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Abstract: According to the trend of light-weight and high performance of electronic devices, multi-chip packaging tech-
nology, which is essential to high performance and large scale integration, becomes more important in semiconductor
industry. Wafers used in semiconductor manufacture become thinner and high temperature process is necessary in multi-
chip packaging. Therefore, UV-curable pressure sensitive adhesive (PSA), which is used in semiconductor manufacture,
needs both precisely controlled adhesion and thermal properties. In order to improve the thermal properties of UV-curable
PSA, organic/inorganic hybrid crosslinkers were applied and the effect of crosslinker content and curing condition on
adhesion and thermal properties of adhesive was investigated. Both thermal property and stability in isothermal conditions
of UV-curable PSA were improved by increasing the content of crosslinking agent and applying the organic/inorganic
hybrid crosslinkers. Both peel strength and initial tackiness of UV-curable PSA were decreased by increasing the content
of crosslinking agent and UV irradiation.
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A2 dolH= 12 7H ©]F back-grinding'-E] dicing
3 pick-up?] H= HE7HA] o] $8E& AAA Ert. Back-
grinding SAOIM = dlo|HE ZatAl ZAAI717] S8, olF
ol M= HAg o]FS 918l dicing YoM = 4 &gt
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ME. A2A F4E< ok=28A F5aA 82 fsh
S HFAZE  2-ethylhexyl acrylate(2-EHA, Samchun Pure
Chemical), ethyl acrylate(EA, Samchun Pure Chemical) %
acrylic acid(AA, Samchun Pure Chemical)s AF&-3} T} &
A| 2+ ethyl acetate(EAc, Samchun Pure Chemical)”} AF&-
%3, 2,2"-azobisisobutyronitrile(AIBN, Daejung Chemicals)
o] ZHAIAZ ARGEIATE. ok =2ZA] FFFA ] -COOH 5
719ke] FIhbg-S Fall ARlA s A= fEsH] 9
3] glycidyl methacrylate(GMA, Mitsubishi Rayon)& A&-3}
%3, 2-methylimidazole(2-MZ, Sigma-Aldrich)®] Svl|lZ A}
|53}, SiloxaneAl 7FrAIQ] organopolysiloxane(OPS)e] #|
ZE 9 AFA| 2 3-(trimethoxysilyl) propyl methacrylate
(TMSPM, Sigma-Aldrich)7} ARE-E Tt 7kl of St
S-S el "ol24ret & FAHHCL, Samchun chemical)
S AREEI, S 2 Tl eE(EtOH, Sigma-Aldrich)
< ARgsISlTh s Y7 E 7§l 8 TteAlE ¢
sl A1 dARREE ey Ty e FHMWCNT,
diameter: 110-170 nm, length: 5-9 micron, 90+%, Sigma-
Aldrich)®} =< (powder, Samchun Chemical)©] AM&-%] AT},
3733} 7fAAIZ= 1-hydro-xycyclohexyl phenyl ketone(CP-4,

Zay, Al4338 A43, 20193

Miwon Chemical, Korea)®] AR&-% 1t}

OIT A SSEHA &Y % FIHE. ol=8A 35A
= g & SEEo R IEUTE = TR 2-EHA,
EAS ARSI, AAE 71578 TRHAIRE 3h= 3AE ofad
A FFIAE IS DAl 2-EHA, EA, AA 120 g3}
AIBN 0.06 g& EAc 150 goll Estar, daat9]7]ellx 80°C
2 7FE3te] 308 St RESAIZATE o]ox] TEFA] 120 g,
AIBN 0.1 g& EAc 180 goll &3t 848 F712 902 &
oF A -7 AHFIA )L 80°CES FAIEH 14|17} Fot
S-S A EAFTE F7H8 92 EAc 50 g3 AIBN 1.0 ¢ &
S 303 Bt AT == AHSIAIZ]AL 80 °ClA 3
AlZE Bt WS A &A1 T EAc 1185 g& ¥al 3|44
A olmdA FEFA 71EFAE Pt FEE o=
A 5342 carboxylic acid 571 2 GMASL] of| ZA]
Fs719] F7HES S8l AA : GMAS] 248 1: 1 & 4
2 ARkste] wEAIFAT ol A FEHA 71EA] 150 ¢
7 GMA 15.6 g 2@ 2-MZ 0.156 g& EF4 20 goll 35
o] 70°CollA 10A17F B HESAIA = F, B4l 26 ¢ ¢
o] glAste] Hrp-g-g ket

OPS #Y. 7IaA| 2 AME-EE= OPS= TMSPM Z Ao
el =4S Bl AxsHAnh 250 mL ol g0l 24.84 ¢
TMSPMS §3lIA17]aL, ©€o]l4~ 5403 g3} 300 uL B4 &
oS TMSPM &-dle]l x38] A etr|Zch -8 Sg=2
2ol A 3AIZE EF RN 7Rl WS FIe)Ekad
3, 2 T 65°CAAA 15417 S8 WA H T WHEEE ©
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B =

OCNT, GO ¥ ASM LI-SgiME &Y. s} ganfe
FH (oxidized MWCNT, OCNT)E A =x3}7] 9a) 0.1g
MWCNT + 23} 3 g m-chloroperbenzoic acidmCPBA)E
100 mL wlAo] F]35kaL 60 °ColA 6117F B9t wnkale] Ak
SRS XYt v & EoE 9 uukeES Al A s
7] 918 Akl = AFHSATE L F 60°C 224 24
A 7r For AXAA OCNTE AlZsA ) kst zzia
(graphene oxide, GO)> 3}3H4] w25 <l Hummers W&
ol g3te] SASZRE Az
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A AZE st oetea) gole] S 8 : 2= 3}
o] PAkS ZBIAA pHE 4.00E D 5 TMSPM 1.0 g&
A7yske] 25°CollA] 308 Bt WHAIA FAL o] EFE
of OCNT ¥ GOE ZH7} 0.5 g& T3l 1K7F B9t 25
o FARATIAL 60°CE A Bte] 4417 F<t wtate
TMSPM®] 7138l W32 Z1ed3l3ith. TMSPMS] 7Hr
3 W& FXIN71, S3NEe-S Xsgshr] 98l 120°C &
oA 4A)7F ot Sl WS Zle)Ete] oty aA]
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A 733k8 AePaRAe] gt

E7taAld EAlske BeE 2 vEE AAE A8 2+
7} oS, oMl E B Gol24E o]ste] AlFBIAL 120 °C
oA 2447 E2F x5

HYUEA LWE M=, M9 ol =EA 35 B 7haA]
o] Tkt 2/dvloll whet 373ty o= A I ATk
A 2] 7943 2 (pressure sensitive adhesives, PSA) Z2&2 A
z31 k. olwl, 7AIAl CP-45 S YolFo] FAslr} o]
Fold & AEF sk o= A FTTA /A S
< PET Z+& ¢l applicatorg ©|-83t 50 um A= 3
g5, 80°CollM BrE S F o|PAE Yol 38}
W FAL ol 83le] A 2AKFS WA 3
SN TR ThaAlE F71eE olEA FF Ak
A PSAS] 2’33 WS Table 1] VFERASATE

BN, $E olmA IFAe) BAY BT L AT
A8 9Ieh A3} I =2ehE7e)|3] (gel-permeation chromato-
graphy, GPC)= PSS Z# 3} RID-10A refractive index H&
717} %425l Shimadzu LC-20A GPCE ©] &3}, & &
THFE A3 1 mL/min®] 3 3lellx S243159t}. Fourier
transform infrared spectroscopy(FTIR, FTS-175C, Cambridge,
USA)E o83l % 7twAle] 28715 RISt &
£ AIE2 600~4000 cm™e] IPFRE Sl S48 A9
A 73ske olmgA FEA kAl PSAS] A S SR
SR ST A4l 7ske PSAS] A
27 FAW), BEE 60 °ColA 397 A - &8s 1
FNZ Az RS FAWYE PHELZ(W/We)x100(%)
218 ol A&y WEEA S thermobalance(TA
instruments, TASDT Q600, Mettler-Toledo, USA)Z =74 3}
Ak A F94710914 10°C min'e] 2 &EZ 25 °Col|A]
Table 1. Composition of Various Acrylic Copolymer/Crosslinker
PSAs

Mo rot

|

o) (e} 3T
shake AT

B

k

(unit: g)
Sample Acrylic Crosslinker Cp-4
copolymer
OPS 0 phr 0
OPS 5 phr 0.162
OPS 10 phr 0.325
OPS 20 phr 0.65
GOSi 0 phr 0
GOSi 1 phr 0.0325
10 0.0975
GOSi 5 phr 0.162
GOSi 10 phr 0.325
OCSi 0 phr 0
OCSi 1 phr 0.0325
OCSi 5 phr 0.162
OCSi 10 phr 0.325
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o ggo g 1x e ¢S 7I8lal 10 mm/min®] HEE
ol we] 3S 271HFE o= st A3
di 9 EE

=X o BEXE 2E 24, JAE ol =EA gAY
T BAERE 122000 g/mol, SHHT EAEE 596000 g/
mol, FAFF E¥E= 4898 UERNITE o] gk Ak B A}
¥ EEE US P2 olF3gA AEAY] Al mE
2z Aol 7R 9ke] FEE AVHT A4S ek 5= 9
= 575000~615000 g/mol®] F#F+F FAFF B 4.87~5.539]
A B WUl sldshs S BRI

FTIR 4. TMSPM?] 7Fitall 9 S3ke-2 AX T4
¥ OPS9] 3183 125 #4131 Figure 19 YER AT
AFA el TMSPM A E OPS =% zhzh 1714 2
1630 cm™o|A] C=0, C=C A A& HePHS S8k
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Figure 1. FTIR spectra of (a) TMSPM; (b) OPS.
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Figure 2. FTIR spectra of (a) GO; (b) GOSi.
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(1065 cm™y7F W Fej2 Jepd AL el

Graphite®] 48} 2 TMSPM#e| S3hH-3-2 F3ll
GO/siloxane(GOSi) WeE3A| 5] 7325 #4151t} Figure
20| A4 ¢} ZFo] GOOllA] Akstel] €&k -OH(3373 em™), C=0
(1720 cm™) 2 C-0-C(1053 cm™) ¥ == 8l 4= et
GO hydroxyl7]¢} 7FEallE& A%l TMSPMI] S39Eg-C
2 A9 GOSiolHE 1056 2 1160 em™ol|4 zH2F Si-O-Si
2 Si-0-C A% gtttk 817 em oA 7HeEs]= <
gk TMSPM®] Si-OH ZAge] ZRI=AL, 655 cm™lA] Si-C
A% 735 A2 E3 C=C(1625cm™) A3 F =
g Feld = e C=0(1720em™) 2§ ¥ =7}
s dRlskdiT.

MWCNT®] Aks} @ TMSPMFe] &3hil-3-S Zaf e
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Figure 3o YR ATE OCNTOlA -OH(3439 cm™), -OCH;
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o] mkg-oll ¢J8] 3000~3500 cm™ F 2] hydroxyl & &
F 93 A=t ZAEka, 1720 21625 em™ F2ollA zkzt
C=0, C=Col| 3|F3t= F=7} e IR1E 5 AUk
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Figure 3. FTIR spectra of (a) OCNT; (b) OCSi.

Table 2. Gel Contents of Various UV-Cured Acrylic
Copolymer/Crosslinker PSAs
Gel contents (%)
UV dose (mJ/cm?)
Sample
0 250 500 1000 1500
OPS 0 phr 034 8346 8831 88.17 89.27
OPS 5 phr 046 8456 8834 8932  93.08
OPS 10 phr 0.77 8487 8524 89.80 94.75
OPS 20 phr 087 8515 91.69 9475 9594
GOSi 0 phr 034 8346 8831 88.17 89.27
GOSi 1 phr 046 81.04 8485 8826 90.15
GOSi 5 phr 0.87 8025 8234 8833 92.52
GOSi 10 phr 0.77 80.83 8524 89.80 9523
OCSi 0 phr 035 8346 8831 88.17 89.27
OCSi 1 phr 046 7837 82.02 89.89  90.71
OCSi 5 phr 0.77 7821 8357 89.82 91.77
OCSi 10 phr 087 7924 8790 90.12  93.65
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Figure 4. TGA thermograms of various PSAs depending on cross-
linker: (a) OPS; (b) GOSi; (¢) OCSi.

7HA| FRel vt A 3 A7 STk Al oF
7] ZpolE YERHTE. OPSOllA AFe]4dS 250 ml/em? o)
ZARLE 739 A = RA7F S8 S7HAIE, OCSi 2
GOSi¢] 790l 1000 ml/em? o)Fe] 9] zAlslok &
ARe o] Al st £XE YR o= BRI E7t
PSA°] H7F=AA H25ol gk 24e]Md Fafgo] 7hAshA
w]o] OPSel| Hlal Ax B o] zejAE AR Frojopgt
AR Hre] Zlnkgo] FFYEthe A8 BRIE 4= 9

LH N 24, A4 F2917] 25600 °C HL oA o= P A

0] mlAle 7] Bkl 9 563

Table 3. TGA Data of UV-Cured Acrylic Copolymer/
Crosslinker PSAs

Temperature recorded at the .
Residue (%)

Sample specific weight loss (°C) ot 600 °C
10% 50% 80%
OPS 0 phr 316.67 400.67 425.17 5.48
OPS 5 phr 316.67 401.83 428.67 7.87
OPS 10 phr 329.58 403.88 439.72 10.42
OPS 20 phr 347.23 412.70 458.66 12.46
GOS:i 0 phr 316.67 400.67 425.17 5.48
GOS:i 1 phr 329.50 403.24 427.07 6.35
GOS:i 5 phr 332.61 403.92 428.78 8.24
GOSi 10 phr  344.51 407.26 436.67 10.20
OCSi 0 phr 316.67 400.67 425.17 5.48
OCSi 1 phr 331.92 403.58 427.41 8.04
OCSi 5 phr 330.61 402.86 428.81 9.56
OCSi 10 phr ~ 329.25 403.54 439.72 10.41
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Figure 5. TGA thermograms of various PSAs depending on cross-
linker at 250 °C isothermal condition for 1 h: (a) OPS; (b) GOS;i; (c)
OCSi.
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Figure 6. Peel strength of various PSAs depending on crosslinker:
(a) OPS; (b) GOSi; (c) OCSi.
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Figure 7. Probe tack of various PSAs depending on crosslinker: (a)
OPS; (b) GOSi; (c) OCSi.
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