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POLYMER COMPOQUND, 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

Lithography methods are widely used in the production of microscopic structures

in a variety of electronic devices such as semiconductor devices and liquid crystal
devices. Ongoing miniaturization of the struciures of these devices has lead to
demands for further miniaturization of resist patterns used in these lithography
processes.

Currently, in the most up-to-date fields, fine resist patterns with a line width' of
approximately 90 nm are able to be formed by fithography. In the future, however, even
finer pattern formation will be required.

In order to enable the formation of these types of ultra fine patterﬁs of less than 90
nm, the development of appropriate exposure apparatus and corresponding resist is the
first requirement. With respect to the exposure apparatus, techniques such as
shortening the wavelength of a light source for Iy 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, shorigning the wavelength of the light source reguires a new and
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 o be solved, a method
known as immersion exposure has been reported. In this method, exposure is
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 liquid) 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
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a larger refractive 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 lens even if the optical source having the same exposure
wavelength is employed.

Such liquid immersion lithography has been remarkably noticed because the use
thereof allows a lens implemented in the existing device to realize the formation of a
resist pattern excellent in higher resolution property as well as excellent in focal depth in
low costs.

Detailed Description of the Invention

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
(LER) of a resist, and is excellent to be used in an immersion lithography 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
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
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> <Formula 2> <Formula 3>
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wherein Ry, Ra, R4, Rs, and Rg are each independently a hydrogen (H) atom, a
fluorine (F) atom, or a substituted or unsubstituted C4-Cyq alkyl group,

R, is a substituted or unsubstituted C4-Cqo alkyl group or a substituted or
unsubstituted C4-Cio 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
below,

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

<Formula a>
GFs
mRQNC’)”O\%\/O Rg
CFs [

wherein Rg is a hydrogen atom or a substituted or unsubstituted C1-Cys alkyl
group, Rg is a single bond or a substituted or unsubstituted C4-C4p alkylene or
cycloalkylene group, and * indicates a binding site.

The polymer compound may further include 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:

<Formula 4>



wherein Ry is a hydrogen {H) atom, a fiuorine {F)} atom, or a substituted or
unsubstituted C4-Cyp alkyl group,
R11 is a substituted or unsubstituted C4-Cq alkylene group, and

Riz is a hydrogen atom or a substituted or unsubstituted C+-Cys alkyl group,

h

<Formuia 5>

wherein Ry 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,

10 <Formula b>

wherein Ry and R4; are each independently a singie bond or a substituted or
unsubstituted C4-Cyg alkylene group, Rys is a single bond, -O-, or -COO-, Rys and Ryg are
each independently a hydrogen (H) atom, a fluorine (F) atom, or a substituted or

15 unsubstituted C4-Cyp alkyl 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

26 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
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an immersion lithography process as defined above on the photoresist film fo 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.

Hereinafter, a polymer compound according fo an embodiment of the present
invention and a resist protective film composition for an immersion lithography process
including the same will be described in detail.

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 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
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 and has a
weight average molecular weight of 1,000 to 100,000:

<Formuia 1> <Formula 2> <Formula 3>
Rs Re
R
~FCH—C+
] O
0 7
I E F
Ro Rz Ry R+

wherein Ry, R3, R4, Rs, and Rg are each independently a hydrogen (H) atom, a
fluorine (F) atom, or a substituted or unsubstituted C4-Cyg alkyl group,

R, may be a substituted or unsubstituted C4-Cqp alkyl group or a substituted or
unsubstituted C4-Cqq 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;

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

<Formula a>
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in Formula a above, Rg may be a hydrogen atom or a substituted or unsubstituted
Cq-Cys alkyl group, Rg may be a single bond or a substituted or unsubstituted C4-Cqo
alkylene group, and * indicates a binding site.

In particular, Ry, Rs, R4, Rs, and Res may be each independently a hydrogen (H)
atom, a fluorine (F) atom, a methy! group, an ethyl group, a propyl group, a C4-Cyq alky!
group substituted with at least one fluorine, or a C4-Cyp alkyl group substituted with at
least one hydroxyl group.

1 to 4 hydrogen atoms of Ry, i.e., a substituted or unsubstituted C4-Cy; alky! group
or a substituted or unsubstituted C+-Cqg 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, Ry may be a hydrogen atom, a C+-Cys alky! group substituted with at
least one hydroxyl group, or a C4-Cys alkyl group substituted with at least one carboxy!
group.

In addition, Re may be a hydrogen atom or a substituted or unsubstituted C4-Cyo
alkyl group, and Rg may be a single bond or a substituted or unsubstituted C4-Cs
alkylene group.

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 paris by mole based on 100
parts by mole of the repeating unit of Formula 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
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.

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
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mole based on 100 parts by mole of the repeating unit of Formula 1. When the amount
of the repeating unit of Formula 3 is less than 10 parts by mole based on 100 parts by
mole of the repeating unit of Formula 1, an atkali solubility of the polymer cormpound may
he 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 3 is greater than 800 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.

The polymer compound has a weight average molecular weight of 1,000 fo
100,000, for example, 3,000 to 50,000, and, for example, 5,000 to 20,000. When the
weight average molecular weight of the polymer compound is less 1,000, its capability of
forming a resist protective film is reduced. On the other hand, when the weight average
molecular weight of the polymer compound is greater than 100,000, an alkali solubility of
the polymer compound may be reduced and the viscosity of a composition including the
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 molecular 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 o 3.

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>

CFy CF, A
F.C~" CF, CFy

\},O\go ozro\{/ OIOJ(

<Formuia 1-4> <Formula 1-5> <Formula 1-6>
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The repeating unit of Formula 2 may be represented by Formula 2-1 below, but is
not limited thereto:

<Formula 2-1>

10 i !

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>
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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>
T1o
JFCHz""?‘i“
T

Om[C

11
9
R12
wherein Rip is a hydrogen (H) atom, a fluorine (F) atom, or a substituted or
unsubstituted C4-Cyp alkyl group,
10 Ry is a substituted or unsubstituted C4-Cqy alkylene group, and
Rz is a hydrogen atom or a substituted or unsubstituted C+-Cys alkyl group,
<Formula 5>
Ra3
TCH—C
O=C.

O
1

Ri4
wherein Ris is a hydrogen (H) atom, a fluorine (F) atom, or a substituted or
15 unsubstituted C4-Cy alkyl group, and
R4 is represented by Formula b below,

<Formuta b>
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wherein Rys and Ry are each independently a single bond or a substituted or
unsubstituted C4-Cy 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
unsubstituted C4-Cyo alky! group, and * indicates a binding site.

in particular, Ry and Ry may be each independently a hydrogen (H) atom, &
fluorine (F) atom, a methy!l group, an ethyl group, a propyl group, a C+-Cyp alkyl group
substituted with at least one fluorine, or a C1-Cy alkyl group substituted with at least one
hydroxyl group.

Eh addition, Ry, may be a hydrogen atom, a C4+-Cys alkyl group substituted with at
least one hydroxyl group, or @ Cq-Cys alky! group substifuted with at least one carboxyl
group, Rqy, Rys, and Ry7 may be a single bond or a substituted or unsubstituted C4-Cs
alkylene group, Rys may be -COO-, and Rss and R4 may be each independently a
fluorine atom.

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 Formuia 4 is within this range, an alkali sclubility of the polymer compound increases
and thus a shape of a resist and a high receding contact angle may be maintained.

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

bonded to a terminal of a side chain thereof. Thus, when the amount of the repeating
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unit of Formula 5 is within this range, thermal stability is improved and line edge
roughness of a pattern shape decreases and thus it is possible to form a uniform pattern.
In addition, the repeating unit of Formula 4 may be represented by Formulae 4-1
through 4-12, but is not limited thereto:
5 <Formula 4-1> <Formula 4-2> <Formula 4-3>

O
HO OH HO
<Formuia 4-4> <Formula 4-5> <Formula 4-6>
AN
OH HO OH
<Formula 4-7> <Formula 4-8> <Formula 4-9>

10 HO

<Formula 4-10> <Formula 4-11> <Farmula 4-12>

12
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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>
C 0]
Q 0
>3 [
/ F\ SOz S04

O340 O30

<Formula 5-3> <Formula 5-4>
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<Formuia 5-5> <Formula 5-8>

O
D
o=
SO
-03S

CHO

<Formula 5-7> <Formula 5-8> <Formula 5-9>




<Formula 5-11>

For example, the polymer compound (ter-copolymer) may be represented by
s Formulae 6 through 11 below:

<Formula 8>

15
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<Formuia 8>
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<Formula 9>
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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

17



ordinary skill in the art that repeating units of the polymer compounds of Formulae 12
through 20 are not configured in the order as illustrated below and the polymer
compound includes all the polymer compounds in the form of a random copolymer
whose repeating units are randomly arranged:

5 <Formula 12>

000

<Formula 14> <Formula 15>

10
<Formula 16>

18
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<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 {o 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 to 10
carbon atoms, for example, 1 to 6 carbon atoms.

Examples of the unsubstituted alky! 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 hydroxyl group, a
nitro group, a cyano group, a substituted or unsubstituted amino group (e.g., -NH;,
-NH(R), -N(R'}R") wherein R and R" are each independently a, C1-Cyq alkyl group), an
amidino group, hydrazine, hydrazone, a carboxyl group, a sulfonic acid group, a
phosphoric acid group, a C+-Cyo alkyl group, a C4-Cy halogenated alkyl group, a C4-Cyg
alkenyl group, a C+-Cy alkynyl group, a C4-Cy heteroalkyl group, a Cs-Cop aryt group, a

20
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Cs-Cyo arylalkyl group, a Cs-Coq heteroaryl group, or a Ce-Cyp 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 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
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
protective film and the thickness of the resist protective film may be easily adjusted.

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

The monovalent alcohols may be Cs-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 alconol, 2-methyl-1-butanol, 3-methyl-1-butanol,
3-methyl-3-pentanol, cyclopentanol, 1-hexanol, 2-hexanol, 3-hexanol,
2,3-dimethyl-2-butanot, 3,3-dimethyl-1-butanol, 3,3-dimethyl-2-butanol,
2-diethyl-1-butanol, 2-methyl-1-pentancl, 2-methyl-Z-pentanol, 2-methyl-3-pentanol,
3-methyl-1-pentanol, 3-methyl-2-pentanol, 3-methyl-3-pentanocl, 4-methyl-1-pentanol,
4-methyl-2-pentanol, 4-methyl-3-pentans!, cyclohexanaol, 2,6-dimethyl-4-heptanol,
3,5,5-trimethyl-1-hexanol, 1-nonanol, 1-decancl, 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-nydroxy-4-methyl-2-pentancl, 2-ethyl-1 3-hexanediol, 1,3-butandiol, 1,2-propanediol,
1,3-propanediol, 1,2-heptandiol, and the polyols may be C4Cs divalent alcohols.
Examples of the alkyl ethers of polyols include ethylene glycol monomethyl ether,

ethylene glycol monoethyl ether, diethylene glycol monomethyl ether, diethylene glycol
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monoethyl ether, diethylene glycol ethyl methyl ether, propylene glycol monomethyl
ether, and propylene glycol monoethy! ether, and examples of the alkyl ether acetates of
polyots include ethylene glycol ethyl ether acetate, diethylene glycol ethyl sther acetate,
propylene glycol ethyl ether acetate, and propylene glycol monomethyl ether acetate.

Examples of the ethers include diethyl ether, dipropyl ether, diisopropyl ether,
butyl methy! ether, butyl ethyl ether, butyl propyl ether, dibutyl ether, diisobutyl ether,
tert-butyl-methyt ether, tert-butyl ethyl ether, tert-butyl propyl ether, di-tert-butyl ether,
dipentyl ether, diisoamyl ether, cyclopentyl methyl ether, cyclohexyl methyl ether,
cyclopentyl ethyl ether, cyclohexyl ethyl ether, cyclope“ntyi propyl ether,
cyclopentyl-2-propyl  ether, cyclohexyl 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.

The alkoxyalkanes 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-dibufoxy ethane, 1,1,1-trimethoxy
ethane, 1,1-diethoxy propane, 22-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-ethoxyethyljether, and bis(2-methoxyethylether.

Examples of the aromatic hydrocarbons include benzene, toluene, and xylene,
Examples of the kefones include acetone, methyl ethyl ketone, methyl isobutyl ketone,
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-methyl ethyl propionate, ethoxyethyl
acetate, hydroxyethyl acetate, 2-hydroxy-3-methyl methylbutyrate, 3-methoxymethyl
propionate, 3-methoxyethyl propionate, 3-ethoxyethyl propicnate, and 3-ethoxymethy!
propicnate.

In particular, the solvent may be a monovalent aicohol, ether, cyclic ether, alkyl
ether of polyol, alkyl ether acetate of polyol, and higher hydrocarbon. More particularly,
the solvent may be a C¢-Cqy monovalent alcohol or alkyl ether having a C4-Cyp alkyl

chain. The solvent may be used alone or in combination of at least two of these
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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.

The 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-sensitive acid-generating compound include a sulfone imide compound, an
onium salt compound, a sulfone compound, a sulfonic acid ester compound, and
diazomethane compound.

The acid compound may be, for example, carboxylic acids or sulfonic acids. In
particular, the acid compound may be at least one selected from 2, 4-difluorophenyl
acetate, 3,5-diffluorophenyl acetate, 3,5-bis({trifluoromethyl)phenyt acetate,
3-fluoro-4-hydroxyphenyl acetate, (2,5-dimethoxyphenylacetate,
4-hydroxy-3-nitrophenyl  acetate, 2,3,4,56-pentafluorophenyl acetate, 1-naphthyl
acetate, 2-naphthyi acetate, (1-naphthoxy)acetate, {2-naphthoxy)acetate,
2-fluorobenzoate,  2-trifluoromethylbenzoate,  2-nitrobenzoate,  3-fluorobenzoate,
3-triflucromethylbenzoate, 3-methoxybenzoate, 4-fluorobenzoaie,
4-rifluoromethylbenzoate, 4-nitrobenzoate, 3-fluoro-2-methylbenzoate,
2, 3-difluorobenzoate, 2,6-difluorobenzcate, 2-fluoro-6-trifluoromethylbenzoate,
2-fluoro-3-triflucromethylbenzoate, 2,6-bis(triflucromethyl)benzoate,
2-methyl-6-nitrobenzoate, 3-methyl-2-nitrobenzoate, 2-methyl-3-nitrobenzoate,
5-fluoro-2-methylbenzoate, 3-fluoro-4-methylbenzoate, 2,4-bis(friflucromethyl)benzoate,
2, 5-bis(trifluoromethyl)benzoate, 2,4-difluorobenzoate, 3,4-diflucrobenzoate,
2-fluoro-4-trifiuoromethylbenzoate, 2,5-diflucrobenzoate, 3-fluoro-4-methoxybenzoate,
5-methyl-2-nitrobenzoate, 4-methyl-3-nitrobenzoate, 3-methyl-4-nitrobenzoate,
2-methyl-5-nitrobenzoate, 2-fluoro-5-nitrobenzoate, 4-fluoro-3-pitrobenzoate,

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

2-hydroxy-5-nifrobenzoate, 2, 4-dinitrobenzoate, 3,4-dinitrobenzoate,
3,5-difluorobenzoate, 3,5-bis(trifiuoromethyl)benzoate, 3,5-dinitrobenzoate,
2,3 4-trifluorobenzoate, 2,3,6-trifluorobenzoate, 2.4,6-trifluorobenzoate,

3,4, 5-trifluorobenzoate, 4-methyl-3,5-dinifrobenzoate, 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, pentaflucrobenzoate,

2,3,4,5,6-pentafluorophenoxyacetate, 1-naphthalenecarboxylate,
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2-naphthalenecarboxylate, 4-fluoro-1-naphthatenecarboxylate,

1-hydroxy-2-naphthalenecarboxylate, 2-hydroxy-1-naphthalenecarboxylate,
3-hydroxy-2-naphthalenecarboxylate, 1,4-dihydroxy-2-naphthalenecarboxylate,
3,5-dihydroxy-2-naphthalenecarboxylate, 1,4-naphthalenedicarboxylate,
2,3-naphthalenedicarboxylate, 2,6-naphthalenedicarboxylate, methanesuifonic acid,
ethanesuifonic acid, taurine,
3-[(1,1-dimethyl-2-hydroxyethyljamino]-2-hydroxy-1-propanesulfonic acid,
3-[bis(2-hydroxyethylamino}-2-hydroxy-1-propanesulfonic acid,
(1R)~{~)-10-camphorsulfonic acid, (18)-(+)-10-camphorsulfonic acid,

trifluoromethylsulfonate, perfluorobutanesulfonic acid, perfluorooctanesulfonic acid,
{methylamino)sulfonic acid, (butylamino)sulfonic acid,
1,1,2,2-tetrafluoro-2-(tetracyclo[4.4.0.12,5.17 ,10ldodecane-8-yl)ethanesulfonic acid,
1,1-difluoro-2-(tetracyclof{4.4.0.12,5.17,10]dodecane-8-yl)ethanesulfonic  acid, dodecyl
benzene sulfonic acid, nonafluoro butane sulfonic acid, 1-naphthoic acid,
3-hydroxy-2-naphthoic acid, and lactic acid.

The acid-generating compound and the acid 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 compound
may be 0.001 to 10 parts by weight, for example, 0.003 to 5 parts by weight, for example,
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-generating 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 improved.

According to another embodiment of the present invention, there is provided a
method 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 an immersion lithography process 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.

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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resist.

The photoresist film is formed by dissolving a resin for forming a photoresist film in
an appropriate solvent to form a solution, filtering the solution fo prepare a resist solution,
coating the resist solution on a substrate by using an appropriate coating method, and
pre-sintering the coated substrate to volatilize the sclvent.

The 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 sintering the coated photoresist film. This process is
performed to protect the photoresist film and form the resist protective film in order {o
prevent a lens of a projection exposure device from being contaminated by leakage of
liquid components contained in a resist from the photoresist film.

As the thickness of the resist protective film comes close to an odd multiple of
An (A is the wavelength of radiation and n is a refractive index of the resist protective
film), an inhibiting effect of reflection at an upper interface of a resist film increases.
Thus, the thickness of the resist protective film may approximate this value. In addition,
any one of the pre-sintering process after the coating of the resist solution and the
sintering process after the coating of the resist protective film composition may not be
performed to simplify manufacturing processes.

The arrang'mg of the immersion medium between the resist protective film and a
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
predetermined temperature and developing the sintered films.

The pH of the immersion medium arranged between the resist protective film and
the lens may be adjusted, and, in particular, the immersion 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-ultraviolet rays such as an excimer
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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In addition, to improve resolution, pattern shape, and developing properties of a
resist film, a sintering process may be performed after exposure fo light. The sintering
temperature may be appropriately adjusted according to a resist and may be generally in
the range of about 30 to 200 T, for example, in the range of 50 to 150T.

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.

Examples of the developer used to form a resist pattern may include aqueous
alkaline solutions obtained by dissolving sodium hydroxide, potassium hydroxide,
sodium carbonate, sodium silicate, sodium metasilicate, ammonia, ethyl amine, n-propy!
amine, diethyl amine, di-n-propyl amine, triethyl amine, methyl diethyl amine, dimethyl
ethanol amine, friethanol amine, tetramethyl ammonium hydroxide, tetraethyl ammonium
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 followed by a

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
lithography process which has a high receding contact angle in a liguid 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.

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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Preparation Example 1. Preparation of monomer having repeating  unit

represented by Formula 1-1

As iflustrated in Reaction Scheme 1 below, to a 2L three-neck flask were added
160 g (0.32 mol) of a monomer having a hexafluoroalcohol group below and the like, i.e.,
MA-3,5-bis(hexafluoro-2-hydroxy-2-propylicyciohexyl methacrylate, 15049 g (0.676
mol} of di-tert-butyl dicarbonate, 7.66 g (0.061 mo!) 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
terminated, THF was removed under reduced pressure from the reaction product fo
obtain 219 g of a monomer having a repeating unit represented by Formula 1-1 below
{yield: 97.8%, NMR: CH;(1.93, 1.40), CH,(1.64, 1.36), CH(3.91, 2.01), H(6.15, 5.58)).

<Reaction Scheme 1>

:/]\;3 o o \:N-@N' ?
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{(Formula 1-1)

Preparation Example 2: Preparation of monomer having repeating unit

represented by Formﬁia 1-2

As illustrated in Reaction Scheme 2 below, o a 2L three-neck flask were added
140 g (0.404 mol) of a monomer having a hexafluoroaltcohol group below and the like,
ie., 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 ierminated, THF was removed under reduced
pressure from the reaction product {o obtain 173 g of a monomer having a repeating unit
represented by Formula 1-2 below {yield: 95.9%, NMR: CH3(1.93, 1.40), CHy(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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(Formula 1-2)
Preparation Example 3: Preparation of monomer having repeating unit

represented by Formula 1-3

As illustrated in Reaction Scheme 3 below, o a 2L three-neck flask were added
140 g (0.389 mol) of a monomer having a hexafluoroalcohol group below and the like,
iLe., t-Boc-1,1,1,3,3,3-hexafluoro-norbornane-mathacrylate, 182.84 g (0.821 mol) of
di-tert-butyl dicarbonate, 9.30 g (0.075 mol) of DMAP, and 998 g of THF, and the mixture
was maintained at room temperature for 20 hours {o induce a reaction therebetween.
After the reaction was terminated, THF was removed under reduced pressure from the
reaction product to obtain 175 g of @ monomer having a repeating unit represented by
Formula 1-3 below {yield: 97.8%, NMR: CH3(1.93, 1.40), CHz(1.64, 1.45, 1.43, 1.36),
CH(3.91, 2.03, 1.41), H(6.15, 5.58)}.

<Regction Scheme 3>
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(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
150 g (0.297 mol) of a monomer having a hexafluoroaicohol group below and the like,
ie., 3,5-Bis(hexafluoro-2-hydroxy-2-propylicyciohexyl-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
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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CH(3.91, 2.01), H(5.41)}.
<Reaction Scheme 4>
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(Formula 1-9)
Example 1: Preparation of polymer comipound 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 ¢ (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 mi round-bottom flask
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 T for 24 hours.
Thereafter, the dried precipitate was dissolved in ether and further precipifated in
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

98 ¢ of a polymer compound (yield: 62.6%, Mw: 89210, 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
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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a repeating unit of Formula 2-1 above, 38.68 g (0.28 mci)'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

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 moljof 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
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 Example 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
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 represented by Formula 11

98 g of a polymer compound (yield: 79.9%, Mw: 8850, PDIl: 2.31) was prepared in
the same manner as in Example 1, except that 75.45 g (.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.

Example 7: Preparation of polymer compound represented by Formula 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 moljof the monomer having a
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 poivme‘r compound represented by Formula 13

72 g of a polymer compound (yield: 51.4%, Mw: 7850, PD!: 2.62) was prepared in
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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 moljof the monomer having a
repeating unit of Formula 3-1 above, 5.17 g (0.06 motl) of the monomer having a
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.

Exampie 9: Preparation of polymer compound represented by Formula 14

95.8 g of a polymer compound (yieid: 61.8%, Mw: 8924, PDI: 2.15) was prepared
in the same manner as in Example 1, except that 96.32 g (0.138 mol) of the monomer
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.

Example 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 repesting unit of Formula 2-1 above, 32.05 g (0.165 mol) of the monomer

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 16

85.4 g of a polymer compound (yield: 69.5%, Mw: 8672, PDI: 2.14) was prepared
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
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 g (0.168 mol) of the monomer
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having a repeating unit of Formula 2-1 above, 20.89 g (0.151 mol) of the monomer
having a repeating unit of Formula 3-1 above, 15.93 g (0.112 mol) of the monomer
having a repeating unit of Formula 4-10 above, 8.28 g (0.017 mol) of the monomer
having a repeating unit of Formula 5-1 above, and 24.5 g of an AIBN initiator were used
instead of the components used in Example 1.

Example 13: Preparation of polymer compound represented by Formula 18

105.6 g of a polymer compound (yield: 73.6%, Mw: 8920, PDI; 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 moi) of the monomer having a
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 monomer having a
repeating unit of Formula 4-12 above, 7.38 g (0.015 mol} of the monomer having a
repeating unit of Formula 5-1 above, and 25.09 g of an AIBN initiator were used instead
of the components used in Example 1.

Example 14: Preparation of polymer compound represented by Formula 19

95.5 g of a polymer compound (yield: 65.5%, Mw: 8500, PDI: 2.45) was prepared
in the same manner as in Example 1, except that 77.08 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, 28.85 g (0.149 mol) of the monomer
having a repeating unit of Formula 3-3 above, 15.64 g (0.11 mol) of the monomer having

a repeating unit of Formula 4-10 above, 8.13 g (0.017 mol) of the monomer having a
repeating unit of Formula 5-1 above, 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

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
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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34.32 g {0.35 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, and
9.63 g of an AIBN initiator were added inio a 500 ml round-bottom flask 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 2,500 m! 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 1,600 ml of heptane.
The reprecipitated polymer was collected and dried in a vacuum oven at 40 C for 24
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 Example 2 Preparation of polymer compound represented by

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
were used instead of the components used in Comparative Example 1.

<Formula 22>

Oy & O

Comparative Example 3: Preparation of polymer compound represented by

Formula 23
21.8 g of a polymer compound {yield: 49.5%, Mw: 9210, PDI: 2.55) was prepared

33



10

15

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>
O

O™ y=0

.o 0 0.0l
\5"?1” b and
Lo 0

Comparative Example 4: Preparation of polymer 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 Comparalive Example 1, except that 50.44 g (0.072 mol) of the
monomer having a repeating unit of Formula 1-1 above, 8.32 g (0.048 mol) of the
monomer having a repeating unit of Formula 3-3 above, and 10.46 g of an AIBN initiator
were used insiead 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.

<Table 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 2 1-2, 2-1, 3-1 25/35/40 THF | 69.6 | 8210 | 246

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 | 2.54
Example 5 1-8, 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, 412 20/30/40/10 THF | 514 | 7850 | 2.62

Example 9 1-1, 2-1, 3-8, 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 | 79256 | 2.21

Exampie 11 1-4, 2-1, 3-1, 5-2 40/30/5/25 THF | 69.5 | 8672 | 2.14

1-1, 2-1, 3-1, 4-10,
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

Exampie 12 20/30/27/20/3 THF | 77.5 | 8523 | 2.18

1-1, 2-1, 3-3, 4-10,
5-1
Example 15 |1-1, 2-1, 3-3, 4-6, 5-4| 20/30/30/17/3 THF | 64.7 | 8844 | 2.02

Example 14 20/30/27120/3 THF | 65.5 | 8500 | 2.45

Comparative 2.1, 31 70/30 THF | 66.7 | 7254 | 2.37
Example 1
Comparative 21, 3-3 40/60 THF | 57.5 | 7260 | 2.16
Example 2
Comparative 1-1, 2-1 40/60 THF | 49.5 | 9210 | 2.55
Example 3
Comparative 1-1, 3-3 40/60 THF | 53.9 | 8845 | 2.40
Example 4

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

resist protective film
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A photoresist solution (Product Name: DHA-3606, manufactured by DONGJIN
SEMICHEM) was coated on a silicon (8i) 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 wt% 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.

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
nonafluorobutanesulfonic 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. '

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
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 obtained 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-pentancl (9:1) (Example 36), and a resist protective film-forming
composition obtained by dissolving 3 wt% of the polymer compound of Example 14 in 97
wi% of a mixed solvent of diisoamyl ether, 286-dimethyl-4-heptanol, and
2-ethyi-1,3-hexanediol (7:2:1) (Example 37) were each spin coated on the resist film,
each coated resist film was baked at 90 C for 60 seconds to form each resist protective
film having a thickness of 50 nm.

As an additive used in the resist protective film, dodecyl benzene sulfonic acid
was used in Examples 35 through 37.

In particutar, the types of polymer compounds used and the amount of the additive
are shown in Table 2 below.
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Comparative Example 9
A photoresist solution (Product Name: DHA-3606, manufactured by DONGUJIN

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.

Fvaluation 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
were 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(B), 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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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
evaluated by measuring the thickness of the resist protective film.

The evaluation results are shown in Table 2 below,

<Table 2>
Change inl_ |
. Thickness
Amount [Receding ) film Change
Advancin [Refractiv after
Polymer  jof contact A thickness in fing|
- g contacte index development]
compound jaddifive angle . before and] width
. angle(” ) i{n using TMAH
(ppm) 0 ) after Dl (nm)
(nm}
(hm)
Example |[Example
G 74 95 1.58 0 0 8.2
16 1
Example [Example
0 71 g1 1.58 0 0 8.3
17 2
Example [Example
0 72 93 1.57 0 0 8.2
18 3
Example |[Example
G 72 92 1.57 4] G 8.5
19 4
Example Example
0 71 90 1.55 0 0 8.5
20 5
Example |[Example
0 75 85 1.58 0 0 8.2
21 5]
Example |[Example
0 79 97 1.57 g 0 8.4
22 7
Example Example
0 70 91 1.58 0 0 8.6
23 8
Example [Example
0 81 98 1.57 0 50 8.1
24 9
Example  Example
0 78 86 1.55 0 0 8.5
25 10
Example [Example
0 79 97 1.60 0 0 7.1
26 12
Example Example
0 70 91 1.61 0 0 7.5
27 13
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Example
28

Example
14

81

a8

1.62

40

7.2

Example
29

Example
11

74

93

1.58

7.9

Example
30

Example
15

78

96

1.65

7.2

Example
31

Example
9

500

81

o8

1.57

72

Example
32

Example
10

500

78

96

1.55

7.6

Example
33

Example
12

500

79

97

1.80

7.0

Example
34

Example
14

500

81

88

1.82

6.8

Example
35

Example
9

500

81

a8

1.58

7.2

Example
36

Example
i

500

82

98

1.66

7.0

Example
37

Example
14

500

80

98

1.83

6.9

5

Comparativ
e Example

Comparativ
e Example
1

52

81

1.57

80

G

Comparativ
e Example

Comparatly
e [Example
2

51

88

1.58

95

7

Comparativ

e Example

Comparativ
e Example
3

76

86

1.57

100

8

Comparativ
e Example

Comparativ
e Example
4

79

98

1.59

100
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protective No resist | No resist
ComparativiNo  resistf film io protective | protective
e Exampleprotective which 52 80 1.69 fitm, so film, so 10.1
S film additive impossible | impossible
was {0 evaluaie| to evaluaie
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 respectively 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 results 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 fo 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
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 Rg
fond
CH,—C 0O
|
0 7
Ro Rg R4 R7

wherein R4, Rs, R4, Rs, and Rg are each independently a hydrogen (H) atom, a
fluorine (F) atom, or a substituted or unsubstituted C4-Cyq alkyl group,

R, is a substituted or unsubstituted C4-Ciq alkyl group or a substituted or
unsubstituted C4-C4g 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
below,

Ry is a hydrogen atom or a substituted or unsubstituted C1-Cy5 alkyl group,
<Formula a>

o
* "—“RQM(%MO\C/O Ra
CFs §

wherein Rg is a hydrogen atom or a substituted or unsubstituted C4-Cos alkyl
group, Rg is a single bond or a substituted or unsubstituted C4-C4y alkylene or
cycloalkylene group, and * indicates a binding site.

2. The polymer compound of claim 1, wherein R4, Rs, R4, Rs, and Rg are

each independently one of a hydrogen (H) atom, a fluorine (F) atom, a methy! group, an
ethyl group, a propyl group, a C4-Cy alkyl group substituted with at least one fluorine,
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and a C4-Cyo alkyl group substituted with at least one hydroxyl group,

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

Ry is a hydrogen atom, a C4-Cys alkyl group substituted with at least one hydroxy!
group, or a C4-Cys alkyl group substituted with at least one carboxyi group,

Rg is a hydrogen atom or a substituted or unsubstituted C4-Cyp alkyl group, and Rg
is a single bond or a substituted or unsubstituted C+-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>
ﬁj*
4’;{% |

O ' "
ao%ca F’s;C%“CFs
0.0 0. 0
o ot
O @] ;

<Formula 1-5> <Formula 1-6>

CF,

FsC——CF,
0.0
o
0

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




CF3 C,F3
F,C—Y ~CF,

\kowgo QIH/

<Formula 1-10>
F

gy
@]

F@?CFS
oY

<Formula 1-13>

<Formuta 1-11>
CFS_

<Formula 1-14>

43

<Formula 1-12>

CE,
 cr,
‘ 0 O\{/
Oy

<Formula 1-15>



F

o' 54

O O

CF, CFy
0 \}/ C—{»o 0%
E j CFa\g/ cFy I
<Formula 1-16> <Formula 1- 17> <Formula 1-18>
— 4
C}-“-‘ﬁ# "}’"‘““_‘f*\“ .4
O s
o
\ffa ! < G CFs O
For™ R PSS W
3 3 CFz )
5 4, 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>

I
I l
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>

O O
Q o)
0 X -
HO 0

I
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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:

<Formula 4>

wherein Ry is a hydrogen (H) atom, a fluorine (F) atom, or a substituted or
unsubstituted C4-Cyg alkyl group,
R41 is a substituted or unsubstituted C4-C1g alkylene or cycloalkylene group, and
R12 is a hydrogen atom or a substituted or unsubstituted C4-Cys alkyl group,
10 <Formula 5>
Ri3
-CH—C—

Rq4

wherein Rq3 is a hydrogen (H) atom, a fluorine (F) atom, or a substituted or
unsubstituted C4-Cyo alky! group, and
R4 is represented by Formula b below,
15 <Formula b>
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wherein Rqs and R47; are each independently a single bond or a substituted or
unsubstituted C4-Cqg alkylene group, R+ is a single bond, -O-, or -COO-, R1g and R¢g are
each independently a hydrogen (H) atom, a fluorine (F) atom, or a substituted or
unsubstituted C4-Cy alkyl group, and * indicates a binding site.

7. The polymer compound of claim 6, wherein Ry and R4; are each
independently a hydrogen (H) atom, a fluorine (F) atom, a methyl group, an ethyl group,
a propyl 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,

R12 is a hydrogen atom, a C4-Cys alkyl group substituted with at least one hydroxyl
group, or a C4-Cys alkyl group substituted with at least one carboxyl group,

Ri1, Rys, and Ry7 are each independently a single bond or a substituted or
unsubstituted C4-Cs alkylene group, R4 is -COO-, and Ris and Ryg are each
independently a fluorine atom.

8. The polymer compound of claim 6, wherein the repeating unit
represented by Formula 4 above is represented by any one of Formulae 4-1 through 4-
12 below:

<Formula 4-1> <Formula 4-2> <Formula 4-3>
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O /"Og /hgo
OH HO

HO

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

OH HO OH
<Formula 4-7> <Formula 4-8> <Formula 4-9>

. g
O OH
OH
5 HO 0

<Formula 4-10> <Formula 4-11> <Formula 4-12>

AN AN F

9. The polymer compound of claim 6, wherein the repeating unit
10 represented by Formula 5 is represented by any one of Formulae 5-1 through 5-11
below:
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<Formula 5-1>

<Formula 5-3>

<Formula 5-5>

<Formula 5-2>

A

—0
Og

SO

s,

<Formula 5-4>

A

<Formula 5-6>



<Formula 5-7>

O+0

<Formuta 5-10>

<Formula 5-8> <Formula 5-9>

E _

E %

F Om
B/ TF /<F
F so - F

w
w

OFO OO

<Formula 5-11>
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10. The polymer compound of claim 1, wherein the polymer compound is
represented by any one of Formulae 6 through 11 below;
<Formula 6>

CFs,
FsC CF,4
0.0 0_ 0
O O
<Formula 7>
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<Formula 8>

OO0

<Formula 11>
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CFs CF5 HO
FsC CFs

\{/O\go o\gcﬂ/

wherein a is 100 parts by mole, b is 10 to 900 parts by mole, and ¢ is 10 to 800
paris by mole.

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

<Formula 13>
OxPr=0 |

0=

: ( OH
Iy%{3
CFa J\%Cfrs HO
Fal CF4
0.0 0.0
o T Y
<Formula 14> <Formula 15>
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CF s ] |
%C%Q\]‘"C% ) F gmcp‘ Q OJ\
' . oGl AN 3 7
\f/ %F’ :}1}/ T ' \;"O*;ro 0, R"O\}/ N\
o é
<Formula 16> ?

},/*
“% u
” O

O

<Formuia 17>

o
e
‘}O alﬁmdﬁ\!/)‘oj/f ¢
¢ "‘gzc o ©
. ;F“ CFs  nd F )
\f’os\;(o {l}\:j@i;/ F>\s;o
0 5 2
/) Y Y
/ Ji
)

<Formula 19>
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<Formula 20>

GFy \q o oH
F3C cr3

wherein a is 100 parts by mole, b is 10 to 900 parts by mole, ¢ is 10 fo 900 parts
by 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 claims 1
through 11 and a solvent.

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.

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,
alky! ether of polyol, alkyl ether acetate of polyol, ether, cyclic ether, alkane, alkoxy
alkane, aromatic hydrocarbon, ketone, ester, and water.
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15. The resist protective film composition of claim 14, wherein the
monovaient alcohol is a Cg-C4y monovalent alcohol.

16. The resist protective film composition of claim 14, wherein the polyol is a
C4-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.

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, triethoxy methane, tripropoxy methane,
1,1-diethoxy ethane, 1,2-diethoxy ethane, 1,1-dimethoxy ethane, 1,2-dimethoxy ethane,
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~-ethoxyethylether, and bis(2-methoxyethyl)ether.

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
is in 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 substrate to form a photoresist film;

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 & 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
55



irradiated films to form a resist patiern.



