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* AT AR MR FT 7T SM0| QB B £XIB 2Zsto] Ht 7Tl FHA 4 202 21
AEHAE BRI, &6 B} IS A LEoio), HFHOR HAAKSl LN BN At
TE 452 50l U |8 sretam@M, A7 SIEA AF Sof % Tusstof o, Z0l4| DxIg H
oiCiE A%} 2 715 B 714 JHo| Bog
- oICime AT FolEo| A2l HUE 9l BAHOR ABSHE AHZM, AL TR0 W2t ofg2] Hoj

e-LE

Pre-assembly A5 E(no-flow underfill(NUF), nonconductive paste(NCP), nonconductive film

(NCF))2t 0{dl 22| Z0j| At 5= Post-assembly A Z (capillary underfill(CUF), molded underfil(MUF))2

3

I-_J

e _ i— ""“"“"

_ —
(a) Mass Reflow of G4 or G2 Bumpn (GI.IF}

HH o HH CUF

[ WLLLLL
o ¥ o E‘ vy ¥ v W ‘
— I R

(b) TCB with Low-Force of C2 Bumps (CUF)
FFF

NCP HH HH T —
il TR " AEEER

(c) TCB with High-Force of C2 Bumps (NCP)

NCF - HH S5 HH
S

(d) TCB with High-Force of C2 Bumps (NCF)

| 321 1. Flip Chip Assembly : (a), (b) Post-assembly 21C{Z 2! (c), (d) Pre-assembly A Z 2| 37 Of|A] |

- 1/0 &710] [at, Cu 20| £ HZ 7|2 v T A, "éloil &M=l C2(Cu-pillar with solder cap) 2! C4(Controlled-
collapse chip connection) HZ7} H2| 0|&%|1 IO, 0[2{s = et O0j0|3 2 M= E Clolof 2st7| Tof

oG2S X 85H= 740] Pre-assembly SIG 2, =24 ?-Oﬂ X 235H= 240| Post-assembly A2

-1 F, CUF= Ytholl 8% £|xo| (i Aoz, 7[gholLt & 5t £2 &% Hoj| LISO[L HE HAe2
FUE O A7 2A Ao 2 FED XRRIE-T[E At0|e] S7tE M2 T, 3k STl 2lsh A1
2YE= LAY

- CUF& Mass reflowE s=85t= Low-bonding Force®| TCB(Thermocompression bonding) 38 Z&

ofd =20l A8
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* HE o7 Yo iR 20| 2R H 7 IeS 222 1Y

H3lE sl POP(package on package), TSV(through silicon
via), WLP(wafer level package) 52 S 7ieste {20, 1/0 CounterE S2|7| s HZ= 37|72t

I
ZfOFX| 12, || ZHA0] FOFKl= FAH0 AS

J

Wafer Bumping — Bump Sizes and Pitches

*Two curves are drawn on this slide describing the trends of:
+Estimated mass vs. interconnecttechnology

*Estimated price of individual flip chip assembly (chip-to-chip) vs. interconnect

200 9 technology
Price per individual
1009 flip chip placement
(personal estimate)
108
1%

150 -200 pm pitch
————s

100 pm pitch
2030wy 15.20
30-60 itch o

AP S5 ad pmpltch

5 um
10 um pitch

Standard flip chip bump

Fine-pitch bump

Solder microbump  Cu pillar bump SLID Indium bump (lift-off}

| 2242, 42 37 U WX 242 st |

s O0— — [

- Za & o7 |X|Q| M T|X|= BN 100~1504m2] 512 | X|0f| A 404m CHO| Fine Pitch2 ®&t =
(X Yole Development, “Flip-Chip technology & Market trends report” 2! “Status of the Advanced Packaging Industry 2020”)

- 22 & 1|X| AIFE &% 28nm O[3t CMOS IC, XMAIcH DDR B|22], 3D IC/2.5D QIE{ER So| 42 £7ha Ht
7 X A 71 =2 0iE Y

- E8 A AIE2 AGT 9.3%% MHESH0], 2024 F0]= 542 B2 AR S YMEH Zio2 MY
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sssilsimmsssibasa
B
50um 2.5D interposal w/ TSV
60um
e o8
Nrwwry oy SETLIIRE
oo FC-FBGA w/ Cu Pillar FC-FBGA w/ Cu Pillar FCBGA w/ Memory PKG  Large body FCBGA-HS > 50mm
um
130um
P — - -
e emTa e
FC-FBGA W/ Cu Pillar FCBGA w/ MCM (SiP) w/ Cu pillar RFC-FBGA(Hybrid 55) » 22mm Dual Side SIP
E
3 | 140um
S
£
00 ous Ub b GGUeoUoLbY
a FC-FBGA(Hybrid SD) FC-POP(LDP) FC-FBGA w/ Cu Pillar WISIP
RFC-FBGA
(eMUF Sidewall Molded)
200um
'96’%5‘ Mttt o
| — | W RWBGA FC-FBGA (Stacked SiP) WLBGA (FOMCM)
UoUUPoVYL" (Sidewall Molded)
FCQFN FC-FBGA-HS(eMUF)
Production/Available Y2019 Y2020/21~
(EX: AITHEA)
| 2203, 28 2wl 2o |
The 3rd =N Global Flip Chip Technologies Market Size and Forecast, 2015 -
Revolution
- 3D ] 2024 (USS$ Billion)
Integration
T'hle!d mlm-gm-a
e —h
i e
z == Leads) = T’
= The 1st m
£ Revolution Wl
§ THMT—-SMT SO Mts qeation
g £ (Peripheral using TSVs
50 50 Leads)
R STACKED
§ g CHIP BGA
R
2015 2016 2017 2020 2022 2023 2024
1970 1980 1990 2000 2010 2020 5
Source: Variant Market Research
Year ———
|22 4. EhHu7|d EHE A 22 EE T 7K AE 72 |
* E8 T Ii7|XIS] DEASH 0 el BHER| Fof O|MSHe! 2IE{7{HIM T 1| X|(interconnection bump pitch)ofl
8T 4= U= Z0|M| LIX|(<50m) & nMS Ay AHE AX| I SX 3H 7|1& JHL0| 27 &
- £3], CUF 2IC{Zie Qa4 Q2I50/2%, 98 S0 212 4 9l LSS, Loy So| 2asiope 52
EME0|L, 0|2 MZ trade-off 27|0f| 7| HiE0]|, O|E ;HEQ & U= YEE 7|= 70| S50, 2Aet
SlaS 0|83t0] 1t 7|2 ALO|9| S8 E2HE o 2 & Yofst7| hE 0| S540| L4=3H{0F &

Korea Evaluation Institute of Industrial Technology | 27



5
Q
Q
c
o
>
8
o
o
=
Ll
4

PD ISSUE REPORT JUNE 2022 VOL 22-6

Qe It Y

Filler cohesion / stuck

Unriform Mow

= Flows slow

FOl| [TH2 void A 2| |

=HA
jrumpy i)

ECh

80%= Y=9| Namicsiit7t

|of

o

MIAA

Uik R e

Aegd

Ol |

=

A

S:

*

o
[l
K
KO

oK
__A_._|
ol

==

3

|
o

i
i
1ol
~NO

!

T
Ho

T OlA|

o, e

H, =

Al 42

=
=

*HIHQLof

Die

T

Q.
]
o
2
=]
b=
1
m
(=]
-
[#]
ke

Resist

-
8
¥

Underfill

OlA| %

=

OJH T8

S

N e

Hoi7le

4

/8H

A
A, = 0f24|0] EAI/H|=E, AT

A
=

gH 7|

T 38, SEE WX A=, M2l

|
=

%] 3

A
e

Zl/

sHE



ISSUE3 QIC{E Al 7| S8

SE EE ALY Y A

* IT/Z2HIE, CIAE2|0], XtSEL, LM Yo X] Sof| 8 &= gHex| T7[X| 5 20F

[287 S8 E WX HEHENEL |

Korea Evaluation Institute of Industrial Technology | 29



KEIT PD issue Report

PD ISSUE REPORT JUNE 2022 VOL 22-6

2 JEDEC AI214 X212 BHEAIL %8 2750, 7|8 X9le| HCiEert o £2 270

= bl
= =] —
7| Mgt E45 2R stLf, =7 |= RMZ2 042 017]0f 2 DIX[X]| Roti = Y

£
N
o
lu]
Q
in)
HJH

* UME HZE 7|E slel oEE DH—C-’- 30, Q| FYX| ofste] 20102 XE5|= & ofof w2t =3 &
ACE 22| FR, selHZS H F0| M HEZ 7L} R&D A MEE A7t EIREE|R 204, XS 77HA|
= A

=
S fh 2 7 | Hof HEE E'I—*.OI el gle dEY

* Z0|H TIX|S QICIE AXY7} 7HX0F B SHORE, Fakel7| Holls HEJH WD S5 40| FoILt B AIZS
THEAIZ|T B3 A2 FABE 4 2/0{0F 5L, Zak AJZH0| 0L} 5101, ZBHE S0 HHst R2HOlREet 52
4% 4 9 LHANS 749 BRI M2l Breist 4 2lojof &t

* 531, ICIT AXfe] W S LS Sl 27| Baio] £ BLHeIH, 0f2(3t 27| B2IS oACiT f
DETIA | £l FETHObR7| 2] 018 sHZ57| 918 71 A0l B2 0f2fst 7142 vlsto @ 6t mAlzls,
D FHZC60wto)2] DIHTIXIS LI 7122 Si7) Namicsit(RE)E IR U U= eiroto] 7|2
BR3H1 Yl UFY
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* Namicsit (P &)= FLE OfL2} ZoME 28 8 AGE A IR 22 Sotastd J2l, At
7|E2RH ALTS st XA AL AE S| HF X0l FXAe 4l 2HA S8 T FY. CHYst et ZE3A,
FE|M0IREE 2= MEZSS 7HY5t0] O|M|I|X| & 0[N LX| IS8 HE S S50t Y20, FH HIE,
O ICE & S 22! & mi7|X[of CHe Cibst Q710f CiSote FH(st 20l e HRstn /U2
i’::’r:g:tr Characteristics v'[s;:ss']ty [;!g] Mg%gg}styof CEF‘::);;Q
UB443-14 Low viscosity; for tight spaces 10 135 |es 2
UB410-73C ;ﬁ;';ghf'sg:ife bumps 50 88 115 31
UB410-73CF3 ;g;"t’i;’;‘f'sg:c'gi”a’ andiFE;free/bumpsi|s3 88 88 31
u8410-99 For low-K, Pb-free bumps 50 100 1 29
U8410-302 zi;'gg’_’f'jveec‘;ﬁ"':; 55 95 12 2
u8410-377 Low viscosity; for tight spaces 15 128 8.6 30
UB439-1 For low K and large ICs 60 70 8 36
U8439-105 For low K, large ICs and tight spaces 55 70 85 34
(&X : Namics 2H|0|X])
| 339 ZE 7K AHE HEZ |
* Showa Denkoiit (Z2)= 7|E ACE AIZ Me& 391E BEFotH Hitachi(P=2)E 2lot0] AHE MES 7HY
S AHEYH L 0|Z 2 M7t HEE 0|88 EM MO E HIE S = D|M|I|X[E Oﬂ% |A AHE ATHE 7HE S5t
Aen, E& H-BGAO| HE 7Hst A4 Etelo| AME MES 7iZSto] Lo S
* Masterbondiit(0|=)= =2 7|4 2= BHEHE MSots MET LA™ 0| ZA|1A AN S JHE it
AL EE Z3SHE floh 20| 5K 2o, d20ilM FHg 2 +HE 7t FZ0| 80[517| HjZ ol thE
43t Hest0to|3 2 MAMEX| o7 ol Mol 22| AFZE 1 /S
* Panosoniciit(Z&)= @8 SE 1 £457t 7tstt ACE AX 7HES Salf, Fine Pitch 2 Narrow GapOi
Chol 48 712 B354t 3 BAIE 0122 WS TS 2 BRE
No Bleed
(X : Panasonic SH0|X])
[ 3810 AHE Ao 53, S=2 Y E2|= 012 |
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=AY

| x=1

=22

CSP(Chip scale package), Wafer-level CSP, BGA, LGA & ol
ZI5t04, Narrow Gap01| Ng

Coefficient Of
Thermal Expansion,

Glass Transition

Product Key Attributes Viscosity c:;ﬁ:irteion Reklft?l":ty CTE (ppm/°C) Temperature, T,
Q)
Below T, Above Tg
LOCTITE + For capillary flow on flip chip applications with excellent reliability 15 min. at
= i S : 4,700cPat | 165°C (heat
ECCOBOND + Suitable for application that require high thermal cycling o Hok kodok 3 101 133
10 rpm sink or hot
FP4526 performance plate)
LocTITE g . S p .
ECCOBOND . FO!'ﬂIP chip on ﬂ_ex applications with a 25 ym gap 3,500 cP at 7 m|r:. at Sy 46 150 145
FP4s30 « Material color will change from blue to green when cured 20 rpm 160°C
LOCTITE o
[ECCOBOND « For flip chip on flex applications with a 25 pm gap jlo-000ice Uy m\r:. L e e ek 28 104 161
at 20 rpm 160°C
FP4531
+ For use with very fine area array devices with 25 um geometries
LOCTITE where transparent processing is critical A
ECCOBOND + Uniform and void-free encapsulant underfll 1:;(150:1 "f e gé’}c‘“ ek ddk 27 85 135
EN72A « minimizes induced stress at the solder joint to improve thermal P!
cycling performance
SOt « For high volume assembly operations requiring a very fast flowing
ECCOBOND underfill that fu\l;f curgs in a single reﬂ!Jw cycle, but is stahlle 4,000 cP 10 min. at P 35 51 125
E1216M enough to be easily shipped and used in large volume cartridges at 20 rpm 130°C
« Formulated to eliminate anhydride-type curing agents
« Rapid curing, fast flowing, liquid epoxy designed for packaged
LOCTITE integrated circuits such as CSPs and BGAs 5,000 - D
= « Can penetrate gaps as small as 25 pm 12,000 cP Fie ek KK 35 110 130
« When fully cured, it minimizes induced stress at the solder joint to at20s™
improve thermal cycling performance
(EX : Henkel ZH|0|X])
v I
| 221 11. Henkel2| A& AHE HE |
L Al sto = O jrik=) o =0 S Me 3§ St o =133
* Panacoliit(5¥)= #2717t &R E OZAIA AHES 0|52 2 HetAA QY Y S &Es= HFS HLsHo]
e} _l S= sH <O o [=Q=] S (o]
ol Y. ZM 2 S50l s FE AHE 2 UV Zof| ol 13K = 7HEAtE| £20| ZEt=(0f /X[7F 1 ¥ED,
x o1745 =1 YN S m| = S & 2 X SleE A Ol
2Rt o 2 BF3t S A Zetk|THA A EL| S2|E OFR S F a3t 4 UF
= |— o5} o4 T1ESo =133 o E5l =2 X =1
* Lordit(0|=)= CoolTherm Al2|=2 HHE Ctet Fat2|8 MEZXSS /MLt A2, 55| 28 & HES
o|5t o HF=| i = = i [ = v =
?let anhydride-free @ = O ZA A AAEES 7HLSH0] EOi S s AHE 2x= 7S S0l 22| 22|17t
[} o olsh ; o= M = A k| iz =13 [e] k=3
o0 RS MTHo| ZUeh S 260CL| 2|2E2R 2 E AL TS AR 2 &0 8 AHHE NET HLE0] S
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No.2
(ZX: Lord £H|0|X])

| 22! 12. CoolTherm YC{Z | 0|0|X] |

* Global Industry Analysts, Inc. 2|ZEO| h2H M M7 AEE AR 20214 S $311.7M(2F 3,700 )
TR0 M 203010 = 6.9%2| BT SHER $568.3M(2f 6,780 J) 2ol AL E AIF S HHg Aoz ML
(EX : Underfill Materials - Global Market Trajectory & Analytics 2021, GIA)

Global Market for Underfill Materials
Market forecast to grow at CAGR of 6.9%

USD 568.3 Million

UsD 311.7 Million

.\..

2021 2030
(ZX : Underfill Materials-Global Market Trajectory& Analytics 2021, GIA)

| 322 13. 22 AHE MY A2 |
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* 27HE ACE AE 2= 2021E 7|E2 2 ThPH$65.18M), S($60.95M), 0]=($46.54M), EU($42.02M),
2=($29.90M), 5H=1($32.81M), 7|EHN$34.30M) =2 2 AT 27t A= Qlon], H|Z Etof THE AGE AJF

KESCUF7I B2 4% E 7t =5

(£X : Underfill Materials-Global Market Trajectory& Analytics 2021, GIA& Global Underfill Market 2018, Zion Market

Research Analysis)

7(4

6.24%

52.74%

M capillary Underfill (CUF) B Molded Underfill (MUF) M Non-conductive Paste (NCP)

M Non-Conductive Film (NCF) M Others

—_

| 23 14 AL ELUO| HE MZL AT HRE |

.IH'I
|'|_|O
OH
Ho
re
~
ol
o
rm

* 22 OICIE RIZARE 9172 B4 U AR HRBE of2f (12 1512 ZOi, Henkelit(
OISR EIRE 8.45%), Namicsitol 2 2171 302 Ol AR R 8 47198 HA131T 218

Consumption 201: 2 2015 y. 2 2018(E)
Henkel 38.56 41.33 44 30 47.48 49.56 53.12
Mamics Corporation 21.00 22.49 24.09 25.80 27.64 2961
Hitachi Chemical 17.26 18.10 17.41 17.42 18.66 20.00
Shin-Etsu Chemical 32.19 34.51 37.00 39.30 41.75 4476
Bondline Electronic 2.16 232 2.48 2.63 2.82 3.02
IAIM Metals & Alloys 18.46 19.64 20.91 22.25 23.68 25.20
Zymet, Inc. 1.38 1.48 1.59 1.70 1.82 1.96
PANACOL-ELOSOL 0.67 0.71 0.77 0.82 0.88 0.95
Masterbond 571 6.13 6.58 7.06 1.58 8.13
Others 320.08 339.41 362.24 386.86 413.94 441.96

Total 457.46 486.13 517.36 551.32 588.32 628.69

(ZX : Zion Market Research Analysis, 2018)
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Consumption Share 2013 2014 2015 2016 2017 2018(E)
Henkel 8.43% 8.50% 8.56% 8.61% 8.42% 8.45%
MNamics Corporation 4.59% 4.63% 4.66% 4.68% 4.70% 4.71%
Hitachi Chemical 3.77% 3.72% 3.37% 3.16% 3.17% 3.18%
Shin-Etsu Chemical 7.04% 7.10% 7.15% 7.13% 7.10% 7.12%
Bondline Electronic 0.47% 0.48% 0.48% 0.48% 0.48% 0.48%
AIM Metals & Alloys 4.03% 4.04% 4.04% 4.04% 4.02% 4.01%
Zymet, Inc. 0.30% 0.30% 0.31% 0.31% 0.31% 0.31%
PANACOL-ELOSOL 0.15% 0.15% 0.15% 0.15% 0.15% 0.15%
Masterbond 1.25% 1.26% 1.27% 1.28% 1.29% 1.29%
Others 69.97% 69.82% 70.02% 70.17% 70.36% 70.30%
Total 100.00% 100.00% 100.00% 100.00% 100.00% | 100.00%
| 22116, =2 AEE HEYA 2 AE ERE |
4 A U A V4

* 7|E Heh AHE axh
HO|AE YEf= I

2l & BheR| o] Y IR Ao =& &
"HHEH| grade®| A1 O|M22 M= 7[&(504m 0|5t L|X|
XH=X|, H7HH| 7|&” L 0|2 7|Bte 2 & "L S3st M= 7|= Y O|MmE 571 38 7

= 50w O|5te| UL mX|7 HEE 0ofIFo|nd, ofof| Chat
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J Z0[M| I|X| Btex| 7| 2E ACE A 2 S 7|& L2 ChR[F o2 BA|Ql ACE AXjo| ZAt5t0] 7]0{8 4
Q1 HHEX| mi7| R 20F #0F OfL|2t TLHE HEA|, DHM A (thermal interface material) S0 M & £ Ql7|
20 271 X0 M MAH g0l =R

- 2= Namicsiit= Z0|A| Z|X| AHE AIH2| 80%E S24HH &

o Ui2l2 8Es 7| W20 7|& e R 4SS Soff A% 7|s 2

OtE RYUCJE[, 7he 3 SOl AH8El= AlA” BH=A|:= 504 0[5}2]
Of, ZO|M| TIX| 8 AHE 2x2| 02 + H AHHA L=t F

’ x1L_d

* AT, HEUR 710| B2 S5l St ATO| FHSE AU ME 2 Tf- B4 HR HEYI 75 TR
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1. Yole Development, “Flip-Chip technology & Market trends report” (October 2015)
2.Yole Development, “Status of the Advanced Packaging Industry 2020”

3. https://www.circuitinsight.com/programs/54967.html, “Status and outlooks of flip chip technology”, John H.
Lau

4.Yole Development, “Flip-Chip Market & Technology Trends” (September 2013)

5. https://www.signetics.com

6.GIA, “Underfill Materials - Global Market Trajectory & Analytics 2021

7. Zion Market Research Analysis, “Global Underfill Market 2018”

8. https://www.namics.co.jp

9. https://industrial.panasonic.com

10. https://www.henkel-adhesives.com

11. https://www.ma.showadenko.com

12. https://www.masterbond.com

13. https://www.panacol.com/adhesive-applications/electronics/encapsulation-of-electronic-components

14. https://www.lord.com/
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[ZLHe] F2 712712 2]

o772y zesEey e 7712t

« 50um O[3} Fine Pitch® e 50um O[3} Fine Pitch& Capillary Flow

ol e o1 A ) OIC{E A7)/ BE IS N AL AT | 201607-
AE{T2t0] % : g ZYH IR HE/ AR SRl 201712
31 71 MY i

HE2 2000cycle O 4OTCOI S0AIZE 0440] FEAAIZES ZhR,
NEMS = DB | @B 15008 01/ H5HEZ 7008 01 | 2020.08-
L2 gictel Anf gl S| ISt OICE MA M 8l gfdel/ | 2022.12
HEDS 71 M Aelst 71 25

CLELIE

Bex| & e 100um

- - _ o 100um HI / AT X538 AxfOf HA|/8H 2021.04-
SHojole olstofo|3 2 Y / . < ~
oA RS54 Axf THt 24 2|t 4 M2l &8s J|a et 2024.12
o 2W/mK Ol & Eiﬂ o HE(Bump & 70-100um) 282! TH7|X|of| 201411
AEZ|SE ZE o7 |x | o= DEME ANE S Mt 7 |X| AlZ|Y 2017'08'
AXH SHE(JEDEC Level 3) 7= 7t '
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