COPOLYMER FOR RESIST INCLUDING NOVEL ACRYL-BASED MONOMER AND RESIN
COMPOSITION FOR RESIST INCLUDING THE SAME CROSS-REFERENCE TO RELATED PATENT
APPLICATION 5 This application claims the benefit of Korean Patent Application No.
10-2011-0028951, filed on March 30, 2011, in the Korean Intellectual Property Office, the disclosure of
which is incopORGY MERIF DRLRESIBTYNGLIE NG IOVERAURYRBUSEDNFONGMER BNDION 1. Field
of the Invention A i j i J position that is used
in a semiconductor proc&%%ﬁg#ég Mfr@%fm}gﬁ\f%@&imﬁﬂﬂﬁﬁbsﬁ%g@ capable of increasing
contrast and resolution in a photoresist patterning process. 2. Description of the Related Art Recently,
with a trend of high integyatisak semigoNacia dgyieas: I engeiprfapa kg tye pattern of 0.10 pm or
less in manufacturing an ultra-large scale 20 integrated (ULSI) circuit are increased. Accordingly, a light
sourceXwith a shorter wavelength than that of conventional g-rays or i-rays is needed in a light exposure
process. For exampiajsa siyglicétivfithoghashythesing feafitiltedvikitateay sPatemt éypiivatitaseNan ArF
excimer lasen Exf eI O EAYIIBREIN bot T ewALRISITARDEAS 5 gainp@fitenton. In
particular, a light source gaining most 25attention In @ next generation lithography which requires a
pattern of 0.1 fisslorye pfayentisdnearrotete haagky in its enthetydryireigsmagsresist composition
include a component having an acid-labile functional group (e.g., polymer), a component that generates

e nt, and further 30include a basic
additivd if needed. e the photoresist is required to
include functional groups that appropriately interacts with a developing solution and has appropriate

adhesion strength veith & sYRSYAERALLEtching resistance, and high resolution.

An aspect of the present invention relates to a resist resin composition that is
used in a semiconductor process, and more particularly, to a photoresist composition

15 capable of increasing contrast and resolution in a photoresist patterning process.

2. Description of the Related Art

Recently, with a trend of high integration of semiconductor devices, demands

for an ultra-fine pattern of 0.10 um or less in manufacturing an ultra-large scale

20 integrated (ULSI) circuit are increased. Accordingly, a light source with a shorter
wavelength than that of conventional g-rays or i-rays is needed in a light exposure
process. For example, a study for lithography using far ultraviolet rays, a KrF
excimer laser, an ArF excimer laser, extreme ultraviolet radiation (EUV), X-rays, and
electron beams is gaining attention. In particular, a light source gaining most

25 attention in a next generation lithography which requires a pattern of 0.10 ym or less
may be the ArF excimer laser.

In general, a photoresist composition include a component having an
acid-labile functional group (e.g., polymer), a component that generates acid by
irradiation with radiation rays (e.g., acid generator), and a solvent, and further

30 include a basic additive if needed.

The polymer which is used as a main material of the photoresist is required to
include functional groups that appropriately interacts with a developing solution and
has appropriate adhesion strength with a substrate, an etching resistance, and high

resolution.



Examples of the functional group that appropriately interacts with a developing solution and has
appropriate adhesion strength with a substrate include a hydroxyl group, a lactone group, and a carboxyl
group. Examples of the functional group that improves an etching resistance include derivatives having a
5cyclic alkyl group that does not have an oxygen atom in its main backbone, such as norbornene
derivatives and adabxaniplee defivixé/efinbtidnaregseutesiatioappyesly reseathsnigith method of
increasing the mobility of gcid by using these functional groups, by a structure of the pol r, and by
Ui a phot S o R o e i S S B B i
edge 10rougBnéydrengredioumeadastdeseipubn@nsl raoparbexyorgsedparingxamriasqeilityepolymer.

SUMMARY Qi dRdNENSTRAY irhBropeasSet dRiaRY AR 163l SifeRI B itRaLES UseHgs & chemically
15 amplified phatoresist having photosensitivity to a KrF excimer laser, an ArF excimer laser, EUV,

X-raysSor e-B¥dif AkYL9L4BBALEAREDAY SaKe AR WIS LRIUNA IPIREFLPATEN RS Rl RShgth region
correspondingoibaibeve edetinetiiasepranchdausedaocfodariagiivetoresiai patiermswitlebagitioantrast, high
sensitivity, hi utj ell o] rties. 20Tk esent.ipven IsQ provides a
resist resin cgravg%zgt}ibﬁg%cﬂ%n%ﬁ%é %%%&r?é?gq M&%ﬁﬁg n{g9 ?Soni(%ogg%géta}i@hépplr%@g%%ggntion, there
is provided afeppiPRRIITRIPS rBYiSt St §Tdb e disbvmAg aRAPY HISHARMIRSIY ARPEARS at least one

of the acryl-bRsethENBIRISdIERIeSPRERSKHE FRIMHiRR: deaRR- bRl Yo SBhBERINe Ahdlagst one

monomer is combined to a side chaindther((j-:‘of: <Formula 1> <Formyla 2> , ,
10 roughness, there Is a need to develop a novel monomer for preparing a high-quality

polymer.

SUMMARY OF THE INVENTION

The present invention provides a polymer that is used as a chemically

15 amplified photoresist having photosensitivity to a KrF excimer laser, an ArF excimer
laser, EUV, X-rays, or e-Beam, is less dependent on a substrate, has excellent
transparency in a wavelength region corresponding to above excimer laser, and is
used to form a photoresist pattern with high contrast, high sensitivity, high resolution,
and excellent developing properties.

20 The present invention also provides a resist resin composition including the
polymer.

According to an aspect of the present invention, there is provided a copolymer
for a resist, including as repeating units a norbornene derivative and at least one of
the acryl-based monomers represented by Formulae 1 and 2 below, wherein the at

25 least one monomer is combined to a side chain thereof:

<Formula 1>
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<Formula 2>



According to another aspect of the present invention, there is provided a resist resin composition
including 100 parts by weight of a copolymer represented by Formula 3 below; 0.5 to 15 parts by weight
of a photoacid generator; and 700 to 51,500 parts by weight of a solvent: <Formula 3> wherein R1,
R2, and R3 are each independently a C1_30 alkyl group or a C3_30 cycloalkyl group that has or does not
have hydrogen, an ether group, an ester group, 10 a carbonyl group, an acetal group, an epoxy group, a
nitrile group, or an aldehyde group, R4\, R5, and R6 are each independently hydrogen or a methyl group,
and 1, m, n,and o ea refer to the number of repeating units in a main backbone and
satisfy the conditions: I+m+n+g=T, 13®/(1+m+n+0)<0.4, 0<m/(1+m+n+0)<0.6, Ori/(1+m+n+0)<0.6, and
0<o/(1+m+n+0)<0.4. 15According to another aspect of the present invention, there is provided a
photoresist film formed by ing and curing the copolymer described above. DETAILED DESCRIPTION
OF THE INVENTION o] One or more embodiments of a copolymer for resist and a resist resin
20composition including th polymer will now be described in detail. However, the embodiments are
for illustrative purposes only and are not intended to limit the scope of the invention. Expressions such as
"at least one of,” when preceding a list of elements, modify the entire list of elements and do not modify
the individual elemétedite thspnoiessenastef ArearreraiihiRvRiitmehsesisrmerdad shresirésist resin

compositon FaghideSrZRRRH IR RR IR SLAR B RE HoR éobfgﬁlx[ﬁlié?ﬂiééféﬁrﬁé&gb?ased
monomer mono I us O 10r a copo ymer or resiIst ma at least one o monomer
eoreaneted B9 PP B G B RS M B R e Segataa 700 1

5 1,500 parts by weight of a solvent:

<Formula 3>
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wherein R4, Rz, and Rj are each independently a Cq.3p alkyl group or a Cs.30

cycloalkyl group that has or does not have hydrogen, an ether group, an ester group,

10 a carbonyl group, an acetal group, an epoxy group, a nitrile group, or an aldehyde

group, R4, Rs, and Rg are each independently hydrogen or a methyl group, and I, m,

n, and o each independently refer to the number of repeating units in a main

backbone and satisfy the conditions: [+m+n+o=1, 0<l/(l+m+n+0)<0.4,
0<m/(I+m+n+0)<0.6, 0<n/(I+m+n+0)<0.6, and 0<o/(I+m+n+0)<0.4.

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

photoresist film formed by coating and curing the copolymer described above.

DETAILED DESCRIPTION OF THE INVENTION

One or more embodiments of a copolymer for resist and a resist resin

20 composition including the copolymer will now be described in detail. However, the



<Formula 1> <Formula 2> 15 <Synthesis Example> Synthesis Example 1 First process 100 g of
3-bicyclo[2.2.1]hept-5-en-2-y1-3-hydroxy-propionic acid tert-butyl 20 ester ("BHP") was dissolved in 1 L of
methylene chloride, 36.51 g of pyridine was added to the mixture at 0C, bromoacetyl bromide was slowly
added thereto, and the resultant mixture was stirred at room temperature for 2 hours. The reaction
product was diapobyiateagatrén farethyseadvehlpigesesasimyg ai acidradisided vsat@hjtothy an organic
layer was separated fI erefromt and %solvent was remaoved Er%rgsghe Qrganic I%\éer to obtain 165 g of a

SCope e invention. Xpressions such as_..a n when prece a
monomer repres%n?e ) ormuna 4 9?0W as an intermediate pI’O(fUC%. e monon%er (0] Ilggrmula 4 was

prepared acditdiiceterrenistiondbhémeentiselish. S<atemantasandéxowdinegHy e isdividual

elements of the list.
5 According to an embodiment of the present invention, a resist resin

composition includes a copolymer, a photoacid generator, and a solvent.

Synthesis of acryl-based monomer

A monomer used to form a copolymer for resist may be at least one of a
10 monomer represented by Formula 1 below and a monomer represented by Formula
2 below:

<Formula 1>

i
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<Formula 2>

I

<Synthesis Example>

15

Synthesis Example 1

First process
100 g of 3-bicyclo[2.2.1]hept-5-en-2-yl-3-hydroxy-propionic acid tert-butyl

20 ester (“BHP”) was dissolved in 1 L of methylene chloride, 36.51 g of pyridine was
added to the mixture at 0'C, bromoacetyl bromide was slowly added thereto, and the
resultant mixture was stirred at room temperature for 2 hours. The reaction product

was dissolved again in methylene chloride, washed with acid and distilled water, only



1H-NMR: (ppm) 0.6(d, 1H), 1.22(d, 2H), 1.42(s, 12H), 1.8(m, 1H), 2.2(m, 3H), 102.88(d, 2H), 3.78(s, 2H),
4.7(m, 1H), 5.9(s, 1H), 6.22(s, 1H) Second process 60 g of the monomer of Formula 4, 14.38 g of
methacrylic acid, and 0.05 g of Inorganox1010 were dissolved in 500 ml of acetone in a 2-neck round
bottom flask 15 equipped with an agitator, a solution obtained by dissolving 18.59 g of triethyl amine in 50
ml of acetonexwasgheic siyetyvesitedgbereio aideirand dhe residtaattsalasicemazatifies ahsoom
temperature for aR.%rPxima*telé/ ilz h%lgs. The stirred solution was t&eat with aggdoapd washed with

L orgahic_layer 10~ abiain g of 2 moriomer represente By Formyla 4 below as an
distilled water, ©nly an’organic layer was then separated therefrom, and a solvent was completely

removed fronnthenaigjateic PsgeuwctOtobheaim®BgoTerneétingraidicaolds prepared according to
1-bicyclo[2.2 AlhRpbkS Sthémd s utoxycarbonyl-ethoxycarbonylmethylester ("BHP-2") represented by

Formula I. 1H-NMR : (ppm) 0.6(d, 1H), 1.22(d, 2H), 1.42(s, 12H), 1.8(m, 1H), 2.05(s, 3H),
2.3-2.5{m, 3H), 2.88(PI32.7(m, 3H), 5.65(s, 1H), 5.9(s, 1H), 6.2(s, 1H), 6.24(s, 1H) Synthesis of
copolymer for resist According to an embodiment of the present invention, a copolymer is

Srepresented by For
C1_30 alkyl group or

3 below; <Formula 3> wherein R1, R2, and R3 are each independently a
_3@-cytloalkyl group that has or does not have hydrogen, an ether group, an
ester group, 10 a carbon oup, an acetal group, an epoxy group, a nitrile group, or an aldehyde group,
R4, R5, and R6 are each‘independently hydrogen or a methyl group, and 1, m, n, and o each
independently refer to the, number of repeating units in a main backbone and satisfy the conditions:
l+m+n+o0=1, 0 1/(1+m+n+06)<0.4, 0<m/(1+m+n+0)<0.6, 0 n/(1+m+n+0)<0.6, and 0<o/(1+m+n+0)<0.4.
15The copolymer has acrylate derivatives of BHP-2, acrylate monomers that are

<Reaction Scheme 1>
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"H-NMR: (ppm) 0.6(d, 1H), 1.22(d, 2H), 1.42(s, 12H), 1.8(m, 1H), 2.2(m, 3H),
10 2.88(d, 2H), 3.78(s, 2H), 4.7(m, 1H), 5.9(s, 1H), 6.22(s, 1H)

Second process

60 g of the monomer of Formula 4, 14.38 g of methacrylic acid, and 0.05 g of

Inorganox1010 were dissolved in 500 ml of acetone in a 2-neck round bottom flask

15 equipped with an agitator, a solution obtained by dissolving 18.59 g of triethyl amine

in 50 ml of acetone was then slowly added thereto at 0C, and the resultant solution

was stirred at room temperature for approximately 12 hours. The stirred solution

was treated with acid and washed with distilled water, only an organic layer was then

separated therefrom, and a solvent was completely removed from the organic layer

20 to obtain 53 g of 2-methyl-acrylic acid

1-bicyclo[2.2.1]hept-5-en-2-yl-2-tert-butoxycarbonyl-ethoxycarbonylmethyl ester
(“BHP-2”) represented by Formula 1.

'H-NMR : (ppm) 0.6(d, 1H), 1.22(d, 2H), 1.42(s, 12H), 1.8(m, 1H), 2.05(s, 3H),

2.3~2.5(m, 3H), 2.88(d, 2H), 4.7(m, 3H), 5.65(s, 1H), 5.9(s, 1H), 6.2(s, 1H), 6.24(s,



different therefrom, and a norbornene derivative as repeating units. The copolymer may be insoluble or
poorly soluble with respect to an aqueous alkali solution, but may be soluble with respect thereto in a
certain case. Also, the copolymer may have an acid-labile functional group at its side chain. 20The
copolymer has a solubility that varies according to types and amounts of the monomers in the copolymer.
For example,1&p the number of hydrophobic groups of the copolymer increases, the solubility of the
copolymer with respect to an aqueous alkali solution decreases. When the copolymer obtained by
adjusting the types and amounts of the monomers is used to prepare a photoresist composition, a
DR lvackicfoiiesisbngth with a substrate, substrate-independent
properties, high Se%&%ﬁ*&in@”%high f@ﬁ%&imﬁbﬁ@%mr@t@i@@ém inVBrftermuia %g%e,r_lngornene
groups of a norbornene derivative represented by a repeating unit "I" have properties that induce a
structure of tﬁ%p@i%ﬁﬁﬂ/m’e?%'ﬁumé%%%piral structure, and thus the copolymer may have significantly
increased solubility <&smaungpared to that of a conventional methacryl copolymer. In addition, if only

acryl-based monomers are used to form a pogmer, it is_difficult to ad%%t the molecular weight of a
copolymer and to form a polymer W'th_@%vlow dlmeﬁ?vular el ht.“%/he norbornene derivative in
Formula 3isusedina 10 po ‘ation rea ,%a (ﬁ?\@th a low molecular weight may
be formed by adjusting the pozation gree of agryl-based mgHiomers. That is, the norbornene
derivative may act as a molecular wejght modifier and iscrease an etching resistance. In one
embodiment, an acid-labile functional group and a moiety relatingote=ein 15 increase in adhesion on a
wafer may be introduced into repeating units consisting of agrytate dekvatives represented by repeating
units "m" and "n". The moiety relating to an increase in adhesio a.wafer may be a lactone-containing
acryl monomer. In addition, a bulky hydrocarbon compound reases a resistance to etching
may be simultaneously introduced into the repeating units "m" and ™n*_20 together with the acid-labile
functional group and a lactone functional group that increases adhesign strength with a substrate. In a
repeating unit "o", t-butoxy carbonyl (t-BOC) may be introduced into narbornene (metha)acrylate,
whereby a retention rate needed for an ArF immersion lithography process may increase, and when light
is irradiated to the cep@igimét;,dRapaddBaneereanhatidepdildeinthctiobabo ZBkytaupyp.@r 8B groups is
broken so thay e Rphility,phasishis bcERrsshARVNA ARG, BRYauEigh LeRg!yHig, accordingly.

Moreover, a pattern profile with good verticality due to contrast improvement effects may be obtained.
The coPolymBriRARPhY ArRHRAIBOACREH SRHEr 28 HBRKYCBIMInTEAiEIR AERIA. Ry AleeNYHS graft
copolymer. Ti@appRIyRer sidRsrardceddnaydepdateet USingd 30 argenastlywohsus idadonmethod, in
particular, a racicg) polymerizaton method: Examelge ol aradical alymerization nitator nglude
azobisisobutyronitrile™( ),rber?zoy peroxiade (é ?ﬁ laury peroxioe ) azogi5|socapronitrll%,
azobisisovaldraghtrilae andndutgatipiropéirexideo®itenples binte paitmerizationmethor<thélude bulk

polymerizatiofe sRjutiomReimeligatin-sRenion PR 0RUARIAR, PYlksusPension

15 The copolymer has acrylate derivatives of BHP-2, acrylate monomers that are

different therefrom, and a norbornene derivative as repeating units. The copolymer
may be insoluble or poorly soluble with respect to an aqueous alkali solution, but
may be soluble with respect thereto in a certain case. Also, the copolymer may
have an acid-labile functional group at its side chain.

20 The copolymer has a solubility that varies according to types and amounts of
the monomers in the copolymer. For example, as the number of hydrophobic
groups of the copolymer increases, the solubility of the copolymer with respect to an
aqueous alkali solution decreases. When the copolymer obtained by adjusting the
types and amounts of the monomers is used to prepare a photoresist composition, a

25 photoresist composition with good adhesion strength with a substrate,



polymerization, and emulsion polymerization. Examples of a polymerization solvent include benzene,
toluene, xylene, halogenated benzene, diethyl ether, tetrahydrofuran, esters, ethers, lactones, ketones,
amides, and alcohols. The polymerization solvents may be used alone or in combination of at least two of
these Smaterials. A polymerization temperature of the copolymer of Formula 3 may be appropriately
adjusted acceubsigaie-ihadyprdeha eatplyaied) mijrceaisiteight disiribugioneddiecgopabymeemay be
appropriatelyo%q;‘ll.l% d by varying the amount of a polymerization initiator and a reaction time. In addition,
after the polymerization 10 process is terminated, unreacted monomers and by-products remaining in a
reaction mixture ma bEaenwaed usheypredipyiatiopnBy gonest. of A werghirergageiMatdeular weight

("Mw") of Fhe@9@¥m§6 wihd ¢epest; FIHMS‘tVr%@é%ﬁ_@Fﬁé%V tA8! RRIMeagonchroalpgrarhy (GPO) is
generally in the range of 2,000 to 1,000,000, and may be in the range of 3,000 to 50,000 when 15

sensitivity, deR%BBerprthé’rti@é’,d&f&ﬁir@OB%pgfﬂﬁg‘%d?ngrﬂlﬂsre SrFRROVIAE COPOINIALE as a
photoresist astgtafiesmtitarepassder atotubillthe anoteaparateig hthdistii b tiam vdritienad podyhaeryweight

P, in B B P bt
copolymers rispiitteiitda adivditrimelsoarsveibhofarepnflyanss aat dprfiia 8Pokmeimiita > <Formula
8> low molecular weight. When the norbornene derivative in Formula 3 is used in a
10 polymerization reaction, however, a polymer with a low molecular weight may be
formed by adjusting the polymerization degree of acryl-based monomers. That is,
the norbornene derivative may act as a molecular weight modifier and increase an
etching resistance.
In one embodiment, an acid-labile functional group and a moiety relating to an
15 increase in adhesion on a wafer may be introduced into repeating units consisting of
acrylate derivatives represented by repeating units “m” and “n”.  The moiety relating
to an increase in adhesion on a wafer may be a lactone-containing acryl monomer.
In addition, a bulky hydrocarbon compound that increases a resistance to
etching may be simultaneously introduced into the repeating units “m” and “n”
20 together with the acid-labile functional group and a lactone functional group that
increases adhesion strength with a substrate. In a repeating unit “0”, t-butoxy
carbonyl (t-BOC) may be introduced into norbornene (metha)acrylate, whereby a
retention rate needed for an ArF immersion lithography process may increase, and
when light is irradiated to the copolymer, a bond between an acid-labile functional
25 group, i.e., t-BOC groups is broken so that the mobility of acid is increased and the
copolymer may have high resolution, accordingly. Moreover, a pattern profile with
good verticality due to contrast improvement effects may be obtained.
The copolymer may be a multiblock copolymer, a block copolymer, a random
copolymer, or a graft copolymer. The copolymer of Formula 3 may be formed using
30 a general polymerization method, in particular, a radical polymerization method.
Examples of a radical polymerization initiator include azobisisobutyronitrile (AIBN),
benzoyl peroxide (BPO), lauryl peroxide, azobisisocapronitrile, azobisisovaleronitrile,
and t-butyl hydroperoxide. Examples of the polymerization method include bulk

polymerization, solution polymerization, suspension polymerization, bulk-suspension



<Formula 9> <Formula 10> <Formula 11> <Formula 12> <Formula 13> <Formula 14> <Formula
15>

polymerization, and emulsion polymerization. Examples of a polymerization solvent

include benzene, toluene, xylene, halogenated benzene, diethyl ether,

tetrahydrofuran, esters, ethers, lactones, ketones, amides, and alcohols. The

polymerization solvents may be used alone or in combination of at least two of these
5 materials.

A polymerization temperature of the copolymer of Formula 3 may be
appropriately adjusted according to the type of a catalyst. A molecular weight
distribution of the copolymer may be appropriately adjusted by varying the amount of
a polymerization initiator and a reaction time. In addition, after the polymerization

10 process is terminated, unreacted monomers and by-products remaining in a reaction
mixture may be removed using precipitation by solvent.

A weight average molecular weight ("Mw") of the copolymer with respect to
polystyrene standard by gel permeation chromatography (GPC) is generally in the
range of 2,000 to 1,000,000, and may be in the range of 3,000 to 50,000 when

15 sensitivity, developing properties, coating properties and thermal resistance of the
copolymer as a photoresist are taken into consideration. The molecular weight
distribution of the copolymer (weight average molecular weight/number average
molecular weight) may be in the range of 1.0 to 5.0, in particular, in the range of 1.0
to 3.0.

20 Examples of the copolymer include, but are not limited to, copolymers
represented by Formulae 5 to 18 below:

R Ly L S
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<Formula 6>



<Formula 16> <Formula 17> <Formula 18> Photoacid generator As a photoacid generator, onium
salt-based photoacid generators such as 5 iodonium salts, sulfonium salts, phosphonium salts, diazonium
salts, pyridinium salts, and imides may be used. Preferably, the photoacid generator may be a sulfonium
salt represented by Formula 19 or 20 below. More preferably, by introducing a cyclic alkyl group into

anions, a diffusion length of acid jn a resist film may be appropriate) intained short and the resist film
may have high permeallity}, 10whereby g r s%ﬁg_h{éz%lutioﬁ m% be obtained. <Formula 19> R. "
R2-6 + -A N 0 0

o o

Ao

0 0

8]
8]

+

{53

0

_%

<Formula 8>
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<Formula 20> 15wherein R1 and R2 are each independently an alkyl group, an allyl group, a
perfluoroalkyl group, a benzyl group, or an aryl group, and R3, R4, and R5 are each independently
hydrogen, an alkyl group, a halogen group, a alkoxy group, an aryl group, a thiophenoxy group, a
thioalkoxy group, or an alkoxycarbonylmethoxy group. In Formulae 19 and 20, "A" which denotes an

anion may be 0S020F3, 0S0204F9, 0S0208F17, N(QF3)2; N(02F5)2, N(04F9)2, 0(PF3)3, 0(02F5)3,
0(04F9)3, or a SCOW& ormiTa’ W "<For >'= &“O”C wherein X
refers to a monocyclic o cyclic % -030 hy ocarbon roHp, a nz[f'/l group, or-an aryl group; a C1C20
alkyl group, an allyl group, a perfluor 10 alky loalkyk-ar an alkylsulfonyl group, wherein at
least one hydrogen atom of the aﬁ?ﬁ@ is %t 8tﬁs§§men ether grelip, an ester group, a
carbonyl group, an acetal group, a roup; ano gréup, a&hydrox§troun, a Earboxyl group, or an
aldehyde group; or Oral perfluoroalkyl group, R is a 01-010 alkyl group, a O 0 alikoxy group, or a
hetero atom selected from N, S, F, and 0, 15and m is an integer of O to 2.

<Formula 10>
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A group that denotes an anion in Formula 21 may be one of the anionic compounds represented by
Formulae 22 through 57: <Formula 22> 20 <Formula 23> <Formula 24> <Formula 25> <Formula 26>

5 <Formula 27>
o e I

<Formula 13>

<Formula 14>
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<Formula 15>
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<Formula 28> 10<Formula 29> 0 F- 0-1-C' C 0 Ha <Formula 30> <Formula 31> <Formula32>0OF, -0
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<Formula 33> 10<Formula 34> <Formula 35> <Formula 36> h, ..=0....-._.-"r,g_ .(------—-- ji--h, O

<Formula 37>

w—gﬁg«kﬁw%@wﬁw -
© 10 5D,
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Photoacid generator

As a photoacid generator, onium salt-based photoacid generators such as
5 iodonium salts, sulfonium salts, phosphonium salts, diazonium salts, pyridinium salts,
and imides may be used. Preferably, the photoacid generator may be a sulfonium
salt represented by Formula 19 or 20 below. More preferably, by introducing a
cyclic alkyl group into anions, a diffusion length of acid in a resist film may be
appropriately maintained short and the resist film may have high permeability,

10 whereby a resist with high resolution may be obtained.

<Formula 19>

<Formula 20>

R4
Fo—S+-A

T eI

BE

R R,

Ra

15 wherein Ry and R, are each independently an alkyl group, an allyl group, a

perfluoroalkyl group, a benzyl group, or an aryl group, and Rs, R4, and Rs are each

13



<Formula 38> 2|+,(?. -0- C-C- F2 0 10<Formula 39> D1-1, 9 "71-0-tc.0-0- <Formula 40> 0LJO
F30-C-6-0-C"2-C4- F20 <Formula 41> o - 0 F3C-C-D-C'c I-, 0 15 <Formula 42>

independently hydrogen, an alkyl group, a halogen group, a alkoxy group, an aryl
group, a thiophenoxy group, a thioalkoxy group, or an alkoxycarbonylmethoxy group.
In Formulae 19 and 20, “A” which denotes an anion may be OSO,CFj;,
0S0,C4Fg, OSO,CsF 17, N(CF3)2, N(C2F5)2, N(C4Fog)2, C(CF3)3, C(CoFs)3, C(CsFo)s, or a
5 compound represented by Formula 21 below.

<Formula 21>

wherein X refers to a monocyclic or polycyclic C3-C3p hydrocarbon group, a
benzyl group, or an aryl group; a C1-Cy alkyl group, an allyl group, a perfluoroalkyl
10 group, alkyl, haloalkyl, or an alkylsulfonyl group, wherein at least one hydrogen atom
of the alkyl group is or is not substituted with an ether group, an ester group, a
carbonyl group, an acetal group, a nitrile group, a cyano group, a hydroxy group, a
carboxyl group, or an aldehyde group; or C4-C4 perfluoroalkyl group, R is a C4-Cqg
alkyl group, a C4-C4o alkoxy group, or a hetero atom selected from N, S, F, and O,
15 and m is an integer of 0 to 2.
A group that denotes an anion in Formula 21 may be one of the anionic
compounds represented by Formulae 22 through 57:

<Formula 22>

20

<Formula 23>
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<Formula 24>
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<Formula 43> <Formula 44> 5 <Formula 45> 0 <Formula 46> H., 9 10<Formula 47> -02-1-Cr F2 0
<Formula48>0H_0-Lc'g0-F20

<Formula 25>

<Formula 27>
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<Formula 28>

10 <Formula 29>
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<Formula 49> 00ii-v " -v--?--. | ---,..)---- <Formula 50> 2 <Formula 51> <Formula 52> 5 <Formula 53>
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Examples of a cation in Formulae

0 F2 <Formula 54> 10<Formula 55> <Formula 56> <Formula 57>
19 and 20 include cationic compounds represented by Formulae 58 through 73: <Formula 58> -

<Formula 59> OH a <Formula 60> <Formula 61> \11

0

0 u.

2

<Formula 35>

O H O
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<Formula 36>
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<Formula 37>
¢l ¢ Cl Ho Cl

CI\I/SH OJCH Hﬁa,:,

<Formula 38>

10 <Formula 39>

D
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<Formula 40>

15
<Formula 42>
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<Formula 62> - < Dais <Formula 63> <Formula 64> <Formula 65> <Formula 66> <Formula 67> +

<Formula 46>
O ny, O
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10 <Formula 47>
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<Formula 48>
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15
<Formula 50>
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<Formula 68> Si- Br <Formula 69> <Formula 70> <Formula 71> U <Formula 72> 9*, 5<Formula 73>
The amount of the photoacid generator may be in the range of 0.5 to 15 parts by weight, for example, in
the range of 2 to 10 parts by weight based on 100 parts by weight of copolymer solids. If the amount of
the photoacid generator is greater than

0 0 =
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<Formula 51>
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10 15 parts by weight based on 100 parts by weight of copolymer solids, the verticality of a pattern
significantly decreases. On the other hand, the amount of the photoacid generator is less than 2 parts by
weight based on 100 parts by weight of copolymer solids, the flexibility of a pattern deteriorates. The
photoacid generator may be used alone or in combination of at least two materials. 15To uniformly and
smoothly coat a remmmgmposﬁim aﬁcaml'rﬁglé@ arp eanbogidmaciudbtiatpeiseodimyeniiy), the resist
resin composmon dIS olved fa s Iv appropriate evaporation rate and viscosity may be
used. Example foFthe sow ese p y%% al properties include ethylene glycol monomethyl ether,
ethylene glycol morfcfe?tﬁyuhtlﬁﬁﬁ ethylene glycol monopropyl ether, methyl cellosolve acetate, ethyl
cellosolve acetate, propyle lycol monomethyl ether acetate, propylene glycol monoethyl ether acetate,
propylene glycol monopro@ther acetate, methyl isopropyl ketone, cyclohexanone, methyl 5
2-hydroxypropionate, gthyl 2-hydroxypropionate, 2-heptanone, ethyl lactate, and y-butyrolactone. These
solvents may be used al or in combination of at least two of these materials. The amount of the
solvent may be appropria djusted according to physical properties of the solvent, for example,
volatility, viscosity, and the_lik@ in order that a coating film is uniformly formed on a wafer. 10The resist
resin composition is prepared in the form of a solution and coated on a wafer substrate, and the resultant
structuge is dried todpgmmyEestst film. In this regard, the coating method may be performed such that a
resist solution is prepared, and the prepared resist solution is filtered and then coated on a substrate by
spin coating, flown coating{r jpoll coating. 15A radiation is required to be partially irradiated on the coated
resist film in order to form pattern in a cured form. Examples of the radiation include, but are not
limited to, ultraviolet r Aas |-rays, far ultraviolet rays such as a KrF excimer laser and an ArF
excimer laser, an F2 € erllaser, X-rays, charged particle rays such as electron beams, and the
radiation may be selectively usgd 20according to the type of the photoacid generator. A developing
solution may be selectively d from an aqueous solution containing sodium hydroxide, potassium
hydroxide, sodium carbonate;igpdium silicate, sodium methane silicate, ammonium hydroxide,
ethylamine, n-propylamine, triethylamine, tetramethyl ammonium hydroxide, or tetraethyl ammonium
hydroxide. 25 In pattiootaul|a®®>leveloping solution may be tetramethyl ammonium hydroxide. If needed,
a surfactant, water-soluble a cohols, and the like may be used as an additive. One or more
embodiments of a copoly er fipor resist and a resist resin composition will now be described more fully
with reference to the follo 30 examples. However, these examples are provided only for illustrative
purposes and are no@dgd to limit the scope of the present invention.
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<Example> Example 1: Synthesis of copolymer 1 9.04 g of norbornene as a monomer for
polymerization, 3.28 g of dimethyl azobisisobutylrate as a polymerization initiator, and 101 g of
1,4-dioxane were added to a flask and dissolved therein. The inside of flask was substituted with nitrogen
gas and the internal temperature of a reactor was then raised to 700. 5When the internal temperature was
raised up to 70 t, a solutig tained by dissolving5gof2-methyl-acrylicacid
1-bicyc|o[2.2.1]hept-5-en-@2-tert-butoxycarbonyl-ethoxycarbonylmethylester, 21.60 g of isopropyl
adamantane methacryate, 13.99 g of y-butyrolactyl methacrylate, and 18.28 g of norborane carbolactone
methacrylate in 101 g of 1% 4-dioxane was slowly added to the flask by using a syringe pump for 2
hours. After the resultant jon was maintained at 70t for 5 hours to induce a reaction therein, the
reaction solution after a p mlerization process was terminated was cooled to room temperature. The
cooled reaction solution wa E)recipitated with an excess amount of n-hexane and then filtered. In the
filtering process, the reactioR“15 solution was washed with the same solvent and then dried under
reduced pressure t%fg%iql %é‘;}of a copolymer represented by Formula 6 below. A weight average
molecular weight (" of the copolymer with respect to polystyrene standard was 9,100, and a ratio of
Mw to number average mgiegular weight (Mn) (Mw/Mn) was 1.92:1. 20<Formula 6> Example 2:
Synthesis of copolymer 2 7.75 g of norbornene as a monomer for polymerization, 5.12 g of dimethyl
azobisisobutylrate ag plyamerization initiator, and 110 g of 1,4-dioxane were 25 added to a flask and
dissolved therein. Thednsidé of flask was substituted with nitrogen gas and the internal temperature of a
reactor was then raised t ”70| . When the internal temperature was raised up to 70 t, a solution obtained

by T
DJJ\C#\

<Formula 64>
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<Formula 66>
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dissolving32.15gof2-methyl-acrylicacid
1-bicyclo[2.2.1]hept-5-en-2-y1-2-tert-butoxycarbonyl-ethoxycarbonylmethylester, 24.37 g of norborane
carbolactone methacrylate, and 6.10 g of hydroxy adamantane methacrylate in 110 g of 1,4-dioxane was
slowly added to the flask by using a 5 syringe pump for 2 hours. After the resultant solution was
maintained at 70t for 5 hour/, to induce a reaction therein, the reaction solution after a polymerization
process was terminated wgs gpoled to room temperature. The cooled reaction solution was precipitated
with an excess amou fg:é‘i(ane and then filtered. In the filtering process, the reaction solution was
washed with the sam@eﬁ&and 10 then dried under reduced pressure to obtain 51 g of a copolymer
represented by Form w. An Mw of the copolymer with respect to polystyrene standard was
6,320, and a ratio of Mw t Md (Mw/Mn) was 1.62:1. <Formula 7> 15 Example 3: Synthesis of copolymer
3 9.04 g of norbornene™&@s a monomer for polymerization, 18 g of isopropyl adamantane
methacrylate, 5.12 g of diméthyl azobisisobutylrate as a polymerization initiator, and 55 g of 1,4-dioxane
were added to a flagllg&pyqugsesgved therein. The 20 inside of flask was substituted with nitrogen gas and
the internal temperature of a reactor was then raised to 70 t . When the internal temperature was raised
up to 70 t, a solution obtai by dissolving 5 g of 2-methyl-acrylic acid
1-bicyc|o[2.2.1]hept-5-en-@z-tert-butoxycarbonyl-ethoxycarbonylmethyl ester, 19.44 g of hydroxy
adamantane methacr , 14 g of y-butyrolactyl methacrylate, 25 and 6.43 g of methyl adamantane
methacylate in 55 g of 1,4-dipxane was slowly added to the flask by using a syringe pump for 2 hours.
After the resultant solution maintained at 70t for 5 hours to induce a reaction therein, the reaction
solution after a polymerizatjorl!process was terminated was cooled to room temperature. The cooled
reaction solution was precipitated with an excess amount of n-hexane and then filtered. In the filtering
process, the reaction solutioff was washed with the same solvent and then dried under reduced pressure
to obtain 35 g of a cepsyingresepresented by Formula 9 below. An Mw of the copolymer with respect to
polystyrene standard was 5,938, and a ratio of Mw to Mn (Mw/Mn) was 1.66:1.

<Formula 69>
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<Formula 9> 10Example 4: Synthesis of copolymer 4 3.63 g of dimethyl azobisisobutylrate as a
polymerization initiator and 110 g of 1,4-dioxane were added to a flask and dissolved therein. The inside
of flask was substituted with nitrogen gas and the internal temperature of a reactor was then raised to 70 t
. When the internal temperature was raised up to 70 t, a solution 15 obtained by dissolving 5 g of
2-methyl-acrylic acidFohityaldfi2:2.1]hept-5-en-2-y1-2-tert-butoxycarbonyl-ethoxycarbonylmethyl ester, 18
g of isopropyl adamantane methacrylate, 16.3 g of methyl adamantane methacrylate, 14 g of
y-butyrolactyl methacrylate 19 g of hydroxyl adamantane methacylate in 110 g of 1,4-dioxane was
slowly added to the flask b£ usling a syringe pump for 2 20 hours. After the resultant solution was
maintained at 70t for rsito induce a reaction therein, the reaction solution after a polymerization
process was terminatgd \
with an excess amount of

<cboled to room temperature. The cooled reaction solution was precipitated

axane and then filtered. In the filtering process, the reaction solution was
washed with the same sol D hen dried under reduced 25 pressure to obtain 51 g of a copolymer
represented by Formula 12 below. An Mw of the copolymer with respect to polystyrene standard was
6,978, and a ratio of Mw to M (Mw/Mn) was 1.71:1. <Formula 12> Example 5: Synthesis of copolymer 5
57.7 g of norbornene as a mo m%rﬁfr polymerization, 4.1 g of dimethyl azobisisobutylrate as a
polymerization initiator, and P10 8 f1,4-dioxane were added to a flask and dissolved therein. The inside
of flask was substituted Witgt itrogen gas and the internal temperature of a reactor was then raised to 70 t
. When the internal T r?]rﬁé? & was raised up to 70 t, a solution obtained by dissolving 5 g of 10
2-methyl-acrylic acid 1-bicyclo[2.2.1]hept-5-en-2-y1-2-tert-butoxycarbonyl-ethoxycarbonylmethyl ester, 5
g of 2-ethyl cyclopentyl Racylate, 16 g of methyl adamantane methacrylate, 18 g of norbornane
carbolactone metha ;‘ﬁa_t Fand 19 g of hydroxy adamantane methacylate in 110 g of 1,4-dioxane was
slowly added to the flas g a syringe 15 pump for 2 hours. After the resultant solution was
maintained at 70t for 5 to-induce a reaction therein, the reaction solution after a polymerization
process was terminated was cooled to room temperature. The cooled reaction solution was precipitated
with an excess amount of n-hexane and then filtered. In the filtering process, the reaction solution was
washed with the sarfeosollentdnd then dried 20 under reduced pressure to obtain 59 g of a copolymer
represented by Formula 13 below. An Mw of the copolymer with respect to polystyrene standard was
6,252, and a ratio of Mw to Mn (Mw/Mn) was 1.82:1. <Formula 13>

e

/

The amount of the photoacid generator may be in the range of 0.5 to 15 parts
by weight, for example, in the range of 2 to 10 parts by weight based on 100 parts by
weight of copolymer solids. If the amount of the photoacid generator is greater than

10 15 parts by weight based on 100 parts by weight of copolymer solids, the verticality
of a pattern significantly decreases. On the other hand, the amount of the
photoacid generator is less than 2 parts by weight based on 100 parts by weight of
copolymer solids, the flexibility of a pattern deteriorates. The photoacid generator
may be used alone or in combination of at least two materials.

15 To uniformly and smoothly coat a resist resin composition according to an
embodiment of the present invention, the resist resin composition dissolved in a
solvent having an appropriate evaporation rate and viscosity may be used.

Examples of the solvent with these physical properties include ethylene glycol
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Preparation of resist and evaluation Example 6 54 parts by weight of triphenylsulfonium nonaflate as a
photoacid generator and 0.2 parts by weight of tetramethyl ammoniumhydroxide as a basic additive
based on 100 parts by weight of the copolymer of Formula 6 prepared according to Example 1, were
dissolved in 1,000 parts by weight of propylene glycol methyl ether acetate and the mixed solution was

then filtered ustrgpaetgmistasg fitayieho. Yipovtaidheparestheesistisodméoglycol Thengsisdyolution was
coated on a s%)strate br\ﬁ Lfsing a spinner and the Ctﬂ ed ﬁpbsﬁrate wa gried at 1JrOC for,90 §econds to
e céll %) e a/ ce

form a film hawr?é’a thickhes€ 0P 0: V%m? t% fimWas expc())ssé)dv?o Ii"]g(iwet%%f/e ’usﬁ)rrl(épgneﬂ\?F %%Jﬁner laser

stepper (lensmerearriybgrairacota), anepmenresabjeetanaoanthyltireienanciatel (ToRY9T 15 seconds.
Subsequently, R fHﬁBrYbSﬁ?o%?V%IEPB?daE‘é&é@?Wné‘tﬂﬁ?QQQB%MS_M&&8W&%H¥X§ﬂ@H@,mﬁgi‘B(%/lammonium

hydroxide agueous solution, cleansed, and dried, thereby forming a resist pattern. Developing
property of thes REHRERIRRIGRA TR hed Pk BRY RERRIBIRI o it 5P 298 h ELVE [R5 the formed
resist patternystityresetoheo thehed@ substraternsr dexcaitbnlpaadea iresoluboratidrinef farneadtresist pattern

was 0.09 pm.and itivity: there / In.a case S erty, an
adhesion sta%@%foiqﬁ}gggjﬁg téﬁé%‘e (ffé%/%ﬁﬁgﬁpéﬁ g]gggéim c;trﬁ?egx § te?ﬁ&iggg%gggpéégjg%{ess was
observed. AlS§CRdNs ke RITYpie drieRRitp s & aslyentofiingamele/spatith Wroostp@ndrmed after

the developingdliReasigcPenat ATHAIRIMIWITE adirerdibrekd:drivag senresented as an optimum
exposure, the optimum e>§)osure was represented as the s,ergiti it}/, ar}d the develo§§d minimum pattern
H5'€ M8 i

size wis represent A LS RILERIBGRME iﬂﬂﬂég 9rﬁ%r&éi %ﬁ?éuﬂﬂBtB aogj’éﬁ rator and
basic additivers thefs sgkstiatd i phe Gematent st atuesris untdsiodamia Tediét flrbeldw thissed on 100

parts by weightaf £agh 2.k FORBYMals Y ?@ﬂ@ﬂwé&%ﬂ&i’lﬂ%ﬁ%@@%ﬁfﬁo@riQ‘b?Q;Fénfé:oorm“'ae 79,

and 12, respectively), which were dissolved in 1,000 ;arts by weig propylene glycol methyl ether
acetate. TheRNh&MiREPIRMtTSSINSotitire dSUdigERE FRbrhedRier (Fo2 BRSIEAREPARPA resist

composition GyaMETIvoLeNthg, RPSBIVERRIGE pattern was the formed in the same manner as in
Example 5 by Using e e O D AR 4 SRR P B B gl A e results
are shbwn in Table’} Baec[@?v. g P y

order to form a fine pattern in a cured form. Examples of the radiation include, but

are not limited to, ultraviolet rays such as I-rays, far ultraviolet rays such as a KrF

excimer laser and an ArF excimer laser, an F2 excimer laser, X-rays, charged

particle rays such as electron beams, and the radiation may be selectively used

20 according to the type of the photoacid generator.

A developing solution may be selectively used from an aqueous solution
containing sodium hydroxide, potassium hydroxide, sodium carbonate, sodium
silicate, sodium methane silicate, ammonium hydroxide, ethylamine, n-propylamine,
triethylamine, tetramethyl ammonium hydroxide, or tetraethyl ammonium hydroxide.

25 In particular, the developing solution may be tetramethyl ammonium hydroxide. If
needed, a surfactant, water-soluble alcohols, and the like may be used as an
additive.

One or more embodiments of a copolymer for resist and a resist resin
composition will now be described more fully with reference to the following

30 examples. However, these examples are provided only for illustrative purposes
and are not intended to limit the scope of the present invention.

<Example>

Example 1: Synthesis of copolymer 1
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<Table 1> of , Resin (wt /0,1 . PAG (wt%) . Base (wt%) sensitivity (m..licm2) resolution (nm) Example 7
Formula 7(100) 4 0.2

9.04 g of norbornene as a monomer for polymerization, 3.28 g of dimethyl
azobisisobutylrate as a polymerization initiator, and 101 g of 1,4-dioxane were
added to a flask and dissolved therein. The inside of flask was substituted with
nitrogen gas and the internal temperature of a reactor was then raised to 70(.

5 When the internal temperature was raised up to 70C, a solution obtained by
dissolving 5 g of 2-methyl-acrylic acid
1-bicyclo[2.2.1]hept-5-en-2-yl-2-tert-butoxycarbonyl-ethoxycarbonylmethyl ester,
21.60 g of isopropyl adamantane methacrylate, 13.99 g of y-butyrolactyl
methacrylate, and 18.28 g of norborane carbolactone methacrylate in 101 g of

10 1,4-dioxane was slowly added to the flask by using a syringe pump for 2 hours.
After the resultant solution was maintained at 70°C for 5 hours to induce a reaction
therein, the reaction solution after a polymerization process was terminated was
cooled to room temperature. The cooled reaction solution was precipitated with an
excess amount of n-hexane and then filtered. In the filtering process, the reaction

15 solution was washed with the same solvent and then dried under reduced pressure
to obtain 53 g of a copolymer represented by Formula 6 below. A weight average
molecular weight ("Mw") of the copolymer with respect to polystyrene standard was
9,100, and a ratio of Mw to number average molecular weight (Mn) (Mw/Mn) was
1.92:1.

20 <Formula 6>

W@w
Yy o

0 0

8]
8]

+

Example 2: Synthesis of copolymer 2

7.75 g of norbornene as a monomer for polymerization, 5.12 g of dimethyl
azobisisobutylrate as a polymerization initiator, and 110 g of 1,4-dioxane were

25 added to a flask and dissolved therein. The inside of flask was substituted with
nitrogen gas and the internal temperature of a reactor was then raised to 70C.

When the internal temperature was raised up to 70C, a solution obtained by

25



15 90 Example 8 Formula 9(100) 4 0.2 15 80 Example 9 Formula 12(100) 4 0.2 15 100 Example 10
Formula 7(100) 5

dissolving 32.15 g of 2-methyl-acrylic acid
1-bicyclo[2.2.1]hept-5-en-2-yl-2-tert-butoxycarbonyl-ethoxycarbonylmethyl ester,
24.37 g of norborane carbolactone methacrylate, and 6.10 g of hydroxy adamantane
methacrylate in 110 g of 1,4-dioxane was slowly added to the flask by using a

5 syringe pump for 2 hours. After the resultant solution was maintained at 70C for 5
hours to induce a reaction therein, the reaction solution after a polymerization
process was terminated was cooled to room temperature. The cooled reaction
solution was precipitated with an excess amount of n-hexane and then filtered. In
the filtering process, the reaction solution was washed with the same solvent and

10 then dried under reduced pressure to obtain 51 g of a copolymer represented by
Formula 7 below. An Mw of the copolymer with respect to polystyrene standard
was 6,320, and a ratio of Mw to Mn (Mw/Mn) was 1.62:1.
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Example 3: Synthesis of copolymer 3

9.04 g of norbornene as a monomer for polymerization, 18 g of isopropyl
adamantane methacrylate, 5.12 g of dimethyl azobisisobutylrate as a polymerization
initiator, and 55 g of 1,4-dioxane were added to a flask and dissolved therein. The

20 inside of flask was substituted with nitrogen gas and the internal temperature of a
reactor was then raised to 70C. When the internal temperature was raised up to
70C, a solution obtained by dissolving 5 g of 2-methyl-acrylic acid
1-bicyclo[2.2.1]hept-5-en-2-yl-2-tert-butoxycarbonyl-ethoxycarbonylmethyl ester,
19.44 g of hydroxy adamantane methacrylate, 14 g of y-butyrolactyl methacrylate,

25 and 6.43 g of methyl adamantane methacylate in 55 g of 1,4-dioxane was slowly
added to the flask by using a syringe pump for 2 hours. After the resultant solution
was maintained at 70 C for 5 hours to induce a reaction therein, the reaction solution

26



0.2 13 90 Example 11 Formula 9(100) 5 0.2 13 80 Example 12 Formula 12(100) 5 0.2 12 80 Example 13
Formula 7(100)

after a polymerization process was terminated was cooled to room temperature.
The cooled reaction solution was precipitated with an excess amount of n-hexane
and then filtered. In the filtering process, the reaction solution was washed with the
same solvent and then dried under reduced pressure to obtain 35 g of a copolymer
5 represented by Formula 9 below. An Mw of the copolymer with respect to
polystyrene standard was 5,938, and a ratio of Mw to Mn (Mw/Mn) was 1.66:1.
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10 Example 4: Synthesis of copolymer 4

3.63 g of dimethyl azobisisobutylrate as a polymerization initiator and 110 g of
1,4-dioxane were added to a flask and dissolved therein. The inside of flask was
substituted with nitrogen gas and the internal temperature of a reactor was then
raised to 70C. When the internal temperature was raised up to 70C, a solution

15 obtained by dissolving 5 g of 2-methyl-acrylic acid
1-bicyclo[2.2.1]hept-5-en-2-yl-2-tert-butoxycarbonyl-ethoxycarbonylmethyl ester, 18
g of isopropyl adamantane methacrylate, 16.3 g of methyl adamantane methacrylate,
14 g of y-butyrolactyl methacrylate, and 19 g of hydroxyl adamantane methacylate in
110 g of 1,4-dioxane was slowly added to the flask by using a syringe pump for 2

20 hours. After the resultant solution was maintained at 70°C for 5 hours to induce a
reaction therein, the reaction solution after a polymerization process was terminated
was cooled to room temperature. The cooled reaction solution was precipitated
with an excess amount of n-hexane and then filtered. In the filtering process, the
reaction solution was washed with the same solvent and then dried under reduced

25 pressure to obtain 51 g of a copolymer represented by Formula 12 below. An Mw
of the copolymer with respect to polystyrene standard was 6,978, and a ratio of Mw
to Mn (Mw/Mn) was 1.71:1.
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5 0.3 16 100 Example 14 Formula 9(100) 5 0.3 16 90 Example 15 Formula 12(100) 5 0.3 15 100

<Formula 12>

w—@w—@gﬂw +~§lwmw+—§1+w
0 105 1, =

_@

Example 5: Synthesis of copolymer 5

5 7.7 g of norbornene as a monomer for polymerization, 4.1 g of dimethyl
azobisisobutylrate as a polymerization initiator, and 110 g of 1,4-dioxane were added
to a flask and dissolved therein. The inside of flask was substituted with nitrogen
gas and the internal temperature of a reactor was then raised to 70C. When the
internal temperature was raised up to 70C, a solution obtained by dissolving 5 g of

10 2-methyl-acrylic acid
1-bicyclo[2.2.1]hept-5-en-2-yl-2-tert-butoxycarbonyl-ethoxycarbonylmethyl ester, 5 g
of 2-ethyl cyclopentyl methacylate, 16 g of methyl adamantane methacrylate, 18 g of
norbornane carbolactone methacrylate, and 19 g of hydroxy adamantane
methacylate in 110 g of 1,4-dioxane was slowly added to the flask by using a syringe

15 pump for 2 hours. After the resultant solution was maintained at 70 C for 5 hours to
induce a reaction therein, the reaction solution after a polymerization process was
terminated was cooled to room temperature. The cooled reaction solution was
precipitated with an excess amount of n-hexane and then filtered. In the filtering
process, the reaction solution was washed with the same solvent and then dried

20 under reduced pressure to obtain 59 g of a copolymer represented by Formula 13
below. An Mw of the copolymer with respect to polystyrene standard was 6,252,
and a ratio of Mw to Mn (Mw/Mn) was 1.82:1.

<Formula 13>
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*PAG: triphenylsulfonium nonaflate, *Base: tetramethylammonium hydroxide 15Comparative Examples 1
through 3 A COMA resin represented by Formula 74 below (commercially available from Korea
Kumho Petrochemical Co., Ltd.), an acid generator, and a basic additive were dissolved in 1,000 parts by
weight of propylene glycol methyl ether acetate, and the mixed solution was filtered using a membrane

filter of 0.2 pm to prepare a resist 20 campasitio am&gnt: rts by weight (wt%)). A pasitive resist
pattern was formed ifi't €iannalasin e 5, éggpi{ fv%@;ﬁm resist compositions was
exposed to light using a excimer Jaser (leng numericaf aperturg;’0.78) and thegesin of Formula 74

were used. The positive resist patternwas eval nd t ults‘are shown in Taple 2 below.
<Formula 74> 5<Table 2> Resin (w G ( as itiv Jicm2 © .
0

OH
0
O
2
Preparation of resist and evaluation
Example 6
5 4 parts by weight of triphenylsulfonium nonaflate as a photoacid generator

and 0.2 parts by weight of tetramethyl ammoniumhydroxide as a basic additive

based on 100 parts by weight of the copolymer of Formula 6 prepared according to

Example 1, were dissolved in 1,000 parts by weight of propylene glycol methyl ether

acetate and the mixed solution was then filtered using a membrane filter of 0.2 ym to
10 prepare a resist solution.

The resist solution was coated on a substrate by using a spinner and the
coated substrate was dried at 110 C for 90 seconds to form a film having a thickness
of 0.2 ym. The film was exposed to light by using an ArF excimer laser stepper
(lens numerical aperture: 0.78), and then subjected to heat treatment at 110°C for 90

15 seconds. Subsequently, the film was developed for about 40 seconds using 2.38
wt% of a tetramethyl ammonium hydroxide aqueous solution, cleansed, and dried,
thereby forming a resist pattern.

Developing property of the tetramethyl ammonium hydroxide aqueous
solution and adhesive property of the formed resist pattern with respect to the

20 substrate were excellent, and a resolution of the formed resist pattern was 0.09 ym
and the sensitivity thereof was about 15 mJ/cm?. In a case of the adhesive property,
an adhesion state of a Line and Space (L/S) pattern of 0.09 um formed after the
developing process was observed. Also, in a case of the sensitivity, an exposure
forming the L/S pattern of 0.09 ym formed after the developing process to be a

25 pattern with a line width of 1:1 was represented as an optimum exposure, the
optimum exposure was represented as the sensitivity, and the developed minimum

pattern size was represented as a resolution.
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() Resolution (urn)

Example 2

10

15

20

Examples 7 through 15

The same photoacid generator and basic additive as those used in Example 6
were used in amounts shown in Table 1 below based on 100 parts by weight of each
of the copolymers prepared according to Examples 2 through 4 (Formulae 7, 9, and

12, respectively), which were dissolved in 1,000 parts by weight of propylene glycol

methyl ether acetate.

of 0.2 ym to prepare a resist composition (amount: wt%) and a positive resist pattern
was the formed in the same manner as in Example 5 by using the resist composition.

The positive resist pattern was evaluated, and the results are shown in Table 1

(wt%) Comparative Example 1 Formula 74 (100) 2.5 0.02 15 120 Comparative

Then, the mixed solution was filtered using a membrane filter

below.
<Table 1>
_ PAG ‘Base sensitivity | resolution
Resin (wt%)

(Wt%) (Wt%) (mJ/cm2) (nm)
Example 7 | Formula 7(100) 4 0.2 15 90
Example 8 | Formula 9(100) 4 0.2 15 80
Example 9 |Formula 12(100) 4 0.2 15 100
Example 10 | Formula 7(100) 5 0.2 13 90
Example 11 | Formula 9(100) 5 0.2 13 80
Example 12 |Formula 12(100) 5 0.2 12 80
Example 13 | Formula 7(100) 5 0.3 16 100
Example 14 | Formula 9(100) 5 0.3 16 90
Example 15 |Formula 12(100) 5 0.3 15 100

"PAG: triphenylsulfonium nonaflate, ‘Base: tetramethylammonium hydroxide

Comparative Examples 1 through 3

A COMA resin represented by Formula 74 below (commercially available from
Korea Kumho Petrochemical Co., Ltd.), an acid generator, and a basic additive were
dissolved in 1,000 parts by weight of propylene glycol methyl ether acetate, and the
mixed solution was filtered using a membrane filter of 0.2 ym to prepare a resist
composition (amount: parts by weight (wt%)).
in the same manner as in Example 5, except that each of the resist compositions

was exposed to light using an ArF excimer laser (lens numerical aperture: 0.78) and
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Formula 74 (100) 3.0 0.02 14 110 Comparative Example 3 Formula 74 (100) 3.0 0.03 16.5 120 As
described above, according to the one or more embodiments of the present invention, a copolymer for
resist is synthesized by introducing an acetyl group used to increase the number of carbon atoms into a
norbornene derivative 10 having t-buthoxy carbonyl that increases an etching resistance and then using
novel acryl moasaensdormeculy 24 reeed azsdih Meihawiiahledids pahereinas e ragsireughness in
immersion Iitt}%)eqragrw using an ArF ?ngm r Ia}ser may be improved. In addition, a bond between
the’results are shown'in Ta edfbeow. L . .
t-butoxy carbonyl groups is broken by acid generated when the copolymer is irradiated by an ArF excimer

laser, and thus the <Formula 74>

HN“H“‘[H

oT or o

5 <Table 2>
Resin PAG Base Sensitivity | Resolution
(Wt%) (Wt%) (Wt%) (mJ/cm2) (um)
Comparative Formula 74
2.5 0.02 15 120
Example 1 (100)
Comparative Formula 74
3.0 0.02 14 110
Example 2 (100)
Comparative Formula 74
3.0 0.03 16.5 120
Example 3 (100)

As described above, according to the one or more embodiments of the
present invention, a copolymer for resist is synthesized by introducing an acetyl
group used to increase the number of carbon atoms into a norbornene derivative

10 having t-buthoxy carbonyl that increases an etching resistance and then using novel
acryl monomers formed by a reaction with methacrylchloride, wherein a line edge
roughness in immersion lithography using an ArF excimer laser may be improved.

In addition, a bond between t-butoxy carbonyl groups is broken by acid
generated when the copolymer is irradiated by an ArF excimer laser, and thus the

15 mobility and diffusion of acid are increased. Therefore, the copolymer may have
high resolution, excellent developing properties by using a developing solution, and
increased adhesion strength with a substrate.

While the present invention has been particularly shown and described with
reference to exemplary embodiments thereof, it will be understood by those of

20 ordinary skill in the art that various changes in form and details may be made therein
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15 mobility and diffusion of acid are increased. Therefore, the copolymer may have high resolution,
excellent developing properties by using a developing solution, and increased adhesion strength with a
substrate. While the present invention has been particularly shown and described with reference to
exemplary embodiments thereof, it will be understood by those of 20ordinary skill in the art that various
changes in fokthantdeptadin graynh enmapiatthrtesaopatbotidierasmgrivenidheaspistined (sgeme of the
present inver}gﬁ)gwqﬁ dgg%asd by the following claims. What is claimed is: 1.A copolymer for a resist,
comprising as repea?ing units a norbornene derivative and at least one of the acryl-based monomers
represented by Formulae 1 and 2 below: 5<Formula 1> <Formula 2> 102.A resist resin composition
comprising: 100 parts by weight of a copolymer represented by Formula 3 below; 0.5 to 1.5 parts by
weight of a photoacid generator and 700 to 1,500 parts by weight of a solvent: <Formula 3>
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15 wherein R1, R2, and R3 are each independently a 01_30 alkyl group or a 03_30 cycloalkyl group
that has or does not have hydrogen, an ether group, an ester group, a carbonyl group, an acetal group,
an epoxy group, a nitrile group, or an aldehyde group, R4, R5, and R6 are each independently hydrogen
or a methyl group, and 1, m, 5n, and o each independently refer to the number of repeating units in a
main backbomgaitdsatighrtweigonditions:l+m+n+0=1,131/(1+m+n+0)<0.4,
O<m/(Lem+11+0)<0.6,0n/(Js ALy s0 £ AN d G0/t o) S0 dpecnddy HHE LESishgsin, gomposition
of claim 2, wherein a weight a\Pergge 10mélecular weig%t? fof e copolymer With respec‘teto
polystyrene sigrivalideognsedbleantanio®ine artibdensd/ \oro)atsirearesegted oy, doonwlag $0,000.

4. The resist gggi® gRResition of claim 2, wherein a molecular weight distribution (weight average
molecular weight/number average molecular weight) of 15the copolymer is in a range of 1.0 to 5.0. 5.
The reSist resin corﬁEBé’fﬂBﬁ dfclaim 2, wherein repeating units "m" and "n" in Formula 3 comprise an
acid-labile functional group. 206.The fesist resin composition of claim 2, wherein repeating units "m" and

h
"n"in Formula 3 comaf}actoge- ntaining functional group. 7.The resist resin composition of claim 2,
wherein the photoaci >\_/
0
0
0

0

>V

<Formula 2>
° Gw}\
il

0

o

10 2. A resist resin composition comprising:
100 parts by weight of a copolymer represented by Formula 3 below;
0.5 to 1.5 parts by weight of a photoacid generator and
700 to 1,500 parts by weight of a solvent:
<Formula 3>

R4 R Re
W@”*V A I
o ol o
R4 R Ra :?
o

O

O
O

‘%

15
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generator is a salt compound represented by Formula 19 or 20 below: 25<Formula 19> <Formula 20>
wherein R1 and R2 are each independently an alkyl group, an allyl group, a perfluoroalkyl group, a benzyl
group, or an aryl group, R3, R4, and R5 are each independently hydrogen, an alkyl group, a halogen
group, a alkoxy group, an aryl 5 group, a thiophenoxy group, a thioalkoxy group, or an
alkoxycarbonylmethepargiro®Ra, Radand’ s desatisiadepaineit P 202053%IRg Q704 9r @S02Q8F17,
N(OF3)2,N(02F5)2..N(04F9)2, O(0F3)3, 0(02F5)3, O(04F9)3. or a compound represented by Formula 21
petow <Forr RN o8 e o dea ot b e RSB ER eon group, o
benzyl groupacieapoal)| G ;ah @EEIa0 GiikyP gPOUBP @Y Apugromitalp egfRisroalikgn gloepyaekyl,

naloalkyl, or afefefandsa e Batsinaisam s MYEFaGER atarhiie b gsaun, mor is not

substituted with an ether group, an ester group, a 15 carbonyl group, an acetal group, a nitrile group, a
cyano group, & W&r&f@%‘uﬂ‘,dﬁ%’?%wyg%  16r ¢ aHEPRRYe YrdEREBISr S Al R SR group, R is
a 01-010 alkydagkinmea Cifdo alatigfygrotipe or ednelidoasatontselested fromOkl/(8;nr raxw)<0).4nd m is an

integer of 0 t9 gm?(? | rp%tgg%si%gﬁ@+mw§g)pd§o§w% &QH +9Hyriﬁg%tg%.rfsist resin composition of claim
IIm o , W Y

2. 9.The photoresist claim erein a developing process is erformed using an aqueous
solution containing tetramethyl ammonium hydroxide.

3. The resist resin composition of claim 2, wherein a weight average
10 molecular weight (Mw) of the copolymer with respect to polystyrene standard by gel

permeation chromatography (GPC) is in a range of 2,000 to 1,000,000.

4. The resist resin composition of claim 2, wherein a molecular weight
distribution (weight average molecular weight/number average molecular weight) of
15 the copolymer is in a range of 1.0 to 5.0.

5. The resist resin composition of claim 2, wherein repeating units “m

and “n” in Formula 3 comprise an acid-labile functional group.

20 6. The resist resin composition of claim 2, wherein repeating units “m”

and “n” in Formula 3 comprise a lactone-containing functional group.

7. The resist resin composition of claim 2, wherein the photoacid
generator is a salt compound represented by Formula 19 or 20 below:
25 <Formula 19>

<Formula 20>
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wherein Ry and Ry are each independently an alkyl group, an allyl group, a
perfluoroalkyl group, a benzyl group, or an aryl group, Rs, R4, and Rs are each
independently hydrogen, an alkyl group, a halogen group, a alkoxy group, an aryl
group, a thiophenoxy group, a thioalkoxy group, or an alkoxycarbonylmethoxy group,
and “A” that denotes an anion is OSO,CF3;, OSO,C4F9, OSO,CsF17 N(CF3)2, N(C2Fs)2,
N(C4Fg)2, C(CF3)3, C(C2Fs5)3, C(C4Fg)s, or a compound represented by Formula 21
below:

<Formula 21>

wherein X refers to a monocyclic or polycyclic C3-C3¢ hydrocarbon group, a
benzyl group, or an aryl group; a C41-Cy alkyl group, an allyl group, a perfluoroalkyl
group, alkyl, haloalkyl, or an alkylsulfonyl group, wherein at least one hydrogen atom
of the alkyl group is or is not substituted with an ether group, an ester group, a
carbonyl group, an acetal group, a nitrile group, a cyano group, a hydroxy group, a
carboxyl group, or an aldehyde group; or C4-C4 perfluoroalkyl group, R is a C4-Cqg
alkyl group, a C4-C+ alkoxy group, or a hetero atom selected from N, S, F, and O,

and m is an integer of 0 to 2.

8. A photoresist film formed by coating and curing the resist resin

composition of claim 2.

9. The photoresist film of claim 8, wherein a developing process is

performed using an aqueous solution containing tetramethyl ammonium hydroxide.
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