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PCB level SI tools and strategy

� Definition of HSD
� Sta tic  T im ing  A na l y s is  for  DDR
� P r e-r ou te s im u l a tions  ( Sc a n th e d es ig n s p a c e)
� R ou ting  R u l es  d ev el op m ent for  C A D 
� F u l l  p os t r ou te s im u l a tions
� Su m m a r y
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W h at Is High Speed Design?

G etting  th e r ig h t d a ta

T o th e r ig h t p l a c e 

A t th e r ig h t tim e

D0 D1
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High Speed Design is the study 
o f  a na l o g ef f ec ts o n T im ing

� Component timing (process)
� V ol ta ge 
� T empera tu re
� P a ck a ge &  P CB  rou ting l ength s
� P CB  ma nu f a ctu ring v a ria tions 

(Z 0 ,  l oss)
� R ef l ection/ O v ersh oot
� I S I
� S S N / S S O
� Crossta l k …

Se
tup Ho
ld
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H i gh  Sp eed D esi gn

S t a t i c  T i m i n g  A n a l y s i s S i g n a l  &  P o w e r
I n t e g r i t y  A n a l y s i s

C o n s t r a i n t -Dr i v e n  De s i g n
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A u di enc e Poll # 1

N o A ctiv e d esign 
D D R 3  13 3 3 -16 0 0  M ts
D D R 3  8 0 0 -10 6 6  M ts
D D R 2  6 6 7 -8 0 0  M ts
D D R 2  4 0 0 -5 3 3  M ts
L ess th a n 2 0 0 M H z

V otes
W h a t is th e  f a stest memory  d esign y ou  h a v e w ork ed  on ?
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Stati c  T i m i ng A nalysi s 
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T i m i ng Bu dget f or D D R 2
DQ, DM

Ad d r , C m d

I/O

D IM M 0
S o c k e t

t e r m
D r i v e r

C o n t r o l

t e r m
D r i v e r

DQS #

DQS

C l o c k s #

C o m p
D r i v e r s

C l o c k s

OD T

OD T

T e r m

OD T

C o m p .
I/Os
OD T

D IM M 1
S o c k e t

OD T

OD T

T e r m
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D evelop  a Stati c  T i m i ng M odel

Clocks and
ch ar act e r i st i cs

O u t p u t  t i m i ng

I np u t
r e q u i r e m e nt s Conne ct i v i t y  

&  de lay s

B u s p r ot ocol
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ST A  f o r  DDR 2  is b a sed o n v endo r s da ta sheet 
( w hic h a r e J E SD7 9 -2 C  b a sed)
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D D R 2  T i m i ng

� Da ta  Sh eet T im ing  is  w ith  r es p ec t to a  s p ec ific  l oa d
R ef erence:  2 5  oh ms to V D D Q / 2
T iming mea su red  to V ref  

� Dev ic e tim ing  is  m ea s u r ed  w ith  r es p ec t to th r es h ol d s
D epend a nt on opera ting f req u ency
I O  ty pe u sed  (D M _ I N P U T _ 5 3 3 / D Q F U L L _ 5 3 3 ,  I N P U T _ 5 3 3 (A D D R )
S pecif ic ed ge (R ising,  F a l l ing) 
S l ew  ra tes of  th e signa l s 
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Da ta  Sheet T im ing a nd I nter c o nnec t Del a ys

� I nterconnect d el a y s f rom 
simu l a tions h a v e start a nd  
sto p times

Start times are based on 
ou tp u t timing  sp ec s

R eferenc e l oads and 
v ol tag e l ev el s
I B I S  V ref,  C ref,  R ref,  
V meas

Sto p times are based on inp u t 
( setu p / h ol d)  timing  sp ec s

M easu red at defined 
v ol tag e l ev el s and sl ew  
rates

Vref
Vi n _ D C _ L o w
Vi n _ A C _ L o w

Vi n _ D C _ H i g h
Vi n _ A C _ H i g h

Vref

D r i v e r  R e f e r e n c e  L o a d

S y s t e m  N e t  b e i n g  A n a l y z e d

“S t a r t ” T i m e “S t o p ” T i m e s
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D evi c e ti m i ng ( D Q  Si gnals)

Q u al i ty
� A  rising  edg e mu st:

Start below VIL_DC
Swi tc h  th rou g h  VIH _A C
Settle abov e VIH _DC

T i m i ng
� M I N del ay  measu red at first c rossing  of 
V I L _ D C

U s ed  to c om p u te h old  m arg i n
J E SD7 9 -2 C,  p ag e 9 6 ,  n ote 2 1

� M A X del ay  measu red at first c rossing  of 
V I H _ A C

U s ed  to c om p u te s etu p  m arg i n
J E SD7 9 -2 C,  p ag e 9 6 ,  n ote 2 0

S I  V iew

T iming  S p ec  V iew

N o t e :  G u a r d  b a n d s  n o t  s h o w n
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T i m i ng f i les to i m p lem ent ST A  

# Quantum-S I  T i mi ng  M o d e l
# C o p y r i g h t 2 0 0 4 ,  2 0 0 5  S i g nal  I nte g r i ty  S o f tw ar e ,  I nc . /  #
M O D E L :  d d r 2 _ s d r am
D E S C R I P T I O N :  D D R 2  S D R A M  T i mi ng  M o d e l
S O U R C E :  S i S o f t/ M i c r o n
#   R e v  1 . 0 ,  I ni ti al  r e l e as e d  mo d e l
P A R A M S :
D Q_ B I T _ T I M E  =  $ c l o c k _ d o mai n( d d r 2 _ d q _ r ate )
C K _ P E R I O D  =  $ c l o c k _ d o mai n( d d r 2 _ c k _ p e r i o d )
#
# A d d r e s s ,  C o mmand ,  C o ntr o l ,  D Q,  D QS ,  and  C K  ti mi ng  p ar ame te r s
# N O T E S :  
#    1 .  A D D C M D  and  C T R L  I np ut C o ns tr ai nts  R e l ati v e  to  C K
#    2 .  D Q/ D M  W r i te  ti mi ng .  D Q_ S K E W _ M I N  f r o m tQH S  and  D Q_ S K E W _ M A X  f r o m tD QS Q

#   6 6 7  D D R 2  p arts ru nning  at 6 6 7  D D R 2
A D D C M D _ S E T U P  =  0 . 2 0 0
A D D C M D _ H O L D   =  0 . 2 7 5
C T R L _ S E T U P  =  0 . 2 0 0
C T R L _ H O L D   =  0 . 2 7 5
D Q _ S E T U P  =  0 . 1 0 0  
D Q _ H O L D   =  0 . 1 7 5
tQ H S _ S K E W _ M A X  =    0 . 3 4 0
tD Q S Q _ S K E W _ M A X  =    0 . 2 4 0

# D Q  W rite timing
S E T H L D   D Q  * T O  R  D Q S   D Q _ S E T U P  

D Q _ H O L D
S E T H L D   D Q  * T O  F  D Q S   D Q _ S E T U P  

D Q _ H O L D
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D D R 2  Slew  R ate D erati ng
� B a sel ine setu p/ h ol d  req u irements a re b a sed  on specif ic 
v ol ta ge a nd  sl ew  ra te cond itions

� S y stem sl ew  ra tes ra rel y  conf orm to mea su rement cond itions
L oading  c an v ary  w idel y  w ith in th e same sy stem

� D D R 2  sl ew -ra te d era ting d ef ines a d j u stments to setu p/ h ol d  
specs b a sed  on a ctu a l  sl ew  ra tes of  inpu t signa l s

Ch i p  Ch i p  
Cor eCor e

DieDie

Pa
cka

ge

PinPin Pa d C o r e
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Si Sof t’s Slew  R ate M eth odology
� D ev ice setu p/ h ol d  times b a sed  on nomina l  (b a se) v a l u es
� D era ting ta b l es conv erted  into ind epend ent d era ting v a l u es 
f or D Q  a nd  D Q S  nets

� D era ting inf o incl u d ed  in simu l a tion mod el s – mea su rements 
&  a d j u stments a re a u toma ted
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Pre-rou te si m u lati ons
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PCB c om p onent p lac em ent 
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T op ologi es f or c u rrent p lac em ent 
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E x tr a c ted T o po l o gies a dd sw eep v a r ia b l es f o r  
C a d c o nstr a ints,  a nd sel ec t O DT  settings
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Sc anni ng th e desi gn sp ac e 

� Sw eep  top ol og y  fr om  2  inc h es  to 3  inc h es
� How  d oes  th is  c h a ng e th e tim ing ?  T O F  [ 4 0 0 p s ,  6 0 0 p s ]
� A l l ow a b l e tol er a nc e  =  + / - 5 0 0        ?   
� W el l                
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V eri f y th e p re-rou te ti m i ng ac ross c ase

P o s t _ R e g _ C T R L _ 5L1. 6560 . 7331. 5920 . 8191. 3560 . 875
P o s t _ R e g _ C T R L _ 4L1. 0 80 . 6151. 0 910 . 70 11. 2281. 442
P o s t _ r e g _ a d d c m d _ R B1. 3760 . 6231. 340 . 7561. 2551. 169
P o s t _ r e g _ a d d c m d _ L B1. 3120 . 7711. 2440 . 8271. 4111. 223
D M _ 2R _ 2S l o t1. 60 31. 2941. 6621. 2930 . 30 50 . 395
D Q _ 2R _ 2S l o t1. 7411. 1431. 7951. 1320.2320.34 4
P r e _ r e g _ a d d c m d1. 7441. 0 671. 8651. 0 331. 0 0 60 . 617
P r e _ r e g _ C S1. 7481. 1951. 90 71. 1541. 1270 . 375
P r e _ r e g _ c m d _ s l o t 21. 5751. 1891. 6751. 1531. 0 30 . 80 7
P r e _ r e g _ c m d _ s l o t 11. 4121. 0 721. 5111. 0 371. 0 10 . 828
D Q S _ 2R _ 2S l o t1. 6141. 20 51. 6161. 20 60.5 8 50.1 5 3
D Q S _ E C C _ 2R _ 2S l o t1. 711. 3311. 711. 3310 . 7840 . 0 37

T r a n s f e r  N e t
F m a x  E t c h  

D e l a y  
( n s )

F m i n  E t c h  
D e l a y  
( n s )

R m a x  E t c h  
D e l a y  
( n s )

R m i n  E t c h  
D e l a y  
( n s )H o l d  M a r g i n  ( n s )

S e t u p  M a r g i n  
( n s )
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R ou ti ng R u les 
D evelop m ent f or CA D  
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A u di enc e Poll # 2

�How do the rules get into your designs?

C a d  eng ineer  enter s  th em  
HW  E ng ineer ing  enter s  th em  in th e c a d  tool
R u l es  fl ow  in fr om  th e s c h em a tic  fr om  HW
A d d ed  v ia  3 r d  p a r ty  tool  ( C a d  or  HW )
O th er  M eth od s ?
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D ef i ne ru le sets to m eet T i m i ng
DQ, DM

Ad d r , C m d

I/O

D IM M 0
S o c k e t

t e r m
D r i v e r

C o n t r o l

t e r m
D r i v e r

DQS #

DQS

C l o c k s #

C o m p
D r i v e r s

C l o c k s

OD T

OD T

T e r m

OD T

C o m p .
I/Os
OD T

D IM M 1
S o c k e t

OD T

OD T

T e r m

M a in_ B u s

B y te 
L a nes
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DQ, DM

Ad d r , C m d

I/O

D IM M 0
S o c k e t

t e r m
D r i v e r

C o n t r o l

t e r m
D r i v e r

DQS #

DQS

C l o c k s #

C o m p
D r i v e r s

C l o c k s

OD T

OD T

T e r m

OD T

C o m p .
I/Os
OD T

M a t c h  + 20 0  ± 20  m i l s  t o  D Q S x  ( w i t h i n  a  B y t e  L a n e )

M a t c h  + 1 0 0 0  ± 5 0  m i l s  t o  M a i n _ B u s

M a t c h  -1 8 5  ± 20  m i l s  t o  D Q x  
M a t c h  + 8 0 0  ± 25 0  m i l s  t o  M a i n _ B u s

M a t c h  ± 1 0  m i l s  w /i n  p a i r
M a t c h  ± 20  m i l s  w / o t h e r  c l o c k s
M a t c h  0  ± 25  m i l s  w /i n  M a i n _ B u s

P C B  T e r m s  
0 : 1 0 0 0  m i l s  
a f t e r  D IM M

M a t c h  + 20 0  ± 5 0  m i l s  t o  M a i n _ B u s

DDR 2 -5 0 0
J E DE C  S t a n d a r d  “A” &  “B”D D R 2  “M ai n_ B us ” L e ng th

i s  ap p r o x .  4 0 0 0  mi l s  no mi nalDr R.J. Evans
C i sc o  S y st e m s

C ontrol l er

C l k 0  i s  t a r g e t  n e t  f o r  b o t h  
C l o c k _ B u s  a n d  M a i n _ B u s

D Q S  i s  t a r g e t  n e t  f o r  e a c h  B y t e  L a n e

D IM M 1
S o c k e t

OD T

OD T

T e r m

A l l  N e t s  D IM M 0  t o  D IM M 1
8 0 0 + /-20
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R u les i n A llegro CM S
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W hy do  w e o f ten o v er  c o nstr a in designs?

� F ea r of  design f a ilure
� L ev era ged rules f rom  work ing rev ision
� A p p lic a tion note req uirem ents
� L a c k  of  a  HS D  sup p ort
� T ighter m ust b e b etter  
� A utom a ted rules genera tion 
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D k Based T i m e to L ength  Conversi on

10 . 18
101. 8
10 018
10 0 018 0

L ength  (mil l s)T ime (ps) er ~  4 . 5

10 . 15
101. 5
10 015
10 0 015 0

L ength  (mil l s)T ime (ps) er ~  3 . 2

Layer 5 routing, 4”
->  7 2 0  p S

Layer 1 2  routing, 4”
->  6 0 0  p S
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P i n  De l a y  I n f o  
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W h at adds u p  i n th e p ath  L ength  ?
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A u d i e n c e  Q u i z :  V i a  d e l a y   

� W e h a v e a n m a tc h  for  2  
nets .

� E a c h  h a s  th e ex a c t 
s a m e etc h

W h a t is  th e d iff in th e C M S 
tool  ?
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Post R ou te Si m u lati ons 
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F u lly rou ted A llegro desi gn 
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Q SI f or Post R ou te Si m u lati ons
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M ul ti B o a r d E x tr a c tio ns w ith Q SI
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M u lti  Board E x trac ti ons w i th  Q SI
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T ransf er N ets i n Q SI
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Sti m u lu s Setu p  i n Q SI



© 2 0 0 6  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 l1 2 9 8 5 _ 0 8 _ 2 0 0 6 _ c 2 40

W avef orm  and T i m i ng R ep ort
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D esi gn K i t Strategy f or R eu se

Design Constraints S iS of t I nterf ac e 
Design K it
P re- &  P ost-

R ou te

E CA D I nterf ac e
CA D Cl ip

H S D W eb -b ased
R ep ository
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Su m m ary

� Definition of HSD
� Sta tic  T im ing  A na l y s is  for  DDR
� P r e-r ou te s im u l a tions  ( Sc a n th e d es ig n s p a c e)
� R ou ting  R u l es  d ev el op m ent for  C A D 
� F u l l  p os t r ou te s im u l a tions
� Su m m a r y



© 2 0 0 6  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 l1 2 9 8 5 _ 0 8 _ 2 0 0 6 _ c 2 43



© 2 0 0 6  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 l1 2 9 8 5 _ 0 8 _ 2 0 0 6 _ c 2 44

R ef erenc es
� S iS of t-M icron W eb  b a sed  P resenta tion,  

“B ow l ing  for P ic osec onds I nte g r ati ng  D D R 2 / D D R 3  T i mi ng ”
� M icron D D R 2  D a ta sh eet

h ttp : / / dow nl oad. mic ron. c om/ p df/ datash eets/ dram/ ddr2 / 2 5 6 M bD D R 2 . p df
� J E D E C D D R 2  S pec:  J E S D 7 9 -2 C

h ttp : / / w w w . j edec . org / dow nl oad/ searc h / J E S D 7 9 -2 C . p df
� M icron D D R 2  D a ta sh eet

h ttp : / / dow nl oad. mic ron. c om/ p df/ datash eets/ dram/ ddr2 / 1 G bD D R 2 . p df
� S iS of t-M icron D D R 2  P a per

h ttp : / / w w w . sisoft. c om/ p ap ers. asp
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�
P res en t a t i o n  A b s t ra c t :  P C B  l e ve l  S I  t o o l s and  st rat e g y  
I  w i l l  d i sc u ss t h e  c u rre nt  t o o l s and  st rat e g y  m y  t e am  u se s u se  f o r P C B  l e ve l  h i g h  sp e e d  d e si g n. W e  c an f o l l o w  t h e  d e si g n f l o w  f ro m  t h e  p re  ro u t e  si m u l at i o n/  ru l e  
d e ve l o p m e nt ,  t o  t h e  f u l l  p o st  ro u t e  ve ri f i c at i o n o f  t h e  d e si g n. S p e c i f i c al l y  w e  w i l l  e x am i ne  u se  o f  t h e  S i S o f t  t o o l  f o r c o nt ro l  o f  t h e  S p i c e  si m u l at i o ns and  t i m i ng  o f  t h e  d e si g n f o r a DDR2  i m p l e m e nt at i o n. 
A u t h o r B i o g ra p h y :
S t e p h e n S c e arc e  i s c u rre nt l y  i s w o rk i ng  as t h e  m anag e r o f  t h e  H i g h  S p e e d  De si g n t e am  at  C i sc o  S y st e m  I nc ,  and  h as w o rk e d  i n H S D t e am  as a si g nal  i nt e g ri t y  e ng i ne e r f o r 4  y e ars at  C i sc o . B e f o re  j o i ni ng  t h e  c e nt ral  H S D t e am ,  S t e p h e n w o rk e d  f o r t h e  C i sc o  A T G  as an EM C / S af e t y / N EB S  d e si g ne r. P ri o r t o  w o rk i ng  at  C i sc o ,  
S t e p h e n w o rk e d  f o r N A S A  L aRC  as a re se arc h  e ng i ne e r i n t h e  El e c t ro m ag ne t i c s re se arc h  b ranc h  H I RF  t e am . H i s re se arc h  i nt e re st s i nc l u d e  p o w e r i nt e g ri t y  and  si g nal  i nt e g ri t y  f u l l  c h anne l  d e si g n ( Di e  t o  Di e ) . S t e p h e n h as 3  U S  p at e nt s and  2  p e nd i ng  p at e nt s. H e  re c e i ve d  h i s B S  and  M S EE f ro m  O l d Do m i ni o n U ni ve rsi t y ,  N o rf o l k  V A . 

S i nc e re l y ,
Eri c  R S c h u m ann 
2 D1 A / 5 1 5 A  EM C  Eng i ne e ri ng
3 0 3 9  C o rnw al l i s Dri veRT P ,  N C  2 7 7 0 9
O f f i c e :  9 1 9 -5 4 3 -5 3 9 7


