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Abstract Title
Polymer for photoresist

The present invention relates to a polymer represented by following Formula 1 and a method of
forming a micro pattern using the same:

[Formula 1]

£ N\

!

(3]

+ h

ZeoNEA

C=o
° o

wherein R, is a Cg - C4g straight- or branched- chain substituted alkyl group, or a benzyl group; R, is Cy - Cqq

primary, secondary or tertiary alcohol group;

m and n independently represent a number from 1to 3; and X, Y

and Z are the respective polymerization ratios of the co-monomers.
The photoresist polymer according to the present invention is suitable for forming an ultra-micro

pattern such as used in 4G or 16G DRAM semiconductor devices using a light source such as ArF, an E-beam,

EUV, or an ion-beam.
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2336846

POLYMER AND A FORMING METHOD
OF A MICRO PATTERN USING THE SAME

BACKGROUND OF THE INVENTION

The present invention relates to a polymer useful as a
photoresist in a 1lithographic process for fabricating a
semiconductor device, and a method of forming a micro pattern
using the same. More specifically, the present invention
relates to a polymer which can be used in a photoresist
éomposition for forming an wultra-micro pattern in the
manufacture of 4G and 16G DRAM semiconductor chips using short
wavelength light sources, such as KrF (248nm), ArF (193nm), an
E-beam, or an ion-beam. The polymer of the present invention
is particularily useful in a photoresist composition for the
top surface image (TSI) process using silylation, or can be
used for a single-layer photoresist.

In the manufacturing process of a semiconductor element, a
photoresist is generally used to form a pattern with a fixed
form on a semiconductor element. To obtain the desired
photoresist pattern, a photoresist solution is coated on a
surface of a semiconductor wafer, the coated photoresist is
exposed to patterned light, and then the wafer undergoes a
developing process. As a result, a photoresist pattern is
formed on the wafer.

If the photoresist pattern is manufactured using a
conventional silylation process, the photoresist is usually
composed of diazonaphtoquinones compounds and a novolac resin,
or a photo acid generator and polyvinyl phenol resin. When the
photoresist resin is exposed to the patterned light source
(e.g. ArF, KrF, or I line) and then baked, an alcochol group
(R-O-H) is formed in the resin at the exposed regions. After
baking, the photoresist resin is silylated with a silylation
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agent such as hexamethyl disilazane or tetramethyl disilazane.
In the silylation process, an N-Si bond is first formed, but
since the N-Si bond is weak, it then reacts with the R-0-H
group in the photoresisit polymer to form a R-O-Si bond. The
photoresist resin with bonded silicon atoms then undergoes a

- dry developing using O, plasma to form a silicon oxide film.

The lower portions of the silicon oxide film remain even after
the development of the photoresist and as a result, the
desired pattern is formed.

The above-described siiylation process for forming a
photoresist pattern has several deficiencies when it is used
with shorter wavelength radiation. 1In particular, when a KrF
eximer laser is used as the light source to expose known
photoresist polymers, it is impossible to form an ultra-micro
pattern less than 0.10um L/S using the silylation process.
When an ArF light source is used, the lens of the exposer can
be damaged due to the high energy level of the ArF light.
Therefore, the photoresist must be exposed to a lower amount
of energy, for example, 1less than 10mJ/cm?. If the
photoresist is not exposed sufficiently to this lower energy,

the desired pattern is not formed.
SUMMARY OF THE INVENTION

It has been found that the unique photoresist polymers of the
present invention solve the above-described problems of the
prior art. The heat-resistant character of the polymers of
this invention allow the high temperatures required by the
post-exposure baking and silylation steps of the TSI process
to be obtained. The polymers of the present invention are
particularily suited for use in chemically amplied
photoresists wherein a photoresist pattern can be resolved
even using a small amount of energy (e.g., 10mJ/cm?), thereby
preventing the damage to the lens of the exposer and the
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photoresist pattern collapse or insufficient resolution which
occurs 1n the prior art during the formation of the micro
pattern using an ArF (193nm) light source. In addition, the
polymers of the present invention are advantageously used in
the silylation process wherein a chemically amplified
photoresist and O, plasma are used to form a silicon oxide
film which increases the etching and heat resistance of the
photoresist such that an acceptable micro pattern can be
formed using the dry developing process.

In one embodiment, the present invention relates to a polymer
which is suitable for use as a single layer photoresist, and
preferably as a photoresist in the TSI process. Preferred
photoresist polymers of the present invention are represented
by the following Formula 1:

[Formula 1}

| X Y l F4
Ry g=° g:o
lA k,
wherein, R, is a Co - Cjo straight- or branched- chain alkyl
group, or a benzyl group; R, is a C, - C,, primary, secondary

or tertiary alcohol group; m and n independently represent a
number from 1 to 3; and X, Y, and Z are the respective
polymerization ratios of the co-monomers; the ratio X:Y:Z
preferably being (10-80 mol%): (10-80 mol%): (10-80 mol%).

Another embodiment of the present invention relates to a
preparation method for the polymer represented by the above
Formula 1.

In still another embodiment, the present invention relates to

a photoresist composition containing the polymer represented
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by the above Formula 1, a solvent, and a photoacid generator.

In a further embodiment, the present invention relates to a
method of forming a micro pattern using the above-described

photoresist composition.
BRIEF DESCRIPTION OF THE DRAWINGS

Figs. la to 1f are schematic cross-sectional wviews showing a
process for forming a photoresist pattern using a polymer of
the present invention.

Figs. 2 to 4 are NMR spectra of polymers of the present
invention (represented by Formulas 5, 6, and 8) prepared in

the Preparation Examples herein.

Figs. 5 to 12 are cross-sectional views showing the appearance

of a pattern formed by an exposing energy level of 48mJ/cm?

Figs. 13 to 20 are cross-sectional views showing the
appearance of a pattern formed by various exposing energies

indicated therein.
DETAILED DESCRIPTION OF THE INVENTION

The present invention is related to a polymer represented by
Formula 1 below, which polymer is useful as a single layer
photoresist or a photoresist used in the TSI process:

[Formula 1]

/ N\

Tt )

_j._ L,
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wherein, R; is a Cp - Cyp straight- or branched- chain
substituted alkyl, or benzyl group; R, is C; - Cy primary,
secondary or tertiary alcohol group; m and n independently
represent a number from 1 to 3; and X, Y and Z are the
respective polymerization ratios of the co-monomers.

The polymer represented by Formula 1 above can be prepared
according to the present invention by polymerizing the
following three monomers in the presence of a polymerization
initiator:

i) an alkyl maleimide (which is represented by Formula 2
below) :

[(Formula 2}

°?=<:;j>==o

|

Ry
ii) a compound represented by the following Formula 3:

[Formula 3]

j

on

and iii) and a compound represented by following Formula 4:

[Formula 4]

%

1

N ——0n

N
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wherein, R; is a Cp - Cjo straight- or branched- chain alkyl
group, or a benzyl group; R, is a C; - Cjp primary, secondary
or tertiary alcohol group; and m and n independently represent
a number from 1 to 3;

Preferred alkyl maleimide compounds of Formula 2 are methyl
maleimide, ethyl maleimide, propyl maleimide, i-propyl
maleimide, n-butyl maleimide, i-butyl maleimide, t-butyl
maleimide, pentyl maleimide and the 1like, with ethyl
maleimide, propyl maleimide, or t-butyl maleimide being the

most preferred.

Preferred compounds of Formula 3 are t-butyl 5-norbornene-2-
carboxylate and t-butyl bicyclo(2,2,2]oct-5-ene-2-carboxylate.

Preferred compounds of Formula 4 are compounds in which R; is
methyl alcohol, ethyl alcohol, propyl alcohol, butyl alcohol,
or pentyl alcohol. Most preferably, the compound of Formula 4
is 2-hydroxyethyl 5-norbornene-2-carboxylate, 3-hydroxypropyl
5-norbornene-2-carboxylate, 2-hydroxyethyl bicyclo[2,2,2]oct-
5-ene-2-carboxylate, or 3-hydroxypropyl bicyclo(2,2,2]oct-5-
ene-2-carboxylate.

According to a preferred embodiment of the present invention,
the compounds of Formula 2, Formula 3 and Formula 4 are
reacted in a mol ratio of (1-2):(0.5-1.5):(0.5-1.5)

respectively.

The polymers of the present invention can be prepared by a
conventional polymerization process such as bulk
polymerization or solution polymerization. Benzoyl peroxide,
2,2-azobisisobutyronitrile (AIBN), acetyl peroxide, lauryl
peroxide, or t-butyl peroxide can be used as a polymerization
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initiator. Tetrahydrofuran (THF), cyclohexane, methyl ethyl
ketone, benzene, toluene, dioxane, or dimethyl formamide can
be used as a polymerization solvent. The polymerization is
typically carried out at a temperature between 60°C and 75°C
in a nitrogen or an argon atmosphere for 4 to 24 hours.
However, polymerization conditions are not limited to the
above conditions.

The polymers of Formula 1, prepared according to the above
polymerization process, are useful as photoresists for forming
a micro pattern in the fabrication of a semiconductor element.
According to the present invention, a photoresist composition
can be prepared by mixing a polymer of Formula 1, a solvent,
and a photoacid generator in a conventional manner. The
photoacid generator is preferably a sulfur salt or onium salt
which is selected from the group consisting of diphenyliodo
hexafluorophosphate, diphenyliodo hexafluoroarsenate,
diphenyliodo hexafluoroantimonate, diphenyl p-methoxyphenyl
triflate, diphenyl p-toluenyl triflate, diphenyl P-
isobutylphenyl triflate, diphenyl p-t-butylphenyl triflate,
triphenylsulfonium hexafluorophosphate, triphenylsulfonium
hexafluoroarsenate, triphenylsulfonium hexafluorocantimonate,
triphenylsulfonium triflate, and dibutylnaphthyl sulfonium
triflate. The photoacid generator is used in a quantity equal
to about 1 to 20 wt% of the photoresist polymer used in the
process. The sensitivity of the photoresist composition is
insufficient at quantities of photacid generator below 1 wt$%
and etching resistance is insufficient at quantities over
20wt %. The solvent wused in the composition may be
conventional solvents such as methyl-3-methoxypropionate,
ethyl lactate, ethyl-3-ethoxypropionate, propylene glycol
methyl ether acetate. The solvent is used in a quantity equal
to about 100 to 700 wt% of the polymer used in the process.
The photoresist composition is preferably formed into a layer
with a thickness of 0.3-3um.
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The present invention also contemplates a method of forming a
micro pattern using the above-described photoresist
composition in a TSI process. Generally in this process, as
illustrated in Figs. la to 1f, a layer of the photoresist
composition (2), which is coated on the upper part of etching
layer (3) on the surface of a wafer (10), is first hardened
(soft baked) by methods know in the art. A mask (1) is used
to form exposed regions (12) on the hardened photoresist layer
(2) ,and the photoresist is hardened again (post baked). Then,
a silylation agent is sprayed on the element to form a
silylation film (14) on the exposed areas. The silylation
film (14) is subsequently developed by a dry developing
process using O; plasma to form silicon oxide f£ilm (16).
Etching layer (3) is then etched using the silicon oxide film
(16) as an etching mask to form a pattern on etching layer
(3).

A better understanding of the present invention may be
obtained by reference to the following examples which are set
forth to illustrate, but not limit, the present invention.

PREPARATION EXAMPLE 1
Synthesis of poly (ethyl maleimide/t-butyl S5-norbornene-2-
carboxylate/2-hydroxyethyl 5-norbornene-2-carboxylate) polymer

(Formula 5)
[Forrula 5]

fogsno)x (9\{(9)2

?Hz . g_o
CH,
‘ du
. %u
ox
Ethyl maleimide (1 mol.), t-butyl S-norbornene-2-carbexylate
8
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(0.5 mol.) and 2-hydroxyethyl S5-norbornene-2-carboxylate (0.5
mol) were dissolved in 50g to 300g of tetrahydrofuran (THF),
2g to 15g of 2,2’-azobisisobutyronitrile (AIBN) was added
thereto, and the resulting solution was reacted at a
temperature between 60°C and 70°C in a nitrogen atmosphere for
10 hours. After a high molecular weight was achieved by the
reaction, the resultant product was precipitated in an ethyl
ether or hexane solvent. The gathered precipitate was dried,
and the desired poly(ethyl maleimide/t-butyl 5-norbornene-2-
carboxylate/2-hydroxyethyl 5-norbornene-2-carboxylate) polymer
was obtained at a yield of about 85%. NMR spectra of the
polymer is illustrated in Fig. 2.

PREPARATION EXAMPLE 2
Synthesis of poly(propyl maleimide/t-butyl 5-norbornene-2-
carboxylate/B-hydroxypropyl 5-norbornene-2-carboxylate)
polymer (Formula 6)

[Formula 6]

N £ N
o ) )
" X i Y . 4
. = =
H, Las
I ﬁz
i 2
OH

Propyl maleimide (1 mol.), t-butyl 5-norbornene-2-carboxylate
(0.5 mol.), and 3-hydroxypropyl 5-norbornene-2-carboxylate
(0.5 mol.) were dissolved in 50g to 300g of tetrahydrofuran
(THF), 2g to 15g of 2,2'-azobisiscbutyronitrile (AIBN) were
added thereto, then the resultant solution was reacted at a
temperature of 60°C to 70°C in a nitrogen atmosphere for 10
hours. After a high molecular weight was achieved by the
reaction, the resultant product was precipitated in an ethyl

ether or hexane solvent. The gathered precipitate was dried,
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and the desired poly(propyl maleimide/t-butyl S5-norbornene-2-
carboxylate/3-hydroxypropyl 5-norbornene-2-carboxylate)
polymer was obtained at a yield of about 82%. NMR spectra of

the polymer is illustrated in Fig. 3.

PREPARATION EXAMPLE 3
Synthesis of poly (t-butyl maleimide/t-butyl
bicyclo[2,2,2]oct-5-ene-2-carboxylate/2-hydroxyethyl S-
norbornene-2-carboxylate) polymer (Formula 7)

[Formula 7]

DY

CeSA
+

jtey)

ﬂ%@
;

g g
~

t-butyl maleimide (1 mol.), t-butyl bicyclo([2,2,2]oct-5-ene-2-
carboxylate (0.5 mol.), and 2-hydroxyethyl S5-norbornene-2-
carboxylate (0.5 mol.) were dissolved in 50g to 300g of
tetrahydrofuran (THF) , 2g to 15g of 2,2'-
azobisisobutyronitrile (AIBN) were added thereto, then the
resultant solution was reacted at a temperature of 60°C'to
70°C in a nitrogen atmosphere. for 10 hours. After a high
molecular weight was achieved by the reaction, the resultant
product was precipitated in an ethyl ether or hexane solvent.
The gathered precipitate was dried, and the desired poly (t-
butyl maleimide/t-butyl bicyclo[2,2,2]oct-5-ene-2-
carboxylate/2-hydroxyethyl 5-norbornene-2-carboxylate) polymer
was obtained at a yield of about 75%.

PREPARATION EXAMPLE 4
Synthesis of poly(ethyl maleimide/t-butyl bicyclo[2,2,2]oct-5-
ene-2-carboxylate/3-hydroxypropyl 5-norbornene-2- carboxylate)

10
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polymer (Formula 8)

[Fermuia 8]

(04‘?;0

Hy

L/

o
~N
4O
-' N %
N
9‘?3*°E*@

O~
o

Ethyl maleimide (1 mol.), t-butyl bicyclo[2,2,2]oct-5-ene-2-
carboxylate (0.5 mol.) and 3-hydroxypropyl 5-norbornene-2-
carboxylate (0.5 mol) were dissolved in 50g to 300g of
tetrahydrofuran (THF) , 2g to 15g of 2,2'-
azobisisobutyronitrile (AIBN) was added thereto, and the
resulting solution was reacted at a temperature between 60°C
and 70°C in a nitrogen atmosphere for 10 hours. After a high
molecular weight was achieved by the reaction, the resultant
product was precipitated in an ethyl ether or hexane solvent.
The gathered precipitate was dried, and the desired poly(ethyl
maleimide/t-butyl bicyclo([2,2,2]oct-5-ene-2-carboxylate/3-
hydroxypropyl S5-norbornene-2-carboxylate) polymer was obtained
at a yield of about 83%. NMR spectra of the polymer is
illustrated in Fig. 4.

PREPARATION EXAMPLE 5
Synthesis of poly(propyl maleimide/t-butyl S-norbornene-2-
carboxylate/2-hydroxyethyl bicyclo[2,2,2]oct-5-ene-2-
carboxylate) polymer (Formula 9)
[Formula 9]

i
2
N
4

~
¢
NNt

“-O-O—
on
1)
o}
a
Il
(o]

CH; . __+__' éHz
. (‘:Hz

11
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Propyl maleimide (1 mol.), t-butyl S5-norbornene-2-carboxylate
(0.5 mol.) and 2-hydroxyethyl bicyclol[2,2,2]oct-5-ene-2-
carboxylate (0.5 mol) were dissolved in 50g to 300g of
tetrahydrofuran (THF) , 2g to 15g of 2,2'-
azobisisobutyronitrile (AIBN) was added thereto, and the
resulting solution was reacted at a temperature between 60°C
and 70°C in a nitrogen atmosphere for 10 hours. After a high
molecular weight was achieved by the reaction, the resultant
product was precipitated in an ethyl ether or hexane solvent.
The gathered precipitate was dried, and the desired
poly (propyl maleimide/t-butyl 5-norbornene-2-carboxylate/2-
hydroxyethyl bicyclo[2,2,2]oct-5-ene-2-carboxylate) polymer
was obtained at a yield of about 79%.

PREPARATION EXAMPLE 6
Synthesis of poly(ethyl maleimide/t-butyl 5-norbornene-2-
carboxylate/3-hydroxypropyl bicyclol[2,2,2]oct-5-ene-2-
carboxylate) polymer (Formula 10)

[Formula 10}

L= (OI(O)
5 ol &)
qHz C=0 C=0
CHy % ?
1 L2
o dus
élm
OH
Ethyl maleimide (1 mol.), t-butyl 5-norbornene-2-carboxylate
(0.5 mol.) and 2-hydroxyethyl bicyclo(2,2,2]oct-5-ene-2-

12
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carboxylate (0.5 mol) were dissolved in 50g to 300g of
tetrahydrofuran (THF) , 2g to 15g of 2,2'-
azobisisobutyronitrile (AIBN) was added thereto, and the
resulting solution was reacted at a temperature between 60°C
and 70°C in a nitrogen atmosphere for 10 hours. After a high
molecular weight was achieved by the reaction, the resultant
product was precipitated in an ethyl ether or hexane solvent.
The gathered precipitate was dried, and the desired poly(ethyl
maleimide/t-butyl 5-norbornene-2-carboxylate/3-hydroxypropyl
bicyclo[2,2,2]oct-5-ene-2-carboxylate) polymer was obtained at
a yield of about 78%.

PREPARATION EXAMPLE 7
Synthesis of poly (propyl maleimide/t-butyl bicyclo[2,2,2]oct-
S-ene-2-carboxylate/2-hydroxyethyl bicyclol[2,2,2]oct-5-ene-2-
carboxylate) polymer (Formula 11)

[Formula 11]

@S Av@IRISY,
b = %Z
& + b

Propyl maleimide (1 mol.), t-butyl bicyclo([2,2,2]oct-5-ene-2-
carboxylate (0.5 mol.) and 3-hydroxypropyl bicyclo(2,2,2]oct-
5-ene-2-carboxylate (0.5 mol) were dissolved in 50g to 300g of
tetrahydrofuran (THF) , 2g to 15g of 2,2 -
azobisisobutyronitrile (AIBN) was added thereto, and the
resulting solution was reacted at a temperature between 60°C
and 70°C in a nitrogen atmosphere for 10 hours. After a high
molecular weight was achieved by the reaction, the resultant

13
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product was precipitated in an ethyl ether or hexane solvent.
The gathered precipitate was dried, and the desired poly
(propyl maleimide/t-butyl bicyclo[2,2,2]oct-5-ene-2-
carboxylate/2-hydroxyethyl
bicyclo[z,2,2]oct—S—ene-z—carboxylate) polymer was obtained at
a yield of about 78%.

PREPARATION EXAMPLE 8
Synthesis of poly(ethyl maleimide/t-butyl bicyclo(2,2,2]oct-5-
ene-2-carboxylate/3-hydroxypropyl bicyclo[2,2,2]oct-5-ene-2-
carboxylate) polymer (Formula 12)

[Formula 12]

4

o

g
L
N\.A/

8

e

=S

Tk

Ethyl maleimide (1 mol.), t-butyl bicyclol2,2,2]oct-5-ene-2-
carboxylate (0.5 mol.) and 3-hydroxypropyl bicyclo(2,2,2]oct-
5-ene-2-carboxylate (0.5 mol) were dissolved in 50g to 300g of
tetrahydrofuran (THF) , 2g to 15g of 2,2'-
azobisisobutyronitrile (AIBN) was added thereto, and the
resulting solution was reacted at a temperature between 60°C
and 70°C in a nitrogen atmosphere for 10 hours. After a high
molecular weight was achieved by the reaction, the resultant
product was precipitated in an ethyl ether or hexane solvent.
The gathered precipitate was dried, and the desired poly(ethyl
maleimide/t-butyl bicyclo[2,2,2]oct-S—ene—z-carboxylate/
bicyclo[2,2,2]oct-5—ene-2-carboxylate) polymer was obtained at

14
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a yield of 75%

EXAMPLE 1
PREPARATION OF PHOTORESIST COMPOSITION AND FORMING OF PATTERN

10 g of poly (ethyl maleimide/t-butyl 5-norbornene-2-
carboxylate/2-hydroxyethyl 5-norbornene-2-carboxylate)
polymer, prepared according to Preparation Example 1, were
dissolved in 10 g of methyl 3-methoxypropionate as a
solvent,and 0.1g to 2g of triphenylsulfonium triflate or
dibutylnaphthylsulfonium triflate were added thereto. Then
the resultant solution was filtered through filter of 0.10um
to prepare a photoresist composition which was coated on a
surface of a wafer. A desireable photoresist pattern was then
formed according to the method illustrated in Fig. 1.

EXAMPLE 2
PREPARATION OF PHOTORESIST COMPOSITION AND FORMING OF PATTERN

According to the method of Example 1 above, a photoresist
pattern was formed using 10g of the poly(propyl maleimide/t-
butyl 5—norbornene-2—carboxylate/B-hydroxypropyl 5-norbornene-
2-carboxylate) polymer prepared according to Preparation
Example 2.

EXAMPLE 3
PREPARATION OF PHOTORESIST COMPOSITION AND FORMING OF PATTERN

According to the method of Example 1 above, a photoresist
pattern was formed wusing 10 gms of the poly (t-butyl
maleimide/t-butyl bicyclo[2,2,2]oct-S-ene—2—carboxylate/Z-
hydroxy ethyl 5-norbornene-2-carboxylate) polymer prepared
according to Preparation Example 3.

15
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EXAMPLE 4
PREPARATION OF PHOTORESIST COMPOSITION AND FORMING OF PATTERN

According to the method of Example 1 above, a photoresist
pattern was formed using 10 gms of the poly(ethyl maleimide/t-
butyl bicyclo(2,2,2]oct-5-ene-2-carboxylate/3-hydroxypropyl 5-
norbornene-2-carboxylate) prepared according to Preparation
Example 4.

EXAMPLE 5
PREPARATION OF PHOTORESIST COMPOSITION AND FORMING OF PATTERN

According to the method of Example 1 above, a photoresist
pattern was formed wusing 10 gms of the poly (propyl
maleimide/t-butyl 5-norbornene-2-carboxylate/2-hydroxyethyl
bicyclo([2,2,2]oct-5-ene-2-carboxylate) polymer prepared
according to Preparation Example 5 (10g).

EXAMPLE 6
PREPARATION OF PHOTORESIST COMPOSITION AND FORMING OF PATTERN

According to the method of Example 1, a photoresist pattern
was formedd using 10 gms of the poly (ethyl maleimide/t-butyl
5-norbornene-2-carboxylate/3-hydroxypropyl bicyclo[2,2,2]oct-
S5-ene-2-carboxylate) polymer prepared according to Preparation
Example 6.

EXAMPLE 7
PREPARATION OF PHOTORESIST COMPOSITION AND FORMING OF PATTERN

According to the method of Example 1, a photoresist pattern
was formed using 10 gms of the poly(propyl maleimide/t-butyl
bicyclo[2,2,2]oct—S-ene-Z-carboxylate/z-hydroxyethyl
bicyclo([2,2,2]oct-5-ene-2-carboxylate) polymer prepared
according to Preparation Example 7.
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EXAMPLE 8
PREPARATION OF PHOTORESIST COMPOSITION AND FORMING OF PATTERN

According to the method of Example 1, a photoresist pattern
was formed using 10 gms of the poly (ethyl maleimide/t-butyl
bicyclo[2,2,2]oct-5-ene-2-carboxylate/3-hydroxy propyl
bicyclo[2,2,2]oct-5-ene-2-carboxylate) polymer prepared
according to Preparation Example 8.

The photoresist of Example 1 was used to form the patterns
shown in Fig. 5 to Fig. 12 by exposure to energy of 48mJ/cm?
and the patterns shown in Fig. 13 to Fig.20 by exposure to
energy of various levels indicated therein.

As described above, an ArF photoresist is provided in
accordance with the present invention which has heat
resistance sufficient to endure the post-baking and silylation
processes which are carried out at a high temperature in the
TSI process. Also, the pattern using a chemically amplified
photoresist of the present invention is resolved through the
usage of a small energy level of 10 mJ/cm®? thereby preventing
the damage that occurs to the lens of an exposer when an ArF
light source is used. When O, plasma is used in the
silylation process with a polymer of the present invention, a
silicon oxide film is formed thereby increasing etching
resistance and heat resistance of the photoresist. Thus, a
micro pattern can be formed through the dry developing process
and high integration of a semiconductor element is possible
through the use of a photoresist employing a polymer of the

present invention.

Other features, such as other advantages and embodiments, of
the invention disclosed herein will be readily apparent to

17



those of ordinary skill in the art after reading the foregoing
disclosures. In this regard, while specific embodiments of
the invention have been described in considerable detail,
variations and modifications of these embodiments can be
effected without departing from the spirit and scope of the

invention as described and claimed.
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WHAT IS CLAIMED IS:

1. A photoresist polymer represented by following Formula 1:

[Formula 1}

£ —\

/[ N _ /£ AN
SSDA=IAEY)
. []
. Ry o=o gm
| k,
wherein, R; is a Cyp - Cy straight- or branched- chain

substituted alkyl group, or a benzyl group; R, is Ci; - Cy
primary, secondary or tertiary alcohol group; m and n
independently represent an number from 1 to 3; and X, Y and Z

are the respective polymerization ratios of the co-monomers.

2. A photoresist polymer in accordance with claim 1, wherein
the ratio X:Y:Z2 is (10-80 mol%) : (10-80 mol%) : (10-80 mol%).

3. A photoresist polymer in accordance with claim 1, wherein
the photoresist polymer is selected from the group consisting
of:

poly (ethyl maleimide/t-butyl G5S-norbonene-2-carboxylate/2-
hydroxy ethyl 5-norbonene-2-carboxylate) ;

poly (propyl maleimide/t-butyl 5-norbonene-2-carboxylate/3-
hydroxy propyl 5-norbonene-2-carboxylate) ;

poly (t-butyl maleimide/t-butyl Dbicyclo[2,2,2]oct-5-en-2-
carboxylate/2-hydroxy ethyl 5-norbonene-2-carboxylate);

poly (ethyl maleimide/t-butyl bicyclol[2,2,2]oct-5-en-2-
carboxylate/3-hydroxy propyl 5-norbonene-2-carboxylate) ;

poly (propyl maleimide/t-butyl 5-norbonene-2-carboxylate/2-
hydroxy ethyl bicyclo[2,2,2]oct-5-en-2-carboxylate) ;

poly (ethyl maleimide/t-butyl 5-norbonene-2-carboxylate/3-
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hydroxy propyl bicyclo[2,2,2]oct-5-en-2-carboxylate);

maleimide/t-butyl
ethyl

poly  (propyl
carboxylate/2-hydroxy
carboxylate); and
maleimide/t-butyl
propyl

poly (ethyl
carboxylate/3-hydroxy
carboxylate) .

bicyclo[2,2,2]oct-5-en-2-
bicyclo[2,2,2]-5-en-2-

bicyclo[2,2,2]oct-5-en-2-
bicyclo[2,2,2]oct-5-en-2-

4. A method for preparing a photoresist polymer, comprising

the steps of:

a) dissolving a compound of Formula 2:

a compound of Formula 3:

and, a compound of Formula 4:

[Formula 2]

°?ﬁ<::>§:o

l

R,

[Formula 3]

1

[Formula 4)

in an organic polymerization solvent;
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wherein Ry is a C, - C;¢ straight- or branched- chain
substituted alkyl group, or a benzyl group; R2 is a C; - Cyo
primary, secondary or tertiary alcohol group: and m and n
independently represent a number from 1 to 3;

b) polymerizing the compounds by adding a polymerization
initiator to the resultant solution and thereby forming a
precipitate, and;

c) recovering and drying the precipitate

5. A method of preparing a photoresist polymer in accordance
with claim 4, wherein the polymerization initiator is benzoyl
peroxide, 2,2-azobisisobutyronitrile, acetyl peroxide, lauryl

peroxide, or t-butyl acetate.

6. A method of preparing a photoresist polymer in accordance
with claim 4, wherein the polymerization organic solvent is
tetrahydrofuran, cyclohexane, methyl ethyl ketone, benzene,
toluene, dioxane, dimethyl formamide or a mixture thereof.

7. A method of preparing a photoresist polymer in accordance
with claim 4 wherein the solution obtained in the (b) step is
maintained at a temperature between 60°C and 70°C in a

nitrogen or an argon atmosphere for 4 to 24 hours.

8. A photoresist composition comprising:
(i) a photoresist polymer of Formula 1:

[Formula 1}

T ).
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wherein, wherein, R; is a Cp - C;o straight- or branched- chain
substituted alkyl group, or a benzyl group; 'R; is C; - Cio
primary, secondary or tertiary alcohol group; m and n
independently represent a number from 1 to 3; and X, Y and Z
are the respective polymerization ratios of the co-monomers.

(ii) a photoacid generator; and,

(iii) an organic solvent.

9. A photoresist composition in accordance with claim 8,
wherein the photoacid generator is a sulfur salt or an onium
salt.

10. A photoresist composition in accordance with claim 8,
wherein the photoacid generator is selected from the group
consisting of diphenyliodohexafluoro phosphate,
diphenyliodohexafluoro arsenate, diphenyliodohexafluoro
antimonate, diphenyl p-methoxyphenyl triflate, diphenyl p-
toluenyl triflate, diphenyl p-isobutylphenyl triflate,

diphenyl p-t-butylphenyl triflate, triphenylsulfonium
hexafluorophosphate, triphenylsulfonium hexafluoroarsenate,
triphenylsulfonium hexafluorocantimonate, triphenylsulfonium

triflate, and dibutylnaphthylsulfonium triflate.

11. A photoresist composition in accordance with claim 8,
wherein the organic solvent 1is ethyl-3-ethoxy propionate,
ethyl lactate, methyl-3-methoxy propionate, propylene glycol

methyl ether acetate or a mixture thereof.
12. A photoresist composition in accordance with claim 8 ,

wherein the photoacid generator is present in a quantity equal
to 1 to 20 wt% on the basis of the photoresist poymer used.
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13. A photoresist compostition in accordance with claim 8,
wherein the organic solvent is present in an amount equal to
100 to 700 wt% on the basis of the photoresist polymer used.

14. A method of forming a photoresist pattern, comprising the
steps of:
a) preparing a photoresist composition comprising:

(1) a photoresist polymer of Formula 1:
[Formula 1]

/; N[ \‘i: N\
_'F_ k,

wherein R; is a C; - Ci¢ straight- or branched- chain

substituted alkyl group, or a benzyl group; R; is C; - Cjp

primary, secondary or tertiary alcohol group; m and n

independently represent a number from 1 to 3; and X, Y and 2Z

are the respective polymerization ratios of the co-monomers.
(ii) a photoacid generator; and,

(iii) an organic solvent.

b) coating the photoresist composition on a substrate
having an etching layer coated on the surface thereof;

c) exposing the photoresist layer to a 1light source
using an exposer;

d) spraying a silylation agent on the exposed
photoresist layer;

e) dry etching the silylated photoresist layer.

15. A method of forming a photoresist pattern in accordance
with claim 14, which further comprises a baking step before
and/or after the (c) step, wherein the baking is carried out
at 90°C to 180°C for 30 to 300 seconds.
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16. A method of forming a photoresist pattern in accordance
with claim 14, wherein the (c) step is carried out by using an
ArF, EUV, E-beam, ion-beam, or X-ray light source.

17. A method of forming a photoresist pattern in accordance
with claim 15, wherein the (c) step 1is carried out using
irradiating energy of 1-50mJ/cm?®.

18. A method of forming a photoresist pattern in accordance
with claim 14, wherein the silylation agent is selected from
the group consisting of hexamethyldisilazane,
tetramethyldisilazane, dimethylaminomethylsilane,
dimethylaminomethylsilane, dimethylsilyldimethylamine,
trimethylsilyldimethylamine, trimethylsilyldiethylamine and

dimethylaminopentamethylsilane.
19. A method of forming a photoresist pattern in accordance
with claim 14, wherein the (d) step is carried out at 90°C to

180°C for 30 to 300 seconds.

20. A semiconductor element using the photoresist composition
defined by claim 8.
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