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1M x 16 SDRAM

SD RA M 512K x 16bit x 2Banks Synchronous DRAM
FEATURES GRNERAL DESCRIPTION

* 3.3V power supply The T431616C is 16,777,216 bits synchronous
* Clockcycletime:6/7 ns high data rate Dynamic RAM organized as
» Dual banks operation 2 x 524,288 words by 16 bits , fabricated with high

e LVTTL compatible with multiplexed address
» All inputs are sampled at the positive going
edge of system clock

performance CMOS technology . Synchronous
design allows precise cycle control with the use of

« Burst Read Single-bit Write operation system clock 1/O transactions are possible on every
e DQM for masking clock cycle . Range of operating frequencies ,
* Auto refresh and self refresh programmable burst length and programmable

* 32msrefresh period (2K cycle) latencies allow the same device to be useful for a
* MRS cycle with address key programs

_CASLatency (28& 3) variety of high bandwidth , high performance
-BurstLength (1,2, 4, 8& full page) memory system applications.
- Burst Type (Sequential & Interleave)
» Available package type:
- 50 pin TSOP(I1)/lead-free
» Operating temperature :
- 0~+70°C

ORDERING INFORMATION

CLOCK MAX OPERATING
PART NO. PACKAGE
CYCLETIME | FREQUENCY TEMPERATURE

T431616C-6S 6ns 166 MHz TSOP-I1 0~+70°C
TSOP-I| o

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

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

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

e AM Technology Inc. reservesthe right P.1 Publication Date: AUG. 2004
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T431616C

PIN ARRANGEMENT

(TSOP-I1 Top View)

Vbbb
DQO
DQ1
V ssQ
DQ2
DQ3
VDDQ
DQ4
DQ5
V ssqQ
DQ6
DQ7
VDDQ
LDQM
W E
cAs
RAS
cs
BA
A10/AP
AO
Al
A2
A3

Vbbb

OO

11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

50PINTSOP(Il)
(400mil x 825mil)
(0.8 mm PIN PITCH)

50
49
48
47
46
45
44
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42
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33
32
31
30
29
28
27

26

ooy

V ss
DQ15
DQ14
V ssqQ
DQ13
DQ12
VDDQ
DQ11
DQ10
V ssqQ
DQ9
DQ8
VDDQ
N.C/RFU
ubQm
CLK
CKE
N.C
A9
A8
A7
A6
A5
A4

Vss
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PIN DESCRIPTION

for Future Use

PIN NAME INPUT FUNCTION
CLK System Clock Active on the positive going edge to sample al input.
— i 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.
Latches column addresses on the positive going edge of the CLK
CAS Column Address Strobefwith CAS low.
Enables column access .
N i Enables write operation and row precharge.
WE Write Enable -
Latches datain starting from CAS, WE active.
L(U)DQM Data Input/Output  |Makes data output Hi-Z, tsHz after the clock and masks the output.
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 buffersto provide
VDDQ/V ssQ
Power/Ground improved noise immunity.
No This pinis recommended to be left No Connection on the device.
N.C/RFU Connection/Reserved

TM Technology Inc. reserves the right
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ABSOLUTE MAXIMUM RATINGS

Parameter Symbol Value Unit
\/oltage on Any Pin Relative To Vss VIN,VouT -1.0t04.6 \%

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

Short circuit Output Current lout 50 mA

Power Dissipation Pp 1 W
Operating Temperature TopPRr 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 VbD,VDDQ 3.0 33 3.6 Vv

Input High Voltage VIH 20 3.0 Vpp+0.3V \%

Input Low Voltage ViL -0.3 0 0.8 vV 2
Output logic high voltage VoH 24 - - \% loH=-2mA
Output logic low voltage VoL - - 04 \% 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 < ViIN < Vbb+ 0.3V, al other pin are not under test = OV.
4. Dout = disable, OV < VouTt< VDD.
CAPACITANCE
(TA=25°C,VbDp=3.3V, f = IMH2)
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

Publication Date: AUG. 2004
Revision: A
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T431616C
DC CHARACTERISTICS
Ta =0 to 70°C, ViH(min)/ViL(max)=2.0V/0.8V
eed version| . .
Parameter Symboal P 5 > Unit Test Condition Note
Operating Current Burst Length = 1
- |ca 145 140 | mA 1,3
( One Bank Active) tRCZtRC(min) ,tCC=tCC(min),IOL= 0 mA
Precharge Standby IccaP b 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), Cg = 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 IccsP 10 CKE < VIL(max),tcC= tCC(min)
Current in power- mA 3
down mode Icc3PS 10 CKE £ VIL(max),CLK < VIL(max), tCC =00
Active Standby CKE=VIH(min), g =VIH(min),tcC= tCC(min)
Current in non leesN 40
u Input signals are changed one time during 30ns
power-down mode mA - - 3
CKE=VIH(min),CLK < VIL(min), tCC = oo
(One Bank Active) |IccaNS 30
Input signals are stable
Operating Current 150 140 CAS Latency 3 IOL=0 mA,Page Burst
(Burst Mode) Icca mA All Band Activated 1,3
150 140 CAS Latency 2 tccp= tcCD(min)
Refresh Current Tecs 90 80 |mA |fRCZtRC(min) 23
CKE<0.2V
Self refresh Tecs | 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.

TM Technology Inc. reserves the right
to change products or specifications without notice.
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T431616C
AC OPERATING CONDITIONS
(Vbp=3.3V £0.3V ,Ta= 0 to 70°C)
Parameter Value Unit
Input levels (VIH/VIL) 2.0/0.8 v
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 A%
Output load condition See Fig.2
3.3V OVitt=1.4v
1200 ohm 50 ohm
Output
o—— & -——————- > Output O
VOH(DC)=2.4,J0H=-2mA
870 ohm VOL(DC)=0.4,J0L=2mA
30pf

(Fig.1) DC Output Load Circuit

I 30pf

(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)
Par ameter Symbol (‘?p%d Verson7 Unit | Note
Row active to row active delay tRRD(min) 12 14 ns 1
RAS to CAS delay trRCD(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 tRC(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
. CAS latency=3 1
Number of valid output data CAS latency=2 1 ea 4

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

3. All parts allow every cycle column address change.

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

CL + BL-2 clocks.

TM Technology Inc. reserves the right
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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 tovalid CASLatency =3 - 55| - 6 ns
Output del tsac 1
put delay CAS Latency =2 -l 6| -|86]ns
Output data hold time ton 1 1 ns 2
CLK high pulse width fcH 2 25 ns | 3
CLK low pulse width tcL 2 25 ns 3
Input setup time ss 2 2 ns 3
Input hold time tsH 1 ns 3
CLK to output in Low-Z tsLz 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 trce | trRas | trp | tRRD | TRCD | tcep | fepL | tRDL
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
100MHZz(10.0ns) 2 6 4 2 2 2 1 1 2
T431616C-7S (Unit : number of clock)
Frequency CAS tRce | tlRas | trRP | tRRD | tReD | tcep | tepL | trRDL
Latency | 7ons | 42ns | 2lns | 14ns | 21ns | 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
100M Hz(10.0ns) 2 7 5 3 2 3 1 1 2
83MHz(12.0ns) 2 6 4 2 2 2 1 1 2
Note: 1. Clock count formula: clock = M (round off whole number).
clock period
TM Technology Inc. reserves the right P.10 Publication Date: MAY. 2003

to change products or specifications without notice. Revision: D
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T431616C

MODE REGISTER

1 10 9 8 7 6 5 4 3 2 1 0
[oJoJofofu1]

17 10 9 8 7 6 5 4 3 2 1 0
x| x]1]o[o] LmobE [ wr | BL

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

11 10 9 8 7 6 5 4 3 2 1 0O
[ x| x| x| 1 [2]v]v]v]v]v]v]Vv |VenderSpecific

| Usein future

1 10 9 8 7 6 5 4 3 2 1 0
|0|0|0|0|0|LTMODE|WT| BL

| Mode Register Set

| JEDEC Standard Test Set (refresh counter test)

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

v =Valid
X =Don’t care

Bit2-0

WT=0

:

000

001

010

Burst length 011

100

101

Tl | oo ~|N| -

110

R

111

| O Dl DO |N|

Full page

0

Wrap type

Sequential

1

Interleave

Bit6-4

CAS Latency

000

001

010

Latency mode 011

100

101

110

| O T|w|N| T

111

R

Mode Register Write Timing

CLOCK ‘

CKE

Cs

RAS
CAS

WE

AO0-Al11 m W

—(%)—O—O—O—(

Remark R : Reserved

TM Technology Inc. reserves the right P.11
to change products or specifications without notice.
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T431616C

Burst Length and Sequence

(Burst of Two)

Starting Address

Sequential Addressing

Interleave Addressing

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

(Burst of Four)

Starting Address

Sequential Addressing

Interleave Addressing

(column address A1-A0 binary) Sequence (decimal) Sequence (Decimal)
00 0,1,2,3 0,1,2,3
01 1,2,3,0 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 0,1,2,3,45,6,7 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 2,3,01,6,7,4,5
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 56,7,0,1,2,3,4 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 7,0,1,2,3,4,5,6 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.

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
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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
e H 3 L L L H X X 3
Refresh Self niry
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 &“%(ir:?ss) 4,5
Write & Column|Auto Precharge Disable L Column
Address Auto Precharge Enable H L L v H (ﬁ%cfg 4,5
Burst Stop H L H | H|L X 6
Bank Selection \Y L
Precharge Both Banks H X L L | H L | X [¥x H 4
Entry H X X | X
,il o_ck SI;JOspen(?3 or H BEVERARY X X
ctive 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 V X 7
. H H X X | X
No Operation Command v X L H H T H X X

(V=Vvalid, X=Don't Care, H=Logic High , L=logic Low)
Notes:
1. OP Code : Operation Code. Ao~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 of burst.
New row active of the associated bank can be issued at tRr 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 is0),
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

tcH

0123_Tf5678910111213141516171819
cLOCK /_\Jr\Jr\Jr\Jer:\Jr\Jr\Jr\Jr\Jr\Jr\Jr\Jr\Jr\Jr\Jr\Jr\Jr\JP\JF
teL
tcc
CKE _ 11Gl
tre
*Notel tsH
trep tss trp
SK
ms 77\ 17 D /I
@ < tceo
tsH
s 17U, DT STV LTI
tsH = tss
ZD@ 7XCaX] @@b 7XEXT IXROXTITIIT]
tss tsH
TS CD UL Y WES D & WE I
AlO/APE@EX/ />\*Nulea />\*Nulea /7-77>\'Nole3 “Note4 /><EE></ / /
trac
Do tsre K s
’«Qa\ —t Db ) Qc
tsLz ﬁl tss
tsH
we /// TX/ X /)\H \ X/
tss
tsH
DQM / /) /)\H /) /7177
tss
Row Active R;[d W/rli\te R];d Row Active

Precharge

U777/ :Don't care

TM Technology Inc. reserves the right P.14 Publication Date: AUG. 2004
to change products or specifications without notice. Revision: A



t TE
| | | CH T431616C

*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
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 15 116 17 18 19

NS AVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAWVE

CKE High level is necessary
e T\ / L/ L/ T\
trp tR:C tF?C
RAS [TITT7ID | STITTIT ST [T T T TI | (TI | (70777

&«—tcco —>

cas Y77 T XTI | 777771577 707770 7, 7777377277777 77075 | (7377 X777

ADDR (/777X 777X7 77X 777 I777 777X 77727777777 7737773777377 7577717 777X < ey X7 X7 X R XT X 777

BA /7771777177737 77 1777077777777 77777 7177737771777 T 77773 X ey XA N [7H 777

a0 /77 N7 7777177717775 77777 T 70777 T 7770777 7 T T 7 T X< ey XT T T XRwaX 77 777

DQ
High-Z
WE [TIT77777 N7 27777773077 XTI 7177777707 (7377 X777
bQM High level is necessary \
Precharge A]\IO Auto ;Eiresh M ode R;g|\isler 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

11 {12 {13 {14 {15 {16 {17 {18 i19
cKE 11GH
cs i\ /L /1
RAS / 1 X/ /N AN / 1 X/ AN 1
cas /77 | X/ N X/, X/L/N / 1
ADDRY//XRa X/ /XcaoX/ /X Rb X/ /XcboX/,
BA AN AN N ST I S
A r0im P ZXEEXZIZZTITN o IXEEXTITA DT
cL=2 QaOlQalxaaZXQaS' DboXDb1XD b2 XD b3
s oL e tope )
DQ tsac ton tsmz
cL=3 QaO;IQa1XQa2XQa3' DboXDb1XDb2XD b3
. — trp. —i
wEe /T X2 /XL /N VAR Y2 V6N N STX
DQM /X /X
T Read (A P’l; R A cti W :r A P I
Act V:()A, o B(Ak)g (A8 nak) o (aB nak)

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 dataiis
available after Row precharge. Last valid output will be Hi-Z(tsHz) after the clock.
3. Access time from Row active command. tcc* (tRcp+CAS latency-1)+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 P.17 Publication Date: AUG. 2004
to change products or specifications without notice. Revision: A
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Page Read & Write Cycle at Same Bank @ Burst Length =4

10 {11 {12 {13 {14 {15 {16 {17 {18 {19
cKE IGH
cs |\ /L /L
RAS /1AL XL /XA XL /N
i&—tccp — e
cas /) | XL ANR IS VAN )i LTTIN AR
BA N i STTIN N T4 IoN N
atoiari//X_ T X/ N+ ST AR IS IO /X
—— troL —3
DQ teot
we /) i XL /XL XL NI VO N
DQM AN X/
Row Active Rea;r(A- Read (A- W rite (A - w rI (A- I

Precharge
(A-Bnak) Bnak) Bnak) Bnak) Bnak) (A -Bnak)

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, 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.

TM Technology Inc. reserves the right P.18 Publication Date: AUG. 2004
to change products or specifications without notice. Revision: A
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Page Read Cycle at Different Bank @ Burst Length = 4

s /7, 2 7D | 7 2

BA YIS IHN N/, X/, /N / X/ /N /) //
w10 e IXEDTIDN | ST LI T A/
DQ

WE

DQM N

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. Tointerrupt aburst 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
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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

NI AN AV AVAVAVAVAVAVY AVAVAVAVAVAVAVAVAVAVAVAVYSE

CKE

RAS LI N\ LLLIEL  NLLLLEEL) L XL N LR

cas /) T NN/ XU L0777 7 LTI ST i N LT

AD DR/ /XRaX/[ /[ HIXnaXreo XX/ [T L IX oo XL/ KT /T IX A XT IX e XA LT TET LT/ T T T

BA LI ) XL LU LX) XL H LA

av0IaP i/ JXRaX/IT/TIIN | KReoXZX/TIIN L S0/ TN [T N 77777 N

DQ DAa0 X DAal X DAa2 X DAa3 X DBb0O X DBb1 X DBb2 X DBb3 X DAcO XDAcl X DBdO X DBd1 X Z M E >

teor troL

We /7 T XONEIN /T XOIE I 7777770 ST 77T | 7T

QM //LLE/LTE/ I E N /N

T T T T T

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

cKE 11GH
cs N/ T\ /T
RAS / N/ /X N/
cas I/ T XN / VXA T XL N \ N
ADDR //XrAaX/F/XcraX/ /Xre X/, /XceoXrAcX/ /XcaeX/
BA YIS HN XL AN
A10/a P I/7XRAX/ TN /Xreo XL/ /X KracX/ /X
cL=2 anw0)(or a1 Xena)(oras (oesoXoebi ez Xoe bam (eacoXorcXancz)
DQ
cL=3 an a0 )(enm)X(ensz)ona peb0Xoeu1X(oenzXpess ancoXanct)
we /T XL T AL NN N \ ¥
DQM AN / N
n Bk Sank) BB (A om0 Bank) Sank)
“nsanky T 0 ont care
*Note: 1. tcoL should be met to complete write.
TM Technology Inc. reserves the right P.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
M aVavalaVl aUaval alaUaVal ol aUaUaWal oW aUaVWal s
CKE IGH
Ts T\
RA'S /X X/ X/Z
cas {// X/ N
BA /XL
a10im e X REXTIZZZIZXESY T ZI77 04
cL=2 Qa0 XQalXQazxXQas3) (D boXpb1XDb2XDb3
DQ
cL=3 Qa0 X0 a1 XQ a2 XQ a3 DboXDb1XDb2 XD b3
we V// T XL X/ N
DQM AN /X
Row Active Row Active CL=2 Auto W rite with A uto Auto Precharge
(A-Bank) (B-Bank) Precharge Start Precharge (B - Start Point (A -
Read with A uto Point (A -Bank) Bank) Bank)
Precnae A CL=3 Auto V/ZZZZA o on't care

Precharge Start
Point (A-Bank)

*Note: 1. tcoL should be controlled to meet minimum trRAS before internal precharge start.
(In the 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 suspension & DQM Operation Cycle @ CAS Latency = 2 ,Burst Length =4
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

crock / \ /L S\ S\ S\ S\ S\

CKE -/ |/
cs P N\L/ i/ XL/ L/ L/ N4 94
RAS [/ XL XL XL/

cas /) XU LSO LTI LA LT TR Y

ADDRY//XR

S

(X Ca X[/ LTI T T T IX o XX LK LT T KX Ce XEXTLTH LTX TR Y

BA

N
>

YIS TIII VIV VI VI Yo RIS VI VINE YIE o NRSIE YIIE IIE YN i

A10/aP i/ /X R

S
S

YISV VIIE V04 0004 V008 Vo NR ST VI VIIE V00 Vo RS IE YIIE VI I VN

DQ Qa0XQa1X_{Qaz | XQas) QbOXQbL)——D XL /X0 XU XD —

We /L) XU XL NLELLLE LT LA TR

oam 777I777I7N STITTTITTTIIN Vaun S anS W/ /an Y

Row Active Read Clock Read W rit

rite
Suspension Read QDM Write QDM Write QDM
Clock

Suspension

V] :Don't care

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

TM Technology Inc. reserves the right P.23 Publication Date: AUG. 2004
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Read Interrupted by Precharge Command & Read Burst Stop Cycle @ Burst Length=Full Page

& MU Va
RAS /1 X/ /XL T XL N
cas /) 1 XL N NN \¥
BA X N /X
a 1018 p JIXEAXTITITIIN 7 7707
DQ
wWE /T XL /T XL AN / 1 XL /N i/
DQM N

-3
> =

o8
o

ER
=~a
“ o

A-
(A -Bank) Bank) 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 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.

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

ORI AN AV AVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVYE

CKE

RAS VIS 100 VAR I VI VI 000 VAR NV VAR EVU VU4 04 VI VN Vo R T VI

cas /) XLLLLEIN - L0000 0T XAIN L LA XL

Ao DR/ /XraaX /T[T aX /T T T T T emo XX LTI T T T X T T T X T TR T

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

CSUUNIVI0 GYSN V4 V040 06NR SIS V08 V08 VA0E SI04 VA0 0o NRSYIL SN SO I INE Yo R SIS VAN

teoL trOL

*Note3
DQ DAa0 XDAal XDAa2 XDAa3 X DAa4 ) DAbO)(DAbl)(DAbZ)(DAbS)(DAb4)(DAb5)(2ZM 2}

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

pom LLLLELLTELILE /N VT4 IHN / XL

) ) T

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

VD on't care

*Note: 1. Burst can’t end in full page mode, so auto precharge can’t issue.
2. Datarin at the cycle of interrupted by precharge can not be written into the corresponding memory cell.
It is defined by AC parameter of TRDL.
DQM at write interrupted by precharge command is needed to prevent invalid write.
Input data after Row precharge cycle will be masked internally.
3. Burst stop isvalid at every burst length.
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Burst Read Single bit Write

Cycle @ Burst Length =2

5 10 11 12 13 14 15 16 17 18 19
SN AVAVAWAWAWAWAWAWERWEAWAWAWAWERWEAWAWAWEAWERWEAWE
CKE 1 1GH
cs |\ /N /7
RAS \ /N /XU XL N [TY
cas I/ T XL ORI VO XN+ LTTN %4
ADDR i//XraaX/, /XcaaxXrebXcab X/ /XRrac X/ /Xcse X/ X /XcadX/
BA /A /1 NN N ST
A r01a P Z7XER X wry TXZ DX XTI D A7
CL=2 DA a0 DAbO XDADIL DBcO DAdo)(DAd_1\
DQ
cL=3 DA a0 DAbOXDAB DBcO @dOXDAD—-
wE /T XU X2 /1 NN RY I ST
DQM /A AN
Row Active Row Active W rite with Auto Re;[(A- Prec/l\arge
(A -Bank) Row Active (A -Bank) Precharge (A - Bank) (A -Bank)
(A -Bank) Bank)
WE;‘::)N RPeraelj:rrvalr:;heA(:‘ro VD on't care

Bank)

*Note : 1. BRSW modesis 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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Active/ Precharge Power Down Mode @ CAS latency = 2, Butsr length=4
0 1 2 6 7 8 9 10 11 12 13 14 15 16 17 18 19

3 4
cLock Y N\ AN\ NLLTITTTIIN AN INI N\ N\ IS\ N\

tss tss

5
*Note2
tss
sy
SS
" 1

cs NI T\ AL/ \_L/

RAS /7777717771777 7707 (7777773777777 N7 [T 707777771777

Cas /7777717771377 770777777 XTI 077707 /73777077 7777777773777

a0 DR 7771777 TTH 2T T 77T X Re XTI 77712 T 77T X Ca X7 777773 77X 77X 7777777777

BA /777I777I77717 7377777707 | (7777737707770 | [7T77737% | [ 7I77 7377777774777

a10iaP 7777777771127 1777077707 X RXTITTTH 715077707+ [7X77707N | [7H777777777773777

DQ ss ss Qa0 XQal Qaj;

WE /7717777770577 777077 G777 7777377 X773 | (7777377777 777777

pom 777177717771 T 7777777177777 777 277707 /N7

V1 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+{ss 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
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Self Refresh Entry & Exit Cycle

& 7 8 9 10 {11 {12 {13 {14 {15 {16 {17 {18 |19
crock /' N\ A\ A A A ANA A NS\ A\ A\ U
L tr
os
CKE \
SS
tss
—_— SS SS
cs N A
SS SS
SS SS
CAS AN o o AN
SS SS
ADDR 7 ;
SS SS
SS SS
B A 7 Y
SS SS
A10/AP S3 ss
SS SS
DQ Hi-z Hi- S
—_— SS SS
WE 4 s s N\
D M S/S S/S
Q SS SSs

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 inputsinculding 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 salf 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 startsfrom high.
6. Minimum tRC isrequired after CKE going high to complete self refresh exit.
7. 2K cycleof 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 12 is ia 15 i o 11 2 13 ja 45 e 17 is 1o 10
crock y/ N\ \ A\ AN\ AVAVAVAVAVAVAWAVAVAVAWE
CKE HiGH niey ss
cs T\ ./ > NSV
RAS Y77 | N\ I 77700 | LTI /// TETTTITIT /]
011410 W4 1G4 10 U 7700 LTI ST T /7]
wooR V77 7T DRI TITI7iT7
Do " i ss
WE 77770 | /TG 1001 CG RNV 404 A CAAA T AAh VA SR
oow ZZ7ZI777ITTTITITITITITITIT] 77T T T T T T

MRS New Command Auto Refresh New Command

V1D 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)

50 26 —fz 5 DEFAULT
AR AR AR RAA R AR RARRRARE BASA
: \‘ (---\ /. -
| eI ik
i E
! 1 E R2
] I [T ] A
I i
B o15 ! S
V4 I g
__@ i 9
! L/ @
| AL | GAGE
B 6 S B )
! 8.78 ! = i '/DEFAULT N\PLANE
: : A
i
i IIAII
!
I
@D) :
->¢ :
é : S
i i !
\ > d
SPIIE—.ZSEG BASE METAL Cc1 SECTION B-B
|
L b1
Dimension in mm Dimension in inch
Symbol 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
01 0 - - 0 - -
62 10 15 20 10 15 20
03 10 15 20 10 15 20
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