Ordering number : EN5082A |

CMOS LSI

LC321664BJ, BM, BT-70/80

1 MEG (65536 words x 16 bits) DRAM
Fast Page Mode, Byte Write

Overview Package Dimensions

The LC321664BJ, BM, BT is a CMOS dynamic RAM  unit; mm
operating on a single 5 V power source and having a  3200-S0J40
65536 words x 16 bits configuration. Equipped with large

capacity capabilities, high speed transfer rates and low [LC321664B))]
power dissipation, this series is suited for a wide variety 26.20

of applications ranging from computer main memory and
expansion memory to commercial equipment,

Address input utilizes a mulliplexed 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 (AQ to A7) selection and support Row Address
Strobe (RAS)-only refresh, Column Address Strobe
(CAS)-before-RAS refresh and hidden refresh settings. ; OO
There are functions such as fast page mode, read-modify- 3_43 g
write and byte wrile. . ﬁ g
™
Features SANYO: S0J40

» 65536 words X 16 bits 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 buffer 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 : LC321664BJ
SOP 40-pin (525 mil} plastic package : LC321664BM
TSOP 44-pin (400 mil) plastic package : LC321664BT

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

LCa21664B3, BM, BT
-70 -80

Parameter

RAS access time 70 ns . 80 ng

Column address access time 40 ns 45 ns
CAS access lime 25 ns 25ns

Cycla time 125ns 135 ng

During cperation 688 mW 633 mW

Power dissipation {max)

During standby 5.5 mW (CMOS level)11 mW (TTL level)

SANYO Electric Co., Ltd. Semiconductor Business Headquarters
TOKYO OFFICE Tokyo Bldg., 1-10, 1 Chome, Ucno, Taito-ku, TOKYO, 110 JAPAN

32806HA (OT)/33195TH (OT) No. 5082-1/28




LC321664BJ, BM, BT-TdIBO

“Package Dimensions Package Dimensions
unit: mm unit: mm
3195-SOP40 3207-TSOP44
[LC321664BM] [LC321664BT)
26.20
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Pin Assignments

S0J40, 80P40

ol \_/

I/D!l}i
1702 E
1703 E
1/04 E

1/05|6
1,06 |7
10718
/08 (9
N.C. I!.__D
Voo |11
Uw |12

LW|13a

AAS |14

ADE
a1 18]
az [17]
ABE
aa [19]

Ve |20

E h4:1:]

3__5_| 1,016
El 1/015
37] 1044
E] 1/013
3__5| 1012
34] 1011
E] 1/010
a__z_| 1/09

alﬁ

21| ¥ss5

Top view

ADZ183

TS0P44

Yoo E U E Vs
1,01 E E] I/016
1702 E E‘ I1/015
I/03 E EI 1/014

17048 E 17013
I/08 | 6 E I/Di2
1006 [ 7 26] 1011
ir07 |8 I E 1/010
1-08[s _ E] 109

N.C. |10 35i N.C.
Yoo |43 2| ¥ss
UW |14 CAS

AQ [E 81 N.C,
At E 7| n.c.
Az E ‘ 5| A7
A3 E 8| AB
Aa E 24] aB

Voo |22 23| ¥gg
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Top view
AQRRAD
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LC321664BJ, BM, BT-70/80

Block Dlagram

Q vec
RAS O—»{ Clock generator No.1 ﬁ O ¥ss
TAS O | Clock generator No.2 |———- o
| Y v
Mode l Jr
°°"E'°"°' Clock generator No.3
Lower byte! Upper byte
Refresh B 65536 i — O 1/01
counter E : memory-cells \l, ,L ~— 0 102
l—----—---l 256 x 16 bits re—] Data input bufier e—y =~ O 1,03
E R N N IR NN OO, [ —— -— O 1/04
T 0110 OB} 108 to ~— O 1,05
Row address,_ | | ' 016 — O 1/06
0O — buffer 1 — O 1s07
410 — 3—--256)(16--- — O 1708
:g 8 - Sense amplifier — O L/08
_— — 1,040
A4 O — VO gate Dataoutputbufter | _f _ 8 1,011
AS O T..--.255.--_’|‘ -— O 1012
AB O —= — QO I/013
A7 O — Column Column decoder — 31,014
address Pre-decoder — QO /018
buffer Substrate bias generator — O 1,018
\—o PE
A02125
Specifications
Ahsolute Maximum Ratings
Parameter Symbol Ratings Unit Note
Maximum supply voltage Voo max =1.010 +7.0 v 1
Input voltage Vin -1.01c +7.0 v 1
Output voltage Vour -1.0t0 +7.0 v 1
o LC321684BJ, BM aod
Allowable power dissipation Pd max - mwW 1
LC321664BT 700
QOutput short-circuit current lour 50 mA 1
Operating temperature range Topr Oto+70 °C 1
Storage lemperature range Tstg =5510 +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 yp max Unit Note
Power supply vollage Veo 45 50 55 v 2
Input high levet vollage Vi 2.4 6.5 v 2
Input low level voltage .
(A0 10 A7, RAS, TAS, OW, LW, OF) Vi -1.0 +08 v 2
Input low level voltage (LO1 to YO16) Vi -0.5* +0.8 v 2

Note: 2. All voltages are referenced lo Vgg.

A bypass capacitor of about 0.1 uF should be connected between Ve and Vgg of the device.

*: -2.0 V when pulse width is less than 20 ns.

No. 5082-3/28




LC321664B4J, BM, BT-70/80

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

LC321664BJ, BM, BT
Parameter Symbol Conditions -70 -80 Unit Nota
min max min max

Operating current —_— o .

{Average current during oparation) lecs RAS, CAS, address cycling: tag = tg min 125 ns mA | 3,4,5

Standby current loga RAS = CAS = V|, 2 2 mA,

RAS-only refresh current loca RAS cydling, CAS = V! 1ae = tge min 126 115 mA 3,5
RAS = V), CAS, address cycling:

Fast page mode current leca pe = tpg min 80 70 mA 3,45

Standby current lccs RAS =CAS = Vg -02V 1 1 mA

CAS-belore-RAS refresh current lccs RAS, CAS cycling: tag = 1gg min 125 115 mA 3
0V =<V <6.5V, ping other than

Input leakage current e testpin = 0V -10 +10 -10 +10 pA

Qutput leakage current foL Doyr disable, 0V s Vg, 7S 55V -10 +10 -10 +10 HA

Output high level voltage Von loyr =-25mA 24 24 v

Qutput low level voliage VoL loyT = 2.1 mA 0.4 0.4 v

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

becomes smafler.

4. lggy and lgpy are dependent on cutput loads. Maximum values for Iy and locy represent values with output open.
5. Address change is less than or equal to one time during AAS = Vy . Concerning lpey, itis less than or equal to one time during 1 cycle (tpg).

AC Electrical Characterlstics at Ta = 0 to +70°C, Vo =5V £ 10% (Notes 6, 7 and 8)

LC321864BJ, BM, BT
Parameter Symbaol -70 -80 Unit Note
min max min max
Randem read, write cycle time tAc 125 136 ns
Read-write/read-modily-write cycle time tawe 170 180 ns
Fast page mode cycle time pg 50 55 ns
Fast page mode read-write/read-modify-wrile cycle time PRWE 95 100 ns
RAS access time RAG 70 80 ns 9,14,15
CAS access time Moac 25 25 ns 8,14
Column address access time tAA 40 45 ns 9,156
CAS precharge access time tcPa 45 50 ns ]
Output low-impedance time from CAS low toz 0 0 ns 9
QOutput buffer turn-off delay time lorr 0 20 ¢ 20 ns 10
Rise, fall time tr a 50 3 50 ns
AAS precharge time 1rp 45 45 ns
RAS pulse width Ras 70 10000 a0 10000 ns
RAS pulse width for fast page mode only lnase 70 100000 80 100000 ns
RAS hold time tRgH 25 25 ns
CAS hold time ogs 70 80 ns
CAS pulse width 1cAs 25 10000 25 10000 ns
RAS to CAS delay time tpep 20 45 20 55 ns 14
RAS to column address delay time TRAD 15 3o 15 a5 ns 15
TAS to AAS precharge time oRP 10 10 ns
CAS precharge time cp 10 10 ns
Row address setup time tASR 0 ¢ ns
Row address hold time ‘A 10 10 ns
Column address setup time tasc 0 o ns
Column address hold lime lcau 15 15 ns
Column address hold time referenced to RAS lan 50 §5 ns
Column address to BAS lead ime TRAL 35 40 ne
| Read command setup time lacs 0 0 ns
Read command hold time referenced 1o CAS ey 0 0 ns 1
Read command hold time referenced to RAS ARH 0 0 ng "
Write command hold time weH 15 15 ns
Write command hold time referenced to RAS WweR 50 55 ns

Continued on next page.

No. 5082-4/28




LC321664BJ, BM, BT-70/80

Continued from preceding page.

LC321664BJ, BM, BT
Parameter Symbol -70 -80 Unit Note
min max min max

Write command pulse width twp 15 15 ns

Wiite command to RAS lead time tawL 20 20 ns

Write command to TAS lead time lewL 20 20 ns

Data input setup time tos 0 0 ns 12
Data input hold time toH 15 15 ns 12
Data input hold time referenced to AAS DHR 50 55 ns

Refresh time tREF 4 4 ms

Write command setup time lwes 0 4] ns 13
CAS to UW, LW delay time towp 45 45 ns 13
[RAS 1o UW, LW delay time tawp 20 100 ng 13
Column address to UW, LW delay time tawp 60 65 ns 13
CAS precharge UW, LW delay time for

fast page mode cycle only lcPwo 65 70 ns 13
CAS selup time for CAS-before-RAS IcsA 10 10 ns

CAS hold time for CAS-before-RAS IcHR 10 10 ns

RAS pracharge TAS active lime lnpc 10 10 ng

CAS precharge time for CAS-before-RAS counter test lcpT 40 40 ns
"RAS hold time referenced 1o OF tHOH 15 15 ns

OE access time 10EA 25 25 ns 9
OF delay time oED 15 15 ns

OE output butfer turn-off delay time loez 0 15 ] 15 ns 10
[ BE command hold time tOEH 20 20 ns

Data input to CAS delay time bze 0 0 ns 16
Data input to OF detay time nzo ] 0 ns 16
Masked write setup time s 0 0 ns

Masked write hold time referenced to RAS MRH 0 ] ns

Masked write hold time referenced 1o CAS - IMCH 0 o] ns
Input/Output Capacitance at Ta =25°C,f= 1 MHz, Ve =5V 10%

Parameter Symbol min max Unit Note

Input capacitance (AO to A7, BAS, TAS, UW, LW, TE) Ciy 7 pF

Input/Output capacitance {(¥C1 to VO 16) Cio 7 pF

Note: 6. Aninitial pause of 200 ps is required after power-up followed by eight RAS-only refresh cycles before proper device operation is achieved. In case

of using refresh counter, a minimum of eight CAS-before-RAS refresh cycles instead of eight RAS-only refresh cycles are required.

7. Measured atty = 5 ns.

8. When measuring input signa! timing, V) (min) and V_ (max) are used for reference points. In addition, rise and fall time are defined betwean Viy

and VlL'

9, Measured using an equivalent of 50 pF and one standard TTL loads.

10. tgrg (Max) and tyez {max) are defined as the lime until output voltage can no longer be measured when output switches to a high impedance

condition,

14,

15.

16.

. Operation is guaranteed if either tapy of troy is satisfied,
. These parameters are measured from the falling edge of CAS for an early-write cycle, and from the falling edge of UW and TW for a read-

write/read-modify-write cycle.

. bwes. lowd: 'Rwp. tawp and topwp are not restictive operaling parameters for memory in that they speciy the operating mode. If kyes 2 wes

{min), the cycle switches 1o an early-write cycle and output pins switeh to high impedance throughout the cycle.

If towp 2 towp (Min), tawn 2 tawp (Min), tawp 2 tawp (Min) and tepwp 2 Iopwp (Min) for fast page mode cycle only, the cycle switches toa
read-write/read-modify-write cycle and data cutput equal information in the selected cells. If neither of the above timings are satisfied, output ping
are in an undefined state.

tacp (Max) is not a restrictive operaling parameter but insiead represents the point at which the access time tgac {max) is guaranteed. if tgop 2
tRep (Mmax), access time is determined according 10 toac.

taap (Mmax) is not a restrictive operating paramater but instead represents the point al which the access time lnac (Max) is guaranteed. If tgapn 2
taap (max), access ime is determined according to tap.

Operation is guaranteed if either [gzp or [nzq 1 & satisfied.

No. 5082-5/28



LC3216648J, BM, BT-70/80

Timing Chart

Read Cycle

Alto A7
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tho
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ViL— X A |
tasH tnp
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LC321664BJ, BM, BT-70/80

Early Write Cycle

tRe
thas

Vi — X
Vip — K =

D
2
[F:]
[l
r
pi]
o
L

tRsH
tAco toas L tcap

tcnpr* toaH

s M ‘g
Vip — K 7
tasA tRap tRAL
t
tniq tasc CAH
AQ 1 AT AOW COLUMN ///
VIL_
o 7 i
tan
towl
twes SweH
Vig —
o VIH typ \ &/ /
IL—%%%AV y S 7
twer
tawL
fowL
twcH
Vin — twes
] W% tup % /
ViL— o 2 7
tWch
tRWL
. _*ps toH
5 VIiH — 3
[ IN v VALID _
— 7
V01 10 VO16 tboHr
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LC321664BJ, BM, BT-70/80

Upper Byte Early Write Cycle
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LC321664BJ, BM, BT-70/80

Lower Byte Early Write Cycle

tac
tRAS
Vi — N 4 X
RAS trp
Vi — &'( 7Z \
tRSH
taco tcas tcap

tCRPl"" . tesH

s o h /

VIL / . Q_______:———J
o A7 :;:: AOW : i COLUMN :W////////%
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g l'ii_%///////// i

tues towy

==l
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L%UT o
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LC321664BJ, BM, BT-70/80

Write Cycle {(OE Control)

tRe
tRas . tRP
tin
___ Yig— X
RAS g
L — - . \
tesH tere
tcnpr—- *ACD tRSH
— YIH — 3 t
CA v S CAS 2
IL— n ]
. tRAD
ASR, tasc st
tRAH teaH
- ‘ X7
ADt0 A7 ROW COLUMN ///
ViL — - 7 /
t
facs TﬂhL
VI — 7 X | twp
W=7 O 44
towL
twch tos e
t
w7 1| L _tuen [ee %
L — F = 7
twer — tpg
tRCs toH
VI — A N
s} N 7 A
a VIL—mt )2}(‘" LID7 /A
tpHRA toek
VO1 to K016 toEDR
’ tpzc —
tpzo 1 tcac
Yoy — AR
OouT vu B High Impedance
oL — X
toEAtAA
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Ly 00

BB INVALID DATA *Heone L
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LC321664BJ, BM, BT-70/80

Upper Byte Write Cycle (OE Control)
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LC321664BJ, BM, BT-70/80

Lower Byte Write Cycle (OE Control)

w T N
) _tcnpr_. — l tosk — L tcAP
wn s  —
S S 7 27
—_////////////| T2z
U ||\ 0
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%///}/"/}/////////////////////////////////
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— 272,
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LC321664BJ, BM, BT-70/80

Read-Modity Write Cycle

|

]
>
i

0
b
W

AQ 1o A7

(DIN

o9 to 11016

Dourt

0E

thEA

tozof |

=

toez

tRuc
tRaAS L tap
t |
Vg — AR
ViL— * - \
t
tcnpr—- REE . | tcRp
CSH
Vig— ﬂ& toas
VIL_.—
tRap 5 n 1
tAsA RSH
! tASC tRAL
{tRaAH toan
VIH-—”/ A N
ADW COLUMN /
Vip — K A /42
EACS[—~ tCw towl
t
tawo ARD tawL
YIH —— 7, v 3 typ
™7 N0
IL— K y; 7z
tACS[—+ tocwp towL
t
tAawn AWD tRAWL
_— VIH-—-—W ri 58 twp /
Vi — . N Y, /4;
AA
t t
tRAC cAC toe, oH
tpze
Yih— b VALID
Vi — A N /K;E
tcoLz
V — .
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VoL —

t0EH

toED

X2
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AQ2146
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LC321664BJ, BM, BT-70/80

Read-Modify Upper Byte Write Cycle

wmorT ,z;\_
=wZ /L k i
e T8 = 70077
R i %/////////
0 || 7
o I 0
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LC321664B4, BM, BT-70/80

Read-Modify Lower Byte Write Cycle

I
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0
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w
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L
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L
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LC321664BJ, BM, BT-70/80

Fast Page Mode Read Cycle

tRasp tgp
— YiH— y C K
AS |, N Z \
L — K 7
tosH tpe tRSH tonp
t t t t t t
teap o ACD CAS cP cAS cp CAS |
Vi — N - A s N i
Cas VIL_ &‘ 7Z S S(
tRAD tRaL
tasn tRAH toaH toaH toan
tasg tasc
VIH =— Y A y
A AT AON COLUMN COLUMN COLUNN /
IL — - ’
taR tpcs tRRH
1
tRcs tRcH tACH ""‘f_‘i tRCH
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tRac .
OFF toFF
toLz teLz -4 i tozo! terz
VoH — ! 4 N y— X
~Opur qu High Impedence vaLIOM VALIDE—
- 7 N
toEa \ toED toEA
t
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LC321664BJ, BM, BT-70/80

Fast Page Mode Early Write Cycle
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v J—
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"ty
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LC321664BJ, BM, BT-70/80

Fast Page Mode Upper Byte Early Wrlte Cycle

tRaSP tpp
N { k Y \
AS S Z \
IL — K 7
tesH tpe tasH
t t t t t t t
tcApf- ACD CAS cp CAS cp CAS CRP
ViH — N A
TiE VIH E Z
IL— K 7 K 7
tRAD tRAL
tasnr| |tRAH .
¢ CAH toaH
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AQ 1o A7 H ROW COLUMN LL|
i W
|
| t
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t t
tlvu:sL.. | HEH  Jeweg| | | HCH L
LRr///7% sk 2/ s ) e
ViL — 7 7 N ¥, { 7,
twer tMCH tMCH rjtmMeH
tMcs tucs tyes -t MAH
ViH — 7, v Y7L ” N4
w70 ZiI, G
IL —
VI — 7,
DIN VIH // / /
|- IL— il
1401 to 1708
I'DOUT :ou — High Impadance
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tps tps tos
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VIH —
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oo i W
Vo1 to KOD16 . toHR
|'DOUT :UH - High Impedance
DL —
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LC321664BJ, BM, BT-70/80

Fast Page Mode Lower Byte Early Wrlte Cycle
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LC321664BJ, BM, BT-70/80

Fast Page Mode Read-Modify-Write Cycle

tpagp tpp
togH . LI;ET
171 Yan— tAR
VIp — ( i 2
trep tphnc
tcAR, tee tep tonp
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.
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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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CAS-Before-RAS Refresh Counter Test Cycle (Read-Modify-Write)
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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: '
@® 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:
® 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.

B [nformation (including circuit diagrams and circuit parameters) harein is for example only; it is not guaranteed for
volume production. SANYO believes information herein is accurate and reliable, but ne guarantees are made or implisd
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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