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Description

The Hitachi HM65W8512 is a CMOS pseudo static RAM organized 512-kword x 8bit. It realizes higher
density, higher performance and low power consumption by employing 0.8 um Hi-CMOS process
technology.

It offers low power data retention by self refresh mode. It also offers easy non multiplexed address
interface and easy refresh functions. HM65W8512 is suitable for handy systems which work with battery
back-up systems.

The device is packaged in asmall 525-mil SOP (460-mil body SOP) or a 400 mil TSOP TYPE II.
Features

e Single3.3V (x0.3V)
» High speed
0 Accesstime
CE access time: 120/150 ns (max)
O Cycletime
Random read/write cycle time:
190/230 ns (min)
* Low power
O Active: 100 mW (typ)
0 Standby: 85 uW (typ)
e Directly TTL/CMOS compatible
All inputs and outputs
e Simple address configuration
Non multiplexed address
e Refreshcycle
0 2048 refresh cycles: 32 ms

o
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HM 65W 8512 Series

» Easy refresh functions
Addressrefresh
Automatic refresh
Self refresh

Ordering Information

Type No. Access time Package

HM65W8512LFP-12 120 ns 525-mil 32-pin plastic SOP (FP-32D)
HM65W8512LFP-15 150 ns

HM65W8512L FP-12V 120 ns

HM65W8512L FP-15V 150 ns

HM65W8512L.TT-12 120 ns 400-mil 32-pin plastic TSOP (TTP-32D)
HM65W8512LTT-15 150 ns

HM65W8512LTT-12V 120 ns

HM65W8512L TT-15V 150 ns

HM65W85121L.RR-12 120 ns 400-mil 32-pin plastic TSOP (TTP-32DR)
HM65W85121L.RR-15 150 ns

HM65W8512L RR-12 120 ns

HM65W8512L RR-15V 150 ns
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HM 65W 8512 Series

Pin Arrangement

HM65W8512FP Series

A8 |1 -/ 32 ] vec
Ale[ |2 31| | A15
Al4[ |3 30| ] A17
A12[ |4 29[ JWE
A7 [ ]5 28| |A13
A6 [ |6 27 A8
A5 [ |7 26| ] A9
A4 [ ]8 25| ] A11
A3 []9 24 ] OE/RFSH
A2 [ |10 23 ] A10
Al [ |11 22| |CE
A0 [ |12 21 Jwoz
ool |13 20 ] o6
o1l | 14 19 Juos
vo2[ |15 18| ] woa
Voo []16 17 _Jvo3
(Top view)

HM65W8512TT Series

A18 H 1 32 [V,
Ale H 2 O 31 [ A(i%
A14 & 3 30 [ A7
Al2 E] 4 29 [ WE
A7 5 28 [ A13
A6 & 6 27 [ A8
A5 O 7 26 [ A9
A4 & 8 25 [ A1l
A3 9 24 [ OE/RFSH
A2 ] 10 23 [ AlL0
Al ] 11 22 [3CE
A0 [ 12 21 3 /07
/00 13 20 [ I/06
o1/ 14 19 [ 1/05
/02 15 18 [ 1/04
Vss T 16 17 [ 1/03

(Top view)

HITACHI
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Pin Arrangement (cont.)

HM65W8512RR Series

Vce 1 32 O 1B Al8
Al5 /] 31 2 [Al6
Al7 ] 30 3 [Al4
WE ] 29 4 [Al12
Al3 ] 28 5 [A7
A8 [ 27 6 [1A6
A9 ] 26 7 [ A5
___AllrC] 25 8 [A4
OE/RFSH ] 24 9 [([A3
Al10 ] 23 10 O A2
CE [ 22 11 1Al
/107 ] 21 12 1 A0
/106 ] 20 13 3 1/00
/05 ] 19 14 [ 1/01
/04 ] 18 15 [ 1/02
/03 ] 17 16 [T Vss
(Top view)
Pin Description
Pin name Function
A0 to A18 Address
1/00 to 1/07 Input/ output
CE Chip enable
OE/RFSH Output enable/Refresh
WE Write enable
Vee Power supply
Vg Ground
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Block Diagram

AO O—Iﬁ — —
[
| Address Row
| I(_:?)tr?tr;ol Decoder Memory Matrix
} (2048 x 256) x 8
|
l
|
A0 O—TI3 : — —
| Column 1/O
/o0 © "I% Input
S P Data Column Decoder
|
/07 O NS Control \ \ S |
PT | Address Latch Control |
All e A18 i
Refresh
Control
CE o Timing Pulse Gen.
OE/RLSHOO— Read Write C |
WE ead Write Control

Pin Functions
CE: Chip Enable (Input)

CE isabasic clock. RAM is active when CE islow, and is on standby when CE is high.
A0 to A18: Address Inputs (Input)

A0 to A10 are row addresses and A11 to A18 are column addresses. The entire addresses AO to A18
are fetched into RAM by the falling edge of CE.

OE/RFSH: Output Enable/Refresh (Input)

This pin has two functions. Basically it works as OE when CE islow, and as RFSH when CE is high
(in standby mode). After aread or write cycle finishes, refresh does not start if CE goes high while
OE/RFSH isheld low. In order to start arefresh in standby mode, OE/RFSH must go high to reset the
refresh circuits of the RAM. After the refresh circuits are reset, the refresh starts when OE/RFSH goes
low.

[/00to I/O7: Input/Output (Inputs and Outputs) These pins are data |I/O pins.
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HM 65W 8512 Series

WE: Write Enable (Input)

RAM isin write mode when WE islow, and isin read mode when WE is high. /O data s fetched into
RAM by the rising edge of WE or CE (earlier timing) and the data is written into memory cells.

Refresh

There are three refresh modes : address refresh, automatic refresh and self refresh.

(1) Addressrefresh: Datais refreshed by accessing all 2048 row addresses every 32 ms. A read isone
method of accessing those addresses. Each row address (2048 addresses of A0 to A10) must be read at
least once every 32 ms. In address refresh mode, OE/RFSH can remain high. In this case, the 1/0 pins
remain at high impedance, but the refresh is done within RAM.

(2) Automatic refresh: Instead of address refresh, automatic refresh can be used. RAM goes to automatic
refresh modeif OE/RFSH fallswhile CE is high and it remains low for at least t-,p. One automatic
refresh cycleis executed by one low pulse of OE/RFSH. It isnot necessary to input the refresh
address from outside since it is generated internally by an on-chip address counter. 2048 automatic
refresh cycles must be done every 32 ms.

(3) Self refresh: Self refresh mode is suitable for data retention by battery. In standby mode, a self refresh
starts automatically when OE/RFSH stays low for more than 8 pis. Refresh addresses are automatically
specified by the on-chip address counter, and the refresh period is determined by the on-chip timer.

Automatic refresh and self refresh are distinguished from each other by the width of the OE/RFSH low
pulse in standby mode. If the OE/RFSH low pulse is wider than 8 us, RAM becomes into self refresh
mode; if the OE/RFSH low pulseislessthan 8 s, it is recognized as an automatic refresh instruction.

At the end of self refresh, refresh reset time (txeg) is required to reset the internal self refresh operation of
the RAM. During tzes, CE and OE/RFSH must be kept high. If auto refresh follows self refresh, low
transition of OE/RFSH at the beginning of automatic refresh must not occur during tees period.

Notes on Using the HM 65W 8512

Since pseudo static RAM consists of dynamic circuits like DRAM, its clock pins are more noise-sensitive
than conventional SRAM'’s.

(1) If ashort CE pulse of awidth less than t.: min is applied to RAM, an incomplete read occurs and
stored data may be destroyed. Make sure that CE low pulses of less than tez min are inhibited. Note
that a10 ns CE low pulse may sometimes occur owing to the gate delay on the board if the CE signal is
generated by the decoding of higher address signals on the board. Avoid these short pulses.

(2) OE/RFSH works as refresh control in standby mode. A short OE/RESH low pulse may cause an
incomplete refresh that will destroy data. Make sure that OE/RFSH low pulse of |ess than t.,,min are
also inhibited.

(3) tone and toep are the timing specs which distinguish the OE function of OE/RFSH from the RFSH
function. Thetg,c and toep Specs must be strictly maintained.
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HM 65W 8512 Series

(4) Start the HM65W8512 operating by executing at |east eight initial cycles (dummy cycles) at least 100
s after the power voltage reaches 3.0 V-3.6 V after power-on.

Function Table

CE OE/RFSH WE I/0 pin Mode

L L H Dout Read

L X L High-Z Write

L H H High-Z —

H L X High-Z Refresh
H H X High-Z Standby
Note: X means H or L.

Absolute Maximum Ratings

Parameter Symbol Value Unit
Terminal voltage with respect to V¢ V; —0.5to0 +6.0 \Y
Power dissipation P, 1.0 w
Operating temperature Topr 0to +70 °C
Storage temperature Tstg -55to +125 °C
Storage temperature under bias Tbias —-10 to +85 °C

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

Parameter Symbol Min Typ Max Unit Note
Supply voltage Ve 3.0 3.3 3.6 \%

Ve 0 0 0 \Y
Input voltage Vi 2.4 — 5.6 \Y

A -0.5 — 0.8 v 1

Note: 1. V, min=-1.2V for pulse width 30 ns
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DC Characteristics(Ta=0t0+70°C, V. .=3.3V +03V,V,=0V)

Parameter Symbol Min Typ Max Unit Test conditions
Operating power supply current I, — 30 50 mA 1,=0mA
t,. = min
Standby power supply current  lg, — — 08 mA CE=V,, Vinz0V
OE/RFSH =V,
[ — 15 30 pA CE=2V,-02V,Vinz0V,
OE/RFSH=V.,.-0.2V
Operating power supply current I, — — 08 mA CE=V,,Vinz0V,
in self refresh mode OE/RFSH =V,
lees — 25 50 pA CE=2V,-02V,Vinz0V,
OE/RFSH<0.2V
Input leakage current I, -5 — 5 HA V. =3.6V,Vin=Vto V.
Output leakage current lo -5 — 5 WA  OE/RFSH=V,
Vo = Vgs 0 V¢
Output voltage Voo — — 01 V lo. = 100 pA
— — 0.4 \% loo =2 MA
Vou 29 — — \% loy =—100 pA
24 — — \% loy =—2 MA
Capacitance (Ta=25°C, f =1 MH2)
Parameter Symbol Typ Max Unit Test conditions
Input capacitance** C., — 8 pF V,=0V
Input /output capacitance** Cio — 10 pF V=0V
Note : This parameter is sampled and not 100% tested.
HITACHI
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AC Characteristics (Ta=0to +70°C, V. = 3.3V = 0.3V, unless otherwise noted.)

Test Conditions

* Input pulselevels: 0.6V, 24V

* Inputriseandfal time: 5ns

* Timing measurement level: 1.5V

* Referencelevels: Vo, =2.1V,Vo =09V

* Output load: C, (50 pF) (Including scope and jig)

HM65W8512-12 HM65W8512-15

Parameter Symbol  Min Max Min Max Unit Notes

Random read or write cycle time tre 190 — 230 — ns

Chip enable access time teea — 120 — 150 ns

Read-modify- write cycle time trwe 250 — 290 — ns

Output enable access time toea — 60 — 80 ns

Chip disable to output in high-Z terz 0 30 0 30 ns 1,2

Chip enable to output in low-Z toz 20 — 20 — ns 2

Output disable to output in high-Z tonz — 30 — 30 ns 1,2

Output enable to output in low-Z toz 0 — 0 — ns 2

Chip enable pulse width tee 120 10000 150 10000 ns

Chip enable precharge time tp 70 — 80 — ns

Address setup time tas 0 — 0 — ns

Address hold time tan 30 — 30 — ns

Read command setup time tres 0 — 0 — ns

Read command hold time tren 0 — 0 — ns

Write command pulse width twe 35 — 35 — ns

Chip enable to end of write tew 120 — 150 — ns

Chip enable to output enable delay toco 0 — 0 — ns

time

Output enable hold time torne 15 — 15 — ns
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AC Characteristics
(Ta=0to +70°C, V. = 3.3V £ 0.3V, unless otherwise noted.) (cont.)

HM65W8512-12 HM65W8512-15

Parameter Symbol Min Max Min Max Unit Notes

Data in to end of write tow 30 — 30 — ns

Data in hold time for write ton 0 — 0 — ns

Output active from end of write tow 5 — 5 — ns 2

Write to output in high-Z twnz — 30 — 30 ns 1,2

Transition time (rise and fall) t; 3 50 3 50 ns 6

Refresh command delay time trep 70 — 80 — ns

Refresh precharge time tep 40 — 40 — ns

Refresh command pulse width for teap 80 8000 80 8000 ns

automatic refresh

Automatic refresh cycle time tec 190 — 230 — ns

Refresh command pulse width for self  t.,q 8 — 8 — ps

refresh

Refresh reset time from self refresh tres 600 — 600 — ns 9

Refresh period trer — 32 — 32 ms 2048
cycle

Notes: 1. tg,. tos, twy, are defined as the time at which the output achieves the open circuit condition.

2.
3.

4,

10

terz Loz tonzs torz twnz @nd t,, are sampled under the condition of t; = 5 ns and not 100% tested.
A write occurs during the overlap of low CE and low WE. Write end is defined at the earlier of
WE going high or CE going high.

If the CE low transition occurs simultaneously with or from the WE low transition, the output
buffers remain in high impedance state.

In write cycle, OE or WE must disable output buffers prior to applying data to the device and at
the end of write cycle data inputs must be floated prior to OE or WE turning on output buffers.
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.

Transition time t; is measured between V, (min) and V, (max). V,, (min) and V, (max) are
reference levels for measuring timing of input signals.

After power-up, pause for more than 100 ps and execute at least 8 initialization cycles.

2048 cycles of burst refresh or the first cycle of distributed automatic refresh must be executed
within 15 ps after self refresh, in order to meet the refresh specification of 32 ms and 2048
cycles.

At the end of self refresh, refresh reset time (tr.s) is required to reset the internal self refresh
operation of the RAM. During t.., CE and OE/RFSH must be kept high. If automatic refresh
follows self refresh, low transition of OE/RFSH at the beginning of automatic refresh must not
occur during tgs period.
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Timing Waveform

Read Cycle

tce

tAS | tAH

Address ]
A0 to A18 Valid

v \

WE tOHC
7 tRCs tCEA tRCH X
tOEA
OE/RFSH R 7Z
tCHZz
toLz toHzZ
/
Dout ><>< Valid data out
N

HITACHI
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Write Cycle (1) (OE high)

tRC
- \ tCE / \
cE \ /T w N
tAS | tAH
Address )
A0 to A18 Valid
tcw
X twp
WE N 7
tocbD
‘OE/RFSH VB XK \
tbw | tDH
, Valid
Din Data in
tWHZ toLz
t
€Lz Ttonz
tow
HITACHI
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Write Cycle (2) (OE low)

tRC

tCE

tAS | tAH
Address ]
AO to A18 Valid
tDH
tcw
\ e /
toHC
OE/RFSH J‘ /
| tpw tDH
Din ®< Valid data in >< % —_—
twHz
tcLz

Dout % % %

HITACHI
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Read-M odify-Write Cycle

Address
A0 to A18

OE/RFSH

Din

Dout

tRWC

tCE

\

tp

/

X e XK
7[ tcEA %LZ -
XR 7[ \
KX

Automatic Refresh Cycle

CE

OE/RFSH

/| tRED

trc \

\
trp

/s

/

AEL—JZF—A

Y

14
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Self Refresh Cycle

CE

tRFD

tFp

tFAS

tRFS &

OE/RFSH

/

/

HITACHI
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Low V.. Data Retention Characteristics (Ta=0to +70°C)

This characteristics is guaranteed only for V-version.

Parameter Symbol Min Typ Max Unit  Test conditions
V. for data retention Vor — 3.6 \%
Self refresh current lccor — 25 MA Ve =20V,
CE2V,-02V
OE/RFSH<0.2
Vinz0V
— 50 HA Vee =3.6V,
CE2V,-02V
OE/RFSH < 0.2
Vinz0V
Refresh setup time tes — — ns
Operation recovery time ter — — ms
Low V. Data Retention Timing Waveform
Data Retention mode
te tR
Ve 30V TR T T VBFE ”””””””””””””””””””
CE > Vcc-0.2V
CE 15V -— \
URFD t I
tep FR (in read/ g
l— tFs t FAS tRﬁS write mode)
OE/RFSH 1.5V — OE/RFSH < 0.2V 7[ yﬁ

(in automatic
refresh mode)

16
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Package Dimensions

HM 65W8512FP Series (FP-32D) Unit: mm
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HM65W8512TT Series (TTP-32D)
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Package Dimensions (cont.)

HM65W8512RR Series (TTP-32DR) Unit: mm
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When using this document, keep the following in mind:

1
2. All rightsarereserved: No oneis permitted to reproduce or duplicate, in any form, the whole or part of

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

this document without Hitachi’s permission.

Hitachi will not be held responsible for any damage to the user that may result from accidents or any
other reasons during operation of the user’s unit according to this document.

Circuitry and other examples described herein are meant merely to indicate the characteristics and
performance of Hitachi’s semiconductor products. Hitachi assumes no responsibility for any intellectual
property claims or other problems that may result from applications based on the examples described
herein.

No licenseis granted by implication or otherwise under any patents or other rights of any third party or
Hitachi, Ltd.

MEDICAL APPLICATIONS: Hitachi’s products are not authorized for usein MEDICAL
APPLICATIONS without the written consent of the appropriate officer of Hitachi’s sales company.
Such use includes, but is not limited to, use in life support systems. Buyers of Hitachi’s products are
requested to notify the relevant Hitachi sales offices when planning to use the productsin MEDICAL
APPLICATIONS.

HITACHI

Hitachi, Ltd.

Semiconductor & IC Div.

Nippon Bldg., 2-6-2, Ohte-machi, Chiyoda-ku, Tokyo 100, Japan
Tel: Tokyo (03) 3270-2111

Fax: (03) 3270-5109

For further information write to:

Hitachi America, Ltd. Hitachi Europe GmbH Hitachi Europe Ltd. Hitachi Asia Pte. Ltd.

Semiconductor & IC Div. Electronic Components Group Electronic Components Div. 16 Collyer Quay #20-00

2000 Sierra Point Parkway Continental Europe Northern Europe Headquarters  Hitachi Tower

Brisbane, CA. 94005-1835 Dornacher Stral3e 3 Whitebrook Park Singapore 0104

USA D-85622 Feldkirchen Lower Cookham Road Tel: 535-2100

Tel: 415-589-8300 Minchen Maidenhead Fax: 535-1533

Fax: 415-583-4207 Tel: 089-9 91 80-0 Berkshire SL6 8YA

Fax: 089-9 29 30 00 United Kingdom Hitachi Asia (Hong Kong) Ltd.

Tel: 0628-585000 Unit 706, North Tower,
Fax: 0628-778322 World Finance Centre,

Harbour City, Canton Road
Tsim Sha Tsui, Kowloon
Hong Kong

Tel: 27359218

Fax: 27306071
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Revision Record

Rev. Date Contents of Modification Drawn by  Approved by

3.0 Nov. 1997 Change of Subtitle
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