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Description

The Hitachi HM658512A is a CMOS pseudo stetic RAM organized 512-kword x 8-bit. It redizes higher
density, higher performance and low power consumption by employing 0.8 um Hi-CMOS process
technology.

It offers low power dataretention by self refresh mode. It also offers easy non multiplexed addressinterface
and easy refresh functions. HM658512A is suitable for handy systems which work with battery back-up
systems.

The device is packaged in a small 525-mil SOP (460-mil body SOP) or a8 x 20 mm TSOPwiththickness of
1.2 mm, or a 600-mil plastic DIP. High density custom cards made of Tape Carier Packages are dso
available.

Features

* Single5V (£10%)
» High speed
O Accesstime
CE access time: 70/80/100 ns (max)
O Cycletime
Random read/write cycle time;
115/130/160 ns (min)
* Low power
O Active: 250 mW (typ)
O Standby: 200 uW (typ)
» Directly TTL compatible
All inputs and outputs
» Simple address configuration
Non multiplexed address
» Refresh cycle
0 2048 refresh cycles: 32 ms
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HM 658512A Series

» Easy refresh functions
Addressrefresh
Automatic refresh
Self refresh

Ordering Information

Type No. Access time Package
HM658512ALP-7 70 ns 600-mil 32-pin plastic DIP (DP-32)
HM658512ALP-8 80 ns
HM658512ALP-10 100 ns
HM658512ALP-7V 70 ns
HM658512ALP-8V 80 ns
HM658512ALP-10V 100 ns
HM658512ALFP-7 70 ns 525-mil 32-pin plastic SOP (FP-32D)
HM658512ALFP-8 80 ns
HM658512ALFP-10 100 ns
HM658512ALFP-7V 70 ns
HM658512ALFP-8V 80 ns
HM658512ALFP-10V 100 ns
HM658512ALTT-7 70 ns 400-mil 32-pin plastic TSOP (TTP-32D)
HM658512ALTT-8 80 ns
HM658512ALTT-10 100 ns
HM658512ALTT-7V 70 ns
HM658512ALTT-8V 80 ns
HM658512ALTT-10V 100 ns
HM658512ALRR-7 70 ns 400-mil 32-pin plastic TSOP (TTP-32DR)
HM658512ALRR-8 80 ns
HM658512ALRR-10 100 ns
HM658512ALRR-7V 70 ns
HM658512ALRR-8V 80 ns
HM658512ALRR-10V 100 ns
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Pin Arrangement

HM658512ALP/ALFP Series

/

a8 |1 32 |\vec
A6 |2 31[ |A15
A14[ |3 30| ]A17
A12[ |4 29[ JWE
A7 [ |5 28| |A13
A6 [ |6 27| A8
As [ |7 26| ] A9
A4 [ |8 25 ] A11
A3 []9 24 || OE/RFSH
A2 [|10 23 |A10
a1 [ |11 22| ]cE
Ao [ ]12 21 o7
ool |13 20 Jo6
yoil |14 19| Juos
o2[ |15 18 [ ] 1104
Ves [ 16 17| _Juos
(Top view)

HM658512ALTT Series

A18 H 1 32 v,
Al6 H 2 O 31 [ A:CL%
Al4 H 3 30 [ A7
Al12 ] 4 29 [ WE
A7 5 28 [ A13
A6 ] 6 27 [ A8
A5 O 7 26 [ A9
A4 T 8 25 A1l
A3 o9 24 [ OE/RFSH
A2 O 10 23 [ AlL0
Al O 11 22 [ CE
A0 O 12 21 3 /07
/00 = 13 20 [ 1/06
o1/ 14 19 [ 1/05
/02 = 15 18 [ 1/04
Ves & 16 17 [ 1/03

(Top view)
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HM 658512A Series

Pin Arrangement (cont.)

HM658512ALRR Series

Vee ] 32 O 1 (A8
AlS ] 31 2 [A16
Al7 ] 30 3 [Al14
WE ] 29 4 [Al12
Al3 ] 28 5 A7
A8 27 6 [1A6
A9 ] 26 7 A5
__Allirg 25 8 [A4
OE/RFSH ] 24 9 A3
A10 ] 23 10 3 A2
CE[ 22 11 Al
/107 ] 21 12 [ A0
1106 ] 20 13 [31/00
1705 ] 19 14 [ 1/01
/04 ] 18 15 1/02
/103 ] 17 16 [ Vsg
(Top view)
Pin Description
Pin name Function
AO to A18 Address
1/00 to 1107 Input/Output
CE Chip enable
OE/RFSH Output enable/Refresh
WE Write enable
Ve Power supply
Vs Ground
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Block Diagram

A O— I — .
[
| Address Row
| Ic_:%tr?tr:ol Decoder Memory Matrix
} (2048 x 256) x 8
|
|
|
A0 O—T13 : — —
| Column I/O
/00 %4% Input
S P Data Column Decoder
|
/O 7 O N Control \ \ g |
VT | Address Latch Control |
All ° Al18 i
Refresh
| Control
CE o Timing Pulse Gen.
OE/RLSHOC)— Read Write C I
WE ead Write Contro
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HM 658512A Series

Pin Functions
CE: Chip Enable (Input)

CE isabasic clock. RAM isactivewhen CE islow, and ison 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 toAl18 are
fetched into RAM by the falling edge of CE.

OE/RFSH: Output Enable/Refresh (Input)

Thispin has two functions. Basicaly it works as OE when CE islow, and as RFSH whenCE ishigh(in
standby mode). After aread or write cyclefinishes, refresh doesnot start if CE goeshigh whileOE/RFSH
isheld low. In order to start arefresh instandby mode, OE/RFSH must go hightoresettherefreshcircuits
of the RAM. After the refresh circuits are reset, the refresh starts when OE/RFSH goes low.

[/00 to I/O7: Input/Output (Inputs and Outputs) These pins are data /O pins.
WE: Write Enable (Input)

RAM isinwrite mode when WE islow, and isin read mode when WE ishigh. 1/0 datais fetched into
RAM by the rising edge of WE or CE (earlier timing) and the datais 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 addressrefresh 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 addressrefresh, automatic refresh can be used. RAM goes to automatic
refresh mode if OE/RFSH falls while CE ishigh and it remains low for at least t,,. One automatic
refresh cycle is executed by one low pulse of OE/RFSH. It isnot necessary to input therefreshaddress
from outside since it is generated internally by an on-chip address counter. 2048 automatic refreshcycles
must be done every 32 ms.

(3) Self refresh: Self refresh mode is suitable for dataretention by battery. In standby mode, a self refresh
starts automatically when OE/RFSH stayslow for more than 8 ps. 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 widthof the OE/RFSH low pulse
in standby mode. 1f the OE/RFSH low pulse iswider than 8 ps, RAM becomesinto self refreshmode; if the
OE/RFSH low pulse islessthan 8 s, it is recognized as an automatic refresh instruction.

HITACHI



HM 658512A Series

At the end of self refresh, refresh reset time (tres) isrequired to reset the internal self refresh operation of the
RAM. During tges, CE and OE/RFSH must bekept high. If auto refreshfollowsself refresh, lowtransition of
OE/RFSH at the beginning of automatic refresh must not occur during tees period.

Notes on Using the HM 658512A

Since pseudo static RAM consists of dynamic circuits likeDRAM, its dock pins are more noise-sensitive
than conventional SRAM's.

(1) If ashort CE pulse of awidth lessthan t.. minisapplied to RAM, an incomplete read occurs and stored
datamay be destroyed. Make surethat CE low pulses of lessthan t.: minareinhibited. Notethatal0 ns
CE low pulse may sometimes occur owing to the gate delay on the board if the CE signal isgenerated by
the decoding of higher addresssignals on the board. Avoid these short pul ses.

(2) OE/RFSH works as refresh control in standby mode. A short OE/RFSH low pulse may cause an
incompleterefresh that will destroy data. Make sure that OE/RESH low pulse of lessthan te,,min areaso
inhibited.

(3) toue andtoep arethetiming specs which distinguish the OE function of OE/RFSH fromtheRFSH function.
The toyc and toep Specs must be strictly maintained.

(4) Start the HM658512A operating by executing at least eight initial cycles(dummy cycles) at least 100 pis
after the power voltage reaches 4.5 V-5.5 V after power-on.

Function Table

CE OE/RFSH WE I/O 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 orL.
HITACHI
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Absolute Maximum Ratings

Parameter Symbol Value Unit Note
Terminal voltage with respect to Vg V; -1.0to +7.0 \Y, 1
Power dissipation P; 1.0 w

Operating temperature Topr 0to +70 °C

Storage temperature Tstg -55 to +125 °C

Storage temperature under bias Thias —10to +85 °C

Note: 1. Withrespectto Vg

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

Parameter Symbol Min Typ Max Unit Notes
Supply voltage Ve 45 5.0 5.5 \%

Vs 0 0 0 \Y
Input voltage Vi, 2.4 — 6.0 \%

Vv, -1.0 — 0.8 v 1

Note: 1. V, min=-3.0V for pulse width 30 ns
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DC Characteristics (Ta=0t0+70°C,V..=5V £ 10%, V=0V)

Parameter Symbol Min Typ Max Unit Test conditions Notes
Operating power supply current I, — — 75 mA 1l,=0mA
t,. = min
Standby power supply current lg, — 1 2 mA CE=V,,Vinz0V
E/RFSH =V,
[ — 20 200 pA CE=2V,-02V,Vinz0V, 1
E/RFSH=V.,.-0.2V
100 pA CE=2V,-02V,Vin20V, 2
E/RFSH= V.. -0.2V
Operating power supply current |, — 1 2 mA C—_E =V,,Vin=0V,
in self refresh mode E/RFSH =V,
lees — 70 200 pA CE=2V,-02V,Vin=20V, 1

40 100 pA CE

Input leakage current I, -10 — 10 pA V=55V, Vin =V to V
Output leakage current lo -10 — 10 pA OE/RFSH=V,
Vo = Vgs 10 V¢
Output voltage Voo — — 04 V lo. = 2.1 mA
Vou 24 — — V lon =—=1 MA

Notes: 1. Only for L-version.
2. Only for V-version.

Capacitance (Ta=25°C, f =1 MH2)

Parameter Symbol Typ Max Unit Test conditions
Input capacitance C, — 8 pF V=0V
Input /output capacitance Copo — 10 pF Vie =0V

Note : This parameter is sampled and not 100% tested.
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AC Characteristics (Ta=0to+70°C, V. =5V + 10%, unless otherwise noted.)

Test Conditions

o Input pulselevels: 0.4V,24V

* Input riseand fall time: 5ns

» Timing measurement level: 0.8V, 2.2V

* Referencelevels: Vg, =2.0V,V, =08V

* Outputload: 1 TTL Gateand C, (100 pF) (Including scope and jig)

HM658512A
-7 -8 -10
Parameter Symbol Min Max Min  Max Min  Max Unit  Notes
Random read or write cycle time tre 115 — 130 — 160 — ns
Chip enable access time teea — 70 — 80 — 100 ns
Read-modify- write cycle time tawe 160 — 180 — 220 — ns
Output enable access time toen — 25 — 30 — 40 ns
Chip disable to output in high-Z tenz 0 25 0 25 0 25 ns 1,2
Chip enable to output in low-Z tez 20 — 20 — 20 — ns 2
Output disable to output in high-Z  tg,, — 25 — 25 — 25 ns 1,2
Output enable to output in low-Z  t,, 0 — 0 — 0 — ns 2
Chip enable pulse width tee 70n 10p 80n 10p 100n 10p s
Chip enable precharge time tp 35 — 40 — 50 — ns
Address setup time tas 0 — 0 — 0 — ns
Address hold time tan 20 — 20 — 25 — ns
Read command setup time tres 0 — 0 — 0 — ns
Read command hold time tren 0 — 0 — 0 — ns
Write command pulse width twe 25 — 25 — 30 — ns
Chip enable to end of write tew 70 — 80 — 100 — ns
Chip enable to output enable delay t., 0 — 0 — 0 — ns
time
Output enable hold time tonc 0 — 0 — 0 — ns
HITACHI
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AC Characteristics (Ta= 0to+70°C, V. =5V * 10%, unless otherwise noted.) (cont.)

HM658512A

-7 -8 -10
Parameter Symbol Min Max Min  Max Min  Max Unit  Notes
Data in to end of write tow 20 — 20 — 25 — ns
Data in hold time for write ton 0 — 0 — 0 — ns
Output active from end of write tow 5 — 5 — 5 — ns 2
Write to output in high-Z twrz — 20 — 20 — 25 ns 1,2
Transition time (rise and fall) t; 3 50 3 50 3 50 ns 6
Refresh command delay time treo 35 — 40 — 50 — ns
Refresh precharge time tep 35 — 40 — 40 — ns
Refresh command pulse width for  t.,, 70n 8 80n 8upu 80n 8pu s
automatic refresh
Automatic refresh cycle time tec 115 — 130 — 160 — ns
Refresh command pulse width for  t.,g 8 — 8 — 8 — ps
self refresh
Refresh reset time from self refresh tgq 600 — 600 — 600 — ns 9
Refresh period trer — 32 — 32 — 32 ms 2048

cycle

Notes: 1. te., tons twyz are defined as the time at which the output achieves the open circuit condition.

2. teus tes towzs torz twz @Nd tg,, are sampled under the condition of t; =5 ns and not 100% tested.

3. A write occurs during the overlap of low CE and low WE. Write end is defined at the earlierof WE
going high or CE going high.

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

5. In write cycle, OE or WE must disable output buffers prior to applying data to the device and atthe
end of write cycle data inputs must be floated prior to OE or WE turning on output buffers. 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. Transition time t; is measured between V,, (min) and V, (max). V,, (min) and V, (max)arereference
levels for measuring timing of input signals.

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

8. 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 msand 2048 cycles.

9. Atthe end of self refresh, refresh reset time (i) is required to reset the internal self refresh

operation of the RAM. During te.s, 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 tg.s period.

HITACHI
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Timing Waveform

Read Cycle
tre
Rl /a
_ tce
CE
N tp
tas | | taH
|
Address /- .
AO to A18 Vvali
-
/A A
WE / toHC \
tcea
tres tRCH
/s
e toea
OE/RFSH
tcHz
P toHz
torz
Dout Valid data out

12
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HM 658512A Series

WriteCycle (1) (OE high)

trC
A A
_ tce
CE
- 7 tp
tas| | tAH
Address )
AO to A18 Valid
tcw
/s
WE & twp Z
N 7 tocp
7
OE/RFSH / &
A\
tpw| | tDH
_ Valid
Din Data in
Sy :
terz . toz
tOHZ
tow
Dout
HITACHI
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WriteCycle(2) (OE low)

14

trc
B /a
CE & t CE Z
- y, tp
tas| |taH
Address .
A0 to A18 Valid
‘ tpH
tcw
¢ /a
WE & WP Z
v —
toHC
OE/RFSH /
\ tpw tbH
\
Din Valid data in
7
twHz
tcLz
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Read-M odify-Write Cycle
tRWC
o A tor /a A
CE
N / tp
tas| | tAH
Address )
AO to A18 Valid
t
tRCS tew RCH
| /a
WE / tcea LZ \
t oHC tocp
/
OE/RFSH /
- A
tOEA | tow tpH
Din Valid data in
toLz ] tcHz
B t
tcLz OHzZ tow
" Valid
Dout da{a
L Ou
Automatic Refresh Cycle
CE tRFD trc tFc
\
trp tFAP ‘ tep _trap |
. 7
OE/RFSH /
—

HITACHI
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Self Refresh Cycle

tRFD

trp

tFAS

OE/RFSH

\

tRFS

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 3.0 — 5.5 \%
Self refresh current lceor — — 50 HA Ve =3.0V,
CEz2V,-02V
OE/RFSH < 0.2
Vinz0V
— — 100 HA Vee =55V,
CE2V,-02V
OE/RFSH < 0.2
Vinz0V
Refresh setup time tes 0 — — ns
Operation recovery time ter 5 — — ms
HITACHI
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Low V. Data Retention Timing Waveform

Data Retention mode

CE > Vce-0.2V

24V —
0.8v —

tep
tEs tRES
tFAs

— ——— 24V -— _
OE/RFSH OE/RFSH < 0.2V
0.8V — _

Notes: 1. Risetime and fall time of power supply voltage must be smaller than 0.05 V/ms.
Keep CE = V. — 0.2 V during data retention mode.

Regarding tgep, tep teas @nd tyeq, refer to AC characteristics.

Input voltage should be lower than V.. +1.5V in data retention mode.

P on
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Package Dimensions

HM 658512AL P Series (DP-32)

Unit: mm

41.90
42.50 M
32 50 Max 17
OO OO0 [0 0O0 .00
3
D o2
Qs
™
—
S R [ Ny [ OO OO OO0 I
! 1.20 1
2.30 Max g 15.24
[ 8 E—
! o 4 '
£ls f
—== 025104t |
254 +0.25 0.48 * 0.10 H a3 0.25%0%s |
- T o« 0° - 15°
Hitachi Code DP-32
JEDEC —
EIAJ Conforms
Weight (reference value)| 5.1¢g
HITACHI
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HM 658512AL FP Series (FP-32D)

20.45
20.95 Max

2/ nnnnnonnnnnonon!t?

Unit: mm

o
™
D i
—
O
1 JUoouoouogoooood 16
s ol L 14.14+0.30
1.00 M = 3ls
o Vax S 2 1.42
30 N|©
[ \ NN [
Ay < N ]
L ~o J OO — 80
127 ~loo | 3 080020 |
2
0.40 + 0.08 | ©
038006~ (01015 W _
Hitachi Code FP-32D
JEDEC Conforms
Dimension including the plating thickness EIAJ —
Base material dimension Weight (reference value)| 1.3 g
HITACHI
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HMG658512AL TT Series (TTP-32D)

Unit: mm
20.95 _
21.35 Max
32 1
0000000000000000
©
—
o
—
o Y
Ooooooo Toooooo
! 16
0.42 £ 0.08
0.40 + 0.06 0210 080 .
. .1.15 Max 11.76 £ 0.20 _,
= o o '
o ! - —0°-5° 0.50+0.10, | |
3 83 o
= ~/0.10| 22 o
8 |+ :;J'
- Se o
S| <! [[Hitachi Code TTP-32D
JEDEC Conforms
Dimension including the plating thickness EIAJ —
Base material dimension Weight (reference value)| 0.51 g
HITACHI
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HM658512AL RR Series (TTP-32DR)

Unit: mm
20.95 _
21.35 Max
1 16|
IN0NNONONNONON00N
(e]
©
—
o
—
TOO00000Q0O00000OQ
32 m 17
0.42 £ 0.08
040+0.06  ~ 110210 0.80
_, _1.15 Max <11.76 £ 0.20 —\
y
] y | . R
i - —0°-5°050+0.10,| |,
3 8y o
= ©]0.10 oo ©
o H+ M
N ~w 9
- N o - -
o+ © Hitachi Code TTP-32DR
© JEDEC Conforms
Dimension including the plating thickness EIAJ —
Base material dimension Weight (reference value)| 0.51 g
HITACHI
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When using this document, keep the following in mind:

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

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

3. Hitachi will not be held responsible for any damage to the user that may result from accidentsor any other
reasonsduring operation of the user’sunit according to this document.

4. Circuitry and other examples described herein are meant merely to indicate the characteristicsand
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.

5. Nolicenseisgranted by implication or otherwise under any patents or other rights of any third party or
Hitachi, Ltd.

6. MEDICAL APPLICATIONS: Hitachi’s products are not authorized for use in MEDICAL
APPLICATIONS without the written consent of the appropriate officer of Hitachi’ ssalescompany. 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 products in MEDICAL
APPLICATIONS.
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