NOVEL ACRYL MONOVER, POLYMER AND RESI ST COWVPOSI 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 polymer, and nore particularly,

to a novel acrylic noner i S a r form.ng a
base pol yner VgLr“ggPé{E %ﬁgﬁﬁ“hoﬂﬁjvﬁ{@h[}i g@e@@ﬁ%ﬁ&#ﬁ@@%%&e
substrate at the tinme of resist patterning and is capabl e of
10enhanci ng transparency, contr &SIMPEIRENGISANE  resol ution and

devel opability of the resist, a polyner containing a repeating unit

derived fromthe acrylic nonomer, and a resist conposition-containing
the polyner. 2. Description of Related Art 15Recently, along with

hi gh integration of sem c@EAUROROUEY CETHE heVENTE)E] demand for the
devel opnent of a technology for formng ultrafine patterns having a

line m?dtn @ekp:ﬁﬂe@h%59&§ters or less in the production of

ultra-large Scale Integrated circuits (LSI) and the I|ke
Accordi ngly, th%wmave &

ure Proce
has al so 20been T GPIHEF! %

n S
g Prddoly SivsbRERS Bobatier SBTEGARE AT
or i-line that has been COF tionally used % nore a tenflon IS
bei ng pai&OWﬁogpﬂﬁF@gmBH@F &R éF%bﬁ E%W%@mp%ﬁarhfq%ﬁgﬁ3PQH‘%PF%HFWV
KrF excinmer laser |ight, ArF excimer |laser light, extreme ultraviol et
| aser |i gmhiqlEls\Wﬁefu}@wampa@m@*r{m EIreing obash eakmes abia restst ForRROSI N Wigh
source that is attracting the nost attention in the field of
['i t hogr aphylebodependant ng tlichmmb@bnexttthgBme étdson ppistbieg nsd widapatde bf ne
width of 0.10 mcroneters or less, is an ArF exciner | aser.

10 enhancing transparency, conirast, 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
(LSI) 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 photoresi st conposition 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 "polymer"),
a conponent capable of generating an acid when irradiated 5with a
radi ati on %hereinafter, referred to as "acid generator'), and a

sol vent, EFﬂ‘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 mat@pheforasfst piyopasitios thatgs genseallyolsgdrisy sush e dind petdern dpiming
functional groups having an appropriate affinity to the devel oper
sol uti on, padés$s wemassd bha tdeperbsiavatpen aidhbiig fimesosd greg,(hanctafter,
excel l ent 10resol ution power. Specific exanples of such functional

groups i NERJER (3 abYSHI MM ), AR ponént leASHHANGT @hatdan@Rdadd Gaeh axdiatgd oup

for increasing the affinity to the devel oper solution, and

adhesi yengss L 9ihis, @Qﬁ%a”ﬂ%{, ?éfeﬁ&?toca)éﬁ'h&iﬁ gg}ééfgljoﬁ% r"agd%oi%lﬁ} arff0 not

have oxygen atons i n the main chain, suc onene group and an

adamant yl . grou for enhancin 5 etching, resistance,. wever, in
order o PRy en HheREe A BT ety e fie R BlSBR sy o gener at ed
by the acid generator is nore weighted than special functjonal )
groups, in vi eWndhe ¢4 osthewelme t@ft i wed go pprBYary raw materigy o pharesiie
been extensively conducted to date so as to satisfy these properties.
Speci f i cathieyolykesr shonldgortain apgionelarperdavaicdn@ppivpNote afidoty-10 1021629,
No. 202006-0122771, No. 2006-0122773 and No. 2008-0011101 discl ose a
t echnol oggevetopassahgica, edipseivynes tgptho dulestidtehytching ovistgnca endexydllcat
nmononer to react with bronoacetyl brom de, and extending the chain

| engtfy HeM&vB6n pbWert he current situation, there is an increasing
demand for the devel opnment of a novel nonomer in order to inprove the

resol ution and éﬂe@ﬁiceé;(gﬁlpfegngms?ﬁ‘ﬁnct%%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 nmononmer which is useful as a nonomer for
form ng a base polynmer of a resist conmposition which is |ess
dependent on the substrate at the tine of resist patterning, and is

capabl e of enhancing 5the t ensitivity,

resol ution and developabilli§hiﬁﬁﬂﬁ§ ]¥$§%§&Rﬁ%&fﬂﬁ$ Anot her obj ect of
the present invention is to provide a polynmer containing a repeating
unit derived froapbiket ddhspicsenribrventen idéspiovisied nayehasrylic monomer waugh |
anot her object of the present invention is to provide a resi st

conposi t i Busefohisad mongnérhfer faohyiper bade polyintee df abeise cangbsitiomeyinold isfless
form ng a resist pattern using 10the resist conposition. Accor di ng

to an asp@len@int bheheuBSRIM atl (Y Bk 0P Fests0 pﬁﬁéhlh}ﬁg’ eintiecpabR &I $nhancing
descri bed above, there is provided an acrylic nononmer represented by

the fol Of{‘ﬂe%h%%[éﬁ'd& Lohthlst, &%ﬁ%&éﬂ%o{ﬁﬁBHﬁh@dé&é?ﬁW&ﬁh@1615%1-

represents a rogen at om or oup, represents an

al kanedi yl grou n , . rbon .ato . !

yctoal kyl  or ougr i dgrcbof Be pipsERonnuds B prifigf SROSHE tiiyfhieq
each i ndependently represent any one selected. fromthe group

consi st i nigPeHIng lﬁg}diﬁag%ﬁgmdhe a%ﬁh%wewmarflﬁaﬁdﬁﬁa@bwge 1 to 10 carbon
atons, a cycloal k 20group having 3 to 30 carbon atons, and a
(Cl-C10 al kyI )o%ldrwh@ypbjgﬂdﬁphe PICERA HEntidreis to ROVigled IRistogpasifion
hydrogen atons at the same tine. R2 may be any one sel ected
from t he gmmiping drespadymaglesérimatabyvens) a wtthpd fadneninpnopidtipdeae using
trimethyl ene, tetranethyl ene, pentanethyl ene, hexanethyl ene, and

heptanEthﬂke@ﬁnc5ﬁ§oﬁﬁM1be any one selected 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]

R

<,

Q

R——R"

15  wherein Ry represents a hydrogen atom or a methyl group;
R, represents an alkanediyl group having 1 to 10 carbon atoms;
Rj represents a cycloalky!l 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 | to 10 carbon atoms, a cycloalkyl

20 group having 3 to 30 carbon atoms, and a (C,-C¢ 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 atons, 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 nmononmer may
have a str q of tge follomnn formula (la): 10[ Chem cal Formul a
la] wher ﬁ“ B §W9§mhmHVH E@ﬁmﬁ?HHWor a met hyl group.

According to another aspect of the present invention, there is

provi ded a pol yMermasdis asiyring gelacted fenx the gravaiconsigimecd enatladensy cthyidene,
following formula (2): 15[ Chemical Formula 2] wherein R represents
a hydr ogemprapydwiens, tamethyleyé, tgrauphyl B2, pepamsidplese, drexahkhpleod, phd gr oup
having 1 to 10 carbon atons; R3 represents a cycl oal kyl group having
3 to 30 cdicpamedtyddiz; and S5Wand R' each independently represent any
one sel ected fron1the group consi sting of a hydrogen atom an al kyl

group Raving 1 ?Qﬂe@él@&@d ﬁ‘amct}{é‘%z,%b‘é)ﬂm&fn%q{?ahﬁdﬁo@ﬁcl $ to 30
carbon atom and a C1-C10 al kyl) cyc oa yl ~group, provided that R

ny one scr RISV BRRREL B3 S bubRE BT b iccomipeliaberou iR A0
ﬁgg ;?rg}[”h;/lcéﬂ)ém agaqrpélsr,rﬁélg y&ﬁgf:m)pék{gagggphhalv%?gei0 t%efir(])tc%rﬁ)%hat(lm?sn %nd 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

O

wherein R} 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):

I5 [Chemical Formula 2]



R3 may be any one selected fromthe group consisting of a nonocyclic
cycl oal kyl group having 3 to 14 carbon atons, a bicyclic cycl oal kyl
group having 8 to 20 carbon atons, a tricyclic cycloal kyl group
having 10 to 30 carbon atonms, and a 15tetracyclic cycloal kyl group
having 10 to 30 carbop atons. The polyner nay contain a repeating
unit represented by t following formula (2a): [Chem cal Formula 2a]
wherein Rl repr hydrogen atom or a net hyl group. The
pol ymer may contain o r nore repeating units selected fromthe
group consisting of repeating units represented by the foll ow ng
formul ae (3) and (4ﬂ3 5[ Chemi cal Fornula 31 |[Chemical Fornula 41

0\ R6 R’ R"

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;-Cjg 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.
R3; may be any one selected from the group consisting of a monocyclic
cycloalkyl group having 3 to 14 carbon atoms, a bicyclic cycloallkyl 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 fornul ae, 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 atons, a cycloal kyl group having 3 to 30 carbon atons,
an aryl group having to 30 carbon atonms, a heterocyclic group
having 2 to 30 carbon*htons, and conbi nati ons thereof; and R5
represents any ected fromthe group consisting of a hydrogen
atom an alkyl grou @ing | to 10 carbon atons, a perfluoroal kyl
group having 1 to 1@carbon atoms, and an al koxy group having 1 to 10

carbon atons. The polynmer may be represented by the followi ng fornula
| A 5]
r U

(5): [Chem cal Fornu 0 5R3 wherein Rl represents a hydrogen
atomor a nethyl gro R2 represents an al kanediyl group having 1 to
10 carbon atons; R3 resents a cycl oal kyl group having 3 to 30
carbon atons; R4 repri@sents any one selected fromthe group

consi sting of a hydrogesw@tom an 10 al kyl group having 1 to 10
carbon atons, a hetergal kyl group having Ito 10 carbon atons, a

cycl oal kyl group ha to 30 carbon atons, an aryl group having 6
to 30 carbon atons, erocyclic group having 2 to 30 carbon atons,
and conbi nati ons theredf;

wherein R, 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

Rs 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 15consisting 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 T8y HGORAPRUE SEONESHon dombontagro:gr Suerath Frvyte ! U frbon

car bon at ons, a 20c cl oal kyI grou haV| ng 3 to 30 carbon atons, an
aryl groupoRmVANgnGkaxy3mowRayEie hicokkcarbon demer ocycl i ¢ group havi ng
2 to 30 carbon atons, and combi nati ons t hereof; R and R
each i ndependenTihwp(rlapcletsembe apyesarted bjetladbﬁtdwmgcfmrmﬂe(fgr oup

consi sting of a hydrogen atom an al kyl group having 1 to 10 carbon
atons, a cycl oaldi¢migl Bugnkia¥ing 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 sarreRtlrre and A BrC D and ,ﬁirespectwn ely
represent the nuers |n|cat| g t he prortlons Of he corrg pondi ng
repeat i ng " W ated
such that A+B+C+DeEs +‘t+D+E) <84, 0< B/ C+D+E) < g 4

0 < C/ ( A+B+C+DA <O 6 DF ( A+B+C+D+E) < 0. 6, and E/ ( A¥B+ D+E)
<0.6. 10The pol ygrer may cowq n the repgating unig represenped by the
formula (2) atg tent of 10 ml %to 49 mol %  \ The ol yner
may be sel ectedgfrom the group Ronsistindleof pol ymd¥s repr esdhted by
the follow ng forgulae (6) to (17): [Chem cal Formula 6] 15

0=
5 Rs
wherein R; represents a hydrogen atom or a methyl group;
R, represents an alkanediyl group having 1 to 10 carbon atoms;
R; represents a cycloalkyl group having 3 to 30 carbon atoms;
R4 represents any one selected from the group consisting of a hydrogen atom, an
10 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
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;
Rg, Rg' 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 Fornmula 7] [ Chem cal Formula 11] [ Chem cal Formul a
14] [Chem cal Formula 15] [Chem cal Fornula 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,-C 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) ata
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]
- 2 5 Jxr
O O 0O
Q OI} O
@ 0" o >
O
O

15

[Chemical Formula 7]



[ Chem cal Fornula 17] wherein in the above formulae, A B, C, D and
E respectively represent the nunbers 5indicating 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 <
B/ (A+B+C+D+E) <0.4, 0 < U (A+B+C+D+EF) < 0.6, ,0 D (A+B+C+D+E) <O. 6,

and 0 E/ ( Ak 0. ver age

nol ecul ar i, of 2, 000 z?/ 8etern1ned by
gel perneati jAir omat ogr r ativ%)to pol ystyrene
st andards, and may have {stributign of 1.0 to
5.0. Accor di ng pres i nvention,

there is provided a resis t he pol yner

descri bed above, an acid The

pol ymer may be i ncl uded 3 w%to 20 w¥relative to
the total weight of the reS|st conposition. 5The acpd=generat or may

conpounds represented by the follow ng fornul ae (18)
[ Chem cal Fornula 181

[Chemical Formula 8]

o g g

{Chemical Formuia 9]

o e

{Chemical Formula 10]




[ Chemi cal Fornula 19] Y2-7 + - Z Y3 wherein in the
formulae, XlI, X2, Yi and Y2 each independently represent any one
selected fromthe group consisting of a hydrogen atom an al kyl group
having I to 10 carbon atons, 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 hav conbi nat i ons
thereof mhll Y1 aRd<y2' may j Oi together to form
a saturated saturat d ydro rbon ri i 0 30 carbon

at ons, X3, X4, , Y3, Y nd._ Y5 €7 i ently represent
any one sel ected from the\group ca i ng 1;9» atom an

al kyl group having 1 to carbol‘; 75 )% ogen gr gtup, an al koxy
group having 1 to 30 carbgn atons, an” aryl droup hgv ng 6 to 30
carbon atons, a thiophenoxy group, a thioal koxy group having 1 to 30
car bon atons, 0

[Chemical Formula 11]

[Chemical Formula 12]

TEEE

[Chemical Formula 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 followng formula (20): 5[ Chem cal Formul a

2000 Vi iilH2 - O SSCCW- (W)0 (WB), P- WA I11,0v2 wherein V1 and
V2 each i ndependent om represents -(C=0)-
or W2 represents A group avengl 1 t car bon at ons;

10WB represents an © group isting of a
cycl oal kyl atons, & aryl group having 6
to 30 carbon atQne\-an .ral group Raving 7 ta.30 carbon atons, an
Vi Ng an hi o group haV|ng 6
5, ™8 tero clic avi g 0 30 car bon at ons,
ereof ; one-/seetted fromthe

aryl oxy group h
represents any

to 30 carbon ato
and conbi nati ons

group consisting of a hydrogdﬁ atom a hal ogen group, an al kyl group
having 1 to 10 carbon atopgs=an al koxy group having 1 to 10 carbon
atons, a hal oal kyl group haviyng I to 10 carbon atons, an al kylthio
group having 1 to 10 carbon g , an aryl group having 6 to 30
carbon atons, and comnbi nati/g her eof ;

[Chemical Formula 14]

B C A b E
O 0o O O
4 CK Q Q
: z © OH
O O

[Chemical Formula 15

[Chemical Formula 16]

11




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

0to 2. The acid generator may be included in an anmount of
0.3 to 10 parts by weight relative to 100 parts by wei ght of the
solids content in the resist conposition. The resi st

conposition may further inclyde additiyes selected fromthe group

consi sti ng,.afi.an_al kal i.d di ffusion
inhibitor, a ing to anot her
aspect of the Press t here/i s-provid nmet hod 5f or

formng aresis i ch inclu@es a stepQOofN\appl ying the

resi st conposition described ve on bstrat t her eby form ng
aresist film a step of hedt reating/{the resi m and t hen
exposing the resist filmintg/ a pre@bte(n1ned patt{erh; and a step of
devel opi ng the exposed resistypattern. he\exposure process
may be carried out by using asTight source selected % om 10t he gr oup
consisting of a KrF exci aser, an ArF excinmer |aser, an extrene
ultraviolet |aser, X-radiatioefs—and an el ectron beam The
details of other enbodi nents he present invention wll be
disclosed in the detail ed geqerifption of the invention given bel ow
The acrylic nmonomer according TO the present invention is useful as a
nmonomer 15for f 1 Ny bas | ymer of a resist conposition,
particularly a E@E%P%@@ﬁﬁﬁﬁﬁﬁgﬁlly anplified photoresist conmposition
which is | ess dependent on the substrate at the tine of resist
patterning, apd is/gapapl e of jenhagncin he fran rency, contrast,
sensitivity, rl@st st. The pol yner

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

wherein in the above formulae, A, B, C, D 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+tB+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,
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



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

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

radi ati on; and charged particle bea such as EUV. Furthernore, the
resi st conposit i%’?"‘g%‘&%’r%cﬁ“ﬁ@ef Wﬁ@r@ef-‘e@%pﬁ G B8 BB liggst
the pol yner described above exhibits excellent adhesiveness, storage
stabi | ity coamgsiginhgnaeding the polydeh dessuibtthawye, aarndidegenetatarsanghecssil Yeaht
resolution in both CHpatterns and L/S patterns. Al so, since the
resi st conposi tilhe poasnenesl bedntludediaetamuuntel8 wein teRe eliYsaalative to the
pattern profile can be obtained regardl ess of the type of the

substrat e,m@nq,ejénp@m@éesmm]p@&qods exhi bited. BRI EF DESCRI PTI ON OF
THE DRAW NGS FI 1 is a proton nuclear nmagnetic resonance (1H NWVR

(CDCI 3,5 400 M_|Z)'I)h_e acid geﬁ&%ﬁ)tr R R onk BE nioRd @Jlﬂ]i?&haé Setddidd f)rorﬂrtﬁlgél%lﬁ:ﬁj in
Step 1 of Synthesis Exanple 1 for the 10acrylic nononer. 1 G

G proauead i QbR e aREAl MilRlnd REgFRERENIRATI oL ™ ™ ©

NONOITEer . ghG.B s a 1H- NWR (CDC13, 400 MHz) spectrum of the
pol ymer (16) pr otOEBYEa! FPriaettedi ate Synthesis Exanple 1.

Xy
XZ-S + - Z
I ~

add

Xs %,

X3

{Chemical Formula 19]

Y1
Y,—S+-Z
| T Y
APNF 3
Y
5 Yq

10

wherein in the formulae, X, X2, 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 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

halogen group, an alkoxy group having 1 to 30 carbon atoms, an aryl group having 6 to
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15FIG 4 is a 1H NWR (CDC13, 400 MHz) spectrum of the polymer (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 wll be
described in detail. 20 However, these enbodi nents are only for
iIIustratéHQwEurposes, and the ~resen$.i vention. is not é teﬁded to
be i nited FHEPRHGMSTHEIGNELRH PR, AiioBKOX S 808P HaVigR{ ittt CHRPY 219y,
the scope of the clains that wi Il _.be described bel ow o

Unl ess pafit dlkoxysarbpnslaliosy gerupdayingd tp R0chdop piosies, and preabingtes ithsscol;
the term "hal ogen atont nmeans any one selected fromthe group

consi sting of fZX obthemajonahdiotyi rages@EDBMCS, Q8D.Cdd] OB80,CsF 7, N(CF3),,
Unl ess particularly stated otherwi se herein, the prefix "hetero-"

means t haN(OJIg),{ K(C.MFL.ECE@H, ROO(GFONEC(@,E;)S Wb el b Bdveidlg i1l gzog.at ons
selected fromthe group consisting of nitrogen (N), oxygen (0),

sul furs (S) and RhazRhPFYs.(IF)e) For exanple, a heteroal kyl group means
that one to three carbon atons anong the carbon atons of an al kyl

group 5are substitukpdvby het er oat ons. Unl ess particularly
stat ed ot herwi se hefeif, Hbhe term "al kyl group" neans a |inear or
branched al kyl group—HavingPtWao(MBpoc@dbenViat ons, and the al kyl group
i ncludes a primry IK&I group, a secondary al kyl group and a
tertiary al kyl group. Unl ess particularly stated otherw se herein,

the term"al kanediyl " means a 10 dival ent atomnmi c group obtained by
renovi ng two hy‘éﬂ“ﬂ'@‘énvla?c“gri? @Féfﬁdﬁne@m%@?reéﬁa w%gséat%resem ed by
the fornmula: -011426-. Unless particularly stated otherw se herein,
t he term "al kenWi tepresgnts -€CHydoove@bbn havi ng one or nore unsaturat ed

regions, that is, normal, secondary, tertiary or cyclic carbon atons
havi ng car bon- c@k, bgiesebp2ndiahbdiybgrods haviag 1| ex Hpdrbon 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 heterocyclic group having 5 to 30 carbon atoms,
and combinations thereof;

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

al kenyl), 2 to 12 carbon atonms (that is, C2-Cl2 al kenyl), or 2 to 6
carbon atons (C2-C6 al kenyl). Suitable exanples of the al kenyl group
include, but are not limted to, ethylene or vinyl (-04=CH2), allyl

(- CH2CH=CH2) , cycl opentenyl. (-05H7), and 5-hexenyl i ]

(- Gooroanto LBy souriba iR SXIREy seestst Upwahnmoup
the term "hal gal kyl " neans an_ al kyl group .in_ which one or nore

hydr ogen &§iEnSP %mallaaﬂkshlsscﬁlﬂtw\dng@&ﬁn a8 agfd dliffiedonaipbipion pgurfactant, and
substituted by hal ogen atonms. The al kyl noiety of the hal oal kyl group
may have mixtore2thec@mibon atons (that is, C -C20 haloalkyl), 1 to 12
carbon atons (that is, Cl1-Cl2 haloalkyl), or Ito 6 carbon atons (that

is, Cl-C6 al kyl Accofilihg abditlexasmess b picbént 2bkalioakikyrt isghouped naleudd,
but not limted to, -CF3, -CHF2, -CFH2, -CH2CF3, and perfluoroal kyl .

Unl esss pafdirGiliag hYes ﬁét?é?n,%ﬁ]@ﬁ Wcﬁ%e?%t@%%f aﬂﬂﬂﬁng ﬂ{e%é'i&%hlp'é%igﬁ" kyl
group”™ means an al kyl group having I to 10 carbon atons, in which

SOme or an%scﬁf)edt J?)%VDXH % g?lfs;t}‘a%ta ?ﬁ%&%ﬁfoﬁ’xﬁﬁ% asl%g)&tfgﬁlj]n? tat%%gl%%f é}%#l%rahﬂlf

atons. 5 ess particu State erw se herei

" al koxy" ans -ORa group,. erei, a .means an al kyl such a

dof i ned alJoIET EmiBH DGR DG T Gy P B0 daBrHerr b L ae gy BeThep
invention include, but are not limted to, nethoxy, difluoronethoxy,
trifl uor oedavelepingdhtgsppsediepisioiéii. i sopr opoxy, n-butoxy, and
t-butoxy. Unless particularly stated otherw se here, the term

" per f | uor oal koxVhapxpopire pOwesnsayalre airkakyut gy owpgldighhgputcd sslet@ddeambon
atons, in which sonme or all of the hydrogen atons are substituted by
fluorine ak@dup consisting of K #5ekchadtlheul ArA ¥ &kbii@daset, Beexirate HRfeolkt
the term "cycl oal kyl group” neans a cycl oal kyl group having 3 to 30

carbon at pug, xaadalite aHASS BRAFYGHI.C. bicyclic, tricyclic and
tetracyclic al kyl groups. 15Furthernore, the cycl oal kyl group

includes an adaf@en&e\[elils%rf%{’h%r eﬁb@&ﬁ}%ﬂ{swlﬂle 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, particularly 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 useful for the formation of a fine pattern
using various radiations such as far-ultraviolet radiation of a KrF excimer laser, an ArF
excimer laser or a F» excimer laser; X-radiation such as synchrotron radiation; and
charged particle beams such as EUV.
Furthermore, 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 conmpound in which an al kyl side chain

is linked to a, benzene ripng, such as toluene or xylene;, a 2 ound
i n whi ch (4 <Bhaneed Lo @fﬁé@ﬁ@@ip?ﬁ@sﬁ'%ﬁéﬁl'%ﬂ'ﬁﬁé%f?kfipa%%o?%tmw@()ﬁb@ﬁm such
as bi phenyl; a conEound in which two or nore benzene rings are |inked
via a cyclrsieieyangEsupatsinsa het er ocycl oal kyl group, such as fluorene,
xant hene or ant hraqui none; and a conpound in which two or nore
benzene rings arAdsd,used tleagsistvempositioh hasextalbhit pedcesseviadowdmrxaciéme .
Unl ess particularly stated otherw se here, the aryl group neans an
aryl 25gr giapedbf@ cln be oBRintardRR s @Mhe type of the subdih®Ssnd improved
particularly stated otherwi se here, the term"aral kyl" means an al kyl
substi tut ed Wik amaafyl dgroup having 6 to 30 carbon atons such as
defined above, and the al kyl and the aryl have the same neani ngs as
defined above. Exanpl es of the aral kyl include benzyl, phenethyl, and
phenyl propyl. 5Unl ess particularly stated otherwi se herein, the term
"aryl oxy" neans an -CRb_%r%ﬁp wherein Rb represents . an aryl such as
defi ned above. Exanpl es Rl nD§§9P6§VIEﬂQE&1' EFNWIRESE he pr esent
invention include, but are not limted to, a phenox rou

Unl ess particuléﬂﬁyl§@d¥@@ﬂévﬁéwwmﬁ§wﬁéﬂEPﬁFWFﬁéLNé%%%@HP L 107 BiT1z))
means an -SRc group, wherein Re represents an aryl such as defined
above. Exappttesn of thamtamyddidie Giilpgdoeed inSedpull off ymtltehie Haxnmplent for the

i nvention include, but are not limted to, a phenylthio group.

Unl ess opardcigiehasdomest at ed ot herwi se herein, the term "al kylthio"
means an -SRd group, wherein Rd represents an al kyl such as defined

above. Exanpl es 9f; 2R akKMMB {0k VS :  for
i nvention incluég,zﬁﬁﬁ are nong?ﬁi%gh t%§%%§Pﬁ§fyﬁﬁ€g%§§ﬁepPﬁﬁgwum
n-propyl thio, isopropylthi 0. n-butylthio d.t-butylthio. 15Unl ess
part et ant 9 b aREA DR At sy PRENL bR L pi e b efier T < v oupe
means a cyclic radical ving 4 20 ring-constituting atoms, in
whi ch one. or mor@g(% B ‘E@J%@ éQDé,ﬁ 0 Wil SDEFUEE Hdbe BtliR! UPbproduced
substituted by heteroatons (for exanple, N, 0, P or S). The term
" het er ocychilerragiipghe Symibesiesanpledt urated ring, a partially
unsat ur at ed

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

in Polymer Synthesis Example 2.

DETAILED DESCRIPTION OF THE INVENTION
Hereinafter, 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 from the group consisting of fluorine, chlorine,

25  bromine and iodine,
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ring, and an aromatic ring (that is, a heteroaromatic ring), and al so
i ncludes 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
include heterocyclic rings substituted with any arbitrary substituent
di scl osed her ei WPIgsHEREPIYY atated desiprse getsisp the prefix "hetero? mezaps bt gae
of the heterocyclic group include, but are not limted to, pyridyl,
25di hydr op9 tirel/¢arbereatpah geir wpstithigy by hpiepaatdnaly sejectadiem theydroup consisting
t et r ahydr ot hi ophenyl, tetrahydrothi ophenyl sulfate, pyrimdinyl,
"bratty', dfbitegh (Npyxysdny(O), pyiuag)lapt phosphdasdPy | For esanaga)l aylicteroalkyl
benzof uranyl, thianaphthal enyl, indolyl, indolenyl, quinolinyl,

i soqui nol ighytlp mEeRZhAodazolhyde, cafion@kdrid A¥bng the BLBEK h@1¥YIan alkyl group
pyrrolidinyl, 2-pyrrolidonyl, pyrrolinyl, tetrahydrofuranyl,

t et rahydr L a4 vl . r oi soqui nol i nyl, 5decahydroqui noli nyl,
octahygrogggﬁﬁgﬁg i%wﬁ%%%§§@¥%yl, triazinyl, 6H 1, 2,5-thiadiazinyl,

211, 611-1,5, 2-diit hi azi nyl ., .thienyl. i nyl. R nyl .,
“sobenzof ur anyl Uit Sty Rt St TR Wy R Py

i sot hi azol yl, isoxazo y%, pyradinyl, pyridazinyl, indolidinyl, .

i soi ndol ylh,ne@'lr‘ilrﬁ’ﬁ%?ﬂz“?/‘; al <1‘I—¥"PW6IB%"6‘P%/1 to ?Eil‘h‘gﬂ E}t‘)‘}ll?i»ai‘-dd]&‘? Moy E’d?‘ﬁ%ﬂ“?“‘des
pht hal azi nyl , napht hyridinyl, quinoxalinyl, quinazolinyl, cinnolinyl,
pt eri di nyla priegy eBivbarepyd secamiaay piyladronp andsa atidsp pikpl group.
phenant hri di nyl, acridinyl, pyrimdinyl, phenanthrolinyl, phenazinyl,
phenot hi azi nyl , Unlesapamighlarlp kiated>oalzdrwise hetresig el tormfiylkaned iyl bmeanysl a,

i mdazolidinyl, imdazolinyl, pyrazolidinyl, pyrazolinyl,

pi per api nydivaldnd d@kniid gloupioh@iddyi rébying Wivd %[c/bﬂogwmbmsmpmomkm, and
oxazol idinyl, benzotriazolyl, benzisoxazolyl, oxindolyl,

benzoxazol . Wle rel Sl he B .rahydrofuranyl (each of these may be
155ubstit£ﬁ§ﬂ&3ﬁbh%%% sti%ﬁt%’lﬁgagn R oxi des (for exanple, pyridyl

N- oxi de and qui inyl N-oxide) and quaternary salts,thereof .
Unl ess particuIg&h?sé@gf%%ﬁ3ﬁﬁg?ﬁ£@%wﬁﬁl “f%ém%%ﬂﬂoahﬁgﬁdﬁgmsa
substituentg mentioned in the present specification naX be X
subst i t ut @YIOFARAR BYPE P Smoraemeatukafrd tegiphs: il s ppiml exgeondaiim iertigyt
a hydrogen atomis substituted by any one selected from 20t he group
consi st i n@t eyclie caetongéomahamyg earbypdeasiayl, srdsuple bondsir doxgkagplougn,  a
cyano

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

thi@nthr

atoms (that is, C,-Cyy 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=CHy), allyl (-CH,CH=CH,), cyclopentenyl (-CsH5), and 5-hexenyl
(-CH,CH,CH,CH,CH=CH3).

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{-Cyg haloalkyl), 1 to 12 carbon atoms (that is, C,-Cy;
haloalkyl), or 1 to 6 carbon atoms (that is, C;-Cq alkyl). Suitable examples of the

25  haloalkyl group include, but not limited to, -CF;, -CHF,, -CFH,, -CH,CF;, 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, anpﬁﬁﬁP“ﬁﬂﬁﬁp, 25a heteroaryl group, derivatives thereof, and
conbi nati ons thereof Furthernore, unless particularly

st at ed ot her wi sEnleshartigiady daad ohgtwisnberemehedem Leebroaealylesoume
present specification neans that two or nore substituents are |inked
by a si nghealromchlloyl group leivinegl @rlduprbooraiemag iowhiohrsens b sttiof tertysragee
I i nked by condensation. 5Recently, along with high integration of

sem condugfosts hdey b&asubitheed by fluariskesamd for a technol ogy for form ng
ultrafine patterns having a line width of 0.10 mcronmeters or less in

the production gfjel ddi@clialy #08d bigrliskRere@Nhe 38V alk I RIc8hLIh -ORa
l'ithography is 1n progress,” there is a demand for a technology for

formng patterns hawng. a lin i.dth of 0. m croneters or less.
Ther ef or o Sheret e deh Fiof b ke Cabal S OB BECes i YRS eroup
increasingly finer, attention i.s beipg paid to the study op
i t hogr apﬁif){laffj%@?rl?@essn@ﬂw'%%w@nBW‘%&O& lﬂélt?étfﬁog’ﬁﬁ’é’xvvé{;%‘i‘%ﬂ’&?WPX%
and using EUV using a wavel ength of 13.5 nm_ as a next generation

li ght of KHmorgragthoxyhathoxs asprapeay BPRISGEFY. BfOUDT. 3% t-bE&Ypr i nci pl e
related to this may be understood from Rayl eigh's equation: R =

k2c/ NA2. HoweveUnlekd panticudstyl sidtednihesvinohera, the Gparpyrilobtaailoaplgeowpi’ npl y
by reduci ng the wavel ength 150f |ight, and while patterns becone

fi neri@ndidehing, alkhe dregOhdiingON TRy cdbisor@bias, T Reskhbyniche atlegiige of
roughness of the pattern devel oped with a devel oper sol ution.

Accor di nglyqg A08s 9fe bEitEaSYEESiALath@wer the |ine edge roughness,
research f%rggﬁhuct%degﬁ alnethgd o? i%proving the line edge

ousncss oy | EGRR G SR EARAIR e FLut PR LA e
ther eby ez:(;c?ga?licyq ggr(;[urll) 1a(\:f1r1]1agi 3nt’0 3 Scar %m?c{n?sq am-i 11;11r(];lu(%d>ési; Flfoirlggycﬂg,%?gz%ll’ig;
tricyclic and tetracyclic alkyl groups.
15 Furthermore, the cycloalkyl group includes an adamantyl group, a norbornyl
group, and a polycyclic cycloalkyl 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 ynmer for resist, when an al kanediol, for exanple,
3-nethyl -1, 3-butanediol is used to react with an acid-labile
group- cont ai ni ng conpound such 3s adamant anol or adamant anecar boxylic
acid, and 25t heHNeREPHIGHYGE stitgd gihepisghere. thetem "Wallsylamemstanaaed v
halide to synthesize a novel acrylic nononer, and a pol ymer produced
by using swisttugashwyith en ayhpresp hpwing $del 38 sarhobawesrseeh #s dadmed ebivst andt he
| ine edge roughness in the i mersion exposure systemusing ArF is

i mpr oved, thendkyhtind the aiylhavetheisamadicahingmnasddfmedabodeas &xampzhbf than
adamant anyl oxydi net hyl propyl group is detached and separated fromthe
group Iin&g&yqmcﬁwe@eﬁ%hnﬂﬁﬂahﬂ,gﬂiyhﬁ @gﬁwner under the actlon_of an
acid. It was al so found that thereby, ¥|ne patterns can be reali zed,
and the devel opghjeld eﬁaXti&Mar %ﬁ&%@@ iséf?érﬁi‘h', e t&ﬂ#“a‘i{l@ﬁ%&%‘s\éﬁ -ORBET
to the substrate are inproved, and thus the’ present 1 nvention was
conpl eted. " _That is, the,acryli noner according.to an
rbbd: Nk OB YREEIBRRERIC Y 1ttt PEh 3R A eI aPp T FpDs of oA

foll ow ng fornulahg%é: [Chemical Fornula 1 wherein Rl represents a
hydr ogen &togmugsiubfoptieryescht igygntiopanglads, Bt Botdimideddana phejoxy guup-
having 1 to 10 carbon atons; 15R3 represents a cycloal kyl group
having 3 to 30 Unlekopariagudarty, stated otherwiRe bavdinRthe ¢eroh syl thepemestah ySRe
represent any one selected fromthe group consisting of a hydrogen
atom an giloky) wireiuRchapiesgntslart @ryllich as befincetaboes. &xayplaalf ky brydthaup
having 3 to 30 carbon atons, and a (Cl-Cl0 al kyl)cycl oal kyl group,
provi ged Ehap ulfupRd (iR prafest i0éntioy dh Q8RN bt KERoAtm kd¥etoSAPRiyItAR- sroup.
20Specifically, R2 in the formula (1) nay 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,
ethylfhio, 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 S). 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 heterocyctic
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, trinethylene,
tetramet hyl ene, pentanet hyl ene, hexanet hyl ene, and hept anet hyl ene.
Furthernore, R3 in the fornmula (1) nay be any one selected fromthe
group consisting of a nonocyclic cycloalkyl group having 3 to 14

carbon ataqmns .C cloa Kk ving 8 20 carbon
atons, a ttf’tﬂwglqlﬁ&'o&fdwgﬂﬁ%ﬁ pﬁ‘r“Blfﬁ“ﬂa 1?@‘3?)3 mﬁﬁ‘r B—‘é‘ﬁz‘gi’]orrs and
a tetracycllc c cloalk oup havi ng 10 to 30 carbon atons, and 1 to
5 hydr ogerimédas adﬁﬁﬁ@ H@nﬁvpﬁﬁﬁbHnﬁﬁmhﬁm@ﬂﬂRgﬁﬁh@lﬁ@ﬂ%WMﬁﬁW@%H@H by
any one selected fromthe group consisting of an al kyl group having
lto 6 car bewuatebingl, barrialdeextyl, gipeuginghvimperidongl, 6ywalidoyl, 2ippmslidanyl,
perfl uoroal kyl group having 1 to 4 carbon 10 atons, a

per f | uor ogdykioxuygretuly diafirngl, tettzdydrogamblinylpleaaBydraistyiiiicdiny Rl Kyl

group having 1 to 6 carbon atons, a hal ogen atom a hydroxyl group, a

car boxygl Qe R dr@uibEng, ¢ ’ NGIIOr, Y Rhiadiakinl 0
group, a ngtﬁgifﬁ?o grgh Eﬁm&ﬁ“”§“g¥§ﬁ§?g39 dhﬂﬁaﬁ LBHg%% R, s

while R %}/Gﬁ ?Q)ﬁltg in ?Iﬂ?&g)ﬁ 118 { ] y%n?/ so%%ﬂ? ifﬁltail gcl%%m%ﬂyl
1 2Py’ y"'be

al kyl group an roup

selected fro e rou tin tomc .gro represented b

the fol I oWt e\aﬂ 1%&'(“11:/{}??1? ltf%/‘gssot higzb dbhyge %PWE‘F‘%F 1“%21%6
(1-9), R11 and R12 each independently represent h¥drogen atom an

al kyl gr oupddiishivigsaindalyls 3Handenl. atondazod, puricaky#Hyawnelidiexli plyhalaziayle
carbon atons, a perfluoroal kyl group having 1 to 4 carbon atons, a
perfluoroahkmhyﬂ@nEMQMhamﬂmgLﬂum@mﬂﬁwhmbﬁmﬁaﬂopﬁﬂdmyh%dHamﬁmkMyL
group having 1 to 6 carbon atoms, a hal ogen 5atom a hydroxyl group,

a car hoxylca@agsps, E%a@b@iﬁi@l , Ph&taRthriditil, tefcﬂdﬁlﬁfplppnnﬁﬂdg\;ﬂnbMaﬁthﬂﬂﬁiyl a
thio group, a nethylthio group, a nethoxy group, d

COR* ‘r’]"gf ungfﬂé}t JR othﬁz@ﬁV et g? gﬁ%ﬁo‘?ﬂg&kl%o{:iﬂ%nﬂﬁﬂka} Sy Sting

of any o rom grou onsi's p and
an aryl gr.o

an |ntegeﬁn¥¥%ﬂpﬁn$ “©Mﬂ%ﬁwﬁgpg§gwy§§%e ﬁggﬂnwp I%%gﬂgrgh&ﬂﬂwpresent

isoindolinyl, quinuclidinyl, morpholinyl, oxazolidinyl, benzotriazolyl, benzisoxazolyl,
oxindolyl, benzoxazolinyl, isatinoyl, bistetrahydrofuranyl (each of these may be

15 substituted or unsubstituted), and N-oxides {for example, pyridyl N-oxide and quinolinyl
N-oxide) and quaternary salis 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 nitrile group, an aldehyde group, an epoxy group, an ether group, an ester group, a
carbonyl group, an acetal group, a ketone group, an alkyl group, a perfluoroalkyl group, a
cycloalkyl group, a heterocycloalkyl group, an allyl group, a benzyl group, an aryl group,
25  aheteroaryl group, derivatives thereof, and combinations thereof.
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10an integer fromO to 11, e represents an integer fromO to 15, f
represents an integer from0O to 7,0 c+d 17, and 0 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

sel ected fromthe group cansisting of a hydrogen atom ,an al kyl group
having 1 to 5 caBorRaRoraespnBoyir ChEpEro LR stbudraior ng 3
to 14 carbon atons, a bicyclic cycloal kyl group having 8 to 20 carbon
atoms, a thereofcageerdigctodhbg RigrengpragH1gabon Agansohaldwaer Bxy e epsHiuenls arg
tetracyclic cycl oal kyl group having 10 to 30 carbon atoms, and a

(C1- 05 al kykeddycd vaglk pbndymoulnkipg prupes tvhat nRre subdtifentare linded by
hydrogen atons at the same tinme. Preferably, R and R' are each

i ndependeaddd¢natioet hyl group or an ethyl group. 20Preferred exanpl es
of the acrylic nmononer according to the present invention include

adamang ane- | - cap B, lafor@Glith %g%ﬁt@%*&ﬁ&i e MRIIMLAGE Ydvaek axkud
ester (hereinafter, referred to as JAM 1) represented by the

fol | owi ng i [.C I .d

3- et hyl - gérggér y g?f%@%ﬁ@%‘ g@?ﬁ?&ﬁ%ﬁ%’ﬁ%@#&%&% aaﬁ?éa‘ﬁldﬂm%g'tla? n R
represents.a hydrogen atgm or a .nmethyl grqup. . An acrylic
oot AU AR e hE s obdeerr B diie. euHiuy T by
all ow ng an al kanediol to react with an acid-labile gr oup- provi di ng

conpound, lidmdraghn snnaregsessigerchea dempasliod atevhsoloby &irdeaning pattaies haing

a (nmeth)acrylic halide. At this tine, an al kanedi ol having 3 to 20
car bon at eiise eddth af Di0Agniarcinenst bolesd.  Jitergdoreamionderao tetivé Amo/width that
structure in the nolecule my be used as the al kanedi ol, and
speci {0 cahikeYbecanimtiybasingdy badranediion isteilgh®id iokBe s@by be lithdethphy 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/NA%
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 in 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-|abile group-providing conpound, any one sel ected from
the group 10consisting of an al cohol, a carboxylic acid and a hali de,
all of which contain an acid-labile group, and conpounds thereof may
be used, and the acid-labile group has the sane neani ng as defi ned

above. Specifically, a conpound sel ected fromthe group consisting of
adat nant aﬁsa'v{w AR AMEE R BIE) POGUSH Y Usiigd s A RAR AR 1 W 81T de,
and m xtures thereof can be used. 15Furthernore, as the (meth)acrylic
hal i de, aBiseapn &ulredttelde {ipg gilgeHeugnssiindbmBnueisioy caposwEt faenypsing Atk
chloride, acrylic chloride, and m xtures thereof can be used.

The aboveismemiéwedethdeo thpaune st usdcitipm witheArprladubghtom of t he acrylic
nmononer according to the present invention can be used in their

st oi chi 0Wﬁdefrﬂleﬁnaﬂlmgﬂﬁnetﬂ_ﬁ@'o@ﬂfgi'biuﬁisfﬂét’h@ﬁﬁ arfiGe Pdrelicd GrohnDthe Reopr iaiked to
i nvention produced by a method such as described above is |ess

dependent 4Qn,LiRensHBe {Hegkr?yn%r dnB& the FRicRforh Skt Palisefid Bnd &Rd can
i nprove the transparency, ‘contrast, sensitivity, resolution and

devel opabj,] | e resist. Tt i s usef.
evel Pt B G L8 sl P REOHRLTRISTBL it o

a nononer

particularly ositive chem cally anplified photoresist. .
Scomposi ¢ MahePovies G i sHE Pl ARGTREYed B0 e PIETCTE feepiosseti
invention, there is provided a polymer containing a repeating unit
that is depnplegdfrom the acrylic nononer. More particularly,
t he pol yner according to the present invention contains a repeating
unit represent etlhdys, tlieeact dld owongerfaocarding t¢ 2) embbdiotent o tbepiewsd fr om
the acrylic 10 nononer descri bed above. [Chem cal Fornula 2]

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

{Chemical Formula 1]

R;

wherein R; represents a hydrogen atom or a methyl group;
Ry represents an alkanediyl group having 1 to 10 carbon atoms;
15 Rj represents a cycloalkyl 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,-Cy alkyl)eycloalkyl group, provided that
R'and R" are not hydrogen atoms at the same time.

20 Specifically, Ry in the formula (1) may be any one selected trom the group
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wherein Rl to R3, and R and R' respectively have the sane nmeani ngs as
defi ned above. Preferably, the polynmer may contain a repeating unit
represented by the 15following formula (2a): [Chem cal Fornula 21
wherein 121 has the sanme neani ng as defined above. The
pol ymer according.to the present invention pmay further contain,
Doget her SAORIPAG! %Wreﬁea SR ERES. PP B BEOE Y BRe EElY Sme. or
nore repeating units 5Srepresented by the following formulae (3) and
(4), whi chenigractidens, bgxamashylang pad hgpsepsihyeee. nrpnomer and a nor bonene
derivative. [Chemical Fornula 3] [Chenical Fornula 4]

Furthermore, R3 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 cycloalkyl 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 Ry 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, R3 may be any one selected from the group consisting of atomic

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

f%:i;“h“a siifjﬁﬁﬂb ﬁZg;éRnhn

- (1-2) (1-3)
S /(R11)c (Rq4)c . (/R”)c
Q:\//(R1z)d ﬁ@@/(m)d \@(Rw) g
(1-4) (1-5) (1-6)
E(Rw £, %(Rmﬁ £ /(R;)‘sz)f
-1 (1-8) (1-9) "
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10R6 wherein in the fornul ae shown above, 124 and R6 each

i ndependently 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 atonms, a cycloal kyl group
having 3 tp 30 carbon atons, an _aryl group having 6 to 30 carbon

at oms? a Hg% é'?%’é&%’l“i‘-@af‘g&@ﬁsolﬁ&\%@l png gxz@@%@ﬂ%ﬁg%kyﬂﬁmm hydrogen
conbi nati ons thereof; and RS represents any one sel ected
fromthe dgiteupacahdigseymipvote hloHyehrberetions.om allanyairgyn hayingubtonasarbe) 1
to 10 carbon atons, a perfluoroal kyl group having 1 to 10 carbon

5at ons, ardoras aglekitoyoakdigooupaheiving totdcalborcashgn @t hmsoalkoxy group
Specifically, the polymer may be a nulti-conponent polyner

represent dgving it dder dagbdnanbing aftgarmLyalkybroup REViAH € td & BkibDE afaMUE RSSO
the respective repeating units in the structure is subject to change.

Chem e Sy iup YORUOUiah, A SPIESSILE ISR AP0
O 3 G G R B RPN DR R SR RO AR
hydrogen a}}la(l)ynl])e a?}lr)]f one selected from the group consisting of any one selected from the group
consisting of an alkyl group and an ary! group;
a, ¢ and d are each independently represent an integer from 0 to 9, b represents
10 aninteger from 0 to 11, e represents an integer from O to 15, { represents an integer from
0t07,0<ctd< 17, and 0 < ct+f< 15,
More preferably, Rs represents an adamanty! 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 eycloalkyl group having 10 to 30 carbon atoms, a
tetracyclic cycloalkyl group having 10 to 30 carbon atoms, and a (C,-Cs alkyl)cycloalkyl
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 sel ected from

t he group 20consistRng of a hydrogen atom an al kyl group having 1 to
10 carbon atons, per fluoroal kyl group having 1 to 10 carbon at ons,
and an al koxy group ing 1 to 10 carbon atons; R6, 126' and
R6" each independegtly represent any one selected fromthe group
consi sting of a hydxogen atom an al kyl group having 1 to 10 carbon
atons, a heteroal ky 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 hetebocyclic group having 2 to 30 carbon atons, and
conbi nations thereofy, R and R' each independently represent any one
selected fromthe gr.,ocgonsisting of a hydrogen atom an al kyl group
having 1 to 10 carborn atons, a cycl oal kyl 10group having 3 to 30
carbon atons, and (¢ -C10 al kyl)cycl oal kyl group, provided that R
and R' are not hyd atons at the sane tine; A B, C D and
E respectively repfesght the nunbers indicating the proportions of
the corresponding repeating units in the main chain, and A, B, C, D

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

B/ (A+|3+c+B&}%eﬂiﬁb‘.e},%égmég?@‘@ﬁ%ﬁ%@%&&j‘ﬁﬁtg’é@‘ éf,‘%‘o D/ (A+B+C+D+E) <0. 6,
and 0 5. E/ (A+BtC+D+E) <0.6. . . In the fornula.(8), It R6, R6'
2nd Re iy be oABHOVAHEBRTEREY e A Su et e Yeap Ao e
consi sting of atom c_groups represented, by the follow.ng fornul ae
(5-1) to ggali(?\)n.ng an alkanediol to react with an acid-labile group-providing compound, and

W

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 consisiing of an alcohol, a carboxylic acid and a halide, ali 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
R)R"
R
O
0=

R3
wherein R; to Rs3, and R' and R" respectively have the same meanings as defined above.
Preferably, the polymer may contain a repeating unit represented by the
15  following formula (2a):

[Chemical Formula 2]
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(5-7) (6-10)(6-11) In the forrmulae (5-1) to (5-12), R53 to R55
each i ndependently represent any one selected fromthe group
consi sting of a hydrogen atom an al kyl group having 1 to 6 carbon
atons, an al koxy 5group having 1 to 6 carbon atons, a perfl uoroal kyl
group having 1 to 4 c&rbon atons, a perfluoroal koxy group having 1 to
4 carbon atons, a hydrtexyal 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 noxgyyup, a thio group, a nmethylthio group, and a
nmet 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 fromO to
15; 1 represents an ifgteger fromO to 15; mrepresents an integer
fromO to 17; and!) represents an integer fromO to 11. 5Mbre
preferably, R, R6, and R6" in the fornmula (5) nay be sel ected
fromthe group consis ggcpf atom c groups represented by the
formul ae (5-3), (5-4), /(5-6), (5-8) to (5-10) and (5-12).
Furthernore, in therf8rmula (5), R5, R5' and R5" are each
i ndependently a hyd & atom or a nethyl group.

gy
wherein Ry has the same meaning as defined above.

Pl

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 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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10l n the polyner of the forrmula (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 at om
of a (neth) cryli aC| group, for exanple, tert- butanedl oup.
Ther eby, g%‘%‘rﬂe]&%"“ﬁ-’g tﬂﬁqc&s&b%atelﬁaﬁgl@aﬂwc A EFABPRENE %tarﬁcaﬂw
I|berat|on reacti on 15occurs. At this tinme, if the nol ecul ar merght
of the furrtehemall combimptioirahercef, hiberated is small, that is, if the
nunber of carbon atons is snall, the polymer may be vaporized at the
tinme of pOSt-eXﬂQSH@G&ﬂﬁﬁ&@mhhedexﬂbﬁumﬁhegﬁMﬁkngﬂﬂb@kﬁﬁ&ﬁdﬁ%@@a@hhan
the I ens of the exposure machi ne, and the vaporized pol ynmer nmay cause

a thi cknesgiy10ssupdaviRf eeti® @tbdieorhd, Beffucfodieaterdupaal mnt oo dhfn
resist film wever, in the present invention, the 20functional

group shatyd s LGk tk%st A ARRTB D RSy qRl.gcul ar weight and is
rmbre i

not vaporize Furt even if the erated functi onal group

remains in the berate functi does

the pattern proé%re%%ttrd R SR oap@aﬁt%@ét%%rt %C{?Y'aﬂdsx’}sre&t%rby tht
sol ution the tinme of the devel opnment of exposed areas.  As

resul t, tHeUpPYing fegyda @u@}sﬁge Linkig SerBteBse, tharrapectiye FRsHing g n e
fine patterns is made 25possi bl e. Preferably, it is

pr ef er abl estiplurg leulpestyorebangecor ding to the present invention to

i nclude the repeating unit A at a content of 10 nmol %to 40 nol % from
t he vi ewpoi nt t H&hereiakldrenda fJattern form ng properties can be
exhibited even with a smaller amount of the photoacid generator. If

t he content of theRrepeatlng unit Ais ouR,of the range descrigped 5
above, a cha ge iy polarl y does not occ to the“teN1 t hat

suf fici entsp 1‘ B agqQd atkakir st ey e oftEl ned,
andtherelsarl &_ ion of p= erns may._not be akghi ed.
Furthernore, the repet|nA can satfs the sénsitivity/t is
required in resigts, when ed{together g th a highly sen3|ubve
acid-1abile greu ﬁherefore an 10effect\ that |iné edge roughness at
t he boundary betpeen an unexpos@d area an®san expos®&d area t h&’s are
di stingui shed by bhe devel oper solution can be prevented may be

obt ai ned. Slncgzgpe repeating unit derived froma norbornene
derlvqbrve represgpted by the

wherein Ry represents a hydrogen atom or a methyl group;

Rz represents an alkanediyl group having 1 to 10 carbon atoms;

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

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

15  alkyl group having 1 to 10 carbon atoms, a heteroalky! 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

28



repeating unit B in the polymer 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 methacrylic copolyners is inproved.
Furthernore, since a re eatln unit that is derived froma norbornene
deri vati vEctHEQioatkyhetopp 5@%& & 1¢ @ garken glegsy ety AV phay g bt Bt e
as a nol ecul ar wei ght adjusting agent, a | ow nol ecul ar wei ght pol yner
can be prodberdoty; adj usting the degree of 20pol ynerization of the
acrylic nononer, and etching resistance can be enhanced.

Furthernore, i nRJ;, ' el eschdeddpead dnig Seprosehhany @eealetad fivni the gtoupD
and E of the polynmer of the formula (5), acid-labile functional

groups Ca@o}ﬁ%‘flh Bf PHVASEn AR, A ARIELYu BhaEdd R @bdrfﬂ%ﬁk’ mloﬁlkyl
adhesi ve power reinforcing the adhesi ve power on the wafer can

al so be | @%&gﬂg@ﬁg 1b40l carbdir Ql%'h%g dl(%)‘?clbﬁlgy}%? V@CH%GH % %%%%on%& Pé ¥in

contal nin ne as Ssuc el nf orci ng agen

el nf or o 13T £k KArbEPIE fSRben Hobtice AP diBonsiias i reben

group and the substrate is used, and al so, a bul ky hydrocarbon
conpound #RMEHANdFOpbiadiens theieefiance to et ching can be si mul t aneously
i ntroduced. The copol ymer according to the present invention having
such a struct ur®' aad Bdeslkmdbeaidabityxpreagnt bey andiaesiedciopotym@oyup a
random copol yner, or a graft copol yner. Speci fic exanpl es of
t he pol ynesnsaaagbila hgdrbgerd iemparesiR it gromyRavingontd Icdausten atompaLidalkyl
having the structure of the followi ng formulae (6) to (17), and the
sequepe %nfouﬁ REvihESRE S L¥Bok 8RAEAL Atk L@ $ alkm)g;@o@kﬂlg@&w afovﬁ&a]rmdtae
a

i s subject to change: [ Cheni cal Fornu em cal Fornul a
R'and R" are not hydrogen atoms at the same tune,

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) <04, 0 <

15 CHA+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.

In the formula (5), R4, Rs, R¢' and R¢" 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 Fornula 8] 33 [ Chem cal Formula 11] [ Chem cal Formul a
15] [Chemi cal Formula 16] |[Chem cal Fornula 17]

¢
i"\.{- .,
ffji‘:-(ﬂﬁa)g k@/‘ el Al

0 R55 I
(5-1) (5-2) (5-3)
F AR5 # ;b R/K
0 X 55 \
0 (Rﬂ ( )n
(5-4) (5-5) (5-8)

0 Z | gdi\? " ?ﬂ\
AN Q Mj}{?f ( “)ZT”?

Res Ry
(5-10) (5-11)
In the formulae (5-1) to (5-12),
Rss 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 (o 4 carbon atoms, a
perfluoroalkoxy group having 1 to 4 carbon atomns, 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 aminoe 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< U (A+B+C+D+E) <0, 6, Q_FY($+Bﬁ?+D+E) <0.6, and. 0 .

E/ (A+B+C+D+E) <& gepscsehts an intcggy Lroph kb iepkessrdt #yinfsset famdliase ht
invention is generally insoluble or sparingly soluble per se in an
aqueous afdpsispnts en integsn [ropuf tarbpestisegison intsecrdame8 o pHergpetsgrte an may
be sol uble. 10Al so, the polymer according to the present invention
may have imgreefsed) orldéopeasad as altedr oty 0 defe mdiapg:sems bl ertedeafige O n
the type and content of the nononer in the polymer. In general, as

the nunbefy pf; ahy dr§RERAIsGNIRGRTIINNQkESES, the solubility in an
aqueous al kali sol ution decreases. The polyner according to the

preseng inventire éé'r @ggmy}m?hﬂ;g‘sfa@m t@wg{ngggé%ﬁ;@ R Rfed W9 e

(hereinafter, to ‘as erm ne ernmeat| on

< prof or BBy Ca 5B ABIE 8TLPDUS 560G e CARERY 1ol KBS I

sensitivit¥' develogﬁbility, coatability and heat resistance of the
resi st at('H@fPﬂﬁé* en the polymer is used as a base resin for
resist, the megght average nol ecul ar weight is nore preferably 3, 000
g/ mol to 50, 00 lglhmllOl‘eFulrtbhﬁTl‘f’r’tbliEe(SLffbssRa'aﬂé(ﬂlu'bm‘i?@ﬁdvhdwwdmté@ edge
roughness, the polyner preferably has a nol ecul ar wei ght distribution
of | to Shydangemmome jppuefiekdlouphas a nol ecul ar wei ght di stribution of
1 to 3. Therefore, when a polyner having a wei ght average nol ecul ar

Swei ghg and a nplRE PbigmeVef @B Yordiudd (9)epdARg it thendeitee dctilagss bPged
above is used in a photoresist conmposition, the polynmer can exhibit

appropr i afg o %ﬁﬁﬁ)i B55hd Q(‘#l] EEIE)E‘??@& adifY ‘ﬁln%%gitﬁiﬁgf i‘til;éditaﬁgl?;%l?lgglge h {ré@ult,ar:pd

heat resistance ol ymer accor

i nvention_having.a structure such as descri.bed %gove can .b r.oduced

by pol yrePY B ee i TR Trsht e ARl R G Mo ) R BRLY Bo B P

formula (1) and optjonal|y a (nmeth)acrylate derivatjve and a

nor bor nen&EP dirat P%(rﬁﬁﬂléce@ﬁ@éﬁtarm ONFEAGIRISy  Jat PHANSHSE BERPP- f or

exanpl e, a bulk polynerization nethod, a solution polynerization

met hod, aThersipelsi wnegpolymisri sahhagedienhodpreae buhk agdis pbersiiomreaction

pol yneri zati on nmethod, or an enul sion polynerization nethod.

Pr ef ersabl yecutdie Aahiynigte, fake heldalay weighz etthb Yurlctoha atoupahpriehibaaked en,

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.
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15this tinme, any radical polynerization initiator that is usually
used as a radical polynerization initiator can be used w thout any
particular Iimtations. Specifically, any conpound selected fromthe
group consi sting of azobisisobutyronitrile (AIBN) benzoyl peroxide
(BPO), lauryl peroxide, azobjsisoeapronitri

azobi si soval er oRTefa LY, it {s peferAblenkpa Ep)@#%ld*éwl ding torfhernypsent inpgtigsfo
can be used. As the polynerization solvent, one or 20nore sel ected

f r om benzemwéudettod wpeaingwypitehat a gatonenél heol%dido 40 imed Yy froest the viewpoint that
tetrahydrofuran, esters, ethers, |actones, ketones, am des, and

al cohol s esmcellbet pastexdh. forming propeil'tite cpoby otfibizat dvon wighrgosmaAletis@oadt of ke
time of polynerization reaction is appropriately selected and used in

accor dancghMbhdid bR rdyPe 19fhelcBBefBd@hY &peating umtE&' idhe 'bm}ié@anéeh@sm ibed
nol ecul ar wei ght “di stribution of the polymner pro duced can

25cont g ol g? 0y ci"f‘ef?ugé %féél%tg'd\é %E&%‘é&ﬂq Lie, e iﬁic%&ﬁ?sc? ybrlrlté n

pol yneri z oh 1 i e Teaction i zation

is conpleted, it referabl e that unr cted mer

o T oLt P B RRE ok M SRS 53, RIS a0, oF s
precipitation nethod using a solvent. The polymer according to the

present i FASHOF Bhadvafined by controlling the type 5 and content of
t he nononer according to the production nmethod descri bed above has

excel | ent fil m Fetheirmgreptlgpepdating pnidddcansatesty dtsevsitivity habiaseuired im
for a resist conposition which is excellent in the adhesiveness of

t he resi stesists, wWhen astisbgabe, witonhiphlysensiti e shépaibile geaup. s@hesdefary,iany,
and resolution power. Particularly, the polymer of the present

i nvent g onefisciysfiiul eds BubaRSs at%é Ebtfnﬁﬁiyébeﬂ%ltdh\{@leﬁ@ﬁéﬂ &1@h hiYd an
anplified resist 10conposition that is éxposed by using KrF exciner

ecer A Bt IR SR e o A O e S0 LR DA

i nvention, r§5|st conmposition containing the pol ynmer descri bed
above is P& More particularly, the reS|st
conpositlon conéalns the yner. descri bed above, 15an ac

generator, and 2i6plt afical ine Y derivegdrqp prEdorese f*ﬁévaélaﬁéepagsemed by the
descri bed above, and may be contained in an anount of 3% to 20% by
wei ght r elFepeiting wiot B frethe pobimenei gietfohula B hassicharadiongsiftdevning e t he
content of the polyner is less than 3% by wei ght, the viscosity of
t he cofrposdstitian poBe@reso axepsigiéehyvihondorhdbliclichl stdicaid, teClolt to
forma filmhaving a desired thickness,
solubility in solvents exhibited by conventional methacrylic copolymers is improved.
Furthermore, since a repeating unit that is derived {rom 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 nay occur due to the
relatively | arge anount of the acid generator. If the content of the
pol ynmer is greater than 20% by wei ght, the filmthickness becones
excessively thick so that radiation transmssivity is decreased, and
it my be difficult to obtain a_perpendicul ar pattern. , )

The acid geEnerapigmingslagops b deiafdcige H@r%ﬁﬁﬁwﬁ( prayesibgtyraea the qeid-Bbped t o
as 25and an oniumsalt such as an iodoniumsalt, a sulfoniumsalt, a
phosphoni {incsanal graup aid bonibsitate & wsed.angypisodd hitlkiyrhegdipearbemncampaiad or
the like can be used. Preferably, one or nore of sulfoniumsalts

r epr esent edhidhyintibhasef alslstancatp étdringtachd dd)ltarduflt ircdacedoe used, and
nore preferably, triphenylsulfoniumnonaflate can be used. [ Chem cal

Formula 18] 5 ¥Re cdpoheméraatorfivg it pk&knivReaftion h?ﬂi,nﬁgaeh Xdnange X2

each i ndependently represent any one selected fromthe group
I

consi s§ i ngeﬁa ib&d {%‘%’gﬂgsrbeaatlﬁ&l%a 83}["}%{;' a BheMR cg@éylgglégxk{i/ grag%gggﬂfnﬁﬂ

atoms, an al keny oup, a group,

having 7 to 30 garbon atoms, .an aryl group.having 6 to. 30 car.bgn
nrom’ and conbP RS RIRET AR SR e tinka Wb gV euENENS, pe
joined together to forma saturated or unsaturated hydrocarbon ring
havi ng 3 FYMBOMEaRBERe Hieorctups giths fblopingdormydne (§)to4hq. anp! tag sgsluence

i ndependently represent any one selected fromthe group consisting of
a hydr ogenf G seppeddiveabiepting hoitipinibs/stgturalifornsulacissrbieet tachange: an

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

unsat urated hydrocarbop ring,having 3/to 30 carbon/atons. X3, X4, X5,
Y3, Y4 andv¥Bveacpimdeperdentie eprEesent ar vected from
O O

10

[Chemical Formula 7|
o) o) 0 O
0y e O/\g
0 e
O O
0]

[Chemical Formula 8]
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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

5, Y3,1 Y4 and Y5 each
th rpup consi sting of
a hydrogen at 20 ¢ atons, a

hal ogen group, ‘a ¥)20 canbon atons, an aryl
group having 6 to 18 carbon ons, a th.gphe oup, a thioal koxy
group having 1 to 20 carbon gthons, an ;ﬂl met hoxy having 1

i ndependent

to 10 carbon atonms, and conbinations t . gg ani on noi ety
represents OSORCF3, OSORCAF9, (0802C8F17) N )2, N(C4F9) 2
C(CF3)3, C(C2F5)3, C(C4F9)3, o a functiong group represented by the
following fornmula (20): [ ' Formula 201 O Vi | IIH2 - 0-S-CO
- W- (W)0 (WB) P-W 111 BOv2\l5wherein V1 and V2 each independently

represent a hal ogen atom W
represents an al kanediyl gro ing 1 to 10 carbon atons;

WB represents any one sel ect u.'70n1the group consisting of a
cycl oal kyl group having 3 to 30~“carbon atons, an aryl group having 6

to 30 carbon at a ral kyl. group 20having 7 to 30 carbon atons,
an aryl oxy grougaﬁﬁﬁwa§%%m9§£go carbon atons, an arylthio

esents -C=0- or -(SQ2)-; W

[Chemical Formula 10]

[Chemical Formula 11]
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group having 6 to 30 carbon atons, and a heterocyclic group having 5
to 30 carbon atonms; W represents any one selected fromthe group
consi sting of a hydrogen atom a hal ogen group, an al kyl group
having 1 to 10 carbon atons, 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 having @l to 1 b hayi 6 to 30

car bon at ons, m sen{slan integer of 0
or 1; and p r“ﬂ'ﬁ? Owhen the acid
generator describ&d above i§ producedOby Ilnklng aQOcyclic al kyl group
to an anion, the d e of acid in resist film
can be appropriately maint ort, /hi per nea ity can be

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

obt ai ned. F é?erably, in“the formula (20), of the anion

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

[Chemical Formula 12]

B A C D
__5%:0 O O
O

[Chemical Formula 13]

reyes

[Chemical Formula 14]
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OH 9 /\---1-0--c-c- -0" F2 0 H Th2ii -H---LOCGCS, 8F20 C
(20-13) 9H29 -0- (20-14)

[Chemical Formula 15]

[Chemical Formula 16]

B A C D
o O O

[Chemical Formula 17]
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H29 C

F2 0 OF2 0 (20-16) (20-17) 9H2 OHO I1"2I1

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

10

15

gt Sty

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) <{(.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.

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/mol 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 " C1..2.77- O -Ft ----C -11----- a
F2n F2 (20-29)(20-30) Furthernore, in the fornulae (18)

and (19),

preferred exanples of the cation noiety include structures

represented by the followng formulae (21-1) to (21-16): (21-1)

(21-2) (21-3

10

15

20

25

regist, the weight average molecular weight is 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

controlled 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 aci d
generators descri bed above can be used singly, or two or nore kinds
may be used as a mixture. Furthernore, the acid generator may be

i ncorporated in an anmount of 0.3 parts to 15 parts by meight

f bl ts t 10
e to B Ra (il o Ro e b o BecE & i oo £t pitefied
sol i 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 confrolling 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 subsirate,
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 KiF 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  an acid 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. Ifthe
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 difticult 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 polymer. 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 SPABIENSYLAOYTISEBI sal-He Ipgleardhe Brgcanhs used- o getsebht spe o
a solvent having an appropriate evaporation rate and viscosity.
Exanpl es ofora ssHprivmssatthepprasanicdby theddllpwingHernpiles@f) aidi8hedndre used,
i ncl ude esters such as ethylene glycol nononethyl ether, ethylene

gl ycol nonaethgle pe¢thebly, etphyhdnéfogiye obnaferropndpyisedst her ,

nmet hyl cel | osol ve acetate, ethylcellosolve acetate, propylene glycol
mononet hyl et her[Caegical Bornil®py] ene gl ycol 5Snonoet hyl ether acetate,
and propyl ene glycol nonopropyl ether acetate; and ketones such as
met hyl isopropyl ketwne, cyclohexanone, nethyl 2-hydroxypropionate,
et hyl 2-hydroxypsggpép§£e, 2- hept anone, ethyl |actate, and
ry-butyrol act one.”?Thes€e sol vents may be used singly, or two or nore
ki nds may be used m xture. For the solvent, the anount
of use can be appr jTéTéiy adj ust ed dependi ng on 10t he properties of
t he sol vent, nanelYP volatility, viscosity and the like, so as to
formauniformrefssy film Furthernore, the resist
conposition according to the present invention nay further contain

addi tives accordi t 0, t.he purpose of enhancing coatability. Any
additive that i tﬁ%&%ﬁf%“&%@??@d to resist conpositions can be used

wi thout 15 any particular limtations, and specific exanples include
an al kali dissolution ifhibitor, an acid diffusion inhibitor, and a
surfactant. These addiz:tBwes may be used singly, or as mxtures of two
or nore Kinds. N al kali dissolution inhibitor can be applied
w t hout any particyl ar ! ions as long as it is an alkal

di ssol ution inhibi entionally applicable to resi st
20conpositions, a&dd specgific exanpl es thereof include phenol, and
carboxylic acid derivati¥es.

wherein X, Xo, 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

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, X;, X», Y 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, Yq and Ys 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
chem cal reactions at unexposed areas. Wien such an acid 25diffusion
inhibitor is used, the storage stability of the radiati on-sensitive
resin 47 tedmpassapisingaht balresmariedn Ak gragdiyingontool’ eRonasnsa
can be further enhanced. Furthernore, the change in the Iine wdth of
t he resi shalpgn gpwp,donelkogy @rdupdey ingtli lord Osfrtonelamsren firyd graspdosined tbo
t he devel oprment treatnent (PED) can be suppressed. As such an acid
di f f usi on30 ohbbi htoms, athgsiccogarpoyadhivalkoke prespdaviapd ts pécafbbs atoms,
5exanpl es thereof include am nes such as ammoni a, nethyl am ne,

i sopr opy| aihiRExydardaexMli@ml, Reouptiaein@nentl arion@tom® hhy bansidh@iis ifreof.
et hyl enedi am ne, di et hyl am ne, diisopropyl am ne, diethyl enedi am ne,

N, N-di gret pyelté‘f%lpykge, Redi ,'? NY, ad % QJLH%J%&%BM& ?éb‘?égeﬁ‘trgn[}%’ne selected from
hyl Par ks

trinet am ne, triet'hy T

“’ “ ]l\-lil 1 ﬁlllf:gﬁ(g&p:%am%%ﬁi{ﬁ! Qf %Wc%&%ﬁ%gﬁmﬁgledlkyl group having 1 to 20 carbon atoms, a
1ON,N,N',141-tetraneth¥Itetraethy!enepentanine, dinethXIethyIanine,
met hyl et h)lpedisrpurranaikopy gsgnpdipving, | e fathop aigpRtnan aryl group’having 6 o
benzyl di net hyl am ne, tetranethyl anmoni um hydroxi de, aniline,

N, N- di met h§ carbpuiidinsea tigriiengiyagrovs 2 thicakpke aetp daving ! 1pyP calben atoms,
oxazol e, isoxazole, thiazole, isothiazole, imdazole, pyrazole,

pyr r ol i nean pikoxahibdnpenethorydazmigi ine 1deniboataiores and cordbinatddrditingeof,
derivatives, pyridine 15derivatives, pyridazine derivatives,

pyri mgli ne der i ¥aFh@SionRibidEl BErcsteld ¥AbIOre DAY FaZN0, 0 ARt t i ves,
pyrazolidi ne derivatives, piperidine derivatives, piperazine

derivati ves, gan 1 LRe~ MRt 1-cont aj.ni. )

am nobenz STZFaE BT Phar Leacargr PRCSar a ARUOR ERTRIUIES IR AT o,
exanpl e, picotinic aci ~al ani ne, arginine, and aspartic acid),
3-pyridinggﬁwwgﬁﬁ%mﬁﬁﬂggypyridiniun1p-to|uenesu|fonate,

202- hydr oxypyri di ne, am nocresol, 2,4-qui nolinediol,

2- (2- hydr oxyet hifhepyeal dpratiagBl 1- (2- hydroxyet hyl ) pi per azi ne; ani de
derivatives such as formam de, N nethylfornmamn de,

N, N- di et hyl f or mam &e, Viacet ami de, N-net hyl acet am de,

N, N- di met hyl acet_gii eﬂéﬂ%ﬁﬁbQO@ﬂhﬂ%o—%ﬂgﬁPQQZa”idei and i m de

derivatives such asgphahalln1dé, sticei'nmi dé, and nal ei ni de.
) .

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 cycloalkyl 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 wei ght of the polyner solids
content. If the content of the acid diffusion inhibitor is |less than
0.01 parts by weig t he influence increases with the retention tlne
after exp8dgga 818H1%t apwél% H%‘Pdlaﬁ“gkl tprAcathea ajpans an Alkery BrouRe) VIR 1 to
affected. If the content is greater than 5 5parts by weight, there is
a risk thab cabgohignisomhanekglegreip haring/ ! fralld ceboredisns, antrekid i aovant

is intended to inprove coatability, developability and the Iike, and
speci fic axdnpl es10 cebudatonbuin @ykegroop hhving 6 ad3@ cyrb@ohtpoxyeidhyl ene

| auryl ether, polyoxyethylene stearyl ether, polyoxyethylene, and

pol yet hyl epgb@hiisilihdbdfaur ate. The resist conposition according to
the present invention having a conposition 10such as described above
exhi bi¢s eXCG||§H§1&9&@%h%§&%§%f0$ﬁ@fﬁﬂﬁ stability, and enhanced line
wi dt h roughness, nd exhi bits excellent resolution in both /1|
patterns and L/S(pa%tqtns Fqggk) Fg $, the resi st conposition has an
excel l ent pr oc el ERFHRAS ! IREAFOD Y K pattern profile can be
obt ai ned regard| ess of the type ubstrate, and i nmprov

contrast is exhMBicpéh aC}XE%%’F‘cﬁt‘N %Cliqeﬁég?\éﬁ‘s‘r‘f é’tOdé‘S?FE*@ét* 1i16$1d8183’<9rai”&¥éd
above is 15useful as a positive chemcally anplified photoresist
conposi t i BIWWAP ahaniesshndidfusioncadinse iobrheggihindle feaist bl sambestpptopriately
radi ati on such as KrF excinmer laser light, ArF exciner |aser, or F2
exci mer | aménained shadi hich @erseabllitasasnethilatadomd adi tatuilt;ra;higjnea)lution
charged particle beam such as EUV. According to stil

anot hes ephpdiamEmtondinddhe present invention, a nethod for 20form ng a
pattern using the resist conposition is provided. Specifically, the

met hod for for ”Pt%?%étﬁ?%htl?er Brh MG lHeex o@tl%ta%i’on% %p(!a}{tlb%giﬁltea@? Iﬁﬁi%’}irt] ﬁ“ﬂg

conposi tion descr ove on a substrate to a resi st

step of heat treating the res ist filmand posi ng t he resist
im0 U bR R AR S v e e R are BeviRe 6TR fne
exposed resi st pattern. 25A wafer substrate may be used as the
substrat e as a nethod for applying a

42



conmposition on a substrate, a spin coating nethod, a flow coating
met hod, or a roll coating method 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 minutes at 60C to 11@0C, and
preferably far-fto 5 mnutes at':’%gg@ to 130C. C:'Lré%ubsequently,
t he resi st o md-$.pagtial |y -iQrsadn daith a r—éﬁ'i‘-f‘at o sgyas to
forma fine p%tt"br

not particularly fiwited, but I-IineM ich is an ul traviohgt
radiati on: KrF exeisfrer |aser light, “ArF excimer laser I
exci mer laser light, or X-radiation, which are all far-ultraviol et
radi ati ons: or2&P 10el ectron beam@®ch is a chargemparti-<
radi ati on, can be used. The radiation can be appropriately sel ected
and used depending on the type of the acid generator.

Specifically a radiation is igcga i ated at a dose Qf _about Ito 200
mlcn2, and %[_gff erably about 104utp®100 nEcn®, and néﬁ t he resi st
filmis subjact ed Q:_;;post-expégg’ e’ ' (PEB) -for 1'¢-6*5.qr nutes at
60C to 150C, C%ndﬁﬂpreferabl y for é.l t utes at 1880€ t6 130C.
After the exposur€ step, the exposed t pattern is
conventional met fod/such as an i mersian~ et hod, a pad
a spray method, using a devel oper solution for 0.1 to 3/m putes,
t hereby, a des'%:)@g;g pattern i s forngoson the substraig.g he
devel oper solution, an aqueous sol ution cont ai ni ng sodi um
20hydr oxi de, potassi um hydroxi de, sodi um car bonate, sodiumsilicate,
sodi um net asi | i_cate, ammoni a, ethyl am ne, n-propyl am_ne,

triethylam t et ranet hyl anmoniuf® hydr oxi de, or t%t E&et hyl ammoni um

- i il
hydr oxi de -€ar: ba-8sed; and préfelahtf. id4 is desidabl ect®_use
oTHy Furt herfor'e, fhe

t et r amet hyl arforlzurd hydr oxi de.

devel oper sol uti y optionally copfamn additives sugh™ a

25sur f act ant  ang: a\%ter-sol ubl e al ¢ Wwhen the met hod

for formng a patt®rn using the resist conposi tion accorfding to the

present invention is used as descrip&% above, a fi n&o_rg sist pattern
or

The radi ati%n fthat” can be used®td’thi’s end is

havi ng excel | ei?®8ensitivity and reso ution can be d.
D\é E C Fq r:i Fa
gy -0 =]
o S 0% g0 o

-~ . -~ -
L -

(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
pertained, can easily carry out the invention. However, the present
i nvention can be_enbodied in various _different fornms, and_is not

i ntended to be |Pnited £h the Exanpl &s ldestri bed he e'n.[:f[Sjﬁtl%sis
Exanpl e 1-fer—actyhie-argnoner ] Poepataiion of —({“—%/—J‘—O'U“Cfﬁ“x:r
adamant ane- 1- car boxyl ife Gaci d 3- met hyl - 3-(2:—2r%t hyl acryl o ﬁjoxy_) blftzyill

ester nononer St ) Preparation of intermediate conpound (iii)

15[ React i on Sche(ﬁ'@1 ] 35@HMbf triethyl am ne wa8tddded at
OC to a solution prepared by dissolving 21.84 g of

3-nmethyl-1,3-b t@ne i ol g n 500 nL of,nethyl gne chloride, and then, 50
g of adarranta_r_l_%_g[bf I ¢hloride was 8l owlzy added dropwige it o thhe i

sol ution. Thé "5t%re,‘§2 fas stirred; for “@'Eé@rs at nor hali o~“-c 50
tenperature. TRe reaction m xture obtfai ned®therefrom waé f xed W& h
met hyl ene chl ori de, subsequently the m xture was washed with acid and
distilled water, (Zhtflonl y the organi ¢“taYer was separated. THe18)

sol vent was renoved fromthe separated organic |layer, and thus 51.94
g of an internmedbatqipréduct (iii) was %t akned. T uoct ure oft the

i nt er medi at %q;b@&uigxa(d.iﬁi«b was ¢ FLL" “hy d1H NWVR, i tHBe resuldt
are presented Fn FIG .0 ITH NWR O% ppﬁ 1%6351‘ 61-1), 1H§'C51C.J'8( 5cri'iL:&')l
1.85(t, 31-1), 2.0(m 51-1), 4.22(t, 5 2H) ) |
(20-19) (20-20 (20:21),
W] H O 0 H O 18] H O
1l z t - 2 1} 1 2 1
Q c~§HG~C*~c~:SpCr A o-Cog-5-0 pr———"%-0-C-¢-5-0r
} H, & £ O o__J Fz 0 0 Fa O
C
(#F-22) (20-23) (20-24)
0 H 0 Q H, U a H O
o Z i 2 T
fﬁofﬂaoachcf%hg f{f}o-l-of&c-%*o --"‘“"S“JL-D"‘G*C’ﬁ uy
Fa 0y 5 Fz O F20
{20-25) (20-26) (20-27)
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Step 2) Preparation of adamantane-|-carboxylic acid

3- et hyl - 3- (2- net hyl acryl oyl oxy) butyl ester nononmer (la) [Reaction
Schenme 2] (tv)(1 a) 10ln a doubl e-necked round bottom fl ask
equi pped with a stirrer, 48 nL of trietlaylamne was slowy added
dropwi se at 0C to a solution prepared by dissolving 76 g of the

i nt er medi at e produgt (il |) préoducedi nithe Step i, 35.8 g of

met hacryl i g J@Le{ ‘ .6-98-9-¢ i met hyEani-ngghri I and
0.05 g of IregefnoxTM l (narnufﬁctur ed by BASF - as an ati on
inhibitor in 500 nL o 2-di chl orQOeI, hane, and then the 15ni xfure was
stirred for abaqutx:B8 hours at nor ma’ & nperature. The r‘eoa@ilon m xture
t hus obtained was acid-treated with 300 nL of a | % aqueous
hydrochloric_acid sol ution, subsequent fié= reacti on m xture was
washed with distilfled water, iand o%or gani's | ayer; was

separ at ed- "r*cne”sn‘l Was thdh&)f“t?e ved fﬁr%m*rh cpar-a
organi c | ayet, 2andthbs 69 g bf an adamant ane-| - carboxyl i
203- et hyl - 3- (2- net hy acroyl oxy) butyl ester nononer of the
(1la) was obtaiesd!) The structure oft-#he conmpound of He3f or rrul a (la)
produced as descri bed above Was confl rmed by 1H NWR, and the results

are presente:d in FI:IG 2.
. 6-1, 8(“ ,loul\/s 85(s -gl?l)/\‘;u
4’]59 5

.5(ppn) 1. 5Hs,
1 99(m 3121).[',. F2. 150, :
(Synthesis Exanple 2

ylic m)norre

(20-34 (20-33)
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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5Preparati on 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 et hyl am ne was sl owy added dropwi se at OC to a solution

prepared by di s,sol ving 76 g of the intermediate product (rit)

obtal ned in Sf e 1 of Syntt1§3|ﬂs Exanpl e mi% 8 g of @j/llc chl ori de
6.98 f , N-di et am nopyri dj; “rénd 0. 05 f"r’l rganoxT™M

1010 (man qr ed by B H in Tof 1,2- or oet hane, and
then the mxt(re was stirrgd flor 8 hoursfaf] nor mal tepepature. The
reacti on m xt thus 15 obt#®i ned was Wasfggg with distf{Ted water,
and then only the organic | ayér was separ d. The solwvént was
conpl etely reffbVed from the ®éparated orgai c |ayer, amd-4thus 66 g of
adamant ane- | - E&r_boxyl i c aci - met hyl - 3- a,_gn | oyl oxybut ester
nmononer of forgoul a (1Db) vvasL t ai ned. L wj
114- NVR: @[{g J1.57(s, I1.6-1.8( 6@‘4) 1. 85 3_41) 1. 87(s,
5H, 2.03(57203H), 4.1 ;ll) 5.9 H, 6.1 L.1H), 6.5(d,
1H) [ Synt hesi %ﬂl(arrpl el fo&(ﬂol yner] S{(nt esis of p@%/jre (16)

Oy “L O .. =N

| |
(21-5) 21-8)

(21-7) (21-8)
| E’g 2 i ]
4 @St O Y
- - <

i

/

4

4
e’
a8

it

-0

L Er

(21-8) (24-1ay (21-11) (21-13)
e, e, -
[ g .

]“"' . il (..eH3 r-

S+ S+ HyC -5 + —_=4+

1. 1 |
'HHI..-" k—«r ! R ‘;::’_I[ﬁ;l %D

Q.

(21-13) o‘ﬁl'*o-/\ (21-15) @118

(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 flat 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 nononmer for polynerization, and 3.28 g
of di nmet hyl 5azobi si sobutyrate as a polynerization initiator were
placed in a flask together with 55 g of 1, 4-di oxane, and the m xture
was thoroughly m xed. Subsequently, the interior of the flask was

purged with nitrogen s, and tFl e ture inside {he reactor
lask vias CPHOBETGE AOEVISO0S: 1 R DRSS HaF Selypy b b e ph dhepirenept
reached 70C, a solution prepared by dissolving 33.4 g of the

adamant angwemt:on;@pblgqu;tm@ saelt @b 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 niooanthlkectler, diiylBnggloéolymdnwpyopel abty methetdetlosofteatcetateand 22. 2
g of norbomane carbol actone nethacrylate in 150 g of 1, 4-di oxane was

sl oWy ademe}lc@n@smwe%@cm bRpylehaglkcoMabnoindiBH etheld SEdi&le Sproyylbmg8ydINp,
and the m xture was al omed to react for 5 hours at the sane

tenmperat u Elﬁ)‘noéilgpé‘[hc{] et egﬁ%ﬁ&@%‘@g gf&ngfbg\ﬁPéh& QRhe! s kett&%s

reaction sol uti us o ta roomt enpeérat ure.
excess of n- h co0 solutio

orec pi ¢ atBgRe Ry PR AT Eitehe skSp AR o BT BRI TR e Bt e
by filtration. The separated fllter cake was washed with the sane

sol vent, aryd t%ﬁlwam 2gptapenss cthyblgelats presiyolacigs, Thesegobreny
pol ymer (16) was obtained. The wei ght average nol ecul ar wei ght (Mw)

of the pomaydr ustiisnglpt@itwed: nelrakindenmap bp obgdstsyrrenxéur20st andar ds was
9481 g/ nmol, and the ratio of the weight average nol ecul ar wei ght and

t he nunber aver pgetheeblest] @t amuadl ucdddVby appespridte?Badjusted dependihfien
structure of the polyner (16) produced as descri bed above was

confi @e d ti@& g:ﬁgp‘\@é%zf t?é(;éi)l\g' I{a%\'y Rr@laﬁﬁ@ ﬁ@&ﬁﬁ?%@t?tﬂe 'leEl {3 a)sgfo form a

[Synt esi s yier | nthesi s 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 dinethyl 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 nitrogen gas, and the tenperature inside
the reactOMPOFHER chnle priaaesy ?‘B}rf .““‘Wl%tffh? Hestst Fﬁ”et?erfélﬁg?‘éeﬁ‘%@x&f’ure of
the flask reached 70C, a solution prepared by dissol vi n% 33.4 g of

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

Synt hesi sithxfoml expdsu@ . the dedopmomb ovEnenc@iibylcac bomgpesséhcr yl at e,
24.8 g of isopropyl adamant ane acrylate, and 15 17.5 g of

y-butyrol actyl Amfubiaes ¥éiatehisonlifRibBoRh bisidcsthporaenialse Se@Wnd speldee
dropwi se to the flask over 2 hours using a syringe punp, and the

m xt urse V@(ﬁlﬂ?lels ML £ Rl L &RAGRinLLLuch aD AR AL nltegm‘glé{fkﬁg, 1%@%}% AhiEe-

After "the polynerization reaction was conpfl et act’i on
sol uti on t of

us. obt ai ne S, cooled to rqom.tenperature, ) SS.
o hexane THSSRHRE DECPHE BaR BB A FFIDkpGinsr LR, oo
a precipitate, and.then the precipjtate separated by filtration.
The separ F%WOPI?]F“E“&TQ 'ﬁﬂ‘é?%ﬁgiaﬁ}é}%&ﬂﬁ%‘@ﬁ‘ ¥ "éﬁ?r‘i?%éaﬁ?li}%nt, and t hen
was dried under reduced pressure. Thus, 85 g of a polynmer (15) was
obt ai ned.Nni‘hémwéi}@ﬁf'Ylﬁwﬁﬁg@e#ﬂl@&)'ﬂ?awﬂmrlg ylapgMg of the pol yner
t hus obtained relative to pol ystyrene standards was 6878 g/ nol, and
t he rati dV.Of Nt Necuanghylnmieylagdiadming N bILIN'AY'-teieamydthy lathg lenbdiamimeber
aver age nol ecul ar wei ght (M~ Wh) was 1. 70. The structure of

the pol yrm,rN,IQﬂ,ﬁme@alﬁ@ltufﬁara@ﬂqydﬁsﬁérh@ﬁide,&pm@lymmﬁmfe,i rmed by
11-1-NMR, and the results are presented in FIG 4. [Synthesis Exanple

3 for pOIM&ﬁ{/llath?}fﬁ&mé:ﬂlﬁe%en@ﬂhﬁﬁm%{ plgezﬁath%&mine, 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 derivalives, 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
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(7) 9.04 g of norbonmene as a nononer 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-dioxane, and the 15 m xture was

th hi d. Subse t f d
oL oSS THER L Y S Bt bl ol Py

raised to 70C. V\hen the i nt er nal teriperature of the flask reached
70C, a soveehigh llbq @qjam@dsqg@s gerdey| vi r{be g_(g‘nlqnt@fg]e acigkdiffusion inhibitor is less
adamant ane-| - carboxylic acid 3-nethyl -3-(2-nethyl acryl oyl oxy) but yl

est er (| ahapb 6t parsby weighhtlvesilseiEx anpéascdyith heSeggnoén ipmbatigr olpastry,
met hacryl ate, and 22.2 g of 20norbornane carbol actone nethacrylate in

155 g of shd4hétt @xansk hasths bavwhy siaghdechy droReicde 1fohd fmidit asleavieha? 5
hours using a syringe punp, and the m xture was allowed to react for

5 hourss weadIR reaction
was cc?npﬁ%tl%%? t he rtgglcqﬁlgéﬁglggﬁhlteﬁ@gﬁ%n %12%0&%1 gy?\%gﬁé\ggéﬁ%g led to room

tenperat ure. Anfhe SmtefS cf‘stan is {ﬂten%g(? e nnplg\fe %Od%%llltg Req'z)pa?)ﬁle§%mﬁ AR

solution to precipi reci preci pI{at e

was separated by filtration. e separated filter ca hed
Wi th the B4sRed ‘prlesa!ﬁaluﬁ%lﬁt wconinug tmashSkednioy el 8ire:
Thus, 35 g of a polyner 7&1 was obt ai ned. The wei ght average

mol ecul arpmxgﬁﬁly{ewtew &, payorethengsamsbradysivdencg!yeql ddayrate.

pol ystyrene standards was 7840 g/nol, and the ratio of the weight
aver age nol ecullde remitghmpantion heonlinger thapesey envenliecidbang swedrgbesiti;
(MM M) was 1.93. [Synthesis Exanple 4 for polyner] Synthesis of

pol ymwr (shdh as dckdyibcabobS cthibits chicomdn yiihcdizohiss) sabed yilli€, a8l éhhanced
pol ymeri zation initiator was placed in a flask together with 110 g of

1, 4-di oxapgR, wﬁﬁﬂroh@l%&s% Eﬁd ERRib Y &c\éﬁ‘&t‘ié’é@fﬁ%ﬁ il BotWC?ﬁ%atteQM?ﬁﬁﬂE%m ly,

the interior of the f was purge wth nitrogen gas, and

tenperat yr & 1lnrs]S' ﬁm tﬁe@ﬁa r eﬁle r? 1st c %S 031¥\ﬁ1§l g%ﬁ%geﬁe%t ogess\wgn@o& Q:%
i nt ernal I%errpera ure o SR d PULToN prepared by
di ssolvi ng(cgl?ent pgttecl)ll; pito?' ile can e or’z)ttaéllgeed Ile_galg[egso ())(1y ’[\16 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 water substrate may be used as the substrale, 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
Synt hesis 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-di oxane was slowy

added dropw se.to the flask over 2 hours usi a syrin unp, and
the m xt uFETREEIYL Phihbstiaier Bepp C‘P%%S“‘ﬁ'&‘ﬁfﬁ& N "%Hﬁgoﬁeﬁr’:‘%e‘io ure.
After the polynerization reaction was conpl eted, the 5reaction

sol ution thaigzaptthpthet easedool ed to room tenperature. An excess of
n- hexane was added to the cooled reaction solution to precipitate out
a precipitate, Speifidadly, thhespt conpisitaings wpdicd eparabsichtbsuchiab aisdicoon.
The separated filter cake was washed with the sane solvent, and then

was dri edwaRges ob@RUCEkh &S .0. Tl 08918, Afd tﬂisp@%&nﬁlﬁna&ily%baMaS‘or 1
obt ai ned. The wei ght average nol ecul ar wei ght (Mv) of the pol yner

he rati 000 PR G ERC i BRG REirE R KRTGR TR i G e =

average nol ecul ar wei ght (Mv M) was 2.01. [Synthesis Exanple 5 for
pol yner] Synt he§plgseq,qlen§@5,| t%)ﬁ-ﬁq&s( 1b1)1 is %Qe@br)n'radlated with @szd@h@p s0 as to form
nor bornene as a nononer for polynerization, and 3.28 g of dinethyl
azobi si sobuingpatenas The pdiajivethat atn bnudediie ilas ord wepepgliadety limited, but
flask together with 55 g of 1, 4-dioxane, and the m xture was

t hor oughl y-lifk xich iSub aReeMtlrydiatidie KrPeRier lagdr 1idhe AFaskinwataspuiged
with nitrogen gas, and the tenperature inside the reactor flask was

20r ai sed F9eQfzer MOEMhN G XDlaBlaNBh, WiREPSLaAIYRCulRhvible rddiadks;/@aghed
70C, a solution prepared by dissolving 16.7 g of the adamantane-1

- car boxyl El%c%?/uln ?&-ﬁ:l%i R?E&:E)%é %%&ﬁi@&é%gﬁ%&ﬂ&@%@g a?’%ﬂfe%&%ﬁ&l &h be

produced | esl's a ntane
methacrylate, 17.5 g of 'y-butyrolactyl thacrylate, and 22.2 g of
nor bor nanareapil sl fad el fratis o PedTE R R Ebidfi " vas
slowy added S5dropwise to the flask over 2 hours using a syringe
punp, and the nPRecifiallysradiafipnsdripgiated at a dose of about 1 10 200 mi/em®, and

preferably about 10 to 100 mJ/ecm?, 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.
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react for 5 hours at the sane tenperature. After the polynerization
reaction was conpl eted, 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&thefithhmetied Sanfeisio gartiemanned eirsiaeorehaseign hesping to
reduced pressure. Thus, 55 g of a polyner (10) was obtai ned. The

wei ght avérgyesenbineentlcaris weidglstdegcaidngd alfoviehe flipotepisepattehukavoly eicnident
relative to polystyrene standards was 11754 g/ nol, and the ratio of

t he wei ghtemitaigaad /mbhagiohann befghked.and 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 polymer (16) produced in Synthesis Exanple | for polynmer, with
4 part b%x%ﬁgQEESOf tri phenyl sul foni um nonafl ate as an acid
generator, 0.2 parts by weight of tetranethyl anmoni um hydroxi de as an

acid diffusion inhibitor, and 000. par by wei ght ,of. propyl ene
Gl ycol et hyl  elBITSE s Sewent jenidh yirhekesiTistgh g By
menbrane filter, and thus a resist_conmposition was prepared. Exanpl es
2 to 8: PE&paplgs soHabh Pereai BavinborgBant skalhin the art to wheady the preseid duieptioths
were prepared in the same manner as in Exanple 1, except that the
conposi t i onEriandd camedsilyncariyeut dieliowinfign. Tadbeevenibe preged dnvenseagdnebel 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)(A j_/@ }( <
+ —_ [e)
OH Cl ‘\7<
OH
0] (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 Exanple 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 FIG. 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 OF
g . A g

{iv) (1a)

In a double-necked round bottom flask equipped with a stirrer, 48 mlL of
triethylamine was slowly added dropwise at 0°C to a solution prepared by dissolving 76
g 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 hoults at normal temperature.  The reaction mixture thus
obtained was acid-treated with 300 mL of a 1% aqueous hydrochloric 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 Formula 13 100 5 0.3 Exanple 4 Fornul 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: 8(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(t, 2H), 5.5(s, 1H), 6.0(s, 1H)

[Synthesis Example 2 for acrylic monomer]

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

[Reaction Scheme 3]

(i} (v) (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 g 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 Fornula 13 100 6 0.3 Exanple 7 Formula 10 100 6
0.3 Exanple 8 Fornula 7 100

10

15

20

Synthesis of polymer (16)
A L S e e
L5 ol =0l )
Tl g
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 Formula 10 100 6 0.4
(unit: parts by weight) Triphenyl sul fonium nonaflate (2):
Tet r anet hyl anmoni 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)

R stt sty St St
oAy &

(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 1,222
¢ of norbornane carbolactone methacrylate, 24.8 g 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 to precipitate out a precipitate, and then the
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Conparative Exanples 1 to 3: Preparation of resist conposition
5Resi st conpositions were prepared in the same nanner as in Exanple
1, except that the conpositions indicated in the follow ng Table 2
were used. [Table 2] Conparative Exanple No. Polyner Acid

generat or (1231131? ie w%s g&}%} a;[ted k?y( f?l)tratic-!-lxpeﬂlce::o s%%z%‘g%ed 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)
ot w+¢w~@w@
& >7

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 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, 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{%« @
0 >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 Petrochemical Co., Ltd.) (2):

Tri phenyl sul f oni um nonafl ate 5(3): Tetranethyl ammoni um hydr oxi de Test
Exanpl e: Performance eval uati on on resi st pattern Each of the
resi st conp05|t|ons prepared i n Exanpl es to 10 and Conparative
Exanpl es B °f §508ropy a&%@%‘ﬂfﬂﬁf’e‘&e@%\%‘t%l Segmﬂvrlwwawca SEHeEAE 41di2Ad &
spinner, and was dried at 110C for 90 seconds to thereby forma
resist fibfihthoxyadamatthickndseybic 0.220gmt 10T esarroats hgviyiddded tigpwise
formed was exposed using an ArF excinmer |aser stepper (nunerical

aperture af thehst ens 2 Huib)singang rinpe puthpeandxposedutel wanalas/ct eateact for
treated for 90 seconds at |10C. Subsequently, the exposed fil mwas

devel oped sWolif o2 11R-s3fe WP RAURO UK RO ML AW zatiBh FRABRSNWhALTRN L) the
hydroxi de for 40 seconds, and was washed and dried. Thus, a positive

oSl Sts PALERf, Mltﬁhcfnocﬁgr?gbtaiﬁg’cf%s Led @3boh BALLELRS tﬁtwa(céggrmdhexaﬁge

devel opabi an aqueous solutrion o yl ammoni
hydr oxi de, SS to .the substrate sens:tlv

ty
resol uti oi” “Bf‘gqqqg F@s‘ioé’feddSﬁ‘BP ALUHRY B PREGIRIAR 81T ArpfECIPRYE: & ﬂé‘?“etﬂe

presented in Table 3. N _
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)
Hm%/}jwﬁw JQM{WJ;%;
wI0D |

15 (10)

9.04 g of norbornene as a monomer for polymerization, and 3.28 g of dimethy!
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

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

is exhibited. X: Poor devel opability is exhibited,

5devel opabi la@@{
with sevdrenassk iy distalyne b6 7erd thinadagrantane-1- calboxwhcwé case of

adhesi veness, the adhesion state of a 0.07-um i ne-and-space (L/YS)
pattern Fomptig]- af(Zenctiidealoplvanibuisd ssiobde) medycednad SanthesaExanplon, Wag
carried out on the basis of the following criteria. 100: Excellent

adhesi venasSnéAhyla@ieidddcyn&Bidrgh@ct D ¥ dgheshviaogsteaclyBod, and 22.2 g of
adhesi veness I n the case of sensitivity, the anmount of exposure that

forms a %o@:?mﬂarle@a Ho%kﬁi@q?]e?%?ﬁat@% $35 PaF | 8Ldlo b WRd sl%Ml%dcied

devel opnent at aline wd -1, was defined 15as the optinmm

armoun Of S35 t%e aﬁ( \{}3?5?_18 i dsgﬁggggmﬁ? ang R x[el‘ltu as Cfilllowed to

desi gnat edOp IS% Vi T her ni um patt ern-di nension

that is resol ved11 was designated as r esﬂ [ Tabl e 3]
Devel opaﬁ?qqt Q¥ 5 hours at the Sdme temperature. ter the polymelmatlon 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
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 1 for polymer, with 4 parts by weight of triphenylsulfonium
nonaflate as an acid generator, 0.2 parts 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-pm 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
Exanple 2 0 0 117 70 Exanple 3

Example No. Polymer Acid Basic
Type Content generator'"”’ 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 to 3: 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 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

60




0 0 18 60 Exanple 4 0 0 18 90 Exanple 5 0 0 15 80 Exanple 6

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

5 ®: 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.
10 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 wt% aqueous
solution of tetramethylammonium hydroxide for 40 seconds, and was washed and dried.
Thus, a positive resist pattern was formed.
15 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 0

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 oplimum 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
Conparative 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
FExample 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
modifications can be made without departing from the spirit or scope of the present
invention. Accordingly, the invention is not to be considered as being limited by the

foregoing description, and is only limited by the scope of the appended claims.
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What is claimed is:

1. A polymer which is selected from the group consisting of polymers represented by the
following formulae (6), (7), (10) to (13), (15) and (16):

[Chemical Formula 6]

[Chemical Formula 7]

[Chemical Formula 11]



[Chemical Formula 12]

BT
O}L )? o@ @0.4

0]

f

[Chemical Formula 13]

[Chemical Formula 15]

[Chemical Formula 16]
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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, 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.

2. The polymer according to claim 1, wherein the polymer has a weight average
molecular weight of 2,000 g/mol to 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 to 5.

3. A resist composition comprising the polymer according to claim 1 or 2, an acid

generator, and a solvent.

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

composition.

5. The resist composition according to claim 3, wherein the acid generator is one or
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more compounds selected from the group consisting of compounds represented by the
following formulae (18) and (19):
[Chemical Formula 18]

X4
XZ_S + - Z
| AN
Vadd

Xs X,

X3

[Chemical Formula 19]

T1
Yo—S+-Z
NN
| —— Y3
// =
Y
5 Y4

wherein Xi, X2, Y1 and Y2 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, and combinations thereof, while X; and X», or Y1
and Y2 may be joined together to form a saturated or unsaturated hydrocarbon ring having 3
to 30 carbon atoms;

X3, 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 halogen
group, an alkoxy group having 1 to 30 carbon atoms, an aryl group having 6 to 30 carbon
atoms, a thiophenoxy group, a thioalkoxy group having 1 to 30 carbon atoms, an
alkoxycarbonylalkoxy group having 1 to 20 carbon atoms, and combinations thereof;

Z of the anion moiety represents OSO>CF3;, OSO>CsF9, OSO2CgFi17, N(CF3)a,

N(C2Fs)2, N(C4Fo)2, C(CF3)3, C(C2Fs)3, C(C4Fo)3, or the following formula (20):
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[Chemical Formula 20]

0 Yw
2

- O—ﬁ—(.l'J—C -O—W;=(W3)o—(Ws)p-W,
o V,

wherein Vi and V> each independently represent a halogen atom,;

Wi represents -(C=0)- or -(SO2)-;

W, represents an alkanediyl group having 1 to 10 carbon atoms;

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 heterocyclic group having 5 to 30 carbon atoms, and
combinations thereof;

W4 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 from O to 2.

6. The resist composition according to claim 3, 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.

7. The resist composition according to claim 3, further comprising an additive selected
from the group consisting of an alkali dissolution inhibitor, an acid diffusion inhibitor, a
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surfactant, a sensitizer, and mixtures thereof.

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

applying the resist composition according to claim 3 on a substrate to form a resist
film;

heat treating the resist film, and then exposing the resist film into a predetermined
pattern; and

developing the exposed resist pattern.

9. The method for forming a resist according to claim 8, wherein the exposure process
is carried out by using a light source selected from the group consisting of KrF excimer laser
light, ArF excimer laser light, extreme ultraviolet laser light, X-radiation, and an electron

beam.
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