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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result of light absorption, the diffusion capability of the acid generated
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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 preduction efficiency for the acid produced as a result of light
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
compatibility 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 excelleni solubility 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):

fChemical Formula 1]
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wherein in the formula (1), 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 selected from the group
consisting ot 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; Ry and Ry 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 I to 2; ny represents an integer from 0 to §; and A*
represents an organic counterion.

Y may be any one selected 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 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 diphenylmethy! group, a tetrahydronaphthyl group, a
dihydroanthryl group, a tetraphenylmethyl group, and a triphenylmethyl group.

Y may be any one sclected 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 formula (1), Y represents any one selected fromthe group
consisting of an al kyl group, an al kenyl group, an al koxy group, a

cycl oal kyl group, a heterocycl oal kyl group, an aryl group and a heteroaryl
group; X represents any one selected fromthe group consisting of an

al kanediyl, an al kenediyl, NW S, 0, CO and conbi nations thereof; R
represents any one selected 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 a?ino group and a thio group; n, represents an integer
froml to 2; 2> @péEsents an integer fromO to 5; and A" represents an
organic countali n. Y may be any one selected fromthe group
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t etrahydrof ur.an growup, a polycyclic cycloal kyl group containing a norbonyl
gr oup havingg\o 81§@ carbon atons, a phenyl group, a naphthyl group, a

bi phenyl group, an anthryl group, a penanthrene group, a fluorenyl group, a
pyrene group, a phenal ene group, an indene group, a biphenyl ene group, a

di phenyl net hylhe @ QUPormiulh €lcf ahydr onapht hyl group, a di hydroanthryl group, a
tetraphenyl net hyl group, and a triphenyl met hyl group. Y may be any

one sel ected . from,the group consisting of an al kyl group, an al kenyl group,
an al koxy gré%ﬁ“éaﬁ groups represented by the following formulas (1-a) to
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[ Chem cal Fornula 1-gl [Chem cal Fornmula 1-11] 4N1) / (Rl [Chem cal
Formula 1-i] wherein in the formulas (I -a) to (1-i), R, and Rl12 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 fl uoroal koxy group, a hal ogen atom a hydroxyl group, a carboxyl group,
a cyano group, a nitro group, an amno group, a thio group, a nethylthio
group, a methoxy group, OR, CUR, COOR, 0 and S; R represents any one
selected fromthe group consisting of an al kyl group and an aryl group; R21
represents any one selected fromthe group consisting of CR2Z4R25, U, CO S
and NR23; R23 t (525 each y ndependent|ly represent any one selected fromthe
group consi sting af’ (‘de gen atom an al kyl group and an aryl group; a, c
and d each ind ‘@E ly represent an integer fromO to 9; b represents an
integer fromO Tty~e represents an integer fromO to 15 f represents an
i nt eger from(/q_toglz'? 0 “:T 1(:.-I-d 517; and 0 5 c-I-f 5 15. [Chem cal Formul a
2-a] [ Cheni Ca"¥St k4318l R i)b [Chemical Formula 2-¢] (RL3)d sscci

wherein in the formulas (I-a) to (1-i), Ry; and R, each independently represent any one
sclected 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, 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; R, represents any one selected
from the group consisting of CRxR;s, O, CO, S and NRys; Ry; 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 t0 9; b
represents an integer from 0 to 11; ¢ represents an integer {from 0 to 15; f represents an
integer from0to 7, 0 <ctd < 17;and 0 < e+ < 15,
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[ Chem cal Fornula 2-j] rR21310 kR11 b-12/ [Chem cal Formula 2-k] isc
(1)13(R12)c [Chemical Fornmula 2-1] S SSR 2 (R1L 1)a( RL 2)GlL wherein in the
formulas (2-a) to (2-1), Ru, R12, R13 and R14 each i ndependently 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
hydr oxyl group, a cyano group, a nitro group, an amno group and a thio
group; R2[ and R22 each independently represent any one selected fromthe
group consisting of CR2412.25, 0, CO, S and NR23; R23 to R25 each
i ndependently represent any one selected fromthe group consisting of a
hydr ogen ato an al kyl group, and an aryl group; a, h and i each
independentIgﬁwgb?g§@ﬁ¥ma§ﬁjinteger fromO to 5; b represents an integer
fromO to 3; ¢ and d each independently represent an integer fromO to 4;
e, land g e__ypmndependently represent an integer fromO to 2; and 0 <
c-fd+e < 9 %> Fhe phot oaci d generator may be any one selected fromthe
group copsisti of conpounds represented by the followi ng fornulas (3-1)
to (3-12)x nt_%l rornula 3-11 A+- OS, CO0O0 F2 oH
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wherein in the formulas (2-a) to (2-1}, Ri1, Ri2, Ry3 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; Ro; and Ry each independently
represent any one selected from the group consisting of CR34Rzs, O, CO, S and NRy3: Ry
to Ras 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 CO 0 F2OH [Chemical Fornula 3-31 At-
OH [Chem cal Fornmula 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; e, fand g each independently represent an integer from 0

to 2; and 0 < ¢+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 represented by the following formula (7), and the hydroxyethoxysulfonic
acid salt may be represented by the following formula (8):

[Chemical Formula 6}
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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 proup, an alkoxy group, a cycloalkyl group, a

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

10
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including a first step of allowi ng a hydroxysulfonic acid salt to react
wi th oxirane and thereby producing a hdyroxyethoxysultbnic acid salt;

0-S, 11 @ 0 F2 9 A+- O0-S, CO0O0 F2 OH [Chem cal Formula

A+- 0-S, CO0 0O F, OH According to another aspect of the present
on, there is provided a nmethod for producing a photoacid generator,

and a

second step of subjecting the hydroxyet hoxysul fonic acid salt thus produced

to a substitution reaction of the cation,
represented by the formula (1).

represented by the foll ow ng fornula (6),
I (gyfor la (7), and t hydroxyetho sulfonic acid salt nmay be

t he fol
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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 {luorine, chloride, bromine and
todine.

Unless particularly stated otherwise herein, an alky! group includes a primary alkyl
group, a secondary alkyl group and a tertiary alky! 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: -CyHapq-. An alkenediyl means a divalent atomic group obtained by extracting

11
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The hydroxysulfonic acid salt may be
t he oxirane may be represented by



/1 02/ n2/112 [Chem cal Formula 7] O (X)n3 [ Chem cal
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Formula 81 | M+-O0-S

two hydrogen atoms from an alkene, and can be represented by formula: -C,I,-

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 alkyl 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 is substituled 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 [ to 10 carbon aloms, 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

12



wherein in the formulas (6) to (8), Y represents any one selected fromthe
group consisting of an al kyl group, an al kenyl group, an al koxy group, a
cycl oal kyl group, a heterocycl oal kyl group, an aryl group and a heteroaryl
group; X represents any one selected fromthe group consisting of an

al kanediyl, an al kenediyl, NR, 5, 0, CO and conbi nations 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 al kyl group, an al koxy
group, a perfluoroal kyl group, a perfluoroal koxy group, a halogen atom a
hydroxyl.grqup, a carboxyl group, a cyano group, a nitro group, an am no
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to 10 catjurn-@tonmsCHam-alkanedi ylonpansoanial karedicyl,chgydng Jotppl0 carbon
atons, an al kenedi yl neans an al kenediyl having 2 to 10 carbon atons, and
an al k@Xy§(Gi0lp-, mEAhs TavO-alik 0¥y -, GOy HaMb-0gCl, 4 oCHECHar,benCat, 9osL,-, A
per fluoroal kyl group neans a perfluoroal kyl group having 1 to 10 carbon
at ors, -GHYEH{ X br.cQI KOy CHE o1 HEH!HS; )4 -PET }(0anhal Koty Sgroup-shavibng 1 to 10
carbon atons, a cycl oal kyl group neans a cycl oal kyl group having 3 to 32
car bon (dhbik; S-arffdIaSHdi£bey-€rbaIeyH-Chis-o upH fedut 8 1aS h et lds-8ayidj GalAL, group
having 2 to 32 carbon atons. An

~-CHyCH,-S-CHrCHy-, ~CHRCHCH,-S-CHy-, ~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+-0Sil oCl FCI1/ R/ 0 niOH In the formula (1), R and
R2 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 perfluoroal koxy group, a hal ogen atom a hydroxyl group, a

car boxyl group, a cyano group, a nitro group, an amno group and a thio
group, and may be preferably a hydrogen atom or 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-i) and formulas (2-a) to (2-1):

[Chemical Formula 1-a]

[Chemical Formula 1-b]

f?iiiéRﬁ)b

[Chemical Formula 1-¢]

Y /(R‘H)b
&

[Chemical Formula 1-d]

[Chemical Formula 1-¢]
(Rﬂ)c

ﬂ%é%)d

{Chemical Formula 1-f]

(R11)C

5
h ‘%Rm)d

[Chemical Formula 1-g]
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X represents any one selected fromthe group consisting of an al kanedi yl,
an al kenediyl, NR, 5, 0, CO and conbi nations 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
consisting of-U, -0OCl2-, -OCH(Cl)-, -CO, -COCH2-, -COCH2C12-, -CH2CH2-, -
CH2C1-12-0-, -042-0-CH2CH2-, -CH2042-0-CH2-, -CH2C1-12C1-12-0-, -CHz-O0-
CH2CH2Cl - 12-, - CH2CH2- 0- CH2C112-, -CH2Cl-12CH2-0-CHz2-, -CH(C111)-,

-C(CH3) 2C1-12-, -CH(C143)012-, -CI(CH2C1-13)-, -CI(OCH3)-, -C(CF3)(CCH3) -

-Cl-12-S, - d2CH2-S-, -CH2-S-CH2CH2-, -CH2Cl142-S-0-12-, -CH2Cl42042-S-,

-Cl-12-S- CH2CH2C142-, -CH2Cl1-12-S-d 2C1-12-, -CH2CH2Cl12-S-Cl12-,

-CH(C112) Cl1sy cH2C12)-, -Cl12C0-, - d2CH2CO-,

- Cl ( CH3) CH2C0-4.- {CH3) -, -CH(17)-,- Cl-1(BOCH(BH, - CH2CH=CH,
-CHCHS an Cl- 1C0-. Y may be any one selected fromthe group

consi sting of...an an al kenyl group, an al koxy group, a
cycl oal kyl ¥6HBH“%Kﬁ%?@?Egﬁcloalkyl group, an aryl group, and a heteroaryl

group. SpeC| be any one selected fromthe group consisting of
an al kyl gro group, an al koxy group, a cyclopentyl group, a
cycl ohexyl gro decahy ronapht hal ene group, an octahydro-I H-indene
group, an adamantyl ~group,” a norbornyl group, a tetrahydrofuran group, a
pol ycyclic cx%kgﬁgky&ngﬁgygrcontalnlng a norbornyl group having 10 to 30
car bon 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 gr dene\group, a bi phenyl ene group, a di phenyl net hyl
group, a tet‘a Rhy group, a di hydroanthryl group, a
t et raphenyl net hy o p an a triphenyl nethyl group. Anong t he
carbon atons of* Y, one to three carbon atons may be substituted with any
one selected fromthe group consisting of -0-, -CO, -5- and conbi nations
t her eof , andnahofigntule {iydrioged), & oasd ¢, ¥aci10hﬂe15@1démtl§exeﬁabt@éxﬂgﬁ§l cRkOMs nmay
be substituted with any one selected fromthe group consisting of an al kyl
gr oup hf@iﬂcw@ ftom thebgronp bamistingnfa hadrogdikaxy, gn alky! havpng dkdxg ogaebon
at ons, ﬁerfluoroalkyl group having 1 to 4 carbon atons, a perfl uoroal koxy
group hasvilwgoalkylo gwpuparbemiflagrortsoxya thyr oxiabker atpoup biydmkpigeibupoab car bon
atons, a halogen atom a hydroxyl group, a cyano group, a nitro group, an
am no giesRpFy! ErouR; @)C}gqﬂ@Lq@OUFa arfélzmwm o ghowperow. rethogyugrrouphylORd,  COR |
COOR, 0 and S. R my one selected fromthe group consisting of an
al kyl gﬁ%ﬂb‘ﬁﬁﬁﬂgﬁ’&ﬁyp @R@&ﬁn{NﬁP@Rsé%éF4gcéﬂi§1bmcﬁﬁviﬁwfaﬁyt@ﬂ@dselected
gr ou an al ken group,. an al koxy

fromthe group consistin an ¢ al k

gr oup, Hﬂg gﬁB@“?%ﬁ?@ gﬁ Balkpetp &F%W}ﬁ &@uPoNWﬁmdliG&Raysﬁbﬁéﬂ i) and
f or mul 2-2) to (2-1): [ Chenical “a] R) 11 a L) -21 [Chenical
For mul ?Iﬁb&*‘?‘%@@%m&%‘z31&&%5“%%%(’53%8? | a 1-)c] ss%ll)%o [Che£ﬁ cal

Formula |-

d]Rz | represents any one selected from the group consisting of CRyuR,5, O, CO, S
and NRy3, and Ry; to Ras each 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

16



[Chem cal Fornmula 1-el (Rii)c ( {R) ss( [Chem cal Formula 141 ssc(R
(R12)di [Chem cal Formula 1-g] [Chemi cal Formula 1-h] [Chem cal Formula
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 halogen atom a hydroxyl group, a carboxyl group, a cyano group, a
nitro group, an amno group, a thio group, a nmethylthio group, a methoxy
group, OR, CON COOR, 0 and S. and R represents any one selected from

t he group consisting of an al kyl group and an aryl group. Wen R, or R12
iSO0or S or R 2 represents a substituent having a double bond. R21
repr eseht®4 éﬁ&boﬁﬁé’%%ﬂé’@tie@l(fcr“@ﬁmfﬁéu@lﬂ@w& Etmdicabpngloofs, ©Rd228kyl0, CO, S
and NR23, and R23 % each |ndependently represent any one sel ected from
the gr o%‘ﬁ“&é’ﬁ%&%t i ‘ﬁ’g6 6?‘ A1 ¥R b gebi 2gcsmiotna Areprylgetep Gamdmareresyla gr oup.
Furt her each i ndependently represent an integer fromO to

9; b reg?é?éé(rﬁps dléﬁmi”}ﬁ)tééa‘él?‘ afir“é’rﬁl@“H 6‘“1%113’1 pig %lﬁrl%@ﬁta’sm‘éh(’%)’rﬁlé@ler fromO to
Speci 11 cal Iy e fof ﬁﬁa&ufrﬂﬁy) U BB dhi. (6 g heztiimy
Ryl gt e ORE R e R RO TH 3 ael@gl S ﬁ%i@ﬁ S?O{E&Bnhaﬂrfydr Lt S
carbon atong, a&yp@fougqﬁ(fﬂ%l k¥ 6%&%%9 d Qg n,%?:mu Cl%iam Z(f gﬁaib&noup

per f | uor oal koxy “gFoup "havi‘n on a

having dohg L& RIAONKA QBEy 1&’&/14?%'1 9§ @af%f‘? rﬂon% hﬁgrﬂgé%laikg%ﬁ ypctu'g])q}q%ﬁgn 0

group, a nitro group, an am no group gFoup, and
a met hoxy Qeadpn atoms, a hydroxyalkyl group havmg [ 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]}

&
®R11)a

[Chemical Formula 2-b]

RH

f\ / _“%Rr?)

[Chemical Formula 2-¢]

(R11) (Ry5)

d
N
(Rl

[Chemical Formula 2-d]
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Furthernore, in the formulas (1-c), (1-e), (1-0, (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 group having 1 to 6 carbon atons,
an al koxy group having 1 to 6 carbon atons, a perfluoroal kyl group having 1
to 4 carbon atons, a perfluoroal koxy group having 1 to 4 carbon atons, a
hydr oxyal kyl group having 1 to 6 carbon atons, a hal ogen atom a hydroxyl
group, a cyano group, a nitro group, an am no group, a thio group, a
met hyl t hi o group, a nethoxy group and conbi nati ons thereof [Chem cal
Formula 2-a] AN, (1)a [Chemical Fornula 2-b] (1Rii)b sssc,; ) [Chem ca
Formula 2-c] /(Rii)c(R13)d tic/ 1\\' (Rl) e [Chem cal Fornula 2-d]

[ Chem cal Fornulka 2-eL/ sN (\R11)c (R12)d [Chem cal Formula 2-11

[Chemical Formula 2-g}

‘Ye\\ =
L1
(Rﬂk (Rig),
[Chemical Formula 2-h]
(Rﬂ)a (Rw.)h

[Chemical Formula 2-i]
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[ Chem cal Formula 2-0] sss \\ R11),0(R12) a [Chemi cal Formula 2-h] I\ (R
i)a(R12)h [Chem cal Formula 2-i] [Chem cal Fornmula 2-jj 1tVb22n 12/c

[ Chem cal Fornula 2-k] [Chem cal Formula 2-1] ccs'-R21 (Rl 1)a(R12)

In the fornulas (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 methylthio group, a nmethoxy group, OR, COWNand COOR , and R
represents any one selected fromthe group consisting of an al kyl group and
an aryl group. R21 and R22 each i ndependently represent any one

sel ected fromthe grpup consisting of CRR4R25, 0, CO S and Mn, and R23 to
R25 each i ndepe iig

repr esent

L\
(RH)/ R /}Rﬁ)c

[Chemical Formula 2-k]

fﬁ\\\ X
= o
(R{)b \(R12)C

[Chemical Formula 2-1]

\<O/Rz1

Rﬂ R12

In the formulas (2-a) to (2-1), Ry;, Rz Ry and Ry each independently represent
any one selected from the group consisting of an atkyl 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 from the group consisting of an
alkyl group and an aryl group.

Rar and Ry, each independently represent any one selected from the group

consisting of CR24Ras, O, CO, § and NRys3, and Ra; 10 Ras each independently represent
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any one selected fromthe group consisting of a hydrogen atom an al kyl
group and an aryl group. a, h and i each independently represent an
integer fromO to 5; b represents an integer fromO to 3; ¢ and d each

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

i ndependently represent an integer fromO to 2; and 0 c+d+e < 9.
Specifically, the photoacid generator may be any one selected fromthe
group consi sting of compounds represented by the followi ng formulas (3-1)
to (3-12): [Chem cal Fornmula 3-1] 0 At+- CO0O0 F2 OH [ Chem cal Formula
3-2] 9 A+- 0-S, 7-Nc 0 0 F2

any one sclected 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 from 0 to 4; ¢, fand ¢
each independently represent an integer from 0 to 2; and 0 £ c+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

Q

oo —

A+-O ISIJ\C/\O
Q Fy

OH

OH

[Chemical Formula 3-4]

Q
At- O"ﬁ\c/\
O Fap

O
OH

[Chemical Formula 3-5]
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OH [Chemical Formula 3-3] A+- 0-S, )1 CO 0 F2
9 A+- 0-S,

OH [ Chem cal
----- . CO0O0 F2 OH [ Chem cal

Formul a 3-4]
Formul a 3-5]

T
Ats Oﬁ o0
CF,

OH

[Chemical Formula 3-6]

OH

[ Chemical Formula 3-7]

QO
Q
At O“C[S)l\c/\o
F2 OH

[Chemical Formula 3-8]

Cka
Q
At O—ﬁ\C/\O
O Fy
= OH

[Chemical Formula 3-9]

? CN

At O—ﬁ\C/\O
O F,
= OH

|Chemical Formula 3-10]
Q

A+ O ﬁ\C

OF

s

Q
OH
[Chemical Formula 3-11]
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[ Chem cal Fornula 3-6] A+- 0O-S, CO0O0 F2 OH [Chem cal Fornula 3-7]
0-S, ri G 0 F2 OH [Chemcal Formula 3-81 9

At-

0 s
tH
At~ O_i\c/\o
P2 OH
[Chemical Formula 3-12]
2
At- O"ﬁ\CAOW
0 F,

OH

The photoacid generator is a compound represented by a sulfonic acid onium salt
having a hydioxy 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 ArF 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 KrFF excimer laser light, ArlF 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 easily 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 [Chemcal Formula 3-91 A+- OS. Ir G 0 F,

[Chemical Formula 4a]

R
Ro,—8 +

R4

[Chemical Formula 4b)]

Fﬁ?
RZ_S"’
N
RS“T‘/ )
Ra
R4

In the formulas (4a) and (4b), R; and R; each independently represent any one
selected from the group consisting of a hydrogen atom, an alkyl group, an allyt group, a
perfluoroalkyl group, an aryl group and combinations thereof: 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 thtophenoxy group, and combinations thereof,

R3 and Rs 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.
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[ Chemical Formula 3-101 HA+ 0-S, n CO0 0 F2 OH [Chenmical Fornula 3-11]
0 A+- O0-S, Il CO F., OH [Chemical Formula 3-121 0 11 A+- O-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]

0T

[Chemical Formula 4-ii]

ot

[Chemical Formula 4-1ii]

=

o

o~ )
+

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

sul fonic acid onium salt having a hydroxy skel eton, and such a conpound can
al so effective function as a photoacid generator for chemcally anplified
resist materials. Furthernore, the photoacid generator can naintain an
appropriate contact angle at the time of ArF liquid innmersion |ithography,
can reduce defects occurring during liquid imersion |ithography, and has
excellent solubility in resist solvents and excellent conpatibility with
resins. Furthernore, the photoacid generator is a radiation-sensitive
acid generator which responds to active radiation, particularly
far-ultraviolet radiation or an el ectron beam which are represented by KrF

excimer |aser |i Art' excimer laser light, or extrenme ultraviolet (RN
radi ation. The p aci d generator exhibits satisfactory conbustibility,
has no probl f accunul ati on in human body, and has sufficiently high

acidity of the aciyi"generated (light-generated acid). The acid generated
has an appropria hoi | i ng point, and al so has an appropriate short |ength
of diffusion in { resist film Furthernore, the photoacid generator has
excel I ent sol ubil in resist solvents and excellent conpatibility with
resins, and can bek€asily produced by inexpensive nethods. In the
formula (1), A+ i's an organic counterion, and its type is not particularly
limted in thg.RE&sEHndINYEYLi On. However, an exanple of an ion that can be
used as the organic counterion may be any one selected fromthe group
consisting of iops~epresented by the followi ng fornmulas (4a) and (4b):

[ Chem cal For nul Aj [ Chem cal Fornula 4bl In the fornulas (4a)
and (4b), Rl ,and
group consi s¢i ng—@f,. a hydrogen atom an al kyl group, an allyl group, a

per fl uoroal k gr dup, an aryl group and conbinations thereof; 121 and Rl
can also be joingd to forma saturated or unsaturated hydrocarbon ring
having 3 to 30 c@a R4 represents any one selected from

t he group consistilng of a hal ogen atom an al kyl group, an al koxy group, an
aryl group, a thi &a&ltkoxy group, al koxyearbonyl net hoxy group, a thiophenoxy

group, and combi nations thereof. R3 and R5 each independently
represent ar{heomeakkrastatvilrom 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
al kyl group incl

. In the fornulas (4a) and (4b), exanples of the
e-a met hyl group, an ethyl group, a propyl group, an

i sopropyl grgupy, an n-butyl group, a phenyl group, a hexyl group, and an
oetyl group,\and &xanmpl es of the al koxy group include a nethoxy group, an
et hoxy group, a propoxy group, a butoxy group, a hexyloxy group, and an
octyl oxy group. ‘ The organic counterion represented by the fornul a
(4a) or (4b) may Bé amy aone selected fromthe group consisting of ions
represented by th@\igl%} ing formulas (4-i) to (4-xx):

[ Chemical Formula 4-vii]

e

©

[Chemical Formula 4-viii]

25



[Chem cal Fornmula 4 ] [Chemcal Formula 4-ii] [Chemcal Formula 4-i ii]
[ Chem cal Formula 4-iv] [ Chem cal Fornmula 4-vj OC H3 [ Chem cal
Formula [Chemical Fornula 4-vii] [Chem cal Fornula 4-viii] [ Chem cal
Formul a 4-i x]

o5
O

[Chemical Formula 4-ix]|

[Chemical Formula 4-xii]
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[Chem cal Fornula 4-x] C [Chem cal Formula 4-xi] [Chem cal Formula
4-xi1i ] [Chem cal Formula 4-xiii] [Chemcal Formula 4-xivl [Chem cal
Formula 4-xv] GH3 H3G S + [Chem cal Fornula 4-xvi]

|Chemical Formula 4-xiv]

OF

W

[Chemical Formula 4-xv]|

-0

s
HgG"“S +

[Chemical Formula 4-xvi]
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[ Chem cal Formula 4-xviij
i Xx] [Chem cal Formula 4-xxi
as the organic counterion,

Formul a 4-x

Furt her nore,
consi sting of
[ Chem cal Fornul a 5a]

-/

[Chemical Formula 4-xvii]

0

[Chemical Formula 4-xviii|

CHs

QO

Chemical Formula 4-xix]

i

g

{Chemical Formula 4-xx]

cr
O

CSs. >+

| Chem cal Fornmula 4-xviii]
CH3 S+ S\ CH3

an one selected fromthe group
ions represented by the follow ng fornulas (5a) and (5b):
[ Chem cal

Formul a 5b] ]
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li- In the formulas (5a) and (5b), Rl represents any one sel ected
fromthe group consisting of a hydrogen atom an al kyl group, an allyl
group, a perfluoroal kyl group, an aryl group and conbi nati ons thereof.

R2 and R3 each independently represent any one selected fromthe group
consisting of a hydrogen atom an al kyl group, an ally' group, a

per fl uoroal kyl group, an aryl group and conbi nations thereof. It4
represents any one selected fromthe group consisting of a hal ogen atom an
al kyl group, an al koxy group, an aryl group, a thioal koxy group, an

al koxycar bonyl net hoxy group, a thi ophenoxy group and conbi nati ons t her eof
In the formul aﬁm 5a) an exanpl es of the alk group i nclude a nethyl

I
gr oup, an et P%ﬁpaSgFﬁ¥%ﬁV1“bWHb@“ §h0W36ﬁ%é%& roigriBe Broug onsiginy |
group, phen 0 hex rou ctyl group; and exanpl es of
the al kdk anfﬁﬁﬁgiﬁggﬁﬂ 18ﬁWé?hg @?63%““%455 Yhoxy group, a propoxy group,
a but oxy gr group and an oetyl oxy group. Furt her nor e,
t he organicqg%ﬁ% Ldl?m){m'cfa%;’?‘esented by the formula (5a) or (5b) may be any

one sel ected frgg1the group consi sting of conpounds represented by the
fol |l ow ng fornu”gh(S-i) to (5-ix): [Chemcal Formula 5-i] [Chem cal Forn
em cal Formula 5-iii] O -X/ 0O

ula 5-ii] OCH3 [
h iy

/

Rg/igi

[Chemical Formula 5bj]

Flh
| +
5 T
R
N
Ry
Ry

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 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,

Ry represents any one sclected from 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 thereof,

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 include a methoxy

group, an ethoxy group, a propoxy group, a butoxy group, a hexyloxy group, and an
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[ Chem cal Fornula 5-iv] O- Chem cal Formula 5-vj [Chem cal Fornmula 5-vil
[ Chem cal Formula 5-vii] [ Chem cal Formula 5-viii] [ Chem cal Formul a
5-1X] The net hod for producing a photoacid generator includes a
first step of allow ng a hydroxysulfonic acid salt to react with oxirane
and produci ng a hydroxyet hoxysullonic 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 fornmula (1). In the first step, the
hydroxysulthnic acid salt is allowed to react wth oxirane, and thus a
hydr oxyet hoxysul foni ¢ acid salt is produced. The hydroxysul fonic acid salt
may be P@%W@géﬁﬁ@d by the following fornula (6), the oxirane may be
represented [ the follow ng formul a (Z% and t he hydroxyet hoxysul tbnic
hor sl t ek 6 SR Gy e TR 11 TR (3 or (D) Ty be

any one selected from the group consisting of compounds represented by the following
formula (5-1) to (5-ix):

[Chemical Formula 5-i]

OO

[Chemical Formula 5-ii}

[Chemical Formula 5-iii]

ot

Chemical Formula 5-1v]

oo

[Chemical Formula 5-v]

w. @; ' @%_

[Chemical Formula 5-vi]

g

{Chemical Formula 5-vii]
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[Chem cal Formula 6] 2?1\ / R \ Il CCOHIli Q@/fli [Chemcal Formula 7]

0 (X

n3 [Chemcal Formula 81 Oii Rl \' n M-GCS

[Chemical Formula S-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
acld sal; 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 o 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]

R
M#-0—E-C G—fOH
O \Q/n, \Re/n,

[Chemical Formula 7]

0
/\(X%Y

N3
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11 0 1112CH In the formulas (6) to (8), Y, X 121, R2, n, and ro
have the sane neani ngs as defined for Y, X, R, R2, 16 and n2 in the

formula (1), and therefore, specific descriptions thereof will not be
repeat ed here. However. M in the fornulas (6) to (8) represents an
al kali metal ion, and specific exanples include Lit IC, 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. When the oxirane and the
hydroxysul fonic acid salt are allowed to react at the weight ratio

descri bed aq E} m? onpounds can be all consuned, and the efficiency
of the react?%ﬁnﬁﬁ ‘BE“H%gheased In the first step, the hydroxysul fonic

acid salt and oxiran can be allowed to react in the presence of any one
cat al yst selectedOfr g oup con | tlng of an acidic catalyst and a
basi c catalw§10 ] aﬁy one selected fromthe group
consi sting of sul funic hydro hIorrc aci d, phosphoric acid, nitric
acid, Lewis acid (B1 znAI@ , FeCP8 or the Ilke) and conbi nations t her eof
can be used, and as the ba5|c catalyst any one selected fromthe group

consi sting Qifl iR pmuKE! 6) %@QM?YK@RE 1({20(}}] agq! AWML he same meanings as
defined for Y, X, Ry, Ry, ny and n, 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 selecied from the group consisting of
sulfuric acid, hydrochloric acid, phosphoric acid, nitric acid, Lewis acid (BF;, AICI,
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 thereof 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 (triethylam ne), DI PEA
(N, N-di i sopropyl ethyl am ne), DBU (1, 8-Di azabi cycl o[ 5. 4. 0] undec-7-ene), and
the like), and conbinations thereof can be used. Wien a catalyst is used in
the first step reaction, the desired product can be obtained in the m ni num
reaction time, and thus, the yield of the reaction can be increased.
Furt hernore, the hydroxysulfonic 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 descriped above, the reaction tinme can be accel erated, and the
r enoval WS @HBﬂéP‘é&W&P9§#’Wa&oﬁél%éﬁbévbﬂcﬁhﬂﬂhﬁﬂéh%dhnwvioIumlﬁ The
reaction of the firs i EH nﬂ%]be carried out in a solvent, and as the
solvent‘15H?‘8H8°§él ELR4 Tt r O ey P isic ard isalf pag ovraneswdrthe catler s,

am des ho S nd..c i nations thereof can be used.

| t t
P?gfgpg%fy?ﬁTﬁ%Fz%ﬂgﬁﬁt&n@§ He'a hﬁ?“%ﬁggégFgggﬁﬂefF%m+%%@”bﬂ@ﬁp°@bﬁ§lstlng
bt iyt ARERIRENARE 1 BRLALP émdg LD AR ROR e PR dgoit tasty, £ Ve

met hyl ace

SpeCI Fi pal ! yﬂuéﬁé& {O%q}cftﬁ'l(iol 'S s.tc %xéé 1g(§ outpnOXI ) élﬁl cu?cﬂas 1?(S§r Ocﬁ,tsasnyOf

di ssol ving the hy roxysu

i ntrodugingethigq C[%rﬁl ﬂﬁét%mﬂ{‘%hshﬁ@éahf QA9 &g rr{axttt)H%s E(tcf)oneg a%md%nder

stirring. he stir carried out™ ufe 6" 0C to

100C f oficdnhdi® 48 Le%hﬁuwﬁsnﬁlm%y cegpb&ﬁ% il Q‘}cl%l‘gblyatthéimtl&mpﬁf]?tk}ér OJneOC to

40C tbr |1 to 12 hours. Wien the process of stirfing is achfeved’in the

t enper adelifceedagnt ith® draigd %§nsﬁ|§z‘§1§r bbegkraheNeihahdiec be%lf An0f Gt NS REH gﬁiémt can
be increased, and the formation of side product's may be mnim ze

After coanphatile tolodnel MethyEaetadBihyt Ret3QlMe Bbmbmali&AN&ELf r om the reaction
liquid, the residue is made into a slurry in ethyl ether, the slurry is

filtered, aripetifieally, hiee fdattier ok diritstopambe thdlsdeng pﬁkb%oi&i@s@l’w ghevacuum
dri ed. Thus, t he hydroxyet hoxysul fonic acid salt can be produced. In
t he sedutidoxstselbonit heichyadr exy exkinaeysuh fsohvicnt, dairedusalgt thi huagal st ogiuc edni s

subj ected to a substitution reaction of the cation, and thus a conpound

r epr es eflosdngihethiatifre fomghet uaddr stigimyr oduced. The reaction for substituting
the cation of the hydroxyethoxysulfonie acid salt can be carried out by

al | owi ng t hellBypiipbid/aenbs yatcd owia adehperstake of @G wad0°Gifeht & 4olmposind
represented by the follow ng formula %dé [Chemi cal Fornmula 9] Air wherein
in the AMgrHay 69¥K'Zmﬂﬂ%ﬁﬁé@§ﬁﬁ§“%ﬁ9 dog¥fedbed Prignatie §Ylsupthe

consi stin l C4179Y, (0802C8F17)]Sc&ﬁ(C173)2 -
( N( C2f 531%%‘1%1 of 1@&%95*2%“1@( PN 3PmPpey e rBY e, rapeyscrgy By, alppy, ther, Br,
1], BF4 ani c gounterlon and since the

Got i i chd B %%mlswa"ruaam% 08 R AT <A OO 4E SHES R BRH T Eannact | on

with thguug{gﬁla (1), specific description thereof will not be repeated
her e hydroxyethoxysulfonic acid salt and the conpound

;ﬁgr ng?te?gb ye: 5?&1 > cf?mﬁltul ‘?hc, 1?0):1@?0?1” 11%11 &flrk?{,elg ?altfma%n% rgm{lh{élo b‘ﬁ%ﬂd%ﬂ%“%? g ﬂ' sé q
at the iHfoe@irdu["f";thd(fjﬁﬁp&{ élgﬁﬂ u?‘QH dctn Nfe Eiﬁﬁ‘ G ANk SRET ”?cnlilhé O

m nim zed, and side reactions ca ’by exc SSI Ve Use reac ants can
be suppg %ﬁfé@-umng ethyl ether and vacuum dm,d. 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

nmet hod, or a nethod of using a mxture of a solvent which well dissolves an
obtai 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 nmethod of
concentrating and collecting the reaction product can al so be used.
Preferably, the substitution reaction can be carried out by dissolving the
reactants in dichloronethane and water to formtwo | ayers, and then
allowing the substitution to occur by stirring, and when such a two-I|ayer
reactio method is used, it is advantageous in that any additional nethods
for theds &b&?‘gf’iﬂ&w %J%OWIH@}?HWVCH}%Y%MMm sadicto e vathi o eeragpundy be
carried out in % @\_ _? and Jray also be carried out in 2 to 4 hours.
When t hiPresertedby ﬁf?%”@8$‘ﬁé I in the time range described above, there
is an effect. that # %%ﬁ%d of the product can be increased to the maxi num
When t he co&% epPésent ed by the fornula (1) is produced through the
producti on netk od descri bed above, the conpound represented by the formula
(1) can be pr 6duced by a sinple method, and the conpound can be pr oduced

usi ng apLERAXY iﬁ@%ﬂ‘l"ﬂlqh% WPI f 59%1115%%35(}11@ Q. 1|¥d ?Ia(‘)%li &)% @égﬁ b?lgéq lmp Ofnven;rlhon

resi st conposition acco I ng anot ment

includ R felinloig ﬁ Iy -Fhe. resi st
CONpPosi F%%@ggéggggg%n ?hggagéVén @ﬁgP'ggh@M(f 535 5@¢I§giH§(CIH%
CO”DOSIKKQQ%%)aﬂQC$M§§?TOE? B§PPQB§*9&§?%BHPP}'On thereof wll not be

repeated he hot oaci d denefator of the present invention can
mai ntai N an ApRrePsioadie c60nkast, AaghReabe O itibdBr 8k MArdnid ESUHGidyEer Si on
l'i t hography, can reduce detects occurring during I|qu I mrer si on

l'i t hogriaphyme andeshdiseder eehhetibn SOMUBE Fddtld 1) 9etist sRLNERE Sheddd wexcel | ent
compatibility with resins. Furthernore, the photoacid generator can be

pr oducewt by regaated hierei ent and si npl e met hod usi ng an epoxy conpound, which

is industrially easily avail able. EXAVPLES Herei nafter, the present
i nvention willht hpérodpgbeiybelidorin adétsalt bndihewaynpofindcarpties be tetfbatula per son
having ordinary skill in the art to which the present invention is

pert ai Hétcayes wad it y Mok rytioot 1 He 4t nvedpiednabl Hohevedyr iieoptésent].
invention may be realized in various different forns, and is not intended
to be IVht 8 w8 PoRedsEa mpiceat He selamatio Wescaibad le(SytntihesauElOofUcpﬂmmnoac| d
generatoré %ﬁ theS|s Exanple |) <Step 1> As shown in the follow ng
react i SHMSER DI, B %&*bdﬂf»d%l()fb BRYSEd BY 6 ESsing Bieoxyibe rrapierialchoh e aci d
sodiumsalt and 19.4 g of 2-adamantan-1l-yl oxirane were dissolved in 300 m
of dlchprbﬁ%ﬂane and the solution was stirred at normal tenperature. 1 m

of sul furic aci dro mnseﬁtorthe_ql ure at nqr‘I
tenperat ure, "Gf ®y¥ﬁéﬁntH%“§5kWufb°ﬁ%§’é%lPWB@ ?6?”?wﬂbﬁP%“““1“) N er
oot aoc s g e B GRTRE R YRGB ! o

];llnldt 3/; 'Sa,[?gfg% Egﬁr’g : 'rS(IBl(e/ﬁ{t \ﬁﬁ&led%\%g c}évz%ﬁp%qi oti !@zgg § 1d1fry (%w 8; &gorfﬁj et ethyl ether,
2 ey eldhandnbedad AbuaRaeihanasHl, hoNleyAekdasad hﬁﬁ% b eyl

obt ai ned its structure was confirne

sul f oxipdende S N 3.49-3.55 (m
S A(,) 2%1( : 1()%(?%)6@@{5%32%1%{,‘ %Jﬁa%?het#{e&’ 1(1?&%11&1 pibadet 840Mso B kled. (

Preferably, the substitution reaction can b(, carried out by dissolving the reactants in
dichloromethane and water to form two layers, and then allowing the substitution o 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-adamantan- -yl- 2-hydroxyethoxy)-1, 1-difl uoroet hanesul fonic acid
sodium salt produced in the Step 1, and 10.5 g of di phenyl nethyl phenyl

sul foniumtrilluoronmethane sul fonate salt were dissolved in 100 m of

di chl oronet hane and 100 ml of water, and the solution was vigorously
stirred for 3 hours to carry out a two-layer reaction. Af ter
conpletion of the stirring, an aliquot of the organic |ayer was extracted
to check the extent of reaction progress by '5F-NVMR Wen the reaction was
conpl eted, the organic |ayer was coll ected, and the solvent was renoved.

The resi due was dlchloronethane ood sol vent, and

Wi th hexasen fww@m&m%wI%awi@%ﬂnbc@ B0l NEnk nigre T rbbield ofnd { he
2 2 adivamn. S0 S HyaT &@E?rw%izﬁ?rﬁ‘iri di 1 or oot hane. sul foni & aci d

0 phery! 1B LN AR 5, EOSR s P B e
g( ggm? I%g%kll%fl%tl %é%%@l?’%ﬁdbég lﬁc %% }g%un% ; Ifim%s@ %ﬁi()lﬂlﬁ%ﬁ) 48 d p{21§2 0
L %@E%@? 15, comport? LU RLL R e 1 of |

Synt hesiomdekaRlfcits IR5RGRAN ALy RzRligpy| OXirane vas used in place of the
2-adamant anyl oxirane used in Step 1 of' Synthesis Exanple |. Thus, 1,1-

di fl uoro-2- (limh&‘ﬁﬁc%mp%si@lhﬁ%&(ﬁ‘@ﬂﬂ@%{ hﬁ@thén&ﬁbﬁcfl&@htcoﬁﬁ& draed 1Hm1§1%ht was
obtained, and its structure was confirnmed

114- NI\/Rnaﬁlddi(fEE& IpYibioadit fexeder d@amsﬁeﬂteﬁi’cgﬁﬂﬁWoﬁhular(@) 1316 REMt ndRkHEdn 214),
4.26(t, 214), 4.85(t, I1l1), 7.18-7.23
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 ArF liquid immersion lithography, can reduce detects
occurring during liquid 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,
so 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 Schene 2-111 <Step 2> As shown in the follow ng reaction
scheme (2-2), the 1,1-difluoro-2-(2-hydroxy-2- phenyl et hoxy)ethanesul fonic
acid sodiumsalt produced in Step 1 was allowed to react with di phenyl

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

1, 1-df fl uoro-2- (2- hydr oxy- 2- phenyl - et hoxy) - et hanesul fonic acid di phenyl

fl uorophenyl sulthniumsalt was obtained. Its structure was confirmed by
H NVR. 11-1-NWR (chl orof orm d3,

tetramet hyl sil ane): 8(ppn) 3.86(dd, 21-1), 4.26(t, 21-1), 4.85(t, I1-1),
7.18-7.480m 71-0, 7.65-7.76(m 121-0 [Reaction Schene 2-21 (Synthesis
Exanpl e 3) <& &hows in e’ Aellawiggnepetiqnhschiasnd éWilhg 29 emceli drl-éBhewe-(3- 1),
syntheshs was carruﬁd out. .in the sane manner as in Step 1 of Synthesis

Exanpl e MArORcdsesuingic sidergiugysilhmad Wikt gs e ch}ﬁidb’lda@}é 103210%1#1@; w;rc L

Synt h Ex and t hus -
i ?f’ﬁgf‘@tsa'?{#‘ ;@ﬁalﬁyﬁif«%&v RUthatib Q6P EAPE S ROt ML R PRAS Dbt 31 ned.
Its stry { “@§ qe | - NVR
(di nethyflE ?WOXF dq} Q&%&Fﬁ@PEWFﬁﬁ%jmf%?%ﬁﬁfi@Hgyiuﬁuxﬁ%wﬁfm 31-1),
3 49- 3. @%Qggdﬁg%nca?gﬁgud%%4&hgﬁ%act|on Schene 3-11 0 O H2304 Na+ _tOel-1

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 cthyl ether, and was vacuum dried. Thus, 33.5 g
(vield 85%) of 2-(2-adamantan-1-yl-2-hydroxyethoxy)-1,1-difluoroethanesulfonic acid
sodium salt was obtained, and its structure was confirmed by '[I-NMR.

'H-NMR (dimethyl sulfoxide-d6, tetramethylsilane): §(ppm) 1.11-1.64(m, 15H),
3.49-3.55 (m, 3H), 4.25(t, 2H)

|Reaction Scheme 1-1]

¢ A HaS0 1
il

Nat WO_ﬁ\CAOH + 2 & — Na-+ ﬁo—ﬁxc/ﬁ\o
OF O F,

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 methyipheny! sulfonium trifluoromethane sulfonate salt were dissolved
in 100 ml of dichloromethane and 100 ml of water, and the solution was vigorously stirred
for 3 hours to carry out a two-layer reaction.

After completion of the stirring, an aliquot of the organic layer was extracted to

150

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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(Exanpl e 2) A resist conposition was prepared in the sane manner as
in Exanple |, except that the photoaeid generator produced in Synthesis
Exanple 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 I, except that the photoacid generator produced in
Synt hesis Exanple 4 was used in place of the photoaeid generator that was
produced in Synthesis Exanple 1 and used in Exanple |I. Thus, a resist
pattern was formed. (Conparative Exanple) A resist conposition was
prepared in the sane manner as in Exanple 1, except that triphenylsulfonium
triflate ma3<used in place of the photoacid generator that was produced in

Synt hesi ga-Ex& Le I angﬂgiegrLgﬁExaanéod Thqéﬂcﬁgre5|§gépattern was

f or med. o us ev s were carried out2Eorot hg résis$t™patterns
produced in Exanples | to 3. The results are presented i n°the follow ng
Tabl e |I. In the followi ng Table 1, the amount of exposure used to

forma O. 10-(vd?} line-andspace (1.,/S) pattern after devel opnent at a line
width of 1:1 designated as the optinum anount of exposure and this

optimum amunt QhwEXROSHEE YRSy iASS tAPRLE D As: ee&nsir?t ' lYl Y Jhlggllo k

pattern di mension resol ved at tRhFs Tihe Was ate as res

Furt her l‘i@ﬁ@xyo'c@lé tﬁcﬁx%% ﬁfm(l LOg s n(ﬂgﬁ 559@&?9%%15111(8% ’wa%s gﬁo&%ﬁ LEk Q(,L

roughness in l'1 ne-a spac ern rorne

?ﬁé?LSfﬁE“?&%ﬁ?. *3?%@&%” R RO ) d“ﬁ“ﬁ%% par t sby
wei ght)in Step 2 of Synthesis mepl i, and thus 1-difluoro-2-(2-hydroxyoctyloxy)-
ethanesulfonic acid dipheny! fluorophenyl sulfonium salt was obtained. Its structure was
confirmed by 'H-NMR.
'H-NMR (chloroform-d3, tetramethylsilane): 6(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]
VIR 2 Na+ _O- s 7 N g
L . Nad I G+ O
Qs-pwo-uguug i iy 2/\ /Y\A/\ <:}‘3*__0 g\?/\o/\/\/\/\
<] "2 OH

(Synthesis Example 4)

<Step 1>

As shown in the following reaction scheme (4-1), synthesis was carried out in the
same manner as in Step | of Synthesis Example 1, except that 2-adamantan-i-
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/cnR) Resolution (nn) 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): &(ppm) 1.17-1.58(m, 17H),
3.49-3.55 (m, 3H), 4.25(t, 2H)

[Reaction Scheme 4-1]

o o il
Nat_O-§. -~ s 280 Nt O30
T onTCT TOH ¢ OF
OF, z OH
<Step 2>

As shown in the following reaction scheme (4-2), the 2-(3-adamantan-1-yl-2-
hydroxypropoxy)-1,1-dfluoroethanesutfonic acid sodium salt produced in Step 1 was
allowed to react with diphenyl methylpheny! sulfonium trifluoromethane sulfonate in the
same manner as in Step 2 of Synthesis Example 1. Thus, 2-(3-adamantan-1-yl-2-
hydroxypropoxy)-1,1-difluoroethanesulfonic acid diphenyl fluorophenyl sulfonium salt
was obtained. Its structure was confirmed by "H-NMR.

'"H-NMR (chloroform-d3, tetramethylsilane): o&(ppm) 1.17-1.58(m, 17H), 3.49-
3.55(m, 3H), 4.25(t, 2H), 7.48(d, 2H), 7.65-7.76(m, 12H)

|Reaction Scheme 4-2]

i\
¢ 2 ~ g
O O FE OH - e OF

[Resin Synthesis Example]

3-Bicyclo[2.2.1Thept-5-en-2-yl-3-hydroxypropionic acid t-butyl ester (hereinafter,
referred to as BHP), I-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 fornmula (1):
[Chem cal Formula 1] FRi ni OH wherein in the fornmula (I), Y represents
any one selected fromthe group consisting of an al kyl group, an al kenyl
group, an al koxy group, a cycloal kyl group, a heterocycl oal kyl group, an
aryl group and a heteroaryl group; X represents any one sel ected from
the group consisting of an al kanediyl, an al kenediyl, NR. S, 0, CO and
conbi nati ons thereof, while R represents any one selected fromthe group
consi sting of a hydrogen atom and an al kyl group; Rl and R2 each

i ndependent |y represent any one selected fromthe grogF cons:it:ng of a
hydr oge tom roup, an al koxy group, a perfluoroal ky roup a
pgfflgopg kﬁﬁ&“ﬁ“ﬁﬁBﬁnéwﬁéﬁﬁdéﬁuﬁﬂéhﬁoS%mﬁ¢dﬂd%9ﬂg PEb§Fguentyatiisd group
a cyano ni.tro an an no rou%{and th|o gr ou

represeﬁggggﬂﬂ?%@eﬁe?a%ggﬂﬂéﬁ&ﬁmoﬁ2“#@"ege aneify ﬁﬂ%@é?“h?%ﬁ*@bﬁé 5; and

A+ represents ani g counterion. 2. The photoacid generator according
to claim Eéguﬂn dn “’b“ﬁb¥§6P%§%‘i nﬁﬁydﬁﬁ@lggcebWéﬁh¥Wg t he group
conS|st|ng qu%% ﬁl group, an al kenyl group, an al koxy group, a

cycl opentyl rouB cyclohexyl group, a O F111Cn2 44

decahydr onapRt.falk %&ﬁ;r)&flt%rowaz%}c a‘f%{f‘nyiﬁ Qan:}cpmdﬂngg mqf Qalfﬁg)}ycifg xcep ng oal kyl

group, a norbornyl group, a uran

group c@Rt FdMAH deNRABOT ﬂ)@uc&f 91'1’@3/99%51@1)&9 r‘Pt[é) 239/a§ E{{g&? '?n 1By f %Lphenyl

group, a naphthyl "group, a bi phenyl” group, , A phenant hr ene

group, ghdtbdéad eMratG UPwad pﬂﬁﬁ'h@&? 1119@%%19091&%%9@' I ezﬁﬁ 19;'68 LH? 10 xgﬁllg |chflene
group, a bi phenyl ene group, a di phenyl net hyl group, a tetrahydronapht hyl

group, ‘ahel, hysiDantdnt Was @igwp, a tetraphenyl nethyl group and a _
triphenylnethyl group. 3. The photoacid generator according to claim1,
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
triphenyisulfonium triflate was used in place of the photoacid generator that was produced
in Synthesis Example 1 and used in Example 1. Thus, a resist patiern was formed.

Various evaluations were carried out for the resist patterns produced in Fxamples |
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-pum ling-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 (LER), the pattern roughness in the
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Y represents any one selected fromthe group consisting of an al kyl group,
an al kenyl group, an al koxy group, and groups represented by the foll ow ng
formulas (1-a) to (1-i) and forrmulas (2-a) to (2-0: [Chem cal Fornula 1-a]
[ Chem cal Fornula 1-b] sts,(7)(R11) b [Chemical Fornula 1-ci sstdRit)b

[ Chem cal Formula 1-(11 [ Chemical Formula 1-e] (Rli)c [Chemcal Fornula
14] [Chem cal Fornmula 1-g] [Chem cal Fornmula 1-h] [Chem cal Fornula 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 alkoxy group, a perfluoroalkyl group, a perfluoroal koxy

gr oup, ogen a droxyl group, a carboxyl group, a cyano group, a
nitro g&&)@#m gﬁe'é hlbacgr Sﬁ% P‘é“tlhtf%ﬂﬁﬂcl%l dsveeRmAgt tHsoo ke, andd et hoxy

, resents any one selected from
?Lgugroﬁ%ﬁé%ﬁg*?ﬁﬁﬁgﬁﬁﬁmﬁﬁr8?%9@”5?%ﬂﬁ53ﬁﬁ“§H]ég gr oup;
[Table 1]

Resin PAG Base Sensitivity | Resolution | LER
(100 parts | (parts by | (parts by | (mJ/em?) (nm)
by weight) | weight) weight)
Example 1 Resin 4.0 0.5 12 80 4
Synthesis
Ixample
Example 2 | Resin 4.0 0.5 I3 80 5
Synthesis
Example
Example 3 Resin 4.0 0.5 14 70 3
Synthests
FExample
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
satistactory developability with an aqueous solution of tetramethylammonium hydroxide,
and satisfactory adhesiveness 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 compositions prepared in Examples 1 to 3 have superior
sensitivity, resolution and LER characteristics as compared with the resist composition
prepared in Comparative Fxample 1

Preferred embodiments of the present invention have been described in detail in the
above, but the scope of the invention is not lmited 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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R21 represents any one selected fromthe group consisting of CR24l1225, O,
CO S and NR23; R23 to R5 each independently represent any one sel ected
fromthe group consisting of a hydrogen atom an al kyl group and an aryl
group; a, ¢ and d each independently represent an integer fromO to 9;
b represents an integer fromO to 11; e represents an integer fromO to 15;
f represents an integer fromO to 7; and O c+d 17, while 0 c+f < 15;

[ Chem cal Fornula 2-a] [Chemi cal Fornula 2-b] R11)b Ri 2)c [ Chem cal
Formula 2-c] (( R11)O(IR13)d \ \ 1 -1 (Ri)e [Chem cal Fornula 2-d]

[Chem cal Fornula 2-e] [Chemcal Fornmula 2-11 )f (Ri3)b (R14)g

CLAIMS

1. A photoacid generator represented by the following formula (1):

[Chemical Formula 1]

o F R4

I x X}—-y
SR R AR N A

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 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, while R' represents any one selected
from the group consisting of a hydrogen atom and an alkyl group;

Ry and R; each independently represent any one sclected from the group consisting
of 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 or [ or 2;

n; represents an integer from 0 to 5; and

1‘ . .
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 alkoxy group, a cyclopentyl group, a cyclohexyl group, a
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[ Chem cal Fornmula 2-(g] (R11)0(R12)a [Chem cal Formul a2-11] II,
(ft])(R12)11 [Chem cal Forrmula 2-ij ) I. a/ IR 2)h 17(13)i [Chem cal
Formula 2-ill /\R21 (R1 1)bR12)c [Chem cal Formula 2-k] [Chem cal
2-1]1 P

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 phenanthrene group, a fluoreny! group, a pyrene group,

a phenalene group, an indene group, a biphenylene group, a diphenylmethyl group, a
tetrahydronaphthyl group, a dihydroanthryl group, a tetraphenyimethyl group and a

triphenylmethyl group.

3. The photoacid generator according to claim 1, wherein

Y represents any onc 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 (2-1):

[Chemical Formula 1-a]

éf\/\>R1 1)a

L
Ry

[Chemical Formula 1-b)

5®RH) b

[Chemical Formula 1-¢]

é’i;““\,[Rﬂ)b
&

[Chemical Formula 1-d]

)

f\@%z)d

\

For mul a



-1-.11-111-1'R 2 (R11)a(-12)c wherein in the forrmulas (2-a) to (2-1),

RH, R12, R13 and Rl14 each i ndependently 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 and a thio group; R21 and
1222 each independently represent any one selected fromthe group

consi sting of CR241(25, 0, CO S and NR23; R23 to R15 each independently
represent any one selected fromthe group consisting of a hydrogen atom an
al kyl group and an aryI gr oup; a, h and i each independently represent
an integer fr o] L represents an integer fromO to 3; ¢ and d each
|ndependentl§nP@- E@ﬁﬁﬂ% Integer fromO0 to 4; e, f and g each

i ndependently represent an integer fromO to 2 ;and O c+d+c < 9. 4. The
phot oaci d geneﬂag@r accordlng to claim1l, mhereln t he photoaci d generator

is any one s te f the group consi sting of conpounds represented by
the foll ow n'g or 3-1) to (3-12): [Chemical Formula 3-1] 9 A+- O S
LI cO0 F2 cal Formul a 3-2]

[Chemical Formula 1-f]

(Risg

£
h vy,

[Chemical Formula 1-g]

e

[Chemical Formula 1-h)

£ <jORu

|Chemical Formula 1-1]

e [Rp1)
5551\ /( /(CR12)f

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

Ryy and Ryp 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, a thio 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 alkyl group and an aryl group;
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At- 0-S, CO0 F2 OH [Chemical Fornmula 3-3] 9 A+- 0-S, CO0 F2 OH
[ Chem cal Fornula 3-4] A+- 0-S. ----- . CO

Ra1 represents any one selected from the group consisting of CRyRas, O, CO, S
and NRps; Roz to Ras 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 0 to 11; e represents an integer from 0 to 15; f represents an integer from 0 to
7;and 0 € ctd < 17, while 0 < ¢+ < 15;

[Chemical Formula 2-aj

N
UFH Ja
[Chemical Formula 2-b]

(Rq1)
SN

| P /_€R12)C

[Chemical Formula 2-¢|

N
NS
(R1/2) o

[Chemical Formula 2-d]

[Chemical Formula 2-¢]
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0 F2 OH [Chemical Formula 3-5] 9 A+- 0-S, CO F,> [Chem cal Formula
3-6] A+ OS, ILCO F2

R11 Rw

fChemical Formula 2-f]

(RH)C (Riz),

[Chemical Formula 2-h]

(Rﬂ)a (R12)h

| Chemical Formula 2-i)

e RH)a

\ 7

: @R12)h

Ris),

[Chemical Formula 2-j]
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OH [Chemical Formula 3-7] 0 HA+ 0-S, C" 0 F2 OH [Chem cal Fornula 3-8]
9 A+- 0-S. CO F2 CF3 H

s’e\\ R N
H P | N
(R{);;[RQ;Q%Z)C

| Chemical Formula 2-k]

’fﬂ\\ RN
P Ao
(Rﬁb \(R12)C

[Chemical Formula 2-1]

Fﬁ\ @rRm A
LY
(Rﬂ)a (R12)C
wherein in the formulas (2-a) to (2-1),

Ri1, Riz, Riz and Ryy 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;

Rz and Ry each independently represent any one selected from the group
consisting of CRzRzs, O, CO, § and NRy3; Ra; to Rys 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 10 3; ¢ and d each independently represent an integer from 0 to 4; ¢, fand ¢

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

4. The photoacid generator according to claim 1, wherein the photoacid generator
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[ Chem cal Fornula 3-9] A+- 0O-S, COOF ON OH [Chemcal Formula
3-101 H A+- 0-S, CO0OO0 F2 OH[Chenmical Formula 3-111 CO0O0 F2

is any one selected from the group consisting of compounds represented by the following
formulas (3-1) to (3-12):

[Chemical Formula 3-1)

OH

OH
[Chemical Formula 3-3]
0

i
At- O“ﬁ\c/\
0F,

O
OH

| Chemical Formula 3-4]

il
A+"‘ Owﬁ\c/\
OF,

O
CH

[Chemical Formula 3-5]

At C "% ~ /\O
CF,

OH

[Chemtcal Formula 3-6]
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OH [Chemcal Formula 3-121 A+- 0-S, CO0 O F,OH 5. A nethod for producing

a photoacid generator, the nmethod conpri sing: a first step of
al l owi ng a hydroxysidfonie acid salt to react with oxirane, and thereby
produci ng a hydroxyet hoxysul fonic 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 following forrmula (1): [Chemical Fornula 11 O F 11l A+-0
SCIIl OF jX) COn2 OH R2 ni
9
A"ﬁ'-G““EOEIS\C/\O
F2 OH

[Chemical Formula 3-7]

O
wod o CL
+-0—-S.
> C/\O/\
OF,
OH
{Chemical Formula 3-8]
C”) Crq
A+' O _(ES)I \C /\O
F2 OH
[Chemical Formula 3-9]
9 CN
At O""E\C/\O
Fa
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wherein in the formula (1), Y represents any one selected fromthe
group consisting of an al kyl group, an al kenyl group, an al koxy group, a
cycl oal kyl group, a heterocycloal kyl group, an aryl group and a heteroaryl
group; X represents any one selected fromthe group consisting of an
al kanediyl, an al kenediyl, NR S, 0, CO and conbinations thereof; R
represents any one selected fromthe group consisting of a hydrogen atom
and an al kyl group; 121 and R2 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 cyan group, a nitro group, an
amno group and a thio group; mrepresents an integer or 1 or 2; n2
represents %n represents an organic counterion.

t . f 0t . and Al
6. The net hod 3 aﬁgggﬁﬁ%’?W%l%%ﬁg‘f’”?)%g‘?&cnﬁégﬁ%r B gpet Utgf]mlﬁ E%ol ?:I aim 5,
I f d I ted t oW Nng
formil a (6) & “i’%‘ WL B pudSinuts nwyac‘?%%%ﬁ?ﬁmt AR Gt 49, and
t he hy 1&%¥fQﬁﬂﬁ&ﬁﬁuﬁﬁﬁﬁ%yaﬁbﬁ%ﬂﬁ%&cd1dﬁo ﬁented by the follow ng fornula

(8): emtc em ca a7 0
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]

At O S—CA‘{ 9‘ /\’/L Fin
Rgn1

wherein in the formula (1),

Y represents any one selected from the group consisting of an alkyl group, an
alkenyl proup, 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 atkanediyl, 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;

Ry 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 or 1 or 2;

n represents an integer from 0 to 5; and

+ . .
A represents an organtc counterion.
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(X)n3 Y [Chem cal Fornula 81 wherein in the formulas (6) to (8), Y
represents any one selected fromthe group consisting of an al kyl group, an
al kenyl group, an al koxy group, a cycloal kyl group, a heterocycl oal kyl
group, an aryl group and a heteroaryl group; X represents any one
selected fromthe group consisting of an al kanediyl, an al kenediyl, NR, S,
0, CO and conbi nations thereof; Rr represents any one selected fromthe
group consisting of a hydrogen atom and an al kyl group; R1 and R2 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 fl uoroal koxy group, a hal ogen atom a hydroxyl group, a carboxyl group,
a cyano group, a nitro group, an am no group and a thio group; nj
represents an resents an i.nte qlo.to 5; and

fnteger of 1 or.2; n2 represents an 2ger, fro
M represents Qﬁ*&gﬁg?ﬁ“ﬁgﬁﬁfmﬁ&ﬁmOKMLK5*“??“&ﬁ@*ﬁ@?ﬁ ﬁWB}&ﬁWBHﬂEing a
phot oaci d generat.or. accordi. 0, claimb5,, wherein .the first step is carried
out by all o&mﬂ(hg?#iﬁ}éy%@ ?%@@%ﬁlﬁ SAPRCu i@’\é\qﬂf“ @ﬁfﬁ“ﬁlﬁgngﬂ“r@w to react in
t he presenceyof.any. one. cat,: , ted from.he group consisting of an
acidic cataﬁgggmgﬁ%lgnﬁgégﬁa%%f%$§§¢sﬁhgﬂﬂn“RgrhTﬁg met hod for producing a

phot oaci d gqRefaiBLv. LAY Loy Shiak BPece S50, i1 .is carried
out by m xing €ﬂg ﬁ@d%%gysﬁﬁgb%?g%gg%ghggfwﬁgﬁgtt %ﬂgyplgﬁéﬁﬁéﬁﬁ'then
al | owi ng t hgCmbwtdl Bouild @act for | to 48 hours at OC to 100C under

stirring. 9. A resist conposition conprising the photoacid generator
d
C

according to any ??e I cl%= 1to 4.
M+~Ow~ﬁ ; (I) -OH
O \Qa/n, \Ra/n,

[Chemical Formula 7]
LN oy
N3

[Chemical Formula §]

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

Y represents any one selected from the group consisting of an alkyl group, an
atkenyl 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 any one selected from the group consisting

of a hydrogen atom, an alkyl group, an alkoxy group, a perfluoroalkyl group, a
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perfluoroatkoxy 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 of [ or 2;

ny represents an integer from 0 to 3; and

M represents an alkali metal ion.

7. The method for producing a photoacid generator according to claim 5, wherein
the first step is carried out by allowing 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 a basic catalyst.

8. The method for producing a photoacid generator according to claim 3§, wherein
the first step is carried out by mixing the hydroxysulfonic acid salt and the oxirane, and

then allowing 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.



