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TENTATIVE TOSHIBA MOS DIGITAL INTEGRATED CIRCUIT  SILICON MONOLITHIC

8,388,608-WORDS × 4�BANKS × 16-BITS SYNCHRONOUS DYNAMIC RAM
16,777,216-WORDS × 4�BANKS × 8-BITS SYNCHRONOUS DYNAMIC RAM
33,554,432-WORDS × 4�BANKS × 4-BITS SYNCHRONOUS DYNAMIC RAM

DESCRIPTION

7&��60���$)7�$)7/ LV D &026 V\QFKURQRXV G\QDPLF UDQGRP DFFHVV PHPRU\ RUJDQL]HG DV ����������ZRUGV ×
� EDQNV × �� ELWV DQG 7&��60���$)7�$)7/ LV RUJDQL]HG DV ���������� ZRUGV × � EDQNV × � ELWV DQG 7KH

7&��60���$)7�$)7/ LV RUJDQL]HG DV ���������� ZRUGV × � EDQNV × � ELWV� )XOO\ V\QFKURQRXV RSHUDWLRQV DUH

UHIHUHQFHG WR WKH SRVLWLYH HGJHV RI FORFN LQSXW DQG FDQ WUDQVIHU GDWD XS WR ���0 ZRUGV SHU VHFRQG� 7KHVH GHYLFHV DUH

FRQWUROOHG E\ FRPPDQGV VHWWLQJ� (DFK EDQN DUH NHSW DFWLYH VR WKDW '5$0 FRUH VHQVH DPSOLILHUV FDQ EH XVHG DV D

FDFKH� 7KH UHIUHVK IXQFWLRQV� HLWKHU $XWR 5HIUHVK RU 6HOI 5HIUHVK DUH HDV\ WR XVH� %\ KDYLQJ D SURJUDPPDEOH 0RGH

5HJLVWHU� WKH V\VWHP FDQ FKRRVH WKH PRVW VXLWDEOH PRGHV ZKLFK ZLOO PD[LPL]H LWV SHUIRUPDQFH� 7KHVH GHYLFHV DUH

LGHDO IRU PDLQ PHPRU\ LQ DSSOLFDWLRQV VXFK DV ZRUN�VWDWLRQV�

FEATURES

TC59SM916/M908/M904
PARAMETER

-70 -75 -80

tCK Clock Cycle Time (min) 7 ns 7.5 ns 8 ns

tRAS Active to Precharge Command Period (min) 40 ns 45 ns 48 ns

tAC Access Time from CLK (max) 5.4 ns 5.4 ns 6 ns

tRC Ref/Active to Ref/Active Command Period (min) 56 ns 65 ns 68 ns

ICC1 Operation Current (max) (Single bank) TBD TBD TBD

ICC4 Burst Operation Current (max) TBD TBD TBD

ICC6 Self-Refresh Current (max) TBD TBD TBD

• 6LQJOH SRZHU VXSSO\ RI ��� 9 ± ��� 9
• 8S WR ��� 0+] FORFN IUHTXHQF\
• 6\QFKURQRXV RSHUDWLRQV� $OO VLJQDOV UHIHUHQFHG WR WKH SRVLWLYH HGJHV RI FORFN
• $UFKLWHFWXUH� 3LSHOLQH
• 2UJDQL]DWLRQ

7&��60���$)7�$)7/� ��������� ZRUGV × � EDQNV × �� ELWV
7&��60���$)7�$)7/� ���������� ZRUGV × � EDQNV × � ELWV
7&��60���$)7�$)7/� ���������� ZRUGV × � EDQNV × � ELWV

• 3URJUDPPDEOH 0RGH UHJLVWHU
• $XWR 5HIUHVK DQG 6HOI 5HIUHVK
• %XUVW /HQJWK� �� �� �� �� )XOO SDJH
• &$6 /DWHQF\� �� �
• 6LQJOH :ULWH 0RGH
• %XUVW 6WRS )XQFWLRQ
• %\WH 'DWD &RQWUROOHG E\ /'40� 8'40 �7&��60����
• �. 5HIUHVK F\FOHV��� PV
• ,QWHUIDFH� /977/
• 3DFNDJH

7&��60���$)7�$)7/� 7623,,���3���������%
7&��60���$)7�$)7/� 7623,,���3���������%
7&��60���$)7�$)7/� 7623,,���3���������%

• TOSHIBA is continually working to improve the quality and reliability of its products. Nevertheless, semiconductor devices in general
can malfunction or fail due to their inherent electrical sensitivity and vulnerability to physical stress. It is the responsibility of the buyer,
when utilizing TOSHIBA products, to comply with the standards of safety in making a safe design for the entire system, and to avoid
situations in which a malfunction or failure of such TOSHIBA products could cause loss of human life, bodily injury or damage to
property.
In developing your designs, please ensure that TOSHIBA products are used within specified operating ranges as set forth in the most
recent TOSHIBA products specifications. Also, please keep in mind the precautions and conditions set forth in the “Handling Guide
for Semiconductor Devices,” or “TOSHIBA Semiconductor Reliability Handbook” etc..

• The TOSHIBA products listed in this document are intended for usage in general electronics applications (computer, personal
equipment, office equipment, measuring equipment, industrial robotics, domestic appliances, etc.). These TOSHIBA products are
neither intended nor warranted for usage in equipment that requires extraordinarily high quality and/or reliability or a malfunction or
failure of which may cause loss of human life or bodily injury (“Unintended Usage”). Unintended Usage include atomic energy control
instruments, airplane or spaceship instruments, transportation instruments, traffic signal instruments, combustion control
instruments, medical instruments, all types of safety devices, etc.. Unintended Usage of TOSHIBA products listed in this document
shall be made at the customer’s own risk.
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PIN NAMES PIN ASSIGNMENT (TOP VIEW)

A0~A12 Address Input

BS0, BS1 Bank Select

DQ0~DQ3
(TC59SM904)

DQ0~DQ7
(TC59SM908)

DQ0~DQ15
(TC59SM916)

Data Input/Output

CS Chip Select

RAS Row Address Strobe

CAS Column Address Strobe

WE Write Enable

DQM
(TC59SM908/M904)

UDQM/LDQM
(TC59SM916)

Output Disable/Write Mask

CLK Clock input

CKE Clock enable

VCC Power (+3.3 V)

VSS Ground

VCCQ
Power (+3.3 V)
(for DQ buffer)

VSSQ
Ground
(for DQ buffer)

NC No Connection

TC59SM916AFT/AFTL

TC59SM908AFT/AFTL

TC59SM904AFT/AFTL

VSS

NC
VSSQ

NC
DQ3
VCCQ

NC
NC
VSSQ

NC
DQ2
VCCQ

NC
VSS

NC
DQM
CLK
CKE
A12
A11
A9
A8
A7
A6
A5
A4
VSS

1 54
2 53
3 52
4 51
5 50
6 49
7 48
8 47
9 46
10 45
11 44
12 43
13 42
14 41
15 40
16 39
17 38
18 37
19 36
20 35
21 34
22 33
23 32
24 31
25 30
26 29
27 28

VSS

DQ7
VSSQ

NC
DQ6
VCCQ

NC
DQ5
VSSQ

NC
DQ4
VCCQ

NC
VSS

NC
DQM
CLK
CKE
A12
A11
A9
A8
A7
A6
A5
A4
VSS

VSS

DQ15
VSSQ

DQ14
DQ13
VCCQ

DQ12
DQ11
VSSQ

DQ10
DQ9
VCCQ

DQ8
VSS

NC
UDQM
CLK
CKE
A12
A11
A9
A8
A7
A6
A5
A4
VSS

VCC

DQ0
VCCQ

DQ1
DQ2
VSSQ

DQ3
DQ4
VCCQ

DQ5
DQ6
VSSQ

DQ7
VCC

LDQM

 

 
BS0
BS1

A10/AP
A0
A1
A2
A3

VCC

WE
CAS
RAS

CS

VCC

DQ0
VCCQ

NC
DQ1
VSSQ

NC
DQ2
VCCQ

NC
DQ3
VSSQ

NC
VCC

NC

 

 
BS0
BS1

A10/AP
A0
A1
A2
A3

VCC

WE
CAS
RAS

CS

VCC

NC
VCCQ

NC
DQ0
VSSQ

NC
NC

VCCQ

NC
DQ1
VSSQ

NC
VCC

NC

 

 
BS0
BS1

A10/AP
A0
A1
A2
A3

VCC

WE
CAS
RAS

CS

• The products described in this document are subject to the foreign exchange and foreign trade laws.
• The information contained herein is presented only as a guide for the applications of our products. No responsibility is assumed by

TOSHIBA CORPORATION for any infringements of intellectual property or other rights of the third parties which may result from its
use. No license is granted by implication or otherwise under any intellectual property or other rights of TOSHIBA CORPORATION or
others.

• The information contained herein is subject to change without notice.
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BLOCK DIAGRAM

NOTE: The TC59SM904AFT/AFTL configuration is 8192 × 4096 × 4 of cell array with the DQ pins numbered DQ0~DQ3.
The TC59SM908AFT/AFTL configuration is 8192 × 2048 × 8 of cell array with the DQ pins numbered DQ0~DQ7.
The TC59SM916AFT/AFTL configuration is 8192 × 1024 × 16 of cell array with the DQ pins numbered DQ0~DQ15.
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ABSOLUTE MAXIMUM RATINGS

SYMBOL PARAMETER RATING UNITS NOTES

VIN, VOUT Input, Output Voltage −0.3~VCC + 0.3 V 1

VCC, VCCQ Power Supply Voltage −0.3~4.6 V 1

Topr Operating Temperature 0~70 °C 1

Tstg Storage Temperature −55~150 °C 1

Tsolder Soldering Temperature (10s) 260 °C 1

PD Power Dissipation 1 W 1

IOUT Short-Circuit Output Current 50 mA 1

RECOMMENDED DC OPERATING CONDITIONS (Ta = 0°~70°C)

SYMBOL PARAMETER MIN TYP. MAX UNITS NOTES

VCC Power Supply Voltage 3 3.3 3.6 V 2

VCCQ Power Supply Voltage (for DQ Buffer) 3 3.3 3.6 V 2

VIH LVTTL Input High Voltage 2  VCC + 0.3 V 2

VIL LVTTL Input Low Voltage −0.3  0.8 V 2

Note: VIH (max) = VCC/VCCQ + 1.2 V for pulse width ≤ 5 ns
VIL (min) = VSS/VSSQ − 1.2 V for pulse width ≤ 5 ns
VCCQ must be less than or equal to VCC.

CAPACITANCE (VCC = 3.3 V, f = 1 MHz, Ta = 25°C)

SYMBOL PARAMETER MIN MAX UNIT

Input Capacitance
(A0~A12, BS0, BS1, CS , RAS , CAS , WE , DQM*, CKE)

 4 pF
CI

Input Capacitance (CLK)  5 pF

CO Input/Output Capacitance  6.5 pF

Note: These parameters are periodically sampled and not 100% tested.
* LDQM, UDQM (TC59SM916)
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DC CHARACTERISTICS (VCC = 3.3 V ± 0.3 V, Ta = 0°~70°C)

-70 -75 -80
PARAMETER SYMBOL

MIN MAX MIN MAX MIN MAX
UNITS NOTES

OPERATING CURRENT
tCK = min, tRC = min
Active Precharge command cycling
without burst operation

1 bank operation ICC1  TBD  TBD  TBD 3

CKE = VIH ICC2  TBD  TBD  TBD 3STANDBY CURRENT
tCK = min, CS  = VIH,
VIH/L = VIH(min) / VIL(max),
Bank: Inactive state

CKE = VIL
(Power Down mode)

ICC2P  1  1  1 3

CKE = VIH ICC2S  TBD  TBD  TBDSTANDBY CURRENT
CLK = VIL, CS  = VIH,
VIH/L = VIH(min) / VIL(max),
Bank: Inactive state

CKE = VIL
(Power Down mode)

ICC2PS  1  1  1

CKE = VIH ICC3  TBD  TBD  TBDNO OPERATING CURRENT
tCK = min, CS  = VIH(min),
Bank: Active state (4 banks) CKE = VIL

(Power Down mode)
ICC3P  10  10  10

BURST OPERATING CURRENT
tCK = min
Read/Write command cycling

ICC4  TBD  TBD  TBD 3, 4

AUTO REFRESH CURRENT
tCK = min, tRC = min
Auto Refresh command cycling

ICC5  TBD  TBD  TBD 3

Standard Products
(AFT)

 TBD  TBD  TBDSELF REFRESH CURRENT
Self Refresh mode
CKE = 0.2 V Low Power Version

(AFTL)

ICC6

 TBD  TBD  TBD

mA

PARAMETER SYMBOL MIN MAX UNITS NOTES

INPUT LEAKAGE CURRENT
(0 V ≤ VIN ≤ VCC, all other pins not under test = 0 V)

II(L) −5 5 µA

OUTPUT LEAKAGE CURRENT
(Output disable, 0 V ≤ VOUT ≤ VCCQ)

IO(L) −5 5 µA

LVTTL OUTPUT H LEVEL VOLTAGE (IOUT = −2 mA) VOH 2.4  V

LVTTL OUTPUT L LEVEL VOLTAGE (IOUT = 2 mA) VOL  0.4 V
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AC CHARACTERISTICS AND OPERATING CONDITIONS

(VCC = 3.3 V ± 0.3 V, Ta = 0°~70°C) (Notes: 5, 6, 7)

-70 -75 -80
SYMBOL PARAMETER

MIN MAX MIN MAX MIN MAX
UNITS NOTES

tRC Ref/Active to Ref/Active Command Period 56  65  68 

tRAS Active to Precharge Command Period 40 100000 45 100000 48 100000

tRCD Active to Read/Write Command Delay Time 15  20  20 

ns

tCCD Read/Write(a) to Read/Write(b) Command Period 1  1  1  Cycle

tRP Precharge to Active Command Period 15  20  20 

tRRD Active(a) to Active(b) Command Period 15  15  20 

CL* = 2 7.5  10  10 
tWR Write-Recovery Time

CL* = 3 7  7.5  8 

CL* = 2 7.5 1000 10 1000 10 1000
tCK CLK Cycle Time

CL* = 3 7 1000 7.5 1000 8 1000

tCH CLK High-Level Width 2.5  2.5  3 

tCL CLK Low-Level Width 2.5  2.5  3 

CL* = 2  5.4  6  6
tAC Access Time from CLK

CL* = 3  5.4  5.4  6

tOH Output Data Hold Time 3  3  3 

tHZ Output Data High-Impedance Time 3 7 3 7.5 3 8

tLZ Output Data Low-Impedance Time 0  0  0 

tSB Power-Down Mode Entry Time 0 7 0 7.5 0 8

tt Transition Time of CLK (rise and fall) 0.5 10 0.5 10 0.5 10

tDS Data-In Set-up Time 1.5  1.5  2 

tDH Data-In Hold Time 0.8  0.8  1 

tAS Address Set-up Time 1.5  1.5  2 

tAH Address Hold Time 0.8  0.8  1 

tCKS CKE Set-up Time 1.5  1.5  2 

tCKH CKE Hold Time 0.8  0.8  1 

tCMS Command Set-up Time 1.5  1.5  2 

tCMH Command Hold Time 0.8  0.8  1 

ns

tREF Refresh Time  64  64  64 ms

tRSC Mode Register Set Cycle Time 14  15  16  ns

* CL means CAS  latency.
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127(6�

 ��� &RQGLWLRQV RXWVLGH WKH OLPLWV OLVWHG XQGHU ´$%62/87( 0$;,080 5$7,1*6µ PD\ FDXVH SHUPDQHQW

GDPDJH WR WKH GHYLFH�

 ��� $OO YROWDJHV DUH UHIHUHQFHG WR 966�

 ��� 7KHVH SDUDPHWHUV GHSHQG RQ WKH F\FOH UDWH DQG WKHVH YDOXHV DUH PHDVXUHG DW D F\FOH UDWH ZLWK WKH

PLQLPXP YDOXHV RI W&. DQG W5&� ,QSXW VLJQDOV DUH FKDQJHG RQH WLPH GXULQJ W&.�

 ��� 7KHVH SDUDPHWHUV GHSHQG RQ WKH RXWSXW ORDGLQJ� 6SHFLILHG YDOXHV DUH REWDLQHG ZLWK WKH RXWSXW RSHQ�

 ��� 3RZHU�XS VHTXHQFH LV GHVFULEHG LQ 1RWH ���

 ��� $& 7(67 &21',7,216

Output Reference Level 1.4 V, 1.4 V

Output Load See diagram B below

Input Signal Levels 2.4 V, 0.4 V

Transition Time (rise and fall) of Input Signals 2 ns

Input Reference Level 1.4 V

 ��� W+= GHILQHV WKH WLPH DW ZKLFK WKH RXWSXWV DFKLHYH WKH RSHQ FLUFXLW FRQGLWLRQ DQG LV QRW UHIHUHQFHG WR

RXWSXW YROWDJH OHYHOV�

AC test load (A)

Output

3.3 V

870 Ω50 pF

1.2 kΩ

AC test load (B)

Output

1.4 V

50 pF

50 ΩZ = 50 Ω
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 ��� 7KHVH SDUDPHWHUV DFFRXQW IRU WKH QXPEHU RI FORFN F\FOHV DQG GHSHQG RQ WKH RSHUDWLQJ IUHTXHQF\ RI WKH

FORFN� DV IROORZV�

WKH QXPEHU RI FORFN F\FOHV = VSHFLILHG YDOXH RI WLPLQJ � FORFN SHULRG

�FRXQW IUDFWLRQV DV D ZKROH QXPEHU�

 ��� 3RZHU�XS 6HTXHQFH

3RZHU�XS PXVW EH SHUIRUPHG LQ WKH IROORZLQJ VHTXHQFH�

 �� 3RZHU PXVW EH DSSOLHG WR 9&& DQG 9&&4 �VLPXOWDQHRXVO\� ZKLOH DOO LQSXW VLJQDOV DUH KHOG LQ WKH

´123µ VWDWH� 7KH &/. VLJQDOV PXVW EH VWDUWHG DW WKH VDPH WLPH�

 �� $IWHU SRZHU�XS D SDXVH RI DW OHDVW ��� µV LV UHTXLUHG� ,W LV UHTXLUHG WKDW '40 DQG &.( VLJQDOV

PXVW EH KHOG ´+LJKµ �9&& OHYHOV� WR HQVXUH WKDW WKH '4 RXWSXW LV LQ +LJK�LPSHGDQFH VWDWH�

 �� $OO EDQNV PXVW EH SUHFKDUJHG�

 �� 7KH 0RGH 5HJLVWHU 6HW FRPPDQG PXVW EH DVVHUWHG WR LQLWLDOL]H WKH 0RGH 5HJLVWHU�

 �� $PLQLPXP RI HLJKW $XWR 5HIUHVK GXPP\ F\FOHV LV UHTXLUHG WR VWDELOL]H WKH LQWHUQDO FLUFXLWU\ RI WKH

GHYLFH�

7KH 0RGH 5HJLVWHU 6HW FRPPDQG FDQ EH LQYRNHG HLWKHU EHIRUH RU DIWHU WKH $XWR 5HIUHVK GXPP\ F\FOHV�

 ���� $& /DWHQF\ &KDUDFWHULVWLFV

CKE to clock disable (CKE Latency) 1

DQM to output in High-Z (Read DQM Latency) 2

DQM to input data delay (Write DQM Latency) 0

Write command to input data (Write Data Latency) 0

CS  to Command input ( CS  Latency) 0

CL = 2 2
Precharge to DQ Hi-Z Lead time

CL = 3 3

CL = 2 1
Precharge to Last Valid data out

CL = 3 2

CL = 2 2
Burst Stop Command to DQ Hi-Z Lead time

CL = 3 3

CL = 2 1
Burst Stop Command to Last Valid data out

CL = 3 2

Cycle

CL = 2 BL + tRP
Read with Autoprecharge Command to Active/Ref Command

CL = 3 BL + tRP

CL = 2 BL + tRP
Write with Autoprecharge Command to Active/Ref Command

CL = 3 BL + tRP

Cycle + ns
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TIMING DIAGRAMS

Command Input Timing

 RAS

tCK tCL tCH

tCMS tCMH tCMStCMH

tCMS tCMH

 CS

 CAS

tCMS tCMH

 WE

tCMS tCMH

A0~A12
BS0, BS1

tAS tAH

tCKHtCKS tCKS tCKH tCKS tCKH

CKE

CLK
VIH

VIL
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Read Timing

 RAS

Read CAS  latency

 CS

 CAS

 WE

A0~A12
BS0, BS1

tAC

DQ

CLK

tOH

tHZ

tOH

tAC

Burst length

tLZ

Output
data valid

Output
data valid

Read command
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Control Timing of Input Data (TC59SM908/M904)

Control Timing of Output Data (TC59SM908/M904)

DQ0~DQ7
(DQ0~DQ3)*

DQM

CLK

tCMH tCMS tCMH tCMS

tAC

tOH

tAC

tLZ

tAC

tOH

tHZ

tOH

Output
data valid

Output
data valid

(Output Enable)

(Clock Mask)

Output
data valid

tAC

tOH

DQ0~DQ7
(DQ0~DQ3)*

CKE

CLK

tCKH tCKS tCKH tCKS

tOH

tAC

tOH

tAC

tOH

Output
data valid

Output
data valid

tACtAC

tOH

Output data valid

Open

*: TC59SM804

DQ0~DQ7
(DQ0~DQ3)*

DQM

CLK

tCMH tCMS tCMH tCMS

tDHtDS

Input
data valid

Input
data valid

Input
data valid

Input
data valid

CKE

CLK

tCKH tCKS tCKH tCKS

tDHtDS

Input
data valid

tDHtDS tDHtDStDHtDS

Input
data valid

Input
data valid

Input
data valid

(Word Mask)

(Clock Mask)

DQ0~DQ7
(DQ0~DQ3)*

tDHtDS tDHtDS tDHtDS
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Control Timing of Input Data (TC59SM916)

Input
data valid

UDQM

LDQM

CLK

tCMH tCMS tCMH tCMS

tDHtDS

Input
data valid

tDHtDS tDHtDStDHtDS

Input
data valid

Input
data valid

Input
data valid

tDHtDS

Input
data valid

tDHtDS tDHtDStDHtDS

Input
data valid

Input
data valid

(Word Mask)

DQ0~DQ7

DQ8~DQ15

tCMH tCMS tCMH tCMS

CKE

CLK

tCKH tCKS tCKH tCKS

tDHtDS

Input
data valid

tDHtDS tDHtDS

Input
data valid

Input
data valid

(Clock Mask)

DQ8~DQ15

tDHtDS

Input
data valid

tDHtDS

Input
data validDQ0~DQ7

tDHtDS tDHtDS

Input
data valid

Input
data valid

tDHtDS

Input
data valid
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Control Timing of Output Data (TC59SM916)

CKE

CLK

tCKH tCKS tCKH tCKS

tOH

tAC

tOH

tAC

Output data valid Output
data valid

(Clock Mask)

DQ0~DQ7
Output

data valid

tOHtOH

tAC tAC

tOH tOH

Output data valid Output
data validDQ8~DQ15

Output
data valid

tOHtOH

tAC tAC tAC tAC

UDQM

LDQM

CLK

tCMH tCMS tCMH tCMS

tLZ

tAC

tOH

tAC

tOH

tHZ

Output
data valid

Output
data valid

(Output Enable)

DQ0~DQ7

tCMH tCMS tCMH tCMS

Output
data valid

tOH

tAC

tOH

tAC

tOH

tAC

Output
data validDQ8~DQ15

Output
data valid

tOH

tAC

tOH

tAC

Output
data valid

tOH

tHZ

Open

tLZ

tAC

Open
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Mode Register Set Cycle

A0

A1

A2

Burst Length

A3 Addressing Mode

A4

A5

A6

CAS  Latency

A7 0 (Test Mode)

A8 0 Reserved

A9 Write Mode

A10 0

A11 0

A12 0

BS0 0

BS1 0

Reserved

Burst Length

A2 A1 A0 Sequential Interleaved

0 0 0 1 1

0 0 1 2 2

0 1 0 4 4

0 1 1 8 8

1 0 0

1 0 1

1 1 0

Reserved

1 1 1 Full Page

Reserved

A3 Addressing Mode

0 Sequential

1 Interleaved

A6 A5 A4 CAS  Latency

0 0 0 Reserved

0 0 1 Reserved

0 1 0 2

0 1 1 3

1 0 0 Reserved

A9 Single Write Mode

0 Burst read and Burst write

1 Burst read and Single write

 RAS

tRSC

tCMS tCMH

 CS

 CAS

 WE

A0~A12
BS0, BS1

CLK

tCMS tCMH

tCMS tCMH

tCMS tCMH

tAS tAH

Set Register
data

Next command
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OPERATING TIMING EXAMPLE

Figure 1. Interleaved Bank Read (Burst Length = 4,      Latency = 3)

CLK

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

tRC

tRAS

RAS

CS

CAS

tRC

tRC tRC

WE

BS0

RAa RBb RAc RBd RAeA10

RAa CAw CBx RAc CAy RBd CBz RAe
A0~A9,

A11, A12

DQM

CKE

aw0 aw1 aw2 aw3 bx0 bx1 bx2 bx3 cy0 cy1 cy2 cy3DQ

tRRD tRRD tRRD tRRD

Active Read

Active Read

ActivePrecharge

Precharge

Read

Read

Precharge

Active

ActiveBank#0

Bank#2

Bank#3

Bank#1

Idle

BS1

tRP tRAS tRP

tRAStRPtRAS

tRCDtRCDtRCDtRCD

tAC tAC tAC tAC

RBb

CAS
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Figure 2. Interleaved Bank Read (Burst Length = 4,      Latency = 3, Auto Precharge)

CLK

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

tRC

tRAS

RAS

CS

CAS

tRC

tRC tRC

WE

BS0

RAa RAc RBd RAeA10

RAa CBx RAc CAy
A0~A9,

A11, A12

DQM

CKE

aw0 bx0 cy0DQ

tRRD tRRD tRRD tRRD

Active Read

Active Read

Active

ReadActive

ActiveBank#0

Bank#2

Bank#3

Bank#1

Idle

BS1

tRP tRAS tRP

tRAStRPtRAS

tRCDtRCDtRCDtRCD

tAC tAC tAC tAC

RBb

CAw RBb RBd CBz RAe

aw1 aw2 aw3 bx1 bx2 bx3 cy1 cy2 cy3 dz0

AP*

ReadAP*

AP*

*: AP shows internal precharge start timing.

CAS
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Figure 3. Interleaved Bank Read (Burst Length = 8,      Latency = 3)

A0~A9,

A11, A12

CLK

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

tRAS

RAS

CS

CAS

tRC

tRC tRC

WE

BS0

RAa RBb RAcA10

RAa CBy

DQM

CKE

ax0 by0 by4DQ

tRRD tRRD

Active Read

ReadActive

ActiveBank#0

Bank#2

Bank#3

Bank#1

Idle

BS1

tRP

tRAStRP

tRPtRAS

tRCDtRCDtRCD

tAC tAC tAC

CAx RAc CAz

ax1 ax2 ax3 by5 by6 by7

Precharge

RBb

ax4 ax5 ax6 by1 cz0

Precharge

Read

Precharge

CAS
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Figure 4. Interleaved Bank Read (Burst Length = 8,      Latency = 3, Auto Precharge)

CLK

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

CS

tRC

tRAS

RAS

CAS

tRC

WE

BS0

RAa RBb RAcA10

RAa CBy
A0~A9,

A11, A12

DQM

CKE

ax0 by0DQ

tRRD tRRD

Active Read

Active

ActiveBank#0

Bank#2

Bank#3

Bank#1

Idle

BS1

tRAStRP

tRPtRAS

tRCDtRCDtRCD

tAC tAC tAC

CAx RAc CAz

ax1 ax2 ax3 by4 by5 by6

*: AP shows the internal precharge start timing.

RBb

ax4 ax5 ax6 by1

Read

ax7 cz0

AP*

Read AP*

CAS



TC59SM916/08/04AFT/AFTL-70,-75,-80

2001-05-29  19/49

Figure 5. Interleaved Bank Write (Burst Length = 8)

CLK

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

CS

tRAS

RAS

CAS

tRC

WE

BS0

RAa RBb RAcA10

RAa CBy
A0~A9,

A11, A12

DQM

CKE

ax0 by0DQ

tRRD tRRD

Active Write

Active

ActiveBank#0

Bank#2

Bank#3

Bank#1

Idle

BS1

tRP

tRPtRAS

CAx RAc CAz

ax1 by4 by5 by6

RBb

ax4 ax5 ax6 by1ax7

Precharge

tRCD tRCD tRCD

by2 by3 by7 cz0 cz1 cz2

Write

Write

Precharge
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Figure 6. Interleaved Bank Write (Burst Length = 8, Auto Precharge)

CLK

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

CS

tRAS

RAS

CAS

tRC

WE

BS0

RAa RBb RAbA10

RAa CBy
A0~A9,

A11, A12

DQM

CKE

ax0 by0DQ

tRRD tRRD

Active Write

Active

ActiveBank#0

Bank#2

Bank#3

Bank#1

Idle

BS1

tRP

tRPtRAS

tRCDtRCDtRCD

CAx RAc CAz

ax1 by4 by5 by6

RBb

ax4 ax5 ax6 by1ax7 by2 by3 by7 cz0 cz1 cz2

tRAS

AP*

Write AP*

Write

*: AP shows the internal precharge start timing.
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Figure 7. Page Mode Read (Burst Length = 4,      Latency = 3)

CLK

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

RAS

CS

CAS

tRAS

WE

BS0

RAaA10

RAa CAy
A0~A9,

A11, A12

DQM

CKE

bx1DQ

tRRD

Active

Active

Bank#0

Bank#2

Bank#3

Bank#1

Idle

BS1

tRCDtRCD

CAl CBz

bz0

RBb

al0 al1 ay0 ay1 ay2

AP*

*: AP shows the internal precharge start timing.

tCCD tCCD tCCD

tRAS

tRP

tRP

RBb

CBx CAm

al2 al3 bx0 am0 am1 am2 bz1 bz2 bz3

tAC tAC tAC tAC tAC

Read

Read

Read Read

Read

Precharge

CAS
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Figure 8. Page Mode Read/Write (Burst Length = 8,      Latency = 3)

A0~A9,

A11, A12

RAS

CAS

CLK

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 23

tRAS

CS

tRP

CKE

BS1

DQM

BS0

RAaA10

tRCD

RAa CAx CAy

DQ

Active Read PrechargeBank#0

Bank#2

Bank#3

Bank#1

Idle

ax0 ax1 ax2 ax3 ax4

WE

ax5 ay0 ay1 ay2 ay3 ay4

Q Q Q Q Q Q D D D D D

tWRtAC

Note): See Figure 17, 20

Write

22

CAS
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Figure 9. Auto Precharge Read (Burst Length = 4,      Latency = 3)

CLK

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

tRC

CS

tRC

CKE

BS1

DQM

RAS

CAS

BS0

tRCD

RAa

A0~A9,

A11, A12

DQ

Active ReadBank#0

Bank#2

Bank#3

Bank#1

Idle

WE

aw0 aw1 aw2 aw3

tAC

CAx

bx0 bx1 bx2 bx3

tAC

RAa CAw

RAb

RAb

Active ReadAP*

*: AP shows the internal precharge start timing.

Note): See Figure 15

AP*

tRCD

tRP tRAStRAS tRP

A10

CAS
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Figure 10. Auto Precharge Write (Burst Length = 4)

A0~A9,

A11, A12

CLK

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

CS

tRC

CKE

BS1

DQM

RAS

CAS

BS0

A10

tRCD

RAa

DQ

Active WriteBank#0

Bank#2

Bank#3

Bank#1

Idle

WE

aw0 aw1 aw2 aw3

RAa CAw

RAb

RAb

AP*

*: AP shows the internal precharge start timing.

Note): See Figure 16

AP*

tRCD

tRP tRAStRAS

CAx RAc

RAc

bx0 bx2 bx3bx1

Active Write Active

tRC

tRP
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Figure 11. Auto Refresh Cycle

CLK

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

tRC

CS

RAS

CAS

BS0, BS1

WE

CKE

DQM

A10

A0~A9,

A11, A12

DQ

All Banks Precharge Auto Refresh Auto Refresh (Arbitrary Cycle)

tRP tRC
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Figure 12. Self Refresh Cycle

CLK

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

CS

RAS

CAS

BS0, BS1

WE

CKE

DQM

A10

A0~A9,

A11, A12

DQ

All Banks Precharge

Self Refresh Entry Arbitrary Cycle

tCKStSB

tCKS

No Operation Cycle

tCKS

tRP

tRC

Self Refresh Exit
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Figure 13. Power Down Mode

A0~A9,

A11, A12

CLK

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

CS

CKE

DQM

RAS

CAS

BS

A10 RAa

DQ

Active

WE

RAa CAa

Note): The Power Down mode is invoked by asserting CKE “low”.

All Input/Output buffers (except the CKE buffer) are turned off in Power Down mode.

When CKE goes high, the No-operation command input must be at next CLK rising edge and CKE should be set high at least

1CLK + tCKS at Power Down Mode Exit.

Active

ax0 ax2ax1 ax3

CAx

RAa

RAa

NOPPrecharge
&

Power Down Mode
Entry

NOP

tCKS

tSB

tCKS

Power Down Mode Exit

tCKS

tSB

tCKS

Power Down Mode Entry Power Down Mode Exit
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Figure 14. Burst Read and Single Write (Burst Length = 4,      Latency = 3)

A0~A9,

A11, A12

RAS

CLK

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

CS

tRCD

CKE

BS1

DQM

BS0

RBaA10

RBa CBv CBw

DQ av0 av1 av2 av3

WE

az0 az1 az2 az3

Q Q Q Q

tAC

CAS

CBx CBy CBz

tAC

aw0 ax0 ay0

Q Q QD DD

Bank#0
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Bank#1

Idle

Active Read ReadSingle Write

Q

CAS
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PIN FUNCTIONS

CLOCK INPUT: CLK

7KH &/. LQSXW LV XVHG DV WKH UHIHUHQFH IRU 6'5$0 RSHUDWLRQV� 2SHUDWLRQV DUH V\QFKURQL]HG WR WKH SRVLWLYH

HGJHV RI &/.�

CLOCK ENABLE: CKE

7KH &.( LQSXW LV XVHG WR VXVSHQG WKH LQWHUQDO &/.� :KHQ WKH &.( VLJQDO LV DVVHUWHG ´ORZµ� WKH LQWHUQDO &/.

LV VXVSHQGHG DQG RXWSXW GDWD LV KHOG LQWDFW ZKLOH &.( LV DVVHUWHG ´ORZµ� :KHQ WKH GHYLFH LV QRW UXQQLQJ D %XUVW

F\FOH� WKH &.( LQSXW FRQWUROV WKH HQWU\ WR WKH 3RZHU 'RZQ DQG 6HOI 5HIUHVK PRGHV� :KHQ WKH 6HOI 5HIUHVK

FRPPDQG LV LVVXHG� WKH GHYLFH PXVW EH LQ WKH LGOH VWDWH�

BANK SELECT: BS0, BS1

7KH 7&��60���$)7�$)7/� 7&��60���$)7�$)7/ DQG WKH 7&��60���$)7�$)7/ DUH RUJDQL]HG DV

IRXU�EDQN PHPRU\ FHOO DUUD\V� 7KH %6�� %6� LQSXWV DUH ODWFKHG DW WKH WLPH RI DVVHUWLRQ RI WKH RSHUDWLRQ

FRPPDQGV DQG VHOHFWV WKH EDQN WR EH XVHG IRU WKH RSHUDWLRQ�

BS0 BS1

0 0 Bank#0

1 0 Bank#1

0 1 Bank#2

1 1 Bank#3

ADDRESS INPUTS: A0~A12

7KH $�a$�� LQSXWV DUH DGGUHVV WR DFFHVV WKH PHPRU\ FHOO DUUD\� DV IROORZLQJ WDEOH�

Row Address Column Address

TC59SM916AFT/AFTL A0~A12 A0~A9

TC59SM908AFT/AFTL A0~A12 A0~A9, A11

TC59SM904AFT/AFTL A0~A12 A0~A9, A11, A12

7KH URZ DGGUHVV ELWV DUH ODWFKHG DW WKH %DQN $FWLYDWH FRPPDQG DQG FROXPQ DGGUHVV ELWV DUH ODWFKHG RQ WKH

5HDG RU :ULWH FRPPDQG� $OVR� WKH $�a$�� LQSXWV DUH XVHG WR VHW WKH GDWD LQ WKH 0RGH UHJLVWHU LQ D 0RGH

5HJLVWHU 6HW F\FOH�
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CHIP SELECT:

7KH &6 LQSXW FRQWUROV WKH ODWFKLQJ RI WKH FRPPDQGV RQ WKH SRVLWLYH HGJHV RI &/. ZKHQ &6 LV DVVHUWHG ´ORZµ�

1R FRPPDQGV DUH ODWFKHG DV ORQJ DV &6 LV KHOG ´KLJKµ�

ROW ADDRESS STROBE:

7KH 5$6 LQSXW GHILQHV WKH RSHUDWLRQ FRPPDQGV LQ FRQMXQFWLRQ ZLWK WKH &$6 DQG :( LQSXWV� DQG LV

ODWFKHG DW WKH SRVLWLYH HGJHV RI &/.� :KHQ 5$6 DQG &6 DUH DVVHUWHG ´ORZµ DQG &$6 LV DVVHUWHG ´KLJKµ� HLWKHU

WKH %DQN $FWLYDWH FRPPDQG RU WKH 3UHFKDUJH FRPPDQG LV VHOHFWHG E\ WKH :( VLJQDO� :KHQ :( LV DVVHUWHG

´KLJKµ� WKH %DQN $FWLYDWH FRPPDQG LV VHOHFWHG DQG WKH EDQN GHVLJQDWHG E\ %6�� %6� DUH WXUQHG RQ VR WKDW LW LV LQ

WKH DFWLYH VWDWH� :KHQ :( LV DVVHUWHG ´ORZµ� WKH 3UHFKDUJH FRPPDQG LV VHOHFWHG DQG WKH EDQN GHVLJQDWHG E\

%6�� %6� DUH VZLWFKHG WR WKH LGOH VWDWH DIWHU 3UHFKDUJH RSHUDWLRQ� 

COLUMN ADDRESS STROBE:

7KH &$6 LQSXW GHILQHV WKH RSHUDWLRQ FRPPDQGV LQ FRQMXQFWLRQ ZLWK WKH 5$6 DQG :( LQSXWV� DQG LV

ODWFKHG DW WKH SRVLWLYH HGJHV RI &/.� :KHQ 5$6 LV KHOG ´KLJKµ DQG &6 LV DVVHUWHG ´ORZµ� FROXPQ DFFHVV LV

VWDUWHG E\ DVVHUWLQJ &$6 ´ORZµ� 7KHQ� WKH 5HDG RU :ULWH FRPPDQG LV VHOHFWHG E\ DVVHUWLQJ :( ´ORZµ RU ´KLJKµ�

WRITE ENABLE:

7KH :( LQSXW GHILQHV WKH RSHUDWLRQ FRPPDQGV LQ FRQMXQFWLRQ ZLWK WKH 5$6 DQG &$6 LQSXWV� DQG LV

ODWFKHG DW WKH SRVLWLYH HGJHV RI &/.� 7KH :( LQSXW LV XVHG WR VHOHFW WKH %DQN $FWLYDWH RU 3UHFKDUJH FRPPDQG

DQG 5HDG RU :ULWH FRPPDQG�

DATA INPUT/OUTPUT MASK: DQM or LDQM and UDQM

7KH '40 LQSXW HQDEOHV RXWSXW LQ D 5HDG F\FOH DQG IXQFWLRQV DV WKH LQSXW GDWD PDVN LQ D :ULWH F\FOH� :KHQ

'40 LV DVVHUWHG ´KLJKµ DW WKH SRVLWLYH HGJHV RI &/.� RXWSXW GDWD LV GLVDEOHG DIWHU WZR FORFN F\FOHV GXULQJ D 5HDG

F\FOH� DQG LQSXW GDWD LV PDVNHG DW WKH VDPH FORFN F\FOH GXULQJ D :ULWH F\FOH�

,Q WKH FDVH RI WKH 7&��60���$)7�$)7/� WKH /'40 DQG 8'40 LQSXWV IXQFWLRQ DV E\WH GDWD FRQWURO� 7KH

/'40 LQSXW FDQ FRQWURO '4�a'4� LQ D 5HDG RU :ULWH F\FOH DQG WKH 8'40 FDQ FRQWURO '4�a'4�� LQ D 5HDG RU

:ULWH F\FOH�

DATA INPUT/OUTPUT: DQ0~DQ15

7KH '4�a'4�� LQSXW DQG RXWSXW GDWD DUH V\QFKURQL]HG ZLWK WKH SRVLWLYH HGJHV RI &/.� ,Q WKH FDVH RI

7&��60���$)7�$)7/ DQG 7&��60���$)7�$)7/� WKHVH SLQV DUH '4�a'4� DQG '4�a'4� UHVSHFWLYHO\�

CS

RAS

CAS

WE
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Operation Mode

7DEOH � VKRZV WKH WUXWK WDEOH IRU WKH RSHUDWLRQ FRPPDQGV�

Table 1. Truth Table (Note (1) and (2) )

Command Device State CKEn-1 CKEn DQM (5) BS0,
BS1

A10
A12,
A11,

A9~A0
CS RAS CAS WE

Bank Activate Idle (3) H X X V V V L L H H

Bank Precharge Any H X X V L X L L H L

Precharge All Any H X X X H X L L H L

Write Active (3) H X X V L V L H L L

Write with Auto Precharge Active (3) H X X V H V L H L L

Read Active (3) H X X V L V L H L H

Read with Auto Precharge Active (3) H X X V H V L H L H

Mode Register Set Idle H X X V V V L L L L

No-Operation Any H X X X X X L H H H

Burst stop Active (4) H X X X X X L H H L

Device Deselect Any H X X X X X H X X X

Auto-Refresh Idle H H X X X X L L L H

Self-Refresh Entry Idle H L X X X X L L L H

H X X X
Self-Refresh Exit

Idle
(Self Refresh)

L H X X X X
L H H X

Clock Suspend Mode Entry Active H L X X X X X X X X

H X X X
Power Down Mode Entry Idle/Active (6) H L X X X X

L H H X

Clock Suspend Mode Exit Active L H X X X X X X X X

H X X X
Power Down Mode Exit

Any
(Power Down)

L H X X X X
L H H X

Data Write/Output Enable Active H X L X X X X X X X

Data Write/Output Disable Active H X H X X X X X X X

Note 1. V = Valid, X = Don’t Care, L = Low level, H = High level
2. CKEn signal is input level when commands are issued.

CKEn-1 signal is input level one clock cycle before the commands are issued.
3. These are state designated by the BS0, BS1 signals.
4. Device state is Full Page Burst operation.
5. LDQM, UDQM (TC59SM916AFT/AFTL)
6. Power Down Mode can not entry in the burst cycle.

When this command assert in the burst cycle, device state is clock suspend mode.
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 1. Command Function

��� %DQN $FWLYDWH FRPPDQG

� 5$6 = /� &$6 = +� :( = +� %6�� %6� = %DQN� $�a$�� = 5RZ $GGUHVV�

7KH %DQN $FWLYDWH FRPPDQG DFWLYDWHV WKH EDQN GHVLJQDWHG E\ WKH %6 �%DQN 6HOHFW� VLJQDO�

5RZ DGGUHVVHV DUH ODWFKHG RQ $�a$�� ZKHQ WKLV FRPPDQG LV LVVXHG DQG WKH FHOO GDWD LV UHDG RXW WR WKH

VHQVH DPSOLILHUV� 7KH PD[LPXP WLPH WKDW HDFK EDQN FDQ EH KHOG LQ WKH DFWLYH VWDWH LV VSHFLILHG DV W5$6
�PD[��

��� %DQN 3UHFKDUJH FRPPDQG

� 5$6 = /� &$6 = +� :( = /� %6�� %6� = %DQN� $�� = /� $�a$�� $��� $�� = 'RQ·W FDUH�

7KH %DQN 3UHFKDUJH FRPPDQG SUHFKDUJHV WKH EDQN GHVLJQDWHG E\ %6� 7KH SUHFKDUJHG EDQN LV VZLWFKHG

IURP WKH DFWLYH VWDWH WR WKH LGOH VWDWH�

��� 3UHFKDUJH $OO FRPPDQG

� 5$6 = /� &$6 = +� :( = /� %6�� %6� = 'RQ·W FDUH� $�� = +� $�a$�� $��� $�� = 'RQ·W FDUH�

7KH 3UHFKDUJH $OO FRPPDQG SUHFKDUJHV DOO EDQNV VLPXOWDQHRXVO\� $OO EDQNV DUH WKHQ VZLWFKHG WR WKH

LGOH VWDWH�

��� :ULWH FRPPDQG

� 5$6 = +� &$6 = /� :( = /� %6�� %6� = %DQN� $�� = /� $�a$�� $��� $�� = &ROXPQ $GGUHVV�

7KH :ULWH FRPPDQG SHUIRUPV D :ULWH RSHUDWLRQ WR WKH EDQN GHVLJQDWHG E\ %6� DQG %6�� 7KH ZULWH GDWD

LV ODWFKHG DW WKH SRVLWLYH HGJHV RI &/.� 7KH OHQJWK RI WKH ZULWH GDWD �%XUVW /HQJWK� DQG FROXPQ DFFHVV

VHTXHQFH �$GGUHVVLQJ 0RGH� PXVW EH SURJUDPPHG LQ WKH 0RGH 5HVLVWHU DW SRZHU�XS SULRU WR WKH :ULWH

RSHUDWLRQ�

7KH $�� LQSXW LV ´'RQ·W FDUHµ RQ WKH 7&��60���$)7�$)7/ DQG WKH $�� DQG $�� LQSXWV DUH ´'RQ·W

FDUHµ RQ WKH 7&��60���$)7�$)7/�

��� :ULWH ZLWK $XWR 3UHFKDUJH FRPPDQG

� 5$6 = +� &$6 = /� :( = /� %6�� %6� = %DQN� $�� = +� $�a$�� $��� $�� = &ROXPQ $GGUHVV�

7KH :ULWH ZLWK $XWR 3UHFKDUJH FRPPDQG SHUIRUPV WKH 3UHFKDUJH RSHUDWLRQ DXWRPDWLFDOO\ DIWHU WKH

:ULWH RSHUDWLRQ� 7KH LQWHUQDO SUHFKDUJH VWDUWV LQ WKH F\FOHV LPPHGLDWHO\ IROORZLQJ WKH F\FOH LQ ZKLFK WKH

ODVW GDWD LV ZULWWHQ LQGHSHQGHQW RI &$6 /DWHQF\ �)LJXUH ���� 7KLV FRPPDQG PXVW QRW EH LQWHUUXSWHG E\

DQ\ RWKHU FRPPDQGV�

7KH $�� LQSXW LV ´'RQ·W FDUHµ DW WKH 7&��60���$)7�$)7/ DQG WKH $�� DQG $�� LQSXWV DUH ´'RQ·W FDUHµ

RQ WKH 7&��60���$)7�$)7/�

��� 5HDG FRPPDQG

� 5$6 = +� &$6 = /� :( = +� %6�� %6� = %DQN� $�� = /� $�a$�� $��� $�� = &ROXPQ $GGUHVV�

7KH 5HDG FRPPDQG SHUIRUPV D 5HDG RSHUDWLRQ WR WKH EDQN GHVLJQDWHG E\ %6� 7KH UHDG GDWD LV LVVXHG

VHTXHQWLDOO\ V\QFKURQL]HG WR WKH SRVLWLYH HGJHV RI &/.� 7KH OHQJWK RI UHDG GDWD �%XUVW /HQJWK��

$GGUHVVLQJ 0RGH DQG &$6 /DWHQF\ �DFFHVV WLPH IURP &$6 FRPPDQG LQ D FORFN F\FOH� PXVW EH

SURJUDPPHG LQ WKH 0RGH 5HJLVWHU DW SRZHU�XS SULRU WR WKH :ULWH RSHUDWLRQ�

7KH $�� LQSXW LV ´'RQ·W FDUHµ RQ WKH 7&��60���$)7�$)7/ DQG WKH $�� DQG $�� LQSXWV DUH ´'RQ·W

FDUHµ RQ WKH 7&��60���$)7�$)7/�
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��� 5HDG ZLWK $XWR 3UHFKDUJH FRPPDQG

� 5$6 = +� &$6 = /� :( = +� %6�� %6� = %DQN� $�� = +� $�a$�� $��� $�� = &ROXPQ $GGUHVV�

7KH 5HDG ZLWK $XWR 3UHFKDUJH FRPPDQG DXWRPDWLFDOO\ SHUIRUPV WKH 3UHFKDUJH RSHUDWLRQ DIWHU WKH

5HDG RSHUDWLRQ� :KHQ WKH &$6 /DWHQF\ = �� WKH LQWHUQDO SUHFKDUJH VWDUWV WZR F\FOHV EHIRUH WKH ODVW GDWD

LV RXWSXW� :KHQ WKH &$6 /DWHQF\ = �� WKH LQWHUQDO SUHFKDUJH VWDUWV RQH F\FOH EHIRUH WKH ODVW GDWD LV

RXWSXW �)LJXUH ���� 7KLV FRPPDQG PXVW QRW EH LQWHUUXSWHG E\ DQ\ RWKHU FRPPDQG�

7KH $�� LQSXW LV ´'RQ·W FDUHµ RQ WKH 7&��60���$)7�$)7/ DQG WKH $�� DQG $�� LQSXWV DUH ´'RQ·W

FDUHµ RQ WKH 7&��60���$)7�$)7/�

��� 0RGH 5HJLVWHU 6HW FRPPDQG

� 5$6 = /� &$6 = /� :( = /� %6�� %6�� $�a$�� = 5HJLVWHU 'DWD�

7KH 0RGH 5HJLVWHU 6HW FRPPDQG SURJUDPV WKH YDOXHV RI &$6 ODWHQF\� $GGUHVVLQJ 0RGH DQG %XUVW

/HQJWK LQ WKH 0RGH 5HJLVWHU� 7KH GHIDXOW YDOXHV LQ WKH 0RGH 5HJLVWHU DIWHU SRZHU�XS DUH XQGHILQHG�

WKHUHIRUH WKLV FRPPDQG PXVW EH LVVXHG GXULQJ WKH SRZHU�XS VHTXHQFH� $OVR� WKLV FRPPDQG FDQ EH LVVXHG

ZKLOH DOO EDQNV DUH LQ WKH LGOH VWDWH�

��� 1R�2SHUDWLRQ FRPPDQG

� 5$6 = +� &$6 = +� :( = +�

7KH 1R�2SHUDWLRQ FRPPDQG VLPSO\ SHUIRUPV QR RSHUDWLRQ�

���� %XUVW VWRS FRPPDQG

� 5$6 = +� &$6 = +� :( = /�

7KH %XUVW VWRS FRPPDQG LV XVHG WR VWRS WKH EXUVW RSHUDWLRQ� 7KLV FRPPDQG LV YDOLG GXULQJ D )XOO 3DJH

%XUVW RSHUDWLRQ� 'XULQJ RWKHU W\SHV RI %XUVW RSHUDWLRQ� WKH FRPPDQG LV LOOHJDO�

���� 'HYLFH 'HVHOHFW FRPPDQG

�&6 = +�

7KH 'HYLFH 'HVHOHFW FRPPDQG GLVDEOHV WKH FRPPDQG GHFRGHU VR WKDW WKH 5$6 � &$6 � :( DQG

$GGUHVV LQSXWV DUH LJQRUHG� 7KLV FRPPDQG LV VLPLODU WR WKH 1R�2SHUDWLRQ FRPPDQG�

���� $XWR 5HIUHVK FRPPDQG

� 5$6 = /� &$6 = /� :( = +� &.( = +� %6�� %6�� $�a$�� = 'RQ·W FDUH�

7KH $XWR 5HIUHVK FRPPDQG LV XVHG WR UHIUHVK WKH URZ DGGUHVV SURYLGHG E\ WKH LQWHUQDO UHIUHVK FRXQWHU�

7KH 5HIUHVK RSHUDWLRQ PXVW EH SHUIRUPHG ���� WLPHV ZLWKLQ �� PV� 7KH QH[W FRPPDQG FDQ EH LVVXHG DIWHU

W5& IURP WKH HQG RI WKH $XWR 5HIUHVK FRPPDQG� :KHQ WKH $XWR 5HIUHVK FRPPDQG LV LVVXHG� $OO EDQNV

PXVW EH LQ WKH LGOH VWDWH� 7KH $XWR 5HIUHVK RSHUDWLRQ LV HTXLYDOHQW WR WKH &$6 �EHIRUH� 5$6 RSHUDWLRQ LQ

D FRQYHQWLRQDO '5$0�
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���� 6HOI 5HIUHVK (QWU\ FRPPDQG

� 5$6 = /� &$6 = /� :( = +� &.( = /� %6�� %6�� $�a$�� = 'RQ·W FDUH�

7KH 6HOI 5HIUHVK (QWU\ FRPPDQG LV XVHG WR HQWHU 6HOI 5HIUHVK PRGH� :KLOH WKH GHYLFH LV LQ 6HOI 5HIUHVK

PRGH� DOO LQSXW DQG RXWSXW EXIIHUV �H[FHSW WKH &.( EXIIHU� DUH GLVDEOHG DQG WKH 5HIUHVK RSHUDWLRQ LV

DXWRPDWLFDOO\ SHUIRUPHG� 6HOI 5HIUHVK PRGH LV H[LWHG E\ WDNLQJ &.( ´KLJKµ �WKH 6HOI 5HIUHVK ([LW

FRPPDQG��

���� 6HOI 5HIUHVK ([LW FRPPDQG

�&.( = +� &6 = + RU &.( = +� 5$6 = +� &$6 = +�

7KLV FRPPDQG LV XVHG WR H[LW IURP 6HOI 5HIUHVK PRGH� $Q\ VXEVHTXHQW FRPPDQGV FDQ EH LVVXHG DIWHU

W5& IURP WKH HQG RI WKLV FRPPDQG�

���� &ORFN 6XVSHQG 0RGH (QWU\�3RZHU 'RZQ 0RGH (QWU\ FRPPDQG

�&.( = /�

7KH LQWHUQDO &/. LV VXVSHQGHG IRU RQH F\FOH ZKHQ WKLV FRPPDQG LV LVVXHG �ZKHQ &.( LV DVVHUWHG ´ORZµ��

7KH GHYLFH VWDWH LV KHOG LQWDFW ZKLOH WKH &/. LV VXVSHQGHG� 2Q WKH RWKHU KDQG� ZKHQ WKH GHYLFH LV QRW

RSHUDWLQJ WKH %XUVW F\FOH� WKLV FRPPDQG SHUIRUPV HQWU\ LQWR 3RZHU 'RZQ PRGH� $OO LQSXW DQG RXWSXW

EXIIHUV �H[FHSW WKH &.( EXIIHU� DUH WXUQHG RII LQ 3RZHU 'RZQ PRGH�

���� &ORFN 6XVSHQG 0RGH ([LW�3RZHU 'RZQ 0RGH ([LW FRPPDQG

�&.( = +�

:KHQ WKH LQWHUQDO &/. KDV EHHQ VXVSHQGHG� RSHUDWLRQ RI WKH LQWHUQDO &/. LV UHVXPHG E\ SURYLGLQJ WKLV

FRPPDQG �DVVHUWLQJ &.( ´KLJKµ�� :KHQ WKH GHYLFH LV LQ 3RZHU 'RZQ PRGH� WKH GHYLFH H[LWV WKLV PRGH DQG

DOO GLVDEOHG EXIIHUV DUH WXUQHG RQ WR WKH DFWLYH VWDWH� $Q\ VXEVHTXHQW FRPPDQGV FDQ EH LVVXHG DIWHU RQH

FORFN F\FOH IURP WKH HQG RI WKLV FRPPDQG�

���� 'DWD :ULWH�2XWSXW (QDEOH� 'DWD 0DVN�2XWSXW 'LVDEOH FRPPDQG

�'40 = /�+ RU /'40� 8'40 = /�+�

'XULQJ D :ULWH F\FOH� WKH '40 RU /'40� 8'40 VLJQDO IXQFWLRQV DV 'DWD 0DVN DQG FDQ FRQWURO HYHU\

ZRUG RI WKH LQSXW GDWD� 'XULQJ D 5HDG F\FOH� WKH '40 RU /'40� 8'40 VLJQDO IXQFWLRQV DV WKH FRQWURO RI

RXWSXW EXIIHUV�

7KH /'40 VLJQDO FRQWUROV '4�a'4� DQG WKH 8'40 VLJQDO FRQWUROV '4�a'4���
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 2. Read Operation

,VVXLQJ WKH %DQN $FWLYDWH FRPPDQG WR WKH LGOH EDQN SXWV LW LQWR WKH DFWLYH VWDWH� :KHQ WKH 5HDG FRPPDQG LV

LVVXHG DIWHU W5&' IURP WKH %DQN $FWLYDWH FRPPDQG� WKH GDWD LV UHDG RXW VHTXHQWLDOO\� V\QFKURQL]HG WR WKH

SRVLWLYH HGJHV RI &/. �D %XUVW 5HDG RSHUDWLRQ�� 7KH LQLWLDO UHDG GDWD EHFRPHV DYDLODEOH DIWHU &$6 /DWHQF\ IURP

WKH LVVXLQJ RI WKH 5HDG FRPPDQG� 7KH &$6 ODWHQF\ PXVW EH VHW LQ WKH 0RGH 5HJLVWHU DW SRZHU�XS� ,Q DGGLWLRQ�

WKH EXUVW OHQJWK RI UHDG GDWD DQG $GGUHVVLQJ 0RGH PXVW EH VHW� (DFK EDQN LV KHOG LQ WKH DFWLYH VWDWH XQOHVV WKH

3UHFKDUJH FRPPDQG LV LVVXHG� VR WKDW WKH VHQVH DPSOLILHUV FDQ EH XVHG DV VHFRQGDU\ FDFKH�

:KHQ WKH 5HDG ZLWK $XWR 3UHFKDUJH FRPPDQG LV LVVXHG� WKH 3UHFKDUJH RSHUDWLRQ LV SHUIRUPHG DXWRPDWLFDOO\

DIWHU WKH 5HDG F\FOH� WKHQ WKH EDQN LV VZLWFKHG WR WKH LGOH VWDWH� 7KLV FRPPDQG FDQQRW EH LQWHUUXSWHG E\ DQ\

RWKHU FRPPDQGV� $OVR� ZKHQ WKH %XUVW /HQJWK LV � DQG W5&' �PLQ�� WKH WLPLQJ IURP WKH 5$6 FRPPDQG WR WKH

VWDUW RI WKH $XWR 3UHFKDUJH RSHUDWLRQ LV VKRUWHU WKDQ W5$6 �PLQ�� ,Q WKLV FDVH� W5$6 �PLQ� PXVW EH VDWLVILHG E\

H[WHQGLQJ W5&' �)LJXUH �� ����

:KHQ WKH 3UHFKDUJH RSHUDWLRQ LV SHUIRUPHG RQ D EDQN GXULQJ D %XUVW 5HDG RSHUDWLRQ� WKH %XUVW RSHUDWLRQ LV

WHUPLQDWHG �)LJXUH ����

:KHQ WKH %XUVW /HQJWK LV IXOO�SDJH� FROXPQ GDWD LV UHSHDWHGO\ UHDG RXW XQWLO WKH %XUVW 6WRS FRPPDQG RU

3UHFKDUJH FRPPDQG LV LVVXHG�

 3. Write Operation

,VVXLQJ WKH :ULWH FRPPDQG DIWHU W5&' IURP WKH %DQN $FWLYDWH FRPPDQG� WKH LQSXW GDWD LV ODWFKHG VHTXHQWLDOO\�

V\QFKURQL]LQJ ZLWK WKH SRVLWLYH HGJHV RI &/. DIWHU WKH :ULWH FRPPDQG �%XUVW :ULWH RSHUDWLRQ�� 7KH EXUVW OHQJWK

RI WKH :ULWH GDWD �%XUVW /HQJWK� DQG $GGUHVVLQJ 0RGH PXVW EH VHW LQ WKH 0RGH 5HJLVWHU DW SRZHU�XS�

:KHQ WKH :ULWH ZLWK $XWR 3UHFKDUJH FRPPDQG LV LVVXHG� WKH 3UHFKDUJH RSHUDWLRQ LV SHUIRUPHG DXWRPDWLFDOO\

DIWHU WKH :ULWH F\FOH� WKHQ WKH EDQN LV VZLWFKHG WR WKH LGOH VWDWH� 7KLV FRPPDQG FDQQRW EH LQWHUUXSWHG E\ DQ\

RWKHU FRPPDQG IRU WKH HQWLUH EXUVW GDWD GXUDWLRQ� $OVR� ZKHQ WKH %XUVW /HQJWK LV � DQG W5&' �PLQ�� WKH WLPLQJ

IURP WKH 5$6 FRPPDQG WR WKH VWDUW RI WKH $XWR 3UHFKDUJH RSHUDWLRQ LV VKRUWHU WKDQ W5$6 �PLQ�� ,Q WKLV FDVH�

W5$6 �PLQ� PXVW EH VDWLVILHG E\ H[WHQGLQJ W5&' �)LJXUH ��� ����

:KHQ WKH 3UHFKDUJH RSHUDWLRQ LV SHUIRUPHG LQ D EDQN GXULQJ D %XUVW :ULWH RSHUDWLRQ� WKH %XUVW RSHUDWLRQ LV

WHUPLQDWHG �)LJXUH ����

:KHQ WKH %XUVW /HQJWK LV IXOO�SDJH� WKH LQSXW GDWD LV UHSHDWHGO\ ODWFKHG XQWLO WKH %XUVW 6WRS FRPPDQG RU WKH

3UHFKDUJH FRPPDQG LV LVVXHG�

:KHQ WKH %XUVW 5HDG DQG 6LQJOH :ULWH PRGH LV VHOHFWHG� WKH ZULWH EXUVW OHQJWK LV � UHJDUGOHVV RI WKH UHDG

EXUVW OHQJWK�
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 4. Precharge

7KHUH DUH WZR FRPPDQGV ZKLFK SHUIRUP WKH 3UHFKDUJH RSHUDWLRQ� %DQN 3UHFKDUJH DQG 3UHFKDUJH $OO� :KHQ

WKH %DQN 3UHFKDUJH FRPPDQG LV LVVXHG WR WKH DFWLYH EDQN� WKH EDQN LV SUHFKDUJHG DQG WKHQ VZLWFKHG WR WKH LGOH

VWDWH� 7KH %DQN 3UHFKDUJH FRPPDQG FDQ SUHFKDUJH RQH EDQN LQGHSHQGHQWO\ RI WKH RWKHU EDQN DQG KROG WKH

XQSUHFKDUJHG EDQN LQ WKH DFWLYH VWDWH� 7KH PD[LPXP WLPH HDFK EDQN FDQ EH KHOG LQ WKH DFWLYH VWDWH LV VSHFLILHG

DV W5$6 �PD[�� 7KHUHIRUH� HDFK EDQN PXVW EH SUHFKDUJHG ZLWKLQ W5$6 �PD[� IURP WKH %DQN $FWLYDWH FRPPDQG�

7KH 3UHFKDUJH $OO FRPPDQG FDQ EH XVHG WR SUHFKDUJH DOO EDQNV VLPXOWDQHRXVO\� (YHQ LI EDQNV DUH QRW LQ WKH

DFWLYH VWDWH� WKH 3UHFKDUJH $OO FRPPDQG FDQ VWLOO EH LVVXHG� ,Q WKLV FDVH� WKH 3UHFKDUJH RSHUDWLRQ LV SHUIRUPHG

RQO\ IRU WKH DFWLYH EDQN DQG WKH SUHFKDUJHG EDQN LV WKHQ VZLWFKHG WR WKH LGOH VWDWH�

 5. Page Mode

7KH 5HDG RU :ULWH FRPPDQG FDQ EH LVVXHG RQ DQ\ FORFN F\FOH�

:KHQHYHU D 5HDG RSHUDWLRQ LV WR EH LQWHUUXSWHG E\ D :ULWH FRPPDQG� WKH RXWSXW GDWD PXVW EH PDVNHG E\

'40 WR DYRLG ,�2 FRQIOLFW� $OVR� ZKHQ D :ULWH RSHUDWLRQ LV WR EH LQWHUUXSWHG E\ D 5HDG FRPPDQG� RQO\ WKH LQSXW

GDWD EHIRUH WKH 5HDG FRPPDQG LV HQDEOH DQG WKH LQSXW GDWD DIWHU WKH 5HDG FRPPDQG LV GLVDEOHG�

 6. Burst Termination

:KHQ WKH 3UHFKDUJH FRPPDQG LV LVVXHG IRU D EDQN LQ D %XUVW F\FOH� WKH %XUVW RSHUDWLRQ LV WHUPLQDWHG� :KHQ

WKH %XUVW 5HDG F\FOH LV LQWHUUXSWHG E\ WKH 3UHFKDUJH FRPPDQG� UHDG RSHUDWLRQ LV GLVDEOHG DIWHU FORFN F\FOH RI

�&$6 ODWHQF\��� IURP WKH 3UHFKDUJH FRPPDQG �)LJXUH ���� :KHQ WKH %XUVW :ULWH F\FOH LV LQWHUUXSWHG E\ WKH

3UHFKDUJH FRPPDQG� WKH LQSXW FLUFXLW LV UHVHW DW WKH VDPH FORFN F\FOH DW ZKLFK WKH 3UHFKDUJH FRPPDQG LV LVVXHG�

,Q WKLV FDVH� WKH '40 VLJQDO PXVW EH DVVHUWHG ´+LJKµ WR SUHYHQW ZULWLQJ WKH LQYDOLG GDWD WR WKH FHOO DUUD\ �)LJXUH

����

:KHQ WKH %XUVW 6WRS FRPPDQG LV LVVXHG IRU WKH EDQN LQ D )XOO�SDJH %XUVW F\FOH� WKH %XUVW RSHUDWLRQ LV

WHUPLQDWHG� :KHQ WKH %XUVW 6WRS FRPPDQG LV LVVXHG GXULQJ )XOO�SDJH %XUVW 5HDG F\FOH� UHDG RSHUDWLRQ LV

GLVDEOHG DIWHU FORFN F\FOH RI �&$6 ODWHQF\��� IURP WKH %XUVW 6WRS FRPPDQG� :KHQ WKH %XUVW 6WRS FRPPDQG LV

LVVXHG GXULQJ D )XOO�SDJH %XUVW :ULWH F\FOH� ZULWH RSHUDWLRQ LV GLVDEOHG DW WKH VDPH FORFN F\FOH DW ZKLFK WKH

%XUVW 6WRS FRPPDQG LV LVVXHG� �)LJXUH ���
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 7. Mode Register Operation

7KH 0RGH UHJLVWHU GHVLJQDWHV WKH RSHUDWLRQ PRGH IRU WKH 5HDG RU :ULWH F\FOH� 7KLV UHJLVWHU LV GLYLGHG LQWR WKUHH

ILHOGV� $ %XUVW /HQJWK ILHOG WR VHW WKH OHQJWK RI EXUVW GDWD� DQ $GGUHVVLQJ 0RGH VHOHFWHG ELWV WR GHVLJQDWH WKH

FROXPQ DFFHVV VHTXHQFH LQ D %XUVW F\FOH� DQG D /DWHQF\ ILHOG WR VHW WKH DFFHVV WLPH LQ FORFN F\FOH�

7KH 0RGH 5HJLVWHU LV SURJUDPPHG E\ WKH 0RGH 5HJLVWHU 6HW FRPPDQG ZKHQ DOO EDQNV DUH LQ WKH LGOH VWDWH�

7KH GDWD WR EH VHW LQ WKH 0RGH 5HJLVWHU LV WUDQVIHUUHG XVLQJ WKH $�a$��� %6�� %6� LQSXWV� 7KH LQLWLDO YDOXH RI

WKH 0RGH 5HJLVWHU DIWHU SRZHU�XS LV XQGHILQHG� WKHUHIRUH WKH 0RGH 5HJLVWHU 6HW FRPPDQG PXVW EH LVVXHG EHIRUH

SURSHU RSHUDWLRQ�

• %XUVW /HQJWK ILHOG �$�a$��

7KLV ILHOG VSHFLILHV WKH GDWD OHQJWK IRU FROXPQ DFFHVV XVLQJ WKH $�a$� SLQV DQG VHWV WKH %XUVW /HQJWK WR EH

�� �� �� �� ZRUGV� RU IXOO�SDJH�

A2 A1 A0 Burst Length

0 0 0 1 word

0 0 1 2 words

0 1 0 4 words

0 1 1 8 words

1 1 1 Full-Page

• $GGUHVVLQJ 0RGH 6HOHFW �$��

7KH $GGUHVVLQJ 0RGH FDQ EH RQH RI WZR PRGHV� ,QWHUOHDYH PRGH RU 6HTXHQWLDO PRGH� :KHQ WKH $� ELW LV ��

6HTXHQWLDO PRGH LV VHOHFWHG� :KHQ WKH $� ELW LV �� ,QWHUOHDYH PRGH LV VHOHFWHG�

%RWK $GGUHVVLQJ PRGHV VXSSRUW EXUVW OHQJWK RI �� �� � DQG � ZRUGV� $GGLWLRQDOO\� 6HTXHQWLDO PRGH VXSSRUWV

WKH IXOO�SDJH EXUVW�

A3 Addressing Mode

0 Sequential

1 Interleave

&$6
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• $GGUHVVLQJ VHTXHQFH RI 6HTXHQWLDO PRGH

$ FROXPQ DFFHVV LV SHUIRUPHG E\ LQFUHPHQWLQJ WKH FROXPQ DGGUHVV LQSXW WR WKH GHYLFH� 7KH DGGUHVV LV

YDULHG E\ WKH %XUVW /HQJWK DV VKRZQ LQ 7DEOH ��

Table 2. Addressing sequence for Sequential mode

DATA Access Address Burst Length

Data0 n

Data1 n + 1

Data2 n + 2

Data3 n + 3

Data4 n + 4

Data5 n + 5

Data6 n + 6

Data7 n + 7

2 words (Address bits is A0)
not carried from A0 to A1

4 words (Address bits is A1, A0)
not carried from A1 to A2

8 words (Address bits is A2, A1, A0)
not carried from A2 to A3

• $GGUHVVLQJ VHTXHQFH RI ,QWHUOHDYH PRGH

$ FROXPQ DFFHVV LV VWDUWHG IURP WKH LQSXW FROXPQ DGGUHVV DQG LV SHUIRUPHG E\ LQYHUWLQJ WKH DGGUHVV ELWV LQ

WKH VHTXHQFH VKRZQ LQ 7DEOH ��

Table 3. Addressing sequence for Interleave mode

DATA Access Address Burst Length

Data0 A8 A7 A6 A5 A4 A3 A2 A1 A0

Data1 A8 A7 A6 A5 A4 A3 A2 A1 0A

Data2 A8 A7 A6 A5 A4 A3 A2 1A A0

Data3 A8 A7 A6 A5 A4 A3 A2 1A 0A

Data4 A8 A7 A6 A5 A4 A3 2A A1 A0

Data5 A8 A7 A6 A5 A4 A3 2A A1 0A

Data6 A8 A7 A6 A5 A4 A3 2A 1A A0

Data7 A8 A7 A6 A5 A4 A3 2A 1A 0A

2 words

4 words

8 words
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Addressing sequence example (Burst Length = 8 and input address is 13.)

Interleave Mode Sequential Mode
DATA

A8 A7 A6 A5 A4 A3 A2 A1 A0 ADD ADD

Data0 0 0 0 0 0 1 1 0 1 13 13 13

Data1 0 0 0 0 0 1 1 0 0 12 13 + 1 14

Data2 0 0 0 0 0 1 1 1 1 15 13 + 2 15

Data3 0 0 0 0 0 1 1 1 0 14 13 + 3 8

Data4 0 0 0 0 0 1 0 0 1 9 13 + 4 9

Data5 0 0 0 0 0 1 0 0 0 8 13 + 5 10

Data6 0 0 0 0 0 1 0 1 1 11 13 + 6 11

Data7 0 0 0 0 0 1 0 1 0 10 13 + 7 12

calculated using
A2, A1 and A0 bits

not carry from
A2 to A3 bit.

• &$6 /DWHQF\ ILHOG �$�a$��

7KLV ILHOG VSHFLILHV WKH QXPEHU RI FORFN F\FOHV IURP WKH DVVHUWLRQ RI WKH 5HDG FRPPDQG WR WKH ILUVW GDWD UHDG�

7KH PLQLPXP YDOXHV RI &$6 /DWHQF\ GHSHQGV RQ WKH IUHTXHQF\ RI &/.� 7KH PLQLPXP YDOXH ZKLFK VDWLVILHV

WKH IROORZLQJ IRUPXOD PXVW EH VHW LQ WKLV ILHOG�

A6 A5 A4 CAS  Latency

0 1 0 2 clock

0 1 1 3 clock

• 7HVW PRGH HQWU\ ELW �$��

7KLV ELW LV XVHG WR HQWHU 7HVW PRGH DQG PXVW EH VHW WR � IRU QRUPDO RSHUDWLRQ�

• 5HVHUYHG ELWV �$�� $��� $��� $��� %6�� %6��

7KHVH ELWV DUH UHVHUYHG IRU IXWXUH RSHUDWLRQV� 7KH\ PXVW EH VHW WR � IRU QRUPDO RSHUDWLRQ�

• 6LQJOH :ULWH PRGH �$��

7KLV ELW LV XVHG WR VHOHFW WKH ZULWH PRGH� :KHQ WKH $� ELW LV �� %XUVW 5HDG DQG %XUVW :ULWH PRGH DUH

VHOHFWHG� :KHQ WKH $� ELW LV �� %XUVW 5HDG DQG 6LQJOH :ULWH PRGH DUH VHOHFWHG�

A9 Write Mode

0 Burst Read and Burst Write

1 Burst Read and Single Write

Read Cycle CAS  Latency = 3

Command Read

13

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

DQ0~DQ7 Q0 Q1 Q2 Q3 Q4 Q5 Q6 Q7

Address

Data
Address

Interleave mode 13 12 15 14 9 8 11 10

13 14 15 8 9 10 11 12Sequential mode
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 8. Refresh Operation

7ZR W\SHV RI 5HIUHVK RSHUDWLRQ FDQ EH SHUIRUPHG RQ WKH GHYLFH� $XWR 5HIUHVK DQG 6HOI 5HIUHVK� $XWR 5HIUHVK LV

VLPLODU WR WKH &$6 �EHIRUH� 5$6 UHIUHVK RI FRQYHQWLRQDO '5$0V DQG LV SHUIRUPHG E\ LVVXLQJ WKH $XWR 5HIUHVK

FRPPDQG ZKLOH DOO EDQNV DUH LQ WKH LGOH VWDWH� %\ UHSHDWLQJ WKH $XWR 5HIUHVK F\FOH� DOO EDQNV UHIUHVKHG

DXWRPDWLFDOO\� 7KH 5HIUHVK RSHUDWLRQ PXVW EH SHUIRUPHG ���� WLPHV �URZV� ZLWKLQ �� PV �)LJXUH ���� 7KH SHULRG

EHWZHHQ WKH $XWR 5HIUHVK FRPPDQG DQG WKH QH[W FRPPDQG LV VSHFLILHG E\ W5&�

6HOI 5HIUHVK PRGH LV HQWHUHG E\ LVVXLQJ WKH 6HOI 5HIUHVK FRPPDQG �&.( DVVHUWHG ´ORZµ� ZKLOH DOO EDQNV DUH LQ

WKH LGOH VWDWH� 7KH GHYLFH LV LQ 6HOI 5HIUHVK PRGH IRU DV ORQJ DV &.( LV KHOG ´ORZµ� ,Q 6HOI 5HIUHVK PRGH� DOO

LQSXW�RXWSXW EXIIHUV �H[FHSW WKH &.( EXIIHU� DUH GLVDEOHG WR ORZHU SRZHU GLVVLSDWLRQ �)LJXUH ����

,Q WKH FDVH RI ���� EXUVW $XWR 5HIUHVK FRPPDQGV� ���� EXUVW $XWR 5HIUHVK FRPPDQGV PXVW EH SHUIRUPHG

ZLWKLQ ��� µV EHIRUH HQWHULQJ DQG DIWHU H[LWLQJ WKH 6HOI 5HIUHVK PRGH�

,Q WKH FDVH RI GLVWULEXWHG $XWR 5HIUHVK FRPPDQGV� GLVWULEXWHG $XWR 5HIUHVK FRPPDQGV PXVW EH LVVXHG HYHU\

��� µV DQG WKH ODVW GLVWULEXWHG $XWR 5HIUHVK FRPPDQG PXVW EH SHUIRUPHG ZLWKLQ ��� µV EHIRUH HQWHULQJ WKH 6HOI

5HIUHVK PRGH� $IWHU H[LWLQJ IURP WKH 6HOI 5HIUHVK PRGH� WKH UHIUHVK RSHUDWLRQ PXVW EH SHUIRUPHG ZLWKLQ ��� µV�

 9. Power Down Mode

:KHQ WKH GHYLFH HQWHUV WKH 3RZHU 'RZQ PRGH� DOO LQSXW�RXWSXW EXIIHUV �H[FHSW &.( EXIIHU� DUH GLVDEOHG WR

ORZHU SRZHU GLVVLSDWLRQ LQ WKH LGOH VWDWH� 3RZHU 'RZQ PRGH LV HQWHUHG E\ DVVHUWLQJ &.( ´ORZµ ZKLOH WKH GHYLFH LV

QRW UXQQLQJ D %XUVW F\FOH� 7DNLQJ &.( ´KLJKµ H[LW WKLV PRGH� :KHQ &.( JRHV KLJK� D 1R�RSHUDWLRQ FRPPDQG

PXVW EH LQSXW DW QH[W &/. ULVLQJ HGJH RI &/. �)LJXUH ��� DQG &.( VKRXOG EH VHW KLJK DW OHDVW �&/. + W&.6 DW

3RZHU 'RZQ 0RGH ([LW�

 10. CLK suspension and Input/Output Mask

:KHQ WKH GHYLFH LV UXQQLQJ D %XUVW F\FOH� WKH LQWHUQDO &/. LV VXVSHQGHG E\ DVVHUWLQJ &.( ´ORZµ WKH EXUVW

RSHUDWLRQ LV IUR]HQ IURP WKH QH[W F\FOH� $ 5HDG�:ULWH RSHUDWLRQ LV KHOG LQWDFW XQWLO WKH &.( VLJQDO LV WDNHQ

´KLJKµ�

7KH 2XWSXW 'LVDEOH�:ULWH 0DVN VLJQDO �'40� KDV WZR IXQFWLRQV� FRQWUROOLQJ WKH RXWSXW GDWD LQ D 5HDG F\FOH

DQG SHUIRUPLQJ ZRUG PDVN LQ D :ULWH F\FOH� :KHQ WKH '40 LV DVVHUWHG ´KLJKµ DW WKH SRVLWLYH HGJH RI &/.� WKH

RXWSXW GDWD LV GLVDEOHG DIWHU WZR FORFN F\FOHV LQ WKH FDVH RI D 5HDG RSHUDWLRQ DQG WKH ZULWH GDWD LV PDVNHG DW WKH

VDPH FORFN F\FOH LQ WKH FDVH RI D :ULWH RSHUDWLRQ� 7KH WLPLQJ UHODWLRQV EHWZHHQ WKH &.( WLPLQJ DQG '40 DUH

GHVFULEHG LQ )LJXUH �� �D� DQG �� �E��
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Figure 15. Auto Precharge timing (Read cycle)

(1) CAS  Latency = 2

(a) Burst Length = 1

Command Read

DQ

AP Act

Q0

0 1 2 3 4 5 6 7 8 9 10 11 12 13

tRP

(b) Burst Length = 2

Command

DQ

(c) Burst Length = 4

Command

DQ

(d) Burst Length = 8

Command

DQ

(2) CAS  Latency = 3

(a) Burst Length = 1

Command

DQ

(b) Burst Length = 2

Command

DQ

(c) Burst Length = 4

Command

DQ

(d) Burst Length = 8

Command

DQ

Read AP Act

Q0

Read AP Act

Q0

Read

Q0

Read AP Act

Q0

tRP

Read AP Act

Q0

tRP

Read AP Act

Q0

tRP

Read AP Act

tRP

Q0

Q1

Q1 Q2 Q3

AP Act

Q1 Q2 Q3 Q4 Q5 Q6 Q7

Q1

Q1 Q2 Q3

Q1 Q2 Q3 Q4 Q5 Q6 Q7

Note) •        represents the Read with Auto Precharge command.

•        represents the start of internal precharging.

•        represents the Bank Activate command.

• When the Auto Precharge command is asserted, the period from the Bank Activate command to the start of internal
precharging must be at least tRAS (min).

Read

AP

Act

tRP

tRP

tRP
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Figure 16. Auto Precharge timing (Write cycle)

(1) CAS  Latency = 2

(a) Burst Length = 1

Command Write

DQ

AP Act

D0

0 1 2 3 4 5 6 7 8 9 10 11 12 13

tRP

(b) Burst Length = 2

Command

DQ

(c) Burst Length = 4

Command

DQ

(d) Burst Length = 8

Command

DQ

(2) CAS  Latency = 3

(a) Burst Length = 1

Command

DQ

(b) Burst Length = 2

Command

DQ

(c) Burst Length = 4

Command

DQ

(d) Burst Length = 8

Command

DQ

Write AP Act

D0

Write AP Act

D0

Write

D0

Write AP Act

D0

tRP

Write AP Act

D0

tRP

Write AP Act

D0

tRP

Write AP Act

tRP

D0

D1

D1 D2 D3

AP Act

D1 D2 D3 D4 D5 D6 D7

D1

D1 D2 D3

D1 D2 D3 D4 D5 D6 D7

tWR

tWR

tWR

tWR

tWR

tWR

tWR

tWR

Note) •        represents the Write with Auto Precharge command.

•        represents the start of internal precharging.

•        represents the Bank Activate command.

• When the Auto Precharge command is asserted, the period from the Bank Activate command to the start of internal
precharging must be at least tRAS (min).

Write

AP

Act

tRP

tRP

tRP
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Figure 17. Timing chart for Read-to-Write cycle

(1) CAS  Latency = 2

(a) Command Read

DQ

Write

D0

0 1 2 3 4 5 6 7 8 9 10 11 12 13

D1 D2 D3

DQM

In the case of Burst Length = 4

(b) Command Read

DQ

Write

D0 D1 D2 D3

DQM

(2) CAS  Latency = 3

(a) Command Read

DQ

Write

D0 D1 D2 D3

DQM

(b) Command Read

DQ

Write

D0 D1 D2 D3

DQM

Note) • The output data must be masked by DQM to avoid I/O conflict.
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Figure 18. Timing chart for Write-to-Read cycle

(1) CAS  Latency = 2

(a) Command Read

DQ

Write

Q0

0 1 2 3 4 5 6 7 8 9 10 11 12 13

Q1 Q2 Q3

DQM

In the case of Burst Length = 4

(b) Command Read

DQ

Write

D0 D1

DQM

(2) CAS  Latency = 3

(a) Command Read

DQ

Write

DQM

(b) Command Read

DQ

Write

DQM

D0

Q0 Q1 Q2 Q3

Q0 Q1 Q2 Q3D0

D0 D1 Q0 Q1 Q2 Q3
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Figure 19. Timing chart for Burst Stop cycle (Burst stop command)

DQ

BST

Q0

0 1 2 3 4 5 6 7 8 9 10 11 12 13

Q1 Q2 Q3

(1) Read Cycle

(a) CAS  Latency = 2

Command

Read

DQ

BST

(b) CAS  Latency = 3

Command

BST

DQ

Write

(2) Write Cycle

Command

Read

Q4

Q0 Q1 Q2 Q3 Q4

D0 D1 D2 D3 D4

Note) •        represents the Burst stop command.BST
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Figure 20. Timing chart for Burst Stop cycle (Precharge command)

DQ

PRCG

Q0

0 1 2 3 4 5 6 7 8 9 10 11 12

Q1 Q2 Q3

(1) Read Cycle

(a) CAS  Latency = 2

Command

Read

DQ

PRCG

(b) CAS  Latency = 3

Command

PRCGWriteCommand

Read

Q4

Q0 Q1 Q2 Q3 Q4

(2) Write Cycle

(a) CAS  Latency = 2

PRCG

DQM

WriteCommand

D1 D2 D3 D4

(b) CAS  Latency = 3

DQ D0

tWR

Note) •         represents the Precharge command.PRCG

DQ D0 D1 D2 D3 D4

DQM

tWR

In the case of Burst Length = 8
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Figure 21 (a). CKE/DQM Input timing (Write cycle)

(1)

1 2 3 4 5 6 7

DQ

DQM

CKE
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CLK Cycle No.

Internal

CLK

D1

DQM MASK CKE MASK

D2 D3 D5 D6

(3)

1 2 3 4 5 6 7

DQ

DQM

CKE

CLK Cycle No.

D1

CKE MASK

D2 D3 D5 D6D4

(2)

1 2 3 4 5 6 7

DQ

DQM

CKE

CLK Cycle No.

D1

DQM MASK CKE MASK

D2 D3 D5 D6

External

Internal

CLK
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Internal
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Figure 21 (b). CKE/DQM Input timing (Read cycle)

(1)

1 2 3 4 5 6 7

DQ

DQM

CKE

External

CLK Cycle No.

Internal

CLK

Q1 Q2 Q3 Q6

(3)

1 2 3 4 5 6 7

DQ

DQM

CKE

CLK Cycle No.

Q1 Q2 Q4 Q5 Q6

(2)

1 2 3 4 5 6 7

DQ

DQM

CKE

CLK Cycle No.

Q1 Q2 Q3 Q6

Q4 OpenOpen

Q4 Open

Q3

External

Internal

CLK

External

Internal
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PACKAGE DIMENSIONS

Unit: mm


