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A pr i n t e d  c i r cu i t  b oa rd  ( P CB)  s u pp l i e s  t h e  c o nn ec t i o ns  o f  e l e c t r o n i c  c o mp o n e n t s  

wi t h  t r ac ks ,  p a ds  a n d  o t h e r  f ea tu re s .  I t  i s  a l mo s t  u se d  i n  a l l  t he  e l e c t r on i c  p r od u c t s  

an d  p l a ys  a  ve r y  i mp or t a n t  r o l e .  T he  c o mpl ex i t y  o f  P CB  be c o me s  h i gh e r  an d  h i gh e r  

s i nc e  t he  i n t e g r a t ed  c i r c u i t  t e ch n o l o g y  a d va nc e s  r a p i d l y .  S u c h  h i gh  d en s i t y  o f  p i ns  

ma ke s  t h e  r ou t i n g  o f  P CB a  t i me  c on s u mi n g  a n d  e r ro r -p r o n e  wor k .  T h e r e f o r e  t he  

ro u t in g  i n  P CB de s i g n  i s  u s ua l l y  d ea l t  wi th  b y  e l e c t ro n i c  d e s i gn  au t o ma t i o n  ( E DA )  

to o l s  t o  a c h i e ve  op t i mi za t i o n s .  

In  r ec e n t  P CB de s i gn ,  d ue  t o  t h e  h i gh  de n s i t y  o f  i n t e g r a t i o n ,  t h e  s i gn a l  

p r o pa ga t i o n  d e l a y  o r  s ke w  h a s  be c o me  a n  i mp o r t a n t  f ac to r  f o r  a  c i r c u i t  

pe r f o r ma n ce .  We  c an  c o n t r o l  t h e  s i gna l  p r o pa ga t i o n  de l a y  b y  a d j us t i n g  t h e  

wi r e - l e n g t h .  I f  t h e  r ou t i n g  a r e a  i s  l a rge  en o u gh ,  i t  i s  n o t  d i f f i cu l t  t o  c on t r o l  t h e  

wi r e - l e n g t h  o f  t h e  n e t .  Ho we ve r,  t he  r o u t i n g  a r e a  i s  u s u a l l y  l i mi t e d  a nd  mu l t i p l e  

ne t s  sh o u l d  b e  c o ns i de re d  i n  t he  de n se  a r ea .  He n ce ,  ho w t o  ba l a nc e  t he  w i r e - l e n g t h  

o f  t he  mu l t i p l e  n e t s  be c o me s  a  ve r y  d i ff i cu l t  p ro b l e m.  M o r eo ve r,  f o r  r i ve r  r o u t in g  

p r o b l e ms ,  i n  ge n e r a l  t he  p os i t i o ns  o f  p i n s  a r e  f i x e d  o n  t he  c o mp o n e n t s ,  a nd  us u a l l y  

t h e  so u rc e  a nd  t a rg e t  p in s  a r e  d i s o r de r ed .  T h e r e f o r e ,  mu l t i - l a ye r s  a r e  u se d  fo r  

ro u t in g  d i so r de re d  p i ns ,  an d  a  p r a c t i c a l  p ro b l e m t h a t  ho w to  a s s i gn  l a ye r s  f o r  t h e s e  

p i ns  a nd  i n  wh a t  o r d e r  t o  r o u t e  t he m n ee d s  t o  be  s o l ve d .  

Bes id e s ,  i n  a  mo d er n  P CB ,  a  f l i p -c h i p  p a c ka ge  i s  w i de l y  us e d  t o  me e t  t he  h i gh e r  

i n t e g r a t i o n  d e ns i t y  an d  t he  l a rge r  I / O  c ou n t s  o f  c i r c u i t s .  In  t he  f l i p -c h i p  de s i g n ,  

r e d i s t r i bu t i o n  l a ye r  ( R D L )  i s  o f t e n  u s ed  t o  r e d i s t r i bu t e  t he  I / O  p a d s  t o  t he  b u mp  

ba l l s  w i t h o u t  c h an g i n g  t h e  p l ac e me n t  o f  t h e m.  F o r  t he  p r e -a s s i gn me nt  RDL r o u t i n g  

p r o b l e m,  h o w t o  a s s i gn  t he  I / O  p a ds  t o  b u mp  b a l l s  a n d  mi n i mi ze  t he  t o t a l  

wi r e - l e n g t h  a r e  u s u a l l y  f o c us e d  on .  F u r t he r mo r e ,  3 D  IC  h as  b ec o me  t h e  go o d  

ch o i c e  f o r  h i gh -p e r fo r ma n ce  c i r c u i t s ,  s i nc e  r ec e n t l y  i t  i s  h a r d  t o  s o l ve  so me  

in t e r c o nn e c t i o n  p r o b l e ms  b y  t r a d i t i o na l  2 D  IC .  T h u s ,  t he  I / O  p ad  a s s i gn me n t  a nd  

RDL ro u t i n g  p r ob l e m i n  b o t h  2 D a n d  3 D  IC  s ho u l d  b e  s o l ve d  t o  i mp ro ve  t h e  wh o l e  

c i r c u i t  p e r fo r ma n c e .  

In  t h i s  r e s ea rc h ,  w e  p ro p o se  a  s e r i e s  o f  r ou t i n g  a l go r i t h ms  fo r  P CB d e s i gn  t o  

so l ve  t h e  ab o ve -me n t io n ed  d i f f e r en t  p r ob l e ms .  T h i s  t h es i s  ma i n l y  i nc lu d es  t h e  

fo l l o wi n g  t h r ee  p o i n t s .  

F i r s t l y,  t o  a s s i gn  l a y e r s  f o r  d i s o r de re d  p i ns  a nd  ge t  eq u a l - l en g t h  r o u t in g  r e su l t s ,  

a  r e g i o n -a w a re  r o u t i n g  a l go r i t h m i n  P CB d es i gn  i s  p r o po s ed .  In  t h e  l a ye r  

a s s i gn me n t  p r oc es s ,  t h e  l o n ge s t  c o mmo n  su b se q ue n ce  ( L CS)  a l go r i t h m i s  ad o p t e d  

be t we e n  so u rc e  an d  t a rge t  p i n  s e t s  t o  d e t e r mi ne  t he  l a ye r s  f o r  p in s .  In  t h e  ro u t i n g  

p r o ce s s ,  v i r t u a l  b ou nd a r i e s  n ee d  t o  b e  se t  i f  t he  p in s  s e q u en c e  d o es  n o t  s a t i s f y  

t r un k  r o u t i n g  t o po lo gy  c o n d i t i o n .  T h e  b as e  r o u t e s  f o r  mu l t i p l e  ne t s  a r e  ge n e r a t e d  

b y  t h e  s i n g l e  c o mmo d i t y  f l o w  me t ho d .  In  a dd i t i o n ,  c o n s i de r i n g  t a rge t  l e n g th  
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r e q u i r e me n t  an d  r o u t in g  r e g i o n  c oe f f i c i en t  α ,  R - f l i p  a n d  C -f l i p  t ec h n i q ue s  a r e  u se d  

t o  a d j us t  t h e  wi r e - l en g t h .  T h i s  p r o po s e d  r o u t in g  a l go r i t h m  i s  a b l e  t o  o b t a i n  t he  

ro u t e s  w i th  b e t t e r  w i r e - l e n g t h  b a l an c e  an d  s ma l l e r  wo r s t  l e n g th  e r r o r  i n  r ea s on a b l e  

CP U t i me .  

Se c o nd l y,  t o  mi n i mi ze  t h e  t o t a l  wi r e - l en g t h ,  a  s o r t i n g -b a s e d  I / O  p a d  a s s i gn me n t  

an d  n on -M an h a t t a n  RDL r o u t i n g  a l go r i t h m a r e  p ro p os e d  f o r  a r e a  I / O  f l i p -c h i p  

de s i gn .  B y  s o r t i n g  t he  M a nh a t t a n  d i s t a n ce  be t we e n  I / O  p a ds  a n d  b u mp  b a l l s ,  t h e  

p r e -a s s i gn me n t  a n d  i t s  r e v i s i on  a r e  c a r r i e d  o u t  t o  de t e r mi n e  t he  i n i t i a l  a s s i gn me n t .  

T hr ee  k i nd s  o f  pa i r - ex c ha n ge  p r oc e du r es  f o r  s ho r t e n i n g  wi r e - l e n g t h ,  o ve r l a pp in g  

an d  c ro s s i n g  co n ne c t i on s  a r e  p ro c ee d ed  o u t  r e sp e c t i ve l y  t o  i mp r o ve  t h e  i n i t i a l  

a s s i gn me n t .  T h e  e x c ha n ge  o rd e r  i s  a cc o r d i n g  t o  t h e  d e sc e nd i n g  M an h a t t a n  d i s t an c e  

be t we e n  th e  a s s i gn e d  I / O  p a d  a nd  bu mp b a l l  pa i r s .  To  s h or t e n  t he  wi r e - l en g t h ,  

no n -M an h a t t a n  RDL ro u t i n g  w i t h  9 0  d e gre e s  a n d  4 5  de gr ee s  wi r e  s e g me n t s  i s  

ad o p t e d  t o  co n ne c t  t he  I / O  p a ds  an d  b u mp  b a l l s .  M o re o ve r,  s o me  u n - r o u t ed  

co n ne c t i on s  s h o u l d  be  r i pp e d -u p  a n d  r e r o u t ed .  T he  p r o po s ed  d es i gn  me t h od  i s  

e f f e c t i ve  o n  r ed u c i n g  t o t a l  w i r e - l e n g t h  no  ma t t e r  o f  t h e  I / O  pa d  l o ca t i o ns  a nd  

pa c ka ge  s i ze s ,  an d  i mp r o ve s  t h e  r ou t a b i l i t y.  

  F i na l l y,  we  a p p l y  t h e  s a me  s o r t i n g  me t h o d  i n  t h e  a b o ve  t o  t he  I / O  p a d  

a s s i gn me n t  a n d  RDL r ou t i n g  me t ho d  i n  3 D  IC  d e s i gn .  S i mi l a r l y,  we  a s s i gn  t he  

sa me  n u mb er e d  I / O  pa d s  i n  t wo  RDLs  t o  mi c ro -b u mp s  b y  s o r t i n g  t h e  s u m o f  

Ma n ha t t an  d i s t a nc e  be t we e n  t he m.  A p a i r  e xc h an ge  mo d i f i ca t i on  o f  a  r o u t e  i s  

co n s i de re d  f o r  sh o r t en in g  w i r e - l e n g th ,  a nd  t h e  s i n g l e  l a ye r  ro u t in g  i n  t wo  RDL s  

a r e  c a r r i e d  o u t  r e s pe c t i ve l y.  S o me  u n - r o u t e d  c on n ec t i o ns  a r e  r i p p e d -u p  a n d  

r e r o u t e d  a t  l a s t .  T h i s  me th o d  fo r  3 D IC i s  a l s o  a b l e  t o  o b t a i n  t h e  r ou t e s  w i t h  

sh or t e r  t o t a l  w i r e - l e n g t h  i n  r e a so n ab le  CP U t i me .  

In  c o n c l u s i o n ,  t he  e q ua l - l e n g t h  r o u t in g  p r ob l e m f o r  d i s o rd e r e d  p i n s  a n d  t h e  RDL 

ro u t in g  p ro b l e m f o r  f l i p -c h i p  i n  P CB d e s i gn  ca n  b e  we l l  s o l ved  u s i n g  t h e  p r o p os e d  

ro u t in g  a l go r i t h ms .  F ur t h e r mo r e ,  s o me  op t i mi za t i on s ,  s uc h  a s  b e t t e r  w i r e - l e n g t h  

ba l a n ce ,  s ma l l e r  wo r s t  l e n g t h  e r ro r  a n d  sh o r t e r  t o t a l  wi r e - l e n g t h ,  c an  b e  we l l  

r e a l i ze d  b y  u s i n g  t he m .  

T h i s  t he s i s  i s  o rga n i ze d  a s  f o l l o ws :  

In  Ch a p t e r  1 ,  t h e  a r ch i t ec t u r e  a nd  pa c ka ge  o f  P CB a n d  th e  s t r uc tu re  o f  RDL a r e  

f i r s t l y  s u mma r i ze d .  T he n  t h r e e  t yp i c a l  r o u t i n g  p ro b l e ms  i n  P CB de s i g n  a r e  

i n t r od u ce d ,  a n d  t h e  r e s ea rc h  p r o po s a l s  o f  t h i s  pa p e r  a r e  g i ve n .  

Cha p te r  2  r e v i e ws  so me  f u nd a me n t a l s  o f  P CB r ou t i n g  fo r  d i s c us s i o n  a t  t h e  

su c ce e d i n g  c h a p t e r s .  F i r s t l y,  f ou r  t yp es  o f  s i gn a l  n e t  r ou t i n g  p r o b l e ms  a r e  

ex p l a i n e d .  T h e n ,  t wo  k i n ds  o f  ba s i c  r o u t i n g  me t ho d  a n d  t h e i r  r e p r es e n t a t i ve  

a l go r i t h ms  a r e  r e s p e c t i ve l y  d i s c us s ed .  
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Cha p te r  3  d e sc r i be s  a  p r o po s ed  r o u t in g  me th o d  c a l l e d  a  r e g i o n -a wa re  l a ye r  

a s s i gn me n t  a n d  e q ua l - l e n g th  r ou t i n g  me t ho d  fo r  d i s o rd e r e d  p in s  i n  P CB d e s i gn .  By  

us in g  t h i s  a l go r i t h m,  i t  i s  a b l e  t o  o b t a i n  t he  r o u t e s  wi t h  b e t t e r  w i r e - l e n g t h  b a l an c e  

an d  s ma l l e r  wor s t  l e n g t h  e r r o r.  T he  ex p e r i me n ta l  r e s u l t s  s ho w t h a t ,  t h e  p ro p o se d  

me t h od  c o u l d  be  a p p l i e d  i n  b o t h  n o -o b s t ac l e  r ou t i n g  a n d  ob s t a c l e -wa r e  r o u t in g  

p r o b l e ms .  Co mp a re d  wi t h  a n o t he r  g r e ed y  me th o d  f o r  d i s o r d e r ed  p i ns ,  t he  p r op o se d  

me t h od  ge t s  a  s ma l l e r  s t a nd a r d  de v i a t i on ,  i n  o t h e r  wor ds ,  a  b e t t e r  w i r e - l e n g t h  

ba l a n ce  a mo n g  t h e  n e t s ,  b y  a d o p t i n g  c o e ff i c i e n t  α  t o  a d j us t  t he  w i r e - l e n g t h  s ke w.  

Bes id e s ,  ou r  me t ho d  i s  e ff ec t i ve  i n  r e du c i n g  wor s t  l e n g t h  e r ro r ,  a nd  t h e  a ve ra ge  

r e d uc t i on  i s  3 6 . 6 9% .  

Cha p te r  4  i n t r od u ce s  t he  se c on d  p r o po s ed  me t h o d  wh ic h  i s  a  s o r t i n g -b a se d  I / O  

pa d  a s s i gn me nt  a n d  n o n -M a n ha t t an  RDL ro u t i n g  me t h o d  f o r  a r e a  I / O  f l i p -c h i p  

de s i gn .  O u r  p r o p os e d  me th o d  i s  e f f e c t i v e  o n  r e d uc i n g  wi r e - l en g t h  no  ma t t e r  o f  t he  

I / O  p ad  l o ca t i o ns  a n d  p ac ka ge  s i ze s .  C o mp a r ed  wi th  a  pa r t i t i o n -b a s e d  me t h o d ,  t h e  

p r o po s ed  me t ho d  c a n  r e d uc e  t h e  t o t a l  wi r e - l e n g t h  b y  2 3 . 4 %  u s i n g  M a n ha t t an  

ro u t in g ,  a n d  3 9 .6 % u s i n g  n o n -M a n h a t t a n  r o u t in g .  C o mp a r ed  w i t h  a no th e r  

Del au n a y - t r i a n gu l a t i on  me t h o d ,  t h e  p ro p os e d  me th o d  c a n  r ed u ce  t h e  t o t a l  

wi r e - l e n g t h  b y  3 . 8 % us i n g  Ma n ha t t an  r o u t in g ,  a n d  2 0 . 0 % us i n g  n on -M a nh a t t a n  

ro u t in g  i n  t h e  r ea s on ab le  CP U t i me .  

Cha p te r  5  p r e s en t s  a n  a p p l i c a t i o n  o f  I / O  p ad  a s s i gn me nt  a nd  RDL r o u t i n g  

me t h od  t o  3 D  IC ,  o n  t h e  b a s i s  o f  t he  so r t i n g  me th o d  i n  Cha p t e r  4 .  C o mp a r ed  w i t h  a  

ma t c h i n g -b a se d  me t ho d ,  t he  p r op o se d  me t h od  i s  a b l e  t o  o b t a i n  t h e  r ou t e s  w i t h  

sh or t e r  t o t a l  wi r e - l e n g t h  i n  r e as o na b le  CP U t i me s .  F or  s ma l l  s c a l e  pa c ka ge ,  t h e  

a ve r a ge  w i r e - l e n g t h  r ed u c t io n  i s  1 7 .5 2 %.  T h e n  f o r  l a rge  s ca l e  pa c ka ge s ,  t h e  

ma x i mu m a n d  mi n i mu m wi re - l e n g th  r e d uc t i o ns  a r e  23 . 6 6%  a nd  1 4 . 87 % ,  

r e sp e c t i ve l y.  

Cha p te r  6  co n c l u de s  t h i s  t h es i s  an d  d i sc u ss es  t h e  f u t u r e  wor k .  


