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Note: After the AUTO refresh operation, precharge operation is
performed automatically and enter the IDLE state
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0 0 0 0 1

13 12 11 10 9 8 5 4 3 2 1 0
JEDEC Standard Test Set

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

Burst Read and Single Write (for Write Through Cache)LTMODE WT BL

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

Burst Read and Burst  Write                 X = Don’t careLTMODE WT BL

Burst length

Bits2 - 0 WT = 1WT = 0

000

001

010

011

100

101

110

111

1

2

4

8

R

R

R

Fullpage

1

2

4

8

R

R

R

R

Wrap type
0

1

Sequential
Interleave

Latency

Bits 6-4 CAS Iatency

000

001

010

011

100

101

110

111

R

R

2

3

R

R

R

R

mode

Remark R : Reserved

7 6

00

1213
xx

13 12
00
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(������-��.�

�����'�5�������� ��H����'�
��������'�5 �����
��=���������'�5���H���%�

6%�
�)���������������'����; ��H���%��6��%')�
; 6��%')�
;

� ���� ����

� ���� ����

(������-�
���

�����'�5�������� ��H����'�
��������'�5 �����
��=���������'�5���H���%�

6%�
�)��������������������'����; ��H���%��6��%')�
; 6��%')�
;

�� ���������/ ���������/

�� ������/��� ������/���

�� ���/������ ���/������

�� /��������� /���������

(������-�%��/�

�����'�5�������� ��H����'�
��������'�5 �����
��=���������'�5���H���%�

6%�
�)��������������������'����; ��H���%��6��%')�
; 6��%')�
;

��� ���������/��0��,��4��8 ���������/��0��,��4��8

��� ������/��0��,��4��8��� ������/�����,��0��8��4

��� ���/��0��,��4��8������ ���/��������4��8��0��,

��� /��0��,��4��8��������� /�����������8��4��,��0

��� 0��,��4��8�����������/ 0��,��4��8�����������/

��� ,��4��8�����������/��0 ,��0��8��4��������/���

��� 4��8�����������/��0��, 4��8��0��,�����/������

��� 8�����������/��0��,��4 8��4��,��0��/���������

A�

���5��������'������O����'���� ��&�����=�����
���� ���H����'�
��������'�5���'�&��&��
��5�&���'�5

,���6 ���?��O�?;������,4�6 ���0�O�4;2
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A12 A13 Result

0 0 Select Bank A
“Activate “ command

0 1 Select Bank B
“Activate” command

1 0 Select Bank C
“Activate” command

1 1 Select Bank D
“Activate” command

0 Disables Auto-Precharge (End of Burst)

1 Enables Auto - Precharge (End of Burst)

(Activate command)

 A0 A1 A2 A3 A4 A5 A6 A7 A8 A9 A10 A11 A12 A13

A10 A12 A13 Result

0 0 0 Precharge Bank A

0 0 1 Precharge Bank B

0 1 0 Precharge Bank C

0 1 1 Precharge Bank D

1 X X Precharge All Banks

A12 A13 Result

0 0 Enables Read/Write 
commands for Bank A

0 1 Enables Read/Write 
commands for Bank B

1 0 Enables Read/Write 
commands for Bank C

1 1 Enables Read/Write 
commands for Bank D

Row

(Precharge command)

 A0 A1 A2 A3 A4 A5 A6 A7 A8 A9 A10 A11 A12 A13Row

(CAS strobes)
 A0 A1 A2 A3 A4 A5 A6 A7 A8 A9 A10 A11 A12 A13Co1.

             X: Don't care



��������������������

�����	
���������	
����

����������	
���
��	���
����	���� �E
��������

�! �(�!% 
7&�����%&��5��%�))����%�������������������')��� ��������6)'�2;�'�����'� '��2

������ �����&�����%&��5��%�))����'�������������&�����%&��5��������'���'����� ��)��������&�����%&��������(���������

�&��'�
��������� �������6)'�2;�'�����'� '��2�7&������)�������(��'���&���')����H�'���������� ��)��&�����%&��5�2

7&�����
'�����')'�5�'���������%�%
���&��������%&��5��%�))����%����������������'�&����
��'�5����������'���&��������'����

 �

���2

    PrechargeE Burst lengh=4

CLK

Command

CAS latency = 2

DQ

Command

CAS latency = 3

DQ

                            

(tRAS is satisfied)

Hi - Z
Q0 Q3Q2Q1

PRE

Q0 Q3Q2Q1

Read

Read

T0 T1 T2 T3 T4 T5 T6 T7

PRE

Hi - Z

��������������'����

����������&��)�)����%�

�%����%�
����&������%&�����������)����������)����������'� '��2�7&������6)'�2;

���%' '%��'����� '�����&�����
'�����')���&��������%&��5��%�))����%��������������2�7&��)'�')�)���)����� �%
�%	��%�����

%�
%�
���������'='�'�5�����6)'�2;��'�&��&��%
�%	�%�%
���')�2

�����))������&�����%&��5��%�))����%�����������������
��'=������&���� ����%��%
�%	��&���'��'%������&��
��������������'�

=�
'�2�����&�� �

��'�5����
���)'����)�����%
�%	���� �����&���� ����%�J��
���)������')��� �����&���� ����%�2

�&�����	�
� �	� 0���	

� �� 3�����66)'�2;

/ �� 3�����66)'�2;
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�%���2�� �����'��&'5&�'���&������������'��

%�))����6(�����'�&���������%&��5��%�))�������*�'����'�&���������%&��5��%�))���;����������%&��5��'����
�%�������

��5'�������)��'%�

�2

����&����'���%�%
�������6)'�2;�)����������'� '����� ����������'�5��&����O���%�'=����%�))��������&�����	���'�5����%&��5��2

*&�����'�5���������%&��5��'���&�������%�%
���	���'�5��&����&�����%&��5���������'��')����������%������&����O���%�'=���

%�))��������&�����	���'�5����%&��5���%����������O�%��������'
��&�����%&��5��%�%
������2�.�%����������%&��5��&��

�������������%�'=����%�))��������&�����	�%���������������� ��������&�����������'� '��2

��(�������*�'���%�))�����'�&��������������%&��5��%���������)'������'���&��)'����� ���������������'��2�<���=������(���

���*�'���%�))�����'�&�����������%&��5��%����������'���������������&����)�����	�%�))������� �����&�����'���������������

�'���'��%�)�
����2�7&��� ��������� ��&����)�����	�(�����*�'�������%&��5����������������%�))����'�����&'�'�������'�5��

����������'���%�%
���'�&�����������%&��5�2�����&��
������������&����&����='%���'

�����������������&������������%&��5��%�)�

)����' ��&����='%��'�����5��))��� ��� �

���5������������������'���%�%
��2

7&���')'�5��&����&����������%&��5��%�%
����5'��������������&�������&��&�����������%�����5��))���'�����&��)������5�

'����������&��&����&��%�%
��'������������'��2

� ���0��(�������! �(�!% 
���'�5���(
����%�%
����&����������%&��5����5'�������%
�%	����
'���6"#�:��;��������%
�%	�����
'���6"#�:�/;��&����&��
��������

������2

�����0��(���������	�����

Burst lengh = 4

CLK

Command

CAS latency = 2

DQ

Command

CAS latency = 3

DQ

Remark READA means READ with AUTO PRECHARGE                        

Hi - Z

Auto precharge starts

QB0 QB3QB2QB1

READA B

READA B

T0 T1 T2 T3 T4 T5 T6 T7

Auto precharge starts

Hi - Z

T8

QB0 QB3QB2QB1

         No New Command to Bank B

        No New Command to Bank B
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���� �����6)'�2;�� �����&��
�������������

'���������&����='%�2

�����))������&����������%&��5��%�%
����5'�����
��'=��������� ����%��%
�%	��&���'��'%������&��
��������������'��=�
'�2�����&�

���
����
����)'����)�����%
�%	���� �����&���� ����%�J��
���)�����%
�%	��� �����&���� ����%�2

�&�����	�
� �	� 0���	

� �� 3�����66)'�2;

/ �� 3�����66)'�2;

*�
���0��(���������	����

Burst lengh = 4

CLK

Command

CAS latency = 2

DQ

Command

CAS latency = 3

DQ

Remark WRITA means WRITE with AUTO Precharge                        

Hi - Z

DB0 DB3DB2DB1

WRITA B

WRITA B

T0 T1 T2 T3 T4 T5 T6 T7

Hi - Z_

T8

tDPL

tDPL

DB0 DB3DB2DB1

AUTO PRECHARGE starts

AUTO PRECHARGE starts
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�	� �����	� ������� ����	�1��

���'�5��������%�%
���&��������������%�))����'������������'���'

�����  �%�'=��� �����&��"���
����%����=���' ��&�����='����
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�%&������%�))����%���������������'���=����%
�%	��'�&�������������'%�'��2

0���	����0���	������� ����	�1��

���'�5�����'���%�%
����&���������*�'���%�))����'�������������&�����='�����������'

����)'�����������&�������������'

���5'�

�'�&���������'���%�))���2�*(�7
��'

����'������������������&���*(�7
2


�%&���'���%�))����%���������������'���=����%
�%	��'�&�������������'%�'��2

�������������	�""����
�� !2�#

Burst lengh=4, CAS latency=2

CLK

Command

DQ QA0 QB2QB1QB0

Read A

T0 T1 T2 T3 T4 T5 T6 T7

Hi-Z_

T8

1 cycle

QB3

Read B

Burst lengh=4, CAS latency=2

CLK

Command

DQ QA0 QB2QB1QB0

Write A

T0 T1 T2 T3 T4 T5 T6 T7

Hi-Z_

T8

1 cycle

QB3

Write B

*�
������*�
���	�""����
�� !2�#
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�'���
�����)'�')�)�� ���%�%
�2�.�
���&����'���������� �����&�������%�))���

�'

������'����2�7&�����������)�������<'�P����
���������%�%
����'�������&�� '�����
��2

*�
�����������	�""����
�� !2�#

Burst lengh=4

CLK

Command

CAS latency=2

DQ

Command

CAS latency=3

DQ

                       

QB0 QB3QB2QB1

WRITE A

Write A

T0 T1 T2 T3 T4 T5 T6 T7 T8

QB0 QB3QB2QB1

1 cycle

Read B

DA0

Read B

DA0
Hi-Z

Hi-Z

� ������*!�� �	�""����
�� !2�#
���'�5��������%�%
���(
���%������'��������������*(�7
2

����)�������'��<'5&����
�����/�%
�%	����'�������&����'���%�))���2�7&����'���������'%�'�������=�'���������%�� 
'%�2�7&������

����)�������<'�P���'�5������� ����*�'��2
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CAS latency=2

CLK

Command

DQM

DQ Hi-Z D0 D3D2D1

Read

T0 T1 T2 T3 T4 T5 T6 T7 T8

1 cycle

Write

Burst length=8,  CAS latency=2

CLK

Command

DQM

DQ Q0

Read

T0 T1 T2 T3 T4 T5 T6 T7 T8

Write

T9

necessary

Q2Q1 D0 D2D1

Hi-Z is

example: Burst length=4,  CAS latency=3

CLK

Command

DQM

DQ

Read

T0 T1 T2 T3 T4 T5 T6 T7 T8

Write

necessary

D0 D2D1Hi-Z is
Q2
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%�))���������&����&���'���&�����%&��5��%�))���2

�����������	�""���
���'�5����������������&����&�������������%�))����'��'��������&�������������������������)'�����������&�����������5������

&'5&�')�����%��� �����&��"���
����%�� ��)��&�������������%�))���2

���'�5�����'�����������&����&�������������%�))����'��'��������&����������'���������������)�'�����������������5�������<'�

P�����&����)��%
�%	��'�&��&�������������%�))���2

��!���� !"�������

Burst lengh=X, CAS Intency=2,3

CLK

Command

CAS latency=2
DQ

CAS latency=3

DQ

Q0 Q2Q1

Read

T0 T1 T2 T3 T4 T5 T6 T7

BST

Hi-Z

Q0 Q2Q1
Hi-Z

�	���2���7K������������%�))���

�	���2���7K�������%�))���

Burst lengh=X, CAS latency=2,3

CLK

Command

CAS latency=2,3

DQ
Q0 Q2Q1

Write

T0 T1 T2 T3 T4 T5 T6 T7

BST

Hi-Z_
Q0
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�
���������	)�# 
���'�5�(
���%�%
����&�������������������'���'�����)'��������������%&��5��%�))���2

*&����&�����%&��5��%�))����'��'��������&�������������������'���'�����)'�������������%&��5��������2

7&����)�����	�%�������%�'=������5�'��� ������(�� ��)��&�����%&��5��%�))���2

*&���"���
����%��'������&�������������'

���)�'��=�
'�����'
�����%
�%	�� �����&�����%&��5��%�))���2

*&���"���
����%��'��/���&�������������'

���)�'��=�
'�����'
�����%
�%	��� �����&�����%&��5��%�))���2

�! �(�!% �� !"����������������	)�# 

Burst lengh= X

CLK

Command

CAS latency=2

DQ
Hi-Z

Read

T0 T1 T2 T3 T4 T5 T6 T7 T8

PRE ACT

DQ

Read PRE ACT

tRPCAS latency=3

Q0 Q3Q2Q1
Hi-Z

Q0 Q3Q2Q1

command

tRP
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*&����&�����%&��5��%�))����'��'��������&����������'���������'���'�����)'�������������%&��5��������2

7&����)�����	�%�������%�'=������5�'��� �������� ��)��&�����%&��5��%�))���2�7&������)�������&'5&����)��	

'�=�
'�������'�2

���'�5�*(�7
�%�%
����&����'����������'�������'�������&�����%&��5��%�))�����'

����%����%�
��������2�<���=����'�=�
'�

�����)��������'���������&����)��%
�%	�����&�����%&��5��%�))���2�7�����=�����&'�� ��)�&�����'�5������)�������&'5&

����&����)��%
�%	�����&�����%&��5��%�))���2�7&'���'

�)��	��&��'�=�
'������2

���	����������
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�
����*�
���	)�# 

Burst lengh = X

CLK

Command

CAS latency = 2

DQM

Hi - Z

Write

T0 T1 T2 T3 T4 T5 T6 T7 T8

tRP

PRE ACT

DQ

Write PRE ACT

tRP

CAS latency = 3

Hi - Z

D0 D3D2D1

D0 D3D2D1

DQM

D4

D4

command

DQ
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   T0           T1          T2          T3          T4           T5          T6           T7          T8           T9         T10
                                     

CLK

CKE

CS

RAS

CAS

WE

BS0,1

A10

ADD

DQM

DQ

CommandMode Register
SetCommand

All Banks

Precharge
Command

tRP

tRSC

Hi-Z

Address Key

��� �� %��� !�� �



��������������������

�����	
���������	
����

����������	
���
��	���
����	���� �E
��������

�	���!�" � !��$�!�*!�� ���"��%�+3��$�4-

���:M#M�����	�"���:���
�

T0   T1   T2   T3   T4   T5    T6   T7   T8    T9  T10  T11 T12 T13 T14 T15 T16 T17  T18 T19 T20 T21 T22    

tCH

tCL

tCKS

tCMS

tCMH

tAS
tAH

Begin Auto Precharge
Bank A

Begin Auto Precharge
Bank B tCKH

tCK2

CLK

CKE

CS

RAS

CAS

WE

*BS0

A10

ADD

DQM

DQ
tRCD

tRRD

tRC

tDAL

QAa0 QAa1 QAa2 QAa3 QBa0 QBa1 QBa2 QBa3 QAb0 QAb1 QAb2 QAb3

Activate
Command
Bank A

Write with
Auto Precharge
    Command
        Bank A

Activate
Command
Bank B

Write with
Auto Precharge
    Command
        Bank B

Activate
Command
Bank A

Write without
Auto Precharge
Command
Bank A

tDS

t
DH

tDPL RPt

Precharge
Command
Bank A

Activate
Command
Bank A

Burst Length=4, CAS Latency=2

       

Activate
Command
Bank B
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T0   T1   T2   T3   T4   T5   T6   T7   T8   T9  T10 T11  T12 T13 T14  T15 T16 T17 T18 T19 T20 T21 T22 T23   

tCH
tCL

tCKS

tCMS

tCMH

tAS
tAH

Begin Auto Precharge
Bank A

Begin Auto Precharge
Bank B tCKH

tCK3

CLK

CKE

CS

RAS

CAS

WE

A10

ADD

DQM

DQ

tRCD

tRRD

RC

tDAL

QAa0 QAa1 QAa2 QAa3 QBa0 QBa1 QBa2 QBa3 QAb0 QAb1 QAb2 QAb3

Activate
Command
Bank A

Write with
Auto Precharge
    Command
        Bank A

Activate
Command
Bank B

Write with
Auto Precharge
    Command
        Bank B

Activate
Command
Bank A

Write without
Auto Precharge
Command
Bank A

tDS

t
DH

tDPL RPt

Precharge
Command
Bank A

Activate
Command
Bank A

Burst Length=4, CAS Latency=3,4

       

*BS0
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T0        T1       T2       T3       T4       T5       T6       T7       T8       T9       T10      T11     T12     T13

CLK

CKE

CS

RAS

CAS

WE

A10

ADD

DQM

DQ

Burst Length=2, CAS Latency=2

tCH tCL tCK2

Begin Auto
Precharge

        Bank B

t
CKH

tCKS

tCMS
tCMH

tAH
tAS

tRRD
tRAS

tRC

tRCD

tAC2
tLZ tOH

tAC2
tOH

tHZ tRP
tHZ

Hi-Z

Activate
Command 
Bank A

Read
Command
Bank A

Activate
Command
Bank B

Read with
Auto Precharge

Bank B

Precharge
Command
Bank A

Activate
Command
Bank A

QAa0 QAa1 QBa0 QBa1

Command

*BS0
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  T0      T1     T2      T3      T4     T5      T6      T7     T8      T9     T10   T11    T12    T13   T14    T15

CLK

CKE

CS

RAS

CAS

WE

A10

ADD

DQM

DQ

Burst Length=2, CAS Latency=3

tLZ tHZ

Hi-Z

Activate
Command 
Bank A

Read
Command
Bank A

Activate
Command
Bank B

Read with
Auto Precharge

Bank B

Precharge
Command
Bank A

Activate
Command
Bank A

tCHtCL

tCKS

tCK3

tCMS

tCMH

tAH
tAS

t
RRD

t
RAS

t
RC

t
RP

t
RCD

tAC3
tOH

tAC3

QAa0 QAa1 QBa0 QBa1

tOH

tHZ

Command

tCKH

Begin Auto
Precharge
Bank B

*BS0
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T0   T1   T2   T3   T4   T5   T6   T7    T8   T9  T10 T11 T12 T13 T14  T15 T16 T17 T18 T19 T20 T21 T22   

CLK

CKE

CS

RAS

CAS

WE

A10

ADD

DQM

DQ

High level
is required Minimum of 8 Refresh Cycles are required

t
RSC

t
RP

High Level is Necessary

t
RC

Address Key

Inputs 

be stable
  for 200us

Precharge

All Banksmust 
Command

1st Auto

Command
Refresh

2nd Auto 
Refresh
Command

Mode 
Set Command

CommandRegister

Hi-Z

BS0, 1
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T0   T1   T2   T3   T4   T5   T6   T7    T8   T9  T10 T11 T12 T13 T14  T15 T16 T17 T18 T19 T20 T21 T22   

CLK

CKE

CS

RAS

CAS

WE

A10

ADD

DQM

DQ

t
HZ

Activate 

Bank A
Command 

Read

Bank A
Command

Clock

2 Cycles

Hi-Z 
QAa0 QAa1 QAa2 QAa3

RAa CAa

RAa

t
CK2

Clock
Suspended

1 Cycle
Suspended

Clock

3 Cycles
Suspended

Burst  Length=4, CAS Latency=2

*BS0
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T0   T1   T2   T3   T4   T5   T6   T7    T8   T9 T10  T11 T12 T13 T14 T15 T16  T17 T18 T19 T20 T21 T22   

CLK

CKE

CS

RAS

CAS

WE

A10

ADD

DQM

DQ

t
HZ

Activate 

Bank A
Command 

Read

Bank A
Command

Clock

2 Cycles

Hi-Z 
QAa0 QAa1 QAa2 QAa3

RAa

RAa

t
CK3

Clock
Suspended

1 Cycles
Suspended

Clock

3 Cycles
Suspended

Burst Length=4, CAS Latency=3

CAa

*BS0
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T0   T1   T2   T3   T4   T5   T6   T7    T8   T9  T10 T11 T12 T13 T14 T15 T16  T17 T18 T19 T20 T21 T22   

CLK

CKE

CS

RAS

CAS

WE

A10

ADD

DQM

DQ

Activate 

Bank A
Command 

Write

Bank A
Command

Clock

2 Cycles

Hi-Z 

RAa CAa

RAa

t
CK2

Clock
Suspended

1 Cycle
Suspended

Clock

3 Cycles
Suspended

Burst Length=4, CAS Latency=2

DAa0 DAa1 DAa2 DAa3

*BS0
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T0   T1   T2   T3   T4   T5   T6    T7    T8  T9  T10  T11 T12 T13 T14 T15 T16  T17 T18 T19 T20 T21 T22   

CLK

CKE

CS

RAS

CAS

WE

A10

ADD

DQM

DQ

RAa

RAa

t
CK3

Burst  Length=4, CAS Latency=3

CAa

Activate 

Bank A
Command 

Write

Bank A
Command

Clock

2 Cycles

Hi-Z 

Clock
Suspended

1 Cycle
Suspended

Clock

3 Cycles
Suspended

DAa0 DAa1 DAa2 DAa3

*BS0
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T0   T1   T2   T3   T4   T5   T6   T7    T8   T9  T10 T11 T12 T13 T14 T15 T16  T17 T18 T19 T20 T21 T22   

CLK

CKE

CS

RAS

CAS

WE

A10

ADD

DQM

DQ

RAa

RAa

t
CK2

Burst  Length=4,  CAS  Latency=2

Activate 

Bank A
Command 

Power Down
Mode   Entry

Power Down

Bank A

Hi-Z 

ACTIVE
STANDBY Read

Clock Mask

CAa

t
CKS

t
CKH

VALID

t
CKS

RAa

QAa0 QAa1 QAa2

Mode   Exit

Command

Start
Clock Mask

End

Precharge
Command

Power Down
Mode   Entry

Precharge
Standby

Power

Mode 
 Down

Exit
Command

*BS0

QAa3
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T0   T1   T2   T3   T4   T5   T6   T7    T8   T9  T10 T11 T12 T13 T14 T15 T16  T17 T18 T19 T20 T21 T22   

CLK

CKE

CS

RAS

CAS

WE

A10

ADD

DQM

DQ

t
CK2

Burst  Length=4,  CAS  Latency=2

Precharge

All Banks
Command 

CBR Refresh

Hi-Z 

CBR Refresh
Command

Activate
Command

Read

RAa

CAaRAa

Q0 Q1 Q2 Q3

  Command
Command

t
RP

t
RC

t
RC

*BS0, 1
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T0   T1   T2   T3   T4   T5   T6   T7    T8   T9  T10 T11 T12 T13 T14 T15 T16  T17 T18 T19 T20 T21 T22   

CLK

CKE

CS

RAS

CAS

WE

A10

ADD

DQM

DQ

t
SRX

All Banks Self refresh

Hi-Z 

Self Refresh
Exit Self Refresh  Entry

Exit

t
RC

t
CKS

t
SRX t

CKS

t
RC

must be idle
Self Refresh

Entry
Activate
Command

CLK can be Stopped**

*BS0
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T0   T1   T2   T3   T4   T5   T6   T7    T8   T9  T10 T11 T12 T13 T14 T15 T16  T17 T18 T19 T20 T21 T22   

CLK

CKE

CS

RAS

CAS

WE

A10

ADD

DQM

DQ

t
CK2

Burst  Length=4, CAS Latency=2

Precharge

Bank A
Command 

Read

Hi-Z 

Activate Read

RAa

QAd0

  Command Command

RAa CAa 

RAa 

CAb CAc 

RAd

RAd CAd

QAa0 QAa1 QAa2 QAa3 QAb0 QAb1 QAc0 QAc1 QAc2 QAc3 QAd1 QAd2 QAd3

Bank A

Read
  Command

Bank A

Read
  Command

Bank A

Precharge
  Command

Bank A Bank A
Command
Bank A

*BS0
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T0   T1   T2   T3   T4   T5   T6   T7    T8   T9  T10 T11 T12 T13 T14 T15 T16  T17 T18 T19 T20 T21 T22   

CLK

CKE

CS

RAS

CAS

WE

A10

ADD

DQM

DQ

t
CK3

Burst  Length=4, CAS  Latency=3

Activate

Bank A
Command 

Read

Hi-Z 

Activate Read
  Command Command

RAa CAa CAb CAc RAd CAd

QAc2 QAc3QAa0 QAa1 QAa2 QAa3 QAb0 QAb1 QAc0 QAc1

Bank A

Read
  Command

Bank A

Precharge
  Command

Bank A Bank A
Command
Bank A

RAd

Read
  Command

Bank A

RAa 

 *BS0
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T0   T1   T2   T3   T4   T5   T6   T7    T8   T9  T10 T11 T12 T13 T14 T15 T16  T17 T18 T19 T20 T21 T22   

CLK

CKE

CS

RAS

CAS

WE

A10

ADD

DQM

DQ

t
CK2

Burst  Length=4, CAS  Latency=2

Activate

Bank B
Command 

Write

Hi-Z 

Activate Write
  Command Command

 Ra  Ca 

 Ra 

 Cb  Cc  Rd  Cd

 Dc2  Dc3Da1 Da2 Da3 Db0 Db1  Dc0  Dc1

Bank B

Write
  Command

Bank B

Precharge
  Command

Bank B Bank B
Command
Bank B

Write
  Command

Bank B

 Rd

 Dd2  Dd3 Dd0  Dd1Da0

*BS0
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T0   T1   T2   T3   T4   T5   T6   T7    T8   T9  T10 T11 T12 T13 T14 T15 T16  T17 T18 T19 T20 T21 T22   

CLK

CKE

CS

RAS

CAS

WE

A10

ADD

DQM

DQ

t
CK

Burst  Length=4, CAS Latency=3

Activate

Bank B
Command 

Write

Hi-Z 

Activate
  Command

 Ra  Ca 

 Ra 

 Cb  Cc  Cd Rd

Bank B

Write
  Command

Bank B

Precharge
  Command

Bank B
Command
Bank B

Write
  Command

Bank B

 Rd

Write
Command
Bank B

Dc2 Dc3Da1 Da2 Da3 Db0 Db1 Dc0 Dc1Da0 Dd0 Dd1

 *BS0
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T0   T1   T2   T3   T4   T5   T6   T7    T8   T9  T10 T11 T12 T13 T14 T15 T16  T17 T18 T19 T20 T21 T22   

CLK

CKE

CS

RAS

CAS

WE

A10

ADD

DQM

DQ

t
CK2

Burst Length=8, CAS Latency=2

Activate

Bank B
Command 

Read

Hi-Z 

  Command

QAa0 QAa1QBa1 QBa2 QBa3 QBa4 QBa5 QBa6 QBa7

Bank B

Activate
  Command

Bank A

Active
  Command

Bank B

Read
  Command

Bank A

QBb1QBb0QBa0

Read
Command
Bank B

QAa3 QAa4 QAa5 QAa6 QAa7QAa2

Precharge
  Command

Bank B

t
RCD

t
AC2 t

RP

High

 *BS0
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T0   T1   T2   T3   T4   T5   T6   T7    T8   T9  T10 T11 T12 T13 T14 T15 T16  T17 T18 T19 T20 T21 T22   

CLK

CKE

CS

RAS

CAS

WE

A10

ADD

DQM

DQ

t
CK3

Burs tLength=8, CAS Latency=3

Activate

Bank B
Command 

Read

Hi-Z 

  Command

QAa0 QAa1QBa1 QBa2 QBa3 QBa4 QBa5 QBa6 QBa7

Bank B

Activate
  Command

Bank A

Precharge
  Command

Bank B

QBb0QBa0

Read
Command
Bank B

QAa3 QAa4 QAa5 QAa6 QAa7QAa2

Read
  Command

Bank A

t
RCD

t
AC3 t

RP

High

Activate

Bank B
  Command

Precharge
Command

Bank A

*BS0



��������������������

�����	
���������	
����

����������	
���
��	���
����	���� 08
��������

�����"���0�*!�� �+
�� !# �2��%����.�-�+3��$�4-

���:M#M�����	�"���:���
�

T0   T1   T2   T3   T4   T5   T6   T7    T8   T9  T10 T11 T12 T13 T14 T15 T16  T17 T18 T19 T20 T21 T22   

CLK

CKE

CS

RAS

CAS

WE

A10

ADD

DQM

DQ

t
CK2

Burst  Length=8, CAS Latency=2

Activate

Bank A
Command 

Write

Hi-Z 

  Command

QBa0 QBa1QAa1 QAa2 QAa3 QAa4 QAa5 QAa6 QAa7

Bank A

Activate
  Command

Bank B

Active
  Command

Bank A

Write
  Command

Bank B

QAb3QAb2QAa0

Write
Command
Bank A

QBa3 QBa4 QBa5 QBa6 QBa7QBa2

Precharge
  Command

Bank A

t
RCD

t
RP

High

t
DPL

QAb0 QAb1 QAb4

Precharge
Command
Bank B

 *BS0
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T0   T1   T2   T3   T4   T5   T6   T7    T8   T9  T10 T11 T12 T13 T14 T15 T16  T17 T18 T19 T20 T21 T22   

CLK

CKE

CS

RAS

CAS

WE

A10

ADD

DQM

DQ

t
CK

Burst  Length=8, CAS Latency=3

Activate

Bank A
Command 

Write

Hi-Z 

  Command

QAa7 QBa0QAa0 QAa1 QAa2 QAa3 QAa4 QAa5 QAa6

Bank A

Activate
  Command

Bank B

QAb2QAb1

Activate
Command

Bank A

QBa2 QBa3 QBa4 QBa5 QBa6QBa1

Write
  Command

Bank B

RBa 

t
RP

High

t
DPL

t
DPL

QBb7 QAb0 QAb3

Write
Command

Bank A

Precharge
  Command

Bank A

Precharge
Command
Bank B

 *BS0
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T0   T1   T2   T3   T4   T5   T6   T7    T8   T9  T10 T11 T12 T13 T14 T15 T16  T17 T18 T19 T20 T21 T22   

CLK

CKE

CS

RAS

CAS

WE

A10

ADD

DQM

DQ

t
CK2

Burst  Length=4, CAS Latency=2

Activate

Bank A
Command 

Write

Hi-Z 

  Command

DAb3 QAc0QAa0 QAa1 QAa2 QAa3 DAb0 DAb1

Bank A

Write
  Command

Bank A

Read
Command

Bank A

QAc3QAc1

The Read Data

 

The Write Data
is Masked with a 

Zero Clock

RAa 

RAa CAb CAc CAa 

latency

is Masked with
Two Clocks

Latency

  *BS0
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T0   T1   T2   T3   T4   T5   T6   T7   T8  T9   T10  T11 T12 T13 T14 T15 T16  T17 T18 T19 T20 T21 T22   

CLK

CKE

CS

RAS

CAS

WE

A10

ADD

DQM

DQ

t
CK3

Burst  Length=4, CAS Latency=3

Activate

Bank A
Command 

Read

Hi-Z 

  Command

DAb3 QAc0QAa0 QAa1 QAa2 QAa3 DAb0 DAb1

Bank A

Write
Command

Bank A

QAc3QAc1

The Read Data

 

The Write Data
is Masked with a 

Zero Clock

RAa 

Latency

is Masked with
  Two Clock

Latency

RAa 

CAb CAa CAc 

Read
Command
Bank A

*BS0
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T0   T1   T2   T3   T4   T5   T6   T7   T8  T9   T10  T11 T12 T13 T14 T15 T16  T17 T18 T19 T20 T21 T22   

CLK

CKE

CS

RAS

CAS

WE

A10

ADD

DQM

DQ

t
CK2

Burst Length=4, CAS Latency=2

Activate

Bank A
Command 

Read

Hi-Z 

  Command

QBb1 QBd0QAa0 QAa1 QAa2 QAa3 QBa0 QBa1

Bank A

Read
Command
Bank B

QBd2QBd1

Precharge

  Ra  Ra 

 Ra  Cb  Ra  Ca  Cb  Cc  Cb  Cd 

QAb1QBc0 QBc1 QBd3

Activate
  Command

Bank B

Read
  Command

Bank B

QBb0 QAb0

Read
  Command

Bank B

Read
Command
Bank A

Read
Command
Bank B

Precharge
Command
Bank A

Command
Bank B

t
RCD

t
AC2

*BS0
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T0   T1   T2   T3   T4   T5   T6   T7   T8  T9   T10  T11 T12 T13 T14 T15 T16  T17 T18 T19 T20 T21 T22   

CLK

CKE

CS

RAS

CAS

WE

A10

ADD

DQM

DQ

t
CK3

Burst Length=4, CAS Latency=3

Activate

Bank A
Command 

Hi-Z 
QBb1 QAb2QAa0 QAa1 QAa2 QAa3 QBa0 QBa1 QAb3

Precharge

 Ra  Ra 

 Ra  Ca  Ra  Ca  Cb  Cc  Cb

QAb1QBc0 QBc1

Read
  Command

Bank A

Read
  Command

Bank B

QBb0 QAb0

Read
  Command

Bank B

Read
Command
Bank B

Read
Command
Bank A

Precharge
Command
Bank B

Command
Bank A

tRRD

Activate
  Command

Bank B

t
RCD t

AC3

*BS0
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T0   T1   T2   T3   T4   T5   T6   T7   T8  T9   T10  T11 T12 T13 T14 T15 T16  T17 T18 T19 T20 T21 T22   

CLK

CKE

CS

RAS

CAS

WE

A10

ADD

DQM

DQ

t
CK2

Burst Length=4, CAS Latency=2

Activate

Bank A
Command 

Hi-Z 
DBb1 DBd0DAa0 DAa1 DAa2 DAa3 DBa0 DBa1 DBd1

Precharge

 Ra  Ra 

 Ra  Ca  Ra  Ca  Cb  Cc  Cb

DAb1DBc0 DBc1

Write
  Command

Bank A

Write
  Command

Bank B

DBb0 DAb0

  Command
Write

Command
Bank B

Write
Command
Bank A

Precharge
Command
Bank A

Command
Bank B

tRRD

Activate
  Command

Bank B

t
RCD tRP

 Cb

DBd2 DBd3

Write

Bank B

t
DPL

Write
Command
Bank B

 *BS0
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T0   T1   T2   T3   T4   T5   T6   T7   T8  T9   T10  T11 T12 T13 T14 T15 T16  T17 T18 T19 T20 T21 T22   

CLK

CKE

CS

RAS

CAS

WE

A10

ADD

DQM

DQ

t
CK3

Burst Length=4, CAS Latency=3

Activate

Bank A
Command 

Hi-Z 
QBb1 QBd0QAa0 QAa1 QAa2 QAa3 QBa0 QBa1 QBd1

Precharge

 Ra  Ra 

 Ra  Ca  Ra  Ca  Cb  Cc  Cb

QAb1QBc0 QBc1

Write
  Command

Bank A

Write
  Command

Bank B

QBb0 QAb0

Write
  Command

Bank B

Write
Command
Bank B

Write
Command
Bank A

Write
Command
Bank B

Command
Bank A

tRRD

Activate
  Command

Bank B

t
RCD

 Cd

t
DPL

t
RP

QBd2 QBd3

tDPL

Precharge
Command

Bank B

*BS0
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T0   T1   T2   T3   T4   T5   T6   T7   T8  T9   T10  T11 T12 T13 T14 T15 T16  T17 T18 T19 T20 T21 T22   

CLK

CKE

CS

RAS

CAS

WE

A10

ADD

DQM

DQ

t
CK2

Burst Length=4, CAS Latency=2

Activate

Bank A
Command 

Hi-Z 
QBa3 QBb0QAa0 QAa1 QAa2 QAa3 QBa0 QBa1 QBb1

Read with

 Ra  Ra 

 Ca  Ra  Ca  Cb  Rb  Cb

QAb3QAb0 QAb1

Activate
  Command

Bank B

QBa2 QAb2

Read with

  Command
Bank A

Activate
Command
Bank B

Read with

Command
Bank B

Activate
Command
Bank A

Command
Bank A

Read with
Auto Precharge

Bank B

 Rc

QBb2 QBb3

 Rb  Rc 

 Ra  Cc

QAc0 QAc2

Read

Bank A
Command 

Command

QAc1

Auto Precharge

Auto Precharge

Auto Precharge

Start Auto Precharge
Bank B

Start Auto Precharge
Bank A

Start Auto Precharge
Bank B

High

*BS0
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T0   T1   T2   T3   T4   T5   T6   T7   T8  T9   T10  T11 T12 T13 T14 T15 T16  T17 T18 T19 T20 T21 T22   

CLK

CKE

CS

RAS

CAS

WE

A10

ADD

DQM

DQ

t
CK3

Burst Length=4, CAS Latency=3

Activate

Bank A
Command 

Hi-Z 
QBa3QAa0 QAa1 QAa2 QAa3 QBa0 QBa1

 Ra  Ra 

 Ra 

QAb3QAb0 QAb1

Read
  Command

Bank A

Read with

  Command
Bank B

QBa2 QAb2

Command
Bank A

Activate
  Command

Bank B

QBb0

 Ra  Ca  Ca RBb  Cb 

Auto Precharge

Start Auto Precharge
Bank B

Start Auto 

Bank A

Start Auto Precharge
Bank B

High

 Rb

 Cb

QBb1 QBb2

Activate
Command

Bank B

Write with

Auto Precharge
Auto precharge 

Command
Bank B

Read with

 Rb

Precharge

 *BS0
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T0   T1   T2   T3   T4   T5   T6   T7   T8  T9   T10  T11 T12 T13 T14 T15 T16  T17 T18 T19 T20 T21 T22   

CLK

CKE

CS

RAS

CAS

WE

A10

ADD

DQM

DQ

t
CK2

Burst Length=4, CAS Latency=2

Activate

Bank A
Command 

Hi-Z 
QBa3 QBb0QAa0 QAa1 QAa2 QAa3 QBa0 QBa1 QBb1

 Ra  Ra 

 Ra 

QAb3QAb0 QAb1

Write
  Command

Bank A

Write with

  Command
Bank B

QBa2 QAb2

Write with

Command
Bank A

Activate
Command
Bank B

Write with

Command
Bank B

Activate
  Command

Bank B

QBb2 QBb3

 Rb 

 Ra  Ca  Cb Ca  Rb  Cb 

Auto Precharge Auto Precharge

Auto Precharge

Start Auto Precharge
Bank B

Start Auto Precharge
Bank A

Start Auto Precharge
Bank B

High

 Rc

 Rc  Cc

QAc0 QAc1 QAc2 QAc3

Activate
Command

Bank A
Write with

Auto Precharge
Bank A

Start Auto
Precharge

Bank A

 *BS0
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T0   T1   T2   T3   T4   T5   T6   T7   T8  T9   T10  T11 T12 T13 T14 T15 T16  T17 T18 T19 T20 T21 T22   

CLK

CKE

CS

RAS

CAS

WE

A10

ADD

DQM

DQ

t
CK3

Burst Length=4, CAS Latency=3

Activate

Bank A
Command 

Hi-Z 
QBa3QAa0 QAa1 QAa2 QAa3 QBa0 QBa1

 Ra  Ra 

 Ra 

QAb3QAb0 QAb1

Read
  Command

Bank A

Read with

  Command
Bank B

QBa2 QAb2

Command
Bank A

Activate
  Command

Bank B

QBb0

 Ra  Ca  Ca RBb  Cb 

Auto Precharge

Start Auto Precharge
Bank B

Start Auto 

Bank A

Start Auto Precharge
Bank B

High

 Rb

 Cb

QBb1 QBb2

Activate
Command

Bank B

Write with

Auto Precharge
Auto precharge 

Command
Bank B

Read with

 Rb

Precharge

QBb3

*BS0
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T0   T1   T2   T3   T4   T5   T6   T7    T8   T9  T10 T11 T12 T13 T14 T15 T16  T17 T18 T19 T20 T21 T22   

CLK

CKE

CS

RAS

CAS

WE

A10

ADD

DQM

DQ

t
CK2

Burst Length=Full Page, CAS Latency=2

Activate

Bank A
Command 

Read

Hi-Z 

  Command

 Ra 

QAa+1

Bank A

The burst counter wraps Burst Stop 

Read
  Command

Bank B

QAa

Full page burst operation does not

 Ra  Ca  Rb 

t
RP

High

Activate
Command
Bank B

 Ra  Rb 

 Ca 

QAa+2 QAa-2 QAa-1 QAa QAa+1 QBa QBa+1 QBa+2 QBa+3 QBa+4 QBa+51QBa+6

Activate
  Command

Bank B

from the highest order
page address back to zero
during this time interval

terminate when the burst length is 
satisfied; the burst counter
increments and continues bursting
beginning with the starting address

Command

Precharge
Command 
Bank B

 Ra 

*BS0
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T0   T1   T2   T3   T4   T5   T6   T7    T8   T9  T10 T11 T12 T13 T14 T15 T16  T17 T18 T19 T20 T21 T22   

CLK

CKE

CS

RAS

CAS

WE

A10

ADD

DQM

DQ

t
CK3

Burst Length=Full Page, CAS Latency=3

Activate

Bank A
Command 

Read

Hi-Z 

  Command

 Ra 

QAa+1

Bank A

The burst counter wraps Burst Stop 

Read
  Command

Bank B

QAa

Full page burst operation

 Ra  Ca  Rb 

High

Activate
Command
Bank B

 Ra  Rb 

 Ca

QAa+2 QAa-2 QAa-1 QAa QAa+1 QBa0 QBa+1 QBa+2 QBa+3 QBa+4 QBa+5

Activate
  Command

Bank B

from the highest order
page address back to zero
during this time interval

Command

Precharge
Command 
Bank B

does not teminate when
the burst length is satisfied; 
the burst counter increments
and continues bursting 
beginning with the starting 
address

 Ra

 *BS0
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T0   T1   T2   T3   T4   T5   T6   T7    T8   T9  T10 T11 T12 T13 T14 T15 T16  T17 T18 T19 T20 T21 T22   

CLK

CKE

CS

RAS

CAS

WE

A10

ADD

DQM

DQ

t
CK2

Burst Length=Full Page, CAS Latency=2

Activate

Bank A
Command 

Write

Hi-Z 

  Command

 Ra 

QAa+1

Bank A

The burst counter wraps Burst Stop 

Write
  Command

Bank B

QAa

Full page burst operation

 Ra  Ca  Rb 

tBDL

High

Activate
Command
Bank B

 Ra  Rb 

 Ca 

QAa+2 QAa+3 QAa-1 QAa QAa+1 QBa QBa+1 QBa+2 QBa+3 QBa+4 QBa+5

Activate
  Command

Bank B

from the highest order
page address back to zero
during this time interval

Command

Precharge
Command 
Bank B

does not terminate when
the burst length is satisfied; 
the burst counter increments
and continues bursting 
beginning with the starting 
address

QBa+6

Data is ignored

 Ra

 *BS0
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T0   T1   T2   T3   T4   T5   T6   T7    T8   T9  T10 T11 T12 T13 T14 T15 T16  T17 T18 T19 T20 T21 T22   

CLK

CKE

CS

RAS

CAS

WE

A10

ADD

DQM

DQ

t
CK3

Burst Length=Full Page, CAS Latency=3

Activate

Bank A
Command 

Write

Hi-Z 

  Command

 Ra 

DAa+1

Bank A

The burst counter wraps
Burst Stop 

Write
  Command

Bank B

DAa

Full page burst operation

 Ra 

tBDL

High

Activate
Command
Bank B

DAa+2 DAa+3 DAa-1 DAa DAa+1 DBa DBa+1 DBa+2 DBa+3 DBa+4 DBa+5

Activate
  Command

Bank B

from the highest order
page address back to zero
during this time interval

Command

Precharge
Command 
Bank B

does not terminate when
the burst length is satisfied; 
the burst counter increments
and continues bursting 
beginning with the starting 
address

 Ra  Rb 

 Ca  Ra  Ca  Rb 

Data is ignored.

 *BS0



��������������������

�����	
���������	
����

����������	
���
��	���
����	���� 4/
��������

��!���� ����������%# �*!�� ��� !�����

���:M#M�����	�"���:���
�

Hi-Z 

T0   T1   T2   T3   T4   T5   T6   T7    T8   T9  T10 T11 T12 T13 T14 T15 T16  T17 T18 T19 T20 T21 T22   

CLK

CKE

CS

RAS

CAS

WE

A10

ADD

DQM

t
CK2

Burst  Length=4, CAS Latency=2

RAa 

RAa 

High

Activate

CAa CAb CAd

   DQ

Command
Bank A

Read
Command

Bank A

Single Write Single Write Read
Command

Bank A

DQs are
 masked

CAc CAe

Command
Bank A

Command
Bank A

Single Write
Command
Bank A

DQs are
 masked

*BS0
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T0   T1   T2   T3   T4   T5   T6   T7    T8   T9  T10 T11 T12 T13 T14 T15 T16  T17 T18 T19 T20 T21 T22   

CLK

CKE

CS

RAS

CAS

WE

BS

A10

ADD

DQM

DQ

t
CK2

Burst  Length=Full Page, CAS Latency=2

Activate

Bank A
Command 

Activate

Hi-Z 

  Command

 Ra 

QBa0

Bank B

Read
  Command

Bank B

QAa0

 Ra 

Activate
Command
Bank B

QAb0 QAb1 QBb0 QBb1 QAc0 QAc1 QAc2 QBc0 QBc1 QBc2

Read
  Command

Bank A

Precharge

 Cc  Cc  Rb 

 Ra

 Ra  Ca  Ca  Cb  Cb

 Rb 

t
RP

Read
  Command

Bank B

Read
  Command

Bank A

Read
  Command

Bank A

Read
  Command

Bank B
Command Bank B

(Precharge Termination)
(Bank D)
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T0   T1   T2   T3   T4   T5   T6   T7    T8   T9  T10 T11 T12 T13 T14 T15 T16  T17 T18 T19 T20 T21 T22   

CLK

CKE

CS

RAS

CAS

WE

A10

ADD

DQM

DQ

t
CK2

Burst  Length=Full Page, CAS Latency=2

Activate

Bank A
Command 

Activate

Hi-Z 

  Command

 Ra 

QBa0

Bank B

Write
  Command

Bank B

QAa0

 Ra 

Activate
Command
Bank B

QAb0 QAb1 QBb0 QBb1 QAc0 QAc1 QAc2 QBc0 QBc1 QBc2

Write
  Command

Bank A

Precharge

 Cc  Cc  Rb 

 Ra

 Ra  Ca  Ca  Cb  Cb

 Rb 

t
RP

Write
  Command

Bank B

Write
  Command

Bank A

Write
  Command

Bank A

Write
  Command

Bank B
Command Bank B
(Precharge Termination)

Write Data
is masked

(Bank D)

 *BS0
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T0   T1   T2   T3   T4   T5   T6   T7    T8   T9  T10 T11 T12 T13 T14 T15 T16  T17 T18 T19 T20 T21 T22   

CLK

CKE

CS

RAS

CAS

WE

A10

ADD

DQM

DQ

t
CK2

                       Burst Length=8, CAS Latency=2

Activate

Bank A
Command 

Write

Hi-Z 

  Command

RAa 

Bank A

Activate
  Command

Bank A

Read
Command
Bank A

RAc CAb

RAb

RAb

RAc

Precharge Termination
  of a Write Burst. Write
data is masked.

Precharge
Command

Read
  Command

Bank A

Precharge
  Command

Bank A

Precharge Termination

High

RAa CAcCAa

QAa1QAa0 QAa2 Da3 QAb0 QAb1 QAb2 QAc0 QAc1 QAc2

t
DPL

t
RP

t
RP

t
RP

Bank A

of a Read Burst.

Activate
  Command

Bank A

Precharge
Command
Bank A

*BS0
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T0   T1   T2   T3   T4   T5   T6   T7    T8   T9  T10 T11 T12 T13 T14 T15 T16  T17 T18 T19 T20 T21 T22   

CLK

CKE

CS

RAS

CAS

WE

A10

ADD

DQM

DQ

t
CK3

Activate

Bank A
Command 

Write

Hi-Z 

  Command

RAa 

Bank A

Activate
  Command

Bank A

CAb

RAb

RAb

RAc

Precharge
Command

Read
  Command

Bank A

High

RAa RAcCAa

DAa1DAa0 QAb0 QAb1 QAb2 QAb3

tDPL t
RP

Bank A

Activate
  Command

Bank A

Activate
Command
Bank A

t
RCD

t
RP

Write Data
is masked

Precharge Termination
of a Write Burst.

Precharge Termination
of a Read Burst.

t
RAS

*BS0

Burst Length=8, CAS Latency=3
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