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Abstract

In this work, adhesive tapes were prepared for the dicing process in semiconductor manufacturing. Compounds with different
numbers of photoreactive groups (=1 to 3) were synthesized and incorporated into acrylic copolymers to formulate UV-cur-
able acrylic adhesives. Structural confirmation of the synthesized photoreactive compounds (/= 2 or 3) was performed using
nuclear magnetic resonance (NMR) spectroscopy. The introduction of the photoreactive compounds into the acrylic adhesive
was accomplished by urethane reactions, and the successful synthesis of the UV-curable acrylic adhesive was verified by
Fourier transform infrared (FT-IR) measurements. To evaluate the performance of the adhesive, the peel strength was eval-
uated before and after UV irradiation using a silicon wafer as a substrate. The adhesive exhibited high peel strength (~2000
¢f/25 mm) before UV exposure, which was significantly reduced (~5 gf/25 mm) after UV exposure. Interestingly, the adhesive
containing multifunctional photoreactive compounds showed the most significant reduction in peel strength. In addition, sur-
face residue measurements by field emission scanning electron microscopy (FE-SEM) showed minimal surface residue
(~0.2%) after UV exposure. Overall, these results contribute to the understanding of the behavior of UV-curable acrylic adhe-
sives and pave the way for potential applications in semiconductor manufacturing processes.
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1. M =2

o}z A& A|(Acrylic pressure sensitive adhesive)i= o} WA
7IE AR Sold ARy 540w Qlsl F7HAL sshikg- lo]
7hH-g elgEwto v v HAE o] t‘l___]—}\gé‘]—];].[l 2. thoksl whekd] Z3he

Bof He AAEYY BYS A 5 gon, He A, Fe

9 Ui S0 AR oR sl A Aol AA 7 g ARH
o AHAL] ST 3-5]. ol d SRR Qlsl NheA] Az
e told TR ol AAAE o] & tholy EHlo]
Z7F AREH AL Qltk el ol HEE dlolHE ke
AREEH, 37 dellde dlolH RS E % £ AAEe], 34 ¥
ole A FAdE fal W2 Y IFE 2ol L 7ErH6-7]. ©]
218k 215 FHA717] 19k HelZ2 uvAsE A& "ozt A
ol AbgH 3 QItks]. UVASHY AAAIE o8 5 4
WH71E wqlslo] Az, ol Az S EHe] UVE AR
WUV Fhe Qs mEEATE 45) S7kste] Aee) Haehe
t‘sﬂ/ﬂ—% o];l&h:]—[g] %u}xﬁ o7 U\/ﬁﬁ.éﬂ x%;‘d—;q]b z-] Hx].a‘;vq 1:].
WA AeE s ofad IEFACl Hrkete] Azt
[10-11]. Z12u} o] 39, A EAFe] =4S ©<es] Hriste] £33
7] el E3Hd Lﬂl W &Y, AP dlold] Aol vk
o] PHE So| BAPL gloi{12) B Az wow: suy
o1z FEWAC) o Bl Buked AIHE B F, UV 24
£ %3] IPN (interpenetration network) T-%5 FAAIA &2 "@“ﬂ
= 7He ARAE Axske el slvk e o] Wl A
UV AL A iAoz w2 s g or 2 JFER <
g AA Aoz S B3] ol9k B2 BAE ads] §
3l B W71E e sekEs ol Al AFAoR &1l
ato] UV A3t AZAlE Alzshs WRlo] dA7Eqlth d3dT=
X, glycidyl methacrylate$} acrylic acid®] 7N&HHEg{14-16], iso-
cyantoethyl methacrylate® ©]-&-3F -2k RE-3{17] To= o}ad &
ZoAol] FHLT)E T3 & UVE 2Akste] w9 =8 A=y 74
o5} ohs AR S Q5leka wasisle) i ok T
e g F S lUE W WE e 55 Ages How
el QATI 19, o)k PR A7 vl A& Holch %ﬂ, #
A5 2H8712] 7 =0 UV 49 5o U A3k gl 2
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FABIITE s olad e 2 %71 T(f
FHE Gl o, ofaE FSFA L] e NS F3l ZP—.L Al
© AZAES] UV 2AF A5e] e ARE o] ¥

ZhE Sl om, AR thol ] HlolZ Mo Thede AT
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2.1. A2k

2-Ethylhexyl acrylate (2-EHA, 98%), 2-hydroxyethyl acrylate (2-HEA,
96%), isobornyl acrylate (IBA, >85%), azobisisobutyronitrile (AIBN,
12 wt% in acetone), ethyl acetate (EA, 99.5%), hexane (HX, 99.5%),
tetrahydrofuran (THF, 99.9%), isophorone diisocyanate (IPDI, 98%),
pentaerythritol triacrylate (PETA, technical grade) “12]1L dibutyltin di-
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Figure 1. '"H NMR spectrum of purified PETA.
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Figure 2. Synthesis of isocyanate-terminated multifunctional acryl
monomers (a) NAMP, (b) NPETA.

laurate (DBTDL, 95%)<> Sigma-Aldrich®l*] 313F3At}. 2-Isocyantoethyl
acrylate (AOI, 98%)$} 1-(acryloyloxy)-3-(methacryloyloxy)-2-propanol
(AMP, > 80%)+= Tokyo Chemical Industry Co., Ltd.ol|A] F~ull&}3ich
Trgacure 907 (*37IAIA, 2-methyl-4-methylthio-2-morpholinopropiophenone,
98%)+= BASFAMIA Frljalgit). PETAE ¥ 52 AR89
3, Ze FAZulE THI(EAHX = 1:22)H o= gA st AE31l e
o, 'H NMR 335 58 +25 <1389 tKFigure 1). 'H NMR
(CDCl, 300 MHz): 6.48~5.80 (9H, CH,, CH in C=C), 4.35~4.30 (6H,
CH,), 3.78~3.75 (2H, CHy). A&l AMH Y] BE Aok BF
F7F AAE XA i adE ARESksich

22. 7|12 o3 F=Hlel &Y

2 Ao AMEE 718 ol E Al o2l WEAlE 4
AIAE o]gate] FEate] F=hlatglth AAlsh A WS vt
2t} 1000 mL ke ZEkadel Ak B97)5 9= ), 2-EHA
(162.5 g, 0.88 mol), 2-HEA (37.5 g, 0.33 mol), IBA (50 g, 0.24 mol),
EA (250 g, 8vi)E A7taiGitth &dlo] st Ae7t 2 = UES
1557 wRkek 5 255 80 °CE £-23131t}h o]% AIBN solution
4.17 g, AA o}aE B9 0.1 wt%)S 147l AA wjl$- 3]
A7¥skGlek 12413F 371 Rk 7 Ad2elx] A4S A5 WS T4
3t3ick

2.3. O|2AIOHIOIEVIE 7HKI= ¥ slgt=2l &y

§Hd- IPDIS} Hydroxyl”1 5 74| vhee] 3dwkg715 7= 3}
%%«1 e) aﬂE]—H]»%O o ‘:o]-01 Z13Y O]'Oﬂq-(Flgure 2). x]./p-"ty} zﬂ—ﬂ H}
B2 231 g 23200 AAEAC

2.3.1. NCO-terminated AMP (NAMP)2| &4
A 191719 250 mL T vPEEEl~A0) IPDI (25.94 g, 0.12

mol), DBTDL (0.05 g, 0.1 wt%) “L2]1L EA (50.94 g, Sv)E 27}k
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Figure 3. '"H NMR spectra of isocyanate terminated photoreactive monomer (a) NAMP, (b) NPETA

Gtk st SAS Axstr] $3 50 °ColA] 10327 wRkeFSlom,
AMP (25.00 g, 0.12mol)S 2A1Zkell Ax] )¢ HH3] #7}sk3ich
IAIRE F7F wRt 5, Ad2ollA A8 whe-2 Fdssith 2§ =)
ETIEA: HX = 1: 2)H& o]-&ato] FAletgion], 74 e
2] NAMPE 50% T2 95 F Stk §A=9] shet = Rl
S8 'H NMR 732 18384 21, Figure 3(a)°l 7 2= A&}
9tk 'H NMR (300 MHz, CDCL): 6.55~5.55 (m, 5H, C=C),
5.44~522 (m, 1H, CH), 4.48~4.20 (m, 4H, CH,), 3.93~3.61 (m, 1H,
CH), 3.56~2.97 (m, 2H, CH,), 2.07~2.04 (s, 3H, CHs), 1.98~1.51 (m,
2H, CH,), 1.34~0.85 (m, 13H, CH,, CHs).

2.3.2. NCO-terminated PETA (NPETA)2Q| £

A4 2$1719] 250 mL F vpEEgkAAe] IPDI (11.10 g, 0.05
mol), DBTDL (0.05 g, 0.1 wt%) 18] EA (25.5 g, €S 2718151
of el §olg Axstr] 28l 50 °Colld 1081 wHkekom,
PETA (14.90 g, 0.05 mol)& 2A]7tel] AX v 3] 27}sieick
IAIRE 371 Wit 5, 2d2ollA A8 ke Fas3ith 2§ A=)
ETIEA: HX = 1: 2)H& o]-&ato] FAletgion], 74 e
9,] NPETATE_‘ 45% Z,:‘%E [eS <X 0 2= 010-11—4_ 751—/\-]‘:‘4 g].if]— TZ p:]—o]
< 913l 'H NMR 545 21338k 2H, Figure 3 (b)ell 2 235 A
A8 EE 'H NMR (300 MHz, CDCL): 6.47~5.85 (m, 9H, C=C),
434~425 (s, 4H, CH,), 4.22~4.18 (s, 2H. CH,), 3.90~3.60 (m, 1H,
CH), 3.55~3.00 (m, 2H, CH,), 1.90~1.20 (m, 6H, CH,), 1.15~0.89 (m,
9H, CH;)

2.4. UV o%:is,_l,oi ol.aal x-lxl-x.“ol oI»)g

UV 37438 AAl= 3437 ol whet 3714 A=AE =018
SATHFigure 4). 713 of=E A=A W2 hydroxy”]¢} 37349 37
3 31529 isocyanate”] 1] R WSS frEste] WsYErel o
", hydroxyl group®] 10~60 mol%<] 3733} &3a-& Y33t =+
"ﬂ@ Z/3L Table 134 201, ZAE S-S 53t 2tk 71 ol

2 AZA50 g, 50 wi% S-S A4 79719 250 mL THE &
F/P\ioﬂ P31 50 °CE 52AIZ] F 10:27F wRksIGlTh Z1 ths, iso-
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Flgure 4. Synthesis of photoreactive acrylic copolymer.

cyanate”| 2 71X= 373318 315-E(AOL, NAMP, NPETA)%} DBTDL
0.1 wt%) 5 2% EAoﬂ 5l & galg (A7t AA 3] A7
STk 1AIRE F7F 1wk F Ad2elA] A Wk TSI

2.5. UV T3 ®MA HO|=Z2Q| MIZ

Ao 53t Zo] Azt 20 g PSA £4(50%, 10 g
polymer)®l] 0.1 g Irgacure 907 (0.1 part, F7HA A= H7}5k3dc) &
JEl 898 corona *|2]¥ PET film (0.1 mm 7)ol Baker applica-
tors ©]-g-3te] FRETE T8 B9 GEPEES 9l A2l 1A
W=k H, 80 °C =¥ i‘ﬂoﬂ*ﬂ 20-23F 7AZ F 35 °CollA] 12413
F7F xSRI o]lF EAolRIES olfdte] FHHE B3I
o, HF I8 T/ oF 25 umQitk Ul AF o= FA st
£ 9J3l, UV curing system (LZ-UH402RCH, Lichtzen, Korea)S ©]&
sto] UV ZAFE eIt UV 3duli= 365 nm, intensity:= 100
mW/em?0|l oM, UV ZAREE UV wF Azt uel ZA5 ek
TESE UV Power PUCK 11 radiometer (EIT 2.0 LLC, USA)E ©|-&3}4
UV ZAFES glaigih
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Table 1. Detailed Composition of Photocurable PSA
. Monomer mol DBTDL
Sample ( S%H vs(/)t% 9 (%) (Wt%)
Type g mmol

Control - - - - 0 -
PSA-A10 0.46 322 10

PSA-A20 AOI 0.91 6.46 20

PSA-A40 =0 1.82 12.91 40

PSA-A60 2.76 19.38 60

PSA-N10 1.41 3.22 10

PSA-N20 50 NAMP 2.82 6.46 20 ol
PSA-N40 (OH = 32.39 mmol) =2 5.64 12.91 40

PSA-N60 8.46 19.38 60

PSA-P10 1.68 3.22 10

PSA-P20 NPETA 3.36 6.46 20

PSA-P40 =73 6.73 12.91 40

PSA-P60 10.1 19.38 60

2.6. 7|7| ajl Alo-ltg-l:l-{
'H NMR-2 Spectrospin 300 (Bruker, USA)S ©]€3}%] CDCLE 28H nco c=c T NPETA

solvent® &} S t). Fourier transform infrared (FT-IR) spectra
= NICOLET 6700 spectrometer (Thermo Fisher Scientific, USA)E ©]
f3to] ATk FT-IR 374 AEL KBr pellet 910l AM=S FHs}aL
40 °C %5 EA 12417k g2t Axzst] AlxsoiT) Alxd AE
=2 transmittance mode® =4 F o =74 tﬂv?’]“‘ 650~4000 cm’!
resolution 4 cm?o]3tk. $HE HAA Q] EAJFS Agilent PL- GPC
220 gel permeation chromatography (GPC, Agilent Technologies,
USA)E o]gstod 5333t GPC column polystyrene narrow
standard & ©]€3}] calibrations F 3T 2hE 25+ 35 °CE
ARsIglom, THFE &M= ARSIt A& 0.1 wi% §E
THF®)| =01 F#1]3F30th 180° 2 73 E(peel strength)i= SurTA system
(ChemiLab, Korea)E ©]-&38to] S435I3Ict AlzE HAEHO|ZE 60
x 100 mm 7|2 A2 ¥ silicon waferol] 20 AES FHISHATH
AZL2- 2 kg roller® 23] HE3IR M, o] F AkofA] 2087t WSk
Ak FHIE BES 71710 AAAZ F 300 mm/min®] HEE 57
st E A= 54 F silicon wafer 919 FHES field-emission
scanning electron microscopy (FE-SEM, JSM 6701F, JEOL, Japan)=
o] g3&te] TSI MES HHS Alo]=E A& F, sputter coater
107 auto (Cressington Scientific Instruments, UK)S ©]2-3}%] 3037t
sputteringS 3 & Sk 9 wl& 100W%tE =
Holfl= ALEE Felslr] flall, &gt ojn]X] 3}Ug Image ] ZE
I3 o] g3te] ATl & HFES] AreaE A5 HFREY %

& Ausisck

i

3. 44t 3 nE

3.1. L3 SIEME(NAMP, NPETA)S| X =]
37343 e DBTDL %5 ©|4-3to] IPDISH AMP, PETA
o -#gk Hhg-o 2 ME QL IPDI= 12 A= o] AAJoldlo] E
(primary aliphatic isocyanate)2} 22} |3+ o] AA]o|o] E(secondary
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Figure 5. FT-IR Spectra of NAMP and NPETA.

cycloaliphatic isocyanate)E 7FA| 1L 9loH o] &2 §Eg/Jo] th& A
o3& %ejA] 9tk Lomolderell w=w[20], DBTDL Fwj shejlA $-¢
El H]——O—Q— x]z‘sﬂ /\] 2i} x];ﬂ:_?;_ o]/\/\]o]q_ﬂo]Eg b3l EH/HO] UH-‘,’— 0
Aoz delA gtk PHE BA4Y FPE FEE FLR, H
NMR S ©]&3lo] &latsitt Figure 5ol 37331 §}6P“,1 FT-IR
»#HAEZo] AA|E o] Itk NH stretching vibration (3300 cm™), NCO
stretching vibration (2250 ecm™) “12]3L C=C stretching vibration (1640
em)o] EATES F5ISITE NMR dlo|E{ ¢} FT-IR 2~ EHE 13
o), A3k sighEe] dAor W Zow wddch

3.2. 243 FetEC| o3 HEAWIZES =9

B7 3 ghekEo| ZEH*LE](graﬁlng)ﬂ Bzt A Fx2E=
FT-IR 5732 S 43Ik Figure 69 374318 3135 AOL
NAMP, NPETA”} Z+Z} 40 mol% T3 F2A] FT-IR ~FEHS
AANBA ). A EYH A -OH stretching vibration (3500 cm™)©] 7
4315191, -NH stretching Vibration (3300 em™), C=C stretching vi-
bration (1640 cm™)°] =31¥ Z1-& ERISIAITE 53] NCO stretching
vibration (2250 cm)o] ¢H13] Al Ao 7 Kol B33 H A
9] o] AFHOE o|FAREE AT F UUTk Table 20 3

¥ HAAY] B 2 ARES AR E8) mol%el it &
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Figure 6. FT-IR Spectra of photoreactive PSA.

Table 2. General Information of Photoreactive PSA

Mn Mw PDI Gel fraction (%)
Control 234000 585000 2.50 1.95
PSA-A10 233000 588000 2.52 2.14
PSA-A20 234000 596000 2.54 1.98
PSA-A40 239000 606000 2.53 222
PSA-A60 245000 620000 2.54 2.41
PSA-N10 231000 599000 2.59 1.99
PSA-N20 249000 619000 2.48 2.06
PSA-N40 250000 620000 248 2.13
PSA-N60 242000 617000 2.55 291
PSA-P10 235000 589000 2.51 2.31
PSA-P20 238000 596000 2.50 2.27
PSA-P40 248000 619000 2.50 2.48
PSA-P60 252000 626000 2.48 3.12
Aol A AAgshe Aol Rolzd), o= I1¥EE WS 3]
F7hAe) Zhdst ke QWS o waE. BH8 1%
Ao EAS AEET vl Al AL FE0l8ith A4 4

AN 2% a9 1@(24%) AES} w5 oI, o))
Ayl= B3] &9 S Zol I 7twel e 9w ok
o] 7] dojupA] kg U% %oﬁ}f‘é HAAZY 2 A= DS
|8 17].

o

1
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10 (T [
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oo rlo

3.3. s FEFQ FE SN Ut

Figure 7(a)°ll UV A A 378l Azleo]>re] 180° A %7t
Ao Qlct, BE AEZC] ¥ T T(failure mode): AW}y
(interfacial failure mode)Qth HAEZE A8 AL 2260 gf25
mm 0|0, FAEY] LqlEkel wt BE XA A% 6
silot B =& ) WARES BT (2260~1994 gf25 mm).
Figure 7(b)°l UV 1 Jem? ZAF 3] 180° 2 A% =% A7} A
=]oJQltk PSA-A, PSA-N, PSA-P Al2]= B 40 mol%7H4] 7132
Al & o] sleteli o, A &2 PSA-P > PSA-N > PSA-A 0.
2 okt $hA, 40 mol% ol =81 A9 Az skt avkis 1w
A= L8k Figure 7(c)oll 3743+ 313HE 40 mol% 7/t =0 E
HAAEC] UV 2AFH0.5~3.0 Jemd)oll T2 & e 24 A7E 1A
stk e =AY Afele B9 A U BEE A
o] Zhasiglon, Uv ARl e Azt 7awko] 1 Jem® o

23t Ml 34 & M 5 5, 2023
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Figure 7. 180° peel strength of photoreactive PSA (a) Peel strength
change according to the amount of photoreactive monomer introduced
(b) Peel strength change of photoreactive PSA imadiated with UV 1
J/em® (c) Peel strength change according to UV dose.

TR 94 99l NAMP (f = 2), NPETA (f = 3)7} =9 H &
O] UV ARl mE 3 Ahs AR B vl s FEs
HIUK10~5 gf/25 mm). AIH 0=, v ¥hes 7= 373 35t
BE B9 e e A3 5 fA8HA, UV 2AF el
nfg- v JHE S e ARAE AT 5 Atk
3.4. 23 A2l 4 g7t
B3 AHAY 2 A= %Xé ¥ ¥ HES FE-SEMS 3
B71sl3ich. Figure 8ol AE2] SEM A2} HgkE on)=] Alxe] A|
Al Eojgleh HESH Table 3o W ou|x]ojA Akgl wWAH]
(Area%) e AABISIEE HEE AE] A9 UV 2AF 5 2] A
T Aok G whgo] F o JdFHo] AL A% At
ﬁoi A wm, el wsl P Ekd shekEe] ElE AHAlE uv
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Figure 8. SEM images and converted images of the silicon wafer surface after peel strength measurement (x100).

Table 3. Surface Residue on Silicon Wafer after Peel Strength
Measurement (%)

Sample Residue (%) Residue (%) with UV irradiation
Control 15.7 10.87
PSA-A40 5.41 0.51
PSA-N40 4.41 0.24
PSA-P40 3.18 0.21

ZhE Q] AL w2 FFEoR AAENSS stk &
3] PSA-N40, PSA-P40 =2 A= ok 02%E o], t ol327]
(F=2 3 =4 axt mi$ F& ¢ 5 Sl

B AFelMe 247 57 3
o] BEAe mA= JEE wEr] S Fnike i}f‘f‘%] OPEL‘”/‘
FEgA Tz g =
73 FFEZE AOL (F= DE vlu EFE 3t NAMP (f = 2)s}
NPETA (f = 3)E Fdato] ARgatsith AnkeA sitEss o ad
AAA 9] hydroxyl groupl F-elgh W2 B3l ol HaA =
Aatlet. Fdskd A9 180° B HEE UV AL A 7] 3
Als} frake FEo R & FAEE Belon, UV ZAL Felle 7t
HkS-0 2 olg) Mol FA 7Aasr) E PSA-A (= )¢} Bla
3to] PSA-N, P (£ =2, 3)9] th5=9] ota o] AlFshs £ VMR
A3 Aol of A Fash Z1& FRISIGITE FE-SEMe] 9% &
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