SULFONI UM COVPOUND, PHOTO- ACI D GENERATOR, AND METHOD FOR

MANUFACTURI NG THE SAME BACKGROUND OF THE | NVENTI ON Fi el d of the

| nvention The present invention relates to a sul fonium
conpound having two acid sites that progduce two different photo-acid
generators in one nol ecule, a photo-acid generator containing the

sul f oni um ceTPSONIUMIDOMPOENIR® H{OTORLOEGEMNERATR) RHOUD-METHOD FOR
generator. Mre particularly, the present invention relates to a

sul f oni um conpound whi ch canagddnessruRevagrant §anpt using a mxture
of two different photo-acid generators, has excellent conpatibility
with the resist, and can produce an excellent resist pattern when
applied as a photo-acid generator, and to a photo-acid generator

cont ai ni ng t I i d a nmethod for producing the

sul f oni u&%@%ﬁ%&ﬁ&%&g@lﬁl ated Art Sem conduct or

m croprocessi ng technol ogies utilize |ithographic processes, and in
such | it h&idphibe Iprestiesses, chenically anplified resist compositions
are extensively used. Such a chemcally anplified resist conposition
contai ns a phot thaprdegenesmioarrelawditohe sidfaminrpopoond apahg ewofacid sites
generating an acid when irradiated with |ight. When such a
phot 0- aci ¢hag pRRAIBE B0 AFRAIPPhdtb AL %]elﬂ@itatd@ il bARAbRERE, 4 Phco-acid generator
sem conduct or patterni ng process, the photo-acid generator generates
an acid. sie ni Ech .
phot o- aci 8015%1r?1en|gatﬁbe} E?Iﬁ;}lﬁgﬁo%grﬁ sngf tﬂ?sggéétrhggg%ﬁi%to guééﬂ at? ‘:; n]jo]tocffwrlr%1
or a radical form,as a resul f light irradiatjon, and exi.ts in a

di 11 er ant Etsragtl Moot he ata ovhiivar Hleba th HEOHHRoegiodad
so that diffusion of acid occurs on the resist filmat the time of
waf er bakMishamn addiepythe problem phusiag papixture of two differephphaso-geidgenerators,
generator exerts direct influence on the resist pattern

char act er hst exssllenictongmtibitiey matbothatreosi, amt cdii pedodygen cacdlenessis( p&Rn
of resists, due to various characteristic factors such as the ability
t o absor bwhie@hppliddgs agindtogdasie eatidradr, efili ©f £payto-delie gelietdibis t@faining the
capability of the generated acid, and the strength o% the anionic

aci d. 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



A conventional photo-acid generator has a nol ecul ar structure which

i s capable of generating only one type of acid. Thus, in order to
obtain a high degree of resolution, when acid generators having al

of the characteristics such as high diffusibility, lowdiffusibility,
hi gh permeability and | ow perneability are needed, the process of

m xi ng acigadi@fer ators and using a m xture thereof has been
conplicated and troubl esone. Furthernore, in the case of using a

m xture of aci dTE@“Eﬁ&B%% éeﬂ@ra@?' S QRNQKALONNNRY: Nh BR URidiOaidn
m xed in the resist, thereby rather causing a problemthat a reS|st

pattern haﬂérnnrgcgn{ilﬁfcfs %L@O?pﬁ{eal%g St L& hﬁ@%g%) ghﬁ%{%@féﬁ?ﬂ RE) r?smtéb‘sdu%rb

exanpl e of b-4dcid genera ors ation

No. 10-2006- 00133676 di.scl oses ent by, the.

fol | owi ng YREPHUFREaqRESER %PPISFBPMS"FI‘?O& yofo aotp ggjzt vk}a%ragﬁdng%@erahon
represents an al kyl ene group or, a substituted al kyl ene group

r epr esent sfficicngsr e diffestoryeapaiplivact the 85“@1@“33@C@a?%ﬂleaﬁﬁf@ﬁﬁhaﬁdhe anionic
containing one or nore aromatic rings; QL and @ each independently
repr esent aeidf | uori ne atomor a perfluoroal kyl group having 1 to 6
carbon atons; A ] represents an organic counterion; and n represents

Oor 1. 3 A conRertitRh ot@écﬁﬂ@eﬁmaﬂ@h@s’iﬁ\nﬁ@&ﬁ&? stNILicORlicR s dpable
10- 2007- 0062926 fil ed by in-Etsu Chem cal Co., Ltd. discloses a

%?E%%‘é%ﬁ%éﬁ%&@%%%i*%l&ﬁeéﬁ#ﬁ R D e

1to 20 b h 6 to 15 b .
v o oary ! AEBRe SHOHRSAR B, A BOT R Po
l'ithiumion sodi umion, a, potassiumion, an amoni umion,

t et r amet hwi"&wr%h%hﬁghdwrmeablhw ang flowgpegmeatility e F‘PPqu\ethSeﬁ‘%?ﬁSS of Mmixing
application filed by Shin-Etsu Chemcal Co., Ltd. that the sulfonic
aci d repr esidngandratys tand wdday/ e hitural thersah hax hedi torsplicateyl ard diotlesmae.
can have a variety of substituents introduced thereinto, and that the
degr ee of Furthad@m,iif thdeasdedivging of mimlueaiflaeid genbiagits, 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]

O Q0
+A-0- S O—XnY
O Qo

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; Q, and Q, each independently represent a fluorine atom or a perfluoroalkyl group

. + . .
having | to 6 carbon atoms; A” represents an organic counterion; and n represents 0 or 1.



However, the conventional constitutions of photo-acid generators have
problens that, in order to obtain high resolution, a photo-acid
generator having a high diffusion rate and a photo-acid generator
having a | ow di ffusion rate, and a photp-acid generator having high
perneability and a photo-acid generator having | ow perneability need
to be used in mMxbrotker ekample, Wreennt Mager Apglicetidn as 1020ph0062%6 filed by
generators are used as a mxture in order to obtain a photo-acid

gener at or ShavERG CRthicaldCet, oM. st af koibssdseiestfel bed (B Q¥Bowing
there is a problemthat it is difficult to obtain uniform

conpati bi lgit.y,i.n the resist. SUMVARY OF THE | NVENTI ON An

obj ect of the present invention is to provide a sul foni um conpound
whi ch can give ﬁpﬁattqr mﬁ%? hi gh resol ution and has uniform and
excel | ent conpati ????JQWFP 4 other conponents in the resist, a
phot o- aci d 8enerator, and a nethod for producing the sul fonium
corrpound.RE OOCH A b6 e by QsoMan aspect of the present invention,
there is provided a sul foni um conpound represented by the foll ow ng
fornul a ( WherdiiCRe mépedenSomralityd gtdup hvargel o 2hhearhen atomsusmaryll proul having
represents an el ectron-donati ng group; 121 and R2 each

i ndependemst loy 13 epfresentmanyr arnetesedrelc bedpf kaving heaogroupbownsind;i aad B
an al kyl group, a cycloal kyl group, an aryl group, a heteroaryl

group, a hehekAcYs!IARkY o #4BdiARd idh, NELBleaiMl i@l AMPam@onRim a8 &2a
may be joined, together with the sulfur atomto which Rl is bonded,

to forn1atgg%%h%ﬁ%%ﬁﬁgﬁéyhngroup having 2 to 7 carbon atons;

It is described in the patent application filed by Shin-Etsu Chemical Co., Lid.
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 difficuit 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



R3 and R4 each independently represent any one selected fromthe
group consisting of an arylene group and a heteroaryl ene group;

R5 and R6 each independently represent any one selected fromthe
group consisting of an al kyl group, a gycloal kyl group, an aryl

group, a heteroal kyl group, a heterocycloal kyl group and a heteroaryl
group, orotRer astlpdientIEy the rgstt,nephotd-agidt deaeratir! dhd D nicli@dsfol Hroduaingnhe
to which R5 is bonded, to forma heterocycl oal kyl group having 2 to 7
car bon atQQOdﬁubﬁ%%&gylVVrepresent anions that are different from
each ot her. he anions Al and EV may each independently

o, an | m g GAang 4 ofapkihist I, GRRUELFERUT P Srodidtl i MR

anion, an imde an ani‘on, a
ul fonyli m de ani on.

car boxyl ate ani gn, an iqdonjum ani. on. and S

The anicwﬁPWQOWHﬁGQVWWﬁyagHéhGEﬂ@@ﬂ&ﬁ&@ﬁ?%@lyepresent any one sel ected
fromthe group selected fromthe group consisting of anionic noieties
represent ed by [Ihemicsl Femwg 1t ormul as (1-1), (1-2) and (1-3):

[Chem cal Fornmula 1-1] 0 @ 04 [1{I I -Cs CC

Rs—S +-A

|
Res

wherein in the formula (1),

X represents an electron-donating group;

R and R, 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 Ry and R, may be joined, together with
the sulfur atom to which R; is bonded, to form a heterocycloalkyl group having 2 to 7
carbon atoms;

R; and R4 each independently represent any one selectéd from the group
consisting of an arylene group and a heteroarylene group;

Rs and Rg 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 Rs and Rg may be joined, together with



11' nm 0Q 103 wherein in the fornmula (1-1), QL, @@, Qand 4 each

i ndependently represent any one selected fromthe group consisting of
a hydrogen atom a hal ogen atom and an al kyl group; V, represents
any one selected fromthe group consisting of an al kanediyl group, an
al kenediyl group, NR, S, 0, CO and conbi nations thereof; W

r epr esent theasnjfuomensel whick R ;f is bonddie tqg farmpa betesicstloalgylofroap hyding geto 7
atom and an al kyl group; Y2 represents any one selected fromthe

group congi:séd i8mefar@ hydrogen atom an al kyl group, a
het er ocycl oal kyl group, an aryI group, a heteroaryl group, an al kyl

group, a heter ogl lB‘%p}P% l?sjtm{tlaugﬂ@fépent froRELdch vafpal kyl group, a
hal oal kyl group an a y ? onyl group; n represents an integer
fromO to 10; ip re res nts gn integer fromQ to 10 .and 1 r

an integer fr orrﬂ?f gge [?ﬂﬁie wgy © Wﬂ?%en? AR R 7 £i63 Hbh?
wherein in the fornula (1-2),. Y3 and Y4 each independently represent
any one sE¥eEPER CPRGHTHNEHY @rsb]tﬁ?flaéf‘o ARIPRL fThimEke apoth| & HISEHHS, pnighotip alkyh
al kenediyl group, NR, S. 0, CO 025 and conbi nations thereof; R

r epr esent kalagigyanonea sebextled aficonart ihdorgnmupicpomdiasi fngy lohida ahiybdr ogen
atom and an al kyl group; Y5 and Y6 each independently represent any
one sel ected frDig ddiensgADaRl BOmay shdnigdeiendertlydicpgsentaing ne aaleated Ylom
group, a heterocycl oal kyl group, an aryl group, a heteroaryl group,

an al kyl glreoélgup %el@@ﬂ:@ riRsh kil %pruébnsﬁﬂn | e Yani@Hi© WibictisPRepicbd@0 8 kid
group, a haloalkyl group and an al kyl sul Tonyl group; o represents” an

i nteger f { s an integer fromO to 5; and
[ Chem calf qun %r u@??p%{)?d 2?W@g§)mherer ninthe formua (1-3), Y7,
Y8 and Y9 each dependent present any one selected fromthe
group consistin@ﬂﬁﬁnﬁﬁg ‘Hééﬁ atom an al kyl group, a

het erocycl oal kyl group, an aryl group, a heteroaryl group, an al kyl
group, a heterqglkyl oup gn allyl group, a perfluoroal kyl group, a
hal oal kyl grouplan y Tlfpnyl group

S[| Yo

| n
0 Q4 (33

wherein in the formula (1-1), Qy, @2, Q3 and Q4 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, O, CO and combinations thereof; R' represents any one
selected from the group consisting of a hydrogen atom and an alkyl group; Y, 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; m represents an integer from 0 to 10; and |
represents an integer from 0 to 5;

[Chemical Formula 1-2]



The anions A- and B- nmay each independently represent any one
selected fromthe group consisting of 0S02CF3-, 0S02C4F9-, 0802C8F12
, N(CF3)2-, N(C2F02 N(C4F9)2 , C(CF3)3-, ge2F03-, C(C4F9)3- and an
anionic noiety represented by the 7 faojlowing fornmula (1-4):
[Chemical Formula 1-4] 0 0 & R12 IIIl 0=S-C011 (R11)r-Y10 IIl -0
06 R13 wherein in the fornula (1-4), Yto represents any one sel ected
fromthe group n i sty.ng of a cycl oal kyl group, a heterocycl oal kyl
group, an aryl \£5heteroaryl group, an al kyl group, a

het er oal kyl -}§ oup, an allyl group, a perfluoroal kyl group, a

hal oal kyl grou an al kyl sul fonyl group; RL1 represents any one
sel ected fromth‘é;;%(ru 6c0n5| sting of an al kanedi yl group, an

al kenedi yl group, , S, 0, CO and conbi nations thereof; R
represents any one selected fromthe group consisting of a hydrogen

atom and an al kyl each, i ndependent|ly represent, an
one sel ect@yigi} éﬂﬁhtel‘f@”g?léﬁl %oﬁ%?g‘%%ﬁ mé[ePﬁfﬁ g‘é 5%8% Prgyelecte

al kyl group having 1 to 8 carbon atom; r represents an integer from
0to 5; Qfmtmlemhomw@geﬁw@rﬁlka,nembgmn@n alkpagdiyeaiow, K, S, O, CO,
N may be any one selected fromthe group consisting of 0S02CF3-,

OS2 CF2CFZER2a8 3ombdidtians thareofii R' mapkestnys angprresehted fom thvegrbop konsisigg
formula (1-5), and the anion Wmay be any one sel ected fromthe group

consi sti ngrafy %%gﬁ%m af R4 AGr3 @:Z\Ql'_a%d mcﬁﬂlc@&lﬁi@h@y @k any one

represented by the follow ng formila (1-
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 perfluoroalky!l 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—Vq

|
Yo

wherein in the formula (1-3), Yy, Y and Yy each independently represent any one
sclected 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 OSO,CF3', OSOC4Fy, OSO;CsFi7, N(CF3)y, N(CiFs)y,

N(C4Fs)y, C(CF3)3’, C(CaFs);, C(CsFs)y” and an anionic moiety represented by the



[ Chem cal

Formula 1-5] 0 - 0-g-CF2 0" \-0 8 R3 and R4 may

each independently represent any one selected fromthe group

consi sting of groups represented by the followng fornulas (2-1) and
(2-2): [Chem cal Formula 2-1] [Chemigal Formula 2-2] |-R24 11"..)
R2

following formula (1-4):

[Chemical Formula 1-4]

wherein in the formula (1-4), Yo 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 heteroalky!l group, an allyl group, a perfluoroalkyl group, a haloalkyl group
and an alkylsulfonyl group; Ry, represents any one selected from the group consisting of
an alkanediy! group, an alkenediyl group, NR', S, O, CO and combinations thereof; R’
represents any one selected from the group consisting of a hydrogen atom and an alkyl
group; Rj» and Ry; 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; Qs and Qg each independently represent a halogen
atom,

A" may be any one selected from the group consisting of OSO,CFy,
0S0,CF,CF,CF,CF5 and an anionic moiety represented by the following formula (1-5),
and the anion B” may be any one selected from the group consisting of OSO,CF3,
0S0,CF,CI,CF,CF5 and an anionic moiety represented by the following formula (1-5):

[Chemical Formula 1-5]

O

il
-O_“_CF2
—0

o



wherein in the formulas (2-1) and (2-2), R2[, R22, R24 and R25 each

i ndependently represent any one selected fromthe group consisting of
a single bond, an al kanediyl group having 1 to 5 carbon atons, and an
al kenediyl group having 2 to 5 carbon ajons; and R23 represents any
one selected fromthe group consisting of-O and -S-. The

el ect ron- donat i Rg agdl ®UPnABYaddEndENEnQaRIySEhReéR dinf rodd skhreted rfednp the group
consisting of-O, -S, -OCH20-, -OCH2CH20-, -0(C6F14)0-, -CH2SCH2-,

- S(C6F14) 3 nmﬁirﬁg 09%%@&5}3‘?&5%@ rawsie i%l’lo%vih% fBﬂhlthé’\(ng) Jngr(m%i)]as (3-1)

to (3-3): [Chem'ca rmil a 3- X31 R5- em cal

Fornmul a 3- 2] Rl[(ﬁ?emwai%o?t%éla 2>—<{]

[Chemical Formula 2-2]

i/st
gf Rag " st‘“fs

wherein in the formulas (2-1) and (2-2), Rai, Ry, Rag and Rys 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 Ry; 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 -0-, -S-, -OCH,-, -OCH,0-, -OCH,CH;0-, -O(CsH4)O-, -CH,SCH,-, -S(CsH4)S-, and
groups represented by the following formulas (3-1) to (3-3):

[Chemical Formula 3-1]



R5-S+- A R6 [Chemi cal Forrmula 3-3] nyX33,N(X34 A R6 10 wherein in
the formulas (3-1) to (3-3), X31 represents any one selected fromthe
group consisting of -0-, -S-, -OCH2-, -OCH20-, -OCH2CF120-,
-0(C6F14) 0-, -CH2SCH2- and - S(C6F14) S- 5 X32 and X34 each

i ndependently represent any one selected fromthe group consisting of
-0- and -S-; represents any one selected fromthe group

consi sting oﬂiﬁ?ﬁ, -S, -0OCH2-, -0OCH20-, -0CH2CH20-, -CH2SCH2- and

- CH2SCH2-; RI“-aRd "R each independently represent any one sel ected
fromthe group donsisting of an al kyl group, a cycloal kyl group, an

aryl group, a roal kyl group, a heterocycl oal kyl group and a
het eroaryl grqup; |R5 and R6 each i ndependently represent any one
sel ected from group consisting of an al kyl group, a cycl oal kyl

group, an aryl/group, a heteroal kyl group, a heterocycl oal kyl group
and a hetero I group, or R5 and R6 nmay be joined, together with the

sul fur atomto ich R5 is bonded, to forma heterocycl oal kyl group
having 2 to 7 [icarfhon atons; and A" and Wrepresent anions that are
different fromeaeh other. The sul f oni um conmpound descri bed

above may be any one selected fromthe group consisting of conpounds
represented by the followng fornmulas (4-1) to (4-6): [Chem ca
Formula 4- Y5 S% - 18

Rg
[Chemical Formuia 3-2]
R;
|
R,—S""B

N X33 K34
Baly

X32
|
R5“"S'+_ A

Rg

[Chemical Formula 3-3]
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N\ X X
wa 33\<j
Xa2 \
|
RSWS*JF“A



Xx31 | S+-

[ Chem cal

A (R4713rn3 [Chemical Formula 4-2] ( R41) (R42 )n2 X31
Formul a 4- 3]

10

wherein in the formulas (3-1) to (3-3), X3, represents any one selected from the group
consisting of -O-, -S-, -OCH;-, -OCH,0-, -OCH,CH,0-, -O(Cel14)0O-, -CH,SCH,- and
-S(CsH,)S-; X537 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-, -OCH;-, -OCH;0-, -OCH,CH;0-, -CH;SCH,- and -CH>SCH;-; R and R; each
independently represent any one selected from the group consisting of an alkyl group, a
cycloalky!l group, an aryl group, a heteroalkyl group, a heterocycloalkyl group and a
heteroaryl group; Rs and Rg 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 Rs and Rs may be joined, together
with the sulfur atom to which Rs is bonded, to form a heterocycloalky! group having 2 to
7 carbon atoms; and A" and B 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 4-1]

\(Rtu)nl

(R42)ﬂ2 | )
Ve N
O‘S*'B

| AN
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X31

\\

CF*”A

R43 /GRLM

[Chemical Formula 4-2]



x31 a s+-A [Chemical Fornula 4-4] (R4 ( R42 )112 ----.N
4-5] (R42 )112

/x34 St-A 10743 ( t,n )1n3 [Chem cal Formul a

11

3
Y-8
/

9

[Chemical Formula 4-3]

<::2;B
»

X3y

N
N

[Chemical Formula 4-4]

"--)(33



3/34 ---)C21 A[Chemical Formula 4-6] S13 f1-X33 X34 CDI/I | "A
wherein in the formulas (4-1) to (4-6), X3l represents any one
selected fromthe group In

12
\&Rcu)ni
(R42)'12 | /
(1
~—S" B
| \//X33\X34

Crsﬁ

R43 /(' R44)114

[Chemical Formula 4-5]

\&RM)HI
(R42)nz | o
[ ] $B
/
| \7/X33 X4
X3z N\

wherein in the formulas (4-1) to (4-6), X5, represents any one selected from the group

consisting of -O-, -S-, -OCH;-, -OCH,0-, -OCH;CH,0-, -O(CgH4)O-, -CH,SCH,- and



S(C6144)S-; X32 and X34 each independently represent any one sel ected
fromthe group consisting of -0- and -S-; X33 represents any one

sel ected fromthe group consisting of O0O-, -S-,-0CH20-, -OCH2CH20-
and - CH2SCH2-; R41, R423 R43 and R44 eagh independently represent any
one selected fromthe group consisting of a hydrogen atom an al kyl
group hav LS(@gﬂL;)SO %,,Gad0) catpiRlepaidentdy hataganalasheakkyleddgr@biphe group
having 1 to carbon atonms; ni, n2, n3 and n] each independentl|y

represent c&ﬁlgu g%@eb eyl >&39 éyres@ﬂ@ aﬁb o%eqel\é%te@%% a{et B 9&%&&@&

are different on1each ot he According to anoth er aspect of
the prese r ed achd a
contalnlnag?' "Ek¥§n|&¥ﬂ%§ﬁpéﬁgg‘eﬁﬂg cﬁ&ﬁ?%k%h bﬂgh%ﬁh%%{Rgbam
of the present ention, there is gV| a nethod for gu0|ng
the sul f oHIsRs SR TRcSaRSR] 056 deRpEY dro 6&50?91%9‘1568%8 hydiogen gigm,

of allow ng a conpound represented by the fol|ow n fornula (10) to
react wit hnalkybamondvingpr estearben ppmshend o halogdnatpdfadeharevn havinghdo 5
t her eby produci ng a conpound represented by the followi ng fornula
(12); a sesxbod amhepngfin,ahd o mgatihmdepydenthdrepepemsanhedebiromhleto 5; and
formula (12) to react with a conpound represented by the foll ow ng

fornula (A3hnd Bnﬁpﬁéa@fﬁ%ﬁwn@E}@dﬂ&ldﬂ@e@nﬁ%ﬂ@@mpbm&present ed by the
following formula (14); and a third step of allowi ng a conpound

represent ed by WGl ?E@f’é) abiflel %i’lcch%gﬂrésjan@ iSRRG "Bk LR RRRRIRA

by the follow ng hereby producing & comp
Ceprssent g b e Lol o anc ok (i) FCnanlcel Formil's 101 2
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 10]

I
Ri—S—R,

{Chemical Formula 11]



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

14
R3—X—Ry
[Chemical Formula 12]
R1
R,—S+-B
R3

X

R4

[Chemical Formula 13]

i
Rs_s_Re

[Chemical Formula 14]
Ry
R,—S +-B

R




R3 X
R2-S

RA RS R 15 [Chemical Fornmula 15] M+ A [Chemi cal Formula 1]

B

5
[Chemical Formula 15]

M*_A

[Chemical Formula 1}

wherein in the formulas (1) and (10) to (15), X represents an electron-donating group; R,
and R; 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 Ry and Ry may be joined, together with the sulfur atom
to which R, is bonded, to form a heterocycloalky! group having 2 to 7 carbon atoms; Ra
and Ry each independently represent any one selected from the group consisting of an
arylene group and a heteroarylene group; Rs and R 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 Rs and Rg
may be joined, together with the sulfur atom to which Rs is bonded, to form a
heterocycloalkyl group having 2 to 7 carbon atoms; A” and B™ represent anions that are
different from each other; and M represents any one selected from the group consisting

of lithium (L), sodium (Na), potassium (K) and silver (Ag).



R3 X Rs-S + - AR6 wherein in the formulas (1) and (10) to (15), X
represents an el ectron-donating group; R and R2 each independently
represent any one selected fromthe group consisting of an al kyl
group, a cycloal kyl group, an aryl groyp, a heteroal kyl group, a

het er ocycl oal kyl group and a heteroaryl group, or Rl and R2 may be
joined, together with the sulfur atomto which R is bonded, to form
a heterocycl oal kyl group having 2 to 7 carbon atons; R3 and R4 each

| ndependeEiry TP DS KIPRNYNARETRE! IRETIcem the group consisting of
an arylene group and a heteroaryl ene group; R5 and R6 each

i nd dent | : . 1 he. i sti f
| ndependent 1y 1RRLESAN AN S8 8hEELAH L HOLLEAPARBURERNST St 1N o

an al kyl group, a'c p, a er oal kyl

group, a heterocyc) qal kyl group and het er oar yl oup, or R5.and R6
Ty be Toimea. gttt Cie et ags PaiRe e Spo CHORS s THiea.
to forma heterocycl oal kyl group having 2 to 7 carbon atons; A- and
13- represent aicotgm tdheptroardengling eyoent(EX@neeusdd barpiarmeapsp gubstituent
represents any one selected fromthe group consisting of |ithium
(Li), sodiapablé NaYivirpotnadsittom (K) and silver (Ag). 16 DETAILED
DESCRI PTI ON OF THE | NVENTI ON Herei nafter, the present invention wll

be described i ruseiepslat@blly sthed dghdrividel ORS t6im tleylt @Io0p assackd Relehe
present specification are as foll ows. The term

capabl o of i TG Bk, FScciRER IS FLIUTZATA B2 0 AR,

ol Kyl or oup, o LoESau P PR Sl oy Ry R Bl mbans

Unl ess particularly stated otherwi se, the termaryl grou s used

herei n melREORMPPFOBEHIPS AN HINT Hi TAYFC GHENFIC S1/BPr Eﬁ%m@ﬁa%&%ﬁfiﬂ&cme

groups. Exanples thereof include a benzyl group and a napht hyl group.
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 norbornyl
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-,
-O-, -S8- 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



Unl ess particularly stated otherw se, the term cycl oal kyl group as
used herein includes nonocyclic, bicyclic, tricyclic and tetracyclic
cycl oal kyl groups. The term al so i ncludes pol ycyclic cycloal kyl
groups including an adanmantyl group and-a norbonyl group.

Unl ess particularly stated otherwi se, the prefix "hetero-" neans that

one to thigefipCahRRBHLE M a@ﬁlﬁo %Hﬁ@t huub gdm@ya het@nmt @38p, %@l Biesxedroup,
fromthe group conS|st|ng of - 0-, -S- -P-. For exanple, a

het er oal kyl t b )
car bon at S0 U TR oﬁﬂ’%& o spESE Flf"S‘F o bRl TR RO e,
Unl ticularly stated oth the termhal t

one. sel boPUOTYIGHPY Zané‘ac%%b‘g’a%%?e“&efdﬁa s P VR N oy ?[r?g”@ﬁ%?%?

and i odi ne. Unl ess particularly stated othermnse of the
conpounds hatﬁwcgﬁaélkvk rame; sanrﬁélaﬂ BOHR g@?zrlreow @8Ryl By, ?3 A GBI
be substituted or unsubstituted. Here, the term "substituted" neans
that a hydﬁ@gﬁheaﬁnﬁmfsmt@b@mnMUHEdMWWQﬂ1 any one sel ected fromthe
group consisting of a hal ogen atom a hydroxyl group, a carboxyl
group, a cyano Uhksgmpadiuladlynitited dgliicowize, tre peiind'hglogemted dshused herein
group, a nmethylthio group, an al koxy group, a nitrile group, an

al dehyde g{QHPhaPRLERS éﬁ 8rsabitudd b LRE bndhBHPselRRISSIE ihdf1BUP codisting
carbonyl group, an acetal group, a ketone group, an al kyl group, a

cycloalkyhfg %%&gdﬁonggeﬁgﬁxgbgahﬁﬂﬁegroup, an ally! group, a benzyl

group, an-ar eroar group, derlvatlves t her eof and
conbi nati ons th of Unl ess part.icu] arl erw se,
prefix " halogen§®gﬁ Paicylacly pa a WBWEQﬁ% L%é? 2é¥¥ @quES‘Ee
substituted by any one atom sel ected fromthe group consistin

f1 uori ne, hetsitome#ns antsdlodigraipdiyinggdpasieor all of the hyghpgaisatpyss ?ﬁeciug%ﬂftwﬁd by
stated otherw se, the term perfluoroal kyl group as used herein neans
an al kyl dluotipe.having a part or all of the hydrogen atons are
substituted by fluorine. Unl ess particularly stated ot herw se,

the term hal oal kylesgpatRuRslyUsfed heHeehRe,Mansma haRakge pedu@dasgilided! herein
group. Unl ess particularly st at ed ot herwi se, the term

alkylsulfgg%hsgﬁgggﬁﬁgﬁ Jgglvgpound contai ning a sul fonyl group and

an al kyl group, or t her eof . Unl ess particularly

stated otherw s the ter | ka [0 S._Uus in_ s a

di val ent atonicE@ Sﬁém%Bngﬁbﬁﬂgg %??@%%ﬁﬁ%%?V% w%?%%ﬁﬁpghiWBm?mm 5
an al kane, and can be represented by theﬁ&ﬁperal for g W?

The ter m APHEAEN SPRIYRIARAE syl mﬁai%lﬁtané% gioyBPr é‘l"ﬁ‘é‘fi’ thgFeo
extracting two hydrogen atonms from an al kene, and can be represented
by the general Hokssbaticulady statcirashersise Hieyitranalkanesiy) sieupas used hogin is
obtai ned by extracting two hydrogen atons froman aryl group.

Unl ess paatdicaldrantomis igahigotaiinet by setracking o hydseat awprdidm eatlkang, aad
al kyl group neans a linear or branched al kyl group having 1 to 30

carbon at egs beareE:)éQérR@d ‘BW th@ " SMEraEe eI & QYEHZ aal fyé t&h@%&eh@dfiyln&e%st Q
32 carbon atons; an aryl "group neans an aryl group having 6 to

carbon at gigi. @ a{?)%lg 96311.1'pk(¥gta1%<9 B e@é&%gat%%ﬁ‘f&gaehk&féﬂ B3P an alkene, and

can be represented by the general formula: -CHy-. 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 atons; a heterocycl oal kyl group neans a

het er ocycl oal kyl group having 2 to 32 carbon atons; a heteroaryl
group neans a heteroaryl group having 2 to 30 carbon atons; an

aryl ene group nmeans an arylene group haging 6 to 40 carbon atons; a
het er oaryl ene group neans a heteroaryl ene group having 6 to 40 carbon
atonms; anhatihyll @riugrfRansmaNa ablkeidcydballpl fravp Agars b deBbodgalobld! group
atons; a perfluoroal kyl group neans a perfluoroal kyl group having 1

to 30 car lﬂ?ﬁloﬁtzqg%2 chbBﬁ %ﬁé‘ﬁlheﬁf&?f}f%ﬁ@“ﬁeﬁls%e@é}b&ﬂ o PUPURViRRYIH g0

1to 30 ca at ons; an al kyl su group neans
al kyl sul faq haV| 1 to 30 car u
compound Sebep AR o8 SR dobf it 81 B3R ﬂe&r@enﬁvmgn%omm SayB) SR
represented by the foll ow ng fornul emcal Formula 1]

n the foMBTORYIENE BIRUP FAESE HESTORY emeeéw%g]ﬂaaéﬁon‘@ gf;v‘a%lpam%lﬁdawwé
preferably any one sel ected fron1the§8roup COﬂSIStéﬁP -0-, -S-,

S OCH2-, - @GHpOmeans eCallapRohaving? G5B oarbon @epsGFperilugralkySewspay@ns a
In the formula (1), RL and R2 each independently represent any one
sel ect ed hediuotdadkydzeoyp leoig) Btd BY caboantoalsk ylharatuyb grapoypednoal haydalkyl
group, an aryl group, a heteroal kyl group, a heterocycl oal kyl group

and a het grQarpvidd PUP30 Qhrbbh afish; Bod afRi¥kyilfoRYING@Eup hkard he blkstifonyl
t he sulfur atomto which R is bonded, to forma heterocycloal kyl 19

group haV|dg$ a% 115%@Q8ﬁmﬁ%%m% In the formula (1), R5 and
en

R6 each if represent any one selected fron1the gr oup

consi sting of a cIo p,. a..
het er oal kyl gro §¥H%ﬁﬁ E?8W%g %hﬂg E%ﬁ%ﬁfgseélgﬁwnon
or R5 and R6 may be oi ned, ether mnth t he sulfur atomto which R5
is bondedlsﬂeéfeﬁ@ﬁ@ﬁléymtf@#%ly% #W3/{group having 2 to 7 carbon

at ons.
[Chemical Formula 1]

Ry
Rzﬁé +-B

R,

X

R,
Rsmé +-A

&,

In the formula (1), X represents an electron-donating group; and X is preferably
any one selected from the group consisting of -O-, -S-, -OCHj;-, -OCH0-, -OCH;CH,O-,
-O(CeHy)O-, -CH2SCH;- and -S(CsHy)S-.

In the formula (1), Ry and R; 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 Ry may be

joined, together with the sulfur atom to which R! is bonded, to form a heterocycloalkyl



In the formula (1), 12.3 and R4 each i ndependently represent any one
selected fromthe group consisting of an arylene group and a

het er oaryl ene group. In the formula (1), 1(3 and R4 each

i ndependently represent any one sel ect fromthe group consisting of
the followng fornulas (2-1) and (2-2): [ Chem cal Formula 2-1]

[ChenicalrE@gayhﬁ%Zt@}c&b&§mB%ﬁ R25 In the fornula (2-1) and
formul a (% 1(22, 1(24 and R25 each i ndependently represent

0557 ool AOPHIE PRI TSR LR, oF iy

al kanedi yl group having group

having 2 to 5 carbon ato represents, any, one sel ect

the group™¥BndFs¥PHY CBPS‘%g 8&3“%%1 BYUPha ?YSPﬁ'E%'A FPP: R A ﬁd%prarae
anions that are different from each other The anions A- and W
each reprlsenelkargrosma hetqreprciali 6FﬁLWt?§d@r1@EFb°%MP§E iR send R may be

sul fonate anion, an imde anion, a nethide anion, an al kyl halide

ani on, a joied, together with the sulfur atom to which R; is bonded to form a heterocycloalkyl

group having 2 to 7 carbon atoms.

In the formula (1), R; and R4 each independently represent any one selected
from the group consisting of an arylene group and a heteroarylene group.

In the formula (1), Ry 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}

In the formula (2-1) and formula (2-2), Ra1, Ra2, Ra4 and Ras 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 Ry3 represents any one selected from the group consisting of -O- and -S-.

In the formula (1), A" and B’ are anions that are different from each other.

The anions A™ and B™ each represent any one selected from the group consisting

of a sulfonate anion, an imide anion, a methide anion, an alkyl halide anion, a



car boxyl ate ani on, an iodonium anion and a sul fonylim de anion.

A- and 13- may each independently represent any one selected fromthe
group consisting of the followwng formulas (1-1), (1-2) and (1-3):
[Chemical Formula 1-1] O 02 04 Il -GsChil { [IlInlm 0Q 03 wherein in
the formula (1-1), Q, @, Qand Q4 each represent any one sel ected

fromthe %%gylﬁ@raai&ﬁ hiBbdBhium MEH feeNsdoapimlehaloagen atom and an
al kyl group; Y1 represents any one selected fromthe group consisting

of an al kanediyly- %? fﬁgiﬁqé}?eea%bggg%gh&nﬂgrl% senlt\'\éﬁy Jne QFlegL@d om the %rrg)up

conbi nati ons thereo S any ohe selected fromthe gro

consi sting of a hydrogen at and an .alkyl ar ; Y2 represents any
one sel ec %ﬂ“??@ﬁ¥ﬂﬁ€gg?%ﬁﬁqg%wg?%afHbt%¥”§%ﬁ$§5bgen atom an al kyl
group, a heteroc chaI%yI group, an aryl group, a heteroaryl group,
an al kyl group, ! @%W@r@@ﬁk@ﬂ'&roup, an ally' group, a perfluoroalkyl
group, a hal oal kyl group and an al kyl sul fonyl group; n represents an

integer fromO t 10;Cf1repr sents an integer from0O to 10; and 1
represents an i ”eger IZ(nn [ﬁo 5; [ﬁhenical Formula 1-2] Y3 1 Y5 5
- NNO
O~ S—FC Y Y
[ n t ] m |

[]
O Q4 Qs

wherein in the formula (1-1), Qy, Q2, Q3 and Q4 each 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, O, CO and combinations thereof; R' represents any one selected from the group
consisting of a hydrogen atom and an alkyl group; Y, 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; m represents an integer from 0 to 10; and 1 represents an integer
from 0 to 5;

[Chemical Formula 1-2]

/LY3-—Y5
-N 0
T

wherein in the formula (1-2), Y; and Y, each independently represent any one selected

___.__YS
P

from the group consisting of an alkanediyl group, an alkenediyl group, NR', S, O, CO,



NY4Y6 wherein in the fornmula (1-2), Y3 and Y4 each independently
represent any one selected 21 02S and conbinations thereof; R
represents any one selected fromthe group consisting of a hydrogen
atom and an al kyl group; Y5 and Y6 each,i ndependently represent any
one selected fromthe group consisting of a hydrogen atom an al kyl

group, a kgten@cymbRAliKYd thelBBR' réfteRnd! an?'rd?!él%ele@teﬂm w%{-bu@emmn
an al kyl group, a heteroal kyl group, an allyl group, a pertl uoroal ky

group, a u ks yl. X t
Pt eger f Poi gt RRMAREN B Bl acliRBendi PROESER y e
[Chem cal Formula 1-3] Y9 wherein in the fornmula (1-3), Y7, Y8 and
Vo each | MIBHBhABAT J1¢ opPBE cEIPEofb Sel CUPRH 13 1 He Trdlgro:
consisting of a hydrogen atom an alkgl group, a heterocycloalkyl
group, anheiespeyelpdipl SraupeiteBhgiprD.of BEptoari LUy pn gy groug, a heferoalkyl
het er oal kyl group, an allyl group, a perfluoroal kyl group, a

hal oal kyl gogupupn alipd gampahb kpekBudrdatioyll grgnpup haloalkyl groRpefndr abhikylstbieny!
anions K and Wmay each i ndependently represent any one selected from

the group gﬁﬁﬁlﬁsd} sdpr@gn@fan i K08ER ot 0 1OSARA4NRpreshORACRELEs frdni (( GFR3) 2,
-N(C2F5) 2, -N(C4F9) 2, -C(CF3)3, -C(C2F5)3, -C(04F9)3 and an anionic

q?zft% Egpki;gnkggnh&ﬂ%%ﬁnaﬁhLQMAng formula (1-4): [Chem cal Formula
Y7
C—Ys
2

wherein in the formula (1-3), Y4, Yg and Yy 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 A” and B™ may each independently represent any one
selected from the group consisting of "‘OSO,CF3, "OS0C4Fs, "OS0:CsF17, N(CF3)y,
N(C3Fs)2, N(C4Fg)2, C(CF3)3, C(C1Fs)3, 'C(C4Fo)3 and an anionic moiety represented by
the following formula (1-4):

[Chemical Formula 1-4]

|C|) Qs F|?12
O:S_é_?_o (Rinhr— Y10

L
-0 Qs R43



11IH o=s c ¢ o(Ror-Y10 1 -0 @ R13 22 wherein in the formula (1-4),
Y10 represents any one selected fromthe group consisting of a
cycl oal kyl group, a heterocycloalkyl group, an aryl group, a
het er oaryl group, an al kyl group, e%ﬁroalkyl group, an allyl
group, a perfluoroal kyl group, a haloa group, and an

al kyl sul f@ﬂaﬂem%qu@fmﬁma (164); 5L RpResnY aﬁjﬂén§§él@&&@ﬂoiﬁftﬁ t:ch an@ﬂd@ng
consi sting of an al kanediyl group, an al kenedi yl group N

SPSES‘)SE% ?ﬂéj%?e%%ﬁ%% %*8‘20%2{‘85192tn%| a2 Ep?}%&%&éﬁ?n%@%’sm
consi st IR giﬁ@%@% el 2Ry a By

at ons; represents an integer fromO to 5; an W&ﬁ and 6 each

i ndependefmdl an allsylpafonnt geupaRogepresnimny one selectpd droghihsrisoun copsigting of
are different fromeach other, and A- may be any one selected from

t he gr ouparcalksiestiy! oy, a@S(blmE&yl ESORCRRGE, GF20P; ardlnebnamnatwne mhaseof;, R’
noi ety represented by the following formula (1-5), while B- may be
any one sgheeéidahy ofe tdiect@l OuR Be st dongistig 050 AGHBgen atom and an alkyl
OSQ2CF2CF2CF2CF1 and an anionic noiety represented by the follow ng

f I
ormul a (%pgé’eﬁll 'mﬁf‘ﬁ%@ 1n<ie{ﬁ'=@nde'nﬂ Mhkdht " AYIHRE 8GR REn"BEUSESEH

and as co e conve tlona practlce of using a m xt ur e of
ani ons havi ng..hi di f fusion,propertie |ffu e S
ompati by fTR %? 6 e @é‘f‘%aﬁo §s%ﬂ aﬁW? AolsPaflhl 30 3 cREBRUGHED:
decreased. [Chem cal Formnul enera when t he
conpound FRlsEEdBAR BWegsy | Ltomeg %?arﬁﬂdan( ar)d ‘i%geftfi‘éa&ﬁn%ﬂﬂﬁa‘flae% g halogen

generator, two nol ecules of acid that is generated at the tinme of

l'i ght irra&dinati on are generated simultaneously fromone nol ecule, so
t hat when acid generators having fast and slow di ffusion rates, and
aci d gener at or sTHeaatitugs Al- ghd ahchrt eiffqediniearni daich iogsr,aae Ao nipy Exppihy ede
si mul t aneously, the conplicatedness of using a mixture of two kinds

of acid genefat 6H tﬁ@rgr&ﬁ) £REUERY of BSOS TOS®),CR,NOTOCRL iadd an anionic
generator which can solve the probl em of unlforn1conpat|blllty of in

the resist leYWke%peesgﬁt%%rb% t@?&im%gblma O‘RHYI%.'E Q!%@Inbé”‘ﬁﬁ one selected

generators are ure can I'ICE t

PoueSe, (LER) TR0 0 MU o I MR
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]

Q
-0-$-CF,
o -0

O

The compound represented by the formuia (1) can be used as a photo-acid



The sul f oni um conmpound represented by the fornula (1) nay be any one
sel ected fromthe group consisting of conpounds represented by the
followng formula (3-1), formula (3-2) and fornmula (3-3): [Chem cal
Formula 3-1] R5--S- A R6 [Chemical Forgula 3-2] 24 R2-S B X33 X |
C341 R5-St+" A R6
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]

(o

[Chemical Formula 3-2]



[ Chem cal Fornula 3-3] ----- "SCcX33Ns/ X34- "-X32 wherein in the
formulas (3-1) to (3-3), X31 represents any one selected fromthe
group consisting of -0-, -S-, -OCH2-, -OCH20-, -OCH2CH20-,
-0(C61-14)0-, -CH2SCH2- and -S(C6H4) S-5, X32 and X34 each

i ndependently represent any one selectéd fromthe group consisting of
-0- and -S-; X33 represents any one selected fromthe group

consi sting of RQ-, -S-, -OCH2-, -0CH20-, -00-12CH20-, -CH2SCH2- and
-CH2SCH2-; RI dnd R2 each independently represent any one sel ected
fromthe giRupSconBi sting of an al kyl group, a cycloal kyl group, an
aryl group, a heteroal kyl group, a heterocycloal kyl group and a
het er oaryl groyp; }ﬁﬁg £ach independently represent any one

sel ected from tlhe ‘group nsiisting of an al kyl group, a cycl oal kyl
group, an aryl gr¥sp, a h oaryl group, a heterocycloal kyl group
and a heteroaryl group, orf RS and R6 may be joined, together with the
sul fur atomto which bonded, to forma heterocycl oal kyl group

having 2 to 25 7 car ons} and A- and if are anions that are
different from each other. The anions A- and EV have the sane
meani ngs as defined in codlgction with the fornula (1), and further
descriptions thereof will not be repeated here. The sul f oni um

conpound may be any one sel ected fromthe group consisting of
conmpounds r epr dédatial Bgrmiwa 3131 | owi ng fornulas (4-1) to (4-6):
[Chemi cal Fornmula 4-11 ( R42 )n2

N X
| 33\<(3j
X3z \
I
R5-sl+-A
R¢

wherein in the formulas (3-1) to (3-3), X5, represents any one selected from the group
consisting of -O-, -8-, -OCH,-, -OCH,0-, -OCH,CH,0-, -O(CsH4)O-, -CH;SCH;- and
-S(CHy)S-; X3; 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-, -OCH,-, ~-OCH;,0-, -OCH,CH,0-, -CH;SCH»- and -CH,SCH,-; Ry and R; 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; Rs and Rg 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 Rs and Rs may be joined, together

with the sulfur atom to which R; is bonded, to form a heterocycloalkyl group having 2 to



-13 X31 SCA _t R (..43 3- -44/t1/4 n [Chem cal Formula 4-2] ( R41)12
Il (R42)1 .\ -B _
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7 carbon atoms; and A" and B’ are anions that are different from each other.

The anions A™ and B™ 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 4-1]

( Rau)n;

(R42)ﬂ2 I \/

Ny
O—\s+ B

[Chemical Formula 4-2]

(Rat)n,

(R4E)’i~ Q

B

w2

W/

/

X3

\_/

[Chemical Formula 4-3]

o]



X31 \it [Chem cal Fornula 4-3] [ Chem cal Fornula 4-4] R41)n
(R42)112 | f1-X33 X34 ---- X32\ S+ (ROR14)n4 [Chenical Formula 4-5]

26

CQ
ch
o

AN,
/" N4

\

{Chemical Formula 4-4]

J /Rzu)ul
R42\)112\ | /
P +
| \,//X33 Xas

of

R43 n, /e R44)

[Chemical Formula 4-5]



27 [Chemi cal Fornula 4-6] wherein in the formulas (4-1) to (4-6),
X31 represents any one selected fromthe group consisting of -0-,

-S-, -0C1-12-, -0OCH20-, -0C1-12CH20-, -0(C61-L0O0-, -Cl-12SCH2- and
-S(C6H4) S-; X32 and X34 each independenily represent any one sel ected
fromthe group consisting of -0- and -S-; X33 represents any one

sel ect ed fron1t@§wgﬁ&ypoﬁgﬂ§hqﬂing of -0-, -S-, -0C1-12-, -CCl-120-,
- OCH2C1-120- and -CH2SCl112-; R4l, 1t42 R4A3 and R44 each independently
represent any one selected fromthe group consisting of a hydrogen
atom an al group having 1 to 5 carbon atons, and a hal ogenat ed

al kyl gro hawing 1 to 5 carbon atons; ni, nz, nz and n] each

i ndependently yepresent an integer froml to 5; and Al and if are

ani ons t hat i fferent fromeach other. The anions A and W
have t he sane [pmanings_as defined in connection with the formula (1),
and further d bc/'zngﬁy thereof will not be repeated here.

The sul foni um oun y be any one selected fromthe group

consi sting of conmpounds represented by the followi ng formulas (5 I)
to (5-14): [Chem cal Fgr#fla 5-11 [ Chem cal Fornula 5-2] [ Chem cal
Formul a 5- 3]

wherein in the formulas (4-1) to (4-6), X3; represents any one selected from the group
consisting of -O-, -S-, -OCH;-, -OCH,0-, -OCH,CH,0-, -O{(CsH4)O-, -CH,SCH;- and
-S(CeHy)S-; X352 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-, -OCH,-, -OCH,0-, -OCH;CH;,0- and -CH,SCHz-; Ryp, Ry, Ry and Ruyy 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; ny, ny, n3 and ny each independently represent an integer from | to 5; and
A" and B’ are anions that are different from each other.

The anions A” and B™ 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 (51) to (5-14):

[Chemical Formula 5-1]



[ Chemi cal Fornmul a 5-4]
5-6] [ Chem cal
Formul a 5-9]

[ Chemi cal
Fornmul a 5-7]
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Q—S + - 0802CF3

QS + - OS0O,{CF»)3CF4

[Chemical Formula 5-2]

QS + - 0S0,CF,

[Chemical Formula 5-3]

For nul a 5-5]
31 [ Chem cal

[ Chem cal Fornul a
Forrmul a 5-8] [ Chem cal



- OSRCF2CF2CF2CF3
5-11] Q+ - 0802(CF2)3CF3

29

S + - QS 05CFCFCFaCF,

QQ 0

[Chemical Formula 5-4]

Qs +- 0OSO,CF3

OCH,CH,O
=
« |

@—s + - OSO04(CF;):CF3

[Chemical Formula 5-5]

[ Chemi cal Fornula 5-10]

[ Chemi cal

For mul a



[ Chem cal Fornula 5-12] 0 S OS2CF3 Cy- 0502CF2CF2CF2CF3 [ Chem cal
Formul a 5-13] [ Chem cal Fornula 5-141 33 _ 0.2.F2cF2cF2cF3

30

QS + - OSOZCF3

OCH,CH,0
i
-

[

N ?
-0-$-CF,
@"S T8 Vo
@ °

[Chemical Formula 5-6]

@—s + - OS0,CF,CF,CF,CF;

OCH,CH,0

[Chemical Formula 5-7]

@"S o OSOZCF3
QCHZSCHQ /©

f -0S0,CF,



The phot o-acid generator according to anot her enbodi nent of the
present invention contains the sulfonium conpound represented by the

formula (1). The descriptions on the sul fonium conpound are
substantially the sanme as given above,3@nd further descriptions
thereon will not be repeated here. The sul f oni um conmpound of

the present invemtindl Fsmflgh-gihat two different acid nolecules are
generated fromone nol ecul e of "the sul foni um conpound. Thus, the

i nconveni ence of using a m xture of photo-acid generators having

di fferent prop ies can be addressed, and the problem of uniform
conpatibility i he resist is also solved. Thus, an excellent resist
ai ned. The method for producing a sul fonium

pattern can_he
conpound a{ﬂi}e' g- beoagt ,&fbodi nent of the present invention
i ncl udes a =¥st

ep of allpw ng conpound represented by the
fol l owi ng fornul/a $10) todgsfﬂg a conpound represented by the
fol |l ow ng fornulaO(l@ﬁﬁ“&hd\ £ roduci ng a conpound represented
by the following formula (12); sExmod, step of allow ng a conpound
represented by the follow ng f la (12) to react with a conpound
represented by the follow ng la (13), and thereby producing a

conpound represented by the foltYow ng fornmula (14); and a third step
of allow ng a conpound represented by the following forrmula (14) to

react with a 3¢ncRineudchligplogsented by the follow ng formila (15),
and thereby producing a conpound represented by the follow ng fornula

(1): [Chemcal Formula 10] [Chem cal Forrmula 11] R3XR4 R2 [ Chem cal
Formula 12] Hi

S+ - 0SO,CF;

QS + - QSO,CF,CF,CF,CF,

[Chemical Formula 5-10]

<:;Z-csc50F3

%
‘O_§_0F2
st -
O

[Chemical Formula 5-11]



S+- B
Formul a 14]
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+ - 0802(0F2)3C F3

!
7

[Chemical Formula 5-12]

9

S + - 080O,CF;

S+ - OS0O,CF,CFCFCF,

&

[Chemical Formula 5-13]

9

S + - OSO,CF

: O
9
0=0=0
O
N

Oﬂ
+
o

[Chemical Formula 5-14]

R3 X R4 [ Chemi cal Formula 13]

R5 -S-R5 [ Chem cal



[ Chem cal Fornula 15] M+ A [Chemical Formula 1] wherein in the
formulas (1) and (10) to (15), X, R, R2, R3, R4, R5, R6, A and EC
have the sane neani ngs as defined above in connection with the

sul f oni um conpound represented by the figrnula (1), and further

descriptions thereon will not be repeated her e. In the formul a
(15), Mrepresents any one selected fromthe group consisting of Li,
Na, K and .~The first step includes a process of mxing the

conmpound re seotedrhyr,eher, 36 formula (11) and the conpound
represented by the fornmula (12) to prepare a reaction mxture |iquid,
a process of{"adding triflic anhydride dropwi se to the reaction

m xture |iqure-to prepare a reaction mxture |iquid; and a process of
allowing the feaction mxture liquid to react for 30 mnutes to 6
hours while maintaining the tenperature at -80C to -10C. The
respective pfogesses in the step can be carried out in a reaction

sol vent, and Ron- aqueous sol vent can be applied as the reaction
sol vent . Pref"rﬁb& ekanpl es of the reaction sol vent include

di chl or onet é (FO) ¢ QQrofornt(CEIC13) acetonitrile, ethylene
carbonate ( , propylegne carbonate (PC), butyl ene carbonate,

di met hyl vi nyl ene CQJ.' te, vinylethyl ene carbonate, nethyl ethy
carbonate (MEC), nethy propyl carbonate, methyl butyl carbonate,

et hyl propyl carbonate di et hyl carbonate (DMC), diethyl carbonate
(DEC), dipropyl carbonate, dibutyl carbonate methyl propionate,

met hyl pi val at e Theuthplo-ptigagerewtorhaseprding ol anpther genBpdimeniaphths, present
di ret hyl oxal ate, ethyl methyl oxal ate, diethyl oxal ate,

t et r ahydr ofsendon cahtaing thelstHbriamydngbubd spresdntdd by thednanula (1).

1, 2-di met hoxyet hane, 1, 2-di et hoxyet hane, 1, 2-di butoxyet hane,

di et hyl for mam gge désrchffﬁ&tﬁ?syen tﬂ’t@@@ﬁf}ﬁtﬁrﬁcoﬁ?bmﬂ M sEROAIBRRY the daieQB igien

phosphat e, divinyl sul fone, adiponitril 4 propanesultone

1, 4-but angdj ol nadtt%th nﬁeectdts?watatw tgéb%aea hiict e, glycol

sulfate propy ene sul proparg I'te nethyl pr opar gyl

sulfite, ethyl 0 sulfite butanedl di ne ne sylfon te,
propyl ene sul fi tF% é E@f‘%&ﬁ‘ CQWP&%WJ Bt BWT’% ﬁleveélﬁf”i’ éﬁséwﬁ ﬂ\‘é"lt E‘W Hgf F aCid
ket one, and conbi nations thereof. The second step speC|f|caI
i ncl udes aQecsssae grengasgdnfomnence melsstiledot tisr wdlontusy capewRs. £ Jrhwsy éle
(12) and the conmpound represented by the formula (13) to prepare a
reacti on swouvémence afidsiag homixtvge of@ioteadt igomeratofsutavimg diferertamppanhéd @n
stirring the reaction solution for 30 mnutes to 3 hours at I5Cto

30C. The tBidddresicp ahd GheldesbiampsOeEsEmOtofipatibiigytinethe aagsuRdalso solved.
represented by the

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



37 formula (14) with the reaction solvent to prepare a sol ution,

di ssol ving the conpound represented by the fornula (15) in distilled
water, mxing the resulting solution with the previously prepared
solution, and allowing the m xture to %?ct while stirring the

m xture for 30 mnutes to 5 hours at 15C to 30C The

respecti Veosh8RRl Gahtedettdin®y thckaifeviRur fobhGRL (D7), RhACaRSRS, paRllcing a
there are no particular limtations on the purification processes to
be applie concentrating and
purifyingg?wgéyggggﬁgﬁu%r dﬁgﬁg%ﬁﬁBgﬁgﬁm#ﬁg)nethod for producing a
sul f oni um conpoyund i.s .si npl e, .and can produce a sul foni um conpound
havi ng two aci d ‘?EgﬂikggHméoﬂigh yi el d. The sul f oni um
conmpound of the present invention can generate two different acid

nol ecul es fromo nol ecul e. Thus, the inconvenience of using a

m xture of diffefent acid generators occurring in the case of using a
phot o- aci d generator gan be addressed, uniformconpatibility in the
resist can bd obthai nedZ2 and when the sul f oni um conpound is used as a
phot o-acid generator, a uniformand excellent resist pattern can be
obt ai ned. EXAMPLES | Hereinafter, the present invention will be
described in deﬂgﬁmnﬁ§fﬁﬁvu@ﬁlkxanples 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
real i zed inﬁQﬁTTOK§“de?¢rent enbodi ments, and is not intended to be
limted to the Exanpl es descri bed herein. (Synthesis Exanple 1)

1) 20 g of diphenyl (di phenyl ether)sulfoniumtrifiate (conpound A in
the follow ng reacti.o che 1) and 0.8 g of phenyl sulfoxide
(conpound B in f eﬂ“%QE%HPP%aﬂig reacti on schene 2) were nixed in a
flask, and thus a reaction mxture |iquid was prepared.

R4
Ry—85+-B
Ra

X

R4

{Chemical Formuia 13}

i
R5_S"—“R6

[Chemical Formula 14}



The flask containing the reaction mxture liquid was placed in a bath
containing dry ice and acetone, and thus the tenperature of the
content of the flask was | owered. When the tenperature of the
dry ice bath reached -40C, 10 m of trbglic anhydride (conmpound C in
the follow ng reaction scheme 1) was sl'ow y added dropwi se to the
flask to prepare a reaction sol ution. After conpletion of the
dropwi se additigg, while the tenperature of the reactor was

mai nt ai ned at a out -40C, the reaction was carried out for 2 hours.
The conple { of the reaction was checked by thin | ayer
chronatogr Cy, and when it was confirmed that the reaction was

conpl et ed, the reactlon solution was neutralized with an aqueous
solution of K2CB8 to make the reaction sol ution al kaline. The
al kal i ne reactldn solution was washed two tinmes with distilled water,
and then the soldent was evaporated under reduced pressure. The
resulting crude |reaction liquid concentrate was purified using

di chl or omet haneand hexane, and thus a purified reaction liquid
concentrate was 6btalned D (triphenylsulfoniumtriflate)
ether (co ound D |§ the follow ng reaction schene 1) was obtai ned
fromthe pl if|ﬁﬁ+ action liquid concentrate, as a white solid in an
anount of 30 g (iyield: 90% . 11-1-NVR(CDC13-dl): 8(ppm 7.6-7.9(m
24H), 7.4(d, 4HRs 19F NWR -78(s. 6F) [Reaction Schene 1] 39

2) A solution was prepared by dissolving 10 g of

di (triphenyl sul ium.triflat et her (conpound A in the follow ng
reaction schene%ggrg ﬂﬁ%@@?%‘gﬁas descri bed above in dichl oronet hane
in a flask, was provided, and then 4.4 g of nonatl uorobutane sulfonic
acid sodiuqkﬁalt (compound B in the follow ng reaction schene 2)

di ssol ved | Lé%illed wat er was i ntroduced into the above-prepared
solution. The reaction solution thus prepared was allowed to react
for 3 hours at mal tenperature under stirring. The

conpl etion poinE8%¥“¥ﬂé$$@H%ﬁhon was checked by 19F-NWVR, and after
the reaction was conpleted, the reaction |iquid was washed two tines
with distilled ter, and then was distilled under reduced pressure
to renove the sp vent. The reaction product was solidified using
dlchloronqufngsand ghexane. Thus, 10.2 g of triphenyl sulfonium
triflate (tr ph?nylsulfonlun1nonaf|ate) et her (conmpound Cin the

fol |l owi ng reactRon schenme 2) was obtained fromthe solidified
reaction product” (white solid, yield: 87%.

wherein in the formulas (1) and (10) to (15), X, Ry, Ra, R3, R4, Rs, Rg, A" and B 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



1H NVR(CDC13-d1): 8(ppm) 7.6--7.8(m 24H), 7.4(d, 4H), 19F NWR -78(s.
6F), -81(s. 3F), -114(s, 2F), -121(s, 2F), -126(s, 2F) [Reaction
Schene 2] 10 g of di(triphenylsulfoniumtriflate) ether
(conpound A in the foll ow ng reaction hene 3) produced in Synthesis
Exanple 1-1) was placed in a flask and was dissolved in

di chl or omgghane (1 @L&lﬂﬁ QH&U ehhbdundle e?re@er%d adanaindani®r (12)-t6 ey h Gaction
aci d-2, 2-difluoro-2-sul foethyl ester sodiumsalt (conpound B in the

fol I owi ng é‘{&ﬁfé hgﬁdsggvog'&ssg})f gﬁ&ﬁgltﬂﬁﬁ Qh&é 'dHrpQ\QSG:V%t ik M&Xion nuxture

i ntroduce ve- prepare n to p epare a reactio

sol ution reaction. was sti d for

nor mal t effeiddp &re@atefsléfctwma@asﬁﬂw nER RS S Wﬁ%%er R forthiture
reaction solution was checked by 19F- NNR The reactlon sol ution thus
obt ai ned agidwasresd ferng mimaes Wi @ hows sthile| eaintidniag thengmpp@hirgas-80°C to
distilled under reduced pressure to renove the solvent. The reaction
product wagyesol i di fi ed using dichl oronet hane and hexane.

Thus, di phenyl [ (di phenyl di phenyl et her) sul f oni um

trif l at e] (adamﬁl@‘?n[%p%ctﬁ/@ Oun)ééelé Iﬁcﬁl St%? %ﬁq'bg!c'dﬂ‘feg (%ltsihl lafl‘egt,tt{%xlsolve{lt,

ester)sul foni um sa OW ng reaction sc

:M;S aﬁb;%gﬁ a%)lf’ r?(gjl Eyh%m?{);i!o \Ghi ¢ gla;g aep%ﬁgﬁas Iibl- RY Od?%&ilgesrﬁi) Ig%rgegr%‘(ampies
1.6-2.0(d, 15H), 4.8(1, 214)

19F
NVR - 78(s! of @ps)leactlpp@pgrentzm):ludf F{é}b&rp@ﬁth%@ﬁrg) 3:?30r0f01m (C’HCIS) 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-methyltetrahydrofuran,  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, 1,4-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 15°C to 30°C.

The third step includes a process of mixing the compound represented by the



1) 10 g (49.4 mmol) of phenyl sulfoxide (compound A in the follow ng
reaction schene 4) and 12.95 g (49.4 mol) of 1, 2-di phenoxyet hane
(compound B in the follow ng reaction schene 4) were dissolved in
di chl oronet hane in a flask, and thus a%feaction m xture liquid was

prepared. The flask containing the reaction mxture |iquid was
placed i ngmbat (lt'] 4% Qitha8irB@tigdh Y%olves: ANslepaetoRButicANdiskbumat the compound
tenperature of the content of the flask was | owered. When t he

t enper at Uife%éeg%%%cbuﬁyd?I{éygolhﬁ@ﬁgﬁ)gi]nrﬁ&ﬁﬁﬁ%dté@ ixifid (10 reQIltiéé Ldibdigh pith the

anhydri de | ow ng reattion”scheme was s

added dropwise .to the flask to prepare a reactjon solution. .
Ator combPuprsh PepaEreo BT pdE B G iR todsedl s lin br mighee
the reactor was numintained at about -40C, the reaction was carried
out for 2fonddmynuiThie Tlowss aitli5éh p8PHt. of the reacti on was checked by
thin layer chromatography (TLC), and 42 when it was confirned that

the reaction wakheGesmbetesdepd @ ahatindnds phifidadon pascsies|tandlthaedre no
wi th an aqueous solution of K2CO3 to nake the reaction sol ution

al kal i ne. particular LihR K HREpEERGE LR PreRbddl 118V MASAEHnEWR thbfRise
with distilled water, and then the solvent was evaporated under

reduced Q&g&gggprG%¥%P%%§#%%ﬁ2%ﬁﬁgHgﬁngﬂﬁggﬁgx@%gpid concentrate was

purified using dic a exane, us a purified
reaction liquid, concentrate S obt ai.ned. ..

D1 phenyl (ci phenBeyBE RN Sy oRPY SR I capeBitb i aPlS: il pfeproduce &
follow ng reaction schene 4) was obtained fromthe purified reaction
li quid condlontunaeampquaddaviagbunecigrsiteg withg ligh giell: 6899 . [ Reacti on
Schene 4]

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 triflate (compound A in the

following reaction scheme 1) and 0.8 g of phenyl suifoxide (compound B in the



OCH2CH20 2) The reaction was carried out in the same manner as
in Synthesis Exanple 3-1) , except that a reaction mxture liquid was
prepared by dissolving 10 g (18.2 nmol) of

di phenyl (di phenoxyet hane) sul foni um trifkate (conpound A in the

foll owi ng reaction scheme 5) 3.68 g (18.2 mml) of phenyl sulfoxide
(conpound ¢8idving h&uctioh kWM RaethiRBd 3¢ BEMBK, Dhdi tAuslh ¢Elca b MEk fienRqitia
a flask. D ipheny 1 [(diphenyldi phenoxyethane)sul fon iuntrifl ate]

sul f oni u“g%5kzgﬁﬁe (conpound Cin the foll ow ng reaction schene 5)
was obt ai ne POm t he purified reaction liquid concentrate, in an
anount of 11 g i,te solid, yield:.68%. eaction Schene 5 -
3710 o (11, 3B Jlog S e ShreeteRaT Hoeb SRR RIRRO P arketh Fyvine
di mer (conpound A in the reaction schene 6% produced in Synthesis
Exanpl e 34dpyicaasd presnedandihys the dappapyrapfdhesatgl b e flpsk was lowered.

di chl or onet hane. Subsequently, 3.6 g of nonafl uorobutane sulfonic

aci d sodi um sal WHenothpoungeBtira dfhéef dilyl owi bagh rembed oA0YEE hEhmml6)f triflic
di ssolved in distilled water was introduced into the above- prepared

sol uti on, ,andi{BYSoRpduRact IPMe %nﬁw&ag rdalc St ShARS 1RRARAIAEHY added droiaa?h:@
reaction mxture liquid was allowed to react for hours at nornma

tenperatu&gﬂ&%ﬁéﬂEgﬁgﬁ%eag%@&bggﬂm%ﬂg the conpl etion point of the

reacti on was chec The reaction solution thus
obt ai ned was washed two ar re tinmes with distilled water and,then
NS a1 Sti I e uRder coBasERHOpEsERE S 84 Bbuhiae Sutrriune Hiat WElio
reaction solution was solidified using dichloronethane and hexane.
Di phenyl [ (¢dis pireraydintidp e rbrytetHE e ) thel Famtion mves idartiadepsulipiord ders.  The
nonafl ate (conpound C in the follow ng reaction schenme 6) was
obt ai ned fcf)@lg]etihﬁ pe Rl bk eactivhacds hacipdagdutin lagsr ehrodatograpbl i(TLCY and
amount of 9.2 g (yield: 79%. 'H NMR (DNSO-d6). (ppm 4.5(s, 4H),
7.2(d, 4Huned- B(MAs Brmed that the reaction was completed, the reaction solution was
neutralized with an aqueous solution of KoCO; 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%).
'H-NMR(CDCl3-d1): 8(ppm) 7.6~7.9(m, 24H), 7.4(d, 4H), '°F NMR -78(s. 6F)

[Reaction Scheme 1}



[ Reacti on Schene 6] 1) 10 g (49.4 mmol) of phenyl sulfoxide
(compound A in the follow ng reaction schene 7) and 9.6 g (49.4 mol)
of furfuryl sulfide (conpound B in the follow ng reaction schene 7)
were di ssolved in dichloronethane in asfl ask, and thus a reaction

m xture |iquid was prepared. Thé fl ask cont ai ni ng the reaction
m xture liquid was placed in a bath containing dry ice and acetone,
and thus the tesfperature of the content of the flask was IOwered.

re of the dry ice bathoreaghed -40C, 21 W~ of

de (SHIRQY 34{1}1@ fol Lowi lhg reacLJo( %;kgen&)sbc S
r“wi se'to Ia ta%p‘r/gba/r%;\@srmtio tio)rzl.wa

sl owl y addeo
After conpletidn bf the dropwi se additi o, while the tenpédralure of
the reactor was jhai ntai ned at Bbout -40C, ®he reaction was¥arri ed
out for 2 hours.? The conpletion point of the reaction was ¢hecked by

TLC, and when i s confirmed that the reaction was conpl d, the

reaction sol uti was neutralized with an aqueous solutio K2CO3

to make the reactjon solution alkaline. The al k re 8td' on
Nt %ez Fs

sol vent was evaporated under reduced pressure. The resulti crude
reaction 45 liquid concentrate was purified using dichloreaethane
and hexane, and thus a purified reaction |iquid concentrat%“was

obt ai ned. D phenyl [ (furfurylsullidyl)sulfoniumtriflate]
(conpound Din the follow ng reaction schenme 7) was obtained fromthe

Eg% f ! FdReggii icglng)gélﬁilgﬂgilog]\«\?ag r})?gpgg'gdaﬁ)? aislsoqvi%g 1%%0351 éi(t%];he]h?fls%if{)gilug tgi:ﬂate)

ether (compound A in the following reaction scheme 2) synthesized as described above in

sol ution was wadfitbd two times with distilled wat er, an @

dichloromethane in a flask, was provided, and then 4.4 g of nonaflucrobutane 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 PF.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, 102 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%).

'H-NMR(CDCI3-d1): &(ppm) 7.6~7.8(m, 24H), 7.4(d, 4H), F NMR -78(s. 6F),
-81(s. 3F), -114(s, 2F), -121(s, 2F), -126(s, 2F)

[Reaction Scheme 2]
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[ DI 2) The reaction was carried out in the same manner as

I n Synthesis Exanple 4-1), except that a reaction m xture |liquid was

prepared by dissolving 10 g (18.9 mml ), of

di phenyl [ (furfuryl sul fidyOsul foniumtritlate] (compound A in the

foll owi ng reacti on schenme 8) produced in Synthesis Exanple 4-1) and
f of phenyl sul foxide (conpound B in e foll ow ng

3) in dichloronethane in a flask.

Front heabovergact i 86, L0, 20(yi £l 48598 - = <;;>—S+-O&DCF

di pheny Wi @ furfuz_ry?sul%ﬂlrT§§§%ﬁ2§%ﬁJm_t\m:ifIat syl f oni gm”

triflate (congoupd C in the follwng reaction sche @ was obt ai ned
o}

as a white solt™g’ [Reaction Sche 8]

O

() +-0s00F, N8+ _080,CF:0Fs

[Al [C]

(Synthesis Example 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 sait (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 (25°C).
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[(diphenyl diphenyl ether)sulfonium
triflate}(adamantane-1-carboxylic acid-2,2-diftuoro-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%).



46 3) 10 g (10.6 nmol) of the

di phenyfi (di phenyl furfurylsul fidyl)sulfoniumtriflate] diner
(compound A in the follow ng reaction schene 9) produced in Synthesis
Exanpl e 4-2) was placed in a flask and4 s dissolved in

di chl oronet hane. Subsequently, 5.1 g (1!?9 mol ) of nonaf | uor obut ane

sulfonic acid sggi | E@%Fg?ﬂ?@@%&gtl%sz.b(El,h.FSH)S’li.%Q%&mﬁlfﬁfﬁ‘ﬂ‘figgjﬂm, 24H),

schene 9) dissolve er was | ntroduced into

above- prepar ed solsuti.qn, d,t.h action mxture liquid was

pr epar ed. 96}1(‘? 4Pf)= Tﬁgﬁgaggdgo#)mﬁﬁ&ré iquid was stirred for 3 hours
at normal tenperature (25C), and the conpletion point of the reaction
was checked by [Rac SchipE Yeacti on mi xture i quid thus obtained was
washed two or nore tinmes with distilled water and then was distilled
under reduced sure to renove the solvent. The re { on product
was solidifi ed@ng di chl or onet hane and hexane. @

Di phenyl [ (dipRenyl furfuryl syl fide)sul foniumtrif Ul LLm
nonaf | ate ( +n'djlg92¢'%f’ the %o?%vﬁ% r eactyon s 639)6%2[14j
solidified reaction pegduct, asa\’@e solid in an

obtai ned from
anount of 9.2 ield: 799 . [ Reactx Schene 9]
0302(CF2) 3CF3 AVC o

Q

QS + -OSOQCF:; @"S + 0 _g_CFZ
it

{Al i€l

(Synthesis Example 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 -40°C, 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 -40°C, the reaction was carried out for 2 hours. The

completion point of the reaction was checked by thin layer chromatography (TLC), and
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t et r ahydr ot hi ophene 1-oxi de, conpound A in the follow ng reaction
schene 10) and 16.32 g (96 mmol ) of di phenyl ether (conpound B in the
foll owi ng reaction schenme 10) in dichl gfonethane in a flask.

The flask containing the reaction mxture liquid was placed in a bath
cont ai ni nghel Y wa& c%ﬂﬁnﬁ&?tﬂ%ethe a8kl Usad h@mb@maertﬂé WERLiBA JohBion was
content of the flask was | owered When t he tenperature of the

dry ice bath reached é@gﬁuég% o 0! tgﬁaaﬁé'gﬁqgé%%n%ﬁﬁ&?m%iﬁ%

the followng reaction ropwi se tot
flask to prepar sol ution er co Iet:o of the

t
i opwi se. adal &1 B b Teeeqior el fbieRare wedrd e Fhaicrap auRd e B

mai nt ai ned at about -40C, the reaction was carried out for 2 hours.
The conpl &en die dvant v evaRorpled nferedrcsddniesiisd Bje Tesaltingnerudih esaciion
was confirmed that the reaction was conpleted, the reaction solution
was neut rduid ednesintrhtcamasagureedsussg dichlorpnodth4@Co8 hesamaked tthes a puritied
reaction solution al kali ne. The al kaline reaction sol ution was

washed t WRadtigiHEud tdhcahisdte Waesbtwiat€r, and then the sol vent was
evapor ated under reduced pressure. The resulting crude reaction

| iquid concentragi, juRshis it 6 andi hexana:
Thus, a purified reg §| on 1)%}‘(:?U| E)goncelntrate vva@nf)}%{&al nedm owing

Cycl opent %?‘(étgl(?{)? X'EO@J[ c\gsr )ogt[g{ng écan ftr% I%u{lﬁ%c? réacg ﬁuld B c.entgﬁ? i 1n an,

foll ow ng UrT feactron

concentrate, in anp 25 ield: 649
amount of 18 5¢ (y%lel& 6%]‘;% g (yi /()

fReaction Scheme 4]
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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.

Diphenyl[(diphenyldiphenoxyethane)sulfonium  triflate]sulfonium  triflate
(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]



[ Reaction Schene 101 48 [ D] 2) The reaction was carried
out in the sane manner as in Synthesis Exanple 5-1), except that 10 g
(24.6 mol ) of cycl opentyhdi phenyl ether)sulfoniumtriflate (conpound
Ain the follow ng reaction schene 11) jproduced in Synthesis Exanple
5-1) and 4.8 g (24.6 mmol ) of phenyl sulfoxide (conpound B in the
reaction schene 11) were dissolved in dichloronethane in a flask, and

thus a reaction mxture liquid was prepared. Thus,
di phenyl [ cycl opI (di phenyl oxi dyl ) sul f@niglm trifl sul f oni um
triflate (conpquid C in the £0l bowing FEFET T SSJ._JQSOV@§
obt ai ned as %e O§8IGFd" | Saﬁgﬁnr—cf—i3—g*(y € 719 .
[ Reacti on Sche ] 08+ - OgRCR3 [ A] MC

OCHCHO OCHCHO

| “
=

I [

(Al = @5 - 0S0,CF;

[c]

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 (25°C) under stirting, and the completion point of the reaction was checked
by ""F-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 soliditied using dichloromethane and hexane.
Diphenyi[(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, 241

[Reaction Scheme 6]



49 3) 10y (13.5 nmol ) of

di phenyl [ cycl opent yhdi phenyl oxi dyl )sul fonium trifl ate] sul fonium
triflate (conmpound A in the follow ng reaction schene 12) produced in
Synthesis Exanple 5-2) was placed in a,fil ask and was dissolved in

di chl oronet hane. Subsequently, 2.2 g (é.?S mol ) of nonaf | uor obut ane
sulfonic acid sodiumsalt (conmpound B in the follow ng reaction
schene 12) wasgtkssolved in distilled water, and us a reaction

sol ution was ared. The reaction sol ut was stirred for 3
hours at no steppskature (25C). The reactié;gc apbgdjcen poi nt of
the reactio ollution was checked by 19F- NVR. elreaction solution

t hus obt ai ned washed twe, Or oéMicekkmes—with digtilled water, and
then was distilfed under reduced pressure M® renoye the solvent. The
reaction producPC&l%olidified gging dichloronetﬁﬁﬁé“%hd hexane.

Di phenyl[cyclopentyTiiFhenyloxidyl)sulfoniun1trif|ate] foni um
nonafl ate (conpoundC ‘i n the follow ng reaction sche ) was

obtai ned fromthe Spll difi.ed reaction product, as ide i-d . an
anount of 9.2 g eI§d+:'CI7$IE?(”/§F.3 1H—@ X éé_?ﬁaécfzz)sdﬂs
(ppm 2.5(m 4H), 3.7‘, 21-1), 4.2(t, 2H), 7.0-7.2(d 1-1), 7.3(d,
21-1), 7.4(d, 2H), 736-7.8(m 10H) [Reaction Schene 1 [ C]
(Synthesis Exanple ftM resin) [C]

3-(Bicycl o[ 2. 2. 1] hept - 5- en- 2y1- 3- hydroxypropionic acid t-butyl ester
(BHP), 1-nethyl adamantane acrylate, and y-butyrol actone nethyl

acryl ate were fi$yngesisExampéatt or at a nolar ratio of 1:1:1, and

1, 4-di oxane was used as a polynerization solvent in an anount

equi val ent to 31}y i1oeg49.henhiol) af phass sufoxide(compotuidon imtrablowing reaction
Azobi si sobutyronitrile was used as an initiator at a proportion of 4

ol % r el atipgnd 9) LAE ot LalaonPh@o REP WL stifige TEARPRMS- B THahs sl g
was allowed to r%act fo%qa6 hou#gﬁat 65%? > © Thgﬁreac;io& £

sol ution t t e ' Ciipi ' - eacth

ari ed in SoERhanRen 3P R B FELBLAREAD B FHA0 A W B caction

formul a (g& was,qﬂaained. The resin of the followng forrmula (6) had
Shugla

a wei ght ¢ MEE BI R Rei ght of 8, 500. [Chenical Formula 6]

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 -40°C, 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 -40°C, 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 K,CO; 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



51 (Exanples and Conparative Exanpl es) Exanple 1 100 parts
by wei ght of the resin obtained in the Synthesis Exanple for resin, 4
parts by weight of triphenylsulfoniumtriflate (triphenyl sulfonium
nonaf | ate) ether produced in Synthesi s4§xanpl e 1 (conmpound Cin the
above reaction schene 2) as an acid generator, and 0.5 parts by

wei ght of ety @Jﬁ@&ﬁbé'teamghﬁﬂ@:&‘&@ﬁ@’&&dﬁ%r@&e&ai@@%c? had@k ! Antethne burified
di ssolved in 1,000 parts by wei ght of propylene glycol nethyl et her

acet at e, ?.leg lggﬁlfuﬂﬁtagncseﬁr%'u%@o‘ﬁ’?a%ed' |tered through a 0.2-) tm
[ , a

menbr ane resi st conposition was prepared. Exanple 2

A resi st corrpos tion the S nner

except that dip é‘mf’f’{’mﬁ‘rp@ﬁéﬁsﬁrﬁgﬁﬂ etﬂﬁlgfeﬂ 2@?@8?1'11@ i ﬁ( %E(Eljlowmg
[ adamant ane- 1-carboxylic acid-2, d|f| uor o- 2- sul f oet hyl

est er | sul feagiipmsghene é} B8 cobpings éym ﬂ'@smlglfgéati%mt@nzhf{%r?ﬁaw&ra@ iy an
t he above reaction schene 3) was used as the acid generator. Exanple
3 amonesifdts wliomddsi7f4)on was prepared in the sanme manner as in
Exanpl e 1, except that diphenyl[(diphenyl di phenoxyethane)sul fonium

triflate]sul fon[mgbﬁ@ngéﬂea{ea]pr oduced in Synthesis Exanple 3
(conpound C in the above reaction schene 6) was used as the acid

generator. 52 Conparative Exanple 1 Q
o)
|| I
QSO <j\CHzSCH{&\J FaC” n o/u‘“CF MC S +-080.CF3
- Ce % 0
o CHZSCHM

(D]

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[(furfurylsulfidyl)sulfonium 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.

From the above reaction, 10.5 g (yield: 59%) of
diphenyl[(diphenylfurfurylsulfidyl)sulfonium triflate]sulfonium triflate (compound C in
the following reaction scheme 8) was obtained as a white solid.

[Reaction Scheme 8]

@——9 0SO,CF; QS‘Q @—@ QSQ,CF,
QCstCHM (B] QCHzSCHz/@L /©

[A] -0S0Q,CF;



A resist conposition was prepared in the sane manner as in Exanple 1,
except that triphenylsulfoniumtriflate was used as the acid
generator. (Properties evaluation of Exanples and Conparative Exanple
1) Each of the resist conpositi g{ES of the Exanples and

Conpar ati ve Exanple was applied on a substrate using a spinner, and

the resist conpgsigi; oM. ¥audls bgﬂﬂ)ezd%{he% (a@?lQMMﬁﬁ-yiMﬁ%ﬂ)@lt%ﬁrum @iflate

filmbhaving a thickhess of 0.2 <[a | mthus forned was expose

hen was Aty BTl AF b PRt E0A ARG & oMU SyRaldl £yifle
wae. dovel AP FORNGE ‘L URHEN T G258 Ui aBB e SOl TP GRoE. 3 &

t et ramet hyl ammoni um hydr oxi de, and was washed and dried to forma
resi st palt®?nmmol) of nonaflygrebeians isulienic tavid soRbIny okl GpRBPIIG B R the
the resi st conposition using an aqueous sol ution of

t et r anet hyblawingi raationdsahixinde 9 pribsolved ddhdistilednessr ofvag herades¢ds tinto  the
pattern to a substrate were satisfactory. The results of the

propertiegp ¥Fdred Qflulidie afiX 8B hesacabll niaRAIQld Was fepaplie are
presented in the follow ng Table 1. In the case of the LER in

the follow ng Tﬁplr%ac]ti.’on?’n&%%%Ii%]%igl\ifaisggﬁ@@gdr%@fo%?sfétlﬂoﬁ%%ﬂ%b&%&r@@%oc)s

formed after devel opnent, e roughness e pattern-was
observed. The degree of inprovenent in ter of the, S al uat ed
on the badi< ths canlﬂafq;@ngp%@eogﬁlpq &acton r‘%"@“%edsgyrgf' ﬁl\\ﬁge tﬁl e {rRgetion
pattern obtained in Conparative Exanple 1 which was rated as 1. A

| ar ger numbsturerigirid teismbtdiend wERvashed two ommersidnes withidisjillpd watps and then
following Table 1 was neasured by designating the anmount of exposure
whi ch f or rs ali@illé@-uhtlen detlined aprcksapaoachbiSihepaiteat.n Hie @adtioneprodwlt was
53 of 1:1 after devel opnent, as the opti mum anount of exposure, and

the opti mignaRBYRMin@licRlRASsA RS BRSIcgnat ed as the sensitivity. The

m ni mum pattern dinension resolved at this tinme is indicated as the

resol uti on. [TaHi@le}l}l{(diphenyifurfuryl sulfide)sulfonium  triflatejsulfonium  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]
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(Synthesis Example 5)

1) A reaction mixture liquid was prepared by dissolving 10 g (96 mmol) of
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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 -40°C, 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 -40°C, 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 K>CO4 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 {riflate (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 10]
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2) The reaction was carried out in the same manner as in Synthesis Example
5-1), except that 10 g (24.6 mmol) of cyclopentyl(diphenyl ether)sulfonium triflate
(compound A in the following reaction scheme 11) produced in Synthesis Example 3-1)
and 4.8 g (24.6 mmol) of pheny! sulfoxide (compound B in the reaction scheme 11) were
dissolved in dichloromethane in a flask, and thus a reaction mixture liquid was prepared.
Thus,  diphenylfcyclopentyl(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]
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3) 10g (13.5 mmol) of diphenyl{cyclopentyl(diphenyloxidyl)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 (25°C).
The reaction completion point of the reaction solution was checked by "F-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.

Diphenylfcyclopentyl(diphenyloxidyl)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 0f 9.2 g (yield: 76%).

'H-NMR(CDCI3-d1): (ppm) 2.5(m, 4H), 3.6(t, 2H), 4.2(t, 2H), 7.0~7.2(dd, 4H),
7.3(d, 2H), 7.4(d, 2H), 7.6~7.8(m, 10H)

[Reaction Scheme 12]
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S OSOQCF;; Na + _ O80(CF2)aCF3 Q OSOQCF3
[B]
S + - 0802CF3 S + 0802 CF2)3CF3
[A] {C}

(Synthesis Example for resin)

3-(Bicyclo[2.2.1}hept-5-en-2yl-3-hydroxypropionic acid t-butyl ester (BHP),
I-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
65°C.

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]



0.5 17 90 1 Conparative Exanple 2 100 parts by weight of the
resin obtained in the Synthesis Exanple for resin,
di[triphenylsulfoniumtriflate] ether produced in Synthesis Exanple
-1 (formula (7) shown bel ow) as an acid generator, and 0.5 parts by
wei ght of tetranet hyl ammoni um 54 hydroxi de as a basic additive were
di ssolved in 1,000 parts by weight of propylene glycol nethyl ether

acetate, and then the sol ution s fjltered through a 0.2-jim
$ : i osition. (Properties
npar afrge Exanpl e 2) Each of the

menbr ane Fi
eval uati on of *

resi st conposithonRs was applied onpa substrate using a spinner, and
the resist conposi td 0 seconds at 110C to forma
filmhaving a thi m) The filmthus forned was
exposed using an A A sOepper (|l ens aperture nunber:
0.78), and then was heat treated at 110C for 90 seconds. The
resist filmthat been subjected to the exposure and heat

treat ment process was devel oped for 40 seconds with a 2.38 w %
aqueous sol ution of tetranethyl anmonitun hydroxide, and was washed
and dried to forma resist pattern.

(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-um 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 dipheny! ether)sulfonium triflate][adamantane--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.



It was confirned that the devel opability of the resist conposition
usi ng an aqueous solution of tetranethyl anmoni um hydroxi de and the
adhesi veness of the resist pattern to a substrate were satisfactory.
In the case of the LER in the follow ng,Table 2, a 0.10-jtm

| i ne-and-space (L/S) pattern was for rreg after devel opnent, and the
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ternms of the LER was evaluated on the basis of a five-grade criteria

fromlto s, re g&éﬁlt ﬁoﬁﬁxgﬁﬁgn%gtp?{ﬁ%{) QBhah §nd &a@%@rﬁﬁgkgﬁpgxﬁ@l:ﬁat

2 which was rate nmeans superi o

The sensitivit e.fol | n ured by designatin
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applied on a substrate using a spinner, and the resist composition was dried for 90

seconds at 110°C to form a film having a thickness of 0.20 pm. The film thus formed
was exposed using an ArF excimer laser stepper (lens aperture number: 0.78), and then
was heat treated at 110°C 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 sofution of tetramethylammonium hydroxide and the adhesiveness of the resist
pattern to a substrate were satisfactory.

The results of the propertics 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-pum 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 I was measured by designating the

amount of exposure which forms a 0.10-pm line-and-space (L/S) pattern at a line width
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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 indicated as the resclution,

[Table 1]
Resin (100 | PAG Content | Base Sensitivity | Resolution | LER
parts by | type of PAG | {parts (mi/fem® | (nm)
weight) (parts by
by weight)
weight)
Example 1 Copolymer | Compound of | 4 0.5 14 60 4
of Synthesis Example
Synthesis 1
Example
for resin
Example 2 Copolymer | Compound of | 4 0.5 i3 80 3
of Synthesis Example
Synthesis | 2
Example
for resin
Example 3 Copolymer | Compound of | 4 0.5 12 70 3
of Synthesis Example
Synthesis | 3
Example
for resin
Comparative | Copolymer | Triphenylsalfonium | 4 0.5 17 90 |
Example | of triflate
Synthesis
Example
for resin

Comparative Example 2

100 parts by weight of the resin obtained in the Syathesis Example for resin,

diftriphenylsulfonium triflate] ether produced in Synthesis Example 1-1 (formula (7)

shown below) as an acid generator, and 0.5 parts by weight of tetramethylammonium
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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-um 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 110°C to form a film having a
thickness of 0.20 um. The film thus formed was exposed using an ArF excimer laser
stepper (lens aperture number: 0.78), and then was heat treated at 110°C 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.

In the case of the LER in the following Table 2, a 0.10-pum 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 1. 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-pum line-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.
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Accordi ng
in the case of Conparative Exanple 2
in which the conpound represented by the formula (7) was applied as a
esol ution and LER were all

it could be confirned

conpoundrtas—inf-efd or—propgs t e Conteat of B e TR S He SR TRRTTS
of the iljnvention |have been descrjbed and 111 ustlrated above, it| should
be underjst ood thaQubhﬁﬁe ahe exenpl@ry Ofpakhenyl |Nveatdh oneand arle not
to be consideredfas |im¢ting. Additions, om ssijons, substitutilons,
and ot her nodifi gayweps) ¢an be npgetswiby hesihtdegarting fromthe spirit
or scope of the present inventiop. Accordingly,l the inyention |is not
to be considered|as being |intedvghtt he foregdi ng desc¢ription, and
isonly |imted hy the scope of the appended-cHainms. 57 What lis
cl ai med i Bample [ Copolymer | Compound | 4 0.5 14 60 4
of of formula
Synthesis | (8) below
Example
for resin
Comparative | Copolymer | Compound | 4 0.5 12 90 I
Example 2 of of formula
Synthesis | (7) below
Example
for resin

[Chemical Formula 7]

QS + - OSOZCF;;

@S + -0802CF3

[Chemical Formula 8]



1. A sul foni um conpound represented by the following fornula (1):
[Chemical Formula 1] R1 R2-S + - B R3 X R4 R5-S+ -A wherein X
represents an el ectron-donating group; Rl and R2 each

i ndependent|ly represent any one selectgd fromthe group consisting of
an al kyl group, a cycloal kyl group, an aryl group, a heteroal kyl
group, a heterocygl oal kyl group and a heteroaryl group, or Rl and R2
may be j oi ned, ether with the sulfur atomto which R is bonded,
to forma h cl oal kyl group having 2 to 7 carbon atons;

R3 and R4 Lgdeppslent |y represent any one sel ected from the
group consi nglof an arylene group and a heteroaryl ene group;
R5 and R6 each ependent|ly represent any one selected fromthe
group consi sti f an al kyl group, a cycloal kyl group, an aryl

group, a heteroalkyl group, a heterocycloal kyl group and a heteroaryl
group, or R5 andiR6 may be joined, together with the sulfur atomto
which R5 is bo , to forma heterocycl oal kyl group having 2 to 7

Qs + _ OS0,(CF,),CF;

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.



58 carbon atons; and K and IT represent anions that are different
fromeach other. 2. The sul foni um conmpound according to claim1,
wherein the anions A- and if each independently represent any one
sel ected fromthe group consisting of sul fonate anion, an i m de
ani on, a methide anion, an al kyl halidé anion, a carboxyl ate anion,
an i odoni ughand @Ringads-a sul fonylimde anion. 3. The sul fonium
conpound according to claim1l, wherein the anions A- and if each
i ndependently represent any one selected fromthe group consisting of
conpounds represented by the following formulas (1-1), (1-2) and
(1-3): [Chemcal, Fornula 1-1 _Wwherein i e formul -1),
01 @ & and & BREREhEhad RGeS R B B £ ¢ om
the group consisting of a hydrogen atom a hal ogen atom and an al kyl
group; Y[Chapeddignngladdy one sel ected fromthe group
consi sting of an al kanediyl group, an al kenediyl group, NR S, 0, CO
and conbi nati ons thereof, while IC represents any one selected from
t he group consisﬂR@g of a hydrogen atom and an al kyl group;
Y2 represents any|one selected fromthe group consisting of a
hydr ogen at _anSaLKy group, a heterocycl oal kyl group, an aryl
group, a hetefoaryl group, an al kyl group, a heteroal kyl group, an
allyl group, a pﬁifluoroalkyl group, a hal oal kyl group and an

3

|
X

|
R4

|
Rs—S +-A

|
R

wherein X represents an electron-donating group;

R; and R, 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 R; may be joined, together with
the sulfur atom to which R is bonded, to form a heterocycloalkyl group having 2 to 7
carbon atoms;

R; and R4 each independently represent any one selected from the group
consisting of an arylene group and a heteroarylene group;

Rs and R¢ each independently represent any one selected from the group
consisting of an alkyl group, a cycloalkyl group, an aryl group, a heteroalkyl group, a
heterocycloalky! group and a heteroaryl group, or Rs and R may be joined, together with

the sulfur atom to which Rs is bonded, to form a heterocycloalkyl group having 2 to 7



59 al kyl sul fonyl group; n represents an integer fromO to 10; m
represents an integer fromO to 10; and 1 represents an integer from
O to5; [Chemcal Fornmula 1-2] wherein in the fornula (1-2),

Y3 and Y4 each independently represent sany one sel ected fromthe
group consisting of an al kanediyl, an alkenediyl, NW S, 0, CO 02S
and conbi gabbeBsnishedeof, while R represents any one selected from
the group consisting of a hydrogen atom and an al kyl group;

Y5 and Y6 each %ﬂgﬁgﬂﬁg&ﬁéﬂ ahBRE BREAL @RYcRMRonS BABTRY. from the

group consi sting

drogen atom an al kyl group, a

het er ocycl oal kyl group, an aryl group, a heteroaryl group, an alkyl
group, a heteroal kyl group, an allyl group, a perfluoroal kyl group, a

hal oal kyl

group.and an al kyl sul fonyl group;,K 0 represents an. integer .
from0 t025: andip SHEHIGEENPORRT PHOSTEE 6 Ciimol.te en dha AeRe i caf B
Formul a 1-3]

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 B”
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]

Q  Q

o—d il

O T, Ty T2
O Q@ Qs

wherein in the formula (1-1),

Q1, Qz, Q3 and Q, cach 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, O, CO and combinations thereof, while R' represents any
one selected from the group consisting of a hydrogen atom and an alkyl group;

Y, 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



60 Y7 -C-Y8 Y9 wherein in the formula ( -3), Y7, Ys and Y9
each independently represent any one selected fromthe group
consisting of a hydrogen atom an al kyl group, a heterocycl oal kyl
group, an aryl group, a heteroaryl groyp, an al kyl group, a

het er oal kyl group, an allyl group, a pérfluoroal kyl group, a

hal oal kyl @t RURo@NGr&p; al kyl sul fonyl group. 4.The sul foni um conpound
according to claiml, wherein the anions A- and if each independently

represent any o t up consi sting of 0S02Ch-,
0S02C4F9 osozgﬁ%{eﬁ&ﬁﬁ%ﬁ%%%?@ﬁ%@-, N( C4F9) 2 C(CF03-, C(C2F5)3
C(CAF9) 3- and a_conpound represent the following formula (1-4):
[ Cheni cal Forrrufr’a‘eg@ﬁﬂ”t%a@%ﬁf‘? OﬁnfthPa%a gu_xg ccOR-)r-Yio -0 @ R13
wherein in the formula (1-4),

| represents an integer from 0 to §;

[Chemical Formula 1-2]

I
"0

Y3
-N
\I\Y4'—‘"Y6

wherein in the formula (1-2),

Y; and Yy each independently represent any one selected from the group
consisting of an alkanediyl, an alkenediyl, NR', S, O, CO, 0,8 and combinations thereof,
while R' represents any one selected from the group consisting of a hydrogen atom and
an alkyl group;

Ys and Ys 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]



Y10 represents any one selected fromthe group consisting of a

cycl oal kyl group, a heterocycl oal kyl group, an aryl group, a

het eroaryl group, an al kyl group, a heteroal kyl group, an allyl

group, a perfluoroal kyl group, a hal oakkyl group and an al kyl sul fonyl
group; 61 R, represents any one selected fromthe group
consi sting of an al kanediyl group, an al kenediyl group, NI, S, 0, CO
and conbi nations thereof, while R represents any one selected from

t he group coﬁ¥bsting of a hydrogen atom and an al kyl group;

R[2 and R13 each i ndependently represent any one selected fromthe

gr oup consist@hg—Qﬁaa hydr ogen atom and an al kyl group having Ito 8
carbon atons; |r represents an integer fromO to 5; and Q and Q each

i ndependent | yyrepresent a hal ogen atom 5. The sul foni um conpound
according to cﬁain11, wherein the anion A- represents any one
selected fromthe group consisting of 0S02CF3-, OSQ2CF2CF2CF2CF3- and
an anionic noiety represented by the followng formula (1-5), and

t he ani onwberainpythe &1tilaiyd)one” sel ected from the group consisting of
0S02CF3', OSRCF2CF2CF2CF3- and an anionic noiety represented by the
fol | owi ng fornuia ¥1-a6):Y Gk idepbndentipukbpresens iny obe sTheted dtdno mlhaigioup
conpound according to claim1l, wherein R3 and 12.4 each independently
represent camystdRerstlydaiges afohQmhtalig ] graeppa beesicsdlbalgylofrogys, aupsyl group, a
represented by the following formulas (2-1) and (2-2): [Chem cal

Formul a Zhétlaroaryl group, an alkyl group, a heteroalky! 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 B’
each independently represent any one selected from the group consisting of OSO,CF5,
0S80,CyFy, 0S0CsF 17, N(CF3)y', N(Colis)y', N(Calo)y', C(CF3)s, C(CoFs)s, C(CyFo)y
and a compound represented by the following formula (1-4):

[Chemical Formula 1-4]

O Qs Rz
1

0:?—0—0"“0 (Ri1)r— Y10
O Qg R

wherein in the formula (1-4),
Yo 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;



62 [Chemical Fornmula 2-2] R23 se pr M2 4 EL& 25 5, wherein in the
formula (2-1) and formula (2-2), R21, R22, R74 and R25 each
i ndependently represent any one selected fromthe group consisting of
a single bond, an al kanediyl group hav g 1 to 5 carbon atons, and an
al kenediyl group having 2 to 5 carbon a? and R23 represents any

one sel ected frogmddigcas QH?oﬁ@ﬁé&éd A& Ohe V\%I%Up @&Q’sls‘uﬁg of adl alkdR@liyl group,
sulfonlun1conpound according to claim 1, erein the

el ectron- g n
of -0 %%ﬁ%?&i BB B0 370 B ARG AR bAZ P 0‘9*'“%‘%1&%2%54% ot
an S(C6H4) S sul foni um co und accor di t
wher ei n t RB® & ??%ﬁ@ﬂﬁﬁgﬁﬁﬁBﬂﬁﬁmp BgQggﬁYQ8gﬁ}mPWémB%Pﬁﬁﬂingf i s any
one selected fromthe group consisting of conpounds represented by
the fol I owi ng fBrnfithRigeagh H?dépwiieaﬂx 3%75%@11 drRuiciectes- Bpm the group
[ Chem cal Fornula 3-1]

consisting of a hydrogen atom and an alkyl group having | to 8 carbon atoms;

¢ represents an integer from 0 to 5; and

Qs and Qg cach 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 OSO,CF;’, OSO,CF,CFCF,CF3™ and an
anionic moiety represented by the following formula (1-5), and

the anion B- represents any one selected from the group consisting of OSO,CF3’,
0S0,CF,CF;CF,CF5 and an anionic moiety represented by the following formula (1-5):

[Chemical Formula 1-5]

@
—O—ISI—CFQ
o 0
o)
0. The sulfonium compound according to claim 1, wherein R; and Ry 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]



B x3 AR6 [Chemical Formula 3-2] R-1 R2-S B ----027,-X33z34i x32\ R5
-S+" A R6 [Chemi cal Fornmula 3-3]
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N
XAS—RmT\/ 22 g“j

[Chemical Formula 2-2]

rst
f —R24_!\/7\“" st'}(é
wherein in the formula (2-1) and formula (2-2),

Ry1, Raz, Rog and Rys each independently represent any one selected from the
group consisting of a single bond, an alkanediy! group having | 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 -O- and -S-.

7. The sulfonium compound according to claim 1, wherein the electron-donating
group is any one selected from the group consisting of -O-, -S-, -OCH,-, -OCH,O-,

-OCH,CH,0-, -O(CgHy)O-, -CH,SCH>- and -S(CgHy)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]



64 ',1 wherein in the fornulas (3-1) to (3-3), X31
represents any one selected fromthe group consisting of -0-, -S-,
- OCH20-, -0042CH20-, -0(C6H4)0-, -CH2SCH2- and -S(C6H4) S-;

X32 and X34 each independently represegt any one selected fromthe

group consisting of-O and -S-; X33 represents any one
selected fromthe group consisting of -0-, -S, -OCH2-, -QOCH20-,
- OCH2CH20- , CH2- and - CH2SCHz- ; RI and R2 each

i ndependent |y regpresent any one selected fromthe group consisting of
an al kyl group,”a jgcloalkyl group, an aryl group, a heteroal kyl
group, a heterogycl oal kyl group, and a heteroaryl group; R5
and R6 each ipdepgndently represent any one selected fromthe group
consi sting oflan | kyl group, a cycloal kyl group, an aryl group, a
het er oal kyl gr ., a heterocycl oal kyl group and a heteroaryl group,

or R5 and R6 y be joined, together with the sulfur atomto which R5
i s bonded, t&*jlorm a heterocycloal kyl group having 2 to 7 carbon
atons; and A- if represent anions that are different from each

ot her

R5 "““S+ A
Rg

[Chemical Formula 3-2]

Ry
Rz—sl;+ "B
Rs—é*** A
&,

[Chemical Formula 3-3]



65 conmpound represents any one selected fromthe group consisting of
conpounds represented by the followng formula (4-1) to formula

(4-6):

[Chem cal Formula 4-H [Chemi cal Fornula 4-2] [Chem cal

Forrmul a 4- 3] [ Chemi cal Fornula 4-4] ¢4

/ ~
X3 \ |
|
R5—?+" A
R¢

wherein in the formulas (3-1) to (3-3),

X;; represents any one selected from the group consisting of -O-, -S-, -OCHa-,
-OCH;0-, -OCH,CH,0-, -O(CgH4)O-, -CH,SCH,- and -S(CgHa)S-;

X3, 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 -O-, -S-, -OCH,-,
-OCH,0-, -OCH,CH,0-, -CH,SCH;- and -CH,SCH,-;

R, and R, each independently represent any one selected from the group
consisting of an alkyl group, a cycloalkyl group, an aryl group, a heteroalkyl group, a
heterocycloalky! group, and a heteroaryl group,

Rs; and Rg 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 Rs and R4 may be joined, together with
the sulfur atom to which Rs is bonded, to form a heterocycloalkyl group having 2 to 7
carbon atoms; and

A" and B’ represent anions that are different from each other.

9. The sulfonium compound according to claim 1, wherein the sulfonium



[ Chem cal Fornmula 4-51 13 XN 13 jJX 341 --- x32 67 [ Chem cal
Formula 4-61 wherein in the formulas (4-1) to (4-6), X31
represents any one selected fromthe group consisting of -0-, -S-,

- OCH20-, -OCH2C1-120-, -0(C61-14)0-, -&H2SCH2- and -S(C61-14)S-;

compound represents any one selected from the group consisting of compounds
represented by the following formula (4-1) to formula (4-6):

[Chemical Formula 4-1]

(R41)n,
(R42)nz @
Ny #
O~s“13
N
!//

[Chemical Formula 4-3]



X32 and X34 each independently represent any one selected fromthe

group consisting of -0- and -S-; X33 represents any one

sel ected fromthe group consisting of -0-, -S-, -OCH2-; -0Cl-120-,

- OCH2CH20- and - CH2SCH2-; R4d R425 R4A3 and R44 each

i ndependently represent any one selected fromthe group consisting of
a hydrogen at an al kyl group having 1 to 5 carbon atons, and a

hal ogenat ed fal kyl group having 1 to 5 carbon atons; nl, n2, n3 and n4
each i ndepen Fys represent an integer froml to 5; and N and 13-

phot o-aci d genfgrator conprising the sul foni um conpound according to
any one of clal Ito 9. 11. A nmethod for producing a sulfonium
conmpound, the Xyethod conprising: 68 react with a conpound
represented by e followng fornula (11), and thereby producing a
conpound repre en ed by the following fornula (12); a second
step of allow ng the conpound represented by the fornula (12) to
react with a cogpdund represented by the followi ng fornula (13), and
t her eby produci/ng conmpound represented by the follow ng formula
(14); and third step of allow ng the conmpound represented by
the formula (14) to react with a conpound represented by the
following formula (15), and thereby producing a conpound represented

by the foIIomﬁq%:fo&gy%gn&ﬁgaJﬁChenical Fornul a 10]

r epr esent anioni\that are different fromeach other. 10. A

hemi
j&R4Om
(vl (7
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hj§?‘xii<5m
o N
LA
AP
(R43 ):13 | /./é R44)114
[Chemical Formula 4-5]
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[Chem cal Fornula 11] R3 XR4 R2 [Chemical Fornmula 121 R1 S + - B
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[Chemical Formula 4-6]
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wherein in the formulas (4-1) to (4-6),

X3 represents any one selected from the group consisting of -O-, -S-, -OCH;-,
-OCH,0-, -OCH,;CH,0-, -O(CsHyO-, -CHSCHz- and -S{CgHy)S-;

X3 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 -O-, -S-, -OCH;-,
-OCH,0-, -OCH,CH,0- and -CH,SCH,-;

R41, Ryz, Ryz and Ryy each independently represent any one selected from the
group consisting of a hydrogen atom, an alkyl group having I to 5 carbon atoms, and a
halogenated alkyl group having 1 to 5 carbon atoms;

0y, 0z, 3 and ny each independently represent an integer from 1 to 5; and

A" and B’ represent anions that are different from each other.

10. A photo-acid generator comprising the sulfonium compound according to any

one of claims | to 9.

11. A method for producing a sulfonium compound, the method comprising:

a first step of allowing a compound represented by the following formula (10) to



X R4 [ Chem cal Fornula 13] 0 R5- R6 [Chemi cal Formula 14] R2S
- BRB XRA S- BR6 [Chemi cal Fornula 15]
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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]
i
Ri—S—R,
[Chemical Formula 11]
Ry—X—Ry
[Chemical Formula 2]
R
R,—S +-B
Rs3

X

R4

[Chemical Formula 13}



M+ A [ Chem cal Formula 1] wherein in the formulas (1) and (10) to
(15), 70 RI and R2 each independently represent any one

sel ected fromthe group consisting of an al kyl group, a cycloal kyl
group, an aryl group, a heteroal kyl gr&up, a heterocycl oal kyl group
and a heteroaryl group, or R and R2 may be joi ned, together with the
sul fur atomto which R is bonded, to forma heterocycloal kyl group

having 2 to 7 cquon at ons; R3 and R4 each independently
repr esent q@%_oqs_sekﬁited fromthe group consisting of an aryl ene
group and a heteroarylene group; R5 and R6 each independently

represent any one selected fromthe group consisting of an al kyl
group, a cycloal kyl group, an aryl group, a heteroal kyl group, a

het er ocycl oal kyllChgménaptaimailalflet er oaryl group, or R5 and R6 may be
joined, together with the sulfur atomto which R5 is bonded, to form
a heterocycl oal kg group having 2 to 7 carbon atons; A- and W
represent anions jthat are different fromeach other; and M
represents any one selected fromthe group consisting of |ithium
(Li), sodi URe(Na)S +pdBassi um (K) and silver (Ag).

Ra
X
Ry4

R5“’“‘""“‘S +-B

Rs

[Chemical Formula 15]

M*_A

[Chemical Formula 1]

Rs—S+-A

|
Rs

wherein in the formulas (1) and (10) to (15),

X represents an electron-donating group;
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R; and R, 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 R, may be joined, together with
the sulfur atom to which R; is bonded, to form a heterocycloalkyl group having 2 to 7
carbon atoms;

R; and Ry each independently represent any one selected from the group
consisting of an arylene group and a heteroarylene group;

Rs and R 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 Rs and Rg may be joined, together with
the sulfur atom to which Rs is bonded, to form a heterocycloalkyl group having 2 to 7
carbon atoms;

A’ and B 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).




