Ordering number : EN4795C

CMOS LSI

LC321664AJ, AM, AT-80

1 MEG (65536 words x 16 bits) DRAM

Fast Page Mode, Byte Write

Overview

The LC321664AJ, AM, AT is a CMOS dynamic RAM
operating on a single 5 V power source and having a
65536-word X 16-bit configuration. Equipped with large
capacity capabilities, high-speed transfer rates and low
-power dissipation, this series is suited for a wide variety
of applications ranging from computer main memory and
expansion memory to commercial equipment.

Address input utilizes a multiplexed address bus which
permits it to be enclosed irf compact plastic packages of
SOJ 40-pin, SOP 40-pin and TSOP 44-pin. Refresh rates
are within 4 ms with 256 row address (A0 to A7)
selection and support RAS-only refresh, CAS-before-
RAS refresh and hidden refresh settings.

There are functions such as page mode, read-modify-
write, and byte-write.

Features

* 65536-word X 16-bit configuration

» Single 5 V £10% power supply

« All input and output (I/0) TTL compatible

» Supports fast page mode, read-modify-write, and byte-
write,

+ Supports output caching control using early write and
Output Enable (OE) control.

*» 4 ms refresh using 256 refresh cycles

+ Supports RAS-only refresh, CAS-before-RAS refresh
and hidden refresh.

» Packages
SOJ 40-pin (400 mil) plastic package: LC321664A7
SOP 40-pin (525 mil) plastic package: LC321664AM
TSOP 44-pin (400 mil) plastic package: LC321664AT

» RAS access time/column address access time/CAS
access time/ cycle timefpower dissipation

Package Dimensions
unit : mm
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Parameter LC321664AJ, AM, AT-80
RAS access time 80ns
Column address access time 45 ns
CAS access time 30ns
Cycle time 135 ns
Power dissipation During operation 833 mW
{max.) During standby 5.5 mW (CMOS lavel)/11 mW (TTL levsl)

SANYO Electric Co., Ltd. Semiconductor Business Headquarters
TOKYOQ OFFICE Tokyo Bldg., 1-10, 1 Chome, Ueno, Tailo-ku, TOKYO JAPAN
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LC321664AJ, AM, AT-BO

Package Dimensions

unit : mm
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LC321664AJ, AM, AT-80

Block Dlagram
O vec
AAS O~-—a{ Clock generator No. 1 '—‘l O vgg
TAS O »{ Clock generator No. 2 |——— oW
| — ow
Mode l l
oontioller Clock generator No. 3
?:3:[::‘ 5 |- Lowef byte 5 UPpelr byte — o 101
E 255 65536 memory ‘ - O 1s02
l—--------l N x 16 bits cell r<=—  Data input buffer <1 O 1/03
gl | T [ T mmmm e I | — 0 1,04
Row ti - o110 ¢ KOQIO -— O 1/05
o address roa | LOie -— O 1/06
AO — buflar ' ! — O I/07
:; 0 — i—--assxie--i — O 1s08
e 8 —_ Sense amplifier ~— O I/09
A4 O — V0 gare Data output — O Ir/010
buffer > — O I/011
:: 8 —_— T ----- 256----T - O I/012
A7 O — Column Column decoder : 8 i;g:i
address Pre-decoder ~— O I/015
buffer Substrate bias — O 1018
generator _
OE
AD2125
Specifications
Absolute Maximum Ratings
Parameter Symbal Ratings Unit | Note
Maximum supply voltage Ve max -1.0to +7.0 v 1
Input voltage ViN -1.010 +7.0 v 1
Output voltage Vour -1.0t0+7.0 v 1
Allowabl dissioati LC321664AJ, AM Pd 800 wi 1
owable pawer dissipation max - m
PO P LC321684AT 700
Output short-circuit current lout 50 mA 1
Operating temperature range Topr 0o +70 °C 1
Storage temperature range Tstg -55to0 +150 °C 1

Note: 1) Stresses greater than the above listed maximum values may rasult 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 55 v 2
Input high level voltage Vi 24 6.5 Vv 2
Input low leve! voltage (A0 1o A7,
RAS, CAS, UW, LW OE) ViL ~1.0* +0.8 v 2
Input low level voltage '
{101 to 1/018) Vi —0.5* +0.8 v 2

Note: 2) All voltages are referenced to Vgg.
A bypass capacitor of about 0.1 uF should be connected between Vo and Vgg of the device.
* —2.0 V when pulse width Is less than 20 ns

No. 4795-3/30



LC321664AdJ, AM, AT-80

DC Electrical Characteristics at Ta=0to + 70°C, Vo =5V 10%

Parameter Symbol Conditions min | max { Unit | Note
Operating current I RAS, CAS, address cycling: 115 A 3,4,
(Average current during operation) CC1 tac = tge Min m 5
Standby current leco RAS =CAS =V 2 mA
RAS-only refresh current leca ,:: giigzhgglﬁ CAS = Vi 115 mA| 3,86
Fast page mode current leca 2 2 =?pzlkr'1icnm address cycling: 70 [ mA 3'54'
Standby current lecs RAS = CAS = V0.2V 1 mA
—_— - RAS, CAS cycling:

CAS-before-RAS refresh current lecs tge = trg Min 115 | mA 3
LV < i
Input lsakage current " %i;sgwna g.: \i' g\;ns other than -10 | +10| pA
DOUT disable.
Output leakage current lo, OV < Vour £5.5V =10 [ +10| nHA
Output high level voltage Vou lout = =2.5mA 24 v
Output low level voltage VoL lout = 2.1mA 0.4 v

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

4) lggy and I, are dependent on output loads. Maximum values for Ige, and Ige, represent values with output

open.

5) One address change can be performed while RAS = V| (le¢q and lgga).
One address change can be parformed during one tpg cycle {lec.).

No. 4795-4/30




LC321664AJ, AM, AT-80

AC Electrical Characteristics at Ta = 0 to +76°C, Vo = 5 V £ 10% (Note 6, 7, 8)

Parameter Symbo! min max Unit | Note
wits cycla ime. thc 135 ns
?yecal\g}\icvr:;elread-modlfy-wrne thwe 180 ns
Fast page mode cycle time tpg 55 ns
Fast page mode
Read-write/read-modify- tprwe 100 ns
write cycle time
RAS access time trac 80 ns 9,1 ;4
CAS access time tcac 30 ns | 9,14
Column address access time tan 45 ns |9,15
CAS precharge access time 1opa 50 ns 9
s o : | 9
Output buffer turn-off delay time 1orE 0 20 ns 10
Rise or fall time ir 3 50 ns
RAS precharge time ipp 45 ns
RAS pulse width tRas 80 10000 ns
Pagts p;;;les%v;:;l;hol;; trase 80 100000 ns
RAS hold time tasH 30 ns
CAS hold time tcen 80 ns
CAS pulse width tcas 30 10000 ns
RAS to CAS delay time trco 25 50 ns 14
RAS to column address delay time | tpap 17 35 ns 15
CAS to RAS precharge time tcrp 10 ns

| €AS precharge time tep 10 ns
Row address setup time task 0 ns
Row address hold time tRaH 12 ns
Column address setup time tasc 0 ns
Column address hold time tcan 20 ns
Column address hold time tam 60 ns
referenced 10 RAS
Column address to RAS lead time | tgaL 45 ns
Read command setup time trcs 0 ns
Read command hold time tRch 0 ns 11
referenced to CAS
Read command hold time tRAH 0 as 1"
referenced to RAS
Write command hold time tweH 15 ns
Wit ™ | s eo :
Write command pulse width twp 15 ns

Continued on next page.
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1.C321664AJ, AM, AT-80

Continued from preceding page.

Parametar Symbol min max Unit | Note

Write command to RAS lead tme | taw 20 ns

Write command 1o CAS lead time | tow 20 ns

Data input setup time tos 0 ns 12

Data input hold time ton 20 ' ns 12

Do o e o I

Refresh period taer 4 ms

Write command setup time twes 0 ns 13

CAS to UW, LW delay time towp 50 ns | 13

RAS to UW, LW delay time tawD 100 ns { 13

g;l:ﬂ?me;ddress to UW, Lw tawd 6 ns 13

S taet pas moda Cyde onlyy | lopwp 70 ns | 13

CAS setup time for

CAS-before-RAS refrash tesh 10 ns

CAS hold time for

CAS-before-RAS refresh cHR 15 ns
D™ e 0 :

%%&?2?:_%%2;: gtrer test fcpT 40 ns

RAS hold time referenced o OE | tpon 15 ns

OE access time toea 25 ns 9

OE delay time toED 15 ns

%at;) t?nt'j;tgm buffer turn-off torz 0 {5 ns 10

OE command hold time toEH 20 ns

Data input to CAS delay time o7 0 ns | 16

Data input to OF delay time inzo 0 ns 16

Masked write setup time tucs 0 ns

Masked write hold time i

referenced to RAS MRH 0 ns

oot ae e | o : .
Input/Qutput Capacitance at Ta = 25°C, f= 1 MHz, Vo =5V 10%

Parameter Symbol min max Unit

Input capacitance c 7 oF

{Ag to Ay, RAS, CAS, UW, LW, OE) IN

/O capacitance {0, to I/O4g) Cyo 7 pF

No. 4795-6/30



LC321664AJ, AM, AT-80

Notes: 6)

7
8)

9
10)

11)
12)

13)

14)

15)

16)

After the power is turned on, 200 Us are required after the arrival of V¢ stabilized current before
memory is initialized and begins operation. In addition, before memory operation initializes,
approximately 8 cycles worth of RAS dummy cycles are required. When the on-chip refresh counter is
applied, approximately 8-cycles worth of CAS-before-RAS dummy cycles are required instead of the
RAS dummy cycles.

Measured at tT = 5 ns.

When measuring input signal timing, Vi (min) and Vy (max) are used for reference points. In
addition, rise and fall ime are defined between Vyy and Vi

Measured using an equivalent of 50 pF and one standard TTL load.

lopr (Max) and topz (max) are defined as the time until output voltage can no longer be measured when
output switches to a high impedance condition.

Operation is guaranteed if either tygyy of tycy are satisfied.

These parameters are measured from the falling edge of CAS for an early-write cycle, and from the
falling edge of UW and LW for a read-write/read- -modify-write cycle.

twess lewps tRwps tawp and topwp are not restrictive operating parameters for memory in that they
specify the operating mode. If tycg 2 tweg (min), the cycle switches 10 an early-write cycle and output
pins switch to high impedance throughout the cycle. If tcwp 2 towp (Min), trwp 2 trwp (Min), tawp
tawp (min) and trpwp 2 tepwp (min), the cycle switches to a read-write/read-modify-write cycle and
data outputs equal information in the selected cells. If neither of the above conditions are satisfied,
output pins are in an undefined state.

tlrcp (max) does not indicate a restrictive operating parameter but instead represents the point at which
the access time tpa¢ (Max) is guaranieed. If ipep 2 tgop (Max), access time is determined according 10

lcac

lgap (max) does not indicate a restrictive operating parameter but instead represents the point at which
the access time tp s (max) is guaranteed. If tgap 2 trap (max), access time is determined according to
tAn-

Operation is guaranteed if either tpye or tpz g are satisfied.

No. 4795-7/30



LC321664AJ, AM,

AT-80

Timing Chart
Read Cycle

ADto A7
YiL

ow JIH—
YiL —

— VYiH—
Vi —

ViH —
DiN
Vip —
Y01 to KO16

VoH —
Dour
VoL —

— YIH —
VIL o

tRe
tpas
“‘_;__‘*“W t AR e
\ J \
tASH tap
tRco tcas tchp
tCRPr—' tesH
3& 'ZL
N A
tash tRan tRaL
' tRAH tasc tcaH
[l
S S
ROW COLUMN
(| comumn 7
tres tReCH
g A A'd
/ / tRAH /éééé%z%éé
thcs tRcH
;Q/ 4 p'd
tRAH
tozc
Wx H’Gh Impedanca ]m
_2[ h'
tcac
taa toFr
teLz
High Impedance %‘ VALID 32
tRAC t"'——“'“‘["-‘7
t DEA I toEZ
tpzo tpoH £ 0ED

7

VA

m INVALID DaTA P77 «wor- Lt
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LC321664AJ, AM,

AT-80

Early Write Cycle

tac
tRas
i j Ly —
‘tRCo tCA:HSH | tcap
tesH
N
thaL
tcaH
COLUMN ;ZW/////////////%
tc"LtNCH
twp /642222522222222;222252;
twen
tCWLtnwL
tweH
S Z
WCA
| i ltnhrnwL .
B/ S/
VO1 to V016 DHA
|~Dgu7l :DH _ High impedance
oL —

Chore L

DEs* H or" L"

AD2140
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LC321664Ad, AM, AT-80

Upper Byte Early Write Cycle

M e
tcgpr-—- taco tc:;astHSH tcap
w7 i i
N ===,
X/ 7
- = NI
Lo 121
Um;;;;?:_mi e XO00077%
|—noUT :EH - High impedance

DE+* H or®

I I

AAAAAA
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LC321664AJ, AM, AT-80

Lower Byte Early Write Cycle

— VIH — 3

VIL'—

s M
VI —
AQ 1o A7 v _
— YIH —
— VIy —
VYIiH —
OIN
VIL —_—
O1 to 108
Raur v
oL —
v
IH —
DIN
VIL-'—-
I!091011016
|_ YoH —
Dourt v
oL —

High impedance

tac
tRas
4 A ‘
Z tap
\ 7
tRsH
tReo toas tcRp
tCFlF'["‘ tcsH
i 1
N 7
tasA tRaD tRaL
thaH] | tasc LY
‘ K007
ROW COLUMN
K 7 %
taR
tMCH
tMRH
7, v
tMes towL
tanL
WP
X 7
twech
L ‘tos tDH
b
r
tpHRA

/////////////////////////////////////////////%

High impedance

"W opt L®

OE+" H or* L®

A02142
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LC321664AJ, AM, AT-80

Wrlte Cycle (OE Control)

thc
tRas . tap
tan
FRg M- N Z’
ViL— K 7 \\____
tCSH tcRp
tpe t
tcap 1] ASH
ViH — | t A
s | . % CAS 2
L — K 7
A taao
ASR t
‘ ASC tRAL
than fcaH
ADI0 AT - ROW COLUMN 4///
— 7 g
towe
tacs
r_. tRwL
VIH — 7, Nt
o IH / twen K WP /
VIL.__
t 1 tewo
neR tos tRWL
— VI — ' Y| tup
ow 5;9, twcH | R
Vi, — ( 2
twcR t
tAcs o3 ton
0 Vi — X - 3
IN ) { VALID
IL — N 7
toHA &
101 1o O16 toeD OEH
[ tpzc Le—]
tozo
Vou — High impedance
DpuT VoL g P
toEAtAA toEZ
tRAC

W00 ) K2/

m INVALID DATA *H ort Lt
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LC321664AJ, AM, AT-80

Upper Byte Wrlte Cycle (OE Control)

. tRe
1 tRas tap
' t
: AR —
— YIH — '
RAS Z \
IL ~ N 7
i tcsH tocrp
t t
tcnpr—- ACD RSH
= Yin— 3 t g
CASV & CAS Z
L — N 7
trab
t
ASH, tase tRAL
tRAH teaH
VIH — #4 { 3
ADW A7, ROW COLUMN ///
L — . X 7 i’
t ‘
tRCS CWL ]
F— tAanL
Vg — it
T o = 0 || P77
— N Z
EMCH
tHCRA tyog | tog € MRH- i
VIH — 7, A p'd
w // W
VIL —
th

~

1101 10 1108 *tCAC

tRaC toEH
I'DOUT VOH — tAA High impedance
Yo — tozc || | FOO0 &
]
toeA I tpez
YIH — Y A
D N 2
vO8 1o V016 toHR
L tpzo
YOoH — Highii
DouT gh impedance
VoL —
LRAC

My KT

B 1nvaLto oata 2] hor
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LC321664AJ, AM, AT-80

Lower Byte Write Cycle (OE Control)

tRe
tRAS tap
tap
— YIH —
s i R
L= X 7
tesH toRp
tRco tRrsH
tcnprm—
YiH — B teas
&5 \ 7
YL — X o,
tRap
t
ASH, tASC tRaL
CRAH tcan
Vg ‘ X220
A AOW COLUMN
0AT vy _ I ] . é
EvcH
tyes | tMAK
ve !
t i towl
t?ii tRWL
Vig — Nt
= vIH 23}/ R AL ////
L — M X3 "/
twch .
t020 pze
VIH — 3 {:;f'
101 1o OB tDHR teac
taA
I‘DDUT VoH — High impedance
VoL — tRAC tDEA
1 o .
o I
Vi — '/
1109 1o VO16 tocac
Oout YoH — taa High impedance
t
tRaC n=h %
— VIH-——;Z;/ 4
Vi —

| B 1vvaLio pata 7] s v ort L

AD2145
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LC321664AJ, AM, AT-80

Read-Modity-Wrlte Cycle
t Awe
tras L trRP
taAR
HES Vig — )S A
iS5 J N
VIL —
IL i 4
t
tcnpr—* ads tosn .| terp
— VIH — 33 tcas ZL
VIL J—
t = 7
RAD L
tASFll ¢ RSH
ASC tRaL
tRAH tcaH
Vi — L \
ABW A7 ROW COLUMN /////////////////////
L — ( 7 /4
ERES [ tocwp towL
t
thAwo AWD tRWL
e VIHN— 7, iz N ot
o (M & WP
YL — K y; 7
L ACS | tewp towL
t
tawo AWD tRwL
— Vin— ' t
] V;H / _bx WP %Z%Z‘ZIZZ’ZEZ /;/7
L_
K L
taa
t t
tRAC €ac . DH
D5
tpze
VIH — i
D N
" VIL ﬂmt ) YAL1D
VO1 to Q16
[ toL
YoH — ighi
DouT o VALID High impedance
toEA
tpez toEH
tozo] | 1
toED
VIH — 4 X
Vi — J/

PO

O] INVALID DATA

*H ar* L*
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LC321664AJ, AM, AT-80

Read-Modify Upper Byte Write Cycle

tawc
tRAs tap
_Vih—_ Y L 4 3
RRS VI -— S \
tcnpl—— F ‘RGO tcap
tesH
_ ¥YIin — A toas
cAS t &(
RAD
tash, tasc ::::
LERAH toaH
A0 10 A7 Yin — AOW - COLUMN .
ViL— K 7 A
tACS towp tow
t RWD tAND tRWL
LRty L - ///////////
t
tm:s|-—-— t:;:
— YIH — A4
. Vi —/ 4%2_/'%/ %ZZZ
taa
tAAC tcac
Vi —
1lo
Bout :DH — % VALID E High impedance
oL — K Aeos toH
. tpzc I
v
o T
V02 to V016 torg
DouT VoH — 'fVALm}( High impedance
YoL — K 7(
toea toEZ tOEH
tpzo| | £
DED
__ Yin— 4 3’?222’2
ViL — /

B 1nvaL1o DATA “H ort L

AO2147
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LC321664AJ, AM, AT-80

Read-Modify Lower Byte Write Cycle

tawc
thas tpp
tan
FEa N
ViL — K 7 i
*ACD tcRp !
tcnpr—~ tesH ;
— YIH — 3 teas y
RS Sr ]Z
R tRap then
ASR_, | tASC tHAL
tRaH tecan
VIH — - T
A7 COLUMN
tMCH
tMCSI'—"‘ L-—-'tMRH
v —_ A4
ow EZQ/ zéézzéé?r ‘EEéééE%%ég
tRES|~—- towo tewL
tRwo tanp tRWL
e YIH e /) y N tyup
Movi —-ff;/ & /455
K Z Z
taa
t t
tRAC CAC tps OH
tpze
D Yin — K
r IN f { VALID
= toLz -
V01 10 OB
VoH — c
LDOUT vDH VALID High impedance
oL —
VIH —
D
0 7027
o4 to K016
' You — — P
LDOUT VDH VALID E High impedance .
oL — X 7
toEA toEz toEH
tozo Y OED
—_— VIH —_— A Y
i — / _

m INVALID DATA [///] "H or bs
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LC321664Ad, AM, AT-80

Fasl Page Mode Read Cycle

tRAGP thp
- YIH— 3 y 3
RAS | S Z
IL— K 7
toeH tpg tasH teae
t t t t t t
tcnp|—- ACD CAS cP CAS \ cp CAS
— VYin— X 4 \ Y\ —
tRaD tRaL
tasr tRAH tCaH toaH tcaH
tasc tasc tase _
Vi — 4 y 4 4
AOto A7 v ROMW COLUNN COLUNN COLUMN /
n— K 7 K K. //
taR tacs tACcs tRAH
tacs tREH tAcH FROH] tacH
_ V¥u— 7, 4 X777 3 7 3
. Vio //
tRCS kACS tRAH
tRecS tRCH tRCH tRCH
e YIH — 7, s X A4 X y X
Lw ﬂ 7
VIL —-_—
tozc tpze tozC
IH—
D K Y
B vIL__‘EzEEZzzE;zEEzzl f jézl )ézzzzz
toen Z teac tcac
t
toac tan- taa OED
1401 to VO16 tan tepa tcra
tRAC
tarF
toFF t
teLz or touz -+ tnz0 toez 1.OFF
Lo VoH — High impedance - " -
out vo VALID vaLIO )} VALID
— K 7
tDEA . toED toEA
t
D20 tpEZ tpzo togz toez
toEA :
5 M
Vie— X /2’

m INVALID DATA *H or*L*®
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LC321664AJ, AM, AT-80

Fast Page Mode Early Write Cycle

AOto A7

DIN

1O1 1o KO8

L

DouT

tRasP . tRp
VIH — )S
Vi, — 2 \
IL Y 7
tesH tpe tRSH
trcop t top t tcp t tch
¢ cappe CAS C CAS c CAS | | CRP
VIiH — 3&
VIL R ( 7 ( ;
trap thaL
tash| |taan
toam toaH
tase
VIH N
/ ROK COLUMN MN
YiL — /
| t,
tan [ tew towe | SWCST| [ [ towe AnL
t t
tugs]..| |SHCH tucsl] [ tweH
VIH — typ twp typ | /7
VI — .y
* &,
tweR | [towe towe ; Ewcs towl ARL
t t
twcsL_ | HEH tyegl ] [ HEH tweH
e YIH— typ tup tyup
ViL— A /A
twCR
tos tps tps .
DH
VI — y
v YALID VALID VALID
L —
tpHR
YoH — High impedance
VDL J—

“H or°L"

t* H" ap” L®

al

AQZiEQ
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LC321664AJ, AM, AT-80

Fast Page Mode Upper Byte Early Write Cycle

tpase tpp
s T N
Vip — &k Z
7
tesH tpg tRsH
taco t t t t t t
tcRpi- CAS cP CAS cp CAS CRP
o N NI
Vi —
7 N
taaL
tash t
ASC| [tcaH toaH
tasc
VIH._.._ '
AC 1o A7 VI — i ROW COLUMN COLUMN /
K : gd
t
tewl || twES towL HAL
t t
twesl | [ HEH twosl ) | ReH tweH
Vig —
I — 2 A
tweR EMCH tMCH ' tucH
tMes tMes tucs ~—{EMAH

e/ iBRA% N\
P S22 777,

o1 to 1iO8
Veu o
oout OH High impedance
VoL —
tps tps tps ¢
oH
VIH —
DIN VALI
l’ Vi — o VALID
KO8 10 VO16 toHR
YoH — ighi
BouT High impedance
YoL —

e or L

DE:" H or L

AD21B1
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LC321664AJ, AM, AT-80

Fast Page Mode Lower Byte Early Write Cycle

tRasp tpp
— YIH — y )
AAS S
IL— - ' ] N
tcsH trc tRsH
tCAPF SLLL tcas || tep | tcas | tce | [tcas tcRp
e VIH— B Y ey /
CAS |, & Z S Z S Z
L — c 5
tpan . ;_-__;tml.
t tran
il tcan tasc| |tcan toaH
tasc ‘ tasc
Vg —
AotoA? M AOY COLUMNN COLUMN COLUMN /////
Vi — / 7
tan [ _
! EMCH tMCH I EMCH
tMes tMcs tMes [t MAH
WVIH_722§/§/7 .\(@t _\4@1 yééé%
tRWL
ECwL tewe | twcs oL
t t
tweslo) [ nCT twes| | [LMEH tWeH
o, /
= Y, Z X y. Y,
twecr
tps
Vig —

Drn VIH VALID
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Fast Page Mode Read-Modify-Wrlte Cycle
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Fast Page Mode Read-Modify Upper Byte Write Cycle
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Fast Page Mode Read-ModIty Lower Byte Write Cycle
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Hidden Refresh Cycle
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RAS-Only Refresh Cycle
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CAS-Before-RAS Refresh Counter Test Cycle (read)
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CAS-Before-RAS Refresh Counter Test Cycle (write)
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7S YIiH — .
Vi — K 7
L tcsm | tewr . teeT *RsH terp
tRAL
teas
— YIH — ' >
TAS S
IL— N A
’ t

v v =k W
- | 0,
= |

]

e Ir S
um[; u:: V;H e

i

AAAAAA
777777
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CAS-Before-RAS Refresh Counter Test Cycle {read-modify-write)
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W No products described or contained herein are intended for use in surgical implants, life-support systems, asrospace

equipment, nuclear power control systems, vehicles, disaster/crime-prevention equipment and the like, the failure of
which may directly or indirectly cause injury, death or property loss.

E Anyone purchasing any preducts described or contained herein for an above-mentioned use shail:

@ Accept full responsibility and indemnify and defend SANYO ELECTRIC CO., LTD,, its affiliates, subsidiaries and
distributers and all their officers and employees, jointly and severally, against any and all claims and litigation and all
damages, cost and expenses associated with such use:

@ Not impose any responsibility for any fault or negligence which may be cited in any such claim or litigation on

SANYOQ ELECTRIC CQ., LTD,, its affiliates, subsidiaries and distributors or any of their officers and employees
jointly or severally.

B Information (including circuit diagrams and circuit parameters) herein is for example only; it is not guaranteed for
volume production. SANYO believes information herein is accurate and reliable, but no guarantees are made or implied
regarding its use or any infringements of intellectual property rights or other rights of third parties.

This catalog provides information as of March 1996. Spacitications and information herein are subject to
change without notice.
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