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64K x 16 DYNAMIC RAM
FAST PAGE MODE

DRAM

FEATURES PIN ASSIGNMENT (Top View )
» High speed accesstime : 25/30/35/40 ns
. ]Icndus_try-stmdardx16 pinouts and timing vee []19 40 [ vss
unctions. o1 [ 2 39 [] 1/016
» Single 5V (x10%) power supply. 2 []3 38 [ 1/015
 All device pinsare TTL- compatible. o3 []4 37 [1 w014
« 256-cycle refreshin 4ms. 504 EZ 22 g 5013
» Refresh modes: RAS only, CAS BEFORE vos 7 34 [ 1012
RAS (CBR) and HIDDEN. oe [ 8 33 [ vo11
« Conventional FAST PAGE MODE access cycle. o7 L9 32 L1 oo
1708 []10 31 [ 109
« BYTEWRITE and BY TE READ access cycles. S0J
NC [11 30 [ NC
NC []12 29 [] CASL
WE [13 28 [] CASH
PART NUMBER EXAMPLES O =
PART NUMBER | ACCESSTIME | PACKAGE A0 L]16 25 L1 A7
Al [17 24 [] A6
T221160A-30J 30ns S0J A2 [J18 23 [ AS5
A3 []19 22 [] A4
T221160A-30S 30ns TSOP-I vee []20 21 [ vss
T221160A-35J 35ns SOJ
T221160A-35S 35ns TSOP-I|
vee 110 40 [ vVss
o1 [ 2 39 [] /016
GENERAL DESCRIPTION oz [ 3 s8 [ 1015
o3 [ 4 37 [ 1014
The T221160A is arandomly accessed solid state oa s 36 [ 1013
memory containing 1,048,551 bits organized in a V/:° E ° 25 g V/;sz
1105 7 4 17101
x16 configuration. The T221160A has both BYTE s [ 8 33 [ w11
WRITE and WORD WRITE access cycles via two o E 2 2? g o
CAS pins. It offers Fast Page mode operation
The T221160A CAS function and timing are - reory -
[ NC 11 30 NC
determined by the first CAS to transition low and ne 12 29 [ casL
by the last to transition back high. Use only one of we E 5 ij g casr
the two CAS and leave the other staying high Ne  [1s 26 [ NC
during WRITE will result in a BYTE WRITE. 2‘; Eij zi g 2;
CASL transiting low in a WRITE cycle will write Az []1s 23 [ As
: _ ~ACH A3 [Jao 22 [ A4
data into the lower byte (I01~108), and CASH O s 9 ves
transiting low will write data into the upper byte
(109~16).
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FUNCTIONAL BLOCK DIAGRAM

=
m
.

m— } (TS CONTROL : DATA-IN BUFFER /‘—
CASH o— & o —4 LoGIC DQO1
NO.2 CLOCK _‘ DQ.l6
GENERATOR < L p]
A | 5| DATA-
L — s OMER
COLUMN. N —
8 ADDRESS 8 COLUMN ————— O
:ll ] BUFFER V‘DECODERA AN
AQ e—— < --- 256 - -
Al o— REFRESH 8 8
A2 CONTROLLER Y vN_ZX Z -
A3 ¢ - » SENSE AMPLIFIERS
ngo | - I\/O GATING
| e
A6 o L
S .
8 «—>
) oo D3| = | e
BUFFERS(8) 18 : Y i
A B R |H
— NO.1CLOCK [ 4 _ Ve
RAS GENERATOR
4—o° Vss
PIN DESCRIPTIONS
PIN NO. SYM. TYPE DESCRIPTION
16~19,22~25 AO-A7 Input Address Input
14 RAS Input Row Address Strobe
28 CASH Input Column Address Strobe /Upper Byte Control
29 CASL Input Column Address Strobe /Lower Byte Control
13 WE Input Write Enable
27 OE Input Output Enable
2~5,6~10,31~34,36~39 [/01-1/016 | Input/ Output |Data Input/ Output
1,6,20 Vce Supply Power, 5V
21,35,40 Vss Ground Ground
11,12,15,30 NC - No Connect
Taiwan Memory Technology, Inc. reservestheright P. 2 Publication Date: Iﬂ;ﬁ l?:ﬁ%h ——
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T221160A

ABSOLUTE MAXIMUM RATINGS*

Voltage on Any pin Relativeto VSS... ... -1V to v
Operating Temperature, Ta (ambient)..0°C to +70°C
Storage Temperature (plastic)....... -55°C to +150°C
Power Dissipation .........ccccevvveevevesien e veeeiens 1.0w

Short Circuit Output Current...........ccceeeeenene 50mA
* Stresses greater than those listed under " Absolute
Maximum Ratings' may cause permanent damage

to the device. This is a stress rating only and
functional operation of the device at these or any
other conditions above those indicated in the
operational sections of this specification is not
implied. Exposure to absolute maximum rating
conditions for extended periods may affect

reliability.

DC ELECTRICAL CHARACTERISTICSAND RECOMMENDED

OPERATING CONDITIONS

(0°C<Ta< 70°C; VCC =5V = 10 % unless otherwise noted)

DESCRIPTION CONDITIONS SYM. MIN MAX UNITS | NOTES
Supply Voltage Vce 45 55 \% 1
Supply Voltage Vss 0 0 \%

Input High (Logic) voltage VIH 24 Vcetl \% 1
Input Low (Logic) voltage VL -1.0 0.8 \% 1
Input Leakage Current OV<VINS7V ILI -10 10 UA

ov <V <7V
Output Leakage Current Output (S)Ud|T <bled ILO -10 10 UA
Output High Voltage IOH =-5mA VOH 24 - \%
Output Low Voltage loL =4.2mA VoL - 0.4 \

Note: 1.All Voltages referenced to Vss

Taiwan Memory Technology, Inc. reservestheright P.3

to change products or specifications without notice.

Publication Date: "?J;E%'.E%g%%imﬂ! 4U.com

Revision: A




t

T221160A
DC CHARACTERISTICS
(Ta=0to 70°C, Vcc =5V £10%, Vss=0V)
-25 -30 -35 -40
Parameter Symbol 3 3 Unit Test Condition
Min[{Max|Min|Max|Min|Max|Min|Max
Operating Current i
perdiing tu lccl | - |170| - |150| - [130| - |120| ma |RAS: CAScydling
trc=min
Standby Current TTL interface,
lcc2 | - | 4| -|4]|-|4] - |4 ]|mA|IRAS,CAS=V |,
DoyTt=High-Z
Standby Current CMOS interface,
lcc3 | - |12 -2 -|2]-]2 | mAl—
RAS, CAS>Vcc-0.2V
Fast Page Mode Current RAS=VIL,CAS
o4 | - |a70| - |50 T 130 T |120| ™A\ ing toe= min
RAS-only refresh s | - ) ) ) mA | CAS=VIH, RAS
Current 170 150 130 120 cycling, trc= min
CAS Before RAS 1cB mA RAS, CAS cycling,
Note: Icc depends on output load condition when the device is selected.

Icc max is specified at the output open condition, Icc is specified as an average current.

CAPACITANCE

(Ta=25°C, Vcc =5V, f = 1M HZ)

Parameter Symbol Typ M ax Unit
Input Capacitance
put-ab Ci1 - 5 pF
(address)
Input Capacitance
(RAS,CAS,WE,OE)
Output Capacitance
P ap Ci/o - 10 pF
(data-in/out)

Taiwan Memory Technology, Inc. reservestheright P. 4
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T221160A
AC CHARACTERISTICS(note 1,2,3) (Ta=0t0 70°C)
AC TEST CONDITIONS:
Vee=5V £10%, input pulse level =0to 3V
Input rise and fall times: 2ns
Output Load: 2TTL gate + C|_ (50pF)

AC CHARACTERISTICS SYM -25 -30 -35 -40 UNIT INotes
PARAMETER MIN | MAX| MIN |[MAX | MIN | MAX | MIN | MAX

Read or Write Cycle Time tRC 43 55 65 75 ns
Read-Modify-Write Cycle Time trwc | 65 85 95 105 ns
Fast-Page-Mode Read or Write Cycle Time tpc 15 20 23 25 ns
Fast-Page-Mode Read-Write Cycle Time tpem | 37 42 49 52 ns
Access Time From RAS tRAC 25 30 35 40 | ns |4
Access Time From CAS tcaC 8 10 | ns |5
Access Time From OE tOAC 8 10 | ns |13
Access Time From Column Address tAA 12 16 18 20 | ns (8
Access Time From CAS Precharge taACP 14 18 20 22 | ns
RAS Pulse Width tRAS | 25 |10K| 30 |10K| 35 |10K| 40 |10K | ns
RAS Pulse Width trasc| 25 |100k| 30 [100k | 35 [100k| 40 [100k| ns
RAS Hold Time tRsH | 7 8 9 10 ns
RAS Precharge Time trp | 15 20 23 25 ns
CAS Pulse Width tcas | 4 |10K| 6 |10K| 8 |10K| 10 [10K| ns
CAS Hold Time tcsH | 21 26 30 35 ns
CAS Precharge Time tCP 3 3 4 5 ns
RAS to CAS Delay Time tRep | 10| 17 | 10 |21 | 10| 25| 10 | 29 | ns |7
CAS to RAS Precharge Time tcrp | 3 3 3 5 ns
Row Address Setup Time tAsrR | O 0 0 0 ns
Row Address Hold Time tRAH | 5 5 5 5 ns
RAS to Column Address Delay Time trRaD | 8 |13| 8|14 | 8 |16| 8 | 18| ns |B
Column Address Setup Time tasc | O 0 0 0 ns
Column Address Hold Time tcaH | 4 4 4 5 ns
(%Iusn;n Address Hold Time (Reference to (AR 2 26 30 2 ns
Column Addressto RAS Lead Time traL | 12 14 16 18 ns
Read Command Setup Time tres | O 0 0 0 ns (14
Read Command Hold Time Referenceto CAS [tRcH | O 0 0 0 ns 314
Read Command Hold Time Reference to RAS [tRRH | O 0 0 0 ns |9
CAS to Output in Low-Z tcLz | 3 3 3 3 ns
(;L’J‘Tt[.;ut Buffer Turn-off Delay From CASor torr1| 3 | 15| 3 |15 3 |15 3 | 15 ns |10.16
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AC CHARACTERISTICS (continued)

AC CHARACTERISTICS -25 -30 -35 -40
PARAMETER SYM 'MINTMAX|[MIN [MAX[MIN [MAX[MIN [MAX| UNIT [Notes

Output Buffer Turn-off OE to toFF2 | - | 6| - | 8| - [ 8| - | 8| s |'®
Write Command Setup Time twes 0 ns |4
Write Command Hold Time tWwCH 6 ns
Wrii Command Hold Time (Reference tWCR | 22 26 30 34 ns X
to RAS)

Write Command Pulse Width twp 4 4 4 6 ns M
Write Command to RAS Lead Time tRWL | S 6 7 9 ns ¥
Write Command to CAS Lead Time tcwL | S 6 7 8 ns [
Data-in Setup Time tps 0 0 0 0 ns 12
Data-in Hold Time tDH 4 4 4 5 ns 12
Data-in Hold Time (Referenceto RAS)  [IDHR | 22 26 30 34 ns

RAS to WE Delay Time tRwD | 34 46 51 56 ns |2
Column Addressto WE Delay Time tawD | 21 29 31 35 ns |2
CAS to WE Delay Time tcwp | 17 24 25 27 ns [
Transition Time (rise or fall) tT 15|50 | 15|50 25|50 |25|50 | o [23
Refresh Period (256 cycles) tREE 4 4 4 4 | ms

RAS to CAS Precharge Time tRpc | 10 10 10 10 ns

CAS Setup Time (CBR REFRESH) tcsR | ° 10 10 10 ns |°
CAS Hold Time (CBR REFRESH) tCHR | 7/ 10 10 10 ns |°
OE Hold Time From WE During Read-  |IOEH | 4 4 4 5 ns |
Modify-Write Cycle

OE Setup Prior to RAS During Hidden  |tORD | O 0 0 0 ns
Refresh Cycle
Taiwan Memory Technology, Inc. reservestheright P. 6 Publication Date: EEB- 29921 cetau.com
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T221160A

Notes:

1.

10.

An initial pause of 200us is required after
power-up followed by eight RAS refresh
cycles (ﬁs only or CBR) before proper
device operation is assured. The eight RAS
cycle wake-ups should be repeated any time
the tREF refresh requirement is exceeded.

VIH(2.4V) and V|L(0.8V) are reference levels
for measuring timing of input signals.
Transition times are measured between
VIH(2.4v) and VIL(0.8V).

In addition to meet the transition rate
specification, all input signals must transit
between V|H and V|L in a monotonic manner.

Assume that tRCD < tRCD(max). If tRCD is
greater than the maximum recommended value
shown in this table, tRAC will increase by the
amount that trcp exceeds the value shown.

Assume that tRCD > tRCD(max) .
Enables on-chip refresh and address counters.

Operation within the tRcD(max) limit ensures
that tRAC(max) can be met. tRCD(max) is
specified as a reference point only; if tRCD is
greater than the specified tRCD(max) limit,
accesstimeis controlled by tCAC.

Operation within the tRAD limit ensures that
tRAC(max) can be met. tRAD(mMax) is
specified as a reference point only; if tRAD is
greater than the specified tRAD(Max) limit,
accesstimeis controlled by tAA.

Either tRCH or tRRH must be satisfied for a
READ cycle.

tOFF1(max) defines the time at which the
output achieves the open circuit condition; it is
not areferenceto VOH or VOL.

11.

12.

13.

14.

15.

16.

twcs tRwp. tawp ad tcwp ae
restrictive operating parameters in LATE

WRITE and READ-MODIFY-WRITE cycles
only. If twcs = twcs(min), the cycle is an
EARLY WRITE cycle and the data output will
remain an open circuit throughout the entire
cycle. If tRWD > tRwD(mMin), tAWD >
tAWD(min) and tCwD = tCcwD(min), the
cycle is READ-WRITE and the data output
will contain data read from the selected cell. If
neither of the above conditions is met, the state
of I/0O (at access time and until CAS and
RAS or OE go back to V) is indeterminate.
OE held high and WE taken low after CAS
goes low result in a LATE WRITE ( OE -
controlled) cycle.

These parameters are referenced to CAS
leading edge in EARLY WRITE cycles and
WE leading edge in LATE WRITE or READ-
MODIFY-WRITE cycles.

During a READ cycle, if OE is low then
taken HIGH before CAS goes high, 1/0 goes
open, if OE is tied permanently low, a LATE
WRITE or READ-MODIFY-WRITE
operation is not possible.

WRITE command is defined as WE going
low.

LATE WRITE and READ-MODIFY-WRITE
cycles must have both tOFF2 and tOEH met
(O_E high during WRITE cycle) in order to
ensure that the output buffers will be open
during the WRITE cycles.

The 1/0Os open during READ cycles once
tOFF1 O toFF2 occur.

Taiwan Memory Technology, Inc. reservestheright P.7
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READ CYCLE
S VASE—— |
s o] =k e ’_ /
ADDR Y777 - WSC oo = <UZ77777777772X %
WE V2777 I AT /7777777777
RA =
VNS oren %m oren
OE |~ ////////////////////////////; /;/IO/FF/Z////////////////
EARLYtWRITE CYCLE
mRE VT ) ===
- ://'It': _/“.( tcRP tA;R?:\ N tcas 7 torp
ADDR '~ //oi ow ,I*E@z:(m comw KULII{ 77777 77X
WE v~ 2277777777777 - V:“ 77777777 777777777777777777
VO~ 7777 777777777772 tDSvAnLDDATAtDH K7/ 777777777777777777777777
ViH—

OE '~ 7777777777777 7777777777 7777777777 7777777777 7 77777777777
Vlllll‘ DON'T CARE

KXXXXN unDEFINED

Note: torr iSreferenced from therising edge of RAS or CAS , whichever occurs last.
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READ WRITE CYCLE
(LATE WRITE and READ-MODIFY-WRITE CYCLES)

RAS ' N, — - 7ifi‘¥
e | — ==
ADDR "'~ ///xl: = RothAH :Is@z — SoLuMN %ﬁf//////////////// 772<_row

WE ' 2277777777 77777 (;\AACIAWD XW

oY= ey it

OF ' ZZ77777 777777777777 77777777772 - — 77777

FAST-PAGE-MODE READ CYCLE

‘RAsC ‘Rp

e =
RAS
ViL— N 1 . N
‘csH ‘pc '‘RsH CRP
‘crR 'RcD ‘cas cp ‘cas cp ‘cas fepn
ViH— o R = ’l
CA V||__J / . T\_
‘AR
RAD ‘RAL
‘as ‘RAH ‘asc ‘can ‘asc ‘caH ‘asc ‘can
V iH—
ADDR , ' _JIA_row _¥JX corumn __ X7777INc oL um N K777% c oL um N KT Row
'RRH
- k=
‘Rcs 'RCH
—V IH—/ -
WE . _ i, ton 3 N{
‘ace
RAC ACP
tcac ‘oFF1 ‘cac OFF1 fcac .
(CLS —> fcLz érpl
V ioH ‘Lz —
— 3 3
110 VioL— OPEN A \:)AAITLAD 4 D:ITLAD VD/;‘TL: y— OoPEN —

OAC FF ‘oac FF ‘oac FF
—Vm—m & ﬁ
OE ViL— 3 /

Vllll DON'T CARE

KXXXXH unoerineo

Note: 1. torr isreferenced from therising edge of RAS or CAS , whichever occurs last.
2. tpc can be measured from falling edge of CAS to falling edge of CAS , or from rising edge of
CAS torising edge of CAS . Both measurements must meet the tec Specification.
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FAST-PAGE-MODE EARLY-WRITE CYCLE

‘Rasc _ 'rP
ViH |
RAS v/, _ N torp N
tesH tpc 'RsH
'CRP) 'RcD ‘cas'cLcH tcp fcas'cLc tcp tcas'cLcH, tcpn
——— ViH— L
CAS ViL— _/ . N 4 N y N 7 \_
AR
tRAD ‘RAL
tAsR ‘RAH tasc tcaH tasc || tcan tasc [|lcaH
ADDRY/T:W ROW COLUMN ¥ COLUMN COLUMN ROW
tewL tewL fewL
twcs ‘wcH i ‘wes twen twcs ‘weH 7
wp wp wp
——— ViIH—
WE . _ 77777 Wi T,
‘wcr ‘RwL J
‘DHR -
'ps ‘DH 'ps ‘DH ps 'DH
VioH—
1O\, o _ T VALID DATA N VALID DATA K[JX_VALID DATA XTI,

—— VIH—

OF \,, _ i,

FAST-PAGE-MODE READ-WRITE CYCLE
(LATE WRITE and READ-MODIFY-WRITE CYCLES)

RAS ViH— )[—x
ViL— i [P [ [y ‘crP
‘crp ‘ReD tcascLcH tcp tcastcLcH tcp tcascLcH fepn
— = ViH— - i i 1 ,l
CAS
ViL— J tA R v 1'\_
'RAD - 'RAL
tasr|| 'RAK tasc tcaH ‘ascl| tcan asd| ‘tcan
ViH_— -
ADDR , JIIIE_row COLUMN X777/ COL UMN K777/ COL UMN K777/ ROW
‘RWD —3) 'RwL
'rRes towr —y tewL—y — k—fow
tAwD) wp —3| p tAadD  WP— —_ k—twp
‘cewp \_L ‘ewp ‘ewp
—— ViH—
Y/
WE i
VN L7V
‘mac o
= tace
‘cac —3) <— ‘cac—3)
tcLz terz —3
VioH— g
1/0 v q ‘—%ZZZX T PR v W oo b
VioL— J ] ] oo ]
K— loFr2 Kk— torr2 6_:OFF2
E tOAC & —

toac :‘ toac
OE "~ T

DON'T CARE

B8 UNDEFINED

Note: tpc can be measured from falling edge to falling edge of CAS, or from rising edge to rising edge of
CAS. Both measurements must meet the tpc Specification.
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FAST-PAGE-MODE READ-EARLY-WRITE CYCLE
(Pseudo READ-MODIFY-WRITE)

‘Rasc

RAS VIH— ———— I N
Vie— | TcsH t
| 'cre
¢ ¢ 'pc 'pc 'RsH K
CRR RcD TcAs cp ca cp Tcas ‘cp
ViH— ] 1 I
CAS VIL—J \ ) \ \ N\
‘AR
tRAD 'RAL
‘asr|[ 'Ran ‘asc ‘can ‘asc|lican tasc || ‘can
ViH— !
ADDR ,, ROW corumn__ KT o L um Nk coLum N ROW
'ReH—Y K—
t
Res, 'wes tweH
—— VIH— y
W E
ViL— ﬁ ‘An
| ‘an t
ACP
‘RAC N
t 'oFF1 AC ‘os || 'oH
CAC ) )
cLz ORF1 K—AK—
—> K—
I/OVIOH_ OPE A VAILD VAILD y VAILD
VioL— N } Y DATA(A) ATA(B) Y DATA IN
0AC

RAS ONLY REFRESH CYCLE
(ADDR=AO0-A7 ; OE, WE=DON'T CARE)

‘Rc

——— VIH—
RAS v — F ~_
ViH— 4
CAS ViL— W
ADDR \\;'i': T Row Row
o 2= e
DON'T CARE
B UNDEFINED
Notel:Do not drive data prior to tristate.
Taiwan Memory Technology, Inc. reservestheright P. 11 Publication Date: FEB. 2002
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CBR REFRESH CYCLE
(AO-A7; OE =DON'T CARE)

I e -
_ \\;:,: _ ,l | e e | 777777;; e torm l

110 5‘“1 cPEN

W\\;',': L[] N

HIDDEN REFRESH CYCLE
(WE=HIGH ; OE=LOW)

(READ) (REFRE SH)
‘RC ‘RC

‘RA S ‘RP ‘RA S |1 ‘RP

RAS |, _ N <—J‘ —
cap ! on

V iH— e ——

VAl

'RAD ‘RAL

‘A SR '‘RAH AH
V in— ” A
ADDR RO W [ corumn X
ViL—
‘A A

RAC
CAC
T
V ioH— — e
|/ov oPEN ZX>Z‘ VAILD DATA —_—
oL — N
‘oac
t
VIH_ ORD
OE
VoL — 2%

VZZZZA vont care
BOXXXA uwoerinen

Note: 1. torr isreferenced from therising edge of RAS or CAS , whichever occurs last.
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T221160A
PACKAGE DIMENSIONS
40-LEAD SOJ DRAM (400 mil)
A
Annnononnononnononni
O

B

J O

IU00U00U0000000000T]

G
Tk W
| Wﬂﬂﬂﬂw WJWJ4 \[ I

i 10¢X(MA%
Seat
Eeaan”;g m E

_%

SYMBOL DIMENSIONSIN INCHES DIMENSIONSIN MM
A 1.025+0.010 26.035+0.254
B 0.400+0.005 10.160+0.127
C 0.045(MAX) 1.143(MAX)
D 0.050+0.006 1.27+0.152
E 0.019+0.003 0.483+0.08
F 0.026+0.003 0.661+0.080
G 0.440+0.010 11.176+0.254
H 0.011:+0.003 0.280+0.080

| 0.025(MIN) 0.635(MIN)
J 0.364:0.020 9.246+0.508
K 0.047+0.006 1.194+0.152
L 0.150(MAX) 3.810(MAX)
y 0.004(MAX) 0.102(MAX)
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PACKAGE DIMENSIONS
40-LEAD TSOP || DRAM (400 mil)

40 21

HOOHAOOHAR QAOOHAAOHAR e
E |EQ
\@ L |
., DHOoobbooWd Hobbobgbobo ﬁd\' S
1 Il 20
= b l/ %1 “““.
ZLLSHEY
A2 | |AL L /"'
L1
SEATING PLANE
SYMBOL DIMENSIONSIN INCHES DIMENSIONSIN MM
A 0.047(max) 1.20(max)
Al 0.004+0.002 0.10+0.05
A2 0.039+0.002 1.00+0.05
0.014(typ.) 0.35(typ.)
e 0.0315(typ.) 0.80typ.)
D 0.725+0.004 18.41+0.10
E 0.463+0.008 11.76+0.20
El 0.400+0.004 10.16+0.10
L1 0.031 0.80
L 0.020+0.004 0.500+0.10
y 0.004(max) 0.10(max)
0 0°~5° 0°~5°
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