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#.+ �&����	 )439'/38 ' ./-.@5+7,472'3)+ �!�� )4397411+7� *+;+145+* 94 9'0+ '*;'3@

9'-+ 4, �!��8 45+7'9/3- /3 �'89  '-+ �4*+� �> :8/3- �'89  '-+ �4*+ *+;/)+8� $��(:8

���# 97'38,+7 7'9+8 4, �	 �(>9+ 5+7 8+)43* '7+ '99'/3'(1+ </9. �!�� !�"�@'))+88 9/2+8

4, �	 38� %/9. '557457/'9+ (:,,+7/3- 43 9.+ �!�� '**7+88 '3* )439741 8/-3'18� 
� �(>9+8

4, �!�� )'3 (+ */7+)91> '))4224*'9+* �:8/3- 
@�(/9 *+;/)+8�� %/9. 2/3/2'1 +=9+73'1 *+@

)4*/3- 14-/) -+3+7'9/3- 2:19/51+ !�"����"� 8/-3'18� 1'7-+7 2+247> '77'>8 )'3 (+ )43@

97411+*� %.+3 ./-.+7 )'5')/9> �!�� *+;/)+8 (+)42+ 7+'*/1> ';'/1'(1+� 9.+ 2+247> '77'>8

/3)7+'8+ '))47*/3-1>�

#.+ �&����	 /8 )43,/-:7+* (> 9.+ :8+7 94 <470 </9. 14)'1 �!�� *:7/3- 9.+ /3/9/'1/?'9/43

8+6:+3)+� #./8 )43,/-:7'9/43 *+9+72/3+8 9.+ ,:3)9/43 4, 8+;+7'1 5/38 �!�"�� ��"�� !�%�

���� '3* !��������"��� !�"� '3* ��"� 574;/*+ 9.+ <+11@034<3 '**7+88 8974(+ 8/-3'18

,47 9.+ �!�� '77'>� !�% '3* ��� 574;/*+ '**7+88 +3'(1+ 8/-3'18 ,47 8974(/3- 9.+ 74<

'3* )41:23 '**7+88+8 /394 9.+ �!�� '77'>� �, �!�� 24*+ /8 8+1+)9+* *:7/3- 9.+ )43,/-:@

7'9/43 8+6:+3)+� 9.+3 9.+ !��������"� 5/3 (+)42+8 9.+ �"� 4:95:9� � 7+-/438 '7+ ';'/1@

'(1+ /3 �!�� 24*+ 7+6:/7/3- 431> 9.7++ !����� *+)4*+ /35:98�

�	��
� ���� 8.4<8 '3 +='251+ 4, 9.+ :8+ 4, 9.+ �!�� )439741 8/-3'18� !�% +3'(1+8 9.+

:55+7 (/98 4, 9.+ 14)'1 '**7+88 (:8 94 (+ 1'9).+* /3 9.+ �!�� (> !�"�� ��� +3'(1+8 9.+

14<+7 '**7+88 (/98 94 (+ 1'9).+* (> 9.+ :8+ 4, 9.+ �'9' �>9+ �3'(1+ 8/-3'18� �3 9.+ +='251+

).48+3� 9.+ ��� 8/-3'18 '7+ )433+)9+* 94 9.+ ��"� /35:98 4, 9.+ �!��8� '3* 9.+

�&����	 .'8 (++3 574-7'22+* 94 574;/*+ 7+,7+8. 9/2/3- 43 9.+ ��� 5/38 ���� !+,7+8.

�3'(1+*�

#.+ ���� /35:9 2'> (+ :8+* 94 ')034<1+*-+ �!�� )>)1+8� �, ���� /8 9/+* �4<� 9.+3

9.+ )>)1+ /8 8+1, 9/2+* :8/3- 9.+ 574-7'22+*  ;'1:+8 ,47 ��"� '88+79 '3* ��"� 57+).'7-+�

#.+ :8+7 2'> 57+;+39 �!�� ��"�  (:7898  (> 9.+ :8+ 4, 9.+ ���� 8/-3'1� #./8 /8 *43+
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$: .#+/5#+/+/) ���� �+)* 6/5+- 5*' ���� ���� $6345 +4 50 $' 1'3.+55'&� �/%' ����

+4 &3+7'/ �08 #/& ���� +4 #44'35'& $: 5*' �"���
	� 5*' ���� #%%'44 +4 /0 -0/)'3 #(('%5'&

$: ���� 6/5+- ���� &'#44'354� 4+)/#-+/) 5*' '/& 0( 5*' %633'/5 #%%'44 �64'(6- +/ &6#-<1035

#11-+%#5+0/4 50 *0-& 0(( !��$64 #%%'44'4 50 ������

����� ����� �� 

��

 *' �"���
	 %0/530-4 �#45 �#)' �0&' ����4�  *+4 +4 #/ +/&6453: 45#/&#3& .0&' 0( 01<

'3#5+0/� �03 �	 �$:5'�4'%0/& $6345 53#/4('3 3#5'� �	</4 �����<#%%'44� &'7+%'4� 03 (#45'3�

4*06-& $' 64'&�  *' �"���
	 %#/ $' %0/(+)63'& 50 01'3#5' 8+5* # 8+&' 3#/)' 0( ����

5+.+/)4� �03 '9#.1-'� +( #/ �	<��; %-0%, +4 #11-+'& 50 5*' &'7+%' 5*' 3#/)' 0( 5+.+/)4 +4

)+7'/ $'-08� �( # -08'3 (3'26'/%: +4 64'& 5*' 5+.'4 4%#-' #4 4*08/ +/ 5*' ��  +.+/)4 �1'%+(+<

%#5+0/ �4'' �*#15'3 ��
���

 *' #%%'44 5+.' 0( # 1#)'<.0&' ���� +4 &'5'3.+/'& $: 580 (#%5034� 5*' 5+.' (30. #1<

1-+%#5+0/ 0( ���� 50 5*' &#5# $'%0.+/) #7#+-#$-'� #/& 5*' 5+.' (30. #11-+%#5+0/ 0( �����

 *' (#45'45 .'5*0& (03 )'55+/) $63454 0( &#5# 065 0( 03 +/50 .'.03: +4 50 .#+/5#+/ ����
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�08� $/' &:&-( �����  +( $&&(44 5,.( )03 5+( ),345 &:&-( ,4 '(5(3.,/(' .$,/-: %: 5+( ����

$&&(44 5,.(� %65 46%4(26(/5 &:&-(4 $3( 4+035(3� '(5(3.,/(' %: 5+( ���� $&&(44 5,.(�  +(

$.06/5 0) '$5$ 5+$5 &$/ %( 53$/4)(33(' ,/ 0/( %6345 ,4 %06/'(' %: 5+( 4,;( 0) 5+( �����4

308� "+(/ $ 308 %06/'$3: ,4 (/&06/5(3(' ,5 ,4 /(&(44$3: 50 3($44(35 ���� $/' +(/&( $/05+<

(3 -0/* &:&-( 0&&634�
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�����������

!��%64 53$/4)(34 .$5&+ ���� �$*( �0'( �&&(44(4 26,5( &-04(-:� "+(/ ��� ,4 $44(35('

5+( ),345 &:&-( ,4 *(/(3$--: -0/*(3 5+$/ 46%4(26(/5 &:&-(4� (41(&,$--: ,) 5+( 53$/4$&5,0/ ,/<

70-7(4 $/ $''3(44 %30$'&$45 &:&-(� �03 015,.,;,/* 5+( 4-$7(�4 1(3)03.$/&(� ���� ,4 '3,7(/

8+(/(7(3 ��� *0(4 ��"�  +,4 45$354 5+( 1$*( .0'( &:&-( 50 5+( ����4� �) 5+( !��%64

53$/4$&5,0/ ,4 /05 ,/5(/'(' )03 5+( �#����
� 5+(/ ���� ,4 '($44(35('� $/' /0 ���� &:&-(

0&&634� �) 5+( 53$/4$&5,0/ ,4 ',3(&5(' 50 5+( �#����
� $/' 5+( &:&-( 5:1( ,4 (/$%-(' )03 5+(

�(*,0/ %(,/* $''3(44('� 5+(/ $ ���� &:&-( 0&&634�  +( 130*3$..$%-( '(-$:4 )03 ����

&:&-( 5,.,/* $3( 5+(/ 64(' $4 5+( &:&-( 130*3(44(4�  +( ),345 &:&-( 5+(3()03( 64(4 5+( ����	

���� �(-$: 1$3$.(5(3 50 (/463( 5+$5 5+( ���� $&&(44 5,.( )03 5+( ���� ,4 .(5� $/'

���� $44(35 $/' 13(&+$3*( 5,.( 1$3$.(5(34 (/463( 5+$5 5+( 4+035(3 ���� $&&(44 5,.( ,4

64(' )03 46%4(26(/5 &:&-(4�

"+(/ $ !��%64 %06/'$3: ,4 (/&06/5(3(' ���� %:5( )03 �� � �

� %:5( )03 ��� �� 5+( $'<

'3(44 ,4 3(%30$'&$45 %: 5+( !��%64 .$45(3�  +,4 &$64(4 ��� 50 &:&-(� 8+,&+ ,/ 563/ &$64(4

���� 50 &:&-(�  +,4 (/463(4 5+$5 /0 130%-(.4 0&&63 '6( 50 07(3)-08,/* $ 1$*( %06/'$3: ,/

5+( ����� $4 5+( -0&$- $''3(44 ,4 $-,*/(' 50 5+( !�� $''3(44� �65 $/05+(3 8$:� 5+( .$9,<

.6. /6.%(3 0) 53$/4)(34 5+$5 &$/ 0&&63 %(58((/ ���� &:&-(4 ,4 ���� �7(/ 5+( 4.$--(45 1$*(

.0'( ����4 +$7( 1$*( -(/*5+4 5+$5 $3( $ .6-5,1-( 0)  5+,4 /6.%(3� 40 $ 1$*( %06/'$3:

,/ 5+( ���� ,4 *6$3$/5((' 50 &033(410/' 50 $/ $''3(44 %06/'$3: 0/ 5+( !��%64�  +(3(<

)03( ���� ,4 *6$3$/5((' 50 &:&-( $5 ���� 1$*( %06/'$3,(4�

����� ������� ������

 +( �#����
 &0/5$,/4 $ 3()3(4+ &0/530--(3�  +( 3()3(4+ 1(3,0' $/' )6/&5,0/ (/$%-( $3( 4(5

'63,/* '(7,&( &0/),*63$5,0/�  +( &0/530--(3 &$/ %( (/$%-(' 50 *(/(3$5( ���� %()03( ����
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�"#/"0%  6 )"0 �1 -/"-/,$/�**"! &+1"/3�)0� �%"  ,+1/,))"/ "*-),60 � %&!!"+ /"#/"0% 01/�1"8

$6 �+! &0 #2))6 &+1"$/�1"! &+1, 1%" /"0-,+0" ,# 1%" ������	 ), �) &+1"/#� "� �� % 1&*" � /"8

#/"0% &+1"/3�) "5-&/"0� � �2/01 ,# � ���� �"#,/" ���� /"#/"0%  6 )"0 &0 0 %"!2)"!� �1 1%" +"51

,--,/12+&16 � /"#/"0% �2/01 4&)) �" $"+"/�1"!� �2/&+$ ���� �  "00"0� /"#/"0% &0 �)),4"!

�1 !,2�)" ),+$4,/! �!!/"00 �,2+!�/&"0� �"#/"0% &0 �), ("! !2/&+$ �2/01 �  "00"0 1, ��� /"8

$&,+0 &# 1%" ��� /"#/"0% "+��)" #"�12/" &0 "+��)"!� �"#/"0% &0 �)4�60 �)),4"! �"14""+ 0)�3"

�  "00"0 �+! !,"0 +,1 &+1"/#"/" 4&1% 1/�+0� 1&,+ !" ,!&+$� �# /"#/"0%  �++,1 ,  2/ �"#,/"

�!!&1&,+�) &+1"/3�)0 "5-&/"� � -/,-,/1&,+�) +2*�"/ ,# �!!&1&,+�) ���� �"#,/" ����  6 )"0

4&)) �" 0 %"!2)"!� �3"/#),4  �+!  ,+0".2"+1 ),00 ,# /"#/"0%  ,+1/,) 1&*&+$ ,  2/0 &# 

� &+8

1"/3�)0 ")�-0" 4&1%,21 � /"#/"0% �2/01�

����� ������� ������

�%" ������	 ����  ,+1/,)  �+ �" -/,$/�**"! �6 0-" &#6&+$ � -�/�*"1"/0 4%& % �/"

-�/1 ,# 1%" &+&1&�)&7�1&,+ �&1 01/"�*� �%"0" � -�/�*"1"/0 �/" ��������� �")�6 �&*"� ����

�00"/1 �&*"� ���� �/" %�/$" �&*"� �+! ���� �/" %�/$" �&*"� �� % &0 � �8�&1 "&$%1 3�)2"!

#&")!� ��	

 ���  /")�1"0 1%" -/,$/�**"! 3�)2"0 #,/ 1%/"" ,# 1%" -�/�*"1"/0 1, 1%" 1&*&+$

!&�$/�* ,# �����
 ����� ���� �/" %�/$" �&*" �+,1 0%,4+� &0 20"! 1, �!'201 1%" *&+&*2*

!"�00"/1&,+ 1&*" �"14""+ ���� �00"/1&,+0 !2/&+$ ���� �2/01&+$� �%" ���� 1&*&+$ &0 !"8

0&$+"! 1, 02--,/1 �	8+0 #�01 -�$" *,!" �����
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� ��!� �55)46 "-/) � 
 �" � �"

�  �!� �4)',%4+) "-/) � � �" � �"

�  �!� �4)',%4+) "-/) � � �" � �"

�  �!� �4)',%4+) "-/) �" � 
�"

�  �!� �4)',%4+) "-/) �" � 
�"

� ��!� �55)46 "-/) �" � 
	"

�  �!����!� �).%; "-/) �" � �"

����� �	� ������� ������ 
�� !��

 )*4)5, '10641. &),%8-14 -5 *70(%/)06%..; %**)'6)( &; 6,) ��� 4)*4)5, )0%&.) *)%674) 1*

6,) �$����	� �*  6,) *)%674) -5 1**� 4)*4)5, -5 /767%..; ):'.75-8) 9-6, � �� %'')55)5� &76

-5 704)564-'6)( 9,)0 % � �� %'')55 -5 016 -0 241+4)55� �74-0+ ��� %'')55)5� ��!� &)*14)

 �!� 4)*4)5, &74565 '%0 1''74 %6 %0; 6-/) 9-6, 4)52)'6 61 %'')55 61 ��� 4)+-105�  �#�� ����

%0( �!� 1762765 %4) 1&.-8-175 61 %'6-8-6; 10  �!� %0( ��!��  � ��  �!� %0( ��!� 5-+<

0%.5 '%0 &) '100)'6)( (-4)'6.; 61 6,) �$����	� 9,-.) � �� �� %0( #� 5-+0%.5 /756 &)

+%6)( 9-6, 6,) �$����	 ��� 5-+0%. 61 2418-() 6,) (-56-0'6-10 &)69))0 � �� %'')55 %0(

� �� 4)*4)5,�  ",) ��� 5-+0%. -5 -0%'6-8) ):')26 (74-0+ ��!� ';'.)5 1*  � �� %'')55�

�* 6,) ��� 4)*4)5, )0%&.) *)%674) -5 6740)( 10� 4)*4)5, 9-.. &) /767%..; ):'.75-8) 9-6,

� �� %'')55)5 %0( ��� %'')55)5� ",-5 -5 % 0)')55%4; '105)37)0') 1* 2418-(-0+ 4)*4)5,

��!� &),%8-14 10 6,) ��� 5-+0%.5� #-6, 6,) *)%674) )0%&.)(� �! -5 ()%55)46)( %0(  �#�

(4-8)0 �-+, (74-0+ 4)*4)5, &74565� ",-5 /1() %..195 6,) 75) 1* �! 5-+0%.5 61 ):2.-'-6.; 5).)'6

� �� %0( 6,) 75) 1* ��� 5-+0%.5 %5 &;6) %((4)55%&.) ��! 5-+0%.5� � �� �� %0( #�

'%0 &) +%6)( &; �$����	 �! 5-+0%.-0+� #,)4) 2155-&.)� 6,) 4)*4)5, 1''745 -0 2%4%..). 9-6,

75)4 64%05%'6-105 57', %5 ��� 64%05%'6-105 9-6, 01 � �� )0%&.)(�

�	��
� ���� 5,195 % 4)*4)5, &7456 ().%;-0+ % � �� %'')55 9-6, ���  )*4)5, �0%&.)

6740)( 10� �16) 6,%6  �#� �016 5,190� -5 �-+,� %0(  �# %0( ��� %4) -0%'6-8) (74-0+

6,) 4)*4)5, &7456� ",) *174 ��� 5-+0%.5 �10.; 10) -5 5,190� %0( ��!� 61++.) -0 '10')46 9-6,

 �!� *14 *174 ';'.)5� �*6)4 %  �!� 24)',%4+) 6-/)� 419 %0( '1.7/0 %((4)55)5 %4) )56%&<

.-5,)( %0( �!�  �#��  �!�� ��!�� %0( ��� %224124-%6) 61 6,) � �� %'')55 %4)

%55)46)(�
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Reset/Initialization finishes
RESET REFRESH BURST (scaled to REFRESH BURST PERIOD)

REFRESH BURST PERIOD

if programmed, DBE follows CAS during refresh bursts.

RAS*

CAS*

DBE

ROW

COL

������ ����� ������� ����� ��������������

����� ������� ��� �����

�+ 9-* �%����
 .8 7*8*9 '> & +7439 5&3*1 8<.9(-� .3)*5*3)*391> +742 9-* #��':8

!%! �!�"�� & @$&72  *8*9� .8 8:55479*) <-*7*'> � �� )&9& .8 57*8*7;*) &(7488 9-*

7*8*9 5*7.4)� "-* .3.9.&1.?&9.43 8*6:*3(*� <-*9-*7 !*7.&1� �42'4� 47 #��':8 2*9-4)� .8

+4114<*) .22*).&9*1> '> & � ��  *+7*8- ':789 4+ &557457.&9* 1*3,9-� �
	��� ����  .11:8A

97&9*8 9-.8 '*-&;.47� "-* &(9:&1 1*3,9- .8 (&1(:1&9*) '> 9-* �%����
 '&8*) :543 9-* 7*+7*8-

9.2.3, 5&7&2*9*78 /:89 14&)*) '> 9-* .3.9.&1.?&9.43 8*6:*3(*� "-* &88:259.43 .8 2&)* 9-&9

9-* � �� <&8 '*.3, 7*+7*8-*) 3472&11> :5 94 9-* 54.39 9-&9 9-* 14(&1  *8*9 8.,3&1 <&8 ,*3A

*7&9*)� 84 9-* �%����
 (&1(:1&9*8 9-* 3:2'*7 4+ 7*+7*8- (>(1*8 3**)*) '&8*) :543 9-* 9.2*

9&0*3 '> 9-* !*7.&1 �*9-4) 4+ (43+.,:7&9.43 �
�
 �8*(�� "-* 7*&843 +47 9-.8 .8 9-&9 9-*

#��':8 2*9-4) 4+ (43+.,:7&9.43 .8 +&89*7 :3)*7 3472&1 (.7(:289&3(*8 84 9-* <4789 (&8*

+47 7*+7*8- 5:7548*8 .8 !*7.&1� �49* -4<*;*7 9-&9 .+ 9-* #��':8 2*9-4) .8 )*1&>*) 8:'89&3A

9.&11> +47 &3> 7*&843 �+47 *=&251* �:8 4((:5&3(> 47 ':8 9*3:7* 574'1*28� 9-*3 9-* 7*+7*8-

':789 2&> 349 '* 8:++.(.*39 94 2&.39&.3 � �� (439*398� �+ <&72 7*8*9 .8 )*8.7*)� 9-* !*7.&1

(43+.,:7&9.43 2*9-4) .8 7*(422*3)*)�

�:7.3, 9-* *=9*3)*) 7*+7*8- ':789 +4114<.3, & 7*8*9� 9-* �%����
 -&3)1*8 97&38&(9.438 347A

2&11>� "-* :8*7 .8 (&:9.43*) 9-&9 (7*&9.3, & 14(&1 ':8 (43).9.43 <-.(- '14(08 7*+7*8- &+9*7

<&72 7*8*9 (4:1) 4;*7+14<  9-* 7*+7*8- (4397411*78 -.))*3 7*+7*8- (4:39*7 <-.(- .8 1.2.9*)

94 8947.3, ��� 7*+7*8- .39*7;&18�

�
	��� ���� 8-4<8 9-* 9.2.3, 4+ 9-* 8.,3&18 &884(.&9*) <.9- & 8*7.*8 4+ 89&3)&7) #��':8

97&38&(9.438� "-* +.,:7* 8-4<8 9-7** '&(0A94A'&(0 97&38&(9.438� & ���� (>(1*� &3 ���	���

��"� &3) &3 ��� !*7.&1 8.3,1* (>(1* �	� 97&38&(9.43� "-* �%����
 .8 (43+.,:7*) &8 9-* 7*A
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.,+*!&*$ .(�1" /+ �(( /%-""� �%" ����  3 (" &. �����"!� �0/ *+ (+ �( � /&1&/3 /�'". ,(� "
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