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Abstract

Nowadays, the growth of modern technological electronic products requires the
miniaturization of electronic components. Thus, high-resolution electronic circuits
feature small size. Conventionally, screen printing provides easy operation, low cost, and
large-scale production, but results in poor line width and line spacing resolution.
Meanwhile, photolithography advantageously gives nanometer-level line width and line
spacing resolution, yet complex operating procedures and environmental pollution
provide difficulty towards usage. This research involves improving the resolution of
screen printing by adopting photolithography steps exposure and development.

Three factors were considered to improve line resolution (1) increasing carbon
substituents in C=C enables high radical stability that can slow down the expansion of the
silver circuits ; (2) the number of ethoxy groups increases the hydrophilic interaction with
the developing agent, resulting in severe undercutting and loss of adhesion and (3) the
thickness of the printing template can be reduced to enable full ultravider light penetration
leading towards complete curing. Combining the above three methods, the resolution can
be increased to 5/13 um.

As such, the high-resolution line from this research, as compared with the
commercially available conductive silver paste, yielded comparable volume resistivity
(around 2 x 106 Qxcm). Thus in addition to effectively improving the resolution, this
method can also achieve the performance commercially available silver glue, which is

expected to be applied to electronic circuits.

Keyword : Photolithography, Photosensitive sliver paste, Monomer , Ethoxy group,

Methyl methacrylate, Methyl acrylate, Resolution
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2.2 XRAEA

2.2.1 RASRRKERNEH

4= Dong-Kook Kim 89 B & T » #F 50Rk SR SR 6 da sty AT L 48 7 -
BRAFER L ERMEE EBEAREREL B RXEH-COOH AH » 2iE
HARETREARGKBRILEE AR BER @GRV BE - X F &m0 B RE
FE B3 e B AR 8 15 @ 4k SO AT 30 AR 0 M BRAE B AR g 1 AR BR R F F s R
£ EIFEEBETGHILME - AR e R IRR RN R S REBT
HoRe)Eh AL R RE R 2RO E - AR A ERIE Rt A L &
SETH  BRREEEME ARG EERPEE TREBETFE K
YR - AR P3P RE#ME N REAR A RIFTAANE - thlo R B R
FEETRAMBNZAREETRARR  EARGGELER T ZEAREERENR
B A2 B AR 0 bb B R B RE AR R BT o R B R E B AR R B e kR ORE R b
TR ZAREETRAERGER G4 READOKE AR FHELE
BRI BF AR AR FUGER RSB ABR ) RE Rt ARBEE NI mEH
BB T R Sy 2 - i AL A R BRIV AR B A e BES) /1 0 &
RARBF I EBYBS e E A RAT Y RE LB ERMBERY
THRBEREZRNRT  LERZZAKLRKIELS 14/19 um > 4 2-6

BB X TTHRERARERA T SRARMAEGAE  dH
MIBIFEAAI G PTAE R EIORZ AT B T EH ARG e mIE g - 425
ZEERAAOTHRAR LRLEETEHCERTTETEA LERERESL
Vg ABE A AR RIE TR F o A @A R IR ATAE A a4k} 0 B ST B R SR R A

AT R B B i AR A 8 KRR -
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B2-7TREBBEREREN R LG T osgs 7
4 Matgorzata Jakubowska &) B % F A& £ F DU 69 FRR KN BB RS 1% 69 4R 47

BATIRT O ARIE R BG4 A > RAE A 24 um BT B4R BITE RN > &
RN H A 04~22 pm > 4o F B 2-8 o sy T B 4RIy AT Ak 04 B 4R SRR 1A
FoiR By £ 0 EREPRE K @I Bl Mg E ek B A > EAFRARR
MAE BATEMRE 0.4 um 88y F o B ARk 68 (84T 8 012 SR BAT 69 R I
BARR > B SbSR AR E & SN o IRk Sh o R AR A M4 AT R R P B
BREAR  BIREE RS BB RA B EAT 580 ™ B84 FOR F 09 A #ah e ik
s ReE s BERGNTEN S REEBTERE 22 um 0 > 7T Aok
RG> REABRE RAA BB £RTRER  REABRN L8N AR
) o o8 2-9 PR o

B4 X Rk #) SEM cross-section ¥ > B 2-9(b)* T AE TR A KRR L > ™
FE %R PR B AR A RAR KO o IR T T A B RS KON A FE
BoERABRRAERESERTED  UEREMR L - HBRUREZRRVR L > AR L
WA AB IR 6y 7 X EAT  AERAAF] B B - RIKA XRRAY T A A X TRR VI 8Y
RER A B AESARTORARS > SHRGTRZGT SEFRELOEREZRAN

¥R L -BARAARTY B THELERA BBEREPREE > AERBEMB L -

I%
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B 2-9 ATERZAERNE22 um 0 > BEREB T (RO RIEC)HA°

FBFEE B 6T EAEEME © Lee Soon Park 84 8 B3 4R 50 Fu 40 35 o %] s 4T 3
WY T R22 BRBEHHRAREASBRERARE > SHREMAD > THE
KRk 0 4% 25 Fu R M BB R IR 04 B IR P A S R BT 0 (AR AR A o S AT Y
HIERLESE > HE20 um A& > W TE2-10° MP —BAREGWMSE > 4T E
XN HEEOBE  EERTERTL AL HGAETE/L 2Ry T2
B BRABPE RS MiBBR IR E £ S (Swelling) 893 % > Hl 55 91 K4k F 4
M ERBRE G R B ETE BRE > By FERGMMG RER
NFERBE WEARREARA S T ENIRSMERE S TIRER RN %)

AR E RAT AR L MR TR ETE 10 um £4 > 4B 2-11 Aiw °

BH IR IF 4 BIRABEHG T TFERINER BB AZEES B
BRABEFYEIRES KRES TEEY HEUE N Z Eg i L &iEis
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Bl 60 Mt BB BRI P (AR R AR B R AE » S BRM E R o
EAFRE T o B AR AL 0k A TR

& 2-1 F R B AR b & A e RE kb & Bl 69 51 &7

Acid value
iBMA : HEMA : MAA Initiator CTA M, (mg of KOH/g

Group feed ratio (mol) (mol) (mol) (g/mol) of polymer)
A EBP-1 1.48 : 0.23: 0.67 0.3 0.2 17,290 79.08
EBP-2 1.43:0.23:0.77 0.3 0.2 16,330 84.52
EBP-3 1.39:0.23: 0.84 0.3 0.2 14,540 90.49
EBP-4 1.35:0.23: 091 0.3 0.2 13,550 97.68
EBP-5 1.31:0.23:0.98 0.3 0.2 12,680 106.55
B EBP-6 1.48 : 0.23 : 0.67 0.2 0.2 26,830 79.44
EBP-7 143 :0.23:0.77 0.2 0.2 25,100 83.77
EBP-8 1.39:0.23:0.84 0.2 0.2 24,600 88.98
EBP-9 1.35:0.23: 091 0.2 0.2 23,320 94.98
EBP-10 1.31:0.23:0.98 0.2 0.2 22,820 104.92

B 2- 11 RE % F 2235 B 694 b (a,b) EBP-10 ~ (c,d) EBP-5 ~ (e.f) EPB-1¥
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222 AREBIHREREZLE

B AEBITECARB X ARATFERELRESMA » ARBBISHESR
Rt A REE AR ERRENALE MAT RIELRBLEIEALNE
R REH B R  BAFEZARL THRIESEZI BB TR ~ 58 A
B REEATHAE > RERILB M -

Wolfgang Kern? £ AF| A EA X ZAMEe) —KEKQA6-ZFRERXFER) A
1B TPO-L KAkl > ERRMANE THERRESONBE - £ER T BEHR

ET M#3 808 bAME &G B EERGRIEIE M Bk %A
B RKBHSE ERIETREEL - BARABBATRE RS2 TLE
£ BB RIFASLH B MR ERKGEET N ake gl

C R EEMECRZERTL T E 2-12 AT  #bRBH O RERZL
AmBERERERED MAFZREREBORIET feAfo R E BT AEBER
Y E 6 e S A Ao R IR 0 BP T AR AR T AR 60 B B IR AT S IR &) BIMERR o

Photobleaching effect Pl concentration dependent photobleaching

‘ UV energy

il (i) high PI concentration
transmitting radicals b

~ | (ii) low Pl concentration
O: absorbing photoinitiator

(iii) optimum PI concentration

B 2- 12 (a) £ R A 89~ BB Fu(b) B B RE Ao B AL B BUCAN HALW BRE 52
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Lee Soon Park Fot. &4 B B A] A = A& 7K ] 64 Je AL 46 Bl AT R SR AL 694K > &
B _RKEQ 4 6-ZFARFEA)RALH - XAEQ 4 6 =ZFAXTHHA
ACBiFo — KIS FER 7 o S RBTENEMRE 15 withZ AR o E LI LE =
F£ 200~350 mJ/cm? Fu 3% AL 15~20 mW/em? » fEBE B AR R A Pu—%
A F BB AR R - BENERY 15 b AR BE S ELANE
BEHY 5 WihX KA E S BB ROY —E R4 RERESH A 044 F0 062
o T 2-13 A T E R 15 wthZ A4 H 2 27T SME R E EL T2 0 SEN
BERE T o L AMEHE RIS BT HBIELE > 1A SEM cross-section 8 7% X #,
RGO EA R BB 2-14° G RN ERH 5wl Aeks Bl 2 & Rk

RAK BAERSHERAELBROREL > N e B RAEHH NG LA LR

i+

FERBR 15 wthZ ARBE G ET > BARESRES » TA 408 ¥ 0938385

FEEBAT 0 U ENEBEERT 0 Bk T a9k -

90 90
@) ] (b) —
° :
o s} ® .
g g
2 | 2
§ 80 | g 80 |-
R c
4 — 3
75F B 75k
® : HSP-188 15 wt%, 20 mW/cm® ) " 3
S Uipis it n © - HSP-188 15 wt'%, 300 mJicm’
—m—: HSP-188 5 wt%, 300 mJ/cm'
70 } 4 } 70 1 1 1
250 300 350 15 20 25
2
Dose (mJicm’) Intensity (mWicm® )

B 2-13 (@B AR b)RALBREH LBEYBRORTHIET

B 2- 14(A) A7 E 82 09 15 wt%Fe(B) 5 wt% X FoAe 46 5|48 2 12 414 89 SEM cross-section
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R=F TR EHER

30 §RER

(1) Sliver powder > Ag * ¥K#K4R# » Ample Electronic Technology Company

(2) Methyl acrylate copolymer * # M B¢ F &5 & % 4 > Ample Electronic Technology
Company

(3) Ethoxylated (10) Bisphenol A Dimethacrylate > C43Hge O > + T 8ALEE Ry A —F &
A M ELBE © BlAFIET

(4) Ethoxylated (4) Bisphenol A Dimethacrylate » C3Hy O > W T AAL#E Ry A —F &
A M ELBE © BlAFIET

(5) Ethoxylated (4) Bisphenol A Diacrylate > C,0H3sOs > W@ T A AL By A — 5 M BL B5 >
i

(6) Diethylene glycol meth diacrylate * C,HsOs > =T —BF F A — A Midkfs > BAF1L
T

(7) Triethylene glycol meth diacrylate * C\;H»Os * =T =8 F R — A B4 Bs » BAF1L
T

(8)2-Acetoxy-1-methoxypropane ’* CH,0;° & —BF F Bt B EL &5 © Ample
Electronic Technology Company

(9) Ethoxylated (2) Bisphenol A Dimethacrylate * CH3,O0s ° —Z A L& By A —F &
A MR BLEE > B LT

(10) Bisphenol A Dimethacrylate * C,3H,,0, * # By A — F & & Wi B2 B5 > Sigma-Aldrich
(11) Diethylene glycol monohexyl ether * C;oH,,05* = Z —&F # &% > Ample Electronic
Technology Company

(12) Phenylbis(2 4,6-trimethylbenzoyl)-phosphine oxide > C,sHyOsP » R4 (2.4,6-=

A K F i) 24L B © Ample Electronic Technology Company
19



(13) 4 4’-Bis(diethylamino)-benzophenone * C, HysN,O > 4,4'- —(NN- = F k) — K F
&7 > Ample Electronic Technology Company

(14) Fluorine-based leveling agent > #. % i “F & * Ample Electronic Technology
Company

(15) Polyether dispersant * F & 7 #% #| * Ample Electronic Technology Company
y p P gy

(16) Sodium carbonate > Na,CO; *> # B 48 » % —4tT

20



3.2 BRI %

321 B84

EEAETT HARMGBRTFTEELERY  ER(TCRILER A = F AR MBS/
LR Ry A —F A AMHELES/vI LA LSy A —AMHBEES/ —C BT A Ak
BB/ Z LB TR AMKE/— LA bEm A —F ARIGERE/Eir A —F AR
Wi BRBg) ~ A B —BF F BB ERES - — L —BR B TBE) ~ BRE 44-=(NN-=F B
)= KT ER) ~ AARSBICREAEQA-ZFARTRA) ALH)  Baenih - &
BT B A HAR S 0 4 RA - BA A SR MR ETI > SRR R
Z T A4 B EE > HUE B R B K F IR T R4E 6 R0 Bp o] 47 3 B R 4R 5L - KA
AT ERORAREF 2B RN ESILANA 7030 - i HEH

FREEF > MR ZRF @) T E -
322 B ABEBARR

BUH 69 R B R AR 0 T AR EP BB 6X6 cm B9 HERR L 0 HEF T ~ R J] Fe g
KR R EE A 38 E 6 280 BT RGBSR S Qb B R AR b AT o S
#170°C > 15min > &4 TREPA T oy Fit Rk @k > AN Bk 3E ok B AT
BERAZ L REBEEL > AFEER PR EAB TR BAKERS
405 nm > ™% BT A 0.1 wt.% Na,CO; /R B % - & REAR L > #HHAAR LR
o BT RE BRI R HAARE - A TR RS Ry sMRRE > 4T

FE GBS/ > 55 A 46810~ 30~ 60 Fu 300 s 1F &3t ©
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323 RRABREMIRLE

B TR AP AT R A0 BOCR A B AT B R TLRIETT AR FEM 0
BRAETEHR L  SORRRBREAN A T @RI EATRE - kA ¢
M L FF % 380°C > 1 hr > £ 380°C T #4% 1 hr > A4§ 380°C L% 600°C > 2 hr
435 600°C > 2 hr > & # 600°C_LF+ 2 850°C > 2 hr > B 850°C#:45 2 hr » Bp 7T 4%
B EIR  AFRIE TR -
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33FMIRB

331 2R MF B4 s 48 k4R (Fourier-transform infrared

spectroscopy attenuated total reflection)

1% B BhE © Thermoscientific * B 3E 4 ID7 » AT E 140 373k 1 15 #/5k > =R
23 FHREE B 550 cm! £ 4000 cm! 0 BEAA S TR 3 KR o
3.3.2 #£ 2 k4% (Raman spectrometer)

& 35 B h% ¢ WiTec > AU 3% © Alpha300R » &8 580 @ F 48k & 1 532nm > Seif -

600 g/mm > $LIAREF 1 50 15 o FRIEFLA 10 FR AF TR > BEKLLH 5~10

SR Rt R o
3.3.3 ## X E-F MM (Scanning electron microscope)

1R B BhE C FEI > AY9% © Inspect F50d » R 58 iR ER A 10kV » HARE X
# 100 & 5000 1% © & T H s R R R R 0 AL B L0 T AR A E

He9 7 AFsMAE SEM # 6 £ B AR EANREMAM 5° 4 h HRGBR LR

BydrmERasaR g -

3.3.4 7 #%4& (Hybrid rheometer)

& B B hg © TA Instruments > & 3% © Discovery HR-2 - 8| 4% BE : 25°C

$8%& 1 1.0 Hz > 20 mm parallel plate geometry °

23



3.3.5 #a#&4& (Roughness meter)

1% B Bche ¢ ACCRETECH © Y% : SURFCOM 1400D - €8] 4% : RE K E
10mm -~ Bl EFRE 106mm/s > B ERFE 5K X ELARFr EIRGEE

B # B 318 v 49 iR ] BE H EP Rl 42 64 )7 E 4B B T -

3.3.6 R EMAAE (Bulk resistivity measurement)

»,U

& % Bhg - KEITHLEY ° A 3% © 2400 sourcemeter © & A EREE S > 46T
BEERER  BITEMAMENE - IR RE B TR 2/ EAR > BT F KA
A S50 pme WA ANRE LT EMRAE 0 HRA R IR 2B S 8 A
FHE o B ARB R AT R B 8 T A BOR F R SAE R B B g4k A B 3K 4 B R
o URARHERT - KBBAFEGEREATATI AKX T 4!

_R><W><t
P

p BHEEEFRW- cm) R:EMEWD) w:HH(m) t:&F(em) L: &Kk(cm)
PP A3l A B -
3.3.7 B#4E (Microscope)

BB T VHX > B3R 1 VHX-9000 ° 28] 43 RRIRST AR D IRACGEM Ao
TH)
3.3.8 35 E# (Viscometer)

& & Bhg * Brookfield © 21 %-# : XA 10rpm ~ 1rpm ~ 10rpm ~ 100 rpm > &

2min > R A4 100 rpm B4 30 s °
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3.3.9 &4# (Gold Coater)

& %5 Bhg © SP1 > AI3% © sputter/carbon coating system ° & 7R SR HE 2 F R
ST A MY > S AT SEM $0HAT © G445 L 60s 892 % > SN T RIRE R
% -

3.3.10 EPRI# (Printing machine)

% % B Microtec > V5% * MT-320TV » 2R 43 S| 1R A 1 165psi> 271

BEJ1 2165 psi » ARIFAE A &9 FRARE E R 0 3B A4 R Rl BE o
3.3.11 #&k&# (Exposure machine)

& B BM® © Microtec » & 3E @ MT-320TV © €8] %% : 405nm £9 % - REFEET

BRI a0 E R AT AT 46810 ~ 30 ~ 60 F2 300 s &9 B& 4t ©
3.3.12 7 # & B (High temperature furnace)

& % A% - Thermo Scientific* & 4% : Thermolyne° € 8] £ #: £ & L £ 380°C>
Lhr > £ 380°C T #4F 1hr > H4% 380°C EF % 600°C » 2hr > #4F 600°C > 2hr°

1% 4 600°CL 7+ % 850°C > 2hr » A 850°C#4:#5 2hr > BP T 445 A #ih £k » 133 8

3.3.13 RA8 & # % Bt § £ (Gas Chromatography-Tandem mass

spectrometry)

% £ B% © Shimadzu » V3% : GCMS-8040 » (R Béam L4 P A% BEEH S
FRAREA AR MEEoHBA=—ETWBE - AR EAZESLRALS !

30m X 0.25 mm X 0.25 um °
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3.3.14 £ F (Mask)

HEITHEAERBEERE T OEH AT EMF > £ A KlLayout X% AR
BE > AERNASTHHEIBR - B 3-1 AKX EE ER3 0 R T3%3 00 K3 fAfo
BARZ I BAF RO R 0 RF TR I E RN F A R B SEAT R E AR 0y

BE 0 kT B 3-2 89K KB AT °

B 3-1tE%:E/ TR

B3-2ARMFRAZGIZEE
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FwmE -~ TRER

4.1 RaBFEZF %k

o|0)

FEANBIRF XA AN AR BRAA T ERSMTEZ R TRE  HRE T

ZAE T KA & MR

[ @nERENC=CEBARBLEGF/HEOGIBITLREGRE - 8 bR

TR E B RE G R o FT AL SL T R F 0 A R E & B ey s E A RE B e

LLEAT T3

. AZAANEB TR eI LRE > FRAA A LE B fkE/Le
TR BB RER EREMGEL MR EETRTRE XHFaEE
BAGALERE ZHRABYRE MERT R T OREM FESRENK
AR e BAESLERMBURMERF & BT IR T AREKIEL £ R o
T R 89 Bl A2

IL SA B3 MAKEP R R B - A7 BB AR B T 2 Bl AL 0 AR T & R BEML AT 7 R e K
MR F BN EILE S FEEE ABENRKER R TRAREDNBYRE T
gh > BI UAMMBH RO TR > ERBRE HHIAR EHIE TR -
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42 B RBERE

B Pe C=C BBl A8 bdRETAREARE - LA bR EEH
HEDRIENHEIZ AL SE — B AT ERRE KB HAEAHRIE T AR
TR R B AR AR A B9 INRAR L o 5 0 M F A A M B F B5 (Methyl methacrylate’ MMA)

Fo 7 M B8 F B5 (Methyl acrylate * MAYE &334 % > & F B 4-1 Ao o

Lt T A
qﬂwomhﬁ

A Ik F 85 (MA)
B 4-1 FEAGEFTEERRHE Fis Bl &4
P EARGEE FES AT BARSRIER LA H] & L =& 8 H X GEBATS

LEAGEFTE T BN EEGOAR S QGH)  SEREES A %o X EIT
4o FE 4-2 e

,CH3 CHa o wma /CH3
[MMA],=CH,=C»  + CH,=C — e [MMAJ,,1=CHp=C
() lo) )=O
Q o
\ \ \
CHg CHa CHs

H H H
/ / kM4 /
[MA];-CH=Ce+ + CH,=C ———  [MA]q41=CH=C-e
(o} )= 0 )=O
0 o
\ \ \
CH, CHs CHy

B 4-2 FEAAMBEEFEEM(E)FoRHeE FESEM(T)X RA#H

=)
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421 B> REEREE IR LS

BB EG AR TIRAREEENRNRE £ TH 43 ¥4 g RE
BREEXATFTRERMGE FER  SMEREMUNAIGEE FEE R HBINTHS B
@b B AR P Fr AEE T A R Bk FER AN TR AMHEE T o5 b T
hoo EARR O RIERFF] T 0 AMEL FE5e) B b APRELR B i o Av B B B A ey ki
Hm AW EAT AT BRGARRE RO EREE RS EFRRG SN REEA
I yE - M T & 4-1 AR LA BK R TLARIER R A A AR 4 FAZ T H R ah 3R

DA BN AAT RO ER C BITER AR ZHE -

30
|—=—MA
25_—0—MMA
? -
P
< 204
2 ]
=
= 15-
=
2 T
2 10-
<
Q e
w4
H 54
04
) . ] v T T T
0.5 1.0 1.5 2.0 2.5

Exposure time (log (s))

B 4- 3 F X A4 F 85 (MMA)E 22 Fo 5 1 B F 85 (MA) £ 82 = 9N B L)
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& 4-1 FRRE T A BMGE

AR () MMA MA

6
HHE 118 +£04um HHE 183 +09um
%35 1145 +1.7 pm K125 106 pm
ZRGERE 10 um AZELRE D 15um
10
HE 208 +0.5um HE 198 +0.5um
¥ 1223 +05 um ¥ 12 +0.8 um
ZELT 20 um BELKT 15um
30
HE 168 +0.5um B 353 +0.5um
¥ 148 +0.5 um ¥ 1275 +0.6 um
REKT 15um RELT 30um
500 pm . — o 5
60
HE 188 +0.5um HE 30 + 1.4 um
436 138 +£09 um ¥ 1228 +05 um
HEKLEL D 15um REHE D 25um

(35 4 & RABAR R R TAT AT B/ 5r & RARAR R T AT M7 £ ]
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422 BB RETREANHEHKE

BT HREELAMBEDGER(F A RMHER T 8 /M2 N R T
Be) Pk —F 1A ATR #4T C=C st ahif3t - it C=C A BT RER
FEOF & & & B4k o BCE L EAIRE R T 0 RubAI A by X3t B C=C 42ey i
#}F o

AL EAT IR BR80T BB AR R B FRESR— BT
o FAE AR ALY IS B H C=C st H - AMER A LA T EITRE M
o BMUAAEZREAETREES T LA TR LRI LM 8E > B b A
RAFAE R B 69 A 4 & 7 4T T ATR 69813 > AFIN BT > 4o F B 4-4 Ao ©

EERMBEL - Frk KA 1718 cm ! ~ 1510 cm! Fu 1297 cm! A 858 69 4544
M Moy R B BB B C=0 4 58~ #y A KIE Lo C=C 4&fv 5 H 5 C-O R
o g2 1718 cm! £ v PR T Ao b F Bl egIR €80k 0 AARRE R B BE BT 0 HAE AT
Bow  C=0 85 MR BE > Wl 4-5 ¥HIRTRRGAH ML FR
FAE > RWRBEREZEF » BREEF AR EILORIE £ 1297 cm! £ - A
RFRB AR ER > ML RAANSF ORIE - %> 1510cm! A 48 F4Em A
By RIRINIE 00 AHBHEMAMMOB L L BRTAFHZEERIN LR ALE
FEIE B R FEAL BEBE 0 A BT R A LB IR By 6y b8 B 0 B sbis HAE B4R
RACHRAE - M4 1639 cm 8933 £+ b o AT XUBKAF 4o th A MiIE 6y C=C &2 3 > &
WA R ERIER AR FE o SR BT > 2 1510 em! 1F A AR ALY
30 3 1639 cm! 89 C=C $EEATIRT » LAA RIF 40 F K A BL F &5 fv A M Bk F B85
B o
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D C
Photoinitiator
v . r T . T v
Binder
-~
= . . ' v v
p - WM
o
Q
=
<
=) T T y T
5 Monomer
7]
=)
<«
L] ! . . v I v l L
—— Photosensitive Sm
T I v : ' I v
2500 2000 1500 1000

Wavenumber (cm'l)

B 4- 4 &SR 2 SABF #ah ey ATR B 3%

}i}@ﬁlgy\n/%éga /\+ %
BEYAZ X

B 4-5 58 F S EAR AR EAEE 2 IBE LR

% 4- 2 ATR [z 5%

K& (cm™) AN bt
A 1718 C=0 Carboxylic acid®
B 1510 Cc=C Benzene ring>
C 1297 C-O Aromatic ester®
D 1639 C=C Alkene
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AR A1 BAT R RS X e R H 550 F A AMEL F A5 a 0 %
¥R RGBT BE X 3k 0 JuE] 4-6 Fok 4-3 0 Mo L6y SR b p) 45 R 48
HA
REA LETREGFRZBAGANHWALEIR I madALT A
AREGEFAD SRERBMIEEERBARE REL 4B B AL ARINNF
BA—EEFAeEARET At AN ERBINNETEEAM Y v8
FTEEABT  SHAEEE MR TETEEIAARY > LEEHERER

N

HABANBEE  EZ8WE > 8% > —BH c FE - LT EBE Tk
BELRE - BRRALETAANMEE FEs8 C=C 42 L4 FIX K (-CH,) > @-CH; %
H#EFRA BTHREFERMHTFHAGE U PFHETFEERYNR L EHF
BeaARAEE  MARMEETFE Loy C=C 44 L 8 A(H) > #&E-FHE A 4atL-CH;
o ¥ THaEFadA AUEHEGARTEE BLEBFTHEY
WS s Em BT FAFTABNREFA T FEEEToIaa A
%A b ABRAEE 0 BILRERERG

BB B PR RAT > ERELS AL RBEE  GNRIEEEW A
RAEBBELEHRAAERS LEAHE GANHBR T QR AW B AT BT BE HFv
BREFNEMEARS  HFREAIRIEH LIRS -

11510 cm1(6 s) A ®
11510 cm1(0 5)
AX11637 cm1(6 s) = 11637 em™(0 5)
X100% ---- @

11637 em™(0 5)

K4 1C=Cozz i ®NK
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= MMA-blank WW
= T v T v T v

o MMA-6 s Mw
v T v v

B AWJ\\MW
v T v r T v

T M\/\W
v T v v

o J\‘AN/\/\\/\/\W

M L] M ] v ]
2500 2000 1500 1000
Wavenumber (cm'l)

o MMA-blank W
- - v ; . I .
e JW/\/\W
- T v '
oo M/\\f\w
. r § ; v T v
T MM
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— + L aAEERy A = F K & MBL S

~HERX  H,C=CCH;COO(CH,CH,0);PhCH;CCH;Ph(OCH,CH,)sOOCCH;C=CH,

RI3R EO-4

— 3 WL AALE Ry A = F A & ML S

~HERX  H,C=CCH;COO(CH,CH,0),PhCH;CCH;Ph(OCH,CH,),O0CCH;C=CH,

ARI% EO-2

— 3 ZCLERACER A —F K R IHELES

7% ""i 5'(; HzC:CCHzCOOCH2CH2OPhCH3CCH@PhOCHzCHzOOCCH3C:CH2

ARI% EO-0

X BB A =T AR ML B
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OP: B o % ; M. * 498 #(Mesh count) 5 Dy * 44494242 ; Emulsion : FL%| B &

X 4- 2 FIREP R B 1B B E N K o

44



| 129+ 04 pum

B 4- 12 M AR E7 AR R 2 B
(EMBYTZEE S (b)  (ORTOBE MBI 5 (d) ~ (e)4RIET B & &4 ALAT Z

45



4.5 BB R IBEEMS

BTRARZBHEORTATRVRTENETER SO L BT HRBRE
URERA A B TSR - HRAIEGEHEMNSA > £FBEFZE380°C 1 hr £
380°C T #:4% 1hr> A& 380°C L% 850°C > 2hr > s AE 850°CF 44F > 2hr°
{e4&d SEM 4855 BB A E R IRy eh &3 > o T E 4-13 (a) ~ (b) © #A T 1F4
G AT L —F AR A DGR T H AR B IR AYIR 5 AR FI BT - S G
[ 3 P 45 40 0 ) 1300~1600 e A 5 69 MIR A & © > 4o F B 4-14 (a) RAEAT® o

EAHLRZEARR L GRS REFHAOFTH SBIEN AL B
BRYRAHRAANSERL FRA KD F ey 850 = Abw 9 KB 44
HE R ER G -

A THEBGAEFHZ T SEENRE D HILFREBEEBTAE &
ENHF XA XASEXTREABRRETR  RAINEMBR SR ET K5
1 F RN RS AR E ZRERT AT -

@itk > AR SEM BB RGN RBEN BREARGERERE
Bty 5 > dolE 4-13(c)~(d)° B A T £ hurk £ LB 4-13(c) ~ (AT BLEEI 93 % >
F b A B2 R o BT ARG LRAARBAR > TR e E %4 4-14(b) - £ E
o R R EARZ IR KA BRI BAR A d T E M EIKE E
S MK MERE > BE LRI TIBFER  THASBEE T -
BILER  BE R FROEHTH SR A RDIBRRTDRE  TRITRE M

T -

46



B 4-13 (a) ~ (b)) RELE T 22 SEM B ;5 (c) ~ (d) 4R4K4 %42 SEM B

(a) 15000 (b) 20000

—380-850 — 380-600-850
15000
>

£ 10000 g
= =
2 2

= = 10000
= =
« «
£ £
< x
& 5000 &

5000

04

0l . r - . . . . . . . .
0 1000 2000 3000 0 1000 2000 3000
Wavenumber (cm'l) Wavenumber (cm'l)

B

B4-14 (a) BERBELE RS (b) RghEr2zn g

47



4.6 REBLHBKRRBUK TR

Blrg AR RBRA R EZRKORBERR TER L TE 4-15° £ A=K
BEy R SBATASBRERRE HEER  FR AR TR W RITRAIEER
EABH  TRELETEE -

B R B R A 0 AT AR SR AR R 69 AR A AT B ALO; AT o BLRR AR
HEEEARGMERE AR E LLGA LM 255 - £ AR T LB R AR

BB RR S AL A 1S pm FHEIREREGEE T2 um B 4-15(d) ~ (e)°
HARG DR B R AT > ko F B 4-15(a)~(c) ° MM TERFR T > R4 040 MAT
BT Rigfed st - BAR A S REL LS o) i T BRRETH -

— 1 cm —qf

B 4- 15 #1 A R EES AR R S H AL A 15 um B &R0 EEH
48



FEMAR G AR KL PETEATEEN AR BT ERSBEEL Ll
F o TR 1S um YL RINERRT 20 pm Fv 25 um LRE > B RAwk 49 FF
=

HAERY > BRIFFNUER - BRBROR LA WEREHES0%A E-
ABFT BRI 15~20% R EBR AR E - ESBERR T RAKE R A
BB BAEARRAERE ALO; Atk - Ak @ A — 1k —1Ray 14 - BEARMINR L
BT BT RE A 45 00 3B 2 T AR IR Bk IR R B T R e WA P R H B4R
BB ERBRE - MARBRETAR L BER BRI ERR SioT EHIENR
Al > £ 4 2X109Qxem © B AR A LN AR g RE R TR R R 0 BA LMK
T Rl ERAERGAEERD - BRATEBRARGEH By X
M T T ARAT KB IRITZ b 0 B ek TR B MATORGRE RIFHEEF

MEAERAAEEFESL  UEORRARZE LR -

R 4-9REAM BRI - A ER R ©

RE  RENE um) RELEL um) KERE (%) BRATEE Q)

15 um 157402 72406 543+3.1  (284+02)x 10
20 um 20.7+0.5 87+04 58+1.9 (244 0.3) x 10°
25 um 255405 126+ 0.6 505+29  (2.6+0.3)x 10
THER X X 15~30 2x10°
Sy X X X 1.6 X 10°

49



EEE - KRR

ARARAA AL RIEZ > RGBSR RS HR A BEY X5 BE EIRED R A
JE # 4R 8k o 3t Fv Seong-Dae Park B F% ~ D.P. Amalner [ % & Lee Soon Park M 5%
B SRR EAT AT L GO LB R ARARE 7 AT EAER L HHER S T &
5-1 F5~ ° Seong-Dae Park” B PR32 5 4R & FRAT B 0 7 0k L 35 38 S Ae 46 Bl 0 & 2 5B
BERRIETARANGEE  AAME AR S-OH Aay3E % B &7 IRTE AR B E
B9k 0 EA-OH IR o 4 R 67 Fo JAR i 2 ROAF » $UAR AT LR E 14/19 um > ™ D.P.
Amalner® [ FRA] A 1A A B0 L] BAT SRR 514 00 B R MRS > AR R
R % Fodk & BT BB AR B > A2 R AL SURK F A & A SR SUARAT L 49 100 um 5 A& AL
Lee Soon Park*” [ 5 & » 5 8¢ WA EE 4 il 3t 3 » B RAI A 26 F BIGY R & HFofb %
Bl 0 BEAR S AT © A5 40 0 BB B Ao BRAR o ARAT L 2 B4R B © B @ AT Bl SURRAT %0
RGBSR AT RS > RS0 SRR M -

BERARY  —HAAUBMS AR SN E - AR ETRRT L R HEE
SRR — A B BB G E RE S E o TR B RARE R R B AT o EE R
Yoo BT RS BN o AR SRR AT AE R 6 Ty vk RFR R EY ik A B G X Rk
4y o

% 5-1 @ R 2 tbi

vz &% (um) %FE (um)
Seong-Dae Park’ 19 14
D.P. Amalner® 100 (CRIER)
Lee Soon Park*’ 10 20
This work 5 13

50



F B AR B ARAT BB TR 0 B S-1 R 0 B Ep R 4 R R AR AT AR
MERWBRI - LB RPAL > SRECEEERS - wAEEoHER
Rl 528 BBEPRERE ) > FBREVRALRE AR KELE
EMAL - SBRARMBHE N wB 52 896 0 BAFBYIRE @ NSk B b3
SREE WTRBRNERD - M Ldaym Ay B L e ELEER
R 2% Ep ) BB 64 b AE T e g e

B THEBRAEREY RILUE 51 9 FmERETHRE - X LREEE
M EP R B MEAMmG E > MR ERERMA L SR EERK - BXR AKX
EIL/8 Wl d A 3k AR - SRR RERRE G s miEAoE 5-1 948
AR RALE T B EARARR G - BBIFTREFT T > 9N LE B
BERG  F AR AR URD TR ABIL & B A RBRER N
VAR o B SbJR S d A T Fo BRI AT 0 BT R MRS o

BS-15mEE(L)153+2.1 um(4)8.6+04 um
Development

| |

BT T

B 5- 2 (£)EP MR B 2 () P b B BARZ B AR L

Development

=

51



LR PR EORGEREBRETR ) EABROERL #FE8EEET-
BARART T FRGENER G2 BARE BT ERRKRE Bk g
BK oo PRUAEAT TS AT > BRI E R - T B 5-3(c)iF4u 0 M i e
RARBEN  BREAARELRGBABET R TERHIAH AN BA KD
Fo fm e b B8R o et BE R E A > £ D.P. Amalnerkar 89 XEK 4
RF S R b RGBSR RN S R EREIRERNRRATE A do
B 5-3° # B 5-3(b)A84x B 5-3(a)iF 40 0 & A ML BAKA 28 1 72 BFRRIBRMF o
BARALEFMILEKS 4258 B N ARMRS > HRF A R £
400~500°C % A7 > B B4R By 5 R o) AR B R B SRR BT IR TR REIE 0 MR 41
EEETRZERS -

B R KT o R Ak AL £ A 30170 Fu UBK F 69 A Ak Ak L) 49 A 28
72 AAA o BAEGH FHEELS > AR T EREEM c BRAT 0 EEAAKER
230170 B9 BECELBF > SRERAE T 100 um B 1S um T T B4R GIELE S A M -
B R R A R AR 1S um BB R T & F — R R > 2R AT 100~15 um

B FLE T AT A & -

B 5-3 XEkA M mALLL A ()42 585 (b)28 : T2 o kB Aok fmtktt ()30 70 2 ¥4 SEM

52



RiE AR BB AT ik 0 B AR R R e BB K M 2 AR R B 6 KR
IR F O EAF AR K 6 B R 3 R R B ARK 0 (2R R B R LA A R 0 B
ARRAALEERT ZA KR —BYHFHUARE AL L —BM &k 48 Fiom - 80k
EFERACAABBY R TRARF G ERIRE - MR AHLEI BT HT  TEH
BIHER  REERBREGERHRIA L ERNBE - TR TF
FEBAR £ B B R FURBUR MG JOR IR RS Rk AL EE - K
Bl b by Bk A 2 AR VI8 R B MR RIRRET T R A EATER A BP T BATHRY o 3 H
RGBSR T A EZE R AR LETRY X T4 £ BT
T BRSO U R R - MIEAREA S  REAFBYRZMGER % 0 E4F
IR E R E
EWERE T TEAOAELARKE REG BRI BT RAEFE BT &

Fsa o BEKIER) £ B A0 BRI R R B R Z O BE -

53



FRE %

AARBA P RGRALREZRIE  WR B =B 2T Hh  ARAL R

B o STAE AR B %3 5/13 um
— R EFEENRIETREGIR 25 A F KR MELF B5Fo R M BL F 85 -

DA ZBHG B A B 8 b AZER - ABIMRILFE I ATR 898 R %
B A= Bax 69T AT R A RIE » "THESRE IR R BK > migh B b IRag48 T
A B o

SR EHRATREEROCARAHE S FHEMBROBE - £ SEM
Cross-section B ¥ 47 %2 » B804 F a9 CRAAB 8D THEEMI R FIR - HAEK
Wmuy R L TRE TR M E BEBEER - RLTRSBHE -

FERET R ARSI R R ERARRRVIR A - @b R E1% 0 RN R
FER 2 FEBRIVEATEL R AR ) TEERBEN g &
BERBERRET o WIT KB ERBIRS -

BEHBIRER > DB ENAGREL LN T ARGAREL  EEEE
FLE > 44 2x10° Qxcm ° @B F kK > KRATRAERB R T T e F LT R

BRI B B35 60 MAT R - BT U A S R AR T — R BT EB AR Lo

54



5% XRK

1. BEAIREG A RN e Booth sy - A - ETEHRET R4 RE
77 7%+ B A TW201932980A-2019/8/16

2. BHAARMSEA RN -RAEARY - oM EFEH

P
&
a
Py
x
&
i
a3

7 7%+ B A TW201940975A-2019/10/16.

3. BERRARRMLAE RN BRAEEERY - BEH EFEHRAART X B A
‘TW201937287A-2019/9/16.

4. BEAIKBEA RN -REEERD - A6  EFEHRETFTEMFRE
7 7%+ B A TW201940974A-2019/10/16.

5. W E MU BRAESERBZ K E- b ERBE-TWMS518331U-2016/3/1.

6. Cheng, W.T.; Chih, Y. W; Lin, C. W., Formulation and characterization of UV-
light-curable electrically conductive pastes. J. Adhesion Sci. Technol. 2005, 19, 511-523.
7. Park, S.-D.; Yoo, M.-J.; Kang, N.-K.; Park, J.-C.; Lim, J.-K.; Kim, D.-K.,
Fabrication of photoimageable silver paste for low-temperature cofiring using acrylic
binder polymers and photosensitive materials. Macromol. Res. 2004, 12, 391-398.

8. Umarji, G. G.; Ketkar, S. A.; Phatak, G. J.; Seth, T.;, Mulik, U. P;
Amalnerkar, D. P., Photoimageable silver paste for high density interconnection
technology. Mater. Lett. 2005, 59, 503-509.

9. Jakubowska, M.; Achmatowicz, S.; Baltrusaitis, V.; Mtozniak, A.;
Wyzkiewicz, 1.; Zwierkowska, E., Investigation on a new silver photoimageable
conductor. Microelectron Reliab 2008, 48, 860-865.

10. Zarshenas, E.; Bastani, S.; Pishvaei, M., Curing Behavior Study of UV-Curable
Coatings Containing Nanosilica and Different Multifunctional Monomers via Depth
Profiling Assessment. Ind. Eng. Chem. Res. 2013,52,16110-16117.

11. Park, K.; Woo, K.; Kim,J.; Lee, D.; Ahn,Y.; Song, D.; Kim, H.; Oh,
55



D.; Kwon, S.; Lee, Y., High-Resolution and Large-Area Patterning of Highly
Conductive Silver Nanowire Electrodes by Reverse Offset Printing and Intense Pulsed
Light Irradiation. ACS Appl. Mater. Interfaces 2019, 11, 14882-14891.

12. Huttunen,O.-H.; Happonen,T.; Hiitola-Keinénen,J.; Korhonen,P.; Ollila,J.;
Hiltunen, J., Roll-To-Roll Screen-Printed Silver Conductors on a Polydimethyl Siloxane
Substrate for Stretchable Electronics. Ind. Eng. Chem. Res. 2019, 58, 19909-19916.

13. Liang,J.; Tong, K.; Pei, Q., A Water-Based Silver-Nanowire Screen-Print Ink for
the Fabrication of Stretchable Conductors and Wearable Thin-Film Transistors. Adv.
Mater. 2016, 28, 5986-96.

14. Jiao, S.; Sun,Z., Wen,J.; Liu, Y., Li, F; Miao, Q.;, Wu, W,; Li, L;
Zhou, Y., Development of Rapid Curing SiO2 Aerogel Composite-Based Quasi-Solid-
State Dye-Sensitized Solar Cells through Screen-Printing Technology. ACS. Appl. Mater.
Interfaces. 2020, 12, 48794-48803.

15. Zhou,X.; Peng,Y.; Peng,R.; Zeng,X.; Zhang,Y.A.; Guo,T.,Fabrication of
Large-Scale Microlens Arrays Based on Screen Printing for Integral Imaging 3D Display.
ACS Appl. Mater. Interfaces 2016, 8, 24248-55.

16. Song,D.; Mahajan, A.; Secor, E. B.; Hersam, M. C.; Francis, L. F.; Frisbie,
C. D., High-Resolution Transfer Printing of Graphene Lines for Fully Printed, Flexible
Electronics. ACS Nano 2017, 11,7431-7439.

17. Cao, X.; Lau, C.; Liu,Y; Wu,F; Gui, H; Liu, Q.; Ma,Y; Wan, H;
Amer, M. R.; Zhou, C., Fully Screen-Printed, Large-Area, and Flexible Active-Matrix
Electrochromic Displays Using Carbon Nanotube Thin-Film Transistors. ACS Nano 2016,
10,9816-9822.

18. Li,C.F; Li,W,; Zhang,H.; Jiu,J.; Yang,Y; Li,L; Gao,Y; Liu,Z.Q.
Suganuma, K., Highly Conductive Ag Paste for Recoverable Wiring and Reliable

Bonding Used in Stretchable Electronics. ACS. Appl. Mater. Interfaces. 2019, 11, 3231-
56



3240.

19. Zavanelli, N.; Yeo, W.-H., Advances in Screen Printing of Conductive
Nanomaterials for Stretchable Electronics. ACS Omega 2021, 6, 9344-9351.

20. Uz, M.; Lentner, M. T.; Jackson, K.; Donta, M. S.; Jung,J.; Hondred, J.;
Mach, E.; Claussen, J.; Mallapragada, S. K., Fabrication of Two-Dimensional and
Three-Dimensional High-Resolution Binder-Free Graphene Circuits Using a
Microfluidic Approach for Sensor Applications. ACS Appl. Mater. Interfaces 2020, 12,
13529-13539.

21. Marquette, C. A.; Lawrence, M. F.; Blum, L. J., DNA Covalent Immobilization
onto Screen-Printed Electrode Networks for Direct Label-Free Hybridization Detection
of p53 Sequences. Anal. Chem. 2006, 78, 959-964.

22. Hyun,W.J.; Lim,S.; Ahn,B.Y.; Lewis,J.A. Frisbie, C.D.; Francis, L. F.,,
Screen Printing of Highly Loaded Silver Inks on Plastic Substrates Using Silicon Stencils.
ACS. Appl. Mater. Interfaces. 2015, 7, 12619-24.

23. Park,C.; Kwon, T.; Kim, B.; Lee,J.; Ahn,S.; Ju, M.; Balaji, N.; Lee,
H.; Yi, J., Front-side metal electrode optimization using fine line double screen printing
and nickel plating for large area crystalline silicon solar cells. Mater. Res. Bull. 2012, 47,
3027-3031.

24. Yao, Y.; Zhang, L.; Leydecker, T.; Samori, P., Direct Photolithography on
Molecular Crystals for High Performance Organic Optoelectronic Devices. J. Am. Chem.
Soc. 2018, 140, 6984-6990.

25. Norikane, Y.; Uchida,E.; Tanaka,S.; Fujiwara,K.; Koyama,E.; Azumi,R.
Akiyama, H.; Kihara, H.; Yoshida, M., Photoinduced crystal-to-liquid phase transitions
of azobenzene derivatives and their application in photolithography processes through a
solid-liquid patterning. Org. Lett. 2014, 16, 5012-5.

26. Wu, H; Odom, T. W.; Whitesides, G. M., Reduction photolithography using
57



microlens arrays: applications in gray scale photolithography. Anal. Chem. 2002, 74,
3267-73.

27. %41-2019-F AR Es A R AL EERE L2 AN YE MM TR
-33(Z22):512-515.

28. Matsubara, H.; Yoshida, A.; Ohtani, H.; Tsuge, S., Compositional analysis of
UV-cured acrylic ester resins by pyrolysis—gas chromatography in the presence of organic
alkali. J. Anal. Appl. Pyrolysis 2002, 64, 159-175.

29. Palacios, M.; Garcia, O.; Rodriguez-Hernandez, J., Constructing robust and
functional micropatterns on polystyrene surfaces by using deep UV irradiation. Langmuir
2013, 29,2756-63.

30. Matsubara, H.; Ohtani, H., Evaluation of molecular weight of original epoxy
acrylates in UV-cured resins by pyrolysis-gas chromatography in the presence of organic
alkali. J. Anal. Appl. Pyrolysis 2006, 75, 226-235.

31. Lin,H.; Wan,X.; Li,Z.; Jiang,X.; Wang,Q.; Yin,J., Photoreversible Resists
for UV Nanoimprint Lithography (UV-NIL). ACS Appl. Mater. Interfaces 2010, 2,2076-
2082.

32. Abdallh, M.; Yoshikawa, C.; Hearn, M. T. W.; Simon, G. P.; Saito, K.,
Photoreversible Smart Polymers Based on 27 + 25t Cycloaddition Reactions: Nanofilms
to Self-Healing Films. Macromolecules 2019, 52, 2446-2455.

33. Reddy, P. G.; Pal, S. P.; Kumar, P.; Pradeep, C. P.; Ghosh, S.; Sharma, S.
K.; Gonsalves, K. E., Polyarylenesulfonium Salt as a Novel and Versatile Nonchemically
Amplified Negative Tone Photoresist for High-Resolution Extreme Ultraviolet
Lithography Applications. ACS Appl. Mater. Interfaces 2017, 9, 17-21.

34. Zhang, T.; Dong, Q.-w.; Zhang, W.; Weli, J., Preparation and application of
photosensitive copolymers for PDP barrier ribs formed by photolithography. Chin. J.

Polym. Sci. 2012, 31,444-451.
58



35. Ohtani, B. H. In Structural Characterization of Photocured Acrylic Resins Using
Specific Decomposition Reactions,2013.

36. HRFAE-2007- B A AELA R T B A w2 H IR AR L RN ARAL R Bk
H 2% 5K 5% 5 F1-29:77-88.

37. Sason, E.; Kolitz-Domb, M.; Chill, J. H.; Margel, S., Engineering of Durable
Antifog Thin Coatings on Plastic Films by UV-Curing of Proteinoid Prepolymers with
PEG-Diacrylate Monomers. ACS Omega 2019, 4, 9352-9360.

38. Keskin, S.; Jockusch, S.; Turro, N. J.; Arsu, N., 2-Mercaptothioxanthone as
Sensitizer and Coinitiator for Acylphosphine Oxide Photoinitiators for Free Radical
Polymerization. Macromolecules 2008, 41, 4631-4634.

39. McGinniss, V. D.; Provder, T.; Kuo, C.; Gallopo, A., Polymerization of Methyl
Methacrylate  Photoinitiated by  4,4'-Bis(N,N-diethylamino)benzophenone. 1.
Macromolecules 1978, 11, 393-404.

40. Vitale, A.; Quaglio, M.; Marasso, S. L.; Chiodoni, A.; Cocuzza, M.;
Bongiovanni, R., Direct photolithography of perfluoropolyethers for solvent-resistant
microfluidics. Langmuir 2013, 29, 15711-8.

41. Liau, L. C-K.; Chou, W.-W.; Wu, R.-K., Photocatalytic Lithography Processing
via Poly(vinyl butyral)/TiO2 Photoresists by Ultraviolet (UV) Exposure. Ind. Eng. Chem.
Res. 2008, 47,2273-2278.

42. Kim, S.-J.; Lee,J. M.; Lee, W.-J.; Kim, S.; Park, C. P.; Park, B.; In, L.,
Preparation of Sub-20-pum Conductive Silver Pattern Using Photosensitive Silver Paste.
Chem. Lett. 2014, 43, 1855-1857.

43. Tseng, L.-T.; Jhang, R.-H.; Ho, J.-Q.; Chen, C.-H., Molecular Approach To
Enhance Thermal Conductivity in Electrically Conductive Adhesives. ACS Appl.
Electron. Mater. 2019, 1, 1890-1898.

44. Sugi, R.;; Yokoyama, A.; Furuyama, T.; Uchiyama, M.; Yokozawa, T.,
59



Inductive Effect-Assisted Chain-Growth Polycondensation. Synthetic Development from
para- to meta-Substituted Aromatic Polyamides with Low Polydispersities. J. Am. Chem.
Soc. 2005, 127,10172-10173.

45. Bromberg,L.; Chen,L.; Chang,E.P; Wang,S.; Hatton, T. A., Reactive Silver
and Cobalt Nanoparticles Modified with Fatty Acid Ligands Functionalized by Imidazole
Derivatives. Chem. Mater. 2010, 22, 5383-5391.

46. Gittins, D. L.; Caruso, F., Spontaneous phase transfer of nanoparticulate metals from
organic to aqueous media. Angew. Chem., Int. Ed. 2001, 40, 3001-4.

47. Kim, S. H.; Han, Y. S.; Kwon, Y.; Kwak, G.; Kwon, O. H.; Park, L. S.,
Effects of the binder polymer and powder type on the resolution and edge curl of a silver
electrode formed by a photolithographic process. J. Appl. Polym. Sci. 2009, 113, 2248-
2255.

48. Tacken,R.; Mitcan,D.; Nab,J., Combining Fine Line Photoimageable with Multi-
Step Thick Film for Improved Circuit Density. J. Microelectron. Electron. Packag. 2017,
14,94-99.

49. Yu,X.; Pfaendtner,]J.; Broadbelt, L.J., Ab Initio Study of Acrylate Polymerization
Reactions: Methyl Methacrylate and Methyl Acrylate Propagation. J. Phys. Chem. A 2008,
112,6772-6782.

50. Shirai, M.; Mitsukura, K.; Okamura, H., Chain Propagation in UV Curing of
Di(meth)acrylates. Chem. Mater. 2008, 20, 1971-1976.

51. Nason, C.; Roper, T.; Hoyle, C.; Pojman, J. A., UV-Induced Frontal
Polymerization of Multifunctional (Meth)acrylates. Macromolecules 2005, 38, 5506-
5512.

52. Ebner, C.; Mitterer, J.; Eigruber, P.; Stieger, S.; Riess, G.; Kern, W., Ultra-
High Through-Cure of (Meth)Acrylate Copolymers via Photofrontal Polymerization.

Polymers 2020, 12.
60



53. Rees,M.T.L.; Russell, G.T.; Zammit, M. D.; Davis, T. P., Visible Light Pulsed-
OPO-Laser Polymerization at 450 nm Employing a Bis(acylphosphine oxide)
Photoinitiator. Macromolecules 1998, 31, 1763-1772.

54. Steyrer, B.; Neubauer, P.; Liska, R.; Stampfl, J., Visible Light Photoinitiator for
3D-Printing of Tough Methacrylate Resins. Materials 2017, 10.

55. Arslan, M.; Kiskan, B.; Yagci, Y., Post-Modification of Polybutadienes by
Photoinduced Hydrogen Abstraction from Benzoxazines and Their Thermally Activated
Curing. Macromolecules 2016, 49, 5026-5032.

56. Zhu, Z.; Ning, H; Cai, W.,; Wei,J.; Zhou, S.; Yao,R.; Lu, X, Zhang,
J.; Zhou, Z.; Peng, J., Morphology Modulation of Direct Inkjet Printing by
Incorporating Polymers and Surfactants into a Sol-Gel Ink System. Langmuir 2018, 34,
6413-6419.

57. Kim, S.H.; Kwon, Y.; Han,Y.S.; Hur, Y., Kwak, G.; Woo, C.M.; Hur,
B. K.; Park, L. S., Effect of photosensitivity in acrylic photoreactive electrode pastes on
line width uniformity for large-sized plasma display panels. J. Appl. Polym. Sci. 2008,
107, 658-666.

58. Zhuang, J.; Li, M.; Pu, Y., Ragauskas, A.; Yoo, C., Observation of Potential
Contaminants in Processed Biomass Using Fourier Transform Infrared Spectroscopy.
Appl. Sci. 2020, 10.

59. Chen, B.; Zhou, D.; Zhu, L., Transitional Adsorption and Partition of Nonpolar
and Polar Aromatic Contaminants by Biochars of Pine Needles with Different Pyrolytic
Temperatures. Environ. Sci. Technol. 2008, 42, 5137-5143.

60. Ullah, R.;; Ahmad, I.; Zheng, Y., Fourier Transform Infrared Spectroscopy of
“Bisphenol A”. J. Spectrosc. 2016, 2016, 1-5.

61. Munguia-Lopez, E. M.; Soto-Valdez, H., Effect of heat processing and storage time

on migration of bisphenol A (BPA) and bisphenol A-diglycidyl ether (BADGE) to
61



aqueous food simulant from Mexican can coatings. J. Agric. Food Chem.2001,49, 3666-
71.

62. Chong,Y.K.; Krstina,J.; Le, T.P.T.; Moad, G.; Postma,A.; Rizzardo,E.;
Thang, S. H., Thiocarbonylthio Compounds [SC(Ph)S—R] in Free Radical Polymerization
with Reversible Addition-Fragmentation Chain Transfer (RAFT Polymerization). Role of
the Free-Radical Leaving Group (R). Macromolecules 2003, 36, 2256-2272.

63. Furuncuoglu, T.; Ugur, I; Degirmenci, I.: Aviyente, V., Role of Chain Transfer
Agents in Free Radical Polymerization Kinetics. Macromolecules 2010, 43, 1823-1835.
64. PRoLHF-2014-£1H7 B4 AL Ep B (V4R MR S MR 3t B AR Bl B 8- B 3 F L K
e B E T A2 F AT AR T

65. Yoon, J.-C.; Hwang, J.; Thiyagarajan, P.; Ruoff, R. S.; Jang, J.-H., Highly
Enhanced Raman Scattering on Carbonized Polymer Films. ACS Appl. Mater. Interfaces
2017, 9,21457-21463.

66. Okada, A.; Ogihara, T., Sintering Behavior of Silver Particles in Electrode for

Multilayer Ceramic Substrate. Key Eng. Mater. 2009, 421-422,289-292.

62



