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W h er e we lef t of f :  D esignC on 2 0 0 6  paper
� D em onst ra t ed  a  d et a il ed  D FE  
d esig n in * A M S  is f ea sib l e.

� E x p l a ined  t he c ha l l eng e of  
int erop era b il it y  a nd  t he 
p rom ise of  * A M S  m od el ing  t o 
sol v e t ha t  a nd  m u c h m ore.

� T he p a p er serv ed  a s a  c a t a l y st  
t o a n ong oing  ef f ort  in S erD es
m od el ing  a c ross t he ind u st ry .

T he int ent  of  t his p a p er is t o p rov id e t he rem a ind er of  t he ind u st ry  w it h a n 
u p d a t e on w ha t  ha s b een a c c om p l ished  a nd  t he st a t u s on ong oing  ef f ort s.
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Agenda
� D em onst ra t ion of  f u l l  S erD es c ha nnel  sim u l a t ion u sing  d et a il ed  
v end or m od el s a c ross 5  m a j or A S I C  v end ors.

� C orrel a t ion of  v end or m od el s
To HSPICE
To V e n d or  In t e r n a l  M a t l a b t ool
To Si l i c on

� D em onst ra t ion of  v end or m od el  int erop era b il it y  in a  f u l l  S erD es
C ha nnel  sim u l a t ion( s) .

� D em onst ra t ion of  V H D L -A M S  t o V eril og -A M S  int erop era b il it y  in a  
S erD es f u l l  c ha nnel  sim u l a t ion.

� M od el  int erop era b il it y  a c ross sev era l  E D A  t ool s
� D em onst ra t ion of  p ost  p roc essing  m od u l es ( t o ex t ra p ol a t e B E R )  in
f u l l y  c od ed  A M S
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Agenda
� D e m o n st r at io n  o f  f ul l  S e r D e s c h an n e l  sim ul at io n  usin g  
d e t ail e d  v e n d o r  m o d e l s.

� C orrel a t ion of  v end or m od el s
To HSPICE
To V e n d or  In t e r n a l  M a t l a b t ool
To Si l i c on

� D em onst ra t ion of  v end or m od el  int erop era b il it y  in a  f u l l  S erD es
C ha nnel  sim u l a t ion( s) .

� D em onst ra t ion of  V H D L -A M S  t o V eril og -A M S  int erop era b il it y  in a  
S erD es f u l l  c ha nnel  sim u l a t ion.

� M od el  int erop era b il it y  a c ross sev era l  E D A  t ool s
� D em onst ra t ion of  p ost  p roc essing  m od u l es ( t o ex t ra p ol a t e B E R )  in
f u l l y  c od ed  A M S
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Example of Vendor Models:
F u ll T X  and R X  EQ  solu t i on

� A na l y z ed  c ha nnel  f or op t im u m  p re-em p ha sis set t ing s;  -1 0 %  p re-
c u rsor t a p  w eig ht ,  -2 0 %  f irst  p ost -c u rsor t a p  w eig ht .

D if f erent ia l  sig na l  a t  T X D if f erent ia l  sig na l  a t  R X
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VHDL-A M S VHDL-A M S4-p o r t  S -p a r a m e t e r s

Package

PackageB a c k p l a n e

C ase 1  – 7 . 5 G b ps th r ou gh  B ackplane 

2 4 6 8 1 0 1 2 1 4 1 6 1 80 20

- 1 00

- 80

- 60

- 40

- 20

- 1 20

0

f r e q ,  G H z

db
(S

DD
21

)
db

(S
DD

11
)

B a c k p l a ne S -p a ra m et ers

Simulation Settings
� PRBS7 @ 7.5Gbps (UI = 133 ps)
� 6 0 , 0 0 0  bi t s si m u l a t e d
� T T  C o r n e r



© 2 0 0 8  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  F o r u m
D e s i g n C o n 2 0 0 8 8ASIC Signal Integrity and Packaging Design (ASIPD)

VHDL-A M SVHDL-A M S 4-p o r t  S -p a r a m e t e r s

Package

PackageB a c k p l a n e

C ase 1  – 7 . 5 G b ps th r ou gh  B ackplane 
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VHDL-A M S VHDL-A M S4-p o r t  S -p a r a m e t e r s

Package

PackageC h i p -t o -C h i p  C h a n n e l

C ase 2  – 7 . 5 G b ps C h ip-to-C h ip 

2 4 6 8 1 0 1 2 1 4 1 6 1 80 20

- 40

- 3 0

- 20

- 1 0

- 5 0

0

f r e q ,  G H z

db
(S

DD
21

)
db

(S
DD

11
)

C ha nnel  S -P a ra m et ers

Simulation Settings
� PRBS7 @ 7.5Gbps (UI = 133 ps)
� 6 0 , 0 0 0  bi t s si m u l a t e d
� T T  C o r n e r
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VHDL-A M S VHDL-A M S4-p o r t  S -p a r a m e t e r s

Package

PackageC h i p -t o -C h i p  C h a n n e l

C ase 2  – 7 . 5 G b ps C h ip-to-C h ip 
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Agenda
� Demonstration of full S erDes c h annel simulation using  
d etailed  v end or mod els.

� C orrelat i on of v endor models
T o  S P I C E
T o  V e n d o r  I n t e r n al  M at l ab t o o l
T o  S il ic o n

� Demonstration of V H DL -A M S  to V erilog -A M S  
interop erab ility  in a S erDes full c h annel simulation.

� M od el interop erab ility  ac ross sev eral E DA  tools
� Demonstration of p ost p roc essing  mod ules ( to 
ex trap olate B E R )  in fully  c od ed  A M S
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Vendor A  T X  A MS  t o S P I C E C orrelat i on:
F A S T / S L O W  P roc ess C orners

S l o w  p r o c e ss c o r n e r ,  1 2 5 C F ast  p r o c e ss c o r n e r ,  1 2 5 C
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Vendor A RX AMS to SPICE Correlation

� A M S  R X  inp u t  
im p ed a nc e m a t c h 
p erf ec t l y  w it h S P I C E  
ou t p u t .

� R E D  =  S 1 1 ( S P I C E )
� B L U E  =  S 1 1 ( A M S )
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Vendor B   VH D L -AMS to Sp ic e Correlation

D if f e r e n t ial  e y e  d iag r am  af t e r
1 9  in c h  c h an n e l  

O r an g e  ( A M S ) / G r e e n  ( S P I C E )

E q ual iz e d  C h an n e l  af t e r
1 9  in c h  c h an n e l  ( A f t e r  D F E )

M ag e n t a ( A M S ) / G r e e n  ( S P I C E )

C h annelT X RXC h annelT X

TERM
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Vendor Verilog -AMS Model c orrelation to 
Vendor Internal Matlab tool
� S imulation setup :  8.5 G b / s w i t h  P R B S 7  p a t t e r n  

C i s c o  b a c k p l a n e  c h a n n e l
N o m i n a l  c o r n e r
2 0 0 k  B i t s  s i m u l a t e d  w i t h  2 0 0  p p m f r e q  o f f s e t

Package

Package

B ac k p lane 
C h annelT X RX
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Vendor Verilog -AMS Model c orrelation to 
Vendor Internal Matlab tool :  Res u lts
� E y e d iag rams after th e DF E

Eye diagram from AMS 
s imu l at ion  

Eye diagram from V en dor’s  
in t ern al  t ool  
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Vendor Verilog -AMS Model c orrelation to 
Vendor Internal Matlab tool:  Res u lts

Vendor’s  i nt erna l  t ool
Mean eye opening = 1.696853e-0 1 

V MI N  34 .4 %  V MA X   ---%   V E Y E  58.4 m V  10 ^ -17  
H MI N  -19.1%  H MA X  14 .3%   H E Y E  2 8.6%  10 ^ -17

A M S
Mean eye opening = 1.7 0 80 32 e-0 1 

V MI N  35.5%  V MA X   ---%   V E Y E  60 .6m V  10 ^ -17
H MI N  -2 0 .1%  H MA X  14 .4 %   H E Y E  2 8.8%  10 ^ -17  

0 .2 %  d i f f e r e n c e  H E Y E  a t  10 ^ -17
2.2 %  d i f f e r e n c e  V E Y E  a t  10 ^ -17  



© 2 0 0 8  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  F o r u m
D e s i g n C o n 2 0 0 8 18ASIC Signal Integrity and Packaging Design (ASIPD)

Vendor VH D L -AMS T X to Silic on Correlation
� P R B S 3 1  d a t a  p a t t ern f rom  T X  a t 7 . 5 G b / s

Lab  M e asur e m e n t A M S  O ut p ut

Si m Se t u p

P K G
S 4P

E v a l B r d
S 4P

C o a x
S 2P s S c o p e
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Agenda
� Demonstration of tw o full S erDes c h annel simulations 
using  d etailed  v end or mod els.

� C orrelation of v end or mod els
T o H S P I C E
T o V end or I nt erna l  M a t l a b t ool
T o S il ic on

� D emonst rat i on of VH D L -A MS  t o Veri log -A MS  
i nt eroperab i li t y  i n a S erD es fu ll c h annel si mu lat i on.

� M od el interop erab ility  ac ross sev eral E DA  tools
� Demonstration of p ost p roc essing  mod ules ( to 
ex trap olate B E R )  in fully  c od ed  A M S
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Verilog -AMS to VH D L -AMS interop erab ility

� T est c ond itions:  
D a t a  P a t t ern:  P R B S  7   ru nning  @  6 . 2 5  G b / s
N om ina l  c ond it ion
T X  FFE  on R X  D FE  on

PackageT X RX

10  n F

10  n F

Package

V e n d o r  A
( V e r il o g -A M S )

V e n d o r  B
( V H D L-A M S )

7  inc h c ha nnel
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Verilog -AMS to VH D L -AMS interop erab ility

A f t e r  t h e  D F EA t  t h e  R X  in p ut



© 2 0 0 8  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  F o r u m
D e s i g n C o n 2 0 0 8 22ASIC Signal Integrity and Packaging Design (ASIPD)

Rev ers e:
VH D L -AMS to Verilog -AMS interop erab ility

� T est  c ond it ions:  
D a t a  P a t t ern:  P R B S  7   ru nning  @  6 . 2 5  G b / s
N om ina l  c ond it ion
R X  D FE  on

Package

7  inc h c ha nnel

T X RX

V e n d o r  A
( V e r il o g -A M S )

10  n F

10  n F

Package

V e n d o r  B
( V H D L-A M S )
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Rev ers e:
VH D L -AMS to Verilog -AMS interop erab ility

H M I N  -39. 0 %  H M A X  35. 9%   H E Y E  71. 8%  10 ^ -17
V M I N  83. 1%  V M A X   ---%   V E Y E   20 2m V  10 ^ -17

M e a n  e y e  o p e n i n g  =  243m V

R esu lt s sh ow n are aft er t h e D F E
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Cros s -talk  Sim u lation:
Interop erab ility  Cas e Stu dy

� L ink ’s d a t a  ra t e is 7 . 5  G H z ;  
� V eril og -A M S  t a l k ing  t o V eril og -A M S  ( sa m e v end or) .  
� N E X T  is V H D L  ru nning  a t  6 . 5  G H z .
� FE X T  is V H D L  ru nning  a t  7 . 5  G H z .
� N o p a c k a g e I nc l u d ed .
� N u m b ers insid e c irc l es a re show ing  m ix ed  m od e p ort  nu m b ers.

C H A N N EL _ N

C H A N N EL _ P

T X R X
1 2

3 4

C H A N N EL _ N

C H A N N EL _ P
5

6
NEXT

T
E
R
M

C H A N N EL _ N

C H A N N EL _ P
7

8F EXT

T
E
R
M

1 2

3

4

,

C ross-t a l k  sim u l a t ion set u p
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I nter oper ab ility  C ase Stu dy  … contd.
� T ra nsient  sim u l a t ion l eng t h =  4 . 5  m ic rosec ond s
� 7 . 5 G b / s P R B S  7  sent  f rom  t ra nsm it t er of  t he l ink .
� 2  I d ent ic a l  sim s:  one w it h a g g ressors a nd  one w it hou t  a g g ressors.

D if f erent ia l  sig na l  a t  rec eiv er 
w it h X t a l k

D if f erent ia l  sig na l  a t  rec eiv er 
w it hou t  X t a l k
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Agenda
� Demonstration of tw o full S erDes c h annel simulations 
using  d etailed  v end or mod els.

� C orrelation of v end or mod els
T o H S P I C E
T o V end or I nt erna l  M a t l a b t ool
T o S il ic on

� D emonst rat i on of VH D L -A MS  t o Veri log -A MS  
i nt eroperab i li t y  i n a S erD es fu ll c h annel si mu lat i on.

� Model i nt eroperab i li t y  ac ross sev eral ED A  t ools
� Demonstration of p ost p roc essing  mod ules ( to 
ex trap olate B E R )  in fully  c od ed  A M S
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Model interoperability across several EDA tools

E y e  at  T X  f o r  t o o l  v e n d o r  A

E y e  at  T X  f o r  t o o l  v e n d o r  B

E y e  at  R X  f o r  t o o l  v e n d o r  A

E y e  at  R X  f o r  t o o l  v e n d o r  B

ED
A 
To

ol
 B

ED
A 
To

ol
 A
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Agenda
� Demonstration of tw o full S erDes c h annel simulations 
using  d etailed  v end or mod els.

� C orrelation of v end or mod els
T o H S P I C E
T o V end or I nt erna l  M a t l a b t ool
T o S il ic on

� D emonst rat i on of VH D L -A MS  t o Veri log -A MS  
i nt eroperab i li t y  i n a S erD es fu ll c h annel si mu lat i on.

� M od el interop erab ility  ac ross sev eral E DA  tools
� D emonst rat i on of post  proc essi ng  modu les ( t o 
ext rapolat e B ER )  i n fu lly  c oded A MS



© 2 0 0 8  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  F o r u m
D e s i g n C o n 2 0 0 8 29ASIC Signal Integrity and Packaging Design (ASIPD)

AM S post pr ocessing
� Demonstration of:

– E x t ra p ol a t e a  t im e b a sed  sim u l a t ion f or B E R  m et rol og y
– S t a nd a rd iz a t ion of  S ig na l  I nt eg rit y  b a sed  t est ing  b y  u se of  
p ost  p roc essing  ( ind ep end ent  of  E D A  t ool )
– P ort ing  of  M a t l a b b a sed  t ool s

� T ook  an ex isting  M atlab b ased  p ost p roc essing  func tion
– U se a s m u c h of  A M S  l a ng u a g e  a s p ossib l e f or p ort a b il it y  
a c ross E D A  v end ors
– C rea t ion of  l ib ra ry  of  sp ec ia l iz ed  M a t l a b f u nc t ions int o A M S

Special acknowledgement of M atlab code s ou r ce:  ST  M icr olectr onics
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R esu lts b ased on AM S scr ipt

H ist o g r am  o f  z e r o  c r o ssin g s
e x t r ac t e d  f r o m  w av e f o r m C D R  b ase d  o n  n o r m al iz e d  h ist o g r am  d at a
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L ear nings in tr anslating f r om M atlab
� M u l t id im ensiona l  a rra y s b ec a m e t rou b l esom e- b u t  not  a n inherent  
A M S  issu e.

� W ork ing  a rou nd  t y p e c ha ng es in V H D L -A M S
� C ert a in m a t h f u nc t ions l ik e sq rt a re a v a il a b l e- ot hers l ik e inv erf ha d  
t o b e w rit t en ( b a sed  on Fort ra n ex a m p l es) .  O t her m a t l a b sp ec ia l  
f u nc t ions su c h a s hist w ere p ort ed .

� I t  is p ossib l e t o p ort  ov er M a t l a b c od e t o V H D L -A M S
� G ra p hic a l  p l ot t ing  is t im e c onsu m ing  
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N ex t Steps
� N eed  to av oid  c omp iled  mod els in fav or of I P  
enc ry p tion.  S ig nific ant w ork  is und er w ay  w ith  I E E E  
P 1 7 3 5  

� M ore w ork  need ed  from E DA  v end ors for tool features, 
utilities and  multi-ling ual sup p ort as p er I B I S v 4 . 2

� Dev elop ment of * A M S  utilities in c ollab oration w ith  
A c ad emia

� W ork  w ith  our A S I C  v end ors for nex t g eneration * A M S  
mod els

� S imulation of h ig h er d ata-rate S erDes and  furth er 
mod eling  in * A M S
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Solu tion pr ov ider s of  AM S


