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-1 ONIUM SALT COVPOUND, POLYMER COVPOUND COVPRI SI NG
THE SALT COVWPOUND, CHEM CALLY AMPLI FI ED RESI ST
COVPCSI TI ON COVPRI SI NG THE POLYMER COVPOUND, AND
METHOD FOR PATTERNI NG USI NG THE COWPOSI TI ON 5
BACKGROUND OF THE INVENTION 1. Field of the Invention
The present invention relates to a pol yner conpound
havi ng i nproved |i ne edge roughness, resolution, 10
adhesi veness to a substrate,; thermal stability and the
like as a result of inducing uniformdistribution of

@ciuk angd aoMhemgaldof vny 'cfdn@@U'N%S 'C%MP%%H%%' ‘IIH%” SALT

conprising the polymer conpound. More particul ar

ComheulnyeptE@nCAEl at B8p1.t 01 @D n@ﬂ@is@%d@%s ?WLMPRISING
whi ch can be used in the 15 production of a resist

e fAALYMIR MOCIFCRINGG e RSN YIEYSIONG FovAPROES RIadGALKORE THE
far-ultraviolet radiation such as KrF exciner | aser

or ArF exciner |aser, XoMedisatrizion such as synchrotron

radi ati on, or charged particle radiation such as

el ectron beam and a resist conposition conprising the

20 pol yner conmpound. 2. Description of the Related Art

Recently, as tRECEEROEORdGE HEI ANUENTYONS under goi ng

a_transition to technol ogies involving I'ine w dths of
1. sFisdghorettdes Ioverdssn newer and nore advanced

Iltgogra phi c
e"present invention relates to a polymer compound

having improved 1ine edge roughness, resclution,
adhesiveness to a substrate, thermal stability and the like
as a result of inducing uniform distribution of acid, and a
chemically amplified resist composition comprising the
polymer compound. More particularly, the invention relates
to a novel polymer compound which can be used in the
production of a resist useful for microprocessing using
various radiations far-ultraviolet radiation such as KrF
excimer laser or ArF excimer laser, X-radiation such as
synchrotron radiation, or charged particle radiation such as
electron beam, and a resist composition comprising the
polymer compound.
2. Description of the Related Art

Recently, as the semiconductor industry is undergeing a
transition to technologies involving line widths of 50
nanometers or less, newer and more advanced lithographic

technologies are anticipated to emerge. Although the
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25 technol ogies are anticipated to energe. Although
the - 2 technology of extrenme ultraviolet (EW)

| ithography may serve as one of those inportant
technol ogi es capable of patterning in such extrene
ranges of line wdth, the technology of realizing a
pattern with a line width of 32 5 nanoneters or |ess
nmust be a very el aborating operation. The 193-nm

| i thographic technol ogy cansbe said to be an

i nportant nmeans for realizing the technol ogi es

teéﬂh@ﬂd@jﬂbf|é£¥%é%é“d¥%f&&&ﬁ§m3%éﬁﬁﬂ'1f4%§%§§&%ﬁnm@nd

such technol ogi es can be nade possi bl e

sefHTeld Cale aperdid® kO dNAnH S d rding <t 0
Rayl ei gh' s Equation,%%%en th§£¥g$¥§§%ﬁ%g;?%%%%qg?%gn
patimamerisionif |dich erxt Ry siened @ St feS WiRgheased, the
nuneri cal aperture can be increased as shown in the
te@qudatdagn dfelew landhata the tsame Wiitke .o thee Fasehubirons

can al so be increased. An increase in the 15
nanagfatacts ver ilrdex meyt desa briryg cahodt aan nigherease 1bA .
the DOF. R = (K1?)/(NA), NA = nsin 0 wherein R =
The dsbl-uie dn, bRy rapkeveitengiiol ok zanuiver isedk tapeet wre,
. n =refractive index, and 0 = incident angle. There
1M tam o egdisn § ode gd 1fzdnanéwer ésicinofmberisaliavaviiar
. the purpose of inprovenents in the properties such as
L inEe dG1A S0 R T BRS¢ vty £EFr detive i ndex santl | i ne
" %q%a noughnes%. The refractive index of the currently
CULEA CHEST SEE P& MridgeReEarPabod thesnupgrirhé aperture

ref.ractive i ndex ,
(NA} is 1ncrease%. According te Rayleigh's Eguation, when

the refractive index of an immersion fluid or immersion
resist is increased, the numerical aperture can be increased
as shown in the equation below, and at the same time, the
resolution can also be increased. An increase in the
refractive index may also bring about an increase in the DOF.
R = (KLl-A}/(NA), NA = nsin 0
wherein R = resolution, A = wavelength, NA = numerical
aperture, n = refractive index, and 6 = incident angle.
There is an on-going demand for new resist materials
for the purpose of improvements in the properties such as
resclution, sensitivity, refractive index and line edge
roughness. The refractive index of the currently used
resists is in general about 1.65, but the refractive index
has been increased to 1.75 or higher by introducing elements

such as sulfur to polymers, and resist technologies
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has been increased to 1.75 or higher by introducing

el enents 25 such as sulfur to polynmers, and resist
technologies - 3 exhibiting faster sensitivity have
been reported. However, these results are somewhat
not very satisfactory in the realization of

sem conductor integrated circuits requiring further

m croni zation, and in some cases, there also occurs 5
a probl em of the photospeedsbeing slow In the case of
a polynmer used as the main raw material of resist,

exHﬂBiﬂ%ﬂ@”ﬁﬂééﬁ%ﬂgéﬁéﬁ%ﬂ%ik@g%%v%p§ﬁ%£¥iﬂ%%d%%e%he However,

m ni mum | evel at the exposure wavel engt I'n "addi t'i on

thdse Admilesisste fQmeRMe the cheri calliy rampli '%ﬁ the
resists which 10 have been conventionally uséd for ArF

rez@Xcatdion agersealiedniuches! 1628e% aQumed rNgmsacyli¢ing
polymers as the nmain material, ~ but the acrylic

furpdleymaris: rhave aa iding adviantiage okibat alshe , tesh-st anes becurs
dry plasma etch is |ow due to large quantities of

a poxydem atformbieppésentsperdt beipgl yek. It is 15

di sadvant ageous because if the etch resistance is |ow,

t hén thﬁckﬁégsOﬁfatpelymersusgataernhshmyim bew material

increased to conplenent for the Iom1re3|stange, and
of Fesiké t hihekmedgmetr shhelgabteenlighiinebeaspdiohhet the

. Rrobability for the pattern to stand safely on the

ningfibEt r&E IwPthGlie e8PPapsPngabedenesh20 Foweddithon to

order. to_overcone such di sadvantages, resins ‘
thecaﬁFéF%iﬁﬁrnﬁﬁyfaFP@yEF?@lSFéﬁVnaﬁpéaﬁéeﬁaV@Sbébﬁ which
havge%gggp%gnventionally used for ArF excimer laser are in
most cases formed from acrylic polymers as the main material,
but the acrylic polymers have a disadvantage that the
resistance to dry plasma etch is low due to large quantities
of oxygen atoms present in the polymer. It is
disadvantageous because if the etch resistance is iow, the
thickness of the resist pattern should be increased to
complement for the low resistance, and as the thickness of
the pattern is increased, the probability for the pattern to
stand safely on the substrate without collapsing becomes
lower,

In order to overcome such disadvantages, resins

containing many alicyclic olefin groups have been developed
as the polymer to be used in the resists for ArF excimer

laser. For example, a (meth)acrylate polymer containing an

isobornyl group or an adamantanyl group, an olefin polymer
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as the polynmer to be used in the resists for ArF

excimer |aser. For exanple, a (neth)acryl ate pol yner

cont ai ning an 25 isobornyl group or an adamant anyl

group, an olefin polyner - 4 purely conposed of a

nor bornene derivative, a maleic anhydride-cycloolefin

pol yner, and the |like may be nentioned. The

(et h)acryl ate polymer may be exenplified by the

pol ymer containing an alicyglic functional group,

which was 5 published in SPIE 2724: 334 (1996), while
ud | [ ' : r be
a1 e by L he  Bal T pUB TeRGd T SPTE 3554 3ss
anHyk998)e - hheL LASE 16f ﬁéﬁg?éﬂﬁ?iﬁ&“%ﬁgaifk@Qﬁyggﬂ%Pﬂéntioned.

'ess I'ight absorption, ‘but has a disadvanta
hawm@g(m@@h)ab%ﬁlb@§l@b@gﬁ@rpﬁagab@dek@m%QiQEQHHEkgthe
conpounds. The nal ei ¢ anhydri de-cycl ool efin pol ynmer
polhag: rexeeld=Lntiref e¢h rasistance oMt §roup, which was
(nmeth)acrylate polynmers, but has a di sadvant age t hat
puktihes hepbliymerP Tabors 33ad0 (mechs i gt Jien thie rAnkiexci mer
| aser region so that the perpendicularity of the
anhpyattistear dys 115 ladtier icorlatred. mbyr therxong,] ifdkel &y the
anhydri de nononers have a disadvantage that the
PO IyFisemed Lisdercg 6 nhyediIdl vSicd :36act(iié 6)due The thee of the
noi sture in the atnosphere, and thus have poor
ey rage sttgbidoltnewhén splepar ad gt ebaoresiist, ahdtpots a
. under storage. On the other hand, polynerization of
disgvarsipsr k20 adeénov ROPYe s tiFhy sediissavant agepathdt to
metallic catalysts should be used, and that the

ar BBy e FPFER UNEST ns TRPe Mg SR4r gnhydride-cycloolefin

polymer has excellent etch resistance compared to
(meth)acrylate polymers, but has a disadvantage that the
polymer absorbs too much light in the ArF excimer laser
region so that the perpendicularity of the pattern is
deteriorated. Furthermore, maleic anhydride monomers have a
disadvantage that the monomers undergo hydrolysis reaction
due to the moisture in the atmosphere, and thus have poor
storage stability when prepared into a resist and put under
storage. On the other hand, polymerizaticn of pure olefin
derivatives have disadvantages that metallic catalysts
should be used, and that the polymerized resins are so hard
that the resins do not show excellent properties as resist
materials.

In order to supplement these disadvantages described

above, the recent trend is focused on the use of more
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that the resins do not show excellent properties as
resist materials. In order to suppl enent these .
di sadvant ages descri bed 25 above, the recent trend is
focused on the use of nmore - 5 advanced forms of
(nmeth)acrylate copolyners in the resist conpositions.
In these polyners, alicyclic olefins having nore
carbon atons are introduced into the main chain so as
to further enhance the etch 4 esistance conpared to the
5 polynmers using (neth)acrylic derivatives of %?F
t§ HBSs n [ Oy i [,ef .not ,
adfﬁ%?? zﬂé dur ion]z g%%atfﬂ )dabéa%négt?e b%&ﬁ%lﬁngel%olln% a{-’nh oﬁeyszLSt
cogb@d Bridhd he neshndsd iddnand-s tend 4o facilidate the 4
flow of the acid generated by a photoacid generator
mo KRIN ¢ @XPOSHEL, a ted ther@iyddprave dhe 10 patderning 4o
properties. Exanples of such copolyners include those
to déscriidedsrimuier eare Unexamdaed Ratentc Appldcation Nos.
10- 2006- 7002354 and 10-2004- 0080060, Japanese
po lymescasri ureichg Pateerit) 2Applliicatdeon Rulihicgatdon o .carly times,
2002- 293840, and the like. 15 SUMWARY OF THE | NVENTI ON
and taqigl-drplolj e ato ft itchve dor esenta lilnwenidrdizet aluprion de fa
chemcally anplified resist conposition which is
bakigghosity & emag rKriR exciomdry |sdsere, 1A Ehexciemastl ddm and
X-ray or the like. In providing such a resist
tenspisodiadid.tatifertd s §levprdbltém 220 ¢ khanevartiecuby a
required properties nust be satisfied in accordance
Phqfiqas iith & FEFELO8N §1U6F NSle M-PORIEEL ot O Fhegritedmprove the

patterning properties. Examples of such copolymers include
those described in Korean Unexamined Patent Application Nos.
10-2006~7002354 and 10-2004-0080060, Japanese Unexamined

Patent Application Publication No. 2002-293840, and the like.

SUMMARY OF THE INVENTION

It is an object of the present invention to provide a
chemically amplified resist composition which is responsive
to KrF excimer laser, ArF excimer laser, X-ray or the like.
In providing such a resist composition, there is a problem
that various required properties must be satisfied in
accordance with the functions of semiconductor integrated
circuits which increasingly require finer line widths, and
as one of the most essential characteristics required by
fine patterns including the EUV lithographic patterns, there

may be mentioned line edge roughness. Furthermore, among



circuits which increasingly require finer Iine w dths,
and as one of the nobst essential characteristics
required by fine patterns including the EW

l'i thographic patterns, there 25 may be nentioned |ine
edge roughness. Furthernore, anong - 6 the various
factors affecting the |line edge roughness, wuniform

di spersion of a photoacid generator or various
additives in the resist filmmy also be nentioned as
the nost essential characteristic. 5 1n an attenpt to

th8OL¥Ri the PLoblers, as. deset i bed fﬂ?é’eec%ﬁéaterééég%ss,

aspect of the present invention to pro

unQB@ﬂ%C@&%Pbﬁgﬁ%ﬁféﬁdarﬁﬁ%é%aé%ﬂ“ﬁ%ﬂéﬁéﬁbf"%@rﬁbrious

decr ease i ne edge roughness and reduced anount of

adgasigenelat{on, reand havimhLhal Bed efd sid,os S 85 the
hi gh sensitivity and high 10 thermal stability. It is

mo SN ot hiesn aspecihHfadtheriswyent i on to provide a novel
pol ynmer conpound contai ni ng a phot oaci d generator,

5 whiloh ars ausedhtn tichealesi stheC @mpbSichisors Aecerdibrg GBove,

an enbodi nent of the present invention, 15 there is

1t pkovidets e conpbunte represent et dy itdre folgowing: a
formula (1): [Fornmula 1] R =0 O

chemically amplified resist composition having decreased

line edge roughness and reduced amount of gas generation,
and having characteristics such as high sensitivity and high
10 thermal stability.

It is another aspect of the invention to provide a
novel polymer compound containing a photoacid generator,
which is used in the resist composition.

According to an embodiment of the present invention,

15 there is provided a compound represented by the following
formula (1):

[Formula 1]
R1

<,

Q

)

%q
035:0
A+-0

wnerein R represents a hydrogen atom, a triflucromethyl
20  group, an alkyl group having 1 to 5 carbon atoms, or an

alkory group having 1 to 5 carbon atoms; and A represents a
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F2C 0=5=0 A+-O wherein Rl, represents a hydrogen
atom a trifluoronethyl 20 group, an al kyl group
having 1 to 5 carbon atons, or an al koxy group having
1to 5 carbon atons; and A represents a - 7 group
represented by the followng fornmula (2) or formula
(3): [Formula 2] R2 R3- S R4 5 [Fornula 3] R5-1-R6
wherein R2, R3, R4, R5 and R6 each independently
represent a substituted or ;unsubstituted al kyl group
having 1 to 20 carbon atons, a substituted or

grw@%f&g t@lﬂﬂltﬁ%l& tut mgﬂtper%ﬁl ﬁ‘%{%% i

atons,” a su unsub
(3 9roup having 1 to 10 carbon atons, substituted or
unsubstltuted benzyl group, or a substltuted or

ubstitiut ed aryl group having 6 to 30 carbon atons;
j or nore of R2, R3 and R4 nay be linked to

each ot to 15 forma saturated or unsaturated
carbon ding or a saturated or unsaturated
he$%30t&blic ring.

I

R4

[Formula 3]

Rs—I—Rg
wherein Rz, Rz, R4, Rs and Rg each independently represent a
substituted or unsubstituted alkyl group having 1 to 20
carbon atoms, a substituted or unsubstituted allyl group
having 3 te 10 carbon atoms, a substituted or unsubstituted
perfluorcalkyl group having 1 to 10 carbon atoms, a
substituted or unsubstituted benzyl group, or a substituted
or unsubstituted aryl group having 6 to 30 carbon atoms; and
two or meore of Ry, Rz and Ry may be linked to each other to
form a saturated or unsaturated carbon ring or a saturated
or unsaturated heterocyclic ring.

According to another embodiment of the present
invention, there is provided a polymer compound comprising a
repeating unit represented by the following formula (5), a
repeating unit represented by the following formula (6), and
a repeating unit represented by the following formula (7):

[Formula &]
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Accordi ng to another enbodi ment of the present

i nvention, there is provided a pol yner conpound
conprising a repeating unit represented by the
following formula (5), a 20 repeating unit represented
by the following fornula (6), and a repeating unit
represented by the following fornmula (7): [Fornula 5]
8 - -~CH2-C R ~=0 0 F2C 0=5=0 A+-0 wherein R
represents a hydrogen atom ga.trifluoronethyl group,
an al kyl group having 1 to 5 carbon atons, or an

al koxy group qvin 1 to 5 carbon atons; and A
repr se& represented by the follow ng
for Ei% r for la (3) : [Formula 2] R R3-S R4

[Fornula 3] 1 -t-R6 wherein R2, R3, R4, R5 and R6
each independently represent a

)

F2C
0=6=0
A+-0

wherein R, represents a hydrogen atom, a trifluocromethyl
group, an alkyl group having 1 to 5 carbon atoms, or an
alkoxy group having 1 to 5 carbon atoms; and A represents a
group represented by the following formula (2) or formula
{3):

[Formula 2}
Ro
Rs—S
[
R4
[Formula 3]
Rs—1—Rg
wherein Rz, Rz, Ry, Rs and Rg each independently represent a
substituted or unsubstituted alkyl group having 1 to 20
carbon atoms, a substituted or unsubstituted allyl group
having 3 to 10 carbon atoms, a substituted or unsubstituted
perfluoroalkyl group having 1 to 10 carbon atoms, a
substituted or unsubstituted benzyl group, or a substituted

or unsubstituted aryl group having 6 te 30 carbon atoms; and

two or more of R, Ry and Rs; may be linked to each other to
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substituted or unsubstituted al kyl group having 1 to
20 carbon atons, a substituted or unsubstituted allyl
group having 3 to 1.0 carbon atons, a substituted or
unsubstituted 15 perfluoroal kyl group having 1 to 10
carbon atons, a substituted or unsubstituted benzyl
group, or a substituted or unsubstituted aryl group
having 6 to 30 carbon atons; and two or nore of R2,
R3 and R4 may be |inked tao each other to - 9 forma
saturated or unsaturated carbon ring or a saturated
n t ' i ng, : ]
o S L Y LT & e e
or ahkyd £ 9F Uy havi g - J- 1 0 30; car bon atons, or an al kyl
group having 1 to 3 carbon atons which is
substititied gpi th a group sel ected from an ether
group, an ester group, a carbonyl group, an acetal
groupl an epory grpup, a nitrile group and an al dehyde
10 grioup;, an represents a hydrogen atom a net hyl
gr oupj, 27 aviTi oronet hyl . group; [Fornmula 7]
- +X+- O

wherein R; represents a hydrogen atom, an alkyl group having
1 to 30 carbon atoms, or an alkyl group having 1 to 30
carbon atoms which is substituted with a group selected from
an ether group, an ester group, a carbonyl group, an acetal
group, an epoxXy group, a nitrile group and an aldehyde
group; and Rg represents a hydrogen atom, a methyl group, or
a trifluoromethyl group;

[Formula 7]

-

wherein X represents one selected from olefin, vinyl,
styrene, and derivatives thereof.

The polymer compound according to an embodiment of the
present invention preferably comprises three different
species of the repeating unit represented by formula (6).

According to another embodiment of the present
invention, there is provided a chemically amplified resist

composition comprising the polymer compound according to the
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wherein X represents one selected fromolefin, vinyl,
15 styrene, and derivatives thereof. The pol yner
compound accordi ng to an enbodi nent of the present
invention preferably conprises three different

species of the repeating unit represented by fornul a
(6). According to another enbodi nent of the present 20
invention, there is provided a chemcally anplified
resi st conposition conprisipg.the polynmer conmpound
according to the - 10 invention, an acid generator,

1n@9§t$éﬁesang$g é%é%g%or /géé¥éﬁJE%t fﬁ“grgglvent

embodi nent e’ present " invention,’ t

pr %wcdﬁdjl%gr%dﬁ%Jt@{eJ %ﬁdyoralg_n%npaatotfert%e tr%% et hod
conprising:” (a) applying the chem call Fled 5

int@st Bdn COMOSE t1 O AGE L NY - e ﬂawefuﬂn%gf% %ttern,
substrate (b) heat treating the substrate coated wt

thé heetlichenaabt ys ampl i {4 edgEsi sty Gr_qmm;&iém%l@ﬂ%r&ﬁleﬂ‘fled
exposing the substrate wth high energy radiation;

reahst (odmeteyet opi ngecdhel rauticonnd riomdrhe. st e (D)
usi ng a devel oper solution. 10 The conpound

subbgiprasent 8d) bhyedormia (1) decouistgdie ddie qur esent the
invention is a novel conpound, fromwhich polyner

cheohpolidsanusef Ul ed ore ivem walkdops lenipln f ised! resirstexposing
conmpositions that are responsive to far-ultraviol et

the skt o e whitdh hisolr epreagentedl iRt Knk excl nier) ldeserloping
or ArF 15 exciner |aser, can be produced. The

The HEHi RN yE 0TI TS edbel edisticamhasidaved dpey @sdution.

dep?pdent on the substrate, and
e compound represented by formula (1) according to

the present invention is a novel compound, from which

polymer compounds useful for chemically amplified resist
compositions that are responsive to far-ultravioclet
radiation, which is represented by KrF excimer laser or ArF
excimer laser, can be produced. The chemically amplified
resist composition is less dependent on the substrate, and
has excellent adhesiveness, excellent transparency in the
subject wavelength region, and excellent dry etch resistance,
and a resist pattern excellent in sensitivity, resolution

and developability can be formed from the resist composition.

BRIEEF DESCRIPTION OF THE DRAWINGS
FIG. 1 shows the 'H-NMR spectrum of a compound according
to an embodiment of the present invention;

FIG. 2 shows the 'H-NMR spectrum of a compound according
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has excel | ent adhesi veness, excellent transparency in
the subject wavel ength region, and excellent dry etch
resistance, and a resist pattern excellent in
sensitivity, resolution 20 and devel opability can be
formed fromthe resist conposition. BRI EF DESCRI PTI ON
OF THE DRAWNGS FIG 1 shows the 'H NWR spectrum of a
compound according to an enbodi nent of the present
invention; 25 FIG 2 shows the_ 1H NWR spectrum of a
conpound according - 11. to another enbodi nent of the
Sand i{ﬁgggi i t ' spect rum of
ko gélgorrporun accor |tngdéatto}§est| V&gn%?hnﬁn%gdi nment of

t he-1y esent Juaventd op. nitk Gpé-shows .t he é$ﬁ$§$ﬂd according

spectrum of a compound according 5 to anot

to efbodi el the, present dmven i H:G i R,c319%s,;t he

"H NWR spectrum of a conpound according to another
enyadi.nentshofvst hecpFesent spyenthensf FA Gofpshosadferding

1H NMR spectrum of a conpound according to another
to edrbodiame rdmiafd fden preEs afe ivhesdHonnvkhthlda; 7 shows
the 1H NWR spectrum of a compound according to
andtlter Sewbodismeht OR-khe ppesentniayeatianpolid adcording
shows the 1H NWMR spectrum of a conpound according to
to anottherr embiodi imentt off tthe presentt iimwenttiiem; FIG 9
shows the 'H NWR sp?ctrun1of a compound according 15
t o Fdfot BeshemwBodihrent - WER t fleepregent f | avertpomd RdGording
10 shows the anal ytical data of gel perneation
to ancther embodiment of the present invention;

FIG. 7 shows the 'H-NMR spectrum of a compound according
to another embodiment of the present invention;

FIG. 8 shows the 'H-NMR spectrum of a compound according
to another embodiment of the present invention;

FIG. S shows the 'H-NMR spectrum of a compound according
to another embodiment of the present invention;

FIG. 10 shows the analytical data of gel permeation
chromatography performed to measure the molecular weight of
a compound according to another embodiment of the present
invention;

FIG. 11 shows the analytical data of gel permeation
chromatography performed to measure the molecular weight of
a compound according to another embodiment of the present
invention;

FIG. 12 shows the analytical data of gel permeation

chromatography performed to measure the molecular weight of
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chr omat ogr aphy performed to neasure the nol ecul ar

wei ght of a conpound accordi ng to anot her enbodi nent

of the present invention; 20 FIG 11 shows the

anal ytical data of gel perneation chromatography

performed to neasure the nol ecul ar weight of a

conpound accordi ng to anot her enbodi nent of the

present invention; FIG 12 shows the anal ytical data

of gel perneation 25 chromajgegraphy performed to

measure the nol ecul ar weight of - 12 a conpound

' ' fq. r t

o R T ST St S P s mggoent
inRe{ieati on chromat ography performed to neasure the

nol ecul ar weight of 5 a conpound accordi ng to anot her

enyadi. mant sobwihener es@nt cikAYeakkanssFhE 14,-389%8n,

the anal ytical data of gel perneation c¢hronatography

chipgifargmg e peasde:d he mlLcanr ieinghte@fi 2@ weight of
conmpound accordi ng to anot her enbodi nent of the

a qprgsentd dd-dmnvient iton;arfdtGe rl ershowsdhe anahy isalsent
data of gel permneation chromatography perforned to
inveedsiune t he nol ecul ar wei ght of a conpound according
to anot her enbodi nent of the present invention; and
15FEGG. 116 ssbows theeaardlyticeal ddakacéf ggel ppenarat bon
chromatography performed to measure the molecular weight of
a ceompound according to another embodiment of the present
invention;

FIG. 15 shows the analytical data of gel permeation
chromatography performed to measure the molecular weight of
a compound according to another embodiment of the present
invention; and

FIG. 16 shows the analytical data of gel permeation
chromatography performed to measure the mclecular weight of

a compound according to another embodiment of the present

invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
Hereinafter, the present invention will be described in
more detail.
According to an embodiment of the present invention, a
compound represented by the following formula (1) is

provided:
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chr omat ogr aphy performed to neasure the nol ecul ar
wei ght of a conpound accordi ng to anot her enbodi nent
of the present invention. 20 DESCRI PTI ON OF THE
PREFERRED EMBODI MENTS Hereinafter, the present
invention will be described in nore detail. According
to an enbodi nent of the present invention, a conpound
represented by the following forrmula (1) is 25
provided: - 13 - [Formula_1}];Rl >=0 0 F2C 0=S=0
A+-0 wherein Rl represents a hydrogen atom a
tri&kggﬁggpqnyl group, an alkyl group having 1 to 5
carbon atons, or an 5 al koxy group having 1 to 5

ar bon a$Qns; and A represents a group represented by

??“aéL OM{nS formula (2) or formula (3) : [Fornula
O
h
cm\
OIXS:O
A+-0

wherein R; represents a hydrogen atom, a triflucromethyl
group, an alkyl group having 1 to 5 carbon atoms, or an
alkoxy group having 1 to 5 carbon atoms; and A represents a
group represented by the following formula (2) or formula
(3):

[Formula 2]

Ro

Rs—$
R4

[Formula 3]

Rs—I—Rg
wherein Rz, Rz, Ry, Rs and Rs each independently represent a
substituted or unsubstituted alkyl group having 1 to 20
carbon atoms, a substituted or unsubstituted allyl group
having 3 to 10 carbon atoms, a substituted or unsubstituted
perfluoroalkyl group having 1 to 10 carbon atoms, a
substituted or unsubstituted benzyl group, or a substituted

or unsubstituted aryl group having 6 to 30 carbon atoms; and
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Rg 10 [Forrmula 3] R$-1-R6 wherein RZ, R3, R4, R5 and
R6 each i ndependently represent a substituted or
unsubstituted al kyl group having 1 to 20 carbon
atons, a substituted or unsubstituted allyl group 15
having 3 to 10 carbon atons, a substituted or
unsubstituted perfluoroal kyl group having 1 to 10
carbon atons, a substituted or unsubstituted benzyl
group, or a substituted or, gnsubstituted aryl group
having 6 to 30 carbon atons; and - 14 two or nore of
tudlox Rl AL Re oY, De i Bked ¢ o, pach Qhel, Lo f oA
saturated or unsaturated carbon ring or a satur ated
fofh ansaturated heterocyeld Gedingnd g T muilas v teq
given in the present specification, the 5 term

or "substi £ 4t &d'"h deanS et aéirlgf.ast one hydrogen atom
may be substituted with a hal ogen atom a hydroxyl

gr aup,tha Mdri 1§0U.ved GYARMIpOURen®N sBRAG 1GLOYRN, the
an am di no group, a hydrazine group, a hydrazone _
tegn olpyb st carbaxyingnoupion at saldstd hefeofud @ S e nay
acid group or a salt thereof, a 10 phosphoric acid
be growup: druteedal 1th herteafogen Gl=d@,0 alhydrgraugrow, a
~Cl-do alkenyl group, a Cl1-Co al kynyl group, a C6-C20
nitgry| grgioup;: @y @re Gooap yl ah kyrhige oupoum, C4nCanidinoe group,
heteroaryl group, or a C5-C20 heteroaryl al kyl group.
a M o b Urepreesemed dne foromil.a § Bardecorldiongpuro or a
salt thereof, a sulfonic acid group or a salt thereof, a
phosphoric acid group or a salt thereof, a C;-Ciy alkyl group,
a C-Cyp alkenyl group, a Ci1~Cie alkynyl group, a C¢—Csg aryl
group, a Cy-Cz arylalkyl group, a C¢-Cz heteroaryl group, or
a Cs—Cpp heterocarylalkyl group.

The compound represented by formula (1) according to
the present invention is a novel compound characterized by
having a S03 (A"} group at an end of the molecule. This
compound of formula (1) can be used in the synthesis of a
polymer compound which can be used in the chemically
amplified resist composition that will be described later.

The moiety A in the formula (1) may be any one of the

following formulas given as formula (4):

[Formula 4]



15 the present invention is a novel conpound
characterized by having a S03-(A") group at an end of
the nol ecule. This conpound of fornmula (1) can be
used in the synthesis of a polynmer conpound which can
be used in the chemically anplified resist
conposition that will be described later. 20 The
noiety Ain the formula (1) may be any one of the
followi ng formulas given asjéornmula (4): [Formula 4] -
15/ 111 S+ /_\ s+ s+ [ Formul a 4-al [Formul a
4-b]_ [Formula 4-c] [Fornula 4-d] 9999~+ / \ S+ O -S+

S \ S+ 00 'A O- 00 S Formul a 4- a
la 4-f] [F a 4-qg] [For a 4-h] s u Y F
r |1 [For [For 4 j] [ For

ml a 4 4-1] *S+ O -
CHs E

[Formula 4-a] [Formula 4-b] IFormula 4-¢] [Formula 4-d]

w
ﬁ_ 1

X—Q

o oY

OCH, o

T8t
"
.
-0
arsel

[Formulz 4-6] [Formula 4-f} fFormuia 4-g] [Formula 4-h]

Sords
2o
Yo

Y0

Cl Br
[Formula 4-1] [Formula 4-}] [Formula 4-k] [Formula 4-{]
CHs ((

S+ HaC—8 +

o2

0
Aok

[Formula 4-m} [Formula 4-n] [Formula 4-0] [Formula 4-p)



OO0~ [Formula 4-m [Fornmula 4-n] [Fornmula 4-0]
[Formula 4-p] - 16 OX a +-Oal+I1+\ / OCH3 p O
CH3 [Formula 4-q] [Fornula 4-r] [Forrmula 4-s] H3C /\

I+\ / CcB/ N 1+\N [/ /-\ 1 \ [/ [Fornmula 4-t]
[Formula 4-u] [Fornula 4-v] F -l+-i-/ C [/ _\ I+ \ /[
CH3 [Fornmula 4-w] [Fornula 4-x] [Formula 4-y] CH3 +
0 SHIC S+ ClO61 [Forrrula4z] [Formula 4-a']

1
[Formula 4-b'] O\ \OS%HS s+ S+ s CH3
[Formula 4-c'] [Formula 4-d’ Formul a 4-a']

O OrOrom G e’

[Formula 4-q] [Formuia 4-t] [Formula 4-s]
H30—< :>~|+A< >—CH3 *(—< >—|+‘< H‘ ®|+
[Formula 4-t] [Formula 4-u] [Formuia 4-v]
+ + +
O~ O OO
[Formula 4-w] [Formula 4-x] [Formula 4-y]
CHa
S H30—©—s +
[Formuia 4-z] [Formula 4-a'] [Formula 4-b")

5 AV
vy SO O

2 |

[Formula 4-¢’] [Formula 4-d'] [Formuia 4-¢’]
According to another embodiment of the present
invention, there is provided a polymer compound comprising a

repeating unit represented by the following formula (5), a
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Accordi ng to another enbodi ment of the present

i nvention, there is provided a pol yner conpound
conprising a repeating unit represented by the
following formula (5), a - 17 repeating unit
represented by the followng formula (6), and a
repeating unit represented by the follow ng formul a
(7). In the polymer conpound according to the current
enbodi ment of the invention,,the repeating unit of
formula 5 (5), the repeating unit of fornula (6) and

re Jbecigﬁfgﬁiiiﬂqg:e%%ecrk e‘:{:g{ ol yh%eﬁfpllmn%e fro%%%rgyﬁéil) ; and

oun orm a ranaom COp0|

t | ike. ~ -
¢ R PR R S ar AT R Sl 4 A

hydrnoger 2t0fhned thlbbugrorekBYhingr @UPLhancakkyhe
group having 1 to 5 carbon atonms, Or an al koxy group

emdBMinihtl 40 tharbah@atans t NG DJLAMRS LS df FLoHR1a
represented by the follow ng fornmula ( or formula

{(5)(3)the k2ddzarimy ardlt of formula (6) and the repeating

unit of formula (7) may be randomly bound to form a block

copolymer, a random copolymer, a grafi copolymer or the like.

[Formula 5]

R
+CH2—C’
=0

O

F2C
0=8=0
A+-0

wherein R; represents a hydrogen atom, a triflucromethyl
group, an alkyl group having 1 to 5 carbon atoms, or an
alkoxy group having 1 to 5 carbon atoms; and A represents a
group fepresented by the following formula (2) or formula
{3):

[Formula 2]

R2

Rs—S
R4

[Formula 3]

Rs—1~Rs
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R2 R3-S R4 [Fornula 3] R5-1-R6 - 18 wherein R2, RS,
R4, R5 and R6 each independently represent a
substituted or unsubstituted al kyl group having 1 to
20 carbon atons, a substituted or unsubstituted allyl
group having 3 to 10 carbon atons, a substituted or
unsubstituted 5 perfluoroal kyl group having 1 to 10
carbon atons, a substituted or unsubstituted benzyl
group, or a substituted orjgnsubstituted aryl group
having 6 to 30 carbon atons; and two or nore of R2,

whé%% %{ yR?EE&'%%%d toegﬁgﬂigéggénééhti 5%6%Fnt a

R
saturaf%d f aturated‘car or'a’s

Sug@cﬂum%ﬁr% Mﬁfﬁ%‘t}/%{ iy Igr}gju%%%r rogen at om an

erein R~ represents a

caBbdkylatup Daring: s thitdy 30 Gardhen al tt\‘l?i?%-%%flsl@l al oyl

group haV|ng 1 to 30 15 carbon atoms
hawithstd tag ed) Wdhbdh QU sel eched ifi@Md or unsubstituted
perfluorcalkyl group having 1 to 10 carbon atoms, a
substituted or unsubstituted benzyl group, or a substituted
or unsubstituted aryl group having ¢ to 30 carbon atoms; and
two or more of R;, R3; and Ry may be linked to each other to
form a saturated or unsaturated carbon ring or a saturated
or unsaturated heterccyclic ring;

[Formula €]

Rs
CH,—C
=0
o

\

Ry
wherein R; represents a hydrogen atom, an alkyl group having
1 to 30 carbon atoms, or an alkyl group having 1 to 30
carbon atoms which is substituted with a group selected from
an ether group, an ester group, a carbonyl group, an acetal
group, an epoxy group, a niltrile group and an aldehyde
group; and Rg represents a hydrogen atom, a methyl group, or
a trifluoromethyl group;

[Formula 7]

-
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an ether group, an ester group, a carbonyl group, an
acetal group, an epoxy group, a nitrile group and an
al dehyde group; and R8 represents a hydrogen atom a
met hyl group, or a trifluoronethyl group; 20 [Formula
7] -+X+ - 19 wherein X represents one selected from
ol efin, vinyl, styrene, and derivatives thereof.
According to a preferred enbodi nent, the polymner
conpound according to an enbgdinment of the present
invention 5 conprises 100 parts by wei ght of the

whéﬁ&ﬁ@%t%%ﬁ%ﬂéeﬁ%sféHéngéﬁééaed oﬁ(%%ég%g x%§ﬂa

wel ght of the repeating unit

st$§é§gX)4ﬁgté%gg%§ga¢gg Of e Aer repeatlng unit of

ormil a (7). The pol ymer conpound according to the
enpedidrenty eb al%r%@%rg%@s%ﬁbobﬂ%%ﬂk'Oﬂhbsp5§9ﬁgk as
an ingredient for chemcally anmplified resist
corgRNOs i dd@isdinkdne: d eas ApBMY mdHORET tHIRS SUCRMAS invention
resolution, sensitivity, refractive index and line
comﬂgﬁsa’mummqmt&f ewngalgref act ame ireddig iex) stiing of
resi st conpositions, may be that the polymer matrix
fommd & hi )15 Jphbtmacitd genarsator WeRAQL arfe thet repeating
appropriately conpatible to each other, and are not
unigmidoriyrntiss cidl e .arPhdréf dree, 300 paties presenight of the
invention, it was attenpted to directly attach the
reﬁﬂﬁk%ﬁﬁtqﬂ§ipdﬂyﬁﬁﬂmbd@kd6ﬁe and carry out

The polymer compound according to the embodiments of

100

the present invention is useful as an ingredient for
chemically amplified resist compositions. The reason why
properties such as resolution, sensitivity, refractive index
and line edge roughness are unsatisfactory in the existing
resist compositions, may be that the polymer matrix and the
photoacid generator (PAG) are not appropriately compatible
to each other, and are not uniformly miscible. Therefore,
in the present invention, it was attempted to directly
attach the PAG to the polymer backbone and carry out
polymerization, in order to solve the problem. More
specifically, in the present invention, it was attempted to
produce a polymer compound which alleows introduction of a
large guantity of a photoacid generator, and has faster
sensitivity, higher stability, a reduced amount of gas
generation, and low line edge roughness, by attaching the

photoacid generator in an anion form to the polymer backbone,
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pol yneri zation, in order to solve the problem Mre 20
specifically, in the present invention, it was
attenpted to produce a polymer conpound which all ows
introduction of a large quantity of a photoacid
generator, and has faster sensitivity, higher
stability, a reduced anmount of gas generation, and

| ow I'i ne edge roughness, by attaching the 25 photoacid
generator in an anion formtg the pol ymer backbone, -
20 and to produce a resi st conposition conprising the

an@ﬁ%cygﬁ 0%1?%%% %esen]t Invgﬁ{}ﬁﬁ%%o q{é’]g:iojﬁ%mer

nd in which a 5 conponent having an
aci d-sensitive functional group and an acid

genefAatig MR & JRGerReS %toe@hteog%ea&mbﬁt%n%f
polyner nol ecul e, which is, in other words, in

thd ofme©dnt attaahi neh alsp@thQaJQQﬂﬁrf 4 o, mﬁch a
pol ynmer. The pol ymer conpound according to the present
compventt drev iy as ac po! Yt yirenes reduced sl ghito gy eiragen
nol ecul ar weight (hereinafter, referred to as "NMF)
acmaprned: thyngetompearareatd :.on ictvcoamatregraphys c@PQr dfn one
about 1,000 to about 100,000, and the wei ght average
pohphec utakre welightwhissh pref erablyhaaboutrds 0000 tihealfautn of
10, 000, fromthe viewpoints 15 of reduction as a
atfpmhld”r%sﬁ sthogmml bpapidiater doattalsi [dalymert.her mal
reS|stance and the like. The nol ecul ar wei ght
di dt6 Betives roforpeupel weeeridgéng to the present invention

cO

has a polystyrene-reduced weight average molecular weight
thereinafter, referred to as "Mw") measured by gel
permeation chromatography (GPC) of about 1,000 to about
100,000, and the weight average molecular weight is
preferably about 1,000 to about 10,000, from the viewpoints
of reduction as a photoresist, developability, coatability,
thermal resistance and the like.

The molecular weight distribution of the polymer is
preferably 1.0 to 5.0, and more preferably 1.0 to 3.0.

Among the most important characteristics for the
semiconductor device processing which increasingly reguires
finer line widths, there may be mentioned line edge
reughness. According to the present invention, in order to
solve the problem of miscibility between the photoacid
generator, additives and polymers in the existing resist

compositions, a polymer is produced by attaching a SO (A')
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preferably 1.0 to 5.0, and nore preferably 1.0 to 3.0.
Anmong the nost inportant characteristics for the 20
sem conduct or devi ce processi ng which increasingly
requires finer line widths, there may be nentioned
i ne edge roughness. According to the present
invention, in order to solve the problem of
m scibility between the photoacid generator,
additives and polynmers in_the existing resist 25
conpositions, a polyner is produced by attaching a
-G Dy - ich . I t ]
T ot Y erarator G I o A A TR ot
ical rizi e r : 0 "
o SR AR R AN o M TR B che
ackHVeRid Qe has @ el taidh amunty Ry Mﬁ?ﬁﬁ{cﬂ axcording to
generator attached to the polyner chain, the
thdlsed Dl d tihvgrobdemd 4 he resistangrlMents ¢ RRcia
sol ved even wi thout adding any photoaci d génerator
gerseparat el yrathddecd ivmR: ofol ypiapaniaig a tiesinStsciand idy
pattern having high |ine edge roughness and high
praleisol Uti amearediestr eadliveed. daur ttherswined Erdarheithout
pol ymer conpound according to the present invention
addhonsirex qald erc itd ansparsenoy sepatre aladizat itor dumeng
exposure, including inmersion exposure, and has
Prepégdinen rdrasitc proper tiads ameqiiaved of hdmha liesi stige
such as sensitivity, resolution and pattern
roydnfs 190 high peradlediian astie bES nsa6ilyimed .cofpadheg rmore,
can be used in a chemcally anplified resist .
Ehee GHPoSIaN SIPMRARTITY ARG HéSoltat iths, Pa Sseaad ‘agsnlion

shows excellent transparency to the radiation during
expesure, including immersion exposure, and has excellent
basic properties required from a resist, such as sensitivity,
resolution and pattern formability. In particular, the
polymer compound can be used in a chemically amplified
resist composition having high resolution, a brocad depth of
focus (DOF), and excellent line edge roughness.

According to a preferred embodiment, the moiety A is
selected from the following formulas of formula (4):

[Formula 4]



focus (DOF),

and excel | ent
According to a preferred enbodi nent,

| i ne edge roughness.
the noiety Ais

selected fromthe following forrmulas of fornula (4):

20 [Formul a 4] 22 -
[Formula 4-c] [Fornmula 4-d]

+/ \S+ FCO Br I
[Formula 4-k] [Formula 4-1]
S+ O S+i O ~c 0 010
o1 .
S
. CHs
[Formula 4-a] [Formuia 4-b]

2

ast

OCH3

-

[Formuia 4-el

0

{ Vs

-

[Formuia 4-i]

2o
g

[Formula 4-m]

%

as:

LA

[Formula 4-f]

[Formuia 4-j]

¢ N

o)

b
S

o” O

[Formula 4-n}

b CH3

[ Formul a 4-a) [Fornula 4-b]

[ \'s +/ \s + /[ \s +/
\s + o0 OCH3 0,-A0* 0 SO I/ [Fornmula 4-e] [Fornul a
4-f] [Formula 4-g] [Formula 4-h] 9999 + / \ S+ /-\ S

s
@s+
Y

[Formula 4-c]

O

[Formula 4-gl

Br
[Formula 4-k]

[Formula 4-0]

[ For a_4-i] [Formula 4-j]
nEEPI S+ / \ 0O\-

H3 H3C S +

A7

S+

{Formula 4-d}

0

[Formula 4-h]

¢ Hs

[Formula 4-11

{Formula 4-p]



[Formula 4-n] [Fornula 4-n] [Formula 4-o0] [Fornula
4-p] - 23 O /-VI +\ [/ / \' 1 OCH3 1+ 0 0 CH3
[Formula 4-q] [Fornmula 4-r] [Forrmula 4-s] H30 /\ |+
CH3 /-\ I+ \ / /_\ I+ \ [/ [Formula 4-t] [Formula 4-u]
[Formula 4-v] /-\ + FI+\ / A /\ +\ / O43 [Formula
4-w] [Forrmula 4-x] [Fornmula 4-y] CH3 + 0 S H3C S+ /
ClO [Formula 4-z] [Fornmula 4-a'] [Fornula 4-b'"] OS
OHg /_\ Sbs CB [Formulaz4-c'] [Formula 4-d']
[Formula 4-e'] The pol yner conmpound according to an
enbodi nent of the present invention has a

nmet hacryl at e nmononmer containing a sulfonl um salt, an ;OL<

R SR a0 T

[Formula 4-q1 [Formula 4-r] [Formula 4-s}
H30~< >'I+‘< >*CH3 *{—< >—!+“< }% QI+
[Formuia 4-t] [Formuia 4-u) [Formula 4—\/]
O O e O o
[Formula 4-w] [Formula 4-x] [Formula 4-y]
CH,

- S
o o Y

[Formula 4-z] [Formula 4-a2’] fFormula 4-b']

+ S+

O |

“CHy
{Formula 4-¢'] [Formula 4-d’] [Formula 4-e’]

The polymer compound according to an embodiment of the
present invention has a methacrylate monomer containing a

sulfonium salt, an acrylate monomer, and an olefin monomer,
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as the repeating units. Optionally, the polyner may be
synthesi zed in the presence of vinyl ether. The
pol ymer conpound according to enbodi nents of the
present invention is generally insoluble or sparing
sol ubl e per se in aqueous 5 alkali solutions, but in
sone cases, the polyner may al so be soluble in
aqueous al kali solutions. Furthernore, the polymer
conprises the conpound of_fegnmula (5) having an
acid-labile functional group in the side chain part,
| V. CO [+S: d . of rmyl
R s e T P e R SR S
syiiid$ Nl having dhes e aforamntioned funct g%a' LA
The solubility may increase or ‘decrease, peﬁ i ng on
coridrudy RE: @l GanteNten®fod e ORABILS i} LRe+PAYIBE 4 on
In general, as there are nore hydrophobic groups, the
is sdrihid ity imsAqUeeUS aldgaldinkp 0l HlicoRsd $Se in aqueous
decreased. According to another preferred enbodi nent,
alidlel pollyeroncompaunc GemRS icsiskg ,t hed epaghisng mdri k1eh be
formula (5), the repeating unit of fornmula (6) and
so el  epeatquepumial kefl i faarlmilians?) awaahdirngreq the
present invention, conprises 20 three different
po lgprect exorgfr itdve ridpeatcmpgpund to foff droruhal d 5(6haviBgchna
pol ynmer conpound is represented in the present
acigpedfileatiwir hyprede drelupowinn g hfeosidlea cf@)in pEotrubat may
8] - 25 - 000 =0

opticnally comprise a compound of formula (6) or a compound
of formula (7), which are repeating units not having the
aforementioned functional group. The solubility may
increase or decrease, depending on the type and content of
the moncomers in the polymer. In general, as there are more
hydrophebic groups, the solubility in aqueous alkali
solutions is decreased.

According to another preferred embodiment, the polymer
conpound comprising the repeating unit of formula (5), the
repeating unit of formula (6) and the repeating unit of
formula (7) according to the present invention, comprises
three different species of the repeating unit of formula (6).
Such a polymer compound is represented in the present
specification by the following formula (8):

[Formula 8]
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OOO0OO0O R7fa R’Tlb R7c F2Q (O=S=0 A+-O wherein R
represents a hydrogen atom a trifluoronethyl group,
an al kyl group having 1 to 5 carbon atons, or an
al koxy group having 1 to 5 carbon atons; Rya, R7b and
R-1, each 5 independently represent a hydrogen atom a
linear or branched al kyl group having 1 to 30 carbon
atons, or a |linear or branched al kyl group having 1
to 30 carbon atoms which_isgzsubstituted with an ether
group, an ester group, a carbonyl group, an acetal
group, an epoxy group, a nitrile 10 group or an

| dehyde grBep; RedlstReb affdcRec dach independently

pE «gfOUp Or a

trifluoromne ar A and ame neani ng as

defi ned previously. re.specifigally, the polyner
compound régéesen d by @5 t he rmul a (8) according
to the presBag invewmty on nRycbe represented by any
one of the foll ow ng conpounds pjcformula (9):

[Formula 9] -* 26 OO0 0 0 00 R2Q:.
/
A+-0

wherein R; represents a hydrogen atom, a trifiuoromethyl
group, an alkyl group having 1 to 5 carbon atoms, or an
alkoxy group having 1 to 5 carbon atoms; Rsa, Ry and Rs. each
independently represent a hydrogen atom, a linear or
branched alkyl group having 1 to 30 carben atoms, or a
linear or branched alkyl group having 1 te 30 carbon atoms
which is substituted with an ether group, an ester group, a
carbonyl group, an acetal group, an epoxy group, a nitrile
group or an aldehyde group; Rga, Rg, and Rge each
independently represent a hydrogen atom, a methyl group or a
trifluoromethyl group; and A has the same meaning as defined
previously.

More specifically, the polymer compound represented by
the formula (8) according to the present invention may be
represented by any one of the following compounds of formula
{(9):

[Formula 9]



OH 0-5=0 f Fornula 9-a) +A-0 00 fOl \' J OO\/- 0O
0 29 O OF2C LOH 0-S=0 [Formul a9-b]f/" f1--[ +A-0~
o 0oO0O00 ) OFRRCOHOS=0 [Fornula 9-c] +A- O
00001\ JOOOO0OO0O ZOOF20) OHOS=O (Formul a
9-d ] +tAA0 O00 0 0O FzZC OHOS=O +A-0 [[Formula
9-e]( 0000 t 0o Fz
- D6 -
N4 i < P i U
o o} o >
j@ b @ FaC
o~ 0 OHO0=5=0
[Formula 9-a} +A-0O

@W“&%ﬁ%ﬁ-@wﬁﬁ
[Formuta 9-b] j@ b @gfézs o
05 L.

[Formula 9-c] NN

o g g
0 A L
@W@%ﬁwa@wﬁw
b /J@\ OHFé?CS 0

- 0
[Formula 9-e}

I Uy Ly <y Mgw
Sy

[Formula 9-f] SE OOS o




OH O=[Formula 9-f] SSOA-O27 - 0000 00O F2C 0 H
O =S=0 [Formula 9-g) IA-0\..1-0 -f- toi--_\ 1 -Co)
0O O000 F22 OH OC=S=0 [Formula 9-h] +tAA-0O 0~ OO
OHF2 C-xi -00 0 OHO0=S=0 fA" O-L [Formula 9-i] [

A-0O O000 -OHFZ 0 OO0 OHO=S=O O0x-

Fornul a9-11 +A-0 -0 -0~--OO OO0 Oo

— 3

- 27 -

@wﬁw @w@w{wﬁw

0L @?ﬁ“

@w@%ﬁwﬁwﬁw
O L D

OHOSO

[Formula 8-h] +A-d

oo Q«m%w ﬁwﬁwﬁw
j@ b @ -0
oy )Lw%w ¥ Q;MW gﬂiwﬁw
VD

OHOSO

)L [Formuia -] +A-G
““Wﬁ*w“ﬁwﬁw
@@ I ) @ .

O
fFormula 8-k] +A-0




OH F2C 0 0 0 01-10= S=O O [Formula 9-k] +A-0 To f O
jOMl1 O OH/\) FZC O OO0 OHO=\S=0 O0OX- [Fornula9-11
+A-0 - 28 Hereinafter, the nmethod for producing the
conmpound represented by forrmula (1) according to the
present invention will be described. The conpound of
formula (1) is produced by a reaction 5 between
compounds of the following forrmula (10) and fornul a
(11): [Formula 10] Rl O _Gg[Formula 11] 1 F2 A + -
OS-CCHROH 11 10 0

Hereinafter, the method for producing the compound
represented by formula (1) according to the present
invention will be described.

The compound of formula (1) is produced by a reaction

5 between compounds of the following formula (10) and formula
(11):
[Formula 10C)
R
:S:O
Ci
[Formula 11]

I F2
A+ - O—$—C~CH,0H
10 O

wherein R; and A have the same meanings as defined for the
formula (1),
Specifically, in the method of such reaction, generally
an alcohel of formula (11) and acryloyl chloride of formula
15 {10) are dissolved in a reaction solvent such as
dichloromethane, chloroform, dichlorcethane, acetonitrile,
toluene, benzene or 1,4-dioxane at a temperature of 0 to
100°C, and then the solution can be made to react using a
basic catalyst such as triethylamine, diethylamine, pyridine,
20 diethylisopropylamine, aniline or diisopropylethylamine in
an amount of 1 mole to 2 moles based on the reactant, the

alcohol of formula (11).
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wherein R1L and A have the sane neani ngs as defined for
the formula (1). Specifically, in the nethod of such
reaction, generally an alcohol of formula (11.) and
acryloyl chloride of formula 15 (10) are dissolved in
a reaction solvent such as dichl oronet hane,

chl orof orm dichl oroet hane, acetonitrile, toluene,
benzene or 1, 4-dioxane at a tenperature of 0 to 100C,
and then the solution can_bgynade to react using a
basi ¢ catal yst such as trlet%ylanine, di et hyl am ne,

Py rirdi €y 20 & %%%yhk%%BB°E$'agg%%ucﬁﬂgakﬂé gﬁgghgl of

di i sopropylethylamne in an a

formles b?ﬁ)ed o0 dhe s eagtantg then 35!5‘:% ] rfe%re'fq'tle%l by

(11). - In regard to the nethod for pro ucing t

thealmmwmg formula (1bL) i anesteryLonpoupd such as
one represented by the following forrmula (12) is

tetoht sl weth kst Nghd tat rahydrofur an ancth @ @rC ehiohie hano1,
sol vent such as nethanol, 5 ethanol or propanol, and

etHaman omq;ﬂlmdnojsothnﬂmhoreﬁh)&&ré akes © H,NaRtdd)und %oﬁo@\yd&tide
added dropwi se. When the dropwi se addition is

(Nagghgl eted Llovle midkedr drbpwibkrr edhien aheoikobathe at
60C for about 4 hours, and then the reaction m xture

addiigid i oprnched] witthe diisttiudeed swatter teal nemave otile bath
10 solvent. The reaction mxture liquid fromwhich the

at gdl°¢eior hasulbeénhremeyedniis tdessohwedeagai oni mixture
distilled water, and then the solution is acidified

lqkﬁqmi%dﬁggﬁq%éé@th distilled water to remove the

solvent. The reaction mixture ligquid from which the solvent
has been removed is dissclved again in distilled water, and
then the sclution is acidified using concentrated
hydrochloric acid until a pH value of 5 to 6 is obtained.
The mixture liguid is concentrated again, subsequently
methancl 1s added to make the mixture liquid into a slurry,
and the slurry is filtered. The filtrate is washed using
hexane, and then concentrated again. The concentrate is
subjected to crystallization using diethyl ether, and then
filtered and dried, and thus an alcohol such as the one of
formulia (11) can be produced.

[Formula 12]

M -owﬁm?—“—om'

0]

wherein Ri' is selected from the group consisting of

hydrogen, methyl, trifluoromethyl, trichloromethyl,
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hydrochloric acid until a pH value of 5to 6 is
obtained. The mxture liquid is concentrated again,
subsequently 15 nmethanol is added to make the m xture
liquid into a slurry, and the slurry is filtered. The
filtrate is washed using hexane, and then
concentrated again. The concentrate is subjected to
crystallization using diethyl ether, and then

filtered and dried, and thugyan al cohol such as the
one of 20 formula (11) can be produced. [Formula 12]

tr?ﬁgg{ﬂémé@h&sér% %io@%ﬁéﬁeﬁﬁ nbiletsﬁqé}fe%eescénecds flr;i_qmium

€ group tonsisting o

(i1 fLugromethy] .ot rishloronpt iyl , - 30 tribrononet hyl

i f
and triiodomethyl; ‘and MTrepresents lithium (Li),

sodidra i({N): Of, RYUASRWMRL Kor HerRi Raklelnet lﬂ)%l?ﬁ’k'i")d
for producing the polymer conpound conprising the
comePead | Ogmpii £1:0f {108 Ml @e{Bng theit D F eReatdNg UNI L the
of formula (6) and the repeating unit of formula (7)
repesolay ngnio ¢hef@resent (6 nven i wddedengdesard hed.
The net hod of polynerizing the pol yner conpound
foaeehs di hy docdi py esentha nvienddron imaye e achieveddy
a 10 conventional nethod, but according to an
despbodédrent, radica

The method of polymerizing the polymer compound
according to the present invention may be achieved by a
conventional method, but according to an embodiment, radical
polymerization is preferred. The radical pelymerization
initiator is not particularly limited as long as it is an
initiator used as a general radical polymerization initiator,
such as azobisisobutyronitrile (AIBN), benzoyl peroxide
(BPO), lauryl peroxide, azobisisocapronitrile,
azobisisovaleronitrile or tert-butyl hydroperoxide. The
polymerization reaction can be carried out by methods such
as bulk polymerization, solution polymerization, suspension
pelymerization, bulk-suspension polymerization and emulsion
polymerization, and as for the polymerization solvent, one
or more can be selected from benzene, toluene, xylene,
halogenated benzene, diethyl ether, tetrahydrofuran, 1,2-
dichloroethane, esters, ethers, lactones, ketones and amides,
and used. The polymerization temperature for the polymer

compound according to the present invention is appropriately
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pol yneri zation is preferred. The radica

pol ynerization initiator is not particularly limted
as long as it is an initiator used as a genera

radi cal polynerization initiator, such as

azobi si sobutyronitrile (A BN), benzoyl peroxide 15
(BPO, lauryl peroxide, azobisisocapronitrile,

azobi si soval eronitrile or tert-butyl hydroperoxide.
The polynerization reaction;can be carried out by
nmet hods such as bul k pol yneri zation, sol ution

sePQ&ﬁ’@Eréﬁ&t 98y gag&y)ﬁgﬁ%?g%%@@ T Z%atalyst.

bul k- suspensi on po Si on

Th@oﬁaﬂ@&u2§£'@@1gﬁ@dd§§tﬁfﬁuﬁﬂ§nQ§%y@ﬁg'§@ﬁy al,yent ,

one or nore can be selected from benzene,” to uene

ap%Ybﬁﬁﬁateg?|@Q@@ﬁéﬁﬂe@eﬁﬁe@ﬁénéﬂﬁﬁrﬁﬂeE%$Eﬂnt of use of

t et rahydr of ur an 2- dichl or oet hane, esters, ethers,

thé asd DREST 1 Ket DAeSi @nei ad desnd el MRtk i & ime. After
pol yneri zation tenperature for the polyner 25 conpound

thacpeol ghag tor ihe poesento i aveitd oo S apprOpFietladble to
31 selected and used according to the type of the

regatal ysy . unidec ol ecotate meighd it rp duais ofertdigiing in
pol ymer can be appropriately controlled by changing

the heeapourit ofxiusee 0fy 4 hergol pyinert zat irort o tisatray zand
the reaction tine. After 5 the polynerization cones to

sobomptetion, it is preferable to rempve any unreacted
mononers and side products remaining in the reaction
m XS @Wﬁﬁfprcé@lpﬁw BEwORSERgd tesithg ®resehfepnvention

mer conpound according to the present
%%]comprlse a repeating unit having an acid-labile

may
group, and a repeating unit containing a hydroxyl group, a
lactone ring group, or both a hydroxyl group and a lactone
ring group.

According to another embodiment of the present
invention, there is provided a chemically amplified resist
composition comprising the polymer compound according to the
present invention, additives and a solvent. The chemically
amplified resist composition according to the present
invention may further comprise an acid generator such as
triphenylsulfonium nonaflate.

In order to impreve the properties of the chemically
amplified resist composition, conventionally used additives
may be used. Specific examples thereof include dissolution

inhibitor, basic additives, defoaming agent, surfactant,

acid diffusion controlling agent, adhesion aid, and the like.
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10 may further conprise a repeating unit having an
acid-labile group, and a repeating unit containing a
hydroxyl group, a lactone ring group, or both a
hydroxyl group and a |actone ring group. According to
anot her enbodi nent of the present 15 invention, there
is provided a chemcally anplified resist conposition
conprising the polymer conpound according to the
present invention, additives,and a solvent. The
chemcally anplified resist conposition according to
t [ t.1,0n . f S i.d,
As 1e PELSeN 4 rggﬂ}g]galr@é/r Yt gc{ﬁr%caq{g) BaS%Qa%f\ﬁ%g[l%_ In

generat or suc tri'gheny ohi um™nona

stOfdeird® dmprovedhei apentdgs of, 4 hg gh 'H.)x/nzcﬁrlél cular

anplified resist conposition, conventional e

we PR T MQSouBYade USed SREGIIH G reXamRies, dherofiry ctceh

i ncl ude dissolution inhibitor, basic additives,

regiefoama g pdet sodifractantyci2% aghd didffusion the
controlling agent, adhesion aid, and the like. - 32

mo Jascuthe, diwsalid ammr rhitkidaey £ inet bemanghased cyclic-
structured substances can be used, and such | ow

chamol dout ‘art 1 ameiaghtnccorpouddaddidtisves an o @alsed parts,
enhance the dry etch resistance by introducing a

theyddid isteuctar edatletaie Slimdcdoulieon dut adlksd icarveloper
enhance filmremaining characteristics at non-exposed

solgHritans Amnddie texpesed grartis acithe aaddifintgs rcanhance the
accel erate dissolution in al kali devel oper solutions

CONART tate W& itomeofofadia s lamgenint er tésirance mokre

effectively improve the perpendicularity of resist pattern
side walls. Examples of the compound which is degraded by
acid and accelerates the rate of dissolution in a developer
solution, include alicyclic derivatives having a functional
group which can be easily changed to a deprotecting group by
acid. The low molecular weight compound additives provided
by the present invention are norbornane-based compounds
represented by the formula (2) or {3), in which the double
bond in the norbornene-based monomer has been reduced by a
hydrogenation reaction. Examples of the norbornane-based
low molecular weight compounds include compounds having the
following structures. These low molecular weight compounds
can be used individually alone, or as mixtures of two or
more species. The amount of use of the low molecular weight
compound at the time of resist producticn is 3 to 50 parts

by weight, and preferably 5 to 4C parts by weight, based on



contrast at the tine of devel opnent, to thereby nore
10 effectively inprove the perpendicularity of resist
pattern side walls. Exanples of the conmpound which is
degraded by acid and accel erates the rate of

di ssolution in a devel oper solution, include
alicyclic derivatives having a functional group which
can be easily changed to a deprotecting group by 15
acid. The | ow nol ecul ar weight_conpound additives
provided by the present invention are

A byt f |
0PN GILRASRL, AR R 53T PR gl 2

aadiof Rt nene-thased, rRNQEN has,egn rc%%ﬁa%%%dbﬁisa less than 3
hydr ogenati on reaction. Exanples of the

patd boy nanteriasethe2@ A row gl Ve g +6RMReMNES ve are
i ncl ude conpounds having the follow ng structures.
notThesel fowaml ecullay Weight ERIPAURAS acean kg Usedreater
i ndividually alone, or as m xtures of two or nore
thapedl enrtEhéamuinthof tise sofddie dnewsmeleclears vpwei-ght: e
compound at the tine of resist productionis 3 to 50
andpardas: 228. lhye wwetiegit |t cand epriéfyeiahlryaset.o 40 parts by
wei ght, based on - 33 100 parts by weight of the
polynmer. If the anount of addition of the |ow
nol ecul ar wei ght compound is |less than 3 parts by
wei ght, the effects expected fromthe additive are
not manifested, while if the anpbunt of addition is
greater 5 than 50 parts by weight, the adhesiveness to
the substrate and coatability tend to greatly
decrease. 34



O0CHs "--00~=0 0x- 0/- Od- 000 o ~/~~0OCH3 0 O
&x- 000 0_.Q,010j -~\ ' {-~ O-00~0--700
0OO0O0 O0-7( 0-/0r0 O O According to a preferred
enbodi nent, the total content of the additives is 0.1
to 10 parts by wei ght based on 100 - 35 parts by

wei ght of the pol yner conpound according to the
present invention. In regard to the solvent, those
conventionally contained_inp,chemcally anplified
resi st conpositions can be % used, and specific

xanples of t he so ent |nclude pr opyl ene glyco
{éte?

onet et her abe | act
cI xa one, but I & propyl
net i o ; T CH

/"'_O =0

7=° =0
0
I )’

0—{ 0
F o— 00O )i—

According to a preferred embodiment, the total content

of the additives is 0.1 to 10 parts by weight based on 100
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ether, and the like. According to another preferred
enbodi ment, the content 10 of the noiety -(SO3)-(A) "
in the polyner conmpound is 0.5 parts by weight to 15
parts by wei ght based on 100 parts by weight of the
total solid content of the chemcally anplified
resist conposition. If the content of the noiety
-(S03)-(A)+ is less than 0.5 parts by wei ght based on
100 15 parts by weight of _the total solid content of
the chemcally anplified resist conposition, there

pag?é’ Q? Ge P 9@'@@%%@%01%&31?@%?%(1 a§é ergfilrh\e/iagoedche

ter’ exposure is soO sha e pro gr oup

pr@bethe; POLYFREL 1S not detached, and a pattern of
desired form cannot be obtained. |If the content 20

exceedseddrPard &y eights, eXCRSSieWgenelatian of
acid may cause |osses in the upper parts of the

copf@ihd@, ianchdhusa MBY 2RAUSEl & PFOM M ddind g diadd Oofy pe
remaining film According to another preferred

usegposhdrestecihec commiles o £ thee pod @it coouy propylene
according to the present invention 25 in the
glebe cahdye anpl i dilesh resitsditeompasit ilorctoftd,he - 36
invention is 3% by weight or nore, preferably 5% by
cyweblght anare nong, vande aortes prigf@ralbdne 5900 Wweicghtndicy 1
10% by wei ght, based on the chemcally anplified
ethewi stn¢omposithon. If the content of the pol ymer
conpound according to the present 5 invention is |ess
t hdrf B9y dndicg lrnogherh @ redemreal lepbodapleinti et heesiostent
conposition, there nay be a problemthat a .
of the moiety -(S03) (A)" in the polymer compound is 0.5
parts by weight to 15 parts by weight based on 100 parts by
welght of the total solid content of the chemically
amplified resist compositicn. If the content of the moiety
-(S03)7{A)" is less than 0.5 parts by weight based on 100
parts by weight of the total solid content of the chemically
amplified resist composition, there may be a problem that
the amount of acid generated after exposure is so small that
the protective group of the polymer is not detached, and a
pattern of desired form cannot be obtained. If the content
exceeds 15 parts by weight, excessive generation of acid may
cause losses in the upper parts of the profile, and thus may
cause a problem in the ratio of remaining film.
According to another preferred embodiment, the content

of the polymer compound according toe the present invention

in the chemically amplified resist composition of the
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filmhaving a desired thickness cannot be obtai ned.
Accordi ng to anot her enbodi nent of the present
invention, there is provided a nethod for formng a
pattern, 10 the nethod conprising: (a) applying the
chemcally anplified resist conposition according to
the present invention on a substrate; (b) heat
treating the substrate coated with the 15 chemcally
anplified resist conpositiof; and then exposing the
substrate with high energy radiation; and (c)
- ¥ A Q. f e ing -
mﬁ%?/?l%ge{lgs%l g%fg{}élqil[ﬁ“e ({ergp%o%%r'es% teg%)bslt%zg 1 k@ Can ght
or Bfo£AS rded Qe YSidg: A0 Wlda ay ofBlgH radi@fsd @Ry weight,
X-ray irradiation, or an el ectron beam i rradi at'i on.
bafsE oiiditie than el ey red eniedi et s4 hemavslengt h afe
the high energy radiation is in the range of 180 nmto

th5bntynt 25 e devghepercs@diidon usadiny the the present
devel opnent of the - 37 step (c) can be selected from

inegueious S0l 1Hd onshaor@ain g i ggodidimundrcexndesl 1y
pot assi um hydr oxi de, sodi um carbonate, sodium
ampsl 4 fiicat ejesicdi ummetsasiildrgatiéye rammany dbanwat eroblem that a
_ethylam ne, n-propylanine, triethylamne, 5
f1ijrethraanatchyd alerroiniasm tyidriondsge ¢ atnetarta éteh yllaraimiiou m
hydr oxi de

According to another embodiment of the present
invention, there is provided a method for forming a pattern,
the methed comprising:

(a) applying the chemically amplified resist
composition according to the present invention on a
substrate;

(b) heat treating the substrate coated with the
chemically amplified resist composition, and then exposing
the substrate with high energy radiation; and

(c) developing the outcome from the step (b) using a
developer solution.

The exposure of the step (k) can be carried out using
ultraviolet irradiaticn, X-ray irradiation, or an electron
beam irradiation.

According to a preferred embodiment, the wavelength of
the high energy radiation i1s in the range of 180 nm to 250

nm.

The developer solutiocn used in the development of the
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or the Iike. Particularly, anong them
tetranet hyl ammoni um hydroxide is preferred. If
necessary, additives such as surfactants and

wat er - sol ubl e al cohol s may al so be used. The present
invention will be specifically described by 10 way of
the follow ng Synthesis Exanpl es and Exanpl es.
However, the present invention is not intended to be

limted to these Synthesisskxanples and Exanples.
Synthesis Exanple 1 15 In an ice bath, 83 g of

s f I td [ e [ t .
e e ven v 160 o e hand® na TRty Hat MR
sodtnd 10faS0di dm bosohydnigde, (NaBH). ,M@s%di%@g&ib%%%%
dropwi se. After conpleting the dropw se addition, the

sod 0@ bat i wase F eraviedn n@ch 4ihe; denpergidd g Mas, 24
el evated to 60C, at which tenperature the m xture was

etisgidnec f of-@hgutl Areur s iAfderf e eaction, the
reaction mxture liquid was quenched with distilled

t e twatner t halrednidreinunt heyalaient, was: raenmpmetmoient Mide oxide
reaction mxture was dissolved again in 25 distilled

or wdteerlikand tiher tsighuitamny wasnac) diffdred twttdame 38 1 ammonium
concentrated hydrochloric acid to obtain a pH val ue of

hydgpoxifife sy gtrerhars condentreatesta rand achign ivetshanah was
added to forma slurry. This slurry was filtered to

sunf@fider isnergamact e saaisib land idrd olid eat e lwas brasised .
two tines with hexane. 5 The nethanol |ayer was .
coleenPracedtagavAntans rhéA Wasspecifically described by

way of the following Synthesis Examples and Examples.
However, the present invention is not intended to be limited

to these Synthesis Examples and Examples.

Synthesis Example 1

In an ice bath, 83 g of difluorcsulfoacetic acid ethyl
ester sodium salt was dissolved in 160 ml of methanol and
1.2 L of THF, and 44 g of sodium borohydride (NaBH,) was
slowly added dropwise. After completing the dropwise
addition, the ice bath was removed, and the temperature was
elevated to 60°C, at which temperature the mixture was
stirred for about 4 hours.

After the reaction, the reaction mixture liguid was
quenched with distilled water, and then the solvent was
removed. The crude reaction mixture was dissolved again in

distilled water, and the solution was acidified with
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subjected to crystallization fromdiethyl ether. Wite
solids were obtained by filtration, which were dried
in a vacuum and the structure of the solids was
confirmed by '"H NWVR After drying and filtration,
68.5 g (yield 95% of 10 difl uorohydroxyet hanesul fonic
acid sodiumsalt was obtained. 1H NMR (chl orof orm d3,
internal standard: tetranethylsilane): (ppm
4.58-4.68 (t, 2H) [Reactiomscheme 1] 0 0 O NaBH4 11
NaO-~I - C (]Vb THF, MeOH NaO 1 COH + MeCH 2 15 SyntheS|s
t i.f I et.hap f oni
col@ml & cgro‘ghlcﬂﬁd:d é‘dPt%h%%rtg% hegf&e%%%u% of 5.

acid sod|un1 salt pro uced in the

The é?en@ WHs OfondmBihasT Oﬂnacrilh q‘t%t% %lmv?é%d a‘ﬂ'dtel& to

50 of 20 dlchloronethane m xt ure was

foﬁﬂ|Jréﬂhrt§ubsemﬂﬁ§“§Durr ﬁéélﬂyltered to remove iporganic
N, N -di met hyl am ri opyri di ne and 50 ng of AIBN (2,2

salazobific aing Wioridatd Qia MakGHRYr e vehenheal WiRtusiki-@s.,
Ltd.) were added thereto at anbient tenperature. 104

Tharmedfthand9 1 dydretdayd aminme ivas: tsldowlon iadded cdropw $e s
using a dropping funnel at anbient tenperature. The

sulrjesuidad Mg mxtsued Meas tish rfireth Hdetdiowrseat. anbiieat
tenperature, subsequently the

solids were obtained by filtration, which were dried in a

vacuum, and the structure of the solids was confirmed by *H-

NMR. After drying and filtration, 68.5 ¢ (yield 95%) of

difluorohydroxyethanesulfonic acid sodium salt was obtained.
H-NMR {(chioroform-d;, internal standard:

tetramethylsilane): (ppm) 4.58-4.68 (t, 2H)

[Reaction Scheme 1]

Q @] 0

g )J\ NaBH4 . It

NaO" 1°C” “OMe PENIEN
O F, THF, MeOH NaQ“l°C™ "OH  +MeOH

Synthesis Example 2

68 g of the difluorohydroxyethanesulfonic acid sodium
salt produced in the Synthesis Example 1 and 54.6 ml of
methacryloyl chloride were mixed with 500 ml of
dichloromethane, and the mixture was stirred. Subsequently,
3.2 g of N,N'-dimethylaminopyridine and 50 mg of AIBN {2,2'-
azobisisobutyronitrile; Wako Pure Chemical Industries, Ltd.)

were added thereto at ambient temperature. 104 ml of
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progress of the reaction was judged by NVR, and the
reaction 5 was term nated. After conpletion of the
reaction, the reaction solvent dichloronethane was
renoved by distillation under reduced pressure, 300
m of water was added, and then potassium carbonate
was added to the reaction liquid to obtain a
saturated solution. The solution was stirred for 2 10
hours, and then generated_sg ids were filtered, to
thus obtain 81 g (yield: 86% of 2-nethylacrylic

e 86ty Partindi fL L0 Dopr SULA0EE Yl o oot 8L sodiding ﬂoopﬁmgg

having a desired structure as

fuxﬁl@@fté@naﬁlgféq@ @ewgé@atﬂé uctpl e 19% m@%%as

confirmed by "H N see FIG 151

13 r ure e
st%%%Zﬁdé?S%@g%Q%? a%%rﬁ@i@&@yﬂéﬁﬁ% ~ (%qfﬂse’lq%t(ﬁ; th

prédReact i on Seherds 2] i dh ]&«)aézts‘m\!i B Gnd itnd) ﬂ@@
H NaO S-CR2CH20H + 0 NaO 2CH20 11 20 if G MC O

wa Syind hresi St EXanmuh £ & 3dogp 0ft tdie 2F Metdydeatd i C the
aci d-2, 2-di fluoro-2- sul foethyl ester sodiumsalt

regeiotiut exb 1 ven thed iSynt dvesiest harkd wabXanplered and B9 10fation

di phenyl net hyl . phenyl sul foni um 2-nmet hyl acrylic acid
un@er-thdhemt sl foni 3V @oild saltatwer evas added, and then
potassium carbonate was added to the reaction liquid to
obtain a saturated solution. The sclution was stirred for 2
hours, and then generated solids were filtered, to thus
obtain 81 g {yield: 86%) of 2-methylacrylic acid-2,2-
difluoro-2-sulfoethyl ester scdium salt having a desired
structure as shown in the following reaction scheme 2. The
structure of the product was confirmed by 'H-NMR (see FIG.
1).

'H~-NMR (DMSO, internal standard: tetramethylsilane):

(ppm) 1.91 (s, 3H), 4.57-4.67 {(t, 2H), 5.77 (s, 1H), 6.11 (s,

1H)
[Reaction Scheme 2]
1) Et3N, 2) DMAP
9 3) MEHQ Q 9
NaO~-$-CF,CH,0H + 0 ~ NaO-§-CF,CH,0
0 Cl MC o)

Synthesis Example 3
31 g of the Z-methylacrylic acid-2,2-difluocro-2-

sulfoethyl ester sodium salt produced in the Synthesis
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di ssolved in 300 m of dichloronmethane and 300 m of
water, and a two-layer reaction was perfornmed while
stirring 5 vigorously for 3 hours. After conpleting
the stirring, the organic |ayer was renoved, and the
progress of the reaction was checked by 19F- NMR Wen
the reaction was conpl eted, the organic |ayer was
col l ected, and the solvent was renoved. The organic

|l ayer 10 was washed using_djghloronethane, which is a
good solvent, and hexane, ich is a poor solvent,

px@Rthd he é%vwd% &@rcﬁp}{ Ve M | %ﬁ%ﬁf‘% \(lﬁfm pmethyl

dri ed under ced pres eto

acOPNc of - 24 r@tilychj?ﬁﬁflyéf&?cétgri?or%@'gé L&Prs%]ft Oet hyI

ester dlphenylfluorophenylsu fonium 15 salt, and t he

di$éd uedaren ofod he pfpdﬁc&hmmdr{mobmﬁmlw% (8%,
FIG 2). 1H NWR (chloroformd3, internal standard

and ed ramet iy st |ane)t i {PpMs b (SieBihi12 4‘33:_!_(1‘533111?4)

4.82 (t, 2H), 5.60 (s, 1H), 6.22 (s, 1H), '1.43 80
vidogoldt) £20  Reactd on Schene 3] o Oo xo NaO S CO

IxlI jj/ + _ OSRCF3 S+ OS-COIl OF211 / MJHODO

F2 ACH3: rCd®dmp 14T ingSyhehesiis rExanplaecd c30agiof 1bher was

di f | uor ohydr oxyet hanesul foni ¢ aci d sodi um
removed, and the progress of the reaction was checked by F-
NMR. When the reaction was completed, the organic layer was
collected, and the solvent was removed. The crganic layer
was washed using dichleoromethane, which is a good solvent,
and hexane, which is a poor sclvent, and the solvents were
removed. The residues were dried under reduced pressure to
cbtain 40 g (yield: 96%) of 2-methylacrylic acid-2,2-
diflucro-Z2-sulfoethyl ester diphenylfluorophenylsulfonium
salt, and the structure of the product was confirmed by H-
NMR (see FIG. 2).

'H~-NMR (chloroform-ds;, internal standard:

tetramethylsilane): (ppm) 1.95 (s, 3H), 2.43 (s, 3H), 4.82

{t, 2H), 5.60 (s, 1H), 6.22 (s, 1H), 7.43-7.80 {(m, 14H)

o (0 O,
NaO’E\C/\O + @—S + _ OS0,CF5 QS + o’ﬁ‘c/\o
O Fy : MC/H,0 -

]l’ O Fp

CHs CHs

[Reaction Scheme 3]
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salt produced in the Synthesis Exanple 1 and 20 m of
acryloyl chloride were m xed with 300 m of

di chl oronmet hane, 5 and the nmixture was stirred.
Subsequently, 1.4 g of N, N - dinethylam nopyridi ne and
38 g of a polynerization inhibitor were added to the
m xture at anbi ent tenperature. 45 m of

triethylam ne was sl owy added dropw se using a
dropping funnel at anbient,{enperature. The resulting
m xture was 10 stirred for 3 hours at anbient

sy SAPe] AtpEGa Subpequent |y the progress of the
reacti on was judged by NVMR, and the reaction was

t eryn nated o tAf tarr 1cemRgHIeR ok hhhe shedehiiena kR sodium
reaction sol vent dichl oronethane was renoved by

sall spiddidtddnin unders yreduced pressie,: 300 Mo of water

was added, and then 15 potassium carbonate was added
actldyie dreleticn ddguind -1 wobiraiIn ;A watdyr atiethloromethane,

sol ution. The solution was stirred for 2 hours, and
and heme geinenatediasoldids- met.e fdidserptnttle t hus: bt N’ -
35 g (yield: 90% of 2-acrylic acid-2,2-difluoro-2-
dirgiiHoetiylomstietirsodirumXalg dfav ng lyndasizsad on inhibitor
structure as 20 shown in the follow ng reaction
werghamed Tie tHia ucitung cofat tah ipmod detpsas: toamf.i r sd iy of
1H NVR. [Reaction Scheme 4] 0 1) Et3N, 2) DVAP 0 0 11
£ et h N 1S CRZEHZA4 Y- Y0 S3YdVEHO INadsS- ORZ20I20 METopp ik
0 Il
funnel at ambient temperature. The resulfting mixture was
stirred for 3 hours at ambient temperature, subsequently the
progress of the reaction was judged by NMR, and the reaction
was terminated. After completion of the reaction, the
reaction solvent dichloromethane was removed by distillation
under reduced pressure, 300 ml of water was added, and then
potassium carbonate was added to the reaction liguid to
obtain a saturated sclution. The solution was stirred for 2

hours, and then generated solids were filtered, to thus

obtain 35 g (yield: 90%) of 2-acrylic acid-2,2-difluocro-2-

¥

sulfoethyl ester sodium salt having a desired structure as
shown in the following reaction scheme. The structure of
the product was confirmed by *H-NMR.

[Reaction Scheme 4]
o 1) E13N, 2) DMAP o 0

I — 3) MEHQ I
NaO-$-CF,CH,0H  + 0 > NaO=§-CF;CH,0 '
0 cl MC 0
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- 42 - Synthesis Exanple 5 20 g of the 2-acrylic
acid-2, 2-di fluoro-2-sul foethyl ester sodiumsalt
produced in the Synthesis Exanple 4 and 35 5 g of

di phenyl nmet hyl phenyl . sul f oni um
trifluoronmethanesul fonate salt were dissolved in 200
m of dichl oronethane and 200 Ml of water, and a
two-| ayer reaction was performed while stirring
vigorously for 3 hours. Aftgr conpleting the stirring,
the organic | ayer was 10 renoved, and the progress of
the reaction was checked by 19F- NMR Wen the
reacti on was conpl eted, the organic |ayer was

sycohd £Cd el g the sol vent was renoved. The organic
| ayer was washed using di chl oronet hane, which is a

goqgd splofenthe can@-Raxane.ciwhizgh-iig rfaueeer »salyeRkinhyl
and the solvents were 15 renoved. The resi dues were

esidfi esbdmngersedysedhpfes s ecHo swehlraidt SE:GrdMiceldang 35
89% of 2-acrylic acid-2,2-difluoro-2- su.lfoethyl

g @Steipidiphenyt i yerophenyl sl fioni tm Saldron@ithaRSul fonate
structure of the product was confirmed by 1H NVR

saJtHWNNR (¢id orlofest mrd 2,00 ntleranal disttandamast F2he and 200 ml
tetramethylsilane): (ppm 1.95 (s, 3H), 2.43 (s, 3H)

of ager (tanPH LIS yat; Gt IROF(dde ridrmes. 3B i(le
1H), 7.43- 7.80 (m 14H) [Reaction Schenme 51 43 00O

stigrring vigorously for 3 hours.

After completing the stirring, the organic layer was
removed, and the progress of the reaction was checked by °r-
NMR. When the reaction was completed, the organic layer was
collected, and the solvent was removed. The organic layer
was washed using dichloromethane, which is a good solvent,
and hexane, which is a poor solvent, and the solvents were
removed. The residues were dried under reduced pressure to
obtain 36 g {(yield: 89%) of 2-acrylic acid-2,2-diflucro-2-
sulfoethyl ester diphenylfluorophenylsulfonium salt, and the
structure of the product was confirmed by *H-NMR.

"H-NMR {chloroform-ds;, internal standard:
tetramethylsilane): (ppm) 1.95 (s, 3H), 2.43 (s, 3H), 4.82
(t, 2H), 5.78 (d, 1#}, 6.00 (dd, 1H), 6.28 {(d, 1H), 7.43-
7.80 (m, 14H)

[Reaction Scheme 5]
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NaO S-C 0 S+ OS2CF3 S+ O-S~CO O F2 _ MJ H20 O F2 CH3
CH3 Synthesis Exanple 6 As the nononers for

pol ynmeri zation, 13 g of 2-methyl-2- 5 adamantyl
acrylate, 8.4 g of y-butyrolactyl nethacrylate, 11.6
g of 3-hydroxy-I-adamantyl nethacrylate, and 10 g of
2- methylacrylic acid-2,2-difluoro-2-sul foethyl ester
di phenyl f I uor ophenyl sul fonium salt were first

di ssolved in 58 g of 1,2-djghlLoroethane. Next, 3.7 ¢
of norbornene, 2.5 10 g of AIBN as a pol yneri zation

initiator, and 117 ¢ 1, 2- dichl oroet hane asxg

pgl ymer pzati on sol ve@were placed in a 250f|oask, o

afd thefi the m x m s stirred for 1 ho I
NaCadiig, erﬂ/%en'per at tie/Ufider”°@>1rt rqgien, Ogas@% Mo‘\éﬁgi’éoﬁ

rralntalmngtheterrp ture of the reaction at ' ?

65C, 15 the dissolve noners for polyneriz n were

slowy added dropw sg,to the flask over 1 hoyr, and

then the reaction was allowed to proceed for f%

hours. The solution obtained after the polynerization

reacti on was conpl eted, was cooled to anbient
SyndrperaitinampIkhes reacti on sol ution cooled to 20

anbi ent tenperature was precipitated i n hexane, and

t héys tihe moasigues fwer @cflivieer.edt 10pon 18i bt erfi Agmethel-2-

resi dues were washed several tinmes with the sane
adagvient acand atren ©rd ed of 44butyrolactyl methacrylate,

11.6 g of 3-hydroxy-l-adamantyl methacrylate, and 10 g of 2-
methylacrylic acid-2,2-difluoro~-2-sulfoethyl estexr
diphenylfluorophenylsulfonium salt were first dissolved in
58 g of 1,2-dichlorcethane. Next, 3.7 g of norbornens, 2.5
g of AIBN as a polymerization initiator, and 117 g of 1,2-
dichlorcethane as a polymerization solvent were placed in a
250-ml f£lask, and then the mixture was stirred for 1 hour at
ambient temperature under a nitrogen gas stream. While
maintaining the temperature of the reaction tank at 65°C,
the dissclved monomers for polymerization were slowly added
dropwlse to the flask over 1 hour, and then the reaction was
allowed to proceed for 16 hours. The sclution obitained
after the polymerization reaction was completed, was cooled
to ambient temperature. The reaction solution cooled to
amblent temperature was precipitated in hexane, and then the
residues were filtered. Upon filtering, the residues were

washed several times with the same solvent, and then dried



190

15

20

under reduced pressure, to obtain 37 g (yield: 79% of
the polyner represented by fornmula (13). The
pol ystyrene-reduced wei ght average nol ecul ar wei ght
(Mv) of this polynmer was 1,190, and the nol ecul ar
wei ght 5 distribution (ratio of the weight average
nmol ecul ar weight to the nunber average nol ecul ar
wei ght, Mwv Mh) was 1.57. FIG 3 shows the 1H NMR
spectrumof this polynmer. _[feroula 13] 000 0 0 0O O
FZ OH OS-0 10 Synthesis Exanple 7 As the nononers
[ ' 1 . 2- hyl Ylege
umg(g% yipgéf%@‘%oggé%%ﬁ]@? 'bg%%/r%?g%ltﬁﬁﬁng hgycj?y at e7:9 0)16)fg the
po Ofndr NYSs 8Xyeh t S9asRNE Vi TBL hfpw.l ate, and 4 g of 2-

15 met hyl acrylic acid-2,2-difluoro-2-sul foethyl ester

di phenydiluanophenylesstldeonhem$al e df ibikcular weight
di ssolved in 49 g of 1,2-dichloroethane. Next, 3.7 g

(Mof oorbiornenel yibed wad AIBN asardi POl MRS Zati 0N weight
initiator, and 98 g of 1,2- dichloroethane as a

di piot yiver i @at (oo 5ol venthavere glaced: tayda 20 2b0-40 weight
flask, and then the m xture was stirred for 1 hour at

to -ths manixd e ritve enge mat ure undevre iayini t ndgem Jgas: sstir.eam
Wi l e

FIG. 3 shows the *H-NMR spectrum of this polymer.

[Formula 13]

ool W%Astwg%ﬁ“g%‘ﬁg“{“ﬁ?
’:IK;; Og[l} Lgﬁg;\odggizo

Synthesis Example 7

As the monomers for polymerization, 15.2 g of 2-
methylpentyl acrylate, 10 g of y-butyrolactyl methacrylate,
10 g of 3-hydroxy-l-adamantyl methacrylate, and 4 g of 2-
methylacrylic acid-2,2~difluoro-2-sulfoethyl ester
diphenylfluorophenylsulfonium salt were first dissolved in
4% g of 1,2-dichlerocethane., Next, 3.7 g of norbornene, 5 g
of AIBN as a pelymerization initiator, and 98 ¢ of 1,2~
dichlorcethane as a polymerization sclvent were placed in a

250-ml flask, and then the mixture was stirred for 1 hour at
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mai ntai ning the tenperature of the reaction tank at
65C, the dissolved nononers for polynerization were
slowy added dropwi se to the flask over 1 hour, and
then the reaction was 5 allowed to proceed for 16
hours. The sol ution obtained after the polynerization
reacti on was conpl eted, was cooled to anbient
tenperature. The reaction solution cooled to ambient
tenperature was precipitatedsin hexane, and then the
residues were filtered. Upon fllterlng, t he residues

61 V, t
am%\ﬁé %hgﬁﬂggﬁi%éfn%}é@? e%%ﬁet pé ess to aggt ain J311 g

maa(ﬂ/ﬁe?i]%nélt’@? Oof ord aﬂ%é/g;?)ée‘ng? e'%ﬁt 16&1 By, f ]9@9’”635"

The pol.ystyrene-re aver age

théﬁw££$6EWe&Wﬁéﬁﬁmeﬁ§Nﬁo£2F& ébﬁ%&é@ﬁﬂh‘%ﬁ%é—éﬁgklfﬂghded

t he nol ecul ar wei ght 15 stribution (ratio of the

drowi git eyeriager Tadiecatar welght, 4 theWHer-average vas
nol ecul ar wei ght, Mw Mh) was 1.54. FIG 4 shows the

allldvMNVR speotaasn ofort M & Hpelyder . THdadmila o 0Rd

Oy OO0 OF2C 0 =S=0 - 46 - Synthesis Exanple 8 As the
aftnorner sod lormepol aaterdrz atéam;, i 0. g afmP-ametdhylwas cooled

2-adamantyl acrylate, 7.7 g of y-butyrolactyl
to mEthsry | treperature.  The reaction solution cooled to
ampient temperature was precipitated in hexane, and then the
residues were filtered. Upon filtering, the residues were
washed several times with the same solvent, and then dried
under reduced pressure, to obtain 31 ¢ (yield: 81%) of the
polymer represented by formula (14).

The polystyrene-reduced weight average molecular weight

(Mw) of this polymer was 1,230, and the molecular weight
distribution (ratio of the weight average molecular weight
to the number average molecular weight, Mw/Mn) was 1.54.

FIG. 4 shows the H-NMR spectrum of this polymer.

[Formula 14)
)O I\ ;

C
O= 8 O
0

OO
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5 and 10 g of 2-nethylacrylic

aci d-2, 2-di fluoro-2-sul foethyl ester

di phenyl f I uor ophenyi sul fonium salt were first

di ssolved in 65 g of 1,2-dichloroethane. Next, 23 g of
bi cycl o[ 2. 2. 1] hept - 5- ene- 2- pr opanoi ¢ aci d

P- hydroxy-1, 1- di nethyl ethyl ester (hereinafter,
referred to as BHP), 5 g 10 of AIBN as a

pol ymerization initiator,_apg 131 g of 1,2-

di chl oroet hane as a pol yneri zati on sol vent were pl aced
ina 250-m flask, and then the m xture was stirred
for 1 hour at anbient tenperature under a nitrogen

syafesid edln i l&  nmaintaining the tenperature of the
reaction tank at 65C, 15 the dissol ved nononers for

polxgnehieZ alohn@mawer € o3l ewhymaddedt i dhopWose Loothe-methyl-
flask over 1 hour, and then the reaction was all owed

2~ ddnnpiroceed 4,051 k& hours.q Hre ysehuti-gn,ebt A ﬂ@%aa&]ﬁ/%te,
t he polynerization reaction was conpl eted, was cool ed

and dl Gndient? -trenperlataird. i cThe: ireds ti-on. felditd-on scQdlced hyl
to 20 anbient tenperature was precipitated in hexane,

estamd dipdrertshel 1 ucesimduesy werld driillurersed.t Ugore ffiilrser i ng,
the residues were washed several tines with the sane

disptvest irafd therf driZediiamderatdduced preesSsuls, o of
obtain 34 g (yield: 66% of the polyner represented

b1 dye Foolrdad -dl J(HEDL - 25 1Ehe polopstyrien e<cried o dg dweixghtl , 1-

. average nol ecul ar weight - 47 ( of this polyner
ARG LT Siid Ghel BTe Rt tneirgHe T TGids (i 1§t EOR) » 5 9
(ratio of the wei ght average nol ecular weight to the

Of BABb e e O GRAR VTLGHEE My WP vs: 3T e

dichlorcethane as a polymerization solvent were placed in a
250-ml flask, and then the mixture was stirred for 1 hour at
ambient temperature under a nitrogen gas stream. While
maintaining the temperature of the reaction tank at 65°C,
the dissclved monomers for polymerization were slowly added
dropwise to the flask over 1 hour, and then the reaction was
allowed to proceed for 16 hours. The solution obtained
after the polymerization reaction was completed, was cooled
to ambient temperature. The reaction sclution cooled to
ambient temperature was precipitated in hexane, and then the
residues were filtered. Upon filtering, the residues were
washed several times with the same solvent, and then dried
under reduced pressure, to obtain 34 g (yield: 66%) of the

pelymer represented by formula (15).

The polystyrene-reduced weight average molecular weight



10

15

5 shows the 1H NWVR spectrumof this polynmer. 5
[Formula 15] OOO OO0 HOOOCS=0OC -0 x
Synt hesi s Exanple 9 As the nononers for

pol ymeri zation, 18.1 g of 2 10 i sopropyl adamantyl

nmet hacrylate, 10.0 g of y-butyrolactyl nethacrylate,
15 g of 3-hydroxy-I|-adamantyl nethacrylate, and 10 g
of 2-nethylacrylic acid-2,2-difluoro-2-sulfoethyl
ester di phenyl fl uorophenylsyhfoniumsalt were first

di ssolved in 74 g of 1 2-dichl . oroethane. Next, 5.6 g

M@f 4P norbog OB : 8 as 9%0510“ Ef{\k & oroﬂrﬂ%Llyélﬁfla%aMe%ht

initiator, ane as a

o1 POF YIRF i 2t tmwla@mhw@lgm acgo-d . %&F&mﬂaxf Laskyne
and then the m xture was stirred for 1 hour at

to afié entmb€APETaL G MU LB P EDGEN, U8R /MBI RAMN 1.3,  FIG.
Whil e maintaining the tenperature of the reaction - 48

5 sianks athS50-NMre sgiesgehived FMRMARE LS 1hak rpol ymeri zat i on
were slowy added dropwi se to the flask over 1 hour,
and fcdhremlt=hé 5]reacti on was all owed to proceed for 16
hours. The solution obtained after the polynerization

__reactijon _/tnpwﬁ ted, Ww{ﬁ ﬁ"‘"’"
:j;Z;; ;I:4> FECS O
a OO

Synthesis Example 9

As the monomers for polymerization, 18.1 g of 2-
isopropyladamantyl methacrylate, 10.0 g of y-butyrolactyl
methacrylate, 15 g of 3-hydroxy-l-adamantyl methacrylate,
and 10 g of 2-methylacrylic acid-2,2-difluocro-2-sulfcethyl
ester diphenylfluorophenylsulfonium salt were first
dissclved in 74 g of 1,2-dichloroethane. Next, 5.6 g of
norbornene, 6.4 g of AIBN as a polymerization initiator, and
148 g of 1,2-dichloroethane as a polymerization sclvent were
placed in a 250-ml flask, and then the mixture was stirred
for 1 hour at ambient temperature under a nitrogen gas

stream. While maintaining the temperature of the reaction
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5 was cooled to anbient tenperature. The reaction
solution cooled to anbient tenperature was
precipitated in hexane, and then the residues were
filtered. Upon filtering, the residues were washed
several tinmes wth the same solvent, and then dried
under reduced pressure, to obtain 52 g 10 (yield: 88%
of the polyner represented by formula (16). The

pol ystyrene-reduced wei ght ayerage nol ecul ar wei ght
(Mv) of this polymer was 1,160, and the nolecul ar

taN@'Q@t?EQ!SE%Fb%&%%%l@%ﬁf%%n%&egge %gﬁ %%%Eagflon were

mol ecul ar "wei ght unber avera

slmgfﬁddé&\l/mpm&ﬁe 1tc57the15f1':al§§: cﬁre%h%"ﬁac}d}e ]aj?lfd\"\ﬁen the

spectrumof this polyner. [Formula 16] o O

re LA EC\va O allov«%’@tﬂtﬁ?ﬁo@m&” 03 %Q)lﬁf% t h%?kf@@ﬁ%rt%on

for polynerization, g of 2-methyl-2- adamantyl
obiagiyddtei t k6. tthe wf1 él&tlé’d@lcaﬁtbéad@d?ﬁ&ra\@ alcap e tAS,

and 10 g of 2- nethylacryllc
waaoteb 2 @-th fdnhioha: Z-supd:oetdnd. a3feerreaction solution
di phenyl f I uor ophenyl sul fonium salt were first
coqdigsdloetiirgs temgfe s tAndi old copoetchaneatNeXtin hekage,
of norbornene, 6.4 g of AIBN as a pol ynerization
ang filtgratidre ravd Biek86vqy cof £ i1, t2dcch| diroet Hade cas gy, the
pol ymeri zati on sol vent were
residues were washed several times with the same sclvent,
and then dried under reduced pressure, to obtain 52 g
(yield: 88%) of the polymer represented by formula (16).
The polystyrene-reduced weight average molecular weight
(Mw) of this polymer was 1,160, and the molecular weight
distribution (ratio of the weight average molecular weight
to the number average molecular weight, Mw/Mn) was 1.57.

FIG. 6 shows the *H~NMR spectrum of this polymer.

gt
piePay sus
O é@

Synthesis Example 10
As the monomers for polymerization, 22 g of 2-methyl-2-

adamantyl acrylate, 16.8 g of y-butyrolactyl methacrylate,
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placed in a 250-nl flask, and then the m xture was
stirred for 1 hour at anbient tenperature under a
nitrogen gas stream Wile maintaining the
tenperature of the reaction tank at 65C, the

di ssol ved nononers for pol ynerization were 10 slowy
added dropwi se to the flask over 1 hour, and then the
reaction was allowed to proceed for 16 hours. The
solution obtained after thggpol ymerization reaction
was conpleted, was cooled to anbient tenperature. The

and €aSLd ae soltiom » ool &d £0 anbient: hepmerat ure f\%%hyl

precipitated in hexane, 15 and t'hen the residues wer

cstfdd t&f&%nﬁpﬂméﬁﬁﬁéﬂﬂ%uﬂﬂ%ldn?%aqtte%ue‘&%r & washed

several times with the sane solvent, and then dried

disinshered educey @r&ﬁﬂurﬁdﬂ&lwo@t%% 9 I\(éﬁdtel q, 0%, £
of the polymer represented by formula (17).

no ol psing ene-4 efduced v gl aa\{ﬁfl@ﬂ%rrﬂ:ﬂa&qlﬂrﬁrln\@ll@ﬁbr, and
20 (My) of this polynmer was 1,280, and the nol ecul ar
136vei gt 1, di-stirdibiddcart Harad a6 of gddiemaeiightt iaversageent were
nol ecul ar weight to the nunber average nol ecul ar
plagsiqyhitn aMdNMwesl sls188.andrlt@en? t3hows dthere MaNVRt irrad
spectrumof this polyner. [Fornmula 17] 50 - OOO"' O
fOoXFAC ha@1028=Enigyatth ésirg cBxamplee uhteAs at e tnogene gs sf or

pol ymeri zation, 13.7 g of 2-nethyl -
stream. While maintaining the temperature of the reaction

tank at 65°C, the dissolved monomers for polymerization were
slowly added dropwise to the flask over 1 hour, and then the
reaction was allowed to proceed for 16 hours. The solution
obtained after the polymerization reaction was completed,
was cooled to ambient temperature. The reaction solution
cocled to ambient temperature was precipitated in hexane,
and then the residues were filtered. Upon filtering, the
residues were washed several times with the same solvent,
and then dried under reduced pressure, to obtain 54 g
(yield: 90%) of the polymer represented by formula (17).

The polystyrene-reduced weight average molecular weight
(Mw) of this polymer was 1,280, and the molecular welght
distribution (ratio of the weight average molecular weight
to the number average molecular weight, Mw/Mn) was 1.58.
FIG. 7 shows the *H~NMR spectrum of this polymer.

[Formula 17]
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5 2-cycl opentyl nethacrylate, 10.1 g of y-butyrol actyl
nmet hacryl ate, 11.6 g of 3-hydroxy-I|-adanmantyl
net hacryl .ate, and 10 g of 2-methylacrylic
aci d-2, 2-di fluoro-2-sul foethyl ester
di phenyl f | uor ophenyl sul fonium salt were first
di ssolved in 64 g of 1,2-dichloroethane. Next, 5.6 ¢
of 10 norbornene, 6.4 g of AIBN as a pol ynmeri zation
initiator, and 128 g of 1,2ydichloroethane as a
pol ymeri zation solvent were placed in a 250-m fl ask,

nd tihen;the m xture/,was stiyyed for 1 hour at

[ ﬁf“%é ratire ﬁﬁ@%’a "t'f ogen gas stream

' mai nt aintng t & Yenperatdre of the reaction 15

tank at 65CH the di ved nonmers for polynerization

wer e slomdis!
and then the

,4==-d dr op sesto the flask over 1 hour,

l?acb'on3mas§§gL8med to proceed for 16
hours. The solution obtaingd after the polynerization
reaction was conpl et ed cii‘;d to anbi ent
tenperature. The reacti so] utizean 20 cooled to
ambi ent tenperature was prii'ﬁitated in hexane, - 51
and then the residues were tered. Upon filtering,
the residues were washed several tines with the sane
solvent, and then dried under reduced pressure, to
obtain 53 g (yield: 929% of the polyner represented

Synfpasramiixenris) 155 The pol ystyrene-reduced wei ght
avera%e nmol ecul ar wei ght . (Mn) of this polynmer was
1, 380 hEn#OPRECHS| el BP LWBRGRE2tdPEL r tButi 8nofr ariethyl-
of the wei_ght avez&gf nol ecul ar weight to the nunber

2 ol &< iheidgist, Wwlve) afagd-pubyrolactyl
methacrylate, 11.6 g of 3-hydroxy-l-adamantyl methacrylate,
and 10 g of 2-methylacrylic acid-2,2-difluoro-2-sulfoethyl
ester diphenylfluorcophenylsulfonium salt were first
dissolved in €4 g of 1,2-dichlorocethane. Next, 5.6 g of
norbornene, 6.4 g of AIBN as a polymerization initiator, and
128 g of 1,2-dichlorcethane as a polymerization solvent were
placed in & 250-ml flask, and then the mixture was stirred
for 1 hour at ambient temperature under a nitrogen gas
stream. While maintaining the temperature of the reaction
tank at 65°C, the dissolved monomers for polymerization were
slowly added dropwise to the flask over 1 hour, and then the
reaction was allowed to proceed for 16 hours. The solution
obtained after the polymerization reaction was completed,

was cooled to ambient temperature. The reaction sclution

cocled to ambient temperature was precipitated in hexane,
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FIG 8 shows the 1H NMR spectrum of this polyner. 10
[Formula 18] OO OO- F2C) t /gyp O OHO O=S=0
Conparative Synthesis Exanple 1 As the nononers for
pol ymeri zation, 10.0 g of 2-nmethyl- 2-adamantyl

nmet hacrylate, 7.3 g of y-butyrolactyl 15 methacryl ate,
and 10.1 g of 3-hydroxy-I|-adamantyl nethacryl ate were
m xed and dissolved in 82 g of 1,2-dioxane, and then
the tenperature of the reaction bath was slowy

el evated to 65C. Wile nalntalnlng the tenmperature of

an& h@heﬁ e@i?é'?@?]?&u@s';%%f@ef I UL | nedﬁvﬁﬁ% 4{2%%

ours ution ob

regpaw@rwm . x@@shé&a&é\&@f‘aWz&@é%ﬁ@%hé”%%r&eoﬁo%gretnoc ,

anbi ent tenperature. The reaction solution co

an@nbh &Nt o B er A 4iF er s Prieed fltad ed d nhexane,s anpd
then the residues were filtered. 5 Upon filtering, the

(yT€bi dues: wes € washed severadptdd@ms. o thy tdhensameig) |
solvent, and then dried under reduced pressure, to
obtTaien pﬁﬁ},@t(%&ied— r el ofvetile: tpelveither epresantedywBY ght
formula (19). The pol ystyrene-reduced wei ght average
(Mwrpl @Cuttars wed giter was 1,380, and the molecular weight
distribution {(ratio of the weight average molecular weight
to the number average molecular weight, Mw/Mn) was 1.57.
FIG. 8 shows the 'H-NMR spectrum of this polymer.

[Formula 18)
m@w{wﬁwﬁﬁw{» ﬁwﬂm
b p @\ FaC

QHO= S 0

OO

Comparative Synthesis Example 1

As the monomers for polymerization, 10.0 g of 2-methyl-
Z-adamantyl methacrylate, 7.3 g of y-butyrolactyl
methacrylate, and 10.1 g of 3-hydroxy-l-adamantyl
methacrylate were mixed and dissclved in 82 g of 1,2-dioxane,
and then the temperature of the reaction bath was slowly |
elevated to 65°C. While maintaining the temperature of the

reaction at 65°C, the mixture was allowed to react for 16
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10 (Mv) of this polyner was 1,780, and the nol ecul ar
wei ght distribution (ratio of the wei ght average

nol ecul ar weight to the nunber average nol ecul ar

wei ght, Mv Mh) was 1.68. FIG 9 shows the 'H NWR
spectrumof this polyner. [Fornula 19] t+- _ 0 0 0 O
00 15 OH FIG 10 to FIG 16 show the anal ytical data
of gel perneation chromatography perforned to neasure
the nol ecul ar weights of _the conpounds of fornula
(13) to fornmula (1.9). 20 <Preparation and eval uati on

th£5f93T§ SOIpO po+£'&£‘€a EXanpte. 1 tilhé%ow%rpiagattsioqy

wei ght o ynmer o btai ned T h

re@@ﬂ@ﬁ%@s(@&ﬁ@mr%§s@§6ﬁ% by um non Iat ep)erat%ée.

parts by wei ght of ttipheny as an

ThaCi&la genek a Ol ut Wl &b BePard saiyi el dhdn o X yre was
t et ramet hyl ammoni um hydroxi de as a basic additive were

préfé 5sot vedd | tn 1h &0 Pards1 bynavei g ﬁsﬁ%'@lﬁe H e red.
met hyl ether acetate, and then the sol ution was

Upda | £ eYiedritdy otigh @edenbrang fd lderhdmwdig: @ IParees 28 th

of 0.2 m to thus prepare a resist conposition. 10
tha hearobt & eghtr esirst dhaquidk Wwes wappli etk Dt Sksidate to
obtain 25 g (yileld: 91%) of the polymer represented by
formula {19).

The polystyrene-reduced weight average molecular weight

(Mw} of this polymer was 1,780, and the molecular weight
distribution {(ratio of the weight average molecular weight
to the number average molecular weight, Mw/Mn) was 1.68.

FIG. 9 shows the 'H-NMR spectrum of this polymer.

[Formula 19]

0.5 B,

FiG. 10 to FIG. 16 show the analytical data of gel
permeation chromatography performed to measure the molecular

weights of the compounds of formula (13) to formula (19).

<Preparation and evaluation of resist composition>

ExamEle 1
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25

using a spinner, and dried at 110C for 90 seconds, to
form a filmhaving a thickness of 0.2 m The forned
filmwas exposed using an ArF exciner |aser stepper
(numerical aperture of lens: 0.75), and then the
exposed filmwas heat 15 treated at 12.0C for 90
seconds. Subsequently, the filmwas developed with a
2.38 wt % aqueous sol ution of tetranethyl anmoni um
hydroxi de for 40 seconds,_washed and dried to forma
resist pattern. The developability with the aqueous

sohti on ,Qf; %gf at%%rgﬂ%%'%ykg%gpgfnegggg%é&%gg gﬁgtﬁge

adhesi veness fornme ern

SySURSE At Weles Q@%OH@%Mgﬁ%}t@%ﬁgyﬁ%&ugge%5) ),

while the sensitivity was 1 ine e

2.5?%%&hﬂ?&§19&ﬂkﬁﬁ:QﬁQQHﬁﬁﬂﬁéﬁ¥ﬂéﬁlfﬁ%ﬁunﬁ%@%%&%%t@yfg an

Critical D nmension-Scanni ng 'El ectron M croscopy

aciCrSEMat @and dihe o esulds-twens, g iJ)t o 5 grades,
such as - 54 1 (very 5%or),&§!(pog§$i 3 (nediocre), 4

tet(goadhy lanticn (e mydrgtad)s dsurd RerdTRy eddif ikRe wedse
of sensitivity, the anount of exposure which forns a
didkdllred liime-,aid- spade (y Sk ipaitt erh prapioemed gaften
devel opment at a line width of 1:1, was designated as
netthhel epthaumcamint, ehdexpesurde aad uthios: wept ifdamered
anmount of exposure was taken as the sensitivity. The
thnmugmsmipattene diidersi orviesolavgdrat stilies offi BB 2WAS, to
desi gnated as the resol ution.
thus prepare a resist composition.

The obtained resist liquid was applied on a substrate
using a spinner, and dried at 110°C for 90 seconds, to form
a film having a thickness of 0.2 pm. The formed film was
exposed using an ArF excimer laser stepper (numerical
aperture of lens: 0.75), and then the exposed film was heat
treated at 120°C for 90 seconds. Subsequently, the film was
developed with a 2.38 wt% agueous solution of
tetramethylammonium hydroxide for 40 seconds, washed and
dried to form a resist pattern.

The developabkility with the agueous solution of
tetramethylammonium hydroxide, and the adhesiveness of the
formed resist pattern to the substrate were good, and the
resoluticn was 0.08 um, while the sensitivity was 13 mJ/cm?.

The line edge roughness of the produced resist was

measured by Critical Dimension-Scanning Electron Microscopy

{(CD-SEM), and the results were graded intc 5 grades, such as
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10 Exanples 2 to 10 The resist conpositions indicated
inthe followng Table 1. were prepared in the sane
manner as in Exanple 1, except that the polyners
obtained in the Synthesis Exanples 7, 8 and 9
(compounds of formulas (16), (17) and (18)) were 15
used instead of the polyner obtained in the Synthesis
Exanpl e 6 (conpound represented by forrmula (15)), and
then positive resist pattecps_were formed therefrom
Eval uations of various properties were perforned,]and
e sent e 5 Jab
@%%ﬁ%%)ﬁy?rjer pBgés]ﬁc geng?ét#v %sdl l]JZl( %%Fil aﬁd; 5by(Very
goddditive (2) ity Jon (nm) weight) (ml/cn®) Exanple 2
Formula 15 0.75 15 F90 4 (100) Exanple 3 Formula 17

0. k30013, G%OQheEé%@%l%f4se%%q%ﬁ%1% ,0c¥%2 1 oén%oof
5 55 - (100) Exanple 5 Formula 15 0.75 13'90 9

exposure "whichi "forms a 0.10-pum line-and-space (L/S) pattern

formed after development at a line width of 1:1, was
designated as the optimum amount of exposure, and this
optimum amount of exposure was taken as the sensitivity.
The minimum pattern dimension resclved at this time was
designated as the resolution.

Examples 2 to 10

The resist compositions indicated in the following
Table 1 were prepared in the same manner as in Example 1,
except that the polymers cobtained in the Synthesis Examples
7, 8 and 9 (compounds of formulas (16), (17) and (18)) were
used instead of the polymer obtained in the Synthesis
Example 6 (compound represented by formula (15)), and then
positive resist patterns were formed therefrom. FEvaluaticns
of varicus properties were performed, and the results are

presented in Table 1.

[Table 1]

Content Polymer Basic Sensitiv [Resoluti LER

{(parts by acdditive (Z) ity on  (nm)

weight) (mJ/cm?)

Example 2 |Formula 15 0.75 15 190 4
(100) ‘ )

Example 3 Formula 17 1[0.75 13 100 3
(100)

Example 4 |Formula 18 0,75 13.5 90 5




10

15

Exanple 6 Fornula 17 0.75 11 80 4 (100) Exanple 7
Formula 18 0.75 11 90 5 (100) Exanple 8 Formula 15 1
15.5 90 3 (100) Exanple 9 Fornula 17 1 15 100 5

(100) Exanple 10 Fornula 18 1 14 80 4 (100) 1 ..
Remarks: (1) Acid generator: Triphenyl sulfonium

nonafl ate (PAG (2) Basic additive:

Tet r anmet hyl anmoni um hydr oxi de As can be seen fromthe
results of the Table 1, thegb Line edge roughness and
devel opability of the respective resist patterns

obt ai ned|(1®Whe Exanpl es were excel | ent | Conpar at | ve

Exdmalgl Bs Fbtmm13 REsi ®t. 7conposi tiong were peepared |4
usi ng thegi1oegnpositions indicated in the fioll ow ng

rxdmbl€ @ 1H ke Sane (10 gmnner asiin Exanpgg 1, exgept
that a p{@@oqethacry ate polymer which is the conpaund

Ew AEP ESETTEE T%r"”04g§i9)' syn HUbiLUu 5 t-he G
nparat ﬁh nthesls Iaan?,_mas used af_the
e .ue r-espeet--vely—ebt-ai-ned posii-i-on
Exéﬁﬁ%ﬁl%n C&%ﬁéa 18 ued to forn1pg§| ve radist 3
nnffornc(l” )hp sane._nanner...as
Example 9 [Formuia 17 |1 15 100 5
(100)
Example 10 Formula 18 |1 14 g0 4
(100)

Remarks: (1) Acid generator: Triphenylsulfonium nonaflate
{PAG)
(2) Basic additive: Tetramethylammonium hydroxide
As can be seen from the results of the Table 1, the
line edge roughness and developability of the respective
resist patterns obtained in the Examples were excellent.

Comparative Examples 1 to 3

Resist compositions were prepared using the
compositions indicated in the following Table 2 in the same
manner as in Example 1, except that a pure methacrylate
polymer which is the compound represented by formula (19),
synthesized in the Comparative Synthesis Example, was used
as the polymer.

The respectively obtained composition solutions were
used to form positive resist patterns in the same manner as
in Example 1, using an ArF excimer laser exposure apparatus

(numerical aperture of lens: 0.75), and then evaluations of
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in Exanple 1, using an ArF excinmer |aser exposure
apparatus (nunerical aperture of lens: 0.75), and
then eval uations of - 56 various properties were
performed. The results are presented in the follow ng
Table 2. [Table 2] Content Pol ymer cid Basic Sensit
Resolut LER (parts by generator additiv ivity ion
weight) (1) e (2) (mJ/ cnm2(~~n) Conparati Formula 19
2.5 0.75 16 90 2 ve (100) anpl e 1 Conparati Fornmul a
19 3.0 0 75 15 80 1 ve (100) Exanple 2 ------- -

va ooRargtbpFormila,d9. 3,04, 16. 90 Znye ts le 3
Remarks: (1) Acid generator: Triphenyl'sul fooni um

proosattat en end PAQ 142 Basi e adgi tive:
Tet r amet hyl anmoni um hydr oxi de As can be seen fromthe

resutdisi of2t he Table 2, when the Conparative Exanples
—_were-evaluated..and conpared with. . .the results _of Table

Contephe ndofMRYT on walChar kedl yBREWET edSensit Resolut LER
(parts by generator jladditiv |ivity |ion
weight) (1) e (2) (mJ/ e’ (um)

)
Comparati [Formula 19 2.5 0.75 16 90 2
ve (100}
Example 1
Comparati Formula 19 3.0 0.75 15 80 1
ve {100)
Example 2 -
Comparati Formula 19 [3.0 1 16 80 2
Ve (100)
Example 3

Remarks: (1) Acid generator: Triphenylsulfonium nonaflate
{PAG)
{2) Basic additive: Tetramethylammonium hydroxide
As can be seen from the results of the Table 2, when
the Comparative Examples were evaluated and compared with
the results of Table 1, the resclution was markedly lowered,
and the line edge roughness viewed from the L/S patterns was

significantly insufficient.
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10 and the line edge roughness viewed fromthe L/S
patterns was significantly insufficient. - 57 - WHAT
IS CLAIMED I'S: 1. A conpound represented by the
following formula (1): 5 [Formula 1] R =00 F20
O=S=0 A+-O wherein R represents a hydrogen atom a
trifluoronethyl group, an al kyl group having 1 to 5
carbon atons, or an al koxy group having 1 to 5 carbon
atons; and A represents a_18ygroup represented by the
fO||0WI ng formula (2) or forrrula (3): [Formula 2] R2
wm@ &= Farhderal a 3] 15 RS-1-R6 wherein R2, R3, R9,
5 and R6 each | ndependently represent a

1. A compound represented by the following formula

[Formula 1]

R
io
b
Fo
O:/S:O
A+-0

wherein R; represents a hydrogen atom, a trifluoromethyl
group, an alkyl grecup having 1 to 5 carbon atoms, or an
alkory group having 1 to 5 carbon atoms; and A represents a
group represented by the fcllowing formula (2) or formula
{3):
[Formula 2]
Ry
Ry~
R4
[Formula 3]
Rs—I—Rg
wherein Rz, Rz, Rg, Rs and Rg¢ each independently represent a
substituted or unsubstituted alkyl group having 1 to 20
carbon atoms, a substituted or unsubstituted allyl group

having 3 to 10 carbon atoms, a substituted or unsubstituted
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substituted or unsubstituted al kyl group having 1 to
20 carbon atons, a substituted or unsubstituted allyl
group having 3 to 10 carbon atons, a substituted or
unsubstituted - 58 perfluoroal kyl group having 1 to
10 carbon atons, a substituted or unsubstituted
benzyl group, or a substituted or unsubstituted aryl
group having 6 to 30 carbon atons; and two or nore of
R2, R3 and R4 may be linked.to each other to 5 forma
saturated or unsaturated carbon ring or a saturated

pegi%ordﬂigbﬁy%gialn?%ﬂg§ﬁ£reln dér#%%fé%eﬁ?ggngy t he
suﬂé%léﬁ%é%’Jf”%ﬂ%éﬁ%ﬁytJﬁgﬁqﬂernﬁ@ quﬁﬁ:F ornulu%%t%%uted
or [fﬁdﬂgt@%t@d [aF Sméj[rga&iﬂ:)nﬁavxng &b /3-9\ é?i/o?q] a%"c')m/s—r and

s+ 0 a 4-el [Formula

twd RO H‘Mixaa 4:19]}22(, FQE nh@ #; If';ilaysb’é hihxeh /to\ eaght o/th\ar to
--S+ FCO Br [Formula 4-i1 [Fornmula 4-j] [Formula
fordn ki dJdtorsadedl 4d Jansaturated carbon ring or a saturated

or unsaturated heterocyclic ring.

2. The compound according to claim 1, wherein A is
represented by the following formulas of formula (4):

[Formula 4)



[\ CH3 H3CG-S + S+

S+ aSt tc~cCo O o0:~ O[Fornula

4-nm [Formula 4-n] [Formula 4-0] [Fornmula 4-p] - 60 -

\/ I\ / / \' 1 OCCH3 0 0 CH3
Formula 4-s] H30 / \

-r] |
-\ T+

I\ I+ \

- X Formul a 4-y]
la 4-2z]

+

— AT~

[
For mu
S

5

[Formuia 4-a]

D
%

C R

[Formula 4-e1 [Formula 4-f]

_<::>

L

-

{Formula 4-1]

%

[Formuta 4-m] [Formula 4-n]

a /_\v1\v/ CH3
CH3 + n\ S H3C S+
[Fornula 4-a'},[Formula 4-b"]

[Formula 4-g]

[Formula 4-k]

¢
HsC~S +

3

[Formuia 4-0]

[ Formula 4-q] [Formul a

[+\ / OB ~ [/ _\ I+ 1\ /

/| [Formula 4-t] [Formula 4-u] [Formula 4-v]
[Formula 4-w] [Fornula
14 CdO 611

0 0S

[Formula 4-h]

<::>_

e

[Formula 4-1]

-
g+

{Formula 4-p]



S\ CH3 [Fornmula 4-c'] [Fornula 4-d'] [Formula 4-e']

3. A polyner conpound conprising a repeating unit
represented by the following forrmula (5), a repeating
unit - 61 represented by the followng formula (6),
and a repeating unit represented by the foll ow ng
formula (7): [Fornula 5] ~ +CH2-C RR ~=0 0 F2C
0=5=0 A+-0 5 wherein Rl represents a hydrogen atom a
trifluoromethyl group, an ghkyl group having 1 to 5
carbon atons, or an al koxy group having 1 to 5 carbon

atons; and A represents a group represented by the
fO||0MAng formul a or formula (3) : 10 [Fornmul a Z]O:¥<
LB Or=Croen Orinl s
CHs
[Formula 4-q] [Formula 4-r] [Formula 4-s]
[Formula 4-t] [Formula 4-u] [Formula 4 -v]
OO OO O Oron
[Formula 4-w] {Formula 4-x] [Formula 4-y]
CHg

N W .
0 8

{Formula 4-z] [Formula 4-a’ [Formula 4-b']

5 i @ g
vy T, oo O

< |

[Formuia 4-¢'] [Formula 4-d'] [Formula 4-e']

3. A polymer compound comprising a repeating unit

represented by the following formula (5), a repeating unit
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[Formula 3] R5-1-R6 wherein R7, R3, R4, R5 and R6
each independently represent a 15 substituted or
unsubstituted al kyl group having 1 to 20 carbon atons,
a substituted or unsubstituted allyl group having 3
to 10 carbon atons, a substituted or unsubstituted
perfl uoroal kyl group having 1 to 10 carbon atons, a -
62 substituted or unsubstituted benzyl group, or a
substituted or unsubstituted aryl group having 6 to
30 carbon atons; and two or nore of R2, R3 and R4 nmay

rePBelinked it 'Eéﬂigﬁlﬁ féfﬁ?%raf tur%&?%‘?épeatlng

nsat urat ed carbon ring a ‘sa
dpsaL &l g hietog ooye! ] R8 CH2 0
o R7 EISIwhereln éyreﬁfégg%éﬁ%?%y%fogen a om an al kyl

gromﬁﬂﬁ@Mkpg; 1 to 30 carbon atons, or an al kyl group
haV|ng lto 30 10 carbon atons which is substituted

mnt group Belected from an ether group, an ester
gkﬁ?rebnyl %roup, an acetal group, an epoxy
grou l e group and an al dehyde group; and R8

represents a ogen atom a nethyl group, or

F2C
0=5=0
A+-0

wherein Ry represents a hydrogen atom, a trifluoromethyl
group, an alkyl group having 1 to 5 carbon atoms, or an
alkoxy group having 1 to 5 carbon atoms; and A represents a
group represented by the following formula (2) or formula
(3):

[Formula 2}

Ro

R3—S
R4

[Formula 3]

Rs—|—Rg
wherein Ry, Rz, R4, Rs and R¢ each independently represent a
substituted or unsubstituted alkyl group having 1 to 20
carbon atoms, a substituted or unsubstituted allyl group
having 3 to 10 carbon atoms, a substituted or unsubstituted

perfluoroalkyl greoup having 1 to 10 carbon atoms, a
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a trifluoromethyl group; 15 [Formula 7] --[X-j-
wherein X represents one selected fromolefin, vinyl,
styrene, and derivatives thereof. 20 4. The pol yner
conpound according to claim3, wherein the pol ynmer
conmpound conprises three different species of - 63
the repeating unit represented by fornmula (6). 5. The
pol ymer conpound according to claim4, wherein when
the pol yner conpound conpriging three different

speci es 5 of the repeating unit represented by

suﬂsoglmu% 'ﬁg&@te%%te%db%% ylp g 33@9 f%&%lﬁtuted

yner conpound i's Pésen

or Q{nél{lis)gllﬁdﬂgcﬁsaﬁl gﬂ%g%R%%)gR%E%g%l Q:a%% B$R§8B§ and

two & whereidy RL represents rr%;hlb@ Q4N e W 8ch other to

trlfluoronethyl group, an al kyl group having 1 to 5
foarbyr@alQted Ar &hsaturated carbon ring or a saturated
or unsaturated heterocyclic ring;

[Formula 6]

forlf

R?
wherein R; represents a hydrogen atom, an alkyl group having
1 to 30 carbon atoms, or an alkyl group having 1 to 30
carbon atoms which is substituted with a group selected from
an ether group, an ester group, a carbonyl group, an acetal
group, an epoxy group, & nitrile group and an aldehyde
group; and Rg represents a hydrogen atom, a methyl group, or
a trifluoromethyl group;

[Formula 7]

nEa

wherein X represents one selected from olefin, vinyl,

styrenea, and derivatives thereof.

4. The polymer compound according to claim 3, wherein

the polymer compound comprises three different species of
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al koxy group having 1 to 5 carbon atons; Rya, R b and
R70 each independently represent a hydrogen atom a

|l inear or 15 branched al kyl group having 1 to 30
carbon atons, or a |I|inear or branched al kyl group
having 1 to 30 carbon atons which is substituted wth
an et her group, an ester group, a carbonyl group, an
acetal group, an epoxy group, a nitrile group or an
al dehyde group; Rea, Rob ang;R80 each 20 independently
represent a hydrogen atom a nethyl group or a - 64

rj r t %JJ% %ﬂgf t.s gr oup
th% e{)%%ééd%n%g% i%iyt tg{1 ol T owi Crﬁgg}f?gﬂl;orm a a( 2§6)o'r formul a
(3): [Formula 2] R2 R3-S R4 5 [Fornula 3] R5-1-R6
wherein R2, R3, R4, R5 and R6 each independently
repy.esame ol IR ror JuRswhshict wkedi1ahkyl 9LaURe:n
having 1 to 2 carbon atons, a substituted or
whemsthsthd upredr addrydo @@ U0 haH NG 13- ded LG GARRN species
atons, a substituted or unsubstituted perfluoroalkyl.
of griosip:dyawd thighdl droi 1 Qregafdamadcons; @ rrsubstidyutied or
unsubstituted benzyl group, or a substituted or
reprsubsted uted ey yiolgroumdaid mg 16 t(@)30 tear hen yatons;
and two or nore of R2, R3 and R4 may be linked to
conggomatiferrgrresented by any one of the formulas of

formula (92):

[Formula 8]

Rea Rep Rsc R
b
0 O 0 0

()\ O\ ()\ O

Ria  Rm R )

FoC,

0=5=0

A+-0

wherein R; represents a hydrogen atom, a trifluoromethyl
group, an alkyl group having 1 to 5 carbon atoms, or an
alkoxy group having 1 to 5 carbon atoms; Rys, Ry, and Ry each
independently represent a hydrogen atom, a linear or
branched alkyl group having 1 to 30 carbon atoms, or a
linear or branched alkyl group having 1 to 30 carbon atoms
which is substituted with an ether group, an ester group, a
carbonyl group, an acetal group, an epoxy group, a nitrile
group or an aldehyde group; Rsa, Rss and Rge. each

independently represent a hydrogen atom, a methyl group or a
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15 forma saturated or unsaturated carbon ring or a
saturated or unsaturated heterocyclic ring; [Formula
99 -~ 65 0*0 O00O0 29 OOF20 OH 0-5=0 [Formula
9-a] J ~~1-- ( +tA- O00 OO0 00 ) F200 CH 0-S=0

[Formula 9-b] +A-0 00 0 0 OO0 0 0 2~)

b 172C

OHO- S=O [Fornmula 9-c] +A-O00 0 _00 OO0 0 O\ 0 F20\

OH 0=S=0
- 64 -

trifluoromethyl group; and A represents a group represented

by the following formula (2) or formula (3):

[Formula 2]

R

Rs—$
R4

[Formula 3]

Rs—|—Rg

wherein Rz, R3;, Rq, Rs and Ry each independently represent a

substituted or unsubstituted alkyl group having 1 to 20

carbon atoms, a substituted or unsubstituted allyl group

having 3 to 10 carbon atoms, a substituted
perfluoroalkyl group having 1 to 10 carbon
substituted or unsubstituted benzyl group,

or unsubstituted aryl group having €6 to 30

or unsubstituted
atoms, a
or a substituted

carpon atoms; and

two or more ¢f Ry, Rz and Rq may be linked to each other to

form a saturated or unsaturated carbon ring or a saturated

or unsaturated heterocyclic ring;

[Formula 9]



[Formula 9--d]f 1 [ ~) +tA0O0OO0 0 O F20 Z~-6 0 OH
O\ SO +A-O[Fornmula 9-e] 0 0O\\ 0O t 0 F200 OH
[Formula 9-f] OS=O A066 - 000CO0~ / oFzZ) H
O=S=0 [----Formula 9-g [+ A- O 0""[ o" IJ O//0 OO
OO0 jtLFZ) OH0=S=O [Fornula 9-h] + A- 0// OH)
21 OF2C 7-0°

@ww@% @w{wﬁ;ﬁw

[Formula 8-a} + A - O

g @wfwxwﬁw{wﬁ{;w
j@ b E\OHFOZCS o)

[Formula 9-b] +A-0O
@%Wﬁw%‘é%%ﬁwﬁﬁw
E b @OH%CS o}

+A-C

@w-@w%@wﬂwﬁw
0L L

[Formula 9-d] +A-C
@Mm st @wﬁw
b @OHFSCS 0

+AO

[Formula 9-a]

@wﬂw@wﬁwﬁw
oD @

iFormula 9-f] ?i OOS ©



OH0=S=O0 O. [Formula 9-1) A- OOH -b ~--~zt~o0 0
/1\ F2C 0 0 0 OHO=S=0O O0X- [Formula 9-j] +tA-0 0 0 _O
-~0 OHF2C 000 OHO =S=0 00 [Fornul a9-k] +A-O
THOF2 C00 OHO=S=0 00 [Formul a9-11 +A-0 - 67 6. The
pol ymer conpound according to claim3, wherein Ais
represented by one of the follow ng formulas of
formula (4) : 5 [Fornmula 4168 / ..-. \ S+ S+ - St
- S+ 0 CH3 [Formula 4-al giornula4 b] [Fornmul a 4-c]
[Formula 4-d] C3 - S+ /-~ S+ O-S+ o OCH3
0,k OS

@wﬁwﬁwﬁw@
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[Formuia 9-g] +A-O
e
\/b Oi_O} @OHFSS?SmO

[Formula 9-h] A-G

o w—giw --ugj«wfwm—@w §er

[Formula 9]
oy ww%ﬁwﬁwﬁw
~OH ’b l) @ >

OH O=fS=O
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>4 [Foermula 8] +A-O



[Formula 4-el [Fornula 4-f] [Fornmula 4-g] [Formula
4-h] ps [-~s+ /[ ~s+ [/-~-s+ F O Br | [Fornula
4-i] [Formula 4-1] [Fornmula 4-k] [Formula 4-1] g +/ S
+ CH3 ~\ H3C S S bo G 60 60 0 o~o [Formula 4-m
[Formula 4-n] [Fornula 4-0] [Formula 4-p] - 69 O [\
I+ OCH3 0 CH3 [Forrmula 4-q] [Fornula 4-r] [Formula
4-s] H3C I+ CH3 | I+ [Formula 4-t1 [Formula 4-u]
[Fornula 4-v] /_\ I+ \ [/ F [\ I\ / C CH [Formla
4-w [Formula 4-x] [Fornmula 4-y] CH3 H3C S+ ClO1

6. The polymer compound according to claim 3, wherein
A is represented by one of the following formulas of formula
(471

{Formula 4)



[Formula 4-z] [Fornula 44] [Formula 4-b'] O1S CH3

s+ S\ CH3 [Forrmula 4-c'] [Forrmula 4-d'] [Fornul a
4-e'] 7. The pol yner conpound according to claim 3,
further conprising a repeating unit having an
acid-1abile group, and - '70 a repeating unit having
a hydroxyl group, a lactone ring group, or both a
hydroxyl group and a lactone ring group. 8. A

chem cally anplified resist.conposition 5 conprising

t he pol yner conmpound according to any one of clains 3
an acid generator, additlves and a solvent. 9.

fied resist 05|t|on ac i ng
t he content he noi ety
S by

aim8, wher
J 0B)-(A) " in e polynmer co uno is 0.5 o.
t to 1 3 *by weig sgH on 100 by
ei-ght of the tot solid fract of the che i..IIy

fied resist (composition. 0. The che
anp ified resist cgnposition rding to claim
wherei n the cont entHpf the polyne conpound i s 3% by

[ropRlIghla] Or morgohasedson the ghemically amkifiLed g

resi st conpaosi tion.
ol of
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A ¢ [~

[Formula 4-e] [Formuia 4-f] [Formula 4-g] [Formula 4-h]
OF  OF @si o5
F Cl Br
[Formula 4-i) [Formula 4-j] [Formula 4-k] [Formula 4-]
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Q ane \‘x{
Ve
dot

[Formuia 4-m] [Formula 4-n} [Formuia 4-0) [Formula 4-p)
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20 11. The chemically anplified resist conposition

according to claim@8, wherein the content of the

pol ymer conpound is 5% by wei ght based on the

chemically anplified resist conmposition. 25 12. A

method for formng a pattern, the nethod - 71 -

conprising: (a) applying the chemcally anplified

resist conposition according to claim8 on a

substrate; (b) heat treatinggthe substrate coated with

the 5 chemcally anplified resist conposition, and

t hen exposi ng the substrate with high energy

radlatlon and c devel opi ng the outcone fron1the Ol&(

WA e (RO I (BT
hod o d ngt 'ei n" ex

the substrate with high energy radiation enploys

ultraviolet irradiation, X-ray irradiation, or affs

elehkﬁmMa4bﬁan1irradi@¢u%wal5}14. The nethq@mmMa4€}
according to claim 12, wherein the wavelength of the

hi gh energy radi ation i |n the range of 180 nntto

[Formula 4-t] [Formufa 4-ul [Formula 4~v
+ + +
O O OO
[Formula 4-w] [Formula 4-x] [Formula 4-y]
CHs

A

S+
b Y
[Formula 4-z] [Formula 4-a'] [Formula 4-b']

5 Lo~ o

o |

[Formula 4-¢') [Formula 4-d'] [Formula 4-e7]

7. The polymer compound according to claim 3, further

comprising a repeating unit having an acid-labile group, and
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- 70 -
a repeating unit having a hydroxyl group, a lactone ring

group, or both a hydroxyl group and a lactone ring group.

8. A chemically amplified resist composition
comprising the polymer compound according o any one of

claims 3 to 7, an acid generator, additives, and a sclvent.

9. The chemically amplified resist composition
according to claim 8, wherein the content of the moiety -
(S03) "{A)" in the polymer compound is 0.5 parts by weight to
15 parts by weight based on 100 parts by weight of the total
solid fracticn of the chemically amplified resist

cemposition.

10. The chemically amplified resist composition
according to claim 8, wherein the content of the polymer
compound is 3% by weight or more based on the chemically

amplified resist composition.

11. The chemically amplified resist composition
according to claim 8, wherein the content of the polymer
compound is 5% by weight based on the chemically amplified

resist composition.

12. A method for forming a pattern, the method
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comprising:

(a) applying the chemically amplified resist
composition according teo claim 8 on a substrate;

{b) heat treating the substrate coated with the
chemically amplified resist composition, and then exposing
the substrate with high energy radiation; and

(c) developing the outcome from the step (b) using a

developer solution.

13. The method according to claim 12, wherein the
exposing the substrate with high energy radiation employs
ultraviolet irradiation, X-ray irradiation, or an electron

beam irradiation.

14. The method according to claim 12, wherein the
wavelength of the high energy radiation is in the range of

180 nm to 250 nm.



