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2 , 0 9 7 , 1 5 2 - W O R D S  x  4  B A N K S  x  3 6 - B I T S  D O U B L E  D A T A  R A T E  N e t w o r k - D R A M

D E S C R I P T I O N

  K 4 C 8 9 3 6 3 A F  i s  a  C M O S  D o u b l e  D a t a  R a t e  N e t w o r k - D R A M  c o n t a i n i n g  3 0 1 , 9 8 9 , 8 8 8  m e m o r y  c e l l s .  K 4 C 8 9 3 6 3 A F  i s  o r g a n i z e d  a s  

2 , 0 9 7 , 1 5 2 - w o r d s  x  4  b a n k s  x 3 6  b i t s .  K 4 C 8 9 3 6 3 A F  f e a t u r e  a  f u l l y  s y n c h r o n o u s  o p e r a t i o n  r e f e r e n c e d  t o  c l o c k  e d g e  w h e r e b y  a l l  o p e r a -

t i o n s  a r e  s y n c h r o n i z e d  a t  a  c l o c k  i n p u t  w h i c h  e n a b l e s  h i g h  p e r f o r m a n c e  a n d  s i m p l e  u s e r  i n t e r f a c e  c o e x i s t e n c e .  K 4 C 8 9 3 6 3 A D  c a n  

o p e r a t e  f a s t  c o r e  c y c l e  c o m p a r e d  w i t h  r e g u l a r  D D R  S D R A M .

  K 4 C 8 9 3 6 3 A F  i s  s u i t a b l e  f o r  S e r v e r ,  N e t w o r k  a n d  o t h e r  a p p l i c a t i o n s  w h e r e  l a r g e  m e m o r y  d e n s i t y  a n d  l o w  p o w e r  c o n s u m p t i o n  a r e  

r e q u i r e d .  T h e  O u t p u t  D r i v e r  f o r  N e t w o r k - D R A M  i s  c a p a b l e  o f  h i g h  q u a l i t y  f a s t  d a t a  t r a n s f e r  u n d e r  l i g h t  l o a d i n g  c o n d i t i o n .

F E A T U R E S

P a r a m e t e r
K 4 C 8 9 3 6 3 A F

F 6 F B F 5

tC K  C l o c k  C y c l e  T i m e  ( m i n )

C L  =  4 4 . 0  n s 4 . 5  n s 5 . 0  n s

C L  =  5 3 . 3 3  n s 3 . 7 5  n s  4 . 5  n s

C L  =  6 3 . 0 n s 3 . 3 3  n s 4 . 0  n s

tRC  R a n d o m  R e a d / W r i t e  C y c l e  T i m e  ( m i n ) 2 0 . 0  n s 2 2 . 5  n s 2 5  n s

tR A C  R a n d o m  A c c e s s  T i m e  ( m i n ) 2 0 . 0  n s 2 2 . 5  n s 2 5  n s

ID D 1 S  O p e r a t i n g  C u r r e n t  ( s i n g l e  b a n k )  ( m a x ) T B D T B D T B D

ID D 2 S  P o w e r  D o w n  C u r r e n t  ( m a x ) T B D T B D T B D

ID D 3 S  S e l f - R e f r e s h  C u r r e n t  ( m a x ) T B D T B D T B D

•    F u l l y  S y n c h r o n o u s  O p e r a t i o n  

        -   D o u b l e  D a t a  R a t e  ( D D R )

          -   D a t a  i n p u t / o u t p u t  a r e  s y n c h r o n i z e d  w i t h  b o t h  e d g e s  o f  D S  /  Q S .

          -   D i f f e r e n t i a l  C l o c k  ( C L K  a n d  C L K )  i n p u t s

          -   C S ,  F N  a n d  a l l  a d d r e s s  i n p u t  s i g n a l s  a r e  s a m p l e d  o n  t h e  p o s i t i v e  e d g e  o f  C L K .

          -   O u t p u t  d a t a  ( D Q s  a n d  Q S )  i s  a l i g n e d  t o  t h e  c r o s s i n g s  o f  C L K  a n d  C L K .

•    F a s t  c l o c k  c y c l e  t i m e  o f  3 . 0  n s  m i n i m u m

          -   C l o c k  :  3 3 3  M H z  m a x i m u m

          -   D a t a  :   6 6 6  M b p s / p i n  m a x i m u m

•    Q u a d  I n d e p e n d e n t  B a n k s  o p e r a t i o n

•    F a s t  c y c l e  a n d  S h o r t  L a t e n c y

•    S e l e c t a b l e  D a t a  S t r o b e ( U n i / B i - d i r e c t i o n a l  d a t a  s t r o b e )

•    D i s t r i b u t e d  A u t o - R e f r e s h  c y c l e  i n  3 . 9 u s

•    S e l f - R e f r e s h

•    P o w e r  D o w n  M o d e

•    V a r i a b l e  W r i t e  L e n g t h  C o n t r o l

•    W r i t e  L a t e n c y  =  C A S  L a t e n c y - 1

•    P r o g r a m a b l e  C A S  L a t e n c y  a n d  B u r s t  L e n g t h

          -   C A S  L a a t e n c y  =  4 ,  5 ,  6

          -   B u r s t  L e n g t h  =  2 , 4

•    O r g a n i z a t i o n  :   2 , 0 9 7 , 1 5 2  w o r d s  x  4  b a n k s  x  3 6  b i t s

•    P o w e r  S u p p l y  V o l t a g e  V DD  :  2 . 5 V  ±  0 . 1 2 5 V

•                                       V DDQ  :  1 . 8 V   ±   0 . 1 V

•    1 . 8 V  C M O S  I / O  c o m p l y  w i t h  S S T L  -  1 . 8  ( h a l f  s t r e n g t h  d r i v e r )

•    P a c k a g e  :  1 4 4 B a l l  B G A ,  1 m m  x  0 . 8 m m  B a l l  p i t c h

•    J T A G ( f o r  x 3 6 )

•    N o t i c e  :   N e t w o r k - D R A M  i s  t r a d e m a r k  o f  S a m s u n g  E l e c t r o n i c s . ,  C o  L T D
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P i n  N a m e s

P i n N a m e P i n N a m e

A 0  ~   A 1 4 A d d r e s s  I n p u t V D D P o w e r  ( + 2 . 5 V )

B A 0 ,  B A 1 B a n k  A d d r e s s V S S G r o u n d

D Q 0  ~  D Q 3 5  D a t a  I n p u t / O u t p u t V D D Q P o w e r  ( + 1 . 8 V ) ( f o r  I / O  b u f f e r )

C S C h i p  S e l e c t V SSQ G r o u n d ( f o r  I / O  b u f f e r )

F N F u n c t i o n  C o n t r o l V R E F R e f e r e n c e  V o l t a g e

P D P o w e r  D o w n  C o n t r o l N C N o  C o n n e c t i o n

C L K ,  C L K C l o c k  I n p u t

b a l l  p i t c h = 1 . 0  x  0 . 8 m m

P I N  A S S I G N M E N T ( T O P  V I E W )

b a l l  p i t c h = 1 . 0  x  0 . 8 m m

P I N  A S S I G N M E N T ( T O P  V I E W )
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B l o c k  D i a g r a m

C L K

C L K

P D
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A 0  ~  A 1 4

B A 0 ,  B A 1

R E F R E S H

C O U N T E R

W R I T E  A D D R E S S

L A T C H

A D D R E S S

C O M P A R A T O R

D S

D Q 0  ~  D Q 3 5

T o  E a c h  B l o c k

N o t e  :  T h e  K 4 C 8 9 3 6 3 A D  c o n f i g u r a t i o n  i s  4  B a n k  o f  1 6 3 8 4  x  1 2 8  x  3 6  o f  c e l l  a r r a y  w i t h  t h e  D Q  p i n s  n u m b e r e d  D Q 0 ~ D Q 3 5 .

Q S
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A b s o l u t e  M a x i m u m  R a t i n g s

C a u t i o n  :  C o n d i t i o n s  o u t s i d e  t h e  l i m i t s  l i s t e d  u n d e r  " A B S O L U T E  M A X I M U M  R A T I N G S "  m a y  c a u s e  p e r m a n e n t  d a m a g e  t o  t h e  d e v i c e .

T h e  d e v i c e  i s  n o t  m e a n t  t o  b e  o p e r a t e d  u n d e r  c o n d i t i o n s  o u t s i d e  t h e  l i m i t s  d e s c r i b e d  i n  t h e  o p e r a t i o n a l  s e c t i o n  o f  t h i s  s p e c i -

f i c a t i o n .  E x p o s u r e  t o  " A B S O L U T E  M A X I M U M  R A T I N G S "  c o n d i t i o n s  f o r  e x t e n d e d  p e r i o d s  m a y  a f f e c t  d e v i c e  r e l i a b i l i t y .

R e c o m m e n d e d  D C , A C  O p e r a t i n g  C o n d i t i o n s   ( N o t e s  :  1 )    ( T a  =  0  ~  7 0  O C )

S y m b o l P a r a m e t e r R a t i n g U n i t s N o t e s

V DD P o w e r  S u p p l y  V o l t a g e -0 .3  ~  3 .3 V

V D D Q P o w e r  S u p p l y  V o l t a g e  ( f o r  I / O  b u f f e r ) -0 .3  ~  V DD  +  0 .3 V

V IN I n p u t  V o l t a g e -0 .3  ~  V DD  +  0 .3 V

V O U T D Q  p i n  V o l t a g e - 0 . 3  ~  V D D Q  +  0 . 3 V

V R E F I n p u t  R e f e r e n c e  V o l t a g e - 0 . 3  ~  V D D Q  +  0 . 3 V

T O P R O p e r a t i n g  T e m p e r a t u r e 0  ~  7 0 O C

T S T G S t o r a g e  T e m p e r a t u r e - 5 5  ~  1 5 0 O C

T S O L D E R S o l d e r i n g  T e m p e r a t u r e ( 1 0 s ) 2 6 0 O C

P D P o w e r  D i s s i p a t i o n 2 W

IO U T S h o r t  C i r c u i t  O u t p u t  C u r r e n t ±  5 0 m A

S y m b o l P a r a m e t e r M i n T y p M a x U n i t s N o t e s

V D D P o w e r  S u p p l y  V o l t a g e 2 . 3 7 5 2.5 2 . 6 2 5 V

V D D Q P o w e r  S u p p l y  V o l t a g e  ( f o r  I / O  B u f f e r ) 1 .7 1 .8 1 .9 V

V R E F I n p u t  R e f e r e n c e  V o l t a g e V DDQ / 2 x 9 6 % V DDQ /2 V DDQ / 2 x 1 0 5 % V 2

V I H  ( D C ) I n p u t  D C  h i g h  V o l t a g e V R E F+ 0 . 1 2 5 - V DDQ +0 .2 V 5

V IL ( D C ) I n p u t  D C  L o w  V o l t a g e -0 .1 - V R E F- 0 . 1 2 5 V 5

V ICK  ( D C ) D i f f e r e n t i a l  C l o c k  D C  I n p u t  V o l t a g e -0 .1 - V DDQ +0 .1 V 1 0

V ID ( D C ) I n p u t  D i f f e r e n t i a l  V o l t a g e .  C L K  a n d  C L K  I n p u t s  ( D C ) 0 .4 - V DDQ +0 .2 V 7 , 1 0

V IH  ( A C ) I n p u t  A C  H i g h  V o l t a g e V R E F+ 0 . 2 - V DDQ +0 .2 V 3,6

V I L ( A C ) I n p u t  A C  L o w  V o l t a g e -0 .1 - V R E F -0 .2 V 4,6

V ID  ( A C ) I n p u t  D i f f e r e n t i a l  V o l t a g e .  C L K  a n d  C L K  I n p u t s  ( A C ) 0 . 5 5 - V DDQ +0 .2 V 7 , 1 0

V X  ( A C ) D i f f e r e n t i a l  A C  I n p u t  C r o s s  P o i n t  V o l t a g e V DDQ / 2 - 0 . 1 2 5 - V D D Q / 2 + 0 . 1 2 5 V 8 , 1 0

V I S O  ( A C ) D i f f e r e n t i a l  C l o c k  A C  M i d d l e  L e v e l V DDQ / 2 - 0 . 1 2 5 - V D D Q / 2 + 0 . 1 2 5 V 9 , 1 0
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  1 .  A l l  v o l t a g e s  a r e  r e f e r e n c e d  t o  V s s ,  V s s Q .

  2 .  V R E F   i s  e x p e c t e d  t o  t r a c k  v a r i a t i o n s  i n  V d d Q  D C  l e v e l  o f  t h e  t r a n s m i t t i n g  d e v i c e .

      P e a k  t o  p e a k  A C  n o i s e  o n  V R E F  m a y  n o t  e x c e e d  ±  2 %  o f   V R E F ( D C ) .

  3 .  O v e r s h o o t  I i m i t  :  V I H ( m a x . )  =  V d d Q  +  0 . 7 V  w i t h  a  p u l s e  w i d t h  < =  5 n s

  4 .  U n d e r s h o o t  I i m i t  :  V I L( m i n . )  =  - 0 . 7 V  w i t h  a  p u l s e  w i d t h  < =  5 n s

  5 .  V I H ( D C )  a n d  V IL ( D C )  a r e  l e v e l s  t o  m a i n t a i n  t h e  c u r r e n t  l o g i c  s t a t e .

  6 .  V I H ( A C )  a n d  V I L( A C )  a r e  l e v e l s  t o  c h a n g e  t o  t h e  n e w  l o g i c  s t a t e .

  7 .  V I D  i s  m a g n i t u d e  o f  t h e  d i f f e r e n c e  b e t w e e n  C L K  i n p u t  l e v e l  a n d  C L K  i npu t  l eve l .

  8 .  T h e  v a l u e  o f  V x ( A C )  i s  e x p e c t e d  t o  e q u a l  V d d Q / 2  o f  t h e  t r a n s m i t t i n g  d e v i c e .

  9 .  V I S O m e a n s  [ V I C K( C L K )  +  V I C K(C L K )] /2

1 0 .  R e f e r  t o  t h e  f i g u r e  b e l o w .

N o t e s :

1 1 .  I n  t h e  c a s e  o f  e x t e r n a l  t e r m i n a t i o n ,  V T T ( T e r m i n a t i o n  V o l t a g e )  s h o u l d  b e  g o n e  i n  t h e  r a n g e  o f  V R E F( D C )  ± 0 . 0 4 V .

P i n  C a p a c i t a n c e  ( V D D =  2 . 5 V ,  V D D Q  =  1 . 8 V ,  f  =  1  M H z ,  T a  =  2 5
o

C )

N o t e  :  T h e s e  p a r a m e t e r s  a r e  p e r i o d i c a l l y  s a m p l e d  a n d  n o t  1 0 0 %  t e s t e d .

S y m b o l P a r a m e t e r M i n M a x De l ts U n i t s

C I N I n p u t  P i n  C a p a c i t a n c e 1.5 2 .5 0 . 2 5 p F

C I N C C l o c k  P i n  ( C L K ,  C L K )  C a p a c i t a n c e 1.5 2 .5 0 . 2 5 p F

C I/O D Q ,  D S ,  Q S  C a p a c i t a n c e 2.5 3 .5 0 .5 p F

C NC N C  P i n  C a p a c i t a n c e - 1 .5 - p F

C L K

C L K

V S S

V ID ( A C )

0  V  D i f f e r e n t i a l

V I S O

V S S

V ICK

V I S O (min)

VX VXV X V X

VI C K VI C K VI C K

VI S O(max)

V X V ID(AC)
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D C  C h a r a c t e r i s t i c s  a n d  O p e r a t i n g  C o n d i t i o n s    ( V d d  =  2 . 5 V  ±  0 . 1 2 5 V ,  V d d Q  =  1 . 8 V  ±  0 . 1 V ,  T a  =  0 ~ 7 0  ° C )

N o t e s  :  1 .  T h e s e  p a r a m e t e r s  d e p e n d  o n  t h e  c y c l e  r a t e  a n d  t h e s e  v a l u e s  a r e  m e a s u r e d  a t  a  c y c l e  r a t e  w i t h  t h e  m i n i m u m  v a l u e s  o f  t C K, tRC  a n d  I RC.

             2 .  T h e s e  p a r a m e t e r s  d e p e n d  o n  t h e  o u t p u t  l o a d i n g .  T h e  s p e c i f i e d  v a l u e s  a r e  o b t a i n e d  w i t h  t h e  o u t p u t  o p e n .

             3 .  R e f e r  t o  o u t p u t  d r i v e r  c h a r a c t e r i s t i c s  f o r  t h e  d e t a i l .  O u t p u t  D r i v e r  S t r e n g t h  i s  s e l e c t e d  b y  E x t e n d e d  M o d e  R e g i s t e r .

P a r a m e t e r S y m b o l
M a x

U n i t s N o t e s
F 6 F B F 5

O p e r a t i n g  C u r r e n t

t CK  =  m i n ,  I RC= m i n

R e a d / W r i t e  c o m m a n d  c y c l i n g

O V < = V IN< = V IL(AC) ( m a x . )  V IH(AC)( m i n . )  < = VIN < = V DDQ

1  b a n k  o p e r a t i o n ,  B u r s t  L e n g t h  =  4

A d d r e s s  c h a n g e  u p  t o  2  t i m e s  d u r i n g  m i n i m u m  IRC.

I DD1S T B D T B D T B D

m A

1 ,  2

S t a n d b y  C u r r e n t  

t CK = m i n ,  C S  =  V IH,  P D  =  V IH ,

0 V < = V IN< = V IL(AC) ( m a x . )  V IH(AC) ( m i n . ) < = V IH < = VDDQ

A l l  B a n k s  :  i n a c t i v e  s t a t e

O t h e r  i n p u t  s i g n a l s  a r e  c h a n g e d  o n e  t i m e  d u r i n g  4 * tC K

IDD2N T B D T B D T B D 1

S t a n d b y  ( P o w e r  D o w n )  C u r r e n t

t CK = m i n ,  C S  =  V IH,  P D  =  V IL  ( P o w e r  D o w n )

0 V < = V IN< = V DDQ

A l l  B a n k s  :  i n a c t i v e  s t a t e

I DD2P T B D T B D T B D 1

A u t o - R e f r e s h  C u r r e n t  

t CK  =  m i n ,  I REFC =  m i n ,  t REFI =  m in

A u t o - R e f r e s h  c o m m a n d  c y c l i n g

0 V < = V IN< = V IL( A C )  ( m a x . ) ,  V IH( A C )  ( m i n . )  < = VIN < = V DDQ

A d d r e s s  c h a n g e  u p  t o  2  t i m e s  d u r i n g  m i n i m u m  IREFC.

I DD5 T B D T B D T B D 1

S e l f - R e f r e s h  C u r r e n t

s e l f - R e f r e s h  m o d e

P D  =  0 . 2 V ,  O V < = VIN < = VDDQ

I DD6 T B D T B D T B D

P a r a m e t e r S y m b o l M i n M a x Un i t N o t e s

I n p u t  L e a k a g e  C u r r e n t

( 0 V < = V IN< = V d d Q ,  A l l  o t h e r  p i n s  n o t  u n d e r  t e s t  =  0 V )
I L I -5 5 u A

O u t p u t  L e a k a g e  C u r r e n t

( O u t p u t  d i s a b l e d ,  0 V < = VOUT< = V d d Q )
I LO -5 5 u A

V REF C u r r e n t I REF -5 5 u A

N o r m a l  O u t p u t  D r i v e r

O u t p u t  S o u r c e  D C  C u r r e n t

V d d Q = 1 . 7 V  /  V OH =  1 . 4 2 0 V
I OH( D C ) -5.6 -

m A

3

O u t p u t  S i n k  D C  C u r r e n t

V d d Q = 1 . 7 V  /  V OL =  0 . 2 8 0 V
IOL ( D C ) 5 . 6 - 3

S t r o n g  O u t p u t  D r i v e r

O u t p u t  S o u r c e  D C  C u r r e n t

V d d Q = 1 . 7 V  /  V OH =  1 . 4 2 0 V
I OH( D C ) -9.8 - 3

O u t p u t  S i n k  D C  C u r r e n t

V d d Q = 1 . 7 V  /  V OL =  0 . 2 8 0 V
IOL ( D C ) 9 . 8 - 3

W e a k  O u t p u t  D r i v e r

O u t p u t  S o u r c e  D C  C u r r e n t

V d d Q = 1 . 7 V  /  V OH =  1 . 4 2 0 V
I OH( D C ) -2.8 - 3

O u t p u t  S i n k  D C  C u r r e n t

V d d Q = 1 . 7 V  /  V OL =  0 . 2 8 0 V
IOL ( D C ) 2 . 8 - 3
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A C  C h a r a c t e r i s t i c s  a n d  O p e r a t i n g  C o n d i t i o n s  ( N o t e s  :  1 ,  2 )

S y m b o l P a r a m e t e r
F 6 F B F 5

U n i t s N o t e s
M i n M a x M i n M a x M i n M a x

t RC Random Cyc le  T ime 20.0 - 22 .5 - 2 5 -

ns

3

t CK Clock Cycle Time

C L  =  4 4.0 7.5 4.5 7.5 5.0 7.5 3

C
L

 =  5 3 .33 7.5 3 .75 7.5 4.5 7.5 3

C L  =  6 3.0 7.5 3 .33 7.5 4.0 7.5 3

t RAC Random Access  T ime - 20.0 - 22.5 - 25 3

t CH Clock High Time 0.45* tC K - 0.45*tC K - 0 .45* tC K - 3

t CL Clock  Low T ime 0.45* tC K - 0.45*tC K - 0 .45* tC K - 3

t CKQS QS Access Time from CLK -0.45 0.45 -0.45 0.45 -0.5 0.5 3, 8

t QSQ Data  Outpu t  Skew f rom QS - 0.2 - 0.25 - 0.3 4

t AC Data  Access  T ime f rom CLK -0.5 0.5 -0.5 0.5 -0.6 0.6 3, 8

t OH Data  Output  Ho ld  T ime f rom CLK -0.5 0.5 -0.5 0.5 -0.6 0.6 3, 8

t HP CLK hal f  per iod (  minium of  Actual  tC H , t CL ) m in ( tC H , t CL ) - min(tC H , tC L ) - m in ( tC H , t CL ) - 3

t QSP QS(Read) Pulse Width t HP-t QHS - t H P-tQHS - t HP-t QHS - 4, 8

t QSQV Data Output  Val id Time from QS t HP-t QHS - t H P-tQHS - t HP-t QHS - 4, 8

t QHS DQ, QS Hold skew factor -
0 .055x      

t CK+0.17
-

0.055x       

tC K+0.17
-

0 .055x      

t CK+0.17

t DQSS DS(Wri te)  Low to High Setup Time 0.8*t CK 1.2*tC K 0.8*tC K 1.2*t C K 0.8*t CK 1.2*tC K 3

t DSPRE DS(Write) Preamble Pulse Width 0.4*t CK - 0.4*tC K - 0.4*t CK - 4

t DSPRES DS First  Input Setup Time 0 - 0 - 0 - 3

t DSPREH DS First  Low Input Hold Time 0.3*t CK - 0.3*tC K - 0.3*t CK - 3

t DSP DS High or  Low Input  Pulse Width 0.45* tC K 0.55*t C K 0.45*tC K 0.55*tC K 0.45* tC K 0.55*t CK 4

t DSS DS Input Fal l ing Edge to Clock Setup Time

C
L

 =  4 0.9 - 0.9 - 1.0 - 3, 4

C L  =  5 0.9 - 0.9 - 1.0 - 3, 4

C L  =  6 0.9 - 0.9 - 1.0 - 3, 4

t DSPST DS(Wri te)  Postamble Pulse Width 0.45* tC K - 0.45*tC K 0.45* tC K - 4

t DSPSTH DS(Wri te)  Postamble Hold Time

C
L

 =  4 0.9 - 0.9 - 1.0 - 3, 4

C L  =  5 0.9 - 0.9 - 1.0 - 3, 4

C L  =  6 0.9 - 0.9 - 1.0 3, 4

t DS Data Input  Setup T ime f rom DS 0.3 - 0 .35 - 0.4 - 4

t DH Data Input  Hold T ime f rom DS 0.3 - 0 .35 - 0.4 - 4

t IS Command /  Address Input Setup Time 0.6 - 0.6 - 0.7 - 3

t IH Command /  Address Input  Hold Time 0.6 - 0.6 - 0.7 - 3
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A C  C h a r a c t e r i s t i c s  a n d  O p e r a t i n g  C o n d i t i o n s ( N o t e s  :  1 ,  2 )  ( C o n t i n u e d )

S y m b o l P a r a m e t e r
F 6 F B F 5

U n i t s N o t e s
M i n M a x M i n M a x M i n M a x

tLZ Data-out  Low Impedance T ime f rom CLK -0.5 - -0.5 - -0.6 - 3, 6,  8

tHZ Data-out  High Impedance T ime f rom CLK - 0.5 - 0.5 - 0.6 3, 7,  8

tQPDH Last Output to P D  High Hold Time 0 - 0 - 0 -

tPDEX Power  Down Ex i t  T ime 0.6 - 0.6 - 0.7 - 3

tT Input Transi t ion Time 0.1 1 0.1 1 0.1 1

tFPDL P D  Low Input Window for Self-Refresh Entry -0.5*t C K 5 -0.5*tC K 5 -0.5*t CK 5 3

tREFI Auto-Refresh Average Interval 0.4 3.9 0.4 3.9 0.4 3.9

us

5

tPAUSE Pause T ime af ter  Power-up 200 - 200 - 2 0 0 -

IRC

Random Read/Wr i te  Cyc le  T ime

(Appl icab le  to  Same Bank)

C L = 4 5 - 5 - 5 -

Cycle

C L = 5 6 - 6 - 6 -

C L = 6 7 - 7 - 7 -

IRCD
RDA/WRA to  LAL Command Input  Delay

(App l icab le  to  Same Bank)
1 1 1 1 1 1

IRAS
LAL to RDA/WRA Command Input  Delay

(App l icab le  to  Same Bank)

C L = 4 4 - 4 - 4 -

C L = 5 5 - 5 - 5 -

C L = 6 6 - 6 - 6 -

IRBD
Random Bank Access Delay

(Appl icable to Other Bank)
2 - 2 - 2 -

IRWD
LAL fo l lowing RDA to  WRA Delay

(Appl icable to Other Bank)

BL = 2 2 - 2 - 2 -

BL = 4 3 - 3 - 3 -

IWRD
LAL fo l lowing WRA to RDA Delay

(Appl icable to Other Bank)
1 - 1 - 1 -

IRSC Mode Regis ter  Set  Cyc le  T ime

C L = 4 7 - 7 - 7 -

C L = 5 7 - 7 - 7 -

C L = 6 7 - 7 - 7 -

IPD P D  Low to Inactive State of Input Buffer - 2 - 2 - 2

IPDA P D  High to Act ive State of Input Buffer 1 - 1 - 1 -

IPDV Power down mode va l id  f rom REF command

C
L
 = 4 1 9 - 1 9 - 19 -

C L = 5 2 3 - 2 3 - 23 -

C L = 6 2 5 - 2 5 - 25 -

IREFC Auto-Refresh Cycle Time

C L = 4 1 9 - 1 9 - 19 -

C L = 5 2 3 - 2 3 - 23 -

C L = 6 2 5 - 2 5 - 25 -

ICKD
REF Command to Clock Input Disable

at Self-Refresh Entry
I REFC - I REFC - IREFC -

ILOCK DLL Lock-on Time (Appl icable to RDA command) 200 - 200 - 2 0 0 -
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A C  T e s t  C o n d i t i o n s

S y m b o l P a r a m e t e r V a l u e U n i t s N o t e s

V IH ( m i n ) I n p u t  h i g h  v o l t a g e  ( m i n i m u m ) V R E F  +  0 .2 V

V I L ( m a x ) I n p u t  l o w   v o l t a g e  ( m a x i m u m ) V R E F -  0 .2 V

V R E F I n p u t  r e f e r e n c e  v o l t a g e V d d Q / 2 V

V TT T e r m i n a t i o n  v o l t a g e V R E F V

V S W I N G I n p u t  s i g n a l  p e a k  t o  p e a k  s w i n g 0.7 V

V R D i f f e r e n t i a l  c l o c k  i n p u t  r e f e r e n c e  l e v e l V X ( A C ) V

V ID ( A C ) I n p u t  d i f f e r e n t i a l  v o l t a g e 1.0 V

S L E W I n p u t  s i g n a l  m i n i m u m  s l e w  r a t e 2 .5 V / n s

V O T R O u t p u t  t i m i n g  m e a s u r e m e n t  r e f e r e n c e  v o l t a g e V d d Q / 2 V 9

V I H  m in (AC)

V R E F

V IL  m a x (AC)

V SWING

V d d Q

V s s

Z = 5 0 Ω

V TT

O u t p u t

S l e w = (V I H m i n ( A C ) -  V ILm a x ( A C ) ) /∆ T

∆T ∆ T

N o t e s  :  1 .  T r a n s i t i o n  t i m e s  a r e  m e a s u r e d  b e t w e e n  V I H  m in ( D C )  a n d  V IL  m a x (DC) .  

                T r a n s i t i o n  ( r i s e  a n d  f a l l )  o f  i n p u t  s i g n a l s  h a v e  a  f i x e d  s l o p e .

            2 .  I f  t h e  r e s u l t  o f  n o m i n a l  c a l c u l a t i o n  w i t h  r e g a r d  t o  t C K  c o n t a i n s  m o r e  t h a n

                o n e  d e c i m a l  p l a c e ,  t h e  r e s u l t  i s  r o u n d e d  u p  t o  t h e  n e a r e s t  d e c i m a l  p l a c e .

                ( i .e . ,  tD Q S S =  0 . 8 * t C K ,  tC K  =  3 . 3 n s ,  0 . 8 * 3 . 3  n s  =  2 . 6 4  n s  i s  r o u n d e d  u p  t o  2 . 7  n s . )

            3 .  T h e s e  p a r a m e t e r s  a r e  m e a s u r e d  f r o m  t h e  d i f f e r e n t i a l  c l o c k  ( C L K  a n d  C L K )  A C  c r o s s  p o i n t .

            4 .  T h e s e  p a r a m e t e r s  a r e  m e a s u r e d  f r o m  s i g n a l  t r a n s i t i o n  p o i n t  o f  D S  c r o s s i n g  V R E F leve l .

            5 .  T h e  t R E F I ( M A X . )  a p p l i e s  t o  e q u a l l y  d i s t r i b u t e d  r e f r e s h  m e t h o d .

                T h e  t R E F I ( M I N . )  a p p l i e s  t o  b o t h  b u r s t  r e f r e s h  m e t h o d  a n d  d i s t r i b u t e d  r e f r e s h  m e t h o d .

                I n  s u c h  c a s e ,  t h e  a v e r a g e  i n t e r v a l  o f  e i g h t  c o n s e c u t i v e  A u t o - R e f r e s h   c o m m a n d s  h a s  t o  b e  m o r e  t h a n  4 0 0 n s  a l w a y s .  I n  

o t h e r w o r d s ,  t h e  n u m b e r  o f  A u t o -  R e f r e s h  c y c l e s  w h i c h  c a n  b e  p e r f o r m e d  w i t h i n  3 . 2 u s  ( 8 X 4 0 0 n s )  i s  t o  8  t i m e s  i n  t h e

 m a x i m u m .

            6 .  L o w  I m p e d a n c e  S t a t e  i s  s p e i f i e d  a t  V d d Q / 2 ±  0 . 2 V  f r o m  s t e a d y  s t a t e .

            7 .  H i g h  I m p e d a n c e  S t a t e  i s  s p e c i f i e d  w h e r e  o u t p u t  b u f f e r  i s  n o  l o n g e r  d r i v e n .

            8 .  T h e s e  p a r a m e t e r s  d e p e n d  o n  t h e  c l o c k  j i t t e r .  T h e s e  p a r a m e t e r s  a r e  m e a s u r e d  a t  s t a b l e  c l o c k .

            9 .  O u t p u t  t i m i n g  i s  m e a s u r e d  b y  u s i n g  N o r m a l  d r i v e r  s t r e n g t h .

Z = 5 0 Ω

   A C  T e s t  L o a d

2 5  Ω

5 0  Ω

V TT

5 0  Ω
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P o w e r  U p  S e q u e n c e

1 .  A s  f o r  P D ,  b e i n g  m a i n t a i n e d  b y  t h e  l o w  s t a t e  ( < 0 . 2 V )  i s  d e s i r a b l e  b e f o r e  a  p o w e r - s u p p l y  i n j e c t i o n .

2 .  A p p l y  V DD  b e f o r e  o r  a t  t h e  s a m e  t i m e  a s  V D D Q .

3 .  A p p l y  V D D Q b e f o r e  o r  a t  t h e  s a m e  t i m e  a s  V R E F.

4 .  S t a r t  c l o c k  ( C L K ,  C L K )  a n d  m a i n t a i n  s t a b l e  c o n d i t i o n  f o r  2 0 0 u s  ( m i n . ) .

5 .  A f t e r  s t a b l e  p o w e r  a n d  c l o c k ,  a p p l y  D E S L  a n d  t a k e  P D  =  H .

6 .  I s s u e  E M R S  t o  e n a b l e  D L L  a n d  t o  d e f i n e  d r i v e r  s t r e n g t h  a n d  d a t a  s t r o b e  t y p e .  ( N o t e  :  1 )

7 .  I s s u e  M R S  f o r  s e t  C A S  L a t e n c y  ( C L ) ,  B u r s t  T y p e  ( B T ) ,  a n d  B u r s t  L e n g t h  ( B L ) .  ( N o t e  :  1 )

8 .  I s s u e  t w o  o r  m o r e  A u t o - R e f r e s h  c o m m a n d s .  ( N o t e : 1 )

9 .  R e a d y  f o r  n o r m a l  o p e r a t i o n  a f t e r  2 0 0  c l o c k s  f r o m  E x t e n d e d  M o d e  R e g i s t e r  p r o g r a m m i n g .

N o t e  :  1 .  S e q u e n c e  6 ,  7  a n d  8  c a n  b e  i s s u e d  i n  r a n d o m  o r d e r .

           2 .  L = L o g i c  L o w ,  H  =  L o g i c  H i g h

DESL RDA MRS DESL RDA MRS DESL WRA REF WRA REFDESL DESL

EMRS MRS

op-code op-code

V DD

V DDQ

V REF

C L K

C L K

P D

C o m m a n d

A d d r e s s

DQ

D S

∼∼
∼∼

∼∼
∼∼

∼∼
∼∼

∼∼
∼∼

∼∼

∼∼
∼∼

∼∼
∼∼

∼∼
∼∼

∼∼
∼∼

∼∼

∼∼
∼∼

∼∼
∼∼

∼∼
∼∼

∼∼
∼∼

∼∼

∼∼
∼∼

∼∼
∼∼

∼∼
∼∼

∼∼
∼∼

∼∼

∼∼
∼∼

∼∼
∼∼

∼∼
∼∼

∼∼
∼∼

∼∼

200 µs(min) IP D A lR S C lR S C lR E F C

2.5V(TYP)

1.8V(TYP)

0.9V(TYP)

lR E F C

tP D E X

200 clock cycle(min)

Q S

E M R S

Hi-Z

Q S
( F r e e  R u n n i n g  m o d e )

( U n i - Q S  m o d e )

M R S A u t o  R e f r e s h  c y c l e N o r m a l  O p e r a t i o n

∼∼ ∼∼ ∼∼ ∼∼

∼∼ ∼∼ ∼∼ ∼∼

Low
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tC K

t C K

tC H tC L

tIS tIH

t I P W

1s t

tIS tIH

2nd

tIS tIH

1s t

tIS tIH

2nd

tIPW

tIS tIH

U A ,  B A

tIS tIH

LA

tD S tD H

C L K

C K

C S

F N

A 0 - A 1 4

B A 0 . B A 1

L D S / U D S

D Q n  ( I n p u t )

~~

B a s i c  T i m i n g  D i a g r a m s

T i m i n g  o f  t h e  C L K ,  C L K

I n p u t  T i m i n g

tC H tC L

t
C K

tT tT

V
IH

V I H ( A C )

V
I L ( A C )

V IL

C L K

C L K

C L K

V IH

V IL

V I D ( A C )

C K

V X VX V X

~~
~~

~~
~~

~~
~~

~~
~~

~~

C o m m a n d  a n d  A d d r e s s

tD HtD S

tD S t D H

D Q m  ( I n p u t )

~~
~~

t DHtD S

D a t a

R e f e r  t o  t h e  C o m m a n d  T r u t h  T a b l e .
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Q0

LAL(a f te r  RDA)tIS tIH

t
C H

t
C L

t
C K

t C K Q S

tC K Q S

t Q S P tQ S P

tC K Q S

t Q S Q

t LZ
t Q S Q V

tA C

t Q S Q V

t Q S Q

t HZ
tQ S Q

Low

High-Z

C K

C K

I n p u t

( C o n t r o l  &

A d d r e s s e s )

C A S  l a t e n c y  =  4

L Q S / U Q S
( O u t p u t )

D Q
( O u t p u t )

R e a d  T i m i n g  ( B u r s t  L e n g t h  =  4 )

L o w

DESL

L D S / U D S

( I n p u t )

Q 1 Q2 Q 3

tA C tA C
t O H

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

Q 0

tC K Q S

tC K Q S

t Q S P t Q S P

tC K Q S

t
Q S Q

tL Z
t Q S Q V

tA C

tQ S Q V

t Q S Q

t H Z
t
Q S Q

Low

High-Z

C A S  l a t e n c y  =  5

L Q S / U Q S
( O u t p u t )

D Q
( O u t p u t )

L o w

Q 1 Q 2 Q 3

tA C tA C
t O H

Q 0

tC K Q S

tC K Q S

tQ S P tQ S P

t C K Q S

tQ S Q

tL Z
tQ S Q V

t AC

tQ S Q V

tQ S Q

t
H Z

t Q S Q

Low

High-Z

C A S  l a t e n c y  =  6

L Q S / U Q S
( O u t p u t )

D Q
( O u t p u t )

Low

Q1 Q 2 Q3

t A C t AC
tO H

N o t e  :  D Q 0  t o  D Q 1 7  a r e  a l i g n e d  w i t h  L Q S .

U n i d i r e c t i o n a l  D S / Q S  m o d e

          D Q 1 8  t o  D Q 3 5  a r e  a l i g n e d  w i t h  U Q S .
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Q0

LAL(a f te r  RDA)tIS tIH

t
C H

t
C L

t
C K

t C K Q S

tC K Q S

t Q S P tQ S P

tC K Q S

t Q S Q

t LZ
t Q S Q V

tA C

t Q S Q V

t Q S Q

t HZ
tQ S Q

High-Z

C K

C K

I n p u t

( C o n t r o l  &

A d d r e s s e s )

C A S  l a t e n c y  =  4

L Q S / U Q S
( O u t p u t )

D Q
( O u t p u t )

R e a d  T i m i n g  ( B u r s t  L e n g t h  =  4 )

DESL

L D S / U D S

( I n p u t )

Q 1 Q2 Q 3

tA C tA C
t O H

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

Q 0

tC K Q S

tC K Q S

t Q S P t Q S P

tC K Q S

t
Q S Q

tL Z
t Q S Q V

tA C

tQ S Q V

t Q S Q

t H Z
t
Q S Q

High-Z

C A S  l a t e n c y  =  5

L Q S / U Q S
( O u t p u t )

D Q
( O u t p u t ) Q 1 Q 2 Q 3

tA C tA C
t O H

Q 0

tC K Q S

tC K Q S

tQ S P tQ S P

t C K Q S

tQ S Q

tL Z
tQ S Q V

t AC

tQ S Q V

tQ S Q

t
H Z

t Q S Q

High-Z

C A S  l a t e n c y  =  6

L Q S / U Q S
( O u t p u t )

D Q
( O u t p u t ) Q1 Q 2 Q3

t A C t AC
tO H

N o t e  :  D Q 0  t o  D Q 1 7  a r e  a l i g n e d  w i t h  L Q S .

L Q S / U Q S  i s  a l w a y s  a s s e r t e d  i n  F r e e  R u n n i n g  Q S  m o d e .

U n i d i r e c t i o n a l  D S / F r e e  R u n n i n g  Q S  m o d e

          D Q 1 8  t o  D Q 3 5  a r e  a l i g n e d  w i t h  U Q S .
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tD S P S T H

LAL(a f te r  RDA)tIS tIH

t
C H

t
C L

t
C K

C K

C K

I n p u t

( C o n t r o l  &

A d d r e s s e s )

W r i t e  T i m i n g  ( B u r s t  L e n g t h  =  4 )

DESL

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

Q0

tD S P

t
D Q S S

tD S P tD S P

tD S S

t D H

Q 1 Q 2 Q 3

tD S P R E S

t D S P R E H
tD S P S T

tD S S

t D S P S T H

PostamblePreamble

tD S P R E tD S t D S

t DH

tD Q S S

tD H

tD S

C A S  l a t e n c y  =  4

L D S / U D S
( I n p u t )

D Q
( I n p u t )

Q 0

tD S P tD S P tD S P

t
D H

Q 1 Q2 Q3

tD S P R E S

t D S P R E H
t D S P S T

tD S S

PostamblePreamble
tD S P R E
t D S tD S

t DH

t D Q S S

t
D H

t DS

C A S  l a t e n c y  =  5

L D S / U D S
( I n p u t )

D Q
( I n p u t )

t D S S

tD S P S T H

Q 0

tD S P tD S P tD S P

tD H

Q 1 Q2 Q3

tD S P R E S

t D S P R E H
t D S P S T

tD S S

PostamblePreamble
t D S P R E

t D S tD S

t DH tD H

t DS

C A S  l a t e n c y  =  6

L D S / U D S
( I n p u t )

D Q
( I n p u t )

tD S S

L Q S / U Q S
( U n i - Q S )

L Q S / U Q S
( F r e e  R u n n i n i g )

Low

U n i d i r e c t i o n a l  D S / Q S  m o d e ,  U n i d i r e c t i o n a l  D S / F r e e  R u n n i n g  Q S  m o d e

N o t e  :  D Q 0  t o  D Q 1 7  a r e  s a m p l e d  a t  b o t h  e d g e s  o f  L D S .

          D Q 1 8  t o  D Q 3 5  a r e  s a m p l e d  a t  b o t h  e d g e s  o f  U D S .
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Command

C L K

C L K

I n p u t
( C o n t r o l  &

A d d r e s s e s )

tIS tIH

tR E F I,  tP A U S E,  I x x x x  T i m i n g

t IS t IH

Command

tR E F I , tP A U S E , IX X X X

N o t e .   " I
X X X X

" m e a n s   " I
R C

" ,    "I
R C D

" ,    " I
R A S

" ,  e tc .

~ ~
~ ~
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F u n c t i o n  T r u t h  T a b l e  ( N o t e s  :  1 , 2 , 3 )

C o m m a n d  T r u t h  T a b l e  ( N o t e s  :  4 )

•T h e  F i r s t  C o m m a n d

S y m b o l F u n c t i o n C S F N B A 1 - B A 0 A 1 4 - A 9 A 8 A 7 A 6 - A 0

D E S L D e v i c e  D e s e l e c t H X X X X X X

R D A R e a d  w i t h  A u t o - c l o s e L H B A U A U A U A U A

W R A W r i t e  w i t h  A u t o - c l o s e L L B A U A U A U A U A

•T h e  S e c o n d  C o m m a n d  ( T h e  n e x t  c l o c k  o f  R D A  o r  W R A  c o m m a n d )

Notes   :  1 .   L  =  L o g i c   L o w ,  H  =  L o g i c   H i g h ,  X  =  e i t h e r  L   o r   H ,  V  =  V a l i d  ( S p e c i f i e d  V a l u e ) ,  B A  =  B a n k   A d d r e s s ,  U A  =  U p p e r   A d d r e s s ,                                        

 L A  =  L o w e r  A d d r e s s .

2 .  A l l  c o m m a n d s  a r e  a s s u m e d  t o  i s s u e  a t  a  v a l i d  s t a t e .

 3 .  A l l  i n p u t s  f o r  c o m m a n d  ( e x c l u d i n g  S E L F X  a n d  P D E X )  a r e  l a t c h e d  o n  t h e  c r o s s i n g  p o i n t  o f  d i f f e r e n t i a l  c l o c k  i n p u t  w h e r e   

C L K  g o e s  t o  H i g h .

  4 .  O p e r a t i o n  m o d e  i s  d e c i d e d  b y  t h e  c o m i n a t i o n  o f  1 s t  c o m m a n d  a n d  2 n d  c o m m a n d  r e f e r  t o  " S T A T E  D I A G R A M "  a n d  t h e   

c o m m a n d  t a b l e  b e l o w .

S y m b o l F u n c t i o n C S F N B A 1 - B A 0 A 1 4 - A 1 3 A 1 2 - A 1 1 A 1 0 - A 9 A 8 A 7 A 6 - A 0

L A L L o w e r  A d d r e s s  L a t c h  H X X V X X X X L A

R E F A u t o - R e f r e s h L X X X X X X X X

M R S M o d e  R e g i s t e r  S e t L X V L L L L V V

R e a d  C o m m a n d  T a b l e

C o m m a n d  ( S y m b o l ) C S F N B A 1 - B A 0 A 1 4 - A 9 A 8 A 7 A 6 - A 0 N o t e s

R D A  ( 1 s t ) L H B A U A U A U A U A

L A L  ( 2 n d ) H X X X X X L A

W r i t e  C o m m a n d  T a b l e

N o t e s  :  5 .  A 1 4 ~ A 1 3  a r e  u s e d  f o r  V a r i a b l e  W r i t e  L e n g t h  ( V W )  c o n t r o l  a t  W r i t e  O p e r a t i o n .

C o m m a n d  ( S y m b o l ) C S F N
B A 1 -

B A 0
A 1 4 A 1 3 A 1 2 A 1 1

A 1 0 ~

A 9
A 8 A 7 A 6 - A 0

W R A  ( 1 s t ) L L B A U A U A U A U A U A U A U A U A

L A L  ( 2 n d ) H X X V W 0 V W 1 X X X X X L A

V W  T r u t h  T a b l e

F u n c t i o n V W 0 V W 1

B L  =  2
W r i t e  A l l  W o r d s L X

W r i t e  F i r s t  O n e  W o r d H X

B L   =  4

R e s e r v e d L L

W r i t e  A l l  W o r d s H L

W r i t e  F i r s t  T w o  W o r d s L H

W r i t e  F i r s t  O n e  W o r d H H
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A u t o - R e f r e s h  C o m m a n d  T a b l e

F u n c t i o n
C o m m a n d

( S y m b o l )

C u r r e n t

S ta te

P D

C S F N B A 1 - B A 0 A 1 4 - A 9 A 8 A 7 A 6 - A 0 N o t e s
n - 1 n

Ac t i ve W R A ( 1 s t ) S t a n d b y H H L L X X X X X

A u t o - R e f r e s h R E F ( 2 n d ) Ac t i ve H H L X X X X X X

S e l f - R e f r e s h  C o m m a n d  T a b l e

F u n c t i o n
C o m m a n d

( S y m b o l )

C u r r e n t

S t a t e

P D

C S F N
B A 1 -

B A 0
A 1 4 - A 9 A 8 A 7 A 6 - A 0 N o t e s

n - 1 n

Ac t i ve  W R A ( 1 s t ) S t a n d b y H H L L X X X X X

S e l f - R e f r e s h  E n t r y R E F ( 2 n d ) Ac t i ve H L L X X X X X X 7,  8

S e l f - R e f r e s h  C o n t i n u e - S e l f - R e f r e s h L L X X X X X X X

S e l f - R e f r e s h  E x i t S E L F X S e l f - R e f r e s h L H H X X X X X X 9

P o w e r  D o w n  T a b l e

N o t e s  :    7 .  P D  h a s  t o  b e  b r o u g h t  t o  L o w  w i t h i n  t F P D L f r o m  R E F  c o m m a n d .

                8 .  P D  s h o u l d  b e  b r o u g h t  t o  L o w  a f t e r  D Q ’ s  s t a t e  t u r n e d  h i g h  i m p e d a n c e .

                9 .  W h e n  P D  i s  b r o u g h t  t o  H i g h  f r o m  L o w ,  t h i s  f u n c t i o n  i s  e x e c u t e d  a s y n c h r o n o u s l y .

F u n c t i o n
C o m m a n d

( S y m b o l )

C u r r e n t

S t a t e

P D

C S F N
B A 1 -

B A 0
A 1 4 - A 9 A 8 A 7 A 6 - A 0 N o t e s

n - 1 n

P o w e r  D o w n  E n t r y P D E N S t a n d b y H L H X X X X X X 8

P o w e r  D o w n  C o n t i n u e - P o w e r  D o w n L L X X X X X X X

P o w e r  D o w n  E x i t P D E X P o w e r  D o w n L H H X X X X X X 9

M o d e  R e g i s t e r  S e t  C o m m a n d  T r u t h  T a b l e

N o t e  :  6 .  R e f e r  t o  " M o d e  R e g i s t e r  T a b l e " .

C o m m a n d  ( S y m b o l ) C S F N B A 1 - B A 0 A 1 4 - A 9 A 8 A 7 A 6 - A 0 N o t e s

R D A  ( 1 s t ) L H X X X X X

M R S  ( 2 n d ) L X V L L V V 6

F u n c t i o n  T r u t h  T a b l e  ( C o n t i n u e d )
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F u n c t i o n  T r u t h  T a b l e  ( C o n t i n u e d )

N o t e s  :  1 0 .  I l l e g a l  i f  a n y  b a n k  i s  n o t  i d l e .

            1 1 .  I l l e g a l  t o  b a n k  i n  s p e c i f i e d  s t a t e s  :  F u n c t i o n  m a y  b e  L e g a l  i n  t h e  b a n k  i n d i c a t e d  b y  b a n k  A d d r e s s  ( B A ) .

            12 .  I l l ega l  i f  t FPDL i s  n o t  S t i s f i e d .

C u r r e n t  S t a t e
P D

C S F N A d d r e s s C o m m a n d A c t i o n N o t e s
n - 1 n

I d l e

H H H X X D E S L N O P

H H L H B A ,  U A R D A R o w  a c t i v a t e  f o r  R e a d

H H L L B A ,  U A W R A R o w  a c t i v a t e  f o r  W r i t e

H L H X X P D E N P o w e r  D o w n  E n t r y 1 0

H L L X X - I l l e g a l

L X X X X - R e f e r  t o  P o w e r  D o w n  s t a t e

R o w  A c t i v e  f o r  R e a d

H H H X L A L A L B e g i n  r e a d

H H L X O p - C o d e M R S / E M R S A c c e s s  t o  M o d e  R e g i s t e r

H L H X X P D E N I l l e g a l

H L L X X M R S / E M R S I l l e g a l

L X X X X - Inva l id

R o w  A c t i v e  f o r  W r i t e

H H H X L A L A L B e g i n  W r i t e

H H L X X R E F A u t o - R e f r e s h

H L H X X P D E N I l l e g a l

H L L X X R E F  ( S e l f ) S e l f - R e f r e s h  e n t r y

L X X X X - Inva l id

R e a d

H H H X X D E S L C o n t i n u e  b u r s t  r e a d  t o  e n d

H H L H B A ,  U A R D A I l l e g a l 1 1

H H L L B A ,  U A W R A I l l e g a l 1 1

H L H X X P D E N I l l e g a l

H L L X X - I l l e g a l

L X X X X - Inva l id

W r i t e

H H H X X D E S L D a t a  w r i t e  &  c o n t i n u e  b u r s t  w r i t e  t o  e n d

H H L H B A ,  U A R D A I l l e g a l 1 1

H H L L B A ,  U A W R A I l l e g a l 1 1

H L H X X P D E N I l l e g a l

H L L X X - I l l e g a l

L X X X X - Inva l id

A u t o - R e f r e s h i n g

H H H X X D E S L N O P - >  I d l e  a f t e r  I REFC

H H L H B A ,  U A R D A I l l e g a l

H H L L B A ,  U A W R A I l l e g a l

H L H X X P D E N S e l f - R e f r e s h  e n t r y 1 2

H L L X X - I l l e g a l

L X X X X - R e f e r  t o  S e l f - R e f r e s h i n g  s t a t e

M o d e  R e g i s t e r  A c c e s s i n g

H H H X X D E S L N o p - >  I d l e  a f t e r  IRSC

H H L H B A ,  U A R D A I l l e g a l

H H L L B A ,  U A W R A I l l e g a l

H L H X X P D E N I l l e g a l

H L L X X - I l l e g a l

L X X X X - Inva l id

P o w e r  D o w n

H X X X X - Inva l id

L L X X X - M a i n t a i n  P o w e r  D o w n  M o d e

L H H X X R D E X E x i t  P o w e r  D o w n  M o d e - > I d l e  a f t e r  t PDEX

L H L X X - I l l e g a l

S e ; f - R e f r e s h i n g

H X X X X - Inva l id

L L X X X - M a i n t a i n  S e l f - R e f r e s h

L H H X X S E L F X E x i t   S e l f - R e f r e s h - > I d l e  a f t e r  I REFC

L H L X X - I l l e g a l
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M o d e  R e g i s t e r  T a b l e

R e g u l a r   M o d e  R e g i s t e r  ( N o t e s  :  1 )

A d d r e s s B A 1 *1 B A 0 *1 A 1 4 - A 8 A 7 *3 A 6 - A 4 A 3 A 2 - A 0

R e g i s t e r 0 0 0 T M C L B T B L

A 7 T e s t  M o d e  ( T M )

0 R e g u l a r  ( D e f a u l t )

1 T e s t  M o d e  E n t r y

A 3 B u r s t  T y p e  ( B T )

0 S e q u e n t i a l

1 I n t e r l e a v e

A 6 A 5 A 4 C A S  L a t e n c y  ( C L )

0 0 X R e s e r v e d  * 2

0 1 0 R e s e r v e d  
* 2

0 1 1 R e s e r v e d  * 2

1 0 0 4

1 0 1 5

1 1 0 6

1 1 1 R e s e r v e d  * 2

A 2 A 1 A 0 B u r s t  L e n g t h  ( B L )

0 0 0 R e s e r v e d  * 2

0 0 1 2

0 1 0 4

0 1 1

R e s e r v e d  * 2

1 X X

E x t e n d e d  M o d e  R e g i s t e r  ( N o t e s  :  4 )

A d d r e s s B A 1 *4 B A 0 *4 A 1 4 - A 7 A 6 ~ A 5 A 4 - A 3 A 2 ~ A 1 A 0 *5

R e g i s t e r 0 1 0 S S D I C ( Q S ) D I C ( D Q ) D S

Q S D Q
O u t p u t  D r i v e r  I m p e d a n c e  C o n t r o l  

( D I C )
A 4 A 3 A 2 A 1

0 0 0 0 N o r m a l  O u t p u t  D r i v e r

0 1 0 1 S t r o n g  O u t p u t  D r i v e r

1 0 1 0 W e a k  O u t p u t  D r i v e r

1 1 1 1 R e s e r v e d

A 0 D L L  S w i t c h  ( D S )

0 D L L  E n a b l e

1 D L L  D i s a b l e

N o t e  :  1 .  R e g u l a r  M o d e  R e g i s t e r  I s  C h o s e n  U s i n g  t h e  c o m b i n a t i o n  o f  B A 0  =  0  a n d  B A 1  =  0 .

2 .  " R e s e r v e d "  p l a c e s  i n  R e g u l a r  M o d e  R e g i s t e r  s h o u l d  n o t  b e  s e t .

3 .  A 7  i n  R e g u l a r  M o d e  R e g i s t e r  m u s t  b e  s e t  t o  " 0 " ( L o w  s t a t e ) .

  B e c a u s e  T e s t  M o d e  i s  s p e c i f i c  m o d e  f o r  s u p p l i e r .

 4 .  E x t e n d e d  M o d e  R e g i s t e r  i s  c h o s e n  u s i n g  t h e  C o m b i n a t i o n  o f  B A 0  =  1  a n d  B A 1  =  0 .

            5 .  A 0  i n  E x t e n d e d  M o d e  R e g i s t e r  m u s t  b e  s e t  t o  " 0 "  t o  e n a b l e  D L L  f o r  n o r m a l  o p e r a t i o n .

A 6 A 5 S t r o b e  S e l e c t

0 0 R e s e r v e d * 2

0 1 R e s e r v e d * 2

1 0 U n i d i r e c t i o n a l  D S / Q S

1 1 U n i d i r e c t i o n a l  D S / F r e e  R u n n i n g  Q S
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S t a t e  D i a g r a m

Se l f

R e f r e s h
P o w e r

D o w n

S t a n d b y

( I d l e )

M o d e

R e g i s t e r

A u t o -

R e f r e s h

A c t i v e

( R e s t o r e )
A c t i v e

W r i t e

( B u f f e r ) R e a d

P D E X

( P D  =  H )

S E L F X

( P D  =  H )

P D  =  L

P D  =  H

L A LL A L

R E F M R S

R D AW R A

P D E N

(P D  =  L )

T h e  s e c o n d  c o m m a n d  a t  A c t i v e  

s t a t e  m u s t  b e  i s s u e d  1 c l o c k  a f t e r  

R D A  o r  W R A  c o m m a n d  i n p u t

C o m m a n d  I n p u t

A u t o m a t i c  R e t u r n
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T i m i n g  D i a g r a m s

S i n g l e  B a n k  R e a d  T i m i n g  ( C L = 4 )

CLK

CLK

Command

BL =2

Address

(Output)

LQS/UQS

(Output)

R D A DESLL A L R D A DESLL A L R D A DESLLAL R D A

LAU A LAU A L AU A U A

# 0 #0 # 0 #0

Unid i rect ional  DS/QS mode

Bank Add.

DQ

(Input)
LDS/UDS

BL =4

(Output)

LQS/UQS

(Output)

DQ

(Input)

LDS/UDS

Unidirect ional  DS/Free Running QS mode

Q0 Q 1 Q0 Q 1

Q0 Q 1 Q2 Q 3 Q0 Q 1 Q2 Q 3 Q0

Q0 Q 1 Q2 Q 3 Q0 Q 1 Q2 Q 3 Q0

Q0 Q 1 Q0 Q 1

Q 0

Q 0

lR C =5cycles lRC =5cyc les lR C =5cyc les

lR C D =1cycle lR A S =4cyc les lR C D =1cycle lR A S =4cycles lR C D=1cycle lR A S=4cyc les

Low

C L = 4

Hi-Z

C L = 4 C L = 4

Low

C L = 4

Hi-Z

C L = 4 C L = 4

C L = 4

Hi-Z

C L = 4 C L = 4

C L = 4

Hi-Z

C L = 4 C L = 4

BL =2

(Output)

LQS/UQS

(Output)

DQ

(Input)

LDS/UDS

BL =4

(Output)

LQS/UQS

(Output)
DQ

(Input)

LDS/UDS
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S i n g l e  B a n k  R e a d  T i m i n g  ( C L = 5 )

Command

Address

R D A D E S LL A L

# 0

Unid i rect ional  DS/QS mode

Bank Add.

Unidirect ional  DS/Free Running QS mode

Q0 Q 1 Q0 Q 1

Q0 Q 1 Q2 Q 3 Q0 Q 1 Q2 Q 3

lR C =6cycles

Low

CL=5

Hi-Z

Low

Hi-Z

R D A DESLLAL

lRC =6cyc les

R D A D E S LL A L

U A LA

lR A S=5cyc leslR C D =1cycle lR A S=5cyc leslR C D=1cycle

U A L A

lR C D =1cycle

U A LA

# 0 #0

C L = 5

CL=5 C L = 5

Q0 Q 1 Q0 Q 1

CL=5

Hi-Z

C L = 5

Q0 Q 1 Q2 Q 3 Q0 Q 1 Q2 Q 3
Hi-Z

CL=5 C L = 5

CLK

CLK

BL =2

(Output)

LQS/UQS

(Output)

DQ

(Input)
LDS/UDS

BL =4

(Output)

LQS/UQS

(Output)

DQ

(Input)

LDS/UDS

BL =2

(Output)

LQS/UQS

(Output)

DQ

(Input)

LDS/UDS

BL =4

(Output)

LQS/UQS

(Output)
DQ

(Input)

LDS/UDS
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S i n g l e  B a n k  R e a d  T i m i n g  ( C L = 6 )

Command

Address

R D A DESLL A L

# 0

Unid i rect ional  DS/QS mode

Bank Add.

Unidirect ional  DS/Free Running QS mode

Q0 Q 1 Q0 Q 1

Q0 Q 1 Q2 Q 3 Q0 Q 1 Q2

lR C =7cyc les

Low

CL=6

Hi-Z

Low

Hi-Z

U A LA

lR A S=6cyc leslR C D =1cycle

CL=6

CL=6 CL=6

R D A DESLLAL

lR C =7cycles

R D A LAL

U A L A

lR A S=6cyc leslR C D =1cycle

U A L A

# 0 # 0

Q0 Q 1 Q0 Q 1

Q0 Q 1 Q2 Q 3 Q0 Q 1 Q2

CL=6

Hi-Z

Hi-Z

CL=6

CL=6 CL=6

lR C D =1cycle

CLK

CLK

BL =2

(Output)

LQS/UQS

(Output)

DQ

(Input)
LDS/UDS

BL =4

(Output)

LQS/UQS

(Output)

DQ

(Input)

LDS/UDS

BL =2

(Output)

LQS/UQS

(Output)

DQ

(Input)

LDS/UDS

BL =4

(Output)

LQS/UQS

(Output)
DQ

(Input)

LDS/UDS
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S i n g l e  B a n k  W r i t e  T i m i n g  ( C L = 4 )

Command

Address

W R A DESLL A L W R A DESLL A L W R A DESLLAL W R A

LAU A LAU A L AU A U A

# 0 #0 # 0 #0

Unid i rect ional  DS/QS mode

Bank Add.

Unidirect ional  DS/Free Running QS mode

D 0 D 1

lR C =5cycles lRC =5cyc les lR C =5cyc les

lR C D =1cycle lR A S =4cyc les lR C D =1cycle lR A S =4cycles lR C D=1cycle lR A S=4cyc les

Low

WL=3

D 0 D 1

WL=3

D 0 D 1

WL=3

D 0 D 1

Low

WL=3 WL=3

D 2 D 3 D 0 D 1 D 2 D 3

WL=3

D 0 D 1 D 2 D 3

D 0 D 1

WL=3

D 0 D 1

WL=3

D 0 D 1

WL=3

D 0 D 1

WL=3 WL=3

D 2 D 3 D 0 D 1 D 2 D 3

WL=3

D 0 D 1 D 2 D 3

CLK

CLK

BL =2

(Output)

LQS/UQS

(Output)

DQ

(Input)
LDS/UDS

BL =4

(Output)

LQS/UQS

(Output)

DQ

(Input)

LDS/UDS

BL =2

(Output)

LQS/UQS

(Output)

DQ

(Input)

LDS/UDS

BL =4

(Output)

LQS/UQS

(Output)
DQ

(Input)

LDS/UDS
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S i n g l e  B a n k  W r i t e  T i m i n g  ( C L = 5 )

Command

Address

W R A D E S LL A L

LAU A

# 0

Unid i rect ional  DS/QS mode

Bank Add.

Unidirect ional  DS/Free Running QS mode

D 0 D 1

lR C =6cyc les

lR C D =1cycle lR A S=5cyc les

Low

WL=4

D 0 D 1

Low

D 2 D 3

W R A DESLL A L

lR C =6cycles

W R A D E S LLAL

L AU A

lR C D =1cycle lR A S=5cyc les

L AU A

lR C D =1cycle

# 0 # 0

D 0 D 1

D 0 D 1 D 2 D 3

WL=4

WL=4 WL=4

D 0 D 1

WL=4

D 0 D 1 D 2 D 3

D 0 D 1

D 0 D 1 D 2 D 3

WL=4

WL=4 WL=4

CLK

CLK

BL =2

(Output)

LQS/UQS

(Output)

DQ

(Input)
LDS/UDS

BL =4

(Output)

LQS/UQS

(Output)

DQ

(Input)

LDS/UDS

BL =2

(Output)

LQS/UQS

(Output)

DQ

(Input)

LDS/UDS

BL =4

(Output)

LQS/UQS

(Output)
DQ

(Input)

LDS/UDS
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S i n g l e  B a n k  W r i t e  T i m i n g  ( C L = 6 )

Command

Address

W R A DESLL A L

LAU A

# 0

Unid i rect ional  DS/QS mode

Bank Add.

Unidirect ional  DS/Free Running QS mode

D 0 D 1

lR C =7cyc les

lR C D =1cycle lR A S=6cyc les

Low

WL=5

D 0 D 1

Low

D 2 D 3

W R A DESLLAL

L AU A

lR C =7cycles

lR C D =1cycle lR A S=6cyc les

W R A LAL

L AU A

lR C D =1cycle

# 0 # 0

D 0 D 1

W L = 5

D 0 D 1 D 2 D 3

WL=5 W L = 5

D 0 D 1

WL=5

D 0 D 1 D 2 D 3

D 0 D 1

W L = 5

D 0 D 1 D 2 D 3

WL=5 W L = 5

CLK

CLK

BL =2

(Output)

LQS/UQS

(Output)

DQ

(Input)
LDS/UDS

BL =4

(Output)

LQS/UQS

(Output)

DQ

(Input)

LDS/UDS

BL =2

(Output)

LQS/UQS

(Output)

DQ

(Input)

LDS/UDS

BL =4

(Output)

LQS/UQS

(Output)
DQ

(Input)

LDS/UDS
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S i n g l e  B a n k  R e a d - W r i t e  T i m i n g  ( C L = 4 )

Command

Address

R D A DESLL A L W R A DESLL A L R D A DESLLAL W R A

LAU A LAU A L AU A U A

# 0 #0 # 0 #0

Unid i rect ional  DS/QS mode

Bank Add.

Unidirect ional  DS/Free Running QS mode

lR C =5cycles lRC =5cyc les lR C =5cyc les

Q0 Q 1

CL=4

Q0 Q 1 Q2 Q 3

Q0

Low

D 0 D 1

C L = 4W L = 3

CL=4 C L = 4W L = 3

Low

D 0 D 1 D 2 D 3 Q0

Q0 Q 1

CL=4

Q0 Q 1 Q2 Q 3

Q0D 0 D 1

C L = 4W L = 3

CL=4 C L = 4W L = 3

D 0 D 1 D 2 D 3 Q0

Hi-Z

Hi-Z

Hi-Z

Hi-Z

CLK

CLK

BL =2

(Output)

LQS/UQS

(Output)

DQ

(Input)
LDS/UDS

BL =4

(Output)

LQS/UQS

(Output)

DQ

(Input)

LDS/UDS

BL =2

(Output)

LQS/UQS

(Output)

DQ

(Input)

LDS/UDS

BL =4

(Output)

LQS/UQS

(Output)
DQ

(Input)

LDS/UDS
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S i n g l e  B a n k  R e a d - W r i t e  T i m i n g  ( C L = 5 )

Unid i rect ional  DS/QS mode

Bank Add.

Unidirect ional  DS/Free Running QS mode

Q0 Q 1

C L = 5

Q0 Q 1 Q2 Q 3

Low

D 0 D 1

WL=4

Low

D 0 D 1 D 2 D 3

Hi-Z

Hi-Z

Command

Address

R D A D E S LL A L

LAU A

lR C =6cyc les

W R A DESLL A L

lR C =6cycles

R D A D E S LLAL

L AU A L AU A

# 0 # 0 # 0

C L = 5 WL=4

Q0 Q 1

C L = 5

Q0 Q 1 Q2 Q 3

D 0 D 1

WL=4

D 0 D 1 D 2 D 3

Hi-Z

Hi-Z

C L = 5 WL=4

Read  da ta Write data

CLK

CLK

BL =2

(Output)

LQS/UQS

(Output)

DQ

(Input)
LDS/UDS

BL =4

(Output)

LQS/UQS

(Output)

DQ

(Input)

LDS/UDS

BL =2

(Output)

LQS/UQS

(Output)

DQ

(Input)

LDS/UDS

BL =4

(Output)

LQS/UQS

(Output)
DQ

(Input)

LDS/UDS
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S i n g l e  B a n k  R e a d - W r i t e  T i m i n g  ( C L = 6 )

Unid i rect ional  DS/QS mode

Unidirect ional  DS/Free Running QS mode

Q0 Q 1

CL=6

Q0 Q 1 Q2 Q 3

Low

D 0 D 1

WL=5

Low

D 0 D 1 D 2 D 3

Hi-Z

Hi-Z

CL=6 WL=5

Read data Write data

Command

Address

R D A DESLL A L

LAU A

# 0Bank Add.

lR C =7cyc les

W R A DESLLAL

L AU A

lR C =7cycles

R D A LAL

L AU A

# 0 # 0

Q0 Q 1

CL=6

Q0 Q 1 Q2 Q 3

D 0 D 1

WL=5

D 0 D 1 D 2 D 3

Hi-Z

Hi-Z

CL=6 WL=5

CLK

CLK

BL =2

(Output)

LQS/UQS

(Output)

DQ

(Input)
LDS/UDS

BL =4

(Output)

LQS/UQS

(Output)

DQ

(Input)

LDS/UDS

BL =2

(Output)

LQS/UQS

(Output)

DQ

(Input)

LDS/UDS

BL =4

(Output)

LQS/UQS

(Output)
DQ

(Input)

LDS/UDS
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M u l t i p l e  B a n k  R e a d  T i m i n g  ( C L = 4 )

Unid i rect ional  DS/QS mode

Unidirect ional  DS/Free Running QS mode

Qa0 Qa1

C L = 4

Low

Hi-Z

Command

Address

R D A L A L

LAU A

B a n kBank Add.

R D A L A L DESL R D A LAL R D A LAL R D A LAL R D A LAL R D A LAL R D A

LAU A L AU A L AU A L AU A L AU A L AU A U A

" a "
Bank

"b"
B a n k

" a "
B a n k

" b "
B a n k

"c"
B a n k

" d "
B a n k

" a "
B a n k

" b "

lR B D =2cycles

Q b 0 Qb1 Qa0 Qa1 Qb0 Q b 1 Qc0 Qc1

CL=4

Qa0 Qa1

C L = 4

Low

Hi-Z
Q b 0 Qb1 Qa0 Qa1 Q b 0 Qb1 Qc0 Qc1

CL=4

Q a 2 Qa3 Qb2 Qb3 Q a 2 Qa3 Q b 2 Qb3 Qc2

Qa0 Qa1

C L = 4

Hi-Z
Q b 0 Qb1 Qa0 Qa1 Qb0 Q b 1 Qc0 Qc1

CL=4

Qa0 Qa1

C L = 4

Hi-Z
Q b 0 Qb1 Qa0 Qa1 Q b 0 Qb1 Qc0 Qc1

CL=4

Q a 2 Qa3 Qb2 Qb3 Q a 2 Qa3 Q b 2 Qb3 Qc2

lR B D=2cyc les lR B D =2cyc les lR B D =2cyc les lR B D=2cyc les

lRC (Bank"a")=5cycles

lR C(Bank"a")=5cycles

CLK

CLK

Note : lR C  to the same bank must be satisfied

BL =2

(Output)

LQS/UQS

(Output)

DQ

(Input)
LDS/UDS

BL =4

(Output)

LQS/UQS

(Output)

DQ

(Input)

LDS/UDS

BL =2

(Output)

LQS/UQS

(Output)

DQ

(Input)

LDS/UDS

BL =4

(Output)

LQS/UQS

(Output)
DQ

(Input)

LDS/UDS
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M u l t i p l e  B a n k  R e a d  T i m i n g  ( C L = 5 )

Unid i rect ional  DS/QS mode

Unidirect ional  DS/Free Running QS mode

Qa0 Qa1

C L = 5

Low

Hi-Z

Command

Address

R D A L A L

LAU A

B a n kBank Add.

R D A L A L D E S L R D A LAL R D A LAL R D A LAL R D A LAL R D A LAL

LAU A LAU A L AU A L AU A L AU A L AU A

" a "
Bank

"b"
B a n k

" a "
B a n k

" b "
B a n k

"c"
B a n k

" d "
B a n k

" a "

lR B D =2cycles

Qb0 Qb1 Q a 0 Qa1 Qb0 Qb1

CL=5

Qa0 Qa1

Low

Hi-Z
Qb0 Qb1 Q a 0 Qa1 Qb0 Qb1Q a 2 Qa3 Qb2 Qb3 Q a 2 Qa3 Q b 2

lR B D =2cycles lR B D =2cyc les lR B D =2cyc les lR B D =2cycles

lR C (Bank"a")=6cycles

lR C (Bank"a")=6cycles

C L = 5

CL=5

Qa0 Qa1

C L = 5

Hi-Z
Qb0 Qb1 Q a 0 Qa1 Qb0 Qb1

Qa0 Qa1
Hi-Z

Qb0 Qb1 Q a 0 Qa1 Qb0 Qb1Q a 2 Qa3 Qb2 Qb3 Q a 2 Qa3 Q b 2

C L = 5

CL=5

CL=5

CLK

CLK

BL =2

(Output)

LQS/UQS

(Output)

DQ

(Input)
LDS/UDS

BL =4

(Output)

LQS/UQS

(Output)

DQ

(Input)

LDS/UDS

BL =2

(Output)

LQS/UQS

(Output)

DQ

(Input)

LDS/UDS

BL =4

(Output)

LQS/UQS

(Output)
DQ

(Input)

LDS/UDS
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M u l t i p l e  B a n k  R e a d  T i m i n g  ( C L = 6 )

Unid i rect ional  DS/QS mode

Unidirect ional  DS/Free Running QS mode

Qa0 Qa1

Low

Hi-Z

Command

Address

R D A L A L

LAU A

B a n kBank Add.

R D A L A L D E S L R D A LAL R D A LAL R D A LAL R D A LAL R D A

LAU A L AU A L AU A L AU A L AU A U A

" a "
Bank

"b"
B a n k

" a "
B a n k

" b "
B a n k

" c "
B a n k

" d "
B a n k

" a "

lR B D =2cycles

Qb0 Qb1 Q a 0 Qa1

Q a 0 Qa1

Low

Hi-Z
Qb0 Qb1 Q a 0 Qa1Qa2 Qa3 Qb2 Q b 3 Q a 2

lR B D=2cyc les lR B D =2cyc les lR B D =2cyc les lR B D=2cyc les

lR C (Bank"a")=7cycles

lR C (Bank"a")=7cycles

C L = 6

CL=6

C L = 6

CL=6

Qa0 Qa1
Hi-Z

Qb0 Qb1 Q a 0 Qa1

Q a 0 Qa1
Hi-Z

Qb0 Qb1 Q a 0 Qa1Qa2 Qa3 Qb2 Q b 3 Q a 2

C L = 6

CL=6

C L = 6

CL=6

CLK

CLK

BL =2

(Output)

LQS/UQS

(Output)

DQ

(Input)
LDS/UDS

BL =4

(Output)

LQS/UQS

(Output)

DQ

(Input)

LDS/UDS

BL =2

(Output)

LQS/UQS

(Output)

DQ

(Input)

LDS/UDS

BL =4

(Output)

LQS/UQS

(Output)
DQ

(Input)

LDS/UDS
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M u l t i p l e  B a n k  W r i t e  T i m i n g  ( C L = 4 )

Unid i rect ional  DS/QS mode

Unidirect ional  DS/Free Running QS mode

D a 0 Da1

WL=3

Low

Command

Address

W R A L A L

LAU A

B a n kBank Add.

W R A L A L DESL W R A LAL W R A LAL W R A LAL W R A LAL W R A LAL W R A

LAU A L AU A L AU A L AU A L AU A L AU A U A

" a "
Bank

"b"
B a n k

" a "
B a n k

" b "
B a n k

"c"
B a n k

" d "
B a n k

" a "
B a n k

" b "

lR B D =2cycles

WL=3

D a 0 Da1

Low

Db0 D b 1 D a 0 Da1 D b 0 Db1 Dc0 Dc1D a 2 D a 3 Db2 D b 3 D a 2 Da3 D b 2 Db3 Dc2

lR B D=2cyc les lR B D =2cyc les lR B D =2cyc les lR B D=2cyc les

lRC (Bank"a")=5cycles

lR C(Bank"b")=5cycles

D b 0 Db1 D a 0 D a 1 D b 0 D b 1 Dc0 Dc1 D d 0 D d 1

Dc3 D d 0 D d 1

WL=3

WL=3

D a 0 Da1

WL=3

WL=3

D a 0 Da1 Db0 D b 1 D a 0 Da1 D b 0 Db1 Dc0 Dc1D a 2 D a 3 Db2 D b 3 D a 2 Da3 D b 2 Db3 Dc2

D b 0 Db1 D a 0 D a 1 D b 0 D b 1 Dc0 Dc1 D d 0 D d 1

Dc3 D d 0 D d 1

WL=3

WL=3

CLK

CLK

BL =2

(Output)

LQS/UQS

(Output)

DQ

(Input)
LDS/UDS

BL =4

(Output)

LQS/UQS

(Output)

DQ

(Input)

LDS/UDS

BL =2

(Output)

LQS/UQS

(Output)

DQ

(Input)

LDS/UDS

BL =4

(Output)

LQS/UQS

(Output)
DQ

(Input)

LDS/UDS
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M u l t i p l e  B a n k  W r i t e  T i m i n g  ( C L = 5 )

Unid i rect ional  DS/QS mode

Unidirect ional  DS/Free Running QS mode

D a 0 Da1

WL=4

Low

Command

Address

Bank Add.

W L = 4

D a 0 Da1

Low

Db0 D b 1 D a 0 Da1 D b 0 Db1 Dc0 Dc1Da2 D a 3 D b 2 D b 3 D a 2 Da3 D b 2 Db3

D b 0 Db1 D a 0 D a 1 D b 0 D b 1 Dc0 Dc1

W R A L A L

LAU A

B a n k

W R A L A L D E S L W R A LAL W R A LAL W R A LAL W R A LAL W R A LAL

LAU A LAU A L AU A L AU A L AU A L AU A

" a "
Bank

"b"
B a n k

" a "
B a n k

" b "
B a n k

"c"
B a n k

" d "
B a n k

" a "

lR B D =2cycles lR B D =2cycles lR B D =2cyc les lR B D =2cyc les lR B D =2cycles

lR C (Bank"a")=6cycles

lR C (Bank"b")=6cycles

WL=4

W L = 4

D a 0 Da1

WL=4

W L = 4

D a 0 Da1 Db0 D b 1 D a 0 Da1 D b 0 Db1 Dc0 Dc1Da2 D a 3 D b 2 D b 3 D a 2 Da3 D b 2 Db3

D b 0 Db1 D a 0 D a 1 D b 0 D b 1 Dc0 Dc1

WL=4

W L = 4

Note  : IR C  to  the same bank must  be sat is f ied.

CLK

CLK

BL =2

(Output)

LQS/UQS

(Output)

DQ

(Input)
LDS/UDS

BL =4

(Output)

LQS/UQS

(Output)

DQ

(Input)

LDS/UDS

BL =2

(Output)

LQS/UQS

(Output)

DQ

(Input)

LDS/UDS

BL =4

(Output)

LQS/UQS

(Output)
DQ

(Input)

LDS/UDS
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M u l t i p l e  B a n k  W r i t e  T i m i n g  ( C L = 6 )

Unid i rect ional  DS/QS mode

Unidirect ional  DS/Free Running QS mode

D a 0 Da1

W L = 5

Low

Command

Address

Bank Add.

W L = 5

D a 0 Da1

Low

Db0 D b 1 D a 0 D a 1 D b 0 Db1Da2 D a 3 D b 2 D b 3 D a 2 D a 3

D b 0 Db1 Da0 D a 1 D b 0 D b 1

W L = 5

W L = 5

Note  : IR C  to  the same bank must  be sat is f ied.

W R A L A L

LAU A

B a n k

W R A L A L D E S L W R A LAL W R A LAL W R A LAL W R A LAL W R A

LAU A L AU A L AU A L AU A L AU A U A

" a "
Bank

"b"
B a n k

" a "
B a n k

" b "
B a n k

" c "
B a n k

" d "
B a n k

" a "

lR B D =2cycles lR B D=2cyc les lR B D =2cyc les lR B D =2cyc les lR B D=2cyc les

lR C (Bank"a")=7cycles

lR C (Bank"a")=7cycles

D a 0 Da1

W L = 5

W L = 5

D a 0 Da1 Db0 D b 1 D a 0 D a 1 D b 0 Db1Da2 D a 3 D b 2 D b 3 D a 2 D a 3

D b 0 Db1 Da0 D a 1 D b 0 D b 1

W L = 5

W L = 5

CLK

CLK

BL =2

(Output)

LQS/UQS

(Output)

DQ

(Input)
LDS/UDS

BL =4

(Output)

LQS/UQS

(Output)

DQ

(Input)

LDS/UDS

BL =2

(Output)

LQS/UQS

(Output)

DQ

(Input)

LDS/UDS

BL =4

(Output)

LQS/UQS

(Output)
DQ

(Input)

LDS/UDS
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M u l t i p l e  B a n k  R e a d - W r i t e  T i m i n g  ( B L = 2 )

Command

Address

W R A L A L

LAU A

B a n kBank Add.

R D A L A L DESL W R A LAL R D A LAL DESL W R A LAL R D A LAL D E S L W R A

LAU A L AU A L AU A U A U AL A L A U A

" a "
Bank

"b"
B a n k

"c"
B a n k

" d "

lR B D =2cycles

B a n k
" a "

B a n k
" b "

B a n k
"c"

lR C (Bank"a")

lR C (Bank"a")

C L  = 4

( O u t p u t )

L Q S / U Q S

D Q

( I n p u t )

L D S / U D S

Unidirect ional  DS/Free Running QS mode

WL=3
CL=4

Low

Unid i rect ional  DS/QS mode

D a 0 Da1 Q b 0 Qb1 Dc0 Dc1 Q d 0 Qd1 D a 0 D a 1
Hi-Z

WL=4
CL=5

Low

D a 0 Da1 Q b 0 Qb1 Dc0 Dc1 Q d 0 Qd1 D a 0 D a 1
Hi-Z

WL=5
CL=6

Low

D a 0 Da1 Q b 0 Qb1 Dc0 Dc1 Q d 0 Qd1

Hi-Z

WL=3
CL=4

D a 0 Q a 1 Q b 0 Qb1 Dc0 Qc1 Q d 0 Qd1 D a 0 D a 1
Hi-Z

WL=4
CL=5

D a 0 Da1 Q b 0 Qb1 Dc0 Dc1 Q d 0 Qd1 D a 0 D a 1

Hi-Z

WL=5
CL=6

D a 0 Da1 Q b 0 Qb1 Dc0 Dc1 Q d 0 Qd1

Hi-Z

Note  : IR C  to  the same bank must  be sat is f ied.

CLK

CLK

( O u t p u t )

C L  = 5

( O u t p u t )

L Q S / U Q S

D Q

( I n p u t )

L D S / U D S

( O u t p u t )

C L  = 6

( O u t p u t )

L Q S / U Q S

D Q

( I n p u t )

L D S / U D S

( O u t p u t )

C L  = 4

( O u t p u t )

L Q S / U Q S

D Q

( I n p u t )

L D S / U D S

( O u t p u t )

C L  = 5

( O u t p u t )

L Q S / U Q S

D Q

( I n p u t )

L D S / U D S

( O u t p u t )

C L  = 6

( O u t p u t )

L Q S / U Q S

D Q

( I n p u t )

L D S / U D S

( O u t p u t )



-   39   -

K4C89363AF

0 2 3 4 5 6 7 8 9 1 0 1 11 1 2 1 3 14 15

REV. 0.0 Sep. 2002

M u l t i p l e  B a n k  R e a d - W r i t e  T i m i n g  ( B L = 4 )

Command

Address

W R A L A L

LAU A

B a n kBank Add.

R D A L A L DESL W R A LAL R D A LAL DESL W R A LAL R D A LAL

LAU A LAU A L AU A U A U AL A L A

" a "
Bank

"b"
B a n k

"c"
B a n k

" d "

lR B D =2cycles

B a n k
" a "

B a n k
" b "

lR C (Bank"a")

lR C (Bank"a")

Unidirect ional  DS/Free Running QS mode

WL=3
CL=4

Low

Unid i rect ional  DS/QS mode

D a 0 Da1 Q b 0 Qb1
Hi-Z

lW R D =1cycle lR W D =3cyc les lW R D =1cycle lR W D =3cycles lW R D=1cycle

D a 2 Da3 Q b 2 Qb3 D a 0 Da1 Qb0 Qb1D a 2 D a 3 Qb2 Qb3

Low

D a 0 Da1 Q b 0 Qb1
Hi-Z

D a 2 D a 3 Q b 2 Qb3 D a 0 D a 1 Qb0 Qb1D a 2 D a 3 Qb2 Qb3

Low

D a 0 Da1 Q b 0 Qb1
Hi-Z

D a 2 Da3 Q b 2 Qb3 D a 0 D a 1 Qb0 Qb1D a 2 D a 3

WL=4
CL=5

WL=5
CL=6

WL=3 CL=4

D a 0 Da1 Q b 0 Qb1
Hi-Z

D a 2 Da3 Q b 2 Qb3 D a 0 Da1 Qb0 Qb1D a 2 D a 3 Qb2 Qb3

D a 0 Da1 Q b 0 Qb1
Hi-Z

D a 2 D a 3 Q b 2 Qb3 D a 0 D a 1 Qb0 Qb1D a 2 D a 3 Qb2 Qb3

D a 0 Da1 Q b 0 Qb1
Hi-Z

D a 2 Da3 Q b 2 Qb3 D a 0 D a 1 Qb0 Qb1D a 2 D a 3

WL=4
CL=5

WL=5
CL=6

Note  : IR C  to  the same bank must  be sat is f ied.

CLK

CLK

C L  = 4

( O u t p u t )

L Q S / U Q S

D Q

( I n p u t )

L D S / U D S

( O u t p u t )

C L  = 5

( O u t p u t )

L Q S / U Q S

D Q

( I n p u t )

L D S / U D S

( O u t p u t )

C L  = 6

( O u t p u t )

L Q S / U Q S

D Q

( I n p u t )

L D S / U D S

( O u t p u t )

C L  = 4

( O u t p u t )

L Q S / U Q S

D Q

( I n p u t )

L D S / U D S

( O u t p u t )

C L  = 5

( O u t p u t )

L Q S / U Q S

D Q

( I n p u t )

L D S / U D S

( O u t p u t )

C L  = 6

( O u t p u t )

L Q S / U Q S

D Q

( I n p u t )

L D S / U D S

( O u t p u t )
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W r i t e  w i t h  V a r i a b l e  W r i t e  L e n g t h  ( V W )  C o n t r o l ( C L = 4 )

Command W R A L A L DESL W R A LAL

BL=2,  SEQUENTIAL MODE

D E S L

Address U A
L A = # 3

U AV W = A l l

L A = # 1

V W = 1

Bank Add.
Bank B a n k

"a"

(Input)

L Q S / U Q S

(Input)

LDS/UDS

D 0 D 1 D 0

Lower Address #3 #2 #1 (#0)

Last  one data  is  masked.

Command W R A L A L DESL W R A LAL

BL=4,  SEQUENTIAL MODE

DESL

Address U A
L A = # 3

U AV W = A l l

L A = # 1

V W = 1

Bank Add.
Bank

"a"

(Input)

L Q S / U Q S

(Input)

LDS/UDS

D 0 D 1 D 0

Lower Address   #3    #0    #1   #2 #1  (#2) (#3) (#0)

Last three data are masked.

B a n k
" a "

DESL W R A L A L

U A
L A = # 2

V W = 2

Bank
" a "

D 2 D 3 D 0 D 1

#2    #3   (#0) (#1)

Last  two data are masked.

Note :   DS input must be continued t i l l  end of burst count even i f  some of laster data is masked.

0 2 3 4 5 6 7 8 9 1 0 1 11 1 2 1 3 14 15

CLK

CLK

VW0 = Low
VW1 = don’t care

V W 0  =  H i g h
VW1 = don’t care

" a "

VW0 =  H igh
VW1 = Low

VW0 = High
VW1 = High

VW0 = Low
VW1 = High
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P o w e r  D o w n  T i m i n g  ( C L = 4 ,  B L = 4 )

Command R D A L A L
RDA

BL=2,  SEQUENTIAL MODE

Address U A U A

D E S L or
WRA

LA

Unidirect ional  DS/Free Running QS mode

Unid i rect ional  DS/QS mode

P D

t IH

tQ P D H t P D E X

tIS I P D=2 cycle

IR C ( m i n ) ,  tR E F I ( m a x )

Q0 Q 1

Low

Hi-Z

C L = 4

Q 2 Q3

Q0 Q 1
Hi-Z

C L = 4

Q 2 Q3

Hi-Z

Hi-Z

P D must be kept "High" level unt i l  end of Burst data output.

P D should be brought to "High" wi thin tR E F I (max.) to maintain the data written into cell.

In  Power Down Mode,  P D  "Low" and a stable c lock s ignal  must  be mainta ined.

When  PD  is brought to "High",  a val id executable command may be appl ied I P D A cycles later.

Note :

Power Down Entry Power Down Exit

∼∼0 2 3 4 5 6 7 8 9 1 0 n-11 n n+1 n+2 n+3

∼∼
∼∼

∼∼
∼∼

∼∼
∼∼

∼∼
∼∼

∼∼
CLK

CLK

R e a d  c y c l e  t o  P o w e r  D o w n  M o d e

DESL

IP D A

(Output)

L Q S / U Q S

(Output)

DQ

(Input)

LDS/UDS

(Output)

L Q S / U Q S

(Output)

DQ

(Input)

LDS/UDS
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P o w e r  D o w n  T i m i n g  ( C L = 4 ,  B L = 4 )

Command W R A L A L

Address U A

DESL

LA

Unidirect ional  DS/Free Running QS mode

Unid i rect ional  DS/QS mode

P D

t IH

t P D E X

tIS I PD =2 cycle

IR C ( m i n ) ,  tR E F I ( m a x )

Low

W L = 3

D 0 D 1 D 2 D 3

W L = 3 IP D =2 cycle

D 0 D 1 D 2 D 3

W L = 3

P D must be kept "High" level unt i l  end of Burst data output.

P D should be brought to "High" wi thin tR E F I (max.) to maintain the data written into cell.

In  Power Down Mode,  P D  "Low" and a stable c lock s ignal  must  be mainta ined.

When  PD  is brought to "High",  a val id executable command may be appl ied I P D A cycles later.

Note :

0 2 3 4 5 6 7 8 9 1 0 n-11 n n+1 n+2 n+3

IP D A∼∼
∼∼

∼∼
∼∼

∼∼
∼∼

∼∼
∼∼

∼∼
∼∼

W r i t e  c y c l e  t o  P o w e r  D o w n  M o d e

CLK

CLK

RDA

U A

or
WRA

DESL

(Output)

L Q S / U Q S

(Output)

DQ

(Input)

LDS/UDS

(Output)

L Q S / U Q S

(Output)

DQ

(Input)

LDS/UDS
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M o d e  R e g i s t e r  S e t  T i m i n g  ( C L = 4 ,  B L = 2 )

Command

A14~A0

R D A DESLL A L

LAU A

B ABA0, BA1

R D A D E S LM R S

lR C =7cycles

LAL

L AU A

BA1="0"
B A

RDA
or

WRA

BA0="0"

(opcode)
Valid

F r o m  R e a d  o p e r a t i o n  t o  M o d e  R e g i s t e r  S e t  o p e r a t i o n

Unidirect ional  DS/Free Running QS mode

Low

Q0 Q 1

Q0 Q 1

Unid i rect ional  DS/QS mode

Note :   Min imum delay f rom LAL fo l lowing RDA  to RDA  of  MRS operat ion is  CL+BL/2.

0 2 3 4 5 6 7 8 9 1 0 1 11 1 2 1 3 14 15

CLK

CLK

CL + BL/2

(Output)

L Q S / U Q S

(Output)

DQ

(Input)

LDS/UDS

(Output)

L Q S / U Q S

(Output)

DQ

(Input)

LDS/UDS



K4C89363AF

-   44   - REV. 0.0 Sep. 2002

0 2 3 4 5 6 7 8 9 1 0 1 11 1 2 1 3 14 15

M o d e  R e g i s t e r  S e t  T i m i n g  ( C L = 4 ,  B L = 4 )

Command

A14~A0

W R A DESLL A L

LAU A

B ABA0, BA1

R D A D E S LM R S

lR C =7cycles

LAL

L AU A

BA1="0"
B A

RDA
or

WRA

BA0="0"

(opcode)
Valid

F r o m  W r i t e  o p e r a t i o n  t o  M o d e  R e g i s t e r  S e t  o p e r a t i o n

Unidirect ional  DS/Free Running QS mode

Low

D 0 D 1 D 2 D 3

D 0 D 1 D 2 D 3

Unid i rect ional  DS/QS mode

Note :   Min imum delay f rom LAL fo l lowing WRA  to RDA  of  MRS operat ion is  WL+BL/2.

CLK

CLK

WL + BL/2

(Output)

L Q S / U Q S

(Output)

DQ

(Input)

LDS/UDS

(Output)

L Q S / U Q S

(Output)

DQ

(Input)

LDS/UDS
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E x t e n d e d  M o d e  R e g i s t e r  S e t  T i m i n g  ( C L = 4 ,  B L = 2 )

Command

A14~A0

R D A DESLL A L

LAU A

B ABA0, BA1

R D A D E S LM R S

lR C =7cycles

LAL

L AU A

BA1="0"
B A

RDA
or

WRA

BA0="0"

(opcode)
Valid

F r o m  R e a d  o p e r a t i o n  t o  E x t e n d e d  M o d e  R e g i s t e r  S e t  o p e r a t i o n

Unidirect ional  DS/Free Running QS mode

Low

Q0 Q 1

Q0 Q 1

Unid i rect ional  DS/QS mode

Minimum delay f rom LAL fo l lowing RDA to RDA of  EMRS operat ion is  CL+BL/2.

When DQ strobe mode is changed by EMRS, QS output is inval id for IR S C  per iod.

DLL switch in Extended Mode Register must be set  to enable mode for normal operat ion.

DLL lock-on t ime is needed after ini t ial  EMRS operat ion. See Power Up Sequence.

Note :

0 2 3 4 5 6 7 8 9 1 0 1 11 1 2 1 3 14 15

CLK

CLK

CL + BL/2

(Output)

L Q S / U Q S

(Output)

DQ

(Input)

LDS/UDS

(Output)

L Q S / U Q S

(Output)

DQ

(Input)

LDS/UDS
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E x t e n d e d  M o d e  R e g i s t e r  S e t  T i m i n g  ( C L = 4 ,  B L = 4 )

Command

A14~A0

W R A DESLL A L

LAU A

B ABA0, BA1

R D A D E S LM R S

lR C =7cycles

LAL

L AU A

BA1="0"
B A

RDA
or

WRA

BA0="0"

(opcode)
Valid

F r o m  W r i t e  o p e r a t i o n  t o  E x t e n d e d  M o d e  R e g i s t e r  S e t  o p e r a t i o n

When DQ strobe mode is changed by EMRS, QS output is inval id for IR S C  per iod.

DLL switch in Extended Mode Register must be set  to enable mode for normal operat ion.

DLL lock-on t ime is needed after ini t ial  EMRS operat ion. See Power Up Sequence.

Minimum delay f rom LAL fol lowing WRA to RDA of EMRS operat ion is WL+BL/2.

Note :

Unidirect ional  DS/Free Running QS mode

Low

D 0 D 1 D 2 D 3

D 0 D 1 D 2 D 3

Unid i rect ional  DS/QS mode

0 2 3 4 5 6 7 8 9 1 0 1 11 1 2 1 3 14 15

CLK

CLK

WL + BL/2

(Output)

L Q S / U Q S

(Output)

DQ

(Input)

LDS/UDS

(Output)

L Q S / U Q S

(Output)

DQ

(Input)

LDS/UDS
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0 2 3 4 5 6 7 n-1 n n+1 n+21

A u t o - R e f r e s h  T i m i n g  ( C L = 4 ,  B L = 4 )

R D A LAL DESL W R A R E F D E S L
R D A

Bank,
L A

Command

Bank, Address

or
W R A

LAL or
M R S  o r

R E F

U A

Q0 Q1 Q2 Q 3

L Q S / U Q S
(output)

DQ
(output)

Unid i rect ional  DS/Free Running QS mode

C L = 4

lR C =5cycles lR E F C =19cyc les

lR C D =1cycle lR A S=4cyc les lR C D =1cycle

Low

Hi-Z

Low

Hi-Z

∼∼
∼∼

∼∼
∼∼

R D A LAL DESL W R A R E F D E S L
R D A

Bank,
L A

Command

Bank, Address

or
W R A

LAL or
M R S  o r

R E F

U A

Q0 Q1 Q2 Q 3

L Q S / U Q S
(output)

DQ
(output)

C L = 4

lR C =5cycles lR E F C =19cyc les

lR C D =1cyc les lR A S=4cyc les lR C D =1cycles

Hi-Z Hi-Z

∼∼
∼∼

∼∼
∼∼

In case of  CL=4, IR E F C must be meet 19 clock cycles.

When the Auto-Refresh operat ion is perfomed, the synthet ic average interval  of  Auto-Refresh command

specif ied by tR E F I  must be sat isf ied.

tR E F I  is average interval t ime in 8 Refresh cycles that is sampled randomly.

Note :

Unidirect ional DS/QS mode

WRAREF

∼∼

WRA REF

∼∼

WRAREF

∼∼ ∼∼

WRAREF

∼∼

WRAREF

t 1 t2 t 3 t 7 t8

8 Refresh cycle

Total t ime of 8 Refresh cycle

8

t1 + t2 + t3 + t4 +t 5 +t 6 +t 7 +t 8

8

=tR E F I =

tR E F I  is specif ied to avoid part ly concentrated current of Refresh operation that is acivated 

larger are than Read/Write operat ion.

C L K

C L K

C L K

C L K

C L K
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0 2 3 4 5 6 7 8 9 10 111

S e l f - R e f r e s h  E n t r y  T i m i n g

W R A R E F DESLCommand

Q x

L Q S / U Q S
(output)

DQ
(output)

lR E F C

Hi-Z ∼∼
∼∼

Unidirect ional DS/QS mode

lR C D =1cyc les

t
F P D L  ( m i n )

lP D V
* 2

Auto Refresh
t

F P D L  ( m a x )

Self Refresh Entry

lC K D

tQ P D H

LOW

Hi-Z
∼∼

∼∼
∼∼

∼∼
∼∼

∼∼
∼∼

∼∼

1.        is don’t care.

2. P D  must be brought to "Low" within the t iming between tF P D L (min) and t F P D L (max) to Self

    Ref resh mode.  When PD  is brought to "Low" after IP D V,  K4C89183AD perform Auto Refresh and enter 

Power  down mode.  

3. It is desirable that clock input is continued at least IC K D  f rom REF command even  though  P D  is 

brought to "Low" for Self-Refresh Entry.

Note :

Unidirect ional  DS/QS mode

R E F* 5DESLCommand

LQS/UQS
(output)

DQ
(output)

lR E F C

0 3 m-1 m m+1 m+2 n-1 n n+1 p-1 p1

W R A *5 DESL R D A * 7 L A L* 7

lR E F C
Command (1st) *6

Command (2nd) *6

lP D A =2cyc les
* 4

lR C D = 1cycle lR C D =1cycle

t
P D E X

1.        is don’t care.
2. Clock should be stable prior to PD  = "High" i f  c lock input is suspended in Self-Refresh mode.

3.  DESL command must  be asserted dur ing I R E F C  after P D  is brought to "High"

4. lP D A is defined from the first clock rising edge after PD  is brought to "High"

5. I t  is desirable that one Auto-Refresh command is issued just after Self-Refresh Exit  before any other 

operation.
6.  Any command (except  Read command) can be issued af ter  l

R E F C
.

7.  Read command (RDA +LAL) can be issued af ter  lL C O K .

Note :

Self-Refresh Exit

lL O C K

S e l f - R e f r e s h  E x i t  T i m i n g

∼∼
∼∼

∼∼
∼∼

∼∼

∼∼
∼∼

∼∼
∼∼

∼∼

∼∼
∼∼

∼∼
∼∼

∼∼

∼∼
∼∼

∼∼
∼∼

∼∼
C L K

C L K

C L K

C L K

C L K

C L K

P D

P D

* 2

* 3

Hi-Z
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0 2 3 4 5 m-1 m m+11

S e l f - R e f r e s h  E n t r y  T i m i n g

C L K

C L K

W R A R E F DESLCommand

Q x
DQ

(output)

lR E F C

Hi-Z

∼∼
∼∼

Unidirect ional  DS/Free Running QS mode

lR C D =1cycle

t
F P D L  ( m i n )

lP D V
* 2

Auto Refresh
t

F P D L  ( m a x )

Self Refresh Entry

lC K D

tQ P D H

Hi-Z

∼∼

∼∼
∼∼

∼∼
∼∼

1.        is don’t care.

2. P D  must be brought to "Low" within the t iming between tF P D L (min) and t F P D L (max) to Self

    Ref resh mode.  When P D  is brought to "Low" after IP D V , K4C89183AD perform Auto Refresh and enter  

Power  down mode.  

3. It is desirable that clock input is continued at least IC K D  f rom REF command even  though P D  is 

brought to "Low" for Self-Refresh Entry.

Note :

Unid i rect ional  DS/Free Running QS mode

R E F* 5DESLCommand

QS
(output)

DQ
(output)

lR E F C

0 3 m-1 m m+1 m+2 n-1 n n+1 p-1 p1

W R A *5 DESL R D A * 7 L A L* 7

lR E F C
Command (1st) *6

Command (2nd) *6

lP D A =2cyc les
* 4

lR C D = 1cycle lR C D =1cycle

t
P D E X

1.        is don’t care.
2. Clock should be stable prior to PD  = "High" i f  c lock input is suspended in Self-Refresh mode.

3.  DESL command must  be asserted dur ing I R E F C  after P D  is brought to "High"

4. lP D A is defined from the first clock rising edge after PD  is brought to "High"

5. I t  is desirable that one Auto-Refresh command is issued just after Self-Refresh Exit  before any other 

operation.
6.  Any command (except  Read command) can be issued af ter  l

R E F C
.

7.  Read command (RDA +LAL) can be issued af ter  lL O C K.

8. QS output is invalid unti l  DLL lock from Self-Refresh exit.

Note :

Self-Refresh Exit

S e l f - R e f r e s h  E x i t  T i m i n g

∼∼
∼∼

∼∼
∼∼

∼∼

∼∼
∼∼

∼∼
∼∼

∼∼

∼∼
∼∼

∼∼
∼∼

∼∼
∼∼

∼∼
∼∼

LQS/UQS
(output)

∼∼ ∼∼

LQS/UQS
(output)

tQ P D H
∼∼

∼∼

lL O C K ∼∼ ∼∼∼∼ ∼∼

C L K

C L K

P D

P D

Hi-Z
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F u n c t i o n  D e s c r i p t i o n

N e t w o r k  -  D R A M

N e t w o r k  -  D R A M  i s  a n  a c r o n y m  o f  D o u b l e  D a t a  R a t e  N e t w o r k  -  D R A M .

N e t w o r k  -  D R A M  i s  c o m p e t e n t  t o  p e r f o r m  f a s t  r a n d o m  c o r e  a c c e s s ,  l o w  l a t e n c y  a n d  h i g h - s p e e d  d a t a  t r a n s f e r .

P i n  F u n c t i o n s

C l o c k  I n p u t s  :   C L K  &  C L K

  T h e  C L K  a n d  C L K   i n p u t s  a r e  u s e d  a s  t h e  r e f e r e n c e  f o r  s y n c h r o n o u s  o p e r a t i o n .  C L K  i s  m a s t e r  c l o c k  i n p u t .  T h e  C S ,  F N  a n d  a l l  

a d d r e s s  i n p u t  s i g n a l s  a r e  s a m p l e d  o n  t h e  c r o s s i n g  o f  t h e  p o s i t i v e  e d g e  o f  C L K  a n d  t h e  n e g a t i v e  e d g e  o f  C L K .  T h e  Q S  a n d  D Q  o u t p u t  

d a t a  a r e  a l i g n e d  t o  t h e  c r o s s i n g  p o i n t  o f  C L K  a n d  C L K .  T h e  t i m i n g  r e f e r e n c e  p o i n t  f o r  t h e  d i f f e r e n t i a l  c l o c k  i s  w h e n  t h e  C L K  a n d  C L K  

s i g n a l s  c r o s s  d u r i n g  a  t r a n s i t i o n .

P o w e r  D o w n  :  P D

 T h e  P D  i n p u t  c o n t r o l s  t h e  e n t r y  t o  t h e  P o w e r  D o w n  o r  S e l f - R e f r e s h  m o d e s .  T h e  P D  i n p u t  d o e s  n o t  h a v e  a  C l o c k  S u s p e n d  f u n c t i o n  l i k e  

a  C K E  i n p u t  o f  a  s t a n d a r d  S D R A M s ,   t h e r e f o r e  i t  i s  i l l e g a l  t o  b r i n g  P D  p i n  i n t o  l o w  s t a t e  i f  a n y  R e a d  o r  W r i t e  o p e r a t i o n  i s  b e i n g  p e r -

f o r m e d .

C h i p  S e l e c t  &  F u n c t i o n  C o n t r o l  :  C S  &  F N

 T h e  C S  a n d  F N  i n p u t s  a r e  a  c o n t r o l  s i g n a l  f o r  f o r m i n g  t h e  o p e r a t i o n  c o m m a n d s  o n  N e t w o r k - D R A M .  E a c h  o p e r a t i o n  m o d e  i s  d e c i d e d  

b y  t h e  c o m b i n a t i o n  o f  t h e  t w o  c o n s e c u t i v e  o p e r a t i o n  c o m m a n d s  u s i n g  t h e  C S  a n d  F N  i n p u t s .

B a n k  A d d r e s s e s  :  B A 0  &  B A 1

 T h e  B A 0  a n d  B A 1  i n p u t s  a r e  l a t c h e d  a t  t h e  t i m e  o f  a s s e r t i o n  o f  t h e  R D A  o r  W R A  c o m m a n d  a n d  a r e  s e l e c t e d  t h e  b a n k  t o  b e  u s e d  f o r  

t h e  o p e r a t i o n .  B A 0  a n d  B A 1  a l s o  d e f i n e  w h i c h  m o d e  r e g i s t e r  i s  l o a d e d  d u r i n g  t h e  M o d e  R e g i s t e r  S e t  c o m m a n d  ( M R S  o r  E M R S ) .

A d d r e s s  I n p u t s  :  A 0  t o  A 1 4

  A d d r e s s  i n p u t s  a r e  u s e d  t o  a c c e s s  t h e  a r b i t r a r y  a d d r e s s  o f  t h e  m e m o r y  c e l l  a r r a y  w i t h i n  e a c h  b a n k .  T h e  U p p e r  A d d r e s s e s  w i t h  B an k  

a d d r e s s  a r e  l a t c h e d  a t  t h e  R D A  o r  W R A  c o m m a n d  a n d  t h e  L o w e r  A d d r e s s e s  a r e  l a t c h e d  a t  t h e  L A L  c o m m a n d .  T h e  A 0  t o  A 1 4  i n p u t s  

a r e  a l s o  u s e d  f o r  s e t t i n g  t h e  d a t a  i n  t h e  R e g u l a r  o r  E x t e n d e d  M o d e  R e g i s t e r  s e t  c y c l e .

B A 0 B A 1

B a n k  # 0 0 0

B a n k  # 1 1 0

B a n k  # 2 0 1

B a n k  # 3 1 1

U p p e r  A d d r e s s L o w e r  A d d r e s s

K 4 C 8 9 3 6 3 A F A 0  t o  A 1 4 A 0  t o  A 6
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F u n c t i o n a l  D e s c r i p t i o n  ( C o n t i n u e d )

D a t a  I n p u t / O u t p u t  :  D Q 0  ~  D Q 3 5

 T h e  i n p u t  d a t a  o f  D Q 0  t o  D Q 3 5  a r e  t a k e n  i n  s y n c h r o n i z i n g  w i t h  t h e  b o t h  e d g e s  o f  L D S / U D S  i n p u t  s i g n a l .

T h e  o u t p u t  d a t a  o f  D Q 0  t o  D Q 3 5  a r e  o u t p u t t e d  s y n c h r o n i z i n g  w i t h  t h e  b o t h  e d g e s  o f  L Q S / U Q S  o u t p u t  s i g n a l .

D a t a  S t r o b e  :  D S ( L D S / U D S )  o r  Q S ( L Q S / U Q S )

M e t h o d  o f  d a t a  s t r o b e  i s  c h o s e n  b y  E x t e n d e d  m o d e  r e g i s t e r .  

     ( 1 )  U n i d i r e c t i o n a l  D S / Q S  m o d e

D S  i s  i n p u t  s i g n a l  a n d  Q S  i s  o u t p u t  s i g n a l .  B o t h  e d g e s  o f  D S  a r e  u s e d  t o  s a m p l e  a l l  D Q s  a t  W r i t e  o p e r a t i o n .  B o t h  e d g e s  o f  Q S  

 a r e  u s e d  f o r  t r i g g e r  s i g n a l  o f  a l l  D Q s  a t  R e a d  o p e r a t i o n .  D u r i n g  W r i t e ,  A u t o - R e f r e s h  a n d  N O P  c y c l e ,  Q S  a s s e r t  a l w a y s  " L o w "  

l e v e l .  Q S  i s  H i - Z  i n  S e l f - R e f r e s h  m o d e .

     ( 2 )  U n i d i r e c t i o n a l  D S / F r e e  r u n n i n g  Q S  m o d e

D S  i s  i n p u t  s i g n a l  a n d  Q S  i s  o u t p u t  s i g n a l .  B o t h  e d g e s  o f  D S  a r e  u s e d  t o  s a m p l e  a l l  D Q s  a t  W r i t e  o p e r a t i o n .  B o t h  e d g e s  o f  Q S  

a r e  u s e d  f o r  t r i g g e r  s i g n a l  o f  a l l  D Q s  a t  R e a d  o p e r a t i o n .  Q S  a s s e r t  a l w a y s  t o g g l e  s i g n a l  e x c e p t  S e l f - R e f r e s h  m o d e .  T h i s  s t r o b e  

t y p e  i s  e a s y  t o  u s e  f o r  p i n  t o  p i n  c o n n e c t  a p p l i c a t i o n .   

P o w e r  S u p p l y  :  V D D , V D D Q , V SS , V S S Q

V DD  a n d  V SS  a r e  s u p p l y  p i n s  f o r  m e m o r y  c o r e  a n d  p e r i p h e r a l  c i r c u i t s .

V DDQ  a n d  V S S Q  a r e  p o w e r  s u p p l y  p i n s  f o r  t h e  o u t p u t  b u f f e r .

R e f e r e n c e  V o l t a g e  :  V R E F

V R E F i s  r e f e r e n c e  v o l t a g e  f o r  a l l  i n p u t  s i g n a l s .
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C o m m a n d  F u n c t i o n s  a n d  O p e r a t i o n s

  K 4 C 8 9 3 6 3 A F  i s  i n t r o d u c e d  t h e  t w o  c o n s e c u t i v e  c o m m a n d  i n p u t  m e t h o d .  T h e r e f o r e ,  e x c e p t  f o r  P o w e r  D o w n  m o d e ,  e a c h  o p e r a t i o n  

m o d e  d e c i d e d  b y  t h e  c o m b i n a t i o n  o f  t h e  f i r s t  c o m m a n d  a n d  t h e  s e c o n d  c o m m a n d  f r o m  s t a n d - b y  s t a t e s  o f  t h e  b a n k  t o  b e  a c c e s s e d .

R e a d  O p e r a t i o n  ( 1 s t  c o m m a n d  +  2 n d  c o m m a n d  =  R D A  +  L A L )

  I s s u i n g  t h e  R D A  c o m m a n d  w i t h  B a n k  A d d r e s s e s  a n d  U p p e r  A d d r e s s e s  t o  t h e  i d l e  b a n k  p u t s  t h e  b a n k  d e s i g n a t e d  b y  B a n k  A d d r e s s  i n  

a  r e a d  m o d e .  W h e n  t h e  L A L  c o m m a n d  w i t h  L o w e r  A d d r e s s e s  i s  i s s u e d  a t  t h e  n e x t  c l o c k  o f  t h e  R D A  c o m m a n d ,  t h e  d a t a  i s  r e a d  o u t  

s e q u e n t i a l l y  s y n c h r o n i z i n g  w i t h  t h e  b o t h  e d g e s  o f  Q S  o u t p u t  s i g n a l  ( B u r s t  R e a d  O p e r a t i o n ) .  T h e  i n i t i a l  v a l i d  r e a d  d a t a  a p p e a r s  a f t e r  

C A S  l a t e n c y ,  t h e  b u r s t  l e n g t h  o f  r e a d  d a t a  a n d  t h e  b u r s t  t y p e  m u s t  b e  s e t  i n  t h e  M o d e  R e g i s t e r  b e f o r e h a n d .  T h e  r e a d  o p e r a t e d  b a n k  

g o e s  b a c k  a u t o m a t i c a l l y  t o  t h e  i d l e  s t a t e  a f t e r  I RC .

W r i t e  O p e r a t i o n  ( 1 s t  c o m m a n d  +  2 n d  c o m m a n d  =  W R A  +  L A L )

  I s s u i n g  t h e  W R A  c o m m a n d  w i t h  B a n k  A d d r e s s e s  a n d  U p p e r  A d d r e s s e s  t o  t h e  i d l e  b a n k  p u t s  t h e  b a n k  d e s i g n a t e d  b y  B a n k  A d d r e s s  i n  

a  w r i t e  m o d e .  W h e n  t h e  L A L  c o m m a n d  w i t h  L o w e r  A d d r e s s e s  i s  i s s u e d  a t  t h e  n e x t  c l o c k  o f  t h e  W R A  c o m m a n d ,  t h e  i n p u t  d a t a  i s  

l a t c h e d  s e q u e n t i a l l y  s y n c h r o n i z i n g  w i t h  t h e  b o t h  e d g e s  o f  D S  i n p u t  s i g n a l  ( B u r s t  W r i t e  O p e r a t i o n ) .  T h e  d a t a  a n d  D S  i n p u t s  h a v e  t o  b e  

a s s e r t e d  i n  k e e p i n g  w i t h  c l o c k  i n p u t  a f t e r  C A S  l a t e n c y - 1  f r o m  t h e  i s s u i n g  o f  t h e  L A L  c o m m a n d .  T h e  D S  h a v e  t o  b e  p r o v i d e d  f o r  a  b u r s t  

l e n g t h .  T h e  C A S  l a t e n c y  a n d  t h e  b u r s t  t y p e  m u s t  b e  s e t  i n  t h e  M o d e  R e g i s t e r  b e f o r e h a n d .  T h e  w r i t e  o p e r a t e d  b a n k  g o e s  b a c k  a u t o m a t -

i c a l l y  t o  t h e  i d l e  s t a t e  a f t e r  I RC .  W r i t e  B u r s t  L e n g t h  i s  c o n t r o l l e d  b y  V W 0  a n d  V W 1  i n p u t s  w i t h  L A L  c o m m a n d .  S e e  V W  t r u t h  t a b l e .

A u t o - R e f r e s h  O p e r a t i o n  ( 1 s t  c o m m a n d  +  2 n d  c o m m a n d  =  W R A  +  R E F )

  K 4 C 8 9 3 6 3 A F  i s  r e q u i r e d  t o  r e f r e s h  l i k e  a  s t a n d a r d  S D R A M .  T h e  A u t o - R e f r e s h  o p e r a t i o n  i s  b e g u n  w i t h  t h e  R E F  c o m m a n d  f o l l o w i n g  t o  

t h e  W R A  c o m m a n d .  T h e  A u t o - R e f r e s h  m o d e  c a n  b e  e f f e c t i v e  o n l y  w h e n  a l l  b a n k s  a r e  i n  t h e  i d l e  s t a t e  a n d  a l l  D Q  a r e  i n  H i - Z  s t a t e s .  I n  

a  p o i n t  t o  n o t i c e ,  t h e  w r i t e  m o d e  s t a r t e d  w i t h  t h e  W R A  c o m m a n d  i s  c a n c e l e d  b y  t h e  R E F  c o m m a n d  h a v i n g  g o n e  i n t o  t h e  n e x t  c l o c k  o f 

t h e  W R A  c o m m a n d  i n s t e a d  o f  t h e  L A L  c o m m a n d .  T h e  m i n i m u m  p e r i o d  b e t w e e n  t h e  A u t o - R e f r e s h  c o m m a n d  a n d  t h e  n e x t  c o m m a n d  i s  

s p e c i f i e d  b y  I R E F C .  H o w e v e r ,  a b o u t  a  s y n t h e t i c  a v e r a g e  i n t e r v a l  o f  A u t o - R e f r e s h  c o m m a n d ,  i t  m u s t  b e  c a r e f u l .  I n  c a s e  o f   e q u a l l y  d i s -

t r i b u t e d  r e f r e s h ,  A u t o - R e f r e s h  c o m m a n d  h a s  t o  b e  i s s u e d  w i t h i n  o n c e  f o r  e v e r y  3 . 9  u s  b y  t h e  m a x i m u m  I n  c a s e  o f  b u r s t  r e f r e s h  o r  r a n -

d o m  d i s t r i b u t e d  r e f r e s h ,  t h e  a v e r a g e  i n t e r v a l  o f  e i g h t  c o n s e c u t i v e  A u t o - R e f r e s h  c o m m a n d  h a s  t o  b e  m o r e  t h a n  4 0 0 n s  a l w a y s .  I n  o t h e r  

w o r d s ,  t h e  n u m b e r  o f  A u t o - R e f r e s h  c y c l e s  w h i c h  c a n  b e  p e r f o r m e d  w i t h i n  3 . 2  u s  ( 8 x 4 0 0 n s )  i s  t o  8  t i m e s  i n  t h e  m a x i m u m .

S e l f - R e f r e s h  O p e r a t i o n  ( 1 s t  c o m m a n d  +  2 n d  c o m m a n d  =  W R A  +  R E F  w i t h  P D = " L " )

  I t  i s  t h e  f u n c t i o n  o f  S e l f - R e f r e s h  o p e r a t i o n  t h a t  r e f r e s h  o p e r a t i o n  c a n  b e  p e r f o r m e d  a u t o m a t i c a l l y  b y  u s i n g  a n  i n t e r n a l  t i m e r . W h e n  a l l  

b a n k s  a r e  i n  t h e  i d l e  s t a t e  a n d  a l l  o u t p u t s  a r e  i n  H i - z  s t a t e s ,  t h e  K 4 C 8 9 3 6 3 A F  b e c o m e  S e l f - R e f r e s h  m o d e  b y  i s s u i n g  t h e  S e l f - R e f r e s h  

c o m m a n d .  P D  h a s  t o  b e  b r o u g h t  t o  " L o w "  w i t h i n  t F P D L  f r o m  t h e  R E F  c o m m a n d  f o l l o w i n g  t o  t h e  W R A  c o m m a n d  f o r  a  S e l f - R e f r e s h  m o d e  

e n t r y .  I n  o r d e r  t o  s a t i s f y  t h e   r e f r e s h  p e r i o d ,  t h e  S e l f - R e f r e s h  e n t r y  c o m m a n d  s h o u l d  b e  a s s e r t e d  w i t h i n  3 . 9 u s  a f t e r  t h e  l a t e s t   A u t o -

R e f r e s h  c o m m a n d .  O n c e  t h e  d e v i c e  e n t e r s  S e l f - R e f r e s h  m o d e ,  t h e  D E S L  c o m m a n d  m u s t  b e  c o n t i n u e d  f o r  I R E F C  p e r i o d .  I n  a d d i t i o n ,   i t  

i s  d e s i r a b l e  t h a t  c l o c k  i n p u t  i s  k e p t  i n  I C K D  p e r i o d .  T h e  d e v i c e  i s  i n  S e l f - R e f r e s h  m o d e  a s  l o n g  a s  P D  h e l d  " L o w " .  D u r i n g  S e l f - R e f r e s h  

m o d e ,  a l l  i n p u t  a n d  o u t p u t  b u f f e r s  e x c e p t  f o r  P D  a r e  d i s a b l e d ,  t h e r e f o r e  t h e  p o w e r  d i s s i p a t i o n  l o w e r s .  R e g a r d i n g  a  S e l f - R e f r e s h  m o d e  

ex i t ,  P D h a s  t o  b e  c h a n g e d  o v e r  f r o m  " L o w "  t o  " H i g h "  a l o n g  w i t h  t h e  D E S L  c o m m a n d ,  a n d  t h e  D E S L  c o m m a n d  h a s  t o  b e  c o n t i n u o u s l y  

i s s u e d  i n  t h e  n u m b e r  o f  c l o c k s  s p e c i f i e d  b y  I R E F C .  T h e  S e l f - R e f r e s h  e x i t  f u n c t i o n  i s  a s y n c h r o n o u s  o p e r a t i o n .  I t  i s  r e q u i r e d  t h a t  o n e  

A u t o - R e f r e s h  c o m m a n d  i s  i s s u e d  t o  a v o i d  t h e  v i o l e n c e  o f  t h e  r e f r e s h  p e r i o d  j u s t  a f t e r  I R E F C  f r o m  S e l f - R e f r e s h  e x i t .
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P o w e r  D o w n  M o d e (  P D = " L "  )

  W h e n  a l l  b a n k s  a r e  i n  t h e  i d l e  s t a t e  a n d  a l l  D Q  o u t p u t s  a r e  i n  H i - Z  s t a t e s ,  t h e  K 4 C 8 9 3 6 3 A F  b e c o m e  P o w e r  D o w n  M o d e  b y  a s s e r t i n g  

P D  i s  " L o w " .  W h e n  t h e  d e v i c e  e n t e r s  t h e  P o w e r  D o w n  M o d e ,  a l l  i n p u t  a n d  o u t p u t  b u f f e r s  e x c e p t  f o r  P D ,  C L K ,  C L K  a n d  Q S .  T h e r e f o r e ,  

t h e  p o w e r  d i s s i p a t i o n  l o w e r s .  T o  e x i t  t h e  P o w e r  D o w n  M o d e ,  P D  h a s  t o  b e  b r o u g h t  t o  " H i g h "  a n d  t h e  D E S L  c o m m a n d  h a s  t o  b e  i s s u e d  

for  IP D A  c y c l e  a f t e r  P D  g o e s  h i g h .  T h e  P o w e r  D o w n  e x i t  f u n c t i o n  i s  a s y n c h r o n o u s  o p e r a t i o n .

M o d e  R e g i s t e r  S e t  ( 1 s t  c o m m a n d  +  2 n d  c o m m a n d  =  R D A  +  M R S )

  W h e n  a l l  b a n k s  a r e  i n  t h e  i d l e  s t a t e ,  i s s u i n g  t h e  M R S  c o m m a n d  f o l l o w i n g  t o  t h e  R D A  c o m m a n d  c a n  p r o g r a m  t h e  M o d e  R e g i s t e r .  I n  a  

p o i n t   t o  n o t i c e ,  t h e  r e a d  m o d e  s t a r t e d  w i t h  t h e  R D A  c o m m a n d  i s  c a n c e l e d  b y  t h e  M R S  c o m m a n d  h a v i n g  g o n e  i n t o  t h e  n e x t  c l o c k  o f  

t h e  R D A  c o m m a n d  i n s t e a d  o f  t h e  L A L  c o m m a n d .  T h e  d a t a  t o  b e  s e t  i n  t h e  M o d e  R e g i s t e r  i s  t r a n s f e r r e d  u s i n g  A 0  t o  A 1 4 ,  B A 0  a n d  B A 1  

a d d r e s s  i n p u t s .  T h e  K 4 C 8 9 3 6 3 A F  h a v e  t w o  m o d e  r e g i s t e r s .  T h e s e  a r e  R e g u l a r  a n d  E x t e n d e d  M o d e  R e g i s t e r .  T h e  R e g u l a r  o r  

E x t e n d e d  M o d e  R e g i s t e r  i s  c h o s e n  b y  B A 0  a n d  B A 1  i n  t h e  M R S  c o m m a n d . T h e  R e g u l a r  M o d e  R e g i s t e r  d e s i g n a t e s  t h e  o p e r a t i o n  

m o d e  f o r  a  r e a d  o r  w r i t e  c y c l e .  T h e  R e g u l a r  M o d e  R e g i s t e r  h a s  f o u r  f u n c t i o n  f i e l d s .

T h e  f o u r  f i e l d s  a r e  a s  f o l l o w s  :  

( R - 1 )  B u r s t  L e n g t h  f i e l d  t o  s e t  t h e  l e n g t h  o f  b u r s t  d a t a

( R - 2 )  B u r s t  T y p e  f i e l d  t o  d e s i g n a t e  t h e  l o w e r  a d d r e s s  a c c e s s  s e q u e n c e  i n  a  b u r s t  c y c l e

( R - 3 )  C A S  L a t e n c y  f i e l d  t o   s e t  t h e  a c c e s s  t i m e  i n  c l o c k  c y c l e

( R - 4 )  T e s t  M o d e  f i e l d  t o  u s e  f o r  s u p p l i e r  o n l y .

T h e  E x t e n d e d  M o d e  R e g i s t e r  h a s  t w o  f u n c t i o n  f i e l d s .

T h e  t w o  f i e l d s  a r e  a s  f o l l o w s :

( E - 1 )  D L L  S w i t c h  f i e l d  t o  c h o o s e  e i t h e r  D L L  e n a b l e  o r  D L L  d i s a b l e

( E - 2 )  O u t p u t  D r i v e r  I m p e d a n c e  C o n t r o l  f i e l d .

( E - 3 )  D a t a  S t r o b e  S e l e c t

 O n c e  t h e s e  f i e l d s  i n  t h e  M o d e  R e g i s t e r  a r e  s e t  u p ,  t h e  r e g i s t e r  c o n t e n t s  a r e  m a i n t a i n e d  u n t i l  t h e  M o d e  R e g i s t e r  i s  s e t  u p  a g a i n  b y  

a n o t h e r  M R S  c o m m a n d  o r  p o w e r  s u p p l y  i s  l o s t .  T h e  i n i t i a l  v a l u e  o f  t h e  R e g u l a r  o r  E x t e n d e d  M o d e  R e g i s t e r  a f t e r  p o w e r - u p  i s  u n d e -

f i n e d ,  t h e r e f o r e  t h e  M o d e  R e g i s t e r  S e t  c o m m a n d  m u s t  b e  i s s u e d  b e f o r e  p r o p e r  o p e r a t i o n .
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•  R e g u l a r  M o d e  R e g i s t e r / E x t e n d e d  M o d e  R e g i s t e r  c h a n g e  b i t s  ( B A 0 ,  B A 1 )

     T h e s e  b i t s  a r e  u s e d  t o  c h o o s e  e i t h e r  R e g u l a r  M R S  o r  E x t e n d e d  M R S

R e g u l a r  M o d e  R e g i s t e r  F i e l d s

( R - 1 )  B u r s t  L e n g t h  f i e l d  ( A 2  t o  A 0 )

T h i s  f i e l d  s p e c i f i e s  t h e  d a t a  l e n g t h  f o r  c o l u m n  a c c e s s  u s i n g  t h e  A 2  t o  A 0  p i n s  a n d  s e t s  t h e  B u r s t  L e n g t h  t o  b e  2  o r  4  

w o r d s .

( R - 2 )  B u r s t  T y p e  f i e l d  ( A 3 )

T h i s  B u r s t  T y p e  c a n  b e  c h o s e n  I n t e r l e a v e  m o d e  o r  S e q u e n t i a l  m o d e .  W h e n  t h e  A 3  b i t  i s  "  0 " ,  S e q u e n t i a l  m o d e  i s  

s e l e c t e d .  W h e n  t h e  A 3  b i t  i s  " 1 " ,  I n t e r l e a v e  m o d e  i s  s e l e c t e d .  B o t h  b u r s t  t y p e s  s u p p o r t  b u r s t  l e n g t h  o f  2  a n d  4  w o r d s .

• A d d r e s s i n g  s e q u e n c e  o f  S e q u e n t i a l  m o d e  ( A 3 )

  A  c o l u m n  a c c e s s  i s  s t a r t e d  f r o m  t h e  i n p u t t e d  l o w e r  a d d r e s s  a n d  i s  p e r f o r m e d  b y  i n c r e m e n t i n g  t h e  l o w e r  a d d r e s s  i n p u t  t o     

t h e  d e v i c e .

B A 1 B A 0 A 1 4 ~ A 0

0 0 R e g u l a r  M R S  c y c l e

0 1 E x t e n d e d  M R S  c y c l e

1 X R e s e r v e d

A 2 A 1 A 0 B u r s t  L e n g t h

0 0 0 R e s e r v e d

0 0 1 2  w o r d s

0 1 0 4  w o r d s

0 1 1 R e s e r v e d

1 X X R e s e r v e d

A 3 B u r s t  T y p e

0 S e q u e n t i a l

1 I n t e r l e a v e

R D A LAL

Data 0 Data 1 Data 2 Data 3

A d d r e s s i n g  s e q u e n c e  f o r  S e q u e n t i a l  m o d e

D a t a A c c e s s  A d d r e s s B u r s t  L e n g t h

D a t a  0 n
2  w o r d s  ( A d d r e s s  b i t s  i s  L A 0 )

n o t  c a r r i e d  f r o m  L A 0 ~ L A 1

4  w o r d s ( A d d r e s s  b i t s  i s  L A 1 ,  L A 0 )

n o t  c a r r i e d  f r o m  L A 1 ~ L A 2

D a t a  1 n  +  1

D a t a  2 n  +  2

D a t a  3 n  +  3

C A S  L a t e n c y  =  4  ( F r e e  R u n n i n g  Q S  m o d e )

C K

C K

Command

Q S

DQ
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F u n c t i o n a l  D e s c r i p t i o n  ( C o n t i n u e d )

•  A d d r e s s i n g  s e q u e n c e  o f  I n t e l e a v e  m o d e

   A  c o l u m n  a c c e s s  i s  s t a r t e d  f r o m  t h e  i n p u t t e d  l o w e r  a d d r e s s  a n d  i s  p e r f o r m e d  b y  i n t e r l e a v i n g  t h e  a d d r e s s  b i t s  i n  t h e

  s e q u e n c e  s h o w n  a s  t h e  f o l l o w i n g .

A d d r e s s i n g  s e q u e n c e  f o r  I n t e r l e a v e  m o d e

( R - 3 )  C A S  L a t e n c y  f i e l d  ( A 6  t o  A 4 )

T h i s  f i e l d  s p e c i f i e s  t h e  n u m b e r  o f  c l o c k  c y c l e s  f r o m  t h e  a s s e r t i o n  o f  t h e  L A L  c o m m a n d  f o l l o w i n g  t h e  R D A  c o m m a n d  t o  

t h e  f i r s t  d a t a  r e a d .  T h e  m i n i m u m  v a l u e s  o f  C A S  L a t e n c y  d e p e n d s  o n  t h e  f r e q u e n c y  o f  C L K .  I n  a  w r i t e  m o d e ,  t h e  p l a c e  o f  

c l o c k  w h i c h  s h o u l d  i n p u t  w r i t e  d a t a  i s  C A S  L a t e n c y  c y c l e s  -  1 .

( R - 4 )  T e s t  M o d e  f i e l d  ( A 7 )

T h i s  b i t  i s  u s e d  t o  e n t e r  T e s t  M o d e  f o r  s u p p l i e r  o n l y  a n d  m u s t  b e  s e t  t o  " 0 "  f o r  n o r m a l  o p e r a t i o n .

( R - 5 )  R e s e r v e d  f i e l d  i n  t h e  R e g u l a r  M o d e  R e g i s t e r

• R e s e r v e d  b i t s  ( A 8  t o  A 1 4 )

T h e s e  b i t s  a r e  r e s e r v e d  f o r  f u t u r e  o p e r a t i o n s .  T h e y  m u s t  b e  s e t  t o  " 0 "  f o r  n o r m a l  o p e r a t i o n .

D a t a A c c e s s  A d d r e s s B u r s t  L e n g t h

D a t a  0 . . . A 8  A 7  A 6  A 5  A 4  A 3  A 2  A 1  A 0

2  w o r d s

4  w o r d s

D a t a  1 . . . A 8  A 7  A 6  A 5  A 4  A 3  A 2  A 1  A 0

D a t a  2 . . . A 8  A 7  A 6  A 5  A 4  A 3  A 2  A 1  A 0

D a t a  3 . . . A 8  A 7  A 6  A 5  A 4  A 3  A 2  A 1  A 0

A d d r e s s i n g  s e q u e n c e  f o r  I n t e r l e a v e  m o d e

A 6 A 5 A 4 C A S   L a t e n c y

0 0 0 R e s e r v e d

0 0 1 R e s e r v e d

0 1 0 R e s e r v e d

0 1 1 R e s e r v e d

1 0 0 4

1 0 1 5

1 1 0 6

1 1 1 R e s e r v e d
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E x t e n d e d  M o d e  R e g i s t e r  F i e l d s
( E - 1 )  D L L  S w i t c h  f i e l d  ( A 0 )

T h i s  b i t  i s  u s e d  t o  e n a b l e  D L L .  W h e n  t h e  A 0  b i t  i s  s e t  " 0 " ,  D L L  i s  e n a b l e d .

( E - 2 )  O u t p u t  D r i v e r  I m p e d a n c e  C o n t r o l  f i e l d  ( A 1  t o  A 4 )

T h i s  f i e l d  i s  u s e d  t o  c h o o s e  O u t p u t  D r i v e r  S t r e n g t h .  F o u r  t y p e s  o f  D r i v e r  S t r e n g t h  a r e  s u p p o r t e d .  Q S  a n d  D Q  D r i v e r  

S t r e n g t h  c a n  b e  c h o s e n  s e p a r a t e l y .  A 2 - A 1  s p e c i f i e d  t h e  D Q  D r i v e r  S t r e n g t h .  A 4 - A 3  s p e c i f i e d  t h e  Q S  D r i v e r  S t r e n g t h .

( E - 3 )  S t r o b e  S e l e c t  ( A 6 / A 5 )

T w o  t y p e s  o f  s t r o b e  a r e  s u p p o r t e d .  T h i s  f i e l d  i s  u s e d  t o  c h o o s e  t h e  t y p e  o f  d a t a  s t r o b e .

( 1 )  U n i d i r e c t i o n a l  D S / Q S  m o d e

     D a t a  s t r o b e  i s  s e p a r a t e d  D S  f o r  w r i t e  s t r o b e  a n d  Q S  f o r  r e a d  s t r o b e .

     D S  i s  u s e d  t o  s a m p l e  w r i t e  d a t a  a t  w r i t e  o p e r a t i o n .  Q S  i s  a l i g n e d  w i t h  r e a d  d a t a  a t  R e a d  o p e r a t i o n .

( 2 )  U n i d i r e c t i o n a l  D S / F r e e  r u n n i n g  Q S  m o d e

     D a t a  s t r o b e  i s  s e p a r a t e d  D S  f o r  w r i t e  s t r o b e  a n d  Q S  f o r  r e a d  s t r o b e .

     D S  i s  u s e d  t o  s a m p l e  w r i t e  d a t a  a t  w r i t e  o p e r a t i o n .  Q S  i s  a l i g n e d  w i t h  r e a d  d a t a  a n d  a l w a y s  c l o c k i n g

( E - 4 ) R e s e r v e d  f i e d  ( A 7  t o  A 1 4 )

T h e s e  b i t s  a r e  r e s e r v e d  f o r  f u t u r e  o p e r a t i o n s  a n d  m u s t  b e  s e t  t o  " 0 "  f o r  n o r m a l  o p e r a t i o n .

Q S D Q
O u t p u t  D r i v e r  I m p e d a n c e  C o n t r o l

A 4 A 3 A 2 A 1

0 0 0 0 N o r m a l  O u t p u t  D r i v e r

0 1 0 1 S t r o n g  O u t p u t  D r i v e r

1 0 1 0 W e a k e r  O u t p u t  D r i v e r

1 1 1 1 R e s e r v e d

A 6 A 5 S t r o b e  S e l e c t

0 0 R e s e r v e d

0 1 R e s e r v e d

1 0 U n i d i r e c t i o n a l  D S / Q S  m o d e

1 1 U n i d i r e c t i o n a l  D S / F r e e  r u n n i n g  Q S  m o d e
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P a c k a g e  O u t l i n e  D r a w i n g  ( F B G A  1 4 4 b a l l ,  1 . 0  x  0 . 8  m m )  -  w i l l  b e  a d d e d
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G e n e r a l  I n f o r m a t i o n

O r g a n i z a t i o n F 6  ( 6 6 7 M b p s )  F B  ( 6 0 0 M b p s  ) F 5  ( 5 0 0 M b p s  )

2 8 8 M ( x 3 2 ) K 4 C 8 9 3 2 3 A F - G C F 6 K 4 C 8 9 3 2 3 A F - G C F B K 4 C 8 9 3 2 3 A F - G C F 5

2 8 8 M ( x 3 6 ) K 4 C 8 9 3 6 3 A F - G C F 6 K 4 C 8 9 3 6 3 A F - G C F B K 4 C 8 9 3 6 3 A F - G C F 5

 T  :  T S O P  I I  ( 4 0 0 m i l  x  8 7 5 m i l )

 G  :  1 4 4  F B G A

F 6  :  6 6 7 M b p s / p i n  ( 3 3 3 M H z ,  C L = 6 )               

F B   :  6 0 0 M b p s  / p i n   ( 3 0 0 M H z ,  C L = 6 )                                   

F 5  : 5 0 0 M b p s / p i n  ( 2 5 0 M H z ,  C L = 6 )  

C  :  ( C o m m e r c i a l ,  N o r m a l )

  

  3 2    :  x 3 2

  3 6    :  x 3 6

8 9   :   2 8 8 M    8 K / 3 2 m s

 

C   : N e t w o r k - D R A M

 F  : 7 t h  G e n e r a t i o n

K  4  C   XX   XX   X  X  X    -  X   X

M e m o r y  

D R A M

S m a l l  C l a s s i f i c a t i o n

D e n s i t y  a n d  R e f r e s h

 T e m p e r a t u r e  &  P o w e r

   P a c k a g e

O r g a n i z a t i o n V e r s i o n

 I n t e r f a c e  ( V D D  &  V D D Q )

1 .  S A M S U N G  M e m o r y   :  K

2 .  D R A M  :  4

3 .  S m a l l  C l a s s i f i c a t i o n

4 .  D e n s i t y  &  R e f r e s h

5 .  O r g a n i z a t i o n

8 .   V e r s i o n

9 .   P a c k a g e

1 0 .  T e m p e r a t u r e   &  P o w e r

1 1 .  S p e e d  

 3  :  4  B a n k                     

6 .  B a n k

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

X X

A : S S T L - 2 ( 2 . 5 V ,  1 . 8 V )  

7 .  I n t e r f a c e  ( V D D  &  V D D Q )

 S p e e d

B a n k


