POLYMER COMPOUND, AND RESIST-PROTECTING FILM COMPOSITION INCLUDING SAME
FOR A LIQUID IMMERSION EXPOSURE PROCESS Technical Field The present invention
relates to a polymer compound and a resist protective film composition for an immersion lithography
process that includes the polymer compound. Background Art 10Lithography methods are widely used

in the produdﬁ@ﬁ—b’Nﬁ&&@Uﬂ?@&NE’fuﬁ_ﬂ%%ﬁ%ﬁﬁﬁﬁ@@ﬁﬁaﬁ?&@ﬁh%%@?ﬂ%%@ﬁ%nductor
devices and liqy PRy ANKRE POSORD ISUAS IVRISRDICRCEXPBIYORE Brese gagces has lead

to demands for further miniaturization of resist patterns used in these lithography processes.
15Currently, in the most up-to-date fields, fine resist patterns with a line width of approximately 90 nm
are able to be formed by lithography. In the future, however, even finer pattern formation will be
required. In order to enable the formation of these types of ultra fine patterns of less than 90 nm,
the devdigphitealdtigibropriate exposure apparatus and corresponding resist is the 20 first

requirement. \WitlrgRRGG toh (6, GRGRIER-8RBAAAILR R UNSS RHE R AS SheLRRIpGhenya Rignath

of a light source for F2 excimer lasers, extreme ultraviolet radiation (EUV), electron beams, X-rays,
and sofCRIPRESHIoM (96 251G G HGMBERQETapEX O FRES) BT 18pibiaps BesneodavelopRaPReNdver,
shortening the wavelength of the light source requires a new and 25expensive exposure apparatus.
Furthermore, if the NA value is increased, since the resolution and the depth of focus exist in a
trade-o ip, even if the resolution is increased, a problem arises in that the depth of

fogys is lowerqdyRepaptly rAsRdtROFFERNYERFIREIPY ok YIOWIRGISHT PRRISIMSIR RE-SOlVRS 2

method known as immersion exposure has been reported. In this method, exposure is 30conducted in

a state WhéreVRGiGt refr LackoniedmAeRS stiefadp iR NERINCERN LRrYiESsased iariflgois@l.,
refractivgcpides liquishgamhinmarriaftibauish isdisnosssinaraedstaiaine LiieaessRn Rblgag) 2

resist film between a lens and the resist film formed on a substrate. In this method, the space of an
exposuréagANPath QoriEisnaniniedizatiotedf gEasiicRatadior wigdgdn isheptaddBagimraYiquid
having @f@ggggégfractive index (n), for example pure water to attain high resolution without a
decrease in focal depth width in a manner similar to the use of a light source of shorter wavelength or

a High NA lenseVEaNHhdbpiR dnsstrep-tadiate tieldanftnexpridatraiismenyiihiadinployeth Such
liquid imypgFeiamERAHPRN RS BerntepakaRbafitebirvpe theHeatnaeHAavs: &l

implemented in the eX|stin? device to realize the formation of a resist pattern excellent in higher

resolutidiNpr SRRy RETRATS SWHNR ABRHHERG depth in low costs. 10Detailed Description of the
Invention Techisaldiebiembie thd ishResNbiNveRtapfue\idafa Ralymsksorepwnd fpka treist

protective film compaosition for an immersion lithography process which has, in a liquid lithography

processPAhiGR ARXSHRINESHHAE ERRERPURLS I MEMBYELP SABBARMSRNFHECEIRRPANGHIh ERSIAEA ER) of a
resist, amdis exgarankie e Vere ircapdaimeysipe liowanyy BigsastRYeRdarmismadl ameynhs
shortening the wavelength of a light source for F»> excimer lasers, extreme ultraviolet
radiation (EUV), electron beams, X-rays, and soft X-rays or increasing the number of
aperture (NA)} of a lens are being developed.
However, shortening the wavelength of the light source requires a new and
25  expensive exposure apparatus. Furthermore, if the NA value is increased, since the
resolution and the depth of focus exist in a trade-off type relationship, even if the
resolution Is increased, a problem arises in that the depth of focus is lowered.
Recently, as a lithography technology for allowing such problems to be solved, a method
known as immersion exposure has been reported. in this method, exposure is
30 conducted in a state where liquid refractive index media such as pure water or a
fluorine-based inert liquid (e.g., refractive index liquid and immersion liguid) is disposed
in a predetermined thickness on at ieast a resist film between a lens and the resist film
formed on a substrate. In this method, the space of an exposure light path

conventionally filled with inert gas such as air or nitrogen is replaced with a liquid having
1



The present invention also provides a resist protective film composition for an immersion lithography

process including the polymer compound. The present invention also provides a method of
forming a photoresist pattern by 20using the resist protective film composition for an immersion
lithography process. Technical Solution According to an aspect of the present invention, there is

provided PRBRJrHRI 26N B ALABX HE I A GXEH0RMR RS TR WHbRE & atfaifehighy anal wiprevdiied By Formula
1 25belQu At IR9RNaMIMIIERTIR sepemting Bmifanrs e teskhy BargMIaR kel s ABAEHO to 900

parts by mole of a repeating unit represented by Formula 3 below, wherein the polymer compound has
a weighVaY&/ggethereadl ISt @vea0i eoentiod! SyeRUIIAVIBL HRHEMS SXPOsHTEa 3>

CH2-C QrlvabRainvResainiBledi3, Ra, R5, and R6 are each independently a hydrogen (H) atom, a
fluorine (F) atom, or a substituted or unsubstituted 01-020 alkyl group, R2 is a substituted or

unstbstituted GUERFHNE GG HILNBSRRRY FRShAv REkaY-CYiegd bagrysg B Usterein
at least predyinens atrmohipealkerrRE &Ry diealytgradnis sbatitisaonity a group

represented by Formula a below, R7 is a hydrogen atom or a substituted or unsubstituted 01-025 alkyl
group, <E8ishiRAlegxealiarbichigherEerelian AjoperyaseneiRas exaaligidarfeaahdents in
substitujgd epypsubstituted 01-025 alkyl group, R9 is a single bond or a substituted or unsubstituted
C1-C10 alkylene group, and * indicates a binding site. The polymer compound may further
include at least one of 10 to 900 parts by ISmole of a repeating unit represented by Formula 4 below

angh1 tq98i R D RIS b A FRPERERGIGRIt represented by Formula 5 below:

Technical Problem

The present invention provides a polymer compound for a resist protective film
composition for an immersion lithography process which has, in a liquid lithography
process, a high receding contact angle and improved solubility and line edge roughness

15 (LER) of a resist, and is excellent to be used in an immersion iithogr.aphy process even in
a small amount.

The present invention also provides a resist protective film composition for an
immersion lithography process including the polymer compound.

The present invention also provides a method of forming a photoresist pattern by

20 using the resist protective film composition for an immersion lithography process.

Technical Solution

According to an aspect of the present invention, there is provided a polymer

compound including: 100 parts by mole of a repeating unit represented by Formula 1

25 below; 10 to 900 parts by mole of a repeating unit represented by Formula 2 below; and

10 to 900 parts by mole of a repeating unit represented by Formula 3 below, wherein the
polymer compound has a weight average molecular weight of 1,000 to 100,000:

<Formula 1> <Formuia 2> <Formula 3>



<Formula 4> wherein R10 is a hydrogen (H) atom, a fluorine (F) atom, or a substituted or
unsubstituted C1-C20 alkyl group, R11 is a substituted or unsubstituted Ci-C10 alkylene group, and
R12 is a hydrogen atom or a substituted or unsubstituted C1-C25 alkyl group, 5<Formula 5> R13 CH2
0=C R14 wherein R13 is a hydrogen (H) atom, a fluorine (F) atom, or a substituted or
unsubstituted C,-00 alkyl group, and R14 is represented b{]?l?sor Mk b below, <Formula b> Ri5
wherein R15 and R17 are each independently a single hand or g siibstituted or unsubstituted C1-C10

alkylene group, R15 is a single bond, -0-, or -COO-, R15 @ each independently a hydrogen
(H) atom,.a quorin&dF atom, or a substituted or 15unsub 1-C20 alkyl group, and * indicates a
binding site Ho ing to another aspect, of the presentivention, there is provided a resist
protective film cqg?gtgg ition for an im [ Eﬁ)mposition including the
polymer comeJﬁ escribed above and According toanother aspect of the present
invention, there is pyovided a method photoresis@)attern, the method including: coating
a photoresist compiosition on a substrate o for photoresist fiI|m; coating the resist protective film
composition for aimmersion lithograph\proc of claim 12 CR'/The photoresist film to form a resist
protective film; arranqing anjmmersion mediyum between.the resist prptective, film an@_gxl ns: and
irradiating radig%oeﬁ g][ﬁé ’;ﬁ&’tﬁé's%f*ﬁﬁﬂ aoir%c;3 tﬁgerggi%% 6}90 %%ﬁ%/é?ﬁg VR ARG G na%n?(rar}iil?m and
a mask fluithiagptEdetormined satstittdad devempistithieddraliatedkiilmgsoiaoform a resist pattern.
Hereinafter, a pplymer ¢ ccordi badiment of resent invention.and a resist
protective film %%m%]oéiti‘g%ﬁ@rg %é@r@?%%ﬁ%ﬁ%hgbg esa;ﬂ(lﬁgfg&rﬁj the %aré.g% ‘?g%g ((]:IaegEribed
in dietailuEprettited Suchasyatitealkybgeoofy; whengineticdiagt avtist lnf drlegeentdo onddify thkk\dntire
list of el t i individual el : ' | iment
of the pRLOTR: Mo ere o 5 e ) A BtE P et e S ot
repeatirgelmit, represented by Formula 1 below; 10 to 900 parts by mole of a repeating unit
represented byFotmula & belan BRE LI AARALS O RS8R fERRalag, Uk igrsss ed by

sa

Formula 3 below an
<Formula a>

o
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wherein Rs is a hydrogen atom or a substituted or unsubstifuted C4-Cys alkyl
group, Ry is a single bond or a substituted or unsubstituted C+-C4¢ alkylene group, and *
indicates a binding site.
The polymer compound may further include at least one of 10 to 900 parts by
15 mole of a repeating unit represented by Formula 4 below and 1 to 100 parts by mole of a
repeating unit represented by Formula 5 below:

<Formula 4>

||?1 0
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15weight average molecular weight of 1,000 to 100,000: <Formula 1><Farmula 2><Formula 3>
wherein R1, R3, R4, R5, and R6 are each independently a hydrogen (H) atom, a fluorine (F) atom, or
a substituted or unsubstituted C1-C25 alkyl group, 20R2 may be a substituted or unsubstituted Ci-C10
alkyl group or a substituted or unsubstituted C1-C10 cyclic alkyl group, wherein at least one hydrogen
atom of the alRYPEF6lH Brel tHeCHYREIRN §rbupiRBy BeUidiRulEd RIfM Godh SHPRLLERE by

Formulg,ah@lenited C1_C%7d]q?ydqg@phydrogen atom or a substituted or unsubstituted C1-C25 alkyl
group. 25<Formula a> CF3 cF3 8 In Formula a_above, R8 may be a hydrogen atom or a

substituted or fisibatititetitied 25 UNSHRRHICRE riay FEkY 8RG8 BBRJFI% substituted or
unsubstituted &1;Gs19 pilrsneroses®. and Supdifates abinfinpstitatlTnacicuii Glolp3. Ra, R6,
and R6 may be each independently a hydrogen (H) atom, a fluorine (F) atom, a methyl group, an ethyl
grotip, a propyFGRSOBE &1-C25 alkyl group substituted with at least one fluorine, or a C1-C20 alkyl
group substituted with atﬂqgst one hydroxyl group. 1 to 4 hydrogen atoms of R2, i.e., a substituted or
unsubstituted Ci-C#Tﬂang_ group 10 or a substituted or unsubstituted C1-C10 cyclic alkyl group, may
be substituted \Xh ég T,I% of Formula a. In particular, if R2 includes three hydrogen atoms like a
methyl group, at mo<P3-kyydrogen atoms thereof may be substituted with the group of Formula a.

In addition, R2 may be ) ydrogen atom, a C1-C25 alkyl group substituted with at 15 least one
hydroxyl group, or a C1-@25 alkyl group substituted with at least one carboxyl group. In addition,
R8 may be a hydrogen dtomn or a substituted or unsubstituted C1-010 alkyl group, and R9 may be a

single bond or g substityted.or unsu stituteyc(i 1-05 alkylepe group.-20The amount of the repeating
ot of Formid DLa) e 10 3ot SaNe by Hom o Bl REES ah ot by e S B
80 to 30 pabistiytadole, Hasedllont §@Apastsdoy mole of the repeating unit of Formula 1. In this regard,

when thg amount of the repe 'ng unit of Formula 2 is less than 10 parts by mole based on 100 parts
by mole Jf the F {)e% %gcgk%yaf or%%l%ti? an alkall solubility of the polymer compound may be 25

redaced and this onapukedbersely affect maintaining a shape of a resist. On the other hand, when the
amount of the repeating unit of Formula 2 is greater than 900 parts by mole based on 100 parts by
mole of the repeating unit of Formula 1, the size of a receding contact angle may decrease and the
polymer compound may be ipﬁ’eﬁmixed with a resist. 30For example, the amount of the repeating unit
of Formula 3 may be 10 to BQQ parts by mole, for example, 30 to 600 parts by mole, for example, 50 to
300 parts by 6 mole based ag 100 parts by mole of the repeating unit of Formula 1. When the amount
of the repeating unit oﬁ-‘ter\m 473 is less than 10 parts by mole based on 100 parts by mole of the

- repeating unit of Formula 1 Can alkali solubility of the polymer compound may be reduced and this may
adversely affect mairlt@i3 g a E%@pe of a resist. On the other

O340

wherein Rys and Ri7; are each independently a single bond or a substituted or
unsubstituted C4-C4g alkylene group, R is a singie bond, -O-, or -COO-, Ry and Ryg are
each independently a hydrogen (H) atom, a flucrine (F) atom, or a substituted or

15 unsubstituted C+-Cyp alky! group, and * indicates a binding site.

According to another aspect of the present invention, there is provided a resist
protective film composition for an immersion lithography process, the composition
including the polymer compound described above and a solvent.

According to another aspect of the present invention, there is provided a method

20  of forming a photoresist pattern, the method including: coating a photoresist composition

on a substrate to form a photoresist film; coating the resist protective film composition for

4



5 hand, when the amount of the repeating unit of Formula 3 is greater than 900 parts hy mole based
on 100 parts by mole of the repeating unit of Formula 1, the size of a receding contact angle may
decrease and the polymer compound may be intermixed with a resist. The polymer compound has a
weight average molecular weight of 1,000 to io 100,000, for example, 3,000 to 50,000, and, for
exampl8NsiTN0aE 20, dtte WA tREaRBRfhPR R e AB g ftpresish8Ipbligmiertompesist is

less 1’%tgétﬁ%oﬁm'ftbﬁ%F@Egﬁ”&ﬁiﬁ%@s@éﬂtﬁ?@&%mrﬁéﬂﬁ%% (48ihe Rk pa e dhe

weight average molecular weight of the polymer compound is greater than 100,000, an alkali solubility
of the pPEIFDIFBEiRttheh ERdiRTIRBUIR e PptREFISE MM B4 henipoistiprrigeiivefyrheia spelymer
compoyphiBesRAPaRtaHIIRMIN difficydl Qhibrndlifgdete FRACL R R POIMMET SisBRISINGINGEX

(POI), which is a ratio (Mw/Mn) of a weight average molecular weight (Mw) of the polymer compound
to & nuriiRFaRst A8 HeIERNLA VRSHEHIRRI® B polystyrene that is measured by gel permeation

chromatographyet&iR&eMay B8IjriaP cihssampPsedot@in 2 R renraatinehenlt of osmyHastfpay be

represented by any one of Formulae 1-1 through 1-18 below, but is not limited thereto: <Formula

1-1><FYMANHON 20Erp asiel ProtectivefipE sQmaasititial £3s Immesiandithsiaply RRESSSF3 0
IF(3) 0 3R amemeladidwill be described in detail.

Expressions such as “at least one of,” when preceding a list of elements,
10 modify the entire list of elements and do not modify the individual elements of the list.
According to an embodiment of the present invention, there is provided a polymer
compound that includes 100 parts by mole of a repeating unit represented by Formula 1
betow; 10 to 900 parts by mole of a repeating unit represented by Formula 2 below; and
10 to 900 parts by mole of a repeating unit represented by Formula 3 below and has a
15 weight average molecular weight of 1,000 to 100,000:

<Formula 1> <Formula 2> <Formula 3>
Rs Rg

R
TCHy ¢ o
0=C O O
0 A
Ro Rs Rg

wherein R¢, Ra, R4, Rs, and Rg are each independently a hydrogen (H) atom, a

fluorine (F) atom, or a substituted or unsubstituted C4-Cyg alkyl group,

20 Rz may be a substituted or unsubstituted C1-C alkyl group or a substituted or
unsubstituted C4-Cqo cyclic alkyl group, wherein at least one hydrogen atom of the alkyl
group and the cyclic alkyl group may be substituted with a group represented by Formula
a below;

R; may be a hydrogen atom or a substituted or unsubstituted C4-Cys alkyl group.

25 <Formula a>



The repeating unit of Formula 2 may be represented by Formula 2-1 below, but is not limited thereto:
<Formula 2-1> 00 10 The repeating unit of Formula 3 may be represented by one of Formulae
3-1 through 3-3, but is not limited thereto: <Formula 3-1><Formula 3-2><Formula 3-3> As described
above, the polymer compound may be a ter-copolymer having the repeating units of Formulae 1
through 3 above. Also, th F[iolymer compound may further include a repeating unit represented by

Formula 4 below. anga r {ng LQRSrepresented by Formula 5 below and, that is, may be a quarter-
or penta-copolymer: #onmula?@/ lo #CH2-CI Rii 0=C 1:1) R12 wherein Rio is a hydrogen (H)
atom, a fluorine (F) atomCérsa s%bstituted or unsubstituted Ci-C20 alkyl group, 10R11 is a substituted
or unsubstituted C1-C10 alkylene group, and R12 is a hydrogen atom or a substituted or unsubstituted
C1-C20 alkyl droEiprme Biaraalackz AR pPdyHZ2 3 hydrogen atom or a substituted or unsubstituted

C1-Cys alkyl group, Re may be a single bond or a substituted or unsubstituted C+-C1g
alkylene group, and * indicates a binding site.

5 In particufar, Ry, Rs, R4, Rs, and Rs may be each independently a hydrogen (H)
atom, a fluorine (F) atom, a methyl group, an ethyt group, a propyl group, a C4-Cpg alkyl
group substituted with at least one fluorine, or a C4-Cyq alkyl group substituted with at
least one hydroxyl group.

1 to 4 hydrogen atoms of Ry, i.e., a substituted or unsubstituted C4-C1q alkyl group

10 or a substituted or unsubstituted C4-C+g cyclic alkyl group, may be substituted with the
group of Formula a. In particular, if Ry includes three hydrogen atoms like a methyl
group, at most 3 hydrogen atoms thereof may be substituted with the group of Formula
a.

in addition, R; may be a hydrogen atom, a C4-C,s alkyl group substituted with at

15 least one hydroxyl group, or a C+-C,s alkyl group substituted with at least one carboxyl

group.

fn addition, Rg may be a hydrogen atom or a substituted or unsubstituted C4-C1g
alkyl group, and Ry may be a single bond or a substituted or unsubstituted C4-Cs
alkylene group.

20 The amount of the repeating unit of Formula 2 may be 10 to 900 parts by mole, for
example, 50 to 600 parts by mole, for example, 80 to 300 parts by mole based on 100
parts by mole of the repeating unit of Formuia 1. In this regard, when the amount of the
repeating unit of Formula 2 is less than 10 parts by mole based on 100 parts by mole of
the repeating unit of Formula 1, an alkali solubility of the polymer compound may be

25 reduced and this may adversely affect maintaining a shape of a resist. On the other
hand, when the amount of the repeating unit of Formula 2 is greater than 900 parts by
mole based on 100 parts by mole of the repeating unit of Formula 1, the size of a
receding contact angle may decrease and the polymer compound may be intermixed
with a resist.

30 For example, the amount of the repeating unit of Formula 3 may be 10 to 900
parts by mole, for example, 30 to 600 parts by mole, for example, 50 to 300 parts by

6



0=-C O Riet wherein R13 is a hydrogen (H) atom, a fluorine (F) atom, or a substituted or
‘15unsubstituted C1-C20 alkyl group, and R14 is represented by Formula b below, <Formula b>
wherein R15 and R17 are each independently a single bond or a substituted or unsubstituted C1-C10

alkylene group, R16 is a single bond, -0-, or -000-, R18 and R19 are each independently a hydrogen
(H) ator1i&1087RE BE) HErRade LrupsiRRE 6 shRsPS L @dRED YR Ky ! ) Hiiamediehtes a

binding sftthe reprpffbcula JREGRRAIR 33MaYPHEACTDINRRERIGAYATRLIORN (bD ag}fg,@ _
fluorine (F) atom, a methyl group, an_ethyl group, a Propyl ?roup, a 01-025 alkyl group substituted with

at least BERic epes E8est gl rgrive duBbialial SalHl sl o plyaekpasreayndonay

additiony Riasttena idreasasms &1 CareetnadaRmg Suhsiite Mty at leashane Bikpxy!
group, or a 01-025 alkyl group substituted with at least one carboxyl group, R11, R15, and R17 may

be & singid Bokd R 4 BERURICE R ERSRtnSIURIt oY SRYRWE Grdvi9reatemiaahelBamitaky r18

and R19nmey heseachringepensientiyarfiupiing atemepadhispmounioFditinReatingusitofdrosmula 4
may be 10 to 900 parts by mole, for example, 30 to 600 parts by mole, for example, 50 to 300 parts by

mole bd$§SE NG GER&E BYHS ORI BY tﬂ%%’&éé’[iﬁﬁ‘bﬁ'ﬂ%gPBFN%WaCQF‘WHéHQh@%YnB%Hf‘?ﬁ*’fﬁ@‘ed

repeatinging pfdpgrmula 4 is within this range, an alkali solubility of the polymer compound increases
and thus a shape of a resist and a high receding contact angle may be maintained. 20 The amount of

the repeating UrifoPRYMRRIICERREMBE 1Ni5160 WaIgh b HRoRISoMSNERYRE, WeipBh RS ¥RPniSIe, for
example0b 080 parskynpeleshasedBd 00 patsdsPeiRphile, reprming 20ib0b Fouyhea the

The repeatingbunit of Formula 5 has a structure in which a radiation-sensitive acid-generating

compouiB'eahaBRI Y BB YRI5 d5R OIS SRERANLiSISSS I idtP eaRabiitnel of a
side chagnifiateaf-cBitsrvkemibaimniouatiotie repaaiiadoait RAROMHENT IS WiEhihthisdiige,

thermal stability is imr)roved and line edge roughness of a pattern s?ﬁ)e decreases and thus it is

possiblég' 5 RIS bR Y Mef PaRRESR CR S GRS H RPN OS5 ¥4 nRl2h A PH P Y e ented
by Formutapdlyhibrassipéudad bvdysoeotdiiied thedatas bfcasinyef 4 borissmita herafeyinda 4-3>
HOOHHO, <Formula 4-4><Formula 4-5><Formula 4-6> )

15 polymer compound increases, resulting in difficulty of handling.

In addition, a polymer dispersity index (PD1}, which is a ratio (Mw/Mn) of a weight
average molecutar weight (Mw) of the polymer compound to a number average
molecular weight (Mn) of polystyrene that is measured by gel permeation
chromatography (GPC), may be 1 to 5, for example, 1 to 3.

20 The repeating unit of Formula 1 may be represented by any one of Formulae 1-1
through 1-18 below, but is not limited thereto: '

<Formula 1-1> <Formula 1-2> <Formula 1-3>

L ')
o= | |
O -
[ o FAC——CF,4
0.0 0.0 O O\’/
e Sl ta o Y

O
<Formula 1-4> <Formula 1-5> <Formula 1-6>

-~



OHHOOH <Formula 4-7><Formula 4-8><Formula 4-9> <Formula 4-10><Formula 4-11><Formula
4-12> OH. °~ The repeating unit of Formula 5 may be represented by Formulae 5-1 through 5-11, but
is not limited thereto. <Formula 5-1><Formula 5-2> <Formula 5-3> <Formula 5-4> <Formula 5-5>
<Formula 5-6> <Formu|a 5-7><Formula 5-8><Formula 5-9>

o o

0

0o
3%CF3 FsC-—CF,
0.0
Y 181
o) o)

<Formula 1-7> <Formula 1-8>

CFg

%Cﬁ, 30 cr=3

Y h’

<Formula 1-9>

<Formula 1-10> <Formula 1-11> <Formula 1-12>




<Formula 5-10> <Formula 5-11> =0 o-= For example, the polymer compound
(ter-copolymer) may be répresented by 5Formulae 6 through 11 below: <Formula 6> CF3CF3HO
F3CCF3 Oy0f-0 0

'I;ij tj%
0] 0O
CFy
w‘;ﬁ
F.C——CF, F,C—CF,4 Q cR,
0.0l 0.0 0.0
T Y Oyt
0 O 20
<Formula 1-13> <Formula 1-14> <Formula 1-15>

a7

F

o ot

O

? cr, FsC——CFs O cr,
0.0 0.0« 0.._0O.
Oyt Y Ot
CFs o o CF, 0
<Formula 1-16> <Formula 1-17> <Formula 1-18>

Q{F O\:Cl}// CFg3 O? CF3 O
e Lo A

0
5 CF3 © CF3 O CF3

The repeating unit of Formula 2 may be represented by Formula 2-1 below, but is
not limited thereto:

<Formula 2-1>

10 |
The repeating unit of Formula 3 may be represented by one of Formulae 3-1
through 3-3, but is not limited thereto:

<Formula 3-1> <Formula 3-2> <Formula 3-3>



<Formula 7> F3CCF3 0 0 0 <Formula 9> F3CCF3 0 0 0 <Formula 10> HO F3C CF3 0y04/0 1
<Formula 11> wherein a is 100 parts by mole, b is 10 to 900 parts by mole, ¢ is 10 to 900 parts by
mole.  In addition, the polymer compound (quarter- or penta-copolymer) may be represented by
Formulae 12 through 20 below. In this regard, it is obvious to one of ordinary skill in the art that
repeating units of the polymer compoundsjof Forhulae 12 through 20 are not configured in the order
as illustrated below and the polymer comp gcludes all the polymér comgounds in the form of a
random copolymer whose repeating units awro omly arranged: 5<
<Formula 14><Formula 15>

HO OH
As described above, the polymer compound may be a ter-copolymer having the
repeating units of Formulae 1 through 3 above. Also, the polymer compound may
further include a repeating unit represented by Formula 4 below and a repeating unit
5 represented by Formula 5 below and, that is, may be a quarter- or penta-copolymer:

<Formula 4>

wherein Ry is a hydrogen (H) atom, a fluorine (F) atom, or a substituted or
unsubstituted C+-Cy alkyl group,
10 R11 is a substituted or unsubstituted C4-C4g alkylene group, and
Ri2 is a hydrogen atom or a substituted or unsubstituted C4-Cys alkyl group,

<Formula 5>

wherein Ri3 is a hydrogen (H) atom, a fluorine (F) atom, or a substituted or
15 unsubstituted C4-Czp alkyl group, and
R14 is represented by Formula b below,

<Formula b>

i0



. OH10 <Formula 16> <Formula 18> <Formula 19> <Formula 20> wherein a is 100 parts

by mole, b is 10 to 900 parts by mole, c is 10 to 900 parts 5by mole, d is 10 to 900 parts by mole, and
e is 1 to 100 parts by mole. The substituents used in the definition of the polymer compound may
be defined as follows. The alkyl group as used herein refers to a linear or branched saturated
monovalent hydrocarbon groyp having 1 to 20 carbon atoms, for example, 1 to 10 1()carbon atoms, for
example, 1 to 6 carbon atomsR45 Examples of the unsubstituted alkyl group include methyl, ethyl,
propyl, isobutyl, sec-butyl, t ;l utyl, panty!, iso-amyl, and hexyl, and at least one hydrogen atom of
the unsubstituted alkyl groupnay be substituted with a halogen atom, a hydroxyl group, a nitro group,
a cyano group, a substRyted ﬁ’umsubstituted amino group (e.g., -NH2, 15 -NH(R), -N(R")(R") wherein
R'and R" are each indeper}@\ntly a, C1-C10 alkyl group), an amidino group, hydrazine, hydrazone, a
carboxyl group, a sulfoni acid dtowp, a phosphoric acid group, a C1-C20 alkyl group, a C1-C20
halogenated alkylgraup?a C1-C23-alkenyl group, a C1-C20 alkynyl group, a C1-C20 heteroalkyl
group, a C3-C2 ¥ \o 20 arylalkyl group, a C5-C20 heteroaryl group, or a C6-C20
heteroarylalkyl g e all e group as used herein refers to a straight or branched chain
divalent hydrocarbon grt only consists of carbon and hydrogen, has no degree of unsaturation,

and has 1 to 10 carbon @ for example, 1 to 5 carbon atoms.

wherein Rys and R¢; are each independently a single bond or a substituted or
unsubstituted C4-C+g alkylene group, Ry is a single bond, -O-, or -COO-, R4g and Ry are
each independently a hydrogen (H) atom, a fluorine (F) atom, or a substituted or

5 unsubstituted C4-Cyp alkyl group, and * indicates a binding site.

In particular, Ryp and R43 may be each independently a hydrogen (H} atom, a
fluorine (F) atom, a methyl group, an ethyl group, a propy! group, a C4-Cy alkyl group
substituted with at least one fluorine, or a C4-Cyp alkyl group substituted with at least one
hydroxyl group.

10 In addition, Ry» may be a hydrogen atom, a C4-Cy5 alkyl group substituted with at
least one hydroxyl group, or a C4-Cys alkyl group substituted with at least one carboxy!
group, Rq1, Rys, and R4y may be a single bond or a substituted or unsubstituted C¢-Cs
alkylene group, Ris may be -COO-, and Rz and Rys may be each independently a
fluorine atom.

15 The amount of the repeating unit of Formula 4 may be 10 to 900 parts by mole, for
example, 30 to 600 parts by mole, for example, 50 to 300 parts by mole based on 100
parts by mole of the repeating unit of Formula 1. When the amount of the repeating unit
of Formula 4 is within this range, an alkali solubility of the polymer compound increases
and thus a shape of a resist and a high receding contact angle may be maintained.

20 The amount of the repeating unit of Formula 5 may be 1 to 100 parts by mole, for
example, 1 to 50 parts by mole, for example, 1 to 30 parts by mole based on 100 parts
by mole of the repeating unit of Formula 1.

The repeating unit of Formula 5 has a structure in which a radiation-sensitive
acid-generating compound capable of generating an acid upon application of radiation is

25 bonded to a terminal of a side chain thereof. Thus, when the amount of the repeating
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5 Examples of the alkylene group include methylene, ethylene, propylene, and n-butylene. At least one
hydrogen atom of the alkylene group may be substituted with the same substituent as in the alkyl
group described above. According to another embodiment of the present invention, there is
provided a resist protective film composition for an immersion lithography process which includes 10
the poly#hdr 8brfipHitEdesiibEinimHsarrNaollisimal stalilifindentarevedoRimselioenfsitifd may

be 1 to ?&J%ﬁﬂé@wgi%&éﬂﬁ erampedréadsRatsthisveigHofmxampien o b RA R pyeight
based on 100 parts b% Weé%ht of the solvent. When the amount of the polymer compound is within this

range, the obt#inadcdiiRRpdRRisPASALIRG Wb driatevidcb MmpYdredipRirsaries ity 5prswiardim and

the thickResgaf AbeorasistPraieaHyestimanaibe easily adjusted. The solvent may include at least
one selected from monovalent alcohols, polyols, alkyl ethers of polyals, alkyl ether acetates of polyols,

ethérs, cyclic 6thergWk4nts, alkoxy SkeABEI2Aatic hydrocarbdhe Rethés3esters, and water. The

monovalent alcohols may be C4-C11 monovalent alcohols such as 1-putyl {20 alcohol, 2-butyl alcohol,

-dimethy1-1-butanol,3,3-dimethy1-2-butanol,
tanol, 25

3-methyl-1-pentanbl, 3-
4-methyl-2-pentanol, 4-nethyl-3-pentanol, cyclokexanol, 2,6-dimethyl-4-hegtanol,
3,5,5-trimethy1-1-hexand|, 1-n(ﬁanol, 1-decanol/ methyl-n-octylcarbinol, ethyl heptyl carbinol, hexyl
propyl carbinol, amyl butyl ol, 2-und I, 3-undecanol, 4-undecanol, canol,
3,7-dimethy1-1-octanol. 30Examples of the polyyls include ethylene glycol, gropylene glycol,
4-hydroxy-4-methyl-2dédtanol, 2-ethyl-1,3-hexafdiol, 1,3-butandiol, 1,24fopanediol,
1,3-propanediol Fim tandiol, and t lyals be C4-C8 divalent alcohols. Examples of the
alkyl ethers of p<oFIl>90 S mgc%—d%ethyleng %@%gﬁﬂr%énv%hethyl ether, et#}ﬁéﬁ@%%/gé r>nonoethyl ether,
diethylene glycol monomethyl ether, diethylene glycol 21 monoethyl ethher, diethylene glycol ethyl
methyl ether, propylene glycol monomethyl ether, and propylene gly yl ether, and
examples of the alkyl ether acetates of i her acetate, diethylene
glycol ethyl ether a tatidgxopylene glycél ethyl ether acetate, and propylené.glycol monomethyl ether
acetate. 5 Examﬁi&r ethers include diethyl ether, dipropyl ether, diisoprogyl ether, butyl methyl
ether, butyl ethyl ether, butyl propyl ether, dibut}{ ethegy diisobutyl ether, tart-butyl-methyl ether,
tert-butyl ethyl ether, terﬁﬁﬁ@l propyl ether, di-teri=butyl ether, dipentyl ether,
cyclopentyl methyl etheb_fgclohexyl methyl ether, cyclopentyl ethyl ether, cyclohexyl ethyl ether,
cyclopentyl propyl ethek cyclopentyl-2-progyl ether, cyclohexyl propyl ethe &K:Iohexyl-Z-propyl
ether, cyclopenty byutyligtherscyclopent-ierihytylgther, cyclohexyldtiwheibes. end
cyclohexyl-tert-butyl ether. Examples of the cyclic ethers include tetrahydrofuran and dioxane.
Examples of the alk '

dialkoxy alkanes,

20 ethane, 1,1-diethoxy propane, 2,2-dimet¥ ‘qpane, 2,2-diethoxy prdpane, 1,1-diethoxy
' y hefahe, 1,1-dimethoxyfciane, 1,1-dimethoxy
dodecane, bis(2-ethoxyet r, and big D . 0f fg@lromatic
hydrocarbons include benzene, toluene, anc de acetone, methyl
ethyl ketone, methyl is¢@ltyl ketone, 25 cyclohexanone, 4-hydroxy-4-methyl-2-pehtanone, and
diacetone alcohgl. Examples of the esters include,ethyl acetate, butyl acetate, 2-hydroxyethyl
propionate, 2-h)</ %3'29- -n‘Jfé t%i methyl Bﬁgﬁm%ééq%ydroxy-z-metﬁﬁ @W%r%’ﬂigﬁate, ethoxyethyl
acetate, hydroxyethyl acetate, 2-hydroxy-3-methyl methylbutyrate, 3-methoxymethyl propionate,
3-methoxyethyl propionate, 3-ethoxyethyl propionate, and 3-ethoxymethyl 30propionate. In
particular, the solvent may be a monovalent alcohol, ether, cyclic ether, alkyl ether of polyol, alkyl ether
acetate of polyol, and higher hydrocarbon. More particularly, the solvent may be a C9-C11 monovalent
alcohol or alkyl ether having a C4-Ci0 alkyl chain. The solvent may be used alone or in combination of
at least two of these 22
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compounds. The resist protective film composition for an immersion lithography process may
further include at least one of a radiation-sensitive acid-generating compound and an acid compound
to improve the performance of lithography. 5The radiation-sensitive acid-generating compound may be
any compound that is generally used to improve lithography performance of a resist and examples of
the radiation-sensitjve acig-generating compoundjinclude a sulfone imide compound, an onium salt
compound, a s ound, a sulfo«%f&idzeger compound, and diazomethane compound.
10The acid compound may be, for example, catboxylic acids or sulfonic acids. In particular, the acid
compound may be at le e selected from 2 g=di{fiorophenyl
acetate,3,5-difluorophe ylacetate,3,5-bis(trif|uoromethyl)phenylaceta;y,j:'\ /i/
3-fluoro-4-hydroxypherflacetate, (2,5-dimethox{phenyl)acetate, 4-hydroxy-3-hitrophenyl acetate,
2,3,4,5,6-pentafluorophényl acetate, 1-naphthyl ——0)
15acetate,2-naphthylacetate, (1-naphthoxy)acetate,(2-naphthoxy)acetate,
2-fluorobenzoate,2-trifluoromethylbenzoate,2-nifrobenzoate, 3-fluorobenzoatgs
3-trifluoromethylbenzoate,3-methoxybenzoate,4-fluorobenzoate, 4-trifluoromethylbénzoate,4-n
itrobenzoate ,FHaarepRatisthylbié ndolten|3-diftmay be represented by Formulae 5-1 through
uorobe te,2,6-djf -fluoro-6-trifluoromethylbenzoate,

202-flu<r§3rz—(?- 1?%%5&@#3@3%@@%%2,6-bis(trif|uoromethyl)benzoate, 2-methyl-6-nitrobenzoate,
3-methyl-2-nitrotierrroale 52imethyl-3-nitrobenzoatel 6rfludeot2anethylbenzoate, 3-fluoro 4
methylbenzoate, 2,4-bis(trifluoromethyl)benzoate, 2,5-bis(trifluoromethyl)benzoate,
2,4-difluorobenzoatg:~3,4-difftuorobenzoate, 2-fluoro-4-triflugrgmethylbenzoate, 2,5-difluorobenzoate,
3-fluoro-4-methoxybenzgate, 255-methyl-2-nitrobenzogte;4tméthyl-3-nitrobenzoate,3-methyl 4
nitrobenzoate, 2-methyl-5-nitkpbenzoate,2-fluoro-5-nitrobenzoate,4-fluoro-3-nitrobenzoate,
4-methoxy-3-nitrobenzodte, 3*methoxy-4-nitrobenzoate, 3-Iel@xy-4-nitrobenzoate,
2-hydroxy-5-nitrobenzoafe,2,4-dinitrobenzoate,3,4-dinitrobgnzoate,
3,5-difluorobenzoate,3,5-bis(trifluoromethyl)benzoate,3,5-ainitrobenzoate, 30 2,3,4-trifluorobenzoate,
2,3,6-trifluorobenzoage, 2,4,6-trifluorobenzoate, 3,4,5-trifluorgbenzoate, 4-methyl-3,5-dinitrobenzoate,
4-hydroxy-3,5-dinitroberyoate, 3,5-dinitrosalicylate, 2,4,5-trifluorobenzoate,
2,3,4,5-tetrafluorobergoate; 2,3,5,6-tetrafluorobenzoate, 2,3\5,6-tetrafluoro 4 methylbenzoate,

ate, Shdph

2-naphthalenec

5
<Formula 5-3> <Formula 5-4>



52,3-naphthalenedicarboxylate, 2,6-naphthalenedicarboxylate, methanesulfonic acid,
ethanesulfonicacid,taurine, 3-[(1,1-dimethy1-2-hydroxyethypamino]-2-hydroxy-1-propanesulfonicacid,
34bis(2-hydroxyethyl)amino]-2-hydroxy-1-propanesulfonicacid, (1R)-(-)-10-camphorsulfonicacid,(1S
)-(+)-10-camphorsulfon icacid, 10trifluoromethylsulfonate, perfluorobutanesulfonic acid,
perfluorooctanesulfonic acid, (methylamino)sulfonicagid, (bytylamino)sulfonicacid,
1,1,2,2-tetrafluoro-2-(tetracyclo[4.4.0.12,5.17,10]dodecanet8-ypethanesulfonicacid,
1,1-difluoro-2-(tetracyclo[4.4.0.12,5.17,10]clodecane-8-ypethanesulfonic acid, dodecyl benzene
sulfonic acid, nonaflupro bytane sulfonic acid, 1-naphthoic acid, 153-hydroxy-2-naphthoic acid, and
lactic acid. The erating compound and the aBid compound each may be used alone or in
combination of at least two of these compounds. The amount of each of the acid-generating
compound and the acid c ound may be 0.001 to 10 pafts by weight, for example, 0.003 to 5 parts
by weight, for example, 20 0.005 to 3 parts by weight’based on 100 parts by weight of the polymer
compound. When the amount of each of the acid-generatifig compound and the acid compound is
within this range, a resist\pattern is uniformly formed and/line edge roughness of the polymer
compound may be imgroved. According to another embodiment of the present invention, there is
provided a 25 method offorming a photoresist pattern, t hod including coating a photoresist
composition on a subﬁratg@%form a photoresist fI|mU,:§$tlng the reS|st protectlve f|Im composmon for
an immersion lithpgraphy proces
immersion medi W
photoresist film ang
predetermined pattern &
coating of the photores
coated with aluminum. Aahotoresist used is not particu imited and may be appropriately selected
according to the appllcgtllpn of 2 254 ;eS|st The p9€50£s§st% is formed by dissolving a resin for
forming a photoresist film AR approprlate solvent to form a So on filtering the solution to prepare a
resist solution, coating the resist solution on a substrate by using an appropriate coating method, and
i

D

by

pre-sintering the coated substrate to volatilize the sol e coating of the resist protective film
composition on the photoresist film to form a resist protective film includes coating the resist protective
film composition on the photoresist film and generally sinterirg=ti{@ coated photoresist film. This
process is performed to protect the photoresist film and formithe resist protective film in order to 10
prevent a lens of a projectipniexposure device from being codtaminated by leakage of liquid
components containedjin /ré/sist from the photoresist film. As }he thickness of the resist protective film
comes close to an odd mult |pIe of 14n (K is the wavelength ofradiation and n is a refractive index of
the resist protective film), ibiting effect of reflectlor&a al upper interface of a resist film
increases. 15 Thus, the thigkness of the resist protective film ngay approximate this value. In addition,
any one of the pre-sinteringprocess after the coating of the resist solution and the sintering process
after the coating of the resist protective film composition may<«ot be performed to simplify
manufacturing proces<es:

<Formula 5-7> <Formuia 5-8> <Formuia 5-9>
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The arranging of the immersion medium between the resist protective film and a 20 lens, and the
irradiating of the radiation to the photoresist film and the resist protective film via the immersion
medium and a mask with a predetermined pattern and the developing of the irradiated films to form a
resist pattern includes performing immersion lithography on the photoresist film and the resist
protective film, sintering the films at a pr epmined temperature and developing the sintered films.
25The pH of the immersion medium arranged between the resist protective fiimiaind the lens may be
adjusted, and, in particular, the immersion Hum therebetween may be pure Wwatsr. The radiation
used in the immersion lithography may be s@lected from visible rays; uItravioIetéays such as g-rays
and i-rays; far-ultraviolet rays such as an exgimer 30 laser; X-rays such as synghrotron radiation; and
charged particle beams sych as electro begmg, according to the used photo iim and a
combination of the photorgsist film and tHe TeSist protective film for immersigr particular, the
radiation may be an ArH _)gimer laser (wawelehgth: 193 nm) or a KrF excim r (wavelength: 248
nm). In addition, to Improve resolution_pattena shape, and developing prdperties of a resist film, a
sintering process may bg performed after expg to light. The sintering temp2rature may be
appropriately adjustegzaceprding to a resist '_QI pray be generally in the raggesof about 30 to 200 C,
for example, in the raf 50 to 150C. 5Fhe phgtoresist film is developed usi%g:a developer and
washed to from a desired resist pattern. Inghis case, the resist protective film for Aan immersion

lithography process-do Qtot peed to bepeaelel@d.is completely rerpo é@&ﬁjrin he developing

process or the wé . & alle. :
embodiments of the=presint tvention. 1& of ¢he developer ysed to fornka ist pattern may
include aqueous aIkaIiIutions obtained Iy digsolving sodium hydroxidg; pdtassium hydroxide,
sodium carbonate, sodim-silicate, sodium megasHicate, ammonia, ethyl amige,/n-propyl amine, diethyl
amine, di-n-propyl amine, triethyl amine, methyl diethyl amine, dimethyl ethanol amine, triethanol
amine, tetrametAyPamiRBPhydroxide, tetraE®imalarddhilem 15 hydroxide, pyrrole, piperidine,
choline, 1,8-diazabicyclo45,4,0]-7-undecene, and 1,5-diazabicyclo-[4,3,0]-5-nonane, respectively. In
addition, an appropriatg”apgunt of an aqueous organjc gojvent, for example, alcohol such as methanol
or ethanol or a surfactant pe
using the aqueous alkaling s
process. Advantageous Effects According to the ongpr more embodiment of the present invention,
there are provided a polymer compound for a resist protgctive film composition for an immersion 25
lithography process w s a high receding contac "-"- in a liquid lithography process and
improved solubility and\ire & : t and is suitable for use in an immersion
lithography process eveg in a small amount and a resist/protective film composition including the
polymer compound. 30Best mode for carrying out the Inkention One or more embodiments of the
present invention willyaev be described in greater detail with reference to the following examples.
However, these example$ are for illustrative purpose only and are not intended to limit the scope of the
invention. Preparatign Example 1: Preparation of mgabmer having repeating unit represented by
Formula 1-1 As illustraigg jn Reaction Scheme 1 below, tdma 2L three-neck flask were added 5 160 g

(0.32 mol) of a m@namerhavifg g gonl g'rgup efgw and the like, i.e.,
MA-3,5-bis(hexefﬁy‘ -propyl)cyc te, 150.49 g (0.676 mol) of
di-tert-butyl dicarbonate,£66 §10.061 mol) of 4<dimetkaminopyridine (DMAP), and 959 g of
tetrahydrofuran (THF),he mixture was maintaing room temperature for 20 hours to induce a
reaction therebetween. After the reaction was 10 termigéated, THF was removed under reduced
pressure from the reactior]é)r%(‘j#ct t? obtain 219 g of {tno_nomeir havig a repeating unit represented
by Formula 1-1 BEISHARVRIG: D eBs KiRRR: CITRT-04, {15b50e st %6, De ips 5550 61t .15,
5.58)). Reauiian 6¢herngH*1 below:

<Formula 6>
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15(Formula 1-1) Preparation Example 2: Preparation of monomer having repeating unit
represented by Formula 1-2 As illustrated in Reaction Scheme 2 below, to a 2L three-neck flask
were added 140 g (0.404 mol) of a monomer having a hexafluoroalcohol group below and the like, 20
i.e., t-Boc-1,1,1,3,3,3-hexafluoro-norbornane-mathacrylate, 190.25 g (0.854 mol) of di-tert-butyl
dicarbonate, 9.68 g (0.078 mol) of D{HJA 20 g of THF, and the mixture was maintained at
room temperature for 20 hours to mduc

THF was removed under ¢ e ]
having a repeating unit 25repee
CH2(1.64, 1.36), CH(3.90, 2.0

b rea 'n product to obtain 173 g of a monomer
al oxﬁ} {yield: 95.9%, NMR: CH3(1.93, 1.40),
2.00, 1.43), H(6.157\5.58)1. <Reaction Scheme 2> Ot N/

<Formula 7>

<Formula 8>

O0=CO~_0

<Formuia 9>
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000 THF F3C CF3 OH

OO0

wherein a is 100 parts by mole, b is 10 to 900 parts by mole, ¢ is 10 to 300 parts
by mole.
In addition, the polymer compound (quarter- or penta-copolymer) may be

represented by Formulae 12 through 20 below. In this regard, it is obvious to one of
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ordinary skill in the art that repeating units of the polymer compounds of Formulae 12
through 20 are not configured in the order as iliustrated below and the polymer
compound includes all the polymer compounds in the form of a random copolymer
whose repeating units are randomly arranged:

3 <Formula 12>

<Formula 14> <Formula 15>

CFs | CFs

F4C CFs

0.0 0.0l

s
@ : O

<Formula 16>
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(Formula 1-2) Preparation Example 3: Preparation of monomer having repeating unit represented
by Formula 1-3 As illustrated in Reaction Scheme 3 below, to a 2L three-neck flask were added
140 g (0.389 mol) of a monomer having a hexafluoroalcohol group below and the like, i.e.,
t-Boc-1,1,1,3,3,3-hexafluoro-norbornane-mathacrylate, 182.84 g (0.821 mop of di-tert-butyl
dicarbonate, 9.30 g (@& G mol) of DMAP, and 998 g of THF, and the mixture was maintained at room
' ( =getipn therebetween. 10 After the reaction was terminated,
fram the reaction product to obtain 175 g of a monomer
bé{ For ula 1-3 below {yield: 97.8%, NMR: CH3(1.93, 1.40),
1, 2.03,2[.41), H(6.15, 5.58)1. <Reaction Scheme 3> \ 00

THF was remove@ ﬂ
having a repeating Wnit representet
CH2(1.64, 1.45, 1!
00 0-1/0/1'0

50
O

<Formula 17>

<Formula 18>

<Formula 19>
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40

10

13

<Formula 20>

wherein a is 100 parts by mole, b is 10 to 900 paris by mole, ¢ is 10 to 900 parts
by mole, d is 10 to 900 parts by mole, and e is 1 to 100 parts by mole,

The substituents used in the definition of the polymer compound may be defined
as follows.

The alkyl group as used herein refers to a linear or branched saturated
monovalent hydrocarbon group having 1 to 20 carbon atoms, for example, 1 fo 10
carbon atoms, for example, 1 to 6 carbon atoms.

Examples of the unsubstituted alkyl group include methyl, ethyl, propyl, isobutyl,
sec-butyl, tert-butyl, pentyl, iso-amyl, and hexyl, and at least one hydrogen atom of the
unsubstituted alkyl group may be substituted with a halogen atom, a hydroxy! group, a
nitro group, a cyano group, a substituted or unsubstifuted amino group (e.g., ~-NH;,
-NH(R), -N(R')}(R") wherein R" and R" are each independently a, C4-Cqo alkyl group), an
amidino group, hydrazine, hydrazone, a carboxyl group, a sulfonic acid group, a
phosphoric acid group, a C+-Cyo alkyl group, a Cq-Cy halogenated alkyl group, a C1-Cag
alkenyl group, a C4-Cyp alkynyl group, a C4-Cy heteroalkyl group, a Cs-Cyog aryl group, a
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10

15

20

25

30

Ce-Cao arylalkyl group, a Cs-Coqy heteroaryl group, or a Cg-Cyg heteroarylalkyl group.

The alkylene group as used herein refers to a straight or branched chain divalent
hydrocarbon group that only consists of carbon and hydrogen, has no degree of
unsaturation, and has 1 to 10 carbon atoms, for example, 1 to 5 carbon atoms.
Examples of the alkylene group include methylene, ethylene, propylene, and n-butylene.
At least one hydrogen atom of the alkylene group may be substituted with the same
substituent as in the alky!l group described above.

According to another embodiment of the present invention, there is provided a
resist protective film composition for an immersion lithography process which includes
the polymer compound described above and a solvent.

The amount of the polymer compound may be 1 to 20 parts by weight, for
example, 1 fo 15 parts by weight, for example, 1 to 10 parts by weight based on 100
parts by weight of the solvent. When the amount of the polymer compound is within this
range, the obtained composition has an appropriate viscosity for forming a resist
pro'tective film and the thickness of the resist protective film may be easily adjusted.

The solvent may inciude at least one selected from monovalent alcohols, polyols,
alkyl ethers of polyols, alkyl ether acetates of polyols, ethers, cyclic ethers, alkanes,
alkoxy alkanes, aromatic hydrocarbons, ketones, esters, and water.

The monovalent alcohols may be C4-Cyy monovalent alcohols such as 1-butyl
alcohol, 2-butyl alcohol, isobutyl alcohol, tert-butyl alcohol, 1-pentanol, 2-pentanol,
3-pentanol, tert-amyl alcohol, neopentyl aicohol, 2-methyl-1-butanol, 3-methyl-1-butanol,
3-methyl-3-pentanoi, cyclopentanol, 1-hexanol, 2-hexanol, 3-hexanol,
2,3-dimethyl-2-butanol, 3,3«dimethy!~1~buta'no!, 3,3-dimethyl-2-butanol,
2-diethyl-1-butanol, 2-methyl-1-pentanol, 2-methyl-2-pentanol, 2-methyl-3-pentanol,
3-methyl-1-pentanocl, 3-methyl-2-pentanol, 3-methyil-3-pentanol, 4-methyl-1-pentanol,
4-methyl-2-pentanol, 4-methyl-3-pentanol, cyclohexanol, 2,6-dimethyl-4-heptanol,
3,5,5-trimethyi-1-hexanol, 1-nonanol, 1-decanol, methyl-n-octylcarbinol, ethyl heptyl
carbinol, hexyl propyl carbinol, amyl butyl carbinol, 2-undecanol, 3-undecanol,
4-undecanol, 5-undecanol, 3,7-dimethyl-1-octanol.

Examples of the polyols include ethylene glycol, propylene glycol,
4-hydroxy-4-methyl-2-pentanol, 2-ethyl-1,3-hexanediol, 1,3-butandiol, 1,2-propanediol,
1,3-propanediol, 1,2-heptandiol, and the polyols may be C4-Cp divalent alcohols.
Examples of the alkyl ethers of polyols include ethylene glycol monomethy! ether,

ethylene glycol monoethyl ether, diethylene glycol monomethyl ether, diethylene glycol
21



THF 15 F3C CF300 (Formula 1-3) Preparation Example 4: Preparation of monomer
having repeating unit represented by Formula 1-9 As illustrated in Reaction Scheme 4 below, to a 2L
three-neck flask were added 20 150 g (0.297 mot) of a monomer having a hexafluoroalcohol group

below and the like, i.e., 3,5-Bis(hexafluoro-2-h droxy-2-prop¥‘li)gcyclohex 1-2-fluoroacrylate, 139.98 g
(0.629 MyeeHiMerIBay dreErdehatd!ceb giylosTEHst S AR RYE EBYSPT IO NGRSHY!

mixture syRsrMAHAt IR RO TCSIMRRTaLIFG fara hawissieanise o IRaGiiRY! terabstyesss After the

reaction was terminated, THF was removed under reduced 25pressure from the reaction product to

obtain 1@3@)@ Q%%@yﬁg\g@y&qgﬁga@i@hﬁ{“acetate, diethylene glycol ethyl ether acetate,

propylene glycol ethy! ether acetate, and propylene glycol monomethy! ether acetate.

5 Examples of the ethers include diethyl ether, dipropyl ether, diisopropyl ether,
butyl methyl ether, buty! ethyl ether, butyl propyl ether, dibutyl ether, diisobutyl ether,
tert-butyl-methy! ether, tert-butyl ethyl ether, tert-butyl propy! ether, di-tert-butyl ether,
dipenty! ether, diisoamyl ether, cyclopentyl methyl ether, cyclohexyl methyl ether,
cyclopentyl ethyl ether, cyciohexyl ethyl ether, cyclopentyl propyl ether,

10 cyclopentyl-2-propyl ether, cyclohexy!l propyl ether, cyclohexyl-2-propyl ether,
cyclopentyl butyl ether, cyclopentyl-tert-butyl ether, cyclohexyl butyl ether, and
cyclohexyl-tert-butyl ether. Examples of the cyclic ethers include tetrahydrofuran and
dioxane.

Examples of the alkanes include decan, dodecane, and undecan.

i3 The alko'xyalkanes may be dialkoxy alkanes, trialkoxy alkanes or tetraalkoxy
alkanes that include 3 to 16 carbon atoms. The alkoxy alkane may be at least one
selected from dimethoxy methane, diethoxy methane, dibutoxy methane, trimethoxy
methane, triethoxy methane, tripropoxy methane, 1,1-dimethoxy ethane, 1,2-dimethoxy
ethane, 1,1-diethoxy ethane, 1,2-diethoxy ethane, 1,2-dibutoxy ethane, 1,1,1-trimethoxy

20  ethane, 1,1-diethoxy propane, 2,2-dimethoxy propane, 2,2-diethoxy propane,
1.1-diethoxy isobutane, 1,5-dimethoxy pentane, 1,6-dimethoxy hexane, 1,1-dimethoxy
octane, 1,1-dimethoxy dodecane, bis(2-ethoxyethyl)ether, and bis(2-methoxyethyl)ether.

Examples of the aromatic hydrocarbons include benzene, toluene, and xylene.
Examples of the ketones include acetone, methyl ethyl ketone, methyl isobutyl ketone,

25 cyclohexanone, 4-hydroxy-4-methyl-2-pentanone, and diacetone alcohol. Examples of
the esters include ethyl acetate, butyl acetate, 2-hydroxyethyl propionate,
2-hydroxy-2-methyl methyl propionate, 2-hydroxy-2-methy! ethyl propionate, ethoxyethyl
acetate, hydroxyethyl acetate, 2-hydroxy-3-methyl methyibutyrate, 3-methoxymethyl
propionate, 3-methoxyethyl propionate, 3-ethoxyethyl propionate, and 3-ethoxymethyl

36 propionate.

In particular, the solvent may be a monovalent élcohoi, ether, cyclic ether, alkyl
ether of polyol, alky! ether acetate of polyol, and higher hydrocarbon. More particularly,
the solvent may be a Cg-Cy4 monovalent alcohol or alkyl ether having a C4-C+p alkyl

chain. The solvent may be used alone or in combination of at least two of these
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represented by Formula 1-9 below {yield: 91.6%, NMR: CH3(1.40), OH2(1.64, 1.36), CH(3.91, 2.01),
H(5.41)}. <Reaction Scheme 4> (Formula 1-9) 5Example 1: Preparation of polymer compound
represented by Formula 6 84.06 g (0.12 mol) of the monomer having a repeating unit of Formula
1-1, 23.53 g (0.24 mol) of the monomer having a repeating unit of Formula 2-1 above, 33.16 g (0.24
mol) of R RBHBASer having a repeating unit of Formula 3-1 above, and 24.63 g of an

azobis(isobutyyopitria)J RN MR RrEsfpedrmbintetah QRMBIS RIS e asiot@anahie

mixture was dissolved in THF as a solvent. Thereafter, a reaction temperature was maintained at 70 C

and malHEARGEdIGIES RIURAR ARG 2 rEatifdR e aBlivie8ri hasPanatit GRIRRPAS teARthARd, the

reactiongpredesh¥@smar esipipiedk i QROMARI ePEINen ageh iy Precipitate was dried in a vacuum
oven at 40 C for 24 hours. Thereatfter, the dried precipitate was dissolved in ether and further

predipitated in 1855 BB P HRT Y FePFHORNS ERIBE AT RAYRE MR AEN SRR URd dhatds

VaCUU”g@V@FéIMQéécﬁO[@W@etQiEP@?JBW Bevfcrrpalydee beMpAitd Jrares@mnietely dfofeula 6
above (yield: 78.9%, weight average molecular weight (Mw): 8710, PDI (palydispersity index): 2.34).

ExamplEPSiasiiiSeRINVGT B6IFnAENE6ANP8u REMAHRRE Nl URPFBISHIfRTE 018 LOMPRYRhern

compousighiptielsaie %6%pMmdd2d Osiifahie?- 46pasmiepared foiie saredf@nrnesapdu Fexampie 1,
except that 78.12 g (0.175 mol) of the monomer having a repeating unit of Formula 1-2 above, 24.02 g
(0.245 HEF RSB SAFERH4hg a repeating unit of Formula 2-1 above, 38.68 g (0.28 mol) of the

mapomer havimge sereabRtho DR @R e xS brboyte 2b8rB484 0 Aias ABMbiHiataciwere ysed
25instead of the c?tg:%one_nts used in Example 1. Example 3: Pre&i)aration of palymer compound
0 rﬁﬁ(%

represeREHBYAECMRIZEE COGPYBLaBBK hEr Bb PG/ ERICEE S0l Ofn~ 88U UBFIPBERY) was

prepareggsting, samg, saimmeireshsriykamplestatxcept3rmbi bl @ (Brhéhimphehine mapemagy, having
a repeating unit %f Formula 1-3 above, 24.02 gﬁ%).245 mol)of the monomer having a reﬁggting unit of

Formula’ 2B YSERIR R mol) of theFfiBHSMer having a repRtIRFHIRCYPRERHIRSHE S hove,
and 25.@hgdroan-lBidpiieis) weistiged insadsnbipetampsnoehsnyseditetample dafhapple 4:

Preparation of polymer compound represented by Formula 9 5 102 g of a polymer compound (yield:
0836, RS0, PENSB s FEPEEH in 1 SAMAHENRR T ExakaeR DOORIR 8 26 ¢
(0.175 mdalefdhermoataner Rayifngoraertalineg trdaes Forpunardbbabost 24.02fudtobanraelof the
monomer having a r ting unit of Formula 2-1 ahove, 38.68 g, (0.28 mol) of the monomer having a
repeatin%' Wﬂﬁ%%ﬁ&??ﬁﬁg%%%@%ve, and 25.2 '818383?(@@?\?9% tor were used THEREIE W e
compongitisl useshiethyiapioatd-xample X Piepbeatiatf, polymer chmpsrorzl neptiegeatethie,
Formulg 10

... 108 g of a polymer,c und (yield: 77.3%, - 905 I: 2.69) was prepared in the
ame TSR 1. exCos MRS E0RI s el RS RS DL o Veigting
unifpof Fpfroote-B-Srifleaver2ti2oef8c24s, mol)of the monomer [zagings kEfceperiingl Jihediermula
2-1 aboye, 38.6 .28 mop af the mgnomer having g repeatjng unit of Formula 3-1 above, and
par7 oA RE RS vse OB ERHRAE RIS ueed eI A TSR Ae
Preparafidiofgpayneth pioemooitd répitesentbarzsifydventdadit, 9849008 @riflakyroatathpiieumnd fysld:

0 . . 1
79.9%, y):[yb%a r?ﬁtfo%’n‘%é%l%\}l %?1 é% gred n 2.4-difluorobenzoate, 3,4-difluorobenzoate,
2-fluoro-4-trifluoromethylbenzoate, 2,5-difluorobenzoate, 3-fluoro-4-methoxybenzoate,
25 5-methyl-2-nitrobenzoate, 4-methyl-3-nitrobenzoate, 3-methyl-4-nitrobenzoate,
2-methyl-5-nitrobenzoate, 2-fluoro-5-nitrobenzoate, 4-fiuoro-3-nitrobenzoate,

4-methoxy-3-nitrobenzoate, 3-methoxy-4-nitrobenzoate, 3-hydroxy-4-nitfrobenzoate,

2-hydroxy-5-nitrobenzoate, 2, 4-dinitrobenzoate, 3,4-dinitrobenzoate,
3,5-difiluorobenzoate, 3,5-bis(trifluoromethyllbenzoate, 3,5-dinitrobenzoate,
30 2,3 4-trifluorobenzoate, 2,3,6-trifluorobenzoate, 2,4 B-trifluorobenzoate,

3,4 5-trifluorobenzoate, 4-methyl-3,5-dinitrobenzoate, 4-hydroxy-3,5-dinitrobenzoate,
3,5-dinitrosalicylate, 2,4 5-trifluorobenzoate, 2,3,4 5-tetrafluorobenzoate,
2,3,5,6-tetrafluorobenzoate, 2,3,5,6-tetrafluoro-4-methylbenzoate, pentafluorobenzoate,

2,3,4,5 6-pentafluorophenoxyacetate, 1-naphthalenecarboxylate,
23



20 the same manner as in Example 1, except that 75.45 g (0.10 mol) of the monomer having a
repeating unit of Formula 1-8 above, 19.61 g (0.20 mol) of the monomer having a repeating unit of
Formula 2-1 above, 27.63 g (0.20 mol) of the monomer having a repeating unit of Formula 3-1 above,
and 21.47 g of an AIBN initiator were used instead of the components used in Example 1. 25Example

7: Prepdra@hh ORiRiNeRIoeoMIBsind represented by Formulagtffuoro-iinapthaisosaasPestsund
(vield: 7R.p0arMy.8180n Rl Aetaly¥ag BEgpared in the s B1BRPEr-AS PR RXRMB HSASRL that

84.06 g (0.12 mol) of the monomer having a repeating unit of Formula 1-1 above, 17.65 g (0.18 mol) of

the monoMEREYTRY EREHAIERG RO RIPnula 2-1 abbbfed B3 AeXy (8-DarhBIRieRRSATBRABHRIENaVing
a 30 re@?&ﬁﬁﬂ%!f&k?@ﬁﬁ?H{ﬁa?e%é@é’&% {agg (0.06 mol) of they MANQIREKAISN I FERRAHAY unit of

Formula 4-10 above, and 25.1 g of an AIBN initiator were used instead of the components used in
Examplé 2:IBRiHpHe Be e hratitnier pdifrmePbdiiRnprcaesyinisd biprBiaGaLienie F6ih
polymergoampauidiield: 51.4%, Mw: 7850, PD!: 2.62yyvas prepared in the same manfgy;@gdn
Example 1, except that 84.06 g (0.12 mol) of the monomer having a regeating unit of Formula 1-1

above, @7[.@51g‘{’@f‘f§"m%’b‘f(§ﬁ@<%%%ﬂ?é?iﬁ%ﬁ@&d@@aﬂirﬂ%ﬂﬁr@ﬁﬁ RARa 2-1 above, 3886lg (0.24
mol)of themqnamerhiagdig pdemsstingyaibel Hoprparkdareye. 5-17 g (0.06 mol) of the gagomer

having a 5repeating unit of Formula 4-12 above, and 24.51 g of an AIBN initiator were used instead of

the comiJéhenls! FeeaMPRUSWNE L. Exam5iEid: Preparidh @ SlyrRambnmpsicrepreseAtid by
Formularitoron 8 Hoh BRY MSE SRROIREHIRG Ak 8 Knily W, BB EalMEsPreraded in

the same manner as in Example 1, except that 96.32 g (0.138 mol) of the monomer 10 having a

repeati GHYGREMIFAN Cabove, 18.88990.193 mol) of AWYIRBHBMEN¥RRIRG a repeatingifhit of

Formulas 2+ b ghameaftblh 8- (R8eymehof the mmnomerdiryag ferepaniing tedLFbhRMulag?id above,
7.82 g (0.055 mol) of the monomer havinqé\a repeating unit of Formula 4-10 above, and 27.14 g of an

AIBN initideStilbere dstatiasiedlaldrint ompontHiodssa e Sihsiiancswlisnimpheit: SRS Erion of

polymemnepmpotindsigRiisieniesidy Fesnuflacke  buBthe 9 elifgalymeatepmponagHiveld: 68¢a Mw:
7925, PDI: 2.21) was prepared in the same manner as in Example 1, except that 77.06 g (0.11 mol) of

the TnonomE RV g @ PEHRIGRFhiPBARRTHLRSE:1 above, 16.18 g (0.165 mol) of the monomer
having a repeating atif-gbheratifg 2ohakanel d3dhe EhikbadnPbahthedvraaEhe20Ravingr

repeating unit of Formula 3-3 above, 12.56 g (0.11 mol) of the monomer having a repeating unit of

Formul£41B SABRNSIRNSA 2 IS%?tetW%Fé REE0MPEGSed instead of the components used in

Exlample 1. Exam%t%ﬁd%rﬁrewaﬁ@rbeftp@lwarg@mm@ l‘!t@f@‘éﬁﬁé@cbhm El?lélmdﬁi IoBpduaf a
polymer compound (yield: 69.5%, Mw: 8672, PDI: 2.14) was prepared 25 in the same manner as in
bedond T 2 R

Exampl8'2Y PIDSRHI L Vs br iR g 2 RGN SVGRNbrRbRKaMPe

?(?%e’ b%@@?%d%lgéﬂﬁoﬁ))ﬁ%@jg RQRRBErdIAving @ﬁﬂ@eayln%éllghtg&m?ﬂp?lﬁrﬂeg%g‘gﬁp@?@ %
. mol) of the monomer having a re eatlr] unit o -Ormula o-1 anove, . . mol) Q the
oromaienioe STBRURL  SALPE e A D BEOSY o h MRS AR EPOATE Fse

instead wiiahtissoamipenentsuradieramplmiko aNTolenbd Brephnatioof peliyneesespohed
represented b Oi@ﬁ_of a polymer compound (yield: 77.5%, Mw: 8523, PD!: 2.18)

Formula 15 é
was preP3PElGh SRERQHACHIARRSE AT B nple 1, except that 78.46 g (0.112 mol) of the monomer
having a repeatiegp i @ftb eifutieet -drabovend 6t HF gHO . pESsenet)iofdheanomesieris Iploaided a
repeatin it of Formula 2-1 ahove, 20.89 g (0.151 mol) of the monomer having a repeating unit of
e R e e e R R A
above, 348 soEtidh/onal) sitkeaenomeihavpiporepsating usdatiriptniulesist phsteetiapdi@d.5 g of

an AIBN initiator were used 5instead of the components used in E arpé)le 1. I?.i(ar%)F 13: Preparation
of polyn?g%?ﬁﬁaﬂhﬁf@&é%%a'% Bﬂﬂ[ﬁépi process on the pnotoresist film 10 form a resis

protective film; arranging an immersion medium between the resist protective film and a

lens; and irradiating radiation to the photoresist film and the resist protective film via the

30 immersion medium and a mask with a predetermined pattern and developing the
irradiated films to form a resist pattern.

First, in the coating of the photoresist composition on a substrate, the substrate

may be a silicon wafer or a wafer coated with aluminum. A photoresist used is not

particularly limited and may be appropriately selected according to the application of a
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105.69 .of a polymer compound (yield: 73.6%, Mw: 8920, PD!: 2.21) was prepared in the same manner
as in Example 1, except that 98.07 g (0.14 mol) of the monomer having a repeating unit of Formula 1-1
above, 9.81 g (0.1 mol) of the monomer having a 1() repeating unit of Formula 2-1 above, 18.65 g
(0.135 mol) of the monomer having a repeating unit of Formula 3-1 above, 9.47 g (0.11 mol) of the
monoméﬁ?%%tving a repeating unit of Formula 4-12 above, 7.39 g (0.015 mol) of the monomer having a

repeating unit phE QBRI FMOVIS, FBAG &P P IsebRng | BNt atrruvaimy seaHbRIRad Qiihe in
components used In Example 1. IsExample 14: Preparation of polymer compound represented by

Formul&f &PPragyiate spisiipdartumriutionyilicries Be, spiiliasrEnpre adpaiakseiared in
the sa%mwm@se@diwmisnloﬁ@%ﬂ%@tﬁb@ﬁ)@l&ﬂmﬁb@é;&Jﬂi@t@%@mﬂj heMRgR Egreating

unit of Formula 1-1 above, 16.18 g (0.165 mol) of the monomer having a repeating unit of Formula 2-1

above, PEESE YN GERAsPthelRiRinte waatlivm s RY¥&Rhg unit of Formula 3-3 above, 15.64 g
(0.11 mol) of theanenamegdianiecaise pratingivniia formpyisitbaGapue bk (- A bt the

monomer having a repeating unijt of Formula 5-1 above, and 25.52 g of an AIBN initiator were used

instead df ERItoRRRGTINE TEBINFIEISH SRAtINg MR iesiE: PreisGiR AR sJayrestion sturte
represepfrdrpdirmnia iy a4y elrtdrnlgmpe covapednshvistdsit fith. MWh9ffo k2l %02)

was prepared in the same manner as in Example 1, except that 75.66 g (0.108 mol) of the monomer
having 278058 B BiaebiEIRNOCLERISE '8 .88, (e O 6B tME RSN M A iR SBFelSeating
unipof Fnenglka 3-leabayea Jrdé@ith oD vaabeofl dvecanarem Be iy inshearaprRAla YNk gl dwemela 3-3
above, Ii.H((E)L.4%1)&;9‘(\'(8).092 mol) of the monomer 30 haviﬂ’? a repeating unit of Formula 4-6 above, 8.92 g
(0.016 rifdHy RABRBIH SRR LR ERIRG TR B1EBRRIALSSIA A8ve, and 24.92 g of an AIBN
initiator were ysedHastsiafrafsbercanyeasstsprusetinE famalerhies clésumpasativeidExaottelof
Preparation ofr%olymer compound represented by Formula 21 34.32 % 0.35 mol) of the

monomer HiMing BrAAS4ANGERABr Edafiatos e sV iadgins 1adesnidhteesisherasaising a
repeatingynitnf Wmﬂlfﬁ%*fé&%?’r@ﬂgc%tﬁ?’ GofAuHRN it vereadded inio aRA848ks.

round-bottom flask and the mixture was dissolved in THF as a solvent. Thereafter, a reaction

tertiperatlEsuils Hiskeaneathe resigmicirativaribn Ry 2RemyiBaivItive wikgetidn aidiisanveen.
After the, feaghanvaRdeHTINGIREYiHIF F78EH00 BIRFUTIVESARGIRIAIAE IRb&iROQd IR SRgReaNd

the precipitate was dried in a vacuum oven at 40 t for 24 hours. Thereafter, the dried precipitate was
dissolvedNie Bt PERRE friRde e sieatoniPl theorasisr Pepeaiverfiareprappities poymet fRs

collectegeqm,qggqérbmﬁ WAL AMER- AL H RS b d& hours to obtain 36.7 g of a polymer compound
represented by Formula 21 below (yield: 66.7%, Mw: 7254, PDI: 2.37) <Formula 21> HO

Comparative Exirlending: fAtafoner pSIAn P eainpbhabMepRahisntegish ProtasiMaldiippand 85 g g
of & polysper cRMRKIRTLYisthy st YaMiatiZePid Bk 2AGONASRIEPRESINHES SaTIS RaRR/AS in

Comparative Example 1, except that 15.69 g (0.16 mol) of the monomer having a repeating unit of

Formuldi®01 Bothe Apmes i@ medybf m%in?oﬁaﬁ%r Wikhing Prefetaimynrtt 6eH8FMAES-B'8bove,
and 10-8&&@%%@%%%%% usqerinsierd Rt BHEIMPRISHE: It MPRRRTIYRN

Example 1. <Formula 22> Comparative Example 3: Preparation of polymer compound

represeH@ROssTYr PRI Phosaresisbiiipaniibectnisb pratgstie Honssinipnngihe, s atsy) was

preparegdadhs$ivag PBANRSEAS 8 enRIEalym EXRepindsKapRE that 54.64 g (0.078 mol) of the
monomer having a repeating unit of Formula 1-1 above, 5.1 g (0.052 mol) of the monomer having a

repéating unit SNERhQlIDe1RFERE oM e8 4B PHPAIA NG INRRTINRERS B dHaitiY Bmrand
compongisdssesh iy GenRRiBINE, BXINPISartRha MiAifdTersion medium therebetween may

be pure water.
The radiation used in the immersion lithography may be selected from visible
rays; ultraviolet rays such as g-rays and i-rays; far-uliraviolet rays such as an excimer
30 laser; X-rays such as synchrotron radiation; and charged particle beams such as electro
beams, according to the used photoresist film and a combination of the photoresist film
and the resist protective film for immersion. In particular, the radiation may be an ArF

excimer laser (wavelength: 193 nm) or a KrF excimer laser (wavelength: 248 nm).
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CF3CF300 . Comparative Example 4: Preparation of polymer compound Formula 24 25.7 g of a
polymer compound (yield: 53.9%, Mw: 8845, PDI: 10 in the same manner as in Comparative Example
1, except that 50.44 monomer having a repeating unit of Formula 1-1 above, 9.32 g monomer having a

repeating unit of Formula 3-3 above, and 10.46 g were used instead of the components used in
Comparative ERARSIEQI-Sminarens resolgiginiatiefiophanitit SeYRopBIgnRspRBpS Wd of

Examplesslstiaiol 45 RRA¢-errasativa xR pas drkuoyely 4 A58 shang gﬁgﬁﬁb'qﬂégi%r;ﬁzj able

1> Formula of repeating unit of monomer Ratio of monomers in polymer (parts by mole) Reaction
solvent gﬁgp@ee(ﬁgﬁrmmpp@gmgqtqiy@%tgdlaccordmg to a resist and may be generally in

the range of about 30 to 200 C, for example, in the range of 50 to 150T.

5 The photoresist film is developed using a developer and washed to from a desired
resist pattern. In this case, the resist protective film for an immersion lithography
process does not need to be peeled and is completely removed during the developing
process or the washing process after the developing process. This is one of main
characteristics of the embodiments of the present invention.

10 Exampies of the developer used to form a resist patiern may include aqueous
alkaline solutions obtained by dissolving sodium hydroxide, potassium hydroxide,
sodium carbonate, sodium silicate, sodium metasilicate, ammonia, ethyl amine, n-propyl
amine, diethyl amine, di-n-propyl amine, triethyl amine, methyl diethyl amine, dimethyl
ethanol amine, triethanol amine, tetramethyl ammonium hydroxide, tetraethyl ammonium

15 hydroxide, pyrrole, piperidine, choline, 1,8-diazabicyclo-[5,4,0]-7-undecene, and
1,5-diazabicyclo-[4,3,0]-5-nonane, respectively. In addition, an appropriate amount of
an aqueous organic solvent, for example, alcohol such as methanol or ethanol or a
surfactant may be added to the developer. When a developing process is performed
using the aqueous alkaline solution, the developing process is generally foliowed by a

20  washing process.

Advantageous Effects

According to the one or more embodiment of the present invention, there are

provided a polymer compound for a resist protective film composition for an immersion

25 lithography process which has a high receding contact angie in a liquid lithography
process and improved solubility and line edge roughness (LER) of a resist and is suitable

for use in an immersion lithography process even in a small amount and a resist

protective film composition including the polymer compound.

30  Best mode for carrying out the Invention

One or more embodiments of the present invention will now be described in
greater detail with reference to the following examples. However, these examples are

for illustrative purpose only and are not intended to limit the scope of the invention.
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20/40/40 THF 78.9 8710 2.34 Example 2 1-2, 2-1, 3-1 25/35/40 THF 69.6 9210 2.46 Example 3 1-3,
2-1, 3-1 25/35/40 THF 63.5 8864 2.32 Example 4 1-4, 2-1, 3-1 25/35/40 THF 70.8 7322

Preparation Example 1: Preparation of monomer having repeating unit

represented by Formula 1-1

As illustrated in Reaction Scheme 1 below, to a 2L three-neck flask were added

5 160 g (0.32 mol) of a monomer having a hexafluocroalcohol group below and the like, i.e.,

MA-3,5-bis(hexafluoro-2-hydroxy-2-propyljcyclohexyl methacrylate, 150.49 g (0.676

mol) of di-tert-butyl dicarbonate, 7.66 g (0.061 mol) of 4-dimethylaminopyridine (DMAP),

and 959 g of tetrahydrofuran (THF), and the mixture was maintained at room

temperature for 20 hours to induce a reaction therebetween. After the reaction was

10 terminated, THF was removed under reduced pressure from the reaction product to

obtain 219 g of a monomer having a repeating unit represented by Formula 1-1 below
{yield: 97.8%, NMR: CH4(1.93, 1.40), CH»(1.64, 1.36), CH(3.91, 2.01), H(6.15, 5.58)).

<Reaction Scheme 1>

X \

Fal CF4 * O/KOJLC FaG | GFs
Fao— ~cr, THF F4C CF3
oH OH \}/O\n/o OTO\{/
o 0
15 (Formula 1-1)

Preparation Example 2: Preparation of monomer having repeating unit

represented by Formula 1-2

As illustrated in Reaction Scheme 2 below, to a 2L three-neck flask were added

140 g (0.404 mol) of a monomer having a hexafluoroalcohot group below and the like,

20 i.e., t-Boc-1,1,1,3,3,3-hexafluoro-norbornane-mathacrylate, 190.25 g (0.854 mol) of

di-tert-butyl dicarbonate, 9.68 g (0.078 mol) of DMAP, and 1,020 g of THF, and the

mixture was maintained at room temperature for 20 hours to induce a reaction

therebetween. After the reaction was terminated, THF was removed under reduced

pressure from the reaction product to obtain 173 g of a monomer having a repeating unit

25 represented by Formula 1-2 below {yield: 95.9%, NMR: CH3(1.93, 1.40), CH,(1.64, 1.36),
CH(3.90, 2.03, 2.00, 1.43), H(6.15, 5.58)}.

<Reaction Scheme 2>
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2.54 Example 5 1-5, 2-1, 3-1 25/35/40 THF 76.3 9050 2.69 Example 6 1-8, 2-1, 3-1 20/40/40 THF 79.9
8850 2.31 Example 7 1-1, 2-1, 3-1, 4-10 20/30/40/10 THF 79.5 8160 2.12 Example 8 1-1, 2-1, 3-1;
4-12 20/30/40/10 THF 51.4

o -
/ £
. S;
THF
FaC—1CF3 Pal—Chs.
OH 0.0
Q

(Formula 1-2)
Preparation Example 3: Preparation of monomer having repeating unit

represented by Formula 1-3

5 As illustrated in Reaction Scheme 3 below, to a 2L three-neck flask were added
140 g (0.389 mol) of a monomer having a hexafluoroaicohol group below and the like,
i.e., t-Boc-1,1,1,3,3,3-hexafluoro-norbornane-mathacrylate, 182.84 g (0.821 mol) of
di-tert-buty! dicarbonate, 9.30 g (0.075 mol) of DMAP, and 988 g of THF, and the mixture
was maintained at room temperature for 20 hours to induce a reaction therebetween.

10 After the reaction was terminated, THF was removed under reduced pressure from the
reaction product to obtain 175 g of a monomer having a repeating unit represented by
Formula 1-3 below {yield: 97.8%, NMR: CHs(1.93, 1.40), CH»(1.64, 1.45, 1.43, 1.36),
CH(3.91, 2.03, 1.41), H(6.15, 5.58)}.

<Reaction Scheme 3>

9 N o0
‘ o 0 /N SN
+ + O)L OJK O.+
THF
F5C-y~CF3 FaC s C’?.S
OH g
5 o

(Formula 1-3)

Preparation Example 4: Preparation of monomer having repeating unit

represented by Formula 1-9

As illustrated in Reaction Scheme 4 below, fo a 2L three-neck flask were added

20 150 g (0.297 mol) of a monomer having a hexafluoroalcohol group below and the like,
i.e., 3,5-Bis(hexafluoro-2-hydroxy-2-propylicyclohexyl-2-fluoroacrylate, 139.98 g (0.629
mot) of di-tert-butyl dicarbonate, 7.12 g (0.057 mol) of DMAP, and 896 g of THF, and the
mixture was maintained at room temperature for 20 hours to induce a reaction
therebetween. After the reaction was terminated, THF was removed under reduced

25 pressure from the reaction product to obtain 192 g of a monomer having a repeating unit

represented by Formula 1-9 below {yield: 91.6%, NMR: CH3(1.40), CH»(1.64, 1.36),
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7850 2.62 Example 9 1-1, 2-1, 3-3, 4-10 25/35/30/10 THF.61.8 8924 2.15 Example 10 1-1, 2-1, 3-3,
4-6 20/30/30/20 THF 65 7925 2.21 Example 11 1-4, 2-1, 3-1, 5-2 40/30/5/25 THF 69.5 8672 2.14
Example 12 1-1, 2-1, 3-1, 4-10, 5-1 20/30/27/20/3

CH(3.91, 2.01), H(5.41)}.
<Reaction Scheme 4>

X,
o \I\P—@N ]

£9.
£5C CF4 * —E*O O/U\O—!-v FiC CFs
THF FaC CF3

FaC i CFa o & 5 o
CH Or \1/
T
(Formula 1-9)
3 Example 1: Preparation of polymer compound represented by Formula 6

84.06 g (0.12 mol) of the monomer having a repeating unit of Formula 1-1, 23.53 g

(0.24 mol) of the monomer having a repeating unit of Formula 2-1 above, 33.16 g (0.24

mol) of the monomer having a repeating unit of Formula 3-1 above, and 24.63 g of an

azobis(isobutyronitrile) (AIBN) initiator were added into a 1,000 ml round-bottom flask

10 and the mixture was dissolved in THF as a solvent. Thereafter, a reaction temperature

was maintained at 70 C and maintained for 12 hours to induce a reaction therebetween.

After the reaction was terminated, the reaction product was precipitated in 6,000ml of

heptane, and the precipitate was dried in a vacuum oven at 40 C for 24 hours.

Thereafter, the dried precipitate was dissolved in ether and further precipitated in

15 5,000ml of heptane. The reprecipitated polymer was collected and dried in a vacuum

oven at 40 T for 24 hours to obtain 111 g of a polymer compound represented by

Formula 6 above (yield: 78.9%, weight average molecular weight (Mw): 8710, PDI
{polydispersity index): 2.34).

Example 2: Preparation of polymer compound represented by Formula 7

20 98 g of a polymer compound (yield: 69.6%, Mw: 9210, PDI: 2.46) was prepared in
the same manner as in Example 1, except that 78.12 g (0.175 mol) of the monomer
having a repeating unit of Formula 1-2 above, 24.02 g (0.245 mol) of the monomer
having a repeating unit of Formula 2'~1 above, 38.68 g (0.28 mol) of the monomer having
a repeating unit of Formula 3-1 above, and 24.64 g of an AIBN initiator were used

25 instead of the components used in Example 1.

Example 3: Preparation of polymer compound represented by Formula 8

91 g of a polymer compound (yield: 63.5%, Mw: 8864, PDI; 2.32) was prepared in
the same manner as in Example 1, except that 80.57 g (0.175 mol) of the monomer
having a repeating unit of Formula 1-3 above, 24.02 g (0.245 mol)of the monomer having
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THF 77.5 8523 2.18 Example 13 1-1, 2-1, 3-1,4-12, 5-1 28/27/22/20/3 THF 73.6 8920 2.21 Example
14 1-1, 2-1, 3-3, 4-10, 5-1 20/30/27/20/3 THF 65.5 8500 2.45 Example 15 1-1, 2-1, 3-3, 4-6, 5-4
20/30/30/17/3 THF 64.7 8944 2.02 Comparative Example 1

a repeating unit of Formula 2-1 above, 38.68 g (0.28 moi)'of the monomer having a
repeating unit of Formula 3-1 above, and 25.07 g of an AIBN initiator were used instead
of the components used in Example 1.

Example 4: Preparation of polymer compound represented by Formula 9

5 102 g of a polymer compound (yield: 70.8%, Mw: 7322, PDI: 2.54) was prepared
in the same manner as in Example 1, except that 81.26 g (0.175 mol) of the monomer
having a repeating unit of Formula 1-4 above, 24.02 g (0.245 mol)of the monomer having
a repeating unit of Formula 2-1 above, 38.68 g (0.28 mol) of the monomer having a
repeating unit of Formula 3-1 above, and 25.20 g of an AIBN initiator were used instead

16 of the components used in Example 1.

Example 5: Preparation of polymer compound represented by Formula 10

108 g of a polymer compound (yield: 77.3%, Mw: 9050, PDI: 2.69) was prepared
in the same manner as in Exampie 1, except that 81.26 g (0.175 mol) of the monomer
having a repeating unit of Formula 1-5 above, 24.02 g (0.245 mol)of the monomer having

15 a repeating unit of Formula 2-1 above, 38.68 g (0.28 mol) of the monomer having a
repeating unit of Formula 3-1 above, and 24.77 g of an AIBN initiator were used instead
of the components used in Example 1.

Example 6: Preparation of polymer compound represenied by Formula 11

98 g of a polymer compound (yield: 79.9%, Mw: 8850, PDI: 2.31) was prepared in
20 the same manner as in Example 1, except that 7545 g (0.10 mol) of the monomer
having a repeating unit of Formula 1-8 above, 19.61 g (0.20 mol) of the monomer having
a repeating unit of Formula 2-1 above, 27.63 g (0.20 mol) of the monomer having a
repeating unit of Formula 3-1 above, and 21.47 g of an AIBN initiator were used instead

of the components used in Example 1.

25 Example 7: Preparation of polymer compound represented by Formuia 12

114 g of a polymer compound (yield: 79.5%, Mw: 8160, PDI: 2.12) was prepared
in the same manner as in Example 1, except that 84.06 g (0.12 mol) of the monomer
having a repeating unit of Formula 1-1 above, 17.65 g (0.18 mol) of the monomer having
a repeating unit of Formula 2-1 above, 33.16 g (0.24 mol)of the monomer having a

30 repeating unit of Formula 3-1 above, 8.53 g (0.06 mol) of the monomer having a
repeating unit of Formula 4-10 above, and 25.1 g of an AIBN initiator were used instead
of the components used in Example 1.

Example 8: Preparation of polymer compound represented by Formula 13

72 g of a polymer compound (yield: 51.4%, Mw: 7850, PDi: 2.62) was prepared in
30



2-1, 3-1 70/30 THF 66.7 7254 2.37 Comparative Example 2 2-1, 3-3 40/60 THF 57.5 7260 2.16
Comparative Example 3 1-1, 2-1 40/60 THF 49.5 9210 2.55 Comparative Example 4 1-1, 3-3 40/60
THF 53.9 8845 2.40

the same manner as in Example 1, except that 84.06 g (0.12 mol) of the monomer
having a repeating unit of Formula 1-1 above, 17.65 g (0.18 mol) of the monomer having
a repeating unit of Formula 2-1 above, 33.16 g (0.24 mol)of the monomer having a
repeating unit of Formula 3-1 above, 5.17 g (0.06 mol) of the monomer having a
5 repeating unit of Formula 4-12 above, and 24.51 g of an AIBN initiator were used instead

of the components used in Example 1.

Example 9: Preparation of polymer compound represented by Formula 14
95.8 g of a poiymer compound (yield: 61.8%, Mw: 8924, PDl: 2.15) was prepared
in the same manner as in Example 1, except that 96.32 g (0.138 mol) of the monomer
10 having a repeating unit of Formula 1-1 above, 18.88 g (0.193 mol) of the monomer
having a repeating unit of Formula 2-1 above, 32.05 g (0.165 mol) of the monomer
having a repeating unit of Formula 3-3 above, 7.82 g (0.055 mol) of the monomer having
a repeating unit of Formula 4-10 above, and 27.14 g of an AIBN initiator were used
instead of the components used in Example 1.

15 Fxample 10: Preparation of polymer compound represented by Formula 15

89.6 g of a polymer compound (yield: 65%, Mw: 7925, PDI: 2.21) was prepared in
the same manner as in Example 1, except that 77.06 g (0.11 mol) of the monomer
having a repeating unit of Formula 1-1 above, 16.18 g (0.165 mol) of the monomer
having a repeating unit of Formula 2-1 above, 32.05 g (0.165 mol) of the monomer

20 having a repeating unit of Formula 3-3 above, 12.56 g (0.11 mol) of the monomer having
a repeating unit of Formula 4-6 above, and 24.12 g of an AIBN initiator were used
instead of the components used in Example 1.

Example 11: Preparation of polymer compound represented by Formula 18

95.4 g of a poiymer compound (yield: 68.5%, Mw: 8672, PDI; 2.14) was prepared
25 in the same manner as in Example 1, except that 92.87 g (0.2 mol) of the monomer
having a repeating unit of Formula 1-4 above, 12.26 g (0.125 mol) of the monomer
having a repeating unit of Formula 2-1 above, 20.72 g (0.15 mol) of the monomer having
a repeating unit of Formula 3-1 above, 11.41 g (0.025 mol} of the monomer having a
repeating unit of Formula 5-2 above, and 24.02 g of an AIBN initiator were used instead

30 of the components used in Example 1.

Example 12: Preparation of polymer compound represented by Formula 17

108.5 g of a polymer compound (yield: 77.5%, Mw: 8523, PDI: 2.18) was prepared
in the same manner as in Example 1, except that 78.46 g (0.112 mol) of the monomer

having a repeating unit of Formula 1-1 above, 16.47 ¢ (0.168 mol) of the monomer
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Examples 16 through 34 and Comparative Examples 5 through 8: Preparation of resist protective film
A photoresist solution (Product Name: DHA-3606, manufactured by DONGJIN SEM1CHEM) was
coated on a silicon (Si) substrate and the coated Si substrate was baked at 110 t for 60 seconds to
form a resist film (a photoresist Iayeg having a thickness of 150 nm. A resist protective film-forming

composISoifRREBY diubIon G I MR ot-dashdane dPnsef @ddbotinds Bf thrampreaMethrough
15 and Gomparativg EampPlastldhiesgh Aoy wid el a ;oedspiven ahdmsthnershianel and

diisoam%l ether (5:5) was sSpin coated on the resist film and the coated resist film was baked at 90 t for

60 secoMng fBrieRRRINGBIBIHRSIEQTRUR T hERIFE AV Ehi Rfds 8 50 THmmeb sl dhadariveniged in
the reSiﬁfa‘}iﬁbeﬁti*lé%@Hﬁv@Qﬁﬁ%k reRAaNe sUfeps\acIHMes 4158 i Exalpiembanddie U@

mixture of dodecyl benzene sulfonic acid and nonafluorobutanesulfonic acid at a weight ratio of 1:1
was usdtSieask ahipr AT ReENMS Uset ipdridiRlethe types of polymer compounds used and the

amount of the pgifiuearg: QWA HibARIE R cdrfpamBles3edbrasgih g Fdrranaragon of resist
protective film A photoresist solution (Product Name: DHA-3606, manufactured by DONGJIN

SEMICHEM) WS B dPl Sl axstaedaf dwrldcdaibaes Mub8Ralh WRE BaAEIMAS RIPPRIEED
secondsnteHergaamsesishfiar @snhom@siﬁtéay,e&eamnﬂ@tﬂ@igw§s(@f.ﬂ@%n-o‘r fRSishoFRieRive

film-forming composition obtained by dissolving 3 wt% of 20 the polymer compound of Example 9 in

97 wi% P EANAIRSGRATEG Rl PR ERTNYIBdtaABP%R I S @dihdxgBhophite (PaYmeshBMSER a
resist prefessvadiinmiosnipgraampaiioebtaingrany gissoldndsont%r chbemplymer ¢rvipguad of

Example 9 in 97 wt% of a mixed solution of diisoamyl ether and 4-hydroxy-4-methyl-2-pentanol (9:1)

(ExamplePSFiaa A RiteSisTHronetava finfeihing 25 GrifhddiuiBiboelidts U enesBRingRY ReFof the
polymerspsxppdndraf BKapRteul4d 97 wikvef & mixed @otyentabdiispany | aliRime A 1imetd 4

heptanol, and 2-ethyl-1,3-hexanediol (7:2:1) (Example 37) were each spin coated on the resist film,

each coRREAULEHIKPHESBAKEPAT §9PY6y B0LECMud BiaMANERN B RER tred INEaRg a
thicknesss gid0dmporNssansaddiivecHaasldn the resist protective film, dodecyl benzene sulfonic acid

was used in Examples 3 through 37. In particular, the types of polymer compoundsused and the
amount of the SXAHRE - HGRArRle L CH BRI ECRIEREH Formgibidtesist solution

(Product NamesiHfo3e0se aeriastiped iy §RNCIN:GE WK HIZMD Wepicoatey @aaspbpabsyate
and the coated Si substrate was baked at 5110 C for 60 seconds to form a resist film (photoresist

layer) h&Villly SBMERREN"18D Whi-mereRie: brétdRe Rk A8% ¢ (Ghbanevalitieimanedisr

protectiveiliy 6l)&eniast angie evalgation 10Tomaldatea @rags. asslerfip sesist nraskyerfilm, a
recedin%}é:qntact angle and an fdva Ci?!g lTﬁogact angle of g wafer with a resist protective film formed
thereon 1R PR TG @it NG deviBEN e ACe abhd ODAR T) AR aBIGRSRRUSS)

aceerding:ing eeapeitmetind giTtivanddrsapansrd Biamitet @l 1IImbacoSake TrshsmBr Ra(BigPages
2721-2727 (Nov/Dec 200 )i: 15 ;%é/l%f@ct've indi%x ival tion A refractive index (n) of each resist
protectife FRTHAY HEBLLF LI A AVdR ARG R3S 1R UEMhGaR &lip6rMearBelita iama:
VUV-30@peatimdestiir of: HofmizpBamabove, and 25.52 g of an AIBN initiator were used instead

of the components used in Example 1.

Example 15: Preparation of polymer compound represented by Formula 20

25 89.6 g of a polymer compound (yield: 64.7%, Mw: 8944, PDI: 2.02) was prepared
in the same manner as in Example 1, except that 75.66 g (0.108 mol) of the monomer
having a repeating unit of Formula 1-1 above, 15.89 g (0.162 mol) of the monomer
having a repeating unit of Formula 2-1 above, 31.47 g (0.162 mol) of the monomer
having a repeating unit of Formula 3-3 above, 10.48 g (0.092 mol) of the monomer

30 having a repeating unit of Formula 4-6 above, 8.92 g (0.016 mol) of the monomer
.having a repeating unit of Formula 5-4 above, and 24.92 g of an AIBN initiator were used
instead of the components used in Example 1.

Comparative Example 1: Preparation of polymer compound represented by

Formula 21
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20 (3) Observation of change in thickness of resist protective film This experiment is perform an
immersion lithography process. To observe a change in the thickness of a resist protective film before
and after the resist protective film was immersed into deionized water, each wafer (substrate) on which
the resist 25 protective film was formed was washed with pure water for 1 minute and a change in the

thickness of thd4e3id (Fotached) MhpaRiepeeEIoefaNd R asarRaHBAIUTICARRGE M e Wide i resist
pattern 20 7219 @Valiate| R ShARItBHER AP & Vi er@é@éﬁ%@ﬂwfbﬁﬁ%?me{eﬁiﬁaft!ieﬁ%?t%{ﬁ@() film

was developed, a chage in line width was measured after line and space patterns with resolution of

70 nm wefe B2h e, ABMNBERIRE MERE AdiiRtiiR eS8 Gtk Iqensldpfigmmiask and thsraikiietiment

was perjpsgR e pualypteirheshecHigaipsistimraiestiue HrowatoieRovss:allee imaersiandihography.
A resist protective film was formed to a thickness of 100 nm and developed using 2.38% of an

aquieoustetfanetAgrABIRIRGEY dRoxX]de TPWAHY dBHitish Poraarierotiry eewriherAfierdamt
e LA EIAYREAE ROLL RS SR RES R U
(PPm) Recettiagoerititdtangts driedvianginarcontanteraah b ) Refoa@i e, (NI 6oaraien thm
thiCkneS&iggf%?%ggﬁa%g%% %ErSngOT\pé%kn]eg %&%rnd further precipitated in 1,600 m! of heptane.

The reprecipitated polymer was collected and dried in a vacuum oven at 40 T for 24

10 hours to obtain 36.7 g of a polymer compound represented by Formula 21 below (yield:
66.7%, Mw: 7254, PDi: 2.37).
<Formula 21>
OO0
a b

=0
HO

Comparative Example 2: Preparation of polymer compound represented by

15 Formula 22
35.8 g of a polymer compound (yield: 57.5%, Mw: 7260, PDI. 2.16) was prepared
in the same manner as in Comparative Example 1, except that 15.69 g (0.16 mol) of the
monomer having a repeating unit of Formula 2-1 above, 46.62 g (0.24 mol) of the
monomer having a repeating unit of Formula 3-3 above, and 10.91 g of an AIBN initiator
20  were used instead of the components used in Comparative Example 1.

<Formula 22>

Comparative Example 3: Preparation of polymer compound represented by

Formula 23

25 21.8 g of a polymer compound (yield: 49.5%, Mw: 9210, PDI: 2.55) was prepared
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development using TMAH (nm) Change inline width (nm) Example 16 Example 10 74 95 1.58 0 0 8.2
Example 17 Example 207191 1.56 00 8.3

10

is5

in the same manner as in Comparative Example 1, except that 54.64 g (0.078 mol) of the
monomer having a repeating unit of Formula 1-1 above, 5.1 g {0.052 mol) of the
monomer having a repeating unit of Formula 2-1 above, and 10.45 g of an AIBN initiator
were used instead of the components used in Comparative Example 1.

<Formula 23>

CFs [ ] OF,
0. O O, 0O
0 O

Comparative Example 4: Preparation of polvmer compound represented by

Formula 24

25.7 g of a polymer compound (yield: 53.9%, Mw: 8845, PDI: 2.40) was prepared
in the same manner as in Comparative Example 1, except that 50.44 g (0.072 mol) of the
monomer having a repeating unit of Formula 1-1 above, 9.32 g (0.048 mol) of the
monomer having a repeating unit of Formuia 3-3 above, and 10.46 g of an AIBN initiator
were used instead of the components used in Comparative Example 1.

<Formula 24>

Polymerization conditions of the polymer compounds of Examples 1 through 15

and Comparative Examples 1 through 4 are shown in Table 1 below.

<Tabie 1>
Formula of repeating Ratio of Reaction yield | MW | PDI
unit of monomer monomers in | solvent | (%)
polymer
(parts by mole)
Example 1 1-1, 2-1, 3-1 20/40/40 THF | 78.9 | 8710 | 2.34
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Example 18 Example 30 72 93 1.57 0 0 8.2 Example 19 Example 4 0 72 92 1.57 0 0 8.5 Example 20

Example 50
Example 2 1-2, 2-1, 3-1 25/35/40 THF | 69.6 | 9210 | 2.46
Example 3 1-3. 2-1, 3-1 25/35/40 THF | 63.5 | 8864 | 2.32
Example 4 1-4, 2-1, 3-1 | 25/35/40 THE | 70.8 | 7322 | 2.54
Example 5 1-5, 2-1, 3-1 25/35/40 THF | 76.3 | 9050 | 2.69
Example 6 1-8, 2-1, 3-1 20/40/40 THE | 79.9 | 8850 | 2.31
Example 7 | 1-1,2-1, 3-1, 4-10 20/30/40/10 THF | 79.5 | 8160 | 2.12
Example 8 | 1-1,2-1, 3-1, 4-12 20/30/40/10 THF | 51.4 | 7850 | 2.62
Example 9 | 1-1,2-1, 3-3, 4-10 25/35/30/10 THF | 61.8 | 8924 | 2.15
Example 10 | 1-1, 2-1, 3-3, 4-6 20/30/30/20 THF | 65 | 7925 | 2.21
Example 11 | 1-4, 2-1, 3-1, 5-2 40/30/5/25 THF | 69.5 | 8672 | 2.14
Example 12 | 12131400 Ham00700i3 | THE | 775 | 8523 | 2.18
5-1
Example 13 [1-1, 2-1, 3-1,4-12, 5-1| 28/27/22/20/3 | THF | 73.6 | 8920 | 2.21
Example 14 | 1121334901 03007003 | THE | 66.5 | 8500 | 2.45
5-1

Exampie 15 |1-1, 2-1, 3-3, 4-B, 5-4| 20/30/30/17/3 | THF | 64.7 | 8944 | 2.02
Comparative 21, 3-1 70/30 THE | 66.7 | 7254 | 2.37
Example 1

Comparative 2-1, 3-3 40/60 THF | 57.5 | 7260 | 2.16
Example 2

Comparative 1-1, 2-1  40/60 THF | 495 | 9210 | 2.55
Example 3

Comparative 11,33 40/60 THE | 53.9 | 8845 | 2.40
Example 4

Examples 16 through 34 and Comparative Examples 5 through 8: Preparation of

resist protective film




7190 1.55 0 0 8.5 Example 21 Example 6 0 75 95 1.59 0 0 8.2 Example 22 Example 7 0 79 97 1.57 0
0 S

A photoresist solution (Product Name: DHA-3606, manufactured by DONGJIN
SEMICHEM) was coated on a silicon (Si) substrate and the coated Si substrate was
baked at 110 C for 60 seconds to form a resist film (a photoresist layer) having a
thickness of 150 nm. A resist protective film-forming composition obtained by

5 dissolving 3 wi% of each of the polymer compounds of Examples 1 through 15 and
Comparative Examples 1 through 4 in 97 wt% of a mixed solvent of 4-methyl-2-pentanol
and diisoamyl ether (5:5) was spin coated on the resist film and the coated resist film
was baked at 90 C for 60 seconds to form each resist protective film having a thickness
of 50 nm. _

10 As an additive used in the resist protective film, dodecyl benzene sulfonic acid
was used in Examples 31 and 32, and a mixture of dodecy! benzene sulfonic acid and
nonafluorcbutanesulfonic acid at a weight ratio of 1:1 was used in Examples 33 and 34.

In particular, the types of polymer compounds used and the amount of the additive
are shown in Table 2 below.

15 Examples 35 through 37: Preparation of resist protective film

A photoresist solution (Product Name: DHA-3606, manufactured by DONGJIN
SEMICHEM) was coated on a Si substrate and the coated Si substrate was baked at

110 T for 60 seconds to form a resist film (a photoresist layer) having a thickness of
150 nm. A resist protective film-forming composition obtained by dissolving 3 wi% of
20 the polymer compound of Example 9 in 97 wi% of a mixed solvent of
4-methyl-2-pentanol and 1,1-diethoxy propane (7:3) (Example 35), a resist protective
film-forming composition obfained by dissolving 3 wt% of the polymer compound of
Example 9 in 97 wt% of a mixed solution of diisoamyl ether and
4-hydroxy-4-methyl-2-pentanol (9:1) (Example 36), and a resist protective film-forming
25 composition obtained by dissolving 3 wit% of the polymer compound of Example 14 in 97
wt% of a mixed solvent of diiscamyl ether, 26-dimethyl-4-heptanol, and
2-ethyl-1,3-hexanediol (7:2:1) (Example 37) were each spin coated on the resist film,
each coated resist film was baked at 890 T for 60 seconds to form each resist protective
film having a thickness of 50 nm.
30 As an additive used in the resist protective film, dodecyl benzene sulfonic acid
was used in Examples 35 through 37.
In particular, the types of polymer compounds used and the amount of the additive

are shown in Table 2 below.
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8.4 Example 23 Example 8 0 70 91 1.58 0 0 8.6 Example 24 Example 9 0 81 98 1.57 0 50 8.1
Example 25 Example 10 ’

10

15

20

25

30

Comparative Example 9
A photoresist solution (Product Name: DHA-3606, manufactured by DONGJIN
SEMICHEM) was coated on a Si substrate and the coated Si substrate was baked at

110 T for 60 seconds to form a resist film (photoresist layer) having a thickness of 150

nm. A resist protective film was not formed.

Evaluation of resist protective film

(1) Contact angle evaluation

To evaluate a contact angle of a resist protective film, a receding contact angle
and an advancing contact angle of a wafer with a resist protective film formed thereon
Weré evaluated using a contact angle device {device name: DSA-100, manufacturer:
KRUSS) according to a general method disclosed in a paper (Burnett et al., J. Vac. Sci.
Techn. B, 23(6), Pages 2721-2727 (Nov/Dec 2005)).

{2) Refractive index evaluation
A refractive index (n) of each resist protective film was measured at a wavelength
of 193 nm by using an ellipsometer (device name: VUV-303, manufacturer: J.A

Woollam).

(3) Observation of change in thickness of resist protective film

This experiment is perform an immersion lithography process. To observe a
change in the thickness of a resist protective film before and after the resist protective
film was immersed into deionized water, each wafer (substrate) on which the resist
protective film was formed was washed with pure water for 1 minute and a change in the

thickness of the resist protective film was observed.

(4} Measurement of change in line width of resist pattern
To evaluate a change in the line width of a resist pattern after the resist protective
film was developed, a change in line width was measured after line and space patterns

with resolution of 70 nm were formed.

(5) Measurement of film thickness after developing TMAH
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07896 1.550 0 8.5 Example 26 Example 12 0 79 97 1.60 0 0 7.1 Example 27 Example 13 0 70 91
1610 ‘

This experiment was performed to evaluate whether the resist protective film was
removed after immersion lithography. A resist protective film was formed to a thickness
of 100 nm and developed using 2.38% of an aqueous tetramethylammoniumhydroxide
(TMAH) solution for 10 seconds and whether the resist protective film was removed was

5  evaluated by measuring the thickness of the resist protective film.

The evaluation resuits are shown in Table 2 below.

<Table 2>
Change in|_
) Thickness
Amount Receding , film Change
Advancin Refractiv after
Polymer  lof contact _ thickness in line
B g coniacle index development|
compound [additive jangle . before andi width
. angle(” ) {(n) using TMAH
(ppm) (") after DI (nm)
(nm)
(nm)
Example |Example
0 74 95 1.58 0 0 8.2
16 1
Example iExample '
0 71 91 1.56 0 0 8.3
17 2
Example |Example
0 72 93 1.57 0 0 8.2
18 3
Example |Example
0 72 92 1.57 0 0 8.5
19 4
Example |Example
0 71 90 1.55 0 0 8.5
20 5
Example |[Example
0 75 95 1.59 0 0 8.2
21 6
Example [Example
0 79 97 1.57 0 0 8.4
22 7
Example [Example
0 70 91 1.58 0 0 8.6
23 3
Example |[Example
0 81 98 1.57 0 50 8.1
24 9
Example [Example
0 78 96 1.55 0 0 8.5
25 10
Example [Example
0 79 a7 1.60 0 0 7.1
26 12 :
Example Example
0 70 91 1.61 0 0 75
27 13

38



07.5 Example 28 Example 14 0 81 98 1.62 0 40 7.2 Example 29 Example 1107493 1.5800 7.9
Example )

Example |[Example

0 81 98 1.62 0 40 7.2
28 14
Example [Example

0 74 93 1.58 0 0 7.9
29 11
Example |Example

0 78 96 1.55 0 0 7.2
30 15
Example [Example

500 81 98 1.57 0 4] 7.2
31 9
Example |Example

500 78 96 1.55 0 0 7.6
32 10
Example |Example

500 79 97 1.60 0 Q 7.0
33 12
Example |Example

500 81 98 1.62 0 0 8.8
34 14
Example |Example

500 81 98 1.58 0 0 7.2
35 9
Example |Example

500 82 98 1.56 0 0 7.0
36 9
Example |Example

500 80 98 1.63 0 0 8.9
37 14
ComparativiComparativ
e Examplee Example 0 52 81 1.57 0 80 -
5 1
ComparativiComparativ
e Examplee Example 0 81 88 1.58 0 a5 -
6 2
ComparativiComparativ
e Examplee Example 0 78 96 1.57 0 100 A
7 3
ComparativiComparativ
e Examplee Example 0 79 o8 1.59 0 100 -
8 4
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30 Example 150 78 96 1.55 0 0 7.2 Example 31 Example 9 500 81 98 1.57 0 0 7.2 Example 32

Example 10 500 78

10

15

20

No resist
protective No resist | No resist
ComparativiNo  resist filmto protective | protective
e Examplelprotective which 52 80 1.69 film, so fitm, so 10.1
9 film additive impossible | impossibie
was o evaluate| to evaluate
added

("-" in change in line width shown in Table 2 indicates that a polymer compound
was not dissolved in a solvent and thus it was impossible to perform an experiment)

Referring to Table 2 above, receding contact angles of the resist protective films
{(Examples 16 through 34) formed using the polymer compounds prepared according to
Examples 1 through 14 are 71 to 81°, which is higher than those of the resist protective
films (Comparative Examples 5 through 8) formed respeciively using the polymer
compounds prepared according to Comparative Examples 1 through 4 and advancing
contact angles of the resist protective films of Examples 16 through 34 are higher than
those of the resist protective films of Comparative Examples 5 through 8, which resuits in
excellent water repellency.

In addition, resist protective films formed of the polymer compounds in which
cyclic olefin maleic anhydride is introduced to di-tert-butyl dicarbonate during a
developing process after exposure to light exhibit are easily removable, and, when an
additive was used, it is confirmed that the removability of the resist protective films
further increase. Even when the additive is used, it does not affect contact angles of
the resist protective films, which confirms that there are no problems with the resist
protective films. It is also confirmed that a photoacid generator (PAG) is bonded to a
polymer structure of the resist protective film, thereby reducing line edge roughness
(LER) of a pattern shape and, as a result, a resist pattern may be uniformly formed.

While the present invention has been particularly shown and described with
reference to exemplary embodiments thereof, it will be understood by those of ordinary
skill in the art that various changes in form and details may be made therein without
departing from the spirit and scope of the present invention as defined by the following
claims.
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CLAIMS

1. A polymer compound comprising: 100 parts by mole of a repeating unit

represented by Formula 1 below; 10 to 900 parts by mole of a repeating unit represented

5 by Formula 2 below; and 10 to 900 parts by mole of a repeating unit represented by

Formula 3 below, wherein the polymer compound has a weight average molecular
weight of 1,000 to 100,000:

<Formula 1> <Formula 2> <Formula 3>
Rs Re
R
ToHe 0~ _0
0=C O
0 . 7
R2 Ra Ra R7
10 wherein Ry, Rs, R4, Rs, and Rg are each independently a hydrogen (H) atom, a

fluorine (F) atom, or a substituted or unsubstituted C¢-Cy alkyl group,

R, is a substituted or unsubstituted C+-Cs alkyl group or a substituted or
unsubstituted C4-C4o cyclic alkyl group, wherein at least one hydrogen atom of the alkyl
group and the cyclic alkyl group is substituted with a group represented by Formula a

15 below,

Ry is a hydrogen atom or a substituted or unsubstituted C4-Cys alkyl group,
<Formula a>

*—Rg=G—0. OR;
CFy [

wherein Rg is a hydrogen atom or a substituted or unsubstituted C1-Cys alkyl
20 group, Ry is a single bond or a substituted or unsubstituted C4-C4p alkylene group, and *

indicates a binding site.

2. The polymer compound of claim 1, wherein Ry, Rs, R4, Rs, and Ry are
each independently one of a hydrogen (H) atom, a fluorine (F) atom, a methy! group, an

25 ethyl group, a propyl group, a C+-Cy alkyl group substituted with at least one fluorine,
41
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and a C1-Cy alkyl group substituted with at least one hydroxyl group,

W_herein 1 to 4 hydrogen atoms of R; is substituted with a group represented by
Formula a above,

Ry is a hydrogen atom, a C¢-Cys alkyl group substituted with at least one hydroxyl
group, or a C-Cys alkyl group substituted with at least one carboxy!l group,

Rg is a hydrogen atom or a substituted or unsubstituted C4-Cy;p alkyl group, and Rg

is a single bond or a substituted or unsubstituted C4-Cs alkylene group.

3. The polymer compound of claim 1, wherein the repeating unit
represented by Formula 1 above is represented by any one of Formulae 1-1 through
1-18 below:

<Formula 1-1> <Formula 1-2> <Formula 1-3>

<Formula 1-6>

o
]

<Formula 1-4> <Formula 1-

F
4;if‘r
O

OTO | | o\n,o \t/
O O :
<Formula 1-7> <Formula 1-8>
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0 0 6.9 Comparativ e Example 5 Comparativ eExample 1 0 52 81 1.57 0 80 Comparativ eExample 6

Comparativ eExample 2 0 61 88 1.58 0 95

CE,

Gk, CF,

FsC -CF,

L0 0O

CE,

Rl o

<Formuia 1-10>
F

O

F.C——CF,
0.0
ot

5 O
<Formula 1-13>

<Formula 1-11>
CFs

FiC CF,
oY
@]
<Formuia 1-14>
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CF,

O o,
Cridyy

<Formula 1-15>



Comparativ eExample 7 Comparativ eExample 3 0 76 96 1.57 0 100 - Comparativ eExample 8
Comparativ eExample 4 0 79 98 1.59 0 100 Comparativ e Example 9

JE;}*
O
F ,
gy Py
D cr F4C—1—CFs 2 cr,

0. .0 0.0 0..0
Ot T Oy
CF, o o CF4 o

<Formula 1-16> <Formula 1-17> <Formula 1-18>

J 1 J
St Bt AR

CF3 O CF3 CFa

5 4, The polymer compound of clam 1, wherein the repeating unit
represented by Formula 2 above is represented by Formula 2-1 below:

<Formula 2-1>

10 5. The polymer compound of claim 1, wherein the repeating unit
represented by Formula 3 above is represented by one of Formulae 3-1 through 3-3:

<Formula 3-1> <Formula 3-2> <Formula 3-3>

HO
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Noresist protective film No resist protective film to which additive was added 52 80 1.69 No resist
protective film, so impossible to evaluate No resist protective film, so impossible to evaluate 10.1 ("-"
in change in line width shown in Table 2 indicates that a polymer compound was not dissolved in a
solvent and thus it was impossible to perform an experiment) Referring to Table 2 above, receding

contact anglePof the rd§18t RRBIEGNEHTREYEL LhplaEM LA thvsiigh SaiTBrisied alilkaahepoIgnt?
compougdsay eRAe b RshBIEing soredeamplanil r@]ﬁ%ﬁﬂéd%? Fbimtik winskis biaherihapdhose of

the resist protective films (Comparative Examples 5 through 8) formed respectively using the polymer
compoRRIESIPYSaRE AR SRRRFHBICHMIERIGASHRIRYIESTHIB yPEANd advancing contact angles
of the resist protagitive filgzs of Examples 16 through 34 are higher than those of the resist protective
films of Comparative Examples 5 through 8, which results in toexcellent water repellency. In
addition, resist protective filffsfigrmed of the polymer compounds in which cyclic olefin maleic
anhydride is intrg%; tq_gicfr butyl dicarbonate during a developing process after exposure to light
exhibit are easily re ableand, when an additive was used, it is confirmed that the removability of
the resist protective films 151urther increase. Even when the additive is used, it does not affect contact
angles of the resist protectivgMilins, which confirms that there are no problems with the resist
protective films. It is alsp,confirmed that a photoacid generator (PAG) is bonded to a polymer structure
of the resist protective fin, thereby reducing line edge roughness (LER) of a pattern shape and, as a
result, a resist pattern may he, uniformly formed. 20 While the present invention has been particularly
shown and described with référence to exemplary embodiments thereof, it will be understood by those -
of ordinary skill in the art thaR/ rious changes in form and details may be made therein without
departing from the spirit and sc c?pe of the present invention as defined by the following claims.

wherein Ry is a hydrogen (H) atom, a fluorine (F) atom, or a substituted or
unsubstituted C1-Cy alkyl group,

R is a substituted or unsubstituted C4-C+g alkylene group, and

R4z i$ a hydrogen atom or a substituted or unsubstituted C4-Cs alkyl group,

10 <Formula 5>

wherein Rq3 is a hydrogen (H) atom, a fluorine (F) atom, or a substituted or
unsubstituted C-Cy alkyl group, and
R4 is represented by Formula b below,

15 <Formula b>
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CLAIMS 1.A polymer compound comprising: 100 parts by mole of a repeating unit represented by -
Formula 1 below; 10 to 900 parts by mole of a repeating unit represented 5 by Formula 2 below; and
10 to 900 parts by mole of a repeating unit represented by Formula 3 below, wherein the polymer
compound has a weight average molecular weight of 1,000 to 100,000: <Formula 1><Formula
2><Formula 3> R2R3 R4RY 10wherein R1, R3, R4, R5, and R6 are each independently a hydrogen
(H) atom, a fluorine (F) atom, Br & substituted or unsubstituted C1-C20 alkyl group, R2isa
substituted or unsubstitutedpg'_f,I -C10 alkyl group or a substituted or unsubstituted C1-C10 cyclic alkyl
group, wherein at least one hydrogen atom of the alkyl group and the cyclic alkyl group is substituted
with a group represented b H3rmula a isbelow, R7 is a hydrogen atom or a substituted or
unsubstituted C1-C25 alkyﬁlgup, <Formula a> CF3 -R -C-0C,0R8 1 CF3 a wherein R5 is a
hydrogen atom or a suﬁ;' tedrainsubstituted C1-C25 alkyl 20 group, R9 is a single bond or a

vhe

substituted or un b d C1-2€
compound of clg ‘ E :
(H) atom, a fluor ato

substituted with at least gae~fluorine, and a C1-020 alkyl group substituted with at least one hydroxyl
group, wherein 1 to 4
above, R7 is a hydrogera , a 01-025 alkyl group substituted with at least one hydroxyl 5group, or a
C1-C25 alkyl group substittted with at least one carboxyl group, R9 is a hydrogen atom or a
substituted or wimrbktitBtede@t G2 alay graap, iadaéR@Bdently a single bond or a substituted or

unsubstituted C4-Cyy alkylene group, Rqg is a single bond, -O-, or -COO-, Ry3 and Ryg are

alkylene group, and * indicates a binding site. 2.The polymer
Ra, R5, and R6 are  each independently one of a hydrogen

each independently a hydrogen (H) atom, a fluorine (F) atom, or a substituted or

5 unsubstituted C+-Cyy alkyl group, and * indicates a binding site.

7. The polymer compound of claim 6, wherein R4y and R4z are each
independently a hydrogen (H) atom, a fluorine (F) atom, a methyl group, an ethyl group,
a propyl group, a C1-Cyp alkyl group substituted with at least one fluorine, or a C4-Cop

10 alkyl group substituted with at least one hydroxyl group,

R+2 is a hydrogen atom, a C¢-Cys alkyl group substituted with at least one hydroxyl
group, or a C-Cys alkyl group substituted with at least one carboxyl group,

Rs1, Ry, and Ry7 are each independently a single bond or a substituted or
unsubstituted C4-Cs alkylene group, Ry is -COO-, and Rz and Ry are each

15 independently a fluorine atom.
8. The polymer compound of claim 6, wherein the repeating unit

represented by Formula 4 above is represented by Formulae 4-1 through 4-12 below:

<Formula 4-1> <Formula 4-2> <Formula 4-3>
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is a single bond or a substituted or unsubstituted 01-05 alkylene group. 3.The polymer compound of
claim 1, wherein the repeating unit 10 represented by Formula 1 above is represented by any one of
Formulae 1-1 through 1-18 below: <Formula 1-1><Formula 1-2><Formula 1-3> cF3cF3 FaccF3
0,00"0 <Formula 1-4> 0 F3CCF3 0 <Formula 1-5> cF3 oo <Formula 1-6> <Formula 1-7><Formula-

1-8>

HO OH HO

<Formula 4-4> <Formula 4-5> <Formula 4-6>

t /‘\go
OH HO OH
<Formuia 4-7> <Formula 4-8> <Formuia 4-9>
0 Ok
OH
5 HO o
<Formula 4-10> <Formula 4-11> <Formula 4-12>

AN At

I I Ay

S S — O

OH

9. The polymer compound of claim 6, wherein the repeating unit

10 represented by Formula 5 is represented by Formulae 5-1 through 5-11 below:
47



CF3CF3 F3CCF3 00 <Formula 1-10> <Formula 1-11> CF3 4:4-3441- 0 <Formula 1-12> 0 17;
1+F O arrs O,w,0

<Formula 5-1> <Formuia 5-2>
=0 —Q
O O
F
F S0, SO,-

+ +
S S

<Formula 5-3> <Formula 5-4>

| o}
—Q
O 0
O
F F
F \ SOS,_
5 <Formula 5-5> <Formula 5-6>
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OF3 11 0 <Formula 1-16> o=cF3 cF3 0 F CCF3 <Formula 1-17> o=

00O0F30 0545 (\(.0CF38

<Formula 1-18> 0= 0 CF3 00 CF3 54.The polymer compound of claim 1, wherein the repeating unit
represented by Formula 2 above is represented by Formula 2-1 below: <Formula 2-1>

AN

+

O

<Formula 5-7> <Formula 5-8>

<Formula 5-10> <Formula 5-11>

O.

<Formula 5-9>



105.The polymer compound of claim 1, wherein the repeating unit represented by Formula 3 above is
represented by one of Formulae 3-1 through 3-3: <Formula 3-1><Formula 3-2><Formula 3-3> 6.The
polymer compound of claim 1, further comprising at least one of 10 to 900 parts by mole of a repeating
unit represented by Formula 4 below and 1 to 100 parts by mole of a repeating unit represented by
Formula 5 below: < nla 4> Rio CH 2-? Ri;1 1,0=0 0 5R12 wherein R12 is a hydrogen (H)
atom, a fluorine (F) atom,r a substituted or unsu%ed C1-C20 alkyl group, R11 is a substituted or
unsubstitutedalkylene gyoup, and R12 is a hydr gj%n atom or a substituted or unsubstituted
C1-C25 alkyl group, Formula 5> Ris 1 CH2-C 0= 1 01 R14 wherein R13 is a hydrogen (H)
atom, a fluorine (F) or a substituted or unsubs d C1-C20 alkyl group, and R14 is
represented by Form below, 15<Formula b> herein R15 and R17 are each independently a
single bond or a substituted or unsubstituted C1-C10talkylene group, R16 is a single bond, -0-, or
-COO-, R18 and R#S+are each independently a hydragen (H) atom, a fluorine (F) atom, or a
substituted or R/ E

Aty axdy
&

10. The polymer compound of claim 1, wherein the polymer compound is
represented by Formulae 6 through 11 below:

3 <Formuia 6>

50



- Sunsubstituted C1-C20 alkyl group, and * indicates a binding site. 7. The polymer compound of
claim 6, wherein R10 and R13 are each independently a hydrogen (H) atom, a fluorine (F) atom, a
methyl group, an ethyl group, a propyl group, a 01-C20 alkyl group substituted with at least one
fluorine, or a C1-Co 10alkyl group substituted with at least one hydroxyl group, R12isa
hydrogen atontr@EWEIalkyl group substituted with at least one hydroxyl group, or a C1-C25 alkyl
group substituted with at least ong carboxyl group, R11, R15, and R17 are each independently a
single bond or a substitutddextiisupstdited C1-05 alkylene group, R16 is -000-, and R18 and R19
are each 15independ ¢ 8. The polymer compound of claim 6, wherein the

i 2t | | xp irepresented by Formulae 4-1 through 4-12 below:
<Formula 4-1><Foms M

"\‘ HHO <Formula 4-4><Formula 4-5><Formula 4-6>
OHHOOH <Formula 4~/><Formula 4-8><F 4-9> <Formula 4-10><Formula 4-11><Formula
4-12> 9.The polymef compound of claim 6, wherein the repeating unit iorepresented by Formula 5 is
represented by Formtlag 5-1 through 5-11 below/ Edrmula 5-1>

<Formuia 9>

OO0

Fgc CF3
OTO\l/
O
5 <Formula 10>
O=~0

<Formula 11>
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<Formula 5-3> <Formula 5-2> <Formula 5-4> 5<Formula 5-5><Formula 5-6> <Formula
5-10><Formula 5-11> 10.The polymer compound of claim 1, wherein the polymer compound is
represented by Formulae 6 through 11 below: 5<Formula 6> CF3CF3HO F3CCF3 4000yod, Y 1 1 oo
<Formula 8> F3CCF3 0y0 0

OO0

CFs | CF3 HO
FsC o

\+ng ogo$/

wherein a is 100 parts by mole, b is 10 to 900 parts by mole, and c is 10 to 900

parts by mole.

5 11. The polymer compound of claim 6, wherein the polymer compound is
represented by Formulae 12 through 20 below:

<Formula 12>

CFs;
Fgc CF3

\+&go ogo%/

<Formula 13>

CFa
FaC '
00 o0
\f v v \k
o o

<Formula 14> <Formula 15>

10
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<Formula 9> F3CCF3 oYo- 0 <Formula 10> wherein a is 100 parts by mole, b is 10 to 900 parts
by mole, and c is 10 to 900 parts by mole. 511.The polymer compound of claim'6, wherein the polymer
compound is represented by Formulae 12 through 20 below: <Formula 12> cF,cF, F3cOF 1001
<Formula 14><Formula 15> <Formula 18> <Formula 19>

<Formuta 19>
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<Formula 20> wherein a is 100 parts by mole, b is 10 to 900 parts by mole, c is 10 to 900 parts
5by mole, d is 10 to 900 parts by mole, and e is 1 to 100 parts by mole. 12. A resist protective film
composition for an immersion lithography process, the composition comprising the polymer compound
according to any one of clalms 1 through 11 and a solvent. 10 13. The resist protective film
composition of claim 12, "ﬂ an amo nt of the polymer compound is in a range of 1 to 20 parts by
weight based on 100 1ba 5.0y Weightiaf the solvent.€1514.The resist protective film composition of
claim 12, wherein the § prises a e selected from the group consisting of monovalent
alcohol, polyol, aIkyJ3 of(polyol tate of polyol, ether, cyclic ether, alkane, alkoxy

alkane, aromatic h:g 3ketor%‘%;ester a d ater. 15. The resist protective film
composition of qu the/monovale [90ho| is a C9-C11 monovalent alcohol. 16. The
resist protective f Irrpcomposmo of claim 14ere|n onoI is a 5C4-C9 divalent alcohol. 17.

trialkoxy alkane or tetraalkoxy alkane that includ 0 16 carbon atoms. 10 18. The resist
protective film composition of claim 14, wherein t koxy alkane comprises at least one selected
from dimethox eth §|ethoxy methane, dibutoxy methane, trimethoxy methane, triethoxy
methane, trlpro;ggn ne, 1,1-diethoxy ethane, 1,2-diethoxy ethane, 1,1-dimethoxy ethane,
1,2-dimethoxy ethane, 153 |2 butoxy ethane 1 1, 1 -trimethoxy ethane, 1,1-diethoxy propane,
2,2-dimethoxy propane;-2j2rtietho d nQXxy isobutane, 1,5-dimethoxy pentane,
1,6-dimethoxy hexane &% 1-dime X , hoxy dodecane, bis(2-ethoxyethyl)ether, and
bis(2-methoxyethyl)ethe 19. T e\esist protective f|Im composition of claim 12, further comprising
at least one of a rad? i §1tlve agjd- geﬁera??‘ﬁg compound and an acid compound. 20. The
resist protective\t mMposi tigh of cl 19, wheremr=an amount of at least one of the
radiation-sensitiv agld gene\ga ing compound and theg: compound 25is in a range of 0.001 to 10
I

The resist protective film composition of claim.14, gh keirf the alkoxy alkane is dialkoxy alkane,

parts by weight based on 100 parts by weight of the polymer compound. 21. A method of forming a
photoresist pattern, the method comprising: coatlng a oresist composition on a substrate to form a

photoresist film; 30coating the resist protective ':ﬁm‘@n for an immersion lithography process

s

wherein a is 100 parts by mole, b is 10 to 900 parts by mole, c is 10 to 900 parts
5 by mole, dis 10 to 900 parts by mole, and e is 1 to 100 parts by mole.

12. A resist protective film composition for an immersion lithography process,
the composition comprising the polymer compound according to any one of claims 1
through 11 and a solvent.
10
13. The resist protective film composition of claim 12, wherein an amount of
the polymer compound is in a range of 1 to 20 parts by weight based on 100 parts by

weight of the solvent.

15 14. The resist protective film composition of claim 12, wherein the solvent
comprises at least one selected from the group consisting of monovalent alcohol, polyol,
alkyl ether of polyol, alkyl ether acetate of polyol, ether, cyclic ether, alkane, alkoxy

alkane, aromatic hydrocarbon, ketone, ester, and water.
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of claim 12 on the photoresist film to form a resist protective film; arranging an immersion medium
between the resist protective film and a lens; and irradiating radiation to the photoresist film and the
resist protective film via the immersion medium and a mask with a predetermined pattern and

developing the irradiated films to form a resist pattern.
15. The resist protective film composition of claim 14, wherein the

monovalent alcohol is a Co-C11 monovalent alcohol.

16. The resist protective film composition of claim 14, wherein the polyol is a

5 Cy4-Cg divalent alcohol.

17. The resist protective film composition of claim 14, wherein the alkoxy
alkane is dialkoxy alkane, trialkoxy alkane or tetraalkoxy alkane that includes 3 to 16
carbon atoms.
10
18. The resist protective film composition of claim 14, wherein the alkoxy
alkane comprises at least one selected from dimethoxy methane, diethoxy methane,
dibutoxy methane, trimethoxy methane, friethoxy methane, ftripropoxy methane,
1,1-diethoxy ethane, 1,2-diethoxy ethane, 1,1-dimethoxy ethane, 1,2-dimethoxy ethane,
15 1,2-dibutoxy ethane, 1,1,1-trimethoxy ethane, 1,1-diethoxy propane, 2,2-dimethoxy
propane, 2,2-diethoxy propane, 1,1-diethoxy isobutane, 1,5-dimethoxy pentane,
1,6-dimethoxy hexane, 1,1-dimethoxy  octane, 1,1~-dimethoxy  dodecane,

bis(2-ethoxyethyl)ether, and bis(2-methoxyethyl)ether.

20 19. The resist protective film composition of claim 12, further comprising at

least one of a radiation-sensitive acid-generating compound and an acid compound.

20. The resist protective film composition of claim 19, wherein an amount of
at least one of the radiation-sensitive acid-generating compound and the acid compound
25 isin a range of 0.001 to 10 parts by weight based on 100 parts by weight of the polymer

compound.

21. A method of forming a photoresist pattern, the method comprising:
coating a photoresist composition on a subsirate to form a photoresist fiim;
30 coating the resist protective film composition for an immersion lithography process
of claim 12 on the photoresist film to form a resist protective film;
arranging an immersion medium between the resist protective film and a lens; and
irradiating radiation to the photoresist film and the resist protective fitm via the

immersion medium and a mask with a predetermined pattern and developing the
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irradiated films to form a resist pattern.
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