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BACKGROUND

1. Field of the Invention

The present invention relates to semiconductor manufacturing, and more

particularly, to a photoacid generator, a copolymer, a chemically amplified resist

composition, and a method of forming a pattern using the chemically amplified resist

composition, which are used in manufacturing a semiconductor.

2. Description of the Related Art
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conpositions as well as inprovenent in performnce of

an exposure device nmay be 5 needed. O these resist
conpositions, a chemcally anplified resist

conposition may be generally conprised of a photoacid
generator (PAG, a copolyner, a solvent, and various
addi tives. However, according to a conventiona

i nvention, the PAG may not be equally dispersed

within a resist |layer when the resist |layer is forned

on a substrate 10 using the chemcally anplified

resist conposition. In this regard, characteristics of

| i ne @dgatly,aughikme odforMing@ing twi@@lof @AMoudPittddes, provided in a
deteriorated, and thus encountering a difficulty in
formng fine patterns. Al so, an acrylic copol yner nmay
sbricgediRion| Hy)abueeTd @ of 1265 KR MRéY dekelopsd WBLR4use tHRttEdhnique of
resi stance of the resist pattern with respect to a dry
pl asma may be reduced due to a 15 | arge anount of
fORRIGE thedd BA® paiterhR ey WIffi6ulC PRPloYEMENt il RhAUGESGRIIE of resist
this, a thicEness of the resist pattern is required to
be enl arged, however, when enlarging the resist 2
cBabbsitidhs 28 valloReintpA§Vetht MBYerRdEmARS tof QY @dp&urdd@dvitealy be
S RY An aspect of the present invention provides a
phot oaci d generator (PAG 5 equally dispersed within
nBede8Si st layer formed on a substrate in a

sem conduct or manufacturing process, a copol ymner
including the PAG a chemcally anplified resi st

CONPQst theRMedid ebMpbsitibnb NEcHeRRAlY Hﬁf)}iﬁéﬂgsiﬁ RipBQGoPfhay be
formng a pattern using the chemcally anplified

resi st conposition.

generally comprised of a photoacid generator (PAG), a copolymer, a solvent, and
various additives. However, according to a conventional invention, the PAG may not
be equally dispersed within a resist layer when the resist layer is formed on a substrate.
using the chemically amplified resist composition. In this regard, characteristics of
line edge roughness of a resist pattern may be deteriorated, and thus encountering a
difficulty in forming fine patterns.

Also, an acrylic copolymer may be generally used as the copolymer, however,
etch resistance of the resist pattern with respect to a dry plasma may be reduced due to a
large amount of oxygen atoms of the acrylic copolymer. To overcome this, a thickness

of the resist pattern is required to be enlarged, however, when enlarging the resist
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An aspect of the present invention also provides a PAG
that may inprove 10 characteristics of |ine edge
roughness of a resist pattern fornmed on a substrate in
a sem conductor manufacturing process, a copol ynmer
including the PAG a chemcally anplified resist
conposition including the copolyner, and a nethod of
formng a pattern using the chemcally anplified
resi st conposition. An aspect of the present invention
further provides a PAG that may inprove an 15 etch
resistance of a resist pattern forned on a substrate
paflera, zﬁsﬂﬁlﬁp&tﬁﬂdéﬁhgbe deRrdykd 6t dbfbri@dpr ocess, a copol yner
including the PAG a chemcally anplified resist 3
conposition including the copolyner, and a nethod of
formng a pattern using the chemcally anplified
resi st conposition. An aspect of the present invention
still provides a PAGin which a resist |ayer forned
AAMRIAgUPStrate in a sem conduct or manufacturing
process may have a high 5 sensitivity, a high thernal
stability, a high adhesive strength with respect to
the SNpSatsé&{ ®f the Iﬂk&@ht ih ABBARI RO Ges tﬂﬂot’bﬁé@%ﬁerﬁt@r "(‘PAG)
exposure light, and a resist pattern may have a hig
resolution, a copolyner including the PAC, a

eﬁtﬂsﬁm &%érééd%lhfd ?QISE §5yef ornfATBPS! fuibSiard 1 | iBoriddtor
copol yner, and a nmethod 'of formng a pattern using the
chemcally anplified resist conposition. 10 Accordi ng

rﬁé?luﬁ@tuﬁﬁggﬁ;ﬁ/ea\%f Elgolﬁﬁﬁsiﬁagdlhg‘{lﬁg Q% ¢ nggaﬁm ghﬁfd resist

provi ded resente en1ca

composition including the copolymer, and a method of forming a pattern using the
chemically amplified resist composition.

An aspect of the present invention also provides a PAG that may improve
characteristics of line edge roughness of a resist pattern formed on a substrate in a
semiconductor manufacturing process, a copolymer including the PAG, a chemically
amplified resist composition including the copolymer, and a method of forming a
pattern using the chemically amplified resist composition.

An aspect of the present invention further provides a PAG that may improve an
etch resistance of a resist pattern formed on a substrate in a semiconductor

manufacturing process, a copolymer including the PAG, a chemically amplified resist
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R -~O O0 R2 S+ -A R3 wherein Rl is a hydrogen
atom a trifluoronethyl group, a CL-C5 al kyl group, or
4 Cl-C5 al koxy group, R2 and R3 are respectively a

| i near or branched Cl-C20 al kyl group, an aryl group,
a linear or branched Cl-C20 perfluoroal kyl group, a
benzyl group, or a C6- C20 aryl group, and A- is a
conmpound represented as [Chemical formula 2] OO -
F2 2 O-O0S-CGCC (RmX1L 11 5 O wherein X1 is a
nmonocyclic or polycyclic C3-C20 hydrocarbon group, a
benzyl group, a C6-C20 aryl group, a Cl-Cl0 al kyl
agmpugitiorlinchrd{dgothalckpl Ymée @b a ethdd 6l Gormimpds gutreralusinly the
group, or a cyano group, at |east one hydrogen atom of
t he nonocyclic or polycyclic C3-C20 hydrocarbon group

chemiRtlly SmpliFed $esRs torhptsR@nW th an et her group, an 10
ester group, a carbonyl group, an acetal group, a

nitrile group, a cyano group, a hydroxy
An aspect of the present invention still provides a PAG in which a resist layer

formed on a substrate in a semiconductor manufacturing process may have a high
sensitivity, a high thermal stability, a high adhesive strength with respect to the substrate,
a high transparence with respect to an exposure light, and a resist pattern may have a
high resolution, a copolymer including the PAG a chemically amplified resist
composition including the copolymer, and a method of forming a pattern using the
chemically amplified resist composition.

According to an aspect of the present invention, there is provided a PAG
represented as

[Chemical formula 1]

S+-A
Ry
2 Ry

9

wherein R, is a hydrogen atom, a trifluoromethyl group, a C,-Cs alkyl group, or
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group, a carboxyl group, or an al dehyde group, Ris a
Cl- C10 al kyl group, a Cl1-Cl0 al koxy group, a nitrogen
atom a sulfur atom or an oxygen atom and mis a
positive integer of O to 2. In this instance, a
copol ymer according to an exenplary enbodi nent of the
15 invention may be a chemcally anplified resist
conposition, and the PAG represented as Chem ca
formula 1 may be connected with a main chain of the
copolynmer. 5 Also, a chemcally anplified resi st
conposi tion according to an exenplary enbodi ment of
@, dIwk9 %Edu@ NREM RyNed fégﬁcavéx PQheaFBF brafiched c:fxdzyﬁlayl .group,
and the represente emcal formula 1 may be
connected wwth a main chain of the copolyner. 5
NGB oFHuPh iR YrhiRhe PSPES ipefluctdifkyPEB S AlbehZ W §FYup Ata Cs-
there is provided a nethod of formng a pattern, the
met hod including: coating on a substrate with the
G}p@r@l £dh, Mn@m Iy cbﬁgan%%;ﬁéseﬁt@ﬂm@S' tion including the
copol ynmer and the solvent, a main chain of the
copol yner being connected with the PAG represented as
Cheri d&hemicgfpamue 2], and drying the coated conposition
to forma resist |ayer; selectively 10 exposing the
resi st ﬁ%ybﬁb ahd developlng t he exposed resist |ayer.
Addi t19¥rRaiC4spPect ™ Eat ures, and/ or advantages of the
inventidh will be set forth in part in the
description which follows and, in part, wll be

PP CllihLOR L WnodBRCE! B0 OB BELENTASH Dby
DRAW NGS
group, a Cg-Cy aryl group, a C-Cyo alkyl group, a C;-Cyp alkoxy group, a C;-Cjo

hydroxy alkyl group, or a cyano group, at least one hydrogen atom of the monocyclic or
polycyclic C3-Cy hydrocarbon group is or is not substituted with an ether group, an
ester group, a carbonyl group, an acetal group, a nitrile group, a cyano group, a hydroxy
group, a carboxyl group, or an aldehyde group, R is a C;-C;o alkyl group, a Ci-Cyo
alkoxy group, a nitrogen atom, a sulfur atom, or an oxygen atom, and m is a positive
integer of 0 to 2.

In this instance, a copolymer according to an exemplary embodiment of the
invention may be a chemically amplified resist composition, and the PAG represented

as Chemical formula 1 may be connected with a main chain of the copolymer.
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These and/or other aspects, features, and advant ages

of the invention will becone apparent and nore

readily appreciated fromthe followi ng description of

6 exenplary enbodi nents, taken in conjunction with the
acconpanyi ng drawings of which: FIG1 illustrates a

1H NWR spectrum of a conpound obtained according to a
synthesis exanple 1; 5 FIG 2 illustrates a' H NWR
spectrum of a salt obtained according to a synthesis
exanple 2; FIG3 illustrates a 1H NVR spectrum of a

salt obtained according to a synthesis exanple 3; FIG
4 i 11 ABbT @tchemidallyHaMTiRIDRGHT E0hysYsitidn SiabdrdiaBtai dhegkemplary
according to a synthesis 10 exanple 4; FIG 5
illustrates a 'H NVR spectrumof a salt obtained
eRfbolindnN Bf tHe iAvényibh PRSI iclu@XARBpAyMer ddQ Soliddt USIAr B PAG
a' H NVR spectrum of a salt obtained according to a
synthesis exanple 7; 15 FIG 7 illustrates a' H NWR
r&R€ehied NAsOChdnisal forRBhal REH BCCORMLRE Wih & AMML BRSA Bf the
exanple 8, FIG8 illustratés a'H NVR spectrum of a

salt obtained according to a synthesis exanple 9;

copolymer.

According to another aspect of the present invention, there is provided a
method of forming a pattern, the method including: coating on a substrate with the
chemically amplified resist composition including the copolymer and the solvent, a
main chain of the copolymer being connected with the PAG represented as Chemical
formula 1, and drying the coated composition to form a resist layer; selectively
exposing the resist layer; and developing the exposed resist layer.

Additional aspects, features, and/or advantages of the invention will be set forth
in part in the description which follows and, in part, will be apparent from the

description, or may be learned by practice of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS
These and/or other aspects, features, and advantages of the invention will

become apparent and more readily appreciated from the following description of
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FIGO9 illustrates a ' H NVR spectrum of a salt obtained
according to a synthesis 20 exanple 10; FIG 10
illustrates a ' H NVR spectrum of a salt obtained
according to a synthesis exanple 11; FIG 11
illustrates a 'H NVR spectrum of a salt obtained
according to a synthesis exanple 12; 7 FIG 12
illustrates a ' H NVR spectrum of a salt obtained
according to a synthesis exanple 13; FIG 13
illustrates a 'H NVR spectrumof a salt obtained

accordin nt hesis.exanple 14; 5 FIG 1

<R Tilep; Statdnchis, iR BottiaRb Y ) PoupRuTieiavings of
ording to a synthesis exanple 15; FIG 15 is a

éh‘ h iIIustrating gel perneation chromatography (GPC)

dat a r _ohtained according to a synth
exarrp‘?'Q auiiebies 4 DRV sPraeL o5t Copad §B@t~9€ﬁ griscifing fo a
ol ymer obtalned according to a 10 synthesis

S@%&ﬁﬁ%gaTB lelG 17 illustrates a H NMR spectrum of a
copol nmer . obt ai ned according to synt hesi s _exanpl e

I 7 Blustatey 3 HHNMER $pecgim gt 9 ng Oe%@eeaﬁ%?rqiflg §p a synthesis
copol¥ner obt ai ned according to a synthesis exanple
eﬁmp €

FIG. 3 illustrates a '"H-NMR spectrum of a salt obtained according to a synthesis
example 3;

FIG. 4 illustrates a 'H-NMR spectrum of a salt obtained according to a synthesis
example 4;

FIG. 5 illustrates a 'H-NMR spectrum of a salt obtained according to a synthesis
example 5;

FIG. 6 illustrates a '"H-NMR spectrum of a salt obtained according to a synthesis
example 7;

FIG. 7 illustrates a '"H-NMR spectrum of a salt obtained according to a synthesis
example 8;

FIG. 8 illustrates a '"H-NMR spectrum of a salt obtained according to a synthesis
example 9;

FIG. 9 illustrates a 'H-NMR spectrum of a salt obtained according to a synthesis
example 10;

FIG. 10 illustrates a 'H-NMR spectrum of a salt obtained according to a
synthesis example 11;

FIG. 11 illustrates a 'H-NMR spectrum of a salt obtained according to a

synthesis example 12;
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15 FIG 19 illustrates a 'H NVMR spectrum of a copol yner
obt ai ned according to a synthesis exanple 18; FIG 20
is a graph illustrating GPC data of a copol yner
obt ai ned according to a synthesis exanple 18; FIG 21
illustrates a 1H NVR spectrum of a copol ynmer obtai ned
according to a 20 synthesis exanple 19; FIG 22 is a
graph illustrating GPC data of a copol ymer obtai ned
according to a synthesis exanple 19; FIG 23
illustrates a ' H NWR spectrun1of a copol yner obt ai ned

S?ZSL&C#"%S@P%{WSV”%% <G ooty abish aFdE o o

ordln Go a synthesis exanple 20; FIG 25
SVP L 5ame% 14 1 NWVR spectrum of a copolyner obt ai ned
accordin synthesi s exanpl e 7 5 FIG 26 is a

gr aphti3 ﬂéslﬂlfl%ﬁafeﬁga AR spegifum qfoapéqﬂg/ RBleinsdtagrordigs to a

according to a synthesis exanple 21; FIG 27

sypthesis xamgle 14 ' i NVR spectrum of a copolyner obt ai ned

accordlnqﬂto a synthesis exanple 22; and FIG 28 is a
I

gr aphFIG 14 silpsirares o ARt weghrumy of o s1lY 9BRainspagroidige to a

according to_a 10 synthesis exanple 22.
synthesis example 15;

FIG. 15 is a graph illustrating gel permeation chromatography (GPC) data of a
copolymer obtained according to a synthesis example 15;

FIG. 16 illustrates a 'H-NMR spectrum of a copolymer obtained according to a
synthesis example 16;

FIG 17 illustrates a "H-NMR spectrum of a copolymer obtained according to a
synthesis example 17;

FIG. 18 is a graph illustrating GPC data of a copolymer obtained according to a
synthesis example 17;

FIG. 19 illustrates a 'H-NMR spectrum of a copolymer obtained according to a
synthesis example 18;

FIG. 20 is a graph illustrating GPC data of a copolymer obtained according to a
synthesis example 18;

FIG. 21 illustrates a 'H-NMR spectrum of a copolymer obtained according to a
synthesis example 19;

FIG. 22 is a graph illustrating GPC data of a copolymer obtained according to a
synthesis example 19;

FIG. 23 illustrates a 'H-NMR spectrum of a copolymer obtained according to a

synthesis example 20;
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DETAI LED DESCRI PTI ON Reference will now be made in
detail to exenplary enbodi nents of the present

i nvention, exanples of which are illustrated in the
acconmpanyi ng drawi ngs, 15 wherein like reference
nunerals refer to the |ike elenents throughout.

Exenpl ary enbodi nents are descri bed bel ow to explain
the present invention by referring to the figures.
According to an exenplary enbodi nent of the invention,
a photoacid generator (PAG, a copol yner including

he PARS a chemically ampljfied resist 2
| el Uy BRERDVVHERE OB 4 faeaeab B TR ARG Ring b

attern using the chemcally anplified resist
S@Hﬁﬁ&ﬁ‘@PB%gaﬁ be herein described in detail. The

PAG ording to the present exenplary enbodi nent ma

be r %ﬁeﬁﬂwgwt%&s %@?f@%ﬁn?aﬁwm 6t ArpROIYFper@bRineg)accoglipg to a
S%A. R3 wherein RL is a hydrogen atom a
SYW%@P&%WBH&@HyI group, a C1-C5 alkyl group, or a Cl1-C5
al koxy group, R2 and R3 are respectively a |inear or

br andHS2s _a(ggqphdllqksy]atmg GPC data of a copolymér obtained according to a

synthesis example 21;

FIG. 27 illustrates a lH-I\.IMR spectrum of a copolymer obtained according to a
synthesis example 22; and

FIG. 28 is a graph illustrating GPC data of a copolymer obtained according to a

synthesis example 22.

DETAILED DESCRIPTION

Reference will now be made in detail to exemplary embodiments of the
present invention, examples of which are illustrated in the accompanying drawings,
wherein like reference numerals refer to the like elements throughout. Exemplary
embodiments are described below to explain the present invention by referring to the
figures.

According to an exemplary embodiment of the invention, a photoacid
generator (PAG), a copolymer including the PAG, a chemically amplified resist
composition including the copolymer, and a method of forming a pattern using the
chemically amplified resist composition will be herein described in detail.

The PAG according to the present exemplary embodiment may be represented
as

[Chemical formula 1]
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group, an aryl group, a linear or branched Cl-C20
perfluoroal kyl group, a benzyl group, 5 or a C6-C20
aryl group, and A- is a compound represented as
[Chemical formula 2] OFZ:H2 O .OSCCO-(RmX1
O wherein X1 is a nonocyclic or polycyclic C3- C20

hydr ocar bon group, a benzyl group, a C6-C20 aryl
group, a Cl1-C10 al kyl group, a Cl-Cl10 al koxy group, a
Cl1-C10 10 hydroxy al kyl group, or a cyano group, at

| east one hydrogen atom of the nonocyclic or

poncycH c C3-C20 hydrocarbon group is or is not
substituted with an ether group, an ester group, a
car bonyh—gy oup, an acetal group, a nitrile group, a
cyano gfoup, a hydroxy group, a carboxyl group, or an
- group, Ris a Cl-Cl10 al kyl group, a Cl-C10

al koxy ‘p; a nitrogen atom a sulfur atom or an
oxygen atgm and mis a positive 10 integer of O to
2. The ﬁ@ Sac@ordi ng to an exenpl ary enbodi nent of the
i nventior? nBy be obtained through a synthesis
reaction of a conpound represented as Chem cal fornula

3 bel ow.a resented as em cal, for
bel ovoyhefgel[l%hlegrﬁ }bygrogprbﬁ rgiuorcr_@eth group, a Ci-Cs afPJJ group, or

a C-Cs alkoxy group, R, and Rj3 are respectively a linear or branched C;-Cy alkyl
group, an aryl group, a linear or branched C;-Cy perfluoroalkyl group, a benzyl group,

or a C¢-Cyo aryl group, and A" is a compound represented as

[Chemical formula 2]

. . 1]
-0-
. il

o
S—CC -JLwR)—xl
O . :

wherein X is a monocyclic or polycyclic C3-Cy hydrocarbon group, a benzyl

group, a Cg-Cy aryl group, a C,-Cjp alkyl group, a C;-Cy¢ alkoxy group, a C;-Cyo

hydroxy alkyl group, or a cyano group, at least one hydrogen atom of the monocyclic or

polycyclic C3-Cy hydrocarbon group is or is not substituted with an ether group, an

ester group, a carbonyl group, an acetal group, a nitrile group, a cyano group, a hydroxy

group, a carboxyl group, or an aldehyde group, R is a C;-C alkyl group, a C;-Cyg

alkoxy group, a nitrogen atom, a sulfur atom, or an oxygen atom, and m is a positive

10



wherein RL is a hydrogen atom a trifl uoronethyl
group, a Cl1-C5 al kyl group, or Cl1-C5 al koxy group.
[Chemical formula 4] OHO R2-S + - A 10 R3 wherein
R2 and R3 are respectively a linear or branched Cl-C20
al kyl group, an aryl group, a linear or branched
Cl- C20 perfluoroal kyl group, a benzyl group, or a C6-
C20 aryl group, and A- is a conpound represented as
Chemical fornmula 2. The salt represented as Cheni cal
formula 2 may be, for exanple, obtained 15 through a
synthesis reaction between a salt represented as
ifthgario€Ako Z.ormul a 5 below 11 and a conpound
represented as Chemical fornula 6 bel ow, however, the
present invention is not limted thereto, and thus
vari oltse PAGP&dodigaidtdnobxehibldrg efdydiaRnt ap el @adiion nldyebe
synthesis reaction between the salt represented as
Chemical fornmula 5 below and the conpound represented
obeirel elirtoeddl a Syathedis Radlida&f @\bomBYundeeprésehite® ¥SORnGcal $ormula 3
perfornmed under a basic catalyst after reactants are
di ssolved in a reaction solvent at a tenperature of
batoalind @salk feplddéhtéd astd@iemical fBmbI@AWeiow? sol vent is not
particularly |imted, however, for exanple, nethylene
chloride (MC), chloroform dichloroethane,

5  acet onNChéhica.fofotlidigne, and the |ike may be used al one
or in a conbination of two or nore

R1

<,

c’

N __J E—"

wherein R is a hydrogen atom, a trifluoromethyl group, a C,-Cs alkyl group, or
C;-Cs alkoxy group.

[Chemical formula 4]

oH

Rg+-A

wherein R; and Rj are respectively a linear or branched C,-Cy alkyl group, an
aryl group, a linear or branched C;-C,g perfluoroalkyl group, a benzyl group, or a Ce-
Cyo aryl group, and A is a compound represented as Chemical formula 2.

The salt represented as Chemical formula 2 may be, for example, obtained

15  through a synthesis reaction between a salt represented as Chemical formula 5 below

11
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t hereof as the reaction solvent. Al so, the basic
catalyst is not particularly limted, 10 however, for
exanpl e, triethylam ne, diethylam ne, pyridine,

di et hyl i sopropyl am ne, N, N-di net hyl am nopyri di ne may
be used alone or in a conbination of two or nore
thereof as the basic catalyst. [Chemcal fornmula 5] O
11 F2 M+ - OS-GCH2ZOH 0 15 wherein Mis a lithium
atom a soduimatom or a potassiumatom [Chem ca
formula 6] 12 O X2 R6 Cl wherein X2 is a nonocyclic
or polycyclic C3-C20 hydrocarbon group, and at |east

agd & b()’rﬂ%@l@&ﬁe@%wﬁteﬁf ast OBeriRAOfYillaC6 BeloRO|H6&}%Gdri €he present
C3- C20 hydrocarbon group is or is not substi t ut ed

with an ether group, an ester group, a carbonyl group,

iRRNAGE i hotOli Gt Pherdo, Nrld" ihu§ vafiQPconthot @ enddsrOskhs rAay be
hydroxy group, a carboxyl group, or an al dehyde

group, R6 is a Cl-Cl10 al kyl group, a Cl-Cl0 al koxy

aPplRdBle. ATHY dyh@EES redt N befwees Wef it réﬂr&@ﬁte@ﬁs @ﬁbnﬁ&l @&hula 5
atom and mis a positive integer of O to 2.

addition, the salt represented as Chem cal fornula 5
beRW 48 ’the‘C Qnpe¥RiRpRsented as Chemical formula 6 below may be, for example,

performed under a basic catalyst after reactants are dissolved in a reaction solvent at a
temperature of about 0'C to 100°C. Here, the reaction solvent is not particularly
limited, however, for example, methylene chloride (MC), chloroform, dichloroethane,
acetonitrile, toluene, and the like may be used alone or in a combination of two or more
thereof as the reaction solvent. Also, the basic catalyst is not particularly limited,
however, for example, triethylamine, diethylamine, pyridine, diethylisopropyl amine,
N,N-dimethylaminopyridine may be used alone or in a combination of two or more

thereof as the basic catalyst.

[Chemical formula 5]

0 k.- .

1l 2 .

M + - O=S$~C~CH,OH
. O _.,

wherein M is a lithium atom, a soduim atom, or a potassium atom.

[Chemical formula 6]

12
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manuf actured through a synthesis reaction using a salt
represented as Chemcal fornmula 10 7 below. First,

the salt represented as Chemical formula 7 belowis

di ssolved in a reaction solvent such as

tetrahydrof uran, nethanol, ethanol, propanol, and the

i ke, and sodi um borohydride (NaBH4) is gradually
dropped under an ice bath. Next, a reaction m xed
liquid is stirred for about four hours under an oi

bat h of about 601C, and is quenched with distilled
water to renove 4 he reaction solvent. Next, the

reacti X § iquid fromwhich the reaction

sol ven ed is dissolved with distilled water,
and is acidified until a pH of the reaction m xed

i quid becomes about 5 to 6 using a 13 concentrated

HCl . Weseéin N6 areatichaie of podgbytlic]Ti-a,J Bydeevagpntgreédpednd at
nmet hanol is added in the concentrated mxed liquid to
forma slurry, and then the slurry is filtered. Next,
1éusf bdetHyatopeh Stofl GARS BHn&SLRDoNEHARBlic CLOGAVdFRh®In group is
crystallized using diethyl ether, and then filtered
and dried to manufacture a salt represented as the
oRBOMG SubQifited bvith QinBeR grétipdan k{Bregfota dadBdiyl grodp, anQicetal
11 F2 0 M+ - OS-CORS 0 wherein RL is a hydrogen

atom a nethyl group, a trifluoromethyl group, a

ghdupC Rl AENEBENY, a0ERHP gréhpt fal By Y] 2 GaddRyl Souf or an
triiodonethyl group, and Mis a "10 lithiumatom a
sodi um atom or a potassium atom

aldehyde group, R¢ is a C;-Cyg alkyl group, a C;-Cypalkoxy group, a nitrogen atom, a
sulfur atom, or an oxygen atom, and m is a positive integer of 0 to 2.

In addition, the salt represented as Chemical formula 5 may be, for example,
manufactured through a synthesis reaction using a salt represented as Chemical formula
7 below. First, the salt represented as Chemical formula 7 below is dissolved in a
reaction solvent such as tetrahydrofuran, methanol, ethanol, propanol, and the like, and
sodium borohydride (NaBHy) is gradually dropped under an ice bath. Next, a reaction
mixed liquid is stirred for about four hours under an oil bath of about 60C, and is
quenched with distilled water to remove the reaction solvent. Next, the reaction mixed
liquid from which the reaction solvent is removed is dissolved with distilled water, and

is acidified until a pH of the reaction mixed liquid becomes about 5 to 6 using a

13
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In addition, a main chain of the copolyner for the
chemcally anplified resist conposition according to
an exenpl ary enbodi nent may be connected with the PAG
The PAG may be connected with the main chain of the
copolynmer in a repeating unit type having the PACE
however, the present exenplary enbodi nent is not

limted thereto. 15 The copol ymer may further include

at | east one of a repeating unit having an acid labile
group, a repeating unit having a lactone ring, and a
repeating unit having a hydroxy group, as necessary.
coh@nE2EOHOIENSE B¢ FHabtibnt iRixad 11§18 IO AL t@RBOGERRIY idwMed
be, for exanple, represented as 20 [Chen1ca| formul a

8] 14 RT RBRR R 2a~-0-cdeOO0OO0O OO0OCG O K4
iftheRBnReRdteAmixed T3 uiths el B&rrj' Sdna tm%@&%‘y RUNZted? Next,
trifluoronmethyl group, a Cl-C5 al kyl group,” or C1-C5

al koxy group, R2 and R3 are respectively a linear or
abfilgRe e dlebdse&40in Cglhlé%lne gEd?lH&trateﬁnc@Et)ﬁlhzaf 95‘1‘15% d@thlyl B8&. and
or branched CI1-C20 perfluoroal kyl "group, enzyl

group, or a

then filtered and dried to manufacture a salt represented as the above Chemical formula

[Chemical formula 7]

QF '
M +-0-S-c—LLoR,
0

£4

wherein Ry is a hydrogen atom, a methyl group, a trifluoromethyl group, a
trichloromethyl group, a tribromomethyl group, or a triiodomethyl group, and M is a
lithium atom, a sodium atom, or a potassium atom.

In addition, a main chain of the copolymer for the chemically amplified resist
composition according to an exemplary embodiment may be connected with the PAG.
The PAG may be connected with the main chain of the copolymer in a repeating unit
type having the PAG, however, the present exemplary embodiment is not limited thereto.
The copolymer may further include at least one of a repeating unit having an acid labile
group, a repeating unit having a lactone ring, and a repeating unit having a hydroxy
group, as necessary.

The copolymer according to an exemplary embodiment may be, for example,
represented as

[Chemical formula 8]

14
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5 C6-C20 aryl group, R4, R5 and R6 are respectively a
hydrogen atom or a Cl-C30 al kyl group including or
not including an ether group, an ester group, a
carbonyl group, an acetal group, an epoxy group, a
nitrile group, or an al dehyde group, R7, R8 and RO are
respectively a hydrogen atom a nethyl group, or a
trifluoromethyl group, X2 is olefin, vinyl, styrene,
or a derivative thereof, a, b, ¢, d, and e
respectively satisfy 0.01 10 < a/(atb+c+d+e) < 0. 4;
0.01 <,b/(a+b+c¢p+e)r§ 0-3h90:01Rf c/ (a+b+c+d+e) <
0.3; OBk, _ O35 01 < e/ (atb+c+d+e)
< 0.15, and A ) : o reprgsented as [ Chem ca
formula 2] Q00 - d2 HAD-S-GWCGOLL(RmMX, 0 15
wherein X1 i s arRymNo®icl i cRpr polygyclic C3-C20

hydr ocar bon group, a benzyl - grﬁg:> a C6-C20 aryl
group, a Cl-Cl10 al kyl group, a Ci='o al koxy group, a
Cl-d o hydroxy al kyl group, or qaeﬁanb group, at

| east one hydrogen atom of the nofoclclic or

pol ycyclic C3-C20 hydrocarbon group is or is not

substi tut.ed w t.h .an et her gr.ou 5 este 0 a
car bl 8% 1 AT APE) = giRImer Ergtpy %5 Bt v o

cyano group, a hydroxy group, a carboxyl group, or an

bayay BIoRE s 4 15 afareractoiny i P Bpeftn Son it sovr

oxygen atom and mis a positive

an aryl group, a linear or branched C;-C, perfluoroalkyl group, a benzyl group, or a
Cg-Cao aryl group, R4, Rs and R are respectively a hydrogen atom, or a C;-Cy alkyl
group including or not including an ether group, an ester group, a carbonyl group, an
acetal group, an epoxy group, a nitrile group, or an aldehyde group, R;, Rg and Rgare
respectively a hydrogen atom, a methyl group, or a trifluoromethyl group, X, is olefin,
vinyl, styrene, or a derivative thereof, a, b, ¢, d, and e respectively satisfy 0.01
<al(atb+c+d+e) < 0.4; 0.01 < b/(a+b+c+d+e) < 0.3; 0.01 < c/(a+b+c+d+e) < 0.3; 0.01
< d/(at+b+c+d+e) < 0.3; 0.01 < e/(atb+c+d+e) < 0.15, and A™ is a compound

represented as

[Chemical formula 2]

o Fsz.. o
-0-8-c-c-0——R)m-x,
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integer of 0 to 2. The copol yner nmay be a bl ock

copol yner, a random copol yner, or a graft 10

copol ymer. The copol yner nay be synthesized by a

pol yneri zati on of nmonomers including the PACE and a

met hod of the polynerization is not particularly

limted, however, for exanple, a radica

pol ynmeri zati on may be used. As a polynerization

initiator of the radical polynerization,

azobi si sobutyronitrile (A BN), benzoyl peroxide

(BPO, lauryl peroxide, azobisisocapronitrile,

azobi shaeiv és omidnbéyctc of polyeyelit Yh-Chphyiyetattpargoipde benzyl

and the like my be used alone or in a conbination of

two or nmore thereof. A polynerization reaction may be

ghaupl ar 0paykiylagroas, i Cf-@,y aRPl yidep,i € @, iQnalksBagioupna C-Cyo

sel ected from anong bul k pol ynmeri zati on, solution

pol yneri zation, suspension polynerization,

Hydidky alky PO, 0P a BRIng FRFupZatldadibne fto§érP4lom of the monocyclic or

pol yneri zation, and the |ike. As a polynerization

solvent, at |east one polynerization solvent sel ected

ﬁoly@%lfé%?@{&%yd%@mb@ﬁ %ﬁﬁﬁals %Y isenf subinAGE Wah @d JARPZEB, an

diethyl ether, tetrahydrofuran, 1, 2-dichloroethane,

16 esters, ethers | act ones, ketones and am des may

ehRr Ho88l-a RVINYI19R6 D, ANaddRNLI¥EP, Afiile Q}zsu;p RYMG! g%oup, a hydroxy

remaining in a reaction mxture may be préferabl

removed by a precipitation method perforned by neans
Kﬁa&q}%ﬁ?t grody, to@rantdnfehp@é WIORP,] lzag hQ)-¢5 alksP BR! Ft §@l-c10

anount of the PAG upon the polynerization o

copolyner may rely on an amount of a total solid of

ARy GhRIF Eﬂltio\ée@%{n' fa'sﬁﬂlurr a@&h Sdr z&%@eﬂ ﬁtbﬂnaﬂ@ﬁl i¥digagitive

t he” “copol yner. Specifically, the copol ymer

performthe pol ynerization using the

integer of 0 to 2.

The copolymer may be a block copolymer, a random copolymer, or a graft
copolymer. The copolymer may be synthesized by a polymerization of monomers
including the PAG, and a method of the polymerization is not particularly limited,
however, for example, a radical polymerization may be used. As a polymerization
initiator of the radical polymerization, azobisisobutyronitrile (AIBN), benzoyl peroxide
(BPO), lauryl peroxide, azobisisocapronitrile, azobisisovaleronitrile, tert-butyl
hydroperoxide, and the like may be used alone or in a combination of two or more
thereof. A polymerization reaction may be performed by an arbitrary polymerization
reaction selected from among bulk polymerization, solution polymerization, suspension
polymerization, bulk-suspension polymerization, emulsion polymerization, and the like.
As a polymerization solvent, at least one polymerization solvent selected from benzene,

toluene, xylene, halogenated benzene, diethyl ether, tetrahydrofuran, 1,2-dichloroethane,

16
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PAG of about 0.5 to 15 parts by weight with respect to
about 100 parts by weight of the total solid of the
chemcally anplified resist conposition. Wen the
amount of the 10 PAGis about 0.5 parts by weight or
| ess with respect to about 100 parts by weight of the
total solid of the conposition, acid generation may be
reduced to thereby reduce a resolution, and a resi st
pattern including a bottom|ayer may be not properly
generated that is, formed to be inclined and when
a t of the PAG bout 15 ht or
eﬁ&‘ifﬁe iy Ha‘i‘%“é’*ﬁé‘&{"“%a %6‘1} 988y é%l"l{) &owagmn ngm and
sanme, the aci.d 15 generation may overly qccu
btyFPé?‘E‘BS? FASES &l % TEAClip CRIFEEE TR% ?eoneg‘?ﬁat&b pféPloved by a
portiqon of the resist layer, and a |light absorption
P(S‘?C‘R‘WBO'PRG“}?&yP‘i"‘{?E‘F%‘a% Reang 108 e tR}venk ilies the polymerization is
transparence of a resin. A weight-average nol ecul ar
“in ternms of polystyrene neasured by ge
per neati on chronmat ography (GPC) of the copol may
be abofit 2aBeentEhthe FHlogmn thezwlwea%%tﬂthq €ORP yyner frgy rely on
wei ght - aver age nol ecul ar wei g be about 3,000 to
as Gmyuet A Sristabelid gy thoghemigyllp :amﬁbﬁ@%reeﬁt qompogitiehincding the
mplified resist conposition, developing property and
CH%‘%lYm?feSSEftC&??é’éy’ ohe wcRRolyrBe ey [pasfarm thenpelymprézation using the
wei ght - aver age nol ecul ar weight is about 500 or |ess,
PAREOL abeptdd.S 190kt RaFt birapisghbwish sdspset Heaboriolpagp by weight of the
defornmed, and when the weight-average nol ecul ar
tQtal sphid o the elpenieatly amplified aerst comeosiéatol (Wheprfhopmopwt of the
li resist pattern may be reduced. The nol ecul ar wei ght
PaiGsis abayt PiScnarte by whighicaspesss yithrrespagtyo ghoup H¥lparts by weighbof the
and nnre articularly, about 1 to 3. The nol ecul ar
t%elu ¢ tcpinpesitiann acif! geherad@poiay rherredupgd he thereby reduce a
roprlately adj usted by changi ng a used anount
reso ution, and a resist pattern including a bottom layer may be not properly generated,

that is, formed to be inclined, and when the amount of the PAG is about 15 parts by
weight or more with respect to about 100 parts by weight of the same, the acid
generation may overly occur to thereby increase in a thickness loss of an upper portion
of the resist layer, and a light absorption of the PAG may increase to thereby reduce a
transparence of a resin.

A weight-average molecular weight in terms of polystyrene measured by gel
permeation chromatography (GPC) of the copolymer may be about 500 to 100,000.
More specifically, the weight-average molecular weight may be about 3,000 to 30,000
considering coating property of the chemically amplified resist composition, developing
property and heat resistance of the resist layer. When the weight-average molecular
weight is about 500 or less, the resist pattern may be easily destroyed or deformed, and

when the weight-average molecular weight exceeds about 100,000, the resolution of the
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and reaction tinme of a radical polynerization
initiator. 5 As exanples of the copol ynmer according to
an exenpl ary enbodi mrent of the invention, copolyners
represented as Chemical fornmulas 9 to 21 may be given,
and the present exenplary enbodinments are not limted
thereto. [Chemical formula 99 acde OOO0O OO0O
OOOHS+0 -0SCFF2 200 10 O [Chemical formula
10 abcde OO0OO0OO0O OOOOOHS+H 0O OSCR2

resist pattern may be reduced. The molecular weight distribution of the copolymer

may be about 0.9 to 5, and more particularly, about 1 to 3. The molecular weight
distribution of the copolymer may be appropriately adjusted by changing a used amount
and reaction time of a radical polymerization initiator.

As examples of the copolymer according to an exemplary embodiment of the
invention, copolymers represented as Chemical formulas 9 to 21 may be given, and the

present exemplary embodiments are not limited thereto.

[Chemical formula 9]

[Chemical formula 10]

[Chemical formula 11]

18



O\-LOO [Chemical formula 11 ] 18 OOO0O O0O0O0O
0-~6) z~ OHS+ O OSCF o O [Chemcal formula 12]
bcde O0O0O0 OO0OOO0OOM™MHS+ O OS-CF 000 5

[Chemical formula 12]

@b@o&@

[Chemical formula 13]

[Chemical formula 14]
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bcde OOOO OOOM™ S+ O
O [Chemcal formula 14] 19 bO CO dO
0 OSCF2 p 0O [Chemncal

[ Chem cal fornul
OS-CF2 O\ _

a
_ O ~
eO 0 0OO0OO0OO0O0 OH s+
formula 15] b c

[Chemical formula 16]

[Chemical formula 17]
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O0OO0O0 O0O.0 OOMHZ S+ O /OCF2 -S'0" ~O
~O 0 5 [Chemcal fornula 16] bc de OOO0 00O
OOOOHS+ O OSCF2 O~O00 [Chemical formula 17]
20

[Chemical formula 18]

[Chemical formula 19]

S~ O 0-5-CF2
[Chemical formula 20]
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abcde O0OOO0OO0O0O0 OOMHS+H O -0-SCF OO

[Chem cal fornmula 18] bcde 000 O0O HOO

LOHO S+ 0 OK~0 5 017 [Chemcal forrmula 19] b c d e
O0OO0O0 O0O O

[Chemical formula 21]

wherein, a, b, c, d, and e may respectively satisfy 0.01 < a/(a+b+c+d+e) < 0.4;
0.01 < b/(a+b+c+d+e) < 0.3; 0.01 < ¢/(a+b+c+d+e) < 0.3; 0.01 < d/(a+b+c+d+e) < 0.3;
0.01 <e/(a+b+c+d+e) < 0.15.

In addition, the chemically amplified resist composition according to an
exemplary embodiment of the invention may include the copolymer and a solvent, and a
main chain of the copolymer is connected with the PAG. The chemically amplified
resist composition according to an exemplary embodiment of the invention may further
include other additives. The other additives are not particularly limited, however, for

example, a surfactant and water-soluble alcohols may be used alone or in any
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000 bOH..I 0S+0 -OS-CFOO0O [Chemcal formula
20 21bcde OOO OOOOO aHH o z!t~-OH o
Il I ~s+ O\% OS-CF2 O O --'" and [Chenical
formula 21] OOO OOO OOH 0 S+ O

combination thereof. The chemically amplified resist composition according to an
exemplary embodiment of the invention may further include a separate PAG.

An amount of the copolymer may be about 3 wt.% to 20 wt.% with respect to
the total amount of the chemically amplified resist composition. When the amount of
the copolymer is less than about 3 wt.%, a thickness of the resist layer may be
significantly reduced to encounter a difficulty in obtaining a desired resist pattern
thickness, and when the amount of the copolymer exceeds about 20 wt.%, the thickness
of the resist layer may significantly increase.

The solvent included in the chemically amplified resist composition may be
not particularly limited as long as the solvent is able to dissolve a solid of the
composition, and having an appropriate drying speed, however, for example, glycol
ether esters such as ethyl cellosolve acetate, methyl cellosolve acetate, and propylene
glycol methyl ether acetate; esters such as ethyl lactate, butyl acetate, amyl acetate, and
ethyl pyruvate; ketones such as acetone, methyl isobutyl ketone, 2-heptanone, and
cyclohexanone; and cyclic ester such as y-butyrolactone, and the like may be used
alone or in a combination of two or more thereof.

In addition, a method of forming a pattern according to an exemplary
embodiment of the invention may use the chemically amplified resist composition to
form a resist pattern on a substrate, however the present exemplary embodiment is not
limited thereto. For example, the method of the present exemplary embodiment may
include forming a pattern of a semiconductor device and/or display device using the
resist pattern, that is, a transistor, a capacitor, and metal wiring. The method of
forming the pattern according to an exemplary embodiment may include coating on a

substrate with the chemically amplified resist composition, drying the coated
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F2 O0S-C00 O 5 wherein, a, b, ¢, d, and e may
respectively satisfy 0.01 < a/(at+tb+c+d+e) < 0.4; 0.01
< b/ (atb+c+d+e) < 0.3; 0.01 < c/(at+tb+c+d+e) < 0. 3;
0.01 < d/ (atb+c+d+e) < 0.3; 0.01 < e/ (atb+c+d+e) <
0.15. In addition, the chemcally anplified resist
conposition according to an exenplary enbodi nent of
the invention may include the copolymer and a sol vent,
and a 10 main chain of the copolyner is connected
mﬁth the PAG The chenically anplified resist

osi tion accordjn an exenp| ary emnbodi ment
CPRBOTRLAP RS ARy 1Pk e SRR Egh S lges Ry vloping
The ot er.a?dltl S are not parti uIarI limted,
e i A o i3 d e PeFTeI REEEP g Smgignent

ol s be _used alone or in any 22 conbination
31‘* femaﬁqaﬁ%deé‘?@ﬁ?&:‘h‘waj} anplified resist conposition
accordln to an _exenpl ary enbodi mnent. of the invention
may f uFifsrethe; shemirally &@@554 &8585t SRAPORIHOH MAYnke Gpatgd an the

copol ynmer may be about 3 wt.%to 20 w. 96MAth r espect
St"b*trater{ge&a&tdam WNyGat B %@r%@rﬁ%aﬁqﬂyula% lrnrl%dlowever an
resi st conposition. When the anount of

iS‘HWH%%“nEsseleé%% froRah siliputafsr dtglasy S‘d?Sfrh‘iecfk H@@Eleéflbstrate
the resist |layer may be significantly reduced to

apth thsupeanaybediseq. i Thgicoating meshadgis ﬁrhﬁfgaray srleqtedelgorn spipspating,

pattern thickness, and when the anmount of the
diRping, sRreYing veederigabout 20 wt. % the thi ckness

Next, a light may be irradiated to the chemically amplified resist composition
coated on the substrate, or a heat may be applied thereto. As a result, a solvent of the
composition may be evaporated to form the resist layer. In this instance, hardening of
the resist layer may be slightly performed.

Next, the resist layer may be selectively exposed. Here, selectively exposing
the resist layer may denote exposing the resist layer so as to obtain a desired resist
pattern. For example, a mask for forming the desired resist pattern may be used upon
selectively exposing. A light source upon the selectively exposing may be any light
source arbitrarily selected form a KrF excimer laser, an ArF excimer laser, an Extreme
Ultra Violet (EUV) light, an X-ray, and an electron-beam (e-beam). A light
wavelength of the light source upon the exposing may be arbitrarily selected from about
180 nm to 250 nm, as necessary. The exposed resist layer may be hardened after the
exposing, as necessary.

Next, the exposed resist layer may be developed using a developing solution.
As a result, the resist pattern may be formed. As the developing solution, sodium

hydroxide, potassium hydroxide, sodium carbonate, sodium silicate, sodium
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of the resist layer may significantly increase. The
solvent included in the chemcally anplified resist
conposition may be 10 not particularly limted as
long as the solvent is able to dissolve a solid of the
conposition, and having an appropriate drying speed,
however, for exanple, glycol ether esters such as
et hyl cellosolve acetate, nmethyl cellosolve acetate,
and propylene glycol nethyl ether acetate; esters
such as ethyl lactate, butyl acetate, anyl acetate
uvate ketoqﬁs such as ac t one, ne. Q&J
61ﬁ amme

h
Té*%%‘t&a& Y et St o B G TeP OB E an

| t h t | h
t%a%;nﬂ@iv‘fﬂéféane"?@%&ﬂ%% Bacti e ﬁ‘%é]fdet%g dhe Rt ol be

thereof. .In addition, a nethod of form ng a p ttern

P drdn Fooabinainh i dhoork Bt e thastremanseys

- use the chem ca lified resist conposition to

PHHAT geiudedhe tﬁ‘é*l‘{‘eéé’ drgio “%‘J'éfg‘t"?“ci’@é“ay 6WEfer t he
presen (ﬁ@nglary enbodi nent _is not 20 limted
t her et P &we@m%em%ﬁlwsw B TAG: gy deshpnected with a
exe Lar% enbodi nent may include formng a pattern of
AL SR 616 GOy e ISR D% feahipe mestﬁ%P Roshaly gispargydetithin
resist pattern, that is, a transistor, a capacitor,
the, desisselayeryi Iy fis rgned. neherpstsristics @fobps 15geg menahagss egnd etch
according to an exenpl ary enbodi nent may include
regsch gt &’ﬁ regist pajtsst may e ipnrovedhelncaddivionhe (esishigygrimaydhave
resi st conposition, drying the coated 23 conposition
ahjeh srnsitiyity, adhigh theepab ﬁtab%lél adighyadhgsive sirsagth gvithhgespect to the
resist |l ayer, and devel oping the exposed resi st
spbsjrate, atigEh FRISPASRICA A Brigsnee toGnt HEOFe gt al@x‘éﬁﬁstﬁ pattern
enmbodi nent nmay be hereinafter described in detai
may have a high resolution.

Hereinafter, the present invention will be described in detail by examples. It is
to be understood, however, that these examples are for illustrative purpose only, and are
not construed to limit the scope of the present invention.

[Synthesis examples]

Synthesis example 1 : methoxymethoxybenzene synthesis

Under an ice bath, about 200 g of phenol and about 256 g of chloromethyl
methyl ether were mixed and stirred in about 2 L of methylene chloride (MC), and
about 740 ml of diisopropylethylamine (DIPEA) was gradually dropped. Next, the ice
bath was removed and a temperature was increased, and then a synthesis reaction (see
Equation 1 below) was performed while stirring for about 12 hours at room temperature.
Next, distilled water was added in a reaction mixed liquid to complete the synthesis
reaction and to extract an organic phase. Next, the organic phase was washed using

about 0.5 N of HCI aqueous solution, distilled water, about 1 N of NaOH aqueous
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First, the chemcally anplified resist conposition my
be coated on the 5 substrate prepared in advance. The
substrate is not particularly limted, however, an
arbitrary substrate selected froma silicon wafer, a
gl ass substrate, a flexible substrate, and the like
may be used. The coating nethod is arbitrarily
sel ected fromspin coating, dipping, spraying,
transfering. Next, a light may be irradiated to the
chemcally anplified resist conposition 10 coated on
08 05 e R SR TR BRI L8 e
In this jnstan

SPBEL oA ST RSP B PP 0P
B0 g 59, O Bl BGRB8 8L, o
e e S SR

ERET T I B T

I |V osi.ng may be any light source
2351)?&}&?%%75@0@&2@3 forma KrF exciner |aser, an ArF
exciwﬁg | aser, an Extrene Utra Violet (EW) Iight,
an X-F9Y2Uo8dd an el ectron- beam (e-bean). A Iight
wavel engt h of the |ight source upon the exposing may
be arbRbrarily selected from about 20 060 nmto 250
nm ecessary/o\T/ha expd8EY esi*'ayer may be
harde after the exposimg, as nsary. Next, the
exposed’resist |ayer may be developed usi.ng a
devel oping solution. As a result, the resist pattern
may Synflesised. exAdplehe geveldpbemg-4sindthidxyvaidthoR @shetiybulfonium
hydr oxi de, potassi um hydr oxi de, sodi um car bonat e,
tsfhebroretbaresulfdhfte sOGhthelis

About 100 g of the methoxymethoxybenzene manufactured in the synthesis
example 1 and about 133.1 g of phenyl sulfoxide were mixed and stirred in about 1,200
ml of an MC, and then a temperature was reduced to about -78 C using a dry ice-aceton.
Next, about 240 g of trifluoromethanesulfonic anhydride was gradually dropped and
stirred for about three hours using a dropping funnel at about -78 C to perform a
synthesis reaction (See Equation 2 below). Next, the synthesis reaction was
terminated when an initiator on a thin layer chromatography (TLC) disappeared. Next,
about 200 g of calcium carbonate was dissolved in about 1.5 L of water, and the reaction
mixed liquid was added in a solvent cooled to about 0°C and strongly stirred for about
20 minutes. Next, an organic phase was extracted, and further stirred in a calcium
carbonate aqueous solution. Next, the extracted organic phase was washed using brine,

and dried using magnesium sulphate. Next, the organic was filtered and concentrated
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24 nmetasilicate, ammonia water, ethylamn,

n- propyl am ne, triethylamne, tetranethylanmoni um
hydr oxi de, tetraethyl anmoni um hydroxi de, and the |ike
may be wused alone or in a conbination of two or nore
t hereof. From anong these, an aqueous sol ution

i ncl udi ng the tetranethyl ammoni um hydroxi de may be
used. 5 According to an exenpl ary enbodi nent, the PAG
may be connected with a main chain of the copol yner,
thereby enabling the PAG to be equally dispersed

t%LnﬂggTe&$gW|cg&gf hod &ﬁg Qﬁﬁhnéggﬁéndogt@h diphenyl-4-

resi st ance resi st patt roved.
nae@mxgpsﬁoxm%gnyflgﬁfpgipnq tgdlreropms alilFé{;iZ nate ‘ %’ld a structure of the
SItIVI her mal stablllty a hi gh adhesi ve
@Hdrlﬁe%wef@gigﬂwlﬁ%fqnw 100 8ypemptpnesulfongiegpsalt ~ was
rans n wi_t h re oect to an exposure light, and
f‘f’é"etdg’g E‘f‘&‘?ﬁlgt(tséffﬁl ay have a high resol ution.
Herei nafter, the present invention will be described
in de‘l}HNMmED%afwér&&e tlattraméihyl&l&n&e(ﬁﬂ)ﬂg%rﬁt(m@l{) 7.38 (d, 2H),
however, that these exanples are for il lustrative
purpose only, and are not construed to limt the
78IG0R%4 @4, 2the present invention. 15 [Synthesis
exanpl es] nt hesi s exanple 1 : nethoxynet hoxybenzene
synthesis Under an ice bath, about 200 g of phenol and
about|gd®fiof 2pf chl oromethyl nethyl ether were m xed
and stirred in about 2 L of nethylene chloride (MO,
and about 740 ml of diisopropylethylam ne (D PEA) was
gradual | y dropped. Next, the ice 20 bath renoved
and a_ tenperature was |ncreased and then _sthhesis
r ac9|on (see

(CFasogzo  '<::>}—8+_0—#—CF3
©/\© _— il

Synthesis example 3: diphenyl-4-hydroxyphneylsulfonium

trifluoromethanesulfonate salt synthesis

About 100 g of diphenyl-4-methoxymethoxyphenylsulfonium

trifluoromethanesulfonate salt manufactured in the synthesis example 2 was mixed and

stirred in about 300 ml of the MC, and about 548 ml of 6 N HCI aqueous solution was

dropped and stirred at about 50C to perform a synthesis reaction (see Equation 3).

Next, the synthesis reaction was terminated when the initiator on the TLC disappeared,
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Equation 1 bel ow) was perforned while stirring for
about 12 hours at roomtenperature. Next, distilled
wat er was added in a reaction nmxed liquid to conplete
the synthesis reaction and to extract an organic
phase. Next, the organic phase was washed using about
0.5 N of HO aqueous solution, distilled water, about
1 N of NaOH aqueous 25 solution, and distilled water
in the stated order, and then dried using nagnesi um
sul phate. Next, the organic phase was filtered and
concentrated to obtain about 240 g (a yield: about
ad . thén) thef MTewao ade hadk wbpiRaRneof phisesawsd bertdriiied. ONext, an
the nmethoxymet hoxybenzene was observed by 1H NVMR (see
FIG 1): 5 'HNW (DVMSO reference: tetranethylsilane)
orgdnPphasS wAS ekGactellthwasked likideSusingZbfine, dnd) AriédMusidgmagnesium
7.28 (m 2H), [Equation 1] OH + ~O-Cl DI PEA M
Synt hesi s exanpl e 2:
sdippitenyNexd - te bipaiy pRAsR Guey B lahidl boieBhtkHRd tdQbtain about 100 g
trifluoronethanesulfonate salt synthesis About 100 g
of the met hoxynmet hoxybenzene manufactured in the
@yntfiemi s Byanpl 1) and,aboyt 1aﬁhényg-49fydfb|ig%ﬁ»ﬁleylsulfonium
sul foxi de were m xed and stirred in about 1,200 m of
an MC, and then a tenperature was reduced to about -78

5 thkGbRBthancionhee- agIet Oind Naxt ,syabait 240 an@f  diphenyl-4-
trifluoronmethanesul foni c anhydri de was gradual |y
dr opped and

hydroxyphneylsulfonium trifluoromethanesulfonate salt was observed by 'H-NMR (see
FIG. 3):

'H-NMR (CDCl;, reference : tetramethylsilane): (ppm) 7.12 (d, 2H), 7.69-7.83
(m, 12H), 11.12(br, 1H),

10 [Equation 3]

. 6N HCI .
T MC ’ S+_O—§—CF3

OH

Synthesis example 4 : bicyclo][2.2.1]heptane-2-carboxylic acid-2,2-difluoro-2-

sulfo-ethyl ester diphenyl-4-hydroxyphenylsulfonium salt synthesis

About 10 g of the diphenyl-4-hydroxyphneylsulfonium
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15 stirred for about three hours using a dropping

funnel at about -781C to performa synthesis reaction
(See Equation 2 below). Next, the synthesis reaction
was term nated when an initiator on a thin |ayer
chromat ogr aphy (TLC) di sappeared. Next, about 200 g

of cal cium carbonate was di ssolved in about 1.5 L of
water, and the reaction mxed liquid was added in a

sol vent cooled to about OC and strongly stirred for
about 20 20 m nutes. Next, an organi c phase was
extracted, and further stirred in a calcium carbonate
tﬁﬂm&uahmkmfdn@te salNEvihufadti@d @xthe 3GhtBEhisaxgmMpied dabBut 10 g
was washed using brine, and dried using nmagnesium

sul phate. Next, the organic was filtered and

of aBReAb2. Bfle ta?{@ 1 iRy B¢ BeidboWifldhe- 29;u(f@-ebh:y?és€5r sGdi@H tsalt
58.5% of a chhenyI 4- et hoxyrret hoxyphenyl sul f oni um
trifluoronethanesul fonate salt, and a structure of the
whr BREVIVed4mMBBb ORI BPM@QE@MB&H'I@Q%IUSF water, and a synthesis
trifluoronethanesul fonate salt was observed by 1H NMR
(See FIG 2): 5 1H NMR(CDC13, reference:

r&a‘éhérﬁ{}ﬁi Ewaﬁbﬁ @‘B@I))w Gvﬂpﬁgrfo%ng’(ﬂwﬁﬁe stirtilg fof abtsut (Hiee Mfdlls.  In
7.77 O AT Conc o] D BV &S S
St OS- CF3 I\/C Synt hesi s exarrpl e 3

thlb RReRK, - oYt OX YIRNAAWeSY rERBbH Mas observed by 'F NMR using a
small amount of an extracted organic phase. The organic phase was extracted when
the synthesis reaction was terminated, a solvent was removed, and the organic phase
was washed using an MC of a soluble solvent and hexane of a sparingly soluble solvent.
Next, the solvents were removed, and drying under a reduced pressure was performed to
obtain about 9.42 g of a bicyclo[2.2.1]heptane-2-carboxylic acid-2,2-difluoro-2-sulfo-
ethyl ester diphenyl-4-hydroxyphenylsulfonium salt, and a structure of the
bicyclo[2.2.1]heptane-2-carboxylic acid-2,2-difluoro-2-sulfo-ethyl ester diphenyl-4-
hydroxyphenylsulfonium salt was observed by 'H-NMR:

lH-NMR(chloroform—d?», reference : tetramethylsilane): (ppm) 1.13-2.85 (m,
11H), 4.78 (m, 2H), 7.05 (d, 2H), 7.38 (d, 2H), 7.55-7.78 (m, 10H),

[Equation 4]

29



10

10 trifluoronethanesul fonate salt synthesis About 100
g of di phenyl - 4- net hoxynmet hoxyphenyl sul f oni um
trifluoromethanesul fonate salt manufactured in the
synthesis exanple 2 was m xed and stirred in about
300 mM of the MC, and about 548 ml of 6 N HO aqueous
solution was dropped and stirred at about 501C to
performa synthesis reaction (see Equation 3). 15
Next, the synthesis reaction was term nated when the
initiator on the TLC di sappeared, 27 and then the MC
added, and.separation of phases was pexrforned.
‘Nexf,:Jan organic phase was extracted wa, d tw c

bra ne, and dr§ ed ufing eS|u phgte
@t, S+ OHECBI gamiat. opfhaéeo w?f r Stj\@
to Egﬁaﬂh about 100°&. ( about 71 of a D

di p yl - 4- hydroxyphneylsulfon|un15 '
trifBHoronethanesulfonate salt and_a strugture of the
di plll:‘llyl 4= IIyUI U)\ypllllc‘y’l sul-foni-um
trifluoronethanesul fonate salt was observed by 'H NWR
(see SyniHesis Fxampler NMRcv(cfIPE:2 3 hep Q&L RBGBxylic acid-2,2-difluoro-2-
tetranethylsilane): (ppm 7.12 (d, 2H), 7.69-7.83 (m
12H), 11.12(br, I H), 10 [Equation 3] 6N HC O 0 11

sitfo-6h et dsfed diphiervt-PniditcMyvi iRy bhenyiddifonium salt synthesis

About 9.42 g of the bicyclo[2.2.1]heptane-2-carboxylic acid-2,2-difluoro-2-
sulfo-ethyl ester diphenyl-4-hydroxyphenylsulfonium salt synthesis, about 1.72 ml of
methacryloyl chloride, and about 20 mg of 4-methoxyphenol. (MEHQ) acting as a
polymerization inhibitor were mixed and stirred in about 150 ml of the MC, about 4.37
ml of diisopropylethylamine (DIPEA) was gradually dropped using a dropping funnel
under an ice bath, and a synthesis reaction (see Equation 5 below) was performed while
stirring for about three hours at room temperature. In this instance, 4-
dimethylaminopyridine (DMAP) was used as a reaction catalyst, and a process of the
synthesis reaction was observed by '°F NMR using a small amount of an extracted
organic phase. The organic phase was extracted when the synthesis reaction was

terminated, and washed using 1N HCI, distilled water, a saturated sodium bicarbonate
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Synt hesi s exanple 4 :

bi cycl o[ 2. 2. 1l hept ane- 2- car boxyl i ¢ aci d-2, 2-difl uoro-2

sul fo-ethyl ester diphenyl-4-hydroxyphenyl sul f oni um

salt synthesis About 10 g of the

di phenyl - 4- hydr oxyphneyl sul foni um 28

trifluoronethanesul fonate salt manufactured in the

synt hesi s exanple 3 and about 10 g of a

bi cycl o[ 2. 2. 1] hept ane- 2- car boxyl i c

acid-2, 2-di fluoro-2-sul fo-ethyl ester sodiumsalt

wer e dissolved in about 100 m of MC and about 100 i

agbeomatkelntiornnnd dissNedt Wiesiis the ®aed order ((lgeetimey)at Ny, 4 solvent
bel ow) was performed while stirring for about three
hours. In 5 this instance, a process of the synthesis

wBaeodd, Was tebeginie ghly waSliedNMhglite MCof aS$ohlble 8Tvéndtand
of an extracted organi c phase. The organi c phase was
extracted when the synthesis reaction was term nated,

IRx &Rl ofeniparifdly 610D &8lve@N NEXE tHer GBBhIE vidhid fefovd@Sand drying

washed using an MC of a soluble solvent and hexane of

a sparingly soluble solvent. Next, the solvents were

Un@ ey educainsteddlingi W pefdfhedito’ GiAlR %ﬂowﬂs §L(ﬁ §idM@S70.1%) of a
performed to 10 obtain about 9.42 g of

bi cycl o[ 2. 2. 1] hept ane- 2- car boxyl i c

BGic{22. 2}lﬂbtfaﬁéJ@EQ‘b8Xy$1U| hQd-20t fiNhor8 X Rilfo-ethyl ester diphenyl-4-
di'phenyl - 4- hydr oxyphenyl sul foni um sal t, and a

structure of the bicyclo[2.2.1] heptane-2-carboxylic

@&h&r@l@(ﬁrcﬁhﬁzﬁﬂﬁﬂt@n@nﬁ sif Qn@lahdthucRipd F i ﬁbwbﬂ g/th,ptane 2-
hydr oxyphenyl'sul foni um salt was observed by 1

1H NMR(chl orof orm d3, reference : tetranethyIS|Iane)

1C1 1 I 1 ro- 4 T l'l OXYy-
ceumésa?l %c% 28§d(ﬂ'ilb 21§1_lf%3 0 8}»1 Zs%: (m d%&é%u é tzlngeghz%]%yl y

phenylsulfonium salt was observed by 'H-NMR:

'H-NMR(chloroform-d3, reference : tetramethylsilane): (ppm) 1.12-2.83 (m,
14H), 4.78 (m, 2H), 5.85 (s, 1H), 6.39 (s, 1H), 7.48 (d, 2H), 7.67-7.76 (m, 10H), 7.86 (d,
2H),

[Equation 5]

© o o /" 1)DIPEA, 2) DMAP 2
Ol - o BB Ot
S+0"1~C” ~O _ _ _

=C0F, o MC [ij 2 L
OH . .

Synthesis _example 6: bicyclo[2.2.1]heptane-2-carboxvylic acid-2,2-difluoro-2-
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I~0o Ol 0011 MJDWOS-CF3 S+ N+ O" CO O™ ~SO
FO OOF2 2 OHOH Synthesis exanple 5:

bi cycl o[ 2. 2. | | hept ane- 2- car boxyl i c

aci d-2, 2-di fluoro-2- sulfo-ethyl ester

di phenyl - 4- et hacr oyl oxy- phenyl sul f oni um sal t
synthesis About 9.42 g of the

bi cycl o[ 2. 2. 1] hept ane- 2- car boxyl i c

acid-2,2-difluoro-2- 5 sulfo-ethyl ester

di phenyl - 4- hydr oxyphenyl sul f oni um salt synt hesi s,

about 1.72 m of nethacryloyl chloride, and about 20
stifo-ethyKestee tiphety DA atolyl ok Mptkdylsafbnitg sal$ syhthesis

pol ymeri zation inhibitor were m xed and stirred in

about 150 ml of the MC, about 4.37 ml of

di i soptcupys. Btk afé necycldl PEAhep@te-Badualicyadd-0pREMoro-2-
using a dropping funnel under an ice bath, and a
synthesis reaction (see Equation 5 bel ow) was '

sPiEs-Ea e tér W@hél@/l-l@ly&fok{]ﬂﬂeﬂﬁsﬁl%ilﬁb&ﬂktmidﬂfa@@lrJMQH ltife Fhthesis
roomtenperature. In this iInstance, 4-

di met hyl am nopyri di ne (DMAP) was used as a reaction
ek@hpik WS hbou@ N2 1 aniPsOEBASy1 @hlotile andBbReS Hig l0f AGhétRtk ypRshol
observed by 19F NMR using a small anmount of an
extracted organic phase. The organi c phase was
(PBH@CWe’ bRl dndesitdent Megiont N86.CGhi 8N AaRIC, taBbiX Hak &fl of
and washed using IN HCl, distilled water, a saturated
sodi um bi car bonat e

diisopropylethylamine (DIPEA) was gradually dropped using a dropping funnel under

an ice bath, and a synthesis reaction (see Equation 6 below) was performed while
stirring for about three hours at room temperature. In this instance, 4-
dimethylaminopyridine (DMAP) was used as a reaction catalyst, and a process of the
synthesis reaction was observed by '"F NMR using a small amount of an extracted
organic phase. The organic phase was extracted when the synthesis reaction was
terminated, and washed using 1N HCI, distilled water, a saturated sodium bicarbonate
aqueous solution, and distilled water in the stated order (three times). Next, a solvent .
was removed, and washing with the MC of a soluble solvent and hexane of a sparingly
soluble solvent was performed.

Next, the solvents were removed, and drying under a reduced pressure was
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30 aqueous solution, and distilled water in the stated

order (three tinmes). Next, a solvent was renoved, and

t he organi c phase washed using the MC of a sol uble

sol vent and hexane of a sparingly sol uble sol vent.

Next, the solvents were renoved, and drying under a

reduced pressure was perforned to obtain about 7.4 g

(ayield: 70.1% of a 5

bi cycl o[ 2. 2. 1] hept ane- 2- car boxyl i c

acid-2,2-difluoro-2-sul fo-ethyl ester diphenyl-4-

nmet hacr oyl oxy- phenyl sul fonium salt, and a structure of

pelferntiday ebaln2abdutld. @k 31et 38%6 3f RBKYLIbR.2.1]heptane-2-carboxylic

aci d-2, 2-di fluoro-2-sulfo-ethyl ester

di phenyl - 4- net hacr oyl oxy- phenyl sul foni um salt was

#fasEr MERhoky2-sutfdNYY1 estkt L0606 QbKy-pRbnylRFRHI @R 6AL, and a

tetramethyl silane): (pp 1?12-2.8g'?%?§510 14H), 4.78

(m 2H), 5.85 (s, 1H), 6.39 (s, 1H), 7.48 (d, 2H

struéidre lof (R ﬁi@cld[l@'ﬂ%};e tan&8-chiBoxylHid-4, FQHRbLI M sfo-Eh{) ester
) DVAP O O 'n 3) Nt

1) DI PEA, 2 HQ S+tOSC O Fz C i
OH O Synthesis exanple 6: _
d?;blfé){ﬁlzmc%ofoxlytﬂh%l%}tlanﬁh%h%[twlsl)éei?ved by 'H-NMR:

aci d-2, 2-di fl'uoro-2- 31

5 'H-NMR (chloroform-d3, reference: tetramethylsilane): (ppm) 1.21-2.79 (m,
14H), 4.54 (m, 2H), 6.21 (d, 1H), 6.39 (t, 1H), 6.87 (d, 1H) 7.45 (d, 2H), 7.65-7.76 (m,
10H), 7.86 (d, 2H),

[Equation 6]

: :.6 0 : 1) DIPEA'2) DMAP © O
AT . S
O Lokl « Do 22— Oty
s+0' ¢ o . 2
T OF.- o " ©

o)
OH NS
0
10 Synthesis example 7: heptanoic acid-2,2-difluoro-2-sulfo-ethyl ester diphenyl—

4-hydroxyphenylsulfonium salt synthesis

About 7 g of the diphenyl-4-hydroxyphneylsulfonium

trifluoromethanesulfonate salt and about 5.81 g of a heptanoic acid-2,2-difluoro-2-sulfo-

ethyl ester soduim salt were dissolved in about 100 ml of an MC and about 100 ml of
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sul fo-ethyl ester diphenyl-4-acroyl oxy-phenyl sul f oni um
salt synthesis About 8.2 g of the
bi cycl o[ 2. 2. 1] hept ane- 2- car boxyl i c
aci d-2, 2-di fluoro-2- sulfo-ethyl ester
di phenyl - 4- hydr oxyphenyl sul foni um salt manufactured in
the synthesis exanple 4, about 1.21 m of acryl oyl
chl oride, and about 15 ng of 4-nmethoxyphenol 5 (MEHQ
were m xed and stirred in about 150 ml of an MC, about
4.24 m of diisopropylethylam ne (DI PEA) was
gradual | y dropped using a dropping funnel under an
water, al  symidisesyioh (L6 iIFubtRact baow) sae plitakd ohil6 strongly
bel ow) was performed while stirring for about three
hours at roomtenperature. In this instance, 4-
seliriigt foy | chrgk mop! | th afs (IMAED, aVBfoceksest @8 s§nthesds tdabiion was
catal yst, and a process of the 10 synthesis reaction
was observed by 19F NMR using a small anount of an
oB¥Iri A YE U NMRO@MCa MMASErouRt S 28 le8RtEd RRATEPHIRS
extracted when the synthesis reaction was term nated,
and washed using 1IN HCl, distilled water, a saturated
sodi umebbrgaid PRAE &as JYLRRISWRR! HE is HihesBNEacion twak li@fhinated,
water in the stated order (three tines). Next, a
sol vent was renoved, and washing wth the MC of a
2910 aUlvene Gy 8thovaBd N&xaResh g RitkRAE MOLY a sbRubROIIHUNE and
sol vent was perfornmed. Next, the solvents were
removed, and drying under a reduced pressure was 32
heRdnk O] dsp%ﬁn%i L RIBIABGWnt By at Berfcim¥bd ©] NexO38 sOiverdls were
bi cycl o[ 2.°2. |l hept ane- 2- car boxyl i ¢
aci d-2, 2-di fluoro-2-sul fo-ethyl ester

' nYla-#Aa:as I ' l.1,
e LR BRI R TR ooy 47 s @
aci d-2, 2-di fluoro-2-sul fo-ethyl ester

ysi@h @@)5@4 oRCHOREAXNGIP NS S Wifh RS- 9L TRk thyl kel P Eifph4FAL4-
by 1H NVR:

hydroxyphenylsulfonium salt, and a structure of the heptanoic acid-2,2-difluoro-2-sulfo-
ethyl ester diphenyl-4-hydroxyphenylsulfonium salt was observed by '"H-NMR (see FIG.
6):

'H-NMR (chloroform-d3, reference : tetramethylsilane): (ppm) 0.83 (t, 3H),
1.32 (m, 6H), 1.61 (m, 2H), 1.38 (t, 2H), 4.78 (t, 2H), 7.05 (d, 2H), 7.35 (d, 2H), 7.55-
7.78 (m, 10H),

[Equation 7]
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5 1H NWR (chl orof orm d3, reference:
tetranethylsilane): (ppm 1.21-2.79 (m 14H), 4.54
(m 2H), 6.21 (d, I H, 6.39 (t, 1 H), 6.87 (d, 111)
7.45 (d, 2H), 7.65-7.76 (m 1CH), 7.86 (d, 2H),
[Equation 6] O O1) DPEA 2) DVAP O 1 - 3) MEHQ
SstOsC/ S~ +0O0OF2 S+tO co- 2. G MO di O
10 Synthesis exanple 7: heptanoic

aci d-2, 2-di fl uoro-2-sul fo-ethyl ester diphenyl

4- hydr oxyphenyl sul foni um salt synthesis About 7 g of

the di phenyl - 4- hydr oxyphneyl sul fonium . -
tri or onet hanesul fonate salt and about 1 09 of a4
n e

oi¢ acid-2,2-Qiflu ronquo- e sger/\
v Sfrps%cfs weria. of SsGhoe 10

tﬁ/(”)\ép pets
and-akol® 100 m of° 33 and a synt '
rea on (see Equation 7 beI ovv) was perforpged whil e
stro 'gly stlrrlng for three hours. In thig,i

19F NMR using a srml | anmpbunt of an extracted or ganl c
phaseSynthesis example 8: heptanoic acid-2,2-difluoro-2-sulfo-ethyl ester diphenyl-

4-methacroyloxy-phenylsulfonium salt synthesis

About 8.87 g of the heptanoic acid-2,2-difluoro-2-sulfo-ethyl ester diphenyl-4-
hydroxyphenylsulfonium salt manufactured in the synthesis example 7, about 1.5 ml of
methacryloyl chloride, and about 17.4 mg of 4-methoxyphenol (MEHQ) were mixed
and stirred in about 150 ml of an MC, about 3.71 ml of diisopropylethylamine (DIPEA)
was gradually dropped using a dropping funnel under an ice bath, and a synthesis
reaction (see Equation 8 below) was performed while stirring for about three hours at
room temperature. In this instance, 4-dimethylaminopyridine (DMAP) was used as a
reaction catalyst, and a process of the synthesis reaction was observed by F NMR
using a small amount of an extracted organic phase. The organic phase was extracted
when the synthesis reaction was terminated, and washed using 1N HCI, distilled water,

a saturated sodium bicarbonate aqueous solution, and distilled water in the stated order



10

The organi c phase was extracted when the synthesis
reaction was termnated, 5 and a solvent was renoved.
Next, washing with the MC of a sol uble sol vent and
hexane of a sparingly sol uble sol vent was perforned.
Next, the solvents were renoved, and drying under a
reduced pressure was perforned to obtain about 8.87 g
(a yield: 98.5% of a heptanoic

aci d-2, 2-di fluoro-2-sul fo-ethyl ester diphenyl-

hydr oxyphenyl sul fonium salt, and a structure of the

hept anoi ¢ acid-2,2-difluoro-2-sulfo 10 ethyl ester
(chirgenenyd) - ANEW s ey eviy Iremibednandtwashing wials thelIEr ofed sdiyble
1H NWVR (see FIG 6): 1H NWR (chloroformd3, reference

. tetranethylsilane): (ppm 0.83 (t, 3H), 1.32 (m
sOhiknt ahd Gdxa@ebf Z4phringly 88ulflé sol @t wadpefforfutd. 2H), 7. 05

(d, 2H), 7.35 (d, 2H), 7.55- 7.78 (m 10H), 15
[Equation 7] 34 o0 0000 11 ~.. " S\ P11 S+ Oo

CF3 MIRY 80 s¥bventt Wae rédhdVelfZAMQ didngZurideSa réddcédpressure was

performed to obtain about 8.46 g (a yield: 97.2%) of a heptanoic acid-2,2-difluoro-2-
sulfo-ethyl ester diphenyl-4-methacroyloxy-phenylsulfonium salt, and a structure of the
heptanoic acid-2,2-difluoro-2-sulfo-ethyl ester diphenyl-4-methacroyloxy-
phenylsulfonium salt was observed by 'H-NMR (see FIG. 7):

'"H.NMR (chloroform-d3, reference : tetramethylsilane): (ppm) 0.83 (t, 3H),
1.32 (m, 6H), 1.61 (m, 2H), 1.38 (t, 2H), 2.05 (s, 3H), 4.78 (t, 2H), 5.83 (s, 1H), 6.40 (s,
1H), 7.51 (d, 2H), 7.65-7.78 (m, 10H), 7.85 (d, 2H),

[Equation 8]

1) DIPEA, 2) DMAP

= 3) MEHQ Qs o i~¢

©,\ o~
| | i _ !
OH .- . . R o \H/K

Synthesis example 9: benzoic acid-2,2-difluoro-2-sulfo-ethyl ester diphenyl-4-

hydroxyphenylsulfonium salt synthesis
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Synt hesi s exanpl e 8: heptanoic

acid-2, 2-difluoro-2-sul fo-ethyl ester diphenyl

4- et hacr oyl oxy- phenyl sul foni um salt synthesi s About
8.87 g of the heptanoic

acid-2,2-di fluoro-2-sul fo-ethyl ester diphenyl-4- 5

hydr oxyphenyl sul foni um salt manufactured in the
synthesis exanple 7, about 1.5 m of nethacryl oyl
chloride, and about 17.4 ng of 4-nmethoxyphenol (MEHQ
were mxed and stirred in about 150 ml of an MC

about 3.71 m of diisopropylethylamne (D PEA) was

gr adusbduy dr @ppedgusi o a doppi BigphédinadlydioR gisine Aulfodfim
bath, and a synthesis reaction (see Equation 8 bel ow)
was performed while stirring for about three hours at
tdludr@nethdrespdhat YalemahuTadtites irl ihe tsPitB&is example 3 and about 4.84
4-di met hyl am nopyri di ne (DVMAP) was used as a reaction
catal yst, and a process of the synthesis reaction was
gt siebensic fid-22RifNMro-2LsifE.gthe] &sterlsbdiammum tveRf diddlved in about
extracted organi c phase. The organi c phase was
extracted when the synthesis reaction was term nated,
180¢h! W Sh ®€C Wad Abut NdHal of FhiSt, iahd @ dyNVRLSRY reactidn 3k HoBhiRS 9
sodi um bi car bonat e agueous sol uti oh, and dIStI||e§
water in the stated order 35 (three tines). Next, a
beIBlvY @t pMBFmES WRNE Qron%%t%%"ﬂop Gbott tHReet RBrsMCIPthisBinstance, a
sol ubl e solvent and héxane of a sparingly sol uble

sol vent was perfornmed. Next, the solvents were

pfRER\E the FNfledld XhdiDn WE@bscdvedHIUALRMH §§12é15 §m¥¥PPmount of an
performed'to obtain about 8.46°g (a yield: 97.2% of a
hept anoi ¢ acid-2,2-difluoro-2- 5 sulfo-ethyl ester

el RRAMYEanft: Rl 2GHO YA PRAG YA SHIrA R WiBnSRd EynttRBY réction
structure of the heptanoic

aci d-2, 2-di fluoro-2-sul fo-ethyl ester

' - et . | [
v&fg% ggﬁg%déedé fﬂ? F\FQN%&&Q%XE g@ggf:as%ltxﬂg diPeiehid WeSine of a

sparingly soluble solvent. Next, the solvents were removed, and drying under a
reduced pressure was performed to obtain about 4.3 g (a yield: about 56.4 %) of a
benzoic acid-2,2-difluoro-2-sulfo-ethyl ester diphenyl-4-hydroxyphenylsulfonium salt,
and a structure of the benzoic acid-2,2-difluoro-2-sulfo-ethyl ester diphenyl-4-
hydroxyphenylsulfonium salt was observed by 'H-NMR (see FIG. 8):

'H-NMR (chloroform-d3, reference : tetramethylsilane): (ppm) 4.98 (t, 2H),
7.05 (d, 2H), 7.38-7.78 (m, 15H), 8.12 (d, 2H),

[Equation 9]
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1H- NVMR (chl oroform d3, reference : tetranethylsilane):
(ppm 0.83 (t, 3H), 1.32 (m 6H), 1.61 (m 2H), 1.38
(t, 2H), 2.05 (s, 3H), 4.78 (t, 2H), 5.83 (s, 1H),
6.40 (s, 10 1 H, 7.51 (d, 2H), 7.65-7.78 (m 10H)
7.85 (d, 2H), [Equation 8] O O 1) D PEA, 2) DVAP O O
"3 MBEHQStO1 ~0 OFp C MCOF2 O H Synthesis
exanpl e 9: benzoic acid-2, 2-difluoro-2-sul fo-ethyl

est er di phenyl -4- hydrox py henyl sul foni um sal t
synthesis 36 About 6 g of the

di phenyl - 4- hydr oxyphneyl sul f oni um

tri oronethanesulfonate sal t nanufactur in the

si¢ exanpl e 3 and gbout 4.84 g oe|20|c
%@d—slgﬁg-@ﬁ I uoriaobZr? §Jcﬂ\5®\®yylﬁ3ﬁr ’r )k‘
: vea in about © 100 an MC and a
of er, and a synthesis reaction (see t|on 9 5
bel o was performed while strongly stirrifhg for about

synt hesi s réaction was observéd by 19F NMR using a

smal | AR e@fm@d 10:BehsAC hEE 2 O G620 BS fthyll E€er diphenyl-

organi ¢ phase was extracted when the Synthesrs
reaction was term nated, and washed using the MC of a

Lﬁﬁhmmrsyléﬁl-ffh%ﬂmsﬁfumd?@gm%tﬁésisa

About 4.3 g of the benzoic acid-2,2-difluoro-2-sulfo-ethyl ester diphenyl-4-
hydroxyphenylsulfonium salt manufactured in the synthesis example 9, about 0.81 ml of
methacryloyl chloride, and about 9.7 mg of 4-methoxyphenol (MEHQ) were mixed and
stirred in about 150 ml of an MC, about 2.1 ml of diisopropylethylamine (DIPEA)
was gradually dropped using a dropping funnel under an ice bath, and a synthesis
reaction (see Equation 10 below) was performed while stirring about three hours at
room temperature. In this instance, 4-dimethylaminopyridine (DMAP) was used as a
reaction catalyst, and a process of the synthesis reaction was observed by F NMR
using a small amount of an extracted organic phase. The organic phase was extracted
when the synthesis reaction was terminated, and washed using 1N HCI, distilled water,

a saturated sodium bicarbonate aqueous solution, and distilled water in the stated order

38



10

sparingly sol uble solvent. Next, the solvents were
renoved, and drying under a 10 reduced pressure was
performed to obtain about 4.3 g (a yield: about 56.4

% of a benzoic acid-2,2-difluoro-2-sulfo-ethyl ester
di phenyl - 4- hydr oxyphenyl sul fonium salt, and a
structure of the benzoic

aci d-2, 2-di fl uoro-2-sul fo-ethyl ester diphenyl-4-

hydr oxyphenyl sul f oni um salt was observed by 1H NWVR

(see FIG 8): 1H NWR (chloroformd3, reference
tetranmethyl silane): (ppm 4.98 (t, 2H), 15 7.05 (d,
(thkde, timesB8- 7. 78 (m 15H), 8.12 (d, 2H), [Equation 9] 37
I\ OpOb p11 sS1211 , MUDW/-~ S+tOS CO /- -
OFZ Z S+ p-SO0-CF3 + Na, pOFZ p OH OH Synthesis
exanpldexi, & sop@az WhLredoivélt, An@ walsHih ATR 162 I $fCr @ih¥e solvent
ester di phenyl - 4-net hacroyl oxy-phenyl sul f oni um sal t
synthesi s About 4.3 g of the benzoic

a8@ ihdxahe 2f i §Patifgl-s3ublel Sobvedi WYé pexSérled di NEENKE -sBtvefts were
hydr oxyphenyl sul foni um salt manufactured in the

synt hesi s exanple 9, about 0.81 nml of

removed, and drying under a reduced pressure was performed to obtain about 3.87 g (a |
yield: about 80 %) of a benzoic acid-2,2-difluoro-2-sulfo-ethyl ester diphenyl-4-
methacroyloxy-phenylsulfonium salt, and a structure of the benzoic acid-2,2-difluoro-2-
sulfo-ethyl ester diphenyl-4-methacroyloxy-phenylsulfonium salt was observed by 'H-
NMR (see FIG. 9):

'H-NMR (chloroform-d3, reference : tetramethylsilane): (ppm) 2.05 (s, 3H),
4.98 (t, 2H), 7.38-7.78 (m, 15H), 7.91 (d, 2H), 8.12 (d, 2H),

[Equation 10]

' 0 o - o 1) DIPEA, 2) DMAP :
@_ © N ) :g:o Ve @_S_o,g\g/\o)kﬂj
S+0"i~c” O W 2
) - OF cr: MC [ij _

( ] . | - | ] o
OH . : : e -

Synthesis example 11: adamantane-1-carboxylic acid-2,2-difluoro-2-sulfo-ethyl

ester diphenyl-4-hydroxyphenylsulfonium salt synthesis
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nmet hacryl oyl chloride, and about 9.7 ng of
4- met hoxyphenol (MEHQ were m xed and stirred in
about 150 ml of an MC, about 2.1 m of
di i sopropyl et hyl am ne (DI PEA) was gradual |y dropped
using a dropping funnel under an ice bath, and a
synthesis reaction (see Equation 10 bel ow) was
performed while stirring about three hours at 10 room
tenperature. In this instance, 4-dinethylam nopyridine
(DVAP) was used as a reaction catalyst, and a process
of the synthesis reaction was observed by 19F NWR
usi ngABows Ml l10amoynt off an w@xt r aaipheny@HUgadidkypih@sulfonium
The organi c phase was extracted when the synthesis
reaction was term nated, and washed using IN HCl,
l166binb@Ehcs@ERte saRmAAlHAEEh B dinmesh &%E@@adna about 9.7 g
aqueous solution, and distilled water in the stated
order 38 (three tinmes). Next, a solvent was renoved,
AN ARmBAtAEE-WedBotyNe alMd-20]- dﬁluﬁ&'—l@hﬁ) SRY1VRRE sodif salt were
hexane of a sparingly sol ubl e sol vent was per f or med.
Next, the solvents were renoved, and drying under a
dié%QN@d?ﬁIl dBORSIDY nfl o%@?NEein%HRCiob ?nl%?k@iep aﬁ@@'é?ntﬁ’es%%e&tlon
(a 5 yield: about 80 % of a benzoic
aci d-2, 2-di fl uoro-2-sul fo-ethyl ester diphenyl-
(E@U&h@ﬁt’i&yi IOB&YonW%)Hm%&'n{eﬁ%Hﬂ@sﬁéﬁély stﬁﬂq forghied E&HE e Rfhis

enzoi ¢ acid-2,2-difluoro-2- I fo- ethyl ester
di phenyl - 4- nethacroyloxy phenylsulfonlun1salt was

V, 19
ERRG oty b e R B e R T it
2.05 (s, 3H, 10 4.98 (t, 2H), 7.38-7.78 (m 15H),

aﬁ‘no_%f'rt 6fan %ﬂ}acteﬁ'(}rgangg pha%g.') ’Tt[eEgrléQﬁi.& %ﬂasl:OJvas extracted when the

synthesis reaction was terminated, and washed using the MC of a soluble solvent and
hexane of a sparingly soluble solvent. Next, the solvents were romoved, and drying
under a reduced pressure was performed to obtain about 11.47 g (a yield: about 81.7 %)
of an adamantane-1-carboxylic acid-2,2-difluoro-2-sulfo-ethyl ester diphenyl-4-
hydroxyphenylsulfonium salt, and a structure of the adamantane-1-carboxylic acid-2,2-
difluoro-2-sulfo-ethyl ester diphenyl-4-hydroxyphenylsulfonium salt was observed by
'"H-NMR (see FIG. 10):

'H-NMR (chloroform-d3, reference : tetramethylsilane): (ppm) 1.63-2.05 (m,

15H), 4.78 (m, 2H), 7.05 (d, 2H), 7.38 (d, 2H), 7.55-7.78 (m, 10H), and
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O01l DPEA 2) DvAP/ OO0 101 3) MEHQ S+O S CO /
8+tOOCEO+ Oo- OFZ FZ MC O OH Synthesis exanple
11: adanmant ane-| -carboxylic

aci d-2, 2-di fluoro-2-sulfo-ethyl ester

di phendp~yl sul fonium salt synthesis 39 About 10 g of

t he di phenyl - 4- hydr oxyphneyl sul f oni um
trifluoromethanesul fonate salt manufactured in the
synt hesi s exanple 3 and about 9.7 g of an
adamant ane-| - car boxylic
acid-2,2-difluoro-2-sulfo-ethyl ester sodiumsalt were
di ssofpgesdlionn1pbout 100 m of an MC and about 100 ml of
water, and a synthesis reaction 5 (see Equation 11
belomb was perfornmed while strongly stirring for three
Inthis instance, a process.of th ynt hesi s

e onpwas observed byol9F NWR using | f
ag. ex§-1caCt 20\, QI8P S, RE(EW g SEiTd

X t eol Mwntheosymh ream|onvu erﬁnaﬂ
and shed using the MC of {2 sol uble solv and -
hexafme of a sparlngly squbIe soIvent hbxo, the

pressure was perforned to obtaln about 11.47 ¢ (a
yield: about 81.7 %9 of an adamantane-|-carboxylic
aci d-2, 2-di fl uoro-2-sul fo-ethyl ester diphenyl-
hydr oxyphenyl sul fonium salt, and a structure of the

adameg\ndfeis ekanigt@i P RANhhfaRAl-iox9lic acid-2,2-difluoro-2-sulfo-ethyl

ester diphenyl-4-methacroyloxy-phenylsulfonium salt synthesis

About 11.47g of the adamantane-1-carboxylic acid-2,2-difluoro-2-sulfo-ethyl
ester diphenyl-4-hydroxyphenylsulfonium salt, about 1.95ml of methacryloyl chloride,
and about 25.5 mg of 4-methoxyphenol (MEHQ) were mixed and stirred in about 150
ml of an MC, about 5 ml of diisopropylethylamine (DIPEA) was gradually dropped
using a dropping funnel under an ice bath, and a synthesis reaction (see Equation 12
below) was performed while stirring for about three hours at room temperature. In this
instance, 4-dimethylaminopyridine (DMAP) was used as a reaction catalyst, and a
process of the synthesis reaction was observed by '°’F NMR using a small amount of an

extracted organic phase. The organic phase was extracted when the synthesis reaction
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di fl uoro-2-sul fo-ethyl ester

di phenyl - 4- hydr oxyphenyl sul foni um salt was observed by
1H- NMR (see FIG 10): 15 1H NWR (chl or of or m d3,
reference : tetranmethylsilane): (ppm) 1.63-2.05 (m

15H), 4.78 (m 2H), 7.05 (d, 2H), 7.38 (d, 2H),
7.55-7.78 (m 10H), and 40 [Equation 11] Oo o O \ s
ANMIWN SSFtOOCF3 + Na+-00 COSO-OF*O: F2 z H
OH Synt hesi s exanple 12: adamant ane-| -carboxylic
acid-2,2-difluoro-2-sulfo-ethyl 5 ester

di phenyl - 4- net hacr oyl oxy phenyl sul f oni um sal t

veagNichambed Abalitwatdedd 4gn®fIN HECIadidiitied anged - asthawed! sd@lium
aci d-2, 2-di fluoro-2-sulfo-ethyl ester

di phenyl - 4- hydr oxyphenyl sul f oni um sal t, about 1.95mn
badartioRhte aguephOyoiutivh] HiKdidiktilled dadr mBdEtatePorde®hred times).

4- met hoxyphenol (MEHQ were m xed and stirred in about
150 mM of an MC, about 5 ml of diisopropylethylam ne
(DI PERgxt\\@ Sol Génit Ghad Irdrio vt ORERlashth gUSiti eheaMdr STRPEGNEble solvent
funnel under an ice bath, and a synthesis reaction

(see Equation 12 below) was perforned while stirring
ah@MeRBR WS 4 EPaBifglh QluBleddolVeRP Wal PRAPGHREUN Rext! thet ddlvents were
i nstance, 4-di nethyl am nopyridine (DVAP) was used as a
reaction catalyst, and a process of the synthesis

rir?@\g’ﬁ! 213 x5z ARER BB preQTrd\WR péstoRfePro bR aRAP YIS ¢ (a

yield: about 85 %) of an adamantane-1-carboxylic acid-2,2-difluoro-2-sulfo-ethyl ester
diphenyl-4-methacroyloxy-phenylsulfonium salt, and a structure of the adamantane-1-
carboxylic acid-2,2-difluoro-2-sulfo-ethyl ester diphenyl-4-methacroyloxy-
phenylsulfonium salt was observed by 'H-NMR (see FIG. 11):

'H-NMR (chloroform-d3, reference: tetramethylsilane): (ppm) 1.63-2.05 (m,
18H), 4.78 (m, 2H), 7.38 (d, 2H), 7.55-7.78 (m, 10H), 7.91(d, 2H), and

[Equation 12]

O 1) DIPEA, 2) DMAP @ o - :
. o "o . _ 2
O lodry, - T 2™ Oty
S+Q71°C” O - Fa. ’
: _9OF o e Me ©

» e ) \H/J\
LOH ) ‘

Synthesis example 13: cyclohexanecarboxylic acid-2,2-difluoro-2-sulfo-ethyl
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extracted organi c phase. The organi c phase was
extracted when the synthesis reaction 41 was

term nated, and washed using IN HO, distilled water,
a saturated sodi um bicarbonate agueous sol ution, and
distilled water in the stated order (three tines).
Next, a solvent was renoved, and washing with the MC
of a soluble solvent and hexane of a sparingly

sol ubl e sol vent was preforned. Next, the solvents were
5 renoved, and drying under a reduced pressure was

“perfornmed to obtain about 10.8 g (a yield: about 85 %

eSfer diphea§ BB @0 Lyghe @ASUNONiYin salt synthesis

acid-2, 2-di fluoro-2-sul fo-ethyl ester

di phenyl - 4- met hacr oyl oxy- phenyl sul fonium salt, and a

strucpvgie of gt he adanwpt anghel- cafphenyyUinydroxyphneylsulfonium

aci d-2, 2-di fluoro-2-sul fo-ethyl ester

di phenyl - 4- net hacr oyl oxy- phenyl sul fonium salt was

eSS @ adyulfoiabdIVE: bRREradthiEd inlthk sydiflesistExMBle 3 and about 9.05

(chl orof orm d3, reference: tetranethyIS|Iane) (ppmM

1.63-2.05 (m 18H), 4.78 (m 2H), 7.38 (d, 2H),

g/ oPa- c@cl%ﬁe)&aﬂécalgog lic Zcu? %Q%lﬂt?df%—Q s@l’fg-e{hg fdat] Qlidkelsalk were

O O 1) D PEA 2) O'S CEO S+0 1
F~p + OMC OFz 2 CI O OH

dissolved in about 100 ml of an MC and about 100 ml of water, and a synthesis reaction

(see Equation 12 below) was performed while strongly stirring for about three hours.
In this instance, a process of the synthesis reaction was observed by F NMR using a
small amount of an extracted organic phase. The organic phase was extracted when
the synthesis reaction was terminated, and washed using the MC and hexane. Next,
the solvents were romoved, and drying under a reduced pressure was performed to
obtain about 10.67 g (a yield: about 99 %) of a cyclohexanecarboxylic acid-2,2-
diﬂuoro-i—sulfo-ethyl ester diphenyl-4-hydroxyphenylsulfonium salt, and a structure of
the  cyclohexanecarboxylic  acid-2,2-difluoro-2-sulfo-ethyl  ester  diphenyl-4-
hydroxyphenylsulfonium salt was observed by 'H-NMR (see FIG. 12):

'"H-NMR (chloroform-d3, reference : tetramethylsilane): (ppm) 1.18-1.85 (m,

10H), 2.39 (m, 1H), 4.78 (m, 2H), 7.05 (d, 2H), 7.38 (d, 2H), 7.55-7.78 (m, 10H), and
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O Synthesis exanple 13: cycl ohexanecar boxylic
acid-2,2-difluoro-2-sulfo-ethyl 42 ester

di phenyl - 4- hydr oxyphenyl sul foni um salt synt hesi s About
8 g of the diphenyl -4-hydroxyphneyl sul f oni um
trifluoromethanesul fonate salt manufactured in the
synthesis exanple 3 and about 9.05 g of a

cycl ohexanecar boxylic acid-2, 2-di fl uoro-2-sul fo-ethyl
ester sodiumsalt were 5 dissolved in about 100 m of
an MC and about 100 ml of water, and a synthesis
reaction (see Equation 12 below) was perfornmed while
St r onquatiiild]i ng for about three hours. In this
i nstance, a process of the synthesis reaction mas
observed by 19F NMR.using a snall anmount qf

ext ted organi ¢ phase. The organic. phas

t el when the synt eS| S reactl -on ted,
@—aashe@w& Ngh+ 1A "
SO tsOWere rormv%a2 and y| ng under a

pressdre was performed to obtain about 1
yi el d: " about - 99.9% of a cyclohexanecarboxyglc
~aci-d 2. 2 di -FI voro-2-sul fo-et h\/l ester

diphenyl 4- hydroxyphenylsulfonlun1sa|t and a

St r ucyiRsiQfexathie 1Y.CLRBXBREGARINY hdi§-2.2-difluoro- 2-sulfo ethyl
aci d-Z,2-difTuoro-2-sulfo-ethyl ester dlpheny -4-

hydr oxyphenyl sul f oni um salt was observed by 1H—NNR

ek phen- 4%@hact%5lo;t{7|b%1s(lﬁ$ﬂl%gf{l%\ﬁﬁh@%s reference :
tetranethyl'siTane): (ppnm 1.18-1.85 (m 10H), 2.39

(m 1H, 4.78 (m 2H), 7.05 (d, ZFD, 7.38 (d, 2H)

7. 55- ApdiB 16 B ofltﬂg%yclé}QQane%ﬁb'Lygﬁg aat:fd%Z—Jl?fﬂuoroQ-sulfo-ethyl ester

diphenyl-4-hydroxyphenylsulfonium salt manufactured in the synthesis example 13,
about 2 ml of methacryloyl chloride, and about 24 mg of 4-methoxyphenol (MEHQ)
were mixed.and stirred in about 150 ml of an MC, about 5.06 ml of DIPEA was
gradually dropped using a dropping funnel under an ice bath, and a synthesis reaction
(see Equation 14 below) was performed while stirring for three hours at room
temperature. In this instance, DMAP was used as a reaction catalyst, and a process of
the synthesis reaction was observed by '’F NMR using a small amount of an extracted
organic phase. The organic phase was extracted when the synthesis reaction was

terminated, and washed using 1N HCI, distilled water, a saturated sodium bicarbonate
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0:.000 O- S MIDW.. / \SS O St OGo-CF3 + Nat
Q0 FZ M+Q O Fz OH OH Synthesis exanple 14 :

cycl ohexanecar boxylic acid-2, 2-di fl uoro-2-sul fo-ethyl
est er di phenyl - 4- et hacr oyl oxy- phenyl sul f oni um sal t
synthesis 5 About 10 g of the cycl ohexanecarboxylic
acid-2, 2-di fluoro-2-sul fo-ethyl ester

di phenyl - 4- hydr oxyphenyl sul foni um salt manufactured in
the synthesis exanple 13, about 2 m of nethacryl oyl
chloride, and about 24 ng of 4-nmethoxyphenol (MEHQ

were m xed and stirred in about 150 ml of an MC, about
doguéfs sdlutidn, BldREAI 1A o/ateg inatlel sthiey odleo@redimed)ng a

droppi ng funnel under an ice bath, and a synthesis
reaction 10 (see Equation 14 bel ow) was perforned

whi | eNsttj ardotvgntf @hs kdiicded naidr $adiing GO the eV edndt hix@ne was
In this instance, DVAP was used as a reaction

catal yst, and a process of the synthesis reaction was
pelfemiiade dNeyt, thd solMBfiRs Wasd RghoReds ARd Uryaipoinder Dfeddded pressure was
extracted organic phase. The organi c phase was
extracted when the synthesis reaction was term nated,
pRIFOrnWASD @B taits htv@t 7188 ?Cda, yiélisdtohl 6517 WBlt 6iTa clchekaneadrBskylic
sodi um bi car bonat e 4 aqueous solution, and distilled
water in the stated order (three tines). Next, a

STl Y/ 2aiflueRS2-ERFPURH, estdd AdipRshi-NehetfabddyloR §-pheayBionium salt,
hexane was perfornmed. Next, the solvents was renoved,
and drying under a reduced pressure was

and a structure of the cyclohexanecarboxylic acid-2,2-difluoro-2-sulfo-ethyl ester
diphenyl-4-methacroyloxy-phenylsulfonium salt was observed by 'H-NMR (see FIG.
13):

'H-NMR (chloroform-d3, reference: tetramethylsilane): (ppm) 1.18-1.85 (m,
13H), 2.39 (m, 1H), 4.78 (m, 2H), 5.82 (s, 1H), 6.38 (s, 1H), 7.38 (d, 2H), 7.65-7.78 (m,
10H), 7.83 (d, 2H), and

[Equation 14]

o K ¢ : - 1) DIPEA, 2) DMAP . [;] Q- 0.
-9 Q ; ; : . S~
s ST :3) MEHQ - @—Sm’n\c >0
QS+O"v>cAo + )0 —— “COF,
TOF, o o M e NS
#O | N | T R
OH - . -

Synthesis example 15: copolymer synthesis
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performed to obtain about 7.88 g (a yield: about 65.7
% of a cycl ohexanecarboxylic 5

aci d-2, 2-di fl uoro-2-sul fo-ethyl ester

di phenyl - 4- net hacr oyl oxy- phenyl sul foniumsalt, and a
structure of the cycl ohexanecarboxylic

aci d-2, 2-di fluoro-2-sul fo-ethyl ester

di phenyl - 4- met hacr oyl oxy- phenyl sul f oni um salt was
observed by 1H NWR (see FIG 13): 1H NWR
(chloroformd3, reference: tetranethylsilane): (ppm
1.18-1.85 (m 10 13H), 2.39 (m 1H), 4.78 (m 2H)

5. 82 About 1P, g 6f Bohethy]-2-htthmantyl A8ry(atk, aBdd)t,10.2. H6f ybutProlactyl
(m 10H), 7.83 (d, 2H), and [Equation 14] O O 1)

DI PEA, 2) DMVMVP OO 3) MEHQ S+OC0 S+0.C0 + OO F2 O

thethdclylavE; aBout@Hl. 1Q ofydaesi sadakRAR| Sethberyla@p@hd et 6.76 g of
synt hesi s exanpl e 15: copol yner synthesis 45 About
15.9 g of 2-nethyl-2-adamantyl acrylate, about 10.2 ¢

thd bigydde(R)2r 1Ghepedny 12-cafBok lacicyd-Ab &lif @ Disultdethyles@k diphenyl-4-
3- hydroxy-| -adamantyl nethacryl ate, and about 6.76 ¢
of the bicyclo[2.2. 1] hept ane- 2-carboxylic

rdéthddrodl okydihbh e BnidmSddlt hdmefabiled8S the sy thdR&@ANMpI4 5 which act
as monomers for polymerization were prepared, and dissolved in about 62 g of 1,2-
dichloroethane. Next, about 2.26 g of norbornene, about 53 g of
azobisisobutyronitrile (AIBN) of a polymerization initiator, and about 123.9 g of 1,2-
dichloroethane of a polymerization solvent were added in a flask of about 500 ml, and
stirred for about one hour at room temperature under injection of a nitrogen gas. Next,
the monomers for polymerization were gradually dropped on the flask for about one
hour while maintaining a temperature of a reaction container at about 65°C, and then a
polymerization reaction was performed on the monomers for about 16 hours. Next, a
reaction solution in which the polymerization reaction was completed was cooled to
room temperature. Next, the reaction solution cooled to room temperature was
precipitated in hexane, and then filtered. Next, the filtered solution was washed

several times using an identical solvent to a solvent used when being filtered, and then
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met hacr oyl oxy- phenyl sul foni um salt manufactured in the

synthesis exanple 5 which act 5 as nononers for

pol ynmeri zati on were prepared, and dissolved in about

62 g of 1,2- dichloroethane. Next, about 2.26 g of

nor bor nene, about 5.3 g of azobisisobutyronitrile

(AIBN) of a polynerization initiator, and about 123.9

g of 1,2- dichloroethane of a polynerization sol vent

were added in a flask of about 500 m, and stirred

for about one hour at roomtenperature under injection

of a nitrogen gas. Next, 10 the nononers for

v sybjedtedzatdrying wedee a ggdackdapresgurd ne ppeid abouttdie dlysdd 9B of

about one hour while maintaining a tenperature of a

reaction container at about 65 C, and then a

ap@ipyIyREt Zepicsénfed SaCleidhl YerfuRed, faad AR du@iretdiehe'EpoIRies was

for about 16 hours. Next, a reaction solution in

whi ch the pol ynerization reaction was conpl eted was

obs@Veichyt 'BI-NMBO(¥ed BRREUAT WNekt, chiiéteridiibeof £aGitHesiBed copolymer

sol ution cooled to roomtenperature was 15

precipitated in hexane, and then filtered. Next, the

werd fr@ﬁs@ﬁtd&@in?%b%dﬁ@eﬁw%ﬁ%ﬁ@tog%ﬁ? 5@PC$ lafi® the Y&3ultg arRRhown

I denti cal vent to a sol vent used when being

filtered, and then 46 was subjected to drying under a

ih qdgces PriesepCewho paiimied wbBQUondifiots (R whidl 8:syReMwas a

of a copol yner represented as Chemni cal fornula 9, and

a structure of the copolyner was observed by 'H NWVR

iMEG+Ekfernal 4RI, NeXolufRamASt @J4080EIESGO500M Y M hestehed was

copol ymer were neasured using gel perneation

chromat ography (GPC), and the results are shown 5 in

t&faﬁydr&ﬁlranT(lTﬁFQDQIW%t@@BJ ﬁfoﬁ?fjowglﬂnuﬁoygérfcblﬁﬁﬁoh Was about
a systemwas a DM400+External Ri, a colum was

G4000Hhr+G2500Hhr a sol vent was tetrahydrofuran

olobbfmg/m®, {ddaRy. W3l Ra u@%@ﬂ il A0%:rfihg 18 fhe rdults of the GPC, a

concentration was a

weight-average molecular weight (Mw) in terms of polystyrene of the copolymer was
about 1,680, and a number-average molecular weight (Mn) was about 920, and a
molecular weight distribution (Mw/Mn) was about 1.83.

Synthesis example 16: copolymer synthesis

About 15.9 g of 2-methyl-2-adamantyl acrylate, about 10.2 g of y-butyrolactyl
methacrylate, about 4.9 g of 3-hydroxy-1-adamantyl methacrylate, and about 6.1 g of
the bicyclo[2.2.1]heptane-2-carboxylic acid-2,2-difluoro-2-sulfo-ethyl ester diphenyl-4-

acroyloxy-phenylsulfonium salt manufactured in the synthesis example 6 which act as
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0.000 nmg/ m., and Inj. Vol was about 100.0 |. According
to the results of the GPC, a weight-average nol ecul ar
weight (My) in ternms of polystyrene of the copol ynmer

was 10 about 1,680, and a nunber-average nol ecul ar

wei ght (M) was about 920, and a nol ecul ar wei ght
distribution (Mv Mh) was about 1.83. Synthesis exanple
16: copol ymer synthesis About 15.9 g of

2-met hyl - 2- adamantyl acryl ate, about 10.2 g of
y-butyrolactyl nmethacrylate, about 4.9 g of

3- hydroxy-| -adamantyl nethacryl ate, and about 6.1 g of
ménofess mr?&ir@e{r&a&nlkeﬁpm;s&e@ 458" Q¥Wedl Gn about 62 g of 1,2-
aci d-2, 2-di fl uoro-2-sul fo-ethyl ester diphenyl-

acr oyl oxy- phenyl sul fonium salt manufactured in the
BHMrb&BAne. SXRRD| Bt WBCH AChorBinent/ abBROS® S JfOAIBN of a
pol ymeri zation were prepared, and di ssolved in about

62 g of 1,2- dichloroethane. Next, about 2.26 g of
&Wn%rzﬂﬁﬂeimtﬁ*w Uatnd5ab§utgl 2@f9 £oBN 2Q(flclﬁoro&9$1ﬁér@frd ﬁ(ﬁﬁfﬂn%‘zatlon
initiator, and about 123.9 g of 1, 2-dichl oroethane of

a polynerlzatlon sol vent were added in a flask of

sBReMt w20 9dd8d in @HhsiS bf glfoﬁij(f(Pﬁﬂ 2RO WirrNer BB 0Rd h&R%'nr&)m
tenperature under 1njection of a nitrogen gas. Next

the nononers for polynerization were gradually

tg{lpé?ﬁﬁlq lﬁﬁeglﬁb@ctfdn%?lﬁ nﬁt CI?Q%U': Nggle t@%no%¥s| 1%1‘ olymenzatlon
mai ntai ni ng a tenperat Ufe °of a Teéactlon contalner a

about 651C, and then a polynerlzatlon reacti on was

L BA0TRY el BRI P En ROt bAS g M
reacti on was conpl eted was cool ed to roomtenperature.

ol}‘lq)féactl(glh@ongag)n& gtaa%gﬁt% (,5 %ln%l' Eﬂgﬁ ) ﬁ%ﬁ/%e?igat oA rgagﬁﬁ] was performed

tenperature was precil
filtered. Next, the flltered sol uti on was mashed

o‘?‘le}ﬁ%rﬁl)n(;r}ug? SfoP%b&ﬂ ?Ep hioﬁir":s‘.nt IN%QI' aS %a%ﬁgg solution in which the

polymerization reaption was completed was cooled to room temperature. Next, the
reaction solution cooled to room temperature was precipitated in hexane, and then
filtered. Next, the filtered solution was washed several times using an identical solvent
to a solvent used when being filtered, and then was subjected to drying under a reduced
pressure to obtain about 36 g (a yield: 75%) of a copolymer represented as Chemical
formula 17, and a structure of the copolymer was observed by 'H-NMR (see FIG. 16).
Next, characteristics of a synthesized copolymer were measured using GPC. The GPC

was performed under the same conditions as those in the synthesis example 15.
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to a solvent used when being filtered, and then was
subjected to drying under a reduced pressure to

obtain about 36 g (a yield: 75% of a copol ymner
represented as Chemical fornula 17, and a structure

of the copol ynmer was observed by 'H NWVR (see FIG 16).
15 Next, characteristics of a synthesized copol yner

wer e measured using GPC. The GPC was perforned under
the same conditions as those in the synthesis exanple
15. 48 According to the results of the GPC, a

wei ght - average nol ecul ar weight (Mvy) in ternms of
Arobidiig)é Eeaediits bhhe CHIY laYWBdht Wodag@folbcular ight @¥Igh) @ terms
nunber - aver age nol ecul ar wei ght (M) was about 900,

and a nol ecul ar wei ght distribution (Mv M) was about

ol .péBstyRenSWRtRE Sbrfol B WPdsCabbit 1.88MCInMNE hurfibdak@8ES molecular
About 18.0 g of 2-nmnethyl-2-adanmantyl acryl ate, about
11.6 g of y-butyrolactyl nethacrylate, about 16.1 g
welghd (M e Mbdut SO R b Yrhol B4R a&é'i%fh Alsibuabs (MBMMR) Bastbbout
g of the heptanoic acid-2,2-difluoro-2-sulfo-ethyl

est er di phenyl - 4- et hacr oyl oxy- phenyl sul f oni um sal t
imanuf actured in the synthesis exanple 8 which act as
nmononers 10 for pol ynerization were prepared, and

di ssolved in about 71.2 g of 1, 2-dichl oroethane.
Next , svaleus exanfldl R Lo RPHRAGIs about 6 g of Al BN of

a polynmerization initiator, and about 142.5 g of

1, 2-di chl oroet hane of a polynerization solvent were
addeda I ] i ET, [
Dot s 0 g by Qe el Rt Lot lrgfacy
a nitrogen gas. Next, the nonomers for polynerization

rﬁw{a@ry%é}gﬂah %1% &R grog&i ltéz;}ﬁm]aﬁtlyf Jn@ﬁak?&g{e, AR OSs ¢ of

hour “whi' | e mal nt-ai ni nperature o reaction
cont ai ner at

the heptanoic acid-2,2-difluoro-2-sulfo-ethyl ester diphenyl-4-methacroyloxy-
phenylsulfonium salt manufactured in the synthesis example 8 which act as monomers
for polymerization were prepared, and dissolved in about 71.2 g of 1,2-dichloroethane.
Next, about 2.6 g of norbornene, about 6 g of AIBN of a polymerization initiator, and
about 142.5 g of 1,2-dichloroethane of a polymerization solvent were added in a flask of
about 500 ml, and stirred for about one hour at room temperature under injection of a
nitrogen gas. Next, the monomers for polymerization were gradually dropped on the
flask for about one hour while maintaining a temperature of a reaction container at

about 65C, and then a polymerization reaction was performed on the monomers for
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about 65C, and then a polynerization reaction was
perfornmed on the nononers for 49 about 16 hours.
Next, a reaction solution in which the polynerization
reaction was conpleted was cooled to room
tenperature. Next, the reaction solution cooled to
roomtenperature was precipitated in hexane, and then
filtered. Next, the filtered solution was washed
several tinmes using an identical solvent to a sol vent
used when 5 being filtered, and then was subjected to
dryi ng under a reduced pressure to obtain about 46 ¢
abautyli6chdilirs. 8 Nékt, Of reactiof BolOR in MBRhaEe PbigtheAsaticheddctal was
formul a 10, and a structure of the copolynmer was
observed by 'H NWR (see FIG 17). Next,
copledst Wid 84d16S tdfoorh EYpehffé.Z alext Olh@|rlé:mﬁ6n WBIuBlon cooled to
nmeasured using GPC, and the results are shown in FIG
18. The GPC was performed under the same conditions as
bR S€mpdiathf WHE pRYiplthes i hexeABPARI den fiverAl dNag, iR fillded
results of the 5PC a wei ght -average nol ecul ar wei ght
(Mv) in terns of polystyrene of the copol yner was
soRabh whs OAGhedaR0kralai ARG ﬁlvﬁéﬁ’tgfil Eﬂ?{le‘?@% @lsoMBAtAREd when
(M) was about 780, and a nol ecul ar wei ght
distribution (Mv Mh) was about 2.08. Synthesis exanple
bbihy MNP, YR thed YWAs"EB eBted 20 APANS uRdS agreﬁflced pressure to obtain
2- nethyl 2- adamant yl acrylate about 3. of
y-butyrol actyl nethacryl ate, about 4 7 g of
a%mhyzﬂ;f OXyibraag PAROL é’koﬂ&?}n‘i@%;}f&%@d aé‘@ﬂenﬁﬁgﬁfon%ué 19, d a
t he” benzoi ¢ aci d-2,2-di f| Uoro- 2-sul f o- et hyl ester
dlphenyl 4- nethacroyloxy phenyl sul f oni um sal t

stk a6t Yhe Lobblymbe ¥ NbheRes ﬁ)xaleQsé@'Ff@ 36§, aNext,

nononer s

characteristics of a synthesized copolymer were measured using GPC, and the results
are shown in FIG. 18. The GPC was performed under the same conditions as those in
the synthesis example 15. According to the results of the GPC, a weight-average
molecular weight (Mw) in terms of polystyrene of the copolymer was about 1,620, and
a number-average molecular weight (Mn) was about 780, and a molecular weight
distribution (Mw/Mn) was about 2.08.

Synthesis example 18: copolymer synthesis

About 5.3 g of 2-methyl-2-adamantyl acrylate, about 3.4 g of y-butyrolactyl

methacrylate, about 4.7 g of 3-hydroxy-1-adamantyl methacrylate, and about 2.5 g of
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for polynerization were prepared, and dissolved in

about 21 g of 1,2-dichloroethane. Next, about 0.75 ¢

of norbornene, about 1.8 g of AIBN of a polynerization

initiator, 5 and about 42 g of 1, 2-dichloroethane of a

pol yneri zation solvent were added in a flask of about

250 m, and stirred for about one hour at room

tenperature under injection of a nitrogen gas. Next,

t he nononers for polynerization were gradually dropped

on the flask for about one hour while maintaining a

tenperature of a reaction container at about 651C

thard bdnesica pal-PIPedifldabi2anifoeast | ofenas diphédydamiéhafoyloxy-

t he mononers for 10 about 16 hours. Next, a reaction

solution in which the pol ynerization reaction was

PO UBoBMMAR nfAGfabilrddQn FHRQAFhh&MGAADI 1®. wilieKict ad MBnomers
reacti on solution cooled to roomtenperature was
precipitated in hexane, and then filtered. Next, the

fbi bé1gmerkatis® wétd praparas an@ aReslveemedbsht 21 RS 12Sdifordbthane.
i dentical solvent to a solvent used when being

filtered, and then was subjected to drying under a

Ned Upest (P'Vfg%‘ﬂrn@rbbﬁleﬁ’ebtaﬁbﬂ 1% s A QUBNIGk B3p&ytadriti6h Shitiator,
696 of a copol yner represented as Chen1car formul a

11, and a structure of the copol yner was observed by

anfitabBVIR 40 $867 172- g’chla&thawa polytlerERASPGIRh Rik Cﬁdé@lfm % ﬂask

synt hesi zed copol yner were n€asured using GPC, and
results are shown in FIG 20. The GPC was perforned

o RB& 25('5‘@11 SAT QNS ioBNShedRul 196G Eé%pel;a!ﬂﬁ'e ﬁﬁ{({& h‘f}&t@n of a
exanpl e 15. According to the results of the

wei ght - average nol ecul ar weight (Mv) in terns of

Iﬂ%r%ﬁ Y enGexPfind B@n(ﬁﬁ’&? k&@[yn’(@ﬁ R‘T}H%C Aty (ﬁ'g%xeé oft the
urmber - aver age nol ecul ar I"ght about 0,

and a nol ecul ar wei ght dlstrlbutlon (NM/Nh) was about

fibsi® for about one hour while maintaining a temperature of a reaction container at
about 65, and then a polymerization reaction was performed on the monomers for
about 16 hours. Next, a reaction solution in which the polymerization reaction was
completed was cooled to room temperature. Next, the reaction solution cooled to
room temperature was precipitated in hexane, and then filtered. Next, the filtered
solution was washed several times using an identical solvent to a solvent used when
being filtered, and then was subjected to drying under a reduced pressure to obtain
about 14.3 g (a yield: 86%) of a copolymer represented as Chemical formula 11, and a

structure of the copolymer was observed by 'H-NMR (see FIG. 19). Next,
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Synt hesi s exanpl e 19: copol ynmer synthesis About 19.4 ¢
of 2-nethyl -2-adamantyl acrylate, about 12.5 g of
y-butyrol actyl methacrylate, about 17.3 g of

3- hydr oxy-1| - adamantyl met hacryl ate, and about 9.1 g of
10 the adamant ane-1-carboxylic

aci d-2, 2-di fluoro-2-sul fo-ethyl ester diphenyl-4

nmet hacr oyl oxy- phenyl sul foni um salt nmanufactured in the
synt hesi s exanple 12 which act as nononers for

pol yneri zation were prepared, and dissol ved in about
76.6 g of 1,2-dichloroethane. Next, about 2.8 g of
charafienigiien ef a aPMkidsiz8d 4ol herAldBNnRhsuted BPhg/GBC! &Rt heResults
initiator, and about 153.3 g of 1, 2-dichl oroethane of

a polynerization 15 solvent were added in a flask of

a8 tvn W PIET20. amhe SPCIWR PeffGiimcaRAHEr (RN GMRASNdiBbnd RQMse in
tenperature under injection of a nitrogen gas. Next,

t he mononers for polynerization 52 were gradually

tRY ARG MRamPR 3. aechd@ingaBOHE r&RRs RPYEe P! @ weight-average
mai ntaining a tenperature of a reaction container at
about 65 C, and then a pol ynerization reaction was
nRSELRF WREht Wiw$ e ARG TR tyfRE of BRWopdifmBOWESabolieXB10, @nd
reaction solution in which“the polynmerization

reacti on was conpl eted was cool ed to roomtenperature.
aNeifhber bii8age MBREUAO VR WP aE %ﬁblﬁ%ﬂp ahd glrr}nolecular weight
tenperature was precipitated in hexane, and then
filtered. Next, the filtered solution was washed
JREVRKBH (VWRR) Wl Budly7 dentical solvent to a sol vent
used when being filtered, and then was subjected to
drying under a reduced pressure to obtain about 50.6

g (a : 0 ) I .represented as

Chem gﬁkg g% L) ) ¥ ﬁg%gﬁégbture of the copol yner
was observed by 1H NWR (see FIG 21). 10 Next,

char Al 1§k 'r%;(ﬁ' &et@%&{aﬁgﬁfﬂ gg‘yﬁgp QIL&G?FT‘QS \%e(;fey-butyrolactyl

nmeasur ea usi

methacrylate, about 17.3 g of 3-hydroxy-1-adamantyl methacrylate, and about 9.1 g of

the adamantane-1-carboxylic acid-2,2-difluoro-2-sulfo-ethyl ester  diphenyl-4-

methacroyloxy-phenylsulfonium salt manufactured in the synthesis example 12 which

act as monomers for polymerization were prepared, and dissolved in about 76.6 g of

1,2-dichloroethane. Next, about 2.8 g of norbornene, about 6.4 g of AIBN of a

polymerization initiator, and about 153.3 g of 1,2-dichloroethane of a polymerization

solvent were added in a flask of about 500 ml, and stirred for about one hour at room

temperature under injection of a nitrogen gas. Next, the monomers for polymerization -
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results are showmn in FIG 22. The GPC was perforned

under the sane conditions as those in the synthesis

exanpl e 15. According to the results of the GPC, a

wei ght - average nol ecul ar weight (Mv) in terns of

pol ystyrene of the copol yner was about 1,530, a

nunber - aver age nol ecul ar wei ght (M) was about 790,

and a nol ecul ar weight 15 distribution (Mv M) was

about 1.947. Synthesis exanple 20 : copol yner

synthesis 53 About 16.8 g of 2-nethyl-2-adamantyl

acryl ate, about 10.8 g of y-butyrol actyl

wezt paduallyalrepped bo the fThkk Ar gbaut o kel vy mhingdikdngn teyperature

met hacryl ate, and about 7.9 g of the

cycl ohexanecar boxylic acid-2, 2-di fl uoro-2-sul fo-ethyl

T atredcticn Eoneder adaboiBE3 @ .Cana Yhedaypofietizhtedh & Qfionl Mas Bérformed

manufactured in the synthesis exanple 14 which 5 act

as nmononers for polynerization were prepared, and

dil §ROM6ASErD fBPABbUtEE6 ThobrsOf Neki, 2z db4hibRrsOREBARNG. which the

Next, about 2.4 g of norbornene, about 5.6 g of AlIBN

of a polynerization initiator, and about 133.1 g of

ﬁleZﬂéﬂithMnolreﬁ’&fohaﬂaﬁ‘s &fmp?et&plnxﬁsadl@@w RPBm BRIp¥RRire WaN&t, the
din a flask of about 500 m, and stirred for

about one hour at room tenperature under injection of

r8acBibh [sBRIBON €8Sed NeX¥Som tdiRpIRIMNE R4S IEQEitzQéH WTREAaAGL ANthen

10 were gradually dropped on the flask for about one

hour while maintaining a tenperature of a reaction

fARRdal Nekt, ik fﬁ%ﬂ%ol@%asﬁ%hémoerﬁl R YSRE lag ?Jehf?cfhl solvent

reaction was perforned on the nononers for about

hours. Next, a reaction solution in which the

tBQIsYIVEA EAE WA JeRRGHHRN, YRIShGLWR S%Bﬁgterr?ﬁgluﬁger aCI'educed

roomtenperature. Next, the reaction solufion cooled

to roomtenperature was precipitated in hexane, and

ﬂr&@ﬁ}e to obtain about 50.6 g (a yield: 83%) of a copolymer represented as Chemical
formulg 12, and a structure of the copolymer was observed by 'H-NMR (see FIG. 21).
Next, characteristics of a synthesized copolymer were measured using GPC, and the
results are shown in FIG. 22. The GPC was performed under the same conditions as
those in the synthesis example 15. According to the results of the GPC, a weight-
average molecular weight (Mw) in terms of polystyrene of the copolymer was about
1,530, a number-average molecular weight (Mn) was about 790, and a molecular weight
distribution (Mw/Mn) was about 1.947.

Synthesis example 20 : copolymer synthesis
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15 filtered. Next, the filtered solution was washed
several times using an identical solvent to a solvent
used when being filtered, and then was subjected to
drying under a reduced 54 pressure to obtain about 42
g (ayield: 79% of a copolyner represented as
Chemcal fornula 13, and a structure of the copol yner
was observed by 1H NWR (see FIG 23). Next,
characteristics of a synthesized copol yner were
nmeasured using GPC, and the results are shown in FIG
24. The GPC was perforned under the sanme conditions as
5 t ho&kout N6 8heofsy mehgb2-adMxanp herylkte, adsit 008i el {-butyidRctyl
results of the GPC, a weight- average nol ecul ar wei ght
(Mv) in terns of polystyrene of the copol yner was

- naddigidtylatd,, aba@, 1 5an4 oramwmey 1 aUehagR MethREH@ranwRb&Nt7.9 g of

(M) was about 730, and nol ecul ar  wei ght

di stribution (Mwv M) was about 1.95. Synthesis exanple
Bl GRPAkyEBIarkoxX i€ Siced-1.0-diARs-2 50 &e@yOl ester dlphenyl -4-
2-1 sopropyl - 2- adamant yl nethacrylate %out 10. 8 of

7- butyrolactyl acrylate, about 8.2 g of

et 'ﬂherﬁ}‘liﬁ[f@ﬁtlﬂll salfBhdiRfdchkat @, thé BfhiRBR Wkaftpld 149which

of the bi cycl o[ 2. 2. 1] hept ane- 2- car boxyl i c
aci d- 2, 2-di fl uor o- 2 sul fo-ethyl ester

a8l RNeBYdmds MRIJORMPVARRYwaE PRphd! dRNdisya3alid about 66.5 g of
manuf actured i'n the synthesis exanple 5 which act as

nmononers for polymerization were prepared and

19-§ieRbMBfhahd) E}h:‘it"tab%& 441p ¥ n%tbo]-ne%eda&ﬁt ‘Sfcpgt (ljfaﬂEN of a

Next, about 1.3°g of norbornene, about
of a polynerrzatlon initiator, and about 76 8 g of

p@»ly%teﬁkatfoanBi(ﬁgltop aa'ﬁ@ 8butd 389 Y BB 'ZZ%EHg?Bethéé ocfoct ﬁ\! %emzatlon

wer e ad in a flask of about and stitred for
about one hour at room

solvent were added in a flask of about 500 ml, and stirred for about one hour at room
temperature under injection of a nitrogen gas. Next, the monomers for polymerization
were gradually dropped on the flask for about one hour while maintaining a temperature
of a reaction container at about 65C, and then a polymerization reaction was performed
on the monomers for about 16 hours. Next, a reaction solution in which the
polymerization reaction was completed was cooled to room temperature. Next, the
reaction solution cooled to room temperature was precipitated in hexane, and then
filtered. Next, the filtered solution was washed several times using an identical solvent

to a solvent used when being filtered, and then was subjected to drying under a reduced
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tenperature under injection of a nitrogen gas. Next,

the nmononers for polynerization were gradually

dropped on the flask for about one hour while

mai ntaining a tenperature of a reaction container at
about 65C, and then a polynerization reaction was
performed 5 on the nononers for about 16 hours. Next,

a reaction solution in which the polynerization
reacti on was conpl eted was cool ed to roomtenperature.
Next, the reaction solution cooled to room

tenperature was precipitated in hexane, and then

dressiire te@ dbtaiNeabout 4hg (4 yielde7ed) 96k tbpslymeareprasebe@chs Chemical
several tinmes using an identical solvent to a solvent
used when being filtered, and then was subjected to
fofyila g3, wad arstractiR@ B GROcopBlyRie £ 6184 biisetved BT HINMROGeH FI80 23).
g (a yield: 84% of a copolynmer represented as

Chemical fornula 14, and a structure of the copol yner
N&S, dbselerarts by als?hﬂ%eﬁ&%ﬁolﬁn@ wér) meashi@Y tusing GPC, and the
characteristics of a synthesized copol ynmer were
nmeasured using GPC, and the results are shown in FIG
rédlts ARShEWR IVBRG. PA! f PROBRCUMTerfoltfedSi@ier GOREHE COHUSIAS as
those in the synthesis exanple 15. According to the
results of the GPC, a weight 15 average nol ecul ar
th&¥e AR tthd Mthekid ek@hpe 187 Retihy i&RR Rbullsh HORM, HBkeight-
was about 810, and a nunber-average nol ecul ar wei ght
(M) was about 310, and a nol ecul ar 56 wei ght

Abapd MWWV M) Yi@@nﬁpgpbolgs&g{%ne oSHRIBSIyBer was about
exanpl e 22: copol yner synthesis out 10.7 g of

2-met hyl - 2- adamantyl acryl ate, about 9 g of 5-

120N ¥ hOUbXYerde SmBRERIY &}@igﬁtc(%ﬁrb%a%%‘eﬁ‘ﬁm??&t% nidletular
g of 3-hydroxy-I-adananty!l nmet hacryl ate, and about

5 g of the bicyclo[2.2.1] heptane-2-carboxylic

v@&glﬁi 'dl%tn%hﬁ{blf de'\WI\@n) was about 1.95.

Synthesis example 21: copolymer synthesis

About 10.9 g of 2-Isopropyl-2-adamantyl methacrylate, about 10.8 g of y-
butyrolactyl acrylate, about 8.2 g of 3-hydroxy-1-adamantyl methacrylate, and about 4.3
g of | the bicyclo[2.2.1]heptane-2-carboxylic acid-2,2-difluoro-2-sulfo-ethyl ester
diphenyl-4-methacroyloxy-phenylsulfonium salt manufactured in the synthesis example
5 which act as monomers for polymerization were prepared, and dissolved in about 38.4
g of 1,2-dichloroethane. Next, about 1.3 g of norbornene, about 3.0 g of AIBN of a

polymerization initiator, and about 76.8 g of 1,2-dichloroethane of a polymerization
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2-sul fo-ethyl ester
di phenyl - 4- net hacr oyl oxy- phenyl sul f oni um sal t
manufactured in the synthesis exanple 5 which act as
nmononers for polymnerization were prepared, and
di ssol ved in about 44.9 g of 1, 2-dichloroethane. Next,
about 1.5 g of norbornene, about 5.6 g of AIBN of a

pol ynmeri zation initiator, and about 89.7 g of 1,2 10
di chl oroet hane of a pol ynerization solvent were added
in a flask of about 500 mM, and stirred for about one
hour at room tenperature under injection of a nitrogen
sghvsnt Wax biddedtina frask ofreiomt 5@ mp ciny BEI¢d fok iabsut \wae¢ Bour at room
gradual |y dropped on the flask for about one hour
while maintaining a tenperature of a reaction
tenpdraurandatinpéivatof @mittogemsk. t IN2Rt, Ehe oy foz pdliMerization
reacti on was performed on the nononmers for about 16
hours. Next, a 15 reaction solution in which the
WD yiaeially dkdpped 616 fliaskfonasout ogt ot @dils\msintaihges ehiperature
roomtenperature. Next, the reaction solution cool ed
to roomtenperature was 57 precipitated in hexane,
ofadedcii@iicdntdited bEMboutNSXT ,, antl ft@nfal Jolyeiicidatsl réldctiOn waderformed
washed several tinmes using an identical solvent to a
sol vent used when being filtered, and then was
chUthcembRsndr® f8F Yibo\d U dRGrsa n\%sdu%dedaﬁ&s SHluflod Qn ORkigh Nthe
about 28 g (a yield: 79% of a copol yner represented
as Chem cal fornula 21, and a structure of the

poBRRkiY AR MASioR %S(%Hf)féf.’ecpwaslbbm& R Jan@eragl?e) Next, the
hbxt characteristics of a synthesized copolymer were
measur ed using GPC, and the results are shown in FIG
réBtion RSB YRS tcp%d(nprtéﬁgzrd{'ﬁl‘ge&ast mﬁ@di@l GOR&kahé, O then
as those in the synthesis exanple According to
the results of the GPC, a weight- average nol ecul ar

Rt Né)M’%e iltere@ E(qﬁtl(glf wasR@JsHe?it U ENGinRs uEBE aﬁ: Rﬁﬁ’tlldépﬁﬂvent
was about 1,590, and a nunber-average nol ecul ar wei ght

to a solvent used when being filtered, and then was subjected to drying under a reduced
pressure to obtain about 30 g (a yield: 84%) of a copolymer represented as Chemical
formula 14, and a structure of the copolymer was observed by 'H-NMR (see FIG. 25).
Next, characteristics of a synthesized copolymer were measured using GPC, and the
results are shown in FIG. 26. The GPC was performed under the same conditions as
those in the synthesis example 15. According to the results of the GPC, a weight-
average molecular weight (Mw) in terms of polystyrene of the copolymer was about

810, and a number-average molecular weight (Mn) was about 310, and a molecular
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10 (M) was about 791, and a nol ecul ar wei ght
distribution (Mv M) was about 2.01. [Exanples] 1.
Manuf acturing chemcally anplified resist conposition
Exanpl e 1 About 100 parts by wei ght of the copol yner
obtained in the synthesis exanple 15 15, about 2.5
parts by wei ght of triphenyl sul fonium nonaflate of a
phot oaci d generator, and about 0.75 parts by wei ght

of tetranethyl ammoni um hydroxi de of a basic additive

58 were dissolved in about 1,000 parts by weight of
propyl ene glycol nethyl ether acetate, and then

welight @isetbutisd MOwaMHyBMaBAR 2fa1! t er of about 0.2 mto
manufacture a chemcally anplified resist

conposition. Exanple 2 5 A chemically anplified resist

C ONMP OSyintHeiB eXymsp1dTBN UbpyHEr@dnthékid he same  manner as in
the Exanple 1, except that itriphenyl sul foni um

nonafl ate was not added. Exanple 3 A chemically

anpl i Abgel 1631 gt o rmﬁatgﬁpﬁuammynaﬁe&@@t uid i 0 gher s.
sane rmanner as in the anpl e 2, except that about

100 parts by weight of the copolyner 10 obtained in
MRS S, 6 nEb 8RR arbSlaliBRe, UBEt 09S¢ SRS -RfdrdiSL lnﬂiamantyl
about” I00 parts by weight of the copol yner obtai ned

in the synthesis exanple 15. Exanple 4 A chemcally
Rkt dnd S5Iuss ¢ OPIRBRIyEIRI.. YRSpHRMEAGS M€ dcili D, X fHfuoro-

sane

2-sulfo-ethyl ester diphenyl-4-methacroyloxy-phenylsulfonium salt manufactured in the

synthesis example 5 which act as monomers for polymerization were prepared, and

dissolved in about 44.9 g of 1,2-dichloroethane. Next, about 1.5 g of norbornene,

about 5.6 g of AIBN of a polymerization initiator, and about 89.7 g of 1,2-

dichloroethane of a polymerization solvent were added in a flask of about 500 ml, and

stirred for about one hour at room temperature under injection of a nitrogen gas. Next,

the monomers for polymerization were gradually dropped on the flask for about one

hour while maintaining a temperature of a reaction container at about 65 C, and then a

polymerization reaction was performed on the monomers for about 16 hours. Next, a

reaction solution in which the polymerization reaction was completed was cooled to

room temperature. Next, the reaction solution cooled to room temperature was
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15

manner as in the Exanple 2, except that about 100

parts by wei ght of the copolynmer 15 obtained in the
synt hesi s exanple 20 was used instead of using about

100 parts by weight of the copolyner obtained in the
synt hesi s exanple 15. 59 Exanple 5 A chemcally
anplified resist conposition was manufactured in the
same nmanner as in the Exanple 2, except that about 1
part by wei ght of tetramethylamoni um hydroxi de was
used as the basic additive. 5 Exanple 6 A chemcally
anplified resist conposition was manufactured in the
FeédifitatcdBiinBdxan® 4nd thbe flARAP| Mex, tX E@pred tsBRtioRBAdst wished
part by wei ght of tetranethylamoni um hydroxi de was
used as the basic additive. Exanple 7 10 A chem cally
Rkl tihed disTn@ Sh $AenGOIROS L OB s¥¥ént MBI Rt BelgdiilicRed] B then
same nmanner as in the Exanple 4, except that about 1
part by wei ght of tetramethylamoni um hydroxi de was
wiiedbjssted RRIrAAS LfdeRd ddubdtBpredsa@ TP bbtaid aPo@P81E @3hdly 79%) of
anplified resist conposition was manufactured in the
same 15 manner as in the Exanple 2, except that about

aleopBlyRRF fepreidhidielstHemptfal f&ﬁﬁl&@@%ﬂgﬂ BRI o Rtled §as

was used as the basic additive.
observed by 'H-NMR (see FIG. 27). Next, characteristics of a synthesized copolymer
were measured using GPC, and the results are shown in FIG. 28. The GPC was
performed under the same conditions as those in the synthesis example 15. According
to the results of the GPC, a weight-average molecular weight (Mw) in terms of
polystyrene of the copolymer was about 1,590, and a number-average molecular weight
(Mn) was about 791, and a molecular weight distribution (Mw/Mn) was about 2.01.

[Examples]

1. Manufacturing chemically amplified resist composition

Example 1

About 100 parts by weight of the copolymer obtained in the synthesis example
15, about 2.5 parts by weight of triphenylsulfonium nonaflate of a photoacid generator,

and about 0.75 parts by weight of tetramethylammonium hydroxide of a basic additive
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Exanple 9 A chemically anplified resist conposition
was manufactured in the sane nmanner as in the Exanple
3, except that about 1.25 parts by wei ght of

t et ramet hyl ammoni um hydr oxi de was used as the basic
additive. 5 Exanple 10 A chemically anplified resist
conposition was manufactured in the sane nmanner as in
the Exanple 4, except that about 1.25 parts by wei ght
of tetranmet hyl anmoni um hydr oxi de was used as the
basi c additive. Conparative Exanple 1 10 A chem cally
anplified resist conposition was manufactured in the

vasadTeissolked e kbos 1,000 p4iss Hpeadight @f propesaeglicdl idthydbhet acetate,
100 parts by weight of a nethacrylate copolyner
represented as Chem cal fornula 22 bel ow was used

ahd e diitet usiniz AOnEMiERe filldd@f PRIt 8.20)m Whﬂhifa@ﬁretaf‘tﬂhemlcally
copol ymer obtained in the synthesis exanple 15.

[Chemical formula 221 OOO 0.. O ~ 15 (H 61

afpIped Rtikdompsdaipl.e 2 A chenically anplified resist
conposi tion was manufactured in the sane

Example 2

A chemically amplified resist composition was manufactured in the same
manner as in the Example 1, except that triphenylsulfonium nonaflate was not added.

Example 3

A chemically amplified resist composition was manufactured in the same
manner as in the Example 2, except that about 100 parts by weight of the copolymer
obtained in the synthesis example 19 was used instead of using about 100 parts by
weight of the copolymer obtained in the synthesis example 15.

Example 4

A chemically amplified resist composition was manufactured in the same
manner as in the Example 2, except thgt about 100 parts by weight of the copolymer
obtained in the synthesis example 20 was used instead of using about 100 parts by

weight of the copolymer obtained in the synthesis example 15.



10

manner as in the Conparative Exanple 1, except that
about 1 parts by weight of tetranethyl anmoni um

hydr oxi de was used as the basic additive. 5

Conparative Exanple 3 A chenmically anplified resist
conposition was manufactured in the sane manner as in
the Conparative Exanple 1, except that about 1.25

parts by weight of tetranethyl amoni um hydroxi de was
used as the basic additive. 2. Estimating
characteristics of chemcally anplified resi st
conposition 10 The chemcally anplified resist
conpoBidniptnd respectively manufactured through

Exanples 1 to 10, and the Conparative Exanples 1 to 3
were coated on a substrate using a spinner, and dried
for aRothemPAll$ eepheed atsidbutpodilifn Gvds Omhifonded @8ithd same
| ayer having a thickness of about 0.2 m Next, the
formed resist |ayer was exposed using an ArF exciner
ha%er St appefe (ERRpINUNEIKER: BRET AsuE: 1 aakt b). Tight of
and subjected 15 to a heat treatnent at about 120'C

for about 90 seconds. Next, the resist |ayer was
t@tamltr@m@na&mmap&uhdéaaw@@ame Badiosidabeut 2. 38 wt % of

a tetramet hyl ammoni um 62 hydroxi de aqueous sol uti on,
and then washed and dried to forma resist pattern. In
this Exafpe, sensitivity, resolution, and
characteristics of |ine edge roughness were neasured,
and the results are shown in Table 1 below Here, the
sensi A dhetnYcalFRYanfPRified Gedd coft 5B VX PASHIERnAEP YW lthe same
enabling a Line and Space (L/'S) pattern of about 0.12
m5 forned after developlng to be fornmed to have a
rhdnf&r Vﬂsdtlﬁ‘ tle IExhmpf 9 e'k ¢ T @201 MiduPny lﬁﬁﬁ( BENQUeFatR of
m ni mal pattern nunerlca v Iue formed in"th

sensitivity. Also, the

tetramethylammonium hydroxide was used as the basic additive.

Example 7

A chemically amplified resist composition was manufactured in the same
manner as in the Example 4, except that about 1 part by weight of
tetramethylammonium hydroxide was used as the basic additive.

Example 8

A chemically amplified resist composition was manufactured in the same
manner as in the Example 2, except that about 1.25 parts by weight of

tetramethylammonium hydroxide was used as the basic additive.
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i ne edge roughness was neasured using a
critical -di nensi on- neasurenent scanning electron

m croscope (CD-SEM, and a degree of the |ine edge
roughness was classified into five levels, which were
1 (significantly bad), 2 (bad), 3 (noderate), 4
(good), and 5 10 (significantly good). [Table 1 ]
Sensitivity Line edge Resolution (nm) (ml/cnR)
roughness Exanple 1 10 100 5 Exanple 2 15 90 4
Exanple 3 14 100 3 63 Exanple 4 16 100 5 Exanple 5 11
110 4 Exanple 6 11 100 4 Exanple 7 13 120 5 Exanple
8 10 Bxlahpde 9 Exanple 9 10 120 4 Exanple 10 11 120 5
Conparative 16 90 3

A chemically amplified resist composition was manufactured in the same

manner as in the Example 3, except that about 1.25 parts by weight of

tetramethylammonium hydroxide was used as the basic additive.

Example 10

A chemically amplified resist composition was manufactured in the same

manner as in the Example 4, except that about 1.25 parts by weight of

tetramethylammonium hydroxide was used as the basic additive.

Comparative Example 1

A chemically amplified resist composition was manufactured in the same

manner as in the Example 1, except that about 100 parts by weight of a methacrylate

copolymer represented as Chemical formula 22 below was used instead of using about

100 parts by weight of the copolymer obtained in the synthesis example 15.

[Chemical formula 22]
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Exanple 1 Conparative 15 100 4 Exanple 2 Conparative
17 100 2 Exanple 3 Referring to Table 1, the
resolutions in the Exanples and Conparative Exanples
were simlar, however, the sensitivity and
characteristics of |line edge roughness were
relatively excellent in the Exanples than in the
Conparative Exanples. 64 Particularly, the
sensitivity was significantly excellent in Exanples 1,
8, and 9, and the characteristics of |ine edge
roughness was significantly excellent in Exanples 1,

4, 7,Compaiatih@ Exd@pldescri bed above, according to the
exenpl ary enbodi nents, the PAGis 5 connected with a
mai n chain of the copol yner, whereby the PAG may be
equal AycheiaR$rsgifial trbdifd doAokilsh Skas!| AMRIfactfiS8d 3n the same
result, characteristics of |ine edge roughness of the
resi st pattern may be inproved. Al so, when the resist
maintehdid thef O6mpGatfR BighpleS WP etdept thatiGbai@ It Pzﬁ’ts_ by weight of
chemcally anplified resist conposition including the
copolymer, etch resistance of the resist pattern may
tE Pk Y BN RGhiurh Rydediab Wadusel ASthe Sadishadixer 10 for med
on the substrate may have a high sensitivity, a high
thermal stability, a high

Comparative Example 3

A chemically amplified resist composition was manufactured in the same

manner as in the Comparative Example 1, except that about 1.25 parts by weight of

tetramethylammonium hydroxide was used as the basic additive.

2. Estimating characteristics of chemically amplified resist composition

The chemically amplified resist compositions respectively manufactured

through Examples 1 to 10, and the Comparative Examples 1 to 3 were coated on a

substrate using a spinner, and dried for about 90 seconds at about 110C to form a resist

layer having a thickness of about 0.2 pm. Next, the formed resist layer was exposed

using an ArF excimer laser stepper (lens numerical aperture: about 0.75), and subjected

to a heat treatment at about 120C for about 90 seconds. Next, the resist layer was

developed for about 40 seconds using about 2.38 wt% of a tetramethylammonium
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adhesi ve strength with respect to the substrate, a

hi gh transparence with respect to an exposure |ight,
and the resist pattern may have a hi gh resol ution.

Al t hough a few exenpl ary enbodi nents of the present

i nventi on have been shown and described, the present
invention is not limted to the described exenplary

15 enbodi nents. Instead, it would be appreciated by
those skilled in the art that changes may be nmade to

t hese exenpl ary enbodi nents wi thout departing fromthe
principles 65 and spirit of the invention, the scope
Itirostde @fudods sidtioneshdayert Wahed aidrBieandfotfiQirésist pattern.  In this
equi val ents. 66 WHAT IS CLAIMED I'S: 1. A photoacid
generator represented as [Chemical formula 1] RR O O
1Bgard, sensitivitRZresstutidn, 483 charateristicoRineledgdrolyithe f08dte aletdiired,
a trifluoronmethyl group, a Cl1-C5 alky% group, or a

Cl- C5 al koxy group, R2 and R3 are respectively a

anll NB& fresQlts BfeadhoRATinClabfe2® wRIdW | Here, the sensitivity may denote an
optimal exposure amount enabling a Line and Space (L/S) pattern of about 0.12 pm
formed after developing to be formed to have a line width of 1:1.  Also, the resolution
may denote a minimal pattern numerical value formed in the sensitivity.  Also, the
line edge roughness was measured using a critical-dimension-measurement scanning
electron microscope (CD-SEM), and a degree of the line edge roughness was classified

into five levels, which were 1 (significantly bad), 2 (bad), 3 (moderate), 4 (good), and 5

(significantly good).
[Table 1]
Sensitivity Line edge
Resolution (nm)

(mJ/cm?) roughness

Example 1 10 100 5

Example 2 15 90 4

Example 3 14 100 3
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group, an aryl group, a linear or branched Cl-C20
perfluoroal kyl group, a benzyl group, or a C6-C20
aryl group, and A- is a compound represented as
[Chemical formula 2] OFF O0- OS-CC? 011(RmX1
10 O wherein X1 is a nonocyclic or polycyclic C3-C20
hydr ocar bon group, a benzyl. group, a C6-C20 aryl
group, a Cl1-C10 al kyl group, a Cl-Cl10 al koxy group, a
Cl-d o hydroxy al kyl group, or a cyano group, at

| east one hydrogen atom of the nonocyclic or

pol ycyclic C3FCZ0 hydrocarbdn group IS or [IS not
substainbléteed W th an gt her group, 3agol5 estler group, a
carbonyl group, an acetal gfoup, a nitrilg group, a
cyano group, g hydroxy 67 group, a car boxyl group, or
anfghg@nxﬁe group, Ryjis a C1-Cl0 ghgyl grqup, a Gl-do
al koxy group,| a nitrogen atpm a sulfur atjom or an
oxygen atom @nd mMiS a positive Tmnteger jof 0 to 2. 5
2. glhgophptoaci d gengrator of claijgyl, wherein the
phot oa | generator is obtained through 3 synthesis
reactionm of —ar conpound——represented—as—Cherficat—fornut=a
3 Mely nd a salt epresented a ghen1cal for a4
beIomxgﬁ%ﬁe cal foréula 3] ﬁf wher gi n le%L a
hydrogen—atom—a—t+r+tuor ui’l#t hy—grotp,—a1€1=C5—alkiyi
9" BimpR's 10 110 3
Example 9 10 120 4
Example 10 11 120 5
Comparative
16 90 3
Example 1
Comparative
15 100 4
Example 2
Comparative
17 100 2
Example 3

Referring to Table 1, the resolutions in the Examples and Comparative
Examples were similar, however, the sensitivity and characteristics of line edge

roughness were relatively excellent in the Examples than in the Comparative Examples.
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Cl- C5 al koxy group; and [Chemical forrmula 4] OH /I
R2-S+-A R3 wherein R2 and R3 are respectively a

I i near or branched Cl-C20 al kyl group, an 15 aryl

group, a linear or branched Cl-C20 perfl uoroal kyl

group, a benzyl group, or a C6- 68 C20 aryl group, and
A- is a conmpound represented as Chem cal fornmula 2. 3.

A copolyner for a chemcally anplified resi st
conposition in which a photoacid generator

represented as Chemical fornmula 1 below is connected
wth a 5 main chain of the copolyner: [Chem ca

Haotiouwlaklg, the senSitivity @as ghificditly\eRelléntR3 Baampies n, Hhand 9, and the
hydrogen atom a trifluoronmethyl group, a Cl1-C5 al kyl
group, or

characteristics of line edge roughness was significantly excellent in Examples 1, 4, 7,

and 10.

As described above, according to the exemplary embodiments, the PAG is

connected with a main chain of the copolymer, whereby the PAG may be equally

dispersed within the resist layer. As a result, characteristics of line edge roughness of

the resist pattern may be improved. Also, when the resist pattern is formed on the

substrate using the chemically amplified resist composition including the copolymer,

etch resistance of the resist pattern may be improved. In addition, the resist layer

formed on the substrate may have a high sensitivity, a high thermal stability, a high

adhesive strength with respect to the substrate, a high transparence with respect to an

exposure light, and the resist pattern may have a high resolution.

Although a.few exemplary embodiments of the present invention have been

shown and described, the present invention is not limited to the described exemplary

embodiments. Instead, it would be appreciated by those skilled in the art that changes

may be made to these exemplary embodiments without departing from the principles



a Cl-C5 al koxy group, R2 and R3 are respectively a

i near or branched C1-C20 al kyl 10 group, an aryl
group, a linear or branched Cl-C20 perfl uoroal kyl
group, a benzyl group, or a C6-C20 aryl group, and A-
is a conpound represented as [Chemical fornula 2] F 2
00 -.0S-CC?0 (RmX1 11 0 wherein X1 is a
nonocyclic or polycyclic C3-C20 hydrocarbon group, a
benzyl 69 group, a C6-C20 aryl group, a Cl-Cl0 al kyl
group, a Cl-d o al koxy group, a Cl-C o hydroxy al kyl
group, or a cyano group, at |east one hydrogen atom of
anth espivd rd cthie limventdon, theeo kgopy adf | wehi€lB 1Caéfirey diyothar diaims gind upeir
is or is not substituted with an ether group, an
ester group, a carbonyl group, an acetal group, a
equivaledte gr oup, a cyano group, a hydroxy 5 group, a
carboxyl group, or an al dehyde group, Ris a Cl-Cl10

al kyl group, a Cl-Clo alkoxy group, a nitrogen atom
a sulfur atom or an oxygen atom and mis a positive
integer of 0 to 2. 4. The copol yner of claim 3,
wherein the copolynmer includes a repeating 10 unit
havi ng the photoaci d generator. 5. The copol yner of
claim 3, wherein the copol yner further includes at

| east one of a repeating unit having an acid | abile
group, a repeating unit having a

66



10

15

| actone ring, and a repeating unit having a hydroxy
group. 15 6. The copol yner of claim3, wherein the
copolymer for a chemcally 70 anplified resist
conposition is represented as [Chem cal formula 5] R7
RBROR X2 ab O0O00cdeO OOOORI RS RB R

, S% R3 wherein R1L is a hydrogen atom a
trifluoronmethyl group, a Cl1-C5 alkyl group, or 5
Cl-C5 al koxy group, R2 and R3 are respectively a

i near or branched Cl-C20 al kyl group, an aryl group,

iﬁi&ﬁ?g%gfﬁﬁﬁﬁf nched Cl- C20 perfluoroal kyl group, a
,_or a C6-C20 aryl group, R4, R5 and R6
are respectively a hydrogen ato or a Cl1-C30 al kyl
gr oupel'lo i‘ﬁQF?fé‘i‘Ch‘bg%‘Fraf?gtreﬂr‘?f‘E’i’tg%%g an ether group,
an ester gr , a.carbonyl group, an acetal group, an
epoxykSF@%Bﬂ%EnWPﬁfile group, or an al dehyde group,

Ry

:é&:o

0

_S+¥-A

R2 \I;.a.

>

wherein R; is a hydrogen atom, a trifluoromethyl group, a C;-Cs alkyl group, or
a C;-Cs alkoxy group, R, and Rj are respectively a linear or branched C;-Cy alkyl
group, an aryl group, a linear or branched C;-Cy perfluoroalkyl group, a benzyl group,

or a Cs-Cyo aryl group, and A’ is a compound represented as

[Chemical formula 2]

FoH, . O
C"C—OJ—_ (Rym—X,

O:

wherein X is a monocyclic or polycyclic C3-Cyo hydrocarbon group, a benzyl .
group, a Ce-Cy aryl group, a C;-Cjo alkyl group, a C,-Cyo alkoxy group, a C;-Cyo
hydroxy alkyl group, or a cyano group, at least one hydrogen atom of the monocyclic or
polycyclic C3-Cy hydrocarbon group is or is not substituted with an ether group, an

ester group, a carbonyl group, an acetal group, a nitrile group, a cyano group, a hydroxy
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R7, R8 and RO are respectively a hydrogen atom a

nmet hyl group, or a trifluoronethyl group, X2 is
olefin, vinyl, styrene, or a derivative thereof, 71
a, b, ¢, d, and e respectively satisfy 0.01 <

a/ (atb+c+d+e) < 0.4; 0.01 < b/(atb+c+d+e) < 0.3; 0.01
< c/(atb+c+d+e) < 0.3; 0.01 < d/(atb+c+d+e) < 0. 3;
0.01 < e/(atb+c+d+e) < 0. 15, and A- is a conpound
represented as 5 [Chemical fornula 2] .OF2 H2 0 -
OSCGCCGCO1(RMX1L Owherein X1 is a nonocyclic or

pol ycyclic C3-C20 hydrocarbon group, a benzyl group,
groups-a(Gtbhoayly grogp, asan AdeébiddCEdupl R\ agl,aCip,alkgy] Gloupll C-Co
al koxy group, a Cl-C o hydroxy al kyl group, or a
cyano group, at |east one hydrogen atom of the

Al @y&pl & n@fogd® adal, MGME GorkSorGAloxXY¥el a6ml AN mdik @Udsitive
is or is not substituted with an ether group, an

ester group, a carbonyl group, an acetal group, a
iffebdriof @ tg2.0UpP, a cyano group, a hydroxy group, a
carboxyl group, or an al dehyde group, Ris a Cl-do

al kyl group, a Cl-Clo alkoxy group, a nitrogen atom
a sulfur atom or an oxygen atom and mis a positive
integer of 0 to 2. 15

5 2. The photoacid generator of claim 1, wherein the photoacid generator is
obtained through a synthesis reaction of a compound represented as Chemical formula 3
below and a salt represented as Chemical formula 4 below:

[Chemical formula 3]

10 wherein R, is a hydrogen atom, a trifluoromethyl group, a C;-Cs alkyl group, or
C,-Cs alkoxy group; and

[Chemical formula 4]

OH

RS +-A
"Ry

kd

wherein R; and Rj are respectively a linear or branched C;-Cy alkyl group, an

15 aryl group, a linear or branched C;-Cy perfluoroalkyl group, a benzyl group, or a Ce-
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7. The copol yner of claim3, wherein the copol ynmer for
a chemcally 72 anplified resist is represented as
any copol ymer of Chem cal formnulas below, which are a
cdeO0O0OO O OO0 OHS+t O _OsC2 OO0 OO
0O0.0000 O0Z40HS+ O OS-CF20~-0 O O0OOO
OO0 OOMH S+ OF2

Cyo aryl group, and A’ is a compound represented as Chemical formula 2.

3. A copolymer for a chemically amplified resist composition in which a
photoacid generator represented as Chemical formula 1 below is connected with a

5 main chain of the copolymer:

[Chemical formula 1]

ke

RS-
- R2 Ry

b

wherein R; is a hydrogen atom, a trifluoromethyl group, a C,-Cs alkyl group, or
a C,-Cs alkoxy group, R, and Rj; are respectively a linear or branched C;-Cy alkyl
10 group, an aryl group, a linear or branched C;-Cy perfluoroalkyl group, a benzyl group,

or a Cg-Cy aryl group, and A’ is a compound represented as

[Chemical formula 2]

1. FaHp 0
-0-§-c=c2o--rRm—x,

’

wherein X is a monocyclic or polycyclic C3-C;9 hydrocarbon group, a benzyl
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-0S-CO0O 73 bcde OOOOOOO0O OOHS+O
_OSCF2 0.. 00O abcdOOOO OOO OO0 OHS+ O
_O6SCF2 00O 00O

group, a C¢-Cy aryl group, a C;-Cyy alkyl group, a C;-Cyp alkoxy group, a C;-Cyp

hydroxy alkyl group, or a cyano group, at least one hydrogen atom of the monocyclic or

polycyclic C3-Cz hydrocarbon group is or is not substituted with an ether group, an

ester group, a carbonyl group, an acetal group, a nitrile group, a cyano group, a hydroxy

group, a carboxyl group, or an aldehyde group, R is a C;-Cjg alkyl group, a C;-Cig

alkoxy group, a nitrogen atom, a sulfur atom, or an oxygen atom, and m is a positive

integer of 0 to 2.

4. The copolymer of claim 3, wherein the copolymer includes a repeating

unit having the photoacid generator.

5. The copolymer of claim 3, wherein the copolymer further includes at

least one of a repeating unit having an acid labile group, a repeating unit having a

lactone ring, and a repeating unit having a hydroxy group.

6. The copolymer of claim 3, wherein the copolymer for a chemically
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0O.000 O. HS+ O OSCF2 0-~00,7 ab
.0000 0000 O0OOCHS+O0 O-S-CF2 74 4
dO0O0O0O O0OO0O OOHS+tp OSCF20 0 -

amplified resist composition is represented as

{Chemical formula 5]

"""{sz a.

wherein R; is a hydrogen atom, a trifluoromethyl group, a C,-Cs alkyl group, or

5 C,-Cs alkoxy group,

R; and R; are respectively a linear or branched C;-Cy alkyl group, an aryl

group, a linear or branched C;-Cy perfluoroalkyl group, a benzyl group, or a Cs-Cao

aryl group,

R4, Rs and Rg are respectively a hydrogen atom, or a C;-C3o alkyl group

10 including or not including an ether group, an ester group, a carbonyl group, an acetal

group, an epoxy group, a nitrile group, or an aldehyde group,

R7, Rg and Ry are respectively a hydrogen atom, a methyl group, or a

trifluoromethyl group,

Xz is olefin, vinyl, styrene, or a derivative thereof,
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O abcdeO0. OO0 OOOO 00 OHS+tp _OS-CF
o0 abcd.. .. a. O00. OO0 OH OOO™ - .1
OS+ 0O -0SC1l1 0. O a. bcdeOOOO 0.. 00

a, b, ¢, d, and e respectively satisfy 0.01 <a/(atb+c+d+e) < 0.4; 0.01 <
b/(at+b+c+d+e) < 0.3; 0.01 < c/(a+b+c+d+e) < 0.3; 0.01 < d/(a+b+c+d+e) < 0.3; 0.01 <
e/(a+b+c+d+e) < 0.15,

and A’ is a compound represented as

[Chemical formula 2]

- O—ﬁ—C"‘C—OJJ—- (R)m—X;

2]

wherein X is a monocyclic or polycyclic C3-Cy hydrocarbon group, a benzyl
group, a Ce-Cy aryl group, a C,-Cyg alkyl group, a C;-Cyo alkoxy group, a C;-Cyg
hydfoxy alkyl group, or a cyano group, at least one hydrogen atom of the monocyclic or
polycyclic C3-Cy hydrocarbon group is or is not substituted with an ether group, an
ester group, a carbonyl group, an acetal group, a nitrile group, a cyano group, a hydroxy
group, a carboxyl group, or an aldehyde group, R is a C;-Cyo alkyl group, a C;-Cyo
alkoxy group, a nitrogen atom, a sulfur atom, or an oxygen atom, and m is a positive

integer of 0 to 2.

7. The copolymer of claim 3, wherein the copolymer for a chemically
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OHOOOb~.. O H. OO0 _OSCF2 O
de OOO0OO 70HOOO\ OO0OOOCHOS+ 0
0O~, and OC.  OOOO

amplified resist is represented as any copolymer of Chemical formulas below, which are
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0. LOH .0 St+0 OSCF2 O0)r wherein a, b, c, d, and
e respectively satisfy 0.01 < a/(a+b+c+d+e) < 0. 4;
0.01 < b/(atb+c+d+e) < 0.3; 0.01 < c/(atb+c+d+e) <
0.3; 0.01 < d/(atb+c+d+e) < 0.3; 0.01 < 5
e/ (atb+c+d+e) < 0.15. 8. The copol ynmer of claim 3,
wherein the copol yner has a wei ght average nol ecul ar
wei ght (Mn) of about 500 to 100, 000. 10 9. A
chenmically anplified resist conposition including a
copol ynmer and a 76 solvent, in which a photoacid

fo nula 1 belowis

ek

[ aI -l;

wheréin Rl |§)a h en
group, a Cl-¢€5 @fgfg
R2 and R3: anal pegtMyel

al kyl
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group, an aryl group, a linear or branched Cl-C20
perfluoroal kyl group, a benzyl group, or a C6-C20
aryl group, and A- is a compound represented as
[Chemi cal formula 2] 0 11. Fy 2 0 11 . - OS-CGCO
(RmX1L 10 0 wherein X1 is a nonocyclic or polycyclic
C3- C20 hydrocarbon group, a benzyl group, a C6-C20
aryl group, a Cl1-Cl0 al kyl group, a Cl-Cl0 al koxy
group, a Cl-Cd o hydroxy al kyl group, or a cyano
group, at |east one hydrogen atom of the nonocyclic or
polycycllc G3- C20 hydrocarbo group LS or is not

A : 'e ester group, a
oile group, a

ydr ro , a canoxyI group, or an
| Kyl a Cl-do
al koxy gr.oup, 8 at a sul or an-

oxygen atom ‘an |n isTa veH in 0to 2.

5 10. The chem cal l'y anplified res S|t|on of
claim9, wherein'the copolyner is thbﬁkzﬁg by

pol yneri zati on-of monomers including the mhofo“0|d
generator, and about 0.5 to 15 parts by wei ght
phot oacid-generator with respect to about 1()(’)Onar S
by wei ght of a total solid of the chem cal |l y anpllfled

aldéhyde gr._




10

10 is used upon the polynerization. 11. The chemcally
anplified resist conposition of claim9, wherein an
amount of the copolyner is about 3 wt.%to 20 m. %
with respect to a total amount of the chemcally
anplified resist conposition. 15 12. A nethod of
formng a pattern using a chemcally anplified resist
78 conposition including a copolynmer and a sol vent,
the nethod conprising: coating a substrate with the
chem cally anplified resist conposition including the
copolyner and the sol vent, mai n chain of the

5 reS|st | ayer;

a devel opi ng
€3 al] R
g S+- A ' f ogen atom
a'tri)yhoronethyl gRoup, or
i o -S—-CF,

, and

wherein a, b, c, d, and e respectively satisfy 0.01 <a/(a+b+c+d+e) < 0.4; 0.01 <

b/(a+b+c+d+e) < 0.3; 0.01 < c/(a+b+c+d+e) < 0.3; 0.01 < d/(a+b+c+d+e) < 0.3; 0.01 <

e/(a+b+c+d+e) < 0.15.

8. The copolymer of claim 3, wherein the copolymer has a weight average

molecular weight (Mw) of about 500 to 100,000.

9. A chemically amplified resist composition including a copolymer and a
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a Cl-C5 al koxy group, R2 and R3 are respectively a

i near or branched Cl1-C20 al kyl group, an aryl group,
a linear or branched Cl-C20 perfluoroal kyl group, a
benzyl group, or a C6-C20 aryl group, and A- is a
conmpound represented as [Chemical formula 2] 79 0.F H
011 - OSCC? O-.(RmXL O wherein X1 is a
nonocyclic or polycyclic C3-C20 hydrocarbon group, a
benzyl group, a C6-C20 aryl group, a Cl-Cl0 al kyl
group, a Cl-d o al koxy group, a Cl-C o hydroxy al kyl
group, or a cyano group, at |east one hydrogen atom of
sbleed1DMOSHIEH h PhOtbaddd PeHleyANCleprescated Gd THayEaP EdmBRN below is
group is or is not substituted with an ether group, an
ester group, a carbonyl group, an acetal group, a
Roddette@ with @Wihin éhafiyFMRe WpBlymer:2 hydroxy group, a

car boxyl group, or an al dehyde group, Ris a Cl-Cl10

al kyl group, a Cl-Cl0 al koxy group, a nitrogen atom
a sul foemabIm@4 1pN oxygen atom and mis a positive
integer of 0 to 2. 10 13. The nethod of claim 12,
mhereinRa light source for the exposing is any |ight
source_sél ected froma KrF exciner |aser, an ArF
exciﬁgzgg@ser, an Extrene Utra Violet (EUW) Ilight,
an X-rgy, and an el ectron-beam (e-beam. 15 14. The

nmet hodI aim 12, wherein a |ight wavel ength of the
i ght _e

. é#-A
R
RZ R,

£

wherein R, is a hydrogen atom, a trifluoromethyl group, a C;-Cs alkyl group, or
a C;-Cs alkoxy group, R, and R; are respectively a linear or branched C;-Cy alkyl
group, an aryl group, a linear or branched C;-Cy perfluoroalkyl group, a benzyl group,

or a Cs-Cy aryl group, and A’ is a compound represented as

[Chemical formula 2]

Q FH,w Q-

-0-§-c=ctoL-Rym—x,
0. : oo

b

wherein X is a monocyclic or polycyclic C;3-Cyo hydrocarbon group, a benzyl
group, a Cs-Cyo aryl group, a C;-Cyg alkyl group, a C;-Cjo alkoxy group, a C;-Cyo
hydroxy alkyl group, or a cyano group, at least one hydrogen atom of the monocyclic or

polycyclic C3-Cq hydrocarbon group is or is not substituted with an ether group, an
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10

for the exposing is about 180 nmto 250 nm 80

ester group, a carbonyl group, an acetal group, a nitrile group, a cyano group, a hydroxy

group, a carboxyl group, or an aldehyde group, R is a C;-Cyp alkyl group, a Ci-Cyg

alkoxy group, a nitrogen atom, a sulfur atom, or an oxygen atom, and m is a positive

integer of 0 to 2.

10. The chemically amplified resist composition of claim 9, wherein the

copolymer is synthesized by polymerization of monomers including the photoacid

generator, and about 0.5 to 15 parts by weight of the photoacid generator with respect to

about 100 parts by weight of a total solid of the chemically amplified resist composition

is used upon the polymerization.

11. The chemically amplified resist composition of claim 9, wherein an

amount of the copolymer is about 3 wt.% to 20 wt.% with respect to a total amount of

the chemically amplified resist composition.

12. A method of forming a pattern using a chemically amplified resist
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composition including a copolymer and a solvent, the method comprising:

coating a substrate with the chemically amplified resist composition including

the copolymer and the solvent, a main chain of the copolymer being connected with a

photoacid generator represented as Chemical formula 1 below, and drying the coated

composition to form a resist layer;

selectively exposing the resist layer; and

developing the exposed resist layer:

[Chemical formula 1]

R4

wherein R; is a hydrogen atom, a trifluoromethyl group, a C;-Cs alkyl group, or

a C-Cs alkoxy group, R, and Rj are respectively a linear or branched C;-Cy alkyl

group, an aryl group, a linear or branched C,;-Cy perfluoroalkyl group, a benzyl group,

or a C¢-Cy aryl group, and A’ is a compound represented as

[Chemical formula 2]
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10

O F,H, O
- o—_ﬁ—o—c—o—“—_(R)m—xl

)

wherein X is a monocyclic or polycyclic Cs-Cy hydrocarbon group, a benzyl

group, a Cs-Cy aryl group, a C;-Cyo alkyl group, a C;-Cyo alkoxy group, a C;-Cyo

hydroxy alkyl group, or a cyano group, at least one hydrogen atom of the monocyclic or

polycyclic C3-Cyo hydrocarbon group is or is not substituted with an ether group, an

ester group, a carbonyl group, an acetal group, a nitrile group, a cyano group, a hydroxy

group, a carboxyl group, or an aldehyde group, R is a C;-Cy¢ alkyl group, a C,-Cyo

alkoxy group, a nitrogen atom, a sulfur atom, or an oxygen atom, and m is a positive

integer of 0 to 2.

13. The method of claim 12, wherein a light source for the exposing is any

light source selected from a KrF excimer laser, an ArF excimer laser, an Extreme Ultra

Violet (EUV) light, an X-ray, and an electron-beam (e-beam).

14. The method of claim 12, wherein a light wavelength of the light source

for the exposing is about 180 nm to 250 nm.
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