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T431616A

SDRAM

1M x 16 SDRAM

512K x 16bit x 2Banks Synchronous DRAM

FEATURES

3.3V power supply

e Clockcycletime:6/7/8/10ns

e Dual banks operation

e LVTTL compatible with multiplexed address

o All inputs are sampled at the positive going
edge of system clock

e Burst Read Single-bit Write operation

e DQM for masking

e Auto refresh and self refresh

e 32ms refresh period (2K cycle)

e MRS cycle with address key programs
- CAS Latency (2 & 3)
- Burst Length (1,2 ,4, 8 & full page)
- Burst Type (Sequential & Interleave)

e Available package type in 50 pin TSOP(II)
and 60-pin CSP.

e Operating temperature :

GRNERAL DESCRIPTION

The T431616A is 16,777,216 bits synchronous
high data rate Dynamic RAM organized as
2 x 524,288 words by 16 bits , fabricated with high
performance CMOS technology . Synchronous
design allows precise cycle control with the use of
system clock I/O transactions are possible on every
clock cycle . Range of operating frequencies ,
programmable burst length and programmable
latencies allow the same device to be useful for a
variety »of high bandwidth , high performance

memory system applications.

- 5~470°C

- 40 ~+85 °C
PART NUMBER EXAMPLES

CLOCK MAX OPERATING
PART NO. PACKAGE
CYCLE TIME | FREQUENCY TEMPERATURE

T431616A-7S Tns 143 MHz TSOP-1I -5 ~+70 °C
T431616A-7C Tns 143 MHz Ccsp -5 ~+70 °C
T431616A-7SI 7ns 143 MHz TSOP-II -40 ~ +85 °C
T431616A-7CI 7ns 143 MHz CSP -40 ~ +85 °C
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PIN DESCRIPTION
PIN NAME INPUT FUNCTION
CLK System Clock Active on the positive going edge to sample all input.
Cs Chip Select Disables or enables device operation by masking or enabling all input

except CLK,CKE and L(U)DQM

Masks system clock to freeze operation from the next clock cycle.

for Future Use

CKE Clock Enable CKE should be enabled at least one cycle prior to new command.
Disable input buffers for power down in standby.
Row/column addresses are multiplexed on the same pins.
A0~ A10/AP Address
Row address : RAO ~ RA10,column address : CAO ~ CA7
Selects bank to be activated during row address latch time.
BA Bank Select Address
Select bank for read/write during column address latch time.
Latches row addresses on the positive going edge of the CLK
RAS Row Address Strobe |with RAS low.
Enablestow access & precharge.
Latches column addrésses on the positive going edge of the CLK
CAS Column Address Strobe |with CAS low.
Enables column access .
J— . Enables write operation and row precharge.
WE Write Enable —
Latches data in starting from CAS, WE active.
Data Input/Output  [Makes data output Hi-Z, tSHZ after the clock and masks the output.
L(U)DQM
Mask Blocks data input when L(U)DQM active.
DQO ~ DQI5 Data Input/Output  |Data inputs/outputs are multiplexed on the same pins.
VDD/Vss Power Supply/Ground |Power and ground for the input buffers and the core logic.
Data Output Isolated power supply and ground for the output buffers to provide
VDDQ/VSsQ
Power/Ground improved noise immunity.
No This pin is recommended to be left No Connection on the device.
N.C/RFU Connection/Reserved

Taiwan Memory Technology, Inc. reserves the right P. 4
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ABSOLUTE MAXIMUM RATINGS

Parameter Symbol Value Unit
Voltage on Any Pin Relative To Vss Vi, Vour -1.0to 4.6 v

Supply Voltage Relative To Vss VDD, VDDQ -1.0 to 4.6 A"

Short circuit Output Current Tout 50 mA

Power Dissipation Pp 1 W
Operating Temperature Topr -5to +70/-40 to +85 °C
Storage Temperature Tstg -55to +125 °C

Note : Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded.
Functional operation should be restricted to recommended operating condition.
Exposure to higher than recommended voltage for extended periods of time could affect device reliability.

RECOMMENDED DC OPERATING CONDITIONS
(TaA=-5t0+70 °C /-40 to +85 °C , Voltage referenced to Vss=0V)

Parameter Symbol Min. Typ Max. Unit Notes
Supply Voltage VDD, VDDQ 3.0 33 3.6 v
Input High Voltage VH 2.0 3.0 Vpp+0.3V A% 1
Input Low Voltage \%i? -0.3 0 0.8 v 2
Output logic high voltage Vo 2.4 - - A% Ior=-2mA
Output logic low voltage VoL - - 0.4 A% IoL=2mA
Input leakage current It -5 - 5 uA 3
Output leakage current IoL -5 - 5 uA 4
Note : 1. ViH (max) = 4.6V AC for pulse width < 10ns acceptable.
2. VIL (min) = -1.0V AC for pulse width < 10ns acceptable.
3. Any input 0OV< VIN < Vpp+ 0.3V, all other pin are not under test = 0V.
4. Dout = disable, 0V< Vour< VDD.
CAPACITANCE
(TA=25 °C,Vpp=3.3V, f= 1MHz)
Pin Symbol Min Max Unit
CLOCK CcLk 2.5 4.0 pF
ADDRESS CADD 2.5 5.0 pF
DQO ~DQIS5 Cour 4.0 6.5 pF
RAS,CAS,WE,CS,CKE,LDQM, CiN 2.5 5.0 pF
UDQM
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T431616A
DC CHARACTERISTICS
TA =-5to 70°C / -40 to +85 °C , ViH(min)/VIL(max)=2.0V/0.8V
Speed version . .
Parameter Symbeol Unit Test Condition Note
-6 -7 -8 -10
Operating Current Burst Length = 1
. |lcar 160 | 150 | 140 | 120 [ mA 1,3
( One Bank Active) tRC>tRC(min) ,tCC>tCC(min),IOL= 0 mA
Precharge Standby IccaP ) CKE < VIL(max),tCC=15ns
Current in power- mA 3
down mode IccaPS 2 CKE < VIL(max),CLK < VIL(max), tCC =e
Precharge Standby CKE > VIH(min), ¢S = VIH(min),tCC=15ns
A IccaN 30
Current in non A Input signals are changed one time during 30ns
m
power-down mode CKE>VIH(min),CLK < VIL(min),tcC=+
IccaNS 2
Input signals are stable
Active Standby [P 10 CKE </ViL(max),tee=15ns
Current in power- mA 3
down mode Icc3PS 10 CKE < VIL(max),CLK < VIL(max),tCC=e
Active Standby 0 CKE>VIH(min), cs =VIH(min),tCC=15ns
. IcesN
Current in non Input signals are changed one time during 30ns
power-down mode mA - - 3
CKE=VIH(min),CLK < VIL(min),tCC=e
(One Bank Active) [lccaNS 10 _
Input signals are stable
Operating Current 180 170 160 140 CAS Latency 3 IoL=0 mA,Page Burst
(Burst Mode) Icce mA All Band Activated 1,3
180 | 170 | 160 | 140 CAS Latency 2 tcep= teep(min)
Refresh Current ICCS 180 170 160 140 mA tRC ZtRC(mln) 2’3
CKE<0.2V
Self refresh Iece 1 mA <
Current
Note: 1. Measured with output open. Addresses are changed only one time during tcc(min) .

2. Refresh period is 32ms. Addresses are changed only one time during tcc(min) .

3. tcc: Clock cycle time.

trc: Row cycle time.

tcep : Column address to column address delay time.

Taiwan Memory Technology, Inc. reserves the right P. 6
to change products or specifications without notice.

Publication Date: DEC. 2000
Revision: C




tme

T431616A
AC OPERATING CONDITIONS
(Vpp=3.3V £0.3V ,Ta= -5 to 70°C /-40 to +85°C )
Parameter Value Unit
Input levels (VIiH/VIL) 3.0/0 v
Input timing measurement reference level 1.4 v
Input rise and fall time tr/tf=1/1 ns
Output timing measurement reference level 1.4 v
Output load condition See Fig.2
3.3V OVit=1.4v
1200 ohm 50 ohm
Output
oO—F——&--—— -~ > Output O
VOH(DC)=24,J0H=-2mA
870 ohm VOL(DC)=0.4,JOL=2mA
30pf

(Fig.1) DC Output Load Circuit

(Fig.2)AC Output Load Circuit
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OPERATING AC PARAMETER

(AC opterating conditions unless otherwise noted)

Parameter Symbol Speed Version Unit | Note
-6 -7 -8 -10
Row active to row active delay tRRD(min) 12 14 16 20 ns 1
RAS to CAS delay tRCD(min) 16 16 20 20 ns 1
Row precharge time tRP(min) 18 20 20 20 ns 1
Row active time fRAS(min) 42 42 48 50 s !
tRAS(max) 100K ns
Row cycle time tRC(min) 60 ‘ 63 ‘ 68 ‘ 70 ns 1
Last data in to new col. Address delay [tcpL(min) 1 CLK 2
Last data in to row precharge tRDL(min) 2 CLK 2
Last data in to burst stop tBDL(min) 1 CLK 2
Col. Address to col. Address delay tcep(min) 1 CLK 3
Number of valid output data 8:2 izzzzzg 11 ea 4

Note: 1. The minimum number of clock cycles is determined by dividing the minimum time required
with clock cycle time and then rounding off to the next higher integer.
2. Minimum delay is required to complete write.

3. All parts allow every cycle column address change.

4. In case of row_precharge interrupt, auto precharge and read burst stop.
The earliest a precharge command can be issued after a Read command without the loss of data is

CL + BL-2 clocks.
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T431616A
AC CHARACTERISTICS
(AC opterating conditions unless otherwise noted)
Parameter Symbol -6 ol -8 -10 Unit | Note
Min | Max | Min | Max | Min | Max | Min | Max
CAS Latency =3 6 7 8 10
CLK cycle time tcc 1K 1K 1K 1K | ns 1
CAS Latency =2 8 8.6 10 10
CLK to valid CAS Latency =3 - 5.5 - 6 - 6 - 7 ns
Output dela tsac !
P Y CAS Latency =2 e | -6 ]| -7 -1]9]ns
Output data hold time ton 2 2.5 2.5 2.5 ns 2
CLK high pulse width tcu 2 2.5 3 3 ns 3
CLK low pulse width tcL 2 2.5 3 3 ns 3
Input setup time tss 1.5 1.75 2 2.5 ns 3
Input hold time tsu 1 1 1 1 ns 3
CLK to output in Low-Z tsrLz 1 1 L 1 ns 2
CLK to output in CAS Latency =3 - 5.5 - 6 - 6 - 7 ns
Hi-7 tsHz
CAS Latency =2 - 6 - 6 - 7 - 9 ns

Note: 1. Parameters depend on programmed CAS latency.
2. If clock rising time.is longer-than 1ns,(tr/2-0.5)ns should be added to the parameter.

3. Assumed input rise and fall time (tr & tf)=Ins.
If tr & tf is longer than 1ns,transient time compensation should be considered,
i.e.,[(tr+tf)/2-1]ns should be added to the parameter.
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T431616A

FREQUENCY vs. AC PARAMETER RELATIONAHIP TABLE

T431616A-6S

(Unit : number of clock)

Frequency CAS trC trRAS trp tRRD | trRCD | tccp | tcpL | tRDL
Latency | gons 42ns 18ns 12ns 16ns 6ns 6ns 12ns
166MHz(6.0ns) 3 10 7 3 2 3 1 1 2
143MHz(7.0ns) 3 9 6 3 2 3 1 1 2
125MHz(8.0ns) 2 9 6 3 2 2 1 1 2
111MHz(9.0ns) 2 7 5 2 2 2 1 1 2
100MHz(10.0ns) 2 7 5 2 2 2 1 1 2
T431616A-7S (Unit : number of clock)
Frequency CAS trRC trRAS trP tRRD | trRCcD | tccp | tcpL | tRDL
Latency | ¢3ps 42ns 20ns 14ns 16ns 7ns 7ns 14ns
143MHz(7.0ns) 3 9 6 3 2 3 1 1 2
125MHz(8.0ns) 3 9 6 3 2 2 1 1 2
111MHz(9.0ns) 2 8 5 3 2 2 1 1 2
100MHz(10.0ns) 2 7 5 2 2 2 1 1 2
83MHz(12.0ns) 2 6 4 2 2 2 1 1 2
T431616A-8S (Unit : number of clock)
Frequency CAS trC trRAS trp tRrRD | treD | tccp | tcDL | tRDL
Latency | ¢gns 48ns 20ns 16ns 20ns 8ns 8ns 16ns
125MHz(8.0ns) 3 9 6 3 2 3 1 1 2
111MHz(9.0ns) 3 9 6 3 2 3 1 1 2
100MHz(10.0ns) 2 7 > 2 2 2 1 1 2
83MHz(12.0ns) 2 6 4 2 2 2 1 1 2
75MHz(13.0ns) 2 6 4 2 2 2 1 1 2
T431616A-10S (Unit : number of clock)
Frequency CAS trRC trRAS trP tRRD | trRCcD | tccp | tcpL | tRDL
Latency | 70ns | 50ns | 20ns | 20ns | 20ns 10ns 10ns | 20ns
100MHz(10.0ns) 2 7 5 2 2 2 1 1 2
83MHz(12.0ns) 2 7 5 2 2 2 1 1 2
75MHz(13.0ns) 2 6 4 2 2 2 1 1 2
66MHz(15.0ns) 2 6 4 2 2 2 1 1 2
60MHz(16.7ns) 2 5 3 2 2 2 1 1 Note 1

Note : 1. tRDL > 16.7ns is recommended for T431616A

2. Clock count formula : clock > _base value

—— (round off whole number).
clock period

Taiwan Memory Technology, Inc. reserves the right P.10
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MODE REGISTER
1110 9 8 7 6 5 4 3 2 1 0
| 0 | 0 | 0 | 0 | 1 | | JEDEC Standard Test Set (refresh counter test)

11 10 9 8 7 6 5 4 3 2 1 0
X I 1 I I LTMODE | WT I BL | Burst Read and Single Write (for Write Through Cache)

S
(=}

[ ]

| | | | ! | 0 | |Useinfuture

11 10 9 8 7 6 5 4 3
|v|v|v|v|v|v|V|VenderSpeciﬁc

]
|
|
|
|

11 10 9 8 7 6 5 4 3 2 1 0 v = Valid
| LTMODE | WT | BL | Mode Register Set x =Don’t care

]
|
B
|
|

Bit2-0 WT=0 WT=1
000 1

—

001 2

010 4

Burst length 011 8
R

R

100
101
110 R

A R R Ao |

111 Full page

0 Sequential

Wrap type

1 Interleave

Bit6-4 CAS Latency
000 R

001
010
Latency mode 011
100

101
110

111 R
Remark R : Reserved

| m| oA e

Mode Register Write Timing

oo — 1 LT L]

CKE

(&)
RAS

CAS

WE

AO0-Al1 m W

—(%)—()—()—()—(
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Burst Length and Sequence

(Burst of Two)

Starting Address Sequential Addressing Interleave Addressing
(column address A0 binary) Sequence (decimal) Sequence (Decimal)
0 0,1 0,1
1 1,0 1,0
(Burst of Four)
Starting Address Sequential Addressing Interleave Addressing
(column address A1-AQ binary) Sequence (decimal) Sequence (Decimal)
00 0,1,2,3 0,1,2,3
01 1,2,3,0 1,0,3,2
10 2,3,0,1 2,3,0,1
11 3,0,1,2 3,2,1,0

(Burst of Eight)

Starting Address Sequential Addressing Interleave Addressing
(column address A2-AQ binary) Sequence (decimal) Sequence (Decimal)
000 0,1,2,3.4,5,6,7 0,1,2,3,4,5,6,7
001 1,2.3,4,5,6,7,0 1,0,3,2,5,4,7,6
010 2,3,4,5,6,7,0,1 2,3,0,1,6,7,4,5
011 3,4,5,6,7,0,1,2 3,2,1,0,7,6,5,4
100 4,5,6,7,0,1,2,3 4,5,6,7,0,1,2,3
101 5,6,7,0,1,2,3,4 5,4,7,6,1,0,3,2
110 6,7,0,1,2,3,4,5 6,7,4,5,2,3,0,1
111 7,0,1,2,3,4,5,6 7,6,5,4,3,2,1,0

Full page burst is an extension of the above tables of Sequential Addressing, with the length being 256 for

1Mx16 divice.

POWER UP SEQUENCE

1. Apply power and start clock, attempt to maintain CKE = ‘H’ , L(U)DQM = ‘H’ and the other pin are NOP

condition at the inputs.

wm B~ W

. Issue 2 or more auto-refresh commands.

. Issue precharge commands for all banks of the devices.

. Issue mode register set command to initalize the mode register.

Cf.) Sequence of 4 & 5 is regardless of the order.

. Maintain stable power, stable clock and NOP input condition for a minimum of 200us.

Taiwan Memory Technology, Inc. reserves the right P.12
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SIMPLIFIED TRUTH TABLE
COMMAND CKEn-1|CKEn |CS |RAS |cas|WE [DQM [BA ‘AlO/AP ‘A9~A0 Note
Register Mode Register Set H X L L L | L X X 1,2
Auto Refresh H
E H I L L L|H| X X 3
Refresh Self Enfl'y - - —t
Refresh X1t
L H o X X 1 X X X 3
Bank Active & Row Address X L L H| H | X | V| RowAddress
Read Column  |Auto Precharge Disable L Column
Address Auto Precharge Enable H X L H L H X \ H (IZ%(?;S;) 4,5
Write & Column |Auto Precharge Disable L Column
Address Auto Precharge Enable H X H X v H (i%(irzs% 4.5
Burst Stop H X L H H [,C X X 6
Bank Selection Vv L
Precharge Both Banks H X L L H | L X Ix H 4
Entr H X XX
ilogk Suspend or Y H L LIty (v X .
ctive Power Down Exit X X X | X
Entry H X X | X
Precharge Power Down L H | H|H x
Mode Exit L u H| X | X | X X
L \Y V|V
DQM H X A% X 7
. H H| X | X | X
No Operation Command H X L i TR X X

(V=Valid , X=Don’t Care , H=Logic High , L=logic Low)
Notes :
1. OP Code : Operation Code. A0~A10/AP , BA : Program keys.(@MRS)
2. MRS can be issued only at both banks precharge state. A new command can be issued after 2 clock cycle of MRS.
3. Auto refresh functions are as same as CBR refresh of DRAM. The automatical precharge without row
precharge command is meant by ‘Auto’. Auto / self refresh can be issued only at both banks precharge state.
4. BA : Bank select address.
If ’Low’ : at read , wriye , row active and precharge , bank A is selected.
If ‘High’ : at read , wriye , row active and precharge , bank B is selected.
If A10/AP is ‘High’ : at row precharge , BA ignored and both banks are selected.
5. During burst read or write with auto precharge , new read/write command cannotbeissued.
Another bank read/write command can be issued after the end of burst.
New row active of the associated bank can be issued at tRP after the end of burst.
6. Burst stop command is valid at every burst length.
7. DQM sampled at positive going edge of a CLK masks the data-in at the very CLK (Write DQM latency is 0),
but makes Hi-Z state the data-out of 2 CLK cycles after. (Read DQM latency is 2)

Taiwan Memory Technology, Inc. reserves the right P.13 Publication Date: DEC. 2000
to change products or specifications without notice. Revision: C
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Single Bit READ-Write Cycle (Same Page) @CAS Latency=3,Burst Length=1

0 1 2 3 TH4Y is 6 7 8 9 10 11 12 13 14 15 16 17 18 19

CLOCK f\f\f\f\J%r\f\f\f\f\f\f\f\f\f\f\f\f\f\f\f

tcce

HIGE

CKE taa

- EnUTannnUl St \_/

O S R ERER Ti  STITTTITTTITITIT
@ €— tcep —

cﬁa/v//x@ﬁ/ 77 LTI, 777 T

ADDRZZ)SEHXL/ /17X )11 / j@g@@@ﬂ/ R X/ /77777

b T XX S ST -5 LT 5 )Y S XTI ST LTI

A10/AP i/ /X RaX(/)/ S AL [ILINE [T\ [I/XRO XL/ /11111
tsre K] o1
bQ y o%%—tg@. GE
wWE /) T XAET TN /. /}\He}/ / i\ /1] XKL /1]
oo™ V///1/ L1111\ //17\ téJ// [/1/\ /11117 K111/

V7] :Don't care

Taiwan Memory Technology, Inc. reserves the right P.14 Publication Date: DEC. 2000
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*note : 1. All input expect CKE & DQM can be don’t care when CS is high at the CLK high going edge.

2. Bank active & read/write are controlled by BA.

BA Active & Read/Write
0 Bank A
1 Bnak B

3. Enable and disable auto precharge function are controlled by A10/AP in read/wirte command.

A10/AP | BA Operation
0 0 |Disable auto precharge,leave bank A active at end of burst.
1 |Disable auto precharge,leave bank B active:at end of burst.
: 0 |Enable auto precharge, precharge bank ‘A at end of burst.
1 |Enable auto precharge, precharge bank B at end of burst.

4. A10/AP and BA control bank precharge when precharge command is asserted.

A10/AP | BA'| precharge
0 0 Bank A
0 1 Bank B
1 X | Both Banks

Taiwan Memory Technology, Inc. reserves the right P.15
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Power Up Sequence
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

SIS VAVAVAVAVWAVAVAVAVAVAVAVAVAVAVAVWAVAVAVAVAWVE

CKE High level is necessary
— SS
cs |\ VAN
trP tRfC trRC
| |
—_— SS N
RAS 7\ h /X o I LTTIN
&—tccp —

—_— S SS
cas /7 1T XL N XA N % /X Xz

ADDR :': 11277 XK ey XL/ XRAXS

BA SS'Zj/ / Z//j’i /XK@O-%
a0ar 7771 X L PO 777, DX XTTIXEN XL,
DQ
High-7Z
WE TLTF N7 7 XZ 7\ 71 X
DQM

High level is necessary

T

Precharge Auto Auto Refresh Mode Register Set (A-Bank)
All Banks Refresh Row
Active

V1 D on't care

Taiwan Memory Technology, Inc. reserves the right P.16 Publication Date: DEC. 2000
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Read & Write Cycle at Same Bank @Burst Length = 4

1 2 3 4 6 7 9 10 11 12 13 14 15 16 17 18 19

crock Y/ NN\ S\ N\

CKE 11G H;

cs O\ VA NS wa

RAS /T X/ /)\ AN / T X/ /X /

cas Y/ T XL AN X/ X/ / [
ADDRY//XRa X/, /Xcao X/ X R X/T/XCo0 XL,

BA AN AN AL // N i [TH
Ato/ar Z7XRa X7 N /x WD ETN % N N | /7Y

cL=2 VQ—aog(Qalx_uXQaN Db0XDb1XDb2XDb3
. e | ﬂ — tepr —>

Q s e i to gqu

CL=3 Q;lo QalXQ;iZXQa3I DbOxDbl DE& Db3

aaifles 65" Noted € trpL —H
WE Y/ | X/ /i X/ /N XL\ N+ ST
DQM N /N

1 1 1 T 1 1

Row Read (A- Precharg Row Active W rite (A- Precharge
an (a-Bnak)

VZZZZA D on't care

*Note : 1. Minimum row cycle times is requiqed to complete internal DRAM operation.
2. Row precharge can interrupt burst on any cycle. [CAS Latency-1] number of valid output data is
available after Row precharge. Last valid output will be Hi-Z(tsHz) after the clock.
3. Access time from Row active command. tcC*(tRCD+CAS latency-1)+tSAC
4. Output will be Hi-Z after the end of burst.(1,2,4,8 bit burst)
Burst can’t end in Full Page Mode.

Taiwan Memory Technology, Inc. reserves the right P.17 Publication Date: DEC. 2000
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Page Read & Write Cycle at Same Bank @ Burst Length =4

9 10 11 12 13 14 15 16 17 18 19
cLock y N\ \ S\ N\ S\ N\ N\ NS\ N\
CKE 1G Hi
RAS NS T XL X/ T XL N
i€—tccp — o
cas 77 T X/ N STI7N I ST X/
ADDR //XRa X/ /XCa0 X/ /Xcho X/ /XC O XX /XCaoX/,
BA I\ i ST ONBEIAG aN aN
Aro/ar /X T XL, I [T N 9o\ N
€— trpr —
cL=2 Q a0XQa 1 X@ro X @b 10X0 02 3——D c0XD 1 XD a0 X0 i1 X/¥ /XX /X
i
DQ ! tept
cL=3 040 X0+ 1 X @0 XTo DB e XB XD a0XD aZXZIZXTIZX
wE 7/ T XL N7/ T XL I\ ST N
bou 7 N
: 1

cad (A- Read (A- W rite (A - W rite (A- Precharge
(A-Bnak) Bnak) Bnak) Bnak) Bnak) (A-Bnak)

V////:Don't care

*Note : 1. To write data before burst read ends, DQM should be asserted three cycle prior to write command to
avoid bus contention.
2. Row precharge will interrupt writing. Last data input, tRDL before Row precharge, will be written.
3. DQM should mask invalid input data on precharge command cycle when asserting precharge before

end of burst. Input data after Row precharge cycle will be masked internally.

Taiwan Memory Technology, Inc. reserves the right P.18 Publication Date: DEC. 2000
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Page Read Cycle at Different Bank @ Burst Length = 4

3 5 6 8 9 10 11 12 13 14 15 16 17 18 19
SN AVAVAVAVAVAWAVAVAVAWAWAWAWAWVAWAWAWAWAWAWE
CKE H IG Hi
cs [TX/N /N IN_LLITIN | LT /N
RAS | U
cas /N e
ADDR i/ /X®aa X/ /XCaaXrBo X/, /XcBo X/ X X/ /XcBa X/ /X cae X/,
B A YIS ION \V4 XZ /X X/ /A //.
Avorar TZXEXZIN | AT XTIZZ7I0N LD /71 7
CL=2 QAa0 XQAal XQAa2 XQAa3 XQBb0 X 0Bb1 X oBb2 XQBb3 XQAco XQAcl XQBd0 XQBdl XQAco XQAel
DQ !
;
CL=3 QAald x()\.\\ XQAa2 xQ/\n} xQBh(\xQEthQEhZ XQBb3 XQAcO XQAcl XQBd0 XQBdl XQ/\C(\XQAD——
WE
DQM N
Row Active Read (A- Read (B- chdm- ReI(B- ReI(A- Prejmgc
(A-Bank) Bank) Bank) Bank) Bank) Bank) (A-Bank)

VZZZZA D on't care

*Note : 1. CS can be don’t cared when RAS ,CTS and WE are high at the clock high going edge.

2. To interrupt a burst resd by row precharge, both the read and the precharge banks must be the same.

Taiwan Memory Technology, Inc. reserves the right P.19 Publication Date: DEC. 2000
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Page Write cycle at Different Bank @ Burst Length = 4
0 4 8 9

1 2 3 5 6 7 10 11 12 13 14 15 16 17 18 19

SN AVAVAVAVWAVAWAVWAYAVAVAVAVAVAVAVAVAWAWAWAWE

CKE
cs O\ /L
RAS 4 Y NAL AL
cas 7/ T XL /\ X/ /\ ONRWVII VN i XL
ADDR i//X®aaX/, /XcaaXrBeX/ /X X/ /Xcne X7 LT W
BA /X \¥% / '/ R, X/
A10/AP i//XRAX/ ) Reso XTI & ST TN [T \%
DQ o LD (TGS CYNE) CTEy G, GITE) CXXS) GINE, GRYS) CIXY) CYXI ¥4 44 94 V0,
wWE /) XL /XA /t>\ Ix LT />\
DQM /X X/
(A B ank) ngf ank) ) k) by (A-Bank) _—

*Note : 1. To interrupt burst write by row precharge, DQM should be asserted to mask invalid input data.

2. To interrupt burst write by row precharge, both the write and the precharge banks must be the same.

Taiwan Memory Technology, Inc. reserves the right P.20 Publication Date: DEC. 2000
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T431616A

Read & Write Cycle at Different Bank @ Burst Length = 4

TN AN 2V aUaU oVl oV 2V oV o o aVaVaVavavava
NI anN VanW
RAS /. \ N \
s YO X7/ XL 7
BA Y74 00N XL N
DQ
WE Y/ T XL L. Nl N X/,
DQM /X /.

*Note : 1. tCDL should be met to complete write.

VZZZZA D on't care

Taiwan Memory Technology, Inc. reserves the right P.21

to change products or specifications without notice.

Publication Date: DEC. 2000
Revision: C



tmi
CH T431616A

Read & Write Cycle with Auto Precharge (@ Burst Length =4

1 2 3 4 5 10 11 12 13 14 15 16 17 18 19
2V avavavavavavavavaVaVaVavaVaVaVabaVaVaVa
CKE H 1G Hi
T U
RAS N N/ X/,
cas /) X/ N
BA N/
w0 PRI T <z
CL=2 Qa()XQalXQaZXin/ DbOXDbl XDb2XDb3
DQ
CL=3 /Q_a()XQaIXQaZXQaS DbOXDb1l XDb2XDb3
VE 7T XL XL N
DQM /N AN
Row Active Row Active CL=2 Auto W rite with Auto Auto Precharge
(A-Bank) (B-Bank) Precharge Start Precharge (B- Start Point (A -
Read with Auto Point (A-Bank) Bank) Bank)
Pmc:::,g:) - CL=3 Auto VD on't care

Precharge Start
Point (A-Bank)

*Note : 1. tCDL should be controlled to meet minimum tRAS before internal precharge start.

(In the case of Burst Length = 1 & 2 and BRSW mode)

Taiwan Memory Technology, Inc. reserves the right P.22 Publication Date: DEC. 2000
to change products or specifications without notice. Revision: C



tmi
CH T431616A

Clock suspension & DQM Operation Cycle @ CAS Latency = 2 ,Burst Length = 4
0

IE/aVaVaVaval aVal el aValal aWal oV aWalabavalabs
CKE
s TN/ NV /4 N\
RAS Y \ XZ
Tas 77 TN 7\ 7 7\
appR /X Ra X/J7XCa X/ /X X/ ce X/
BA /777\ LULLST/N
avo/ar i/ /X Ra X7/ LT, /X
pQ (0 s0X@a1X_ Q22 0@ Q@@*Qﬂ——@@@@@@@@@@—'
wWe /7 TN XL / 1 X2 /X
DQM 174 00N /\ /] /XA

V] :Don't care

*Note 1. DQM is needed to prevent bus contention.

Taiwan Memory Technology, Inc. reserves the right P.23 Publication Date: DEC. 2000
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Read Interrupted by Precharge Command & Read Burst Stop Cycle @ Burst Length=Full Page
0

NN VN VN VNNV VNV VIV
= U e
RAS /XL /XY XL N
cas 777 T YXZ N NN X2
BA AN 2N 1L/ // /X
Ato/ar Z7XTAXT ™ 7o)
DQ
wE /XL /i X/ N \ /X
DM 7
1 T T

Row Active Read (A- Burst Stop Read (A- Precharge
(A-Bank) Bank) Bank) (A-Bank)

VZZZZA D on't care

*Note : 1. Burst can’t end in full page mode, so auto precharge can’t issue.
2. About the valid DQs after burst stop, it is same as the case of RAS interrupt.
Both cases are illustrated above timing diagram. See the lable 1,2 on them.
But at burst write, burst stop and RAS interrupt should be compared carefully.
Refer the timing diagram of ‘Full Page write burst stop cycle’.

3. Burst stop is valid at every burst length.

Taiwan Memory Technology, Inc. reserves the right P.24 Publication Date: DEC. 2000
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Write Interrupted by Prechareg Command & Write Burst Stop Cycle @ Burst Length=Full Page
0 2 3 4

RNV N VN VNNV VUV Ty
= U anN
RAS R /XYL XL N
s T XU 7 XU <7
BA N LE/LT /N
A10/AP i/ /XRAX/ AN Y9008 008 /X
WE V77 T X/ /) I LTI /X
DQM AN YIS 0ON XL/

Row Active W rite (A- Burst Stop W rite (A- Precharge
(A-Bank) Bank) Bank) (A-Bank)

V/JZ/} D on't care

*Note : 1. Burst can’t end in full page mode, so auto precharge can’t issue.
2. Data-in at the cycle of interrupted by precharge can not be written into the corresponding memory cell.
It is defined by AC parameter of tRDL.
DQM at write interrupted by precharge command is needed to prevent invalid write.
Input data after Row precharge cycle will be masked internally.

3. Burst stop is valid at every burst length.

Taiwan Memory Technology, Inc. reserves the right P.25 Publication Date: DEC. 2000
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Burst Read Single bit Write Cycle @ Burst Length = 2

1 2 9 10 11 12 13 14 15 16 17 18 19
N AVAVAUAWAVAWAWAWAWAWAWAWAWAWAWAWAWAWRWAWE

CKE 1G H:

s N\ /TN TN\ /T
RAS \ /A XU T XL ORI
cas I/ T XL YONEIS ON NN LTH/N /XY
ADDR I//Xras X/, /Xcaa XrBb XcAb X/ /XA X/ /XCBe X/ T/Xcaa X/,

B A AN 4 /N N Y

AlO/APZXEAEX/ RBb Y X/ p '7}(1{.—\c><252>/ N/ N Y d

CL=2 DAal DANO XDAi/ DBcO DAdO XDAdI

DQ

CL=3 DAﬂ/ DAbO XDAbI DBcO DAdO XDAD—-
wE /) T XL X2 /T XN Y% N [TX
DQM /X AN

RowIcAive T Row Active W rite with Auto RSI(A- Plcc]\arge
(A-Bank) Row Active (A-Bank) Precharge (A- Bank) (A-Bank)
(A-Bank) Bank)
w;;:k(.)«, Rpefcdcfa‘,?c'\(}('.o VZZZZA D on't care

*Note : 1. BRSW modes is enabled by setting A9 ‘High’ at MRS (Mode Register Set).
At the BRSW Mode, the burst length at write is fixed to ‘1’ regardless of programmed burst length.
2. When BRSW write command with auto precharge is executed, keep it in mind that tRAS should not
be violated.
Auto precharge is executed at the next cycle of burst-end, so in the case of BRSW write command,

the precharge command will be issued after two clock cycle.

Taiwan Memory Technology, Inc. reserves the right P.26 Publication Date: DEC. 2000
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Active/ Precharge Power Down Mode @ CAS latency = 2, Butsr length =4
0

12 i3 4 §5 o d6  §7 48 {9 {10 {11 {12 {13 {14 {15 {16 {17 {18 {19
SS
crocky/ \ N\ A Nz NUAVAVAVARAVAVAVAVAVAVAVAVAVAWE
tss 'N:S‘: tss
CKE ’T)‘ ’H ’H S5 _J
f @ 1
—_ SS SS
cs M-Zs/s / \V Ss /N
_— SS SS
RAS S/S />\ S/S \</ />\
—_— SS SS
CAS Js X/ & /X X/
SS SS -
ADDR s /X Ra X/ o Ca XU TTF
SS SS
BA o5 /\ . L
SS S S
ATo/AP i R T 7717
tsnz
DQ SS SS Qa0 XQal XQa2 i
WE 77075 NV w77 NUATIIS N
pow W %
T el T T .
Precharge Precharge Active Active Precharge
Power- Power- . 5 Pow;:‘—try DZ:\::;”
VI -Don't care
*Note : 1. Both banks should be in idle state prior to entering precharge power down mode.
2. CKE should be set high at least ICLK+SS prior to Row active command.
3. Can not violate minimum refresh specification.(32ms)
Taiwan Memory Technology, Inc. reserves the right P.27 Publication Date: DEC. 2000

to change products or specifications without notice. Revision: C



tmi
CH T431616A

Self Refresh Entry & Exit Cycle

7 8 9 10 {11 12 {13 {14 15 fie {17 j18 19
S
crock i/ N\ N\ s /X /_\_/_\_/_\SS N\ S\
ot “Nowd
tRCmin
“Nowel
CKE 1 s
N
tss
Ts 75 5 - s
RAS 5N 7 ; N
CAS 5N 7 ; N
N S
ADDR . 7
S SS
S S8
BA ‘s L s
S SS
A10/AP 7 r/// /.
N SS
DQ Hi-z S $ H if s
WE 2 ; \¥%
W E S8
boOM s$ s
Q N SSs

Sclf Refresh Entry Self Refresh Exit Auto Refresh

VA D on't care

*Note : TO ENTER SELF REFRESH MODE
1. CS,RAS & CAS with CKE should be low at the same clock cycle.
2. After 1 clock cycle, all the inputs inculding the system clock can be don’t care except for CKE.
3. The device remains in self refresh mode as long as CKE stays ‘Low’.
Cf.) Once the device enters self refresh mode, minimum tRAS is required before exit from self refresh.
TO EXIT SELF REFRESH MODE
4. System clock restart and be stable before returning CKE high.
5. CS starts from high.
6. Minimum tRC is required after CKE going high to complete self refresh exit.
7. 2K cycle of burst auto refresh is required before self refresh entry and after self refresh exit if the

system uses burst refresh.

Taiwan Memory Technology, Inc. reserves the right P.28 Publication Date: DEC. 2000
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Mode Register Set Cycle Auto Refresh Cycle
0 11 2 i3 4 15 e 0 12 43 4 45 f6 17 48 {9 I10
cLock / NN\ AN AVAVAVAVAVAVANAUVAVAVAYE
CKE HIGH ey *
cs T\ ” /T
_ X . ~
xS YT | ST TN 7 TS TN | /7]
VE 7\ 7T N 77/ Xz N4
pom LT L4 T 2T

V] -Don't care

*Both banks precharge should be completed before Mode Register Set cycle and auto refresh cycle.

MODE REGISTER SET CYCLE
*Note : 1. CS ,RAS,CAS & WE activation at the same clock cycle with address key will set internal
mode register.

2. Minimum 2 clock cycles should be met before new RAS activation.
3. Please refer to Mode Register Set table.

Taiwan Memory Technology, Inc. reserves the right P.29 Publication Date: DEC. 2000
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PACKAGE DIMENSIONS
50 LEAD TSOPII (400 mil)

b A
50 2% % DEFAULT
AR AR R AR RARRARRARRA e L
S iny
[} N '/ N &
i ~ o
! E
| E
- N O O Y -
!
S 215 : §E
H L/
I
b GG S =l
! 8.78 ! % d /' DEFAULT
M A
I
I
i
@) :
2>r€ :
: SN
i OO I oy e L
% b AN
SETING BASE METAL c1 c
PLANE
b1
Symbol Dimension in mm Dimension in inch
Min Nom Max Min Nom Max
A - - 1.20 - - 0.047
Al 0.05 0.10 0.15 0.002 0.004 0.006
A2 0.95 1.00 1.05 0.037 0.039 0.041
b 0.30 - 0.45 0.012 - 0.018
bl 0.30 0.35 0.40 0.012 0.014 0.016
C 0.12 - 0.21 0.005 - 0.008
cl 0.10 0.127 0.16 0.004 0.005 0.006
D 20.82 20.95 21.08 0.820 0.825 0.830
7D 0.875 REF 0.034 REF
E 11.56 11.76 11.96 0.455 0.463 0.471
El 10.03 10.16 10.29 0.394 0.400 0.405
L 0.40 0.50 0.60 0.016 0.020 0.024
L1 0.80 REF 0.031 REF
e 0.80 BSC 0.031 BSC
R1 0.12 - - 0.005 - -
R2 0.12 - 0.25 0.005 - 0.010
0 0 - 8 0 - 8
01 0 - - 0 - -
02 10 15 20 10 15 20
03 10 15 20 10 15 20

PLANE

SECTIONB-B
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PACKAGE DIMENSIONS
60-pin CSP
TOP VI EW 4| CORNER alcopnpr | BOTTOM VI EW
RPNMLKJ HGFEDCBA &ABCDEFGHJKLMNPR
A c !
I = L 500000000000000 |
2 r{BOOOOOO(POOOOOOO 2
3 3
4 Al B L - - T - - 4
5 B | 5
6 "D000QOBO000000 |6
7 v @OﬁOOOO@OOOO??G) 7
y
Hlem ™ ol b
B1
JES L h Al
A
E% E El
)OO IO ITIT y
SEATI NG_PLANE
Dimension in mm Dimension in inch
Symbol - -
Min Nom Max Min Nom Max
A 6.30 6.40 6.50 0.248 2.52 2.56
Al 10.00 10.10 10.20 0.394 0.398 0.40.2
B - 3.90(typ) - - 0.154(typ) -
Bl ] 9.10(typ) } ] 0.358(typ) ]
C - 0.65(typ) - - 0.026(typ) ;
Cl 0.65(typ) - - 0.026(typ) ]
D 0.35 - 0.40 0.014 - 0.016
Dl 0.35 - 0.40 0.014 - 0.016
E 0.22 0.27 0.32 0.009 0.11 0.13
El - - 1.00 - - 0.039
E2 - 0.21 - - 0.008 -
E3 0.42 0.45 0.48 0.017 0.018 0.019
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