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DRAM 256K x 16 DYNAMIC RAM
FAST PAGE MODE

FEATURES will write data into the upper byte (109~16).
- Industry-standard x 16 pinouts and timing PIN ASSIGNMENT ( Top View)
functions.
Single 5V (¥10%) power supply. vee (10 40 [ Vss
- All device pinsare TTL- compatible. /01 ]2 39 [ 1/016
12yl et s v 2B
Refresh modes: RAS Only, CAS BEFORE /04 5 36 [ 1/013
RAS (CBR) and HIDDEN. Vee 6 35 [ Vss
- Conventional FAST PAGE MODE access cycle. :;g: E; 2;‘ g :;gﬁ
BYTE WRITE and BY TE READ access 107 = 9 32 |5 1010
cycles. 1/08 []10 s0J 31 [ 109
NC 11 30 O NC
NC 12 29 [ TASL
OPTION WE 13 28 [ CASH
TIMING MARKING RAS [J14 271 OE
NC [15 26 [ A8
30ns -30 A0 16 25 [0 A7
35ns -35 Al 17 24 [ A6
A2 18 23 [ A5
45ns -45 A3 [19 22 [ A4
60ns -60 vee 20 21 [J VvsS
PACKAGE MARKING
SOJ J vee [110 40 [] Vss
1101 ]2 39 [1 o016
TSOP(”) S 1102 ] 3 38 [] 1/015
1103 ] 4 37 [ 1014
GENERAL DESCRIPTION o= B e
The T224160B is a randomly accessed solid state vee L6 35 1 Vs
. : ] ] 1105 [ 7 34 [ /012
memory containing 4,194,304 hits organized in a x16 106 [ 8 33 [ 1o1L
configuration. The T224160B has both BYTE o7 L] o 32 1] 1/010
A 1108 []10 31 [1 o9
WRITE and WORD WRITE access cycles via two
CAS pins. It offers Fast Page mode operation TSOPM
~A G . . NC []11 30 [ NC
The T224160B CAS function and timing are Ne 1 2o 1 CAST
determined by the first CAS to trandition low and WE 13 28 [ CAsH
. . RAS [ 14 27 [ ©E
by the last to trangition back high. Use only one of Ne s 26 7 s
thetwo CAS and leave the other staying high during A0 16 25 [ A7
WRITE will result in a BYTE WRITE. CASL AL Q17 24 L1 A6
. . . . . A2 18 23 [ A5
trangting low in a WRITE cycle will write data into A3 1o 2 ] Ad
the lower byte (I01~108), and CASH transiting low Vee []20 21 1 vss
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FUNCTIONAL BLOCK DIAGRAM

|_ b b
ﬁ ¢ ‘_;D' CE CONTROL N DATA-IN BUFFER /I—
CASH o4 — LoGIC v DQo1
NO.2 CLOCK _‘ | I DO16
GENERATOR < )
T | bATA-OUT
\] COLUMN. R BUFFER J—
o ADDRESS ) I;:EC:Z%JDME’\I‘? [ oE
_—l/ BUFFER |/ - - élel
AD B — “eeB12e
Al o— REFRESH 8 8
A2 CONTROLLER b N ZSN 7 -
A > SENSE AMPLIFIERS
A3 ¢ VO GATING
Ad ——— I
Tl
A6 o——— I
A7 /]
A8 e——] g
o
BUFF‘E‘RS(Q) % o ARRAY ____-
__ NO.1CLOCK | — 1 Ve
RAS GENERATOR
44— Vss
PIN DESCRIPTIONS
PIN NO. SYM. TYPE DESCRIPTION
16~19,22~26 AO-A8 [nput Address Input
14 RAS I nput Row Address Strobe
28 CASH [nput 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 1/01 - 1/016 | Input/ Output |Data Input/ Output
16,20 Vce Supply Power, 5V
21,3540 Vss Ground Ground
11,12,15,30 NC - No Connect
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ABSOLUTE MAXIMUM RATINGS*

Voltage on Any pin Relativeto VSS... ... -IVto v
Operating Temperature, Ta (ambient)..0°C to +70°C
Storage Temperature (plastic)....... -55°C to +150°C
Power Dissipation ............

12w

Short Circuit Output Current.........cc.ceeeeeneeene.

50mA

* Stresses greater than those listed under " Absolute
Maximum Ralings' may cause permanent damage
to the device. This is a sress rating only and
functional operation of the device at these or any
other conditions above those indicated in the
operational sections of this gpecification is not
implied. Exposure to absolute maximum rating
conditions for extended periods may affect
reliahility.

DC ELECTRICAL CHARACTERISTICS AND 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 Y
Input High (Logic) voltage VIH 24 Vcee+l \% 1
Input Low (Logic) voltage ViL -1.0 0.8 \% 1
Input Leakage Current OVEVINEWV ILI -10 10 UA

oV £EVouTE WV
Output L eakage Current I -10 10 UA
P A Output(s) disabled LO
Output High Voltage IoH =-5mA VOH 24 - Y
Output Low Voltage loL =42mA VoL - 04 \%
Note: 1.All Voltages referenced to V'ss
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DC CHARACTERISTICS
(Ta=0to 70°C, Vcc =5V +10%, Vss = 0V)
Parameter Symbol 30 35 45 %0 Gnit|  Test Condition
Min | Max| Min| Max| Min| Max| Min| Max
Operating Current icel | - 1200l - |10l - 160! - 140 ma RAS, QAScycIing
trRC=min
Standby Current TTL interface,
lcc2| - | 4] -| 4| -] 4| -| 4 mA|RAS,CAS=Vy,
DoyTt=High-Z
Standby Current CMOS interface,
lcc3 | - 2| - 2|1 -12]1-12 m|[— —
RAS, CAS>Vce-0.2V
Fast Page Mode Current icea | - 1ol - 110l - l1e0! - 140 ma RA$=V|L,CA$
cycling, tpc=min
RAS-only refresh ices | - 200l - l1m0! - 160 - 140 mA CA$=VIH, RAS
Current cycling, trc=min
A RA RAS,CA i
CAS Before RAS icc6 | - 1200l - 1180l - l1e0l - 140 ma S,CAS cydling,
Refresh Current trc=min
Note:  lcc 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, Vce =5V, f = IM HZ)

Parameter Symbol Typ M ax Unit
Input Capacitance
put ~ap Ci1 . 5 PF
(address)
Input Capacitance
pu ap_ I_ _ Cio - 7 pF
(RAS,CAS,WE ,OE)
Output Capacitance
put-ap Clo - 10 oF
(data-in/out)
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AC CHARACTERISTICS(note 1,2.3) (Ta=0to 70°C)

AC TEST CONDITIONS:

Vce=5V +10%, input pulselevel = 0 to 3V

Input rise and fall times: 2ns

Output Load: 2TTL gate + C|_ (50pF)

AC CHARACTERISTICS SYM -30 -35 -45 -60 [ yn7|Note
PARAMETER MIN [ MAX| MIN | MAX| MIN | MAX| MIN | MAX S

Read or Write Cycle Time trC 55 65 85 110 ns
Read-Modify-Write Cycle Time trwc| 85 95 115 155 ns
Fast-Page-Mode Read or Write Cycle Time  |tpC 19 21 25 40 ns
Fast-Page-Mode Read-Write Cycle Time tpcy | 56 58 65 80 ns
Access Time From RAS tRAC 30 35 45 60 | ns |4
Access Time From CAS {CAC 8 9 11 15| ns |5
Access Time From OE tOAC 8 9 11 15 | ns |13
Access Time From Column Address tAA 13 15 19 30| ns |8
Access Time From CAS Precharge tACP 15 18 22 35| ns
RAS Pulse Width tRAS | 30|10K | 35 [10K| 45 [10K | 60 |10K | ns
RAS Pulse Width tRASC| 30 [100k| 35 [100k| 45 |100k | 60 [100k| ns
RAS Hold Time tRsH | 8 9 11 15 ns
RAS Precharge Time tRp | 25 30 35 40 ns
CAS Pulse Width tcas | 5 [10k| 6 |10k | 7 [10K| 15 [10K| ns
CAS Hold Time tcsH | 30 £ 45 60 ns
CAS Precharge Time tCP 3 3 5 10 ns
RAS to CAS Dday Time tRep | 10| 24| 10| 28| 10| 37| 20| 45| ns |7
CAS to RAS Precharge Time iIcCrRP | 3 3 5 5 ns
Row Address Setup Time tAsr | O 0 0 0 ns
Row Address Hold Time tRaH | 5 5 5 5 ns
RAS to Column Address Delay Time tRAD| 8| 17| 8 | 20| 8 | 26| 15| 30| ns B
Column Address Setup Time tasc | O 0 0 0 ns
Column Address Hold Time tcaq | 4 4 6 15 ns
CjR(')‘TIuSn;n Address Hold Time (Reference to tAR 26 30 20 50 ns
Column Address to RAS Lead Time traL | 13 15 19 30 ns
Read Command Setup Time tres | O 0 0 0 ns |14
Read Command Hold Time Referenceto CAS |tRCH | O 0 0 0 ns [9.14
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
Output Buffer Turn-off Delay From CASor torr1| 3| 15| 3 | 15| 3| 15| 3|15 ns (10.16
RAS
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12241608
AC CHARACTERISTICS (continued)
AC CHARACTERISTICS -30 -35 -45 -60 Note

PARAMETER SYM [MIN [MAX|MIN [MAX|MIN MAX|MIN [MAX|UNIT .
Output Buffer Turn-off OE to toFF2| - | 8| - |8 |- 8] - |15 ps |6
Write Command Setup Time twcs 0 ns |14
Write Command Hold Time twcH 10 ns
Wrii Command Hold Time (Reference tWCR| 26 30 46 50 ns |
tORAS)
Write Command Pulse Width twp 4 4 6 10 s [
Write Command to RAS Lead Time tRwL | 6 7 9 15 ns [*
Write Command to CAS Lead Time tcwL | 6 7 9 15 ns |
Data-in Setup Time tps 0 0 0 0 s [*2
Data-in Hold Time tDH 4 4 6 15 ns |2
Data-in Hold Time (Referenceto RAS)  |tDHR | 26 30 40 S0 ns
RAS to WE Déay Time tRwD | 46 sl 61 85 ns |7
Column Addressto WE Delay Time tAwD | 29 31 35 55 ns M
CAS to WE Dday Time tcwp | 24 25 27 40 ns 1
Trangtion Time (rise or fal) tT 15|50 (25|50 |25 50| 3 | 50| g %3
Refresh Period (512 cycles) tREE 8 8 8 8 | ms
RAS to CAS Precharge Time trpc | 10 10 10 10 ns
CAS Setup Time (CBR REFRESH) tcsr | 10 10 10 10 s |8
CAS Hold Time (CBR REFRESH) {CHR | 10 10 10 10 ns |°
OE Hold Time From WE DuringRead |tOEH | 4 4 6 15 ns [*°
Modify-Write Cycle
OE Setup Prior to RAS During Hidden ~ |[tORD | O 0 0 0 ns
Refresh Cycle
Write Command Hold Time (Test Modein) (tywTH | 10 10 10 10 ns
Write Command Setup Time (Test Mode in) [twTs | 10 10 10 10 ns
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Notes:
1. An initiadl pause of 200us is required after 11. twes tRRwD tawp and towp ae

10.

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(24V) and V|L(0.8V) are reference
levels for measuring timing of input signas.
Trangition times are measured between
VIH(2.4v) and VIL(0.8V)-

In addition to meet the trandgtion rate
specification, al input signds must transt
between V|H and V| in a monotonic manner.
Assume that tRCD < tRCD(max). If tRCD is
greater than the maximum recommended vaue
shown in this table, tRAC will increase by the
amount that trcp exceeds the value shown.

Assume that tRCD3 tRCD(Mmax) .
Enables on-chip refresh and address counters.

Operation within the RCD(max) limit ensures
that RAC(max) can be met. RCD(Max) is
specified as a reference point only; if tRCD is
greater than the specified tRCD(max) limit,
accesstimeiscontrolled by tCAC.

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

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

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

13.

restrictive operating parameters in LATE
WRITE and READ-MODIFY -WRITE cycles
only. If ywycs?3 twcgmin), the cycle is an
EARLY WRITE cycle and the data output will
remain an open circuit throughout the entire
cycle. If tRwD 3 tRwD(min), tAWD 3

tAwWD(min) and tcwD 3 tcwD(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 1/O (at access time and until CAS and
RAS or OE go back to Vjpy) is indeterminate.
OE hdd 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 edgein 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.

14.WRITE command is defined as WE going low.

15.

16.

LATE WRITE and READ-MODIFY -WRITE
cycles must have both 1OFF2 and OEH 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 or tOFF2 occur.
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READ CYCLE
tRC
tRAS trp
RAS VIH- 3 y
[ Ny / \
tcsH
'RsH 'RRH
_tcrp tRCD tcAs
CAS VH = | Y 7
vie_/f Y /]
tAR
‘RAD tRAL
tASR tRAH tasc tcAH
|
v
ADDR y1H = ( RO W X% COLUMN ¥ X ROW
r_ fRcs tRe 1
ViH
WE il / W
tAn
fRAC NOTE1
tcac toFF1
tciLz
170 Xg[‘: OPEN VALID DATA | OPEN
toac
! |
=— V|7
OF Vi Z Y. Y/
EARLY WRITE CYCLE
fRe
I RAS ) tRp
o g ]| ——
tcsH
fRSH
. crep trcD tcas
_ |
CAS ¥ "z F N
tAR
f‘RAD tRAL
tAsR (RAH tasc tcaH
v ,
ADDR W/, ROW XK COLUMN Y X ROW
fewL [
tRWL '
twcr
twcs tweH
twp
WE i 2 %
IDHR
' _tbs tbH
\V 7
110 oM /)L vaLo oAt ¥
OE YIH -
OE I =

P
DONT CARE
@ 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)

tRwe
tRAS . tRP
== Vig = y ,lt—x
RAS Vll::' - N \_
fcsH
tRsH
. tcre fRcD tcas
SV X /|
tAR
tRAD tRAL
tASR tRAH tasc tCAH
v
ADDR VIH
‘Rwp tow
TRcs tcwp RwL'
tawp twp
WE Vin y
Vi 7 & /
tAn
frRac
tcac
t t
telz - Ds |[toH
170 VIOH-, ALID D ALID D,
VioL - OPEN ouT ing OPEN
toac toFF2 [ toen |
I
v |
IH 7
OE
Vi % / W /
FAST-PAGE-MODE READ CYCLE
'RASC R
ke —\
- L |
CSH BC TRsh
| lcrP fRCD cas fcp fcas icp cas PN,
—v I I
IH = p N I
ASvil 27 N A N i N £ /] \
AR
RAD RAL
tasr [ TRaH tasc ‘cAH Jtasc || fean Tasc [[fcar
v
ADDR ,IH - N N
ik _% ROW 1@ COLUMN COLUMN m COLUW K 77X row
. tRCs wre” [TRRH
— [
WE JIH 7
ViL =7 / W /4
Y A tAA
TRAC TacP acp
fcac cac fcac
FFL OFFL
Clz— o iCLz—| fcLz—| -| |=OFR
v,
10 \/OH - OPEN VALID VALID VALID OPEN —
oL = DATA DATA DATA 4
toac ©OFR2 foac orr toac torp
— v
OF VIH }IT—\
ViL = A

DON'T CARE

BX] unDEFINED

Note: 1. torr; is referenced from the rising 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 tpc specification.
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FAST-PAGE-MODE EARLY-WRITECYCLE

tRAsC | |
— v -
RAS IH — 1
ViL - % / \
tcsH tpc tRsH
LtcrP tRcD tcas tcp tcAs tcp tcAs PN
CAS UIH = l \ r ] 7 4
ViL = N N
‘AR
‘RAD ‘RAL
tAsr ||trRan tasc tean tasc||ican tasc|fean
\
S E7 S ]
Vil rROwW ] coLumn [ coLumN [ coLumn W ﬁ( ROW
towL tewL tcwL |
1 1 1
twes twcH twes tweH twes || twcH
twe twp twp
= Vv
WE Vit Z . .
it Z 2. : ;
‘twcr tRw L |
!DHR '
.tps tDH s b H s tDH

v |
110 \SrZ -@- -@ ]
VIOL‘/ 7K VALID DATA VALID DATA vaLiboata K

FAST-PAGE-M ODE READ-WRITECYCLE
(LATE WRITE and READ-MODIFY-WRITE CYCLES)

tRASC LIRP |
Bas V - ¥
RAS IH
ViL - N ¥
tcsH tpcM RSH
‘crp ‘rcD ‘cas tcp i leas ‘cp ‘cas fcpn
— v |
CAS IH - 2 \
VL - / ) J N 1 N P J \
‘AR
‘rRAD tRAL
tasr||lrRAH ASC tcan asc||lcan ascl||tcan
ViH ” y \
ADDR @3 rRow |} COLUMN ,W COLUMN V m COLUMN ,W 0( ROW
‘Rw b
-1 tRwL
2z fewi . towe s - tcwe
twe A twp I+ - twp
‘tAwp tawp ‘tAwp
tcwp ‘cwo ‘cwp
= VvV
WE IH <
V||_ = / K.
tRAC
ton
\2
1/0 [ 10H ALl -
VioL- OPEN Bin OPEN
LtoFr2
toEH
— Vg -
OE
g K

DON'T CARE
@ UNDEFINED

Note: tec Ccan be measured from faling edge to falling edge of CAS, or from rising edge to rising edge of
CAS. Both measurements must meet the to¢ specification.
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FAST-PAGE-MODE READ-EARLY-WRITE CYCLE
(Pseudo READ-MODIFY-WRITE)

'RAsC L Re
RAS M = X H_
icsH
TpC 'Pc 'RsH
 [crRP RCD cas | ler fcas cp tcas ,ep
— I
CAS i - F A ! I b Y
AR TRAL
RAD
{ASR | ['RAH ‘asc cAH 'asc || fcan tasc||'caH |

ADDR ¥'H = [ RrROW K [ COLUMN(A) ] COLUMN(B) { CoLUMN(N) ROW
L K

tRCH |
|— Wwes WcH

E %% > 2

t
AA
tAa
! s Tacp
tCAC forRL IDs || bH
Tcac ‘oFF1 6 l—| [ —]
LZ-]
110 x:g[' - OPEN & VAID VALD % ¢ VALID
- A DATA () # NOTEL %_DATAIN #
toac

o 2

RAS ONLY REFRESH CYCLE
(ADDR=A0-A8; OE, WE=DON'T CARE)

trRC
RAs Rp

RAS JIH = ! ) \

— V
CcAs ylH -
ViL = 7' ‘\ /

tASR tRAH

N\

RO W

ApoR I 2K ROW %

\
1/0 [, OH—
VoL = OPEN

7 .
DON'T CARE
@ UNDEFINED

Notel:Do not drive data prior to tristate.

Taiwan Memory Technology, Inc. reservestheright P. 11 Publication Date: MAR. 2001
to change products or specifications without notice. Revision:B



t m TE
CH T224160B

CBR REFRESH CYCLE
(AO-A8; OE =DON'T CARE)

Rp ‘RAS tRp fRAS
RAS giH ¥ N / y /
‘RpC
i tcpN tcsr tcHR trpc,,  fcsr tCHR
CASH,CASL x:[‘: 7 X / l 1
1/0 K OPEN
wWE ViIH
Vi
HIDDEN REFRESH CYCLE
(WE=HIGH ; OE =LOW)
(READ) (REFRES H)
‘RAS tRP_, RAS
RAS &:[‘ I | ,-'—11: 2
_tcRrp tRcD tRSH {CHR
__ |
CAS 3:{‘ - F K i
‘AR
) ‘RaL
L tASR tR AH tasc tCAH
ADDR &:[‘ % ROW RRKKA  COLUMN V
tAn
tRAC
T ac NOTE1
[ 1 toFF1
170 xgr : OPEN VALID DATA OPEN—
toac tOFF2
R 25
Note: 1. torr1is referenced from therising edge of RAS or CAS , whichever occurs last.
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PACKAGE DIMENSIONS
40-LEAD SOJ DRAM (400 mil)
| 40 A 21
mnnonnonoonoonooonoon].
QO
B
o O
oo oo oo G "
| | K

Seating Plane |[/Z[¥ ]

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 12740152
E 0.019+0.003 0.483+0.08
F 0.026+0.003 0.66120.080
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 119440152
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)

| D

40 21I J
QOO0 AnArIn A0annonnan s M

oM
RERERERERIREpERERE TUooUoUorg s R
1 20
e SCALE : "A
A2 A jﬁ
Al : ~ .5
_Lf \E B 7
B N T
e SEATING PLANE | e
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
b 0.014(typ.) 0.35(typ.)
c 0.005(typ.) 0.127(typ.)
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)
q 0°~5° 0°~5
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