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T431616B

SDRAM

1M x 16 SDRAM

512K x 16bit x 2Banks Synchronous DRAM

FEATURES
-+ +2.7to +3.6V power supply
Dua 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
- 32msrefresh period (2K cycle)
- MRS cycle with address key programs
-CASLatency (1& 2& 3)
-Burgt Length (1,2, 4, 8 & full page)
- Burst Type (Sequentid & Interleave)
- Available package type in 50 pin TSOP(I1)
and 60-pin CSP

ORDERING INFORMATION

MAX
PART NO. FREQUENCY PACKAGE

GRNERAL DESCRIPTION

The T431616B is 16,777,216 hits synchronous
high data rate Dynamic RAM organized as
2 x 524,288 words by 16 bits , fabricated with high
performance CMOS technology . Synchronous
design alows precise cycle control with the use of
system clock 1/O transactions are possible on every
clockcycle . Range of operating frequencies ,
programmable burst length and programmable
latencies alow the same device to be useful for a
variety of high bandwidth , high performance
memory system applications.

T431616B-20S 50 MHz TSOP-II
T431616B-20C 50 MHz csP
T431616B-10S 100 MHz TSOP-I|
T431616B-10C 100 MHz CsP
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T431616B

PIN ARRANGEMENT

(TSOP-II Top View)

VoD :P 50 [ vss
pQo []2 49 [] DQ15
DQ1 []s3 48 [] DQ14
vsso []a 47 [ vsso
pQ2 s 46 [ DQ13
DQ3 [Jse 45 [] pQi2
vooe [7 44 ] VobQ
DQ4 [s 243 [ ] DQ11
pes [Je 42 [ DbQ10
vsse []10 41 [] vsse
DQ6 11 20 [ DQ9
DQ7 [J12 39[] pQs
veoe 13 38 [] vooo
Loom [Ja4 37 1 N.C/RFU
WE [J1s 36 1 UDQM
cas 16 35 [ cLk
RAS []17 34 [] CKE
cs []1s 33[] N.C
BA [Ji9 32 [ A9
A10/AP [ 20 31 [ A8
Ao a1 30 [ a7
Al 22 20 1 A6
Az 23 28 [ A5
A3 [Has 27 1 A4 50PINTSOP(I1)
o o v oD

(CSP Bottom View)

VDD Al Al0/AP NC Cs CAS WE NC DQ7 DQs DQ5 DQ3 DQ DQL VDD

ANC101010101010101010101010101¢
A NOI010]01010101010101010] 01010,

A3 A2 A0 NC NC RAS LDQM NC NC VSSQ VDDQ DQ4 VSSQ VDDQ DQO

A5 AT NC CLK UDQ N.C  VDDQVSSQ DQi1 VDDQVSSQ DQ15

2 | OOOOO0O0OOT0B000
1| 000000000000Q00

A8 BA CKE NC N.C N.C DQ8 DQ9 DQ10 DQl12 DQ13 DpQ14 VSS

R P NM LK J HGF E DT C B A
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BLOCK DIAGRAM
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PIN DESCRIPTION

for Future Use

PIN NAME INPUT FUNCTION
CLK System Clock Active on the positive going edge to sample ! input.
- . Disables or enables device operation by masking or enabling dl input
cs Chip Select perction by mexking naatine
except CLK,CKE and L(U)DOM
Masks system clock to freeze operation from the next clock cycle.
CKE Clock Enable CKE should be enabled at least one cydle prior to new command.
Disableinput buffersfor 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
Sdects bank to be activated during row address latch time.
BA Bank Select Address
Sdect bank for read/write during column addresslatch 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 CA'S low.
Enables column access.
— . Enables write operation and row precharge.
WE Write Enable _—
Latchesdatain startingfrom CAS, WE adtive
L(U)DOM Data Input/Output  |Makes data output Hi-Z, tSHZ after the clock and masks the outpui.
Mask Blocks datainput when L(U)DOQM active.
DQO ~ DQ15 Data Input/Output | Datainputs/outputs are multiplexed on the same pins.
Vbp/Vss | Power Supply/Ground | Power and gr ound for theinput buffers and the core logic.
Data Output Isolated er supply and ground for the output buffersto provide
VDDO/V SO p power supply and g p! p!
Power/Ground improved noise immunity.
No Thispinisrecommended to be |eft No Connection on the device.
N.C/RFU Connection/Reserved
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T431616B
ABSOLUTE MAXIMUM RATINGS
Par ameter Symbol Vaue Unit
Voltage on Any Pin Relative To Vss VINVouT -10to 4.6 Y
Supply Voltage Relative To Vss VDbD,VDDQ -10to 4.6 Y
Short circuit Output Current lout 50 mA
Power Dissipation Pp 1 W
Operating Temperature TOPR -10to +85 °C
Storage Temperature Tsg -55 to 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 religbility.
RECOMMENDED DC OPERATING CONDITIONS
(TA=-10to +85°C , Voltagereferenced to Vss=0V)
Parameter Symbol Min. Typ M ax. Unit Notes
Supply Voltage VbD,VDDQ 27 33 3.6 \%
Input High Voltage ViH 20 30 Vbop+0.3V \%
Input Low Voltage ViL -0.3 0 0.8 \Y
Output logic high voltage VOH 24 - - Vv |OH=-2mA
Output logic low voltage VoL - - 04 Y loL=2mA
Input leskage current o -5 - UA 3
Output leakage current loL -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 OV E VIN £ VDD+ 0.3V, dl other pin are not under test = OV.
4. Dout = disable, OV £ VouTt £ VDD .
CAPACITANCE
(Ta =25°C ,Vpp=3.3V,f =1MH?2)
Pin Symbol Min M ax Unit
CLOCK CcLk 25 4.0 pF
ADDRESS Capp 25 5.0 pF
DQO ~ DQ15 Cout 4.0 6.5 pF
RAS,CASWE,CS,CKE,LDQM, CiN 25 5.0 pF
UDQM
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DC CHARACTERISTICS
Ta =-10to +85°C , Vin(min)/V,(max)=2.0v/0.8V

Parameter Symbol MAX. Unit Test Condition Note
Operating Current Burst Length = 1
( One Bank lccy 120 MA trRC® tRC(min) LcC3 tco(min),lOL= 0 mA 13
Active)
Precharge Standby || ccop 2 CKEE VIL(max),tcc=15ns
Current in power- mA 3
down mode lcc2 PS 2 CKE £ VIL(max),CLK £ VIL(max), tcc =¥
Precharge Standby CKE 3 VIH(min), ¢s3 VIH(min),tcc=15ns
. lcc2N 30
Current in non A Input signals are changed one time during 30ns
power-down mode CKE®VIH(mIn),CLK £ VIL(min),tcc=¥
lccoaNS 2
Input signals are stable
Active Standby lccsP 10 CKE£ VIL(max),tcc=15ns
Current in power- mA 3
down mode lcc3PS 10 CKE £ VIL(max),CLK £ VIL(max),tcc=¥
Active Standby CKE3VIH(min), €3 3VIH(min),tcc=15ns
C : lccaN 40
urrent in non Input signals are changed one time during 30ns
power-down mode mA : )
_ CKE3VIH(min),CLK £ VIL(min),tcc=¥
(One Bank Active) [lccaNS 10 _
Input signals are stable
Operating Current 140 CASLatency 3  |lOL=0 mA Page Burst
(Burst Mode) lcca mA All Band Activated 13
2
140 CAS Latency tcep= tcep(min)
Refresh Current | 140 mA RC3 tRQ(min) 23
CKE£0.2v
Self refresh lcos 1 A £
Current

Note: 1. Measured with output open. Addresses are changed only onetime during tcc(min) -
2. Refresh period is 32ms. Addresses are changed only one time during tec(min) -
3. tcc: Clock cydetime.
trc: Row cydetime.
tcep : Column address to column address delay time.

Taiwan Memory Technology, Inc. reservestheright P. 6 Publication Date: JUL. 2001
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AC OPERATING CONDITIONS
(Vpbp=+2.7t0 +3.6V , TaA=-10t0 +85°C)

Parameter Value Unit
Input levels (VIH/VIL) 30/0 \Y
Input timing measurement reference level 14 Y
Input rise and fall time r/tf=1/1 ns
Output timing measurement reference level 14 \Y
Output load condition SeeFig.2
3.3V Dvitt=1.4v
50
h
Output 1200 ohm ohm
oO—7———®——————- - VOH(DC)=2.4,10H=-2mA  Output O
VOL(DC)=0.4,10L=2mA
870 ohm I”pf
30pf
(Fig.1) DC Output Load Circuit (Fig.2)AC Output Load Circuit
Taiwan Memory Technology, Inc. reservestheright P.7 Publication Date: JUL. 2001
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14316168
OPERATING AC PARAMETER
(AC opterating conditions unless otherwise noted)
Parameter Symbol Speed Version Unit | Note
-10 -20
Row active to row active delay tRRD(Min) 20 40 ns 1
RASto CAS delay trcD(min) 20 40 ns 1
Row precharge time tRP(Min) 20 40 ns 1
Row active time tRAS(MIN) 50 80 ns 1
tRAS(mMax) 100K ns
Row cycle time trRc(min) 70 130 ns 1
Last datain to new col. Address delay |tcoL(min) 1 CLK 2
Last datain to row precharge trRDL(min) 2 CLK 2
Last datain to burst stop tBDL(Min) 1 CLK 2
Col. Addressto col. Addressdelay  |tccp(min) 1 CLK 3
CAS latency=3 1
Number of vaid output data CAS latency=2 1 ea 4
CAS latency=1 1

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 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 datais

CL + BL-2clocks.
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T431616B
AC CHARACTERISTICS
(AC opterating conditions unless otherwise noted)
Par ameter Symbol -10 -20 Unit | Note
Min Max Min Max

gAS Latency = 10 20
CLK cycletime ‘23A5 Laency 3t | 10 | 1K | 20 | K | ns 1

(13AS Latency = 20 0

gAS Latency = ) 7 i 18
CLK to vdid CAS Latency =

(1:AS Latency = i 20 ) 38

SAS Laeney 3 25 | - | 25 | -
Output data CAS Latency

CAS Latency = 4 ) 4 )

1
CLK high pulse width tcH 3 - 8 - ns 3
CLK low pulse width L - 8 - ns 3
Input setup time tss 25 - 4 - ns 3
Input hold time fsH - 2 - ns 3
CLK to output in Low-Z taz 1 - 1 - ns 2

3C)AS Latency = ) 7 > 14
CLK to output in =

- P CAS Latency tsHz - 9 2 14 ns

Hi-Z 2

CI:AS Latency = ; 14 | 4 19

Note: 1. Parameters depend on programmed CAS latency.

2. 1If 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 Instransent time compensation should be considered,

i.e,[(tr+tf)/2-1]ns should be added to the parameter.
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T431616B

FREQUENCY vs. AC PARAMETER RELATIONAHIP TABLE

T431616B-20S (Unit : number of clock)
CAS trc | tras | trP frRrRD | trcD | tccp | ftepL | trDL
Frequency Lat
ency | 130ns | 80ns | 40ns | 40ns | 40ns | 20ns | 20ns | 40ns
50M Hz(20.0ns) 3 7 4 2 2 2 1 1 2
50M Hz(20.0ns) 2 7 4 2 2 2 1 1 2
25M Hz(40.0ns) 1 4 2 1 1 1 1 1 1
T431616B-10S (Unit : number of clock)
Frequency CAS trC trAS trP tRrRD | trcD | tccp | tepL | trDL
Latency | 7ons | 50ns | 20ns | 20ns | 20ns | 10ns | 10ns | 20ms
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
base vaue
Note : 1. Clock count formula: clock 3 ——————— (round off whole number).
clock period
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T431616B

MODE REGISTER

11 10 9 8 7 6 5 4 3 2 1 0
[0]o oo

11 10 9
I

8 7 6 5 4 3 2 1 0
[x[x 1]o]

0 0 LTMODE WT BL

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

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

[x[x x[1]1 v][v]v v]v][v v | vender Speific

11 10 9 8 7 6 5 4 3 2 1 0
| | Mode Register Set

I JEDEC Standard Test Set (refresh counter test)

| Burst Read and Single Write (for Write Through Cache)

v=Valid
x =Don't care

Bit2-0
000

=
—
(”3
=
—
i

001

010

Burst length 011

100

101

110

111

|l T O] D|ofn[(N]| =

Full page

0

Sequentia

Wrap type I

Interleave

Bit6-4

CAS Latency

000

R

001

010

Latency mode 011

100

101

110

| D] B|w|™V(D

111

R

Mode Register Write Timing

0O
>
%]

R,
AN

)

2
m

AO0-A1l )&%\\\\%\\\\W

Remark R : Reserved
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T431616B

Burst Length and Sequence
(Burst of Two)

Starting Address Sequential Addressing Interleave Addressing
(column address AO binary) Sequence (decimal) Sequence (Decimal)
0 0,1 01
1 1,0 10

(Burst of Four)

Starting Address Sequential Addressing Interleave Addressing
(column address A1-A0 binary) Seqguence (decimal) Sequence (Decimal)
00 0,1,2,3 0,1,2,3
01 1,2,3,0 1,0,3,2
10 2,301 23,01
11 3,0,1,2 32,10

(Burgt of Eight)

Starting Address Sequential Addressing Interleave Addressing
(column address A2-A0 hinary) Seguence (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 1,0,3,25,4,7,6
010 2,345,6,7,0,1 2,3,0,1,6,7,45
011 3,4,5,6,7,0,1,2 3,2,1,0,7,6,54
100 4,5,6,7,0,1,2,3 45,6,7,0,1,2,3
101 5,6,7,0,1,2,3,4 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 7,01,2,34,5,6 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

condition at the inputs.

‘H’ and the other pin are NOP

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 & 5isregardless of the order.

Taiwan Memory Technology, Inc. reservestheright P.12 Publication Date: JUL. 2001
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SIMPLIFIED TRUTH TABLE

COMMAND CKEn-1CKEn | CS |RAS | CAS| WE |DQM|BA A10/AP [A9~A0 [Note
Register Mode Register Set H X L L L|L X X 12
Auto Refresh H
H L L L H X X 3
Refresh Sdf Entry L
Refresh Exit L H H H
L H a1 x X T x X 3
Bank Active & Row Address H X L L H|H X |V Row Address
Read Column  |Auto Precharge Disable L Column
Address Auto Precharge Enable H X L[ H L|H X |V H (Q%(fisi) 45
Write & Column |Auto Precharge Disable L Column
H X L H L L X |V Address | 45
Address Auto Precharge Enable H (AO-AT)
Burst Stop H X L| H HIL X X 6
Bank Selection \ L
Precharge Both Banks H X L L H L X X m 4
Entry H] X [ x| X
E'C‘:.Ck SPJOSpe”dDor H L v (v ][V X
Iverower Lown Exit L H | x| x [ x]x
Entry H L OLHE X PX X
Precharge Power Down L| H H|H X
Mode Exit L H H| X X | X X
L V V|V
DQM H X X 7
. H H X X | X
No Operation Command H X L T H TRT X X
(V=Vvdid, 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/APis‘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 o burst.
New row active of the associated bank can be issued at {RP after the end of burst.
6. Burst stop command isvalid 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)
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Single Bit READ-Write Cycle (Same Page) @CAS Latency=3,Burst Length=1

tCH
0 1 2 3 _4i 5 6 7 8 9 10 11 12 13 14 ;15 ;16 ;17 {18 ;19

SEENAVAVAVAVE SAVAVAVAVAVAVAVAVAVAVAVAVAVAVAYS

tcLje

tcc

CKE
trRAS

trC

trRD tss trRP

RAS B 14 1414 IR I4 VIS VA0 VA0 U XL § NG LU LT

tsH

X/ 11410 14 1404 010 404 10N N0 11O 4 1444 VGRS VA4 1H4 A 1A A4 VA

noorlf/Xra X717T7XTX ca XA7I7YT/TH T CQ@Z}CCEX/ [1IITTTIXRe XD TV [T THTTTHTTT

tss| tsH
1
*Note2 *Note2 *Note2. *Nole2  *Noted *Note2

e V7XBs XAAZZ7X7X os XTI T7THTT707X 85 X2 Bs X/A/17T/X es XX/ TTY 77T/ 7TTTY

@©@
wn
[

axo/ap /X Ra XZL/T/XINE [T TI7T 70N ST e [T 77X Ro XELZT 7T 77X 77077

tsrRC K

- e 6o
we {77 QT T NQZTIZITN, SYT7T N\ 7T NG

oo V777V777I777T7707N | [ZYTTTHTTZIZY, SVTI7T707 | /77 T 7L T T T T T 77

=
tss
Row/[ 1t R'e[d WTl R;[d /I\ Rov;r Active
Precharge
V///J/) :Don't care
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*note : 1. All input expect CKE & DQM can be don’t care when CSis high at the CLK high going edge.
2. Bank active & read/write are controlled by BA.

BA Active & Read/Write
Bank A
1 Bnak B

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

A10AP | BA Operation
0 |Disable auto precharge,leave bank A active at end of burst.
0 1 [Disable auto precharge,leave bank B active at end of burst.
N 0 |Enableauto 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. reservestheright P.15 Publication Date: JUL. 2001
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Power Up Sequence

2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

N AVAY AV AV AV avavavavavavavavavavyavavavavava

CKE High level is necessary
s [\ / ./ i ./ /T
trRP tR'!C IR!C
RAS (777070 T777 7 1 777077700 | /777707 7 777770 | /7N | ST
i<—tccp

cas V77 | NI | T ETTTITTIN | T T s TI7I7 7070 | /777 | X777

S

aoo R 77717777777 7777771710 s 7T 77 17 77777 7T 71 7T A7 T X ey X7 X XA 7 77

en VX777 70777077707 770770 2 77777 777777077707 72 TT 77T 707X key XZA7N | /70777

SS

avoiar /77 N7 717773777077 70777 2 77 7Y 77X T7 77 7 737 7707 7 7T 77T 7 X7 Xk ey XA X e m XA 77

DQ
High-Z
WE (777177 O DT T7TTT7TTT - 77717 I77I7 0, & (7177 X777
DQM Hilgh Ievlel is r?ecesslary \
R
T T |
/I::Iec;:;g: R/;urt:Sh Auto Refresh Mode Register Set (A;zz‘i;k)
VI - on't care
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Read & Write Cycle a Same Bank @Burst Length=4

N avavavavavavavavavavavavavVaVavavavavavVaVYa

CKE HI1GH
e Notel
cs [/ N/ N/ ANV N Ny /)
trcD
RAS LTI77777 T X7 7777770 7N | STXT7707N | [7X77 T XXX/ 7077787 | /7X

*Note2

cas /) | XL X | LA/ 7X 777K 77X 77 ) XXX ) XIAIN | L7777 77X 77 | X

A D0 R YV/IXRa XIXTTXIXcao XL/ T T 7T X7 77X 7777 777777 X7 X R o XXX oo XX T/ 7T/ 7X7 77 X7 77X777.

BA [THTT7AIN | LT TTA7 7707 |\ ST 70N |+ STX N L [T 7777 | (7Y
nvosap Y/Xra XEX/TTHIN |\ LI/ 7T777X7770 7N | [7X777X7 X e o XTXIN | [7XT7 7077717 7757N | /7Y
cL=2 J\@O ;(QaD@az Qa3 {(obroXpbhiXob2 XD b3 )
s = I e —>
DQ tsac ton tsHz
cL=3 Qaagal XQaz Xqas ) {oboXpb1Xpb2XDb3)
*Note3 ﬂ *Notes l— tror —3)

tsac tsHz

we 7 VX707 T RAY777H77707N | 77787 T RPN L 77T TR L /7Y

vom V//IX//TH/X YIS VT4 V04 VIAI 0o YIS 00400004

1 i) T T 1

Row Read (A- Precharg Row Active Write (A- Precharge
Active (A- Bank) e (A- (A-Bnak) Bnak) (a-Bnak)
Bank) Bank)

W :Don't care

*Note : 1. Minimum row cycle times is requiged to complete interna DRAM operétion.
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* (tRcD+CAS latency-1)+tsac

4. Output will be HiZ 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

T AVAVAVAWAWAWAVAVAWAWAWAWAYAWAWAWAWAWAY AW

HIGH

cs [/ N/

C
C
¢

RAS LI NI LN LT TX K

XL\ | LT TTRTY

\% 4
cas I/ | XA\ | /7] YILVIAL VA4 1IN VNI VAN /N | /7777077 | XXLTHT7

N PN

w00 R PIXEXUTIZIINENT,

B A YILVIIAION YILVIIL VAIE 1II8 NI VN LY | [IX7TRT7

/]
X4
/7]
o XIX/LTTTT T TT X T 707X <0 XTXXe o XX 77X T 77 X7 TA 77T/ T
/7]
/7

[/\
/5 | L[7XT77HN |\ STHTTTHTTT

SHS

/7]
arorapr VX U XIX/TTXIN | /7] LKLY Y TE N

(e}
[
n
N
0

cL=3 Qa0 Xa1 X evoXob1y—+—Dbco Xpc1 Xo doXp d2X/N/X/H/X

we I/ T XU T XA T X777 70777078 STA7X | S7XT7707N | STX7 770777

oow YZZZXTTTI7N Ve \ / Q7773777

1~

Row Active Read (A- Read (A- Write (A- Write (A- Precharge
(A-Bnak) Bnak) Bnak) Bnak) Bnak) (A-Bnak)

VZZJZ -oon'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. DOM should mask invalid input data on precharge command cycle when asserting precharge before
end of burgt. Input data after Row precharge cycle will be masked internaly.
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Page Read Cycle at Different Bank @ Burst Length =4

N avavavavavavavavavavavavavVaVavavavavavVaVYa

H 1 G H

cs /TX7x LIXTTTIIN | [TH7T7XT77HIN | STX7N | [TH7X | [TXT7707N | /7777

C
‘
Q
‘
Y
‘
)
.
C

|
A 0 0 R VZXRAXZNZXCAaXREX 7777 {7XC8 o X 777777 {7XE A X XS XN IX A X T/ 777747774777

BA [T/ | /1 XX T XA L ST 1 XA | ST/ | STA7 77
nvorae YIXRAaXIN/N | AReoX/X/ /71N | STX777X777X7N | [7X7N |\ /7N | S7XT7717N | [TX777
WE N/
vom [//TH//TA LI IX/L/
T T 1 I T T T

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

Row Active

(8-8ank) VA 0ot care

*Note: 1. CS can be don't cared when RAS,CAS 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.
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Page Write cycle at Different Bank @ Burst Length =4
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

LN AVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAWE

CKE

RAS LA | N\ LX) | NXLLALKLT | XA | NN | LI L

cas I/ VNN /T XD S777707770 7, & 777N ST i N7

SLLY) QU4 1404 00, LD CLIY 04 0004 V4.CIXD Y4 V00 0008 04 ST 94 0. CLYV. V4 SA00 V004 00000000V IA

BA LI/ NOLLLET o N LAY XL

aro/ari//XrRa XN /77T X

3

o XAN/TTXIN | STXTTTHTT7Y N | /77N | [7T7TTXTT | N

D Q @80 XDAal X DAa2 XDAa3 X DBbOX DBb1 X DBb2 X DBb3 X DAcO X DAcl XDBd0O X DBd1 X Z EME

teou trOL

we /7 | XU\ | /| NALZEN | STXTT7H77 707N | /77N | 707770 | STR7 770777

oom V//LXTIE/1TT /N /v XL

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

Benld VI/J:pont care

*Note: 1. Tointerrupt 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 at Different Bank @ Burst Length =4

crock Y N A/ A A A S L S\ S S\

HI1GH

cs TN/ T\ L/ T\ LS \ / |/

RAS [TX77 T XL | /T \ L L7777 T\ L7077 T T 77

cas Y[/ T XU L T XL L NALLLXIEIN S NN LT T T

a 00 R IXRAXINIX caaX T/ TTTXRe XA/ TN T T 77T 777X 8 o XRas XX T TH T XS A X /7T 77T 77

BA LT17N | [TH777{77 | XA | [TX7770777077 | \ 1 LLAT7T 7N |\ [T X7 77777
avorar YIXRAXIAIN |\ STXTTTH7XReoXIN/N | [7VTTTXT/7H 7N\ KRAXIXTTTY N \ [T TTXTTTHT 7.
DQ

we V// VXL VNALLE T XA LT7X I 7EN /Y NI Y LA LTE Y

vaov V//IX/\ YIS IIIS NI AN
T T T T T 1
Row Active Read (A- Row Active Precharge Write (B- Read (A-
(A-Bank) Bank) (B-Bank) (A-Bank) Bank) ) Bank)
(A-Ban VIZIZA :oont care
*Note : 1. tcDL should be met to complete write.
Taiwan Memory Technology, Inc. reservestheright P.21 Publication Date: JUL. 2001
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Read & Write Cycle with Auto Precharge @ Burst Length=4

R avavavavavavavavavavavavavVavVavavavavavVveVYa

HI1GH

RAS LI, | /) XL T AT XL TX LT T

cas Y/ | XLLLXT | \ | LLYLLTKL T LT T TR K TR LTI TR TR Y

Ao 0 R YVIXRa XINTTTH7XR v X e a XX /TTXT 77X 777 777777 X7 7 77 77X 7 X € o XX T/ 7H 777X 7 77 X777 A 777,

BA LX) | N\ LT TR | XYL TR T

avorar [VIXRa XXX R o YT X777 777X 777X 77 77 77X 777777+ XXX 7 777 7 7772777

DQ
we V7| XYIKTT NI T T AT ) | LT T T T Y
vom /X /TXT/X/N LT TR X Y24 0000 0404
Finamo Fosanky erecharge Start Merecharge (- e point (A
Read with Auto Point (A-Bank) Bank) Bank)
precs:rngke) * CL=3 Auto V/ZZZ :-oon't care

Precharge Start
Point (A-Bank)

*Note : 1. tcbL should be controlled to meet minimum tRAS before internal precharge start.
(Inthe case of Burst Length =1 & 2 and BRSW mode)
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Clock suspension & DQM Operation Cycle
crockly/ \_J \/

"\

N\ \

N\ \

"\

"\

"\

@ CAS Latency = 2 ,Burst Length = 4

10

"\

11

12 13

AVAYAVAVUAVAYAVAVAVE

14 15 16 17 18 19

CKE

\_

./

./

X

N/ N/

RAS //

//

///

///.

///

///.

///

//

///

49444

[/ XL

//

///

///.

///

///.

///

//

///

49444

/N LKLY

aDDRI/ZXR

g

BA

N

/X c

a X/,

Y4

///

Y94

///

Y4

/Xcb X/

///

Y194 9444

/X e XIXLTX TR 778777

//

///

///.

///

///.

///

//

///

[/

/N | LIRLLIHTIR LAY

ar0/aP//XR

S

//

///

///.

///

///.

///

//

///

[//{//]

/N LI

)

bQ

\gaOXQal

Qa2

apaDr

tsHz

powvm Y///X///

///

///

///

///

Y0444

/N LT

//

[/

Row Active

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

o\ LT

Read QDM

Write QDM Write QDM
Clo

VIZZZ - Don't care
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Reed Interrupted by Precharge Command & Read Burs Stop Cyde @ Burs Length=Full Page
CLOCK k&&&&&&k&k&&&&&&&&&&r

H 1 G H

RAS LINI7X) N ALK Y XL T NALLLELLLALLX IO | LR TA Y

cas V) | XL | LA/ 7X 777K 77X | XX | LH TR K77 77X | XKLL IK Y

A Do R YIXRAXINTTTXTX A XN/ T T T X7 7T X777 777X TXE A e X T X 7 7 X7 7 7 7T 7 7 T 7 7 X 7 77 X7 77X 777

BA LI | LTI IN TR T O | LIRS

nvoiae JIXRAXIXTTTHTIN | /7077707777777 7077707, /7777777777 7707, 77770777

*Note2

1
cCL=2 @ao X QAa1 ><QAa2XQAa3 XQA@ /(;bOXQADIXQADZXQAbQXQADAXQAE
D Q
2 2
CcCL=3 /Q_AaO xQAal xQAaZ xQAaS XQAE @bOxQAbleAbZ QAb3xQAb4xQA@——

we /) VXLLE Y XXITE 7Y /70 NI LTI TX N | ST K

vaev V///X/ /1A X YIS 00400004

T T T T

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

W :Don't care

*Note: 1. Burst carit end in full page mode, so auto precharge carit 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 isvalid at every burst length.
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Write Interrupted by Prechareg Command & Write Burst Stop Cyde @ Burst Length=Full Page
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

IRV AVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVE

CKE

RAS LA XL N XEALLLAL TR LA L

cas /) | XALLAIN | LOXILIKLAN TR | XEDON | LLAZL AV TR LA AR XL

a0 0 R IXeA XN T TTTX 2 XTI T T X T 7Y T XX Ao XX T T T T T 7 T T T 77T

BA LML | LTI ON | LA L A TRL LT TN | LT

nvorar/IXenaX/N7771N | STTTTTH7T7X7T7 77X 770N | [777 77 7T 77777 N | STR 770777

teoL

DQ @aﬂxDAalxDAaZxDAa&‘xDA@ @bOXDAblxDAthDAbBXDAbeDAbSXZ MZ

we /7 T NATT) |\ STHT7K777H7T7H ) [7H 777707 7T 7T TR 770N /73777

oom V//LXT/E1TT I, V410N / XL

ri urst Sto i - Precharge

e e
(A-Bank) Bank) Bank) (A-Bank)

VI .0 on't care

*Note: 1. Burst carit end in full page mode, so auto precharge carit 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.
DOM at write interrupted by precharge command is needed to prevent invaid write.
Input data after Row precharge cycle will be masked interndly.
3. Burst stop is valid at every burst length.
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Burst Read Single bit Write Cycle @ Burst Length = 2

SRITHAY W AW AN AND SND Y GNS 2AND AND AN ANY AW END AN 2D AN Y SNV G 4

CKE H 1 G Hj
s T\l / \ / N/ /| S/ /|
RAS LI N\ S | LN | S X XTI | (7Y
cas I/ | XD | /77N | [7X7770 777X 777X77 | XX N)Z7'77>\ LK T XY
apor [fXRAaXI /77X /X chaXrEoXcav X7/ /TX /77X 777X 7XRA XY /XCE XXX o XX/ /T T THT 77X 777
BA [TI777X7\ | /T LN77H777X77707N | [7X77 ¥ NN | STXT77A777X7N | [7¥
avorae VIXRaaXZH/TTH/N | [ReoY | XTI 7{7XRA XD | N | L7 777740 | [ 7Y
D Q
we V77 XU |/ XL LTI XN L7HT | XTI (7Y
vom Y/ /T L/X VI VIIE1IIA VI IoN LK TH/T/
Row Active . Row Active  Writewith Auto Read (A- Precharge
(A-Bank) . R?X;acnlll;’e (A-Bank) PrecBh:rr]gl]j (A- Bank) (A-Bank)
WI;I;ﬂk()A- R:faedChWa:geA(lﬂ? VIZIZ) -ont care

Bank)

*Note : 1. BRSW modes is enabled by setting A9 ‘High' at MRS (Mode Register Set).
At the BRSW Mode, the burst length at writeisfixed 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.
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Activel Precharge Power Down Mode @ CAS latency = 2, Butsr length=4

crock y \_f\/ _YZZ%:;/ 4/// Y AVAVAVARAVAVAVAVAVAVAVAVAVAVYE

*Note2
SS SS tss
CKE Notel ‘}\ 4
SS

K Note3 |

cs Q277077 TN TXULEI07N |/ |/

— SS

rRas V777777777707, | /7777071 24777077 | N7 | (7T 7777774777

SS

cas Y7777 X771 377707+ (77777477 N7 777777777

w00 R 777I77THT7 70 2T 777077 707X R XX 77K 7150777

o
S

L[ YT

s 77I77TITT7I R TATTTHTT707N | [THT77077 3077707\ | [7HT7707 | (77777377777 71777

SS SS

avoiap V7T TTETT T TET T T IX Ra XA TZ7T 1T 770 N | LTXTT 7N | (77 7T 7T

tsHz

DOQ ss ss {Qa0 XQa1 XQa2

SS

W V77777 ST N7 7077 707 /7 7777 TT 77777

vow 7777777 T T 777 737770777870 X7 7707 / VN T

SS SS

VZZ/Z):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 1CLK+HSS prior to Row active command.

3. Can not violate minimum refresh specification.(32ms)
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Sdf Refresh Entry & Exit Cycle
cLock /O_\_/l_\_/z_‘(/ 3/// 4/// 5/// 6'2// 7/// 8/// 9/// 1/g\ /1_1\_/1_2\_/1_3\ ’1_4\_/1_5\_/1_6\_/1_7\_/1_8\_/5\_/

Ss

------

SS

CKE V\N{L;) s
TS I 777777777 T T T T 77 |/

Ras V77707 | /7777777077732 77X 777 77 70 77707 77 7773777 7L X77707N | (7777707770777,

SS

Sas 7NN | /7777377717775 77X 777 X777 177 7777 7 777 X7 7777 577787 | (7Y 77737774777

a0 o R 77 7XTT7X7 777 T7H 7777774 777 T7 A7 77 /77747 77 {7 77 A7 774 71 A7 77 77T 7 77 77T A7 770777

e /7717771777777 777777 83 77777 777477747 774 77737 777 7 2 {777 77 7777 /7 77 77 737 77

n 101 a0/ /77HTTT X7 7777 X 777X 7773 77777 777X 777 7 7 7 777 7 77 7 7 7 T 7 7T T 7 7 7 7T 7 77 77

DQ Hi-z Hi- S

we Z77X77 | A 77717778 7 77777 X777 7 77 7 77X 77737 77 777 777777 | X ZA 7773777

Ss

vom ST T/ /7T /2// 77X 777X 7777777777777 1 77 7V 777 7 77X 77777 7 X777

SS

Self Refresh Entry Self Refresh Exit Auto Refresh

WIZZA:pont 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, dl the inputs inculding the system clock can be don’t care except for CKE.
3. Thedeviceremainsin self refresh mode as long as CKE stays ‘Low’.
Cf.) Once the device enters saif refresh mode, minimum {RAS is required before exit from salf refresh.
TO EXIT SELF REFRESH MODE
4. System clock restart and be stable before returning CKE high.
5. CS darts from high.
6. Minimum tRC isrequired 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
AN 2V 20 2V aVaV o aVaVaVaNaVaVualaN aVaVaVse
= /T L/ W, . NVa
RAS VT /_i\ Y24 9404044 (15N Y [T/ /t/; //z'z (LTI | [7X
ors ZZII T O 71D | [T TS T | /T
apoR 777 /)@D(ZZXKZX/ //7X/7 -
we 770 | 20 Ozl AL AR A 1AFS FA 1L 104 EIRR T A A SR/
vom ///X/TIX/ /X[ /X/ /X /17X V140004 04000008 0000 VII4 //z'z [/ 1Y/ /7]
T )

VI/J/A:pon'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.
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PACKAGE DIMENSIONS
50 LEAD TSOPII (400 mil)

R2

LO)
GAG
= q

D A
5\0 26 % DEFAULT
DR R R AR WA Ae
1 VO
i |
. E
! 1| ®
R P FRVARPOURORN NN SR ISy i |
' :
| A |
—@ ' L/ ‘
lsERRRREEE G ) el R
! 8.78 ! 25 i ' DEFAULT L
— 7 A SH
! g1
I
|
2
é b )
1 M N ey e — 1
i ) < : \lgb ’
SETING ’ BASE METAL cil| ¢
PLANE
bl
Symbol Dimension in mm Dimension in inch
Min Nom M ax 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
ZD 0.875 REF 0.034 REF
E 11.56 11.76 11.96 0.455 0.463 0.471
E1l 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
q 0 - 8 0 - 8
gl 0 - - 0 - -
g2 10 15 20 10 15 20
g3 10 15 20 10 15 20

SECTION B-B
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PACKAGE DIMENSIONS
60-pin CSP

TOPVIEW A1CORNER A1CORNER BOTTOM VIEW

RPNMLKJHGFEDCBA\ XABCDEFGHJKLMNPR

F % C19/0[0/0(0'0/) 00100000
r-@OOOOOO(POOOOOOO

W N -

IN

—000Q OOdI)OO Q000
t @OHOO OO(POO OO(’P(’P@

ke el

B1

~N O O WN P
>
W

~N o g

SEATING PLANE

Dimension in mm Dimensionininch
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 0.3%4 0.398 0.402
B - 3.90(typ) - - 0.154(typ) -
B1 - 9.10(typ) - - 0.358(typ)
C - 0.65(typ) - - 0.026(typ)
Cl 0.65(typ) - - 0.026(typ) -
D 0.35 04 0.45 0.014 0.016 0.018
D1 0.35 04 0.45 0.014 0.016 0.018
E 0.22 0.27 0.32 0.009 0.11 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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