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T a b l e  1 5 6  — M P C  C o m m a n d  D e fi n i t i o n  fo r O P [ 6 : 0 ]  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 3 8

T a b l e  1 5 7  — T i m i n g  C o n s t ra i n t s  fo r T ra i n i n g  C o m m a n d s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 4 1

T a b l e  1 5 8  — T e m p e ra t u re  S e n s o r . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 4 3
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C o n t e n t s  ( c o n t ’ d )

T a b l e  1 5 9  — Z Q C a l  T i m i n g  P a ra m e t e rs  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 4 4

T a b l e  1 6 0  — P u l l - d o w n  D ri v e r C h a ra c t e ri s ti c s ,  w i th  Z Q  C a l i b ra t i o n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 4 6

T a b l e  1 6 1  — P u l l - U p  C h a ra c t e ri s ti cs ,  w i th  Z Q  C a l i b ra t i o n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 4 6

T a b l e  1 6 2  — V a l i d  C a l i b ra ti o n  P o i n ts  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 4 6

T a b l e  1 6 3  — C o m m a n d  B u s  O D T  S t a te  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 4 7

T a b l e  1 6 4  — O D T  D C  E l e c t ri ca l  C h a ra c te ri s t i c s ,  A s s u m i n g  R Z Q  =  2 4 0  W  + / - 1 %  o v e r th e  E n t i re  

O p e ra ti n g  T e m p e ra tu re  R a n g e  a ft e r a  P ro p e r Z Q  C a l i b ra t i o n  u p  to  3 2 0 0  M b p s  . . . . . . . . . . . . . . . 2 4 9

T a b l e  1 6 5  — O D T  D C  E l e c t ri ca l  C h a ra c te ri s t i c s ,  A s s u m i n g  R Z Q  =  2 4 0  W  + / - 1 %  o v e r th e  E n t i re  

O p e ra ti n g  T e m p e ra tu re  R a n g e  a ft e r a  p ro p e r Z Q  C a l i b ra t i o n  fo r b e yo n d  3 2 0 0  M b p s  . . . . . . . 2 5 0

T a b l e  1 6 6  — O D T  C A  AC  T i m i n g  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 5 1

T a b l e  1 6 7  — O D T L o n  a n d  O D T L o ff L a t e n c y  V a l u e s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 5 3

T a b l e  1 6 8  — A s y n c h ro n o u s  O D T  T u rn  O n  a n d  T u rn  O ff T i m i n g  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 5 3

T a b l e  1 6 9  — D R A M  T e rm i n a ti o n  F u n c t i o n  i n  W ri t e  L e ve l i n g  M o d e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 5 5

T a b l e  1 7 0  — O D T  D C  E l e c t ri ca l  C h a ra c te ri s t i c s ,  A s s u m i n g  R Z Q  =  2 4 0  Ω  + /- 1 %  o v e r th e  E n t i re  

O p e ra ti n g  T e m p e ra tu re  R a n g e  a ft e r a  P ro p e r Z Q  C a l i b ra t i o n  fo r u p  to  3 2 0 0  M b p s  . . . . . . . . . . 2 5 6

T a b l e  1 7 1  — O D T  D C  E l e c t ri ca l  C h a ra c te ri s t i c s ,  A s s u m i n g  R Z Q  =  2 4 0  Ω  + /- 1 %  o v e r th e  E n t i re  

O p e ra ti n g  T e m p e ra tu re  R a n g e  a ft e r a  P ro p e r Z Q  C a l i b ra t i o n  fo r b e y o n d  3 2 0 0  M b p s  . . . . . . 2 5 7

T a b l e  1 7 2  — O u t p u t  D ri ve r a n d  T e rm i n a ti o n  R e s i s to r S e n s i ti v i ty  D e fi n i t i o n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 5 8

T a b l e  1 7 3  —  O u tp u t D ri v e r a n d  T e rm i n a t i o n  R e s i s t o r T e m p e ra tu re  a n d  V o l t a g e  S e n s i t i v i t y  . . . . . . . . . . . . . . . . 2 5 8

T a b l e  1 7 4  — P o w e r- D o w n  AC  T i m i n g  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 6 5

T a b l e  1 7 5  — C o m m a n d  T ru th  T a b l e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 6 8

T a b l e  1 7 6  — R e fre s h  M a n a g e m e n t P a ra m e te rs  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 7 0

T a b l e  1 7 7  — R F M  O p e ra t i o n  E x a m p l e s  ( O n e  B a n k)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 7 2

T a b l e  1 7 8  — P P R  T i m i n g  P a ra m e t e rs  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 7 4

T a b l e  1 7 9  —  A b s o l u te  M a x i m u m  D C  R a ti n g s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 7 5

T a b l e  1 8 0  — R e c o m m e n d e d  D C  O p e ra t i n g  C o n d i ti o n s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 7 6

T a b l e  1 8 1  —  I n p u t  L e a k a g e  C u rre n t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 7 6

T a b l e  1 8 2  — I n p u t/ O u tp u t  L e a k a g e  C u rre n t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 7 6

T a b l e  1 8 3  — O p e ra t i n g  T e m p e ra tu re  R a n g e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 7 6

T a b l e  1 8 4  — L P D D R 4  I n p u t L e v e l  fo r C K E  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 7 7

T a b l e  1 8 5  — L P D D R 4  I n p u t L e v e l  fo r R e s e t _n  a n d  O D T _C A  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 7 7

T a b l e  1 8 6  — L P D D R 4  AC  O v e r/ U n d e rs h o o t . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 7 8

T a b l e  1 8 7  — C K  D i ffe re n t i a l  I n p u t V o l t a g e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 7 9

T a b l e  1 8 8  — C l o c k  S i n g l e - E n d e d  I n p u t  V o l t a g e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 8 1

T a b l e  1 8 9  — D i ffe re n ti a l  I n p u t  S l e w  R a te  D e fi n i t i o n  fo r C K _t ,  C K _c  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 8 2

T a b l e  1 9 0  — D i ffe re n ti a l  I n p u t  L e v e l  fo r C K _t,  C K_ c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 8 2

T a b l e  1 9 1  — D i ffe re n ti a l  I n p u t  S l e w  R a te  fo r C K _t ,  C K _c  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 8 2

T a b l e  1 9 2  — C ro s s  P o i n t  Vo l ta g e  fo r D i ffe re n t i a l  I n p u t  S i g n a l s  ( C l o c k)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 8 3

T a b l e  1 9 3  — D Q S  D i ffe re n t i a l  i n p u t v o l t a g e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 8 4

T a b l e  1 9 4  — D Q S  S i n g l e - E n d e d  i n p u t v o l t a g e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 8 6

T a b l e  1 9 5  — D i ffe re n ti a l  I n p u t  S l e w  R a te  D e fi n i t i o n  fo r D Q S _ t,  D Q S _c  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 8 7
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C o n t e n t s  ( c o n t ’ d )

T a b l e  1 9 6  — D i ffe re n ti a l  I n p u t  L e v e l  fo r D Q S _t ,  D Q S _c  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 8 7

T a b l e  1 9 7  — D i ffe re n ti a l  I n p u t  S l e w  R a te  fo r D Q S _t ,  D Q S _ c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 8 7

T a b l e  1 9 8  — C ro s s  p o i n t v o l t a g e  fo r d i ffe re n ti a l  i n p u t  s i g n a l s  ( D Q S )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 8 8

T a b l e  1 9 9  — L P D D R 4  I n p u t L e v e l  fo r O D T ( c a )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 8 9

T a b l e  2 0 0  — O u t p u t  S l e w  R a t e  ( s i n g l e - e n d e d )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8 9

T a b l e  2 0 1  — D i ffe re n ti a l  O u tp u t S l e w  R a t e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 9 0

T a b l e  2 0 2  — A C  O ve rs h o o t/ U n d e rs h o o t S p e c i fi c a ti o n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 9 1

T a b l e  2 0 3  — I n p u t/ o u t p u t  C a p a c i ta n c e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 9 5

T a b l e  2 0 4  — D e fi n i t i o n  o f S w i t c h i n g  fo r C A  I n p u t S i g n a l s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 9 6

T a b l e  2 0 5  — C A  P a t te rn  fo r I D D 4 R  fo r B L = 1 6  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 9 6

T a b l e  2 0 6  — C A  P a t te rn  fo r I D D 4 W  fo r B L = 1 6  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 9 7

T a b l e  2 0 7  — D a t a  P a t te rn  fo r I D D 4 W  ( D B I  o ff)  fo r B L = 1 6  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 9 8

T a b l e  2 0 8  — D a t a  P a t te rn  fo r I D D 4 R  ( D B I  o ff)  fo r B L = 1 6  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 9 9

T a b l e  2 0 9  — D a t a  P a t te rn  fo r I D D 4 W  ( D B I  o n )  fo r B L = 1 6  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 0 0

T a b l e  2 1 0  — D a t a  P a t te rn  fo r I D D 4 R  ( D B I  o n )  fo r B L = 1 6  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 0 1

T a b l e  2 1 1  — C A  P a t te rn  fo r I D D 4 R  fo r B L = 3 2  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 0 2

T a b l e  2 1 2  — C A  P a t te rn  fo r I D D 4 W  fo r B L = 3 2  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 0 3

T a b l e  2 1 3  — D a t a  P a t te rn  fo r I D D 4 W  ( D B I  O ff)  fo r B L = 3 2  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 0 4

T a b l e  2 1 4  — D a t a  P a t te rn  fo r I D D 4 R  ( D B I  O ff)  fo r B L = 3 2  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 0 6

T a b l e  2 1 5  — D a t a  P a t te rn  fo r I D D 4 W  ( D B I  O n )  fo r B L = 3 2  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 0 8
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P a g e  1

L o w  P o w e r D o u b l e  D a t a  R a t e  4  ( L P D D R 4 )

( F ro m  J E D E C  B o a rd  B a l l o t  J C B - 2 4 - 1 6 ,  fo rm u l a t e d  u n d e r t h e  c o g n i z a n c e  o f t h e  J C - 4 2 . 6  s u b c o m m i tt e e  o n

L o w  P o w e r M e m o ri e s ,  i te m  n u m b e r 1 8 4 7 . 2 8 ) .

1 S c o p e

T h i s  d o c u m e n t  d e fi n e s  t h e  L P D D R 4  s ta n d a rd ,  i n c l u d i n g  fe a tu re s ,  fu n ct i o n a l i t i e s ,  A C  a n d  D C

c h a ra c te ri s t i c s ,  p a c ka g e s ,  a n d  b a l l /s i g n a l  a s s i g n m e n t s .  T h e  p u rp o s e  o f th i s  s p e ci fi c a t i o n  i s  to  d e fi n e  t h e

m i n i m u m  s e t  o f re q u i re m e n ts  fo r a  J E D E C  co m p l i a n t  1 6  b i t  p e r ch a n n e l  S D R AM  d e v i c e  w i t h  e i t h e r o n e  o r

tw o  ch a n n e l s .  L P D D R 4  d u a l  c h a n n e l  d e v i c e  d e n s i t y ra n g e s  fro m  2  G b  t h ro u g h  3 2  G b  a n d  s i n g l e  c h a n n e l

d e n s i t y  ra n g e s  fro m  1  G b  t h ro u g h  1 6  G b .  T h i s  d o cu m e n t w a s  c re a te d  u s i n g  a s p e c t s  o f t h e  fo l l o w i n g

s ta n d a rd s :  D D R 2  ( J E S D 7 9 - 2 ) ,  D D R 3  ( J E S D 7 9 - 3 ) ,  D D R 4  ( J E S D 7 9 - 4 ) ,  L P D D R  ( J E S D 2 0 9 ) ,  L P D D R 2

( J E S D 2 0 9 - 2 ) ,  a n d  L P D D R 3  ( J E S D 2 0 9 - 3 ) .

E a c h  a s p e c t o f t h e  s ta n d a rd  w a s  c o n s i d e re d  a n d  a p p ro v e d  b y c o m m i t te e  b a l l o t ( s ) .  T h e  a c c u m u l a t i o n  o f

th e s e  b a l l o t s  w a s  th e n  i n c o rp o ra t e d  i n to  J E D E C  B o a rd  B a l l o t  to  p re p a re  t h e  L P D D R 4  s t a n d a rd .
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P a g e  2

2 D i e  C o n fi g u ra t i o n ,  P a c ka g e  B a l l o u t ,  a n d  P i n  D e fi n i ti o n

2 . 1   D i e  C o n fi g u ra t i o n

L P D D R 4  S D R A M  s u p p o rts  s i x d i e  c o n fi g u ra t i o n s .  F i g u re 1  a n d  F i g u re 2  s h o w  t h e  p a d  s i g n a l s  u s e d  fo r

e a c h  c o n fi g u ra ti o n .  T h e  c h a n n e l  n u m b e rs  a n d  t h e  d a ta  b u s  c o n fi g u ra t i o n  i s  d e fi n e d  b y  t h e  D R A M

m a n u fa ct u re r a n d  c a n n o t  b e  c h a n g e d  b y  t h e  s y s t e m .  

1 . D u a l  c h a n n e l  d i e

a ) S ta n d a rd  -  1 6 - b i t  w i d t h

b ) B yt e - m o d e  ( l o w e r b y te )  -  8 - b i t w i d t h

c ) B yt e - m o d e  ( u p p e r b y te )  -  8 - b i t w i d t h

2 . S i n g l e  c h a n n e l  d i e

a ) S ta n d a rd  -  1 6 - b i t  w i d t h

b ) B yt e - m o d e  ( l o w e r b y te )  -  8 - b i t w i d t h

c ) B yt e - m o d e  ( u p p e r b y te )  -  8 - b i t w i d t h

F i g u re  1  — D u a l  C h a n n e l  D i e

C K_t

C K_c

C KE

C S

C A[ 5 : 0 ]

O D T ( c a )

D Q S [ 1 ] _t

D Q S [ 1 ] _c

D Q [ 1 5 : 8 ]

D M I [ 1 ]

D Q S [ 0 ] _t

D Q S [ 0 ] _c

D Q [ 7 : 0 ]

D M I [ 0 ]

C K _t

C K _c

C K E

C S

C A [ 5 : 0 ]

O D T ( c a )

D Q S [ 1 ] _t

D Q S [ 1 ] _c

D Q [ 1 5 : 8 ]

D M I [ 1 ]

D Q S [ 0 ] _t

D Q S [ 0 ] _c

D Q [ 7 : 0 ]

D M I [ 0 ]

C K_t

C K_c

C K E

C S

C A [ 5 : 0 ]

O D T ( c a )

D Q S [ 0 ] _t

D Q S [ 0 ] _c

D Q [ 7 : 0 ]

D M I [ 0 ]

C K_t

C K_c

C KE

C S

C A[ 5 : 0 ]

O D T ( c a )

D Q S [ 0 ] _t

D Q S [ 0 ] _c

D Q [ 7 : 0 ]

D M I [ 0 ]

C K _t

C K _c

C KE

C S

C A[ 5 : 0 ]

O D T ( c a )

D Q S [ 1 ] _t

D Q S [ 1 ] _c

D Q [ 1 5 : 8 ]

D M I [ 1 ]

C K_t

C K_c

C KE

C S

C A[ 5 : 0 ]

O D T ( c a )

D Q S [ 1 ] _t

D Q S [ 1 ] _c

D Q [ 1 5 : 8 ]

D M I [ 1 ]

a )  S t a n d a rd  -  1 6 - b i t  w i d t h
b )  B y t e - m o d e  ( l o w e r b y t e )

 -  8 - b i t  w i d t h

c )  B y t e - m o d e  ( u p p e r b y t e )

 -  8 - b i t  w i d t h

R E S E T _n Z Q R E S E T _n Z Q R E S E T _n Z Q
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                                            J E D E C  S t a n d a rd  N o .  2 0 9 - 4 E

P a g e  3

2 . 1   D i e  C o n fi g u ra t i o n  ( c o n t ’ d )

F i g u re  2  —  S i n g l e  C h a n n e l  D i e

T w o  b y te - m o d e  ( o n e  l o w e r b y te  a n d  o n e  u p p e r b y t e )  d i e  o f a  g i v e n  d e n s i t y  c a n  b e  l o g i c a l l y  a n d  p h ys i ca l l y

c o m b i n e d  i n t o  a  1 6 - b i t  s ta n d a rd  c o n fi g u ra t i o n  w i t h  t w i c e  t h e  g i v e n  d e n s i ty .  S e e  F i g u re 3  fo r a n  e x a m p l e .

C o n fi g u ra t i o n s  u s i n g  b y te  m o d e  d i e  d i ffe r fro m  s t a n d a rd  c o n fi g u ra t i o n s  i n  o t h e r c h a ra c te ri s t i c s  s u c h  a s

l a t e n c y ,  c a l i b ra t i o n  c o n s i d e ra ti o n s  a n d  t o t a l  l o a d i n g .

C K_t

C K_c

C KE

C S

C A[ 5 : 0 ]

O D T ( c a )

D Q S [ 1 ] _t

D Q S [ 1 ] _c

D Q [ 1 5 : 8 ]

D M I [ 1 ]

D Q S [ 0 ] _t

D Q S [ 0 ] _c

D Q [ 7 : 0 ]

D M I [ 0 ]

C K_t

C K_c

C K E

C S

C A [ 5 : 0 ]

O D T ( c a )

D Q S [ 0 ] _t

D Q S [ 0 ] _c

D Q [ 7 : 0 ]

D M I [ 0 ]

C K _t

C K _c

C KE

C S

D Q S [ 1 ] _t

D M I [ 1 ]

a )  S t a n d a rd  -  1 6 - b i t  w i d t h
b )  B y t e - m o d e  ( l o w e r b y t e )

 -  8 - b i t  w i d t h

c )  B y t e - m o d e  ( u p p e r b y t e )

 -  8 - b i t  w i d t h
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C A[ 5 : 0 ]

O D T ( c a )

D Q S [ 1 ] _c

D Q [ 1 5 : 8 ]
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P a g e  4

2 . 1   D i e  C o n fi g u ra t i o n  ( C o n t ’ d )  

F i g u re  3  —  Two  B y te  M o d e  D i e  C o n fi g u ra ti o n

D Q S [ 0 ] _t

D Q S [ 0 ] _c

D Q [ 7 : 0 ]

D M I [ 0 ]

D Q S [ 0 ] _t

D Q S [ 0 ] _c

D Q [ 7 : 0 ]
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D Q [ 1 5 : 8 ]
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C KE

C S
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O D T ( c a )
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N o t e :  

 1 .  T h i s  fi g u re  i s  a n  e x a m p l e  w h e re  t w o  d u a l - c h a n n e l  b y t e  m o d e  d i e s  a re  c o m b i n e d .
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P a g e  5

2 . 2   P a d  O rd e r 

2 . 2 . 1   P a d  O rd e r fo r D u a l  C h a n n e l

C h .  A To p C h .  B  To p

1 VD D 2 4 1 V D D 2 1 0 1 V D D 2 1 4 1 V D D 2

2 VS S 4 2 C K E _ A 1 0 2 V S S 1 4 2 C KE _B

3 VD D 1 4 3 C S _A 1 0 3 V D D 1 1 4 3 C S _B

4 VD D 2 4 4 V S S 1 0 4 V D D 2 1 4 4 V S S

5 VS S 4 5 C A 1 _A 1 0 5 V S S 1 4 5 C A1 _ B

6 VS S Q 4 6 C A 0 _A 1 0 6 V S S Q 1 4 6 C A0 _ B

7 D Q 8 _A 4 7 V D D 2 1 0 7 D Q 8 _B 1 4 7 V D D 2

8 VD D Q 4 8 O D T ( ca ) _ A 1 0 8 V D D Q 1 4 8 O D T ( c a ) _B

9 D Q 9 _A 4 9 V S S 1 0 9 D Q 9 _B 1 4 9 V S S

1 0 VS S Q 5 0 V D D 1 1 1 0 V S S Q 1 5 0 V D D 1

1 1 D Q 1 0 _ A 5 1 V S S Q 1 1 1 D Q 1 0 _B 1 5 1 V S S Q

1 2 VD D Q 5 2 D Q 7 _ A 1 1 2 V D D Q 1 5 2 D Q 7 _B

1 3 D Q 1 1 _A 5 3 V D D Q 1 1 3 D Q 1 1 _B 1 5 3 V D D Q

1 4 VS S Q 5 4 D Q 6 _ A 1 1 4 V S S Q 1 5 4 D Q 6 _B

1 5 D Q S 1 _t _A 5 5 V S S Q 1 1 5 D Q S 1 _t_ B 1 5 5 V S S Q

1 6 D Q S 1 _c _A 5 6 D Q 5 _ A 1 1 6 D Q S 1 _c _B 1 5 6 D Q 5 _B

1 7 VD D Q 5 7 V D D Q 1 1 7 V D D Q 1 5 7 V D D Q

1 8 D M I 1 _A 5 8 D Q 4 _ A 1 1 8 D M I 1 _B 1 5 8 D Q 4 _B

1 9 VS S Q 5 9 V S S Q 1 1 9 V S S Q 1 5 9 V S S Q

2 0 D Q 1 2 _ A 6 0 D M I 0 _ A 1 2 0 D Q 1 2 _B 1 6 0 D M I 0 _B

2 1 VD D Q 6 1 V D D Q 1 2 1 V D D Q 1 6 1 V D D Q

2 2 D Q 1 3 _ A 6 2 D Q S 0 _c _A 1 2 2 D Q 1 3 _B 1 6 2 D Q S 0 _c _B

2 3 VS S Q 6 3 D Q S 0 _t _A 1 2 3 V S S Q 1 6 3 D Q S 0 _t _B

2 4 D Q 1 4 _ A 6 4 V S S Q 1 2 4 D Q 1 4 _B 1 6 4 V S S Q

2 5 VD D Q 6 5 D Q 3 _ A 1 2 5 V D D Q 1 6 5 D Q 3 _B

2 6 D Q 1 5 _ A 6 6 V D D Q 1 2 6 D Q 1 5 _B 1 6 6 V D D Q

2 7 VS S Q 6 7 D Q 2 _ A 1 2 7 V S S Q 1 6 7 D Q 2 _B

2 8 Z Q 6 8 V S S Q 1 2 8 R E S E T _n 1 6 8 V S S Q

2 9 VD D Q 6 9 D Q 1 _ A 1 2 9 V D D Q 1 6 9 D Q 1 _B

3 0 VD D 2 7 0 V D D Q 1 3 0 V D D 2 1 7 0 V D D Q

3 1 VD D 1 7 1 D Q 0 _ A 1 3 1 V D D 1 1 7 1 D Q 0 _B

3 2 VS S 7 2 V S S Q 1 3 2 V S S 1 7 2 V S S Q

3 3 C A5 _A 7 3 V S S 1 3 3 C A 5 _B 1 7 3 V S S

3 4 C A4 _A 7 4 V D D 2 1 3 4 C A 4 _B 1 7 4 V D D 2

3 5 VD D 2 7 5 V D D 1 1 3 5 V D D 2 1 7 5 V D D 1

3 6 C A3 _A 7 6 V S S 1 3 6 C A 3 _B 1 7 6 V S S

3 7 C A2 _A 7 7 V D D 2 1 3 7 C A 2 _B 1 7 7 V D D 2

3 8 VS S C h .  A B o t to m 1 3 8 V S S C h .  B  B o t to m

3 9 C K_ c_ A 1 3 9 C K _c _B

4 0 C K_ t_A 1 4 0 C K _t _B

N O T E  1 Ap p l i ca t i o n s  a re  r e c o m m e n d e d  t o  fo l l o w  b i t /b y te  a s s i g n m e n ts .  B i t o r B yt e  s w a p p i n g  a t  th e  a p p l i c a t i o n  l e v e l  re q u i re s  re vi e w  

o f M R  a n d  ca l i b ra ti o n  fe a tu re s  a s s i g n e d  to  s p e ci fi c  d a t a  b i t s / b y te s .

N O T E  2 Ad d i t i o n a l  p a d s  a re  a l l o w e d  fo r D R AM  m fg - s p e c i fi c  p a d s  ( “ D N U ” ) ,  o r a d d i t i o n a l  p o w e r p a d s  a s  l o n g  a s  th e  e x tra  p a d s  a re  

g ro u p e d  w i th  l i ke - n a m e d  p a d s .
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P a g e  6

2 . 2 . 2   P a d  O rd e r fo r S i n g l e  C h a n n e l

N O T E  1 Ap p l i ca t i o n s  a re  re co m m e n d e d  to  fo l l o w  b i t/b y te  a s s i g n m e n t s .  B i t  o r B y t e  s w a p p i n g  a t  th e  a p p l i c a ti o n  l e v e l  re q u i re s  re v i e w  

o f M R  a n d  ca l i b ra ti o n  fe a tu re s  a s s i g n e d  to  s p e ci fi c  d a t a  b i t s / b y te s .

N O T E  2 Ad d i t i o n a l  p a d s  a re  a l l o w e d  fo r D R AM  m fg - s p e c i fi c  p a d s  ( “ D N U ” ) ,  o r a d d i t i o n a l  p o w e r p a d s  a s  l o n g  a s  th e  e x tra  p a d s  a re  

g ro u p e d  w i th  l i ke - n a m e d  p a d s .

N O T E  3 A R E S E T _ n  p a d  i s  a d d e d .  T h e  R E S E T _ n  p a d  l o c a t i o n  i s  ve n d o r s p e ci fi c .  S e e  v e n d o r d e v i c e  d a ta  s h e e ts  fo r d e t a i l s  a b o u t  

R E S E T _n  p a d  l o c a ti o n .

T O P

1 V D D 2 4 0 C K_ c

2 V S S 4 1 C K_ t

3 V D D 1 4 2 VD D 2

4 V D D 2 4 3 C KE

5 V S S 4 4 C S

6 V S S Q 4 5 VS S

7 D Q 8 4 6 C A1

8 V D D Q 4 7 C A0

9 D Q 9 4 8 VD D 2

1 0 V S S Q 4 9 O D T ( c a )

1 1 D Q 1 0 5 0 VS S

1 2 V D D Q 5 1 VD D 1

1 3 D Q 1 1 5 2 VS S Q

1 4 V S S Q 5 3 D Q 7

1 5 D Q S 1 _t 5 4 VD D Q

1 6 D Q S 1 _c 5 5 D Q 6

1 7 V D D Q 5 6 VS S Q

1 8 D M I 1 5 7 D Q 5

1 9 V S S Q 5 8 VD D Q

2 0 D Q 1 2 5 9 D Q 4

2 1 V D D Q 6 0 VS S Q

2 2 D Q 1 3 6 1 D M I 0

2 3 V S S Q 6 2 VD D Q

2 4 D Q 1 4 6 3 D Q S 0 _c

2 5 V D D Q 6 4 D Q S 0 _t

2 6 D Q 1 5 6 5 VS S Q

2 7 V S S Q 6 6 D Q 3

2 8 Z Q 6 7 VD D Q

2 9 V D D Q 6 8 D Q 2

3 0 V D D 2 6 9 VS S Q

3 1 R E S E T _n 7 0 D Q 1

3 2 V D D 1 7 1 VD D Q

3 3 V S S 7 2 D Q 0

3 4 C A 5 7 3 VS S Q

3 5 C A 4 7 4 VS S

3 6 V D D 2 7 5 VD D 2

3 7 C A 3 7 6 VD D 1

3 8 C A 2 7 7 VS S

3 9 V S S 7 8 VD D 2

B o tt o m
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2 . 3   P a c k a g e  B a l l o u t

2 . 3 . 1   2 7 2  B a l l  1 5  m m  x 1 5  m m  0 . 4  m m  P i t c h ,  Q u a d - C h a n n e l  P O P  F B G A ( To p  Vi e w)  u s i n g  Va ri a t i o n  V F F C D B  fo r M O - 2 7 3

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

A D N U V S S V D D 1 C A4 _a V D D Q Z Q 1 _ a V D D Q D Q 1 5 _a V D D 2 D Q 1 3 _a V D D 2 D M I 1 _a V D D Q D Q S 1 _c _a V D D Q D Q 1 0 _a V S S D Q 8 _a D Q 0 _c V D D 1 D Q 2 _c V D D Q D Q S 0 _ c_c V D D Q D Q 4 _c V D D 2 D Q 5 _c V D D 2 D Q 7 _c V D D Q C A0 _ c V D D Q C S 1 _c VD D 1 V S S D N U

B V S S VD D 2 C A3 _a VS S C A 5 _a V S S Z Q 0 _a V S S D Q 1 4 _a V S S D Q1 2 _a V S S D Q S 1 _ t_a V S S D Q 1 1 _a V S S D Q 9 _a V D D 2 V S S D Q 1 _c V S S D Q 3 _ c V S S D Q S 0 _t _c V S S D M I 0 _c V S S D Q 6 _c V S S OD T ca _ c V S S C A1 _ c V S S C S 0 _c VD D 2 V S S

C C A2 _a C K_c _a C KE 0 _ c C K E 1 _c

D VD D 2 C K_t _a C K_ t_c VD D 2

E C KE 0 _ a V S S V S S C K_c _c

F C KE 1 _ a C S 0 _ a C A2 _c C A3 _ c

G VD D 2 C S 1 _ a  VD D 1 C A4 _c VD D 2

H C A1 _a V S S  VD D 2 V S S C A5 _ c

J C A0 _a O D T ca _a  VD D Q Z Q 0 _c Z Q 1 _ c

K VD D Q D Q 7 _ a  VS S D Q 1 5 _ c V D D Q

L D Q 6 _a V S S  C K_ t ,  C K_ c V S S D Q 1 4 _c

M D Q 5 _a D Q 4 _ a  D M I D Q 1 2 _ c D Q 1 3 _c

N VD D Q D M I 0 _a  D Q ,  C A,  C S ,  D M I 1 _c V D D Q

P D Q S 0 _c_a V S S  D N U ,  N C V S S D Q S 1 _c _c

R D Q 3 _a D Q S 0 _t _a  D Q S _t ,  D Q S _c D Q S 1 _ t_ c D Q 1 1 _c

T VD D Q D Q 2 _ a  R E S E T _n ,  ZQ ,  D Q 1 0 _ c V D D Q

U D Q 1 _a V S S V S S D Q 9 _ c

V VD D 1 D Q 0 _ a D Q 8 _c VD D 1

W D Q 0 _b VD D 2 VD D 2 D Q 8 _d

Y D Q 1 _b V S S V S S D Q 9 _d

A A VD D Q D Q 2 _ b D Q1 0 _d V D D Q

A B D Q 3 _b D Q S 0 _t _b D Q S 1 _t _d D Q 1 1 _d

AC D Q S 0 _c_b V S S V S S D Q S 1 _c_d

AD VD D Q D M I 0 _b D M I 1 _d V D D Q

A E D Q 5 _b D Q 4 _ b D Q1 2 _d D Q 1 3 _d

A F D Q 6 _b V S S V S S D Q 1 4 _d

A G VD D Q D Q 7 _ b D Q1 5 _d V D D Q

AH C A0 _b O D T ca _b N C N C

A J C A1 _b V S S V S S C A5 _d

A K VD D 2 C S 1 _ b C A4 _ d VD D 2

AL C KE 1 _ b C S 0 _ b C A2 _ d C A3 _d

A M C KE 0 _ b V S S V S S C K _c_d

AN VD D 2 C K_t _b C K_t _d VD D 2

A P C A2 _b C K_c _b C KE 0 _d C KE 1 _d

AR V S S VD D 2 C A3 _b VS S C A 5 _b V S S R E S E T _n V S S D Q 1 4 _b V S S D M I 1 _b V S S D Q S 1 _ t_b V S S D Q 1 1 _b V S S D Q 9 _b V D D 2 V S S D Q 1 _d V S S D Q 3 _d V S S D Q S 0 _t _d V S S D Q 4 _d V S S D Q 6 _d V S S O D T c a _d V S S C A 1 _d V S S C S 0 _d VD D 2 V S S

A T D N U V S S V D D 1 C A4 _b V D D Q N C V D D Q D Q 1 5 _b V D D 2 D Q 1 3 _b V D D 2 D Q 1 2 _b V D D Q D Q S 1 _c _b V D D Q D Q 1 0 _b V S S D Q 8 _b D Q 0 _d V D D 1 D Q 2 _d V D D Q D QS 0 _c_ d V D D Q D M I 0 _d V D D 2 D Q 5 _d V D D 2 D Q7 _d V D D Q C A 0 _d V D D Q C S 1 _d VD D 1 V S S D N U

N O T E  1 1 5  m m  x  1 5  m m ,  0 . 4  m m  p i t ch .

N O T E  2 2 7 2  b a l l  c o u n t,  3 6  ro w s .

N O T E  3 To p  Vi e w,  A 1  i n  to p  l e ft  co rn e r.

N O T E  4 O D T ( c a ) _[ x ]  b a l l s  a re  w i re d  to  O D T ( c a ) _ [ x ]  p a d s  o f R a n k  0  D R AM  d i e .  O D T ( c a ) _[ x ]  p a d s  fo r 

o t h e r ra n k s  ( i f p re s e n t)  a re  d i s a b l e d  i n  th e  p a ck a g e .

N O T E  5 P a ck a g e  C h a n n e l  a  a n d  C h a n n e l  c  s h a l l  b e  a s s i g n e d  to  d i e  C h a n n e l  A o f d i ffe re n t D R AM  d i e .

N O T E  6 D i e  p a d  V S S  a n d  V S S Q  s i g n a l s  a re  c o m b i n e d  to  V S S  p a ck a g e  b a l l s .

N O T E  7 P a ck a g e  re q u i re s  d u a l  ch a n n e l  d i e  o r fu n c ti o n a l  e q u i v a l e n t o f s i n g l e  c h a n n e l  d i e - s ta c k .
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2 . 3 . 2   L P D D R 4  3 4 x3 4  Qu a d  x 1 6  C h a n n e l  ( F i t s  1 4 x1 4  0 . 4  m m  P i t c h )  -  u s i n g  M O - 3 1 7 A

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34

A NC VDD2 DQ3_A VSS DQ5_A ODT(ca)_A CA0_A CS1_A CKE1_A CA2_A VSS VSS DQ13_A VDD2 VDD1 DQ10_A ZQ1_A ZQ1_D DQ10_C VDD1 VDD2 DQ13_C VSS VSS CA2_C CKE1_C CS1_C CA0_C ODT(ca)_C DQ5_C VSS DQ3_C VDD2 NC A

B VSS DQ2_A VDDQ DMI0_A VDDQ DQ7_A VDD2 CS0_A CKE0_A VDD2 CA4_A DQ15_A VDDQ DMI1_A DQ11_A VSS ZQ0_A ZQ0_D VSS DQ11_C DMI1_C VDDQ DQ15_C CA4_C VDD2 CKE0_C CS0_C VDD2 DQ7_C VDDQ DMI0_C VDDQ DQ2_C VSS B

C DQ0_A VDDQ VSS VSS DQ4_A VDDQ CA1_A VDD2 VSS CA3_A VSS VDDQ DQ12_A VSS VDDQ DQ9_A RESET_n RFU DQ9_C VDDQ VSS DQ12_C VDDQ VSS CA3_C VSS VDD2 CA1_C VDDQ DQ4_C VSS VSS VDDQ DQ0_C C

D VDD1 DQ1_A DQS0_t_A DQS0_c_A VSS DQ6_A VSS CK_t_A CK_c_A VSS CA5_A DQ14_A VSS DQS1_c_A DQS1_t_A VDDQ DQ8_A DQ8_C VDDQ DQS1_t_C DQS1_c_C VSS DQ14_C CA5_C VSS CK_c_C CK_t_C VSS DQ6_C VSS DQS0_c_C DQS0_t_C DQ1_C VDD1 D

E VDD2 VSS VSS VDD2 E

F VDD2 VDD2 VDD2 VDD2 F

G VSS VSS VSS VSS G

H RFU RFU RFU RFU H

J RFU RFU RFU RFU J

K RFU RFU RFU RFU K

L RFU RFU RFU RFU L

M RFU RFU RFU RFU M

N RFU RFU RFU RFU N

P RFU RFU RFU RFU P

R RFU RFU RFU RFU R

T RFU RFU RFU RFU T

U RFU RFU RFU RFU U

V RFU RFU RFU RFU V

W RFU RFU RFU RFU W

Y RFU RFU RFU RFU Y

AA RFU RFU RFU RFU AA

AB RFU RFU RFU RFU AB

AC RFU RFU RFU RFU AC

AD RFU RFU RFU RFU AD

AE RFU RFU RFU RFU AE

AF RFU RFU RFU RFU AF

AG RFU RFU RFU RFU AG

AH VSS VSS VSS VSS AH

AJ VDD2 VDD2 VDD2 VDD2 AJ

AK VDD2 VSS VSS VDD2 AK

AL VDD1 DQ1_B DQS0_t_B DQS0_c_B VSS DQ6_B VSS CK_t_B CK_c_B VSS CA5_B DQ14_B VSS DQS1_c_B DQS1_t_B VDDQ DQ8_B DQ8_D VDDQ DQS1_t_D DQS1_c_D VSS DQ14_D CA5_D VSS CK_c_D CK_t_D VSS DQ6_D VSS DQS0_c_D DQS0_t_D DQ1_D VDD1 AL

AM DQ0_B VDDQ VSS VSS DQ4_B VDDQ CA1_B VDD2 VSS CA3_B VSS VDDQ DQ12_B VSS VDDQ DQ9_B VDD2 VDD2 DQ9_D VDDQ VSS DQ12_D VDDQ VSS CA3_D VSS VDD2 CA1_D VDDQ DQ4_D VSS VSS VDDQ DQ0_D AM

AN VSS DQ2_B VDDQ DMI0_B VDDQ DQ7_B VDD2 CS0_B CKE0_B VDD2 CA4_B DQ15_B VDDQ DMI1_B DQ11_B VSS RFU RFU VSS DQ11_D DMI1_D VDDQ DQ15_D CA4_D VDD2 CKE0_D CS0_D VDD2 DQ7_D VDDQ DMI0_D VDDQ DQ2_D VSS AN

AP NC VDD2 DQ3_B VSS DQ5_B
ODT(ca)

_B
CA0_B CS1_B CKE1_B CA2_B VSS VSS DQ13_B VDD2 VDD1 DQ10_B RFU RFU DQ10_D VDD1 VDD2 DQ13_D VSS VSS CA2_D CKE1_D CS1_D CA0_D

ODT(ca)
_D

DQ5_D VSS DQ3_D VDD2 NC AP

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34

N O T E  1 1 4  m m  x  1 4  m m ,  0 . 4  m m  p i t c h .

N O T E  2 3 7 6  b a l l  c o u n t ,  3 4  ro w s .

N O T E  3 To p  Vi e w,  A1  i n  to p  l e ft c o rn e r.

N O T E  4 O D T ( ca ) _ [ x]  b a l l s  a re  w i re d  to  O D T ( c a ) _[ x]  p a d s  o f R a n k  0  D R AM  d i e .  O D T ( ca ) _ [ x ]  p a d s  fo r o th e r  

ra n k s  ( i f p re s e n t)  a re  d i s a b l e d  i n  t h e  p a c ka g e .

N O T E  5 P a c ka g e  C h a n n e l  a  a n d  C h a n n e l  d  s h a l l  b e  a s s i g n e d  t o  d i e  C h a n n e l  A o f d i ffe re n t  L P D D R 4  d i e .

N O T E  6 D R A M  d i e  p a d  V S S  a n d  VS S Q  s i g n a l s  a re  c o m b i n e d  t o  V S S  p a c ka g e  b a l l s .

N O T E  7 P a c ka g e  re q u i re s  d u a l  c h a n n e l  d i e  o r fu n c t i o n a l  e q u i v a l e n t o f s i n g l e  c h a n n e l  d i e - s ta ck .
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                                            J E D E C  S t a n d a rd  N o .  2 0 9 - 4 E

P a g e  9

2 . 3 . 3   1 4 4  B a l l  e P o P  M C P  O n e - C h a n n e l  F B G A ( To p  Vi e w)  u s i n g  M O - 3 2 3 A

N O T E  1 0 . 4  m m  p i tc h ,  2  ro w s .

N O T E  2 To p  Vi e w,  A1  i n  t o p  l e ft co rn e r.

N O T E  3 B o d y  s i z e :  8  m m  x  9 . 5  m m

N O T E  4 O D T ( c a ) _ A b a l l s  a re  w i re d  to  O D T ( ca ) _ A p a d s  o f R a n k  0  D R A M  d i e .  O D T ( c a )  p a d s  fo r o t h e r ra n k s  ( i f p re s e n t)  a re  d i s a b l e d  

i n  th e  p a ck a g e .

N O T E  5 D R AM  d i e  p a d  V S S  a n d  V S S Q  s i g n a l s  a re  co m b i n e d  t o  V S S  p a c k a g e  b a l l s .

N O T E  6 T h e  fl a s h  b a l l - o u t s u p p o rt s  e• M M C  5 . x

N O T E  7 Ve n d o r s p e c i fi c  fu n c ti o n  ( VS F )  -  t h i s  t e rm i n a l  s h o u l d  n o t h a v e  a n y  e x te rn a l  e l e c t ri c a l  c o n n e c ti o n s ,  b u t i t m a y  h a v e  a n  

i n te r n a l  c o n n e c ti o n .  T h e  t e rm i n a l  m a y  b e  ro u t e d  t o  p ro v i d e  a c ce s s i b i l i t y a n d  m a y b e  u s e d  fo r g e n e ra l  p u rp o s e  v e n d o r 

s p e c i fi c  o p e ra t i o n s .

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

A D N U V S S m V S S m V C C Q m V S S m V S S m D AT 5 m V C C Qm D AT 0 m C L Km V C C m D AT 6 m V C C Q m D AT 7 m V C C Q m V S S m R S T m V S S m D N U

e M M C

V C C m

B V S S m V S S m V C C m V S S m V D D I V C C m D AT 1 m D A T 4 m V S S m V C C Q m V S S m D AT 2 m D AT 3 m V S S m D S m V S S m C M D m V C C m V S S m V C C Q m

C V S S m V C C m V S S m V S S m V S S m

D V S F 1 V S F 3 V S F 5 V S F 8

E V S F 2 V S F 4 V S F 6 V S F 9

F R E S E T _n V S S V S F 7 R F U

D R AM

V D D Q

G Z Q 1 _A Z Q 0 _A R F U R F U V D D 1

H V S S V S S V S S V S S V D D 2

J V D D 1 V D D 1 V D D 1 V D D 1 V S S

K V D D 2 V D D 2 V D D 2 V D D 2

L V S S V D D Q V D D Q V S S

M D Q 8 _A D Q 9 _A D Q 1 _A D Q 0 _ A

N V D D 2 D Q 1 0 _A D Q 2 _A V D D 2

P D Q 1 1 _A V S S V S S D Q 3 _ A

R D Q S 1 _t _A D Q S 1 _c_ A D Q S 0 _c _A D Q S 0 _ t_ A

T V S S V D D Q V D D Q V S S

U D M 1 _A V S S V S S D M 0 _A

V V D D 2 V D D Q V D D Q V D D 2

W D Q 1 2 _A D Q 1 3 _A D Q 5 _A D Q 4 _ A

Y V S S V D D 2 D Q 1 4 _ A V D D 1 C A5 _A V S S C A2 _A V D D 2 C K_c_ A V S S C KE 0 _ A C S 0 _ A C A1 _A V D D 2 V S S D Q 7 _ A D Q 6 _A V D D 2 V S S

AA D N U V S S V D D Q D Q 1 5 _A V D D 2 C A4 _A C A3 _A V S S C K_t _A C KE 1 _A C S 1 _ A V S S C A0 _A O D T ( ca ) _A V D D 1 V D D Q V S S V S S D N U

e M C P  1 4 4 F B G A
1 9 x 2 1
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J E D E C  S t a n d a rd  N o .  2 0 9 - 4 E                                                                          

P a g e  1 0

2 . 3 . 4   2 0 0  B a l l  P a c k a g e s

2 . 3 . 4 . 1   2 0 0  B a l l  x3 2  D i s c re t e  P a c ka g e ,  0 . 8 0  m m  x 0 . 6 5  m m  u s i n g  M O - 3 1 1

N O T E  1 0 . 8  m m  p i tc h  ( X - a xi s ) ,  0 . 6 5  m m  p i tc h  ( Y- a x i s ) ,  2 2  ro w s .

N O T E  2 To p  Vi e w,  A1  i n  t o p  l e ft co rn e r.

N O T E  3 O D T ( c a ) _ [ x ]  b a l l s  a re  w i re d  t o  O D T ( c a ) _ [ x ]  p a d s  o f R a n k 0  D R AM  d i e .  O D T ( c a ) _[ x ]  p a d s  fo r o th e r ra n k s  ( i f p re s e n t)  a re  

d i s a b l e d  i n  t h e  p a c ka g e .

N O T E  4 Z Q 2 ,  C KE 2 _A,  C KE 2 _B ,  C S 2 _ A,  a n d  C S 2 _ B  b a l l s  a re  re s e rv e d  fo r 3 - ra n k  p a c ka g e .  F o r 1 - ra n k  a n d  2 - ra n k  p a ck a g e  t h o s e  

b a l l s  a re  N C .

N O T E  5  D i e  p a d  VS S  a n d  V S S Q  s i g n a l s  a re  c o m b i n e d  to  VS S  p a ck a g e  b a l l s .

N O T E  6 P a ck a g e  re q u i re s  d u a l  c h a n n e l  d i e  o r fu n c ti o n a l  e q u i va l e n t  o f s i n g l e  c h a n n e l  d i e - s t a c k .

 0 . 8 0  m m  P i t c h
1 2 3 4 5 6 7 8 9 1 0 1 1 1 2

A D N U D N U VS S VD D 2 ZQ 0 Z Q 1 VD D 2 VS S D N U D N U

B D N U D Q 0 _A V D D Q D Q 7 _A VD D Q V D D Q D Q 1 5 _A VD D Q D Q 8 _A D N U

C V S S D Q 1 _A D M I 0 _A D Q 6 _A VS S V S S D Q 1 4 _A D M I 1 _A D Q 9 _A VS S

D V D D Q VS S D Q S 0 _t _A V S S VD D Q V D D Q VS S D Q S 1 _t _A V S S VD D Q

E V S S D Q 2 _A D Q S 0 _c_ A D Q 5 _A VS S V S S D Q 1 3 _A D Q S 1 _c_ A D Q 1 0 _A VS S

F V D D 1 D Q 3 _A V D D Q D Q 4 _A V D D 2 V D D 2 D Q 1 2 _A VD D Q D Q 1 1 _A V D D 1

G V S S O D T ( c a ) _A VS S VD D 1 VS S V S S VD D 1 VS S Z Q 2 VS S

0
.6

5
 m

m
 P

it
c

h

H V D D 2 C A0 _A C S 1 _A C S 0 _A V D D 2 V D D 2 C A2 _A C A3 _A C A 4 _A V D D 2

J V S S C A1 _A VS S C KE 0 _A C K E 1 _A C K _t _A C K _c_ A VS S C A 5 _A VS S

K V D D 2 VS S V D D 2 V S S C S 2 _A C K E 2 _ A VS S V D D 2 V S S V D D 2

L

M

N V D D 2 VS S V D D 2 V S S C S 2 _B C K E 2 _ B VS S V D D 2 V S S V D D 2

P V S S C A1 _B VS S C KE 0 _B C K E 1 _B C K _t _B C K _c_ B VS S C A 5 _B VS S

R V D D 2 C A0 _B C S 1 _B C S 0 _B V D D 2 V D D 2 C A2 _B C A3 _B C A 4 _B V D D 2

T V S S O D T ( c a ) _B VS S VD D 1 VS S V S S VD D 1 VS S R E S E T _n  VS S

U V D D 1 D Q 3 _B V D D Q D Q 4 _B V D D 2 V D D 2 D Q 1 2 _B VD D Q D Q 1 1 _B V D D 1

V V S S D Q 2 _B D Q S 0 _c_ B D Q 5 _B VS S V S S D Q 1 3 _B D Q S 1 _c_ B D Q 1 0 _B VS S

W V D D Q VS S D Q S 0 _t _B V S S VD D Q V D D Q VS S D Q S 1 _t _B V S S VD D Q

Y V S S D Q 1 _B D M I 0 _B D Q 6 _B VS S V S S D Q 1 4 _B D M I 1 _B D Q 9 _B VS S

AA D N U D Q 0 _B V D D Q D Q 7 _B VD D Q V D D Q D Q 1 5 _B VD D Q D Q 8 _B D N U

AB D N U D N U VS S VD D 2 VS S V S S VD D 2 VS S D N U D N U
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                                            J E D E C  S t a n d a rd  N o .  2 0 9 - 4 E

P a g e  1 1

2 . 3 . 4 . 2   2 0 0  B a l l  1 C H x1 6  D i s c re t e  P a c k a g e ,  0 . 8 0  m m  x  0 . 6 5  m m  u s i n g  M O - 3 1 1  

N O T E  1 0 . 8  m m  p i tc h  ( X - a xi s ) ,  0 . 6 5  m m  p i tc h  ( Y- a x i s ) ,  2 2  ro w s .

N O T E  2 To p  Vi e w,  A1  i n  t o p  l e ft co rn e r.

N O T E  3 O D T ( c a ) _ [ x ]  b a l l s  a re  w i re d  t o  O D T ( c a ) _ [ x ]  p a d s  o f R a n k 0  D R AM  d i e .  O D T ( c a ) _[ x ]  p a d s  fo r o th e r ra n k s  ( i f p re s e n t)  a re  

d i s a b l e d  i n  t h e  p a c ka g e .

N O T E  4 Z Q 2 ,  C KE 2 _A,  C KE 2 _B ,  C S 2 _ A,  a n d  C S 2 _ B  b a l l s  a re  re s e rv e d  fo r 3 - ra n k  p a c ka g e .  F o r 1 - ra n k  a n d  2 - ra n k  p a ck a g e  t h o s e  

b a l l s  a re  N C .

N O T E  5 D i e  p a d  V S S  a n d  V S S Q  s i g n a l s  a re  co m b i n e d  t o  VS S  p a ck a g e  b a l l s .

N O T E  6 P a ck a g e  re q u i re s  d u a l  c h a n n e l  d i e  o r fu n c ti o n a l  e q u i va l e n t  o f s i n g l e  c h a n n e l  d i e - s t a c k .

 0 . 8 0  m m  P i t c h
1 2 3 4 5 6 7 8 9 1 0 1 1 1 2

A D N U D N U V S S VD D 2 Z Q0 Z Q 1 V D D 2 V S S D N U D N U

B D N U D Q 0 _ A V D D Q D Q 7 _A V D D Q V D D Q
D Q 1 5 _

A
V D D Q D Q 8 _A D N U

C V S S D Q 1 _ A
D M I 0 _

A
D Q 6 _A V S S V S S

D Q 1 4 _

A

D M I 1 _

A
D Q 9 _A V S S

D VD D Q VS S
D QS 0 _

t _A
VS S V D D Q V D D Q VS S

D QS 1 _

t _A
VS S V D D Q

E V S S D Q 2 _ A
D QS 0 _

c _A
D Q 5 _A V S S V S S

D Q 1 3 _

A

D QS 1 _

c _A

D Q1 0 _

A
V S S

F VD D 1 D Q 3 _ A V D D Q D Q 4 _A V D D 2 VD D 2
D Q 1 2 _

A
V D D Q

D Q1 1 _

A
V D D 1

G V S S
O D T ( c

a ) _ A
V S S VD D 1 V S S V S S V D D 1 V S S N C V S S

0
.6

5
 m

m
 P

it
c

h

H VD D 2 C A 0 _A C S 1 _A C S 0 _A V D D 2 VD D 2 C A 2 _ A C A 3 _A C A 4 _ A V D D 2

J V S S C A 1 _A V S S
C KE 0 _

A

C KE 1 _

A

C K _t_

A

C K _c _

A
V S S C A 5 _ A V S S

K VD D 2 VS S VD D 2 VS S C S 2 _A
C KE 2 _

A
VS S VD D 2 VS S V D D 2

L

M

N VD D 2 VS S VD D 2 VS S C S 3 _A
C KE 3 _

A
VS S VD D 2 VS S V D D 2

P V S S N C V S S N C N C N C N C V S S N C V S S

R VD D 2 N C N C N C V D D 2 VD D 2 N C N C N C V D D 2

T V S S N C V S S VD D 1 V S S V S S V D D 1 V S S
R E S E T

_n  
V S S

U VD D 1 N C V D D Q N C V D D 2 VD D 2 N C V D D Q N C V D D 1

V V S S N C N C N C V S S V S S N C N C N C V S S

W VD D Q VS S N C VS S V D D Q V D D Q VS S N C VS S V D D Q

Y V S S N C N C N C V S S V S S N C N C N C V S S

A

A
D N U N C V D D Q N C V D D Q V D D Q N C V D D Q N C D N U

A

B
D N U D N U V S S VD D 2 V S S V S S V D D 2 V S S D N U D N U
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P a g e  1 2

2 . 3 . 4 . 2   2 0 0  B a l l  1 C H x1 6  D i s c re t e  P a c k a g e ,  0 . 8 0  m m  x  0 . 6 5  m m  u s i n g  M O - 3 1 1  ( c o n t ’ d )

N O T E  7 F o r p a ck a g e s  w i t h  g re a te r th a n  tw o  ra n k s  u s i n g  o n l y  s t a n d a rd  d e v i c e s ,  R a n k s  0 /1  s h a l l  b e  w i re d  t o  o n e  Z Q  b a l l  a n d  R a n ks  

2 / 3  ( i f p re s e n t )  s h a l l  b e  w i re d  to  t h e  o p p o s i te  Z Q  b a l l .  Z Q  C a l i b ra ti o n  c o m m a n d s  i s s u e d  to  a n y  o r a l l  D R AM ’ s  i n  R a n k 0 /1  

a p p l y u n d e r th e  s a m e  c o n d i t i o n s  n o rm a l l y  a s s o c i a te d  w i th  ch a n n e l s  ( S e e  S e ct i o n  4 . 3 8 . 2  M u l ti - C h a n n e l  C o n s i d e ra ti o n s  fo r 

D u a l  C h a n n e l  D e v i c e s ) .  S i m i l a rl y,  th i s  n o te  a p p l i e s  s e p a ra t e l y  to  R a n k s  2 /3  ( i f p re s e n t) .

N O T E  8 I n  co n fi g u ra ti o n s  t h a t i n c l u d e  b yt e  m o d e  d e v i c e s  w h e re  Z Q  i s  w i r e d  b y  b yt e  i n s t e a d  o f b y ra n k,  Z Q  C a l i b r a t i o n  c o m m a n d s  

i s s u e d  t o  a n y  o r a l l  D R AM ’ s  i n  R a n k  0 /1  a p p l y  u n d e r t h e  s a m e  co n d i ti o n s  n o rm a l l y  a s s o c i a te d  w i th  c h a n n e l s  ( S e e  S e c t i o n  

4 . 3 8 . 2  M u l t i - C h a n n e l  C o n s i d e ra ti o n s  fo r D u a l  C h a n n e l  D e vi ce s ) .  S i m i l a rl y,  t h i s  n o te  a p p l i e s  s e p a ra te l y  to  R a n k s  2 / 3  ( i f 

p re s e n t) .  I n  a d d i ti o n ,  Z Q  C a l i b ra ti o n  co m m a n d s  s h a l l  n o t b e  o v e rl a p p i n g  b e t w e e n  R a n k s  0 / 1  a n d  R a n k s  2 /3 .
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                                            J E D E C  S t a n d a rd  N o .  2 0 9 - 4 E

P a g e  1 3

2 . 3 . 5   2 0 3  B a l l  D i s c re t e  Two - C h a n n e l  F B G A ( To p  Vi e w )  u s i n g  M O - 3 1 1  

N O T E  1 0 . 8  m m  p i tc h  ( X - a xi s ) ,  0 . 6 5 m m  p i t ch  ( Y - a x i s ) ,  2 1  ro w s .

N O T E  2 To p  Vi e w,  A1  i n  t o p  l e ft co rn e r.

N O T E  3 O D T ( c a ) _ [ x ]  b a l l s  a re  w i re d  t o  O D T ( c a ) _ [ x ]  p a d s  o f R a n k 0  D R AM  d i e .  O D T ( c a ) _[ x ]  p a d s  fo r o th e r ra n k s  ( i f p re s e n t)  a re  

d i s a b l e d  i n  t h e  p a c ka g e .

N O T E  4 Z Q 2 _A,  C KE 2 _A,  C KE 2 _B ,  C S 2 _ A,  a n d  C S 2 _B  b a l l s  a re  re s e rv e d  fo r 3  ra n k  p a c ka g e ,  a n d  fo r 1  ra n k  a n d  2  ra n k  p a c ka g e  

th o s e  b a l l s  a re  N C .

N O T E  5 D i e  p a d  V S S  a n d  V S S Q  s i g n a l s  a re  co m b i n e d  t o  VS S  p a ck a g e  b a l l s .

N O T E  6 P a ck a g e  re q u i re s  d u a l  c h a n n e l  d i e  o r fu n c ti o n a l  e q u i va l e n t  o f s i n g l e  c h a n n e l  d i e - s t a c k .

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

A D N U D N U V D D 2 VD D Q VD D Q VD D 2 V D D 1 V D D Q VD D Q D N U D N U A

B D N U D Q 0 _A D Q 3 _A VS S D Q 4 _ A VS S V D D 2 VS S VD D 2 VD D 1 D N U B

C D Q 1 _A V S S V S S D Q 5 _ A VS S D Q 7 _ A D Q S 0 _ t _A VS S VS S VS S Z Q 2 _ A C

D D Q 2 _A V S S D M I 0 _ A VS S D Q 6 _ A VS S D Q S 0 _ c _ A C A 2 _ A VS S C A 5 _A Z Q 0 _ A D

E C A 3 _ A VS S VS S Z Q 1 _ A E

F C A 4 _ A VS S C S 0 _A C KE 0 _ A F

G D Q 1 3 _ A V S S V S S VS S VS S VS S VD D Q C A 1 _ A VS S VS S C KE 1 _ A G

H D M I 1 _ A V S S V S S D Q 1 4 _ A VS S D Q 1 5 _A VD D Q VS S C A 0 _ A C KE 2 _A C L K _c _A H

J D Q 1 1 _ A V S S V S S VS S D Q 1 2 _ A VD D Q D Q S 1 _ c _ A VS S VS S C S 1 _A C L K_ t _A J

K D Q 1 0 _ A V S S D Q 8 _A D Q 9 _ A VS S VD D Q D Q S 1 _ t _A VS S VS S C S 2 _A O D T  c a _ A K

L V S S V S S V S S VS S VS S VD D Q VD D Q VD D 2 VD D 2 VD D 2 VD D 2 L

M D Q 1 0 _ B V S S D Q 8 _B D Q 9 _ B VS S VD D Q D Q S 1 _ t _B VS S VS S C S 2 _B O D T  c a _ B M

N D Q 1 1 _ B V S S V S S VS S D Q 1 2 _ B VD D Q D Q S 1 _ c _ B VS S VS S C S 1 _B C L K_ t _B N

P D M I 1 _ B V S S V S S D Q 1 4 _ B VS S D Q 1 5 _B VD D Q VS S C A 0 _ B C KE 2 _B C L K _c _B P

R D Q 1 3 _ B V S S V S S VS S VS S VS S VD D Q C A 1 _ B VS S VS S C KE 1 _ B R

T C A 4 _ B VS S C S 0 _B C KE 0 _ B T

U C A 3 _ B VS S VS S R E S E T _ n U

V D Q 2 _B V S S D M I 0 _ B VS S D Q 6 _ B VS S D Q S 0 _ c _ B C A 2 _ B VS S C A 5 _B N C V

W D Q 1 _B V S S V S S D Q 5 _ B VS S D Q 7 _ B D Q S 0 _ t _B VS S VS S VS S N C W

Y D N U D Q 0 _B D Q 3 _B VS S D Q 4 _ B VS S V D D 2 VS S VD D 2 VD D 1 D N U Y

A A D N U D N U V D D 2 VD D Q VD D Q VD D 2 V D D 1 V D D Q VD D Q D N U D N U A A

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

2 . 3 . 6   4 3 2  B a l l  x6 4  H D I  D i s c re t e  P a c ka g e ,  0 . 5 0 m m  x 0 . 5 0 m m  ( M O - 3 1 3 )

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

A V D D Q V D D 1 V D D Q V D D Q V D D Q V D D 2 VD D 2 V D D Q VD D Q V D D Q V D D 1 V D D Q V D D Q V D D 1 V D D Q VD D Q V D D Q V D D 2 V D D 2 V D D Q V D D Q V D D Q V D D 1 V D D Q A

B V D D Q V D D 1 D Q 0 _A V S S C A0 _ A V D D 2 VD D 2 C A 4 _ A V S S D Q 8 _A V D D 1 V D D Q V D D Q V D D 1 D Q 0 _ C V S S C A 0 _ C V D D 2 V D D 2 C A 4 _C VS S D Q 8 _ C V D D 1 V D D Q B

C V D D Q D Q 1 _ A V S S D Q 5 _ A V S S C A 2 _A C A 3 _A V S S D Q 1 3 _ A V S S D Q 9 _A V D D Q V D D Q D Q 1 _ C V S S D Q 5 _C V S S C A 2 _C C A 3 _ C V S S D Q 1 3 _ C V S S D Q 9 _C V D D Q C

D V D D Q V S S D Q 4 _A V S S C A1 _ A V D D 2 VD D 2 C A 5 _ A V S S D Q 1 2 _A V S S V D D Q V D D Q VS S D Q 4 _ C V S S C A 1 _ C V D D 2 V D D 2 C A 5 _C VS S D Q 1 2 _C V S S V D D Q D

E V D D Q D Q 2 _ A V S S D Q 6 _ A V S S C L K _t _ A C L K _c _A V S S D Q 1 4 _ A V S S D Q 1 0 _ A V D D Q V D D Q D Q 2 _ C V S S D Q 6 _C V S S C L K _ t _C C L K _ c_ C V S S D Q 1 4 _ C V S S D Q 1 0 _C V D D Q E

F V D D Q V S S
D Q S 0 _ t_

A
V S S C S 1 _ A V D D 2 VD D 2 C K E 0 _ A V S S

D Q S 1 _ t_

A
V S S V D D Q V D D Q VS S

D Q S 0 _t _

C
V S S C S 1 _ C V D D 2 V D D 2 C K E 0 _C VS S

D Q S 1 _t _

C
V S S V D D Q F

G V D D Q D Q 3 _ A V S S
D Q S 0 _ c_

A
V S S C S 0 _A C K E 1 _A V S S

D Q S 1 _ c_

A
V S S D Q 1 1 _ A V D D Q V D D Q D Q 3 _ C V S S

D Q S 0 _ c_

C
V S S C S 0 _C C K E 1 _ C V S S

D Q S 1 _ c_

C
V S S D Q 1 1 _C V D D Q G

H V D D Q V S S D M I 0 _ A V S S D Q 7 _ A V D D 2 VD D 2 D Q 1 5 _ A V S S D M I 1 _ A V S S V D D Q V D D Q VS S D M I 0 _C V S S D Q 7 _ C V D D 2 V D D 2 D Q 1 5 _C VS S D M I 1 _C V S S V D D Q H

J V D D Q ZQ 3 _ A Z Q 2 _A
O D T  

c a _ A
C S 3 _ A C S 2 _A C K E 3 _A C K E 2 _ A ZQ 0 _ A V S S Z Q 1 _ A V D D Q V D D Q Z Q 3 _ C ZQ 2 _ C

O D T  

c a _ C
C S 3 _ C C S 2 _C C K E 3 _ C C K E 2 _C Z Q 0 _ C V S S Z Q 1 _C V D D Q J

K K

L L

M M

N N

P P

R R

T T

U V D D Q V S S V S S
O D T  

c a _ B
C S 3 _ B C S 2 _B C K E 3 _B C K E 2 _ B V S S V S S R E S E T _ n V D D Q V D D Q VS S V S S

O D T  

c a _ D
C S 3 _ D C S 2 _D C K E 3 _ D C K E 2 _D VS S V S S N C V D D Q U

V V D D Q V S S D M I 0 _ B V S S D Q 7 _ B V D D 2 VD D 2 D Q 1 5 _ B V S S D M I 1 _ B V S S V D D Q V D D Q VS S D M I 0 _D V S S D Q 7 _ D V D D 2 V D D 2 D Q 1 5 _D VS S D M I 1 _D V S S V D D Q V

W V D D Q D Q 3 _ B V S S
D Q S 0 _ c_

B
V S S C S 0 _B C K E 1 _B V S S

D Q S 1 _ c_

B
V S S D Q 1 1 _ B V D D Q V D D Q D Q 3 _ D V S S

D Q S 0 _ c_

D
V S S C S 0 _D C K E 1 _ D V S S

D Q S 1 _ c_

D
V S S D Q 1 1 _D V D D Q W

Y V D D Q V S S
D Q S 0 _ t_

B
V S S C S 1 _ B V D D 2 VD D 2 C K E 0 _ B V S S

D Q S 1 _ t_

B
V S S V D D Q V D D Q VS S

D Q S 0 _t _

D
V S S C S 1 _ D V D D 2 V D D 2 C K E 0 _D VS S

D Q S 1 _t _

D
V S S V D D Q Y

A A V D D Q D Q 2 _ B V S S D Q 6 _ B V S S C L K _t _ B C L K _c _B V S S D Q 1 4 _ B V S S D Q 1 0 _ B V D D Q V D D Q D Q 2 _ D V S S D Q 6 _D V S S C L K _ t _D C L K _ c_ D V S S D Q 1 4 _ D V S S D Q 1 0 _D V D D Q A A

A B V D D Q V S S D Q 4 _B V S S C A1 _ B V D D 2 VD D 2 C A 5 _ B V S S D Q 1 2 _B V S S V D D Q V D D Q VS S D Q 4 _ D V S S C A 1 _ D V D D 2 V D D 2 C A 5 _D VS S D Q 1 2 _D V S S V D D Q A B

A C V D D Q D Q 1 _ B V S S D Q 5 _ B V S S C A 2 _B C A 3 _B V S S D Q 1 3 _ B V S S D Q 9 _B V D D Q V D D Q D Q 1 _ D V S S D Q 5 _D V S S C A 2 _D C A 3 _ D V S S D Q 1 3 _ D V S S D Q 9 _D V D D Q A C

A D V D D Q V D D 1 D Q 0 _B V S S C A0 _ B V D D 2 VD D 2 C A 4 _ B V S S D Q 8 _B V D D 1 V D D Q V D D Q V D D 1 D Q 0 _ D V S S C A 0 _ D V D D 2 V D D 2 C A 4 _D VS S D Q 8 _ D V D D 1 V D D Q A D

A E V D D Q V D D 1 V D D Q V D D Q V D D Q V D D 2 VD D 2 V D D Q VD D Q V D D Q V D D 1 V D D Q V D D Q V D D 1 V D D Q VD D Q V D D Q V D D 2 V D D 2 V D D Q V D D Q V D D Q V D D 1 V D D Q A E

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

N O T E  1 0 . 5  m m  b a l l  p i tc h .

N O T E  2 4 3 2  b a l l  co u n t.

N O T E  3 To p  Vi e w,  A1  i n  t o p  l e ft co rn e r.

N O T E  4 O D T ( c a ) _ [ x ]  b a l l s  a re  w i re d  t o  O D T ( ca ) _ [ x ]  p a d s  o f R a n k 0  D R AM  d i e .  O D T ( c a ) _ [ x ]  p a d s  fo r o th e r ra n k s  ( i f p r e s e n t)  a re  d i s a b l e d  i n  t h e  p a c ka g e .

N O T E  5 P a c k a g e  re q u i re s  d u a l  c h a n n e l  d i e  o r fu n c ti o n a l  e q u i va l e n t  o f s i n g l e  c h a n n e l  d i e - s t a c k. P a c k a g e  C h a n n e l  A a n d  C h a n n e l  C  s h a l l  b e  a s s i g n e d  t o  d i e  C h a n n e l  A 

o f d i ffe re n t D R AM  d i e .

N O T E  6 Z Q 2 ,  C KE 2 _ A,  C KE 2 _B ,  C S 2 _ A,  a n d  C S 2 _ B  b a l l s  a re  re s e rv e d  fo r 3 - ra n k  p a ck a g e .  Z Q 3 ,  C KE 3 _A ,  C K E 3 _ B ,  C S 3 _A,  a n d  C S 3 _ B  b a l l s  a re  re s e rve d  fo r 4 - ra n k  

p a ck a g e .  F o r 1 - ra n k  a n d  2 - r a n k p a ck a g e  th o s e  b a l l s  a re  N C .

N O T E  7  D i e  p a d  VS S  a n d  V S S Q  s i g n a l s  a re  c o m b i n e d  to  VS S  p a ck a g e  b a l l s .

N O T E  8 P a c k a g e  re q u i re s  d u a l  c h a n n e l  d i e  o r fu n c ti o n a l  e q u i va l e n t  o f s i n g l e  c h a n n e l  d i e - s t a c k.
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                                            J E D E C  S t a n d a rd  N o .  2 0 9 - 4 E

P a g e  1 5

2 . 3 . 7   3 2 4  B a l l  x6 4  N o n  H D I  D i s c re t e  P a c ka g e  

L P D D R 4  3 2 4  B a l l  x 6 4  N o n  H D I  D i s c re te  P a ck a g e ,  P i tc h :  0 . 8  m m  x  0 . 8  m m ;  0 . 6 5  m m  x  0 . 6 5  m m ;  a n d

0 . 6 5  m m  ( X - a x i s )  x  0 . 8  m m  ( Y - a x i s )  p i tc h  u s i n g  M O - 3 1 5

N O T E  1 M i x  p i tc h :  0 . 8  m m  x  0 . 8  m m ;   0 . 6 5  m m  x 0 . 6 5  m m ;  &  0 . 6 5  m m  ( X - a x i s )  x  0 . 8  m m  ( Y - a x i s )  p i t ch

N O T E  2 1 8  R o w s ;  1 8  C o l u m n ;  3 2 4  B a l l s ;  P a ck a g e  S i z e :  1 4 . 5  m m  x  1 4 . 5  m m

N O T E  3 To p  Vi e w,  A1  i n  t o p  l e ft co rn e r

N O T E  4 P a ck a g e  c h a n n e l  O D T ( c a ) _[ x ]  b a l l s  a re  w i re d  to  O D T ( c a ) _ [ x ]  p a d s  o f R a n k  0  D R AM  d i e .  O D T ( c a ) _ [ x ]  p a d s  fo r o t h e r r a n ks  

( i f p re s e n t )  a re  d i s a b l e d  i n  t h e  p a ck a g e .

N O T E  5  P a ck a g e  C h a n n e l  a  a n d  C h a n n e l  c  s h a l l  b e  a s s i g n e d  to  d i e  C h a n n e l  A o f d i ffe re n t  D R AM  d i e .

N O T E  6 D i e  p a d  V S S  a n d  V S S Q  s i g n a l s  a re  co m b i n e d  t o  VS S  p a ck a g e  b a l l s .

N O T E  7 P a ck a g e  re q u i re s  d u a l  c h a n n e l  d i e  o r fu n c ti o n a l  e q u i va l e n t  o f s i n g l e  c h a n n e l  d i e - s t a c k .

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

A D N U D N U V D D
Q

D Q 0 _
B

V D D 2 D Q 1 _
B

V D D
Q

C A0 _
B

C A1 _
B

C A1 _
A

C A0 _
A

V D D
Q

D Q 1 _
A

VD D 2 D Q 0 _
A

V D D
Q

D N U D N U

B D N U D Q S 0
_T _B
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C K E 0
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Q

D Q 3 _
A

VS S D Q 2 _
A

VS S D Q S 0
_C _A

D Q S 0
_T _A

D N U

C V D D
Q

D Q 5 _
B

VS S D Q 4 _
B

VS S D M I 0
_B

V D D
Q

C K E 1
_B

VS S VS S C K E 1
_A

V D D
Q

D M I 0
_A

VS S D Q 4 _
A

V S S D Q 5 _
A

V D D
Q

D D Q 7 _
B

VS S D Q 1 3
_B

V D D 2 D Q 6 _
B

VS S O D T _
C A _B

V D D 2 C K _T
_B

C K _T
_A

V D D 2 O D T _
C A _A

VS S D Q 6 _
A

VD D 2 D Q 1 3
_A

V S S D Q 7 _
A

E V D D 2 D Q 1 4
_B

VS S D Q 1 2
_B

V D D 2 C S 0 _
B

VS S V D D 2 C K_C
_B

C K_C
_A

V D D 2 VS S C S 0 _
A

VD D 2 D Q 1 2
_A

V S S D Q 1 4
_A

VD D 2

F D Q 1 5
_B

VS S D Q S 1
_C _B

VS S VS S V D D 2 C S 1 _
B

VS S C A2 _
B

C A2 _
A

VS S C S 1 _
A

V D D 2 VS S VS S D Q S 1
_C _A

V S S D Q 1 5
_A

G V D D
Q

D M I 1
_B

V D D
Q

D Q S 1
_T _B

VS S VS S V D D 2 C A3 _
B

VS S VS S C A3 _
A

V D D 2 VS S VS S D Q S 1
_T _A

V D D
Q

D M I 1
_A

V D D
Q

H D Q 1 1
_B

V D D
Q

D Q 1 0
_B

V D D 2 R E S E
T _N

VS S Z Q 1 _
A

V D D 2 C A4 _
_B

C A4 _
A

V D D 2 Z Q 0 _
A

VS S N C VD D 2 D Q 1 0
_A

V D D
Q

D Q 1 1
_A

J V D D 1 D Q 8 _
B

VS S D Q 9 _
B

V D D 2 N C VS S C A5 _
B

V D D 2 V D D 2 C A5 _
A

VS S N C VD D 2 D Q 9 _
A

V S S D Q 8 _
A

VD D 1

K V D D 1 D Q 8 _
C

VS S D Q 9 _
C

V D D 2 N C VS S C A5 _
C

V D D 2 V D D 2 C A5 _
D

VS S N C VD D 2 D Q 9 _
D

V S S D Q 8 _
D

VD D 1

L D Q 1 1
_C

V D D
Q

D Q 1 0
_C

V D D 2 N C VS S Z Q 0 _
C

V D D 2 C A4 _
C

C A4 _
D

V D D 2 Z Q 1 _
C

VS S N C VD D 2 D Q 1 0
_D

V D D
Q

D Q 1 1
_D

M V D D
Q

D M I 1
_C

V D D
Q

D Q S 1
_T _C

VS S VS S V D D 2 C A3 _
C

VS S VS S C A3 _
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V D D
Q

N D Q 1 5
_C
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V D D
Q

D M I 0
_D

VS S D Q 4 _
D

V S S D Q 5 _
D

V D D
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6

2 . 3 . 8   2 7 5  B a l l  M C P  Two - C h a n n e l  F B G A ( To p  Vi e w )  u s i n g  M O - 2 7 6  

N O T E  1 0 . 5  m m  p i tc h ,  2 7  ro w s .

N O T E  2 To p  Vi e w,  A1  i n  t o p  l e ft c o rn e r.

N O T E  3 O D T ( c a ) _ [ x ]  b a l l s  a r e  w i re d  t o  O D T ( ca ) _[ x]  p a d s  o f R a n k 0  D R A M  d i e .  O D T ( c a ) _ [ x ]  p a d s  fo r o t h e r ra n k s  ( i f p re s e n t)  a re  d i s a b l e d  i n  th e  p a ck a g e .

N O T E  4 Z Q 2 _ A,  C KE 2 _A,  C KE 2 _B ,  C S 2 _A ,  a n d  C S 2 _B  b a l l s  a re  re s e rv e d  fo r 3  ra n k  p a c ka g e ,  a n d  fo r 1  ra n k  a n d  2  ra n k  p a c ka g e  th o s e  b a l l s  a re  N C .

N O T E  5 D R AM  d i e  p a d  V S S  a n d  V S S Q  s i g n a l s  a r e  c o m b i n e d  to  V S S  p a c ka g e  b a l l s .

N O T E  6 T h e  fl a s h  b a l l - o u t s u p p o rts  e• M M C  5 . x .

N O T E  7 Ve n d o r s p e c i fi c fu n c ti o n  ( VS F )  -  th i s  t e rm i n a l  s h o u l d  n o t h a v e  a n y e x te r n a l  e l e ct ri c a l  c o n n e ct i o n s ,  b u t  i t  m a y  h a v e  a n  i n te r n a l  c o n n e c ti o n .  T h e  te rm i n a l  m a y  b e  ro u t e d  to  p ro v i d e  

a c ce s s i b i l i t y a n d  m a y b e  u s e d  fo r g e n e ra l  p u rp o s e  v e n d o r s p e c i fi c  o p e r a ti o n s .

N O T E  8  P a ck a g e  re q u i re s  d u a l  ch a n n e l  d i e  o r fu n c ti o n a l  e q u i v a l e n t  o f s i n g l e  c h a n n e l  d i e - s t a c k .

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

A D N U D N U D Q 0 _ A VS S VD D 2 VD D Q VD D Q VD D 2 VD D 1 VD D Q VD D Q VD D 1 V D D 1 D N U D N U A

B D N U D Q 1 _ A VS S VS S VS S D Q 4 _ A V S S VD D 2 V S S V D D 2 VD D 2 V D D 1 D N U B

C D Q 2 _ A VS S VS S D Q 5 _ A VS S D Q 7 _A D Q S 0 _t _ A V S S V S S VS S Z Q2 _A C

D D Q 3 _ A VS S D M I 0 _ A VS S D Q 6 _ A V S S D Q S 0 _c _A C A 2 _A V S S C A 5 _ A Z Q0 _A D

E C A 3 _A V S S VS S Z Q1 _A E

F C A 4 _A V S S C S 0 _ A C KE 0 _ A F

G D Q 1 3 _ A VS S VS S VS S VS S V S S VD D Q C A 1 _A V S S VS S C KE 1 _ A G

H D M I 1 _A VS S VS S D Q 1 4 _ A VS S D Q 1 5 _A VD D Q V S S C A 0 _A C K E 2 _ A C L K_ c _ A H

J D Q 1 1 _ A VS S VS S VS S D Q 1 2 _A VD D Q D Q S 1 _c _A V S S V S S C S 1 _ A C L K_ t _A J

K D Q 1 0 _ A VS S D Q 8 _A D Q 9 _ A VS S VD D Q D Q S 1 _t _ A V S S V S S C S 2 _ A O D T _c a _A K

L VS S VS S VD D Q VD D Q VC C Q VS S m D A T 1 D A T 5 L

M VS S VS S VS S VS S VC C V C C VS S m VS S m VS S m VS S m VS S m M

N VS F 1 VS F 3 VS F 5 V S F 7 VS F 9 VC C Q VS S m R S T _n VS S m D A T 0 D A T 4 N

P N C N C N C N C N C VC C Q VC C Q VS S m C L K VC C Q VC C Q P

R VS F 2 VS F 4 VS F 6 V S F 8 N C VC C Q VS S m D S VS S m D A T 2 D A T 6 R

T VS S VS S VS S VS S VC C V C C VS S m VC C Q C M D VS S m VS S m T

U VS S VS S VD D Q VD D Q VC C VD D I D A T 3 D A T 7 U

V D Q 1 0 _ B VS S D Q 8 _B D Q 9 _ B VS S VD D Q D Q S 1 _t _ B V S S V S S C S 2 _ B O D T _c a _B V

W D Q 1 1 _ B VS S VS S VS S D Q 1 2 _B VD D Q D Q S 1 _c _B V S S V S S C S 1 _ B C L K_ t _B W

Y D M I 1 _B VS S VS S D Q 1 4 _ B VS S D Q 1 5 _B VD D Q V S S C A 0 _B C K E 2 _ B C L K_ c _ B Y

A A D Q 1 3 _ B VS S VS S VS S VS S V S S VD D Q C A 1 _B V S S VS S C KE 1 _ B A A

A B C A 4 _B V S S C S 0 _ B C KE 0 _ B A B

A C C A 3 _B V S S VS S R E S E T _n A C

A D D Q 3 _ B VS S D M I 0 _ B VS S D Q 6 _ B V S S D Q S 0 _c _B C A 2 _B V S S C A 5 _ B N C A D

A E D Q 2 _ B VS S VS S D Q 5 _ B VS S D Q 7 _B D Q S 0 _t _ B V S S V S S VS S N C A E

A F D N U D Q 1 _ B VS S VS S VS S D Q 4 _ B V S S VD D 2 V S S V D D 2 VD D 2 V D D 1 D N U A F

A G D N U D N U D Q 0 _ B VS S VD D 2 VD D Q VD D Q VD D 2 VD D 1 VD D Q VD D Q VD D 1 V D D 1 D N U D N U A G

1 2 3 4 5 6 7 8 9 1 0 1 1 1 2 1 3 1 4 1 5 1 6 1 7 1 8 1 9 2 0
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                                            J E D E C  S t a n d a rd  N o .  2 0 9 - 4 E

P a g e  1 7

2 . 3 . 9   2 5 4  B a l l  e • M M C  M C P  Two - C h a n n e l  F B G A ( To p  Vi e w)  u s i n g  M O - 2 7 6  

N O T E  1 0 . 5  m m  p i tc h ,  2 4  ro w s .

N O T E  2 To p  Vi e w,  A1  i n  t o p  l e ft co rn e r.

N O T E  3 O D T ( c a ) _ [ x ]  b a l l s  a re  w i re d  t o  O D T ( c a ) _ [ x ]  p a d s  o f R a n k 0  D R AM  d i e .  O D T ( c a ) _[ x ]  p a d s  fo r o th e r ra n k s  ( i f p re s e n t)  a re  

d i s a b l e d  i n  t h e  p a c ka g e .

N O T E  4 Z Q 2 ,  C KE 2 _ A,  C K E 2 _ B ,  C S 2 _ A,  a n d  C S 2 _ B  b a l l s  a re  re s e rv e d  fo r 3  ra n k  p a c k a g e ,  a n d  fo r  1  ra n k a n d  2  ra n k  p a c k a g e  

th o s e  b a l l s  a re  N C .

N O T E  5 T h e  fl a s h  b a l l - o u t s u p p o rt s  e• M M C  5 . x .

N O T E  6 D R AM  d i e  p a d  V S S  a n d  V S S Q  s i g n a l s  a re  co m b i n e d  t o  V S S  p a c k a g e  b a l l s .

N O T E  7 P a ck a g e  re q u i re s  d u a l  c h a n n e l  d i e  o r fu n c ti o n a l  e q u i va l e n t  o f s i n g l e  c h a n n e l  d i e - s t a c k .

N O T E  8 Ve n d o r s p e c i fi c  fu n c ti o n  ( VS F )  -  t h i s  t e rm i n a l  s h o u l d  n o t h a v e  a n y  e x te rn a l  e l e c t ri c a l  c o n n e c ti o n s ,  b u t i t m a y  h a v e  a n  

i n te r n a l  c o n n e c ti o n .  T h e  t e rm i n a l  m a y  b e  ro u t e d  t o  p ro v i d e  a c ce s s i b i l i t y a n d  m a y b e  u s e d  fo r g e n e ra l  p u rp o s e  v e n d o r 

s p e c i fi c  o p e ra t i o n s .

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

A D N U D N U D Q0 _ A VD D 1 V D D 2 V D D Q VD D Q V D D 2 VD D 1 V D D Q VD D Q V D D 1 V D D 1 D N U D N U A

B D N U D Q1 _ A V S S VD D Q VS S D Q 4 _A V S S VD D 2 VD D 2 VD D 2 V D D 1 Z Q0 D N U B

C D Q2 _ A V S S VS S D Q5 _ A VS S D Q7 _A
D Q S 0 _t

_A
C A 2 _A VS S C A 5 _A Z Q1 C

D D Q3 _ A V S S D M I 0 _A VS S D Q 6 _A V S S
D QS 0 _c

_A
C A 3 _A VS S V S S Z Q2 D

E C A 4 _A VS S C S 0 _A C K E 0 _A E

F C A 1 _A VS S C S 1 _A C K E 1 _A F

G D Q 1 3 _ A V S S VS S VS S VD D 2 V D D 2 VD D 2 V S S C A 0 _A V S S
C L K_c _

A
G

H D M I 1 _A V S S VD D Q
D Q 1 4 _

A
VS S D Q1 5 _A V D D Q V S S C S 2 _ A V S S

C L K _t _

A
H

J D Q 1 1 _ A V D D Q VD D Q VS S D Q 1 2 _A V D D Q
D QS 1 _c

_A

O D T ( c a ) _

A
C K E 2 _A V C C Q V C C Q VC C Q J

K VD D 2 D Q 1 0 _ A V S S D Q8 _ A D Q9 _ A VS S V S S
D Q S 1 _t

_A
V S S m VS S m V C C Q V S S m N C K

L VD D 2 V D D 2 VD D 2 V S S m D AT 7 D A T 6 V S S m V S S m V D D I L

M VS F 1 VS F 3 VS F 5 VS F 7 V S F 9 V S S m C M D D S V S S m VS S m D AT 1 D A T 4 V C C M

N VS F 2 VS F 4 VS F 6 VS F 8 N C V S S m R S T _n V S S m D AT 2 D A T 5 V S S m V S S m V C C N

P VD D 2 V D D 2 VD D 2 C L K V S S m VS S m D AT 3 D A T 0 V C C P

R VD D 2 D Q 1 0 _ B V S S D Q8 _ B D Q9 _ B VS S V S S
D Q S 1 _t

_B
V C C Q VC C Q V S S m V S S m VS S m R

T D Q 1 1 _ B V D D Q VD D Q VS S D Q 1 2 _B V D D Q
D QS 1 _c

_B

O D T ( c a ) _

B
C K E 2 _B V C C Q V C C Q N C T

U D M I 1 _B V S S VD D Q
D Q 1 4 _

B
VS S D Q1 5 _B V D D Q V S S C S 2 _ B V S S

C L K _t _

B
U

V D Q 1 3 _ B V S S VS S VS S VD D 2 V D D 2 VD D 2 V S S C A 0 _B V S S
C L K_c _

B
V

W C A 1 _B VS S C S 1 _B C K E 1 _B W

Y C A 4 _B VS S C S 0 _B C K E 0 _B Y

A A D Q3 _ B V S S D M I 0 _B VS S D Q 6 _B V S S
D QS 0 _c

_B
C A 3 _B VS S V S S

R E S E T _

n
A A

A B D Q2 _ B V S S VS S D Q5 _ B VS S D Q7 _B
D Q S 0 _t

_B
C A 2 _B VS S C A 5 _B N C A B

A C D N U D Q1 _ B V S S VD D Q VS S D Q 4 _B V S S VD D 2 VD D 2 VD D 2 V D D 1 N C D N U A C

A D D N U D N U D Q0 _ B VD D 1 V D D 2 V D D Q VD D Q V D D 2 VD D 1 V D D Q VD D Q V D D 1 V D D 1 D N U D N U A D

1 2 3 4 5 6 7 8 9 1 0 1 1 1 2 1 3 1 4 1 5 1 6 1 7 1 8
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J E D E C  S t a n d a rd  N o .  2 0 9 - 4 E                                                                          

P a g e  1 8

2 . 3 . 1 0   2 5 4  B a l l  U F S  M C P  Two - C h a n n e l  F B G A ( To p  Vi e w )  u s i n g  M O - 2 7 6

N O T E  1 0 . 5  m m  p i tc h ,  2 4  ro w s .

N O T E  2 To p  Vi e w,  A1  i n  t o p  l e ft co rn e r.

N O T E  3 O D T ( c a ) _ [ x ]  b a l l s  a re  w i re d  t o  O D T ( c a ) _ [ x ]  p a d s  o f R a n k 0  D R AM  d i e .  O D T ( c a ) _[ x ]  p a d s  fo r o th e r ra n k s  ( i f p re s e n t)  a re  

d i s a b l e d  i n  t h e  p a c ka g e .

N O T E  4 Z Q 2 ,  C KE 2 _ A,  C K E 2 _ B ,  C S 2 _ A,  a n d  C S 2 _ B  b a l l s  a re  re s e rv e d  fo r 3  ra n k  p a c k a g e ,  a n d  fo r  1  ra n k a n d  2  ra n k  p a c k a g e  

th o s e  b a l l s  a re  N C .

N O T E  5 D R AM  d i e  p a d  V S S  a n d  V S S Q  s i g n a l s  a re  co m b i n e d  t o  V S S  p a c k a g e  b a l l s .

N O T E  6 P a ck a g e  re q u i re s  d u a l  c h a n n e l  d i e  o r fu n c ti o n a l  e q u i va l e n t  o f s i n g l e  c h a n n e l  d i e - s t a c k .

N O T E  7 Ve n d o r s p e c i fi c  fu n c ti o n  ( VS F )  -  t h i s  t e rm i n a l  s h o u l d  n o t h a v e  a n y  e x te rn a l  e l e c t ri c a l  c o n n e c ti o n s ,  b u t i t m a y  h a v e  a n  

i n te r n a l  c o n n e c ti o n .  T h e  t e rm i n a l  m a y  b e  ro u t e d  t o  p ro v i d e  a c ce s s i b i l i t y a n d  m a y b e  u s e d  fo r g e n e ra l  p u rp o s e  v e n d o r 

s p e c i fi c  o p e ra t i o n s .

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

A D N U D N U D Q0 _A V D D 1 V D D 2 VD D Q V D D Q V D D 2 VD D 1 V D D Q V D D Q V D D 1 VD D 1 D N U D N U A

B D N U D Q1 _A V S S V D D Q VS S D Q 4 _A V S S VD D 2 V D D 2 V D D 2 V D D 1 Z Q 0 D N U B

C D Q2 _A V S S V S S D Q 5 _A V S S D Q7 _A D Q S 0 _ t_A C A2 _A V S S C A5 _A Z Q 1 C

D D Q3 _A V S S D M I 0 _ A VS S D Q 6 _A V S S D Q S 0 _c _ A C A3 _A V S S V S S Z Q 2 D

E C A4 _A V S S C S 0 _ A C KE 0 _ A E

F C A 1 _A V S S C S 1 _ A C KE 1 _ A F

G D Q1 3 _A V S S V S S VS S VD D 2 V D D 2 VD D 2 V S S C A0 _A V S S C L K_ c _A G

H D M I 1 _A V S S V D D Q D Q 1 4_A V S S D Q 1 5 _A V D D Q V S S C S 2 _A V S S C L K _t_A H

J D Q 1 1 _A V D D Q V D D Q VS S D Q1 2 _A V D D Q D Q S 1 _c _ A
O D T ( c a ) _

A
C KE 2 _A V C C Q2 V C C Q2 VC C Q 2 J
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D VD D Q VS S D Q S 0 _t V S S V D D Q VD D Q V S S D Q S 1 _t VS S VD D Q

E V S S D Q 2 D Q S 0 _ c D Q 5 V S S VS S D Q 1 3 D Q S 1 _c D Q 1 0 VS S

F VD D 1 D Q 3 VD D Q D Q 4 VD D 2 V D D 2 D Q 1 2 V D D Q D Q 1 1 V D D 1

G V S S O D T _C A VS S V D D 1 V S S VS S VD D 1 V S S R E S E T_ n VS S

H VD D 2 C A0 C S 1 C S 0 VD D 2 V D D 2 C A2 C A 3 C A 4 V D D 2

J V S S C A1 VS S C K E 0 C K E 1 C K_t C K_c V S S C A 5 VS S
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2 . 4   P a c k a g e  C o n fi g u ra t i o n

T w o  B y te - M o d e  L P D D R 4  S D R A M ’ s  ca n  b e  l o g i c a l l y  c o m b i n e d  i n t o  a  S t a n d a rd  L P D D R 4  S D R A M .  A

S ta n d a rd  d i e  fe a t u re s  e i t h e r o n e  o r t w o  1 6 - b i t c h a n n e l s  w h e re  e a c h  1 6 - b i t  ch a n n e l  s u p p o rts  i t s  o w n  C A

b u s .  A B y t e  M o d e  d i e  fe a t u re s  e i t h e r o n e  o r tw o  8 - b i t  c h a n n e l s  w h e re  e a ch  8 - b i t  c h a n n e l  s u p p o rt s  i ts  o w n

C A  b u s .  T h e  i n p u t s  a re  g a n g e d  a n d  th e  D Q  b u s s e s  fro m  t h e  tw o  d i e s  a re  a s s i g n e d  i n d i vi d u a l l y t o  t h e  1 6 - b i t

c h a n n e l s .  T h i s  a p p ro a c h  a l l o w s  fo r h i g h - d e n s i ty  p a c k a g e s ,  b u t  re q u i re s  c o n s i d e ra t i o n  o f i n p u t l o a d i n g .

P a c ka g e s  fo r S t a n d a rd  a n d  B y te - M o d e  d i e s  s h a re  t h e  s a m e  b a l l m a p s .  T h i s  s e c ti o n  d e s c ri b e s  i n te rn a l

w i ri n g  c h a n g e s  a n d  s y s te m  co n s i d e ra t i o n s  w h e n  u s i n g  p a c k a g e s  c o n ta i n i n g  B y te - M o d e  d i e s .

T h re e  d i ffe re n t  d i e  c o m b i n a ti o n s  a re  s u p p o rt e d :

1 . S ta n d a rd  -  P a c ka g e s  c o n fi g u re d  w i th  o n l y  S ta n d a rd  L P D D R 4  d i e

2 . B yt e - M o d e  -  P a c k a g e s  co n fi g u re d  w i th  o n l y  B y te - M o d e  L P D D R 4  d i e

3 . M i x e d  -  P a c ka g e s  c o n fi g u re d  w i th  b o t h  S t a n d a rd  a n d  B y te - M o d e  L P D D R 4  d i e .  I n  t h i s  m i x e d  

c o n fi g u ra t i o n ,  s o m e  ra n k s  c o n t a i n  o n l y  S ta n d a rd  d i e  a n d  o t h e r ra n k s  c o n ta i n  o n l y  B y te - M o d e  d i e  ( S e e  

p a c k a g e  c o n fi g u ra t i o n  e x a m p l e  i n  F i g u re 4 ) .

F i g u r e  4  —  M i x e d  P a c k a g e  C o n fi g u ra t i o n  E x a m p l e

8

8

1 6

1 6

D Q

C S

C S 1 _ A

C S 0 _ A

8

8

1 6

1 6

C S 1 _ B

C S 0 _ B

B y t e  m o d e  d i e

B y t e  m o d e  d i e

2 C h .  x 1 6  d i e
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2 . 5   Z Q Wi ri n g

S ta n d a rd  L P D D R 4  p a c k a g e  b a l l m a p s  a l l o c a t e  o n e  Z Q  b a l l  p e r d i e .  B y te - M o d e  p a ck a g e s  p o te n ti a l l y

s u p p o rt  m o re  d i e  fo r h i g h e r p a c k a g e  m e m o ry  d e n s i t y .  I n  o rd e r t o  u s e  b a l l m a p s  d e v e l o p e d  fo r S ta n d a rd

L P D D R 4 ,  a n  a l te rn a te  Z Q  b a l l  w i ri n g  s tra t e g y  i s  e m p l o y e d  w h e n  p a c ka g e s  c o n t a i n  B y t e - M o d e  d i e s  a s

s h o w n  i n  F i g u re 5 .

S i n c e  th i s  w i ri n g  s t ra te g y  fo r B y t e - M o d e  a n d  M i xe d  p a c ka g e s  s h a re s  a  s i n g l e  Z Q  re s i s to r b e t w e e n  ra n k s

a n d  ch a n n e l s ,  a p p l i c a t i o n s  m u s t  e n s u re  t h a t  t h e  Z Q C a l ' s  d o  n o t  o v e rl a p  b e t w e e n  th e  d i e s  s h a ri n g  t h e

re s i s to r.

• A p p l i c a t i o n s  s h a l l  e n s u re  t h a t  Z Q C a l _S t a rt  c o m m a n d s  to  o n e  ra n k  o n  a n y  d i e s  s h a ri n g  a  Z Q

re s i s t o r  m u s t  c o m p l e t e  ( t Z Q C a l  s a t i s fi e d )  p ri o r t o  i s s u i n g  a  Z Q C a l _S t a rt  c o m m a n d  to  a

d i ffe re n t  ra n k  t i e d  t o  t h e  re s i s t o r.  ( A p p l i c a t i o n s  c a n  s a t i s fy  t h i s  r e q u i r e m e n t ,  fo r e x a m p l e ,  b y

e i t h e r:

- I s s u i n g  Z Q C a l _S t a rt  c o m m a n d s  s i m u l ta n e o u s l y  to  b o t h  D R A M  c h a n n e l s

- -  I s s u i n g  Z Q C a l _S t a rt  c o m m a n d s  t o  o n e  D R A M  c h a n n e l  o n l y )

• D R A M  s h a l l  e n s u re  t h a t  Z Q C a l _S t a rt  c a n  b e  s e n t  i n d e p e n d e n t l y  to  t h e  t wo  c h a n n e l s  o n  a  d i e .

I f a  Z Q C a l _S t a rt  c o m m a n d  i s  r e c e i v e d  wh i l e  a  Z Q  c a l i b ra t i o n  i s  i n  p ro g re s s  o n  t h e  d i e ,  t h e

s e c o n d  Z Q C a l _ S t a r t  c o m m a n d  wi l l  b e  i g n o re d  a n d  t h e  i n  p ro g re s s  c a l i b ra t i o n  wi l l  n o t  b e

i n t e rru p t e d .  

( S e e  S e c t i o n  4 . 3 8 . 3 ,  ' Z Q  E x te rn a l  R e s i s to r,  T o l e ra n c e ,  a n d  C a p a c i t i v e  L o a d i n g '  fo r m o re  i n fo rm a ti o n . )

F i g u re  5  —  Z Q  Wi r i n g  O v e r v i e w

B e l o w  a re  s p e ci fi c w i ri n g  n o te s  fo r L P D D R 4  p a c k a g e s .

1 . F o r p a c k a g e s  u s i n g  o n l y  s ta n d a rd  d i e s

- Z Q 0  i s  c o n n e c t e d  to  ra n k  0  D R A M

- Z Q 1  i s  c o n n e c t e d  to  ra n k  1  D R A M  ( i f p re s e n t )

- Z Q 2  i s  c o n n e c t e d  to  ra n k  2  D R A M  ( i f p re s e n t )

2 . F o r p a c k a g e s  u s i n g  o n l y  b y te - m o d e  d i e s

- Z Q 0  i s  c o n n e c t e d  to  a l l  l o w e r b y t e  [ 7 : 0 ]  o r u p p e r b y te  [ 1 5 : 8 ]  D R A M ( s )

- Z Q 1  i s  c o n n e c t e d  to  o p p o s i te  b y t e  o f a l l  D R A M ( s )  fro m  Z Q 0

- Z Q 2  i s  N C

3 . F o r p a c k a g e s  u s i n g  b o t h  s t a n d a rd  a n d  b y t e - m o d e  d i e s

- Z Q 0  i s  c o n n e c t e d  to  a l l  l o w e r b y t e  [ 7 : 0 ]  o r u p p e r b y te  [ 1 5 : 8 ]  D R A M ( s )

- Z Q 1  i s  c o n n e c t e d  to  o p p o s i te  b y t e  o f a l l  D R A M ( s )  fro m  Z Q 0

- S ta n d a rd  D R A M ( s )  m a y  b e  c o n n e ct e d  t o  e i th e r Z Q 0  o r Z Q 1

- Z Q 2  i s  N C

M u l ti - ra n k  p a c k a g e s  c o n t a i n i n g  B y t e  M o d e  d i e s  p l a c e  a d d i t i o n a l  l o a d i n g  o n  t h e  I / O  a n d  p o w e r t o p o l o g i e s

a n d  th e re fo re  m a y  n o t b e  a p p ro p ri a te  fo r a l l  a p p l i c a t i o n  e n v i ro n m e n t s .

S ta n d a rd  P a cka g e B yte  M o d e  P a cka g e M i xe d  P a cka g e

Ra n k2

Ra n k1

Ra n k0

D Q [1 5 : 0 ] D Q [7 : 0 ] D Q [1 5 : 8 ] D Q [7 : 0 ] D Q [1 5 : 8 ]

ZQ 2

ZQ 0

ZQ 1

ZQ 0

ZQ 0

ZQ 0

ZQ 1

ZQ 1

ZQ 1

ZQ 1

ZQ 1

ZQ 2 - N CZQ 2  - N C

ZQ 0

ZQ 0

E xa m p l e
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2 . 6   P a d  D e fi n i t i o n  a n d  D e s c ri p t i o n

2 . 6 . 1   D u a l  C h a n n e l  p e r D i e  D e v i c e

Ta b l e  1  —  P a d  D e fi n i t i o n  a n d  D e s c ri p t i o n  fo r D u a l  c h a n n e l  

S y m b o l T y p e D e s c ri p t i o n
C K_t _A,

C K_ c_ A,
C K_t _B ,

C K _c _B

I n p u t

C l o c k:  C K_t  a n d  C K_ c a re  d i ffe re n t i a l  c l o c k  i n p u t s .  A l l  a d d re s s ,  co m m a n d ,  a n d  c o n tro l  i n p u t  

s i g n a l s  a re  s a m p l e d  o n  t h e  c ro s s i n g  o f th e  p o s i ti v e  e d g e  o f C K_ t a n d  t h e  n e g a t i v e  e d g e  o f C K_c .
AC  ti m i n g s  fo r C A p a ra m e t e rs  a re  re fe re n c e d  to  C K .  E a ch  c h a n n e l  ( A &  B )  h a s  i ts  o w n  cl o c k  p a i r.

C KE _ A
C KE _ B

I n p u t
C l o c k E n a b l e :  C K E  H I G H  a c t i va te s  a n d  C KE  L O W  d e a c t i va te s  th e  i n t e rn a l  c l o c k c i rc u i ts ,  i n p u t

b u ffe rs ,  a n d  o u t p u t d ri ve rs .  P o w e r- s a v i n g  m o d e s  a re  e n t e re d  a n d  e x i te d  v i a  C KE  tr a n s i ti o n s .
C KE  i s  p a rt o f t h e  c o m m a n d  c o d e .  E a c h  c h a n n e l  ( A  &  B )  h a s  i t s  o w n  C KE  s i g n a l .

C S _ A
C S _ B

I n p u t C h i p  S e l e c t :  C S  i s  p a rt  o f th e  c o m m a n d  c o d e .  E a ch  c h a n n e l  ( A &  B )  h a s  i t s  o w n  C S  s i g n a l .

C A[ 5 : 0 ] _A
C A[ 5 : 0 ] _B

I n p u t
C o m m a n d / A d d re s s  I n p u t s :  C A s i g n a l s  p ro v i d e  t h e  C o m m a n d  a n d  Ad d re s s  i n p u ts  a cc o rd i n g  t o

th e  C o m m a n d  T ru th  T a b l e .  E a ch  c h a n n e l  ( A& B )  h a s  i ts  o w n  C A s i g n a l s .

O D T ( ca ) _ A
O D T ( ca ) _ B

I n p u t
C A  O D T  C o n t ro l :  T h e  O D T _C A p i n  i s  u s e d  i n  co n j u n ct i o n  w i th  th e  M o d e  R e g i s te r to  t u rn  o n /o ff th e
O n - D i e - T e rm i n a t i o n  fo r C A  p i n s .

D Q [ 1 5 : 0 ] _ A,
D Q [ 1 5 : 0 ] _B

I /O D a t a  I n p u t / O u t p u t :  B i - d i re c ti o n  d a ta  b u s .

D Q S [ 1 : 0 ] _ t_A ,
D Q S [ 1 : 0 ] _ c _A,

D Q S [ 1 : 0 ] _ t_B ,
D Q S [ 1 : 0 ] _ c_ B

I /O

D a t a  S t ro b e :  D Q S _ t a n d  D Q S _ c a r e  b i - d i re c ti o n a l  d i ffe re n t i a l  o u tp u t c l o ck  s i g n a l s  u s e d  to  s t ro b e
d a ta  d u ri n g  a  R E AD  o r WR I T E .  T h e  D a t a  S t ro b e  i s  g e n e ra te d  b y  th e  D R AM  fo r a  R E AD  a n d  i s

e d g e - a l i g n e d  w i th  D a ta .  T h e  D a t a  S t ro b e  i s  g e n e r a te d  b y  t h e  M e m o ry  C o n tro l l e r fo r a  W R I T E  a n d
m u s t  a rr i v e  p ri o r to  D a ta .  E a ch  b y te  o f d a ta  h a s  a  D a ta  S tro b e  s i g n a l  p a i r.  E a c h  c h a n n e l  ( A &  B )

h a s  i ts  o w n  D Q S  s tro b e s .

D M I [ 1 : 0 ] _ A,
D M I [ 1 : 0 ] _ B

I /O

D a t a  M a s k I n v e rs i o n :  D M I  i s  a  b i - d i re ct i o n a l  s i g n a l  w h i c h  i s  d r i v e n  H I G H  w h e n  th e  d a ta  o n  th e
d a ta  b u s  i s  i n ve rte d ,  o r d ri v e n  L O W  w h e n  t h e  d a t a  i s  i n  i t s  n o rm a l  s t a te .  D a t a  I n v e rs i o n  c a n  b e

d i s a b l e d  v i a  a  m o d e  r e g i s te r  s e t ti n g .  E a c h  b y te  o f d a ta  h a s  a  D M I  s i g n a l .  E a ch  ch a n n e l  ( A &  B )  h a s
i ts  o w n  D M I  s i g n a l s .  T h i s  s i g n a l  i s  a l s o  u s e d  a l o n g  w i th  th e  D Q  s i g n a l s  to  p ro vi d e  w ri t e  d a t a
m a s k i n g  i n fo rm a ti o n  to  t h e  D R AM .  T h e  D M I  p i n  fu n c ti o n  -  D a ta  I n v e rs i o n  o r D a t a  m a s k  -  d e p e n d s

o n  M o d e  R e g i s te r s e tt i n g .

Z Q R e fe re n c e
C a l i b ra t i o n  R e fe re n c e :  U s e d  to  c a l i b ra te  th e  o u t p u t d ri v e  s tr e n g t h  a n d  th e  t e rm i n a t i o n  re s i s ta n ce .

T h e re  i s  o n e  Z Q  p i n  p e r d i e .  T h e  Z Q  p i n  s h a l l  b e  c o n n e ct e d  to  V D D Q  t h ro u g h  a  2 4 0  Ω  ±  1 %
re s i s to r.

V D D Q ,
V D D 1 ,

V D D 2
S u p p l y P o w e r S u p p l i e s :  I s o l a t e d  o n  t h e  d i e  fo r i m p ro v e d  n o i s e  i m m u n i t y .

VS S ,  VS S Q G N D G ro u n d  R e fe re n c e :  P o w e r s u p p l y  g ro u n d  re fe re n c e

R E S E T _n I n p u t
R E S E T :  W h e n  a s s e rte d  L O W ,  th e  R E S E T _n  s i g n a l  r e s e ts  a l l  c h a n n e l s  o f t h e  d i e .  T h e re  i s  o n e

R E S E T _n  p a d  p e r d i e .

N O T E   " _ A"  a n d  " _B "  i n d i c a t e  D R AM  c h a n n e l  " _A"  p a d s  a re  p re s e n t  i n  a l l  d e vi ce s .  " _B "  p a d s  a re  p re s e n t  i n  d u a l  c h a n n e l  S D R AM  

d e v i c e s  o n l y.
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2 . 6 . 2   S i n g l e  C h a n n e l  P e r D i e  D e v i c e

Ta b l e  2  — P a d  D e fi n i ti o n  a n d  D e s c ri p t i o n  fo r S i n g l e  c h a n n e l  

S y m b o l T y p e D e s c ri p t i o n

C K_ t,
C K_ c

I n p u t
C l o c k:  C K_t  a n d  C K _c  a r e  d i ffe re n t i a l  c l o ck  i n p u ts .  A l l  a d d re s s ,  c o m m a n d ,  a n d  c o n tro l  i n p u t

s i g n a l s  a re  s a m p l e d  o n  th e  c ro s s i n g  o f th e  p o s i ti v e  e d g e  o f C K_ t a n d  t h e  n e g a t i v e  e d g e  o f C K_c .
A C  ti m i n g s  fo r C A p a ra m e t e rs  a re  re fe re n c e d  to  C K.

C K E I n p u t
C l o c k E n a b l e :  C K E  H I G H  a c ti va t e s  a n d  C KE  L O W  d e a c ti va te s  th e  i n t e rn a l  c l o c k c i rc u i ts ,  i n p u t

b u ffe rs ,  a n d  o u t p u t d ri v e rs .  P o w e r- s a v i n g  m o d e s  a re  e n t e re d  a n d  e x i te d  v i a  C KE  tra n s i ti o n s .
C KE  i s  p a rt o f t h e  c o m m a n d  c o d e .

C S I n p u t C h i p  S e l e c t :  C S  i s  p a rt  o f th e  c o m m a n d  c o d e .

C A[ 5 : 0 ] I n p u t
C o m m a n d / A d d re s s  I n p u t s :  C A s i g n a l s  p ro v i d e  t h e  C o m m a n d  a n d  Ad d re s s  i n p u t s  a cc o rd i n g  t o

t h e  C o m m a n d  T ru th  T a b l e .

O D T ( c a ) I n p u t
C A  O D T  C o n t ro l :  T h e  O D T _C A  p i n  i s  u s e d  i n  co n j u n ct i o n  w i th  t h e  M o d e  R e g i s te r to  t u rn  o n /o ff th e

O n - D i e - T e rm i n a t i o n  fo r C A  p i n s .

D Q [ 1 5 : 0 ] I /O D a t a  I n p u t / O u t p u t :  B i - d i re c ti o n  d a ta  b u s .

D Q S [ 1 : 0 ] _t,
D QS [ 1 : 0 ] _c

I /O

D a t a  S t ro b e :  D Q S _t  a n d  D Q S _c  a r e  b i - d i re c ti o n a l  d i ffe re n t i a l  o u t p u t c l o ck  s i g n a l s  u s e d  to  s t ro b e
d a ta  d u ri n g  a  R E AD  o r WR I T E .  T h e  D a t a  S t ro b e  i s  g e n e ra te d  b y  th e  D R AM  fo r a  R E AD  a n d  i s

e d g e - a l i g n e d  w i t h  D a ta .  T h e  D a t a  S t ro b e  i s  g e n e r a te d  b y t h e  M e m o ry  C o n tro l l e r fo r a  W R I T E  a n d
m u s t  a r ri v e  p ri o r t o  D a ta .  E a c h  b y t e  o f d a ta  h a s  a  D a ta  S t ro b e  s i g n a l  p a i r .

D M I [ 1 : 0 ] I /O

D a t a  M a s k I n v e rs i o n :  D M I  i s  a  b i - d i re ct i o n a l  s i g n a l  w h i c h  i s  d r i v e n  H I G H  w h e n  th e  d a ta  o n  th e
d a ta  b u s  i s  i n ve rte d ,  o r d ri v e n  L O W  w h e n  t h e  d a t a  i s  i n  i ts  n o rm a l  s ta te .  D a t a  I n v e rs i o n  c a n  b e

d i s a b l e d  v i a  a  m o d e  r e g i s te r  s e t ti n g .  E a c h  b y te  o f d a t a  h a s  a  D M I  s i g n a l .  T h i s  s i g n a l  i s  a l s o  u s e d
a l o n g  w i th  t h e  D Q  s i g n a l s  to  p ro v i d e  w ri te  d a ta  m a s k i n g  i n fo rm a ti o n  to  t h e  D R A M .  T h e  D M I  p i n

fu n ct i o n  -  D a t a  I n v e rs i o n  o r D a t a  m a s k  -  d e p e n d s  o n  M o d e  R e g i s te r  s e tt i n g .

Z Q R e fe re n c e
C a l i b ra t i o n  R e fe re n c e :  U s e d  t o  ca l i b ra te  th e  o u t p u t d ri v e  s tre n g th  a n d  th e  te rm i n a t i o n  re s i s t a n ce .

T h e re  i s  o n e  Z Q  p i n  p e r d i e .  T h e  Z Q  p i n  s h a l l  b e  c o n n e ct e d  to  V D D Q  t h ro u g h  a  2 4 0  Ω  ±  1 %
r e s i s to r.

VD D Q ,
VD D 1 ,

VD D 2
S u p p l y P o w e r S u p p l i e s :  I s o l a t e d  o n  th e  d i e  fo r i m p ro v e d  n o i s e  i m m u n i ty .

V S S ,  V S S Q G N D G ro u n d  R e fe re n c e :  P o w e r s u p p l y g ro u n d  re fe re n c e

R E S E T _n I n p u t
R E S E T :  W h e n  a s s e rt e d  L O W ,  th e  R E S E T _n  s i g n a l  re s e ts  a l l  c h a n n e l s  o f th e  d i e .  T h e r e  i s  o n e

R E S E T _n  p a d  p e r d i e .
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3 F u n c t i o n a l  D e s c ri p ti o n

L P D D R 4 - S D R A M  i s  a  h i g h - s p e e d  s yn ch ro n o u s  D R A M  d e v i c e  i n t e rn a l l y  co n fi g u re d  w i t h  e i th e r 1  o r 2

c h a n n e l s .  S i n g l e - c h a n n e l  i s  c o m p ri s e d  o f 8 - b a n k s  w i t h  fro m  1  G b  to  1 6  G b  p e r c h a n n e l  d e n s i ty .  D u a l

c h a n n e l  i s  c o m p ri s e d  o f 8 - b a n k s  w i th  fro m  2  G b  to  3 2  G b  t o ta l  d i e  d e n s i t y .

S i n g l e - c h a n n e l  S D R AM  d e v i c e s  c o n ta i n  t h e  fo l l o w i n g  n u m b e r o f b i ts :

  1 G b  h a s  1 , 0 7 3 , 7 4 1 , 8 2 4  b i t s

  2 G b  h a s  2 , 1 4 7 , 4 8 3 , 6 4 8  b i t s

  3 G b  h a s  3 , 2 2 1 , 2 2 5 , 4 7 2  b i t s

  4 G b  h a s  4 , 2 9 4 , 9 6 7 , 2 9 6  b i t s

  6 G b  h a s  6 , 4 4 2 , 4 5 0 , 9 4 4  b i t s

  8 G b  h a s  8 , 5 8 9 , 9 3 4 , 5 9 2  b i t s

1 2 G b  h a s  1 2 , 8 8 4 , 9 0 1 , 8 8 8  b i t s

1 6 G b  h a s  1 7 , 1 7 9 , 8 6 9 , 1 8 4  b i t s

D u a l - c h a n n e l  S D R AM  d e v i c e s  c o n ta i n  t h e  fo l l o w i n g  n u m b e r o f b i ts :

 2 G b  h a s  2 , 1 4 7 , 4 8 3 , 6 4 8  b i ts

 4 G b  h a s  4 , 2 9 4 , 9 6 7 , 2 9 6  b i ts

 6 G b  h a s  6 , 4 4 2 , 4 5 0 , 9 4 4  b i ts

 8 G b  h a s  8 , 5 8 9 , 9 3 4 , 5 9 2  b i ts

1 2 G b  h a s  1 2 , 8 8 4 , 9 0 1 , 8 8 8  b i t s

1 6 G b  h a s  1 7 , 1 7 9 , 8 6 9 , 1 8 4  b i t s

2 4 G b  h a s  2 5 , 7 6 9 , 8 0 3 , 7 7 6  b i t s

3 2 G b  h a s  3 4 , 3 5 9 , 7 3 8 , 3 6 8  b i t s

L P D D R 4  d e v i c e s  u s e  a  2  o r 4  c l o c k s  a rc h i t e c tu re  o n  th e  C o m m a n d /A d d re s s  ( C A )  b u s  to  re d u c e  t h e

n u m b e r o f i n p u t p i n s  i n  t h e  s y s te m .  T h e  6 - b i t  C A  b u s  c o n t a i n s  c o m m a n d ,  a d d re s s ,  a n d  b a n k  i n fo rm a t i o n .

E a c h  c o m m a n d  u s e s  1 ,  2  o r 4  c l o c k c yc l e ,  d u ri n g  w h i c h  c o m m a n d  i n fo rm a ti o n  i s  tra n s fe rre d  o n  t h e  p o s i t i v e

e d g e  o f t h e  c l o c k .  S e e  c o m m a n d  tru t h  ta b l e  fo r d e t a i l s .

T h e s e  d e v i c e s  u s e  a  d o u b l e  d a t a  ra te  a rc h i te c t u re  o n  t h e  D Q  p i n s  to  a ch i e v e  h i g h  s p e e d  o p e ra t i o n .  T h e

d o u b l e  d a ta  ra t e  a rc h i t e c tu re  i s  e s s e n t i a l l y a n  1 6 n  p re fe t c h  a rc h i t e ct u re  w i t h  a n  i n t e rfa ce  d e s i g n e d  t o

tra n s fe r t w o  d a ta  b i t s  p e r D Q  e v e ry  cl o c k c yc l e  a t  t h e  I /O  p i n s .  A  s i n g l e  re a d  o r w ri t e  a c c e s s  fo r t h e

L P D D R 4  S D R A M  e ffe ct i v e l y c o n s i s ts  o f a  s i n g l e  1 6 n - b i t  w i d e ,  o n e  c l o ck  c yc l e  d a t a  t ra n s fe r a t  t h e  i n te rn a l

D R A M  c o re  a n d  e i g h t co rre s p o n d i n g  n - b i t  w i d e ,  o n e  h a l f- cl o c k - c y c l e  d a ta  tra n s fe rs  a t th e  I / O  p i n s .  R e a d

a n d  w ri te  a c ce s s e s  t o  t h e  L P D D R 4  S D R A M s  a re  b u rs t o ri e n t e d ;  a c c e s s e s  s ta rt  a t  a  s e l e c te d  l o c a t i o n  a n d

c o n ti n u e  fo r a  p ro g ra m m e d  n u m b e r o f l o c a t i o n s  i n  a  p ro g ra m m e d  s e q u e n c e .  Ac c e s s e s  b e g i n  w i t h  t h e

re g i s t ra ti o n  o f a n  Ac t i v a te  c o m m a n d ,  w h i ch  i s  th e n  fo l l o w e d  b y  a  R e a d ,  W ri t e  o r M a s k  W ri te  c o m m a n d .

T h e  a d d re s s  a n d  B A  b i t s  re g i s t e re d  c o i n c i d e n t w i th  t h e  Ac t i v a t e  c o m m a n d  a re  u s e d  t o  s e l e c t t h e  ro w  a n d

th e  b a n k  to  b e  a cc e s s e d .  T h e  a d d re s s  b i t s  re g i s t e re d  c o i n ci d e n t  w i t h  th e  R e a d ,  W ri te  o r M a s k  W ri t e

c o m m a n d  a re  u s e d  to  s e l e c t  t h e  b a n k  a n d  th e  s t a rti n g  c o l u m n  l o ca ti o n  fo r t h e  b u rs t  a c c e s s .

P ri o r to  n o rm a l  o p e ra t i o n ,  th e  L P D D R 4  S D R A M  m u s t  b e  i n i ti a l i z e d .  T h e  fo l l o w i n g  s e ct i o n  p ro v i d e s  d e t a i l e d

i n fo rm a ti o n  c o v e ri n g  d e vi ce  i n i ti a l i z a t i o n ,  re g i s te r d e fi n i ti o n ,  c o m m a n d  d e s c ri p t i o n  a n d  d e vi ce  o p e ra ti o n .
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3 . 1   L P D D R 4  S D R AM  Ad d re s s i n g

 

Ta b l e  3  —  L P D D R 4  S D R A M  x 1 6  m o d e  A d d re s s i n g  fo r D u a l  C h a n n e l  S D R A M  D i e  

M e m o ry

D e n s i t y

( p e r D i e )

2 G b 4 G b 6 G b 8 G b 1 2 G b 1 6 G b 2 4 G b 3 2 G b

M e m o r y

D e n s i ty

( p e r x1 6  ch a n n e l )

1 G b 2 G b 3 G b 4 G b 6 G b 8 G b 1 2 G b 1 6 G b

C o n fi g u r a ti o n

8 M b

x  1 6 D Q

x  8  b a n k s

x  2  ch a n n e l s

1 6 M b

x  1 6 D Q

x  8  b a n k s

x  2  ch a n n e l s

2 4 M b

x  1 6 D Q

x  8  b a n k s

x  2  ch a n n e l s

3 2 M b

x  1 6 D Q

x  8  b a n k s

x  2  ch a n n e l s

4 8 M b

x  1 6 D Q

x  8  b a n k s

x  2  ch a n n e l s

6 4 M b

x  1 6 D Q

x  8  b a n k s

x  2  ch a n n e l s

9 6 M b

x  1 6 D Q

x  8  b a n k s

x  2  ch a n n e l s

1 2 8 M b

x  1 6 D Q

x  8  b a n k s

x  2  ch a n n e l s

N u m b e r o f 

C h a n n e l s

( p e r  d i e )

2 2 2 2 2 2 2 2

N u m b e r o f

B a n k s

( p e r C h a n n e l )

8 8 8 8 8 8 8 8

Arra y

P re - F e tc h

( b i ts ,

p e r  c h a n n e l )

2 5 6 2 5 6 2 5 6 2 5 6 2 5 6 2 5 6 2 5 6 2 5 6

N u m b e r  o f

R o w s

( p e r C h a n n e l )

8 , 1 9 2 1 6 , 3 8 4 2 4 , 5 7 6 3 2 , 7 6 8 4 9 , 1 5 2 6 5 , 5 3 6 9 8 , 3 0 4 1 3 1 , 0 7 2

N u m b e r o f 

C o l u m n s

( fe tc h

b o u n d a ri e s )

6 4 6 4 6 4 6 4 6 4 6 4 6 4 6 4

P a g e  S i ze

( B y te s )
2 0 4 8 2 0 4 8 2 0 4 8 2 0 4 8 2 0 4 8 2 0 4 8 2 0 4 8 2 0 4 8

C h a n n e l

D e n s i ty

( B i ts  p e r

c h a n n e l )

1 , 0 7 3 , 7 4 1 , 8 2 4 2 , 1 4 7 , 4 8 3 , 6 4 8 3 , 2 2 1 , 2 2 5 , 4 7 2 4 , 2 9 4 , 9 6 7 , 2 9 6 6 , 4 4 2 , 4 5 0 , 9 4 4 8 , 5 8 9 , 9 3 4 , 5 9 2 1 2 , 8 8 4 , 9 0 1 , 8 8 8 1 7 , 1 7 9 , 8 6 9 , 1 8 4
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To t a l  D e n s i ty

( B i t s  p e r d i e )
2 , 1 4 7 , 4 8 3 , 6 4 8 4 , 2 9 4 , 9 6 7 , 2 9 6 6 , 4 4 2 , 4 5 0 , 9 4 4 8 , 5 8 9 , 9 3 4 , 5 9 2 1 2 , 8 8 4 , 9 0 1 , 8 8 8 1 7 , 1 7 9 , 8 6 9 , 1 8 4 2 5 , 7 6 9 , 8 0 3 , 7 7 6 3 4 , 3 5 9 , 7 3 8 , 3 6 8

B a n k  Ad d re s s B A0  -  B A2 B A0  -  B A2 B A0  -  B A2 B A0  -  B A2 B A0  -  B A 2 B A0  -  B A2 B A0  -  B A2 B A0  -  B A2

x1 6

R o w

Ad d r e s s e s
R 0  -  R 1 2 R 0  -  R 1 3

R 0  -  R 1 4

( R 1 3 = 0  w h e n

R 1 4 = 1 )

R 0  -  R 1 4

R 0  -  R 1 5

( R 1 4 = 0  w h e n

R 1 5 = 1 )

R 0  -  R 1 5

R 0  -  R 1 6  

( R 1 5 = 0  w h e n  

R 1 6 = 1 )

R 0  -  R 1 6

C o l u m n  

Ad d re s s e s
C 0  -  C 9 C 0  -  C 9 C 0  -  C 9 C 0  -  C 9 C 0  -  C 9 C 0  -  C 9 C 0  -  C 9 C 0  -  C 9

B u rs t  S t a r ti n g  

Ad d re s s  

B o u n d a ry

6 4  -  b i t 6 4  -  b i t 6 4  -  b i t 6 4  -  b i t 6 4  -  b i t 6 4  -  b i t 6 4  -  B i t 6 4  -  b i t

N O T E  1 T h e  l o w e r t w o  c o l u m n  a d d re s s e s  ( C 0  -  C 1 )  a re  a s s u m e d  t o  b e  “ z e ro ”  a n d  a re  n o t  tra n s m i tte d  o n  th e  C A  b u s .

N O T E  2 R o w  a n d  C o l u m n  a d d re s s  v a l u e s  o n  t h e  C A b u s  t h a t a re  n o t u s e d  fo r a  p a rti c u l a r d e n s i t y a re  re q u i re d  to  b e  a t v a l i d  l o g i c 

l e ve l s .

N O T E  3 F o r n o n  -  b i n a ry  m e m o ry  d e n s i t i e s ,  o n l y  q u a rte r o f th e  ro w  a d d re s s  s p a c e  i s  i n va l i d .  Wh e n  t h e  M S B  a d d re s s  b i t i s  “ H I G H ” ,  

t h e n  th e  M S B  -  1  a d d re s s  b i t m u s t  b e  “ L O W” .

N O T E  4 T h e  r o w  a d d re s s  i n p u t w h i ch  v i o l a te s  re s tri c ti o n  d e s cri b e d  i n  n o te  3  i n  th i s  ta b l e  m a y re s u l t i n  u n d e fi n e d  o r v e n d o r s p e c i fi c 

b e h a v i o r.  C o n s u l t m e m o ry  v e n d o r fo r m o re  i n fo rm a ti o n .

N O T E  5 F o r d e v i c e  d e n s i t i e s  n o t  re q u i ri n g  R 1 7  a n d  R 1 8 ,  R 1 7  a n d  R 1 8  m u s t b o t h  b e  d ri v e n  H i g h  fo r e v e ry AC T- 2  c o m m a n d  to  

m a i n ta i n  b a c kw a rd  co m p a ti b i l i t y.

F o r d e v i c e  d e n s i t i e s  n o t  re q u i ri n g  R 1 8 ,  R 1 8  m u s t b e  d ri ve n  H i g h  fo r e v e ry  A C T- 2  c o m m a n d  to  m a i n ta i n  b a ck w a rd  

co m p a t i b i l i ty.

Ta b l e  3  — L P D D R 4  S D R A M  x 1 6  m o d e  A d d re s s i n g  fo r  D u a l  C h a n n e l  S D R A M  D i e  ( c o n t ’ d )  

M e m o ry

D e n s i t y

( p e r D i e )

2 G b 4 G b 6 G b 8 G b 1 2 G b 1 6 G b 2 4 G b 3 2 G b
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