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LEVEL 3:
End
Device/Equipment
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Device/Equipment
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Qorvo RF SiP

LEVEL O:
Semiconductor
Die/Wafer

Power amplifier in Semiconductor
ﬂ\Y.O !_ E Qorvo RF SiP wafer

/ LEVEL |+2: \
Semiconductor Package + Board

l Si dies

[ A ——

\ Package Substrate Board (PCB) J

Functions of Advanced Packaging:

1. Protection

2. Power/Signal Transmission

3. Thermal Conductive/Heat dissipation
4

Integration



1"

FET RIS EHEERES

TRANSISTORS

A
o MEERZEEUMm/)  RBA TMNEREH=EFRIS~24ERMETEN—F - tb E—K B A REALI40%UEE
“BERER” GRS
100000000 — e
10000000 | ERENE 1.‘.’.’
1000000 - (1‘00*0);.3 BEAE
100000 |- e —
10000 - L™ e
1000 e §8 2 Lem IR ST (MH2)
o gate?
100 T System Level
N = s
—s—
0‘1 1 1 1 | 1 |

1970 80 90 2000 10 20 30

(i) #R#EKarl Rupphigtitia®l. MEHLEESHRE. RELEMEREIENRLE AT
ESFREH R

Chip Level

o STEHRNEBEENRMERERZNR - FRHTETREIRERTER -




I~

i

L

3D Interconnect density (mm-3) log scale

HIE
iy
NN

= % 1l B 4% (1970~2050)

TSMC:SolCin  TSMC:SolCin| Node scaling with, 25uym

LE+12 | B inFO 2D/3D packagmg
i
Cetssorpggastrany i g !
e J 20um
I‘E*IO= lllllllllllllllllllllllllllllll. 1
; MC: inFO_oS TSMC: CoWoS Intek EMIB |7 .
ASE:FOCOS  Intel: Foveros TSMC:LSI |- i
i - m : WOde scaling without] 15,
' ke, m E 2D/3D packaging ;
L.E+06 FC CSP/BGA an............. | interposers | Embedded die
{ 10pym
Spm
LE+02 |
0,350pm 0,028y
|E+00 il ot Opm

1970 1975 1978 I”O 1985 1990 l”l 2000 2005 2010 2015 2020 2025 2030 2035 2040 2045 2050

Timeline
Source: Yole

Technology node (pm)



FoiETTRIB TR

<

>35x faster < | 75% faster time
~500
I performance @ I SO OVISICOSE I to market

Sources: Yole Intelligence, NVIDIA, AMD, Infineon, Autonomous Vehicle International, Intel Architecture Day 2020, BCG analysis.

(2023 ] (2022 (2020 (2023
Al/HPC: ; Desktop/PC: ! ADAS: : Desktop/PC:
NVIDIA H200 AMD Ryzen 16-core Infineon Optireg Intel HPC
Hopper H200 Tensor Core GPU : Ryzen 9 5950X : Linear Voltage Controller : Intel Data Center GPU Max Series
tsmc 4N/HBM3e/CoWoS ! tsmc 7N/CoWoS 5 | Intel/EMIB-Foveros
: . 10.9 mm? 4.0 mm? |
_ 37X / E \_520/0 —_— E E . -75% —
PCle 5.0 4.8 TB/s E $140 $68 E Wirebond CF:]]]F; E Z years
sces [ 0 I eewm S
Individually Chips in l SoC Chips in l Individually Chips in E SoC Chips in
packaged advanced ! advanced ' packaged advanced advanced
chips packaging : packaging? : chips packaging | packaging

Note: ADAS = advanced driver assistance systems; SoC = system on chip.

1For 16-core, chiplet-based design, absolute cost is projected based on estimated die sizes and publicly available cost per mm? good die.
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A
MATERIAL ]
FUNCTION PROCESS STEP LEVEL ROLE ADVANCED PACKAGING PLATFORM

Ty T TR
R AL

RDL e—

2.5D interposer

Photoresist Bump/UBM Patterning

TSV
D2W assembly level Mechanical support
W2W assembly Miniaturization
Bonding/debonding carrier from the Handling wafer
semiconductor device interposer

Bump/UBM Repassivation

TSV Isolation

Molding compound Reconstituted
5 wafer FO WLP Source: Yole
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Revenue (in $M)

$1400M

$1200M -

$1000M

»
8
X

$600M

$400M

$200M

$OM
2018

® Dielectric

2019
% Underfill

2020
* Molding compound

2021

© Photoresist

2022
® Temporary bonding

2023
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Temporary Bond
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LR 1 Eﬁﬂ—:k%ﬁ 2.BfE50E 3./ 5k

B2 mEme EhgRE = 51 AR IR
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_ 1. il ##EM (Temporary Bonding Materials) e

REEC R E SRR AR A B R B RE
mfER:
R R RAES TR LR DR E S T B B B S

IC iiiiiiiRDL
- BN R B BB B B

BEERERE |
55 S R B U e

Glass

m J18E:
1. BAMSE - MEH/MKRRDLENHE -
2. BNAERIWE - FKREEHNOIRH M -
3. ol EEE S -



_ 1. El5#%E M (Temporary Bonding Materials)
w R E S o BN LR B AR

Tolerable Thickness Chemlcal SeIf-

ﬁ;@’:ﬁﬁ < 250°C <125 Glass
Epoxy < 250°C <125 Glass
Polyimide > 350°C 2~20 Glass
== /\ —
B2 &2+ (Acrylate Polymer) B & B (Epoxy)

—[—CHZ—C—]:

Thermal

Thermal

Not Good > 355nm
Good Yes > 355nm
Excellent Optional > 248nm

0 "FHa 'FH3 0
R
H,C—CH— cm—o@ (34@— O—CHy~ CH— CHy 0@— F@— 0— CH,— CH—CH,
CH, OH n CH,

+¢©z§@@

17



_ 1. El5#%E M (Temporary Bonding Materials)

o RIEE:

(a) Release layer coating (Pl)

r------q

(b) UBM fabrication and 1#
passivation opening

Fﬁﬁi—q

(c) 19 RDL and 2™ passivation
opening

(d) 2™ RDL and 3" passivation
opening

e ———

(e) Micro bumping formation

(f) Chip on wafer bonding with NCF

(g) Wafer molding process

(h) Laser debond and cleaning
EEEEEEEEEEEEEEEEEEEEER

(i) Solder printing

o it 4H B Bt il

PIl&5F 3¢ IR Y 2|

o o Q
HOO-0F + 99 Oo

& B U Rk B

Reaction

state

“ Pl

Step I: Absorption Step II: Melting Step II1: Spallation
& Heat transfer & Decomposition & Solidification

ACS Appl. Mater. Interfaces 2020, 12, 54230 - 54240

18



_ 1. El5#%E M (Temporary Bonding Materials)

B oI EBEIM R SEEEE
P hEoo IR B A
Best Thermal Stability
Best Chemical Resistance
IRFEIMR
M BE Better Thermal Stability
RE Better Chemical Resistance

Better Adhesion
|2 55 it B A4 )

Laser Detachable
Easy Post Clean

RIZEHMY

19
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nts/mm?2)

Bump Density (cou

_ 2. EFE6PA (Thick Dry Film)

o [BH: RMACEIEENHBAREERSSXREL
ik g

o MY iEzh:
1. More I/0O to 2.5D/3DIC -
2. High Aspect Ratio bump & Cu Pillar -

10X~1,000X 1/O

1406 ()
Silicon chip
% SolC > 1000X Cu RDL
16404 @Q------------4- E
S T ae
"""""""""""" Cu pillar
2.5D / 3DIC Polymer P
1.E+02
Cu-RDL
Flip Chi
Py Silicon interposer
1.E+00 MA-tek 10.0kV 8.2mm x500 LM(UL)

50 100 150

Bump / Bonding Pitch (um)

rEE:

~INFO_LSI

TSMC
Cu pillar (<200
um)

ITRI
Cu pillar
(50~300 um)

Interposer
ITRI —_—
Cu pillar
(>300 um)
! LV A VA V.V
i |l | 1 L |




. 2. BR3¢ (Thick Dry Film)

e ETERNAL Hitachi Asahi DuPont TOK
BR42000 HM4000 X SAF2100 P5100

60,65,75,85,1

TK (um) 80, 120, 160, 240 56,75,90,112 120,180 00 190 130 120,180,240
Aspect Ratio 3:1 2:1 3:1 2:1 3:1
EREHE <5% <5% <5% <5% <5%
Strip
(Grganis Pass Pass Pass Pass Pass
BR42120 AR 3:1 Cu/Ni/SnAg Pillar Acrylic Resin

CHs CHs

15.0kV 29.7mm x900 SE 07/27/2022

| |
CH,=CHCOO —<CHCH20>X—<CH2CHO>Y—OCCH —CH,

X+Y =12

Polyproyleneglycol diacrylate

22
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_ 2. EFE6PA (Thick Dry Film)
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’fﬁﬂ%&?&t(cmpleﬁé)
A2 (Underfill + L-EMC)

S e
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A

Underfill \—--\-----‘\-___

Dispensing "w» w w w w w

3y 3 \ 4

Underfill ElEE
. - s BN N .. - e .
curing

r 1 L]
il = I

#r2tE (MUF)

n RZ/)\EREMERETE
=> EHZRFEIZ
=> mhEEE - MBBEEAELRD
R R . [REMEFRMIMBES —R5ERK
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InNFO-PoP

EEER

3 = m IC Ij
!g E@E! AVAY

Substrate

® InFO-oSAAE/MEL (InFO) #ilf - BRAES

® InFO-PoP BEFEM 3D mEAKRELIE - BAS
ZE RDLATIV - SliG{TENE M R IR 23 EL B AR BE 1
=ZENCERE (DRAM ) EpE—IE -

CoWoS-S

Substrate

® CoWoS-S (FWmTEMNMERE LRR)FE o CoWoS-R(#MELRELRER  FAFEL

AAIEZ (Al) NERFTESESUEER RDL f#7TERIRS {77 E ) & CoWoS itk %

iR H—RAY T E T SIS - EFIAB S fE (RDL) R EER
R E%#4 (SoC) H/=EsEHLCERE (HBM)
ZENEE

BEM 2/2um BHECEE (RDL) #&E/MEEE - T
SERZESTEREE/ MR - B 5G HIEER -

Substrate

CoWoS-L 2 CoWoS¥F = tf Chip-Last #5272 — -
B4#S 7T CoWoS-S # InFO ( EEEL ) HiliHE
B ERMAEMAMBWEE (LSI) RRETS

M EE - WfEFA RDL BETERMEREH - 14

MiEHEREFMER - )
tsmc website
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| 3BARAHRB(LEMC)

Feature

Fan-out
classification

Fan-out

Sreoeee
=

N
4 -,
4 A S
4 \\
A

Die First Die Last

~,
\\
~,

\\
Face
Up

’
~
S
]
I

Solid type EMC

Face Down
Die First

Face-down die attach

Molding

Carrier removal

RDL and ball attach

\ J

r———————————————————————————

Eternal focus application

Fan-out MUF CoWw
| Pl coating process | | Finegapfilling | |Low CTE/Low warpage
Die First Die Last
Face Up Face Down
Face Up Face Down Face Down
Die First Die Last Die Last

e ———

Face-up attach Cu-stud die

RDL on carrier RODL on carrier

Filling UF

Face-down attach, reflow

Face-down attach, reflow

Molding Molding

Carrier removal Carrier removal

RDL and ball attach

. Carrier removal

Ball attach

|

[

Ball attach

r
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
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3.RRIRAITTEREB(LEMC)

h
t =

LEMCH5 4 EEBR

Application Fan-out MUF CoW

Content wt% 85787 80~84 86788
Filler Max Size 1025 5~10 1025

um

Mean Size 4~8 1.5~5 4~8
Viscosity @ 25°C Pa.s 300450 <250 300~650
CTE <Tg ppm/°C 8~11 10~16 5~8
Tg DMA °C >150 120~150 >150
AL ERS Eternal / Nagase Eternal / Namics Eternal / Nagase

High Tg & Low curing shrinkage
Epoxy

o’*‘@ﬂﬂ
O

O

(Naphthalene)
e

¢

0

(Multifunctional)



_ AEEBATER (Underfill)

Wafer level underfill (Bump height : 40um)

o NI IRJE4dE T
o B[RRI Ad sy 2

15t underfill

Digital IC

(Bump height : 90um)

Board level underfill

(Ball height : 250um) :

. 3 A A A 5331 —

A A A LA LA LA LA

CPU
LAAAAALALND

Yole



" 4. [ K8HBEFREE (Underfill)

Low extension underfill

m Low extensionZE= it

> EARNE S

R
EHANZRE
w2 ASME

m BEFBSE

=1
ARX &

— iz 5t Ag
EMAZHE
B IME B LB B E

m E{E& Underfil N4
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_ A REHEZRE (Underfill)

ltem ~2023

2024

2025

2026

2027

FAB’s Roadmap 3nm

Advanced Packaging Technology
Stacked Die

Die to Substrate
FC Bump Pitch(um) 80 to 40 um
Substrate to Board 400/350 pm

BGA Ball Pitch(um)

20 to 10 um (w/ hybrid bonding < 10 um)

50 to 30 um

300 um

Inm

Eternal Liquid Encapsulant Roadmap

InFO CTE (ppm/K) 11~9

MUF top cut (um)
/Filler content

Underfill

15t UF Top cut (um)
/Filler content

2" UF Top cut (um)
/Filler content

1.5 um / 60wt% -~ Low Extension

3 um / 80wt%

3 um/67wt% ~ 1.5 um / 60wt% ~ Low temp & Fast cure (130°C*8min.)




L FoEFRTIZR BB
o [EM: SiETIRIETIEIE
SRR Compression mold Compression mold Transfer mold
Cavity up Cavity down Die/SBT contact
SRR . WLP / PLP PLP Strip
RS )
R RIETHEE R ARET 4514
1. ERARGEREZERATE
2. [MHiRsBEEE @ o[ EEEEFZER
s - o BRI -
3. Bk ARBRENS— ?Klﬂ:( = H L) WLP : wafer level Package & [BIgKkEf 4L
4. BE{CEMNHEBIMUERSE LIN[RERETERHSS5EE! | PLP - Panel Level Package [AITR A E 43
. ” Strip © EL{FAVEE
5. =m FIREGIER - B iiEELE



| SRR s
SR RHRHLEE R AR

e ——— ey
fate

—he Bl 2B ZE(FEM)

WLP . WLP
#1300
A% PLP, WLP = i/ Strip PLP, WLP =iz
EE(um) 50* 130 58 68 130
BEAYE 2 E (um) 50* 80 20 18 15 ETFE
F
B R R ]y B P& BE BE M
Bt AU /2 R EHHE E (Ra) 1.5 1.8 <0.5 2.2 1.5 . F=n
Bt E R EMHEEE(R) 13 15 <1 16 10
PDMS
MEIR A O O O ©
3 3
HRBRAHNR H,C—Si-0 SI'—O—]—SI'—CH
An:;ydrlde/Amlr?e Type O / A O / A L NG Q / & © / = ’ (I:IH —[_CIIH " (IDIH 3
3

mm BB R B RUR O ©® NA ® ®
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« Strip3ii

Fan-out

2009

O

O
O
O

InFO

2017

O

O
©
O

KT EREE

CoWoS

2020

©

o o O

B/ AR FEFIRE N

B2

2022

O

Mini LED

2022

©

)

E

Micro

LED

2025

TBD
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SBT PoP

2020
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6. B BIRRECo IR /T E M (Photosensitive Polyimide) (Eeat]

[

o [BH: H{CEHAEMiRE

ga Bl Ak 31 35 (WLP) Fs B & Bl 4k 3 3 (FO-WLP)
CbLC RDL-Dielectric Soldes Bueng iy T RDL-
L UBM Dielectric
RDL-Cu RDL-Dielectric
/ 7 _

Si chip (die)

® IhEE:

1. fR:€IC ~ RDNTEED -

2. ERMRIE - EBRBEZH -

3. BEMCH - EHZEENHEE -
4. Shzkis - JREBESRRE



E 11 (Photosensitive Polyimide)

6. BN BB R Lo B 7T E

|
A 4%
Polyimide (PI)

ZEERNTEMRISECRESE
Sce Bodo-of

T “ PBO
~390 250

fE¥E R (°C) ~350
=R Negative Positive Negative
Polybenzoxazole (PBO)
NEEZH(@1GHz) 3.3 3.0 2.65 N \
(0] 0]
W F52E (MPa) 50~150 170 95 n
B EERE (GPa) 2~5 1.8~3.5 2.9
T Excellent Good Good Divinylsiloxane-bis-benzocyclobutene
FEATHE (L/S) um 5/5 2/2 10/10 ‘\’“\% —o- %/WC
S Excellent Good Good (BCB)
Eternal/Asahi/HD HD/Asahi/Toray Dupont

HERD



REB gt ATEL oy

e

B RBREERA

o fitEE:

9
@
=t

r.
NE

=7
lnz\ RV

‘L?

b ¥

E 11} (Photosensitive Polyimide)
EMREHEH S FRIE

e {ER:

e

o M ifch4E Ak Bz FE:

Binder: Monomer:
X
_._ (0]
BIRAWAARE - BBIEH - ° C #@i %OMOVL
o/\/ o
o R 3B l A
IR EERRE - P
0. OO : X :
g \<>* 7‘/@ i "
OV\Oj‘t@:::O/\/O\[\O\ (/\/O\)\[ (o] NH
(0] —

N CEIFR &R A R
EERHBF -

l Iﬂ/ﬂﬂfﬁ'fb

SmiEE - ETIRIERE -
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6. B BIRRECo IR /T E M (Photosensitive Polyimide)

=5
BOERHNEMREREE
EpXDD. OO D
=4 BE  sesses) [FH [EZY [EE wem) SH =Kt
MiRiEER: PSPI PSPI =) PSPBO PSPBO PSPI PSPI
My BAHE TMAH TMAH TMAH BiATE B A L
= miEia: Varnish Varnish Varnish Varnish Varnish mss) Varnish/Dry film
W mE: 375°C 300~350°C 300~350°C ™) 200~250°C 200~2500°C <250°C
0 AR 1% 2 (ppm/k): ~35 NA 60 80 60~80 <70
I FAE(%): 45 NA 100 80 50~ 80 >50

[l

SVHCs free

i
R

K4
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Temporary Bond
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7. 25N RZATIEI A BB % (UV Dicing tape)

—RBFE UV BB EaER|

acrylic polymer‘}

PSA(pressure sensitive adhesive,

—_—>
2 2
CcC=0 c=0 2 C=0 & C=0 2 C=0 cC=0
| | 5 | o | < | |
OH OH el 50 S O o
=1 a | =z |
S CH, £ CH, < CH, CH,
2 | =1 2
3 (I3H—OH 8 CI:H2 £ (;.:H—CQH‘.3
° =) ®
2 CH, = t|:=o & CH,
& b
e« OH n-butyl
acrylic acid acrylate
(T,=106°C) (T,=-7°C)  (T,=-10°C) (T,=-70°C) (T, =-54°C)
(30 - 80 %) (0-30 %) (0 -20%) (0-10%) (0-20%)
S — A _—
v Y

hydrophilic segment

hydrophobic segment

ef: J Appl Polym Sci 87: 182-191, 2003

Wafer plasma diced to 5mg'u]n1mn ™
P dicing
= G
Tape UV irradiated from back-side
o= INNRNNENANEEE UV releasing N
U
I " Release Film
| «~Vacuum Collet
Tapeslre‘rchedanddiespicked_.lllllllllll dle plck up Base Fllm
—
|y
z X y-z z X y-z
o o o 0 o o
HO [e} [e} HO




L 7.RIMERF I EI AT (UV Dicing tape)
SREESRZREEE

i P G
ap

=y
BoBoBoBo8 o8 oiecbond

= — — — - - =]
Esssmssmssmssssssnssms - — Metal layers
e —————— g

Chip on Wafer

~——devices

e [

Wafer on Wafer

- mer_Sf’l‘?’i ____________________________ 1. SolC %ﬁﬂﬂ"ﬁiﬁ% °
".__: . 2. microbump £2% direct bond TJLY
N N} BHRBEE -

2.5D/ 3DIC

3. Cu PadBYZFEH direct bond IRE

Flip Chip E o
1.E+00

0 50 100 150
Bump / Bonding Pitch (pm)

1.E+02

Bump Density (counts/mm?)
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LIMNER T BB (UV Dicing tape)

SRRz REE

\\\

Method Blade Laser Plasma
Principle Meghapical Melting.+ Therma} + Chemical
grinding evaporation Mechanical etching
Stress Mechanical Thermal Mechanical None
Procedure Sequential Parallel
Shape Regular shape Irregular shape

Plasmadicing




L 7.RIMERF I EI AT (UV Dicing tape)
SolC - & ®m*

UV iR Bl UV iRL&i &
R SMEER - oERER EVOC BRI - BREN
BMEXK EHEH RAER - BER
BEMEERK HIBEE BESR

Tape expansion

s ik

an I HU A W32

( +
Rl - el

@v,w wm

nitator,_ (E

@Aﬁbﬁb

Monomeric styrene and oligomeric acrylates can be used to produce crosslinked polymeric structures through 46
photopolymerization

VOC deposition UV EZFEEFE




L 7. 2RI EIR B (UV Dicing tape)

v BE fstrain-stress ¢

v BiENUVEEE

B
B | egwzse
PO EE

EET:T v IRMHBEF RGBT
v mEREEEN

By v HOnEER
—
< EEMIRTIEE

Tape Structure ]
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_ Intel Advanced Packaging Offerings

o

bump pitch ~100pm gufsaggﬁ&sfggs bump pitch 36>25um bump pitch <10pm .

Leading global Products shipping First product in 2019, Direct Cu to Cu Continued Pluggable
user/assembler of since 2017 HVM ramp from 2023 bonding for high feature scaling  connector
FCBGA (>40% share) High Bandwidth Wafer-level density and low Improved Glass-based
Support to 120x120mm packaging plus silicon resistance power delivery  coupling with
Supports large form interposer capability interconnects Enables 448G  integrated
Enabled STIM w/BGA factor 4Bk raticle Ot or Best power per bit THSIO Waveguides
Multi-ball BGA for equiv>6x+ reticle cost/performance performance Enables high

managing warpage equiv. (~0.05pJ/bit) yield, low cost
flow

PoINT architecture for
cost savings

2D/MCP - 3D Hybrid Bonding Next Gen Interconnects

*Source: Intel internal analysis, Prismark, TechSearch (2023)




. IEER(Glass Core)BEEN 1

Organic Substrate

Organic substrates leverage traditional PCB-like
cores with woven glass laminates

» Provide a low cost, easily manufacturable material
set with offthe-shelf laminates available from
leading suppliers

. J

Glass Core Substrate

e
RN

[

Glass core substrate enables significant improvements
to both electrical and mechanical properties

» Tunable Modulus and CTE closer to silicon — Large form
factor enabling

> Dimensional stability — Improved feature scaling

» High (~10x) through-hole density — improved routing
and signaling

» Low Loss —High speed signaling

» Higher Temperature capability — Advanced Integrated

\ Power Delivery )

Source: iINEMI Feb 2024
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L WEEREL(TGV)HEEE(EEm

® TGV Process

Glass

Laser
Pretreatment

s

Via Etching
(HF or NaOH)

-

Surface
Modification
( Metal Oxide or Pl)

=

Metallization
(PVD or Electroless)

=

l Metal Patterning

(Dry Film)

v

Build

Up

(ABF or PI)

pilll

® Function of Surface Modifier:

Glass Core Substrate

- De

D= 0,

Supplier
Atotech

Coring

Eternal Materials
ITRI

Macdermid
OKUNO

Sekisui

Uyemura

Chemicals
Sol-gel (Metal Oxide)

MnxO
Polyimide
waleBELY
Conductive Polymer
Metal Fluoride Complex
Acrylate Polymer + Metal particle
Metal Oxide
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B9 3¢ F(Silicon Photonics) 3% fifir BE Eh 1]

I

ARBUIBRZIRH A
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= PE B 5 B

5G/6GEME
CPO K& /2 &a / #Y B Bt
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R B E A A
e

R ABSENEE
{CEAHETE

DNAZ#r
w0

Mm®& D

O ZEHEYER
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AR —ETE
HNEF 62

Vaxla

=
>t
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" Losses of Traditional EO Module

PURW AR UETEREEH - EEE LA T EERENMIRRX

FOUL SRR AR IR

BGA
( BRAMPESIHE )

BHIRIER  BEMREE

Bump . BRAREN SRS
(OR) Bump — BGA PCB )

PCB — 1
o BmREE
0 °. o .”" o o
.\
> —_— . 53 Gbps
—~ Bump — BGA ’\ .
m 10
°
E 1 PCB ,
S s o~212 Gbps
Selpssiag @ Y
-25

e T ey J L - Paddle Card
Substrate I_l -

AR - AR IRIA PG E S

m 1 CPO ER®XF ( Silicon Photonics - BIZEBWIFRILBEELRT ) - SEAUEHEHE PRI E

AT B R A RS

s HRER—EHREADP (BIX5IE) MREER—E Socket (118 )

£ RS TERNERERES  £ESSERERE NRE 7 INFELR D RFFIRNLEE -



. EEEEE N DR ", i

BB FIRPEER | BRI TVE A TR
CPO ( HEIHENARH ) MM 7 BEHWIEE - RESREHNIERE - HESE
oliR IR UL SRR AR R

ol U E U SR R4

-,

S

BEWMBEE

CPO %18

Fe A

PCB (System Board)
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Polymer Waveguide in CPO

e

B FREER AR RCPUELGPUIEEHIRIEE - Polymer Waveguide ™ & E o —{E[Solution °

g Memory

lllllllllllll b i llll:l‘llrllll L 8L . @
llllllllllll;llllll'l'llllllll —_—

Si-photonics chip
(with adiabatic coupler)

Si photonics chip

Polvimer

wave\guides Folymer

waveguides

Polymer %
waveguide
array

Optical

Backplane fiber array
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. Key Materials for Silicon Photonics

_ Key Material Requirements & Trends

B SOl Wafer Roughness - Low Warpage - Flatness
B ST EMR InP Large scale (4~6 inch)
ESENEREE InP, AlGalnAs, InGaAs High Speed 200G~1.6T
RDL-Dielectric Pl/PSPI Low Dk/ Df, High Reliability

R i B LNO, BTO Film, Si-MRM  High Speed, Low Loss, Thinner, Easy Integration
Waveguide Si02, SIN, Glass, Polymer ~ Low roughness, Low Absorption (@specific Wavelength)
Interposer Si, Glass, Polymer High Flatness, High dimensional stability, Thermal stability

Cu Foll PPE. Hydrocarbon M7~M9 HDI substrate

W ES SiGe, InP High sensitive, Wide range

High transmittance, High mechanical properties, Easy

M/ gh 4r it 1
pet BEE Adhesive processibility

u]
u]

HE B AE Bt Amorphous PI. PEI High transmittance, Solder reflow available



HEEEE > S

DESIGN & b, "
MANUFCTUREl

¢

BOLMICIOES
& POLYMIERS

SCHOOL
CHEMICS & | . EDUCATION
MANURCTURE é




} 5 EMa
ETERNAL E’E
MATERIALS -

Elements of Infinite Possibilities

chikang_chang@eternal-group.com




