tmi

T431616A

SDRAM

1M x 16 SDRAM

512K x 16bit x 2Banks Synchronous DRAM

FEATURES

3.3V power supply

e Clock cycletime:6/7/8/10ns

e Dual banks operation

e LVTTL compatible with multiplexed address
e 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.
¢ 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~+70°C
- 40~+85 °C
PART NUMBER EXAMPLES
CLOCK MAX OPERATING
PART NO. PACKAGE
CYCLE TIME | FREQUENCY TEMPERATURE
T431616A-7S Tns 143 MHz TSOP-II -5 ~+70 °C
T431616A-7C Tns 143 MHz CSP -5 ~+70 °C
T431616A-7SI 7ns 143 MHz TSOP-II -40 ~ +85 °C
T431616A-7CI 7ns 143 MHz CSP -40 ~ +85 °C

Taiwan Memory Technology, Inc. reserves the right P. 1
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PIN ARRANGEMENT

(TSOP-II Top View)

Voo

§88;88

&3
aononnononaoanoonononoann

g 3

50
49
48
47
46
45
44
43
42

wm«tmmumeO
BEjERiREs

[N
S}
<
8

a1

N
s

40
39
38
37

Qggg

QNN AR AR AR AR R RARARE

36

1
2
~

35
34 [ ] CKE
33[] NC
321 A9
31[] A8
30 [ A7
29[ A6
28] A5

27 A4 50PI NTSOP( | 1)
Ve (400mi | x 825nil)
(0.8 mm PIN PI TCH)

NNNNN R R R
5 @ N P O 0 ® N

25 26

(CSP Bottom View)

11 DOCHOHOOH0HOOOD
| Q00Q0RRO0Q00Q0
5

4

3 ANl M NC Ok VDO VSSQ 1 WDDQ VSSQ  DQI5
21 OO0O0000OE0DO0O
1

PRIPPPRIFPIRIPY

R P NMLK J HGT FETDTGCBA

Taiwan Memory Technology, Inc. reserves the right P.2
to change products or specifications without notice.

Publication Date: DEC. 2000
Revision: C



tmi

T431616A

S e LWE
' o
> Bank Select Data Input Register [« %
S e LDQM
\ 4 v
=
~ 1) > e
@ 512K x 16 %)
= z 2 o
» & = » o N )
> g o § > » = <€ » DQi
CLK —> & S5 8 » 512K x 16 S @
= S o e ~ g
53 5 o = =
2 g~ 7y 5
z
ADD —» 03, A
: 11
= = oy
7~ e
a g e > Column Decoder
| w
A Eg
e | Latency & Burst Length
LCKE A
LRAS LCBR LWE 7'y Programming Register LDQM
A
T T T LCAS LWCBR T

Timing Register

T

P

CLK CKE CS RAS

CAS

WE

L(U)DQM

Taiwan Memory Technology, Inc. reserves the right P.3
to change products or specifications without notice.

Publication Date: DEC. 2000

Revision: C



tmi
CH T431616A

PIN DESCRIPTION
PIN NAME INPUT FUNCTION
CLK System Clock Active on the positive going edge to sample all input.
— ) Disables or enables device operation by masking or enabling all input
CS Chip Select
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 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 : CAQ ~ 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.

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 .

S ) Enables write operation and row precharge.
WE Write Enable

Latches data in starting from CAS, ﬁ 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 ~ DQ15 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

for Future Use

Taiwan Memory Technology, Inc. reserves the right P. 4 Publication Date: DEC. 2000
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ABSOLUTE MAXIMUM RATINGS

Parameter Symbol Value Unit
Voltage on Any Pin Relative To Vss VIN,Vour -1.0t0 4.6 v

Supply Voltage Relative To Vss VDD, VDDQ -1.0t0 4.6 \Y

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
(Ta=-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 \Y
Input High Voltage Vi 2.0 3.0 Vop+0.3V \Y 1
Input Low Voltage Vi -0.3 0 0.8 \Y 2
Output logic high voltage Vou 24 - - A" Ior=-2mA
Output logic low voltage VoL - - 0.4 A% IoL=2mA
Input leakage current I -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,VDpD=3.3V, f= 1MHz)
Pin Symbol Min Max Unit
CLOCK CcLk 2.5 4.0 pF
ADDRESS CapD 2.5 5.0 pF
DQO ~ DQI15 Cout 4.0 6.5 pF
RAS,CAS,WE,CS,CKE,LDQM, CiN 2.5 5.0 pF
UDQM

Taiwan Memory Technology, Inc. reserves the right P.5
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DC CHARACTERISTICS
Ta =-5to 70°C / -40 to +85 °C, ViH(min)/VIL(max)=2.0V/0.8V

Speed version

Parameter Symbol Unit Test Condition Note
-6 -7 -8 -10
Operating Current Burst Length = 1
. |Icar 160 | 150 | 140 | 120 | mA 1,3
( One Bank Active) tRC>tRC(min) ,tCC>tCC(min),IOL= 0 mA
Precharge Standby |1.,p 2 CKE < VIL(max),tCC=15ns
Current in power- mA 3
down mode IccaPS 2 CKE < VIL(max),CLK < VIL(max), tCC =
Precharge Standby CKE > VIH(min), s = VIH(min),tCC=15ns
) 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 IccsP 10 CKE < VIL(max),tCC=15ns
Current in power- mA 3
down mode Icc3PS 10 CKE < VIL(max),CLK < VIL(max),tCC=»
Active Standby CKE>VIH(min), cs >VIH(min),tCC=15ns
. IccaN 40
Current in non Input signals are changed one time during 30ns
power-down mode mA . .
CKE>VIH(min),CLK < VIL(min),tCC=+
(One Bank Active) |IccaNS 10
Input signals are stable
Operating Current 180 | 170 | 160 | 140 CAS Latency 3 10L=0 mA,Page Burst
(Burst Mode) Icca mA All Band Activated L3
180 | 170 | 160 | 140 CAS Latency 2 tcep= teeD(min)
Self refresh CKE<L0.2V
et retres Icce 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 Publication Date: DEC. 2000
to change products or specifications without notice. Revision: C
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AC OPERATING CONDITIONS
(Vpp=3.3V £0.3V ,Ta= -5 to 70°C /-40 to +85°C )

Parameter Value Unit
Input levels (Vin/ViL) 3.0/0 A%
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
1200 ohm
Output
o——————— & —————— >
VOH(DC)=2.4,JOH=-2mA
870 ohm VOL(DC)=0.4,IOL=2mA
30pf

(Fig.1) DC Output Load Circuit

QO Vitt=1.4v

50 ohm

Output O

Z0=50 ohm

30pf

(Fig.2)AC Output Load Circuit

Taiwan Memory Technology, Inc. reserves the right P.7
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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 tRAS(min) 42 42 48 50 ns !
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 CAS latencyi3 ! ea 4
CAS latency=2 1

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.

Taiwan Memory Technology, Inc. reserves the right P. 8
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T431616A
AC CHARACTERISTICS
(AC opterating conditions unless otherwise noted)
Parameter Symbol -6 ul -8 -10 Unit | Note
Min | Max | Min | Max | Min | Max | Min | Max
CAS Latency =3 6 7 8 10
CLK cycle time tcc 1K IK 1K IK | 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 -l 6| -6 /| -7 -129]ns
Output data hold time tou 2 2.5 2.5 2.5 ns 2
CLK high pulse width tcH 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 tsg 1 1 1 1 ns 3
CLK to output in Low-Z tsLz 1 1 1 1 ns 2
CLK to output in CAS Latency =3 - 5.5 - 6 - 6 - 7 ns
Hi-7Z 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.

Taiwan Memory Technology, Inc. reserves the right P.9
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FREQUENCY vs. AC PARAMETER RELATIONAHIP TABLE

T431616A-6S (Unit : number of clock)
F CAS trRC trAS trP tRRD | tRCD | tccp | tcpL | tRDL
requency
Latency | 6ons | 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 trC tRAS trpP tRRD | tRCD | tccp | tcpL | tRDL
Latency | 63ns | 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)
F CAS trC trAS trP tRRD | tRCD | tccp | tcpL | tRDL
requency
Latency | 68ns | 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
T431616A-10S (Unit : number of clock)
Frequency CAS trC tRAS trpP tRRD | tRCD | 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
b 1
2. Clock count formula : clock > ase_w (round off whole number).
clock period
Taiwan Memory Technology, Inc. reserves the right P.10 Publication Date: DEC. 2000
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MODE REGISTER
11 10 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 | X | 1 | | 0 | LTMODE | WT | BL |Burst Read and Single Write (for Write Through Cache)

(=}

—

| 0 | |Use in future

11 10 9 8 7 6 5 4 32 1 0
[x | x[ x| U] 1 ]v][v]v]v]v]v]v]VenderSpecific

—
(=]
o
o]

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

]
-]
B
-]

Bit2-0 WT=0 WT=1
000 1 1

001 2

010 4

Burst length 011 8
R

R

100
101
110 R

| R A R oo

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

AR I I R

Mode Register Write Timing

CLOCK j ‘ ‘ ‘

CKE

CSs
RAS

CAS

WE

AO0-A11 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-A0 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.

wn A~ WD

. 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
to change products or specifications without notice.
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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
B H L L L L|H]| X X 3
Refresh Self Ent[ry - - =
Refresh X1t
L H I x | x| x X X 3
Bank Active & Row Address 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 \4 H (‘:%TZS;) 4,5
Write & Column |Auto Precharge Disable L Column
Address Auto Precharge Enable H X H L1L XV H (/2%(3:375) 4.5
Burst Stop H X L H H| L X X 6
Bank Selection \Y L
Precharge Both Banks H X L L H| L X X H 4
Entry H X X [ X
ilogk SPuspencllj or H L LT vIiviv] X X
ctive Power Down Exit X1 X | X | X
Entry H X X | 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 v X 7
. H H| X X | X
No Operation Command T X L T 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

CH
0 1 2 3 TH4Tis 6 7 8 9 10 11 12 13 14 (15 16 17 18 19

S AVAVAVAVE SAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVYE

> teL-
CKE - HIGE
& _\— *Notel \—J \%ﬁ/__\ \_J
R S I R ERUIER T | ST
% &— tcecp —
cxs 777 I T s 10 0 0 S VU 1104 SL AR 4 VA LA VAN U

/\
i
ADDRZZ)@EHXL/ [IIX<aXliT / 71@3@@@9(// [LIXRO XTI TTTITTT

*Note2.  *Noted

oa 77X B)TITIIII B XTTT ES UES CXUIIICS U I A

oiar X ROZIZITIIN " (71T I [T [T RO

DQ

tsH
93 -

we /)T XA XA /)kk;_}/ /)N XL

n
zl T
7
RV
g

vov ZZ77T777ITTTITTTI /777777707, “SYTI7770 L 7T T LT T 77T

Row:[ lllll RTd W:l:te RTd Prech R J\A t
echarg
U/} :Don't care
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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
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 i1 f2 43 i4 is de {7 i8 i9  f1o {11 j12 {13 {14 {15 {16 {17 {18 {19
SEENAVAVAVAVAVAVAVAVAVAVAWVAYAVAVAWAYAWAWAWAWE
CKE High level is necessary
cs F L i /i
trP lRf(I trC
i i
— ss ss
RAS /X o /X & /) LTI\
i«<—tccp —
—_— SS SS
cas /) 1 XL /A L /A & /A X/
ADDR z'i S:z /XK ey X/{/Xraa X/,
SS S
BA KA e /XKey XZL/N
SS SS
atoari/// T XY/ A A /XK ey X///XrAa X/,
DQ
High-Z
—_— SS SS
WE 7T/ 77 5 Y 71X
bQM High level is necessary
Precharge A]:o Auto Refresh Mode Register Set  (A-Bank)
All Banks Refresh Row
Active
VD 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

12 i3 4 6 17 9 1o frr 12 P13t fis o fie (17 18 {19
cLock Y/ N\ A\ A\ S\ S\
CKE IGH
s N\ /N A
RAS Y% /N AN Y% N [TX
cas /7 T X/ /X X/ XL\ XU
BA N /X N+ LTI N /
Ato/ar i//XRa X/ /X /N X0 XX\ /N /
cL=2 J@;@@alxa@(gm f DboXDb1XDb2XDb3
s 3 A
DQ tsac ton tsuz
CcL=3 J@aoiQaIXQaZXQaSI DbOXDbIXDb2XDb3
EER 778N /1L /N /1 XU IN /X
DQM AN /X

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

VZZZZA D on't care

*Note : 1. Minimum row cycle times is requiged 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

3 4 8 10 11 12 13 14 15 16 17 18 19
crocky L/ \ A\ N\ NS\
CKE 1G H;
RAS N\ X7 T XL N
i&——tccp — Y
cas Y77 1 X/ I STI7N I i ST\ X/
ADDR //XRa X/ /XCa0 XA /XCoo X/ /XCOX/X/XCdoX/,
B A I\ ST I+ ST\ N
atoar i//X X/ NRIIS ION OB VIS VON N
& trp1 —
cL=2 Qa0 XQat Xabo Xav1 X0b2y—+—D c0XD et XD doXpat X///X/H/X
DQ oo
cL=3 Qa0X Qa1 X @boXQb1)—+—Dc0oXD 1 XD d0XD d2X/¥ /X /X
VE VT XL N7 T XL N | ST o\
DQM N X/,

Row Active Read (A- Read (A- W rite (A - W rite (A- Precharge
(A-Bnak) Bnak) Bnak) Bnak) Bnak) (A-Bnak)

VZZZZ) :D on'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.
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CH T431616A

Page Read Cycle at Different Bank @ Burst Length = 4

CKE 1G H:

s /Ti75 7\ I\ [TIDN /T N

TAS IV VA N

BA [TI7 N <z 7 Zi7\ N
atorar i//Xxaa X7/ | ArBo X/ N I i [T\ [T /N /L
DQ

WE

DQM N

T T T T

VZZZZA D on't 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 43 4 5 qe {7 48 {9 {10 {11 {12 {13 f14 {15 {16 {17 {18 {19
SN AVAVAVAVAVAVAVAVAVAVAVAWAVAWVAWAWVAWVAWAWAWE
CKE HIGH
s F L /T
RAS / AR N NN
cas 77 NI U777 I /TN Y
ADDR [//XRAaX/ /XcraXrBoX/ /X X/ /XeaeX[HIXeBaX/
BA /X X/ / i X /X /1 XL
Ato/ap i/ /XRaaX/, /x| ArBb /N /5 LTI\ \%
DPQ pasoXpastxpaazXbras XosooXosorxosv2 Xoens Xoaco Xoac Xosa Xosa X/1/X/ 1/
VE 777 UTITIN 77 /x I LTI t /x
DQM /) \¥%
neat) Sty Yo Yo e PR
= WA > on't care

*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 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
cLoCK Y N\ A\ A\ I\ S\ S\ S\ T\
CKE 1G H:
s TN/ |\ /T
RAS N/ AN N/
cas V77T XA X7 XL N \ ¥4 N
ADDR /XA XTI XA XL /XrBe X/, /X XRAX/ XA X/
BA [T XN /X
A10/a P i/ /XRA X/ /X8 X/ /N /5 | AracX/, N
cL=2 IST) CESI) CINEY CONE [XTT),CI0I) G CITN ancoXanciXorc)
DQ
cL=3 anaoXanarXors Xonas YT, CITY) CITEY CITN arcoXaner)
VE 7T T Ti7n 75 K04 N4
DQM /X N
Row Active RCXT(A- Row Active Plcc]:rgc W rite (B - Read (A-

VZZZZA D on't care

*Note : 1. tCDL should be met to complete write.
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Read & Write Cycle with Auto Precharge (@ Burst Length =4

3 4 5 10 11 12 13 14 15 16 17 18 19
AU 2V oV av aVuau oVl oW aUal aV aUal ol aWalavaVvaVaVs
CKE H 1G H;
T\
RAS oN X/ X2
cas Y// X/ N
Ao R TIXE XTI X YT NI U
BA \¥
r1oiar IXEXTZIZIDEY TE V4
cL=2 Qa0 XQal XQa2XQa3 DboXDb1XDb2 XD b3
bDQ
cL=3 Qa0 XQal XQa2XQa3 DboXDb1XDb2XD b3
wE /T XL N4 AN
DQM /A 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)
ngzrngkc) R 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)
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Clock suspension & DQM Operation Cycle @ CAS Latency =2 ,Burst Length =4
0

Lod2 3 4 45 d6 17 ds  fo fo {11 {12 {13 (14 115 16 117 f1s {19
SN AVAVAVAVAVAYWAWAVAWAWAWAWAWAWAWAWAWAWAWAWE
CKE

s PN/ 1\ XL/ N\

RAS / 1 X/ N XZ

TAs 777 I, 7\ 7 7\

ADDR //XRa X/J/X Ca X/ /Xco X/ /XCe X/

BA Y4 7AN /A AN
A10/aP /X Ra X/T /N AN /X

DQ Qa0XQa1X_1Qa2 Xoﬁ Q@@@__@M@@MMD__
wE /)T RA T XL 71X N

poM 7717\ /X /- /XA

V) :D on't care

*Note 1. DQM is needed to prevent bus contention.
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Read Interrupted by Precharge Command & Read Burst Stop Cycle @ Burst Length=Full Page
0

NN VN VN NN NV
CKE IG H
N /7
RAS R /XYL XL /N
TAs 7T O 7 <Z
A DR I XTI TZTITX T X X7,
BA >N AN N
a0ia e ZIXAXTIZITIT 7 7777
DQ
we /) T XL /XL /X /XL /X L/
pQM 7

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.
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Write Interrupted by Prechareg Command & Write Burst Stop Cycle @ Burst Length=Full Page
0

AN 2V AV eV Al AUVl AU aVal aU aVUal aU aVal AW aWat
= U anu
s 7Y T T 2
cas /) T XL N /i XN X/
BA X AN /N
Atoiar ZIXEAXTITTTI 7 75
VE 77 TG DT 7
DQM AN YIS 0ON X/

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

VA :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.
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Burst Read Single bit Write Cycle @ Burst Length = 2
0 1 2 3 4 5 6 7 8 9 10

11 12 13 14 15 16 17 18 19
I AVAVAWAWAWAWAWAWAWAWAWAWAWAWAWAWAWEAWEWAWE

CKE 1G H;

s F\ TN\ e
RAS \ /N XL T XL N Y
cas 7/ XL In_ LTI\ XN LT N4
ADDR i//Xraa X/ /Xcaa XrBb XCAb X/ /XA XX /XCBe XPX/Xcaa X/,

BA AN /1 XU N [TX

A10/AP i/ /XRA X/ kb Y | X/, IXra X7 LT X N L STT

CL=2 DAal DAbO XDAbI DBcO DAdO XDAdI

DQ

CL=3 DAal DAbO XDAbI DBcO DAdO XDAD——
wVE VT XL /X X NN \ N [
DQM N AN

R ’L t Row Act W rit ]nh Auto ReI(AV Pn:c]:rge
(A-Bank) Row Active (A-Bank) Precharge (A- Bank) (A-Bank)
(A-Bank) Bank)
W rite (A- Read with Auto
Bank) Precharge (A- VZZZZA D on't 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 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.
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T431616A

Active/ Precharge Power Down Mode @ CAS latency = 2, Butsr length = 4
0 8 9

12 i3 i4 i5  de 7 10 f11 12§13 §14 §15 i16 {17 {18 {19
SS
cLocky/ \ N\ A N1y NUAVAVAVARAVAYAVAWAWVAWVAWVAWAY AWE
ss ~N"swsz tss
CKE *Notel k r ss _J
I Note3 I
—_ SS SS
cs N / N L1 LN
_— SS SS
RAS S/S />\ S/S \</ />\
—_— SS SS
CAS S/S \</ S/S />\ \</
SS SS
SS SS
BA S/S />\ S/S />\ />\
SS SS
A10/AP Js /X Ra X/, < N N
tsuz
DQ SsS SS Qa0 XQal XQa2 i
_— SS SS
WE s X SsiL RULLLED
SS SS
bQM S/S S/S />\ \</
T Row’Eclive T T R/eEd
Precharge Precharge Active Active Precharge
Power- Power- Power- Power-
Down Entry Down Exit Down Entry Down Exit
VD on'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 I CLK+tSS 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
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CH T431616A

Self Refresh Entry & Exit Cycle

7 8 9 10 11 j12 §13 {14 {15 {16 {17 {18 {19
SS
crock Y \ /X s /X /_\_/_\_/_\S s N\ N\ S\
R in
N *Note3 Ss
CKE 1 ss
tss
Ts 7O\ “ °
SS SS
RAS I A A JAN
SS SS
CAS I A A I
SS SS
ADDR o ss
SS SS
BA / 7
SS SS
SS SS
ATO0/AP “ “
DQ Hi-z Hi- S
—_— SS SS
wE N4 A A X
D M S/S S/S
Q SS SSs

Self Refresh Entry Self Refresh Exit Auto Refresh

V2D 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 i1 2 i3 4 15 6 0 11 i2 43 4 s d6 17 i {9 {10
cLocky \ /S \A A\ A AN\ AVAVAVAVAVAVAVAVAVAVAYE
CKE HiGH e 5
RAS N X A [T
xS Y7 L ST T ) TS T | /7]
ADDR T TTIXESXTTIXE ST 5
DQ Hiz Hi- ss
WE ) 7 X N/ N
boM

MRS New Command Auto Refresh New Command

VA -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.
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T431616A

PACKAGE DIMENSIONS
50 LEAD TSOPII (400 mil)

50 26 @ DEFAULT
AR AR AR RAARARAARAARE HAAS °
: “s (---\ /'l -
! ML S
!
a .
- A O D IS -
!
= @15 : §E
(N1 %
[ A1
b R = el
! 8.78 ! 2 d * DEFAULT
E A
[}
|
I
S i
: b N
el !
\ L] d
SETING BASE METAL al ¢
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

HAH

SECTION B-B
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T431616A

PACKAGE DIMENSIONS

60-pin CSP

RPNMLKJ HGFEDCBA

TOP VI EW A1 CORNER

A1 CORNER

BOTTOM VI EW

&ABCDEFG#—IJKLMNPR

A |
C
| = L900000000000000 |
2 r{DOOOOOO@OOOOOOO 2
3 ! 3
4 Al B - - -4 - - 4
5 B l 5
6 rI)OOOOOO@OOOOOOO 6
7 | @OHOOOO(POOOO?)(?@ 7
y
oo o) Lo
JEB B Al R
A
j El
HUIVIVIVIVIVIVIVIVIVIVIVIVIUI I 2
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
D1 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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