
SULFONIUM COMPOUND, PHOTO-ACID GENERATOR, AND METHOD FOR
MANUFACTURING THE SAME BACKGROUND OF THE INVENTION Field of the
Invention        The present invention relates to a sulfonium
compound having two acid sites that produce two different photo-acid
generators in one molecule, a photo-acid generator containing the
sulfonium compound, and a method for producing the photo-acid
generator. More particularly, the present invention relates to a
sulfonium compound which can address the problem of using a mixture
of two different photo-acid generators, has excellent compatibility
with the resist, and can produce an excellent resist pattern when
applied as a photo-acid generator, and to a photo-acid generator
containing the sulfonium compound, and a method for producing the
sulfonium compound. Description of Related Art        Semiconductor
microprocessing technologies utilize lithographic processes, and in
such lithographic processes, chemically amplified resist compositions
are extensively used. Such a chemically amplified resist composition
contains a photo-acid generator, which is a compound capable of
generating an acid when irradiated with light.        When such a
photo-acid generator absorbs light that is irradiated in a
semiconductor patterning process, the photo-acid generator generates
an acid.        In the case of an onium salt, which is one of
photo-acid generators, the onium salt is degraded into a cation form
or a radical form as a result of light irradiation, and exits in a
different molecular form, and an acid is generated at the anion side,
so that diffusion of acid occurs on the resist film at the time of
wafer baking after light  2 irradiation.        The photo-acid
generator exerts direct influence on the resist pattern
characteristics such as the resolution and line edge roughness (LER)
of resists, due to various characteristic factors such as the ability
to absorb light, the acid generation efficiency, the diffusion
capability of the generated acid, and the strength of the anionic
acid. 



A conventional photo-acid generator has a molecular structure which
is capable of generating only one type of acid. Thus, in order to
obtain a high degree of resolution, when acid generators having all
of the characteristics such as high diffusibility, low diffusibility,
high permeability and low permeability are needed, the process of
mixing acid generators and using a mixture thereof has been
complicated and troublesome. Furthermore, in the case of using a
mixture of acid generators, the acid generators may not be uniformly
mixed in the resist, thereby rather causing a problem that a resist
pattern having uniform characteristics cannot be obtained.     As an
example of existing photo-acid generators, Korean Patent Application
No. 10-2006-00133676 discloses a compound represented by the
following formula: [Chemical Formula] 0 Q1 0  Xn-Y 0Q2 wherein X
represents an alkylene group or a substituted alkylene group; Y
represents a hydrocarbon group having 5 to 30 carbon atoms and
containing one or more aromatic rings; Q1 and Q2 each independently
represent a fluorine atom or a perfluoroalkyl group having 1 to 6
carbon atoms; A ] represents an organic counterion; and n represents
0 or I.  3        In another example, Korean Patent Application No.
10-2007-0062926 filed by Shin-Etsu Chemical Co., Ltd. discloses a
compound represented by the following formula: [Chemical Formula]
RICOOCH2CH2CE2CE2S03] M+ wherein RI represents an alkyl group having
1 to 20 carbon atoms, an aryl group having 6 to 15 carbon atoms, or a
heteroaryl group having 4 to 15 carbon atoms; and M+ represents a
lithium ion, a sodium ion, a potassium ion, an ammonium ion, or a
tetramethylammonium ion.        It is described in the patent
application filed by Shin-Etsu Chemical Co., Ltd. that the sulfonic
acid represented by the above formula can exhibit strong acidity and
can have a variety of substituents introduced thereinto, and that the
degree of freedom in the design of molecule is high. 



However, the conventional constitutions of photo-acid generators have
problems that, in order to obtain high resolution, a photo-acid
generator having a high diffusion rate and a photo-acid generator
having a low diffusion rate, and a photo-acid generator having high
permeability and a photo-acid generator having low permeability need
to be used in mixture. Thus, when two or more kinds of photo-acid
generators are used as a mixture in order to obtain a photo-acid
generator having contradictory characteristics as described above,
there is a problem that it is difficult to obtain uniform
compatibility in the resist. SUMMARY OF THE INVENTION        An
object of the present invention is to provide a sulfonium compound
which can give a pattern with high resolution and has uniform and
excellent compatibility with  4 other components in the resist, a
photo-acid generator, and a method for producing the sulfonium
compound.        According to an aspect of the present invention,
there is provided a sulfonium compound represented by the following
formula (1): [Chemical Formula 1]  wherein in the formula (1), X
represents an electron-donating group;        121 and R2 each
independently represent any one selected from the group consisting of
an alkyl group, a cycloalkyl group, an aryl group, a heteroaryl
group, a heterocycloalkyl group and a heteroaryl group, or R, and R2
may be joined, together with the sulfur atom to which RI is bonded,
to form a heterocycloalkyl group having 2 to 7 carbon atoms; 



R3 and R4 each independently represent any one selected from the
group consisting of an arylene group and a heteroarylene group;
R5 and R6 each independently represent any one selected from the
group consisting of an alkyl group, a cycloalkyl group, an aryl
group, a heteroalkyl group, a heterocycloalkyl group and a heteroaryl
group, or R5 and R6 may be joined, together with  5 the sulfur atom
to which R5 is bonded, to form a heterocycloalkyl group having 2 to 7
carbon atoms; and AC and W represent anions that are different from
each other.        The anions AI and EV may each independently
represent any one selected from the group consisting of a sulfonate
anion, an imide anion, a methide anion, an alkyl halide anion, a
carboxylate anion, an iodonium anion and a sulfonylimide anion.
The anions A: and W may each independently represent any one selected
from the group selected from the group consisting of anionic moieties
represented by the following formulas (1-1), (1-2) and (1-3):
[Chemical Formula 1-1] 0 Q2 04 [1{I I  -Os CC 



11'nm 0Q-103 wherein in the formula (I-1), Q1, Q2, Q and Q4 each
independently represent any one selected from the group consisting of
a hydrogen atom, a halogen atom, and an alkyl group; V, represents
any one selected from the group consisting of an alkanediyl group, an
alkenediyl group, NR', S, 0, CO and combinations thereof; W
represents any one selected from the group consisting of a hydrogen
atom and an alkyl group; Y2 represents any one selected from the
group consisting of a hydrogen atom, an alkyl group, a
heterocycloalkyl group, an aryl group, a heteroaryl group, an alkyl
group, a heteroalkyl group, an allyl group, a perfluoroalkyl group, a
haloalkyl group and an alkylsulfonyl group; n represents an integer
from 0 to 10; in represents an integer from 0 to 10; and 1 represents
an integer from 0 to 5; [Chemical Formula 1-2]  6 3Y5 NY4 I Y6
wherein in the formula (1-2), Y3 and Y4 each independently represent
any one selected from the group consisting of an alkanediyl group, an
alkenediyl group, NR', S. 0, CO, 025 and combinations thereof; R'
represents any one selected from the group consisting of a hydrogen
atom and an alkyl group; Y5 and Y6 each independently represent any
one selected from the group consisting of a hydrogen atom, an alkyl
group, a heterocycloalkyl group, an aryl group, a heteroaryl group,
an alkyl group, a heteroalkyl group, an allyl group, a perfluoroalkyl
group, a haloalkyl group and an alkylsulfonyl group; o represents an
integer from 0 to 5; and p represents an integer from 0 to 5; and
[Chemical Formula 1-3]  Y7 -C-Y8 Y9 wherein in the formula (1-3), Y7,
Y8 and Y9 each independently represent any one selected from the
group consisting of a hydrogen atom, an alkyl group, a
heterocycloalkyl group, an aryl group, a heteroaryl group, an alkyl
group, a heteroalkyl group, an allyl group, a perfluoroalkyl group, a
haloalkyl group and an alkylsulfonyl group. 



The anions A- and B- may each independently represent any one
selected from the group consisting of 0S02CF3-, 0S02C4F9-, 0802C8F12
, N(CF3)2-, N(C2F02 N(C4F9)2 , C(CF3)3-, ge2F03-, C(C4F9)3- and an
anionic moiety represented by the  7 following formula (1-4):
[Chemical Formula 1-4] 0 0 Qs R12 IIII  0=S-C-011  (R11)r-Y10 III -0
06 R13 wherein in the formula (1-4), Yto represents any one selected
from the group consisting of a cycloalkyl group, a heterocycloalkyl
group, an aryl group, a heteroaryl group, an alkyl group, a
heteroalkyl group, an allyl group, a perfluoroalkyl group, a
haloalkyl group and an alkylsulfonyl group; R11 represents any one
selected from the group consisting of an alkanediyl group, an
alkenediyl group, NR', S, 0, CO and combinations thereof; R'
represents any one selected from the group consisting of a hydrogen
atom and an alkyl group; R12 and R13 each independently represent any
one selected from the group consisting of a hydrogen atom and an
alkyl group having 1 to 8 carbon atoms; r represents an integer from
0 to 5; Q and Q6 each independently represent a halogen atom.
N may be any one selected from the group consisting of 0S02CF3-,
OSO2CF2CF2CF2CF3- and an anionic moiety represented by the following
formula (1-5), and the anion W may be any one selected from the group
consisting of 0S02CF3-, OSO2CF2CF2CF2CF3- and an anionic moiety
represented by the following formula (1-5): 



[Chemical Formula 1-5] 0 - 0-g-CF2 0" \-0  8          R3 and R4 may
each independently represent any one selected from the group
consisting of groups represented by the following formulas (2-1) and
(2-2): [Chemical Formula 2-1]    [Chemical Formula 2-2] I-R24 11"..)
R2 



wherein in the formulas (2-1) and (2-2), R2[, R22, R24 and R25 each
independently represent any one selected from the group consisting of
a single bond, an alkanediyl group having 1 to 5 carbon atoms, and an
alkenediy1 group having 2 to 5 carbon atoms; and R23 represents any
one selected from the group consisting of-O- and -S-.        The
electron-donating group may be any one selected from the group
consisting of-O-, -S-, -OCH20-, -OCH2CH20-, -0(C6F14)0-, -CH2SCH2-,
-S(C6F14)S-, and groups represented by the following formulas (3-1)
to (3-3): [Chemical Formula 3-1]  C.)  B x31 R5-S A R6  [Chemical
Formula 3-2] R1 R2-S+ B 734- X/" 



R5-S+- A R6 [Chemical Formula 3-3]  nyX33,N(X34 A R6  10 wherein in
the formulas (3-1) to (3-3), X31 represents any one selected from the
group consisting of -0-, -S-, -OCH2-, -OCH20-, -OCH2CF120-,
-0(C6F14)0-, -CH2SCH2- and -S(C6F14)S-; X32 and X34 each
independently represent any one selected from the group consisting of
-0- and -S-; X33 represents any one selected from the group
consisting of -0-, -S-, -OCH2-, -OCH20-, -0CH2CH20-, -CH2SCH2- and
-CH2SCH2-; RI and R2 each independently represent any one selected
from the group consisting of an alkyl group, a cycloalkyl group, an
aryl group, a heteroalkyl group, a heterocycloalkyl group and a
heteroaryl group; R5 and R6 each independently represent any one
selected from the group consisting of an alkyl group, a cycloalkyl
group, an aryl group, a heteroalkyl group, a heterocycloalkyl group
and a heteroaryl group, or R5 and R6 may be joined, together with the
sulfur atom to which R5 is bonded, to form a heterocycloalkyl group
having 2 to 7 carbon atoms; and A" and W represent anions that are
different from each other.        The sulfonium compound described
above may be any one selected from the group consisting of compounds
represented by the following formulas (4-1) to (4-6): [Chemical
Formula 4- I] S+ -13 



x31 I S+-A (R4713rn3 [Chemical Formula 4-2]  ( R41) (R42 )n2  X31
[Chemical Formula 4-3]  



x31 a s+-A [Chemical Formula 4-4]  (R4 ( R42 )112 ----.N.."--)(33
/x34 St-A 10743 ( t,n )1n3 [Chemical Formula 4-5] (R42 )112 



3 /34 ---)C'2 I A [Chemical Formula 4-6] S13 fl-X33 X34 CD I/I I 'A
wherein in the formulas (4-1) to (4-6), X3I represents any one
selected from the group  In 



S(C6144)S-; X32 and X34 each independently represent any one selected
from the group consisting of -0- and -S-; X33 represents any one
selected from the group consisting of  0-, -S-,-OCH20-, -OCH2CH20-
and -CH2SCH2-; R41, R423 R43 and R44 each independently represent any
one selected from the group consisting of a hydrogen atom, an alkyl
group having 1 to 5 carbon atoms, and a halogenated alkyl group
having 1 to 5 carbon atoms; ni, n2, n3 and n] each independently
represent an integer from 1 to 5; and A] and W represent anions that
are different from each other.        According to another aspect of
the present invention, there is provided a photo-acid generator
containing the sulfonium compound.        According to another aspect
of the present invention, there is provided a method for producing
the sulfonium compound described above, which includes a first step
of allowing a compound represented by the following formula (10) to
react with a compound represented by the following formula (11) and
thereby producing a compound represented by the following formula
(12); a second step of allowing the compound represented by the
formula (12) to react with a compound represented by the following
formula (13), and thereby producing a compound represented by the
following formula (14); and a third step of allowing a compound
represented by the formula (14) to react with a compound represented
by the following formula (15), and thereby producing a compound
represented by the following formula (1): [Chemical Formula 101 SR2
[Chemical Formula 11]  R3XR4 [Chemical Formula 12] R2S + - B 



R3 X R4 [Chemical Formula 13]  R2 [Chemical Formula 14] Ri S + - B



R3 X R4 R5 R6  15 [Chemical Formula 15] M+ _A [Chemical Formula 1]
R2-S - B 



R3 X Rs-S + - A R6 wherein in the formulas (1) and (10) to (15), X
represents an electron-donating group; RI and R2 each independently
represent any one selected from the group consisting of an alkyl
group, a cycloalkyl group, an aryl group, a heteroalkyl group, a
heterocycloalkyl group and a heteroaryl group, or RI and R2 may be
joined, together with the sulfur atom to which RI is bonded, to form
a heterocycloalkyl group having 2 to 7 carbon atoms; R3 and R4 each
independently represent any one selected from the group consisting of
an arylene group and a heteroarylene group; R5 and R6 each
independently represent any one selected from the group consisting of
an alkyl group, a cycloalkyl group, an aryl group, a heteroalkyl
group, a heterocycloalkyl group and a heteroaryl group, or R5 and R6
may be joined, together with the sulfur atom to which R5 is bonded,
to form a heterocycloalkyl group having 2 to 7 carbon atoms; A- and
13- represent anions that are different from each other; and M
represents any one selected from the group consisting of lithium
(Li), sodium (Na), potassium (K) and silver (Ag).  16 DETAILED
DESCRIPTION OF THE INVENTION Hereinafter, the present invention will
be described in more detail. The definitions of the terms used in the
present specification are as follows.        The term
electron-donating group (EDG) as used herein means a substituent
capable of giving an electron.        Unless particularly stated
otherwise, the term alkyl group as used herein includes a primary
alkyl group, a secondary alkyl group and a tertiary alkyl group.
Unless particularly stated otherwise, the term aryl group as used
herein means a hydrocarbon containing one or two or more aromatic
groups. Examples thereof include a benzyl group and a naphthyl group.



Unless particularly stated otherwise, the term cycloalkyl group as
used herein includes monocyclic, bicyclic, tricyclic and tetracyclic
cycloalkyl groups. The term also includes polycyclic cycloalkyl
groups including an adamantyl group and a norbomyl group.
Unless particularly stated otherwise, the prefix "hetero-" means that
one to three carbon atoms are substituted by heteroatoms selected
from the group consisting of -N-, -0-, -S- and -P-. For example, a
heteroalkyl group means that one to three carbon atoms among the
carbon atoms of the alkyl group are substituted by those heteroatoms.
Unless particularly stated otherwise, the term halogen atom means any
one selected from the group consisting of fluorine, chlorine, bromine
and iodine.        Unless particularly stated otherwise, all of the
compounds and substituents mentioned in the present specification may
be substituted or unsubstituted. Here, the term "substituted" means
that a hydrogen atom is substituted with any one selected from the
group consisting of a halogen atom, a hydroxyl group, a carboxyl
group, a cyano  17 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
cycloalkyl group, a heterocycloalkyl group, an ally! group, a benzyl
group, an aryl group, a heteroaryl group, derivatives thereof and
combinations thereof        Unless particularly stated otherwise, the
prefix "halogenated" as used herein means that a hydrogen is
substituted by any one atom selected from the group consisting of
fluorine, chlorine, bromine and iodine.        Unless particularly
stated otherwise, the term perfluoroalkyl group as used herein means
an alkyl group having a part or all of the hydrogen atoms are
substituted by fluorine.        Unless particularly stated otherwise,
the term haloalkyl group as used herein means a halogenated alkyl
group.        Unless particularly stated otherwise, the term
alkylsulfonyl group means a compound containing a sulfonyl group and
an alkyl group, or a derivative thereof.        Unless particularly
stated otherwise, the term alkanediyl group as used herein is a
divalent atomic group obtained by extracting two hydrogen atoms from
an alkane, and can be represented by the general formula: -C,1H2"-.
The term alkenediyl means a divalent atomic group obtained by
extracting two hydrogen atoms from an alkene, and can be represented
by the general formula: -CH"-. The term arylene group means a group
obtained by extracting two hydrogen atoms from an aryl group.
Unless particularly stated otherwise in the present specification, an
alkyl group means a linear or branched alkyl group having 1 to 30
carbon atoms; a cycloalkyl group means a cycloalkyl group having 3 to
32 carbon atoms; an aryl group means an aryl group having 6 to 30
carbon atoms; a heteroalkyl group means a heteroalkyl group 



18 having 1 to 30 carbon atoms; a heterocycloalkyl group means a
heterocycloalkyl group having 2 to 32 carbon atoms; a heteroaryl
group means a heteroaryl group having 2 to 30 carbon atoms; an
arylene group means an arylene group having 6 to 40 carbon atoms; a
heteroarylene group means a heteroarylene group having 6 to 40 carbon
atoms; an allyl group means an allyl group having 2 to 30 carbon
atoms; a perfluoroalkyl group means a perfluoroalkyl group having 1
to 30 carbon atoms; a haloalkyl group means a haloalkyl group having
1 to 30 carbon atoms; and an alkylsulfonyl group means an
alkylsulfonyl group having 1 to 30 carbon atoms.        The sulfonium
compound according to an embodiment of the present invention is
represented by the following formula (1): [Chemical Formula 1]
In the formula (1), X represents an electron-donating group; and X is
preferably any one selected from the group consisting of -0-, -S-,
-OCH2-, -OCH20-, -0C1-12CH20-, -0(C6H00-, -CH2SCFI2- and -S(C6H4)S-.
In the formula (I), R1 and R2 each independently represent any one
selected from the group consisting of an alkyl group, a cycloalkyl
group, an aryl group, a heteroalkyl group, a heterocycloalkyl group
and a heteroaryl group, or RI and R.2 may be joined, together with
the sulfur atom to which RI is bonded, to form a heterocycloalkyl  19
group having 2 to 7 carbon atoms.        In the formula (1), R5 and
R6 each independently represent any one selected from the group
consisting of an alkyl group, a cycloalkyl group, an aryl group, a
heteroalkyl group, a heterocycloalkyl group and a heteroaryl group,
or R5 and R6 may be joined, together with the sulfur atom to which R5
is bonded, to form a heterocycloalkyl group having 2 to 7 carbon
atoms. 



In the formula (1), I2.3 and R4 each independently represent any one
selected from the group consisting of an arylene group and a
heteroarylene group.        In the formula (I), 1(3 and R4 each
independently represent any one selected from the group consisting of
the following formulas (2-1) and (2-2): [Chemical Formula 2-1]
[Chemical Formula 2-2] r IS R24 R25        In the formula (2-1) and
formula (2-2), R21, 1(22, 1(24 and R25 each independently represent
any one selected from the group consisting of a single bond, an
alkanediyl group having 1 to 5 carbon atoms, and an alkenediyl group
having 2 to 5 carbon atoms; and R23 represents any one selected from
the group consisting of -0- and -S-. In the formula (1), A- and W are
anions that are different from each other.        The anions A- and W
each represent any one selected from the group consisting of a
sulfonate anion, an imide anion, a methide anion, an alkyl halide
anion, a  20 



carboxylate anion, an iodonium anion and a sulfonylimide anion.
A- and 13- may each independently represent any one selected from the
group consisting of the following formulas (1-1), (1-2) and (1-3):
[Chemical Formula 1-1] O 02 04 II -OsCICI {  IIInImI 0Qi03 wherein in
the formula (1-1), Qi, Q2, Q and Q4 each represent any one selected
from the group consisting of a hydrogen atom, a halogen atom, and an
alkyl group; Y1 represents any one selected from the group consisting
of an alkanediyl group, an alkenediyl group, NW, S, 0, CO and
combinations thereof; R' represents any one selected from the group
consisting of a hydrogen atom and an alkyl group; Y2 represents any
one selected from the group consisting of a hydrogen atom, an alkyl
group, a heterocycloalkyl group, an aryl group, a heteroaryl group,
an alkyl group, a heteroalkyl group, an ally' group, a perfluoroalkyl
group, a haloalkyl group and an alkylsulfonyl group; n represents an
integer from 0 to 10; m represents an integer from 0 to 10; and 1
represents an integer from 0 to 5; [Chemical Formula 1-2] Y3 I Y5 5
-NN0 



NY4Y6 wherein in the formula (1-2), Y3 and Y4 each independently
represent any one selected  21 02S and combinations thereof; R'
represents any one selected from the group consisting of a hydrogen
atom and an alkyl group; Y5 and Y6 each independently represent any
one selected from the group consisting of a hydrogen atom, an alkyl
group, a heterocycloalkyl group, an aryl group, a heteroaryl group,
an alkyl group, a heteroalkyl group, an allyl group, a perfluoroalkyl
group, a haloalkyl group and an alkylsulfonyl group; o represents an
integer from 0 to 5; and p represents an integer from 0 to 5;
[Chemical Formula 1-3]  Y9 wherein in the formula (1-3), Y7, Y8 and
Y9 each independently represent any one selected from the group
consisting of a hydrogen atom, an alkyl group, a heterocycloalkyl
group, an aryl group, a heteroaryl group, an alkyl group, a
heteroalkyl group, an allyl group, a perfluoroalkyl group, a
haloalkyl group, and an alkylsulfnoyl group.        Preferably, the
anions K and W may each independently represent any one selected from
the group consisting of lOSO2CF3, 'OSO2C4F9, -0S02C8F17, 1\i(CF3)2,
-N(C2F5)2, -N(C4F9)2, -C(CF3)3, -C(C2F5)3, -C(04F9)3 and an anionic
moiety represented by the following formula (1-4): [Chemical Formula
1-4] 0 Q5 R120 



11IH  o=s c c o(Ror-Y10 1 -o Q6 R13  22 wherein in the formula (1-4),
Y10 represents any one selected from the group consisting of a
cycloalkyl group, a heterocycloalkyl group, an aryl group, a
heteroaryl group, an alkyl group, a heteroalkyl group, an allyl
group, a perfluoroalkyl group, a haloalkyl group, and an
alkylsulfonyl group; R11 represents any one selected from the group
consisting of an alkanediyl group, an alkenediyl group, NR, S, 0, CO
and combinations thereof; R' represents any one selected from the
group consisting of a hydrogen atom and an alkyl group; R12 and R13
each independently represent any one selected from the group
consisting of a hydrogen atom and an alkyl group having 1 to 9 carbon
atoms; r represents an integer from 0 to 5; and Q5 and Q6 each
independently represent a halogen atom.        The anions A- and B-
are different from each other, and A- may be any one selected from
the group consisting of 0S02CF3, OSO2CF2CF2CF2CF; and an anionic
moiety represented by the following formula (1-5), while B- may be
any one selected from the group consisting of 0S02CF3.,
OSO2CF2CF2CF2CF1 and an anionic moiety represented by the following
formula (1-5). In this case, the line width roughness can be reduced,
and as compared with the conventional practice of using a mixture of
anions having high diffusion properties and low diffusion properties,
compatibility or the complicatedness of the production process can be
decreased. [Chemical Formula 1-5 [   23 generator, and when the
compound represented by the formula (1) is used as a photo-acid
generator, two molecules of acid that is generated at the time of
light irradiation are generated simultaneously from one molecule, so
that when acid generators having fast and slow diffusion rates, and
acid generators having high and low permeabilities are to be applied
simultaneously, the complicatedness of using a mixture of two kinds
of acid generators can be reduced. Furthermore, a photo-acid
generator which can solve the problem of uniform compatibility of in
the resist, which occurs when two kinds of conventional acid
generators are used in mixture, and can enhance the line edge
roughness (LER), sensitivity and resolution, which are the pattern
characteristics of a resist, can be provided. 



The sulfonium compound represented by the formula (1) may be any one
selected from the group consisting of compounds represented by the
following formula (3-1), formula (3-2) and formula (3-3): [Chemical
Formula 3-1]  R5--S- A R6 [Chemical Formula 3-2]  24 R2-S B X33 X I
C341 R5-S+" A R6 



[Chemical Formula 3-3]  -----"ScX33Ns/X34- "-X32  wherein in the
formulas (3-1) to (3-3), X31 represents any one selected from the
group consisting of -0-, -S-, -OCH2-, -OCH20-, -OCH2CH20-,
-0(C61-14)0-, -CH2SCH2- and -S(C6H4)S-; X32 and X34 each
independently represent any one selected from the group consisting of
-0- and -S-; X33 represents any one selected from the group
consisting of -0-, -S-, -OCH2-, -OCH20-, -00-12CH20-, -CH2SCH2- and
-CH2SCH2-; RI and R2 each independently represent any one selected
from the group consisting of an alkyl group, a cycloalkyl group, an
aryl group, a heteroalkyl group, a heterocycloalkyl group and a
heteroaryl group; R5 and R6 each independently represent any one
selected from the group consisting of an alkyl group, a cycloalkyl
group, an aryl group, a heteroaryl group, a heterocycloalkyl group
and a heteroaryl group, or R5 and R6 may be joined, together with the
sulfur atom to which R5 is bonded, to form a heterocycloalkyl group
having 2 to  25 7 carbon atoms; and A- and if are anions that are
different from each other.        The anions A- and EV have the same
meanings as defined in connection with the formula (1), and further
descriptions thereof will not be repeated here.        The sulfonium
compound may be any one selected from the group consisting of
compounds represented by the following formulas (4-1) to (4-6):
[Chemical Formula 4-11 ( R42 )n2 



-13 X31  SCA _t_R (..43 3- -44/t1/4 n [Chemical Formula 4-2] ( R41)12
I (R42)I .\ -B 



X31 \it [Chemical Formula 4-3]   [Chemical Formula 4-4] R41)n
(R42)112 I fl-X33 X34 ---- X32\ S+ (ROR14)n4 [Chemical Formula 4-5]  



27 [Chemical Formula 4-6]  wherein in the formulas (4-1) to (4-6),
X31 represents any one selected from the group consisting of -0-,
-S-, -0C1-12-, -OCH20-, -0C1-12CH20-, -0(C61-L00-, -C1-12SCH2- and
-S(C6H4)S-; X32 and X34 each independently represent any one selected
from the group consisting of -0- and -S-; X33 represents any one
selected from the group consisting of -0-, -S-, -0C1-12-, -OCI-120-,
-OCH2C1-120- and -CH2SC112-; R4I, It42 R43 and R44 each independently
represent any one selected from the group consisting of a hydrogen
atom, an alkyl group having 1 to 5 carbon atoms, and a halogenated
alkyl group having 1 to 5 carbon atoms; ni, nz, nz and n] each
independently represent an integer from 1 to 5; and AI and if are
anions that are different from each other.        The anions A and W
have the same meanings as defined in connection with the formula (1),
and further descriptions thereof will not be repeated here.
The sulfonium compound may be any one selected from the group
consisting of compounds represented by the following formulas (5 I)
to (5-14): [Chemical Formula 5-11   [Chemical Formula 5-2]  [Chemical
Formula 5-3] 



[Chemical Formula 5-4]   [Chemical Formula 5-5]  [Chemical Formula
5-6] [Chemical Formula 5-7]   31 [Chemical Formula 5-8] [Chemical
Formula 5-9] 



- OSO2CF2CF2CF2CF3  [Chemical Formula 5-10]    [Chemical Formula
5-11]  Q+ - 0802(CF2)3CF3    



[Chemical Formula 5-12] 0 S OSO2CF3 Cy- 0502CF2CF2CF2CF3 [Chemical
Formula 5-13]    [Chemical Formula 5-141  33 _ 0.2.F2cF2cF2cF3  



The photo-acid generator according to another embodiment of the
present invention contains the sulfonium compound represented by the
formula (1).        The descriptions on the sulfonium compound are
substantially the same as given above, and further descriptions
thereon will not be repeated here.        The sulfonium compound of
the present invention is such that two different acid molecules are
generated from one molecule of the sulfonium compound. Thus, the
inconvenience of using a mixture of photo-acid generators having
different properties can be addressed, and the problem of uniform
compatibility in the resist is also solved. Thus, an excellent resist
pattern can be obtained.        The method for producing a sulfonium
compound according to another embodiment of the present invention
includes a first step of allowing a compound represented by the
following formula (10) to react with a compound represented by the
following formula (11), and thereby producing a compound represented
by the following formula (12); a second step of allowing a compound
represented by the following formula (12) to react with a compound
represented by the following formula (13), and thereby producing a
compound represented by the following formula (14); and a third step
of allowing a compound represented by the following formula (14) to
react with a  34 compound represented by the following formula (15),
and thereby producing a compound represented by the following formula
(1): [Chemical Formula 10]  [Chemical Formula 11] R3XR4 R2 [Chemical
Formula 12] Ri 



S + - B       R3 X R4 [Chemical Formula 13] R5 -S-R5 [Chemical
Formula 14]  



[Chemical Formula 15] M+ _A [Chemical Formula 1]  wherein in the
formulas (1) and (10) to (15), X, RI, R2, R3, R4, R5, R6, A' and EC
have the same meanings as defined above in connection with the
sulfonium compound represented by the formula (1), and further
descriptions thereon will not be repeated here.        In the formula
(15), M represents any one selected from the group consisting of Li,
Na, K and Ag. The first step includes a process of mixing the
compound represented by the  36 formula (11) and the compound
represented by the formula (12) to prepare a reaction mixture liquid;
a process of adding triflic anhydride dropwise to the reaction
mixture liquid to prepare a reaction mixture liquid; and a process of
allowing the reaction mixture liquid to react for 30 minutes to 6
hours while maintaining the temperature at -80C to -10C.        The
respective processes in the step can be carried out in a reaction
solvent, and any non-aqueous solvent can be applied as the reaction
solvent. Preferred examples of the reaction solvent include
dichloromethane (MC), chloroform (CEIC13), acetonitrile, ethylene
carbonate (EC), propylene carbonate (PC), butylene carbonate,
dimethylvinylene carbonate, vinylethylene carbonate, methyl ethyl
carbonate (MEC), methyl propyl carbonate, methyl butyl carbonate,
ethyl propyl carbonate, dimethyl carbonate (DMC), diethyl carbonate
(DEC), dipropyl carbonate, dibutyl carbonate methyl propionate,
methyl pivalate, butyl pivalate, hexyl pivalate, octyl pivalate,
dimethyl oxalate, ethyl methyl oxalate, diethyl oxalate,
tetrahydrofuran, 2-methyltetrahydrofitran, 1,4-dioxane,
1,2-dimethoxyethane, 1,2-diethoxyethane, 1,2-dibutoxyethane,
dimethylformamide, trimethyl phosphate, tributyl phosphate, trioctyl
phosphate, divinylsulfone, adiponitrile, 1,4-propanesultone,
1,4-butanediol, dimethane sulfonate, propylene sulfite, glycol
sulfate, propylene sulfate, dipropargyl sulfite, methyl propargyl
sulfite, ethyl propargyl sulfite, I,4-butanediol dimethane sulfonate,
propylene sulfite, glycol sulfate, propylene sulfate, methyl ethyl
ketone, and combinations thereof.        The second step specifically
includes a process of mixing the compound represented by the formula
(12) and the compound represented by the formula (13) to prepare a
reaction solution, and allowing the reaction solution to react while
stirring the reaction solution for 30 minutes to 3 hours at I5C to
30C. The third step includes a process of mixing the compound
represented by the 



37 formula (14) with the reaction solvent to prepare a solution,
dissolving the compound represented by the formula (15) in distilled
water, mixing the resulting solution with the previously prepared
solution, and allowing the mixture to react while stirring the
mixture for 30 minutes to 5 hours at 15C to 30C.        The
respective steps can further include purification processes, and
there are no particular limitations on the purification processes to
be applied, as long as they are methods for concentrating and
purifying the reaction products.        The method for producing a
sulfonium compound is simple, and can produce a sulfonium compound
having two acid sites, with a high yield.        The sulfonium
compound of the present invention can generate two different acid
molecules from one molecule. Thus, the inconvenience of using a
mixture of different acid generators occurring in the case of using a
photo-acid generator can be addressed, uniform compatibility in the
resist can be obtained, and when the sulfonium compound is used as a
photo-acid generator, a uniform and excellent resist pattern can be
obtained. EXAMPLES        Hereinafter, the present invention will be
described in detail by way of Examples so that those having ordinary
skill in the art to which the present invention is pertained can
easily carry out the invention. However, the present invention can be
realized in various different embodiments, and is not intended to be
limited to the Examples described herein. (Synthesis Example 1)
1) 20 g of diphenyl(diphenyl ether)sulfonium trifiate (compound A in
the following reaction scheme 1) and 0.8 g of phenyl sulfoxide
(compound B in the  38 following reaction scheme 2) were mixed in a
flask, and thus a reaction mixture liquid was prepared. 



The flask containing the reaction mixture liquid was placed in a bath
containing dry ice and acetone, and thus the temperature of the
content of the flask was lowered.        When the temperature of the
dry ice bath reached -40C, 10 ml of triflic anhydride (compound C in
the following reaction scheme 1) was slowly added dropwise to the
flask to prepare a reaction solution.        After completion of the
dropwise addition, while the temperature of the reactor was
maintained at about -40C, the reaction was carried out for 2 hours.
The completion point of the reaction was checked by thin layer
chromatography (TLC), and when it was confirmed that the reaction was
completed, the reaction solution was neutralized with an aqueous
solution of K2CO3 to make the reaction solution alkaline.        The
alkaline reaction solution was washed two times with distilled water,
and then the solvent was evaporated under reduced pressure. The
resulting crude reaction liquid concentrate was purified using
dichloromethane and hexane, and thus a purified reaction liquid
concentrate was obtained.        Di(triphenylsulfonium triflate)
ether (compound D in the following reaction scheme 1) was obtained
from the purified reaction liquid concentrate, as a white solid in an
amount of 30 g (yield: 90%). 11-1-NMR(CDC13-dl): 8(ppm) 7.6-7.9(m,
24H), 7.4(d, 4H), 19F NMR -78(s. 6F) [Reaction Scheme 1]  39
2) A solution was prepared by dissolving 10 g of
di(triphenylsulfonium triflate) ether (compound A in the following
reaction scheme 2) synthesized as described above in dichloromethane
in a flask, was provided, and then 4.4 g of nonatluorobutane sulfonic
acid sodium salt (compound B in the following reaction scheme 2)
dissolved in distilled water was introduced into the above-prepared
solution. The reaction solution thus prepared was allowed to react
for 3 hours at normal temperature under stirring.        The
completion point of the reaction was checked by 19F-NMR, and after
the reaction was completed, the reaction liquid was washed two times
with distilled water, and then was distilled under reduced pressure
to remove the solvent. The reaction product was solidified using
dichloromethane and hexane. Thus, 10.2 g of triphenylsulfonium
triflate (triphenylsulfonium nonaflate) ether (compound C in the
following reaction scheme 2) was obtained from the solidified
reaction product (white solid, yield: 87%). 



1H-NMR(CDC13-d1): 8(ppm) 7.6--7.8(m, 24H), 7.4(d, 4H), 19F NMR -78(s.
6F), -81(s. 3F), -114(s, 2F), -121(s, 2F), -126(s, 2F) [Reaction
Scheme 2]           10 g of di(triphenylsulfonium triflate) ether
(compound A in the following reaction scheme 3) produced in Synthesis
Example 1-1) was placed in a flask and was dissolved in
dichloromethane. Subsequently, 1.9 g of adamantane- I -carboxylci
acid-2,2-difluoro-2-sulfoethyl ester sodium salt (compound B in the
following reaction scheme 3) dissolved in distilled water was
introduced into the above-prepared solution to prepare a reaction
solution.        The reaction solution was stirred for 3 hours at
normal temperature (25C). The reaction completion point of the
reaction solution was checked by 19F-NMR. The reaction solution thus
obtained was washed two times with distilled water and then was
distilled under reduced pressure to remove the solvent. The reaction
product was solidified using dichloromethane and hexane.
Thus,diphenyl[(diphenyldiphenylether)sulfonium
triflate](adamantane-l-carboxylic acid-2,2-difluoro-2-sulfoethyl
ester)sulfonium salt (compound C in the following reaction scheme 3)
was obtained from the solidified reaction product, as a white solid
in an amount of 9.5 g (yield: 93%).  41 'H-NMR(CDC13-d1): 6(ppm)
1.6-2.0(d, 15H), 4.6-4.8(t, 214), 7.6-7.9(m, 24H), 7.4(d, 4H), 19F
NMR -78(s. 3F), -1I4(5, 2F)  [Reaction Scheme 3] 



1) 10 g (49.4 mmol) of phenyl sulfoxide (compound A in the following
reaction scheme 4) and 12.95 g (49.4 mmol) of 1,2-diphenoxyethane
(compound B in the following reaction scheme 4) were dissolved in
dichloromethane in a flask, and thus a reaction mixture liquid was
prepared.        The flask containing the reaction mixture liquid was
placed in a bath containing dry ice and acetone, and thus the
temperature of the content of the flask was lowered.        When the
temperature of the dry ice bath reached -40C, 21 ml of triflic
anhydride (compound C in the following reaction scheme 4) was slowly
added dropwise to the flask to prepare a reaction solution.
After completion of the dropwise addition, while the temperature of
the reactor was maintained at about -40C, the reaction was carried
out for 2 hours. The completion point of the reaction was checked by
thin layer chromatography (TLC), and  42 when it was confirmed that
the reaction was completed, the reaction solution was neutralized
with an aqueous solution of K2CO3 to make the reaction solution
alkaline.        The alkaline reaction solution was washed two times
with distilled water, and then the solvent was evaporated under
reduced pressure. The resulting crude reaction liquid concentrate was
purified using dichloromethane and hexane, and thus a purified
reaction liquid concentrate was obtained.
Diphenyl(diphenoxyethane)sulfonium triflate (compound D in the
following reaction scheme 4) was obtained from the purified reaction
liquid concentrate, in an amount of 18.5 g (yield: 68%). [Reaction
Scheme 4] 



OCH2CH20        2) The reaction was carried out in the same manner as
in Synthesis Example 3-1) , except that a reaction mixture liquid was
prepared by dissolving 10 g (18.2 mmol) of
diphenyl(diphenoxyethane)sulfonium triflate (compound A in the
following reaction scheme 5) 3.68 g (18.2 mmol) of phenyl sulfoxide
(compound B in the following reaction scheme 5) in dichloromethane in
a flask. D ipheny 1 [(diphenyldiphenoxyethane)sul fon iumtriflate]
sulfoni u mtri Hate (compound C in the following reaction scheme 5)
was obtained from the purified reaction liquid concentrate, in an
amount of 11 g (white solid, yield: 68%). [Reaction Scheme 5]
3) 10 g (11.3 mmol) of the diphenyl(methoxyphenyl)sulfonium triflate
dimer (compound A in the reaction scheme 6) produced in Synthesis
Example 3-2) was placed in a flask and was dissolved in
dichloromethane. Subsequently, 3.6 g of nonafluorobutane sulfonic
acid sodium salt (compound B in the following reaction scheme 6)
dissolved in distilled water was introduced into the above-prepared
solution, and thus a reaction mixture liquid was prepared.        The
reaction mixture liquid was allowed to react for 3 hours at normal
temperature (25C) under stirring, and the completion point of the
reaction was checked by 19F-NMR.        The reaction solution thus
obtained was washed two or more times with distilled water and then
was distilled under reduced pressure to remove the solvent. The
reaction solution was solidified using dichloromethane and hexane.
Diphenyl[(diphenyldiphenoxyethane)sulfonium triflate]sulfonium
nonaflate (compound C in the following reaction scheme 6) was
obtained from the solidified reaction product, as a white solid in an
amount of 9.2 g (yield: 79%). 'H-NMR (DNSO-d6). (ppm) 4.5(s, 4H),
7.2(d, 4H), 7.8(m, 24H) 



[Reaction Scheme 6]           1) 10 g (49.4 mmol) of phenyl sulfoxide
(compound A in the following reaction scheme 7) and 9.6 g (49.4 mmol)
of furfuryl sulfide (compound B in the following reaction scheme 7)
were dissolved in dichloromethane in a flask, and thus a reaction
mixture liquid was prepared.        The flask containing the reaction
mixture liquid was placed in a bath containing dry ice and acetone,
and thus the temperature of the content of the flask was lowered.
When the temperature of the dry ice bath reached -40C, 21 ml of
triflic anhydride (compound C in the following reaction scheme 7) was
slowly added dropwise to the flask to prepare a reaction solution.
After completion of the dropwise addition, while the temperature of
the reactor was maintained at about -40C, the reaction was carried
out for 2 hours. The completion point of the reaction was checked by
TLC, and when it was confirmed that the reaction was completed, the
reaction solution was neutralized with an aqueous solution of K2CO3
to make the reaction solution alkaline.        The alkaline reaction
solution was washed two times with distilled water, and then the
solvent was evaporated under reduced pressure. The resulting crude
reaction  45 liquid concentrate was purified using dichloromethane
and hexane, and thus a purified reaction liquid concentrate was
obtained.        Diphenyl[(furfurylsullidyl)sulfonium triflate]
(compound D in the following reaction scheme 7) was obtained from the
purified reaction liquid concentrate, in an amount of 15 g (yield:
57%). [Reaction Scheme 7]  



- -2 - - -2 0nkiFaC II 0 II CF3 MC 0 0   OSO2CF3 / Th0 0 CH2SCI-I2
[DI           2) The reaction was carried out in the same manner as
in Synthesis Example 4-1), except that a reaction mixture liquid was
prepared by dissolving 10 g (18.9 mmol) of
diphenyl[(furfurylsulfidy0sulfonium triflate] (compound A in the
following reaction scheme 8) produced in Synthesis Example 4-1) and
3.7 g (18.9 mmol) of phenyl sulfoxide (compound B in the following
reaction scheme 8) in dichloromethane in a flask.
Fromtheabovereaction,10.5g(yield:59%)of
diphenyWdiphenylfurfurylsulfirlyBsulfonium triflatelsulfonium
triflate (compound C in the following reaction scheme 8) was obtained
as a white solid. [Reaction Scheme 8] 



46        3) 10 g (10.6 mmol) of the
diphenyfi(diphenylfurfurylsulfidyl)sulfonium triflate] dimer
(compound A in the following reaction scheme 9) produced in Synthesis
Example 4-2) was placed in a flask and was dissolved in
dichloromethane. Subsequently, 5.1 g (15.9 mmol) of nonafluorobutane
sulfonic acid sodium salt (compound B in the following reaction
scheme 9) dissolved in distilled water was introduced into the
above-prepared solution, and thus a reaction mixture liquid was
prepared.        The reaction mixture liquid was stirred for 3 hours
at normal temperature (25C), and the completion point of the reaction
was checked by 19F-NMR. The reaction mixture liquid thus obtained was
washed two or more times with distilled water and then was distilled
under reduced pressure to remove the solvent. The reaction product
was solidified using dichloromethane and hexane.
Diphenyl[(diphenylfurfuryl sulfide)sulfonium triflate]sulfonium
nonaflate (compound C in the following reaction scheme 9) was
obtained from the solidified reaction product, as a white solid in an
amount of 9.2 g (yield: 79%). [Reaction Scheme 9]    Na +
0302(CF2)3CF3   MC 



S + - OSO2CF2CF2CF2CF3 0 CH2SCH2 LC]  (Synthesis Example 5)  47
tetrahydrothiophene 1-oxide, compound A in the following reaction
scheme 10) and 16.32 g (96 mmol) of diphenyl ether (compound B in the
following reaction scheme 10) in dichloromethane in a flask.
The flask containing the reaction mixture liquid was placed in a bath
containing dry ice and acetone, and thus the temperature of the
content of the flask was lowered.        When the temperature of the
dry ice bath reached -40C, 40 ml of triflic anhydride (compound C in
the following reaction scheme 10) was slowly added dropwise to the
flask to prepare a reaction solution.        After completion of the
dropwise addition, while the temperature of the reactor was
maintained at about -40C, the reaction was carried out for 2 hours.
The completion point of the reaction was checked by TLC, and when it
was confirmed that the reaction was completed, the reaction solution
was neutralized with an aqueous solution of K2CO3 to make the
reaction solution alkaline.        The alkaline reaction solution was
washed two times with distilled water, and then the solvent was
evaporated under reduced pressure. The resulting crude reaction
liquid concentrate was purified using dichloromethane and hexane.
Thus, a purified reaction liquid concentrate was obtained.
Cyclopentyl(diphenyl ether)sulfonium triflate (compound D in the
following reaction 10) was obtained from the purified reaction liquid
concentrate, in an amount of 25 g (yield: 64%). 



[Reaction Scheme 101  48    [D]        2) The reaction was carried
out in the same manner as in Synthesis Example 5-1), except that 10 g
(24.6 mmol) of cyclopentyhdiphenyl ether)sulfonium triflate (compound
A in the following reaction scheme 11) produced in Synthesis Example
5-1) and 4.8 g (24.6 mmol) of phenyl sulfoxide (compound B in the
reaction scheme 11) were dissolved in dichloromethane in a flask, and
thus a reaction mixture liquid was prepared. Thus,
diphenyl[cyclopentyl(diphenyloxidyl)sulfonium triflate]sulfonium
triflate (compound C in the following reaction scheme 11) was
obtained as a white solid in an amount of 13 g (yield: 71%).
[Reaction Scheme 11]  OS + - OSO2CF3  [A] 



49        3) lOg (13.5 mmol) of
diphenyl[cyclopentyhdiphenyloxidyl)sulfonium triflate]sulfonium
triflate (compound A in the following reaction scheme 12) produced in
Synthesis Example 5-2) was placed in a flask and was dissolved in
dichloromethane. Subsequently, 2.2 g (6.75 mmol) of nonafluorobutane
sulfonic acid sodium salt (compound B in the following reaction
scheme 12) was dissolved in distilled water, and thus a reaction
solution was prepared.        The reaction solution was stirred for 3
hours at normal temperature (25C). The reaction completion point of
the reaction solution was checked by 19F-NMR. The reaction solution
thus obtained was washed two or more times with distilled water, and
then was distilled under reduced pressure to remove the solvent. The
reaction product was solidified using dichloromethane and hexane.
Diphenyl[cyclopentyhdiphenyloxidyl)sulfonium triflate]sulfonium
nonaflate (compound C in the following reaction scheme 12) was
obtained from the solidified reaction product, as a white solid in an
amount of 9.2 g (yield: 76%).                  1H-NMR(CDCI3-d ):
(ppm) 2.5(m, 4H), 3.6(t, 21-1), 4.2(t, 2H), 7.0-7.2(dd, 41-I), 7.3(d,
21-I), 7.4(d, 2H), 7.6-7.8(m, 10H) [Reaction Scheme 12]  [C]
(Synthesis Example for resin)
3-(Bicyclo[2.2.1]hept-5-en-2y1-3-hydroxypropionic acid t-butyl ester
(BHP), 1-methyladamantane acrylate, and y-butyrolactone methyl
acrylate were filled in a reactor at a molar ratio of 1:1:1, and
1,4-dioxane was used as a polymerization solvent in an amount
equivalent to 3 times the total mass of the reaction monomers.
Azobisisobutyronitrile was used as an initiator at a proportion of 4
mol% relative to the total molar amount of the monomers. The mixture
was allowed to react for 16 hours at 65C.        The reaction
solution after the reaction was precipitated in n-hexane and was
dried in a vacuum, and thus a copolymer represented by the following
formula (6) was obtained. The resin of the following formula (6) had
a weight average molecular weight of 8,500. [Chemical Formula 6] 



51  (Examples and Comparative Examples) Example 1         100 parts
by weight of the resin obtained in the Synthesis Example for resin, 4
parts by weight of triphenylsulfonium triflate (triphenylsulfonium
nonaflate) ether produced in Synthesis Example 1 (compound C in the
above reaction scheme 2) as an acid generator, and 0.5 parts by
weight of tetramethylammonium hydroxide as a basic additive were
dissolved in 1,000 parts by weight of propylene glycol methyl ether
acetate, and then the solution was filtered through a 0.2-j_tm
membrane filter. Thus, a resist composition was prepared. Example 2
A resist composition was prepared in the same manner as in Example 1,
except that diphenyl[(diphenyl diphenyl ether)sulfonium triflate]
[adamantane- 1-carboxylic acid-2,2-difluoro-2-sulfoethyl
ester]sulfonium salt produced in Synthesis Example 2 (compound C in
the above reaction scheme 3) was used as the acid generator. Example
3         A resist composition was prepared in the same manner as in
Example 1, except that diphenyl[(diphenyldiphenoxyethane)sulfonium
triflate]sulfonium nonaflate produced in Synthesis Example 3
(compound C in the above reaction scheme 6) was used as the acid
generator.  52 Comparative Example 1  



A resist composition was prepared in the same manner as in Example 1,
except that triphenylsulfonium triflate was used as the acid
generator. (Properties evaluation of Examples and Comparative Example
1)        Each of the resist compositions of the Examples and
Comparative Example was applied on a substrate using a spinner, and
the resist composition was dried for 90 seconds at 110C to form a
film having a thickness of 0.20 )tm. The film thus formed was exposed
using an ArF excimer laser stepper (lens aperture number: 0.78), and
then was heat treated at 110C for 90 seconds.        The resist film
that had been subjected to the exposure and heat treatment processes
was developed for 40 seconds with a 2.38 wt% aqueous solution of
tetramethylammonium hydroxide, and was washed and dried to form a
resist pattern.        It was confirmed that the developability of
the resist composition using an aqueous solution of
tetramethylammonium hydroxide and the adhesiveness of the resist
pattern to a substrate were satisfactory.        The results of the
properties analysis of the Examples and Comparative Example are
presented in the following Table 1.        In the case of the LER in
the following Table 1, a 0.10-)tm line-and-space (L/S) pattern was
formed after development, and the roughness of the pattern was
observed. The degree of improvement in terms of the LER was evaluated
on the basis of a five-grade criteria from 1 to 5, relative to the
pattern obtained in Comparative Example 1 which was rated as 1. A
larger number means superior LER.        The sensitivity in the
following Table 1 was measured by designating the amount of exposure
which forms a 0.10-)tm line-and-space (L/S) pattern at a line width
53 of 1:I after development, as the optimum amount of exposure, and
the optimum amount of exposure was designated as the sensitivity. The
minimum pattern dimension resolved at this time is indicated as the
resolution. [Table 1] 



Resin (100 parts by weight) PAG type Content of PAG (parts by weight)
Base (parts by weight) Sensitivity (nJ/cm2) Resolution (nm) LER
Example 1 Copolymer of 



Synthesis Example for resin Compoundof Synthesis Example 1 4 0.5 14
60 4 Example 2 Copolymer of Synthesis Example 



for resin Compoundof Synthesis Example 2 4 0.5 13 80 3 Example 3
Copolymer of Synthesis Example for resin 



Compoundof Synthesis Example 3 4 0.5 12 70 3 Comparative Example 1
Copolymer of Synthesis Example for resin Triphenylsulfonium triflate
4 



0.5 17 90 1  Comparative Example 2         100 parts by weight of the
resin obtained in the Synthesis Example for resin,
di[triphenylsulfonium triflate] ether produced in Synthesis Example
1-1 (formula (7) shown below) as an acid generator, and 0.5 parts by
weight of tetramethylammonium  54 hydroxide as a basic additive were
dissolved in 1,000 parts by weight of propylene glycol methyl ether
acetate, and then the solution was filtered through a 0.2-jim
membrane Filter to prepare a resist composition. (Properties
evaluation of Example 1 and Comparative Example 2)        Each of the
resist compositions was applied on a substrate using a spinner, and
the resist composition was dried for 90 seconds at 110C to form a
film having a thickness of 0.20 1..tm. The film thus formed was
exposed using an ArF excimer laser stepper (lens aperture number:
0.78), and then was heat treated at 110C for 90 seconds.        The
resist film that had been subjected to the exposure and heat
treatment processes was developed for 40 seconds with a 2.38 wt%
aqueous solution of tetramethylammonitun hydroxide, and was washed
and dried to form a resist pattern. 



It was confirmed that the developability of the resist composition
using an aqueous solution of tetramethylammonium hydroxide and the
adhesiveness of the resist pattern to a substrate were satisfactory.
In the case of the LER in the following Table 2, a 0.10-jtm
line-and-space (L/S) pattern was formed after development, and the
roughness of the pattern was observed. The degree of improvement in
terms of the LER was evaluated on the basis of a five-grade criteria
from 1 to 5, relative to the pattern obtained in Comparative Example
2 which was rated as I. A larger number means superior LER.
The sensitivity in the following Table 2 was measured by designating
the amount of exposure which forms a 0.10-pm tine-and-space (L/S)
pattern at a line width of 1:1 after development, as the optimum
amount of exposure, and the optimum amount of exposure was designated
as the sensitivity. The minimum pattern dimension resolved at this
time is designated as the resolution.  55 [Table 2]  Resin (100parts
by weight) PAG type Content of PAG (partsby 



weight) Base (partsby weight) Sensitivity (mJ/cm2) Resolution (am)
LER Example 1 Copolymer of Synthesis Example for resin Compound of
formula (8) below 4 



0.5 14 60 4 Comparative Example 2 Copolymer of Synthesis Example for
resin Compound of formula (7) below 4 0.5 12 90 



1  [Chemical Formula 7]  [Chemical Formula 8]  56         According
to the results shown in Table 2, in the case of Comparative Example 2
in which the compound represented by the formula (7) was applied as a
photo-acid generator, the sensitivity, resolution and LER were all
poorer than in the case of Example 1. Thus, it could be confirmed
that even though a sulfonium compound has two acid sites, if the
sulfonium compound has identical anionic moieties, the sulfonium
compound has inferior properties.        While preferred embodiments
of the invention have been described and illustrated above, it should
be understood that these are exemplary of the invention and are not
to be considered as limiting. Additions, omissions, substitutions,
and other modifications can be made without departing from the spirit
or scope of the present invention. Accordingly, the invention is not
to be considered as being limited by the foregoing description, and
is only limited by the scope of the appended claims.  57 What is
claimed is: 



1.A sulfonium compound represented by the following formula (1):
[Chemical Formula 1] R1 R2-S + - B R3 X R4 R5-S+ -A wherein X
represents an electron-donating group;        RI and R2 each
independently represent any one selected from the group consisting of
an alkyl group, a cycloalkyl group, an aryl group, a heteroalkyl
group, a heterocycloalkyl group and a heteroaryl group, or R1 and R2
may be joined, together with the sulfur atom to which RI is bonded,
to form a heterocycloalkyl group having 2 to 7 carbon atoms;
R3 and R4 each independently represent any one selected from the
group consisting of an arylene group and a heteroarylene group;
R5 and R6 each independently represent any one selected from the
group consisting of an alkyl group, a cycloalkyl group, an aryl
group, a heteroalkyl group, a heterocycloalkyl group and a heteroaryl
group, or R5 and R6 may be joined, together with the sulfur atom to
which R5 is bonded, to form a heterocycloalkyl group having 2 to 7  



58 carbon atoms; and K and IT represent anions that are different
from each other.  2. The sulfonium compound according to claim 1,
wherein the anions A- and if each independently represent any one
selected from the group consisting of a sulfonate anion, an imide
anion, a methide anion, an alkyl halide anion, a carboxylate anion,
an iodonium anion and a sulfonylimide anion.  3. The sulfonium
compound according to claim 1, wherein the anions A- and if each
independently represent any one selected from the group consisting of
compounds represented by the following formulas (1-1), (1-2) and
(1-3): [Chemical Formula 1-1]    wherein in the formula (1-1),
Q t, Q2, Q and Q each independently represent any one selected from
the group consisting of a hydrogen atom, a halogen atom and an alkyl
group;        Y, represents any one selected from the group
consisting of an alkanediyl group, an alkenediyl group, NR, S, 0, CO
and combinations thereof, while IC represents any one selected from
the group consisting of a hydrogen atom and an alkyl group;
Y2 represents any one selected from the group consisting of a
hydrogen atom, an alkyl group, a heterocycloalkyl group, an aryl
group, a heteroaryl group, an alkyl group, a heteroalkyl group, an
allyl group, a perfluoroalkyl group, a haloalkyl group and an 



59 alkylsulfonyl group; n represents an integer from 0 to 10; m
represents an integer from 0 to 10; and 1 represents an integer from
0 to 5; [Chemical Formula 1-2]  wherein in the formula (1-2),
Y3 and Y4 each independently represent any one selected from the
group consisting of an alkanediyl, an alkenediyl, NW, S, 0, CO, 02S
and combinations thereof, while R represents any one selected from
the group consisting of a hydrogen atom and an alkyl group;
Y5 and Y6 each independently represent any one selected from the
group consisting of a hydrogen atom, an alkyl group, a
heterocycloalkyl group, an aryl group, a heteroaryl group, an alkyl
group, a heteroalkyl group, an allyl group, a perfluoroalkyl group, a
haloalkyl group and an alkylsulfonyl group; o represents an integer
from 0 to 5; and p represents an integer from 0 to 5; and [Chemical
Formula 1-3]  



60 Y7 -C-Y8 Y9 wherein in the formula ( -3),         Y7, Ys and Y9
each independently represent any one selected from the group
consisting of a hydrogen atom, an alkyl group, a heterocycloalkyl
group, an aryl group, a heteroaryl group, an alkyl group, a
heteroalkyl group, an allyl group, a perfluoroalkyl group, a
haloalkyl group and an alkylsulfonyl group. 4.The sulfonium compound
according to claim 1, wherein the anions A- and if each independently
represent any one selected from the group consisting of 0S02Ch-,
0S02C4F9 , 0S02C8F17-, N(CF3)2 N(C2F5)2-, N(C4F9)2 C(CF03-, C(C2F5)3
C(C4F9)3- and a compound represented by the following formula (1-4):
[Chemical Formula 1-4] 0 Qs R120 IIIIH  o=s c c 0(Ri-)r-Yio -0 Q6 R13
wherein in the formula (1-4), 



Y10 represents any one selected from the group consisting of a
cycloalkyl group, a heterocycloalkyl group, an aryl group, a
heteroaryl group, an alkyl group, a heteroalkyl group, an allyl
group, a perfluoroalkyl group, a haloalkyl group and an alkylsulfonyl
group;  61        RI, represents any one selected from the group
consisting of an alkanediyl group, an alkenediyl group, NT, S, 0, CO
and combinations thereof, while R' represents any one selected from
the group consisting of a hydrogen atom and an alkyl group;
R[2 and R13 each independently represent any one selected from the
group consisting of a hydrogen atom and an alkyl group having Ito 8
carbon atoms; r represents an integer from 0 to 5; and Q and Q each
independently represent a halogen atom.  5. The sulfonium compound
according to claim 1, wherein the anion A- represents any one
selected from the group consisting of 0S02CF3-, OSO2CF2CF2CF2CF3- and
an anionic moiety represented by the following formula (1-5), and
the anion B- represents any one selected from the group consisting of
0S02CF3', OSO2CF2CF2CF2CF3- and an anionic moiety represented by the
following formula (1-5): [Chemical Formula 1-51   6. The sulfonium
compound according to claim 1, wherein R3 and 12.4 each independently
represent any one selected from the group consisting of groups
represented by the following formulas (2-1) and (2-2): [Chemical
Formula 2-1] 



62  [Chemical Formula 2-2] R23  se p r M2 4 EL&-25 5, wherein in the
formula (2-1) and formula (2-2),           R21, R22, R74 and R25 each
independently represent any one selected from the group consisting of
a single bond, an alkanediyl group having 1 to 5 carbon atoms, and an
alkenediyl group having 2 to 5 carbon atoms; and R23 represents any
one selected from the group consisting of -0- and -S-.  7. The
sulfonium compound according to claim 1, wherein the
electron-donating group is any one selected from the group consisting
of -0-, -S-, -OCH2-, -OCH20-, -OCH2CH20-, -0(C61-14)0-, -C1-12SCH2-
and -S(C6H4)S-.  8. The sulfonium compound according to claim 1,
wherein the sulfonium compound represented by the formula (1) is any
one selected from the group consisting of compounds represented by
the following formula (3-1), formula (3-2) and formula (3-3):
[Chemical Formula 3-1]  



QB x3 A R6 [Chemical Formula 3-2] R-1 R2-S B ----027,-X33z34i x32\ R5
-S+" A R6  [Chemical Formula 3-3] 



64  ',1  wherein in the formulas (3-1) to (3-3),          X31
represents any one selected from the group consisting of -0-, -S-,
-OCH20-, -0042CH20-, -0(C6H4)0-, -CH2SCH2- and -S(C6H4)S-;
X32 and X34 each independently represent any one selected from the
group consisting of-O- and -S-;          X33 represents any one
selected from the group consisting of -0-, -S-, -OCH2-, -OCH20-,
-OCH2CH20-, -CH2SCH2- and -CH2SCH2-;        RI and R2 each
independently represent any one selected from the group consisting of
an alkyl group, a cycloalkyl group, an aryl group, a heteroalkyl
group, a heterocycloalkyl group, and a heteroaryl group;          R5
and R6 each independently represent any one selected from the group
consisting of an alkyl group, a cycloalkyl group, an aryl group, a
heteroalkyl group, a heterocycloalkyl group and a heteroaryl group,
or R5 and R6 may be joined, together with the sulfur atom to which R5
is bonded, to form a heterocycloalkyl group having 2 to 7 carbon
atoms; and A- and if represent anions that are different from each
other  



65 compound represents any one selected from the group consisting of
compounds represented by the following formula (4-1) to formula
(4-6): [Chemical Formula 4-H  [Chemical Formula 4-2]  [Chemical
Formula 4-3]   [Chemical Formula 4-4]    



[Chemical Formula 4-51  13       X^ I3 jX 341 --- x32   67 [Chemical
Formula 4-61  wherein in the formulas (4-1) to (4-6),           X31
represents any one selected from the group consisting of -0-, -S-,
-OCH20-, -OCH2C1-120-, -0(C61-I4)0-, -CH2SCH2- and -S(C61-14)S-; 



X32 and X34 each independently represent any one selected from the
group consisting of -0- and -S-;           X33 represents any one
selected from the group consisting of -0-, -S-, -OCH2-; -0C1-120-,
-OCH2CH20- and -CH2SCH2-;           R41, R425 R43 and R44 each
independently represent any one selected from the group consisting of
a hydrogen atom, an alkyl group having 1 to 5 carbon atoms, and a
halogenated alkyl group having 1 to 5 carbon atoms; nl, n2, n3 and n4
each independently represent an integer from 1 to 5; and N and 13-
represent anions that are different from each other.  10. A
photo-acid generator comprising the sulfonium compound according to
any one of claims Ito 9.  11. A method for producing a sulfonium
compound, the method comprising:  68 react with a compound
represented by the following formula (11), and thereby producing a
compound represented by the following formula (12);        a second
step of allowing the compound represented by the formula (12) to
react with a compound represented by the following formula (13), and
thereby producing a compound represented by the following formula
(14); and        a third step of allowing the compound represented by
the formula (14) to react with a compound represented by the
following formula (15), and thereby producing a compound represented
by the following formula (1): [Chemical Formula 10] 



[Chemical Formula 11] R3 XR4 R2 [Chemical Formula 121 R1 S + - B
R3 



X R4 [Chemical Formula 13]         0 R5- R6 [Chemical Formula 14] R2S
- B R3 X R4 S - B R6 [Chemical Formula 15] 



M+ _A [Chemical Formula 1]   wherein in the formulas (I) and (10) to
(15),  70        RI and R2 each independently represent any one
selected from the group consisting of an alkyl group, a cycloalkyl
group, an aryl group, a heteroalkyl group, a heterocycloalkyl group
and a heteroaryl group, or R[ and R2 may be joined, together with the
sulfur atom to which RI is bonded, to form a heterocycloalkyl group
having 2 to 7 carbon atoms;         R3 and R4 each independently
represent any one selected from the group consisting of an arylene
group and a heteroarylene group;         R5 and R6 each independently
represent any one selected from the group consisting of an alkyl
group, a cycloalkyl group, an aryl group, a heteroalkyl group, a
heterocycloalkyl group and a heteroaryl group, or R5 and R6 may be
joined, together with the sulfur atom to which R5 is bonded, to form
a heterocycloalkyl group having 2 to 7 carbon atoms; A- and W
represent anions that are different from each other; and        M
represents any one selected from the group consisting of lithium
(Li), sodium (Na), potassium (K) and silver (Ag). 




