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Abstract

Trends in microelectronics packages such as low cost, miniaturization, high performance, and high reliabil-
ity made area array interconnecting technologies including flip chip, CSP (Chip Scale Package) and BGA
(Ball Grid Array) mainstream technologies. Underfill technology is used for the reliability of the area array
technologies, thus electronics packaging industry regards it as very important technology. In this paper, the
underfill technology is reviewed and the recent advances in the underfill technology including new processes
and materials are introduced. These includes reworkable underfills, no-flow underfills, molded underfills

and wafer - level - applied underfills.

Keywords: Underfill technology, Flip chip, Chip scale package, Ball grid array, Underfill materials
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HeA @712 FH(chip) & FIH o2 HH
A Bz FE 7150 J& B ohz F

O

ﬁ]i]iﬂ (Printed Wiring Board, PWB) 3}
&3] dZH=E dFE V)Tl U
°]X4°ﬂ T2 ARSI E wteA] H7)x] FF
Az 27t AE e doHE JER A
°o]E& tho] I = (die pad) ol HAAF|

X
Jzi

Alﬂ Mo R rﬂFIOﬂriirB
e
ot 4

, Hol ¢FulE H=9 = (lead) Ale]E F
(Au wire) & ©l&3le Hr71Ho=z AZEFT
? os 9}07 BY (wire bonding)® F=} 2
- FEHecRHH HIZIT HFHo=Z EMC
Epoxy Moldmg Compound) & &9 (molding)
3tal, E2) (trimming) & AX & <3279
o A% uf go] folsl=F 3yl ¢35l g

* Corresponding author. E-mail . hlee @snu.ac.kr

TE FA EE dog =33 & ¥4 (forming)
HAHE AX dddnt oA dEAE vz o
71A = AR7|71e] 1dF3te} Aurdis) (i

73

gAML FA wEl A9 7gE (through-hole
mounting type) A O JAZE =d F U&=
EAA A (surface mounting type) &8 v}H A
Hoia, ol :mEAFY wE [/0 (input/out-
put) 78 FUket AEES FAd wet o3}
(%pinfk) &} 313 A] (fine pitch) 37} FA A=
Aot =g g Jle] IR S Mol HEe A
A 4 A+ MCM (Multi-Chip Module) 71&%

Zch MCM2 "8 719} #7)=)d) 3§ 7)o 3
olgte 71EY JiddA gust Aoz, T I
2 o8 ol HE& g Ro} 3 sfe] =E (mod-
ule) 2 BHEo 22X FEo] ulA o] AlAEA
34 oab—lg /\sgsl “/F' O]Ei 5} 7_10]];}' MCM 7]
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£ Hro F&L modZo] Azuse et
& AA 8 F= Aol do] DCA (Direct Chip

|
Attach) WiRE]RE ¥ W Re7i= T HH &
th 5o Z‘ﬂ.%ﬂi AE FAolTh

(Application -Specific IC, ASIC) % H]“ﬂE’_E] A
F& FAoE Addis E‘}"ﬂ Fﬂfi LT
= HA sl f2l5l%
HE 7R EHo HH%OH: BGA (Ball Grid
Array) 7} 2=t BGAE PGA (Pin Grid
Array) ¢} £93 (Flip Chip) 9] AHwhe 443t
AoR, TY¢ A5 QFP (Quad Flat Package)
of Hlud wf wiEA w77} AR s
60 %71 =4 F AoH, FAld Ar)H, 8%
AF% 40 %7 FgET By oYz} I/OF7}
00ME 23 A oe Azv&7x AR
= olxgo] Urh

BGA o|Fol= Wz Hu d7)x]e] =7)¢}
Aol Aol7t §l& =2 Z3 gk CSP (Chip
Scale Package) 7]&°¢] & }‘5‘}9‘}5} CSP 712
Ax71719] 283, 143}, 3
o AR IN mE &5
ooll= &}, s, st FAC g5t
Hio] (bare) H& 7ol Iz dAsts YA
71eo] MZ2E H714 Welow FEda gich

e}
FHE

»

1.1 Bz
294 J1%e Jluel YAz} B4Eol g
= 49 el J)PE ERES RHEE (ace-

down attach) 71&olt) =7)9 =€z 7]&e
19579 Bell Labsoll Al g0z /jg=glon, 1
£& 9] 7]1%€€ beam leaded deviceo| &3}
thoolyd x7|9) Z2YF 71&e 1964 [BMo)
A& F2E (copper ball) & interconnection® 2
AREETEA AN TLY T o]F 1960\ )
ZHb| IBMe] Lewis Mllleroﬂ o]l Fg]Bo)
ZUE (solder ball) 2 A =wHA] 3 ¥ o 7|
Hth EEES AN Hol 7w A|AE
(self -alignment) H= Ado] A} z7]9) &Y
2 "Controlled Collapse Chip Connection” &=
© G4zt Eeglgoh 19809t Eol9F Delphi
Electronicsoll A& 1ER7te] ZH 3 wid RS

tsted B (bump) 7t FAHEA Ae HE B
VAo R lf‘l}”‘ 718 Qo dEZ d3gst
dFstdeh 1980t FH7ER] EY
(Si) 71t} A2 (Alumina) 715 9ol gt
ot 198739 HitachidllA 2oz &

w

o
EH3 71 oA b gaAl
. 19904 IBMAM = EHA 71€& o] 83
7] 1A 2o Ay e AAI}I.
7led A AAAR R dy AFHL
, Intel, AMD, Hitachi, IBM, Delphi, Moto-
rola 223l Casio 59 S AAJAlM =
olm] o] y|&& Fe3}dlh

83 79 MEEd 298E a9 19 Yet
Wtk 283 e ofojoj€ o)y} TAB (tape au-
tomated bonding) ¢l ¥]s} £ [/0EE, #
A2 Ao, A HE vy, EUEe fo)A,
smaller foot print, lower profile, 8§ 3% <,
H=9l £o]4 (easy in handle before assembly)
o] 3ol Arh Wyl ohEl EYH L =y
A& AHE3ER] ol 3 Alo]lzrE & 7]A] Alo]
27F H7] wiio HA7e 2835 AHusd
feElste J 2 &y dapr) 9o A
T Mol gle HAA BT 20~308) w=th =9
H 71€2 9712 J (inside package)dl] AREH
Av Ee RI4g27se] A4 AlgdE 58 9
ot EHA vlso] HIA W AleE A9 He
&6l HE5E 53)A redistribution interposer
o dZ=™, ¢]& FCIP (Flip-Chip In Package)
2hal T2k 3 el A A gy o
AH &= 495 FCOB (Flip-Chip On Board) =
+ DCA (Direct Chip Attach) &3l -2t} FCIP

£ oy

30 i R 32 W N
Fo

fo i

B oo

t- Thevice
Aluminum Pad (Contact to A ctive Region)
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Solderable Layer )//' ) v\ ' "™ Device Passivation
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o Solder
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e
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Fig. 1. Schematic of flip-chip technology.



216

S
ot
of
~
rok
A

guz

3 36 (2003) 214-225

= o AleE, a8y

Z
BGA¢} CSPo] AH&-5 1 Ut

1.2 Chip Scale Package

19908t Fulell= CSP7F 7/HEESlx, CSP&
BGAE WiAls] 7FL Aok, & =7]9 120% ©l
el arlg zte A E FAske CSPe #=
22| de Al ARSEHI o, Ad
2 d Fot A7) JAELS CSPe AT
71&odg. giF-Ee CSpPdle H
%’401] A" g 93 (0.075mm) e FHIE
(peripheral or staggered) E=E2 A3 27|
B 9ol HAZ (area array) Hol e & A
(05~1.0mm) & zt= FH=d] A& (redistribu-
tion) A1717] ¢l38led Q1B EA (interposer) b %
Z=Zo| Atgdr}y CSPel A2 CSP AHAI7L
packaged ICo]7] W&o Al&31A HAEE P
91, FHAFI7 LoldH, ARAEY7E 41
A3 (rework) 317171 499, xF37F d1, A
o &Ato]l FA zioke Aot =& CSPw 3¢
& Agor st WsE o A A
=z28E {2 F 9o 7|E9] infrastruc-
tureo] F&4HR] gk=ch 3 FCOBY AHe A
NA Q%o ¢t @WE 5o Pﬂ‘ﬂ‘%“ﬂ
27 7hda, @77 Frew ZhAol Athe
olth, A E7HA Aetd CSP+ 100F7 7} Lq_Q_Uﬂ,
ol% YFEe SRAM (Static Random Access
Memory), DRAM
Memory), flash memories, low-pin-count low-

(Dynamic Random Access

power application-specific IC’s (ASIC’s) & =}
oz Z2A| A AHEE7] I U

CSPx thea #Ze v kA9
B-Reth

@ leadframe based CSP’s

@ CSP’s with flexible substrates

® CSP’s with rigid substrates

@ wafer-level redistribution CSP’s

g} A7 FEIRGE CSPEF szt MLP
(Micro Leadframe Package) %ith. MLP= 7]&
Zzatryg H)Ae FAER] g=zH g EMC
= olgd) =W VA9 =r|= 4dxdmm? F
zoz AM7eEY 489 1 A= EFsirt. ©]

FH OFe=

AN GE S| S5 AT A B
et 58 Rejdx FEHoz o] WA
2882 (Gahs) 5 2E 3B BEA A 2
£ F15 a0

MLP$} &7 dupdziz] 25989rE CSPr|&2
#-BGA7} it} w-BGAE 7]&9] alz.a;aﬂ%] o
A arE g fo) J& gle F HEE
g gola ¢ 1 "ol ujA] F7H +E%i9~ el
ZA 7 o ¢ s Felojt). o e FHo=
olsled HZ 71 a3 A &z 71
2 BAEa 9 to]dE @u A DRAMY] F

.ﬂ

—

7R 2 p-BGAZF A om oldf wat o] FH
sy dAd Feel 5 Fd¥ ARBAA717] @
A AlgEd CSP 7]€2 PCY f=2HolA

T v A

B Botazix i AaHgch
olela Wt 7|7 AuEE A9 7E e

A Z2HFAAA de] AREH 2 gfolo] ¢ H

e R DERCE
SE 234 AL "sleld A HA")

AAT) CSP Flem FE@a ok dA7A

WEA 2UTPL dolNe 7xe] Pom Aw

& % oAy w dold G WA S1ee
e}

1. 3 Ball Grid Array

714 Y=o ZFrld gk 87+ package-
to-board AZ2< PTH (pin-through-hole) ¢l |
SMT (surface-mount technology)2 W3}AIZ
t}. Surface-mount array (SMA) #H7NA&= A&
2l z=w 37 (peripheral leaded) SMT #H71%]
o} W 94 (array interconnection) {7]Ae]
Huke FHaled, 2 F BGAZE dEHd HIIA
A%

199OLﬂEH°ﬂ A-go 2 T4% BGA

rir
53]
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71es 871" oz wA Y BGAYdE ZTHA
7]43} sjolo] By y]&o] nE o]&H Tl BGAE
FHelul R e] FA flojx w2 92 EE T 1
/079 FA4E JhsetA & o a7EE IX
E 10~15mmeld, ¢] Axe] X+ 7]Ee] &
HAAE 7)Y ARE Yol AMHAY #
v} & o] g3l FE3| FAHY F UE T
x| o] T},

1.4 omg

HA 7ledA g & BAe &Y JEEY
05717-‘1131 (thermo-mechanical) & FFo|
1980t Fub7lA] EFYPPE AFolu Al
7)o AL, Fe Z7] E=I AR
o E71AH ‘J’IET: 2 A7t HA k(A
2 o 493 Algee 25 ppm/ ol AlgE
7|e] g9 A AlFE 6.9 ppm/Colth)

1980t F-xE o] Fof] o]27] o =7|7} H]
ofHom FrstiL, Al E3F Al 16 ppm/
C<! organic 7|¥ (FR4 PWB) 3} €& A% 45
ppr/CSl &2l o]m = (polyimide) 7} A}&-EHA
&0 H3F @748 92 $Ee a3 A4

2§25 7] Alzbed .

SrEe] BXo JyE %%9] A 5
o o]o} e FAE dE = Al A
ATV T ] ’}lﬂ*éol —‘ﬂo%‘r_‘r R E I R
Abgste] o] BAIE

gy, o] =3 & H]%O] o] 531 &0 F
e AFAE BPATIE o e a4t
AR Th

2o Gr)1AF HE BAE 2] g5 o
A<l WHo] JEE it 2L o ZA] (epoxy)

A& BRAA Lo GG Are] ZHP RS

2SS @ F o8 B AA 2% Aol E

(zap) o] AP F= wpgolnh. oA a9 o

AAH M= $Ee o 10~ 1000 E Pt

3@ oluf AMEEE S0, YA 2AE A
]

A nEx EFAEE A= (underfill) ©

FEr}
A2 A3 (curing) §7] Aolls 44 -
E AR A&t A5t HH ggs A £97)

H= G743 WEe B "Hoh dggol
AMEEH Arfgo] ALEER] e F o B sl
£ Wyo] 0.10~025 A= ZAaH= a3t 9
E]r_'zl -3}_1;]_10,11)

o]x¥ A YA AFEE FANA
Z93 71€e #7)(organic) 718 H&F &
AE=E & Foh. 2¥uH AR avHe §
e FL7?

doide] a7EE 540 R 22 AE
o] At

@ 8% Aot £U9 @8 Aok Zolot

it

® FElHO| % (T 7t solo} gt
® %4 A< (Young's modulus) 7} # ¢} 3t}
@ o] 9] o] Hojo} s}

® FF&0°] voto} gt

® H 7]l gt FRHo| fsiefop gt

@ ZEA (flowability) ©] Zo}o} dtr}

73 EA| o] Aol &)

@ FA4F7t gotof gt

a-YA BEEo] Wolo} gt

AFAlE 7P Bo] AMEEE duEe] 71EA
golt}. A FAI= S8 3 A, §4 A
3, 4714 X

34, 7IAH A, 3 JAY, @
2 FEE, AYe 714 59 AHo] Utk
@E_(Vlscosmy)é Zh=
Lol AHEH, I olfe H=r} volopnt &
AT dges 01%:6}04 [ 713 Aleld] 58 &
HHez A& 5 W HE

Si0; YA 8 ATE

o

T (>

7] W& & 4543 A5 (0.5 ppm/TC) & 2=
Si0, YAE Hriste] ERABE 9HEY Fom
N E3F AlFE $E 5 ok HVKEE Sio,
°7X}4 e oF 70 wt. 3ol dude A

ofgl BGA ¥ CSPI= AM&So] A 4 9
U]-. 22 BGA®} CSP= = H%} 17} Bt en-
capsulationglo] AFE = AEE TGH Aoz
HE7IAIE ZFd o 54 &= ( ynamic load-
ing) @} %74 (impact shock) & o]&¢ AFA S
A AT o] & WA A} o] Bl A A
Ho] Akg-"r}. o encapsulation HES 9
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=2 A4 ZAL dAE 3 s F71Rle] Alg < JE Algy 7dd AAsted Fe59on,
A& FYN7)7) S8 oz g ARgEa 9 3 A AHE Ao FEHLE 4rAF d=
om Z Faj7t gle Wyos s 9oty THE FFATIE Ae] ot &Y HPRE 9
AUZ Ve EYH rigo] wdg wet B H BA o2 HE B3k Aok, webd X
Hol g1, duE 3R AduE A5y F 4 7le] AMEE Ao A B+= Siliconed & low
o7 ATt AHo g, Aoz AN2E modulus A&7} FFE o] FUTh 1y 1987d
duE FHS N2 dud ABE 978 A 2 o]F o] WHo] A Frlslal & EHA AF
oh dod FAo] AdER] o] Aux|RE o} £ zte f7)7ige] AMgRol uet &0 HEH-o
72 718 FHN e AY ¥ast Qg 7E g2 4] 3ko]gr (hot issue) 8 538 He
A ARgEAR Y dujd FAE "conventional ¢ W ol 8 AWF FAL FEIV] A3
= FA"olg}l Fc}. Conventional AH2 2R BIAA ASEE PP 98 dA9=
o] flow charte} /W&l 2d& 19 29} 19 AEES FRAE o2 7MA7F AJAR 1F
39 2+ vep At b FEE e AL SO 23" g EA]
duE FHS A7 HBE-E (electrical ARy, H) AEE conventional AHE A
joints) o] FAE o F3 == FA o Zconven- B old9 AR vlstd 3EA (flowability) o]
tional YiE T4 & flux dispensing@} A H ¢ SF3laL g zto] FE EAdo] 2
(cleaning step), €0 2lE=% oA, 28|z o
H2 dispensing® A3 WAE a7l o)A H 2. MZHo| Jtsst oo™
conventional A2 FA-2 @A (step) 771 BiL
v &o] Wol=Er}E= thyo] 9t !", Conventional &R A (reworkability) & ZHFH 7] A ol A
Au® A8 Siliconed A Si0.7F FHE 9 ) $- Fgdith 1 olfe dAY EHF A4 E
ZA A H7)A] FFell wet o8 7RR7E doh Z= Be AR tnto] A (electronic device) E
IBMoll A 7lget 2719 EHY 7led 27174 & = /M AEFE (discrete component) & o

Known Good | Process Photoimagable Sokder Mask: |

Substrate T Y
Known Good Die -
Plate Eutectic Cap an Traces
High Lewl Solder | 4 ) 5

Bumnped Wefer Diced ' Dispense Underfill Fillets
! Cure Underfill §
| [ Heat Transfer Module asszmbly |
| e

(St i)

Reliability Testing |

t

Remove Chip [

_

Fg. 2. How chart of conventional underfill process.
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Solder <7
N Q Under Bump
Cap g % . Metallurgy

Traces Vs
- DRy
Substrate ‘

Substrate .

. o T o e hm oo g
[ O A T A mummmmtmummmummuum 1

Dispense Flux Chip Placement

By b <t v

imnunun
Underfiil Dispense Dispense Fillets Undesfill Cure
& Flow

Fig. 3. Schematics of conventional underfill process.

AAF 27T g Eof Ax®lE FAsk=r 2] k7] wjZojch webx, Y3 vule]aE v
gy 2 duetelay AXAEFS A3 7ol Al 5ol AdEEHT] ol A oF gt
EA 3] woltt. A I e 4 Hul At dofd" EFYF dulol2E AfE 9] non-
ol AXVEES /fEHoZ uAY + gl reworkability ®j & AFFol Erhssitt o
W HEE B2 Hed ols AAH R &4 gk AT ATdde ELA 7=y S8 AL
Ao} wepA Zb fupel Ay AXAE"R Y3 g sl o7 1A HA 9t
o] 7hgalA Aol e 4 Yulolay AXAE O FRt W Afatse] 2HF tulel A& A
g MRz aAE 4= ofof gt FAL 7 U=EF 7] Yoty dFE TS

Acld & A3 e EHAH tulolae A o 252 F 7] WP A o] EAE a2t
FTAL BGA, CSPe} 22 & £H & o] §3t o A JEsch shie ddE e ARESH ¥e
Bo] AMRE = vulo) 2o AFAH w)§ AL RAolal T shvke AFAHol 7 A& Al
o AFHL o e AF S AL, £3k= 3ot

@ Localized chip removal

@ Site preparation 2.1 A ALBSHx| 2= iy

® Solder replenish IBM¢ Tsukada 5< Kﬂ 2 pin grid array 2

@ New chip joining at the rework site Eo th3iA chip-grinding WHE o| &3l 7]

HT NEE AT B E o] &3t BGA's, AXoZ H& AAse UEE AR, o
CSP's 18] duld & Algak=] &v FH3y o =} (grinding) Zole &0 FAF7t B E 2y
nro] 27} A-F3AFE 4 Ak 2y, A3k Fo A Whe Zeolg2 fAHA Artd FHE5 A
N Al Aed o] 7hgsh 7 A€ B84 (infu- A o W= Holle £9 9= (95Pb/55n)
sibility) & zt7] w&d drEeol &A= Z¥H 2ol eutectic £ (60Sn/40Pb) 7} A1 H T X5 ¢
o] AFFE oA¥A THEI AXol= B o Z2E HE T4 (eutectic) £HE A3}

¥ o]lf= 7FaH (crosslinked) B Z2 9 (reflow) o 24 ATH 2] A=
ral=ft ] H AAY AR o] AMAE L0314 3} o} AFAH HL non-reworkable A& o]
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&3t driREnh AP S H2EZ 23 AHF-
e B2 ATEEA Ee FEY o) ¢ 6=
AEAAE Edvh a8y, Z1AEd dAv) e
ol & AFTH L HE e X2 wEY] gE
o M2 A L wWoly, 3 9] Ao
718 9ol FAR 7] Wi v1Eel A Huhd
(conventional chip joining) WHE & &3l Aj
2 FE HAAs17t Brbssith. webA, ol
RS AR dubgel Z- ] AFA A
3717t BVt
thE o2 "mold release layer'E o

g o] At o]

g ol%

= W2 fufo] s} Mz &
BE FA 7] st A7 7Bl BE F
ZHE (intermediate) & EHol| non-stick release
coating (parylene) & 3}= o]t} Parylene<
a AAE £0 ZFERe] H=2 FEE FTHRIE
a7E e o9 FA A

e R ZuiE =ExHT)

H & parylenee] ¥

Parylene ¢ltjZo] 584 AF AL %
512 &=t} Parylened} Qvjde 2L £
AMEARE AFSo H%é ot rylene mold

release layer& 7}A| it
o2 HP AA" ?iﬂ%

gt o] Wi e drde] BHEA ¥
Az ARSA Ziwezty EeE 5
a2y, parylene® exposed ol FA|] BF&
o og AAe] Fashy| el ¥4 Hl&o
AR,

2.2 WBHo| 7h58 olriE
o] AFAEL

rkabilityE 312317 siMdE AFAHl e
hvs)

(reworkable) AT ZE& sidsfol soba XA Y
o} oole F, oW xHsA Ao AFA ol
7hesjo} dithe AL ouldith Ag A4 AT

Aol 7hed dudz L= e Ase 38
Ao g A-FAol 7Hs% (chemically reworkable)
doExn ¥z AFFe] b (thermally
reworkable) 91T129) 27k F77F At

1) ZAE 7o g 3 HT

IBM¢] Buchwalter & 3stHo =2 A 330l
7153 AuEe & duEg Ao Y

L
lo
ol

(orgamc acid) Oﬂ %6]]7} Ved AolAth aE
o] oj¢} Ze ARE MLT + A9
poxide TZ9l acetal/ketal groups& =5+
7] WjEolrt. 152 diepoxide 2] acetal/ketal
group®] S|EAle] Ao Aete wAR| it}
ookt Acetal/ketal2 &5
Al ac1d°ﬂ MAE] wg &
]

F A& acid7}

P
flo
=
®

&3t e 4
Atk 1
a7 718t

<t UF 2

Rl o Lok
)
2L

2 ol

o,

2

ofd

ol

o o

N

)

olf

ot

o

)

2

AN

A

=,

4

N,
fr 2 o 4

She AREE U4 A3l ¥
ge 940z AFHel FrE

aE0] 97 <43} (thermal deg-

1: =]

oo ok o

O
-
N

of > > R
juf
fn —

=

w A lo o

o
EE

)t
‘

=
jav)
joN
V)
=y
@]
',:3
"
O
-

AEsp7} dejve

£® 5o

1
Ur% L=t B
& Aﬂiv N ZA7} A

Cornell thstie] Ober &2 secondary H=+
tertiary ester group2 &ste A2 diepoxi-
desE AR T . 2E& AU diepoxides,
ERL-42219} Z1E°] A3 epoxides®] €4 <
A& vt ERL-4221+% primary ester
groupg 7Fxa Qlom e Hmel £ Fd71H
Qg osle dE AQAEE g AREEo &
t} Diepoxide® primary ester group= secon-
dary ester groupo.2 thAAIHEY ol FA|2] &
Ags £x=7F "olHul Tertiary ester group%
secondary ester group®.th U] €5 <3
250°C) & "olz=xch 2 /1A dlepomdesa i"%
3l= tertiary group L ZERE 7P w2 ¥ Y€
L5 (~2200) 8 2= ARV AYEHUL A3
Aol H2EHNT HAE Zn AH"E A=
{F2AE BF FHAF

Georgia Tech®] Wong 5& 8oz A

ofd

A
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o] 7453t | EA AFEE A F A A
A E3tF e 28 4 o ZAY] #H

712 EHs BERE HukiA 2 a9E AHBSk
Eo] Hr71g EZE blowing agentZ &
ol&eo] thermal cyclings
257} eutectic £H 9] €

2% £od gozd H/ELAEL 7
2 B2 g JtAE WEEAEA AFA

"

p

= . ol=
olgo| M3 AGEL MFd AT HAHE &
ABHARE A 2= oo g 2xrt P 4
A AAZ 7besitte Ag oujdn @9 35
& GRAI TteE AFAIE Asan. HS
W2 Oberd] /- Wy vls=sldA v AH-d

thermally labile group< Z2%LT}.
a5 ol F P A

setting) A7} A+t Shell Chemical®]
Iyer 52 Diels-Alder ¥-2-2] 7}159Ad& o] &3}
gHor AFAo] Jbed stud FAE ) Ee}
[T o] FA & FLAME 7tart 44 EHA
ol mA olR7E 7hdo] Hof 175C7F HA b
7v 8 dAGE R W] Wi AdgE FAol
Fdaia=s
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Fig. 4. Flow chart of No-flow underfill process.
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Fig. 7. Wafer scale processing on the PCA (Printed Chip Assembly) process.
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