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Today’s  A g e n da
� Brief review of Past Work: where we left off...
� Brief O verview of the C hallen g e tod ay  in  M od elin g
� What is a D F E ?

DFE diagram
L M S  A l go rit h m

� V H D L  C od e:
T h e  mo de l in g p ro c e s s
A M S  Co de
R e s u l t s
L e arn in gs

� What’s n ex t
� C on c lu sion s
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C h al l e n g e s
� SerDes Technology is seen in many applications today

X A U I ,  C E I ,  PC I -E ,  X F I ,  S A T A ,  F C  etc
� L imitations in M odeling f eatu res of  SerDes u sing 
H SP I C E

� P roprietary solu tions in modeling is not acceptab le du e 
to interoperab ility issu es

� DF E  can b e a complex  f eatu re to model and this paper 
w ill attempt to address this challenge u sing I B I Sv 4 . 2  
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W h at  i s  a D F E  ?
� A  Decision F eedb ack  E q u aliz er is a digital eq u aliz er 
design to remov e primarily I ntersymb ol I nterf erence

–U n like other filters the D F E  d oes n ot in vert the c han n el,  it 
rem oves I S I
–D oes n ot am p lify  n oise
–C an  ac c u m u late errors 
–F eed forward  E Q  n eed ed  to reshap e an d  rem ove p rec u rsor



© 2 0 0 7  C i s c o  S y s t e m s ,  I n c .  A l l  r i g h t s  r e s e r v e d . C i s c o  C o n f i d e n t i a l
I B I S  D e s i g n C o n  
2 0 0 7  F o r u m 9ASIC Signal Integrity and Packaging Design (ASIPD)

W h at  i s  a D F E ?  ( 2 )

TX EQ R X EQTX D a t a R X D a t aC hannel

D i s c l a i m e r : Th e r e  a r e  m a n y  w a y s  
a n d  t r a d e o f f s  f o r  w h e r e  t o  p l a c e  

e q u a l i z a t i o n .  Th i s  d i a g r a m  i s  
i l l u s t r a t i v e ,  a t  b e s t .
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W h a t  i s  a  D F E ?  ( 3 )  
R e s p o n s e  o f  a  c h a n n e l

T i m e

M a i n  Cu r s o r

P r e Cu r s o r P o s t Cu r s o r
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M a n y  c r e a t i v e  a n d  i n n o v a t i v e  w a y s  t o  a r c h i t e c t  
a  D F E …

� M i x e d  S i g n a l  D F Es
� A n a l o g  D F Es
� A l l  D i g i t a l  D F Es

� L o o p  u n r o l l i n g  D F Es  [ P a h r i  ’9 0 ,  K a s t u r i a  
’9 1,  S t o j a n o v i c  V L S I  ’0 4 ]

� M i x e d  S i g n a l  D F E [ B r o w n  I S S C C  ’9 7 ]
� R A M  b a s e d  D F E    [ B r o w n  I S S C C  ’9 7 ]
� M i x e d  S i g n a l  D F E  [ L e ,  J S S C  ’0 2 ]
� C u r r e n t  M o d e  D F E [ W u ,  D e s i g n C o n  ’0 4 ]
� L o o k  A h e a d  D F E    [ K a j l e y  J S S C  ’9 7 ]
� Ti m e  I n t e r l e a v e d  A / D  D F E [ V a r z a g h a n i  

J S S C  ’0 6 ]

Ta b l e  f r o m  A i d a  V a r z a g h a n i  a n d  C h i h -K o n g  K e n  Y a n g ,  A p r i l ,  2 0 0 6  
J S S C
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1-t ap  D F E
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Ŷ( n )  =  digit iz e d in p u t  at  t ime  n
Ŷ( n -1)  =  digit iz e d in p u t  at  t ime  n -1

T h e  de c is io n ,  mu l t ip l ic at io n  an d addit io n  mu s t  al l  t ak e  p l ac e  w it h in  o n e  s y mb o l  t ime ,  as  s h o w n  b y  arro w
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M u l t i p l e  t ap  D F E  
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A l g or i t h m  – L M S
� L M S  “L east M ean  S q u are”
� Based  on  a g rad ien t d esc en t 
alg orithm .
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O t h e r  A dap t i v e  A l g or i t h m s
Please note that there are other variations and algorithms 
f ou nd in ac ademia/ indu stry .  E ac h has its merit and only  
tw o are mentioned here.

� S ign A lgorithms
� Z ero F orc ing A lgorithms
� etc . ,  etc .
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Sharing our experience in creating the model 
� B egan w ith a 1  tap  D F E  in M atlab  ru nning at 6 . 2 5 G b / s,  
f ix ed c oef f ic ient.

� C onverted this 1  tap  6 . 2 5 G b / s D F E  model to V H D L -
A M S

� E x p anded this model to a mu ltip le tap  D F E  model
� A dded an L M S  adap tive algorithm to M atlab  model.
� C onverted this  mu ltip le tap  6 . 2 5 G b / s D F E  model to 
V H D L -A M S
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V H D L -A M S  c ode  ( 1)
� S y m b o l s p a c ed  ra n d o m  d a ta  w a s  s en t v ia  a  c h a n n el a n d  c a p tu red  in to  a  file.  N o te d a ta  is  d efin ed  a s  c en tered  a ro u n d  0  w ith  v a lu es  o f eith er + 0 . 5  o r -0 . 5 .

� T h is  w a v efo rm  w a s  rea d  fro m  a  file a n d  th en  p la c ed  in to  a  s in g le d im en s io n a l a rra y ,  z .

� E s s ent i a l  co d e d es cri b i ng  t h i s :

- - l o a d  s a m p l e fro m  " t es t . d a t "
fi l e_ o p en( l o a d _ fi l e_ ch a nnel ,  " t es t . d a t " ,  RE A D _ M O D E ) ;       - - o p eni ng  d a t a  fi l e o f ch a nnel  o u t p u t       
i nd ex  : =  1 ;
w h i l e no t  end fi l e( l o a d _ fi l e_ ch a nnel )  l o o p   

RE A D L I N E ( l o a d _ fi l e_ ch a nnel ,  Y ) ;
rea d  ( Y ,  s a m p l e( i nd ex ) ) ;
i nd ex  : =  i nd ex + 1 ;

end  l o o p ;

fo r i  i n  1  t o  N x  l o o p
z ( i )  : =  s a m p l e( i ) ;

end  l o o p ;
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V H D L -A M S  c ode  ( 2 )
E s s e n t i a l  c o d e  f o r  DF E  a n d  a d a p t a t i o n  a l g o r i t h m :

f o r  i  i n  ( N + 1 )  t o  N x  l o o p

k  : =  ( ( i -1 )  *  N )  - ( N -1 ) ;
f o r  j  i n  1  t o  N  l o o p
z ( i )  : =  t a p ( k )  *  s i g n ( z ( i -j ) )  +  z ( i ) ;        
k  : =  k  +  1 ;

e n d  l o o p ;

-- Co -e f f i c i e n t s  f o r  n e x t  s a m p l e  u s i n g  S t a n d a r d  L M S  a l g o r i t h m .
k  : =  ( ( i -1 )  *  N )  - ( N -1 ) ;
f o r  j  i n  1  t o  N  l o o p
t a p ( k + N )  : =  t a p ( k )  +  m u  *  ( 0 . 5  *  s i g n ( z ( i ) )  - z ( i ) )  *  s i g n ( z ( i -j ) ) ;
k  : =  k  +  1 ;

e n d  l o o p ;

e n d  l o o p ;                                      

N  =  nu m b er o f t a p s
N x  =  l eng t h  o f s y m b o l s

Z  =  s y m b o l s

m u  =  L M S  s t ep  s i z e
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V H D L -A M S  c ode  ( 3 )
� E s s ent i a l  co d e fo r w ri t i ng  res u l t s  t o  a  fi l e:

- - w ri t i ng  1 s t , 2 nd , 3 rd , a nd  4 th co effi ci ent s  a nd  D F E  o u t p u t  t o  i nd i v i d u a l  fi l es .

- - l o a d  fi rs t  co eff1  t o  " t a p 1 . d a t "
fi l e_ o p en( t a p 1 _ o u t ,  " t a p 1 . d a t " ,  W RI T E _ M O D E ) ;  
i nd ex  : =  1 ;
fo r i nd ex  i n 1  t o  N x  l o o p
W RI T E L I N E ( t a p 1 _ o u t ,  S ) ;
w ri t e( S ,  co eff1 ( i nd ex ) ) ;  

end  l o o p ;

<  o t h er t a p s  w ri t t en h ere a s  a b o v e>

- - l o a d  z  ( D F E  o u t p u t )  
- - t o  " o u t . d a t "
fi l e_ o p en( co u nt ,  " o u t . d a t " ,  W RI T E _ M O D E ) ;  

i nd ex  : =  1 ;
fo r i nd ex  i n 1  t o  N x  l o o p
W RI T E L I N E ( co u nt ,  V ) ;
w ri t e( V ,  z ( i nd ex ) ) ;  

end  l o o p ;          



© 2 0 0 7  C i s c o  S y s t e m s ,  I n c .  A l l  r i g h t s  r e s e r v e d . C i s c o  C o n f i d e n t i a l
I B I S  D e s i g n C o n  
2 0 0 7  F o r u m 21ASIC Signal Integrity and Packaging Design (ASIPD)

A M S R es ults  f or a 6 . 2 5 G b / s  A daptiv e 2  tap D F E
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A M S R es ults  f or a 6 . 2 5 G b / s  A daptiv e 2  tap D F E
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A M S R es ults  f or a 6 . 2 5 G b / s  A daptiv e 4  tap D F E
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A M S R es ults  f or a 6 . 2 5 G b / s  A daptiv e 4  tap D F E
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P l e as e  N ot e :
� T h e D F E  m od el  we p resen t c an  b e im p roved  to in c l u d e:

– m o d e l i n g   o f  F e e d b a c k  b a n d w i d t h
– m o d e l i n g  o f  A d a p t a t i o n  b a n d w i d t h
– P a r a s i t i c s
– C o r r e l a t i o n  t o  m e a s u r e m e n t s  

� H en c e we are c u rren tl y  ac tivel y  en g ag ed  with  V en d ors in  m od el in g
th eir c irc u itry  in  a m ore real istic  m an n er in  A M S .

� N on eth el ess,  we ac h ieve ou r g oal  of d em on stratin g  th at A M S  c an  
m od el  an  A d ap tive D F E .
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L e ar n i n g s  an d c om m e n t s

� Reference libraries for the user can be a time saver. 
� D ebug g ing  tools can be imp roved .
� U se of multid imensional array s is restrictive and  
cumbersome.
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U s i n g  A M S  M ode l s  i n  I B I S  v 4 . 2 …
� I B I S  v4 .2  sup p orts multi-ling ual lang uag e ex tensions 
throug h the use of S P I C E ,  V H D L -A M S ,  V erilog -A M S  to 
ex p and  mod eling  sup p ort

� I B I S  v4 .2  I s ex tremely  flex ible and  ex tend ible 
� I B I S  v4 .2  enable’s users to mod el comp lex  features of 
I / O ’s

� L atest I B I S  version that sup p orts M ulti-ling ual 
lang uag es is I B I S  v4 .2
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C alling A M S w ith I B I S v 4 . 2  [ E xternal C ircuit]
[Circuit Call] D F E 2
P o rt_ m ap  v d d _ ic  2 1
p o rt_ m ap  v s s _ ic  2 2
[E n d  Circuit Call]
|
|
[E x te rn al Circuit] D F E 2
L an g uag e   V H D L -A M S
|
|Co rn e r   co rn e r_ n am e    f ile _ n am e    s ub ck t_ n am e
|
Co rn e r    T y p      D F E 2 . v h d    A D F E _ ty p 2
Co rn e r    M in      D F E 2 . v h d   A D F E _ m in 2
Co rn e r    M ax     D F E 2 . v h d   A D F E _ m ax 2
P o rts   v d d _ ic  v s s _ ic
|
[E n d  E x te rn al Circuit]
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Today’s  A g e n da
� Brief review of Past Work
� Brief O verview of th e C h al l en g e tod ay  in  M od el in g
� Wh at is a D F E ?

D F E  d i a g r a m
L M S  A l g o r i t h m

� V H D L  C od e:
T h e  m o d e l i n g  p r o c e s s
A M S  C o d e
R e s u l t s
L e a r n i n g s

� Wh at’s n ex t
� C on c l u sion s
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N e x t  S t e p s

� C ross-functional team has been ex p and ed  to now  
cover S erD es M od eling ,  S imulation and  M easurement.

� O ng oing  w ork  w ith 4  p referred  A S I C  vend ors for A M S  
mod el g eneration. T his w ill cover I B I S v4 .2  mod els for 
over a d oz en current A S I C  d esig ns
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Today’s  A g e n da
� Brief review of Past Work
� Brief O verview of th e C h al l en g e tod ay  in  M od el in g
� Wh at is a D F E ?

D F E  d i a g r a m
L M S  A l g o r i t h m

� V H D L  C od e:
T h e  m o d e l i n g  p r o c e s s
A M S  C o d e
R e s u l t s
L e a r n i n g s

� Wh at’s n ex t
� C on c l u sion s
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C on c l u s i on :  S u m m ar y
� I B I S v4 .2  w ith multi-ling ual ex tension is cap able of 
mod eling  comp lex  structures of a S erD es such as a 
D F E

� C orrelation w ith M atlab and  V H D L -A M S  achieved  in 
mod eling  a D F E
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C on c l u s i on :  M y M e s s ag e  t o Y ou …
� 2 0 0 5  U 2 U  p a p e r  d e m o n s t r a t e s  I B I S v 4 . 2  V H D L  A M S  i m p l e m e n t a t i o n  o f  3 . 1 2 5 G b / s  T X  a n d  c h a n n e l  ( e x t e n d a b l e  t o  o t h e r  d a t a  r a t e s ) .
� 2 0 0 6  U 2 U  p a p e r  d e m o n s t r a t e s  I B I S v 4 . 2  V H D L  A M S  i m p l e m e n t a t i o n  o f  m e t r i c s  b y  w h i c h  w e  c a n  i m p l e m e n t  t e s t a b i l i t y  a n d  o b s e r v a b i l i t y  p o r t i o n s  o f  t h e  c h a n n e l .
� P r e s e n t  w o r k  h e r e  d e m o n s t r a t e s  I B I S v 4 . 2  i m p l e m e n t a t i o n  o f  a n  a d a p t i v e  m u l t i t a p  D F E  ( e x t e n d a b l e  t o  o t h e r  d a t a  r a t e s ) .

� T h e s e  a r e  s m a l l  s i g n i f i c a n t  s t e p s .  W o r k  i s  p r o g r e s s i n g .  

� I B I S v 4 . 2  w i t h  m u l t i -l i n g u a l  e x t e n s i o n s  i s  a  v i a b l e  f o r m a t  t o d a y  t o  m o d e l  v a r i o u s  f e a t u r e s  o f  S e r D e s  t e c h n o l o g y
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A c k n ow l e dg e m e n t s
W e w ould  lik e to ack now led g e the follow ing  p eop le for 
the help  they  have p rovid ed  in useful d iscussions and  
teaching s:

Bil al  A h m ad
E d d ie Wu
J ared  Z erb e
Brian  L eib owitz
J ih on g  R en
G ary  Pratt
S y ed  H u q
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Q and A
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