---"v,----L 
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HM65256AP Series, HM65256ASP Series------------------------

Item Symbol min typ max Unit Conditions 

Input Pin Capacitance c'n - - S pF Yin =OV 

I/O Pin Capacitance ClIO - - 7 pF YI/O"OV 

Note) These parameters are not 1 00% tested. 
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HM65256BP Series, 
HM65256BSP Series, 
HM65256BFP Series 
32768-word X 8-bit High Speed Pseudo Static RAM 

• FEATURES 
• Single 5V (±10%) 

• High Speed 
Access Time 
CE Access Time . . . . . . . . . . . . . . . .. 120/150/200ns 
Address Access Time ................. 60/75/1 OOns 
(in Static Column Mode) 
Cycle Time 
Random Read/Write Cycle Time ....... 190/235/310ns 
Static Column Mode Cycle Time ......... 65/80/1 05ns 

• Low Power 
175mW typo Active. 

• All inputs and outputs TTL compatible 
• Static Column Mode Capability 
• Non Multiplexed Address 
• 256 Refresh Cycles (4ms) 
• Refresh Functions 

Address Refresh 
Automatic Refresh 
Self Refresh 

• BLOCK DIAGRAM 

A, 

@HITACHI 

HM65256BP Series 

(DP-28) 

HM65256BSP Series 

(DP-28N) 

HM65256BFP Series 

(FP-28D) 

• PIN ARRANGEMENT 

Hitachi America Ltd • 2210 O'Toole Avenue • San Jose, CA 95131 • (408) 435-8300 
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HM65256BP Series, HM65256BSP Series, HM65256BFP Series -----------------

• TRUTH TABLE 

CE OE WE I/O Pin mode 

L L H LowZ Read 

L x L HighZ Write 

L H H HighZ -
H L x High Z Refresh 

H H x HighZ Standby 

• ABSOLUTE MAXIMUM RATINGS 

Item Symbol Rating Unit 

Terminal Voltage with Respect to V ss VT -1.0 to +7.0 V 

Power Dissipation PT 1.0 W 

Operating Temperature Topr o to +70 °c 
Storage Temperature T. tg -55 to +125 °c 
Storage Temperature Under Bias Tbias -10 to +85 °c 

• RECOMMENDED DC OPERATING CONDITIONS (To = 0 to +70°C) 
Item Symbol min. typo max. unit 

Vcc 4.5 5.0 5.5 V 
Supply Voltage 

Vss 0 0 0 V 

V/H 2.2 - 6.0 V 
Input Voltage 

VIL - 1.0 0.8 - V 

• DC ELECTRICAL CHARACTERISTICS (To = 0 to +70°C, Vee = 5V ±10%) 

Parameter Symbol Test Conditions min. typo max. Unit 

Operating Power 
ICCI 

1]/0=0 
3S 65 mA 

Supply Current feye = min. 
-

Standby Power 
ISBI 

CE = VIH 
1 2 mA 

Supply Current OE= VIH 
-

Operating Power Supply 
ICC2 

CE = V/H 
1 2 mA 

Current in Self Refresh Mode OE = VIL 
-

Input Leakage 
ILl 

VCC= 5.5V 
-10 10 /JA -

Current Vin = V ss to V cc 
Output Leakagt! 

ho 
OE = V/H 

-10 10 /JA Current VI/O = Vss to Vcc 
-

Output Voltage VOL 10L = 2.1 mA - - 0.4 V 

VOH 10H- -1 mA 2.4 - - V 

• CAPACITANCE 

Item Symbol Test Conditions typo max. Unit 

Input Capacitance ein Yin = OV - 5 pF 

Input/Output Capacitance el/O VI/O=OV - 7 pF 

Note) This Parameter is sampled and not 100% tested. 
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----------------HM65256BP Series, HM65256BSP Series, HM65256BfP Series 

• Elactical Characteristics and Recommended AC Operating Conditions (Ta = 0 to +70°C, Vcc = 5V ±10%) 
• AC Test Conditions 

Input Pulse Levels .................... 2.4V.O.4V 
Input Rise and Fall Times ................... 5ns 
Timing Measurement Level .............. 2.2V. O.8V 
Reference Level ........... VOH = 2.0V, VOL = C.SV 
Output Load .................. 1 TTL and 100pF 

Item Symbol 
HM65256B-12 HM65256B-15 HM65256B-20 

min. max. min. max. min. 
Radom Read or Write Cycle Time 'RC 190 - 235 - 310 

Static Column Mode Read or Write Cycle Time IRSC 65 - 80 - 105 

Chip Enable Access Time ICEA - 120 - ISO -
Address Access Time 'AA - 60 - 75 -
Ou tpu t Enable Access Time 10EA - SO - 60 -
Chip Disable to Output in High Z 'CHZ - 25 - 30 -
Chip Enable to Output in Low Z 'CLZ 30 - 35 - 40 

Output Enable to Output in Low Z 'OLZ 10 - 10 - 10 
Output Disable to Output in High Z '0HZ - 25 - 30 -
Chip Enable Pulse Width ICE 120n 4m 150n 4m 200n 

Chip Enable Precharge Time Ip 60 - 75 - 100 

Address Set·up Time 'AS 0 - 0 - 0 

Row Address Hold Time 'RAH 20 - 25 - 30 

Column Address Hold Time ICAH 120 - 150 - 200 

Column Address Hold Time from CE going High 'AH 0 - 0 - 0 

Read Command Set·up Time 'RCS 0 - 0 - 0 

Read Command Hold Time 'RCH 0 - 0 - 0 

Output Enable Hold Time 'OHC 0 - 0 - 0 

Output Enable to Chip Enable Delay Time 10CD 0 - 0 - 0 

Output Hold Time from Column Address 10H 5 - 5 - 10 
Write Command Pulse Width IWp 25 - 30 - 35 

Chip Enable to End of Write ICW 120 - 150 - 200 

Column Address Set·up Time 'ASW 0 - 0 - 0 

Column Address Hold Time after Write 'AHW 0 - 0 - 0 

Data Valid to End of Write 'DW 20 - 25 - 30 

Data In Hold Time for Write IDH 0 - 0 - 0 

Output Active from End of Write lOW 5 - 5 - 0 

Write to Output in High Z 'WHZ - 25 - 30 -
Transition Time (Rise and FaU) 'T 3 50 3 50 3 

Refresh Command Delay Time 'RFD 60 - 75 - 100 

Refresh Precharge Time 'FP 30 - 30 - 30 

Refresh Command Pulse Width for Automatic 
IFAP 80 10000 80 10000 80 Refresh 

Automatic Refresh Cycle Time 'FC 190 - 235 - 310 

Refresh Command Pulse Width for Self Refresh 'FAS 10000 - 10000 - 10000 

Refresh Reset Time for Self Refresh 'FRS 190 - 235 - 310 

Refresh Period 'REF - 4 - 4 -

Notes: 
(I) 'CHZ,'OHZ and tWHZ define the time at which the output achieves the open circuit conditions. 

(2) tCLZ, tOLZ and tow are sampled under the condition of trSns, and not 100% tested. 
(3) A write occurs during the overlap of a low CE and low WE. 

max. 

-
-

200 

100 

75 

35 

-
-
35 
4m 

-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
35 

50 

-
-

10000 

-
-
-

4 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
ns 

s 

ns 

ns 
ns 

ns 
.IS 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
ms 

(4) If CE goes low simultaneously with WE going low or after WE going low, the outputs remain in high impedance state. 
(S) If input signals of opposite phase to the outputs are applied in write cycle, OE or WE must disable output buffers 

prior to applying data to the device and data inputs must be floating prior to OE or WE turning on output buffers. 
(6) V lH (min) and V 1£ (max) are reference levels for measuring timing of input signals. Also, transition times are meas

ured between VlHand V1£' 
(7) An initial pause of 1 OO"s is required after power-up fonowed by a minimum of 8 initialization cycles • 
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HMe5258BP SerIes, HM85258BSP Series, HM85256BFP Series ----------------

• TIMING WAVEFORMS 
• R_ Cycle No.1 ICE controlled) 

tRe 

Address _ ............... .It-I+---.J ~ ................... ~,...,.. .................................................................... ..,.....,.....,I....o ....... _x_..,.....,.....,otIO..,.._ 
Ao-A7 

Address--r..,.....'.J==u::::=====================t:=~ JI,......-r..,...."1<'"7 

As-A .. -"U(.~., 1'--;+--------------------+---' ,,~ ___ .............. 

OE---------+-------------------+--------------+------------
tel.z 

Dout--------------«: 

• Rad Cycle No.2 IDE controlled) 

CE---~ 

Address 

tR( 

Valid 
Data Out 

kHZ 

Ao - A7 -4.K..l1'-.ll' l'-++ __ ..J "U&.~K..lt....l\l~..K..K.Jot....l\l~..K...;"_' ............ ..><..,; ........................... ~~ ....... -.. ............... 

Address 
As-A" ..... U&. ....... '" 1' ...... 1+----------------------1--'1 "-&-' ....... ~_ 

teLz 

Dout----------------( 
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-----------------HM65256BP Series, HM65256BSP Series, HM65256BFP Series 

• Writ. Cycle No.1 IOE Clock) 

CE----,[ 

Address 
Ao-A7 

Address '"OI:7t"'" jF:lJ:::====================tR.A.7\1\J' 
AH-AII~U£Y~~ ________________________________ ~=-______ -t~ 

WE----+----""' 1---=---1lr--------tt----

• Write Cycle No.2 IOE low fix) 

CE----.j 

Address 
Ao-A7 

Address 
A8-A14 

,,, 
'CE 

OE-----+----------~---~----~----

Dm--------+----------------------t-< 

~HITACHI 
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HM65256BP Series, HM65256BSP Series, HM65256BFP Series----------------

• Static Column Mode Read Cycle 
IRe 

CE ________ ~~----------------~le~E~--------------~~----~ 

lAS tRAH 

teAH tRSC tRSC tAN 

Address "InO\.f=l-I=========~r===t;::==::::tF:::::~""OIIi:7'l:1'\J 
AS-AI4~~yl~+-______________ ~1------~~------~--~~~~ 

WE 

OE 

• Static Column Mode Write Cycle 

CE 

Address 
Ao-A7 

Address 
AS-AI4 

OE 

Don 

Dou! --______ ~::==~~~~~--~--------~~~~~~~---------

• Automatic Refresh Cycle 

CE------J tRFD tFC tFC 

tFAP tFP tFAP 

~HITACHI 
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----------------HM65256BP Series, HM65256BSP Series, HM65256BFP Series 

• Self Refresh Cycle 

I 

~HITACHI 
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HM65256BLP Series, 
HM65256BLSP Series, 
HM65256BLFP Series 
32768-word X 8-bit High Speed Pseudo Static RAM 

• FEATURES 
• Single 5V (±10%) 

• High Speed 
Access Time 
CE Access Time 0 0 0 0 •••• 0 0 0 0 • • • •• 120/150/200ns 

Address Access Time 0 • 0 0 ••••• 0 0 0 0 0 ••• 60/75/100ns 
(in Static Column Mode) 
Cycle Time 
Random ReadlWrite Cycle Time 0 • 0 0 0 0 0 190/235/310ns 
Static Column Mode Cycle Time 0 •••••• 0 o65/80/105ns 

• Low Power 
175mW typo Active. 

• All inputs and outputs TTL compatible 
• Static Column Mode Capability 
• Non Multiplexed Address 
• 256 Refresh Cycles (4ms) 
• Refresh Functions 

Address Refresh 
Automatic Refresh 
Self Refresh 

• BLOCK DIAGRAM 

'n-----..Jr---, r--
fIvl Addreu Row 

Latch Decoder 

: Control 

I 
I 
I 
I 
I 
I 

WE 

(2'>6)( 128)(8 

@HITACHI 

HM65256BLP Series 

(DP-28) 

HM65256BLSP Series 

(DP-28N) 

HM65256BLFP Series 

(FP-28D) 

• PIN ARRANGEMENT 

(Top View) 
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---------------- HM65256BLP Series, HM65256BLSP Series, HM65256BLFP Series 

• TRUTH TABLE 

CE OE WE I/O Pin mode 

L L H Low Z Read 

L x L High Z Write 

L H H High Z -

H L x High Z Refresh 

H H x High Z Standby 

• ABSOLUTE MAXIMUM RATINGS 

Item Symbol Rating Unit 

Terminal Voltage with Respect to V ss VT -1.0 to +7.0 V 

Power Dissipation PT 1.0 W 

Operal1ng Temperature Topr o to +70 °c 
Storage Temperature Tstg -55 to +125 °c 
Storage Temperalure Under Bias Tb,os -10 to +85 °c I 

• RECOMMENDED DC OPERATING CONDITIONS eTa = 0 to +70°C) 
Item Symbol min. typo max. unit 

Vcc 45 5.0 5.5 V 
Supply Voltage 

Vss 0 0 0 V 

V/H 2.2 - 6.0 V 
Input Voltage 

V/L - 1.0 0.8 - V 

• DC ELECTRICAL CHARACTERISTICS eTa = 0 to +70°C, Vee = SV ±10%) 

Parameter Symbol Test Conditions min. typo max. Unit 

Operatmg Power 
ICCI 

luo=O 
35 65 mA 

Supply Current teye:= min. 
-

Standby Power ISHI CE= V/H,OE= V/H - 1 2 rnA 
Supply Current ISH! CE:2Vcc-0.2V.OE:2Vcc-O.2V - 0.05 01 rnA 

Operating Power Supply Icu CE= V/H, OE = V/L - 0.6 1 mA 
Current m Self Refresh Mode ICC3 CE:2 Vcc- 0.2V,OES 0.2V - 50 100 J-lA 
Input Leakage 

ILl 
Vcc =5.5V 

-10 10 I'A 
Current 

-
Vin = V ss to V cc 

Output Leakage 
I LO 

OE = V/H 
-10 10 I'A Current VUO = V ss to V cc 

-

Output Voltage VOL IOL = 2 1 mA - - 0.4 V 

VOH 10H= -1 mA 2.4 - - V 

• CAPACITANCE 

Item Symbol Test Conditions typo max. Untt 

Input Capacitance On Vin = OV - 5 pF 

Input/Output Capacitance CliO VI/a = ov - 7 pF 

Note) ThiS Parameter IS sampled and not 100% tested. 
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HM85258BLP Seriea. HM85258BLSP Series. HM85258BLFP Series --------------

• Electical Characteristics and Recommended AC Opereting Conditions (Ta = 0 to +70°C. V cc = 5V ± 10%) 
e AC Test Conditions 

Input Pulse Levels .................... 2.4V. O.4V 
Input Rise and Fall Times ................... 5ns 
Timing Measurement Level .............. 2.2V.O.8V 
Reference Level ........... VOH = 2.0V. VOL = O.8V 
Output Load .................. 1 TTL and 100pF 

Symbol 
HM6S2S6BL-12 HM6S2S6BL-IS HM6S2S6BL-20 

Item 
min. min. max. min. max. 

Radom Read or Write Cycle Time tRc 190 - 235 - 310 

Static Column Mode Read or Write Cycle Time tRSC 65 - 80 - 105 

Chip Enable Access Time tCEA - 120 - 150 -
Address Access Time tAA - 60 - 75 -
Output Enable Access Time tOEA - 50 - 60 -
Chip Disable to Output in High Z tCHZ - 25 - 30 -
Chip Enable to Output in Low Z tCLZ 30 - 35 - 40 

Output Enable to Output in Low Z tOLZ 10 - 10 - 10 
Output Disable to Output in High Z tOHZ - 25 - 30 -
Chip Enable Pulse Width tCE 1200 4m 150n 4m 200n 

Chip Enable Precharge Time tp 60 - 75 - 100 

Address Set-up Time tAS 0 - 0 - 0 

Row Address Hold Time tRAH 20 - 25 - 30 

Column Address Hold Time tCAH 120 - 150 - 200 

Column Address Hold Time from CEgoing High tAH 0 - 0 - 0 

Read Command Set-up Time tRCS 0 - 0 - 0 

Read Command Hold Time tRCH 0 - 0 - 0 

Output Enable Hold Time tOHC 0 - 0 - 0 

Output Enable to Chip Enable Delay Time tOCD 0 - 0 - 0 
Output Hold Time from Column Address tOH 5 - 5 - 10 
Write Command Pulse Width twp 25 - 30 - 35 

Chip Enable to End of Write tcw 120 - 150 - 200 

Column Address Set-up Time tASW 0 - 0 - 0 

Column Address Hold Time after Write tAHW 0 - 0 - 0 

Data Valid to End of Write tDw 20 - 25 - 30 

Data In Hold Time for Write tDH 0 - 0 - 0 
Output Active from End of Write tow 5 - 5 - 0 

Write to Output in High Z tWHZ - 25 - 30 -
Transition Time (Rise and Fall) tT 3 50 3 50 3 

Refresh Command Delay Time tRFD 60 - 75 - 100 

Refresh Precharge Time tFP 30 - 30 - 30 

Refresh Command Pulse Width for Automatic 
tFAP 80 10000 80 10000 80 Refresh 

Automatic Refresh Cycle Time tFC 190 - 235 - 310 

Refresh Command Pulse Width for Self Refresh tFAS 10000 - 10000 - 10000 

Refresh Reset Time for Self Refresh tFRS 190 - 235 - 310 
Refresh Period tREF - 4 - 4 -

Notes: 
(1) tCHZ' tOHZ and tWHZ define the time at which the output achieves the open circuit conditions. 

(2) tCLZ' tOLZ and tow are sampled under the condition of tr=Sns. and not 100% tested. 
(3) A write occurs during the overlap of a low CE and low WE. 

max. 
-
-

200 

100 

75 

35 

-
-
35 

4m 

-
-
-
-
-
-
-
-
-
-
-

-
-

-
-
-
-
35 

50 

-
-

10000 

-
-
-

4 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
ns 

s 

ns 

ns 
ns 

ns 

.IS 

ns 
ns 

ns 

ns 

ns 

ns 

ns 

ns 
ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ms 

(4) If CE goes low simultaneously with WE going low or after WE going low. the outputs remain in high impedance state. 
(S) If input signals of opposite phase to the outputs are applied in write cycle. OE or WE must disable output buffers 

prior to applying data to the device and data inputs must be floating prior to OE or WE turning on output buffers. 
(6) V LH (min) and V IL (max) are reference levels for measuring timing of input signals. Also. transition times are meas

ured between VLH and VIL' 
(7) An initial pause of 100,.. is required after power-up followed by a minimum of 8 initialization cycles. 
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---------------- HM65256BLP Series, HM65256BLSP Series, HM65256BLFP Series 

• TIMING WAVEFORMS 
• Read Cycle No.1 (CE controlled) 

tn( 

Address~-W~~ ~--~--,I ~~~~~,,~~~~~~~~~~~""~y_~~~~rx_x~_r_ 
AD-A, 

Address~-r~~ ~::~::::::::::::::::::::::::::::::::::::::::::::~::::j .-w-,-w-~ 
As - AI.' ....... '-"--"-3 1'--t+------------------------4-~ 'lL.l.L.:a£...lIL..:~ 

OE--------~--------------------+_--------------+------------
tn/ 

Dout----------------! Valid 
Data Out 

• Read Cvcle No.2 (OE controlled) 

CE------J 

Address 
AD-A, 

Address 

tn( 

A8-A14~~_"_3~~~-----------------------------------------_4--~ ~~~~_ 

OE 

teLX 

Dout---------------------------{ Valid 
Data Out 
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HMe5258BLP Serf ... HM85258BLSP Serl ... HM85258BLFP Serl .. --------------

• Writ. Cycle No.1 IOE Clack) 

'CE---, 

Address 
A.-All 

WE:----+---,~~~~~------------_H-----

Din-+-~>t=:~---+=-

• Write Cycle No.2 1611_ fix) 
IRe 

icE 

CE---"i. 
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---------------HM65256BLP Series. HM65256BLSP Series. HM65256BLFP Series 

• Static Column Mode Reed Cycle 
IRe 

CE ----.I I-_______ --..::Ie"'.'-_______ ~ 

ICAH lase lase litH 

A~ress ~~~~tt~======~======~Jr======ii======:tF=~~~~~ 
A8-A14 "O'Ol.~-+~------~l---_f1~--*-~:lQOt:.l.a. 

• Static Column Mode Writa Cycle 

Address 
A8-AI4~~~} __ 4-____ ~--------------_{}_----------_+tf~~ 

• Autometic Ref .... Cycle 

CE------' 1-_---!:!!!:.!!...-~+---~tf~·C'------ ""t----'!tF"'C_--I "-____ _ 

tFAP tFP tFAP 
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HM65256BLP Series. HM65256BLSP Series. HM65256BLFP Series --------------

• Self R.tresh Cycle 

CE----J1 "P<=1f~tFAS --ljt "" t 
OE 77777UI17t i "i . 

~HITACHI 
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HM658128P Series,-----,Preliminary 
HM658128LP Series 

131072-word X 8-bit Pseudo Static RAM 

• FEATURES 
• Single 5V (±10%) 
• High Speed 

o Access Time 
CE Access Time ... 100/120/150ns 

o Cycle Time 
Random ReadIWrite Cycle Time ... 180/210/250ns 

• Low Power ... 200mW typo (Active) 
• All inputs and outputs TTL compatible 
• Non Multiplexed Address 
• 512 Refresh Cycles (8ms) 
• Refresh Functions 

Address Refresh 
Automatic Refresh 
Self Refresh 

• BLOCK DIAGRAM 

~ r--
A. ~~:::::===~ 

-~ 
I , 
I 
I 
I , , , , , , , , , 

Row 
Laleh 

I~rnler 
Lumrul 

A. 0- N. 
'L-. '---

r-
I/O 0 o-~::>. ---t----t--t---llnput 

Data 

1/,,'0- ~ Om!f,,1 

,>I 

M~ MOHr M,HIUX 

C"lumn 1;0 

Column [)ec()J~r 

Addrp~s Latch Control 

--------------l 
~ .... ~ 

A, 

WI Ht'ad \\ntpC .. ntrol 

A" 

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

~HITACHI 

(DP-32) 

• PIN ARRANGEMENT 

A,,, 
A,-, 

AI 

Az 

All 

I/Oo 

I/O, 

I/02 

v,s 
(Top View) 
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A,,, 
Ax 

All 

I/07 

I/O" 

I/Os 

I/O, 

I/O" 
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• TRUTH TABLE 
CE CS at CE going Low RFSH OE WE 1/0 Pin Mode 
L H X L H LowZ Read 
L H X X L .High Z Write 
L H X H H HighZ -
L L X X X HighZ CS Standby 
H X L X X HighZ Refresh 
H X H X X HighZ Standby 

• ABSOLUTE MAXIMUM RATINGS 

Item Symbol Rating Unit 
Terminal Voltage with·Respect to V ss VT -1.0 to +7.0 V 
Power Dissipation PT 1.0 W 
Operating Temperature Topr o to +70 DC 

Storage Temperature TstR -55 to +125 DC 

Storage Temperature Under Bias Tb/as -10 to +85 DC 

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

Item Symbol min. typo max. Unit 

Supply Voltage Vee 4.5 5.0 5.5 V 

Vss 0 0 0 V 

Input Voltage 
V/H 2.2 - 6.0 V 
VIL - 1.0 - 0.8 V 

• DC ELECTRICAL CHARACTERISTICS (To = 0° to +70°C, V cc = SV ±10%) 

HM658128P HM658128LP 
P'.trameter Symbol Test Conditions Unit 

min. typo max. min. typo max. 

Operating Power 
leCl 

1110 = 0 - 40 75 - 40 75 rnA 
Supply Current teye = min. 

Standby Power 
ISSI 

CE = VIH - I 2 - I 2 rnA 
Supply Current RFSH = V/H 

Standby Power 
ISS2 

CE;" Vce-O.2V - - - - 60 100 /LA 
Supply Current RFSH ;" Vee-0.2V 

lee2 
CE = VIH - I 2 - I 2 rnA 

Operating Power RFSH = VIL 

Supply Current in Self Refresh Mode 
ICC3 

CE;" Vee-O.2V - - - - 60 100 /LA 
RFSH s 0.2V 

Input Leakage Current ILl 
Vce = 5.5V 

-10 - -10 -10 - -10 /LA 
V/N = Vssto Vee 

Output Leakage Current ILO 
OE = VIH -10 - -10 -10 - -10 /LA 
VI/O = Vssto Vee 

VOL 10L = 2.lmA - - 0.4 - - 0.4 
Output Voltage 

VOH 10H = -lmA 2.4 - 2.4 - --

• CAPACITANCE (To = 2SoC,f= IMHz) 

Item Symbol Test Condition typo max. Unit 

Input Capacitance Cin V/n = OV - 8 pF 

Input/Output Capacitance CliO VI/O - OV - 10 pF 

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

~HITACHI 
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• ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING 
CONDITIONS (Ta =Oto+70°C, Vcc=5V±10%) 

• AC Test Conditions 
Input Pulse Levels .....•..••• 2.4V.O.4V 
Input Rise and Fall Times ........... 5ns 
Timing Measurement level ........... 2.2V.O.BV 
Reference level .................•• VOH = 2.0V. VOL" O.BV 
Output load ................... 1 TTL and 100pF 

Item Symbol 

Random Read or Write Cycle Time tRC 

Chip Enable Access Time tCEA 
Output Enable Access Time tOEA 
Chip Disable to Output In High Z tCHZ 
Chip Enable to Output In Low Z tCLZ 

Output Disable to Output In High Z tOHZ 

Output Enable to Output In Low Z tOLZ 

Chip Enable Pulse Width tCE 

Chip Enable Precharge Time tp 

Address Set-up Time tAS 

Address Hold Time tAH 

Read Command Set-up Time tRCS 

Read Command Hold Time tRCH 

RFSH Hold Time tRHC 

Chip Select Set-up Time tcss 

Chip Select Hoid Time tCSH 
Write Command Pulse Width twp 

Chip Enable to End of Write tcw 
Data In to End of Write tDW 
Data In Hold Time for Write tDH 

Output Active from End of Write tow 
Write to Output In High Z tWHZ 
Transition Time (Rise and Fall) tT 

Refresh Command Delay Time tRFD 

Refresh Precharge Time tFP 

Refresh Command Pylse Width for Automatic 
Refresh tFAP 

Automatic Refresh Cycle Time tFC 

Refresh Command Pulse Width for Self Refresh tFAS 

Refresh Reset Time for Self Refresh tRFS 
Refresh Period (512 c~cles) t,..,lI' 

Notes: 
(1) tCHZ. tOHZ and tWHZ deime the time at which the 

output achieves the open circuit conditions. 
(2) tCLZ' tOLZ and tow are sampled under the condition 

of t T = Sns and not 100% tested. 
(3) A write occurs during the overlap of a low CE and low 

W....... _ 
(4) If CE~es low simultaneously with WE going low or 

after WE going low. the outputs remaln In high im
pedance state. 

(5) If lnput signals of opposite phase to the outputs are 

HM658128P- IO HM658128P-12 HM658128P-15 
HM658128LP-10 HM658128LP-12 HM658128LP-15 

mln. mln. mln. 
nit 

max. max. max. 
180 - 210 - 250 - ns 
- 100 - 120 - 150 ns 

- 30 - 40 - 50 ns 
- 25 - 30 - 35 ns 
30 - 35 - 40 - ns 
- 25 - 30 - 35 ns 

5 - 5 - 5 - ns 
lOOn 2011 120n 2011 150n 2011 s 

70 - 80 - 90 - nl 

0 - 0 - 0 - ns 

25 - 30 - 35 - ns 

0 - 0 - 0 - ns 
0 - 0 - 0 - ns 

15 - 15 - 15 - ns 
0 - 0 - 0 - ns 

25 - 30 - 35 - ns 
20 - 25 - 30 - ns 

100 - 120 - 150 - ns 
15 - 20 - 25 - ns 
0 - 0 - 0 - ns 
5 - 5 - 5 - ns 

- 25 - 30 - 35 ns 
3 SO 3 50 3 50 ns 

70 - 80 - 90 - ns 
40 - 40 - 40 - ns 

80n 811 80n 811 80n 811 s 

180 - 210 - 250 - ns 

8 - 8 - 8 - 115 
180 - 210 - 250 - ns 
- 8 - 8 - 8 ms 

applied In write cycle. OE or WE must disable output 
buffers prior to applying data to the device and data 
lnputs must be floating prior to OE or WE turning on 
output buffers. 

(6) VIH (mln) and VI1- (max) are reference levels for 
measuring timing 0 mput signals. Also. transition times 
are measured between VJH and VIL' 

(7) An lnitial pause of 100115 is required after power-up 
followed by a minimum of 8 lnitialization cycles. 
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• TIMING WAVEFORMS 

• Read Cycle 

cs 

Address 
Au-Alb 

Dout 

• Write Cycle-1 IOE Clock) 

cs 

Address 
Ao-AI6 

Din 

Dout 

@HITACHI 
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• Write Cycle-2 IOE Low Fix) 

cs 

Add,'css 
Au-Alh 

Din 

Dout 

• Automatic Refresh Cycle 

• Self Refresh Cycle 

INFO If'(' I",' 

I, .. " 11-''''' 1,,/, 1,,',4/' 

{ '~r~/"" --l·;d 
77777077! ~~. ----~f 

• CS Standby Mode 

cs 

~HITACHI 
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MOS DYNAMIC RAM 
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HM50464P Series, 
HM50464CP Series 
65536-word x 4-bit Dynamic Random Access Memory 

• FEATURES 
• Page mode capability 
• Single 5V (±10%) 
• On chip substrate bias generator 
• Low power: 350 mW active. 20 mW standby 
• High speed: Access Time 120ns/150ns/200ns 
• Output data controlled by CAS or OE 

• TTL compatible 
• 256 refresh cycles . . . . . . . . . 4 ms 
• 3 variations of refresh ....•• RAS only refresh 

• BLOCK DIAGRAM 

CAS before RAS refresh 
Hidden refresh 

1/0 1/0 110110 
1 2 3 4 

~~.: 
....... ----,yy 

1 0 

Men.mo Arrl' 
4 

x""' ..... 

Memnn Array 
3 

I""',,,,,,,,,,,, I 

A.-A, Address Inputs 

00 Column Address Strobe 

I/Ol - Data In/Data Out 1/04 
OE Output Enable 

RAS Row Address Strobe 

WRITE Read/Write Input 

Vee Power (+5V) 

VSS Ground 

A.-A, Refresh Address Inputs (Row) 

• HITACHI 

HM50464P Series 

(DP-18) 

HM50464CP Senes 

(CP-18) 

• PIN ARRANGEMENT 

• HM50464P Series 

(Top V,ew) 

• HM50464CP Series 

Index Corner 

891011 

-\4\rc 7.1,3 

(Top View) 
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-------------------------HM50464P Series, HM50464CP Series 

• ABSOLUTE MAXIMUM RATINGS 

item Symbol Rating Unit 

Voltage on any pin relative to V ss VT -1 to +7 V 

Supply Voltage relative to V ss Vee -1 to +7 V 

Operating Temperature (!mbient) Topr o to +70 ·C 

Storage Temperature (Ambient) Tst~ -55 to+125 ·C 

Power Dissipation PT 1.0 W 

Short Circuit Output Current lout 50 rnA 

• RECOMMENDED DC OPERATING CONDITION (Ta = 0 to +70°C) 

Parameter Symbol min. typo max. unit 

Supply Voltage Vee 4.5 5.0 5.5 V 

Inpu t High Voltage VlH 2.4 - 6.5 V 

Input Low Voltage JIlL -1.0 - 0.8 V 

Note) All voltage referenced to V ss. 

• DC ELECTRICAL CHARACTERISTICS (Vee = SV ± 10%, VSS = OV, Ta = 0 to +70°C) 

Parameter Symbol 
HM50464p!CP·12 HM50464P'CP·15 HM50464P!CP·20 

VOlt Note 
mm. max min max mm, max. 

Operating Current (tRC- mm ) ICCI - 83 - 70 - 55 mA I 

Standby Current (RAS = VIH, DOllt = Disable) ICC2 - 45 - 4,5 - 45 mA 

Refresh Current (RAS only refresh, IRe - mm,) ICC3 - 62 - 53 - 42 mA 

Standby Current (RAS - VIH, DOllt - Enable) Iccs - 10 - 10 - 10 mA I 

Refresh Current (CAS before RAS refresh, IRe = mm.) ICC6 - 69 - 58 - 45 mA I 
Operattng Current (page mode. t PC - mm ) ICC? - 57 - 48 - 37 mA I 

Input Leakage Current (0 < Vm < 7V) ILl -10 10 -10 10 -10 10 ~A 

Output Leakage Current (0 < YOU! < 7V. Dout = Disable) ILO -10 10 -10 10 -10 10 ~A 

Output High Voltage (lout - -5 rnA) VOH 2.4 VCC 2.4 VCC 2.4 VCC V 

Output Low Voltage (lout 42 mAl VOL 0 04 0 0.4 0 0.4 V 
. , , . 

Notes) I, lee depends on output loadmg condItIOn when the devIce 15 selected'/ee max. IS specifIed at the output open 
condition, 

• CAPACITANCE (Vee = SV ± 10%, Ta = 25°C) 

Parameter Symbol typ, max. Untt 

Address CII - 5 pF 
Input Capacitance 

RAS, CAS, WE, OE CI2 10 pF -

Output Capacitance Data In/Data Out CliO - 10 pF 

Notes) 1. CapacItance measured With Boonton Meter or effecltve capacItance measunng method, 
2. CAS = VIH to disable Dou!. 

Note 

1 

1 

1,2 

• ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Vee = SV ± 10%, Vss = OV, Ta = 0 to +70°C) 

HM50464P/CP·12 HM50464P/CP-15 
Parameter Symbol 

HM50464P/Cp·20 
UOlt 

min max min max mm. max. 

Access Time from RAS tRAe - 120 - 150 - 200 ns 

Access Time from CAS ICAC - 60 - 75 - 100 ns 

Output Buffer Turn-ofr Delay referenced to CAS IOFFI - 30 - 40 - 50 ns 

TranSItion Time (Rise and Fall) IT 3 50 3 50 3 50 ns 

Random Read or Write Cycle Time IRC 220 - 260 - 330 - ns 

RAS Precharge Time IRP 90 - 100 120 ns 

RAS Pulse Width IRAS 120 10000 150 10000 200 10000 ns 

CAS PuIs. WIdth ICAS 60 10000 75 10000 100 10000 ns 

!U.s to m Delay TIme IRCD 25 60 25 75 30 100 ns 

RAS Hold TIme IRSH 60 - 75 - 100 - ns 

CAS Hold TIme ICSH 120 - 150 - 200 - ns 

CAS to RAS Pre charge Time ICRP 10 - 10 - 10 - ns 

Row Address Set·up Time IASR 0 - 0 - 0 - ns 

Row Address Hold Time IRAH 15 - 15 - 20 - ns 

Note 

2,3 

3,4 

5 

6 

7 

(to be contmued) 
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HM50464P Series, HM50464CP Serl88-------------------------

Puarneter Symbol 
HM50464P/CP-12 HM50464P /CP-15 HM50464P /CP-20 

Unit Note 

Column Address Set-up TIme IASC 
Column Address Hold TIme ICAH 
Column Address Hold TIme referenced to RAS IAR 
Wnte Command Set~up TIme IWCS 
Wnte Command Hold Time IWCH 
Wrtte Command Hold Time referenced to RAS IWCR 
Wnte Command Pulse WIdth IWp 

Wnte Command to RAS Lead Time IRWL 

Wnte Command to CAS Lead TIme ICWL 
Data-In Set-up Time IDS 
Data'ln Hold Time IDH 
Data-In Hold Tlme referenced to RAS 'DHR 

Read Command Set ... p Time IRCS 
Read Command Hold Time referenced to CAS 'RCH 
Read Command Hold Time referenced to RAS tRRH 

Refresh Period IREF 
Read-Wnte Cycle Time IRWC 
CAS to WE Delay Tim. 'CWO 
ill to Wi!: Delay Time 'RWD 
CAS Precharge Time ICPN 
00 Set ... p Time (00 before RAS refresh) ICSR 
C"AS Hold Time (C"AS before RAS refresh) ICHR 
ill Precharge to CAS Hold Time 'RPC 
Access Time from ~ IOAC 
Output Buffer Turn-off Delay referenced to DE 'OFF1. 
'OJ! to Data-in Delay TIme 'ODD 
OE Hold Time referenced to WRITE IOEH 
Page Mode Cycle Time 'PC 
CAS Precharge Time (for Page-mode Cycle Only) ICp 
CAS Read-modlfy·write Cycle TIme (page-mode) 'PCM 

Notes) 
1. AC measurements assume tT = 5ns. 
2. Assume that tRCD ;1; tRCD (max). If tRCD is 

greater than the maximum recommended value 
shown in this table, tRAC exceeds the value shown. 

3. Measured with a load circuit equivalent to 2TIL 
loads and 1 OOpF. 

4. Assumes that tRCD ~ tRCD (max). 
5. tOFF (max) defines the time at which the output 

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

6. VIH (min) and VIL (max) are reference levels for 
measuring timing of input signals. Also, transition 
times are measured between V IH and V fL. 

7. Operation with t!le tRCD (max) limit insures that 
tRAC (max) can be met; tRCD (max) is specified as 
a reference point only, if t RCD is greater than the 
specified t RCD (max) limit, then access time is 
controlled exclusively be tCAC' 

min. 
0 

20 

80 

0 

40 

100 

40 

40 

40 

0 

40 

100 
0 

0 

10 

-
305 

100 

160 

SO 
10 

120 

0 

-
-
30 

25 

120 

SO 

205 

max. min. max. min. max. 
0 0 ns 

25 30 ns 

- 100 130 ns 

- 0 0 ns 8 

45 55 ns 

- 120 - ISS - ns 

45 55 ns 

- 45 - 55 ns 

- 45 55 ns 

- 0 0 ns 9 

- 45 55 ns 9 

- 120 - ISS ns 
0 0 ns 

0 - 0 - ns 

- 10 - 10 - ns 

4 4 - 4 ms 

- 360 450 ns 

125 160 ns 8 

- 200 260 ns 8 

- 60 80 ns 

10 - 10 - ns 

ISO 200 - ns 

0 0 ns 

30 35 - 45 ns 

30 40 SO n. 

- 40 SO n. 

- 30 - 40 - ns 

- 145 190 ns 

- 60 80 - ns 

245 310 ns 

8. twCS. tCWD and tRWD are not restrictive operating 
parameters. They are included in the data sheet as 
electrical characteristics only: if t wcs ~ t WCS (min), 
the cycle is an early write cycle and the data out pin 
will remain open circuit (high impedance) through
out the entire cycle; if tcwD ~ tCWD (min) and 
tRWD ~ tRWD (min), the cycle is a read/write and 
the data output will contain data read from the 
selected cell; if neither of the above sets of condi
tions is satisfied, the condition of the data out (at 
access time) is indeterminate. 

9. These parameters are referenced to CAS leading edge 
in early write cycles and to WE leading edge in 
delayed write or read-modify-write cycles. 

10. An initial pause of 100 ,.s is required after power-up 
followed by a minimum of 8 initialization of cycles. 

11. Minimum of 8 CAS before RAS refresh is required 
before using internal refresh counter. 

12. In delayed write or read-modify-write cycles, OE 
must disable output buffers prior to applying data to 
the device . 
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-------------------------- HM50464P Series, HM50464CP Series 

• TIMING WAVEFORMS 
• READ CYCLE 

Address -.J'1<---4'\.~'-!<--:rr:__~=+Jz:w:::--IIJ\-----

tRRH 
tCAC 

tOFF I 

1'0 
___ -t~O~P~E~N~ ____ ~~~[;~--------

f-----tRA C----j 

tOAC-l--i---
tOFF2 

• c::::J Don't care I • EARLY WRITE CYCLE 

HAS 

• OE: Don't care 
• c::::J : Don't care 

~HITACHI 
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HM50464P Series, HM50464CP Series--------------------------

• DELAYED WRITE CYCLE 

IRC 
-----, 

lRAS 

f}-IRP-\ I\--
Ir_ - -IRSH_ 

_ IRCD ICAS_ ~ICRP _ 

tCSH 
I 

tASR 1\ / ~tcPN--t--
i-- -IAR --r- t-IRAH 

-f-t- IASC 
~ 

fI ) ROW K ) COLUMN 
~r-r-- ~ 

ICAH ~.~ 
I--ICWL 

tWCR 
t--- IRWL:---

Address 

- IWCH_ 

II 
j--Iwp-

I--tDH-

I 
tDHR 

I/O [v ALID INPU1X 

- H IDS 

r- IOEH -

tODD 

I 

• c=:::J Don't care 
• READ MODIFY WRITE CYCLE 

Address 

I/O 
---.------' 

lJE-----'"'"\ 

* c::::::J Don't care 

~HITACHI 
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------------------------HM50464P Serle., HM50464CP Serle. 

• RAS ONLY REFRESH CYCLE 

Address ___ -J1l'-__ R_O_W __ -'I '-____________ _ 

I/O----~O~PE=N~----------------

• HIDDEN REFRESH CYCLE 

RAS---r-------,R--A:-K~~~:~~=,R=P~ 

CAS--tt----{ 

* OE, WE: Don't care 
• c:::::J: Don't care 

Address_J1._""-,-,~,,.====,-__ ..;;D..;;o..;,n\;.,.;;c..;,ar..;;e __ ''''_r--.-___ 

WRITE __ --rJ 

IOAC 

O"E-----" 

• c:::::J Don't care 
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HM50484P Series. HM50484CP Series--------------------------

• CAS BEFORE ~ REFRESH CYCLE 

Address-----------------------------------------------------
Don't care 

• COUNTER TEST 

(READ/WRITE) 

Address ----------------------j 
~--__ -__ --__ --_--__ -_--__ --__ --__ --_--_--__ --__ --__ --J--,~~ ' ...... , ..... _--

DE n __ - - - - --- ----- -- - -- - -7 , , 
', ..... ____ J~ 

• c:::J : Don't care 

• PAGE MODE READ CYCLE 

I o'---~~~--~ 

• c::::J Don't care 

~HITACHI 
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------------------------- HMS0464P Series, HMS0464CP Series 

• PAGE MODE WRITE CYCLE 

CAS --H----i I-

Address 

• c:::::J Don't care 

I 
• PAGE MODE READ MODIFY WRITE CYCLE 

1IAS--,kt-----------t"AS-----------

CAS--++-_ 

Address 

WE ___ ....J 

1'0 
-------.,.--' 

O£ _____ --+-.J 

• c::=J: Don't care 
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HM50465P Series, 
HM50465CP Series 
65536-word x 4-bit Dynamic Random Access Memory 

• FEATURES 
• Nibble mode capability 
• Single5V (±10%) 
• On chip substrate bias generator 
• Low power; 350 mW active, 20 mW standby 
• High Speed: Access time 120 ns/150 ns/2oo ns (max.) 
• Output data controlled by CAS or OE 
• TTL compatible 
• 256 refresh cycles . . • . . . . 4 ms 
• 3 variations of refresh .... RAS only refresh 

• BLOCK DIAGRAM 

CAS before RAS refresh 
Hidden refresh 

110 I/O I/O I/O 
1 2 3 4 

I Ilt,c..-ratnr I 

A. -A, Address Inputs 

CAS Column Address Strobe 

I/Ol -1/04 Data In/Data Out 

OE Output Enable 

RAS Row Address Strobe 

WRITE Read/Write Input 

Vee Power (+SV) 

VSS Ground 

A.-A, Refresh Address Inputs (Row) 

Ao,AI Nibble Address Inputs (Column) 

~HITACHI 

HMS046SP Series 

(DP-18) 

HMS046SCP Senes 

(CP-18) 

• PIN ARRANGEMENT 
• HM50465P Series 

6i': 

I/O, 

A. 

As 

A. 

Vee 

(Top View) 

• HM50465CP Senes 

indE''(CUlIU'1 

I III 1)£ \))! 0, 

:! I Jllli 

I/O. 

If C\'i 
Ii [til 

It \0 

\b II \1 

\, i I.! \l 

Ii (j [U 11 

(Top View) 
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HM50465P Series, HM50465CP Series 

• ABSOLUTE MAXIMUM RATINGS 
[tern Symbol Rating Unit 

Voltage on any pin relative to V ss Vr -I to +7 V 

Supply Voltage relative to V ss Vee -I to +7 V 
Operating Temperature (Ambient) Topr o to +70 ·C 

Storage Temperature (Ambient) Tug -55 to +125 ·C 

Power Dissipa tion Pr 1.0 W 

Short Circuit Output Current lout 50 rnA 

• RECOMMENDED DC OPERATING CONDITION (Ta = 0 to +70°C) 

Parameter Symbol min. typo max. unit 

Supply Voltage Vee 4.5 5.0 5.5 V 

Input High Voltage V/H 2.4 - 6.5 V 

Input Low Voltage V/L -1.0 - 0.8 V 

Note) All voltage referenced to V ss. 

• DC ELECTRICAL CHARACTERISTICS (Vee = SV ± 10%, VSS = OV, Ta = 0 to +70°C) 

Symbol 
HMS046SP/Cp·12 HMS0465P/Cp·IS HMS046SP(Cp·20 

Unit Note Parameter 
mm max. mm. max min. max. 

Operating Current (tRC - mm.) ICC! - 83 - 70 - 55 rnA I 

Standby Current (RAS = VlH. Dout = DISable) ICel - 4.5 4.5 4.5 rnA 

Refresh Current (RAS only refresh, (RC - min.) ICC3 - 62 - 53 - 42 rnA 

Standby Current (RAS = VlH. Dout - Enable) Iccs - 10 - 10 - 10 rnA I 

Refresh Current (CAS before RAS refresh, IRe = min ) ICC6 - 69 - 58 - 45 rnA 1 

Operating Current (NIbble mode, (RC = mm.) Iccs - 57 - 48 - 37 rnA I 

Input Leakage Current (0 < Vm < 7V) ILl -10 10 -10 10 -10 10 /SA 

Output Leakage Current (0 < VOU( < 7V, Dout = DISable) ho -10 10 -10 10 -10 10 /SA 
Output HIgh Voltage (Iou( = -5 rnA) VOH 2.4 VCC 2.4 VCC 24 VCC V 

Output LoW Voltage (I0U( = 4 2 rnA) VOL 0 04 0 0.4 0 04 V 

Note) I. lee depends on output loading condition when the device is selected, Ice max. is specified at the output open 
condition, 

• CAPACITANCE (Vee = SV ± 10%, Ta = 25°C) 

Parameter Symbol typo max. Unit 

Address Cli - 5 pF 
Input Capacitance 

RAS, CAS, WE, OE C/2 10 pF -

Output Capacitance Data In/Data Out CliO - 10 pF 

Notes) I. CapacItance measured WIth Boonton Meter or effective capacitance measunng method. 
2. CAS = V/H to disable Dout. 

Note 

I 

I 

1,2 

• ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Vee = SV ± 10%, Vss = OV, Ta = 0 to +70°C) 

Parameter Symbol 
HMS046SP /CP·12 HM50465P /CP·IS HM50465P/CP·20 

Unit 
mm. max. Mm. max. mm. max. 

Access Time from RAS (RAC - 120 - 150 - 200 ns 

Access Time from CAS (CAC - 60 - 75 - lOa ns 

Output Buffer Turn-off Delay referenced to CAS (OFFI - 30 - 40 - SO ns 

Transition Time (Rise and Fall) (T 3 SO 3 SO 3 SO ns 

Random Read or Write Cycle Time (RC 220 - 260 - 330 - ns 

RAS Precharge Time (RP 90 - lOa - 120 - ns 

RAS Pulse Width (RAS 120 10000 150 10000 200 10000 ns 

CAS Pulse Width (CAS 60 10000 75 10000 100 10000 ns 

RAS to CAS Delay Time IRCD 25 60 25 75 30 100 ns 

mHoldTime IRSH 60 - 75 - 100 - ns 

CAS Hold Time ICSH 120 - 150 - 200 - ns 

00 to 1f,\S Precharge Time ICRP 10 - 10 - 10 - ns 

Row Address Set-up Time IASR 0 - 0 - 0 - ns 

Row Address Hold Time IRAH 15 - 15 - 20 - ns 

Note 

2,3 

3,4 

5 

6 

7 

(to be contmued) 
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HM50465P Series, HM50465CP Series--------------------------

HM50465P 'CP-I, HM50465P 'CP-15 HM50465P 'CP-10 
Parameter Symbol Unit Note 

mIn max. mm max mIn max 

Column Address Set-up Time I ASC I 0 - 0 - 0 ns 

ns 

ns 
-nC_oILu~m~n~A7.dd.-r~e-ss~H~0~I~d~T~lm--e~~--~~~~--------~I~C~A~H~~' ~2~O -+ __ -__ _+~2~5--~----~~3~0~~----4_~_+----
~C~ol~u-m~n~A~dd-r-e~ss~H~O~I~d~T~lm~e~re-f-er~e-n~ce-d~tO~R~A=S ________ ~~I~A~R~--+~870-+-------+~1~0~0--~----~~1~3~0~~----4_~-+---

ns Write Command Set-up Time I WCS I 0 I - 0 - 0 - 8 
Wnte Command Hold--Tlme----"-------- "- 'weH 40 ~r--=---t----45--I-------l---55~--l-----+~~+-=--ns 

~W~n-te-C~o-m-m--an-d~H~o~l~d~T~Im-e--re~~-r-en-c-e~d-to-=R=A~S--------+-~~~-cocco- ~--~-- 155 

w,," '"mm,,' ~, .. ,'ili ->-";'f;; "wl: " __ ~_~,, _I -
ns 

ns 
ns __ W_n_te---ccC_om __ m_a_n_d_t~o_"R;;A~S=-=L-'ea-'d'-T"-I-'m-'-e----------------+,"1 R"-"W-"L'-~-4-"0 - 4 5 5 5 -

-:::w_n_te-:-C~om:__m-a-n_=d~t-o-C-A-S-L-e-a-d-T-I-m-e--------------__ +-I",cw~ ~ ~_ _~5 - 550 ___ -__ -+ ____ +-~-ns 

ns Data-in Set-up Time IDS 0 - 0 - - 9 
os Data-In Hold Time I 40 45 55 9 

~D~a~ta--I~n~H70~I·d~T~lm--e-re~f~er-e-n-ce-d~t-o'R~A~S--------------~-I~~~~'R~ -10-0- - - 155 = - 120 - ns 
- 0 -Read Command Set-up Time I RCS 0 0 ns I 
- 0 -Read Command Hold Time referenced to CAS IRCf{ 0 0 ns 
- 10 -Read Command Hold Time referenced to RAS IRRH 10 10 ns 

Refresh PerIod 'REF 4 - 4 4 ms 
- 360 -Read-Write Cycle Time I R wc 305 450 ns 

ns - 125 -CAS to WE Delay ICWD 100 160 - 8 
~RAS~A~t-O~~~~D~el-ay--------------------------~-I~R~W~D~~16~0~+---~~~-+-----~2~60~+-----~~-+-8~ - 200 - ns 

- 60 -CAS Precharge Time I CPN 50 80 ns 

- 10 -CAS set-up Time (CAS before RAS refresh) ICSR 10 10 - ns 

CAS Hold Time (CAS before RAS refresh) ICHR 120 - 150 - 200 +-=---~L---
RAS Precharge to CAS Hold Time I RPC 0 - 0 - 0, - ns I 
Access Time from DE IOAC - 30 - 35 -,- 45 n>i-
Output Buffer Turn-off Delay referenc-e""7d-to--,O~E~------+I-O"-F"F.::2-l-------l-~3~0--4-----1 40 - i 50- '11;-1--
OE to Data-In Delay Time IODD 30 - 40 50 i ~ns 
OE Hold Time referenced to WRITE IOEH 25 - _30 3=5 , _40t !-4=5----' - nn: -
Nibble Mode Access Time INAC - 30 , "' 

Nibble Mode RAS Cycle Time I I NRC 410 - 480 _-_:=I1~0 r-:=~~~-L 
Nibble Mode RAS Pulse Width i INRA 310 - 370J - j 4~0-t':::- t_llS_i- __ 

_ N=ib:ocb.-Ie:cM~o-d;e~C;,y"'cl_;eo'T-lm~e_:_::_;;c--:--------------- ! INC _6~0'-_+_-----i--~~-~ -~O - ns, 
Nibble Mode CAS Precharge Time --r-tNC-;- \-- 20 - 2S-,--'::- 3~ - ns t-----
Nibble Mode CAS Pulse Width INCA 30 - I 35 T~-~- - n~I-----
Nibble Mode Wnte Command Hold Time 30 - -t--E-i-_-- 1--45-- ---:::- -~---

_________ -+~IN~W~C~H-+ __ ~-+ ___ -t-- _____ ~---+----
Nibble Mode RAS Hold Time INRSH 40 -l-- -__ ~5 __ .::-_ r-~~--=- ns i 
Nibble Mode Read-Write Cycle Time INRWC 135 i - 160 - 200 - ns 

Nibble Mode CAS to WE Delay INCWD 7~-lr-==--=---85- --~-- '105- -::---c-n;-
Nibble Mode Write Command to CAS Lead Time t"'S}I'L 30 - 35 - 45 - ns 
Nibble Mode WIlte Command Pulse Width INWP -30 -- 35 - - --45- - '-;;s-----

Notes) 
1. AC measurements assume (T = 5 ns. 
2. Assumes that (RCD ~ (RCD (max). If (RCD is 

greater than the maximum recommended value 
shown in this table, (RAC exceeds the value shown. 

3. Measured with a load circuit equivalent to 2TTL 
loads and 100 pF. 

4. Assumes that (RCD ~ IRCD (max). 
5. IOFF (max) defines the time at which the output 

achieves the open circuit condition and is not re
ferenced to output voltage levels. 

6. VIH (min) and V/L (max) are reference level for 
measuring timing of input signals. Also, transition 
times are measured between VIH and VI(.. 

7. Operation with the I RCD (max) limit insures that 
tRAC (max) can be met, tRCD (max) is specified as 
a reference point only, if I RCD is greater than the 
specified IRCD (max) limit, then access time is con
trolled exclusively be I CA Co 

8. twcs, ICWD and (RWD are not restricttve operating 
parameters. They are mcluded in the data sheet as 
electrical characteristics only: if (WCS ;;; t wcs (min), 
the cycle is an early write cycle and the data out pin 
will remain open circuit (high impedance) through
out the entire cycle; if tcwD ~ ICWD (min) and 
t R WD ~ (R WD (min), the cycle is a read/write and 
the data output will contain data read from the 
selected cell; if neither of the above sets of condi
tions is satisfied, the condition of the data out (at 
access time) is indeterminate. 

9. These parameters are referenced to CAS leading edge 
in early write cycles and to WE leading edge in de
layed write on read-modify-write cycles. 

10. An initial pause of 100 ItS is required after power-up 
followed by a minimum of 8 inttlalization of cycles. 

11. Minimum of 8 CAS before RAS refresh is required 
before using internal refresh counter. 

12. In delayed write or read-modify-write cycles, OE 
must disable output buffers prior to applying data to 
the device. 

~HITACHI 
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--------------------------HM50465P Series, HM50465CP Series 

• TIMING WAVEFORMS 
• R .. dCvcle 

• Earlv Write Cvcle 

Address -J1 ...... -r--f.~...J.I'_r_r--"'.r-----,-.,..".------

IRRH 

OPEN ~~~~~ ________ _ 
IO----+---------~~ 

~---tR4t...---___I 

~HITACHI 

*c=J: Don't care 

• OE : Don't care 
c=J : Don't care 

Hitachi America Ltd .• 2210 OToole Avenue • San Jose, CA 95131 • (408) 435-8300 311 
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HMS048SP Series, HMS048SCP Series-------------------------

• Deleyed Write Cycle 

IRe --. 
IIIAS 

~/IIP-1'\ !L-
IT_ I-- r---- 'IISH -

I--'I/CO ICAS_ l--'cIIP-

ICSH 
I 

lAS 11 1\ 
I---ICPN----t--

I- I---'AII r--
- t- I""RAH 

-r-I- IASC 

) ROW K COLUM NK 
- r---r- -

ICAH ~~ 
l--'cWL 

tweR t--- 'RWL:----

Address 

~ IWCH_ 

1/ 
t-- 'wp-

10HR 
t-- 'OH -

I/O lY ALID INPu-Q( 

- M los 

_IOEH_ 

1000 

J ~ 

• R.d Modify Write Cycle • c::J: Don't care 

I---------IRWC---I~===i 
1\.~------IRAS----~ 

Address 
--'io-_"f 

WRITE 
----,---' 

1/0 
---r----' 1'--.::1 

$ HITACHI 

* c::J: Don't care 
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-------------------------HM50465P Series, HM50465CP Series 

• RAS Only Ref .. h Cycle 

Address ___ --' 1'-_...;R.;,.O:..W __ --I '-____________ _ 

I'O _____ O~P~E~N~ _______________ ___ 

• iJE, WE : Don't care 
• c::::::J: Don't care 

• Hidden Refresh Cycle 

I 'ReD 

CAS ----++--------{ 

Address 

WIiITE __ --rJ 

tOAC 

OE-----"""'" 

• c::::::J : Don't care 

• CAS Before RAS Ref_h Cycle 

Address--------------------------
Don't care 

~HITACHI 
Hitachi America Ltd • 2210 O'Toole Avenue • San Jose, CA 95131 • (408) 435-8300 313 



314 

HM50485P8eri .. , HM50485CP 8.rl .. ------------------------

• CounterTest 

(READ 'WRITE) 

Address 

WRITE-•• -•• -. -•• -•• -.-•• -•• -•• -.-. -•• -•• -• • -J-' '""'~ 
OR···· ---- .-. --.-- --. -- - ·7 

, 
, ...... __ . 

• c::::J Don't care 

• Nibble Mode Read Cycle 

CAS----t+----.,. 

Address_J ,"'--1'--<''-__ .n_-t_-t!_-t! ____________ _ 

WE __ ,--....J 

IO--------------~ 

OE _____________ ~--L----f--L---~~~--~~---------

• c::::J Don't care 

• Nibble Mode Write Cycle 

1-----------"'"--------,-----1 
"J.!-_________ hHA ________ ..iJr--:--'"1 

CAS--tt--.... 

Address 

WE _______ ~~L---~++--~~--~L------

10 ____ --"1<---""'--'1' 

• OE : Don't care 

• c::::J : Don't care 

• HITACHI 
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------------------------HM50485P Series, HM40485CP Series 

• Nibble Mode Reed Modify Write Cycle 

Address_Jl'?'\.../~F;..;:.Jf\...--__:-I__+I_-:---=+-I~--TN<';tt-

10 
--,-----;:-:::-:-"Ffi 

OE ____ -+-J 

~HITACHI 

• c:::=J : Don't care 

Hitachi America Ltd. • 2210 O'Toole Avenue • San Jose, CA 95131 • (408) 435-8300 
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HM50256P Series, 
HM50256CP Series, 
HM50256ZP Series 
262144-word x 1-bit Dynamic Random Access Memory 

• FEATURES 
• Industry Standard l6-Pin DIP. lS-Pin PLCC.16-Pin ZIP 
• Single 5V (±10%) 
• On chip substrate bias generator 
• Low Power: 350mW active. 20mW standby 
• High speed: Access Time l20ns/150ns/200ns(max.) 
• Common I/O capability using early write operation 
• Page mode capability 
• TTL compatible 
• 256 refresh cycles ... (4ms) 
• 3 variations of refresh· .. RAS only refresh. CAS before RAS 

refresh. Hidden refresh 

• PIN ARRANGEMENT 

• HM50256P Senes • HM50256CP Series • HM50256ZP Series 

III 17 

'I III II 

l.1 \(( \; \, 

(Top View) (Top View) (Bottom View) 

Ao-A. Address Inputs 

CAS Column Address Strobe 

Din Data In 

Dout Data Out 

RAS Row Address Strobe 

WE Re.d/W Tlte Input 

Vee Power (+SV) 

Vss Ground 

Ao--A7 Refresh Address Inputs 

~HITACHI 

HM50256P Series 

(DP-16B) 

HM50256CP Series 

(CP-IS) 

H M 50256Z P Series 

(ZP-16) 

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



----------------- HM50256P Series. HM50256CP Series. HM50256ZP Series 

• BLOCK DIAGRAM 

Memory 
~rrav 

Ro. 
Decoder 

Memor) 
A.rray 

.ABSOLUTE MAXIMUM RATINGS I ~:L,o, I 
Voltage on any pin relative to Vss . . . .... -lV to +7V 
Operating temperature. Ta (Ambient) . . ... oOe to +70o e 
Storage temperature .................. -55°e to +125°e 
Short circuit output current . 50mA 
Power dissipation ............................. lW 

.RECOMMENDED DC OPERATING CONDITIONS (Ta-O to +70'C) 

Parameter Symbol min typ 

Supply Voltage Vee 4.5 5.0 

Input H,gh Voltage V,. 2.4 -

Input Low Voltage V" -1.0 -

Note) 1 All vola.e. referenced to Vss 

max Unit 

5.5 V 

6.5 V 

0.8 V 

.DC ELECTRICAL CHARACTERISTICS (Ta-O to +70'C, Vcc -5V±10%. Vss-OV) 

HM50256·12 HM50256·15 HM50256·20 
Parameter Symbol 

mIn max min max mIn max 

Operating Current(RAS, CAS Cycling: tltc-mln) lcci - 83 - 70 - 55 

Standby Current(RAS- V,N, Dout-H,gh Impedance) f ect - 4.5 - 4.5 - 4.5 
Refresh Current( RAS only Refresh, t RC - min) Icc! - 62 - 53 - 42 

Standby Current(RAS- V,N, Dout Enable) Ices - 10 - 10 - 10 

Refresh Current( CAS before RAS Refresh, tile - min) Icc, - 69 - 58 - 45 

Page Mode Supply Current ( RAS= Vn, CAS Cycling, /pc=mm) I( (7 - 57 - 48 - 37 

Input leakage(O< V,. < 7V) lu -10 10 -10 10 -10 10 

Output leakage(O< V •• ,<7V, Dout = DIsable) lco -10 10 -10 10 -10 10 

Output levels High(I:,,- -SmA) VON 2.4 Vee 2.4 Vee 2.4 Vee 

Output levels Low(I".-4.2mA) V" 0 0.4 0 0.4 0 0.4 

Notes) 1 Ie c: depend. on output loading concl.tlon when the device IS selected Icc max IS specified at the output open condition 

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

Note 

1 

1 

1 

Unit Notes 

mA 1 

rnA 

mA 

mA 1 

mA 

rnA 

I'A 

I'A 

V 

V 

I 
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HM50256P Series. HM50256CP Series. HM50256ZP Series 

.CAPACITANCE (Vcc-5V±lO%. Ta-2S'C) 

Parameter Symbol 

I Address, Data-in GIl 
Input Capacitance 

I Cloeks c. 
Output CapacItance I Data-out G! 

Note.) 1. C.~eit.nee measured with Boonton Meter or effective capacitance meuurutg method. 
2. CAS - V,,, to dl .. ble Owl . 

typ max Unit 

- 5 

- 7 pF 

7 

• ElECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Ta-O to +70·C. Vcc-SV±lO%. Vss-OV) 1).10).11) 

Parameter Symbol 
HM50256-12 HM50256-15 HM50256-20 

min max min max min max 

Random Read or Write Cycle T,me I" 220 ~ 260 ~ 330 ~ 

Read-Wnte Cycle T,me tlW( 265 ~ 310 ~ 390 ~ 

RAS to CAS Delay TIme tH( /) 25 60 25 75 30 100 

Access Time from RAS t 11 ~( ~ 120 ~ 150 ~ 200 

Access TIme from CAS t( ~{ ~ 60 ~ 75 ~ 100 

Output Buffer Turn-off Delay Inn ~ 30 ~ 40 ~ 50 

TranSItIOn T,me (R,se and Fall) I I 3 50 3 50 3 50 

RAS Precharge T,me t1ll' 90 ~ 100 ~ 120 ~ 

RAS Pulse WIdth tIP!'> 120 10000 150 10000 200 10000 

RAS Hold T,me tH~H 60 - 75 ~ 100 ~ 

CAS Hold T,me lc :.H 120 -- ISO -- 200 ~ 

CAS Pulse WIdth I( 4 ~ 60 10000 75 10000 100 10000 

CAS to RAS Precharge T,me hili' 10 10 --- 10 -

Row Address Set-up TIme 1-t'>1/ 0 0 ~ 0 ~ 

Row Address Hold T,me til ~H 15 -- IS - 20 ~ 

Column Address Set -up T,me l-t'>{ 0 0 0 ~ 

Column Address Hold T,me /( 4H 20 -- 25 - 30 ~ 

Column Address H old Time referenced to RAS I" 80 -- 100 -- 130 --

Read Command Set-up T,me tHe ., 0 - 0 - 0 -

Read Command Hold TIme referenced to CAS f,u II 0 ~ 0 - 0 ~ 

Wnte Command Set-up T,me /11(,> 0 ~ 0 - 0 

Wnte Command Hold T,me 111(1/ 40 -- 45 -- 55 -

Wnte Command Hold Tnne referenced to RAS ILl (11 100 -- 120 -- 155 -

Wnte Command Pulse Width /11/' 40 45 55 

Wnte Command to RAS Lead T,me !NII I 40 45 55 -

Wnte Command to CAS Lead T,me tell /. 40 ~ 45 - 55 ~ 

Data-In Set-up TIme 10,> 0 0 -- 0 -

Data-Ill Hold T,me t"H 40 - 45 "' 55 --

Data-In Hold TIme referenced to RAS tDHR 100 "' 120 155 

RAS to WE Delay tR"D 120 -- 150 200 --

CAS to WE Delay Ic ..... D 60 75 ~ 100 

Page Mode Read or Wnte Cycle Ipc 120 145 -- 190 

Page Mode Read ModIfy Wnte Cycle tpCM" 165 195 -- 250 --

CAS Precharge TIme. Page Cycle Icp 50 - 60 80 

Read Command H old T,me referenced to RAS tRRH 10 10 10 

Refresh Penod tNfI< 4 4 - 4 

CAS Set-up TIme /( .. H 10 - 10 -- 10 

CAS Hold TIme (CAS- before RAS Refresh) It IIH 120 150 -- 200 --

RAS Precharge to CAS Hold TIme fNI'{ 0 0 -- 0 

~HITACHI 
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Notes 

1 

1. 2 
I. 2 

Unit Notes 

ns 

ns 

ns 7 

ns 2.3 

ns 3.4 

ns 5 

ns 6 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 8 

ns 

ns 

ns 

ns 

ns 

ns 9 

ns 8.9 

us 

ns 

ns 8 

'" 
ns 

ns 

ns 

ms 

us 

ns 

ns 



__________________ HM50256P Series, HM50256CP Series, HM50256ZP Series 

Notes 
1. AC measurements assume tT = 5ns. 
2. Assumes that tRCD ~ tRCD (max). If tRCD is greater 

than the maximum recommended value shown in this 
table, tRACexceeds the value shown. 

3. Measured with a load circuit equivalent to 2TTL loads 
and 100pF. 

4. Assumes that tRCD ~ tRCD (max). 
5. tOFF (max) defines the time at which the output 

achieves the open circuit condition and output voltage 
levels are not referred. 

6. V1H (min) and VIL (max) are reference levels for 
measuring timing of input signals. Also, transition 
times are measured between VIH and VlL . 

7. Operation with the tRCD (max) limit insures that 
tRAC (max) can be met, tRCD (max) is specified as a 
reference point only; if tRCD is greater than the 
specified tRCD (max) limit, access time is controlled 
exclusively by tCAC' 

.TIMING WAVEFORMS 
-READ CYCLE 

8. twcs, tcwD and tR WD are not restrictive operating 
parameters. 
They are included in the data sheet as electrical 
characteristics only; if twcs ~ twcs (min), the cycle 
is an early write cycle and the data output pin will 
remain open circuit (high impedance) throughout the 
entire cycle; if tCWD ~ tCWD (min) and tRWD ~ 
t R WD (mm), the cycle is a read-write and the data 
ou~put will contain data read from the selected cell; if 
neither of the above sets of conditions is satisfied the 
condition of the data out (at access time) is indeter
minate. 

9. These parameters are referenced to CAS' leading edge 
In early write cycles and to WE leading edge in delayed 
write or read-modify-write cycles. 

10. An IIlitial pause of 1001's is required after power-up 
then execute at least 8 initialization cycles. 

II. At least, 8 CAS before RAS refesh cycles are required 
before using internal refresh counter. 

t------------,,,--------------t 

t-------IR~'-----~_1 
-/111' 

t-----tRrD'---~+__-llI~ij~ 

/11(( ---------1 

Ulgh Impedancf' 

~HITACHI 
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HM50256P Series. HM50256CP Series. HM50256ZP Series 

• WRITE CYCLE 

1------------'''----------1 

1---+--1".,1._ 

~ 
Ie IS / m 

-", 
tH11I tCAIt - ~ t~ - lew1. 

I 
Address 

>-
How X) Cniumn 1< -\rldrp" \ddrt''' 

I-----I-.Cj +--+------; 
II'(~ _tItCH_ 

"\1f- '''_II 
1-----t/lHR+--+----~ 

1---'''_ 

> 
DO\l! 

High Impedance 

• READ MODIFY WRITE CYCLE 

I • .,e 

-----: 

~ 
iRA ~ jt.-',,--1\ 

_"'0_ 
f---".'- I 

~ ~''"'-V 
I" 

tu. tUII lAS' 

~ f- ~ I-

Address 

~ fI,," K)< ("iJlITIII 

\dJrl'" \dd r"~' 

r 1--".'_ 

;-
tlll4'D ~ f-lwe-yl 

P M 
~ 

\ 1< 1)"'.1 

1----""_ 
IliAC - t--"" 

HIgh Impedance / \ ~ I "j I)d, d K 
.......... ¥ 

Doul 

~HITACHI 
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----------------- HM50256P Series. HM50256CP Series. HM50256ZP Series 

eRAS ONLY REFRESH CYCLE 
,,, 

IIH .. " 
im 

I" 

IIH 
C\S 

IlL 

IIH 

\dd,.,. 

I" 

0.", I"" H IRh Impedanre 

IOL 

e HIDDEN REFRESH CYCLE 

IIH 

IlL 

IIH 

C'S 

IlL 

IIH 

'dd"" 
IlL 

IIH ---+--::tr-'-t---------~r------+_t"'li::::_--

IlL 

I"" 
I., 

e CAS BEFORE RAS REFRESH CYCLE 

IlL 

\ahdDala 

Don'teart 

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

I 

321 



HM50256P Series, HM50256CP Series, HM50256ZP Series 

• COUNTER TEST 

I,. 

ill 
In 

I,. 

Addre~ 

In 

• PAGE MODE READ CYCLE 

IRAS 

I" 
RAS 

In 

I" 
CAS 

In 

I,. 

Abbress 
In 

I" 
i\E 

In 

ICAC 

Doul 
ION 

10' 

~HITACHI 
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-------------------HM50256P Series, HM50256CP Series, HM50256ZP Series 

• PAGE MODE WRITE CYCLE 

RAS l:,H 

\'IL 

CAs I,. 

I" 

I,. 
Address 

I" 

I,. 

WE 
\'IL 

I,. 
Dm 

I" 

Dout I" High Impedance 

\0' 
jJ 

• PAGE MODE READ MODIFY WRITE CYCLE 

Ilif/) teAS 

, .. 

!)out 

/1'(11 

\alld 
D.t" 

@HITACHI 

// 

~ 
~ 
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HM50257P Series, 
HM50257CP Series, 
HM50257ZP Series 
262144-word x 1-bit Dynamic Random Access Memory 

• FEATURES 
• Industry standard l6-pin DIP, l8-pin PLCC, l6-Pin ZIP 
• Single 5V (±1()%) 
• On chip substrate bias generator 
• Low Power: 350mW active, 20mW standby 
• High speed: Access Time l20nsl150ns/200ns (max.) 
• Common I/O capability using early write operation 
• Nibble mode capability 
• TTL compatible 
• 256 refresh cycles ..... (4ms) 
• 3 Variations of refresh; RAS only refresh. CAS before RAs 

refresh. Hidden refresh 

• PIN ARRANGEMENT 

• HM50257P Series • HM50257CP Series .HM50257ZP Series 

Om As rss ru 
2 1 18 17 

91011 

'\1 Vce -'\7 o\s 

(Top View) (Top VIew) 

Ao-A. Address Inputs' 

CAS" Column Address Strobe ----
Din Data In 

Dout Data Out 

RAS Row Address Strobe 

WE Read/Wflte Input 

Vee Power (+SV) 

Vss Ground 

A.-A, Refresh Address Inputs 

$ HITACHI 

HM50257P Senes 

, 
(DP-16B) 

HM50257CP Senes 

• 
(CP-IS) 

HM50257ZP Series 

, 
(ZP-16) 

Hitachi America Ltd. • 2210 O'Toole Avenue,. San Jose, CA 95131 • (408)435-8300 
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HM50257P Series. HM50257CP Series. HM50257ZP Series 

• BLOCK DIAGRAM 

I • ABSOLUTE MAXIMUM RATINGS 

Voltage on any pin relative to Vss .............. -1V to +7V 
Operating temperature, Ta (Ambient) .......... oOe to +70oC 
Storage temperature ................... _55°e to +125°e 
Short circuit output current ..................... 50mA 
Power dissipation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 W 

.RECOMMENDED DC OPERATING CONDITIONS (Ta-O to +70'C) 

Parameter Symbol min typ max Umt Note 

Supply Voltase Vee 4.5 5.0 5.5 V I 

Input HISh Voltage V,. 2.4 - 6.5 V I 

Input Low Voltage VIL -\.O - 0.8 V I 

Note 1) AI volta ... referenced to V.s. 

.DC ELECTRICAL CHARACTERISTICS (Ta=O to +70'C, Vcc -5V±10%, Vss=OV) 

Parameter Symbol 
HM50257-12 HM50257-15 HM50257-20 

Umt Notes 
mIn max min max min max 

Operating Current (RAS. CAS Cychng: h,-mln) IcC! - 83 - 70 - 55 mA I 

Stand by Current (RAS- V, •• Dout-H,gh Impedance) leCl - 4.5 - 4.5 - 4.5 mA 

Refresh Current (RAS only Refresh. hc-mln) Icc) - 62 - 53 - 42 mA 

Standby Current (RAS- V, •• Dout Enable) Ices - 10 - 10 - 10 mA I 

Refresh Current (CAS before RAS Refresh. hc-mln) Icc, - 69 - 58 - 45 mA 

NIbble Mode Supply Current (RAS= Vn. CAS Cychng. /vc=mID) 1((8 - 57 - 48 - 37 mA 

Input le.kage (0< V •• < 7V) ILl -10 10 -10 10 -10 10 J.lA 

Output leakage (0< V",<7V. Dout=Dlsablel Ito -10 10 -10 10 -10 10 J.lA 

Output levels Hllh (/",- -SmA) VON 2.4 Vee 2.4 Vee 2.4 Vee V 

Output levels Low (/n,-4.2mA) VOL 0 0.4 0 0.4 0 0.4 V 

Notes} 1 Icc depend. Oft output loadalll c:onchtlon when the deVice IS selected Icc max, IS specified at the output open condition 

@HITACHI 
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HM50257P Series. HM50257CP Series. HM50257ZP Series 

.CAPACITANCE (Vcc-SV±lO%. Ta=2S'C) 

Parameter Symbol 

Address. Data-In CII 
Input Capacitance 

Clocks C" 
Output Capac,tance Data-Out a, 

Notes) 1 Capa~lt.nc:e measured With Boonton Meter or effective cap.lCltance me •• url,.. method. 
2 CAS- V," to disable Daut 

typ ma. URit Notes 

- 5 1 
- 7 pF I, 2 
- 7 I. 2 

.ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Ta=O to +70'C, Vcc=5V±lO%. Vss=OV) "- '.'. III 

Parameter Symbol 
HM50257-12 HM50257-15 HM50257-20 

UOIt Notes 
mm max mm max mm max 

Random Read or Wnte Cycle T,me tR' 220 - 260 - 330 - ns 
Read-Wnte Cycle T,me INn { 265 - 310 - 390 - ns 

RAS to CAS Delay T,me Ilu/J 25 60 25 75 30 100 ns 7 

Access T,me from RAS IRA( - 120 - 150 - 200 ns 2.3 

Access T,me from CAS ((04.( - 60 - 75 - 100 ns 3.4 

Output Buffer Turn-off Delay /OH - 30 - 40 - 50 ns 5 

Trans,tlOn T,me (R,ce and Fall) Ir 3 50 3 50 3 50 ns 6 

RAS Precharge T,me (RI' 90 - 100 - 120 - ns 

RAS Pulse W,dth tR4~ 120 10000 150 10000 200 10000 ns 
RAS Hold T,me IH'>H 60 - 75 - 100 - ns 

cAs Hold T,me /t.,H 120 -- 150 - 200 - ns 
CAS Pulse W,dth /(4'> 60 10000 75 10000 100 10000 ns 

CAS to RAS Precharge T,me Ie HI' 10 -- 10 - 10 - ns 
Row Address Set-up T,me I-I.'>R 0 -- 0 0 - ns 

Row Address Hold T,me IR-I.U 15 - 15 - 20 - ns 
Column Address Set-up T,me I ~..,( 0 - 0 - 0 - ns 

Column Addre." Hold T,me Ie 4H 20 - 25 - 30 - ns 
Column Address Hold T,me referenced to RAS 14H 80 -- lOO - 130 - ns 

Read Command Set-up T.me tN{ .., 0 - 0 - 0 - ns 

Read Command Hold T.me referenced to CAS tHe H 0 -- 0 -- 0 - ns 
Wnte Command Set-up T,me /lIl.'l 0 - 0 - 0 - ns 8 

Wnte Command Hold T,me /1\(11 40 - 45 - 55 - ns 

Wnte Command Hold T,me referenced to RAS til (It 100 - 120 -- 155 - ns 

Rnte Command Pulse W,dth 1111' 40 - 45 55 - ns 

Wnte Command to RAS Lead T,me tRill 40 - 45 - 55 - ns 

Wnte Command to CAS Lead T,me Ie III. 40 - 45 - 55 - ns 

Datd-In Set-lip Time II!., 0 - 0 - 0 - ns 9 

Data-In Hold T,me IUH 40 - 45 - 55 - ns 8.9 

Data-In Hold T,me referenced to RAS IIJHN 100 - 120 - 155 - ns 

RAS to WE Delay tHIIIJ 120 - 150 - 200 - ns 

CAS to WE Delay 1<11/1 60 - 75 - 100 - ns 8 

Read Command Hold T,me referenced to RAS tNRIf 10 - 10 - 10 - ns 

Refresh Period fNU - 4 - 4 - 4 ms 

cAs Setup T,me I, ..,H 10 10 -- 10 - ns 

CAS-Hold T,me (CAS before -RAS Refresh) /( liN 120 - 150 -- 200 - ns 

RAs Precharge to CAS Hold T,me tHI'( 0 -- 0 - 0 - ns 

N,bble Mode Access T,me h·t( - 25 - 25 - 35 ns 

N ,bble Mode RAS Cycle T,me /\H( 390 - 460 - 590 - ns 

N,bble Mode RAS Pulse W,dth t\lt-t 290 -- 350 - 460 - ns 

N,bble Mode Cycle T,me I" 55 - 60 - 80 -- ns 

N,bble M,xle CAS Precharge T,me h( /' 20 -- 25 -- 35 - ns 

K,bble Mode CAS Pulse W,dth h( ~ 25 -- 25 - 35 - ns 

(to be continued ) 
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HM50257P Series, HM50257CP Series, HM50257ZP Series ------------------

--_ .. _--

Parameter Symbol 

Nibble Mode RAS Hold Time "H~H 

Nibble Mode CAS to WE Delay [\(IIf) 

Nibble Mode Write Command to CAS Lead Time l\( \11. 

N.bble Mode Write Command to RAS Lead Time t\HlIl. 

Nibble Mode Write Command Pulse Width 1\111' 

Nibble Mode Read/Write Cycle Time !.\JWt 

Nibble Mode Read/Write CAS Pulse Width t\(A~ 

Notes 
1. AC measurements assume IT = Sns. 
2. Assumes that IRCD ~ 'RCD (max). If 'RCD is greater 

than the maximum recommended value shown in this 
table, 'RAC exceeds the value shown. 

3. Measured with a load circuit equivalent to 2TTL loads 
and 10OpF. 

4. Assumes that 'RCD ~ 'RCD (max). 
S. IOFF (max) defines the time at which the output 

achieves the open circuit condition and output voltage 
levels are not referred. 

6. VIH (min) and VlL (max) are reference levels for 
measuring timing of input signals. Also, transition 
times are measured between VIH and VIL' 

7. Operation with the 'RCD (max) limit insures that 
IRAC (max) can be met, 'RCD (max) is specified as a 
reference point only; if 'RCD is greater than the 
specified IRCD (max) hmlt, access tIme is controlled 
exclusively by 'CAC' 

• TlMING WAVEFORMS 

-READ CYCLE 

HM50257-l2 HM50257-l5 HM50257-20 
Untt Notes 

min max min max min max 

40 -- 45 - • 55 -- ns 

20 25 - 35 -- ns 

20 -- 25 - 35 - ns 

40 - 45 - 55 - - ns 

20 25 -- 35 - ns 

75 -- 90 -- 120 -- ns 

45 55 - - 75 --- ns 

8. IWCS, ICWD and IR WD are not restrictive operating 
parameters. 
They are included in the data sheet as electrical 
characteristics only; if IWCS ~ 'WCS (min), the cycle 
is an early write cycle and the data output pin will 
remain open circuit (high impedance) throughout the 
entire cycle; if ICWD ~ ICWD (min) and IRWD ~ 
IR WD (min), the cycle is a read-write and the data 
output wiu contain data read from the selected cell; if 
neither of the above sets of conditions is satisfied the 
condition of the data out (at access time) is indeter
minate. 

9. These parameters are refer~d to CAS" leading edge 
in early write cycles and t9 WE leading edge in delayed 
write or read-modify-write cycles. 

10. An initial pause of 100,.s is required after power-up 
then excute at least 8 initialization cycles. 

II. At least, 8 CAS before RAS refresh cycle are required 
before using internal refresh counter . 

i-------------,,,-------------i 
~ 

RAs i\r---__ 'w ___ ----<I)f '\. 
I '\ f!' 1---'''- ,,'--____ _ 

1-------'" 

-\dd ress \X'K", KI 
~\ddr~" f\. 

r----""- ""'-------_IOFF __ 

I---------!R~( -------~~ 

_________ --=H.:.:,:::.h--=I.:.:m~p.:.:d='"",,:... _____ _</ \,illd DaT! ~> __ _ 
'-.....'j<-____ --t'V 
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---------------- HM50257P Series, HM50257CP Series, HM50257ZP Series 

• WRITE CYCLE 

1-----------'1<---------1 

'''$" 
1-+-.... -

1\ Ie I~ 

CAS 

tAU 
r---h • 

leu 

I- ~ '~ I-
rCWL 

I 
Address ). H,\w ~) Cnlumn )( -\ddrp" .\ddrp" 

f----IO<i+--+-------l 
____ +-__ -.....~. - 1---",,-

WRffi "\..J "'-II 
1----tIlH.t-+----l 

_, .. -
0 .. 

Vlll1dlla'd 

DOUI 

• READ MODIFY WRITE CYCLE 

t.we 

V 

I 

----, 

" 
IIUS l!f=.~--=-1\ 

-1",-

f---".'- I 

"- ~,m-..v~ 
I" 

, .. u f.u t",c: 
~ -

Addr~ss } Hul!. KX ("llImn K -\ddrl'" \ddp'", 

r _Ic .. _ 

/" 
"11'0 "---,.'-V / 

~ 
~ 

~ 
\,1ul ]X ",t'.t 

r----'C'Ar---...... 
tur - f!--,." 

High Impedance ./ \ ... lltllldld. ~ ..,..., ...;01-'" 
O('iUI 
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HM50257P Serl .. , HM50257CP Seri .. , HM50257ZP Seri .. ---------------_ 

_ RAS ONLY REFRESH CYCLE 
,,, 

'IN 
RAs 

'n 

'IN CAs 

'n 

'IN 
,.w"" 

'n 

Dnul 'M ,,, 

_ HIDDEN REFRESH CYCLE 

'IN 
,,, 

'IN CAS 
'n 

'IN I 
-\ddress 

'n 

WE 'IN 

'n 

'0. 
OOUI 

'OL 

-CAS BEFORE RAS REFRESH CYCLE 

---e tRAS 

JJ 
lOp 

Q 'IN HAs 
\'/L ~ .. ~ . - V-
'IN CAs 
In 

In Don't ("are 
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HM50257P Serie., HM50257CP Serie., HM50257ZP Series 

• COUNTER TEST 

lIP 

IlL (Rerresh) IRead/WrlteJ 

Ie, teAs 

IlL 

.\ddress Onn'l 

/ tIL ________________________________ ..J 

Doned Ime means read cvcle 

• NIBBLE MODE READ CYCLE 

I'N 
RAS 

IlL 

leAS 

I'N 

m 
IlL 

IRAH 

I'N 

\ddrf'~" 

IlL 
ftUH 

I 'N 

IlL 

tRAC. 

nom 
10, 

~HITACHI 
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HM50251P Series. HM50257CP Series. HM50257ZP Series ------------------

• NIBBLE MODE WRITE CYCLE 

r'H 
RAS 

V/L 

\l,H 

CAS 

Vn 

Address 

I" 

\'n 

Om 

~'IH 

I VIL 

VOH High imlJ('danrl' 

'0' 

• NIBBLE MODE READ MODIFY WRITE CYCLE 

IRAS 

V,H 

IReD //lIMe 

I" 
CAS 

V/L 

I" 

Addre~s 

In 

In 

Om 

In 

Dout 
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HM51256P Series-----Preliminary 
HM51256CP Series 
262144-word x 1-bit CMOS Dynamic Random Access Memory 

-FEATURE 
• 262, 144 word x 1 bit DRAM 
• Plastic 16 pin DIP & 18 pin PLCC 
• Double layer Poly·Si/Policide Process, high performance CMOS 
• Power supply voltage: 5V ± 10% 
• Access time 

Row access time: 1OO/120/150ns 
Address access time: 45/55170ns 

• Cycle time 
Random read/write cycle time: 180/210/250ns 
High speed page mode cycle time: 55/65/80ns 

• Lower power 
Standby: 11mW 
Active: 330/275/220mW 

• Input and output: TTL compatible 
• Refresh: 256 cycles/4ms 
• Refresh function: RAS only refresh, CAS before RAS refresh, 

Hidden refresh 
• High speed page mode capability 
• Edge triggered write capability 
• Fast CAS output control 

• ABSOLUTE MAXIMUM RATINGS 
Voltage on any pin relative to Vss .............. -1V to +7V 
Operating temperature, Ta (Ambient) .......... O°C to +70°C 
Storage temperature ................... _55°C to +125°C 
Short circuit output current ..................... 50mA 
Power dissipation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 W 

A.-A. Address Inputs 

CAS Column Address Strobe 

Din Data In 

Dout Data Out 

RAS Row Address Strobe 

WE Read/Write Input 

Vee Power (+SV) 

V .. Ground 

A.-A, Refresh Address Inputs 

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

~HITACHI 

(DP-16B) 
r---------------

HM51256CP Series 

(CP·18) 

• PIN ARRANGEMENT 
• HM51256P Series 

(Top View) 

• HM51256CP Series 

Om AI Vss CAS 

18 17 

H 9 10 11 

Al Vee ", i\S 

(Top View) 
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--------------------------HM51256P Series, HM51256CP Series 

• BLOCK DIAGRAM 

A. 
I 

A. 

~rss 0--

Om 

Memory Array 
262,144bJts 

Row Decoder 

Dou! 

.RECOMMENDED DC OPERATING CONDITIONS (Ta~O to +70'C) 

Parameter Symbol min typ 

Supply Voltage Vee 4.5 5.0 

Input High Voltage V .. 2.4 -
Input Low Voltage V" -1.0 -

Note) 1. All volt.,es referenced to Vu 

max Umt 

5.5 V 

6.5 V 

0.8 V 

.DC ELECTRICAL CHARACTERISTICS (Ta~O to +70'C, Vcc~5V±10%, Vss~OV) 

HM51256P/Cp·10 HM51256P/CP·12 HM51256P/cp·15 
Parameter Symbol 

min max mIn max min max 

Operatmg Current (RAS, CAS Cycling: hr=-mm) Icc I - 60 - 50 - 40 

Standby Current (RAS =- V'H. Dout = High Impedance) Ico - 2 - 2 - 2 

Refresh Current (RAS only Refresh, tRe-mln) Icc 3 - 60 - 50 - 40 

Standby Current (RAS - V,". Dout Enable) lcc4 - 6 - 6 - 6 

Refresh Current (CAS before RAS Refresh, tRC=mm) Ices - 55 - 45 - 35 

Page Mode Supply Current (RAS= VlL, CAS Cycling, Ipc =mm.) Icc6 - 60 - 50 - 40 

Input leakage (0< V", < 7V) h, -10 10 -10 10 -10 10 

Output leakage (0< V ... < 7V, Dout ~ DIsable I h, -10 10 -10 10 -10 10 

Output levels H,gh (1 ... - -5mA) V," 2.4 Vee 2.4 Vee 2.4 Vee 

Output levels Low (I •• ,-4.2mA) V" 0 0.4 0 0.4 0 0.4 

Notes) I Icc depends on output loading cond,tlon when the deVice IS selected Icc max. IS speCified at the output open condItion 

.CAPACITANCE (Vcc -SV±10%, Ta-2S'C) 

Parameter Symbol 

l Address. Data- 1M Cn 
Input Capacitance 

I Clocks Cn 
Output Capacitance I Data-out C, 

Notes) 1_ Capacitance measured with Boonton Meter or effectl'o'e capacitance measunna: method_ 
2. CAS - VII' to dluble Dout. 

~HITACHI 

typ max Unit 

- 5 

- 7 pF 
~- 7 
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Note 

I 

I 

I 

UOit Notes 

mA I 

mA 

mA 

mA I 

mA 

rnA 

pA 

pA 

V 

V 

Notes 

I 

I 

1, 2 

I 
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HM51256P Series, HM51256CP Series --------------------------

• ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Ta=O to +70·C, Vcc=5V±10%, Vss=OV) 

• Read, Write, Read-Modify-Write and Refresh Cycles (Common Parameter) 

Parameter Symbol 
HM51256P/CP·IO HM51256P/CP·12 HM51256P/CP·15 

mm max mm max mm max 

Random Read or Wnte Cycle Time IRC 180 - 210 - 250 -

RAS Precharge Time IRP 70 - 80 - 90 -

RAS Pulse Width tRAS 65 10000 75 10000 95 10000 

CAS Pulse Width tCAS 25 - 30 - 35 -

Column Address Set·up Time fAse 0 - 0 - 0 -

Column Address Hold Time tCAH 20 - 25 - 30 -

Column Address Hold Time to RAS IAR 75 - 90 - llO -

RAS to CAS Delay Time iReD 25 75 25 90 30 ll5 

RAS to Column Address Delay Time tRAD 20 55 20 65 25 80 

RAS Hold TIme iRSH 25 - 30 - 35 -

CAS Hold Time leSH 100 - 120 - ~i50 -

CAS to RAS Precharge TIme /CRP 10 - 10 - 10 -

Row Address Set·up TIme IASR 0 - 0 - 0 -

Row Address Hold Time tRAH 15 - 15 - 20 -

Transition Time (RIse and Fall) IT 3 50 3 50 3 50 

Refresh Period tREF - 4 - 4 - 4 

• Read Cycle 
HM51256P/CP·IO HM51256P/Cp·12 HM51256P/CP·15 

Parameter Symbol 
mm max mm max mm max 

Access Time from RAS tRAC - 100 - 120 - 150 

Access Time from CAS feAc - 25 - 30 - 35 

Access Time from Address lAA - 45 - 55 - 70 

Read Command Set·up Time IRes 0 - 0 - 0 -

Read Command Hold Time to CAS tRCH 0 - 0 - 0 -

Read Command Hold TIme to RAS tRRH 10 - 10 - 10 -

Column Address to RAS Lead TIme tRAL 45 - 55 - 70 -

Output Buffer Turn·off Time lOFF 0 25 0 30 0 35 

• Write Cycle 
HM51256P/CP·I0 HM51256P/CP·12 HM51256P/Cp·15 

Parameter Symbol 
min max min max min max 

Write Command Set·up TIme twcs 0 - 0 - 0 -

Write Command Hold Time tWCH 25 - 30 - 35 -

Write Command Hold Time to RAS tWCR 80 - 95 - ll5 -

Write Command Pulse Width Iwp 20 - 25 - 30 -

Write Command to RAS Lead Time IRWL 25 - 30 - 35 -

Write Command to CAS Lead Time !CWL 25 - 30 - 35 -

Data·in Set·up Time IDS 0 - 0 - 0 -

Data·in Hold Time IDR 20 - 25 - 30 -

Data·in Hold Time to RAS tDHR 75 - 90 - llO -

• Read-Modify-Write Cycle 
HM51256P/CP·1O HM51256P/CP·12 HM51256P/CP·15 

Parameter Symbol 
min max mm max mm max 

Read-Write Cycle Time fRWC 210 - 245 - 290 -

RAS to WE Delay Time fRWD 100 - 120 - 150 -
CAS to WE Delay Time leWD 25 - 30 - 35 -

Column Address to WE Delay Time fAWD 45 - 55 - 70 -

~HITACHI 
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Umt Notes 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 8 
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ns 

ns 

ns 

ns 

ns 
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ms 
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Unit Notes 

ns 2,3 

ns 3,4 

ns 3,5,14 

ns 

ns 

ns 

ns 

ns 6 

Unit Notes 

ns 10 

ns 

ns 

ns 

ns 

ns 

ns II 

ns 10, II 

ns 

Umt Notes 

ns 

ns 10 
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----------------------------HM51256P Series, HM51256CP Series 

• Refresh Cycle 

HM51256p/CP·IO HM51256P/CP 12 HM51256P/CP·15 
Parameter Symbol Ul1!t Notes 

mill max mm max mm max 

CAS Set·up TIme (CAS before RAS Refresh) tC~H HI 10 -- 10 ns 

CAS Hold TIme (CAS before RAS Refresh) I( /iii 10 10 10 ns 

RAS Prechange to CAS Hold TIme tRP( 15 15 15 - os 

• High Speed Page Mode Cycle 

HM51256P/Cp·IO HM51256P/Cp·12 HM51256P/CP·15 
Parameter Symbol Unit Notes 

mm max mm max t11m max 

HIgh Speed Page Mode Cycle TIme tl>( 55 - 65 80 ns 18.20 

HIgh Speed Page Mode RAS Pulse WIdth tRAI)( 65 75000 75 75000 95 75000 os 19 

RAS to Second WE Delay TIme tN'>11 10" 125 - 155 - ns 

CAS Precharge TIme tel' IS 20 20 ns 

Write Invahd TIme fill 10 IS 15 ns 

Access Time from CollUl1n Precharge Time te ~I' 50 -- 60 75 os 20 

• High Speed Page Mode Read-Modify-Write Cycle 

HM51256P/Cp·IO HM51256PlCPI2 HM51256P/CP·15 
Parameter Symbol Unit Notes 

rum max mm max mm max 

HIgh Speed Page Mode Cycle TIme on Read·Wnte fRLI FC 95 115 145 - os 12 

Access Time from PrevIOus WE tf'll4 - gO - 110 140 ns 3. 13 

PrevIOus WE to Column Address Delay TIme il14f) 25 45 30 55 35 70 ns IS 

Notes: L AC measurements assume tT = 5ns. 
2. Assumes that tRCD ;;; tRCD (max) and tRAD ;;; tRAD (max). If tRCD or tRAD IS greater than the maximum 

recommended value show in this table, tRAC exceeds the value shown. 
3. 
4. 
5. 
6. 

7. 

Measured with a load cirCUIt equivalent to 2TTL loads and 100pF. 
Assumes that tRCD ~ tRCD (max), tRAD;;; tRAD (max). 
Assumes that tRCD ;;; tRCD (max) and tRAD ~ tRAD (max). 
tOFF (max) defines the time at which the output achIeves the open cirCUIt condition and IS not referenced to 
output voltage levels. 
VIH (min) and V/L (max) are reference levels for measuring timing of input signals. Also, transition times are 
measured between VIH and V/L. 

8. 

9. 

Operation with the tRCD (max) limit msures that tRAC (max) can be met, tRCD (max) is specified as a reference 
point only, if tRCD is greater than the specified tRCD (max) limit, then access time is controlled exclusively by tCAe. 
Operation with the tRAD (max) limIt insures that tRAC (max) can be met, tRAD (max) IS speCIfied as a Re-

10. 

ference pomt only, if tRAD IS greater than the specified tRAD (max) limit, then access time is controlled 
exclusively by tAA. 
twcs, tRWD, tCWD and tA WD are not restrictIve operating parameters. They are mcluded in the data sheet as 
electrical characteristics only. If twcs ~ twcs (mm), the cycle IS an early write cycle and the data out pm will 
remain open circuit (high impedance) throughout the entHe cycle, IftRWD ~ tRWD (mm), tCWD ~ tCWD 
(min) and tAWD ~ tAWD (min), the cycle is a read/wnte and the data output will contam data read from the 
selected cell; if neither of the above sets of conditIOns is satisfied, the condition of the data out (at access 
time) is indetermmate. 

1 L These parameters are referenced to CAS leading edge in early write cycles and to WE leading edge in delayed 
write or read-modify-write cycles. 

12. tRWPC (min) = tAWD (min) + tWAD (max) + tT-
13. Assumes that tWAD;;; tWAD (max). If tWAD is greater than the maximum recomended value shown in this 

table, tPWA exceeds the value shown. 
14. Assumes that tWAD ~ tWAD (max). 
15. Operation with the tWAD (max) limit insures that tpWA (max) can be met, tWAD (max) is specified as a 

reference point only, if tWAD is greater than the specified tWAD (max) limit, then access time is controlled 
exclusively by tAA. 

16. An intia! pause of 100!,s is required after power-up then execute at least 8 initialization cycles. 
17. At least, 8 CAS before RAS refresh cycles are required before using internal refresh counter. 
18. Assumes that tASC = tcp - 5 ns. 
19. tRAPe defines RAS"pulse width in High Speed Page mode cycle. 
20. Access time is determined by the longer of tAA or tCAC or tCAp. 

~HITACHI 
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HM51256P Series. HM51256CP Series ------------------------__ 

.TIMING WAVEFORMS 

eRead Cycle 

CAS ___ +-r-___ ~ 

Address 

Dout ----r-----------< 

e Write Cycle 

Address 

Don 

Dout 

@HITACHI 

*mL]: Don't Care 

* IZZm : Don't Care 
.*tll-cs~tll_CS (mm) 
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-------------------------HM51256P Series. HM51256CP Series 

• Read Modify Write Cycle 

CAS ------~r-----~ 

Address 

Dm 

Dout 

tRAC 

• RAS Only Refresh Cycle 

Address 

DOllt 

tltWC 

,,, 

@HITACHI 

*/ZZZ2Zl; Don't Care 
•• tRII'D~ lRII'D (mm) 

tCII'D~ leII'D (mm) 
I AII'D;;;; IAWD (mm) 

*I2Z2'22I' DOlI't Care 

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

I 

337 



HM51258P Serl .. , HM51258CP Seri .. ------------------------

• Hidden Refresh Cycle 

" Ie 

---., "AS liAS 

lIP N.. .¥L fR' r-----
tRCD tliH I telll ~ 

tA!'C J.. 

Add ..... 
~e 

IAI m 

::1'"0411 ~ I 
OG: Row J/f(/ /; Column X// /// '/ /// '/ 

~1"'--

~ 
~ j7ics 

'/. '/' "'<.. '//. '/. '/. :/.'// '// '/// 

~ I" ~ 
Doot 

IRAC 

Read 

*GZ?ZJ: Don't Care 

• CAS Before RAS Refresh Cycle 

Address I?????????????!?!?????!!!?!?!?!!!!!!!!!!!!!!!!! 

Dout Open 

*!LZ?Z.a: Don't Care 

• High Speed Page Mode Read Cycle 

Add,... 

Doot 

*1ZZZZ2l: Don', Care 
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-----------------------------------------------HM51258PS.Me,HM51256CPs.n .. 

• High Speed Page Mode Write Cycle 

Address 

Om 

Dout --------------------------------~~~"·-·---------\~s~------------------------------------
*IZZZZZI : Don't Care 

•• twcs -= twcs (min) 

• High Speed Page Mode Read Modify Write Cycle 

tupc 

Address 

WE 

Om 

Dout 

• rz.zzzI : Don't Care 

@HITACHI 
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HM51256LP Series----Preliminary 
HM51256LCP Series 
262144-word x '-bit CMOS Dynamic Random Access Memory 

-FEATURE 
• 262,144 word x l-bit DRAM 
• Plastic 16 pin DIP & 18 pin PLCC 
• Double layer Poly-Si/Policide process high performance CMOS 
• Power supply voltage: 5V ± 10% 

• Access time 
Row access time: 100/120/150ns 
Address access time: 45/55170ns 

• Cycle time 
Random read/write cycle time: 180/210/250ns 
High speed page mode cycle time: 55/65/80ns 

• Lower power 
Standby: 11mW (TTL level), 1.1 mW (CMOS levell 
Active: 330/275/220mW 
Data Retention Current: 300p.A/tREF = 32ms 

• Input and output: TTL compatible 
• Refresh: 256 cycles/4ms 
• Refresh function: RAS only refresh, CAS before RAS refresh, 

Hidden refresh 
• High speed page mode capability 
• Edge triggered write capability 
• Fast CAS output control. 

• ABSOLUTE MAXIMUM RATINGS 
Voltage on any pin relative to Vss .............. -lV to +7V 
Operating temperature, Ta (Ambient) .......... O°C to +70°C 
Storage temperature .. . . . . . . . . . . . . . . . . . - 55° C to +125° C 
Short circuit output current ..................... 50mA 
Power dissipation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 W 

(Top View) 

A.-A. Address Inputs 

CAS Column Address Strobe 

Din Oats In 

Dout Data Out 

RAS Row Address Strobe 

WE ReadlW rite Input 

Vee Power (+SV) 

V" Ground 

Ao-A, Refresh Address Inputs 

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

~HITACHI 

HM51256LP Series 

(Dp·16B) 

HM5I256LCP Series 

~~_J 
• PIN ARRANGEMENT 
• HM51256LP Series 

(Top V,ew) 

• HM51256LCP Series 

IH 17 

II 10 11 

-\1 r(C \1 -\5 

(Top View) 
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-----------------------HM51256LP Series, HM51256LCP Series 

-BLOCK DIAGRAM 

A. 
I 

A, 

rtc 0--

Don 

Memory Array 
262.144bltS 

Row Decoder 

00111 

~ 
'-' 

j g 
1 
~ ~ 
"" u 

j 

.RECOMMENDED DC OPERATING CONDITIONS (Ta-O to +70'C) 

Parameter Symbol min typ 
Supply Voltage Vee 4.5 5.0 
Input High Voltas" V'N 2.4 -
Input Low Voltage V" 1.0 -

Note) 1. All voltq •• refereneed to VII 

max 

5.5 

6.5 

0.8 

.OCELECTRICALCHARACTERISTICS (Ta=Oto +70'C, Vcc=5V±lO%, VSS=OV) 

Unit 

V 

V 

V 

Parameter Symbol 
HM5126LPiLCP·l0 HM5126LPiLCp·12 HM5126LPiLCP·15 

mm max mm max mm 

Operatmg Current (RAS, CAS Cychng tRC = mm) hCl - 60 - 50 -

Standby Current (RAS= V,R, Dout=Hlgh Impedance) /cC.2 - 2 - 2 -

Refresh Current (RAS only Refresh, tRt = mm) /co -- 60 - 50 -

Standby Current (RAS= V,R, Dout Enable) /(4 - 6 - 6 -

Standby Current (RAS, CAS = Vcc -- 0 2V) Ius - 200 - 200 -

Refresh Current (CAS before RAS Refresh. tNt =mm) Ice6 - 55 - 45 -

Page Mode Supply Current (RAS= 1'1/. CAS Cycling. I" ~ mml /cC7 - 60 - 50 -
Input leakage (0< V .. < 7V) ILl -10 10 -10 10 -10 

Output leakage (0< V,., < 7V, Dout = Disable) ILO -10 10 --10 10 -10 

Output levels High (/,.,= -5mA) VOl-' 24 Vu 24 Vee 24 

Output levels Low (/ '" = 4 2mA) VOL 0 04 0 04 0 

Notes) 1 Ie ( depends on output loading conditIOn when the device IS selected I< ( max If:, specified at the output open conditIon 

• CAPACITANCE (Vce - 5V ± 10%. Ta= 25'C) 

Parameter Symbol 

Input Capacitance I Address, Data-In en 
I Clocks c. 

Output Capacitance I Data-out C, 

Notes) 1 Capacitance ...... ured With Boonton Meter or effective capacitance measuflna method 
2. CAS - V,,, to dl .. ble Dout 

~HITACHI 

typ max 

- 5 

- 7 
- 7 

max 

40 

2 

40 

6 

200 

35 

40 

10 

10 

Ikt 

04 

Unit 

pF 

Umt 

rnA 

mA 

mA 

mA 

"A 
mA 

rnA 

"A 
,.,A 

V 

V 
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HM51256LP Series, HM51256LCP Series ------------------------

• ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Ta=O to +70·C, Vcc=5V±10%, Vss=OV) 

• Read, Write, Read-Modify-Write and Refresh Cycles (Common Parameter) 

Parameter 
HM5126LPiLCP·1O HM5126LPiLCP·12 HM5126LPiLCP·15 

Symbol 
mm max min max mm max 

Random Read or Write Cycle Time I IRe 180 - 210 - 250 -

RAS Precharge Time IRP 70 - 80 - 90 -

RAS Pulse Width tRAS 65 10000 75 10000 95 10000 

CAS Pulse Width leAS 25 - 30 - 35 -

Column Address Set·up Time lAse 0 - 0 - 0 -

Column Address Hold Time leAH 20 - 25 .- 30 -

Column Address Hold Time to RAS IAR 75 - 90 - 110 -

RAS to CAS Delay Time fRCD 25 75 25 90 30 115 

RAS to Column Address Delay Time tRAD 20 55 20 65 25 80 

RAS Hold Time tRSH 25 - 30 - 35 -

CAS Hold Time tCSH 100 - 120 - 150 -

CAS to RAS Precharge Time tCRP 10 - 10 - 10 -

Row Address Set·up Time IASR 0 - 0 - 0 -

Row Address Hold Time tRAH 15 - 15 - 20 -

TransitIOn Time (Rise and Fall) IT 3 50 3 50 3 50 

Refresh Period tREF - 4 - 4 - 4 

Refresh Period tREF2 - 32 - 32 - 32 

• Read Cycle 

Parameter Symbol 
HM5126LPiLCP·IO HM5126LPiLCp·12 HM5126LPiLCP·15 

mm max mm max mm max 

Access Time from RAS tRAC - 100 - 120 - 150 

Access Time from CAS tCAe - 25 - 30 - 35 

Access Time from Address IAA - 45 - 55 - 70 

Read Command Set·up Time IRes 0 - 0 - 0 -

Read Command Hold Time to CAS tReH 0 - 0 - 0 -

Read Command Hold TIt!,e to RAS tRRH 10 - 10 - 10 -

Column Address to RAS Lead Time tRAL 45 - 55 - 70 -

Output Buffer Turn·off Time ton·' 0 25 0 30 0 35 

• Write Cycle 

Parameter Symbol 
HM5126LPiLCP·IO HM5126LPiLCP·12 HM5126LPiLCP·15 

mm max mm max mm max 

Write Command Set·up Time twe.') 0 - 0 .- 0 -

Write Command Hold Time tweH 25 .- 30 - 35 -

Write Command Hold Time to RAS /weR 80 - 95 - 115 -

Write Command Pulse Width IH 20 - 25 - 30 -

Write Command to RAS Lead Time IRWL 25 - 30 - 35 -

Write Command to CAS Lead Time tCV.L 25 - 30 - 35 -

Data·m Set·up Time IDS 0 - 0 - 0 -

Data·m Hold Time IDH 20 - 25 - 30 -

Data·in Hold Time to RAS /DHR 75 90 - 110 -

• Read-Modify-Write Cycle 
HM5126LPiLCp·IO HM5126LPiLCP·12 HM5126LPiLCP·15 

Parameter Symbol 
mm max mm max mm max 

Read-Write Cycle Time fRWC 210 - 245 - 290 -

RAS to WE Delay Time fRWD 100 - 120 - 150 -

CAS to WE Delay Time leWD 25 - 30 - 35 -

Column Address to WE Delay Time tAWD 45 - 55 - 70 -

~HITACHI 
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Unit Notes 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 8 

ns 9 

ns 

ns 

ns 

ns 

ns 

ns 7 

ms 

ms 18 

Unit Notes 

ns 2,3 

ns 3.4 

ns 3,5, 14 

ns 

ns 

ns 

ns 

ns 6 

Umt Notes 

ns 10 

ns 

ns 

ns 

ns 

ns 

ns 11 

ns 10,11 

ns 

Umt Notes 

ns 

ns 10 

ns 10 

ns 10 



-------------------------HM51256LP Series, HM51256LCP Series 

• Refresh Cycle 

HM5126LP/LCP·IO HM5126LP/LCP·12 HM5126LP/LCP·15 
Parameter Symbol Unit Notes 

mm max mm max min max 

CAS Set·up Time (CAS before RAS Refresh) tCSR 10 - 10 - 10 - ns 

CAS Hold Time (CAS before RAS Refresh) tCHR 10 - 10 - 10 - ns 

RAS Precharge to CAS Hold Time tRPC 15 - 15 - 15 - ns 

• High Speed Page Mode Cycle 

HM5126LP/LCP·IO HM5126LP/LCP·12 HM5126LP/LCp·15 
Parameter Symbol UOlt Notes 

mm max mm max mm max 

High Speed Page Mode Cycle Time tpe 55 - 65 - 80 - ns 19,21 

High Speed Page Mode RAS Pulse Width IRAPe 65 75000 75 75000 95 75000 ns 20 

RAS to Second WE Delay Time iRSW 105 - 125 - 155 - ns 

CAS Precharge Time tcp 15 - 20 - 20 - ns 

WrIte Invalid Time tWI 10 - 15 - 15 - ns 

Access Time from Column Precharge Time leAP - 50 - 60 - 75 ns 21 

• High Speed Page Mode Read-Modify-Write Cycle 

HM5126LP/LCp·IO HM5126LP/LCP·12 HM5126LP/LCp·15 
Parameter Symbol Unit Notes 

mm max mm max min max 

High Speed Page Mode Cycle Time on Read· WrIte IRWPC 95 - 115 - 145 - ns 12 

Access Time from Previous WE !PWA - 90 - 110 - 140 ns 3,13 

Previous WE to Column Address Delay Time tWAD 25 45 30 55 35 70 ns 15 

Notes: 1. 
2. 

3. 
4. 
5. 
6. 

7. 

8. 

9. 

10. 

AC measurements assume fT = 5ns. 
Assumes that fReD ~ fReD (max) and fRAD ~ fRAD (max). If fReD or fRAD is greater than the maximum 
recommended value show in this table, fRAe exceeds the value shown. 
Measured with a load circuit equivalent to 2TfL loads and 100pF. 
Assumes that fRCD ~ fReD (max,), fRAD ~ fRAD (max), 
Assumes that fReD ~ fReD (max) and fRAD ~ iRAD (max). 
fOFF (max) defines the time at which the output achieves the open circuit condition and is not referenced to 
output voltage levels. 
VIH (min) and V/L (max) are reference levels for measuring timing of input signals. Also, transition times are 
measured between VIH and V/L. 
Operation with the fReD (max) limit insures that fRAe (max) can be met, tReD (max) is specified as a 
reference point only, if tReD is greater than the specified fReD (max) limit, then access time is controlled 
exclusively by tCAe. 
Operation with the tRAD (max) limit insures that fRAe (max) can be met, fRAD (max) is specified as a Re
ference point only, if fRAD is greater than the specified tRAD (max) limit, then access time is controUed 
exclusively by tAA. 
twes, fRWD, tewD and tAWD are not restrictive operating parameters. They are included in the data sheet as 
electrical characteristics only: if twes ~ twes (min), the cycle i~ early write cycle and the data out pin will 
remain open circuit (high impedance) throughout the entire cycle; if tRWD ~ tRWD (min), tewD ~ tewD 
(min) and tA WD ~ tA WD (min), the cycle is a read/write and the data output will contain data read from the 
selected ceU; if neither of the above sets of conditions is satisfied, the condition of the data out (at access 
time) is indeterminate. 

11. These parameters are referenced to CAS leading edge in early write cycles and to WE leading edge in delayed 
write or read modify write cycles. 

12. tR WPe (min) = fAWD (min) + fWAD (max) + fT. 
13. Assumes that fWAD ~ tWAD (max). If tWAD is greater than the maximum recomended value shown in this 

table tPWA exceeds the value shown. 
14. Assumes that tWAD ~ tWAD (max). 
15. Operation with the fWAD (max) limit insures that tpWA (max) can be met, tWAD (max) is specified as a 

reference point only, if tWAD is greater than the specified tWAD (max) limit, then access time is controUed 
exclusively by tAA. 

16. An intial pause of 1001's is required after power-up then execute at least 8 initialization cycles. 
17. At least 8 CAS before RAS refresh cycles are required before using internal refresh counter. 
18. The HM51256L extends the refresh period to 32ms during RAS only refresh operation. 
19. Assumes that tASC - tcp - 5ns. 
20. fRAPe dermes RAS"pulse width in High Speed Page mode cycle. 
21. Access time is determined by the longer of tAA or tCAe or tCAP. 

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

I 

343 



344 

HM51256lP Series. HM51256lCP Series --------------------___ _ 

.TIMING WAVEFORMS 

eRead Cycle 

DOllt 

e Write Cycle 

Address 

Dm 

Dout 

II.4C 

,,, 

Dout 

tweR 

tweN 

ID. 

Dm 

@HITACHI 

ton 

*!ZZllZl: Don't Care 

*fZZZlZI: Don't Care 
•• hcs-=t.cs (min) 
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------------------------HM51256LP Series, HM51256LCP Series 

• Read Modify Write Cycle 

tReD 

CAS -----l-+---...,L 

Address 

Dm 

Dout 

IRAC 

• RAS Only Refresh Cycle 

tRite 

"e 

lelll' 

.~: Don't Care 
•• /III-D;:; IIIID (mm) 

!CIID;;&: ICIID (mm) 

tAIID~ t"IID (mm) 

RAS ----------{,r--~~-1Jf::::::~::::::~ "IIIAS tllP 

Dout 
0,.. 

.ILZZZJ: Don't Care 

~HITACHI 
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HM51256LP Series, HM51256LCP Series ----------------________ _ 

• Hidden Refresh Cycle 

"' I" 

HAs -----, I/Hl> III"'~ 

I" -1 Yr I" 

111(1) IHl>H tCHR led 
I A~( ,V 

~e 
I" f(A1l 

~ ~ I 
Row Cnlumn X '// -
~ 1/10 ~ 

AJdres~ 

., 
'" ~ I .. I~ 

DOll! 
II/M 

.122Z2J Don '{ Care 

• CAS Before RAS Refresh Cycle 

ICHII 

Add"" I7ZZI/ZZZZZZI/I/ZZZZZZI/ZZZZZZZZZZZZZZZZZZZZZZZ 

DOlJt Open 

*!2ZZ23: Don't Care 

• High Speed Page Mode Read Cycle 

Address 

Dout 

.~: Don't Care 

~HITACHI 
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------------------------HM51256LP Series. HM51256LCP Series 

• High Speed Page Mode Write Cycle 

Address 

Do. 

Dout \' 

• High Speed Page Mode Read Modify Write Cycle 

t'APe 

Add .... 

D"", 

$HITACHI 

.rtllI1J: Don't Care 
•• twcs;i:; tires (min) 

• fZZZZI : Don't Care 
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HM51258P Series, 
HM51258CP Series 
262144·word x 1·bit Static Column Dynamic RAM 
The HM51258 is the 262,144 word by 1 bit static 
column dynamic random access memory utilizing the 

Hitachi 2~m CMOS process. 
This device has static column circuit and it is good for 
high performance main storage or for page access 
applications. 
While the row circuitry is still dynamic, and it controls 
the power consumed in the static circuitry. It realizes 
very low power dissipation. 
Multiplexed address and the 16 pin pinout are com· 
patible with the fully dynamic 256K DRAM 
HM50256. 

• FEATURES 
• 262,144 word x 1 bit SCRAM 
• Plastic 16 pin DIP & 18 pin PLCC 
• Double layer Poly·Si/Policide Process, high 

performance CMOS 
• Power supply voltage-5V± 10% 

• Access time 
Row access time-85/100/120/150ns 
Address access time-40/45/55/70ns 

• Cycle time 
Random Read&Write cycle time-155/180/210/250ns 

Static Column cycle time-45/50/60/75ns 

• Lower power 
Standby - 1 mW 
Active - 385/330/275/220mW 

• Input and output-TTL compatible 
• Refresh-256 cycles/4ms 
• Refresh function-RAS only refresh, CS before 

RAS refresh, Hidden refresh 

• Static column mode capability 
• Edge triggered write capability 
• Fast CS output control 

• BLOCK DIAGRAM 

Ln 0..

I.- 0--

Do. 

::.,.". r 
~HITACHI 

HM5125 SP Series 

(DP-16B) 

HM5125SCP Series 

(CP·IS) 

.PIN ARRANGEMENT 

• HM51258P Series 

(Top View) 
• HM51258CP Series 

2 I 1M 17 

q In II 

0\ I ~(( \, \i 

(Top VIew) 
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------------------------HM51258P Serl ... HM51258CP Se«iea 

• ABSOLUTE MAXIMUM RATINGS 
Parameter Symbol Rating 

Voltage on any pin relative to V ss VT -1.0 to +7.0 

Supply Voltage relative to V ss Vee -1.0 to +7.0 

Short circuit output current loul 50 

Power dissipation PT 1.0 

Operating temperature Topr o to +70 

Storage temperature Till -55 to +125 

• RECOMMENDED DC OPERATING CONDITIONS (Ta=O to +70°C) 
Parameter Symbol min typ maX 

Supply voltage Vee 4.5 5.0 5.5 

Input high voltage V/H 2.4 - 6.5 

Input low voltage VIL -1.0 - 0.8 

Note) All voltages referenced to V ss. 

• DC ELECTRICAL CHARACTERISTICS (Vcc=5V±10%. Vss=OV. Ta=O to +70°C) 
-------=~~ 

HM51258-8 HM51258·10 HM51258·1 
Parameter Sybmol Te~t condition III 

-
S, CS Cycling. 'Rc=mln - - - -----
S="V/H, ~ut=Hlg~~~pedance 
S only .!efresh~.rRC=--"""-_ 

= V/H~_£?"'!t Enable 
before RAS Refre<h.'Rc=mln 
-------

tic Column Mode, Operating current lee6 se. 'wse=mln 
Input leakage ILl n=O to 7V __ 

u,=O to 7V Vo 

lou 

~~~ __ ~_-L~~LC~'~ 

Output leakage I[.p 
Output hIgh voltage VOH ,=-5mA 

Output low voltage VOL ,~-:-2mA 

mIn max min 

70 -
f-~ 

2 -
- 70 -

- 6 -
60 -

- 70 -
-10 10 -10 

-10 10 -10 

24 Vee 24 

0 04 0 

Note) I. ICC depends on output loading condItion when the device is selected. 
ICC max is specified at the output open condition. 

• CAPACITANCE (Vcc=5V± 10%. Ta =25°C) 

max mIn max 

60 - 50 

2 - 2 

60 - 50 

6 - 6 

55 - 45 

60 - 50 

10 -10 10 

10 -10 10 

Vee 24 Vee 
04 0 04 

HM51258-15 

mIn max 

- 40 

- 2 

- 40 

- 6 

- 35 

- 40 

-10 10 

-10 10 

2.4 Vee 
0 0.4 

Unit 

V 

V 

rnA 

W 

°c 
°c 

Unit 

V 

V 

V 

UnIt Note 

mA I 
mA 

mA 

mA 1 

mA 

mA I 

",A 

",A 

v 
V 

Parameter Symbol typ 

Address. Data-In CIl -
Input capacitance 

max Unit 

5 pF 

Note 

1 

Note) 1. Capacitance measured with 
Boonton Meter or effective 
capacitance measuring method. 

Clock C12 - 7 pF 1 2. CS= VIH to disable Dout. 

Output capacitance Data-Out Co - 7 pF 1.2 

@HlTACHI 
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HM51258P Series, HM51258CP Series --------------------------

• ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING 
CONDITIONS (Ta=O to +70°C, VCC=SV±lO'%) 

- Read, Write, Read-Modify-Write and Refresh Cycles (Common Parameter) 

HM51258-8 HM51358-10 HM51258-12 ~M51258-15 
Parameter Symbol 

min max min max min max min max 
Random Read or Write Cycle Time tRC 155 - 180 - 210 - 250 -
RAS Precharge Time tRP 60 - 70 - 80 - 90 -

RAS Pulse Width tRAS 55 10000 65 10000 75 10000 95 10000 

CS Pulse Width tcs 25 - 25 - 30 - 35 -

RAS to CS Delay Time tRCD 20 60 25 75 25 90 30 115 
RAS to Column Address Delay Time tRAD 15 45 20 55 20 65 25 80 
RAS Hold Time tRSH 20 - 25 - 30 - 35 -

CS Hold Time tCSH 85 - 100 - 120 - 150 -

CS to RAS Precharge Time tCRP 10 - 10 - 10 - 10 -
Row Address Set-Up Time tASR 0 - 0 - 0 - 0 -

Row Address Hold TIme tRAH 10 - 15 - 15 - 20 -

Transition Time (Rise and Fall) tT 3 50 3 50 3 50 3 50 

Refresh Period tREF - 4 - 4 - 4 - 4 

- Read Cycle 
Access Time from RAS tRAC - 85 - 100 - 120 - 150 
Access Time from CS tCAC - 25 - 25 - 30 - 35 

Access Time from Address tAA - 40 - 45 - 55 - 70 
Column Address Hold Time to RAS on Read tAR 85 - 100 - 120 - 150 -
Read Command Set-Up Time tRCS 0 - 0 - 0 - 0 -

Read Command Hold Time to CS tRCH 0 - 0 - 0 - 0 -
Read Command Hold Time to RAS tRRH 10 - 10 - 10 .2 10 -

Column Address to RAS Lead Time tRAL 40 - 45 - 55 - 70 -

RAS to Column Address Hold Time tAH 10 - 15 - 15 - 20 -

Output Hold Time from Address tOH 5 - 5 - 5 - 5 -

Output Buffer Turn-off TIme tOFF 0 20 0 25 0 30 0 35 

-Write Cycle 
Column Address Set-Up Time tASC 0 - 0 - 0 - 0 -

Column Address Hold Time tCAH 15 - 20 - 25 - 30 -

Column Address Hold Time to RAS on Write tAWR 60 - 75 - 90 - 110 -

Write Command Set-Up TIme twcs 0 - 0 - 0 - 0 -

Write Command Hold TIme tWCH 20 - 25 - 30 - 35 -

Write Command Hold Time to RAS tWCR 65 - 80 - 95 - 115 -

Write Command Pulse Width twp 15 - 20 - 25 - 30 -

Wnte Command to RAS Lead Time tRWL 20 - 25 - 30 - 35 -

Write Command to CS Lead Time tCWL 20 - 25 - 30 - 35 -

Data-in Set-up Time tDS 0 - 0 - 0 - 0 -

Data-in Hold TIme tDH 15 - 20 - 25 - 30 -

Data-in Hold Time to RAS tDHR 60 - 75 - 90 - 110 -

Unit Notes 

ns 

ns 
ns 

ns 
ns 8 

ns 9 

ns 
ns 

ns 

ns 

ns 

ns 7 

ms 

ns 2,3 

ns 3,4 

ns 3,5,14 

ns 

ns 

ns 

ns 

ns 

ns 16 

ns 

ns 6 

ns 

ns 

ns 

ns 10 

ns 

ns 

ns 

ns 

ns 

ns 11 

ns 10,11 

ns 

(to be continued) 
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--------------------------HM51258P Series, HM51258CP Series 

• Read-Modify-Write Cycle 
HM5158-8 HM5158-10 HM51258-12 HM51258-15 

Notes Parameter Symbol Unit 
min max min max min max min max 

Read-Write Cycle Time tRWC 180 - 210 - 245 - 290 - ns 
RAS to WE Delay Time tRWD 85 - 100 - 120 - 150 - ns 10 
CS to WE Delay Time tCWD 20 - 25 - 30 - 35 - ns 10 
Column Address to WE Delay Time tAWD 40 - 45 - 55 - 70 - ns 10 
Output Hold Time from WE tOHW 25 - 25 - 25 - 25 - ns 

• Refresh Cycle 
CS Set-up Time (CS before RAS Refresh) tCSR 10 - 10 - 10 - 10 - ns 

CS Hold Time (CS before RAS Refresh) tCHR 10 - 10 - 10 - 10 - ns 
RAS Pre charge to CS Hold Time tRPC 15 - 15 - 15 - 15 - ns 

• SC Mode Cycle 
SC Mode Cycle Time on Read tRSC 45 - 50 - 60 - 75 - ns 
SC Mode Cycle Time on Write twsc 45 - 50 - 60 - 75 - ns 

RAS to Second WE Delay Time tRSW 90 - 105 - 125 - 155 - ns 
SC Mode RAS Pulse Width tRASC 55 75000 65 75000 75 75000 95 75000 ns 
CS Pre charge Time tcp 10 - 10 - 15 - 15 - ns 
Write Invalid Time tWI 10 - 10 - 15 - 15 - ns 

• SC Mode Read-Modify-Write and Mixed Cycle 
SC Mode Cycle Time on Read-Write tRWS( 85 - 95 - 115 - 145 - ns 12 
Access Time from Previous WE tPWA '- 80 - 90 - 110 - 140 ns 3, 13 
Previous WE to Column Address Delay Time tWAD 20 40 25 45 30 55 35 70 ns 15 

Column Address Hold Time to Previous WE tPWH 80 - 90 - 110 - 140 - ns 

Notes: 1. 
2, 

3. 
4. 
5. 
6. 

8. 

9. 

10 

AC measurements assume tT = 5ns 
Assumes that tRcD ~ tRCD(max) and tRAD ~ tRAD(max) If tRCD or tRAD is greater than the maximum 
recommended value shown in this table, t RAC exceeds the value shown. 
Measured with a load CirCUIt eqUIvalent to 2TTL loads and 100pF. 
Assumes that tRCD ~ tRCD(max), tRAD ~ tRAD(max). 

Assumes that tRCD ~ tRCD(max) and tRAD ~ tRAD(max). 

tOFF(max) defines the time at which the output achieves the open circuit condition and IS not referenced to 
output voltage levels. 
V1H( min) and V/L (max) are reference levels for measuring timing of input signals. Also, transition times are 
measured between V1H and V/L' 

Operation with the tRCD(max) limit insures that tRAC(max) can be met, tRCD(max) is specified asa reference 
point only; if tRCD is greater than the speCified tRCD(max) limit, then access time is controlled exclusively 
by tCAC' 

OperatIOn With the tRAD(max) limit msures that tRAC(max) can be met, tRAD(max) IS speCified as a re
ference pomt only; If tRAD IS greater than the specified tRAD(max) limit, then access time is controlled ex
clusively by t AA. 

twcs. t R WD, t CWD and fA WD are not restrictive operatmg parameters. They are mcluded in the data sheet as 
electrical charactenstlcs only' if twcs ~ twcs(mm), the cycle is an early write cycle and the data out pm will 
remain open ClIcUlt (high Impedance) throughout the entire cycle; if t R WD ~ t RWD (mm), t CWD ~t CWD(min) 
and tAwD ~ tAWD(mm), the cycle is a read/wnte and the data output will contain data read from the selected 
cell; if neither of the above sets of conditions is satisfied, the condition of the data out (at access time) is in
determmate 

II. These parameters are referenced to CS leading edge in early wnte cycles and to WE leading edge in delayed 
wnte or read-modtfy-write cycles 

12 tRWSC(mm) = tA WD (min) + tWAD(max) + tT 

13. Assumes that tWAD ~ tWAD(max) If tWAD IS greater than the maximum recomended value shown in thiS 
table, tpWA exceeds the value shown 

14. Assumes that tWAD ~ tWAD(max). 

15 Operation with the tWAD(max) limit Insures that tpWA (max) can be met, tWAD(max) is specified as a re
ference point only, if tWAD is greater than the specified tWAD(max) limit, then access time is controlled ex
clusively by t AA . 

16. t AH defines the time at which the column address hold. 
17. An initial pause of 100"s IS required after power-up then execute at least 8 initiahzation cycles. 
18. At least, 8 CS before RAS refresh cycle are required before using internal refresh counter. 

~HITACHI 
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HM51258P Series, HM51258CP Series -------------------------

• TIMING WAVEFORMS 
• Read Cycle 

• Write Cycle 

'Re 

tRCO 

Cs ---t-+---.. 
IASR ,,, 

tRAt 

("\lImn 

,,, 

Dou! ----+-----------< Do\l1 

III ~( IZZZl . DOll'! ('<lIt' 

IRe 

Cs---~r+----~ 

Addres'> 

Dm 

Dom __________ ...:I,,)P:;:'":...·_· ______________ _ 

~HITACHI 

.f2ZZI DOJl'] <.. ,Il(' 

•• Ill(~.;? 1\1 ( ~ lmlll 
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--------------------------HM51258P Series, HM51258CP Series 

• Read-Modify-Write Cycle 
RAS 

CS 

Address 

Dout 

• RAS Only Refresh Cycle 

Unu! 

• Hidden Refresh Cycle 

----.., IR.5 

IReD 

~e. 
IAR 

t:::l'RAH 
'X Row ~ --~tR;t""" 

ItHO 
WE '/ / / //f 

Duu! 
tRAt 

tReD 

IRAC 

(}perl 

I, , 

IR:,H 

~ ~IAH 
Column X/ 

~IRRH 

"< 

~ IAA 

IIiNe 

Dout 

IOHN 

/" 

R( 

IRAS 

IRe N :M 
I ICHR 

// / //// /// 

///////// // 

/RP 

j" 

// 

/// 

• IZZZl . Don't Care 

•• IRK-D!i: IRWD(mm) 
tCWD~ tcwD(mm.J 
lANDfi:::1AIID(mm) 

• EZ?2J Don', Care 

.1 

~ 

777 

/ // 

tOFF 

I-______ -"H"',,"'J _____ --+_------"'Re"'r,"',,"'h-------II • f2Z} . Don't Care 
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HM51258P Series, HM51258CP Series -------------------------

• CS before RAS Refresh Cycle 

~-------~------_r------------~IH~[------_1 
IHA'> 

tlu' 

I( HR iLRP 

-\ddles~ 1/ ZZ / / ZZ /1//1 / /I / /lIZ 77/1 / / 7/1 /I / / / / / / /; 

Dout 
Open 

• fZZZI : Don't Care 

• Static Column Mode Read Cycle 

RAS ----..,. tRASC 

IRP 

IRAD 

Address 

Dour 

IRA( • EZ23 : Don't Care 

• Static Column Mode Write Cycle 

Dout 
()p\>I\* • 

E22l . Don't ('are •• ILI{.'>~II\('>lmltl 

@HITACHI 
354 Hitachi America Ltd .• 2210 O'Toole Avenue • San Jose, CA 95131 • (408) 435-8300 



-------------------------HM51258P Series, HM51258CP Series 

• Static Column Mode Read-Modify-Write Cycle 

• Static Column Mode Mixed Cycle 

• IZZZl Don', Carl;' 

lRII-O;;:;;tltlloo'mm) 
tOlo;;;:;UII-Dlmml 
UII-/l~tA"D(mm) 

!--_____ \\!!.!!'''!!:' ____ -f ___ -''R!!"!!!,I ___ -tl •• _-'''R,,,,:cd c:M",n",d'"fy--,V..:.:,c:,,=-, -11 ·IZZZJ· Don', Care 

~HITACHI 
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HM511000Series, 
HM511000P Series 
1048576-word X 1-bit Dynamic Random Access Memory 

• FEATURES 
• High Speed: Access Time 100/120/150ns (max.) 
• Low Power: 300mW (active). 10mW (standby) 
• High speed page mode capability 
• 512 refresh cycles ... (8ms) 
• 3 variations of refresh: RAS only refresh 

CAS before RAS refresh 
Hidden refresh 

• BLOCK DIAGRAM 

cii 
128k 0 128k 128k 128k 128k 0 128k 128k 128k 

M~ior ; ~:Ii'" ~~ior Q. ~;ji"r ~:,i<)r ~ ~J~i"r ~:]i"r ~:Ji"n 
Arr~) ~ rray Arrav E Arra) AHa" E Arrav ATTn E Arra~ 

< < 

~
'."" .. '" ., moe .,d moe .,d moe ~~''' .. 
~ 0\\ eco ('r 0\\ eco er 01'0 1'(,0 er ~ 

RQII- Addrl'ss Ruffer I I. Column Address Buffer 

Ao-A9 

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

~HITACHI 

Preliminary 

HM511000 Series 

(DG-18A) 

HM511000P Senes 

(DP-18) 

• PIN ARRANGEMENT 

Din 

WE 

RAS 

NC 

Ao 

Vee 

A.-A, 
CAS 

Din 

Dout 

RAS 

WE 
Vee 
Vss 

A.-A. 

Vss 

Dout 

A, 

As 

(Top View) 

Address Inputs 

Column Address Strobe 

Data In 

Data Out 

Row Address Strobe 

Read/Write Input 

Power (+5V) 

Ground 

Refresh Address Inputs 
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--------------------------HM511000 Series, HM511000P Series 

• ABSOLUTE MAXIMUM RATINGS 
Voltage on any pin relative to V ss .......... -1 V to + 7V 
Operating temperature, Ta (Ambient) ......... 0 to +70°C 
Storage temperature (Plastic) ........... -55 to +125°C 
Storage Temperature Cedip ............ -65 to +150°C 
Power dissipation ........................... 1W 
Short circuit output current .................. 50mA 

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

Parameter Symbol min. typo max. Unit Notes 

Supply voltage Vcc 4.5 5.0 5.5 V 1 

Input High voltage VlH 2.4 - 6.5 V 1 

Input Low voltage VIL -2.0 - 0.8 V 1 

Notes) I. All voltages referenced to V ss 

• DC ELECTRICAL CHARACTERISTICS (VCC=5V ±10%, VSS=OV, Ta=O to +70°C) 

Symbol Test Condition 
HM511000/P-I0 HM511000/P-12 HM511000/p-15 

Unit Parameter 
min. max. min. max. min. max. 

Operating Current ICCI 
RAS, CAS Cycling: - 60 - 50 - 40 rnA 
tRc=min. 

RAS, CAS- V/H, - 2 - 2 - 2 
Standby Current ICC2 

TTL Interface 
rnA 

Dout=High Impedance 
CMOS Interface - 1 - 1 - 1 

Refresh Current ICC3 
RAS only Refresh, - 50 - 40 - 35 rnA 
tRC=min. 

Standby Current Iccs 
RAS= V/H, CAS= V/L 

- 5 - 5 - 5 rnA 
Dout Enable 

Refresh Current ICC6 
CAS before RAS 

50 40 35 rnA 
Refresh, tRC=min. 

- - -

Page Mode Supply 
ICC7 

RAS=VIL, CAS - 50 - 45 - 40 rnA 
Current Cycling, tpc=min. 

Input Leakage ILl Vin=Oto +7V -10 10 -10 10 -10 10 IJA 

Output Leakage ho 
Vout=O to +7V, Dout -10 10 -10 10 -10 10 IJA is disabled 

VOH lout=-5mA 2.4 Vcc 2.4 Vcc 2.4 Vcc V 
Output Levels 

VOL lout=4.2mA 0 0.4 0 0.4 0 0.4 V 

Note) I. IcC depends on output loading condition when the device is selected, Icc max. is specified at the output 
open condition . 

• CAPACITANCE (VcC=5V ±10%, Ta=25°C) 
--

Parameter Symbol typo max. Unit 

Address, Data-in Cll - 5 
Input Capacitance 

Clocks Cl 2 - 7 pF 

Output Capacitance Data-out Co - 7 

Notes) 1. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. CAS=VlH to disable Dout. 

~HITACHI 

Notes 

1 
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1,2 
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HM511000 Series, HM511000P Series --------------------------

• ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(VCC=5V ±10%, VSS=OV, To =0 to +70°C)1).10).11) 

HM511 000 jP-1D HM511000jP-12 HM511000jP-15 
Parameter Symbol Unit Note 

mID. max. min. max. mm. max. 

Access Time from RAS tRAC - 100 - 120 - 150 n. 2.3 

Access Time from CAS 'CAG - 50 - 60 - 75 ns 2.3 

Output Buffer Turn-off Delay tOFF - 25 - 30 - 40 n. 5 

Transition TIme (Rise and Fall) 'T 3 50 3 50 3 50 n. 6 

Random Read or Wnte Cycle Time 'RC 190 - 220 - 260 - n. 

RAS Precharge Time 'RP 80 - 90 - 100 - n. 

RAS Pulse Width tRAS 100 10000 120 10000 150 10000 n. 

CAS Pulse WIdth tCAS 50 10000 60 10000 75 10000 no 

RAS to CAS Delay Time tRcD 25 50 25 60 30 75 n. 7 

RAS Hold TIme tRSH 50 - 60 - 75 - n. 

CAS Hold Time tCSH 100 - 120 - 150 - n. 

CAS to RAS Precharge TIme tCRP 10 - 10 - 10 - n. 

Row Address Setup TIme rASR 0 - 0 - 0 - n. 

Row ADdress Hold Time tRAH 15 - 15 - 20 - n. 

Column Address Setup Time lAse 0 - 0 - 0 - n. 

Column Address Hold Time leAH 20 - 20 - 25 - n. 

Write Command Setup Time twes 0 - 0 - 0 - n. 8 

Write Command Hold Time tWCH 25 - 25 - 30 - n, 
Wnte Command Pulse Width 'wp IS - 20 - 25 - n. 

Wrtte Command to RAS Lead Time 'RWL 35 - 40 - 45 - n. 

Write Command to CAS Lead Time fCWL 35 - 40 - 45 - n, 

Data-In Setup Time 'DS 0 - 0 - 0 - n, 9 

Data-m Hold Time 'DH 25 - 25 - 30 - ns 8,9 

Read Command Setup Time fRCS 0 - 0 - 0 - n. 

Read Command Hold TIme referenced 
0 0 0 -to CAS tRCH - - n. 

Read Command Hold Time referenced 
10 - 10 10 -to RAS tRRH - n' 

Refresh Penod 'REF - 8 - 8 - 8 m. 

Read-Write Cycle Time tRWC 230 - 265 - 310 - n. 

Read Modify Write Cycle TIme IRWS 140 - 165 - 200 - n, 

RAS to WE Delay lRWD 100 - 120 - 150 - n' 

CAS to WE Delay tCWD 40 - 50 - 65 - ns 8 

CAS Setup Time tesR 10 - 10 - 10 - n. 

CAS Hold Time (CAS before RAS 
fCHR 20 - 25 - 30 - n. Refresh) 

RAS PIecharge to CAS Hold Time tRPe 10 - 10 - 10 - n. 
1'a8e Mode Read or Write Cycle 'PC 70 - 85 - 105 - n. 

CAS PIecharge Time, Page Cycle 'cP 10 - 15 - 20 - n. 

Page Mode Read Modify Write Cycle tpeM 100 - 120 - 145 - n' 

1'a8e Mode CAS Pulse Width (Read 
tCRW 80 - 95 - 115 - n. 

Modify Write Cycle) 

~HITACHI 
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-----------------------~--HM511000 Series, HM511000P Series 

Notes) 
1. AC measurements assume tT = Sns. 
2. Assumes that tRCD~ tRCD(max).lf tRCD is greater 

than the maximum recommended value shown in 
this table, I RAC exceeds the value shown. 

3. Measured with a load circuit equivalent to 2TTL 
loads and 1 OOpF. 

4. Assumes that tRCD~tRcD(max). 
S. t OFF(max) defines the time at which the output 

achieves the open circuit condition and is not re
ferenced to output voltage levels. 

6. VrH<min) and VIL(max) are reference levels for 
measuring timing of input signals. Also, transition 
times are measured between VrH and VrL' 

7. Operation with the tRCD(max) limit insures that 
tRAC(max) can be met, tRCD(max) is specified as a 
reference point only, if t RCD is greater than the 
specified tRCD(max) limit, then access time is con
trolled exclusively be t CAC' 

• TIMING WAVEFORMS 
• ReedCycle 

IRAS 

'\ 
IRCD 

ICSH 

~ 
IASR IRAH IASC - r-- ....-

Address ~ K)< 
IRCS 

I I 

~ 
tRAC 

I 

Dout 

8. twcs and ICWD are not restrictive operating par
ameters. They are included m the data sheet as elec
trical characteristics only: If twcs~ twcs(min), the 
cycle is an early write cycle and the data out pin will 
remain open CirCUit (high impedance) throughout 
the entire cycle; if tcwD~lcWD(min), the cycle IS a 
read/write and the data output will contain data read 
from the selected cell; if neither of the above sets of 
conditions is satisfied, the condition of the data out 
(at access time) is indetermmate. 

9. These parameters are referenced to CAS leading edge 
in early write cycles and to WE leading edge in 
delayed write or rea.d-modlfy-write cycles. 

10. An initial pause of 100"s is required after power-up. 
Then execute at least 8 initialization cycles 

tRC 

V IRP "-
IRSH ICRP 

ICAS 

V 

~~ 
'IK 

IRRH t1!r 
ICAC \ 

tOFF 

/ Valid Data k>-" 

$ HITACHI 
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HM511000 Series, HM511000P Series-------------------------

• Write Cycle (Early Writel 

IRC 

----. IRAS 

vr ~i\ IRP ~ 
IRCD IRSH 

ICSH r:::: ICAS 

~ /f 
IASR ~ IASC_ leAH 

Address X- X') K 
IWCH 

Iwcs 

\ 
IWP 

/ 
IDS 

1----+ 
IDH 

Din >- Valid Data .IK 
Dout 

• RNd-Modify-Write Cycle 

tRWC 

~ 
IRWS 

.1k " IRP I\. 
IRWD IRWL 

ICWL 

IASR 'I<.. IRAH "I 

lAse ICAH 

Address >< >(X X 
I~ leWD 

~ 
Iwp r 

~ IDH I 
I--

Din ). Valid Data >( 
ICAC 

IRAe 

./ Valid Data 

""'" 
Dout 
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------------------------HM511000 Series, HM511000P Sen .. 

• RAS Only Refresh Cycle 

- !BAS 

'\ y~ 

tCRP 
I tRPC 

I 
~ 

J '\. 

!~ I !RA~ 

Address > K 

• Hidden Ref ...... Cycle 

~ (READ) 1 (REFRESH) 

i IRP 

IReD tnsH 
IRAS J 

ICAS !CHR 
I 

_I 
IRAH I 

-/f 

~ I~ ICAH 

i-"""' 

Address ~K ~ "I>< I' 
I~ +- f- ~ 
J IRAC " ~ 

IOFF 

!:::1 
Dout j) 

• CAS Before RAS R.f ..... Cyde 

Address Don't care 

~HITACHI 
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HM511000 Series. HM511000P Series--------------------------

• Page Mod. Reed Cycle 

---"'1\ 
tRAS 

V 
tCSH 

tpc ~ 
tCAS 

tcp 'I 
tCAS I 

Y tASC 

tASR 

~ 
I'"""""-" tCAH t~ ~AH 

"I 
l"- I--"<' 

Address >- }< K ){ k 
tRRH 

~ 
tRCH ~~ tRCH 
~ 

/ 
tCAC 

V tCAC 1\ 
./ Valid ./ Valid 

....... Data ....... Data 
Dout 

• Page Mod. Write Cycle 

tRAS 

Dout Hi-Z 
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-------------------------HM511000 Series, HM511000P Series 

• ... .. Mode R .. d Modify Write Cyde 

IASR 

Address 

DID 

Dout 

IR(,{I 

IRAC 

I( RII 

I/'(.\{ 

Valid 
Data 

IRAS 

lu' 

\'-I--I-IT_ 
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HM511000.JP-10/12/15 Series,---Preliminary 
HM511001.JP-10/12/15 Series, I TARGET SPEC. I 
HM511002.JP-10/12/15 Series, . . 

1,048,576 x 1 bit Dynamic Random Access Memory 

• FEATURES 
• 300 mil 20 pin SOJ 
• Single 5V (± 10%) 
• High Speed: 

Access Time 100ns/120ns/150ns 
• Low Power: 

300 mW active, 10 mW standby 
• Fast Page mode (HM511000JP)/Nibble mode (HM511001JP)1 

Static Column (HM511002JP) 
• 512 Refresh Cycles .............................. (8ms) 
• 3 variations of refresh 

RAS only refresh 
CAS before RAS refresh 
Hidden refresh 

• PINOUT 

DIN 

WE 

RAS 

NC 

NC 

AO 

A2 

A3 

VCC 

2 

3 

4 

5 

6 

7 

S 

9 

10 

(Top View) 

16 

15 

14 

13 

12 

11 

VSS 

DOUT 

CAS 

NC 

A9 

AS 

A7 

As 

A5 

AO-A9 

CAS 

Din 

Dout 

RAS 

WE 

VCC 

VSS 

AO-Ag 

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

• HITACHI 

SOJ 26/20 Pin 

Address Inputs 

Column Address Strobe 

Data In 

Data Out 

Row Address Strobe 

Read/Write Input 

Power (+5V) 

Ground 

Refresh Address Inputs 
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HM511 OOOZP-1 0/12/15 Series, ---Preliminary 
HM511001ZP-10/12/15 Series, I TARGET SPEC. I 
HM511002ZP-10/12/15 Series, . . 

1,048,576 x 1 bit Dynamic Random Access Memory • PINOUT 

• FEATURES 
(Bottom Vi~w) 

• 400 mil 20 pin ZIP 
• Single 5V (± 10%) A9 
• High Speed: 

Access Time 100ns/120ns/150ns CAS 2 
• Low Power: 

300 mW active, 10 mW standby 3 DOUT 
• Fast Page mode (HM511000ZP)/Nibble mode (HM511001ZP)1 

VSS 4 Static Column (HM511002ZP) 
• 512 Refresh Cycles .............................. (Sms) 5 DIN 
• 3 variations of refresh 

RAS only refresh WE 6 
CAS before RAS refresh 
Hidden refresh 7 RAS 

NC S 

9 NC 

NC 10 

11 AO 

A1 12 

13 A2 

A3 14 

15 VCC 

A4 16 

17 A5 

A6 1S 

19 A7 

AS 20 

AO-A9 Address Inputs 

CAS Column Address Strobe 

Om Data In 

Dout Data Out 

RAS Row Address Strobe 

WE Read/Write Input 

VCC Power (+5V) 

VSS Ground 

AO-AS Refresh Address Inputs 

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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HM511001 Series, 
HM511001P Series 
1048576-word X 1-bit Dynamic Random Access Memory 

• FEATURES 
• High Speed: Access Time 100/120/150ns (max.) 
• CMOS Low Power: 300mW (active), 10mW (standby) 
• Nibble mode capability 
• 512 refresh cycles ... (8ms) 
• 3 variations of refresh: RAS only refresh 

• BLOCK DIAGRAM 

RAS 

CAS before RAS refresh 
Hidden refresh 

CAS WE 
~. + + 

I~OLDI RAS I m I WE 
Control Control Control 

Ruffer ..... Do Crrcull Circuit Circuit 

+ + 

r 

~ ~ 
128k 0 128k 128k 128k 128k 128k 128k 128k 

~:,ior ~~~i'" ~~ee,i"r Q. ~:,ior ~:,ior 
Array ~ "-rray Arrav e Array Array 

Memor MemoT. M ... mo~ 
Cell C('II Cell 
Arrav Arra} E Arrn . 

f g 
;; 

ut 

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

~HITACHI 

Preliminary 

HM511 00 1 Series 

(DG-18A) 

HM511001P Series 

(DP~18) 

• PIN ARRANGEMENT 

Din 

WE 

RAS 

NC 

Ail 

Al 

A1 

v" 

A. -A. 

CAS 

Din 

Dout 

RAS 

WE 

Vee 
Vss 

A.-A, 

Dout 

(Top View) 

Address Inputs 

Column Address Strobe 

Data In 

Data Out 

Row Address Strobe 

Read/Wrtte Input 
---------

Power (+5V) 

Ground 

Refresh Address Inputs 
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--------------------------HMS11001 Series,HMS11001PSeries 

• ABSOLUTE MAXIMUM RATINGS 
Voltage on any pin relative to VSS .......... -1 V to + 7V 
Operating temperature, Ta (Ambient) ......... 0 to +70°C 
Storage Temperature (Ambient) ......... -65 to +150°C 
Power dissipation ........................... 1W 
Short circuit output current .................. 50mA 

• RECOMMENDED DC OPERATING CONDITIONS (Ta = a to +70°C) 
~~----

Parameter 

Iy voltage Supp 

Inpu 

Inpu 

t High voltage 

t Low voltage 

Symbol 

Vcc 

VIH 

VJL 

Notes) I All voltages referenced to V ss 

min typ max Vntt 

45 50 5.5 V 

24 - 6.5 V 

-20 - 08 V 

Notes 

I 

I 

I 

• DC ELECTRICAL CHARACTERIS (VCC = SV ±10%. VSS = av, Ta = a to +7a°C) 
---c--- --

HMSIIOOI~IO HMSIIOOI~12 HMS1l001-IS, 
Parameter Symbol Test Condition 

mm. max. mm. max. mm max. 
----

OperatIng Current Iccl 
RAS, CAS Cycling: 

- 60 - 50 - 40 
IRC=mm. 

RAS, CAS=VIH, 
- 2 - 2 - 2 

Standby Current ICC2 
TTL Interface 
Dout=Hlgh Impedance 
CMOS Interface - I - 1 - 1 

Refresh Current ICC3 RAS only Refresh, 50 40 35 - - -
IRC=mm 

Standby Current Iccs RAS=VIH• CAS=VIL 
- 5 - 5 - 5 

Dout Enable 

--
Refresh Current ICC6 CAS before RAS 

50 40 35 
Refresh,IRC=mIn 

- - -

Nibble Mode Supply 
Iec8 

RAS-VJL, CAS - 50 - 45 - 40 
Current Cycllng,INC=mm. 

Input Leakage ILl Vin=O to +7V -10 10 -10 10 -10 10 

Output Leakage ho 
Vout=O to 7V, -10 
Dou t is disabled 

10 -10 10 -10 10 

VOH Iout=-5mA 24 Vec 24 Vcc 2.4 Vcc 
Output Levels 

VOL Iout=42mA 0 04 0 0.4 0 0.4 

Vnit 

rnA 

rnA 

mA 

rnA 

rnA 

rnA 

rnA 

/JA 

/JA 

V 

V 

Note) I. Icc depends on output loading condition when the deVICe IS selected, Icc max. IS specified at the output 
open condition. 

• CAPACITANCE (VCC=5V ±10%. Ta =2S°C) 
Parameter Symbol typ rna' Vmt 

Address. Data-m Cll - 5 
Input ("apaclt~nce 

Clock. CI2 - 7 pF 

Output Cap~cltance Data-out Co - 7 

Note,) I C~p~Llldnce mea,ured with Boonton Me:er or effective capacitance measunng method 
2 (" AS= V IH to disable Dout 

@HITACHI 
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HM511001 8ari88, HM511001P 8.rl88-------------------------

• ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(VCC=5V ±1Q%, VSS = OV, Ta = 0 to +70oql),lO),ll) 

HMSlIooI-IO HM5 11001-1 2 HM511001-15 
Parameter Symbol Unit Note 

mln_ max. min. max. min. max. 

Access Time from RAS 'RAC - 100 - 120 - 150 ns 2,3 

Access Time from CAS 'CAe - 50 - 60 - 15 ns 3,4 

Output Buffer Tum-off Delay tOFF - 25 - 30 - 40 ns 5 

TraftSltlon Time (Rise and Fall) tT 3 SO 3 50 3 50 ns 6 

Random Read or Write Cycle Time tRC 190 - 220 - 260 - n. 

RAS Precharge Time 'RP 80 - 90 - 100 - ns 

RAS Pulse Width tRAS 100 10000 120 10000 150 10000 n. 

CAS PulseW,dth tCAS 50 10000 60 10000 15 10000 os 

RAS to CAS Delay Tune tRCD 25 50 11 60 30 15 os 7 
RAS Hold TIme tRSH 50 - 60 - 15 - os 

CAS Hold TIme tCSH 100 - 120 - 150 - os 

CAS to RAS Precharge T,me tCRP 10 - 10 - 10 - os 

Row Address Setup Time tASR 0 - 0 - 0 - os 

Row Address Hold Time 'BAH 15 - 15 - 20 - os 

Column Address Setup Time 'ASe 0 - 0 - 0 - o. 

Column Address Hold Time tCAH 20 - 20 - 25 - os 

Wnte Command Setup Time twes 0 - 0 - 0 - os 8 

Write Command Hold TIme 'WCH 25 - 25 - 30 - os 

Wnte Command Pulse Width Iwp 15 - 20 - 25 - o. 

Wnte Command to RAS Lead Time 'RWL 35 - 40 - 45 - os 

Write Command to CAS Lead Time 'CWL 35 - 40 - 45 - os 

Data-in Setup Time 'DS 0 - 0 - 0 - os 9 

Data-tn Hold Time 'DH 25 - 25 - 30 - os 8,9 

Read Command Setup Time tRes 0 - 0 - 0 - os 

Read Command Hold Time referenced 
tRCH 0 - 0 - 0 - os 

to CAS 

Read Command Hold Time referenced 
10 - 10 - 10 - os 

to RAS tRRH 

Refresh Period 'REF - 8 - 8 - 8 ms 

Read-Write Cycle Time 'awe 230 - 265 - 310 - os 

Read Modify Wnte Cycle Time taws 140 - 165 - 200 - os 

RAS to WE Delay 'RWD 100 - 120 - 150 - os 

CAS to WE Delay leWD' 40 - SO - 65 - os 8 

CAS Setup Tune tesR 10 - 10 - 10 - os 

CAS Hold TIme 
teRR 20 - 25 - 30 - os 

(CAS before RAS Refresh) 

RAS Precharge to CAS Hold TIme tRPe 10 - 10 - 10 - os 

Nibble Mode Access Time tNAC - 30 - 35 - 40 os 

Nibble Mode Cycle TIme INC SO - 55 - 65 - os 

Nibble Mode CAS Precharge TIme tNCP 10 - 10 - 15 - os 

NIbble Mode CAS Pulse W,dth tNCA 30 - 35 - 40 - os 

Nibble Mode RAS Hold TIme tNRsH 40 - 50 - 65 - o. 

~HITACHI 
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--------------------------HM511001 Series, HM511001 P Series 

Notes) 
I. AC measurements assume IT = 5ns. 
2. Assumes that IRCD~ IRCD(max). If IRCD is greater 

than the maximum recommended value shown in 
this table, IRAC exceeds the value shown. 

3. Measured with a load CirCUIt equivalent to 2TTL 
loads and 100pF. 

4. Assumes that IRCD;::;IRCD(max). 
5. IOFF(max) defines the lIme at which the output 

achieves the open circuit condition and IS not re~ 

ferenced to output voltage levels. 
6. V1H(min) and V/L(max) are reference levels for 

measuring timmg of mput signals. Also, transition 
times are measured between V1H and V/L' 

7. Operation with the I RCD(max) limit insures that 
IRAC(max) can be met, IRCD(max) is specified as a 
reference point only, If IRCD is greater than the 
specified IRCD(max) limit, then access time is con
trolled exclusively be I CAC' 

8. IWCS and I CWD are not restricttve operating par
ameters. They are Included m the data sheet as elec
tncal characteristIcs only. If Iwcs;::;lwcs(mm). the 
cycle is an early write cycle and the data out pin WIll 
remain open CirCUIt (high Impedance) throughout 
the entire cycle; if I CWD;::; ICWD(min), the cycle IS a 
read/wnte and the data output Will contain data read 
from the selected tell; If neither of the above sets of 
condllions is sa ttsfled , the condition of the data out 
(at access time) IS indeterminate 

9. These parameters are referenced to CAS leadmg edge 
In early wnte cycles and to WE leading edge In 
delayed wnte or read-modlfy-wnte cycles 

10. An Inittal pause of 100!,s IS required after power·up. 
Then execute at least 8 inItialization cycles 

@HITACHI 
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HM511001 Series. HM511001 P Series--------------------------

• TIMING WAVEFORMS 
• Road Cycle 

IH( 

tRA~ 

~ V IHI' "'-
t R( 1J 

iRSH Ie RI' 

Ie ,H 

ICAS 

V~ 1\ 

tA~H 
~ 

t ASC 

~ r- -
Address )< K)< K 

IRes tjH 
I IRRH 

~ leAe \ 
IHAC Ion 

I 

./ Valid Data C>-....... Dout 

• Write Cycle (Early Write' 

IHe 

--.. IHAO I 

l~ tHI' I'\. 
i I IH(I) tHSH 

IC>H leRI' 

tCAS JE 
['\ 

tA~R ~ I~I-- tCAH 

Address ) K) K 
tlleH 

Illes 

hiP 

V 

~ IDH 

Din ) Valid Data )( 
Dout 

Hi-Z 
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-------~------------------HM511001 Series, HM511001P Series 

• R_d-Modify-Writ. Cycle 

tR" C 

-....... IRU..., 

Jk j\~ iHI' \. 
IR"U IR"1. 

tC"1. 

IASR 
'\ 

IRAH I 

IASC ICAH 

Address )< K)< K 

Din 

I~ Ic"u 

lliP 

/ Y '\ 
IUs J.!!.!!. I 
t--

). I\. Valid Data"' K 
ICAC I 

IRAC 

./ Valid Data --..... Dout 

• RAf Only Refresh Cycle 

IRAS 

~~ y 
tCR? 

I tR?C 

I --
J ~ 

I~ I !RA~ 

Address )< K 

@HITACHI 
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HM511001 Series. HM511001 P Series--------------------------

• Hidden Refresh Cycle 

~ (READ) 

IHS:] 

}. (REFRESH) 
IH/' 

tR(/) 
IHAS 

I 
ICA' 

ICHH _I 
I H.4H " .I[" 

~ t A'sC ICAH 
'~ I----

Address >( P>« I>< v 

IITI- ~ 
filHAC '" ~ 

I OFf' 

:::1 
Dout J> 

• ~ Before RAS Refresh Cycle 

Address Don't care 

~HITACHI 
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-------------------------HM511001 S.ri •• , HM511001P Seri .. 

• Nibble Mode R .... Cycle 

• Nibble Mode Write Cycle I 
Address 

Din 

Dout Hi-Z 

~HI7I'ACHI 
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HM511001 Series, HM511001P Series-------------------------

• Nibble Mode Reed Modify Write Cycle 

VIH 

RAS 
VII. 

VIH 

CAS 
VII. 

VIH 

Address 
VII. 

VIH ---+----F-~ 

VI/. 

VIH ---t----{ 
Din 

VI/. ---t---; 

VOH 
Dout -------<1 

VOl. 

tUAS 

$ HITACHI 
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HM511002 Series, 
HM511002P Series 
1048576-word x 1-bit Dynamic Random Access Memory 

-FEATURES 
• Single 5V (±10%) 
• High speed: Access Time 100ns/120ns/150ns 
• CMOS Low Power: 300mWactive, 10mW standby 

• Static Column mode 
• 512 refresh cycles - (Sms) 
• 3 variations of refresh 

RAS only refresh 
CS before RAS refresh 
Hidden refresh 

• BLOCK DIAGRAM 

RAS WE Cf' • • 
I~DIn RAS I CS" 

I 
WE 

Contlol Conlrol Control RuKer 
Circuit C'frult CirCUit Dout , t + 

~ 
128k c 1281 128k 

Ml"m~'r :~f'm'" f,fr-m"r 
Cpll "" "II (ell 
Arra> E o\,r ... Arr ... 

< 

1 

1281 128k 
~l'JIIor ME'III"r 
('pll Cpll 
Array Array 

128k 128k 128k 
Mfm<>r Ml'mor Memor 

ell C('II Cell 
Arrav Arra\ E Arrav . 

> 

Q 
od 

~ Woed D,,,,, Woed Dn .. , '",d '"'' ~ 

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

~HITACHI 

Preliminary 

HM511002 Series 

(DG-18A) 

HM5I1002P Senes 

(DP-18B) 

.PIN ARRANGEMENT 

(Top VIew) 

AO-A9 Address Inputs 

CS ChIp Select 

0" Data In 

0 0111 Data Out 

RAS Row Address Strobe 

WE Read/Write Input 

Vee Power (+5V) 

Vss Ground 

AO-AB Refresh Address Inputs 
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HM511002 Seri .. , HM511002P Series------------------------

-ABSOLUTE MAXIMUM RATINGS 
Voltage on any pin relative to VSS: -1V to +7V 
Operating temperature, T. (Ambient): O°C to +70°C 
Storage temperature (Ambient): 

_65°C to +150°C (Cerdip) 
_55°C to +125°C (Plastic) 

Power dissipation: 1W 
Short circuit output current: 50mA 

.RECOMMENDED DC OPERATING CONDITIONS (Ta=O to +70'C) 

Parameter Symbol mm typ max Umt 

Supply Voltage Vec 45 5.0 5.5 V 

Input High Voltage VIH 2.4 - 6.5 V 

Input Low Voltage V/L -2.0 - 0.8 V 

Notes All voltages referenced to V~S 

.DCELECTRlCALCHARACTERlsncs (Ta=Oto +70'C, Vcc=5V±10%, Vss=OV) 

Parameter Symbol 

tRC -260ns 
Operatmg current tRC -220ns [eci 

tR( 190ns 

Standby current 
RAS,CS ~VIH 

ICC2 

Dou! ~ High - Z 
IRC -260ns 

Refreshcurrent tRC -22Ons len 
IHC ~19Ons 

Standby current (Dou! Enable, RAS ~ VIH, CS ~ VIL Ices 

IRC -260ns 
Refresh current tRC -220ns /ce6 

tRe -190ns 
IRes, t wcs - 6Sns 

Operatmg current IRes, twcs -55ns Ice9 
IRes. twcs 45ns 

Input leakage 0<Vm<7V ILl 

Output leakage 0< V ••• <7V fLo 

Output levels HIgh 1 ••• =-5mA VOH 

Low I ••• =4 2mA VOL 

.AC ELECTRICAL CHARACTERISTICS 

Symbol Parameter typ max Umt 

CII Address, Data'ln - 5 pF 

Cn Clocks, Data·out - 7 pF 

Notes: l.Ice depends on output loadmg condition wen the device is se· 
lected, Icc max is speCIfIed at the output open condit jon. 

2. Capacitance measured with Boonton Meter or effective 
~acitance measuring method. 

3. CS = VIH to disable Dout. 

~HITACHI 

mm max 

40 
- 50 

60 
- 2 

- 1 

35 
- 40 

50 
- 5 

35 
- 40 

50 

- T.B.D. 

-10 10 

-10 10 

24 Vee 

0 04 

Notes 

2 

2,3 

Umt Notes 

rnA 1 

rnA TTL Interface 

rnA CMOS Interface 

rnA RAS only Refresh 

rnA 1 

CS before 
rnA 

RAS Refresh 

rnA Static Column mode 

p.A 

p.A Dout IS dIsabled 

V 

V 
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-------------------------HM511002 Series. HM511002P Series 

.ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Ta=Oto +70"C, Vcc=5V±10%) 

HM511002·1O HM511002·12 HM511002·15 
Parameter Symbol 

min. max. min. max. min. max. 

Random Read or Write Cycle Time IRe 190 - 220 - 260 -

RAS Precharge Time IRP 80 - 90 - 100 -

RAS Pulse W,dth tRAS 100 10000 120 10000 150 10000 

CS Pulse W,dth les 20 - 25 - 30 -

RAS to CS Delay T,me fRCD 25 80 25 95 30 120 

RAS to Column Address Delay TIme tRAD 20 60 20 70 25 85 

Read RAS Hold TIme tRRSH 20 - 25 - 30 -

Write RAS Hold Time fWRSH 50 - 60 - 75 -

CSHoldTime tCSH 100 - 120 - 150 -

CS to RAS Precharge Time /CRP 10 - 10 - 10 -

Row Address Set·up TIme IASR 0 - 0 - 0 -

Row Address Hold TIme tRAH 15 - 15 - 20 -

TransItIOn TIme (RIse and Fall) IT 3 50 3 50 3 50 

Refresh Penod tREF - 8 - 8 - 8 

Access Time from RAS tRAC - 100 - 120 - 150 

Access Time from CS tCAC - 20 - 25 - 30 

Access T,me from Address IAA - 40 - 50 - 65 

Column Address Hold T,me to RAS on Read IA' 100 - 120 - 150 -

Read Command Set·up TIme IRes 0 - 0 - 0 -

Read Command Hold Time to CS IRCH 0 - 0 - 0 -

Read Command Hold TIme to RAS tRRH 10 - 10 - 10 -

Column Address to RAS Lead T,me tRAL 40 - 50 - 65 -

RAS to Column Address Hold T,me IAH 15 - 15 - 20 -

Output Hold TIme from Address IOH 5 - 5 - 5 -

Output Buffer Turn·off T,me tOFF 0 25 0 30 0 35 

Column Address Set·up T,me lAse 0 - 0 - 0 -

Column Address Hold TIme fCAH 20 - 20 - 25 -

Column Address Hold Time to RAS on Wnte fAWR 80 - 90 - 110 -

Wnte Command Set·up T,me /wcs 0 - 0 - 0 -

Write Command Hold TIme tweH 20 - 25 - 30 -

Wnte Command Hold T,me to RAS tweR 80 - 95 - 115 -

Write Command Pulse Width t.P 15 - 20 - 25 -

Wnte Command to RAS Lead T,me IRWL 35 - 40 - 45 -

Wnte Command to CS Lead T,me (CWL 35 - 40 - 45 -

Data-In Set-up Time IDS 0 - 0 - 0 -

Deta'ln Hold TIme tDH 20 - 25 - 30 -

Data'ln Hold TIme to RAS tDHR 80 - 90 - 110 -

Read·Wnte Cycle T,me IRlfe 215 - 250 - 295 -

RAS to WE Delay T,me tRWV 100 - 120 - 150 -

CS to WE Delay Time leltv 20 - 25 - 30 -

Column Address to WE Delay TIme lAirD 40 - 50 - 65 -

Output Hold T,me from WE tOHW 35 - 40 - 45 -

CS Set·up T,me (CS before RAS Refresh) !C58 10 - 10 - 10 -

Unit Notes 

ns 

ns 

ns 

ns 

ns 8 

ns 9 

ns 

ns 

ns 

ns 

ns 

ns 

ns 7 

ms 

ns 2,3 

ns 3,4 

ns 3,5,14 

ns 

nS 

ns 

ns 

ns 

ns 16 

ns 

ns 6 

ns 

ns 

ns 

ns 10 

ns 

ns 

ns 

ns 

ns 

ns 11 

ns 10,11 

ns 

ns 

ns 10 

ns 10 

ns 10 

ns 

ns 

(to be continued) 
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HM511002 Series, HM511002P Serles------------------------

HM511002·10 HM511002·12 HM511002·15 
Parameter Symbol Umt Notes 

min. max. mm. max. min. max. 

es Hold Time (es before RAS Refresh) tCHR 20 - 25 - 30 - ns 

RAS precharge to es Hold Time tRPC 10 - 10 - 10 - ns 

eSC Mode Cycle (Ta=Oto +70'C, Vcc=5V±10%) 

HM511002·10 HM511002·12 HM511002·15 
Parameter Symbol Unit Notes 

mm. max min. max. min. max. 

SC Mode Cycle Time on Read fRSC 45 - 55 - 70 - ns 

SC Mode Cycle Time on Write twsc 45 - 55 - 70 - ns 

SC Mode RAS Pulse Width tRASC 60 140000 70 140000 90 140000 ns 

RAS to Second WE Delay Time tRSW 105 - 125 - 155 - ns 

es Precharge Time tep 10 - IS - IS - ns 

Write Invahd Time twl 10 - IS - IS - ns 

eSC Mode Read·Modify·Write and Mixed Cycle (Ta=O to +70'C, Vcc=5V±1O%) 

HM511002·10 HM511002·12 HM511002·15 
Parameter Symbol Unit Notes 

min. max mm. max. min. max. 

SC Mode Cycle Time on Read·Wrlte tRwSC 85 - 105 - 135 - ns 12 

Access Time from Previous WE tPWA - 80 - 100 - 130 ns 3,13 

Previous WE to Column Address Delay Time tWAD 25 40 25 50 30 65 ns 15 

Colwnn Address Hold Time to Previous WE tPWH 80 - 100 - 130 - ns 

Notes: l. 
2. 

3. 
4. 
5. 
6. 

7. 

8. 

9. 

10. 

AC measurements assume tT = 5ns. 
Assumes that tRCD ~ tRCD (max) and tRAD ~ tRAD (max). If tRCD or tRAD is greater than the maximum 
recommended value shown in this table, tRAC exceeds the value shown. 
Measured with a load circuit equivalent to 2TIL loads and 100pF. 
Assumes that tRCD ~ tRCD (max), tRAD ~ tRAD (max). 
Assumes that tRCD ~ tRCD (max) and tRAD ~ tRAD (max). 
tOFF (max) defines the time at which the output achieves the open circuit condition and is not referenced to 
output voltage levels. 
VIH (min) and VIL (max) are reference levels for measuring timing of input signals. Also, transition times are 
measured between VIH and V/L. 
Operation with the tRCD (max) limit insures that tRAC (max) can be met, tRCD (max) is specified as are· 
ference point only, if tRCD is greater than the specified tRCD (max) limit, then access time is controlled ex· 
elusively by tCAC. 
Operation with the tRAD (max) limit insures that tRAC (max) can be met, tRAD (max) is specified as a 
Reference point only, if tRAD is greater than the specified tRAD (max) limit, then access time is controlled 
exclusively by tAA. 
twes, tRWD, tCWD and tAWD are not restrictive operating parameters. They are included in the data sheet as 
electrical characteristics only: if twcs ~ twcs (min), the cycle is an early write cycle and the data out pin will 
remain open circuit (high impedance) throughput the entire cycle; if tRWD ~ tRWD (min), tCWD ~ tCWD 
(min) and tA WD ~ tAWD (min), the cycle is a read/write and the data output will contain data read from the 
selected cell; if neither of the above sets of conditions is satisfied, the condition of the data out (at access time) 
is indeterminate. 

II. These parameters are referenced to CS leading edge in early write cycles and to WE leading edge in delayed 
write or read·modify·write cycles. 

12. tRwsc(min) = tAWD (min) + tWAD (max) + tT. 
13. Assumes that tWAD ~ tWAD (max). If tWAD is greater than the maximum recomended value shown in this 

table tpWA exceeds the value shown. 
14. Assumes that tWAD ~ tWAD (max). 
15. Operation with the tWAD (max) limit insures that tPWA (max) can be met, tWAD (max) is specified as aRe· 

ference point only, if tWAD is greater than the speCified tWAD (max) limit, then access time is controlled ex· 
clusively by tAA. 

16. tAH defines the time at which the column address hold. 
17. An initial pause of 1001's is required after power-up then execute at least 8 initialization cycles. 
18. At least, 8 CS before RAS refresh cycle are required before using internal refresh counter. 

~HITACHI 
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-------------------------HM511002 Serie., HM511002P Series 

.TlMING WAVEFORMS 

eRead Cycle 

WE 

Doul 

e Write Cycle 

R·\S 

-\ddres!' 

Dm 

OuU! 

tCAe. 

,,, 

IliAC 

IRe 

00111 

*flIlllJ Don't Care 

*1ZZZZ2I. Don't Care 
.*IKCS-=IIILS (min) 
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HM511002 Serl .. , HM511002P Seri .. ------------------------

• Read Modify Write Cycle 

• RAS Only Refresh Cycle 

n01l1 

• Hidden Refresh Cycle ,,, 
~ 

IR.4~ 

,,, 

II, 

.ez!ll 000', Clre 
•• ,IHt=IIfIt~t.ln) 

IC.,~lcn(lIln) 

IAI,j!:/At'O(lIln) 

*::::J.f)OIlIL.IH· 

II, 

IR4~ 

,", ]I[ ,,, ~ 
I tRCD I/IRSH 

t(HII ~ 
1 ,,, 

Addre5~ 
.~ ~ ~ ~ 

Row ~ Column J< ~LL/ / / / !/ / / <-
ilIAD 

5 --~ 
/ ,;r 

7.J ,,, 
IMf 

Dout 
tR4( 

r-________ ~R~',~,I __________________ 'tl-·--------~R~ef~,,~.,I~,--------------1 
.~:·nn!ll(d,t' 
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-------------------------- HM511002 Series, HM511002P Series 

• CS Before RAS Refresh Cycle 

11111/111111111111111/1/ I I I I I I I ! I I ! 

Dou! 
()pt'!1 

• Static Column Mode Read Cycle 

I 
• Static Column Mode Write Cycle 

DO~1 
Open" 

*~ !1onlCare 
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HM511002 Series. HM511002P Series-------------------------

• Static Column Mode Read-Modify-Write Cycle 

RAS -----.L 
~==================~~~I\ 

Address 

WE ----~--~~~==~I 

Om 

Dout -----------{, 

• Static Column Mode Mixed Cycle 

Address 

Dm 

Dout --------------====~~===tr;:_;i 

Write ,. Read 

~HITACHI 

I(KD~I(lw(mm) 

IAlIlJ;;:/AlIv(mml 

Read Mo(ilry Write .1 *EZZJ: Don't Care 
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HM514256-10/12/15 Series----Preliminary 

262,144 x 4 bit Dynamic Random Access Memory 

• FEATURES 
• 300 mil 20 pin DIP 
• Single 5V (± 10%) 
• High Speed: 

Access Time 100ns/120ns/150ns 
• Low Power: 

300 mW active, 10 mW standby 
• Fast Page mode 
• 512 Refresh Cycles .............................. (Sms) 
• 2 variations of refresh 

RAS only refresh 
CAS before RAS refresh 

• PINOUT 
(Top View) 

1/01 20 

1/02 2 19 

WE 3 1S 

RAS 4 17 

NC 5 16 

AO 6 15 

A1 7 14 

A2 S 13 

A3 9 12 

VCC 10 11 

VSS 

1/04 

1/03 

CAS 

OE 

AS 

A7 

A6 

A5 

A4 

AO-Ag 

CAS 

1101-1104 

OE 

RAS 

WE 

VCC 

VSS 

AO-Ag 

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

~HITACHI 

TARGET SPEC. 

DP-20N 

Address Inputs 

Column Address Strobe 

Data In/Data Out 

Output Enable 

Row Address Strobe 

Read/Wnte Input 

Power (+5V) 

Ground 

Refresh Address Inputs 
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MULTI·PORT DYNAMIC RAM 
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HM53461P Series------
65,536-word x 4 bit Multi Port Dynamic Random Access Memory 

The HM53461 P is a 262, 144 bit multi port memory equipped 
with a 64k word x 4 bit Dynamic RAM port and a 256 word x 4 
bit Serial Access Memory (SAM) port. The SAM port is connected 
to an internal 1,024 bit data register through a 256 word x 4 bit 

serial read or write access control. In the read data transfer cycle, 
the memory cell data is transferred from a selected word line of 
the RAM port to the data register. The RAM port has a write 
mask capability in addition to the conventional operation mode. 
Write bit selection out of 4 data bit can be achieved. 

Utilizing the Hitachi 2J.Lm CMOS process, fast serial access 
operation and low power dissipation are realized. All inputs and 
outputs, including clocks, are TTL compatible. The package is a 
400mil 24-pin dual-in-line plastic package. 

• FEATURES 
• Multi port organization 

(RAM; 64k word x 4 bit and SAM; 256 word x 4 bit) 
• 400mil 24-pin dual.-in line plastic package 
• Double layer polysilicon/polyicide n·well CMOS process 
• Single 5V (±10%) 
• Low power Active RAM; 380mW max. 

SAM; 220mW max. 
Standby 40mW max. 

• Access Time RAM; 100ns/120ns/150ns 
SAM; 40n5/40ns/60ns 

• Cycle Time Random read or write cycle time (RAM) 
190n5/220n5/260n5 
Serial read or write cycle time (SAM) 
40ns/40ns/60ns 

• TTL compatible 
• 256 refresh cycles ..... 4ms 
• Refresh function RAS only refresh 

CAS before RAS refresh 
Hidden refresh 

• Data transfer operation (RAM.+t SAM) 
• Fast serial access operation asynchronous from RAM port 

except data transfer cycle 
• Real time read transfer capability 
• Write mask mode capability 

@HITACHI 

(DP-24NB) 

• PIN ARRANGEMENT 

(Top View) 
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_______________________________ HM53461P Series 

• BLOCK DIAGRAM 

• ABSOLUTE MAXIMUM RATINGS 

Voltage on any pin relative to Vss ... 
Operating temperature, Ta (Ambient) . 
Storage temperature ....... . 
Short circuit output current ...... . 

. .-1V to +7V 
O°C to +70°C 

. -55°C to +125°C 
. .... 50mA 

Power voltage. . . . . . . . . . . . . . . . . . . . . . . . . . . .. -O.5V to +7V 

~HITACHI 
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HM53461PSeries---------------------------------

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

Parameter Symbol min. typo max. Unit 
----------

Supply voltage Vee 4.5 5.0 5.5 V _. 
Input High voltage VlH 2.4 - 6.5 V 

Input Low voltage V1L -1.0 - 0.8 V 
--. 

Note: All voltages referenced to V ss 

• DC ELECTRICAL CHARACTERISTICS (Ta = 0 to +70oC, Vee = 5V ± 10%, Vss = OV) 

RAM PORT Symbol 
SAM PORT HM53461P HM53461P HM53461P 

Standby Active -10 -12 -IS Unit 

Operating current RAS. CAS cycling ICCI 0 X 70 60 50 rnA 
tRC= min. ICC7 X 0 110 100 80 rnA 

Standby current RAS. CAS" VlH ICel 0 X 7 7 7 rnA 

Iccs X 0 40 40 30 rnA 

RAS only refresh curren t ICC3 0 X 60 50 40 rnA 
CAS" VIH. RAS cycling tRC = min. ICC9 X 0 100 90 70 rnA 

~ags mode current RAS = V/L. ICC4 0 X 50 40 35 rnA 
A cycling tpc K min. 

ICC I 0 X 0 90 80 65 rnA 

CBR refresh current RAS cycling Iccs 0 X 60 SO 40 rnA 
tRC= min. ICCII X 0 100 90 70 rnA 

Data transfer curren t ICC6 0 X 75 65 55 rnA 
RAS. CAS cycling tRC = min. 

ICCI2 X 0 115 105 85 rnA 

------
Parameter Symbol min. max. Unit 

Input leakage IlL -10 10 p.A 

Output leakage IOL 1--"::10 10 p.A 

Output high voltage IOH=-2mA VOH 2.4 - V 
Output low voltage IOL =4.2mA VOL - 0.4 V 

• INPUT/OUTPUT CAPACITANCE 

Symbol Parameter typo max. Unit 

Address CIl - 5 pF 

Clocks CI2 - 5 pF 

I/O. SilO CI3 - 7 pF 

~HITACHI 
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---------------------------------HM53461PSeries 

• ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING 
CONDITIONS (TQ=O to +70°C, VCC=5V±10%, VSS=OV)l),lO),ll) 

Parameter Symbol 
HM53461P-10 HM53461P-12 

min. max. min. max. 
Random Read or Write Cycle Time tRC 190 - 220 -
Read Modify Write Cycle Time tRwc 260 - 300 -
Page Mode Cycle Time tpc 70 - 85 -
Access Time from RAS tRAC - 100 - 120 

Access Time from CAS tCAC - 50 - 60 
Output Buffer Turn Off Delay referenced to CAS tOFFl 0 25 0 30 
Transition Time (Rise and Fall) tT 3 50 3 50 
RAS Precharge Time tRP 80 - 90 -
RAS Pulse Width tRAS 100 30000 120 30000 
CAS Pulse Width tCAS 50 30000 60 30000 
RAS to CAS Delay Time tRCD 25 50 25 60 
RAS Hold Time tRsH 50 - 60 -
CAS Hold Time tCSH 100 - 120 -
CAS to RAS Precharge Time tCRP 10 - 10 -
Row Address Set-up Time tASR 0 - 0 -
Row Address Hold Time tRAH 15 - 15 -
Column Address Set-up Time tASC 0 - 0 -
Column Address Hold Time tCAH 20 - 20 -
Write Command Set-up Time twcs 0 - 0 -
Write Command Hold Time tWCH 25 - 25 -
Write Command Pulse Width twp 15 - 20 -
Write Command to RAS Lead Time tRWL 35 - 40 -
Write Command to CAS Lead Time tCWL 35 - 40 -
Data-in Set-up Time tDS 0 - 0 -
Data-in Hold Time tDH 25 - 25 -
Read Command Set-up Time tRCS 0 - 0 -
Read Command Hold Time tRCH 0 - 0 -
Read Command Hold Time referenced to RAS tRRH 10 - 10 -
Refresh Period tREF - 4 - 4 

RAS Pulse Width (Read Modify Write Cycle) tRWS 170 - 200 -
CAS to WE Delay tCWD 85 - 100 -
CAS Set-up Time (CAS before RAS refresh) tCSR 10 - 10 -
CAS Hold Time (CAS before RAS refresh) tCHR 20 - 25 -
RAS Precharge to CAS Hold Time tRPC 10 - 10 -
CAS Precharge Time tcp 10 - 15 -
Access Time from OE tOAC - 30 - 35 
Output Buffer Turn-off Delay referenced to OE tOFF2 0 25 0 30 
OE to Data-in Delay Time tODD 25 - 30 -
OE Hold Time referenced to WE tOEH 10 - 15 -
Data-in to CAS Delay Time tDZC 0 - 0 -
Data-in to OE Delay Time tDZO 0 - 0 -
OE to RAS Delay Time tORD 25 - 30 -

@HITACHI 

HM53461P-15 
Unit Note 

min. max. 
260 - ns 

355 - ns 

105 - ns 

- 150 ns 2,3 

- 75 ns 3,4 

0 40 ns 5 

3 50 ns 6 
100 - ns 

150 30000 ns 

75 30000 ns 

30 75 ns 7 
75 - ns 

150 - ns 

10 - ns 

0 - ns 

20 - ns 

0 - ns 

25 - ns 

0 - ns 8 

30 - ns 

25 - ns 

45 - ns 
45 - ns 

0 - ns 9 

30 - ns 8,9 

0 - ns 

0 - ns 

10 - ns 

- 4 ms 

245 - ns 

125 - ns 8 
10 - ns 

30 - ns 
10 - ns 

20 - ns 

- 40 ns 

0 40 ns 

40 - ns 

20 - ns 

0 - ns 

0 - ns 

40 - ns 

(to be continued) 
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HM53461PSeries---------------------------------

Parameter Symbol 
HM53461P-I0 HM53461P-12 HM53461P-15 

Unit Note 
min. max. min. max. min. max. 

Serial Clock Cycle Time tscc 40 - 40 - 60 - ns 

Access Time from SC tSCA - 40 - 40 - 60 ns 10 
Access Time from SOE tSEA - 25 - 30 - 40 ns 10 
SC Pulse Width tsc 10 - 10 - 10 - ns 
SC Precharge Width tscp 10 - 10 - 10 - ns 

Serial Data-out Hold Time after SC High tSOH 10 - 10 - 10 - ns 
Serial Output Buffer Turn-off Delay from SOE tSEZ 0 25 0 25 0 30 ns 
Serial Data-in Set-up Time tSIS 0 - 0 - 0 - ns 
Serial Data-in Hold Time tSIH 15 - 20 - 25 - ns 
DT to RAS Set-up Time tDTS 0 - 0 - 0 - ns 
DTto RAS Hold Time(ReadData Transfer Cycle) tRDH 80 - 90 - 110 - ns 
DT to RAS Hold Time tDTH 15 - 15 - 20 - ns 
DT to CAS Hold Time tCDH 20 - 30 - 45 - ns 
Last SC to DT Delay Time tSDD 5 - 5 - 10 - ns 
First SC to DT Hold Time tSDH 20 - 25 - 30 - ns 
DT to RAS Delay Time tDTR 10 - 10 - 10 - ns 

WE to RAS Set-up Time tws 0 - 0 - 0 - ns 

WE to RAS Hold Time tWH 15 - 15 - 20 - ms 

I/O to RAS Set-up Time tMs 0 - 0 - 0 - ns 

I/O to RAS Hold Time tMH 15 - 15 - 20 - ns 

Serial Output Buffer Turn off Delay from RAS tSRZ 10 50 10 60 10 75 ns 

SC to RAS Set-up Time tSRS 30 - 40 - 45 - ns 

RAS to SC Delay Time tSRD 25 - 30 - 35 - ns 

Serial Data Input Delay Time from RAS tSID 50 - 60 - 75 - ns 

Serial Data Input to DT Delay Time tSZD 0 - 0 - 0 - ns 

SOE to RAS Set-up Time tEs 0 - 0 - 0 - ns 

SOE to RAS Hold Time tEH 15 - 15 - 20 - ns 

Serial Read Enable Set-up Time tsws 0 - 0 - 0 - ns 

Serial Write Enable Hold Time tSWH 35 - 35 - 55 - ns 

Serial Write Disable Set-up Time tSWIS 0 - 0 - 0 - ns 

Serial Write Disable Hold Time tSWIH 35 - 35 - 55 - ns 

DT to Sout in Low-Z Delay Time tDLZ 5 - 10 - 10 - ns 

~HITACHI 
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---------------------------------HM53461P Series 

Notes) 
1. AC measurements assume tT=Sns. 
2.Assumes that tRCD~tRCD(max). If tRCD is greater 

than the maximum recommended value shown in this 
table, tRAC exceeds the value shown. 

3.Measured with a load circuit equivalent to 2TTL loads 
and lOOpF. 

4. Assumes that tRCD~tRCD(max). 
S. tOFF(max) defines the time at which the output 

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

6. VrH<min) and VIL(max) are reference levels for measur
ing timing of input signals. Also, transition times are 
measured between VrHand VIL' 

7.0peration with the tRCD(max) limit insures that tRAC 
(max) can be met, tRCD(max) is specified as a reference 
point only, if tRCD is greater than the specified tRCD 
(max) limit, then access time is controlled exclusively be 
tCAC. 

8.twcs and t CWD are not restrictive operating parameters. 
They are included in the data sheet as electrical charac
teristics only: if twcs~ twcs(min), the cycle is an early 
write cycle and the data out pin will remain open circuit 
(high impedance) throughout the entire cycle; if tCWD 

~tcWD(min), the cycle is a read/write and the data 
output will contain data read from the selected cell; if 
neither of the above sets of conditions is satisfied, the 
condition of the data out (at access time) is indeter
minate. 

9. These parameters are referenced to CAS leading edge in 
early write cycle and to WE leading edge in delayed 
write or read-modify-write cycles. 

lO.Measured with a load circuit equivalent to 2TTL and 
SOpF. 

11. An initial pause of 100~s is required after power-up. 
Then execute a t least 8 initialization cycles. 

~HITACHI 
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HM53461PSeries-----------------------------------

-WAVE FORMS 
• READ CYCLE 

CAS ---++-----_ 

Address 

I/O 
(Output) 

I/O 
(Input) ;.....o;"""'""-IH'-'I;...c;""","....,-

IRe 

~HITACHI 

I:2:a Do not care 
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-----------------------------------HM53461 P Series 

• EARL Y WRITE CYCLE 

IRC 

RAS IRAS 

IRCD IRSH 

tCSH 

CAS-----+~----------~ 

Address 

WE 

I/O 
(Input) - ..... ~r-r---'l_ ........... _t'"--';.;;;.-'f_ .......... - ....................... - ........... '-oj~ 

I/O 
(Output) 

IDTS 

High Z 

Note 1) When WE is "H" level, the all data on the I/O can be written into the cell. 

~Donotcare 

When WE is "L" level, the data on the I/O are not written except for when I/O is 'high' at the falling edge of RAS. 

~HITACHI 
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HM53461PSeries---------------------------------

• DELA YEO WRITE CYCLE 

CAS----+4------~ 

Address 

I/O 
(Input) 

I/O 
(Output) 

IRe 

High-Z 

Note 1) When WE is "H" level, all the data on 1/01-4 can be written into the memory cell. 

1m Do not care 

When WE is "L" level, the data on I/Os are not written exept for when I/O="H" at the falling edge of RAS . 

• READ MOOIFYWRITE CYCLE 

RAS---..,J 

Address 

I/O 
(Input) 

I/O 
(Output) 

tRlle 

IZZ2I Do not care 

Note 1) When WE is "H" level, all the data on 1/014 can be written into the memory cell. __ 
When WE is "L" level, the data on I/Os are not written except for when I/O="H" at the falling edge of RAS. 

~HITACHI 
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-----------------------------------HM53461PSeries 

• PAGE MODE READ CYCLE 

Address 

I/O 
(Output) 

I/O 
(Input) 

• PAGE MODE WRITE CYCLE (Early Write) 

CAS --++-';";';'--L 

Address 

I/O 
(Input) 

I/O 

IRe 

tRAS 

IRe 

Note 1) When WE is "H" level, all the data on 1/014 can be written into the memory cell. 

~ Do not care 

mDonotcare 

When WE is "L" level, the data on I/Os are not written except for when I/O="H" at the falling edge of RAS. 

~HITACHI 
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HM53461 P Series -----------------------------------

• PAGE MODE WRITE CYCLE (Delayed Write) 

Address 

1/0 
(Input) 

I/O 
(Output) 

Note 1) When WE is "H" level, all the data on 1/01-4 can be written into the memory cell. 

IZZ2I Do not care 

When WE is "L" level, the data on I/Os are not written except for when I/O="H" at the falling edge of RAS . 

• RAS ONLY REFRESH CYCLE 

396 

tRC 

RAS 

CAS 

Address 

I/O 
(Output) ...L..L.... ..... ~t-,t------------------------

I/O 
(Input) 

~HITACHI 
IZn Do not care 
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________________________ HM53461PSeries 

• CAS BEFORE RAS REFRESH 
IRe 

IRP 

tRAS 

CAs---.... 1 

Address 11/1/// ////////////7I1//!fl/!1I////, 

WE /j//// ////I//////////////T/IIJ /////II 

~~~ut) V/////7////11/111//I//I//II//7///Z 
I/O High-Z 
(Output) ----------.;;.....-.--------

• HIDDEN REFRESH CYCLE 

Address 

I/O 
(Output) 

I/O 
(Input) 
--~ 

IRC IRC 

~HITACHI 

I2Z,;;I Do not care 

IZn Do not care 
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HM53461P Sefies;--------------------------------

• READ DATA TRANSFER CYCLE(l)*l .2 
tRe 

tRA~ 

tRP 

teRP 

Address 

1.'0 ___ ++ ____ +_-:-:-~:::...::....+--....;+-------
(Output) 

I/O 
(Input) ..t....'_'_~-4<'-'-Ll..L.'-'-Ll...t....L.LLl.r+L.I..L,j~f+.LI...t....c..LLI...t....f..L. 

SC 

510 
(Output) 

51/0 
(Input) _______ -:_~....;:::.;;...;;...-----------

• READ DATA TRANSFER CYCLE(2)*1 *2 

Note 1) 

IH' 

IRA.,> 

iRC[) tRSH 

CAS ----~~~;:~~-----~~~lc:A~,----1 

Address 

I/O 
(Output) 

I/O 
(Input) ...L."'"''I-IUoj'''"''''"'u..u..UojWW~flrI.".LI.".LI.LL,l,l_LLLJ...f....I..JWWu.. 

SC 

51/0 
(Output) -H-~-::----------+-c1J 1"'-' ...... ......, 

51/0 
(Input) 

IZZ2I Do not care 

_Inhibit rising transient 

*1) In the case that the previous data transfer cycle was write data transfer or pseudo data transfer. 
*2) Assume that SOE is "L" level, 
.3) CAS and SAM start address need not be supplied every cycle, only when it is desired to change to a new SAM start address. 
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--------------:---------------------HM53461PSeries 

• PSEUDO DATA TRANSFER CYCLE 

Address 

SC 

SIlO 
(Input) --+-+-----:~---q 

.................... ;...c... ............. ., I2'Z2I Do not care 

SIlO 
(Output) ___ ...II "", ... 4.j"",,-'!" 

Note* 1) -

CAS and SAM start address need not be supplied every cycle, only when it is desired to change to a new SAM start address. 

_ Inhibit rising transient 

I 
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HM53461PSeries-----------------------------------

-WRITE DATA TRANSFER CYCLE 
IRe 

Address 

WE 

DT/OE 

SOE 

SC 

SIlO 
(Input) 

[Z2I Do not care 

SIlO High~ Z 
(Output) 

m Inhibit rising transient 

Note 1) 
CAS and SAM start Address need not be supplied every cycle, only when it is desired to change to a new SAM start Address. 
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---------------------------------HM53461PSeries 

• SERIAL READ CYCLE 

SOE ______ ..J 

SC 

SI/O 
(Output) 

• SERIAL WRITE CYCLE 

SOE -------------'1 

SC 

SIlO 
(Input) __ --J 

~HITACHI 

IZ'ZJ Do not care 

mDonotcare 
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HM53462P Series 
G5,53G-word x 4 bits Multi Port DRAM (with Logic operation mode) 

The HM53462P is a 262,144 bit multi port memory equipped 
with a 64k word x 4 bit Dynamic RAM port and a 256 word x 
4 bit Serial Access Memory (SAM) port. The SAM port is con
nected to an internal 1 ,024 bit data register through a 256 word 
x 4 bit serial read or write access control. I n the read data 
transfer cycle, the memory cell data is transferred from a selected 
word line of the RAM port to the data register. The RAM port 
has a write mask capability in addition to the conventional opera
tion mode. Write bit selection out of 4 data bit can be achieved. 
Utilizing the Hitachi 2IJ.m CMOS process, fast serial access opera
tion and low power dissipation are realized. All inputs and out
puts, including clocks, are TTL compatible. The package is a 
400 mil 24'pin dual-in-line plastic package. 

• FEATURES 
• Multi port organization 

(RAM; 64k word x 4 bit and SAM; 256 word x 4 bit) 
• 400 mil 24-pin dual-in-line plastic package 
• Double layer polysilicon/polyicide n-well CMOS process 
• Single 5V (± 10%) 
• Low power Active RAM; 380 mW max. 

SAM; 220 mW max. 
Standby 40 mW max. 

• Access Time RAM; 100ns/120ns/150ns 
SAM; 40ns/40ns/60ns 

• Cycle Time Random read or write cycle time (RAM) 
190ns/220nsI260ns 

Serial read or write cycle time (SAM) 
40ns/ 40n5/ 60ns 

• TTL compatible 
• 256 refresh cycles. . 4ms 
• Refresh function .. RAS only refresh 

CAS before RAS refresh 
Hidden refresh 

• Bidirectional data transfer operation (RAM :? SAM) 
• Fast serial access operation asynchronous from RAM port ex-

cept data transfer cycle 
• Real time read transfer capability 
• Write mask mode capability 
• Logic operation capability between Din and Dout 
• SAM organization can be changed to 1024 x 1 

~HITACHI 

(DP-24NB) 

.. PIN ARRANGEMENT 

(Top View) 
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-----------------------------------HM53462P Series 

• BLOCK DIAGRAM 

Dout 

Memory Array 

(256* 256) 

• ABSOLUTE MAXIMUM RATINGS 

Voltage on any pin relative to Vss .............. -lV to +7V 
Operating temperature, Ta (Ambient) .......... O°C to +70°C 
Storage temperature ................... -55°C to +125°C 
Short circuit output current ..................... 50mA 
Power dissipation .............................. lW 
Power voltage. . . . . . . . . . . . . . . . . . . . . . . . . . .. -O.5V to +70V 

@>HITACHI 

BY 4 Mode 256*4 
(Normal Mode) 

Are in High- Z State. 
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HM53462P Series---------------------------------

• INPUT/OUTPUT CAPACITANCE 
Parameter Symbol typo max. Unit 

Address CII - 5 pF 

Qocks C 12 - 5 pF 

I/O. SI/O c .. - 7 pF 

RECOMMENDED DC OPERATING CONDITIONS (Ta = 0 to +70°C) 
Parameter Symbol min. typo max. Unit 

Supply voltage VCC 4.5 5.0 5.5 V 

Inpu t High voltage V/H 2.4 - 6.5 V 

Inpu t Low voltage VIL -\.O - 0.8 V 

Notes: All voltages referenced to VSS • 

• DC ELECTRICAL CHARACTERISTICS (Ta = 0 to +70°C Vee = 5V ± 10%. Vss = OV) 

RAM PORT Symbol 
SAM PORT HM53462P HM53462P HM53462P 

Standby Active -10 -12 -15 Unit 

Operating current RAS. CAS cycling ICCI 0 X 70 60 50 rnA 

fRC= min. ICC7 X 0 110 100 80 rnA 

Standby current RAS. CAS = V1H 
ICC2 0 X 7 7 7 rnA 

lccs X 0 40 40 30 rnA 

RAS only refresh curren t ICC3 0 X 60 50 40 rnA 
CAS = V/H. RAS cycling fRC = min. ICC9 X 0 100 90 70 rnA 

l;age mo~e current R~S = VIL. ICC4 0 X 50 40 35 rnA 
AS cycJmg fpC = mm. ICCIO X 0 90 80 65 rnA 

CBR refresh current RAS cycling ICCS 0 X 60 50 40 rnA 
tRC= min. [CCIl X 0 100 90 70 rnA 

Data transfer curren t ICC6 0 X 75 65 55 rnA 
RAS. CAS cycling tRC = min. ICC12 X 0 115 105 85 rnA 

Parameter Symbol min. max. Unit 
Input leakage IlL -10 10 JlA 
Ou tpu t leakage IOL -10 10 JlA 

Output high voltage IOH= -2 rnA VOH 2.4 - V 

Output low voltage IOL = 4.2 rnA VOL - 0.4 V 

@HITACHI 
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_________________________________ HM53462PSeries 

• ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING 
CONDITIONS (Ta = 0 to +70°C, Vee = SV ± 10%, Vss = OV)l),IO),ll) 

HM53462P HM53462P HM53462P 
Parameter Symbol -10 -12 -15 Unit 

min. max. min. max. min. max. 

Random Read or Write Cycle Time tRC 190 - 220 - 260 - ns 

Read Modify Write Cycle Time tRWC 260 - 300 - 355 - ns 

Page Mode Cycle Time tpc 70 - 85 - 105 - ns 

Access Time from RAS tRAC - 100 - 120 - 150 ns 

Access Time from CAS tCAC - 50 - 60 - 75 ns 

Outl!!!LBuffer Turn Off Delay referenced 
tOFFI 0 25 0 30 0 40 ns to CAS 

Transition Time (Rise and Fall) tT 3 50 3 50 3 50 ns 

RAS Precharge Time tRP 80 - 90 - 100 - ns 

RAS Pulse Width tRAS 100 30000 120 30000 150 30000 ns 

CAS Pulse Width tCAS 50 30000 60 30000 75 30000 ns 

RAS to CAS Delay Time tRCD 25 50 25 60 30 75 ns 

RAS Hold Time tRSH 50 - 60 - 75 - ns 

CAS Hold Time tCSH 100 - 120 - 150 - ns 

CAS to RAS Precharge Time tCRP 10 - 10 - 10 - ns 

Row Address Set·up Time tASR 0 - 0 - 0 - ns 

Row Address Hold Time tRAH 15 - 15 - 20 - ns 

Column Address Set-up Time tASC 0 - 0 - 0 - ns 

Column Address Hold Time tCAH 20 - 20 - 25 - ns 

Write Command Set-up Time twcs 0 - 0 - 0 - ns 

Write Command Hold Time tWCH 25 - 25 - 30 - ns 

Write Command Pulse Width twp 15 - 20 - 25 - ns 

Write Command to RAS Lead Time tRWL 3S - 40 - 45 - ns 

Write Command to CAS Lead Time tCWL 35 - 40 - 45 - ns 

Data-in Set-up Time tDS 0 - 0 - 0 - ns 

Data-in Hold Time tDH 25 - 25 - 30 - ns 

Read Command Set-up Time tRCS 0 - 0 - 0 - ns 

Read Command Hold Time tRCH 0 - 0 - 0 - ns 

Read Command Hold Time referenced 
tRRH 10 10 10 to RAS - - - ns 

Refresh Period tREF - 4 - 4 - 4 ms 
RAS Pulse Width 

tRWS 170 - 200 - 245 (Read Modify Write Cycle) - ns 

CAS to WE Delay tCWD 85 - 100 - 125 - ns 

CAS Set-up Time 
tCSR 10 - 10 - 10 - ns (CAS before RAS refresh) 

CAS Hold Time 
tCHR 20 -(CAS before RAS refresh) 25 - 30 - ns 

RAS Precharge to CAS Hold Time tRPC 10 - 10 - 10 - ns 

CAS Precharge Time tcp 10 - 15 - 20 - ns 

Access Time from OE tOAC - 30 - 35 - 40 ns 

Output Buffer Turn-off Delay referenced 
tOFF2 0 25 0 30 0 40 ns to OE 

OE to Data-in Delay Time tODD 25 - 30 - 40 - ns 

OE Hold Time referenced to WE tOEH 10 - 15 - 20 - ns 

Data-in to CAS Delay Tim~ tnzc 0 - 0 - 0 - ns 

Data-in to OE Delay.Time tDZO 0 - 0 - 0 - ns 

OE to RAS Delay Time tORD 25 - 30 - 40 - ns 

Note 

2, 3 

3,4 

5 

6 

7 

8 

9 

8,9 

8 

@HiTACHI (to be continued) 
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HM53462PSeries-----------------------------------

• ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING 
CONDITIONS (Ta = 0 to +70°C, Vee = SV ± 10%, Vss = OV) 1), 10), 11) 

HM53462P HM53462P HM53462P 
Parameter Symbol '-10 -12 -15 Unit 

min. max. min. max. min. max. 

Serial Clock Cycle Time tscc 40 - 40 - 60 - ns 

Access Time from SC tSCA - 40 - 40 - 60 ns 

Access Time from SOE tSEA - 25 - 30 - 40 ns 

SC Pulse Width tsc 10 - 10 - 10 - ns 

SC Precharge Width tscp 10 - 10 - , 10 - ns 

Serial Data-out Hold Time after SC High tSOH 10 - 10 - 10 - ns 

Serial Output Buffer Turn-off Delay 
tSEZ 0 25 0 25 

I 
0 30 ns from SOE 

Serial Data-in Set-up Time tSIS 0 - 0 - i 0 - ns 

Serial Data-in Hold Time tSIH 15 - 20 - 25 - ns 

DT to RAS Set-up Time tDTS 0 - 0 - 0 - ns 

DT to RAS Hold Time 
tRDH 80 90 - 110 - ns (Read Data Transfer Cycle) -

-
DT to RAS Hold Time tDTH 15 - 15 - ~~-t---- ns 

--- -- -- - - -~- - -- - ---
DT to CAS Hold Time tCDH 20 - 30 - 45 : - ns 

Last SC to DT Delay Time tSDD 5 - 5 - 10 - ns 

First SC to DT Hold Time tSDH 20 - 25 - 30 - ns 

DT to RAS Delay Time tDTR 10 - 10 - 10 - ns 

WE to RAS Set-up Time t~~ 0 - 0 - 0 - ns 

WE to RAS Hold Time ~'!'tf+ __ 15 - 15 - 20 - I ns 
-- --I---

1/0 to RAS Set-up Time tMS 0 - 0 - I 0 - ns 

1/0 to RAS Hold Time tMH 15 - 15 : - I 20 - I ns 

Serial Output Buffer Turn off Delay 
tSRZ 

i 10 50 10 60 ! 10 75 ! 
from RXS ! I I 

ns 
I 

I I 
I I 

SC to RAS Set-up Time tSRS 30 - 40 I - , 45 ! - i ns 
--t---- -------+ , 

RAS to SC Delay Time tSRD 25 - 30 - I 35 - ns 
~-1----- , 

Serial Data Input Delay Time from RAS tSID 50 - 60 - I 7S - ns 
-

Serial Data Input to DT Delay Time tSZD 0 - 0 - 0 - ns 

SOE to RAS Set-up Time 

::~ t-i~ 
- 0 - 0 I - ns 

-+-- ~ I 
SOE to RAS Hold Time - 15 - 20 - ns 

Serial Read Enable Set-up Time tsws I 
0 - 0 I - 0 - ns 

Serial Write Enable Hold Time tSWH 35 - 35 I - I 55 - ns 

Serial Write Disable Set-up Time tSWIS 0 - 0 
, 

- 0 
: - ns i ! 

Serial Write Disable Hold Time tSWIH 35 - 35 - j 55 i - i ns 

DT to Sout in Low-Z Delay Time tDLZ ----- -- ---~-
5 - 10 - 10 - ns 

~HITACHI 
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---------------------------------HM53462PSeries 

Notesl 
1. AC measurements assume tT = 5ns. 
2. Assumes that tRCD ~ tRCD (max). If tRCD is greater 

than the maximum recommended value shown in this 
table, tRA C !lxceeds the value shown. 

3. Measured with a load circuit equivalent to 2TTL loads 
and 100 pF. 

4. Assumes that tRCD ~ tRCD (max). 
5. tOFF (max) defines the time at which the output 

achieves the open circuit condition and is not refer
enced to output voltage levels. 

6. VIH (min) and V/L (max) are reference levels for 
measuring timing of input signals. Also, transition 
times are measured between V IH and V /L' 

7. Operation with the tRCD (max) limit insures that 
tRAC (max) can be met, tRCD (max) is specified as a 
reference point only, if tRCD is greater than the speci
fied tRCD (max) limit, then access time is controlled 
exclusively be tCAC' 

8. twcs and tCWD are not restrictive operating para-

meters. They are included in the data sheet as electri
cal characteristics only: if twcs ~ twcs (min), the 
cycle is an early write cycle and the data out pin will 
remain open circuit (high impedance) throughout the 
entire cycle; if tcwD ~ tcwD (min), the cycle is a 
read/write and the data output will contain data read 
from the selected cell; if neither of the above sets of 
conditions is satisfied, the condition of the data out 
(at access time) is indeterminate. 

9. These parameters are referenced to CAS leading edge 
in early write cycle and to WE leading edge in delayed 
write or read-modify-write cycles. 

10. Measured with a load circuit equivalent to 21TL and 
50 pF. 

11. An initial pause of 1001's is required after power-up. 
Then execute at least 8 Logic Reset Cycle as initializa
tion cycles. After this, execute at least one logic 
operation cycle including write mask reset (on the 
falling edge of RAS, WE= "Low" and 1/01 -. = 
"High"), and execute one or more transfer cycle for 
initialization of SAM. 

@HITACHI 
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HM53462P Series---------------------------------

• WAVE FORMS 
• READ CYCLE 

CAS ---+-+-------.1 

Address 

1/0 
(Output) 

UO 
(Input) :....I;.L""-,F1'-oj:...c:..c.."",[ 

IRe 

@HITACHI 

~Donotcare 
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_________________________________ HM53462P Series 

• EARLY WRITE CYCLE 
IH( 

lH( /J IH">1f 

It ... H 

CAS----~+_--------__J 

Address 

10 
(Input) "-"-""'...,.--I!-~~...p......;;;;;;.......;IF_~~"""-"'-"-'-<I~"""-"'-~'-<I~ 

10 
(Output) 

NOTE 1) When WE is "H" level, the all data on the I/O can be written into the cell. When WE 
is "L" level, the data on the I/O are not written except for when I/O is "H"level at 
the falling edge of RAS. 

@>HITACHI 
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• DELAYED WRITE CYCLE 

CAS----~+-------~ 

Address 

I/O 
(Input) 

IRe 

I/O High-Z 
(Output)--------------------------;...----------------------------- ~ Do not care 

NOTE 1) When WE is "H"lowl. all tho data on 1/0 1·4 can be written into the memory cell. 
When WE is "L" lowl. the data on 1/05 are not written except for when I/O • "H" at the falling edge of 
~. . 

• READ MODIFY WRITE CYCLE 

N01E 1) 

410 

RAS---~ 

Address 

10 
(Input) 

10 
(Output) 

IZZ2I Do not care 
When WE is "H"lovel. all the data on 1/01·4 can be written into the memory cell. 
When WE is "L" level. the data on 1/05 are not written except for when I/O • "8" at the falling edge of 

RAS. ~HITACHI 
Hitachi Amenca ltd • 2210 O'Toole Avenue • San Jose, CA 95131 • (408) 435·8300 



-----------------------------------HM53462P Series 

• PAGE MODE READ CYCLE 

Address 

1/0 
(Output) 

I/O 
(Input) 

• PAGE MODE WRITE CYCLE (Early Write) 

CAS --++-';;';"'--1. 

Address 

10 
(Input) 

10 
(Output) 

IRe 

tHA~ 

NOTE 1) When WE is "H"level, all the data on I/O 1-4 can be written into the memory cell. 

rn Do not care 

IZZ2I Do not care 

When WE is "L" level. the data on 1/05 are not written except for when I/O = "H" at the falling edge of 
RAS. 

~HITACHI 
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HM53462P Series---------------------------------

• PAGE MODE WRITE CYCLE (Delayed Write) 

Address 

)/0 
(Jnput) 

I/O 
(Output) 

NOTE 1) When WE is "H" level, all the data on I/O 1-4 can be written into the memory cell. 

~ Do not care 

When WE is "1.. "level, the data on I/Os are not written except for when I/O = "H" at the falling edge of 
RAS. 

• RAS ONLY REFRESH CYCLE 

CAS 

Address 

)/0 
(Outpul) 

I/O 
(Input) 

tHe 

@HITACHI 
rn Do not care 
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_________________________________ HM53462P Series 

• CAS BEFORE RAS REFRESH CYCLE 
IRP IRe 

I/O HIGH-Z 
(OUTPUT) 

DT/OE 7IUZZZIlzmz7ll//////////7ZZI/ 
• HIDDEN REFRESH CYCLE 

RAS----.J 

Address 

I/O 
(Output) 

I/O 
(Input) 

Vl1A Do not care 

tN( IN( 

@HITACHI !ZZJ Do not care 
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• READ DATA TRANSFER CYCLE (1)"1, '2 
IH! 

IRA!> 

Address 

10 ___ ~+-------+_--~~~~----~-------------(Output) 

1'0 
(Input) ~L.L~:..LL.L.LI.:..LU.I..J:..LU.I..JK-LJ.J..jt.Lf_f~:..LU...I..J~LL 

DT OE 

SC 

SIO 
(Output) 

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

SI,O 
(Input) ---------....:.;;::,;;..,;;;------------- IZZ2I Do not care 

• READ DATA TRANSFER CYCLE (2)*1, '2 

RAS IRA" 

tN~H 

CAS teA.'! 

Address 

WE 

I/O 
(Output) 

1/0 
(Input) 

DT/OE 

SC 

SilO 
(Output) IZZ2I Do not care 

SIlO 
(Input) 

at Inhibit rising transient 

NOTE "i) In the case that the previous data transfer cycle was read data transfer. 
"2) Assume that SOE is "Low". 

414 

"3) CAS and SAM start Address need not be supplied every cycle, only when it is desired to change to a new SAM 
start Address. 

~HITACHI 
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---------------------------------HM53462P Series 

• PSEUDO DATA TRANSFER CYCLE 
tRe 

Address 

SC 

SilO 
(Input) --+-+-------<Y 

N-"-'-..t....I.~l....I....L..fJ IZZ2I Do not care 

iii Inhibit rising transient SilO 
(Output) __ --'I '\.L..L.L..J~of 

• WRITE DATA TRANSFER CYCLE 

*1) 

Address 

SC 

SI'O 
(Input) 

SI '0 High-Z 
(Output) -------------~--------------

m Do not care 

m Inhibit rising transient 

CAS and SAM start address need not be supplied every cycle, only when it is desired to change to a new SAM 

start address. @HITACHI 
Hitachi Amenca Ltd, • 2210 O'Toole Avenue • San Jose, CA 95131 • (408) 435-8300 
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HM53462P Series---------------------------------

• SERIAL READ CYCLE 

RAS~ r 
rrrmE llZLZ1llLZ11lll7lOlli~im 

SOE -------' 

SC 

SI'O 
(Output) 

• SERIAL WRITE CYCLE IZZJ Do not care 

416 

SOE -----------------------~ 

SC 

SIO 
(Input) 

t~uH 

h«( 

----' 

~ Do not care 

@HITACHI 
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---------------------------------HM53462P Series 

• ELECTRICAL AC CHARACTERISTICS (Logic operation mode) 
HM53462P HM53462P HM53462P 

Parameter Symbol -10 -12 -IS Unit 
min. max. min. max. min. max. 

Write cycle time tFRC 230 - 265 - 310 - ns 

RAS pulse width in write cycle tRFS 140 - 165 - 200 - ns 

CAS pulse width in write cycle tCFS 80 - 95 - 105 - ns 

CAS hold time in write cycle tFCSH 140 - 165 - 200 - ns 

RAS hold time in write cycle tFRSH 80 - 95 - 105 - ns 

Page mode cycle time (Write CYcle) tFPC 100 - 120 - 135 - ns 

CAS hold time in logic operation 
tFCHR 90 - 100 - 120 - ns programming cycle 

CAS hold time from RAS precharge 
tpSCH 0 - 0 - 0 - ns (x4 ... xl set cycle)* 

*Specified when organization is changed . 

• LOGIC CODE (FCO - 3 are AXO - AX3 in Logic Operation Set Cycle) 

FC3 FC2 Fel FCO 
LOGIC 

Symbol Write Data 

0 0 0 0 0 Zero 

0 0 0 I ANDl Di'Mi 

0 0 1 0 AND2 Di'Mi 

0 0 1 I X4 .... XI -
0 1 0 0 AND3 Di'Mi 

0 I 0 1 THROUGH Di 

.... SAM organization changes to 1024 x 1 I .... Logic operation mode reset 

0 1 1 0 EOR Di'Mi+Di'Mi 

0 1 1 1 ORI Di+Mi 

1 0 0 0 NOR Di'Mi 

1 0 0 I ENOR Di ' Mi + Di ' Mi 

1 0 I 0 INVI Di 

I 0 I 1 OR2 Di+ Mi 

I I 0 0 INV2 Mi 

I I 0 1 OR3 Di+Mi 

1 I 1 0 NAND Di+Mi Di : External Data-in 

1 1 1 1 1 ONE Mi : The data of the memory cell 

~HITACHI 
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HM53462PSeries------------------------------------------------------------------

• LOGIC OPERATION SET/RESET CYCLE (With CAS before RAS refresh) 

Address 

I/O 
(Input) 

I/O 
(Output) 

IRP IRe 

'-''--'....I..J 

HIGH Z 

DT/OE 771ll177l//////llZZ7llll7lllll7Z 
*1) Logic code AO-A3 (A4-A7: don't care) 
*2) Write mask data 

@HITACHI 
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-----------------------------------HM53462P Series 

• LOGIC OPERATION MODE 
• EARLY WRITE CYCLE tFRC 

tRf'S 

tReD tFRSH 

tFCSH 

HIGH-Z I/O 
(Output) ---H-----------------------

tDTS 

NOTE 1) When WE is 'high', the all data on the I/O can be written into the cell. 
When WE is 'low', the data on the I/O are not written except for when I/O is 'high' 
a t the falling edge of RAS, 

@HITACHI 
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• DELAYED WRITE CYCLE 

Address 

I/O 
(Input) 

I/O 
(Output) 

IASR 

Inc 

IRCD IFRSH 

VALID DATA 1;1/ 

HIGH-Z 

NOTE 1) When WE Is "H"level. all the data on 1/01-4 can be written into the memory cell. rlllA Do not care 

When WE Is "L"level. the data on I/Ds are not written except for when I/O = "H" at the falling edge of RAS • 

• PAGE MODE WRITE CYCLE (Delayed Write) 

Address 

I/O 
(Input) 

I/O 
(Output) 

DT/OE 

Inc 

tRI"~ 

IFCSH !FPC 

HIGH Z 

NOTE 1) When WE is 'high', the all data on the I/O can be written into the cell. 
When WE is 'low', the data on the I/O are not written except fOl when I/O is 'high' 
at the falling edge of RAS. 

~HITACHI 
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-----------------------------------HM53462PSeries 

• PAGE MODE WRITE CYCLE (Early Write) 

Adress 

1/0 
(Input) 

tFRC 

I/O -----r+----------------------~~~--------------------------------(Output) 

NOTE 1) When WE is 'high', the all data on the I/O can be written into the cell. IZZlI Do not care 

When WE is 'low', the data on the I/O axe not written except for when I/O is 'high' 
at the falling edge of RAS. 

• DESCRIPTION 
1. LOGIC OPERATION MODE 
HM53462P has an internal logic operation unit 
which makes a process of graphics simple. The logic 
is determined in "Logic operation set/reset cycle", 
and the operation is executed in every write cycle 
succeeding to the logic operation set/reset cycle. In 
this mode the internal read-modify-write operation 
is executed and the cell data is converted into the 
new data given by the logic operation between Din 
and the old cell data. 

2. LOGIC OPERATION SET/RESET CYCLE 
A logic operation set/reset cycle is performed by 
bringing CAS and WE low when RAS falls (Fig. 1). 
The logic code and the bits to be masked are dater
mined respectively by AxO-3 state and I/O 1-4 state 
at the falling edge of RAS. Furthermore, in this 
cycle CAS before RAS refresh operation is executed, 
too. In the case of executing the conventional CAS 
before RAS refresh operation, WE must be high 
when RAS falls. 

2.1. Logic code 
The logic code is shown in Table I. When power 
is turned on, the logic code is initialized to 
"THROUGH". If the logic code is (Ax3, Ax2, Axl, 
AxO) = (0, 0,1,1), the SAM organization is changed 
to 1,024 x 1 using the internal parallel to serial 
converter (Fig. 2). In the case that the SAM orga
nization is changed to 1 ,024 xl, one data transfer 
cycle is needed to initialize the SAM selector. 

Once the SAM organization is changed to 1024 x I, this code 
is maintained unless power is turned off. 

2.2. Write mask 
HM53462P has two kinds of mask registers (register 
1, 2). The register 1 is set by bringing WE low at 
the falling edge of RAS during the write cycle, and 
the mask data is available only in this cycle. The 
register 2 is set by level of I/O in the logic operation 
set/reset cycle, and the mask data is available until 
the next logic operation set/reset cycle. If the re
gister 1 is set during the current logic operation 
mode, the mask data of the register 1 is preferred 
(that of the register 2 is ignored) and the logic be
comes "THROUGH" only in this cycle (Fig. 3). 

@HITACHI 
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HM53462PSeries---------------------------------

'L" 

Addres 

I/O 

IlZ2I Do not care 

Fig, 1 LOGIC OPERATION SET/RESET CYCLE 

Table 1, LOGIC CODE {FCO - 3 are AXO - AX3 in Logic Operation Set Cycle) 

FC3 FC2 FCI FCO 
LOGIC 

Symbol Write Data 

0 0 0 0 0 Zero 

0 0 0 1 AND! Di'Mi 

0 0 1 0 AND2 Di'Mi 

0 0 1 1 X4 -+Xl - -+ SAM organization changes to 1024 x 1 

0 1 0 0 AND3 Di'Mi 

0 1 0 1 THROUGH Di -+ LogiC operation mode reset 

0 1 1 0 EOR Di ' Mi + Di ' Mi 

0 1 1 1 ORl Di+Mi 

1 0 0 0 NOR Di'Mi 

1 0 0 1 ENOR Di 'Mi+ Di 'Mi 

1 0 1 0 INVl Di 
1 0 1 1 OR2 Di+Mi 

1 1 0 0 INV2 Mi 

1 1 0 1 OR3 Di+Mi 

1 1 1 0 NAND Di+Mi Di : External Data-in 

1 1 1 1 1 ONE Mi : lbe data of the memory cell 

~HITACHI 
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---------------------------------HM53462PSeriea 

Fig. 2 THE SHIFT WAY OF SAM DATA 

SAM Data Register Serial I/O 
i+1 

~ ________ ~~l~e~i ~a~ 
~ ________________ ~~ __ ~_b~~ 

~ ________________ ~~ __ g~! __ c~~ 
~ ____________ ~~~l_d~~ 

11 By 4 mode (SAM organization: 256 x 4) 

s::,-dS 
be( 

1 \ \ I ~ 
~ x::::: 

SI,02 X b X x::::: 
SI,03 X X g ~ 
SI'04 X d X h x::::: 

21 By 1 mode (SAM organization: 1024 x 1) 

I 
SI,02 

H,gh-Z 

SI03 
High-Z 

SI/04 
High-Z 

~HITACHI 
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HM53462P Series---------------------------------

Fig. 3 EXAMPLE OF LOGIC OPERATION MODE 

Logic operation 
Write cycle Write cycle Write cycle Write cycle setl reset cycle 

RAS ---. ~ I ~ I 

CAS 
"L" J "H" \ I "H" \ r ~ r --"W \ 

WE 
"L" I "W\ "L" I "H"\ r :;\ 

1/01 \ "O"Wr.te Masked I \ "O"Write 
"l"Write 

1/02 I Masked "l"Wrlte Masked Masked 

1/03 
Masked ,-- """""\ "O"Wrlte Masked Masked 

1/04 
"l"Write \ Masked " O"Wrlte I "l"Write 

Logic - ANDI ANDI ANDl 

Mask reg.2 is set Mask reg.l is set, 
I 02,3 :M asked and valid only in 
Assume that the this cycle. 

logic is set to I 01,4:M asked 
"ANDl". 

@HITACHI 
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HB561003A/B Series 
282,144 x 9 bit Dynamic Random Access Memory Module 

The HB561003A/B is a 2.25M dynamic random·access memory module organized as 262,144 x 9 bits [bit 
nine (PO, PO) is generally used for parity and is controlled by PCAS) in a 30·pin single-in-line package com
parising nine HM50256CP, 262,144 x 1 bit dynamic RAMs in 18-pin Plastic Leaded Chip Carrier mounted on 
a substrate together with decoupling capacitors. 

-FEATURES 
• 262,144 words x 9 bits Organization 
• Industry standard 30-pin Single Inline Package Memory Module 
• Single 5V (±10%) 
• Utilizes nine 256K Dynamic RAMs in PLCC (HM50256CP) 
• HB561003A/B operates as nine HM50256CP as shown in the functional block diagram. 
• Low Power; Operating: 2,160mW typo (tRC = 260ns) 

Standby: 135mW typo 

• High speed: 

HB56I003A1B·12 

HB56I003A/B·15 

HB561003A/B·20 

• Page mode capability 
• TTL compatible 
• 256 refresh cycles/4ms 
• 3 variations of refresh 

RAS only refresh 
CAS before RAS refresh 
Hidden refresh 

Access TIme 
from RAS (max) 

120ns 

150ns 

200ns 

• Operating Ambient Air Temperature: O°C to +70°C 

.PlN ARRANGEMENT 

Access Ttme 
from CAS (max) 

70ns 

75ns 

lOOns 

000000000 
• H85610038's pm arrangement 

IS same as HB561003A 
(Side View) 

• Common CAS control for eight common Data· In and Data-Out 
lines. 

• Separate CAS control for one separate pair of Data-In and Data
Out lines. 

• The common I/O feature dictates the use of only p.arly write 
operations to prevent contention on Din and Dout. 

~HITACHI 

Read orWrtte 
Cycle (min) 

220ns 

260ns 

330ns 

PIN NOMENCLATURE 

AO-A8 Address Inputs 

CAS.PCAS Column Address Strobes 

DQO-DQ7 Data In/Data Out 

PD Data In 

NC No Connection 

PQ Data Out 

RAS \ Row Address Strobes 

WE Write Enable 

Vee +5VSupply 

Vss Ground 
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-------------------------------HB561003A/B Series 

.FUNCTIONAL BLOCK DIAGRAM 

A (4) 

:~ A 
A 
A 
A 
A 
A 
A 

2 (7) 

, (B) . 1111 
; (121 

(1-1) . 
: Jl~~ 

(27) 

(2) 
{211 

9 M, 
-I- Ao-As 

f-- ---!> 1m 
CAS 
WE 

(Jl 
Om Dom 1 DQ. (161 

I ~'((' I" 
DQ. 

M, 

~ \o-A~ 
'-f--i> iffi 

CAS 
WE 

(o( 
Din D"m 1 DQ; (2[)) 

I I" I" 

I M, + \0 .A~ 
~--t> (l\;, 

( \S 

WE 
( 101 

Dill O"m 1 DQ. 
(23) 

I I" I" 
I), 

L.,i.- \0- \, 

~H-\S 
C-\S 
WE 

lUI I Dm 
D"m n DQ, (25) 

I" I" 

PO 

\ cc 

I" 

I" 

I" 

(:!M' 

12YI 

()) 

(30l 

TC'---TC' (9) 

(22) 

-ABSOLUTE MAXIMUM RATINGS 
Voltage on any pin relative to VSS: -1V to +7V 
Operating temperature, Ta (Ambient): O°C to '+70°C 
Storage temperature (Ambient): _55°C to +125°C 
Power dissipation: 9W 
Short circuit output current: SOmA 

9 M; ---+- Ao-As 

--t> R,S 
CAS 
WE 

I Om 
I" 

Dom 1 
I" 

9 I M. I 
r-+- A.-A. 
f----t> RAS 

C\S 
WE 

I Om 
I" 

D"mn 

'" 
" I M, I 

r-+- \o-h 

r-f--t> R \S 
(.IS 
WE 

I Dill 
I" 

DlllHn 
I" 

" I M. I r--;- AO--\8 

f--~ RAS 
C \S 
WE 

I DUl 
I" 

Doml I" 

9 1 M'l 
---I- -\o-.l,,~ 

---i> RAS 

" 'hE 

Dm [)oul ~ 

I 

.RECOMMENDED DC OPERATING CONDITIONS (Ta=O to +70·C) 

Parameter Symbol mm typ max. Umt Notes 

Supply Voltage Vee 4.5 5.0 5.5 V 1 

Input HIgh Voltage VIH 2.4 - 6.5 V 1 

Input Low Voltage VIL -1.0 - 0.8 V 1 

Notes 1 All voltages referenced to V~.., 

~HITACHI 
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HB561003A/B Series -------------------------------

.oc ELECTRICAL CHARACTERISTICS (Ta=O to +70"C, Vcc=5V±1O%, Vss=OV) 

Parameter Symbol min max. Unit Notes 

Operatmg current tRe -330ns 495 
tRC ~260ns ICCI - 630 rnA 1 
tRe ~220ns 747 

Standby current /CC2 - 40 rnA 

tRe -330ns 378 Refresh current 
tRC ~260ns Icc3 - 477 rnA RAS only Refresh 
tRe ~220ns 558 

Standby current (D,,, Enable) Ices - 90 rnA 1 

Refresh current tRe -330ns 405 CAS before 
tRe ~260ns /CC6 - 522 rnA 

RAS Refresh tRe ~220ns 621 

Input leakage 0< V .. <7V ILl -10 10 "A 
Output leakage 0< V,,, <7V lLO -10 10 "A Doul IS disabled 

Output levels High (J,,, ~ - 5mA) VOH 2.4 Vee V 

Low II", ~ 4.2mA) VOL 0 0.4 V 

• CAPACITANCE (Vcc~5 V±lO%, Ta~25°C) 

Parameter Symbol typ max Umt Notes 

Address eli - 60 pF 2 

Clocks C12 - 75 pF 2,3 
DQ Clio - 17 pF 2,3 

PQ Co - 12 pF 2,3 

PD C/3 - 10 pF 2 

Notes: 1. ICC depends on output loading condition when the device is selected,lcc max is specified at the output 
open conditIOn. 

2. ~citance measured with Boonton Meter or effective capacitance measuring method. 
3. CAS = VIH to dIsable Dout . 

• ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Ta=O to + 70"C, Vcc=5V±10%, Vss=OV)ll. 9). 10) 

Symbol 
HB561003A!B·12 HB561003A!B·15 HB561003A!B-20 

Parameter UOIt Note 
mm max mm max mm max 

Access Time from RAS tRAC - 120 - 150 - 200 ns 2,3 

Access Time from CAS tCAC - 70 - 75 - 100 ns 3,4 

Output Buffer Turn-off Delay tOff - 30 - 40 - 50 ns 5 

Transition TIme (Rise and Fall) tT 3 50 3 50 3 50 ns 6 

Random Read or \\"nte Cycle TIme tRe 220 - 260 - 330 - ns 

RAS Precharge Time tRP 90 - 100 - 120 - ns 

RAS Pulse Width [HAS 120 10000 150 10000 200 10000 ns 

CAS Pulse Width tCAS 70 10000 75 10000 100 10000 ns 

RAS to CAS Delay Time IReD 35 50 35 75 35 lOa ns 7 

RAS Hold Time tRSH 70 - 75 - 100 - ns 

CAS Hold Time tCSH 120 - 150 - 200 - ns 

CAS to RAS Precharge Time iCRP 10 - 10 - 10 - ns 

Row Address Set-up Time IASR 0 - 0 - 0 - ns 

Row Address Hold Time tRAH 15 15 - 20 - ns 

Column Address Set-up Time lAse 0 - 0 - 0 - ns 

Column Address Hold Time leAH 25 - 25 - 30 - ns 

Column Address Hold Time referenced to RAS tAR 75 - 100 - 130 - ns 

Read Command Set-up Time til cs 0 - 0 - 0 - ns 8 

Write Command Hold Time Il~CH 45 - 45 - 55 - ns 

Write Command Hold Time referenced to RAS tliCR 95 - 120 - 155 - ns 

Write Command Pulse Width /II'P 45 - 45 - 55 - ns 

Write Command to RAS Lead Time tRilL 45 - 45 - 55 - ns 

Write Command to CAS Lead Time /Cl-H 45 - 45 - 55 - ns 

Data·m Set-up Time tDS a - 0 - 0 - ns 8 

(to be continued) 
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-----------------------------HB561003A/B Series 

Symbol 
HB561003A/B·12 HB561003AiB·15 HB561003A/B·20 

Parameter Unit Note 
min max. mm. max. min. max. 

Data·in Hold Time tDH 45 - 45 - 55 - ns 

Data·in Hold Time Referenced to RAS tDHR 95 - 120 - 155 - ns 

Read Command Set·up Time IRes 0 - 0 - 0 - ns 

Read Command Hold Time Referenced to CAS tReH 0 - 0 - 0 - ns 

Read Command Hold TIme Referenced to RAS tRRH 10 - 10 - 10 - ns 

Refresh Period tREF - 4 - 4 - 4 ms 

CAS Precharge Time tcPN 50 - 60 - 80 - ns 

CAS Set·up Time tC5R 10 - 10 - 10 - ns 

CAS Hold Time (CAS before RAS) tCHR 120 - 150 - 200 - ns 

RAS Precharge to RAS Hold Time tRPC 0 - 0 - 0 - ns 

Notes: l. AC measurements assume fT; 5ns. 
2. Assumes that fRCD:;;; fRCD (max). If fRCD is greater than the maximum recommended value shown in this 

table, fRAC exceeds the value shown. 
3. 
4. 
5. 

6. 

7. 

8. 
9 . 

Measured with a load circuit equivalent to 2TIL loads and 100pF. 
Assumes that fRCD;;;:: fRCD (max). 
fOFF (max) defines the time at which the output achieves the open circuit condition and output voltage levels 
are not referred. 
VIH (min) and V/L (max) are reference levels for measuring timing of input signals. Also, transition times are 
measured between VIH and V/L. 
Operation with the fRCD (max) limit insures that fRAC (max) can be met. fRCD (max) is specified as a re
ference point only; if fRCD is greater than the specified fRCD (max) limit, access time is controlled exclusively 
by fCAC. 
An initial ~e of 100"s is required after power-up. Then execute at least 8 initialization cycles. 
At least 8 CAS before RAS refresh cycles are required before using internal refresh counter. 

• WAVEFORMS 

eRead Cycle 

,,, 
~'IH 

IRA) 

ill 
~'IL 

tCSH 

IIlCD tllSH 

rlH 

CAS. PCAS 

~'IL 

I,. 
A"cldress 

In 

rlH 

WE 
\'IL 

DQ.PQ I" 
rOt 
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HB561003A1B Series-------------------------------

• Write Cycle 

,,, 
rlH 

IRAb 
I. 

RAS 
In ~ III./' "'-

ICSH 

I" 
CAS. PCAS 

In 

I/H 
Address 

In 

tileD III~H 

:J-ICA.~ 

~ 
,,, 

n lAse 

=:) 
I ~ 

Row Column K :"ddress Address 

tRilL 

teliL 

hiD IIICH 

WE I" 

In -t \ h" 

IlleR I 

I" ~ 
,,, 

DQ.PQ 

I'lL 
Valid Data K 

It"" 

• RAS On Iy Refresh Cycle 

I" 
tRAS 

R;S 
I" 

I/H 

CAS. PC AS 
In 

I/H 

.l,ddres:. 
In 

* Refresh Address l,.n-.-\r(..l,\o-l,}",J 

UoUl I" 
lUI 
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-------------------------------HB561003A/B Series 

• Hidden Refresh Cycle 

r'H 
RAS 

In 

I" 
CAS. PCAS 

In 

I" 

Address 
In 

I" 
WE 

In 

DQ.PQ 
\(IH 

\11/ 

• CAS Before RAS Refresh Cycle 

• COUNTER TEST 

"'; 

CAS 

l.ddres~ 

m 

::---1;~ 
In ~ 

,,, 

I'H-----------------------------------------------------------
In ______________________ ~u=OO~'~"~~~ __________________________ ___ 

,,, 
I 'H 

In 

I'H 

In 

I'H 
Don't 

In 

I'H 

In 
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HB561003A/BSeries-----------------------------------------------------------------

HBS61003A/B-12 HBS61003A/B-1S HBS61003A/B-20 
Parameter Symbol Unit Note 

mion. max. min. max. min. max. 

Page Mode Supply Current IcC? - 513 - 432 - 333 rnA 

Page Mode Read or Write Cycle tpc 130 - 14S - 190 - ns 

CAS Precbarge Time, Page Cycle tcp SO - 60 - 80 - ns 

• Page Mode Read Cycle 

I" 
RA, 

VIL 

I" 
CAs. peAS 

v" 

I" 

l,uJre~~ 

In 

I" 
'if 

I" 

I'"" 
DQ, PQ lee 

~HITACHI 
432 Hitachi America Ltd, • 2210 O'Toole Avenue • San Jose, CA 95131 • (408) 435-8300 



-------------------------------------------------------------HB561003A/BS.ie • 

• Page Mode Write Cycle 

RAs 

CAS. PeAS' 

<\ddreMo 

WE 

DQ.PQ 

.PACKAGE OUTUNE 
• HB.561003A Series 

I,. 

\"L 

I,. 

~ II. 

I,. 

In 

I,. 

In 

I,. 

In 

11A~ 

1803 
(OJ]) 

Umt mm(mch) 

~HITACHI 

Vee 

CAS 

IlQO 
AO 

u!UI((}~~)m.u. 
Al 

DQI 

A2 

A3 

V" 
DQ2 

A4 

AS 

DQ3 

A6 

A7 

DQ4 

A8 

NC fl 250 «) (KId 
NC 

DQ5 
WE 

V" 
DQ6 

NC 

DQ7 

PQ 

RAS 

PCAS 

PD 

Vee 
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HB561003A1B Series-------------------------------

• HB561003B Series 

5 08 (O 200) max '''''".... n -". 
-.--;:-=-tf-Hl-'-::-=============-:-__ = _____ -=-~f:+-(0f_l-'-OOmm 1[[3, 78 (07001 m" 

(0400) -:: 

o 0 

8890 (350) 

(0133) 821-1(3234) 

(0300) Jk (0100) 

30 J( 
{O07Omml {OOlmax.J 127~IU{o05~ggz:J 

Unit mm(mch) Vee I 

CAS 2 

DQO 3 

AO 4 
Note: Contact pads are overcoated with Tin/Lead. AI 5 

DQI 6 

A2 7 

A3 8 

V" 9 

DQ2 10 

A4 II 

AS 12 

DQ3 13 

A6 14 

A7 15 

DQ4 16 

AS 17 

NC 18 

NC 19 

DQ5 20 

WE 21 

V .. 22 
DQ6 23 

NC 24 

DQ7 25 
PQ 26 

RAS 27 

PCAS 28 

PO 29 

Vee 30 
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H B56A 18A/B Series------Preliminary 

1,048,576 words x 8-bits High Density Dynamic RAM Module 

• FEATURES 
• High Density Industry Standard 30 Pin SIP 
• + 5V Single Supply 
• High Speed: 

Fast Access Time from RAS 100ns/120ns/150ns (max) 
Fast Access Time from CAS 50ns/60ns/75ns (max) 
Fast Access Cycle Time (Read or Write) 190ns/220ns/ 
260ns (min) 

• Low Power Operation and Low Power Standby: 
Operation: 1.BW typo 
Standby: 20 mW typo 

• Page Mode Capability 
• 3 Variations of Refresh Capability 

RAS Only Refresh 
CAS before RAS Refresh 
Hidden Refresh 

• Directly TTL Compatible: All Input and Outputs 
• Available in SIP and SIMM 

• BLOCK DIAGRAM 

DQ2 

• PIN ARRANGEMENT 

DQ5 

HB56A18B 

DQ6 DQ7 peAS PD PQ 

Vee DOO A1 A2 Vss A4 D03 A? A8 NC WE D06 DO? NC NC 
CAS AO D01 A3 D02 A5 A6 D04 A9 D05 Vss NC NC NC Vcc 

Note) The ~pecil'icatiOns of this device arc !o.ubJcct to change without notice 
Plca~e contact your neare~t Hitachi\ Sale~ Department regardmg speClflcation~. 
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HB56A 19A/B Series------Preliminary 

1,048,576 words x 9·bits High Density Dynamic RAM Module 

• FEATURES 
• High Density Industry Standard 30 Pin SIP 

Mounting 9 pcs of 1 M Dynamic RAM (J-bend SO) 
• + 5V Single Supply 
• High Speed: 

Fast Access Time from RAS 100ns/120ns/150ns (max) 
Fast Access Time from CAS 50ns/60nsl75ns (max) 
Fast Access Cycle Time (Read or Write) 190ns/220ns/ 
260ns (min) 

• Low Power Operation and Low Power Standby: 
Operation: 2 W typo 
Standby: 22 mW typo 

• Page Mode Capability 
• 3 Variations of Refresh Capability 

RAS Only Refresh 
CAS before RAS Refresh 
Hidden Refresh 

• Directly TTL Compatible: All Input and Outputs 
• Available in SIP or SIMM 

• BLOCK DIAGRAM 

Ao-A9 o''---...r----, 
~--~~--_+~r_ 

RAS 0 

CAS 0 

WE 0 

DQo 

• PIN ARRANGEMENT 

Vee DaO A1 A2 Vss A4 DQ3 A7 AS 

HB56A19A 

DQ5 

NC WE DQ6 DQ7 RAS PD 
CAS AO DOl A3 D02 A5 A6 D04 A9 D05 Vss NC PO PCAS Vee 

Note) The speCIfIcatIOn_ of th" devIce are subject to change without nollce. 
Plea~e contact your neare!o.t Hltachl'loo Saleloo Department regarding speclflCatlOn~ 
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HB56100BB Series 
262.144-word x 8-bit Dynamic Random Access Memory Module 

The H8561 0088 is a 2M dynamic random-access memory module organized as 262,144 x 8 bits in a lead
less 3O-pin single-in-line package comprising eight HM50256CP, 262,144 X 1 bit dynamic RAMs in 18-pin 
Plastic Leaded Chip Carrier mounted on top of a subtrate together with decoupling capacitors mounted 
beneath the chip carriers. 

-FEATURES 
• 262,144 words B bits Organization 
• Industry standard 30-Pin Single Inline Package Memory Module 
• Single 5V (±10%) 
• Utilizes eight 256K Dynamic RAMs in PLCC (HM50256CP) 
• HB56100BB operates as eight HM50256CP as shown in the functional block diagram. 
• Low Power; Operating: 1,920mW typo (tRC = 260ns) 

Standby: 120mW typo 

• High speed: 

HB561008B·12 

HB561008B·15 

HB561008B·20 

• Page mode capability 
• TTL compatible 
• 256 refresh cycles: (4ms) 
• 3 variations of refresh 

RAS only refresh 
CAS before RAS refresh 
Hidden refresh 

Access Time 
from RAS (max) 

120ns 

150ns 

200ns 

• Operating Ambient Air Temperature: 0 to + 70°C 

.PIN ARRANGEMENT 

Access Time 
from CAS (max) 

70ns 

7508 

lOOns 

000000000 0 
OOOOOOOOODOOODDDOooobOOOOOOO 0 

(Side View) 

• Common CAS control for eight common Data-In and Data-Out 
lines. 

• The common I/O feature dictates the use of only early write 
operations to prevent contention on 0 and Q. 

~HITACHI 

Read orWnte 
Cycle (mm) 

22008 

260ns 

330ns 

PIN NOMENCLATURE 

AO-A8 Address Inputs 

CAS Column Address Strobes 

DQO-DQ7 Data In/Data Out 

NC No ConnectlOn 

RAS Row Address Strobes 

WE WnteEnable 

Vee +5VSupply 

Vss Ground 
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HB561008BSeries--------------------------------

• FUNCTIONAL BLOCK DIAGRAM 

A (41 

A 
II (5) 
, .21 

A 
A 
A 
A 
A 
A 
A 

, (81 

:~ 
; -lW--------, 
~~ 
6 (15) , 

U71 . 
(271 
(2 
211 

9 M, 
-+- A.-A. 

~-!>m 
CAS 
WE 

(31 Dm 

I Vee 
DQ. 

9 I M, 
-i-: All-As 

~-!> RAS 
CAS 
WE 

(61 I Om 
Vee 

M, 

r-+- A.-A, 
~f----!>RAS 

CAS 
WE 

(101 Om 

I Vee 
OQ, 

D'U'n DQ. (I61 
Vss 

D'''n DQ,(2Oi 
Vss 

DOll' n OQ.(231 

V" 

9 M. I 
-i- Ao-AI 

(]31 

Vee 
Vee 
Vss 
Vss 

(II 

(301 
(91 
(221 

---!> HAS 
CAS 
WE 
Om I rcc 

*C,.:.*C. 

• ABSOLUTE MAXIMUM RATING 

DOll' n OQ, (2SI 
Vss 

Voltage on any pin relative to VSS: -1V to +7V 
Operating temperature, Ta (Ambient): O°C to +70°C 
Storage temperature (Ambient): -SSoC to +12SoC 
Power dissipation: 8W 
Short circuit output current: SOmA 

9 M, 

r--+- Ao-A8 '-+-1> RAS 
CAS 
WE 

I Din Vee 
DOll'n 
~rss 

I M, 

~A'-A' 
~ !<AS 

CAS 
WE 
Om EOll'n I \'cc \'ss 

M, 

--i-- Ao-A, 
-~RAS 

CAS 
WE 
Dm 

I he 
_oo'''l 
Is> 

M, 

--i-- Ao-As 
---!> rrn 

CAS 
WE 

I Om Icc 
DOU'l 

I" 

.RECOMMENDED DC OPERATING CONDITIONS (Ta=O to +70·C) 

Parameter Symbol mm. typo max. Unit Notes 

Supply Voltage Vee 4.5 5.0 5.5 V 1 

Input High Voltage VIH 2.4 ..... 6.5 V 1 

Input Low Voltage VIL -1.0 ..... 08 V 1 

Notes 1 All voltages referenced to Vss 

~HITACHI 
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------------------------------HB561008B Series 

.DCELECTRICALCHARACTERISTICS (Ta=Oto +70'C, Vcc=5V+I0%, Vss=OV) 

Parameter Symbol min. max Umt Notes 

Operating current loc=330ns 440 
loc=260ns Iccl - 560 rnA 1 
loc=220ns 660 

Standby current /CC2 36 rnA 

Refresh current IRe = 330ns 335 
IRc=260ns leeJ - 425 rnA RAS only Refresh 
loc=220ns 495 

Standby current (Dout Enable) Ices - 80 rnA 1 

Refresh current IRe = 330ns 360 CAS before -IRc=260ns Ice6 465 rnA 
RAS Refresh IRt =220ns 550 

Input leakage 0< V",<7V ILl -10 10 p.A 

Output leakage 0< V,,<7V ho -10 10 p.A Dout IS disabled 

Output levels HIgh (I.o,=-5mA) VOH 24 Vee V 
Low (1,0,-4 2mA) VOL 0 04 V 

• CAPACITANCE (Vee = 5 V ± 10%, Ta = 25° C) 

Parameter Symbol typo max Umt Notes 

Address CII - 55 pF 2 

Clocks CI2 - 70 pF 2,3 

DQ CIIO - 17 pF 2,3 

Notes: 1. ICC depends on output loading condition when the device is selected, ICC max is specified at the output 
open condItion. 

2. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
3. CAS = VIH to dIsable Dout· 

.ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Ta=Oto +70'C, Vcc=5V±10%, Vss=OV) 11.'1.101 

Symbol 
HB561008B·12 HB561008B·15 HB561008B·20 

Parameter Umt 
mm max. mm max mm. max 

Access TIme from RAS tRAC - 120 - 150 - 200 ns 

Access TIme from CAS tCAC - 70 - 75 - 100 ns 

Output Buffer Turn·off Delay tOFF - 30 - 40 - 50 ns 

TransItion TIme (RIse and Fall) IT 3 50 3 50 3 50 ns 

Random Read or WrIte Cycle TIme IRc 220 - 260 - 330 - ns 

RAS Precharge TIme lop 90 - 100 - 120 - ns 

RAS Pulse WIdth tRAS 120 10000 150 10000 200 10000 ns 

CAS Pulse WIdth teAS 70 10000 75 10000 100 10000 ns 

RAS to CAS Delay TIme IRCD 35 50 35 75 35 100 ns 

RAS Hold TIme tRSH 70 - 75 - 100 - ns 

CAS Hold TIme tCSH 120 - 150 - 200 - ns 

CAS to RAS Precharge TIme tcRP 10 - 10 - 10 - ns 

Row Address Set·up TIme tASR 0 - 0 - 0 - ns 

Row Address Hold TIme tRAH 15 - 15 - 20 - ns 
Column Address Set·up TIme lAse 0 - 0 - 0 - ns 
Column Address Hold TIme leAH 25 - 25 - 30 - ns 

Column Address Hold TIme referenced to RAS lAO 75 - 100 - 130 - ns 

Read Command Set·up TIme Iwcs 0 - 0 - 0 - ns 
WrIte Command Hold TIme tWCH 45 - 45 - 55 - ns 

WrIte Command Hold TIme referenced to RAS tWCR 95 - 120 - 155 - ns 
WrIte Command Pulse WIdth Iwp 45 - 45 - 55 - ns 
WrIte Command to RAS Lead TIme tRIH 45 - 45 - 55 - ns 

WrIte Command to CAS Lead TIme ICWL 45 - 45 - 55 - ns 
Data·1n Set·up TIme IDS 0 - 0 - 0 - ns 

Note 

2,3 

3,4 

5 

6 

7 

8 

-

(to be contmued) 
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HB561008BS.ies-------------------------------------------------------------

Parameter Symbol 
HB561008B-12 HB561008B-15 HB561008B-20 

Unit Note 
mm. max. mm. max. mm. max. 

Data-m Hold Time InH 45 - 45 - 55 - JlS 
Data-m Hold Time referenced to RAS tDHR 95 - 120 - 155 - ns 
Read Commaod Set-up Time IRes 0 - 0 - 0 - ns 
Read Commaod Hold Time referenced to CAS tReH 0 - 0 - 0 - ns 
Read Command Hold TIme referenced to RAS tRRH 10 - 10 - 10 - ns 
Refresh Penod tREF - 4 - 4 - 4 ms 

CAS Precharge Time tcPN 50 - 60 - 80 - ns 
CAS Set-up TIme tCSR 10 - 10 - 10 - ns 

CAS Hold Time (CAS before RAS) tCHR 120 - , 150 - 200 - ns 
RAS Precharge to RAS Hold TIme iRpc 0 - 0 - 0 - ns 

Notes: L AC measurements assume tT = 5ns. 
2. Assumes that tReD ;;; tReD (max)_ If tReD is greater than the maximum recommended value shown in this 

table, tRAe exceeds the value shown_ 
3. 
4. 
5. 

6. 

7. 

8. 
9. 

Measured with a load circuit equivalent to 2TTL loads and 100pF. 
Assumes that tRCD;;; tReD (max). 
tOFF (max) defines the time at which the output achieves the open circuit condition and output voltage levels 
are not referred. 
VIH (min) and V/L (max) are reference levels for measuring timing of input signals_ Also, transition times are 
measured between VIH and VIL-
Operation with the tReD (max) limit insures that tRAe (max) can be met. tReD (max) is specified as a re
ference point only; if tRCD is greater than the specified tRCD (max) limit, access time is controlled exclusively 
by tCAC-
An initial ~ of 1001'S is required after power-up. Then execute at least 8 initialization cycles_ 
At least 8 CAS before RAS refresh cycles are required before using internal refresh counter_ 

.WAVEFORMS 

-Read Cycle 
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--------------------------------HB561008BSeries 

• Write Cycle 
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• RAS Only Refresh Cycle 
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HB561008B Series--------------------------------

• Hidden Refresh Cycle 

I" 
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I" 
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I" 

I" 
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• CAS Before RAS Refresh Cycle 

Im ________________________________________________________ ___ 
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I,,----------------------~~~-------------------------------

• COUNTER TEST 
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-------------------------------------------------------------HB581008BS.I_ 

HB561008B-12 HB561008B-15 HB561008B-20 
Parameter Symbol Unit Note 

min. max min. max. mm. max. 

Page Mode Supply Current Icc, - 455 - 385 - 295 mA 

Page Mode Read or WrIte Cycle tpc 130 - 145 - 190 - os 

CAS Precharge TIme. Page Cycle tcp 50 - 60 - 80 - os 

• Page Mode Read Cycle 

filII) 

iiAs I .. 

IlL 

CAS I .. 

IlL 

I .. 

~ddres!> 

IlL 

I .. 

WE 
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I .. 
D 

I" 
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\I 

\m 

I 
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HB561008BSeries-----------------;------------------

• Page Mode Write Cycle 

IRA!> 

HAs I" 

rlL 

CAS I" 

In 

I" 
<\ddre,,~ 

In 

I" 
WE 

In 

I" 
DQ 

I" 

.PACKAGE OUTLINE; Unit: mm (inch) Vee 1 

CAS 2 

rr' ~h~~I,)IT D-I·\-cc=HF~==============_:t:±:===~±I_,_I,:-"'~, •• wr .. , 
000000000000000000000 000000 

XX<JO{l'iOI 

WIll) K!111l2W 
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A3 8 
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DQ2 10 
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JL,"",," IOl!HJI 
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A6 14 

A7 15 

Note) Contact pads are overcoated with Tin/Lead. VOlt mm (meh) DQ' 16 

A8 17 

NC 18 

NC 19 

DQ5 20 

WE 21 
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DQ6 23 

NC 24 
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NC 26 

RAS 27 

NC 28 

NC 29 
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NON·VOLATILE MEMORY: ROM 
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HN61364P, HN61364FP 
8192-word x 8-bit CMOS Mask Programmable Read Only Memory 

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

The HN61364P/FP is a mask·programmable, byte-organized memory 
designed for use in bus·organlzed systems. 
To facilitate use, the deVIce operates from a single power supply, has 
compatibility with TTL, and requires no clocks or refreshing because of 
static operation. 
The active level of the CS, OEo - OE 2 onputs and the memory content 
are defined by the user. The ChIp Select Input deselects the output and 
puts the chip in a powerdown mode. 

• FEATURES 
• Fully Static Operation 
• Automatic Power Down 
• Single +5V Power Supply 
• Three-state Data Output for OR-ties 
• Mask Programmable Chip Select and Output Enable 
• TTL Compatible 
• Maximum Access Time; 250ns 
• Low Power Standby and Low Power Operation; Standby 5jJW (typ), 

Operation SOmw (typ) 

• Pin Compatible with EPROM 

• BLOCK DIAGRAM 
A'--1----' 
~! L.._..r---""L._--'---"'_g~ 

A$ Memory D2 

~ -. ~ 
(S192X8) g: 

o • 

• 0Eo 
.OEI 
.OE. • Active level defined by the user 

• ABSOLUTE MAXIMUM RATINGS 

Item Symbol Value Unit 
Supply Voltage" Vee -0.3 to +7.0 V 
All Input and Output Voltage" VT -0.3 to +7.0 V 
Operating Temperature Topr -20 to +75 °c 
Storage Temperature T.ttI -55 to+125 °c 
Storage Temperature I under B,as) Tbia• -20 to +85 °c 
• with respect to V ss 

• RECOMMENDED DC OPERATING CONDITIONS 

Item Symbol min typ max Unit 
Supply Voltage. Vee 4.5 5.0 5.5 V 

Input Voltage * V/L -0.3 - 0.8 V 
VIH 2.2 - Vee V 

Operating Temperature Topr -20 - 75 °c 
III With respect to Vss 

@HITACHI 

HN61364P 

(DP·28J 

HN61364FP 

I FP-54' 

• PIN ARRANGEMENT 
• HN61364P 

(Top View) 
* Mask Programmable 

• HN61364FP 

ITop View) 

* \1 ... "k I'roR"rammable 
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------------------------------------------------------HN61364~HN61364FP 

• ELECTRICAL CHARAGTERISTICS (Vee = SV±10%, Vss = OV, Ts = -20 to +7SoC) 

Item Symbol Test Condition min typ" max Unit 
Inpu t High-level Voltage I(IH 2.2 - VCC V 
Input Low-level Voltage VIL -0.3 - 0.8 V 

Ou tpu t High-level Voltage V OH I OH=-205IlA 2.4 - - V 

Ou tpu t Low-level V 011 age VOL I OL=3.2mA - - 0.4 V 
Input Leakage Current ILJ Vin-O to 5.5V - - 2.5 IlA 
Ou tpu t High-level Leakage Curren t hOH Vout-·2.4V, CS-0.8V, CS-2.2V - - 10 IlA 
Ou tpu t Low-level Leakage Curren t hOL Vout=O.4V, CS-0.8V, CS-2.2V - - 10 IlA 

I Active Icc * V ct" 5. 5V .louI- OmA, IRe-min,duty -I 00% - 10 25 rnA 
Su pply Curren t I 

Standby ISB V cc-5.5V, csi:;Vcc-0.2V, CS~0.2V - I 30 IlA 
Inpu t Capacitance C· ••• 

Vin=OV, [=IMHz, T.=25°C In 

Ou tpu t Capacitance e *** out 

• Steady state current •• V cc = 5V, T. = 25°C 
••• This parameter IS sampled and not 100% tested. 

• AC CHARACTERISTICS (READ CYCLE) 
(Vcc~5V±10%, Vss~OV, Ta~-20 to + 75·C , t,~tf~20ns) 

Item Symbol min max 

Read Cycle Tune tRc 250 -
Address Access Time tAA 250 

Chip Select Access Tune tACS - 250 
Chip Selection to Output in Low Z tCLZ 10 
Output'Enable-to Output Valid tOE - 100 
Output Enable to Output in Low Z tOLZ 10 
ChiP Deselection to Ou tpu t in HIgh Z tCHZ' 0 100 

Output Disable to Output in High Z tOHZ' 0 100 
Ou tpu t Hold from Address Change tOH 10 

Unit 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 

• tCHZ and tOHZ defines the time at which the output achieves the open CirCUit 
condition and IS not referenced to output voltage levels. 

• TIMING WAVEFORM 
• Read Cycle (1) 

r---------- 1RC --- -

AJdrc"~ __ .-J'[\.... ____________________ ./j'-------

• Read Cycle (2) Notes 1 , 3 

A<l<lrm~.,.._,--rR-(-----*----
~~ ~ ..-roHWv 

l)oul ___________ ;p<m~ ____ 46_9~ 
• Read Cycle (3) Notes 2, 3 

Do:~l-r~-c-s----.,..-----~Ei 

~HITACHI 

- - 10 pF 

- - 15 pF 

• AC TEST LOAD 

1Fi50VIVCC' 

RL=24kQ 

Test POint 

(L=13OpF llkQ 

Notes) 1 t r -tl-20ns 
2. CL Indudes JII cap.lCltance. 
3 All diodes are lS2074GJ). 

NOTES: 
1. Device is continuously selected. 
2. Address Vaild prior to or coincident 

with CS transition low. 
3. OE = VtL 
4. Input pulse level: 0.8 to 2.4V 
5. Input and output reference level: 

1.5V 

Hitachi America Ltd .• 2210 O'Toole Avenue • San Jose, CA 95131 • (408) 435-8300 
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HN61365P 
8192-word x 8-bit CMOS Mask Programmable Read Only Memory 

The HN61365P is a mask-programmable, byte-organized memory 
designed for use in bus-organized systems. 

To facilitate use, the device operates from a single power supply, 
has compatibility with TTL, and requires no clocks or refreshing 
because of static operation. 

The active level of the CS input and the memory content are de
fined by the user. The chip select input deselects the output and 
puts the chip in a power-down mode . 

• FEATURES 

• Fully Static Operation 
• Automatic Power Down 

(DP-24) 

• Single +5 V Power Supply .PIN ARRANGEMENT 
• Three-State Data Output for OR-Ties 
• Mask Programmable Chip Select 
• TTL Compatible 
• Maximum Access Time; 250ns 
• Low Power Standby and Low Power Operation; Standby 5p.W 

(typ.), Operation 50mW (tyP.) 
• Pin Compatible with EPROM 

.BLOCK DIAGRAM 

A, 

A, 
A, 

A, 
A. Address 
A. 

Decoder A. 

M 
A. 

A. 
A" 
Au 
A" 

*CS 

• Active level defined by the user . 

Memory 

Matrix 
(SI92XS) 

• ABSOLUTE MAXIMUM RATINGS 
..•. 

Item Symbol 

Supply VoltaleO Vee 

AD Input and Output Voltage" VT 

Operating Temperature T .. , 

Storase Temperature T.,• 

Stor •• e Temperature (under bias) T .... 

• with respeet to V .. 

0, 
0, 

3-State 0, 

Output 
0, 

Buffer 
D. 
D. 

0, 
0, 

Value Unit 

-0.3 to +1.0 V 

-0.3 to +1.0 V 

-20 to +15 ·C 

-55 to +125 'C 
-20 to +85 ·C 

@HITACHI 

(Top View) 
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------------------------------------------------------------HH8138SP 

.RECOMMENDED DC OPERATING CONDITIONS 

Item Symbol min typ max Unit 

Supply Voltage' Vee 4.S S.O S.S V . V/L -0.3 - 0.8 V 
Input Voltage 

V,. 2.2 - Vee V 
Operating Temperature T .. , -20 - 15 -C 

• With .... peet to V .. 

• ELECTRICAL CHARACTERISTICS (Vcc-SV ±lO%. Vss-OV. Ta--20 to +7S'C) 

Item Symbol Test Conditions min typ·· max Unit 

V,. 2.2 - Vee V 
Input Voltage 

V/L -0.3 - 0.8 V 

Vo• /o.--205pA 2.4 - - V 
Output Voltage 

VOL /oL-3.2mA - - 0.4 V 

Input Leakage Current hi V,.-0-5.5V - - 2.5 pA 

hON _ I V •• ,-2.4V - - 10 pA 
Output Leakage Current 

hOL 
CS-0.8V, CS-2.2V I V •• ,-0.4V - - 10 pA 

Active Supply Current Icc· Vcc-S.5V, /ouT=OmA, IlIc=mln, duly=IOO% - 10 25 mA 

Stand by Supply Current Iss CS;;:Vee -0.2V, CS:i0.2V, Vee-S.5V - I 30 pA 

Input Capacitanee C ... - - 10 pF 

Output Capacitanc~ C ... V .. -OV, j-IMHz, Ta-2S'C 
- - IS pF ... 

• Steady state current •• Vee = aV. T.=2S·C ••• This parameter 15 sampled and not 1009-0 tested 

.AC CHARACTERISTICS 
eREADCYCLE (Vcc -5V±10%, Vss-OV, Ta--20 to +75'C, 1,-I,-20ns) 

Item Symbol min max Unit 

Read Cycle Time IRe 250 - ns 

Address Access Time t .. - 250 ns 

Chip Select Access Time t ACS - 2S0 ns 

Chip Selection to Output In Low Z tCLZ 10 - ns 

Chip deselect ion to Output in High Z tCHZ· 0 100 ns 

Output Hold from Address Change to. 10 - ns 

• II HI' deflOd the time at \\ hlch the output aChl\ e-. the upen CIrcUIt c(mdltlon and I~ not reference 1() output \ (lltage leveb 

.TlMING WAVEFORM 
e READ CYCLE (1 ) • AC TEST LOAD 

'" 

' .. 

cs 
'.u ,,, 

eREAD CYCLE (2) (Notes 1) 

=i i'h<XXl 
eREAD CYCLE (3) {Notes 2) 

i:l 

~ ." ''''a .. , 

., 

Hi 
3-

@HITACHI 

RL==24kQ 

Test POint vi 'OVIVee) 

CL=l3OpF 11k.Q 

Notes) 1 I.-I,-20ns. 

Notes} 

2. CL Includes J" capacllance. 
3 All diodes are 1520748. 

1 Device IS continuously selected 
2. Address Valid prior tQ or cOincident with CS 

translhon low. 
Input pulse level 08 to 2 4V 
Input and output tlmUlg reference)evel . 1 5V 
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HN61366P 
8192-word x 8-bit CMOS Mask Programmable Read Only Memory 
The HN61366P is a mask·programmable, byte·organized memory ,---------------, 
designed for use in bus·organized systems. 
To facilitate use, the device operates from a single power supply. has 
compatibility with TTL, and requires no clocks or refreshing because of 
static operation. 
The active level of the OE input and the memory content are defined 
by the user . 

• FEATURES 

• Fully Static Operation 
• Single +5V power supply 
• Three-State Data Output for OR·Ties 
• Mask Programmable Output Enable 
• TTL Compatible 
• Maximum Access Time; 25On5 
• Low Power Operation; 50mW (typ.) 
• Pin Compatible with EPROM 

.BLOCK DIAGRAM 
A. 
A. D. 
A, D. 
A, Memory '3-State D, 
A. MatrIX 0_ D, 
A, A"""" (8192XS) Bell" D. 
A, ~ D, 
A, D, 
A. D, 
A, 

A" 
Au 
Au 

.OE----~~----------------------------~ 

* Active level defined by the user 

.ABSOLUTE MAXIMUM RATINGS 

Item Symbol Value Unit 

Supply Voltage' Vee -0.3 to +7.0 V 

All Input and Output Voltage- VT -0.3 to +7.0 V 

Operating Temperature T.,. -20 to +75 ·c 
Storage Temperature T'tl -55 to +125 ·C 

Storage Temperature (under bias) T •• u -20 to +85 ·c 
• With respect to V J S 

.RECOMMENDED DC OPERATING CONDITIONS 

Item Symbol min 

Supply Voltage' Vee 4.5 

VIL -0.3 
Input Voltage· 

V,. 2.2 

Operating Temprature T.,. -20 

• With rupect to V'S 

~HITACHI 

(DP-2') 

.PIN ARRANGEMENT 

typ max 

5.0 5.5 

- 0.8 
- Vee 

- 75 

Hitachi America Ltd .• 2210 O'Toole Avenue • San Jose, CA 95131 • (408) 435·8300 
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--------------------------------------------------------------HN61366P 

.ELECTRICAL CHARACTE,RISTICS (Vcc -5V±lO%. Vss~OV. Ta=-20 to +75"C) 

Item Symbol 

V,. 
Input Voltqe 

V'L 
Vo• 

Output Voltqe 
VOL 

Input Leabp Current 1 .. 

lLOH 
Output Le"", Car .... t 

hOL 

Operati.. Supply Current Icc· 

Input Capacitance C •• ... 
Output Capacitance C", 

... 
• SlHdJ slate current •• Vcc==5V, T.=2S-C 
••• This parameter .& sampled .nd not 100% tested 

.AC CHARACTERISTICS 

Test Conditions min typ·· max 

2,2 - Vee 

-0.3 - 0.8 

10.- -205pA 2.4 - -

IOL-3.2mA - - 0.4 

V,.-0-5.5V - - 2.5 

_ I VouT-2.4V - - 10 
OE-0.8V, OE-2.2V I VouT-0.4V - - \0 

Vcc-S.SV, IouT-OmA. II!c-min - 10 2S 
- - 10 

V .. -OV, J-IMHz, T.-2S'C 
- - 15 

Unit 

V 

V 

V 

V 

pA 

pA 

pA 

mA 

pF 

pF 

eREAD CYCLE (Vcc-5V±10%, Vss=OV, Ta=-20-+7S'C. 1.=I,-20n5) 

Item Symbol moo max Umt 

Read Cycle Time I.e 250 - n. 

Address Access Time I" - 250 n. 

Output Enable to Output Valid 10' - 100 n. 

Output Enable to Output in Low Z IOLZ 10 - n. 

Output Disable to Output in High Z 10HZ· 0 100 n. 

eACviTEST LOAD 50V I Vee! 

RF=24kQ 

Test pamt 

CL=l3OpF llkQ 

Output Hold from Address Change 10. 10 - n. 
* I,;HI defInes the time at which the output achieves the open CIrcUIt condition and IS not reference to output voltage levels 

.TlMING WAVEFORM 

e READ CYCLE (1 ) 

eREAD CYCLE (2)No'e J) 

Note) 1. OE- VII 

2. Input pulse level: 0.8 to 2.4V 
3. Input and output timlDg reference level: 1.5V 

~HITACHI 

Notes) 1 t,=lj=2Ons 

2 CL Includes Jig capacitance 

3 All diodes are IS2074® 
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HN613128P, HN613128FP 
16384-word x 8-bit CMOS Mask Programmable Read Only Memory 

r-~--------------------~ 
The HN613128P/FP is a mask-programmable, byte-organized 
memory designed for use in bus-organized systems. To facilitate use, 
the device operates from a single power supply, has compatibility 
with TTL, and requires no clocks or refreshing because of static ope
ration. The active level of the CS, OEo, OE I input and the memory 
content are defined by the user. The Chip Select input deselects the 
output and puts the chip in a power-down mode . 

• FEATURES 
• Fully Static Operation 
• Automatic Power Down 
• Single +5V Power Supply 
• Three-State Data Output for OR-Ties 
• Mask Programmable Chip Select, Output Enable 
• TTL Compatible 
• Maximum Access Time; 250ns 
• Low Power Standby and Low Power Operation; 

Standby: 5J.LW (typ.) 
Operation: 50mW (tyP.) 

• Pin Compatible with EPROM 

• BLOCK DIAGRAM 

A. 
A, D. 

A, D, 

A, Memory 
A, Matrix 
A, Address (I6384x8) 
A. Decoder 
A, 

3-State D, 

Output D, 

Bnffer D. 
D, 
D. 

A. D, 

A. 

A" 
Au 

A" 
A" 

• CS 

* OEo * OEI 

• Active level defined by the user I 

.ABSOLUTE MAXIMUM RATINGS 

Item Symbol Value UOit 

Supply Voltage' Vee -0.3 to +7.0 V 
All Input and Output Voltage· VT -0.3 to +7.0 V 

Operating Temperature Range T.,r -20 to +75 ·c 
Storage Temperature Range T." -55 to+125 ·c 
Storage Temperature Range (under bias) T~, .. -20 to +85 ·C 

* With respect toVu . 

• RECOMMENDED DC OPERATING CONDITIONS 

Item Symbol mID. typo max. Umt 

Supply Voltage· Vee 4.5 5.0 5.5 V 

V" -0.3 - 0.8 V 
Input Voltage· 

V,. 2.2 - Vee V 

Operating Temperature To,. -20 - 75 ·c 
* With respect to Vu. 

@HITACHI 

HN613128P 

IDP-28) 

HN613128FP 

(FP-M) 

.PIN ARRANGEMENT 
.HN613128P 

AI2 

A, 

A. 

As 

A. 

A, 

A, 

AI 

Ao 

00 

01 

0, 

Vss 

(Top View) 

.HN613128FP 

• .. Iv. AuOEi'Vcc r£ Iu, AI Iv. 16 

(Top View) 

Hitachi America Ltd • 2210 O'Toole Avenue· San Jose, CA 95131 • (408) 435-8300 

Vce 

OEI' 

All 

A. 

A. 

All 

OEo' 

A" 
cs· 
0, 

O. 

Os 

O • 

0, 

45 Ne 
... Ne 
·U Ne 
42 Ne 
41 Ne 
40 NC 

39 NC 

NC 



----------------------------------------------------HN613128~HN613128FP 

• ELECTRICAL CHARACTERISTICS (Vcc~5.0V±10%, Vss-OV, Ta~ -20 to +75'C) 

Item Symbol Test Condition min typ" max Unit 

Input High·level Voltage V'H 2.2 - Vcc V 

Input Low·level Voltage V" -0.3 - 0.8 V 

Output High.level Voltage VOH /OH- -20SI'A 2.4 - - V 

Output Low-level Voltage Yo, /0,-3.2mA - - 0.4 V 

Input Leakale Current Iu V. -0 to S.SV - 2.S I'A 

Output High·level Leakage Current 1t.OH V ••• -2.4V. CS -0.8V. CS - 2.2V - 10 I'A 

Output Low-level Leakaae Current hOL V ••• -0.4V. CS -0.8V. CS - 2.2V - 10 pA 

Supply Current (Active /Standby) 1cc'/ I •• Vcc=55V,/oo,,-0mA.Irtc-1IllI\ duty-llJl)%/CS~ Vcc-O.2V,CS~O.2V - 10/1 2S/30 mA/I'A 

Input Capacitance C ... V .. -OV,J-l.OMHz, Ta-2S'C - 10 pF 

Output Capacllance C. ... V .. -OV.f-l.OMHz. Ta-2S'C IS pF 

• Steady state current •• Vcc=5V. T.=2S"C 
...... * ThIS parameter IS sampled and not 100% tested • 

• AC CHARACTERISTICS (READ CYCLE) 
(Vcc~5 OV±10%. Vss~OV. Ta--20 to +75'C All timing with t,~tJ-20ns) 

HN613128P 
Item Symbol Umt 

men max 

Read Cycle Time I" 2S0 - ns 

Address Access Time I" - 2S0 ns 

Chip Select Access Time t .... n - 250 ns 

ChIp Selection to Output In Low Z teu 10 - ns 

Output Enable to Output Valid '0' - 100 ns 

Output Enable to Output in Low Z tIJI.Z 10 - ns 

Chip deselectlon to Output In High Z tCHZ· 0 100 ns 

Output Disable to Output In High Z tOHZ· 0 100 ns 

Output Hold from Address Change 10H 10 - ns 

* hill and tm" defmes the time at which the output achieves the open ClrcUlt conditIOn and IS not reference 10 output voltage levels 

• TIMING WAVEFORM 
e READ CYCLE (1) 

Address 

1),,,, 

'ACS 

eREAD CYCLE (2) (Notes 1.31 

eREAD CYCLE (3l!1>otes 2,31 

to, 

~HITACHI 

• AC TEST LOAD 

wi °VIVCCI 

RI.=24kQ 

Test Pomt 

CI.=l~F 111& 

Nores) 1 t.=tJ=2Ons 
2 C L Includes jig capacitance. 
3 All dIOdes are lS2074® 

NOTES: 
1. Device is continuously selected. 
2. Address Valid prior to or coinciden1 

with CS transition low. 
3. OE = VIL. 
4. Input pulse level: 0,8 to 2.4V 
5. Input and output reference level 

l.5V 
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HN61256P, HN61256FP 
32768X8-blt or 65536X4-blt CMOS Mask Programmable Read Only Memory 

The Hitachi HN61256P/FP is a mask programmable 32768 x 8-bit or 
65536x4-bit CMOS read only memory. It operates from a single 
power supply and is compatible with TTL. Low power consumption 
makes this memory well-suited for battery-operation or hand-held 
personal computers. Memory expansion can be implemented through 
one chip select input. Either active "High" or ective "Low" or chip 
selact input and a chip enable input are defined at mask level. The 
organization of 8 bit or 4 bit is defined by the user. 

.FEATURES 

• Mask-programmable selection of either 4·bit or 8-bit organization 
• Three-state outputs, can be wire-ORed. 
• One mask programmable chip select terminal facilitates memory 

expansion. 
• A single 5V power supply (±10%) 
• Low power consumption: Operation 7.5mW (typ.), 

Standby 5IlW (typ.) 

• TTL compatible 
• Access time: 3.5ps (max) 

• BLOCK DIAGRAM 

A. { I, 
Au 

lAw '2 

CSCooln>! 

CE 
TlJIWII' Generator, 'I 

.1 Acliwe ..... __ ........ .... 
• , ..... __ .w ...... tlon of eilhor .-bit or 

............ tioa • 

........................ _ ..... D ... D •• 

Do -------0, 

Y-!looode. 

Memory Array 
262144 bits 

~HITACHI 

HN61256P 

(DP-28) 

HN61256FP 

(FP-S4) 

.PIN ARRANGEMENT 
.HN61256P 

.HN61256FP 

Ne " 
D, , 

NC • 
Au , 

NC' 
Ne II 
A •• 12 

.,eE 13 

Ne 14 

NC" 
\11'· 
:lie 17 ... 
'lie I' 

(Top View) 

*1 ActIve level defined b¥ user 
.2. Upper address of -I-btl orRlJ\lzatlon 

Hitachi America Ltd • 2210 OToole Avenue • San Jose, CA 95131 • (408) 435-8300 

• NC ..... 
.... Ne 

• NC 
• A, ..... 
• NC 
4 Ne .. ", 

.1 NC 
, NC 
M~ 

" .. 
36 Ne 

" ~ A, 
J !'jC 



---------------------------------------------------HN61256~HN61256FP 

• ABSOLUTE MAXIMUM RATINGS 

Item Symbol 

Supply Voltag.· Vee 

All Input and output Voltage· VT 

Operating Temperature Range T.,~ 

Storage Temperature Range T.1• 

Bias Storage Temperature Range T. , .. 

Note •• Referenced to V u. 

• ELECTRICAL CHARACTERISTICS 
(Vcc~SV±10%. Vss~OV. Ta~O-+7S'C) 

Item Symbol 

Input "H.gh" Level Voltag. V,. 

Input "Low" Level Voltag. V" 
Output "High" Level Voltage VON 

Output "Low" Level Voltag. Voc 

Input Leakage Current ILl 

Output "High" Level Leaka~ Current ILOH 

Output "Low" Level Leakage Current lLoL 

I In stand·by [so 
Supply Current I In operation Icc· 

Input Capacitance C.· .. 

Output Capacitance c, .. ... 
• Steady slate current •• Vcc=5V, T.=2S·'c 
* *. ThIs parameter IS sampled and not 100% tested . 

• AC CHARACTERISTICS 

Rating Unit 

-0.3-+7.0 V 

-0.3- Vee V 

0-+75 ·C 

-55-+125 ·C 

'-20-+85 ·C 

Test ConditIOns min typ·· max Unit 

2.4 - Vee V 

0 - 0.8 V 

IOH- -IOOI'A 2.4 - - V 

loc-1.6mA - - 0.4 V 

V .• -O-S.SV - - 2.5 I'A 

CE-0.8V V ... -2.4V 5 I'A 

CE -2.4V . V ... -0.4V - - 5 I'A 

8~~~"ho 2V. I 30 I'A 
• c 40,<8,1. .. -. 

Vee- S.SV 
1ft =30~ 1.5 3.0 mA 

V .. -OV.j-IMHz. T.-2S·C 
10 pF 

- - 12.5 pF 

eREADCYCLE (Vcc -SV±10%, Vss~OV, Ta=O-+7S"C, 1.=I,=20ns) 

Item Symbol min max Unit 

Read Cycle Time III< 4.0 - 1'8 

Address Access Time tAACC - 3.5 1'5 

Chip Enable Access Time t fAce - 3.0 1'8 

Data Hold Time from Address tDF· O.OS 0.5 1'_ 

Address Set-up Time I" O.S - 1'5 

Address Hold TIme I" 0 - 1'_ 

Ch.p Enable ON Time In' 3.0 - 1'_ 

Chip Enable OFF Time leE 0.5 - 1'& 

* 1m defmes the time at which the output achieves the open utCUlt condition and IS not reference to output voltage levels 

I. lae • I 

I I I 

Add, .... ~2'V! 24V~ 
Cs l ;..08;..V~I!-----------'°'ilr-v:~~AM~ 

~ : In • I I_ In _\ 

I 24V'k." I i ~ "'{,V 
I ,08V 08Vi'f! "---
I : kACC I lID' 
:. l.uce: ~ 
~24V 1--.1 HIZ 

--------~4V 1).1111 V.I,d V 

~HITACHI 

• AC TEST LOAD vi 50VIVCCj 
RL=24kQ 

Test pomt 

CL""3OpF llk2 

Notes) 1 1,=/J=2Ons 
2 CL lI'Iclucies]lgcapacltanC€ 

3 All diodes are IS2074Q1) 
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HN613256P, HN613256FP 

32768·word x 8·bit CMOS Mask Programmable Read Only Memory 
The HN613256P/FP is a mask-programmable, byte-organized memo- r--H.:.N-6-13-2S-6-P----------, 

ry designed for use in bus-organized system_ 
To facilitate use, the device operates from a single power supply, has 
compatibility with TTL, and requires no clocks or refreshing because 
of static operation_ 
The active level of the CS and OE input, and the memory content 
are defined by the user_ The Chip Select input deselects the output 
and puts the chip in a power-down mode. 

• FEATURES HN613256FP 
• Fully Static Operation I 

• Automatic Power Down 
• Single +5V Power Supply 
• Three-state Data Output for OR-ties 
• Mask Programmable Chip Select and Output Enable 
• TTL Compatible 
• Maximum Access Time: 250ns 
• Low Power Standby and Low Power Operation; 

Standby 5IAW (typ.), Operation 50mW (typ.) 
• Pin Compatible with EPROM 

• BLOCK DIAGRAM 

AO 
AI 

1-
,-

t ~~ 1-
1-

A4 
AS 
A6 
A7 
AS 
A9 

~-
i-
;-,-
1-,-
I-AIO 

All 
All 
All 
AI4 

= ,-
- ... ·cs 

·OE :: 

Address 
Deco,der 

.1 

Memory 
Matrix 

132.768xS, 

3-State 
Ouwut 
Bu er 

------r-r-

DO 
01 
02 
03 
04 
05 
06 
07 

.. 
" Active level defmed by the user. 

• ABSOLUTE MAXIMUM RATINGS 
Item Symbol Value Unit 

Supply Voltage" Vee -0.3 to +7.0 V 
All Input and Outp~t Voltage" VT -0.3 to +7.0 V 

Operating Temperature Range Topr -20 to +75' ·c 
Storage Temperature Range T." -55 to +125 ·c 
Storage Temperature Range (Under Bias) TblGa -20 to +85 ·c 
"With respect to Vss 

• RECOMMENDED DC OPERATING CONDITIONS 

Item Symbol min. typo max. Unit 

Supply Voltage· Vee 4.5 5.0 5.5 V 

V" -0.3 - O.S V 
Input Volta,e· 

V,N 2.2 - Vee V 

Operatlnl Temperature T.,p -20 - 75 ·c 
• With. respect to Vss 

~HITACHI 

(FP-S4) 

• PIN ARRANGEMENT 
• HN6132!i6P NC 1 

(Top View) 
• HN613256FP 

Vss D2 Dl Do Ao 
5 5 I 

CS' 
A10 7 

NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
~C 

NC 
NC 

DE' 
A" 

- A9 AA AllAH Vee NCA12 A7.\6 As 

(Top View) 
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AI 
M 
NC 
NC 
NC 

4 NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
M 
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--------------------------------------------------HN613256~HN613256FP 

• ELECTRICAL CHARACTERISTICS (V CC = 5.0VtlO%, VSS = OV, To = -20 - +75 °C) 

Item Symbol Test Condition min type max Unit 

2.2 - vcc V 
Inpu t Voltage 

0.3 0.8 V 
2.4 

Output Voltage 
VOL 10L = 3.2 mA 0.4 V 

Input Leakage Current ILl Yin = 0 - 5.5V - - 2.5 IIA 

Output Leakage Current hOH I Vout =2.4V 10 IIA 
CS = 0.8V, CS = 2.2V I = 04'1 10 

hOL Vout . - - IIA 
,I Active Icc· VCC=5.5V,lout -OmA,tRc = min, duty = 100%. - IS 30 mA 

Supply Current f-::~=-7.:b-:-:-----I-7::!:::...---Ir-;:;~--;-;~~:"'-;;:--;;---'...!!~-;-;-=--;;--;;-:;=---I--+-;-t-=+:":'''-';A~ I Stand y ISB Vcc=5.5V,~ <! Vcc-0.2V,CS~0.2V 1 30 ~ 

Input Capacitance Cjn '" - - 10 pF 
Vin = OV,f= 1 MHz, To = 25°C 

Output Capacitance Cout '" - - 15 pF 
, Steady state current 

" Vcc=5V, To=25°C 
'" ThIS parameter IS sampled and not 100% tested. 

• AC CHARACTERISTICS (READ CYCLE) 
(Vcc -5V±10%, Vss-OV, Ta--20-+75·C,t.-tj-20ns) 

Item Symbol min 
Read Cycle Time tRC 250 

Address Access Time tAA -
Chip Select Access Time tACS -
Chip Selection 10 Ou tpu 1 in Low Z tCLZ 10 
Output Enable to Output Valid tOE -
Output Enable to Output in Low Z tOLZ 10 
Chip Deselection 10 OutpUI in High Z tCHZ 0 
Output Disable to Output in High Z tOHZ 0 
Output Hold from Address Change tOH 10 

* t< /1/ and fWl/deflOes the time at V.hlCh the output achieves the open CIrcUIt 
condItIOn and IS not reference to output voltage levels 

• TIMING WAVEFORM 
• READ CYCLE (1) 

• READ CYCLE (2) (Notes 1, 3) 

max 

-
250 

250 

-
100 

-
100 

100 

-

Address =:t 'AA l::= 
Dout 'OH~~3----d7-'OH 

• READ CYCLE (3) (Notes 2, 3) 

CS~~'A"'==::;--S· 
Dout ~ 'cu a------~ 

Unit 

ns 

ns 

ns 
ns 

ns 

ns 

ns 

ns 

ns 

~HITACHI 

• AC TEST LOAD 

50V(Vccl 

Test POint O--r---,r----t~-_; 

llkQ 

Notes' 1. 1.-1,-20", 
2. CL Includes Ii, capacitance 
3. All d, ........ IS2014\111 

NOTES: 
I. Device is continuously selected. 
2. Address Valid prior to or coinci-

dent with CS transition low. 
3. OE= VIL. 
4. Input pulse level: 0.8 to 2.4V 
5. Input and output reference level: 

1.5V 

Hitachi America Ltd • 2210 O'Toole Avenue • San Jose, CA 95131 • (408) 435-8300 
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HN623256~HN623256FP 

32678-word X 8-bit Mask Programmable Read Only Memory 
The HN623256P/FP is a mask-programmable, byte

organized memory designed for use in bus-organized systems_ 
The device operates from a single power supply, has com

patibility with TTL, and requires no clocks or refreshing 
because of static operation. The active level of the OE inputs 
are defined by the user. The Chip Select input deselects the 
output and puts the chip in a power-down mode. 

• FEATURES 
• Maximum Access Time 150ns 
• Fully Static Operation 
• Automatic Power Down 
• Single+5 Volt Power Supply 
• Three-State Data Output for OR-Ties 
• Output Enable Mask Programmable 
• TTL Compatible 
• Low Power Standby and Low Power Operation; 

Standby: 5p.W (typ) 
Operation: 100mW (typ) 

• BLOCK DIAGRAM 

AO 
Al 
A2 
A3 
A4 
AS 
A6 
A7 
AS 
A9 

1-

~= ,-
1-
1-
i-
,-
,-
,-
,-AIO 

All 
AI2 
AU 
AI4 

--
--

cs .. 
·OE ... 

Address 
Decoder 

.1. 

Memory 3-State 
Matrix Ou~ut 

Bu fer 
32.768 X8 

r--
r-r-r-r-r-
'--
-

DO 
01 
02 
03 
04 
OS 
06 
07 

• Active level defined by the user. 

• ABSOLUTE MAXIMUM RATINGS 

Item Symbol Value Unit 

Supply Voltage' Vee -0.3 to 7.0 V 

All Input and Output Voltage" VT -0.3*' to Vee V 
Operating Temperature Range Topr -20 to +75 °c 
Storage Temperature Range Tstg -55 to +125 °c 
Bias Storage Temperature Range Tbias -20 to +85 °c 
• WIth respect to V SS 
• , Pulse width SOns MAX; -1.5V (All Input) 

• RECOMMENDED DC OPERATING CONDITIONS 

Item Symbol min. typo max. Unit 
Supply Voltage Vee 4_5 5.0 5.5 V 

Input Voltage 
V/L -0_3 - 0.8 V 

V/H 2.0 - Vee V 
Operating Temperature Top, -20 - 75 °c 

@HITACHI 

HN623256P 

(DP-28) 

HN623256FP 

(FP-54) 

• PIN ARRANGEMENT 
• HN623256P 

(Top View) 

• HN623256FP 
Vss D2 Dl IJG Ao 

5 1 

cs· 
A" 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 5 
NC 6 
NC 
NC 

OE' 
Au 

A.9 A! All Au Vee NCAl! A7 AI, As 

(Top View) 
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------------------------------------------------------HN623256P,HN623256FP 

• ELECTRICAL CHARACTERISTICS 

(Vee= S.OV ±lO%, VSS=OV, Ta =-20 to +7SoC unless otherwise noted) 

Item Symbol Test CondItIons 

Input High-level Voltage VIH 
Input Low-level Voltage VIL 
Output High-level Voltage VOH IOH=-20SI'A 
Output Low-level Voltage VOL Io L =3.2mA 

Input Leakage Current I ILl I Vin - 0 to S.SV 

Output High-level Leakage Current ILOH Vout -2 4V, CS=2.0V 

Output Low-level Leakage Current I LOL Vout =0.4V, CS=2.0V 

Supply Curren t 
I AcUve Icc· V cc=S.SV'!out-OmA, tRC=mm. 

I Standby ISB Vcc-S.SV,CS~ Vcc -0.2V 

Input Capacitance em ... Vin=OV,f-l.0MHz, Ta-2SoC 

Output Capacitance C *** out Vm=OV,f-l.OMHz, Ta- 2SoC 

• SpecIfied under stable condlUon •• Pulse wIdth SOns, DC: -0.3V mm . 
••• This parameter is sampled and not 100% tested 

• RECOMMENDED AC OPERATING CONDITIONS 
(Vee=S.OV ±lO%, VSS=OV, Ta=-20 to +7S oC,tr=tr=lOns) 

Item Symbol 
Read Cycle TIme tRC 
Address Access Time tAA 
Chip Select Access Time tACS 
ChIp Selection to Output m Low Z tCLZ 
Output Enable to Output Vahd tOE 
Output Enable to Output m Low Z tOLZ 
ChIp Deselection to Output m HIgh Z tCHZ' 
ChIp Disable to Output m HIgh Z tOHZ' 
Output Hold from Address Change tOH 

mm 

ISO 

-

-

10 

-

10 

0 

0 

10 

max. 

-

ISO 

ISO 

-

100 

-

100 

100 
-

min. 

20 

-1.0" 

2.4 

-

-

-

-

-

-

-
-

Umt 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

• tCHZ and tOHZ defines the Ume at whIch the output achIeves the open ClrCUlt condltlOn and IS not 
reference to output voltage levels. 

• TIMING WAVEFORM • AC TEST LOAD 
• Read Cycle (1) 

typo max. Umt 

- Vcc V 

- 0.8 V 
- - V 
- 0.4 V 

- 2.S I'A 
- 10 I'A 
- 10 I'A 
20. 4S mA 

1 30 I'A 

- 10 pF 

- IS pF 

Address:=::~~~~~======~----__,J:=::::=:: 
S.OV(VCC) 

Rc24kn 

A_=t=_ S 
Dout t== 'ON ~~---9-------.cfr-

• Read Cycle (3) (Notes 2, 3) 

Test Pomt o---r--r----j4----i 

Notes: 1. tr=tr=10ns 
2. CL mcludesjlg capacitance 
3. All dIodes are 1 S2074 ® 

Notes) 
1 DeVice IS contmuously selected. 
2. Address Vahd pnor to or comcldent wIth 

CS tranSItIOn low. 
OE=VIL 

4 V CC Valid pnor to Address 
S. Input pulse level: 0.8 to 24V 
6. Input and output reference level: I.SV 

@HITACHI 
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HN62301AP, HN62301AFP 
131,072-word x a-bit Mask Programmable Read Only Memory 

The HN62301AP/FP is a mask-programmable byte-organized 
memory designed for use in bus-organized systems. To facilitate 
use, the device operates from a single power supply, has com
patibility with TTL, and requires no clocks or refreshing because of 
static operation. The Chip Enable input deselects the output and 
puts the chip in a power-down mode. 

-FEATURES 

• Static Operation 
• Automatic Power Down 
• Single +5V Power Supply 
• Three-State Data Output for OR-Ties 
• TTL Compatible 
• Maximum Access Time-250ns 
• Lower Power Standby and Low Power Operation; 
• Standby 2.5mW (typ.), Operation: 75mW (typ.) 

• BLOCK DIAGRAM 

A, 
AI 
A, 
A, 
A. 
A, 
A, 
A> 
A. 
A. 
A" 
An 
Au 
An 
A" 
Au 
A .. 

Memory Matrix 
(32.168X32) 

3-State 
OutpUc 
Buffer 

ff--~~--------------------+-----~ 

- ABSOLUTE MAXIMUM RATINGS , 
Item Symbol Value 

Supply Voltage· Vee -:0.3 to +7.0 

All Input and Output Voltage· VT -0.3 to +7.0 

Operating Temperature Range Top, 0 to +70 
Storage Temperature Range Tstg -55 to +125 

Bias Storage Temperature Range Tbias -20 to +85 

• With respect to VSS. 

D, 
DI 
D, 
D, 
D. 
D, 
D, 
D, 

Unit 

V 

V 
DC 
DC 
DC 

• HITACHI 

(DP-28) 

HN6230lAFP 

(FP·64) 

• PIN ARRANGEMENT 

• HN62301AP 

A, 

A. 
A, 
A, 

A, 
A, 

AI 
Ao 

Do 

01 

0, 

(Top V,ew) 

• HN62301AFP 

(Top View) 
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An 
A, 

A, 

All 

A16 
AJO 
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0 6 

Os 

04 
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-------------------------------------------------------HN82301AP,HN82301AFP 

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

Item Symbol min. typo max. Unit 

Supply Voltage· Vcc 4.5 5.0 5.5 V 

VIL -0.3 - 0.8 V 
Input Voltage· 

VIR 2.2 VCC V -
• With respect to V ss 

• ELECTRICAL CHARACTERISTICS (Vee = SV ± 10%, Vss = OV, To = 0 to +70°C) 

Item Symbol Test Conditions min. typ." max. Unit 

Normal Operating Current Icc· t RC = min., Vcc = 5.5V, - IS SO rnA lout =0 rnA 
Stand by Current ISB CE?; V cc - 0.2V, V cc = S.SV - 0.5 2 rnA 
Input Leakage Current hI Yin = 0 to 5.SV, other OV -10 - 10 ,.A 

Output Leakage Current hOR CE= 2.2V I Vout = 2.4V - - 10 ,.A 

hOL I Vout=0.4V - - 10 ,.A 

Output Voltage VOR lout = -205 ,.A 2.4 - - V 

VOL lout = 3.2 rnA - - 0.4 V 

* Steady state current •• V cc = 5V, To = 25°C 

• CAPACITANCE (Vee = SV ± 10%, To = 25°C, f= 1 MHz, Vin=OV) 

Item Symbol typo max. Unit 
Input Capacitance (Ao - A .. , CE) Cin - 10 pF 
Output Capacitance (Do - D,) Cout - 15 pF 

Note) These parameters are sampled and not 100% tested. 

• AC CHARACTERISTICS (VCC = SV ± 10%, VSS = OV, To = 0 to +70°C, t, = tf= IOns) 

Item Symbol min max. Umt 

Cycle Time tRC 280 - ns 

CE Access Time tACE - 250 ns 

CE Enable Pulse Width tCE 250 - ns 

CE Disable Pulse Width tCE 30 - ns 

Address Set up Time tAS 0 - ns 

Address Hold Time tAH 0 - ns 

Chip Disable to Output In High Z tCHZ* 10 100 ns 

Data Hold Time from CE tDHC 0 - ns 

Chip Enable to Output in Low Z tCLZ 10 - ns 

• tCHZ defines the time at which the output achieves the open circuit condition and is not reference to output voltage levels. 

I 

~HITACHI 
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HN62301AP,HN62301AFP--------------------------------------------------------

• TIMING CHART 

Addre" 

leu 

0"", HI-Z 

• AC TEST LOAD 

vi 5.0(VCC) 

&=2.4kQ 

Test Pomt 

CL=100pF T JIkQ 

IRe 

ICE '" 

Notes) 1. tr=tr IOns 
2. CL mcludes jig capacitance. 
3. All diodes are IS2074 @. 
4. Input pulse level: 0.8 to 2.4V 
5. Input and output timing reference level: l.5V 

~HITACHI 
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HN62301BP 
HN62301BFP 

Preliminary 

131072-word x B-bit CMOS Mask Programmable Read Only Memory 

The HN62301 BP/BFP is a 1 M-bit CMOS mask-programmable ROM 
organized as 131072 words by 8 bits. Realizing low power con
sumption, this memory is allowed for battery operation. In addi
tion, the HN62301BP/BFP, which provides large capacity of 1M 
bits, is ideally suited for kanji character generators. 

-FEATURES 

• Single +5V Power Supply 
• Three-State Data Output for OR-Tieing 
• TTL Compatible 
• Maximum Access time: 150ns 
• Low Power Consumption: 100mW typo active 

5p.W typ_ standby 
• Byte-Wide Data Organization 

.BLOCK DIAGRAM 

AO~ 

A16-

ADDRESS 

BUFFER 

MEMORY 

ARRAY 

~ DO 

~ Dl 

3-STATE ~ D2 

OUTPUT ~ D3 

BUFFER ~ D4 

~ D5 

~ D6 

~ D7 

r cE-----I~--------------------~ 

• ABSOLUTE MAXIMUM RATINGS 

Item Symbol Value 

Supply Voltage' Vee -03to+70 

All Input or Output Voltage' VT -15"to Vcc+03 

Operatmg Temperature Range Topr o to +70 

Storage Temperature Range T,t, -55to +125 

Temperature Under Bias n ... -20to +85 

(Notes)· With respect to Vss 
··Wlth pulse Width of 50 ns, -0 3V(mm ) for DC level 

Umt 

V 

V 

·C 

·C 

·C 

HN62301BP 

(DP·28) 

HN62301BFP 

(FP64) 

.PIN ARRANGEMENT 

eHN62301BP 

(Top View) 

• HN62301 BFP 

The specifications of this device are subject to change without rotice. 
Please contact your wearest Hitachi's Sales, Dept., regarding specifications. 

(Top View) 

~HITACHI 
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HN62301BP,HN62301BFP--------------------------------------------------------

.RECOMMENDED OPERATING CONDITIONS ( Vss =OV, Ta=O to +70'C) 

Item Symbol mm typ max Unit 

Supply Voltage Vee 4.5 5.0 5.5 V 

VIH 20 - Vee +0 3 V 
II!put Voltage 

Vn -1.0' - 0.8 V 

.Wlth pulse width of 50 ns ~O 3V(mm) for OC level 

.DC ELECTRICAL CHARACTERISTICS (Vcc=SV± 10%, Vss=OV, Ta=O to +70'C) 

Item Symbol Test ConditIOns mm 

Supply I Active Icc Vcc=5 5V, /oL'r=OmA, tRc=mm 

Current I Standby ISB Vee = 5 5V, CE;;' Vee - 0.2V 

Input Leakage Current I ILl I V .. =Oto55V 

Output Leakage Current I 11.0 ! CE=20V, VOUT=Oto Vee 

VOH IOH= -205/lA 
Output Voltage 

VOL IOL=32mA 

.CAPACITANCE (Vcc=SV ±10%, Vss=OV, Ta=2S'C, V," =OV,f=lMHz) 

Item Symbol mm max Unit 

Input CapacItance C.O _. 10 pF 

Output Capacitance C" .. I - 15 pF 

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

.AC ELECTRICAL CHARACTERISTICS (Vcc=SV±10%, Vss=OV, Ta=O to +70'C) 

Input Pulse Level: 0.8 to 2.4V 
Input and Output Timing Reference Level: 1.5V 
Input Rise and Fall Time: 10 ns 
Output load: 1 TTL gate + CL = 100pF (including jig capacitance) 

-

-

-

-

24 

.-

Item Symbol mm 

Read Cycle TIme 

Address Access TIme 

CE Access TIme 

ChIp Enable to Output m Low Z 

Output Hold TIme from Address Change 

ChIp DIsable to Output In HIgh Z 

Output Hold TIme from CE 

* tCHZ defmes the time at which the output goes to the high Impedance state and 
IS not referenced to output voltage levels 

~HITACHI 

tRe 150 

tAA -

lACE -

feLZ 10 

tfJHA 0 

/CHZ· -

tDHC 0 

max 

50 

30 

10 

10 

-

04 
.-

max 

_. 

150 

150 

-

-

70 

-
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Unit 

rnA 

/lA 

/lA 

"A 

V 

V 
-.. _----

Umt 

ns 

ns 

ns 

ns 

ns 

ns 

ns 



-------------------------------------------------------HN62301BP,HN62301BFP 

.TIMING DIAGRAM 

Address 

, .. 

leLZ 

Do~t 

(Notes) 1 The time at which the data output becomes IOvahd IS 

defmed by tDNA or tDHC , whichever OC('UTS first 
2 The time at which the data output becomes valid IS 

defmed by tAA or tACE, whichever occurs last 

'Be 

Valid Data 

~HITACHI 

tDHA 

leH" 

tDNC 
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HN62301DP 
HN62301DFP 

Preliminary 

131072 -word X 8-bit CMOS Mask Programmable Read Only Memory 

The HN62301 DP/DFP is a 1M-bit CMOS mask-programmable 
ROM organized as 131072 words by 8 bits. Realizing low power 
consumption, this memory is allowed for battery operation. In 
addition, the HN62301 DP/DFP, which provides large capacity of 
1 M bits, is ideally suited for kanji character generators. 

-FEATURES 

• Single +5V Power Supply 
• Three-State Data Output for OR-Tieing 
• TTL Compatible 
• Maximum Access Time: 150ns 
• Low Power Consumption: 100mW typo active 

5p.W typo standby 
• Byte-Wide Data Organization 
• Address Valid Coincident with CE Transition Low 

.BLOCK DIAGRAM 

AO~ - DO 

I ~ Dl 

I 3-STATE ~ D2 

I ADDRESS MEMORY OUTPUT ~ D3 

I BUFFER ARRAY BUFFER ~ D4 

I ~ D5 

I ~ D6 

A16~ ~ D7 

CE 
-1 J 

.ABSOLUTE MAXIMUM RATINGS 

Item Symbol Value 

Supply Voltage' Vee -0.3to+7.0 

All Input or Output Voltage' VT -1.5" to Vee+O.3 

Operating Temperature Range To", o to +70 

Storage Temperature Range Trtg -55 to + 125 

Temperature Under Bias Tlmu -20 to +85 

(Notes)· With respect to Vss. 
"With pulse width of 50 ns, -0 3V (mm.) for DC level. 

Umt 

V 

V 

·C 

·C 

·C 

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

~HITACHI 

(DP·28) 

HN6230IDFP 

(FP·64) 

.PIN ARRANGEMENT 
eHN6230lDP 

A, 

A. 

As 

A. 

A, 

A, 

AI 

A, 

00 

0, 

0, 

(Top View) 
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-----------------------------------------------------HN62301DP,HN62301DFP 

• RECOMMENDED OPERATING CONDITIONS (Vss=OV, Ta=Oto +70'C) 

Item Symbol min. typo max. Unit 

Supply Voltage Vee 4.5 5.0 5.5 V 

VlL 2.0 - Vee+0.3 V 
Input Voltage 

VIH -1.0' - 0.8 V 

• With pulse width of 50 ns: -0 3V for DC level 

.DC ELECTRICAL CHARACTERISTICS (Vcc=5V±10%, Vss=OV, Ta=Oto +70'C) 

Item Symbol Test Conditions min. 

Supply I Active Icc Vee=5.5V, IouT=OmA, IRe=min. -
Current I Standby Is. Vee = 5.5V, CE<i: Vee-0.2V -

Input Leakage Current I ILl I V,,·=O to 5.5V -

Output Leakage Current I fLo I CE=2.0V, VOUT=O to Vee -

VOH 
Output Voltage 

/OH= -205),A 2.4 

VOL /oL=3.2mA -

.CAPACITANCE (Vcc=5V±10%, Vss=OV, Ta=25'C, V •• =OV,f=lMHz) 

Item Symbol min. max. Unit 

Input Capacitance C" - 10 pF 

Output Capacitance Cow, - 15 pF 

Note) This parameter IS sampled and not 100% tested 

.AC ELECTRICAL CHARACTERISTICS (Vcc=5V±10%, Vss=OV, Ta= 0 to +70'C) 

Input Pulse Level: 0.8 to 2.4V 
Input and Output Timing Reference Level: 1.5V 
Input Rise and Fall Time: 10ns 
Output Load: 1 TTL gate + CL = 100pF (including jig capacitance) 

Item 

Read Cycle Time 

Address Setup Time 

Address Hold Time 

CE Access Time 

Chip Enable to Output ID Low Z 

Chip Disable to Output in High Z 

Output Hold Time from CE 

CE Enabled Pulse Width 

CE DIsabled Pulse Width 

• tCHZ defme the time at which the output goes to the high Impedance 
state and IS not referenced to output voltage levels 

Symbol 

IRe 

lAS 

IAH 

lACE 

tCLZ 

tcHZ· 

tDHC 

ICE 

In 

~HITACHI 

min. 

200 

0 

50 

-

10 

-
0 

150 

50 

max. 

50 

30 

10 

10 

-

0.4 

max. 

-
-
-

150 

-

70 

-
-

-
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Umt 

rnA 

pA 

pA 

),A 

V 

V 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns I 
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HN62301DP,HN62301DFP-------------------------------------------------------

.TIMING DIAGRAM 

Address 

lACE tCHZ 

leu 
tDBe 

Hl-Z 
Vahd Data 

(Notes) 1 Address IS latched at the eE negative tranSItion. 

~HITACHI 
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HN62402P---------Preliminary 
131 072-word X 16-bit CMOS Mask Programmable Read Only Memory 

The HN62402P is a 2M bit CMOS mask-programmable ROM 
organized as 131072 words by 16 bits. Realizing low power con
sumption, this memory is allowed for battery operation. In 
addition, the HN62402P, which provides large capacity of 2M bits, 
is ideally suited for kanji character generators. 

-FEATURES 

• Single +5V Power Supply 
• Three-State Data Output for OR-Tieing 
• TTL Compatible 
• Maximum Access Time: 200ns 

(DP40) • Low Power Consumption: 100mW typo active 
5/lW tyPo standby 

• Word-Wide Data Organization .PIN ARRANGEMENT 

.BLOCK DIAGRAM 

A._ 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
A16-

OE/OE 

Addnw BoKe. 

I 

- -
Memory Array 

- -

I 

.ABSOLUTE MAXIMUM RATINGS 

Item Symbol 

Supply Voltage' Vee 

All Input or Output Voltage' VT 

Operatmg Temperature Range T.p, 

Storage Temperature Range Tit. 

Temperature Under Bias T., •• 

* With respectto Vu 

_D. 

3-State()ulput 
BoKe. 

-015 

~ 

Value Umt 

-03 to +7.0 V 

-0.3 to Vce+03 V 

.0 to +70 ·C 

-55 to +125 ·C 

-20 to +85 ·C 

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

~HITACHI 

A, 

A, 

A. 

(Top View) 
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HN62402P---------------------------------------------------------------

.RECOMMENDED OPERATING CONDITIONS (Vss=OV. Ta=O to +70'C) 

Item Symbol min. typo max. Unit 

Supply Voltage Vee 4.S S.O S.S V 

VIH 2.2 - Vee +0.3 V 
Input Voltage 

VIL -0.3 - 0.8 V 

• With pulse Width of SOns: -O.3V for OC level 

.DC ELECTRICAL CHARACTERISTICS (Vcc=5V±lO%. Vss=OV. Ta=O to+70'C) 

Item Symbol Test Conditions min. 

Supply I Active lee Vee=S.SV.louT=OmA.IRc=min. -

Current I Standby ISB Vee=S.5V. CE<i: Vee-0.2V -

Input Leakage Current I ILl I V,,=OtoS.SV -

Output Leakage Current I fLo I CE=2.2V. VOUT=O to Vee -
VOH 10H = - 20SJJA 2.4 

Output Voltage 
VOL 10L = 1.6mA -

.CAPACITANCE (Vcc=5V±lO%. Vss=OV. Ta=25·C. V .. =OV,J=lMHz) 

Item Symbol min. max. Unit 

Input Capacitance C •• - IS pF 

Output Capacitance COld - IS pF 

Note) This parameter IS sampled and not 100% tested 

.AC ELECTRICAL CHARACTERISTICS (Vcc=5V±10%. Vss=OV. Ta=O to +70'C) 

Input Pulse Level: 0.8 to 2.4V 
Input and Output Timing Reference Level: 1.5V 
Input Rise and Fall Time: 10n5 
Output load: 1 TTL gate + CL = 100pF (including jig capacitance) 

.ACELECTRICALCHARACTERISTICS (Vcc=5V±10%. Vss=OV, Ta=Oto +70'C) 

Item 

Read Cycle Time 

Address Access Time 

CE Access Time 

Chip Enable to Output in Low Z 

Output Hold Time from Address Change 

Chip Deselection to Output in High Z 

Output Hold Time from CE 

OE Access Time 

Output Enable to Output in Low Z 

Output Disable to Output in High Z 

Output Hold Time fromOE 

* tCIiZ and 10HZ defme the time at which the output goes to the high Impedance state and 
is not referenced to output voltage levels. 

Symbol 

IRe 

lAA 

lACE 

tCLZ 

tDHA 

tcHZ· 

tDHC 

IOE 

tOLZ 

10HZ· 

tDHO 

~HITACHI 

mm. 

200 

-

-
10 

0 

-

0 

-
10 

-
0 

max. 

SO 

30 

10 

10 

-

0.4 

max. 

-
200 

200 

-
-
70 

-

100 

-

70 

-
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Unit 

rnA 

"A 

"A 

"A 

V 

V 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 



---------------------------------------------------------------HN62402P 

.TIMING DIAGRAM 

,,, 

~II \11 

~I\ /1\ 
,,, 

- f---IDHA 

\ 
1\ / 

tACt 

leLZ -
,,, 

\ 

I 

~ -
HI-Z YffIlx Valid Data 

1\ 

(Notes) I The time at which the data output becomes mvahd]s defmed by lemA, tDHC or imiO, 

whichever occurs first 

2 The time at which the data output becomes valid Isdefmed by lAA., tltCE or tOE, 

whichever occurs last 

3 The time at which the data output becomes mvahd from the high Impedance state 

]S defmed b~ leLZ or tOLZ, whichever occurs last 

~HITACHI 

J 

tCHZ 

tDlfe f-
10HZ 

1/ 

IDHO f-

\~ HI-Z 
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HN62302P 
262,144 x 8 bit CMOS Mask Programmable Read Only Memory 

The HN62302P is a 2M bit CMOS mask-programmable ROM 
organized as 262144 words by 8 bits_ Realizing low power 
consumption, this memory is allowed for battery operation. 
In addition, the HN62302P, which provides large capacity of 
2M bits, is ideally suited for kanji character generators. 

-FEATURES 

• Single +5V Power Supply 
• Three-State Data Output for OR-Tieing 
• TTL Compatible 
• Maximum Access Time: 200ns 

(DP·40) 
• Low Power Consumption: 100mW typo active 

5p.W typo standby 
• Byte Wide Data Organization .PIN ARRANGEMENT 

.BLOCK DIAGRAM 

Al-
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

: 
I 

A16_ 

NC/OE/OE 

Address Buffer 

I 

- -
Memory Array 

- -

I 

.ABSOLUTE MAXIMUM RATINGS 

Item Symbol 

Supply Voltage' Vee 

All Input or Output Voltage' VT 

Operatmg Temperature Range Topr 

Storage Temperature Range TSl8 

Temperature Under Bias T ... , 

*' WIth respect to Vt>~ 

_D. 

3-StateOutput 
Buffer 

_D, 

~ 

Value Umt 

-0.3 to +7.0 V 

-0.3 to Vcc+03 V 

o to +70 "C 

-55 to + 125 "C 

-20 to +85 ·C 

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

@HITACHI 

(Top VLew) 
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------------------------------------------------------------------HN62302P 

.RECOMMENDEDOPERATINGCONDfTIONS (Vss=OV, Ta=Oto +70°C) 

Item Symbol mm. typ max Umt 

Supply Voltage Vtc 4.5 5.0 5.5 V 

VIH 2.2 - VLc+0.3 V 
Input Voltage 

VIL -0.3 - 0.8 V 

• With pulse width of 50ns . 0 3V for OC level 

.OCELECTRlCALCHARACTERlSTICS (Vcc=5V±lO%, VSS=OV, Ta=Oto+70T) 

Item Symbol Test Conditions mm 

Supply I ActIVe Icc Vee=5 5V, IOl'T=OmA, IRe=min -

Current I Standby Is. Vcc=55V,CE~ Vcc-0.2V -

Input Leakage Current I ILl I V .. =Oto 5.5V -

Output Leakage Current I ILO I CE=2.2V, VOUT=O to Vee -

VOH IOH= -205,.,A 24 
Output Voltage 

VOL IOL=1.6mA -

.CAPACITANCE (Vcc=5V±lO%, Vss=OV, Ta=25°C, V •• =OV,f=lMHz) 

Item Symbol mm. max Umt 

Input Capacitance C .. - 15 pF 

Output CapacItance CO~I - 15 pF 

Note) This parameter IS sampled and not 100% tested 

.AC ELECTRICAL CHARACTERISTICS (Vcc=5V±lO%, Vss=OV, Ta=O to +70T) 

Input Pulse Level: 0.8 to 2.4V 
Input and Output Timing Reference Level: 1.SV 
Input Rise and.fall Time: 10n5 
Output load: 1 TTL gate + CL = 100pF (including jig capacitance) 

.AC ELECTRICAL CHARACTERISTICS ( Vcc=5V ±lO%, Vss =OV, Ta=O to +70°C) 

Item 

Read Cycle Time 

Address Access Time 

CE Access Time 

Chip Enable to Output in Low Z 

Output Hold Time from Address Change 

Chip DeselectlOn to Output m High Z 

Output Hold Time from CE 

OE Access Time 

Output Enable to Output m Low Z 

Output Disable to Output m High Z 

Output Hold Time from OE 

• tCHZ and 10HZ defme the (Ime at which the output goes to the high Impedance state and 
IS not referenced to output voltage levels 

Symbol 

IRe 

IAA 

tACE 

leLZ 

tDHA 

(CHZ· 

tOHe 

10E 

toLZ 

10HZ· 

tDHO 

@HITACHI 

mm 

200 

-

-

10 

0 

-

0 

-

10 

-

0 

max Umt 

50 rnA 

30 ,.,A 

10 ,.,A 

10 ,.,A 

- V 

0.4 V 

max Umt 

- ns 

200 ns 

200 ns 

- ns 

- ns 

70 ns 

- ns 

100 ns 

- ns 

70 ns 

- ns 

Hitachi Amenca Ltd • 2210 O'Toole Avenue • San Jose, CA 95131 • (408) 435-8300 
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HN62302P---------------------------------------------------------------

.TIMING DIAGRAM 

toe 

\/ \/ 
--1\ /\ 

I" 

- r--- 1DHA 

\ 
1\ / 

tACE 

leu -
• 10' 

/ 
~ -

HI-Z WiIli\ V.hd Data 

(Notes) 1 The time at which the data output becomes Invahd IsdeflOed by tONA. tDNe or JDHO, 

whichever occurs first 

2 The time at which the data output becomes vahd IS defmed by tAli. lACE or IDE, 

whichever occurs last 

3 The time at which the data output becomes invalid from the high Impedance state 

IS defined by leLZ or loLZ. whichever occurs last 

~HITACHI 

/ 

tCHZ 

I .. e f--
tOHZ 

/ 

' .. 0 f-

\~X\ 
/~ 

HL-Z 
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NON·VOlATll~ M~MORY: ~PROM 
NON·VOlATll~ M~MORY: ~~PROM 
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HN27C64G Series 
8192-word x 8-bit U.V. Erasable and Programmable CMOS ROM 

• FEATURES 
• Low Power Dissipation .•..• 20mW/MHz typo (Active Mode) 

5~W typo (Stand by Mode) 
• Access Time ..•.........••. 150ns max. (HN27C64G-15) 

200ns max. (HN27C64G-20) 
250ns max. (HN27C64G·25) 

• Single Power Supply ..•......••............ +5V±10% 
• Simple Programming ..•....... Program Voltage; +21 V D.C. 

Program with One 50ms Pulse 

• Support High Performance Programming 
• Static •...•.••..•...•.........•. No Clocks Required 
• Inputs and Outputs TTL Compatible During Both Read and Pro

gram Modes 
• Fully Decoded On·chip Address Decode 
• Compatible with Intel 2764 

• BLOCK DIAGRAM 
00-07 

J.lt.M P'lwer U,jWII 

or Output 
PNC L,,.Ic 

<:I I:$ufft'rs 

\-Uecodt'r Y-LatlOg 

." 65536bl! 

,,, '(-UecOJder 

Memo)r), Matnx 

• MODE SELECTION 

~ CE OE PGM v" Vee Outputs 

Mode (20) (22) (27) (I) (28) (11-13. 15-19) 

Read V,. V,. V,. Vee Vee, Dogt 

Stand-by V,. X X Vee Vee Hilh Z 

PrOiram V,. X V" V,.,. Vee Din 

Pro,ram Verify V,. V,. V,. V,.,. Vee Dogt 

Pr_a .. Inhibit V,. x x V" Vee Hi,h Z 

~HITACHI 

,-------------------, 

(DG-28) 

• PIN ARRANGEMENT 

(Top View) 
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----------------------------------HN27C64G Series 

• ABSOLUTE MAXIMUM RATINGS 
Item Symbol Value Unit 

All Input and Output Voltqe* VT -1.0**- +7.0 V 

V cc Voltqe* Vcc -0.6- +7.0 V 

Vpp Voltqe* Vpp -0.6- + 2S V 

Operatins Temperature Ranie T_ O- + 70 ·C 

Storage Temperature Ranie T.,. -6S-+12S ·C 

* With respect to GND 
uPlllse Width: sOns, DC: -0.6V 

• READ OPERATION 
• DC AND OPERATING CHARACTERISTICS (Ta =(}-+70"C, Vee=6V±0,25V, Vpp= Vee±O.6V) 

Parameter Symbol Test Conditions min typ max Unit 

Input Leakage Current hI Vcc=S.SV, V,n=GND to Vcc - - 2 p.A 

Output Leakage Current ho V cc= S.SV, Vout=GND to V cc - - 2 p.A 

Vpp Current IpPI Vpp= Vec + 0.6V - I 100 p.A 

ISBI CE=VIH - - I mA 
V ce Current (Stand-by) 

ISB2 CE- Vec·0.3V - I 100 p.A 

ICCI CE= VIL, 10ut=0 mA - - 30 mA 
V CC Current (Active) 

ICC2 [=SMHz, 10ut=0 mA - - 30 mA 

Input Voltage VIL -1.0· - 0.8 V 

VIH 2.2 - ··Vee+1.5 V 

VOL /OL=2.1 rnA - - 0.45 V 
Output Voltage 

VOH IOH= -400p.A 2.4 - - V 

* Pulse Width: SOns, DC: V/L mm = -O.3V *. Pulse Width ~ 20ns, DC VIH max = Vee + l.0Y. Mode selection is unfixed between f/H~ Vee + I V and 11.5 V 

• AC CHARACTERISTICS (Ta=o-+ 70°C, Vcc=5V±1O%, Vpp=Vcc ±O.6V) 

Parameter 
Sym-

Test Condition 
HN27C64G-15 HN27C64G-20 HN27C64G-25 

Unit 
bol min max min max min max 

Address to Output Delay tACC CE=OE=VIL, PGM=VIH - ISO - 200 - 250 ns 

CE to Output Delay tCE OE=V/L, PGM=VIH - ISO - 200 - 250 ns 
OE to Output Delay tOE CE=VIL PGM= VIH 10 60 10 70 10 lao ns 
OE High to Output Float tDF cr=V/L 'PGM=VIH 0 50 0 60 0 90 ns 
Address to Output Hold tOH CE=OE=VIL, PGM=VIH 0 - 0 - 0 - ns 

• CAPACITANCE (Ta=2SoC,f=lMHz) 

Parameter Symbol Test Condition min typ max Unit 

Input Capacitance C .. V .. -OV - 4 6 pF 

Output Capacitance C ... V .. , -OV - 8 12 pF 

I 
~HITACHI 
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HN27C64G Series ---------------------------------

• SWITCHING CHARACTERISTICS 
Test Condition 

Input Pulse Levels: 
Input Rise and Fall Time: 
Output Load: 
Reference Level for Measuring Timing: 

Addrtu 

Dua Ovl 

• PROGRAMMING OPERATION 

0.45V to 2.4 V 
~20ns 
1TTL + 100pF 
O.8V and 2V 

• DC PROGRAMMING CHARACTERISTICS (Ta=2SoC±SoC, Vee=SV±S%, Vpp=21V±0.5V) 
Parameter Symbol Test Condition min typ max 

Input Leakage Current ILl VIN=5.25V/0.45V - - 2 
Output Low Voltage During Verify VOL IOL=2.1 rnA - - 0.45 

Output High Voltage During Verify VOH IOH=-400,.A 2.4 - -
Vec Current (Active) IcC - - 30 
Input Low Level VlL -0.1 - 0.8 
Input High Level VIH 2.2 - Vee+1.0 
V pp Supply Current Ipp CE=PGM=VlL - - 30 

Notes) 1. Vec must be applied before Vpp and removed after VPP. 

2. V pp must not exceed 25V including overshoot. 

3. An influence may be had upon device reliability if the device is installed or removed while V pp= 21 V. 

4. Do not alter Vpp either VIL to 21 V or 21 V to VlL when CE=PGM=Low. 

• AC PROGRAMMING CHARACTERISTICS (Ta=2SoC±5°C, Vcc=6V±0,2SV, Vpp=21V±0.5V) 
Parameter Symbol Test Condition min typ max 

Address Setup Time tAS 2 - -
OE Setup Time tOES 2 - -
Data Setup Time tDS 2 - -
Address Hold Time tAH 0 - -
Data Hold Time tDH 2 - -
OE to Output Hoat Delay tDF 0 - 130 

V pp Setup Time tvs 2 - -
PmifPulse Width During Programming tpw 25 50 55 

CE Setup Time tCES 2 - -
Data Valid from OE tOE - - 150 

~HITACHI 
Hitachi America Ltd .• 2210 O'Toole Avenue • San Jose. CA 95131 • (408) 435-8300 

Unit 

,.A 

V 

V 

rnA 

V 

V 

rnA 

Unit 

,.s 

,.s 

I4S 

,.s 
,.5 
ns 

I4S 
ms 

I4S 

ns 



--------------------------------HN27C64G Series 

• SWITCHING CHARACTERISTICS 
Test Condition 

Input Pu Ise Level: 
Input Rise and Fall Time: 
Reference Level for Measuring Timing: 

Acldr ... 

0.45V to 2.4 V 
5.2Ons 
O.SV and 2V 

Proaf.'" 

Ila .. l'---+-----'p----1---<I e:~ .. Oul 

Vee 

• ERASE 
Erasure of HN27C64 is petformed by exposure to ultraviolet 
light of 2537 A and all the output data are changed to "1" 
after this erasure procedure. The minimum integrated dose 
Ii.e. UV intensity x exposure time) for erasure is 15W· 
sec/em' 

• HIGH PERFORMANCE PROGRAMMING 
This device can be applied the High Performance Program· 
ming algorithm shown in following flowchart. This algorithm 
allows to obtain faster programming time without any 
voltage stress to the device nor deterioration in reliability of 
programmed data. 

~HITACHI 

Hlgh Performance Programmmg Flowchart 

Hitachi Amenca Ltd • 2210 O'Toole Avenue • San Jose, CA 95131 • (408) 435-8300 
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HN27C64G Series--------------------------------

• AC PROGRAMMING CHARACTERISTICS (Ta=2SoC±SoC, Vcc=6V±O.2SV, Vpp=21V±O.SV) 
Par •• eter S,..bol Te.t Condition min typ 

Acldr... Setup Time I" 2 -
"OE" Setup Time 10£1 2 -
D.t. Setup Time I .. 2 -
Addr... Hold Time I •• 0 -
D.t. Hold Time to. 2 -
"OE" to Output F1o.t Del.y· tDF 0 -
V., Setup Time 1'1,., 2 -
V c< Setup Ti_ ll,,, 2 -
PGM Pul.e Width during Initi.1 Pro,rsm I,." 0.95 1.0 

PUW Pul.e Width durin, Over Pro,ram·· I.,", 3.8 -
~Setup Ti_ fc., 2 -
D.t. V.lid from "OE" I .. - -

Hotel) .,., def._ the t"e at whteh the output achieves tM open circuit eonditton .nd is not referenced to output yok.p level •. 
•• , .. ,' ... delNd •• IHntioned in nort cklrt . 

• SWITCHING CHARACTERISTICS 
Test Condition 

Input Pulse Level: 
Input Rise and Fall Time: 
Reference Level for Measuring Timing: 

Data 

Vpp 
Vee 

Vee 
Vee 

cr 

PGM 

OR 

O.4SV to 2.4V 
520ns 
O.8V and 2V 

~HITACHI 

IOF 

01.' 
-
-
-
-
-

130 

-
-

1.05 

63 

-
150 
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Unit 

/AS 

p. 

ps 

p. 

p. 

ns 

ps 

ps 

ms 

ms 

p. 

ns 



--------------------------------HN27C64G Series 

SUPPLY CURRENT VS. SUPPLY VOLTAGE 

6 

T .. ,S.) 
4 V •• =Vcc!Vss 

i=SMHz 

, /' 

l/ 
V 

0 

8 / 
V 

V 
6 

Supply Voltage Vcc (V) 

SUPPLY CURRENT VS. FREQUENCY 

0 
Vcc=5V 
Ta=2S'C 

S 
V,.= VeelVss 

1 
] I 

/ 
V 

, 
./ 

V 
0 

~ V' -S 
~ 
U 0 

j 
02 

I 
01 02 os 10 10 

Frequency f{MHz) 

ACCESS TIME VS. SUPPLY VOLTAGE 
1 

To=25'(: 

, 

'" I 

'" 0 

• '" '" R 

1 
.0 l5 50 \5 60 

Supply Voltage Vee (V) 

SUPPLY CURRENT VS. AMBIENT TEMPERATURE 

1 I 1 

o 
"" 
] 
j 0 

6 
Vcc=50V 
V,.=Vcc!Vss 
J=5MHz 

• 
, 
or--- -r--""""--
8 

6 

• 20 40 60 

Ambient Temperature Ta (t) 

ACCESS TIME VS. LOAD CAPACITANCE 

8 

6 

V 4 

./ 
V , 

0/ 
....... 

Ta=2St 
Vcc=MIN 

8 

6 
100 200 100 400 500 

Load CapacLtance C L (pF) 

ACCESS TIME VS. AMBIENT TEMPERATURE 

3 

Vcc=50V 

J 

, 
V 

/' I 

./ 
.,,-

0 

./ 
~ 

8 

1 '0 40 60 60 

Ambient Temperllturf' Ta (t) 
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HN27C64G Series ------------------------------

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

4 6 
To=25"(; 
Vcc=SV 

2 

0 
I\. 

'" 8 

6 " 4 
'\ 

" 2 

] I 

I 

• I 

/ 
2 

V 
0 

/ Ta=25"C 
Vcc=SV 

8 

/ 
6 

• 02 o. 0' 0' 
OutpUt Vohaae VOII (V) Output Voitap VOL (V) 

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

50 Vcc-sv 
CE=5V 

6 
Ta=25't 
C'E=Vcc 

Dark Condmon Dark Condition 
4 

~ 

~/ 

V 
/ 

5 / 

2 
/ 

V 0 

V 
'V 

1 10 

1 
3 5 

02 6 
o 40 50 '" Amlnent Temperature To ct) Supply Voltal! Vcc (V) 
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HN27C64FP Series 
8192-word x 8-bit One Time Electrically Programmable CMOS ROM 
The HN27C64FP is a 8192-word by 8-bit one time electrically pro- r-------------., 
grammable ROM. Initially, all bits of the HN27C64FP are in the 
"1" state (Output High). Data is introduced by selectively 
programming "0" into the desired bit locations. This device is 
packaged in a 28 pin, plastic flat package (SOP). Therefore, this 
device can not be re-written. 

• FEATURES 
• Low Power Dissipation ..... 20mW/MHz typo (Active Mode) 

5j.tW typo (Stand by Mode) 
• Access Time ...•..•.....•. 200ns max. (HN27C64FP-20) 

250ns max. (HN27C64FP-25) 
• Single Power Supply ...... _ ...............• +5V± 5 % 
• Simple Programming ....•..... Program Voltage;+21V D.C. 
• Support High Performance Programming 
• Static .......................... No Clocks Required 
• Inputs and Outputs TTL Compatible During Both Reed and Pro

gram Modes 
• Fully Decoded On-chip Address Decode 

• BLOCK DIAGRAM 

t"lwer O'Iwn 
01llpUI 

a PflJl IAIIl. 
tlutr~rs 

Y-Uecoder y-.... unl 

A, 
65536 bit 

,,, X-Ueeuder 
MeIlllH,), Maull 

~HITACHI 

(FP-28D) 

• PIN ARRANGEMENT 

(Top View) 
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HN27C64FP Series--------------------------------

• MODE SELECTION 

~ CE OE PGM v .. Vee Outputs 

Mode (20) (22) (27) (I) (28) (11-13. 15-19) 

Read V/L V/L V,. Vee Vee DOllt 

St.nd-by V,. x x Vee Vee Hi.h Z 

Pr ...... '" V/L X V/L V" Vee Din 

PrGlr.", Verify V/L V/L V,. V" Vee Doot 

Pr_ ... Inhibit V,. x x V" Vee Hi.h Z 

)( :""1 can 

• ABSOLUTE MAXIMUM RATINGS 
Item Symbol Value Unit 

All Input and Output Voltage· VT -1.0··- +7.0 V 

V CC Voltage· Vcc -0.6- +7.0 V 

Vpp Voltage· Vpp -0.6- + 25 V 

Operating Temperature Range T_ O- +70 ·C 

Storage Temperature Range T,t, -55~ + 125 ·C 

• With respect to GND 
··Pulse Width: sOns, DC: -0.6V 

• READ OPERATION 
• DC AND OPERATING CHARACTERISTICS (Ta=(}-+70"C, Vcc =5V±5%, Vpp= Vcc±O.6V) 

Parameter Symbol Test Conditions min typ max Unit 
Input Leakage Current ILl Vcc=5.25V, V'n=GND to Vcc - - 2 p.A 

Output Leakage Current ho V cc=5.25V, Vout=GND to V cc - - 2 p.A 

Vpp Current IpPI Vpp=Vcc + 0.6V - 1 100 p.A 

V CC Current (Stand-by) ISBI CE=VIH - - 1 mA 

ISB'l CE=Vcc tO.3V - 1 100 p.A 

V CC Current (Active) ICCI CE- VIL,lout=O mA - - 30 mA 

ICC'l [=5MHz, lout=O mA - - 30 mA 

Input Voltage VIL -1.0· - 0.8 V 

VIH 2.2 - Vee+l.5* V 

VOL IOL=2.1 mA - - 0.45 V 
Output Voltage 

VOH 10H= -400p.A 2.4 - - V 
• Pulse Width. 50ns, DC. V/L mm -o.3V 
** Pulse Width" 20ns, DC VIH max = Vee + l.OV 

• ACCHARACTERISTICS (Ta=(}-+70"C, Vcc =5V±5%, Vpp= Vcc±O.6V) 

Parameter 
Sym-

Test Condition 
HN27C64FP-20 HN27C64FP-2S 

hoi 
Unit 

min max min max 
Address to Output Delay tACC CE=OEzVIL, PGM=VIH - 200 - 250 ns 
CE to Output Delay tCE OE=VIL, PGM=VIH - 200 - 250 ns 
OE to Output Delay tOE CE=V1L PGM= VIH 10 70 10 100 ns 
OE High to Output Float tDF a=VIL JG}.I= VIH 0 60 0 90 ns 
Address to Output Hold tOH CE=OE=VIL. PGM=VIH 0 - 0 - ns 

• CAPACITANCE (TIl=2SoC.f=lMHz) 

Parameter Symbol Teat Condition min typ mOl Unit 

Input Ca ..... it .... C .. V •• -OV - 4 6 pF 
Output Ca .... cit •••• e. .. V ... -OV - 8 12 pF 

@HITACHI 
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---------------------------------HN27C64FP Series 

• SWITCHING CHARACTERISTICS 
Test Condition 

Input Pulse Levels: 
Input Rise and Fall Time: 
Output Load: 
Reference Level for Measuring Timing: 

Addreu 

Stlndb)o Mode 

0"1 Out 

• PROGRAMMING OPERATION 

0.45V to 2.4 V 
S20ns 
lTTL+ l00pF 
O.BV and 2V 

• DC PROGRAMMING CHARACTERISTICS (Ta= 2So'C±SoC, Vcc=SV±S%, Vpp=21V±0.5V) 

Parameter Symbol Test Condition min typ max 
Input Leakage Current ILl VIN= 6.25 V 10.45 V - - 2 
Output Low Voltage During Verify VOL IOL-2.1 rnA - - 0.45 
Output High Voltage During Verify VOH IoH=-400 ,.A 2.4 - -
Vee Current (Active) Icc - - 30 
Input Low Level VlL -0.1 - 0.8 
Input High Level VIH 2.2 - vee 
Vpp Supply Current Ipp CE=PGM=VlL - - 30 

Notes) I. Vee must be applied before Vpp and removed after Vpp. 

2. Vpp must not exceed 25V including overshoot. 

3. An influence may be had upon device reliability if the device is installed or removed while Vpp= 21 V. 

4. Do not alter Vpp either VlL to 21 V or 21 V to VIL when CE=PGM=Low. 

@HITACHI 
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V 
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V 

V 
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HN27C64FPSeries-------------------------------------------------------------

• HIGH PERFORMANCE PROGRAMMING 
This device can be applied the High Performance Program
ming algorithm shown in following flowchart. This algorithm 
allows to obtain faster programming time without any 
voltage stress to the device nor deterioration in reliability of 
programmed data. 

HIgh Performance Programmmg Flowchart 

• AC PROGRAMMING CHARACTERISTICS (Ta=2SoC±SoC, Vcc=6V±O.2SV, Vpp=21 V±O.SV) 
Paraaeter 5,.1 Te.t Condition .,in typ max 

Add.... Setup Time I., 2 - -
~Setup TiM I ... 2 - -
Dato Setup Time I .. 2 - -
Add.... Hold Time I •• 0 - -
Dat. Hold Time I .. 2 - -
~ to Output Float Del.y· tOF 0 - 130 
V ... Setup Tiae h,.. 2 - -
V cc Setup Ti_ ,,,, 2 - -
PGM Pulse Width duri., Initi.1 Pr ...... m I", 0.95 1.0 1.05 
JIClr Pul.e Width duri., Over Pro .... ., .. I- 3 .• - 63 

l%Setup Ti_ ICIt. 2 - -
D.t. V.lid fr_ ~ I. - - 150 

NoIee) • hI' .r ... lite tlate .t which the 0IIl,.t ac .... ves the open cnuit co.ditlOft .nd i, not referenced to OIIlpul voltqe )eyel •• 
•• rill .... , .... u _,lolled in tlDrl chlrt. 

~HITACHI 
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----------------------------------HN27C64FP Series 

• SWITCHING CHARACTERISTICS 
Test Condition 

Input Pulse Level: 
Input Rise and Fa" Time: 
Raference Level for 'Measuring Timing: 

O.45V to 2.4V 
~20ns 
O.SV and 2V 

1---- Procram ---0J4-
Address 

Data 

Vpp 
Vpp 

Vee 

Vee 
Vee 

• RECOMMENDED SCREENING CONDITIONS 
Before mounting, please make the screening (baking 
without bias) shown in the right. 

~HITACHI 

Program and 
Verify 

by Programmer 

Baking at 
12S to ISOoC 

for 24 to 48 hrs 

Ensuring 
Read-out 

Mounting 

Recommended 
Screening conditions 

Hitachi Amenca Ltd. • 2210 O'Toole Avenue • San Jose, CA 95131 • (408) 435-8300 
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HN27128AG Series-------
16384-word X 8-bit UV Erasable and Programmable 
Read Only Memory 

The HN27128AG is a 16384-word by 8-bit erasable and electrically 
programmable ROM. This device is packaged in a 28-pin, dual-in-line 
package with transparent window. The transparent window allows 
the user to expose the chip to ultraviolet light to erase the bit pat
tern, whereby a new pattern can then be written into the device_ 

• FEATURES 
• Single Power Supply . _ ..... . 
• High Performance _ ........ . 

Programming 

+5V ±5% 
Program Voltage: +12.5V D.C. 
High Performance Programming 
Operations 

• Static .................. No Clocks Required 
• Inputs and Outputs TTL Compatible During Both Read and 

Program Modes 
• Access Time . _ ........... HN27128AG-17: 170ns (max.) 

HN27128AG-20: 200ns (max.) 
HN27128AG-25: 250ns (max.) 
HN27128AG-30: 300ns (max.) 

• Absolute Max. Rating of ..... 14.0V Max. 
Vpp pin 

• Low Stand-by Current. . . . . .. 35m A Max. (stand-by) 
" Device Identifier Mode .. ____ Manufacturer Code and Device 

Code 
• Compatible with INTEL 27128A 

• BLOCK DIAGRAM 

PGM 
POWERDOWN & m; 

cr PROGRAM LOGIC OUTPUT 

BUFFERS 

Y DECODER Y GATING 

A, 
I 

Au 131072 bIt 
X DECODER 

MEMORY MATRIX 

~HITACHI 

(DG-28) 

• PIN ARRANGEMENT 

(Top View) 

*VH~12.0V±O.5V 
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--------------------------------HN27128AG Series 

• MODE SELECTION 

CE OE PGM Vpp Vee A9 Outputs 

~ MODE (20) (22) (27) (1) (28) (24) (11-13,15-19) 

Read 

Output Disable 

Stand by 

High Performance Program 

Program Verify 

Program Inhibit 

Identifier 

Note) X ... Don't care 

*VB = 12.0V±0.5 V 

V/L 

V/L 

VIR 

V/L 

V/L 

VIR 

V/L 

• ABSOLUTE MAXIMUM RATINGS 

Item 

Operating Temperature Range 

Storage Tern perature Range 

Storage Temperature RAnge Under Bias 

Voltage on Pin 24 (A9) 

All Input and Output Voltages' 

V pp Voltage' 

Vee Voltage* 

, with respect to GND 

• READ OPERATION 

VIL VIR 

VIR VIR 

X X 

X V/L 

V/L VIH 

X X 

V/L V/H 

Symbol 

Topr 

Tstll 

Tbias 

V/D 

VIN, Vout 

Vpp 

Vee 

Vee Vee x Dout 

Vee Vee x HighZ 

Vee Vee x HighZ 

Vpp Vee x Din 

Vpp Vee x Dout 

Vpp Vee x HighZ 

Vee Vee VB' Code 

Value Unit 

o to +70 °C 

-65 to +125 °C 

-10to+80 °C 

-0.6 to + 13.5 V 

-0.6 to +7 V 

-0.6 to +14.0 V 

-0.6 to +7 V 

• DC AND OPERATING CHARACTERISTICS(Ta = 0 to 70°C, Vee = SV±S%, Vpp = Vee) 

Parameter Symbol Test Conditions 

Input Leakage Current ILl VIN = 5.25V 

Output Leakage Current ILO Vout = 5.25VjO.45V 

Vpp Current I pPl Vpp =5.25V 

Vee Current (Standby) Ieel CE = VIH 

Vee Current (ActIve) Iee2 CE = OE = VIL 

Input Low voltage VIL 

Input High Voltage VIR 

Output Low Voltage VOL IOL = 2.1mA 

Output High Voltage VOR lOR = -400jJ.A 

*, 
**. 

DC, 0.6V AC 20ns. **, DC, Vee+1.5V AC 20ns. 
Mode selection is unfixed between VIH = Vee + I V and VIH = Il.5V. 

@HITACHI 

min. typo max. 

- - 10 

- - 10 

- - 5 

- - 35 

- 40 100 

-0.1' - 0.8 

2.0 - Vee+ I " 

- - 0.45 

2.4 - -
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jJ.A 

jJ.A 

rnA 

rnA 

rnA 

V 

V 

V 

V 
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HN27128AG Series---------------------------------

• AC CHARACTERISTICS (Ta = 0 to +70°C, Vcc=5V ± 5%, Vpp = Vcc) 

Parameter Symbol Test Condition 
HN27128AG-17 HN27128AG-20 HN27128AG-25 HN27128AG-30 

Unit 
min. max. min. max. min. max. min. max. 

Address to Output Delay tACC CE=OE=V/L - 170 - 200 - 250 - 300 

CE to Output Delay tCE OE=V/L - 170 - 200 - 250 - 300 

OE to Output Delay tOE CE=V/L - 75 - 75 - 100 120 

OE High Output Float tDF CE=V/L 0 55 0 55 0 60 0 105 

Address to Output Hold tOH CE=OE=V/L 0 - 0 - 0 - 0 -

Note: tDF defines the time at which the Output achieves the open circuit condition and Data is no longer driven. 

• SWITCHING CHARACTERISTICS 

Test Condition 
Input Pulse Levels: 0.45V to 2.4V 
Input Rise and Fall Time: ~ 20ns 
Output Load: 1 TTL Gate +100pF 
Reference Level for Measuring Timing: 0.8V and 2.0V 

Address ). 

Stand -by Mode \ Active Mode 

tCE 

OE 

I tOE 

t ACC 

/ / I I 
\. \. \. \. 

Data Out 

• CAPACITANCE (Ta = 2SoC,f= IMHz) 

Parameter Symbol Test Condition 

Input Capacitance Cjn Yin = OV 

Output Capacitance Cout Vout = OV 

@HITACHI 

K 

V Stand-by Mode 

I 
tDF 

tOH 

Data Out Valid 
\. 
/ 

min. typo max. 

- 4 6 

- 8 12 

Hitachi America Ltd .• 2210 O'Toole Avenue • San J9se, CA 95131 • (408) 435-8300 

ns 

ns 

ns 

ns 

ns 

Unit 

pF 
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------------------------------------------------------------HN27128AGSeries 

• HIGH PERFORMANCE PROGRAMMING 
This device can be applied the High Performance Programming algorithm shown in following flowchart. This 
algorithm allows to obtain faster programming time without any voltage stress to the device nor deterioration 
in reliability of programmed data. 

SET PROG./VERIFY MODE 
Vpp= 12.S±O.3V. Vee = 6.0±O.2SV 

NO 

Program tpw = Ims±S% 

Address+ 1 .... Address 

NO 

SET READ MODE 
Vee = S.OV±O.2SV. Vpp= Vee 

NOGO 

High Performance Programming Flowchart 

~HITACHI 
Hitachi America Ltd. • 2210 OToole Avenue • San Jose, CA 95131 • (408) 435-8300 

I 
491 



492 

HN27128AG S.rl88------------------------------

• DEVICE IDENTIFIER MODE 
The Identifier Mode allows the reading out of binary codes that identify manufacturer and type of device, 
from outputs of EPROM. By this Mode, the device will be automatically matched its own corresponding 
programming algorithm, using programming equipment. 

• HN27128AG SERIES IDENTIFIER CODE 

~ 
A. 0, 0. 0, 0. 0, 0. 0, 0. Hex 

Identifier (10) (19) (18) (17) (16) (15) (13) (12) (11) Data 

Manufacturer Code V/L 0 0 0 0 0 1 1 1 07 

Device Code V/H 0 0 0 0 1 1 0 1 OD 
Notes: 1. A, = 12.0V ± 0.5V _ __ 

2. A, _. , A,. _IS , CE, OE = V/L, PGM = VIR. 

• HIGH PERFORMANCE PROGRAMMING OPERATION 

• DC PROGRAMMING CHARACTERISTICS (Ta = 25°C ±SOC, Vee = 6V±O.2SV, Vpp = 12.SV±O.3V) 

Parameter Symbol Test Condition min. typo max. Unit 

Input Leakage Current ILl VIN=5.25V - - 10 lolA 
Output Low Voltage Dunng Verify VOL IOL = 2.lmA - - 0.45 V 

Output High Voltage During Verify VOH IOH= -400,.A 2.4 - - V 

V CC Current (Active) ICC2 - - 100 mA 

Input Low Level VlL -0.1· - 0.8 V 

Input High Level VIH 2.0 - VeC*· V 

V pp Supply Current IpP2 CE= V1L - - 50 mA 

*: DC, -O.6V AC 20ns. **: DC, Vee + 0.5V AC 20ns. 
**: Mode selection is unfixed between VIR = Vee and VIR = 1l.5V . 

• AC PROGRAMMING CHARACTERISTICS(Ta = 25°C ±SOC, Vcc = 6V±O.2SV, Vpp = 125V±O.3V) 

Parameter Symbol Test Condition min. typo max. Unit 

Address Setup Time tAS 2 - - ,.. 
OE Setup Time tOES 2 - - ,.s 

Data Setup Time tDS 2 - - ,.s 

Address Hold Time tAH 0 - - ,.s 

Data Yold Time tDH 2 - - ,.s 

OE to Output Float Delay tDF 0 - 130 ns 

V pp Setup Time tvps 2 - - ,.s 

V CC Setup Time tvcs 2 - - ,.s 

~ Pulse Width Dunng Initial Programming tpw 0.95 1.0 1.05 ms 

CE Pulse Width During Overprogramming topw 2.85 - 78.75 ms 

CE Setup Time tCES 2 - - ,.s 

Data Valid from OE tOE - - 150 ns 

Notes: topw is defined as mentioned in fiow chart. 
tDF defines the time at which the output achieves the open circuit condition and data is no longer driven. 

@HITACHI 
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_____ ---------------------------HN27128AG Series 

• SWITCHING CHARACTERISTICS 

Test Condition 
Input Pulse Level: O.45V to 2.4V 
Input Rise and Fall Time: ~ 20ns 

Reference Level for Measuring Timing: O.8V and 2.0V 

• ERASE 

Address 

Data 

Vpp 
Vpp 

Vee 

PGM----......I 

OE----------~~--~---L 

tDF 

Erasure of HN27128AG is performed by exposure to ultraviolet light of 2537A and all the output data are 
changed to "1" after this erasure procedure. The minimum integrated dose (i.e. UV intensity x exposure 
time) for erasure is 15 W.sec/cm 2 . 

@HITACHI 
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HN27128AG Series---------------------------------

50 

0 

30 

20 

0 

SUPPL Y CURRENT VS. 
SUPPLY VOLTAGE 

Ta=25"C 

t-" 

Supply Voltage \tee (V) 

ADDRESS ACCESS TIME VS. 
SUPPLY VOLTAGE 

250 

200 

... 1'0.. -150 

100 

0 

Supply Voltage Vee (V) 

~CC2 

/eCI 

Ta=25"C 

0 

0 

° 
0 

0 

-

SUPPLY CURRENT VS. 
AMBIENT TEMPERATURE 

kc=5v 

t-- ---~ 
IcCl 

25 7{) 

Ambient Temperature Ta ( 'C) 

ADDRESS ACCESS TIME VS. 
AMBIENT TEMPERATURE 

\cc=5\ 

250~-+----+------+_-__; 

200~-+----+------+_-__; 

15°i=t===t::::::::;;:==-r-, -
lOO~-+----+------+_-__; 

501--+----+------+---1 

25 70 

';'mblent Tt"tnperRture Tn It I 
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HN27128AP Series 
16384-word x 8-bit One Time Electrically Programmable 
Read Only Memory 

The HN27128AP is a 16384-word by 8-bit one time electrically 
programmable ROM. Initially, all bits of the HN27128AP are in the 
"1" state (Output High). Data is introduced by selectively pro
gramming "0" into the desired bit locations. This device is packaged 
in a 28 pin, plastic dual-in-line package. Therefore, this device can 
not be re-written. 

• FEATURES 
• Single Power Supply ....... . 
• High Performance ......... . 

Programming 

+5V ±5% 
Program Voltage: +12.5V D.C. 
High Performance Programm ing 
Operations 

• Static .................. No Clocks Required 
• Inputs and Outputs TTL Compatible During Both Read and 

Program Modes 
• Access Time ............ . HN27128AP-20: 200ns (max,) 

HN27128AP-25: 250ns (max.) 
HN27128AP-30: 300ns (max.) 

• Absolute Max. Rating of ..... 14.0V Max. 
Vpp pin 

• Low Stand-by Current ....... 35mA Max. (stand-by) 
• Device Identifier Mode ...... Manufacturer Code and Device 

Code 

• BLOCK DIAGRAM 

A. 
I 

A" 

POWERDOWN & 
PROGRAM LOGIC 

Y DECODER 

X DECODER 

OUTPUT 
BUFFERS 

Y GA TI~G 

131072 bIt 

MEMORY MATRIX 

~HITACHI 

Preliminaly 

(DP-28) 

• PIN ARRANGEMENT 

(Top View) 

*VH=12.0V±0,5V 

Hitachi Amenca Ltd .• 2210 O'Toole Avenue • San Jose, CA 95131 • (408) 435-8300 
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HN27128APSeries--------------------------------

• MODE SELECTION 
CE OE PGM Vpp vee A9 Outputs 

~ MODE (20) (22) (27) (I) (28) (24) (11-13,15-19) 

Read 

Output Disable 

Stand by 

High Performance Program 

Program Verify 

Program Inhibit 

Identifier 

Note) X ... Don't care 

*VH~ 12.0V±O.5 V 

VIL 
VIL 

VIH 

VIL 

VIL 
VIH 

VIL 

• ABSOLUTE MAXIMUM RATINGS 

Item 

Operating Temperature Range 

Storage Temperature Range 

Storage Temperature RAnge Under Bias 

All Input and Output Voltages' 

Voltage on Pin 24 (A9) 

V pp Voltage' 

Vee Voltage' 

* with respect to GND 

• READ OPERATION 

VIL VIH 

VIH VIH 
X X 

X VIL 

VIL VIH 
X X 

VIL VIH 

Symbol 

Topr 

Tstg 

Tbias 

VIN, Vout 

V/D 
Vpp 

Vee 

Vee Vee x Dout 

Vee Vee x HighZ 

Vee Vee x HighZ 

Vpp Vee x Din 

Vpp Vee x Dout 

Vpp Vee x HighZ 

Vee Vee VH' Code 

Value Unit 

o to +70 °C 

-55 to +125 °C 

-10 to +80 °C 

-0.6 to +7 V 

-0.6 to + 13.5 V 

-0.6 to +14.0 V 

-0.6 to +7 V 

• DC AND OPERATING CHARACT.ERISTICS(Ta =Oto +70°C, Vee=5V±5%, Vpp= Vee) 

Parameter Symbol Test CondItions min. typo max. 

Input Leakage Current ILl VlN : 5.25V - - 10 

Output Leakage Current ho Vout : 5.25V /0.45V - - 10 

Vpp Current IpPl Vpp: 5.25V - - 5 

Vee Current (Standby) leel CE: VIH - - 35 

Vee Current (Active) lee2 CE :OE: V1L - 40 lao 
Input Low voltage VIL -0.1' - 0.8 

Input High Voltage VIH 2.0 - Vee+ 1" 

Output Low Voltage VOL IOL: 2.1mA - - 0.45 

Output High Voltage VOH IOH: -400jJ.A 2.4 - -

*: DC, 0.6V AC 20ns. ": DC, Vee + 1.5V AC 20os. 
'*: Mode selection is unfixed between VIH: Vee + 1 V and VIH: 11.5V. 

~HITACHI 
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---------------------------------HN27128AP Series 

• AC CHARACTERISTICS r,;~Oto+70oC, Vcc=5V±5%, Vpp=Vcc 

Symbol Test Condition 
HN27128AP-20 HN27128AP-25 HN27128AP-30 

Parameter 
min. max. min. max. min. max. 

Address to Output Delay tACC CE= OE = V/L - 200 - 250 - 300 

CE to Output Delay tCE OE= V/L - 200 - 250 - 300 

OE to Output Delay tOE CE= V/L - 75 - 100 - 120 

OE High Output Float tDF CE- V/L 0 55 0 60 0 105 

Address to Output Hold tOH CE= OE- V/L 0 - 0 - 0 -
. . 

Note: fDF defmes the time at whIch the Output achIeves the open CIrCUIt condItion and Data IS no longer drIven . 

• SWITCHING CHARACTERISTICS 

Test Condition 
Input Pulse Levels: O.45V to 2.4V 
Input Rise and Fall Time::::;; 20ns 
Outpu~ Load: 1 TTL Gate +100pF 
Reference Level for Measuring Timing: O.8V and 2.0V 

Address ). 

Stand-by Mode \ Active Mode 

tCE 

OE 

I fOE 

-fACC 

//// 
\\\\. 

Data Out 

• CAPACITANCE (Ta = 25°C'[= IMHz) 

Parameter Symbol Test Condition 

Input Capacitance Cin Y'n = OV 

Output Capacitance Cout Vout = OV 

~HITACHI 

( 

.; Stand-by Mode 

V 
tDF 

tOH 

Data Out Valid 
\. 
/ 

min. typo max. 

- 4 6 

- 8 12 

Hitachi America Ltd • 2210 O'Toole Avenue • San Jose, CA 95131 • (408) 435-8300 
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ns 

ns 

ns 

ns 
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HN27128AP Series --------------------------------

• HIGH PERFORMANCE PROGRAMMING 
This device can be applied the High Performance Programming algorithm shown in following flowchart. This 
algorithm allows to obtain faster programming time without any voltage stress to the device nor deterioration 
in reliability of programmed data. 

SET PROG./VERIFY MODE 
Vpp = 12.S±O.3V, Vee = 6.0±O.2SV 

NO 

Program tpw = Ims ±S% 

Address+ I ... Address 

NO 

SET READ MODE 
Vee = S.OV±O.2SV, Vpp= Vee 

NOGO 

High Performance Programming Flowchart 

~HITACHI 
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---------------------------------HN27128AP Series 

• DEVICE IDENTIFIER MODE 
The Identifier Mode allows the reading out of binary codes that identify manufacturer and type of device, 
from outputs of EPROM. By this Mode, the device will be automatically matched its own corresponding 
programming algorithm, using programming equipment. 

• HN27128AP SERIES IDENTIFIER CODE 

~ A. 0, 0. 0, 0, 0. 0, °1 
0. Hex 

Identifier (10) (19) (18) (17) (16) (15) (13) (12) (11) Data 

Manufacturer Code V/L 0 0 0 0 0 I I I 07 
Device Code V/H 0 0 0 0 I I 0 I 00 

Notes: 1. A, - 12.0V ± O.SV. 
2. AI _.' AI. -\3, CE, OE = V/L, PGM = VIH. 

• HIGH PERFORMANCE PROGRAMMING OPERATION 

• DC PROGRAMMING CHARACTERISTICS (Ta = 25°C ±soC, Vee = 6V±O.2SV, Vpp = 12.SV±O.3V) 

Parameter Symbol Test Condition min. typo max. Unit 

Input Leakage Current ILl VIN = S.2SV - - 10 IJA 

Output Low Voltage During Verify VOL IOL = 2.1mA - - 0.45 V 

Output High Voltage During Verify VOH IOH= -4001JA 2.4 - - V 

Vee Current (Active) Iec2 - - 100 rnA 

Input Low Level VIL -D.I' - 0.8 V 

Input High Level V1H 2.0 - Vec" V 

V pp Supply Current IpP2 CE = POM = V/L - - 50 rnA 

': DC, -D.6V AC 20os. ": DC, V cc + O.SV AC 20ns. 
Mode selection is unfixed between VIH = VCC and VIH = 11.5V . 

• AC PROGRAMMING CHARACTERISTICS(Ta. = 25°C ±SOC, Vee = 6V±O.2SV, Vpp = 12 5V±0.3V) 

Parameter Symbol Test Condition min. typo max. Unit 

Address Setup Time tAS 2 - - IJS 

OE Setup Time tOES 2 - - IJS 

Da ta Setup Time tDs 2 - - IJS 

Address Hold Time tAH 0 - - IJS 

Data Yold Time tDH 2 - - IJS 

OE to Output Float Delay tDF 0 - 130 ns 

V pp Setup Time tvps 2 - - IJS 

Vec Setup Time tves 2 - - IJs 

PGM Pulse Width During Initial Programming tpw 0.95 1.0 1.05 ms 

CE Pulse Width During Overprogramming topw 2.85 - 78.75 ms 

CE Setup Time tCES 2 - - IJS 

Data Valid from DE tOE - - 150 ns 

Notes: t OPW is defined as mentioned in flow chart. 
tDF defines the time at which the output achieves the open circuit condition and data is no longer driven. 

~HITACHI 
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HN27128AP Series--------------------------------

• SWITCHING CHARACTERISTICS 

Test Condition 
Input Pulse Level: O.4SV to 2.4V 
Input Rise and Fall Time: ~ 20ns 
Reference Level for Measuring Timing: O.SV and 2.0V 

Address 

Data 

Vpp 
Vpp 

Vee 

PGM------.I 

OE------------~--~--~ 

• RECOMMENDED SCREENING CONDITIONS 
Before mounting, please make the screening (baking 
without bias) shown in the right. 

~HITACHI 

Program and 
Verify 

by Programmer 

Baking at 
125to 150°C 

for 24 to 48 hrs 

Ensuring 
Read-out 

Mounting 

Recommended 
Screening conditions 
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HN27256G Series 
32768-word x 8-bit UV Erasable and Programmable ROM 

• FEATURES 
• Single Power Supply . . . . . . . . .. +5V ± 5% 
• High Performance Programming .. Program Voltage: +12.5V 

D.C. 
• Static .................. " No Clocks Required 
• Inputs and Outputs TTL Compatible During Both Read and 

Program Modes 
• Access TIme ......•........ HN27256G-25:250ns(max.) 

HN27256G-30:300ns(max.) 
• Absolute Max. Rating of Vpp pin .. 14.0V 
• Low Stand-by Current .•....... 40mA (stand-by) 
• Device Identifier Mode ...... Manufacturer Code and Device 

Code 
• Compatible with INTEL 27256 

• BLOCK DIAGRAM 

Address 

~ ~ j 

Add"" 

110 

1/0 o-l~I-D+-L-.J 

CE 
DE o-f::>o-l--p-L-/ 

• MODE SELECTION 

~ Mode 

Read 

Output Disable 

Standby 

High Performance Program 

Program Verify 

Optional VeriIy 

Program Inhibit 

Identifier 

Note) X: von't care. 
VR: 12.0V ± O.SV. 

Sl2X512 
Memory Ma!ml 

CE 
(20) 

V/L 
VIL 
V/H 
VIL 
V/H 
V/L 
V/H 
VIL 

OE Vpp Vee 
(22) (I) (28) 

V/L Vee Vee 
VIR Vee Vee 

X Vee Vee 
VIR Vpp Vee 
V/L Vpp Vee 
V/L Vpp Vee 
V/H Vpp Vee 
VIL Vee Vee 

~HITACHI 

(DG-28) 

• PIN ARRANGEMENT 

A9 Outputs 
(24) (11-13,15 -19) 

x Dout 

x High Z 

x HighZ 

x Din 

x Dout 

X Dout 

X High Z 

VR Code 
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HN27256GSeries--------------------------------

• ABSOLUTE MAXIMUM RATING 
Item Symbol Value 

Operating Temperature Range Topr 0 to +70 

Storage Temperature Range Tstg - 65 to +125 

Storage Temperature Range Under Bias Tbias - 10 to +80 

All Input and Output Voltages' VIN' Vout -0.6 to +7 

A9 Input Voltage' VlD -0.6 to +13.5 

Vpp Voltage' Vpp -0.6 to +14.0 

V ccVoltage' Vcc -0.6 to +7 

• wtth respect to GND. 

• READ OPERATION 
• DC AND OPERATING CHARACTERISTICS Ta=O-+70"C, Vpp= Vee Vee =5V±5%) 

Parameter Symbol Test Conditions min. typo max. 

Input Leakage Current ILl VIN = 5.25V - - 10 

Output Leakage Current ILO Vout = 5.25V/0.45V - - 10 

Vpp Current IpPl Vpp = 5.5 V - - 5 

V CC Current (Standby) ICCI CE = VlH - - 40 

V cc Current (Active) ICC2 CE =OE = V/L - 45 100 

Input Low Voltage VIL -0.1' - 0.8 

Input High Voltage VlH 2.0 - Vee + I" 

Output Low Voltage VOL IOL = 2.1 rnA - - 0.45 

Output High Voltage VO H IOH = -400 uA 2.4 - -
Vpp Voltage Vpp 3.8 - Vee 

': V/L min. = -o.6V for pulse width less than 20ns. 
**: VIH max. = Vee + l.SV for pulse width less than 20ns. 
Note: Mode selection is unfixed between VIH = Vee + I V and VIH = 11.SV. 

• AC CHARACTERISTICS (Ta=O-70°C, Vee=5V±5%) 

HN27256G-25 HN27256G-30 
Parameter Symbol Test Condition 

min. max. min. max. 

Address to Output. Delay IACC CE =OE = V/L - 250 - 300 

CE to Output Delay ICE OE = V/L - 250 - 300 

OE to Output Delay IOE CE = V/L - 100 - 120 

OE High to Output Float IDF CE = V/L 0 60 0 105 

Address to Output Hold IOH CE = OE = V/L 0 - 0 -
.. 

Note: IDF defmes the time at whIch the Output achIeves the open CirCUIt condItIon and Dat. IS no longer drtven. 

• SWITCHING CHARACTERISTICS 
TEST CONDITION 

Input pulse levels: 
Input rise and fall time: 
Output load: 

0.45V to 2.4V 
S20ns 
1 TTL Gate +100pF 

Reference level for measuring timing: O.BV and 2V 

@HITACHI 
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·C 

·C 

·C 

V 

V 

V 

V 

Unit 

uA 
uA 
rnA 

rnA 

rnA 
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V 

V 

V 

V 

Unit 

ns 

ns 

ns 

ns 

ns 



----------------------------------HN27256G Series 

Address 

OE------t--,. 

Data Out-----------1H4--f-( 
LL~+-__________ ~~ 

• CAPACITANCE (Ta=2SoC,!=IMHz) 

Parameter Symbol Test Condition Min. Typ. Max. Unit. 
-

Input Capacitance Cin Vin = 0 V - 4 6 pF 

Output Capacitance Coul Voul - 0 V - 8 12 pF 

• HIGH PERFORMANCE PROGRAMMING 
This device can be applied the High Performance Programming algorithm shown in following flowchart. This 
algorithm allows to obtain faster programming time without any voltage stress to the device nor deterioration in 
reliability of programmed data. 

Hi~h Performance PrngrammlnR Flowchat't 

~HITACHI 
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HN27256G Series----------------------------------

• DEVICE IDENTIFIER MODE 
The Identifier Mode allows the reading out of binary codes that identify Manufactlirer and type of device, 
from outputs of EPROM. By this Mode, the device will be automatically matched its own corresponding 
programming algorithm, using programming equipment. 

• HN27256G SERIES IDENTIFIER CODE 

~ 
Ao 0, 0. 0, 0. 0, 0, 0, 0. Hex 

Identifier (10) (19) (18) (17) (16) (IS) (13) (12) (II)' Data 

Manufacturer Code VIL 0 0 0 0 0 1 I 1 07 

Device Code VIH 0 0 0 1 0 0 0 0 10 

Notes: 1. A, - 12.0V ± 0.5V._ 
2. A,_., A,o_14, CE, OE = VIL. 

• HIGH PERFORMANCE PROGRAMMING OPERATION 
• DC PROGRAMMING CHARACTERISTICS (Ta=2SoC±SoC, VCC=6V±0.2SV, Vpp=12.SV±0.3V) 

Parameter Symbol Test Condition min. typo max. Unit 

Input Leakage Current ILl V/N = 5.25 V - - 10 p.A 

Output Low Voltage During Verify VOL IOL = 2.1 rnA - - 0.45 V 

Output High Voltage During Verify VO H IOH = -400p.A 2.4 - - V 

Vee Current (Active) /ce2 - - 100 rnA 

Input Low Level VIL -0.1 - 0.8 V 

Input High Level VlH 2.0 - Vee V 

Vpp Supply Current /PP2 CE - VIL - - 50 rnA 

• AC PROGRAMMING CHARACTERISTICS (Ta=2SoC±SoC, VCC=6V±0.2SV, Vpp=12.SV±0.3V) 

Parameter Symbol Test Condition min. typo max. Unit 

Address Setup Time tAS 2 - - p.s 

OE Setup Time tOES 2 - - J.ts 

Data Setup Time tDS 2 - - p.s 

Address Hold Time tAH 0 - - p.s 

Data Hold Time tDH 2 - - p.s 

OE to Output Float Delay tDF 0 - 130 ns 

Vpp Setup Time tvps 2 - - p.s 

Vee S~tup Time tvcp 2 - - p.s 

PGM Pulse W,dth Durmg Initial Programming tpw 0.95 1.0 1.05 ms 

CE Pulse Width During Overprogramming topw 2.85 - 78.75 ms 

Data Valid from OE tOE - - ISO ns 
Notes. topw IS defmed as mentioned m flow chart. 

tDF defines the time at which the output achieves the open circuit condition and data is no longer driven. 

• SWITCHING CHARACTERISTICS 
• TEST CONDITION 

I--- Program---oo _V;~~ryam_ P 

Address 
• Input pulse level: 0.45V to 2.4V 
• Input rise and fall time: ,.;;: 20ns 

1-1 "'i I AHI----
- 11". In ",,1,1. t';:;, Hut ~ Data 

• Reference level for measuring time: O.BV and 2V 
\1"1' ~ r;-;; rr;; 
.Y.!..!...t ~ ( +1 
.!::!.l.J ~ 

~ 
'~I If/,. ... tm 

'-----' 

~HITACHI 
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--------------------------------HN27256GSeries 

• ERASE 
Erasure of HN27256G is performed by exposure to ultraviolet light of 2537 A and all the output data are 
changed to "'" after this erasure procedure. The minimum integrated dose (i.e. UV intensity x exposure time) 
for erasure is '5W. sec/cm 2 

SUPPL Y CURRENT VS. SUPPLY VOLTAGE 

lDO 

T'=25~ 

l<l 

:< .s 
60 

'" 
] 

40 
i 
Jl 

len ----
2O 

leCI 

Supply V oltaR!! Vee (V) 

ADDRESS ACCESS TIME VS. SUPPLY VOLTAGE 

250 

200 

150 

lUO 

50 

o 
3 

Ta=2':i'C 

"'-r--

Supply Voltag€ Vce (V) 

~ 

SUPPL Y CURRENT VS. 
AMBIENT TEMPERATURE 

Vcc=5V 

8 

i 40tttl:rl:tt:ttw ~ Icc; 

201-+-+-1-+-+-t-t-+-+-t--I 

lccl 

20 40 

Ambient Temperature Til (t) 

ADDRESS ACCESS TIME 
VS. AMBIENT TEMPERATURE 

250 r--..,--,---,----r---r...., 
Vcc=5V 

2DO~-+--+--b--r-_+~ 

1501--+--+-+--+--+-1 

1001--+--+-+--+--+-1 

5O~-+--+--b--r--r~ 

20 40 60 l<l 

Ambient Temperature Ta ('C) 
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HN2?256P Series 
32768-word x 8-bit One Time Electrically Programmable ROM 

The HN27256P is a 32768-word by 8-bit one time electrically pro
grammable ROM. Initially, all bits of the HN27256P are in the "1" 
state (Output High) Data is introduced by selectively programming 
"0" into the desired bit locations. This device is packaged in a 
28-pin, dual·in-line plastic package, therefore, this device can not be 
rewritten. 

• FEATURES 
• Single Power Supply .. . . . . . . . . +5V ± 5% 

Preliminary 

(DP-28) • High Performance Programming .. Program Voltage: +12.5V 
D.C. • PIN ARRANGEMENT 

• Static ...........•....... , No Clocks Required 
• Inputs and Outputs TTL Compatible During Both Read and 

Program Modes 
• Access Time ............... HN27256P-25: 250ns (max.) 

HN27256P-30: 300ns (max.) 
• Absolute Max. Rating of Vpp pin.. 14.0V 
• Lbw Stand-by Current ......... 40mA (stand-by) 

• Device Identifier Mode ...... Manufacturer Code and Device 
Code 

• BLOCK DIAGRAM 

Address o---c~::::! 

512X512 
Memory MatrIx 

I/O Q-1~k--r-l-:-r-::-:---'-t---, 

cr 
OE()'{>O-I--~I...../ 

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

~HITACHI 
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----------------------------------HN27256P Series 

• MODE SELECTION 

~s CE OE Vpp Vee A9 Outputs 

Mode (20) (22) (1) (28) (24) (11 - 13, 15 - 19) 

Read V/L V/L Vee Vee x Dout 

Output Disable VIL VIH Vee Vee x High Z 

Standby VIH X Vee Vee X High Z 

High Performance Program V/L V/H Vpp Vee X Din 

Program Verify V/H VIL Vpp Vee X Dout 

Optional Verify V/L VIL Vpp Vee X Dout 

Program Inhibit V/H V/H Vpp Vee X High Z 

Identifier V/L V/L Vee Vee VH Code 

Note) X: Don't care. 
VH: 12.0V ± 0.5V. 

• ABSOLUTE MAXIMUM RATING 
Item Symbol Value Unit 

Operating Temperature Range Topr 0 to +70 °C 

Storage Temperature Range T,tf{ -55 to +125 °C 

Storage Temperature Range Under Bias Tbia. - 10 to +80 °C 

All Input and Output Voltages' VIN' Vout -0.6 to +7 V 

A9 Input Voltage' V/D -0.6 to +12.5 V 

Vpp Voltage' Vpp -0.6 to +14.0 V 

V cc Voltage' VCC -0.6 to +7 V 

• WIth respect to GND. 

• READ OPERATION 
• DC AND OPERATING CHARACTERISTICS (Ta=O-+70~C, V ce=SV±S%) 

Parameter Symbol Test Conditions min. typo max. Unit 

Input Leakage Current hI VIN = 5.25V - - 10 I'A 

Output Leakage Current fLO Vout = 5.25V /0.45V - - 10 I'A 

Vpp Current fpPI Vpp =5.5 V - - 5 mA 

V CC Current (S tandby) ICCI CE = VIH - - 40 mA 

V CC Current (ActIve) fCC2 CE =OE = VlL - 45 100 mA 

Input Low Voltage VlL -0.1' - 0.8 V 

Input HIgh Voltage VIH 2.0 - Vee + I" V 

Output Low Voltage VOL fOL = 2.1 mA - - 0.45 V 

Output HIgh Voltage VOH fOH = -400JjA 2.4 - - V 

VppVoltage Vpp 3.8 - Vee V 

'. V/L mm. = -0.6V for pulse WIdth less than 20ns. 
": VIH max. = Vee + 1.5V for pulse width less than 20ns. 
Note: Mode selection is unfixed between VIH = Vee + I V and VIH = 11.5V. 

• AC CHARACTERISTICS (Ta=O-70°C, VCC=SV±S%) 

HN27256P-25 HN27256P-30 
Parameter Symbol Test CondItIon Unit 

mm. max. min. max. 

Address to Output Delay IACC CE = OE = VIL - 250 - 300 ns 

CE to Output Delay ICE OE = VlL - 250 - 300 ns 

OE to Output Delay IOE CE = VIL - 100 - 120 ns 

OE High to Output Float tVF CE = VlL 0 60 0 105 ns I 
Address to Output Hold IOH CE = OE = V1L 0 - 0 - ns 

Note: IVF defmes the tIme at whIch the Output achIeves the open CIfCUlt condlllon and Dat. IS no longer dflven. 

~HITACHI 
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HN27256P Serie8--------------------------------

• SWITCHING CHARACTERISTICS 
TEST CONDITION 

Input pulse levels: 0.45V to 2.4V 
Input rise and fall time: S20ns 
Output load: 1 TTL Gate +100pF 
Reference level for measuring timing: O.BV and 2V 

Address J 

Stand - b) Modt' I"i Active Mode 

L-I"--
"l 
t---I",-

1----1," __ 

Data Ou t 

• CAPACITANCE (Ta=2SoC,f=IMHz) 

Parameter Symbol Test Condition 

Input Capacitance Cin ViR = OV 

Output Capacitance COUI Vout=OV 

II HIGH PERFORMANCE PROGRAMMING 
This device can be applied the High Performance 
Programming algorithm shown in following flowchart. 
This algorithm allows to obtain faster programming 
time without any voltage Strl/55 to the device nor 
deterioration in reliability of programmed data. 

• DEVICE IDENTIFIER MODE 
The Identifier Mode allows the reading out of 
binary codes that identify Manufacturer and type 
of device from outputs EPROM. By this Mode, the 
device will be automatically matched its own 
corresponding programming algorithm, using 
programming equipment. 

Data Out 

~HITACHI 

~ 

,/ Stand by Mode 

V 
1---1",_ 

I---tO"-j 
Valid \ 

I 

Min. Typ. Max. 

- 4 6 

- 8 12 

High Performance Programming Flowchart 

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

Unit. 

pF 

pF 



----------------------------------HN27256P Series 

• HN27256P SERIES IDENTIFIER CODE 

~ A. 0, 0, 0, 0. 0, 0, 0, 0. 
Identifier (10) (19) (18) (17) (16) (15) (13) (12) (11) 

Manufacturer Code V/L 0 0 0 0 0 1 1 1 

Device Code V/H 0 0 0 1 0 0 0 0 

Notes: 1. A, = 12.0V ± 0.tE:. 
2. A,_., A,. -14' ,m = V/L. 

• HIGH PERFORMANCE PROGRAMMING OPERATION 
• DC PROGRAMMING CHARACTERISTICS (Ta=2SoC±SoC, V cc=6V±0.2SV, Vpp=12.SV±0.3V) 

Parameter Symbol Test Condition min. typo max. 

Input Leakage Current ILl VlN=5.25 V - - 10 

Output Low Voltage During Verify VOL IOL = 2.1 mA - - 0.45 

Output High Voltage During Verify VO H IOH = -4001'A 2.4 - -
Vee Current (Active) /ec2 - - 100 

Input Low Level V/L -0.1 - 0.8 

Input High Level V/H 2.0 - Vee 

Vpp Supply Current /PP2 CE = V/L - - SO 

• AC PROGRAMMING CHARACTERISTICS (Ta=2SoC±SoC, V cc=6V±0.2SV, Vpp=12.SV±0.3V) 

Parameter Symbol Test Condition min. typo max. 

Address Setup Time lAS 2 - -
OE Setup Time IOES 2 - -
Data Setup Time IDS 2 - -
Address Hold Time IAH 0 - -
Data Hold Time IDH 2 - -
OE to Output Float Delay tDP 0 - 130 

Vpp Setup Time IVPS 2 - -
Vee Setup Time IVCp 2 - -

PGM Pulse Width During Initial Programming IpW 0.95 1.0 1.05 

CE Pulse Width During Overprogrammmg IOPW 2.85 - 78.75 

Data Valid from OE IOE - - 150 

Notes: IOPW is defmed as mentioned m now chart. 
tDP defines the time at which the output achieves the open CircUlt condition and data is no longer driven. 

• SWITCHING CHARACTERISTICS 
• TEST CONDITION 
• Input pulse level: 0.45V to 2.4V 
• Input rise and fall time: ~ 20ns 
• Reference level for measuring time: O.8V and 2V 

• RECOMMENDED SCREENING CONDITIONS 
Before mounting, please 
make the screening (baking 
without bias) shown in the 
right. 

Program and 
Verify 

by Programmer 

Ba king at 
12StalS0°C 

far 24 ta 48 hrs 

Ensuringl 
'----_--=R-"ec::ard-=-ac::u~ 

Mounting 

Recommended 
Screening conditions 

Add ress -....,...,-------+--c---;---i"---
Data 

V,·,· Jr'-'-i-P"-t--+-+-t-"'---
Vl'l' Vi ( 

Vi ( + I };-~_+-+_+-+_~ __ 
V( ( V( ( 

CE----:;. 

OE---'-'-"---=-=-'iI 

~HITACHI 
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HQx 

Data 

07 

10 

Unit 

I'A 

V 

V 

mA 

V 

V 

mA 

Unit 

I'S 

I'S 

I'S 

I'S 

I'S 

ns 

I'S 

I'S 

ms 

ms 

ns 
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HN27C256G Series 
32768-word x 8-bit CMOS UV Erasable and Programmable ROM 

• FEATURES 
• Low Power Dissipation ........ 20mW/MHz typo (Active Mode) 

51lW typo (Standby Mode) 

• Access Time ............... 170ns max. (HN27C256G·17) 
200ns max. (HN27C256G·20) 
250ns max. (HN27C256G·25) 
300ns max. (HN27C256G·30) 

• Single Power Supply . . . . . . . . .. 5V ± 5% 
• High Performance Programming .. Program Voltage: +12.5V DC 
• Static..... . . . . . . . . . . . . . .. No Clocks Required (DG·28) 

• Inputs and Outputs TTL Compatible During Both Read and Program 
Modes 

• PIN ARRANGEMENT 

• Absolute Max. Rating of Vpp pin ... 14.0V 
• Device Identifier Mode. . . . . .. Manufacturer Code 

and Device Code 
• Compatible with INTEL 27256 

• BLOCK DIAGRAM 

ADDRESS o---D~~ 

IT 

i5Eo;>-I--~.../ 

• MODE SELECTION 

~ Mode 

Read 

Output Disable 

Standby 

High Performance Program 

Program Verify 

Optional Verify 

Program Inhibit 

Identifier 

Note) X. Don t care. 
VH: 12.0V ± O.SV. 

512 X 512 

MEMORY MATRIX 

CE 
(20) 

V/L 
V/L 
VIH 
V/L 

VIH 
V/L 
VIH 
V/L 

ADDRESS 

\l>o IUGH THRESHOLD 
INVE~TER 

OE 
(22) 

V/L 
VIH 

X 

VIH 

V/L 
V/L 
VIH 
VJL 

Vpp 
(I) 

Vee 
Vee 
Vee 
Vpp 

Vpp 
Vpp 
Vpp 
Vee 

~HITACHI 

vee A9 Outputs 
(28) (24) (11- 13, IS -19) 

Vee x Dout 

Vee x High Z 

Vee X High Z 

Vee X Din 

Vee X Dout 

Vee X Dout 

Vee X High Z 

Vee VH Code 

Hitachi Amenca Ltd .• 2210 O'Toole Avenue • San Jose, CA 95131 • (408) 435·8300 



---------------------------------HN27C256G Series 

• ABSOLUTE MAXIMUM RATING 

Item Symbol Value Unit 

Operating Temperature Range Topr 0 to +70 °c 
Storage Temperature Range Tstg -65 to +125 ·C 

Storage Temperature Range Under Bias Tbias -10 to +80 °c 
All Input and Output Voltages' VIN, VOUT -1.0" to +7 V 

Voltage on Pin 24 (A9)' V/D -0.6 to +13.5 V 

Vpp Voltage' Vpp -0.6 to +14 V 

VCC Voltage' VCC -0.6 to +7 V 

'wIth respect to GND •• Pulse wIdth: 50ns, DC: V/L mm = -0.6V 

• HN27C256G IDENTIFIER CODES 

~ 
A. 0, 0, 0, 0. 0, 0, 0, O. Hex 

Identifier (10) (19) (18) (17) (16) (15) (13) (12) (11) Data 

Manufacturer Code V/L 0 0 0 0 0 1 1 1 07 

Device Code VJH 1 0 1 1 0 0 0 0 BO 

Notes: I. A. - 12.0V ± O.SV. 
2. A'_8,A'._I4,CE,OE= V/L. 

• READ OPERATION 
• DC AND OPERATING CHARACTERISTICS (Ta = 0 - +70°C, VCC = 5V ± 5%) 

Parameter Symbol Test CondItIOn mm typ max Unit 

Input Leakage Current ILl Yin = 5.25V - - 2 IJ.A 

Output Leakage Current 1£0 VOUI = 5 25V/0.4V - - 2 IJ.A 

Vpp Current IpP1 Vpp=5.5V - I 20 IJ.A 

ISBI CE = VJH - - I rnA 
V CC Current (Standby) 

ISB2 CE = VCC ± 0.3V I 20 - IJ.A 

ICC! CE = VIL, IOUI = 0 rnA - - 30 rnA 

V CC Current (ActIve) ICel [= 5 MHz.Iout = 0 rnA - - 30 rnA 

ICC3 [= I MHz.Ioul = 0 rnA - - 8 rnA 

V/L -1.0' - 0.8 V 
Input Voltage 

VJH 2.2 - Vee+1.5** V 

VOL IOL = 2.1 rnA - - 045 V 

Output Voltage VOHl IOH= -400 IJ.A 24 - - V 

VOH2 IOH= -IOOIJ.A Vce-O.? - - V 

Vpp Voltage Vpp 3 8 - Vce V --_. __ . 
• Pulse wIdth. 50ns, DC: V/L mm = -0.3V 
•• Pu!se width';;: 20ns,DC:VIH max = Vee + 1.0V. 
Mode may be unfixed: VIH= Vce+ I -11.5V. 

• AC CHARACTERISTICS (Ta = 0 -70°C, Vec = 5V ± 5%, Vpp = Vee) 

HN2?C256G-17 HN27C256G-20 HN27C2S6G-25 HN27C256G-30 
Parameter Symbol Test Condition Unit 

mm. max. min. max. min. max. min. max: 

Address to Output 
lACe CE=OE=V/L - 170 - 200 .- 250 - 300 ns Delay 

CE to Output Delay tCE OE=V/L - 170 - 200 - 250 - 300 ns 

OE to Output Delay tOE CE=V/L 10 60 10 70 10 100 10 150 ns 

OEHigh to Output 
tDF CE=VIL 0 50 0 50 0 60 0 105 ns Float 

Address to Output 
tOH CE=OE=VIL 0 - 0 - 0 - 0 - ns Hold 

I 
. . 

Note: tDF defmes the lIme at whIch the Output achIeves the open CtrCUlt condItIon and Data IS no longer dnven . 

@HITACHI 
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HN27C256GS.ies-------------------------------------------------------------

• SWITCHING CHARACTERISTICS 
TEST CONDITION 

Input pulse levels: 
Input rise and fall time: 

0.45V to 2.4V 
~20ns 

Output load: 1 TTL Gate +100pF 
Reference level for measuring timing: O.BV and 2.0V 

Address 

IT --::--...,.-.,.--.,.,....,.---h. 
Stand - by ModE' 

aE------~~ 

Data Out ----------f-f-<H-<I 

• CAPACITANCE (Ta=2SoCJ=lMHz) 

Parameter Symbol Test Condition 

Input Capacitance Cj" Vin = 0 V 

Output Capacitance Cout Vout=OV 

• HIGH PERFORMANCE PROGRAMMING 
This device can be applied the High Performance 
Programming algorithm shown in following flowchart. 
This algorithm allows to obtain faster programming 
time without any voltage stress to the device nor 
deterioration in reliability of programmed data. 

-

~HITACHI 

Min. Typ. Max. Unit. 

- 4 6 pF 

- 8 12 pF 

High Performance Programming Flowchart 
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----------------------------------HN27C256G Series 

• HIGH PERFORMANCE PROGRAMMING OPERATION 
• DC PROGRAMMING CHARACTERISTICS (Ta=2SoC±SoC, V CC=6V±O.2SV, Vpp=12.SV±0.3V) 

Parameter Symbol Test Condition mm. typo max. Untt 

Input Leakage Current ILl VIN = 6.25V /0.45V - - 2 ,"A 

Output Low Voltage Durmg VerIfy VOL IOL = 2.1 rnA - - 0.45 V 

Output High Voltage Durmg VerIfy VO H IOH = -400 ,"A 2.4 - - V 

Vee Current (Active) 1cC2 - - 100 rnA 

Input Low Level VIL -0.1 - 0.8 V 

Input High Level V/H 2.2 - Vee V 

Vpp Supply Current Ipp, CE - VIL - - 30 rnA 

Notes) I. Vee must be applied before Vpp and removed after Vpp. 
2. Vpp must not exceed 13V includmg overshoot. 
3. An influence may be had upon device reliablltty If the devlce...!U!)staIled or removed while Vpp = 12.5V. 
4. Do not alter Vpp either Vn to 12.5V or 12.5V to Vn when CE = Low. 

• AC PROGRAMMING CHARACTER}STlCS (Ta=2SoC±SoC, Vec=6V±O.2SV, V pp= 12 .SV±O.3V) 

Parameter Symbol Test Condition mm. typo max. Untt 

Address Setup Time lAS 2 - - ,"s 

OE Setup TIme IOES 2 - - ,"s 

Data Setup Time IDS 2 - - ,"s 

Address Hold TIme IAH 0 - - ,"s 

Data Hold Time IDH 2 - - ,"S 

OE to Output Float Delay IDF 0 - 130 ns 

Vpp Setup Tune IVPS 2 - - ,"S 

Vee Setup Time IVC 2 - - ,"S 

PGM Pulse Width DUling Inttial Programming Ipw 0.95 1.0 1.05 ms 

CE Pulse Width During Overprogrammmg IOpw I 2.85 - 78.75 ms 

CE Setup Time ICES 2 - - ,"S 

Data Valtd from OE IOE 0 - 150 ns 

Notes: IOPW IS defmed as mentioned 10 flow chart 
IDF defmes the lIme at which the output achieves the open CIICUIt condition and data IS no longer driven. 

• SWITCHING CHARACTERISTICS 
• TEST CONDITION 
• Input pulse level: 0.45V to 2.4V 
• I nput rise and fall time: s: 20ns 
• Reference level for 

Address---,~--------------~~~~---ir--

measuring time: 0.8V and 2V 
Data 

Vc I 

CE----i. 

• ERASE 
Erasure of HN27C256G is performed by exposure to ultraviolet light of 2537 A and all the output data are 
changed to "1" after this erasure procedure. The minimum Integrated dose (I.e. UV intenSIty x exposure time) 
for erasure is 15W. sec/cm 2 

~HITACHI 
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HN27C256G Series------------~-------------------

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

6 

T.=".) 
4 V,.= Vee/V!s 

f=5MHl 

2 
/ 

/ 
i/ 

0 

V 
./ 8V 

o. 6 

Supply Voltage Vee (V) 

SUPPLY CURRENT VS. FREQUENCY 

0 
Vcc=5V 
Ta=25t 

5 
V,.=Vcc!Vss 
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~ I 
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u 05 

1 

2 / 
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--------------------------------HN27C256G Series 

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

4 16 
Ta=25t 

~ 0 

Vcc=-5V 

2 

0 ~ 

'" 8 

6 " " 4 

~ 2 

J 

I 
V 

/ Ta=25t 
Vcc=5V 

/ 
4 

! 
u 

J 

J 12 

oS! 10 

! 
u 08 

J 
06 

02 04 06 08 

Output Voltage VOH (V) Output Voltagoe VOL (V) 

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

50 
Vcc=5V 
CE=5V 

6 
Ta=2S"C 
CE=Vcc 

Dark Condition Dark Condltlo~ 
4 20 
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LV 
5 

V 
2 

/ 0 
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2 
/ 

0 
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/ 
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20 40 60 80 
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I 
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HN27C256FP Series------
32768-word x 8-bit CMOS UV Erasable and Programmable ROM 

The HN27C256FP is a 32768-word by 8-bit on time electrically pro
grammable ROM. Initially, all bits of the HN27C256FP are in the "1" 
State (Output High). Data is introduced by selectively programming 
"0" into the desired bit locations. This device is packaged in a 28 pin, 
plastic flat package (SOP). Therefore, this device cannot by re-written. 

• FEATURES 
• Low Power Dissipation ........ 20mW/MHz typo (Active Mode) 

5~W typo (Standby Mode) 
• Access Time .•.....•....... 200n5 max. (HN27C256FP-20) 

250ns max. (HN27C256FP-25) 
300ns max. (HN27C256FP-30) 

• Single Power Supply . . . . . . . . .. 5V ± 5% 
• High Performance Programming .. Program Voltage: +12.5V DC 
• Static..... . . . . . . . . . . . . . .. No Clocks Required 
• Inputs and Outputs TTL Compatible During Both Read and Program 

Modes 
• Absolute Max. Rating of Vpp pin ... 14.0V 
• Device Identifier Code . . . . . . .. Manufacturer Code 

and Device Code 

• BLOCK DIAGRAM .. --ADDRESS ~ 

~ ffi 512 X 512 
8 
~ 

MEMORY MATRIX 

>< 

~ 
~ ~ ........ ·1 

~~ 
.... 

...:... YGATING 

~ 
c 

.... "'''' a:!<~ zoo Y DECODER - u 

I 
"L., - ---r r ..... 

110 

1/0 

~ 

~ '--U ----
0--~ ADDRESS ADDRESS 

Vee 

Vpp 

Vss~ 
. .. 8>0 HIGH THRESHOLD 

INV~RTI:.R 

~HITACHI 

(FP-28D) 

• PIN ARRANGEMENT 

(Top VIf~W) 
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-------------------------------------------------r-----------HN27C256FP 

• MODE SELEGTION 

::--------: CE OE A9 

Mode (20) (22) (24) 

Read VIL VIL X 

Output Disable VIL V/H X 

Standby V/H X X 

High Performance Program VIL VIH X 

Program Verify VIH VIL X 

Operational Verify VIL V/L X 

Program Inhibit VIH VIH X 

Identifier VIL V/L VH 
Note) X: Don't care. 

VH: 12.0 ± O.SV. 

• ABSOLUTE MAXIMUM RATINGS 
Item Symbol 

Operating Temperature Range Topr 

Storage Temperat,!re Range Tstg 

Storage Temperature Range Under Bias Tbias 

All Input and Output Voltages· VIN. VOUT 

Voltage on Pin 24 (A9) VID 

Vpp Voltage" Vpp 

Vee Voltage· Vee 

• wIth respect to GND. •• Pulse WIdth: SOns, DC: V/L mm = -O.6V 

• HN27C256FP IDENTIFIER CODES 

~I A. I 0, ! 0. 0, O. 
Identifier (10) (19) (18) (17) (16) 

Manufacturer Code VIL 0 0 0 0 

Device Code V/H 1 0 1 1 

Notes: 1. A. = 12.0V ± O.SV._ 
2. AI -8' AI. -I" CE, OE = V/L . 

• READ OPERATION 

vpp vee 
(1) (28) 

Vee Vee 

Vee Vee 

Vee Vee 
Vpp Vee 
Vpp Vee 
Vpp Vee 
Vpp Vee 

Vee Vee 

Value 

0 to +70 

-SS to +12S 

-10 to +80 

-1.0·· to +7 

-0.6 to +13.5 

-0.6 to +14 

-0.6 to +7 

o. 
: 

O2 

: 
0 1 

(IS) (13) (12) 

0 I 1 I I 

0 I 0 I 0 

• DC AND OPERATING CHARACTERISTICS (To = 0 - +70°C, Vee = SV ± 5%) 

Parameter Symbol Test CondItion 

Input Leakage Current ILl Yin = S.2SV 

Output Leakage Current ILO Vout = S.2SV /O.4V 

Vpp Current IPPl Vpp- 5.SV 

ISBI CE= V/H 
Vee Current (Standby) 

ISB2 CE = Vee ± O.3V 

Ieel CE = VIL, lout = 0 rnA 

Vee Current (Active) lee2 f= S MHz,lout = 0 rnA 

IeC3 f= I MHz,lout = 0 rnA 

V/L 
Input Voltage 

V/H 

VOL IOL- 2.1 rnA 

Output Voltage VOHl 10H= -400jlA 

VOH2 IOH=-IOOjlA 

Vpp Voltage Vpp 

• Pulse width: sOns, DC: V/L min = -O.3V 
•• Pulse width" 20ns, DC VIH max = Vee + l.OV. 
Mode may be unfIXed: VIH= Vee + 1- II.SV . 

• HITACHI 

mm typ 

- -

- -

- I 

- -
- I 

- -

- -

- -

-1.0· -

2.2 -

- -

2.4 -

Vec-O·7 -

3.8 -

Outputs 
(11 - 13, 15 - 19) 

Dout 

HighZ 

High Z 

Din 

Dout 

Dout 

High Z 

Code 

Unit 

°c 
·C 

°c 
V 

V 

V 

V 

I O. Hex 
(11) Data 

I 07 

0 BO 

max Unit 

2 jlA 

2 jlA 

20 jlA 

I rnA 

20 jlA 

30 rnA 

30 rnA 

8 rnA 

0.8 V 

Vee+l.S•• V 

O.4S V 

- V 

- V 

Vee V 
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HN27C258FP-------------------------------------------------------------

• AC CHARACTERISTICS(Ta = 0 -70°C, Vcc = SV± 5%, VIP = Vce) 

HN27C2S6FP-20 HN27C2S6FP-2S HN27C2S6FP-30 
Parameter Symbol Test Condition Unit 

min. max. min. max. min. max. 

Address to Output Delay tACC CE=OE= VIL - 200 - 250 - 300 ns 

CE to Output Delay tCE OE= VIL - 200 - 250 - 300 ns 

OE to Output Delay tOE CE = VIL 10 70 10 100 10 ISO ns 

OE High to Output Float tDF ~=VIL 0 SO 0 60 0 105 ns 

Address to Output Hold tOH CE=OE= VIL 0 - 0 - 0 - ns 

Note: tDF defines the time at which the Output achieves the open circuit condition and Data is no longer driven. 

• SWITCHING CHARACTERISTICS 
TEST CONDITION 

Input pulse levels: O.45V to 2.4V 
Input rise and fall time: ~2Ons 

Output load: 1 TTL Gate +100pF 
Reference level for measuring timing: O.8V and 2.0V 

I 

Address ). K 

Stand - by Mod. N. Active Mode / Stand by Mode 

t="" I ._._ 

"\ / 
j---I".- _1".-

~I.,,-- _,",,-
Data Ou I / / / / 

\ 
Data Out V.lld 

• CAPACITANCE (Ta=2SoC,f=IMHz) 

Parameter Symbol Test Condition Min. Typ. Max. Unit. 

Input Capacitance C'n V'n =OV - 4 6 pF 

Output Capacitance Cout Vout=OV - 8 12 pF 

• HITACHI 
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----------------------------------------------------------------HN27C256FP 

• HIGH PERFORMANCE PROGRAMMING 
This device can be applied the High Performance Programming algorithm shown in following flowchart. This 
algorithm allows to obtain faster programming time without any voltage stress to the device nor deterioration in 
reliability of programmed data. 

High Performance Programmmg Flowchart 

• HIGH PERFORMANCE PROGRAMMING OPERATION 
• DC PROGRAMMING CHARACTERISTICS (Ta=2SoC±SoC, V CC=6V±O.2SV, Vpp=12.5V±O.3V) 

Parameter Symbol Test Condition min. typo max. Unit 

Input Leakage Current ILl VIN= 6.25V/0.45V - - 2 ,.A 

Output Low Voltage During Verify VOL IOL = 2.1 rnA - - 0.45 V 

Output High Voltage During Verify VOH IOH= -400,.A 2.4 - - V 

Vee Current (Active) /CC2 - - 30 rnA 

Input Low Level V/L -0.1 - 0.8 V 

Input High Level VIH 2.2 - Vee V 

Vpp Supply Current /PP2 CE - V/L - - 40 mA 

Notes) 1. Vee must be applied before Vpp and removed after Vpp. 
2. Vpp must not exceed 13V including overshoot. 
3. An influence may be had upon device reliability if the device is installed or removed while Vpp = 12.5V. 
4. Do not alter Vpp either V/L to 12.5V or 12.5V to V/L when CE = Low. 

~HITACHI 
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HN27C256FP-------------------------------------------------------------

• AC PROGRAMMING CHARACTERISTICS (Ta=2SoC±SoC, Vcc=6V±O.2SV, Vpp=12.5V±O.3V) 

Parameter Symbol Test Condition min. typo max. Unit 

Address Setup Time tAS 2 - - IlS 

OE Setup Time tOES 2 - - IlS 

Data Setup Time tDS 2 - - IlS 

Address Hold Time tAH 0 - - IlS 

Data Hold Time tDH 2 - - IlS 

OE to Output Float Delay tD,F 0 - 130 ns 

Vpp Setup Time tvps 2 - - IlS 

Vee Setup Time tvc 2 - - IlS 

PGM Pulse Width During Initial Programming tpw 0.95 1.0 1.05 ms 

CE Pulse Width During Overprogramming topw 2.85 - 78.75 ms 

CE Setup Time tCES 2 - - IlS 

Data Valid from OE tOE 0 - 150 ns 

Notes: topw IS defmed as menlloned m flow chart. 
tDF defines the time at which the output achieves the open circuit condition and data is no longer driven. 

• SWITCHING CHARACTERISTICS 
• TEST CONDITION 
• Input pulse level: 0.45V to 2.4V 
• Input rise and fall time: :::20ns 
• Reference level for 

Address--~~--------------r-~~~---lr--

measuring timing: 0.8V and 2V 

• RECOMMENDED SCREENING CONDITIONS 
Before mounting, please make the scre'ening (baking 
without bias) shown in the right. 

Data 

V /'/' Jr"-+-I-'-""'+----t-+---+------
V"" V" 

v" + I V,, v,, }-:---+--r_-+----t-+---+-------

C£-----I.. 

Program and 
Verify 

by Programmer 

Baking at 
12StolS0°C 

for 24 to 48 hr. 

Ensuring 
Read-out 

Mounting 

Recommended 
Screening conditions 

~HITACHI 
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HN27512G 
65536-word X 8-bit UV Erasable and Programmable Read Only Memory 

The HN27512G is a 65536·word by 8-bit erasable and electrically 
programmable ROM. This device is packaged in a 28-pin, dual·in·line 
package with transparent window. The transparent window allows 
the user to expose the chip to ultraviolet light to erase the bit 
pattern, whereby a new pattern can then be written into the device. 

• FEATURES 
• Single Power Supply . . . . . . . . +5V ±5% 
• High Performance ............ Program Voltage: +12.5V D.C. 

Programming High Performance Programming 
Operations 

• Static .................. No Clocks Required 
• Inputs and Outputs TTL Compatible During Both Read and 

Program Modes 
• Access Time ............. HN27512G-25: 250ns (max.) 

HN27512G-30: 300ns (max.) 

(DG-28) 

• Absolute Max. Rating of ..... 14.0V (max.) 
Vpp pin 

• PIN ARRANGEMENT 

• Low Stand·by Current ....... 40mA (max.) 
• Device Identifier Mode ...... Manufacturer Code and Device 

Code 
• Compatible with Intel 27512 

• BLOCK DIAGRAM 

Address G---{::lC::::::I 

~ 

"8 I,024x512 
! Memory Matnx 

>< 

Address V""-T"Lo~....J 

110 o-r,-t-D+'-CL'od 

&1>0 : High T ere,hold 
Inverter 

@HITACHI 

(Top View) 
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HN27512G Series 

• MODE SELECTION 

~ Mode 

Read 

Output Disable 

Stadby 

High Performance Program 

Program Verify 

Program Inhibit 

Identifier 

Note) X ... Don't care 
VH: 12.0V ± O.SV. 

CE 
(20) 

V/L 

V/L 

V/H 

V/L 

V/L 

V/H 

V/L 

• ABSOLUTE MAXIMUM RATINGS 

Item 

Operating Temperature Range 

Storage Temperature Range 

Storage Temperature Range Under Bias 

All Input and Output Voltages' 

Voltage on Pin 24 (A9) 

Vpp Voltage' 

V CC Voltage' 

• with respect to GND 

• READ OPERATION 

OE/Vpp A9 Vee 
(22) (24) (28) 

V/L X Vee 

VIH X Vee 
X X Vee 

Vpp X Vee 
V/L X Vee 
Vpp X Vee 

VIL VH Vee 

Symbol Value 

Tapr o to +70 

T.t, -65 to +125 

Tbla. -10 to +80 

VIN' Vaut -0.6 to +7 

VID -0.6 to + 13.5 

Vpp -0.6 to +14.0 

Vcc -0.6 to +7 

• DC AND OPE~ATING CHARACTERISTICS (Ta = 0 to +70·C, Vee = 5V ±5%) 

Parameter Symbol Test Conditions min. 

Input Leakage Current hI VIN = 5.25V -
Output Leakage Current ho Vaut = 5.25V/0.45V -
V CC Current (Standby) ICCl CE = VIH -
V CC Current (Active) ICC2 CE =OE = VIL -
Input Low voltage VIL -0.1' 

Input High Voltage VIH 2.0 

Output Low Voltage VOL IOL = 2.lmA -
Output High Voltage VOH IOH= -400/loA 2.4 

': DC, -Q.6V AC 20ns. ": DC, Vee + 1.5V AC 20ns. 
": Mode selection is unfixed between VIH = Vee + IV and VIH = 11.5V. 

~HITACHI 

Outputs 
(11 - 13, 15 - 19) 

Dout 

HighZ 

High Z 

Din 

Dout 

HighZ 

Code 

Unit 

°C 

°C 

°C 

V 

V 

V 

V 

typo max. Unit 

- 10 /loA 

- 10 /loA 

- 40 mA 

45 100 mA 

- 0.8 V 

- Vce+ I " V 

- 0.45 V 

- - V 
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--------------------------------HN27512G Series 

• AC CHARACTERISTICS (Ta = 0 to +70°C, VCC = 5V ±5%) 

Parameter Symbol Test Condition 
HN27512G-25 HN27512G-30 

min. max. min. max. 

Addres to Output Delay tACC CE=OE= VIL - 250 - 300 

CE to Output Delay tCE OE = V1L - 250 - 300 

OE to Output Delay tOE CE = VlL - 100 - 120 

OE High Output Float tDF CE = VlL 0 60 0 105 

Address to Output Hold tOR CE =OE= VIL 0 - 0 -

Note: tDF defines the time at which the Output achieves the open circuit condition and Data is no longer driven. 

• SWITCHING CHARACTERISTICS 

Test Condition 
Input Pulse Levels: 
Input Rise and Fall Time: 
Output Load: 
Reference Level for Measuring Timing: 

Address ). 

Stand-by Mode \ 

OE/Vpp 

I 

O.45V to 2.4V 
~20ns 

1 TTL Gate +100pF 
O.BV and 2.0V 

Active Mode 

tCE 

tOE 

( 

/ 

/ 

-tACC 

/ / / / Data Out Valid 
\.\.\.\. 

Data Out 

• CAPACITANCE (Ta = 25°C, f= IMHz) 

Parameter Symbol Test Condition 

Input Capacitance (except OE/Vpp) C;nl Vin = OV 

OE/VppPin Cln2 Vln = OV 

Output Capacitance Caut Vout =OV 

~HITACHI 

Stand-by Mode 

tDF 

tOR 

" 717 

min. typo max. 

- 4 6 

- 12 20 

- 8 12 

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

Unit 

ns 

ns 

ns 

ns 

ns 

Unit 

pF 

pF 

pF 
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HN27512GSeri.,----------------------------------------------------------

• HIGH PERFORMANCE PROGRAMMING 
This device can be applied the High Performance Programming algorithm show in following flowchart. This 
algorithm allows to obtain faster programming time without any voltage stress to the device nor deterioration 
in reliability of programmed data. 

SET PROG./VERIFY MODE 
Vpp = 12.5±0.3V, Vee = 6.0±O.25V 

Address+ 1 ..... Address 

NO 

Program tpw = 1 ms± 5% 

SET READ MODE 
Vee = S.OV ±O.25V 

High performance Programming Flowchart 

$ HITACHI 

NOGO 

NO 

Hitachi Amenca Ltd .• 2210 O'Toole Avenue • San Jose, CA 95131 • (408) 435-8300 



-------------------------------HN27512G Series 

• DEVICE IDENTIFIER MODE 
The identifier Mode allows the reading out of binary codes that identify manufacturer and type of device, 
from outputs of EPROM. By this Mode, the device will be automatically matched its own corresponding 
programming algorithm, using programming equipment. 

• HN27512G SERIES IDENTIFIER CODE 

~s A. 0, 0. 0, 0. 0. 0, 0. 0. Hex 
Identifier (10) (19) (18) (17) (16) (15) (13) (12) (11) Data 
Manufacturer Code V/L 0 0 0 0 0 1 1 1 07 
Device Code V/H 1 0 0 1 0 1 0 0 94 

Notes: 1. A. = 12.0 ± O.SV. 
2. A._.,A.o_ .. ,CE,OE/Vpp= V/L. 

• HIGH PERFORMANCE PROGRAMMING OPERATION 
• DC PROGRAMMING CHARACTERISTICS (Ta = 2SoC ±SoC, VCC = 6V±O.2SV, Vpp = 12.SV±O.3V) 

Parameter Symbol Test Condition min. typo max. Unit 

Input Leakage Current ILl VIN = 5.25V - - 10 /lA 

Output Low Voltage During Verify VOL IOL = 2.1mA - - 0.45 V 

Output High Voltage During Verify VOH IOH= -400/lA 2.4 - - V 

V cc Current (Active) ICC2 - - 100 rnA 

input Low Level VIL -0.1' - 0.8 V 

Input High Level VIH 2.0 - VCC" V 

V pp Supply Current Ipp CE = VIL - - 50 rnA 

': DC, -O.6V AC 20ns. ": DC, VCC + O.SV AC 20ns. 
**: Mode Selection is unfixed between VIH= Vccand VIH= 11.5V. 

• AC PROGRAMMING CHARACTERISTICS(Ta = 2SoC±SoC, VCC = 6V±O.2SV, Vpp = 12.SV±0.3V) 

Parameter Symbol Test Condition min. typo max. Unit 

Address Setup Time tAS 2 - - /lS 

Data Setup Time tDS 2 - - /lS 

Address Hold Time tAH 0 - - /ls 

Data Hold Time tDH 2 - - /lS 

OE Hold Time tOEH 2 - - /lS 

CE to Output Float Delay tDF 0 - 130 ns 

V pp Setup Time tvps 2 - - /lS 

V CC Setup Time tvcs 2 - - /lS 

CE Pulse Width During Initial Programming tpw 0.95 1.0 1.05 ms 

CE Pulse Width During Overprogramming topw 2.85 - 78.75 ms 

V pp Recovery Time tVR 2 - - /lS 

Data Valid from CE tDV - - I /lS 

Notes: topw is defined as mentioned in flow chart. 
tDF defines the time at which the output achieves the open circuit condition and data is no longer driven. 

@HITACHI 
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HN27512G Series--------------------------------

/e SWITCHING CHARACTERISTICS 

Test Condition 
Input Pulse Level: 0.45V to 2.4 V 
Input Rise and Fall Time: ~ 20ns 
Reference Level for Measuring Timing: O.SV and 2.0V 

Program 

Address ) 
tAS 

Data Data In Stable 

tos tOH 

Vpp 

OE/Vpp tvps 

Vee+! 

Vee 
Vee I 

tves tOEH 

tpw 

• ERASE 

P rogram v 'f en y 

C 
tAH 

Data Out 'valid \. 
/ 

~ tOF 

!..!::.!!. 

I 

Erasure of HN27512G is performed by exposure to ultraviolet light of 2537 A and all the output data are 
changed to "1" after this erasure procedure. The minimum integrated dose (i.e. UV intensity x exposure 
time) for erasure is 15 W. sec/cm2 • 

~HITACHI 
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________________________________ HN27512G Series 
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~ 
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...: 50 
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SUPPLY CURRENT VS. 
SUPPLY VOLTAGE 

Ta=25'C 

Icn-

Supply Voltage Vee (\,) 

ADDRESS ACCESS TIME VS. 
VOLTAGE 

Ta=25'C 

I\. 

~ r-- --

Supply Voltage V cc I V ) 

IcC! 

6 

80 

20 

25 0 

~ 200 

~ 150 
1= 

"' ~ 
~ 
~ 50 

o 

) 

~HITACHI 

SUPPLY CURRENT VS. 
AMBIENT TEMPERATURE 

Vcc=5V 

r----I---r----r-tr' 
a 20 40 60 

Ambient Temperature Ta I'C) 

ADDRESS ACCESS TIME VS. 
AMBIENT TEMPERATURE 

.1 
Icc) 

80 

Vcc=5V 

!,....-

~ 
V"' 

~ 
V 

o 20 40 60 80 

Ambient Temperature Ta ('C) 
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HN27612P Series-----Preliminary 

65638-word x 8-bit One Time Electrically Programmable Read Only Memory 

The HN27512P is a 65536-word by 8-bit one time electrically pro-
grammable ROM. Initially. all bits of the HN27512P are in the "1" 
state (Output High). Data is introduced by selectively programming 
"0" into the desired bit locations. This device is packaged in a 28 
pin. plastic dual-in-line package. Therefore. this device can not be 
re-written. 

• FEATURES 
• Single Power Supply .. . . . . . . +5V ±5% 
• High Performance ............ Program Voltage: +12.5V D.C. 

Programming High Performance Programming 
Operations 

• Static .................. No Clocks Required 
• Inputs and Outputs TTL Compatible During Both Read and 

Program Modes 
• Access Time ............. HN27512P-25: 250n5 (max.) 

HN27512P-30: 300n5 (max.) 
• Absolute Max. Rating of ..... 14.0V (max.) 

Vpp pin 
• Low Stand-by Current ....... 40mA (max.) 
• Device Identifier Mode ...... Manufacturer Code and Device 

Code. 

• BLOCK DIAGRAM 

Addr ... o---Dc::::1 

) ) 
Addr ... o---:tI;:K==L~ 

I/O o-_I-D---4 

) 
I/O o-H-+-C>+-'-C~ 

CE 
OE/Vppo-I>+--..... L.....I 

1 ,024xS 12 
Memory Matrix 

...,: High T.roshold 
Inverter 

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

(DP-28) 

• PIN ARRANGEMENT 

(Top View) 

~HITACHI 
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----------------------------------------------------------HN27512P~ 

• MODE SELECTION 

::-------:: Mode 

Read 

Output Disable 
Standby 

High Performance Program 

Program Verify 

Program Inhibit 

Identifier 

Note) X ... Don't care 
VR: 12.0V ± 0.5V. 

CE 
(20) 

VIL 
VIL 
VIR 
V/L 
V/L 

VIR 
VIL 

• ABSOLUTE MAXIMUM RATINGS 
Item 

Operating Temperature Range 

Storage Temperature Range 

Storage Temperature Range Under Bias 

AU Input and Output Voltages" 

Voltage on Pin 24 (A9) 

V pp Voltage" 

V cc Voltage" 

" with respect to GND 

• READ OPERATION 

OE/Vpp A9 vee 
(22) (24) (28) 

V/L X Vee 
V/H X Vee 

X X Yee 
Vpp X Vee 
V/L X Vee 
Vpp X Vee 
V/L VR Vee 

Symbol Value 

Topr o to +70 

T,tl -55 to +125 

Tbltu -10 to +80 

VIN' Vout -0.6 to +7 

V/D -0.6 to +13.5 

Vpp -0.6 to +14.0 

Vcc -0.6 to +7 

• DC AND OPERATING CHARACTERISTICS (Ta = 0 to +70·C, Vee = SV ±S%) 

Parameter Symbol Test Conditions min. 

Input Leakage Current ILl VIN= 5.25V -
Output Leakage Current ho Vout = 5.2510.45V -
V cc Current (Standby) ICCI CE = VIR -
V CC Current (Active) IC02 CE=OE= VIL -
Input Low voltage VIL -0.1" 

Input High Voltage VIR 2.0 

Output Low Voltage VOL IOL = 2.1mA -
Output High Voltage VOR lOR = -400/loA 2.4 

": DC, -o.6Y AC 20ns. ..: DC, Vee + 1.5V AC 20ns. 
"": Mode selection is unnxed between VIR = Vee+ IV and VIR = 11.5Y. 

~HITACHI 

Outputs 
(11 -13, 15 - 19) 

Dout 

HighZ 

High Z 

Din 

Dout 

High Z 

Code 

Unit 

·C 

·C 

·C 

V 

V 

V 

V 

typo max. Unit 

- 10 /loA 

- 10 /loA 

- 40 rnA 

45 100 rnA 

- 0.8 Y 

- Vee+l"" V 

- 0.45 Y 

- - Y 
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HN27512P Series --------------------------------

• AC CHARACTERISTICS (To = 0 to +70·C, VCC = SV ±S%) 

HN27512p·25 HN27512P·30 
Parameter Symbol Test Condition 

min. max. min. max. 

Addres to Output Delay tACC CE =OE = VIL - 250 - 300 

CE to Output Delay tCE OE= VIL - 250 - 300 

OE to Output Delay tOE CE = VIL - 100 - 120 

OE High Output Float tDF CE = VIL 0 60 0 lOS 

Address to Output Hold tOH CE =OE= VIL 0 - 0 -

Note: tDF defines the time at which the Output achieves the open circuit condition and Data is no longer driven. 

• SWITCHING CHARACTERISTICS 

Test Condition 
Input Pulse Levels: 
Input Rise and Fall Time: 
Output Load: 
Reference Level for Measuring Timing: 

Address ) 

Stand -by Mode \ 

L 

0.45V to 2.4V 
~20ns 

1 TTL Gate +100pF 
0.8V and 2.0V 

Active Mode 

tCE 

tOE 

( 

/ 

V 

-tACC 

/ / / / Data Out Valid 
\. \. \. \. Data Out 

• CAPACITANCE (To = 2SoC, f= IMHz) 

Parameter Symbol Test Condition 

Input Capacitance (except OE/V pp) qnl Yin = OV 

OE/VppPin qn2 Vln = OV 

Output Capacitance Cout Vout =OV 

@HITACHI 

Stand-by Mode 

tDF 

tOH 

\. 
/ 

min. typo max. 

- 4 6 

- 12 20 

- 8 12 

Hitachi America Ltd. • 2210 O'Toole Avenue • San Jose, CA 95131 • (408) 435·8300 
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ns 

ns 

ns 

ns 

Unit 

pF 

pF 

pF 



______________________________________________________________ HN27512PS.I .. 

• HIGH PERFORMANCE PROGRAMMING 
This device can be applied the High Performance Programming algorithm show in following flowchart. This 
algorithm allows to obtain faster programming time without any voltage stress to the device nor deterioration 
in reliability of programmed data. 

SET PROG./VERIFY MODE 
Vpp= 12.S±O.3V. Vcc=6.0±O.2SV 

NO 

Program tpw= ImuS% 

NOGO 
Address+ 1 .... Address 

NO 

SET READ MODE 
Vee = S.OV ±O.2SV 

NOGO 

High performance Programming Flowchart 

~HITACHI 
Hitachi America Ltd .• 2210 O'Toole Avenue • San Jose, CA 95131 • (408) 435·8300 
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HN27512PSerles-------------------------------------------------------------

• DEVICE IDENTIFIER MODE 
The Identifier Mode allows the reading out of binary codes that identify manufacturer and type of device, 
from outputs of EPROM. By this Mode, the device will be automatically matched its own corresponding 
programming algorithm, using programming equipment. 

• HN27512P SERIES IDENTIFIER CODE 

~ 
A. 0, 0. 0, 0. 0. °2 0, 0. Hex 

Identifier (10) (19) (18) (17) (16) (15) (13) (12) (11) Data 

Manufacturer Code VIL 0 0 0 0 0 1 1 I 07 

Device Code V/H 1 0 0 1 0 1 0 0 94 

Notes: 1. A. - 12.0V ± 0.5V._ 
2. A,_.,A,._ .... CE,OE/Vpp= V/L. 

• HIGH PERFORMANCE PROGRAMMING OPERATION 
• DC PROGRAMMING CHARACTERISTICS (Ta = 2SoC±SoC, Vee = 6V±O.2SV, Vpp = 12.SV±0.3V) 

Parameter Symbol Test Condition min. typo max. Unit 

Input Leakage Current ILl v/N = 5.25V - - 10 ",A 

Output Low Voltage During Verify VOL IOL = 2.1mA - - 0.45 V 

Output High Voltage During Verify VOH IOH = -400,..A 2.4 - - V 

V cc Current (Active) ICC2 - - 100 mA 

Input Low Level VIL -0.1* - 0.8 V 

Input High Level VlH 2.0 - Vee** V 

V pp Supply Current lpp CE = VIL - - 50 mA 

*: DC, -O.6V AC 20ns. **: DC, Vee + 0.5V AC 20ns. 
**: Mode selection is unfixed between Vee and VIR = 11.5V. 

• AC PROGRAMMING CHARACTERISTICS(Ta = 2SoC±Soc, Vee = 6V±O.2SV, Vpp = 12.SV±O.3V) 

Parameter Symbol Test Condition min. typo max. Unit 

Address Setup Time tAS 2 - - ",s 

Data Setup Time tDS 2 - - I'S 

Address Hold Time tAH 0 - - "'. 
Data Hold Time tDH 2 - - ",s 

OEHold Time tOEH 2 - - "'s 

CE to Output Float Delay tDF 0 - 130 ns 

V pp Setup Time tvps 2 - - "'s 

V CC Setup Time tvcs 2 - - I'S 

CE Pulse Width During Initial Programming tpw 0.95 1.0 1.05 ms 

CE Pulse Width During Overprogramming topw 2.85 - 78.75 ms 

V pp Recovery Time tVR 2 - - ",s 

Data Valid from CE tDv - - 1 ",s 

Notes: topw is defined as mentioned in flow chart. 
tDF defines the time at which the output achieves the open circuit condition and data is no longer driven. 

@HITACHI 
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--------------------------------HN27512P Serie • 

• SWITCHING CHARACTERISTICS 

Test Condition 
Input Pulse Level: O.45V to 2.4V 
Input Rise and Fall Time: ~ 20ns 
Reference Level for Measuring Timing: O.BV and 2.0V 

Program 

Address }. 
tAS 

Data Data In Stable 

tDS tDN 

Vpp 

OE(Vpp tvps 

Vee+1 

vee / 
tves tOEN 

Vee 

If 

tpw 

• RECOMMENDED SCREENING CONDITIONS 
Before mounting, please make the screening (baking 
without bias) shown in the right. 

tVR 
~ 

~HITACHI 

tDV 
~ 

P a Verify rogr m 

tAN 

Data Out Valid 

tDF 

J 

Program and 
Verify 

by Programmer 

Baking at 
125 to 150·C 

for 24 to 48 hra 

Ensuring 
Read·out 

Mounting 

Recommended 
Screening conditions 
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HN27C1024G Series-Under Development 

65536-word X 16-blt CMOS UV Erasable and Programmable ROM 

The HN27C1024G is a 65536 word by 16-bit erasable and electric
ally programmable ROM. This device is packaged in a 40-pin, dual
in-line package with transparent lid. The transparent lid allows the 
memory content to be erased with ultraviolet light, whereby a new 
pattern can then be written into the device. 

-FEATURES 

• Single Power Supply: +5V ± 5% 
• High Performance Program Mode and High Performance Word 

Program Mode 
Program Voltage: +12.5V DC 
High Performance Programming Available 

• Static: No Clocks Required 
• Inputs and Outputs TTL Compatible During Both Read and 

Program 
• Access Time: 150ns max. (HN27C1024G-15) 

200ns max. (HN27C1024G-20) 
• Low power Dissipation: 50mW/MHz typo (Active Mode) 

5IAw typo (Stand-by Mode) 

.SLOCK DIAGRAM 

A, 

) ~ 
l1rl4Xl024 

Memory Matnx 

>< 

AIS 

VOo 

) 
1/015 

CE 

1m 
PGii 

Vcc 

v,.. 

v .. 0--

~HITACHI 

.PlN ARRANGEMENT 

(Top View) 
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HN27C101G Series Preliminary 

131072-word X 8-bit CMOS U.V. Erasable and Programmable ROM 

• FEATURES 
• Single Power Supply ................... +5V ±5% 
• High Performance Program Mode and High Performance 

Page Program Mode ...... Program Voltage: +12.5V DC 
. . . . . . . . . .. High Performance Programming Available 

• Static ...................... No Clocks Requ ired 
• Inputs and Outputs TTL Compatible During Both Read and 

Program Modes 
• Access Time .......... 200ns max. (HN27C101G·20) 

250ns max. (HN27C101G·25) 
• Low power Dissipation .. 50mW/MHz typo (Active Mode) 

5~W typo (Standby Mode) 
• Pin Arrangement ........... 32 Pin JEDEC Standard 

• Device Identifier. . . . . . . .. Maker code and Device code 

• BLOCK DIAGRAM 

k. '" I w 
A·, ) 0 

c 
u 

All w 
I 0 

AI" 

10 .. 

\ 
10, 

cr 
OE~-po.h-'c...r-, 

rGM ~-vo-".,.u-~ 

• MODE SELECTION 

~ CE 
Mode (22) 

Road I'lL 
Output Disable I'lL 
Standby VIH 
PrOJlWll I'lL 
Program Verify I'lL 
Page Data Latch VIH 
Page Program VIH 

I'lL 

PrOJlWll Inhibit 
I'lL 
VIH 
VIH 

Identifier I'lL 
Note) X: Don t care 

1024' 1024 

OE 
(24) 

I'lL 
VIH 

x 
VIH 
I'lL 

I'lL 
VIH 
I'lL 

"IH 
I'lL 
VIH 
I'lL 

MEMORY 
MATRIX 

1J>o' HI(;H THRESHOI.D 
I:-;VEHTER 

PGM A9 
(31) (26) 

VIH X 

VIH X 

X X 

I'lL X 

VIH X 

VIH X 

I'lL X 

YIL 
VIH 
I'lL 

X 

VIH 
VIH VH 

1'1'1' 
(1) 

Vee 
Vee 
Vee 
1'1'1' 

1'1'1' 

1'1'1' 

1'1'1' 

1'1'1' 

Vee 

• 30 pin should be connected to 32 pin. 
VH : 12.0V±0.SV 

~HITACHI 

(DG·32) 

• PIN ARRANGEMENT 

Vee 
(32) 

Vee 
Vee 
Vee 
Vee 
Vee 
Vee 
Vee 

Vee 

Yee 

v" 

(Top View) 

Outpull 
(13-15,17-21) 

Dout 

IIIsh Z 
IIIsh z 
Din 
Dout 

Din 

IIIsh Z 

IIIsh Z 

Code 

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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HN27C101G~---------------------------------------------------------

• ABSOLUTE MAXIMUM RATINGS 

Item Symbol Value 

All Input and Output Voltages· V'R> Vout -1.0"to +7.0 

Vpp Voltage· Vpp -0.6 to +13.0 

V CC Voltage· VCC -0.6 to +7.0 

Voltage on Pin 26 (A9)* VID -0.6 to +13.5 

Operating Temperature Range Topr o to +70 

Storage Temperatu? Range T,t, -65 to +12S 

Storage Temperature Range Under Bias Tbla. -10 to +80 

• WIth respect to GND .. Pulse Width: sOns, DC: VIL min = -0.6V 

• READ OPERATION 
• DC CHARACTERISTICS (Ta =0 to+70°C, VCC=SV±S%. Vpp=Vcd 

P.anmeter Symbol Test Conditions min. 

Input Leakage Current hi V'n=S.2SV -
Outpu t Leakage Current ho Vout=S.2SV/0.4SV -
Vpp Current IpPl Vpp=S.SV -

ISBI CE=VIH -
Vcc Current 

ISB2 CE= V CC ±0.3V -
ICCI CE= VIL.Iout=OmA -

Vcc Current ICC2 1'=SMHz,/out=OmA -
ICC3 1'= I MHz, lout=OmA -

Input Low Voltage VIL -1.0* 

Input Higb Voltage VIH" 2.2 

Output Low Voltage VOL IOL=2.1mA -
Output High Voltage VOH IOH=-400,.A 2.4 

• Pulse Width: sOns, DC: VIL min=-0.3V •• Mode may be unfixed: VIH=VCC +1-11.SV 

• ACCHARACTERISTICS (Ta=O to +70°C. VCC=SV±S%. Vpp=Vcd 

typo max. 

- 2 

- 2 

1 20 

- I 

1 20 

- 30 

- 30 

- IS 

- 0.8 

- Vcc+l 

- 0.4S 

- -

Parameter 
HN27C10IG-20 HN27CI0IG·2S 

Symbol Test Conditions 
min. max. min. max. 

Address to Output Delay tACC CE=OE = V1L - 200 - 2S0 

CE to Output Delay tCB OE= VIL - 200 - 2S0 

OE to Output Delay taB CE= VIL 10 70 10 100 

OE High to Output Float tDF CE= VIL 0 SO 0 60 

Address to Output Hold tOH CE=OE = VIL 0 - 0, -

Unit 

V 

V 

V 

V 

·C 

·C 

·C 

Unit 

,.A 

,.A 

,.A 

mA 

,.A 

mA 

rnA 

rnA 

V 

V 

V 

V 

Unit 

ns 

ns 

ns 

ns 

ns 
. . Note) tDF defines the time at which the Output achieves the open CucUlt condition and Data IS no longer driven . 

• SWITCHING CHARACTERISTICS 
• Test Condition Input Pulse Levels: 0.45V to 2.4V 

Input Rise and Fall Time: s;: 20n5 
Output Load: 1 TT L Gate + 100pF 
Reference Levels for Measuring Timing: Input5;0.8V and 2.0V 

Output5;0.8Vand 2.0V 

~HITACHI 
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--------------------------------HN27C101G Serle. 

Address )! 

Standby Active Mode Standby Mode 
Mode 

tCE 

OE \j, 
tDF L tOE 

tACC tOH 

Data Out Data Out Valid 

• CAPACITANCE (Ta =25°C,f=lMHz) 

Parameter Symbol Test Conditions min. typo max. Unit 

Input Capacitance Ctn Yin =OV - - 10 pF 

Output Capacitance Cout Vout = OV - - IS pF 

• DEVICE IDENTIFIER MODE 
The Identifier Mode allows the reading out of binary codes, that identify manufacturer and type of device, 
from outputs of EPROM. By this mode, the device will be automatically matched its own corresponding 
programming algorithm, using programming equipment. 

• HN27C101 IDENTIFIER CODES 

~ AO 07 06 OS 04 
Identifier (12) (21) (20) (19) (18) 

Manufacturer Code VIL 0 0 0 
Device Code V;H 0 0 1 

Notes: 1. A.=12.0V ±0.5V _ _ __ 
2. A,-A"A,.-A .. ,CE,OE=VIL , PGM=VIH 

• HIGH PERFORMANCE PROGRAMMING 
This device can be applied the High Performance Pro
gramming algorithm shown in following flowchart. 
This algorithm allows to obtain faster programming time 
without any voltage stress to the device nor deteriora
tion in reliability of programmed data. 

0 

1 

~HITACHI 

03 02 01 00 
(17) (IS) (14) (13) 

0 1 1 1 

1 0 0 0 

HIKh Performance Programming Flowchart 

Hitachi America Ltd .• 2210 O'Toole Avenue • San Jose, CA 95131 • (408) 435-8300 
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HN27C101GS«ieB---------------------------------------------------------------

• DC PROGRAMMING CHARACTERISTICS (Ta=2SoC ±SoC, Vcc=6V±O.2SV, Vpp=12.SV ±O.3V) 

Parameter Symbol Test Conditions min. typo max. 

Input Leakage Current hI V'n= 6.25V/0.45V - - 2 

Output Low Voltage during Verify VOL IOL = 2.lmA - - 0.45 

Output High Voltage during Verify VOH IOH=-400~ 2.4 - -
Vee Current (Active) Icc - - 30 

Input Low Level VIL -0.1 - 0.8 

Input High Level VIH 2.2 - Vee 

V pp Supply Current lpp CE = PGM=VIL - - 40 

Notes) 1. Vee must be applied before V pp and removed after V pp. 
2. V pp must not exceed 13V including overshoot. 
3. An influence may be had upon device reliability if the device is installed or removed While Vpp=12.5V. 
4. Do not alter Vpp either VIL to 12.5Vor 12.5V to VIL when CE = Low . 

• AC PROGRAMMING CHARACTERISTICS 
(Ta=2SoC ±SoC, Vcc=6V ±O.2SV, Vpp=12.SV ±O.3V) 

Parameter Symbol Test Conditions min. typo max. 

Address Setup Time tAS 2 - -
OE Setup Time tOES 2 - -
Data Setup Time tDS 2 - -
Address Hold Time tAH 0 - -
Data Hold Time tDH 2 - -
OE to Output Float Delay tDF* 0 - 130 

V pp Setup Time tvps 2 - -
Vee Setup Time tves 2 - -
PGM Pulse Width during Initial Programming tpw 0.95 1.0 1.05 

PGM Pulse Width during Over programming topw** 2.85 - 78.75 

CE Setup Time teES 2 - -
Data Valid from OE tOE 0 - ISO 

* tDF defines the time at which the output acheives the open circuit condition and <\ata is no longer driven. 
** topw is defined as mentioned in flowchart. 

~HITACHI 
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Urtit 

I'A 

V 

V 

mA 

V 

V 

mA 

Unit 

/oIS 

/oIS 

/oIS 

/oIS 

/oIS 

ns 

/oIS 

/oIS 

ms 

ms 

/oIS 

ns 



-------------------------------HN27C101G Series 

• SWITCHING CHARACTERISTICS 
Input Pulse Levels: 
Input Rise and Fall Time: 
Reference Levels for Measurement 
Timing: 

Address 

Data---< 

Vpp 
Vpp 

Vee 

O.45V to 2.4V 
~20ns 
Inputs;O.8V and 2.0V 
Outputs;O.8Vand 2.0V 

Program 

tOES 

OE------------____________ ~ 

• HIGH PERFORMANCE PAGE PROGRAMMING 

Program Verify 

This device can be applied the High Performance Programming algorithm shown in following flowchart. 
This algorithm allows to obtain faster programming time without any voltage stress to the device nor 
deterioration in reliability of programmed data. 

~HITACHI 
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HN27C101G Serl88------------------------------

Address + I~Address 

High Performance Page Programming Flowchart 

• DC PROGRAMMING CHARACTERISTICS (Ta=2SoC ±SoC, V cc=6V ±0.2SV, Vpp=12.SV ±0.3V) 

Parameter Symbol Test Conditions min. typo max. Unit 

Input Leakage Current ILl Vin= 6.25V/0.45V - - 2 jJ.A 

Output Low Voltage during Verify VOL IOL = 2.lmA - - 0.45 V 

Output High Voltage during Verify VOH IOH=-400jJ.A 2.4 - - V 

Vee Current (Active) Icc - - 30 rnA 

Input Low Level V/L -0.1 - 0.8 V 

Input High Level VIH 2.2 - Vee V 

Vpp Supply Current Ipp CE=OE=VlH. PGM=VIL - - 50 rnA 

Notes) I. Vee must be applied before V pp and removed after V pp. 
2. V pp must not exceed 13 V including overshoot. 
3. An influence may be had upon device reliability if the device is installed or removed while V pp=12.5V. 
4. Do not alter Vpp either V/L to 12.5V or 12.5V to V/L when CE=Low. 

~HITACHI 
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------------------------------------------------------------HN27C101GS.~. 

• AC PROGRAMMING CHARACTERISTICS 
(Ta=2SoC ±SoC, VcC=6V ±0.2SV, Vpp=12.SV ±0.3V) 

Parameter Symbol Test Conditions min. typo max. 

Address Setup Time tAS 2 - -
OE Setup Time tOES 2 - -
Data Setup Time rDS 2 - -

Adress Hold Time tAH 0 - -

tAHL 2 - -
Data Hold Time tDH 2 - -
OE to Output Float Delay tDF* 0 - 130 

Vpp Setup Time tvps 2 - -
V CC Setup Time tvcs 2 - -
PGM Pulse Width during Initial Programming tpw 0.95 1.0 1.05 

PGM Pulse Width during Over programming topw** 2.85 - 78.75 

CE Setup Time tCES 2 - -
Data Valid from OE tOE 0 - 150 

OE Pulse Width during Data Latch tLw I - -
PGM Setup Time tPGMS 2 - -
CE Hold Time tCEH 2 - -
OE Hold Time tOEH 2 - -

.. • t DF defines the time at which the output achelves the open CirCUit condition and data IS no longer driven . 
•• t OPW is defined as mentioned in flowchart. 

• SWITCHING CHARACTERISTICS 
• Test Condition Input Pulse Levels: O.45V to 2.4V 

• ERASE 

Input Rise and Fall Time: :5:: 20ns 
Reference Levels for Measuring Timing: Inputs; O.BV and 2.0V 

Outputs; O.BV and 2.0V 
Page Data Latch Page Program Program Verify 

Az-AI6 
~J~--~~--------~------~_r.~--------~f~-

Ao, AI_...n'-..... "-_J'\._..J.'-_1'-

Data 

fLU 

Era.ure of HN27Cl01G I' performed by exposure to ultraviolet light of 2537 A and ali the 
output data are changed to "1" after this erasure procedure. The minimum Integrated dose 
(I.e. UV intensity x exposure time) for erasure Ii 15W. sec/cm 2 

~HITACHI 
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I'S 

I'S 
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ns 

'" 
I'S 

ms 

ms 
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I'S 
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HN27C301G Series----Preliminary 

131072-word X 8-bit CMOS U.V. Erasable and Programmable ROM 

• FEATURES 
• Single Power Supply . . . . . . . . . . . . . . . . . . . +5V ±5% 
• High Performance Program Mode and High Performance 

Page Program Mode. . . . .. Program Voltage: +12.5V DC 
. . . . . . . . . .. High Performance Programming Available 

• Static ...................... No Clocks Required 
• Inputs and Outputs TTL Compatible During Both Read and 

Program Modes 
• Access Time .......... 200ns max. (HN27C301 G-20) 

250ns max. (HN27C301G-25) 
• Low power Dissipation .. 50mW/MHz typo (Active Mode) 

5p.W typo (Standby Mode) 
• Pin Compatible with 1 Mbit MASK ROM (28pin type) 

• Device identifier Mode ..... Maker Code and Device code 

• BLOCK DIAGRAM 

As 
I 

) A. 

At: 
I 

A" 

1/00 

\ 
I/O, 

CE 
OE~-po.h-<...rT 

PGM-v-",-

Vss_ 

• MODE SELECTION 

~ Mode 5 

Read 

Output Disable 

Standby 

Program 
Program Verify 

Page Data Latch 

Page Program 

Program Inhibit 

Identifier 

Note) X: Don't care 
• 30 pin should be 

connected to 32 pin. 
VH: 12.0V±0.SV 

"EE 
(22) 

VIL 
VIL 
VIH 
VIL 
VIL 
VIH 
VIH 
V1L 
VIL 
VIH 
VIH 
VIL 

1024X 1024 
MEMORY 
MATRIX 

Ao-A4· AIO' All 

OE 
(2) 

V1L 
VIH 
X 

V1H 
VIL 
VIL 
V1H 
VIL 
VIH 
VIL 
VIH 
VIL 

D>o : HIGH THRESHOLD 
INVERTER 

PGM A9 
(31) 

VIH X 

VIH X 

X X 

VIL X 

VIH X 

VIH X 

VIL X 

VIL 
VIH 
VIL 

X 

VIH 
VIH VH 

Vpp 
(1) 

Vee 
Vee 
Vee 
Vpp 
Vpp 
Vpp 
Vpp 

Vpp 

Vee 

~HITACHI 

(DG-32) 

• PIN ARRANGEMENT 

vee 
(32.30)" 

Vee 
Vee 
Vee 
Vee 
Vee 
Vee 
Vee 

Vee 

Vee 

(Top View) 
Outputs 

(13-15,17-21) 

Dout 

High Z 

HighZ 

Din 

Dout 

Din 

HighZ 

HighZ 

Code 

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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------------------------------HN27C301GSerl .. 

• ABSOLUTE MAXIMUM RATINGS 

Item Symbol Value Unit 

All Input and Output Voltages" Vln, Vout -1.0" to +7.0 V 

V pp Voltage" Vpp -0.6 to +13.0 V 

V cc Voltage" Vcc -0.6 to +7.0 V 

Voltage on Pin 26 (A9)* VID -0.6-+13.5 V 

Operating Temperature Range Topr o to +70 ·C 

Storage Temperature Range T,t, -65 to +125 ·C 

Storage Temperature Range Under Bias Tblal -10 to +80 ·C 

" with respect to GND "" Pulse Width: SOns, DC: V/L min = -0.6V 

• READ OPERATION 
• DC CHARACTERISTICS (Ta = 0 to +70°C, VCC=SV ±S%, Vpp= VCC> 

Parameter Symbol Test Conditions min. typo max. Unit 

Input Leakage Current ILl Vln=5.25V - - 2 ,.A 

Output Leakage Current ILO Vout=5.25V/0.45V - - 2 ,.A 

Vpp Current IpPl Vpp=5.5V - 1 20 ,.A 

ISBI CE=V1H - - 1 mA 
Vce Current 

ISB2 CE= V cc ±0.3V 1 20 ,.A -

ICCI CE= V/L,lout =OmA - - 30 mA 

VccCurrent ICC2 f=5MHz,lout=OmA - - 30 mA 

ICC3 f=IMHz,lout=OmA - - 15 mA 

Input Low Voltage V/L -1.0' - 0.8 V 

Input High Voltage VIH"" 2.2 - Vcc+! V 

Output Low Voltage VOL IOL=2.1mA - - 0.45 V 

Output High Voltage VOH IOH=-400,.A 2.4 - - V 

"Pulse Width: SOns, DC: V/L min=-0.3V ". Mode may be unfixed: VIn=VCC+1-11.5V 

• AC CHARACTERISTICS (Ta =0 to +70°C, VCC=SV ±S%, Vpp=VCC> 

HN27C30 1 G-20 HN27C301G-25 
Parameter Symbol Test Conditions Unit 

min. max. min. max. 

Address to Output Delay tACC CE=OE= V/L - 200 - 250 ns 

CE to Output Delay tCE OE = V/L - 200 - 250 ns 

OE to Output Delay tOE CE = V/L 10 70 10 100 ns 

OE High to Output Float tDF CE = V/L 0 50 0 60 ns 

Address to Output Hold tOH CE = OE = V/L 0 - 0 - ns 
. . Note) tDF defines the lime at which the Output achieves the open CirCUit condilion and Data IS no longer dnven . 

• SWITCHING CHARACTERISTICS 
• Test Condition Input Pulse Levels: 0.4SV to 2.4V 

Input Rise and Fall Time: ~ 20ns 

Output Load: 1 TT L Gate + 1 OOpF 
Reference Levels for Measuring Timing: Inputs; 0.8V and 2.0V 

Outputs;0.8Vand 2.0V 

I 
@HITACHI 
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HN27C301G Series--------------------------------

Address ) K 

N. Standby Active Mode Standby Mode 
Mode l /('1; 

OE 'x 
fIJI I /01-; 

/..1(' fOil 

Data Out Data Out Valid » ~ 

• CAPACITANCE (To =2SoC,f=lMHz) 

Parameter Symbol Test Conditions min. typo max. Unit 

Input Capacitance c'n Vln =ov - - 10 pF 

Output Capacitance Cout Vout = OV - - IS pF 

• DEVICE IDENTIFIER MODE 
The Identifier Mode allows the reading out of binary codes, that identify manufacturer and type of device, 
from outputs of EPROM. By this mode, the device will be automatically matched its own corresponding 
programming algorithm, using programming equipment. 

• HN27C301 IDENTIFIER CODES 

~ 
AO 07 06 OS 

Identifier (12) (21) (20) (19) 

Manufacturer Code VIL 0 0 0 
Device Code VIH I 0 I 

Notes: 1. A.=12.0V ±O.SV 
2. A.-A"A •• -A •• , CE,OE=VIL,PGM=VIH 

• HIGH PERFORMANCE PROGRAMMING 
This device can be applied the High Performance Pro
gramming algorithm shown in following flowchart. 
This algorithm allows to obtain faster programming time 
without any voltage stress to the device nor deteriora
tion in reliability of programmed data. 

04 
(18) 

0 
I 

~HITACHI 

03 02 01 00 
(17) (IS) (14) (13) 

0 I I I 

I 0 0 I 
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--------------------------------HN27C301G Series 

• DC PROGRAMMING CHARACTERISTICS (Ta =2SoC ±SoC, V CC=6V ±O.2SV, Vpp= 12.SV ±O.3V) 

Parameter Symbol Test Conditions min. typo max. 

Inpu t Leakage Curren t ILl V,"= 6.25V/0.45V - - 2 

Output Low Voltage during Verify VOL 10L = 2.1mA - - 0.45 

Output High Voltage during Verify VOR lOR = -400lloA 2.4 - -
Vee Current (Active) Icc - - 30 

Input Low Level V/L -0.1 - 0.8 

Input High Level VIR 2.2 - Vee 

V pp Supply Current Ipp CE = PGM=V/L - - 40 

Notes) I. Vee must be applied before V pp and removed after V pp. 
2. Vpp must not exceed l3V including overshoot. 
3. An influence may be had upon device reliability if the device is installed or removed while Vpp=12.5V. 
4. Do not alter V pp either V/L to 12.5V or 12.5V to VIL when CE = Low . 

• AC PROGRAMMING CHARACTERISTICS 
(Ta=2SoC ±SoC, Vcc=6V ±O.2SV, Vpp=12.SV ±O.3V) 

Parameter Symbol Test Conditions min. typo max. 

Address Setup Time tAS 2 - -
Oii Setup Time tOES 2 - -
Data Setup Time tDS 2 - -
Address Hold Time tAR 0 - -
Data Hold Time tDR 2 - -
OE to Output Float Delay tDF· 0 - 130 

V pp Setup Time tvps 2 - -

Vee Setup Time tves 2 - -
PGM Pulse Width during Initial Programming tpw 0.95 1.0 1.05 

PGM Pulse Width during OverprQgramming topw·· 2.85 - 78.75 

CE Setup Time teES 2 - -
Data Valid from OE tOE 0 - ISO 

• tDF defines the time at which the output acheives the open circuit condition and data is no longer driven . 
•• topw is defined as mentioned in flowchart. 

@HITACHI 
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IIoA 
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V 

rnA 

V 

V 
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Unit 

IIoS 

IIoS 

IIoS 

IIoS 

IIoS 

ns 

IIoS 

IIoS 

ms 

ms 

IIoS 

ns 

I 
545 



546 

HN27C301G Series---------------------------------

• SWITCHING CHARACTERISTICS 
Input Pulse Levels: 
Input Rise and Fall Time: 
Reference Levels for Measurement 
Timing: 

Address 

Dolo-__ --< 

Vpp 

VPI' 
Vee 

CE 

O.45V to 2.4V 
S20ns 
Inputs; O.8V and 2.0V 
Outputs; O.8V and 2.0V 

Program 

IOf;S 

OE------------____________ ~ 

~HITACHI 

Program Verify 

//W 

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



--------------------------------HN27C301G Series 

• HIGH PERFORMANCE PAGE PROGRAMMING 

This device can be applied the High Performance Programming algorithm shown in following flowchart. 
This algorithm allows to obtain faster programming time without any voltage stress to the device nor 
deterioration in reliability of programmed data. 

Address + l~Address 

High Performance Page Programming Flowchart 

~HITACHI 
Hitachi America Ltd .• 2210 OToole Avenue • San Jose, CA 95131 • (408) 435-8300 

I 
547 



548 

HN27C301G Series --------------------------------

• DC PROGRAMMING CHARACTERISTICS (TQ =2SoC ±SoC, Vcc=6V ±O.2SV, VPP"'12.5V ±O.3V) 

Parameter Symbol Test Conditions min. typo max. 

Input Leakage Current hI Vin= 6.25V/0.45V - - 2 

Output Low Voltage during Verify VOL IOL = 2.1mA - - 0.45 

Output High Voltage during Verify VOH low-400",A 2.4 - -

Vee Current (Active) Icc - - 30 

Input Low Level VIL -0.1 - 0.8 

Input High Level VIH 2.2 - Vec 

V pp Supply Current lpp CE;OE-Y,H. PGM=VlL - - 50 

Notes) I. Vec must be applied before V pp and removed after V pp. 
2. V pp must not exceed 13V including overshoot. 
3. An influence may be had upon device reliability if the device is installed or removed while Vpp=12.5V. 
4. Do not alter Vpp either VIL to 12.5V or 12.5V to VIL when CE=Low . 

• AC PROGRAMMING CHARACTERISTICS (High Performance Page Programming) 
(TQ =2SoC ±SoC, VcC=6V ±O.25V, Vpp=12.5V ±O.3V) 

Parameter Symbol Test Conditions min. typo 

Address Setup Time tAS 2 -
OE Setup Time tOES 2 -
Data Setup Time tDS 2 -
Adress Hold Time tAH 0 -

tAHL 2 -
Data Hold Time tDH 2 -
OE to Output Float Delay tDF* 0 -
V pp Setup Time tvps 2 -
V CC Setup Time tvcs 2 -

PGM Pulse Width during Initial Programming tpw 0.95 l.0 

PGM Pulse Width during Overprogramming topw** 2.85 -

CE Setup Time tCES 2 -
Data Valid from OE tOE 0 -
OE Pulse Width during Data Latch tLW I -
PGM Setup Time tpGMS 

~ 2 -
CEHold Time tCEH 2 -

OEHold Time tOEH 2 -

max. 

-

-

-

-

-

-

130 

-

-

l.05 

78.75 

-
150 

-

-

-
-

. . * tDF defines the time at which the output achelves the open CirCUit condltlon and data IS no longer driven . 
•• t OPW is defined as mentioned in flowchart. 

~HITACHI 
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---------------------------------------------------------------HN27C301GS.ia 

• SWITCHING CHARACTERISTICS 
• Test Condition Input Pulse Levels: 0.45V to 2.4V 

• ERASE 

Input Rise and Fall Time: ~ 20ns 
Reference Levels for Measuring Timing: Inputs; 0.8V and 2.0V 

Outputs;0.8Vand 2.0V 

Page Data Latch Page Program Program Venfy 

Az-Alb 
~~--~------~----~--~--------~,--

tVI 

Erasure of HN27C301 G is performed by exposure to ultraviolet light of 2537 A and all the 
output data are changed to '"I" after thIS erasure procedure. The minimum integrated dose 
("e. UV intensity x exposure time) for erasure is 15W. sec/em' 

@HITACHI 
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HN58064P Series-------

8192·word x 8·bit Electrically Erasable and Programmable ROM. 
-FEATURES r-------------------, 
• Single 5V Supply 
• Address, Data, CE, OE Latches 
• Byte Erase / Byte Write Time ........ 10 ms typo 
• Chip Erase Time ................ 20 ms typo 
• Fast Access Time ................ 250 ns max./300 ns 

max. 
• Low Power Dissipation ............ 300 mW typo 

(Active) 
............ 125 mWtyp. 

(Standby) 

• Comforms to JEDEC Byte-Wide Standard 
• Reliable N-channel MNOS Technology 
• 10000 EraseIWrite Cycles 

- BLOCK DIAGRAM 

Vee 0-: High Voltage 
v •• o-----iL. __ Ge_n_er_a_to_r __ oJ 

Erne. Write. Powerdown 
Control Logic 

[/00 [/07 

AI2 -..J----L---, A A I 
\ LV y Y Gating 

AS L....::.=,=:..:........I 0 

A7 

AO 

Address 
Buffer 

and 
Latch 

- MODE SELECTION 

~ MODE 
CE (20) 

Read VIL 

Standby VIH 

Byte Erase VIL 

Byte Write V/L 

Chip Erase VIL 

Deselect VIL 

X 
Decoder 

OE (22) WE (27) 

VIL VIH 

X X 

VIH VIL 

VIH VIL 

VIL VIL 

VIH V1H 

Memory 

Array 
( 256X256) 

I/O (11-13,15-19) 

Dout 

HighZ 

Din = VIH 

Din 

Din = VIH 

HighZ 

~HITACHI 

(DP-28) 

- PIN ARRANGEMENT 

A. I/O, 

I/O. 

I/O. I/Os 

I/O, I/O, 

Vss 1/0, 

(Top View) 

AO- A12 Address Input 

1100 - IIb7 Data in I Data out 

OE Output Enable 

CE Chip Enable 

WE Write Enable 

Vee Power (+5V) 

Vss GND 

NC No connect 

Hitachi Amenca Ltd .• 2210 O'Toole Avenue • San Jose, CA 95131 • (408) 435-8300 



__________________________________ HN58064P Series 

• ABSOLUTE MAXIMUM RATINGS 

Item Symbol Value Unit 

Supply Voltage" Vee -0.6 to +7.0 V 

Input Voltage" VIn -0.6 to +7.0 V 

Operating 
Temperature Ranae Topr o to +70 ·c 

Storap T.,. -SS to +115 ·c 
Temperature Ranae 

• With Respect to V ss 

• RECOMMENDED DC OPERATING CONDITIONS 

Item Symbol min typ max Unit 

Supply Voltage Vee 4.5 S.O 5.S V 

VIL -0.1 - 0.8 V 
Input Voltage 

VIH 2.0 Vec+ 1 V -
Operating Topr 0 - 70 ·C 

Temperature 

• DC AND OPERATING CHARACTERISTICS (To = 0-70°C, VCC = SV ±1O%) 
Parameter Symbol Test Condition 

Input Leakage Current ILl VCC= 5.5V. Vin = 5.5V 

Output Leakage Current ILO VCC = 5.5V, Vour = 5.5/0.4V 

V CC Current (Standby) ICC! CE= V/H 

V CC Current (Active) ICC2 CE= V/L 

In pu I Low Voltage V/L 

Input High Voltage V/H 

Output Low Voltage VOL 10L = 2.1 rnA 

Output High Voltage VOH IOH=-400,..A 

• CAPACITANCE (To = 2Soc,[= IMHz) 

Parameter Symbol 

Input Capacitance Cln 

Ou tpu t Capaci lance Coul 

• AC TEST CONDITIONS 

Input Pulse Levels: 
Input Rise and Fall Time: 
Output Load: 

Test Condition min 

Vln = OV -
Your = OV -

O.4V to 2.4V 
~ 20ns 

typ 

-
-

Reference Level for Measuring Timing: 
1TTL Gate + 100pF 
O.BV and 2.0V 

~HITACHI 

min typ 

- -

- -
- 25 

- 60 

-0.1 -

2.0 -

- -
2.4 -

max Unit 

6 pF 

12 pF 

max 

10 

10 

40 

100 

0.8 

VCC+ I 

0.4 

-
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Unit 
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,..A 

rnA 

rnA 

V 

V 

V 

V 
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HN58064PSMies----------------------------------------------------------------

• AC CHARACTERISTICS (Ta = 0 - +70°C, Vee = SV ± 10%) 

• READ OPERATION 

HN58064P-25 HN58064P-30 
Parameter Symbol Test Condition Unit 

min. max. min. max. 

Address to Output Delay tAee CE: OE: VIL. WE: VlH - 250 - 300 ns 

CE to Output Delay teE CE: VIL. WE: VlH - 250 - 300 ns 

OE to Output Delay rOE CE: VIL. WE: VIB - 100 - 150 ns 

Address to Output Hold tOB CE: OE : VlL. WE: VlH 0 - 0 - ns 

OE High to Output Float tDF CE: VIL. WE: VlH 0 90 0 130 ns 

• WAVE FORM ...................... READ CYCLE 

Addres . ) ~K 
t Ace IOH 

/ 
ICE 

I 

V 
IOE I DF 

High 

&/ ~ ~ ~ Data Out Valid V 
Data 

~HITACHI 
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-------------------------------------------------------------HN58084PS.I_ 

• BYTE ERASE AND BYTE WRITE OPERATION 

Parameter Symbol Test min typ max Unit Condition 

Address Setup Time tAS 0 - - ns 

Address Hold Time tAH 100 - - ns 

CE Setup Time tCES 0 - - ns 

CEHoldTime tCEH 100 - - ns 

OE Setup Time tOES 0 - - ns 

OEHoldTime tOEH 100 - - ns 

WE Pulse Width tWEPl 8 10 IS ms 

WE High Time rWEH 1000 - - ns 

Data Setup Time rDS 0 - - ns 

Data Hold Time tDH 100 - - ns 

• WAVE FORM ............................ ERASE AND WRITE CYCLE 

Address 

", w. 

CE 

~ .. ~ .. 
" .. "E' 

OE 

.". 
WE 

'''£PI 

.os 'DH 
(Note 2) 

D ... DatA In 

Stable 

Note I) CE or OE should be "1" and in Standby Mode or Deselect Mode before Write/Erase operation. 
Note 2) I/O. to I/O, must be "1" in Byte Erase. 

~HITACHI 
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HN58064PSeries------------------------------------------------------______ _ 

• CHIP ERASE OPERATION I 

Parameter Symbol Test min typ max Unit Condition 

ell: Setup Time tCES 0 - - ns 

CE Hold Time tCEH 100 - - ns 

OE Setup Time tOES 0 - 50 ns 

OEHoldTime tOEH 100 - - ns 

WE Pulse Width tWEPIl 15 20 25 ms 

WE High Time tWEH 1000 - - ns 

Data Setup Time tDS 0 - - ns 

Data Hold Time tDH 100 - - ns 

• WAVE FORM ................................ CHIP ERASE I 

(Note 3) 

CE 

'as 

(N ... ,) 

"£$ .. '" , ... 

/W.". 

'''' 

D.... DAialnStabie 

Note 3) cr or em- should be "I" and in Standby Mode or Deselect Mode before Chip Erase operation. 
Note 4) I/O. to I/O, must be "I" in Chip Erase operation. 
Note 5) Don't Care about Address . 

• HITACHI 
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- ______________________________ HN58064P Series 

• CHIP ERASE OPERATION II 

Parameter Symbol Test Condition 

CEHoldTime tCEH 

OE Setup Time tOES 

OE Hold Time tOEH 

\VIr Setup Time tws 
WE Pulse Width tWH 

WE High Time tWEH 

Data Setup Time tDS 

Data Hold Time tDH 

• WAVE FORM ......... CHIP ERASE II 

(N .... ) 

D ... 

Note 6) I/O 0 - 7 ,must be "'I" in Chip Erase Operation. 
Note 7) Don't Care about Address. 

• HITACHI 

min typ max 

100 - -
0 - -

100 - -
0 - -

15 20 25 

1000 - -
0 - -

100 - -

I ... 

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

ns 
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HN58C65P Series ----Preliminary 

8192-word x 8-bit Electrically Erasable and Programmable CMOS ROM 

• FEATURES 
• Single 5V Supply 
• On Chip latches; Address, Data, CE, OE, WE 
• Automatic Byte Write ..... 10ms typo 
• Automatic Page Write 

(32byte) ........ 10ms typo 

• Fast Access Time ........ 200/250/300ns max. 
• low Power Dissipation ... 20mW/MHz typo (Active) 

... 5p.W typo (Standby) 

• Data Polling and Ready/Busy 
• Data Protection Circuity on Power On/Power Off 
• Conforms to JEDEC ByteWide Standard 
• Reliable CMOS with MNOS Cell TechnoloQY 
• 10000 EraseIWrite Cycles and 10 year Data Retention 

• BLOCK DIAGRAM 

AO 

A4 

AS 

Hish Volta,. 
Generator 

1/00 1/07 

(DP-28) 

• PIN ARRANGEMENT 

RDY/Busy 

A12 

A7 
A6 
AS 

A4 
A3 

A2 
Al 
AO 

1/00 

1/01 

1/02 
Vss 14 

(Top View) 

28 

Ao to A .. Address Input 

1/01 -1/07 Data in/Data out 

AI2 OE Output Enable 

CE Chip Enable 

WE Write Enable 

Vee Power (+SV) 

Vss GND 

NC No connect 

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

~HITACHI 
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Vee 

WE 
NC 
AS 

A9 
All 

OE 
AI0 
CE 
1/07 
1/06 

1/05 
1/04 
1/03 



-------------------------------- HN58C85P Series 

• MODE SELECTION 

~ CE OE WE RDY/Busy I/O 
MODE (20) (22) (27) (1) (11 - 13,15 -19) 

Read VIL VIL VlH HighZ Dout 

Standby VlH X X HighZ HighZ 

Write VIL VlH VIL High Z .... VOL Din 

Deselect VIL VlH VlH HighZ High Z 

Write Inhibit X X VlH HighZ -
Write Inhibit X VIL X HighZ -
Data Polling VIL VIL VlH VOL Data Out (1/07) 

• ABSOLUTE MAXIMUM RATINGS 

Item Symbol Value Unit 

Supply Voltage" Vee -0.6 to +7.0 V 

Input Voltage" V'n -0.5"" to +7.0 V 

Operating Temperature Range Topr o to +70 C 

Storage Temperature Range 
T' tll 

55 to +ll5 C 

" With Respect to V ss 
"" Pulse Width = SOns: -3.0V 

• RECOMMENDED DC OPERATING CONDITIONS 

Item Symbol min. typo max, Unit 
Supply Voltage Vee 4.5 5.0 5.5 V 

Input Voltage 
VIL -0.3 - 0.8 V 

VlH 2.2 - Vee +l V 
Operating Temperature Topr 0 - 70 °C 

• DC AND OPERATING CHARACTERISTICS (To=O to +70u C, VCC=5V±IO%) 

Parameter Symbol Test Condition min. typo max. Unit 

Input Leakage Current ILl 
Vee =5.5V 

- - 2 /lA 
Yin = 5.5V 

Ou tput Leakage Current ILO 
Vee =5.5V - - 2 /lA 
Vout = 5.5/0.4V 

CE = VlH - - 1 mA 
Vee Current (Standby) Ieel 

CE = Vee 100 /lA - -
CE=OE=VIL.lout=OmA,f=IMHz - - 8 mA 

200ns cycle - - 30 
Vee Current (Active) Iee2 

250ns cycle lout = OmA mA - - 25 

300nscycle - - 20 

Input Low Voltage VIL -1.0· - 0.8 V 

Input High Voltage VlH 2.2 - Vee+l V 

Ou tpu t Low Voltage VOL IOL = 2.lmA - - 0.4 V 

Output High Voltage VOH IoH = -400/lA 2.4 - - V 

.Pulse Width: SOns, DC: VIL min = -0.3V 

Parameter Symbol Test Condition min. typo max. Unit 

Input Capacitance Cin Vin= OV - - 6 pF 

Output Capacitance Cout Vout=OV - - 12 pF I 
• CAPACITANCE (To =2SoC,f= 1 MHz) 

@HITACHI 
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HN58C85P Serles--------------------------------

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

• AC Test Conditions 

I nput Pulse Levels: 
Input Rise and Fall Time: 
Output Load: 

O.40V to 2.4V 
~20ns 

Reference Levels for Measuring Timing Inputs Outputs: 
1TTL Gate + 100pF 
O.8V and 2.2V 

• Read Operation 

HN58C65p·20 HN58C65p·25 
Parameter Symbol Test Condition 

min. mm. max. max. 

Address to CE=OE=VIL 
200 250 fACC WE=V1H 

- -
Output Delay 

CEto OE=V1L 
200 250 fCE 

WE=VIH 
- -

Output Delay 

OEto CE=VIL 
10 70 10 100 fOE WE=V1H Output Delay 

Address to CE=OE=VIL 
0 0 fOH WE=V1H 

- -
Output Hold 

OE High to 
fDF 

CE=VIL 
0 60 0 90 

Output Float WE=VIH 

Address ) 
tACC 

"\ V 
tCE 

"'\1\. / 

High 
tOE 

HN58C65P-30 
min. max. 

- 300 

- 300 

10 150 

0 -

0 130 

>< 
tOH 

tDF 

//L/ Data Out Valid 
~",'" ,,-,,-, ~ Data 

~HITACHI 
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Untt 

ns 

ns 

ns 

ns 

ns 

l'... 
V 



----------------------------------HN58C65P Series 

• Byte Erase and Byte Write Operation (WE Controlled Write Cycle) 

Parameter Symbol min. typo max. Unit 

Address Setup Time tAS 0 - - ns 

CE to Write Setup Time tcs 0 - - ns 

Write Pusle Width twp 200 - - ns 

Address Hold Time tAH 150 - - ns 

Data Setup Time tDS 100 - - ns 

Data Hold Time tDH 20 - - ns 

CE Hold Time tCH 0 - - ns 

OE to Write Setup Time tOEs 0 - - ns 

OEHold Time tOEH 0 - - ns 

Data Latch Time tDL 100 - - ns 

Time to Device Busy tDB 120 - - ns 

Write Cycle Time twc - - 15 ms 

Byte Load Window tBL 30 - 100 ,.s 

Address 

tcs tAH 

CE 

tAS 

twp 

WE 

tOES 

OE 

Din 

I RDY/Busy 

twc 

@HITACHI 
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HN58C85PSenH----------------------------------------------------------

• Byte Erase and Byte Write Operation (CE Controlled Write Cycle) 

Parameter Symbol min. typo max. Unit 

Address Setup Time tAB 0 - - ns 

CE to Write Setup Time tCB 0 - - ns 

CE Pusle Width tew 200 - - ns 

Address Hold Time tAH 150 - - ns 

Data Setup Time tDB 100 - - ns 

Data Hold Time tDH 20 - - ns 

CEHoid Time tCH 0 - - ns 

OE to Write Setup Time tOEB 0 - - ns 

OEHold Time tOEH 0 - - ns 

Data Latch Time tDL 100 - - ns 

Time to Device Busy tDB 120 - - ns 

Write Cycle Time twe - - 15 ms 

Byte Load Window tBL 30 - 100 ·,,8 

Address 

lAS 

Din 

IDB 

RDY/Busy 

IwC 

~HITACHI 
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--------------------------------HN58C65P Series 

• Page Erase and Page Write Operation (WE Controlled Write Cycle) 

Parameter Symbol min. typo max. Unit 

Address Setup Time tAS 0 - - ns 

CE to Write Setup Time tes 0 - - ns 

Write Pusle Width twp 200 - - ns 

Address Hold Time tAH 150 - - ns 

Data Setup Time tDS 100 - - ns 

Data Hold Time tDH 20 - - ns 

CE Hold Time teH 0 - - ns 

OE to Write Setup Time tOES 0 - - ns 

OEHold Time tOEH 0 - - ns 

Data Latch Time tDL 100 - - ns 

Time to Device Busy tDB 120 - - ns 

Write Cycle Time twe - - 15 ms 

Byte Load Window tBL 30 - 100 /JS 

Byte Load Cycle tBLC 0.3 - 30 /JS 

Address -V X\\\ AS ro A12~ __________________________________________ __J. _ 

Address 
AO to A4 

Din 

RDY/Busy 

~HITACHI 

twc 
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HN58C65PS.le8-------------------------------------------------------------

• Page Erase and Page Write Operation (CE Controlled Write Cycle) 

Parameter Symbol min. typo max. Unit 

Address Setup Time tAS 0 - - ns 

CE to Write Setup Time tcs 0 - - ns 

cr Pusle Width tew 200 - - ns 

Address Hold Time tAH ISO - - ns 

Data Setup Time tDS 100 - - ns 

Data Hold Time tDH 20 - - ns 

CEHold Time tCH 0 - - ns 

OE to Write Setup Time tOES 0 - - ns 

OEHold Time tOEH 0 - - ns 

Data Latch Time tDL 100 - - ns 

Time to Device Busy tDB 120 - - ns 

Write Cycle Time twc - - IS ms 

Byte Load Window tBL 30 - 100 .)los 

Byte Load Cycle tBLC 0.3 - 30 /.IS 

Address -V X AS to A12 -A ______________________ .J_ .... __ _ 

Address 
AO to A4 

Din 

RDY/Busy 

~HITACHI 
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--------------------------------HN58C65P Series 

• Automatic Page Write 
Page-mode write feature allows I to 32 bytes of data to be written into the EEPROM in a single write cycle. 
Following the initial byte cycle, an additional I to 31 bytes can be written in the same manner as the first 
byte was written. Each additional byte load cycle must be started within 30llS of the preceding rising edge 
of the WE. 

• Data Polling 
Data polling allows comparison operation to determine the status of the EEPROM. During a write cycle, an 
attempted read of the last byte written in the EEPROM results in the complement data of that byte at 1/07. 

• Ready/Busy Signal 
ROY/Busy signal also allows to determine the status of the EEPROM, ROY/Busy signal has high impedance 
except in a write cycle and is lowered to VOL after the first write signal. At the end ofa write cycle, ROY/ 
Busy Signal changes its state to high impedance. 

• Write Protection 
There are four features that protect the data from an inadvertent write. 
I) Noise Protection : A write cycle will not be initiated with a WE pulse of less than 20ns. 
2) Vee Sense : When the Vee is approximately 3.0 volt, Write and Erase functions are not initiated. 
3) Write Inhibit : Holding OE low, WE high, or CE high, inhibits a write cycle during power-on and 

power-off. 
4) Write Inhibit : Holding OE low, WE low and CE low, inhibits a write cycle during power-on and 

power-off. 

• WE Pins Operation 
During a write cycle, addresses are latched on the falling edge of WE: data are latched on the rising edge of 
WE. 

~HITACHI 
Hitachi America Ltd .• 2210 OToole Avenue • San Jose, CA 95131 • (408) 435-8300 
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EClRAM 10K 
, ECl RAM 100K 
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HM10414, HM10414-1------

256-word x 1-bit Fully Decoded Random Access Memory 

The HM10414 is ECl 10K compatible, 256-word x 1·bit, read write, 
random access memory developed for high speed systems such as 
scratch pad and control/buffer storages. 
The fabrication procass uses the Hitachi's low capacitance, oxide 
isolation method with double metalization. 
The HM10414 is encapsulated in cerdip-16pin package, compatible 
with Fairchild's F10414. 

• Fu"y compatible with 10K ECl level 
• Address access time: HM10414: 10ns (max.) 

HM10414·1: 8ns (max.) 
• Write pulse width: 6ns (min.) 
• Three chip select pins 
• Output obtainable by wired..QR (open emitter) 

• TRUTH TABLE 

'nput 
Output Mode 

CS WE Din 

anyone H X x L Not Selected 

.11 L L L L Write "0" 

.11 L L H L Write "'" 

.11 L H x Doul- R.ad 

')( Don', ur~ 

• Read out non Invert" 

• BLOCK DIAGRAM 

~,;:~:;~~ WE 
\ .... 1.... I, 

...... , .... 
0 .. 

Cfrt?,,;~~;:, 
, , , 
! •• 
" ~I I. " 

• ABSOLUTE MAXIMUM RATINGS 

Item Symbol Ratmg Unit 

Supply Voltag. Vu: to Vee +0.5 to -7.0 V 

'nput Volta,. V .. +0.5 to V .. V 

Output Current 1 •• , -30 mA 

Storage Temperature T", -65 to +150 ·c 
Storage Temperature T ... (Bia.), -·55 to + 125 ·c 

• Under 8,as 

• HITACHI 

(DC-16) 

• PIN ARRANGEMENT 

(Top V,.W) 

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



------------------------------------------------------HM10414,HM10414-1 

• ELECTRICAL CHARACTERISTICS 

-DC CHARACTERISTICS(V,,--S.2V,RL -SOn to -2.0V, To-O to +7S'C,air flow exceeding 2m/sec) 

Item Symbol Test Condition mm IBI typ max (Aj 

O'C -1000 - -840 

VUH +25'C -960 - -810 

+ 75'C -900 - -720 
Output Voltage V/f"- V,HA or VII" 

O'C -1870 - -1665 

VOL + 25'C -1850 - -1650 

+75'C -1830 - -1625 

O'C -1020 - -
VOH! +25'C -980 - -

+ 75'C -920 - -
Output Threshold Voltage V1y- VIHS or VI/A 

O'C - - -1645 

VOle +25'C - - -1630 

+ 75'C - - -1605 

O'C -1145 - -840 

V," 
Guaranteed Input Voltage 

+25'C -1105 - -810 
High for All Inputs 

+75'C -1045 - -720 
Input Voltage 

O'C -1870 - -1490 

V" 
Guaranteed Input Voltagf' 

+ 25'C -1850 - -1475 
Lo,", (or All Inputs 

+75'C -1830 - -1450 

[," VI .. "'" V1HA o to +75'C - - 220 

Input Current CS i V,,- V", 
o 5 - 170 

[" o to +75'C 
Other -50 - -
All Input and Output Open. +75'C - -130 -

SuppJ) CUfnnt [" 
Test Pm 8 O'C -180 -\40 -

- AC CHARACTERISTICS 
(V,,- -S.2V±S%, To-O to +7S'C. air flow exceeding 2m/sec, see test circuit and waveforms) 

I. READ MODE 

HMI0414 HMI0414-1 
Item Symbol Test Condition 

min typ max min typ max 

Chip Select Access Time tAr/( - 3 6 - 3 6 

Chip Select Recovery Time IRes - 3 6 - 3 6 

Address Access Time I., - 7 10 - 6 8 

2. WRITE MODE 

Item Symbol Test Condition 
HMI0414 HMI0414-1 

min typ max min typ max 

Write Pulse W.dth I. '14SA - 2ns 6 4 - 6 4 -

Data Setup Time IWSD I 0 - I 0 -

Data Hold Time IWHD I 0 - I 0 -

Address Setup Time tWSA tw-6ns 2 0 - 2 0 -
Address Hold TIme tWHA 2 0 - 2 0 -
Ch.p Select Setup Time twscs I 0 - I 0 -
Ch.p Select Hold T.me titHeS I 0 - I 0 -
Write Disable Time I., - - 5 - - 5 

Write Recovery Time t •• - - 12 - - 10 

3. RISE/FALL TIME 

Item Symbol Test Condition min typ max 

Output RIse Time I. - 1.5 2.5 

Output Fan Time I, - 1.5 2.5 

4. CAPACITANCE 

Item Symbol Test Condition min typ max 

Input Capacitance C. - 3 5 

Output Capacitance c. .. 5 8 

~HITACHI 
Hitachi America Ltd .• 2210 OToole Avenue • San Jose, CA 95131 • (408) 435-8300 

Unit 

mV 

mV 

mV 

I'A 

mA 

Unit 

ns 

ns 

ns 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Unit 

ns 

ns 

Unit 

pF 

pF 
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HM10414,HM10414-1------------------------------------------------------

.TEST CIRCUIT AND WAVEFORMS 
1. LOADING CONDITIONS 2. INPUT PULSE 

GND 

CL 

I 
~'''=6 
-1.7V 

I, ~ 20% 
I, 

t. =1/ = 2.Ons Iyp 

-2.0Y 

VEE 
CL=30pF(mcludes JIIJ and stray capacitance) 

3. READ MODE 

Add, ... ==>K_5_0%_,, _______ _ 

I--'''=:~ 
OOUI ~ 

4. WRITE MODE -----,. 
50% ~ - - - - - - - - - - - - - - - - - - - - - - --, 

Address 
V \' 

50~/f\- -- - ------ - - - - - - -/\ _______ ~--J '--+-_______ _ 

---f-~v 1/-- --1---------
_DI_" ____ + __ +_50_%./"/ ;:..-=--=--=-______ -___ -~~J I 

I-IIIHI,--l 
V,.-----+--4----------

50% 

1-.1.1~.,~"=-<:2==:;;:==~~====I'~~H~----
f----/1l\4- I" I IIHf !>_ 

WE 

- ------ -----.-----r-........ 50% r-~-----
I--___ t\l.\c,)~ ------ 50% 

~,", 
Uout 

~t.Jt 

SUPPLY CURRENT SUPPLY CURRENT 

va. AMBIENT TEMPERATURE VS. SUPPLY VOLTAGE 

I~ 

! ! i I 

I 1 

i 

200 

I 
! 

I'" 

-r-... --. 
" r----r-

1611 

" '" ~ 
u 

- -- i--
I 

-< 160 
~ 

I 

I 
121 120 

! 
100 10< , 

, Vi''" -5.201" 

'" 
TO=15OC 

20 4. 60 so 100 -S.72 -5.20 

Amblenl Te"'Pf'ratvre Ta \·C l Supply \'IlItAle VEE IV) 

~HITACHI 
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----------------------------------------------------IHM1O41~HM10414·1 

6 

5 

• 
3 

2 

I 

0 

ADDRESS ACCESS TIME 
VB. AMBIENT TEMPERATURE 

10 

I I 
I 

I I I 
8 

I i 
V 7 i 

6 -~ V 
~ 5 

! v££= -520V 
' T • -20 20 .0 60 

Ambient Temperature Till It:) 

CHIP SELECT ACCESS TIME 
Y8. AMBIENT TEMPERATURE 
6 

S 

• 
3 

2 

1 

80 

Vn:= - 5 20V 

I • 
-20 20 .0 60 80 

WRITE PULSE WIDTH 
vs. AMBIENT TEMPERATURE 

-

Vu= 1-520\ 

- 20 20 .0 60 80 

Ambient Tempt>rature fa ('C ) 

100 

11M' 

100 

~HITACHI 

• 
9 

H 

7 

ADDRESS ACCESS TIME 
VB. SUPPLY VOLTAGE 

I 

! I 
~ 

~ '1_ 
:~ V 

; 

-

I r.=25'(; 

• 

b 

, 

• 

3 

I 

" 

~ ~., - -
~upply \'uh.,. V.n. ; V I 

CHIP SELECT ACCESS TIME 
VB. SUPPLY VOLTAGE 

! 

i 

... 

r--

! 
Ta::i5"C 

I 
- 5211 ... 

~upplv \nhllte \" \ J 

WRITE PULSE WIDTH 
VS. SUPPLY VOLTAGE 

5 

4 

3 

2 

1 

0 
rai2S-c 

-572 -520 -468 

Supply Voltage ~H ! \ ' 

Hitachi America Ltd • 2210 OToole Avenue. San Jose, CA 95131 • (408) 435·8300 569 I 
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HM10422 
256-word x 4-bit Fully Decoded Random Access Memory 
The HM10422 is ECl 10K compatible, 256-word x 4-bit, read write, 
random access memory developed for high speed systems such as 
scratch pads and control buffer storages. 
Four active low Block Select lines are provided to select each block 
independently. 
The fabrication process is the Hitachi's low capacitance, oxide 
isolation method with double metalization. 
The HM10422 is encapsulated in cerdip·24 pin package, compatible 
with Fairchild's F10422 . 

• FEATURES 
• 256-word x 4 bit organization. 
• Fully compatible with 10K ECl level 

(DG-24A) 

• Address access time: 10ns (max) • PIN ARRANGEMENT 
• Write pulse width: 6ns (min) 
• Power dissipation: O.8mW/bit 
• Output obtainable by wired·OR (open emitter) 

• TRUTH TABLE 
Input 

BS WE 

H x 

L L 

L L 

L H 

Notes) x . IrreJevanl 
• : Read Ollt nonulvert 

• BLOCK DIAGRAM 

A. 

A, 

A, 

" 

" 

Dm 

x 

L 

H 

x 

Output 

L 

L 

L 

Oout-

" A, 

Memory Cell Array 
I 

256 Wordsx4 Bits 

Block 2 Block 3 

Mode 

Not Selected 

Write "0" 

Write "I" 

Read 

Block 4 

~HITACHI 

(Top View) 
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------------------------------------------------------------HM10422 

.ABSOLUTE MAXIMUM RATINGS 

Item Symbol Rati,.. Unit 

Supply Volt .. e V£I to Vee +O.S to -7.0 V 

Input Volta.e V .. +O.S to V .. V 

Output Current 1", -30 IlIA 

Stor ... Temperature T.,. -6S to +ISO 'C 

Stora.e Temperature T •• ,(Biasl· -SS to +12S 'C 

• U"'r 8 ... 

• ELECTRICAL CHARACTERISTICS 
(VEE - -S.2V. RL-SOll to -2.0V. To-O to +7S·C. air flow exceeding 2m/sec) 

e DC CHARACTERISTICS 

Item 

Output Volta.e 

Output Threshold Volt ... 

Input Voltap 

Input Current 

Supply Current 

eAC CHARACTERISTICS 

I. READ MODE 

Item 

Block Select Access Time 

Block Select Recovery Time 

Addre •• Acee •• TilDe 

2. WRITE MODE 

Item 

Write Pul .. Width 

Dat. Setup Ti_ 

Dat. Hold Time 

Addre •• Setup Time 

Addre •• Hold Time 

Block Select Setup Ti_ 

Block Select Hold Ti_ 

Write Di •• ble Ti_ 

Write Recoyery Time 

Symbol 

VON 

VOL 

VOIiC 

VOLe 

V,. 

V,L 

1,. 
IlL 

1 .. 

Symbol 

' ... .1 

lau 

fAA 

Symbol 

I. 

' .. ID 

'."D 
'.SA 
h'''A , ..... 
, .. "., 
l •• 

I •• 

Test Condition min(8) 

O'C -1000 
+2S'C -960 

V,N-V,IlA +7S'C -900 
or V,U O'C -1870 

+2S'C -1850 

+7S'C -1830 
O'C -1020 

+2S'C -980 
+7S'C -920 

V,N - V,II. or V,U 
O'C -

+2S'C -
+7S'C -

O'C -IUS 
Gu.ranteed Input Volt •• e 

+2S'C -110S 
High for AU Input. 

+7S'C -104S 
O'C -1870 

Guaranteed Input Voltap' 
+2S'C -1850 

Low for All Inputs 
+7S'C -1830 

V,N-V,I/A o to +7S'C -
liS I O.S I V,N-V,LI o to +75'C 

-50 Other 

All Input and Output Open. To-O'C -200 

Te.t Pin 12 Ta-75'C -

Te.t Condition min typ 

-
- -
- 7 

Test Condition min typ 
, .. ,.-2n. 6 4.5 

2 0 

2 0 
, .. -6na 2 0 

2 0 

2 0 

2 0 

- 4 

- 4.5 

~HITACHI 

typ ma.W 

- -840 

- -810 

- -720 
- -1665 
- -1650 

- -1625 

- -
- -
-
- -164S 

- -1630 

- -150S 

840 

- -810 

- -720 

- -1490 

- -147S 

- -1450 
- 220 

- 110 

- -
-150 

-145 -

.... 
5 

5 

10 

max 
-
-
-
-
-

-
5 

12 
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Unit 

mV 

mV 

mV 

/lA 

IlIA 

Unit 

n. 

n. 

nl 

Unit 

n. 

n. 

n. 

no 

no 
ns 

ns 

na 

n. 
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HM10422----------------------------------------------------------

3. RISE/FALL TIME 

Item Symbol Test Condition min 

Output Rise Time I, -
Output Fan Time 1/ -

4. CAPACITANCE 

Item Symbol Test Condition min 

Input Capacitance C,. -
Output Capacit.nee C •• t -

• TEST CIRCUIT AND WAVEFORMS 

1. LOADING CONDITION 2. INPUT PULSE 
Test Cnclilt 

VccCGNO) 

M.UT. 

3. READ MODE 

-2.0V 
RL=SOQ 
CL =30pF( Includes 
probe and III 
capacitance) 

BS~ .~. 
l\.--A~'". Address 

~ ~ 
I' 180% 

Dout 
0... 

4. WRITE MODE 

0 .. 

~HITACHI 

50% 

typ mIX 

2 -
2 -

typ max 

4 -
7 -

,,, 

50% 

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

Unit 

ns 

ns 

Unit 

pF 

pF 
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200 

180 

160 

1 
- 140 

! 
.3 
-" 120 

! 
100 

80 

2 

I 

]' 10 

SUPPLY CURRENT vs. 
AMBIENT TEMPERATURE 

....... 
~ 
~ t--.. 

.............. r--

Vu= -S.20V 

I 
20 20 40 60 80 

Ambient Temperalure To ("() 

ADDRESS ACCESS TIME VS. 

AMBIENT TEMPERATURE 

I 

I 

I 
I 

, 

I 
.......... 1,............ 

- -
VEl: = -520V 

j 

100 

-20 20 40 60 80 100 

4 

3 

2 

I 

Ambient Temper.lure To i'C) 

BLOCK SELECT ACCESS TIME 
vs. AMBIENT TEMPERATURE 

-
Vu= -S.20V 

I I 
20 40 60 80 100 

Ambient Temperature T. ('C) 

@HITACHI. 

200 

180 

160 

0 14 

120 

100 

80 

2 

I 

6 

5 

4 

3 

2 

I 

0 

SUPPLY CURRENT v •• 

SUPPLY VOLTAGE 

- r--I---

-512 -520 

Supply Voltage VEF (VI 

TG=2rC 

-U' 

ADDRESS ACCESS TIME vs. 
SUPPLY VOLTAGE 

I 

\ 
I I 

I j 
~ 1 

I I i i 

! 
I 

i ,............ - -r , 
i 

i 
To=25'C 

I 
-572 5.20 -'68 

Supply Vol.a,e VEE (V) 

BLOCK SELECT ACCESS TIME 
VS. SUPPLY VOLTAGE 

- ---- r--

T.=25"! 

-572 520 -468 

Supply Volta.e Vu (V) 
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HM10422------------------------------------------------------------

WRITE PULSE WIDTH vs. 
AMBIENT TEMPERATURE 

6 

5 

• 

1 

o 
-20 

r--r----r--

V..,=-5.2t)V 

I I 
20 

Ambient 'lemper.ture T. ("C) 

5 

- • 

3 

1 

100 

~HITACHI 

WRITE PULSE WIDTH va. 
SUPPLY VOLTAGE 

Ta=2S·C 

-5.72 -5.20 

Supply Voltap VEE (V) 

I 
-4.68 
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HM10422-7 

2S8-word x 4-blt Fully Decoded Random Access Memory 
The HM10422 is ECl 10K compatible, 256-word x 4·bit, read write, 
random ac:c:ess memory developed for high speed systems such as 
scratch pads and control buffer storages. 
Four active low Block Select lines are provided to select each block 
independently. 
The fabrication process is the Hitachi's low capacitance, oxide 
isolation method with double metalization. 
The HM10422 is encapsulated in cerdip-24 pin package, compatible 
with Fairchild's F10422. 

• FEATURES 
• 256-word x 4 bit organization 
• Fully compatible with 10K ECl level 
• Address access time: 7ns (max) 
• Write pulse width: 4ns (min) 
• Power dissipation: 1.0 mW/bit 
• Output obtainable by wired·OR (open emitter) 

• TRUTH TABLE 

Input I 
Output Mode 

BS WE Din 

H X X L Not Sele.ted 

L L L L Write ·0" 

L L H L Write "I" 

L H X Dout e Read 

Notes) )( : Irrele .. nt 
•• R.ld CHlI nOftlnvert 

• BLOCK DIAGRAM 
A. A. 

Memor), C.1l Ana,. 
I 

256 Word,X4 BIU 

Block 2 Rinck 3 Block 4 

@HITACHI 

(DG-24A) 

• PIN ARRANGEMENT 

(Top View) 

Hitachi America Ltd. • 2210 O'Toole Avenue. San Jose, CA 95131 • (408) 435·8300 575 I 
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HM10422·7-----------------------------------------------------------

• ABSOLUTE MAXIMUM RATINGS 

Item Symbol Rating Unit 

Supply Volta.e VEE to Vee +0.5 to -7.0 V 

Input Volta.e V,. +0.5 to VE< V 

Output Current I,., -30 rnA 

Stor.,e Temperature T". -65 to +150 'C 

Storage Temperature T".(Bias)- -55 to +125 'C 

• UlMIer Bial 

• ELECTRICAL CHARACTERISTICS 
(V,,--S.2V, RL-SOO to -2.0V. Ta-O to +7S'C, air flow exceeding 2m/sec) 

e DC CHARACTERISTICS 

Item 

Output Voltage 

Output Threshold Voltage 

I nput Voltage 

Input Current 

Supply Current 

eAC CHARACTERISTICS 

1. READ MODE 

Item 

Block Select Access Time 

Block Select Recovery Time 

Address Access Time 

2. WRITE MODE 

Item 

Write Pulse Width 

Data Setup Time 

Data Hold T,me 

Address Setup Time 

Address Hold Time 

Block Select Setup Time 

Block Select Hold Time 

Write Disable Time 

Write Recovery Time 

Symbol 

VON 

VOL 

V oHe 

VOLe 

V,. 

Vn 

I,. 

In 

IE< 

Symbol 

tABS 

t RBS 

I" 

Symbol 

tw 

tws" 

tWHD 

tWSA 

tWHA 

Iwsas 

IWHas 

Iw, 

Iw. 

Test Condition minlB) 

O'C -1000 
+2S'C -960 

VIN- VIHA + 75'C -900 
or VILa O'C -1870 

+2S'C -18SO 

+7S'C -1830 

O'C -1020 

+2S'C -980 

+7S'C -920 
VIN - VINS or V,LA 

O'C -
+ 25'C -
+7S'C -

O'C -1145 
Guaranteed Input Voltage 

+ 25'C -1105 
H,gh for All Inputs 

+ 75'C -1045 

O'C -1870 
Guaranteed Input Voltage 

+ 25'C -1850 
Low for All Inputs 

+ 75'C -1830 

VfN- V,HA o to +75'C -
BS I 0.5 I VIN - VILS o to +75'C 
Other -50 

All Input and Output Open, Ta-O'C -240 

Test Pm 12 To-75'C -

Test Condition min typ 

- -
- -
- 4 

Test Condition min typ 

tWSA =2ns 4 3 

1 

1 

tw--4ns 2 

1 

1 

1 

- 3 

- 3 

~HITACHI 

typ maxW 

- -840 

- -810 

- -720 

- -1665 

- -1650 

- -1625 

- -
- -
- -
- -1645 

- -1630 

- -1605 

- -840 

- -810 

- -720 

- -1490 
- -1475 

- -USO 

- 220 

- 170 

- -
-200 -
-180 -

max 

5 

5 

7 

max 

-

-
-
-
-

-
-
5 

8 

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

Unit 

mV 

mV 

mV 

pA 

rnA 

Unit 

ns 

ns 

ns 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 



-----------------------------------------------------------HM10422-7 

3. RISE/FALL TIME 

Item Symbol Test Condition 

Output Rise Time /, 

Output Fall Time // 

4. CAPACITANCE 

Item Symbol Test Condition 

Input Capacitance C .. 
Output Capacitance Cu, 

• TEST CIRCUIT AND WAVEFORMS 

1. LOADING CONDITION 
Test Circuit 

Vcc(GND) 

!.lU.T. 

3. READ MODE 

-20V 
Rl.=5012 
CL =30pF( ,ncludes 
probe and III 
capacitance) 

BS~ 

min typ max 

- 2 -
- 2 -

min typ max 

- 3 -
- 5 -

2. INPUT PULSE 

~tA"IS~ ~ 
Addr~50% 

I ~-----------------
: 1110% 

Oou. I 
I -----'1, I 

~ 

1---1 •• ----1 

Do", ~'"O_% ___ _ 

4. WRITE MODE 

50% 

50% 

D" 

~HITACHI 
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Unit 

ns 

ns 

Unit 

pF 

pF 

577 I 



578 

HM2110, HM2110-1 
1 024-word x 1-bit Fully Decoded Random Access Memory 
The HM2110 Series item is an ECl compatible, 1024·word x 1·bit, 
read/write, random access memory developed for application to 
scratch pads, control and buffer memories, etc. which require high 
speeds. 
• It is compatible with 10K ECl logic. 
• Chip select access time ............. 10ns (max.) 
• Address access time ............... HM2110: 35ns (max.) 

HM2110·1: 25ns (max.) 
• Power consumption , ............... 0.5mWlbit (typ) 
• Output obtainable by Wired-OR (open emitter). 

• TRUTH TABLE 

(DC ~ 16A I 

Input 
.PIN ARRANGEMENT 

es WE 

H x 

L L 

L L 

L H 

x : Irreleunt 

• : Read out nonlnverted 

• BLOCK DIAGRAM .. 
A, 

ii '" A, x.!> 

'" 

321(12 
Mrlll()ry 

(,,'I 

D,n 

x 

L 

H 

x 

Output 

L 

L 

L 

Dout· 

Mode 

Not Selected 

Write "0" 

Write "I" 

Read 

.ABSOlUTE MAXMUM RATINGS 

Item Symbol HM21l0 Seraes Unit 

Supply Voltage Vu. to Vee +0.5 to -7.0 V 

I nput Vol tage V .. +0.5 to V" V 

Output Current I ... , -30 rnA 

Storage Temperature T." -65 to +150 ·C 

Storage Temperature T",(Blas)· -55 to + 125 ·C 

• Under Blu 

~HITACHI 

Tn", \,<,,,, 
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----------------------------HM2110, HM2110-1 

• ELECTRICAL CHARACTERISTICS 

eDC CHARACTERISTICS (V .. --S.2V. RL-SOO to -2.0V. Ta-O to +7S'C. air flow exceeding 2m/sec) 

Item Symbol Test Condition min(B) Iyp max (A) Unil 

O·C -1000 - -840 

VON +2S'C -960 - -810 

+7S'C -900 - -720 
Output Voltage V'N- V,NA or VIL 8 mY 

O'C -1870 - -1665 

Vo, +2S'C -1850 - -1650 

+7S'C -1830 - -1625 

O'C -1020 - -
Vo He +2S'C -980 - -

+7S'C -920 - -
Oulpul Threshold Voltage V,N-V'H8 or VILA mV 

O'C - - -1645 

VOLe +2S'C - - -1630 

+7S'C - - -1605 

O·C -1145 - -840 

V,N 
Guaranteed Input Voltage 

+2S'C -llOS - -810 
HIgh for All Inpuls 

+7S'C -1045 - -720 
Input Voltage mY 

O·C -1870 - -1490 

,"" 
Guaranteed Input Voltage 

+2S'C -1850 - -1475 
Low for All Inputs 

+7S'C -1830 - -1450 

\ /'N VITO- - V,NA 0 10 +76'C - - 220 

Input Current Cs I O.S - 170 pA 
[" I Y,N - V,U o 10 +7S'C 

Olher -SO - -
All Inpul and Oulp~1 Open, 0:;; T.< 2S'C -150 -100 -

Supply Current [" mA 
Test Pin 8 T.<i:2S'C -125 -90 -

eAC CHARACTERISTICS 
(V .. - -S.2V ±S%. Ta-O to +7S'C. air flow exceeding 2m/sec. see test circuit and waveforms) 

1. READ MODE 

HM2ll0 HM2ll0-1 
Item Symbol Test Condition Unit 

mID Iyp max min Iyp max 

Ch,p Select Access Time lACS - 7 10 - 7 10 ns 

Chip Select Recovery Time hes - 7 10 - 7 10 ns 

Address Access Time t" - 20 35 - 15 25 ns 

2. WRITE MODE 

HM2ll0 HM2ll0-1 
Item Symbol Test Condition Unit 

min Iyp max min Iyp max 

Write Pulse WIdth t. tll/sA -8ns 25 - - 25 - - ns 

Data Setup Time IWSD 5 - - 5 - - ns 

Data Hold Time IWHD 5 - - S - - ns 

Address Setup Time tWSA tw-25ns 8 - - 8 - - ns 

Address Hold Time 'WHA 2 - - 2 - - ns 

ChIp Select Setup Time twses 5 - - 5 - - ns 

Chip Select Hold Time tWHCS 5 - - 5 - - ns 

Write Disable Time t., - - 10 - - 10 ns 

Write Recovery Time t •• - - i 37 - - 37 ns 

~HITACHI 
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HM211~HM2110-1---------------------------------------------------------

3. RISE/FALL TIME 

It ... Symbol Telt Condition min tJP 

Output Rile Time I, - 5 

Output Fan Time I, - 5 

4. CAPACITANCE 

Item Symbol Telt Condition min tJP 

Input Capacitance C .. - 4 

Output Capacitanc. C., - 7 

.TEST CIRCUIT AND WAVEFORMS 

1. LOADING CONDITION 2. INPUT PULSE 
eND 

HNZIIO 

v .. 

3. READ MODE 

I~ 
-l.OV 

1iL=50l1 
('1.-30pF(lnchades probe.nd 

II' capacitance) 

-'''=t1 
-1.7V 

" 
t. = I, =-2.5n. If' 

~-.. -cs-- Addr ... ~ ... ~ 
Do., 

4. WRITE MODE 

cs so,,, 

Mllreu 

V,HH Do., 
V'L~ -----

-----------------------------

50" ~---------------------~ 1\ J I? l\. 

... x 

-
-

max 

5 

8 

-------~-- --" 

~r 
-- ---------

Din 50"; ~-------------
'------------~ 

!-'''.D 

WE SO") ro,.-------; 
I-''''D- 1---'''''-

___ ~WSA .. '''HC'-~ -------
Dow, ·.,'C_ I 

..... 
VLU 

-'0" 1----• .,.-

@HITACHI 

Unit 

nl 

ns 

Unit 

pF 

pF 

~ ., 

Hitachi America 8d. • 2210 O'Toole Avenue • San Jose, CA 95131 • (408) 435·8300 



---------------------------------------------------------HM2110,HM2110·1 

12U 

100 

;;; 
! 80 

l 40 

20 

o 

0 

0 

SUPPLY CURRENT VS. 

AMBIENT TEMPERATURE 

1- ---r--'- -....... 

20 20 fO 60 80 

Amblenl Temperature Til (·C 1 

ADDRESS ACCESS TIME VB. 

AMBIENT TEMPERATURE 

HM2lI\ 

HM2110-1 __ k-~ 
~ 

100 

./ r:: V 

0 

0 
-20 20 40 60 80 100 

AmbIent Temperalure To ("e) 

@HITACHI 

120 

100 

80 

fO 

20 

SUPPLY CURRENT VB. 

SUPPLY VOLTAGE 

f 
V 

/ 

/ 
/ 

/ 
- - -

V 

SupplY Vult_,e Vu (V) 
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HM2112, HM2112-1 
1 024-word x 1-bit Fully Decoded Random Access Memory 

The HM2112 is an ECl compatible, 1024-word x 1-bit, read/write, 
random access memory developed for application to scratch pads, 
control and buffer memories, etc_ which require high speeds_ 

.FEATURES 

• level ..•.......................... 10k ECl Compatible 
• Construction .... _ ..... _ ......•...... 1024-word by 1-bit 
• Address Access Time .....•.... _ .. _ ... HM2112 10ns (max.) 

HM2112-1 Bns (max.) 
• Chip Select Access Time .•...•................ 5ns (max.) 
• Power Consumption .. _ ..... _ ............ O.BmW/bit (typ) 
• Output Obtainable by Wired-OR (open emitter) 
• Fully Pin Compatible with F10415 

(DG-16A) 

• TRUTH TABLE • PIN ARRANGEMENT 

Input 
Output Mode 

CS WE Din 

H x x L ~ot Selected 

L L L L Wnte "0" 

L L H L Write "1" 

L H x Dout· Read 

x lrnlevant 
• . Read out nonlv~rted 

• BLOCK DIAGRAM 

32X32 

(Top View) 

.ABSOlUTE MAXIMUM RATINGS 

Item Symbol HM2112 lInit 

Supply Voltage Vu. to Vee +0.5 to -7.0 V 

Input Voltale V .. +0.5 to Vu. V 

Output Current I •• , -30 mA 

Storage Temperature T.' f -65 to +150 'C 

Storage Temperature T •• ,(Blas)· -55 to + 125 'C 

@>HITACHI 
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----------------------------HM2112, HM2112-1 

• ELECTRICAL CHARACTERISTICS 
(VEE - -S.2V, RL-SOn to -2,.OV, Ta-O to +7S-C. air flow exceeding 2m/sec) 

e DC CHARACTERISTICS 

It .... Symbol Test Condition man!B) typ maxW Unit 

O·C -1000 - -840 

Vu• + 25'C -960 - -810 

+ 75'C -900 - -720 
Output Volt ••• Y,N - V,NA or V,U mV 

O'C -1870 - -1665 

VOL + 25'C -1850 - -1650 

+ 75'C -1830 - -1625 

O'C -1020 - -

VaNe +2S'C -980 - -
+75'C -920 - -

Output Threshold Voltage Y,N - VINS or VILA mV 
O'C - - -1645 

VOIC + 25'C - - -1630 

+ 75'C - - -1605 

O'C -1145 - -840 

V,. 
Guaranteed Input Voltage 

+ 25'C -1105 - -810 
High for All Inputs 

+ 75'C -1045 - -720 
Input Voltage mV 

O·C -1870 - -1490 

V" 
Guaranteed Input Voltage 

+25'C -1850 - -1475 
Low for All Inputs 

+7S'C -1830 - -1450 

[" V' .... -V'HA o to +75'C - - 220 

Input Current CS I 0.5 - 170 pA 
[" I VIN-VIlB o to +7S'C 

Other -50 - -

All Input and Output Open. To-O'C -240 - -
Supply Current [" rnA 

Test Pin 8 To-75'C -200 - -

eAC CHARACTERISTICS 
(VEE ~ -S.2V ±S%. Ta-O to +75'C. air flow exceeding 2m/sec. see test circuit and waveforms) 

1. READ MODE 

HM2112-1 HM2112 
Item Symbol Test Condition Unit 

man typ max min typ max 

Chip Select Access Time , ACS I 3 6 I 3 6 ns 

Chip Select Recovery Time IRes I 3 5 I 3 5 ns 

Address Access Time I" 3 6.5 8 3 7.5 10 ns 

2. WRITE MODE 

HM2112-1 HM2112 
Item Symbol Test Condl t Ion Unit 

man typ max min typ max 

W rite Pulse Width tw I ",SA -3ns 7 2 - 7 2 - ns 

Data Setup Time tWSD I 0 - I 0 - ns 

nata Hold Time 'WHD I 0 - I 0 - ns 

Address Setup Time 'IrSA h·-7ns 3 0 - 3 0 - ns 

Address Hold Time '!rNA 2 0 - 2 0 - ns 

Chip Select Setup Time twscs I 0 - I 0 - ns 

Ch,p S.lect Hold Time tllfHCS I 0 - I 0 - ns 

Write Disable Time tw, I 3 5 I 3 5 ns 

Write Recovery Time tw. I 3 10 I 3 12 ns 

@HITACHI 
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HM2112,HM2112-1------------------------------------------------------

3. RISE/FALL TIME 

It_ Symbol To.t Condition 

Output Ri .. Ti .. I. 

Output Fan Ti .. 1/ 

4. CAPACITANCE 

11_ Symbol To.t Condition 

Input Capacit .... C •• 

Output Capacitanc. C_. 

.TEST CIRCUIT AND WAVEFORMS 

1. LOADNG CONDITION 
GND 

min typ .... x Unit 

0.8 1.5 2.5 n. 

0.8 1.5 2.5 ns 

min typ max Unit 

I 3 5 pF 

3 5 8 pF 

2. INPUT PULSE 

16 ~ 20% 

'I 

HII2112 

-20Y 

lIL=sOQ 
v .. Ct=30pFClnclltdel probe and III capacitance) 

3. READ MODE 

~"=>t:".~ 
Oout _ 50% 

4. WRITE MODE 

cs SO%' _______ --_________________________ " 

Addu .. 'I 'I' SO% j\.------------------------
----+---' 

SO% 

D .. 
-..... ,..-
50% \~------------~---" ----------+-----+---' \... ___ --___ -- _oJ '--; ____ 1--------------

'''liD 
----+--~-~~ r---~-r_------_______ I 

------------

----- '--------'Ir---7.:;~:~~--~ ___ .r:-:.....:';:: •• :... =t=~'. --I--.e;.;~--~:L ______ _ 
rwscs ~ _-/ 

~ ~--- ---~.~-~I SO% 

Do., 

~HITACHI 
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------------------------------------------------------HM2112,HM2112-1 

SUPPLY CURRENT 
VB. AMBIENT TEMPERATURE 

200 

......... 

"'- ....... 

IRO 

160 

i'--... !'-..... \I ...... 
1 12 " 

101 I 

" 
\H:::'I-"\.!U\ 

- 2" '" ", ." 
Ambient Temper&lure roJ (0(' I 

ADDRESS ACCESS TIME 
VS. AMBIENT TEMPERATURE 

10 

-
"~ f..---- I -\I~~ f..---

5 

• 
VU=.I52OV 

-20 20 .0 60 80 

Ambient Temperature To ('C) 

CHIP SELECT ACCESS TIME 
VS. AMBIENT TEMPERATURE 

• 

3 

I 

o 
-20 

VU=jS20V 

20 .0 60 80 

Ambient TE'mperllure TrJ ('e) 

200 

18 0 

16 0 

~ 14 
d 

0 

g, 
JJ 120 

100 

80 

1110 

0 

• 

100 

6 

S 

4 

3 

2 

I 

100 

~HITACHI 

SUPPLY CURRENT 
VB. SUPPLY VOLTAGE 

---i---. 

-S 72 -S20 

Supplv Volt.,e Vu IV) 

ADDRESS ACCESS TIME 
VB. SUPPLY VOLTAGE 

.......... 
........ 

r--

T'j2S"c 

-468 

.......... ~ --~~ 
T'j25"C 

- 572 - S20 468 

Suppl~ \foll.,e Vu r V ) 

CHIP SELECT ACCESS TIME 
VS. SUPPLY VOLTAGE 

-I-

Taj2S-C 

-S72 - S 20 -.68 

Supply Voha,e VEl (V) 
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HM2112,HM2112-1--------------------------------------------------------

WRITE PULSE WIDTH 
VS. AMBIENT TEMPERATURE 

6 

5 

• 

3 

2 

I 

" 
Awnent Temperature To ,"e 1 

~HITACHI 

WRITE PULSE WIDTH 
vs. SUPPLY VOLTAGE 

-

512 5.20 

TO:T 2S"C 

468 

Supply Voltage VEE (V) 

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



HM10474 

1024-wordX4-bit Fully Deco.1ed Random Access Memory 
The HM10474 is ECl 10k compatible, 1024-words x 4-bit, read 
write, random access memory developed for high speed systems such 
as scratch pads and controllbuffer storages. 
The fabrication process is the Hitachi's low capacitance, oxide 
isolation method with double metalization. 
The HM10474 is encapsulated in cerdip-24pin package, compatible 
with Fairchild's F10474 . 

• FEATURES 
• 1024-word x 4-bit organization 
• Fully compatible with 10K ECl level 
• Address access time: 25ns (max) 
• Write pulse width: 25ns(min) 
• low power dissipation: O.2mW/bit 
• Output obtainable by wired-OR (open emitter) 

(OG-ItA) 

• PIN ARRANGEMENT 

• TRUTH TABLE 
Input 

Output Mode 
CS WE Din 

H X X L Not Selected 

L L L L Write "0" 

L L H L Write "I" 

L H X Dout· Read 

Note.l )( : Irrelevant 
• : Rud Out NOluvert 

• BLOCK DIAGRAM 

(Top View) 

.ABSOlUTE MAXIMUM RATINGS(Ta-2S-C) 

Item Symbol Retinl Unit 

Supply Volta,. Vn to Vee +0.5 to -7.0 V 

Input Volt.,e V •• +0.5 to V .. V 

Output Current I ••• -30 mA 

Storale Temperature T •• , -65 to +150 'C 

Storage Temperature T .. ,(BlasJ· -55 to +125 'C 

• Uruler 81" 

• HITACHI 
Hitachi America Ltd. • 2210 O'Toole Avenue • San Jose, CA 95131 • (408) 435-8300 587 I 
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~74-------------------------------------------------------------

.ELECTRICAL CHARACTERISTICS 

.DC CHARACTERISTICS(Vu--S.2V. RL-500 to -2.0V. Ta-O to +7S'C. air flow exceeding 2m/Bee} 

Item Symbol Telt Condition mi. (B) typ ...,.(A) 

O'C -1000 - -840 
Vo. +25'C -960 - -810 

+75'C -toO - -720 
Output Volt.,. V,N - V,NA or Va. 

O'C -1870 - -1e65 

VOL +25'C -1850 - -1850 

+75'C -1830 - -1625 

O'C -1020 - -
VONe +25'C -980 - -

+75'C -920 - -
Output Threshold Volt .. e V,N-V,U or VilA 

O'C - - -1645 

VOLe + 25'C - - -1630 

+ 75'C - - -1605 

O'C -1145 - -840 

V,. 
Guaranteed Input Volt .. e 

+ 25'C -1105 - -810 
High for All Inputs 

+75'C -1045 - -720 
Input Voltage 

O'C -1870 - -1490 

VIL 
Guaranteed Input Voltage 

+ 25'C -1850 - -1475 
Low for All Inputs 

+ 75'C -1830 - -1450 

I,. V,N-V'HA o to +75'C - - 220 

Input Current CS I 0.5 - 170 
/'L .l V'N-VIL' o to +75'C 

Other. -50 - -
All Input and Output Open. To-O'C -200 -160 -

Supply Current / .. 
Test Pin 12 To-75'C - -145 -

.AC CHARACTERISTICS(V .. --S.2V ±S%. Ta-O to +7S'C. air flow exceeding 2m/sec} 

I. READ MODE 

Item Symbol Test Condition min typ max 

ChIp Select Access Time tAcs - - 10 

Chip Select Recovery Time hes - - 10 

Address Access T lme I .. - 15 25 

2. WRITE MODE 

Item Symbol Test Condition min typ max 

Writ. Pul •• Width I. tlt'SA-3ns 25 15 -
Dais S.tup Tim. I ... 2 - -
Dais Hold Time 1 .. 0 2 - -
Address Setup Time I- t .. -Iw ••• 3 - -
Addr ••• Hold Time ioWA 2 - -
Chip Select Setup Time 'Wles 2 - -
Chip Select Hold Time I_s 2 - -
Write Disable Time I .. - - 10 

Write Recovery Time I .. - - 27 

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

Unit 

mV 

mV 

mV 

pA 

IDA 

Unit 

n. 

n. 

n. 

Unit 

n. 

n. 

n. 

•• 
•• 
ns 

n. 

.1 
n. 



---------------------------------------------------------------~74 

3. RISE/FALL TIME 

It ... Sy .. bol 

Output Rise Time I. 

Output Fall Tim. 1/ 

4. CAPACITANCE 

It ... Symbol 

Input Capacitance C .. 
Output Capacitance C .... 

• TEST CIRCUIT AND WAVEFORMS 

1. LOADING CONDITION 

Vcc(GND) 

M.U.T. 

O.OI"r ;;l; 

3. READ MODE 

4. WRITE MODE 

50" I\. 

Add nil 

Doul 

-2.0V 

50~K 

RL=5OQ 
CL=30pF(mcludes 
probe and III 
capacitance) 

Test Condition min typ 

- 2 

- 2 

Test Condition min typ 

- 4 

- 7 

2. INPUT PULSE 

Address 

, .. 
DOUI 

50,/ 

50011 
/1\. 

---- ---- -, ~---- ------ ----
50'" / .. " I '/, / 

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

"'$0 \ 50" SO" / , .. HA 

I'\. .... ,. ' .. HC5 

--- ------ -
50/( L}% t 'wscs ... ... Do. 

~HITACHI 

.... 
-
-

max 

-

-

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

Unit 

nl 

nl 

Unit 

pF 

pF 
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HM~74---------------------------------------------------------------

... 
'10 

! '80 
.;; 

" 0 

" 0 

'00 

0 

5 

0 

5 

0 

5 

SUPPLY CURRENT v •• 
AMBIENT TEMPERATURE 

....... 
....... 

.............. 
~ ........ r-

V"""IUOV .. .. .. 80 

ADDRESS ACCESS TIME 

vs. AMBIENT TEMPERATURE 

o 
-20 20 40 

Vi~= -S.ZIOV 

60 80 

; 
,:: 

! 
u 

2 

10 

2 

0 

Ambient Temperature T. rC) 

CHIP Sl!lECT ACCESS TIME 

VB. AMBIENT TEMPERATURE 

- ,....-f---
Vj,=-5jV 

20 20 40 60 80 

Ambient Temperature To (OC) 

'00 

100 

00 

200 

180 

:c 
.! 160 

~ 

~ 140 

u 
~ 

} 120 

100 

80 

30 

25 

~ 20 

; 
,:: 
: I 

i 
5 

0 

5 

0 

12 

• 10 

6 

4 

2 

0 

~HITACHI 

SUPPLY CURRENT v •. 
SUPPLY VOLTAGE 

5.72 520 

Supply Volt." VEE (V) 

ADDRESS ACCESS TIME 

VB. SUPPLY VOLTAGE 

5.72 520 

Supply Volta,e Vn (V) 

-

rO~t5'C 

4.68 

rOj25'C 

-4,68 

CHIP SELECT ACCESS TIME 

VB. SUPPLY VOLTAGE 

rO=125'C 

- 5.72 - 520 4.6 8 

Supply Volt •• e VEE (V) 

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



-------------------------------------------------------------HNM0474 

30 

5 

! 20 

5 . 
;e . 0 

; 

WRITE PULSE WIDTH v .. 
AMBIENT TEMPERATURE 

Vu=-5.20V 

o 
20 20 40 60 

Aml)!ent Temperature Ta ("C) 

~ 
80 100 

~HITACHI 

30 

5 

0 

5 

0 

5 

0 

WRITE PULSE WIDTH v .. 
SUPPLY VOLTAGE 

-

5.72 -5.20 

Supply Voila., VI&' (V) 

Hitachi America Ltd. • 2210 OToole Avenue • San Jose, CA 95131 • (408) 435-8300 

T'75"C 
4.68 

591 I 



592 

HM10474-S,HM10474-10 
1024-wordX4-blt Fully Deco..ied Random Access Memory 

The HM10474 is ECl 10k compatible, 1024-words x 4-bit, read 
write, random access memory developed for high SPeed systems such 
as scra1l:h pads and controllbuffer storages. 
The fabrication process is the Hitachi's low capacitance, oxide 
isolation method with double metalization. 
The HM10474 is encapsulated in cerdip·24pin packaga, compatible 
with Fairchild's F10474 • 

• FEATURES 
• 1024-word x 4·bit organization 
• Fully compatible with 10K ECl level 
• Address access time: HM10474-8 8ns (max) 

• Write pulse width: 
HM10474-10 10ns (max) 
HM10474-8 5ns (min) 
HM10474-10 5ns (min) 

(DG-24A) 

• low power dissipation: 0.3mW/bit • PIN ARRANGEMENT 
• Output obtainable by wired-OR (open emitter) 

• TRUTH TABLE 

Input 
Output Mode 

CS WE Din 

H X X L Not Selected 

L L 

L L 

L H 

Notes) x: Irr.I • .,ant 
• : Read Out Nonly.rt 

• BLOCK DIAGRAM 

L L 

H L 

X Dout e 

MeI'lOf}' Cell Arr.y 
1024Wonb x, B.t. 

Block 1 Block 2 Block 3 Block , 

Write "0" 

Write "1" 

Read 

WE-J-+~'-~~~~'-~~ 

CS""'-i'J.!ilI¥-~ol.IIil!!,l-L4'll~...I...lo~~ 

• ABSOLUTE MAXIMUM RATINGS (Ta-2S'C) 

Item Symbol Ratin, 

Supply Volta,e V£I to Vee +0.5 to -7.0 

Input VoIta,e V .. +0.5 to V .. 

Output Current 1,., -30 

Storlie Temperature T.,. -65 to +150 

Storlie Temperature T.,.(Blas)· -55 to +125 

• Uncler B, •• 

Unit 

V 

V 

mA 

·C 

·C 

~HITACHI 

(Top Vie.) 

Hitachi Amenca Ltd. • 2210 O'Toole Avenue • San Jose, CA 95131 • (408) 435-8300 



-------------------------------------------------HM10474-8,HM10474-10 

• ELECTRICAL CHARACTERISTICS 

.DC CHARACTERISTICS(VEE--5.2V, RL-500 to -2.0V, Ta-O to +75'C, air flow exceeding 2m/sec) 

Item Symbol Te.t Condition min (B) typ ma.(A) 

O'C -1000 - -a.o 
VON +2S'C -960 - -810 

+1S'C -900 - -120 
Output Volt.,. V,,.. - V'HA or VIU 

O'C -1810 - -1665 

VOL +2S'C -18S0 - -1650 

+1S'C -1830 - -162S 

O'C -1020 - -
VONe +2S'C -980 - -

+1S'C -920 - -
Output Threshold Volt.,e V,,.. - VIN8 or VILA 

O'C - - -164S 

VOI,.C +2S'C - - -1630 

+1S'C - - -160S 

O'C -IUS - -840 

V,. 
Guaranteed Input Voltage 

+2S'C -110S - -810 
High for All Inputs 

+1S'C -104S - -120 
Input Volto,e 

O'C -1810 - -1490 

VIL 
Guaranteed Input Voltage 

+2S'C -1850 - -1415 
Low for All Inputs 

+1S'C -1830 - -1450 

I,. VIN- VINA o to +1S'C - - 220 

Input Current CS I 0.5 - 170 
IlL 1 VIN- V/LS o to +7S'C 

Others -50 - , -
All Input and Output Open. To-O'C -240 -220 -

Supply Current IE< 
Te.t Pin 12 To-7S'C - -205 -

.AC CHARACTERISTICS (VEE - -5.2V ±S%. Ta-O to +7S·C. air flow exceeding 2m/sec) 

1. READ MODE 

HM10474·8 HMI0474·1O 
Item Symbol Test Condition 

min typ max min typ max 

Chip Select Access Time lACS - - 6 - - 6 

Chip Select Recovery Time IRes - - 6 - - 6 

Address Access Time I" - - 8 - - 10 

2. WRITE MODE 

HMI0474·8 HM10474·10 
Item Symbol Test ConditIOn 

min typ max min typ max 

W flte Pulse Width I. tWSA- 2ns 5 - - 5 - -
Data Setup Time I"" 1 - - 2 - -
Data Hold Time t .. D 1 - - 2 - -
Address Setup Time I"" tw-lw.u 2 - - 2 - -
Address Hold Time I .. , 1 - - 2 - -
Chip Select Setup Time twscs 1 - - 2 - -

Chip Select Hold Time tItHes 1 - - 2 - -
W rite Disable Time I", - - 6 - - 6 

Write Recovery Time I .. - - 9 - - 12 

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

Unit 

mV 

mV 

mV 

I'A 

mA 

Unit 

n. 

ns 

ns 

Unit 

n. 

ns 

n. 

ns 

ns 

ns 

ns 

n. 

ns 
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HM10474-8,HM10474-10-------------------------------------------------

3. RISE/FALL TIME 

hem Symbol 

Output Rile Time /, 

Output Fall Time // 

4. CAPACITANCE 

Item Symbol 

Input Capaeitance C .. 

Output Capaeitanee C ••• 

.TEST CIRCUIT AND WAVEFORMS 
1. LOADING CONDITION 

Test Ci reult 

VcclGND) 

M.U.T. 

3. READ MODE 

4. WRITE MODE 

S0" 1,\ 

Add rell 

Dout 

-2.0V 

S0" ,/ 
/1\ 

R,=5Oll 
CL=30pF(mclucles 
probe and J II 
capacitance) 

Test Condition min typ 

- 2 

- 2 

Test Condition min typ 

- 4 

- 7 

2. INPUT PULSE 

Addrus 

, .. 
Dout 

SO" 
/ 

50~i/ 
)1'\. 

---- ---- -, ~---- ------ ----
D •• so,,'lI' so% / 

/ ' I 
~-------------~~ 

\ S0" / 
I.SD S0" .... 

/ .... ,. '.HCS 
--- ---- -

50;{ ~" . t"SCI .. , ,., 
D .. 

~HITACHI 

.... 
-
-

mox 

-
-

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

Unit 

ns 

ns 

Unit 

pF 

pF 

20% 



HM10470.HM10470-1 

4096-word x '-bit Fully Decoded Random Access Memory 
The HM10470 is ECL 10K compatible, 4096-words x 1-bit, read 
write random access memory developed for high speed systems such 
as scratch pads and control/buffer storages. 
The fabrication process is the Hitachi's low capacitance, oxide isola
tion method with double metalization. 
The HM10470 is encapsulated in cerdip-18 pin package, compatible 
with Fairchild's F10470. 

• FEATURES 
• 4096·word x 1·bit organization 
• Fully compatible with 10K ECL level 
• Address access time: HM10470 

• Write pulse width: 
HM10470-1 
HM10470 
HM10470-1 

• Low power dissipation: O.2mW/bit 

2505 (max) 
15ns (max) 
25ns (min) 
15ns (m'in) 

• Output obtainable by wired·OR (open emitter) 

• TRUTH TABLE 
Input 

Output Mode 
CS WE Din 

H X X L Not Selected 

L L L L Write "0" 

L L H L Write "I" 

L H X Dout- Read 

Notes) x Irrelevant 
•• Read Out Nonlnvert 

• BLOCK DIAGRAM 
A. 

~, 64X64 . 
~. ~i Q Memory Cell 

A, ~ " Array ;:.!i ~ 

~. ; 
,; 

.ABSOLUTE MAXIMUM RATINGS(To-2S·C) 

Item Symbol Ratin. Unit 

Supply Volt .. e Vu to Vee +0.5 to -'1.0 V 

Input Volta.e V •• +0.5 to V .. V 

Output Current In' -30 ..... 
Storlie Temperature T ••• -65 to +150 ·C 

Stora.e Temperature T ••• (Bi •• >· -55 to +125 ·C 

• Under 8 ••• 

@HITACHI 

(DG-IS) 

• PIN ARRANGEMENT 

Hitachi Amenca Ltd • 2210 OToole Avenue • San Jose, CA 95131 • (408) 435-8300 
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HM10470,HM10470.1-------------------------------------------------------

• ELECTRICAL CHARACTERISTICS 

-DC CHARACTERISTICS (Vu--S.2V, RL-SOO to -2.0V, Ta-O to +7S'C, air flow exceeding 2m/sec) 

Item 

Output Voltage 

Output Threshold Voltage 

Input Voltage 

Input Current 

Supply Current 

• HMI0470 
•• HMI0410-1 

Symbol 

Vo. 

VOL 

VONe 

VOle 

V,. 

VIL 

I,. 

IlL 

1" 

Test Condition 

Y,N - VIHA or VILB 

VIN - VIHS or VILA 

Guaranteed Input Voltage 

High for All Inputs 

Guaranteed Input Voltage 

Low for All Inpuls 

VIN'" VIN .. 

CS i I VIN - VILB 
Other 

All Input and Output Open. 

Test Pin 9 

min !B) typ max(A) 

O·C -1000 - -840 

+2S'C -960 - -810 

+7S'C -900 - -720 

O·C -1870 - -166S 

+2S'C -18S0 - -16S0 

+7S'C -1830 - -162S 

O·C -1020 - -
+ZS·C -980 - -
+7S'C -920 - -

O·C - - -164S 

+2S'C - - -1630 

+7S'C - - -160S 

O'C -114S - -840 

+2S'C -110S - -810 

+7S'C -104S - -720 

O·C -1870 - -1490 

+2S'C -18S0 - -147S 

+7S'C -1830 - -14S0 

o to +7S'C - - 220 

O.S - 170 o to +7S'C 
-50 - -

-200' -160' -
Ta-O'C 

-280" -200·· -
Ta-7S'C - -145 -

-AC CHARACTERISTICS(Vu--S.2V ±S%. Ta-O to +7S'C. air flow exceeding 2m/sec) 
1. READ MODE 

HMI0470 HMI0470-1 
Item Symbol Test Condition 

min typ max min typ max 

Chip Select Access Time , ACS - - 10 - - 8 

Chip Select Recovery Time IRes - - 10 - - 8 

Address Access Time / .. - IS 25 - 12 IS 

2. WRITE MODE 

HMI0470 HMI0470-1 
Item Symbol Test Condition 

min typ max min typ max 

Write Pulse Width ,. ''''SA -3ns 25 - - IS - -
Data Setup Time ''''SD 2 - - 2 - -

Data Hold Time 'WHD 2 - - 2 .- -

Address Setup Time 'ws .. '"-I,,, •. /1 3 - - 3 - -
Addre •• Hold Time tWHA 2 - - 2 - -
Chip Select Setup Time 'wscs 2 - - 2 - -
Chip Select Hold Time 'WHCS 2 - - 2 - -
Write Disable Time t., - - 10 - - 8 

Write Recovery Time I •• - - 27 - - 17 

@HITACHI 
Hitachi America Ltd • 2210 O'Toole Avenue • San Jose, CA 95131 • (408) 435-8300 

Unit 

mV 

mV 

mV 

pA 

mA 

Unit 

ns 

ns 

ns 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 



-------------------------------------------------------HM10470,HM10470-1 

3. RISE/FALL TIME 

Item Symbol 

Output Rise Time I. 

Output Fall Time 1/ 

4. CAPACITANCE 

Item Symbol 

Input Capacitance C •• 

Output Capacitance C ••• 

.TEST CIRCUlT AND WAVEFORMS 

1. LOADING CONDITION 

Test Circuit 

Vcc(GND) 

M VT 

3. READ MODE 

Dout 

RL T CL 

",. RL=500 
CL =3OpF( Includes 

_ 2.0V probe and Jig 
capac Itanee) 

Test Condition min typ 

- 2 

- 2 

Test Condition min typ 

- 3 

- 5 

2. INPUT PULSE 

~-'''5-
00" 

~ .... =:Jt:",~ 
00., . SO% 

4. WRITE MODE 

cs M~ - ________________________ ~ 

Add rU5 
.\/ / 

SO"}\. - - - - - - - - - - - - - - - - - -...; _____ +-_..J 

---~-, ~~- -----------
SO". /------------ / _____ +-_-t_-J.J '- ________ _ ...J 

~11I1f 

SO~:'- ------,v 
-",_ 11--.... -

~IIISA I.IICS _____ ~.....;..-------

soo", 

~'" ~tll'-

~HITACHI 

max Unit 

- ns 

- ns 

max Unit 

- pF 

- pF 

~ 211 ~, 

" 
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HM1047~HM10470·1--------------------------------------------------"'" 

< 
.! 
oS 

~ 
u 
.!:l 

~ .. 

zoo 

180 

160 

140 

120 

100 

SUPPLY CURRENT VB. 

AMBIENT TEMPERATURE 

-r----
VII'=-5.20Y 

80 
-20 20 40 

I I 
60 80 

Ambient Temperatur. r. (t) 

ADDRESS ACCESS TIME 
VB. AMBIENT TEMPERATURE 

35 

30 

• IS 

. 
< 

20 

~ I--~ 5 

~~~ ~ 
: I 

~ 
0 -- Vu-- .2OV 

5 
-20 20 40 60 80 

Ambient Temperalure r. rC) 

CHIP SELECT ACCESS TIME 

VB. AMBIENT TEMPERATURE 

2 

10 

• 
6 

4 - t:,1iI10470 
10470-1 

2 
V = -5.20 

0 
-20 20 40 60 10 

180 

i 160 

i: 14 

~ 
0 

u 
~ 12 

} 
0 

100 

80 
100 

35 

30 

25 

5 

10 

100 
5 

2 

10 

6 

4 

2 

100 0 

~HITACHI 

SUPPlY CURRENT va. 
SUPPLY VOLTAGE 

-

-5.72 -5.20 

ro=r"C 

-468 

Supply Voltl,e Vu (V) 

ADDRESS ACCESS TIME 
n. SUPPLY VOLTAGE 

HMI0410 ---
Kill 470·1 - -

ro= 5"C 

-5.72 -520 -4.68 

Supply Volta •• Vu (V) 

CHIP SELECT ACCESS TIME 

VB. SUPPLY VOLTAGE 

HMI0470 
HMI047 -I 

ro=r"C 

-5.72 -5.20 -4.68 

Supply Volt ... V .. (V) 

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



-------------------------------------------------------HM10470,HM10470-1 

35 

30 

2$ 

20 

$ 

0 

$ 

WRITE PULSE WIDTH vs. 
AMBIENT TEMPERATURE 

HMI0470 -
K 10610-1 -

VU--jV 
-20 10 100 

@HITACHI 

35 

30 

5 

0 

5 

WRITE PULSE WIDTH vs. 
SUPPLY VOLTAGE 

HMI0410 

KMI~1O-1 

- -
5\1,,1)' Voltaae Vu (V) 

-
-

T'=r 
-4.68 

Hilachl America Lid .• 2210 O'Toole Avenue • San Jose, CA 95131 • (408) 435-8300 599 I 
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HM10480,HM10480F 

16,384-words x 1-bit Fully Decoded Random Access Memory 

The HM10480 is ECl 10K compatible, 16,384-words x 1-bit, 
read/write random access memory developed for high speed 
systems such as scratch pads and controllbuffer storages. 
The fabrication process uses the Hitachi's low capacitance, oxide 
isolation method with double metalization. 
The HM10480 is encapsulated in cerdip-20 pin and flat 20-pin 
package, compatible with Fairchild's F10480 . 

• FEATURES 
• 16,384-words x 1-bit organization 
• Fully compatible with 10K ECl level 
• Address access time: 25ns (max) 
• Write pulse width: 25ns(min) 
• low power dissipation: O.05mW/bit 
• Output obtainable by wired-OR (open emitter) 

.TRUTH TABLE 

Input 

es WE 
H X 

L L 

L L 

L H 

Notes) x . Irrelevant 
•. Read Out NOnlnvert 

• BLOCK DIAGRAM 

A. 

A. 

1 A. ~ 
'" A. i! 1 

A. ~ ;. 

A. >< 

A. 

Din 

X 

L 

H 

X 

128X 128 

Memory Cell 

Array 

Output Mode 

L Not Selected 

L Write "0" 

L Write "t" 

Dout- Read 

.ABSOlUTE MAXIMUM RATINGS (Ta-2S'C) 

Item Symbol Rating Umt 

Supply Voltage VEE to Vee +0.5 to -7.0 V 

Input Voltage V •• +0.5 to V .. V 

Output Current I ... , -30 mA 

Storage Temperature T.,. -65 to +150 ·c 
Storage Temperature T.,,( Bias)· -55 to +125 ·C 

• Under BIU 

~HITACHI 

HM10480 

(DG·20N) 

HM10480F 

(FG·20D) 

• PIN ARRANGEMENT 

(Top V.ew) 

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



-----------------------------------------------------------HM10480,HM10480F 

• ELECTRICAL CHARACTERISTICS 

.DC CHARACTERISTlCS(VEE--S.2V, RL-SOn to -2.0V, TIl-O to +7S'C, air flow exceeding 2m/sec} 

Item Symbol Te.t Conditio" min (B) typ max (A) 

O'C -1000 - -840 

VON + 25'C -960 - -810 

+ 75'C -900 - -720 
Output VoltaBe V'N-VOIA or V,U 

O'C -1870 - -1665 

VOL +25'C -1850 - -1650 

+ 75'C -1830 - -1625 

O'C -1020 - -
VOIIC + 25'C -980 - -

+75"C -920 - -
Output Thre.hold Voltage V,N- VUI. or V,LA 

O'C - - -1645 

VOLe +25'C - - -1630 

+ 75'C - - -1605 

O'C -1145 - -840 

V,. 
Guaranteed Input Volt.ge 

+ 25'C -1105 - -810 
High for All Input. 

+75'C -1045 - -720 
Input Voltage 

O'C -1870 - -1490 

V" 
Guaranteed Input Voltage 

+25'C -1850 - -1475 
U>W for All Input. 

+75'C -1830 - -1450 

I,. Vllf-V'HA o to +75'C - - 220 

[oput Current CS I 0.5 - 170 
I" 1 V'N-VIL' o to +7S'C 

Others -50 - -

All Input a.d Output Ope •• To-O'C -200 -140 -
Supply Curre.t I .. 

Test Pi. 10 To-7S'C - -130 -

.AC CHARACTERISTICS(VEE--S.2V ±S%, TIl-O to +7S'C, air flow exceeding 2m/sec} 

1. READ MODE 

Item Symbol Te.t Co.dition min typ max 

Chip Select Acce •• Time tACS 2 - 15 

Chip Select Recovery Time he, 2 - 15 

Address Access Time I .. 3 15 25 

2. WRITE MODE 

Item Symbol Te.t Conditio. min typ max 

Write Pul.e Width Iw '" ... -5RS 25 - -
Data Setup Time 'WID 5 - -
Data Hold Time I"IID 5 - -
Addre.. Setup Time t .... 1.-25 •• 5 - -
Addre •• Hold Time "rllA 5 - -
Chip Select Setup Time ,."sc, 5 - -
Chip Select Hold Time ',,"es 5 - -
Write Di.able Time I •• - - 15 

Write Recoyery Time I •• - - 30 

~HITACHI 
Hitachi Amenca Ltd. • 2210 O'Toole Avenue • San Jose, CA 95131 • (408) 435·8300 

Unit 

.V 

.V 

.V 

"A 

mA 

Unit .. 
.0 
.0 

U.it 

.0 

•• 
.0 
n. 

.0 
no 

n. 

no 

no 
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HM1~.HM1~--------------------------------------------------------

3. RISE/FALL TIME 

It .. S,..boI Telt Condition Jain typ 

Oulpul Rile Ti_ 
" - 2 

Outptd Fin Time II - 2 

4. CAPACITANCE 

It .. Symbol Tell Coadition ain typ 

Input Capacit ..... e C,. - 4 

Output Capacitance Cn. - 7 

• TEST CIRCUIT AND WAVEFORMS 

1. LOADtIG CONDITION 2. INPUT PULSE 

Teat Circuit 

Vee(eND) 

M.U.T. 

3. READ MODE 

4. WRITE MODE 

50. 
\. 

n" 

Dou. 

-'LOY 

5O~/ 
/\. 

i£=_ 
CLm3OpF(includt. 
p ......... Iii 
_I ..... ) 

Addr ... 

..-.,-1.0 ... 

, .. 

5O~ 

5O~/ 
I\. 

---- ----. -~ 2t(---- ------ ----

~~~-------------~,' DI. 

ft 
.... \ 50. Q/ .. .. 

f .... .. '''HI --- ---------
~. 50:{ • 'WK' ... 

~HITACHI 

...,. 
-

-

max 

-
-

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

Unit 

nl 

nl 

Unit 

pF 

pF 



HM 10480-15,HM 10480F-15 
16,384-words x 1-bit Fully Decoded Random Access Memory 

The HM10480 is ECl 10K compatible, 16,384,words x 1·bit, 
read/write random access memory developed for high speed 
systems such as scratch pads and control/buffer storages. 
The fabrication process uses the Hitachi's low capacitance, oxide 
isolation method with double metalization. 
The HM10480 is encapsulated in cerdip·20 pin and flat 20'pin 
package, compatible with Fairchild's F10480 . 

• FEATURES 
• 16,384·words x 1·bit organization 
• Fully compatible with 10K ECl level 
• Address access time: 15ns (max) 
• Write pulse width: 15ns(min) 
• low power dissipation: O.06mW/bit 
• Output obtainable by wired-OR (open emitter) 

.TRUTH TABLE 

Input 

CS WE 

H X 

L L 
L L 

L H 

N9t.a) x : Irrelevant 
• : Read Out Nonlnverl 

• BLOCK DIAGRAM 
A. 

A, i A, ~ .s 
A, £ -e 
A. ~ ~ 

A, >< 

A. 

Din 

X 

L 
H 
X 

128X 128 

Memory Cell 

Array 

Output 

L 

L 
L 

Dout· 

Mode 

Not Selected 

Write ·0· 

Write "t" 

Read 

.ABSOLUTE MAXIMUM RATINGS (Ta-2S'C) 

Item Symbol Rating Unit 

Supply Voltage VEl'to Vee +0.5 to -7.0 V 

Input Voltage V .. +0.5 to Va V 

Output Current I ... -30 mA 

Slor.,e Temperalure T'I, -65 to +150 ·c 
Storale Temperature T.,.( Bias)· -55 to +125 ·c 

• Uader B ... 

~HITACHI 

HMI0480·15 

(OG·20N) 

HMI0480F·I5 

(FG·20D) 

.PIN ARRANGEMENT 

(Top View) 

Hitachi America Ltd .• 2210 O'Toole Avenue • San Jose, CA 95131 • (408) 435·8300 603 I 
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HM10480-15.HM10480F-15------------------------------------------------------

• ELECTRICAL CHARACTERISTICS 

.DC CHARACTERISTICS (VEE - -S.2V. RL-SOO to -2.0V. T .. -O to +7S'C. air flow exceeding 2m/sec) 

Item Symbol Test Condition .. in (8) typ max(A) 

O'C -1000 - -840 

VON +2S'C -960 - -810 

+7S'C -900 - -720 
Output Voltage V",v - V,NA or VILa 

O'C -1870 - -1665 

VOL +2S'C -1850 - -1650 

+7S'C -1830 - -162S 

O'C -1020 - -
VOHC +2S'C -980 - -

+7S'C -920 - -
Output Threshold Voltage VIII' - V,U or V,LA 

O'C - - -164S 

VOLe +2S'C - - -1630 

+7S'C - - -160S 

O'C -114S - -840 

VIN 
Guaranteed Input Voltage 

+2S'C -110S - -810 
High for All Inputs 

+7S'C -104S - -720 
Input Voltage 

O'C -1870 - -1490 

VIL 
Guaranteed Input Voltage 

+2S'C -1850 - -147S 
Low for All Inputs 

+7S'C -1830 - -14S0 

lIN Y,N-V,N" o to +7S'C - - 220 

Input Current CS J 0.5 - 170 
IlL I V'N-V'LI o to +7S'C 

Others -50 - -
All Input and Output Open, To-O'C -240 -220 -

Supply Current I" Te.t Pin 10 Ta-7S'C - -200 -

.AC CHARACTERISTlCS(VEE--S.2V ±S%. T .. -O to +7S'C. air flow exceeding 2m/sec) 

1. READ MODE 

Item Symbol Test Condition min typ max 

Chip Select Access Time IIiCS 2 - 8 

Chip Select Recovery Time tiles 2 - 8 

Address Access Time I .. 3 12 15 

2. WRITE MODE 

Item Symbol Test Condition min typ max 

Write Pulse Width I. '.SA-3ns 15 - -
Data Setup Time 'WSD 2 - -
Data Hold Time I "tiD 3 - -
Addre.s Setup Time '.$A 1.-15ns 3 - -

Addres. Hold Time tWHA 2 - -
Chip Select Setup Time t "se! 3 - -
Chip Select Hold Time ""Hes 3 - -
Write Disable Time Iws - - 12 

Write Recovery Time Iw. - - 17 

~HITACHI 
Hitachi America Ltd • 2210 O'Toole Avenue • San Jose, CA 95131 • (408) 435-8300 

Unit 

.V 

mV 

mV 

pA 

mA 

Unit 

ns 

na 

ns 

Unit 

na 

ns 

na 

n. 

ns 

na 

na 

ns 

na 



----------------------------HM10480-15, HM10480F-15 

3. RISE/FALL TIME 

lI- S,...... 
Oulpul Ri .. Ti_ " 
Outpul Fan Ti_ l/ 

4. CAPACITANCE 

II ... Symbol 

Input Capacitance C •• 

Output Capacitance C •• I 

• TEST CIRCUIT AND WAVEFORMS 

1. LOAOOG CONDITION 

Test eU'cuit 

Vcc(GNOl 

M.U.T. 

3. READ MODE 

4. WRITE MODE 

50" 
\. 

Add rell 

OOUI 

-2.0V 

5O"/K 

RL=5OQ 
CL =3OpF( mcludes 
probe and J 18 
capac It&nce) 

T •• 1 CondiIiOll min Iyp 

- 2 

- 2 

Teat Condition III in typ 

- 3 

- 5 

2. INPUT PULSE 

~dfeu 

, .. 

50" 
I 

50~1I 
/~ 

---- ---- -, r---- ------
50,,4 ~ 

/ \ I 
~-------------~~ 

tlfU \ 50" 50" II .... 
..... / .... .. ,."cs 

--- ----
50/( J" I Irs,s ... ... Do. 

~HITACHI 

max 

-

-

_x 

-
-

----

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

Unit 

ns 

ns 

Unit 

pF 

pF 

2." 
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HM10480L 
16,384-words X 1-bit Fully Dec~ded Random Access Memory 
The HM10480l is ECl 10K compatible. 16.384-words x l·bit. 
read/write random access memory developed for high speed and 
low power systems such as control/buffer and main storages. 
The HM10480l is encapsulated in cerdip·20 pin package. 

• FEATURES 
• 16.384-words x 1-bit organization 
• Fully compatible with 10K ECl level 
• Address access time: 25ns (max) 
• Write pulse width: 20ns (min) 
• low power dissipation: Standby 220mW (typ.). Operation 

350mW (typ.) 
• Output obtainable by wired·OR (open emitter) 

.TRUTH TABLE 

Input 

es WE 
H X 

L L 

L L 

L H 

Notes) x . Irrelevant 
• : Read Out NOnlnvert 

• BLOCK DIAGRAM 

Om --C~-!----; 

Om 
Output 

X L 

L L 

H L 

X Dout-

Memory MatriX 

l28X 128 

Mode 

Not Selected 

Write "0" 

Write "1" 

Read 

~vcc 

-GNO 

Dout 

.ABSOLUTE MAXIMUM RATINGS ( Ta=2S"C) 

Item Symbol Rating Unit 

Supply Voltage VEE to Vee +0.5 to -7.0 V 

Input Voltage V •• +0.5 to VEE V 

Output Current 1 •• t -30 rnA 

Storage Temperature T.,• -65 to +150 ·c 
Storage Temperature T .. ,(Bias)· -55 to +125 ·c 

• Under Bi .. 

~HITACHI 

(DG-20N) 

• PIN ARRANGEMENT 

(Top View) 

Hitachi America Ltd • 2210 O'Toole Avenue • San Jose, CA 95131 • (408) 435·8300 



---------------------------------------------------------------HM10480L 

• ELECTRICAL CHARACTERISTICS 

eDC CHARACTERISTICS(Vu--5.2V. RL-500 to -2.0V. Ta-O to +75·C. air flow exceeding 2m/sec} 

Item Symbol Teat Conditi ... lIIin(8) typ max (A) 

O'C -1000 - -840 

Vo. +2S'C -960 - -810 

+7S'C -900 - -720 
Output Volt .... V,N-V'NA or V,U 

O'C -1870 - -166S 

VOL +2S'C -18SO - -16SO 

+7S'C -1830 - -1625 

O'C -1020 - -
VONe +2S'C -980 - -

+7S'C -920 - -
Output Threshold Volt .... V'N-V,., or V,LA 

0'C - - -1645 

VOLe +2S'C - - -1630 

+7S'C - - -16OS 

O·C -114S - -840 

V,. 
Guaranteed Input Volt_ 

+2S'C -l1OS - -810 
Hip for All Inputs 

+7S'C -1045 - -720 
Input Volt_ 

O·C -1870 - -1490 

VIL 
Gu.ranteed Input Volt .... 

+2S'C -1850 - -147S 
Low for All Inputl 

+7S'C -1830 - -14SO 

1,. V'N-V'HA o to +7S'C - - 220 

Input Current CS I O.S - 170 
IlL I V'N-V", o to +7S'C 

Others -SO - -
All Input and Output Open, Ta-O'C - -70 -120 

S_ly Current I" -61 Test Pin 10 Ta-75'C - -110 

eAC CHARACTERISTICS(Vu--5.2V ±5%, Ta-O to +75·C. air flow exceeding 2m/sec} 

1. READ MODE 

It .... Symbol Te.t Condition ..in typ max 

Chip Select Acce.. Ti .... 'AC' - 15 25 
Chip Select Recovery Time h:e, - 9 25 

Addr ••• Aeceu Time I •• 3 17 25 

2. WRITE MODE 

It_ SYlllboi Te.t Condition .in typ .... x 

Write Pul .. Width I. I.IA-3ns 20 - -
Dat. Setup Ti_ l .... 3 - -
Dat. Hold Time , .. liD 2 - -
Addre .. Setup Ti .... , ..... 1.-2Ons 3 - -
Addre.. Hold Ti .... I ... 2 - -
Chip Select Set ... Ti .... '.,e. 3 - -
Chip Select Hold Ti .... ' ... C. 2 - -
Write Di •• b1e Ti .... I •• - - 10 

Write Recover, Time I •• - - 25 

~HITACHI 
Hitachi Amenca Ltd. • 2210 O'Toole Avenue • San Jose, CA 95131 • (408) 435-8300 

Unit 

mV 

mV 

mV 

I'A 

mA 

Unit 

nl 

DO 

DO 

Unit 

na 

nl .1 
na 

n. 

n. 

n. 

na 

n. 
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HM10480L------------------------------------------------------------------

3. RISE/FALL TIME 

Item Symbol 

Output Ria. Time I. 

Output Fan Time 1/ 

4. CAPACITANCE 

Ite .. Symbol 

Input Capacitanc. C •• 

Output Capacitanc. C •• , 

• TEST CIRCUIT AND WAVEFORMS 

1. LOADING CONDITION 

Teat Condition min typ .... 
- 2 -
- 2 -

Test Condition min typ .... 
- 5 -
- 6.5 -

2. INPUT PULSE 

Tell Ci rcuit -O.9V -------1"-------....... 
Vcc(GND) 

I 
. I 

N.U.T. 

3. READ MODE 

4. WRITE MODE 

SO" 

... 
----

Din 

---
t 

Dout 

-2.0V 

, 
so,,\/ 
'/,' 

RL=5OII 
CL=3OpF(incllXiel 
probe and jil 
capacitance) 

Address 

00,,1 

-1.1V-i i 
I I 
I " I ,---, 

t" 

50~/ 
7' 

so~ 

---- -, ~---- ------
SO~~~ ______________ SO} / .... 

"'" \ SO" SO" It .... 
'\. / .... .. I •• C' -- --

so/{ L}" I.,c, ... ... 

~HITACHI 

----

Hitachi Amerrca Ltd • 2210 O'Toole Avenue • San Jose, CA 95131 • (408) 435-8300 

Unit 

na 

n. 

Unit 

pF 

pF 



HM100422,HM100422F 
HM100422CG 
2S6-wordX4-bit Fully Decoded Random Access Memory 
The HM100422 is ECl lOOK compatible, 256-word x 4-bit, read 
write, random access memory developed for high speed system such 
as scratch pads and controllbuffer storages. 
Four active low Block Select lines are provided to select each block 
independently. 
The fabrication process is the Hitachi's low capacitance, oxide 
isolation method with double metalization. 
The HM100422 is encapsulated in cerdip-24pin package, or 24pin 
flat package compatible with Fairch lid's F 1 00422 . 

• FEATURES 
• 256-word x 4-bit organization 
• Fully compatible with lOOK ECl level 
• Address access time: lOns (max.) 
• Minimum write pulse width: 6ns (min.) 
• low power dissipation: O.SmW/bit 
• Output obtainable by wired-OR (open emitter) 

• TRUTH TABLE 
Input 

Mod. 

HMl00422F 

HMI00422CG 

(FG·24) 

• ICG·24) 

DS WE Dm 

H X X 

Output 

L Not Seleded 

• PIN ARRANGEMENT 
eHM100422 

L L L 

L L H 

L H X 

No, •• ) x : Irrelev •• , 
• : Read Out Nonlnwert 

• BLOCK DIAGRAM 

L 

L 

Dout-

M .... ory Cell Arru 
I 

256 WQrds X4 Blls 

Block 2 Block 3 

Write "0" 

Write "I" 

Read 

Block 4 

~HITACHI 

eHM100422F 

• HM1 00422CG 

., . I 

, 

· 01. I 

SS; · 00. • 
SS; . , 

Hitachi America Ltd .• 2210 O'Toole Avenue • San Jose, CA 95131 • (408) 435·8300 

. . 
w, 
VI, 

DI, 

SS; 

00. 

609 I 



610 

HM100422,HM100422F,HM100422CG-------------------

• ABSOLUTE MAXIMUM RATINGS (Ta=2S'C) 
- I Item Symbol Rating Unit 

Supply Voltage Vu to Vee +0.5 to -7.0 V 

Input Voltage V .. +0.5 to V .. V 

Output Current 10.' -30 mA 

Storage Temperature T.,. -65 to +150 'C 

Storage TemPf'rature T.,.(Blas)· -55 to +125 'C 

• Und.r 81as 

• ELECTRICAL CHARACTERISTICS 
e DC CHARACTERISTICS (VEE - -4.SV, RL=SOn to -2.0V, Ta-O to +SS'C. air flow exceeding 2m/sec) 
-

Item Symbol Test Condition min(B) typ max (A) 

VON -1025 -955 -880 
Output Voltage V .• - V,HA or VILB 

I VOl -1810 -1715 -1620 

VONC -1035 - -
Output Threshold Voltage V, .. - V,NB or V11•A 

VOle - - -1610 
I V,N Guaranteed Input Voltage -1165 - -'SO Input Voltage 

V" High/Low for All Inputs -1810 - -1475 

I,. V,~ == V,HA - - 220 

Input Current I BS 0.5 - 170 
I" V . .,=V'LS I Others -50 - -

Supply Current I .. All Inputs and Outputs Open -200 -165 -

eAC CHARACTERISTlCS(VEE=-4.SV ±S%. Ta=O to +SS'C. air flow exceeding 2m/sec) 

1. READ MODE 

Item Symbol Test Condition mIn typ max 

Block Select Access Time tASS - - 6 

Illock Select Recovery Time I RBS - - 5 

Address Access Time t" - 7 10 

2. WRITE MODE 

Item Symbol Test Condition mIn typ max 

Write Pulse WIdth tw 'WSA =2ns 6 4.5 -
Data Setup Time tWSD 2 0 -
Data Hold T,me tWH/I 2 0 -

Address Setup T,me twSA flr-6ns 2 0 -
Address Hold T,me IWHA 2 0 -
Block Select Setup T,me fWS8S 2 0 -
Block Select Hold T,me tWHBS 2 0 -
Write Disable Time Iws - 4 6 

W:'lte Recovery Time Iwo - 4.5 12 

~. RISE/FALL TIME 

Item Symbol Test Condition mm typ max 

Output Rise Time t. - 2 -
Output Fall Time 1/ - 2 -

4. CAPACITANCE 

Item Symbol Te.t Condition min typ max 

Input C.paeltance C •• - 4 -
Output Capacit.nce C .... - 7 -

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

Unit 

mV 

mV 

mV 

mV 

mV 

mV 

pA 

pA 

mA 

Unit 

ns 

ns 

ns 

Unit 

ns 

ns 

ns 

ns 

ns 

n. 

ns 

ns 

ns 

Unit 

ns 

ns 

Unit 

pF 

pF 



----------------------HM100422,HM100422F,HM100422CG 

• TEST CIRCUIT AND WAVEFORMS 

1. LOADING CONDITION 
Test Circuit 

Vcc(GND) 

MU.T 

O.OlpF * v" 

3. READ MODE 

-2.0V 

RI.=501l 
CL =30pF( Includes 
probe and J II 
capac It.nee) 

RS~ 
~lA"a-4 ~ 

: :JW)'~, 
OtIUI I 

I -----"i, , 
17,'1 

4. WRITE MODE 

WE 

2. INPUT PULSE 

Add'==:¥ 
I ~---------------
I--'AA~ 

~.t ~~ ______ __ 

SI'I'4f'; 

~HITACHI 
Hitachi America Ltd .• 2210 O'Toole Avenue • San Jose, CA 95131 • (408) 435-8300 611 I 
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HM100415,HM100415CG 

1 024-word x 1-bit Fully Decoded Random Access Memory 
The HM1004l5 is a 1024-word x l-bit, read/write random access 
memory developed for application to scratch pads, control and 
buffer storages which require very high speeds. 
The HM1004l5 is compatible with the HD100K families and 
includes on-chip voltage and temperature compensation for im· 
proved noise margin. This memory is encapsulated in cerdip·16pin 
package . 

• FEATURES 
• level .........•................. lOOK ECl Compatible 
• Organization .................•...... 1024·word by l·bit 
• Address Access Time .........•...•.......... lOns (max) 
• Chip Select Access Time ..•....•.............• 5ns (max.) 
• Power Consumption ......•.............. O.6mW/bit (typ) 
• Output Obtainable by Wired·OR (open emitter) 
• Compatible with Fairchild Fl004l5. 

• TRUTH TABLE 

Input 
Output Mode 

CS WE Din 

H X X L Not Selected 

L L L L Write "0" 

L L H L Write "I" 

L H X Dout'" Read 

Notes) x . Irrelevant 
•. Read Out Nonlnu'rl 

• BLOCK DIAGRAM 

32)(32 

.ABSOlUTE MAXIMUM RATINGS(Ta=2S'C) 

It ... Symbol Ratins Unit 

5_ly Voltap VEl to Vee +0.5 to -7.0 V 

Input Voltap V .. +0.5 to V .. V 

Output Current I ••• -30 mA 

Storace Temperature T". -65 to +150 'C 

Storlie Temperature T ... (Bia.)· -55 to +125 'C 

• Under 8 ... 

~HITACHI 

,------------------, 
HMI00415 

(DC-16A) 

HMI00415CG 

• 
(CG241 

.PIN ARRANGEMENT 
eHM100415 

(Top View) 

• HM1 00415CG 

'" U .'" 
"" 

, Ne 

Hitachi Amenca Ltd. • 2210 O'Toole Avenue • San Jose, CA 95131 • (408) 435-8300 



__________________________________________________ HM100415,HM100415CG 

• ELECTRICAL CHARACTERISTICS 

.DC CHARACTERISTICS(VEE--4.SV, RL-SOO to -2.0V, Ta-O to + 8S'C , air flow exceeding 2m/sec) 

Item Symbol Test Condition min(B) typ max (A) 

VOH -1025 -955 -880 
Output Volta,e V .• - VINA or VILa 

VOL -1810 -1715 -1620 

VOHe -1035 - -
Output Threshold Volta,e V .. - V,U or VtLA 

VOLe - - -1610 

V'H Guaranteed Input Voltage -1165 - -880 
Input Voltage 

Hl,h/Low for All Inputs V" -1810 - -1475 

I,H V .. -VIIU - - 220 

Input Current I CS 0.5 - 170 
I" V ... - VtL. 

I Others -50 - -
Supply Current I .. All Inputs and Outputs Open -200 -150 -

.AC CHARACTERISTICS(ltE£--4.SV ±S%, Ta-O to +8S'C, air flow exceeding 2m/sec) 

I. READ MODE 

Item Symbol Test Condition min typ max 

Chip Select Access Time t ACS - 3 5 

Chip Select Recovery Time hes ~ 3 5 

Address Access Time I .. - 7 10 

2. WRITE MODE 

Item Symbol Test Conditaon min typ max 

Write Pulse Width I. 'WSA -2n5 6 4 -

Data Setup Time 'WSD 2 0 -

nata Hold Time 'WHD 2 0 -

Address Setup Time 'WSA 'w-6ns 2 0 -

Address Hold Time IWHA 2 0 -

Chip Select Setup Time 'tIISCS 2 0 -

Chip Select Hold Time ''NHeS 2 0 -

Write Disable Time Iws - 3 5 

Write Recovery Time I •• - 3 12 

3. RISE/FALL TIME 

Item Symbol Test Condition min typ max 

Output Rise Time I. - 2 -

Output Fall Time 1/ - 2 -

4. CAPACITANCE 

Item Symbol Test Condition min typ max 

Input Capacitance Coo - 3 -

Output Capacitance C •• , - 5 -

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

Unit 

mV 

mV 

mV 

mV 

mV 

mV 

pA 

pA 

mA 

Unit 

ns 

ns 

ns 

URit 

ns 

ns 

ns 

ns 

ns 

ns 

nS 

ns 

ns 

U'.lIt 

ns 

ns 

Unit 

pF 

pF 

613 I 



614 

HM100415,HM100415CG---------------------------------------------------

• TEST CIRCUIT AND WAVEFORMS 

1. LOADING CONDITION 

Telt Circuit 

Vcc(GND) 

N.U.T. 

3. READ MODE 

Dout 

-2.oV 

~-.,,--
Do .. 

4. WRITE MODE 

RL=5OQ 
CL=3OpF(mchkles 
probe and JII 
capacitance) 

2. INPUT PULSE 

cs ~~ --------------------------
.\/ \/ 

,,-,,-Z.On. I1P 

~,. \. ----- - -- - -- - - - - ---I\. 
________ ~-J ~+_---------

0.. 
-----, ~r-- -----------

~,. / ------------ / ____ -+ __ +--.J·1 '- _______ __ --I 
~ ... 

~" ------,v 
~ .. ,- '--__ ..J1f---.... -

I---::::::: ••• ~"=::::j::~-... --+----.. oc..---,._...;...------
Do" I----.,..scs----I --------- SO" 

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



HM100474,HM100474F 
1024-wordX4-blt Fully Decoded Random Access Memory 
The HM100474 is e 1024-words x 4-bit, reed!write, random access 
memory developed for high speed systems such as scratch peds and 
control/buffer storages. 

HMlOO474 

The fabrication process is the Hitechi's low capacitance, oxide 
isolation method with double metalization. 
The HM100474 is compatible with the HD100K ECl families and 
includes on-chip voltage and temperature compensation for im
proved noise margin. This device is encapsulated in cerdip-24.pin and 
flat 24pin package, compatible with Fairchild's F100474. 

.FEATURES 
• 1024·word x 4-bit organization 
• Fully compatible with 100K ECl level 
• Address access time: 25ns(max) 
• Write pulse width: 25ns(min) 
• Output obtainable by wired-OR (open emitter) 

• TRUTH TABLE 

HMlOO474F 

IDG-24A) 

IFG-Z4) 

Input 

CS WE Dm 

H X X 

Output 

L 

Mode 

Not Sele.ted 

• PlN ARRANGEMENT 

eHM100474 

L L L L Write "0" 

L L H L Write "I" 

L H x DoUl e Read 

Notes) x Irreleyant 
• : Reed Out Nomnvert 

• BLOCK DIAGRAM 

Block" (Top View) 

.HM100474F 
A, '" A7 Va '" 

WE 
• ABSOLUTE MAXIMUM RATINGS (Ta-2S'C) 

fS 
Item Symbol Ratln, Unit 

Supply VoltaBe Vu to Vee +0.5 to -7.0 V 
Uh 

Input Volta.e V .. +0.5 to V .. V Ub 

Output Current 1 •• 1 -30 mA Ub 

Storale Temperature T.,. -65 to +150 'C UI. 

Slor.,e Temperature T.,.(Blas)· -55 to +125 'C 

• Under B ••• UO, uOa Icc \tee" DO, 

(Top View) 

~HITACHI 
HItachI America Ltd .• 2210 O'Toole Avenue· San Jose, CA 95131 • (408) 435-8300 

NC 

'" 
A. 

AJ 

AJ 

AI 

,.. 

DO. 
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HM100474.HM100474F-------------------------------------------------

• ELECTRICAL CHARACTERISTICS 

e DC CHARACTERISTICS (VEE- -4.SV. RL-SOO to -2.0V. Ta-O to +8S·C. air flow exceeding 2m/sec) 

Item Symbol Test Condition minlB) typ mulA) 

VON -1025 -955 -880 
Output Volt .. e V .. - V,NA or V,U 

VOL -1810 - 1715 -1620 

VONe -1035 - -
Output Threshold Voltage V .. - V,NS or VILA 

VOLe - - -1610 

VIN Guaranteed Input Voltage -1165 - -880 
Input Voltag. 

High/Low for All Inputs VIL -1810 - -1415 

lIN V •• -VIHA - - 220 

Input Current I CS 0.5 - 110 
IlL V .. -VILB I Others -SO - -

Supply Current lEE All Inputs and Outputs Open -200 -165 -

eAC CHARACTERISTICS (VEE=-4.SV ±S%. Ta=O to +8S'C. air flow exceeding 2m/sec) 

1. READ MODE 

Item Symbol Test Condition min typ max 

Chip Select Access Time t Ael - - 10 

Chip Select Recovery Time hees - - 10 

Address Access Ti me t AA - 15 25 

2. WRITE MODE 

Item Symbol Test Condition min typ max 

Write Pulse WIdth I. ttrSA-3ns 25 15 -
Data Setup Time I WSD 2 - -
Data Hold Time tWHD 2 - -
Address Setup Time tWSA tw-twmin 3 - -
Address Hold Time tWNA 2 - -
Ch,p Select Setup Time t WIses 2 - -
Chip Select Hold Time tWHCS 2 - -
Write Disable Time t .s - - 10 

Write Recovery Time I •• - - 27 

3. RISE/FALL TIME 

Item Symbol Test Condition min typ max 

Output Rise Time t. - 2 -

Output Fall Time 1/ - 2 -

4. CAPACITANCE 

Item Symbol Test ConditIOn min typ max 

Input Capacitance C .. - 4 -

Output Capacitance CO.l - 7 -

~HITACHI 
Hitachi America Ltd .• 2210 O'Toole Avenue • San Jose, CA 95131 • (408) 435·8300 

Unit 

mV 

mV 

mV 

mV 

mV 

mV 

pA 

pA 

mA 

Unit 

ns 

ns 

os 

Unit 

.s 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Unit 

ns 

ns 

Unit 

pF 

pF 

-



-------------------------------------------------HM100474,HM100474F 

• TEST CIRCUIT AND WAVEFORMS 

1. LOADING CONDITION 

OUluF ;J;. 

3. READ MODE 

4. WRITE MODE 

... 

Test CirCUit 

Vcc(CNO) 

M.U.T. 

SO" I\. 

Oout 

-2.0V RL=5Oi! 
CL=30pF(mcludes 
probe and J II 
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2. INPUT PULSE 
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HM100474,HM100474F--------------------------------------------------
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r.=25·C 
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Supply Voltage VEl (V) 

ADDRESS ACCESS TIME 
VB. SUPPLY VOLTAGE 

-
Ta=2S'C 

us -450 4.05 
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t=25'C 
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-----------------------------------------------HM100474,HM100474F 
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HM100474-8,HM100474-10Prellmlnary 
HM100474F-8, HM1004 74F-10 
1024-woldX4-blt Fully Deco.:led Random Access Memory r------------------, The HM10Q474 is ECl 100k compatible, 1024-words x 4-bit, read HMI00474-8, HMI00474-10 

write, random access memory ~eloped for high speed systems such 
as scratch pads and control/buffer storages. 
The fabrication process is the Hitachi's U-groove isolation method. 
The HM100474 is encapsulated in cerdip-24 pin and flat 24 pin 
package, compatible with Fajrchild's F100474. 

-FEATURES 
• 1024-word x 4-bit organization 
• Fully compatible with 100K ECl level 
• Address access time: HM100474-8 8ns (max) 

HM100474-10 10ns (max) 
• Write pulse Width: HM100474-8 5ns (min) 

HM 100474-1 0 5ns (min) 
• low power dissipation: 0.3mW/bit 
• Output obtainable by wired-OR (open emitter) 

• TRUTH TABLE 
Input 

Output 
CS WE Din 

Mod. 

H X X L Not Sel.dod 

L L 

L L 

L H 

NOI .. ) x : JrreleYaM 
• : R ... o.t Noni •• r, 

• BLOCK DIAGRAM 

'" 
'" 
'" AI 

L L Writ. "0" 

H L Wril' "I" 

X DoutO Read 

• ABSOI.UTE MAXIMUM RATINGS (Ta-2S'C) 

It .... Symbol Ratio, Unit 

Supply Voltq. Vu to Vee +0.5 to -7.0 V 

Input Volt ... V .. +0.5 to V .. V 

Output Curr.nt I ... -30 IDA 

5Ior ... Te_ratur. T." -65 to +150 ·c 
Stor ... To_rato .. T.,,(Bi •• )· -55 to +125 ·c 

• U ...... Bi •• 

Note) The specifications of this device are subject to change without notice. 
Please contact your nearest Hitachis Sales Dept, reg,arding specifications. 

~HITACHI 

(DG-24A) 

HMI00474F-8, HMI00474F-IO 

(FG-24) 

• PlN ARRANGEMENT 
• HM100474-8, HM100474-10 

(Top View) 

• HM100474F-8, HM10047F-10 

'" '" NC 

WE 
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Uh 

Ub 

Ub 

UI, 
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----------------HM100474·8, HM1 00474·10, HM100474F·8, HM100474F·10 

• ELECTRICAL CHARACTERISTICS 

eDC CHARACTERISTICS (V .. - -4.SV, RL-SOO to -2.0V, Ta-O to +8S'C, air flow exceeding 2m/sec) 

Item Symbol Test Condition min(B) typ mulA) 

Vo. -1025 -955 -880 
Output Voltage V .. - V,NA or VILa 

VOL -1810 - 1715 -1620 

VONe -1035 - -
Output Threshold Voltage V .. - VINB or VILA 

VOLe - - -1610 

V,. Guaranteed Input Voltage -1165 - -880 
Input Voltage 

High/Low for All Inputs -1475 V" -1810 -
[,. V,~- V,N .. - - 220 

Input Current I CS 0.5 - 170 
I" v .. - VILa I Other. -SO - -

Supply Current I" All Inputs and Outputs Open -240 -220 -

e AC CHARACTERISTICS (VEE - -4.SV ±S%. Ta-O to +8S'C. air flow exceeding 2m/sec) 

I. READ MODE 

HM1OO474/F·8 HM1OO474/F·1O 
Item Symbol Test Condition 

mm typ max min typ max 

Chip Select Access Time t ACS - - 6 - - 6 

Chip Select Recovery Time t Res - - 6 - - 6 

Address Access Time IAA - - 8 - - 10 

2. WRITE MODE 

HMlOO474/F·8 HM1OO474/F·1O 
Item Symbol Test Condition 

mm typ max mm typ max 

Write Pulse Width Iw twsA=2ns 5 - - 5 - -

Data Setup Time twsD 1 - - 2 - -

Data Hold Time tWHD 1 - - 2 - -

Address Steup Time tWSA tw=twmin 2 - - 2 - -

Address Hold Time tWHA 1 - - 2 - -

Chip Select Setup Time twscs 1 - - 2 - -

Chip Select Hold Time tWHCS 1 - - 2 - -

Write Disable Time Iws - - 6 - - 6 

Write Recovery TIme IWR - - 9 - - 12 

3. RISE/FALL TIME 

Item Symbol Test Condition min typ max 

Output Rise Time I. - 2 -

Output Fall Time 1/ - 2 -

4. CAPACITANCE 

Item Symbol Test Condition min typ max 

Input Capacitance C .• - 3 -
Output Capacitance C ... - 5 -

@HITACHI 
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mV 
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ns 

ns 

ns 

ns 
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ns 
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pF 
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HM100474-8, HM1 00474-1 0, HM100474F-8, HM1 00474F·1 0----------------

.TEST CIRCUIT AND WAVEFORMS 

1. LOADN> CONDITION 

Teat Cireuit 

Vcc(CNO) 

M.U.T. 

3. READ MODE 

4. WRITE MODE 

5O~ 

r\. 

... 

0 ... 

-2.0V 

/ 
5O~ '\. 

RL=5OII 
CL=3OpF( •• clude. 
probe and ,il 
capacatance ) 

2. INPUT PULSE 

..-.,-2.0 ... 

Add,,,. ,_~_--.,,~ ___ _ 

---/~ ,.. j,-
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so~ 
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I\ 
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HM100470----------

4096-word x 1-bit Fully Decoded Random Access Memory 
The HM100470 is a 4096-words x 1-bit, read/write, random access 
memory developed for high speed systems such as scratch pads and 
control buffer storages. 
The fabrication process is the Hitachi's low capacitance, oxide 
isolation method with double metalization. 
The HM100470 is compatible with the HD100K ECl families and 
includes on-chip voltage and temperature compensation for im
proved noise margin. This device is encapsulated in cerdip-18pin 
package, compatible with Fairchild's F100470 . 

• FEATURES 
• 4096-word x 1-bit organization 
• Full compatible with 100K ECl level 
• Address access time: 25ns(max) 

lOG-IS) 

• Write pulse width: 25n5 (min) • PIN ARRANGEMENT 
• Output obtainable by wired-OR (open emitter) 

• TRUTH TABLE 

Input 
Output 

CS WE Din 
Mode 

H x X L Not Selected 

L L L L Write "0" 

L L H L Write "1" 

L H X Dout- Read 

Notes) x : Irrele .... nt 
• : Read Out Nonl vert 

• BLOCK DIAGRAM 

\" 

\, 64XM 

\; Ei :5 Memorv Cell 

\, ~ " -\rray ~~ -g 

" i 
\, 

• ABSOLUTE MAXIMUM RATINGS (Ta-2S'C) 

Item Symbol Rating Unit 

Supply Voltage VEE to Vee +0.5 to -7.0 V 

Input Voltage V .. +0.5 to VEE V 

Output Current 1 .. , -30 mA 

Storage Temperature T'I, -65 to +150 'C 

Storage Temperature T.,,(Bias)· -55 to +125 'C 

• Under B ••• 

~HITACHI 

(Top View) 
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HM100470-----------------------------------------------------------

• ELECTRICAL CHARACTERISTICS 

e DC CHARACTERISTICS (VEE - -4.SV. RL-SOCl to -2.0V. Ta=O to +8S·C. air flow exceeding 2m/see) 

Item Symbol Test Condition min(B) typ max (A) 

VON -i025 -955 -880 
Output Voltage V .. - V,NA or VILa 

VOL -1810 -1115 -1620 

VOHe -1035 - -
Output Threshold Voltage v .. - V,NB or \liLA 

VOLe - - -1610 

V,. Guaranteed Input Voltage -1165 - -880 
Input Voltage 

High/Low for All Inputs V" -1810 - -1415 

/,. Vn- VIN ... - - 220 

Input Current I CS 0.5 - 110 
/" Vn - VILB I Others -50 - -

Supply Current / .. All Inputs and Outputs Open --200 -165 -

eAC CHARACTERISTICS (VEE--4.SV ±S%. Ta~O to +8S·C. air flow exceeding 2m/sec) 

1. READ MODE 

Item Symbol Test Condition mm typ max Unit 

Chip Select Access Time lACS - 10 ns 

Chip Select Recovery Time IRes - - 10 ns 

Address Access Time lAA - - 25 ns 

2 WRITE MODE 

Item Symbol Test Condition min typ max UOIt 

Write Pulse Width t" iM.sA==-3ns 25 - - ns 

Data Setup Time tWSD 2 - - ns 

Data Hold Time tKHIJ 2 - - ns 

Address Setup Time 'M SA I" =iumin 3 - - ns 

Address Hold Time /UHA 2 - - ns 

Chip Select Setup Time tl4SCS 2 - - ns 

Chip Select Hold Time titHeS 2 - ns 

Write Disable Time t" , - - 10 ns 

Write Recovery Time flu - - 21 ns 

3. RISE/FALL TIME 

Item Symbol Test Condition min typ max 

Output Rise Time /, - 2 -
Output Fall Time /1 - 2 -

4. CAPACITANCE 

Item Symbol Test Condition min typ max 

Input Capacitance e .. - 3 -
Output Capacitance C .. t - 5 -

~HITACHI 
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-----------------------------------------------------------HM100470 

.TEST CIRCUIT AND WAVEFORMS 

1. LOADING CONDITION 2. INPUT PULSE 
T est Circuit 

Vcc(GND) 

M.U.T. 

3. READ MODE 

~-,,,-,-~ 
D ... 

4. WRITE MODE 

cs 

Adduu 5 .... 

00 .. 

Dout 

-2.0V RL=5OQ 
CL=3OpF(lncludes 
probe and J11 
capacitance) 

~" .. =t==':JE:: 
Do ... , _ 50% 

~HITACHI 

~ 20~. 

II 
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HM1 00480-15, -------Preliminary 

HM100480F-15 
16,384-words x 1-bit Fu"y Decoded Random Access Memory 

The HM100480-15 is ECL lOOK compatible, 16,384-words xl-bit, 
read/write random access memory developed for high speed systems 
such as scratch pads and control/buffer storages. 
The fabrication process uses the Hitachi's U-groove isolation 
method. 
The HM100480-15 is encapsulated in cerdip-20 pin and flat-20 pin 
package, compatible with Fairchild's 100480. 

-FEATURES 
• 16,384-words x 1-bit organization 
• Fully compatible with lOOK ECL level 
• Address access time: 15ns (max) 
• Write pulse width: 15ns (min) 
• Low power dissipation: O.06mW/bit 
• Output obtainable by wired-OR (open emitter) 

.TRUTH TABLE 

Input 

es WE 

H x 

L L 
L L 
L H 

Notes) x : Irrelevant 
• : Read Out Nonlnvert 

.BLOCK DIAGRAM 

A. 

AI j 1., ~ 
Q 

A, ~ 1! 

A. ~ ~ 

A, X 

A • 

Din 
x 

L 

H 
X 

I28X 128 

Memory Cell 

Array 

Output Mode 

L Not Selected 

L Write "0" 

L Write "I" 

Dout- Read 

• ABSOLUTE MAXIMUM RATINGS (Ta-2S'C) 

Item Symbol Rating Unit 

Supply Voltage VEE to Vee +0.5 to -7.0 V 

Input Voltage V .. +0.5 to V .. V 

Output Current 1 .... -30 mA 

Storage Temperature T", -65 to +150 ·c 
Storage Temperature T •. ,(Bias)· -55 to +125 ·c 

• URdu Bial 

~HITACHI 

HMI00480·15 

~ 
~1" 

(DG-20N) 

HMI00480F-15 

(FG-20D) 

• PIN ARRANGEMENT 

(Top View) 

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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----------------------------------------------------HM100480-1S,HM100480F-1S 

.ELECTRICAL CHARACTERISTICS 

-DC CHARACTERISTICS(V •• --4.SV, RL-SOO to -2.0V, To-O to +8S·C, air flow exceeding 2m/sec} 

Item Symbol Test Condition mInI B) typ maxlAI 

VON -1025 -955 -880 
Output Voltage V •• - VillA or V, u 

VOL -1810 -1715 -1620 

VOHC -1035 - -
Output Threshold Volt .. e V •• - V,HB or V'LA 

VOLe - - -1610 

V,N Guaranteed Input Voltage -1165 - -880 
Input Voltage 

Hi,h/ Low for All Input V/L -1810 - -1475 

liN v .. - V"u - - 220 

Input Current I CS 0.5 - 170 
I,L V .• - V,La I Others -50 - -

Supply Current I .. All Inputs and Outputs Open -220 - -

eAC CHARACTERISTICS (VEE=-4.5V±5%, Ta=O to +75·C, air flow exceeding 2m/sec) 

I. READ MODE 

Item Symbol Test CondItion min typ max 

Chip Select Access Time lAcs 2 - 8 

Chip Select Recovery Time IB.cs 2 - 8 

Address Access Time IAA 3 12 15 

2. WRITE MODE 

Item Symbol Test CondItion min typ max 

Write Pulse Width til 11I'I4=3ns 15 - -
Data Setup Time fllS/J 2 - -
Data Hold TIme tUHIJ 2 - -

Address Setup Time 111':'4 tn=/umm 3 - -
Address Hold Time fllH4 3 - -

Chip Select Setup Time 111':'(,':' 2 - -
Chip Select Hold Time ttlH(':' 2 - -

Write Disable Time til':' - - 12 
Write Recovery Time IIIR - - 17 

~HITACHI 
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mV 

mV 

mV 
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mV 

mV 

pA 

pA 

mA 

Unit 

ns 

ns 

ns 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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HM100480-15,HM100480F-15,-----------------------------------------------------

3. RISE/FALL TIME 

Item Symbol Test Condition min typ 

Output Rise Time /, - 2 

Output Fill Time // - 2 

4. CAPACITANCE 

Item Symbol Test Condition min typ 

Input Capacitance C,. - 3 

Output Capacitance Co., - 5 

• TEST CIRCUIT AND WAVEFORMS 

1. LOADING CONDITION 2. INPUT PULSE 

Test Circuit 

VcC(GND) 

M.U.T. 

3. READ MODE 

4. WRITE MODE 

50% 

Add rlus 

----

---
Do. t 

Dout 

-2.0V 

\. 

50~'J 
/'\. 

R,=5OQ 
CL=3OpF( Includes 
probe and III 
capacitance) 

1.-,,-2.0ft. 

-\ddress 

." 
DOllt 

50~ 

50~~ 
If'. 

---- -, ~---- ------ ----
50~(~ _____________ ~~/ / .... 

I.SD \ 50% 
r--I"\' 

50% / '.Hot 
'''SA .. tWlles 

---- - -
50/f L}% , .. scs ... ... 

~HITACHI 

max 

-
-

max 

-

-
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