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W H A T C O N S TITU TE S  A  “C H IP L E T” A C C O R D IN G  TO  YO L E  G R O U P

Y ole G rou p d e fin it ion of a C h ip le t

A C h ip let is a d isc retely m a n u fac tu re d p h ysic a l p iec e of h ard w a re d esig n e d to b e in teg ra ted in th e
m an u fac tu re of a h eterog e n eou s in te g rated c irc u it so th at th e c om p leted IC is fu n c tion ally eq u al to or
g re ater th an th at of a c om p lete system d e sig n ed on a sin g le m on olith ic d ie . Th e c h ip let is p h ysic a lly or
ec on om ic ally op tim ized to p erform a sp ec ific fu n c tion al an d in te rop era b le su b se t of th e c om p lete
h eterog en eou s system IC .

s ilic on  in te r p os e r , b r id g e , R D L  fa n -ou t , or g a n ic  s u b s tr a te  or  oth e r  p a c k a g in g

C h ip let:
C ore  

C om p lex

C h ip let:
C ore  

C om p lex

C h ip let: 
A c c elera tor

C h ip let:
S ec u rity 
E n g in e

C h ip let:
I/O  C on trollerC h ip let:

C a c h e
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W H A T C O N S TITU TE S  A  “C H IP L E T” A C C O R D IN G  TO  YO L E  G R O U P

S om e k e y c h a ra c te r is t ic s

• C h ip le t is n o t a te c h n ic a l s p e c if ic a t io n , it is a g en e ral te rm in m u c h th e sa m e w a y a s p roc e ssor, a c c e le rator,
m e m ory, an a log IC , log ic IC , an d oth e r te rm s are u se d to d e sc ribe a u se fu l c olle c tion of a ttrib u te s. Th is en a bles a
c om m on u n d e rsta n d in g of a n IC ’s p u rp ose a n d c h a ra c te ristic s .

• T h e te rm c h ip le t is s im p ly a s e m a n tic to o l u se d to d e sc ribe a n ew fe a tu re of a d va n c e d
p a c k a g in g te ch n iq u e s. In te g ra tion h a s e volved from d e vic e , to b oa rd , to m od u le , a n d fin ally to c h ip -
le vel in te g ra tion . Th e k ey p u rp ose in th e d e velopm en t of th is te rm is to foc u s on th e c ollec tive p h ysic a l an d
log ic a l c h a ra c te ristic s in h e ren t in d e ve lopin g th is m a n u fa c tu rin g stra te g y a t m a rk e t sc a le .

• A c h ip le t is c o m m o n ly m a n u fa c tu re d in a p r o c e s s s u ita b le fo r th e p h y s ic a l a n d e c o n o m ic a l a ttr ib u te s fo r its
fu n c t io n . Th is in c lu d e s w a fe r c h a ra c te ristic s , p roc e ss g e om etry, m a te ria l, s ize , c ost, an d oth e r a ttrib u te s. Th e
c h iple t pla tform c a n be su ita b le for th e in teg ra tion of app lic a tion p rocessor c ore s, c op roc e ssors , se n sors ,
tra n sc e ive rs, m em ory, stora g e, in te rfa c e s, a n d oth e r su b system s. It c ou ld in c lu d e som e th in g oth e r th an a silic on -
b a sed d ie so lon g a s its fu n c tion be c om e s in trin sic to th e fin al syste m -le vel IC . In th eory, c h ip le ts c ou ld
b e in te g ra ted in sta g e s su c h th a t tw o or m ore h ig h ly in te rre la ted fu n c tion s c om b in e d to m a k e a la rg e r c h ip le t.

• T h e te r m c h ip le t is c u rre n t ly o n ly a p p lie d w h e n th e d ie is in te g ra te d in to a n IC c o n s t itu t in g a c o m p le t e
h e te ro g e n e o u s s y s te m IC . M ost IC s id en tified a s c h iple ts w ill be u n iq u ely su ita ble to S oC s or S iP s, in c lu d in g
th ose fu n c tion in g a s m ic rop roc e ssors , a pp lic a tion s p roc e ssors , fie ld p rog ram m able g a te arra ys, c op roc e ssors ,
a n d sim ila r h e te rog en e ou s p roc e ssors . H ow e ve r, n o d e sig n restric tion is a ssu m e d to sa y th a t a ph ysic a l p rod u c t
c ou ld n ot also pe rform its fu n c tion d isc re tely a s a c om p an ion c h ip on a b oa rd or m od u le . Th e te rm c h iple t d oes
n ot app ly to th e d isc re te u se c a se, on ly th e in teg ra te d IC u se c a se . Th e valu e of th e te rm is in foc u sin g on th e
in teg ra tion p roc e sse s (be fore a n d a fte r in te g ra tion ), h ig h -e n d d ie -to-d ie c om m u n ic a tion s, ph ysic a l an d log ic a l
re stric tion s, a n d oth e r c h a ra c te ristic s re q u ire d of a su b syste m in a syste m IC c om p a ra b le to a m on olith ic d ie .
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P O S S IB IL ITIE S  A R E  E XP A N D E D  B Y C H IP L E TS , C R E A TIN G  O P P O R TU N ITIE S  F O R  N E W  M A R K E TS

H ig h er s ilic on  yie ld s on  
sm a ller d ie

M a n u fa c tu rin g  optim ized  per 
su b system

D esig n  va riety d oes n ot a lw a ys 
req u ire  n ew  ta pe-ou ts
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ec on om ic  strateg ies 
for m an u fac tu rin g

In c rea sin g  d ie  s izes red u c e  effec tive  
yie ld s

In teg ra ted  fea tu res: on e  s ize  
m a n u fa c tu rin g  d oes n ot fit  a ll fea tu res

N u m b er of ta p e -ou ts: in c rea ses w ith  
ea c h  n ew  d esig n  im p rovem en t
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K e y  c h a lle n g e s … ..a d d re s s e d  b y  c h ip le t s

E n a b led  b y c h ip let a d va n c ed  p a c k a g in g  a n d  in terc on n ec t tec h n iq u es, IP , a n d  sta n d a rd iza tion
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Yole In tellig en c e trac k s elec tron ic e q u ip m e n t m ark ets , th e c om p on en t su p p ly c h ain a n d se m ic on d u c tor
m an u fac tu rin g . B y sizin g th e se m ark ets a n d m on itorin g th e h istory, su p p ly a n d d em a n d , b arriers a n d
d rivin g tec h n olog ies, w e a re w ell p lac e d to a p p roxim ate th e valu e of th e c h ip let m a rk e t. In a d d ition to th e
trac k ed d a ta , Yole S ystem P lu s p rovid es te ard ow n servic es to c losely e xa m in e th e resu lts of th e ad va n c e d
p ac k ag in g tec h n iq u e as w e w ill sh are in th is p resen tation .

H O W  W E  A R E  TR E A TIN G  C H IP L E TS  F O R  TH E  P U R P O S E S  O F  M A R K E T S IZ IN G

IC  M a n u fa c tu rin g

IP M a teria ls P a c k a g in g Testin g

C om p on en ts

IP IC  D esig n S W  Tools Testin g

E lec tron ic  E q u ip m en t
M a rk et 

D em a n d O E M  S u p p ly M a rk etin g

C h ip le t
O p p ortu n ity

Th e va lu e of th e overa ll c h ip let m a rk et is a fu n c tion of
th e m a rk et for a ll IC s m a d e in a c h ip let p roc ess!

o M a rk et va lu e  eq u iva len t to en d  IC b a sed  on  
C h ip let-b a sed p a c k a g e p la tform .

o E ven  th ou g h  th e  m a in  b en efit is  im p roved  
yie ld , it  p rovid es a  p a th  forw a rd  for exp a n d ed  
op tim iza tion , few er ta p e-ou ts, im p roved  
p rod u c t lin e  effic ien c y, a n d  in d u stry d iversity.

o S ep a ra tin g  va lu e  of in d ivid u a l c h ip let d ies from  
th e  p la tform  is im p ra c tic a l.

o Th e m a rk et va lu e  of th e  c h ip let p la tform  m a in ly 
b en efits  th e  S oC /S iP  c h ip su p p lier.

o To a d d ress th is  c h a llen g e, Yole  is  tra c k in g  th e  
va lu e  of th e  C h ip let m a rk et a s a  fu n c tion  of th e  
Tota l A d d ressa b le M a rk et (TA M ).
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W ith even th e n a rrow est d efin ition of c h ip lets , w e still
fin d a m a rk e t for c h ip let-b a sed p roc essors in exc ess
of $135 b illion b y 20 27.

B y 20 32, w e exp ec t c h ip let a d op tion w ill a c c e lera te in
c on su m er a n d a u tom otive m a rk ets, a n d g a in a
footh old in d efen se , a erosp a c e , in d u stria l, a n d
m ed ic a l, lea d in g to a TA M of c h ip let-b a sed IC s in
e x c e s s of $ 20 5 b illion !

C H IP L E TS  IN  TH E  L O N G  TE R M

$4 8 b

$136b

>$ 20 5b

20 24 20 27 20 32
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In 20 22, tw o org a n ization s relea sed sp ec ific ation s for open -sou rc e
sta n d a rd iza tion for c h ip let in terc on n ec t c h a ra c teristic s . O n e of th ese is

T h e  O p e n  C o m p u te  P ro je c t , O p e n  D o m a in -S p e c if ic  A rc h ite c tu re  (O C P  
O D S A ) w o rk g ro u p

T h e  O C P  O D S A  r e le a s e d  th e  B u n c h  o f  W ir e s  (B o W ) s p e c if ic a t io n s

Th e existen c e of sta n d a rd s w ill h ave a n im p a c t on th e fu tu re d evelopm en t
of c h ip lets . W e c a n exp ec t:

o M ore op p ortu n ities for In te llec tu a l P rop erty (IP ) d evelop ers 
ta rg etin g  c h ip lets

o E lec tron ic  D esig n  Au tom ation  (E D A) tools  for c h ip lets

o F ou n d ry S ervic es ta rg etin g  c h ip let d esig n  a n d  in teg ra tion

o Assem b ly a n d  Test servic es ta rg etin g  c h ip let d esig n  a n d  
in teg ra tion

o N ew  a p p lic a tion s en a b led  by a pplic a tion -sp ec ific  op tim ized  
c h ip lets

L A R G E R  M A R K E T O P P O R TU N ITY A S  C H IP L E TS  B E C O M E  S TA N D A R D IZE D , 
B R E A K  O U T F R O M  P R O P R IE TA R Y M O D E L
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As w e a llu d ed to ea rlier, th e va lu e of th e c h ip let p latform is n ot ju st in th e va lu e of th e sem ic on d u c tor d ie or th e a d va n c ed
p a c k a g in g servic es. It is in its c on tribu tion to exten d in g th e ec on om ic s of M oore ’s L aw for g en eration s to c om e. It a lso
re presen ts n ew op p ortu n ities for:

o C h iplets on th e op en m a rk et

o IP p rovid ers

o E D A tools d esig n ers

o N ew softw a re exten sion s

o F lexib le S oC a rc h itec tu re

o N ew , p reviou sly u n im a g in ed S oC s, in teg ra tin g m ore fu n c tion s.

o N ew a p p lic a tion s

o C olla b ora tion b etw een op tim ized IC su b system d esig n ers

E xp a n d in g c h ip lets c a n b e a th rea t for:

o M on olith ic c h ip su p p liers

o Tig h tly c on trolled ec osystem s w ith h ig h b a rriers to en try

o H ig h ly d om in a n t vertic a l in teg ra tors

C H IP L E TS  C R E A TE  N E W  M A R K E TS
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M on olith ic p roc essors in c lu d e d ec ad es of c h ip d e sig n to
op tim ize:

o In trac h ip c om m u n ic a tion w ith op tim ized tim in g a n d
red u c ed laten c y

o Th erm al c h arac teristic s

o P ow er effic ien c y

o S ig n al In teg rity

o Ap p lic ation -sp ec ific b eh aviors

Th ese op tim ization s c a n b e in c om p atib le w ith a c h ip let-
b ased stra teg y a s n e w c h a ra c teristic s su c h a s rou tin g m ay
h ave to b e red esig n ed .

P rop rietary solu tion s su p p liers m u st see th e valu e in
c ollab ora tin g to in c re a se p rofit b y in c re a sin g th e m ark et size
an d assoc iated op p ortu n ities for reven u e stream s.

L ik e all n e w te c h n olog ies th a t b en efit from sta n d ard iza tion ,
th ere is freq u e n tly a b attle for c om p etin g sta n d a rd s. W h e n
c om p etin g sta n d a rd s b ec om e in c om p atib le a n d fig h t for
m ark e t sh a re , ad va n c e m e n t te n d s to b e slow er a n d h a rd
earn ed .

W H A T IS  S TA N D IN G  IN  TH E  W A Y?
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L ik e a ll m od ern in d u stry evolu tion s, th ere w ill b e soa rin g rh etoric . H op efu lly, th is m a rk et b riefin g h a s p u t th e m a rk et in to p ersp ec tive :

o C h ip let stra teg ies a re n ot g oin g to g oin g to c rea te a n overn ig h t revolu tion for th e sem ic on d u c tor in d u stry, b u t th ey a re a m u c h
n ec essa ry n ext step in restorin g a n evolu tion a ry p a th to ec on om ic p rog ress a s p red ic ted b y G ord on M oore.

o N ot a ll sem ic on d u c tor m a rk ets w ill b en efit d irec tly from c h ip lets , In fa c t som e d isc rete se m ic on d u c tor su p p liers w ill fin d th e
c om p etition d iffic u lt if th ey a re n ot a b le to a d a p t to a lso su p p lyin g c h ip lets . B u t for a d va n c in g la rg e h eterog en eou s d esig n s, c h ip lets
rep resen t a n evolu tion a ry im p rovem en t over la rg e m on olith ic d ies th a t n ow su ffer from th e ec on om ic a l a n d p h ysica l lim ita tion s of
c on tin u ed m in ia tu riza tion .

o P roprieta ry a n d open m a rk et solu tion s w ill c on tin u e to c om p ete, b u t th e m a rk et overa ll w ill g row m u c h fa ster w ith in d u stry
sta n d a rd s a d op tion .

o C h ip let stra teg ies w ill n ot elim in a te th e n eed for c on tin u ed a d va n c em en ts in m in ia tu riza tion in m a n u fa c tu rin g p roc esses a n d
m a teria ls . In fa c t, a s th e b ottlen ec k s for on -c h ip su b system s th a t d o n ot sh rin k w ell, g et off-loa d ed to a sep a ra te d ie , fu rth er
m in ia tu riza tion of c ore log ic elem en ts c a n p rog ress w ith a m ore p red ic ta b le c a d en c e.

C on c lu s ion

The silicon supply cha in is diverse . It ha s to serve many vertica l electronic equipm ent segments including Autom otive, P ersona l Data
P rocessing , Data Center and E nterprise Data P rocessing , Communications a nd Infra structure, Medica l, D efense , Aerospa ce and Industria l.
E a ch market includes different va lue a nd application-specific requirem ents that need to be served. P rocessor suppliers ha ve turned to highly
heterogeneous chip platforms to remain competitive. This a pproach is becoming increasingly complex a nd costly to m anufacture.

In response to these cha llenges, chip builders ha ve begun to adopt the use of chiplets . However, the sam e diversity that created the demand
for chiplets , a lso makes it unlikely that a ny one supplier ha s the broad expertise to serve a ll these m arkets. Thus , m any different C hiplet
supply cha ins will emerge and no one solution will serve a ll markets. The em erging market a round Chiplets will need m any pla yers and a low
barrier to entry a llowing for rapid innovation. Open communities sha ring the effort for building common tools , prototypes, business workflows
and standardizations a re critica l to a ccelerate a Chiplet E conomy,
W e a re Y o le G ro u p , c o m e fin d u s

O N  TH E  C U S P  O F  TH E  N E XT E V O L U TIO N A R Y S TE P  F O R  IC  IN TE G R A TIO N
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Tom  H ac k en b erg  – P rin c ip al An alyst

Tom  H a c k en b erg  is  a  P rin c ip a l A n a lyst for 
C om p u tin g  a n d  S oftw a re a t Yole  In tellig en c e. 
Tom  is  en g a g ed  in  d evelop in g  p roc essor m a rk et 
m on itors  a n d  resea rc h  in to re la ted  tec h n olog y 
tren d s. H e is  c u rren tly foc u sed  on  ed g e 
c om p u tin g , low  a n d  u ltra low  p ow er p roc essors  
su c h  a s  m ic roc on trollers . Tom  is  a n  in d u stry 
lea d in g  exp ert w ith  m ore th a n  fifteen  yea rs  of 
exp erien c e rep ortin g  on  m a rk ets  for 
sem ic on d u c tor p roc essors . Tom  is  a lso w ell-
versed  in  re la ted  tec h n olog y tren d s in c lu d in g  IoT, 
h eterog en eou s p roc essin g , c h ip lets , A I a n d  ed g e 
c om p u tin g .

Tom  is  loc a ted  in  A u stin , Texa s a n d  c on d u c ts  
m a rk et resea rc h  g lob a lly th rou g h ou t th e U n ited  
S ta tes , E u rop e, M a in la n d  C h in a  a n d  A sia  P a c ific  
m a rk ets . Tom  h old s a  B S E C E  from  th e U n iversity 
of Texa s a t A u stin .

J oh n  L oren z – S en ior An alyst

J oh n  L oren z is  a  S en ior Tec h n olog y a n d  M a rk et 
A n a lyst, C om p u tin g  & S oftw a re w ith in  th e 
S em ic on d u c tor, M em ory & C om p u tin g  d ivis ion  a t 
Yole  D évelop p em en t (Yole), p a rt of Yole  G rou p  of 
C om p a n ies.  J oh n  is  en g a g ed  in  th e 
d evelop m en t of m a rk et a n d  tec h n olog y 
m on itors  for th e log ic  seg m en t of a d va n c ed  
sem ic on d u c tors , w ith  a  p rim a ry foc u s on  
p roc essors .  

P rior to join in g  Yole , J oh n  h eld  va riou s 
en g in eerin g  a n d  stra teg ic  p la n n in g  roles  over 15 
yea rs  a t M ic ron  Tec h n olog y. 

J oh n  h a s a  B a c h elor of S c ien c e d eg ree in  
M ec h a n ic a l E n g in eerin g  from  th e U n iversity of 
Illin ois  U rb a n a -C h a m p a ig n  (U S A ), w ith  a  foc u s on  
M E M S  d evic es.



A  C O M P L E TE  S E T O F  P R O D U C TS  & S E R V IC E S TO  A N S W E R  YO U R  N E E D S

T R A C K S

In s ig h t
› Te ard ow n s of ph on e s, sm art 

h om e , w e arable s an d  
au tom otive  m od u le s an d  
syste m s

› B ill-of-M ate ria ls
› B loc k  d iag ram s

F or m a t
› W e b ac c e ss
› P D F  an d  E xc e l file s
› H ig h -re solu tion  ph otos

T op ic s
› C on su m e r: S m artph on e s, sm art 

h om e , w e arable s
› Au tom otive : In fota in m e n t, 

AD AS , Te le m atic s

220 + te a rd o w n s  p e r  y e a r
D a ily  u p d a te s

R E P O R T S

In s ig h t
› Yea rly rep orts  
› M a rk et, tec h n olog y a n d  stra teg y 

a n a lysis  
› R everse  c ostin g  a n d  reverse  

en g in eerin g
› P erform a n c e a n a lysis

F o rm a t
› P D F  files  w ith  a n a lyses
› E xc el files  w ith  g ra p h ic s  a n d  

d a ta
› W eb  a c c ess

T o p ic s
› P h oton ic s , Im a g in g  & S en sin g
› L ig h tin g  & D isp la ys
› P ow er E lec tron ic s  & B a ttery
› C om p ou n d  S em ic on d u c tors
› S em ic on d u c tor M a n u fa c tu rin g  

a n d  P a c k a g in g  
› C om p u tin g  & M em ory

115+ re p orts  p e r  y e a r

S E R V IC E
S

M O N IT O R S

In s ig h t
› 4  tim es p er yea r u p d a ted  m a rk et 

d a ta  a n d  tec h n olog y tren d s in  
u n its , va lu e a t w a fer level

› D irec t a c c ess to th e a n a lyst

F or m a t
› E xc el files  w ith  d a ta
› P D F  files  w ith  a n a lyses g ra p h s 

a n d  k ey fa c ts
› W eb  a c c ess

T op ic s
› Ad va n c ed  P a c k a g in g
› C IS
› C om p ou n d  S em ic on d u c tor
› D R AM  & N AN D
› M ic ro-c on troller
› P roc essor
› R F
› S em ic on d u c tor Test E q u ip m en t
› S em ic on d u c tor S u b system s 
› W a fer S ta rt

11 d if fe re n t  m on itors  
q u a rte r ly  u p d a te d

C U S T O M  
S E R V IC E S

In s ig h t
› S p ec ific  a n d  d ed ic a ted  p rojec ts
› S tra teg ic , fin a n c ia l, tec h n ic a l, 

su p p ly c h a in , m a rk et a n d  oth er 
sem ic on d u c tor-re la ted  fie ld s

› R everse  c ostin g  a n d  reverse  
en g in eerin g

F o rm a t
› P D F  files  w ith  a n a lyses
› E xc el files  w ith  g ra p h ic s  a n d  d a ta

T o p ic s
› P h oton ic s , Im a g in g  & S en sin g
› L ig h tin g  & D isp la ys
› P ow er E lec tron ic s  & B a ttery
› C om p ou n d  S em ic on d u c tors
› S em ic on d u c tor M a n u fa c tu rin g  

a n d  P a c k a g in g  
› C om p u tin g  & M em ory

19 0  c u s tom  p roje c ts  
p e r  y e a r
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