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Fig. 1-1 Rolling-up and diffusional mechanism using surfactant aqueous system.
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Fig. 1-2 Dewetting processes of Polymer film on solid surface.

ZOMIZH, A 7 a7 e REIEERZ WD Z LT AT AOREENH EL, K
AR NZTENE IR IAZRLT < 72 b | PeitEddm B9 28w 12 00 K/ EkT va—iu



S REEMAIO =~V a RGNS T & T, MM X OMEABME O TS O P D
T o@EE B b5 L0, FEIEEAITENOTEEICK & < L KITT,

2 2 H OEMAIBREIL, 15N E KA RIRANC AR S ¥ 565 5 Ch 0, Z0iE O
FEIZ K o TR T R EPERHR OS2 E VK& < Bp D, KBTI, KR DOBESHLAL
ICE VBRI E2 ZENAIRETH 2 — K7, ARSI D bR £ 1T I3A HEAA O i A3 20 2R
) CTh D, WHFEREAOEMINIEN—T7, MEEE & REREBIGRENH D,

3 D HORRGEEIX, 5 LSV OEN TR WEEICE THMT o260 THY . EH
IR AL AL 2 O To DI B IR A~D X A=V 2 EE L2t e b, $72b
B, 7V r— MeERISR LTI COEd 5 Z L IXREECH D, Fio, AL
HFIZIE, MR, AV v, TR EE LB END,

1.1.3. AR b

TV 72 3200 2 BT DL, FE D O B ORBIAE T2 Tha < | BB L 72 B 0 Fp A~
W Z BT 2 BN B 5, BRI A~DOWAEB T EN DI IERR E S TR | £
i OFKME BKME, ORI 72 SIRIFT 5, A S OBHEESE I, 150/
R OB IZIT 2 ERPIEIC) L TR A K IRIENTWns, &b, £0
FTHELE—ARZF Lo AFH A N, 7oL rddd A RR—=20E0FR L < H
WHITWD P01 Z 6 D@ FAEHT, MfER WA T 5 2 & THND 1 L DT
EHERIEDLELELEBIZ, RU~—< M) v 7 ANITKL A2 CiAD DHREX G35 14,
BT OWEERD 1 DR ~—=TZ v nmbnTng 5, R ~—773 (Fig. 1-
3) 1k, REELIFREICRY) v —3F Oz bNOFIETRESE, 777 hEDk
Eazm<T252 & THARmMN LM MEZIRT, a6 L WD RE 5 EE T MIZHK
U~ =Ml L CWDIRERIT, IR CORY ~—02RE) & 138 B | ARiEArE, H
fafE GME, A RBEBREFME, (RBRER R, Z X7 H OREEILRE, FRISEME &V o 72 R
WI7eHREA AT 5 10, £, R ~—T7 T O CTRbEER AL, BHOGFETHD, I’
BERTFAET D & RV ~—HOMRICKITTER & LT, witiosr3 2 8m: (RER 4
VSHE) BT B D, WIEDSFIE L 2WES, SHNERICHE SN D DZ T 272010, 5t
T 2> B S O TR T AUEZR 57220 By SEE R RIS AT 5 A = X Ak, SR
BTN S ((BFEE) LTV A5GERBl < sl o Tiia (EiksE) LTnd
BENETFLND,



Fig. 1-3 Polymer brush (A: lamellar phase, B: dispersion stabilization, and C: adsorption structure).

777 FEINTER) v —OBEENEWEE. EVOMEDRIZEV RN =B3RS S
LTI IUBENEREND S, VT 7 MEEMEONEAICIEY v Y 2 b — ARG
Nl =X EE TR T D 2 ENMBNTND 5, 2 b OEEDEW ., kL= Z
UHEIEDORHE T A RE KT SELAEEMERSH V| @mEELRT T UG EZ K S & D5
DREAAAT O TV D,

INOORY ~—7 T %, ERGBIZE T DWAEN LI B EILTHATW D, /S A A
VH—T 2 A AFEOTZDITIE, VA R E ORI EAER SN E) < FERF R &
MIRECERTESEDLZENEHLE INTND B, ZNET, FFREOKIEDT 7 v F v 7 Hl
LT, TATIVRNEA L, BT F DRI RE U NIE, TXANT DL D e bk
IR ERRED TR SN CTE Y, KBEOGKES TICET 2B A b %< IHET
EARY QAX7VaANAdX 2T IFRARI La) ) 20K (77 U ER2-A B
v FN) MR Lo LSRG SN b S TE TV D, RV =F L s a—iu
(PEG) IZZNHOHFTH <AL EILTE Y, PEG IZ X 2EHIEL. PEG O A%
REWZEELTRY v—T7 7L VIToITW5, PEG 77 OFKIZE Y, FmAH
TRNF =R U, EPERARER RO LY | RSN SD, 51
PEG I3t DKM R 53 L i LTy /X T A—F —/NE K E OFEMEDRIER 12
F7-. Flory D7 #IRIEH 212k DL, PEG DATICBITHH U TIUREN & HH T
RELKFTEDLDTURN a7 A= avz bl LaRT B, ZHOPERE
R L. FHETH D PEG 2R MEICEET D & ORI Z §FEMIZERT 5 2 & TH
7 A DO 3N S b, FRERYZR PEG D [EE(LIEICIE, grafting to 15, grafting from
B, 7 ay 7 WEGEROWRE, 777 MR ~—0OWFE, BIER Y ~— @m0k
ERENFTFTOEND X,



1.2. 74+ MUY T T 7 4 ~DISH

121. 74 VY YT 574 TH

PN LD S WL EEICHNLNTEBY , EFMEITICBTL74+ NI YT T 74
bED—DThod, 74 M)V I T7 013, BOCMEWE 2R LI CEIFTH v |
R, 7Y MR MEMS B X NKEET 4 A7 LA I EOFLEIZ VB TWD 22, Z
D7+ M)V T T 7 4 BARC K DM TIx, |, 7+ b LU MEAfA, @Bt By, =
T T T UV A NHBEO TRRICKBI S 28, Z OBIEIX % Fig. 1-4 (2R3, Y
BIXEITS CTHEW ST b TW D, EIE T P A% Tk, EHEMmE LTigb1 o
ULAR = NEE LT HN, san FYTTUERETAI=T L, HDHWE
IO DOEEEHER L, iR RERIITE= T A B ENEREND Y, —J7, FHER T
DU B, AV, = RU VU ay Blbr A B EBRHVLN, T 0kl
B iE, BB b, ARy 2 U o ZIER I OMEFRMABEZR ERET b5, ZORET
BRICHENT, 74 FL YR MBRBAEND, ZOBRMEIT, RO LWL E T
7 DBEOARHEE D E 2 B4, 7 P LY MOIEEEMERSE S TEY ., BW
IRE =V HFFOT AT BN LTCENT HZ LI o EnZ2ib+ 5, 0%,
BFUGIRIIRIE S E 5 2 L TIRIMEREL L7 4 P LY X FRAORZ — o &HL |
F U T EITH) LI Y THOR S RO Y — 2 2R T 5, EIZ, 74 FL YA B
FRBESN D, 207+ LU MHIBEL, FIBERNRIE & MK Y AT 6D, RO
TREICRW T, RUEWE %4 2 7208 DEEREETT 5 2 LI L 0 BROEIKERBSIER S
Do

Deposition Etching

Forming fine pattern

Photoresist Photoresist

Cleaning WWting Development stripping

Fig. 1-4 Schematic representation of photolithography processes with a positive-type photoresist for

fine pattern formation.
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Fig. 1-5 Chemical structure of novolak resin and DNQ.
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Fig. 1-6 Chemical structure of alkylene carbonates.
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Table 1-1. Physical properties of each solvent.*>46

Properties EC PC Acetone  Methanol Water
Boiling point [°C] 248 242 56.1 64.6 100
Melting point [°C] 36.4 -49 -94.7 -98 0

Flash point [°C] 160 135 -20 12 -
Viscosity [mPa-s (25°C)] 2.56% 2.50 0.30 0.54 0.89
Dielectric constant [F m™] 90.5” 65.5% 21 33 78.3

Dipole moment [D] 4.81 5.36 2.85 1.68 1.85

a Supercooled liquid
b 40°C
€25°C
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Fig. 1-7 Chemical structure of triblock Pluronic surfactant (PEOPPOyPEOy).
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Table 2-1. Characteristics of the Pluronic surfactants in this study

Pluronic Total molar mass EO content  Contour length®
Formula
surfactants [kg mol ] [mass %] [nm]
L-34 PEO7PPO16PEO; 1.70 40 8.90
L-62 PEOsPPO30PEOs 2.50 20 11.0
L-64 PEO13PPO3PEO;3 2.90 40 16.6
P-84 PEO17PPO39PEO;7 4.20 40 21.7
F-68 PEO79PPO3PEO79 8.35 80 62.8

aPEQ content is a percentage of the molar mass of PEO units against the total molar mass.
Contour length is a maximum extended length of the Pluronic surfactants, calculated from the

length of the EO unit (0.35 nm)®8 and the PO unit (0.25 nm).816
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% 5% LT KIRIICENE N0 QCM-D & v ¥ —Z i S8, BERAE %2 10 45 R1T
ST, KW T, MK S &, FIRROBE LI 21T o7z, RN A THE LK%
WS, UV-4> 7 1 —7F— (Bioforce Nanosciences UV/ozone ProCleaner) #LEE% 10 43
BTV, FSR EOEHIG R E 2 Bk U CRIEICHEH L7,

(2-2)

- -
NN Elost stored

23. R EEBER
2.3.1. FTFHREEERE EORF

[, C O AE 228 2 FEM T S RS, EC/PCIRBERE IR T2 7 e =y 7 %
REEMEAIO 3 2GR AR Lz, ZOFMHiiE, EC/PCIREG K D ERELWIHR7-E— 2
YRPKREHARTELS B Frn =y 7 RFUEIEMEAID PPO $13 B 2 s B 2R3 2 &
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THCOMMIET 2 aTetE A B L CTFEM L7z, &V biF, PPO i EC/PC IR EGIREE IR
g9, PEO S BENE, PPO SHSBRIEECH D Z L AR L TV D, X T, ELRIC
B D7 va =y 7 ZREEERZ & Te EC/PC IRATAEED DUKICER S DB Ly
D FENEPER G - O EFB A PR 2729012, EC/PC LIKDIRAEHHIZIB W T H A
O bIT R o7,

AN, EC/PC RBATRIEFIZRIT 247 v v = v 7 7 FLUiE A o 2 ik 7 1 & ik %
Fig. 2-1 (a) (Z7"7, 728, EC/PCIREREEDORMEE 11X 49.0 mN m! ThDH Z & 2R
TWo, &2TCOTNa =y 7 ZREIEEANC BT, REBINC O R R E DB L,
— 07 BEZRINSES 2 LT, FHIL TV 2 BAVEBR A RE Y 5 REmEIMES —EI72
LEENT, ETORTHRE TE R -o 7, K WEDHFITIE, 7br =y 7 %5
SR OFRMEETHRIE 2 EE L, B IvLrBl0E0 I tL (REO”I LY
IZHY) ZTERT 5 2 E R BTV D B2, E72, £4r7 I k/uid, BUKE D PEO #1% =
2, BKEED PPO i A 2 7 L LG TH Y . —MKITIZ PEO VR 725 2 & TK
FAREGRENT L, ARIICEMT 5 2 & CHRA I 2/VRE (CMCO) (3m4 2 2, L-62,
L-64 B X UP-84 © CMC IZZEH 10, 23 BL P 6mM 5 THH Z &5 26, EC/PC iR
BT, KF & RO B O EEEZ A L TWZRWRTEBIED mV, xR T, KR )
T2 IR A —E LR L TWRWnWZ £ EC/PC IRAEIH T v r = 7 R TG
AT =~ — LTHFERL TV D RIS,

B L7 7 —Fnb I VERAELHERT 5720, B e —7I1C X 5EtlE
%1772 > 7= (Fig. 2-1 (b)), & TORICEBWT, 10 mM LLF Tl L/LAEIE 1.9 75 2.0 £
THY, 10mM XD ERAICEDEITET Lz, BV ATBRMERELS, TBADE
% SN D BRI KIS SN D, £7-, B L0337 mm OFEE TRk ESE5 & 550
WA 2 d T8, 2055 H—OE K E (1,373nm) TIXE L OEN LIRS
DOIARBRBMENARATFT 223, B ORI R (5,384nm) [3EF LRV, T7bb, 2
DOFEFEE (WE) 12, L |ADBERENTEICE LB ANEHIC R b S D &g
H120, REWRERAEREE AEL S 2N TE D, KPTO IEEIE, 1.7 05 1.8 i
BiKERCTdb D PPO SHOBREE F Tl 1.3 15 1.4 I TR 9228 ¥, EC/PC IR GTAREH T
IE, 19225 20 fHEEAKED bEWVEEZ R L TWD, ZiuE, EC/PCIREIEELOFERE
BRRA-E— A 2 RBKICHESRTENZ EICER L TWS L& X2 Hivd, EC/PC IRATREEIC
Tn =y 7 RFRETEEAIZRNL TH, KRE L TETORICEBNT 1.8 22 T\ D,
ZhuE, BEL U PPO SHICHBLE N TV RNWI 2R LTWD, e =y 7 RAHEENE
HIOPEERIMFED, L/LERRLOHED LTV A DL, EC X PC XV b2 MV PEO <°
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PPO NHIM L. BZEREDWMENMET Lizlzh & bND, Thbb, Zhb0EEEH
ER LN L v Z W8 el EN S, EC/PC IBREAEM I W T e =y 7 ZRE
TEVERNT B CARME L WA ATREME IR S . 0 FIRfiE L TV D SR SN D,

50 22
() = L-34 (b)
+ L-62 I
. L-64 , L
w45 L, " . x P-84 ) £y EV 8.
8 *® .. * F-68 ® x ¥ =
{ i, ., 18 f ’
g * X n.o.... "u —
g 40 X XX o.: . I.. -":*:q
8 Tay Laye M ~16
8 Xxxxx ’.. 1-6 .L-34
25 > +L-62
2 L4 | +L64
x P-84
« F-68
30 TR RTTN TR RTTN IR EETT] Lol 12 Lol Lol MR R T TR EETI]
0.01 0.1 1 10 100 0.01 0.1 1 10 100

Pluronic concentration [mM] Pluronic concentration [mM]

Fig. 2-1 (a) Static surface tension and (b) pyrene fluorescence /;/Iz data of Pluronic surfactants (L-
34: blue squares, L-62: green diamonds, L.-64: orange triangles, P-84: red crosses, and F-68: purple

circles) in the EC/PC mixture as a function of their concentration.

RIT, EC/PC B LUK & DIRGHEIEHICI T 2 7 v m = v 7 RGO ik /1l
TEA I LTz, ANE TR, 7ve =y 7 ZRmEEAIE LT, L-62, L-64 L0V P-84 &
A L7, Zhid, KFTCMC 2HT 25 Z EBEOLRICE VKRG ENTWH D TH
% 22, Table2-1 12, FRESRMTIIT DO E R BIER R % <3, EC/PC D 7
D25 50%KIER E Tl IZFFEOMEAZ R L TEH Y, EC/PC &KDE &M 25/75 TiX 52.6
ETHEM LT, MUKTHONIZRERMEIL, 728 mNm'! THY | AL —H L7,
F72. ECRPCEZIRNT 22 & T, REBRMENKE IR FF2 2 Lngnoie, ZHUL,
EC X° PC V&R HICHAE LT W L ZRIBL, AX ) — Loy ) — L DT v
=LA L T HIRBROZFEB &2 773 2 & BHE S Tn g 0,
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Table 2-1 Surface tension of EC/PC and water mixture.

EC/PC [wt %] Water [wt%] Surface tension [mN m™']
100 0 49.0
75 25 49.9
50 50 49.2
25 75 52.6
0 100 72.8

EC/PC L /KDIEAEEFICEBIT D 7 v e = v 7 2R iR o £iwmsE R EkE % Fig.
2-21Z7x9, EC/PC E/KDIEAEEILN 7525 BLOYS50/50 DR TIX, Fvm=v 7 R/ MHE
TEPER O EE BN, FmEMEIZID Lt 7223, CMC 13 ERE CX 7o 72, — .

BRI AE 25751275 &, L-62 BEL O P-84 ICBWT CMC 2GR+ 5 Z N TE, ZOfHE
IFZENZEIN39.9 BLN6S5mM Thoto, ZRHDOEIE, WTIN b AKF TOMIZERTHE
VMETH o7, BEIZ, KHIZPC ZIRINT 2 2 & THIEMEAIE LTlix, 7vr=v2 %
FEIETERID CMC 2ME T35 Z Lt ST a3, REE7 L1y, L Ybi) EC
. Tvn =y 7 RFEEER OB RS ED EEZ BN D,

50

(a) + L-62
L-64
—.E 45 x P-84
s .
2 40 : "’x' .
2 x *
] *e
2 *x*e
E 35 ke
5] *o,
30 e e a4
0.01 0.1 1 10 100

Pluronic concentration [mM]

50
(b)

H‘E 45 .
Al .
£40 )
g
g
E 35
@

30 Lo i

0.01 0.1

VR
1
Pluronic concentration [mM]

50
+ L-62 (c) + L-62
L-64 L-64
= P-84 HE 45 = P-84
g
E 40 .
. L x “\
* = .
8 * x “,
£ 35 -
x"-x_ 4y,
v “*x&xﬁ"w
10 100 0.01 0.1 1 10 100

Pluronic concentration [mM]

Fig. 2-2 Static surface tension of Pluronic surfactants in the EC/PC/water mixture as a function of

their concentration. The solvent weight ratio of EC/PC and water was set at (a) 75/25, (b) 50/50, and

(c) 25/75, respectively.
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232, YU HZKT B e =y 7 SRR EIEER OWR S B

EC/PC BEEHEIIZIT 22 ) WERA~D T v = v 7 FFETEVER O W& @ Tk 2 7F
g 272D, ARMIZK D7 +—A W=7 EEZIToTe, £T. v =y 7 RAmEE
FERAN T EC/PC IR BRI T 31T D Bt & PREMHI OFR BAFE] 234l L7z, E7=. AHF
22 Cl, DLVO B S W= 7 7 o F AU — L 2B BAE R DT b £l L7z, 7o F L
—D7a—T7 R AR EARUE LTEBRICER & ORI < 7 7 T AT — L R OB A
X (2-3) TR T

AR

F = _W (2'3)

ZZC, FIIMAEAER ), A 13 Hamaker B2, RI1IT F L AA—O IR (AMMETH 5

15 nm Z{K7E) . D I35 & B3O W T IR Z 21323, Hamaker EE D B2
(2'4) L:i—\‘—a—o

_ 3 83 82 - 53
N ZkBT (81 + 53) (52 + 53) +
3hv (ni —nH (3 —nj)

82 2+ n3) ( n; + 1/2{(711 +n3)V2 + (0] + n3)1/2}

(2-4)

ZIT, kIR~ S (138 102K, TIEMERHEE (298K) . h X7 7 v 7
(6.63 x 1034 J-5) | Ve [ZWIIRENEL (3.0 x 1015 s) | &, (MR n OFEEZR, n, (XBE n OJF
Pz 2 EnET, Z DK Hamaker 4 4 3 L OEORHIZH W2 /XTF A — & —% Table
2IZFEEDD,

Table 2-2. Dielectric constant, refractive index, and Hamaker constant of each medium

Medium

Dielectric constant (¢)  Refractive index (n) ~ Hamaker constant (A)
(Subscript number)

Silicon nitride (1) 8.02 1.982
Silica (2) 3.82 1.452 6.0 x 102
EC/PC (3) 84> 1.42

aFrom reference 32

bFrom reference 33

EC/PCIRBIEHET T U DI T 5 7 4 — A — 7 ERE B % Fig. 2-3 IR 7, =
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DOPETIE, IFRELDOERRD 2 DOH U FLA—% iz, HEE AT T T
&L IFRERD 0.57 N m! O5A T 1-2 nm 3, 0.15 N m”! O34 TIEH 3 nm 726517
Rt E Tz, 77 T T— LA (vdW) BRI S 0 C Fig. 2-3 ISR, 77 T b
U =)L ARG AR & b5 & ERAER L L —BL TRV, 22 TR S AER
NN 7 7 T NVIT— )V ATJHFETHD Z ENRSI T,

3.0
o k=057 Nm!
e k=015Nm!
200 ® vdW curve

Force [nN]
o

e
=

-5 0 5 10 15 20
Apparent separation [nm]

Fig. 2-3 Approaching force curves measured in the EC/PC mixture without Pluronic surfactants. The
solid substrate used here was silica. This figure is reproduced from reference 34 with copyright

permission from American Chemical Society.

Tvn =y 7 RIETEIERO PEO SR AN 725 L-62, L-64 B LU F-68 2 10mM #IIL
72 EC/PC ISR BT 5 7 4 — A — 7 WER R % Fig. 2-4 (a) 1 -¥ (ZREEKD 0.15 N
m!' DI FUAN=EHEH Lc, WTNORIZEWTS 20-30nm 75 KA S 4, #E
ZEBIEMT THLIZON T, ZOFTER LT o7, F-68 IRIRITHEIHEEC 225
FEFRTNLIR 2o T 7203, L-62 ISR AL OY L-64 IR CIE, TN 6.3nm BLT
8.0 nm C pushing-through Z M L7=, & HICEEEHZ EMUITITDIT TV &, BOFRIIICER
L7,

L-62 X° L-64 D X 9 72(j¥i > PEO A 41213 pushing-through ZHiH L7-, Z D%
L, =T LT =T L (BAN) /U AR EICEFE L7z L-81 (PEOsPPO4PEOs)
T — A —7 L LTS 8, EAN FIOEREHE AT AE L TV 5 L-81 14 PEO $H % %
WANCENT TR Y, ZNHOEEERIE L R AIZ O THWFRAONAEL D, FEWT, AWICE
20 E 5TV Z & T, PEO SHOWAEME A AREET 5 pushing-through 234 U % &I, B

26



By 7e PPO $HRI LOSAENAEL, #HWSIhEbbd, Thbb, RAEIZB TS, L-
62 <° L-64 O PEO 5348\ =6, PPO $% vV B ARSI S S E 7o 2 TPk L, JEfE S
N5 Z & TRIRMANZHER L7 PEO SHOMEENAEE L= L B2 b b, ZOMRIEIX, F-68 23
pushing-through Z £ U I FRAIOAMBI LI Z b b S d LB BN D,

eV, Fva =y 7 RREIEERIO T EN R D L34, L-64 L OVP-84 D7 4 — A
71— 7 RERER % Fig.2-4 (b) (Z”T, L-34 Z8MNT % & 10-15nm, P-84 ZIRIN$ % & 20-
25nm T B R B Uiz, & DICEES & RIS 5 & 4T D% T pushing-through
PR Sz, FRS 7RV P-84 TIESIITHER L TW D, Tk, P-84 237 2 Bl
FD PPO SHNE L 720 | BREF & EMUTEAE LTV D BRIENEM SN D Z & T, AWICH]
JIFAEAERMIN 720 EE 2 D, AT, 1R EL 72512247, pushing-through
DRRENTENEFREIC 7 FLTWD, UL, B FRELRDIZONT, WERMBEL 72
B, HONTRAEBENMELS 725D Z & &2RET D, Table2-1 £V | A ZN DR EIEMAO
Gy PRl (Table2-1) ZBE T2 &, FAUMBEREHIE DN FOR SITEAF LTV D alHe
HERENEEBZHND,

»
@) ?& [ 05N + F-68 (®) [ 05nn +L-34

-4 L-64 1 L-64
£ +L-62 3 s P-84
i
i

3 § 8 i

g g 8 $

= =
A
} %0 PPN | AMMAMAY Ay
3 AR ™
t -

EY
-10 0 10 20 30 40 50 -10 0 10 20 30 40 50
Apparent separation [nm] Apparent separation [nm]

Fig. 2-4 Approaching force curves measured in Pluronic surfactant solutions (10 mM) using a
cantilever having a nominal spring constant of 0.15 N m!' (dependence of (a) PEO chains and (b)
molecular length of Pluronic surfactant). Each baseline (= 0 nN) is shown as a dashed line. This

figure is reproduced from reference 34 with copyright permission from American Chemical Society.
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Tn =y 7 R ETEER OWERE ZRET T 272012, 74— AN —T 2 AWz RY
~—7 7 VHRENT A T o7c, R v —T7 7 VEOEMICK LT, InK AnbhTWnS
Alexander-de Gennes  (AdG) EHga %310 33 JL O Milner-Witten-Cates  (MWC) EfF 6835 -3
SHz, IS, TNHORY~—TF VHRICBIT A7 T VERESIE, B v —HOE
DES, WE (777 b)) SHEREE OA 7 —Y U ZAI TR SN S, AdG Biamix, FERn
SV RIS T, R ~—D® 7 A v MNEEZRTEEE LT, 27 v 7Bz H
HLTEY, 77VEREIABZ 2 EHEEITAMICE v InE-S< 1P —JF, MWC B
X, AV~ —BHOMEEZEE L B O EEE SR IS e 7 A v MBI
ZHNTNG B R B OERITVTILS, 7T Y TEDN 2 DO E D AVITHET
T5Z L THICE ES LIEROMREERT, ZhbOBRNE T+ — A —TITHEA S
TR, PR EMBEELET HERMETEH S W EHAEMEMZ XL DK ERT
Derjaguin ¥T{8l 33 Z WA ERH L, ZHUTLY, EHEINZT7+— AT —TIZHRY <
—T7 I VHMAEM ST L I ENARRE R N v —T T UICHET LKA RAED
52 LNTED, AG Blamla A (2-5), MWC #lamla L (2-6) IZENZIRT,

F(D) 16kgTrLl3/2[_ 2I\5* /D\"/*
(D) _ 16ksTm 7(—) +(—J —12 (2-5)
R 35 D 2L

2 5
=5 ) ()
ksTN (m?\"? a*/3
Po=—— (12) s10/3
T, LIFHEEM T T VIR S Lol T T VIR (Lo=1.3L1) ¥7, s (X5 A R
ErhEnFd, o, WESEEREs bR ~—1 AU 00 5 HEE o 2RI 5K
X (2-7) 1TRT,

(2-6)

s=2 (_) (2-7)

EC/PC {REVRBEFIZH T2 F-68 (10 mM) D7 4+ —AH—7 AdG 72 5N MWC Hi
Bk Fig. 2-5 ICZNFHRT, AT & L0 IEREICEITT 5720, WICRDERE Ukt
T2 F-68 DT 4 — AN —TI\ZET NEMHA S ETZ, F-68 D7 +—AW—71%, %EmihHl &
B4t 7 4 w7 4 V7 BF LT, F-68 1% EC/PCIRAEIEEHIZIHWT, U W EMK B
27 7 UREEER TS 5 2 E N ENT, ZDOFTH, MWC BERICK LT, FRZ LV B
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W7 T IR ELRTZ, ZHUE, F-68 DN TENMDIELSENEEL WD LEE
b5, AdG B TIX. 77 U RmMIEIEL WA TS Z EEZRELTWD—F,
MWC Hii T, BB EREIC LV 20X 2ENBEEIN TS S, #HEDT Lo =
v 7 FREIEMEANC X 5 55 TlX, EAN 10 L-81 B LV P-65 ((E/VEE @ 3.50 kg mol!
LUF) 1% AdG 25 8, AKH o F-108 (FB/VE & : 10.0kgmol! LI E) 13 MWC Bl ¢ 1z k< —
BLTWD (WIhbREREFTICHEAL TR, o rEofazfa35). AFFECHA L
F-68 OE/NEEIX 835 kg mol! TH V., 77 VDN AY— L2 o7-728HI12 MWC B
MERHC RS 7t v T T LT bR S LD,

ENENDT 4 v T 4 v TIZE VB ONT/NT A—F —% Table 2-3 |73, ZI T, #
B EE I OB I, BRI EE S TOAR WSRO PPO 84 &9 2 & TH T
bo LVIEHERT 4 v T 4 VRGBT MWC Bl OFER L 0 | IEME T 7 VBIE S Lk
18 nm ThH o7z, F-68 BNAET 5 2 20 PEO $HOHHENE (28 nm) LV H/hIWNZ &b,
PEO $HITXORITV BENTZ T T IUMEELZTER L TWDH EEXbND, o, o7 4 T
AT RT A—=H =X s=53nm, ['=0.39 mg/m?> TH-o7,

Table 2-3. Fitting parameters of the F-68 layer on the silica surface for each model.

Uncompressed layer Average distance between the Surface excess, I’
Mode! thickness, L [nm] adsorption points, s [nm] [mg m?]
AdG 21 4.7 0.80
MWC 18 5.3 0.39

F-108 (PEO;33PPOsoPEO 33) (X, /KH TOBUKMEREM ET7 7 & (L=11 nm, s =3.9
nm) KT 5 6, F-108 123517 5 PEO $435 L OF PPO SHOERESENZ L 43 BL W 14
nm ThHdHIELEBETHE, sBLOL T, F-108 @ PPO 435 L U PEO SH DO #REN A b~
T DN, ARBFZE T LT\ % EC/PC IRETREEH O 5 23K I ~_ T, PEO £4%°
PPO $HITE oTca T4 A= a U ER-> TS, Ziubinb, EC/PC DR T m =
v 7 FRSETE VAN R U C RSB Cod 2 lREME 2 RE T 2, 37 m b MR TH D EC B
LFOPC DG FRICIE, = F LU EBI T L ORI —T LV OBRER 24 L
TW5, 7 e =y 7 ZARETEEAO EO 8L PO == hOErE & L <HEEIL T
WhHTmhEEBEZ BRD,
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10 + Experimental data
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Fig. 2-5 Fit curves based on the AdG (solid line) and MWC (dashed line) model and the approaching

force curve data in the presence of 10 mM F-68 on the silica substrate.

AFM OSSN TE % JERE L T BIREED BIESF & B D ©3E 81 T < i FE & Al

5T MERBOEEDIT RV~ FHOEHRE W, WP TORMIEMR EORY <
— BT 5 EL OEWRERD Z LN TE D720, AFRICE VTG 2 Kl HiE S
FTTCWY RT3 aDT7+—AN—THEEIToTz, BEEFMETTORERY v —
(PEO BLURY (N-A Y 7B ELTZ VLT I R)) BT va =y 7 ZAREEER S 0
URNZ I varraZy A g, SEIRERTZENMBN TN D, Z ORI 2RI,
PREF L IR 22U L TV 2R ) ~—8HOMaRICHR T 5, SR EREH THEEO R Y =
—HHPZEE L CODREDL S BB Z RO L TS & BRBESCEBEL TWDHLARY =
—SHOMIRIC X D5 WA KER & 720 OB BIEEBET OFEE & FER I TR S
L7cRBBZ R > TV D, ZOIRREDN S S HIZEHREHZRET &L R Y ~— Dl 23 ik 7> & B
L. BINEELSEART 5, ZNH0HRE, BEL TWDHRY ~—#HOEITS U THER
nb e,

Fig.2-6 B LTV 2-7 12, L-62 B L TVF-68 @ EC/PC A (10mM) (2815 7 4 —AH—
THERER A T IEIURT, Fig. 2-6 TRIALD L-62 D7 4 — AT —7 OREF % 3 Tl
FILTART, 2B, 0nm TSN TWAAEIEL I F L= 358 % Ui,
PREE & SR B\ 2B L D b D L HEER S D, Fig.2-6 (a) TlE, fIE OB S
ATZ3, Fig. 2-6 (b) 72 BTNT (¢) Tid. & DLS OGRS Sz, L-62 OiiEl
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EN1lnm THDHZ La2EET5HE (Table 2-1), Fig. 2-6 (b) THitH & 472 53 nm TOH|
R, L-62 AT OB L CnWb B2 biud, —JF, Fig.2-6 (¢) TiX, w3k
L bR CRIIRN AR L, ZORRITEEER Th o7z (17 8LV 270m) . T,
R ERETNCARY v~ —Ry N =7 BRI, BIELERY) v~ =5l okbh/eZ &
TRET D8,

Fig. 2-7 C/REND F-68 D7 +—A B —7 OHRIER % 2 FFEIZHFE L TORT, F-68 DU
MR T, 0nm TORME DB SN etz ZiUE, Fig2-4 ITRENDT 7 r—F T
D7 F—AJ—7RERFIZ, pushing-through 23 H ST, WAEERHAEE L eroTolod &
ZZ bbb, Fig.2-7 (@) Tl SIEIEHE ST ICEREHIER ) S S > 72 —7, Fig.
2-7 (b) TIX 63nm (2 1 DDOF[ENEMH LT, 8EiES 63nm THDHZ b, BELZ F-
68 Ly FIZ L D5 ThHhoHEEZRBND,

2.0 C
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Fig. 2-6 Retraching force curves measured in Pluronic surfactant L-62 solutions (10 mM) using a
cantilever having a nominal spring constant of 0.15 N m™'. Each baseline (= 0 nN) is shown as a
dashed line. This figure is reproduced from reference 34 with copyright permission from American

Chemical Society.
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Fig. 2-7 Retraching force curves measured in Pluronic surfactant F-68 solutions (10 mM) using a
cantilever having a nominal spring constant of 0.15 N m™'. Each baseline (= 0 nN) is shown as a
dashed line. This figure is reproduced from reference 34 with copyright permission from American

Chemical Society.

R~ —#HOMEIZH LT, WS ODPOET MW THGR 7 4 v T 4 T &ITH T &
T, B TOR Y ~—BHOMIBEMOFE Th 5 Kuhn BOR Y ~ —HOM R HFREZ 155 2
EMTED, —RIRETND 1 DTHDHHHTHET L 2P0 KR TITEN Lz, =
DET AL, PSS T2 O] - 7OREBIC 2 5 F O E S BBk ) & RO BE
frEmRL, X (2-8) THIND,

Fb ) 3 kBT] (2-8)

D(F) = Leontour [COth (kB—T Fb

2 ZCy Leontow VEHREEH & BARENCZUE L= Y ~—0#psh, b 1% Kuhn ETHY | Fifi
IZBAfRT 2 TH 2,

L-62 3 L OVF-68 O 7 +— A H—7 L BGGHI#R % Fig. 2-8 IZZ 4L €4, Fig.2-8 (a) T
RENDL-62 TlE, 74 v T 4 ZICEVREBENTZARY v —DwslRlL 6.5, 174 72 5T
(2 27.4nm Tdh -7, £7-. Kuhn £1Z 0.02-0.20nm O TH->7-, —F. Fig.2-8 (b) T
REND F-68 TiE, $iElE23 63.4nm, Kuhn £7% 022nm ThH o7z,

BIAEEHCO Kuhn EOHERF] & LT, EAN H1COH L-81 |28\ T 0.2-0.4 nm, KFTD
PEG (28T 0.7nm Hif2 THh 2 ¥, AR THO 2 Kuhn £iE, HEORE LKL T
Fi<, ECRPC 7w =y 7 RAENEMANT KT LT, 2 b OFEE & Hlg LT & Bk
DENWZ EERET D, FZO/RIL, 770 —F TOT 4 —AI—T BN T, KU~
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Fig. 2-8 Fit curves based on the wormlike chain model (solid lines) and retracting force curve data in

the presence of (a) L-62 and (b) F-68 10 mM.
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Fig. 2-9 Probabilities of the polymer stretching events between the silica surface and the cantilever tip.
The data were classified into three types: non-stretching (white part), single-stretching (bright grey

part), and multiple-stretching (dark grey part).
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Fig. 2-10 Histograms of pull-off distances obtained from the data of 180 force curves. The pull-off

distance was estimated from the apparent separation where stretching events occurred. In the case of

multiple stretching events, all of the pull-off distances were categorized in the histogram.
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Fig. 2-11 Schematic representations of the inward and outward processed for the (a) L-62 or (b) F-68

o

systems. This figure is reproduced from reference 34 with copyright permission from American

Chemical Society.
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Fig. 2-12 (a) Frequency and (b) dissipation shifts as a function of time on the bare silica substrate.
The concentration of Pluronic surfactants (L-34: blue lines, L-62: green lines, L-64: orange lines, P-

84: red lines, and F-68: purple lines) were set at 10 mM.
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Fig. 2-13 Approaching force curves measured in (a) EC/PC mixture, (b) EC/PC-water (50/50)

mixture, and (c) water without Pluronic surfactants. The solid substrate used here was ITO.
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Fig. 2-14 Approaching force curves measured in Pluronic surfactant solutions (10 mM). The solvent

weight ratio of EC/PC and water was set at 100/0 (EC/PC mixture; red triangles), 50/50 (purple

squares), and 0/100 (water; blue diamonds). Each baseline (= 0 nN) is shown as a dashed line.
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Table 2-4. Flory radius of each Pluronic surfactant

Pluronics Rr [nm]
L-34 3.0
L-62 2.7
L-64 3.4
P-84 5.2
F-68 6.9
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Fig. 2-15 Fit curves based on the MWC (dashed line) model and the approaching force curve data in
the presence of 10 mM F-68 on the ITO substrate.
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KVED & 2 /X7 B oMM 225 DWW AE B BT 29803 Tl T\ D, b OMEIL,
QCM-D iEX°#EK w7 7 A€ (SPR) JEIC LY, Fm =y 7 R miEMERS° PEO 4T
BB ST REITR LT, WA IR EZGT HIRGREERTH D Z Lo T D
HB o Zhud, REICAR) ~—T TR FHET D2 LT 2L T ERICI) > TH EHIT S
R ~—iT— > b e E—RICARRNC R Z N7 B LR ~ —8HH TIE T 03ME)
7= ThDH, ZOFEMIE. 74 PLU A MOREHIEIZBWTHHIFESNTND R, D
BRI BT o Tnvig W, 72, AR -ORUKICEHR S L DR TORE b A2 L
TEY, HICHEETHL EEZ 2 HND,

ARETIZ, 74+ PP A RO ITO BRI 2WMA S 25T 2, /o, 7 rr=
v 7 RG] O W E D LR 2 BGET 572, ETRTITbi DMk Y o AR FAK
~OWEZFE GG L7z, INx T, WaER IR E T 2 MR A 155 720, KBTS iz
BRDO 7 + ML A RO LOEORF & 1TO ERE OB BRI L7, 2 b

47
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3.2.1. B
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Too FERRITIZ 221 L RIER, > U B XOVITO & AV e,

322, 74 ML PR MY BIROFRR

74+ NV YA NOGEIRIL, FEEOHBE TRIZESW T S, 74 L UR MR
e T OO S BEAIAE | A2 AR R (1) 2 1%, 80°COFIBERINC 2 RIRE ., 45°COFIBEANT 1 [F1Z 1K
mE) IETHhEH, WIROBMATHESEIND, ZOLREZEZE L, 80°CO EC/PC IRAH
BEFE 721X F-68 O EC/PCVAIKIZ 7 + R LU A R ZIRIN L, 45°CTIEIR ., HIR DMK Z N
THZ L THMIEERK Lz, 74 PL YA FOREEIL 0.1 W%l IR E Lz,

3.2.3. QCM-D HIE

7 & R LU A N OSSN & ST 5 72901, QCM-D I E 21T - 7=, HIEIREE ., ik,
FER DY ITEIL, 2251288 5, PIEIEEM L2 5L ITO, A — S — b —803 3, 5,
TEBIVI TH D, MdIEFETRICHETHEFIES | WESOFEN/NSWIZD, KV
B2 5 2 R LT b,

W BN < WA, IREV AL E REEENHAHEBETH L Z & 2R T
Sauerbrey DRXAEZHWSHZ & T, WEHEBEZRBGL LR TED Y —JF, WEENKD
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DJEEEISE N R D720 TH Y . QCM-D 7' 10 7 7 A LT IF T L F—Hoh S b o HI =
F—N— b= HDOZER L LTEND, ZORMETTIE HEOA—— F =& Wit
BT T A EE DS SRT A MELCTH VU | ABFFE TIXIA < VBTV % Voigt £ 7 /L % H
7z B ARfEfrcix. X 3-1) BEOK 3-2) LDOAFRBLGAD, OFERT—X L7

YT AR WEBOBIE @), SAMEIER (), CAWKE () &R2Hb5
ZLENFRETH D,
ot n _ yi 2 njw;
o {5n 3 fomn- (5n) i o
1 771 H]wn ]
ADp = + > |24; —_n 3.2
andeQ{ Z [ n ﬂ] + wnn] } (3-2)
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WA A ENENERT, NI OB TH Y | AR TIEH—MEOWAEITR L TDOH
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o

G*=G"+iG"=p+i2nf (3-3)
ZIZT, GBI GEL, IPEEERS L OBEAHERTH D, INHDO GG D, T+
h YA MEORHEEE ERbT 5 2 ENAEEE R D,

3.2.4. AFM HIE
2.2.4. L [RARIC S G L7z, BAREHIZIZ, U & ITO 24/ L7,

3.2.5. EERETHEME (SEM) Bl

74 LA N OWFEIREBIZZIZIL, SEM (TM4000Plus, Hitachi High-Tech) Z {4 L 72,
DRI SkV, fE3R1% 500 2> 5 2,000 %O TRIE L7z, 2 TOREIZ, QCM-D #IE
% DEMR A W S THEM LT,

3.2.6. B HIE

EREDOT7 4 MDA NEEREE RIS 5 7212, BRI ENT > A7 A (DropMaster
500, WHFISRIERNT) 12 K D AKEEARARIE 21T o 7o, A ORPTICIE, 02 1T 2 L.
WO () @mS (b)) 2R 3-4) ITRALTHEI Lz, 1 FREE 2.0 uL IR E L

49



776

=tan! (g) (3-4)

3.2.7. BIEOEREGEL (DLS) #IE

74 MU URA MRIF-OREIREE RFES 572912, DLS (Litesizer 500, AntonPaar) {HI7E %
Tolz, WEKEIX658nm TH Y| B TAEBASEH Lz, TR, JETHES
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244 L ORITRATHZ L THTWD, HIEFAT25°CTHEM LT,
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74 b LY A N OSHUIRREBIZIE, FHE AL E - BAMEE (H-7650, Hitachi High-Tech) % {6 ]
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JEDMETHRE ST, BIEANCL T Y BE I aaRV b/ AR ) — (vw=2/1) &R, 7
TR MKONETHER L. IEERE 100 kV TBIZE L7z,

3.2.9. /A X HEEL (SAXS) HIE

74 FULTURA MOy EAEESY, SAXS (Xeuss 3.0, Xenocs) (2 8V FHE L7-, aUEHE, ANEE
1.5 mm OfAYEF v ET7 Y —ZHIESh, #ATE 1 m OEHEND Cu-Ko 2 X 2R X ##

(% ¢ 0.154nm) % 10 Z3[EIRRES L7z, BELBIE, #i#s (Pilatus R 100K, DECTRIS) (T4
&Nz, =AY A RE, B 400 um (Highresolution £ — K) TH 5, 572 KT
WL Z — o 2 MBS L, BELRE (I(g) LB bV (@) O—ILT — X ITE#H L
7o (HELZ R VEPEIL, 0.01 <g<2nm), REO—kILT— X%, WO BD o 7 7
TUOYRT—=2%5ZLBIKZETHIZ, —RILT —F~ODERBLIONY 7 777 iR
£, XSACT software |Z & D Tz, HIEILE T 25°CTHEM 7z,

SAXS THEOLNIZHEL T 1 7 7 A WL i 7 — 1 =25 #a (indirect Fourier transformation; IFT)
B X o T, BINORENT 238772 1819, Bl Xl (3-5) TEFEIND,

1(q) =nP(q)S(q) (3-5)
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T, on TR OEIERE, P(QIIRI - DOIRSY A XIZB T 2RI -, S(g)iFhi1-[F 1
DOHEAERART v x Ve RTHEIER T Th D AR TIE, 74 N LT A MREDR 0.1 wt%
ThHY ., FrHOTHHEZEUMICEETE L ERELZ S(@=1) ¥, ZD=H, Iq)
& P(iE (3-6) DK D AR AR,

sin gqr

I(q) = P(q) = 4n j p(r) S0y, (3-6)
0

Z 2T, p(r)E T ARREEEE AT B2 (pair-distance distribution function; PDDF) | {3k 1N C

DLV S DA RT, KX (3-7) TEFKINDH PDDF (X, #BELKLT-HICI T DO B 2

7T ATHY, 0ITNORT D RPRLTF DO RIEARITMH YT 5, £7-. PDDF (ZITKRL D

BHEEICET 51E®E 5T, PDDF 200, WEHEEAZHWDSZ LT, ETEERLXICH

ToHTaT 7 A0 (Ap(r) ZFIFE LIz, Zhid, ki oLy HIREEE COHE - 12815
EFEENMIZRT,

p() = r?y(r) =r24p*(r) [A p? = (f Ap(r)Ap(ry — r)dry) (3-7)
14

T, y(MOITKIFICRIT D EFEER S T OZEMKHE OB A R L, WESMIT TIX
PDDF (& £ 5 Ap(r)Z 35,

33. RRLER
33.1. v =y 7 RRAEEHRIERNCTO 7 + ML TR N ORBLEZE)
T =y 7 ZREEHRI OB R ZEET DRI, e 7+ P LU X N THS
NDRIZE DM Z1T o7z, v =y 7 REEIEEAERINECB T 5, 7+ PP
k@ ITO FEMUT K 2 WS %82 QCM-D Tl L. < OfE R % Fig. 3-1 ([nd, HIE~
—ITECPCIEETN—RA T A 2 ME LT721RIZ. 7+ kLR D EC/PC ¥ (0.1 wt%)
IZEH L, Fef21Z EC/PC IRBIABETY > A LT, EC/PC NS 7 4 ML YA MATKICE
BT 5L, BTOA— "= F—=2HITBNT, AFmITA, AD, ITIEIZEL LIz, Ziud
T4 ML VR MBITO FERICWAE Lo Z & 2R T 5, 74 F LU R MORFAERIZK LT,
EC/PCIRGIEIETY VAT 5 & ADJTIZIENR—RAT A U LY RS T2, AF,/n 1-16 Hz
AR C—EL o7, ZAUL, 74 LU R M ITO B BIZFERAF L TWD Z & &R

N

o
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EC/PC Photoresist EC/PC EC/PC Photoresist EC/PC

in EC/PC in EC/PC
10 — - o 4 — - -
(a) n=9
—n=17 3
—n=35
—_ —n=3 — 2
N =)
s} S
= =]
\= =
5 3

0 10 20 30 40 0 10 20 30 40
Time [min] Time [min]
Fig. 3-1 (a) Frequency and (b) dissipation shifts as a function of time of the 3rd, 5th, 7th, and 9th

overtones for the adsorption of the photoresist polymer on the bare ITO substrate.

—WRIT ., Y TR S AT 2 8% <. QCM-D IERS 2% LT Voigt £
TV GRS E T VA ST 57— ARZ 0, ARICBWT Y, EBRT —Z 1Tkt
LT, G-1) BEOA (3-2) ZHWT, WA ORGBMEIZBI T D 1F WO EBb 27T,
FENTIZ L7 EC/PCIR G TRBEDREEE (n) B L OEE (p) 1E, 242 x 10° kgm' sTI IO
1,322kgm™ T 2D Z L ZFERTHL, MA T, 74 LU R MEDOFE L, ST X Y 1,250
kg m? ZH L7z 2, T DA B2/ XT A —X% —% Table 3-1 2777, BEEIX 3.3 nm T
bV 242243, THLNZT IV =y 7 RAEIEVEAIOBIR & Heik LT 6 I < )
BHLTWDHZ LoD, EC/PCIREBTRIEFIZHIT 5 ITO R ED 7 4+ LU X MEDHE
ABTHEPESRIT D& FRMEE (R ~— Z U X7 8 ke L) [T THIERICH
Mofe 2B, Flo, HHINE G/GIE, 1| ZTE-TEY, HHEEMOBEERD K 5 225 T
b2 ERBII, 74 ML YA M ITO 28 L TRVHEFEATHREL TN LB X b
Do

Table 3-1. Physical parameters of the photoresist film from Voigt model calculation.

Thickness, d; [nm] 33
Shear elastic modulus, z; [kg m™ s2] 1.2 x10°
Shear viscosity, #; [kg m™ s'] 11 x103
G"IG' [-] 0.28
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ZZT, 74 LU A MO EC/PCIEIR (0.1wt%) O ITO HAIZxT 2D 7 4 —A 1 —T7 I
ExAToT2, TORRE Fig.3-2 1T 7, 72, 74 —A T —THEICHV LN D HENE
IbrA£ZTHDHZEEEEB L, VU DERTOREDL FBEICRT, Fig.3-2 () LV, 7%
PR MRIRFIZIBWT, 3REE2 2 U WHERIZEST 5 L8l hE i L, Z£D% 0nm T
FRADPHERLTND Z &R0 b, WAERBMNFEL TV LHEITIE, 2O LiALEITxHY
LRFRNVEBRHTHZE2ZETLE, YU ARENMTABIIK LTI+ LU MIIZIE
WM RSN EHEER S NS, —J7, Fig.3-2 (b) L V. ITO M TIFK 3 nm b %
NEBRHLTWD Z ENa0d, EETFAHFITE T+ FLURA RBERELTND Z &K
ETDHE, ZOHRMOM LIALREIZHYE T2 3 nm /i, [TO BRICWE L7+ FL YR
FOWEBESTHD LB 2B, QCM-D JIE TD Voigt &7 VAR #EFIZITVME TH -
T2o £72. 74 —AW—T7 ORI, pushing-through O X 9 72W 35 & D FAEE T MERR S L7,
PREF O EMEIR L CRADBEIMNT 2582~ Lz, >V BB KO ITO EARICKT 57 + k
LY A O FEFBOEITBME TIIen 23, FifH BT RV F—000 ke, HSAB HIZ2
ERBEBRLTWDEBZ LD,
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Fig. 3-2 Approaching force curves measured in photoresist and the EC/PC solution on the bare (a)

silica and (b) ITO substrate.

WIZ, 74 B LU A MO ITO MU KT 2 WA O YRR AT E % FEN L 7=, Fig. 3-3 1245
BRI 5 QCM-D JIERE R A /17, WiR7 2 —OFIEIL, Fig. 3-1 LHEEETH Y, 4—
AN— h—H0T 3 ITEE L7z, EC/PC AN G 7+ LU A MERICE#RT 5L, 7
4 b LY A N OWIRESEINZ N, AF/3 138 L, ADsIZZEH T 5 &, 0.005 725 0.05
wt% £ TIE 1.0 x 100 % FE> TS A, 0.1 wt% TiEfI 1.6 x 10, 0.2 wt% TiIfJ 2.5 x 10
EHIN U7z, EC/PCIREEY v A% TlE, AF/3 IX5ERITIENR—AT A U L ULIZRE LT,
ERBWEERGTFEL ST, — i AD IZETORE TR—RAT AV L~YLIZEFE LT,
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T 725, ECPCIRBETY A&7 - T, HR RITITRERFRICIRGFET 525, TORD
HEEPEIIREICIRAF LRV B 6N D,

Photoresist Photoresist
EC/PC in EC/PC EC/PC EC/PC in EC/PC EC/PC
> 4—'—“ > »
—02 wt%
(b) —0.1 wt%
3| ——0.05 wt%
0.02 wt%
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= &2t 0.005 wt%
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5 000sw% | J 1} .
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40 L —0.05 wt% 0
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Fig. 3-3 (a) Frequency and (b) dissipation shifts as a function of time of the 3rd overtone for the
adsorption of the photoresist solution (0.005, 0.01, 0.02, 0.05, 0.1, and 0.2 wt%) on the bare ITO

substrate.

QCM-D THb e 7 a7 7 A L% AT WS B D P EERAFMEIZ DU TRRGEE L 72, Fig.
3-3 (a) vB, 7+ PL YR MRIKEAND 15 5BOWEEZEEL LT, K (3-8) 12k
DA r—1 7 LTcib % Fig. 3-4 |27,

r, = F — Finitial (3-8)

Z I T, TR IFBE SICIREVRZE L, [ E ¢ DB OIREEEA., D 1 FEARE OIREEL
B, Doax VEEADND 15 DHROBEEENTHD, 74 F LTV A NORENEEERE
HE G 2D 2 D85, KR, 005, 0.1 BELN02wt% TiE, 30 7 TKI 80%, 120
TIRIFEFREBIZEL TWDZ LB D, 2L, 74 LU R FERERT 207134 <
RHZET, 74 v 7 OFEANCERSREABNKEL 20 FERE LTV 7 IR DR
A~OYEERE LN L2720 B2 b b %,
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Fig. 3-4 Normalized frequency shifts of the photoresist immediately after injecting the photoresist

polymer in the EC/PC mixture.

ETRICB T HMAKY v A%RORFEEB L BT 5720, 74+ P YR MEKRICR LT
foliok % B L 7= RO E) & Fig. 3-5 1231, QCM-D HIE I, HEOMAKY v 2 TRTORK
R Z RS 572, N—=2 T A ATMUKTHE LTz, ZD%. 74 b LT A MEIROEE
T 5 EC/PC IRAWICER LT-, ZZ T, EC/PC EMKIMEZEDOEIATRAT D Z & &fk
BLTWD, HWT, 74 PP R MEIKR (0.1 wt%) . MIAKDIECTREHR L7,

fliZk 225 EC/PC IR TR DO EHIZ LV . AF/n 1A, AD, TIEICE L Uiz, Zahudk, Wi
DFELY b BRI ORI KO EOENL (L7205 2L T b, FEERIC
BERBICETHER FTA2 VTR ) 20 UELER 3-1) BIOK 3-2) TBT5
A (AFs/5S =-273 Hz, AF3/7=-231 Hz 38 X OV AFo/9 = -204 Hz ; ADs = 110 x 10, AD; =
933x10° B LN AD=823%x10°) &LL< —HLTWDHZ &b H, L7 R ThH S Ak
PEDNE, #7< . EC/PCIRATAIEENS 7+ P LI Z MK ~DBEHIL, Fig. 3-1 & 5842 [F
U&METHY | EHL D AF,/n B L OAD, D7 MIFRFEE Th -1z, &EIC, kT >
A2%AT D &L AFu/n BETY ADy I ERANTHRIE LICMIAKDR—=ZF A L~YLIZITR 6T,
ITO BAR ETOT 4 LT A SOIRIEDRE STz, #RO 1TO Fbids LUV QCM-D HlE TD
fARY o A% OEMRE W COKERARIEZITO & ENEN17.7°B L N493°TH L Z &
NH Y, FERFREHOBKENR 7 + FLYAMZESTHILTWD Z ERXphoTz,

QCM-D HIliE% D EAMR A v 7= SEM Bl % Fig. 3-5 () BLW (d) 1277, FoHhiz
BEGH o, MR FDNER EIZO/H LTS Z N gnd, £z, BRI & L THFEL T

BAbHIUL, BT BSEBEE -7 RO £ 5 REBERLBE I, ZhiX
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QCM-D D7 i —F 2 —TNIZBWT, 74 b LT A MyEED b RKICE S-S
RENT=T7 4+ P LA NOESEY Th L WM GV, 20D DEEW A, 1TO KR FIZBE
IR SNTWD 7+ P VA MEEHAEMH L, R BRBEZMERLIEFRE LS
BB, TDOFH, RifEEOa L T A R o TV EHEZREN S, 72, 1-10
pm B A RORLF-DFIOFER I D> DR DI FF O LR JE A VK ES £ 0BRSS QCM-D
DIREFACPIEIZ S 7 b5 7 =2 b —fIER SN TV LD ¥, KR TIIAKY V2%
AFEnITEDEETHY, BCOA— = b= TREEOMZRL TS, ZHUE7+ b L
T A MRLADYITO HMITIRVES ) CHEE LTV D 2 L &2t 5,

Water EC/PC Photoresist in EC/PC Water

(a) 100

-100 *
-200

AF,/n [Hz]

-300 r

-400

Time [min]

(b) 120 1 —
—_—n=17

80 —n=5

AD, [106]
N
S

_20 1 I 1

Time [min]

Fig. 3-5 (a) Frequency and (b) dissipation shifts as a function of time of the 5th, 7th, and 9th
overtones for the adsorption of the photoresist on bare ITO substrate. SEM images of the photoresist

aggregates after the QCM-D water rinsing process; (a) 500-fold and (b) 2,000-fold magnification.
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ITO MR EICEF LTS 74 R YA MIxt LT, EC/PC ¥R & #izk T 0 IR L e
Z1772 572 QCM-D JIERE R % Fig. 3-6 27”7, Fig.3-6 @ 0 471%, Fig.3-5 D 40 FrRFIZAEY
T, AFu/n £V AN EC/PC IRBEICER T 5 & BRI ETOA— 3= h— 2 THJ-200
Hz BRI L. ZOEBZICHIN, 2 L THERESHIED LT—EE Rol, ZHUT &
BEEHU LD SV TR E T+ PV A NOBEZFRRICKB L2 EZE2 bD, £
D%, MKEHREZITO &, BTOF—/"— =2 TH-283Hz THo7=Z &b, 74+ L
VA MIITO B FIZFRAF LT TWD Z e gnoTc, —J5, AD IZBW T, MKICE
oL, RTOF—RN— b=V ETIRERN—ZTA VLV EE L, bbb, 7
4 F LY A MIITO B RICH S EFE L TWD 2 EDURIBENT, TR, OB
BIEEIT/R>TH, QCM-D D7 a7 7 A )VTHHLLLTEY, 74 b LT A MIITO FEHRIC
SRIENCWAE L. 2R A7 Lt 7,

(a) 100 Water EC/PC Water EC/PC Water EC/PC Water
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Fig. 3-6 (a) Frequency and (b) dissipation shifts as a function of time of the 5th, 7th, and 9th

overtones observed for the repeated removal of the photoresist films.

332 Fu=y 7 RRAEEEFRIMCE 574+ b LY X FOREBSIEZRE
Fna=v 7 ZREEEFNCE D 74+ LY A RO ITO Hbi~DOW 55 1k 2 FiEE Lz,
Fig.3-7 12, EC/PC A7 v m = v 7 R FUETEMERS] F-68 Z A0 L 72BRD QCM-D HI &
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Raad, WE 7 v—E, Fig.3-5ZH#EL, F-68/7 4+ F LY A MMyEik D 7 1 —RilZ F-68 O
EC/PC RO AT » T HBIM LTz, F£lo, 2TOA—3— b —28T AF,/n 3L AD, D
Ta T ANVPEE LTSI LD, n=5ICEE LR ERT,

EC/PC IR VSO F-68 HIRIZEHLT 2 & | AFs/5 1Z-35Hz 8 L, ADs 1320 % 107 #3/0
L. F-68 12X 28O WIS A ITO AR LTS & B2 bhvd, Tk, 24312
BIFLT7+—AN—T7FERELHBE LTS, QCM-D OFERIT, L7 R K& Ik
SNTWDN, Fvm =y 7 ZFEEEWANL, 77 UHE X0, PPO #135 LU PEO ${0D ]
TIBNWRAE TG T D~y v al— MMEEEZERL TV R ELH D P, EIhb, F-68 &
74 R VA NOIRASIRICESRT 5 & AF/S BEXOVADsIZE BTN L2720, 7+
R R NOWENRE ST, 22T ADs NI LT 2 28T, WaE LT\ D F-68 O
Tt B OBIBECR Y ~ —BHOUHE 2 B LT D EHER S D, IS, MK THET 5
&L AFS/SIRIRIER—Z T A S LLICE THRE L,

Water EC/PC F-68in EC/PC  Photoresist in F-68/EC/PC Water
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Fig. 3-7 (a) Frequency and (b) dissipation shifts as a function of time of the Sth overtones for the
adsorption of the photoresist with F-68 (1 wt%) on the bare ITO substrate (inset: enlarged view of

the ADs after injection of the photoresist dispersion).
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Fig. 3-5 B LV 3-7 DMK Y » AZITHIT D ITO R D7 + LI R S OFEAF&E% Fig.
3-8 1TRT, FRAFREIT. Sauerbrey D (K (2-1)) 2k W R L7z, F-68 HEHIN T 31.5mg
m? CTho7c—7, F-68 ZIRMNT 5 & 1.53 mgm? £ CTWAEZIH TE, ZDOWAER LRI FIX
HEHHE T 95%LL ETH o7, MA T, F-68 WIFRITEWVERMEZ A LT\, [
Fig. 3-6 T? EC/PC {REVEBE & MK DY I Uitk O Bx 5 H T 5 & 478 mg m? T
Hoto, ZOfEIE, F-68 IRNMRLE D bEWZ ED, ITO IZWFE 72 F-68 OWAEIT
74 MLTUAMOWEEHFELTWDL EEXBND,
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Fig. 3-8 Residual amount of the photoresist on the ITO substrate after water rinsing for 10 min

(standard error intervals; N = 4).

F-68 237 4 b+ L YA b OUEMHI IR Z AT 2R F121Z. EC/PCIRA TR T ITO Atk

(ZTER S4U72 F-68 OWRAETEIZ K 5 MEREy e &R 1k K OWIAK Y  ARFZHIT 57 + b
LU A N OBHEMG & SR ENENFT DD, BEICOWVTIE, HBikd 3.33.THE
THID, ZZTIETZ + LY A FORGERERRICOWTHRGEZ T8 > 72, Fig. 3-5 BT
3-71281F%5 QCM-D a7 7 A VD7 4 h LT A MR ZIEAL T B 10 7531% OHRE)
B Ar— 1 7 LIk R % Fig. 3-9 1Rt 27—V o 2702iE, & (3-8) 2wz,
F-68 HEIRTIE, 30 LANIZ 50%. 80 FPLAN T 90%IZ3E LT\ % —J5, F-68 Z#N4 % Z
ETTCWAERE LR TS ETWD Z e nd, Ziud, 1TO Stk E TR S 7z F-68 7
7 VI ERRCT D PEO {3 S 7 RN R T 2 8 T, 74 P LY X FOWAE I
L7icZ LR LT 5,
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Fig. 3-9 Normalized frequency shifts of the photoresist immediately after injecting the photoresist
dispersion without F-68 (solid red lines) and with F-68 (solid blue line) in the EC/PC mixture.

3.3.3. 7% b VIR MREF O BEREE

Tna =y 7 RREIEERIORMNBIRZBEET 272012, 74 M LU MRLF-O o HelkE
L7z, L VDT, 7+ FLY A ROWH T v ATIE, 74+ FL YA M &EET EC/PC
VI F 7213 EC/PC/F-68 FRIRIZKT LT, MiKAZRMLTY V RA%ITH ZEmb, ThbaE
A TZVSTCIRRE T DAy BRI L, WAERS 1L D Fde & T HIBERRRIC B W CH EETH 5,
RN, 74 b L PR D OB DR A BRGEET 2 729012, L THA HEE T RITE
A L7z EC/PC L HIKDIRATABIZ 7 4+ NL YA RMEYIM LIz, Fig. 3-1012 74+ hL YA K
PR O BB SR R AR, OHORIZ, EC TRE SN 7+ L YA MARICH LT,
7oA MLV MREN0Iwt% L 72D RO BB AT L TR L7z, EC/PC & /KD EH &
25 100/0 38 LT 75125 TiE, 74 b L PR MyEiRITEAMEZ A L Thiz—7, 50/50 B X
N 25/75 CIXEER X OVLE S HERE v, 0/100 TIXEL B L7eh-oTz, Thbid, 74
R LY A RAY EC/PC W3 U CoRfiME 2 g™ — 7 . MlKICIE A VR L 72 VB M
ThdHILERBT D,
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100/0 75/25 50/50 25/75 0/100

Eae____ S

Fig. 3-10 Visual representations of the photoresist in the mixture of EC/PC and water without F-68.
The solvent weight ratio of EC/PC and water was set at 100/0, 75/25, 50/50, 25/75, and 0/100.

74 h LU A N ORI DA BRI E LT 572912, Hansen IERE /1T
A—2%— (HSP) ' 2@ &7, HSP Tid, L BRWE BT 2 KEHAH (0n) . 1k
PEIE (0p) BLOHIE (6p) D3 DERTHR SN D RT A—Z =TT E, HELS
TN, ERRRIEGRIZIE S W R x L X — DR ) 5 Hildebrand 23EFE LI IRREE /X T 2
— %= (Onw) P %X (3-9). dpw & HSP & DRIFRAE A (3-10) 177”7,

AH — RT\'/?
5Total = (T)

Z I TCLAH TN T XV E— RITEIRES, TITHexHEE, VIZE Ik E2HRT,

(3-9)

Srotar = (5112 +6p° + 502)1/2 (3-10)
FEIZ, HSP # W8 1 B X OWE 2 & OMENEIL. HSP O R, # VW5 Z & Tk
BIN D, RAFA (3-11) TEE SHL, R AVNIWIZE | WEIR LOMEMED m &3l S
N5, B, A ) D483 4 1X. Hansen 23R /) & KBREE Tk 2 580
DB IHET D2 OICIRELTZETH 5,

Ra = {81 = 8u2)* + (8p1 — 8p2)? + 4(8p1 — p2)*}? (3-11)
F 7o, IRV ¥ —7 (Relative Energy Difference ; RED) #H\W\\% Z & T, BIELE &
IO FHI BT A 5 RED 13, WEEADETHLHAE/EME R L R, TR D (K
(3-12)), ¥ 725, RED=1 THIIIEM, RED>1 THIFINETH 5,

R
RED =2 (3-12)
Ry

T 72 b, Fig. 3-11 IR T X 92, Spw . JFEHOMEBEZFE L. HSP X% D 3 IRIe~X
7 MVTERIND, £, AU ~—OMHAEERERIZK LT, ®iEo HSP 138K (RED=1)
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THIVUTFE, BA (RED>1) THIUIRNEZ =T,

9p HSP sphere (Radius: R)

op O: Sulubility (RED < 1)
@: Insolubility (RED > 1)

Fig. 3-11 Three-dimensional HSP representing three contribusions (dx, dp, and Jdp). The solute is

located at the center of the HSP sphere.

AWFFEIC HSP Z i@ SEHRNC, 74 PLYARDOHSP 27 =/ —/LVEHE TR TE %
INDZE IOV THRE Uiz, WEBECIE, FRRRIERE O ~F T B L b v | (R
Bo 7 vadRL LB I OFEET TV, 7 a h MBI O X 2 ) — B I ) —)b
T a N AR O T2 B IOV ATV ALARF T R (DMSO) O 8 FREEZfHEH L
oo 74 MU A NOREEIL 0.1 wi%IZEE L7, Fig. 3-1212, FEScxr L7+ by
A N ETM LB ONMAZ R, IR CH DT AT B L2V —TJ7, kb
TR RV AT TN LT, F0 WEOYEREWIT N7 + P LU R ME
BT 5 Z ENHERS L2, ZHUE, 74 LU A MDERDTHD /R T v 7N, N
VR UEBREAKBRIE A O Z LICER L TWA T LRI D,
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Protic and high Aprotic and high
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d |
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Non-polarity Low polarity

v

Insoluble Partially soluble < Soluble

Fig. 3-12 Visual representations of the photoresist in the hexane, toluene, chloroform, ethyl acetate,

ethanol, methanol, DMSO, and acetone.

Table 3-2 12, 7 = / —/ VIR L OMEA L7280 HSP 2”3, 7= / —/VRHHE & 2598
BED> HSP 2 B R E 72 R 1, IRIEEOMIEN B < 72 DIE LKL 72 D72 WPEDE VDA
fEVEICT S LT o EEABND, £lo, BIHESNIZRED LV, 7=/ —/V#EIE~F
Y. MBI aa Rl LA R 07, BT L, = F ) —v A Z T
—/b, DMSO B LT & N AR E R 2 L3y inDd, ZHUL, Fig 3-12 TOVREME
RBROFERL =BT D72, 74 b LV R NOWRENRT A—H—L LT, 7=/ — )V lfE
PRATLZENZETHD LHIMTE 5,

EC/PC 3 L UMK & 2 6 DFIBETABETO HSP IZOWT b EHE AR A, ZbDfig
Table 3-2 IZ[AIERIC AT, 7235, IREWENCIST D HSP X, FEH MBI AL Y SED 728
BOR G-13) ZHWTEH L,

Smix = ) 918 (3-13)
i=1

ZIT, o HRAWEARICIT DR OBy E AR T, E ok, KEKEHE

(0m) . WBPEIE (0p) BLODEIE (6p) FNEIUTHM S D,

Table 3-2 £V, EC/PC IRAWME~OKOIRMENIERT HIZON T, RAEHREL eo
oo ZHUL, 74 PLTURMNDERGTHD 7 =/ —/LRIHE L EC/PC D HSP DML |
KEBMTHZ LT, 74 PP R NOBEPRAIIR T T 5720 B2 6N5, o,
RED\ZHH T % &, EC/PC L/KDEELN 7525 TIE, BRI IEfiE+ 2 & PHI D23,
HELEA 50/50, 25/75 BETN0/100 TiX 1 R T D7, LW EEzx D, =
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B 5, Fig. 3-10 TORER &L OBEWEDB RSNz, £/, 74+ FLTY A MOERHRS TH
%7 x ) — VIS DRI RIS B W T HSPIC L D PRI AL Th D 2 & NFEIES T,

Table 3-2. HSP and caluculated RED of each material.

Materials OTotal Oy op op Ro R, RED

[MPa'?] [MPa'?] [MPa'?] [MPa'’] [MPa'?] [MPa'?] [

Phenolic resin 27.1 14.6° 11.6¢ 19.7¢ 12.7¢
Hexane 14.8 0° 0? 14.8° 21.0 1.66
Toluene 18.3 2.05° 1.44° 18.1° 16.5 1.30
Chloroform 18.9 5.74° 3.08° 17.7° 12.9 1.02
Ethyl acetate 18.6 9.23% 5.33% 15.3 12.1 0.96
Ethanol 26.5 19.4° 8.80° 15.8° 9.58 0.95
Methanol 29.6 22.3° 12.3 15.1° 12.0 0.75
DMSO 26.7 10.2° 16.4° 18.4° 6.94 0.55
Acetone 19.9 7.00° 10.4° 15.5° 11.4 0.90
EC/PC 31.0 11.8¢ 20.8¢ 19.6¢ 9.6 0.76
EC/PC-to-water (75/25) 34.0 21.2 19.3 18.4 10.5 0.83
EC/PC-to-water (50/50) 38.4 29.2 18.1 17.3 16.7 1.31
EC/PC-to-water (25/75) 43.2 36.2 17.0 16.3 23.2 1.83
Water 47.8 42.3¢ 16.0° 15.5¢ 29.3 2.31

“From reference 32
bFrom reference 33

“From reference 1

WIZ, 322.0FNEICIH > TTvm =y 7 ZAMEHAERNCTRE L2 7+ FLI X B
SRR O FEAMAS B % Fig. 3-13 123§, AMBLAZRT Fig.3-13 (a) LV, WIRTORE (Fig. 3-
10) & [FEk, EC/PC L/AKDEELA 100/0 3 L7525 DA, 74+ LU A MMyEikiTE
BAMEZ A LUz, 50/50 I, 25/75 TIEiRE L T 7z, Fig. 3-10 OFERIZ A~
T, BRI 50/50 TOIME CITITRECOHT TG S e o7, Zhud, @ik Cils %
ZLETOEMENR E L, —FFIC 7 4 P YR RREBEETICOBM LT ol &
BEZONDH, ZONBIKEFIRICEET DL, MENELLZ L 2R L TWD, 0,
EC/PC &K DERLELA 25/75 D7 + b LA Ny#ik o DLS HIEHE 5% Fig. 3-13 (b).
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FF-TEM # % Fig. 3-13 (c) ([ZZNFhsrd, DLS LV, BELT 74+ F LU A MRIF D
YA X758 84nm THH Z & BREB S 7z, FE-TEM BIZEBWTH ., B X% 50-150 nm D
ELTm 74 PR MBI, DLS EHBET RIS LN,

@1 1000 75125 50/50 25/75

—
(=]
T

Relative intensity

1 10 100
DLS diameter [nm]

S N A O
T

Fig. 3-13 (a) Visual representations, (b) DLS result, and (c) FF-TEM image of the photoresist in the
mixture of EC/PC and water without Pluronic surfactant. The weight ratio of EC/PC-to-water was
set to 100/0, 75/25, 50/50, and 25/75 for visual representations and 25/75 for the DLS and FF-TEM
results. This figure is reproduced from reference 34 with copyright permission from Japan Society of

Colour Material.

WIT, F-68 Z UM U THHBL L 727 + kL P2 My HiE 0 34T 5 % Fig. 3-14 12777, Fig.
3-14 (@) £V, &£TO EC/PC EKRDEAHIZEBNT, AMBITERMEZ A LT, R,
F-68 HEIRAN T L T 72 EC/PC &K DIREEEAN 25/75 DR L S % & F-68 DR
IERESHEELTNWD Z 00D, 7o, EC/PC EMKDEE N 25/75 D7 + ML TR
k43 @ DLS IE#5 % % Fig. 3-14 (b), FF-TEM # % Fig.3-13 (¢) =N ZEHurd, DLS
L0, 7 LT A MRIFOFHE YA X8 34nm Th D Z &R S iz, FF-TEM 128
WTh, BEZE 30-50 nom O 7+ LU MBI, DLS LT DERME BT,
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T 5, F-68 ZiNT 52 & T, mEZKOEERENG WS TH, BUKEO 7+ L
VA MISE L, BEAMIH SN EBEZ LND, ek, 2 ECHEM L F-68 LSO
va = 7 RRETEERZ AV C Fig. 3-14 () ERERICT + b L2 2 b5y ik % 7l
%L, F-68 ITHA~T PEO $HE L L-62 ° L-64 TIZ A& TOBESEMH T CREB L, 372
b, PEO HETEHEMFIICHEERNFTHY, TORISEZS TR —ELUEAFLTND
VEND D, F72. L-64 531D PEO 431t /PPO 3 F R & [ L CHEIIZS TR EZE
RT2 L34 R P84 IZB W T H R TOWBEM T TERMZATHZ LITholcZ &b,
F-68 Mk 74 NLUU A NOGEIEEESD D Z EAURER ST, A T, F-68 DIREN 0.5
W% L FCIHRET 5 Z E bR LTER Y, 74 ML YA M OBEMHITIE F-68 OJREEMN
DIl B 1 wt%lh ETHLVENRH 5,

@ | 1000 7525 50/50 25/75

(b)

1 10 100 1000
DLS diameter [nm]

Relative intensity
O~ NWHA VO I X®
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Fig. 3-14 (a) Visual representations, (b) DLS result, and (¢) FF-TEM image of the photoresist in the
mixture of EC/PC and water with Pluronic surfactant F-68. The weight ratio of EC/PC-to-water was
set to 100/0, 75/25, 50/50, and 25/75 for visual representations and 25/75 for the DLS and FF-TEM
results. This figure is reproduced from reference 34 with copyright permission from Japan Society of

Colour Material.
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D DOKEENFEOVFETICBIT L 74+ LU R M7 O Z T T 5 72912,
SAXSHIE Z FEMi L7=, 74 b LY A My BUROEEL T v 7 7 A /v % Fig. 3-15 127~ $, EC/PC
FRIE & MK OB B RIE 25/75 IZEE LT\ b, £ 72 Fig. 3-14 1B IT 28GR L 1382 0 |
F-68 OUHIRIE L 10 wi% lZFE LTz, ZhuiE, F-68 HROHEL AR H 570 THY ., H
BB HE DBV TIZIE RN L 2GR LT\ D, F-68 MEIRINTO 7 4+ b LA Mg
FHROBET 77 7 A A5, 01lnm FHI Ty a VX —n it sz, —J7, F-68/7 + b
LA MSHIATIE, 0.15~1.0nm" D g L P THELREDO A RBRA BN, 74 FLY
A MERIND F-68 TR OHEL 7 v 7 7 A L TlE, 2 OFFRAITRHEA 223 R 4T
WRNWZ ED, ZHUE T+ LU RA MRTH D LSS D, £/, 74+ MY R Ny
BORIZ F-68 ZIRINT 2 Z & TRIHSNAE—I7NREqg Ly PIZT 7 RLTWL Z b,
BT A APNEL e o2 Z e ZRBLTEY . BHRBIZES TEM & BT 2R3 S5
e,
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4+ Photoresist
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Fig. 3-15 SAXS profiles of the photoresist dispersion without (red triangles) and with 10% F-68
(blue diamonds), and 10 wt% F-68 solution (black circles). The solvent weight ratio of EC/PC and

water was fixed at 25/75. The photoresist concentration was unified at 0.1 wt%.
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Fig. 3-15 X0 @B ohni®E 7 7 7 A L& FAW T, IFT JEIC L D 5 547 PDDF fhifts
Fig.3-16 (a) (27”9, p(r) T 415 PDDF 1%, BELRL N2 DALE O REEE » Ol AR
DOWUNMATETIC BT DB FHEER O EOHE ., TORFNTERY 928 TO 2 AHOMA
AOETHEILIEEE LTERIND Y, T42DL, p(r)® 0 ~OIHRIE, £ Ohif 73 E
D5 DERRYAXLFFETHD, PDDF #ifind, 74 LU A PRI ORKERIL, F-68
HERINT 73.0nm, F-68 iR T 40.5nm T o7z, ZAUL, Fig.3-13 X°3-14 @ DLS X° FF-
TEM #lE4% 13I1E % LT\ %, £7-. PDDF O#ifIRIL, F-68 OFMICKE IKFL
TWDZENSND, F-68 MIRMNTIL, PDDF Hi#RII#sR ORREH/A LB, Zhik”
+ b UV A MR RERBIIEVEIE TH D P ETR TN OE FEBER L IR —Th b
ZEERET S, —J7, F-68 IRNRIZE T D PDDF Hifjix, p(ix—AICE{b L=, Zh
IR NERICEB W T, IR OB TEEZEANEEADOHS AT 5 a7 ¥ = /Ui 2 Bk
LTS Z L &R 25 3936, F-68 /0 FIXHIRIZEV T, 30-40 Wt%lREED D X BV &2 Tk
THERESNTEY Y, 2o chEbNZa7 v = UEERIZ 7+ FLY A AR THD &
Ezxohbd, T72bb, F-68 ITHMTldz=~v—L L TAML TV D2, BiAMED T 4+ kL
VAINBNFETHIETT7 A NP A MR aTOREERZ L, £ ZITF-68 BZWETHZ
ECar-an T HEEOEAREFR L THr L T 5 ATREME R, FEEE. PEO $4& PPO
FHITHENHEL TRV, 2RO OEFHBEEDIFEFIT/NS L Tve =y 7 ZAEEER
P-123 ® I &/L® PDDF 7’1 7 7 A MEIS AR IEWVER 27T 20, bbb, 7+ hLY
A N OB S X1 PEO $45° PPO $H & bR TR VKL | BUKMER B2 & AR
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Fig. 3-16 (a) PDDF and (b) electron density profiles of the photoresist dispersion without (red
triangles) and with F-68 (blue diamonds) calculated by the IFT analysis of the SAXS intensity

profiles.
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Fig. 3-17 Structural representations of the photoresist particles in the EC/PC and water mixed

solvent (a) without and (b) with F-68.
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Fig. 3-18 (a) Frequency and (b) dissipation shifts as a function of time of the 3rd orvertones for the
adsorption of the photoresist particles without Pluronic surfactant on the bare ITO substrate. The
weight ratio of EC/PC-to-water was set to 100/0 (red lines), 75/25 (orange lines), 50/50 (green lines),
and 25/75 (blue lines).
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Fig. 3-19 (a) Frequency and (b) dissipation shifts as a function of time of the 3rd overtones for the
adsorption of the photoresist particles with Pluronic surfactant F-68 on the bare ITO substrate. The
weight ratio of EC/PC-to-water was set to 100/0 (red lines), 75/25 (orange lines), 50/50 (green lines),
and 25/75 (blue lines).
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Fig. 3-20 Residual amount on the ITO substrate after rinsing by the solvent. This figure is

reproduced from reference 34 with copyright permission from Japan Society of Colour Material.
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Fig. 3-21 Schematic representation of the anti-adsorption of the photoresist particles (a) without and

(b) with F-68 on ITO.
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B B &R OB T OB DR 52 2%, L, T/ b~ uat—
B —TOEEENRD N DEF MBS BICERE Y TRMREAITR, 74+ FLY AR
O L FURITEVER A BRSBTS B DD T HRFHE AR ShTuniany,

ARETIE, ITOFER EO 7+ LT A MEIZK LT, ECPCIHEHEB LT o=y 7 2R}
EIEERIN G- 2 5B OV THRAT 5, T, WEFICBIT 5 EC/PC IRAREER L O
MK OIRA LI DWW T HEHI L7z, 2405 OB & | YEFPERE & IRBREE AT 4 i 32 S
BRI O B2 5, B TEE ETIER KRN M TEORZICLEN D
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ERHIFF SN D,

4.2. EBFE
4.2.1. RIE

FERLETve =y 7 ZREIEMER. 74 PR M IS T OEKRIZTAET32.1.8F
RCH D, dAMEICIE, 2—4 I 110 7 2 U K (Sigma-Aldrich) 8L U0'r—4%I > B (E
7 AV AT AR LT,

422. 74 VYR b ORIE

74 PPV A % ITO RIS 5 R0, =& /7 —/Ld JOWIAKH T 10 Sy fEEE RS
HEIT, A RN A THBESEZ0 b2, UV-4 Y U BEEERE (UV/ozone ProCleaner,
BioForce Nanosciences) (2L W AW #fRE L, 74 LU A MET, FETRICHEL T,
IFIORT HIE TR SNz, £, WLz Ay a—4 — Ric@Es, H2ER 7
2RI L THEET D, D%, 7+ FLI A NOEIE 2-A FF L -1-AFLTF )L
(PEGMEA) &R (K 15wt%) Z &M B2 20yl i F L7, i T, A a—&— (SC-
200, f##) ZHWTEREZERRSE 2 2 L CHREZBR ST, 207+ F LU MEIEE
RS (FO-60W, HUAHYT-2aik) 2 MWV CTEVILERT 2 = & CIAIE 2 i S8, B4 L s
72, QCM-D B LB R L — ¥ —BflEE (CLSM) HIEICBIT 5 A a— M LU
SLEBRZRA 1T Table 4-1 127”83, 22 C, QCM-D TIHEENRKEL 20 FE 5L, HAKIEE
DB T2 2 ARt 7 RBMER T E T VICES S EHENKEIC D720 B BT X
DEWENREE LV, —F, CLSM T L — =2 BT 5720, BRIIENE N EE
LW, £ZT, 2 bDEEDFEELEFE L, QCM-D Tix# 100nm 4—4#—, CLSM T
13 pum 22580 10um DR L 72 5 X 91 a—T 4 I RIFEZREL TV D,

Table 4-1. Spin-coating and heating conditions for the photoresist film formation.

Methods First rotation speed Second rotation speed Heat-bath temperature
[rpm (s)] [rpm (s)] [°C ()]
QCM-D 500 (10) 3,000 (30) 130 (300)
500 (10) 5,000 (30) 130 (300)
CLSM 500 (10) 1,000 (10) 130 (300)
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4.2.3. BEARARIE
3.2.6. & [AIRRIC FE0E L 7=,

42.4. 3NV FY A MU — (SE) HIE

KEHFTOT 4 b LA OREFHIC I, SE (FS-1,Film Sense) @& 2 A L7z, 7+
R LU MR LT, 465 (Fta), 525 (Fkfa). 580 (5fa). 635 (JRfa) nm @
W NG 65 FECHRET L, AL (P) BLONHE ) T—22EHE LT,
ITO Taa— h &7z QCM-D EfflE, Kb, &, 72 A ITO OZEETHEEIN TN DT
. AW TITNT 2 L S50l ) ar vk 74 FLU A MO TFH#IBEAR &
LCEA Lz, FEBRT —# & n &k RITIC X D3HFEAEIX, 4 3 K4 T Fit Difference D47t
B/ TN TY ZATEDSWTERL SN, HEITA T=ER TR L 72,

4.2.5. QCM-D #IE

7% b LY R MESOUEINAIO 5B A TG 5 72912, QCM-D Il E 24T > 7= I E IR EE
T, ER OV T, 22,5020 C 5, BIEICHEN L7z ESUE ITO, A —/3— h— %
1, 3. SBXNT7 THD, MBITETRIZHSTIEFICES, WHNOFLGH/NE W=D,
L VSRS 2 ARE LTV D,

4.2.6. L£E[ L —F BB (CLSM) Bi£E

74 b LU A MEOEEBIZUE, CLSM (LSM 800, Carl ZEISS) #:{& CiTo7-, m—4 3
Y107 r Y RBLXOr—X I BlL, R 488 BL 561 nm DX A A4 — R L —H—TJih
B S, HOE REIZZNZEI 571-650 33 L TN 498-530 nm ([ZFRE L2 B, LU XY
R—L &I L TR LALZEOEIE, GaAsP MHaRICEN Sz, o TeT — XX ZEN
software |Z X - CTHE[G{L I 7=,

AHFGETIE, BAMEOE = I 110 7 v Y REERT, BkEOr—% I B %7+
FUYPA MERIFESEDZ LT ENENOREBEBIZE L., =—X I 101X 7 + b
VYA MNHBERAR . e — 2 I BlXa—7 4 VRIO 7 x b LY A MEIRICE X% 50 uM
LD X HICEIM LT, WIEHSICIX, ITO Ta—F 4 V7 SN 7 AR E/m AL,
ERNCT X ) — VB XOWKCTHE L7z, 74 LY A MEIL, Table 4-1 (ZRF 54T
7o 74 P YA MURRHEMN Bl —4 0 110 70 ) REARIEEZR20uL 5 F L Th
— T AEFE, 10 5L EAE L TG 8IEE Lic, BIEESMIE. 1,000 x 1,000 pm 0D 3 ik
PHCYE & 1T 100 pm (ZRRE L7,
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4.2.7. AFM HIE
T4 MUYV AMEEDO T VE = 7 R ETEVER O WSS 2R 572Dl 7 4 — A
B —TWNEE Fhi Uz, WERMEIL, 224 . LEEETH D, BEEEHRIZIX, ITO Z#H L,

4.2.8. BRELEMEYT

PEHRICIRIE S B2 7 4+ b LY A MEOBIZG 2 VT, BMEAIRIC X 2 BG T 4 %
T UT, —HOBEBRAEEE Image] Y 7 MZ X VITo72, BN, BfF L-EBRE 7 L—2A
TV, 7 LU A MRAER & R I T ik L7e, 7 B LU A MRS
I, b A XE L TERL LTz,

43. HREEE
43.1. 7% b U PR b OREFET
RN, AV a— MR EREOBMREZI O T 572DI12, > U B2 b NT ITO K
WS E 7274+ F LY R MEZFEG L 72, ITO ® QCM-D > % —E~D 7 4 h L ¥
A NMEOERHIRIZBIT DML % Fig. 4-1 I Erd, ITO B —dFHEROE 2L T
0 (ITO 13HECERTH L7720, B —0@IT THIBIZHEEK L T2 ATREMS &

W), 74 UV RARERIET S 2 LT, BROAPREAICE LT, £, BRTEDD
LR SN oo, 1FEH 7 4 P LU RA ARSI RN EWEE XD
nd,

Fig. 4-1 Visual representations of the (a) bare ITO sensor and (b) spin-coated (3,000 rpm) photoresist

film on the sensor.

7 4 b LA NYERITE IS D AKEMAREZIT o7, VU B IERB KON ITO T
ITENFN 43°BLIOW17.7°Th o - AIY. 7+ FLY R MRS 2 L CERLER
81.9°B LN 80.6°IZZ L LT-, #DOL U B, ITOBLI N/ RT v VHIIEX—AD 7+ hLY
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A N &AW RAAFITIE, 100K, 25°8 LU0 88 L it ST 92 BERSTERE & T
WEZ R LTz, 74 FLPRA S (VRT v 78R 1ZEOKMEZ AT 523, ZOMEICERT
L&, KBEENUBUBRMNOD T = ) —AdNER L TWATED, RU RAF L 2R
{bKSEH 2T 2 BRI SAMP Eo/KE it L 0 INSVMEEZ R LTz EEZ HILD,
HNT, A a—Z—DREEERNA 7 + b L PR MEOE &R S I RIFTHE L R
L7z, YU IBEIORITO B — ETO, 74+ LU R MUREFIZIZHIT 5 QCM-D THEH
T 225 T OIREVEZE (L L O Sauerbrey O CRHA S 1L 7= LBV B % Table 4-2 127”7,
IRENVEZAGIE, TR OIREE S BYERTOMZ 2 L5 < 2 & TR, WThoEKiZks»
Th, 74+ UV A MERIET 2 2 & TIREBZE(MITADEZ R L, Bk EIZ7+ FL YA
MR SN 2 EAVRB ST, o, [EESEDMEW T M REEZE (b (ki) 13h & <
LT ENH, 74 MUY A FORIFEEIIESEIKFET 5 2 L0300 o7, Iz T, ITO
BEWRDOTTHRL ) DIZHRT, BEEENRCCE o7, iUt v U BIZHAT ITO OF
N7 F FPLYAREDBRENRE N LICERLTWS EEXBND,

Table 4-2. Photoresist film mass calculated from Sauerbrey equation (N = 6).

Sensors Rotation speed  Average frequency  Standard  Average coated  Standard errors

[rpm] shift in air [Hz] errors mass [mg m?] [mg m?]
[Hz]
silica 3,000 -3318.2 2.0633 587 0.365
5,000 -2516.6 5.7476 445 1.02
1ITO 3,000 -3552.6 12.204 629 2.16
5,000 -2572.9 17.589 455 3.11

Wiz, BEEEN T + b LY A D ORIEIC KIFTHEIC OV TR LTz, 4.24. TlR~7=5@
D, RETIIT YV arvonz7+ MUV A MOTHERE U TERIRL7-, SE JIERR
OFENTIZIE n & kBT VEEHA L, FIERRIZBT 2815 n 38 L OWRILEREL k % Table
4-3 12”7, ZZC, 74 LU A NORBIEROTEIEDLK 1.64 THDHZ & P 2EFEL
T, L6 RIEDMEE 2D XD ICIEITRERE L, 74 v T 4 V7 OREENR/NE T2 DT
DOURIAREE K ONRE % BAES o 72, Table 4-3 ONFEERKICKE SN THLNZT 4+ FLY
Z N ORFEEIL, A Y a— 2 —@OREERH) 3,000 5 X 85,000 rpm TEILEN 440 1 L O350
nm Th o7z, ZiE, QCM-D THROLAMEE L HHEA L TR Y | BIFSEOARFIED R S 4
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727o QCM-D TEOLNZEEE SE THOLNBENS, 74 LU A NOBELFHETD
L. K1.27~133x10°kgm™> THDH Z EBboT, ZHIE 125x100kgm? TREN D X
BRI 20V ZIERIZEN 2 E B H, QCM-D X° SE TORHMEA MY Th - 7= Z & 2L FFT 5,
T720H, QCM-D TDO Y 71 & ITO OREE BEIhlZ 5% | ITO Rk Eo 7+ F L& b
B HE T2 & [R#EREL 3,000 35 K TN 5,000 pm TEALE 471 B LN 358 nm Th D & HfE
EShb,

Table 4-3. Optical properties of the photoresist film for SE measurements.

Wavelength [nm] Refractive index, n Absorption coefficient, £
465 1.6141 0.057168
523 1.6082 0.0089856
599 1.6108 0.0091928
638 1.5962 0.0073586

432, Fm=y 7 RREEEAERNNTO 7 + LY b OFIBERE

Tva = 7 ZFEIEHARINTO EC/PC oMK 7 4+ b LY A MEIZ LIZT 58 %
Bt L7z, &V ol EC/PCIREWIIIIEET 2 —77, MUKIIIANE TH 728, EC/PC
FOWUKDIRASZET TO 7 4+ b LA MEOEENX, I SN 72FR 7200, £z, At
IFETITO Btz W TERL, 74 LY R MEZAE Y a—%—%H\ T 3,000rpm T
[E]E S, 130°COMEIRME T 5 /MM L TR S H iz,

AN, BRI IS T 2 B E L B L, KR OB EZEMITHE D L7 R Y
ZHREE L7, Fig. 4-2 12 QCM-D HliEIZ L 2 KA — — b — BT BT HIREEE LB L O
TRNF—HOREA AR R T, 7R —E, 28R MK, EC/PC 36 K OMK OIR &AM (Rt
IZ LT, 25/75, 50/50 35 LU 75/25) . EC/PC ¥ DNEIC BB EZAT o 7o, BAR DR
FEHEINCAHE S T, AFu/n B L VAD, OELEITZREL o TV Z &R SNz, Thvb
DSV NP EfR L TEL T ET, 74 b U UA NEOREHEE &I 5T 2 W
DEHHZBIEHABL D Z &N LR D,
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Mixed solvent (EC/PC and water)
Air Water 25/75 50/50 75/25 EC/PC
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Fig. 4-2 (a) Frequency and (b) dissipation shifts as a function of time of the 1st, 3rd, 5th, and 7th

overtones for the bulk effect on pristine ITO substrate.

ITO B —EDO7x YA MEIZHIAKZ T L7ZFED QCM-D JIERE R % Fig. 4-3 12~
T BHRPTR—=RT A VERIE LTI, MKICEBRT DBELIT o7, 2250 BAHIKIC
BT D & AF/n XA (AF:-677 Hz, AF3/3: -389 Hz, AFs/5: -300 Hz 33 . OV AF5/7: -256 Hz) |
AD, I Z1E (ADy: 322 x 10, ADs: 158 x 107, ADs: 123 x 10035 UV AD7: 99.8 x 10°) 122k L
72 ZHAUZE. Fig.4-2 TREND ITO H S IFIZFEEDMEICHYS T 5, T7hbb, fEL -
T FLURARPKIZEHEINTS, HEEHDWEIBAE L VW2 & 2R L TWD, A T,
7% b LT RA FOEENRK 470 nm THLHICHED LT, 2 TOF—"— b= HTHOE
vHh—EFE U Z R L2 EiE, EICHWZ B TlE= ¥ —#u i 2 v 12 <
<VHESNTZ7 4+ M LD A RSN TIEF TN Z L 2R LTV D, @5k BT 7
U VRtAE (Paraloid B72) % 750 nm DR CHRIEE X H | 22507 HRIKICEIL T 5 & EikE
HBrER—AT A E LT, A== h =N 3 BLOS TIHIEEEUIA, 700 ETIHIEIR
ZAb L7 B, Zhud, BIERmISHAKN I ZFEih, BE L7272 EBR L TWD, 4
—N— b =8, NS RDIFER U —FKED D IEEEBEOE B KR SN DT 82
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77 UNRIE ORI TIXM ANV IAENEE Li-—F., @B TIE7T 7 U ViiERmE o
FERA SN TR, AEFFRICBWTIE, ZH O OBBRMR SN hoT22 &b,
7 ) —BENT 7 U VIR T BKMEDR E < | FiK E OFREE R 2L nEE X
SY AN

Ai_r ‘Water . Air . Water R
400 400
(@) —»=7 (b)
200 ¢ —_nz3 300 |
n=3
= 0 nZll = 200
T, S
= =200 + 5: 100
E -400 + 0
n=7
-600 + -100 —n=35
I —__n = 3
-800 L L 1 L 200 1 L L n=1
0 2 4 6 8 10 0 2 4 6 8 10
Time [min] Time [min]

Fig. 4-3 (a) Frequency and (b) dissipation shifts as a function of time of the 1st, 3rd, 5th, and 7th

overtones in pure water measured for the photoresist film coated on the ITO substrate.

74 FPL VA RTa— h&ENTZ QCM-D B —ZHW\W T, 10 i Ofik 7 v —gig T
DWSERBEICIB T D 7 4 R LU R MEOBREDNREZ R (4-1) ICL 0 EH L7, ¥, QCM-
D [Z5fFREN 1 Hz Th 2 —J7, HIRE LN 4.95MHz Th 572, FEFITIEE 2BREH
DE M2 FTREICT D,

Fcoating - Fremoval

Removal efficiency = x 100 (4-1)

Feoating — Fpristine
Z 2T\ Feoating \FVEFHT (Z—7 14 & ZHEAR) . Fromovar 1ZVEEFL . Fprisiine 13 ITO Hiti (72—
T4 U VERD OIREEEZNENER T, RKRIZEIT D Feoaings Fremovar 3 & O Fpriiine 13E 4L
ZH 4,946,870, 4,946,824 35 L 114,949,404 Hz Th-oT-, T D DENGERENFRZFH T
5E-130%THDZ ENbhole, TROL, 74 b LI X MEIXITO k)b a7,
DT DITKERVIAATND Z ER o7z,

KEZERIT D7+ LY A MEOEIREZ R 2 72912 CLSM #2217 -7, ZZ T,
74 b LU A hORIEET Table 4-1 (ZHE U 5, Fig. 4-4 (2 3D OMFIRIXF L O 2D O Wi K %
ENENRT, 74 P LY R MEEMAKDFEPARIZ 2> TWD T ENE | HKIZEN~
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ZELTWRWZ EVRE S, QCM-D HlERER EFERI L7z, £70, BEEITHB L% 10 um
ThdIZ Mo, QCM-D X° SE & OEEOEVE, A a— MNIBITH 2FEED
[EIHRE & BRI 2 NS W2 Th D | AERMETHIULZ U TITBIRTE L2 013 0o
776

(b)

Fig. 4-4 CLSM images of the Rhodamine B-labelled photoresist film (red) in Rhodamine 110
chloride-labelled water (green): 3D overview (a) and 2D cross-section (b) representations. The scale

bar corresponds to 50 um in length.

RIZ, EC/PC I L UMK DIRE 2 25/75 ICERE L CHiaT & 1T > 7=, Fig.4-5 12 QCM-D |
ERERZ T, MAKTT7 4 FLYA MEITESEILL 2N L 2R L TV T2, #iKT
R—=2F A U EZRE LT=DOBIZ, EC/PC/AHKDIRATARE (LI LT 25/75) ICEH: LT,
F72. AFn BERAD, DR—=AT A4 U LoYUE, 74 LU FORIBEEEZ L &
SHIZZEINB ECPC BLUOMKDIEAEED SV 7 R BAE LW, ZHck b, ~
— AT A YL, EC/PC 3B K UMK DIRETEEF ORED 1TO ITHY T 572D, 7+ b
VYA MPEERMAZ R LIZGAIZ0ICET D2 &2 BHT 2,

MK 7> 5 EC/PC 36 L UMK DIR BRI EHA S D & AF/n 1ZH AD,ITIEIZT 7 M LT,
Z D% AFn TR/ AD, 1 FHBRIE 28T, EHIZMmNoTe, b D2 ki, Fig.42 T
IRZILD VT R (R L ONESTEEE L O72) ICHA_XTEAMNICREWELEZ R LT
WD, BIzIE, A== b= ER 1 ORGSR TO AR B IO AD T ENE -
17THz B ELU52x10° TH D, AR BLOAD DX—R T A > LHRfE & D71X-3239 Hz
BIOBIX10CTHD, UL, 7L I7HRITIMATT + S LU R MERREICTH 5 EC
R PC ATV IAATEZ & CIAE L 7o B30 Th 5 B2 bhvd, R TOA— 13— |
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—BUZIBNT, AF/n 38 X ONAD, ORREILFRIEORFH TR I, TOMEHIN-TZ &
ML 2D OJEREEELE Tl EC/PC EMUKDIEBGEREEZEA LI Z LIZ L DHEOE SR
AEFMEZA L Z IR Z DN TND EBZ biLD, MEZR T, AF/n 3 IE, AD, BAIZEL LT
BRI OWTIE, 74 b PR FOERGHINAE . TEOBEAL-CIEN IR Y JA A TR IEED
o 2 WIXRER EBRFT bR D,

Wat EC/PC and water W EC/PC and water
ater (25/75) ater (25/75)
0 - . 1200 - -
(@) — fg ()
-2000 =1 800
N g
= =
= -4000 := 400
6000 | 1 S e
— n=3
-8000 ! . - -400 . ! =1
0 5 10 15 20 0 5 10 15 20
Time [min] Time [min]

Fig. 4-5 (a) Frequency and (b) dissipation shifts as a function of time of the 1st, 3rd, and 5th

overtones for the interaction between the photoresist film and EC/PC-to-water (25/75) mixture.

Fig. 4-5 ® QCM-D HMz# AW TEREZNFEZ X -1 ICL W EHT D & (Fouing: 4,941,024,
Fremovat: 4,941,178 33 KON Fpriine: 4,944,476 Hz) . 446% TH o122 b, 74 F LY A ME
ITO AN DOT ITHAE LTV D I EMWRIEB I 7z, Fig 4-5 @ QCM-D T, flikod~
— AT A4 X0 b EC/PC B L UMUK DIRGTBEIZEHIL D703 AF/n BEADIETHER L T

CHBEDL S, PERNPEDEZ R L0, o —ERAERT 5 8ET7+ b L
VA MEIZED IAFENTWRES R Lz lod L& 2 biLd,

EC/PC ¥ L UMK OIR AV BEH (& 25/75) 1281 5 7 + b LU A MEOEREZ CLSM
TEME L7255 5% Fig. 4-6 |ORT, 74 FLY A MELIEEOREIL, Fig 4-4 & [FEEICH
LTS TWDM, 74 FLYAMEONIIZHb e —4 I 110 71 Y RRFT HiEDHE
S STz, AT RBEA RN ERICIR S L TV D2 % L TR Y | Fig. 4-5 T?D QCM-
D JIERER & AT DR RAG D a7,
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Fig. 4-6 CLSM images of the Rhodamine B-labelled photoresist film (red) in Rhodamine 110
chloride-labelled EC/PC-to-water (green): 3D overview (a) and 2D cross-section (b) representations.

The weight ratio of EC/PC-to-water was set to 25/75. The scale bar corresponds to 50 pm in length.

eV T, EC/PC B L UMK DIRA L% 50/50 1238 E L TRt 21T - 72, Fig.4-7 12 QCM-D
HERE R 2T, WR7 2 —TFIEB LR AF/Mm 8L NAD, DRX—RAF A L~ULX, Fig. 4-
5 LABETH D, MK DIRGEBHICERT S & () BRI AF/n OWY 3B X OV AD, D
. Gi) AF/n 38X OVAD, 73 0 FHIIZEE, (i) #2008 AF/n O3 LT AD, DN
Z3AT v THRINLIE, Zhud, #ikH< EC/PC 1 L OWIKOIRAGTEEH (ERHIZL
T 25/75) TEHART, ITO B ETO 7 4 b L2 x MEIIEMER 8 2R LTV 5 afREPER
b5, 1 A7 v 7T HORE: AF,/n O E X OYAD, DEINZ, ~v 7 3% (Fig.4-2) XY
HELENPRENT 0D WOV AR L DIGENERER CTHL LB bND, £
DHD2 AT v 7HATIER, AFEBERAD, BREHLLEH 0ITENZ &G, 74 FLTP A |
DOIEBMN D OBBENEE S NS, UL, 3 AT v 7HTIE, 74 b LY R NOFEA 52
R STz, BrEFEEZNX 4-1) TEMT DL (Fouing: 4,940,914, Fronova: 4,943,259 35 X
O Fprisiine: 4,944,473 Hz) . 65.9% CH o722 LD, 74 b LA MIEWRD D 2/3 BRENLE
LTWBZERnhol,
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EC/PC and water EC/PC and water

Water (50/50) Water (50/50)
2000 ” 5’ 3000 > >
— n= — =
(@) - (b) 3
0 ol 2000 | — -1
o) 5
T S
= -2000 | = 1000 |
5 ] %
4000 | [ ——
-6000 ' ! L -1000 | | L
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Fig. 4-7 (a) Frequency and (b) dissipation shifts as a function of time of the 1st, 3rd, and 5th

overtones for the interaction between the photoresist film and EC/PC-to-water (50/50) mixture.

EC/PC £ L OMI/KDIRAIREES (EREIIZLT50/50) 12815574 LU A MEOERE
Z CLSM Ta¥ili L 72#5 R & Fig. 4-8 IZ/”T, MKHR> EC/PC I L ONUKIEG I (&L
25/75) IZHART, m—& I B CRAICEREINTE 7+ F LU R MERERIZZL L T
DT ENZIND, o, KiFORE S A N—H T AT DT EHM L Tz, BLEEZE
Zli, m—&3I 110 7 U RTREINIEEN 7 + M LU A MRIFORNEICIFEE L
TWAHHET bR SNz, T7bb, BB TREND 74+ ML U R MEDBRIBIZ X,
EC X° PC #VEHIC—ERBEL 2 L CTHITT 5 E 2 b D,

(b)

Fig. 4-8 CLSM images of the Rhodamine B-labelled photoresist film (red) in Rhodamine 110
chloride-labelled EC/PC-to-water (green): 3D overview (a) and 2D cross-section (b) representations.

The weight ratio of EC/PC-to-water was set to 50/50. The scale bar corresponds to 50 pum in length.
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AR E LoD FIROBURIICIE, @ FHEOBERM: R LU HE A B o1 ¥ —72
ENFET D 2, @ ORMRICET 28573, UWFOHB= R LF—2Z{t (AG) DX
MO Tigiam S s

AG = AH —TAS (4-2)

AS = —R(nseIn®s) + npoiyInPpoyy) (4-3)

(AE501)1/2 ~ <AEP01Y>1/2 :
Vso1 Vpoly
ZIT. o nIWEE. O ITEEESE, Ve TR, Veol IXTEBEDENARTE, Voo 1TV <
— M D45y B/ E . AEsol 1AVABED BNV IKIET H L X — AEpoyy 1XEEA Y <~ — D
BT RN H = S0t B L Gpoy IFENEHELEE R Y ~— DR RF A — 2 —Th D, =
ZC, O ERL £ < OWBIL. RN O IRAREE 23 R ESUS CRfR 5 2 &
Mo, AHIZIEEEREIND, R (4-4) LU 3 FD Table 3-2 T/ ST KB OH R
JENTG A =B — (Spprar) VT, 100g DIEBEHFIZT + B LU A M & 0.1 g IR L7 5:EIC
BIFD AH B L TAS O FfER% Table 4-4 |TR"T, 22T, 74 FLP R MOENVEE
1% 1,000 35 L T* 10,000 gmol! & ENZHEEE L7, EC/PCIELEH Tk, AHIZHAT TAS O
FENRE S AG PRI DO %, —J7 flk & EC/PC DIRE K (F & 50/50)
TIE TAS IZHARTHOTNIC AH DFENRRE L AG BEIZR VMR LR 225 2 L0300
Do

2
AH = Wy (pSol(pPoly = Vm(6501 - 6P01y) d)Sol(DPoly (4-4)

Table 4-4. Enthalpy change (AH) and entropy changes (AS) of photoresist dissolution.

Molar mass of Photoresist 1,000 [g/mol] 10,000 [g/mol]
Thermodynamic parameters AH [J] TAS [J] AH [J] TAS [J]
EC/PC 1.17 4.38 1.17 2.83
EC/PC-to-water (50/50) 9.81 8.86 9.81 7.29

Hefihfy 0 THEHRRIEDRIZN TV 2 5EITIE. Young D (N (4-5)) 3pNLT 2 2,

Yps = Yis — Yip COS O (4-5)
Z 2T s IR U = —1TO, yus 1 KIAEE/1TO 38 KO pup 1RIAIE R Y ~ — [ O S H 3R %
FT. Elo, INHOREENEN SRS D IREEE S (K (4-6)) 12X 0 B ok
1T B RTE S 4D 3234,
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S = Yis— Y —¥ps = Yp(cOSO—1) (4-6)
L7z To QIHERBENADIHCOHZER TE ., w2 S2/hE<id) 1Z
EL 0T 5, RiaRNOBLENOPURN A BET DL, pslT—ETHY, ELECK
PC ITRRPEAIER 1T < . BUKPED ITO & HBFMERE WD ps b RES B L e
ZHND, pp TR TH 5 KICK L TTEEWEZ RS 7, BIREETH 5 EC ° PC 1NR
mEnzsZ TR D EBZLND, T7obbH, X 4-5) 226, ECRPCRTINEND
FE, 74 FLUAMIITO ITENSCT < 2D,

I OO D, EC/PC IEIEH CTIL AG BWAIZR VRS 5 —77, HiZk=° EC/PC/KIR
BV CIT AG IEIZ2 Y | EIEHRITIER U ~ —I3 R S gy, Ok, IEIRGEH O #F R
WZRY ., 74 FLURAMOBUBRINAEL D & TRIND D, BEEENRZ L5318 oS
DL, AR S R W IR A MR T 5 L B2 bl d,

74 MLV MEZ EC/PC 1 L UMUK OIRAEEES (HEEE: 50/50) ([ZRES B2
Wi 0 i COSMELE Fig. 4-9 (R T, 74 b LY RA FOBESEMIL, CLSM E[REETH S,
WHORIBE LD D AR L., 2 B Ok 13K i EITHR S vk, 10 B CIT Ak
EO7 3 PP MIURERTEHBICE(L L., 2Ok, BRI, 74 LY R b
B DY A KT RK L TWDHERT 226, 74 MUYV A MRLFRIENEEL TWD Z &2
Moz, 600 #&IZIE, mm A — & — Dk 1 £ THE LT,

Fig. 4-9 Time-resolved visual representations of the photoresist film immersed in EC/PC-to-water

mixture (50/50).
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Fig. 4-9 /05, 3 A7 v 7 OBMEZ %8 27/~ L7- QCM-D JlERE R (Fig. 4-7) I22\WTH
29 %, QCM-D ® 1 27 v 7 HI%, MO 1 BRlRICHY L, IKOEIC L2828 Th D
AREMER EVY, F D%, QCM-D TD 2 A7 v 7 HIFSMED 2~10 FIZHHY L, ITO FE £ T
IRV LV SN TR ORBETHH 2 EBBEZHND, FiHIFIEFIT/hE <, HE
DERREREDIEF (NS WD | HABHICRT 2IRE PRI TH Y . BT B AF/3 13
—ATAMHEICEELZEE X OND, £, A—— =23 5 (2475 MHz) D%
BT AFS/SIXIEICY 7 FLTWD, ZhiE, Bl Sz 7 4+ b LU R MR L4R)E
WEBERO LD L0 B Rolzld TH D LHEINS 3, 3 27 v 7 HIE, sMElTO
30~600 P TORFF A 7 — /WA LTI Y . g b S EHEAEM LT o 7okL
T8 ITO Hetle L CHESES 2 2 & T, Siti & DEMImFE MR 2 (ZHIN L, AF/n 138 L AD,
T L TV oo EHEER SN D, FRIC, REFRICE L LT Z S TIRE DR L TN D Z &
B, A== h = HEPMENNI EZ L EDHE ThH o7,

EC/PC &K DIRGVEEE (FEREIIZ LT 75/25) 3 X OV EC/PC IFIELZ X 5 QCM-D HIE
K% Fig. 4-10 (T2 ErRT, WIKR7 v —FIHB LR AF/Mm BN AD, D=5 14 L
~LIX, Fig.4-5 LIAERTH 5, Fig.4-10 (a) BE (b) £V, MK HIRGEEIZEHLS
D& BT AF/n 38 XOVAD, DI A 541, EH 5 HIRIERN—RA T A UHETERICE
L7z, #lik2 6 EC/PC &EMUKDIRATARE (75/25) ([TEBT D & AF/n 137307 %R (Fig.
4-2) ICEVARICEITHZEEBETLE, E~OYT MI 74+ LT A RDITO FEHD
OIRAE LI E2RBT 5, F72, AD, D= T A b OBLEIT V7 G L FiE—
LT, ZTHHD AR/ BEXOAD, DZEE)X, Fig.4-10 (¢) BLW (d) TREND EC/PC
IREWEETO QCM-D HIER RICIB W T HRKR CTH o7z, T/ H, Table 3-2 TrREND
HSP O FHIfE & HHEE I 2R G b7z,

EC/PC & MK DIRGTALE (& 7525) B L OEC/PC IO ENF A (4-1) 1Tk
DENENEMNT DL (Foaing: 4,940,983, Fremova: 4,944,462 38 LY Fprigiine: 4,944,460 Hz ;
Feoating: 4,940,954, Fremovar: 4,944,499 35 XX Fprigiine: 4,944,483 Hz) . TSN /2B EH5 %
100% CTdh > 7o, FIEBEFIZEIT 5 7 4 b LU A MEOZE) 2 #X & LT Fig. 4-11 {277,
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EC/PC and water EC/PC and water

Water (75/25) Water (75/25)
1000 - . 400 - -
(a) (b)
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= -1000 | A
= = 0
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Fig. 4-10 (a, ¢) Frequency and (b, d) dissipation shifts as a function of time of the 1st, 3rd, and 5th
overtones for the interaction between the photoresist film and (a, b) EC/PC-to-water (75/25) and (c,

d) EC/PC mixture.

EC/PC mixture
EC/PC-to-water
(75/25)

»

Desorption
W EC/PC-to-water
(50/50)
» » »
1TO
Swelling Dewetting Aggregation Redeposition
(apparent desorption)
EC/PC-to-water
(25/75)
Swelling

Fig. 4-11 Schematic representation of the interaction between the photoresist film and EC/PC-to-

water mixture on ITO substrate.
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433. 74 U PR MBI RIET Ve = v 7 ZRREEER OB R

432. COFMIZ AW 2B FEEE I 7w = 7 RRRTEER 2RI LB D 7 + - L
CAMEOEB AR LTz, 74 b LU A FORESEMIT 432. L FETH D . F-68 OFRIN
BT 1.0W%IZEE L TV D, BAINS, F-68 KIRIKE 7+ ML YA MEE OFAE/ERIZS
WTCRHIE L7z, Fig. 4-12 (2 F-68 OWiAEZEE 273, 74 b LA MURERIZE LG
P, MIAKPFTOT7 4 FLVR MEER—RT A b Uiz, MiKNE F-68 KEEHKICE RS
L& WAEETRET D AF/n O3 X OVAD, OINDBSHER STz, HAZIC, fiKkTY R
ZATH &L AF/n 1X-30Hz fifh, AD, 1323 % 10° CEFICE Lz, &£ VblF, AD, H_—2A
TA LV VLUVZRS TEL T, F-68 OWEIRPHMERRER AR L TWD Z ERHERE I
Do

Water  F-68 in water Water Water  F-68 in water Water
20 20
(@ (b) — =7
0 — =5

10

AF,/n [Hz]
A0
S S

AD, [10°]

0

0 5 10 15 20 0 5 10 15 20
Time [min] Time [min]

Fig. 4-12 (a) Frequency and (b) dissipation shifts as a function of time of the 3rd, 5th, and 7th

overtones in F-68 aqueous solution measured for the photoresist film coated on the ITO substrate.

74 MLV R MERICERAE LT F-68 OWGENEZ I 9572012, Fig. 4-12 TOF—
— b =23 3 D QCM-D JIEREFRZ W T, AD-AF 7' M &ER L7 (Fig. 4-13), J&
SN DEHE /NS SHERE LTV D03, AF/3 23-28Hz (AD3 723 3% 10°) I HEE AKX
{Zpole, TOHIF, BEMENNEL R, BRAEZE2T., VoA EfTHE, =
> 7 S S ETE A OBl A RSB AR S D0 — T D3RR S AT 368,

BAKPED H CAFR LSy 71 (SAM) FEfRk 112 F-127 (PEOgPPOgsPEQg) /KA (CMC
PITF) ZuE L7263 Cld, ARBFERER EFEEIL TR0 | MIDIEFEEND OHE /S, 2
AT F-127 53 F S B BISREDAR WIS T 2 TR T 2720 Th 5, 7o, TOBRMBZ /K
XL DD, WERMEZ D Z & T, PEO SHAVARAINZ AR O C IR A5 T8 O K5 PEC RS A3 1Y

95



MT 572D Th D, BEICHMAZD/NE L 2DDIE, AN—ADZENT WL RETLIZ F-
127 B3EFET D Z & T, BB OREHIECIRIRIIR E < b P E EMmT 5 T
b5, RRICEBNTH, EIKOBUKIEST L r = v 7 R EIEEA 5y 14 1%H o PEO 80
FENEWIERR D D70, WEFEDBEORELBLLIZ B2 61D, KElC,
KTU P REITH E, BERAT U RAL—TNERLNTEY, F-68 475 OILBCHELN 7 2
T ARG L BEBRE TR D Z L ERRT S,

60 -50 -40 30 20 -10 O 10
AFy/3 [Hz]

Fig. 4-13 AD-AF profile of QCM-D measurement for the adsorption/desorption of F-68 in water

on/from the photoresist film.

74 FLUA METO F-68 KIEKHE LN OHMAEMAKT 10 [H1Y R LIZEROKF
TOT 4 —A N —TPER KA Fig. 4-14 \Z77, A By MEX D | SREE2 EBUTEST
TV & FABKHE S h, 8% EHITEST 5 & F DK bR D8 05HER S .
F-68 O7 4 hL VA NMNEETORERBERIDRBI N, £z, MK TY P RAETo1214
THZDFATIDNIRN-T=2Z LD F-68 OWEIBITFET LT TWD Z Enannd,
Z XU, Fig. 4-12 ® QCM-D JIERE R & LA L T\ 5,

TR ME DFERRIZ M 72 > T, QCM-D TITHREE B L-PWE R O M E D 72D Akt
TIL, MWC BEg & iV T F-68 D ERLT 2 WAEBICBT 5 &8 41770 o 1o, AMEHT T,
232.TOR (2-6) TEINTWIRFHRET /L (FERTT 2K FIZ F-68 B3 @D T
%) WM& T, FERFRET NV (T HFOREZOHR F-68 NEDLILTND) FlH S, TD
HimRE @-7) 1R ¥, ABFZE T, F-68 KIEKTIZBWCRFRE TV, MkPEE%
DRFUZBNTIERIRET AV ZHEH Lz, Zhud, > U DEBRICWAE L7z F-68 23, fliKkde
HCIZEZEMBET 2720 TH Y . AFM OREFCTH 2 Bk 7 A FRIZB W T [AREOMH %
AP EEREL TN D,
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P e (2 (2 3
KPP DONRT A =2 =13 (2-6) LIFAEKTH D,

BIBHIRREIZI 1T D MWC BTV EFERT —F1T, WTNbLBRGRT7 v T 4 T %R
L7z, ZHUE, F-68 37 4 K LA M ET PEO S5 2 IRIEMICHE S 727 7 & 421
L TWD Z EERBT 5, ZOREFIT, BUKMERMIZ F-108 23K CT7 7 A Rk &
TS LIEFIC LTS 9, A T, BRIRW 2 &, #KBEREZO 7 +— A —7
IZBEWTHERRHIE K< =& L2 &b, 74 b LA MERIZ F-68 OWEEIEIRET
ENTND EHERIND, BONT T 7 VBES Lol F-68 KIEKH & L OMiIKVES
BOKFIZBWNT, ZNEN 198 8LV 173 nm Th o7, MAKEFFHIZICENTT 7V
JEEDNANT ED, MKTEFZIT/R>TH F-68 137 4 b LA MEDD i3, Hi[EH
IZE L TND 2 EMRBEND, £z, 1507 A HEEEE s 1. F-68 KRR LY
RGP DOKFIZIBNT, TNEFI 63 BLUN 28 nm Tho7o, TIUTKGEEEZ DTN
BNy XU T LW L ERET D,

10 o in F-68 solution 4
——in F-68 solution (MWC fit.)
o in water after rinsing 2+
--=--in water after rinsing (MWC fit.)
1 0
L 22 1 s
— -10 0 10 20 30
E 0.1 3
8
= ' A - -
0.01 ¢ Yo o
F d| . .
L o.: o
0.001 ¢ i o
E Hel
0.0001 ! L !
0 10 20 30 40 50

Apparent separation [nm]

Fig. 4-14 Approaching force curve data in a 1% F-68 aqueous solution (filled markers) and in water
after rinsing (open markers) on the photoresist film. The inset graph is converted to a linear scale for
the y-axis. The solid and dashed lines represent fitting curves based on the MWC model

corresponding to the experimental data in F-68 aqueous dolution and water, respectively.
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F-68 KEEHEHIZI1T 57 + LY A MEOEREZ 7T~ 2 7212 CLSM #5417 > 7=,
ZDFER % Fig. 4-15 (R T, WK E v, 74 LY R MEL KIEKO R 2 HEEZ 72 -
TS ZEnD, MKITEAN~NRE L TORNT RS L7, QCM-D HIERFIZH
T, BERE~OWE TR SN, BEOFH IV =0, CLSM L FRET 255

Boiiz, $bb, #iKkETnm =y 7 RZREIEVER D 2 B3R TIE T 4+ b LY Z MR

IO Z S SR Z SR NWZ ERRB I N D,

Fig. 4-15 CLSM images of the Rhodamine B-labelled photoresist film (red) in Rhodamine 110
chloride-labelled F-68 aqueous solution (green): 3D overview (a) and 2D cross-section (b)

representations. The scale bar corresponds to 50 pm in length.

WIZ, EC/PC 3 X UMK DIRE % 25/75 (2% E LT F-68 Z¥sN L 725 QCM-D HI|E
FERB L OVCLSM 14 % Fig. 4-16 (2”1, 432. L OfER xS L7012, R E_N—2F
ALV OBRERB L7 o —FNETERIE L=,

TR D F-68 ¥ (EC/PC & R/ DIRA:25/75) \[CEHT D & AF/n1ZA. AD,IXIE
237 b LTz, EDH%, AF/n 13N a2 CEFIZMm M2 Tc—T7 . ADy13A— 3 — h—2 %
MR WIE EEIMEAM Z R L, WTILh , N— 2T A UHEIZERE L TWRWZ £ 5 ITO
B BICEAT Ll T D 2 E SR &N D, CLSM BB+ 5 &, BIIMEL T
T RENEICIAEE O ER R LN D Z b IWRBRBL TS EEZ LD,

Z Z T, Fig. 4-5 TREND F-68 BIRNR EOFER L I35 & F-68 2352 &
TUAF/n DELEDPREL 25 TV DIZHEDL LT AD, Db EITT LA/NS < oz,
ZAUE, F-68 ZIRINT 2 Z L TIRICHT 2WAERL I CRGEEL RS EL—T7. KOk,
BRI SEOMEM RS 2 L 2 5, T7b b, F-68 EIRNIRTITERTICT +
LU MESIAMET 2723, F-68 IRNARTIX, EA~ORERER KO EBREIREZ AT
LT ENTREEIND, FEERIC, BREDELNX @-1) NORETH L, -10.7% Th o7z, AD
ETHLHZ NG, 7+ FUYVR MEODEEIZHK 7 e —ri L0 LD 2 &2 E
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W25, ZhuE, ERIR (446%) SHELTH, 74 FL YA MENSOBEEOIRER
ROEFITENZ L amed 5,

W F-68 in EC/PC and Wi F-68 in EC/PC and
ater water (25/75) ater water (25/75)
0 200
(@ (b)
-2000 |
- 100 |
=
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b 0
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Fig. 4-16 (a) Frequency and (b) dissipation shifts as a function of time of the 1st, 3rd, and 5th
overtones for the interaction between the photoresist film and EC/PC-to-water (25/75) mixture with
F-68. CLSM images of the Rhodamine B-labelled photoresist film (red) in Rhodamine 110 chloride-

labelled EC/PC-to-water with F-68 (green): 3D overview (c) and 2D cross-section (d)

representations. The scale bar corresponds to 50 pm in length.

WIZ, EC/PC 3 X UMK DIRA % 50/50 IZF%E LT F-68 23N L7=BE D QCM-D #llE
FERF KOV CLSM 14 % Fig. 4-17 (2R3, MK S F-68 IRIRICERLT 5 & | AF/n13E. AD,
IXEIZY 7 ML, 20%, AR/ BIOAD T T S EPHITE LT, £2, WThb—
ATA MHEICEFEL TWDH Z D ITO Bt BB 7 4+ M LU M3t Lc 2 &R
e X7z, CLSM BZfEid 45 & DA L TV D545 & ITO FARICH - TW D ER 03
BlEESNm, ZHUE, CLSMBIZTIE 7+ F LY 2 FOEE 2 QCM-D IZH~T, 10 52 =
JE<. AT, QCM-D L FERVIET v —RTh L7, HIh7e < ITO I 5%
FLTWORRTF BB SN L B2 b D, FEBRIC, QCM-D HIE# DR A KHE L ThirZs
WREFHTDH L, 99.8% TH V., ITO Kb OBE DR S L,

Fig. 4-7 8 £ N 4-8 TD F-68 MIRNFARICHAD & [6 DSBS B B 597, F-68 RN
AETZOEWIIEE Th o7, QCM-D # R TiE, F-68 AHEICEO O MIREHRERIE
BEDIZ & BIRALIC X 2 Bk O B O EA A D, L, F-68 Z W5 &, 74 b
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UV A ORI RLEOEBEENPIGI S5, UL, Fig.4-17 TRENDMBIEENL G
T D, T7b, EC/PC LKDIRETEE (L 50/50) 112 F-68 ZIRIN$ 5 Z L T,
BRI Z T, BRIV A G L, 7 r—I2 K 548)17T ITO Etii b Bl 2
TSN EEBEZOND,

Water F-68 in EC/PC and Water F_()8‘ 1"‘ EC_/PC z‘md
water mixture water mixture
(a) 2,000 (b) 3,000 ;
n
| n=>5
— n=3
0 ‘ 2,000 — =1
N &
T =}
= -2,000 = 1,000
5 S
<
n=17
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— n=3
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Fig. 4-17 (a) Frequency and (b) dissipation shifts as a function of time of the 1st, 3rd, and 5th
overtones for the interaction between the photoresist film and EC/PC-to-water (50/50) mixture with
F-68. CLSM images of the Rhodamine B-labelled photoresist film (red) in Rhodamine 110 chloride-

labelled EC/PC-to-water with F-68 (green): 3D overview (c) and 2D cross-section (d)
representations. The scale bar of the CLSM images corresponds to 50 um in length. (e) Time-
resolved visual representations of the photoresist film immersed in EC/PC-to-water mixture with F-

68.
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Fig. 4-9 B3 XU 4-17 (F-68 HERMNE L OVRMINR) I2BF 274 h LU A MEDRTE 10 4
BBIOZOEEEIREE 5 L% O % Fig. 4-18 1253, F-68 IR (Fig. 4-18 (a)
L (¢)) TIXITO Ftk E TR+ BE L TRV, Z 2 bEREEE S LTH, —H5ITO
WA E LI EE72 o7z, —FH, F-68 ZIRIMNT % & (Fig.4-18 (b)) BELW (d)., Zab
D74 MUV A MRFIIIRE S IC X VI HARDOIEEL . o8 L7z, & D liF, F-68 fif
WINZHART, WROBBIR o TD Z b F-68 1374+ F LY A MOSBENR%E

FioT LR 5,
@ ey

(cp w5 | (d)

A -
J Vi
Fig. 4-18 Visual representations of the photoresist film immersed in EC/PC-to-water mixture (50/50)

without (a and ¢) and with (b and d) F-68. The images represent the photoresist film after immersion

for 10 min (a and b) and after shaking the immersed substrate.

F-68 Z i L7z EC/PC & MK DIREVEE (FE&EHIC LT 7525) 3 XU EC/PC IR AT
IZ & %5 QCM-D JIERE R % Figd-19 IZZNZE 4T, Fig. 4-19 (a) BELW (b) L v, #Hik
DOIRA B BT 5 & Qe AF,/n B L OVAD, DB R LR, EH 5 HR—2R
TANNIBE Lo T2Z 8B, 74 MUYV A MBEREICEGF L2 EDRREBEI N
2o ZHLHD AF/n B LK AD, DZEE, F-68 O EC/PC Bk TOFEF (Fig.4-19 (¢) B &
O (d) EHEBIL T, F-68 ZUSMI L 72 EC/PC & MK DIRATEE (R EHIZ LT 75/25)
B L UVF-68 D EC/PC K COIRENRZFINT 2L, 963 8L 99.5%TH V. #4 ITO
TR OWAE LT 2 E PRSI L7z, MR E S, F-68 HRANTIX 100%IZEZEL TWeZ &
NH, BREDGRITOCETLTEY, F-68 % 1%ETL 2 & TIHEIE~D 7 4 LI R L OIRfiE
PR T L7z Z EDER E LTHET R,
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Fig. 4-19 (a, ¢) Frequency and (b, d) dissipation shifts as a function of time of the 1st, 3rd, and 5th
overtones for the interaction between the photoresist film and (a, b) EC/PC-to-water (75/25) and (c,

d) EC/PC mixture with F-68.

Z 2T, BIRBEAMETO F-68 IRINAIEIZ £ 5 QCM-D JIZERT% D7 4 kLY A MEDRR
ENF % Fig. 4-20 (a) ITEEOD, Mx T, ELREE LD DI, BIEEICLD
74 U UA NOBREEE Fig. 4-20 (b) 1R T, ZIEETIE, 25°C (1 43[) I L 80°C
(3 3 DHIBER IR S, MK T 1 MIVEWIE Lo RIC i S, BR[O 1TO
FEW EDE B DIREMRE RFEY 572, Fig. 4-20 (a) XV, F-68 BRI TIIAKEOHEK
IZfES T, BRERITIK T LTV o723, F-68 2T 2 Z & T, AKEDN 50 wt%lZ H B D
ST EWREZ R AR LTz, ZHUE, Fig.4-20 (b) THLRIEETH - 7=, FIEEFIOIRE % 25°C
IZRRE L, 1| pRIESED &, F-68 MIRMOYE, EC/PC IRATRBECIIBRERIZ 91 % T
botz, LU, KEOEINIHE> TRERIIET L, KOBEN 75 w% CITADMHEZ R
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L7z, —J7. F-68 ZUSINT 5 & AKREOHEINIE- TRRERILM EL, KOREDN 50 wt%
TIE 96 % E THIM LA, 75 wt% Tlid—i5 L CRDOEEZ /R Uiz, HIBER OWEE % 80 °Clz
L. R A 3 WIC 0T & 27 ZENT 25°CTORE LR TH o722, BrE
T\ B Lz, 72, 80 °COKF T F-68 % 1 wt%iiT 2 LBREFRN/KE AL LE
TRNZ DWW TIEARBTH 523, 80°COKHITF-68 1L BEAEZEMT D Y427, F-68 D
TG & DB FIF LT aTRetER R S h b,

F-68 SRR DL G, KEDEKIC - THRERPME T3 M0 QCM-D ik L iRiEE
T L7z, Lol RIBEOHIBBRERIFRMEZ R Lz, ZHUE, BREEOEWVITER
LTW5, QCM-D HlE CIIIEE N FICER I N TN D72, Hlfsh7-7 4+ LU R NI
FAMCHEH E N D — T, BIEETIE 7 4 FL U NI SN PICRNICE £ 5720, 121515
DI BREFRITKL 72D, T, F-68 IRIRICBWTHRIEETH 57, EC/PC LiflikD
FERLED 50/50 OVEBEZ F-68 ZUsNT 5 &, ECXPC OEATH#{L L7274 hL YA M
F-68 NS E21EM & F-68 DNEMUCAEIE LT 2 2 & T, MKBESRRFTH 7+ |k
VUA MIFE LR EB 2 b5,
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Fig. 4-20 Removal efficiency of the photoresist film by immersion in each agent after (a) QCM-D
measurements and (b) immersion methods; 1 min at 25 °C (solid lines) and 3 min at 80 °C (dashed
lines). This figure is reproduced from reference 43 with copyright permission from Japan Society of

Colour Material.

F-68 #ESIN & ISR BT D IEiE%Eh 2 Fig. 4-21 (a) (RT, AEH NS, 2 moOBLE
EDRERE DN D, 180T, BN S GEND FBBHEEIEN ETHhDH, =
L, I HE 5T 25 ECRPCHOFRDLRNZ LIcERLTWAEEZ NS, $9 14
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X, TAIELC F-68 &5 1o 7 DNVAE RN & el U7 RIS EE S BN Z & Th D, Z DR
IZOWTITFEMIC B R TE TS, F-68 TIRIATIIZ 4+ LY A MK LT EC &
PC OFH LMEM L7223, F-68 IANFR TITEEE >+ LISMT F-68 OWAEIZES 5 A/EH
HE< 720, BEOBENIELS 2 o7 LHER L TV 5,
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Fig. 4-21 (a) Frequency shifts as a function of time between the EC/PC mixed solvent and the
EC/PC/water mixed solvent without and with F-68 on the photoresist film coated on the ITO
substrate. (b) Maximum frequency shifts as a result of the swelling of the photoresist film coated on
the ITO substrate, immediately after injection of each removal agent. This figure is reproduced from

reference 43 with copyright permission from Japan Society of Colour Material.
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Fig. 4-22 Schematic representation of the interaction between the photoresist film and EC/PC-to-

water mixture with F-68 on ITO substrate.
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Fig. 4-23 (a) Time-resolved visual representations of the photoresist film and (b) number of the
photoresist particles induced by dewetting immersed in EC/PC-to-water mixture without and with F-
68 (standard deviation intervals; N = 3). The weight ratio of EC/PC-to-water was set to 50/50. All
images are represented as 10 m x 10 m square. The concentrations of F-68 were set at 0%, 0.1%,
0.2%, 0.5%, and 1.0% w/w. The solid lines represent fitting based on power law decay corresponding

to the experimental data.
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Fig. 4-24 (a) Size histograms and (b) occupied area ratio () of the photoresist particles obtained in

the EC/PC-to-water mixture (top) without and (bottom) with F-68 (1% w/w) on the ITO substrate.
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