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Universal Chiplet Interconnect Express Г
(UCIe Г )

Building an open ecosystem of chiplets 
for on -package innovations
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Moore Predicted
“Day of Reckoning”

“It may prove to be more economical to build 
large systems out of smaller functions, which 

are separately packaged and interconnected.”*

- Gordon E. Moore

*“Cram m ing m ore  com ponents  onto integra ted circuits , ” Electronics ,  Volum e 38,  Num ber 8,  April 19,  1965
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 En a b le s  con s t ru ct ion  of S oCs  th a t  e xce e d  m a xim u m  re t icle  s ize
 Pa cka ge  be com e s  n e w S ys te m -on -a -Ch ip  (S oC)  with  s a m e  

d ie s  (S ca le  Up)

 Re du ce s  t im e - to- s olu t ion  ( e .g . ,  e n a b le s  d ie  re u s e )

 Lowe rs  port fo lio  cos t  (p rodu ct  & p roje ct )
 En a b le s  op t im a l p roce s s  t e ch n olog ie s
 S m a lle r (be t t e r  yie ld )
 Re du ce s  IP port in g  cos t s
 Lowe rs  p rodu ct  S KU cos t

 En a b le s  a  cu s tom iza b le ,  s t a n da rd -ba s e d  p rodu ct  for s pe cific u s e  
ca s e s  (be s poke  s olu t ion s )

 S ca le s  in n ova t ion  (m a n u fa ctu rin g  a n d  p roce s s  locke d  IPs )

Align  In du s t ry a rou n d  a n  ope n  
p la t form  to  e n a b le  ch ip le t  ba s e d  
s olu t ion s

OPEN CHIPLET:  PLATFORM ON A PACKAGE

High -S pe e d  S ta n da rd ize d
Ch ip - to-Ch ip  In te rfa ce  (UCIe )

Cu s tom e r IP & 
Cu s tom ize d  Ch ip le t s

S e a  of Core s
(h e te roge n e ou s )

Adva n ce d  
2 D/ 2 .5 D/ 3 D 

Pa cka g in g

He te roge n e ou s  In te g ra t ion  Fu e le d  by a n  Ope n  Ch ip le t  Ecos ys te m  
(Mix-a n d -m a tch  ch ip le t s  from  d iffe re n t  p roce s s  n ode s  /  fa b s  /  com pa n ie s  /  a s s e m b ly)  
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Mot iva t ion

▪ 20X I/O Performance at 
1/20th Power vs off-package 
SerDes at Launch

▪ Gap more prominent with 
better on-package 
technologies in future

Memory
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UCIe - Architected and specified from the ground -up to 
deliver the best KPIs while meeting wide adoption criteria

Key Performance Indicators

 Ba n dwid th  de n s ity ( lin e a r & a re a )

 Da ta  Ra te  & Bu m p Pitch

 En e rgy Efficie n cy (p J/ b )

 S ca la b le  e n e rgy con s u m pt ion

 Low id le  powe r ( e n t ry/ e xit  t im e )

 La te n cy ( e n d - to-e n d :  Tx+ Rx)

 Ch a n n e l Re a ch

 Te ch n ology,  fre qu e n cy,  & BER

 Re lia b ility & Ava ila b ility

 Cos t

 S ta n da rd  vs  a dva n ce d  pa cka g in g

Ke y Me t rics  a n d  
Adop t ion  Crit e ria

Fa ctors  Affe ct in g  Wide  Adop t ion

 In te rope ra b ility

 Fu ll- s t a ck,  p lu g -a n d -p la y with  e xis t in g  s / w is +

 Diffe re n t  u s a ge s / s e gm e n ts

 Te ch n ology

 Acros s  p roce s s  n ode s  & pa cka g in g  op t ion s

 Powe r de live ry & coolin g

 Re pa ir  s t ra te gy ( fa ilu re / yie ld  im prove m e n t )

 De bu g  – con t ro lla b ility & obs e rva b ility

 Broa d  in du s t ry s u pport  /  Ope n  e cos ys te m

 Le a rn in gs  from  oth e r s t a n da rds  e ffort s
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(Different flavors of packaging options supported to build an open ecosystem)

Jumpstarting UCIe
Intel donates initial specification 

PROTOCOL LAYER

DIE-TO-DIE ADAPTER

PHYSICAL LAYER

LINK TRAINING
LANE REPAIR (wh e n  a pp lica b le )
LANE REVERS AL (wh e n  a pp lica b le )
S CRAMBLING/ DE-S CRAMBLING (op t - in )
S IDEBAND TRAINING & TRANS FERS
ANALOG FRONT END
CLOCK FORWARD

ARB/ MUX (wh e n  a pp lica b le )
CRC/ RETRY (wh e n  a pp lica b le )
LINK S TATE MANAGEMENT
PARAMETER NEGOTIATION

FIT AWARE /  D2 D INTERFACE (FDI)

RAW D2 D INTERFACE (RDI)

S TANDARD S PECIFICATIONS

Ph ys ica l La ye rs
In it ia l D2 D I/ O

Protocols
CXLГ / PCIe ® Form  Fa ctors Ma n a ge m e n t

• Focus of UCIe 1.0 Specification
• Physical Layer: Die - to-Die  I/ O with  in du s t ry- le a d in g  KPIs

• Protocol: CXLГ / PCIe ®  for n e a r t e rm  volu m e  a t t a ch
• S oC con s t ru ct ion  is s u e s  a re  a ddre s s e d  s in ce  CXL/ PCIe  is  a  boa rd - to-

boa rd  in te rfa ce
• CXL/ PCIe  a ddre s s e s  com m on  u s e  ca s e s

• I/ O a t t a ch  with  PCIe / CXL. io  
• Me m ory u s e  ca s e s :  CXL.m e m
• Acce le ra tor u s e  ca s e s :  CXL.ca ch e

• Well defined specification :  e n s u re  in te rope ra b ility a n d  fu tu re  e volu t ion

• Future: t h e  ch ip le t  jou rn e y is  ju s t  s t a rt in g !!
• Oth e r p rotocols
• Adva n ce d  Ch ip le t  form - fa ctors  ( e .g . ,  3 D)
• Ch ip le t  m a n a ge m e n t
• More  to  com e  ….

Die-2

Package Substrate

Die-0Die-1

Silicon Bridge 
(e.g. EMIB)

Silicon Bridge 
(e.g. EMIB)

Die-2Die-0

Package Substrate

Interposer (e.g. CoWoS)

Die-1

Die-2

Package Substrate

Die-0Die-1

5

(S ta n da rd  Pa cka ge )

(Mu lt ip le  Adva n ce d  Pa cka ge  Ch oice s )
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SoC Package level construction for wide 
range of usages from Hand -held to high -end 
servers 
 Mix a n d  m a tch  d ie s  from  m u lt ip le  s ou rce s  

with  d iffe re n t  pa cka g in g  op t ion s

CXL Pooled Memory/ 
Storage

Compute

Compute

Compute

X

HDD
  

HDDX

SSD   
SSDX

CPU   
CPUX

TORS

(Com pu te  Dra we r)
(w/  UCIe -ba s e d  S oCs )

(Me m ory/  S tora ge   Dra we r)
(w/  UCIe -ba s e d  S oCs )

Provis ion  to  e xte n d  off-pa cka ge  with  UCIe  
Re t im e rs  con n e ct in g  to  o th e r m e d ia  ( e .g . ,  
op t ics ,  e le ct rica l ca b le ,  m m Wa ve )

UCIe  /  CXL th rou gh  UCIe  Re t im e r

Us a ge  Mode ls  S u pporte d  by UCIe
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Characteristics /  KPIs Data /  OutcomeStandard Package
Your Key Performance 
Indicator goes here

Add a few details describing 
the related activities

• What results did you 
obtain from your 
project? 

• Write them here.

• What results did you 
obtain from your 
project? 

• Write them here.

• What results did you 
obtain from your 
project? 

• Write them here.

Your Key Performance 
Indicator goes here

Your Key Performance 
Indicator goes here

Add a few details describing 
the related activities

Add a few details describing 
the related activities

UCIe 1.0: Characteristics and Key Metrics
Data / OutcomeCHARACTERISTICS STANDARD 

PACKAGE
ADVANCED 
PACKAGE

COMMENTS

Da ta  Ra te  (GT/ s ) 4 ,  8 ,  1 2 ,  1 6 ,  2 4 ,  3 2  Lowe r s pe e ds  m u s t  be  s u pporte d  - in te rop  ( e .g . ,  4 ,  8 ,  1 2  for 1 2 G 
de vice )

Wid th  ( e a ch  clu s te r) 1 6 6 4 Wid th  de g ra da t ion  in  S ta n da rd ,  s pa re  la n e s  in  Adva n ce d

Bu m p  Pit ch  (u m ) 1 0 0  – 1 3 0 2 5  - 5 5 In te rope ra te  a cros s  bu m p p it ch e s  in  e a ch  pa cka ge  type  a cros s  n ode s   

Ch a n n e l Re a ch  (m m ) < =  2 5 < = 2

KPIs / TARGET FOR 
KEY METRICS

STANDARD 
PACKAGE

ADVANCED 
PACKAGE

COMMENTS

B/ W S h ore lin e  (GB/ s / m m ) 2 8  – 2 2 4 1 6 5  – 1 3 1 7 Con s e rva t ive ly e s t im a te d :  AP:  4 5 u ;  S ta n da rd :  1 1 0 u ;  Proport ion a te  to  
da ta  ra te  (4 G – 3 2 G)

B/ W De n s ity (GB/ s / m m 2) 2 2 -1 2 5 1 8 8 -1 3 5 0

Powe r Efficie n cy t a rge t  
(p J/ b )

0 .5 0 .2 5

Low-powe r e n t ry/ e xit  la t e n cy 0 .5 n s  < = 1 6 G,  0 .5 -1 n s  > = 2 4 G Powe r s a vin gs  e s t im a te d  a t  > =  8 5 %

La te n cy (Tx +  Rx) <  2 n s In clu de s  D2 D Ada p te r  a n d  PHY (FDI to  bu m p a n d  ba ck)

Re lia b ility (FIT) 0  <  FIT (Fa ilu re  In  Tim e )  < <  1 FIT:  # fa ilu re s  in  a  b illion  h ou rs  ( e xpe ct in g  ~ 1 E-1 0 )  w/  UCIe  Flit  Mode

UCIe  1 .0  de live rs  th e  be s t  KPIs  wh ile  m e e t in g  th e  p roje cte d  n e e ds  for th e  n e xt  5 -6  ye a rs .  
Wide  in du s t ry le a de r a dop t ion  s pa n n in g  s e m icon du ctor,  m a n u fa ctu rin g ,  a s s e m bly,  & clou d  
s e gm e n ts .  
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UCIe Consortium is now incorporated! 

• 100+ member companies

• 6 working groups working on evolving 
technology 

• Intellectual Property Rights (IPR) 
protection is in place for members.

• Members include:
• Adopters: Companies interested in 

building products
• Contributors: Companies invested 

in helping to define future 
standards (working group 
participants)

• Promoters: Board of Directors and 
leadership

Organizational Update
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• Leaders in semiconductors, packaging, IP suppliers, foundries, and cloud service 
providers join forces t o  la u n ch  n e w Universal Chiplet Interconnect Express (UCIe) 
t e ch n olog y to  s t a n da rd ize  th e  ch ip le t  e cos ys te m  toda y a n d  fu tu re  ge n e ra t ion s  of ch ip le t  
t e ch n ology.

• UCIe 1.0 Specification ra t ifie d  to  p rovide  a  com p le te  s t a n da rd ize d  d ie - to-d ie  in te rcon n e ct  
with  ph ys ica l la ye r,  p rotocol s t a ck,  s oftwa re  m ode l,  a n d  com plia n ce  t e s t in g  th a t  will e n a b le  e n d  
u s e rs  to  e a s ily m ix a n d  m a tch  ch ip le t  com pon e n t s  from  a  m u lt i-ve n dor e cos ys te m  for S ys te m -
on -Ch ip  (S oC)  con s t ru ct ion ,  in clu d in g  cu s tom ize d  S oC.    

• New open standard establishes an open chiplet ecosystem and ubiquitous 
interconnect at the package level. 

• In te re s te d  com pa n ie s  a n d  in s t itu t ion s  a re  e n cou ra ge d  to  jo in .  Learn more, including how to 
join: www.UCIe xp re s s .org

S u m m a ry
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Thank You
www.UCIexpress.org
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Heterogeneous Integration and Open Chiplet Ecosystem
SoCs will consist of chiplets designed, manufactured and assembled by various companies.

Heterogeneous chiplet integration is the future of the semiconductor industry. 

MEMORY

MEMORY

MEMORY

MEMORY

MEMORY

PROCESSORS
Most 

Advanced 
Process

PROCESSORS
Most 

Advanced 
Process

PROCESSORS
Most 

Advanced 
Process

PROCESSORS
Most 

Advanced 
Process

ACCELERATOR
Most Advanced 

Process

RF

MODEM
Digital 

Process

OPTICAL

OPTICAL

OPTICAL

ANALOG
Analog 
Process

ACCELERATOR
Widely 

Deployed 
Process

MEMORY & I/O 
CONTROLLERS

Prior Generation Process

PACKAGE
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