Ordering number : EN*5083

CMOS LSI
LC321667BJ, BM, BT-70/80
SANYO 1 MEG (65536 Words x 16 Bits) DRAM

EDO Page Mﬁde Byte Write

Preliminary

Overview .

The LC321667BJ series is a CMOS dynamic RAM  ° SUPPOTts RAS: @nty refr
operating on a single 5 V power source and having a and hidgen refresh '
65536 words x 16 bits 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 a compact plastic package of
40-pin SOJ. Refresh rates are within 4 ms with 256 row
address (AOQ to A7) selection and support Row Addr
Strobe (RAS) onIy refresh, Column Address Str@be

page mode, read-modify-write and byte write.

Features

» 65536 words x 16 hits configuration.

* Single5V + 10% power supply. ; AL

« All input and output (1/0) TTL corppatible. : D b D g_

« Supports EDO page mode, read-nid ) : .
write. '

* Supports output buffer cop
Output Enable (OE) contrel

11.04

kE

o
SANYO: SOJ40 I

LC321667BJ, BM, BT-70 LC321667BJ, BM, BT-80
RAS access time 70 ns 80 ns
Column address acéé 40 ns 45 ns
CAS access tlme 25ns 25ns
Cycle time f" . ry 125 ns 135ns
During gperation 688 mW 633 mwW
Dgf:i'r}é\'standby 5.5 mW (CMOS level)/11 mW (TTL level)

all SA YO products described or contained herein do not have specifications that can handle

ppllcatlons that require extremely high levels of reliability, such as life-support systems, aircraft’s
'C@ntrol s___stems or other applications whose failure can be reasonably expected to result in serious
phygmg_l “ad/or material damage. Consult with your SANYO representative nearest you before using
any SANYO products described or contained herein in such applications.

B SANYO assumes no responsibility for equipment failures that result from using products at values that
exceed, even momentarily, rated values (such as maximum ratings, operating condition ranges, or other
parameters) listed in products specifications of any and all SANYO products described or contained
herein.

SANYO Electric Co.,Ltd. Semiconductor Bussiness Headquarters

TOKYO OFFICE Tokyo Bldg., 1-10, 1 Chome, Ueno, Taito-ku, TOKYO, 110-8534 JAPAN
40695TH (OT) No. 5083-1/31




LC321667BJ, BM, BT-70/80

Package Dimensions
unit: mm
3195-SOP40

Package Dimensions
unit: mm
3207-TSOP44
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Pin AssignmentS

S0J40, SOP40

AQ2123

TSOP44

44| Vgg

EI I1/016
E 1/015
Z] 1/014
E I1/043
E I1/012
E I/011
El I1/010
E I/09

N.C.

5]

31| CAS

6] A7

5| A8

4] AS

HI S EEH

A02943
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LC321667BJ, BM, BT-70/80

Block Diagram

RAS O—————){ Clock generator No.1

R

>]1 Clock generator No.2 J——

CAS O
Mode
controller
v
Refresh -
counter 3 :
8 )
||
|
o !
Row address |_ | L]
AO O — buffer
AL O —
A2 O —
A3 O —
A4 O —
AS O —
ABE QO —
A7 O — Column
address
buffer

65536
memory-cells
X 16 bits

¢-»2ssx 15—--$

Sense ampiifier
/O gate

O Vee

A02125
Specifications
Absolute Maximum Ratings
Parameter Ratings Unit Note
Maximum supply voltage -1.0to +7.0 \ 1
Input voltage -1.0to +7.0 \ 1
Output voltage -1.0to +7.0 \ 1
Operating temperature range 0to +70 °C 1
Storage temperature range —-55 to +150 °C 1
o 800
Allowable power dissipation mwW 1
700
Output short-circuit curren 50 mA 1
typ max Unit Note
5.0 55 \Y, 2
6.5 \Y, 2
+0.8 \% 2
+0.8 \Y 2

id

*1: —2.0 V when pulse,

A bypéss, c:apagtor 9 a}aout 0.1 pF should be connected between V¢ and Vgg of the device.
-4'5 less than 20 ns.

No. 5083-3/31




LC321667BJ, BM, BT-70/80

DC Electrical Characteristics at Ta=0t0+70°C, Vcc =5V = 10%

Note: 3. All current values are measured at minimum cycle rate. Since current flows im

becomes smaller.

4. lcc and Igcg are dependent on output loads. Maximum values for Iocq apﬁ I¢Eca repre:
5. Address change is less than or equal to one time during RAS =V, . Cong'é Hing I

LC321667 LC321667
Parameter Symbol Conditions BJ, BM, BT-70 | BJ, BM, BT-80 | Unit Note
min max ' max
Sl-\'?/zrra:gl;agczli:;?tduring operation) lcc1 | RAS, CAS, address cycling: tge = tge min 125 3,4,5
Standby current lcc2 RAS=CAS =V
RAS-only refresh current lccs RAS cycling, CAS = V|: tge = tgc min '
EDO page mode current lcca RAS = Vi, CAS, address cycling: tpc = tpc Min "3,4,5
Standby current lccs | RAS=CAS=Vgc-02V
CAS-before-RAS refresh current lccs RAS, CAS cycling: trc = tge min 3
Input leakage current N :) \ S.V'E‘ < 6.5V, pins other than
estpin=0V

Output leakage current loL Doyt disable, 0V = Vo1 =55V
Output high level voltage Vou louT =—2.5MA
Output low level voltage VoL loutr =2.1mA

Jith output gpen.
'ig’bne time during 1 cycle (tpg).

hown here, current value

Parameter Unit Note
Random read or write cycle time ns
Read-write/read-modify-write cycle time 180 ns
EDO page mode cycle time 40 ns
EDO page mode read-write/read-modify-write cycle time 90 ns
RAS access time 80 ns 9, 14,15
CAS access time 25 ns 9,14
Column address access time 40 45 ns 9,15
CAS precharge access time 45 50 ns 9
Output low-impedance time from CAS low 0 ns 9
Output buffer turn-off delay time from RAS 20 0 20 ns 10, 17
Rise and fall time 50 25 50 ns
RAS precharge time 45 ns
RAS pulse width 70 10000 80 10000 ns
RAS pulse width for EDO page 70 100000 80 100000 ns
RAS hold time 20 25 ns
CAS hold time 60 70 ns
CAS pulse width 20 10000 25 10000 ns
RAS to CAS delay tifne 20 45 20 55 ns 14
RAS to column gd?ij@é'ss delay 15 30 15 35 ns 15
CAS : 10 10 ns
10 10 ns
0 0 ns
10 10 ns
0 0 ns
Colunin.address hof 15 15 ns
Column adBr-e_l _- Sho__l,\d time refereficgd to RAS 50 55 ns
Column address To. _ﬂ§¢ead£hn,e* 25 30 ns
Read command setuﬁq‘ﬁr@e 5 0 ns
Read command hold time referenced to CAS 0 ns 11
Read command hold time referenced to RAS 0 0 ns 11
Write command hold time 15 15 ns
Write command hold time referenced to RAS 50 55 ns
Write command pulse width 15 15 ns

Continued on next page.

No. 5083-4/31



LC321667BJ, BM, BT-70/80

Continued from preceding page.

LC321667BJ, BM, BT-70 | LC321667BJ, BM, BT-80 .
Parameter Symbol - - Unit Note
min max min

Write command to RAS lead time tRwiL 20 20

Write command to CAS lead time tewL 20 20

Data input setup time tbs 0

Data input hold time toy 15

Data input hold time referenced to RAS tDHR 50 5

Refresh time

Write command setup time

CAS to UW or LW delay time

RAS to UW or LW delay time

Column address to UW or LW delay time

CAS precharge UW or LW delay time for 70
EDO page mode cycle only

13

CAS setup time for CAS-before-RAS

CAS hold time for CAS-before-RAS

RAS precharge CAS active time

CAS precharge time for CAS-before-RAS counter test

RAS hold time referenced to OE

OE access time

Cfdelay time

Cfoutput buffer turn-off delay time 10

OE command hold time

OE setup time to CAS high 16

OE hold time from CAS high 16

OE command pulse width

Data output hold time

WE output buffer turn-off delay time

Data input to CAS delay time 16

Data input to OE delay time 16

Masked write setup time

Masked write hold time referenced to RAS,

Masked write hold time referenced to CAS

Z, VCC:5V1 10%

Symbol min max Unit Note
Cin 7 pF

Input capacitance (A0 tng}‘,‘ RAS, C%

o

cg (/01

Input/Output capacitas

Cijo

Note: 6. An |n|t|a| pause of 2
of usm,g refresh cou
Measured at tt z25

"m‘) tRWD = trwD (m|n) tawp = tawp (Min) and tepywp = tcpwp (Min) for fast page mode cycle only, the cycle switches to a
read-write/read? “meidﬁy write cycle and data output equal information in the selected cells. If neither of the above timings are satisfied, output pins
are in an undefined state.

14. tgep (Max) is not a restrictive operating parameter but instead represents the point at which the access time tgac (max) is guaranteed. If trep =
trep (Max), access time is determined according to toac.

15. tgap (Max) is not a restrictive operating parameter but instead represents the point at which the access time tgac (max) is guaranteed. If tgap =
trap (Max), access time is determined according to taa.

16. Operation is guaranteed if either th¢ or thz is satisfied.

17. topr is referenced from the rising edge of RAS or CAS, whichever occurs last.

No. 5083-5/31



LC321667BJ, BM, BT-70/80

Timing Chart
Read Cycle
Vig — \
mAs M N
Vip — X
t
tcnp’—— RCD
RS |IH—
VIL _
tAsR tRaD
tnlAH tasc
AO~A7
Uw

DIN M ¥gh Impedance

toEA toEZ
t oeD

7

MINVALID DATA ',I/l *H ort Lt

A03721

No. 5083-6/31



LC321667BJ, BM, BT-70/80

Early Write Cycle

D
>

AO~A7

ViL

ViH
Vio

VIH
Vio

__ VIH

VIH — _5.&(
tcnp’—-— taco
_j t
T

Vi

twcR

722

G

High Impedance

7773 - b ore L-

OE:" H* or" L*°

A02140
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LC321667BJ, BM, BT-70/80

Upper Byte Early Write Cycle

AO~A7

1/01~1/08

]

Oput

ViH
Vi

ViH
Vio

VIH
Viu

VIH
Vi

VoL

High Impedance

K027

High Impedance

*H or"L"°

OE:* H* or° L*

A02141
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LC321667BJ, BM, BT-70/80

Lower Byte Early Write Cycle

AO~A7

ViH —
DN,
L —

1/01~1/08

G7%

gh Impedance

High Impedance

1/09~1/01

*H oortL®

OE:*" H or* L*

A02142
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LC321667BJ, BM, BT-70/80

Write Cycle (OE Control)

AO~A7

Sl |
v "C“F‘I“’ - \
vie— X
w = 777222,

__ VIH——-7/
VIip —

ViH __.225/,
Vil — /A

1/01~1I/016

777777

K222

toEH

High Impedance

1

m INVALID DATA *H or*L"

A02143

G

No. 5083-10/31



LC321667BJ, BM, BT-70/80

Upper Byte Write Cycle (OE Control)

A0~A7

ViL —

VIH —
Vip —

VIH J—
VIL—‘

ViH —

— VIH —

fDIN

Vg —

VIH —
Vi —

1/01~1/08

]

DouT

(DIN

1/09~1/016

tcnpl-—-

tasr

7

%

J
o

tMRH

1

tRAC toEH
High Impedance
t+— toez
B T4
VALID
AR Z.
toED
tcac
N High Impedance
A
toEZ

1]

m INVALID DATA [/ *H or L

A02144
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LC321667BJ, BM, BT-70/80

Lower Byte Write Cycle (OE Control)
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I

DouT
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B
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_ \
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tRAH
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N
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tmes

-,

—7
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T

-
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toEA
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LC321667BJ, BM, BT-70/80

Read-Modify Write Cycle

T N

tc“"l'— taco
=/ &
st 2= T o WGP 777
== T2
i D

.

m INVALID DATA *H or®L"

A02146
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LC321667BJ, BM, BT-70/80

Read-Modify Upper Byte Write Cycle

tRAS

tAR

pol
>
<
-
r
I
[l

trcoD
tcnpr—~

tran
tasn, tasc
tRAH tcaH
ViH —
AO~A7 ROW COLUMN
ViL —
tRcs

UW
tMCH
l—eit MRH
X
W
5 v
r N,
1/01~1/08
L VoH — High Impedance
DouT

VOL J—

toH

<

High Impedance

tOEH

\7/

B INVALID DATA (7774 - H or- Lt
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LC321667BJ, BM, BT-70/80

Read-Modify Lower Byte Write Cycle

tRas
tan
— Vi — N
RS S
- N
trco
tcnpr—d
s T ES
ViL — . N
RAD
tasn, tasc
tpaH tcaH
v . A
AO~A7 VIH ROW COLUMN
L —
tmcsk—
__ VIH —
UwW VI égzafzzgé%ggééézéﬂL
L —
tRCS|
tRWD
__ VIH -—-:;// ////
W
L Vi — /C;

o o
LDOUT :gr & VALID High Impedance

I/clz:j;/o;; ///////////////////////////////////'
L ! vaLTO High Impedance

Vi NG
m INVALID DATA “H oort Lt

AQ2148
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LC321667BJ, BM, BT-70/80

EDO Page Mode Read Cycle

— VIiH— —}&
Vil —

RAS
N
tesH
t t t
tcﬂpr_ RCD CAS CP
&5 ViH — 3& A \
Vi — \ /
tRAD
t t
ASR R:Hs toaM .
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x
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t
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/
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LC321667BJ, BM, BT-70/80

EDO Page Mode Early Write Cycle

Vi —

VIL j—

AQ~A7

VIH —

DIN
{_ VIL'——
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LC321667BJ, BM, BT-70/80

EDO Page Mode Upper Byte Early Write Cycle

— VIH — y
RAS
YL — -
taco
tCRpf
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tRAD
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LC321667BJ, BM, BT-70/80

EDO Page Mode Lower Byte Early Write Cycle

— VIH — 3
RA &
ViL — N
tRcD
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tasn| |tRAH
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LC321667BJ, BM, BT-70/80

EDO Page Mode Read-Modify-Write Cycle

tRASP
tesH
VIH — b
I N tAR
- -
taco trANc
teap, tcp tcp
=
Vin — tcas teas i
s " Z
Vil — t
n UL ¢ 7 K 7
tRAK
tcan tcaH
tasA| | leasc tasc, £
!
Vi — AL\ y
Ao-A7 RO COLUNN coLUNN
- K K
tawo tewl tawn
t t t
n:s_ CWD o tACS CWD
tawo tcewo
— VIH—7 R
T v /
tawp oWl
tacs N
] tAwD wp
— VIH— 3
[ //,
‘DSJ tcpa
tozc, ||| tecac ton
D1N v’"—mt r
ViL— 7 ALID /
7
taa
1/01~1/016 tRAC
toeH
VOH —
o OH High Impedance
out ,
oL —
t
tpzo
BE ViH— 3
Vg —
toED

m INVALID DATA “Hor L
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LC321667BJ, BM, BT-70/80

EDO Page Mode Read-Modify Upper Byte Write Cycle

thase
tcsH
Vig — R
LIx M taR
w— e
taco tpAnc
tcnn_j, . tcp .
oS VIH — CAS CAS
viL— traD ( ; 3 p
tRAH] .
¢,
tash tasc CAH tasc CAH
VIK — 4 p 4
AO~A7 v ROW COLUMN COLUMN
L—Z/x__A K
tand towe tawp toww
t t
tRcs CWD typ | tRES CHD
1 tAWD tcpwo
— VIH )
W / N
Vi —
tcs tncH
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ViH — 7/
w2 /
IL —
3 e u
VIH —
ViL— F 1 [ean A
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toen
l—QEH
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VoL —
cLz
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T toez,
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LC321667BJ, BM, BT-70/80

EDO Page Mode Read-Modify Lower Byte Write Cycle

tRasP
tesH
VIH —
Fas M N tan
ViL — 3
treo ML
tcm:% tep
t t
Y] ViH— CAS CAS
— t
vIL RAD - 5 L
tAAH]
tcan t
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tos || tepa
tpzeteds] EEAC
VIH— 4
OIN S VALID
Vip — 4 YA
taa
1/01~1/08 tAAC
toeH
VoH —
Oout VoL High Impedance
toL
Vin—77 v
oin 7 A
L — A
1/09~1/018
VoH —
Dout VoL K High Impedance
teLz
tozo T toEZ
— Vin—7 v
oE
i — N 4

tOED
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LC321667BJ, BM, BT-70/80

EDO Page Mode Read Early Write Cycle

v , tosH o
IH —— t
LS Ty.f—-_.‘__ﬁﬂ_______u
Vi — N |
teap treco tep
 Vine— \ tcas
TAS \
Vip —
tRap
EASR| |tRAH tasc| | tcan tasc
VIH — X
AO~AT ROW COLUMN
L —
tAcs!
_ Vih—
W
Vi —
tRes|

Sa

toze| | ¢ouc

o T

]; taA

1/01~1/018 L
tRac

L,

T

Vo — High Impadence

Bour

VoL —

BRXY 1nvaLID DATA CHoort Lt
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LC321667BJ, BM, BT-70/80

EDO Page Mode Read Upper Byte Early Write Cycle

Vi —

|

)
>
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VIig —
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Vil —

Vi —

AO~A7
Yig —
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=|
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-
x
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VIH —
OIN
Vip —

1/01~1/08

VoH —
D)
ouTt Vo

Vig—
01N
Vig—
1/09~1/016

VoH —
Ogur Vo
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a

tRes|

a

tpzc)

WY,

tcac

taa

tRAC

High Impedance

terz
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o
N
0

toH

'\yrj'

T

L

I

Pa N

X,

High Impedance
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LC321667BJ, BM, BT-70/80

EDO Page Mode Read Lower Byte Early Write Cycle

Vig —

|

!
>
i

Vi —

tRco

Vig —

I
>
0

Vil —

Vin —

AO~A7
Vi —

it

toan

taao
t t
ASR| [tRAH tasc
M a ==
Y
R

o WA= KN

tacs|

=TT

= e LI

tcac

o TS

0
1/04~1/08

Vou —

taa

T,

tRaC

L
Dout
VoL —

High Impedance

terz

tpze

ViH —

OIN
Vip —

R

Tl

1/09~1/018

VoH —

DouT
VoL —

!
L

l
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R 1nvaLio oata 7777
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LC321667BJ, BM, BT-70/80

Hidden Refresh Cycle

v
mas
Vi
— VIH
CA
VIL
v
ao~a7 H
VIL
v
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L VoH
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LC321667BJ, BM, BT-70/80

RAS-Only Refresh Cycle

tRc
tRAS -

VIH_._ N

VIL —_— &
tcnpr———

VIL —_
—tasRr
VIiH — 7
AO~AT7 / ROW
L —

I/01~1/016

VOH —_
LDour

o]
>
[

Q
>
0

Bt

¥ L
o

77

High Impedanc

LW, DgN:" H oP" L®

v/ /A W are L

A02157

tRp

~—tcRp

High Impedance

AO~A7, UW, LW. OE, DpN:" H* or® L*

AQ2158
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LC321667BJ, BM, BT-70/80

CAS-Before-RAS Refresh Counter Test Cycle (Read)

D
>
[}

[¢]
>
[72]

AO~A7

(DIN

1/01~1/016

Oout

Vi —

tcsnm

VIH —_
VIg —

tRAS

tCHR

tepT

tasc

778

=

VIH-—~EZQ/
VIL —_

tRcH

High Impedance

tcac
tan toFF
VoH — ‘ 3
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oL — N v
toEa toEZ
toeD
t ROH

7

B 1nvaLID 0aTA 2] *wore Lt
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LC321667BJ, BM, BT-70/80

CAS-Before-RAS Refresh Counter Test Cycle (Write)

I
>
7]

(e}
>
0

AQO~A7

(DIN

I1/01~1/016

DouT

ViH —
Vig —

VIH —
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VIH
Viu

 tcsn

tcHR

tepy
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Viu

VIH
Vio

ViH
Viu

VOoH —

%

High Impedance

VoL

“H ope Lt
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LC321667BJ, BM, BT-70/80

CAS-Before-RAS Refresh Counter Test Cycle (Read-Modify-Write)

D

O

AO~A7

DiIN
Vi

VIH

1/01~1/0186

L

DouT

VoH
VoL

toEH

22222

m INVALID DATA "H or° L
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LC321667BJ, BM, BT-70/80

B Specifications of a
characteristics, amp

foducts must not be exported without obtaining export license from the Ministry of
Arade a;nd 1ndustry in accordance with the above law.

luding photocopying and recording, or any information storage or retrieval system,
ut the prior written permission of SANYO Electric Co., Ltd.

prodi}c;/técﬁnology improvement, etc. When designing equipment, refer to the “Delivery Specification”
for the SANYO product that you intend to use.

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 August, 1998. Specifications and information herein are subject to
change without notice.
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