SULFONI UM COVPOUND, PHOTQACI D GENERATOR, AND RESI ST COWVPCOSI TI ON
BACKGROUND OF THE I NVENTION 1. Field of the Invention The
present invention relates to a sul foni um conpound, a photoacid
generator, and a resist conposition, and nore particularly, to a

sul f oni um conpound whi ch has a photon yield that can be controll ed by
i ntroduci ng absorbers that are different fromeach other to the
cation region in one nol ecule, provides a conpound having two acid
sites respectively having an acid generator that is different from
the other, thereby addressing the inconvenience of using a m xture of
di fferent phsUo&ONIUEeNaPOUSID, PAEDBRAETD FINFRATOR, ANLYRBEIST n a
resist, and has inproved mscibility with resists; a photoacid
generator, and a resist conposi tCORPCEITIEScri ption of the Rel ated
Art Sem conduct or mi croprocessing technology utilizes

| i t hographi c processes, and in such |lithographic processes,
chemcally anplified resist conpositions are frequently used. Such a
chem caBWCAROUN 2 @ BLE SNVEDNPIOS ti on i ncl udes a photoaci d
generator which is a conpound that generates acid when irradiated

wi th | i ghtield of the Invgnotphot oaci d generat or generates aci d when the
phot oaci d generator absorbs |ight that is irradiated in the

sem conduct of NpREIsE HIVRYIGH I§EEsdo a sulfoniuprcompoupd.sphstoagkl grmriawiide h

is one of these photoacid generators, the oniumis degraded to
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an ability to fuse e generated aci rengt'h of ac

the ani Qiscibility wittef b $Edid RNt A861Jc DRNLIRLQ Wit RYRs8a photHEdid é&le\“ﬁbr‘} h
can generate only one kind of acid per moleCule, so that when a

phot oacigl HRRBE &d@oshRyi Ng characteristics such as both high
diffusivity and low diffusivity and both high perneability and | ow
pernmeability, is needed in order to obtain a high resolution, there
is an i nconveni ence of using a m xture of photoacid generators.

Fur t her AoDescriphien opthetRedaédAgenerators are used in mxture, there is
a problemthat the photoacid generators cannot be uniformly m xed

i nt o t he resSaticomindiot hecrebyocessimestieatnopayt eitizeh Bthoggphii frocasses, and in
characteristics nmay not be obtai ned. As an exanple of the

exi st i ngpichHivhegaaih peneses ohemikdheamplHatdensisAppitosiivhoaeNequently used.
10-2006- 00133676 (filed July 2, 2007, by Sumitono Chemical Co., Ltd.)
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Forrmula] 0 010

compound that generates acid when irradiated with light,

This photoacid generator generates acid when the photoacid generator absorbs light
that is irradiated in the semiconductor patterning process.

In the case of an onium which is one of these photoacid generators, the onium is
degraded to a cation form or a radical form when irradiated with light, and exists in a

different molecular form, while an acid is generated at the anion side. Thus, diffusion of

actd occurs on the resist film at the time of wafer baking after light irradiation.




O Xn Y 6 02 wherein in the above fornula, X represents an al kyl ene
group or a substituted al kyl ene group; Y represents a hydrocarbon
group having 5 to 30 carbon atons and contai ning one or nore aronatic
rings; Qland @ each independently represent a fluorine atomor a
perfluoroal kyl group having 1 to 6 carbon atons; A+ represents an
organi c counterion; and n represents 0 or 1. I n anot her

i nstance, Korean Patent Application No. 10-2007-0062926 (filed June
18, 2007, by Shin-Etsu Chem cal Co., Ltd.) discloses a conpound
represented by the followng forrmula: [Chem cal Fornula]

RI' COOCH2 CH2 C2abialid-ge M atth & @ipible Bf Hiﬁ’&ti@l&%&iﬁth@'Flét%m Bhari@Qieieent $
an al kyl group having 1 to 20 carbon atons, an aryl group having 6 to
15 car bossiat @EB as e r@so@idr Fany lesBl Otipe May ed@ buinedS(ITEOD AN Rt @RBLs
and M+ represents a lithiumion, a sodiumion, a potassiumion, an
ammoni ughaadtetidticafattotsr @k tah yuh aitonite abdoetn light, the acld gérgraleacifiidectyl n
the patent application filed by Shin-Etsu Chem cal that a sulfonic
aci d r epbisentdtfuteythe hencahied acif. ondibasteapthexhcildidf tietandog acidity,
various substituents can be introduced to the acid, and the range of
nmol ecul ar deBkighng pletddsid gengritershavge structure whikhwemezenerateepnly one kind of
constitution of the existing acid generators is conplicated because
an aci d agidmst atodeculsase Hgt whgh adihptogeid\aensraign hading abdractejesies awdras both
having |low diffusivity, and an acid generator having high .
per neabiltgh Wffaﬁéllt&ﬁ“%)e(@ﬂ diidwrayift end hethimgh pameplitineaml love pesirabiliyy: b
used together as a mxture . in order to obtai.n high resolution., Al so
in the ogededdn offlsr gbiainimhigh eselitioRdha? ISP BCPNERIERES A USWREmarGre of n
order to,obtain a photaoacid generator, havi contradictory .
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addressi ng the 1 nconvenl ence o sing a mxture o
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has inproved mscibility wmth resists. I's anot her object” of the

present cHAKeRd 1@Prebhidl BVhE Soldvias kshn@ner ator and a resi st
conposi tion. In order to achieve the objects described above,

accordi ng toj@RnasNeeim@k] t he present invention, there is provided a
sul f oni um conpound represented by the following fornmula (1):
[ Cheni cal ForgufaQ1]
+A- O*g O-Xn-Y
0 Q,
wherein in the above formula, 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; Qyand Q. each independently represent a fluorine atom or a
perfluoroalkyl group having 1 to 6 carbon atoms; A+ represents an organic counterion;
and n represents 0 or 1.
In another instance, Korean Patent Application No. 10-2007-0062926 (filed June
18, 2007, by Shin-Etsu Chemical Co., Ltd.) discloses a compound represented by the

following formula:



RBORA F2 HX C-S0- + SR6 HR5 0 wherein in the fornula (1), X
represents an el ectron donor group; Rl and R2 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 kyl group and a heteroaryl group; 111 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; Rl1l to R6 each

i ndependently 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 erpgyichla@kieyla] group and a heteroaryl group; R4 and RS may
be joined, together with the sulfur atomto which R4 is bonded, to

form a het er gegolEabLKYLCHrORSORavitng 2 to 7 carbon atons; R3
represents any one selected fromthe group consisting of a cyclic

al kenediwHergn duhe abohefenmby & irepradekesrmdiliydl ggowquiavian1 as 20 eadog nou,
and a heteroaryl ene group; and -A represents an ani on. The

ani on - Anrmayl dreumhyviogé tsdliSentimo ftorom drhehgeroay! gongilstvinggt 6f 1 acarbon
sul fonate anion, an imde anion, a methide anion, a hal ogenated al kyl
ani on, ataes; bok M-atepresaiton lithinm iodonicdmnaming A patadsiamg ol fapraphietige ion
anion. The anion -A may be any one selected fromthe group consisting
of ani o 2 tetepreslydpmegniyn ohe fol l owing formulas (1-1), (1-2) and

(1-3): [Chemcal Fornula 1-11 0 6, . . . _
It is described 1n the patent application filed by Shin-Etsu Chemical that a sulfonic

acid represented by the above formula can exhibit strong acidity, various substituents can
be introduced to the acid, and the range of molecular design flexibility is large.

However, the constitution of the existing acid generators is complicated because an
acid generator having high diffusivity and an acid generator having low diffusivity, and an
acid generator having high permeability and an acid generator having low permeability
should be used together as a mixture in order to obtain high resolution. Also, in the case
of using a mixture of two or more photoacid generators in order to obtain a photoacid
generator having contradictory characteristics such as described above, there is a problem

that uniform miscibility in the resist may not be obtained.

SUMMARY OF THE INVENTION

Accordingly, it is an object of the present invention to provide a sulfonium
compound which has a photon yield that can be controlled, provides a compound having
two acid sites respectively having an acid generator that is different from the other,
thereby addressing the inconvenience of using a mixture of different photoacid generators,
has excellent miscibility within a resist, and has improved miscibility with resists. 1t is
another object of the present invention to provide an acid generator and a resist

composition.
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In order to achieve the objects described above, according to an aspect of the
present invention, there is provided a sulfonium compound represented by the following
formula (1):

[Chemical Formula 1]

R
Ry—S+-A

R3

l Fy § Ra

X\H/C -ﬁ—O -+ ?”"*Rs

O O Rs
wherein in the formula (1), X represents an electron donor 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; 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; R4 to 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; Ry and Rs may be joined, together with the sulfur atom to which Ry is
bonded, to form a heterocycloalkyl group having 2 to 7 carbon atoms; Rj represents any
one selected from the group consisting of a cyclic alkenediyl group, a heterocyclic
alkenediyl group, an arylene group and a heteroarylene group; and -A represents an anion.
The anion -A may be any one selected from the group consisting of a sulfonate

anion, an imide anion, a methide anion, a halogenated alkyl anion, a carboxylate anion, an
todonium anion and a sulfonylimide anion.

The anion -A may be any one selected from the group consisting of anions



1Y2 wherein in the formula (1-1), @, @, Qand Q4 each

i ndependently represent any one selected fromthe group consisting of
a hydrogen atom a hal ogen atom and an al kyl group; Yt represents
any one selected fromthe group consisting of an al kanediyl group, an
al kenediyl group, MJ, S, 0, CO and conbinations thereof; R
represents any one selected fromthe group consisting of a hydrogen
atom and an al kyl group; Y2 represents any one selected fromthe
group consisting of a hydrogen atom an al kyl group, a cycl oal kyl
group, a heterocycl oal kyl group, an aryl group, a heteroaryl group, a
het er Oalréﬁaiésea{egtwth@makvhﬂgfogﬁ@lgpn ,PeDf Adioiopl kyl group, a

hal oal kyl" group and an al Kyl sul fonyI group; n represents an integer
fromO to JIWChéhﬁﬁﬂ%ﬂﬁ@ﬁﬁsuan integer fromO to 10; and | represents
an integer fromo to 5; [Chem cal Formula 1-2] 7/317Y5 rtt 1 Y6

wherein int e f (1 2), Y3 and Y4 each independently represent
any one seleqte e gr up consisting of al kanediyl, alkenediyl,
S, OO€SF§Z§F;FD Y-ons thereof; R represents any one
elected fro onS|St|ng of a hydrogen atom and an al kyl
group; Y5 an ach hdependently represent any one selected from

t he group conS|st|ng of a hydrogen atom an al kyl group, a cycl oal kyl
group, aveetierdodycfoambley(l-1)gfbuR,. @nand W el epandﬁ:etiérlﬁapgﬁmf grROaps
a heteroal kyl group, an allyl group, a perfluoroal kyl group

hal oal kytlegfed fisan il arpuval dopbisting ehyl hygraagp;atemy éé@&géntaéoranari%%@&wl
fromO to 5; and p represents an integer fromoQ t g ﬁnd eéjéﬂerncal
For mul a gimm Y iwpraesents ani oppeelgedhiion therergyp Coppistigg o el banedi grou, an

i ndependen epresent any ane sel ected from _ consi sti,ng of

a hydr od %%/ 10%5@2 k§1 8 ?@Lﬁﬁ\d cqu 1945 ﬁbﬁeoé%lﬁ 1esggts any one sele ded

het er oc cIo k rou an .ar, rou ete

et or oal Ryt T T PSRRUPEDF ad,%ﬁ%en 3933?3 ol T Rba kel otigresghes any one

hanaIkyI d an al k roup. The,a
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[ Chem C%'mtﬁa?'arﬂé}f?uo}oaﬂyl group, a haloalkyl group and an alkylsulfonyl group; n represents
an integer from 0 to 10; m represents an integer from O to 10; and [ represents an integer
from 0 to 5;

[Chemical Formula 1-2]

-N
\rY4‘_Y5
p

wherein in the formula (1-2), Y3 and Y, each independently represent any one selected
from the group consisting of alkanediyl, alkenediyl, NR', S, O, CO, O,8 and combinations
thereof; R represents any one selected from the group consisting of a hydrogen atom and
an alkyl group; Ys and Yy each independently represent any one selected from the group

consisting of a hydrogen atom, an alkyl group, a cycloalkyl group, a heterocycloalkyl



005 R12 O I 0-SCCO (R11)r-Y10 11 -0Q R13

group, an aryl group, a heteroaryl group, a heteroalkyl group, an allyl group, a
perfluoroalkyl group, a haloalkyl groupa nd 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

<Y,

Ye
wherein in the formula (1-3), Y7, Yg and Yy each independently represent any one selected
from the group consisting of a hydrogen atom, an alkyl group, a cycloalkyl group, a
heterocycloalkyl group, an aryl group, a heteroaryl group, a heteroalkyl group, an allyl
group, a perfluoroalkyl group, a haloalkyl group and an alkylsulfonyl group.

The anion -A may be any one selected from the group consisting ot -OS0,CF3, -
08S0,CyFy, -OS0;CsF 7, -N(CF3)y, -N(CaFs)z, -N(CsFo), -C(CF3)3, -C(CaF5)3, -C(C4Fo)s,
and an anion represented by the following formula (1-4):

[Chemical Formula 1-4]

O Qs Rz O
0=8—¢—¢—o-L®up—vi,

Lo
-0 Qs Ry3

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; R, represents any one selected from the group consisting of
alkanediyl, alkenediyl, NR', S, O, CO and combinations thereof; R' represents any one

selected from the group consisting of a hydrogen atom and alkyl group; Ry; and Ry3 each



wherein in the formula (1-4), \Tut represents any one selected from
the group consisting of a cycloal kyl group, a heterocycl oal kyl group,
an aryl group, a heteroaryl group, an al kyl group, a heteroal kyl
group, an allyl group, a perfluoroal kyl group, a hal oal kyl group and
an al kyl sul fonyl group; Rl11l represents any one selected fromthe
group consi sting of al kanediyl, alkenediyl, NW S, 0, CO and

conbi nations thereof; R represents any one selected fromthe group
consi sting of a hydrogen atom and al kyl group; R 2 and Ro each

i ndependently represent any one selected fromthe group consisting of

a hydr Ogﬁépéﬁ&mif@&)r@{énﬁhﬂﬁy bndEstedBY e L &nSRIiROBS aliRlFogeh atom
represents an integer fromO to 5; and Q and each 1 ndepéndently

repr esenhd an AyPGRNp &L ARY 1 to § carbbi@tEHNS tréfrb@Ats AR3Ini¥PYyr fem ANY 50HR1 Qs
sel ected fromthe group consisting of groups represented by the

f ol | ow ngd (et adefedddntiytopicdend) halbGhesomal Formula 2-11 [ Cheni cal
Formul a 2- 2] [ Chem cal Formula 2-3]

The substituent Ry may be any one selected from the group consisting of groups
represented by the following formulas (2-1) to (2-4):

[Chemical Formula 2-1]

ok et
21 K/ 22

[Chemical Formula 2-2]

F—Rar Ror—+

[Chemical Formula 2-3]

Moo=

[Chemical Formula 2-4]

N
§—Ro K//_ Ry—}
wherein in the formulas (2-1) to (2-4), Ry, and Ry, each independently represent any one
selected from the group consisting of a single bond, an alkanediy! group having 1 to 5

carbon atoms, and an alkenediyl group having 2 to 5 carbon atoms; Ry3 represents any one

selected from the group consisting of -CH,-, -O- and -S-.



[Chem cal Fornula 2-4] 1-R21 r R2,3 R22-1 wherein in the fornul as
(2-1) to (2-4), R21 and R22 each independently represent any one

sel ected fromthe group consisting of a single bond, an al kanediyl
group haying 1 to 5 carbon atons, and an al kenediyl group haying 2 to
5 carbon atons; R73 represents any one selected fromthe group
consisting of -Cl-12-, -0- and -S-. X may be any one sel ected
fromthe group consisting of -0-, -S-, -0-(CH2)n-0- (wherein n
represents an integer froml1l to 5), -(CH2)n-S- (wherein n represents
an integer fromlto 5), and a group represented by the foll ow ng

formula (3-1} :mzhﬁ?g:g}gg@he E&é%ﬁ onr e %'WE&i;ﬁ'stan dithe.T . mibaclady, b-

R31 and R32 eac endent represent ‘any one selected from h

group capwkdh hNEpRientLan intefer 1AM ©ONPLOEL) NI WhBRIER kepresents aklfteger
sul f oni um conpound represented by the formula (1) may be any one

sel ecgt @emf1r@m)tdha a0 OuPrepRASIEd b theTblIGOINR Fornelda (2 P) esent ed by the
fol |l ow ng forgzla (5-1) tg fornulg (5-3):ﬂFChenicaI Formula 5-1] (

R5452 [Chemical Formula 3-1]

AN

§MR31—‘:\//—R32—§

wherein in the formula (3-1), R3; and Rj; each independently represent any one selected
from the group consisting of -O-, -S-, and combinations thereof.

The sulfonium compound represented by the formula (1) may be any one selecgted
from the group consisting of compounds represented by the following formula (5-1) to
formula (5-3):

[Chemical Formula 5-1]

(R5Jn51
E ~
(R52)n52 =
f\Q%Tw
Rs
R
i Fo | N
X. C-8—0- +5 Rg

[Chemical Formula 5-2]



+ - AR OR4 F2IFI I' C-S-0- + S-R6 |

5-2] /CH3 Hac(H20 )n53 (H20)S +-A n54 R3

@] R

1 Fa Il 4

X, C-8§=0- +$ R
\”/ i )

OR5 0 [Chem cal Formul a

wherein in the formulas (5-1) to (5-3), Rs; and Rs; 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; n51 and n52

each independently represent an integer from 1 to 5; n53 and n54 each independently

represent an integer from 0 to 10; R3 represents any one selected from the group consisting

of a cycloalkenediyl group, a heterocycloalkenediyl group, an arylene group and a

heteroarylene group; X represents an electron donor group; Ry to Rg each independently

represent any one selected from the group consisting of an alkyl group, a cycloalkyl group,

an aryl group, a heteroalky! group, a heterocycloalkyl group, and a heteroaryl group; Ry

and Rs may be joined, together with the sulfur atom to which Ry is bonded, to form a

heterocycloatkyl group having 2 to 7 carbon atoms; and -A represents an anion.



ORA F2 1 1 - S-R6 1 | ORI5 [Chemical Fornula 5-3] R3 o R4 F2111 X C

-S0 -

S-Re 0 111 RS

According to another aspect of the present invention, there is provided a photoacid
generator containing the sulfonium compound described above.
According to another aspect of the present invention, there is provided a resist

composition including the photoacid generator described above.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a graph showing the NMR data of compound [C] produced according to
reaction scheme (1-5);

Fig. 2 is a graph showing the NMR data of compound [C] produced according to
reaction scheme (2); and

Fig. 3 is a graph showing the NMR data of compound [C] produced according to

reaction scheme (3).

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Hereinafter, the present invention will be described in more detail.

The terms used in the present specification are defined as follows.

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

Unless particularly stated otherwise in the specification, the alkyl group
encompasses a linear alkyl group and a branched alkyl group, and encompasses a primary
alkyl group, a secondary alkyl group and a tertiary alkyl group.

Unless particularly stated otherwise in the specification, the cycloalkyl group
encompasses monocyclic, bicyclic, tricyclic and tetracyclic alkyl groups. The cycloalkyl
group also encompasses polycyclic cycloalkyl groups, including an adamantyl group and a

norbornyl group.

10



O wherein in the fornulas (5-1) to (5-3), R51 and R52 each

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

hal ogenat ed al kyl group having 1 to 5 carbon atons; n51 and n52 each
i ndependently represent an integer from1l to 5; n53 and n54 each

i ndependently represent an integer fromO to 10; R3 represents any
one selected fromthe group consisting of a cycl oal kenedi yl group, a
het er ocycl oal kenedi yl group, an arylene group and a heteroaryl ene
group; X represents an el ectron donor group; R4 to R6 each

i ndependent | wn[e@prp@ﬁi%ataﬂ?rwat@dl@th%ﬁm@@hedaef §ROMTcAGo G rtRY Bri GRGIpS e OF
an al kyl group, a cycloal kyl group, an aryl group, a heteroal kyl
group, ayblRtanhosyeh@alikybngboupe aamthtia Melker Oamylegterps iddudnd bRyl
may be joined, together with the sulfur atomto which R4 is bonded,

t o for mgaoupemdraatyiihgbgdoywp. group having 2 to 7 carbon atons; and -A
represents an anion. According to anot her aspect of the
present i nvebhicsnpatihendy swtcprohdrded iatiphptdéicitdngtwerdewr groop naamns mg
t he sul foni um conmpound descri bed above. Accordi ng to anot her
aspect dfvaldng appngs enupi ohigned by exdlibne twe hpdrogéndedma fross s arene, and the
conposi tion including the photoacid generator described above. BRI EF
DESCRI PTfaON GQROTHESBRAWINGESY a hydrgoagpon| comdaigingr aph bshesiengng hait Nvpo
data of conpound [C] produced according to reaction schene (I -5);
Fig. 2 ihgdicybaphcasirsiingd o Hdenare 4agn 2o el e veehesebduced
according to reaction schene (2); and Fig, 3.is gr.aph show ng
the NVR dat aUstest Bipewady F@Iedm‘%ﬂw&d‘l H@éBPHEFPngoﬂHBé’é%ﬁ BWP%@]%“S
(3). DESCRI PTI OF THE PREFERRED. EMBODI IVENT, rei nafter e.
present %0 AT PTOOBAFRS ORYH BeF M TNt B roads elseled Trmdbe
the present specj.fication_.are defined.as follows. ) Unl ess

par t | curiiin, SER RO BHaraReS- AR e il Rhecrenle vlPBE Birons o
means an ne selected fr Qr.o I,SLI i

chi or i natobBEP T Sl st Mub P MG RIR b bl WP dasgms

therw se i [ falcatd kil DR
otnerw se | ”U%L&:%sé %Em%%hia“i%&déﬁﬂgﬁh&mseain %g ns%é&ﬂ@ati%ﬂ?ﬁiségggégxegtrmﬁo e‘r ;!/éW

al kyl group an ranc group, encomnpas

al kyl 9mRARs tﬁ?ts §&O mlgéfdéeﬁligyéubgftﬁtgﬁ) WQHﬁ dier Eﬂoﬁlr }éel@&t_g&' | OMP- group

Unl ess particularly Stated otherw se I'n the specification, the

cycl oal kyhsi@RUR RBARIRARSES, BIBRRRMaN iGdindi cyclic, tricyclic and
tetracyclic alkyl groups. The cycloal kyl group al so enconpasses

pol ycyclic cyel@algaticu@irBUpStedi MBérGicnth @ aptR@Ativh, GleOsRamat/1 aroup
nor bor nyl group.
means a divalent atomic group obtained by excluding two hydrogen atoms from an alkane,
and may be represented by the formula: -C,Hy,-.

Unless particularly stated otherwise in the specification, the alkenediyl group
means a divalent atomic group obtained by excluding two hydrogen atoms from an alkene,
and may be represented by the formula: -C,Hapo-.

Unless particularly stated otherwise in the specification, the cyclic alkenediy! group
means a divalent atomic group obtained by excluding two hydrogen atoms from a cyclic
alkene.

Unless particularly stated otherwise in the specification, the heterocyclic alkenediyl

group means an atomic group in which one to three carbon atoms of a cycloalkenediyl
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Unl ess particularly stated otherwise in the specification, the aryl
group neans a hydrocarbon contai ning one or two aromatic rings.
Exanpl es thereof include a benzyl group and a napht hyl group.

Unl ess particularly stated otherwise in the specification, the

aryl ene group neans a divalent atom c group obtained by excluding two
hydrogen atons from an arene, and the arene enconpasses not only a
hydr ocar bon cont ai ni ng one benzene ring but al so hydrocarbons
containing 2 to 7 benzene rings, as well as derivatives thereof

Unl ess particularly stated otherwise in the specification, the prefix
" het er OavdBaRSsubfalic®B9 ch® 1§ iir&eh&abhRemsatRERd TR tlﬁe%_&qﬁétbﬁistih%bﬁd
by heteroatons selected fromthe group consisting of -N-, -0-, -S-
and - P- N-Fap-, exaiB -, ahdéndagipaiseah Kithn,gr lephemang dfivalvey thegfoBup i n
whi ch one to three carbon atons have been substituted by heteroatons.
Unl ess parti Culeds battistlatestarti beliarvise ih thetspecifpainf thedialoatky| proap prabs X
"hal ogenat ed" neans that one hydrogen is substituted by any one atom
sel ect ed Hatc@amdtbalggylogrpusonsi sting of fluorine, chlorine, brom ne and
i odi ne. Unl ess particularly stated otherwise in the

speci fi cat i obnleshpadicklargditaréd gheupiseremtis spedificatientthatbiyisslfgndugroup
obt ai ned by excluding two hydrogen atonms from an al kane, and may be

r epr esemaads pyomheurisoniainang arcmgymroup and a sulfgny egroupanr pideuvativeyhereol.
stated otherwi se in the specification, the al kenediyl group nmeans a
di val ent at oMnéesg partisuleBy alatsldothyrvasee e rﬁ@e@ﬁ@atwdé@g&ﬁﬂw@%ylf FOHP
an al kene, and may be represented by the forpula: -CL1H211-2-.

Unl ess pagens ayy Iaﬁﬁyilﬁf%l?d@ &duch Hepie Sartioh th@h‘éycgu i atpmahppnbeep fubtiued ¢
al kenedi yl_ group neans a dival ent atom c group obtai ned by excl uding
two hydP¥dBRME¢ons froma cyclic al kene. Unl ess particularly

d h i i h i fi i on, ; ycli | kK di
or ilbﬁ rgani;é“ﬁls %cﬁripog?%ﬁaﬁ% fb&ﬁu‘sﬁg dﬁ%ﬂ*" B e P0G B SERER
cul ot ed oIS A TR DDy SRl thF R8O Sl G R e
Sg(r: ? I”E 3?121?}1%%0‘1%0[1 glgoglg ha:ﬁqléen' &Rggﬁﬁgd %R glng &ht X?Eét&? ﬁ’ohpﬁ% %g&ﬁaa(ioggi]sﬁ J)leé S

otherwse Int peciticatlon,

| . ino
group m?ﬁﬁ%e@at!aﬁl, Q%?Hﬁ:g?g%l‘g%ﬁﬂ ca%di?(gnfgrotu% a cyaug g’f"tiﬁjf Ralthd GUbAThAhmi

stated otherwmse in“t fi1cat e dl kyl'sul'tonyl group neans

a conpoynd, £ anhay gﬂong, At itio GFRPPafRAfkoRy SHbEL WY hinde %@up, Qf Adehyde
derivative thereof. nl ess particularly stated otherwise in'the
speci fi GabipoBn epdi§ oL, hidemeabioub, A QiP FRANS caBo lydupdiatRtal Brodpi £h
all or a part of the hydrogen atons have been substituted by

f1 uori neetone groupPhi alk hiezr6 QNP OIS kahgrosp aslidtéruerilsaliug gebuphad &gyl group,
invention may be substituted or unsubstituted unless particularly
stated af bexwW geupHei aryltdreup, et fetesiabdtdrbug, ed perfimaraidyh atow, kipydvagen
atom has been substituted by any one selected fromthe group

consi st itigew aral dvalbdgeronatiemof.a hydroxyl group, a carboxyl group, a
cyano group, a nitro group, an amno group, a thio Eroup, a

met hyl t hi o gtilgss paticalhky siatagr sy wis inithe spesifipaborp, thaalksl grehy decans an
group, an epoxy group, an ether group, an ester group, a carbonyl
group, akkvheetgl hayingulpto 4D wasberhetogysoths, cyalealilyk gioup mestaps a gyegakpagtryp
group, a heterocycl oal kyl group, an allyl group, a benzyl group, an
aryl grdapings tectloeasheryftogsolis, ard evs meanoat kYl SEredvingdt 4 Farben

t hereof, and conbi nations thereof _
atoms; the heteroaﬁ(yl group means a heteroalkyl group having 1 to 40 carbon atoms; the
heterocycloalkyl group means a heterocycloalky! group having 2 to 40 carbon atoms; the

heteroaryl group means a heteroaryl group having 2 to 30 carbon atoms; the arylene group

means an arylene group having 6 to 40 carbon atoms; the heteroarylene group means a
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Unl ess particularly stated otherwise in the specification, the alkyl
group neans an al kyl group having I to 40 carbon atons; the
cycl oal kyl group neans a cycl oal kyl group having 3 to 40 carbon
atons; the aryl group nmeans an aryl group having 6 to 40 carbon
atons; the heteroal kyl group nmeans a heteroal kyl group having I to 40
carbon atons; the heterocycl oal kyl group neans a heterocycl oal kyl
group having 2 to 40 carbon atons; the heteroaryl group neans a

het eroaryl group having 2 to 30 carbon atons; the aryl ene group neans
an arylene group having 6 to 40 carbon atons; the heteroaryl ene group

means a_he{%ﬁ}a?ﬁ% ﬁtd;tge hHiRY P R@VANQardoh Catdhls;C b A aRddPiE %rohf) €means an

al kanedi yl group s an al kanediyl group having 1 to 40 carbon

at ons; tahﬁn@eliyle%}sﬂ; WhvifE QUB 40RAMNHnaHRoAd; KENSIEENEI 1 TeRdlp aMisne Akdn@d#D
carbon atons; the ally! group neans an allyl group having 3 to 40

carbon at@pBtiavie ReL6 robealdnyd; gy SIUP ghRpnGedhsRArdllyl of@pl Haylngdd aupo
having | to 30 carbon atons; the hal oal kyl group neans a hal oal kyl
group hawibog alorhg 80 peafliesalkilogmup aneknt hepatikydoslidyf @rodp Bavday 1 mMeadd
an al kyl sul fonyl group having 1 to 30 carbon atons. The

sul f oni wanbo o Ao thealtadaa I pgodpomamsentodetilkyd frowgf havive pte3@nsrbon atoms;
invention is represented by the following formula (1): [ Chem cal

For nul a afd ther@gyX1BnyISroup meais-dReal iRyl nyhepe having t ke3d carhen atohs) |

R and R2 each independently represent any one selected fromthe
group consi sThagulémiwm campyindreapling tocgreerobedigenigeiohp pregantapygntion 1s
group, a heteroal kyl group, a heterocycl oal kyl group and a heteroaryl
group, é@prﬂeﬂ@ﬁ@ﬂé& f?gyww fosnned):t oget her with the sulfur atomto
which R is bonded, to forma heterocycl oal kyl group having 2 to 7
car bon at ons|Chemical Fppnglgd It or nul a (1), R4 to R6 each independently
represent any one selected fromthe group consisting of an al kyl
group, a cycReal kyl group, an aryl group, a heteroal kyl group, a
heterocyﬁ%gggﬁ%llgroup and a heteroaryl group, or R4 and R5 may be

] oi ned, toge r‘with the sulfur atomto which R4 is bonded, to form
a heterocycl gal kyl group having 2 to 7 carbon atons. R4 to R6
each indepenRgntly represent any one selected fromthe group

consi sting off an al kyl grouR4having 1 to 20 carbon atons, a

cycl oal kyl grioup lhaving 3 t0°20 carbon atons, an aryl group having 6
to 20 carbonXat on®,-Srhet er SatfRyl group having 4 to 20 carbon atons,
a heterocycl oalkyl oup haﬁing 3 to 25 carbon atons, and a
heteroaryl grogp having 6 t 0220 carbon atoms, or Itt and R3 may be
joined, together with the sulfur atomto which 124 is bonded, to form
a het er Q@edi® & H¥ lfoaf@4 PHNRY kDR S cdch iRdcpahdidtly 2d2BRnt any one seRcleldrom
formula (1), R3 represents any one selected fromthe group consisting
of a cyghd groap kensding ofoaslRy! grohpt £tpdyatkylGrahk enedylytroghp,oupetemalkyl
aryl ene group and a heteroaryl ene group, and X represents an el ectron
donor gresip, 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.

In the formula (1), R4 to 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 Ry and Rs may be joined, together
with the sulfur atom to which R, is bonded, to form a heterocycloalkyl group having 2 to 7

carbon atoms.
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R3 represents any one selected fromthe group consisting of a cyclic
al kenedi yl group having 3 to 15 cabron atonms, a heterocyclic

al kenedi yl group having 3 to 15 carbon atons, an aryl ene group having
6 to 25 carbon atons, and a heteroaryl ene group having 5 to 20 carbon
atons, and the arylene group and the heteroaryl ene group nmay each

i ndependent|y have one to four benzene rings, and the heterocyclic

al kenedi yl group may be derived froma furan or a thiophene.

R3 may be any one selected fromthe group consisting of groups
represented by the following formulas (2-1) to (2-4): [Chem cal

Formula 2-1]g, tol ﬁﬁ%?iﬁ@%ﬁ(&}h%%ﬂﬁ?g] anyl SREW&CAA FOHTHE 8r B%ﬁ)?sis@tglg

[ Chem cal Formul a 2-4] erei'n in the formulas (

(2-4), Fdn Ang §8dp 8AGR i1 N6 oNARRALkIMY, AR EREMY %Iwz Aeing &l ®eioegrgnom
the group consisting of a single bond, an’ al kanedi F group having 1

to 5 caxben, at ai® gr@pdhaingb ke nediayborgaomg, HavieRglidte@odp Banimoa to 20
atons; and R23 represents any one selected fromthe group consisting
of - CH2carborDatoatd(l a-teterocycloalkyl group having 3 to 25 carbon atoms, and a heteroaryl
group having 6 to 20 carbon atoms, or Ry and Rs may be joined, together with the sulfur
atom to which Ry is bonded, to form a heterocycloalky! group having 3 to 6 carbon atoms,
In the formula (1), R; represents any one sclected from the group consisting of a
cyclic alkenediyl group, a heterocyclic alkenediyl group, an arylene group and a
heteroarylene group, and X represents an electron donor group.
R; represents any one selected from the group consisting of a cyclic alkenediyl
group having 3 to 15 cabron atoms, a heterocyclic alkenediy! group having 3 to 15 carbon
atoms, an arylene group having 6 to 25 carbon atoms, and a heteroarylene group having 5
to 20 carbon atoms, and the arylene group and the heteroarylene group may each
independently have one to four benzene rings, and the heterocyclic alkenediyl group may
be derived from a furan or a thiophene.
R; may be any one sclected from the group consisting of groups represented by the
following formulas (2-1) to (2-4):

[Chemical Formula 2-1]

N

g““Rzz"gt;ﬁfﬁJ Roz—1

[Chemical Formula 2-2}

é_Rm R22“‘%
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X may be any one selected fromthe group consisting of -0-, -S-,
-0-(CH2)-0- (wherein n represents an integer from1l to 5),

-(CH2) 11-S- (wherein n represents an integer froml to 5), and a
group represented by the following fornmula (3-1): [Chem cal Formula

3-1] wherein in the formula (3-1), R31 and R32 each i ndependently
represent any one selected fromthe group consisting of -0-, -S- and
conbi nati ons t her eof The group -123-X- may be any one sel ected

fromthe group consisting of groups represented by the foll ow ng
formulas (4-1) to (4-4): [Chemi cal Formula 4-1] [Chem cal Formula

4-21

[ ChepirealicArebimiiaz 43l

o OO

[Chemical Formula 2-4]

3

g_Rmmn\//"_Rzz“%
wherein in the formuias (2-1) to (2-4), Ry and Rj; each independently represent any one
selected from the group consisting of a single bond, an alkanediyl group having ! to 5
carbon atoms, and an alkenediyl group having 2 to 5 carbon atoms; and Ra; represents any
one selected from the group consisting of -CHy-, -O- and -S-.

X may be any one selected from the group consisting of -O-, -S-, -O-(CH,),-O-
(wherein n represents an integer from 1 to 5), -(CH3),-S- (wherein n represents an integer
from 1 to 5), and a group represented by the following formula (3-1):

[Chemical Formula 3-1]

X

g—R31—{\//_R32_§

wherein in the formula (3-1), R3; and Ry, each independently represent any one selected
from the group consisting of -O-, -S- and combinations thereof.

The group -R;-X- may be any one selected from the group consisting of groups
represented by the following formulas (4-1) to (4-4):

[Chemical Formula 4-1]

15



[Chem cal Fornula 4-4] tyR4, ,' R42 wherein in the formulas (4-1) to
(4-4), R4l represents any one selected fromthe group consisting of
-0-, -S and -0-(CH2)1-0- (wherein n represents an integer froml to
5); R42 represents any one selected fromthe group consisting of
-(C12)1-S- (wherein n represents an integer from1l to 5) and
-(CH2),1-0- (wherein n represents an integer froml to 5); and R43
represents any one selected fromthe group consisting of -CH2-, -0-
and -S-. Inthe formula (1), -A represents an anion. The ani on
-A may be any one selected fromthe group consisting of a sulfonate
anion, an imnde anlon a nmet hide ani on, a hal ogenated al kyl anion, a

carboxylate a i odoni um ani on, and a sul fonylim de anion.
The ani o e sel ected from the group consi sting of
ani ons repr s the following formulas (1-1), (1-2) and (1-3):
[ Chem cal Fornul a -11 O1ll -0S 021

[Chemical Formula 4-2]

%RM

[Chemical Formula 4-3]

H Sy

[Chemical Formula 4-4]

wherein in the formulas (4-1) to (4-4), Ry, represents any one selected from the group
consisting of -O-, -S- and -O-(CHa»),-O- (wherein n represents an integer from 1 to 5); Ryp
represents any one selected from the group consisting of -(CHy),-S- (wherein n represents
an integer from 1 to 5) and -(CH,),-O- (wherein n represents an integer from 1 to 5); and
R43 represents any one selected from the group consisting of -CH;-, -O- and -S-

In the formula (1), -A represents an anion.

The anion -A may be any one selected from the group consisting of a sulfonate

anion, an imide anion, a methide anion, a halogenated alky! anion, a carboxylate anion, an
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I 0OC InQ@Q Im@@ Y1 Y2 I

iodonium anion, and a sulfonylimide anion.
The anion -A may be any one selected from the group consisting of anions
represented by the following formulas (1-1), (1-2) and (1-3):

[Chemical Formula 1-1]

oty
o—p et
0O Q Qs

wherein in the formula (1-1), Q, Q», Q3 and Q4 each independently represent any one
selected from the group consisting of a hydrogen atom, a halogen atom, and an alkyl
group; and may be each independently any one selected from the group consisting of a
hydrogen atom, a halogen atom, and an alkyl group having 1 to 5 carbon atoms.

In the formula (1-1), Y| represents any one selected from the group consisting of an
alkanediyl, an alkenediyl, NR’, S, O, CO and combinations thereof, and R' represents any
one selected from the group consisting of a hydrogen atom and an alkyl group.
Furthermore, Y| may be any one selected from the group consisting of an alkanediyl
having 2 to 20 carbon atoms, an alkenediyl having 2 to 20 carbon atoms, NR', S, O, CO
and combinations thercof (wherein R’ represents any one selected from the group
consisting of a hydrogen atom and an alkyl group having 1 to 5 carbon atoms).

In the formula (1-1), Y, represents any one selected from the group consisting of a
hydrogen atom, an alkyl group, a cycloalkyl group, a heterocycloaltkyl group, an aryl
group, a heteroaryl group, a heteroalkyl group, an allyl group, a perfluoroalkyl group, a
haloalky! group and an alkylsulfony! group, and Y, may be any one selected from the
group consisting of a hydrogen atom, an alkyl group having 1 to 10 carbon atoms, a
cycloalkyl group having 3 to 20 carbon atoms, a heterocycloalkyl group having 3 to 20

carbon atoms, an aryl group having 6 to 20 carbon atoms, a heteroaryl group having 5 to
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wherein in the formula (1-1), QIl, @@, Qand &4 each independently
represent any one selected fromthe group consisting of a hydrogen
atom a hal ogen atom and an al kyl group; and may be each

i ndependently any one selected fromthe group consisting of a
hydrogen atom a hal ogen atom and an al kyl group having 1 to 5
carbon atons. In the fornmula (1-1), Y1 represents any one

sel ected fromthe group consisting of an al kanediyl, an al kenedi yl,
NR, S, 0, CO and conbinations thereof, and Wrepresents any one
selected fromthe group consisting of a hydrogen atom and an al kyl

group. burchheh ARy, amtemy@%@@mamg 1S6119Gh8n LR, bR &l g @Ufp having 2
consisting of an al kanediyl” having 2 to 20 carbon atons,” an

al kenedityli 5 BatbAdtotns @ péHGATIIEN gAl@MHRwinddW 1o cdtborhlonda RRIkPBELGNS
t hereof (wherein R represents any one selected fromthe group

consi st ihagingfl ta 1byeiegamnal o andk@dsulédnky Erogp Gaydnpavs ng cdrbbe angar bon
at ons) . In the fornmula (1-1), Y2 represents any one sel ected
fromthe grolUpthedbahsiki(hgd),of raprdiyats agemneatrdiom dntoal ( ywhd gtayulss aminteger
cycl oal kyl group, a heterocycl oal kyl group, an aryl group, a

het er oarfim §rofipm mpivetnes aainkogkr Fomwptp 18naral thyt bgaoinpggeafrom 0 to 3.

per fl uoroal kyl group, a hal oal kyl group and an al kyl sul fonyl group,
and Y2 nmay bb thayoronda Slel ettepséntoan tntegey fromp) wonsing miaydeah inleger from
hydrogen atom an al kyl group having 1 to 10 carbon atoms, a

cycl oal KyMP 2gr oup having 3 to 20 carbon atons, a heterocycl oal kyl
group having 3 to 2Q carbon _atons, an aryl group having 6 to 20
carbon at ons|Chentealdiogarkil-Yr oup having 5 to 20 carbon atons, a

het er oal kyl group having | to 10 carbon atons, an ally! group having
2 to 15 carbon atons, a perfluoroal kyl group having 1 to 8 carbon
atons, a hatﬁgyg gr.oup having 1 to 10 carbon atons, and an

al kyl sul fo gr ﬁaving 1 to 15 carbon atons. In the formul a
(2-1), nr sents an integer fromO to 10, and rmay be an integer
fromO to 5. |nyg ygents an integer fromO to 10, and may be an
integer fromO to5. Inthe fornmula (1-1), 1 represents an integer
fromO to 5, and nay be an integer fromO to 2. [Chem cal Fornul a
1-2] - . 6 Fn.J.n I -

each iE%g%é%%g%%$%&¥@g§€§é§tYgﬁﬁﬁg%%ﬁggf%c 8%9?§gé??%%m§%8%§ﬁe§&g“¥§
consi sti A= hyl n diy!,, ; 0,

comnbi natﬁi%glnglfu?t g)rL o@?&ﬂg‘%’/eoifnﬁil?’aﬁ%@%’s g%taékég%wgﬁ\emé esl’g'gi edd@ f(r) %jrqnq?%e
group cepsbiiatifgs @bredf INRLOH RNrpRBE ALY S Rided B5R YR grodP donédtiaf df
Y4 may be each independently any one s€lected fromthe group

consi st iangdefpeaRtorh ki edlakl] HavpnNend Yt and ¥, Gadybeah dfidcpeddently any one
al kenediyl having 2 to 15 carbon atons, NW S, 0, CO 02S and

conbi natélessd thel eled gfdlp cmpisesent smaianedg] $eliagtE fls csmrbdneatgmeupm
consi sting of a hydrogen atom and an al kyl group). In the

f or mul aalkkn@)iyl MyiraritioY® ealedn ditode¢R'ISNO] ¢Or €pF esd ndmbmygtiarsghereof (R’
selected fromthe group consisting of a hydrogen atom an al kyl

group, aemyehsalnyydnegrebupd frorhebe gooyaloosibing oge budiogam atny hindyroalkyl a
het eroaryl group, a heteroal kyl group, an allyl group, a

per f | uogoaipkyl group, a hal oal kyl group, and an al kyl sul fonyl group,
and Y5 and Y6 may be each i ndependently any one selected fromthe
group consi st thg Temui( laPX Vs ang Yo efp:hhaé?mg ently genrgsephpbpneaclsisd fipm
cycl oal kyl group having 3 to 20 carbon atons, a heterocycl oal kyl
group hae gHW cenvgingaphon hydwesn aiemapp algybgsowavt fycpatiyl Agoup, a
carbon atonms, a heteroaryl group having 5 to 20 carbon atons, a

het er oaﬁﬁsﬂ‘ocgﬁk%ﬂﬂs%awaggq 289 2400 dr 'Oaﬂ@&@}maﬁ fersaliog resehy: raviiy
2 to 15 carbon atons, erflyoroal kyl group having.l to 8 carbgn
Stons. & ey odrrporgoR i r gt el by B S Gun Ak B fe g P ¢ and

Y may be cach independently any one selected from the group consisting of an alkyl
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In the formula (1-2), o represents an integer fromO to 5, and p
represents an integer from0O to 5. [Chem cal Formula 1-3] wherein in
the formula (1-3), Y7, Y8 and Y9 each independently represent any one
selected fromthe group consisting of a hydrogen atom an al kyl

group, a cycloal kyl group, a heterocycl oal kyl group, an aryl group, a
het eroaryl group, a heteroal kyl group, an allyl group, a

per fl uoroal kyl group, a hal oal kyl group and an al kyl sul fonyl group,
and Y7, Y8 and Y9 may be each independently any one selected fromthe
group consisting of a hydrogen atom an al kyl group having 1 to 10

carbon atABhavihCV &b 98! didondh@HP NIk drSu?Bagdd BAD 28t @RBon Boms, a
het er ocycl oal kyl™ group having 3 to 20 carbon atons, an aryl group

havi ng @aeﬁe%cg&os}ﬁﬁb@u}at@m 380 NOtcarRarydmg a Wpy hemipigving ®128 eabbon
atons, a heteroal kyl group %aving 1 to 10 carbon atons, an allyl
group hawnngaRefe@alyd @iVt DB0 @urp@r dtbmerOadtdeyalk grgron henagytal1@ o
8 carbon atons, a hal oal kyl group having 1 to 10 carbon atons, and an
al kyl sulcfiboy hiogisoupalisd \virsig Having 21 ISatablom @adoss. pefihereaik drereud Imayngole
any one selected fromthe group consisting of -0S02CF3, - 0802C4FO,
- 0S02CORA4 B, carNCEANE, a hdlbHIGAFRGH @) haNQLARD)ID, cart@nhGRENS, and@nGRFEy@ onyl
-C(C4F9) 3, and an anion represented by the followng fornula (1-4):
[ Cheni caroupdraningd to-14]cadbo@ta®i21: (- Il |1 0-S CCO(RL1)rY10 Il -0 @6
R13 wherein in the fornula (1-4), Y10 represents any one sel ected
from the gr olipthe dnsiuda {Ing), ofceEBlapankgdr w0 Saatlddt BPEEHT Balmgaer
group, an aryl group, a heteroaryl group, an al kyl group, a
heteroaﬁ@?loﬁ?éup, an allyl group, a perfluoroal kyl group, a
hal oal kyl group, .a % an al kyl sul fonyl group, and may be any one
selected fro fWE‘g BUBmédﬁéisting of a cycloal kyl group having 3 to
20 carbon atons, a heterocycl oal kyl group having 2 to 20 carbon
atons, ang aryl group having 6 to 25 carbon atonms, a heteroaryl group
having 6 {6 20 carbon atons, an al kyl group having 1 to 20 carbon
atons, a _fpeteroal kyl group having 1 to 20 carbon atons, an allyl
group havqng ? to 20 carbon atons, a perfl uoroal kyl group having 1 to
10 carbonY?tonB, a haloallcyl group having 1 to 10 carbon atons, and
an al kyl sul'fonyl group having 1 to 10 carbon atons. In the
formula (1-4), Rl1l represents any one selected fromthe group
consi st ing.&of ifihe & ﬁ:ﬂ‘%\ﬁ'—y)', 3‘1’7,3‘{%9&&1' YeariiNdepetRnily RprQentRy @16 selected
conbi nat1 ons t hereof (wherein represents any one selected fromthe
group Capsh $hd Qﬂ)uﬁfcoﬁsigﬁfﬁj% 08 QMA@ BnaB8ma An adlk | orEfiR Ud Lycledilly RirbupBy
be any one sel écted fromthe group consisting of an al kanediyl havi ng
2 to 20 heRrd9BloalkOMBroupNadbi@neslipy la Rastb@gl grdup, 2 Gebraion gadPyBn AN
S, 0, CO and conbi nati ons thereo#)(mherein R represents any one
sel ect e@rdupp m pefucgsdlyl @ows iastaladkdferauhymedr agelkyRtidmyaebupnaad Kyl Y
group having 1 to 5 carbon atons).

and Yy may be each independently any one selected from the group consisting of a

hydrogen atom, an alkyl group having 1 to 10 carbon atoms, a cycloalkyl group having 3
to 20 carbon atoms, a heterocycloalkyl group having 3 to 20 carbon atoms, an ary!l group
having 6 to 20 carbon atoms, a heteroaryl group having 5 to 20 carbon atoms, a
heteroalkyl group having 1 to 10 carbon atoms, an ally! group having 2 to 15 carbon atoms,
a perfluoroalkyl group having 1 to 8 carbon atoms, a haloalkyl group having 1 to 10
carbon atoms, and an alkylsulfonyl group having 1 to 15 carbon atoms.

The anion -A may be any one selected from the group consisting of -OSO,CF3, -
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In the formula (1-4), R12 and R13 each independently represent any
one selected fromthe group consisting of a hydrogen atom and an

al kyl

group having 1 to 8 carbon atons. In the formula (1-4),

r represents an integer from0O to 5, and r may be an integer fromO

to 3.

In the formula (1-4), Q and Q@ each i ndependently

represent a hal ogen atom and each may be a fluorine atom
Furthernore, -A may be any one selected fromthe group consisting of
-0S02CF3, - OSM2CF2CF2CF3, -0802CF2CF2CF2CF3 and ani ons represented
by the following fornulas (1-5) to (1-8): [Chenmical Fornula 1-5] O
0-5- CF2 $50:Qr, Corm,cat . FOB)A -B€IF; Y, -Nid,By),, -C(CFs)s, -C(CoFs)s, -C(CaFo)s,

and an anion represented by the following formula (1-4).

[Chemical Formula 1-4]

Qs Riz2
|
OZ?_CI:_(\:_O (Rith— Y10
-0 Qs Ry3

wherein in the formula (1-4), Y, 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, and may be any one selected from the group consisting of a
cycloalkyl group having 3 to 20 carbon atoms, a heterocycloalkyl group having 2 to 20
carbon atoms, an aryl group having 6 to 25 carbon atoms, a heteroaryl group having 6 to
20 carbon atoms, an alkyl group having 1 to 20 carbon atoms, a heteroalkyl group having
1 to 20 carbon atoms, an allyl group having 2 to 20 carbon atoms, a perfluoroalkyl group
having 1t to 10 carbon atoms, a haloalkyl group having I to 10 carbon atoms, and an
alkylsulfonyl group having 1 to 10 carbon atoms.

In the formula (1-4), Ry represents any one selected from the group consisting of
an alkanediyl, and alkenediyl, NR', S, O, CO and combinations thereof (wherein R’
represents any one selected from the group consisting of a hydrogen atom and an alkyl
group), and Ry, may be any one selected from the group consisting of an alkanediyl
having 2 to 20 carbon atoms, an alkenediyl having 2 to 20 carbon atoms, NR', S, O, CO
and combinations thereof (wherein R' represents any one selected from the group
consisting of a hydrogen atom and an alkyl group having 1 to 5 carbon atoms).

In the formula (1-4), R)» and R,3 each independently represent any one selected

from the group consisting of a hydrogen atom and an alkyl group having 1 to 8 carbon
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0
0

F2

[ Chem cal Fornula 1-7] O 01cO0 0 F2 [ Chem cal Fornula 1-8]
0 F2

atoms.

In the formula (1-4), r represents an integer from 0 to 5, and r may be an integer
from 0 to 3.

In the formula (1-4), Qs and Qg each independently represent a halogen atom, and
each may be a fluorine atom.

Furthermore, -A may be any one selected from the group consisting of -OSO,CF3, -
OSO,CF,CF,CF3, -OSO,CF,CF,CF,CFy and anions represented by the following
formulas (1-5) to (1-8):

[Chemical Formula 1-5]
2
7 che
O o)

-0

G

[Chemical Formula 1-6]

[Chemical Formula 1-7]

- J*
[Chemical Formula [-8]

O
-0—S
y)\c/‘\o
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The sul f oni um conmpound represented by the fornmula (1) has a structure
havi ng absorbers that are different fromeach other introduced into
the cation region in one nolecule, and can provide a photoacid
generator which has a controll able photon yield, provides a conpound
having two acid sites respectively having a photoacid generator that
is different fromthe other when applied as a photoacid generator,

t hereby addressing the inconvenience of using a mxture of different
phot oaci d generators, and has excelelnt mscibility within a resist.
The sul foni um conmpound represented by the fornula (1) nmay be

preferably afye %Gﬁoﬁﬁx’ne&in%uﬁﬂ Q%r&%ﬁteﬁr!ﬂpﬂlecﬁﬁ%hﬁtle‘%ana SRORGYAGSing
represented by the following formula (5-1) to fornmu 3):

[ Chem cabsdraauha Are WiftRnd Fiddl cadh 6‘['8512&{@15)&@63 it LS cEt?onl rélofdt inKGme
S-R6 1 R5 0 [Chem cal Fornula 5-2]
molecule, and can provide a photoacid generator which has a controllable photon yield,
provides a compound having two acid sites respectively having a photoacid generator that
is different from the other when applied as a photoacid generator, thereby addressing the
inconvenience of using a mixture of different photoacid generators, and has excelelnt
miscibility within a resist.
The sulfonium compound represented by the formula (1) may be preferably any
one selected from the group consisting of compounds represented by the following
formula (5-1) to formula (5-3):

[Chemical Formula 5-1]

(R51)n51
| =~
(Rsglysp L
’\QH'**-A
R3
R
‘ Fa [ N
X C-5—0- +5Rg

[Chemical Formula 5-2]
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H3cH2C )n53 (HOS Ari54 R3OR4A F2 1 | ol R5 [Chem cal Fornula
+ - ARBO R4
CHj
/!
HaC (Hzc\)ns3
(HQC 5+-A
n54 |
Rj
l o R4
2 |
XYC —ﬁ—o- +S|—R6
0 R
o) 5
[Chemical Formula 5-3}
OT+-A
R;
0O R
i Fo 1] 1t
X C_;Si_o_ +£?——RG
L R

wherein in the formulas (5-1) to (5-3), Rs; and Rsy each independently represent any one
selected from the group consisting of a hydrogen atom, an alkyl group having | to 5
carbon atoms, and a halogenated alkyl group having 1 to 5 carbon atoms; and may be any
one selected from the group consisting of a hydrogen atom, an alkyl group having 1 to 3
carbon atoms, and a halogenated alkyl group having | to 3 carbon atoms.

In the formulas (5-1) to (5-3), nS1 and n52 each independently represent an integer
from 1 to 5, and may be each independently an integer from 1 to 3.

In the formulas (5-1) to (5-3), n53 and n54 each independently represent an integer
from 0 to 10, and may be each independently an integer from 0 to 5.

In the formulas (5-1) to (5-3), Ry to Rg respectively have the same meanings as

defined in relation to the formula (1), and therefore, further descriptions thereon will not
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F2 11 X-S-0 - S-R6 0 R5 wherein in the fornulas (5-1) to (5-3), R51
and R52 each independently represent any one selected fromthe group
consisting of a hydrogen atom an al kyl group having 1 to 5 carbon
atons, and a hal ogenated al kyl group having 1 to 5 carbon atons; and
may be any one selected fromthe group consisting of a hydrogen atom
an al kyl group having 1 to 3 carbon atons, and a hal ogenated al kyl

group having | to 3 carbon atons. In the fornmulas (5-1) to
(5-3), n5 and n52 each independently represent an integer from1l to
5, and may be each independently an integer from1l to 3. In the

Formul ag, é% ed 0 I, %%h 3@%%1 aﬁdree&%u@ag hqa'v@(?!ﬁé)‘é‘é}ﬂgnﬁéa)hnrﬁ@%rs%%%d an

i nt eger 0 to 10, be each dependently an integer fromoO

to 5. relatiod @ thO&rhQfd) a8d Q@ié‘f}net furlter Sdscripiorts@hdrbor! REPRA b YeleMted.
have the sane neanings as defined in relation to the fornula (1), and

therefore, funtb@ford@sGopbi@NEptRaiter by Md forfitk (1Pmay dpeay efe sdksed
R3, X and - A respectively have the sane neanings as defined in

rel ati orfrdn® tHeh@odoeoiistng &) conpudintlhepasoited by tiet tbBowheSormyh (&1 to (6-
thereon will not be repeated. The sul f oni um conpound
represented by the formula (1) may be any one selected fromthe group
consi sting of conpounds represented by the followng fornmula (6-1) to
(6- 22): [ Chivhapaital Formulagd-b- 11

@—s +- 0S0O,CF;,

&

©{>

[Chemical Formula 6-2]

m/ SO3

s + - 0SO,(CF,),CF5
C“SOa + s

[Chemical Formula 6-3]
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For mul a

[ Chem cal Fornula 6-3] [ Chem cal Fornula 6-4]
6- 5] [ Chem cal Fornula 6-6] [ Chem cal

Formul a 6- 8]

] X
- 0 o
O oot
O Fy
Fy
O

[Chemical Formula 6-5]
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[ Chem cal Fornula 6-91 [ Chem cal Fornula 6-101 CH3
Formul a 6-11] OCH3 [ Chemi cal Fornula 6-121

[Chemical Formula 6-7]
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NO2 [Chem cal Fornula 6-131 [ Chemi cal
Formul a 6- 15] [ Chem cal Fornula 6-16]

@S + - OSO2CF3

F

2
by P

O

[Chemical Formula 6-8]

QS + - OSOz(CFz)ECFa
F2 ;

OCHQCHQO\H/C\S% . s—@

[Chemical Formula 6-9]
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[ Chem cal Fornula 6-17] [ Chem cal Fornula 6-18] [Chem cal Fornula
6-19] [Chem cal Fornul a 6-20] [ Chem cal Fornula 6-21] [ Chem cal
Formul a 6-22] The sul foni um conpounds represented by the above
formul as can generate two acids having different diffusivities when
generated at the tine of light irradiation when the sul fonium
conpounds are applied as photoacid generators, and thereby can
address probl ens such as non-uniformdiffusion occurring in the case
of m xing photoacid generators that are different from each other.
The sul foni um conmpounds can al so increase the resolution, and can

i nprove the |ine edge roughness. The phot oaci d generat or

according to armather enbodi nent of the present invention contains the
sul foni um co d represented by the fornula (1 ). The descriptions
on the sul foniuf contPound represented by the fornmula (1) are the sane
as the d 4 ons-gn ;,Qem conpound descri bed above, and
t her ef ther d i pti t b

erefore, rther gs%nﬁ)uo not be

Fa ;

O

[Chemical Formula 6-10]
CHs

QS + - OSOz(CFQ)gCFS

O\”/C""SO3‘ .S
O

s

[Chemical Formula 6-11]
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r epeat ed. When the sul foni um conmpound is applied as a photoacid
generator, although a m xture of different photoacid generators
havi ng different characteristics such as high diffusivity and | ow
diffusivity, or high perneability and | ow perneability, is not used,
hi gh resol ution can be obtai ned, and excellent mscibility within a
resi st can be obtained. The resi st conposition according to
anot her enbodi nent of the present invention includes the photoacid
generator descri bed above. The resist conposition can be constructed
by incorporating together with the photoacid generator described
above, any one.selected fromthe group consisting of a copolyner, a
sol vent, an @ i ve and conbi nati ons thereof. The copol yner is
v limted as long as it is included in the resist
conposi ti gn\gnd can for esist film Any solvent can be used as
| ong as in oPﬁgﬁPg)gtﬁ?’vent that is conventionally applied in
resi st conposjitions, and _specific exanples include | actones, am des,
aromatic hydr bons ones, esters (including aliphatic
carboxylic acig esters," Lactic acid esters, and propylene glycol

nonoal kyl et hep_acgt at es), yl ene gl ycol dial kyl ethers, propyl ene
gl ycol nonoal kyl etﬁg%s* a hyl ene gl ycol nonoal kyl ether

acet at es. The additd.ve hay be any additive that is
conventionally applied|to|resist conpositions, and specifically, the
additive may be any one ected fromthe group consisting of an

al kal'i dissol ution inhibijtgr, an acid diffusion inhibitor, a
surfactant, a sensitizer and conbinations thereof. The al kal i

di ssol ution inhi bi tor be any al kali dissolution inhibitor that is
conventlonaJ[9‘%ﬁﬁ@f@&“ﬁ%‘¥5§|st conposi tions, and may be a phenol or
carboxylic acid derivative. The acid diffusion inhibitor may has an
operation of controlling the phenonenon of diffusion of the acid
gener ated by t irradiation in the resist coating film and

t her eby suppre n~s the chem cal reaction at an unexposed area. Am nes
i ncl udi ng/noygoal kyl am nes. such as n-hexyl am ne; and nitrogen
corrpounds Tné) SHRét ﬁ&?@hedl am ne can be applied, but are not
limted to These The surfactant is intended to inprove
coatability, d i |7ty and the |ike, and exanpl es thereof

i ncl ude pol yox ryl ether, polyoxyethylene stearyl ether,

and pol yoxyet hy} eng? pol Aene glycol dilaurate, but are not
limted to thesey ~ SO3 .k @ of the sensitizer include
benzobazol es, anthracenes and” car bazol es, but are not limted to
t hese. The resi st posi ti on may |nclude t he photoacid

generator in an amount ef 06.001 to 99 parts by weight, preferably 0.1
to 20 parts by weight, and nore preferably 1 to 11 parts by weight,
relative to 100 parts by N ght of the copol yner. When t he
resi st conposition includes the photoacid generator in the content
range described above, the resolution and the |ine edge roughness
(LER) can be|€mdraingddwrmula 6-13]A resi st conposition including the

phot oaci d generator has excellent mscibility, and can obtain the
effect of high resolution that is obtainable by using a m xture of
phot oaci d generators having high diffusivity and |ow di ffusivity, and
hi gh permeability and | ow pernmeability, even wi thout using a m xture
of photoaci d generators having different characteristics. The
sul foni um conpound of the present invention has a photon yield that
is controllable by introducing two different absorbers to the cation
region in one nolecule, can address the inconveni ence of using a

m xture of photoacid generators that are different from each other
when the sul foni um conpound is applied as a photoacid generator, has

29



EXAMPLES Here, the present invention will be described in
detail by way of Exanples 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 fornms, and are not intended to be |imted to the
Exanpl es descri bed herein. Synthesis Exanple of sulfonium conpound
(Synt hesi s Exanple 1) 1) 100 g of phenyl acetate represented
[A] in the follow ng reaction schene (1-1) and 133.1 g of phenyl

sul foxi de represented by [B] in the follow ng reaction schene (1-1)
were m xed in 1200 m of dichl oronethane (MC) under stirring, and
thus a m xed goMuti on was prepared. The reaction tenperature of the
m xed solutioh was | owered to -78C using dry ice and acetone.

204 g of p: 'I or onet hanesul f oni ¢ anhydri de (CF3502)20) was placed in
a droppi ﬁe*l - B O,(L8G):8hgd was sl owl y added dropw se to the nixed
sol uti on préparjed above. The dropw se addition was carried out
for 3 houps™a e reaction tenperature, and the resulting m xture
was stirr @ sequent when the starting materials di sappeared on
thin | ayer—e at ogr ap TLC), the reaction was conpleted. Thus, a

reaction sol ut iyon @as prgpared To a solution prepared by
di ssol vi ng 200 g0 %(ad'd:ionate in 1.5 L of water and cooled to
0C, the reactionosol uti ogp.was—added, and the m xture was vi gorously
stirred. The organic Iawas renoved 20 mnutes after the stirring
(first stirring) and wassprxed with a solution having the sane
conposition as the solution prepared by m xing cal ci um carbonate and
water. The m xture was stirred again (second stirring), and the
organi ¢ | ayelChgagcal¥ormeaddi4lo obtain a reaction 1iquid. The
reaction liquid was washed with brine, and was dried over nagnesium
sulfate. The reaction liquid was filtered and concentrated, and thus
200 g (yield: 5 of (4- acetoxyphenyl)di phenyl sul foni um
trifluoronethan onate represented by [C] in the foll ow ng
reaction schenms (1-1) was_obtai ned. The structure of the
conpound re éd%@oq(‘az)ﬁsme foll owi ng reaction schenme (1-1)
was confirmed by 1H NWVR 114-NVWR (CDCI 3, internal

st andar d: yl sila . 8 (ppm 5.34 (s, 2H), 7.38 (d, 2H),
7.77-7.84 H React i chenme | -1]
Fa
poee L0

[Chemical Formula 6-15]
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2) 100 g of (4-acetoxyphenyl)di phenyl sul foni um
trifluoronmethanesul fonate represented by [Al in the foll ow ng
reaction schene (1-2), which had been produced in section (1) of
Synt hesis Exanple 1, was m xed with 300 nl of dichloronethane (M)
and 200 m of distilled water under stirring, and thus a m xed

sol ution was prepared. 10 g of p-toluenesul fonic acid
represented by [B] in the follow ng reaction schene (1-2) was added
dropwi se to the m xed solution, and the resulting m xture was heated
and stirred at 40C. Wen the starting materials di sappeared on thin
| ayer chromat ogr.aphy (TLC), the reaction was conpleted, and thus a
reaction solu was prepared. D chl oronet hane was added to the
reaction sol ut ! and then the m xture was subjected to |ayer
separatio Yhe|organic | ayer was renoved, washed two tines with
brine, an +ovePOnkgreSium sul f at e. Thus, a reaction |i qui d was
pr epar ed. The reaction liquid was flltered and concentrat ed,
and t hus jeld: 719 of diphenyl-4- hydroxyphenylsulfonlunltH
fl uor onet esented by [C] in the follow ng reaction
schene (1- The structure of the conpound

represented by 1 &n theffol i ng reaction schenme (1-2) was
confirnmed by 1H NVR SO§+S—{Cjzy 11-1-NMR (CDC13, internal
standard: tetranmephyl sil ape): (ppm 7.12 (d, 2H), 7.69- 7.83 (m
121-1), 11.12 (br, ltion Scheme 1-2] [B] O .c.,' _OH

[Chemical Formula 6-16]

/——/78 + - OSOQ(CFQ)SCF:g

F

Yo e
O /J/J_ﬂ\““\
[Chemical Formula 6-17}

Os + - OSO,(CF,),CFy

J,
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3) 100 g of difluorosul foacetic acid sodiumsalt represented by [A]
in the follow ng reaction schene (1-3) was mxed with 120 g of

t hi onyl chloride (SOC12), and the m xture was heated and stirred for
3 hours at 80C. The conpletion point of the reaction was confirned by
19F-NVR, and the reaction solution was concentrated. The crude
reaction solution was washed wth ether, and thus 87 g of

chl or ocar bonyl di f| uor onet hanesul foni ¢ acid sodium salt represented by
[B] in the follow ng reaction schenme (1-3) was obtained (white solid,
yield: 80%. [Reaction Schene 1-3] 00 IIF2 Na + - OS COH [A] SO 2

00 11F211  Noghnticd Foffrhla®- 165!

Os + - OSOCF,),CF,
o
~S0, +S

O\[ |/C
O
[Chemical Formula 6-19]

Os + - OSO,(CF),CF;
R
~S0, +S

O\(grc

[Chemical Formula 6-20]

QS + - 0O80,{CF2)3CF3

/A Fy

O CH2S\H/C\SOS_+ s@

0

[Chemical Formula 6-21]
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4) 50 g of the conpound [A] and 25.3 g of the conpound [B] of the
foll ow ng reaction schenme (1-4) were dissolved in 500 m of

1, 2-di chl oroethane (DCE), and 20 g of diisopropyl ethyl am ne (D1PEA)
was slowy added to the solution. The m xture was stirred, and thus a
m xed sol uti on was prepar ed. After conpletion of the dropw se
addition, the m xed solution was heated and stirred for 3 hours at
50C and was allowed to react. Thus, a reaction solution was prepared.
The conpl etion point of the reaction was confirmed by TLC, and when
the reaction was conpleted, the reaction solution was washed with an
aqueous HCl sqlution and distilled water in this order, and the
organi c | ayer concentrated. The concentrated organic |ayer (crude
reaction liq ma§)purifbgd usi ng ether, and a conpound represented

by [C] i e ;O||Q_ ng reagct schene (1-4) was obtained (46.3 g,
yi el d 65% dct9 ohrese [AI[C] 5) A nixed solution
prepared by di gs Ivﬁh5250 go conpound represented by [A] in

the foll ow ng 8 i on sg@ene ) and 27 g of triphenyl sul fonium
trifl uoronet hanesulfon represefted by [B] in the following fornula
(1-5) in 200 M of dich oreogt ane (MC) and 200 ni of distilled water
was vigorously stirred for 5 ho t roomtenperature (about 250C),

and thus a reaction sol uti offwas pared. The conpl etion point of
the reaction of the reactioq g6l ution was confirned by 19F-NVR, and
after conpletion of the reaction, the reaction solution was washed
wi th an aqueous sol ution of K2CO3 and distilled water. The organic

| ayer was cdidemisehtemulafd? hus a reaction |iquid was prepared. The
crude reaction liquid was purified using dichloronethane and hexane,
and thus 50.2 g (yield 90% of a conpound represented by [C] in the
follow ng reaction schene (1-5) was obtai ned. Fig. 1 presents
t he NWVR data ofy t he gonpounm [ Cl_produced by the reaction schene

1-5). O~
( ) /_/‘S+ 0] (ISS\g/’\O
SN
0" “cHs. P2 Q
c
T %s0,

The sulfonium compounds represented by the above formulas can generate two
acids having different diffusivities when generated at the time of light irradiation when the
sulfonium compounds are applied as photoacid generators, and thereby can address
problems such as non-uniform diffusion occurring in the case of mixing photoacid
generators that are different from each other. The sulfonium compounds can also increase
the resolution, and can improve the line edge roughness.

The photoacid generator according to another embodiment of the present invention
contains the sulfonium compound represented by the formula (1). The descriptions on the
sulfonium compound represented by the formula (1) are the same as the descriptions on

the sulfonium compound described above, and therefore, further description will not be
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[ Reacti on Schenme 1-5] [ A] (Synthesis Exanple 2) 50 g of a
conpound represented by [A] in the follow ng reaction schene 2 and 23
g of sodi um nonaf |l uor obut anesul f onate were di ssolved in 200 m of

di chl oronet hane (MC) and 200 m of distilled water (DW to prepare a
m xed sol ution, and the m xed sol ution was vigorously stirred for 5
hours at room tenperature (about 25C). Thus, a reaction solution was
pr epar ed. The conpl etion point of the reaction of the reaction
solution was confirnmed by 19F-NMR, and after conpletion of the
reaction, the reaction solution was washed with an aqueous sol ution
of IC2 apd distilled water. The organic |ayer was concentrated,
and thus a reaction liquid was prepared. The crude reaction liquid

was purifi edywghnge dugbhiarotRhhaRe 8NPphaxane, pidicheld gonctdIey, PUhbidhesd
reaction liquid, 62 g (yield 95% of a conpound represented by | in

the fol l@wung of REEtANPISARRIE gbiklatv@ShAbicatliTRebnt characteRbiges dichraasidph s

the NVR data of the conpound FC] produced by the reaction schene (2).

[ React i @iffiseHemd2dw diffusivity, or high permeability and low permeability, is not used, high
resolution can be obtained, and excellent miscibility within a resist can be obtained.

The resist composition according to another embodiment of the present invention
includes the photoacid generator described above. The resist composition can be
constructed by incorporating together with the photoacid generator described above, any
one selected from the group consisting of a copolymer, a solvent, an additive and
combinations thereof.

The copolymer is not particularly limited as long as it is included in the resist
composition and can form a resist film. Any solvent can be used as long as it is an organic
solvent that ts conventionally applied in resist compositions, and specitic examples
include lactones, amides, aromatic hydrocarbons, ketones, esters (including aliphatic
carboxylic acid esters, lactic acid esters, and propylene glycol monoalkyl ether acetates),
propylene glycol dialkyl ethers, propylene glycol monoalkyl ethers, and ethylene glycol
monoalkyl ether acetates.

The additive may be any additive that is conventionally applied to resist
compositions, and specifically, the additive may be any one selected from the group
consisting of an alkali dissolution inhibitor, an acid diffusion inhibitor, a surfactant, a
sensitizer and combinations thereof.

The alkali dissolution inhibitor may be any alkali dissolution inhibitor that is
conventionally applied to resist compositions, and may be a phenol or carboxylic acid
derivative.

The acid diffusion inhibitor may has an operation of controlling the phenomenon of
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(Synt hesi s Exanpl e 3) 50 g of a conpound represented by [A] in
the follow ng reaction schene (3) and 24.5 g of adamantane- 1
-carboxylic acid 2,2-difluoro-2-nethanesul fonyl ethyl ester sodium
salt represented by [B] in the follow ng reaction schene (3) were

di ssolved in 200 m of dichloronmethane (MC) and 200 m of distilled
water (DW to prepare a m xed solution. The m xed sol uti on was
vigorously stirred for 5 hours at roomtenperature (about 25C), and
thus a reaction solution was prepared. The conpl etion point of the
reaction of the reaction solution was confirmed by 19F- NWVR and

after copmigdd OPuRfactdGerbR&E Klsiocrclﬁhttinﬁdiaﬁéﬂa M SabUlohahy YRS, NRshedby

w th an aqueous sol ution of and distilled water. The organic

layer wagpgeaeentdeat @dmi@nd rdalien aar eact hiRpbdeduikaras REERAT afcluding
crude reaction liquid was purified using dichloronethane and hexane,

and fromdédeanRuimihéedsi®acid On-Hekfldinthe; Sond thilryg@l dc@RBunE  dncluding
conpound represented by [C] in the follow ng reaction schene (3) was
obt ai nedliethylenedidmhigie cah B gHéivd,Dut he ivVRmitad & kset he conpound [ (]
produced by the reaction schene (3). [Reaction Schene 3] Synt hesi s
Exanpl e for fasisarfactant is intended to improve coatability, developability and the like, and
3-Bicycl o[ 2. 2. 1] hept - 5-en- 2-y1- 3- hydr oxypr opi oni caci dt - butyl ester, 1-
met hy| acdaampleatieradnydladepolpngethybue Yooy lathanmiyetyhiblyleae sichot ethseraed
introduced at a nmolar ratio of 1:1:1(33 parts by nole:33 parts by
nol e: 33 podioxgethylens pelyethatane Elwrobiditavaaie hvasremsetdmatsd i hesoymeri zat i on
solvent in an anobunt three tines the total mass of the reaction
nononers. Az EBraPEs ol thye sapitirgr iaclide benrebrgpls attrageneamndrfiathagelss. i
a proportion of 4 mol %relative to the total nolar anount of the
nonomer $¢ gaidingitiddo heigxed sol ution was prepared. The ni xed

solution was_allowed to react for 16 hours at 65C to prepare a
feaction sol JAF IS AARIPHEOT BA¥HICHeSES B FUBRIRRENFHRICIAN ARt PR 0.001

o nexens, LS, LS L8 MBI A ThS, 2 LS5 N SRS Y 1
parts by weight, relative to 100 parts by weight of the copolymer.

When the resist composition includes the photoacid generator in the content range
described above, the resolution and the line edge roughness (LER) can be enhanced.

A resist composition including the photoacid generator has excellent miscibility,
and can obtain the effect of high resolution that is obtainable by using a mixture of
photoacid generators having high diffusivity and low diftusivity, and high permeability
and low permeability, even without using a mixture of photoacid generators having
different characteristics.

The sulfonium compound of the present invention has a photon yield that is
controllable by introducing two different absorbers to the cation region in one molecule,
can address the inconvenience of using a mixture of photoacid generators that are different
from each other when the sulfonium compound is applied as a photoacid generator, has
excellent miscibility within a resist, and can enhance the resolution and line edge

roughness.
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wei ght average nol ecul ar wei ght of about 8,500, was obtai ned.

[ Chem cal Fornula 101 Preparation Exanple for resist A resi st
conposition was prepared at the conposition ratios indicated in the
following Table 1, including 100 parts by wei ght of the copol ymner
represented by fornula (10) obtained in the Synthesis Exanple for
resin, and the like. Specifically, in Exanple I, 100 parts by
wei ght of the copol yner of fornula (10) obtained in the Synthesis
Exanple for resin, 4 parts by weight of the conpound represented by
[C] in the reaction schene (1-5) produced in the Synthesis Exanple 1
as an acid generator, and 0.5 parts by wei ght of tetranethylamoni um
hydr oxi de as a basic additive were dissolved in 1,000 parts by wei ght
of propyengpgkycol nethyl ether acetate. Subsequently, the solution
was filtered through a 0.2-1.tmnenbrane filter, and thus a resist

liquid was ppepaiiRhresent invedthf WRSbSHeschibed &l Wasl ’pwhy ef EQﬁlmf;‘les so that
substrate using a spinner, and was dried for 90 seconds at 11

Thus, a tesethbiigg bidinarhakillng tee 4 tcﬁkfﬁﬁﬁsh@iﬁieﬁh&Qwﬂnﬂiﬂrv\ia?peftmh%ﬁhn casily
The coating filmthus formed was exposed using an ArF excimer |aser
st epper chhrensit aperibwheonuntdewevd, 7R) preacid imhenionasanhbatredlizedtiadvations
90 seconds at 110C The coating fil mwas devel oped using a 2. 38
W % aqueibifisersdbits, amd af nbetntanded hybalnmiead writhdisaopeddesasbal lbesivl oper
solution, and was washed and dried. Thus, a resist pattern was

f or med. SvmmemEmmlM@ﬂmwMar ative Exanple 1 and
Conpar ative Exanple 2, the method for preparing a resist liquid and
t he nethod f 6¥ynihssisiFrgmaleplttern were applied in the same nmanner as
in Exanple 1, except that only the photoaC|d generators of specified
types in thelf &M mf @5@%@9@3@ rprieeenigit lan the follgang feactrpsicReipg b 1)

arts b ht) *PAG
P ) and E3§,1 g)of phenyl su foxﬁe represented by [B] in the following reaction scheme (1-1)

were mixed in 1200 ml of dichloromethane (MC) under stirring, and thus a mixed solution
was prepared. The reaction temperature of the mixed solution was lowered to -78°C using
dry ice and acetone.

204 g of trifluoromethanesulfonic anhydride (CF3S0,),0) was placed in a dropping
funnel at -78°C and was slowly added dropwise to the mixed solution prepared above.

The dropwise addition was carried out for 3 hours at the reaction temperature, and
the resulting mixture was stirred. Subsequently, when the starting materials disappeared
on thin layer chromatography (TLC), the reaction was completed. Thus, a reaction
solution was prepared.

To a solution prepared by dissolving 200 g of calcium carbonate in 1.5 L of water
and cooled to 0°C, the reaction solution was added, and the mixture was vigorously stirred.
The organic layer was removed 20 minutes after the stirring (first stitring) and was mixed
with a solution having the same composition as the solution prepared by mixing calcium
carbonate and water. The mixture was stirred again (second stirring), and the organic

layer was extracted to obtain a reaction liquid.
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wei ght) *Base(partsby wei ght) Exanple 1 Copol ynerof formula (10)
Formula A (4.0) 0.5 Exanple 2 Copol ynerof fornula (10) Fornmula B
(4.0) 0.5 Exanple 3 Copol yner of

The reaction liquid was washed with brine, and was dried over magnesium sulfate.
The reaction liquid was filtered and concentrated, and thus 200 g (yield: 58.5%) of (4-
acetoxyphenyl)diphenylsulfonium trifluoromethanesulfonate represented by [C] in the
following reaction scheme (1-1) was obtained.

The structure of the compound represented by [C] in the following reaction scheme
(1-1) was confirmed by '"FI-NMR.

'H-NMR (CDCl, internal standard: tetramethylsilane): 8 (ppm) 5.34 (s, 2I), 7.38
(d, 2H), 7.77-7.84 (m, 2H)

[Reaction Scheme 1-1]

O

I
+ Y < 3

(CF280,),0 O

o
g
-+
J (70 ~w
(Al [B]

7 e
Q

2) 100 g of (4-acetoxyphenyl)diphenylsulfonium trifluoromethanesulfonate
represented by [A] in the following reaction scheme (1-2), which had been produced in
section (1) of Synthesis Example 1, was mixed with 300 ml of dichloromethane (MC) and
200 ml of distilled water under stirring, and thus a mixed solution was prepared.

10 g of p-toluenesulfonic acid represented by [B] in the following reaction scheme
(1-2) was added dropwise to the mixed solution, and the resulting mixture was heated and
stirred at 40°C. When the starting materials disappeared on thin layer chromatography
(TLC), the reaction was completed, and thus a reaction solution was prepared.

Dichloromethane was added to the reaction solution, and then the mixture was
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formula (10) Formula C (4.0) 0.5 Conparative Exanple 1 Copol yner of
formula (10) Triphenylsulfoniumtriflate (4.0) 0.5 Conparative
Exanpl e 2 Copol ynerof formula (10) Triphenylsulfoniumtriflate (2.0)
Formula D (2.0) 0.5

subjected to layer separation. The organic layer was removed, washed two times with
brine, and dried over magnesium sulfate. Thus, a reaction liquid was prepared.

The reaction liquid was filtered and concentrated, and thus 100 g (yield: 71%) of
diphenyl-4-hydroxyphenylsulfonium trifluoromethanesulfonate represented by [C] in the
following reaction scheme (1-2) was obtained.

The structure of the compound represented by [C] in the following reaction scheme
(1-2) was confirmed by 'H-NMR.

'H-NMR (CDCls, internal standard: tetramethylsilane): 8 (ppm) 7.12 (d, 2H), 7.69-
7.83 (m, 12H), 11.12 (br, 1H)

[Reaction Scheme 1-2]

[A] [C]
O

3) 100 g of difluorosulfoacetic acid sodium salt represented by [A] in the following
reaction scheme (1-3) was mixed with 120 g of thionyl chloride (SOCly), and the mixture
was heated and stirred for 3 hours at 80°C. The completion point of the reaction was
confirmed by '"F-NMR, and the reaction solution was concentrated. The crude reaction
solution was washed with ether, and thus 87 g of chlorocarbonyldifluoromethanesulfonic
acid sodium salt represented by [B] in the following reaction scheme (1-3) was obtained
(white solid, yield: 80%).

[Reaction Scheme 1-3}
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*Type of PAG used in Table 1 [Chem cal Forrmula Al [Chem cal Formula
B] [ Chem cal Formula C] [Chem cal Fornmula D] Evaluation of
properties The results for the formation of resist patterns
wer e eval uated by the nethod descri bed bel ow, and the eval uati on
results are presented in the following Table 2. In regard to the
sensitivity, the amount of exposure required to forma 0.10-inn

| i ne-and-space ([IS) pattern at a line wwdth of 1:1 after devel opnent
is designated as the optinum amount of exposure, and this optinum
anount of exposure is presented as sensitivity. In regard to
the resolution, the mninum pattern di nension resolved by the optinum

anount of exposurg is dgsignated as the resol ution. g n regard
to the [ER, the rgughpe s of the pat3@€h was observed in fherd. jO- um
| i ne-and- sypee (- LES)FC A forned—ai%e#—developnmmkrcaﬁﬁ%ﬁe—ﬁERﬂ
was neasured (a sgaller nunber represents a superior LER)g

(A] (B]

4) 50 g of the compound [A] and 25.3 g of the compound [B] of the following
reaction scheme (1-4) were dissolved in 500 ml of 1,2-dichloroethane (DCE), and 20 g of
diisopropylethylamine (DIPEA) was slowly added to the solution. The mixture was
stirred, and thus a mixed solution was prepared.

After completion of the dropwise addition, the mixed solution was heated and
stirred for 3 hours at 50°C and was allowed to react. Thus, a reaction solution was
prepared. The completion point of the reaction was confirmed by TLC, and when the
reaction was completed, the reaction solution was washed with an aqueous HC] solution
and distilled water in this order, and the organic layer was concentrated. The concentrated
organic layer (crude reaction liquid) was purified using ether, and a compound represented
by [C] in the following reaction scheme (1-4) was obtained (46.3 g, yield 65%).

[Reaction Scheme 1-4]

Q R DIPEA <::>_S+'O&%Cﬁ
S*_O*§ACF3 + Na+0-§-C-——Cl ———>

o} o)

Fa
[B] O C~50, +Na
OH g 3
0

(Al [C]

5} A mixed solution prepared by dissolving 50 g of the compound represented by
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[ Table 2] Sensitivity (mJ/cnm) Resolution (urn) LER Exanple 1 12 80
4 Exanple 2 13 80 3 Exanple 3 14

[A] in the following reaction scheme (1-5) and 27 g of triphenylsulfonium
trifluoromethanesulfonate represented by [B}] in the following formula (1-5) in 200 ml of
dichloromethane (MC) and 200 ml of distilled water was vigorously stirred for 5 hours at
room temperature (about 25°C), and thus a reaction solution was prepared. The
completion point of the reaction of the reaction solution was confirmed by PF-NMR, and
after completion of the reaction, the reaction solution was washed with an aqueous
solution of K;CO; and distilled water. The organic layer was concentrated, and thus a
reaction liquid was prepared.  The crude reaction liquid was purified using
dichloromethane and hexane, and thus 50.2 g (yield 90%) of a compound represented by
[C] in the following reaction scheme (1-5) was obtained.

Fig. 1 presents the NMR data of the compound [C] produced by the reaction
scheme (1-5).

[Reaction Scheme 1-5]

RN

QS+'OSOZCF3 + @—s* 0-8-CFy — .
- I
0

; O
O 80y +Na 6] ©
0 €1
(Al
(Synthesis Example 2)

50 g of a compound represented by [A] in the following reaction scheme 2 and 23
g of sodium nonafluorobutanesulfonate were dissolved in 200 ml of dichloromethane
(MC) and 200 ml of distilled water (DW) to prepare a mixed solution, and the mixed

solution was vigorously stirred for 5 hours at room temperature (about 25°C). Thus, a
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70 3 Conparative Exanple 1 17 100 7 Conparative Exanple 2 16 90 6
According to the Table 2, it can be seen that Exanples 1 to 3 of the
present invention exhibit enhanced results in all of the sensitivity,
resolution and |ine edge roughness (LER). Furt hernore, as
conpared with Conparative Exanple 2 in which a m xture of
triphenylsulfoniumtriflate and the conmpound of formula (D) was
applied, Exanples 1 to 3 exhibited superior results in all of the
sensitivity, resolution and LER, and especially, Exanple 3 exhibited
particularly excellent results in terns of the resolution and LER

PrEferr?QmﬁEP?&Bﬁ&Pﬁﬁ%g%p&Q& present invention have been described in
e t

detail int above, the scope of the invention is not limted to

the specifi CTQ@tcamkﬁeu@H \RISERE RERLLY @ 8AD QR BN ESluHOWAs AR firmed by
descri bed herein. Accordingly, various nodifications may be nade

Wi t hout (9epauR, Bed hft@BchdietiRli dtithe RhcHHORR edctibheoMEDS AL WalNa it an
concept as defined by the appended clains and their equival ents.
aqueous solution of K,CO; and distilled water. The organic layer was concentrated, and
thus a reaction liquid was prepared. The crude reaction liquid was purified using
dichloromethane and hexane, and from the purified reaction liquid, 62 g (yield 95%) of a
compound represented by [C] in the following reaction scheme (2) was obtained.
Fig. 2 presents the NMR data of the compound [C] produced by the reaction

scheme (2).

[Reaction Scheme 2]

(B}

) S + -OS0{CFy),CF
<::>_S+ OS0,CF5 Na* -OSO,(CFy)sCFs <::>— 2CF2hCs

MC/DW
F, 5 Ez
e [

[A] iC]

(Synthesis Example 3)

50 g of a compound represented by [A] in the following reaction scheme (3) and
24.5 g of adamantane-1-carboxylic acid 2,2-difluoro-2-methanesulfonylethyl ester sodium
salt represented by [B] in the following reaction scheme (3) were dissolved in 200 ml of
dichloromethane (MC) and 200 ml of distilled water (DW) to prepare a mixed solution.
The mixed solution was vigorously stirred for 5 hours at room temperature (about 25°C),
and thus a reaction solution was prepared.

The completion point of the reaction of the reaction solution was confirmed by Pp-
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CLAIMS 1. A sul fonium conmpound represented by the follow ng formula
(1): [Chemical Formula 1 OR4A F2 H X C-S-0- + SR6 111 OR5S O
wherein in the fornmula (1), X represents an el ectron donor group;

R1 and R2 each independently represent any one selected froman al kyl
group, a cycloal kyl group, an aryl group, 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 RL is bonded, to form
a heterocycl oal kyl group having 2 to 7 carbon atons; R4 to R6
each i ndependently represent any one selected froman al kyl group, a

cycl oal ky RgF:l &'theiag'orﬂﬁ% 1%;9'69% relctRel QE@%EJEMJ)H QBH’[HQ:& v@as washed with an

het erocyc yl  group and a heteroaryl group, or R5 may be
j oi ned, %9(9}%5 @@lruttﬁ\ﬁ bhrt0e, amd fitingd Qmet.o I‘ﬁ@'o?ﬁhnl%dflayé \bé%ﬂﬂﬁ@entiaﬁbdf @hdn
a heterocycl oal kyl group ﬁavrng 2 to 7 carbon atons; represents

any one gggl gckedioh Rqi§ hfasd hRYMeaONThEtdrid: @éacao@yrcduad: vk K@ ey lising
group, a heterocyclic al kenediyl group, an arylene group and a

het er oarydh@temethatpindditsancdah EROOIBO PG Yl iR liqRid, The sylddnt %o a
conmpound according to claim 1, wherein -A represents any one
compound represented by [C] in the following reaction scheme (3) was obtained.

Fig. 3 presents the NMR data of the compound [C] produced by the reaction
scheme (3).

[Reaction Scheme 3]

=

0] 0 |
©~s + - 0SO,CF, Na®-© CS) ¢ oJ\@ .S ’k@\
MC/DW
Fa
O @
{A] €]

Synthesis Example for resin

3-Bicyclof2.2.1Jhept-5-en-2-yl-3-hydroxypropionic  acid  t-butyl ester, 1-
methyladamantane acrylate, and y-butyrolactone methyl acrylate were introduced atf a
molar ratio of 1:1:1 (33 parts by mole:33 parts by mole:33 parts by mole), and 1,4-dioxane
was used as a polymerization solvent in an amount three times the total mass of the
reaction monomers. Azobisisobutyronitrile was incorporated as an initiator at a proportion
of 4 mol% relative to the total molar amount of the monomers, and thus a mixed solution
was prepared.

The mixed solution was allowed to react for 16 hours at 65°C to prepare a reaction
solution, and the reaction solution was precipitated in n-hexane and was dried in a vacuum.

Thus, a resin represented by the following formula (1), which is a copolymer having a
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selected froma sulfonate anion, an imde anion, a nethide anion, a
hal ogenat ed al kyl ani on, a carboxyl ate ani on, an iodonium anion and a
sul fonyl i m de ani on. 3. The sul f oni um conpound according to
claim1l1, wherein -A represents any one selected fromthe group

consi sting of anions represented by the followng fornula (1-1),

(1-2) and (1-3): [Chemical Fornula 1-11 wherein in the fornmula (1-1),
Q, , @ and 4 each independently represent any one selected from
the group consisting of a hydrogen atom a hal ogen atom and an al kyl

group; Y, represents any one sel ected fromthe group consisting
of an al didthec ABIBhKPRBIENYLE abDMY 8,500, Qvas GHlafa. conbi nati ons
t her eof , represents any one selected fromthe group consisting of a
hydr ogen at opeigndcaFoahki!10gr oup; Y2 represents any one

selected fromthe group consisting of a hydrogen atom an al kyl

group, a cyc|oalk group, ;a heterocycl oal kyl group, an aryl group, a
het er oar yI™¢ e P~ an allyl group, a

per f 1 uoroal k a h | kyl p, and an al kyl sul fonyl group;

n represents nteger fgomO todO, in represents an integer fromO
to 10, and | represgnats an-i ger mO to 5; [Chem cal Formula
1-21 wherein in/the fornu -2 Y3 and Y4 each

i ndependently rep ent a e Q&l ed fromthe group consisting of

an al kanedi yl , A al kenedi'yl, NW S, 0, CO 02S and conbi nati ons
thereof, Wrepresents any one selected fromthe group consisting of a
hydr ogen atom and an al kyl group; Y5 and Y6 each independently
represent any one selected fromthe group consisting of a hydrogen

atom an al kyl group, _a cycloal kyl group, a heterocycl oal kyl group,

an aryl grouéﬁﬂéﬁﬁﬁﬁiiiéﬁgdiﬁméﬂﬁﬁ a heteroal kyl group, an allyl

opoup. & pertl woroallol group, B ASLORL 91U 8B ey in

repr ese%l?ov%ﬂg G attﬂg ,elrncfurd?nné Ot ;9&11? ;by%xrf]eqtgl{tco??hrg c%%l)lylﬁl%g‘ {‘re:ljpll'éaser%t_eg ]by \fgrmuia
(10) obtained in the Synthesis Example for resin, and the like,

Specifically, in Example 1, 100 parts by weight of the copolymer of formula (10)
obtained in the Synthesis Example for resin, 4 parts by weight of the compound
represented by [C] in the reaction scheme (1-5) produced in the Synthesis Example 1 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.
Subsequently, the solution was filtered through a 0.2-pm membrane filter, and thus a resist
liquid was prepared.

The resist liquid was applied on a substrate using a spinner, and was dried for 90
seconds at 110°C. Thus, a coating film having a thickness of 0.20 pm was formed.

The coating film thus formed was exposed using an ArF excimer laser stepper (lens
aperture number: 0.78), and then was heat treated for 90 seconds at 110°C.

The coating film was developed using a 2.38 wt% aqueous solution of

tetramethylammonium hydroxide as a developer solution, and was washed and dried.
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8-CY Y9 wherein in the formula (1-3), Y7, Y8 and Y9 each
I ndependent|ly represent any one selected fromthe group consisting of
a hydrogen atom an al kyl group, a cycloal kyl group, a

het er ocycl oal kyl group, an aryl group, a heteroaryl group, a
het er oal kyl group, an ally( group, a perfluoroal kyl group, a
hal oal kyl group and an al kyl sul fonyl group. 4. The sul foni um
conpound according to claim1l, wherein -A represents any one sel ected
fromthe group consisting of -0802CF3, -0S02C4F9, -0S02C8F17,
-N(CF3) 2, N(C2F5)2, -N(C4F9)2, -C(CF3)3, -C(C2F5)3, followi ng fornula

g%é4): @\E"Ql‘é%t dg%i%% ifdq. 0 - C(CAF9) 3 and an anion represented by

In Example 2, Example 3, Comparative Example 1 and Comparative Example 2,
the method for preparing a resist liquid and the method for forming a pattern were applied

in the same manner as in Example I, except that only the photoacid generators of

specified types in the following Table 1 were applied.

[Tabie 1]

Resin (100 parts by | *PAG  (parts by | *Base (parts by
weight) weight) weight)

Example 1 Copolymer of | Formula A (4.0) 0.5
formula (10)

Example 2 Copolymer of | Formula B (4.0) 0.5
formula (10)

Example 3 Copolymer of | Formula C (4.0) (.5
formula (10)

Comparative Copolymer of | Triphenylsulfonium | 0.5

Example 1 formula (10) triflate (4.0)

Comparative Copolymer of | Triphenylsulfonium | 0.5

Example 2 formula (10) triflate (2.0)

Formula D (2.0)

*Type of PAG used in Table |

[Chemical Formula A

Qs + - OS0O,CF;

{Chemical Formula B]
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F2 0 11 | 11 CCO0 (R11)r-Y10 |

@S + - OSOQ(CF2)3CF3

Evaluation of properties

The results for the formation of resist patterns were evaluated by the method
described below, and the evaluation results are presented in the following Table 2.

In regard to the sensitivity, the amount of exposure required to form a 0.10-pm
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. -0 05 R13 wherein in the formula (1-4), Y10 represents
any one selected fromthe group consisting of a cycloal kyl group, a
het erocycl oal kyl group, an aryl group, a heteroaryl group, an al kyl
group, a heteroal kyl group, an allyl group, a perfluoroal kyl group, a
hal oal kyl group and an al kyl sul fonyl group; R11 represents any
one selected fromthe group consisting of an al kanediyl, an

al kenediyl, NW S, 0, CO and conbi nations thereof, Wrepresents any
one selected fromthe group consisting of a hydrogen atom and an

al kyl group; Rl 2 and R13 each i ndependently represent any one
sel ect etlné-naxdvsjpdae (DfSO ppttaans adinengdof ofal :hdeo derel @nesnt &ndksamaat ky Ithe
group having 1 to 8 carbon atons; r represents an integer fromO to
5; and optimum amount of exposure, and this optimum amount of exposure is presented as

sensitivity.

In regard to the resolution, the minimum pattern dimension resolved by the
optimum amount of exposure is designated as the resolution.

In regard to the LER, the roughness of the pattern was observed in the 0.10-pm
line-and-space (L/S) pattern formed after development, and the LER was measured (a

smaller number represents a superior LER).

[Table 2]
Sensitivity (ml/ecm2) Resolution {nm) LER
Example 1 12 80 4
Example 2 i3 80 3
Example 3 14 70 3
Comparative Example 1 | |7 100 7
Comparative Example 2 | 6 90 6

According to the Table 2, it can be seen that Examples 1 to 3 of the present
invention exhibit enhanced results in all of the sensitivity, resolution and line edge
roughness (LER).

Furthermore, as compared with Comparative Example 2 in which a mixture of
triphenylsulfonium tritlate and the compound of formula (D) was applied, Examples 1 to 3
exhibited superior results in all of the sensitivity, resolution and LER, and especially,
Example 3 exhibited particularly excellent results in terms of the resolution and LLER.

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

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

46



Q and @ each independently represent a hal ogen atom 5. The
sul f oni um conpound according to claim1l, wherein R3 represents any
one selected fromthe group consisting of groups represented by the
following formulas (2-1) to (2-4): [Chem cal Formula 2-1] [ Chem cal
Formul a 2- 2] [ Chem cal Fornula 2-3] \ 000 R22-

CLAIMS

. A sulfonium compound represented by the following formula (1):

[Chemical Formula 1]

FS1
R,—S+-A

R

B9
2 1l |

X C “ﬁMO -+ IS_RG
\H/ O Rs

O

R4

wherein in the formula (1),

X represents an electron donor group;

Ry and Ry each independently represent any one selected from 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 group having 2 to 7 carbon atoms;

R4 to Rg each independently represent any one selected from an alkyl group, a
cycloalkyl group, an aryl group, a heteroalkyl group, a heterocycloalkyl group and a
heteroaryl group, or R4 and Rs may be joined, together with the sulfur atom to which Ry is
bonded, to form a heterocycloalkyl group having 2 to 7 carbon atoms;

Rj represents any one selected from the group consisting of a cyclic alkenediyl
group, a heterocyclic alkenediyl group, an arylene group and a heteroarylene group; and

-A represents an anion.

2. The sullonium compound according to claim 1, wherein -A represents any one
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[ Chemi cal Fornula 2-4] wherein in the formulas (2-1) to (2-4),
R21 and R22 each i ndependently represent any one selected fromthe
group consisting of a single bond, an al kanediyl having 1 to 5 carbon
atons, and an al kenediyl having 2 to 5 carbon atons; and R23
represents any one selected fromthe group consisting of -CH2-, -0-
and -S-. 6. The sul foni um conmpound according to claim1,
wherein X represents any one selected fromthe group consisting of
-0-, -S-, -0-(CH2)11-0- (wherein n represents an integer froml to
5), -(CH2)n-S- (wherein n represents an integer from1l to 5), and a
group r eghecésiefiveda ytferee poibh.ow fgideommi, a ©8thide; anipGhe hilogénaksl atliyla
3-1] wherein in the formula (3-1), R31 and R32 each

i ndependiBpt.|acaptuyy isetionn 4y igivaiuseiden agl 4 piiany haidgrasign. consi sti ng

of-U-, -S- and conbi nations thereof
3. The sulfonium compound according to claim 1, wherein -A represents any one
selected from the group consisting of anions represented by the following formula (1-1),
(1-2) and (1-3):
[Chemical Formula 1-1]

wherein in the formula (1-1),

Q1 Q2. Q3 and Qq 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, an
alkenediyl, NR', S, O, CO and combinations thereof, R' represents any one selected from
the group consisting of a hydrogen atom and an alkyl group;

Y, represents any one selected from the group consisting of a hydrogen atom, an
alkyl group, a cycloalkyl group, a heterocycloalkyl group, an aryl group, a heteroaryl
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]
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7. The sul foni um compound according to claim1, wherein the sul fonium
conpound represented by the formula (1) is any one selected fromthe
group consi sting of conpounds represented by the follow ng fornula
(5-1) to formula (5-3): [Chemical Formula 5-1] ( R51) n5.1 ( R5452 )
RB3o R4 F21 | XC-S5S0- SRR ORI | [Chem cal Formula
5-2] [/ H3 H3CH2C )n53

I
0

Y3
-N
\TY‘(WYS

wherein in the formula (1-2),

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

Ys and Yy each independently represent any one selected from the group consisting
of a hydrogen atom, an alkyl group, a cycloalky! group, a heterocycloalkyl group, an aryl
group, a heteroaryl 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 [-3]

Y7
C Y
2
wherein in the formula (1-3),
Y, Y and Yo each independently represent any one selected from the group
consisting of a hydrogen atom, an alkyl group, a cycloalkyl group, a heterocycloalkyl
group, an aryl group, a heteroaryl group, a heteroalkyl group, an allyl group, a

perfluoroalkyl group, a haloalkyl group and an atkylsulfonyl group.

49



(HO) S +An54 1 RBOR4 F2 HIl ORI5 [Chemical Fornmula 5-3] a + - A
R3 OR4 F2111 XC -S-0 - + S-R6 111 OIR6 wherein in the formulas (5-1)
to (5-3),

4. The sulfonium compound according to claim 1, wherein -A represents any one
selected from the group consisting of -OS0,CIl3, -OS0,Cyl, ~-OSO,Cgl 57, -N(CFy),, -
N(CalI'5), ~N(CyFo)a, -C(CF3)3, -C(Cals)s, -C(CyFo)3 and an anion represented by the
following formula (1-4):

[Chemical Formula 1-4]

(|:i) ?5 F‘?u O
*C*C*OJL(RM

T 1)
-0 Q6 Rys

Y10
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;

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

Ry and Ry3 each independently represent any one selected from the group
consisting of a hydrogen atom and an alky! group having 1 to 8 carbon atoms;

r represents an integer from 0 to 5; and

Qs and Qg each independently represent a halogen atom.

5. The sulfonium compound according to claim 1, wherein Ry represents any one
selected from the group consisting of groups represented by the following formulas (2-1)
to (2-4):

[Chemical Formula 2-1]
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R51 and R52 each independently represent any one selected fromthe
group consisting of a hydrogen atom an al kyl group having 1 to 5
carbon atons, and a hal ogenated al kyl group having 1 to 5 carbon
atons; n51 and n52 each independently represent an integer fromlto
5; n53 and n54 each i ndependently represent an integer fromO to 10;
R3 represents any one selected fromthe group consisting of a

cycl oal kenedi yl group, a heterocyclic al kenediyl group, an aryl ene
group and a heteroaryl ene group; X represents an el ectron donor
group; R4 to R6 each independently represent any one sel ected
fromthe group consisting of an al kyl group, a cycloal kyl group, an
aryl group, aghetsroal kyl group, a heterocycloal kyl group, and a
heteroar§+Rg p, 70R2R4: and R5 nay be joined, together with the

sul fur atomto ch R4 is bonded, to forma heterocycl oal kyl group
having 2 to 7 carbon atons and - A represents an ani on. 8. An
acid generat@%_ r|S| zge sul f oni um conpound accordi ng to any one
of claims 1 {demicaglongy %%1 t conposition conprising the acid
generator according to claim 8.

[Chemical Formula 2-3]

Moo=

[Chemical Formula 2-4]

Ras
{—Ros E/ ZRop—}

wherein in the formulas (2-1) to (2-4),

Ry and Ry each independently represent any one selected from the group
consisting of a single bond, an alkanediyl having 1 to 5 carbon atoms, and an alkenediyl
having 2 to 5 carbon atoms; and

Ry3 represents any one selected from the group consisting of -CH,-, -O- and -S-.

6. The sulfonium compound according to claim 1, wherein X represents any one
selected from the group consisting of -O-, -S-, -O-(CH2),-O- (wherein n represents an
integer from 1 to 5), -(CHz),-S- (wherein n represents an integer from 1 to 5), and a group

represented by the following formula (3-1):
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[Chemical Formula 3-1]

IS

|
§WR31_“|" _R32_§
LA
wherein in the formula (3-1),
R3; and Ry each independently represent any one selected from the group

consisting of -O-, -S- and combinations thereof.

7. 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 (5-1) to formula (5-3):

[Chemical Formula 5-1]

(R5T n51
E\\
(Rea)sp s
M St+_ N
Ra
@] R
l Fa il )
X C-5—0- +5—Rg

[Chemical Formula 5-2]
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[ 0 Ry
x. 8o+ %——Rs

YRR
wherein in the formulas (5-1) to (5-3),

Rsi and Rsy each independently represent any one selected from the group
consisting of a hydrogen atom, an alkyl group having 1 to 5 carbon atoms, and 2
halogenated alkyl group having 1 to 5 carbon atoms;

n51 and n52 each independently represent an integer from | to 5;

n53 and n54 each independently represent an integer from 0 to 10;

R3 represents any one selected from the group consisting of a cycloalkenediyl
group, a heterocyclic alkenediyl group, an arylene group and a heteroarylene group;

X represents an electron donor group;

R4 to Re each independently represent any one selected from the group consisting

of an alkyl group, a cycloalkyl group, an aryl group, a heteroalkyl group, a
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heterocycloalky! group, and a heteroaryl group, or Ry and Rs may be joined, together with
the sulfur atom to which Ry is bonded, to form a heterocycloalky! group having 2 to 7
carbon atoms; and

-A represents an anion.

8. An acid generator comprising the sulfonium compound according to any one of

claims 1 to 7.

9. A resist composition comprising the acid generator according to claim 8.
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