Ordering number : EN4795C

CMOS LSI
LC321664AJ, AM, AT-80
SANYO 1 MEG (65536 words x 16 bits) DRAM

Fast Page Mode, Byte Write

Overview Package Dimensions

The LC321664AJ, AM, AT is a CMOS dynamic RAM  unit: mm
operating on a single 5 V power source and having a  3200-s0J40
65536-word x 16-bit configuration. Equipped with large
capacity capabilities, high-speed transfer rates and low
power dissipation, this seriesis suited for awide 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 in 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.

[LC321664AJ]

Features
* 65536-word x 16-hit configuration
* Single 5V +10% power supply SANY0:S0J40
 All input and output (I/0O) TTL compatible
« Supports fast page mode, read-modify-write, and byte-  unit: mm

write. 3195-SOP40

 Supports output caching control using early write and
OUtpUt Enable ((TE) control. [LC321664AM]

e 4 msrefresh using 256 refresh cycles

« Supports RAS-only refresh, CAS-before-RAS refresh 26.20
and hidden refresh. fuannanganngnngnnnf

e Packages
S0J40-pin (400 mil) plastic package: LC321664AJ )
SOP 40-pin (525 mil) plastic package: LC321664AM (@)
TSOP 44-pin (400 mil) plastic package: LC321664AT y HHHHEZE LELLELL Hﬂgo g

* RAS access time/column address access time/CAS

access time/ cycle time/power dissipation ! i

SANYO:SOP40

Parameter LC321664AJ, AM, AT-80
RAS access time 80 ns
Column address access time 45 ns
CAS access time 30 ns
Cycle time 135 ns
Power dissipation During operation 633 mwW
(max.) During standby 5.5 mW (CMOS level)/11 mW (TTL level)

SANYO Electric Co.,Ltd. Semiconductor Bussiness Headquarters

TOKYO OFFICE Tokyo Bldg., 1-10, 1 Chome, Ueno, Taito-ku, TOKYO, 110-0005 JAPAN
32896HA (OT)/03194TH/81094TH (OT) No. 4795-1/30



LC321664AJ, AM, AT-80

Package Dimensions
unit : mm
3207-TSOP44

[LC321664AT]
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SANYO:TSOP44 (TYPE-II)

Pin Assignments

$0J40, SOP40
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LC321664AJ, AM, AT-80

Block Diagram

O vcc
RAS o—>[ Clock generator No. 1 O Vss
— \' —
TAS O- >{ Clock generator No. 2—]— or
I oW
Mode v |
conT!ler Clock generator No. 3
Lower b te': Upper byte
Refresh -l ye. - O 1,01
counter 8| | \l, ], -— Q 1/02
J{ --------- \I{ '§ 236 © 16 brpemo‘;y =—  Data input buffer - O 1/03
2 X its e - p, -— Q 1/04
Row li ‘ o110 | L0910 -— O 1/05
° address  |<— vog | VO16 +~— O 1/06
A0 O —= buffer ! -~ O 1,07
A1 O —- @--assx1s---$ -~ 0 108
:g 8 - Sense amplifier -— O 1/08
VO gate Data output -— O 1/010
At — buffer t—= =— O I/011
AS O - T _____ 255_-_-1‘ ~~ 0 1,012
A6 O — -~ 0 1,013
A7 O — Column Column decoder -~ 0O 1,014
address Pre-decoder -— O 1/015
buffer Substrate bias e O 1,016
generator -
OE
A0212S
Specifications
Absolute Maximum Ratings
Parameter Symbol Ratings Unit | Note
Maximum supply voltage Ve max -1.0to +7.0 \% 1
Input voltage VN -1.0to +7.0 \Y 1
Output voltage Vout -1.0to +7.0 \Y 1
o LC321664AJ, AM 800
Allowable power dissipation Pd max mw 1
LC321664AT 700
Output short-circuit current lout 50 mA
Operating temperature range Topr 0to +70 °C
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=0to +70°C

Parameter Symbol min typ max Unit Note
Power supply voltage Vee 4.5 5.0 5.5 \% 2
Input high level voltage \m 2.4 6.5 \% 2
Input low level voltage (A0 to A7,
RAS, CAS, UW, LW, OE) Vie -1.0% +0.8 v 2
Input low level voltage
(/01 to 1/016) Vie -0.5 +0.8 v 2

Note: 2) All voltages are referenced to Vgg.

A bypass capacitor of about 0.1 pF should be connected between V¢ and Vgg of the device.
* —2.0 V when pulse width is less than 20 ns

No. 4795-3/30



LC321664AJ, AM, AT-80

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

Parameter Symbol Conditions min | max | Unit | Note
Operating current | RAS, CAS, address cycling: 115 A 3, 4,
(Average current during operation) CC1 trc = trc MIN m 5

Standby current lceo RAS = CAS = V| 2 mA

RAS cycling, CAS =V :

RAS-only refresh current lcca tre = tre Min 115 mA | 3,5
RAS =V, , CAS address cycling: 3,4,
Fast page mode current locs | pe = tpcl%nin yeling 70 | mA | g

Standby current lccs RAS = CAS = V0.2V 1 mA

RAS, CAS cycling:

CAS-before-RAS refresh current lcce tre = tre MiN 115 | mA 3
<V < i

Input leakage current I (r)n\(/e;s\lﬁ’i\lné S”? \i (F))\I/ns other than ~10 | +10 | pA

Output leakage current loL (E))\?UST\?CI)SLTbe 5 5v 10 | +10 | pA

Output high level voltage VoH lout = —2.5MA 24 \

Output low level voltage VoL lout = 2.1mA 0.4 \Y,

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

4) Iccq1 and Iy are dependent on output loads. Maximum values for Iccq and Icc, represent values with output
open.

5) One address change can be performed while RAS =V, (Iccq and lges).
One address change can be performed during one tpc cycle (Icca).

No. 4795-4/30



LC321664AJ, AM, AT-80

AC Electrical Characteristics at Ta=0t0+70°C,Vcc =5V + 10% (Note6, 7, 8)

Parameter Symbol min max Unit | Note
Rendom s o s
(F:{yecallg-t\i/vnzlée/read-modlfy-wrlte trwc 180 ns
Fast page mode cycle time tpc 55 ns
Fast page mode
Read-write/read-modify- trrwC 100 ns
write cycle time
RAS access time traC 80 ns 9,&4
CAS access time teac 30 ns |9, 14
Column address access time tan 45 ns |9 15
CAS precharge access time tcpa 50 ns 9
{mé fom CAS low tauz 0 ns | 9
Output buffer turn-off delay time torr 0 20 ns 10
Rise or fall time tr 3 50 ns
RAS precharge time trp 45 ns
RAS pulse width tras 80 10000 ns
Eﬁf’p‘;‘a':em";géhofrﬂ; traSP 80 100000 ns
RAS hold time trsH 30 ns
CAS hold time tesn 80 ns
CAS pulse width teas 30 10000 ns
RAS to CAS delay time treD 25 50 ns | 14
RAS to column address delay time | tgap 17 35 ns 15
CAS to RAS precharge time tcrp 10 ns
CAS precharge time tcp 10 ns
Row address setup time tasr 0 ns
Row address hold time tRAH 12 ns
Column address setup time tasc 0 ns
Column address hold time tcaH 20 ns
Column address hold time tar 60 ns
referenced to RAS
Column address to RAS lead time | tga, 45 ns
Read command setup time tres 0 ns
Read command hold time trcr 0 ns 11
referenced to CAS
Read command hold time t
referenced to RAS RRH 0 ns | 11
Write command hold time tweH 15 ns
Write command hold time t
referenced to RAS WCR 60 ns
Write command pulse width twp 15 ns

Continued on next page.

No. 4795-5/30



LC321664AJ, AM, AT-80

Continued from preceding page.
Parameter Symbol min max Unit | Note
Write command to RAS lead time trwiL 20 ns
Write command to CAS lead time towL 20 ns
Data input setup time tbs 0 ns 12
Data input hold time toH 20 ns 12
Data input hold time t
referenced to RAS DHR 60 ns
Refresh period tRer 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 tRWD 100 ns | 13
nglI:;r}?maeddress to UW, LW tawD 65 ns 13
(e e page mode oy ony | PO 70 ns | 13
CAS setup time for
CAS-before-RAS refresh tesr 10 ns
CAS hold time for
CAS-before-RAS refresh teHr 15 ns
i 3 -
g%gr;g?;r_lg_igrzgufg{er test tepr 40 ns
RAS hold time referenced to OE tRoH 15 ns
OE access time toEa 25 ns | 9
OE delay time toep 15 ns
dOeEIat)(/)t(i)nlitepUt buffer turn-off torz 0 15 ns 10
OE command hold time toen 20 ns
Data input to CAS delay time tbzc 0 ns 16
Data input to OE delay time tbzo 0 ns 16
Masked write setup time tves 0 ns
Masked write hold time turn 0 ns
referenced to RAS
Masked write hold time t
referenced to CAS MCH 0 ns
Input/Output Capacitance at Ta=25°C,f =1 MHz, V=5V = 10%

Parameter Symbol min max Unit
Input capacitance -
(Ao to A;, RAS, CAS, UW, LW, OE) Cin 7 pF
I/O capacitance (/04 to 1/04g) Cio 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 ps 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.

Messured at tt =5ns.

When measuring input signal timing, V|4 (min) and V| (max) are used for reference points. In
addition, rise and fall time are defined between V, and V, .

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

topr (Max) and toez (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 trry OF trcp 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 aread-write/read-modify-write cycle.

twes tewp: trwps tawp a@nd tepyp are not restrictive operating parameters for memory in that they
specify the operating mode. If tycs = tywcg (min), the cycle switches to an early-write cycle and output
pins switch to high impedance throughout the cycle. If toywp 2 towp (MiN), trwp 2 trwp (MIN), tawp 2
tawp (Min) and tepyp = tepywp (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.

trep (mMax) does not indicate a restrictive operating parameter but instead represents the point at which
the access time tra ¢ (Max) is guaranteed. If tgep = trep (Max), access time is determined according to
teac:

trap (Max) does not indicate a restrictive operating parameter but instead represents the point at which
the access time tgpc (Max) is guaranteed. If tgap 2 trap (Max), access time is determined according to

Operation is guaranteed if either tp,c or th7 are satisfied.

No. 4795-7/30



LC321664AJ, AM, AT-80

Timing Chart
Read Cycle

AAS I —
Vi —

CAS Y1H —

VIip —

ViH —

AOto A7 v .
VIH —

VIL N

—_ VIH —

Vi —

ViH —

DIN
{ Vi —
VO1 to VO16
VOoH —
DouT

VoL —

5E VIH —

VIp —

&\ N 7Zl———}\—
tcnpl—— taco l e teas tchp
E‘ Ajz

tRcs tRcH
7 / YM
/ / tRRH
tRecs tRcH
5}’ A X,
tRRH
tpzc

High Impedance

G212

777

tcac
tan torFF
tcLz
KR l* N
High Impedance Z00HN N
Q00000 VALID
—:l
tRAC
T
toEA 0EZ
t 0ED
tpzo tROH

VI

MINVALID DATA V//A *H or L

A02139
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LC321664AJ, AM, AT-80

Early Write Cycle

ViH —
Vip —

D
>
7]

0
bd
157}

AOto A7

VIH —
ViL —

ViH —
Vip —

V01 o VO16

L

DinN

VoH —
Dour VoL

trc
tRAS
\ tap |\
X 7
tRsH
tReo tcas tcrp
tchap !-—‘ tcsH
N
tasn| | tRAD tRAL
tpan|  tasc tcaH
A \
ROW k COLUMN /423
7
taR
towL
twecH
twes
%2%%22;;;2222} twp / /
/ N /] 7
twer
tRwL
towe
tWCH
WP
/ A é
twch
tRWL
| tps tpH
N
VALID E@ZZZZZZZZZZZ ZZ ZZ%ZZ
7
tpHA

High impedance

m *H or" L®

OE:" H* ar® L*

A02140
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LC321664AJ, AM, AT-80

Upper Byte Early Write Cycle

___ Vin—

A0 to A7

[
x

r
x

Din

VO1 to /1O8

!

DouT

(DIN

109 to V016

]

DouT

Vig —

VIH —
Vip —

Vi —
Vi —

ViH —

ViH —

ViL —

ViH —
Vip —

VoH —
VoL —

VIH —
Vip —

Vou —
VoL —

N Jom X
e
—j )&‘——t;:r’Zﬁ

=S == 700000
= —=— 9
i .
)

High impedance

*H or* L"

A\

[=

E:*H or°L®

A02141
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LC321664AJ, AM, AT-80

Lower Byte Early Write Cycle

TN frw N
v tcnp[——— tReo ) tctst':-!AsHSH - tcap

T \ /

e U Y
R/ W
== s~

mf:;:?:im Dst::m I

LDOUT :g: - High impedance

MRS ///77//7/77/7/%7/7//%

Loss rou — High impedance

777 - ore L
DE ] DP- L‘

222222
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LC321664AJ, AM, AT-80

Write Cycle (ﬁ Control)

tRe
tRas . tmp
taR
axs M & \
Vi — X 7
tosH tcre
tcnpt——~ trcoD tRsH
xS VIH — y tcas Zf
Vi — y
tRaD
t
ASR, tASC tRAL
tRAH tcaH
ViH — / h
AOto A7 VIH ROW COLUMN W
L— N Y, .
towL
trRcs
F— tRwL
_ Vig—7, twp
N/ tuon RF*P /7 %
IL— N Y, z
t
twcr t CNLA
03 tRwL
VIH — A Xl twp
— VIH 7/ tweH | K
Vi — X 7
t — t
WeR  Fos DS tom
ViH — '
DIN VIH WE )& v__JALm W
L — N
/01 to V016 FonR toeD toEH
tpzc el
tpzo tcac
VoH — High impedance
DouTt Vo
\¢ &
tAA
t t
tRaC DEA 0EZ
VIH—7 y 4
VIL—'

m INVALID DATA *H or®L®

A02143
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LC321664AJ, AM, AT-80

Upper Byte Write Cycle ((E Control)

tRe
tRas trp
tam
e TN R
ViL — N A \___
tcsH tcrp
tcnPI-—— tRreo tasH
_ ViH — A tcas
CAS S Z
- \ 7
thRan
t
ASH, t"ASC tRAL
tRAH tcaH
VIH — A \
AO10 A7 ROW COLUMN /
L — N W, i
t
tRcs ctwan_
r___
ViH — 7 ¢ X | twp /
W |, WCH N
IL — N 7
tMeH
tWCR tycg l tps tMRh
v — /7, A X
VIL —_—

ol 7///////////////////////////////////////////

101 to /1O8 tRAC tcac toEH
I'DOUT VoH — taa High impedance
VoL — tozc _! Ay
t
toEA T “OEZ
Vi — 4 A
DIN I ) { VALID
( ViL — K
vO9 to 1016 tDHR toeD
tpzo } tcac
I_ VoH — High impedance
DouT v
oL — X
AA
t t
tRAC OEA 0EZ

L7/ X000

MINVALID DATA "H or® L"

A02144
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LC321664AJ, AM, AT-80

Lower Byte Write Cycle (ﬁ Control)

tRc
tRAS tRP
taR
e VIH — y / \
RAS & Z
ViL — N 7
tcsH tcrP
trco tRsSH

tcnpl-—-

Vi — h tcas
Vie—__ / &( 7Z

CAS
. tprap
ASR, tasc tRAL
tRAH tcaH
. X777
ROW COLUMN
AOto A7 Vil — Kk 7 /4;2
tmcH
tues ] tMRH
VI — /// 4 *’M
Vil —
t | towL
tln-si tRWL
— YIH —7/ tuch )( tup
HMovp T2 A
twch tps—t
t t
tpzo bzt toez oH
Vik — N . A
[-DIN hL__;ZZZé;Z?/A( )2 VALID
01 to /108 tDHR tca toEIo
| LEARf ool | toeM
VoH — igh impedance
DouTt vg,’j . s gh'mp
tRAC toEA
ViH —
llOQto vO16 l-tCAC
VoH — tAA High impedance
DouT VoL —
toEA
LRAC toEZ

g7/ N2

m INVALID DATA *H or* L

AD2145
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LC321664AJ, AM, AT-80

Read-Modify-Write Cycle

tRwc
tRas . tmp
taAR
__ Vin— y
RAS | &k \
- 7
t
tcRp RCD tcRP
tcsH
g VR 3& tcas ZL
ViL — X j
tRaD
tasn tRsH
‘ tasc tRAL
| tRAH tcan
to A7
Vip — N 7 /62
tRCS|—~ tcwp towt
t
tRwD AND tAWL
D_N_VIH—V/ A lx tywp ///////////
ViL— X 2 7
- tRCS[—- tcwo towL
t
tRWD AND tRWL
— VIH— 7, 4 \ twp
LR/ N0
L — K //
taa
t t
tRAC CAC tos, DH
tpzc
Vig —
D N
/01 to VO16
[ tovz)
VoH — High impedance
DouT VoL VALID 9 P
toEA
. toEZz toEH
Dzo| | toED
——E-VIH”—‘ / Y,
ViL— /7

MINVALID DATA V///] *H or L

A02146
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LC321664AJ, AM, AT-80

Read-Modify Upper Byte Write Cycle

S -
tcnpr—— el tcsH -
Sl
w5 = Y= X
w7 ‘ |\—777/////%
o :W N 5'%
N 777727222777
/01 :OV:: :EE : — %Eil — High impedance
it
vog ;ool;oTWVOH B mm’( High impedance
VoL — N
e, B N/

R 1nvaLio pata [J77] ~Hore e

AD2147
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LC321664AJ, AM, AT-80

Read-Modify Lower Byte Write Cycle

tnA: - trp
mr N N
tcnp‘-—‘ tAco : :CSH tchpP
TAS :i: B &T CAS JZ
tash thAD tAsSH
' ASC ' tRAL
tRAH tcaH
S B 7 Sl
t MCSp—- F:E:E:
w v~ 0 K
ERCS - tcwD tewe
tRWD “AWD tRWL
R/ .. N
tnActch = oy =
|/o|1-tDoI|/Za v;: - ME terz) 1
LDOUT :OH — VALID High impedance
oL —
o 77777777272
I‘DOUT :2: - %&( High impedance
toEA toez t0EH
tpzo| |

tOED
)(
E ViL — /F %
m INVALID DATA * W ore Lt

AD2148
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LC321664AJ, AM, AT-80

Fast Page Mode Read Cycle

Pl
>
(2]

(2]
0

AO to A7

VO1to VO16

tRAasP tap
N / X
ViL— N 7
tesH tec tsH tcRp
t t t t t tcas
tcnp|-— RCD CAS cP CAS , cP ,
Vig — \ Zl \ l 5 l
Vi — S‘ v, S S(
tRAD tRAL
tasr tRAH toam toam tCAH
tasc tasc tasc
ViH — A N 4
Vi ROW COLUMN 4 COLUMN COLUMN /
- K Y N Z
tAR tRecs tRecs tRRH
t
tRcs tACH tRCH “Ti tRCH
Vig —
tRecs tRcs tRAH
tRCcs tRCH tRCH tRCH
VIu __/// 7 3 7: Y 7: Y
VIL'——
tpzc toze tpze
Vin— k 3 %
S22 % 7, {
toep teac tcac .
teac taa- taa 0ED
t t
. taa CPA CPA
RAC
torF
toFF torF
teLz | teLz - 070 terz
Von —  Highimpedance - 4 -
VALID VALID})- VALID
VoL — . X 7
toEA , toED toEA
t
D20 toEz tpzo toEZ toez
toEA
—
VIH——
i — A Z /

m INVALID DATA "H or*L*®

A02148
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LC321664AJ, AM, AT-80

Fast Page Mode Early Write Cycle

tRasP L tmP
___ VIH — y
RAS . S \
N 7
tcsH tpc tRsH
tRco tcas tcp tcas tcp tcas, | tcre
tCRP[
— VIH— A
CAS &
L — K 7 K 7
trap tRAL
FASR) | CRAH tcaH tcaH
tasc
Vi —
AOt0A7 |, ROW COLUMN MN ////M
L — /
\ tanL
tar | |tcwL tewe | EWEST [ tewe
t tyueH
twcs[_ | MCH | twesl ] LMC tweH
oW ViH — twp twp twp |V ///
Vie — % Yy, A y, /7
4tnwL
tweR tew towe | EWEST [ towe
t twcH
twesl. |LUCH  twesl. [LMC tweH
— VIH — twp twp twp ,///
w
Vie — y, A /7
twcr
tps
VIH —_
Din v VALID
L —
V01 to VO16 toHR
l_ Von — High impedance
DouTt
VOL —_

777 - b ore L0

OE:" H* or* L*

A02150
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LC321664AJ, AM, AT-80

Fast Page Mode Upper Byte Early Write Cycle

trase tpp
xS ViH — 3& Z{—w_
ViL — , \
trc tRsH
t t t t
tcRpI-- CP CAS cP CAS tcrp
— VIH — [\ '
CAS Vil — & Z & Z
N7 \ 7
t . tRpaL
ASR
tasc| {tcan . tcan
ASC
Vg —
A0 to A7 vi:___ Row COLUMN COLUMN ////%
[ f
tar towl tewL | | twcs tonL tawL
tWest o TNCH Jewes| | [MCH twcH
o VIH — / typ % twp % twp W
ViL — é J ( . //
twer tMCH tMCH |L tmcH
tucs tMcs tMmcs =~ t MRH
— VIH — p'4 A 4 7
22 % ‘%
L —
Vik — 7
[ L — 7
Y01 to ¥O8
1 v N
DouT OH High impedance
tps
Vig —
"DIN VIH VALID W
L —
V09 1o 11016 tpHA
| von— o
Dout vOH High impedance
oL —

D

*H or" L"

OE:" H or" L"

AD2151
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LC321664AJ, AM, AT-80

Fast Page Mode Lower Byte Early Write Cycle

tRaspP tap
xS M & Z
ViL— X 7 \_
tcsH tpc tasH
tonpo tRco tcas tep tcas tcp tcas tcrp
oxs N 7 N 4 N/
N7 N7 N 7
[._tRaD . tRaL
tasn| [tRAH
tcaH tasc| |tcan tecan
tasc tasc
Vig —
A0 to A7 V;: AOW COLUMN COLUMN COLUMN /////////
tar L t .
l tMCH tMCH FTT T MeH
tMcs tucs tMcs <=1t MRH
v — 7, Y y X A h'd
™ v~ T % % 2
tRWL
Ll itcw tewe | twes towl
twcsL EWCH gy cql | [FWOH tweH
T i D
ViL — N 2 //
twer tps tps .
tos - DH
VIH —
DIN v VALID ALID VALID
L —
VO1 1o V08 tonn
L v n
DouT OH High impedance
VDL S
VIH P
DIN
[ ViL — W
V09 to 11016
| vew— Highim
Dout OH igh impedance

*H or°L"

)

OE:*" H  or" L*
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Fast Page Mode Read-Modify-Write Cycle

tRASP tpp
tesH tRsH
ViH — p
FAS Vi: N taR ]
- K
tRco trRNC
terp, tep tcp tCRP
- tcas tcas tcas
oE Vih —
VIg —— tRap | X v K A K 7
tRAL
tRAH
tocan tecaH tcaH
tASA| | ltasc tasc tasc
Vi — AL Y p { p
AOto A7 v:: AoM COLUNN EW ﬁ COLUNN @_ COLUMN ] / 2
— X __A K A K K
tawn tewL tAND tow tcpwp tow
tAcs| tewo ¢ tcwo tacs tano N
ACS —stAnL
1 tAND twe tcPwD twp | 11 tcwo L allewe
1
 ViH— » R - \
UW N N
L — KA
tawn tewL tAWD towL tcpwo tewL
tacs tawo l—ttant.
— tRND tue tcpwo twp tcwp tup
 Vin— \ p i p
ey N N A
tps, tcpa tps, tcpa tps,
t
tozey, || | teac ton, ®0Z¢| || teac ton, PO | teac toH
oy YIH—7 L v L Y ! L -
IN 4N va1o LN vao LA var1o 7,
[ ViL— /7 . K . K 4 . K 7
AA AA AA
1101 to 1O 16 tRAC
WALILY toEn toEA toeH | tOEA toEH
VoM — L R 4 p l y p
oour 2" VALID) VALID vaLzol) High Impedance
VoL — A g
toLz tcLz teLz |
e T
toE | toez toE
tozol | tp20] — tpzo -
= VIH ——7/// s 3 s 5
Yno— / ;__/ ;____/ Z
4 toED toED toED

OB 1NvALID DATA CHoore L
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Fast Page Mode Read-Modify Upper Byte Write Cycle

tRase tap
tesH
ms M — X tan
ViL — 3 4
trco tepanc tasH
tcRp, tcp tcp tcap
! t t tcas
s VIn— CAS CAS i
Vie— L tRaD 1% 7 K 7 K Vi
tRAH] tRAL
M tcaH tcaH
tashl | |tage can tAsc_i tasc
ViH — KN p v \
A0 to A7 ROW COLUNN COLUMN COLUNN / /
ViL— 2% AR 7 K 7 < 7
tawn towe tano o tcPwo t L
tRCS| tcwo thcs tcwo tacs tAND AL
11 SRMD tue tcPwp tup l"—" tcwD twp
— VIH —7 R p ZF y
L _M S S S
l ¢ tucH S (KT tMRH
e tacs "‘l tacs ::‘
'._.- —+-— - tuCH
__ Vin —7 W ///
(]
Vit — tps, tpg, tpg
—l ] tepa ‘l
VIH— 2 ”
N v p 4/// / % 3 7
- taa taA taa
t t, tecac
101 to 1OB S AAC } EEA . lcac_| .
toEH OEH OEH
o QEH _ l—OEH , l—QEH
[ VoH— ¢ y ¢ )( 4 )t High Impedance
Dout VoL VALID( VALI“L VALI"‘
tcLz 7 tcLz ] teLz L —
T
t t
*02¢| | teac toH D26 | teac toH ';EF toH
Vin— F 3 5 2;‘ ) b 2}
DIN VALID VALID YALID
[ vi— dpEE )?t a7 JuCT W17 T
1/09 to V016 A4
Dout :OH vaLzo vaL10[) VALID High Impedance
oL —
teLz teLz toLz
tozg| 7" toez tozo| | ’ toEz tozo [ toEZz
— ViH —/ Y 3 - y 3
v — X / ;__/ s_/
toED tOED toED
BB tnvaLID DATA 7] *wortie
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Fast Page Mode Read-Modify Lower Byte Write Cycle

trasp tRP
tcsH
VIH — p
{7 vi: K tAR )
- K
tRep traAnc tRSH
tcRe, tcp tcp tchRp
Vin— "3 teas tcas tcas o
TAS
ViL— LtRan , (Y 7 K 7 K 7
(ERAH . . . tRAL
tash| | [ease CAH tasc CAH tasc CAH
VIH — - 2 N R
AOto A7 AON COLUMN COLUMN COLUNN
n— K i K A 7
tMcH tucH tMRH
tRcs| t t
] _Llltrcs _+__ncs tucH
7
win =2 %‘“ N
UW
Vie— tanD tenL tAwD toHL tcewn -~
tAcs tcwo tRcs tcwo tAcs tanD N
11 tRWD t""’: tcPwo twp |'—" tcwp twp
— Vin _./// L y p! R
o™ N N N
VL —
n tpg tcPA tog | Wtcpa tps
|tnzc__4 teac tow, tozc| [tecac ton, tpzc tom
VIH—7 L y g N L s y
DIN 4 A vaL1o 4{ vaL10 4/ vaL10
ViL— Z3 k Kk 4 K 7
taa taa taa
/01 to 1O8 tRAC tcac
| tOEA toEH WALLLY toeH ol SOEA toeH
VoH— Y { r—y
Dout v:: VALID @VALPE @gvumg High Impsdance
teLz 5 7 toLz) I 7 teLz) L —
u
Vin—77 Z Z 7,
™ . — 0 0 % 7
t
0910 IO16 A ALY A
VOH — — X N _
Doyt v:: VALID E VALIO|)- VALID E High Impedance
toLz tcLz tcLz
tpzo L toEz tpzo) [T toez tozo [T togz
vm —_ / - - 4 )W/////
Fvii— X / L/ T/ 7
t0ED toED toED

BB tnvaLio pata 770 - ore it
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Hidden Refresh Cycle

tRrc tre

e O \ 1% \ J/ N
oS o 1| M
poronr 2" :@(‘%ow}%{‘cmﬁ H 7777742200
e GBI
I Y
e .

= 27//////////;/}1 P27

OOOOOO
AAAAAA
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RAS-Only Refresh Cycle

tac
tRas | trp

— VIH — 3 4 \
RAS

Vip — S K\

tcap trpc

— ViH — A A
CAS /

Vig —

tRAH
~—tasR
A0 to A7 ROW
Vie — %
/01 to ¥O16
VoH — High impedance
Logyr y ghimpe
oL —
OE. UW, LW, Dn:" H or° L®
A02157
CAS-Before-RAS Refresh Cycle
tpp trc trc

tRas |, tmP [
AS

D

CAS

VO11to IO16

LDOUT VoH — High impedance
VDL —

AOto A7, UW. LW, OE. DINt" H" or* L®
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CAS-Before-RAS Refresh Counter Test Cycle (read)

o

thc

777

trec

N2

o 00000
..

N\
'tCSR tcHR |

|
N

RAS
. teer tRSH
tRaL
N
ta

CCCCCC

S

S

Y

tpzc

tpzo

= 0227

VAL

AAAAAA
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CAS-Before-RAS Refresh Counter Test Cycle (write)

tRAS L tep ,
— VIH —
AAS
ViL — 1S( 7
,tcsn | tcHR  ,, tceT tRsSH teap
tRAL
teas

— ViH— B
CAS S

IL— K

y
w2 N~ 0

= || 07707
== || Y7

tos tpH
l’DIN V;E—/// VVVVV é

000000
777777
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CAS-Before-RAS Refresh Counter Test Cycle (read-modify-write)

tRAs tprp
FAS VIR T / 1\
ViL —
. teeT tRsH t cRP
CSRI | toum | tcas
A\ — R
s VIH \\ //
IL— z
tRAL
t
tasc CAH
\" —_
VIL — 7 4/
tAWD tewl
tRCS_> tcwp tAwL
— VIH — twp
o N
Vi, — 7
I tawD tchI
tacs| tcwn tRNL
o &Y /1
ViL —
tpzc . .
tpz0 | DS DH
Viy — iahi p
by ' IM 5 Highimpedance 7 VALID
l— ViL — 4 l A
tcac
108 to VO16 toLz
VOH —
Dpurt VALID
VDL’—— b |
tAA toez
toEA toep |TOEH
— Vi —
A, /
Vip —

LXAXRX]

K] INVALID DATA

N

“H or® L*
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m No products described or contained herein are intended for use in surgical implants, life-support systems, aerospace
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.

m Anyone purchasing any products described or contained herein for an above-mentioned use shall:

0 Accept full responsibility and indemnify and defend SANYO ELECTRIC CO., LTD., its affiliates, subsidiaries and
distributors 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:

O Not impose any responsibility for any fault or negligence which may be cited in any such claim or litigation on
SANYO ELECTRIC CO., LTD., its affiliates, subsidiaries and distributors or any of their officers and employees
jointly or severally.

m 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. Specifications and information herein are subject to
change without notice.
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