POLYMER, METHOD FOR PRODUCI NG THE SAME, AND RESI ST COVPOSI TI ON CONTAI NI NG

THE SAME Technical Field The present invention relates to a novel

copolymer, a nmethod for producing the polymer, and a resist conposition

contai ning the copolyner, and nore particularly, to a copol yner which, when

applied to lithography including extrene ultraviolet (EUV) lithography, can

give a salpsiaghR!y 18%keh PA! eSS Mdn $EBST Lhykly. A0 difsalyition,
§, as wellT™a

hi gh etching resistance, and a reduced anount of outgas, §a

met hod for.py, ' t &ﬁ& resi st conposition containing the
copolyner.céggggg%ﬁﬁ% §§¥£ o%%gffﬁ§ﬁ§§@genthighintegrationof sem conduct or

el enments, there is a grow ng tendency to produce ultra-|large scale
integrations, and there is a denmand for the devel opnent of a technol ogy for
formng ultrafine patterns having a line width of 0.10 m croneters or |ess
in Iithogf&%ﬁ@%l%ﬁgc%g%b%. Accordi ngly, the wavel ength of the |ight
used in exposure processes is even shortened fromthe regi on of
conventional | y Usedpgebene andentlionercaéndethepehomeveat entdlomears kei ng
paid to studies on lithography using far-ultraviolet radiation, KrF

exci mer | aserhdd ghtx Arbdexchgeenkasen yheght anBU¥, pédiadi ald@hsieliest ron
beam and the |ike. Particularly, in connection with the |ight

source, elegiyombeamdid hogranhy.ias begn Mékeedpéétfc@%ﬁwe“e{oat ion or
next next-generation pattern formation technology, and in thi's regard,

devel opne 5, igh.sensitivity and-high so] ut.i on sitive .type resist
is desire .Oﬁ) fhé%hﬁ% gﬁﬁthgfehang?gﬁﬁaa séﬁsii%%ﬁ?%F%ﬁ?¥r1%ﬂql 6
relationship with the processing d of the lithographic process. This is
because hi‘gh sénsi tivity it ﬁﬁé|ati§8fb t higt ur ce“8f arfel®ct Fon
beam and as the sensitivity of a resist is higher, pattern formation is
enabl ed ev&ETF B Bower t§6dece MRt he B sivbliter hagBuntemilehergy,; mowever
sensitivity is poor, and a power source with a higher anount of energy is
required. resclution, high etching resistance, and a reduced amount

of outgas, as well as a method for preducing the copolymer,

and & resist composition containing the copolymer.

Background Art

Along with the recent high integration of
semiconductor elements, there 1is a growing tendency to
produce ultra-large scale integrations, and 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 lithographic processes.

Accordingly, the wavelength of the light wused in
exposure processes 1s even shortened from the region of
conventionally wused g-line and i-line, and therefore,

attention is being paid to studies on lithography using



However, in the case of an electron beam the |ight of the electron beam
tends to be absorbed by matter, and therefore, with regard to EW

| it hography, there has been an attenpt to supplenment such a characteristic
by using a reflector. However, the reflectors used for EUV |lithography do
not have a reflection efficiency of 100% so that there are difficulties in

L") FRE BEELAURBACE Ofo PRI POUKIES, cxciner LLE0204,40 POBLL! Ve

resists for electron beam since sensitivi ty, reso Ion an

roughness are.in_a.conple tary | atj onshi p of trading off each other,
when an in%?{gég‘%ri e sg]r‘:%“ti vFE"&’i s>%"p§ao L h%??% 6Pt PERT send
decreased, and_|ine edge roughness is deteriorated. Therefore, there is a
strong denﬁﬁﬁ %6kethe devel opnment of a resist which can satisfy the
characteristics of sensitivity, resolution and |ine edge roughness all at
the same tine. Farticghbayewt i dial crasiest imat eviah s tihvat Lhate beenrgeneral |y

used for g-line, i-line, KrE and ArE are chemcally anplified resists
(CAR), andetopolkyneriseproduceddnapradi dals palepmer irzatiean haves bees: i nly
used. Specifically, when a solution of a polynmer resist material such

as pol ynet hyhepet haer ylat e, ngpal yhydrexyshyreneshavigag raknaci €s g §sagi ati ng
reactive group, or polyal kyl nethacrylate is applied on a substrate to
produce a £eshgb1bBin fdddn jandicphe resistqt hidhJdildPhicsd 1 hadi atad with
ultraviolet radiation, far-ultraviolet radiation, electron beam extrene
ultraviole Lation, .or iation, .a lin attern having a.line wdth
of about 4%8%%9%g%iﬁg1é§ﬁigiigorﬁ%&361Utlon H%ﬁg%ééyesdl 4 38F§ ri'c resist
based on a CQPO| mer generally has a nol ecul ar weight as | arge as about
20,000 to 1007000 and the ol ecul ar wei ght distribution is al so
relatively broad. Therefore, during the process of formng a fine pattern,
roughness is |i%&l y'€o Gt  Damd | 0P8 daTsicduitl o edntiPoldtdrctdiarensi on
of the pattern, so that the product yield nmay be |owered. Therefore, there
are |imtatebnslomsiphrt et nthtabupization ispeebe oforventliortalgdddhiagr aphi ¢
technol ogy of using polyneric resist materials. In order to produce
finer |ithographsc pattier nss stodies have heensiconduct eds onevakieaus: g esi st
materials. But, those single nolecule type resist conpounds that are
currently kmownpbave peeblkess such as |owetehi ngoees] st ange, a | ange
anount of outgas, low solubility in the safety solvents used in

sem conduciQis D oduchi 8RB 0c@sees, ANdnPOQE ! Al 11  eE0,IDARES. SThus,
there is a demand for a novel resist materia I'ch can sinultaneously

satisfy conplenent C terjstics such as,a satisfactor attern. shape
with high seéggg?vgﬁénaggr%%gﬁokégofhlﬁgﬁf %ﬁbgsgti%?"‘%?y¥PBHB£e68%

roughness._Di scloere of the InV%nthon Problens to be Sol ved by the
| nventi on SHErgys nowever, sensilivity 1s poor, and a power source

with a higher amount of energy is required.

However, in the case of an electron beam, the light of
the electron beam tends to be absorbed by matter, and
therefore, with regard to EUV lithography, there has been
an attempt to supplement such a characteristic by using a
reflector. However, the refiectors used for BV
lithography do not have a reflection efficiency of 100%, so
that there are difficulties in enhancing the performance of

power sources.



An object of the present invention is to provide a novel copol ynmer which
exhi bits high heat resistance at the tine of application to resists, has
excellent filmformng properties, is hardly sublimble, and is capabl e of
Anot her object of the present invention is to provide a nethod for
producing the above-descri bed copolyner and a resist conposition

contai ni ng the abaue fiesce bed, copol Yl . Neans, for. Saly ng.the Probl em

According to an aspect of the present |nvent|on ere’1s pro

copol ynmer ¢o a repeat uni t rese ted by the follow ng fornula
(1): [CherﬁC I{%aLI'—l nq‘ﬂ’fa ifg \%H% gP ﬁ?@es% P§ dny onE Ssel &t cfefﬁigfl‘aomthe
group consi st of an al kanedi y1 grou a het eroal kanedi yl group, a
cycIoaIkaﬁ%ﬁW@%gﬁﬁ a et et ot }%aPEaﬁéﬁﬂyﬁgg?éﬁp?aaﬁ &-yEéne “Gesup, a
het er oaryi ene,  gr oup, and an al kyl aryi ene group; R7 represents any one

sel ect ed fFbmARETDOUPT cBASI SENAGLOFLavhydr dgemcatem tar aldoyllugriouwp, a
het er oal kyl group, a cycl oal kyl group, a heterocycl oal kyl group, an aryl
group, a hiet edgaryghbsgroupandn hlkoxyedgeoupcagdnansal ky| aldcexyl cgraauwp;. R3,
R4, R5 and R6 each independently represent any one selected froma hydrogen
at om and armeadd@dregr oltpe favi fida 1st 0cbg caehandarens thbl deeRNesSerhs 3

integer fromO to 10; and n2 represents an integer fromO to 10. R
may be any onessekect eghifdrom the g5auR . %9“5'1:3% ngc%rgetéu%éfpr%%em ed
by the following fornmulas (1-1) to (1-4). [Chem cal Formula

sensitivity, resolution and llne edge roughness all at the
same time.

Conventional resist materials that have been generally
used for g-line, i-line, KrF and ArF are chemically
amplified resists (CAR), and copolymers produced by radical
polymerization have been mainly used.

Specifically, when a solution of a polymer resist
material such as polymethyl methacrylate,
polyhydrexystyrene having an acid-dissoclating reactive
group, or polyalkyl methacrylate is applied on a substrate
to produce a resist thin film, and the resist thin film is
irradiated with ultraviolet radiation, far-ultraviolet
radiation, electron beam, extreme ultraviolet radiation, or
¥-radiation, a line pattern having a line width of about 45
to 100 nm can be formed.

However, such a polymeric resist based on a copolymer
generally has a molecular weight as large as about 20,000

to 100,000, and the molecular weight distribution is also



[ Chem cal Fornula 1-2] Rbl p2i /1 SSCS Rb2) P22 [Chem cal Fornula 1-3]
(Rd)1331 Ro I (R02)1332 [Chem cal Formula 1-4]

relatively broad. Therefore, during the process of forming
a fine pattern, roughness is likely to occur, and it is
difficult to control the dimension of the pattern, so that
the product vyield may be lowered. Therefore, there are
limitations in pattern miniaturization in the conventional
lithegraphic technology of using polymeric resist materials.
In order to produce finer lithographic patterns,

studies have been conducted on various resist materials.

But, those single molecule type resist compounds that are
currently known have prcblems such as low etching
resistance, a large amount of outgas, low solubility in the
safety solvents used in semiconductor production processes,

and poor resist pattern shapes. Thus, there 1is a demand
for a novel resist material which «can simultaneously
satisfy complementary characteristics such as a
satisfactory pattern shape with high sensitivity and high

resolution, and satisfactory line edge roughness.

Disclosure of the Invention
Problems to be Solved by the Invention

An object of the present invention is to provide a
novel copolymer which exhibits high heat resistance at the
time of application to resists, has excellent film forming
properties, 1s hardly sublimable, and 1is capable of

enhancing alkali developability and etching resistance.



,SS_"3---(Rd1) P41/ In the fornmulas (1-1) to (1-4), Rai, Rlg, Rb2, Rl, Re2
and Rd1. each independently represent any one selected fromthe group
consisting of an al kyl group having 1 to 10 carbon atons and an al koxy
group having 1 to 10 carbon atons; R10 represents any one selected fromthe
group consisting of O, NR, S and CO R represents any one selected froma

hydr ogen a yl__gro Vi 1 to arbon atons represents
an |ntegerA§ro§$ %%J%E% Hgaﬁggpgﬁjea |n8388n Bht I'y réﬁrgggﬁFd 9 nt eger
from1lto whil e the sum of pr 92 i's not greater than 6; p31 and
p32 each |%%%%%%dgﬁflfrPgﬁFe§§nt ??$%%e?e??6h?% t 6°BOLiRFFe £RE sum of

p31 and p32 is not greater than 8; and p4l represents an integer froml to
4. THES 2o YRR S iayC Thaved & e epht b i et agjes bt Ul e wsinghity sy -
nmeasured by gel perneation chromatography of 500 to 100, 000 g/ nol.

Accor di ng M©NEﬁd§ derSabpert ofe theopresent invention, there is provided a
nmet hod for producing a copol yner containing a repeating unit represented by
t he above formiadd)ing he mat hothddarc| i vige a5t emiofialdrawiorg areanpound
represented by the following formula (2) and a conpound represented by the

fol | owi ng for mutev{@dtoar e@@bo&d?'méhe presencenefl a basie catal yshit
[ Chem cal Fornmula 2] Xl
represented by the following formula (1):

[{Chemical Formula 1}

O

l
IQ1 IQg O [Q5 fﬁ
O/\O

Re 12

wherein R; represents any one selected from the group
consisting of an alkanediyl group, a hetercalkanediyl group,
a cycloalkanediyl group, a heterccycloalkanediyl group, an
arylene group, a heteroarylene group, and an alkylarylene
group; R; represents any one selected from the group
consisting o©f a  hydrogen atom, an alkyl group, a
heterocalkyl group, a cycloalkyl group, a heterocycloalkyl
group, an aryl group, a hetercaryl group, an alkoxy group
and an alkylalkoxy group: R, Ry, Ry and Riz each
independently represent any one selected from a hydrogen
atom and an alkyl group having 1 to 5 carbeon atoms; nl

represents an integer from 0 to 10; and n2 represents an

(O]



x2 [Chem cal Formula 3] O HOOH \ R4 4-11R64-12 wherein in the fornulas (2)
and (3), Rl represents any one selected fromthe group consisting of an
al kanedi yl group, a heteroal kanediyl group, a cycl oal kanediyl group, a
het er ocycl oal kanedi yl gr oup, anar yl enegr oup, a het eroaryl ene group and an
al kyl aryl ene group; represents any one selected fromthe group consisting

of a hydrogﬁgegég ~8n glggllgroup, a hetoroal kyl group, a cycl oal kyl
group, a heterocycloal kyl "group, an aryl group, a heteroaryl group, an

al koxy group ang an algglalkogyﬁgroug' 123, R4, R5 and RS each

i ndependent | y reprd3&nPCaniy Yord'sefect @dq r 6rP4E HgﬁréﬁﬁﬁwhﬂB%Q%hﬂtﬁﬁgalkyI
group haying 1 to 5 carbon atons; X1 and X2 each independently represent
any one se?gcwgaeF%8ﬁ1Fﬁ@fﬁﬁéﬂﬁeéoﬁ§i§@ﬁn§odﬁ0&lﬁﬁl6§éﬁﬂéﬁ@n1ﬁhdUaﬂlalkoxy
group haying 1 to 10 carbon atons; nl represents an integer fromO to 10;
and n2 rep#gséhts an integer fromO to 10. The basic catal yst may be
any one selected fromthe group consisting of an amne, a pyridine and a
conbi nati on thef@ofdmical Fofhelcompobund of forrmula (2) and the conpound of
formula (3) may be used at a nolar ratio of 1:0.5 to 1:3.0.

AT

(Rm)pﬁ

[Chemical Formula 1-2]

[Chemical Formula 1-3]

(Ret)ps,
(Rez)pg,

[Chemical Formula 1-4]

N
5;‘(@\(%1)%1 ;

In the formulas (1-1) to (1-4), Rai, Rpi, Rpz, Rei, Reo



Accordi ng to another aspect of the present invention, there is provided a
resi st conposition which contains the above-described copol yner. Effects of
the I nvention When the copol yner of the present invention is applied
to a resist conposition, a satisfactory resist pattern with high
sensitivity, high resolution, high etching resistance, and a reduced anount

of outgas e | n ppl i i i thography such as EUV
it hog?aphfl@BrQ?“ef Cﬁ{scfl?%(%lpl&gﬂd% %ﬁepﬁg%%gg ERY OiﬁII%I %e%f %ﬁgms e NWR

data of thg copal yner represented by the fornula (1-11 roduced in

Synt hesi s %nﬁ?é f)a%%%gﬁ?ﬁbn?o(ﬁg 8hboti ‘nent 96 heh%YE%%n i hvent on;
FIG 2 shows the NVR data of the copolymer represented by the formula
(1-12) prodtced i A8t X s 2Bxahpfe L 4E68Pdi Yy 178 ah difbodP meirlst t he
present invention; FIG 3 shows the NVWR data of the copol yner

repr esent edCHYS t helib oriRP 22 (IR 18) Frodeeed BalSyhehesi soExanpt e g3 cagcor di ng
to an enbodi nent of the present invention; and FIG 4 shows the
NMR dat a ofothesttioppl piferOr epiidsentecray the fior mide» rckehd) piodueed in
Synt hesi s Exanpl e 4 according to an enbodi nent of the present invention.
Best Mdde foredasd yingn Qat nthechpvientdcan and an Hereiynagtenpy hheippesent

invention will be described in nore detail.
to 5 carbon atoms; p; represents an integer from 1 to 14;
P21 and pg; each independently represent an integer from 1
to 4, while the sum of p: and p22 is not greater than 6; pn
and ps; each independently represent an integer from 1 to 5,
while the sum of p3; and p3; 1s not greater than 8; and pa
represents an integer from 1 to 4.

The copolymer may have a weight average molecular
weight as measured by gel permeation chromatography of 500
toe 100,000 g/mel.

According to another aspect of the present invention,
there 1is provided a method for producing a copolymer
containing a repeating unit represented by the above
formula (1), the method including a step of allcwing a
compound represented by the following formula (2) and a
compound represented by the following formula (3) to react
in the presence of a basic catalyst.

[Chemical Formula 2]



The terns used in this specification have definitions as will be described

bel ow. Unl ess particularly stated otherw se, the prefix "hetero-" as
used herein neans that one to three carbon atons are substituted by
het er oat ons sel ected fromthe group consisting of -N, -0-, -S and -P-.

For exanple, a heteroal kyl group neans that one to three carbon atons anong
the carbon atons of an al kyl group have been substituted by those

het eroatons. Unless pxXuticularly stated otherw se, theterm al kanediyl as
used herein neans a djval ent atom c group obtai ned by extracting two

hydr ogen at@@sﬁif nLqﬁk§lkane, and may be represented by the forml a:
-C'H2n-. Unl &%s parti?ularly stated otherw se,the term cycl oal kanediyl as
used herein neans a djval ent atom c group obtai ned by extracting two
hydrogen atons from a™gycl oal kane. Unl ess particularly stated otherw se,
the termarylene as used herein neans a divalent atom c group obtained by
extracting two hydrogen atons froman aryl, and the arylene may include a
moi ety cont ai ni g ¥hecdenzereiting, as wel | as a noiety containing 2 to 7
benzene rings. Unless particularly stated otherw se,the term al kyl aryl ene
as used herein qﬁans a conpound cqe}aining an al kanediyl and an aryl ene, or

a derivative theie ng Ri R5
HO OH
Ra/n1 Rs /2

wherein in the formulas (2} and (3}, R, represents any one
selected from the group consisting of an alkanediyl group,
a hetercalkanediyl group, a c¢ycloalkanediyl group, a
heterccycloalkanediyl group, an arylene group, a
hetercarylene group and an alkylarylene group; Ra
represents any one selected from the group consisting of a
hydrogen atom, an alkyl group, a hetoroalkyl group, a
cycloalkyl group, a heterocycloalkyl group, an aryl group,
a hetercaryl group, an alkoxy group and an alkylalkoxy
group; Rz, R4, Ry and Rg each independently represent any
one selected from a hydrogen atom and an alkyl group having
1 te 5 carbon atoms; X; and X; each independently represent
any one selected from the group consisting of a halogen
atom and an alkoxy group having 1 to 10 carbon atoms; nl
represents an integer from 0 to 10; and n2 represents an

integer from 0 to 10.



Unl ess particularly stated otherw se, the term hal ogen atom as used herein
nmeans any one selected fromthe group consisting of fluorine, chloride,
brom ne and i odi ne. Unl ess particularly stated otherw se, the term
al kyl group as used herein includes a linear alkyl group and a branched

al kyl group, and also includes a primary al kyl group, a secondary al kyl
group, and at L a Jkyl. .ar . Unl ess particularly . .state
ot herw se, thee¥%$n?%?gkoﬁﬁ%%ﬁgggod%yfn%?uggg ﬁgﬁécééﬁg%ﬁe%ié§gpig%e

tricyclic apd teééggyg ic_ alky
Ic

I | _groups. The term cycl oal kyl gr.oup al so
i ncl udes a pol'ycyerTe” ef/ef oaf k§t aw&gﬁ’sﬁcﬁygédéﬁeadﬁﬁhﬁkfﬁﬁ%%ﬂﬁﬁ%ﬁla
norbornyl_@éoqg.k Unl ess particularly stated otherw se, the termaryl
group as usé&d” fein neans a hydr ocar bon contai ning one or two or nore
aromatic rings. Exanples include a benzyl group and a naphthyl group.
Unl ess particul B¢y &tigtcedicot wér witsemthe t é2in abkyl at koxycguoupmdeards a
conpound contai ni ng an al koxy group and an al kanediyl noiety, or a
derivati vefaterieof (3) may Hddnlessl par ta cullard westiat ed at:lerdwitse,1 :3he .term
per fluoroal kyl group neans an al kyl group in which a part or all of
hydrogen at ons haxe-dieen ssubstdtid £dabyett UEi NGB ent invenWNleSs
particularly stated otherw se, the al kanediyl group neans an al kanedi yl

group havigigde t 0s40-6a1 00 at ongs; dhe-higtes oal kangdi ¥ group,neansa
het er oal kanedi yl group having 1 to 40 carbon atons; the cycloa aneglyl

gr oup "ea@%é%é5§%ﬁ5ﬂﬁﬂQF@dﬂoizn%P having 3 to 40 carbon atons; the

het er ocycl oal kanedi yl" group "nmeans 'a het erocycl oal kanedi yl group having 1 to
40 car bon at ; t arylene gr.oup neans an arylene group having 6 to 40
car bon atéﬁ%fe%:% eﬁgF%§PWe d&“Yroup means a het eroaryi ene group having 3
to 40 carbon atons; the al kyl aryi ene group neans an al kyl aryl ene group
having 7 to 40 'S bdiat ol wise atkyinegrass ardans vantdiory |l sgeews 1hdvi ng 1
to 40 carbon atons; the heteroal kyl group neans a heteroal kyl group having
1 to 40 carboen o adh@osyidlical kyl sgitdsg amgany aesyicltoglekyle rgr @aphhavi ng
3 to 40 carbon atons; the heterocycl oal kyl group neans a heterocycl oal kyl
group havimgytl gems4Q iodrtdyon hdighngse siolle tdoyl, griotp dreans gatearnk ageeyp
having 6 to 40 carbon atons; the heteroaryl group neans a heteroaryl group

having 2 ta:A0a caeboreat oifsurihes al kaxyyagr au MBans Ak idlkOXYo &k O¥pehavi ng
1 to 10 carbon

application to lithography such as EUV lithography.

Briel Description of the Drawings

FIG. 1 shows the NMR data of the copolymer represented
by the formula (1-11) produced in Synthesis Example 1
according to an embodiment of the present invention;

FIG. 2 shows the NMR data of the copolymer represented
by the formula (1-12) produced in Synthesis Example 2
according to an embodiment of the present invention;

FIG. 3 shows the NMR data of the copolymer represented
by the formula (1-13) produced in Synthesis Example 3

according to an embodiment of the present inventiocn; and



atons; and the al kyl al koxy group nmeans an al kyl al koxy group having 2 to 20
carbon at ons. According to the present invention, the conpounds and

substituents may all be substituted or unsubstituted, unless particularly

stated otherw se. Here, the term"substituted" neans that a hydrogen atom
has been replaced by any one selected fromthe group consisting of a

hal ogen at om dr px o) ar boxyl . group, a .cyano group, nitro
group, an am n?g%/bulg,gljéot%i%&Pégr%%,d%t%?%%{}%%i%Opgor‘]t?ydtb‘?r paqq%o%{&eé#oup, a
nitrile group, .an al dehyde o] an _epoxy group, an ether group, an ester
group, a cafbdnyl 396ﬂﬁﬁaan?26§?é| oY ?g%.ﬁékoﬁ§nbpﬁﬁb§ aﬁﬁ%@&@? dgtoup, a
cycl oal kyl group, a heterocycl oal kyl group, an allyl group, a benzyl group,

an aryl grftifPralHete? ont yiRpGUE 1 a perfludreraayl igrisud,icderi vati ves

t hereof, and conbi nati ons thereof. The copol yner according to an
enbodi ment of -the present invention contains a repeating unit represented
by the followng formula (1): [Chem cal Fornula 1] In the formula (1),

It7 representits done oiwer Selected; dutomidergraoup gonsi sting of a hydrogen
atom an al kyl group, a heteroal kyl group, a cycloal kyl group, a

het er ocycl oal kyle g Ol @, afib gheuRnra Netaroaiy! 9l PUBe an2lkeyy group
and an al kyl al koxy group, and may be any one sel ected fromthe group

consi sting pf.an aldyd;group having 1 to 10 carbon atons, a heteroal kyl
group having 1 to 10 carbon atonms, a cycl oal kyl group haying 3 to 12 carbon

atons, a heter cloal kyl group hayi.ng 3 to 12 carbon atons,..an aryl group
haying 6 to Zoqgﬁ?ﬁ%%q% o%s?gaLﬂe?é%gaﬁ§ﬁcdféﬁsﬁﬁ89iH6V§ 20" ¢4

roup havi ng to 10 carbon atonms, and an al kyl al koxy
o Grborr

atons, an al koxy.
°Ynt hef ormul a( 1), R3, 124, R5andR6each

group havifig % tho

Unless particularly stated otherwise, the prefix
"hetero-" as used herein means that one to three carbon
atoms are substituted by hetercatoms selected from the
group consisting of -N-, ~0-, -5~ and -P-. For example, a
hetercalkyl group means that one to three carbon atoms
among the carbon atoms of an alkyl group have been
substituted by those heterocatoms.

Unless particularly stated otherwise, the term
alkanediyl as used herein means a divalent atomic group
obtained by extracting two hydrogen atoms from an alkane,
and may be represented by the formula: =Cul,-—.

Unless particularly stated otherwilse, the term
cycloalkanediyl as used herein means a divalent atomic
group obtained by extracting two hydrogen atoms from a
cycloalkane.

Unless particularly stated otherwise, the term arylene

10



i ndependently represent any one selected fromthe group consisting of a
hydr ogen atom and an al kyl group haying 1 to 5 carbon atons, and each may
be any one selected fromthe group consisting of a hydrogen atom a nethyl
group and an et hyl group. In the formula (1), nl represents an
integer fromO to 10, and may be an integer fromO to 5. In the

formula (1 e t L nteger. fr 0.to 10, and may be an integer
fromO to %g Ue mﬁ%ﬁe%{}hén%%?%u%a%?f)a}%@ raé%?r{éjs%nggogﬁy 5hé S&ectied from
an al kanedi rou a heteroal kanedi yl group, a cycl oal kanediyl group, a
het er ocycl %an E%%%ﬁ?@leﬁ? gkll,l\f)?r%?len a‘?@?‘é%epﬁ?%@? %rif};]e't EHar yrene yrolp, and
an al kyl aryl ene group, and Rl may be any one se|ected fromthe group

consi sti nd"®f ARCAPKENEdINAL o Havi gl ¢ 2DeBarBen rarens,as well

het er oal kanediyi group having 1 to 20 carbon atons, a cycl oal kanediyi group
havi ng 3 t®S 20 Barbon Aoisinahet erocydbaa kemedinyds group having 1 to 20
carbon atons, an arylene group having 6 to 30 carbon atons, a heteroaryl ene
group havi ng 3 fwol3d: carban iatdes,]l yands antad Ky lcamyene «gr ouphbavimig/ to 30
carbon atons. Preferably, Rl may be any one selected fromthe group

consi sti nga Dty Ba cytdoal kanediy| hgreup RawhBgad dopbarerRon Atong, &
het er ocycl oal kanedi yl group having 2 to 15 carbon atons, an aryl ene group

having 6 o1 &arpomal offe = A NALET oA Y] e JLAUR Daldg. & to 18 carbon
atons, and an al kyl aryi ene group having 7 to 20 carbon atons. The

copol yner cont ai ny eat-i n ni.t_.represented by the forml 1) may
i ncl ude m pi ecgésﬁo t?PeJrreé;lpcg}aJﬁ% usnﬁgftsécpvﬁi’ﬁeemn%sﬁy tﬁée 11’6?%“”]%@315)%‘9“
preferably 1 to_ 400 nd nore preferably 1 to 100. Wen the copol yner
repr esent e BY ?%eu%anﬁ%eéf) ead éapﬂéét?rh% %ﬁg?%t?ﬂ tReMr &hGe BPUR as
descri bed above, a resist conposition having superior |ine edge roughness
and excel |EMSSENGtq i34 thyt Wnd Tes siTutG oicoar ds8Uigst @insed.odine. |n the
formula (1), RL may be any one selected fromthe group consisting of

noi eti es repredEntsitk byathecuiotl pwishgtedr mihaswWikel) tloe (1e20) .alkyl

group as used herein includes a linear alkyl group and a
branched alkyl group, and also includes a primary alkyl
group, a secondary alkyl group, and a tertiary alkyl group.

Unless particularly stated otherwise, the term
cycloalkyl group includes menocyclic, bicyelic, tricyclic
and tetracyclic alkyl groups. The term cycloalkyl group
also 1includes a polycyclic cycloalkyl group such as an
adamantyl group or a norbornyl group.

Unless particularly stated otherwise, the term aryl
group as used herein means a hydrocarbon containing one or
two or more aromatic rings. Examples include a benzyl
group and a naphthyl group.

Unless particularly stated otherwise, the term

alkylalkoxy group means a compound containing an alkoxy

11



[ Chemi cal Formula 1-1] [Chemical Fornula 1-2] AD Op21 / | Rp2)p22
[ Chem cal Formula 1-3] (Rcl)p RC2 )p32 [ Chem cal Fornmul a
1-4] / ss?Rd 1)

group and an alkanediyl mciety, or a derivative thereof.

Unless particularly stated otherwise, the Lerm
perflucroalkyl group means an alkyl group in which a part
or all of hydrogen atoms have been substituted by fluorine
atoms.

Unless particularly stated otherwise, the alkanediyl
group means an alkanediyl group having 1 to 40 carbon atoms;
the heterocalkanediyl group means a heterocalkanediyl group
having 1 to 40 carbon atoms; the cycloalkanediyl group
means a cycloalkanediyl group having 3 to 40 carbon atoms;
the heterocycloalkanediyl group means a
heterocycloalkanediyl group having 1 to 40 carbon atoms;
the arylene group means an arylene group having 6 to 40
carbon atoms; the heteroarylene group means a heteroarylene
group having 3 to 40 carbon atoms; the alkylarylene group
means an alkylarylene group having 7 to 40 carbon atoms;
the alkyl group means an alkyl group having 1 to 40 carbon
atoms; the heteroalkyl group means a heteroalkyl group
having 1 to 40 carbon atoms; the cycloalkyl group means a
cycloalkyl group having 3 to 40 carbon atoms; the
heterccycloalkyl group means a heterocycloalkyl group
having 1 to 40 carbon atoms; the aryl group means an aryl
group having 6 to 40 carbon atoms; the heteroaryl group
means a heteroaryl group having 2 to 40 carbon atoms; the

alkoxy group means an alkoxy group having 1 to 10 carbon

12



P41/ [Chem cal Formula 1-5] (191) PSI ( Re2)1352 2,,, ".11,.. ( Re3) p53
[ Chem cal Formula 1-6] (Rm /\\ f-(Rf3)

atoms; and the alkylalkoxy group means an alkylalkoxy group
having 2 to 20 carbon atoms.

According to the present invention, the compounds and
substituents may all be substituted or unsubstituted,
unless particularly stated otherwise. Here, the term
"substituted" means that a hydrogen atom has been replaced
by any one selected from 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
cycloalkyl group, & heterocycloalkyl group, an allyl group,
a benzyl group, an aryl group, a heterocaryl group, a
perfluorcalkyl group, derivatives thereof, and combinations
thereol.

The copolymer according to an embodiment of the
present invention contains a repeating unit represented by
the following formula (1):

[Chemical Formula 1]

0 ?2 O
gb i?1<}§EiTJ{\\ //Si\ & éﬁ
Ra/h © © Ré n2
In the formula (1)}, R: represents any one selected

13



P63 (R 2) [ Chem cal Fornula 1-8] [Chem cal Formula 1-9] (R11)( R12 ) /,
P91P92

from the group consisting of a hydrogen atom, an alkyl
group, a hetercalkyl group, a cycloalkyl group, a
heterocycloalkyl group, an aryl group, a heteroaryl group,
an alkoxy group and an alkylalkoxy group, and may be any
one selected from the group consisting of an alkyl group
having 1 to 10 carbon atoms, a heteroalkyl group having 1
to 10 carbon atoms, a cyclecalkyl group having 3 to 12
carbon atoms, a heterocycloalkyl group having 3 to 12
carbon atoms, an aryl group having 6 to 20 carbon atoms, a
heteroaryl group having 3 to 20 carbon atoms, an alkoxy
group having 1 to 10 carbon atoms, and an alkylalkoxy group
having 2 to 10 carbon atoms.

In the formula {1y, Rs, R4, Re and Rg each
independently represent any one selected from the group
consisting of a hydrogen atom and an alkyl group having 1
te 5 carbon atoms, and each may be any cne selected from
the group consisting of a hydrogen atom, a methyl group and
an ethyl group.

In the formula (1), nl represents an integer from 0 to
10, and may be an integer from 0 to 5.

In the formula (1), nZ represents an integer from 0 to
10, and may be an integer from 0 to 5.

In the formula (1), Ry represents any one selected
from an alkanediyl group, a heteroalkanediyl group, a

cycloalkanediyl group, a heteroccycloalkanediyl group, an

L4



[ Chem cal Formula 1-10] (R)P111(RHP112 | [Chem cal Formula 1-12] (RK
)0121 (Rl )P122) [Chem cal Formula 1-13] /Rail)\ /P131 \

arylene group, a heteroarylene group, and an alkylarylene
group, and Ry may be any one selected from the group
consisting of an alkanediyl group having 1 to 20 carbon
atoms, a hetercalkanediyl group having 1 to 20 carbon atoms,
a cycloalkanediyl group having 3 to 20 carbon altoms, a
heterocycloalkanediyl group having 1 to 20 carbon atoms, an
arylene group having 6 to 30 carbon atoms, a hetercarylene
group having 3 to 30 carbon atoms, and an alkylarylene
group having 7 to 30 carbon atoms. Preferably, Rl may be
any  one selected from the group consisting of a
cycloalkanediyl group having 5 to 15 carbon atoms, a
heterocycloalkanediyl group having 2 to 15 carbon atoms, an
arylene group having 6 to 18 carbon atoms, a hetercarylene
group having 2 to 18 carbon atoms, and an alkylarylene
group having 7 to 20 carbon atoms.

The copolymer containing a repeating unit represented
by the formula (1} may include m pieces of the repeating
units, while m may be 1 to 1000, preferably 1 to 400, and
more preferably 1 to 100. When the copolymer represented
by the formula (1) has repeating units in the range of m as
described above, a resist composition having superior line
edge roughness and excellent sensitivity and resolution can
be obtained.

In the formula (1), Rl1 may be any one selected from

the group consisting of moieties represented by the

15



[Chem cal Formula 1-14] Rnl P141 \ [Chemi cal Formula 1-15] [ Chem cal
Fornmul a 1-16] -P2 1 P162 \ CRP1) P161/ [Chem cal Fornula 1-17]
[ Chem cal Fornula 1-18]

following formulas {(1-1) to (1-20).

[Chemical Formula 1-1)

f——@w

R
( 81)p1?

[Chemical Formula 1-2}

[Chemical Formula 1-3]
AL D
— R -

P32

fChemical Formula 1-4]

©\(Rd1 oo |

{Chemical Formula 1-5]

(Ref

\ 951 prz
N T
ol CCQ
PN
p

53

15



[ Chem cal

1-20] In the formulas (1-1) to (1-20),

Formula 1-191 ( RS1 "P191 \ I/ (R2) pi

{Chemical Formula 1-6]

[Chemical Formula 1-8]

('Tm) O (R\hz)p82

f@“@ﬁ

- P

[Chemical Formula 1-9]

(ﬁ” )1091 (Riz )992
Jr | Ry S 3
= o

[Chemical Formula 1-10]

p101 P102
A S

[Chemical Formula 1-11]

17

Rai ,

RM

92

Rb2/

[ Chem cal

For mul a



any one selected fromthe group consisting of a hydrogen atom an al kyl
group having 1 to 10 carbon atons and an al koxy group having 1 to 10 carbon
atons, and may be each i ndependently represent any one selected fromthe
group consi sting of a hydrogen atom and an al kyl group having 1 to 5 carbon
at ons. In the formulas (1-3), (1-9), (1-10) and (1-11), RHto R14
each independently. represent y, one sel ected fromthe group consisting of
0, N\R, S and ( f? repﬂggéhfs ny one selected fromthe group

dh 'ah | kyl group having 1 to 5 carbon
C ende represent any one selected from

consi sting of hydro omjan

at ons. H1t§f my 3

t he group consilsting of |0 an . Inh the fornula (1-1), pu represents
an integer froml to 3 t or a (1-2), pn and pn each independently

represent an integer from1*to 4, and the sum of pm and P22 is not greater

t han 6. In the formula (1-3), p31 and pm each i ndependently represent
an integer fromdh¢wid;l aneedides sumof pmand pfl is not greater than 8. In
the formula (1-4), pu represents an integer from1l to 4. In the

formula (1-5), pmand 1953 each independently represent an integer from1l
to 4, and p52 repfBsents an | Qéger f 1 to 2, while the sumof pmto )953
is not greater than\ 122

e
§§QQ1
»

[Chemical Formula 1-13]

(Rm1)

/ P131
e

[Chemical Formula 1-14]

(Rat) s
# (j >~£

[Chemical Formula 1-15]

Wiexs

[Chemical Formula 1-16]

S

-
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In the formula (1-6), pm and pm each i ndependently represent an integer
froml to 4, and pmrepresents an integer of 1 to 2, while the sumof pmto
po is not greater than 8. In the formula (1-7), pm and 1974 each

i ndependently represent an integer from1 to 3, pfl and 1973 each

i ndependently represent an integer of 1 to 2, while the sumof pmto p74 is
not greater than 8. In the fornmula (1-8), pm and pm each

i ndependently represe an\integer froml to 5 and the sumof Psi and 082

is not greater th . In,the normula (1-9), pm and pm each

i ndependent | y rep{esen ‘\‘{ﬁkeé r friml to 5 and the sumof pmand pmis
ot

not greatersthan I n tﬁ%s?o a (1-10), pl0l and pl02 each
i ndependently rgprese F%ﬁ)&ﬂgzger from1l to 3. In the formul a
(1-11), P111 and P112 each independently represent an integer from1l to 3.
In the fornmula (1-12), pl21 and pm each independently represent an integer

from1l to 3. chedcd hepdonmul & (1713), 19131 represents an integer form

1to 8. In the formula (1-14), P141 represents an integer from1l to
10. In the formula (1-15), P151 represents an integer from1l to 10.
(Rq1
i / P171
Rq2
( q)pwz

[Chemical Formula 1-18]

,ﬁﬁm)pmi
ﬁ{@(p >~f
(Rﬁ)pmz

[Chemical formula 1-19)

[Chemical Formula 1-20)
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In the formula (1-16), P161 and P162 each independently represent an
integer froml to 8, and the sumof pl6l and P162 is not greater than 14.
In the formula (1-17), pl71 and pru each independently represent an integer
froml to 8 and the sumof pl71 and P177 is not greater than 14. In
the fornmula (1-18), pl91 represents an integer from1l to 8 and P182
represents an integer froml1l to 8, while the sumof pl6l and pl82 is not
greater than 14. Iquhi fornmula (1-19), PIK represents an integer
froml to 8, and/p r integer froml to 6, while the sum of
p191 and pm i ot/ gre t han he fornmula (1-20), P 01 represents
an i nteger fioml 1N\to 8/ and P202 rleprgsents an integer froml to 6, while
t he sum of P201 and i k ot greater than 12.

Thecopol yner cont ai ni ngt herepeati ngunit represented by the formula (1) may
have a wei ght average nD(E%%Oar wei ght as neasured by gel perneation
chromat ography of 500 to'100, g/ mol , preferably 500 to 70,000 g/ nol, and
nore preferably 1,000 to 25,000 g/ nol. When t he wei ght average

nol ecul ar wei ght of the copolynmer is in the range descri bed above, the
copol ymer may hawetﬁgce¢iﬁm¢aélngmgﬂg@Orpyg@@ﬁsngnngpyLpgovgde gxcellent
edge patterns. Furthernore, if the weight average nDIecuIar melght ‘of the

copolyner g5 |@ss than 500 g/ nol,_etghi ng resi erigrated,
and if the(ﬁelgﬁt avgragg mof écul ar mglgh?llsgé?ea or aﬁgiOO&ﬁOORQ/nDI
|'ine edge g oughness,  sal ubi ity and resoluti be_lo
Thecopoly#%fcogfﬁl ngﬂ%éfekéétlﬁbunlt Rt 90, Y, Roumﬁ% Rygis Rga,

Rri, Re2, Rsi, Rsz, Rep and Ryz each independently represent
any cne selected from the group consisting of a hydrogen
atom, an alkyl group having 1 te 10 carbon atoms and an
alkoxy group having 1 to 10 carbon atoms, and may be each
independently represent any one selected from the group
consisting of a hydrogen atom and an alkyl group having 1
to 5 carben atoms.

In the formulas (1-3), (1-9), (1-10) and {1-11), Rig
to Ryy each independently represent any one selected from
the group consisting of O, NR', $ and CO, and R' represents
any one selected from the group consisting of a hydrogen
atom and an alkyl group having 1 to 5 carbon atoms. Ry to
Ris may be each independently represent any one selected
from the group consisting of O and S.

In the formula (1-1), pi; represents an integer from 1
to 14.

In the formula (1-2), p2 and py; each independently



represented by the fornmula (1) may have a nol ecul ar wei ght distribution of
1tob5, preferably 1 to 4, and nore preferably 2 to 3.5. When t he
copol ymer containing the repeating unit represented by the fornula (1) has
a nol ecul ar weight distribution in the range descri bed above, the line edge
roughness property may becone excell ent.

Thecopol y i ni ngt t] nit_ _represented by the formula (1) is a
novel ace?§§§§£%€%tc%%or§%§€$§aﬁﬁgﬁh%nt% %és?%& %%%p%%$t?gnp%oﬁpgiﬁﬁ%g t he
copolynmer is used to forma resist thin film the resist conposition has
excel lent 71" ¥ o?ﬁ%@%r%%?t?es, has negligible sublimability, and has
excel l ent al kali developab lity and etching resistance. Therefore, the

resi st conposi ti®nt8&n B user ulfy3usedsas2Bdndizn PAGHedinsftoolen trlesi st
mat eri al . Accordi ng to anot her enbodi nent of the present invention,
there i s providkdha skt hodedor produti ng a copol yinerseont &imiingnd pepeating
unit represented by the formula (1), which nethod includes a step of
al | owi ng aiconpound:aepr esent etd. by the following formula (2) and a conpound
represented by the following formula (3) to react in the presence of a
basi ¢ catal yst.1.{ Ghesmi eabmbos myl a5 1] o[ Chemiealenkor iyl 8 2l:qB2 QoGH 1

te 4.

In the formula ({1-5), ps1 and psz each independently
represent an integer from 1 to 4, and ps; represents an
integer of 1 to 2, while the sum of ps; to ps3 is not
greater than 8.

In the formula (1-6), ps and pe; each independently
represent an integer from 1 to 4, and pe represents an
integer of 1 to 2, while the sum of ps to ps; 1S not
greater than 8.

In the formula (1-7), py and pun each independently
represent an integer from 1 toe 3, py and pyy each
independently represent an integer of 1 to 2, while the sum
of pv1 to pya is not greater than 8.

In the formula (1-8), pg and ps each independently
represent an integer from 1 to 5, and the sum of pg and pg
is not greater than 8.

In the formula (1-%9), p¢ and ps each independently

represent an integer from 1 to 5, and the sum of pg; and Pz

is not greater than §.
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x2 [Chem cal Fornula 3] In the formula (2), Xs andeach independently
represent any one selected fromthe group consisting of a hal ogen atom and
an al koxy group having 1 to 10 carbon atons, and KI and X2 may be each

i ndependently represent any one selected fromthe group consisting of a
fluorine atomand a chlorine atom In the fornul as (1) to (3), R

det i ned for the" ?5?%{‘%0?@%92<ﬁ§%¢ﬁé'@%§£¥ﬂ®“£§§%@ SR
i ncl udi ng prlnary am nes,

selected fromthe group.consi st

secondary anihes“a da?e+??%??r %?%% ﬁ?r dlnes organonetal | ¢ conpounds
and conbi nati ons there eC|f|c exanples of the basic catal yst
that can be useﬂnbeetﬁ@fﬁPééeﬁﬁ ﬂﬁ@enpﬂbnaﬁﬁcﬂhd%‘%ﬁ&ﬂnﬂ@ﬁﬁ@ﬁﬁdﬁﬁqﬁWIanlne

propyl am ne, butyl am ne, ethyl enedi am ne,
represent an integer from 1 to 3.

in the formula (1-12), piz1 and pizz each independently
represent an integer from 1 to 3.

In the formula (1-13), pi31 represents an integer form
1 to 8.

In the formula (1~14), pi14 represents an integer from
1 to 10.

In the formula (1-15}, pis1 represents an integer from
1 to 10.

In the formula (1-16), pis1 and pisz each independently

represent an integer from 1 to
Pigz 15 not greater than 14.

In the formula (1-17), pi1mn1
represent an Iinteger from 1 to
P17z 1s not greater than 14.

In the formula {(1-18), pie:

1 to 8,

and pigz represents an integer from 1 to 8§,

8, and the sum of pis; and

and piv» each independently

8, and the sum of pyny and

represents an integer from

while

the sum of pig, and pigz 1s not greater than 14.

In the formula {1-19), piot

1 to 8,

and pie; represents an integer from 1 to 6,

represents an integer from

while

the sum of pis1 and pie» is not greater than 12.

In the formula (1-20), pao

22
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hexanet hyl enedi am ne, di net hyl am ne, di et hyl am ne,

di i sopropyl am ne, cycl ohexyl am ne, di cycl ohexyl am ne,

et hanol am ne, di et hanol am ne, di net hyl nonoet hanol am ne,

nononet hyl di et hanol am ne, tri et hanol am ne, _ o

di azabi cycl oundecene, hexanet hyl enet et raam ne, ani l i ne, N, N-di net hyl ani | i ne,

pyridine, N, N-disnet 1 no i.din pytrol e, piperazine, pyrrolidine,
pi peri di ne%\I gl?cgl’i r?g%é tet’r a%#%g%gmn%%m n;elcfrg%xtf) er,onéh'o! fﬁe 6i‘iyd"rkblxllede,
t et r apr opyl . anmoni unéh dr oxi(ﬂeé t et rabut yl ammoni u hr%/dr oxi de, ammoni a,

t g20 art 12.

trimet hyl am ne: % rq et ami tripriopyi Eihe " th

di met hyl et hyl amj ne, di et hyl i sopr opyl am ne, di et hyl met hyl am ne, .

di met hyl butyl ani'tfe, d°weehyFhexyl Gaheining  the  repeating  unit

di i sopropyl et hyl am ne, di et hyl cycl ohexyl am ne,

t et r anet hyTe & Homet hare tdiemetdhyiblenzyl aniae, have a weight average
molecular welght as measured by gel permeation
chromatography of 500 to 100,000 g/mol, preferably 500 to
70,000 g/mol, and more preferably 1,000 to 25,000 g/mol.

When the weight average molecular weight of the
copolymer 1is in the range described above, the copolymer
may have excellent line edge roughness and may provide
excellent edge patterns. Furthermore, if the weight
average molecular weight of the copolymer is less than 500
g/mol, etching resistance may be deteriorated, and if the
weight average molecular weight is greater than 100,000
g/mol, line edge roughness, solubility and resclution may
be lowered.

The copolymer centaining the repeating unit
represented by the formula (1) may have a molecular weight
distribution of 1 to 5, preferably 1 to 4, and more
preferably 2 to 3.5,

When the copolymer containing the repeating unit
represented Dby the formula (1) has a molecular welght
distribution in the range described above, the line edge

roughness property may become excellent.

The copolymer containing the repeating unit
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t et ramet hyl et hyl enedi am ne, t etranet hyl- 1, 4- am nobut ane,

tetranet hyl-1, 3-di am nobut ane, tetranet hyl -1, 6- di am nohexane,

pent anet hyl di et hyl enetri am ne, 1- nethyl pi peridine, 1-ethyl piperidine,
N, N- met hyl pi perazi ne, N nethyl nor phol i ne,

1, 8-di azabi cycl o[ 5. 4. 0] - 7- undecene

(DBUY), 1, 5-dj j o[.4, 3..0L- 5- (DBN), 2,4-_ diazabicyclo[2. 2. 21oct ane

( DABCO) , hﬁk?é?%%ﬁﬁ%baﬁf iﬁg¥ hf%ﬁﬂ?g%hgﬁﬁnif?néf & Fﬁ?un?%?%?%}'%%? sodi um

hydr oxi de, potassi um hydroxjde, barium hydroxide, calcium hydroxide,

potassiun1%§?8gﬁﬁ?§: é%ﬁicghﬁpné?i5ﬁ§lﬁﬁer%ﬁﬁ908ltlc”lwﬁ@ﬁtéﬁﬁlBHe St ect ed

fromthe group consisting of the above-described am nes, pyridines and

conbi nat i oRSPY heFesf 1fs Wiset &’ fRéENpasieTidattal yatn £t lhs ddvantagevus in

that when the copolyner is applied to an electronic material, of the

am nes andcpype @l hesnt haes capxbel bsed f b ltheorpreseminventien, i ncdude

net hyl am ne, et hyl am ne, propylam ne, butyl am ne, ethyl enedi am ne,
negligible sublimability, and has excellent altkali

—r=

developability and etching resistance. Therefore, the
resist composition «can be usefully wused as a main
ingredient of a resist material.

According to another embodiment of the present
invention, there is provided a method for producing a
copolymer containing a repeating unit represented by the
formula (1), which method includes a step of allowing a
conpound represented by the following formula (2) and a
compound represented by the following formula (3) to react
in the presence of a basic catalyst.

[Chemical Formula 1]

R
R D
g 1&%\;}\%@/;
R‘4n1 © © R6ﬁ2

[Chemical Formula 2]
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hexanet hyl enedi am ne, di net hyl am ne, diethyl am ne, diisopropylam ne,
cycl ohexyl am ne, dicycl ohexyl am ne,

et hanol am ne, di et hanol am ne, di net hyl nonoet hanol am ne,

nononet hyl di et hanol am ne, tri et hanol am ne,

di azabi cycl ooct ane, di azabi cycl ononene, diazabicyc:oundecene&I
hexanet hyl enet e m ne, aniline,,N N-dinmethylaniline, pyridine,
N,N—dine?hylamtéﬁ%%%%h%e,o%V%g%fg, pi perazi ne, pyrrolidine, piperidine,
pi coline, tetramethyl ammoni um hydroxide, choline hydroxide, _

t et r apr opyl ammonpyum hydr oxi de, tetrgbutyl ammoni um hydr oxi de, ammoni a,
tri met hyl am ne, i etrhwl ard '6§opylanine,

di et hyl et hyl am i am ne, di et hyl net hyl am ne,

di met hy! but yly H
m ne,

In the formula (2}, ¥y and ¥X; each independently
represent any one selected from the group consisting of a
halogen atom and an alkoxy group having 1 to 10 carbon
atoms, and X; and ¥; may be each independently represent
any one selected from the group consisting of a fluorine
atom and a chlorine atom.

In the formulas (1) to {3), Ry, Ry, Rs, Rs, Rs, Rs, nil
and n2 respectively have the same meanings as defined for
the formula {(1}.

The basic catalyst may be any one selected from the
group consisting of amines, including primary amines,
secondary amines and tertiary amines, pyridines,
organometallic compounds and combinations thereof.

Specific examples of the basic catalyst that can be
used for the present invention include methylamine,
ethylamine, propylamine, butylamine, ethylenediamine,
hexamethylenediamine, dimethylamine, diethylamine,
dilscpropylamine, cyclohexylamine, dicyclohexylamine,
ethanolamine, diethanolamine, dimethylimonoethanolamine,

monomethyldiethanolamine, triethanoclamine,
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t et ramet hyl di am nonet hane, di net hyl benzyl am ne,

t et ranet hyl et hyl enedi am ne, tetranet hyl-1, 4- am nobut ane,

tetramet hyl- 1, 3-di am nobut ane, t et ranmet hyl -1, 6- di am nohexane,

pent anmet hyl di et hyl enetri am ne, 1- nethyl pi peridine, 1-ethyl piperidine,
N, N- et hyl pi per azi ne, N-nethyl norphol i ne,

1, 8-di azabj . =z undecene : , :
(DBU),1,5-%?%§g§§§¥§%g%igig%]-5-nonene(DBN),2,4- %ﬁ%ﬁ%ﬁ%c e %ﬂ%ﬂ%ﬁ%ﬂoctane
(DABCO, N,N-dinethylaniline, and N, N-diethylaniline. Mre preferably, the
basi ¢ cata ?%%a%ﬁ§y%goﬁ%9e%%%68ele%%@ﬁm?? THe Yr ot Crsi std gt gt
trinmethylamne, triethylamne, tripropylam ne and conbi nations thereof.

The react i on profesy hayt+ Vel veP Y hed bider of V¥ Tedra § ibal &ol vamits L Bt can be
carried out at a certain reaction tenperature for a certain reaction tine.
The reactiBn’solventPhpgrdpelany soyventidhat, | sooapablienof dilssoliviag the
conpound represented by the fornmula (2) and the conpound represented by the
formul a (3)etornedpabienofiidnssol uiydigokhdacopol ymer icent ai niyng-d-hele,
repeating unit represented by the fornmula (1). The reaction sol vent

may be anytoneaseheel fands D ted g5 oups Consi St g, Ofnr@st8ns .h RENS! Sie,
| act ones, ketones, am des, al cohols and conbi nations thereof. Specific

exa”p|es(Hmﬁ$ﬁﬁé?aCEEQﬂe§QPY§ﬂ§nEDC|%qgeq%§h%%ghe,etm%¥§ %ﬁyl Q&L
but anol, 2-nethyl-1|-propanol, acetone, acetonitrile, tet é% rof uran,

di et hyl Sﬁ&ﬁé%ﬁiﬁ%ﬁﬁ§%éﬁ%ﬁé hexane, et hyl ac%}%%ﬁﬁle%%%%?%%ﬂﬁ%VﬁéF?

cycl ohexanone, -n-anyl ketone, butyanedi

propyl ene gl ycol. mononet hyl et her, ethyl ene gl ycol nongnethyl ether,

but aned| ol(%rr%ﬁ%]trﬁ?ﬁ%gf% f}e’pr‘g}dgﬁ% ly@tﬂ“&?éwoé{lﬁ%ﬂt &Y EHy1%ne

gl ycol nonoet hyl ether, propylene glycol dinethyl ether, diethylene glycol
di net hyl Eﬁ%ﬁﬁ?pEﬁRﬁﬁﬁEQﬁgaml“e' dimethylcyclechexylamine,

tetramethyldiaminomethane, dimethylbenzylamine,
tetramethylethylenediamine, tetramethyl~1l, 4-aminobutane,
tetramethyl-1,3-diamninobutane, tetramethyl-1, 6-
diaminohexane, pentamethyldiethylenetriamine, 1-

methylpiperidine, l-ethylpiperidine, N,N-methylpiperazine,
N-methylmorpholine, 1,8-diazabicycle[5.4.0)-7-undecene
(DBU), 1,5-diazabicycle{4.3.0]-5-nonene (DBN), 2,4~
diazabicyclo[2.2.2]octane {DABCO) , N,N-dimethylaniline,
N,N-diethylaniline, lLithium hydroxide, sodium hydroxide,
potassium hydroxide, barium hydroxide, calcium hydroxide,
potassium carbonate, and combinations therecf.

When any one selected from the group consisting of the
above-described amines, pyridines and combinations thereof
is used as the basic catalyst, it is advantagecus in that

when the copolymer 1is applied to an electronic material,
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gl ycol nononet hyl ether acetate, propylene glycol nonoethyl ether acetate,
et hyl pyruvate, butyl acetate, nethyl 3- nethoxyprop onate, ethyl

3-et hoxypropionate, tert-bu yi acetate, tert-butyl propionate, propylene

gl ycol mono-tert- butyl ether acetate, 7-butyrolactone,dichloronethane,

chl oroform carbon tetrachloride, acetonitrile, dioxane, dinethylformm de,

d et Dyl acetant dey.opnd, £ogblnat i ns, thereolay o wiJhe renctian.aalyent my

be preferably any one sel ect ed romthe group COI’]SI S

di chl or onet ha chI Qr.of or carbon,tetra rid etom tr| e, et hyI
acet at e, {)E th her'; dP ox‘g}ﬁ% S st A %Eﬁ% de® Illd Bt HyFacet @ dé'®

et hanol , net hanol i sopr opanol acetone and conbi nati ons thereof, and nore
pr ef er abl y& r‘ril?l‘flmone $BVERE &A™ r orCREYGT ouFredonsliatingg of <ilchiadtidet hane,
di et hyl f or mam de and conbi nati ons thereof can be applied. The reaction

t enper at ur@-fRy! HeuR0C t o 150C,buhd priefer abl y 0C t 270G difedivenineact i on
tenperature is lower than -20C, stirring nay be difficult during the
reacti on stepynapdy idnddieamrisact i on t énperatupains, hi gherdidan 15QGe,t he
production of side products may increase. The reaction tinme may be
0.5 to 15 ddisor andl pafer abl yole tandkd, hourss, Wenithe: raastjiom:tidre is
within the range descri bed above, an appropriate yield may be achi eved
during thesfieactiQni ¥ 0CeSSicthanolamine, dimethylmonoethanolamine,

monomathyldiethanolamine, triethanolamine,
diazabicyclooctane, diazabicyclononene,
diazabicycloundecene, hexamethylenetetraamine, aniline,

N,N-dimethylaniline, pyridine, N,N-dimethylaminopyridine,
pyrrole, piperazine, pyrrcolidine, piperidine, picoline,
tetramethylammonium hydroxide, choline hydroxide,
tetrapropylammonium hydroxide, tetrabutylammonium hydroxide,
ammenia, trimethylamine, triethylamine, tripropylamine,
dimethylethylamine, dimethylisopropylamine,
diethylmethylamine, dimethylbutylamine, dimethylhexylamine,
diiscopropylethylamine, dimethyleyclohexylamine,
tetramethyldiaminomethane, dimethylbenzylamine,
tetramethylethylenediamine, tetramethyl-1,4~aminobutane,
tetramethyl-~1, 3-diaminobutane, tetramethyl-1, 6-
diaminohexane, pentamethyldiethylenetriamine, 1-
methylpiperidine, l-ethylpiperidine, N,N-methylpiperazine,
N-methylmorpholine, l,8-diazabicyclo{5.4.0]-7-undecene

(DBUY, 1,5-diazabicyclo[4.3.0]-5-nonene (DBN}, 2,4-
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In the reaction process, the conpound represented by the forrmula (2) and
the conpound represented by the fornula (3) can be used at a nolar ratio of
1:0.5to0 1:3.0, and preferably at a nolar ratio of 1:0.8 to 1:1.7. Wen the
reaction is carried out by m xing the conpound represented by the formul a
(2) and the conpound represented by the fornmula (3) at the nolar ratio
descri bed - ; chi i . i ncreased. .. ..The reaction
process iﬁ% %%gglégg%éggb%'%r%éggégngﬁﬁ%ggkbﬁgﬁﬁﬁﬁﬁ%ﬁﬁ¥%ﬁﬁﬁ%&P%y H
formula (2) ipdthekrﬁaction solwﬁnt describe% above, adding the conpound
represent ed’ By the Y or mbit A7¢3) aNd-th@ A& EPLaral Y&t P6Sthe Foattion
solvent to prepare a reaction solution; a step of carrying out the reaction
whi | e stirfihg e F¢actién 8L E8EEeR atr¥he Heactir6HPt eApes s biedspeti fi ed
above for the reaction tinme specified above;, and a step of purifying the
reaction sfun¢ony btnere conpl ériienhgf anheer eact itonipropylanThe basiand
catalyst is can be applied in an anmount of 1 to 10 nol ar equivalents, or in
an anmount ofnlditot egus viakentst by wei ght, based on the conpound represented
by the formula (2). The step of purifying the reaction solution may
be carried out My appdyt Ngh apyo st hagh ¢apahl e, of unidying 1 he, gopol yner
containing the repeating unit represented by the formula (1), and may

i ncl ude a washi st o] it i re i an. product.with .gani c
sol vent, aﬁ%@ﬁ néa%?hegaﬁl ul’trl&iE on%vﬁrltl(r:edanggicgés}s grmg%%l%\#ﬁdi%%%% wat er ,
an aqueou i of tassium car bonat.e nd distilled water in this
order; a :te\%%%{%%ost%ggo‘? Cs%%caarjarfirnega?arhjedrb?cd%'c | ayer; and a col |l ection
step of precipifating the separated organic |ayer with a nm xed sol vent of
wat er and met hanbdi , ﬁqqeﬂ%41§e§ﬁd %@yinEeth%”bre%Q%ﬁ%%&eathat isThe
copol ynmer containing the repeating unit represented by the fornula (1) that
has been poiRARYS z&d by itsHe LivétWod tiescEpbheduatovesh se sepoty adet althsased
resin, and can be utilized not as a conventional radical copolynmer but as a
mol ecul ar fglrassla ype raasl sthe compowFut tdvarmaoreetachéycoped memuias @n ,

i ncorporated acetal structure so that the copolymer can also be utilized as
a single nol eculpelitlype ofestistscomosgi t tpa Weddo 1 yie OVethsensitdyi thhe

The copol yner can be included in a photoresist conposition together with a
phot 0- aci d-generiatpruand addiddarasq and dH thirscase, the photoresi st
conposition can be applied as a resist material having high heat

resistance, exoeld anl, dildn formdg. Aroperti g5, and Liproved alkall

devel opabi lity and etching resistance, _ no "subl rmabi ity
Part'CU|aEh%ﬂm}h%o%%E%k¥%%r b% ugg gLS?S é&ﬁ%ﬁgl lactones, ketones,

amides, alcohols and combinations fIthereof. Specific
examples of the reaction solvent include methanol, ethanol,
propanol, butanol, Z-methyl-l-propanol, acetone,
acetonitrile, tetrahydrofuran, dimethyl sulfoxide, toluene,
hexane, ethyl acetate, ethyl ether, cyclcohexanone, methyl
Z-n-amyl ketone, butyanediol monomethyl ether, propylene
glycol monomethyl ether, ethylene glycol monomethyl ether,
butanediol monoethyl ether, propylene glycol moncethyl
ether, ethylene glycol monoethyl ether, propylene glycol

dimethyl ether, diethylene glycol dimethyl ether, propylene
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ingredient formng a thin filmof resist, and when the copolyner is applied
to a positive resist conposition which is exposed to extrene ul traviol et
(EWV) radiation or an el ectron beam superior effects may be obtained.

The resi st conposition according to anot her enbodi nent of the present

i nvention contains the copol yner containing a repeating unit represented by
t he fornmul ; The, resi s onposition can further contain any one
sel ected f (l)%né%}%ema?%r&%u?: %s?gﬂt“?%gg% L%t%’ho‘f%9%%?%n%e%£\r/%?]grr?oréo%m%nt,
addi ti ves and conqugtjons %Heﬁeof. In regarthg the additives, any

addi tives That®ars Cotient Fohal | Wdpiatéd t BuF&si siCeGhifosi FPeRE.calr be
applied, and specific exanples include an alkali dissolution inhibitor, an
aci d di f f USTORCTARFBP teRatar suPfhEtant’ e&hsensindriemadnd cobi tndtitons

t her eof . The phot o-acid generator may any conpound capabl e of

gener at i nga@etrdtapoheekposiur &, pamel @xanpl escdiierend ¢ hedwldenoni-umsal t
conpounds, sul fonyl oxyi m de conpounds, sul fonium salt conpounds and iodide
sal t conpopmgsl Furhber examplies inchude sulleng Lomeunds, - suldonic acid
ester conpounds, diazonium salt conpounds, disulfonyl nmethane conpounds,

oxi me sul fon . ou nd razine.sul fonate coppounds, , but the
photo-aciagggag?g?%?’iggﬁg¥§}ngg¥g3§%%8r éeriné?%go?bgghg%e.dﬂﬁf%ﬁﬁVent
may be any,organic.solvent that .is  conventionally applied to a resist
conpositié%?g%gj%g %ﬁ@?%y‘E%anpﬂégﬁﬁﬁgﬁﬁﬁﬁtﬁg%gﬁmes,%ﬁ?deéﬁ%ﬁQﬁﬁﬂq%Pns

hydr ocar bons, ketones, esters (including aliphatic carboxylic acid esters,
| actic acid'®st@rs, and propyl ene glycol nonoal kyl ether acetate),

propyl ene glycol dial kyl ethers, propylene glycol nonoal kyl ethers, and

et hyl ene gl ycolTronost&ytiet hesoheetiat esay be Thefakkally diessol wtricon

i nhi bitor may be any al kali dissolution inhibitor that is conventionally
appl i ed t salaesidt fcompositi ogreoand eophenolhe def i vatdie @med heathoxyl i c
acid derivative may eb used. The acid diffusion inhibitor has an

effect of @woniroiding tBerdbhf usicanofhiariaei d ggnerahedrbye!i gty _
irradiation in the resist film and thereby suppressing a chem cal "reaction

i n unexposgdayeas. Exapphes thaf..can bg;gpphled inglpde nidregen .,
conmpounds, such as am nes
dimethylacetamide, ethanol, methanol, isopropanol, acetone,
and combinations thereof, and more preferably, any one
selected from the group consisting of dichloromethane,
dimethylformamide and combinations thereof can be applied.
The reaction temperature may be -20°C to 150°, and
preferably 0°C to 70°C. If the reaction temperature is
lower than -20°C, stirring may be difficult during the
reaction step, and if the reaction temperature is higher
than 150°C, the production of side products may increase.
The reaction time may be 0.5 to 15 hours, and
preferably 1 to 10 hours. When the reaction time is within

the range described above, an appropriate vyield may be
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i ncl udi ng nonoal kyl am nes, such as n-hexyl am ne, and di et hyl enedi am ne, but
the acid diffusion inhibitor is not limted to these. The surfact ant
is intended to inprove coatability, developability and the Iike, and
exanpl es thereof include, but are not limted to, polyoxyethylene |auryl

et her, pol yoxyethyl ene stearyl ether, polyoxyethylene, and pol yethyl ene

gl ycol dilgyﬁgég%dEggpp$8stﬁé £Q§%§fgﬁgé£ger t hat can be applied include

benzoazol es, ant hracenes, and carbazo DUt t he exanples are not limted
to these. T_Th«E resi st _conposition can contain the copol ymer contai ning
the repeating unit FEprés&ited by: THeS T or hif aCPIPOHA ar SRr6ERt (61 1% to 99%
by weight relative to the total amount of the resist conposition.

The resi st“conposTt+dn! fray tntlF nt e e of §Es S o i T rfg'e Fepedtd ng

unit represented by the fornula (1) in an amount of 5%to 15% by wei ght,

and the sol ¥entapnan apwiingtofa 909% 20 T5%. by ofeilght. 5 rebatli:ve Ot 0 arhie t ot al
anount of the resist conposition, with the bal ance being the photo-acid
gener at or ranelf¢heohddiati wesiolar raThe beEsilst.@onposiiion camnbe used to
forma resist pattern by a resist pattern form ng nethod which includes a

step of foreddigichresi shrfibm e0capsubsihiale crd SRR R EXRASIANG e T esi st
film and a step of developing the resist filmto forma resist pattern.

Specificah&y,t%@e_f§§&§IaPQ@POS£$&OQka_éBHﬁ&S doQéﬁﬁ§$§ﬁ%#§eb?gﬁﬁmgs a

silicon wafer, using a spinner or the like, and the applied res

conposi ti Ofbfnﬁ)lta{ ea{f}d b t prt%)eakirr? egro t herrieoby Ob[i:glﬁger rsliaggp\%eis,{“mé‘:hghe

resist filmis selectively exposed and ﬁ%%terne

appar at us sucqﬁas an. EUV expqsure apparatus, and then is subjected to
post - exposure %ﬂ&e%%ﬁ%ﬁ‘%ﬂﬁqﬁ%ﬁéV8§§Eﬁ1 with an alkali devel oper Iiquid.
Subsequently, the developed resist filmis washed and dried, and thus a
resi st pattern'QQﬁ]qﬁgqﬂﬁqﬂrﬁﬁpcess includes a step of dissolving the

compound represented by the formula (2) in the reaction
solvent described above, adding the compound represented by
the formula (3} and the basic catalyst to the reaction
solvent to prepare a reaction solution; a step of carrying
out the reaction while stirring the reaction solutiocn at
the reaction temperature specified above for the reaction
time specified above; and a step of purifying the reaction
solution after completion of the reaction.

The basic catalyst is can be applied in an amount of 1
te 10 molar eqguivalents, or in an amount of 1 to 5
equivalents by weight, based on the compound represented by
the formula (2).

The step of purifying the reaction solution may be
carried out by applying any method capable of purifying the

copolymer containing the repeating unit represented by the
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The exposure can be carried out using far-ultraviolet radiation, KrF
excimer |aser light, ArF exciner laser light, EUVY, vacuum W (VWV),
X-radi ation, an electron beamor the like, and particularly, EUV, VUV,
X-radi ation and an el ectron beam are useful. EXAMPLES Her ei nafter,
the present invention vvi |1 be described in detail by way of Exarrpl es SO
that the i n e I e person Vi.n i hary
skill in tﬂgﬁlg%%gto whi cﬁd rﬁ%p?%é@%éél%v"g#i?gﬁglss %%r a| nedu %e ST, the
pr esent |nv (%thnncag e real.ized in various different errbodl ment s, and IS
not intende Be Pirmted tw& heé "EXAnptiese t Agt VRt BQ deSEiBEd Bl ow.

Synt hesi s %xgrrgl es for copolyner (Synthesis Exanple 50 g (0. 198
nol es) of Hafartidie ditacBEFeSaci HIC Wk cp b s%%éﬁé@@nd%b@?es@rﬂ ed by
the formula (2), was dissolved in dinethyl acetam de solvent, and then 22.8
g (0.198 nplesyunf W GHi Grometthy bolethybimet herbwasLsI,okuydpaiﬁrsed tled he
solution at roomtenperature (25C). At the sane tenperature, 44 g (0.435
nmol es) of waiethyharmime wasdst owky sagded ttiont het gol ufi erpaand ihhus:
reaction solution was prepared. The reaction solution was all owed

to react whidenstineedrfornd houfs) 1and dhestgachbiron eoliyWiion jwas +gid ut ed
w th ethyl acetate The dilution was washed three tines with an“excess

amount of gdisitdded vwatericand, Ebe%L%@ﬁeMﬁ§bﬁQj398ﬁ9eMttha a%%%?%ﬁa

sol ution of pot assi um car bonate and wth distilled wat

reaction epar.at bt rgani c Iay and the organic
| ayer \/\/asslgéoﬁl(i:éer%?ir \3/;5%](1& e@ectgﬂﬁa ratcgr&/ megacl’t%egﬁ percol(f)&cit 1V\eias preci pitated
by using a mxe]q?sol ution of distilled. water an met hanol , and then the
precipitate was 17l t er SO RHEE Ur i eBONTRERINES g (i el &emtlélﬁ a cBpdl yner
contai ning a repeat unit represented by the followng formula (1-11) was
obt ai ned. THE Topol %g?ycfd}ﬁafq’ﬁ % hiel )r gt i drfan repneserived by the
following formula (1-11) had a wei ght average nol ecul ar wei ght as neasured
by gel perfsatiomachrdrmtodrapmpofe 5,280 el Ge tand-ke sanl ecudiar, weidght

di stribution of 3.38. The NWR data of the copolyner of the fornmula (1-11)
are presemad e HiGiZed [rEhemcal deorvanta challl]radical copolymer but

as a molecular glass type resist.

Furthermore, the copolymer has an incorporated acetal
structure so that the copolymer can also be utilized as a
single molecule type resist composition with improved
sensitivity.

The copolymer «can be included 1in a photoresist
composition together with a photo-acid generator and
additives, and in this case, the photoresist composition
can be applied as a resist material having high heat
resistance, excellent film-forming properties, and improved
alkali developability and etching resistance, with almost
no sublimability.

Particularly, the copolymer 1is useful as a main
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(Synt hesi s Exanpl e 2) A reaction was carried out in the same nmanner
as in Synthesis Exanple 1, except that 50 g (0.231 nol es) of

napht hal ene- 1, 4-di carboxylic acid was used i nstead of 50 g of the

1, 3- adanant anedi acetic acid used in Synthesis Exanple 1. Thus, 51 g (yield
85% of a copolyner containing a repeating unit repr esent ed by t he

following [ofmhgedd- 12):as ot ained. -The capolynp flgé)a grthe.e

repeating unrt represente y th | oW ng orrm a wei ght

aver age nol ecu| ar_wei sured b per mee t|on chrorrato raph of

6 507 %/ mor e P et Rer it S T Bu o o S e Seael
transition, tenperat (Tg) was 110, 6C. The NNE data of the copol yner of
fornul a (1’"512)9X§F’§@§r eis‘énf}é&rieﬁleFI‘@t‘?aV{‘éﬂ%?n d&PVForimd g tyopp] o an
(Synthesis Exanple 3) A reaction was carried out in the sane manner
as in SynthesFerExampie 15urcept thetc’b0 mpy hagbwlres). of 4, 4- _
oxybi sbenzoi c acid was used instead of 50 g of the 1, 3- adamant anedi acetic
aci d used i n SyhidhestsiBxamphe i t Tdhwssc&brdi(yiel b «ofocalicepal yner
containing a repeating unit represented by the following fornmula (1-13) was

obt ai ned. JheticopplysehtcCORbahALAE the thepeatihRg i FeRT esentad by, the
followi ng fornula (1-13) had a wei ght average nol ecul ar wei ght as neasured

B bt e o L QB oL T T L ) ek Lo v

NVR data of thencopolyret of,fosrla,(113), arg, presented in FIG, 3,
selected from the group «consisting of a photo-acid
generator, a solvent, additives and combinations thereof.
In regard to the additives, any additives that are
conventionally applied to resist compositions can be
applied, and specific exampies include an alkali
dissclution inhibitor, an acid diffusion inhibitor, a
surfactant, a sensitizer and combinations thereof.

The photo-acid generator may any compound capable of
generating acid upon exposure, and examples thereof include
onium salt compounds, sulfonyloxyimide compounds, sulfonium
salt compounds and iodide salt compounds. Further examples
include sulfone compounds, sulfonic acid ester compounds,
diazonium salt compounds, disulfonylmethane compounds,
oxime sulfonate compeunds, and hydrazine sulfenate
compounds, but the photo-acid generator 1s not intended to
be limited to these.

The solvent may be any organic solvent that is
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[ Chem cal Fornula 1-13] (Synthesis Exanple 4) A reaction was carried
out in the sane nmanner as in Synthesis Exanple 1, except that 50 g (0.3

nol es) of nphenyl enedi carboxylic acid was used instead of 50 g of 1, 3-
adamant anedi acetic acid used in Synthesis Exanple 1. Thus, 53 g (yield
85% of a copolyner containing a repeating unit represented by the

[ ot nd Lonmunaibds 1) WeRcabLel N e SRROLYTEL SOMAIA0 e

repeating unit represen the foll ow ng fornul a a weight

average no | ar wei ght as _measured, by gel, perneation chromatography of

2, 928gg/ rm%?gg]hdl% ﬁ%@cﬂlﬁ%grs wet Gt i st ?Bb‘?’i’l%ﬁ’ of aﬁlﬁjf.s’Thealf\i%i’f?ﬁ]a%/a of
the copolyner of fornula (1-14) are presented in FIG 4. [Chem cal Formula
1- 14] hydroesipies and®E6hpar at i $8 CE¥Enpl &SN Foididtd on dFiREEiist and
property eval uation) . Resi st conpositions of Exanples and Conparative
Exanpl es wet€°¢€speet Pvély afibesd atlate cconpbsi ecdbnssandircontenty ratd os as
indicated in the followng Table 1, and the m xtures were filtered through

a 0.2-1 newbyank fichter kyThus,heresi sttsod ut | pnspweeeeprapacad. d Eachylof t he
resist solutions was applied on a silicon wafer substrate using a spinner,

and was dréedead, 1H0CHarerR0 ge¢ends dandonma esiests,f i hanhawing ée
t hi ckness of 0.20 pm The resist film
glycol monoalkyl ether acetates.

The alkali dissclution inhibitor may be any alkali
dissolution inhibitor that is conventionally applied to a
resist composition, and a phenolic derivative or a
carboxylic acid derivative may eb used.

The acid diffusion inhibitor has an effect of
controlling the diffusion of an acid generated by light
irradiation in the resist film, and thereby suppressing a
chemical reaction in unexposed areas. Examples that can be
applied include nitrogen compounds, such as amines
including monoalkylamines, such as n-hexylamine, and
diethylenediamine, but the acid diffusion inhibitor is not
limited to these,

The surfactant 1is intended to improve coatability,
developability and the like, and examples thereof include,
but are not limited to, polyoxyethylene lauryl ether,
polyoxyethylene stearyl ether, polycxyethylens, and
polyethylene glycol dilaurate.

Examples of the sensitizer that can be applied include
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was exposed using an E-beam exposure apparatus, BX9300FS (JECL, Ltd.) under
the conditions of 100 key, and after exposure, the resist filmwas
subjected to a heat treatnent (post-exposure bake) at 110C for 90 seconds,
and to devel opnent with a 2.28 w % aqueous sol ution of tetranethyl anmoni um
hydr oxi de as a devel oper liquid for 40 seconds. The devel oped resist film

was washed,gid, dd £ds aQFMPH%Oﬁeée%% e LRSI, dzenipf;l[aua“ on

results for the anp es and nparative |"és "ar € presen 1 e
Exanple 1 Bxanple 2, fxanpl e, 3 Rxapl e 4

The resist composition can contain the copolymer
containing the repeating unit represented by the formula (1)
in an amount of 1% to 99% by weight relative to the total
amount of the resist composition.

The resist composition may contain the copolymer
containing a repeating unit represented by the formula (1)
in an amount of 5% to 15% by weight, and the solvent in an
amount of 90% to 75% by weight, relative to the total
amount of the resist composition, with the balance being
the photo-acid generator and the additives.

The resist composition can be used toc form a resist
pattern by a resist pattern forming method which includes a
step of forming a resist film on a substrate, a step of
exposing Lthe resist film, and a step of developing the
resist film to form a resist pattern.

Specifically, the resist composition is applied on a
substrate such as a silicon wafer, using a spinner or the
like, and the applied resist composition is treated by
prebaking to thereby form a resist film. The resist film
is selectively exposed and patterned using an exposure
apparatus such as an EUV exposure apparatus, and then is
subjected to post-exposure Ppake (PEB) and development with

an alkalil developer liguid. Subsequently, the developed
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Conparativ eExanpl e *PAG Tri phenyl sul foniumin Table 1] 1Resin (100 partsby
wei ght) Synthesi Exanple 1 Synthesi Exanple 2

resist film is washed and dried, and thus a resist pattern
can be obtalned.

The exposure can be carried out using far-ultraviolet
radiation, Krl excimer laser light, ArlF excimer laser light,
EUV, wvacuum UV (VUV), X-radiation, an electron beam or the
iike, and particularly, EUV, VUV, X-radiation and an

electron beam are useful.

EXAMPLES

Hereinafter, the present invention will be described
in detail by way of Examples, so that the inventicn can be
easily carried out by a person having ordinary skill in the
art to which the present invention is pertained. However,
the present invention can be realized in various different
embodiments, and 1s not intended to be limited to the
Examples that will be described below.

Synthesis Examples for copolymer

(Synthesis Example 1)

50 g {0.19%8 moles) of 1,3-adamantane diacetic acid,
which 1s a compound represented by the formula (2), was
dissolved in dimethylacetamide solvent, and then 22.8 g
(0.198 moles) of dichloromethyl methyl ether was slowly
poured to the solution at room temperature (25°C). At the
same temperature, 44 g (0.435 moles) of triethylamine was

slowly added to the solution, and thus a reaction soclution



Synt hesi Exanple 3 Synthesi Exanple Resin A 1. *RAG (parts by weight 4.0
4.0 4.0 4.0 4.0 trifiate *Base (parts by weight 0.5

was prepared.

The reaction solution was allowed to react while
stirred for 5 hours, and the reaction solution was diluted
with ethyl acetate. The dilution was washed three times
with an excess amount of distilled water, and then was
washed again with an aqueous solution of potassium
carboenate and with distilled water.

The reaction solution was separated to obtain an
organic layer, and the organic layer was concentrated. The
concentrated reaction product was precipitated by using a
mixed solution of distilled water and methanol, and then
the precipitate was filtered and dried. Thus, 48 g (vield
82%) of a copolymer containing a repeating unit represented
by the following formula (1-11} was obtained. The
copolymer containing the repeating unit represented by the
following formula (1-11) had a weight average molecular
welght as measured by gel permeation chromatography of
5,280 g/mol, and a molecular weight distribution of 3.38.
The NMR data of the copolymer of the formula (1-11) are
presented in FIG. 1.

[Chemical Formula 1-11]
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(Synthesis Example 2)

A reaction was carried out in the same manner as in
Synthesis Example 1, except that 50 g (0.231% moles) of
naphthalene~1,4d-dicarboxylic acid was used instead of 50 g

of the 1,3-adamantanediacetic acid wused in Synthesis

o

Example 1. Thus, 51 g (yleld 85%) of a copolymer
containing a repeating unit represented by the following
formula (1-12) was obtained. The copolymer containing the
repeating unit represented by the following formula {1-12)
had a welght average molecular weight as measured by gel
permeation chromatography of 6,647 g/mol, and a molecular
weight distribution of 3.15. The glass transition
temperature  (Tg) was 110.6°C. The NMR data of the

copolymer of formula (1~12) are presented in FIG. 2.

{Chemical Formula 1-12]
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90 601 100 LER (nm 3 4 3 6 *BASE: Tetranet hyl anmoni um hydroxi de as a basic
additive * Resin A of Conparative Exanple: Copol yner represented by the
following forrmula (4)
(Synthesis Example 3)
A reaction was carried out in the same manner as in
Synthesis Example 1, except that 50 g (0.194 moles) of 4,4-
oxybisbenzoic acid was used instead of 50 g of the 1,3~
adamantanediacetic acid used in Synthesis Example 1. Thus,
55 ¢ (yleld 94.5%) of a copolymer containing a repeating
unit represented by the following formula (1-13) was
obtained, The copolymer containing the repeating unit
represented by the following formula (1-13) had a weilight
average molecular weight as measured by gel permeation
chromatography of 27,47% g/mol, and a molecular weight

distribution of 3.85. The glass transition temperature {Tg)
was 138.9°C. The NMR data of the copolymer of formula (1~
13) are presented in FIG. 3.

[(Chemical Formula 1-13)

{(Synthesis Example 4)

A reaction was carried out in the same manner as in
Synthesis Example 1, except that 50 g (0.3 moles) of m-
phenylenedicarboxylic acid was used instead of 50 g of 1,3-

adamantanediacetic acid used in Synthesis Example 1. Thus,
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[ Chem cal Fornul a 4] The sensitivity was determ ned such that the
exposure anmpbunt which can forma 0.10-11m i ne-and-space (L/S) pattern at a
line width of 1:1 after devel opnent, was designated as the optimum exposure
anount, and the optimum exposure anount was used to indicate sensitivity.
The m ni num pattern di mensi on obtained at this tinme was designated as the

resol utiong £y Y r.esol utr oni di cat es, perr or
characteri str'stgrﬁl &/aé#f;)s ﬁERfE iﬁﬁr%ég% %C%)ryut ﬁness Wals ci%eafnC i ned
observing the roughness of ,a 0 | i ne- and- space. (L/S pattern forrred
after devel‘opnent. ! (? | 158 v%ﬂ]qualecp%lf %t%&t%a?g ébp FiSoroREr ned.
characteristic. omthe results of Table 1, it can be confirned that
the Exanpl®&¥ arrpekm%rteaﬂéiéerventhef FEBRS LAYt S Slery@Tsintion tyy,
resolution and |ine edge roughness as conpared with the Conparative
Exanpl es. Fut hied rorvel nExdanplieba 1 1 k! 3 fexchidinteeldysuperd orga esuldcsiliar t er ns
of sensitivity and |ine edge roughness. Preferred enbodi nents of the
present i meentliton asavecbeenedesicyi bed abevechnidet athrotdoveyesphihes
invention in

2,928 g/mol, and a molecular weight distribution of 2.42.

The NMR data of the copolymer of fermula (1-14} are

presented in FIG. 4.

[Chemical Formula 1-14)

GHs
O O O
fég)k O/ko {

(Examples and Comparative Examples: Formation of
resist and property evaluation)

Resist compositions of Examples and Comparative
brxamples were respectively mixed at the compositions and
content ratios as indicated in the following Table 1, and
the mixtures were filtered through a 0.2-um membrane filter.
Thus, resist solutions were prepared. FEach of the resist
solutions was applied on a silicon wafer substrate using a

spinner, and was dried at 110°C for 90 seconds to form a

resist film having a thickness of 0.20 um. The resist film
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S broader aspects is not limted to the specific details and representative
enbodi nents shown and descri bed herein. Accordingly, various nodifications
may be made wi thout departing fromthe spirit or scope of the general
i nventive concept as defined by the appended clains and their equival ents.
What is claimed is: 1.A copolyner conprising a repeating unit represented
by the fol)ow ng farmula (1): rem _cal la 1] wherein gsents
any one seT%%{%%pﬁgggyt e o%%cggg%%%}iggﬁggug% éﬁﬁéﬁééﬁﬁr gﬁﬁﬁﬁgi?
het er oal ka Lyl group, a cyclpal kanedj.yl, group, et erocycl oal kanedi yl
group, an g?@?%hegégoﬁpfﬂgﬁ%%tEgﬁaFVV%héJégﬁhpgfaﬁg%ank%kaPagyﬁﬂﬁéﬂbroup;
R2 represents any one selected fromthe group consisting of a hydrogen
atom an afk§PSgroupsna Hetketloal ki Wroupb HEeyrd ot | haploug;eatnent
het er ocycl oal kyl group, an aryl group, a heteroaryl group, an al koxy group
and an al kipatkoxyogroup; bake) R3 R4AL°R6 &nd RB0 easdcdmgependent lyy
represent any one selected fromthe group consisting of a hydrogen atom and
an «'illoky' gﬁ@&@imém 1,4@r5 carbon af ong;.snl LePLEesent ss@n, i nteger,d rom 0
o] ;an

tetramethylammonium hydroxide as a developer liquid for 40
seconds. The developed resist film was washed and dried,
and thus a resist pattern was formed. The evaluation

results for the Examples and Comparative FExamples are

presented in Table 1.

[Table 1]
. | PAG *Base . !

Resin Sensitivit | Resolutio | ;pp

(100 {parts | {(parts ‘

parts by by by Y ! (nm

weight) ?elght yelght (pc/cmf) (nm) )

iSynﬁﬁési .
- ;18 : :
Example 1 Example 4.0 0.5 30 g70 3

1 '
: ' Synthesi . L
i . 3 | -
Example 2 Example 4.0 0.5 40 70 4

2

Synthesi '

s .
Example 3 Example 4.0 0.5 50 &0 5

3

Synthesi

s
Example 4 Example 4.0 0.5 30 60 3
Comparativ
e Example | Resin A 4.0 0.5 80 100 o
il ;

*PAG: Triphenylsulfonium triflate
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n2 represents an integer fromO to 10. 2.The copolyner according to claim
1, wherein 121 represents any one selected fromthe group consisting of

noi eties represented by the following formulas (1-1) to (1- 4): [Chem cal
Formula 1-1] [Chem cal Formula 1-2] [Chem cal Formula 1-3] (Rcl)n v3l

*BASE: Tetramethylammonium hydroxide as a bhasic additive
* Resin A of Comparative Example: Copolymer represented by
the fellowing formula (4)

[Chemical Formula 4}

gy eNe
E/Lﬁ

The sensitivity was determined such that the exposure
amount which can form a 0.10-um line-and-space (L/S)
pattern at a line width of 1:1 after development, was
designated as the optimum exposure amount, and the optimum
exposure amount was used to indicate sensitivity. The

minimum pattern dimension obtained at this time was

designated as the resolution. Smaller wvalues of the
sensitivity and resolution indicate superior
characteristics.

The LER (line edge roughness) was determined by
observing the roughness of a 0.10-um line-and-space (L/S)
pattern formed after development. A smaller wvalue of LER
indicates superior LER characteristic.

From the results of Table 1, it can bhe confirmed that
the Examples all exhibited excellent effects in terms of

sensitivity, resolution and line edge roughness, as
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r/ ss?

(Rc2)p32 [Chemi cal Formula 1-4] Rdl ) 1041,

compared with the Comparative ELExamples. Furthermore,
Examples 1 and 3 exhibited superiocr results in terms of
sensitivity and line edge roughness,

Preferred embodiments of the present invention have
been described above in detail. However, the invention in
its broader aspects is not limited to the specific details
and representative embodiments shown and described herein.
Accordingly, various modifications may be made without
departing from the spirit cor scope of the general inventive
concept as defined by the appended c¢laims and their

equivalents.
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wherein in the formulas (1-1) to (1-4), Rm Rn, Rb2,Rl,Rc2 and 13,11 each

i ndependently represent any one selected fromthe group consisting of an

al kyl group having 1 to 10 carbon atons and an al koxy group having 1 to 10
carbon atons; Rn represents any one selected fromthe group consisting
of 0, NR, S and CO represents any one selected fromthe group

conS|st|ng. y onland an al kyl group having 1 to 5 carbon
atons; pu ?gé%esgn gggﬁ&ﬁﬁ%eger from1l to 14, P21 and 1222 each

|ndependen ly represent an inte er. from1l to 4, and the sum of pn and pn is
not greateﬁ @POLYE b O %%@ge%cﬁ??%ﬂ%HE%d€Hﬁ1f“Hﬁﬁ%%&?ﬁ arv

i nt eger fron11 to 5, and the sumof pn and pn is not greater than 8; and
the following formula (1):

[Chemical Formula 1]

O
}QT F?g (g |Q5 éﬁ
AN

0" 0 Re /1
wherein R; represents any one selected from the group
consisting of an alkanediyl group, a heterocalkanediyl group,
a cycloalkanediyl group, a heterocycloalkanediyl group, an
arylene group, a heteroarylene group, and an alkylarylene
group;

Ra represents any one selected from the group
consisting o¢f a  hydrogen atom, an alkyl group, a
heteroalkyl group, a cyclealkyl group, a heterocycloalkyl
group, an aryl group, a heteroaryl group, an alkoxy group
and an alkylalkoxy group;

R;, Ry, Rs and Rz each independently represent any one
selected from the group consisting of a hydrogen atom and
an alkyl group having 1 to 5 carbon atoms:

nl represents an integer from 0 to 10; and

nz represents an integer from 0 to 10.
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Pu represents an integer from1l to 4. 3. The copol ynmer according to claim1,
wherein the copol yner has a wei ght average nol ecul ar wei ght as neasured by
gel perneation chromatography of 500 to 100,000 g/nol. 4. A nethod for
produci ng a copol yner containing a repeating unit represented by the
followng formula (1), the nmethod conprising all owi ng a conpound

represented by fﬁg fg%%gT&Qgrfor ?d@%& aq% a oqﬂgu regresented by t he

follow ng formula (3) eact i the presence N basi c ca%a?yst

I For | a I r ul Xi
[ Chem ca O ggsen;l %§h<¥h§a ngcEgdaf%km the greoup consisting of

moieties represented by the following formulas (1-1) to (1-

432

[Chemical Formula 1-1]

[Chemical Formula 1-3]

SN

[Chemical Formula 1-4)
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R2-O CH X2 [ Chem cal Fornula 3] wherein in the formulas (1) to (3),
represents any one selected fromthe group consisting of an al kanedi yl
group, a heteroal kanedi y1 group, a cycl oal kanedi yl group, a

het er ocycl oal kanedi y1 group, an arylene group, a heteroaryl ene group, and
an al kyl aryl ene group; represents any one selected fromthe
group consisting of a hydrogen atom an al kyl group, a heteroal kyl group, a
cycl oal kyl groupy/ a heterocycl oal kyl group, an aryl group, a heteroaryl

group, an al koxy 0 nd an al kylal koxy group;
s | /\me)p41 —

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

Razv Rp1r Rpzr  Rer, Rez and Rgr each  independently
represent any one selected from the group consisting of an
alkyl group having 1 to 10 carbon atoms and an alkoxy group
having 1 tc 10 carbon atoms;

Rip represents any one selected from the group
consisting of O, NR', S and CO;

R! represents any one selected from the group
consisting of a hydrogen atom and an alkyl group having 1
to 5 carbon atoms;

Py represents an integer from 1 to 14;

pz1 and pez each independently represent an integer
from 1 to 4, and the sum of pz and py; 1s not greater than
6;

P31 and pie each independently represent an integer
from 1 to 5, and the sum of py and p; is not greater than
8; and

Ps1 represents an integer from 1 to 4.

3. The copolymer according to c¢laim 1, wherein the

copolymer has a weight average molecular weight as measured



R3, R4, R5 and R6 each independently represent any one selected fromthe
group consisting of a hydrogen atom and an al kyl group having 1 to 5 carbon
at ons; X1 and X2 each independently represent any one selected from
t he group consisting of a hal ogen atom and an al koxy group having 1 to 10
carbon atons; nl represents an integer fromO to 10; and n2 represents an

g O el Sadfnea Prod e IERDO, LoD PN G, & LOPUNTRL At 21 g

represen

according to cl T2, wherein

the basic catalyst is any one selected fromthe group consisting of an
am ne, a pyridine and conbinations thereof. 6. The nethod for producing a
copol yner containing a repeating unit represented by the fornula (1)

according to cléi miiathomer

R theedonpeind? of CFsTier ( Qordd tHes cotrpound

of formula (3) are used at a nolar ratio of 1:0.5 to 1:3.0.
7. Ar esi st conposi ti@oncoapr i sty dreciopbl yrerthaccor diogiteo doyrone oflicl ains 1

to 3.

the method comprising allowing a compound represented by

the following formula {2} and a compound represented by the

fellowing formula

catalyst:

(3) to react in the presence of a basic

[Chemical Formula 1]

R
. O 12 0
SSS) 1%& ¥ f
Ra/ 0 0 Re /p

[Chemical Formula 2]

[Chemical Formula 3]

R3\ Ry

HO
R4 n1

Rs
OH
Re/n2

wherein in the formulas (1) to (3},

Ry represents any one selected from the group
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consisting of an alkanediyl group, a heterocalkanediyl group,
a cycloalkanediyl group, a heterocycloalkanediyl group, an
arylene group, a heteroarylene group, and an alkylarylene
group;

Ra represents any  one selected from the group
consisting o©f a  hydrogen atom, an alkyl group, a
heteroalkyl group, a cycloalkyl group, a heterocycloalkyl
group, an aryl group, a heteroaryl group, an alkoxy group
and an alkylalkoxy group:

Ri, Rg, Rs and Rg each independently represent any one
selected from the group consisting of a hydrogen atom and
an alkyl group having 1 te 5 carbon atoms;

X1 and X each independently represent any one
selected from the group consisting of a halogen atom and an
alkoxy group having 1 to 10 carbon atoms;

nl represents an integer from 0 to 10; and

nZ represents an integer from 0 to 10.

5. The method for producing a copolymer containing a
repeating unit represented by the formula (1) according to
claim 4, wherein the basic catalyst 1s any one selected
from the group coensisting of an amine, a pyridine and

combinations thereof.

6. The method for producing a copolymer containing a
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repeating unit represented by the formula (1) according to
claim 4, wherein the compound of formula (2) and the
compound of formula (3) are used at a molar ratio of 1:0.5

to 1:3.0.

7. A resist composition comprising the copolymer

according to any one of claims 1 to 3.
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