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CMOS LSl

LC331632M-70/80/10/12, ML-70/80/10

512 K (32768 words x 16 bits) Pseudo-SRAM

Preliminary

Overview

The LC331632 series is composed of pseudo static RAM
that operate on a single S V power supply and are
organized as 32768 words x 16 bits. By using memory
cells each composed of a single transistor and capacitor,
together with peripheral CMOS circuitry, this series
achieves ease'of use with high density, high speed, and
low power dissipation. The LC331632 series can easily
accomplish auto-refresh by means of LOE/RFSH input.
The available package is the 40-pin SOP with a width of
525 mil.

Features

» 32768 words x 16 bits configuration
» CE access time, OE access time, cycle time and current
dissipation ' '

Package Dimensions

unit: mm .
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LC331632M, ML
Parameter
-70 -80 -10 -12

CE access time _70ns 80 ns 100 ns 120 ns
OE access time - 35ns 40 ns 50 ns 75 ns
Cycle time 115ns 130 ns 160 ns 210ns
o Operating 100 mA 90 mA 75 mA 65 mA

Current dissipation -

Standby . 2mA/100 pA (L version)

+ Single 5 V +10% power supply

* All input and output (I/O) TTL compatible
* Fast access time and low power dissipation
* 4 ms refresh using 256 refresh cycles

« Supports CE-only refresh and auto-refresh

* Supports byte unit read and write operations using the
LOE/RFSH and UOE inputs or the LWE and UWE
inputs. :

* Low-power version: 100 pA standby current

* 40-pin SOP plastic package
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LC331632M, ML

Block Diagram
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Pin Assignment

SOP40
N4
GND [] 1 40 [ vee
As[] 2 39 [ UWE
as [ 2 38 [ LWE
A7 [ 4 37 [ at0
A6 ] 5 s [ A1
A ] s 35 [1 A12
Ad ] 7 34 []A13
A3 T ] 8 33 [JA14
a2 9 32 [ UoE
A1 10 31 [ LOE/RFSH
Ao [] 114 30 [CJCE
I/04 [] 12 28 11016
1,02 ] 13 2B [ ] 1,045
1,03 ] 14 27 1 1/014
‘1,04 [] 15 26 11,013
Ir05 [ 18 25 [_11/012
1,06 ] 17 24 [ 1/011
1,07 [] 18 23 [ 1,010
1708 [ 18 22 [ 1089
GND [] 20 21 [Jvee
Top View
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Pin Functions

A0 to A14 Address input

WE Lower byte write enable input
UWE Upper byte write enable input

L[OE/RFSH Lower byte oulput enable input/refresh input
UGE Upper byte output enable input

CE Chip snable input

/01 1o 1108 Lower byte data input/output

1109 to VO16 Upper byte data input/output
Vee Power supply
GND Ground

B 7997076 001540k 557 1IN




LC331632M, ML

Functional Logic

— LOE _ O R o1 Q9
CE /RFSH UCE LWE UWE AOto7 A8to 14 o8 to 16 State ]
H H X X X X X HZ HZ Standby
L L L H H VX VX ouT out Read (word)
L L H H H VX VX ouT HZ | Read (lower byte)
L H L H H VX ‘ VX HZ ouT Read (upper byte)
L H H L L VX VX IN IN Write (word)
L H H L H VX VX IN HZ Write (lower byte)
L H H H L VX X HZ IN Write (upper byte)
L H H H H VX X Hz HZ CE-only refresh
H NP X X X X X HZ HZ Auto-refresh
H: High-level input of Vi = 6.5 V to Vi (min)
L: Low-level input of Vi = Vi (maxj to 1.0V
X: High-.or low-level input
NP: Negative-po_larhy pulse input N
VX:  “IN" when CE = L is confirmed, then “X”
HZ:  High impedance
IN:  Input state
QUT: Output state
Specifications
Absolute Maximum Ratings
Parameter Symbol Ratings Unit Note
Maximum supply voltage Ve max —1.0to +7.0 \ 1
Input voltage VIN -1.0t0 +7.0 v 1
Qutput voltage Vout . - -1.0t0 47.0 \4 1
Allowable power dissipation Pd max 600 mwW 1
Output shart current v, louT 50 mA 1
Operating temperature range Topr 0to +70 °C 1
Storage temperature range Tstg —55 to +150 °C 1
Note: 1. Stresses greater than the above listed maximum values may result in damage to the device.
DC Recommended Operating Ranges at Ta = 0 to +70°C
Parameter Symbol min typ max Unit Note
Power supply voltage Vee 45 5.0 5.5 v .2
Input high level voitage Viy 2.4 6.5 v 2
Input low level voltage Vi -1.0 +0.8 v 2
Note: 2. Allvoltages are referenced to GND. '
DC Electrical Characteristics at Ta = 0 to +70°C, Vo = 5V10%
Paramster Symbol Conditions min | max Unit Note
116 ns 100
i 130 ns 20
S\E/Zr?a“glgciur:aenr:tduring operation) leca Cycle fime 160 ns 75 mA 34
210ns 65
e -LC331632M 3 mA
Standby current 1 leest CE = LOE/RFSH = V| CCas1632ML p A
U U, LC331632M 2 mA
Standby current 2 lces2 CE = LOE/RFSH =V - 0.2V (CasteaaL 100 A
Input leakage current I 0V < Vi < Vg, pins other than measuring pin =0V ~-10 | +10 A
Output leakage current ’ loL Output disable, 0 V < Vo1 < Ve -10 +10 pA
Output high level voltage Vou lout =~1 mA 2.4 \
Output low level voltage VoL loyT=4.2mA 0.4 \

Note: 3. All current values are measured at minimum cycle rate. Since current flows immoderately, if cycle time is longer than shown here, current value

becomes smaller. A bypass capacitor of 0.01 uF or larger should be inserted between Vg and GND for each memory chip to suppress power
supply noise (voltage drops) due to transient currents.
4. Dependent on output load. Maximum value is value during free state.

B 7997076 0015407 493 1N
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LC331632M, ML

Capacitance Characteristics at Ta = 25°C,f=1 MHz, V=5V 10%

' Measuring . .
Parameter . Symbol Conditions min max Unit

Input capacitance (A0 to A14) Cing Ving=0V 5 pF
Input capacitance (CE, LOE/RFSH, UOE, LWE, UWE) Cinz ViNz=0V : 7 pF
I/O capacitance ) Cyo Vip=0V . 10 pF

Sampling inspections, and not full-lot inspections, are carried out for these parameters.

AC Recommended Operating Ranges at Ta =0 to +70°C, Voo =5V £ 10% (Notes 5, 6,7, 8,9)

Paramater Symbol 0 %0 0 12 Unit | Note
min max min max min max min max

Random read or write cycle time tac 115 130 160 ) 210 ns

CE pulse width tcE 70 10000 80 10000 100 10000 120 10000 ns
'E pracharge time ] P 35 20 50 80 ns

CE access tima tcEA 70 80 100 120 ns
| LOE, UOE access time toea 35 a0 | 50 75 ns

TE output enable time oz 10 10 10 10 ns

LGE, UGE output enable time toLz 0 0 0 0 ns

TE output disable time {cHz 0 20 0 25 0 30 0 35 ns 10
LOE, UGE output disable time tomHz 0 20 0 25 0 0 0 35 ns 10
LOE, UGE hold time for CE toHC 0. 0 0 ) 0 ns

LOE, UGE setup time for CE. tosg |. 10 10 10 10 ns -

Read command setup time tres 0 0 0 ns

Read command hold time tacH 0 0 ] ns

Write pulse width twp 25 30 35 85 ns

Write command hold time tweH 55 60 65 85 ns

Write' command lead time fowL 40 . 45 50 85 ns

Input data setup time for TWE, UWE tosw 25 30 35 50 | ns 11
Input data setup time tor CE tosc 25 30 . 35 50 ns 1
Input data hold time for TWE, UWE toHw 0 0 0 0 ns 1
Input data hold time for CE toHe 0 ' 0 0 0 ns 11
Address setup tima for CE tasc 0 0 0 ] ns 12
Address hold time for CE taHG 15 20 25 .30 ns 12
Auto-refresh cycle time tre 15 | 130 160 210 ns

RFSH delay time for CE taEp 35 40 50 60 ns

RFSH pulse width (Auto-refresh) trap 75 8000 80 8000 80 8000 80 8000 ns 13
RFSH pracharge time (Auto-refresh) tep 30 30 30 30 ns 13
[RFSH active CE delay time )

{Auto-Refresh) trog 135 160 190 225 ns 13
Refresh time tREF 4 4 4.1 4 ms

Rise or fall ime ! ty 3 50 3 50 3 50 3 50 ns

Note: 5. To accomplish internal initialization, CE and LOE/RFSH are fixed at Vi for an interval of 1 ms when V¢ reaches the specified voltage after
power is switched on. At least eight dummy cycles must be executed following that period.

. Measured at ty = 5 ns.

. When measuring input signal timing, V| (min) and Vy,_{max) are refrence levels.

. Measured using an equivalent of 100 pF and two standard TTL loads. )

LOE/RFSH input functions as lower byte output enable input (COE) when TE = V||, and as refresh input (RFSH ) when CE = V.

10. touz and toz are defined as the time until output enters the apen circuit state and the output voltage level becomes immeasurable.

11. As with ordinary static RAM, write data is incorporated at the rise of LWE, UWE input or CE input, whichever is earlier, and write data is therefore
held during tpsw. tpsc: toHw: o torHe:

12. Because address input is incorporated at the fall of CE, the address is maintained during tagg of tauc.

13, After auto-refresh has completed, GE must not be made active until the trce period has elapsed.

© o N ®
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LC331632M, ML

Timing Chart
Read Cycle (word)
tac
tce tp
zE VIiH— \ ¥ =
ViL— b . . = —_
) tasc tanc
Voy— ] 1,
woness  W///1L11 L0007
L— LS -
taHC . ’ tosg
. e}
[V o ¥
CoE AFsn oM \ /i‘
Vie— *— -
t t
. RCS RCH
e TIH ] 'T\
Vi — tcea tcHz
tOEA toHz
VoH— ’ F 3
/01 to YO8 o 7XX>< DATA-OUT
VoL — . toLz 3 p
cLZ tosc
Viy— 3 : b l =
Goe M toHC \ /
Vie— F
tRCs| t
v RCH
TWE
VI — . tcea tcHz 1\
toEA tonz
VoH— 8|
Koot vote N 4 DATA-OUT —
VoL — toLz ) 3
t
cLz V777 “H’ or “L” KXX{: INVALID DATA
' A01589
Read Cycle (lower byte)
tac
tce tp
— Vin—" 3 ’ b 3
CE . i
ViL— \— /
tasc tanc
L — ¥ e
rooas woress WL T 77777777
L— T
toHC tosg
—_— e YIHT 3 £
LOE~/RFSH . \ / /
Vig— *
aledsi tAcH
— VIH— X
CWE .
Vi — tcEA ’ tcHz P
toEA - toHz ’
. VoH— ) ¥ e
IO1 to OB VoL— tOL‘Z {XXX DATA-DUT >———-—-_
tosg  tcLz tonc
Vrg— i
Toe ‘M
Vip— \
tAcs )
— tacH
Twg VIH -
Vi — :
VoH—
09 to VO16 High impedance
. VaL—
/74 “H or“L” KXXN: INVALID DATA

A01590
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LC331632M, ML

Read Cycle (upper byte)
tRc
tce L tp .
_ Vig— J—
. \ / \
ViL— * =
tasc taHC
Vin— + i
woness XL/ TT7 1777777777
ViL— - L .
: taue
Vo— = -
e AFsn 7 \
ViL—
o ,.tﬂﬁ tRCH
mwE N
Vip—
Vou—
1701 to ¥O8 0 High impedance
VoL—
toHC o . rosg
[V 1 J -
Tog M \ d /‘
Vip— x
t
—_ e L _tRcH
e I
Vi — tcea toHz
toEA tonz
Vorn— 7 b ;
09 1o 1016 ‘a- .
VoL— toLz ‘\m pATATOuT E
t
Lz 7772 “H” o “L” XXX : INVALID DATA
AQ4591
Write Cycle (word)
tRe
tce tp ,
. VIH— ) b 7
CE \ : / \ .
Vig—  — E [ SO
. tasc tanc
v —_— -+
poa woness W/ T77
: ViL— = /
tose : toHC
LOE/RFSH VI
Voo tweH \
It
town
Vo g
Twe M \ tup /
Vi — . X j
tosw H toHw
N ks | =
Q1 to OB IH - { DATA-IN )5——
ViL—
tasc tbsc fpHe tanc,
— VIip— . 3
UOE t :
ViL— L WCH L
towl
Vig-— ]
Twe \ twp ]
Vip— b 3
tosw H toHw
N : i .
109 to KO16 ™ — DATA-IN }———‘
Vi — X J
t t
i DSC J " DHC VIII‘ wpr or“L”
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LC331632M, ML

Write Cycle (lower byte)

thaC
tce tp o
— Vin—
CE .
ey, \ / \
tasc takc
[
powae wress W/ /L1117 7771777777
Vi — . /
tosc : toHc
e ——e —
COE/AFSH YIH T
. t \
Vii— WCH
towl
hE TR \ twp /
Vi — \ 7
tosw H EDHW
v _ 11
1101 to 1108 VIH { DATA-IN }—————
L
tosc thsc | toHe tonc,
GeE T 3
ViL— . . : \—
tRcs tRcH :
— — p——
—— VIH
UWE )
v , N
VoH—
1108 10 11016 v High impedance
oL—
V777: “H" or “L”
A01593
Write Cycle (upper byte)
o tRc
tce tp | .
. ViH—
CE
oy \ / \
tasc tane
Voy—
pooae wress X// /1117777777777 77
Vi — /
tosc tonc -
[ O
COE/RFSH :
ViL— . 1L
tacs tRcH »
. Vin— — - - F—
LCWE \
ViL—— I
VoH—
1101 to 1108 High impedance
VoL— : :
tosc toHe
— Vin—
UoE tweH
ViL— .
towe
ow Vv A\ /
ViL— \
togw H EoHw
Vin— ' ‘ — '
/09 to ¥O16 { DATA-IN ’ —
Vip— - i 4
tosc _! toHe 7777 ] or “L”
AD1594
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LC331632M, ML

CE-Only Refresh Cycle
tRc
. tce ) tp
T J/
CE
ViL— \ f \L_________
: tasc taHc . )
R Vig—
rourr 7. wress KL/ 1717777777777
L F
t t
. N }_EE_ GHC
Lo AFsm M N\
Vip— ’
tacs tRCH
— VIH—
CwE
viL— : \_—_
Voh—
101 to ¥OB v High impedance
oL—
tosc [tonc
. Vip— -
UOE
: ViL— \_
tRes : t
—_ ACH
Twe 'IH :
Vi — .
VoH— )
08 to ¥O16 High impedance
voL— .
Note: A8 to A14 = “H” or“L” 'lll[ “H” or “L”
AQi1595
Auto-Refresh Cycle
. VIH— 1 ; 3
CE t t t
ViL— RFD FC » FCE
trap trp trap
Voye— = -
FoE A / \ ([/[/1/[]]]]
Vi — - \
VoH— :
V1 1o VOB High impesance
VoL— ’
VoH—
108 1o VO16 High impedance
VoL—
Note: A0 to A14, UOE, LWE, UWE = “H” or “L” /74 “& or “L.”
A015596
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MEMORY PACKAGE DIMENSIONS

typical values.
®No marking is indicated.

@All of Sanyo Memory package dimensions are illustrated below.
@AIll dimensions are in mm, and dimensions which are not followed by min. or max. are represented by

Package Dimensions 3012A(unit : mm)

Package Dimensions 3158(unit : mm)
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Package Dimensions 3123(unit : mm)
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Package Dimensions 3192(unit : mm)
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SANYO : DIP32(600mil)

Package Dimensions 3133 (unit : mm)
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Package Dimensions 3195(unit: mm)
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SANYO : SOP40(525mil)

SANYO : DIP28(300mil)
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Package Dimensions 3200(unit: mm)
2620

SANYO : SOJ40{(400mil)

Package Dimensiogg 3205(unit : mm)
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Package Dimensions 3207(unit : mm)
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SANYO : TSOP44 II

Package Dimensions 3211(unit : mm)
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SANYO : TSOP50 II
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