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Preliminary T436416B

SDRAM

AM x 16 SDRAM 1mx

16bit x 4Banks Synchronous DRAM

FEATURES

+2.7 to 3.6V power supply
Four banks operation
LVTTL compatible with multiplexed address
All inputs are sampled at the positive going edge of system
clock
Burst Read Single-bit Write operation
DQM for masking
Auto refresh and self refresh
+ 64msrefresh period (4K cycle)

- MRS cycle with address key programs
-CASLatency (2& 3)
-BurstLength (1,2, 4, 8& full page)
- Burst Type (Sequential & Interleave)
- Available package type in 54 pin TSOP(I1)
and 60-pin CSP.
- Operating temperature: 0~ +70

ORDERING INFORMATION

PART NO. MAX Package
FREQUENCY

T436416B-7S 143 MHz TSOP-II
T436416B-8S 125 MHz TSOP-11
T436416B-10S 100 MHz TSOP-II
T436416B-7C 143 MHz CSP
T436416B-8C 125 MHz CSP
T436416B-10C 100 MHz CSsP

GRNERAL DESCRIPTION

The T436416B is 67,108,864 bits synchronous high data
rate Dynamic RAM organized as 4 x 1,048,576 words
by 16 bits , fabricated with high performance CMOS

technology .

Synchronous design allows precise cycle control with the
use of system clock /O transactions are possible on every
clockeycle . Range of operating frequencies , programmable
burst length and programmable latencies allow the same device
to be useful for avariety of high bandwidth , high performance

memory system applications.
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PIN ARRANGEMENT

(TSOP-I1 Top View)

VDD |:1C) 54 ] Vs s
DQO ]2 5% 1 DQ15
VobqQ []3 5% ] Vssq
DQ1 |4 511 DQ14
DQZA s 5@ ] DQ13
Vsse[]6 4 ¢ ] VobQ
DQ3 |7 4§ 1 DQ12
DQ4 s 471 DQ11
Voo []o 4 ¢ 1 Vssq
DQ&J10 4%] DQ1oO
DQe[J11 441 DQ9
Vsso[]1 2 4 1 Vopo
DQ7MT]13 4% ] DQs8
wo []14 411 Vss
LDQM]15 401 N. C/ RFU
T Wkie 39 ] UDQM
“CcAB]17 3§ ] CLK
RASJ1s8 37 CKE
CTs[J19 3¢ ] N. C
BAd]2o0 3% 1 A11
BALT ]21 341 A9
Al1O[AP2 381 A8
AO[]23 35 ] A7
Al1[]24 311 A6
A2[]2s 341 A5
A3[]2s6 2461 A4
Voo [J2 7 28 1 Vs s
54P1 NTSOP(I 1)
(400mi | X 875mil)
(0.8 mm PIN PI TCH)
(CSP Bottom View)
VDD Al AIO/APBAO CS CAS WE NC DQ7 DQ6 DQ5 DQ3 DQ2 DQl VDD
7 O0000000000000O0
6 0J0101010101010X010X01010
A0 BA1 NC RAS LDQMVDD NC VSQ VDDQDQ4 VSSQ VDDQDQD
5
4
3
A4 A7 N.C CLK UDQM VSS N.C VDDQVSQ 11 VDDQVSSQ DQ15
2| OOOO00O000COO000
NNOI0I010101010102010201010) 010,
AIl CKE NC NC NC DG8 DQ9 DQ10 DQ12 DQ13 DQ14 VSS
R PNMLK JHGTFETUDT CBA
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Preliminary T436416B

BLOCK DIAGRAM
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Preliminary T436416B

PIN DESCRIPTION

for Future Use

PIN NAME INPUT FUNCTION
CLK System Clock Active on the positive going edge to sample dl input.
= Chip Select Disables or enables device operation by masking or enabling dl input
except CLK,CKE and L(U)DQM
Masks system clock to freeze operation from the next clock cycle.
CKE Clock Enable CKE should be enabled at least one cycle prior to new command.
Disable input buffersfor power down in standby.
AO ~ A1l Address Row/column addresses are mulltiplexed on the same pins.
Row address: RAO ~ RA11,column address: CAO~ CA7
BAO - BAL | Bank Select Address Sdects bank to be activated during row addresslatch time.
Sdect bank for reed/write during column address latch time.
Latches row addresses on the positive going edge of the CLK
RAS Row Address Strobe |with RAS low.
Enables row access & precharge.
Latches column addresses on the positive going edge of the CLK
CAS Column Address Strobe |with CAS low.
Enables column access .
WE Wirite Enable Enables write operation and raﬂecrﬁe
Latchesdatain garting from CAS, WE active
L(U)DOM Data Input/Output  |Makes data output Hi-Z, tsHz after the clock and masks the output.
Mask Blocks datainput when L(U)DQM active.
DQO~DQ15| Datalnput/Output |Datainputsioutputs are multiplexed on the same pins.
VbD/Vss Power Supply/Ground | Power and ground for the input buffers and the core logic.
VDOV S0 Data Output Isolated power supply and ground for the output buffersto provide
Power/Ground improved noise immunity.
No This pin is recommended to be left No Connection on the device.
N.C/RFU Connection/Reserved
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Preliminary T436416B

ABSOLUTE MAXIMUM RATINGS

Parameter Symbol Value Unit
Voltage on Any Pin Relative To Vss Vin,Vout -10to 4.6 \%
Supply Voltage Relative To Vss Vob,VDDQ -1.0t0 4.6 Y,
Short circuit Output Current lout 50 mA
Power Dissipation Po 1 W
Operating Temperature Topr 0to +70
Storage Temperature Tstg -55t0 +125
Note : Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded.
Functiona 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
(TA=0to+70 ,Voltagereferenced to Vss=0V)
Parameter Symbol Min. Typ Max. Unit Notes
Supply Voltage Vob,VDDQ 27 33 36 \%
Input High Voltage ViH 20 3.0 Vob+0.3V \% 1
Input Low Voltage Vio -0.3 0 0.8 \% 2
Output logic high voltage VoH 24 - - \% loH=-2mA
Output logic low voltage VoL - - 0.4 \% loL=2mA
Input leakage current I -5 - 5 UA 3
Output leskage current loL -5 - 5 UA 4
Note: 1. Vin (max) = 4.6V AC for pulse width £ 10ns acceptable.
2. ViL (min) = -1.0V AC for pulse width £ 10ns acceptable.
3. Any input OVE Vin £ Vop+ 0.3V, all other pin are not under test = OV.
4. Dout = disable, OVE Vout £ Voo.
CAPACITANCE
(TA=25 ,Vob=3.3V, f = IMHz)
Pin Symbol Min M ax Unit
CLOCK CcLk 2.5 4.0 pF
ADDRESS CADD 2.5 5.0 pF
DQO ~DQ15 Cout 4.0 6.5 pF
RAS,CASWE,CS,CKE,LDQM, 25 5.0 pF
UDQM
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Preliminary T436416B

DC CHARACTERISTICS
Ta=0t070 , ViH(minViL(max)=2.0V/0.8V

Speed version _ -
Parameter Symbol Unit Test Condition Note
-7 -8 -10

Operating Current Burst Length =1
( One Bank lcca 120 110 100 | MA |trcs tre(min) tece toc(min),loL= 0 mA 13
Active)
Precharge Standby || ~,p 2 CKEE VIL(max),tcc=15ns
Current in power- mA 3
down mode lcc2PS 2 CKEE VIL(max),CLK £ VIL(max), tcc=w
Precharge Standby CKE 2 VIH(min), Cs 3 VIH(min),tcc=15ns
Current in non lccaN 30 Input signals are changed one time during
power-down mode mA |30ns 3

CKE3 VIH(min),CLK £ VIL(min),tcc=co

lccaNS 5 (min) (min)

Input signals are stable
Active Standby locsP 10 CKEE VIL(max),tcc=15ns
Current in power- mA 3
down mode lccaPS 10 CKEE VIL(max),CLK £ VIL(max),tcc=c
Active Standby CKE3 VIH(min), TS 3 VIH(min),tcc=15ns
Current in non lccaN 40 Input signals are changed one time during
power-down mode mA |3ons 3
(One Bank Active) CKE® VIH(min),CLK £ VIL(min),tcc=co

lccaNS 10

Input signals are stable
Operating Current 130 120 110 CASLatency 3 |lOL=0mA,Page Burst
(Burst Mode) lcca mA All Band Activated 13

130 120 110 CASLatency 2 tcep= tcep(min)

Refresh Current lcos 130 120 110 mA trc 3 tRc(min) 23
Self refresh lcce 1 mA K E£0.2V
Current

Note: 1. Measured with output open. Addresses are changed only one time during tec(min) .
2. Refresh period is 64ms. Addresses are changed only one time during tec(min) .

3. tcc: Clock cydetime,
frc : Row cycletime.

tcep : Column address to column address delay time.

Taiwan Memory Technology, Inc. reservestheright P. 6

to change products or specifications without notice.

Publication Date: FEB. 2001
Revision: 0.B




I ' l TE
t CH Preliminary T436416B

AC OPERATING CONDITIONS
(Vpp=+2.7t03.6V ,TA=0t070 )

Parameter Value Unit
Input levels (ViH/VIL) 3.0/0 \Y,
Input timing measurement reference level 14 Vv
Input rise and fal time tr/tf=1/1 ns
Output timing measurement reference level 14 Vv
Output load condition See Fig.2
3.3V
1200Q
Out put
o——F—— &8 —————— > VOH(DC) =2. 4,
voL(DC)=0. 4,
870
30pf
(Fig.1) DC Output Load Circuit (Fig.2)AC Output Load Circuit
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Preliminary T436416B

OPERATING AC PARAMETER
(AC opterating conditions unless otherwise noted)

Par ameter Symboal Speed Version Unit | Note
-7 -8 -10
Row active to row active delay trRrRD(MiN) 14 16 20 ns 1
RASto CAS delay tre(min) 16 20 20 ns 1
Row precharge time trRP(min) 20 20 20 ns 1
Row active time tRAs(min) 42 8 0 s !
trA s(max) 100K ns
Row cycle time trc(min) 63 68 70 ns 1
Last datain to new col. Address delay |tcpL(min) 1 CLK 2
Last datain to row precharge troL(Min) 2 CLK | 2
Last datain to burst stop teoL(min) 1 CLK | 2
Col. Addressto col. Addressdelay  |tccp(min) 1 CLK | 3
Number of valid output data gﬁz :iigzi 1 ea 4

Note: 1. The minimum number of clock cyclesis 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 dlow 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 datais

CL + BL-2 clocks.
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Preliminary T436416B

AC CHARACTERISTICS
(AC opterating conditions unless otherwise noted)

Par ameter Symbol all 8 10 Unit |Note
Min M ax Min Max Min Max
CAS Latency = 7 | K| 8| 1| 10| K
CLK cycletime -1 tcc ns | 1
SAS Latency = 8.6 10 10
CAS Latency =
CLK tovadid |3 onc 6 6 Ty .
Output del =
p &y gAS Latency i 6 i 7 ) 9 ns
Output data hold time toH 2.5 25 25 ns 2
CLK high pulse width tcH 2.5 3 ns | 3
CLK low pulse width fcL 25 3 ns 3
Input setup time tss | 175 2 25 ns | 3
Input hold time tsH 1 1 1 ns 3
CLK to output in Low-Z |SWA4 1 1 1 ns | 2
CAS Latency =
. - - - 7
CLK tooutputin |3 tsz 6 6 s
Hi-Z =
[ gAS Latency i 6 i y i 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)=1ns.

If tr & tf islonger than 1nstrandent time compensation should be considered,

i.e,[(tr+tf)/2-1]ns should be added to the parameter.
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Preliminary T436416B

FREQUENCY vs. AC PARAMETER RELATIONAHIP TABLE

T436416B-7S (Unit : number of clock)
CAS trRe | tRas | trp | tRrRD | tReD | tcep | tepL | trRDL
Frequency Latency [ o3
ns 42ns | 20ns 14ns 16ns ns 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
T436416B-8S (Unit : number of clock)
CAS trRe | trRas | tRp | tRrRD | trcD | tcech | tepL | tRDL
Frequency Latency | gg
ns 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 5 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
T436416B-10S (Unit : number of clock)
CAS trRe | trRas | trp | tRrRD | tRcD | tcep | tepL | tRDL
Frequency Latency [ 7o
ns | 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 2
Note: 1Clock count formula: clock 3 base va l_Je (round off whole number).
clock period
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MODE REGISTER

11 10 9 8 7 6 5 4 3 2 1 0
[o]oJo|o]1] | JEDEC Standard Test Set (refresh counter test)

11 10 9 8 7 6 5 4 3 2 1 0
| x [ x [ 1] o] o] LTmopE [wT | BL | BurstReadand Single Write (for Write Through Cache)

11 10 9 8 7 6 5 4 3 2 1 0
| | | | 1 | 0 | | Usein future

11 10 9 8 7 6 5 4 3 2 1 O
[ x [ x[x]Ja]la][v]v]v]v]v]v]v]venderspeific

11 10 9 8 7 6 5 4 3 2 1 0 v =Valid
[o]o]o]Jo]o] LTMODE [wr | BL | Mode Register Set x = Don'’ t care

Bit2-0 W
000
001
010

Burst length 011
100

101
110
111 Full page

=
1l
o
=
I
fuy

| 0| AD|o|~|N] -

Ol A O D[N -

0 Sequential
Wrap type

Interleave

Bit6-4 CAS Latency
000 R
001
010

Latency mode 011
100

101
110

111 R
Remark R : Reserved

| 0| DWW

Mode Register Write Timing

CLOCK j

/

S
— )
CAS
w N
AO- ALl )%\\\\\EI{&\\\\W
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Preliminary T436416B

Burst Length and Sequence
(Burgt of Two)

Starting Address

Sequential Addressing

Interleave Addressing

(column address AO binary) Sequence (decimal) Sequence (Decimal)
0 01 01
1 1,0 1,0

(Burst of Four)

Starting Address Sequential Addressing Interleave Addressing
(column address A1-A0 binary) Sequence (decimal) Sequence (Decimal)
00 0,1,2,3 0,1,2,3
01 1,2,30 1,0,3,2
10 2,3,0,1 2,301
11 3,0,1,2 3,2,1,0

(Burgt of Eight)

Starting Address Sequential Addressing Interleave Addressing
(column address A2-A0 binary) Sequence (decimal) Sequence (Decimal)
000 0,1,2,34,5,6,7 0,1,2,34,5,6,7
001 1,2,3,4,5,6,7,0 1,0,3,2,54,7,6
010 2,3,45,6,7,0,1 2,3,0,1,6,7,45
011 3,4,5,6,7,0,1,2 3,2,1,0,7,6,54
100 45,6,7,0,1,2,3 4,5,6,7,0,1,2,3
101 56,7,0,1,2,34 54,7,6,1,0,3,2
110 6,7,0,1,2,3,4,5 6,7,4,5,2,3,0,1
111 7,0,1,2,34,5,6 7,6,54,3,2,1,0
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.

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

3. Issue precharge commands for al banks of the devices.

4, |ssue 2 or more auto-refresh commands.

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

Cf.) Sequence of 4 & 5 isregardless of the order.
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Preliminary T436416B

SIMPLIFIED TRUTH TABLE

COMMAND CKEn-1 CKEn DOM %Al A10/AP A:/l*o' Note
Register Mode Register Set H X L L L|L X X 12
Auto Refresh H
= H 3 L L L | H X X 3
Refresh df ntry
Refresh Exit L H H H
L H 0T x T x T x X 3
Bank Active & Row Address H X L L H|H V | Row Address
Read Column  |Auto Precharge Disable L Column
Address Auto Precharge Enable H X L1 H LR XV H (iggr;'f) 45
Write & Column|Auto Precharge Disable L Column
Address Auto Precharge Enable H X L1 H L L X |V H (ﬁgirf% 45
Burst Stop H X L|H|H|L X X 6
Prech Bank Selection H X L L H| L X v L 4
echarge Both Banks X[ H
Entry H L H X X | X
ctive Power Down Exit 3 H <1 X 1 X1 X
Entry H L H X X | X X
Precharge Power Down L H H| H X
Mode Exit L H H X X | X
L|V |V]|V
DQM H X X 7
, H H| X | X ]| X
No Operation Command v X 3 H TR X X
(V=vdid, X=Don' t Care, H=Logic High , L=logic Low)
Notes:

1. OP Code : Operation Code. Ao~A11, BAO~BAL: Program keys.(@MRYS)
2. MRS can beissued 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. BAO~BA1 : Bank select address.
If both BAO and BAlare’ Low’ : at read , write, row active and precharge , bank A is selected.
If bothBAOis' Low’ and BAlis‘ High' : at read , write, row active and precharge , bank B is selected.
If both BAOis‘ High® and BAlis‘ Low’ : a read, write, row active and precharge, bank C is selected.
If both BAO and BA1 are’ High' : at read , write , row active and precharge , bank D is selected
If A10/APis* High' : a row precharge, BAO and BAlignored and dl banks are selected.
5. During burst read or write with auto precharge , new read/write command cannotbei ssued.
Another bank read/write command can be issued after the end of burst.
New row active of the associated bank can be issued at trRP 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 daterin 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. reservestheright P.13 Publication Date: FEB. 2001
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Preliminary T436416B
Single Bit READ-Write Cycle (Same Page) @CAS Latency=3,Burst Length=1
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*note : 1. All input expect CKE & DQM can be don’ t carewhen CS is high a the CLK high going edge.
2. Bank active & read/write are controlled by BAO— BAL

BAO | BA1l Active & Read/Write
0 0 Bank A
1 0 Bnak B
0 1 Bank C
1 1 Bnak D

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

A10 Auto-Precharge
0 Disable (End of burst)
1 Enable (End of burst)

BAO| BAl Operation

Enable read/write command for bank A .
Enable read/write command for bank B .
Enable read/write command for bank C .
Enable read/write command for bank D .

= |O [k |O
= |k (O |O

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

A10/AP | BAO| BALl precharge
0 0 0 Bank A
0 1 0 Bank B
0 0 1 Bank C
0 1 1 Bank D
1 X X All Bamks
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Power Up Sequence
0 1 2

Hi gh | evel is |negesparyy

S S

| 8s/ o/ i ./ /S T\

|
trP trc trc

l l
R [TITTTI | STIT77H7772 T7T77707n \ /TH77747771% T73777

K—tcco—A

S
N
>

///

CEE | NUITI7n | [TITTTH 7712 77771 /7777717712 L7777

>
N
N
S

///

A DB 777717777 777777712 7777 77737 77177717713 L7477

S
S
3
-

///.

A7 7777177737777 774771 T 777777377 7i777771% 777777 XK eXTi7n | [Ti777

AL 0 K 7777777747773 T7i7 777777774777 177:% L7777

3
S
J

AXILL]

Hi ghl- 2z

EL /ZHTT7777 T NO770 77 77777177 T X777 72 7777

>

L[IH) ) XL

@)

QMHigh l evel is Inecesbsarly \
! !
]
|

! ! !
] ]
! !

rec ge Aut o Refresh Aut o Refresh Mode Regi st(eAr- Baetk )

[ ks R

P har
A Ban ow Active

V//J: Don't ca
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Read & Write Cycle at Same Bank @Burst Length =4
0] 1 2 3 4 5 6 7 8 9 10;1131123113}14;15;16317:18119

NI AU AVAVAVAVAVAVAVAVUAVAWAWAVUAWAVAVAVAVAVAYS

HI1 GH

trco

R L1777 O | 077707 L 777 LTI L /7Y

O% + XL | L/ XA XL

>
N

Y114 0044 00404 004

A DR R X/ /TIXC a7/ /7K T X/ TTH T/ T/ T A7 7Y IX R OX)

5
g

LXK

A LTI | L7777 77077707 | STX777NIN | ST\ ST 77X 7T TN N | /7Y
AL 01 AR RaXIN/ITAIN | LTXTTTHTTTHTTTHIN | [7H77 Y IX ROXIVIN | [TX 77707/ 77770 | /7Y
Co QaXQaXQaxQa)s (Db XD b XD bXD b3
*RRoA‘Ces j Not N R
QC tsac to tsHz
S++3 %E@E@E\b (Db XD b XD bXD b3
*Not d3 _JJ N 4 6— troL —)
tsac ts

/OINE XILTTH | NI 777770 | 70777077 | NI | TXT777 77777707 | /7

DRXVY///A/ N YIIVIISVINE VIS ION YIS 0NN 004

Row Acti ve Read Precharge Row Acti vwerite Prechar ge
(A-Bank) (A-Bank) (A-Bank) (A-Bnak)(A-Bnak) (a-Bnak)

V7Z7ZZ: Do n ' t car

*Note : 1. Minimum row cycle timesis requiged to complete internal DRAM operation.
2. Row precharge can interrupt burst on any cycle. [CAS Latency-1] number of vaid output datais
available after Row precharge. Last valid output will be Hi-Z(tsHz) after the clock.
3. Access time from Row active command. tcc*(tRcp+CAS latency-1)+{sAc
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.
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Page Read & Write Cycle at Same Bank @ Burst Length =4
0O |1 |2 3 |4 |5 |6 |7 |8 |9 [|10(11]12|13|14|15(16(17|18]19
(oIiele/ ANDANY AW AND AW AANY NG AN AW AN AN AW SN AND W AW AN SN AW NS
drE HIl GH
trc
TR V249000008 VIARN VI 0008 0004.0480800 04 VIRV VAR N VA. 0004 />\’ XX /]
K—tcco— ez
OB | NINLLLAIN | LTI | ST 7A K7 N | TN |\ ST T X7 /Y
A DR R axX/ )/ //1/XC aXy X /X o XY/ /X /X TX/ /X /XC XY IXC XX/ 7777
A STHTTTIIN VTN VST 777X 770777 7) Y ST\ W ST 77 & 7Y 77X /7
AL O/ BT XIATTAIN | ST | STXTTTXT7 7/ 7777 7Y7N | STV ) |\ STXTT TN | ST/ 7.
le— troL —
et=2 <QaXQa}QbXQbXQb@—+—D cXD c XD dXD dX/Y/X/¥/X
QC teoL
S+-3 {QaxQaxXQb¥Qb3*——D cXD cXD d)D dX/[/X/¥/X
T VIWNE X7 X XTI T 7N+ [T & ST /)\‘ L[IX///X/ /Y
BRWY///X/\ /'N - \ / \VI 99449044
o Y (Rt Bmaky (A Bnak) A Bh S (AT R ek, CatERakYe
:

*Note : 1. To write data before burst read ends, DQM should be asserted three cycle prior to write command to

2. Row precharge will interrupt writing. Last datainput, tRDL before Row precharge, will be written.
3. DQM should mask invalid input data on precharge command cycle when asserting precharge before

avoid bus contention.

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

Don'

Taiwan Memory Technology, Inc. reservestheright P.18
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Page Read Cycle at Different Bank @ Burst Length =4
0 1 2 3 4 5 6 7 8 9 1011112 ;13}14,;15}16 ;17 ;18119

NI AU AVAVAVAVAVAVAVAVUAVAWAWAVUAWAVAVAVAVAVAYS

HI1 GH

o s /7T LITTHIN | STX7T77R777IN § [707N - SN | [TXT7707N /70777

5
%
&

ADDXR A/} [ IHIXCBXIX 77X TTHIXC AXLEIXS BX Y IXC AR/ IY T ITH T T Y.

A ST /T XA NI | 7077 XA | LT | /70777
/)

A1 0/ AKRAR/] RRBX/ NN | LTXTTTH/T7HIN | [7XN | 77N | [TXT 77NN | ST 77
Qlc
T WE | /
DRXVY///A/ N YIS 0NN 004

1 T T T T

Row Acti vRead Re Read Read Read Precharge

(A-Bank)(A-Bani) (B- nk) (A-Bank)(B-Bank)(A-Bank) (A-Bank)
Row Acti ve

(B-Bank)

V7Z7ZZ: Do n ' t car

*Note: 1. CS can bedon’ t cared when RAS,CAS and WE are high a 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.
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Page Write cycle at Different Bank @ Burst Length
0 1 2 3 4 5 6 7 8 9 10 i1

NI AU AVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAYE

e A

HI GH

R LX)\ \ L LR | XL AL ) XL | LOX

CRE | NN | S XTI ST L [TX - ST T i XL THT T

ADYRRAX/X///TIXC AXR BX/T/TTXIXC BRI /T/X/ 17 XIXC AXILIXCE BT XT /777X 17K

AL LN |/ LA v LA | LA XL

ALol WPRAXITIIITIN | AR

&

/17N ST TR+ [THN + [TTT7H T NI

b4
q
o
5

VANE| XUZIZIIN | /| NI | SI7T777700 | 707 | 7777007 | /707770777

D@ /YL IN /N

T T 1

Row Active Row Active Write Write Write Precharge
(A-Bank) (B-Bank) (B-Bank) (A-Bank) (B-Bank) (A-Bank)

VZZZZ: Don' t car e

*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.
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Read & Write Cycle a Different Bank @ Burst Length=4
0 1 2 3 4 5 6 7 8 9 101112131415 |16|17]|18|19

NI/ AW AVAY AW AW AVWAVAY AW AW AWAWAUAWAVYAW AW AW AVAY S

HIl GH

R LI XL N LKLY Y N\ LK XL

NN
p

OB | U | LNXLS (/) | XL | S| NN | LA

[[TH/IXR [T 777X C 8 XR AXZY /7T XX S AXLTTTTH TR /Y.

S

A DI R AXZ]

>
:

A LTI\ | STTTTHTT | AN | LTI | N\ LT | /7777077
7/

Alo/ |AKRAX/) LLHTTTXIXRBXYIN |\ [T 7N - ARAXYT7X N |\ ST/ 770777
cre G0 GLD (G0 ‘LD DD O e (NN
(0] &
erts G ) GID T D D D G GrEr

V/INE XK/ | XWX XN | LN | /) XA ) XL

DRWY /) LI

T 1 1 T 1
Row Acti vRead Row ActiRrecharge Write Read
(A-Bank)(A-Bank) (B-Bank)( A-Bank) (B- Banlk) (A-Bank)

Row Acti ve
(A-Bank)

VZZZA: Don ' t car

*Note : 1. tcoL should be met to complete write.
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Read & Write Cycle with Auto Precharge @ Burst Length=4
[¢] 1 2 3 4 5 6 7 8 9 i10!/1211121!1131!141!1151!16 117 118119

NI SN AW AW EAND SN EAND SN AN AW SN AN AW EAND AN AN AW AN SN AW EAND &

R LN | /) XL AR TR Y XA KT

cp | XU N N\ LRI LTS | LT TX AR Y

A DBAX R XX/ ITX ROX _C aX X/ /XX 7T 77 X7 T T T T 7T T X C o XX T 7 T X 77T T 7Y T T T 77

AL LIRS \ LIRS AL

A1 01 KX RaXIN/TTNIXROY | XYL XTI T T 7T T T 77T | R T T T 7 77

=P (QaXQaXQaXQay (b XD b XD b XD b »
Qc
S+—=-3 (Qa¥Qa XQaXQa® (Db XD b XDbXDb 3
- e XULE N LR ) LT
DM/ Y/ [/ [/H/N YIIVIII VIS NN IoN LI/
| | T ] 1o T
R(OAVY BAaCn(kI)Ve R(OBV\{ BAaCn l<l)ve P(r:l_ej:zhaﬁugteo Start WrPlrteec hvglrtgz Aute A‘é‘tgrtpr??’%r:i
Read with Auto Point (JA-Bank) (B-Bank) (A-Bank)
?;?;2:;?6 Pf:ziﬁfz‘e"s(a“ VIZZ/A: Don' t car e
Point (A-Bank)
*Note : 1. tcoL should be controlled to meet minimum tRA S before internal precharge start.
(Inthe case of Burst Length =1 & 2 and BRSW mode)
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Clock suspension & DQM Operation Cycle @ CAS Latency = 2 ,Burst Length=4
0 1 2 3 4 5 6 7 8 9 10411412 313 14 15416 17 (18 19

cLocr\ /S U U\ U\ U\ U\ SN\ Y\ N\ NN\ N\

CKE i/ i/
Colas/S I\ \/ /4 L/ L/ U7
TR /7777 | T TT377777077 | N 7777377 | 77773777

CRE + NN LN LT EIN L LT

A D WRX R axX/ /X C aX/ I/ /X7 77X /77T 7XT 77X IX C XTI TH 77T 77X IX C XTI T T THT 7

AL LTI | LTI VT N | LT T TRN | 7T TR T 7T T

AL 01 WPXRaXIIN | [T T T T I | [7RT 77T AT R N | 2T T 77T

5Q QaXoaX oakXoak QD XQb W~ e WI/XD  XIUIX/ID—

VIEL XLV XALLXLLLELXLAN YT XKLL LRI LKLY

DRM/N/LIH/IN LKL TN / e |/ | LT XY

| |
Row ActiveRead Clock Read Write, .
Suspension Read QDM ertecDoMck Write QDM

Suspension

VZ/: Don't <car

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

Taiwan Memory Technology, Inc. reservestheright P.23 Publication Date: FEB. 2001
to change products or specifications without notice. Revision: 0.B



I ' l TE
t CH Preliminary T436416B

Reed Interrupted by Precharge Command & Read Burst Stop Cyde @ Burd Length=Full Page
0 1 2 3 4 5 6 7 8 9 1011112 ;13}14,;15}16 ;17 ;18119
SNCl’AWAVAWVAVAVWAWAWAWAWAWAWAWAWAWAWAWAWAWEAWANW S

HI1 GH

R LIRSV LI XA Y LB LA TEIN L LT

Q% + XL | LTI XL LI NI

ADEYRR AR/ TTTIXC AR KT T TH T TTH T T T T T RTXE AXIT LT T LT T K T T T T T T TR Y

A LN | LIXILIRL IR LIRS LAY LRI | TR

AL 0 1 ARRAXIITTININ | STXTTTHT 7T 77X 770/ 770N | (777777 T 7, | [TXT TR 7T

ea, N

=2 @AaﬁQAaKQAa%QAaXQA& @AbXQAb)QQAb QADBYQAD QAE"
QkC
2 2
c+—=-3 {QaaXoraxQaraXQaaqaanr {QAXQAbXQA BYXQA BYXQA bYQ A bys—-

V/INE XNLLKLS | XKLL | 7K | AL | ST

DRXVY///A/ N YIS 0NN 004

T

Row Acti ve Read Bur st St opead Precharge
(A-Bank) (A-Bank) (A-Bank) (A-Bank)

V7Z7ZZ: Do n ' t car

*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 areillustrated 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 isvalid at every burst length.
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Write Interrupted by Prechareg Command & Write Burst Stop Cyde @ Burst Length=Fulll
0 1 2 3 4 5 6 7 8 9 10411412 131415416 {17 (18 (19

NI AU AVAVAVAVAVWAVAVAVCAVAVAVAVAVAVAVWAVAVAW AW S

HI GH

R LX) XXLLLLRIEL XKL XELLLELLLLIR I | LI 4

CRE | XXLLLYIN | LI AIE LAY XN L LXK TX L) XKL

ADBRRAKIN/ [T IXC A XK /KT AT T TY TTTKTXE ARLIZ T XL R T T T T AT A T

AL LI | LI DL N LA | LA

AL WERAXINT/IIN | [T AT AT 77T 70N | LTI, (7YY

RDL
*Note
/D_A§<DA§<DA DA%(DA_Y" EARDA?(DA DA%DA%D%ME

Do P
4 N

- AEY X LTTTTRTTTRTTZN  [TX D L7777 AT T N /37T

DRBAY/X//LE/ LT/ 200N / N\

Row Active Write Burst StopwWrite Precharge
(A-Bank) (A-Bank) (A-Bank) (A-Bank)

VZZZA: Don' t car e

*Note : 1. Burst can’ t end in full page mode, so auto precharge can' t issue.
2. Datarin 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 internaly.
3. Burst stop isvalid at every burst length.

Taiwan Memory Technology, Inc. reservestheright P.25 Publication Date: FEB. 2001
to change products or specifications without notice. Revision: 0.B



I ' l TE
t CH Preliminary T436416B

Burst Read Single bit Write Cycle @ Burst Length =2
0 1 2 3 4 5 6 7 8 9 101112131415 |16|17]|18|19

NI/ AW AVAY AW AW AW AYAYW AW AW AW AW AUAN AW AW AW AW AVAY S

gKE HI GH
e/ \ / L/ T TS /T
TR [T777077 7\ S AL+ [T XA XL T 7
ClE | AL [7X7N | [T 7X777X777K7 7T XN 7Y | [TX 770777077 T XY

A DIYRR AX/N77717XC AXR

:
:

C AW/ THTTTHTTTETXR ARLLLXC BRIZIXC AXLLLZLX T T T T4 L

A LTETTTTN ¢ N\ L7777, [7ET Y NN [T 7Y 777X N ¢ /7Y
Ao/ ERRAXYTTTEIN | /RBY T XUW/TXTTITTITXR ALY NN | L7777, | /7Y
Cuqz D EABEAD) a0 (EANDADS
QC
S+3 Aap {ADbXD A D) CLDL (DAdXDA Dt
T INE XN | /S XUYIIX77787 | XA | [7X7T | XALIXT7 N | /7
DRW I/ IH/[F/N YILIIIIIIIE NI TN LI
A ganih”° Row Aciive A B‘;Cn‘k“)v?i}‘%;“n;i; ‘)g&i‘?“?fn"k) Calsanio "
(VXr—iBlaf\k?eP?icvr\:ia(rgeAUto -: Don't car

(A-Bank)

*Note : 1. BRSW modesis enabled by setting A9 * High' at MRS (Mode Register Set).
At the BRSW Mode, the burst length at writeisfixedto * 1’ regardless of programmed burst length.
2. When BRSW write command with auto precharge is executed, keep it in mind that {RA s 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.
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Active/ Precharge Power Down Mode @ CAS latency = 2, Butsr Iength =4
CLOCK‘\_/‘\_/_YZZSZ 10411412 14 16

[RY

777 /)\ ’_\_/_\_/_\_/_\s 5’_\_/_\_/_\_/_\_/_\_/_\_/_\_/

17

18

19

S,S S,S ts

N Ne |

]

s N2 D777 TN\ T XULE TN L/ L/

R ZY777T77 71 TT77377717 | /73777372 77077 T N7 | /7777

///

///.

///

BB ZI777I77712 Q77777077+ XU 771713 7707 /70777777 X777

///

///.

///

ADBR 77177715 L7777 X R X771 T 771X C Xy 77 7i7 7717771777

///

///.

///

EATTTHT771:% TT77ITTTHN | [TH7771772 7707, | (77777075 & [TI777

///

///.

///

AL 01 BRIZITT7I7770 % TT77I77737X R XTI 77707:% 77075 | /73777075 | /71777

///

///

///

% Iz

o
5

Q

RETT7I777H72 7770777177 77072 77577 X777\ /TH777

///

///.

///

DM 77771777112 777777177 T 771777172 ST7717 /T NU7

///

///.

///

T Ro/v[v\ Ac:rl Ve T . R,Ead

Precharge PrechargeActive Active Precharge
Power - Down Power - Dowower - Down Power - Down
Entry Exit Entry Exit

*Note : 1. Both banks should be in idle State prior to entering precharge power down mode.
2. CKE should be set high at least 1CLK+tss prior to Row active command.

3. Can not violate minimum refresh specification.(32ms)

VI///A: Do n '
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Sdf Refresn Entry & Exit Cycle
(0] 1 2 3 4 5 SGc 7 8 9 13|14 |15|16 |17 |18 |19
CL OC\ Y\ Y27 77H 7773 ZITT7I777TH 777070 [N\ A N & A S A S Y

tRCmi n

“Not ¢f1 “Note6
S {

tss

TCRT | [TIT77X777X777 4% TXTT7{7 7717 77X 777377 == N |/

REFI7N | [T 7777077743 TF 777177777777 7377777777772 77 IN | LT

CERZI7N | [7I777 37777770 X7 771777 7773777 77707770773 77075 | /777737770777

ADBRZY 777777177 7H7 77X 777 1% X7 7Y 777V 777X 777 K77 73777773 773777177737 7737777777

TR 77X 777V 77717771777 X 77 7Y 7 77Y 7770777077707 777 7 13 77X 777077707 77X 7770777

ALO ! BRIKIIIXII TN/ ///'2/2/ 7777 777X 777177737774 77% 777477737 774777 X 7774777

v
A
I
[
/
I
%)

YR XL

& X777 77773777777 77777772 2 77777 X7 777 7777777,

DRVZ{ 7771777 7774777477723 TAT77{77 7777 X777 47774777472 % 7777777747777 7774777

Sel f Refr esh Entry Sel f Refresh Exi tAut o Refresh

zza: bon' t
*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, dl the inputs inculding the system clock can be don’ t care except for CKE.
3. Thedeviceremainsin self refresh mode aslong as CKE stays‘ Low’ .

Cf.) Once the device enters sdlf refresh mode, minimum trRAs 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 dartsfrom 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.
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Mode Register Set Cycle Auto Refresh Cycle
o 11 12 13 4 15 s o 1 12 13 14 15 16 17 18 {9 110
CLOCK N/ \J/\A A AN\ AVAVAVAVAVAVANAVAVAVAVE
cKE HI GH Rl BR s
eSS i/ ° /]
R KEIZI7) /“\ [TIT7177 71D | [TITITTTT /// 75 TIT777 | /T
KBTI | /7717 U7 TITID L /TTTTTTTIITITS ST T, | /70
AD PR/ /XKEXZQXKEX/ /77477 ¢
DQ H 2 Hi s
— VI [T NUIIT 77 OIS 7T~
o BRI 71777177 ITTTITITNTITIT] YALEIHE4 124 1A1R CAAH TAIE EAE8 1400 1AL A A LA

MRS New Command Auto Refresh New Command

VZZZ: Don' t

*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.
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Preliminary T436416B

PACKAGE DIMENSIONS
54 LEAD TSOP-I1 (400 mil)

D

AAARRARRRAARRRARRRARRRARRER

|
28

@

liEEEL LR L L) —

L 4
>l —>l¢e T
Symbol _ Dimensionin mm _ Dimensionininch
Min Nom Max [Min Nom Max
A - - 12 - - 0.047
Al 04 05 0.6 0.016 0.020 0.024
A2 - 0.15 - 0.006
B 0.24 0.32 0.40 0.009 0.012 0.016
Bl - 0.8 - 0.0315
C 0.05 0.10 0.15 0.002 0.004 0.006
D 2212 222 2262 0.871 0.875 0.905
E 1156 11.76 11.96 0.455 0.463 0471
El 10.06 10.16 10.26 0.396 0.400 0.404
0 0 - 8 0 - 8
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PACKAGE DIMENSIONS

60-pin CSP
TOP VI & WRNER aicorner BOTTOM VI EW
RPNMLKJHGFEDCBA xABCDEFGHJKLMNPR
A 1
q
1 S L 800000000000000 |1
2 r—@OOOOOOCPOOOOOOO 2
3 ! 3
4 Al B L - -4 - - 4
5 B 1 5
6 —DQ00000HACO0NN0 |8
7 @OHOOOO(POOOO(??@ 7
y
R cil b
” B l >
_lE 3 ’ Al A
E|2 1
'1 El
% *
SEATI NG PLANE
Dimension in mm Dimension in inch
Symbol Min Nom Max Min Nom Max
A 6.30 6.40 6.50 0.248 252 2.56
Al 10.00 10.10 10.20 0.3H4 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)
C1l 0.65(typ) - - 0.026(typ) -
D 0.35 - 040 0.014 - 0.016
D1 0.35 - 0.40 0.014 - 0.016
E 0.22 0.27 0.32 0.009 011 0.13
El - - 1.00 - - 0.039
E2 - 0.21 - - 0.008 -
E3 042 0.45 0.48 0.017 0.018 0.019
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