- 1 - DESCRI PTI ON COVPOUND, POLYMER COWPRI SI NG THE COVPOUND, AND CHEM CALLY
AVPLI FI ED RESI ST COWPOSI TI ON COVPRI SI NG THE POLYMER 5Techni cal Field

The present invention relates to a novel conpound, a polyner containing the
conpound, and a chem cally anplified resist conposition containing the

pol ymer, which uses the conmpound and the pol ynmer produced by polyneri zing

t he conpound as a nononer, thereby allow ng uniformdispersion of the
conposi tion and neking the 10 conposifion suitable for the formation of
fine patterns, which has characteristics such as high adhesive force, high
sensitivity and high thermal stability with a reduced anount of gas
generation, and which can inprOVﬁﬁgﬁﬁfﬁﬁ&#gn and the |ine edge roughness.
More particularly, the present inv (o) | ates to a novel conpound which

can be g I’(t)QNWf,qqylgﬁl(\:/ﬁlI% gﬁ@)p‘i%‘@g} HE1E R beAInS Q ;Qg'§l%3§f§(§{592x“3i ng

various radi ations, infrared radiatt ci mer

aser . AMAIFIRY RIS T CRARPONAONIeOMIKESING AYS pBSIMAR Synchrot T on

radi ati on, and charged-partic adi ati ons such as an €el'ectron beam and is
t herefore useful for mcroprocessing; a polynmer produced by polynerizing
t he conpound as a nononer; and a chemcally anplified resist conposition
contmai nila@gnicheripd ymer. 20Background Art As the |ithography
technol ogy that is used in the sem conductor industry and the |ike has been
recently replacpdsdy isuntioh-BRRRMRL & MovelC BRAPAGY, ai polhSeRbiginpat 8d t hat
nore new and inproved technol ogies will enmerge. Al though a |ithography
t echnol cgypasil napdextireereallyl amplviicol esist EibHosimei @hiadfing teq@yadr, WRRAr t ant
t echnol ogi es capabl e of 25such patterning, technol ogies realizing
sub- 32- wghchetcemppand endghe egliime yedycedi bf ipolyherizing the poopessess aA
| i t hography technol ogy using a wavel ength of 193 nmis considered as an
i mpor t afeneraginsharplt aﬁawmgeaniii@@ alispeshmolbodghe faompbsibion catdi mgking the
sub- 32-nanoneter patterns in the future, and this technol ogy can be nade
poddi bl @EPsINE sEEIH fortthe lernaiien @alfingpatiens.eviinapas Sactterdtingsich as
Rayleiqg'g & uation, the nuperical aperture can be increased in order to
i ncr easish AAISSBE e High seakvigrandrhiphhsrsplowatilityi withop reducehmppeitord resi st
and theYLQ§olu%ion_§an.bF §inu|taneou3|y increased. Further, an increase in
the ref$ AT FEIPhAES WD AR FRREY SR HABY AMcofher fis erlgeHopyhness. = More
(K. X/ ;Sali\'@u’larl\}lf,a‘th_e B{sclsalq invention relates to a novel compound which can be used to

produce a resist that is capable of forming patterns using various radiations, such as far-

15 infrared radiations of a KiF excimer laser, an ArF excimer laser and the like, X-rays such
as synchrotron radiation, and charged-particle radiations such as an electron beam, and is
therefore useful for microprocessing; a polymer produced by polymerizing the compound

as a monomer; and a chemically amplified resist composition containing the polymer.

20 Background Art
As the lithography technology that is used in the semiconductor industry and the
like has been recently replaced by sub-50-nanometer technology, it is anticipated that
more new and improved technologies will emerge. Although a lithography technology
using extreme ultraviolet (EUV) radiation is one of important technologics capable of

25 such patterning, technologies realizing sub-32-nanometer patterns require very difficult



10R = resolution, X = wavelength, NA = nunerical aperture, n= refractive
index, 0 - incident angle There has been an on-going demand for a new
resi st conposition intended for an inprovement of properties such as
resolution, sensitivity, refractive index, and |Iine edge roughness (LER),
and investigations have been conducted on resist technologies to 15 _
increase the refractive index of currently available resists and to obtain
hi gher sensitivity. However, the results of these investigations are not
satisfactory in the realization of fifier sen conductor integrated circuits,
and there is a problen1that the photospeed i s decreased. Furt her nore,
there i
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invention I's t'o provi
generat A r a nononer in a chenlcally anplified resist. Another object of
- 3 - |nvent|on is to provide a polyner containing the aforenentioned
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| i ne edge roughness. 5In order to achieve the objects descri ove,

conpoungsalation dam e imAtndSRBC incRhsdd eF RURS O incRARNH B8 kBadiRRFRENT ed by
the following formula (I): [Formla 1]
may increase the depth of field (DOF).
R =(KI-LY(NA), NA = nsind
10 R = resolution, A = wavelength, NA = numerical aperture, n= refractive index, 6 =
incident angle
There has been an on-going demand for a new resist composition intended for an
improvement of properties such as resolution, sensitivity, refractive index, and line edge
roughness (LER), and investigations have been conducted on resist technologies to
15 increase the refractive index of currently available resists and to obtain higher sensitivity.
However, the results of these investigations are not satisfactory in the realization of finer
semiconductor integrated circuits, and there is a problem that the photospeed is decreased.
Furthermore, there is an increasing demand for a chemically amplified resist
composition which allows introduction of a photoacid generator in a photoacid generator,
20 has higher sensitivity and higher stability with a reduced amount of gas discharge, and has

high resolution and low line edge roughness.

Disclosure of the Invention
An object of the present invention is to provide a novel compound that can be used

25 asaphotoacid generator or a monomer in a chemically amplified resist. Another object of



wherein in the formula (1), R represents any one selected fromthe group
consisting of a 10 hydrogen atom an al kyl group having 1 to 10 carbon
atons, a perfluoroal kyl group having 1 to 10 carbon atons, and an al koxy
group having 1 to 10 carbon atoms; Q and @@ each independently represent
any one selected fromthe group consisting of a hydrogen atom and a hal ogen

atom and A+ represents an organi c counterion. A pol yner according to
anot her aspect of the present inventign_contains a repeating unit o
represented by the following formula (2): [Formula 2] @-0, 0 wherein in

the formula (2), R 1, Ru and Ro each independently represent any one
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5 In order to achieve the objects described above, a compound according to an aspect
of the present invention is represented by the following formula (1):
[Formula 1]
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wherein in the formula (1), Ry represents any one selected from the group consisting of a
10 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 [ to 10 carbon atoms; Q; and Q,
cach independently represent any one selected from the group consisting of a hydrogen
atom and a halogen atom; and A+ represents an organic counterion.
A polymer according to another aspect of the present invention contains a repeating
15 unit represented by the following formula (2);

[Formula 2]
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wherein in the formula (2), R1, R4y and R4y cach independently represent any one selected
from the group 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
5 carbon atoms; Q, and Q; each independently represent any one selected from the group
consisting of a hydrogen atom and a halogen atom; and A+ represenis an organic
counterion.
The polymer may be a polymer represented by the following formula (3):

[Formula 3]

10
wherein in the formula (3), Ry1, Ri2, Ry3, Ria, Ry, R, Ruz, Rus. Rys, Rug, Ry7 and Ryg cach
independently represent any one selected from the group 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; Q and Q each independently

15 represent any one selected from the group consisting of a hydrogen atom and a halogen



0 R21 wherein in the formula (3), R ], R12, R 3, R4, 1(41, R42, R43,
R4a4, 1245, 1(45, R p and Riti; each independently represent any one
sel ected fromthe group consisting of a hydrogen atom an al kyl group
haying | to 10 carbon atons, a perfluoroal kyl group haying 1 to 10 carbon
atons, and an al koxy group haying 1 to 10 carbon atoms; Q and 2 each
i ndependently 1 5represent any one sel ected fromthe group consisting of a
hydrogen atom and a hal ogen atom R21, R22 and R23 each independently
represent any one selected fromthe g?oup consisting of a hydrogen atom an
al kyl group, a heteroal kyl group, a cycloalkyl group, a hetﬁrocygloalkyl
group, rou a heter p and conbi nati ons thereo
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The polymer may have a weight average molecular weight of 2,000 1o 100,000,
and may have a molecular weight distribution of 1 to 3.
A chemically amplified resist composition according to another aspect of the
10 present invention includes the polymer containing the repeating unit of formula 2).
Hereinafter, the present invention will be described in more detail.
The terms used in the present specification are defined as follows.
Unless particularly stated otherwise herein, the halogen atom means any one
selected from the group consisting of fluorine, chlorine, bromine and iodine,
15 Unless particularly stated otherwise herein, examples of the alkyl group include a
primary alkyl group, a secondary alkyl group, and a tertiary atkyl group.
Unless particularly stated otherwise herein, the perfluoroalkyl group means an
alkyl group in which a parl of the hydrogen atoms or all the hydrogen atoms are
substituted with fluorine atoms.
20 Unless particularly stated otherwise herein, the perfluoroalkoxy group means an
alkoxy group in which a part of the hydrogen atoms or all the hydrogen atoms are
substituted with fluorine atoms.
Unless particularly stated otherwise herein, all of the compounds and substituents

may be substituted or unsubstituted. Here, being substituted means that a hydrogen atom

25 has been replaced with any one selected from the group consisting of a halogen atom, a



Unl ess particularly stated otherw se herein, the hal ogen atom means any one
sel ected fromthe group consisting of fluorine, chlorine, bromne and
i odi ne. 15Unl ess particularly stated otherw se herein, exanples of the
al kyl group include a prinary alkyl group, a secondary alkyl group, and a
tertiary al kyl group. Unl ess particularly stated otherw se herein,
the perfluoroal kyl group nmeans an al kyl group in which a part of the
hydrogen atons or all the hydrogen at§n§ are substituted with fluorine
atons. 2 OUnless particularly stated otherw se herein, the perfluoroal koxy
group neans an al koxy group in which a part of the hydrogen atons or al
t he hyd eniatons are, substituted with fluorine atons. Unl ess
particu[é §YSW8P%d18?WEW S P 8 BQUPs %F“Fh@oé%nﬁbﬂﬁﬂ@E§ﬁ63§db§t|tuents
may be 1 '“’g gll Iunsudbstl t ut %di Fgr . : Sggﬁt'EUted means that a
hydr oge N R QHP ¢ &pt (E(é/oé \Wﬂf i R é‘r‘l’éps@ thage ffvl“b‘fﬂbtaﬂép%f?youp
consi st |,ng o oX roup, a
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gro Iy, 9644 erlfll r | h; y Q4P
hetgfocﬁgﬁgh éi grogh%ﬁgﬁ 5 ygﬂg$%ﬁb?£68%§i§ﬂwﬁ alg%f énﬂ%rqﬁ muﬁ
heteroatdhbﬁgwmﬁimgﬁﬁ1vatlves t hereof, and conblnatlops thereof

Unl ess particularly stated ot herw se herein the prefix "hetero-" neans
that carbon lalesspaati@lEUbaEdl bRy Hﬁei}ﬂ@hé BrehilrgQelet ﬁ&%ttﬁwcaﬁ%l ect ed
fromthe group consisting of N, 0, S and P. For exanple, a heteroalkyl
group nmams athatbsomediwitli biees Garelierrelions s@éctdDhbe BebRUP AhosEnLr an

al kyl group are substituted with heteroatons.

N, O, S and P. For example, a heteroalkyl group means that one to three carbon atoms of

p, a

10 the carbon atoms of an alkyl group are substituted with heteroatoms.

Unless particularly stated otherwise herein, the alkyl group means a linear or
branched alkyl group having 1 to 30 carbon atoms; the heteroalkyl group means an
heteroalkyl group having 1 to 3 carbon atoms; the alkoxy group means an alkoxy group
having 1 to 10 carbon atoms; the perfluoroalkyl group means a perfluoroalkyl group

15 having I to 10 carbon atoms; the perfluoroalkoxy group means a perfluoroalkoxy group
having 1 to 10 carbon atoms; the cycloalkyl group means a cycloalkyl group having 3 to
32 carbon atoms; the heterocycloalkyl group means a heterocycloalkyl group having 2 to
32 carbon atoms; the aryl group having an aryl group having 6 to 30 carbon atoms; and the
heteroaryl group means a heteroaryl group having 2 to 30 carbon atoms.

20 Unless particularly stated otherwise herein, examples of the cycloalkyl group
include monocyclic, bicyelic, tricyclic and tetracyclic cycloalkyl groups. Examples of the
cycloalkyl group also include an adamantyl group, a norbornyl group, and a polyeyctic
cycloalkyl group containing a norbornyl group.

Unless particularly stated otherwise herein, the aryl group means a compound

25  containing a benzene ring, or a derivative thereof, and examples of the aryl group include



Unl ess particularly stated otherwi se herein, the al kyl group neans a |inear
or branched al kyl group having 1 to 30 carbon atons; the heteroal kyl group
means an heteroal kyl group having 1 to 3 carbon atons; the al koxy group
means an al koxy group having 1 to 10 carbon atons; the peffluoroal kyl group
means a perfluoroal kyl group I5 having 1 to 10 carbon atons; the

per fl uor oal koxy group neans a perfl uoroal koxy group having 1 to 10 carbon
atons; the cycl oal kyl group neans a;czcloalkyl group having 3 to 32 carbon
atons; the heterocycl oal kyl group neahs a heterocycl oal kyl group having 2
to 32 carbon atons; the aryl group having an aryl group having 6 to 30

carbon atons; and the heteroaryl group neans a heteroaryl group having 2 to
30 car bSHIHF ¥y5ﬁ%ﬁ?@@gﬁbﬁT¥k%ﬁF§PHV“§%%ﬁ%@ﬂ%ﬁh%?%ﬁ@éﬂﬁ@ﬁémﬁ@UéX@nples of
the cycl oal kyl group include. mnocycli bi.cyclic, tricyclic and
tetracy@%ﬁ@ %v%ﬁb&Fﬁﬁﬁe&?Bﬁﬂ§¥bE%a%ﬁk%gbéﬁﬂ? & bepds: dHlokgne. grehencatslo

i ncl ude ., tyl ,group, a norbornyl. group. ,and.a pol lic cycloal kyl
group c%ﬁt %@ﬁ&%aégr\{@r hotP)Jr[(l))y(i1 BEEH 1_1z,cn¥1m%s are mk&lvéas%aﬁé%ﬁ%/ygl&l(&‘rpl%f st at ed
ot herwi g8, i t ryl Wup,. n LGampound  25cont ai ni ng a benzene
Fing, or g SLAb Tk B8ug ik BRHBRPRE B BRORY RS SR § Bl rertae - 7
- tplugpg ARGyl ene, in which an alkyl side chain is attached to a
benzene ring; biphenyls in which two or nore benzene rings are |inked by

si ngl e bondsginikdsUgheRElarl ¥ 2R4BE RN ANERLAMENORER dhPandhL e ik ra%rgi for €
benzene rings are |inked via a cycloal kyl group or a heterocycl oalkyl

group; RytoaaRht SahRnad abslaRiMs a6@NEbod) MERed WRrRF iR, RRMERG i ngs
are fused. Unl ess particularly stated otherw se herein, the olefin
means  alimitad atour ik @endsy dicogathOnyEABD Gloish Ot ainbbRtg camhlygerltongd
Exanpl es thereof include, but are not limted to, alkylenes,” acrylates,

st yr enefuraglidbenene, i ndene, acenaphthyl ene, and furand | one. 10The conpound
according to an aspect of the present invention is represented by the
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following formula (1).

[Formula 1]
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In the formula (1),

15 Rii represents any one sclected from the group 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, and may be preferably any one
selected from a hydrogen atom, a trifluoromethyl group, an alkyl group having 1 to 5
carbon atoms, and an alkoxy group having 1 to 5 carbon atoms;

20 Qu and Q, each independently represent any one selected from the group consisting



15RI, represents any one selected fromthe group consisting of a hydrogen
atom an al kyl group having | to 10 carbon atons, a perfluoroal kyl group
having | to 10 carbon atonms, and an al koxy group having 1 to 10 carbon
atons, and may be preferably any one selected .froma hydrogen atom a
trifluoronmethyl group, an al kyl group having 1 to 5 carbon atons, and an
al koxy group having 1 to 5 carbon atons; 20Q and @2 each independently
represent any one selected fromthe group consisting -8- of a hydrogen
atom and a hal ogen atom and may be preferably a fluorine atom and A+
represents an organic counterion, and the organic counterion may be

preferably, a group represented by the followng formla (5) or the

fol | ow ﬂgé{ ’f’%@lﬁh‘i“aﬁ?‘%%)aﬁdFé%ﬁ%ﬂ‘l‘ 41053, angimay b prolerablye %Wﬁﬁ@%@)l{i R, R2 and
R3 each independently represent any one selected fromthe group. copsisting
o an al kyi  BE OO EREEEF R Rt R% B BRRR GorbETRY My Rsapeeailal koxy
group, . ANSe | el d. .eroearyl oup: ~and .[ For nu ] 10 wherein R4
and R5 ggE 5¥ﬁ8§%§ﬁ%§ﬁ?ﬁ§ﬂﬁgﬁ%gggﬁP%gﬁgfgﬁge§§$@6&e§”WPE§P?he group

consi sting qﬁbﬁﬂmgg¥yl group, a heteroal kyl group, a perfluoroal kyl group,
an al koxy group, an aryl group and a heteroaryl group. The

formula (5) y be any one selected fromthe group consisting of the
15fol lowing fotmulas (5-i) to (5-xxii):

RQHEE‘)
.. Rs
5
wherein in the formula (5), Ry, Ry and R; each independently represent any one selected
from the group consisting of an alkyl group, a heteroalkyl group, a perfluoroalkyl group,
an alkoxy group, an aryl group and a heteroaryl group; and
[Formula 6]
R4““|“‘R5
10

wherein Ry and Rs each independently represent any one selected from the group
consisting of an alkyl group, a heteroalkyl group, a perfluoroalky!l group, an alkoxy group,
an aryl group and a heteroaryl group.
The formula (5) may be any one sclected from the group consisting of the
15  following formulas (5-1) to (5-xxii):

[Formulas 5-1 to 5-xxii]
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[ 5] [ 5-ii ] [ 5-iii ] [ 5-iv ]
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[ 5-xxii ] The formula (6) may be any one selected fromthe group
consisting of the following fornmulas (6-i) to (6-ix): 5[Fornmulas 6-i to

6-1i X] [6-1 ][ 6-ii ][ 6-H ] The conpound of the formula (1)
serves as a nononer as well as a photoacid generator. In this case,

resol ution and the LER characteristics can be inproved by regul ating the
carbon nunber of the main chain of the conpound (1), and thereby securing 5

a space in which the acid generated y, exposure of a polymer obtained by
pol yneri zing the compound (I ) as a noner whil e al so regul ating the
di ffusion distance of acid appropriately for pat t er ni ng. The pol yner

according to anot her aspect of the present invention contains a repeating
unit represented by the follqﬁ4ng formula (2):

@ @ S‘CH3

[ S-xvii ] [ S-xwviii ] [ 5-xix ] [ 5-xx ]

Qv—@ 0
O oo

[ 5-xxi ] [ S-xxii ]

The formula (6) may be any one selected from the group consisting of the
following formulas (6-i) to (6-ix):

[Formulas 6-1 to 6-ix]

00 OO O

[6-] {6 ] [ B-iii ]

[ G-y ] [ B.v ] [ 6-vi }
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1 O[Fornmula 21 R4A/R | "W G C nwwf |l undvvvy R4/2 )o 0O 02-R O O b-+A In the
formula (2), Rii, R41 and R42 each independently represent any one
sel ected fromthe group consisting of a hydrogen atom an al kyl group
having 1 to 10 carbon atons, a 15 perfluoroal kyl group having 1 to 10
carbon atons, and an al koxy group having 1 to 10 carbon atons, and nmay be
preferably any one selected froma hydrogen atom a trilluoronethyl group,
an al kyl group having 1 to 5 carbon atons, and an al koxy group - 12 -
having | to 5 carbon atons; (21 and each i ndependently represent any one
sel ected fromthe group consisting of a hydrogen atom and a hal ogen at om
and may be preferably a fluorine atom and A+ represents an organic

count eri on. fhis A+ has the sa definition as described
+ + +

[ G-vil | [ B-viil ] [ B-ix ]

The compound of the formula (1) serves as a monomer as well as a photoacid
generator.  In this case, resolution and the LER characteristics can be improved by
regulating the carbon number of the main chain of the compound (1), and thereby securing

5 aspace in which the acid generated by exposure of a polymer obtained by polymerizing
the compound (1) as a monomer, while also regulating the diffusion distance of acid
appropriately for patterning.

The polymer according to another aspect of the present invention contains a
repeating unit represented by the following formula (2).

10 [Formula 2]

In the formula (2),

Ry1, Ry and Ry each independently represent any one selected from the group

consisting of a hydrogen atom, an alkyl group having 1 to 10 carbon atoms, a

15 perfluoroalkyl group having 1 to 10 carbon atoms, and an alkoxy group having 1 to 10
carbon atoms, and may be preferably any one selected from a hydrogen atom, a

triftuoromethyl group, an alkyl group having 1 to 5 carbon atoms, and an alkoxy group



5with regard to the fornmula ( 1 ), and thus further descriptions on A+ will
not be repeated. The polyner is produced by directly polynerizing the
conmpound of forrmula (1), which plays the role of a photoacid generator,
into a polynmer, and thereby allows introduction of the photoacid generator
in a large amount. Therefore, a polyner which enables a resist containing
the polyner to have higher sensitivity at the tinme of exposure 10and hi gher
stability, and which has a |ow LER wi.th a reduced anmount of discharge gas
that is generated after exposure, ca&ébé'produced. The polyner is a
mul ti - conponent copol yner, and may be a bl ock copol ymer, a random copol yner
or a graft. Cﬂfoé% er. Furthernore, the polyner containing the repeating

uni t reﬁ?%g% @ %go?ﬁ@nﬁornula (2) may be a pol ymer containing any one 15
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a hydrogen atom an a group avin carbon ato

fl | ke . s NG 10 Bk
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having 1 to 10 carbon atons, and may y any one se froma

hydr ogewh@hophya the i-dlk U @ngfoluk:id %@Mﬁatc)f%ninﬁi laybolgx%@lypanﬁamie%y LolfoQs® carbon
atons, and an al koxy group havi ng to 5 carbon atons; Q and 2 each

i ndepenitentligrionepries ghdtoany con@amelieatiegelaaint NEhat R acgcn?i'n&t WAgnl0of a
hydrogen atom and a hal ogen atom and may be preferably a fluorine atom

At T epresbles s rasistarogaiiiog deunt gneon, hasdigicneasAvithas tichgme amexsghieni ti on
as described with regard to A+ in the fornmula (I), further descriptions
t herleonangi Highanstabligy, rep ediehdias a low LER withayadheks aheuimof disclarghghsphar e
respectively in the ranges of 0 <1 C0.4, 0 <m0.5, O

is generated after exposure, can be produced.

The polymer is a multi-component copolymer, and may be a block copolymer, a
random copolymer or a graft copolymer. Furthermore, the polymer containing the
repeating unit represenied by the formula (2) may be a polymer containing any one

15 repeating unit selected from the group consisting of a repeating unit having an acid labile
group, a repeating unit containing a hydroxyl group, a repealing unit containing an
adhesive group of lactone ring, and combinations thercof,

More specifically, the polymer may be a polymer represented by the following

formula (3):

20 [Formula 3]



15n 0.5, 0 0 0.5, and O< p C 0.2, while | +mn+o+p = 1; and X represents a
pol yneri zed unit derived froman ol efinic nononer. The ol efinic
nononer may be preferably any one selected fromthe group consisting of
acrylate, styrene, norbornene, indene, acenaphthylene, furandione and
derivatives thereof. 20X may be preferably a polynerized unit represented
by one of the following fornulas (3-a) to (3-t): [Formula 3-a] R49R15 Rso

0 0 R31 [Fornula 3-b] [Fornula 3-Qj1%4QR15 Rso a

Ryz R Ras  Ryz Rz Ry Rar Ry
\ / A\ / \ / \ /
X W/C“"CM" /C"""C‘ /C‘“C /C‘C
I R4 >LO m LRy >:O N Ry >:O'0 Ra2 >:O P
g g o g

Ros Raz Raq 2

In the formula (3),

Rir, Riz, Ry, Rus, Rai, Raz, Rys, Rag, Rus, Rug, Rer and Ryg each independently
represent any one selected from the group consisting of a hydrogen atom, an alkyl group

5  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, and may be preferably any one selected from a
hydrogen atom, a triffuoromethyl group, an alkyl group having 1 to 5 carbon atoms, and
an alkoxy group having 1 to 5 carbon atoms;

Qi and Q; each independently represent any one selected {rom the group consisting

10 of'ahydrogen atom and a halogen atom, and may be preferably a fluorine atom;

A+ represents an organic counterion, and since A+ has the same definition as
described with regard to A+ in the formula (1), further deseriptions thercon will not be
repeated;

symbols 1, m, n, o and p are respectively in the ranges of 0 <1<0.4,0<m < 0.5, 0

15 <n=05,020<0.5,and 0 <p 0.2, while Hm+n+o+p = 1; and

X represents a polymerized unit derived from an olefinic monomer.

The olefinic monomer may be preferably any one selected from the group
consisting of acrylate, styrene, norbornene, indene, acenaphthylene, furandione and
derivatives thercof.

20 X may be preferably a polymerized unit represented by one of the following



[ Formul a 3-d] R49 R15 ent\-LAnza 10[Formula 3-e] - 15 - [Fornula 3-0
In the fornula (3-a) to the fornmula (3-0, 5R15, R49 and R50 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 perfl uoroal kyl
group having 1 to 10 carbon atoms, and an al koxy group having 1 to 10
carbon atons, and may be each preferably any one selected froma hydrogen
atom a trifluoronmethyl group, an al Ml_group having 1 to 5 carbon atons,
and an al koxy group 10having 1 to 5 carbon atons; R31 and RS,
each independently represent any one selected fromthe group consisting of
a hal og oxyl group, a cyan() group, a carboxyl group, a
n|trlteﬁﬁwgkﬁ?}ﬁﬁugﬁgihyde group, an epoxy group, a nitro group, an am no
group, a th| ﬁg@rla met hyl t hi o group, an al kyl group, an al koxy group, a
perfluoroaIQoxy grou a

Rsg  Rus
Rso Q
O,

Ra1

0" 0" Ry

[Formula 3-¢]

Rsg

)

[Formula 3-d]

10 [Formula 3-¢]



15 hydroxyal kyl group, a cycl oal kyl group, a heterocycl oal kyl group,

aryl group, a heteroaryl

group,

In the fornmula (3), 5R21, R22 and R2
selected fromthe group consisting of a hydrogen atom an al kyl
a cycl oal kyl group, a heterocycl oal kyl group, an aryl
group and conbi nations thereof, and nay be preferably
m t he group consisting of the following formulas (3-i)

het er oal kyl

group,

any one

an

a cycl oal kyl group, an aryl group and a cycloaryl group; - 16 -
a represents an integer fromO to 5, b represents an integer fromO to 5,
represents an integer fromO to 8, d represents an integer fromO to 4,
represents an integer fromO to 3, ag% f represents an integer fromO to 3.

ah

group,

to (3-ix): mula 3-i] [Formula 3-11 z(R33)11 \ ( --) [Fornula

3-iii]

10

15

= T~ |
S

(Rag)r | R31)e

In the formula (3-a) to the formula (3-0),

Ris, Rgo and Ry each independently represent any one selected from the group
consisting of a hydrogen atom, an alkyl group having | to 10 carbon atoms, a
perfluoroalkyl group having 1 to 10 carbon atoms, and an alkoxy group having 1 to 10
carbon atoms, and may be cach preferably any one selected from a hydrogen atom, a
trifluoromethyl group, an alkyl group having 1 to 5 carbon atoms, and an alkoxy group
having 1 to 5 carbon atoms;

Rz and Ri each independently represent any one selected from the group
consisting of a halogen atom, a hydroxyl group, a cyano group, a carboxyl group, a nitrile
group, an aldehyde group, an epoxy group, a nitro group, an amino group, a thio group, a
methylthio group, an alkyl group, an alkoxy group, a perfluorcalkoxy group, a
hydroxyalkyl group, a cycloalkyl group, a heterocycloalkyl group, an aryl group, a
heteroaryl group, COOR' and COR', wherein R' represents any one selected from the
group consisting of an alkyl group, a perfluoroalkyl group, a cycloalkyl group, an aryl

group and a cycloaryl group;

group, COOR and COR, wherein Wrepresents any
one selected fromthe group consisting of an al kyl group, a perfluoroal kyl

a

e

each independently represent any one

c



[Formula 3-iv] - 1'7 - [Formula 3-v] ssjjR35 iL(R33)k [Fornula 3-vi]
0

- 16 -

a represents an integer from 0 to 5, b represents an integer from 0 to 5, ¢ represents
an integer from 0 to 8, d represents an integer from 0 to 4, e represents an integer from 0
to 3, and f represents an integer from 0 to 3.

In the formula (3),

5 Roi, Ro2 and Ry; each independently represent any one selected from the group
consisting of a hydrogen atom, an alkyl group, a heteroalkyl group, a cycloalkyl group, a
heterocycloalkyl group, an aryl group, a heteroaryl group and combinations thereof, and
may be preferably any one selected from the group consisting of the following formulas
(3-1) to (3-1x):

10 [FFormula 3-i}

A é \\“‘(Rss)g
O
O

{Formula 3-ii]

559\ /(RSS)h

[Formula 3-iii]

N — - (Ras)
o

[Formula 3-iv]



0 -dR33 R35 R34 [Fornula 3-vi] [Formula 3-viii] - 18 - [Fornula 3-ix]
sc(( R33)r In the fornmulas (3-i) to (3-ix), 5R33 to R35 each i ndependently
represent any one selected fromthe group consisting of a hydrogen atom
an al kyl group, an al koxy group, a peffluoroal kyl group, a peffluoroal koxy
group, a hydroxyal kyl group, a hal ogen atom a hydroxyl group, a cyano
group, a nitro group, an amno group, a thio group, a nethylthio group, an
et her group and a net hoxy group, anﬂjpgejerably, R33 to R35 nay be each

i ndependently any one selected 10 fromthe group consisting of a hydrogen
atom an al kyl group having 1 to 6 carbon atons, an al koxy group having 1
to 6 carbon atons, a peffluoroal kyl group having 1 to 4 carbon atons, a
peffluorgalkox UE%qa ing 1 to 4 carbon atonms, a hydroxyal kyl group
having 1 6 rbpn'd¥ons, a hal ogen atom a hydroxyl group, a cyan()
group, a nitr up, anjam no group, a thio group, a nethylthio group and
a net hoxy oup.

| Formula 3-v]

L Ras
ey
7 (Raa)

(Formula 3~vi]

<

-

0

><“R33

Rys Raa

{ Formula 3-vii]

£5
OH
O
O
N
R35 R34

[Formula 3-viii]



15Synbol g represents an integer fromO to 9, h represents an integer from
O0to 9, i represents an integer fromO to 5, j represents an integer fromO
to 15, k represents an integer fromO to 15, q represents an integer fromO
to 17, and r represents an integer fromO to 11. The pol yner nay be
preferably a polynmer represented by the followng fornmula - 19 - [Fornul a
4] wherein in the formula (4), R11, R12, R13, Rl4, R41l, R42, R43, R44, RA43,
1245, 1(47, R48, Q, @, A+, 1(21, Rr R23, 1, in, n, o and p respectively
have the same definitions as descrlbe§ wi th 5regard to the fornmula (3), and
thus further descriptions on these synbols will not be repeated. In
the formula (4), b represents an integer fromO to 5, and c represents an
integer fromoO t . kn the formula (4), R15 and R49 each i ndependently
representgsapy on | ected from 10 the group consisting of a hydrogen
atom an al yl g p having 1 to 10 carbon atons, a perfluoroal kyl group
having 1 to\10 car atons, and an al koxy group having 1 to 10 carbon
atons, and p ly, R13 and 1249 may be each independently any one

sel ected froélﬁﬁé group consisting of a hydrogen atom a trifluoronethyl
group, an al kyl group having I to 5 carbon atons, and an al koxy group
having | to FoganRonxatons. 15 In the formula (4) 1231 represents any one
sel ected fron1the group consi sting of a hal ogen atom a hydroxyl group, a

cyano group, a rcarboxyl group, a nitrite group, an al dehyde group, an epoxy
rg;%gﬁ

group, a up, a&an amno group, a thio group, a nethylthio group, an
al kyl gr koxy group, a perfluoroal koxy group, a hydroxyal kyl
group, a cy IoaIKyi up, a heterocycloal kyl group, an aryl group, a
het eroaryl group, and 20COR', wherein R represents any one sel ected
fromthe group consisting of an al kyl group,
In the formulas (3-1) to (3-ix),
5 Ra3 to Rys each independently represent any one selected from the group consisting

of a hydrogen atom, an alkyl group, an alkoxy group, a perfluoroalkyl group, a

perfluoroalkoxy group, a hydroxyalkyl group, a halogen atom, a hydroxyl group, a cyano

group, a nitro group, an amino group, a thio group, a methylthio group, an cther group and

a methoxy group, and preferably, Rsy to R3s may be each independently any one selected

10 from the group consisting of a hydrogen atom, 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
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 cyano group, a nitro group, an
amino group, a thio group, a methylthio group and a methoxy group.

15 Symbol g represents an integer from 0 to 9, h represents an integer from 0 to 9, i
represents an integer from 0 to 5, j represents an integer from 0 to 15, k represents an
integer from 0 to 15, q represents an integer from 0 to 17, and r represents an integer from
0tol1l.

The polymer may be preferably a polymer represented by the following formula

20 (4)



- 20 - a perfluoroal kyl group, a cycloal kyl group, an aryl group and a

cycl oaryl group. R31 may be preferably any one selected fromthe
group consisting of an al kyl group having 1 to 6 carbon atons, an al koxy
group having 1 to 6 carbon atons, a perfluoroal kyl group having 1 to 4
carbon atons, a perfluoroal koxy group having 1 to 4 carbon atons, a 5

hydr oxyal kyl group having 1 to 6 carbon atons, a hal ogen atom a hydroxyl
group, a eyano group, a nitro groupjjgp_gnino group, a thio group and a
met hyl thi o group, and nore preferably,” R31 may be any one selected fromthe
group consisting of a hydrogen atomand the follow ng formula 3-x: [Fornul a
3-x] 10 Wep. a resist is produced using a polyner containing a
(meth)acryl i ¢ 9BPVier, the ampunt of I|ight absorption is small, but there
is a problemthat the polymer has poor etching resistance as conpared with

aromatic c ounds. wev i nid he case of i ntroduci a cyclic olefin
having a | ;;33 rr& ‘gozﬁ{ié bo Fi‘iéit '%%St h;ﬂ%’i}:ne %CJ&:

i nt roduced| i e marn 5 g 45 Mg

resi stance e "hi ghky %ﬁ% 'Bv ety Othe "Bei d ﬁgnﬂ?ﬁ?e do not al
vapori ze ev ter pretP at nment s (ggft bakingfland partially remain in the
resist film s, the fl ot of the actd generatgﬁ fromth (ﬁcid gener at or

ya

at the timgrQf exposure may be inproved, and accordingl&tmé e patterning
characteristiés may be greatly inproved. 20The pol yner néykp@ any one
selected fromthe group consisting of the follow ng fornubag, (4za) to
(4-1): - 21 - [Fornula 4-a] [Fornula 4-Db]
wherein in the formula (4), Ry, Rys, Ry3, Ry, Ray, Ras, Ruz, Rag, Rus, Rug, Ra7, Rag, Q1, Qs,
A+, Ry, Roz, Roa, L, m, n, 0 and p respectively have the same definitions as described with
5 regard to the formula (3), and thus further descriptions on these symbols will not be
repeated.
In the formula (4), b represents an integer from 0 to 3, and ¢ represents an integer
from O to 8.
[n the formula (4), Rys and Ryy each independently represent any one selected from

10 the group consisting of a hydrogen atom, an alkyl group haviag 1 to 10 carbon atoms, a
perfluoroalkyl group having 1 to 10 carbon atoms, and an alkoxy group having 1 to 10
carbon atoms, and preferably, Rys and R4g may be each independently any one selected
from the group consisting of a hydrogen atom, a trifluoromethyl group, an alkyl group
having I to 5 carbon atoms, and an alkoxy group having I to 5 carbon atoms.

15 In the formula (4), R3 represents any one selected from the group consisting of a
halogen atom, a hydroxyl group, a cyano group, a carboxyl group, a nitrile group, an
aldehyde group, an epoxy group, a nitro group, an amino group, a thio group, a methylthio
group, an alkyl group, an alkoxy group, a perfluoroalkoxy group, a hydroxyalkyl group, a
cycloalkyl group, a heterocycloalkyl group, an aryl group, a heteroaryl group, COOR' and

20 COR/, wherein R’ represents any one selected from the group consisting of an alkyl group,



5[ Formula 4-c] [Formula 4-d] [Fornula 4-e] [Formula 4-f] [Fornula 4-q]
- 23 - [Forrmula 4-h] [Formula 4-i]

- 20 -

a perfluoroalkyl group, a cycloalkyl group, an aryl group and a cycloaryl group.

R31 may be preferably 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 atoms, a perfluoroalkoxy group having 1 to 4 carbon atoms, a

5 hydroxyalkyl group having 1 to 6 carbon atoms, a halogen atom, a hydroxy! group, a
cyano group, a nitro group, an amino group, a thio group and a methylthio group, and
more preferably, Rz may be any one selected from the group consisting of a hydrogen
atom and the following formula 3-x:

{Formula 3-x]

=N
OH

10

When a resist is produced using a polymer containing a (meth)acrylic polymer, the
amount of [light absorption is small, but there is a problem that the polymer has poor
etching resistance as compared with aromatic compounds. However, in the case of
introducing a cyclic olefin having a larger number of carbon atoms than (meth)acrylic

15  polymers introduced into the main chain as shown in the formula (4), etching resistance
may be highly improved, and the acid-labile moieties do not all vaporize even after
pretreatments (soft baking) and partially remain in the resist film. Thus, the flow of the
acid generated from the acid generator at the time of exposure may be improved, and
accordingly, the patterning characteristics may be greatly improved.

20 The polymer may be any one selected from the group consisting of the following

formulas (4-a) to (4-1):



[Formula 4-j] - 24 - [Formula 4-k] [Fornula 4-11! OHF2 S\=0- + A 5
In the fornulas (4-a) to (4-1),

- 21 -

{Formula 4-a)

2@ b z@% ipz

0=5=0

AY

O-+A

s ;@% ?

0=5=0
O -

5 [Formula 4-c|

o
D4 2.,

0=8=0
0 -

{Formula 4-~d|



Synmbols 1, m n, o and p are respectively in the ranges of 0 <1 _.<; 0.4,
O<m0.5 0<n<0.5 0<o00.5 and 0<p 0.2, while | +mn+o+p = 1;

A+ represents an organic counterion, and since A+ has the sanme definition
as 10described with regard to A+ in the formula (1), further descriptions
thereon will not be - 25 - repeated. The pol yner containing the
repeating unit of formula (2) may preferably have a wei ght average

mol ecul ar wei ght of 2,000 to 100, 000 .as neasured by gel perneation

chromat ography (GVW) relative to pol ystyrene standards, and a nol ecul ar
weight 5 distribution of I to 5, and may nore preferably have a wei ght
aver age nol ecul ar wei ght of 3,000 to 30,000, and a nol ecul ar wei ght

distributjgn of 1 50 to 5. 1f the weight erage pol ecul ar weight is
gr eat er thjnq)‘ﬁ%:‘mthq,sp ubi |§Q§/V%f t“ﬁ‘é‘o oly
560

flpiay be poor when the

pol ynmer is u I n a photweresi st osi tkop, and | i ne edge roughness
may be poor. |If the weight average nol ecgl ar weight 1s | ess than 2,000, the
mechani cal strength of\t resihn._i s poo and tRus there may occur a
phenonenon i n which pzyt ns jar e /noty sat actorify fornmed (coll apse of
patterns). Furthernore, A e ul ght d §;ribution is greater
than 5, the |line edge roughness nay be~poor. erefére, when a pol yner
havi ng the wei ght average nol ecul ar wei ght and & Yol ecul ar wei ght
distribution that fall in the ranges described ab&efi's used in a

phot or esi st conposition, the 15photoresi st conposition may exhi bit
appropriate [ppapdhtigs in terns of developability, coatability, and heat
resi st ance. The conpound represented by the formula (1) can be
produced by a netho as descr%@ d bel ow. The,conpound represented by

t he fornu#é ing a first step of
allowing a c

hd represént ed oPmula (7) and a conpound

h
& (8) £ &nd a second step of

represent ed he follg ﬁb for /
subj ecting the react i on®product Groducedin the ®jrst step to a
substitution reaction w a conpound r ented/by the follow ng formul a
9): [Fornmula 7
0=8=0
Q-+A

[Formula 4-f]

BB

OszO
O-+A

[Formula 4-g]



- 26 -
the formula (7) to formula (9),
group consi sting of Li+,

[Formula 8 o 11Q / M+ -
M

Na+ and 1C+;

OS-QA N 0@ OH ormula 9] A+Z- 5 1In
- represents any one selected fromthe
Z- represents any one selected from

the group consisting of (OSO2C123) -

[Formula 4-h

@%mﬁmﬁ iww

[Formula 4-i]

.an

mm{,w fon oo
W e

- 23 —

.
=0

0.0 1.8

[Formula 4-j]

0=5=0

Q-+A



(0802C4F9) -, (0802CBF17)-, (N(CF3)2)-, (N(C2F5)2)-, (N(AE9)2), (C(CF3)3)-
(C(C2F5)3)-, 10(C(C4F9)3)-, F-, d-, Br-, 1-,AsF6- and PF6-; and A+,
R11, Q and @ respectively have the same definitions as described with
regard to the conpound represented by the formula (1), and thus further
descriptions on these synbols will not be repeated. The reaction of the
first step nay be carried out in a solvent, and as the solvent, any 15 one
selected fromthe group consisting oflpsters et hers, |actones, ketones,
am des, al cohol s and conbi nati ons thereof can be used. Preferably,
dlchloronethane chl orof orm dichl oroethane, acetonitrile, toluene,

benzene, |, 4-dioxane and the |ike can be used. he reaction of the
first st N %@, FNV catal yst, and the
basi c cataly, e any ome'sel ected fr the! g tonsi sting of
triethylamn - 27 - di | am n (pyrldl o di et hyd-{sopropyl am ne,

aniline, diisop Let hybam ne angy conbi nagy of . When the reaction
of the first step |s carr ed out e presence of Hhe basic catal yst, the
reaction tine e shor thg(ggnverﬁf rati ¢/ may be increased, and
si de-reacti ons gan-be redu S 0P| , se %ﬁd by the formula (8)
can be obtai ned’ reduci ng a conpound rép #he follow ng fornul a

(10): [Formul a T"9 Pi 002 rOR6 O In the formuta h&ﬁb 10hﬁ represents
any one selected fromthe group consisting of Li+,

[Formula 4-k]
<;§mw@m%(>wwiwhcj
0 A

0=5=0
O-+A

[Formula 4-1]

{
O

%bg@

LS U U U e v
, “T% "

CF>
0=5=0

\

O-+A

In the formulas (4-a) to (4-1),

Symbols 1, m, n, 0 and p are respectively in the ranges of 0 <1504, 0 <m < 0.5, 0
£n=0.5,0<0<0.5, and 0 <p <0.2, while Hm-+n+o+p = 1;

A+ represents an organic counterion, and since A+ has the same definition as

10 described with regard to A+ in the formula (1), further descriptions thereon will not be



R5 represents any one selected fromthe group consisting of a hydrogen
atom an al kyl group having 1 to 10 carbon atons, and a heteroal kyl group
in which one to three hydrogen atons of an al kyl group having 1 to 10
carbon atons are substituted with hal ogen atons, and nmay be any one
selected fromthe group consisting of a hydrogen 15atom an al kyl group
having 1 to 5 carbon atons, a trifluoronethyl group, a trichl oronethyl
group, a tribrononmethyl group and a 5%iLodonethyI group; and QL and @
respectively have the same definitions as described with regard to the
conpound represented by the formula (1), and thus further descriptions on
t hese s%nbptg w Il not be repeated. 20The process of reducing the conpound
represect[:’gﬂll'L y the formula (10) and thereby obtaining the conpound
represented by the formil.a.(8), may.include,. specifically, the steps of
di ssol ving t %“@gﬁ%%hﬁgggpnéb%ﬁﬁ9§%?@i“Pﬁ(fé?V§ﬁ§é§bFﬁ¥&%ﬁ&ﬁQYJWVSWCOhOIic
28 - s ' dropwhse ci.ng. agent, to the solution in
an'i ce DA tuppdy MIRO I CHEMS T 30RPLL Al TG, o ior iy Sieg
t enper at. Hom >A00G, 1 e ALk e i, .t ur l.auid: .al | owi ng
Elﬂf}ﬁlaﬁo%@?gr é@il QPQS&&Q@ RG g@%ﬁﬁﬁaé &fﬁicfdpcﬁ M g bokccﬁfﬁl twgm

t he reaction iqurd tore er stirring; subsequen

t er i nafispohut; i SaCt. i, X1 Laul d:r Lng, the
soIvent?Sﬁ%uggﬁogfsgﬁéﬁﬁﬁ%?ﬁg&? éﬁggg!t?gghé%%gﬁg%@q#hQPgﬁgg§&P%EVﬂe met hod
for cryspabhé 2aD0@mndaMoPBEIROdeRht 8k¥Hubbh bZals008 1 hﬁtthé’@f@ighfaverag e
conventionally used can be used, but specifically, a method™o a0|é|fy|ng

t he reagbic@nlamnsight B drédged tHarf [mo@klﬁmoltt!ﬁlitﬁwf‘wwo[?ﬁ& REEPe p&smyvied, to pH
5to 6 using a strong acid; concentrating the resultant m xture;
subsequetpojynads mgd &ma ahewohelst tanmpmrknt el the Siuk i gt SNEeNHAALE phdit O a
slurry; filtering the slurry, washing the 10 filtrate again using hexane;
subsequHrth¢ yeghheemsgeanblegulthecighl tsrletsehagajong, dodnehystAlshrézitngs tHae
product fromdiethyl ether, can be used. The pol yner containing the

r epdat i WU Pof ahdrihus sh¢2) menrpcher poplamenicred ibywbshventimnat met hods
for producing polymers, but preferably a radical polynerization nmethod can
be usedf?aﬂi&@c"toﬁg’ p’ﬁ%lln}‘?ﬁiemoi]@m% ©f i pritieinal or Futtlaermesmn Hethasmgldcnlar adiigll

15pol yneri zation, any one selected fromthe group consisting of

azobi sir@étlﬁ BURIb i £ EIRthen B linke pdasyrouplmasxime kBpeor) | Thesaferp! wher exi de,
azobisisqcagrﬂniirile, azaobi si soval eronitrile, tert-butyl hydroperoxide and
conbi nal' Rk HEY B8t tearveht ydwgageT i lpovlarnayeighas iish the abpleac areige

i mpl enent ed by nethods such as bul k pol ynerization, solution

o yror b EPH e PR EBER R ks Rgmibre BRGIT stk e SisBns eompsitgwetezat i on,
an 20 1.S1.,0 ol ynmeri zation., As the polynerization splvent ed in the
poﬁ&ner@gﬁyfgﬁ,&gﬁgb&PnﬁB?%e§@@36ﬁ@5*¥95ﬁ?5ég§§ﬁé? WBW%&ﬁ&?W%ywﬁﬁ%&

hal ogenat.ed: e, .di | ether, tetrahydrofuran, 1,2-dichloroethane,
esters?ﬁgﬁﬁggggﬁﬁgg?égggénﬁétones, and am des can be used. After the

pol ymeri zat ijgQ “b%,l’gglﬁ;ﬁt)@%gm“& lﬂf ti'ﬂ‘?lfogtgl?l%e@()iggggg?{(%u@&pb%'dql‘?ul?({r}ice) ‘%‘;‘J’lgrslal

remaining in the n mxture enoved by con
et hods,sfd@Ecribed below.
The compound represented by the formula (1) can be produced by a method
20 including a first step of allowing a compound represented by the following formula (7)
and a compound represented by the following formula (8) to react, and a second step of
subjecting the reaction product produced in the first step to a substitution reaction with a
compound represented by the following formula (9):

[Formula 7]



25renovi ng these nononers and side-products, and preferably, these
materials can be - 29 - renoved by a precipitation nethod using a sol vent.
The chem cally anplified resist conposition according to another aspect of
t he present invention includes the polymer containing the repeating unit of
formula (2). The ampunt of use of the nononmer represented by the fornula
(1) in the polymer may be 0.5 5 to 15 parts by weight relative to 100
parts by weight of the total solids tent of the polymer, and if the
nononer represented by the formula ( is used in an anmount in the range
descri bed above, superior sensitivity and higher stability can be obtained,
whi |l e the amount of gas discharge can be reduced. The resist conposition
may include the pol ymer containing the repeating unit of 10 fornmula (2) in
an anount__of 3boby wei ght or greater, and preferably 5% by wei ght or
greater, rtelative to the total anount of the resist conposition. If the
content of t fabl yner is less than 3% by weight, the effect of including
the pol ymegsmay not be sufficiently manifested. The resist conposition can
al so i nclude conventional constituent elenents that constitute the resist
conposi tion, such as additives or solvents, in addition to the 15pol yner.
The resist cegpegkiion including the repeating unit of fornula (2) can be
used in the formation of patterns by a pattern form ng method which
includes a step gf aeflying the resist conposition on a substrate; a step
of subjecting the applied resist conposition to a heating treatnent; and

t her eby é%ﬁbsﬁﬁ@ﬁt ”?e§1§t conposition with high energy rays, 20and a step
of devel oping the resj st cEMposition using a devel oper sol uti on. It
is preferable to use™8 higher energy ray having a wavel ength in the range
of 13.5 nmto 250 nm because the resolution can be increased, while the
LER i s | owerf€dimula 9] When the novel conpound of the present invention and
t he pol yner containing this conpound are used in a chemcally anplified
resist C?¥ Qgition, the resist conposition 2 5may have excel |l ent
sen%itiv'qg nd higher stability with a reduced anount of gas discharge, -
30

In the formula (7) to formula (9),
M+ represents any one selected from the group consisting of Li+, Na+ and K-+
Z- represents any one selected from the group consisting of (OSO,CEF3)-,
(OS02C4Fo)-, (OSO2C5F 7)-, (N(CF3)2)-, (N(CaFs)a)-, (N(CaFo)a), (C(CF3)3)-, (C(CaF5)3)-
16 (C(CyFo)3)-, F-, Cl-, Br-, I-, BF4~, AsF¢- and PFg-; and

2

A+, Ry, Qr and Q; respectively have the same definitions as described with regard
to the compound represented by the formula (1), and thus further descriptions on these
symbols will not be repeated.

The reaction of the first step may be carried out in a solvent, and as the solvent, any

15 one selected from the group consisting of esters, ethers, lactones, ketones, amides,
alcohols and combinations thereof can be used. Preferably, dichloromethane, chloroform,
dichloroethane, acetonitrile, toluene, benzene, 1,4-dioxane and the like can be used.

The reaction of the first step may be carried out in the presence of a basic catalyst,

and the basic catalyst may be any one selected from the group consisting of triethylamine,



and may have hi gher resolution and | ower |ine edge roughness. Best Mde for
Carrying Qut the Invention Hereinafter, the present invention
will be described in detail so that those having 5ordinary skill in the
pertinent art can easily carry out the invention. However, the present

i nvention can be inplenented in various different enbodi nents, and is not
intended to be limted to the Exanpl es descri bed herein. Synthesis Exanples
for Conpound |) Synthesis of diquqrg@eroxypropane sul fonic acid sodi um
salt 1083 g of 3,3-difluoro-3-sul fopropionic acid ethyl ester sodiumsalt
was dissolved in 160 m, of nmethanol and 1.2 L of tetrahydrofuran (THE) in

an ice hath, and 44 g.of sodi um borqhydride was s].owly added dropw se to
the sol J1HBREMIRFy &Y 1%8}f‘pl gf‘ﬁ% S‘Ei?m@aé‘%ﬁ]reopﬁl %e=ad{!ﬁS?W"SHYEe@‘Wé‘W%C{%ﬁdOn

m xture | Qui \as . I e d fromthe i.ce bath, and was heated to 60C The
Fenct or hS ol Whort oV Ren LT 88 of B GBLitr B etiioulit iarrtnge of
tenper alylr €,.:« Ly inenLeact.ion. mxture |jiquid.thus stirred was guenched
wt thdl St Basiey bt ?lléﬁ%%bﬂ‘gﬁ”’%‘hé“a o St e e gbasichetPendy iton
nixturehggﬁgkgggjgg%g%ﬁ%&gqﬁhpgﬂ&ﬂgu§olvent was di ssolved again in

distilled water, resulting solution was acidified to pH5 to 6 with

congent r at edyjy dasHlar }eﬁl‘e@%itgd lbyvh\ge %ggﬁlg'd(gg 551? afet ARy )Egg{cg}lchhgg%' d was

concentrat ed again, and net hano S thereto to slurry.
The sl usdiponad rEpredeate@bytiRe fofBME ARG salts, and then the filtrate
was mashedptmo times with hexane.” The net hanol |ayer was concentrated
agai n, and t{lfemwasopubj ected to crystallization using diethyl ether.

A white solid obtained by crystallization was dried in a vacuum and the
structure of the solid was confirmed by I H NVR Thus, 68.5 g (yield: 95%

of 25dif|uorohyﬁrqyypropane sulfonic acid sodiumsalt (sodium 3-ethoxy-1, 1
H /

-difluorgr3-~_g_¢
5, yo—r,

o

In the formula (10),

10 M+ represents any one selected from the group consisting of Li+, Na+ and K+;

Re represents any one selected from the group consisting of a hydrogen atom, an
alkyl group having 1 to 10 carbon atoms, and a heteroalkyl group in which one to three
hydrogen atoms of an alkyl group having 1 to 10 carbon atoms are substituted with
halogen atoms, and may be any one selected from the group consisting of a hydrogen

15 atom, an alkyl group having 1 to 5 carbon atoms, a trifluoromethyl group, a
trichloromethyl group, a tribromomethyl group and a triiodomethy! group; and

Q1 and Q; respectively have the same definitions as desecribed with regard to the
compound represented by the formula (1), and thus further descriptions on these symbols
will not be repeated.

20 The process of reducing the compound represented by the formula (10) and thereby
obtaining the compound represented by the formula (8), may include, specifically, the

steps of dissolving the compound of formula (8) in tetrahydrofuran and an alcoholic



- 31 - oxopropane-|-sul fonate) represented by fornula [A] in the follow ng
reaction schene (1) was obtained. H NVR (chloroformd3, internal standard:

tetramethyl sil 8(ppm 3.3(t, 211), 4.58-4.68(t, 2H) 5[ Reaction Schene 1]

NaO OOEt O F2 NaBH4 0 , S, NaO C 0 F2 THF, MeOH

10

15

20

25

- 28 -

solvent; slowly adding dropwise a reducing agent to the solution in an ice bath: after
completion of the dropwise addition, raising the temperature to 40°C to 100°C to prepare
a reaction mixture liquid; allowing the reaction mixture liquid to react under stirring;
subsequently terminating the reaction of the reaction mixture liquid; removing the solvent;
and crystallizing the reaction product. In regard to the method for crystallization, any
method of crystallization that can be conventionally used can be used, but specifically, a
method of acidifying the reaction mixture liquid from which the solvent has been removed,
to pH 5 to 6 using a strong acid; concentrating the resultant mixture; subsequently adding
an alcohol to make the resulting concentrate into a slurry; filtering the slurry, washing the
filtrate again using hexane; subsequently concentrating the filtrate again; and crystallizing
the product from diethy! ether, can be used.

The polymer containing the repeating unit of formula (2) can be polymerized by
conventional methods for producing polymers, but preferably a radical polymerization
method can be used. As the polymerization initiator that can be used in radical
polymerization, any one seclected from the group consisting of azobisisobutyronitrile
(AIBN),  benzoyl peroxide (BPO), lauryl peroxide, azobisisocapronitrile,
azobisisovaleronitrile, tert-butyl hydroperoxide and combination thereof can be used. The
polymerization reaction can be implemented by methods such as bulk polymerization,
solution polymerization, suspension polymerization, bulk-suspension polymerization, and
emulsion polymerization. As the polymerization solvent used in the polymerization, one
or more selected from benzene, toluene, xylene, halogenated benzene, diethyl ether,
tetrahydrofuran, 1,2-dichloroethane, esters, ethers, lactones, ketones, and amides can be
used. After the polymerization is completed, the unreacted monomers and side-products
remaining in the reaction mixture liquid can be removed by conventional methods for

removing these monomers and side-products, and preferably, these materials can be

181



+ EtOH [A] wherein in the reaction schene |, Me represents a nethyl group,
and Et represents an ethyl group. 2) Synthesis of 2-nethylacrylic

aci d-2, 2-di fl uoro-2-sul fopropyl ester sodium salt 68 g of

di f | uor ohydr oxyl propane sul fonic acid sodiumsalt (sodium 3-ethoxy-1, 1-

df f | uor o- 3- oxopropane- 1 -sulfonate) represented by fornmula [A] in the
reaction schenme (1), which was produced in Synthesis Exanple for Conpound
1), and 54.6 nlL, of nethacryl oyl cthQJQe were mxed with 500 m., of

di chl oronet hane (MC), and the resulting m xture was stirred. Subsequently,
3.2 g of NN - dinethylaninopyridine 15 (DVAP) and 50 ng of a polynerization

revent t ydr ui no nononmet hyl ether (MEHQ were added to the
Pt ur o TR0 ProRRE R RS FRE R

nlxture 4 ?%ﬁﬁRTQYﬁf 'm xture was nixed. 104 na, of

et an e L3N, RG0SR TP, S e i o
D subssal cniRash LRI Kty ‘L‘qé”r“g“é SR GBS B 8BNS R ona e
[ eact i oS drE o Blcaonoor kRl 3?“ B G RS ARt vas

r emoy edidys gags ik | \idighiokfaivaden oo 8AHE 89 RLETSH B 1BAF sohdq?’c%meng% gt - of

distilled water was added thereto. SubSequently, potassium carbonate was

added t poliyher, rs@ddf ihenmaioidd réprkictittidthyt e BHQANE €1 )as St LEnsQl 4k krn.  The
saturated solution was stirred for 2 hours, and then a solid thus produced

was fi | teapedesclibed abBi, ng(,MmeslcdsmBﬁ)‘/’/t)mcDﬁu;Bezf@lkhh(t -0af h¥lobained, while the
acid-2,2-dilluoro-2-sul fo-propyl ester sodiumsalt 5 (sodiuml,1

-d|f|uow09®n©ﬁgama@ﬁynpyhmby)@hm@hne-I-sulfonate) represented by fornmula
[B] in the reaction scheme 2 was obtained. The structure of the salt was

confirmed bylliiregist pvRositic INMRI(CDMBOhe ipotyaren adonsirdmg redrepeating unit of

tetranethyIS|Iane) 8(ppm 1.91(s, 311), 3.3(t, 4.57-4.67(t, 21-1), 5.77(s,
1HLO 6. Epirpg a {14ip am@{m@atpf ot &:h‘@tﬁlt 2r greater, and preferably 5% by weight or

greater, relative to the total amount of the resist composition. If the content of the polymer

is less than 3% by weight, the effect of including the polymer may not be sufficiently

manifested. The resist composition can also include conventional constituent clements

that constitute the resist composition, such as additives or solvents, in addition to the
15  polymer,

The resist composition including the repeating unit of formula (2) can be used in
the formation of patterns by a pattern forming method which includes a step of applying
the resist composition on a substrate; a step of subjecting the applied resist composition to
a healing treatment; and thereby exposing the resist composition with high energy rays,

20 and a step of developing the resist composition using a developer solution,

It is preferable to use a higher energy ray having a wavelength in the range of 13.5
nm to 250 nm, because the resolution can be increased, while the LER is lowered.

When the novel compound of the present invention and the polymer containing this
compound are used in a chemicatly amplified resist composition, the resist composition

25 may have excellent sensitivity and higher stability with a reduced amount of gas discharge,



0 NaO- S- CF2CH2CH2OHc01) Et3N, 2) DVAP ii3) MEHQ OCI wherein in the
reaction schenme 2, Et represents an ethyl group.

3) Synt hesi sof 2- et hyl acryl i caci d- 2, 2-di fl uor o- 2- sul f opr opyl est er

di phenyl nmet hyl phenyl sul foni um salt 1531 g of 2-nethylacrylic

acid-2, 2-di fl uoro-2-sul |l opropyl ester sodiumsalt (sodium _ _

1, 1-di fl uoro-3-(met haeryl oyl oxy) propane- 1-sul fonate) produced in Synthesis
Exanpl e for Conpound 2), and 35 g of @i penyl net hyl phenyl sul f oni um _
trffluoromethanesul foniumsalt represented by formula [C] in the follow ng
reaction scheme 3 were dissolved in 300 nil, of dichloronethane (M) and 300

niL of disfti er. to prepare a reaction mxture, and 20the reaction

m xt uregl{l/\cglgméhﬁj%eﬁg@%e(’gl?s’g?u Eof’\fggfoe‘lwy“éthmfégket PSRMfYer vi gor ous stirring for 3
hours. - 33 - extent of reaction by 1917-NIMR and the reaction was
termnated. After termnation of the reaction, the organic |ayer of the

reacti oped re. oLk d ¢ : | ed, and the solvent was renoved. The
or gani cBf?%‘?dé\ﬁgét&ggﬁg&%ﬁ?eﬁghé?@h| or onet hane, which was a good sol vent,

and hexane, MOLBRINAEABRAT iRRhYEDill BBULiBed Al YEAE S0 WRISHSLTRYRY tO

obtain
5  ordinary skill in the pertinent art can easily carry out the invention. However, the present
invention can be implemented in various different embodiments, and is not intended to be
limited to the Examples described herein.

Synthesis Examples for Compound

1) Synthesis of difluorohydroxypropane sulfonic acid sodium salt
10 83 g of 3,3-diftuoro-3-sulfopropionic acid cthyl ester sodium salt was dissolved in
[60 mL of methanol and 1.2 L of tetrahydrofuran (THF) in an ice bath, and 44 g of sodium
borohydride was slowly added dropwise to the solution. After completion of the dropwise
addition, the reaction mixture liquid was removed from the ice bath, and was heated to

60°C. The reaction mixture liquid was stirred for about 4 hours at the same temperature,

15 The reaction mixture liquid thus stirred was quenched with distilled water, and then
the solvent was removed. The reaction mixture obtained afier removing the solvent was

dissolved again in distilled water, and the resulting solution was acidified to pH 5 to 6 with
concentrated hydrochloric acid.
The acidified reaction mixture liquid was concentrated again, and methanol was
20 added thereto to obtain a shury. The slurry was filtered to remove inorganic salts, and
then the filtrate was washed two times with hexane. The methanol layer was concentrated
again, and then was subjected to crystallization using diethyl ether.
A white solid obtained by crystallization was dried in a vacuum, and the structure
of the solid was confirmed by '[-NMR. Thus, 68.5 g (yield: 95%) of

25 difluorohydroxypropane sulfonic acid sodium salt (sodium 3-ethoxy-1,!-difluoro-3-



5crystals. The crystals thus obtained were dried under reduced
pressure, and thus 40 g (yield: 96% of 2-nmethylacrylic

aci d-2, 2-di fl uoro-2-sul fopropyl ester diphenyl nmet hyl phenyl sul foni um sal t
represented by fornula [Di in the follow ng reaction scheme 3 was obt ai ned.
The structure of the salt was confirmed by I H NVR 10l H NWR
(chloroformd3, internal standard:. tetranethylsilane): 8(ppm 1.95(s,
31-1), 2.43(s, 3H), 3.3(t, 21-1), 4.82(t, 211), 5.60(s, 111), 6.22(s, 1H),
7.43-7.80(m 141-1) [Reaction Scheme 31 9 Na0" ()-S OSQ2CF3 0 F20, MJ H20
00 F2 0 [13] CH3CH3[ 0] Synthesis Exanples for Polyner

oxopropane-1-sulfonate) represented by formula [A] in the following reaction scheme (1)
was obtained.

'"M-NMR (chloroform-d3, internal standard: tetramethylsilane): 6(ppm) 3.3(t, 2H),
4.58-4.68(t, 211)

5 [Reaction Scheme 1]
('s? - NaBH, Q
i Foe S OH
NaQ 1 C S T e Ll
o Fz/j)r THF, MeOH NaO' S + EIOH
[A]

wherein in the reaction scheme 1, Me represents a methyl group, and Et represents an
ethyl group.
2) Synthesis of 2-methylacrylic acid-2,2-difluoro-2-sulfopropyl ester sodium salt
10 68 g of diffuorohydroxylpropane sulfonic acid sodium salt (sodium 3-ethoxy-1,1-
difluoro-3-oxopropane-1-sulfonate) represented by formula [A] in the reaction scheme (1),
which was produced in Synthesis Example for Compound 1), and 54.6 ml of
methacryloyl chloride were mixed with 500 ml of dichioromethane (MC), and the
resulting mixture was stirred.  Subsequently, 3.2 ¢ of N,N'-dimethylaminopyridine
15 (DMAP) and 50 mg of a polymerization preventing agent (hydroquinone monomethyl
ether (MEHQ) were added to the mixture at 15°C to 25°C, and the resulting mixture was
mixed. 104 mL of triethylamine (Et:N) placed in a dropping funnel was slowly added
dropwise to the mixture at 15°C to 25°C, and thus a reaction mixiure liquid was prepared.
The reaction mixture liquid was stirred for 3 hours at 15°C to 25°C, subsequently the
20 extent of reaction was determined by NMR, and the reaction was terminated.
After termination of the reaction of the reaction mixture liquid, dichloromethane

which was the reaction solvent was removed by distilling off under reduced pressure, and



15(Exanmpl e 1) As mononers for polynerization, 13 g of

2- et hyl - 2-adamantyl acrylate, 8.4 g of y-butyrolactyl nethacrylate, 11.6 g
of 3-hydroxy- 1 -adamantyl nethacrylate, and 1 g of 2- methylacrylic

aci d-2, 2-di fl uoro-2-sul fopropyl ester diphenyl nmethyl phenyl sul foni um sal t
represented by fornula [DI in the above reaction schene 3 were dissolved in
58 g of 1,2- 2 0dichloroethane, and thus a nononer m xture |iquid was
prepared. A reaction bath was provided by adding 3.7 g of norbornene, 2.5 g
of - 34 - azobisisobutyronitrile (AI'BN) as a polynerization initiator, and
117 g of 1,2- dichloroethane as a polynerization solvent to a 250-nL fl ask,

and nit e s, was i ntroduced into the reaction bath. The m xture was
stirredaggpl6%2dﬁ%ﬂ?dﬁﬁﬁvéw?%§&¥gﬁbgfgfuﬁ@gﬁﬁgm i APAFHEY catbopsle W 25C,
5Whi l e ) ot 31 9 f .the.reaction bath at 65C, the nopomer mxture

i qui d %@‘ggr?’g@g %%%{\[le Was™s) 8%”? Qarequs 8p%h§‘&°‘%cn?8‘f““8‘h-e hst Bt e
reacti og 0.BL.epar £ Lon mxture Liquid, and the reac 'qn

eact] oo BRAPRES A.LE95Y AN L, L AN.Sy p e reack on

POl yirer il Qv BE 1. 8RAKLANYILXAULS - UGHbA-YRRCAMEA &y 126D GRC L he
reaction product’ was pre_lplgated Wit exane, an _P en _he precipitate was
10 Fil teireh lThQifﬁlbﬁ)CB-Pﬁl%tﬁﬁﬁ'y}’@%x‘ﬁ%@&%e—sﬁéﬁﬁfﬁhte? 'rg(tﬁ%séf‘ﬂtédh bghﬁ)n?j\ﬂﬁe
sol vent during the filtration procéss, and crystals thus obtained were
dried ufilgn thietuare spE@SSLMRs obfuRd, Ihe Atr(dtiR! cﬁfithe@?@wz@fcoﬁ-ﬁﬂ?@écmgﬁm-o“
Example | represented by the followng fornula (11) was obtal ne In the
pol ymer NMR.Exanpl e | represented by the following fornula (11), 1 is O0.24,
mis 0.25, nis 0.30, ois 0.20, and p is 0.01. 15The polynmer of Exanple I
had a pol yst'VNMR (BHISCE dnteia handivér @gemenlelalerr 5(peh o 1M1, of 3¢L, 190,
and a nol ecul ar weight distribution (ratio of weight average nol ecul ar

wei ght 3l 4iTrbet(t,AVBr ag&snidle6ull éx 114ei ght, Mw M) of 1.57. [Fornmula | 1]

- 35 - _ , ,
10 [Reaction Scheme 2]
o 1) EtaN, 2) DMAP o
i 3y MEHQ fl
NaO=8-CF,CH,CH,0H -+ 0 NaO=$CFCH;CH, 0~
e of MC S o
(8]
wherein in the reaction scheme 2, Et represents an ethyl group.
3)  Synthesis  of  2-methylacrylic  acid-2,2-difluoro-2-sulfopropyl  ester
diphenylmethylphenylsulfonium salt
15 31 g of 2-methylacrylic acid-2,2-difluoro-2-sulfopropyl ester sodium salt (sodium

L. 1-difluoro-3-(methacryloyloxy)propane-1-sulfonate) produced in Synthesis Example for
Compound 2), and 35 g of dipenylmethylphenylsulfonium trifluoromethanesulfonium salt
represented by formula [C] in the following reaction scheme 3 were dissolved in 300 mL
of dichloromethane (MC) and 300 mL of distilled water to prepare a reaction mixture, and

20 the reaction mixture was subjected to a two-layer reaction under vigorous stirring for 3
hours.

After completion of stirring, an aliquot of the organic layer was taken to check the



(Exanpl e 2) A polymer was produced in the same manner as in Exanple
1, except that the values of 1, m n, o and p in the fornmula (11) were
changed by adjusting the respective anmounts of the nononers for

pol ymeri zation. The values of I, m n, o and p in the 5fornula (Ti) of the
pol yner of Exanple 2 are such that | is 0.24, mis 0.25, nis 0.30, ois
0.18, and p is 0.03. (Exanple 3) A pol ynmer was produced in the sane

manner as in Exanple 1, except that tfe values of 1, m n, o and p in the
formula (11) were changed by adjusting the respective 10 anounts of the
nononers for polynerization. The values of 1, m n, oand pin the formula

f fio le 3 i
0150, o hER AT o KRR Bl Gel ?l}ewas Q}a\ﬂ% "gné\q{‘\k/é‘é%‘f‘}ﬂ’(ﬂ}é’éczﬁhﬁ 0 the
same mapnef, rrlﬁh(': Q%’gﬁi%m%& ‘# thg)%g %PEm t: Q%L |(r%ldl\% V(?)igué%ﬁu efhéir?Bh/ﬁ{uso and p

in the formu of the

MONOMET §af Q{m(ﬂ%ldy MR (ﬁ@"idl@ fl elaﬂs \Gﬁg ISy ﬂ{g:t cf_llthlmfn%'thagl a\%glcﬂ JJ& %Q(g(glf or m“ a

(11) of the pol yner of are suc

0. 30, O0gdierd; ik, hc%Qﬁjc pzvlh% QVdQZi po()p%rp@}ﬁ alqfe F&q ! %ﬁ/)cx Q:’la‘ﬁ)vn@_}(?g&éﬁ%; or

polynerlzatlon 0 g of 2-nethyl-2-adamanty acry ate
y-but yr edyaalsy! nethacrylate and 10 1 g of 3-hydroxy- 1 -adanmantyl
nethaerylate were m xed, and the m xture was dissolved in 82 g of

1, 4- di oxane Tie @yepatitisadbrEmnon®ere Wi und: rédidbdpreddige, Bag %Ltsmr@p% Hadigr e was
slowy raised to 65C. A reaction batﬁ was provi ded by adding 3.7

g of noP@sy nene,of2. 5 glahe@Shzobicsi sobudiyrmiifinblos2-6MWoRs @  ester
pol ymeri zation initiator, and 117 g of 1, 2-
d1phcny[mcthylphenylsulfomum salt represented by formula [D] in the following reaction
scheme 3 was obtained. The structure of the salt was confirmed by 'H-NMR.
10 '"H-NMR (chloroform-d3, internal standard: tetramethylsilane): 8(ppm) 1.95(s, 3H),
2.43(s, 3H), 3.3(1, 2H), 4.82(t, 2H), 5.60(s, 111), 6.22(s, 1H), 7.43-7.80(m, 1411)

[Reaction Scheme 3}
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Synthesis Examples for Polymer

15 (Example 1)

As monomers for polymerization, 13 g of 2-methyl-2-adamantyl acrylate, 8.4 g of
y-butyrolactyl methacrylate, 11.6 g of 3-hydroxy-1-adamanty] methacrylate, and 1 g of 2-
methylacrylic acid-2,2-difluoro-2-sulfopropyl ester diphenylmethylphenylsulfonium salt
represented by formula [D] in the above reaction scheme 3 were dissolved in 58 g of 1,2-

20 dichloroethane, and thus a monomer mixture liquid was prepared.

A reaction bath was provided by adding 3.7 g of norbornene, 2.5 g of



- 36 - dichloroethane as a polynerization solvent to a 250-nL flask, and
nitrogen gas was introduced into the reaction bath. The m xture was stirred
for one hour while the tenperature was naintained at 15C to 25C. Wiile the
tenperature of the reaction bath at 65C, the nononer mixture liquid 5
descri bed above was slowly added dropw se over one hour to the reaction
bath to prepare a reaction mxture |liquid, and the reaction mxture |iquid
was allowed to react for 16 hours._jﬁ§§x_conpletion of polynerization, the
reaction mxture liquid was cooled to 15C to 25C, the reaction product was
precipitated with hexane, and then the precipitate was filtered. The

i pi . d | ti ith the. I duri t he
ot 11 A0l Reae (RN gt oo Peie bt riadner %né?ﬁga béL'aE?l Feduced
; D) reld: 919 f _a, pol t e t he follow ng
o ot a0 e L T P A R B R
s 0. 24 NE-W0) The e . polyner .esent ed by. the
19 6I2I4E)Win H{g@‘dg%%ﬁflgg? %2) t’%ﬁ”gigga@a?)%l y[sl%(’y }1g%§5$§v&é(r;glél C\E/{v:ﬂli())ggﬁotsn%gklloeL}1 a‘@’glkhgi}cecul ar

wei ght (&ﬂﬂﬂﬁﬁmxwﬁgﬁﬂwﬁﬂﬂdgtﬂpkﬂﬁ@EQE wei ght distribution 15(ratio of

wei ght average nol ecul ar wei ght and nunber average nol ecul ar wei ght, Mw Vh)

of 15 68. [ Fowmukand dmperature of the reaction BLAHsN 1Rf 11151‘?&41&111%@ RiQRerty
eval uation 20(Exanple 1) 0.75 parts Ey wel ght o% tetranethy armoni um
hydr oxi descaBedatitag ivts AN a¥@&d/EBpwise over one hour to the reaction bath to prepare
a reaction mixture liquid, and the reaction mixture liquid was allowed to react for 16 hours.
After completion of polymerization, the reaction mixture liquid was cooled to 15°C to
25°C, the reaction product was precipitated with hexane, and then the precipitate was
10 filtered. The precipitate was washed several times with the same solvent during the
filtration process, and crystals thus obtained were dried under reduced pressure. Thus, 37
g (vield: 79%) of a polymer of Example 1 represented by the following formula (11) was
obtained. In the polymer of Example 1 represented by the following formula (11), 1 is
0.24, m is 0.25, nis 0.30, 0 i 0.20, and p is 0.01.
15 The polymer of Example 1 had a polystyrene-reduced weight average molecular
weight (Mw) of 1,190, and a molecular weight distribution (ratio of weight average
molecular weight and number average molecular weight, Mw/Mn) of 1.57,

[Formula 11]

A i o e
j@ OI& @\ OH 2(3F2 /N

Q=8=0 S
O- +8 st



- 37 - 100 parts by weight of the polynmer of Exanple | was dissolved in
1,000 parts by weight of propylene glycol nethyl ether acetate, and then
the solution was filtered through a 0.2- Jimnenbrane filter. Thus, a
resist liquid was prepared. The resist |liquid was applied on a substrate
using a spinner, and was dried at 110C 5 for 90 seconds, to forma film
havi ng a thickness of 0.2 pin. The filmthus forned was exposed using an
ArE excinmer |aser stepper (lens nunerj.cal aperture: 0.75), and then the
.filmwas heat-treated at 120C for 90 seconds. The heat-treated substrate
was devel oped with a 2.38 wt % aqueous sol ution of tetramethyl anmmoni um
hydr oxi de t kxﬁ%. onds, and the substrate was washed and dried. Thus, a
resist patterhn mg ormed thereon. 10(Exanples 2 to 4) Resi st

patterns Werﬁcﬁ gxﬁdwés For&ﬁmsaageihgaﬂpﬁrl%ﬁr% & %%g%pi{@lcbyf g\)écica{] 1a§§%§hogf OI he

resi st and pr ty evaluaton. exce

I h ] es.for
gg|gggi§ﬂg¥£$$§2%%?§§?g%gﬁgpmigﬁm§5} S by mel%H§y§$Qﬁﬁhﬂﬁﬁﬁcngwbap“Exanple
1 for Papguat Io@r@h@ﬁncﬁl%ﬁic@é f&%aﬂﬁaﬂ%&y ﬁl%V@(pﬁx%%%;OP m, Jpe pé?qjeqlt u]%s of the

resi st patterns were eval uat ed. Conpar ati ve

pat ter nforivale( 1 PsMed pb n{ch%f$§£5ﬁ RBNRE GudsSthhi 15 lneisl)zfsoh Eﬁ@@lu&}' on Of
resi st and p?ﬁﬁggty gvgiuatlon gxcept t hat tHe ?gglst |qufds haV|ng t he

conposi b.ildredipndiogat ed i n Table 1 bel ow were produced by usi ng the polyners
of the Conparative 20Exanpl es represented by the above formula (12). The
properties dExahpler3gsi st patterns were evaluated. [Table 1] Polyner Acid
generator (1)
A polymer was produced in the same manner as in Example 1, except that the
values of I, m, n, o and p in the formula (11) were changed by adjusting the respective
10 amounts of the monomers for polymerization. The values of 1, m, n, o and p in the
formula (11) of the polymer of Example 3 are such that 1 is 0.24, m is 0.25, n is 0.30, o is
0.16, and p is 0.05.
(Example 4)
A polymer was produced in the same manner as in Example 1, except that the
15 wvalues of I, m, n, o and p in the formula (11) were changed by adjusting the respective
amounts of the monomers for polymerization. The values of I, m, n, o and p in the
formula (11) of the polymer of Example 4 are such that 1 is 0.24, m is 0.25, n is 0.30, o is
0.14, and p is 0.07.
(Comparative Example)
20 As monomers for polymerization, 10.0 g of 2-methyl-2-adamantyl methacrylate,
7.3 g of y-butyrolactyl methacrylate, and 10.1 g of 3-hydroxy-1-adamantyl methacrylate
were mixed, and the mixture was dissolved in 82 g of 1,4-dioxane to prepare a monomer
mixture fiquid. The bath temperature was slowly raised to 65°C.
A reaction bath was provided by adding 3.7 ¢ of norbomene, 2.5 g of

25  azobisisobutyronitrile (AIBN) as a polymerization initiator, and 117 g of 1,2-



Basic additive (2) Conparative Exanple 1 100 3 Conparative Exanple 2 100 5
1 - 38 - Conparative Exanple 3 100 7 1

- 36 -

dichloroethane as a polymerization solvent to a 250-mL flask, and nifrogen gas was
infroduced into the reaction bath. The mixture was stirred for one hour while the
temperature was maintained at 15°C to 25°C.
While the temperature of the reaction bath at 65°C, the monomer mixture liquid
5  described above was slowly added dropwise over one hour to the reaction bath to prepare
a reaction mixture liquid, and the reaction mixture liquid was allowed to react for 16 hours.
After completion of polymerization, the reaction mixture liquid was cooled to 15°C 1o
25°C, the reaction product was precipitated with hexane, and then the precipitale was
filtered. The precipitate was washed several times with the same solvent during the
10 filtration process, and crystals thus obtained were dried under reduced pressure. Thus, 25
g (yield: 91%) of a polymer represented by the following formula (12) was obtained.
In the following formula (12), 1is 0.28, m is 0.24, n is 0.24, and o is 0.24.
The polymer represented by the following formula (12) had a polystyrene-reduced
weight average molecular weight (Mw) of 1,780, and a molecular weight distribution
15 (ratio of weight average molecular weight and number average molecular weight,

Mw/Mn) of 1.68.

[Formula 12]

OH

Production of resist and property evaluation

20 (Lixample 1)

0.75 parts by weight of tetramethylammonium hydroxide as a basic additive per



(Content: parts by weight) (1) Acid generator: Triphenylsulfoniumnonaflate
(2) Basic additive: Tetranethylammoni um hydroxide An eval uati on of
the properties of Exanples 1 to 4 and Conparative Exanples 1 to 53 was
carried out in terms of sensitivity, resolution and LER and the results
are presented in Table 2 bel ow In the case of sensitivity, the
anount of exposure which is capable of formng a 0.10-pm i ne-and-space
(US) pattern after developnment to have, a 1:1 line width, was defined as the
anount of optinal exposure, and the amount of optimal exposure was _
10defined as sensitivity. The m ninmum pattern dinmension resolved at this

a

o S S B SR sy B g BT T B S b
et 3 PRaRERE 0, Pl e I 85 Ly NELXURRR o A BPBhby S
(nm LEﬁnﬁﬁéﬂmaﬁe Ko Thus, a resist liquid was prepared.
The resist liquid was applied on a substrate using a spinner, and was dried at 110°C
5  for 90 seconds, to form a film having a thickness of 0.2 um. The film thus formed was
exposed using an ArF excimer laser stepper (lens numerical aperture: 0.75), and then the
film was heat-treated at 120°C for 90 seconds. The heat-treated substrate was developed
with a 2.38 wt% aqueous solution of tetramethylammonium hydroxide for 40 seconds, and
the substrate was washed and dried. Thus, a resist pattern was formed thereon,
10 (Examples 2 to 4)
Resist patterns were formed in the same manner as in Example 1 for Production of
resist and property evaluation, except that 100 parts by weight each of the polymers
synthesized in Examples 2 to 4 of the Synthesis Examples for Polymer were used instead
of 100 parts by weight of the polymer of Example 1 for Production of resist and property
15 evaluation. The properties of the resist patterns were evaluated.
(Comparative Examples 1 1o 3)
Resist patierns were formed in the same manner as in Example 1 for Production of
resist and property evaluation, except that the resist liquids having the compositions
indicated in Table | below were produced by using the polymers of the Comparative
20 Examples represented by the above formula (12). The properties of the resist patterns

were evaluated.

i Table 1]
Polymer Acid generator (1) [Basic additive (2)
Comparative 100 3 1
Example 1
Comparative 100 5 1
Iixample 2




70 4 Exanple 2 18 70 4 Exanple 3 15 90 4 Exanple 4 13 70 5 Conparative
Exanple 1 19

- 38 -

Comparative 100 7 1
Exampie 3

(Content: parts by weight)

(1) Acid generator: Triphenylsulfonium nonaflate

(2) Basic additive: Tetramethylammonium hydroxide

An evaluation of the properties of Examples 1 to 4 and Comparative Examples | to

5 3 was carried out in terms of sensitivity, resolution and LER, and the results are presented
in Table 2 below.

In the case of sensitivity, the amount of exposure which is capable of forming a
0.10-pm line-and-space (L/S) pattern after development to have a 1:1 line width, was
defined as the amount of optimal exposure, and the amount of optimal exposure was

10 defined as sensitivity. The minimum pattern dimension resolved at this time was defined
as resolution.

The LER was measured by critical dimension scanning electron microscopy (CD
SEM), and the evaluation results were rated based on 5 grades, such as 1 (very poor), 2

(poor), 3 (medium), 4 (good), and 5 (very good).

15 [Table 2]
Sensitivity (mJ/em?)) |Resolution (nm) LER
Example 1 15 70 4
Example 2 18 70 4
Example 3 15 90 4
Example 4 13 70 5
Comparative 19 90 2
Example 1
Comparative 17 80 3
Example 2
Comparative 16 90 3
Example 3

According to Table 2, Examples [ to 4 exhibited generally superior sensitivity as

compared with Comparative Examples 1 to 3, and also exhibited superior resolution.



90 2 Conparative Exanple 2 17 80 3 Conparative Exanple 3 16 90 3 - 39 -
Particularly in the case of the LER, Exanples | to 4 exhibited far superior
results as conpared with the Conparative Exanpl es. As such, preferred
enbodi ments of the present invention have been described in detail, but the
scope of the present invention is not intended to be limted thereto, and 5
various nodifications and i nprovenents that can be made by an ordinarily
skilled person using the fundamental goncept of the present invention as
defined in the following clains are also included in the scope of the
present invention.

Particularly in the case of the LER, Examples [ 1o 4 exhibited far superior results as
compared with the Comparative Examples.

As such, preferred embodiments of the present invention have been described in

detail, but the scope of the present invention is not intended to be limited thereto, and

5 various modifications and improvements that can be made by an ordinarily skilled person

using the fundamental concept of the present invention as defined in the following claims

are also included in the scope of the present invention.



- 40 - CLAIMS |. A conmpound represented by the following fornmula (1):
[Formula I] 5wherein in the formula (1), represents any one
selected fromthe group consisting 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 I to 10 carbon atons; (21 and
@ each independently represent any one selected fromthe group consisting
10of a hydrogen atom and a hal ogen_at,@m_ and A+ represents an organic
counterion. 2. A polyner conprising a repeating unit represented by the
following formula (2): :Formula 21 R41R11 \CC<An'm
NAAA, t 4"Anr | VI AINAAAI - 41 - CLAIMS

1. A compound represented by the following formula (1):
[Formula 1]

Ry

5 wherein in the formula (1),

Ry1 represents any one selected from the group 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;

Qy and Q, each independently represent any one selected from the group consisting

10 ofahydrogen atom and a halogen atom; and

At represents an organic counterion.

2. A polymer comprising a repeating unit represented by the following formula (2);

[Formula 2]

15



wherein in the formula (2), RI 1, R41 and R42 each independently
represent any one selected fromthe group consisting of a hydrogen atom an
al kyl group having 1 to 10 carbon atonms, a perfluoroal kyl group having 1 to
10 carbon atons, and an al koxy group having 1 to 10 5carbon atons; QL
and 2 each independently represent any one selected fromthe group
consisting of a hydrogen atom and a hal ogen atom and A+ represents an
organi c counterion. 103. The pol yner ,according to claim2, wherein the
polymer is a polyner represented by the following fornmula (3): [Formula 3]
RAIHIL \/ CGCvvww""""" IMMAIWI1 R4/ 2 )0 p 0 @RO

wherein in the formula (2),
Ri1, Ry and R4y each independently represent any one selected from the group
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

5 carbon atoms;
Qi and Q, cach independently represent any one selected from the group consisting
of a hydrogen atom and a halogen atom; and
A+ represents an organic counterion.
10 3. The polymer according to claim 2, wherein the polymer is a polymer
represented by the following formula (3):
[Formula 3]
Ry Ry Ris  Res Rys  Rpp Rar Ry
\ / \ / \ / \ /
X P“"C /C—C /C"-"-C“‘ /C“C“W‘M
I tRys >:Om Rag >:O“ Raq >:O‘° Raz >:O P
o 0 o o
Ros Rz Ras
Qq
O h.xa
wherein in the formula (3),
15 Rirn, Riz, Riz, Rigs Ray, Raz, Rys, Rus, Rus, Rys, Ruy and Rus cach independently

represent any one selected from the group consisting of a hydrogen atom, an alkyl group
having 1 to 10 carbon atoms, a perfluoroalkyl group having [ to 10 carbon atoms, and an
alkoxy group having 1 to 10 carbon atoms;

Q1 and Q; each independently represent any one selected from the group consisting

20 of a hydrogen atom and a halogen atom;



O 0+ A whereininthe formula (3), 15RH, R12, R13, Rl14, R41, 1(42, 1(43,
R4a4, 1(45, R45, R47 and R 48 each independently represent any one sel ected
fromthe group consisting of a hydrogen atom an al kyl group having 1 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; (), and @ each
i ndependently represent any one selected fromthe group consisting 20of a
hydrogen atom and a hal ogen atom - - R21, 1222 and R23 each

i ndependent |y represent any one sel ected fromthe group consisting of a
hydrogen atom an al kyl group, a heteroal kyl group, a cycloal kyl group, a

het | het | d nbi nat

thereor: ne RepReoafl Ron iRy e ﬂﬁ’n'ﬁeﬁmsgﬁeﬁ{fﬁ%ﬁéeﬁ?r L gmg ”%34‘9‘:‘%2?| sed:
d
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and 0< Hci@ cl%‘ﬁk ﬁébd}dﬁ‘;@*{%ﬁ&g a%etuoa rnou dnd%OTBimpgm 1?’1(,1 Gof: according to

claim 3, eln vvelg rage |ght of

2,000 to 100,;\9%131@@% A TR Aleridgi ght d| strl but| on of 1.5 to 5. 5.
A cheni cal | y anplified re I'st conposition conprising a polyner containing a

repeating unktedi8RLESE AfcidtA] &aldombNdn LA Roddher; BEPr mul a 2]
symbols 1, m, n, 0 and p are respectively in the ranges of 0 <1<0.4,0<m £ 0.5, 0

<n<05,0<0<0.5, and 0 <p 0.2, while [+m+n+otp = 1.

4. The polymer according to claim 3, wherein the polymer has a weight average

10 molecular weight of 2,000 to 100,000, and a molecular weight distribution of 1.5 to 5.

5. A chemically amplified resist composition comprising a polymer containing a
repeating unit represented by the following formula (2):

[Formula 2]

15
wherein in the formula (2),
Ri1, R4y and Ry each independently represent any one selected from the group
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



R41/ R11 "nnvvvvvith -C jutivutnntnAArivvy wherein in the fornmula (2),

RH, R41 and R42 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 perfluoroal kyl group having 1 to 10 carbon atons, and an al koxy
group having 1 to 10 - 43 - 5 carbon atons; QL and @ each

i ndependently represei of a hydrogen atom and a hal ogen atom and A+
represents an organi ¢ counterion. qu%pq'selected fromthe group consisting

carbon atoms;
Q1 and Q; each independently represent any one selected from the group consisting
of a hydrogen atom and a halogen atom; and

A+ represents an organic counterion,



