NOVEL ACRYL MONOVER, POLYMER AND RESI ST COVPOSI TI ON COVPRI SI NG SAME
BACKGROUND OF THE | NVENTION 51. Field of the Invention The
present invention relates to a novel acrylic nononer, a polyner, and
a resist conposition containing the polyner, and nore particularly,

base pol yrer NIVEEACRSE RashRbSekorOT St D EBSREF hdkosnToRg °

substrate at the tine of resist patterning and is capabl e of
10enhanci ng transparency, contr &SIMPEIRENGISAVIE, resol ution and

devel opability of the resist, a polyner containing a repeating unit
derived fromthe acrylic nononer, and a resist conposition-containing
the polyner. 2. Description of Related Art 15Recently, along with

hi gh integration of sem caEUROROUEY CESHE hevENTR)E demand for the
devel opment of a technology for formng ultrafine patterns having a

l'ine mthq @ekp:ﬁﬂe@hghgggters or less in the production of

ultra-large sca e |ntegrated circuits (LSI) and the Ilke
Accordi ngly, th%‘mave

n sure es
nas.al 56 20been PEPIER BHorPRRUIC Y FuskREHY Bobder KBRENeE R 2FFTL
or i-line that has been COF tionally used ? d nore a tenflon is
bei ng pai&OW@°§PBHF@§mBH@ﬂ T Hoginaph E§¥%@ﬂﬁ%ﬂafhfq%ﬁgﬁ3?ﬁﬂ‘%FPBWPm
KrF excimer |aser |ight, ArF excimer laser light, extreme ultraviol et
| aser |i gmhinE@\wﬁefuka&eampa@m@'rfm Eirming pbash ealysca abia rastst ForRpositRn Wejph
source that is attracting the nost attention in the field of
| i t hogr aphyleboderfeodent ng thersab@ e aitthgBme nAtéson ppitdiag asd widapatde bf ne
width of 0.10 mcroneters or less, is an ArF exciner | aser.

10 enhancing transparency, contrast, sensitivity, resolution and developability of the resist, a
polymer containing a repeating unit derived from the acrylic monomer, and a resist

composition containing the polymer.

2. Description of Related Art
15 Recently, along with high integration of semiconductor devices, there is a
demand for the development of a technology for forming ultrafine patterns having a line
width of 0.10 micrometers or less in the production of ultra-large scale integrated circuits
(LLSI) and the like.
Accordingly, the wavelength of the light used in the exposure process has also
20 been further shortened as compared to the region of g-line or i-line that has been
conventionally used, and more attention is being paid to studies on lithography using
far-infrared radiation, KrF excimer laser light, ArF excimer laser light, extreme
ultraviolet laser light (EUV), X-radiation, electron beams and the like. A light source
that is attracting the most attention in the field of lithography for forming the

25  next-generation patterns with a line width of 0.10 micrometers or less, is an ArF excimer
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A phot oresi st conmposition that is generally used in such a fine
pattern form ng process is conposed of a conponent having an
acid-labile functional group (hereinafter, referred to as "polyner"),
a conponent capable of generating an acid when irradiated 5with a
radi ati on ghereinafter, referred to as "acid generator'), and a

sol vent, 5?ﬂ‘depending on the cases, a basic additive and the |ike
may al so be used. In the case of the polyner that is used as a
primary raw natéphefiorasfst prrapasitens tbatgs gengealyolsgdrby sush o ding petdern dpning
functional groups having an appropriate affinity to the devel oper
sol uti on, p@déssss coemased bha tdhepavhsiiavatgesn aeidhbiigfimesosd groog,(handtafier,
excel l ent 10resol ution power. Specific exanples of such functional

groups i N 18 aBYUIPM"), Arc@tiponét leagdb@ner @haun@mtadd Gdieh @xadiated oup

for increasing the affinity to the devel oper solution, and

adhesiyengsg ,60qikdis, @Fﬁfﬁ%a‘ﬁ%& “r‘éfeﬁé‘cﬁto%“’héiﬁ gglgéfé(tbr'ﬂ fag&'ﬁ’%oﬂr&ﬁ,t arfdi0 not

have oxygen atonms 1 n the mai'n chain, suc a noérbonene group and an
adamantyl .gro for enhancin 5 etching, resi sfance, wever, in
ordor t o eheptBs o e PES prur st Ty bp ke £V kOBl 4 ganer at ed
by the acid generator is nore weighted than special functional )
groups, in vi eWidhe ¢ase Otheu@!weé‘t tig prgd 3o p phgtary raw materiad of phatoresiise
been extensively conducted to date so as to satisfy these properties.
Speci f i catheyolyker shenlPgerinin (nppionelrperdiaraigdn@ppivpNoete afidoty-10 104629,
No. 202006-0122771, No. 2006-0122773 and No. 2008-0011101 di scl ose a
t echnol ogyevefopassahgicm, edipelvymes ((pihe dulesadichytching ossistgncamnadexydlicat
nononer to react with bronpacetyl brom de, and extending the chain

| engtfy HewewB6a pdWert he current situation, there is an increasing
demand for the devel opnent of a novel nonomer in order to inprove the

resolution and éﬂe@ﬁice&gﬁpfegng'&?lslﬁnct%%al groups include a hydroxyl group, a lactone

group and a carboxyl group for increasing the affinity to the developer solution, and
adhesiveness to the substrate; and cyclic alkyl groups that do not have oxygen atoms in
the main chain, such as a norbornene group and an adamantyl group, for enhancing

15  etching resistance. However, in order to increase the resolution, the mobility of the acid
generated by the acid generator is more weighted than special functional groups, in view
of the structure of the polymer.

Studies have been extensively conducted to date so as to satisfy these properties.
Specifically, Korean Patent Applications Laid-Open No. 2001-0104629, No.

20 2006-0122771, No. 2006-0122773 and No. 2008-0011101 disclose a technology of using
a copolymer produced by allowing an acrylic monomer to react with bromoacetyl
bromide, and extending the chain length. However, in the current situation, there is an
increasing demand for the development of a novel monomer in order to improve the

resolution and line edge roughness.
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SUMVARY OF THE | NVENTI ON An object of the present invention is
to provide a novel acrylic nononmer which is useful as a nonomer for
formng a base polyner of a resist conposition which is |ess
dependent on the substrate at the tine of resist patterning, and is

capabl e of enhancing 5the tran ng ensitivity,

resol uti on and devel opabi | |§Wg{{§é}]¥ggﬁg{wﬁ+mﬁ Anot her obj ect of
the present invention is to provide a polyner containing a repeating
unit derived frowprbiket ddhgpricsengrbyyeontion idéspiovisied neyehasrylic monomer vdyigh |
anot her object of the present invention is to provide a resist

conposi t i susefohised mongnérfer foohyiper bade polyintee df @braise cangbsitiomeyinold isfless
formng a resist pattern using 10the resist conposition. Accor di ng

to an asp@glen@int bR EheUBSA atl (Y Bk 0P Restsd pAhigY aintiNecHRbRGF Snhancing
descri bed above, there is provided an acrylic nononmer represented by

the Tof | oy %QH%HH&&,%Q&A&, &%@%%o{ﬁﬁéﬁ%ﬁ%@&%oﬁ@%&ﬁh@ rebfst

represents a rogen atom or Yy represents an

al kanedi yl grou Vi n to 10 car.bon .atonms; R3.represents. a .

cycl oal kyl gr odﬁ“‘ﬂg iOr?SeC%O‘t tg‘e §b"38‘§r’%‘6°ﬁ‘“8‘9 gﬁ@ proyide a polyine CoNPINMRE R
each independently represent any one selected, fromthe group

consi st i ntPeting Wi deayehirandhs agriamRyemedssyitsd w1 to 10 carbon
atonms, a cycloal kyl 20group having 3 to 30 carbon atons, and a

(Cl1- C10 al kyl) cyid] awithey pbigeiotfhe presrit dwentidrais to ROVied IRSsthomprgition
hydrogen atons at the sane tine. R2 may be any one sel ected
from t he gmmiping drspadymaglesérirgtabytens, a etthyd fadnaninpruopydtipdese using
trimethyl ene, tetranethyl ene, pentanethyl ene, hexanethyl ene, and

hept amet hipk eaest cORBodiBon.be any one sel ected fromthe group consisting

of a nonocyclic
According to an aspect of the present invention to achieve the objects described

above, there is provided an acrylic monomer represented by the following formuia (1);

[Chemical Formula 1]

15  wherein Ry represents a hydrogen atom or a methyl group;
R; represents an alkanediyl group having 1 to 10 carbon atoms;
R3 represents a cycloalkyl group having 3 to 30 carbon atoms; and
R'and R" each independently represent any one selected from the group
consisting of a hydrogen atom, an alkyl group having 1 to 10 carbon atoms, a cycloalky!

20 group having 3 to 30 carbon atoms, and a (C,-Cy( alkyl)cycloalkyl group, provided that
3




cyel oal kyl group having 3 to 14 carbon atons, a bicyclic cycl oal kyl
group having 8 to 20 carbon atonms, a tricyclic cycloal kyl group
having 10 to 30 carbon atons, and a tetracyclic cycl oal kyl group

havi ng 10 to 30 carbon atons. The acrylic nonomer may
have a str q of tge follomnn formula (la): 10[ Chem cal Formul a
la] wher A PEU LA BRI HE I EE BRCor” 2 met byl or oup.

According to anot her aspect of the present invention, there is

provi ded a pol yrhermasdisasiying gelgcted fenr the groyniconsigimeed aratladensy ethpldene,
following fornula (2): 15[ Chem cal Fornmula 2] wherein Rl represents
a hydr ogerprapydidens, tamathyleyt, teroughyl R, pepaesibplese. drexahkthyledd, whd gr oup
having 1 to 10 carbon atons; R3 represents a cycl oal kyl group havi ng
3 to 30 cdrpamedtyddie; and 5Wand R' each independently represent any
one selected fromthe group consisting of a hydrogen atom an al kyl

group kaving 1 tg 14 %Ay %@&1@6{5& ﬁ@mct}{@E%&)I&%s&ﬁ%@ahﬁ%o@%% to 30
carbon atom and a (Cl1-Cl0 al kyl)cycl oal Kyl " group, “provided that R

and R' are not,ly 108&%%% % 1 £by bOE at% 618?%0 ctyﬁ Fll{g{egwéP EZYm%értlo 50

any one seﬁyec group consi S

10 l'id t th th I t t hyl
heg;ﬁg{h;”cgﬂ@p ag?r{%}sr,rﬁé]ﬁ y&ﬁgﬂﬁ péfﬁ{ga},rtrgup 1¥av%{]ge t%e3r(]) 0%1 on a¥0n?£] ?md a

tetracyclic cycloalkyl group having 10 to 30 carbon atoms.
The acrylic monomer may have a structure of the following formula (1a):
10 [Chemical Formula 1a]

R

O
)

wherein Ry represents a hydrogen atom or a methyl group.
According to another aspect of the present invention, there is provided a
polymer containing a repeating unit represented by the following formula (2):

IS [Chemical Formula 2]}



R3 may be any one selected fromthe group consisting of a nonocyclic
cycl oal kyl group having 3 to 14 carbon atonms, a bicyclic cycl oal kyl
group having 8 to 20 carbon atons, a tricyclic cycloal kyl group
having 10 to 30 carbon atons, and a 15tetracyclic cycl oal kyl group
having 10 to 30 carbop atons. The polyner nmay contain a repeating
unit represented by t followng formula (2a): [Chem cal Fornula 2a]
wherein Rl repr hydr ogen atom or a net hyl group. The
pol ymer may contain o r nore repeating units selected fromthe
group consisting of rgepeating units represented by the foll ow ng
formul ae (3) and (4%3 5[ Chem cal Fornmula 31 |[Chemical Formula 41

0\ R6 RI RII

R>
O

=

R3

wherein R represents a hydrogen atom or a methyl group;
R; represents an alkanediyl group having 1 to 10 carbon atoms;
Rj represents a cycloalkyl group having 3 to 30 carbon atoms; and
5 R’ and R" each independently represent any one selected from the group
consisting of a hydrogen atom, an alkyl group having 1 to 10 carbon atoms, a cycloalkyl
group having 3 to 30 carbon atom, and a (C;-Cyq alkyl)cycloalkyl group, provided that R’
and R" are not hydrogen atoms at the same time,
R, may be any one selected from the group consisting of methylene, ethylidene,
10 propylidene, trimethylene, tetramethylene, pentamethylene, hexamethylene, and
heptamethylene.
Rs may be any one selected from the group consisting of a monocyclic
cycloalkyl group having 3 to 14 carbon atoms, a bicyclic cycloalkyl group having 8 to 20
carbon atoms, a tricyclic cycloalkyl group having 10 to 30 carbon atoms, and a
15  tetracyclic cycloalkyl group having 10 to 30 carbon atoms.
The polymer may contain a repeating unit represented by the following formula
(2a):

[Chemical Formula 2a]}




wherein in the above fornulae, R4 and R6 each i ndependently represent
any one selected 10fromthe group consisting of a hydrogen atom an
al kyl group having 1 to 10 carbon atons, a heteroal kyl group having 1
to 10 carbon atoms, a cycl oal kyl group having 3 to 30 carbon atons,
an aryl group having 6 to 30 carbon atons, a heterocyclic group
having 2 to 30 carbop ' tons, and conbi nations thereof; and R5
represents any ected fromthe group consisting of a hydrogen
atom an alkyl group=h@&ving | to 10 carbon atons, a perfluoroal kyl
group having 1 to 1@ycarbon atons, and an al koxy group having 1 to 10
carbon atons. The polyner may be represented by the follow ng fornula
(5): [Chemcal Formula 5] O 5R3 wherein Rl represents a hydrogen
atomor a nethyl group; R2 represents an al kanediyl group having 1 to
10 carbon atons; R3 represents a cycloal kyl group having 3 to 30

consi sting of a hydrogen
carbon atons, a hetergal

cycl oal kyl group ha
to 30 carbon atoms
and conbi nati ons theredf

@ om an 10 alkyl group having 1 to 10
kyl group having Ito 10 carbon atons, a
to 30 carbon atons, an aryl group having 6
erocyclic group having 2 to 30 carbon atons,

wherein Ry represents a hydrogen atom or a methy! group.
The polymer may contain one or more repeating units selected from the group
consisting of repeating units represented by the following formulae (3) and (4):

5 [Chemical Formula 3]

R4

[Chemical Formula 4]

wherein in the above formulae, R4 and R each independently represent any one selected

10 from the group consisting of a hydrogen atom, an alkyl group having 1 to 10 carbon
atoms, a heteroalkyl group having 1 to 10 carbon atoms, a cycloalkyl group having 3 to
30 carbon atoms, an aryl group having 6 to 30 carbon atoms, a heterocyclic group having
2 to 30 carbon atoms, and combinations thereof; and

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




R5, R5 and R5" each independently represent any one selected fromthe
group 15consi sting of a hydrogen atom an al kyl group having | to 10
carbon atons, a perfluoroal kyl group having 1 to 10 carbon atons, and
an al koxy group having 1 to 10 carbon atons; R6, R6' and

naving 1 16y HGousPoUNE LEONESSRon domtorrdro Gr Birh Pt Foftirbon

carbon atons, a 20cycl oal kyI grou haV| ng 3 to 30 carbon atons,

aryl grouﬁtoﬁ]équﬁ]g?n kQxyZmonRiayHiE ’too]r%calb‘)&%‘ém%rocycl ic group haV| ng
2 to 30 carbon atons, and conbi nati ons thereof; R and R
each i ndependenTihwpquchlemembe spyesarted bﬁtlecfbé@hwiﬂlgcfmrmuie(fgr oup
consisting of a hydrogen atom an al kyl group having 1 to 10 carbon
atonms, a cycl oaldi¢hmigl Gogndiaging 3 to 30 carbon atom and a (Cl-Cl10
al kyl') cycl oal kyl group, provided that R 5 and R' are not hydrogen
atons at the sarreRgi me; and A, BRrC D and g respectlwugly
represent the nuers |n|cat| g the proortlons of ?h corr pond| ng
repeat i ng XITd g*-. ated
such that A+B+C+D é‘—]o o+Bc+D+E) <854, 0< B/ CHD+E) =g 4

0 < Cl/ ( A+B+C+DA <0. D/ ( A+B+C+D+E) < ©0. 6, dnc E/ (A#B+ D+E)
<0.6. 10The pol ywrer may cowntakn the repgating unigfg represenged by the
formula (2) atg tent of 10\nol %to 49 nol% \ The Rol ymer
may be sel ectedgfrom the group Reonsistindieof polyndt's repr esdhted by
the foll ow ng fordrul ae (6) to (17): [Chem cal Formula 6] 15

o=
5 Rs
wherein Ry represents a hydrogen atom or a methyl group;
Ry represents an alkanediyl group having 1 to 10 carbon atoms;
R; represents a cycloalkyl group having 3 to 30 carbon atoms;
Ry represents any one selected from the group consisting of a hydrogen atom, an
10 alkyl group having I to 10 carbon atoms, a heteroalkyl group having 1 to 10 carbon
atoms, a cycloalkyl group having 3 to 30 carbon atoms, an aryl group having 6 to 30
carbon atoms, a heterocyclic group having 2 to 30 carbon atoms, and combinations
thereof;
Rs, Rs' and Rs" each independently represent any one selected from the group
15  consisting of a hydrogen atom, an alkyl group having 1 to 10 carbon atoms, a
perfluoroalkyl group having 1 to 10 carbon atoms, and an alkoxy group having 1 to 10
carbon atoms;
Re, Re' and Rg" each independently represent a hydrogen atom, an alkyl group
having 1 to 10 carbon atoms, a heteroalkyl group having 1 to 10 carbon atoms, a

20 cycloalkyl group having 3 to 30 carbon atoms, an aryl group having 6 to 30 carbon atoms,




[ Chem cal Fornula 7] [ Chem cal Fornula 11] [ Chem cal Fornul a
14] [Chem cal Formula 15] |[Chem cal Formula 16] 11

a heterocyclic group having 2 to 30 carbon atoms, and combinations thereof

R'and R" each independently represent any one selected from the group
consisting of a hydrogen atom, an alkyl group having 1 to 10 carbon atoms, a cycloalkyl
group having 3 to 30 carbon atom, and a (C,-Cyy alkyl)cycloalkyl group, provided that R’

5  and R" are not hydrogen atoms at the same time; and

A, B, C, D and E respectively represent the numbers indicating the proportions
of the corresponding repeating units in the main chain, and A, B, C, D and E are related
such that A+B+C+D+E=1, 0 < A/(A+B+C+D+E) < 0.4, 0 < B{A+B+C+D+E) < 0.4, 0 <
C/{A+B+C+D+E) < 0.6, 0 £ D/(A+B+C+D+E) < 0.6, and 0 < E/(A+B+C+D+E) <0.6.

10 The polymer may contain the repeating unit represented by the formula (2) at a

content of 10 mol% to 40 mol%.

The polymer may be selected from the group consisting of polymers represented
by the following formulae (6) to (17):

[Chemical Formula 6]

e e
popis T

15

[Chemical Formula 7]



[ Chem cal Fornmula 17] wherein in the above formulae, A B, C, D and
E respectively represent the nunbers 5indicating the proportions of
the correspondi ng repeating units in the main chain, and A, B, C, D
and E are rel ated such that A+B+C+D+E=1, 0 A/ (A+B+C+D+E) <0.4, 0 <
B/(A+B+C+D+E) <0.4, 0 < U (A+B+C+tD+E) < 0.6, ,0 D/ (A+B+C+D+E) <O0. 6,

and 0 E/ ( ) SO ver age

mol ecul ar of 2, 000\g/ 8? A eternlned by
gel perneat|c r omat ogr a&ph r atlvE)to pol ystyrene
standards, and may have {stributrgn of 1.0 to

5.0. Accordi ng presgnt invention,
there is provided a resis t he pol yner

descri bed above, an acid g The

pol ynmer may be incl uded -.H’Iannunt o0 3 M%to 20 Ww%relative to
the total weight of the resist conposition. 5The acpd=generator may
be one or nore conpounds selected fromthe group consisting of
conpounds represented by the follow ng formul ae (18) [ar

[ Chem cal Fornula 181

[Chemical Formula 8]

o

{Chemical Formuia 9]

“@W@Wﬁww

[Chemical Formula 10]




[Chemical Formula 19] Y2-7 + - Z Y3 wherein in the
formulae, Xl, X2, Yi and Y2 each independently represent any one

sel ected fromthe group consisting of a hydrogen atom an al kyl group
having | to 10 carbon atoms, an al kenyl group, a hal oal kyl group

having 1 to 10 carbon ato an ar,al kyl grqup having 6 to 30 carbon
atons, an,a u hav conbi nati ons
thereof mhll X2, 0 Y1l a Qyz at:\ ‘0ogether to form
a saturated saturat d ydro rbon ri o 30 carbon

at ons; X3, X4, . Y3, YAX\and_Y5 &g i ently represent
any one sel ected fron1th gr oup cc i ‘
al kyl group having 1 to 3¢ car bo g yat ogenygr olp, an al koxy
group having 1 to 30 carbgn atons, an” aryl dgfoup hQV'ng 6 to 30
carbon atons, a thiophenoxy group, a thioal koxy grouQ having 1 to 30
car bon atons, 0

[Chemical Formula 11]

[Chemical Formula 12]

TEEE

[Chemical Formuia 13]
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an al koxycar bonyl al koxy group having 1 to 20 carbon atons, and

conbi nati ons thereof; Z of the anion noiety represents
OSQ2CF3, 0S02C4F9, 0S02C8F17, N(CF3)2, N(C2F02, N(C4749)2, C(CF3)3,
C(C2F5)3, C(C4F9)3, or the following fornmula (20): 5[ Chem cal Formula
200 O Vi iilH2 - 0 SCCW- (W)0 (WB), P- W 111,0v2 wherein V1 and
V2 each i ndependent om represents -(C=0)-
or W2 represeénts NN group ayengl 1t carbon at ons;
10MB represents an € group isting of a

cycl oal kyl atons, &n aryl group having 6
to 30 carbon at -raI group Raving 7 t.30 carbon atons, an

QB @A
aryl oxy group h Q hi o group haV|ng 6
to 30 carbon at onp,|a avi pg 0 30 car bon atons,
and conbi nati ons ereof ; represen an re/seDerted fromthe
group consisting of a hydrogda atom a hal ogen group, an al kyl group
having 1 to 10 carbon at omgss=an al koxy group having 1 to 10 carbon
atons, a hal oal kyl group haviyajg I to 10 carbon atonms, an al kylthio

group having 1 to 10 carbon g 5, an aryl group having 6 to 30
carbon atons, and conbi nati)q her eof ;

[Chemical Formula 14]

O i,

[Chemical Formula 15]

[Chemical Formula 16]

11




200 represents an integer of 0 or 1; and p represents an integer from

0to 2 The aci d generator may be included in an anmount of
0.3 to 10 parts by weight relative to 100 parts by weight of the
solids content in the resist composition. The resi st

conposi tion may further incl

de additi
consi sting..ofi.an 3 I i i

es selected fromthe group

hi i.d diffusion

i ng to anot her
aspect of the W met hod 5f or
formng a resis ' [ f\appl yi ng the
resi st conposition described t hereby form ng
aresist film a step of hedt Ytreatin m and t hen
exposing the resist filmint ; and a step of
devel opi ng the exposed resist\pattern. hehzexposur e process
may be carried out by ungg asTight source selected % om 10t he gr oup
consisting of a KrF exci ~aser, an ArF exciner |aser, an extrene
ultraviolet |aser, X-radiatioef;—and an el ectron beam The
details of other enbodi ments he present invention will be

di sclosed in the detailed g€y ption of the invention given bel ow.
The acrylic nmononmer according TO the present invention is useful as a
nmononer 15for f i N bas | ymer of a resist composition,
particularly a EQE%P%WQREW@ﬁiQﬁIIy anpl i fi ed photoresist conposition
which is | ess dependent on the substrate at the tinme of resist
patterning, apd is/gapapl e of yenhgncin he tran rency, contrast,
sensitivity, riesSi st. The pol yner

according to the pr ting unit
Q O O O
O O

wherein in the above formulae, A, B, C, I and E respectively represent the numbers
5  indicating the proportions of the corresponding repeating units in the main chain, and A,
B, C, D and E are related such that A+B+C+D+E=1, 0 < A/(A+B+C+DHE) <0.4, 0 <
B/{A+B+C+D+E) < 0.4, 0 < C/{A+B+C+D+E) < 0.6, 0 < D/(A+B+C+D+E) < 0.6, and 0
< EA(A+B+C+D+E) < 0.6,
The polymer may have a weight average molecular weight of 2,000 g/mol to
10 1,000,000 g/mol as determined by gel permeation chromatography and calculated

relative to polystyrene standards, and may have a molecular weight distribution of 1.0 to

5.0.

12



20deri ved fromthe nononer described above is usefhl for the
formation of a fine pattern using various radiations such as
far-ultraviolet radiation of a KrF excinmer |aser, an ArF exciner

| aser or a F2 exciner |aser; X-radiation such as synchrotron

radi ati on; and charged partijcle beans such as EUV. Furthermpre, the
resi st composit i%ogie%&%oﬁ“ﬁ@ef %Spﬁﬁ@%%ee@‘sw i Biorers Sestiasr 1St
the pol yner descri bed above exhi bits excel |l ent adhesiveness, storage
stabi | ity coamgsisinhapefeding the poiytichdessuiberh@wye, aargidegdnptaiarsanshacwll Yeaht
resolution in both CHpatterns and L/S patterns. Al so, since the
resi st conposi tikhe pohsnexesl bedntlugedinansmwiundels wan (e elitoaaltive to the
pattern profile can be obtained regardl ess of the type of the

substrate¢0@nq@%?p6pm@ﬂ$§@a@ﬁﬁ@ﬁhnis exhi bited. BRI EF DESCRI PTI ON OF
THE DRAW NGS FI 1 is a proton nuclear nagnetic resonance (1H NWVR

(CDCI 3,5 400 MHZ)phe acid geRB@RK ‘h’r’dyﬂéfml% RE nlod @cﬁﬂ%ﬁﬂﬁﬁg Gelddedd ﬁ'orHrtﬁL'déi%lﬁz;g in
Step 1 of Synthesis Exanple 1 for the 10acryl’ic nononer. | G

2L 2 L G O PP e TR ™

nonomner . ghG,S s a 1H-NWVR (CDC13, 400 MHz) spectrum of the
pol ymer (16) pr dtheBE FPrivatfedi ate Synt hesis Exanple 1.
Xi
XQAS'E‘"Z
[ x
o
Xs %,

{Chemical Formula 19]

Y
Y,—S+-Z
T T
| 3
P
Ys Y,

10

wherein in the formulae, X, X3, Y, and Y» each independently represent any
one selected from the group consisting of a hydrogen atom, an alkyl group having 1 to 10
carbon atoms, an alkenyl group, a haloalkyl group having 1 to 10 carbon atoms, an
aralkyl group having 6 to 30 carbon atoms, an aryl group having 6 to 30 carbon atoms,

15 and combinations thereof, while X, and X5, or Y} and Y, may be joined together to form

a saturated or unsaturated hydrocarbon ring having 3 to 30 carbon atoms;

X3, X4, X5, Y3, Y4 and Ys each independently represent any one selecled from
the group consisting of a hydrogen atom, an alkyl group having 1 to 30 carbon atoms, a

halogen group, an alkoxy group having 1 to 30 carbon atoms, an aryl group having 6 to

13



15FIG 4 is a 1H NWR (CDC13, 400 MHz) spectrum of the polynmer (15)
produced in Polyner Synthesis Exanple 2. DETAI LED DESCRI PTI ON OF THE
| NVENTI ON Her ei nafter, enbodi nents of the present invention will be
described in detail. 20 However, these enbodi nents are only for
iIIustrat@yQ_Eurposes, and the ~resen$.i vention is not é teﬂded to
be 1im t edd FHBYRHGMSTHBIGRIEARY BIPYR, @ripiegiko¥ s 21o5P BaVigR it dY CHRPY algips.
the scope of the clains that w |l _be descri bed bel ow, o

Unl ess paitt fkoxypibpnelabiosy sirpdevingd th 0tcadop pigies, and prsebinatias thascof;
the term "hal ogen atont neans any one selected fromthe group

consi sti ng of fZ obthenaejonahbiotyi ragescdBoDoiCie, @80.Cddi G80,CsFi7, N(CFs)s,
Unl ess particularly stated otherwi se herein, the prefix "hetero-"
means t NaN(Ofg),! R(CFECEH: ROO(GFIIEC@,E,)53 b fleifb U Wil Bymied gzog.at ors
selected fromthe group consisting of nitrogen (N), oxygen (0),

sul furs (S) and pRhEFRBEFYSw(IF)e) FOor exanple, a heteroal kyl group nmeans
that one to three carbon atons anong the carbon atons of an al kyl

group bSare substituEpdvby het er oat ons. Unl ess particularly
stated ot herw se hefjeif, Hthe term "al kyl group" neans a linear or
branched al kyl grougHavingotWsao(VBHocédMenVat ons, and the al kyl group
includes a primary gl kyl group, a secondary al kyl group and a
tertiary al kyl group. Unl ess particularly stated otherw se herein,
the term"al kanediyl " nmeans a 10 dival ent atom c group obtained by
removing two hyWpggen z:ft*@ﬁiz b Fﬁdﬁﬁe@?%}h@?w&ﬁ& P58 2108kr esent ed by
the formula: -011426-. Unless particularly stated otherw se herein,

t he term "al kenW 'represgnts -€-Hydoodabbbn havi ng one or nore unsat ur at ed
regions, that is, normal, secondary, tertiary or cyclic carbon atons
havi ng car bon- coh banesebp2nddubbdybanads havior 1 ex Enpdrbon atoms;

10 W3 represents any one selected from the group consisting of a cycloalkyl group
having 3 to 30 carbon atoms, an aryl group having 6 to 30 carbon atoms, an aralkyl group
having 7 to 30 carbon atoms, an aryloxy group having 6 to 30 carbon atoms, an arylthio
group having 6 to 30 carbon atoms, a heterocycelic group having 5 to 30 carbon atoms,
and combinations thercof;

15 W, represents any one selected from the group consisting of a hydrogen atom, a
halogen group, an alkyl group having 1 to 10 carbon atoms, an alkoxy group having 1 to
10 carbon atoms, a haloalkyl group having 1 to 10 carbon atoms, an alkylthio group
having 1 to 10 carbon atoms, an aryl group having 6 to 30 carbon atoms, and
combinations thereof;

20 o0 represents an integer of 0 or 1, and

p represents an integer from 0 to 2.
The acid generator may be included in an amount of 0.3 to 10 parts by weight

relative to 100 parts by weight of the solids content in the resist composition.

14




15al kenyl group may have 2 to 20 carbon atonms (that is, C2-C20

al kenyl), 2 to 12 carbon atons (that is, C2-Cl2 alkenyl), or 2 to 6
carbon atons (C2-C6 al kenyl). Suitable exanples of the al kenyl group
i nclude, but are not limted to, ethylene or vinyI (-04=CH2), allyl
(-CH2CH=CH2), c entenyl. .(- O5H7 and .5

(- crocrocroG e alicrBi shthrice S S sqeviet Trgdhepurn,
the term "hal ocal kyl " neans an, al k group in which one or

hydr ogen &SHENSP @halhqﬂkgh&@wwﬁdng@éﬁl a8 dﬁéﬁﬂﬁﬁ&@%&%@hrﬂéuﬂaatam and
substituted by hal ogen atons. The al kyl noiety of the hal oal kyl group
may have mixtore@thecaibon atons (that is, Cl-C20 haloalkyl), 1 to 12
carbon atons (that is, Cl1-Cl2 haloalkyl), or Ito 6 carbon atons (that
i's, Cl-C6 al kyl hecoRdihg abdtiexasmreest thé piebent 2bkalioalikyd isgphrovfed naletdd,
but not limted to, -CF3, -CHF2, -CFH2, -CH2CF3, and perfluoroal kyl.

Unl esss pafdripGiliRg 5Yes§srt phitdn, %m% Wcﬁ%e@@ Et‘é‘% B - aﬁphﬁné ﬁfe%s&%fﬂp‘d%n@ﬁ‘l kyl
group" neans an al kyl group having | to carbon” at ons,

Some or n.l[scﬁlfJedt Eﬁ)%vg' Xﬁl ng?lfsﬂ a%ta%mléﬁh@i%/ffopﬁﬁ% a 11ég§ tf'il}nu b %ﬁg%%f htzétlﬁ% hﬁ'f

atorrs 5 €ss particu state herw Se here I n,

"al koxy" ans rou means ] cl

def i ned aﬁ%wﬁt%&%@a@@&ﬁp i T e B By 6%‘2?1?*613’
invention include, but are not limted to, methoxy, difl uoronethoxy,
trifl uor oedenBiRPinEdhnesppPschepiséRY. | sopropoxy, n-butoxy, and
t-butoxy. Unless particularly stated otherw se here, the term

"per f | uor oal koxVhegxpupire pBrwesmsayalre (&h‘lﬁ@kwt@wmﬂmghd@mg)ulcet slet@ddambon
atons, in which some or all of the hydrogen atons are substituted by

fluorigne @k@p®up consisting OMK&S@(CQ%ME&UJ aArAY &bt dasof, AR EXhr&Re DRfeiolst
the term "cycl oal kyl group” neans a cycl oal kyl group having 3 to 30

car bon at pig, qugah&nggg§egp@&py&*ﬂc bi cyclic, tricyclic and
tetracyclic al kyl groups. 15Furthernore, the cycloal kyl group

includes an adaﬁ?en(}é{fl]ls%rf%ld'lgl el%b&ﬂﬁgﬂ{swllhe present invention will be disclosed in

the detailed description of the invention given below.
The acrylic monomer according to the present invention is useful as a monomer
15 for forming a base polymer of a resist compositio;.l, particulatly a positive chemically
amplified photoresist composition, which is less dependent on the substrate at the time of
resist patterning, and is capable of enhancing the transparency, contrast, sensitivity,
resolution and developability of the resist.
The polymer according to the present invention containing a repeating unit
20 derived from the monomer described above is usetul for the formation of a fine pattern
using various radiations such as far-ultraviolet radiation of a KrI' excimer laser, an Arl
excimer laser or a Fy excimer laser; X-radiation such as synchrotron radiation; and
charged particle beams such as EUV.
Furihermore, the resist composition according to the present invention

25  containing the polymer described above exhibits excellent adhesiveness, storage stability
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group, and a polycyclic cycloal kyl group containing a norbornyl

group. Unl ess particularly stated otherwi se herein, the aryl
group neans a conpound containing a benzene ring or a derivative

t hereof , and exanpl es include a conpound in which an al kyl side chain

is linked to a benzene ripg, such as toluene or xylene;, a 2 ound
in whi ch t4R6 Bhansed 8oy Eg‘é“gip??@sa"éﬁreéﬁi'%“ﬁ ﬁéﬁ?k?ila%%ﬁ%tf%rlémﬁbﬁﬁfp such
as bi phenyl; a conpound in which two or nore benzene rings are |inked
via a cycuﬁﬁpkyﬁﬂggﬁhﬁﬂ@ﬂma het er ocycl oal kyl group, such as fl uorene,
xant hene or ant hraqui none; and a conpound in which two or nore
benzene rings arAdsd,used theagsstvempositioh hasexvalphit pedcesseviadowinhnacibme .
Unl ess particularly stated otherw se here, the aryl group neans an
aryl 25gr qiapeMaybfig cln be oBRineakkoRleds @MBhe type of the subldith®Ssd improved
particularly stated otherwi se here, the term"aral kyl" neans an al kyl
substigutqgnwgﬁﬁg Ditdfy! group having 6 to 30 carbon atons such as
defi ned above, and the al kyl and the aryl have the sane neani ngs as
defi ned above. Exanpl es of the aral kyl include benzyl, phenethyl, and
phenyl propyl. 5Unl ess particularly stated otherw se herein, the term
"aryl oxy" nmeans an -ORb gr wherejn represen n aryl such as
defi ned above. Exanpl es %Rﬁﬁﬁbgﬁgﬁg§vtﬁﬁgﬁﬂ%@§i%ﬁp&ﬁgésthe pr esent
invention include, but are not limted to, a phenox roup.

Unl ess particuIéﬂ@yl§@d¥@@ﬂ@vﬁéwmp§§mﬁéﬂ@PﬁﬁwﬁhéLP@%%g"HE L #00 Miiz)
means an - SRc group, wherein Re represents an aryl such as defined
above. Exappdtesn of thamtamyddidie Giilpgdoeed inSedpul off ymtitekis Hanmpkenlt for the
invention include, but are not Iimted to, a phenylthio group.

Unl ess opardci@idhasdomest at ed ot herwi se herein, the term "al kylthio"
means an - SRd group, wherein Rd represents an al kyl such as defi ned

above. Exanpl es 9f; AEKMMPD {.0 = ) oo
i nvention incluég,zﬁﬁﬁ are nong?ﬁi%ghygo§g%%?ﬁ@f%ﬁﬁ%gﬁﬁéﬁeﬁf Fg?um
n-propyl thio, isopropyl thi 0. nabutylthio.and.t-butylthio. 15Unless
parti ol st e AR PR Al e o bR PE s I BB o r oupr
means a cyclic radical having 4 20 ring-constituting atons, in
whi ch one or mmfig-(% I E@&W?@éﬁa 500 Mg soeptgsaldhe Bitlyher W ppproduced
substituted by heteroatons (for exanple, N, 0, Por S). The term
" het er ocyohileieypagige Symibe mpledturated ring, a partially
unsat ur at ed _

15 FIG. 4 is a "H-NMR (CDCl3, 400 MHz) spectrum of the polymer (15) produced

in Polymer Synthesis Example 2.

DETAILED DESCRIPTION OF THE INVENTION
Hereinafier, embodiments of the present invention will be described in detail.
20 However, these embodiments are only for illustrative purposes, and the present invention
is not intended to be limited thereto. The present invention is to be defined only by the
scope of the claims that will be described below.
Unless particularly stated otherwise in the present specification, the term
"halogen atom" means any one selected {rom the group consisting of tluorine, chlorine,

25  bromine and iodine.
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ring, and an aromatic ring (that is, a heteroaromatic ring), and al so
includes a cyclic 20aromatic radical in which the heteroatons in the
ring are oxidized or quaternized to form for exanple, an N-oxide or
a quaternary salt. Exanples of a substituted heterocyclic group
i nclude heterocyglic rings substituted with any arbitrary substituent
di scl osed her ei mRl5ss EPHGRIRYY slatedratRsyrse getsisp the prefix "heteto? meapg M gue
of the heterocyclic group include, but are not limted to, pyridyl,
25di hydr o9 tires/¢arbereatpran peir sopstithigy by hpteptanas/sejcctadHiem ghoygroup consisting
t et r ahydr ot hi ophenyl, tetrahydrothi ophenyl sulfate, pyrimdinyl,
"bratty', ofhitenggh (Npyxygdny(O), pyiuaglant phosphdaz@Py| For etangdel aylieteroalkyl
benzof uranyl, thianaphthal enyl, indolyl, indolenyl, quinolinyl,
i soqui nol ighytlp mEaRZhdriodazothyde, cafioR&kdral Mfdng the PABEHK kBAIRYf an alkyl group
pyrrolidinyl, 2-pyrrolidonyl, pyrrolinyl, tetrahydrofuranyl,
t et r ahydr Q@uUi ekd by el droi soqui nol i nyl, 5decahydroqui nolinyl,
octahydroiso&ugkéﬁ¥nyl, af@%¥ﬁyl, triazinyl, 6H 1, 2,5-thiadiazinyl,
211, 611-1,5, 2-diit hi azinyl ., thienyl. thianthrenyl. p nyl ., .
sobenzof ur anyl U Gty Rafidiiiite Bsb I wimyf e g P
i sot hi azol yl, isoxazolyl, pyradinyl, pyridazinyl, indolidinyl, .
i soi ndol y|1{n6@'+¢l‘ﬁ>mfz194 ?ﬁ< herpyRibavng | to Hgarpey atoms. apd 4bg eyl @pyp includes
pht hal azi nyl, naphthyridinyl, quinoxalinyl, quinazolinyl, cinnolinyl,
pt eri di nyla praegy ebybaogpyd secamieay Hiylargnp ankBa watkdsp pikpl/group.
phenant hri di nyl, acridinyl, pyrimdinyl, phenanthrolinyl, phenazinyl,
phenot hi azi nyl , Unlgsapatighlarlp hiaredxaizarwise hetesiqclier torma tiylk anedh 'Ommanysl a,
i mdazolidinyl, imdazolinyl, pyrazolidinyl, pyrazolinyl, _
pi per aai N\ivaldndd@kiid ¥roupiobiimddyl r8bying Wvd ua[clhﬂoger_nmbms FRINPROA KM, and
oxazolidinyl, benzotriazolyl, benzisoxazolyl, oxindolyl,
benzoxazol, rehSadnk the o Sh& r@hydr of uranyl (each of these may be
153ubstit§F§ﬁk3fbhnsu stitﬁtéﬁ%,'an“ R oxi des (for exanple, pyridyl
N- oxi de and qui inyl N-oxide) and quaternary salts, thereof .
Unl ess particul§&h§sﬁﬁgf%%ﬁﬁfﬁgyﬁﬁ¥%wﬁgl “f%é‘%%ﬂ%o%hﬁ?sdwzmsa
substituentginenti ned in the present specification na¥ be -
subst i t ut YIOFARAR (BEPE P VmordmEatukafrdl tegiphs. il s DPRl exgeondatim kertidyt
a hydrogen atomis substituted by any one selected from 20t he group
consi sti ngr eyclig dagtongermabame earbypdeastan, sgprdsuple mndar doxgkamgpleug  a
cyano

15  alkenyl group may have 2 to 20 carbon atoms (that is, C,-Cyg alkenyl), 2 to 12 carbon

atoms (that is, Co-C)5 alkenyl), or 2 to 6 carbon atoms (C»-Cg alkenyl).  Suitable
examples of the alkenyl group include, but are not limited to, ethylene or vinyl
(-CH=CH,), allyl (-CH,CH=CH,), cyclopentenyl (-CsH7), and 5-hexenyl
(-CH,CH,CH>CHyCH=CH,).

20 Unless particularly stated otherwise herein, the term "haloalkyl" means an alkyl
group in which one or more hydrogen atoms of an alkyl group such as defined above are
substituted by halogen atoms. The alkyl moiety of the haloalky! group may have 1 to
20 carbon atoms (that is, C;-Cyq haloalkyl), 1 to 12 carbon atoms (that is, C,-C,3
haloalkyl), or 1 to 6 carbon atoms (that is, C,-Cg alkyl).  Suitable examples of the

25 haloalkyl group include, but not limited to, -CFs, -CHF», -CFH,, -CH,CF3, and
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group, a nitro group, an amno group, a thio group, a nethylthio
group, an al koxy group, a nitrile group, an al dehyde group, an epoxy
group, an ether group, an ester group, a carbonyl group, an acetal
group, a ketone group, an al kyl group, a perfluoroal kyl group, a

cycl oal kyl group het er ocycl oal kyl group, an allyl group, a benzyl
group, anpﬁgﬁP“ﬁuﬁﬁp, 25a heteroaryl group, derivatives thereof, and
conbi nati ons thereof Furthernore, unless particularly

stat ed ot her wi sknlepnhearti@iany defaepHgtwishbereifetedem ‘Reebiogeallyyliesoume
present specification neans that two or nore substituents are |inked
by a si nghealromdalloyl gaoup heivinegl ©rldugybooraténag i whivbrsenswip stliof thertysrazee
| i nked by condensation. 5Recently, along with high integration of

sem condugfodis hdey be&asubitieed by Sluarisesramd. for a technol ogy for form ng
ultrafine patterns having a line width of 0.10 mcroneters or less in

the production gfjeW th@cdiely @0dd Bﬁ]_%rv{riisé(ﬁereiﬁpglleQé‘lrﬁraﬁq&xg‘gﬁfel 494 -ORa

| ithography is in progress,” there is a demand for a te ol ogy for

f ' tt hawvj i i.dth of 0. ' t :
Ther ef or ecov Serdh 4R dart Bl bR bR (el LOR R AL eSS erou
increasingly finer, attention iis beipg paid to the study op.

l'i t hogr apﬁi‘F){‘&}ffl%@F ﬁ?@esan@ﬂmnﬂ'%@ﬁé@nBW%&O& 1HB“"E¢E$0§’&§’Q%&£%‘I*%H’&PWPXY’
and using EUV using a wavel ength of 13.5 nm_ as a next generation

| i ght of Kimoreryehoxyhathoxis asprapeyy BPRIGEEHY, 8O, ¢ t-bER@XYpr i nci pl e
related to this may be understood from Rayl eigh's equation: R =

k2c/ NA2. Howeveblplekd ppnticudaty sistednihicevinohera, the ep@rpyobtoaikoaklgeowpi' npl y
by reduci ng the wavel ength 150f l|ight, and while patterns becone

fi neri@ndndehinei, alkddg dregohdiinOnto Ry cddsortas @k, th Retiyoniche atlegriee of
roughness of the pattern devel oped with a devel oper sol ution.

Accor di nghyirodh A08s e LB HBRBYESiACabAYer the line edge roughness,
research 1's conducted on a nethod of Inproving the |ine edge

oughness, b | 0GHERELAR G SRR B ARG Lok SR ST PLPP s
thereby eé}}c?(paqli(yq ggrcgur}]) l&%ﬂl%i Yo Dear %%?Jn?sq ax\é gnr(]:lu%é:i; %okg%cng,%?(%ll’ig;
tricyclic and tetracyclic alkyl groups.
15 Furthermore, the cycloalkyl group includes an adamantyl group, a norbornyl
group, and a polycyclic eycloalkyl group containing a norbornyl group.
Unless particularly stated otherwise herein, the aryl group means a compound
containing a benzene ring or a derivative thereof, and examples include a compound in
which an alkyl side chain is linked to a benzene ring, such as toluene or xylene; a
20 compound in which two or more benzene rings are linked via a single bond, such as
biphenyl; a compound in which two or more benzene rings are linked via a cycloalkyl
group or a heterocycloalkyl group, such as fluorene, xanthene or anthraquinone; and a
compound in which two or more benzene rings are fused together, such as naphthalene or

anthracene. Unless particularly stated otherwise here, the aryl group means an aryl

25  group having 6 to 30 carbon atoms.
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In the present invention, it was found that, in order to increase the
carbon nunber in the group that is linked to the main chain of the
pol ymer for resist, when an al kanediol, for exanple,
3-nmethyl -1, 3-butanediol is used to react with an acid-labile
group- cont ai ni ng conpound such as adamant anol or adamantanecar boxylic
aci d, and 25t heHMeRePHGHY stited gihenmisenee the teen WA a‘“ﬁfﬁt*’r‘?)ail@’rlyl
hal i de to synthesize a novel acrylic nononer, and a pol yner produced
by using swisttugashwyith en ayhpresp hpwing §del 38 sarhobawesrsedh #s dedmed alsivst andt he
| i ne edge roughness in the imersion exposure systemusing ArF is

i nproved, tlerdkyhtind the aryliavofheisamadicahingnasddfimednbodeas Examplphof than
adamant anyl oxydi net hyl propyl group is detached and separated fromthe

group |inkﬁﬁqﬂQmﬁMB@eﬁ%&Qﬁﬁﬂﬁhﬂ’Qﬂi@hﬁ¥ﬁghwner under the action of an
acid. It was also found that thereby, fine patterns can be realized,

and the devel opghyeld eﬁaXti&Mar %ﬁ&%@@ iséﬁ’érﬁi‘h', e t@fﬂﬂ"aﬁ-ﬁ&yﬁdrﬁé‘zﬂs\éﬁ -ORKET
to the substrate are inproved, and thus the’ present 1 nvention was
conpl eted. " _That is, the,acryli noner accor.ding,to an
crbbal renEioBP VheiB RRERE T i)t TGk 3R A e PP TP PG of A A1
foll ow ng fornulakél): [Chemical Fornula 1 wherein Rl represents a
hydr ogen &togrugtiubioptheryesentigugntioronglads: Balee gotdimisgddand BROX Y BEBB-
having 1 to 10 carbon atonms; 15R3 represents a cycl oal kyl group
having 3 to 30 Ealekropariagudarty, stated otherwiRe baneinRthe ¢eroh"airyl theg emekanstah ySRe
represent any one selected fromthe group consisting of a hydrogen
atom an giloky) wigreiuRchapicsgntdart yllfich as Belinedtaboes. Exapplaall ky brygthaup
having 3 to 30 carbon atonms, and a (Cl-Cl0 al kyl)cycl oal kyl group,

provi ged Ehap ukfupd i prédest in0éntioy Gh QRN bat RERodtm kdEroSAPEReriyItAR- group.
20Specifically, R2 in the fornula (1) nmay be any one selected from

the group Unless particularly stated otherwise herein, the term "alkylthio" means an -SRd

group, wherein Rd represents an atkyl such as defined above. Examples of an alkylthio
group useful for the present invention include, but are not limited to, methylthio,
ethyl‘thio, n-propylthio, isopropylthio, n-butylthio and t-butylthio.

15 Unless particularly stated otherwise herein, the term "heterocyclic group" means
a cyclic radical having 4 to 20 ring-constituting atoms, in which one or more (for
example, 1, 2, 3 or 4) carbon atoms are substituted by heteroatoms (for example, N, O, P
or 5). The term "heterocyclic group" includes a saturated ring, a partially unsaturated
ring, and an aromatic ring (that is, a heteroaromatic ring), and also includes a cyclic

20 aromatic radical in which the heteroatoms in the ring are oxidized or quaternized to form,
for example, an N-oxide or a quaternary salt. Examples of a substituted heterocyelic
group include heterocyclic rings substituted with any arbitrary substituent disclosed
herein, including a carbonyl group.

Examples of the heterocyclic group include, but are not limited to, pyridyl,

25  dihydropyridyl, tetrahydropyridyl (piperidyl), thiazolyl, tetrahydrothiophenyl,
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consi sting of nethylene, ethylidene, propylidene, trimethylene,
tetranet hyl ene, pentanet hyl ene, hexanet hyl ene, and hept anet hyl ene.
Furthernmore, R3 in the formula (1) may be any one selected fromthe
group consisting of a nonocyclic cycloal kyl group having 3 to 14

car bon ato cli cloalk | ‘grou ving 8 20 carbon

at ons, F?%p@ﬁ?@ W%Wgﬁﬁ%ﬁipﬂwBﬂ%mﬂa ? ﬂ “égrBﬂﬁmQY%ns and
a tetracycllc C cIoaIk 0 havi ng 10 to 30 carbon atons, and to
5 hydr ogermédas 1&%@#@ Hf@nmip 'raébleﬂn%l’{a@h%lﬂ@flyl%ldﬁh@/ 1&@)1@%5%“@(&{“@5 by
any one selected fromthe group consisting of an al kyl group having
Ito 6 car bewuatcdingl, benzimidasxlyl, gipetiginihvimperidongl, fywwalidoyl, 24ppmslidanyl,
perfl uoroal kyl group having 1 to 4 carbon 10 atons, a

per f | uor oglykioXuylgtetRydiafiraigl, tettabydrogaimblinylplcaiBydréistyyiicdinyal Kyl

group having 1 to 6 carbon atonms, a halogen atom a hydroxyl group, a

car boxgl  QeEMRdrRueHaERYl, 88Q SodHitdiRy a2 135 a ARV BHOT 2 YRhiadiak A0
group, a ngtﬁg ?ﬁﬁo grghp %R%%"gﬁy g?ggp 6h BOR' and Cd%ﬁ?l L

oo R gl 5”‘9)61&[5?1%?'1}?86}@%[@ e];@ﬂgwmﬂgfgggso%%f;;&gﬁ}ahﬂgd%m%nyl,

selected fro e rou stin ou represented b

The 1 ol | oviagerds QRHpigYh Wltﬂ?ﬂgssot AR E %Pwﬁﬂ%%xugﬁ)ﬂ%&
(1-9), R11 and R12 each independently represent h{drogen at om

al kyl gr oupdisihgsaindayle 3HapgInl, dHondazod. purieyk#Hgaonglidiaxt ﬂghqia%l@ylﬁ
carbon atons, a perfluoroal kyl group having 1 to 4 carbon atons, a
perfluoroahkmmyﬂ@nEMQMhamﬂmgLnum@mﬂhwambnnﬁaybnkﬂdhwh%dﬁamﬂmbﬁyh
group having 1 to 6 carbon atons, a hal ogen 5atom a hydroxyl group,

a car hoxylcaghagslp), ﬁ%aﬁbﬁﬁﬂ?l , QhedaRthridifl, tafcﬂdﬁlﬁfplppnm@cﬁd%ﬁn})Ma&hQﬂﬂyl a
thio group, a nmet hyl t hi o group, a nethoxy group, d

R z'fﬂezt JIR otRF‘az{?.RV i 35an g? gﬁ&ﬁo‘?&f&glof@o{;ﬂ?m% EB} 1Gindiy isting

of any on romthé grou nsi's an a b and
an aryl gr.o

an integ er111]11c%6Mu8n¥1 1@(1@9%}1@%Pglglgﬁ)]lfdgg;lepyelgzcoqmyp %F;Eneagg*le 111<YolmyPr esent
isoindolinyl, quinuclidinyl, morpholinyl, oxazolidinyl, benzotriazolyl, benzisoxazolyl,
oxindolyl, benzoxazolinyl, isatinoyl, bistetrahydrofurany! (each of these may be
15 substituted or unsubstituted), and N-oxides (for example, pyridyl N-oxide and quinoliny!
N-oxide) and quaternary salts thereof.

Unless particularly stated otherwise, all the compounds and substituents
mentioned in the present specification may be substituted or unsubstituted. Here, the
term "substituted" means that a hydrogen atom is substituted by any one selected from

20 the group consisting of a halogen atom, a hydroxyl group, a carboxyl group, a cyano
group, a nitro group, an amino group, a thio group, a methylthio group, an alkoxy group,
a nifrile group, an aldehyde group, an epoxy group, an ether group, an ester group, a
carbonyl group, an acetal group, a ketone group, an alkyl group, a perfluoroalkyl group, a
cycloalkyl group, a heterocycloalkyl group, an allyl group, a benzyl group, an aryl group,
25  aheteroaryl group, derivatives thercof, and combinations thereof,
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10an integer fromO to 11, e represents an integer fromO to 15, f
represents an integer fromO to 7,0 c+d 17, and O c+f 15. More
preferably, R3 represents an adamantyl group or a norbornyl group.
In the formula (1), R and R' are preferably each independently

selected fromt nS|st1 en atom ,an .al kyl grou
v 1 o s CRrpBRRER R e LR AR s iratbos op 57

to 14 carbon atons, a bIC clic cycloalk | group having 8 to 20 carbon
atoms, a ther e@ﬁcaqceld@ggcqodh# Rigpeng p}éﬁ@;ﬁqqaw Fganghatg wa®r ey d sPsHIUGHS arc
tetracycllc cycl oal kyl group having 10 to 30 carbon atons, and a

(C1- 05 al kykeddyd oaglk pbndyoicrulpnkipg proupes tvhat nfdre sbdtiRentanes linked by
hydrogen atons at the sane tine. Preferably, R and R' are each

i ndependeadddgnsatiort hyl group or an ethyl group. 20Preferred exanpl es
of the acrylic nononer according to the present invention include

adamang ane- | - cagRQxM, iafor@Ghith BipA%i: %ﬁgh &ﬁseﬁﬁéﬁﬁ{téﬁf d’év%éls Odﬁé’r)e gyl

ester (hereinafter, referred to as represented by t
fol |l owi ng F ﬁ)
Lo Lon 1oLl PO W‘lﬁ%ﬁﬂ%ﬁﬁf’%@ﬁ AP .
represents.a hydro n at tE cr
rononer  hAEHE U gt N U aS obduert S280 dhsoike. et puTitiRiten by
all ow ng an al kanedi ol to react with an acid-labile group provi di ng
conpound, lithaaraphisrin aregsefisngeiches dompaUiod aterlisoloby Hirneening paitsapt haping
a (neth)acryllc halide. At this tine, an al kanedi ol having 3 to 20
car bon at ehse eadih af AilAgniarcinenss bolesd.  Jihevgporkamionderao teativé Buieywidth that
structure in the nolecule may be used as the al kanediol, and
speci {0 cahikeYbecanimplifyéasingdy Abdranediion isWeilgh®id iokBe s@by be litheethphy of
using a short wavelength as the exposure wavelength, and using EUV using a wavelength
of 13.5 nm, as a next generation light of ArF light that uses a wavelength of 193 nm.
The principle related to this may be understood from Rayleigh's equation: R = kA/NAZ,
However, high resolution is not a property obtainable simply by reducing the wavelength
15  oflight, and while patterns become finer and finer, the resolution may be determined by
the degree of roughness of the pattern developed with a developer solution.
Accordingly, as one of the measures to lower the line edge roughness, research is
conducted on a method of improving the line edge roughness by increasing the carbon
number of the pendant group attached to the main chain of the polymer used in the resist,
20 and thereby extending the chain, as compared with existing monomers.

In the present invention, it was found that, in order to increase the carbon
number 1n the group that is linked to the main chain of the polymer for resist, when an
alkanediol, for example, 3-methyl-1,3-butanediol is used to react with an acid-labile
group-containing compound such as adamantanol or adamantanecarboxylic acid, and

25  then the product is allowed to react with a (meth)acryl halide to synthesize a novel
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As the acid-Ilabile group-providing conpound, any one sel ected from
t he group 10consisting of an al cohol, a carboxylic acid and a hali de,
all of which contain an acid-|abile group, and conpounds thereof nmay
be used, and the acid-labile group has the sane neaning as defined

above. SpeC| i call ound sel ected fromthe . u consi s

St mant ARGVIC Sbaiie AHEE B GO PROOUGE 7 Hts s AP SAC ST 1 tri B

and m xtures thereof can be used. 15Furthernore, as the (neth)acryllc
hal i de, ahgsespan Kuiresittelbe {ing plgcHeugnssrindbn¥NEEsioy cEPOSHER WAlSH YsiRg ATF
chloride, acrylic chloride, and m xtures thereof can be used.

The aboveﬁd&mﬁh@daﬁMGmﬂmaundefMQédﬂbmwﬁmehﬁﬂmmuﬁ§Mam1of the acrylic
nononmer according to the present invention can be used in their

st oi chi oWeadm@t@mgaﬁnetﬂﬁ@ogszrg{bm@1smefa@ﬂrw arRiGeprdicd grohotht Reoupr l@kento
i nvention produced by a method such as described above is |ess

dependent tlf%rhléM? eLAH DS {lfe?()ﬁnﬁél dnD& thi Q@l(}?ﬁfof aR LAl Havt/ats‘%rls%' 180nd ﬁ’a@fj can

II'TpI’OVG t he transparenc contrast, sensitivi ty, resol ution and

devel opabh tb¥ 101 art]l%mrs%gn %E Iea?_héjds ’an(s Pl% d%%lxgh(fhtp%gQ\%Qelo?el%ﬁﬁ&lgh afid

a nononer or ar

partlcularly 05|t|ve caII | i otoresis
5conposi t ﬂ*&ﬁd?ﬁwwﬁ% Lo it "bsut%e %\ﬁaflnﬁ@we Bl Pt HeRns
invention, there is prOV|ded a polynmer containing a repeating unit
that is deemnple@dfromthe acrylic nononer. More particularly,
t he pol yner according to the present invention contains a repeating
uni t represent etlhdys, tlikeackdld owrongerfaocading ¢ 2i) embddiatent & thepievsd from
the acrylic 10 nononer described above. [Chem cal Formula 2]

10 invention has a structure of the following formula (1):

{Chemical Formula 1]

wherein R represents a hydrogen atom or a methyl group;
R represents an alkanediyl group having 1 to 10 carbon atoms;
15 Rj represents a cycloalky! group having 3 to 30 carbon atoms;

R' and R" each independently represent any one selected from the group
consisting of a hydrogen atom, an alkyl group having 1 to 10 carbon atoms, a cycloalkyl
group having 3 to 30 carbon atoms, and a (C;-Cp alkyl)cycloalkyl group, provided that
R'and R" are not hydrogen atoms at the same time.

20 Specifically, R; in the formula (1) may be any one selected from the group
22




wherein RI to R3, and R and R' respectively have the sane neani ngs as
defined above. Preferably, the polyner may contain a repeating unit
represented by the 15followng formula (2a): [Chemcal Formula 21
wherein 121 has the sane neani ng as defined above. The
pol ymer according.to the present invention may further contain,
P o0t her - GRRIERET eIy E oGRS PP HOEhY Bty e or
nore repeating units Srepresented by the following fornulae (3) and
(4), whi chenigractidens; baxameshylanc ped hgrdapsthyeee. nronomer and a nor bonene
derivative. [Chem cal Fornmula 3] [Chem cal Fornula 4]

Furthermore, Rz in the formula (1) may be any one selected from the group

consisting of a monocyclic cycloalkyl group having 3 to 14 carbon atoms, a bicyclic
5  cycloalkyl group having 8 to 20 carbon atoms, a tricyclic cycloalky! group having 10 to

30 carbon atoms, and a tetracyclic cycloalkyl group having 10 to 30 carbon atoms, and 1
to 5 hydrogen atoms among the hydrogen atoms of R may be substituted by any one
selected from the group consisting of an alkyl group having 1 to 6 carbon atoms, an
alkoxy group having 1 to 6 carbon atoms, a perfluoroalkyl group having 1 to 4 carbon

10 atoms, a perfluoroalkoxy group having 1 to 4 carbon atoms, a hydroxyalkyl group having
1 to 6 carbon atoms, a halogen atom, a hydroxyl group, a carboxyl group, a cyano group,
a nitro group, an amino group, a thio group, a methylthio group, a methoxy group, OR",
COR" and COOR", while R" may be any one selected from the group consisting of an
alkyl group and an aryl group.

15 Preferably, R; may be any one selected from the group consisting of atomic

groups represented by the following formulae (1-1) to (1-9):

;r‘.\/&(Rn)a ﬁ@(Rn)b ;‘Sj\@(Rn)b

(1-1) (1-2) (1-3)
&= Rue (Rin)c ] (/R”)c
Q:\//(Rm)d ﬁ@i)/(wd ‘@——(Rw)d
(1-4) (1-5) (1-6)
i}i;;L%R”m ﬁ<§§ﬁzijﬁhﬂf Be /AiziRmﬁ
(-7 (1-8) (1-9) "
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10R6 wherein in the fornul ae shown above, 124 and R6 each

I ndependent|ly represent any one selected fromthe group consisting of
a hydrogen atom an al kyl group having 1 to 10 carbon atons, a

het er oal kyl group having 1 to 10 carbon atons, a cycl oal kyl group

having 3 tp 30 carbon atons, an .aryl group having 6 to 30 carbon
atoms, a Hg‘f aboye ellni‘-tﬂaf‘géio{}fiorﬁ&\%d?gl png ngsfecitlélﬁﬁ&ﬁlg%bwﬁma% hydrogen
conbi nati ons thereof; and R5 represents any one sel ected

fromthe dgionparcakdigseumipvoie htoHyehrbyeaioms.cm allaryirgyd haybwubtoHasarben 1
to 10 carbon atons, a perfluoroal kyl group having 1 to 10 carbon

5at ons, ardoran aglekioyoadk dgooupaheiving totdbcalborcashan @t bmroalkoxy group
Specifically, the polyner may be a nmulti-conponent pol yner

represent atvhy 1t foet daeddnanbing afiearkyalkibdroudREViAH € (b b 0kihDe 1&afUL NABg e
the respective repeating units in the structure is subject to change.

Shem oo sy Lup VRO Aah, AP PSR AP0

nmet hyl group; s an

O 3 LG BLETAY) oD LR SR gD AR
hydrogen a}ile?yr%e aaflr}]’ one selected from the group consisting of any one selected from the group
consisting of an alkyl group and an aryl group;
a, ¢ and d are each independently represent an integer from 0 to 9, b represents
10 aninteger from O to 11, e represents an integer from 0 to 15, frepresents an integer from
0to7,0<ctd<17,and 0 <c+f<15.
More preferably, Rs represents an adamantyl group or a norbornyl group.
In the formula (1), R' and R" are preferably each independently selected from
the group consisting of a hydrogen atom, an alkyl group having 1 to 5 carbon atoms, a
15 monocyclic cycloalkyl group having 3 to 14 carbon atoms, a bicyclic cycloalkyl group
having 8 to 20 carbon atoms, a tricyclic cycloalkyl group having 10 to 30 carbon atoms, a
tetracyclic cycloalkyl group having 10 to 30 carbon atoms, and a (C;-Cs alkyleycloalkyl
group, provided that R' and R" are not hydrogen atoms at the same time,
Preferably, R' and R" are each independently a methyl group or an ethyl group.
20 Preferred examples of the acrylic monomer according to the present invention
include adamantane-1-carboxylic acid 3-methyl-3-(2-methylacryloyloxy)butyl ester
(hereinafier, referred to as IAM-1) represented by the following formula (1a), and
adamantane-1-carboxylic acid 3-methyl-3-acryloyloxybutyl ester.

{Chemical Formula 1a]
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15 al kyl group having 1 to 10 carbon atons, a heteroal kyl group
having 1 to 10 carbon atons, a cycloal kyl group having 3 to 30 carbon
atons, an aryl group having 6 to 30 carbon atons, a heterocyclic
group having 2 to 30 carbon atons, and conbi nations thereof;

R5, R5' and R5" each independently represent any one selected from
the group ZOConsistRng of a hydrogen atom an al kyl group having 1 to
10 carbon atons, perfl uoroal kyl group having 1 to 10 carbon atons,
and an al koxy group ing 1 to 10 carbon atons; R6, 126' and
R6" each independeRtly represent any one selected fromthe group
consi sting of a hyokogen atom an al kyl group having 1 to 10 carbon
atons, a heteroal roup having 1 to 10 carbon atons, a cycl oal kyl
group having 3 to 3Q carbon atons, an aryl group having 6 to 30
carbon atons, a hetehocyclic group having 2 to 30 carbon atons, and
conmbi nations thereo, R and R' each independently represent any one
sel ected fromthe group.<consisting of a hydrogen atom an al kyl group
having 1 to 10 carbon atonms, a cycloal kyl 10group having 3 to 30
carbon atons, and ¢ -C10 al kyl')cycl oal kyl group, provided that R
atons at the sane tine; A B, C D and
=pfesent the nunbers indicating the proportions of
the corresponding repeating units in the main chain, and A, B, C, D

and E are d. + = (A+B+C+D+E) <0.4, 0 <

B/ (A+B+c+§{“%e%<ﬁbfe}?&gmg<g??’@F%ﬁ%&&&&?&@‘ é{,'bp‘o D/ (A+B+C+D+E) <O0. 6,
and 0 5. E/ (A+B}tC+D+E) <0.6. .~ In the fornul a.(3), |t R6, '
and Re may be cAGHSDIHEBRRBERETY e S E Ba R tbp oo dited
consisting of atomc grqyps repreS?nted,by ﬁhe foll owi.ng fornmnul ae
(5-1) to gg ali(zxyl_ng an alKanediol to react with an acid-labile group-providing compound, and

5  then allowing the compound thus obtained to react with a (meth)acrylic halide.

At this time, an alkanediol having 3 to 20 carbon atoms containing a functional
group having a tertiary structure in the molecule may be used as the alkanediol, and
specifically, 3-methyl-1,3-butanediol or the like can be used.

As the acid-labile group-providing compound, any one selected from the group

10 consisting of an aleohol, a carboxylic acid and a halide, all of which contain an
acid-labile group, and compounds thereof may be used, and the acid-labile group has the
same meaning as defined above., Specifically, a compound selected from the group
consisting of adamantanol, adamantanecarboxylic acid, adamantanecarbonyl chloride,
and mixtures thereof can be used.

15 Furthermore, as the (meth)acrylic halide, any one selected from the group
consisting of methacrylic chloride, acrylic chloride, and mixtures thereof can be used.

The above-mentioned compounds used in the production of the acrylic monomer
according to the present invention can be used in their stoichiometric amounts.

The acrylic monomer according to the present invention produced by a method
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(5-1) (5-2) R53) (5-6) (6-3) (6-6) ( R54)11 (6-4)

such as described above is less dependent on the substrate at the time of resist patterning,
and can improve the transparency, contrast, sensitivity, resolution and developability of
the resist.  Thus, the acrylic monomer is useful as a monomer for forming a base
polymer for a resist composition, particularly a positive chemically amplified photoresist
5  composition.

Thus, according to another embodiment of the present invention, there is
provided a polymer containing a repeating unit that is derived from the acrylic monomer.

More particularly, the polymer according to the present invention contains a
repeating unit represented by the following formula (2), which is derived from the acrylic

10 monomer described above,
{Chemical Formuia 2]

Ri

’});O
O
Rl > RII
R2
O
o=~
Rj
wherein R to R;, and R' and R" respectively have the same meanings as defined above.
Preferably, the polymer may contain a repeating uanit represented by the

15  following formula (2a):

[Chemical Formula 2]
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(5-7) (6-10)(6-11) In the fornulae (5-1) to (5-12), R53 to R55
each independently represent any one selected fromthe group
consisting of a hydrogen atom an al kyl group having 1 to 6 carbon
atons, an al koxy 5group having 1 to 6 carbon atonms, a perfl uoroal kyl
group having 1 to 4 cgrbon atonms, a perfluoroal koxy group having 1 to
4 carbon atons, a hydréxyal kyl group having 1 to 6 carbon atons, a
hal ogen atom a | group, a carboxyl group, a cyano group, a
nitro group, an am noxgiyup, a thio group, a nethylthio group, and a
met hoxy group; g regresents an integer fromO to 9; h represents an
integer fromO to 9;°N represents an integer fromO to 4; |
represents an integ mO to 5; k represents an integer fromO0 to
15; 1 represents an ifgteger fromO to 15; mrepresents an integer
fromO to 17; and!) represents an integer fromO to 11. 5Mre
preferably, R, R6, and R6" in the fornmula (5) nay be sel ected
fromthe group consis g;cpf atom c groups represented by the
formul ae (5-3), (5-4), /(5-6), (5-8) to (5-10) and (5-12).
Furthernore, in therf8rmyla (5), R5, R5' and R5" are each
i ndependently a hyd @ atom or a nethyl group.

gy
wherein R, has the same meaning as defined above.

=

The polymer according to the present invention may further contain, together
with the acrylic monomer of the above formula (1), one or more repeating units
5  represented by the following formulae (3) and (4), which are derived from a
(meth)acrylate monomer and a norbornene derivative.

fChemical Formula 3]

R4

[Chemical Formula 4]

10 Re
wherein in the formulae shown above,
R4 and R¢ each independently represent any one selected from the group
consisting of a hydrogen atom, an alkyl group having 1 to 10 carbon atoms, a heteroalkyl

group having 1 to 10 carbon atoms, a cycloalkyl group having 3 to 30 carbon atoms, an
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10l n the polyner of the formula (5), repeating unit A undergoes
activation of the carbonyl group by the acid generated at the tinme of
light irradiation, and as a result, a hydrogen atomis detached from
the tertiary-formfunctional group that is boned to the oxygen atom
of a (neth) crylic aC| group, for exanple, tert - but anedi

Ther eby, @&@%@W% (i CARbO s AR Dy R EFUBININE g ﬁ]caﬁw

i berati on reacti on l15occurs. At this tinme, if the nol ecul ar wei ght

of the furtiehanmall cgmbuptionsdhercef; pivberated is small, that is, if the
nunber of carbon atons is small, the polymer may be vaporized at the
time of post-expgostpresaatdary chbeclexpbiumahe gaup icogsigmatodaihydicgeimaoin, an
the I ens of the exposure machi ne, and the vaporized pol yner may cause

a thi cknesdiy1ssupdaviRf eeti® @tboheorhd, Beffucfodieaterdupaat mnt ool dahen
resist film However, in the present invention, the 20functional

group ishatyds lhBgh fk%sé g%p%QVIQQHrteﬁb' i \qRhRCUl ar wei ght and s
not vaporize n% even-if the berat ed functional group
remains in the r

the pattern protse %C%%“mm AR S ‘d%?)&?%‘be Oy
sol ution the tinme of_the devel opnent of exposed areas.

resul t, tHeUPYing feuyda @u@mge inkigg seayencref theargaae rf'@sfﬂf%dmﬂé i g
fine patterns is made 25possi bl e. Preferably, it is

pr ef er abl estipiurg isgulpettyiorehangecor ding to the present invention to

i nclude the repeating unit A at a content of 10 nol%to 40 nol % from
t he vi ewpoi nt tH&hecmeicakeldrenta Hattern form ng properties can be
exhibited even with a snaller amount of the photoacid generator. If
the content of thegrepeating unit A is ouggof the r@r}ge descrighed 5
poI arity doeg not occ “tothe that

above, a change i

sufflment”{F}ﬁ—Utrr{jJ T aqenus e [P VAN RUgT ned,
and there is a risk’that ion of p¥ )1 ieved.
Furthermore, the pepe tinA can satfsfy i Vi i
required in resigts, when ed(together g th a highly sensitdve
acid-1abile graeu Rher ef ore, 10ef fect\ that |iné edge roug}hness at
t he boundary betueen an unexposBd area anffsan expos&a area th&’s are

di stingui shed by bhe devel oper sol ution can be prevented may be

obt ai ned. Si ncg=the repeating unit derived froma norbornene

deri v%i ve represgpted by the

wherein Ry represents a hydrogen atom or a methyl group;

R, represents an alkanediyl group having | to 10 carbon atoms;

Rj represents a cycloalkyl group having 3 to 30 carbon atoms;

R4 represents any one selected from the group consisting of a hydrogen atom, an

15 alkyl group having 1 to 10 carbon atoms, a heteroalkyl group having 1 to 10 carbon

atoms, a cycloalkyl group having 3 to 30 carbon atoms, an aryl group having 6 to 30
carbon atoms, a heterocyclic group having 2 to 30 carbon atoms, and combinations
thereof;

Rs, Rs' and Rs" each independently represent any one selected from the group

20 consisting of a hydrogen atom, an alkyl group having 1 to 10 carbon atoms, a
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repeating unit B in the polyner of the fornmula (5) has a
characteristic of deriving the 15resulting polyner into a copol yner
havi ng a defornmed helical structure, the low solubility in solvents
exhi bited by conventional nmethacrylic copolyners is inproved.
Furthernore, since a re eatinq unit that is derived froma norbornene
der i vat i vBeTHEQOAtkYheretp fiaving & 1e L@ garken gleasy ety Alvarpimhayinghbio i e
as a nol ecul ar wei ght adjusting agent, a | ow nol ecul ar wei ght pol yner
can be preutberdoy; adj usting the degree of 20pol ynerization of the
acrylic nononer, and etching resistance can be enhanced.

Furthernore, inR{, g amdmyl bachdeddpéeaddvigSeproschhgny @paalktid fivni ths gtoupD
and E of the polyner of the fornula (5), acid-labile functional

gr oups casbﬁa%ﬁhgbf@gytﬁ@ n AB4, & MRVELYup Bhvdtedid 1 @MbddMEBY eMRidofkyl
adhesi ve power for reinforcing the adhesive power on the wafer can

al so be i g&&gﬂg@tﬁg 1 tMoicéerﬁ IRhHA %E?cl&ﬁlgyl%g%@q{axldg% OIS o R AL, Yon

containin ne as such an adhesiv r rernforcing agent.

vei nt o ci 19, e 2aad Pk BoRern BorticahOPE dion B ik seghen

group and the substrate is used, and al so, a bul ky hydrocarbon
conpound WRMEMdfembipdiens dstest:ance to etching can be sinul taneously
i ntroduced. The copol ynmer according to the present invention having
such a struct ur®' aad Baesk midbpahdabtypreasnt bey andiabesiedciopo tyengoyup a
random copol ynmer, or a graft copol yner. Speci fic exanpl es of
t he pol ynesnsadagbla hgdibgert iemparesienitgromykviingohtd Icdaulsten etompanidialkyl
having the structure of the following forrmulae (6) to (17), and the

sequenge %hfouf) REvihEIRESH L¥Bof SRARL Il WNLL S aik@l)gﬁlﬂoaﬁkﬁl@%dﬁ proviunndiae
is subject to change: [Chem cal Formula 65 [ Chem cal Fornula 7]
R'and R" are not hydrogen atoms at the same time;

A, B, C, D and E respectively represent the numbers indicating the proportions
of the corresponding repeating units in the main chain, and A, B, C, D and E are related
such that A+B+C+D+E=1, 0 £ A/(A+B+C+D+E) < 0.4, 0 < B/{(A+B+C+D+E) < 0.4, 0 <

15 CHA+B+CH+D+E) <0.6, 0 < D/(A+B+CHDHE) < 0.6, and 0 £ B/(A+B+C+DHE) < 0.6.

In the formula (5), R4, Rg, R¢' and Rg" may be each independently any one

selected from the group consisting of atomic groups represented by the following

formulae (5-1) to (5-12).
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[ Chem cal Fornmula 8] 33 [ Chem cal Fornula 11]
15] [Chem cal Fornula 16] [Chem cal Formula 17]

¥
N
f"lizw"'(ﬁ'ﬁa)g KP/f’( a3h

[ Chem cal Fornul a

é“%ﬁ/(ﬂuh

0 Rss i
(5-1) (5-3)
Y R s
s;\\r"""":}.-f(ﬂ 53){ f;t\\7 R;;Kﬂ \.?

0_;;{“0) (Rsajn (R“)n

(6-4) (5-5) (5-8)

o
f
e, .
i §3

T(Rgg)
(5-7) (5-8)

AN Q 53;77 ( “)ZT”?

Rss Rey
(5-10) (5-11)
In the formulae (5-1) to (5-12),
Rs3 to Rss each independently represent any one selected from the group
consisting of a hydrogen atom, an alkyl group having 1 to 6 carbon atoms, an alkoxy
5 group having 1 to 6 carbon atoms, a perfluoroalkyl group having 1 to 4 carbon atoms, a
perfluoroalkoxy group having 1 to 4 carbon atoms, a hydroxyalkyl group having 1 to 6
carbon atoms, a halogen atom, a hydroxyl group, a carboxyl group, a cyano group, a nitro

group, an amino group, a thio group, a methylthio group, and a methoxy group;
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wherein in the above fornulae, A, B, C, D and E respectively
represent the nunbers indicating the proportions of the corresponding
repeating units in the main chain, and A, B, C, D and E are rel ated
such that A+B+C+D+E=1, 0 A/(A+B+C+D+E) <0.4, 0 <5 B/(A+B+C+D+E)

<0.4, 0< d (A+B+C+D+E) $+B+ +D+E <0.6, and

E/ (A+B+C+D+E) <8 fEpgSsehts an “ﬂea%é‘mﬁb l&e&?é?rw% Hyinfeser Fs@m& t@deht
invention is generally insoluble or sparingly soluble per se in an
aqueous aldpsisenis én integsn ropuf kb p e segtson intsgerdised o f hergpeisgiie A0 may
be sol uble. 10Al so, the polynmer according to the present invention
may have imegeeﬁsed] r 1 5d & capesssitd as aitedwr fiohy0 telfe mdiapgesomts b etedeafige O n
the type and content of the nononer in the polyner. In general, as

the nunbefy pf; ahy drgRBRBIsGNIREERTIINMOkESES, the solubility in an
aqueous al kal'i sol ution decreases. The polymer according to the

preseny invent ' @e%lljﬁﬁy,tmakﬁﬁg) 69 o th%‘ggxrnglﬁg &%@H%J EM RledWind e

(hereinafter, to as etermn rmeati on

s prof 8?é@@%aﬁ%fdts?gd)?ﬁﬂqnﬁ?sfo‘%p%‘%f%‘?ﬁé%eﬁﬁmﬁﬁ R LS RIS

sen5|t|V|t¥' develogﬂblllty, coatability and heat resistance of the
resist atf H@EWﬁﬁé en the polyner is used as a base resin for
resist, the weight average nol ecul ar melght is nmore preferably 3,000
g/ nmol to 50, 00019 ihmnOleFulrtbh&nnwi&eQS),flbsRaanécliucw@aplwd@médfmt @ edge
roughness, the polynmer preferably has a nol ecul ar weight distribution
of | to Shydoagenmome ophefeldliroguphas a nol ecul ar wei ght distribution of
1 to 3. Therefore, when a polynmer having a weight average nol ecul ar

Swei ghd and a nplRE PbiFmensf BB o4 (9) h@béa@iﬂg'ul’htt{lhﬁicfe?glﬁ§§ct%§§ﬁ bb@d
above is used in a photoresist conposition, the polymer can exhibit

aPPr P | &Ly ARRTAIS 0 Rl SLTR0H o A5 EhRRARLN faiaHORLATLL L Houn A0

heat resistan yrrer accor e presen

i nvention,_h V|n a structure such a crlbe ove c rod ced
by pol yrePy e im LN Trohb e s SRayTREh e 10&% B BB N
formula (1) and optionally a (nmeth)acrylate derivatjve and a

nor bor nen@XEsP PR Pf/%(rﬁ?héc’d@ﬁ\?éﬁtgl%lﬁ’a OISFFRPREr f FAE PRSI BRI £ or
exanpl e, a bul k polymnerization method, a solution polynerization

met hod, aTheshoeitisd wnegiiolyueri sahangedrieth Gepreac uhk asdis pbersiiomreaction
pol yneri zati on nmethod, or an emul sion pol ynerizati on net hod.

Pr ef ersabl yecutdie Anahiyiigte, fake holdolay Weiph? e0thb Yurcaoha atowpahytielibaakd on,

and at
small, that is, if the number of carbon atoms is small, the polymer may be vaporized at
the time of post-exposure after the exposure, causing contamination of the lens of the
exposure machine, and the vaporized polymer may cause a thickness loss or defects at
the time of a heat treatment of the resist film, However, in the present invention, the

20 functional group that is liberated has an appropriate molecular weight and is not

vaporized. Furthermore, even if the liberated functional group remains in the resist, the
liberated functional group does not affect the pattern profile, and may be developed
together by a developer solution at the time of the development of exposed areas. Asa

result, the line edge roughness is improved, and the realization of fine patterns is made

25  possible.

31




15this tine, any radical polynerization initiator that is usually
used as a radical polynerization initiator can be used w thout any
particular limtations. Specifically, any conpound selected fromthe
group consi sting of azobisisobutyronitrile (A BN), benzoyl peroxide
(BPO, Ilauryl perOX|de azobi si soeapronitrile,

azobi si soval er oRiefally, it {5 mefetableion thsmonhengr gecording todhernisseat inkanioao
can be used. As the polynerization solvent, one or 20nore sel ected
from benzéméydetibd weasingupitehat a trteng nB1heiol%deo 40 ey frowst the viewpoint that
tetrahydrofuran, esters, ethers, |actones, ketones, am des, and

al cohol s esgeilbet pasiedh. forming propefiie® cpo by exiibizal dven widrpeidktisaoait of e
time of polynerization reaction is appropriately selected and used in

accordanc %h(WoEcﬂd baRrdyne 10{hetcBBeedahy Speating unitfAIIL IR bIRe@andeRscribed
nol ecul ar wei ght "di stribution of the polymer produced can be

25cont ¢ ol gﬁ&ebxd%gla GPROIAS e ANBLNG, LS AR saficHRE ybutnpen an

pol ymeri zati oh I ni FeAction L1 ITe. ization
is conpleted, it referable that unr cted d sj i

b oducts. Pk bR AELE pbBRerh RIRE B PRBOBaRighan Sl Fterns
precipitation nethod using a solvent. The polymer according to the
present i AAEAOE Bha<d#vafined by controlling the type 5 and content of
the nononer according to the production nethod descri bed above has
excel | ent fil m Fothrmgreptispepdatiag iniand-ansatedly dtsevstivgy habaseuiredim
for a resist conposition which is excellent in the adhesiveness of

t he resi steststs, when ssdisbgabe, wittonhighiysenati e sepeibdegeynp. s@hedetdary,izny,
and resolution power. Particularly, the polynmer of the present

i nvenyp onefsctsRiiub cd% RBubaRss étefﬁé Bon@hrybeROShtan R ghRBa &k hid an
anplified resist 10conposition that is exposed by u5|ng Kr F exci mer

| aser, Ar r #Y gﬂ% E@ I @g
5T A B SR P B S0 SR RSO
|nvent|on 55|st conposition containing the pol ynmer descri bed
above is BPS More particularly, the re5|st
conposition contalns t he P yner, descri bed above, 15an, acid
generator, and aN§pilgdppeating tnit deriveRdragpp prrhomese dpavaliyFeensesented by the
descri bed above, and nmay be contained in an anount of 3% to 20% by
wei ght r elepeting wist B frethe polimanei tietforfula K hasgicharactongissiftderining e t he
content of the polyner is |less than 3% by wei ght, the viscosity of
t he cofrmposdstitiag poBe@reso axopsishéechyvihOndormdbliclichl sudicdid, iheclolt to
forma filmhaving a desired thickness,
solubility in solvents exhibited by conventional methacrylic copolymers is improved.
Furthermore, since a repeating unit that is derived from a norbornene derivative having a
structure such as described above plays the role as a molecular weight adjusting agent, a
low molecular weight polymer can be produced by adjusting the degree of
20 polymerization of the acrylic monomer, and etching resistance can be enhanced.
Furthermore, in the acrylic derivatives in the repeating units C, D and E of the
polymer of the formula (5), acid-labile functional groups can be introduced, and a moiety
related to an improvement of adhesive power for reinforcing the adhesive power on the

wafer can also be introduced. It is general to use an acrylic monomer mainly containing

25  lactone as such an adhesive power reinforcing agent. More preferably, a functional
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20and there is a risk that a severe pattern | oss nmay occur due to the
relatively | arge anount of the acid generator. If the content of the
polynmer is greater than 20% by weight, the filmthickness becones
excessively thick so that radiation transmssivity is decreased, and
it may be difficult to obtain a_perpendicular pattern. , )

The acid §ENErFaRGMIIslagoph 1‘6%4&0&01@%%@936%%(%6& brqeathe qeid-labled t o
as 25and an oniumsalt such as an iodoniumsalt, a sulfoniumsalt, a
phosphoni Ginctanal group agi bonibstiate & used.angypisodd bilkiyrhgdipearbancompaiador
the |li ke can be used. Preferably, one or nore of sulfoniumsalts

r epr esent edidhyintibasef olsistancap dtdring taebe dd)ltarduglt Btrodacedoe used, and
nore preferably, triphenyl sul fonium nonafl ate can be used. [Chem cal

Formula 18] 5 ¥@e cdpohigmdrGatorfidE it pk&knivhosfion h%f*liynﬁ Xdch dnange X2
each independently represent any one selected fromthe group

consi s§ | “Eeﬁe b& %%%%‘ﬁ%?rbe‘%tlﬁg&l%a 8@#1%:51 Sh@h CB@”\#’@?‘&?’&@ %‘aﬁ%o&%ﬁﬂﬁﬂ

atons,” an al keny oup, a group, gro

having 7 to 30 garbon atons, .an aryl group. having 6 to. 30 car.bgn
atoms, and corrbglﬁeéﬁtf)co%m[pﬁ%roégqe, pq}\%rf'?lg’(’%llaﬁwgo ﬁf,gp‘SSreng’iW Hﬁmﬁa%‘i/ be
joined together to forma saturated or unsaturated hydrocarbon ring
havi ng 3 EYUBYEaRRERE HicsHrctups dfth llopingdormydae (&)tof b, amsl thg sgsluence

i ndependent|ly represent any one selected fromthe group consisting of
a hydr ogenf G geppediveatiepting poitfpin ks stvgturalifornsulasissrbieet tacbange: an

allyl group, a perfluoroal kyl group, a benzyl group, an aryl group
having 6 to 18 [&rhocel &bonslz 64nd conbi nati ons thereof, and X1 and X2,
or Y1 and Y2 may be joined together to forma saturated or

unsat ur at ed hydrocarbo rbon/atonms. X3, X4, X5,
of g"“‘ ----- t resenta tected from
O

Y3, Y4 and~¥E~eac|
‘iiik O O
O :z>:i> 0,
ijIE;;; 0™ ™o ;
O

"/
0

10

{Chemical Formula 7]
;,NWV[JW Kihte ) E N‘A{\ A
O 0 O 0O
O 0 i:ti> 8]
0 o :
O O
O

{Chemical Formula §]
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the group consisting of a hydrogen atom an al kyl group having 1 to
30 carbon atons, a hal ogen group, an al koxy group having 1 to 30
carbon atons, an aryl group having 6 to 30 carbon atons, a

t hi ophenoxy group, a thioal koxy group having 1 to 30 carbon atons, an
al koxycar bonyl al koxy group haying 1 to 20 carbon atons, and

conbi nati ons o1 Pref gnabl 5, Y3, Y4 and Y5 each

i ndependent sgntl any & S th roup consi sting of
a hydrogen at al kyl gr h 20 ¢ atons, a

hal ogen group, “an“al koxy gr@yp havi ng ¥)20 canbon atons, an aryl
group having 6 to 18 carbon ons, a thN.ephenox oup, a thioal koxy
group having 1 to 20 carbon gtons, an gl } nmet hoxy having 1
to 10 carbon atons, and conbi nations twereaf ] ani on noi ety
represents OSCRCF3, OSORCAF9, (0802C8F171) q )2, N(C4F9) 2,
C(CF3)3, C(C2F5)3, C(C4F9)3, oh a functionda group represented by the
followng formula (20): | m/cal Fornmula 201 O M | IIH - 0-S-CO
- W- (\2)0 (WB) P-W 111 2\15wherein V1 and V2 each independently
represent a hal ogen atom W t+gEpresents -C=0- or -(SQ2)-; W
represents an al kanediyl gro ing 1 to 10 carbon atons;

WB represents any one sel ect omthe group consisting of a

cycl oal kyl group having 3 to 307carbon atons, an aryl group having 6

to 30 carbon at a ral kyl, group 20having 7 to 30 carbon atons,
an aryl oxy grouEHE§VWﬁd%BmPE£QO carbon atons, an arylthio

>)O

[Chemical Formula 10]

e Gt

0

(LR

[Chemical Formula 11]
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group having 6 to 30 carbon atons, and a heterocyclic group having 5
to 30 carbon atons; W represents any one selected fromthe group
consisting of a hydrogen atom a hal ogen group, an al kyl group
having 1 to 10 carbon atoms, an al koxy group having 1 to 10 carbon
atons, a hal oal kyl group having 1 to 1Q carbon atons, an al kylthio
group havingl to 1 b yl ¢ hayi 6 to 30
carbon atons,| 3 I i 00 @ ; sem{slan integer of O

or 1; and p r Owhen the acid
gener at or describ€d above i@ producedOby I|nk|ng aOcyclic al kyl group

to an anion, the dhffygi o e of acid in resist film
can be appropriately maintai ort, /hi per nmea ity can be

exhi bited, and as “a result/, ion 10resi gt can be

obt ai ned. Preferably, im'the forhula (20), Aof the anion

noi ety can be sel@ctied fromthe group consisting of fQinctional groups
represented by th§>zgllomﬁng fornmul ae (20-1) to (3 6): 0 H2 0 SH
F2 0

[Chemical Formula 12]

TEEE

[Chemical Formula 13]

[Chemical Formula 14]
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OH 9 /\---1-0--c-c- -0" F2 0 HTh2ii -H---LOCCS, 8F20 C
(20-13) 9H29 -0- (20-14)

[Chemical Formula 15]

[Chemical Formula 16]

S
5 g

[Chemical Formula 17]
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H29 C

F2 0 OF2 0 (20-16) (20-17) 9H2 OHO II1"211

F3C, c-C-0-C-c-5-cf F3C

10

15

gttty

O

@Q? .

wherein in the above formulae, A, B, C, D and E respectively represent the numbers
indicating the proportions of the corresponding repeating units in the main chain, and A,
B, C, D and E are related such that A+B+C+D+E=1, 0 < A/(A+B+C+D+E) <0.4,0 <
B/(A+B+C+D+E) < 0.4, 6 <C/(A+B+C+D+E) < 0.6, 0 < D/(A+B+C+D+E) < 0.6, and 0
< E/(A+B+CH+DHE) < 0.6,

The polymer according to the present invention is generally insoluble or
sparingly soluble per se in an aqueous alkali solution, but depending on the cases, the
polymer may be soluble.

Also, the polymer according to the present invention may have increased or
decreased solubility depending on the change in the type and content of the monomer in
the polymer. In general, as the number of hydrophobic groups increases, the solubility
in an aqueous alkali solution decreases.

The polymer according to the present invention is such that the weight average
molecular weight (hereinafter, referred to as "Mw") determined by gel permeation
chromatography (GPC) and calculated relative to polystyrene standards is preferably
2,000 g/motl to 1,000,000 g/mol, and in view of the sensitivity, developability, coatability

and heat resistance of the resist at the time when the polymer is used as a base resin for
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F2F2 0 F2 0 (20-20) OnOO - Li " CL..1.77- O -Ft ----C -11----- a
F2n F2 (20-29)(20-30) Furthernore, in the fornul ae (18)

and (19),

preferred exanples of the cation noiety include structures

represented by the following fornmulae (21-1) to (21-16): (21-1)

(21-2) (21- 3

10

15

20

25

regist, the weight average molecular weight 1s more preferably 3,000 g/mol to 50,000
g/mol. Furthermore, for a reduction of the line edge roughness, the polymer preferably
has a molecular weight distribution of 1 to 5, and more preferably has a molecular weight
distribution of 1 to 3. Therefore, when a polymer having a weight average molecular
weight and a molecular weight distribution in the ranges described above is used in a
photoresist composition, the polymer can exhibit appropriate properties in terms of
developability, coatability, and heat resistance.

The polymer according to the present invention having a structure such as
described above can be produced by polymerizing an acrylic monomer having the
structure of the formula (1) and optionally a (meth)acrylate derivative and a norbornene
derivative by a conventional polymerization method, for example, a bulk polymerization
method, a solution polymerization method, a suspension polymerization method, a bulk
suspension polymerization method, or an emulsion polymerization method.

Preferably, the polymer can be polymerized by radical polymerization, and at
this time, any radical polymerization initiator that is usually used as a radical
polymerization initiator can be used without any particular limitations.  Specifically, any
compound selected from the group consisting of azobisisobutyronitrile (AIBN), benzoyl
peroxide (BPO), lauryl peroxide, azobisisocapronitrile, azobisisovaleronitrile, t-butyl
hydroperoxide, and mixtures thereof can be used.  As the polymerization solvent, one or
more selected from benzene, toluene, xylene, benzene halide, diethyl ether,
tetrahydrofuran, esters, ethers, lactones, ketones, amides, and alcohols can be used.

The polymerization temperature at the time of polymerization reaction is
appropriately selected and used in accordance with the type of the catalyst.

Furthermore, the molecular weight distribution of the polymer produced can be

controlied by appropriately changing the amount of use of the polymerization initiator
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(21-4) a OCH3 (21-5) (21-0) (21-7) (21-8) The acid
generators described above can be used singly, or two or nore kinds
may be used as a m xture. Furthernore, the acid generator may be

i ncorporated in an anount of 0.3 parts to 15 parts by wei ght,

Dt a0l 015 RIS U L0\ RBTR R MR N GO DTS B ST EPL 2
sol 1 ds monomers and side products remaining in the reaction mixture be removed by a
precipitation method using a solvent.

The polymer according to the present invention obtained by controlling the type

5  and content of the monomer according to the production method described above has
excellent film-forming properties, and is effective as a base resin for a resist composition
which is excellent in the adhesiveness of the resist to the substrate,
non-substrate-dependency, sensitivity, and resolution power.  Particularly, the polymer
of the present invention is useful as a base resin for a positive chemically amplified resist

10 composition that is exposed by using Krl excimer laser, ArF excimer laser, EUV,
X-radiation, an electron beam or the like.

Thus, according to another embodiment of the present invention, a resist
composition containing the polymer described above is provided.

More particularly, the resist composition contains the polymer described above,

15 anacid generator, and a solvent.

‘The polymer is the same as described above, and may be contained in an amount
of 3% to 20% by weight relative to the total weight of the resist composition. I the
content of the polymer is less than 3% by weight, the viscosity of the composition
becomes excessively low so that it is difficult to form a film having a desired thickness,

20 and there is a risk that a severe pattern loss may occur due to the relatively large amount
of the acid generator.  If the content of the polymer is greater than 20% by weight, the
film thickness becomes excessively thick so that radiation transmissivity is decreased,
and it may be difficult to obtain a perpendicular pattern.

The acid generator is a photoacid generator (hereinafter, referred to as "PAG"),

25  and an onium salt such as an iodonium salt, a sulfonium salt, a phosphonium salt, a
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content of the polynmer. If the content of the acid generator is
greater than 15 parts by weight, perpendicularity of the patternis
mar kedly deteriorated, and if the content is |less than 0.3 parts by
weight, there is arisk that flexibility of the pattern may be
decreased. . In order, to obtain a uniformand flat resist coating film
it is pref SRAABIWLSYL ARYTISEIY Salre ipdleyrdhe Wireands used d TYeiRErbhE are P
a solvent having an appropriate evaporation rate and viscosity.
Exanpl es ofored ssipnivmtsatthepprasanfed by theddllowingHernpiles@g) aid8nedndre used,
i ncl ude esters such as ethyl ene glycol nononethyl ether, ethylene

gl ycol nonastihgie petthebly, eiphyphdneéiogiye obnatibopndpyisedt her ,

net hyl cel | osol ve acetate, ethylcellosolve acetate, propyl ene glycol
mononet hyl et herfCaegicatl Bornpil®py) ene gl ycol 5nonoet hyl ether acetate,
and propyl ene glycol nonopropyl ether acetate; and ketones such as
met hyl isopropyl ketwone, cyclohexanone, mnethyl 2-hydroxypropionate,
et hyl 2-hydroxypgggﬁ_p§£e, 2- heptanone, ethyl l|actate, and
ry-butyrol act one.”?THes€ sol vents may be used singly, or two or nore

ki nds may be used m xt ure. For the solvent, the amount
of use can be appr jTﬁTéiy adj ust ed dependi ng on 10t he properties of
the solvent, nanely;yvolatility, viscosity and the like, so as to
fownayn”ormre&s@film Furthernore, the resist

conposi‘tion according to the present invention nmay further contain
addi tives accor kﬂgmg% F&%n uigose of enhancing coatability. Any
additive that i usuéiiy fied to resist conpositions can be used
wi t hout 15 any particular |imtations, and specific exanples include
an al kali dissolution ighibitor, an acid diffusion inhibitor, and a
surfactant. These addi:t'Bwes may be used singly, or as mxtures of two
or nore Kkinds. . al kali dissolution inhibitor can be applied
wi t hout any particll ar i ions as long as it is an alkal

di ssol ution inhibi entionally applicable to resi st
20conpositions, &dd specific exanples thereof include phenol, and
carboxylic acid derivatiVes.

wherein Xj, X, Y1 and Y; each independenily represent any one selected from the group
consisting of a hydrogen atom, an alkyl group having 1 to 10 carbon atoms, an alkenyl

10 group, a haloalkyl group, an aralkyl group having 7 to 30 carbon atoms, an aryl group
having 6 to 30 carbon atoms, and combinations thereof, while X, and X5, or Y| and Y>
may be joined together to form a saturated or unsaturated hydrocarbon ring having 3 to
30 carbon atoms. Preferably, Xy, X,, Yy and Y> each independently represent any one
selected from the group consisting of a hydrogen atom, an alkyl group having 1 to 5

15  carbon atoms, an allyl group, a perfluoroalkyl group, a benzyl group, an aryl group
having 6 to 18 carbon atoms, and combinations thereof, and X, and X5, or Y| and Y, may
be joined together to form a saturated or unsaturated hydrocarbon ring having 3 to 30
carbon atoms.

X3, X4, X5, Y3, Y4 and Y each independently represent any one selected from
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The acid diffusion inhibitor functions to control the diffusion
phenonenon when the acid generated fromthe acid generator under
light irradiation diffuses into the resist film and to suppress
chemi cal reactions at unexposed areas. Wien such an acid 25diffusion
inhibitor is used, the storage stability of the radiation-sensitive
resin 47 thegwpystansishng e belresmairiaan Akl graydiayingohioskt eaphonaiams g
can be further enhanced. Furthernore, the change in the line wdth of
t he resi shalpgan gow,doalloay grdupdeyingtli lord Ogfartohetamsen fryd grawjosued tbo
t he devel opnent treatnent (PED) can be suppressed. As such an acid

di f f usi on30 ohbbin hioms, athhgtiecogorponndhivalkoke guspdaviapd is fécatbbe atoms,
5exanpl es thereof include am nes such as amoni a, nethyl am ne,

i sopr opy! anhiRExydArhdexMliaRy Beoupduein@nen il ol &tomE iy tansidhedis iksreof.
et hyl enedi am ne, di nethyl am ne, diisopropyl am ne, diethyl enedi am ne,
N, N- di 4ret Byle erRedi;any ne, I X Y11 .
CFi matﬂ‘;l g%}%}féﬁl?lp%’jrigl, 2{?;%?,2}% géalll\éi % QALH?IH(!%L&}(BHM&/ ?é])‘?gs'eﬁ"ﬂﬁgn?%ne selected from
m; m; ]I\-I\ll, 1( ﬁl{f_gﬁ(gép:%ﬁ%ﬁﬁg glf %@{%&%ﬁ%&%ﬁ“@%lkyl group having 1 to 20 carbon atoms, a
10N,N,N‘,141-tetranethyltetraethylenepentanine, dinethXIethyIanine,
met hy| et hjpeapsgrpuprianaikop genpdiving, | BHErathop aiinen aryl group’having 6 to
benzyl di et hyl am ne, tetramethyl anmoni um hydr oxi de, aniline,

N, N- di met h§ Farbdwpigingea tiqrhengiyagrpws 2 thicelipke protp aaving 1 tp ¢ catben atoms,
oxazol e, isoxazole, thiazole, isothiazole, imdazole, pyrazole,

pyrr ol i nean pkoxyhitdnpenethodydaroliine 10earboatatores and cordsinationd itin@eof,
derivatives, pyridine 15derivatives, pyridazine derivatives,

pyri mgi ne deri ¥ @t {h@SionRibidsi Bfresieid ¥AbICYe DS FazMd, 08 JRIdNBL i ves,
pyrazolidine derivatives, piperidine derivatives, piperazine

derivativegs, nan W Lne Mitr 1-,C [ )

am nobenz S a6 PRao Lac gty PREERFar Bttt SRS RN A
exanpl e, npicotinjc aci ~al anine, arginine, and aspartic acid),
3-pyridinEQ@V?%%ﬁ%mﬁéﬁqupyridiniun1p-to|uenesu|fonate,

202- hydr oxypyri di ne, am nocresol, 2,4-quinolinediol,

2- ( 2- hydr oxyet hiffhepyeal fpranlagBl 1- (2- hydr oxyet hyl ) pi per azi ne: ani de
derivatives such as formam de, N nethylformam de,

N, N- di et hyl f or mam @e, Viacget ami de, N-net hyl acet am de,

N, N-di et hyl acet_gii eﬂgp@ﬁqbop@ WA %ﬂﬁ)b@@zanide; and i m de
derivatives such asnph&halinidé?tsggein?#idé, and mal ei m de.
2 :

15 wherein V) and V; each independently represent a halogen atom;
W, represents -C=0- or -(50,)-;
W, represents an alkanediyl group having 1 to 10 carbon atoms;
W represents any one selected from the group consisting of a cyeloalky! group
having 3 to 30 carbon atoms, an aryl group having 6 to 30 carbon atoms, a.n aralkyl group
20 having 7 to 30 carbon atoms, an aryloxy group having 6 to 30 carbon atoms, an arylthio
group having 6 to 30 carbon atoms, and a heterocyclic group having 5 to 30 carbon
atoms,

W, represents any one selected from: the group consisting of a hydrogen atom, a
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25The acid diffusion inhibitor may be incorporated in an anount of
0.01 parts to 5 parts by weight, and preferably 0.1 parts to | part
by weight, relative to 100 parts by weight of the polyner solids
content. If the content of the acid diffusion inhibitor is |less than
0.01 parts by weight, the influence increases with the retentiaon tine
after exp8d0B& sTafR} A 1pdné eraupdiaving prAicatbes afpans ap ﬁ”‘%ﬁﬁ’é’“ﬁéﬁ?‘“ﬂ% l'to
affected. If the content is greater than 5 5parts by weight, there is
a risk thaf cabeohiwnisonhalndkylegiein haring/1 el ceboreigws, anrek g govant

is intended to inprove coatability, developability and the Iike, and
speci fi c axdanpl es 10 cebadstonBdn aykegmop hiving & d3d ogrb@odtpoxyeilhyl| ene

| auryl ether, polyoxyethylene stearyl ether, polyoxyethylene, and

pol yet hyl enab@htisilihabdfaur ate. The resist conposition according to
the present invention having a conposition 10such as described above
exhi bigs excel |l gpt, adheSHYRBESSF 0L QT 4R stability, and enhanced Iine
wi dt h roughness, éhd exhi bits excellent resolution in both C/l
patterns and L/ S, atterns,tFun%her re, the resist conposition has an
excel | ent procegéI%F%ﬁ%ﬁﬁl%ﬁg%x%@ngh? pattern profile can be

obt ai ned regard] ess of the type of th ubstrate, and i nprove
contrast is exhMich& acKEEEIof %l‘ihﬂﬁéﬁ?%ﬁ gfodeswﬁash Kipgha abgksﬁﬂﬁféd
above is 15useful as a positive chemcally anplified photoresist
conposi t i erpuntip ahanie.sbndidiusion daginge pbHesigishindlae fegist fiim eambeaippropriately
radi ati on such as KrF excinmer laser light, ArF exciner |aser, or F2
exci mer | amanained shadi bigh persenbiitasasynethilatedomdr adi rasulpa highrregolution
charged particle beam such as EUV. According to still
anot hey ephapdidmEitoledinddre present invention, a nethod for 20form ng a
pattern using the resist conposition is provided. Specifically, the

met hod for for nj)[%?&g@ﬂﬁgﬁrtl?er Brh G l( Cx 0?tlﬁéa%?)él%%ir%%péa}[xib@%elte?t@? O ﬁ]rg

conposi tion descr ove on a ‘substra a resls i1

step of heat treatingthe resist filman h posi ng t he resist
1§t oEupRaRR AR ER Eoes S dns LS e HebiFe bRy Pne
exposed resist pattern. 25A wafer substrate may be used as the
substrat e(2%#H¥ as a method for applying a
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conposition on a substrate, a spin coating nethod, a flow coating
met hod, or a roll coating nethod can be used. Speci fically,
the resist conposition is applied on a substrate such as a silicon
wafer to obtain a filmthickness of 0.7 jimto 0.1 jtm and this is
prelimnaril. aked for 1 5to 10 pinutes at 60C to_150C, and

preferably far-fto 5 mnutes at%@ € to 130C CILrCSUbsequentIy,
the resist iy mid-®.pagtial ly-idrradiaCed nith a it o sgras to

forma fine patthrn. The radiatin fthat” can be used®tdiahi's end is
not particularly fiwited, but I-line™Whjch is an ultraviohet

radi ati on; KrF exeisrer |aser |ight, “ArF excinmer |aser I[N
exci mer laser light, or X-radiation, which are all far-uyltraviol et
radi ati ons; ort2&f¥ 10el ectron beam2@ich is a char gerhpartd
radi ati on, can be used. The radiation can be appropriately selected
and used depending on the type of the acid generator.

Specifically a radiation is irradi ated at a dose Qf _about Ito 200
mlcn2, and %[_g? erably about 1 ét_gg 100 nEcn?, and GhéA the resist

filmis suﬁi’e’étéd Q.post - expstiy e éking (PEB) -for 1 ¢G5 gni nutes at

60C to 150C, ndl*ﬂpr ef erably for ' utes at 1880€ t_ﬁ 130C.
After the exposurfée step, the expose t pattern is; | oped by a
conventi onal et .isuch as an i nmersi nmet hod, a pad Jmet hod, or

a spray nethod, using a devel oper solution for 0.1 to 3/m pdutes, and
thereby, a des'%:,bggl pattern is forneoson the substratg.e he

devel oper sol ution, an aqueous sol ution containing sodi um

20hydr oxi de, potassi um hydroxi de, sodi um carbonate, sodium silicate,
sodi um et asi | Lcat e, ammoni a, ethylam ne, n-propyl am_ne,

triethylam g, -tetranethyl ammoni,uff hydr oxi de, or t%tiﬁaqul anmoni um
hydr oxi de -&dnr: be-¥sed, and pré&fer abd-F. i4 i s desidabl et e

t et r anet hyl arffroizu jﬁ)ydroxi de. © \f'é Furt herToré, :%(z

devel oper sol uti y optionally copfarn additives such™ a
a_vat er - sol ubl e al ¢ . Wh tjs1e met hod

25surfactant a

for formng a patt@érn using the resist conposition accor/ding to the

present invention is used as descrip(? above, a fi n?mrgj sist pattern
S0 or

havi ng excel | ed#®8ensitivity and resof‘uti on can be d.
] EQ OI. F: QE, F:
- - L

0-5 %0 5 G0 :0-% S0

L. = OH

(20-10) {20-11) (20-12)
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5 EXAMPLES Hereinafter, the present invention will be
described in detail by way of Exanples so that a person having
ordinary skill in the art to which the present invention is

pertai ned, can easily carry out the invention. However, the present
i nvention can be_enbodied in various _different forns, and |s not

i ntended to be |}m ted ﬁ:,’otheExrrpI s lodestribed herejn% [ nt Kgsi s
Exanpl e 1-fer- yd}*r[%“on%on”er] \jﬁﬁe‘ﬁaxﬁh‘:on of G’*l—) *st:f,,“{:r
adamant ane- 1- car boxyl i"e Caci d 3- net hyl - 3- (Zcir%t hyl acryl o t-I’oxy) bLFnyEP

ester nononer 2@ ) Preparation of intermediate conpound (iii)

15[ React i on Sche( 35 bf triethyl am ne wagtd8ided at
OC to a solution prepared by di ssolving 21.84 g of

3- et hyl- 1, 3- but gnedi ol Cj n 500 nL ofmethyl gne chloride, and the

g of adarrant@}n% arbayl c¢hl oride was Im@y Egd_ed dropwisejit o the &

odrs at nor I.,“ o~C-crE-or

sol ution. Thé il kt%re PE Was stirieds @& &
heref rom waé i xed ¢

tenperature. TRe reaction m xture obfai ned?
met hyl ene chl ori d subsequently the m xture was washed with acid and
distilled water, %Hﬁﬁa only the organi d“taer was separated. TH&1E)

sol vent was rermved fromthe separated organic |ayer, and thus 51.94
g of an inter medPat a4,pr @:Iuct (rit) was taﬂned T ugturig obthe

i nter medi at &Oproodu@m {d rEL)j was CO@?L 5151- NIVR, _C,be resul
are presented Fn FIG .0 TH NWR 1Fgc3s 61-1), 1Hf§"1 8(
1.85(t, 31-1), 2.0(m 51-1), 4.22(t, 5 2H) 3
(20-19) (El}?ﬂ} (20-21),
O O O
./J H2 o - §] H2 11
O N £ *“LL“D“C 50 fr——3-0-C-c-S-or
] H, & O D\#J Fz 0 O Fz O
O
{20-22} (20-23) (20-24)
0 y O o
2 1 I
fﬂofﬂmorchcﬁls:wo /{"}Q’”"Q“‘C“C 5~0 M"-Sf’lLo-Cw:fﬁ ay
Fa 0 Fz O
{20-25) (20-26) (20-273
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Step 2) Preparation of adamantane-|-carboxylic acid

3- et hyl - 3- (2- net hyl acryl oyl oxy) butyl ester nononer (la) [Reaction
Schene 2] (iv)(1 a) 10l n a doubl e-necked round bottom fl ask
equi pped with a stirrer, 48 nL of trietlaylamne was sl owl y added
dropwi se at 0OC to a solution prepared by dissolving 76 g of the

i nt er medi ateﬁ'produ 't (ii |) préoduced?i n The Step 4, 35.8 g of

met hacryl i.g-© ¢ _B- 99@/@, i met hy[s inggyridipe, and
0.05 g of Ir@éﬂOXTM 0 (mamuﬁactured by BASF as an ati on
2-di chl or Qoej; hane, and then the 15ni xflre was

inhibitor in 500 nL ©
stirred for abaqutosg hours at normaf" tenperature. The r@%@{lon ni xt ur e
t hus obtained was acid-treated wth 300 nL of a | % agueous
hydrochlorlc acid solution, ﬁubsequent Fié: reacti on m xture was
washed with fistil Fed water, iand oﬁLi/Eiﬂiorganlﬁ | ayels was
separ at ed- oThe-sal «\mas'%ﬁhﬁf“ﬁe ved fr%ﬂrrh" epara
organic IayefFfandthhs 69 g bf an adamant ane-| - arboxyll
203- met hyl - 3- (2- net hy acroyloxy)butyl ester nmononer of the& formul a

(1a) was obtai tesd!; The structure oft-#he conmpound of Ha3if or rrul a (la)
produced as descri bed above was confl rmed by 1H— NVR, and the results

are presented in FLG 2. 0 011-F-"INVR:
.5(ppm) 1. BHs, _6-1. B(H ,-lOLU\/s 85(sn él;%nu 2H),
1. 99(m 312)4 FR. 150, : 4’1:'9 2H) ) 516(%, 1H) £. 0(s, 1)

(Synthesis Exanple 2 ylic nonone

(20-34) (20-35) (20-36)
Furthermore, in the formulae (18) and (19), preferred examples of the cation

moiety include structures represented by the following formulae (21-1) to (21-16):
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5Preparation of adamantane-|-carboxylic acid

3-net hyl - 3-acryl oyl oxybutyl ester nononer [Reaction Schene 3] b) In
a doubl e-necked round bottom fl ask equi pped with a stirrer, 48 nL of
10tri ethyl am ne was sl owy added dropwi se at 0OC to a sol ution
prepared by di asol ving 76 g of the internediate product (rii)
obtained in S{e 1 of Syntkq§5|ﬂs Exanpl e F, 1B3.8 g of j/llc chl ori de
(V), 6.98 1N, N- di net arm nopyri dj ‘rﬁ d 0.05 T’r’l rganoxTM
1010 (man u;ed by B H in Tof 1,2- é&%‘[proet hane, and
then the mixt{ré was stirrgd flor 8 hours[aftj nor mal terﬁ@ature The
reaction m xt Ui€ thus 15 obf? ned was waszfg with distf{led water,
and then only the organic Ia%r was separ d. The sol-vent was

conpl etely refb¥ed from the ¥e&parated orgaH c | ayer, amd-thus 66 g of

adamant ane- | - car.boxyl i c aci - met hyl - 3- agryl oyl oxybut;eljester
nmononer of forgul a (Ib) wasL t ai ned. [j/

114- NVR: P L. 57(s, 1 6- 1. 8( 6@49 1.85 ?;_H—j), 1.87(s,
5H), 2.03(5203H), 4.196; ;1Ll) 5.9 H), 6.16&dd,L.1H), 6.5(d,

1H) [ Synt hesi%ﬂﬁkarrple 1 fo&__{ﬂo(ljymar] Synthesis of p(ﬂ\%/jre (16)

OzH O"'—"'"LL‘O:: N D\[;_/:% s\[fﬂﬁ
\f‘/'} -

1 (21-8)
(21-5) {21-7) (21-8)

2 ) )

3

(53

Zcs

3+ Q . Q

¢
&

+

O~

‘-—- iy
e

o ,,,,-—' --; =
] L] ]

F <l i
(21-9) (21-103 £21-11) (21-13)
{Jf}"ww ﬁu""'“"‘-'\«. T
g L I

T o CHy "

54 5+ H;C.’:—q +
_-*J" i -:-5'L“ = (‘ ey ﬁ =
jSx* ‘&rl ,fﬁ] :I j t&j@
(21-13} h_ (21-18) 1-48)

fo:l‘-»o_-/\ (21-18)

(21-14}

The acid generators described above can be used singly, or two or more kinds
may be used as a mixture. Furthermore, the acid generator may be incorporated in an
amount of 0.3 parts to 15 parts by weight, preferably 0.5 parts to 10 parts by weight, and

5 more preferably 2 parts to 10 parts by weight, relative to 100 parts by weight of the solids
content of the polymer. If the content of the acid generator is greater than 15 parts by
weight, perpendicularity of the pattern is markedly deteriorated, and if the content is less
than 0.3 parts by weight, there is a risk that flexibility of the pattern may be decreased.

In order to obtain a uniform and {tlat resist coating film, it is preferable to

10 dissolve the polymer and the acid generator in a solvent having an appropriate
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(16) 9.04 g of norbonene as a nononer for polynerization, and 3.28 g
of di methyl 5azobisisobutyrate as a polynerization initiator were
placed in a flask together wwth 55 g of 1, 4-dioxane, and the m xture
was t horoughly m xed. Subsequently, the interior of the flask mas

purged with nityrogen s, and tFl enper at ure |n i de the rea

lask vias CPHIOBETG ROV 0N 1 oo R HAF oA ARt b BredhaiergicRt
reached 70C, a solution prepared by dissolving 33.4 g of the

adamant angwemt:orb@,ebldqu;tm@ sae ap ethylene glycol monomethyl ether, ethylene glycol
103- net hyl - 3- (2- et hyl acryl oyl oxy) butyl ester (1 a) produced in

Synt hesi s nionaathlykectier, &ylbngglgéolyndnepyopel etbery methetdelasojveatceiateand 22. 2
g of norbomane carbol actone nethacrylate in 150 g of 1, 4-di oxane was

sl owy ad@mglc@n@%we%@cm bRpylchagkcoMabnadndiRy cshed St digte ForSylbGEy@UND,
and the m xture was al omed tfo react for 5 hours at the sane

tenperatu Elﬁ)noéilglﬁétt[l({] 1€t eg%\eoq%%g gf'otngﬂ%g i Oh& Qa'gpthﬁt &h kett&ﬁes

reaction soluti us 0 ta om tenpér at ure.
excess_of an smegf3 l AS6Dra ygg tone, cxg 1(%(0%) % ne%i ig-h 03(8’8%&)/;0%%& gth?'
or eci pi t at &St %é)ﬂ) te PREROY¥H S t $“Separ at ed
by filtration. The separated filter cake was mashed with the sanme

sol vent, arydtexyaramenal 2derianpenss cthebldelats prestigyelacttgs, Thesegobrenty
pol ymer (16) was obtained. The wei ght average nol ecul ar wei ght (M)

of the pomayse ustillignglpt @itwedr nehakindenap bpoksdstsyrex¢ur20st andar ds was
9481 g/nol, and the ratio of the weight average nol ecul ar wei ght and

the nunber aver Bgetheedleait] & am@ugNd us®doMkY appaspridtePBadjusted dependihfien
structure of the polyner (16) produced as descri bed above was

confi fged ii@y& Aﬁ%%f il@@g)l&cb}? rfa?rﬁzw R/§laﬁf1f§/ ﬂgﬁﬁﬁ? Eﬁdjtﬂe 'leEI s%‘ a.s?to form a

[ Synt hesi s for polymer]”’ Syntheésis of " pol yner

uniform resist film.

Furthermore, the resist composition according to the present invention may
further contain additives according to the purpose of enhancing coatability.

Any additive that is usually applied to resist compositions can be used without

15  any particular limitations, and specific examples include an alkali dissolution inhibitor,
an acid diffusion inhibitor, and a surfactant. These additives may be used singly, or as
mixtures of two or more kinds.

Any alkali dissolution inhibitor can be applied without any particular limitations
as long as it is an alkali dissolution inhibitor conventionally applicable to resist

20 compositions, and specific examples thereof include phenol, and carboxylic acid
derivatives.

The acid diffusion inhibitor functions to control the diffusion phenomenon when
the acid generated from the acid generator under light irradiation diffuses into the resist
film, and to suppress chemical reactions at unexposed areas. When such an acid

25  diffusion inhibitor is used, the storage stability of the radiation-sensitive resin
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5 (15) 9.04 g of norbornene as a nononer for polynerization,
and 5.12 g of dinmethyl azobisisobutyrate as a pol ynerization
initiator were placed in a flask together with 60 g of 1, 4-di oxane,
and the m xture was thoroughly m xed. Subsequently, the interior of

10 the flask was purged with nifrogen gas, and the tenperature . inside
Lhe. r eactMIOPASR e flioueed: sl roGItaribe Fst ?ﬂneberﬁaﬁﬁ?lé%\%@m?ur e of
the flask reached 70C, a solution prepared by dissOIvin%]33.4 g of

t he adandhtgenorecthe posoge ik thgding width of the resist pattern due to a fluctuation of the
3-net hyl - 3- (2- net hyl acryl oyl oxy) butyl ester (1la) produced in

Synt hesi girkx &l expdsw@ . the dead opmoamip orEmenc@itbylcas bosgppmessthcr yl at e,
24.8 g of isopropyl adanantane acrylate, and 15 17.5 g of

y-butyrol actyl Amiubiagh Mtiatdeistonli@RibBonh basid cethpoarienyyelse se@Wnd spelded
dropwi se to the flask over 2 hours using a syringe punp, and the

m xt urse V@%g@ek MELh 1 Qo1 i RBEL inELLuch aDAMAR AL n{egﬁlﬁﬁﬁg i%@mﬁﬂﬁﬂhi‘ﬁ&?-

After "the polynerization reaction was conpl et act’i on
sol ution thus, obt ai t re. Al Qf

ne S, cool ed to room.tenperat . . EXCess.
- hoxane TASSAIE SEOPHERBER. R bR ASTRSI Bk tpGins DRI oo
a precipitate, and.then the precipjtate separated by filtration.
The separ F%H“PﬁPW€W= ﬁQ@E“ﬁgmﬂﬁﬁﬁggkgﬁWﬁlf l@ﬁﬂ§%§@P9%nt, and then
was dried under reduced pressure. Thus, 85 g of a polynmer (15) was
obtainedJqih@nw@n@ﬁbY@v%ﬁﬁ@@ﬂﬂﬂpéﬁuﬂ%ﬁﬂméﬂg ylapNe® of the pol yner
thus obtained relative to pol ystyrene standards was 6878 g/ nol, and
t he rati oV OLNtNeeumnghynaileragdidning N b A '-teedgdthylathglenbdamurber
aver age nol ecul ar wei ght (Mv M) was 1. 70. The structure of

the pol yW,N,IQﬂﬁ')teﬁ)ﬁlﬁé'tﬂfﬁéira@ﬂly%éﬁéﬂtd?ﬁiﬂeﬁbﬁh\éﬂxymlﬁﬁﬁﬂa,i rmed by
11-1-NMR, and the results are presented in FIG 4. [Synthesis Exanple

3 for p0|1%%&11:&?%615}@5{1%6%%995%% pl(ezl)eth%rpdmine, benzyldimethylamine,

tetramethylammonium hydroxide, aniline, N,N-dimethyltoluidinetriphenylamine,
phenylenediamine, pyrrole, oxazole, isoxazole, thiazole, isothiazole, imidazole, pyrazole,
pyrroline, pyrrolidine, imidazoline derivatives, imidazolidine derivatives, pyridine

15  derivatives, pyridazine derivatives, pyrimidine derivatives, pyrazine derivatives,
pyrazoline derivatives, pyrazolidine derivatives, piperidine derivatives, piperazine
derivatives, and morpholine; nitrogen-containing compounds such as aminobenzoic acid,
indolecarboxylic acid, amino acid derivatives (for example, nicotinic acid, alanine,
arginine, and aspartic acid), 3-pyridinesulfonic acid, pyridinium p-toluenesulfonate,

20 2-hydroxypyridine, aminocresol, 2,4-quinolinediol, 2-(2-hydroxyethyl)pyridine, and
1-(2-hydroxyethyl)piperazine; amide derivatives such as formamide,
N-methylformamide, N,N-dimethylformamide, acetamide, N-methylacetamide,
N,N-dimethylacetamide, propionamide, and benzamide; and imide derivatives such as
phthalimide, succinimide, and maleimide.

25 The acid diffusion inhibitor may be incorporated in an amount of 0.01 parts to 5

48




(7) 9.04 g of norbonene as a nonomer for polynerization, 26.2 g of
i sopropyl adamant ane net hacrylate, and 5.12 g of dinethyl
azobi si sobutyrate as a polynerization initiator were placed in a
flask together with 72 g of 1, 4-di oxane, and the 15 m xture was

t horoughly m xed. .Subse t he | terlor of rged
Wi th it e T R ﬂﬁ)byn%épa&tw e P St kg5 oF PRl
raised to 70C. When the internal qperature of the flask reached
70C, a soveiehigf l]?ﬁr ]@ﬂém@dso@gs g@lg%| vi r{be g_qp_tqnt@f gre acikldiffusion inhibitor is less
adamant ane-| - carboxylic acid 3-nethyl - 3-(2-net hyl acryl oyl oxy) but yl
ester (| ahampb.Otipersby wegphtlrasilgerEr ampéaeslyith heegnodn ymbatiyr oipastry,
nmet hacryl ate, and 22.2 g of 20norbornane carbol actone nethacrylate in

155 g of ahd4hdtt Gxansk thasths bavdry sieghd echy tdradRpedede Ifohd tmidnt dSiecvietha? 5
hours using a syringe punp, and the m xture was allowed to react for

5 hourss aly ke wvAIR, HEREL ﬁ%lyfh%t 1e’§tf)lta?16n Elﬂﬁseﬂghyﬁ‘?ﬁhagéé}@%er eaction

was conpleted; the teaction solution thus obtained s cooled to room

tenperature. nfh%xs%%sct‘staiﬁ {n‘{en%é@ Poem\llpval‘ \{ea(g)gl%%lllt dteﬁeeiopa?)ﬁ]ty and ARG

solution to precipi e ou precipi e preC|p|{ate

was separated by filtration e separated fil hed
with t he ¥4rged ?wplesaeﬁam%;ﬁt HESOHHNY tﬂaagﬁwwfﬁwﬁw\qﬁwﬁ'@@
Thus, 35 g of a polyner c% was obt ai ned. The wei ght average

mol ecul arPokerynihylenpileay! ether polyreihenssanshrodysilbdcresiygal ddayate.

pol ystyrene standards was 7840 g/nol, and the ratio of the weight
aver age nol ecullde regstghmpantion heorninderthapesey envenliec idvang aedrgpesitian
(Mv M) was 1.93. [Synthesis Exanple 4 for polyner] Synthesis of

pol yrmer (shdh as dek3pibebob8ethibits dhicoiidnhyihedizohdss, sabed yadli®, sl éhhanced
pol ymeri zation initiator was placed in a flask together with 110 g of

1, 4-di oxapg, wﬁﬁprohﬁ'l%{%sé R BXRIbMY &c\é‘ﬁélt‘ié}i%fu%ﬂm Botméﬂﬁ%tt%gﬁﬁ‘(ﬂﬂ,@“ ly,

the interior of the flask was purged h nitrogen gas

tenmper at ul, ?teunS' ﬁmtﬁeim feeﬁ%t ? 1st c %S 031¥V§§l 5%66}4%1 S %l%gc’:ssmgﬁ'o& ha%
|nternall%enpera ure o sRIPeAched I'on prepared by
di ssolvi n%cgl?em pﬂte?ll; pitol% ile can e 0%%231?6% lle-galg{egso ())(1y t\le type of the substrate, and
improved contrast is exhibited. Accordingly, the resist composition described above is
15  useful as a positive chemically amplified photoresist composition which responds to
radiation such as far-ultraviolet radiation such as KrF excimer laser light, ArF excimer
laser, or F2 excimer laser; X-radiation such as synchrotron radiation; or a charged
particle beam such as EUV.
According to still another embodiment of the present invention, a method for
20 forming a pattern using the resist composition is provided.
Specifically, the method for forming a pattern includes a step of applying the
resist composition described above on a substrate to form a resist film; a step of heat
treating the resist film and then exposing the resist film into a predetermined pattern; and

then a step of developing the exposed resist pattern.

25 A wafer subsirate may be used as the substrate, and as a method for applying a
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20aci d 3-net hyl - 3- (2-net hyl acryl oyl oxy) butyl ester produced in
Synthesis Exanple 1, 26.2 g of isopropyl adamant ane net hacryl at e,
17.5 g of y-butyrolactyl nethacrylate, and 23.6 g of

hydr oxyadamant ane net hacrylate in 200 g of 1, 4- dioxane was slomﬁy

added dropwi se.to the flask over hours, usi rin

the mi xt uFRMRREUY PHHPstE e, bepie 0‘?96‘61551“1%'6‘1}6 8 ‘Eq‘i‘ 1’%8‘%&‘)&%‘1" ure.
After the polynerization reaction was conpl eted, the 5reaction

sol uti on epaigiganethehed beasedool ed to room tenperature. An excess of
n- hexane was added to the cooled reaction solution to precipitate out
a precipitate, Spcifidadip, thhespt eohpisitames wpdiedeparabgditbyuchiak aisdicoon.
The separated filter cake was washed with the same solvent, and then

was dri edwanges obt@RUCRich Mi@eSrad.0.7Tmse 06918, id tﬁisﬂﬁ)%ﬁéﬂﬁlﬁnaﬁllﬁbal&@&m 1
obt ai ned. The wei ght average nol ecul ar melght (Mnv) of the pol yner

tho ron! ol FEtBh R ERC i BRE MRENERRRLPRAIIE S IRglRS P bE B, and

average nol ecul ar wei ght (Mv Wn) was 2.01. | yntheS|s Exanple 5 for
pol yner] Synt he§pl§seqﬁlenﬂ&| tger@sls bi}l is gggt(@b/)madlated with @zpdgltigp s0 as to form
nor bornene as a nononer for polynerization, and 3.28 g of dinethyl
azobi si sobuingpat@nas The pdiajivethat agn bnudediie ilag ord wepepgliadety limited, but
flask together with 55 g of 1, 4-dioxane, and the m xture was

t hor oughl y-liae xhikh iSub aRauedtirydiatidie Kirheediiner lagdr 11dhe AFaskinwatspuiged
with nitrogen gas, and the tenperature inside the reactor flask was

20r ai sed #9exQfer l\é\!‘@flhghh%l X@taﬁfaﬂéﬂx \Mﬁﬂfpﬁfe%ll%neui%vﬁ)lé@1Jdlia§i%hs rpaghed
70C, a solutlon prepared by dissol ving 16. of the adanant ane-1

- oar oy L)tk TR é@aqgeﬁ@e%ww@h A0 RSB Bh e

pr oduced |n |'adaman

nethacrylate 5 Iact t hacr Iate and 22.2 g of
ot bor nanamafa%%?laé?“&ﬁtsd ﬁa?b HedrGrailt o B ST Heiitid Al as
sl owl y added 5dropmnse to the flask over 2 hours using a syringe
punp, and the nPRecifiallyasragdiafiphisdriadiated at a dose of about 1 to 200 mJ/c1

, and
preferably about 10 to 100 mJ/em?, and then the resist film is subjected to post-exposure
baking (PEB) for 1 to 5 minutes at 60°C to 150°C, and preferably for 1 to 3 minutes at

15  80°Cto 130°C.

After the exposure step, the exposed resist pattern is developed by a
conventional method such as an immersion method, a paddle method, or a spray method,
using a developer solution for 0.1 to 3 minutes, and thereby, a desired pattern is formed
on the substrate. As the developer solution, an aqueous solution containing sodium

20 hydroxide, potassium hydroxide, sodium carbonate, sodium silicate, sodium metasilicate,
ammonia, ethylamine, n-propylamine, triethylamine, tetramethylammonium hydroxide,
or tetracthylammonium hydroxide can be used, and preferably, it is desirable to use
tetramethylammonium hydroxide.

Furthermore, the developer solution may optionally contain additives such as a

25 surfactant and a water-soluble alcohol.

50



react for 5 hours at the sane tenperature. After the polynerization
reaction was conpleted, the reaction solution thus obtained was
cooled to roomtenperature. An excess of n-hexane was added to the
cool ed reaction solution to precipitate out a precipitate, and then
the precipitate was separated by filtration, The separated filter,
10cake was wash&thefitihmethad Saiifeiaise gantiemanmetheirsitaeorehasdign dhearing to
reduced pressure. Thus, 55 g of a polyner (10) was obtained. The

wei ght avéragesenpingent]oaris weidgls degcdhpd alfoviehefipotopistpattchukavoly eicnldent
relative to polystyrene standards was 11754 g/ nol, and the ratio of

t he wei ghtersitBiggad mbieivhaan vefghitdand t he nunber average nol ecul ar
wei ght (Mv Mh) was 2.28. 15Exanple 1: Preparation of resist
conposition A m xture prepared by m xing 100 parts by wei ght
of the polynmer (16) produced in Synthesis Exanple |I for polymer, with
4 part b%X%ﬂ%?EESOf tri phenyl sul foni um nonafl ate as an acid
generator, 0.2 parts by wei ght of tetranethyl ammoni um hydroxi de as an

acid diffusion jnhibitor, and 1, 000. par by wei ght of. propyl ene
Gl ycol methyl el AEmasGE s St e wietetiish oS -
menbrane filter, and thus a resist conposition was prepared. Exanples
2 to 8: PE&papgs poHabh Ppiaat Bavikbprghisyy skath in the art to wihady the prests dbientiohs
were prepared in the same manner as in Exanple 1, except that the
conposi t i oriaindil canedsilyrcariyeout tieliowinfign. Taldbeeveryibe prevgs dnveRBeatrnebel 1
Exanpl e No.
embodied in various different forms, and is not intended to be limited to the Examples
10 described herein.
[Synthesis Example 1 for acrylic monomer]
Preparation of adamantane-1-carboxylic acid

3-methyl-3-(2-methylacryloyloxy)butyl ester monomer

Step 1) Preparation of intermediate compound (iii)

15 [Reaction Scheme 1]
O
Ho){/\ i/@ E ( am
=+ —_—i— O
OH Cl ‘\7<
OH
® (i) (iii)

35 mL of triethylamine was added at 0°C to a solution prepared by dissolving
21.84 g of 3-methyl-1,3-butanediol in 500 mL of methylene chloride, and then 50 g of
adamantanecarboy! chloride was slowly added dropwise to the solution. The mixture
20 was stirred for 6 hours at normal temperature. The reaction mixture obtained therefrom
was mixed with methylene chloride, subsequently the mixture was washed with acid and

distilled water, and only the organic layer was separated. The solvent was removed
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Pol ymer Acid generatorWBasic additive(2) Type Content Exanmple 1
Formula 16 100 4 0.2 Exanple 2

10

15

20

from the separated organic layer, and thus 51.94 g of an intermediate product (iii) was
obtained. The structure of the intermediate product (iii) was confirmed by 'H-NMR,
and the results are presented in FI1G. 1.

"H-NMR: 8(ppm) 1.2(s, 6H), 1.6~1.8(m, 10), 1.85(t, 3H), 2.0(m, 5H), 4.22(,
2H)

Step 2) Preparation of adamantane-1-carboxylic acid
3-methyl-3-(2-methylacryloyloxy)butyl ester monomer (1a)

[Reaction Scheme 2]

e o .. O
g . .

(V) (1a)
In a double-necked round bottom flask equipped with a stirrer, 48 mL of

triethylamine was slowly added dropwise at 0°C to a solution prepared by dissolving 76
¢ of the intermediate product (iii) produced in the Step 1, 35.8 g of methacrylic chloride
(iv), 6.98 g of N,N-dimethylaminopyridine, and 0.05 g of Irganox™ 1010 (manufactured
by BASF GmbH) as an oxidation inhibitor in 500 mL of 1,2-dichloroethane, and then the
mixture was stirred for about 8 hOLlliS at normal temperature. The reaction mixture thus
obtained was acid-treated with 300 mL of a 1% aqueous hydrochlorie acid solution,
subsequently the reaction mixture was washed with distilled water, and only the organic
layer was separated. The solvent was completely removed from the separated organic
layer, andthus 69 g of an adamantane-1-carboxylic acid
3-methyl-3-(2-methylacroyloxy)butyl ester monomer of the formula (1a) was obtained.

The structure of the compound of the formula (1a) produced as described above was
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Formula 7 100 5 0.3 Exanple 3 Fornula 13 100 5 0.3 Exanple 4 Formul a
10 100 5 0.3 Exanple 5 Formula 7

10

15

20

confirmed by 'H-NMR, and the results are presented in FIG. 2.

"H-NMR: o(ppm) 1.57(s, 6H), 1.6~1.8(m, 10H), 1.85(s, 3H), 1.87(s, 2H),
1.99(m, 3H), 2.15(t, 2H), 4.19(1, 2H), 5.5(s, 1H), 6.0(s, 1)

[Synthesis Example 2 for acrylic monomer]

Preparation of adamantane-1-carboxylic acid 3-methyl-3-acryloyloxybutyl
ester monomer

[Reaction Scheme 3]

Ne

(i} i) (1)

In a double-necked round bottom flask equipped with a stirrer, 48 mL of
triethylamine was slowly added dropwise at 0°C to a solution prepared by dissolving 76
g of the intermediate product (iii) obtained in Step 1 of Synthesis Example 1, 33.8 ¢ of
acrylic chloride (V}), 6.98 g of N,N-dimethylaminopyridine, and 0.05 g of Irganox™
1010 (manufactured by BASF GmbH) in 500 mL of 1,2-dichloroethane, and then the
mixture was stirred for 8 hours at normal temperature.  The reaction mixture thus
obtained was washed with distilled water, and then only the organic layer was separated.
The solvent was completely removed {rom the separated organic layer, and thus 66 g of
adamantane-1-carboxylic acid 3-methyl-3-acryloyloxybutyl ester monomer of formula
(1b) was obtained.

'H-NMR: S(ppm) 1.57(s, 6H), 1.6~1.8(m, 6H), 1.85(s, 3H), 1.87(s, 5H), 2.03(s,
3H), 4.19(1, 2H), 5.95(d, 1H), 6.16(dd, 1H), 6.5(d, 1H)

[Synthesis Example 1 for polymer]
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100 6 0.3 Exanple 6 Fornmula 13 100 6 0.3 Exanple 7 Fornula 10 100 6
0.3 Exanple 8 Fornmula 7 100

10

15

20

Synthesis of polymer (16)
A < S i
L5 ol ol
Vel ¢
0
s

Ji

(16)

9.04 g of norbornene as a monomer for polymerization, and 3.28 g of dimethyl
azobisisobutyrate as a polymerization initiator were placed in a flask together with 55 g
of 1,4-dioxane, and the mixture was thoroughly mixed. Subsequently, the interior of
the flask was purged with nitrogen gas, and the temperature inside the reactor flask was
raised to 70°C.  When the internal temperature of the flask reached 70°C, a solution
prepared by dissolving 33.4 g of the adamantane-1-carboxylic acid
3-methyl-3-(2-methylacryloyloxy)butyl ester (1a) produced in Synthesis Example 1, 17.5
g of y-butyrolactyl methacrylate, and 22.2 g of norbornane carbolactone methacrylate in
150 g of 1,4-dioxane was slowly added dropwise to the flask over 2 hours using a syringe
pump, and the mixture was allowed to react for 5 hours at the same temperature.  After
the polymerization reaction was completed, the reaction solution thus obtained was
cooled to room temperature. An excess of n-hexane was added to the cooled reaction
solution to precipitate out a precipitate, and then the precipitate was separated by
filtration. The separated filter cake was washed with the same solvent, and then was
dried under reduced pressure. Thus, 70 g of a polymer (16) was obtained. The weight
average molecular weight (Mw) of the polymer thus obtained relative to polystyrene
standards was 9481 g/mol, and the ratio of the weight average molecular weight and the

number average molecular weight (Mw/Mn) was 2.28.
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6 0.4 Exanple 9 Fornmula 13 100 6 0.4 Exanple 10 Fornula 10 100 6 0.4
(unit: parts by weight) Triphenyl sul fonium nonaflate (2):
Tet r anet hyl amoni um hydr oxi de

The structure of the polymer (16) produced as described above was confirmed
by 'H-NMR, and the results are presented in FIG. 3.
|Synthesis Example 2 for polymer]|

Synthesis of polymer (15)

st sty S St
oL &

(15)

0.04 g of norbornene as a monomer for polymerization, and 5.12 g of dimethyl
azobisisobutyrate as a polymerization initiator were placed in a flask together with 60 g
of 1,4-dioxane, and the mixture was thoroughly mixed. Subsequently, the interior of

10 the flask was purged with nitrogen gas, and the temperature inside the reactor flask was
raised to 70°C.  When the internal temperature of the flask reached 70°C, a solution
prepared by dissolving 33.4 g of the adamantane-1-carboxylic acid
3-methyl-3-(2-methylacryloyloxy)butyl ester (1a) produced in Synthesis Example 1, 22.2
g of norbornane carbolactone methacrylate, 24.8 ¢ of isopropyladamantane acrylate, and

15  17.5 g of y-butyrolactyl methacrylate in 160 g of 1,4-dioxane was slowly added dropwise
to the flask over 2 hours using a syringe pump, and the mixture was allowed to react for
5 hours at the same temperature.  After the polymerization reaction was completed, the
reaction solution thus obtained was cooled to room temperature.  An excess of n-hexane

was added to the cooled reaction solution o precipitate out a precipifate, and then the
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Conparative Exanples 1 to 3: Preparation of resist conposition
5Resi st conpositions were prepared in the same manner as in Exanple
1, except that the conpositions indicated in the followi ng Table 2
were used. [Table 2] Conparative Exanple No. Polyner Acid

generator (2) B3¢ 80! LSS Bhratioy Perib S0 filter cake was washed with the
same solvent, and then was dried under reduced pressure. Thus, 85 g of a polymer (15)
was obtained. The weight average molecular weight (Mw) of the polymer thus obtained
relative to polystyrene standards was 6878 g/mol, and the ratio of the weight average
5 molecular weight and the number average molecular weight (Mw/Mn) was 1.70.

The structure of the polymer (15) produced as described above was confirmed
by 'H-NMR, and the results are presented in FIG. 4.

[Synthesis Example 3 for polymer]

Synthesis of polymer (7)
A L e N I L
O O Q O
ALY
O O
M\O O
@]

10

@)

9.04 g of norbornene as a monomer for polymerization, 26.2 g of
isopropyladamantane methacrylate, and 5.12 g of dimethyl azobisisobutyrate as a
polymerization initiator were placed in a flask together with 72 g of 1,4-dioxane, and the

15 mixture was thoroughly mixed. Subsequently, the interior of the flask was purged with
nitrogen gas, and the temperature inside the reactor flask was raised to 70°C.  When the
internal temperature of the flask reached 70°C, a solution prepared by dissolving 16.7 g
of the adamantane-1-carboxylic acid 3-methyl-3-(2-methylacryloyloxy)butyl ester (1a)
produced in Synthesis Example 1, 17.5 g of y-butyrolactyl methacrylate, and 22.2 g of

20 norbornane carbolactone methacrylate in 155 g of 1,4-dioxane was slowly added
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Conparative Exanple 1 COVA resin(i) 100 2.5 0.02 Conparative COVA
resin(l) 100 3.0 0.02 Exanple 2 Conparative Exanple 3

10

15

20

dropwise to the flask over 2 hours using a syringe pump, and the mixiure was allowed to
react for 5 hours at the same temperature.  After the polymerization reaction was
completed, the reaction solution thus obtained was cooled to room temperature. An
excess of n-hexane was added to the cooled reaction solution to precipitate out a
precipitate, and then the precipitate was separated by filiration. The separated filter
cake was washed with the same solvent, and then was dried under reduced pressure.
Thus, 35 g of a polymer (7) was obtained. The weight average molecular weight (Mw)
of the polymer thus obtained relative to polystyrene standards was 7840 g/mol, and the
ratio of the weight average molecular weight and the number average molecular weight
(Mw/Mn) was 1.93.

[Synthesis Example 4 for polymer]

Synthesis of polymer (13)
www@w—?a ﬁw
720 >F jioy

(13)

3.63 g of dimethyl azobisisobutyrate as a polymerization initiator was placed in
a flask together with 110 g of 1,4-dioxane, and then the mixture was thoroughly mixed.
Subsequently, the interior of the flask was purged with nitrogen gas, and the temperature
inside the reactor flask was raised to 70°C.  When the internal temperature of the flask
reached 70°C, a solution prepared by dissolving 16.7 g of the adamantane-1-carboxylic

acid 3-methyl-3-(2-methylacryloyloxy)butyl ester produced in Synthesis Example 1, 26.2
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COMA resin()) (unit: pa ls by weight) (I): COVA resin

(manuf actured by Kumho Petrochem cal Co., Ltd.) (2):

Tri phenyl sul foni um nonafl ate 5(3): Tetranethyl anmoni um hydr oxi de Test
Exanpl e: Performance eval uati on on resist pattern Each of the
resi st conp05|t|ons prepared i n Exanpl es to 1 Conparativ
Exanpl es £ of g0Bropy a&@%l%tﬁ%ae%w@t%éz 5a€p<¢ﬂvrl?éﬂy18w0%¥? wﬁ?fwé%t%» fug ’Ad &
spi nner, and was dried at 110C for 90 seconds to thereby forma

resi st fi bfihithvxyadamatthickadseybic 0.200gmf 11T lesamosns shgwvlyiddded drogwise
formed was exposed using an ArF excimer |aser stepper (nunerical
aperture af iht sk ens 2 Hhuk8)singangd rinhe puihpeanexpos@dufel wanala set eateact for
treated for 90 seconds at |110C. Subsequently, the exposed film was

devel opedsWolift a2 1iR- sBfc WP RSIMRO U R I A& zatiBh FRABBSINWhACTRNERD) the
hydroxi de for 40 seconds, and was washed and dried. Thus, a positive

resistg pah{dﬁ{ ioh %%hJI1QYl%&talﬁé£ Qhs {:(ﬂﬁecf &%h ﬂ]éél S t,ﬂtwé(cg%rm%ex%ﬁbe

devel opabi an aqueous solutron o amet hyl'ammoni um
hydr oxi de, |veQ$ss to t he su sIrate sensitivi

resol ut i o 6?94%}2 #&sﬁogf edERAIRR AU 1 RHERIAE QU aipECIPIRIEy aeléyt%%ﬂetﬁe
presented in Table 3.

precipitate was separated by filtration. The separated filter cake was washed with the
same solvent, and then was dried under reduced pressure.  Thus, 65 g of a polymer (13)
was obtained. The weight average molecular weight (Mw) of the polymer thus obtained
10 relative to polystyrene standards was 8011 g/mol, and the ratio of the weight average
molecular weight and the number average molecular weight (Mw/Mn) was 2.01.
[Synthesis Example 5 for polymer]

Synthesis of polymer (10)
w@rﬁm{@wﬁw ﬁ%ﬁw
N DL

Q

15 (10)

9.04 ¢ of norbornene as a monomer for polymerization, and 3.28 g of dimethyl
azobisisobulyrate as a polymerization initiator were placed in a flask together with 55 g
of 1,4-dioxane, and the mixture was thoroughly mixed. Subsequently, the interior of
the flask was purged with nitrogen gas, and the temperature inside the reactor flask was

20 raised to 70°C. When the internal temperature of the flask reached 70°C, a solution
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In the case of developability, the evaluation was carried out on the
basis of the following criteria. 0: Excellent developability is
exhi bited wi thout any deformation of the pattern A: Parti al
deformation of the pattern occurred, but generally satisfactory

s exhibited. X: Poor developability is exhibited,

5devel opabi
Wi th sevé}*@dﬂ%%wwﬁ%qlwﬁg 6.7 theagdagiaptane-1- CalbOXWHCF%@ case of
adhesi veness, the adhesion state of a 0.07-um | ine-and-space (L/YS)

pattern flomgiyl-af(2encthideayoplanibudsstobde) medycednd SanthesiaExanplon, Was
carried out on the basis of the following criteria. 100: Excellent

adhesi venasSnAhyledneimdddeyn&bidrgihReI D ¥ odgheshveogsmelacfnd, and 22.2 g of
adhesi veness In the case of sensitivity, the anount of exposure that

forms a QronHarIerGa [olRidH S?]éﬂ%?y?at(e% s Qg? ? AL fodHETRY sRWIShdded

devel opnment at a line w 1, was ined 15as the optinum
amount of

Gosi onat GHORESEHI S AR o 2RaRn T SR %%ulﬁ? AR B v af'fesdioon
that is r_eS(gI V'eSdhovl\Jl?sS atqges éa%?eat%%der%aué esghel the 01 [’nexaitgaltlonl action was
Devel opafist {3 p poly
completed, the reaciion solution thus obtained was cooled to room temperature.  An
excess of n-hexane was added to the cooled reaction solution to precipitate out a
precipitate, and then the precipitate was separated by filtration, The separated filter
10 cake was washed with the same solvent, and then was dried under reduced pressure,
Thus, 55 g of a polymer (10) was obtained. The weight average molecular weight
(Mw) of the polymer thus obtained relative to polystyrene standards was 11754 g/mol,
and the ratio of the weight average molecular weight and the number average molecular
weight (Mw/Mn) was 2.28.
15 Example 1: Preparation of resist composition
A mixture prepared by mixing 100 parts by weight of the polymer (16) produced
in Synthesis Example | for polymer, with 4 parts by weight of triphenylsulfonium
nonaflate as an acid generator, 0.2 paits by weight of tetramethylammonium hydroxide
as an acid diffusion inhibitor, and 1,000 parts by weight of propylene glycol methyl ether
20 acetate, was filtered through a 0.2-um membrane filter, and thus a resist composition was
prepared.
Examples 2 to 8: Preparation of resist composition
Resist compositions were prepared in the same manner as in Example 1, except

that the compositions indicated in the following Table 1 were used.

25 [Table 1]
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Adhesi veness Sensitivity (mJ/cnR) Resolution (nm Exanple 1 0 0 18 70
Example 2 0 0 117 70 Exanmple 3

Example No. Polymer Acid Basic
Type Content generator( H additive®
Example 1 Formula 16 100 4 0.2
Example 2 Formula 7 100 5 0.3
Example 3 Formula 13 100 5 0.3
Example 4 Formula 10 100 5 0.3
Example 5 Formula 7 100 6 0.3
Example 6 Formula 13 100 6 0.3
Example 7 Formula 10 100 6 0.3
Example 8 Formula 7 100 6 0.4
Example 9 Formula 13 100 6 0.4
Example 10 Formula 10 100 6 0.4
(unit: parts by weight)
D Triphenylsulfonium nonaflate
@; Tetramethylammonium hydroxide
Comparative Examples 1 o 3: Preparation of resist composition
5 Resist compositions were prepared in the same manner as in Example 1, except
that the compositions indicated in the following Table 2 were used.
[Table 2}
Comparative Polymer Acid Basic
Example No. Type Content generator™ additive®
Comparative | COMA resin'” 100 2.5 0.02
Example 1
Comparative | COMA resin®” 100 3.0 0.02
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0 0 18 60 Exanple 4 0 0 18 90 Exanple 5 0 0 15 80 Exanple 6

10

15

Example 2

Comparative | COMA resin'” 100 3.0 0.03

Example 3

(unit; parts by weight)

M. COMA resin (manufactured by Kumho Petrochemical Co., Ltd.)

@: Triphenylsulfonium nonaflate

®: Tetramethylammonium hydroxide

Test Example: Performance evaluation on resist pattern

Each of the resist compositions prepared in Examples 1 to 10 and Comparative
Examples 1 to 3 as described above was applied on a substrate using a spinner, and was
dried at 110°C for 90 seconds to thereby form a resist film having a thickness of 0.2 pm.
The coating film thus formed was exposed using an ArF excimer laser stepper (numerical
aperture of the lens: 0.78), and then the exposed film was heat treated for 90 seconds at
110°C. Subsequently, the exposed film was developed with a 2.38 wit% aqueous
solution of tetramethylammonium hydroxide for 40 seconds, and was washed and dried.
Thus, a positive resist pattern was formed.

For the resist patterns thus formed, the developability with an aqueous solution
of tetramethylammonium hydroxide, and the adhesiveness to the substrate, sensitivity

and resolution of the resist patterns were measured.  The results are presented in Table

3.
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0 0 16 60 Exanple 7 0 0 15 80 Exanple 8 0 0 19 70 Exanple 9 O

10

15

In the case of developability, the evaluation was carried out on the basis of the
following criteria.

O: Excellent developability is exhibited without any deformation of the pattern

A Partial deformation of the pattern occurred, but generally satisfactory
developability is exhibited.

X : Poor developability is exhibited, with severe deformation of the pattern.

In the case of adhesiveness, the adhesion state of a 0.07-pum line-and-space (L/S)
pattern formed after development was observed, and an evaluation was carried out on the
basis of the following criteria.

O: Excellent adhesiveness

A Generally satisfactory adhesiveness

X : Poor adhesiveness

In the case of sensitivity, the amount of exposure that forms a 0.07-pm
line-and-space (L/S) pattern formed after development at a line width of 1:1, was defined
as the optimum amount of exposure, and this optimum amount of exposure was
designated as sensitivity. Furthermore, the minimum pattern dimension that is resolved

was designated as resolution.

[Table 3]
Developability | Adhesiveness Sensitivity Resolution
(mJ/em?) (nm)
Example 1 O O 18 70
Example 2 O O 117 70
Example 3 O O 18 60
Example 4 O O 18 90




0 18 80 Exanple 10 0 0 20 90 Conparative Exanple 1 - - 16 120
Conmpar ati ve Exanple 2

10

Example 5 O O 15 80
Example 6 O O 16 60
Example 7 O O 15 80
Example 8 O O 19 70
Example 9 O O 18 80
Example 10 O O 20 90

Comparative - - 16 120
Example 1

Comparative - - 14 110
Example 2

Comparative - - 16.5 120
Example 3

* In the Table 3, "-" means that no measurement was made.

The resist compositions of Examples 1 to 10 containing the polymer according
to the present invention exhibited excellent developability and adhesiveness, , and the
resist films produced by using these resist compositions exhibited markedly improved
characteristics in terms of sensitivity and resolution, as compared with Comparative
Examples 1 to 3.

While preferred embodiments of the invention have been described and
illustrated above, it should be understood that these are exemplary of the invention and
are not to be considered as limiting, Additions, omissions, substitutions, and other
medifications can be made without departing from the spirit or scope of the present
invention. Accordingly, the invention is not to be considered as being limited by the

foregoing description, and is only limited by the scope of the appended claims.
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- - 14 110 Conparative Exanple 3 - - 16.5 120 * In the Table 3, "-"
means that no neasurenent was made. The resist conpositions of
Exanples 1 to 10 containing the polyner according to the present

i nventi on exhibited excellent devel opability and adhesi veness" and

t he 5resi fil oduced by using these resist conpositions
exhibitedaﬁﬂﬁﬁégﬁpg{ﬁproved characteristics in terms of sensitivity
and resolution, as conpared with Conparative Exanples Ito 3.

1. An acrylic monomer having a structure represented by the following formula

(1):
5 {Chemical Formula 1]

Ry

wherein Ry represents a hydrogen atom or a methyl group;
R, represents an alkanediyl group having 1 to 10 carbon atoms;
Rj represents a cycloalkyl group having 3 to 30 carbon atoms; and
10 R'and R" each independently represent any one selected from the group
consisting of a hydrogen atom, an alkyl group having 1 to 10 carbon atoms, a cycloalkyl
group having 3 to 30 carbon atoms, and a (C;-C,g alkyl)cycloalkyl group, provided that

R'"and R" are not hydrogen atoms at the same time.

15 2, The acrylic monomer according to ¢laim 1, wherein R, is selected from the
group consisting of methylene, ethylidene, propylidene, trimethylene, tetramethylene,

pentamethylene, hexamethylene, and heptamethylene.

3. The acrylic monomer according to elaim 1, wherein Rj is selected from the

20 group consisting of a monocyclic cycloalkyl group having 3 to 14 carbon atoms, a
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Wil e preferred enbodi nents of the invention have been described and
illustrated above, it should be understood that these are exenplary
of the invention and 10are not to be considered as limting.

Addi tions, om ssions, substitutions, and ot her nodifications can be
made mnthout departing fromthe spirit or scope of S

i nventi on: 10)9!\%1&‘0‘?)“&?%&13” giqupdiaying drip 28 52iben gims, 8 tigre 6 QPZ 32@“&%’
being limted by the foregoing description, and is only limted b

t he scopehafing lhé toapfbesmblerdatema; and a tetvirraelic eycdoadiiyatpuipdraving AR ta P ghiben
nmononmer having a structure represented by the following fornmula (1):
5[ Chem cahtoksrnul a 1] wherein Rl represents a hydrogen atomor a

met hyl group; R2 represents an al kanediyl group having 1 to 10 carbon
atons; R3 represents a cycloal kyl group having 3 to 30 carbon atons;
and 10Wand R' each i ndependently represent any one selected fromthe

group gongi sting;,0f 1215%%&98%@&8{1} t@@la@%tﬁ%h%\gﬁgg &b&%‘lﬂe” ésehf%dfg?z the

car bon atons a cyc group havin on at

(C1-C gﬁkﬁﬂméloalgxg roup, prOV|ded that R and R' are not

hydr ogen time. 152. The acrylic nononmer according to
claiml1, wherein R2 s selected fromthe group consisting of
met hyl ene, et hylGhsaHeal IgpBygIlabiene, trimet hyl ene, tetranet hyl ene,
pent anet hyl ene, hex%nethylene and hept anet hyl ene.

1

<,

O

wherein Ry represents a hydrogen atom or a methyl group.
10
5. A polymer comprising a repeating unit represented by the following formula (2):
[Chemical Formula 2}

R4

&,

O
w )R
o~

R
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3. The acrylic nmononer according to claim1, wherein R3 is selected
fromthe 20group consisting of a nonocyclic cycloal kyl group having 3
to 14 carbon atons, a 64 bicyclic cycloal kyl group haying 4 to 20
carbon atons, a tricyclic cycloal kyl group haying 10 to 30 carbon

atons, and a tefracyclic | oal kyl group, haying 10 to 30 carbon
o, oA HREVERT RGeS A B SRR A R e | - haying. a
structure represented by the following formula (la): [Chem cal
Formul a 1a] 0 OR: {apessenth aRplkpegshid gapipshayingydiodPetirbpnciions: a net hyl
group. 5.A polynmer conprising a repeating unit represented by the
fol | owi ng f or nuRarepRsentf Teprtpaby| dronmbrdvang?} to Mheredmatéihsraagdr esent s a
hydr ogen atom or a net hyl group;
R"and R" each independently represent any one selected from the group
5  consisting of a hydrogen atom, an alkyl group having 1 to 10 carbon atoms, a cycloalkyl
group having 3 to 30 carbon atoms, and a (C,-C), alkyDeycloalkyl group, provided that

R’ and R" are not hydrogen atoms at the same time.

6. The polymer according to claim 5, wherein R; is selected from the group
10 consisting of methylene, ethylidene, propylidene, trimethylene, tetramethylene,

pentamethylene, hexamethylene, and heptamethylene.

7. The polymer according to claim 5, wherein Ry is selected from the group
consisting of a monocyclic cycloalkyl group having 3 to 14 carbon atoms, a bicyclic
15 cycloalkyl group having 4 to 20 carbon atoms, a tricycelic cycloalkyl group having 10 to

30 carbon atoms, and a tetracyclic cycloalkyl group having 10 to 30 carbon atoms.
8. The polymer according to claim 5, comprising a repeating unit represented by

the following formula (2a):

20 [Chemical Formula 2a]
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R2 represents an al kanediyl group having 1 to 10 carbon atons; R3
represents a cycl oal kyl group having 3 to 30 carbon atons; and R and
R' each i ndependently represent any one selected fromthe group 5
consi sting of a hydrogen atom an al kyl group having 1 to 10 carbon
atons, a cycl oal kyl oup having 3 to 30 carbon atonms, and a (G -C 1
al kyl') cycl oal kyl group! provided that R and R' are not hydrogen
atons at the sa 8. 6. The polyner according to claimb, wherein
R2 is selected from tle(Ogroup 10consisting of nethylene, ethylidene,
propylidene, trinethylene, tetranethyl ene, pentanethyl ene,
hexanet hyl ene, and hept anet hyl ene. 7. The pol yner according to claim
5, wherein R3 is selegted fromthe group consisting of a nonocyclic
cycl oal kyl group haviag 3 to 14 carbon atons, a bicyclic 15cycl oal kyl
group having 4 to 20 rbon atons, a tricyclic cycloal kyl group
having 10 to 30 carbdp atons, and a tetracyclic cycl oal kyl group
having 10 to 30 carbon rat©Ons. 8. The polyner according to claimb5,
conprising a repeating unit represented by the follow ng fornula
(2a): 20[ Chem cal Fﬂiﬁﬂ. 2a] wherein Rl represents a hydrogen atom
or a met hyl group. pol ymer according to claimb5, further

conpri sing one or nore“repeating 5units selected fromthe group

consisting of repeating units represented by the foll ow ng
wherein R; represents a hydrogen atom or a methyl group.

—

9. The polymer according to claim 5, further comprising one or more repeating
5 units selected from the group consisting of repeating units represented by the following
formulae (3) and (4):

[Chemical Formula 3]

R4

[Chemical Formula 4]

10 Re
wherein in the above formulae,
R4 and Rg each independently represent any one selected from the group
consisting of a hydrogen atom, an alkyl group having 1 to 10 carbon atoms, a heteroalkyl

group having 1 to 10 carbon atoms, a cycloalkyl group having 3 to 30 carbon atoms, an
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formulae (3) and (4): [Chem cal Formula 3] [Chem cal Formula 4]

O\ Re wherein in the above fornul ae, R4 and R6 each independently
represent any one selected fromthe group consisting of a hydrogen
atom an al kyl group having 1 to 10 carbon atons, a heteroal kyl group

having 1 to,10 carbon at wa cycloal kyl gr.oup hayin t o, 30, car bon

ntom. an OAEBIINE ol hten 0 b e G Belha R t S GpeiE

group having 2 to 30 carbon atagns, and conbi nations thereof; and

R5 repr es8ifis: Kl coppinadiong es@liadm t he group consisting of a

hydrogen atom an al kyl group having 1 to 10 carbon atons, a

per f1 uoroal kyl Br tsppeshiaty amgore setectke@ fean Bgrgroup consisting of a hydrogen atom, an
alkyl group having 1 to 10 carbon atoms, a perfluoroalkyl group having 1 to 10 carbon

5 atoms, and an alkoxy group having 1 to 10 carbon atoms.

10. The polymer according to claim 5, wherein the polymer is represented by the

following formula (5):

[Chemical Formula 5]

10
wherein R; represents a hydrogen atom or a methyl group;
R; represents an alkanediyl group having 1 to 10 carbon atoms;
Rj represents a cycloalkyl group having 3 to 30 carbon atoms;
R, represents any one selected from the group consisting of a hydrogen atom, an
15  alkyl group having 1 to 10 carbon atoms, a heteroalkyl group having 1 to 10 carbon
atoms, a cycloalkyl group having 3 to 30 carbon atoms, an aryl group having 6 to 30
carbon atoms, a heterocyclic group having 2 to 30 carbon atoms, and combinations
thereof:
Rs, Rs' and Rs" each independently represent any one selected from the group

20  consisting of a hydrogen atom, an alkyl group having 1 to 10 carbon atoms, a
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5atons, and an al koxy group having | to 10 carbon atonms. 10.The
pol ymer according to claim5, wherein the polynmer is represented by
the following fornmula (5): [Chem cal Formula 5] 10 wherein Rl
represents a hydrogen atomor a nmethyl group; R2 represents an

al kanediyl group having,| to 10 carbon atons;, 123 represents a

cycl oal kype@l@&aﬂwigwwg hgvipg 1 30 | &F1BOR ARBngid wﬁk@ﬁf%‘e% &/5thl 1HHE
sel ected fromthe group consisting of a hydrogen atom an 15 al kyl
group havi#rgonLaogs10 carbon atons, a heteroal kyl group having 1 to 10
carbon atons, a cycloal kyl group having 3 to 30 carbon atons, an aryl
group havi ng 6 Rg Rlarclak $eachandempdantlyet@esmy & hiydrogeatpmhay alkgl goto
30 carbon atons, and conbi nations thereof; R5, RS

andR5" eaghvihg depemefbbh NohBPL E@c@ﬂblk@ﬂ%‘o@@ﬁa\ﬁﬂé eed eflcdrb@imbhs, Hroup
20consi sting of a hydrogen atom an alkyl group having 1 to 10 carbon

:It Eg)‘&s Sr gﬁcgée&féﬁ%‘r@&ll}%@gnb% R)gjébr %%&12(?(3 nsé,fa‘ﬁ atfl FAPRRI O30 &hrAfloms,
a heterocyclic group having 2 to 30 carbon atoms, and combinations thereof}

R' and R" each independently represent any one selected from the group
consisting of a hydrogen atom, an alkyl group having | to 10 carbon atoms, a cycloalkyl
group having 3 to 30 carbon atom, and a (C,-C), alkyl)cycloalkyl group, provided that R'

10 and R" are not hydrogen atoms at the same time; and

A, B, C, D and E respectively represent the numbers indicating the proportions
of the corresponding repeating units in the main chain, and A, B, C, D and E are related
such that A+B+CH+D+E=1, 0 < A/(A+B+C+D+E) < 0.4, 0 < B{A+B+C+D+E)< 0.4, 0 <
C/(A+B+C+D+E) < 0.6, 0 < D/(A+B+CH+D+I3) < 0.6, and 0 < E/(A+B+C+D+E) < 0.6.

15

11. The polymer according to claim 5, comprising the repeating unit represented by

the formula (2) at a content of 10 mol% to 40 mol%.
12. The polymer according to claim 5, wherein the polymer is selected from the

20 group consisting of polymers represented by the following formulae (6) to (17):

[Chemical Formula 6]
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R6, R6' and R 6" each independently represent a hydrogen atom an

al kyl group having 1 to 10 carbon atons, a heteroal kyl group having 1
to 10 carbon atons, a 5cycl oal kyl group having 3 to 30 carbon atons,
an aryl group having 6 to 30 carbon atonms, a heterocyclic group
having 2 to 30 carbon atons, and conbi,nati ons theregof; R and
R' each i ndependenill) r 4 F@}he group
consisting o noggn atgzc an al kyl!®gr oup thavi C‘)l to 10 carbon
atons, a cyclsg“ﬁyl group h V|Qg 3to carbon atom“~and a (C 1-C10
al kyl ) cycl oal kyt—“group, pré&ided tha R 10 and FO_are not hydrogen
atons at the sane tine; ang AyYB, C Da espectively
represent the nunbers indi the roportions t he correspondi ng
repeating units in the mai nﬂ",chn 7 B, C, Dand E are rel ated
such that A+B+C+D+E=1, 0 A/ (A+B+C+D+E) <0.4, 0 B/ (A+B+C+D+E) <0.4, O
< O (A+B+C+D+E) <0.6, O D/ (A+B+C+D+E) < 0.6, and O BLLA*B+C+DHE) <
0.6. 15 11. The polyner according to claimb5, conpyising the
repeating unit represented by the formula (2) a ontent of 10 nol %

to 40 nol % 12. The polymer according to claim}
polymer is selected fromthe 20group consi sti ngZc
represented by the following formulae (6) to (17): [Chem cal Fornula

6] [ Chem cal ReHHEA Félmula 7)
O O O 0]
Q O OI} 0
o o :
O O
0O

[Chemical Formula §]
P S o R o M
O ) O
Q O Q

e} OH

[Chemical Formula 9]
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[ Chem cal Fornula 10] [Chemi cal Fornula 11] [Chem cal Fornula 12]
[ Chem cal Fornmula 13] [Chem cal Formula 14] [Chem cal Formnula 15]
[ Chem cal Formula 161 [Chemi cal Fornula 17]

>AO

O
O O
O

[Chemical Formula 10]

[Chemical Formula 11]

[Chemical Formula 12}
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wherein in the above fornulae, A, B, C, D and E respectively
represent the nunbers indicating the proportions of the
corresponding repeating units in the main chain, and A, B, C, D and E
are related such that A+B+C+D+E=1, O A/(A+B+C+D+E) <0.4, 0 <

B/ (A+B+C+D+E) <0.4, 0< CY(A+B+C+D+E) < 0 D ((A+B+C+D+E) <0.6, and
0 E/ (A+B+ +@ - 1 aim5, wherein
the polynmer h : (ge mol eculs i gh 2 000 g/nol to
1, 000, 000 g/ A% eternln y gel /e atlon natography and

cal cul at ed rela i\ve to pol@styrene d2andards, afd nay have a
nmol ecul ar wei ght ¢=sDri buti f 1 ;gz;;>1014 A-trEsist conposition
ny

conprising the pgl ynmer accoerding to ne of 5 5 to 13, an
acid generator, aRd a sol vent. e reS|° {tion
according to clai/m 14, wherein the resist conp05|t|on ntains the
pol ymer at a content of 3 wm¥Mto 20 wt%relative to the total weight

of the 15resist conpositi@mt 16. The resist conposition according to
claim 14, wherein the acid rator is one or nore conpounds
selected fromthe group co ng of compounds represented by the
followng formul ae (18) a : 20[ Chem cal Fornula 18] X2-s + - Z
\' X3

[Chemical Formula 13]

EEEE

0

0 0 S,

[Chemical Formula 14|

4 Q a g
: 2 O OH
o) O

[z

O
ot"l

[Chemical Formula 15}



X5 xel [Chem cal Fornula 19] wherein X1, X2, Y1 and Y2 each
i ndependently represent any one selected fromthe group consisting of
a hydrogen atom an al kyl group having 1 to 10 carbon atons, an

al kenyl group, a hal oal kyl group having 1 to 10 carbon atons, an

aral kyl group having 6 5to 30 carbop atons, an aryl group, having 6 to
30 car bon.atpns,. .adod.Lonbinat.lLon h&r.en hill.e Xl and-X2,4..0r Y1 and
Y2 may be jo' oget her bfrma%)t rat eg Q.; unstur

hydr ocar bon ring/havi ng 3/t0 30 carbon ato ! X3/ X4, X5, Y3,
Y4 and Y5 each independenty y represent any oneisel ected ®hromthe
group consi sting of a hydry ato an al kyf |grgup havipg | to 30
carbon atons, a 10 hal agen O U Py | koxy grgup havi ng to 30
carbon atons, an aryl group ing 6o 30 c@rbqn atons, §

t hi ophenoxy group, a thioal koxy group having 1 tg 30 carbdd atons, an
al koxycar bonyl al koxy group having 1 to 20 carbon atonsp=a{d

conbi nati ons thereof; Z of the anion noiety represents
OSQ2CF3, 0S02C4F9, 0S02C8F17, N(CF3)2, N(C2F5)2, N(C4F9) CF3) 3,
C(C2F5)3, C(C4AF9)3, or the following formula (20): 15[ I
Formula 20] O Vi H H2 - 0 S -CM- (W)0 -(WB8) P- W [ 0Ov2/wherein

Vi and V2 each independently represent a hal ogen atom
[Chemical Formula 16]

B A C D)
o O Q

[Chemical Formula 17]

C

ol v -

o! d o o!
E ; O OH
o
o)

O

wherein in the above formulae,

A, B, C, D and E respectively represent the numbers indicating the proportions
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W represents -(C=0)- or W2 represents an al kanedi yl group having |
to 10 carbon atons; 20WB represents any one selected fromthe group
consisting of a cycloal kyl group having 3 to 30 carbon atons, an
aryl group having 6 to 30 carbon atons, an aral kyl group having 7 to

20 S DO AN QPR 8 RSP R e

having 5 to 30 carbon atons, and conbi nations thereof; S5W represents
any one s®rbéied et e 9P sup (CoRSEEPiTRY <dk4.4 PP TRk Atdm< &4, 0 <
hal ogen group, an al kyl group having 1 to 10 carbon atons, an al koxy
gr oup haviiig+B+CeDIE) edr.hion< B (w3 +(arval)oad kydnddr © B ARBHGIDE)t<00.40
carbon atons, an al kylthio group having 1 to 10 carbon atons, an aryl
group having 6 to 30 carbon atons, and conbi nations thereof; 100
represents an integer of 0 or 1; and p represents an integer fromO

to 2.5 . THa.f88) oL SOURRSIS LRl ACERLUNG. hOELALN Ao NISEELD

. paf
the résis conposition contal e atl gener a co

ol i ds. canPeRtPEN P B Rl Bl kR behsalivt  on

according to claim14, further conprising an additive selected from
t he gr oupthégnapatapiganst calgplaiedcplgtive ile eIyt feon siendards ebd maghaves d
diffusion inhibitor, a surfactant, a sensitizer, and m xtures

t her eof . B0lecular@eigh digtihaicbrf efrl odr mi ng a resist pattern, the method
conpri si ng: appl ying the resist conmposition according to
claim14 on a substrate to forma resist film

10 14, A resist composition comprising the polymer according to any one of claims 5

to 13, an acid generator, and a solvent.

15. The resist composition according to claim 14, wherein the resist composition
contains the polymer at a content of 3 wt% to 20 wit% relative to the total weight of the

15 resist composition.

16. The resist composition according to claim 14, wherein the acid generator is one
or more compounds selected from the group consisting of compounds represented by the
following formulae (18) and (19):

20 [Chemical Formula 18]

[Chemical Formula 19}
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heat treating the resist film and then exposing the resist filminto
a 25predeterm ned pattern; and devel oping the exposed resi st

pattern. 20.The nethod for formng a resist according to claim 19,
wherein the exposure process is carried out by using a light source
selected fromthe group consisting of KrF 5exciner |aser light, ArF
excimer |laser light, extirene ultraviolet |aser light, X-radiation,
and an el ectron beanf>=S+-Z

X
| Ya
// P
Ye Y,

wherein X, Xy, Y| and Y, each independently represent any one selected from
the group consisting of a hydrogen atom, an alkyl group having 1 to 10 carbon atoms, an
alkenyl group, a haloalkyl] group having 1 fo 10 carbon atoms, an aralkyl group having 6
5 to 30 carbon atoms, an aryl group having 6 to 30 carbon atoms, and combinations thereof,
while X, and X5, or Y; and Y, may be joined together to form a saturated or unsaturated
hydrocarbon ring having 3 to 30 carbon atoms;
X1, X4, X5, Y3, Y4 and Y5 each independently represent any one selected from
the group consisting of a hydrogen atom, an alkyl group having 1 to 30 carbon atoms, a
10 halogen group, an alkoxy group having 1 to 30 carbon atoms, an aryl group having 6 to
30 carbon atoms, a thiophenoxy group, a thicalkoxy group having 1 to 30 carbon atoms,
an alkoxycarbonylalkoxy group having 1 to 20 carbon atoms, and combinations thereof;
7 of the anion moiety represents OSO,CF3, OS0,Cy4lg, OSO,Cgl 7, N(CHy)a,
N(CzFs)), N(C4Fg)2, C(CF3)s, C(CyF5)3, C(CyFy)s, or the following formula (20):
15 [Chemical Formula 20]

T V' H
2

- O—ﬁ—(.l‘a—c ~O— Wy~ (Wo)o—(Wa)p~ W,
O Vv,

wherein V| and V; each independently represent a halogen atom;
W, represents ~(C=0)- or -(SOz2)-;
W, represents an alkanediyl group having 1 to 10 carbon atoms;

20 W3 represents any one selected from the group consisting of a cycloalkyl group
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10

15

20

25

having 3 to 30 carbon atoms, an aryl group having 6 to 30 carbon atoms, an aralkyl group
having 7 to 30 carbon atoms, an aryloxy group having 6 to 30 carbon atoms, an arylthio
group having 6 to 30 carbon atoms, a heterocyclic group having 5 to 30 carbon atoms,
and combinations thereof;

W, represents any one selected from the group consisting of a hydrogen atom, a
halogen group, an alkyl group having 1 to 10 carbon atoms, an alkoxy group having 1 to
10 carbon atoms, a haloalkyl group having 1 to 10 carbon atoms, an alkylthio group
having 1 to 10 carbon atoms, an aryl group having 6 to 30 carbon atoms, and
combinations thereof;

o represents an integer of 0 or 1; and

p represents an integer trom 0 to 2.

17. The resist composition according to claim 14, wherein the resist composition
contains the acid generator at a content of 0.3 to 10 parts by weight relative to 100 parts

by weight of the solids content of the resist composition.

18. The resist composition according to claim 14, further comprising an additive
selected from the group consisting of an alkali dissolution inhibitor, an acid diffusion

inhibitor, a surfactant, a sensitizer, and mixtures thereof.

19. A method for forming a resist pattern, the method comprising:

applying the resist composition according to claim 14 on a substrate to form a
resist film;

heat treating the resist film, and then exposing the resist film into a

predetermined pattern; and
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developing the exposed resist pattern.

20. The method for forming a resist according to claim 19, wherein the exposure
process is carried out by using a light source selected from the group consisting of KxF
excimer laser light, ArF excimer laser light, extreme ultraviolet laser light, X-radiation,

and an electron beam.
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