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22 Wb A ARR1S] Wre) o 2o] tulol 2 (device) 2] #2] 4, Tix1<](design) 12T T7)540] B
Q)T QIEH(TR 1). 53] FE, B3l PO} 22 mujel tjujo] 2 (mobile device)2] 4%, 14353k}
Clzo] 5 wofl QL1 ZgHtet, A el 3loiA Zdete] IS s asiortt et web BRI e
A Wo] AES FoiA ofeh T2 a7t the-al] AR A E3F 30 - 20 nmof| A E2)4 HAE WERtaL 9l
7]o]| TSV(through silicon via) 3D 3|7|%] 7]&o] =J=A| = Qlch TSV 3D #7143 7|&2 Al2]= tjuto]A ¢
o]¥(silicon device wafer)o] TSV drilling process, TSV filling process, temporary bonding

0|5% a2
2009 Methstn & MStistn AR g © 2008 MSthstn SAma atsirE
[EN) [E2) (BtAN
2009318 MEciatm MNStstn A IsIxE 2008-8I MSchsin sdME o5t ©EG
AMHIAIS S AMHIAISBIIPY (UARE) AHIAISEH IHY (HARE)
s : ol
2003 MSthstm &t ‘ SACStD (BEAY 2002 Tchskm (SHAN
> (8D 817 |&OIB S, Chatm 2005 St2ats & (MAD
2005 Mechstn gt ] (UsT) HYma ‘ 2009 S5 |2 (AL
A XIG&, AtMch Bt=x] MCP A B o009-sin) si=7 |7 Moy Ginel
2009 MStstm 2+ At ek
(BRARR2) 27| A7 AR
2010318 @E|=mo} |
A Uiz
‘: :. 2007 olstrstm (StAh e 1987 MSrhstm Akgstat (StAp
- 2009 SRS & (MAD > 1989 Agrhstn AMZstat (M)
v 1995 The University of Tokyo A4SXHZDf5HT} (EEAN
1

\‘ 2013 sy IEd (A
2013-3x  SH=7 AT MUHTY 995-1996 Virginia Polytechinic Institute & State Univ., Center for Adhesive & Sealant

Science, 3t8tat HIA} & AR

1996-1999 State Univ. of New York at Stony Brook XiZ&&tal NSF—Center for Polymer
at Engineered Interface Research Scientist, 2010-2013 (Adjunct Professor)

1999-5ix  MSrhstn MMSIR SHAMR ST wa

2008—2009 Colorado School of Mines &t5tastat Visiting Professor

2013 Queens College, City University of New York, S2|8ta}, Visiting Professor

Polymer Science and Technology Vol. 26, No, 1, Feburary 2015

MECHSE | IP: 147.46.64. %+ | Accessed 2018/10/04 17:13(KST)



and debonding process, backgrinding process, AJ2Hd =
vk H(chip)& 3DZE & 535k= bonding process2 34| Lt
oAk spR|9t Zkz2ke] o) sl PA| T2 d 7
e 1 glom, 71& WA 7] (packaging) 4H]2te] A
A " aa7|E0] Adolste] 71ed dAlE &FS]| 9l
o

olof] Xt & A24H 3L oA 0|23t 715A] olrol o
8 EA} 27 SHHA AT 7RsE 3D e w7148
temporary bonding & debonding FH2AAY 2= FAI2
71 470 W ATBFS 7hers] st v} ek, SR A
o 5 wlol St ulel o] w714 B st o]
7] HEY(thin wafer handling)-& $1§t t}29(debonding) ©]
e 2 S B0l A HiEE kS wf vl F-23t Hmfo]
o, & o QlojA & AofEE A8 o= Stk ust
A, TEA 229 Aol wt | -5 D ARl oA
o|Fo| R FHH O 2= 37 Ao S 4 e 2 E
3t o9 F3tE o] Al E 4= gl §17] wize|oh. w2t
Al o] Bojlal= RE=A| 714 S0l A A=A =

High-performance
computers / Network &
Storage components /
Green Data servers

Gaming / Graphic

Solid State

High-performance [ Storage & p-Cards

/
Digital Video Notebooks / MID

‘connectivity' devices

J2 1, 3D IC ™ AXte| 28 20Kyole development, 2013),

Coating /Prebake
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29 71e 3 A7l Hsir S o= duEy sid
ok & olrol] t3f w=2sfEax} gt

2. =8

2.1 TBDB(Temporary Bonding and Debonding) 33X
(Process)0l A 2| C|&& (Debonding)
2.1.1 204 c|22(Solvent Debonding)

19 2= -8Hl(solvent) o] Fo ofsf TliEo] o]Fo]%]
= 80 tEd % (solvent debonding) 2] ZA|Eo|t}. o] BF
we] 74 2 B2 sfelo] o) (carrier wafer) 24 712
3 HEzg ol = 7lE]o] glo]H(perforated carrier wafer)7}
AMGEITHE ol &7 TS 4= & A= vlAlRt &
(hole) 2 7}gE]o] glom, AMGE= §rio] 54 4 ol
o2 29| 715 e 2 A2o] Hoj#H o] Ad 5= 2 5l
of wie}. HataAle] Bol A Hizhache FolRkE Ag
e 8uiete] 8= (solubility)7} 2= ojokstal o5
3l 23l mkeku]E(solubility parameter)®]] et A3 A
7} REEA] X1 E]ofof gt 3, 34 ST A vlekErhd
Ar2(room temperature)oA] TjEo] M58l HEe] 11
She B3Rt v Au|7F B eskR] 7] whizol Yo g 4
N ohE v&d o) vjsh iAoz A H o2k 4
e = 5 QA 22 ekl Aiglo] dlolw 7t obd 7+
SE 7lgo] HojHehs H vl A G o2 AAE
QA E A E 4o AAE o Sl FEZ HE
w2 ko S o] ARgo|th WA 7 A TS 22
Z3E{(clean room)°|A] 0] F0|x]7] Tz ol B2 F| &1

2 34 o] Fsok ks RS ofo] A= Sze

Thermo-compression Bonding

Perforated carrier

T

,Iﬂﬂlﬂﬂﬂﬂlﬂlﬂﬂ]ﬂlﬂﬂﬂﬂl-%

m 3 Backgrinding

Adhesive Coating

[T

# Solvent release
# Debonding

IO
dil————1

a2l 2, 2o C|2Y(solvent debonding) 7|&(Tokyo Ohka Kogyo, Japan).

TEXt

oSt 7= M26# 13 20154 28
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Film frame
mounting

Device wafer
on film frame

s
D3

__IT_TITT TIT0 IT

12 3, Heat debonding 7|&(EVG, Brewer Science).

UHLEM | BteR| 117)8 ZAE Debonding 7|& X HAAO S8
Waferstack Slide off by heat Cleaning
device wafer
+H_4 H
$ § $444
Heat
<4

Heat
12l 4, Slide off @AIE(EVG, Brewer Science),

2 3risk) 2 44517 wholeh, Bzht Zeiate) ek
< DRk 2 g o2 21T 5= 9k,

2.1.2 & C|2%(Heat Debonding)

28 32200 T o3¢ a.2-9] H(heat)ol] 23 T2 o]
AP e)= 4 t2GH e ZA otk ToA|¢} o], 21
(bonding) ¥l Floj== AH] WollA Fizjo] Holw= o
25 gFslal AF-3(vacuum chuck)o]] o8] A= QLo
™, T2A|A o] (process wafer)= ¢ &2 FFslal o
A=A Hok 28 1.29] S o] &3 HRRA o] Faf
£ =kl Z2AA HolHet Ao flojH 7he] A

o] ZrAEH -2 t]EQo] HPE= &Efo|E @ (slide

off) WAlS 7HA|A| "t o5 ZejH 2}2}+9] flojw #Ho|
e A 2 olF 55 AASK] &l A1E 33
(cleaning process)& Al8¥sHA| EaL thol]4] €| o]Z(dicing
tape)of] Z2A|2 glojul= F2FEo thg Y02 Z13H
o} o] 7]l 4 FEjoF B AL 2A) F AR o] 2
T Sl WA, ARERE HReAe] SE8 AE(thermal
degradation behavior)e|t}. &, 11.29] 37 2 ofAx| G312
© 2 pEA}e] &3] (thermal degradation)7} g =|ojof
arlel WEaA WA LEsbAe] Aok (thermal
stability) 12]1 37 5=(processing temperature)of| x| 2] i}
E JE3] EX(thermal degradation property)< Eo5=0]
opt g}, Bt ofa} R} 4A] Bl - uba) glo]
ol £4E 3] gpolok sb7lo] A2 271} A 4] st

“%
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HE-S{(chemical reaction)o]] 2I3}+ 7} (gas) 2] EAJolLt 7|2
(void) o] Y oL 52 AAsIA HFstojok itk FHHe
2= G5 ofF tdd H= ol gt e A= ofok
2tk ol= 27 4of|A Hojx]= Hie} do] 2 Al 7 A
2kAo]| ofsf Z2A|2 Yol of] Z&(crack) Ei= 71, T2
ol flofl =] = MZ(bump) Tl &= UF
715 44 W 5 a2 o]0} 4= QA Y] o]t =
WA FEajo} & e ] DHolA vizhichd 2
2o] o Ale 3 4 g kel Puloh e ofiix) 4w,
S8 e AR TR T Wzt A7) 2718l v)
go) A Tefslololyt ek Holck. wfebd TRy )
of thet B2 aAle] B 9 YA BAE Fo| FHa

A7) =] ojof ght.

2.1.3 dhg| Mty C| 22 (Peelable Adhesive Debonding)

9 5 v FHAE ol-8ste] HET s s U
Ehd mAEolrt o] 7|9 £ HA| £ dHoA 22
A2 glo] T (process wafer)o]] o] 3(release layer)o] 34
E]31 131, H&HA| ¥ (coating)2 7] of FlojHHA & &
Hgsli= HRo|ek= Holt). wiakely(backgrinding) 2
TSV 374 & flloj#i= tholA] H|o]=Z(dicing tape) 5fl A
A=), 2d-E ol Ho|zZo ofsf Z2A|A Ho|H7t
EE= 82 AXA dot o] 71e EAS WA A
27l%E E ol A 1129 2] W ave] FAe
ZFH|7F B ashA] Ytk A 1Y ZeAATL iR oz
stk J2 & 5 T s B o 2= HE o]
tho]/d Eo]zof| o3 o] Fo x|t} Ky tho]4] Hlo|Zof of
gk oj&/do] Aa1, ZEAA fo|He] o]FF A2 E sfoRrt
ghh= Fo] vlg- A Eojof & Ho g2 thFEIL Sk
gk oz} Yol 29 o]F tig 34 7RIS 3 &
771200 C oo 2 2 E|7|of tho]4] go]z o] A&

A BE WaH D HHAA 2§ 7FsHe] BAYOE
AN 5 gick SR AR2ARe) Tl uieRecke ek

QI % TSV FANAE olgZete] HHelo] gAIsjofof

| Accessed 2018/10/04 17:13(KST)



S, T Alols AR} o[ @E ) o] m2
Al glolset ol Zate] e net o A5 fAIH o]
of Btk mebd HRAR|o) tixjel % 24, B4 240 of
3 WA 0] o) 2ol Hofyt Tk

2.1.4 A2 |29 (Room Temperature Debonding)

7 62 nonssticky A2}5 gt 7lele] YolHE o] 8sh= A
2 fEGR Q] mAolok. TPoA & 4= 3] HlolH £
B FHE]of Yo]w < Bl Fe] FETk Hzto] Hal tiEy Al
o= HIFE F2oll 8AI7F FFste] Hataag o] g3fjo] <
8 t}2o] o|Foj2|A Hrt. o] 7|ed A one Bt
tEgo] AP Ft TIAA Fojw o] BlFEddS
Al Llet Yz FE-2 2921 Ao Ty A] H&ka
A Fo E(residue) o]l &t T E= 71 So] WHAYSHA] &
== Holl it vkshd 7Hz]o] o] 4] non-sticky zone
o]l oJaf| XA =|7] Pj&elch Egt € o i g oy
A| -2-0] EAje] Igo] L AsA] ¢7| wiiRo] Aoz
34 HES ©5 A1 4 Stk SRR g e 2= T Ed
Alzro] ol 28 8th= FE & 4= Ut =T ol &
A& HEAA Esfjof si7]e] ol HA| Aol ot o
23 Ak HE] F2HA| t9(peelable adhesive
debonding), & T2 ®Hof vlsj iAoz tEd A
7ro] gol 28Fth tlEo] 7h2|o] o] non-sticky ]

/ ]Debnnding

lease laye

Rk e (A dhesive = * | | hd [ |
Carrier | |

Thinned wafer  Adhesive fer
(50um)  (siliconebased) cone)

Temporary bonding Backgrinding Lamination

Dicing tape or permanent bonding

12! 5, Peelable adhesive debonding 7|&(Thin Materials AG, Germany).

UV cure adhesive
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2 slioF sl vl g2 FroME ol A= gy os
A4 o= ek A2k o) WA oA 2 oA non-sticky
zone¥= HAHH S FAISHA] o2 A A e =et ZeY =
ofof sfar BHH Bl oll= 7t MRS Aok sl A
2k 714ek] Aol thgt EH A2, #H oA 59

5= S| wefsial taplE ojof gtk ohA At vl
o go] o] 7| E3F tEY U9 8 4 sk
2k 229 At o] o] Foj Ao} 517] uize]l 54 Al
2] g8 N A7F ol mEkA H2E A 2h
Aol e A 71e A AR &56]AL Ak

2.1.5 8|0|X C|2%(Laser Debonding)

glo|A= FE=El 98l 74/ (coherent) o] =2 W
< AJBtEE A3} /o] Holu wlo]Z=2mE o]
819] F-2 F ol w2 AUXE IHAE 5 Ut E3 5
Zof A wheh 2ke) A (ultraviolet) Gl A 2 9] A (infrared)
7R ceket wpe] F& AT 4= 9low, HA YA
Hhaof| et Ui 2 HE HEZ7IR] O] BA ZS 2T 4=
Utk ol FlojA Q] EAJL thofgt Al sl &4, 3t
2] WSS HRIAIA AEE Rl G ol A ule- w2 7y I
NS 7FsA ok FHAT A89S Ztett I vheA|
0] T2 AUEE o] et FY ey, AY, =2
g 59 7FE AT AU &g o|27|71K] theket 34
o) X7t A= glom, HT o]t Ha Qe tEY ¥

Temporary bonding Room Temperature Debonding

Carrier wa fer Solvent release

in edge

- Non sticky zone #
& Adhesive -

12 6. Room Temperature Debonding 7|&(Brewer Science).

= Backerinding

Laser irradiation
YAG Laser

LTHC layer

£ BTN RS RO T T RN \ L™
-» - Support Glass
ﬁ B L%Eém L

Adhesive
layer

Top device wafer

Top device wafe

Glass carrier

Dicing tape & frame

4 Lift off glass wafer

Adhesive

- o |aygr ; M/(M""‘
Glass carrier 3
Peeling adhesive

S

12l 7. Laser Debonding (3M),

TEXF ofelin 7lE M26 E 15 20150 28
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O gtz 4

| SH=X| 7| SEE Debonding 7|& & HEAKHS

9] Flo|A A2 H2HA H E3® 2ol sl v
st £l 52 73K curing) S WAYAA 115, FEAF]
HEgdS 1A o= Uk

a9 704 HAR|= Hiel 2o, UV A3ty Hakary
(ultraviolet curable adhesive)E o83l AH =323t &
29 (bonding)©] o] Fo{=|A Hrt. oY LA L wt
9] YAG o] A(laser) 2 o} 510] e ZA 3, 7ol
golmE Solgeli HRA(lift off) 0 2 Hejal, TaAA
ol 919 H3te HADES AAs: ALz 340|
23t o] 7w B == WA FY&E o] 73 YAG
o] HE o]-g3to] ulj-¢- w2 AJ7to] T]iEo] o]FolF] 4=
U= A= = 7 Aok oIS A8l APl tidt == F
o} LA AT 2 S B4 2he LTHCS(light
to heat conversion layer)o] H2|& 7|0} Sk FolH
(carrier glass wafer)7} ARE-ElEd], o|A7} 7Hgle] 22
2 lolH $= 2ARE o] LTHCS thrk=w | o | #]7t
ZFHl E5eElo] @ AUA R AghE|a A FeluAl=
LTHC & &afjr7122 gzteo| Ao tidd 34
o] &z Hrh 0|99 thE Flo]A tEY WA e== LTHC
2] 48 glo] UVage] thgt 733t g 5/d& 2= polyimide
ALY AAHRAE A-Eshe Halo] Utk A4l abo]
1&E JA|H(eximer) ez I Ho|AE Ao 2=t
2 HolHE F3l HRHAl A F2HA9] A3t S5
o= QI FHFHNA w2 ol WAsAL, o] FoUA|

= HERAe Ho=RY £4 UlkenlE Zlo] oA
chemical bond breaking FAF2 BHYAIA F2HA |2} 72 o]

Slol7} HelEis dlo]A tiity FAo] 4,

373 o] TolA] HiEREth o] 7]&5E HolAE o]
Sob71o] Aol WE T2 B 2 5 ks
o] AL, ¥hH o o] A& ZAKirradiation) T w2} 24
212K controlling factor)o]] gt 1127} F-E3] o]Fo] Ao}
3o, T7ke] ol A Aulol thet 27129l Telh B ashc

Strong
UV curable adhesion
Process wafer acrylic PSA
Mounting Dicing UV-irradiation ~ Pick-up
Weak

adhesion

a3 8. CHo|Al ZX(dicing process) BAIE ?

Polymer Science and Technology Vol. 26, No, 1, Feburary 2015

0lo

12l 9, Methylaziridine2 0|8t ™M=HH|Q| 7t

2
S

£ HollA A vlgo] Bo] a8 k= o] A7 E:
o] FHoIA vkt 4 vl tieh &2 S5
&3 2 A HARIE AL 2 GE ojof . TR T Al
UV 22 gof| ofgl] oprk A3 o]% v A H2EE
S 2 AAE ) A W] ojof i, ¥iE] A] ZRAA 9
olf o thtaE H7 174 28, 71 59 SF= 7IAM=
Qbeth wEbA 22 Aot A gl tigh A7 H o2
A ] B S digt A7F A3 o F ol Aok gt

2.2 Cto|Al 3H(Dicing Process)MA 2l C|£Z(Debonding)

I3 82 Tl 570149 UVE o] 83t tl o] 13y
e Aol A A UVZsR Hab)
(UV curable PSA(pressure-sensitive adhesive) o] UVo|
oielk Wk (reactivity) B Z8to]l W2 &4 2o A
O 2 golsi, 742 <l wofl JloM A o= {2t of
384 M2 (acrylic PSA)E = ARESHA Het 13 8
ol Mgk o] UV 24} ol 7at Hele gstoizt UV
2} ofoe fit(crosslinking)oll <la) 2ol WA
AstE o] EEE= AES HolA €k

I3 9= ofm A A 3EANacrylic linear polymer)
= A3IN717] 93l ARE3Et 7tmA| Q] F2&} o]} HRSEl=

AE 182} Yo 7128 A7 (carboxyl functionality)2}e]
j5] Xe)

kS WAUSS UERd Aol ofa 8 A A% L&At
o] 7%, A%} glole R Aol (glass transition
temperature, T) 2 18+ 54 (rubbery state) 2] #%5(behavior)
S 2 &l H&F &7 AA| 2] 332 (cohesion) A5} L =4
A7} e ek, whetd J4e s dAUE 2 7l
A Agele] 4 gElofof s,

T 102 UVl &J3t B3lE sl ffsh &k a4 Wl
ZQI% thsA olm A Ei=rf(multi-functional acrylic
monomer)o|t}. A B A8 AP S o) ikt
20} FA, 242 A= UV 431y thitsd ol=E84 &2

N

‘{"T‘l-lf(‘lif‘(fx}

=0
1 + | 1 + I
OH R OH
|
RI
1
N
N\,
-{ X-Y-CH,CH } C‘H{CHTYJ(}
o=C _ CHy LCHyy  C=0
Ot AN Nuo
R, R R R,

e mAlE

]
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L=m(ultra violet curable multi-functional acrylic monomer)
o eiet A7k K1 v Qi

T 112 thold 348 A2aAE Al=sl7] Al A
A 7HAIE ARSIl Tzo] thks A ol a2 A Hle
HE E=Qdsie] UV 78t Al o=y Wk 2%t FE|e
IPN(interpenetrating polymer network) 3-8 Zt==
E5Rs HRS mAEol) 2 1HA} AlE2] 54 flexibility)
& 5 viol 421 7hae] oj8) WA W WAL A
20 ke Az Yo ) tigo] 47 oRojAE
E 3= Zoltk. B2 ofo] tfdt A7 = e ge A
FA15o] ofaA o] =T 3k

tEd o] fou ] BE & X](surface morphology)
£ VT Bl 2] ETH S S8 AT FAlolc,
gloln) Eele) BERAS BASHE e s A7
9 ARME AL Qlom T F th3d o 2 FE-SEM(field-emission
scanning electron image)¥} XPS(X-ray photoelectron
spectroscopy) &4 o] It} 19 12= FE-SEME- o835}
o UV 24 245 2Ejokels i t29 & Jolgle o]
¥ FHO H2HA| IAEE TER Aotk UV A
7t 7185 7hae] et A S FeR By
HHE7E 7 o] FAR AL Holgl= =] F B3t g
< YUY 5 Uk T7 132 XPSE o83t UV AR
7l e H2d ofF Z2AIA fejd 9] ZEdhe G
2} Sigp o] FgulE S Aotk T & 3R UV
AP S7185 Ciso] 381 HHASHA T Sip 2
THle SRR AT S EIT & ok &, f71eREE
okl A2 ol Eotmo =i e or ZeAA
fleiH e 4 2dQ A9 2 solue Ae UG

4 = el

O-CCH=CH, ~O-CCH=CH,
CH, 0 CH,O
CH,=CHC-OCH,~C~CH,~0~CH,~C~CH,0-CCH=CH,
0 CH, CH, O

| |
O-CCH=CH, O-CCH=CH,

18! 10, Dipentaerythritol hexacrylate(DPHA)2| SHatr R Al

Y
WS

Add hexafunctional
monomer

Add curing agent

Linear PSA polymer === Cross-linked structure IPN structure

UV exposure
a2l 11, =9l IPN(interpenetrating network) & &M [=PN] =l
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