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Emerging Trends in High-S p eed I nt erc o nnec t s a nd 
P a c k a ging Engineering
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Drivers
T ren d s
S il ic o n  c h a l l en g es
P a c k a g in g  c h a l l en g es
P C B  evo l u t io n
S il ic o n ,  p a c k a g es,  b o a rd s  T ren d s
C o n sid era t io n s
T est a b il it y
U l t ra  H ig h -S p eed  I n t erc o n n ec t s
C o n c l u sio n s
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Drivers

driv e

•• C U S TO M ER S ’   ex p ec t a t io nsC U S TO M ER S ’   ex p ec t a t io ns
•• M issio n c rit ic a l  a p p l ic a t io ns M issio n c rit ic a l  a p p l ic a t io ns 

•• O v era l l  a rc hit ec t u re,  c o mp l ex it yO v era l l  a rc hit ec t u re,  c o mp l ex it y
•• P erf o rma nc e   a nd   D ensit y  P erf o rma nc e   a nd   D ensit y  
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T ren d s

•• M igra t io n t o  new er M igra t io n t o  new er NodesNodes is nec essa ryis nec essa ry
� H igh er   in t egrat ion
� H igh er  p erf orm an c e
� L ow er p ow er p er gat e

•• I s it  a t t ra c t iv e?  I s it  a t t ra c t iv e?  
� M ore c om p l ex it y ,   l es s  p red ic t ab il it y
� L on ger d es ign  c y c l es
� H igh er ex p en s es
� M ore res ou rc es
� H igh er ris k s
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Technology Trends
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Silicon Challenges
•• 9 0 nm a nd b el o w9 0 nm a nd b el o w

� N R E  c os t s  are  h u ge
� Sc h ed u l es  are l on ger
� A SI C  re-s p in s  h av e s ev ere im p ac t  on  T T M  an d  …

…c u s t om ers ’ p erc ep t ion
� G at e p erf orm an c e h igh er t h an  w irin g p erf orm an c e

� G row in g on-c h i p Sign al  /  P ow er /  T im in g  I n t egrit y  
d em an d s
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Silicon Vs Packaging:  an e m e r ging G A P!

Silicon
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•• Sign al  an d  P ow er d is t rib u t ionSign al  an d  P ow er d is t rib u t ion
•• M u l t i M u l t i -- G H z  Sign al in g  s p eed sG H z  Sign al in g  s p eed s
•• L ow  v ol t age s w in g in t erf ac es  L ow  v ol t age s w in g in t erf ac es  
•• Su p p l y  v ol t age 1 V ,  or l es sSu p p l y  v ol t age 1 V ,  or l es s
•• H igh er p ow er t o f eedH igh er p ow er t o f eed
•• H igh er d at a rat es ,  l ow er n ois e m argin sH igh er d at a rat es ,  l ow er n ois e m argin s
•• I n c reas in g u s age of  h iI n c reas in g u s age of  h i--s p eed  I / Os p eed  I / O

P ack aging Challenges
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•• H igh er  p ow er t o d is s ip at e!H igh er  p ow er t o d is s ip at e!
•• I n c reas in g I / O  n u m b er I n c reas in g I / O  n u m b er 
•• I n c reas in g n u m b er of  I n c reas in g n u m b er of  p w r/ gn dp w r/ gn d t erm in al st erm in al s
•• L arger p ac k age s iz eL arger p ac k age s iz e
•• R ed u c ed  ac c es s  an d  R ed u c ed  ac c es s  an d  ob s erv ab il it yob s erv ab il it y

P ack aging Challenges
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An opportunity for innovation!

Silicon

I O

Innovate to close this gap !
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P CB  E x am p le:    T est    L ine Car d
c irc a y ear 2 0 0 2
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P CB  E x am p le:   F u nct ional I sland
c irc a y ear 2 0 0 3

ASIC 1
M e m o r i e s 8
T o t a l  c o m p o n e n t s   9 7 4
P i n s 5 19 3
T o t a l  e t c h  l e n g t h 12 2 2 ”

N e t s 5 3 4
Co n n e c t i o n s       9 9 8
V i a s 3 9 7 2
Si g n a l  l a y e r s         8
P l a n e   l a y e r s        10

B o a r d  a r e a :      3 . 8”  x  2 . 6 4 ”  x 2( t o p  a n d  b o t t o m )
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Why so many Why so many planesplanes ??
… b e c au se   p l ane s  ar e    g r i d s

The planes under a typical 
1 m m  B G A  A S I C  sho w  a  
hig h deg ree o f  perf o ratio n.  
O nly ab o ut 2 5 %  o f  the area 
has co pper,  w hile the rest 
is v o ided to  pro v ide the 
anti-p ad clearance.  This is 
do ne in o rder to  av o id 
sho rting  the v ia b arrel w ith 
the g rid sho w n.
The so  called  p l ane is a 
lo w  density g r id .  This f act 
carries sig nif icant electrical 
and therm al im plicatio ns.

3 9 . 3 7 9 . 3 7
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Silicon,  B oar d s,  P ack ages  T r end s

Note 1: C h i p  S c a l e P a c k a g e ( C S P )

Sil ic on   I n t egrat ion : 9 0 n m  an d  b el ow  
B oard s : h igh er  d at a rat es  an d  1 V  c ores  

ac c el erat e t h e t ran s it ion  f rom  t od ay  
P C B  t ec h n ol ogy  t o H igh  D en s it y  
I n t erc on n ec t s  ( H D I )  s u b s t rat es  w it h  
µ-v ias ,  t o m it igat e n ois e.

M u l t i p ac k age SiP s : b are d ie A SI C  +  C SP 1  m em ories  t o 
al l ev iat e t h e b u rd en  p l ac ed  on  t h e 
P l at ed  T h ru  H ol e ( P T H )  b as ed  P C B s  
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Consid er at ions

•• ArchitecturesArchitectures need to be physically need to be physically im plem entableim plem entable
� M it igat e A SI C  SSO  n ois e w it h  h i-s p eed  d if f eren t ial  I / O s
� L es s en  t h e d em an d s  on  t h e P ow er D is t rib u t ion  N et w ork
� C h ip _ t o_ c h ip s erial  I / O s

•• H olistic  C hipH olistic  C hip // P k gP k g // B oar d  coB oar d  co--desig n  desig n  m etho d o l o g ym etho d o l o g y
� op t im iz e t im in g,  n ois e,  c om p l ex it y ,  c os t
� Smart A SI C  I / O  b u f f ers ,  ad ap t iv e,  s el f -t im ed ,  d e-s k ew ed

•• S eek  m or e ef f ectiv e S eek  m or e ef f ectiv e tra d etra d e--o f f so f f s
� in n ov at iv e p ac k agin g s ol u t ion s  ( SiP ,  M C P ,  3 D -s t ac k in g)  

t o c om p l em en t  t h e ad v an c es  in  s il ic on  in t egrat ion  
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T est ab ilit y ,  A ccessib ilit y

•• A S I C sA S I C s,, M odu les,M odu les, F u nctionalF u nctional I slandsI slands ou g htou g ht toto inclu de inclu de 
adv anced  adv anced  sel f  d ia g n o sticsel f  d ia g n o stic capabilitiescapabilities

� H igh er s ign al in g s p eed s  an d  s m al l er f eat u res  ( µ-v ias )  
w il l  great l y  l im it  in t ru s iv e p rob in g ( e.g. t es t  p oin t s )

� B oard  an d  M od u l e q u es t  f or d en s it y  an d  t h e d ep l oy m en t  
of  µ-v ias w il l  great l y  l im it  os c il l os c op e an d  L A  ac c es s

� L i f e  i n  th e  l ab   w il l  l ik el y   c h an ge  s u b s t an t ial l y !
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U l t ra H igh  Sp eed  Sign al in g d em an d s  n ew  el em en t s
s u c h  as  d igit al  c om m u n ic at ion s  t h eory ,  c od in g an d  
s em ic on d u c t or p h y s ic s ,  as  p erf orm an c e en ab l ers

W it h   U H S  Sy s t em s ,   m an u f ac t u rin g p roc es s es an d  
en v iron m en t al  c on d it ion s ( t em p .,  h u m id it y )  d et erm in e 

t h e “ real -l if e”  c h arac t eris t ic s  of  t h e m at erial s
( e.g. c op p er an d  d iel ec t ric )

N ois e,  an d  m ore s p ec if ic al l y P ow er-b u s  n ois e an d  it s  
ef f ec t s  on  j it t er,  is  on e n ew s al ien t                      

p erf orm an c e l im it er!
T h i s  i s  y e t an o th e r P arad i g m Sh i f t!T h i s  i s  y e t an o th e r P arad i g m Sh i f t!

I nt er connect  Challenges
at  U lt r a H igh-Sp eed
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I nt er connect s  and  P ack aging E ngineer ing 
f or  U ltr a H ig h S peed S ystem s

U L T R A    H I G H U L T R A    H I G H -- S  P  E  E  D     I N  T E  R C  O  N  N  E  C  T S       S  P  E  E  D     I N  T E  R C  O  N  N  E  C  T S       RE Q UIRERE Q UIRE
THE   AP P LIC ATIO N  O F  AD V AN C E D  P AC K AGIN G D E S IGNTHE   AP P LIC ATIO N  O F  AD V AN C E D  P AC K AGIN G D E S IGN
P RIN C IP LE S     TO    THE     P HY S IC AL   RE ALIZ ATIO N    O FP RIN C IP LE S     TO    THE     P HY S IC AL   RE ALIZ ATIO N    O F
GUID E D    W AV E    S TRUC TURE S    F O R  D IGITAL  D ATAGUID E D    W AV E    S TRUC TURE S    F O R  D IGITAL  D ATA
C O M M UN IC ATIO N    C HAN N E LSC O M M UN IC ATIO N    C HAN N E LS 11 W ITHIN    S Y S TE M S .  W ITHIN    S Y S TE M S .  

C IRC UIT  THE O RY ,     E LE C TRO M AGN E TIC    F IE LD    AN ALY S IS ,   C IRC UIT  THE O RY ,     E LE C TRO M AGN E TIC    F IE LD    AN ALY S IS ,   
M ATHE M ATIC AL  M O D E LIN G,    N UM E RIC AL  S IM ULATIO N  M ATHE M ATIC AL  M O D E LIN G,    N UM E RIC AL  S IM ULATIO N  

A L L    C  O  N  V  E  R G E ,   A L L    C  O  N  V  E  R G E ,   
AN D    ARE    US E D    TO    D RIV E    THE     AN D    ARE    US E D    TO    D RIV E    THE     M ULTID IS C IP LIN ARY   D E S IGNM ULTID IS C IP LIN ARY   D E S IGN O F   O F   

M AN UF AC TURAB LEM AN UF AC TURAB LE AN D   AN D   RE LIAB LERE LIAB LE
S Y S TE M   IN TE RC O N N E C TS Y S TE M   IN TE RC O N N E C T22 S TRUC TURE SS TRUC TURE S 33

(1) A   C h a n n e l    i s  d e f i n e d  a s   t h e   S i l i c o n -t o -S i l i c o n   p a t h
(2 ) T h e  p h y s i c a l  a n d  e l e c t r i c a l  c o n n e c t i o n  o f  a  s i g n a l ,  i t s  a s s o c i a t e d  r e t u r n  p a t h s  a n d  i t s  P o w e r  D i s t r i b u t i o n  N e t w o r k
(3 ) T r a n s m i t t e r ,  s u b s t r a t e ,  b a l l s ,  P W B  t r a c e s  /  v i a s /  p a d -s t a c k s ,  c o n n e c t o r s ,  b a c k p l a n e ,  a l l  t h e  w a y  u p  t o   t h e  r e c e i v e r
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F R E Q U E N C Y  F R E Q U E N C Y  –– D O M A I N    A N A L Y SI S D O M A I N    A N A L Y SI S 
S S –– P A R A M E T E R S,   SM I T H   C H A R T S P A R A M E T E R S,   SM I T H   C H A R T S 
L A P L A C E   an d   F O U R I E R   T R A N SF O R M SL A P L A C E   an d   F O U R I E R   T R A N SF O R M S
E M B E D D I N G ,   D EE M B E D D I N G ,   D E -- E M B E D D I N GE M B E D D I N G
C O N V O L U T I O N  C O N V O L U T I O N  
C O M M U N I C A T I O N   T H E O R Y ,    C O D I N GC O M M U N I C A T I O N   T H E O R Y ,    C O D I N G
ST A T I ST I C SST A T I ST I C S

U H S  I nt er connect s  E ngineer s
… t he SI  engineer s’  ev olu t ion
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A c c e s s  to  p ro c e s s  p arame te rs  d i s tri b u ti o n  re q u i re s  A c c e s s  to  p ro c e s s  p arame te rs  d i s tri b u ti o n  re q u i re s  
s tro n g  te amw o rk  an d  c o l l ab o rati o n  w i ths tro n g  te amw o rk  an d  c o l l ab o rati o n  w i th
d i f f e re n t  o rg an i z ati o n s ,    e c o s y s te md i f f e re n t  o rg an i z ati o n s ,    e c o s y s te m

• St at is t ic al  d es ign
� Realistic  worst-case  con d ition s  ( p rob ab ility  of  occu rren ce)
� U p -f ron t an aly sis of  p aram eter sen sitiv ity
� K n owled g e of  p aram eters d istrib u tion ( m ean ,  sk ew,  v arian ce) 

w.r.t. m an u f actu rin g  p rocess an d  en v iron m en tal con d ition s
• Sim u l at ion

� V ary  in p u t p aram eters ov er u ser - d ef in ed  d istrib u tion s
� S en sitiv ity  an aly sis to f in d  v ariab les in teraction ,  d ep en d en ce
� M on te C arlo an aly sis to realistically  estim ate sy stem  lim its

U H S D esign E lem ent s
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• D at a s ort in g
� F in d  sim u lation  ou tp u t tren d s v s. sy stem  p aram eters v ariation

• D es ign  op t im iz at ion
� D eterm in e th e op tim al cen terin g  of  th e d esig n ,  to
� O b tain  m ax im u m  m arg in

M o n te  C arl o  an al y s i s  w i th  M o n te  C arl o  an al y s i s  w i th  re al  p arame te rsre al  p arame te rs d i s tri b u ti o n s  d i s tri b u ti o n s  
p ro d u c e s  ti mi n g  an d  n o i s e  marg i n  d i s tri b u ti o n s  th at p ro d u c e s  ti mi n g  an d  n o i s e  marg i n  d i s tri b u ti o n s  th at 

re f l e c t th e  re f l e c t th e  re alre al s y s te m p e rf o rman c es y s te m p e rf o rman c e

U H S D esign E lem ent s
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T h e  res u l t in g  d is t rib u t ion s   c an  b e u s ed   t o p red ic t   t h e 
l ik el ih ood  of  p rod u c in g a d ef ec t iv e s y s t em . 

W it h in  reas on  t h is  d ef ec t  l ev el  gu aran t ees  p erf orm an c e,  
t o a c ert ain  p oin t ,  d ep en d in g on  t h e d es ired  c o n f i d e n c e .

H e n c e ,  th i s  o u tc o me  c an  b e  u s e d  as  an  H e n c e ,  th i s  o u tc o me  c an  b e  u s e d  as  an  
i n d i c ato r   o f    Q u al i tyi n d i c ato r   o f    Q u al i ty

O u t com e:  
a b et t er  u nd er st and ing of  t he d esign
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• I / O  m od el s
� M atlab ( eq u aliz ation ,  D F E ,  … )
� I B I S  v 4 .1  ( V H D L -A M S ,  V erilog -A M S )
� I C M  v 1 .0  ( m ore f or con n ectors,  cab les,  P C B ,  etc.)
� sev eral em erg in g  f orm ats ( m ostly  p rop rietary  th u s f ar)

• I n t erc on n ec t   m od el s
� Rap id  ch an g e f rom   b eh av ioral  to  stru ctu ral
� V ias,  in tercon n ects m od eled  as m icrowav e stru ctu res; th e sam e 

ap p lies to oth er tran sition s,  A S I C  p ack ag es,  sold er b alls,  etc.
� S tru ctu ral M od els in clu siv e of m aterials electrical an d  th erm o-m ech

p rop erties, m an u f actu rin g  p rocess an d en v iron m en tal v ariation s
� S u rf ace f in ish in g  d eserv es m u ch  g reater atten tion  th an  in  th e p ast!

M od els E v olu t ion

T h i s  s h al l  o ri g i n ate  T h i s  s h al l  o ri g i n ate  n e w  mo d e l  l i b rari e sn e w  mo d e l  l i b rari e s f o r s i mu l ati o n  as  f o r s i mu l ati o n  as  
w e l l  as  a w e l l  as  a n e w  g e n e rati o n  o f  C A D  s y mb o l sn e w  g e n e rati o n  o f  C A D  s y mb o l s
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•• M eas u rem en t  b as edM eas u rem en t  b as ed
� 1  b ack p lan e,   1  m an / m on th ,   1  lab     …f o r   1  d a t a  p o i n t !  

•• P red ic t iv e C h an n el  A n al y s isC h an n el  A n al y s is
� S im u lation  b ased  C h an n el A n aly sis
� S im u late m illion s of  b its /  h ou r
� I n teg rated  with  lay ou t:    read  /  write C A D  b oard  f iles
� S im u late com p lex  d riv er,  receiv ers,  eq u aliz at.,  p rocess +  en v iron m .
� D eterm in e op tim al tap  settin g
� T est V eh icles:  T est V eh icles:  com p lem en t sim u lation   with   a d -h o c h eu ristics 

• M aterials   an aly sis:  assem b ly  p rocess  d ev elop m en t,  
early   statistics /  d istrib u tion s

• P erf orm an ce an aly sis: traces,  v ias,  C B -v ias,  con n ectors

M et hod ology    E v olu t ion
f rom  me as u re me n t-b as e d  t o p re d i c ti v e
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Conclu sion:      a  holistic ap p r oach

Solu t ions t o  f u t u re   H igh  - Sp eed   I n t erc on n ec t s     
an d   P ac k agin g E n gin eerin g  c h al l en ges   w il l  res u l t          
f rom  a m u l t id is c ip l in ary  ef f ort b as ed  u p on  p rov en  
Sc ien c e  an d   t h e c on c u rren t   el ec t ric al ,  p h y s ic al ,            
an d  t h erm o-m ec h an ic al  d es ign -s p ac e d ef in it ion                 
of  t h e in t erc on n ec t s  an d  d iel ec t ric  m at erial s ,              

f rom  t ran s m it t er t o rec eiv er,  ac ros s  t h e               
c on n ec t ors  an d  b ac k p l an e,   w it h  t h e                             
rel at ed  p roc es s es  an d  c on d it ion s .

(This statement is based upon our measured resul ts and observ ations)
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