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Processor)k # @ WAL * VA F AR HE A ZE L ke E MR
B Ae ik .?f‘u(Chemical Supply System) % % -
Bit84 58 1¥% 3 EE% 75 gg,,t.,f& (B3ip) ~2EERES o

CAagpirz i @ LPHM2 FHITRAIRF A8 2 B4R - 2t N
vz ‘Ex \% ;F’_ o

D.ﬁx#ﬁéﬁd’@a % o
E L@z 330448010

43 H BE2FHE SORIF)F P

AP RAPFREE *?%ﬁlf“iri‘ir‘%ﬁﬁ?' e BA 108 2 109 & & 3

£ pHRivdFg g i3 2 Wet Bench £ Single Wafer Spin Processor(UFO)
%ﬁé{%ﬁr‘;ﬁ;o“ﬁ%‘fiDICf# SHMTZ R R RBF R E e R
THEEXAFIRLE2ZDICETHEE D HUERE 2 FLA%
A4t % (InFO) ; Square Fanout 31 %% % % -

A EBFE S wheoT L

X

zH

Eﬁ\

PooF 1m P *oR WP
DICET#4H C s
;i@iizﬁ;%%ﬁ— B 4% Ni, Pb, Au 2 Au -
WAz # AR A L © AT ARATE 0 b4t Square Fanout UBM
’f T Etcher ~ Square Fanout RP Stripper ~ UFO 300 4CH

Al/T1 UBM Etchin °
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()B4 H b 4 i > F RATHAEX KBS

THEPA S D e AP R KBEFE e TEMA SR
Tk B 3 E(SIP) B ATDAT A S R RS 2 R R & (Flip
Chlp) L B (Bumping) > & [F] & #f % (Wafer Level Package) > 2.5D 3t %
(interposer » RDL %) » 3D 3+ % (TSV)... % L2 3t =B MR 1 ~ B 2) o 5 ¥
BEf kel o LEREFERH A SBEREFE > SIP m:&%‘b N Sy e
(B LRELPAFHFE 2 2L M 22D 2 b fi ] hE &
SiP {7 B% > FE1ERSF - J‘Hif‘uﬁ%ﬁﬁfa whz e
B 1 s B AA-1

PoP / PiP

pwLp Sivanced
@ sininin Packaging
s ¥ ; niniujm v

- Moving to high-
performance

FCBGA/CSp 25Dimerposer oo pop  highdensty low
. packaging

P m j e
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PGA . B, A v sy I—] o
L 2 WL CSP
DIP 3;,, 5 @ _ FO WLP FO SiP
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Bl 2 3 A HE R fAE-2

Conventional Packaging Advanced Packaging

Wire Bond Flip Chip Waler/Paned Level Phging Heterogenoos Integration

- Farrin / Fan-Oun
o N BGA - -
Packaging Process Modules WL-CSP LP/PLP

shae -
Commencial HEm
Brands / =
Variants ¥
AasdF ™y
st
Waler/Chip 2
I/Os Bumps/Pillars .
Wire Bonding . . . . .
Flip Chip Bonding .
Chip-to-
Substrate ROL

Interconnect
TSVISi Interposer

.
. . .
.
Water Bonding
Lead Frame - . . \ _} \ J
Substrate Laminate/Ceramic [ * .
. . .

Substrate-less

Leads/Fing
Package |/Os
Solder Bals/Pods . L . . . |

Source: various company reports, Needham & Company 2010~2019 2019~~
(a)-1 % & (Flip Chip) &Y #.(Bumping)

‘?;éa“a (Flip Chip)p i %‘ 5 1L e A iﬁ:ﬁ:r*& B8 B i iR
B I fé%}?'fr'?‘h“ £ @ Flip Chip R|#-5% ¥ 3 ik % & ﬁ—*fz%%):
» i iﬁaﬂa A S ijfm‘\‘%f%!« ( Bumping ) “’aiﬁaﬂ *RARK T B
o B 5 “#:ee”wlsfr” FE LT PCBEF P e %510 17/0 3 %T\/iﬂ =
ﬂ”ﬁt‘a » Bl RC (Res1stance—Capacitance) o R gk 3 A N 1
@;13)0anc1qip:rﬁ%z§u£*w“wﬂﬁ i ‘f ’ Ei“éﬁé (¥ + IO
e ) i (I8E) %3 R0 2/3 603 B
slgrfe) > &3 1dcad (P F a7 g @r’/t%"’)o

B 3 % & (Flip Chip) Bl -+

*ﬁ“‘
‘I
N\
=
w“f
. Em
=
fﬂ k‘x

WIRE BOND

Ao Compoarc Die Die Aftach Wiire Bond

Solder Ball Rigid Laminate
Sulbstrate
FLIP CHIP
Epoxy Lircherfill Crie mold Cap
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W P ET YRR SR ET MRS Bump o HITER e
oA A44F 5 Bumping o § 2k Bump <28 f24t B & (Flip Chip) 3 5% 2 4 4
BPE S BRI AF R DT B A Pad(ﬁ%%&)ﬁ@#&(&;} 4) o Ap il (B Kb
51408 4% > Flip-Chip 3 F3% 4 ehipdt v do ] e e G 2 { B2

B 4 h¥.(Bumping)®l 4% B 7

(a)-2 # [F & 4f % (Wafer-Level Package, WLP)
@ ““if}% AT > 5 ?ﬂ{i?ﬁ;h TR 26 R éf”’ﬁ#&’ff’

o [f] }&4F 7% (Wafer-Level Package, WLP)1 K |54+ 48 F > du [f] %4
}%%‘Baﬂ*ié—}fftl’ iRz 'E"‘Pﬁﬁ\ Mg W F d FlOL 5 & LY G
R BRAAE A B .5‘7‘”“ '%\ o e ET BETF ASHF L= A~
BEEE | E FRE F uﬂfr%}\ﬁ";bli’)@’*ﬂgﬂl"’i%%\maa
W%‘i‘f%é_#—‘%\'—a ':’”’;'_‘Q#E-'{ v Flm Bl B %‘%wﬂ@l B3R }%—'}4
5 -

el e [l 3T A A E 2l Fl L BT 208 1§ Hoendt R RIEAR R
t& » {1217+ 3|(Singulation) | = H 3g ~ 2 (B 5) > Fl& 2 F GBI MG HE
AR 0 m E KSR PG ER AR RS TS R SRS
7 % <t 4f % (Wafer-Level Chip Scale Package, WLCSP) -
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Bl S5 & FlestX@aging
f
Wafer Level Packaging 3 &

‘ Water Dicing #

L . "“'--\_‘a Re-distribution on Wafer
. / \‘)icing
Re-distribution RATRURRG R -
(one-by-one) CSP{ R RT#HK
| @ g <& .
& —
. Wire-bond BGA

74 kR © Georgia Institute of Technology » IBT Research 532

HY o fefladtdkd 2072 7 & 7 4 & (Interposer) ~ &~ 4~ (Underfill)
BRI XD R RS FREUAR Fh S R R R L1
N N “,% pt2_¢h > WLP + % g% & 374 # (Redistribution)£? /% 3. (Bumping)
H (R 6) 1T 5 VO ¥+ F > F]pt WLP £ 3 fi] endt 2R B R iGE T 1
FMAOREF PRI ANRAEFE ) HEOTHEITFAS IC HER
* o

B o6 #=HAFHIAH e E@ARiIR

oh I 0§ FHEEL
Singulation Reconfiguration

(25882
: » £
Substrate ~_ @ & -

L B UE T b+ i+ B AEAHTEP R

(Reconfiguration) (Redistribution)

F 4% %k © Infineon » IBT Research 32

" WLP 4= #j 3 E @ 7 » WLP chd & g * 40 5 30 IC> 282 < ¥
(PA) £ &34 = =4 5% (RF Front-end) 14 2 CMOS # ik /P] B (CMOS Image
Sensor, CIS)% & X L HpA &(£ 1) 27 R &8 kp v 2 FHE
Woe | FF i an® R @ 284 NOR Flash/SRAM 4 #* WLP 3% o gt ¢ >
AT FHi4E DDRIUI~ 4 &4 * WLP & % & (Flip Chip)3t % > J&
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PavE & T+ 1 A2R 8 B 1 ¢ JEDEC) 7 & 1] 2 & ¥ 4 ’&E?i"‘
(Hynix)>* 2007 & 1 * % &3 &3 WLP 3% 2Gb DDR 11> # & =
(Samsung) £ f: & i£ (Elpida) ¥ B'Z < o f "4 8 & &0 3R 5 ‘m?ﬁi 2 e L
7\ 3t % (Fine-pitch Ball Grid Array, FBGA) o I % % Svs 3t & (SiP)& * BB
WEHFE PR

\mw

i1 ABHEER

Family QFpP BGA FC-BGA WLP
1st level IC wire bond wire bond solder ball none
interposer + i+ 4  lead frame substrate substrate thin-film
2nd level IC lead frame solder ball solderball  solder ball
W f #50:4 PCB <1:3 <1:2 <113 11
SE QPck:gSI™ =35 >2,5 2.5 g2

F 4L kR : Infineon » IBT Research 12

WWﬁ%%%ﬁHV#ﬁ%M G- THREY S REEAS 0D
ede P S AAHE CFEERFVEIN )R RE o WLP HE Y - R
%%*%ﬁ%ﬂﬁ%%ﬁ#wi’ﬂﬁmﬁ AR P AT AR S
N N @H i oo E b ]F]rid 8 vl gk i 12 w3 B Y AN WLP & él"—ij'
RIRAIEZES 7 &g -

@7 BBH %‘if;% 54 '%«—\_L

P i

Cost Dlrnensu:ns
« Packaging cost = Package height (%)

+ Test cost L.ltnml dimensions ()
concepts heug
lateral area

GDenmg g W Perfnrmanl:e
- no. of

E :mhe:béilm PacKages interconnects + Interconnect line

+ No standar length (0

+ Small chips/ E lJplral'Engl

high no. of LIO! rated frequencies | i)
chip 1o board * Package Speed ()
aF'-' 3 + Parasitics
"tE ration Performance

* Integrated Passives (R, L, M = Power consumption ()
g ggsnm in Package » Package Density ()

F 4L kR : Infineon » IBT Research 12
58 WLP 2 & Ry o 4625 - iV & @%’cmy@’rb s
(IDM) > ér ,g, % X ¥ 48 (STMicroelectronics) > 14 2 £ 5 LB H v & it %’?‘
3R] & ¢F 5 1 (OSAT) » 4ep 7 ko 2 B E WLP ke ® 3 34 R] g
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H(Q012 # HEFHER T2 2P HIAHET FRELEE  TH 2GR
AF) A LTI (RITRF T LA APS £ F A 2T L T
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b5 2P R R (Nepes) i B) + 15 12 54 8 16y 2
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Y- 25 FABPEADFE2AEY
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MAE - < A HPIRITE? G0 P,.=-4—~ ﬁ,zk?“« A I FEh
e ﬁﬂb"lEKT‘Z\’T’F}‘S/‘ﬁé jilﬁ‘ﬁﬁrg,;};?” L R R
&~ ‘J'})i(IDM)’f‘" > = W\;{T/?Jf;\ & 4 ﬂpﬁ v A 5 & FHPIR fuiT E R A
%&ﬁ#*?%**ﬁ% #3607 %~ Amkor~ F# Ffck L &) ~ 4 &

#EICHF 2T H 2SR
Hoorgrpeandt X WU AREE R »
) 3T & e £ PR A gy g

)

=

BB

G
£ 3 R

—

AR IPIR “"“‘ B 2012 £ T R NHEADF Ll":i‘]';;t‘ A i o IEK :}ﬁ
11 » NVIDIA ~ iu%((AMD)ﬂfng‘ i (Qualcomm)—ft B B R R AR 28 3
TR R ESTS B Bt~ LB RS s ERG ot B
FER S - SRR 7 F e EWE Pt o R B2
BREROGHEAG  HPRFT AL NE e 2R IREE R LI EOED
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(a)-3 % » A4t % (Fan-In Wafer-Level Package, FIWLP) ~ % ! 3] 3¢ % (Fan-Out
Wafer-Level Package, FOWLP)
E 8 ]F] g‘ﬁ';‘& ' b %}' L E_1B e l?] g‘ﬁ';ﬂ: 7 B d R (SR fT
AR MR T R cEE AT RS »%J Ve | Bl foerid 4o
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(B 8) > % » o Fladt AP el H A T o &k k<] o %ISRl
HE Blpgrief s 30 FEF - WATHC IR ST o v HRe
BN T HESNER KT RN 5P VO R EF LERS
TEBFE {FeoomB Ao

B8 525 3

Fan-in BEahe Fan-out

(b)

(a) AKX WLP (b) Hilizt WLP

FI-WLP

T3 2014 & 5 7 42 InFo(Integrated Fan-out » # & 4] 5 4] 34 %)
Az (B 9) > wFE B~ 253D IC Wit pl# %> £ £4 45 InFO i
FLENTALPH TR A RATROBUOIEEMRLG 233U S FE
B A Es A 7 RF L AP & H s RF ~ ?ifﬁlsﬁIj!lICi:*ﬁﬂ’ 7
fe* B P SR 0 InFo s B4 o PR E T i 2 iE o A
- BP BRI MR SRS HI AN R F N HTEE
PP TYREY REER L AL PRI E N g

Bl 9 InFO( & 4% & )-InFO_PoP & InFO_oS

Substrate

InFO_PoP

FIWLP £ FOWLP * i¢ % I » 25 4 {5 ehijndt £ £ o FIWLP &
B iril & B Lh ¥ ¢ PR > B L m AT o CMOS Bl 8 Fr
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(a)-4 & & 5 4f 5 (Panel-Level Package, PLP)
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B 12 233 (AP) £ 75 & B

Advanced packaging revenue as % of total packaging
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AP vs Total packaging (%)
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AP m Other Packaging

Total packaging market grows by 5% whereas AP market grows by 8.2%
74 kR © Yole Developpement(2020/02)
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Worldwide GDP and IC Market Growth Correlation
Coefficient History and Forecast (1980-2024F)
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Worldwide GDP Breakdown (2019-2021F)

2019 GDP 2019 GDP 2019 2020F GDP 2020F GDP | 2020F |2021F GDP 2021F GDP| 2021F

CountryReglon & wth % ($ Trillions) | (% of Total)] Growth % ($ Triflions) |(% of Total)] Growth % ($ Trilions)|(*% of Total)

High Income Countries/Region

Us. 2.3% 19.03 21.8% -4.0% 18.27 21.9% 4.0% 1900 | 21.7%
Eurozone 1.1% 13.43 15.4% -8.0% 1236 14.8% 5.0% 1297 14.8%
Japan 1.0% 6.38 7.3% 5.1% 6.05 7.3% 1.5% 6.15 7.0%
UK. 1.2% 2.82 3.2% 10.0% 254 3.0% 7.0% 272 31%
Canada 1.6% 2.01 23% 5% 1.91 2.3% 41% 1.99 2.3%
Other 1.6% 12.88 14.7% -4.5% 12.30 14.7% 5.0% 12.92 14.8%
Total High Income 1.6% 56.57 64.7% -5.5% 53.43 64.0% 4.3% 5574 | 63.1%
Developing Countries  3.9% 3085 35.3% -2.5% 30.08 36.0% 5.7% nme 36,3%
Worldwide Total 2.4% 87.42 | 100.0% | -4.5% 83.51 100.0% | 48% 87.54 | 100.0%
China® 6.1% 13.44 15.0% 24% 13.46 16.1% 7.5% 1446 16.5%
India® 5.0% 2.90 3.3% -9.0% 2.64 3.2% 8.0% 285 3.3%
Brazil* 1.1% 2.25 2.6% 5.3% 213 2.6% 31.5% a1 2.5%

“Includad in Developing Countrias
Source: World Bank, IMF, |C Insights
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% 3 2019~2020 & X HE {8 % B2 ‘f\ Ao B X
2019 Company Headquarters 2018 2019 19/18 % 2020F 20/19%
Rank Location ($M) ($M) Change (SM) Change
1 Samsung South Korea 21,630 19,900 -8% 17,600 -12%
2 Intel North America 15,181 16,000 5% 16,500 3%
3 TSMC Taiwan 10,443 14,500 39% 15,500 7%
4 SK Hynix South Korea 14,611 12,500 -14% 8,500 -32%
5 Micron North America 8,863 8,315 -6% 7,500 -10%
6 Sony Japan 1,365 2,300 68% 1,500 -35%
7 YMTC/XMC China 2,450 2,230 -9% 2,700 21%
8 SMIC China 1,756 2,100 20% 2,200 5%
9  Huahong Group China 2,379 2,070 -13% 1,400 -32%
10 Toshiba/Kioxia* Japan 1,750 1,700 -3% 1,800 6%
11 CXMT (Innotron) China 1,600 1,500 -6% 1,500 0%
12 ASE/SPIL** Taiwan 1,248 1,455 17% 1,500 3%
13  Infineon Europe 1,412 1,400 -1% 1,450 4%
14 ST Europe 1,262 1,200 -5% 1,200 0%
—  Top 14 Total — 85,950 87,170 1% 80,850 -T%
—  Others — 19,985 16,310 -18% 16,170 1%
—  Total Spending —_ 105,935 | 103,480 2% 97,020 6%

*Formerly Toshiba Memory **OSAT supplier; merged in 2018, capex combined for all of 2017 and 2018
7L %k ¢ IC Insights » 2020/02
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Growth (%) 11.4 17.9 0.1 -7.3 2.0
Other Semiconductor
Capital Spending 34,133.5

33,535.8 33,753.2 31,299.0 31,896.8
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IC EREE 24493 82%| 24623 05%| 26199 64%| 26656| 17% 27742 4.1%
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v 2018 2019 2020F 2021F
B China 13.1 13.4 17.3 16.6
® Korea 17.7 9.9 12.3 15.9
W Taiwan 10.2 17.1 145 159
Japan 9.4 6.2 7.0 79
® North America 5.8 8.1 71 73
m SEA/ROW 4.0 25 2.6 3.0
B Europe 4.2 23 2.4 3.9
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SEMI Year-end Total Equipment Forecast By Region
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W Korea 99 15.7 189 19.7
m China 134 181 16.8 15.6
= Taiwan 17.1 16.8 15.6 17.2
Japan 6.2 73 79 84
= North America 81 6.1 6.1 6.0
H SEA/ROW 25 26 3.0 3.4
MW Europe 2.3 2.4 35 29
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