t

T431616C

SDRAM

1M x 16 SDRAM

512K x 16bit x 2Banks Synchronous DRAM

FEATURES

» 3.3V power supply
» Clock cycletime:6/7 ns
« Dual 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
e Auto refresh and self refresh
» 32msrefresh period (2K cycle)
¢ MRS cycle with address key programs
-CASLatency (2& 3)
-Burst Length (1,2, 4, 8 & full page)
- Burst Type (Sequential & Interleave)
» Available package type:
- 50 pin TSOP(I1)/1ead-free
 Operating temperature :

- 0~+70°C

ORDERING INFORMATION

GRNERAL DESCRIPTION

The T431616C 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 1/0O transactions are possible on every
clock cycle . Range of operating frequencies ,
progranmable burst length and programmable
latencies allow the same device to be useful for a
variety of high bandwidth , high performance

memory system applications.

CLOCK MAX OPERATING
PART NO. PACKAGE
CYCLETIME | FREQUENCY TEMPERATURE

T431616C-6S 6ns 166 MHz TSOP-II 0~+70°C
TSOP-I1 .

T431616C-6SG 6ns 166 MHz L ead-free 0~+70°C

T431616C-7S 7ns 143 MHz TSOP-II 0~+70°C
TSOP-I1 .

T431616C-7SG 7ns 143 MHz L ead-free 0~+70°C
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T431616C

PIN ARRANGEMENT

(TSOP-11 Top View)

Voo [_| P 50 ] Vss
pQo []2 49 [ ] DQ1s
bl []3 48 [ ] DQ14
Vsse [ 4 47 [ ] Vssq
pQ2 [s 46 ] DQ13
pQ3 [Je 45 [ ] DQ12
vooe []7 44 [ ] Vooo
bQ4 []|s 43 [ ] DQ11
DQ5 [Jo 42 [ ] DO1O
Vsse [] 10 41 [ ] Vsso
pQe [ |11 40 [ ] DQ9
50PINTSOP(II)
pQ7 [ 12 (400mil x 825mil) 39 1 pQs
Vooo [J13 (0.8 mm PIN PITCH) 38 [ Vooo
LoQM [ |14 37 [ ] N.C/RFU
wWE []1s 36 ] UDQM
cas [J1s 35 ] cLK
RAS []17 34 [] CKE
cs []1s 33 ] N.C
BA []19 32 ] A9
A10/AP [ 20 311 A8
Ao []21 30 [ A7
AL []22 29 [] A6
A2 []23 28 ] A5
A3 []o24 27 [ A4
Voo []25 26 [ ] Vss
TM Technology Inc. reserves the right P.2 Publication Date: AUG. 2004
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CH T431616C

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 |east one cycle prior to new command.
Disable input buffers for power down in standby.
Row/column addresses are multiplexed on the same pins.
A0~ A10/AP Address
Row address : RAO ~ RA10,column address: CAO ~ CA7
Selects bank to be activated during row address latch time.
BA Bank Select Address

Select bank for read/write during column address latch time.

Latches row addresses on the positive going edge of the CLK
RAS Row Address Strobe  |with RAS low.

Enables row access & precharge.

L atches column addresses on the positive going edge of the CLK
CAS Column Address Strobefwith CAS low.

Enables column access .

N . Enables write operation and row precharge.
WE Write Enable -
Latches datain starting from CAS, WE active.

Data Input/Output  |Makes data output Hi-Z, tsHz after the clock and masks the output.

L(U)DQM
Mask Blocks data input when L(U)DQM active.

DQO ~DQ15 Data Input/Output  |Data inputs/outputs are multiplexed on the same pins.

VDD/V'ss 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

TM Technology Inc. reserves the right P.4 Publication Date: AUG. 2004
to change products or specifications without notice. Revision: A
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T431616C

ABSOLUTE MAXIMUM RATINGS

Parameter Symbol Value Unit
\/oltage on Any Pin Relative To Vss ViN,Vout -1.0t0 4.6 \%

Supply Voltage Relative To Vss VbD,VDDQ -1.0to 4.6 \%

Short circuit Output Current lout 50 mA

Power Dissipation Po 1 w
Operating Temperature ToPR Oto+70 °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=0to+70 °C, Voltagereferenced to Vss=0V)

Parameter Symbol Min. Typ Max. Unit Notes
Supply Voltage VDD,VDDQ 3.0 33 3.6 \%
Input High Voltage ViH 20 3.0 Vpp+0.3V \% 1
Input Low Voltage ViL -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 - 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. Anyinput OV < ViN < Vbb+ 0.3V, al other pin are not under test = OV.
4. Dout = disable, OV < Vout< VDD,
CAPACITANCE
(TA=25°C,VDpD=3.3V, f = IMHz)
Pin Symbol Min M ax Unit
CLOCK CcLk 2.5 4.0 pF
ADDRESS CaDD 2.5 4.0 pF
DQO ~ DQ15 Cout 3.0 5.0 pF
RAS,CASWE,CS,CKE,LDQM, CiN 25 4.0 pF
UDQM

TM Technology Inc. reserves the right
to change products or specifications without notice.
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T431616C
DC CHARACTERISTICS
Ta =0 to 70°C, ViH(min)/VIL(max)=2.0V/0.8V
eed version| = . .
Parameter Symbol > S Unit Test Condition Note
- -7
Operating Current Burst Length = 1
- |ca 145 140 [mA 1,3
( One Bank Active) tRC=tRC(min) ,tCCZtCC(min),IOL= 0 mA
Precharge Standby TccaP ) CKE < VIL(max),tCC= tCC(min)
Current in power- mA 3
down mode IccaPS 3 CKE £ VIL(max),CLK < VIL(max), tCC = o0
Precharge Standby CKE = VIH(min), ¢g = VIH(min),tCC= tCC(min)
i IccaN 30
Current in non mA Input signals are changed one time during 30ns 3
power-down mode CKE=VIH(min),CLK < VIL(min), tCC = o0
IccaNS 2
Input signals are stable
Active Standby  |[oc3P 10 CKE < VIL(max),tCC= tCC(min)
Current in power- mA 3
down mode IccaPS 10 CKE £ VIL(max),CLK < VIL(max), tCC =0
Active Standby CKE=VIH(min), c§ =VIH(min),tCC= tCC(min)
C £ IccaN 40
urrent in non Input signals are changed one time during 30ns
power-down mode mA : X 3
CKE=VIH(min),CLK < VIL(min), tCC = o0
(One Bank Active) [IccaNS 30
Input signals are stable
Operating Current 150 140 CAS Latency 3 I0L=0 mA,Page Burst
(Burst Mode) Iccs mA All Band Activated 1,3
150 | 140 CASLatency2 | ¢ p= tccn(min)
Refresh Current Tecs 90 80 | mA [fRCZtRC(min) 23
<0.
Self refresh lecs | mA CKE<0.2V
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.

TM Technology Inc. reserves the right
to change products or specifications without notice.
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T431616C

AC OPERATING CONDITIONS
(Vpp=3.3V £0.3V ,TA= 0 to 70°C)

Parameter Value Unit
Input levels (ViH/VIL) 2.0/0.8 \Y%
Input timing measurement reference level 1.4 A%
Input rise and fall time tr/tf=1/1 ns
Output timing measurement reference level 1.4 v
Output load condition See Fig.2

VOH(DC)=2.4,J0H=-2mA

3.3V
1200 ohm
Output
o—————- >
870 ohm
30pf

(Fig.1) DC Output Load Circuit

VOL(DC)=0.4,J0L=2mA

OVtt=1.4v

50 ohm

Output O

Z0=50 ohm

(Fig.2)AC Output Load Circuit

TM Technology Inc. reserves the right
to change products or specifications without notice.
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T431616C
OPERATING AC PARAMETER
(AC opterating conditions unless otherwise noted)
Parameter Symbol 68peed Versuon7 Unit | Note

Row active to row active delay tRRD(min) 12 14 ns 1

RAS to CAS delay tRCD(min) 18 21 ns 1
Row precharge time tRP(min) 18 21 ns 1

i 36 42 ns 1
Row active time tRAS(min)
tRAS(max) 100K ns

Row cycle time trRC(min) 60 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 latency=3 ! ea 4

P 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.

TM Technology Inc. reserves the right
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CH T431616C

AC CHARACTERISTICS
(AC opterating conditions unless otherwise noted)

Par ameter Symbol -6 ol Unit |Note
Min Max | Min | Max
. CASLatency =3 6 7
CLK cycletime tcc 1K 1K | ns 1
CASLatency =2 8 8.6
CLK to valid CASLatency =3 - 55| - 6 ns
Output delay tsac 1
CASLatency =2 - 6 - 6 ns
Output data hold time toH 1 1 ns 2
CLK high pulse width tcH 2 25 ns | 3
CLK low pulse width tcL 2 25 ns 3
Input setup time fss 2 ns 3
Input hold time tsH 1 ns 3
CLK to output in Low-Z tsLz 1 1 ns 2
CASLatency =3 - 55| - 6 ns
CLK to output in Hi-Z tsHz
CASLatency =2 - 6 - 6 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 1ns,transient time compensation should be considered,
i.e.,[(tr+tf)/2-1]ns should be added to the parameter.

TM Technology Inc. reserves the right P.9 Publication Date: AUG. 2004
to change products or specifications without notice. Revision: A
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FREQUENCY vs. AC PARAMETER RELATIONAHIP TABLE
T431616C-6S (Unit : number of clock)

Frequency CAS trRc | trRas | tRp | tRrRD | tRcD | tceD | tebL | trRDL
Latency | eons | 36ns | 18ns | 12ns | 18ns | 6ns 6ns | 12ns
166MHz(6.0ns) 3 10 6 3 2 3 1 1 2
143MHz(7.0ns) 3 9 6 3 2 3 1 1 2
125MHz(8.0ns) 2 8 5 3 2 3 1 1 2
111MHZz(9.0ns) 2 7 4 2 2 2 1 1 2
100MHz(10.0ns) 2 6 4 2 2 2 1 1 2
T431616C-7S (Unit : number of clock)
Frequency CAS frRc | tras | trRp | tRrRD | tRCD | tcep | tebL | trDL
Latency | 7ons | 42ns | 21ins | 14ns | 2Ins | 7ns 7ns | 14ns
143MHz(7.0ns) 3 10 6 3 2 3 1 1 2
125MHz(8.0ns) 3 9 6 3 2 3 1 1 2
111MHz(9.0ns) 2 8 5 3 2 3 1 1 2
100MHz(10.0ns) 2 7 5 3 2 3 1 1 2
83MHZz(12.0ns) 2 6 4 2 2 2 1 1 2
base vaue
Note: 1. Clock count formula: clock = ————— (round off whole number).
clock period
TM Technology Inc. reserves the right P.10 Publication Date: MAY. 2003
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CH T431616C

MODE REGISTER

1 10 9 8 7 6 5 4 3 2 1 0
[oJoJo]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] rLtmobE [ wr | BL | Burst Read and Single Write (for Write Through Cache)

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

11 100 9 8 7 6 5 4 3 2 1 0
[ x [ x| x]1[2]v]v]v]v]v]v]Vv | VenderSpecific

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

Bit2-0 WT=0 WT=1
000
001
010

Burst length 011
100

101
110 R

| Do H|N| -

| A D] D|OH|N| -

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

Tl | D|w|N| O

Mode Register Write Timing

CLOCK ‘ \—‘

CKE

Cs
RAS

CAS

WE

AO-Al11 m W

—(%)—O—O—O—(

TM Technology Inc. reserves the right P.11 Publication Date: AUG. 2004
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T431616C

Burst Length and Sequence
(Burst of Two)

Starting Address

Sequential Addressing

Interleave Addressing

(column address AO binary) Sequence (decimal) Sequence (Decimal)
0 01 01
1 1,0 10

(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 1,2,3,0 1,0,3,2
10 2,3,0,1 2,301
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 2,3,45,6,7,0,1 2,3,0,1,6,7,45
011 3,4,5,6,7,0,1,2 3,2,1,0,7,6,54
100 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 54,7,6,1,0,3,2
110 6,7,0,1,2,3,4,5 6,7,4,52,3,0,1
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
1IMx16 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 all 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 & 5isregardliess of the order.

TM Technology Inc. reserves the right pP.12 Publication Date: AUG. 2004
to change products or specifications without notice. Revision: A
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SIMPLIFIED TRUTH TABLE

COMMAND CKEN-1|CKEn |CS | RAS |CAS| WE |DQM |BA |A10/AP |A9~Ao [Note
Register Mode Register Set H X L L L | L X X 1,2
Auto Refresh H
= H 3 L L L H X X 3
Refresh Self ntry
Refresh Exit L H H H
L H v X X X X X 3
Bank Active & Row Address H 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 ('AA\%T’?;) 4,5
Write & Column|Auto Precharge Disable L Column
Address Auto Precharge Enable H L L v H Q%TS‘;) 4,5
Burst Stop L H L X 6
Bank Selection V L
Precharge Both Banks H X L L H L X X H 4
Entr H X X X
Clock Suspend or y H C v v iv] X X
Active Power Down Exit L m X X X X 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 X
L V V | V
DQM H X \Y X 7
. H H X X | X
No Operation Command H X 3 H H H X X

(V=Vvadlid, 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 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 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)

TM Technology Inc. reserves the right P.13 Publication Date: AUG. 2004
to change products or specifications without notice. Revision: A
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Single Bit READ-Write Cycle (Same Page) @CAS Latency=3,Burst Length=1

0 1 2 3 47t is5 6 7 8 9 10 ;11 ;12 13 :14 ;15 :16 :17 18 ;19

R AVAVAVAVA JAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVSE

> teLié

tcc

CKE

RAS S 14 LA IR 1AL 1400 A4 N N\ LI

cas [/// Y////)k@ﬁ///////////% [TTN /N AT

ADDRZZ)ggL/ [1HIX <X/ 1TTT1TTT /%g@@@@(/ 17T RO X ITET T T

o JIXBXIZILIX B\ LTI T o XTI 35X B X LTI o) LTI TITITITIT

AL0IAP /X RaX/ [/ /TN LTINS L1 [T T X R X LT 1T T T

tsre K=
: o 2
WE 77 NGO, N\ TG

oM ////1111ETIITEIN - L1111 /)\HQJ// L1 LI

Row Acti Read Write Read Row Acti
Precharge
V77777 :Don't care
TM Technology Inc. reserves the right P.14 Publication Date: AUG. 2004
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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
0 Bank A
Bnak B

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

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

TM Technology Inc. reserves the right P.15 Publication Date: AUG. 2004
to change products or specifications without notice. Revision: A
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Power Up Sequence
0 1

2 3 4 5 6 7 8 9 10 {11 12 13 114 115 116 17 18 19

cLock Y \ N\ \ U\ \ I\ S\ S\ S\ T\

CKE High level is necessary
S M/ i/ L/ TS
trP tR:C tF§c
RAS [TITTTI \ STITTTT 77T 70 | [T T7 707770 ST | [7A777

&«—tcco —

cas 77 | T | /777777757 7707770 7 | 7777377277707 77075 | (7377 X777

ADDR 777 177T77 X777 1777177717772 777X 777 777777737 777777 3777777737 XK ey XX T XX A 777

B /7717771777377 7777177717777 7777777737773 777777277737 77X ey XTI+ [TH777

a0 /77 N7 7777177717777 7777 T 7777 77 7077 T 7 T T 7 T X ey XT T T XewaX 77 777

DQ
High-Z
WE [TIT77777 N7 2777777077 X7 77777777707 (7377 A7
bQm High level is necessary \
Prec/l|1\arge A]:O Auto ;[fresh M ode Register Set (A-Bank)
:Don't care
TM Technology Inc. reserves the right P.16 Publication Date: AUG. 2004
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Read & Write Cycle at Same Bank @Burst Length = 4

9 j10 11 {12 {13 {14 {15 {16 {17 |18 {19
CKE 11GH
cs |\ /T /7
RAS 7 Xz 7\ /N /X AN [
cas /77 | X/ N X/ XL/ / [
BA /N /A N TN N ST
A 101a b ZIXREXTITZTI7N 7\ 72X XTI I\ /7T
cL=2 QaOlQalxaaZXQaS' DboXDb1XDb2 XD b3
lmne J — troL —>
DQ tsac ton tonz
cL=3 QaO;XIQa1><Qa2><Qa3' DboXDb1XDb2XD b3
“Notes . J “Notes € tror —
we /1 XL Y /N /1 XU IR I
DQM AN AN
T i) T T T

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

V71 -0 on't care

*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 valid output datais
available after Row precharge. Last valid output will be Hi-Z(fsHz) after the clock.
3. Access time from Row active command. tcc* (tRcp+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.

TM Technology Inc. reserves the right pP.17 Publication Date: AUG. 2004
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Page Read & Write Cycle at Same Bank @ Burst Length =4

10 11 12 13 14 15 16 17 18 19
crock Y/ N/ \ N\ S\ SN\ N\ N\
CKE 1 1G H:
cs |\ T\ /T
RAS / XA T XL RN N
i€—tccp —>* e
cas /) | XL N+ STTIN I i STTIN 7 X/
ADDR [//XRa X/ /XCaoX///Xcbo X/ /XCco X/ /XcdoX/
BA N+ STTIN I i STXIN N
atoiar /XL X/ N+ ST AR IS IO /X
&— troL —
cL=2 Qa0 XQa1 Xbo X Qb1 X 9b2 y———D coOXD c1 XD doXp dr X/ 1 /X///X
DQ teow
cL=3 Qa0XQa1X 2b0XQb1)—+—b coXb c1Xb doXb d2X/ ¥/ X/F/X
we /7 T XL /XL XL N ST N
DQM AN X/
T T T T I

VZZZZZ) :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 datainput, {RDL 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.

TM Technology Inc. reserves the right p.18 Publication Date: AUG. 2004
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Page Read Cycle at Different Bank @ Burst Length =4

11 12 13 14 15 16 17 18 19
SIS AW AW IAND SWAND AAW IAND W AN AW AN AW I SV I SV I AW I AW i
CKE 11GH
cs YIS TAN AN IN i [T\ & [TEN AN
RAS | \_|
CAS /N N\
ADDR i//XRaaX/}/XcaaXrBb X/ /XcBb X/, /Xcac X/ /Xcea X/ /XcaeX/
BA YIS PAN \% \¥% /It / XLL/N /X //
NCINY /) e s 10 RG> 74 1444 4N 0 NR24 9014 10 DL/
CL:Z QAanQAalxQAaZxQAanQBbOxQBblxQBbZXQBb3XQACOXQACIxQBdOXQBleQAeOXQA:\
DQ
CL:3 QAanQAaleAaZxQAa3 QBbOxQBbleBbZxQBb3XQACOXQAc1 QBdeQBdleAEOXQAD—-
WE
DQM N
Row /:[uve ReaIA- ReI(E- ReI(A- ReI(E- ReI(A- Prec];rge
(A-Bank) Bank) Bank) Bank) Bank) Bank) (A-Bank)
Row Active
(B-Bank) V71 -0 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.

TM Technology Inc. reserves the right P.19 Publication Date: AUG. 2004
to change products or specifications without notice. Revision: A



t m TE
CH T431616C

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

cLock N\ \ /S \ S\ S\ N\ SN\S

CKE
cs N\ / \ / i/ /S i/
RAS LI L N\ LR AL XL N LR

cas /) T NI/ XA L7777 ST ST e XL LT

ADDR [//XRAaX /[ [/ IXCAXReOXE /[ IXCeo XL L H L IX A X IX e XKLL LT T T H T

BA LI ) XL LU LX) XL H LA

ar0iaP i/ [XRaX/IT/TIIN | KReoXZX/TIIN L /77077 [70 ) /777777 N

DQ DA a0 DAalXDAaZ)(DAa3)(DBb0)(DBbl)(DBbZ)(DBb3)(DACO)(DACl)(DBdO)(DBdl)(ZZM 2}

teou troL

We /77T AT /T XAZZEN S0 | ST LTI | T

DM //LLELLTE/ [T E /N /ALY

T T T )

Row Active Row Active W rite (B- W rite (A- W rite (B- Precharge
(A-Bank) (B-Bank) Bank) Bank) Bank) (A-Bank)

V1D on't care

*Note: 1. To interrupt burst write by row precharge, DQM should be asserted to mask invalid input data.
2. Tointerrupt burst write by row precharge, both the write and the precharge banks must be the same.

TM Technology Inc. reserves the right P.20 Publication Date: AUG. 2004
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Read & Write Cycle at Different Bank @ Burst Length =4

12V aVavavaV abaV oV ol ol ol al ol ol oV aUaVaVaVala
ke 11GH
cs N/ T\ /T
RAS / N/ N N/
cas /) T XN / VXA T XL AN \ AN
ADDR //XrAaX/F/XcraX/ /Xre X/, /XceoXrAcX/ /Xcae X/
BA YIS HN XL AN
A10/a P [/7XrAX/ TN /Xreo X7 /7N /X KracX/ /X
cL=2 ana0)(onaionaz)onas (oeo0 X001 Xpebz K08 b:“ (eacoXanciXancz)
DQ
cL=3 an a0 )Xenu)Xnaz)Xonas XX, CIT, (ITY) (I ancoXanct)
we /XL AL NN N \ ¥
DQM AN / /X
n-Bank) Ban) BBy (ABand Bank) Sant)
" sank) WD o ont care
*Note: 1. fcoL should be met to complete write.
TM Technology Inc. reserves the right pP.21 Publication Date: AUG. 2004
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Read & Write Cycle with Auto Precharge @ Burst Length=4

3 4 10 {11 {12 {13 {14 {15 {16 {17 |18 {19
12V avavalalalUalal alaVl eV abalaWabavaWalaVUals
cKE 11GH
Ts T\
RAS /A N/ X/
cas {// X/ N
BA /XL
A10/aP i//XRa X/ /XRb Y TN/ X/
cL=2 Qa0 XQalXQazxXQa3) (D boXpb1XDb2XDb3
DQ
cL=3 Qa0 XQ a1 XQaz XQa3 DboXDb1XDb2XD b3
we // i X/ N/ N
DQM /N /X
Row Active RcwIcllve CL=2 Auto W rite with Auto Auto Precharge
(A-Bank) (B-Bank) Precharge Start Precharge (B - Start Point (A -
Read with A uto Point (A-Bank) Bank) Bank)
precgaa',?ke) - CL=3 Auto VZZZZJ D on't care

Precharge Start
Point (A-Bank)

*Note: 1. tcoL should be controlled to meet minimum tRAS before internal precharge start.
(Inthe case of Burst Length =1 & 2 and BRSW mode)

TM Technology Inc. reserves the right p.22 Publication Date: AUG. 2004
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Clock suspensi
0 1
N\

CLOCK

/ N\

on& DQ
2 3 4

N\

VAW

[\ _/

[\

M Operation Cycl
5 6 7 8
N\ A

[\

e @ CASLatency = 2 ,Burst Length=4
9 10 {11 {12 113 {14 {15 {16 {17 {18 {19

N\ N\ S\ S\ SN\ N\ Y

CKE

_/

i/

X

\%.

//

///

///

///

///

///

[/ LKL LAY

CAS

///

///

///

///

///

LI TE L [ TE Y

ADDR

S

BA

N

///

///

///

///

///

A

[T L

A

[

///

///

///

///

LI // [

A10/AP

//XR

S

Yy v

///

///

///

///

LI // v

DQ

QaoXQa1X

Qa2

Py

///

///

///

///

///

[/ [LLE KL v

DQM

//

///

///

//

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

d

Read QDM Write QDM

uspension

V1 :D on't care

TM Technology Inc. reserves the right
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Read Interrupted by Precharge Command & Read Burst Stop Cycle @ Burst Length=Full Page
0 1 2 3 4 5 6 7 8 9 10

CKE HIGH
T Vanu
RAS Y% YR /A
cAs 777 T XOTI7I U7 Z
BA X AN /X
ar0ia P IXEAXTITZTI7N 7 7717
DQ
we /) 1 X2 /XL /N VY /X i/
DQM N

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

V71 -0 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 areillustrated above timing diagram. See the |able 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.

TM Technology Inc. reserves the right P.24 Publication Date: AUG. 2004
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Write Interrupted by Prechareg Command & Write Burst Stop Cycle @ Burst Length=Full Page
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

I AU AV AVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVYE

CKE

RAS LI XL XL XL LT TN LT

cas /) XLLLLEIN - L0000 AN L LA XL

a0 R/ XraaX /[T IX X/ T T T T T K em o XX LT TR T X T T X T X T T TH T

BA YIS V000 V0 NS VI VTN VI VA0 VI Vo NR ST VI VI VI VA Vo NR I VI 4

avoiap i/ XeaaX/ T/ //HN | ST 7T 770 /AT A T T /AT T

tsoL trOL

*Note3
DAbOxDAblxDAbeDAb3xDAb4xDAb5xZ ;M Z >

DQ DAa0 XDAal XDAa2 XDAa3 X DA

&

we /T AL L LATTH77T 7T, S70 N STE X T TR TR TN /T

pom //LLELLTEL T E /N VT4 IHN / XL

7////////A :Don'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 isvalid at every burst length.

TM Technology Inc. reserves the right P.25 Publication Date: AUG. 2004
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Burst Read Single bit Write

Cycle @ Burst Length =2

5 10 11 12 13 14 15 16 17 18 19
cLock Y N A\ A\ A S A S S S\ SIS\
CKE 1 1G H:
cs N\ VRIS VAR IS /]
RAS X/ AN VY VY N S
cas /T XL ORI IO NS00I VoN /XA
ADDR i//XraaX/, /XcaaxXrebXcab X/, /XRac X/ /Xcee X/ /XcadX/
BA /' /N NI
A 1018 P Z7XEAXT, RenY T X7 IR XTT7Y T 7T | ST
CcL=2 DA a0 DAbo XDAb1 DBcO bAdoXDAdLY
DQ
cL=3 DA a0 DAbOXDAB DBcO @dOXDAD——
we Y/ T XYL X/ /N /XL ORI
DQM AN 2N
Row Active Row Active W rite with A uto REI(A— Precharge
(A-Bank) Row Active (A-Bank) Precharge (A - Bank) (A-Bank)
(A -Bank) Bank)
Yoy Toreenarge a V/ZZZZ4 -0 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 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.

TM Technology Inc. reserves the right P.26 Publication Date: AUG. 2004
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Activel/ Precharge Power Down Mode @ CAS latency = 2, Butsr length=4
0 1 2 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

3 4
SNIIVANV NS B s i r O AV AV AV AR AVAV AV AV AV AV AVAVAV AV S

*Note2
SS SS tss
CKE [ Note1 \l /
SS

Note3
| 1

cs LTI N\ LTI/ i/

RAs /7717770777127 77077 707 (777707777077 77T 7777077737 771777

Cas 7777737777777 77777 X777 77707 7777077 N7 777778777

a0 0R 77777 TTH I 77T X Ra X {777 X712 777X Ca XX 77 7H 7777777777777 7777777

BA  777I777HT77177 377777707 | (7777737707770 | [TT77737% | [ 7I77 7377777774777

ar0iap /777177717771 77777 T X RXTITT T 0777075 /7777770 [7T77 7077717773777

DQ ss ss QaOXQalXQaZ(_;A

WE /7717777770 T 77777377 NI 77737 XA H (7777777777777

oM /777177717771 T 777771777177 777737277777 /T T777H 777

VA D on't care

*Note : 1. Both banks should bein idle state prior to entering precharge power down mode.
2. CKE should be set high at least 1CLK+1ss prior to Row active command.
3. Can not violate minimum refresh specification.(32ms)

TM Technology Inc. reserves the right p.27 Publication Date: AUG. 2004
to change products or specifications without notice. Revision: A



t m TE
CH T431616C

Self Refresh Entry & Exit Cycle

SS
cLock /N \f X s I ANA A N\ A\
L trc,
*Notel *Note6
CK E \ ss *Note3d SS
tss
Ts O\ u : 5
SS SS
RAS AN A A /N
CAs 7\ :’: :': /X
SS SS
ADDR 7 5
SS SS
SS SS
BA SIS SIS
A10/AP 3 3
SS SS
DQ Hi-z S H i S
—_— SS SS
W E (4 & & 4
SS SS
DQM SIS SIS

Self Refresh Entry Self Refresh Exit Auto Refresh

VZZZZA:D on't care

*Note: TO ENTER SELF REFRESH MODE
1. CS,RAS & CAS with CKE should be low at the same clock cycle.
2. After 1 clock cycle, al 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 self 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 starts 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.

TM Technology Inc. reserves the right p.28 Publication Date: AUG. 2004
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Mode Register Set Cycle Auto Refresh Cycle
o 1 i2 s 14 15 i o 112 ts 4 ds s 7 is 1o 10
crocky \ L/ L/ AN\ AVAVAVAVAVAWANAWEAWAWAWE
e s
cs T\ ./ > NSV
RAS 700N L /TN T 77700 /TITITITTT /// x s saas s
SRS TIIZID | ST T 777 | T I ST | (7]
rooR V777T DRI TITI7HT7
b0 . .
WE I LTI SARE GRS 1AAS EAAE AAE I LA AN IS
vov ZZZZI77ZITTTITITITITITITIT] 77T T ST T

MRS New Command Auto Refresh New Command

V)0 on'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)

DEFAULT

AR AR AR R RARARRAE e i
: \s (---\ /. -
| B, i
: E E R2
S B R Aol ] iR
I !
8 015 ! 81
Vv I s
ey i °f
! L/ ) @
[ Al " GAGE
T S el e
! 8.78 ! % 'DEF:ULT o N\
[ 4
i
i llAll
!
I
D) :
2>r< :
é b ,
= I Sy e L
\ 5Ll g .
SETING BASE METAL
PLANE c SECTION B-B
|
i m
Symbol . Dimension in mm . Dimension in inch
Min Nom M ax Min Nom M ax
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
0 0 - 8 0 - 8
o1 0 - - 0 - -
02 10 15 20 10 15 20
03 10 15 20 10 15 20
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