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Ta b l e  1 7 0 :  P G [ 3 ] RW 6 3 :  Ve n d o r S p e c i fi c  U ni q u e  U ni t  C o de  B y t e  0  G l o b al  Wo rd . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 6 7

Ta b l e  1 7 1 :  P G [ 3 ] RW 6 4 :  Ve n d o r S p e c i fi c  U ni q u e  U ni t  C o de  B y t e  1  G l o b al  Wo rd . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 6 7

Ta b l e  1 7 2 :  P G [ 3 ] RW 6 5 :  Ve n d o r S p e c i fi c  U ni q u e  U ni t  C o de  B y t e  2  G l o b al  Wo rd . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 6 7

Ta b l e  1 7 3 :  P G [ 3 ] RW 6 6 :  Ve n d o r S p e c i fi c  U ni q u e  U ni t  C o de  B y t e  3  G l o b al  Wo rd . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 6 8

Ta b l e  1 7 4 :  P G [ 3 ] RW 6 7 :  Ve n d o r S p e c i fi c  U ni q u e  U ni t  C o de  B y t e  4  G l o b al  Wo rd . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 6 8
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Ta b l e  1 7 7 :  P G [ 3 ] RW 6 A :  Ve n d o r I D  B y te  0  G l o b al  Wo rd . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 6 9

Ta b l e  1 7 8 :  P G [ 3 ] RW 6 B :  Ve n do r  I D  B y te  1  G l o b al  Wo r d . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 6 9

Ta b l e  1 7 9 :  P G [ 3 ] RW 6 C :  D e v i c e  I D  B y t e  0  G l o b a l  Wo rd . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 7 0

Ta b l e  1 8 0 :  P G [ 3 ] RW 6 D :  D e vi c e  I D  B y t e  1  G l o b a l  Wo rd . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 7 0

Ta b l e  1 8 1 :  P G [ 3 ] RW 6 E :  Re vi s i o n I D  G l o b al  Wo rd . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 7 0

Ta b l e  1 8 2 :  P G [ 4 ] RW [ 6 E , 6 C , 6 A , 6 8 , 6 6 , 6 4 , 6 2 , 6 0 ]  -  V H o s t C md [ 3 : 0 ]  C A [ 7 : 0 ]  C o n tr o l  Wo rd . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 7 1
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Ta b l e  1 8 4 :  P G [ 4 ] RW 7 0  -  V H o s t [ 1 : 0 ]  C md  to  C m d D e l ay  C o n t ro l  Wo r d . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 7 2

Ta b l e  1 8 5 :  P G [ 4 ] RW 7 1  -  V H o s t [ 3 : 2 ]  C md  to  C m d D e l ay  C o n t ro l  Wo r d . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 7 2

Ta b l e  1 8 6 :  P G [ 4 ] RW 7 2  -  V H o s t Re p e a t  M o de  C o n tro l  Wo rd . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 7 3

Ta b l e  1 8 7 :  P G [ 4 ] RW 7 3  -  V H o s t S t art  an d  S to p  G l o b al  C o nt ro l  Wo rd . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 7 3

Ta b l e  1 8 8 :  A b s o l u te  m ax i mu m rat i n g s  o v e r o p e rat i n g  fre e - a i r t e mp e ra tu re  ran g e 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 7 5

Ta b l e  1 8 9 :  O p e rat i n g  E l e c t r i c a l  C h a ra c t e ri s t i c s . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 7 6

Ta b l e  1 9 0 :  I n p u t Ti mi ng  re qu i re me nt s . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 7 7

Ta b l e  1 9 1 :  O ut p u t ti mi n g re q u i re me nt s . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 8 1

Ta b l e  1 9 2 :  I n t e rn al  Vre fC A &  Vre fC S  S p e c i fi c a ti o ns . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 8 7

Ta b l e  1 9 3 :  D F E _Vre f S p e c i fi c at i o n . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 9 0

Ta b l e  1 9 4 :  D F E _Vre f I N L To l e ra nc e . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 9 0

Ta b l e  1 9 5 :  E s t i m at e d  N um b e r o f Tr an s m i t te d  B i t s  ( n )  fo r c o n fi d e n c e  l e ve l  o f 7 0 %  to  9 9 . 5 % . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 9 4

Ta b l e  1 9 6 :  M i n i mu m B E R Re q u i r e me n ts  fo r RX  an d  T X  Ti mi n g  an d  Vo l t a ge  Te s ts . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 9 5

Ta b l e  1 9 7 :  S S C  a nd  P L L L o o p  F i l t e r  C h a ra c t e ri s t i c s . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 9 8

Ta b l e  1 9 8 :  D i ffe r e n ti al  I n p u t S l e w  Ra te  D e fi n i ti o n fo r D C K_t/ D C K_c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 9 8

Ta b l e  1 9 9 :  D i ffe r e n ti al  I n p u t S l e w  Ra te  D C K_t /D C K_c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 9 9

Ta b l e  2 0 0 :  C r o s s  p o i n t v o l t ag e  ( V I X )  fo r  di ffe re n t i a l  i n p u t s i g n a l s  ( D C K) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 0 0

Ta b l e  2 0 1 :  I n p u t Vo l t ag e  L e v e l s  fo r D E RRO R_I N _n  S i g n al s . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 0 0

Tab l e  2 0 2 :  I B T E l e c tri c a l  C ha rac te ri s t i c s  fo r D C A ,  D PA R,  D C S ,  a n d D E RRO R_I N _n . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 0 1

Tab l e  2 0 3 :  E l e c t r i c al  C h ara c t e ri s ti c s  fo r D L B D  an d D L B S  I n p ut  Te rmi na ti o n . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 0 2

Tab l e  2 0 4 :  C M O S  Ra i l - to - Rai l  I n p u t  L e v e l s  fo r D RS T _n . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 0 3

Ta b l e  2 0 5 :  Rx  I n p u t Vo l t ag e  S e ns i t i v i ty  P ara me te rs  fo r D D R5 - 3 2 0 0  t o  4 8 0 0 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 0 4

Ta b l e  2 0 6 :  I n p u t C l o c k D i ffe re n t i a l  J i t t e r . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 0 6

Ta b l e  2 0 7 :  Rx  C l o c k J i t te r S e n s i t i vi t y O p ti o n- 1  S p e c i fi c a ti o n fo r D D R5 - 3 2 0 0  t o  4 8 0 0 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 0 8

Ta b l e  2 0 8 :  Rx  C l o c k J i t te r S e n s i t i vi t y O p ti o n- 2  S p e c i fi c a ti o n fo r  D D R5 - 3 2 0 0  t o  4 8 0 0 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 0 9

Ta b l e  2 0 9 :  Rx  C l o c k J i t te r S e n s i t i vi t y S p e c i fi c a ti o n  fo r  D D R5 - 3 2 0 0  t o  4 8 0 0 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 1 0

Ta b l e  2 1 0 :  Te s t C o n d i ti o ns  fo r  Rx  S t re s s e d  E ye  Te s ts  fo r D D R5 - 3 2 0 0  t o  4 8 0 0 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 1 2

Ta b l e  2 1 1 :  D C S  I n p u t Re c e i ve r Vo l ta ge  M a rg i n  an d  A C  Ti mi n g  b y  S p e e d  B i n . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 1 4
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D D R5  RE G I S T E RI N G  C L O C K D E F I N I T I O N  ( D D R5 RC D 0 1 )

( F ro m  J E D E C  B o a rd B al l o t  J C B - 2 0 - 4 6  a n d JC B - 2 1 - 1 8 ,  fo rmu l at e d  un d e r th e  c o g n i z a nc e  o f t he  J C - 4 0 . 4  

S u b c o mm i t te e  o n Re g i s te re d &  F u l l y  B u ffe re d  M e mo ry  S u p p o rt  L o gi c . )

1 S c o p e

T h i s  do c um e n t  d e fi n e s  s t an d ard  s p e c i fi c a ti o n s  o f D C  i nt e rfa c e  p a ra me te rs ,  s w i tc h i n g  p a rame t e rs ,  a nd  te s t  l o ad i n g  fo r 

d e fi ni ti o n  o f t h e  D D R5  Re g i s te ri n g  C l o c k D ri ve r ( RC D )  w i th  p a ri t y  fo r d ri v i ng  ad d re s s  an d  c o n tro l  n e t s  o n  D D R5  

RD I M M  an d  L RD I M M  a p p l i c at i o n s .  T h e  D D R5 RC D 0 1  D e vi c e  I D  i s  D I D  =  0 x 0 0 5 1 .

T h e  t e r m s  ‘ Re gi s t e ri n g C l o c k D ri v e r’ ,  ‘ RC D ’ ,  ‘ re g i s t e r’  o r  ‘ d e v i c e ’  a r e  u s e d  i nt e rc h an g e a b l y  to  re fe r t o  t h i s  d e vi c e  i n  

th e  re m ai n d e r o f t h i s  s p e c i fi c at i o n .

T h e  p u rp o s e  i s  t o  p r o v i d e  a s t an d ard  fo r t h e  D D R5 RC D 0 1  ( s e e  N o t e )  l o g i c  d e vi c e ,  fo r u ni fo rmi ty,  mu l ti p l i c i t y o f 

s o u rc e s ,  e l i m i n at i o n  o f c o n fu s i o n ,  e a s e  o f de v i c e  s p e c i fi c at i o n ,  an d  e as e  o f u s e .

N O T E  T h e  d e s i gn a ti o n  D D R5 RC D 0 1  re fe rs  to  t he  p ar t d e s i gn a ti o n  o f a  s e r i e s  o f c o mm e r c i al  l o g i c  p ar ts  c o mmo n  i n  t he  i n d u s t ry.  

T hi s  de s i g na t i o n i s  n o rma l l y p r e c e de d  b y  a  s e r i e s  o f ma n ufac t ur e r  s p e c i fi c  c ha ra c te rs  t o  make  u p  a  c o mp l e t e  p a rt  d e s i gn a ti o n .
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2 M e c h a n i c a l  O u t l in e

P ac kag e  o p ti o ns  i nc l u d e  a 2 4 0 - b a l l  F l i p - C h i p  F i n e - P i t c h  B G A (F C B G A )  w i t h  0 . 6 0  m m/ 0 . 7 0  mm  b al l  p i t c h ,  1 4  x  1 9  

g ri d .  T h e  p ac kag e  h as  a n um b e r o f de p o p u l at e d  b a l l s .  P a c kag e  s i z e  i s  8 . 7 0  mm  x  1 3 . 5 0  m m as  de fi n e d  i n M O - 3 3 0  

I s s u e  A ,  Va ri at i o n  1 0 0 1 3 . 5 0 x 8 . 7 0 - 7 0 x 6 0 3 0 - 2 4 0 A1 .  T h e  de vi c e  p i n o u t  s u p p o r ts  o ut p u ts  o n th e  t o p  an d  o u t e r  l e ft  a n d 

ri g h t c o l u mn s  t o  s u p p o rt e a s y  D I M M  s i g n al  ro u ti n g .  C o rre s p o n d i n g  i n p ut s  are  p l a c e d i n a w ay  t o  m at c h  t h e  

c o r re s p o n d i n g  p i n  l o c at i o n  o n  th e  c o n n e c t o r.

F ig u re  1  — B a l l  C o n fig u r a t i o n ,  T O P V I E W

B al l  p i t c h :  0 . 6 0  m m x  0 . 7 0  mm ,  S i z e  ( ø 0 . 3  m m) ,  S M D  P ad  S RO  ( ø 0 . 2 7 5  mm )

X - ray  v i e w  fro m  t o p s i d e

1 . T h i s  v ari at i o n  de fi n e s  a m ax i m u m p ac kag e  th i c kn e s s  o f 1 . 0 0  mm.  T h e  D D R5 RC D 0 1  mu s t  c o m p l y  w i th  a 

mi n i m um  t h i c kn e s s  o f 0 . 8 0  mm .

1 2 3 4 5 6 7 8 9 1 0 1 1 1 2 1 3 1 4
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2 . 1 P in o u t

Ta b l e  1  s p e c i fi e s  t h e  p i n o u t fo r th e  D D R5 RC D 0 1 .

Ta b l e  1  — B a l l A s s i g n m e n t  - 2 4 0  b a l l  F C B GA ,  1 4  x 1 9  G r i d ,  T O P V I E W
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2 . 2 Te r m i n a l  F u n c t io n s

Ta b le  2  — Te r m i n a l  fu n c t io n s

S ig n al  G ro u p S i gn a l N am e Ty p e D e s c ri p t io n

I np ut

C o n tro l  b u s

D C S [ 1 : 0 ] _ [ B : A ] _ n P O D  VRE F  b a s e d C hi p  S e l e c t i np u ts  to  t he  R C D .  Tw o  i n p ut s  p e r D RA M  c ha n n e l .

I np ut  

A d d re s s  a nd  

C o m m a n d b u s

D C A [ 6 : 0 ] _[ B : A ] P O D  VRE F  b a s e d C o m m a n d/ A dd re s s  b us  i n p u ts  t o  th e  RC D .  S e p a ra te  s e ts  p e r 

c h a nn e l .

P a ri ty  i np u t D PA R_ [ B : A ] P O D  V RE F  b as e d C o m m a n d A d dre s s  i np u t p a ri ty  i s  re c e i v e d  o n the  D PA R p i n an d  

s h o ul d m ai nt ai n e v e n p a ri ty  a c r o s s  t he  C A i np u ts .  D PA R i s  

s a m p l e d  a t th e  ri s i n g a n d  fa l l i ng  e d ge s  o f the  i np u t c l o c k .

C l o c k  i np u ts D C K_t /D C K_ c P O D  d i ffe re nt i a l D i ffe re n ti a l  s ys te m  c l o c k  i n p ut p a i r to  th e  P L L .  T h e  c l o c k  i s  

c o m m o n  t o  b o th  RC D  c ha n n e l s ,  C H _A a nd  C H _ B .

L o o p b a c k  D L B D _[ B : A ]

D L B S _[ B : A ]

P O D  VRE F  b a s e d L o o p b a c k  I n p u ts  to  RC D

D L B D  -  l o o p b a c k  D a ta

D L B S  -  l o o p b a c k  S t ro b e

R e s e t i n p u t D R S T _n C M O S  i np u t A c t i ve  L O W a s y nc h ro n o us  re s e t  i n p ut.  Wh e n  L O W,  i t c au s e s  a  

r e s e t o f th e  i n te rn al  l a tc h e s  a nd  d i s a b l e s  th e  o ut p u ts ,  th e r e b y  

fo rc i n g  th e  o ut p u ts  to  fl o a t.

E rro r i n p ut D E RRO R _I N _[ B : A ] _n L o w  v o l t ag e  s w i ng  

P O D  i np u t

D RA M  C RC  A L E RT _n  o utp u t i s  c o n n e c t e d  t o  th i s  i n p ut  p i n,  

w hi c h  i n  t urn  i s  b uffe re d an d  re d ri v e n  t o  th e  A L E RT _ n o u tp u t o f 

t he  re g i s t e r.  T h e r e  i s  a  s e p a rat e  s i g na l  p e r c h a n ne l .

D a t a b u ffe r c o n tro l  

a n d  c o m m u ni c at i o n 

o u tp ut s

B C S _[ B : A ] _n P O D D at a b u ffe r c hi p  s e l e c ts .  I n di c a t e  a va l i d c o m m a nd  o n  th e  B C O M  

b u s ,  a n d  u s e d  t o  s i gn a l  n o n- t a rg e t  te rm i n a ti o n .  S e p a ra te  p e r 

D RA M  c ha n ne l .

B C O M [ 2 : 0 ] _[ B : A ] P O D D at a b u ffe r c o m m a n d.  T he  s t ar t o f e a c h c o m m a nd  i s  s i g na l e d  b y  

a n  a c ti v e  c h i p  s e l e c t .  S e p a ra te  p e r D R A M  c h a nn e l .

B RS T _[ B : A ] _n C M O S R e - dri ve n  o r C M D  b a s e d re s e t.  T h i s  i s  an  a s y nc h ro no u s  o utp u t.  I t 

i s  th e  re s p o n s i b i l i ty o f th e  RC D  B RS T to  re s e t t he  D D R 5  D at a  

B uffe r o n a l l  D I M M  to p o l o g i e s .

B C K_ [ B : A ] _t

B C K_ [ B : A ] _c

P O D  d i ffe re nt i a l D i ffe re n ti a l  c l o c k  o ut p u t p a i r to  th e  d at a  b uffe r.  S e p a ra te  p e r 

D RA M  c ha n ne l .

O u tp u t

C o n tro l  b u s

Q [ B : A ] C S [ 1 : 0 ] _[ B : A ] _n P O D C hi p  S e l e c t s i gn a l s  to  t he  D RA M s .  2  c o p i e s  o f e a c h  s i g n al .

O u tp u t

A d d re s s  a nd  

C o m m a n d b u s

Q [ B : A ] C A [ 1 3 : 0 ] _ [ B : A ] P O D C o m m a n d/ A dd re s s  b us  o u tp u ts  to  t he  D R A M s ,  v al i d  a fte r t he  

s p e c i fi e d  c l o c k c o u nt  a nd  i m me d i a te l y  fo l l o w i ng  a  ri s i n g e d g e  o f 

t he  c l o c k .  Tw o  c o p i e s  o f e a c h s i g na l .  W he n  O u tp u t I n v e rs i o n  i s  

e n a b l e d  i n  RW 0 0 [ 5 ] ,  C o p y B  o u tp ut  s i g na l s  g e t i n ve rt e d  d uri ng  a l l  

c o m m a nd s  o th e r th an  D e s e l e c t.  B o th  c o p i e s  dri ve  H i g h d uri ng  i dl e  

c y c l e s  ( i . e . ,  D e s e l e c t) .

C l o c k  o u tp ut s Q [ D : A ] C K_ [ B : A ] _t

Q [ D : A ] C K_ [ B : A ] _c

P O D  d i ffe re nt i a l C l o c k  o u tp ut s  to  th e  D RA M s .  F o u r c o p i e s  p e r c h a nn e l .

L o o p b a c k Q L B D

Q L B S

P O D  L o o p b a c k  o ut p u ts  t o  H o s t

Q L B D  -  l o o p b a c k  D a ta

Q L B S  -  l o o p b a c k  S t ro b e

R e s e t o u tp u t Q R S T _[ B : A ] _ n C M O S R e - dri ve n  o r C M D  b a s e d re s e t.  T h i s  i s  an  a s y nc h ro no u s  o utp u t.  I t 

i s  th e  re s p o n s i b i l i ty o f th e  RC D  Q RS T _n to  re s e t  th e  D D R5  

S D RA M  o n  a l l  D I M M  to p o l o g i e s .  T h e  Q R S T  o ut p u ts  are  as s e rte d  

a t  p o w e r u p .  R C D  re q ui re s  M RW to  i nd e p e n de n tl y  d e - a s s e r t to  

a l l o w  s ta g ge ri n g  o f s u b - c h a nn e l s .

E rro r o ut A L E RT _n P O D W h e n  L O W,  th i s  o u tp ut i n di c a te s  tha t  a  p ar i ty  e rro r w a s  i d e n ti fi e d  

a s s o c i a te d w i th  t he  C A i n p ut s  w h e n  p a ri ty  c h e c k i n g  i s  e n a b l e d o r 

t ha t th e  D E RR O R_I N _n  i np u t w a s  a s s e rte d ,  re g ar dl e s s  o f w he th e r 

p a ri t y c h e c ki n g  i s  e n a b l e d o r no t.  O n e  s i g na l  fo r  th e  tw o  c h an n e l s .

S i d e b a n dB us  p i ns 1 S D A O p e n  d rai n o r p u s h -

p u l l  I /O 2

S i d e b a n dB us  D at a

S C L C M O S  i n p ut3 S i d e b a n dB us  C l o c k

V D D I O P o w e r  i n p u t S i d e b a n dB us  p o w e r i n p ut
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N am i n g  C o n v e n ti o n :

I np u t  E xa mp l e :  

D C Ay _N  -  w h e re  ‘ y ’  i s  t h e  s i gn a l  n um b e r a n d ‘ N ’  i s  t h e  s u b - c h an n e l .

O u tp u t E x a mp l e :  

Q x C Ay_N  -  w h e re  ‘ y ’  i s  t h e  s i g n a l  nu m b e r,  ‘ x ’ i s  t he  o u tp u t  c o p y  ( A o r B )  an d ‘ N ’  i s  th e  s u b - c h an n e l .

M i s c e l l a n e o u s  p i n s V D D P o w e r  I n p u t P o w e r  s u p p l y  v o l ta ge

V S S G ro u n d I np u t G ro u n d

Z Q C A L R e fe re n c e R e fe re n c e  p i n fo r  d ri v e r c al i b rat i o n

N U M e c ha n i c a l  b a l l D o  no t c o n ne c t o n  P C B

R F U [ 3 : 0 ] I /O R e s e rv e d fo r fu tu re  us e  p i n s ,  m us t b e  l e ft fl o a ti ng  o n  D I M M  an d  i n  

R C D

1 . S A  p i n s  a re  n o t re q ui re d  fo r D D R5 RC D 0 1  a s  th e  a d dre s s  w i l l  b e  h a rd - c o d e d.  Re fe r t o  S e c ti o n  7 . 5 . 1 ,  “ T a rg e t A d d re s s , ”  o n p a g e  7 8  

fo r d e ta i l s .

2 . S D A dri ve r o p e ra ti o n  i s  dy n a m i c .  D e p e nd i n g  o n th e  S i d e b a n dB u s  m o d e  o f o p e rat i o n ( I 2 C  RW2 5 [ 5 ]  =  ‘ 0 ’  o r I 3 C  B as i c 

RW2 5 [ 5 ]  =  ‘ 1 ’ ) ,  a n d  e ve n  o n  th e  s p e c i fi c  s te p  ( b y te  o r b i t)  o f a  S i d e b a n dB u s  t ra ns a c ti o n  p a c k e t,  th e  S D A o ut p u t dri ve r c a n  o p e ra t e 

e i t he r i n o p e n- dra i n  m o d e  o r p u s h - p u l l  m o de .

3 . T he s e  i n p ut s  a re  1 . 0 - V i np u ts .

Ta b le  2  — Te r m i n a l  fu n c t io n s

S ig n al  G ro u p S i gn a l N am e Ty p e D e s c ri p t io n
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3 D e v i c e  S t an d a r d

3 . 1 D e s c r ip t i o n

T h e  D D R5 RC D 0 1  i s  a r e g i s t e ri n g  c l o c k dr i v e r  u s e d  o n  D D R5  RD I M M s  an d  L RD I M M s .  I t s  p ri ma ry fu nc ti o n  i s  t o  

b uffe r t h e  C o mm an d / A ddr e s s  ( C A )  b u s ,  c hi p  s e l e c t s ,  a nd c l o c k b e tw e e n  t h e  h o s t c o n tro l l e r an d  t h e  D RA M s .  I t al s o  

c re at e s  a B C O M  b us  w h i c h  c o nt ro l s  th e  d at a b u ffe rs  fo r L RD I M M s .

I t c o n ta i n s  tw o  s e p a rat e  c h an n e l s  w h i c h h av e  s o me  c o mmo n  l o g i c  s u c h as  c l o c ki n g,  b u t o th e rw i s e  o p e ra te  

i n d e p e n de n tl y  o f e ac h  o th e r.  E ac h  c h a nn e l  ha s  a 7 - b i t do u b l e  d a ta  r at e  C A b u s  i n p u t ,  a s i n g l e  p a ri t y  i np u t ,  t w o  c h i p  

s e l e c t  i np u t s ,  an d  p r o d uc e s  t w o  c o p i e s  o f 1 4 - b i t s i n g l e  da ta  r a te  C A b u s  o u t p u t s ,  an d  t w o  c o p i e s  o f t h e  c h i p  s e l e c t 

o ut p u ts .  T h e  RC D  h as  a c o mm o n  c l o c k i n p ut  a n d P L L ,  b ut  p ro d u c e s  s e p arat e  c l o c k o u t p ut s  to  t h e  D RA M  c ha n n e l s .

3 . 2 L o g i c  D ia g r a m  P o s it iv e  L o g i c

3 . 3 Re g i s t e r  O p e r a t i o n

3 . 3 . 1 C h i p  S e le c t  O p e r a t io n

T h e  c o m p o n e nt  h a s  t w o  c h i p  s e l e c t i n p u ts  p e r c h an n e l ,  D C S 0 _n  an d  D C S 1 _n ,  a n d  t w o  c o p i e s  o f e a c h  c h i p  s e l e c t 

o ut p u t,  Q C S 0 _A _n ,  Q C S 1 _A _n ,  Q C S 0 _B _n  an d  Q C S 1 _B _n .  C o m ma n ds  are  s e nt  t o  a s i n g l e  ran k o r mu l ti p l e  ran ks ,  

as  d e te r mi ne d  b y  t he  D C S [ 1 : 0 ] _n  i n p u t s .  T h e  n u mb e r o f i n p u t c hi p  s e l e c ts  mat c h e s  th e  nu m b e r  o f o u tp u t  c h i p  s e l e c t s  

i n  e a c h  o f t h e  tw o  s e t s  ( A - o u tp u t s  a n d B - o u t p ut s ) .

3 . 3 . 2 O D T  O p e r a t i o n

D D R5  d o e s  no t  h a ve  a  s e p ara te  O D T  ( O n  D i e  Te rm i n at i o n )  s i g n al  g o i ng  to  th e  D I M M  o r t h e  D RA M s .  T h e  O D T  

c o n tro l  i s  e n c o d e d  i n to  th e  c hi p  s e l e c t s .  A l l  c o mma n d s  t h at  u ti l i z e  th e  dat a b us  re qu i re  2 U I  o n  th e  D C A b u s  i n  o rde r 

to  tr a ns fe r t h e  a p p ro p ri at e  nu m b e r o f c o mma n d  an d  a d d re s s i n g  b i t s .  T h i s  r e q u i r e me nt  i s  us e d  t o  s i g n al  O D T  c o nt ro l  

b y h o w  t he  c h i p  s e l e c ts  are  a s s e r t e d fo r  th e  tw o  U I .  

T h e  h o s t c o n tro l l e r w i l l  d e te rmi ne  t h e  te rm i n a ti o n  at  t h e  ti me  o f t h e  c o mm an d ,  b y ac ti v at i n g  t h e  c h i p  s e l e c t s  

ap p ro p ri at e l y.

Ta b l e  3  —  D C S  -  Q xC S  M a p p in g

I n p u t C S O u tp u t C S

D C S 0 _N _n Q xC S 0 _N _n

D C S 1 _N _n Q xC S 1 _N _n

Ta b le  4  —  O D T  e n c o d in g  o n  t h e  c h i p  s e l e c t

D C S _n  o n  

1 s t  U I

D C S _ n  o n  

2 n d  U I
Q xC S [ 1 : 0 ] _n D RA M  D Q  Te rm i n at io n s

A c ti ve I n a c t i v e Ta rg e t o f c o mm a nd
Re a d :  no n e  ( d e vi c e  d r i v e s  d a ta )

Wri te :  RT T _WR.    

A c ti ve A c ti ve N o n- Ta rge t Te rm i n at i o n  s ho u l d  b e  a p p l i e d .
Re a d :  RT T _N O M _RD

Wri te :  RT T _N O M _WR

I n a c t i v e I n a c t i v e
D RA M  i g n o r e s  c o mma nd s  a nd  t h e  P a rke d  

te r mi n at i o n  w i l l  b e  m ai nt ai ne d
RT T _PA RK

I n a c t i v e A c ti ve I l l e g al I l l e g al
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C o n t ro l  Wo rd
S t a t e  M a ch i n e  a n d  

C o n t ro l  L o g i c

D C S [ 1 : 0 ] _A_ n

PLL

R

D

Q

CE

R

D

Q

RC - A c c e s s

4

O u t p u t- E n a b l e

QC K[D : A ]  E n a b l e

V re f

Q [ D : A] C K _A_t

Q [ D : A] C K _A_c

D C K_t
D C K _c

D R S T _n

C S  L o g i c

Q B C S [ 1 : 0 ] _A_ n ,

F e e d b a c k

Q A C S [ 1 : 0 ] _A_ n

Q R S T _[ B : A] _n

D C A [ 6 : 0 ] _ A,

Q B C A[ 1 3 : 0 ] _A

Q A C A[ 1 3 : 0 ] _A

B C O M [ 2 : 0 ] _A
4

B C S _A_n

C o m m o n  t o  b o t h  ch a n n e l s

C h a n n e l  A

C o n t ro l  Wo rd
S t a t e  M a ch i n e  a n d  

C o n t ro l  L o g i c

D C S [ 1 : 0 ] _B _ n

R

D

Q

CE

R

D

Q

R C - A c c e s s

4

O u t p u t - E n a b l e

V re f

Q [ D : A] C K _ B _t

Q [ D : A] C K_ B _c

C S  L o g i c

Q B C S [ 1 : 0 ] _B _ n ,

Q A C S [ 1 : 0 ] _B _ n

D C A [ 6 : 0 ] _ B ,

Q B C A[ 1 3 : 0 ] _B

Q A C A[ 1 3 : 0 ] _B

B C O M [ 2 : 0 ] _B
4

B C S _B _n

C h a n n e l  B

Q C K [D : A ]  E n a b l e

B R S T_[ B : A ] _n

D P AR _B      

D P AR _A      
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3 . 3 . 2 . 1    D a t a  B u ffe r  D Q  B u s  Te r m i n a t i o n  in  L RD I M M  A p p l i c a t i o n

T h e  RC D  s u p p o rt s  D Q  b u s  t e rm i n a ti o n i n  L RD I M M  a p p l i c at i o n s .  D D R5  d o e s  n o t h av e  a d i s c re t e  O D T  s i g na l .  T h e  

O D T  fu n c t i o n  i s  e n c o d e d  o n  th e  C h i p  S e l e c t fo r  RD ,  W R,  a n d M RR c o m man d s .  A RD ,  WR,  M RW o r M RR 

c o mm an d w i l l  no rm al l y  h a v e  t h e  B C S _n  s i g n al  a c t i ve  fo r o n l y  th e  fi rs t U I  o f t he  c o mma n d .  T h e  d at a b u ffe rs  w i l l  

te rmi na t e  t h e  h o s t b u s  as  i s  a p p ro p ri a te  fo r t h e  c o mm an d  ( RT T _WR fo r  w ri t e ,  an d  d ri v i n g  t h e  b u s  fo r re a ds ) .

T h e  D I M M  t e rm i n a ti o ns  fo r D RA M  a n d D at a B uffe r a r e  s h o w n  i n  Tab l e  5  an d  Ta b l e  6 .   

I f th e  D C S _n  s i g n al  i s  a c t i v e  d u ri n g  t h e  2 n d U I  o f a c o mm an d ,  i t  i n di c at e s  a no n - ta rg e t  t e rm i n a ti o n fo r th e  D I M M .  

T h e  c o m ma nd i s  ta rg e t i n g  a  d i ffe re nt  D I M M  an d  t h e  D RA M s  o r d a ta  b u ffe rs  s h o ul d t e r m i n at e  w i th  e i t h e r 

RT T _N O M _WR fo r w ri te s  o r  RT T _N O M _RD  fo r re a ds .

F o r a  n o n- t arg e t o p e rat i o n ,  th e  D RA M s  o r dat a b u ffe rs  s h o u l d  re ma i n i n  RT T _PA RK,  th e  c o m ma nd  w i l l  n o t  b e  s e n t 

o n th e  B C O M  b u s  a t  al l .  T h e  RC D  w i l l  n o t h av e  re c e i ve d  a ny  D C S _n s i gn a l s  ac ti v e  i n  th i s  c as e  a n d w i l l  s e e  

D e s e l e c ts .

3 . 3 . 3  Q C A B u s  O p e r a t i o n

U n de r n o rma l  o p e rat i o n ,  th e  RC D  p as s e s  c o mm an d s  t h r o u g h  fro m th e  D  i n p u t s  t o  t he  Q  o ut p u ts  w h e n  a  c o m ma n d i s  

p re s e nt  o n t h e  b u s ,  a nd  d ri v e s  H I G H  o n  th e  Q C A o u tp u ts  w he n  n o  c o m ma nd  i s  b e i n g  s e nt .  T h e  RC D  p a s s e s  th e  D C A 

b us  t hro u g h  w h e n  e i th e r D C S  i n p u t  i s  a c t i ve  b u t  t he re  are  e x c e p t i o n s  t o  t h i s :

• I f th e  r e gi s t e r de te c t s  a p a r i t y  e rr o r  a n d p ari ty  c h e c ki n g  i s  e n ab l e d ,  th e  D C A b u s  i s  s ti l l  p a s s e d  t hro u g h to  

D RA M  a nd  Q C S  i s  b l o c ke d.

Ta b le  5  — D I M M  Te r m in a t i o n  Wr it e

D C S 0 D C S 1 B C S D RA M  Te r m i n a t io n
B u ffe r 

Te rm i n at io n

U I  0 U I  1 U  0 U I  1 U  0 U I  1 Ra n k  0 Ra n k 1

L H H H L H RT T _ WR RT T _PA RK RT T _ WR

L H L L L H RT T _ WR RT T _ N O M _WR RT T _ WR

H H L H L H RT T _ PA R K RT T _ WR RT T _WR

L L L H L H RT T _ N O M _ W R RT T _ WR RT T _WR

L L H H L L RT T _ N O M _ W R RT T _ PA RK RT T _ N O M _ WR

H H L L L L RT T _ PA R K RT T _N O M _WR RT T _ N O M _ WR

L L L L L L RT T _ N O M _ W R RT T _N O M _WR RT T _ N O M _ WR

Ta b le  6  — D I M M  Te r m in at i o n  Re a d

D C S 0 D C S 1 B C S D RA M  Te r m i n a t io n
B u ffe r 

Te rm i n at io n

U I  0 U I  1 U  0 U I  1 U  0 U I  1 Ra n k  0 Ra n k 1 H o s t - s i d e  D Q

L H H H L H Ta rg e t RT T _ PA RK Ta rg e t

L H L L L H Ta rg e t RT T _N O M _RD Ta rg e t

H H L H L H RT T _PA R K Ta rg e t Ta rg e t

L L L H L H RT T _N O M _ RD Ta rg e t Ta rg e t

L L H H L L RT T _N O M _ RD RT T _ PA RK RT T _N O M _ RD

H H L L L L RT T _PA R K RT T _N O M _RD RT T _N O M _ RD

L L L L L L RT T _N O M _ RD RT T _N O M _RD RT T _N O M _ RD
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• D u ri n g  th e  2 nd  U I  o f a 2  U I  c o m ma n d,  th e  D C A b u s  m u s t b e  p as s e d th ro u g h.  T he re  w i l l  o n l y  b e  a D C S  s i g n al  

ac ti v e  fo r  th e  2 nd  U I  i f a no n - ta rg e t  t e rm i n a ti o n i s  b e i n g  s i g na l e d  t o  a ran k.

• Wh e n  D RA M  i nt e rfa c e  B l o c k M R M o d e  i s  e n a b l e d RW 0 1 [ 1 ]  =  0 .

• Wh e n  C A P as s - th ro ug h  m o d e  i s  e n ab l e d RW0 0 [ 2 ]  =  1 .

3 . 3 . 4 Q C S  O p e r a t i o n

U n de r n o rma l  o p e rat i o n  t h e  RC D  p a s s e s  t h e  D C S  s i g n a l s  th ro u gh  to  t h e  Q C S  o u tp u ts .  T h e re  a re  s e v e ra l  e x c e p ti o n s  t o  

th i s :

• I f th e  r e gi s t e r de te c t s  a p a r i t y  e rr o r  w i t h p ari ty  c h e c ki n g  e na b l e d ,  o n  a o n e - c y c l e  c o mm an d  o r th e  1 s t U I  o f 

tw o - c yc l e  c o mm an d,  t h e  D C S  s i g n al  i s  n o t p as s e d  t h r o u g h ,  an d  t h e  Q C S  o u tp u ts  re m ai n  i na c t i ve .

• I f th e  r e gi s t e r de te c t s  a p a r i t y  e rr o r  w i t h p ari ty  c h e c ki n g  e na b l e d ,  o n  th e  2 nd  U I  o f a tw o - c yc l e  c o mma n d ,  t h e  

s am e  Q C S  o u tp u t s  t h at  w e re  a c t i ve  o n  t h e  1 s t U I  w i l l  b e  ac t i v e  o n th e  2 n d U I .  T h i s  c au s e s  t h e  c o mm an d  t o  b e  

c a n c e l e d i n  th e  D RA M .  F o r re a d  a nd  w ri t e  c o mm an d s  i t  c au s e s  t h e  c o mm an d  t o  b e  c o n v e rt e d  t o  n o n - t arge t 

te rmi n at i o n .

• Wh e n  D RA M  i nt e rfa c e  B l o c k M R M o d e  i s  e n a b l e d RW 0 1 [ 1 ]  =  0 .

• Wh e n  C A P as s - th ro ug h  m o de  i s  e n ab l e d  RW0 0 [ 2 ]  =  1 .

3 . 3 . 5 O u t p u t  I n v e r s i o n  a n d  M i r r o r i n g

O u tp u t I n v e rs i o n  i s  e n ab l e d  b y  d e fa u l t ,  a ft e r D RS T _n i s  d e - a s s e rt e d ,  to  r e d u c e  s i m u l t an e o u s  o u t p u t  s w i tc hi n g  c u r re n t .  

• A l l  Q A C A [ 1 3 : 0 ] _[ B : A ]  o u t p ut s  w i l l  fo l l o w  t he  e q ui v al e n t  i n p u t s .  A l l  Q B C A [ 1 3 : 0 ] _[ B : A ]  o u tp u ts  w i l l  b e  

i n v e rt e d .  I n  o t he r  w o r ds ,  w h e n  s e n d i n g  c o mma n d s ,  th e  “ B ”  c o p y  w i l l  b e  t h e  i n v e r t  o f t h e  “ A ”  c o p y.  

• Wh e n  no  c o mm an d s  are  b e i n g s e n t ,  b o t h  t h e  “ A ”  an d “ B ”  c o p i e s  w i l l  dri v e  H I G H .

• T h e  D RA M  d e vi c e s  c o n n e c t e d  to  t h e  “ B ”  o u t p u ts  w i l l  u n - i n v e rt  th e  s i g n al s  i nt e rn a l l y  b e fo re  u s i n g  t he m.  T h i s  

e l i m i n a te s  t h e  n e e d  fo r th e  h o s t c o n t ro l l e r t o  s e nd s e p a r at e  M RW  c o m ma nd s  fo r th e  t w o  C A o u tp u t s e ts ,  a nd 

al l o w s  e v e ry C A o ut p u t to  b e  i n ve r te d o n  t h e  “ B ”  s e t .

A d dre s s  mi rr o r i ng  i s  al s o  h a n dl e d b y  th e  D RA M  d e vi c e ,  s o  t h e re  i s  n o  RC D  re qu i re m e n ts  fo r  mi rro ri n g .

F ig u re  2  — RC D  O u t p u t  I n v e r s io n

D D R 5 R C D 0 1

D R AM

C H A
C H B

D C A_A D C A_B

N o n -  I n v e rt i b l e  a d d re s s N o n -  I n v e rt i b l e  a d d re s s

I n v e rt i b l e  a d d re s s I n v e rt i b l e  a d d re s s

Q AC A_A

Q B C A_A

Q AC A_B

Q B C A_B

D R AM

D R AM

D R AM
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3 . 3 . 6 Z Q  C a l i b r at io n

T h e  RC D  s n o o p s  t he  M P C  c o mm an d  t o  i n i t i a te  Z Q  C al i b ra ti o n ,  w h i c h  c a l i b ra te s  th e  o ut p u t d ri v e r i m p e d an c e  a c r o s s  

p ro c e s s ,  t e mp e ra tu re ,  a n d v o l t ag e .  Z Q  C al i b ra ti o n  o c c u rs  i n th e  b ac kg ro u n d o f d e vi c e  o p e ra ti o n .  

T h e re  a re  tw o  Z Q  C a l i b ra t i o n  c o m ma n ds  i ni t i a te d w i th  t h e  M P C  c o m ma n d:  Z Q C al  S t art ,  an d  Z Q C a l  L a tc h .  Z Q C al  

S ta rt i n i ti at e s  t h e  RC D ’ s  c a l i b ra ti o n  p ro c e du re ,  a n d  Z Q C a l  L a tc h  c a p tu re s  t h e  re s u l t  a n d l o a d s  i t i n t o  t he  RC D ' s  

d ri v e rs .

A Z Q C a l  S ta rt c o m man d  m ay  b e  i s s u e d an y t i m e  t h e  D D R5 - S D RA M  i s  n o t i n  a  p o w e r- d o w n  s ta te .  T h e re  a re  tw o  

ti mi n g  p ara me te rs  a s s o c i at e d  w i t h  Z Q  C al i b r a ti o n.  t Z Q C A L  i s  t h e  ti me  fro m w he n  t h e  Z Q C al  S t a rt  M P C  c o mm an d  i s  

s e n t  t o  w h e n  th e  h o s t c a n  s e n d th e  Z Q C a l  L a tc h  M P C  c o mm an d .  tZ Q L AT  i s  t h e  t i me  fro m w h e n  t he  Z Q C al  L a t c h  

M P C  c o m ma n d i s  s e nt  b y  th e  h o s t to  w he n  t h e  C A b u s  (a n d  s u b s e qu e n tl y  t he  D Q  b us )  c a n  b e  u s e d  fo r no r ma l  

o p e rat i o n .  A Z Q C a l  L at c h  C o mm an d  ma y b e  i s s u e d  an y t i m e  o u ts i d e  o f p o w e r- d o w n  aft e r t Z Q C A L  ha s  e xp i r e d  a nd  a l l  

C A b us  o p e r at i o n s  h av e  c o m p l e te d.  T h e  C A B u s  mu s t  m ai n ta i n  a  D e s e l e c t  s t at e  d u ri n g  t Z Q L AT  t o  a l l o w  C A O D T  

c a l i b rat i o n  s e t ti n gs  t o  b e  up d at e d.  

A fte r  a  Z Q C a l  S ta r t an d  u n t i l  t Z Q C A L  fi ni s h e s ,  ne i t h e r an o th e r  Z Q C a l  S ta rt n o r a Z Q C al  L at c h  i s  al l o w e d .  

To  us e  t h e  Z Q  c a l i b rat i o n  fu n c t i o n ,  a 2 4 0  Ω  ±  1 %  t o l e ran c e  e x te rn a l  re s i s t o r  mu s t  b e  c o n n e c te d b e t w e e n  t h e  Z Q  p i n  

an d  V S S .  

3 . 3 . 7 L a t e n c y E q u a l i z a t i o n  S u p p o r t

3 D  S t ac ke d  S D RA M s  h a ve  a hi g h e r C A S  l at e n c y  th a n mo n o l i th i c  d e v i c e s .  F o r gre at e r  p l at fo rm  fl e x i b i l i ty,  i t i s  h i gh l y  

d e s i rab l e  to  m i x  D I M M s  w i th  b o t h  3 D S  an d  mo n o  S D RA M s  o n  t he  s ame  D D R5  c h an n e l .  S i nc e  me mo r y  c o n t ro l l e rs  

ty p i c a l l y  c a n o n l y h a n dl e  de v i c e s  w i t h e q u al  C A S  l a te n c i e s  i n  th e  s am e  c h an n e l ,  i t i s  re q u i re d th a t t h e  D D R5  re g i s te r 

h as  a me c h an i s m to  i n c re as e  t h e  C A S  l at e n c y o f mo n o  S D RA M s  to  ma tc h th e  C A S  l a te n c y  o f 3 D S  S D RA M s .  

H o w e v e r,  th i s  m e c ha n i s m  o n l y  e q u al i z e s  t he  D RA M  l a te n c i e s ,  n o t th e  t o ta l  D I M M  l at e n c i e s .  H e n c e ,  th i s  D D R5  

re g i s te r me c h a n i s m  d o e s  n o t b y  i t s e l f a l l o w  m i x i ng  D D R5  RD I M M s  a n d L RD I M M s  i n  t h e  s am e  c h an n e l .

To  e q ua l i z e  d i ffe re n t  S D RA M  l at e n c i e s ,  t h e  D D R5  re gi s t e r  s u p p o rts  a p ro gra mm ab l e  l at e n c y ad d e r o f 0  n C K,  1  nC K,  

2  n C K,  3  n C K o r 4  n C K fo r a l l  D RA M  c o mm an d s — s e e  c o nc e p t u al  d i a g ram  i n F i gu re  3 .  T h e  p o w e r- u p  de fa u l t  i s  

0  n C K l at e n c y ad de r.

F ig u re  3  — L a t e n c y  E q u a l i z e r  D e la y s

Wi t h a l a te n c y  a d d e r e n ab l e d,  th e  D D R5  re g i s t e r w i l l  de l a y  a s s e rt i o n  o f th e  Q x C S y _N _n  an d  Q x C Ay _N  o u tp u t s  b y  

th e  c o rr e s p o n d i ng  n um b e r o f c l o c k c yc l e s .  T he  o u t p u t  t i m i n g  i s  de t e rmi n e d  b y  t h e  C o m ma nd  L a te n c y  A d d e r c o n tro l  

w o rd RW 1 1  re g a rdl e s s  o f w h e th e r t he  de vi c e  h a s  p a ri t y c h e c ki ng  e n ab l e d  o r di s a b l e d.

REG

REG REG REGREG

0  t C K  a d d e r

1  t C K  a d d e r

2  t C K  a d d e r

3  t C K  a d d e r

4  t C K  a d d e r

INPUT

OUTPUT
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3 . 3 . 8 O u t p u t  D e l a y  C o n t ro l

T h e  RC D  s u p p o rt s  o u t p ut  d e l a y  c o n t ro l  fo r o u t p u t  s i g n al  g ro up s  d e fi ne d a nd l o c at e d  i n  RW1 2  t o  RW 1 E .  T h e  o u tp u t  

d e l ay  s e t ti n gs  a re  i n c re me n t al  C K fra c t i o n s  o f 1 /6 4  t C K.  E ac h  s i g n al  g ro up  c a n b e  e n ab l e d  o r di s a b l e  i nd e p e n d e n t l y  

th ro u gh  RC D  C o n t ro l  Wo rds .  T h e  H o s t mu s t  w a i t  t O D U  a fte r t h e  O u t p u t D e l ay  C o n tro l  Wo rd  h a s  b e e n  w ri tt e n  to  a  

s i gn a l  gro u p  b e fo re  t he  o u t p u t  b e c o me s  s t a b l e .  T h e  o ut p u t de l a y  fe at ure  c o nt ro l l e d  b y  RW1 2  t o  RW1 E  i s  n o t 

s u p p o rt e d w h e n  t he  RC D  i s  c o n fi g u re d  i n  Te s t F re qu e n c y mo d e  ( B a n d 2 ,  RW0 5 [ 7 ]  =  1 )  o r i n  P L L b y p a s s  mo de  

( RW0 5 [ 3 : 0 ]  =  1 1 1 1 ) .

3 . 3 . 9 P o w e r  D o w n  O p e r at io n

D D R5  d o e s  no t  h a ve  a  s e p ara te  C KE  s i gn a l  g o i n g  t o  th e  D I M M  o r th e  D RA M s .  P o w e r D o w n E n t ry,  i n c l u di n g  S e l f 

Re fre s h ,  i s  s i g n al e d  v i a a  s i n g l e  U I  c o m ma nd .  F o l l o w i n g  t he  P o w e r  D o w n  E n t ry  c o mm an d ,  t h e  C S  s i g na l  e ffe c t i v e l y  

b e c o m e s  th e  e q ui v al e n t  o f t h e  C KE  s i g n al .  A n  i n ac ti v e  C S  ke e p s  t h e  D RA M  d e v i c e s  i n  t h e  P o w e r  D o w n  s ta te .  C S  

g o i n g  ac t i v e  w i l l  t ake  th e  D RA M s  o u t  o f t he  P o w e r D o w n  s t at e .  A N O P  c o mm an d  i s  p l ac e d  o n  t h e  C A b u s  al o n g  w i t h 

C S  go i n g a c t i v e  s o  t h at  n o  c o mma n d s  ar e  e x e c ut e d  b y  th e  D RA M  d e vi c e s .  D RA M s  c an  b e  p u t i n  P o w e r D o w n  m o de  

w i t h  o r w i t ho u t  n o n- t arge t O D T  c o n t ro l ,  s e e  C h a p t e r 4 .

3 . 3 . 1 0 V H o s t  M o d e

T h e  Vi rtu a l  H o s t m o d e  o r “ V H o s t  mo d e ”  a l l o w s  a  s e q u e n c e  o f c o m ma n ds  to  b e  s e n t  o n  th e  D RA M  i n t e rfac e  w i t h o u t  

re c e i v i n g  c o m ma n ds  v i a  t h e  h o s t i n t e rfac e .  C o mm an ds  t o  b e  s e nt  o n  th e  D RA M  i n te rfac e  a re  p ro g r am me d  b y  w ri ti n g 

RC D  c o n tro l  w o rd s .  T h e  i n t e n t i o n  i s  t o  o p e ra te  t hi s  RC D  fe at u r e  v i a S i d e b a n d B u s  i n  a  t e s t  e n vi r o n me n t .  V H o s t  mo de  

i s  n o t i n t e n d e d  fo r n o rma l  o p e rat i o n .  A s e q u e nc e  o f c o m ma nd s  i s  p ro gra mme d  i n to  t h e  RC D ,  t h e n  e x e c ut e d  b y 

w ri t i n g  a  S TA RT  M RW b i t .

Vi r tu a l  ho s t m o d e  h a s  t h e  fo l l o w i n g  fe a tu re s :

• U p  t o  4  c o m ma n ds  ma y  b e  p r o g r a mme d .

• E a c h  c o mm an d  ma y  b e  a 1  o r 2  U I  c o mm an d .

• C o n t ro l  w o rd s  s p e c i fy  t h e  c o mp l e t e  C A [ 1 3 : 0 ]  b us  an d th e  tw o  c h i p  s e l e c t s  fo r e ac h  U I  o f t h e  c o mm an d s .

• T h e re  i s  a  p ro g ramm ab l e  nu m b e r o f c l o c ks  b e tw e e n  c o mm an d s ,  p r o g ram me d s e p a rat e l y  fo r t h e  s p a c i n g  

b e t w e e n  e a c h  c o mm an d .

• C o m ma nd  s p ac i n g  c an  b e  2 ,  4 ,  8 ,  1 6 ,  6 4 ,  2 5 6 ,  o r  1 0 2 4  c l o c k.

• F o l l o w i n g  t h e  l a s t  c o m ma nd ,  t he  s e q u e n c e  m ay  th e n  o p t i o n a l l y  re p e at  s t art i n g  a t  c o m ma nd  0 ,  1 ,  2 ,  o r 3 .

• S h o rt e r s e q u e nc e s  c an  b e  s u p p o r t e d b y  p ro g ram mi n g D e s e l e c ts  ( ne i th e r c h i p  s e l e c t  a c t i v e )  fo r s o me  o f t h e  

c o mm an ds .

• N o n- t arge t t e r mi n at i o n  c a n b e  s i gn a l e d  b y  p ro g r amm i n g  th e  c hi p  s e l e c t to  b e  ac ti ve  fo r  b o t h  U I  o f a c o m ma nd  

th a t s u p p o rt s  n o n - ta rg e t  t e rmi n at i o n .

E a c h  c o mm an d  i s  p ro g ra mme d  u s i n g  fo u r 8 - b i t  c o n tro l  w o rd s ,  to  s p e c i fy  th e  s t a te  i f C A [ 1 3 : 0 ] ,  C S 0 _n  an d  C S 1 _n  fo r 

e a c h  o f t h e  2  U I .  F o r a 1 U I  c o m man d ,  th e  2 n d  U I  i s  p r o g ramm e d  as  a D e s e l e c t ,  w i t h  b o th  c h i p  s e l e c ts  i n a c t i v e .  N o t e  

th a t tw o  b a c k to  b a c k o n e  U I  c o mma n d s  c an  b e  p ro gra mm e d i n s t e ad  o f a 2 U I  c o m man d ,  b u t th e s e  w i l l  al w ay s  b e  

b ac k to  b a c k,  w i th  no  p ro g r am ma b l e  s p ac i n g .

T h e re  a re  fo u r  t h re e - b i t d e l ay  fi e l d s  t o  s p e c i fy th e  d e l a y b e t w e e n  c o m ma nd s  0  a nd  1 ,  c o mma n d s  1  a n d  2 ,  c o mm an d s  

2  an d  3 ,  a n d c o mm an d  3  to  s ta r t o f th e  re p e at  s e q ue n c e .

F o l l o w i n g  t h e  e x e c u ti o n  o f c o m ma n d 3 ,  t h e  s e qu e nc e  w i l l  o p ti o na l l y  re p e a t.  T he  s e qu e n c e  c an  re p e a t s t arti n g  a t an y  

c o mm an d ( 0  th ro ug h  3 )  an d  w i l l  c o nt i nu e  a g ai n th ro u g h c o mm an d  3 .

1 6  c o n t ro l  w o rd s  s p e c i fy  t he  fo u r c o m ma n ds  ( 4  re gi s t e rs  e a c h ) .  Tw o  re g i s te rs  s p e c i fy th e  g a p  b e t w e e n  c o m ma nd s .  

O n e  re g i s te r s p e c i fi e s  t he  c o mma n d  t o  re p e a t  fro m  a n d e n a b l e s  re p e at i n g .  O n e  re g i s te r c o n t ai n s  a  s t art  b i t fo r e a c h  

c h a nn e l .  Wri t i n g  a  1  t o  a s t ar t  b i t b e gi n s  t h e  s e q u e n c e  o n  t ha t c h an n e l .  Wri t i n g  a  0  s t o p s  th e  s e q u e nc e .  T he  s e q ue n c e r 
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i s  c o m mo n  t o  t he  t w o  c ha n n e l s ,  s o  t he  s e q u e n c e  c an n o t b e  s ta rte d  o n  t he  t w o  c h an n e l s  a t d i ffe r e n t  t i me s .  T h e  

c o mm an ds  o p e ra t e  i n  e i t he r 1 N  o r 2 N  m o de  a s  s p e c i fi e d b y th e  e x i s ti n g  1 N /2 N  mo d e  b i t.  V H o s t C o mm an d s  a re  s e n t  

ac ro s s  t he  B C O M  b u s  t o  th e  d at a b uffe rs .  V H o s t  i s  n o t s up p o rte d  d u ri n g  S RE / P D E /I n i t i al i z at i o n  o r w h e n an y  t ra i ni n g  

mo de  i s  e n a b l e d.  T h e  c o mm an d s  p ro c e s s e d  b y  t h e  V H o s t l o g i c  are  n o t i n te rp re t e d  b y  t h e  RC D .  F o r e x am p l e ,  i f t h e  

p ro g ram me d  c o mm an d s  i n c l u d e  P D E  o r S RE ,  th o s e  c o m ma nd s  w i l l  b e  s e n t t o  t he  D RA M s  b u t  th e y  w i l l  no t  c au s e  th e  

RC D  to  p o w e r  do w n .  V H o s t s e tt i n g s  c a n- n o t b e  mo d i fi e d w h i l e  t h e  V H o s t  s t at e  ma c h i ne  i s  ru n n i n g .  T he  RC D  w i l l  

au t o  s t o p  a ft e r c md 3  e x e c ut e s  i f re p e at  i s  n o t e n a b l e d.  RS T,  D C K s i g n al s  mu s t  b e  a p p l i e d  o n  th e  h o s t  i n te rfa c e  du ri ng  

V H o s t mo d e .

3 . 3 . 1 0 . 1    V H o s t  L o c ko u t  m o d e

Wh e n  th e  RC D  re c e i v e s  an  I n - b an d  M RW t o  RW 0 1  th e  RC D  w i l l  L o c ko ut  t h e  V H o s t  mo d e  u n ti l  th e  n e x t  D RS T _n 

as s e r t i o n .  S M B us  s i d e b an d  w ri t e  t o  RW0 1  w i l l  n o t  t ri g g e r t h e  l o c ko u t  me c h a n i s m .  

S u p p l i e rs  mu s t  g u ar an t e e  a  p e r m an e n t  l o c k o u t  w i th  a fu s e  o p ti o n .

3 . 3 . 1 1 Tr a n s p a re n t  M o d e

T h e  D D R5 RC D 0 1  s up p o rts  a tr a n s p are n t  m o d e  fe at ur e  o f t h e  da t a b u ffe r th a t e n ab l e s  t e s t i n g  o f L RD I M M s .  T h e  

RC D  w i l l  d i s ab l e  p a r i t y  c h e c ki ng  au t o m at i c al l y w h e n  t h i s  mo d e  i s  e n te re d .

To  e n te r t r an s p are n t mo d e ,  t he  h o s t  fi rs t s e n d s  an  M RW c o mm an d w i t h RW 8 2 [ 0 ]  =  1  t o  e n ab l e  t ran s p a re n t mo d e  i n  

th e  D D R5 D B 0 1 .  T h e n  i t  s e nd s  an  M RW  c o m ma n d w i t h  RW0 0 [ 7 ]  =  1  to  e n ab l e  tra ns p a re n t  m o d e  i n th e  RC D .

W h i l e  i n  tra ns p a re n t  m o d e ,  t h e  D D R5 D B 0 1  d o e s  n o t i n te r p re t B C S _n  a n d B C O M  c o m man d s .  F o r B C S _n  i n p ut  v al u e  

o f “ 1 ”  a nd  B C O M [ 2 : 0 ]  i n p u t v al ue s  o f “ 1 1 1 ” ,  i t  d i re c ts  th e  d at a fl o w  fro m  h o s t i n t e rfa c e  t o  D RA M  i nt e rfa c e .  F o r 

B C S _n  i n p u t va l u e  o f “ 1 ”  a n d  B C O M [ 2 : 0 ]  i np u t  v al u e s  o f “ 0 0 0 ” ,  i t di re c t s  t h e  da ta  fl o w  fro m D RA M  i n t e rfa c e  t o  

h o s t i n t e rfac e .  A n y  o th e r i n p u t  v al u e s  o f B C S _n  an d  B C O M [ 2 : 0 ]  a re  i n v al i d .

Wh i l e  i n tra n s p are n t  m o de ,  th e  RC D  d ri v e s  B C S _n s t at i c al l y  to  “ 1 ”  an d  B C O M [ 2 : 0 ]  s t a ti c a l l y  t o  “ 1 1 1 ”  (D E S )  w he n  

th e  D PA R i n p u t i s  L O W,  an d  B C S _n  t o  “ 1 ”  a nd  B C O M [ 2 : 0 ]  to  “ 0 0 0 ”  w h e n  t he  D PA R i n p u t  i s  H I G H .  A l l  o u t p u t  

s i gn a l s  i n  th e  RC D ,  o t h e r t h an  B C S _n  a n d B C O M [ 2 : 0 ] ,  c o nt i nu e  w o rki n g  a s  t h e y  do  i n  t h e  n o r m al  m o d e  o f 

o p e rat i o n .  I n  o th e r w o rd s ,  al l  th e  RC D  fe a tu r e s  a n d fun c ti o n s  n o t d i re c t l y  re l a te d  t o  D PA R,  B C S _n an d  B C O M [ 2 : 0 ]  

re m ai n o p e rat i o n a l  i n  t ran s p are n t mo d e .  I n  ad di ti o n,  a l l  t h e  c l o c k fre qu e n c i e s  a n d P L L o p e rat i o n al  m o de s  a v ai l a b l e  i n 

l o w - s p e e d  t e s t mo de  an d  n o rmal  o p e ra t i o n  m o de  w i l l  b e  s u p p o rt e d  i n  tran s p a re n t  mo d e .  I n p u t D PA R_A c o n t ro l s  

o ut p u ts  B C O M [ 2 : 0 ] _A a n d  i np u t  D PA R_B  c o nt ro l s  o u tp u ts  B C O M [ 2 : 0 ] _B ,  c o r re s p o n d i ng l y.

To  e x i t  t ran s p a re n t mo d e ,  t h e  ho s t  s e n d s  a n  M RW c o mm an d  w i th  RW0 0 [ 7 ]  =  0  t o  e x i t RC D  tra n s p are nt  m o de  

fo l l o w i n g  b y  i s s u i ng  a D at a B u ffe r r e s e t  c o m ma nd  vi a  RW 0 4  to  e x i t  D D R5 D B 0 1  t ran s p are n t mo d e .

3 . 3 . 1 2 C A Va li d at io n  P a s s - T h ro u g h  M o d e

To  fa c i l i t at e  D RA M  o r RC D  v al i da ti o n  t h e  RC D  w i l l  b e  re q ui re d  to  s up p o rt a va l i d at i o n  p a s s - t h ro u g h  m o de .  I n  th i s  

mo de ,  t h e  D C A s i g n al s  are  p as s e d t h ro u g h  t o  Q C A ,  re g ard l e s s  o f D C S  as s e rti o n .  I n  th i s  mo d e ,  t h e  D C S 0 _n  an d  

D C S 1 _n  s i g n a l s  are  p as s e d  t h ro ug h  t o  Q C S 0 _n  a nd  Q C S 1 _n  re s p e c ti v e l y,  r e g a rd l e s s  o f D C A s i g n al  s t at e .  P a r i t y  

c h e c ki n g  m us t b e  di s a b l e d p ri o r to  a nd  d u ri n g  v al i d a ti o n  p as s - t h r o u g h  mo de .  Val i da ti o n p a s s - t h ro u g h  mo d e  i s  e n te re d  

w h e n  RW0 7 [ 4 ] = 1 .  Wh e n  RW0 7 [ 5 ] = 1  i n  C A Val i d a ti o n  P a s s - th ro u g h mo de ,  a l l  M RW w h i c h  w ri t e  t o  th e  RC D  a re  

b l o c ke d  a nd  fu rt h e r c o nfi g u ra ti o n  i s  e x p e c t e d  v i a  t he  S M B u s .  T h i s  S M B u s  i s  n o t  re q u i re d  t o  b e  d ri v e n  b y  th e  

c o n tro l l e r.
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F i g u r e  4  — Va li d a t io n  P a s s - T h ro u g h  M o d e  -  D D R

F i g u r e  5  — Va l id a t i o n  P a s s - T h r o u g h  M o d e  -  S D R1

S i m i l a r to  C A P as s - T h ro u g h  M o d e  d e s c ri b e d  i n  S e c ti o n  5 . 2 . 3 ,  w h e n Val i d at i o n  P as s - T h ro ug h  M o d e  i s  e na b l e d  i n  

S D R M o d e ,  t h e  D PA R s i g n al  w i l l  b e  u s e d to  i n d i c at e  1 s t U I  Q C A [ 6 : 0 ]  ( D PA R  =  L O W)  a n d  2 nd  U I  Q C A [ 1 3 : 7 ]  

( D PA R  =  H I G H ) .

3 . 3 . 1 3 D RA M  I n t e r fa c e  a n d  D a t a  B u ffe r I n t e r fa c e  Tr ai n in g  S u p p o r t

I n o rde r  fo r t h e  H o s t t o  t rai n  t he  D RA M  an d D a ta  B u ffe r i n t e rfac e s ,  t h e  RC D  w i l l  s u p p o rt  t w o  P a s s  T h ro u gh  mo de s :  

C A P as s - T h ro ug h  m o d e ,  d e s c ri b e d i n  S e c ti o n  5 . 2 . 3 ,  a nd  B C O M  P as s - T h r o ug h  m o d e ,  d e s c r i b e d i n  S e c ti o n  5 . 2 . 5 .

3 . 4 C o m m a n d  A d d re s s  B u s

T h e  D D R5 RC D 0 1  c an  s u p p o rt  t w o  dat a rat e s  o n  t he  H o s t  C o mm an d A d d re s s  s i g n al s .  T he  fi rs t s e tt i n g  i s  D o ub l e  D at a 

Rat e  (D D R)  o n  th e  D C A w i th  1 N  ti mi n g  o n  t he  Q C A .  T h e  s e c o nd  i s  S i ng l e  D at a Rat e  ( S D R)  o n D C A w i th  2 N  ti mi n g 

o n th e  Q C A t o  t he  D RA M  i n t e rfac e .  C h i p  S e l e c t i s  S D R fo r  b o t h s e t t i n g s  o n  D C A an d Q C A .  

Ta b le  7  —  C o m m a n d  A d d r e s s  Ra t e s

RW0 0 [ 1 : 0 ] D C A Q C A

0 0 S D R1 2 N  ti m i n g ( e x tra  s e t up  ti m e )

0 1 D D R 1 N  ti m i ng

1 0 S D R2 2 N  ti m i n g  ( e x tra  h o l d ti m e )

0 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

D C K

D C S 0 _n

D C S 1 _n

D C A [ 6 : 0 ] 0 a 0 b 1 a 1 b 2 a 2 b 3 a 3 b 4 a 4 b 5 a 5 b

D PAR

Q C K

Q C S 0 _n

Q C S 1 _n

Q C A[ 1 3 : 0 ] 0 1 2 3 4 5

t P D Ma b

D
 I

n
Q

 O
u

t

0 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

D C K

D C S 0 _n

D C S 1 _n

D C A [ 6 : 0 ] 0 a 0 b 1 a 1 b

D PA R

Q C K

Q C S 0 _n

Q C S 1 _n

Q C A[ 1 3 : 0 ] 0 1
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3 . 4 . 1 D o u b le  D a t a  Ra t e  D C A

T h e  D D R5  RC D  w i l l  s u p p o rt  D D R ( D o u b l e  D at a Ra te )  o n  t he  h o s t - i n t e r fac e  D C A s i g n al s .  T h e  h o s t - i n t e rfac e  C A b u s  

i s  7  b i ts ,  p l u s  p a ri t y.  T h e  D RA M - i n te r fa c e  C A b u s  re ma i n s  S D R ( S i n g l e  D at a Ra te )  an d i s  1 4  b i ts  a n d w i t h o ut  p ari ty.  

T h e  RC D  w i l l  e xp a n d th e  i n c o mi n g  h o s t- i n te rfa c e  7 - b i t  D C A b u s  to  1 4  b i t s  o n  t h e  D RA M  i n t e rfa c e .  Tab l e  8  s h o w s  

th e  ma p p i n g  o f t h e  i n c o m i n g  D C A b i ts  t o  th e  o u tp u t  Q C A .  T h e  C h i p  S e l e c ts  re m ai n  S D R o n  b o t h  t he  h o s t - i n t e rfac e  

an d  D RA M  i n t e rfac e .  T h e  tw o  c h an n e l  D D R5 RC D  h as  s i x  C A p o rts ,  t w o  D C A i np u t  p o rts  an d fo u r Q C A o u tp u t  

p o rt s  a s  s h o w n  i n  F i g u re  6 .  

F i g u re  6  — RC D  D C A a n d  Q C A P o r t s

T h e  fo l l o w i n g  t i m i n g  d i ag ra ms  i n  F i g u r e s  7 ,  8  an d  9 ,  s h o w  t h e  t i mi ng  re l at i o n s h i p  fro m  t he  D n  i n p u ts  to  th e  Q n  

o ut p u ts  fo r a 1 U I  c o m man d ,  a 2 U I  c o m ma nd,  a nd  mu l t i p l e  c o m man d s .  

Ta b l e  8  — D D R C A M a p p i n g  D C A t o  Q C A 

U I D C A 0 D C A 1 D C A 2 D C A 3 D C A 4 D C A 5 D C A 6

0 Q C A 0 Q C A 1 Q C A 2 Q C A 3 Q C A 4 Q C A 5 Q C A 6

1 Q C A 7 Q C A 8 Q C A 9 Q C A 1 0 Q C A 1 1 Q C A 1 2 Q C A 1 3

RCD
QACA[13:0]_B

QBCA[13:0]_B

DCA[6:0]_BDCA[6:0]_A

QACA[13:0]_A

QBCA[13:0]_A
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N O T E    Ti mi n g D i ag ram  fo r 0  n C K c o mma n d  l at e n c y  ad d e r.

F i g u r e  7  — O n e  U I  D RA M  C o m m a n d  T i m i n g  D ia g r a m

N O T E    Ti mi n g D i ag ram  fo r 0  n C K c o mma n d  l at e n c y  ad d e r.

F i g u r e  8  — Tw o  U I  D RA M  C o m m a n d  T i m i n g  D ia g r a m

DCK_t

DCK_c

t0 t2t 1 t3 t4 t5 t6 t7 t8

t0 t2t 1 t3 t4 t5 t6 t7 t8

t9

DCS_n

DCA[6:0]

QCS_n

QCA[1 3:0]

t PDM

DPAR

QCK_t

QCK_c

0a 0b

Pa Pb

0

DCK_t

DCK_c

t0 t2t 1 t3 t4 t5 t6 t7 t8

t0 t2t 1 t3 t4 t5 t6 t7 t8

t9

DCS_n

DCA[6:0]

QCS_n

QCA[1 3:0]

t PDM

DPAR

QCK_t

QCK_c

0a 0b

Pa Pb

1 a 1 b

Pa Pb

0 1

Full document details: JEDEC JESD82-511-2021

http://www.avadocuments.com/doc/jedec-jesd82-511-2021
http://www.avadocuments.com/doc/jedec-jesd82-511-2021


JE D E C  S tan dard N o .  8 2 - 5 1 1

P ag e  1 6

N O T E    Ti mi n g D i ag ram  fo r 0  n C K c o mma n d  l at e n c y  ad d e r.

F i g u r e  9  — D D R C A M u l t i - C o m m an d  T im in g  D i a g r a m  E x a m p l e

T h e  D C S _n  s i g n al  i s  S D R an d  i s  s am p l e d  b y  t h e  RC D  o n  th e  ri s i n g e dg e  o f D C K.  S e e  S e c ti o n 1 3 . 1 1  o n  p a g e  2 1 3  fo r  

d e t ai l s  o n  D C S  i n p ut  r e c e i v e r e l e c t ri c a l  an d  ti mi ng  p aram e t e rs .  T h e  D D R5 RC D  m u s t ma i n t ai n  o u tp u t ti mi n g s  t o  t he  

D RA M  a nd  c o mp l y  w i th  t h e  o ut p u t to l e ran c e  s ke w  p a ram e t e r tQ S K a s  s h o w n  i n  F i g u re  1 0 .

F i g u r e  1 0  — Q n  O u t p u t  S ke w

N O T E    F o r F i g u r e  1 0  o u t p ut s  as  s p e c i fi e d  i n  Tab l e  1 9 1 ,  “ O u t p ut  t i mi ng  re q u i r e me n t s ”  F o o tn o t e  6 .

D C K _t
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3 . 4 . 2 S i n g l e  D a t a  Ra t e  D C A

T h e  D D R5 RC D 0 1  w i l l  s up p o rt S D R ( S i n gl e  D at a Rat e )  o n  t h e  ho s t - i n t e rfa c e  D C A s i g na l s .  I n  t h i s  c a s e ,  t h e  RC D  w i l l  

ap p l y  2 N  t i m i n g  t o  t he  D RA M  i n t e rfac e  s i gn a l s .  T h i s  al l o w s  m o re  s e tu p  o r  mo re  ho l d t i m e  o n  th e  Q C A b us .  T h i s  

mo de  i s  e n a b l e d w h e n  RW0 0 [ 0 ]  =  0 .  D D R5  ha s  d e fi n e d tw o - c yc l e  c o mm an d s  t h at  re qu i re  t h e  RC D  to  c a p t u re  th e  

c o mm an ds  di ffe re n tl y  b e t w e e n  D D R an d  S D R m o d e s .  I n  b o th  mo d e s ,  t h e  fi rs t  h al f o f t h e  c o mm an d  i s  s a mp l e d  o n  th e  

ri s i n g  e dg e  o f c l o c k w h e n  t h e  c h i p  s e l e c t  i s  a c t i v e .  I n  S D R mo de ,  t h e  s e c o n d h al f o f t he  c o mma n d  i s  s a mp l e d  o n  t h e  

n e x t ri s i n g  c l o c k e d g e .  N o n - ta rg e t  O D T  s i g n al i ng  ( th ro ug h  c h i p  s e l e c t i n p u ts )  i s  a l s o  de l ay e d b y  a c l o c k i n  S D R 

mo de .  F o r a p p l i c a ti o ns  t ha t  re qu i re  S D R o n th e  H o s t  i n te rfa c e  b u t d o  n o t ne e d  e x tr a  s e t up  ti me  o n  t he  D RA M  

i n t e rfac e ,  Q C S  p u l s e s  c an  b e  p u l l e d e a rl i e r b y  o n e  c l o c k c y c l e  b y  s e tt i n g  RW0 0 [ 1 ]  =  1 .  

T h e  Q C A w i l l  fo l l o w  t h e  D RA M  s p e c i fi c a t i o n  fo r 2 N  m o d e .

F i g u r e  1 1  — S D R1  m o d e  e x a m p l e  o f D R A M  W R C o m m a n d  w i t h  RW0 0 [ 1 ]  =  0
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F i g u re  1 2  — S D R2  M o d e  e x a m p l e  o f D RA M  W R C o m m a n d  w i t h  RW 0 0 [ 1 ]  =  1

3 . 4 . 3 S D R t o  D D R  Tr an s it io n

T h i s  m o d e  w i l l  b e  s e t th ro u g h S M B u s  d u ri n g  i n i t i a l i z at i o n  b e tw e e n  t S TA B 0 1  a n d tS TA B 0 2 ,  o r a ft e r tS TA B 0 1  fo l l o w i n g  

E x i t fro m  S e l f Re fre s h  M o d e  w i th  C l o c k S t o p  ( s e e  S e c ti o n  4 . 2 . 2  o n  p ag e  3 6 ) .  T h e re  i s  n o  t ran s i ti o n d uri n g  n o rm al  

o p e rat i o n .  Tran s i t i o n s  fo r  S D R to  D D R o r S D R1  t o  S D R2  o c c u r p ri o r  to  H o s t I n t e rfa c e  Tra i n i ng .

3 . 5 P a r i t y

T h e  P a ri t y fu nc ti o n  i n D D R5  d i ffe r s  fro m D D R4  i n  s e v e ral  w a ys

• T h e  p ar i ty  s i g n al  i s  re c e i ve d  o n  t h e  s am e  c y c l e  as  th e  c o m ma n d/ ad d re s s  b i ts  r at h e r t h an  o n e  c yc l e  l at e r.

• 2 U I  D RA M  c o mm an ds  re q u i re  a d i ffe r e n t p ro to c o l  t o  b l o c k c o m ma nd s  w h e n  th e  p a ri t y  e rro r i s  o n  t he  2 n d U I .

• N o  p ari ty  s i g n a l  i s  s e n t  o n  t o  t h e  D RA M s .

T h e  c o n v e n t i o n  o f p a ri t y  i s  e v e n  p a ri t y ac ro s s  t h e  D C A _N [ 6 : 0 ]  an d  D PA R_N  s i g na l s .  T h e  P a ri t y i s  c h e c ke d 

s e p a r at e l y  p e r U I  o n  t he  D C A b u s .

P ari ty  i s  c h e c ke d s e p a r at e l y  o n  t he  t w o  s u b  c h an n e l s .  A p ari ty  e rro r o n o ne  s ub  c h an n e l  do e s  n o t  affe c t  t h e  o p e r at i o n  

o f th e  o t he r s u b  c h an n e l .

Wh e n  D D R C o mma n d A dd re s s  Ra te  i s  s e l e c te d ,  RW0 0 [ 0 ]  =  1 ,  A L E RT _n w i l l  b e  as s e r t e d t h re e  i np u t  c l o c ks  aft e r  

ri s i n g  e dg e  o f fi rs t U I  o f D C A i n  w h i c h  t h e  e rro ne o us  c o m ma n d i s  re g i s te re d .

I n S D R m o d e ,  RW0 0 [ 0 ]  =  0 ,  A L E RT _n  w i l l  b e  as s e r t e d th re e  i n p u t  c l o c ks  a ft e r  th e  ri s i n g  e d ge  c o r re s p o n di n g  t o  th e  

s e c o n d h al f o f t he  e rro n e o us  c o m ma nd .  T h i s  i s  t he  c as e  re g ard l e s s  o f th e  e rro r b e i n g  i n  t h e  fi r s t,  s e c o n d  o r b o t h  

h al ve s .

I f p ari ty  c h e c ki n g  i s  d i s ab l e d,  t h e  re g i s te r fo rw a rd s  s a mp l e d  c o m ma n ds  to  th e  o ut p u ts  u nc o ndi ti o n al l y,  t h e  c o mma n d  

ap p e a rs  o n  t h e  o ut p u ts  r e g ard l e s s  o f w h e th e r a p a ri t y  e r ro r o c c u rr e d  o r no t .

F o r  s i n gl e  an d  2  U I  D RA M  c o mm an ds ,  i f p a ri t y  c he c ki n g i s  e na b l e d an d th e re  i s  n o  p a ri t y  e r ro r,  t he  re g i s t e r  w i l l  

fo r w a rd  t he  s a mp l e d  c o mm an d s  t o  t h e  o u t p ut s .
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3 . 5 . 1 S i n g l e  U I  D RA M  c o m m a n d s  w i t h  P a r it y E n a b l e d

F o r  s i n gl e  U I  D RA M  c o mm an d s ,  i f p a r i t y  c h e c ki ng  i s  e n a b l e d  an d  a  p ari ty  e rro r i s  de t e c te d  o n  e i t h e r U I  o f th e  D C A 

b us ,  t h e  re g i s te r w i l l  fo rw ard  t h e  c o mm an d  o n  Q C A b u s  b ut  w i l l  no t  a s s e rt a n y  c hi p  s e l e c t  t o  o u tp u t .

F i g u r e  1 3  — 1  U I  D RA M  C o m m an d  w i t h  p a r i t y  c h e c k in g  e n a b l e d  a n d  C L A =  0

F i g u re  1 4  — S D R m o d e  1  U I  D RA M  c o m m a n d  w i t h  p a r it y  c h e c k i n g  e n a b le d  a n d  C L A =  0
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3 . 5 . 2 2 U I  D RA M  c o m m a n d s  w i t h  P a r i t y  E n a b l e d

F o r  2 U I  D RA M  c o mm an d s ,  i f p a ri t y  c h e c ki n g  i s  e na b l e d  a nd  a p a ri t y  e rro r i s  de t e c te d o n e i t he r U I  o f th e  D C A b u s  

fo r  t h e  1 s t U I  o f th e  D RA M  c o mma n d  t h e  re g i s t e r w i l l  fo rw ard  th e  c o mm an d  o n  t he  Q C A b u t w i l l  n o t  as s e rt  a n y  c h i p  

s e l e c t  o u tp u t as  s h o w n  i n  F i gu re  1 5 .

F i g u r e  1 5  — E r ro r  i n  1 s t  U I  o f 2  U I  D RA M  C o m m a n d  w i t h  p a r i t y  c h e c ki n g  e n a b l e d
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F i g u r e  1 6  — S D R m o d e  e r ro r  i n  1 s t  U I  o f 2  U I  D RA M  c o m m a n d  w it h  p a r i t y  c h e c ki n g e n a b l e d

F o r  2 U I  D RA M  c o mm an d s ,  i f th e  p ari ty  e rro r o c c urs  i n e i th e r U I  o f t h e  D C A b us  fo r  t he  2 n d U I  o f t h e  D RA M  

c o mm an d a n d  t he  1 s t h ad  c o rre c t  p a ri t y,  th e  c o m man d w i l l  h av e  al r e a d y b e e n s e n t  t o  t h e  D RA M s .  I n  t h i s  c as e  t h e  

c o mm an d i t s e l f w i l l  b e  kn o w n to  b e  c o r re c t ,  b ut  t h e  ad d i t i o n a l  ad dr e s s  i nfo rma ti o n  c o n t ai n e d  i n  t h e  2 n d U I  w i l l  b e  

i n c o rre c t .  I n  o r de r t o  p r e ve n t t h e  c o mm an d fro m  b e i n g e x e c u te d b y  t h e  D RA M  t h e  RC D  w i l l  as s e rt  th e  c h i p  s e l e c t i n  

th e  2 n d U I  al s o  fo r a l l  ra n ks  w h i c h  re c e i v e d a c h i p  s e l e c t  i n th e  1 s t  U I  as  s h o w n i n  F i g u re  1 7 .

F o r  RD ,  WR,  an d  M RR c o mm an d s  t h i s  w i l l  c o n v e r t  t h e  c o mm an d  t o  a  n o n - t arge t te rmi n at i o n  e n c o d i n g .  A l l  ran ks  

re c e i v i ng  t h e  c h i p  s e l e c t w i l l  t e r mi n at e  fo r th i s  c o mma n d ,  b u t  n o  ran k w i l l  e x e c u te  t h e  c o mm an d .

T h e  o n l y  o t h e r 2  U I  D RA M  c o mma n d s  a re  t h e  A c t i v at e ,  M RW,  a nd Wri t e  P at te rn  c o m ma nd s .  A D RA M  s e e i n g  t h e  

c h i p  s e l e c t  ac ti v e  fo r b o th  U I  o f an  A c t i va te  o r Wri t e  P at t e r n  c o m ma nd  w i l l  i g n o re  t h e  c o mma n d.  N o t e  t h at  an  M RW 

c o mm an d w i l l  no t  u s e  t h e  d a ta  b u s .  T he  D RA M  w i l l  n o t e x e c u te  t h e  M RW c o m ma nd  i f t h e  c h i p  s e l e c t  i s  a s s e rte d i n  

b o t h  U I .
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F i g u r e  1 7  — E r ro r  i n  2 n d  U I  o f 2  U I  D RA M  C o m m a n d  w it h  p a r i t y  c h e c ki n g e n a b l e d

F ig u re  1 8  — S D R1  m o d e  e r r o r  i n  2 n d  U I  o f 2  U I  D RA M  c o m m a n d  w i t h  p ar it y  c h e c ki n g  e n a b le d

I f a p ari ty  e rro r o c c ur s  o n th e  1 s t  U I  o f a D RA M  c o m man d ,  re g a rd l e s s  o f t h e  c o mm an d  l e n g t h,  t h e  c o mm an d 

e n c o di n g i t s e l f m ay  b e  c o rru p t.  T h e  re g i s te r  w i l l  b e  re qu i re d to  b l o c k al l  fu t u re  c o mma n d s  u n ti l  c o m man d  fo rw a rdi n g 

i s  re - e na b l e d.  W h e n  c o mm an d s  a re  re - e n a b l e d,  t h e  re g i s te r mu s t  n o t  e n a b l e  c o m ma n ds  u n ti l  i t  s e e s  a  U I  w i t h al l  C S  

i n a c t i v e  i n o rde r  t o  av o i d r e - e na b l i n g  i n th e  mi dd l e  o f a  c o m ma n d.
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3 . 5 . 3 A L E RT _n  A s s e r t io n

T h e  b e h a vi o r o f A L E RT _n  w i t h  p ari ty  c h e c ki n g  d i s ab l e d  i s  th e  s a me  a s  w h e n p ari ty  c h e c ki n g  i s  e n ab l e d  w i th  th e  

e x c e p ti o n  t ha t  A L E RT _n  i s  ne v e r as s e rte d  a s  re s u l t  o f a  C A p ari ty  e rro r.  H o w e ve r,  w h e n  p a ri t y  c he c ki n g i s  di s ab l e d ,  

A L E RT _n  c an  s ti l l  b e  a s s e r te d as  a  re s u l t o f an  as s e rt i o n  o f t h e  D E RRO R_I N _n  i n p ut .

A fte r  th e  RC D  r e c e i v e s  D PA R_N  fro m t h e  me mo ry  c o n t ro l l e r,  i t  c o mp a re s  i t w i th  t he  d at a re c e i v e d  o n  th e  C A i np u t s  

an d  i n di c at e s  o n i t s  o p e n - d ra i n  A L E RT _n p i n  ( a c t i ve  L O W)  w h e th e r a p ari ty  e rro r h as  o c c u rr e d .  T h e  c o mp u ta t i o n  

o nl y  t ake s  p l a c e  fo r d at a w h i c h  i s  q u al i fi e d b y  a t  l e as t o n e  o f th e  D C S [ 1 : 0 ] _n s i g n al s  b e i n g  A c ti v e ,  o r  th e  2 nd  U I  o f a  

2 U I  D RA M  C o mm an d .

T h e  c o n v e n t i o n  o f p a ri t y  i s  e v e n  p a ri t y ac ro s s  t h e  D C A an d  D PA R s i g na l s .  P ari ty  i s  c h e c ke d  i n d e p e n de nt l y  fo r th e  

tw o  c h an n e l s .

I f a p ari ty  e rro r o c c ur s  an d  p a ri t y  c h e c ki ng  i s  e n a b l e d i n  RW0 1 ,  th e  RC D  s e ts  t he  ‘ C A P a ri t y  E rro r S ta tu s ’  b i t i n  

RW 2 4  to  ‘ 1 ’ an d  di s a b l e s  p ari ty  c h e c ki n g .  A L E RT _n  i s  as s e rte d  t hre e  i n p u t c l o c ks  afte r t h e  e r ro ne o u s  c o mma n d i s  

re g i s te re d.

I f t he  ‘ C A P ari ty  E rro r S t at us ’ b i t  i s  ‘ 0 ’ ,  t h e  RC D  l o g s  th e  e rro r b y s t o ri n g  t h e  e rr o ne o u s  c o mma n d  a nd  add re s s  b i ts  i n  

th e  E rro r L o g Re g i s te r.  A L E RT _n  s ta y s  a s s e r te d L O W u n t i l  a  ‘ C l e ar C A P ari ty  E rro r  S ta t us ’ c o mm an d  i s  s e n t  i f t he  

‘ A L E RT _n  A s s e rti o n ’ b i t  i n  t h e  P ari t y  C o n tro l  Wo r d RW0 1  i s  ‘ 0 ’ .  I n  th i s  c as e  t h e  e rro n e o u s  c o mma n d  an d  a l l  

s u b s e q u e n t  c o mma n ds  a re  n o t  fo rw ard e d  ( i . e . ,  Q x C S y _N _n  are  n o t as s e r te d)  t o  th e  D RA M  u n t i l  t h e  me m o ry 

c o n tro l l e r i s s u e s  a ‘ C l e ar C A P ari t y  E rro r’  c o mma n d ,  w h i c h  w i l l  al s o  c l e ar th e  ‘ C A P ari ty  E r ro r S t at u s ’  b i t  i n  t h e  

E rr o r  L o g  Re g i s t e r.

I f th e  ‘ A L E RT _n A s s e rt i o n ’  b i t i s  ‘ 1 ’ ,  t h e  A L E RT _n  p u l s e  w i d th  i s  as  de fi n e d  i n  Tab l e  1 0 0  o n  p a ge  1 2 6  w i th  s ta rt o f 

th e  A L E RT _n  p u l s e  w i d t h  c o u n t e d  fro m th e  t hi rd  i n p u t  c l o c k e d g e  aft e r  th e  1 s t p a ri t y e rro r.  T h e  e r ro n e o u s  c o mma n d  

an d al l  s u b s e qu e nt  c o mm an d s  ar e  no t  fo r w a rd e d  ( i . e .  Q x C S y_N _n  ar e  n o t a s s e rt e d )  to  t he  D RA M  u n ti l  t h e  e n d  o f t h e  

A L E RT _n  p u l s e  w i d t h .  A fte r t h e  A L E RT _n  p u l s e ,  t h e  d e v i c e  w i l l  a ut o ma ti c a l l y  re s u me  fo rw a rd i n g  c o mm an d s  to  t h e  

D RA M .

• I f th e  ‘ A L E RT _n Re - e n a b l e ’ b i t  i s  ‘ 0 ’ ,  p ari ty  c h e c ki n g  re m ai n s  di s ab l e d un t i l  a  ‘ C l e a r C A P ari ty  E r ro r’ c o m -

ma nd  i s  s e nt ,  w h i c h  w i l l  a l s o  c l e a r t he  ‘ C A P a ri t y  E rr o r  S ta tu s ’  b i t i n  th e  E rro r L o g  Re g i s te r.

• I f th e  ‘ A L E RT _n  Re - e n ab l e ’  b i t i s  ‘ 1 ’ ,  th e  d e v i c e  w i l l  re - e n a b l e  p ari ty  c h e c ki n g  aft e r t h e  A L E RT _n  p u l s e .  T h e  

‘ C A P ar i ty  E rro r S t at us ’ b i t  w i l l  re ma i n  s e t .  I f a s u b s e q u e n t  p a ri t y e rr o r  i s  d e te c t e d ,  t he  de vi c e  w i l l  re - e n t e r th e  

p ari ty  e rr o r s ta t e  a n d  s e t th e  ‘ >  1  E rro r’  b i t .  T he  o t he r b i ts  i n  th e  E rro r L o g  Re g i s te r are  n o t u p da te d o n  t h i s  

s u b s e q u e n t  e rro r.  B o th  t h e  ‘ C A P ari ty  E rr o r S t a tu s ’  b i t  a s  w e l l  as  th e  ‘ >  1  E rro r’  b i t  w i l l  b e  c l e are d  b y  s e n d i n g  

a ‘ C l e a r C A P a ri t y  E rro r’  c o m ma n d.

Ta b l e  9  —  B l o c ki n g  C o m m a n d s  o n  P a r i t y E r r o r

P a ri ty  e rro r o n  

1 s t D RA M  U I   

P ar it y  e rro r o n  

2 n d  D RA M  U I
O u tp u t s

N o N o C o mm a n d i s  fo rw a rd  to  D R A M

N o Ye s
F i r s t  U I  o f c o m m a nd  fo rw a rd  to  D R A M .  2 nd  U I  o f c o m ma n d  fo rw a rd to  

D RA M ,  b u t w i t h Q C S  a s s e rt e d o n  A L L ra n ks  w hi c h  r e c e i v e d a D C S  o n 

th e  1 s t  U I .  F u tu re  c o m m a n ds  no t s e n t un ti l  p a ri ty  c h e c k i n g i s  re - e n ab l e d .

Ye s Ye s  o r  N o
F i r s t  U I  a n d S e c o n d U I  o f th e  c o m m a nd  fo rwa rd  to  D RA M  b ut Q C S  i s  n o t 

as s e rt e d .  F u tu re  c o m m a n ds  no t s e n t un ti l  p ar i ty  c he c k i n g i s  re - e n ab l e d .
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3 . 6 D C A D e c is i o n  F e e d b a c k  E q u a li z a t i o n

S i n c e  th e  D C A w i l l  b e  D o u b l e  D a ta  Rat e  th e  RC D  w i l l  s up p o rt a 4  Tap  D F E  o n  t h e  D C A h o s t- i nt e rfa c e  re c e i v e rs .  

T h e  4 - ta p  D F E  s u b s y s t e m  c o n s i s t s  o f a  g a i n  a mp l i fi e r,  a  D F E  s u m me r,  4  C A s l i c e rs  (a l s o  c a l l e d Tap s )  w i t h o ut p u ts  

th a t l o o p  b ac k to  t h e  D F E  s u mme r,  a n d  a c o e ffi c i e n t m ul t i p l i e r fo r e ac h  Ta p .  T h e  g ai n c o n tr o l  o f t he  fro n t  e n d  i s  us e d  

to  e n s u r e  th a t th e  c u rs o r o r t h e  c u rre n t  b i t i s  i n  a  c o n gru e nt  re l a ti o n s h i p  w i t h th e  I S I  c o rre c t i o n  re qu i re d fo r th e  

c h a nn e l .  T h e  ta p s  C 1 ,  C 2 ,  C 3 ,  C 4  c o e ffi c i e n t s  p ro v i d e  th e  c o rre c t i o n s  ne e d e d  t o  th e  c urr e nt  b i t b y ad d i ng  o r 

s u b tr a c t i n g  t h e  e ffe c t s  o f I S I  o f th e  p re v i o u s  b i t s .  T he  h o s t  c an  e n ab l e  1 ,  2 ,  3  o r 4  t ap s  i n  a c o n s e c u ti v e  o rd e r al w ay s  

s t arti n g  w i th  Ta p  1  a s  s ho w n  i n  Tab l e  1 0 ,  “ D F E  Tap  C o n fi g u rat i o n s ” .  D F E  i n p u t ga i n  adj us tm e n t an d D F E  Ta p  

C o e ffi c i e n ts  1  t h ro u g h  4  a re  s e t  b y  c o n tro l  w o rds  l o c at e d  i n  P G [ 1 : 0 ] .  T h e s e  D F E  c o n tro l  w o r ds  a l l o w  p r o g ra mm i n g  

o f e a c h  p a ram e t e r  o n  a D C A I / O - s p e c i fi c  b as i s ,  an d  t h e y  are  i n t e n d e d  to  b e  t rai n e d  b y  t h e  ho s t .  T he  D D R5 RC D 0 1  

d e v i c e  d o e s  no t  s u p p o r t adap t i v e  D F E ,  an d  i t o nl y  s u p p o rts  D F E  w h e n  i t s  D C A h o s t  i nt e rfa c e  i s  c o nfi g u re d  i n  D D R 

mo de  ( i . e . ,  RW0 0 [ 0 ]  =  1 ) .

3 . 6 . 1 D F E  Ta p  C o n fig u r a t i o n s

3 . 6 . 2 D F E  Ga i n  a n d  Ta p  Ra n g e

Ta b l e  1 0  — D F E  Tap  C o n fi g u r a t io n s

RW3 1  

O P 4

RW3 1  

O P 5

RW3 1  

O P 6

RW3 1  

O P 7 Ta p  1 Ta p  2  Ta p  3 Ta p  4

0 x x x D i s a b l e d D i s a b l e d1

1 . D D R5 RC D 0 1  h ar dw a re  d i s a b l e d w he n  RW3 1 [ 4 ]  =  0  an d  RW 3 1 [ 7 : 5 ]  a re  d o n' t  c ar e  an d  i g n o re d  b y  th e  RC D .

D i s a b l e d1 D i s a b l e d1

1 0 x x E n ab l e d D i s a b l e d D i s a b l e d2

2 . D D R5 RC D 0 1  h ar dw a re  d i s a b l e d w he n  RW3 1 [ 5 ]  =  0  an d  RW 3 1 [ 7 : 6 ]  a re  d o n' t  c ar e  an d  i g n o re d  b y  th e  RC D .

D i s a b l e d2

1 1 0 x E n ab l e d E n ab l e d D i s a b l e d D i s a b l e d3

3 . D D R5 RC D 0 1  H a rd w ar e  di s ab l e d  w h e n RW3 1 [ 6 ]  =  0 ,  a n d RW 3 1 [ 7 ]  i s  a do n ' t c a re  a n d i gn o re d b y  t he  R C D .

1 1 1 0 E n ab l e d E n ab l e d E n ab l e d D i s a b l e d

1 1 1 1 E n ab l e d E n ab l e d E n ab l e d E n ab l e d

Ta b le  1 1  — D F E  G a in  a n d  Ta p  To t a l  C o n t r o l Wo r d  Ra n g e  

D F E  P ar a m e te r M in M a x U n i t

G ai n - 6 6 d B

Ta p 1 -  1 5 0 4 5 mV

Ta p  2 -  6 0 4 5 mV

Ta p  3 -  4 5 4 5 mV

Ta p  4 -  4 5  4 5 mV
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3 . 7 RX  L o o p b ac k

3 . 7 . 1 L o o p b a c k  M o d e

Wh e n  th e  l o o p b ac k c i r c u i t i s  e na b l e d i n RW 2 6  th e  D D R5 RC D 0 1  c an  fe e d  a re c e i v e d s i g na l  o r i nt e rn a l  da t a b a c k t o  

th e  h o s t fo r d e b u g gi n g ,  te s ti n g ,  a n d /o r t rai n i n g  p u rp o s e s .  L o o p b ac k M o d e  an d  D F E  Tra i n i n g M o d e  s ha l l  n o t  b e  

e n a b l e d s i m u l t an e o u s l y.  L o o p b ac k i s  n e c e s s ary  i n  o rd e r fo r  th e  h o s t me mo r y c o n t ro l l e r o r t e s t i n s t rum e n t  t o  

i m me di a te l y  re ad  b a c k da ta  t h at  w a s  w ri tt e n to  th e  RC D ,  D RA M  o r D at a B uffe r w i th o u t h av i ng  to  i s s u e  m ul t i p l e  

D RA M  W RI T E / RE A D  c o mm an d s .  T he re  ar e  al s o  i n h e re n t  l i m i t at i o n s  w h e n  c h ara c t e r i z i n g th e  r e c e i v e r  us i n g  

s t at i s t i c a l  an al y s i s  m e t ho d s  s u c h  a s  B i t E rro r Rat e  ( B E R)  a na l y s i s .  

F o r  e xa mp l e ,  at  B E R= 1 0 - 1 6 :

1 . T h e re  i s  n o t  e no u g h  m e mo ry  d e p t h  i n  t h e  D RA M  to  s to re  al l  t he  1 0 1 6  da t a.

2 . T h e  am o un t  o f t i me  to  p e r fo rm  m ul t i p l e  WRI T E /RE A D  c o m ma nds  to  an d fro m th e  arra y i s  p ro h i b i t i v e l y  

l o n g .

3 . S i n c e  th e  a mo u nt  o f t i me  i nv o l ve d  p e rfo rmi n g th e s e  o p e rat i o n s  i s  mu c h l o n g e r th a n th e  D RA M  re fr e s h  ra te  

i n t e rv al ,  th e  h o s t  o r me mo ry  c o nt ro l l e r mu s t  a l s o  man a g e  Re fre s h e s  du ri n g  t e s t i ng  to  e n s u re  da ta  r e te n ti o n.

4 . L i mi te d  p at t e r n  d e p t h  me an s  l i mi t e d  I n t e r s ym b o l  I n t e rfe re n c e  ( I S I ) .  L o o p b a c k i s  a n e c e s s i ty  fo r  c h ara c t e ri z -

i n g  t h e  re c e i ve r w i th o u t th e  l i m i t at i o n s  an d c o mp l e x i t i e s  o f o th e r  tra di t i o n al  m e t h o d s .

3 . 7 . 2 L o o p b a c k  P o r t s

T h e re  a re  fi v e  RC D  l o o p b ac k p o r t s ,  fo ur i n p u t p o rt s  a n d  o n e  o u t p ut  p o rt .  T h e  i n p u t p o rt s  c o n s i s t o f tw o  i n t e rn al  a n d 

tw o  e x t e rn al  p o r t as  s h o w n  i n F i g u r e  1 9 .  E ac h  p o rt c o n ta i n s  o ne  d a ta  s i g n al  an d  o n e  s t ro b e  s i g n al .  RW 2 6  s e l e c ts  th e  

i n t e rn al  o r e x te rn al  s i g na l s  t o  l o o p b ac k t o  th e  H o s t  o n  t h e  o u t p ut  p o rt .  Tra n s i ti o ns  i n th e  i nc o mi n g d at a s i g n a l  are  

al i g n e d to  th e  ri s i n g  e dg e s  o f th e  i n c o mi ng  s tr o b e .  T h e  RC D  w i l l  s a mp l e  i n c o mi n g  d at a w i t h  t h e  fa l l i ng  e d g e s  o f t he  

i n c o m i n g  s tro b e  an d  i t w i l l  d ri v e  t he  s tr o b e  an d  d at a s i gn a l s  o u t to  t h e  h o s t c o n tro l l e r.  T h e  RC D  w i l l  ap p l y  l o g i c  

i n v e rs i o n  i n  t he  o u t go i n g s t ro b e  s i g na l  to  e n s u re  o ut p u t da t a s i g n al  t ran s i ti o n s  a re  al i g n e d  to  t h e  ri s i n g  e d g e s  o f t h e  

c o r re s p o n d i n g  s tro b e  s i g n a l  as  s h o w n i n  F i g u r e  2 0 .

I nt e rn a l  RC D  L o o p b ac k i s  o n l y  i n t e n d e d  t o  s e n d  b ac k th e  o u t p ut  o f th e  fu nc ti o n al  p at h s l i c e r.  I n te rna l  RC D  L o o p b ac k 

i s  i nd e p e n d e n t  fro m  RW3 2 [ 2 : 1 ]  Tra i n i n g S o u rc e  s e l e c t i o n  fi e l d .

Ta b l e  1 2  — D F E  G a in  a n d  Tap  C o e ffi c i e n t  S t e p  P a r a m e t e r s  Re q u ir e d  p e r  S p e e d  B in

D F E  P ar a m e t e r
D D R5 - 3 2 0 0  -  4 8 0 0

U n it
M i n Typ M a x

D F E  G a i n  B i a s  S t e p  S i z e 1 , 2

1 . H o s t  Vr e f fi x e d at  0 . 7 5  x  V D D ,  ty p i c a l  Vo l ta g e - Te m p e ra tur e  c o n di ti o n  ( i . e . ,  V D D  =  1 . 1  V,  2 5  ° C ) ,  a nd  d e fa ul t g a i n  s e tti ng .

2 . T h e s e  p a ra m e te rs  a re  n e i th e r s u b j e c t to  s i l i c o n  v a l i d a ti o n no r p ro d uc ti o n  te s ti ng .

1 . 7 2 2 . 3 d B

D F E  G a i n  B i a s  To l e ra n c e  ( I N L )1 ,2 -  0 . 5 - 0 . 5 d B

D F E  G a i n  B i a s  S t e p  S i z e  To l e ra n c e  ( D N L )1 ,2 -  0 . 3 - 0 . 3 d B

D F E  G a i n  B i a s  S t e p  Ti m e1 - - 3 0 0 ns

D F E  Tap  B i a s  S t e p  S i z e1 ,2 1 3 5 m V

D F E  Tap  B i a s  To l e ra n c e  ( I N L )  ( - 1 5 0  m V to  0  m V )1 ,2
M i n ( V _ i d e a l  x 1 1 5 % ,  

V _i d e a l  -  3  *  L S B ) 3 , 4

3 . V _i de a l  re fe rs  to  th e  i d e a l  D F E  Ta p  va l u e  b a s e d  o n  th e  s e tti n g .

4 . L S B  =  3  m V.

-
M ax  ( V _i d e a l  x  8 5 % ,  

V _i d e a l  +  3  *  L S B )3,4 m V

D F E  Tap  B i a s  To l e ra n c e  ( I N L )  ( 0  m V t o  4 5  m V )1 ,2 V _i de a l  -  3  *  L S B3,4 - V _ i de a l  + 3  *  L S B3,4 m V

D F E  Tap  B i a s  S t e p  S i z e  To l e ra n c e  ( D N L ) ,2 -  6 6 . 6 7 - 6 6 . 6 7 %  o f S t e p  S i z e

D F E  Tap  B i a s  S t e p  Ti m e - - 6 4 tC K
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F i g u r e  1 9  — RC D  L o o p b a c k  P o r t s

3 . 7 . 3 P in  A s s ig n m e n t  fo r  L o o p b a c k

I np u t s  ( F ro m D B  o r D RA M )  

D L B D _A 

D L B S _A 

D L B D _B  

D L B S _B

O u tp u ts  ( To  H o s t)  

Q L B D  

Q L B S

 

N O T E    A w a i t i n g ti m e  t E x t_ L B _E n tr y ap p l i e s  w h e n E x te rn al  L o o p b a c k i s  e n ab l e d  i n  RW2 6 [ 2 : 0 ] .

F i g u r e  2 0  — E xt e r n a l L o o p b a c k  T i m i n g  D i a g r a m

D L B D _A

D L B S _A

D L B D _B

D L B S _B

Q L B D

R C D 0 1

C H A

D C A

D F E  

C i rc u i t ry

C H B

D C A

D F E

C i rc u i t ry

S e l e c t

R W 2 6

Q L B S

DLBS_A/B

DLBD_A/B
tPDM_LB

QLBS_A/B

QLBD_A/B

a b c d

a b c d
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F i g u r e  2 1  — I n t e r n al  L o o p b a c k  A &  B  P h a s e

F ig u re  2 2  — L o o p b ac k O u t p u t  T i m i n g  P a r a m e t e r s

B0 A1 B1 A2

D C K _ c

D C K _ t

A0

A0

B0

P H A S E  B

P H A S E  A

A1

B1

…

…

…DCA

…

…

…

A0QL B D

QL B S

E x a m p l e  O u t p u t  ( P H AS E  A )

B0QL B D

QL B S

E x a m p l e  O u t p u t  ( P H A S E  B )

B0 A1 B1 A2

D C K _c

D C K _t

A0

A0

QL B S

QL B D A1 …

…DCA

…

…

tQLBDVW

tQLBSH

tDCK2QLBS

tQLBSL tQLBSH tQLBSL

tQLBDH

tQLBS2Q
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3 . 8 D e v i c e  I n i t i a li z a t io n

T o  e n s u re  d e fi n e d o u t p u t s  fro m th e  re g i s t e r b e fo r e  a  s t ab l e  c l o c k h a s  b e e n  s u p p l i e d,  t h e  re g i s t e r mu s t  e n te r th e  re s e t  

s t at e  du ri ng  p o w e r- u p .  A ft e r th e  v o l t ag e  ram p ,  s t a b l e  p o w e r i s  p ro v i d e d  fo r a mi n i m um  o f t RI N I T 1  μs  w i t h  D RS T _n  

as s e r t e d.  W h e n  t h e  r e s e t  i n p u t  D RS T _n  i s  L O W,  a l l  i n p u t re c e i v e rs  ar e  d i s a b l e d ,  a nd s ha l l  b e  l e ft  fl o a ti n g .  I n  ad d i ti o n,  

w h e n  D RS T _n i s  L O W,  al l  n o n- s t i c ky  c o n t ro l  re g i s te rs  a re  re s to re d to  th e i r d e fau l t s ta te s ,  w h i c h  i s  a l l  ‘ 0 ’ s  u n l e s s  

e x p l i c i t l y  s t at e d  o t h e rw i s e .  T h e  o ut p u ts  Q RS T _n ,  an d  B RS T _n  mu s t  d ri v e  L O W.  A l l  o t he r Q x  o ut p u ts  m u s t fl o at  w i t h  

th e  e xc e p t i o n  o f t h e  Q C S [ x] _n  o u t p u t s ,  w h i c h  a re  dr i ve n  L O W.  T he  RC D  m u s t fl o a t Q L B D ,  Q L B S  an d  A L E RT _n  

o ut p u ts .  A s  l o n g  a s  t h e  D RS T _n  i np u t  i s  p u l l e d  L O W,  th e  re g i s te r i s  i n  l o w - p o w e r s t at e  an d  i n p u t  t e rm i n a ti o n i s  n o t 

p re s e nt .

T h e  D D R5 RC D 0 1  d e vi c e  w i l l  no t  a ffe c t D RS T _n  s i g n al  v o l t ag e  l e v e l s  e v e n w h e n  V D D  i s  n o t  p o w e re d o n.  A n  RC D  

w i t h  V D D  p o w e re d o ff s h a l l  n o t p re v e n t  o th e r d e v i c e s  c o n ne c t e d  to  t h e  s am e  D RS T _n  n e t fro m  re c e i v i n g  t h e  c o r re c t 

H i g h  a n d L o w  l o g i c  v o l ta g e  l e ve l s  d ri v e n b y  th e  h o s t  o n  t h at  n e t .  A l s o ,  th e  D D R5 RC D 0 1  de v i c e  w i l l  n o t s u s ta i n  

p e r ma n e nt  d am ag e  i f D RS T _n  i s  dr i v e n  H I G H  ( to  V I H  l e v e l s )  w h e n  V D D  i s  p o w e re d o ff,  an d  i t  mu s t  b e  a b l e  to  

s u p p o r t  a l l  t h e  s p e c i fi e d fe at ure s  a n d  fu n c t i o n s  o n c e  p o w e r i s  re s to re d.

B e fo re  th e  D RS T _n  s i g n al  g o e s  H I G H ,  al l  D C S _n  i n p u t s  a re  dri v e n  L O W b y  t he  h o s t  c o nt ro l l e r.  T hi s  p u t s  t h e  s i g n a l s  

i n  a s i m i l ar s ta te  a s  s e l f re fre s h  al l o w i n g  t h e  i n i t i al i z at i o n  a n d  s e l f re fre s h  p ro t o c o l  to  b e  s i mi l ar.  A ft e r D RS T _n  g o e s  

H I G H ,  t h e  D C S _n  i n p u t s i g n al s  w i l l  g o  H I G H .  T he  h o s t m ay  s t ag g e r ( i . e . ,  de l a y)  t h i s  t ran s i t i o n  b e t w e e n s ub - c ha n n e l s  

b y u p  to  tD C S L H S K1 ,  b u t  D C S 0 _n  a nd  D C S 1 _n  w i t h i n  e ac h  s u b - c h a nn e l  c a n o n l y  b e  s t ag g e re d b y  u p  t o  t D C S L H S K2 .  

T h i s  t ran s i t i o n  w i l l  e n a b l e  t h e  t e r mi n at i o n  o n  t he  D C S _n ,  D C A ,  a n d D C L K i n p u t s .  T h e  h o s t w i l l  s ta rt th e  D C K c l o c k 

e a rl y  e n o ug h  t o  m e e t tC KA C T
1 .  A fte r tS TA B 0 1 ,  t h e  S i d e b a n dB u s  I nt e rfa c e  i s  o p e ra ti o n al  a nd  th e  h o s t c o n tr o l l e r w i l l

w ri t e  th e  c o a rs e  an d fi n e  gra i n  fre que n c y  re g i s t e r s  an d  p u t  t h e  RC D  i n  t h e  p ro p e r D C A i n p u t mo d e  ( D D R o r  S D R) .  

T h e  h o s t c o n tro l l e r mu s t th e n  w ai t tS TA B 0 2  to  a l l o w  t h e  P L L to  re - l o c k.

Trai n i n g  o f t h e  D C S  an d  D C A s i g n al s  no w  ta ke s  p l a c e ,  fo l l o w e d  b y  B C S  a nd  B C O M  tra i n i ng  i f ap p l i c a b l e .  

C o m ma nd s  to  th e  D RA M s  ar e  b l o c ke d b y  d e fa u l t ,  an d  t h e  D RA M  Q C S  s i g n al s  w i l l  re ma i n  L O W.

T h e  Q RS T _n  o u t p u t s  w i l l  re ma i n L O W a fte r D RS T _n  g o e s  H I G H .  T h e  Q RS T _n  s i g na l s  d o  n o t g o  H I G H  u n t i l  t h e  

h o s t w r i t e s  th e  C o mma n d  C o nt ro l  Wo rd w i th  t h e  c o mm an d s  t o  d o  s o .  T h i s  ma y  b e  d o n e  v i a t h e  S i d e b an d B us  o r i n-

b an d .  T h e  Q RS T _n  s i g n al  fo r  e ac h  s u b  c h an n e l  i s  c o n tro l l e d  s e p a rat e l y  t o  al l o w  s ta g g e ri ng  o f th e  s i g na l s  fo r p o w e r 

s u p p l y  i n rus h c o n tro l .  

A s  p a rt o f th e  p o w e r- o n  i n i t i a l i z a t i o n ,  al l  c o n tro l  w o rd s  a re  re s e t to  t h e i r d e fa u l t  s t at e .  A ft e r i n i t i a l i z at i o n ,  th e  H o s t  

mu s t  w ri te  t o  t ho s e  c o nt ro l  re g i s te rs  w h o s e  c o n t e n t s  a re  re qui re d fo r  fre q u e n c y  an d  D I M M  c o n fi g u rat i o n .

1 . S i n c e  D C S _n  L o w - t o - H i g h  t ran s i ti o n s  c a n  b e  s ta gg e re d  b y  u p  to  t D C S L H S K1  (fo r t h e  e n ti re  c h i p )  o r t D C S L H S K2

( w i t h i n  t h e  s ame  s u b - c h a nn e l ) ,  tC KA C T  m u s t b e  m e t  w i t h  r e s p e c t  t o  th e  D C S _n s i g n al  w i th  t h e  e a rl i e s t  ri s i n g 

tra n s i t i o n .
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N O T E    F o r RD I M M ,  S t e p s  tF  t hr o ug h  t J  ar e  no t  re q ui re d.

F ig u re  2 3  — T i m i n g  o f C l o c k  a n d  D a t a  D u r in g  I n i t i a l iz a t i o n  S e q u e n c e

V a l i d  C o m m a n d

D C A[ 6 : 0 ]

Q C K_t ,

Q C K_c

D C K_t ,

D C K_c

t A

D C S _n

V D D

D R S T _n

Q R S T _A _n

Q C S _n

Q C A[ 1 3 : 0 ]

AL E R T _n

S T A B 0 1t

S i d e b a n d  R W

t o  s e t  R C D

F re q u e n c y

S T A B 0 2t

Z  o r H  o r L  o r T o g g l i n g

t C t Et D t F t G

D R A M  

T e rm i n a t i o n

R C D  T e rm  ( a l l )

t X P R

D a t a  B u ffe r

M R W  t o  S e t

D B  F re q u e n c y

w a i t  t S T A B _ D B

N O P V a l i d

N O P  C M D

t o  R C D  t o  

R e l e a s e  Q C S

H o s t  I n t e r fa c e

T ra i n i n g

t B

B C K _t ,

B C K _c

B C S _n

B C O M [ 2 : 0 ]
N O P V a l i d

Ht t J

B R S T _n

R C D  M R W  

t o  u n b l o c k

D a t a  B u ffe r

I n t e r fa c e

B C O M  T M

B C K H I G H  o f H I Z

R C D  M R W  

t o  u n b l o c k  

D R A M  

I n t e r fa c e

S T A B _ D Bt

N O P

t K t L

M R W D AT M R W D AT

N O P  C M D

t o  D R A M

Mt

N O P N O P V A L I DM R W M R W M R WC o m m a n d

1 .  T h e  N O P  ( S R X )  C o m m a n d s  t h a t  re l e a s e  Q C S  o u t p u t s ,  a n d  t h e  c o n s e c u t i v e  N O P  C o m m a n d s  s e n t  t o  t h e  D R A M  a ft e r t h a t ,  a re  re q u i re d  t o  m e e t  R C D  p a ra m e t e rs  t D C S L H S K1  a n d  t D C S L H S K2  a s  w e l l  a s  D R A M  p a ra m e t e r t C S H _S R e x i t .

2 .  Q R S T  o u t p u t s  re m a i n  L O W   u n t i l  R C D  re c e i v e s  R W 0 4  c o m m a n d  t o  d e - a s s e rt  re s e t .

3 .  V a l i d  c o m m a n d  s h o w n  i n  d i a g ra m ,  i n c l u d e s  t h e  M P C  c o m m a n d ,  D R A M  d e fa u l t  2 N  m o d e .

4 .  S i d e b a n d  I n t e rfa c e  b e c o m e s  e n a b l e d  fo r P ri v a t e  W ri t e /R e a d  a c c e s s  a n d  D E V C T R L  C C C  w i t h  R e g M o d e  =  1  a t  t i m e  t C .

5 .  V a l i d  s i g n a l  t i m i n g  a n d  l e v e l s  re q u i re d  i f D F E  i s  e n a b l e d .

D C S [ 1 : 0 ] _ [ B : A ] _ n  

t o g g l e

a t  t h e  S a m e  T i m e

N O P N O P

N O P N O P

N O P N O P

Q R S T _B _n
D R A M  I N T 3

( 3 )

Q C K  F L O A T I N G

t
R I N I T 1

R I N I T 2t

R I N I T 3t C K A C Tt

t S R X 2 S R X

H I G H

H I G H

H I G H

T ra n s i t i o n

( 5 )V A L I D( 5 )V A L I D( 5 )V A L I D ( 5 )V A L I D ( 5 )V A L I D ( 5 )V A L I D

T ra n s i t i o n

C o n t ro l l e r  g u a ra n t e e s  H I G H  l o g i c

R C D  D ri v e s  Q C S  L O W

S T A B _ D Bt

( 1 )( 1 ) ( 1 )( 1 )
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F ro m a  d e vi c e  p e rs p e c ti v e ,  th e  i n i t i a l i z a t i o n  s e q u e n c e  m us t b e  a s  s ho w n  i n  Tab l e  1 3 .

N O T E  1    X  =  L o g i c  L O W o r L o g i c  H I G H .  Z  =  F l o at i n g

N O T E  2    Q RS T _n g o e s  H I G H  w i th  t h e  p ro p e r C o m ma n d C o n t ro l  Wo rd w ri t e .  

Ta b le  1 3  —  D D R5 RC D 0 1  D e v i c e  I n i t ia l iz a ti o n  S e q u e n c e  a t  P o w e r- o n  Ram p i n g

S te p P o w e r
I n p u ts :  S i g n a ls  p ro v id e d  b y th e  

c o n tro ll e r

RC D  I n p u t 

Te r m in a ti o n

O u tp u ts :  S i g n a ls  p ro v id e d  b y  th e  

de v ic e
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Q
C

K
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0 0 V X  o r Z X  o r Z X  o r Z X  o r Z X  o r Z O F F Z Z Z Z Z

1 0 - - > V D D X  o r Z X  o r Z X  o r Z X  o r Z X  o r Z O F F X  o r Z X  o r Z X  o r Z X  o r Z X  o r Z

2 V D D L X  o r Z X  o r Z X  o r Z X O F F L L Z H Z

3 V D D L L X  o r Z X  o r Z X O F F L L Z H Z

4 V D D H L X  o r Z X  o r Z X O F F L L Z H Z

5 V D D H H X X ru nn i n g O N L N o te  2 Z H Z
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3 . 9 Re s e t  I n it ia l i z a t i o n  w i t h  S t a b le  P o w e r

T h e  ti mi n g  di ag ram  i n  F i g u re  2 4  d e p i c ts  t he  i n i ti al i z at i o n  s e q ue n c e  w i t h  s t a b l e  p o w e r a nd  c l o c k.  T h i s  w i l l  a p p l y  t o  th e  s i t ua ti o n  w h e n  w e  h av e  a  s o ft  re s e t i n t h e  

s y s t e m.  D RS T _n  w i l l  b e  as s e rt e d  fo r mi n i m um  1  μs .  T hi s  D RS T _n t i mi ng  i s  b as e d  o n  D D R5  D RA M  Re s e t I n i ti al i z at i o n  w i th  S ta b l e  P o w e r r e q u i re me n t,  an d  i s  

a  m i n i mu m re q u i re me n t .  A c tu a l  D RS T _n  t i m i n g  c an  v ar y  b as e d o n  s p e c i fi c  s ys te m re q ui r e m e n t ,  b u t  i t c a nn o t  b e  l e s s  th a n 1  μs .  S o m e  o f th e   s te p s  i n  F i g ure  2 4  

c o ul d  b e  s ki p p e d b y  t aki n g  a d v an t ag e  o f c o n t ro l  w o r ds  w i t h s t i c ky at tri b u te s .

N O T E    F o r RD I M M ,  S t e p s  tF  t hr o ug h  t J  ar e  no t  re q ui re d.

F i gu re  2 4  — Re s e t  I n i t i a li z a t io n  Wi t h  S t a b l e  P o w e r

H  o r L

V a l i d  C o m m a n d

D C A [ 6 : 0 ]

Q C K _t ,

Q C K _c

D C K _t ,

D C K_c

t A

D C S _n

V D D

D R S T _n

Q R S T _A_n

Q C S _n

Q C A[ 1 3 : 0 ]

A L E R T _n

S T A B 0 1t

S i d e b a n d  R W

t o  s e t  R C D

F re q u e n c y

S T A B 0 2t

t C t Et D t F t G

D R A M  

T e rm i n a t i o n

R C D  T e rm

( a l l )

T ra n s i t i o n

T ra n s i t i o n

t X P R

D a t a  B u ffe r

M R W  t o  S e t

D B  F re q u e n c y

w a i t  t S T A B _ D B

N O P V a l i d

N O P  C M D

t o  R C D  t o  

R e l e a s e  Q C S

H o s t  I n t e rfa c e

T r a i n i n g

t B

B C K _t ,

B C K _c

B C S _n

B C O M [ 2 : 0 ]
N O P V a l i d

Ht t J

B R S T _n

R C D  M R W  

t o  u n b l o c k

D a t a  B u ffe r

I n t e r fa c e

B C O M  T M

B C K  H I G H  o r H I Z

R C D  M R W  

t o  u n b l o c k  

D R A M  

I n t e r fa c e

S T A B _D B
t

N O P

t K t L

M R W D A T M R W D A T

N O P  C M D

t o  D R A M

Mt

N O P N O P V A L I DM R W M R W M R WC o m m a n d

1 .  T h e  N O P  ( S R X )  C o m m a n d s  t h a t  re l e a s e  Q C S  o u t p u t s ,  a n d  t h e  c o n s e c u t i v e  N O P  C o m m a n d s  s e n t  t o  t h e  D R A M  a ft e r t h a t ,  a re  re q u i re d  t o  m e e t  R C D  p a ra m e t e rs  t D C S L H S K1  a n d  t D C S L H S K 2  a s  w e l l  a s  D R A M  p a ra m e t e r t C S H _S R e x i t .

2 .  Q R S T  o u t p u t s  re m a i n  L O W   u n t i l  R C D  re c e i v e s  R W 0 4  c o m m a n d  t o  d e - a s s e rt  re s e t .

3 .  V a l i d  c o m m a n d  s h o w n  i n  d i a g ra m ,  i n c l u d e s  t h e  M P C  c o m m a n d .

4 .  S i d e b a n d  i n t e rfa c e  i s  n o t  o p e ra t i o n a l  fo r P ri v a t e  W ri t e / R e a d  a c c e s s  a n d  D E V C T R L  C C C  w i t h  R e g M o d e  =  1  b e t w e e n  t i m e s  t A  t o  t C .

5 .  V a l i d  s i g n a l  t i m i n g  a n d  l e v e l s  re q u i re d  i f D F E  i s  e n a b l e d .

6 .  H I G H  o r V a l i d  s i g n a l  l e v e l s  re q u i re d  t o  b e  h e l d  s t a t i c  fo r a  m i n i m u m  t D F E _P R D  t i m e  p ri o r t o  fi rs t  a s s e rt i o n  o f D C S  i f D F E  e n a b l e d .

D C S [ 1 : 0 ] _ [ B : A ] _ n  

t o g g l e

a t  t h e  S a m e  T i m e

S T A B _ D Bt

N O P N O P

N O P N O P

N O P N O P

Q R S T _B _n
D R A M  I N T 3

H I G H

T ra n s i t i o n

H  o r L

H  o r L

H  o r L

H  o r L

H  o r L

( 3 )

Q C K  F L O A T I N G

H I G H

H I G H

H I G H

T ra n s i t i o n

( 5 )V A L I D( 5 )V A L I D ( 5 )V A L I D ( 5 )V A L I D ( 5 )V A L I D( 5 )V A L I D( 6 )S T A T I C

C o n t ro l l e r  g u a ra n t e e s  H I G H  l o g i c

R C D  D ri v e s  Q C S  L O W

( 1 )( 1 ) ( 1 )( 1 )
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N O T E  1    X  =  L o g i c  L O W o r L o g i c  H I G H .  Z  =  F l o at i n g

N O T E  2    Q RS T _n g o e s  H I G H  w i th  t h e  p ro p e r C o m ma n d C o n t ro l  Wo rd w ri t e .  

Ta b le  1 4  —  D D R 5 RC D 0 1  D e v i c e  I n i t ia l iz a t io n  S e q u e n c e  w h e n  P o w e r  a n d  C lo c k ar e  S t a b le

S t e p P o w e r
I n p u t s :  S ig n a ls  p ro vi d e d  b y  t h e  

c o n t ro l le r

RC D  I n p u t  

Te rm i n at io n

O u tp u ts :  S i g n a ls  p ro v id e d  b y  th e  
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1 V D D H X X X ru nn i n g O N X H X X run n i n g

2 V D D L X X X X Tra ns i t i o ni ng L L Z H Z

3 V D D L L X X X O F F L L Z H Z

4 V D D H L X X X O F F L L Z H Z

5 V D D H H X X ru nn i n g O N L N o t e 2 Z H Z
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4 P o w e r  D o w n  o p e r a t i o n

D D R5  d o e s  no t  h a ve  a  s e p ara te  C KE  s i gn a l  g o i n g  t o  th e  D I M M  o r th e  D RA M s .  P o w e r D o w n E n t ry,  i n c l u di n g  s e l f 

re fre s h,  i s  s i g n al e d  vi a a s i ng l e  U I  c o m ma nd .  F o l l o w i n g th e  P o w e r D o w n  E nt r y  c o m ma nd ,  t h e  C S  s i gn a l  e ffe c t i v e l y  

b e c o m e s  th e  e q ui v al e n t  o f t h e  C KE  s i g n al .  A n  i n ac ti v e  C S  ke e p s  t h e  D RA M  d e v i c e s  i n  t h e  p o w e r d o w n s t at e .  C S  

g o i n g  a c t i ve  w i l l  t a ke  th e  D RA M s  o u t  o f t he  p o w e r  do w n  s t at e .  A N O P  c o m man d  i s  p l ac e d o n  th e  C A b us  al o n g  w i th  

C S  g o i n g  a c t i ve  s o  th a t no  c o mm an d s  a re  e x e c u te d  b y  t h e  D RA M  d e v i c e s .  D RA M s  c an  b e  p u t i n  p o w e r d o w n mo d e  

w i t h  o r w i t ho u t  n o n- t arge t O D T  c o n t ro l .

4 . 1 P o w e r  S a v i n g s  M o d e s

T h e  D D R5 RC D 0 1  d e vi c e  s up p o rts  t he  fo l l o w i ng  p o w e r s a v i n g  m e c h an i s ms :

• P D E  P o w e r D o w n M o d e .  T he  RC D  g o e s  i nt o  a  l o w - p o w e r mo d e  w h e n  al l  D RA M  ran ks  ar e  p ut  i n to  P D E  

P o w e r D o w n.

• P D E  P o w e r D o w n w i th  O D T  c o n tr o l .  I n  t h i s  mo d e  ran ks  c a n b e  i n  p o w e r d o w n mo de  b ut  w i l l  s ti l l  re q u i re  

O D T  c o m ma nds  fo r te rmi n at i o n ,  th e re fo re  t h e  RC D  an d  D a ta  b u ffe r w i l l  re m ai n  i n n o rm al  o p e ra ti n g mo d e .  

• S e l f Re fre s h  M o d e s .  Wi th  an d  w i th o u t C l o c k S t o p .

T h e  D RS T _n  i n p ut  h a s  p ri o ri t y o ve r a l l  o t he r  p o w e r  s av i n g me c h a ni s m s .  W h e n  D RS T _n  i s  d ri ve n  L O W,  t he  RC D  

w i l l  fo rc e  t he  Q n  o u t p ut s  to  fl o at  ( e xc e p t  Q C S _n ,  Q RS T _n  a nd  B RS T _n,  w h i c h  a re  dri v e n  L O W) ,  d e - a s s e rt s  th e  

A L E RT _n  o u t p ut ,  d i s a b l e s  I n p u t B u s  Te r mi n at i o n  (I B T )  an d  fo rc e s  B C K_t /B C K_c ,  B C S _n ,  a nd  B C O M [ 2 : 0 ]  H I G H  

o r H I - Z .

4 . 1 . 1 P D E  P o w e r  D o w n  M o d e

T h e  RC D  P o w e r D o w n  mo de  i s  h an d l e d  i n d e p e n d e nt l y b e t w e e n  th e  s u b - c h a n ne l s .  

T h e  RC D  d e v i c e  e n t e rs  p o w e r d o w n  mo de  w h e n a l l  D RA M  ran ks  o n  th e  s u b - c h an n e l  h av e  e n te re d  p o w e r d o w n.  T he  

h o s t c o n tro l l e r p u ts  D RA M  ran ks  i n t o  P D E  P o w e r D o w n  M o d e  b y  s e n d i ng  a P D E  c o mm an d t o  t he  ra n k.  D u e  t o  th e  

V D D  t e r m i n a ti o n,  a l l  i n p u t  t e rm i n a ti o n  re ma i ns  e n a b l e d  d u ri n g  P D E  p o w e r  do w n  mo d e  an d  a l l  o u tp u t s  m ay  re ma i n  

e n a b l e d.  T he  Q C A b u s  o u t p ut s  w i l l  b e  al l  H I G H  du ri ng  P D E  P o w e r D o w n mo d e  a s  t he y  are  fo r D e s e l e c t  c o m man ds .  

T h e  RC D  ma y  re d u c e  p o w e r i nt e rn a l l y  a s  i t i s  ab l e .  N o  c o mma n d  ma y  b e  s e nt  o n  t h e  c l o c k c y c l e  fo l l o w i n g  t he  P D E  

c o mm an d t o  a l l o w  t h e  RC D  to  s afe l y  u p d at e  i t s  c o n fi g u ra t i o n  fo r c o m ma n d d e c o d i n g,  b e c a us e  th e  D C A i n p u t 

re c e i v e rs  w i l l  b e  d i s ab l e d  an d re q u i r e  a  c l o c k c y c l e  to  b e  re ad y  to  re c e i v e  t h e  N O P  ( P D X )  c o m ma nd  w i th o u t  c h e c ki n g  

p ar i ty.

P o w e r d o w n  e x i t  i s  s i g n al e d  b y  t aki n g o ne  o r  b o th  D C S  i n p u t s  a c t i v e  w i t h  a  P D X  o n  th e  b us .  T h e  RC D  w i l l  n o t c h e c k 

C A P ari ty  w h e n  t h e  P D X  c o mma n d  i s  r e c e i v e d  w hi l e  b o t h  r an ks  are  i n  p o w e r  do w n  a s  t h e  D C A i n p u t re c e i v e rs  

w o ul d b e  d i s ab l e d .  

T h e  P D E  c o m ma n d i s  s e n t to  t h e  D at a B u ffe r s  o n  th e  B C O M  b u s  o n l y w h e n  th e  l as t  ra nk h as  e n t e r e d  P D E  mo d e .  T h e  

P D X  c o mm an d  i s  s e n t to  th e  D at a  B u ffe rs  o n  th e  B C O M  b u s  w h e n th e  fi rs t ra n k re c e i v e s  th e  P D X  c o m man d .  

T h e re fo re ,  th e  D a ta  B u ffe r s  are  i n  p o w e r  do w n  m o d e  o n l y  w he n  A L L ran ks  o n  t h e  s u b  c h a n ne l  are  i n  p o w e r d o w n  

mo de .
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4 . 1 . 2 P D E  P o w e r  D o w n  M o d e  w i t h  O D T  c o n t ro l

I n P D E  P o w e r D o w n  M o d e  w i t h  O D T  c o n t ro l ,  th e  p o w e re d  do w n  ra nk( s )  a n d  th e  D a ta  B u ffe r s  m ay  s t i l l  r e c e i v e  no n -

ta rg e t  t e r m i n at i o n  c o mm an d s .  T he  RC D  i t s e l f do e s  n o t p o w e r  do w n  i f e i th e r ran k i s  i n  P D E  w i t h  O D T  c o nt r o l ,  a s  i t 

mu s t  p as s  o n  t h e  no n - t arg e t  t e rm i n a ti o n  c o m ma nd s .  Q C A 1 1  de t e rmi n e s  w h e t h e r  t h e  D RA M s  a re  p u t  i nt o  P D E  w i t h 

o r w i th o u t O D T c o n t ro l .  Q C A 1 1  =  1  fo r n o  O D T  c o n tr o l ,  a n d Q C A 1 1  =  0  fo r O D T  c o n tro l .

Wh i l e  i n P D E  w i t h  O D T  c o n tro l ,  RD ,  W R,  a nd M RR c o mm an d s  may  b e  s e n t  t o  th e  D RA M  ra n k w i t h  n o n - ta rg e t  

te rmi na t i o n  s i g n al e d ( C S  ac ti v e  fo r b o th  U I  o f t he  c o mm an d ) .  I t i s  th e  re s p o n s i b i l i ty  o f t h e  h o s t c o n t ro l l e r to  n o t  s e n d  

c o mm an ds  to  t h e  D RA M s  w h i c h  a re  “ N o t  A l l o w e d ” ,  as  de fi n e d  i n Ta b l e  1 5 .

I n c a s e  o f P ari ty  E rro r s t at e  i n  ‘ Sta tic  A L ER T_n  A s s e rtio n  Mo de ’  ( RW 0 1 [ 6 ]  =  ‘ 0 ’ ) ,  t h e  h o s t  n e e d s  t o  s e nd  M RW t o  th e  

e x i t th e  E r ro r s t at e  b e fo re  th e  RC D  c a n  fo rw ar d a  P D X  c o mm an d  o n  a n y s u b - c h an n e l  t h at  h a d P ari ty  E rr o r.  To  av o i d 

v i o l at i n g  t h e  re s t ri c ti o ns  d e fi n e d  i n  Tab l e  1 5  b e l o w,  M RW mu s t  n o t  b e  s e n t  t o  D RA M s  i n  P D E  s ta te  w i th  O D T 

C o n t ro l .  T he re fo r e ,  i t i s  n e c e s s ary  t o  fi rs t  s e n d P D X  c o m ma nd s  s o  t h at  t he  s ub - c ha n n e l s  t h at  a re  n o t  i n p ar i ty  e rro r  

s t at e  c an  ta ke  th e i r D RA M s  o ut  fro m P o w e r- D o w n  s ta te  w i th  O D T c o n t ro l .  A ft e r s e n d i ng  M RW  t o  RW 0 4 ,  i t w i l l  b e  

n e c e s s a ry  t o  s e nd  P D X  fo r t h e  s u b - c h an n e l s  t h at  w e re  i n  P ari ty  E rro r s ta te  i n i t i al l y.  B as e d  o n  t h e s e  re qui re m e n t s ,  an  

e x a mp l e  o f a  re c o v e ry  s e q u e n c e  fo r t h i s  c a s e  c o u l d  b e  th e  fo l l o w i n g .

I f p ari ty  e r ro r i s  d e t e c te d  d u ri n g  P D E  w i t h O D T  c o n t ro l :

1 . S e n d P D X  ( N O P )  to  C H _A a n d C H _B .

2 . S e n d M RW fo r RW 0 4  C M D 1 0  ‘ C H _B  C l e a r P a r i t y  E rro r’ .

3 . S e n d M RW fo r RW 0 4  C M D 9  ‘ C H _A C l e a r P a ri t y  E rro r’ .

4 . S e n d P D X  ( N O P )  to  C H _A a n d C H _B .

T h e  ab o v e  e x a mp l e  s e q u e n c e  i n  i s  i n te n de d  t o  w o r k fo r  an y  c o mb i na t i o n  o f p a ri t y e r ro r s t at e  an d P D E  w i t h  O D T  

c o n tro l  p e r s u b - c h an n e l  ( e rro r  o r  P D E  i n  C H _A o n l y,  C H _B  o n l y,  o r C H _A an d  C H _B  at  t h e  s am e  ti me ) .

I n c a s e  o f P a r i t y  E rro r s t a te  i n ‘ Pu ls ed A L ER T_n  A s s e rtio n  Mo de ’  ( RW0 1 [ 6 ]  =  ‘ 1 ’ ) ,  th e  re c o v e ry  p ro c e d ure  c an  b e  

re d u c e d  s i mp l y to  th e  fi rs t  s te p  i n  th e  l i s t  b e c a us e  th e  D D R5 RC D 0 1  de vi c e  re s u me s  e x e c ut i o n  o f D C A c o mm an d s  

au t o m at i c a l l y aft e r  th e  e n d  o f th e  A L E RT _n  p u l s e .

T h e  n o n- t arg e t te rmi na t i o n  c o mma n ds  mu s t  b e  s e n t to  th e  D at a B uffe rs  i f e i t h e r ra n k i s  i n  P D E  w i th  O D T c o n tro l .  

Ta b l e  1 5  —  O D T  C o n t r o l d u r in g  P o w e r  D o w n  M o d e 1

1 . T h i s  t ab l e  a p p l i e s  to  t he  c o m m a nd s  s e n t fro m  th e  RC D  to  t he  D R A M s  w he n  th e  D RA M s  a re  i n P D E  s ta te  w i th  O D T  C o n tro l .

M o de
N O P / P D X

c o m m a n d

RD  w / n o n -

ta r ge t te r m

W R w / n o n -

ta r ge t te r m

M RR w /  n o n -

ta r ge t  te r m
A l l O t h e r s

P D E  w /o  O D T  c o n tr o l A l l o w e d .  E x i t s  P D E  mo de N o t  A l l o w e d N o t  A l l o w e d N o t  A l l o w e d N o t  A l l o w e d

P D E  w /O D T c o n tr o l A l l o w e d.  E x i t s  P D E  M o de A l l o w e d A l l o w e d A l l o w e d N o t  A l l o w e d
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