PHOTQACI D GENERATOR, METHOD FOR PRODUCI NG THE SAME, AND RESI ST COWVPOSI TI ON
COWPRI SI NG THE SAME BACKGROUND OF THE I NVENTION 1. Field of the Invention
The present invention relates to .a photoacid generator, a nethod for
produci ng the photoacid generator, and a resist conposition containing the
phot oaci d generator. Mre particularly, the present invention relates to a
phot oaci d generator which can nmaintain an appropriate contact angle at the
time of AIf liquid imersion |lithography, can reduce the defects occurring
during liquid imrersion lithography, has excellent solubility in resist

sol vents and excellent conpatibility with resins, and can be produced by an
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Relatedkﬁﬁﬂpggﬂﬁgkﬂgﬁggiﬂsy&gﬁ%ﬁ gﬁgﬁ positive resist conpositions that are
used in the sem conductor m croprocessing including a |lithographic process,
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result of light absorption, the diffusion capability of the acid generated
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Furthernore, in order to obtain excellent snoothness, the acid generator
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very inportant. However, conventional photoacid generators are not
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generator containing a compound which generates acid when irradiated with light.

The acid generator absorbs the light used in semiconductor patterning processes.
Onium salts that are mainly used as acid generators are such that the cationic moiety is
decomposed into a radical form and comes to exist as a molecule of another form, and the
anionic moiety generates acid, so that afler irradiation, diffusion occurs on the resist film
at the time of baking of the wafer.

During this process, the acid generator directly affects the resolution of the resist,
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the line edge roughness and the like by means of various factors such as the ability to
absorb light, the acid production efliciency for the acid produced as a result of lHght
absorption, the diffusion capability of the acid generated from the anion, and the strength
of the acid generated from the anion.

Furthermore, in order to obtain excellent smoothness, the acid generator used in
such chemically amplified resist materials needs to be uniformly dispersed in the resist
composition.  Therefore, the solubility of acid generators in resist solvents and
compalibility thereof with resins are very important. However, conventional photoacid
generators are not excellent in the solubility in solvents and the compatibility with resins,

it is difficult to produce photoacid generators at low cost.

SUMMARY OF THE INVENTION

Accordingly, it is an object of the present invention to provide a photoacid
generator which can maintain an appropriate contact angle at the time of ArF liquid
immersion lithography, can reduce the defects occurring during liquid immersion
lithography, and has excellent sotubility in resist solvents and excellent compatibility with
resins,

Another object of the present invention is to provide a method for producing the
photoacid generator described above.

Another object of the present invention is to provide a resist composition
containing the photoacid generator described above.

According to an aspect of the present invention, there is provided a photoacid
generator represented by the following formula (1):

[Chemical Formula 1]
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wherein in the formula (1), Y represents any one selected {rom the group consisting of an
alkyl group, an alkenyl group, an alkoxy group, a cycloalkyl group, a heterocycloalkyl
group, an aryl group and a heteroaryl group; X represents any one selected from the group
consisting of an alkanediyl, an alkenediyl, NR', S, O, CO and combinations thereof; R’
represents any one selected from the group consisting of a hydrogen atom and an alkyl
group; R; and R, each independently represent a hydrogen atom, an alkyl group, an
alkoxy group, a perfluoroalkyl group, a perfluoroalkoxy group, a halogen group, a
hydroxyl group, a carboxyl group, a cyano group, a nitro group, an amino group and a thio
group; n; represents an integer from [ to 2; n; represents an integer from 0 to 5; and A”
represents an organic counterion.

Y may be any one selected from the group consisting of an alkyl group, an alkeny!
group, an alkoxy group, a cyclopentyl group, a cyclohexyl group, a decahydronaphthalene
group, an octahydro-1H-indene group, an adamantyl group, a norbornyl group, a
tetrahydrofuran group, a polycyclic cycloalkyl group containing a norbornyl group having
10 to 30 carbon atoms, a phenyl group, a naphthyl group, a biphenyl group, an anthryl
group, a penanthrene group, a fluorenyl group, a pyrene group, a phenalene group, an
indene group, a biphenylene group, a diphenylmethyl group, a tetrahydronaphthyl group, a
dihydroanthryl group, a tetraphenylmethyl group, and a triphenylmethyl group.

Y may be any one selected from the group consisting of an alkyl group, an alkenyl
group, an alkoxy group, and groups represented by the following formulas (1-a) to (1-i)
and formulas (2-a) to (2-1):

[Chemical Formula 1-a}



wherein in the fornula (1), Y represents any one selected fromthe group
consi sting of an alkyl group, an al kenyl group, an al koxy group, a

cycl oal kyl group, a heterocycloal kyl group, an aryl group and a het er oar yl
group; X represents any one selected fromthe group consisting of an

al kanedi yl, an al kenediyl, NW S, 0, CO and combi nations thereof; R
represents any one sel ected fromthe group consisting of a hydrogen atom
and an al kyl group; Rl and R2 each independently represent a hydrogen atom
an al kyl group, an al koxy group, a perfluoroal kyl group, a perfluoroal koxy
group, a hal ogen group, a hydroxyl group, a carboxyl group, a cyano group,
a nitro group, a ayino group and a thio group; n, represents an integer
froml to 2; ;2o 5pi€sents an integer fromO0O to 5; and A" represents an
organic countELi n. Y may be any one selected fromthe group

consi sting of aRzal kyl group, an al kenyl group, an al koxy group, a

cycl opentyl up. & cycl ohexyl group, a decahydronapht hal ene group, an
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t et rahydrof ur.an group, a polycyclic cycloal kyl group containing a nor bonyl
group havi ngs¥0 880 carbon atons, a phenyl group, a naphthyl group, a

bi phenyl grouR, anh anthryl group, a penanthrene group, a fluorenyl group, a
pyrene group, a phenal ene group, an indene group, a biphenylene group, a

di phenyl met hylhe@{@VPormdulh ¢1cj ahydr onapht hyl group, a di hydroant hryl group, a
t et raphenyl methyl group, and a triphenyl methyl group. Y may be any
one selected,fro tgg group consisting of an alkyl group, an al kenyl group,
an al koxy gro@p tahd® groups represented by the following formulas (1-a) to
(1-i) and for s (2-a) to (2-0: [Chenical Formula 1-a] sscr-7Ri)a L R21
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[ Chemical Formula 1-gl [Chemical Formula 1-11] 4N1) / (Rl [ Chem cal
Formula 1-i] wherein in the formulas (I -a) to (1-i), R, and R12 each
i ndependently represent any one selected fromthe group consisting of a
hydrogen atom an al kyl group, an al koxy group, a perfluoroal kyl group, a
per f | uor oal koxy group, a hal ogen atom a hydroxyl group, a car boxyl group,
a cyano group, a nitro group, an anmino group, a thio group, a met hyl t hi o
group, a nethoxy group, OR, CUR, COOR, 0 and S; R represents any one
sel ected fromthe group consisting of an alkyl group and an aryl group; R21
represents any one selected fromthe group consisting of CRR4R25, U, CO S
and NR23; Rz23 to (R2% each | ndependent |y represent any one selected fromthe
gr oup consi sting -of’ »{Hydg gen atom an al kyl group and an aryl group; a, C
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and d each ind represent an integer fromO to 9; b represents an

integer fromO resents an integer fromO to 15 f represents an

e
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integer fromQ to 7. 0 C: !
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wherein in the formulas (1-a) to (1-1), Ry; and Rz each independently represent any one
selected from the group consisting of a hydrogen atom, an alkyl group, an alkoxy group, a
perfluoroalkyl group, a perfluoroalkoxy group, a halogen atom, a hydroxyl group, a
carboxyl group, a cyano group, a nifro group, an amino group, a thio group, a methylthio
group, a methoxy group, OR', COR’, COOR', O and S; R' represents any one selected from
the group consisting of an alkyl group and an aryl group; Ry represents any one selected
from the group consisting of CR24Rys, O, CO, S and NRy3; Ros to Rys each independently
represent any one selected from the group consisting of a hydrogen atom, an alkyl group
and an aryl group; a, ¢ and d cach independently represent an integer from 0 to 9; b
represents an infeger from 0 to 11; ¢ represents an integer from 0 to 15; f represents an
integer from0to 7, 0 Sctd < 17; and 0 < ¢+ < 15,
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[ Chemi cal Formula 2-j] rR21310 kR11 b-12/ [Chemical Formula 2-K] isc
(1) 13(R12)c [Chenmical Formula 2-1] S SSR 2 (Rl 1)a( Rl 2)GL wherein in the
formulas (2-a) to (2-1), Ru, R12, R13 and R14 each independently represent
any one selected fromthe group consisting of an alkyl group, an al koxy
group, a perfluoroal kyl group, a perfluoroal koxy group, a halogen atom a
hydroxyl group, a cyano group, a hitro group, an amino group and a thio
group; R2[ and R22 each independently represent any one sel ected fromthe
group consisting of CR2412.25, 0, CO S and NR23; R23 to R25 each
i ndependent |y represent any one selected fromthe group consisting of a
hydrogen ato an alkyl group, and an aryl group; a, h and i each
independentIgﬁwgﬁ?@§€ﬁ?ma§ﬁjinteger fromO to 5; b represents an integer
fromO to 3; c¢c and d each independently represent an integer fromO to 4;
e, land g each(R;pdependently represent an integer fromO to 2; and 0 <
c-fd+e < 9 The photoacid generator may be any one selected fromthe
group copsi of conpounds represented by the following formulas (3-1)
to (3-1 n{m%k rornula 3-11 A+- O S, CO0O0F2 H
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wherein in the formulas (2-a) to (2-1), Ry, Rz, Ryz and R4 each independently represent
any one selected from the group consisting of an alkyl group, an alkoxy group, a
perfluoroalkyl group, a perfluoroalkoxy group, a halogen atom, a hydroxyl group, a cyano
group, a nitro group, an amino group and a thio group; Ry and Ry each independently
represent any one selected from the group consisting of CRa4R3s, O, CO, S and NRas3; Rys
to Rj5 each independently represent any one selected from the group consisting of a

hydrogen atom, an alkyl group, and an aryl group; a, h and i each independently represent
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Formula 3-21 A+-11 C0 0 F20H [ Chemical Fornula 3-31 A+-
OH [Chenmical Formula 3-41 At-
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an integer from 0 to 5; b represents an integer from 0 to 3; ¢ and d each independently

represent an integer from 0 to 4; ¢, fand g each independently represent an integer from 0

to 2; and 0 < c+dte <9,

The photoacid generator may be any one selected from the group consisting of

compounds represented by the following formulas (3-1) to (3-12):
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According to another aspect of the present invention, there is provided a method
for producing a photoacid generator, including a first step of allowing a hydroxysulfonic
acid salt to react with oxirane and thereby producing a hdyroxyethoxysulfonic acid salt;
and a second step of subjecting the hydroxyethoxysulfonic acid salt thus produced to a
substitution reaction of the cation, and thereby producing a compound represented by the
formula (1).

The hydroxysulfonic acid salt may be represented by the following formula (6), the
oxirane may be represenied by the following formula (7), and the hydroxyethoxysulfonic
acid salt may be represented by the following formula (8):

[Chemical Formula 6]

M+~O“’—S 4{ 9‘
n1 RZ No

[Chemical Formula 7]
3
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wherein in the formulas (6) to (8), Y represents any one selected {from the group consisting
of an alkyl group, an alkenyl group, an alkoxy group, a cycloalkyl group, a

heterocycloalkyl group, an aryl group and a heteroaryl group, X represents any one

10



9 A-1-- 0-S, 11 CO 0 F2 9 A+- 0-S, CO0O0 F2 OH [ Chemical Fornula
3-12] A+ 0-S, CO0 O F, OH According to another aspect of the present
invention, there is provided a nethod for producing a photoaC|d gener at or,
including a first step of allowi ng a hydroxysulfonic acid salt to react
with oxirane and thereby producing a hdyroxyethoxysultbnic acid salt; and a
second step of subjecting the hydroxyethoxysulfonic acid salt thus pr oduced
to a substitution reaction of the cation, and thereby producing a conpound
represented by the forrmula (1). The hydroxysul fonic acid salt may be
represented by the following formula (6), the oxirane nay bedrep{esenteg by
the follgwing . fornula (7), and the hydroxyethoxysul fonic acid salt may be
F epr eseTBHED O BP I ARG et B etk e ol 5 @1COGmd

combinations thereof; R' represents any one selected from the group consisting of a

hydrogen atom and an alkyl group; R, and R, each independently represent any one

selected from the group consisting of a hydrogen atom, an alkyl group, an alkoxy group, a

perfluoroalkyl group, a perfluoroalkoxy group, a halogen atom, a hydroxyl group, a

carboxyl group, a cyano group, a nitro group, an amino group and a thio group; ny

represents an integer from 1 to 5; ny represents an integer from 0 to 5; and M" represents

an alkali metal ion.

The first step may be carried out by allowing the hydroxysulfonic acid salt to react
with oxirane in the presence of an acidic catalyst.
The first step may be carried out by mixing the hydroxysulfonic acid salt and
oxirane, and then allowing them to react for 1 to 48 hours at 0°C to 100°C,

According to another aspect of the present invention, there is provided a resist

composition containing the photoacid generator described above,

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The definitions of the terms used in the present specification are as follows.

Unless particularly stated otherwise in the present specification, a halogen group
means any one selected from the group consisting of fluorine, chloride, bromine and
iodine.

Unless particularly stated otherwise herein, an alkyl group includes a primary alkyl
group, a secondary alkyl group and a tertiary alkyl group.

Unless particularly stated otherwise herein, an alkanediyl means a divalent atomic
group obtained by extracting two hydrogen atoms from an alkane, and can be represented

by formula: -CyHay-. An alkenediyl means a divalent atomic group obtained by extracting

11



L1 MF-O---SCC(]-H I1// 02/ n2/112 [Chenical Formula 7] 0 (X)n3 [Cheni cal
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two hydrogen atoms from an alkene, and can be represented by formula: ~CH-.

Unless particularly stated otherwise herein, a perfluoroalkyl group means an alkyl
group in which a portion or all of hydrogen atoms have been substituted with fluorine, and
a perfluoroalkoxy group means an alkoxy group in which a portion or all of hydrogen
atoms have been substituted with fluorine.

Unless particularly stated otherwise herein, all compounds or substituents may be
substituted or unsubstituted. Here, being "substituted" means that a hydrogen atom has
been replaced with any one selected from the group consisting of a halogen atom, a
hydroxyl group, a carboxyl group, a cyano group, a nitro group, an amino group, a thio
group, a methylthio group, an alkoxy group, a nitrile group, an aldehyde group, an epoxy
group, an ether group, an ester group, a carbonyl group, an acetal group, a ketone group,
an atkyl group, a perfluoroalkyl group, a cycloalkyl group, a heterocycloalkyl group, an
allyl group, a benzyl group, an aryl group, a heteroaryl group, derivatives thereof, and
combinations thereof.

Uniess particularly stated otherwise herein, the prefix hetero~ means that a carbon
atom 1s substituted with one to three heteroatoms selected from the group consisting of N,
0, S, Pand CO.

Unless particularly stated otherwise herein, an alkyl group includes a linear or
branched alkyl group having 1 to 10 carbon atoms, an alkanediyl means an alkanediyl
having 1 to 10 carbon atoms, an alkenediyl means an alkenediyl having 2 to 10 carbon
atoms, and an alkoxy group means an alkoxy group having 1 to 10 carbon atoms. A
perfluoroalkyl group means a perfluorcalkyl group having 1 to 10 carbon atoms, a
perfluoroalkoxy group means a perfluoroalkoxy group having 1 to 10 carbon atoms, a
cycloalkyl group means a cycloalkyl group having 3 to 32 carbon atoms, and a

heterocycloalkyl group means a heterocycloalkyl group having 2 to 32 carbon atoms. An
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wherein in the fornulas (6) to (8), Y represents any one selected fromthe
group consisting of an alkyl group, an al kenyl group, an al koxy group, a
cycl oal kyl group, a heterocycloal kyl group, an aryl group and a het er oar yl
group; X represents any one selected fromthe group consisting of an

al kanedi yl, an al kenediyl, NR, 5, 0, CO and conbinations thereof; R
represents any one selected fromthe group consisting of a hydrogen atom
and an al kyl group; Rl and R2 each independently represent any one sel ected
fromthe group consisting of a hydrogen atom an alkyl group, an al koxy
group, a perfluoroal kyl group, a perfluoroal koxy group, a halogen atom a
hydroxy[_grqu ., a carboxyl group, a cyano group, a nitro group, an amno
group afid é%“i'E’l BeiSoth A¥his P Ep redehOsOat) FHPayalonts gl £ bdemaryh2iowpr esent s
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oxi rane, andpf. allowng themto react for,1.t0.48 hoyrs at 0C to 100C.
Accor di ng to“%ﬂ%?ﬁ%%hégéggF”é“PH%“%?@@%%???%VEH%F8H¥£1ﬁ§re is provided a

resi st conpaginth Qi g i nj ng the photoacid generator described above.
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group gﬁ ns an al koxy g;oup in which a portion or all of hydrogen atons
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am no group., a_thio group, a nethylthio group, an alkax oup, a nitrile
group, an aP%éH?Hénﬁr%Hth%HLQﬁﬁﬁ “ﬁ?&@b%“ﬁw Eﬂﬁépn’ﬁ’u%{g&ﬁ“%gﬂeﬁ“group, a

car bony}ly QL. NN capet . a.ketone group, an al kyl group, a
RO S e R R e R S v R ST
allyl grRNRe & i) Lal ¥ , et eroaryl group, derivatives
t her eof anggbg%ﬁ?ﬁ%k?o%gpghggggg{M£mg&8g@ﬁwgggg%§rticuIarly st at ed
ot herwi se hepgiifealtyN& BALH dnyhGicBLReciTBRRDS il ~ LOM hS 1y,
substituted ajfhmégé #o fhregbhetéréétoné 3%?%%?2%ﬁ§§§§$?ﬁé9gﬁgﬁgz’ _
consi stoagi(eh)-Ned., -GocR,ando,Cr,., -l essepal LEYATr Logsbatad ot herw se
herein, an alkyl group includes a linear or branched al kyl group”having 1
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an al k&Xy,0upR-, mEahe ThvO-altkoxly-, g oL g Hh@aMi-0gC i, 4 oCHECEat,banCal RUE,-, A
perfl uoroal kyl group means a perfluoroal kyl group having 1 to 10 car bon
at ons, -@HEEH;)Ilibr, oI KEXYCHE B TIEHHS; )-a -OENh (GO hal Kty sgroup-$avibng 1 to 10
carbon atonms, a cycloal kyl group neans a cycloal kyl group having 3 to 32
car bon Gi:60k:S-arfd1aSHEt 61 bey-ElHhalHeN-Chs-o upl st baS-het -8 edidiaddeyt, group
having 2 to 32 carbon atons. An

-CH,CH-S-CHLCHy-~, ~CHoCH,CH,-S-CH;-, ~CH(CH,)CH-, -C(CH,CH,)-, -CH,CO-, -
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aryl group nmeans an aryl group having 6 to 30 carbon atons, and a
het eroaryl group neans a heteroaryl group having 2 to 30 carbon atons.

Hereinafter, the present invention will be described in nore detail. The
phot oaci d generator is represented by the following formula (1): [Chem cal
Formulal OIl FI1 RL\ | === 1 X

CHoCHCO-, -CH{(CH3)CH,CO-, -CH(OH)-, -C{OH)CHj)-, -CH(F)-, -CH(Br)-, -
CH(Br)CH(B1)-, -CH=CH-, -CHyCH=CH-, -CH1=CHCH,-, -CH=CH-O-, -CH=CH-S- and
~-CH=CHCO-.

Y may be any one selected from the group consisting of an alkyl group, an alkenyl
group, an alkoxy group, a cycloalkyl group, a heterocycloalkyl group, an aryl group, and a
heteroaryl group. Specifically, Y may be any one sclected from the group consisting of an
alkyl group, an alkenyl group, an alkoxy group, a cyclopentyl group, a cyclohexyl group, a
decahydronaphthalene group, an octahydro-1H-indene group, an adamantyl group, a
norbornyl group, a tetrahydrofuran group, a polyceyclic cycloalkyl group containing a
norbornyl group having 10 to 30 carbon atoms, a phenyl group, a naphthyl group, a
biphenyl group, an anthryl group, a phenanthrene group, a {luorenyl group, a pyrene group,
a phenalene group, an indene group, a biphenylene group, a diphenylmethyl group, a
tetrahydronaphthyl group, a dihydroanthryl group, a tetraphenylmethyl group and a
triphenylmethyl group.

Among the carbon atoms of Y, one to three carbon atoms may be substituted with
any one selected from the group consisting of -O-, -CO-, -S- and combinations thereof,
and among the hydrogen atoms of Y, one to five hydrogen atoms may be substituted with
any one selected from the group consisting of an atkyl group having 1 to 6 carbon atoms,
an alkoxy group having I to 6 carbon atoms, a perfluoroalkyl group having 1 to 4 carbon
atoms, a perfluoroalkoxy group having 1 to 4 carbon atoms, a hydroxyalkyl group having
I to 6 carbon atoms, a halogen atom, a hydroxyl group, a cyano group, a nitro group, an
amino group, a thio group, a methylthio group, a methoxy group, OR', COR', COOR/, O
and S. R'may be any one selected from the group consisting of an alkyl group and an aryl
group.

More specifically, Y may be any one selected from the group consisting of an alkyl

14



n2y A+-0S1l 0ClI FCI/ R/ O niCH In the formula (1), R and
R2 each independently represent any one selected fromthe group consisting
of a hydrogen atom an al kyl group, an al koxy group, a perfluoroalkyl

group, a perfluoroal koxy group, a hal ogen atom a hydroxyl group, a
carboxyl group, a cyano group, a nitro group, an amino group and a thio
group, and may be preferably a hydrogen atomor an al kyl group. n,
represents an integer of 1 or 2, and n2 represents a integer fromO to 5,

and may be preferably an integer fromO to 3.

group, an alkenyl group, an alkoxy group, and groups represented by the following
formulas (1-a) to (1-1) and formulas (2-a) to (2-1):

[Chemical Formula 1-a]

R 1)a
f\fé

[Chemical Formula 1-b]

ﬁ<if§Rﬂ)b

[Chemical Formufa 1-¢]

LY /(Rﬂ)b
=

[Chemical Formula 1-d]

$<::\R1”CRQM

|Chemical Formula 1-¢]
(RH)C
[Chemical Formula 1-f]

(R11)C

&
h “(Rm)d

[Chemical Formula 1-g]
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X represents any one selected fromthe group consisting of an al kanediyl,
an al kenediyl, NR, 5, 0, CO and conbinations thereof, and R represents
any one selected fromthe group consisting of a hydrogen atom and an al kyl
group. Specifically, X may be any one selected fromthe group

consi sting of-U, -0Cl2-, -OCH(Cl)-, -CO, -COCH2-, -COCH2C12-, -CH2CH2-, -
CH2C1- 12-0-, -042-0-CH2CH2-, -CH2042-0-CH2-, -CH2Cl-12C1-12-0-, -CH2-0-
CH2CH2Cl - 12-, - CH2CH2- 0- CH2C112-, -CH2Cl-12CH2-0-CH2-, -CH(C111)-,

-C(CH3) 2C1-12-, -CH(C143)012-, -ClI(CHC1-13)-, -C(QCH3)-, -C(CF3)(0CH.)-,

-Cl-12-S, - O2CH2-S-, -CH2-S-CH2CH2-, -CH2C142-S-0-12-, -CH2Cl142042-5S-,
-Cl-12-S-CH2GH2C142-, -CH2Cl1-12-S-Cd 2Cl1-12-, -CH2CH2C112-S-C12-,

-CH(C112) C11+> CH2C12)-, -C1200-, - O 2CH2Q0-,

- Cl (CH3) CH2C0-4).- &g}B)-, -CH(17)-,- Cl1-1(BOCH(BH-, -CH2CH=CH,
-CHCH S and—- Cl- 1C0-. Y may be any one selected fromthe group

consi sting of-an.alkyl gr , an al kenyl group, an al koxy group, a

cycl oal kyl gvéﬁgyugkﬁ%T@?ggﬁcloalkyI group, an aryl group, and a heteroaryl

group. Specif.i Y be any one selected fromthe group consisting of
i

RY,
an al kyl gro é group, an al koxy group, a cyclopentyl group, a
cycl ohexyl gro dgcahydr onapht hal ene group, an octahydro-1 H-indene
group, an adamantyl “gfroup,” a norbornyl group, a tetrahydrofuran group, a
pol ycyclic qxgkg@hyygngﬂgyg-containing a norbornyl group having 10 to 30
carbon atons, a phenyl group, a naphthyl group, a biphenyl group, an
ant hryl group, a ph nﬁnthrene group, a fluorenyl group, a pyrene group, a
phenal ene grgup, Rindene\ group, a bi phenyl ene group, a di phenyl net hyl
group, a tettahydro /mﬁhyl group, a dihydroanthryl group, a
t et raphenyl nmet hy oup and a triphenyl nethyl group. Anong t he
carbon atons of* Y, one to three carbon atons nay be substituted with any
one sel ected fromthe group consisting of -0-, -CO, -5- and comnbinations
t her eof , andnahofigntutes (ygdriogéd), &t oasd &, YaclomdepddéniiercphediNgan aeoms nmay
be substituted with any one selected fromthe group consisting of an alkyl
group hwldctag ftor theseromp banisdtpnba hadrogérkaxy, gn alkyl havp.rg dkdxy gogaebon
atons, a perfluoroal kyl group having 1 to 4 carbon atons, a perfluoroal koxy
group hesglegyoalkylo gepuparbimillseronkoxya ghypgr exrabked agnoup bisdmeikplggbuppa6 car bon
atons, a hal ogen atom a hydroxyl group, a cyano group, a nitro group, an
ani no gieBiY! BrOURi B CHIE oA At hgiouhi & gnowperown.rethitoxyugronghyloRo, COR
COOR, 0 and S. R mmy be any aone selected fromthe group consi sting of an
al kyl d?%ﬂb*ﬁﬁ@h%ﬁ’&ﬁvp=§30 RNpPERsfeand Scand |, renrepes by ansyselspied sel ect ed
fromt consi stin

r,ou of an, al kyl roup, an al kenyl group, an al kox
group, gﬁﬂt@ﬁ@ﬂb@G?%ﬁ?@%%ﬁ?é@‘ﬁ%ﬂ?W%am%%l@WFE@HPONWﬁWéIIPgRH;EdeGh-i) axd
f or mul 2na) to (2-1): [Chemical Formula 1-a] R 11 a L) -21 [Chemi ca
Fornulgaigbﬁ“éggmﬂ#§%?gﬁﬁﬁybﬁq%&ﬂgﬂfwﬁﬁgﬁﬁpiulL 1-1] ssRll)L [Chehica

For mul a |

} d]Rz | represents any one selected from the group consisting of CRyuRss, O, CO, S
and NRys, and Rz to Rys cach independently represent any one selected from the group
consisting of a hydrogen atom, an alkyl group and an aryl group.

Furthermore, a, ¢ and d each independently represent an integer from 0 to 9; b
represents an integer from 0 to 11; ¢ represents an integer from 0 to 15; f represents an
integer from 0 to 7; and 0 < ¢+d <17, while 0 < ¢+ < 15,

Specifically, in the formulas (1-a), (1-b), (1-d) and (1-g), Ry, may represent any one
selected from the group consisting of a hydrogen atom, an alkyl group having 1 to 6

carbon atoms, an alkoxy group having 1 to 6 carbon atoms, a perfluoroalkyl group having
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[ Chemical Formula 1-el (Rii)c ( {R) ss( [Chemical Formula 141 ssc(R
(R12)di [Chenical Fornmula 1-g] [Chenical Fornula 1-h] [Chem cal For mul a
1-i] In the formulas (1-a) to (1-i), RH and R12 each independently
represent any one selected fromthe group consisting of a hydrogen atom an
al kyl group, an al koxy group, a perfluoroal kyl group, a perfluoroal koxy
group, a hal ogen atom a hydroxyl group, a carboxyl group, a cyano group, a
nitro group, an anmino group, a thio group, a methylthio group, a nmethoxy
group, OR, CON COOR, 0 and S. and R represents any one sel ected from
t he group conS|st|ng of an al kyl group and an aryl group. Wen R, or R12
iS 0 or R, represents a substituent having a doubl e bond. R21
represehﬂ%4éﬁ5b06ﬁ@1%ﬂdﬂ@tf@@1<fcﬂl§mﬂméurgh@wlpg tenéicabpnglonts, oRgdnze8kylo, CO, S
and NR23, and R23 to R2% each inde endently represent any one selected from
t he grodﬁ”ﬁéﬁ%W@t|Hb68F18“ﬁ$ﬁ?bgb%?%¥ﬁn¥mandﬁv PrYIgieup dapdhasresyla group.

d each, j ndependently represent an integer fromO to

o b r epragsls o5 thzéaléw Ik arbigy SBHBSBAES EHOPHEBERr from O to
Soect 11 oo Py TR fs’ PPRpubR Bl Y B g (5 adln. 1) e emiay
Aiatap SR TR 260%59 i ?cﬁ%i{lﬁ S&s&a%é{i e
car bon @lglgngm ag(yp@fofu%l}% I ky Gle%cha%%%ga omg%m B Png)r(]{/g(f gyﬁaib&noup

per f | uor oal koxy~gfFou ng 1t

havi ng doh®, LpSARORAKA Q08 | 1@&/1@%'1 9% Qaﬁ’)l)ﬁ’ mon% hﬁg!ﬂglé%laikg%ggps Kathgno
group, a nitro group,” an amno group, a "Ri'¢"gPoup, and
a net hoxyb geQYPn atoms, a hydroxyalkyl group havmg, 1 to 6 carbon atoms, a halogen atom, a

hydroxyl group, a cyano group, a nitro group, an amino group, a thio group, a methylthio

group, a methoxy group and combinations thereof,

[Chemical Formula 2-a]
gﬁ

A

URH)E‘
[Chemical Formula 2-b]

5553 /(\Rﬂ)b
_“€R1?)

[Chemical Formula 2-¢]

(R11) (R,

d
NCD)
(R

[Chemical Formula 2-d]
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Fur t her nor e,

in the fornulas (1-c),

(1'e)’ (1'oa

(1-h) and (1-i),

R, and

R12 may each independently represent any one selected fromthe group

consi sting of a hydrogen atom an al Kyl
an al koxy group having 1 to 6 carbon atons,

group having 1 to 6
a perfluoroal kyl

carbon atons,
group having 1

to 4 carbon atoms, a perfluoroal koxy group having 1 to 4 carbon atons, a

hydr oxyal kyl
a cyano group,

gr oup,

a nitro group,

group having 1 to 6 carbon atons,

an amino group, a thio

a hal ogen atom a hydroxyl

group, a

nmet hyl thi o group, a methoxy group and combi nations thereof [ Chem cal

Formula 2-a] AN, (1)a [Chem ca

Formula 2-c] /(Rii)c(R13)d tic/ 1\\'

[ Chem cal

Fornula 2-e€]
=

|Chemical Formula 2-¢|

E T2
{W »
(R 1)c (R"Z)d

|Chemical Formula 2-f]

[Chemical Formula 2-gj

r\.ﬁ

(Rﬂ% {Rig),

[Chemical Formula 2-hj

;’e\ e Ror X
Se
(Rﬂ% (Ru%

[Chemical Formula 2-i]

sN (\R11)c (R12)d [ Cheni cal

Formula 2-b] (1Rii)b sssc,

(R1) e [Chemnical Formul
For mul a

18
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[ Chenical Fornula 2-0] sss \\ R11),0(R12) a [Cheni cal Formula 2-h] I\ (Ri
i)a(R12)h [Chenical Formula 2-i] [ Chemical Formula 2-jj 1tVb22n 12/c

[ Chenical Fornula 2-k] [Chemical Formula 2-1] ccs'-R21 (R1 1) a(R12)

In the formulas (2-a) to (2-1), R11, R12, R13 and R14 each independently
represent any one selected fromthe group consisting of an al kyl group, an
al koxy group, a perfluoroal kyl group, a perfluoroal koxy group, a hal ogen
atom a hydroxyl group, a cyano group, a nitro group, an am no group, a
thio group, a nethylthio group, a nethoxy group, OR COWand COOR, and R
represents any one sel ected fromthe group consisting of an al kyl group and
an aryl group. R21 and R22 each i ndependently represent any one

sel ected from the_grpup consisting of CR24R25, 0, CO S and Mn, and R23 to
R25 each i ndepe fi§t|y£represent

[Chemical Formula 2-j]
555!\\\ Ro1_y
L

(R1 1)b 2 R 12)0

[Chemical Formula 2-k]

fﬁx\\ RS
(R{)b /\(Réz)c

[Chemical Formula 2-1]

5 . O/Rm A
DS
(Res), (Raz),
In the formulas (2-a) to (2-1), Ry, Ry, Ry and Ry4 each independently represent
any one sclected from the group consisting of an alkyl group, an alkoxy group, a
perfluoroalkyl group, a perfluoroalkoxy group, a halogen atom, a hydroxyl group, a cyano
group, a nitro group, an amino group, a thio group, a methylthio group, a methoxy group,
OR, COR"and COOR!, and R' represents any one selected {rom the group consisting of an
alkyl group and an aryl group.
Rz and Ry each independently represent any one selected from the group

consisting of CR24R,5, O, CO, S and NRj3, and Rps 10 Rag cach independently represent

19



any one selected fromthe group consisting of a hydrogen atom an alkyl
group and an aryl group. a, h and i each independently represent an
integer from0 to 5; b represents an integer fromO to 3; c and d each

i ndependently represent an integer fromO to 4; e, land g each

i ndependent |y represent an integer fromO to 2; and O c+d+e < 9.
Specifically, the photoacid generator may be any one selected fromthe
group consisting of conmpounds represented by the following fornulas (3-1)
to (3-12): [Chemical Fornula 3-1] 0 A+- CO0O0 F2 OH [Chemical Formula
3-2] 9 A+- 0-S, 7-Nc 0 0 F2

any one selected from the group consisting of a hydrogen atom, an alkyl group and an aryl
group.

a, h and i each independently represent an integer from  to 5; b represents an
integer from 0 to 3; ¢ and d each independently represent an integer from 0 to 4; ¢, fand g
each independently represent an integer from 0 to 2; and 0 < ¢+d+e <9,

Specifically, the photoacid generator may be any one selected from the group
consisting of compounds represented by the following formulas (3-1) to (3-12):

[Chemical Formula 3-1]

OH
[Chemical Formula 3-2]
@]

[k
oo Oy
A O ﬁ\c/\
O F,

O
OH

[Chemical Formula 3-3|

OH

OH

[Chemical Formula 3-5]

20



OH [ Chemi cal

9 At+-

Formula 3-3] A+- 0-S
0-S, ----- : COO0OF2 OH

: 99
A+ O ﬁ ~o N0
OF,

OH

[Chemical Formula 3-6]

OH

|Chemical Formula 3-7]

Q
Q
A+-O §\CAO
F2 OH

{Chemical Formula 3-8]

CFs
9
A"“" O—_\?"\C/\\O
O Fs
= OH

Chemical Formula 3-9}

o CN

il
At O“ﬁ\c/\e
O Fn
- OH

[Chemical Formula 3-10]
Q
A+ O “§ <" ™o
©F OH
[Chemical Formula 3-11]
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m

0 F2
c

al

OH [ Chemi cal
Formul a 3- 5]

Formul a 3-4]



[ Chemical Formula 3-6] A+- 0-S, CO0O0 F2 OH [Chemical Formula 3-7]
0-S, ri G 0 F2 OH [Chemical Fornula 3-81 9

Act-

0 s
H
At O“E\C/\O
F2 OH
[Chemical Formula 3-12]
0
At~ O—ﬁ\c/\ow
O F,

OH

The photoacid generator is a compound represented by a sulfonic acid onium salt
having a hydroxy skeleton, and such a compound can also effective function as a
photoacid generator for chemically amplified resist materials, Furthermore, the photoacid
generator can maintain an appropriate contact angle at the time of Ark liquid immersion
lithography, can reduce defects occurring during liquid immersion lithography, and has
excellent solubility in resist solvents and excellent compatibility with resins.

Furthermore, the photoacid generator is a radiation-sensitive acid generator which
responds to active radiation, particularly far-ultraviolet radiation or an electron beam,
which are represented by KrF excimer laser light, ArF excimer laser light, or extreme
ultraviolet (EUV) radiation. The photoacid generator exhibits satisfactory combustibility,
has no problem of accumulation in human body, and has sufficiently high acidity of the
acid generated (light-generated acid). The acid generated has an appropriate boiling point,
and also has an appropriate short length of diffusion in the resist film. Furthermore, the
photoacid generator has excellent solubility in resist solvents and excellent compatibility
with resins, and can be casily produced by inexpensive methods.

In the formula (1), A" is an organic counterion, and its type is not particularly
limited in the present invention. However, an example of an ion that can be used as the
organic counterion may be any one selected from the group consisting of ions represented

by the following formulas (4a) and (4b):
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0-S, Il COF7 CF3 OH [Chenmical Formula 3-91 A+- O-S. Ir C 0 F,

[Chemical Formula 4a]

R
RZ—S +

R4

[Chemical Formula 4b]

31
RZMS'*'
; NN
Ry~
S ¢
Rs
R4

In the formulas (4a) and (4b), Ry and R; each independently represent any one
selected from the group consisting of a hydrogen atom, an alkyl group, an allyl group, a
perfluoroalkyl group, an aryl group and combinations thercof; R, and R, can also be
joined to form a saturated or unsaturated hydrocarbon ring having 3 to 30 carbon atoms.

R4 represents any one selected from the group consisting of a halogen atom, an
alkyl group, an alkoxy group. an aryl group, a thioalkoxy group, alkoxycarbonylmethoxy
group, a thiophenoxy group, and combinations thereof.

R3 and Ry each independently represent any one selected from the group consisting
of a hydrogen atom, an alkyl group, an allyl group, a perfluoroalkyl group, an aryl group
and combinations thereof,

In the formulas (4a) and (4b), examples of the alkyl group include a methyl group,
an ethyl group, a propyl group, an isopropyl group, an n-butyl group, a phenyl group, a
hexyl group, and an octyl group, and examples of the alkoxy group include a methoxy
group, an ethoxy group, a propoxy group, a butoxy group, a hexyloxy group, and an

octyloxy group.

23



[ Chem cal For nul

a 3-101 HA+ 0-S, n CO 0 F2 OH [Chenical Formula 3-11]
0 A+- 0-S, Il CO F.

OH [Chemical Formula 3-121 0 11 A+ O0-S,

The organic counterion represented by the formula (4a) or (4b) may be any one
selected from the group consisting of ions represented by the following formulas (4-1) to
(4-xx):

[Chemical Formula 4-i]

[Chemical Formula 4-ii]

[Chemical Formula 4-iii]

O

[Chemical Formula 4-iv]
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COF OH The photoacid generator is a conpound represented by a

sul foni c acid oniumsalt having a hydroxy skeleton, and such a conpound can
al so effective function as a photoacid generator for chemcally anplified
resist materials. Furthernore, the photoacid generator can maintain an
appropriate contact angle at the time of ArF liquid inmmersion I i thography,
can reduce defects occurring during liquid inmersion |ithography, and has
excel l ent solubility in resist solvents and excellent conpatibility wth
resins. Furthernore, the photoacid generator is a radiation-sensitive
aci d generator which responds to active radiation, particularly
far-ultraviolet radiation or an el ectron beam which are represented by KrF
exciner |aser |ig Art' excinmer laser light, or extreme ultraviolet (RN)
radi ati on. The pletdaci d generator exhibits satisfactory conbustibility,
has no probl gm¥f accunul ation in human body, and has sufficiently high
acidity of the aCiy"generated (light-generated acid). The acid gener at ed
has an appropriate~hoiling point, and also has an appropriate short | ength
of diffusion in { resist film Furthernmore, the photoacid generator has
excel | ent sol ubil in resist solvents and excellent conmpatibility with
resins, and can bele€asily produced by inexpensive methods. In the
formula (1), A+ i's an organic counterion, and its type is not particularly
limted in thg.Ri&seRndpyepti on. However, an exanpl e of an ion that can be
used as the organic counterion nay be any one selected fromthe group

consi sting of iops~represented by the followi ng fornulas (4a) and (4b):

[ Chem cal For nul a] [ Cheni cal Fornul a 4bl In the fornmulas (4a)
and (4b), Rl ,and RZ each independently represent any one sel ected fromthe
group consi s{i ng—gf. a hydrogen atom an al kyl group, an allyl group, a

per fl uoroal k grdup, an aryl group and conbinations thereof; 121 and Rl
can al so be joingd }o forma saturated or unsaturated hydrocarbon ring
having 3 to 30 carbhon atons. R4 represents any one selected from
the group consistilng of a hal ogen atom an al kyl group, an al koxy group, an
aryl group, a thi &lkoxy group, al koxyearbonyl nmethoxy group, a t hi ophenoxy
group, and conbi nations thereof. R3 and R5 each independently
represent an¢hemsakérawiattvilrom t he group consisting of a hydrogen atom an
al kyl group, an a | group, a perfluoroal kyl group, an aryl group and
conbi nations the i In the formul as (4a) and (4b), exanples of the
al kyl group incl a met hyl group, an ethyl group, a propyl group, an

i sopropyl grgupy dan n-butyl group, a phenyl group, a hexyl group, and an
oetyl group,’\and gxanpl es of the al koxy group include a methoxy group, an
et hoxy group, a propoxy group, a butoxy group, a hexyloxy group, and an
octyl oxy group. ‘ The organi c counterion represented by the fornula
(4a) or (4b) may B€ amy qne selected fromthe group consi sting of ions
represented by th@LiSﬂJO ing formulas (4-i) to (4-xx):

[Chemical Formula 4-vii]

[Chemical Formula 4-viii]
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[Chenmical Formula 4 ] [Chemical Formula 4-ii] [Chenical Fornula 4-i ii]
[ Chemi cal Fornula 4-iv] [ Chemi cal Fornul a 4-vj OC H3 [ Chemi cal
Formula [Chemical Fornula 4-vii] [Chemical Formula 4-viii] [ Chemi cal
Fornul a 4-i x]

>
@m )

Chemical Formula 4-ix]

{Chemical Formula 4-x]

-0

Q

Cl

{Chemical Formula 4-xi]

[Chemical Formula 4-xii]
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[ Chemical Formula 4-x] Cl [Chemical Fornula 4-xi] [Chemnical Fornula
4-Xii] [ Chenical Fornula 4-xiii] [Chemical Fornula 4-xivl [Chem cal
Formul a 4-xv] GH3 H3G S + [Chenical Formula 4-Xxvi]

@

S+

—0-

[Chemical Formula 4-xiii]

g?@

{Chemical Formula 4-xiv]

¢
8
CrHC

Aot

Chemical Formula 4-xv]

o
HSC“S +

[Chemical Formula 4-xvi]
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[ Chenical Formula 4-xviij cs.>+ | Chemical Formula 4-xviiij [ Chem ca
Fornmul a 4-xix] [Chem cal Formula 4-xxi

Fur t her nor e,

as the or ganl c counterion,

CH3 S+ S\ CH3
an one selected fromthe group

consi sting of ions represented by the following fornulas (5a) and (5b):
[ Chemical Fornula 5a] [Chenical Fornmula 5b]] R

e

[Chemical Formula 4-xvii|

.
[Chemical Formula 4-xviii]

CHs

g

Chemical Formula 4-xix]

5

[Chemical Formula 4-xx]

Gl
O F
CH,
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Ii- In the formulas (5a) and (5b), Rl represents any one sel ected
fromthe group consisting of a hydrogen atom an alkyl group, an al |yl
group, a perfluoroal kyl group, an aryl group and conbi nations t her eof .

R2 and R3 each independently represent any one selected fromthe group
consi sting of a hydrogen atom an alkyl group, an ally' group, a
perfluoroal kyl group, an aryl group and combi nations thereof. It4
represents any one sel ected fromthe group consisting of a halogen atom an
al kyl group, an al koxy group, an aryl group, a thioal koxy group, an

al koxycar bonyl met hoxy group, a thiophenoxy group and conbi nations t her eof

I f the alkyl group include a nethyl
o oun. oo oHTiebPakp® feSFEbA CHnBUE AnoRsHORy oG bupORToR By
roup, a.phenyl gro a hexyl grou nd an,octyl group; and exanples of
?he glk%&@nbp%ﬁﬁgWﬁ%E%H§Igﬁﬁépﬁg u@#&%ﬁ?”%ﬁsg}hoxy group, a prgpoxK gr oup,
a butoxy gr a _hexyl gxy.,group, and an oetyl oxy group. urt her nor e,

t he organicqg%ﬁ%ﬁé}?%%nf%éﬁesented by the formula (5a) or (5b) may be any

one sel ect ed frgﬂ1the group consisting of conmpounds represented by the
fd|oanformM (5-i) to (5-ix): [Chemical Fornula 5-i] [Chemi cal Forn
%henical Formula 5-iii] 0 -X/ 00
%

ula 5-ii] OCH3 [
R4 R,
[Chemical Formula 5b]]
Ri
| +
Ny
Ry~ _ X
Rz
R4
In the formulas (5a) and (5b), R represents any one selected from the group
consisting of a hydrogen atom, an alkyl group, an allyl group, a perfluoroalkyl group, an
aryl group and combinations thereof.

R» and Rj each independently represent any one selected from the group consisting
of a hydrogen atom, an alky! group, an allyl group, a perfluoroalkyl group, an aryl group
and combinations thereof.

Ry represents any one selected {rom the group consisting of a halogen atom, an
alkyl group, an alkoxy group, an aryl group, a thioalkoxy group, an
alkoxycarbonylmethoxy group, a thiophenoxy group and combinations thercof.

In the formulas (5a) and (5b), examples of the alkyl group include a methyl group,
an ethyl group, a propyl group, an isopropyl group, an n-butyl group, a phenyl group, a
hexyl group, and an octyl group; and examples of the alkoxy group incfude a methoxy

group, an cthoxy group, a propoxy group, a butoxy group, a hexyloxy group, and an
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[ Chemical Formula 5-iv] O- Chemi cal Formula 5-vj [Chemical Formula 5-vil
[ Chenical Formula 5-vii] [ Chemical Fornula 5-viii] [ Chemi cal Fornul a
5-1i x] The net hod for producing a photoaci d generator includes a
first step of allowing a hydroxysulfonic acid salt to react with oxi rane
and produci ng a hydroxyet hoxysul lonic acid salt; and a second step of
subj ecting the hydroxyet hoxysul fonic acid salt thus produced to a
substitution reaction of the cation, and thereby producing a conpound
represented by the forrmula (1). In the first step, the
hydroxysul thnic acid salt is allowed to react with oxirane, and thus a
hydr oxyet hoxysul fonic acid salt is produced. The hydr oxysul fonic acid salt
may be P@ﬁpﬁgéﬁﬁﬁd by the following formula (6), the oxirane may be
represented by.the following formula (7), and the hydroxyethoxysultbnic
aci d salt rreﬂi}xglé”’f"ébﬂb% ehd "8;‘;'“%8“1‘%4“%38\}%?%53/ Hhsripimaa (B or (5b) may be

any one selected from the group consisting of compounds represented by the following

formula (5-1) to (5-ix):

[Chemical Formula 5-1]

OO

[Chemical Formula 5-ii]

Ol oo

[Chemical Formula 5-iii]

oY
O

| o ©
[Chemical Formula 5-iv]
-0

[Chemical Formula 3-v]

w{ O* . _@%_

[Chemical Formula 5-vi]

g

{Chemical Formula 5-vii]
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[Chenmical Formula 6] 21\ / R \ Il CCOHIli Q/fli [Chemical Formula 7]

0 (X

n3 [Chemical Formula 81 0 ii RI\ n M-OS

[Chemical Formula 5-viii]

{Chemical Formula 5-ix]

The method for producing a photoacid generator includes a first step of allowing a
hydroxysulfonic acid salt to react with oxirane and producing a hydroxyethoxysulfonic
acid salt; and a second step of subjecting the hydroxyethoxysulfonic acid salt thus
produced to a substitution reaction of the cation, and thereby producing a compound
represented by the formula (1).

in the first step, the hydroxysulfonic acid salt is allowed to react with oxirane, and
thus a hydroxyethoxysulfonic acid salt is produced. The hydroxysulfonic acid salt may be
represented by the following formula (6), the oxirane may be represented by the following
formula (7), and the hydroxyethoxysulfonic acid salt may be represented by the following
formula (8):

[Chemical Formula 6]

il
M -0 ﬁ{% —OH
O \Q/p, R2 -

[Chemical Formula 7]

AN

AT

Q
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11 0 1112CH In the formulas (6) to (8), Y, X 121, Rz, n, and ro
have the same meanings as defined for Y, X, R, R2, 16 and n2 in the
fornula (1), and therefore, specific descriptions thereof will not be

repeat ed here. However. M in the fornulas (6) to (8) represents an
al kali netal ion, and specific exanples include Lit 1C and Naf, while Na+
is preferred. The oxirane and the hydroxysul fonie acid salt may be

allowed to react at a weight ratio of 1:1 to 1:3, and may be allowed to
react at a weight ratio of 1:1.1 to 1:1.5. Wen the oxirane and the
hydroxysul fonic acid salt are allowed to react at the weight ratio

descri bed a%g e,.tEF Im? gonpounds can be all consunmed, and the efficiency
of the reactlgﬁngﬁ ‘Bl eased. In the first step, the hydroxysul fonic

acid salt and oxirane can be allowed to react in the presence of any one

catal yst sel ect ed rj/ot t héRghoup consisting of an acidic catalyst and a
basi c catalwﬁLoﬁag 'gi Wéarahy§FZ:ﬁﬁy one selected_fron1the group
consi sting of sul fluni ¢ acid, /hydrodhl orfc acid, phosphoric acid, nitric

acid, Lew s acid PB1V®;/nANBLS, FeCPS or the like), and conbinations thereof

can be used, and as the basic catalyst, any one selected fromthe group

consi sting qf NairbymukE! ¢6) %@Qk@ﬂ’,'@ﬁﬁ, l({Pq{l agg! MMARMEE same meanings as
defined for Y, X, Ry, Ry, ny and ny in the formula (1), and therefore, specific descriptions
thereof will not be repeated here.

However, M" in the formulas (6) to (8) represents an alkali metal ion, and specific
examples include Li*, K*, and Na', while Na" is preferred.

The oxirane and the hydroxysulfonic acid salt may be allowed to react at a weight
ratio of 1:1 to 1.3, and may be allowed to react at a weight ratio of 1:1.1 to 1:1.5. When
the oxirane and the hydroxysulfonic acid salt are allowed to react at the weight ratio
described above, the two compounds can be all consumed, and the efficiency of the
reaction can be increased.

In the first step, the hydroxysulfonic acid salt and oxirane can be allowed to react
in the presence of any one catalyst selected from the group consisting of an acidic catalyst
and a basic catalyst. As the acidic catalyst, any one selected from the group consisting of
sulfuric acid, hydrochloric acid, phosphoric acid, nitric acid, Lewis acid (Bl;, AlCIs,
FeCls or the like), and combinations thereof can be used, and as the basic catalyst, any one
selected from the group consisting of NaH, KH, NaOMe, KOBut (potassium tert-
butoxide), organic bases (EtzN (triethylamine), DIPEA (N,N-diisopropylethylamine),
DBU (1,8-Diazabicyclo{5.4.0Jundec-7-ene), and the like), and combinations thercof can
be used. When a catalyst is used in the first step reaction, the desired product can be
obtained in the minimum reaction time, and thus, the yield of the reaction can be increased.

Furthermore, the hydroxysulfonic acid salt and oxirane and the catalyst can be
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but oxi de), organic bases (Et3N (triethylamnmne), DI PEA

(N, N-d||sopropylethylan1ne) DBU (1, 8-Di azab|cyclo[5 4. 0] undec-7-ene), and

the |ike), and combinations thereof can be used. Wen a catalyst is used in

the first step reaction, the desired product can be obtained in the m ni mum

reaction time, and thus, the yield of the reaction can be increased.

Furt hernore, the hydroxysulfonlc acid salt and oxirane and the catal yst can

be allowed to react at a nolar ratio of 1:0.05 to 1:2, and preferably can

be allowed to react at a nolar ratio of 1:0.1 to 1:1. The hydroxysul fonic

acid salt and oxirane and the catalyst are allowed to react at the nolar

rati o descri ped above, the reaction tinme can be accelerated, and the

r enoval WS @HH%&P‘é&F&¥y§#’Wa&oeét%éﬂbéVbﬂcbhﬂﬂhﬁ#eh%dkﬂwyioIumim The

reaction of the fi.rs be carried out in a solvent, and as t he

sol vent “&Hﬁ;‘ 13He of ér‘é&ﬂ%gﬁf pﬁ%/ﬁ %Yﬁ‘é’xgﬁ‘d&ﬁ% arid i3k pRg osransswd iae capliel s,

Iactonesh aIcPhoIs cgnqlnatlons t hereof can be used.
4 gF ct

d
PreferaﬁfydﬁFH%Fz%Vgg%t B Bl gt éﬁcffﬁﬂf¥%@ﬂbﬁ@ﬂp°@bﬂ§lstlng
f dich hl f t t tril t ol
o LR AL A RS L1, oo
SpeCI fi .Cal | y}hhet 1'35%[0%‘%% uﬁoiﬂspst 1“%/ %J: Eeﬁf utﬁn Xl\flél'r]:[c cu%J as 1?% § r OC ,tSdSnyOf

di ssol ving t r'oxys oni @ oXI'T

i nt r odugiNgelbhi€d ﬁérﬁl ¥gle g?toﬁlpcj:oﬁﬁﬁgxéal)# QY. Rg {,tlinfs a%fttoH{s Egc(t)onreg agh;ddL

de
stirring. stir g my carried out’at a re o? OCto

100C f ofledndi® A8 ORIt GefBY cRELE ALY Q‘}c@%bl}attheascﬁ&mpﬁL?t%r aneOC to

40C tbr | to 12 hours. When the process of stirfing I's achreved’in the

t enper afelce:dam@nt ithe draRPesndame! bbekkhaReN ihahdlee Mbi%lﬁdmrpf iSRRI ggélct can
be i ncreased, and the formation of side products may be mnim ze

After canphetilomlaine hethyeagtitQBihyt ARiBQlHe BbmbsafiMINGeLf rom the reaction
liquid, the residue is made into a slurry in ethyl ether, the slurry is
filtered, arfipetifieally, hiee fdatticar ofcihk diritstopasbe thahsieng pﬁkh%ﬂo[&ﬁﬁ@[vugsnﬁﬁeVacuum
dri ed. Thus t he hydroxyet hoxysul fonic acid salt can be produce

t he sedmidmslse%onlc heichyadr end ekinaey sk fsohvient, dairetlugadpt tht: huagal yat,ogluic e@dni S
subjected to a substitution reaction of the cation, and thus a conmpound

r epr esenlosdnbherpgtirofomehe uodgr stiginr oduced. The reaction for substituting
the cation of the hydroxyethoxysul fonie acid salt can be carried out by

al | owi ng t hellsypiired/aenbxyatipd onl o adenpersre of ¢ (r waldd°Gifernt & 4olmpoynd
represented b£ t he, follomnng formul a %dﬁ [ Chenmical Fornmula 9] Air wherein
in the 44 r‘ﬁﬂ‘f e (cgytic ZQUtrdép‘rie%‘@ﬁ‘t@“%ﬁi/ do sdfedped trignatie gYlsupthe

consi stin &k” "f%]’ C4179Y, (0S02C8F17)], C&ﬁ(Cﬂ?S ) 2) -

( N( C2f 5519 sT 0{ Y m(u@( 1@3iyzmpe @j(u& F“?ﬁ 31}11@ u(lg(s gt)tkg:)d al{ozﬁz they | Bri,
1], BF 4 ani ¢ counterion, and since t he
def i ni £ {0191 %Jf %{th%m(aﬁir‘ btaﬁi”% b&o’ﬁ}h‘tee?“fioﬁ“ﬁ?s‘?‘f H@“’g‘&}?é’ g5 SYBsPABEH T4 BBnnect i on
mnth thﬁm&ﬁﬂ#ﬁla (1), specific description thereof will not be repeated

he hydroxyethoxysulfonlc acid salt and the conpound

r epr esent ed /}W@{ EBRpIRh F%II d 1%21@1?0?1” ? sflljﬁelg b 1fm%n? ﬁom_l{élc 66%188 Aa]éudat 041,

and preferably at re used

at the iﬁ@}e@fdu[@«;lhgdcdﬁﬁﬁi élﬁﬁg i1PRBYGsth (J:tx hee Eiﬁﬂ G HRC!E& E%i‘?&i m{’ﬂttné ki &R be
m ni m zed, and si de reactions cause ’by exc sSSive t reac ant S can
be suppg¢ %ﬁ%@ using c,thyl ether and vacuum dried. Thus, the hydroxyethoxysulfonic acid salt
can be produced.
In the second step, the hydroxyethoxysulfonic acid salt thus produced is subjected
to a substitution reaction of the cation, and thus a compound represented by the formula

(1) is produced.

The reaction for substituting the cation of the hydroxyethoxysulfonic acid salt can
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The substitution reaction can be carried out using a recrystallization

met hod, or a nethod of using a mixture of a solvent which well dissolves an
obt ai ned salt (good solvent) and a sol vent which dissolves the salt poorly,
to solidify the reaction product, and collecting the reaction product. A
met hod of extracting the reaction product with a solvent, or a method of
concentrating and collecting the reaction product can also be used.
Preferably, the substitution reaction can be carried out by dissolving the
reactants in dichloromethane and water to formtwo | ayers, and then

all owi ng the substitution to occur by stirring, and when such a two-|ayer
reactiog method is used, it is advantageous in that any addi ti onal net hods
for t hePSEPHFAPYIN Bovthe Ysribulietychiogynbionicagid saido rre vathi 4 egmgpuntly be
carried out in % @q,6 hQur,?,~ and may al so be carried out in 2 to 4 hours.
When t hEPeseetbby BR HIovaag fergliatt in the time range described above, there
i's an effectu%hat(tpe,%ggﬁd of the product can be increased to the maximm
Wien the corpBtRtF spPE¥ett ed by the formula (1) is produced through the
producti on nethod described above, the conpound represented by the formul a
(1) can be proéduced by a sinple nethod, and the conpound can be pr oduced
usi ng EROXY GOMound aich 1.8 i strially easily available. =, The
USLn, e Gomaton Y RStk Bl df b BB el ofnventon
i ncl ud iclcgene i€ 2 t he f |y «c~FRe- resi st
Meederoiis SERHETE R NaR AT AN L RSOl
conp05|«Kgggkyg@chm§§ep9t¢;B§pﬁqy§ngﬁgg%ggppgjon thereof will not be
repeat ed here. he phot oaci d denerator of the present invention can
mai ntai n an APRrePskatie c6antast, AaoiReake H8BIfiddTSl Bk A dnid Lo didamger s on
it hography, can reduce detects occurring during |iquid inmersion

| i t hogriaplyme andeshdisedax eehheatibn SeihubE Kbdnald 1) @it dsRknast theadd wexcel | ent
conpatibility with resins. Furthernore, the photoacid generator can be

pr oduceet by rapeated hérei ent and sinpl e method using an epoxy conpound, which

is industrially easily available. EXAMPLES Herei nafter, the present
i nventi on willhk hpdrodesomivedorin addtsalit hndihewaynpofindxcareptes] by thetfbatula person
having ordinary skill in the art to which the present invention is

per t ai 8Ycaale wadnl y modarngticoof 4 He 4i lnwadpietnablHohe wergr ralieopl-¢sedtl.

i nvention may be realized in various different fornms, and is not intended
to be IVhit 8¢ wsPoRkisEampided! e stiimeato Wescaibpd ap@pnthhesiaionfirephiomoaci d
generator%‘ﬁ nthesjs Exanple 1) <Step 1> ~As shown in the followng
react i SRSERSHEMRIEFd. g sglegpactions giuspdiBy G5ESsiRg eyt Irapesialciioht e aci d
sodium salt and 19.4 g of 2-adamantan-1-yloxirane were dissolved in 300 m
of di chtRr6%ftane, and the sol ution was stirred at normal tenperature. 1 n

of sulfuricqﬁngyrﬁi SLQMQﬁﬁQdd?g,QRQH“ﬁSGUtO,the.ﬁiﬁlgﬁe at _norma
t enper at ur e, "aRtSPHER" CHSURT XEhPE CHASY SH PYRE § GFYSRHEErS? method, X g er

conpl et f.the reaction, .the reacti.on sol vent was renoved, and the
mﬂwyﬁﬁﬁ$%&%#%gﬁwW&w Wﬂ@%%ﬁo%@ﬁﬁﬁ%iNWr

filterifgedhe filter : hed. with di stidled water and ethyl ether,
e ses e L BRI DB ST
-y1-2- ; : Andbeddudl ALK anestl, f.ON.E:aEldq59d: :

pL- 2 ydeyelnonionbrdadl, ALRRGPHNANESH, HORLEARNAAR UMY R Gy

sul f oxiode ni@hodt Fteh AR YA S st (P RBL " I 3.49-3.55 (m
Sy o A TR iRk 0 RObtidh bkt 8400 obll

Preferably, the substitution reaction can be carried out by dissolving the reactants in
dichloromethane and water to form two layers, and then allowing the substitution to occur
by stirring, and when such a two-layer reaction method is used, it is advantageous in that
any additional methods for the separation of the product are not required. The stirring

may be carried out in 2 to 6 hours, and may also be carried out in 2 to 4 hours. When the
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<Step 2> As shown in the follow ng reaction scheme (1-2), 10 g of the
2- (2- adamant an- -y1- 2-hydroxyet hoxy)-1, 1-di f | uor oet hanesul f oni ¢ acid
sodium salt produced in the Step 1, and 10.5 g of di phenyl nmet hyl phenyl

sul foniumtrilluoronet hane sul fonate salt were dissolved in 100 m of

di chl or onet hane and 100 ml of water, and the solution was vigorously
stirred for 3 hours to carry out a tmo-layer reaction. After
conpletion of the stirring, an aliquot of the organi c | ayer was extracted
to check the extent of reaction progress by '5F-NVR Wen the reaction was
conpl eted, the organlc | ayer was collected, and the sol vent mgs anDved g
The resi due was hed. with dichl oronet hane, which was a good solvent, an
with heXaren fam@%mé“lwwtwcw@%ﬁw RRO\SohFETE 8N RHPE lhgﬁM@@[d @nd t he
resi due, was du ed pressure. Thus, 16 g (yield 96% of

nd
2-(2- adﬁhﬁﬁfgﬁ‘%mJ?’%5%§%38w¢éﬁhﬁyywn1 1- dnfluoroethane sul foni ¢ acid
| f b d t t re was
Sloﬁ?le;“r/rledf Ibl‘WEOPhﬁ %ﬂms)(l{un 1<,p1<,5(,nt itby\l\@lrgn %ﬁwmdé?&pg{l% ]E%;S%Eangiél)
265 '%8%*“%%1 S be el e é‘%{*%““%dﬁ 1B we P sinet pl-e o
F2  (Syp BM%HSb)Eéaﬂngﬁ fetifodt Rd IRe comtpoufﬁf aﬁ'%m oﬂuéelaeuslﬁ)gasig r{ﬂ)%e/r eaction

scheme (2-1), synt s was carrled ou & safe ep 1 of

Syntheghﬁuﬁmgﬁpxﬁcﬁ“Hg&ggggwkgghhgagaﬁgyIOX|rane was used in place of the
2- adanant anyl oxi rane used in Stép 1 of" Synthesis Exanple |I. Thus, 1,1-

di f I uoro- 2- (l%ch&’ﬂ{tc%m%s@ibﬁ@M&cﬁ&h‘ﬂgxa )aﬁéthéﬂﬁﬁ%cfu%@ht%ﬁﬁb drsedi IH{fnﬂ%l%l’lt was
obtai ned, and its structure was confirmed by

114- NVRudlddaxes bybtosdit fexider d@ncsteﬂtcﬁageﬂﬁy{bﬁhular(@) TR6 REM @n8ReEdn 214),
4.26(t, 214), 4.85(t, 111), 7.18-7.23 511
depends on the conventional constitution of resist compositions, and therefore, specific
description thereof will not be repeated here.

The photoacid generator of the present invention can maintain an appropriate
contact angle at the time of Arl liquid immersion lithography, can reduce detects
occurring during Hquid immersion lithography, and has excellent solubility in resist
solvents and excellent compatibility with resins. Furthermore, the photoacid generator can
be produced by an efficient and simple method using an epoxy compound, which is

industrially easily available.

EXAMPLES

Hereinafter, the present invention will be described in detail by way of Examples,
$o that a person having ordinary skill in the art to which the present invention is pertained
can easily carry out the invention. However, the present invention may be realized in
various different forms, and is not intended to be limited to the Examples described herein.

[Synthesis of photoacid generator]

(Synthesis Example 1)

<Step 1>
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[ Reaction Scheme 2-111 <Step 2> As shown in the follow ng reaction
schene (2-2), the 1,1-difluoro-2-(2-hydroxy-2- phenylethoxy)ethanesulfon|c
acid sodiumsalt produced in Step 1 was allowed to react w th di phenyl

met hyl phenyl sul foniumtrifluoromethane sulfonate in the same manner as In
Step 2 of Synthesis Exanple 1, and thus _ _ _

1, 1- df f | uor o- 2- ( 2- hydr oxy- 2- phenyl - et hoxy) - et hanesul foni c acid di phenyl

f1 uor ophenyl sulthniumsalt was obtained. Its structure was confirmed by
H NVR. 11-1-NWVR (chl or of orm d3,

tetranethyl silane): 8(ppm 3.86(dd, 21-1), 4.26(t, 21-1), 4.85(t, II-1),
7.18-7.480m 71-0, 7.65-7.76(m 121-0 [Reaction Schenme 2-21 éSyntheS|s
Exanpl e 3) <&t ehoys in the AQllawagnrepetiqnhechennd éwlhgzgeacfﬂil érif— gs@ntqﬁz—(_s- 1),
synthesj s, was carried out .in the same nmanner as In Step 1 or Synthesis
Eiarrpl eh&‘f""@%&lé@ﬁ?@ﬁa’t‘: i sediugk silhiad st s et 2’r'4‘1131@9|aﬁ‘@|é'1o¥10¥1h@3 wire .

- adamant anyl oxi.r.an sed.in Step 1, of Synthesis Exanple 1, and thus 1, 1-
éi ? | uor%‘?%ﬂ{' -fﬁﬁaﬁéﬁyﬁ&@nka‘sz%?@wﬁafﬁb@ﬁ|s %‘HPE g iSH"I'%‘g%Fi RN HCRPHAR G bt aiN rl\l/eRd.
Its str € 1\ firmed by, 'HNWR . 11-I-

(o ot SR EROKAL JBF e PSR fbe BdRy bl cppeisrinaidal 1)

3. 49-3.@gg%lﬁ@me@ﬁgﬁ%e@%@ hl)ﬁ%.action Scheme 3-11 0 0 H2304 Na+ _tOel-1
NO Na+ <Step 2>

After completion of the reaction, the reaction solvent was removed, and the residue
was prepared into a slurry in ethyl ether and was filtered. After filtering, the filter cake
was washed with distilled water and ethyl cther, and was vacuum dried. Thus, 33.5 ¢
(yield 85%) of 2-(2-adamantan-1-yl-2-hydroxyethoxy)-1,1-difluoroethanesulfonic acid
sodium salt was obtained, and its structure was confirmed by 'H-NMR.

'H-NMR (dimethyl sulfoxide-d6, tetramethylsilane): O(ppm) [.I1-1.64(m, 15H),
3.49-3.55 (m, 3H), 4.25(t, 21)

|Reaction Scheme 1-1]

Q 2 H,S0 i
N&FWO“‘S\_ e + 2 ,f_‘.......um._,,, Mat O-8. . -~

e TOM ngt o

OF O F,

2 OH

<Step 2>

As shown in the following reaction scheme (1-2), 10 g of the 2-(2-adamantan-1-yl-
2-hydroxyethoxy)-1,1-difluoroethanesulfonic acid sodium salt produced in the Step 1, and
10.5 g of diphenyl methylphenyl sulfonium trifluoromethane sulfonate salt were dissolved
in 100 mi of dichloromethane and 100 ml of water, and the solution was vigorously stirred
for 3 hours o carry out a two-layer reaction.

After completion of the stirring, an aliquot of the organic layer was extracted to
check the extent of reaction progress by '*'"NMR. When the reaction was completed, the

organic layer was collected, and the solvent was removed. The residue was washed with
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As shown in the follow ng reaction scheme (3-2), the 1, 1-difl uoro-2-(2-
hydr oxyoct yl oxy) et hanesul foni e acid sodium salt produced in Step 1 was
allowed to react with di phenyl methyl phenyl sulfoniumtrifl uoronethane
sulfonate in the same manner as in Step 2 of Synthesis Exanple 1, and thus
1-di fl uoro-2-(2-hydroxyoctyl oxy)- ethanesul fonic acid di phenyl fluorophenyl
sul foniumsalt was obtained. Its structure was confirnmed by 1H NVMR H NWR
(chloroformd3, tetranmethylsilane): 6(ppn) 10.95-1.450m 131-1) 3.49- 350,
3H), 4.25(t, 21-1), 7.48(d, 211), 7.65-7.760m 1214) [Reaction Schene 3-21

00 " + 0-s r vs+ 04 _OE3 OH (Synthesis Exanple 4) <Step 1> As shown in
the foll.o acti schene (4 thes was carried out in the sane
manner %FﬁHggﬁgﬁmi gﬁmgyﬁtﬁggrg“%%ﬁﬁﬁpg‘wi ébﬂ“@ﬁaﬂdePOOI“ﬂwmh

2- adanap}an 1§tneth OX|ran s used | éac of t he 2- adanaptanyloxirane
ised i nePaRS GRSl asd Do GRS E e B PR Poduesd pessur. Thus. |

S e e R N S AR AV
0 ars i Figsionee B s HGATEN ML Shi AR RRAd ol b BR0T T -
NMR.
"H-NMR (chloroform-d3, tetramethylsilane): S(ppm) 1.11-1.64(m, 15H), 3.49-
3.55(m, 3H), 4.25(t, 2H), 7.48(d, 2I1), 7.65-7.76(m, 12H)

[Reaction Scheme 1-2]

¢, Q.
@S+OSCFs+rua+os /\»\Q> @‘SOS
<5 ot

(Synthesis Example 2)

<Step 1>

As shown in the following reaction scheme (2-1), synthesis was carried out in the
same manner as in Step 1 of Synthesis Example 1, except that 2-phenyloxirane was used
in place of the 2-adamantanyloxirane used in Step I of Synthesis Example 1. Thus, 1,1-
difluoro-2-(2-hydroxy-2-phenylethoxy)ethanesulfonic acid sodium salt was obtained, and
its structure was confirmed by 'H-NMR.

'"H-NMR (dimethyl sulfoxide-d6, tetramethylsilane): 8(ppm) 3.86(dd, 2H), 4.26(t,
2H), 4.85(t, 1H), 7.18-7.23(m, SH)

[Reaction Scheme 2-1]

(':') .LO H-SO (“)
—_ 294 .
Na-+ _C) ﬁ\c/\\OH + Na+ __O ﬁ\c/\o
OF OF,
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As shown in the follow ng reaction schenme (4-2), the 2-(3-adamantan-1
-yl-2- hydroxypropoxy)-1, 1-df | uor oet hanesul fonic acid sodium salt produced
in Step 1 was allowed to react with di phenyl nethyl phenyl sulfonium
trifluoromethane sulfonate in the sane manner as in Step 2 of Synthesis
Exanple 1. Thus, 2-(3-adamantan- 1 -yl-2-

hydr oxypr opoxy) -1, 1-di fl uor oet hanesul foni e aci d di phenyl fl uorophenyl

sul foniumsalt was obtained. Its structure was confirmed by | H NVR

H NVR (chl oroform d3, tetranethylsilane): 8(ppm 1.17-1.580m 17H), 3.49-
3.55(m 3H), 4. 25(t 214), 7.48(d, 2H), 7.65-7.76(m 12H) [Reaction Schene
4- 2] [ Resi n nt hesi s Exanpl e]

3-Bicycl of 2. ?S%] ept-5-en-2-yl- 3- hydroxypropionic acid t-butyl ester

(hereinafter, referre mant an_acryl ate, and

7- but yr ol act%ﬁg}‘r}é‘f“rf)}ﬂp‘a&’%i‘”&fﬁe“ﬁéf‘%’ ¢ ‘Pbﬁu?)&dl‘é“ oAl 1: 10 1,

1, 4-Di ox}acrﬁe 1S 8@1 TYS %‘{gn‘ﬁ“ za |onisolive a \t of 300 parts
by wei gﬂlt P ISP {rEepigsu 00" “part 8° vaﬁéii Wf)“b‘f“ Re ti’%t a‘fvdS it Cofeatthe
reactio S ut. ntr| ‘ an initiator in an
amount gjf 2 i {Eﬁg metﬂ?@ RS of gl?( )%%mﬁ SRR mn{)}dﬁtr‘ E’@gﬂagc 1(51f1h‘r Ry B}dﬁfl“r‘@actl on
nonomer al | 49 ty 19Uk

After the ?ggc(%l §mme§ Leﬁégg?flio‘ln s\({)yﬁgt]i cﬁﬁ\%gls% p{ée)%%/cgr?)fgféda\ﬁq CHwa exane,
and t heq(psRehIRIG@L&] Wﬂﬁcﬁﬁm}b ﬂ e 'oggr!iiﬂ Lhi X@&MMH&THH%% vy E QPRI yrer
represented by the follow ng f and aving a weig t Aver age

nol ecul@dnmwby hofnpghout 8, 500 g/ nol was obt ai ned. [Chem' cal Formula 101
[ Experinent Exanpl es] (Exanple 1) 100 Parts by weight of the resin
obt ai ned i n ‘HhEMRe$EHORYIRNES| SuEXaNplsBandd: @%fptn? DY 8] gh? fhet, h@m,

2- (2- adamant an- 1- y1- 2- hydr oxyet hoxy) - 1, 1- di | Tuor oet hanesulfoni ¢ aci’d
d|pheny4Sﬁmunﬂophéﬁymoﬁuvmpnwﬁﬁr$@hilgrmduced in Synthesis Exanple 1 as a
phot oaci d generator, and 0.5 parts by wei ght of tetranethyl anmoni um

hydr oxi de adRaadiasiSchandlive were di ssolved in 1000 parts by wei ght of
propyl ene glycol nethyl ether acetate, and then the solution was filtered
through a G"2yum nenbrane filter. Thus, a resist c osition was prepared.
The resi st “eghpgsition thus obt ai ned was applied o@ [

a Séjbstrate USi ng a
spi nner @ s was-ofr i ed,,ap, 110C for seconds t@msm)ag fil g a
t hi cknes 0.20 um Thea"?lrﬁt us“f ornmed was éd 4igi Y an Arfi.
exci mer | as stepper (|ens ‘apertire number: 0.78 and t hen lE'he filmwas
heat treated for 90 seconds at 110C. Subsequently, e fil mwas devel oped

with a 2.38 wt % aqueous solution of tetranethylamoni um hydroxide for 40
seconds, anqs)\!\r@ﬁesmfx@}g%leaﬁd dried Thus, a resist pattern was forned.

<Step 1>

As shown in the following reaction scheme (3-1), synthesis was carried out in the
same manner as in Step | of Synthesis Example 1, except that 2-hexyloxirane was used in
place of the 2-adamantanyloxirane used in Step 1 of Synthesis Example 1, and thus 1,1-
difluoro-2-(2-hydroxyoctyloxy)ethanesulfonic acid sodium salt was obtained. [ts structuse
was confirmed by 'H-NMR.

"H-NMR (dimethyl sulfoxide-d6, tetramethylsilane): §(ppm) 0.95-1.45(m, 13H),
3.49-3.55(m, 3H), 4.25(1, 2H)

[Reaction Scheme 3-1]
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(Exanmpl e 2) A resist conposition was prepared in the same manner as
in Exanple |, except that the photoaeid generator produced in Synthesis
Exanpl e 2 was used in place of the photoacid generator that was produced in
Synthesis Exanple 1 and used in Exanple 1. Thus, a resist pattern was
formed. (Exanple 3) A resist conposition was prepared in the sane
manner as in Exanple |, except that the photoacid generator produced in
Synt hesi s Exanple 4 was used in place of the photoaeid generator that was
produced in Synthesis Exanple 1 and used in Exanple I. Thus, a resi st
pattern was formed. (Conparative Exanple) A resist conposition was
prepared in the same manner as in Exanple 1, except that triphenylsulfonium
triflate was aised in place of the photoacid generagor that was produced in

Synt hesi ga+Exaiiple_ | an%&aﬂgﬁém. Thyg, ALresi §tﬁgpattern was

f or med. 6 ¥arfous evatlations were carried outgior ot TEsi st pat terns
produced in Exanples | to 3. The results are presented in®the follow ng
Table I. In the following Table 1, the ampbunt of exposure used to

forma O. 10-gq&%@;i ne-andspace (1.,/S) pattern after devel opnent at a line
width of 1:1"Wds designated as the opti num amount of exposure, and this

opti mum amoynt g6 AXBESHEE iy AN R NSk Yo G phum

pattern di mension resolved at thfs tinme was des ate

Furt her W‘&YO&@I& l%g’%%ﬁﬁ“l !1(9@ Sﬁﬂgﬁ sﬁﬁgméﬂggc) zg(aStr%? ’wa% Qﬁo&%ﬁ lﬁoexregct

roughness in the . I ne- and- spac rn formed after

o D S S B R A& a1 by
wei ght)in Step 2 of Synthesis Example 1, and thus 1-difluoro-2-(2-hydroxyoctyloxy)-
cthanesulfonic acid diphenyl fluorophenyl sulfonium salt was obtained. Its structure was
confirmed by 'H-NMR.
'H-NMR (chloroform-d3, tetramethylsilanc): 8(ppm) 10.95-1.45(m, 13H), 3.49-
3.55(m, 3H), 4.25(t, 2H), 7.48(d, 2H), 7.65-7.76(m, 1211}

[Reaction Scheme 3-2]

o]
- 0] it — o
T Na+ -G, . _"
@-s-»mo-mﬁuug v MNar O (SS EAO/\W/\/\/\ e QS*__O E\CAO/\/\/V\
2 fp
OH

o OH

(Synthesis Example 4)

<Step 1>

As shown in the following reaction scheme (4-1), synthesis was carried out in the
same mamer as in Step | of Synthesis Example 1, except that 2-adamantan-1-
ylmethyloxirane was used in place of the 2-adamantanyloxirane used in Step 1 of
Synthesis  Example 1, and thus 2-(3-adamantan-1-yl-2-hydroxypropoxy)-1,1-
difluoroethane sulfonic acid sodium salt was obtained. Its structure was confirmed by 'H-

NMR.
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Base (partsby weight) Sensitivity (mf/cn2) Resolution (nm LER Exanple 1
Resin Synthesis Exanple 4.0 0.5 12 80 4 Exanple 2 Resin Synthesis Exanple
4.0 0.5 13 80

"H-NMR (dimethyl sulfoxide-d6, tetramethylsilane): d{ppm) 1.17-1.58(m, 17H),
3.49-3.55 (m, 3H), 4.25(1, 2I)
[Reaction Scheme 4-1]

O

O o il
Nar "O_%‘CAOH * g\/@ e Mo
OF; OF OH

<Step 2>

As shown in the following reaction scheme (4-2), the 2-(3-adamantan-1-yl-2-
hydroxypropoxy)-1,1-dffuoroethanesutfonic acid sodium salt produced in Step 1 was
allowed to react with diphenyl methylphenyl sulfonium trifluoromethane sulfonate in the
same manner as in Step 2 of Synthesis Ixample 1. Thus, 2-(3-adamantan-1-yl-2-
hydroxypropoxy)-1,1-difluoroethanesulfonic acid diphenyl fluoropheny! sulfonium salt
was obtained. Its structure was confirmed by 'T-NMR.

'"H-NMR (chloroform-d3, tetramethylsilane): 6(ppm) 1.17-1.58(m, 17H), 3.49-
3.55(m, 3H), 4.25(1, 2H), 7.48(d, 2H), 7.65-7.76(m, 121}

[Reaction Scheme 4-2]

i e
¢ e oL /L8
@8«“__0—'&?“0!33 + - (“.:?)‘"C/“o S S"'MO““\C/\O/ \
O F2 OH M = OF;

[Resin Synthesis Example]

3-Bicyclof2.2.1]hept-5-en-2-yi-3-hydroxypropionic acid t-butyl ester (hereinafter,
referred to as BHP), l-methyladamantan acrylate, and y-butyrolactonemethyl acrylate
were introduced at a molar ratio of 1:1:1. 1,4-Dioxane was added as a polymerization

solvent in an amount of 300 parts by weight relative to 100 parts by weight of the total
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5 Exanple 3 Resin Synthesis Exanple 4.0 0.5 14 70 3 Conparative Exanple 1
Resin Synthesis Exanple 4.0 0.5 17 100 7 It was confirnmed that the
resi st conpositions prepared in Exanples | to 3 have satisfactory _
devel opability with an aqueous sol ution of tetranethylamonitm hydroxide,
and satisfactory adhesi veness of the formed resist pattern to a substrate,
as conpared with the resist conposition prepared in Conparative Exanple 1.
It can he seen fromthe results of Table 1 that the resist conpositions
prepared in Exanples 1 to 3 have superior sensitivity, resolution and LER
characteristics as conpared with the resist conposition prepared in _
Conparative nple |. Preferred enbodi nents of the present invention
have be@ﬂ‘“ﬂ%ggﬁ?%%cql‘ﬁl epanersi fropkesolwsinitily vag pled e 1BRiafddniapvent i on
is not limted to,the specific details and representative enbodi nrents shown
and des"H’P‘i’LBIéHP At RETa %ﬁ@ malRE BT 16 MR FERIPB RO DRI hathid e
wi thout departing fromthe spirit or scqope of the general inventive concept
as defHH@@QBQWFﬁEOQb%E%Hégf%HQi%%“%ﬂa%tﬁeir equi val ent s.
After the reaction, the reaction solution was precipitated with n-hexane, and the

precipitate was removed and dried in a vacuum. Thus, a copolymer represented by the

following formula (10) and having a weight average molecular weight of about 8,500

g/mol was obtained.

[Chemical Formula 10]

| Experiment Examples)

(Hxample 1)

100 Parts by weight of the resin obtained in the Resin Synthesis Fxample, 4 parts
by weight of the 2-(2-adamantan-1-yl-2-hydroxyethoxy)-1,1-difluoroethanesulfonic acid
diphenyl fluoropheny! sulfonium salt produced in Synthesis Example 1 as a photoacid
generator, and 0.5 parts by weight of tetramethylammonium hydroxide as a basic additive
were dissolved in 1000 parts by weight of propylene glycol methyl ether acetate, and then
the solution was filtered through a 0.2-um membrane filter. Thus, a resist composition
was prepared.

The resist composition thus obtained was applied on a substrate using a spinner,
and was dried at 110°C for 90 seconds to form a film having a thickness of 0.20 pm. The

{ilm thus formed was exposed using an ArF excimer laser stepper (lens aperture number:
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CLAIMS 1. A photoacid generator represented by the following formula (1):

[ Chenical Fornula 1] FRi ni OH wherein in the formula (1), Y represents
any one selected fromthe group consisting of an alkyl group, an al kenyl
group, an al koxy group, a cycloal kyl group, a heterocycloal kyl group, an
aryl group and a heteroaryl group; X represents any one selected from
the group consisting of an al kanediyl, an alkenediyl, NR. S, 0, CO and
conbi nations thereof, while R represents any one selected fromthe group
consisting of a hydrogen atom and an al kyl group; Rl and R2 each

i ndependent |y represent any one selected fromthe QFO?F cons:it:ng of a
hydr oge tom group, an al koxy group, a perf]luoroal ky roup, a
pgfflgo Pdai k@ﬁ&mﬁwgﬁﬁ%“éwﬁéﬁﬁdéﬁﬂﬁﬂéhﬁoS%”ﬁ?dﬂd%?ﬁg Pebsqueniyatisd gr oup
a cyano ni.L.ro an am no, rou&{and thro grou

repres eﬂ%% Q%Wq?lﬁfiéﬂ@ra %(r% IWté‘r agieopmsalulionaad drifamciby lpnpegim W‘ﬁfﬁ“@“ tf‘éi 5; and
At reprgée&v\?1 ng 9&%5}@ @tenlon&ﬁs 5%§?@g2§i§2§hrwg nerator according

to claiml t he group
consi sting q; B%I group, an al kenyl group, an al koxy group, a
rou

cycl opentyl cycl ohexyl group, a O FI111C n2 44
decahydr onaphtfalk @&QP&{iﬁ)(prasﬂﬂ Qﬁ%@hytﬂ Qi md?rgﬁ & ugf Qalfﬁy qn x%g q@%

group, a norbornyl oup, a tet uran | oal kyl

group cggt ﬁli(ﬁd)c{%ﬂi %cﬁb‘?ét@P MUC%L @y @yhﬂa\‘:kr@ %xkh npt(é) 23 gfdg E{{g&P '?n lgcmsot ghephenyl

group, a naphthyl "group, a enyl” group, oup, a phenanthrene

group, ghdibded eehat@l QP wadp Rﬁﬁh@&?m@&ﬁﬂ]ﬁ’emﬂ%ﬁﬂ@'leﬂﬁ &%QQR [ xgﬁ‘lg lcndene
group, a blphenylene group, di phenyl met hyl grooup, a tetrahydro6napht hyl

group, ‘ahh, hyekisopatdns was gir@e@, a tetraphenyl nethyl group and a
triphenyl methyl group. 3. The photoaci d generator according to claiml,
wher ei n (Example 3)

A resist composition was prepared in the same manner as in Example 1, except that
the photoacid generator produced in Synthesis Example 4 was used in place of the
photoacid generator that was produced in Synthesis Example 1 and used in Example 1
Thus, a resist pattern was formed.

(Comparative Example)

A resist composition was prepared in the same manner as in Example 1, except that
triphenytsulfonium triflate was used in place of the photoacid generator that was produced
in Synthesis Example 1 and used in Example 1. Thus, a resist pattern was formed.

Various evaluations were carried out for the resist patterns produced in Examples 1
to 3. The results are presented in the following Table 1.

In the following Table 1, the amount of exposure used to form a 0.10-m line-and-
space (L/S) pattern after development at a line width of 1:1 was designated as the
optimum amount of exposure, and this optimum amount of exposure was designated as
sensitivity. The minimum pattern dimension resolved at this time was designated as
resolution,

Furthermore, in the case of line edge roughness (I.ER), the pattern roughness in the
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Y represents any one selected fromthe group consisting of an alkyl group,

an al kenyl group, an al koxy group, and groups represented by the follow ng

fornulas (1-a) to (1-i) and fornulas (2-a) to (2-0: [Chemcal Formula 1-a]

[ Chemical Formula 1-b] sts, (7)(R11) b [Chenical Fornula 1-ci sstdRit)b

[ Chenical Formula 1-(11 [Chenical Formula 1-e] (Rli)c [Chem cal Formul a
14] [Chemical Formula 1-g] [Chenmical Formula 1-h] [Chemical Formula 1-i]
wherein in the formulas (1-a) to (1-i), RH and Rl 2 each independently
represent any one selected fromthe group consisting of a hydrogen atom an

al kyl group, an al koxy group, a perfluoroalkylbgrorp, a perfl uoroal koxy
group, al ogen atom a_hydroxyl group, a carboxyl group, a cyano group, a
nitro g&&&'ﬁ}n A4 ~ﬁlaﬁ0§r(&($§, paife fgmgH Gl davetermgttsookseyap, 4wl et hoxy

roup, ' 0.and S, while R represents any one selected from
? he gro r y&cﬁ%ﬁ(ﬁmﬂﬁr JrRder 1geistps %W&“glhl"’éﬁ%rl gr oup;
[Table 1]

Resin PAG Base Sensitivity | Resolution | LER
(100 parts | (parts by | (parts by (ml/em?®) | (om)
by weight) | weight) weight)
Example 1 Resin 4.0 0.5 12 80 4
Synthesis
Lxample
Lxample 2 | Resin 4.0 0.5 i3 80 5
Synthesis
IExample
Example 3 Resin 4.0 0.5 14 70 3
Synthesis
FFxample
Comparative | Resin 4.0 0.5 17 100 7
Example 1 Synthesis
Example

It was confirmed that the resist compositions prepared in Examples 1 to 3 have
satisfactory developability with an aqueous solution of tetramethylammonium hydroxide,
and satisfactory adhesivencss of the formed resist pattern to a substrate, as compared with
the resist composition prepared in Comparative Example 1. It can be seen from the results
of Table 1 that the resist composilions prepared in Examples 1 to 3 have superior
sensitivity, resolution and LER characteristics as compared with the resist composition
prepared in Comparative Example 1.

Preferred embodiments of the present invention have been described in detail in the
above, but the scope of the invention is not limited to the specific details and
representative  embodiments  shown and  described herein.  Accordingly, various
modifications may be made without departing from the spirit or scope of the general

inventive concept as defined by the appended claims and their equivalents.
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CLAIMS

1. A photoacid generator represented by the following formula (1):
[Chemical Formula 1]

ﬁ T !'RI"l \ .’ I
X}—Y
O F  \Ry/n, OH

wherein in the formula (1),

Y represents any one selected from the group consisting of an alkyl group, an
alkenyl group, an akoxy group, a cycloakyl group, a heterocycloakyl group, an aryl
group and a heteroaryl group;

X represents any one selected from the group consisting of an akanediyl, an
alkenediyl, NR', S, O, CO and combinations thereof, while R’ represents any one selected
from the group consisting of a hydrogen atom and an alkyl group;

R1 and R2 each independently represent any one selected from the group consisting
of a hydrogen atom, an alkyl group, an alkoxy group, a hydroxyl group, a carboxyl group,
acyano group, a nitro group, an amino group and athio group;

N1 represents an integer or 1 or 2;

N represents an integer from 0 to 5; and

A" represents an organic counterion.

2. The photoacid generator according to claim 1, wherein

Y represents any one selected from the group consisting of an alkyl group, an
alkenyl group, an akoxy group, a cyclopentyl group, a cyclohexyl group, a
decahydronaphthalene group, an octahydro-1H-indene group, an adamantyl group, a
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norbornyl group, a tetrahydrofuran group, a polycyclic cycloakyl group containing a
norbornyl group having 10 to 30 carbon atoms, a phenyl group, a naphthyl group, a
biphenyl group, an anthryl group, a phenanthrene group, a fluorenyl group, a pyrene group,
a phenalene group, an indene group, a biphenylene group, a diphenylmethyl group, a
tetrahydronaphthyl group, a dihydroanthryl group, a tetraphenylmethyl group and a
triphenylmethyl group.

3. The photoacid generator according to claim 1, wherein

Y represents any one selected from the group consisting of an alkyl group, an
alkenyl group, an alkoxy group, and groups represented by the following formulas (1-a) to
(1-1) and formulas (2-a) to (2-):

[Chemical Formula 1-a]

f\/\})& 1)a

L.
Ra1

[Chemical Formula 1-b]

f\C/)(& o

[Chemical Formula 1-c]

S0 JRﬂ)b
&

[Chemical Formula 1-d]

R

ﬁ\@& 2)d

[Chemical Formula 1-€]
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(R

e
= | /£R12Jd

[Chemical Formula 1-f]

© (Ryqdg
i
\< / _('Rm)d

[Chemical Formula 1-g]

pe

[Chemical Formula 1-h]
(

f\(%m 2)c>

[Chemical Formula 1-i]

(B

wherein in the formulas (1-a) to (1-i),

Ri1 and R each independently represent any one selected from the group
consisting of a hydrogen atom, an alkyl group, an alkoxy group, a perfluoroalkyl group, a
perfluoroalkoxy group, a halogen atom, a hydroxyl group, a carboxyl group, a cyano
group, a nitro group, an amino group, athio group, a methylthio group, a methoxy group,
OR', COR', COOR', O and S, while R' represents any one selected from the group
consisting of an akyl group and an aryl group;

R21 represents any one selected from the group consisting of CR24R25, O, CO, S
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and NR23; Rz to Ros each independently represent any one selected from the group
consisting of a hydrogen atom, an alkyl group and an aryl group;

a, ¢ and d each independently represent an integer from 0 to 9; b represents an
integer from O to 11; e represents an integer from 0 to 15; f represents an integer from O to
7,and 0 < c+d < 17, while 0 < c+f < 15;

[Chemical Formula 2-a]

F
@%Rﬂ)a

[Chemical Formula 2-b]

(Ryq)
jf\\/: 11'h
| L Hrod,

[Chemical Formula 2-c]
Ry (Rys)

N

[R1z)e

[Chemical Formula 2-d]

[Chemical Formula 2-€]

F o o2 %
d

(Ry4, (Ryz

a7



[Chemical Formula 2-f]

SN
(Rﬁ_ (Ris)y,

[Chemical Formula 2-g]

ff\\ "

(Rigy  (Rig),

[Chemical Formula 2-h]

[Chemical Formula 2-K]



fre\\ g

(Rﬁb R'IZC

[Chemical Formula 2-1]

wherein in the formulas (2-a) to (2-1),

R11, Ri2, R13 and R14 each independently represent any one selected from the group
consisting of an akyl group, an alkoxy group, a perfluoroalkyl group, a perfluoroakoxy
group, a halogen atom, a hydroxyl group, a cyano group, a nitro group, an amino group
and athio group;

Ro1 and Rz each independently represent any one selected from the group
consisting of CR24R25, O, CO, S and NR23; R23 to R2s each independently represent any
one selected from the group consisting of a hydrogen atom, an alkyl group and an aryl
group;

a, h and i each independently represent an integer from 0 to 5; b represents an
integer from 0 to 3; ¢ and d each independently represent an integer from0to 4; e, f and g

each independently represent an integer from 0to 2 ;and 0 < c+d+e< 9.

4. The photoacid generator according to claim 1, wherein the photoacid generator
is any one selected from the group consisting of compounds represented by the following
formulas (3-1) to (3-12):

[Chemical Formula 3-1]
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@

1
A= O_E“CAO
F2 OH

[Chemical Formula 3-2]

OH

OH

CH

i 40
At+-Q ﬁxc/xo
OF

OH

[Chemical Formula 3-7]
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OH

CF;
Q
A+ O_CISI)“C/\O
P OH
[Chemical Formula 3-9]
CN
:
At O_(ISJI“C/\O
Fa OH
[Chemical Formula 3-10]
Q
At- O_§\CAO
F2 OH
[Chemical Formula 3-11]
0 o
I
At+- O_lsf“cAQ
O F, OH
[Chemical Formula 3-12]
q
At+- 5.~
O F,

5. A method for producing a photoacid generator, the method comprising:
a first step of allowing a hydroxysulfonic acid salt to react with oxirane, and

thereby producing a hydroxyethoxysulfonic acid salt; and
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a second step of subjecting the hydroxyethoxysulfonic acid salt thus produced to a
substitution reaction of the cation, and thereby producing a compound represented by the
following formula (1):

[Chemical Formula 1]
ALY

X Y
o F Ra/n, OH

wherein in the formula (1),

Y represents any one selected from the group consisting of an alkyl group, an
alkenyl group, an akoxy group, a cycloalkyl group, a heterocycloalkyl group, an aryl
group and a heteroaryl group;

X represents any one selected from the group consisting of an akanediyl, an
alkenediyl, NR', S, O, CO and combinations thereof; R' represents any one selected from
the group consisting of a hydrogen atom and an alkyl group;

R1 and R2 each independently represent any one selected from the group consisting
of a hydrogen atom, an alkyl group, an alkoxy group, a hydroxyl group, a carboxyl group,
acyano group, a nitro group, an amino group and athio group;

N1 represents an integer or 1 or 2;

N represents an integer from 0 to 5; and

A" represents an organic counterion.

6. The method for producing a photoacid generator according to claim 5, wherein
the hydroxysulfonic acid salt is represented by the following formula (6),
the oxirane is represented by the following formula (7), and

the hydroxyethoxysulfonic acid salt is represented by the following formula (8):
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[Chemical Formula 6]

AN
M+-0—38 (il ('|.‘, OH

[Chemical Formula 7]

0
/\{X}Y

k!

[Chemical Formula 8]

"

o /a\ /Ry .
M+-O—%—€(:3%(:31 O/\YAXTY
O \Qo/n, \Ra/p, OH

wherein in the formulas (6) to (8),

Y represents any one selected from the group consisting of an akyl group, an
akenyl group, an alkoxy group, a cycloakyl group, a heterocycloakyl group, an aryl
group and a heteroaryl group;

X represents any one selected from the group consisting of an akanediyl, an
alkenediyl, NR', S, O, CO and combinations thereof; R' represents any one selected from
the group consisting of a hydrogen atom and an akyl group;

R1 and R2 each independently represent any one selected from the group consisting
of a hydrogen atom, an alkyl group, an alkoxy group, a hydroxyl group, a carboxyl group,
acyano group, a nitro group, an amino group and athio group;

Ny represents an integer of 1 or 2;

N represents an integer from 0 to 5; and

M represents an alkali metal ion.
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7. The method for producing a photoacid generator according to claim 5, wherein
the first step is carried out by alowing the hydroxysulfonic acid salt and the oxirane to
react in the presence of any one catalyst selected from the group consisting of an acidic

catalyst and abasic catalyst.
8. The method for producing a photoacid generator according to claim 5, wherein
the first step is carried out by mixing the hydroxysulfonic acid salt and the oxirane, and

then alowing the mixture to react for 1 to 48 hours at 0°C to 100°C under stirring.

9. A resist composition comprising the photoacid generator according to any one

of claims 1 to 4.
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