ADDI TI VE FOR RESI ST AND RESI ST COVPCOSI TI ON COVPRI SI NG SAME BACKGROUND
OF THE I NVENTION Field of the Invention 5The present invention
relates to a resist additive which inproves hydrophobicity of the
surface of a resist filmto prevent materials from being | eached from
the resist filmin water during an i mersion |ithography process and
formse a mcropattern of the resist filmw th 10excellent sensitivity

and hi gh rasol iy roRKESr SRS ROSPOB| Eb@Pos DETON1 BOMPRES SRECSAME
Description of the Related Art Wth higher integration

and hi gher speed of large 15scale integrated circuits (LSI) in recent
years, accurate mcropatterning of photoresist is required. As

exposure |ight 50yr, 1H§%%‘g¥é:§ﬁJéNf?ﬁﬂon of resist patterns, a
I-11ne (3 n

g-line (436 nm or froma nmercury |anp has been

wi del y used. 2%@%ﬂ§¥%ﬁ?Q§N§Qﬁ¥ﬂéﬁﬂf%hi nprovemnent obtai ned by
adj usti ng exposure wavel engt'h approaches physical limts, a nethod of

usi pg shorter vel engt h was, i nt roduced as .a finper patterning e
technol ogy of 4 ShobbrSSPSt. Eor BXZNpIE 3 0 Foaxd] mbF T-aer2{ShEive

m ., an Qﬁﬁxﬁ%cHQSEO%%%eHﬁy&goﬁggbkéggy of the surface of a resist

film Tto prevent materials from being leached from the
resist film in water during an immersion lithography
process and forms a micropattern of the resist f£ilm with
10 excellent sensitivity and high resclution, and a resist

composition including the same.

Description of the Related Art
With higher integration and higher speed of large

15 scale integrated circuits (LSI) in recent years, accurate
micropatterning of photoresist 1is required. As exposure
light socurces used in the formation of resist patterns, a g-
line (436 nm) or i-line (365 nm) from a mercury lamp has
been widely used.

20 However, as resolution  improvement  obtained by
adjusting exposure wavelength approaches physical limits, a
method of using shorter wavelength was introduced as a finer
patterning technology of a photoresist. For example, a KrF
excimer laser (248 nm), an ArF excimer laser, or the like

25 having a shorter wavelength than i-line (365 nm) is being




25having a shorter wavel ength than i-line (365 nm is being used.
In ArF inmersion |ithography using an ArF excinmer |aser as a |ight
source, the space between a projection lens and a wafer substrate is
filled wth water. According to 5 this nmethod, a pattern may be
formed using a refractive index of water at 193 nm even when a | ens
having an NA of 1.0 or greater is used, and this nethod is comonly
referred 4£4@s i mersion |ithography. However, since a resist film
directly contacts water, acids generated by a photoacid 10generator
or am ne conpounfs xGent aiped hant hes FRSL LR Mash@ quengher pmysher
easily dissolved in water. Thus, the re$|s¥ pattern may be deforned
or may coldapse,dug {pypiellinge, Obnyarious deRCLy SUSRoRscPuBR esns
and wat ermarks may be generated. 15Accordingly, a method ormng a
protective, diLmpf-an UBPEL Lid M Betyasnd h; Frsist bl mand vales t8
prevent the resist filmfromcomng in contact with a nmedi um such” as
wat er has.,been_intraduced. resist o] ive fi ee :

& SciRee megﬁlo?i, & \Am%t%{]}n.ﬁ@ utfeg.%%%e\é ﬂrgﬁt% BekPaBE; ve

i1
formed on a resi i'lm aving's i crent 20

Lransm {tance, al -t e expogure, wayel enaun 50,85, oL Lo LOterrupt yn o
exposure W THout " being intermxed wth the Tesis i'lm ‘need to have

and maintain stability w thout .being |eached by .a. nedi um such a

vater duri Ty G4 Ui et e GRCTH HOGr Hohy. TahEC ekl TOHRIBgsFTperTed
di ssol ved i n an  al kal i, 25%glqgion t hat ig a devel oper duriqg \ .
devel opne as pliger glon ithography. owever, since a resist film

directly contacts water, acids generated by a photoacid

10 generator or amine compounds contained in the resist film as
a gquencher may be easily dissolved in water. Thus, the
resist pattern may be deformed or may collapse due to
swelling, or wvarious defects such as bubbles and watermarks
may be generated.

i5 Accordingly, a method of forming a protective film or
an upper film between the resist film and water to prevent
the resist film from coming in contact with a medium such as
water has been introduced. Such resist protective films
need to bhe formed on a resist film while having sufficient

20 light transmittance at the exposure wavelength so as not to
interrupt exposure without being intermixed with the resist
film, need teo have and maintain stability without being
leached by a medium such as water during liguid immersion
lithography, and need to be easily dissclved in an alkali

25 solution that is a developer during development.
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SUMMARY OF THE INVENTION

Therefore, the present invention has been made in
view of the above preoblems, and it is an object of the
present invention to provide a resist additive which
improves hydrophobicity of the surface of a resist film to
prevent materials from being leached from the resist film
in water during an immersion lithography process. While
the resist additive 1s dissolved in a developer with a
resist at exposed regions, the resist additive remains
with the resist to form a pattern and is converted to have
hydrophilicity by the developer at non-exposed regions.

It is another object of the present invention to
provide a resist composition including the resist additive
and a method of forming a resist pattern using the
composition.

In accordance with the present invention, the above

and other objects can be accomplished by the provision of




vi ew of the above problens, and it is an object of the present
invention to provide a resist additive which inproves hydrophobicity
of the surface of a resist filmto prevent materials from being

| eached fromthe resist film1l5 in water during an inmersion

I ithography process. While the resist additive is dissolved in a
devel oper with a resist at exposed regions, the resist additive

remai ns w th.dhe reshstito fepm-acpattenyy aRdns Lonvuesiged to have
hydrophilicity by the devel oper at non-exposed regions. 20 It is
anot her obj ect ©f the, present invention to provide a resist
conposition including the resist additive and a nethod of formng a
resi st pattern usingdhe conpositi . I n accordance
with the present ;i ot her objsects can be
acconpl i shed by™ i o1 o ( rmula 1, R1
and R2 may be each i pdepe : r a 01-08 al kyl
group. y G gr aop siisting of a

Cl 020 al kanedi yl graup, kenedi yl group, a 01-020

het er oal kanedi yl grdﬁp, a 02-020 hBgeroal kenediyl group, a 03-030
cycl oal kanedi yl graup, a 03-030 cycl oal kenediyl 10 group, a 02-030
heterocycloalkanediﬁ%: oup, and a 03-030 heterocycl oal kanedi yl group
in which at | east e g&@rogen atomis substituted with one group
selected fromthe ghoup consisting of a 01-010 al kyl group, a 01-020
hal oal kyl group, and a 03-030 cycl oal kyl group or unsubstituted. 15
R4 may be a hydrophobic group selected fromthe group consisting of a
01- 020 hal oal kyin gFetipulan lor gani @'&i Re cBAYgrsupSaahd iadepeagetpntly a
hydrocarbon group. R5 nay be an acid labile group selected fromthe
rids Re hydrogen atom or a Cl-CB alkyl group.

Ry may be selected from the group consisting of a Cl-

C20 alkanediyl group, a C2-C20 alkenediyl group, a Cl1-C20

hetercalkanediyl group, a C2-C20 heteroalkenediyl group, a

C3-C30 c¢ycleoalkanediyl group, a C3-C30 cycloalkenediyl

10 group, a C2Z2-C30 heterocycloalkanediyl group, and a C3-C30

heterocycloalkanediyl group in which at least one hydrogen

atom is substituted with one group selected from the group

consisting of a CIl1-Cl0 alkyl group, a Cl-C20 haloalkyl
group, and a C3-C30 cycloalkyl group or unsubstituted.

15 R; may be a hydrophobic group selected from the group

consisting of a Cl-C20 haloalkyl group, an organic silicon

group, and a C3~C20 hydrocarbon group.

Rs may be an acid labile group selected from the




R Rab RbRa(Rd)qg group consisting of, and Here, R, Rb, R and Rd may
be each independently selected fromthe group consisting of a Cl-C20
al kyl group, a C3- C30 cycloal kyl group, a (Cl-Cl10 al kyl)cycl oal kyl
group, a 5 hydroxyal kyl group, a d-C20 al koxy group, a (Cl-Cl10

al koxy) al kyl group, an acetyl group, an acetyl al kyl group, a carboxyl
group, a (Cl-Cl10 al kyl)carboxyl group, a (C3 C18 cycl oal kyl ) car boxyl

group, and a C3-C30 heterocycl oal kyl group, used togethgﬁ be%%een
adj acent 10 groups to forma C3-TI0 uragé\ Cunsaturate
hydrocarbon ring or a C2-C30 heter 3?# p nay be an i nt eger
of 0 to 3, and q may be an int f 0to 1l &) and
n are respeaid vebusndrbens of the r at, unit a|n 3 bgﬁ&bon th 8in

| +mtn=1, 150<1/(1+mtn)<0.99, (1)n (1+mtn)<0.99, and O<n/(1+nwn)0.20.
Here, o imerad) iRfegrl, OR. Oa@d Ry hbyo s facl4ih8eprnolegaliyc stlécoad
group, and if ois 1, R4 is a Cl-C20 hal oal kyl group or a C3-C20
hydr ocar ba@r @8- group consisting of a C1-C20 alkyl group, a C3-
C30 cycloalkyl group, a (Cl1-C10 alkyl)cycleoalkyl group, a
5 hydroxyalkyl group, a Cl1-C20 alkoxy group, a (Cl-C10
alkoxy)alkyl group, an acetyl group, an acetylalkyl group,
a carboxyl group, a (C1-Cl0 alkyl)carboxyl group, a (C3-
C18 cycloalkyl}carboxyl group, and a C3-C30
heterocycloalkyl group, or fused together between adjacent
10 groups to form a C3-C30 saturated or unsaturated

hydrocarbon ring or a C2-C30 heterocyclic group, p may be

an integer of 0 to 3, and g may be an integer of 0 to 10.

Here, 1, m, and n are respectively numbers of the
repeat units in a backbone, wherein 1+mtn=1,
15 0<1/ (1+4mtn)<0.99, 0<m/ (l+m+n)<0.92%, and O0<n/{l+m+n)=<0.20.
Here, o is an integer of 0 or 1. TIf o is 0, Rs is an
organic silicon group, and 1f o 1is 1, Ry 1is a Ci1-CZ0
haloalkyl group or a C3-C20 hydrocarbon group.
R; may be selected from the group consisting of a Ci-
20 C10 alkanediyl group, a C2-Cl0 alkenediyl group, a C1-CiO
heteroalkanediyl group, a C2-Cl0 heterocalkenediyl group, a
C3-C18 c¢ycloalkanediyl group, a C3-C1l8 cycloalkenediyl

group, a C2-Cl8 heterocycloalkanediyl group, and a C3-Cl8




R3 may be selected fromthe group consisting of a Cl1- 20 C10

al kanedi yl group, a C2-C10 al kenediyl group, a C-C10

het er oal kanedi yl group, a C2-Cl0 heteroal kenedi yl group, a C3-Cl18
cycl oal kanedi yl group, a 03-Cl18 cycl oal kenedi yl group, a C2-Cl18
het er ocycl oal kanedi yl group, and a C3-Cl8 heterocycl oal kanedi yl
group in which at | east one hydrogen atomis substituted with a

01-010 ah&¥ée£@@?@l§élﬁa§éd@%@ halea) kil ﬁﬁ?éﬁ QE QQ%%QSQhkytEeréﬁ
may be selected Tromthe group consisting of 010 fl uoroal kyl

group, a gidyl;gr %%’st%t%e‘?jlow?{%yks'dlﬂcﬂf OéJP,«; 2 83040 d4 rb?a('il%lo
branched al kyl group, a 03-014 nonocyclic cycl oa ¥ group, a 08-0

di cycli c ,cycl opl kyl 958 p 101030 tnigyclic cycloalkyl group, and
a 010- O36ﬁ¥etrac Pan& 9 group. e1OR4 may be selected fromthe

group consisting S’Jaﬁée éﬁ[ &OEPOm “ B 4050 tn'%ylstgf&q“pof a Cl-

trimethylsilyl grou uorone )|sop opyl group

ol b et e OB,
group, a €3-Cl10 linear or branched alkyl group, a C3-Cl4
monocyclic cycloalkyl group, a C8-Cl8 dicyclic cycloalkyl
group, a Cl0-C30 tricyclic cycloalkyl group, and a Cl0-C30
tetracyclic cycloalkyl group.

10 Ry may be selected from the group consisting of a t-
butyl group, a triflucoromethyl group, a trimethylsilyl

group, a di(trifluoromethyl)isopropyl group, a

pentafluoroethyl group, and a heptafluoropropyl group.

Rs may be selected from the group consisting of

Rcé’iRC 350

X ,
X S, T
b D (Rd
15 Rb Ra and d P

Ra

Here, R,, Ry, R. and
Rq may be each independently selected from the group
consisting of a Cl1-Cl0 alkyl group, a C3-Cl4 monocyclic
cycloalkyl group, a C8-C20 dicyclic cycloalkyl group, a
Cl0-C30 tricyclic cycloalkyl group, a Cl0-C30 tetracyclic

20 cycloalkyl group, a {(C1-Ch alkyl)cycloalkyl group, a
hydroxyalkyl group, a Cl-C10 alkexy group, a (C1-C5
alkoxy)alkyl group, an acetyl group, an acetylalkyl group,

a carboxyl group, a (Cl-C5 alkyl)carboxyl group, and a




15RbRa, and Rd may be each independently selected fromthe group
consisting of a 01-010 al kyl group, a 03-014 nonocyclic cycl oal kyl
group, a 08-020 dicyclic cycloal kyl group, a 010-030 tricyclic
cycl oal kyl group, a 010-030 tetracyclic 20 cycl oal kyl group, a (01-05
al kyl ) cycl oal kyl group, a hydroxyal kyl group, a 01-010 al koxy group,
a (01-05 al koxy)al kyl group, an acetyl group, an acetyl al kyl group, a
car boxyl @roupi0a E@0& dikylJoardroxy| grouy ard a fuf€8- Cldogether
cycl oal kyl ) carboxyl group or fused together between adjacent groups
to form o6rel8 satjmeatred @rraunsat urcat €drimydroc@bbOnsri sagtoraded or
C5-018 heterocyclic group, p nay be an integer of 0 to 3, and q may
be an 5i niregeruit&it ohbdrocarbon Roimgy ke sel ectted & orhdthergepupic
consisting of a t-butyl group, a trinethylsilyl group, a

hydr oxy- Zreddly] @roupy ael-dret haxyprepydbr gmoupPe @, and g may be an
1- net hoxy- | - et hyl et hyl group, a 1-ethoxypropyl group, a

1- et hoxy-ilit dylet hyl £3059group, a 1-nethoxy-1-ethyl group, a

1- et hoxy-1-ethyl group, a t-butoxy-2-ethyl group, a

o ggrg;v?xycgeepg%'@ég;gg%e 04 gLoyRs represented by Formylae 2a Lo,

butyl group, a trimethylsilyl group, a hydroxy-Z-ethyl
group, a l-methoxypropyl group, a l-methoxy-l-methylethyl
group, a l-ethoxypropyl group, a Il-ethoxy-~l-methylethyl
10 group, a l-methoxy-l-ethyl group, a l-ethoxy-l-ethyl
group, a t-butoxy-2-ethyl group, a l-isobutoxy-l-ethyl

group, and groups represented by Formulae Za to 2k below.




In Fornulae 2a to 2k, R, R' and R'' may be each independently a
hydrogen atomor a C-Cl0 al kyl group, a and e may be each

i ndependently an integer of O to 15, b 5 may be an integer of 0 to
11, ¢ and d nay be each independently an integer of 0 to 9, f may be
an integer of 0 to 7, g and i may be each independently an integer of
O0to 6, h my be an integer of 0 to 4, 0--c+d--17, and Cb+f,C15 10A
repeat unit | y be selected fromthe g%oup consi sting ofs
units repregernted By, Formul ae 3a to 3 eI?R"}tj 0A-70 0 coF3, 8RCF3
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In Formulae 2a to 2k, R', R" and R"'" may ke each

independently a hvdrogen atom or a C1-Cl0 alkyl group, a

and e may be each independently an integer of 0 to 15, b

5 may be an integer of 0 to 11, ¢ and d may be each

independently an integer of 0 to 9, f may be an integer of

0 to 7, g and 1 may be each independently an integer of 0

to 6, h may be an integer of 0 to 4, 0sc+dsl7, and
O0sc+f<15.

10 A repeat unit 1 may be selected from the group

consisting of repeat units represented by Formulae 3a to




(31) (3e) (39)(Th) (31) A repeat unit m my be sel ected
fromthe group consisting of repeat units represented by Fornul ae 4a
to 54d below. (4c) A repeat unit n of Fornmula 1 may be
contained in a copolyner of the resist additive in an anmount of 5 to
15 mol % 5The resist additive may be selected fromthe group

consi sting of conpounds represented by Fornmulae 5 to 16

31 below.

) (3h)

A repeat unit m may be selected from the group
consisting of repeat units represented by Formulae 4a to

5 4d below.




below. Formula 5 10Fornula 6 Formula 8 Formula 9 Forrmula 10

10

b wﬁo .

O

&S

(4h]

(4

{daj

(4e)

A repeat unit n of Formula 1 may be contained in a
copolymer o©of the resist additive in an amount of 5 to 15
mol%,

The resist additive may be selected from the group

consisting of compounds represented by Formulae 5 to 16

0 0 oo O
0

g
2OJJ\CF3

below.

Formula 5

Formula 6
0 O 0 0 0
0 O
2 0
OJLCF3

Formula 7

10




Formula 11 Formula 12 Fornula 13 Fornmul a 14 Formul a 15

Ann  Fornula 16
0O 0O o0 O
0
O’JL‘CFg

Formula 8

a1

0~ ~CF,

Formula 92

e

CF4

0 CFsy

=0
F,C

Formula 10

11




In Fornulae 5 to 16, 1, m and n are respectively nunbers of the
repeat units in a backbone, wherein

[ +m+n=1, 0<1/ ( 1+mtn) <0. 99, OW 1+mtn) <0. 99, and 0O<n/ ( 1+mt+n) 0. 20. A
pol ystyrene equi val ent wei ght average nol ecul ar wei ght of the resist
addi ti ve measured using gel 5perneation chromatography may be in the
range of 1,000 to 500, 000 g/ nol. A wei ght average nol ecul ar

wei ght / nunber aver |.ecul ar wei g ratio of theiresist additive
may be in the range of \ @an aspect of the
present invention, the s 3 Penacconpl i shed by
the provision of a res¥st conpositi ng the resist additive,
a resist base pol yner, and a solvent. 15The anount
of the resist additive/ma of 0.05 to 5% by wei ght
based on the total wei onposi tion.

FyC

Formula 11

AN, | i}\:vmmm:mnm{mn mm
O O
OI CF3
=0

FC

Formula 12

0,
CF;
O CF3
O
F,C

Formula 13

12




The acid generator nmay include at | east one conpound sel ected from
t hegroup consi sting of conpounds 20represented by Fornul ae 20 and 21
below. Formula 20 Forrmula 21 In Formulae 20 and 21, X1, X2, Y1, and
Y2 may be each 5 independently selected fromthe group consisting of
a hydrogen atom a 01-010 al kyl group, an allyl group, a

per fl uoroal kyl group, benzyl groyp, a 06-030 aryl group, and any
conbi nati on t hegggl ' forma 03-030
saturated or unsat urat hydr ocarb ring, @ Yl and Y2 are
fused to forma 03-030/54turated or at gpFate rocarbon ring

X3, X4, X5, Y3, Yg, a@ ch i ndependently sel ected from
t he group consisting @ ot a 01-030 al kyl group, a

hal ogen group, a Ol-Og' 15 grgup, a 06-030 aryl group, a

t hi ophenoxy group, a /0103 i group, a 01-020

al koxycar bonyl net hoxy g and ~“an) nbi nati on thereof. Z, which
denotes an ani on, may be OSO2CF3, ’(O4F9, 0S02C8F17, N (CF3)N
(C2F5)2, N (C4F9) 2, C (CF3) 3, C (C2F5) 3, C LIFO 3,

Formula 14

Formula 15

MM ; m n
0 0 070 0
0 0
0

N

0" “CF,

Formula 16

A S
O | /ﬁ\

0~ “CF,

In Formulae 5 to 16, 1, m, and n are respectively

numbers o©f the repeat units 1in a backbone, wherein

13




or a functional group represented by Fornmula 22 below. Fornula 22 5 0

Vi I11H2

- 0-S CGC-0-W-(W)0-(W3)13-W4 [1] 0v2 In

Formula 22, V1 and V2 may be each independently a hal ogen atom W
may be -(C=0)- or -(S2)-. W may be a O -Cl10 al kanediyl group. 10WB
may be selected fromthe group consisting of a C3- C30 cycl oal kyl

gr oup,
group,

a C6-030 aryl group, a 07-C30 aral kyl %;oup, a C6-C30 aryl oxy
a 1060301 ar yl t Hi<ol gf otptn had. 49 C5- C300+et ek boye) <6 . §Poup. V@nd

may be selected fromthe group consisting of a

10

15

20

O<n/ (l+m+n) £0.20.

A polystyrene equivalent weight average molecular
weight of the resist additive measured using gel
permeation chromatography may be in the range of 1,000 to
500,000 g/mol.

A welght average molecular weight/number average
molecular weight ratio of the resist additive may be in
the range of 1 to 5.

In acceordance with an aspect o©of the present
invention, the above and cther objects can be accomplished
by the previsicon of a resist compositicon including the
resist additive, a resist base polymer, an acid generator,
and a solvent.

The amount of the resist additive may be in the range
of 0.05 to 5% by weight based on the total weight of the
regist composition.

The acid generator may include at least one compound
selected from the group consisting of compounds
represented by Formulae 20 and 21 below.

Formula 20

14




15 hydrogen atom a hal ogen group, a C-C10 al kyl group, a C-C10

al koxy group, a C-C10 hal oal kyl group, a 01-C10 al kylthio group, a
C6- C30 aryl group, and any conbi nation thereof. Her e,
ois an integer of 0 to 1, and p is an integer 200of 0 to 2.

The amount of the acid generator may be in the range of 0.3 to 10
parts by wei ght based on 100 parts by wei ght of solids of the resist
conposi tion. The resist conposition may further include an
additive sel ected E?on1the group consisting of an al kali sol uble
quencher, an ackz~§itfusi on quencher, a surfactant, and any nixture
t hereof. 51 n accorgdance with anot her aspect of the present invention,
there is provide thod of formng a resist pattern including
formng a resist{filmby”8oating the resist conposition on a
substrate, heati he resist film and exposing the resist filmto
light to form axlkopredeterm ned pattern, and devel oping the exposed
pattern. he“4exposi ng may be performed using a light source
sel ected fromthe group consisting of a KrF exciner |aser, an ArF
exci mer | aser, papmeXtrene ultraviolet |aser, an X-ray, and an

el ectron beam 15Q her aspects, features, and advantages of the
present invention will be nore clearly understood fromthe follow ng
detai |l ed description. ﬁﬁﬁAILED DESCRI PTI ON OF THE | NVENTI ON
20Hereinafter, the presgnt_ynvention will be described

T Y

| — Y3
///// =
Y: Y,

In Formulae 20 and 21, X, ¥;, Y41, and Y may be each

5 independently selected from the group consisting of a
hydrogen atom, a Cl1-Ci0 alkyl group, an allyl group, a
perflucorcalkyl group, a benzyl group, a C6-C30 aryl group,

and any combination thereof, wherein X, and X; are fused to

form a C3-C30 saturated or unsaturated hydrocarbon ring,

10 and Y; and Y, are fused to form a C3-C30 saturated or

unsaturated hydrocarbon ring

Xz, X4, X5, Y3, Y4, and Ys may be each independently

selected from the group consisting of a hydrogen atom, a
Cl-C¢30 alkyl grecup, a halecgen group, a Cl1-C30 alkoxy

15 group, a C6-C30 aryl group, a thiophenoxy group, a C1-C30
thicalkoxy group, a Cl-C20 alkoxycarbonylmethoxy group,

and any combination thereof.

15




in detail. However, descriptions of these exanple enbodi nents are
only provided for illustrative purposes, and should not be construed
as limting the scope and spirit of the present invention. The
follow ng detail ed description of the present invention is intended
to provide further explanation of the invention as clai nmed.

The terns 'hal o' or 'halogen atonml as used herein refers to fluorine,

chlorine, bromgme, ,Qf choddR A HOMEL J B ESSmAlhasa @90%@ edosogc4F9,
The term ' hetero' as used herein is intended to enconpass 3

het ero atpi,c ?§ ecﬁegfgronyﬁthgr OUR ¢ QQﬁi'StCnQFQﬁgNCé@2%§ a@ch@9

substituting for carbon dtons i'ess othefw se state or "exanpl e
the term ihet %%%lt'%nallo " f@%@érﬁté& 3o %E-)ﬁhl%f Qlépb'e'lo%' ch 1
to 3 carbon atons are re d etero atons. term

“al kyl group’ %%fﬁﬁ¥gr§§eln refers to a linear or branched Cl C30
al kyl group, unless otherw se stated, and the al kyl group includes a
primary al kyl groupC)lﬂ a secondary aIkyI group, and a tertiary al kyl
group. Exanpl es of uhe{alk@ group include a nethyl group, an ethyl

group, a propyl- @gre8p+Can(J sOprPhH LT pquMI group, an isobutyl
group, and a t- butyﬂlgﬂoup, butmﬁréwﬁgtllr§2ed thereto. 20The term
‘cycl oal kyl group' @s uged herein refers to a C3-C30 cycl oal kyl

group, unless otherw se“stated, and includes nonocyclic, dicyclic,
tricyclic, and tetra i C roups. The cycl oal kyl al so jncludes
an adanmantyl gridupt© L?bagnyllggdgp 2aﬁd“hlﬁ%l§€§ | FedepansayY @
group 25i ncl udi ng a norbornyl group. The term’ alkanedlyl
group'’ ad<s¥fThet'e?fr refers to a divalent atomc group derived from
al kanes by renoval of two derogen atons and may be represented by

t he general fofhurgay- &8H2HC=0Phe Aerm ®@l)kenedi yl group' as used

herein refers
W, may be a Cl-Cl0 alkanediyl group.

10 W3 may be selected from the group consisting of a C3-
C30 c¢ycloalkyl group, a C6-C30 aryl group, a C7-C30
aralkyl group, a C6-C30 aryloxy group, a C6-C30 arylthio
group, and a C5-C30 heterocyclic group.

Wy may be selected from the group consisting of a

15 hydrogen atom, a halogen group, a C1l-Cl0 alkyl group, a
Ct1-C10 alkoxy group, a Cl-Cl0 haloalkyl group, a Cl1-Cl0
alkylthio group, a C6-C30 aryl group, and any combination
thereof.

Here, o 1s an integer of 0 to 1, and p 1s an integer

20 of 0 to 2.

The amount of the acid generator may be in the range
of 0.3 to 10 parts by weight based on 100 parts by weight

of solids of the resist compesitiocon.

le




10

15

20

The resist conposition may further include an
additive selected from the group consisting of an alkali
sol ubl e quencher, an aci d di ffusion guencher, a
surfactant, and any m xture thereof.

In accordance wth another aspect of the present
invention, there is provided a nethod of formng a resist
pattern including formng a resist film by coating the
resist conposition on a substrate, heating the resist
film and exposing the resist film to light to form a
predeterm ned pattern, and devel opi ng the exposed pattern.

The exposing nmay be perforned using a light source
selected fromthe group consisting of a KrF exciner |aser,
an ArF excinmer laser, an extrene ultraviolet |aser, an X-
ray, and an el ectron beam

O her aspects, features, and advantages of the
present invention will be nore clearly understood fromthe

foll owi ng detail ed description.

DETAI LED DESCRI PTI ON OF THE | NVENTI ON

Herei nafter, the present invention will be described

in detail. The follow ng detailed description
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15di scl osed herein. Exanpl esoft hehet erocycl esi ncl ude pyridyl,

di hydropyri dyl, tetrahydropyri dyl (pi peridyl),thiazolyl,

t et rahydr ot hi ophenyl, sul fur oxidi zed tetrahydrothi ophenyl,

pyrim di nyl, furanyl,thienyl, pyrrolyl, pyrazolyl,

20i m dazol yl ,tetrazol yl, benzof uranyl, t hi anapht hal enyl ,

i ndol yl, i ndol enyl, qui noli nyl, i soqui nolinyl, benzim dazolyl,

pi peri di nyl , ¢ As piperddanyliy evinel diBYlint@snded to provide further
pyrrolidonyl, pyrrolinyl,tetrahydrofuranyl,

t et r ahydrgguinokisayl oetiahudroisaqu Bl i ined.

25decahydroqui nol i nyl, oct ahydroi soqui nol i nyl', azoci nyl, triazinyl,
6Hfl’2’5'th|adTﬂé'ny rmgktﬁqgi%ﬂ5’%}d'tﬁéfﬁégﬂ1’a cﬁkenﬁg’ used herein
t hi ant hrenyl, pyranyl, isobenzofuranyl, chronmenyl, xantheny?,

phenoxat gyl 2k Pyﬂﬁ’({)ﬂmej Soﬂoﬁlﬁ%e\’) C H S0 Yhy PYERELLY latoms,
pyri dazi nyl, |ndoP|Z|ny , 1 §0i ndol yl,
5 uniess otherwise stated.

The term ‘hetero’ as used herein 1s intended to
encompass 1 to 3 hetero atoms selected from the group
consisting of N, 0, S, and P substituting for carbon atoms,
unless otherwise stated. For example, the term “heterocalkyl

10 group” refers to an alkyl group in which 1 to 3 carbon atoms
are replaced by the heterc atoms.

The term 'alkyl group' as used herein refers to a
linear or branched C1-C30 alkyl group, unless otherwise
stated, and the aikyl group includes a primary alkyl group,

i5 a secondary alkyl group, and a tertiary alkyl group.
Examples of the alkyl group include a methyl group, an ethyl
group, a propyl group, an isopropyl group, a butyl group, an
isobutyl group, and a t-butyl group, but are not limited
thereto.

20 The term 'cycloalkyl group' as used herein refers to a
C3-C30 cycloalkyl group, unless otherwise stated, and
includes monocyclic, dicyclic, tricyclic, and tetracyclic
aikyl groups. The cycloalkyl also includes an adamantyl
group, a norbornyl group, and a polycyclic cycleoalkyl group

25 including a norbornyl group.

18




5 3Hindolyl, 1Hindazoly, purinyl, 4H quinolizinyl, phthalazinyl,
napht hyri di nyl , qui noxalinyl, quinazolinyl, cinnolinyl, pteridinyl,
4al- 1- car bazol yl, carbazolyl, p-

car bol i nyl , phenant hri di nyl , acri di nyl, pirim dinyl,

phenant hr ol i nyl , phenazi nyl , phenot hi azi nyl , furazanyl ,
10phenoxazi nyl , i sochromanyl, chromanyl, i m dazol i di nyl,

i m dazol i nyl, ka%ZQJéLQd n‘ya[l]&M{églq["l rlj’f@LPg': PeLAZh &Vl herein refers to a
i ndol i nyl, |50|ndoI|nyI qui nucl i di'nyl norphol i nyl, oxazolidi nyl,

benzotri %QlaYlentb%ﬁ%a&PAdﬂ dé’ﬁ&@@' ¥tom bﬂ‘}%&%@é%' ni’émo{7§9tb§0ﬂve
and bi s- tetrahydrofuranyl whi ch 15nay be substituted

unsubstlt r

quinolin |de é%ﬁiﬁgggfﬁgéy sa ?é%t rg% %U?Mé %Eﬁ%%g fggmala
thereto. _ ds _ar, us rei n, .
substltutéﬁ'ﬁf unéﬁ%ggpgg %k' E%@SQ f &%thggwﬁgg Iﬁg%%u?hr%fers
regard, the 1er lvaigg%t En%d 'r”odd Caéeefl%rhét %%f %‘?J‘ |3 %Jbs%'e}ng%g?
w th one selec ed fromt J% 6%5|s I'ng o ogen “at

hydr oxyl Qu arboxyl rou ano grou a.nit up

am no gré%%,é% ?ﬁ ?oup a gﬁ okﬁ?of ﬂ%ﬁ?%ﬁﬁ( %yg? general

nitrile group. an ISR
n-

The term 'aryl group' as used herein refers toc a group

including a kenzene ring and derivatives thereof, unless

10 otherwise stated. For example, the aryl group includes
toluene or xylene consisting of a benzene ring with an alkyl

side chain, biphenyl consisting of at least two benzene

rings connected via a single bond, fluorene, =xanthene or
anthraquinone consisting of at least two benzene rings

15 connected via a cycleoalkyl group or heterocycloalkyl group,
and naphthalene or anthracene consisting of at least two
benzene rings condensed to each other. Unless otherwise
stated herein, the aryl group refers to a C6-C30 aryl group.

The term 'hydrocarben group' as used herein refers to

20 a C3-C20 monovalent hydrocarbon group consisting of carbon
and hydrogen, unless otherwise stated, and may include an
aliphatic linear or branched hydrocarbon group and an
alicyclic hydrocarbon group. Examples of the hydrocarbon

group include a hexyl group, a heptyl group, an octyl group,

25 a ncnyl group, a decyl group, an undecyl group, a dodecyl
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carbonyl group, an acetal group, a ketone group, an al kyl group, a
per fl uoroal kyl group, a cycloal kyl group, a heterocycl oal kyl group,
an allyl group, a benzyl group, an aryl group, a heteroaryl group,
any derivative thereof, and 5any conbi nation thereof. The term
' combi nation thereof' as used herein refers to at |east two
substi t uepts,bound-{,0) 8ACHy Ot Keru,BY a $ivkglAa Rpnd,or & {dnki ngrghgupa
or at |east two substituents Condensed to éach other, unless Stated
MhHWS%;ﬁgbw&&ﬁmmgmlﬁgﬁﬁ“eg§h attern s, for med by, ArF
i nmersion 11 hography,” water 1s used in a Ii'ght path on a photorési st
filmin i S actjve . . r, ids or, a
e T A N A Pl PRare, i Speley”

conpounds esist filmare dissolv i spose

bet ween jecti 1 fer t d accordingly

t he projg¥$%§% f%ﬁ%ﬂﬁgy % %%ﬁgghﬁﬁﬁ?é%,n%ﬁg§ﬁigi@%oggttern may be

def prmed or col S et [ling,,or_variou f s such as

bubbl es and maﬁgggagﬁg%nayg%égg%%g?g?ed.as R ggrg%%Aﬁ%ﬁ%ﬁFﬁgtfb 4

t he present inventi&qbaf.gggolyner4f0{0an230 additivgofunctionigg agy
or a 0

a protect?%&g¥?lr%? resist"fil'mand convet tabl e* mﬁavceierlv

hydrophilicgity is provided. An acrylic acid-derived repeat unit apd a
mal e ¢ arfii T deldEd VBT r Bpedf G 1° Cht al medr i A (e HackBang! of "PRe
copol ymer ﬁﬁ£ﬁkcarboxyl roups %y a devel oper at non-exposed ,
25r egi ongSUth"EREECChydr It | Feifty of - t e stur Pdce® of 5% eQFRETYiFn
is inmproved, thereby inhibiting defects of the copolyner. A ,

hydr opholsi i@ gibup c%ﬁ?aiH@@eQPCSHéeen6HSFu§e§idé cﬁﬁ%HféFegherlngf a
copol yner inproves hydrophobicity of the surface of the resist film
duf@ng e%ﬁ&&ﬁ%ﬁ%b Bpéggﬁgated ring, and an aromatic ring, i.e., a

25al dehyde group, an epoxy group, an ether group, an ester group, a
|

hetercaromatic ring having hetercatoms oxidized or
quarternized tc form, for example, WN-oxides or guaternary
salts. Substituted heterocycles include a carbonyl group
and a heterocyclic ring substituted with any substituent

15 disclosed herein.
Exanples of the heterccycles include pyridyl,
dihydropyridyl, tetrahydropyridyl (piperidyl), thiazelyl,

tetrahydrothiophenyl, sulfur oxidized tetrahydrothicphenyl,

pyrimidinyl, furanyl, thienyl, pyrrolyl, pyrazolyl,
20 imidazolyl, tetrazolyl, benzofuranyl, thianaphthalenyl,
indolyl, indolenyl, quinolinyl, isoquinolinyl,

benzimidazolyl, piperidinyl, 4-piperidonyl, pyrrolidinyl, 2-

pyrrolidonyl, pyrrolinvi, tetrahydrofuranyl,
tetrahydroquinolinyl, tetrahydroisoquinolinyl,
25 decahydroguinelinyl, octahydroisoquinolinyl, azocinyl,

20




5 materials frombeing | eached fromthe resist filmduring inmersion
lithography and is converted to a hydrophilic group during

devel opnment to provide hydrophilicity to the copol yner.

That is, a copolyner according to an enbodi nent of the 10present
invention is a multiblock copolymer represented by Forrmula 1 bel ow
In Fornula 1, R1L and R2 may be each i ndependently a 15hydrogen atom
or a O-G8@lkitlylroup-1,2, 5-thi &8 MBYn PE, Sebgctrd) f s om.4hen 95 QURy 1,
consisting of a C C20 al kanedi yl group, a C2-C20 al kenedi yl group, a

C"CQO|“¥H¥éﬁ9$ﬁ“€ﬂl¥£tHEQH91,ag%%éﬁ%@,h%k%%%ﬂég¥ﬁ¥gd91QVQHPoményl,
C3- C30 cycloal’kanediyl group, a C3-C30 ¢ycloal kenedi'yl 20group, a

C2-C30 h al ka i R and C3- .
?%%ﬁ?ﬁ%ﬁkp g%%ﬁﬂxdlh YR-1, ?gggygggéyﬁydrOglsothlazolyl,

het er ocy al kariedi yl group in irch at en atomi1s
bstit ut, i . . , i sti .

01-010 al Tyl oe” T el et ot - bhip, e BATh S0 Egefiafid

groyp or ynsubstyfuted. 1§-$ﬁgg%¥_18§0ah2¥%1; %%hcitl' ¢ QVEHP%S%HSERSQWL

fromthe group consisting o I~ ‘group, an organic

silicon gr and 03-02q% drocar bon group. . may be an_aci

| abil e g%gﬁ%ggéVgépﬁd fror %ﬁ&fﬁégpb@%s@?uﬁbxgﬁanyy’ qulnazoglnyl’
cinnolinyl, pteridinyl, 4aB-carbazolyl, carbazolyl, 3~

carbolinyl, phenanthridinyl, acridinyl, pirimidinyl,

phenanthrolinyl, phenazinyl, phenothiazinyl, furazanyl,

10 phenoxazinyl, isochromanyl, chromanyl, imidazolidinyl,
imidazolinyl, pyrazolidinyl, pyrazolinyl, piperazinyl,
indelinyi, isoindolinyl, quinuclidinyl, morpholinyl,
oxazolidinyl, benzotriazolyl, benzisoxazolyl, oxindolyl,

benzoxazolinyl, isatinoyl, and bis-tetrahydrofuranyl, which

15 may be substituted or unsubstituted, WN-cxides thereof (for

example, pyridyl N-oxide and guinolinyl N-oxide) or
quaternary salts thereof, but are not limited thereto.

All compounds or substituents used herein may be

substituted or unsubstituted, unless stated otherwise. In

20 this regard, the term 'substituted' indicates that hydrogen

is substituted with one selected from the group congisting

of a halogen atom, a hydroxyl group, a carboxyl dJroup, a

cyano group, a nitro group, an aminc group, a thio grcup, a

methylthio group, an alkoxy group, a nitrile group, an

25 aldehyde group, an epoxy Jgroup, an ether group, an ester
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Rc Ral Rb(Rd)g RbRa consisting ofand. In this 10 regard, Ra, R45, Rc
and Rd may be each independently selected fromthe group consisting
of a 01-020 al kyl group, a 03-030 cycl oal kyl group, a (01-010

al kyl')cycl oal kyl group, a hydroxyal kyl group, a 01-020 al koxy group,
a (01-010 al koxy)al kyl group, an acetyl group, an acetyl al kyl group,
a 15 carboxyl group, a (01-010 al kyl)carboxyl group, a (03-018

cycl oal kyj ey boxya AP, AndhR 03r 03Q het efaays! 0al kvl o9 0YPou®! an

fused together between adj acent groups to forma 03-030 saturated or

unsat ur at.gq, ydtgp&%gs’bogng)iegg:%g;jr%aQ%-ng%M 4 Ogyeg,icfio%&%/ﬁ, Py, be

an integer 0to 3, 20be"an 1 nteger of 0t

e o HBGANG L8y AeREsb el unnuens flobhe sepeak dnid:sii Lhe

backbone, erein 1+mn=1, (1+m+ +mtn) <O0.

0! (1D 200 2 ghe LPEGR 91 S8l "GO R ol B

R4 is an 0 'i'con”group,

hal oal kyl__gr oup.ar .C3- C20 h ocar bon group. I n Fornul a
1,f%i an&r%écﬁ§§’rgﬂgé%hqﬁﬁaé%%%dently a 5 hydrogen atomor a Cl-C4

al kyl group, preferably a hydrogen atom or g .,nethyl group. . I n
Formil 5 3. Ra s Bt SePUEE R BheRst Cot) Yo RHg Thired eat et
al kanedi yl group, a C2-C10 al kenediyl .group, a d -C10

het er oal K&hadi yICGTolp o & 455 GIGITY T BHoh] Kergt y 1 O grougy o 3L eabe
cycl oal kanedj yl group,,a C3-Cl8 cycl oal kenediyl group, a C2-Cl8
heterocygF6§1kﬁﬁéd?yllbg%hﬁg ahid® (35Eﬁ8aﬁetiﬁﬁg§clgﬁ?ka%%@?y}tﬁ?%ﬁi
in which at | east one hydrogen atom.is substituted with a d-C10

al kyl gr 6@pERsedct-CrRFHalvat Ryl WHewS ort Udipdthe tete - More

10 Conventionally, when a resist pattern is formed by ArF
immersion lithography, water is used in a light path on a
photoresist film 1in order to increase refractive index.
However, acids or amine compounds contained in a resist film
are dissolved in water disposed between a projection lens

15 and a wafer substrate, and accordingly the projection lens
may be contaminated, the resist pattern may be deformed or
collapse due to swelling, or various defects such as bubbles
and watermarks may be generated.

According to the present invention, a copolymer for an

20 additive functioning as a protective film for a resist film
and convertable to have hydrophilicity 1is provided. An
acrylic acid-derived repeat unit and a maleic anhydride-
derived repeat unit contained 1in the backbone of the
copolymer form carboxyl groups by a developer at non-exposed

25 regions such that hydrophilicity of the surface of the
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15 preferably, R3 may be selected fromthe group consisting of a
nmet hyl ene group, an ethylidene group, a 1, 3-propyl ene group, a

1, 2- propyl ene group, a tetranethyl ene group, a pentanethyl ene group,
a 2, 2-di net hyl pent anet hyl ene group, a hexanet hyl ene group, a
hept anet hyl ene group, an 20 octanet hyl ene group, a nonanet hyl ene
group, a decanet hyl ene group, a undecanet hyl ene group, a

dodecamethydene g1 oHP1 sa il drcRTetiyd 800, 9f AHPL i 81 hEt RARCAREt Y| ene

group, a pentadecanet hyl ene group, a hexadecanet hyl ene group, a

heptadec%ﬁﬁgﬁ,nﬁﬂ? grﬁ”ﬂyd%%p%%&ﬁQﬁ }9YE§H@a§ﬁQHp@ta one end of a
25nonadec t hyl ene group, a 1-nethyl-1,3-propylene group, a

2- et hyl eneqgr, y ,
1- nethylf%cgaﬂﬁgg tnggg;%%g(§§xg8%§¥h érgﬁggukgagﬁlﬁgﬁ%ﬁf%%iOf the

thylide : | pfeven
s el ah T e ot oﬁ[%‘,%pyf%g’?{%eﬁsg?g?@peﬁ%ﬁﬁgﬁgpé%‘*ag%??%gr%p pPevent

1, 4 cyclohq§¥enq¢ group, q§$g§ 1%% loactyl ene. groupesﬁ.% film d“f

1, 4- nor bor e group, nor ornylene group, adamant yl e

Group 2 S AL 0 001D, 008 I B0 SR
e eede R SEe TR PRI i BAGEN Iy oo one
copclymer.,
That is, a copolymer according to an embodiment of the
10 present invention is a multiblock copolymer represented by
Formula 1 below.

WWW A
}2:0

In Formula 1, R; and R; may be each independently a
15 hydrogen atom or & Cl-C8 alkyl group.

Ry may be selected from the group consisting of a Cl-
€20 alkanediyl group, a €2-C20 alkenediyl group, a C1-CZ20
heteroalkanediyl group, a C2-C20 heterocalkenediyl group, a
C3-C30 c¢ycloalkanediyl group, a C3-C30 cycloalkenediyl

20 group, a C2-C30 heterocycloalkanediyl group, and a C3-C30
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S-CH2-, -CH2-S-CH2CH2-, -CH2CH2-S-CH2-, -CH2-S- CH2CH2CH2-,
CH2CH2- S- CH2CH2-, - CH2CH2CH2- S- CH2-, - CU(CH2) CH-, - C(CH2CH2) -,
CH2C0-, -CH2CH2C0-, - CU(CHACH2CO-, -CUY(OH)-, -C(OH)(CH3)-, 15 cU
(Br)-, -CYBr)CH(Br)-, -CHCH, -CH2CH=CH , -CH=CHCH2-, - CH=CHCO,
-C7’H9-, and -ClOH14- in which at |east one hydrogen atomis
substituted with a d-C4 al kyl group or a perfluoroal kyl group or

unsubsti tHBt@rodybﬁﬁlnkﬁr@ecllyB4EHBMpbanSQh@féredaf:f Qatshe @oupydPogen
consisting of a C10 fluoroal group, a silyl group, a d-C10

al kyl si | yli gf opp, s @681 ClOchi nﬁ@fh%ner @%ﬂgd saél@dteg;r Othm ar KS- &E4up
nmonocyclic cycl oal kyl group, a C8-Cl8 |cyc i c cycloal kyl group, a

C10- C30 tdd aycdd &gy Jroakkyk1 gEQUP, 5 a Q30 tetnagyel iGaloalkyl
cycl oal kyl group, nore 25preferably se ect ed fromthe group

consi sti Oggccﬁjﬁ aggr%ad:)g Y3 @i@ﬁ?foéilkﬂ U&F?’G‘%t@ﬁ"uﬁ WP i Buted.

trimet hylsi a di uor omet hy opropyl group, a

pen af l uoroeth r d o] pyl 4, Aaddi Lion
in or mula 1, )I% i %ugjee gglellé tedgél?%}#net 98{1 |§fel%€g;é? 0 I% OlEI}I‘RI D8 oup
RbRa(Rd)%kWSlstlng of a C1-C20 halcoalkyl group, an organic silicon

group, and a C3-C20 hydrocarbon group.

Rs may be an acid labile group selected from the group

&RC 2R S0
Ra" Ry Ra

K
(Rdjy 1t

10 regard, Ra, Ry, Re and Rg may be each independently selected

consisting of , and In this
from the group consisting of a C1-C20 alkyl group, a C3-C30
cycloalkyl group, a {(Ci-Cl0 alkyl}cycloalkyl group, a
hydreoxyalkyl group, a Cl1-C206 alkoxy group, a (Cl1-C10
alkoxy)alkyl group, an acetyl group, an acetylalkyl group, a
15 carboxyl group, & (C1-Cl0 alkyl)carboxyl group, a (C3-Ci8
cycloalkyl)carboxyl group, and a C3-C30 heterocycloalkyl
group, or fused together between adjacent groups to form a
C3-C30 saturated or unsaturated hydrocarbon ring or a C2-C30

heterocyclic group, p may be an integer of 0 to 3, and g may

20 be an integer of 0 to 10.

Here, 1, m, and n are respectively numbers of the
repeat units in the backbone, wherein 1+m+n=1,

0<1/ (14+m+n)<0.99, 0=2m/ (1+m+n)<0.99, and 0<n/(l+m+n)<0.20.
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5group consisting of, and Here, Ra, Rb, Re and Rd may be each

i ndependently sel ected fromthe group consisting of a 01-010 al kyl
group, a 03-014 nonocyclic cycl oal kyl group, a 08-020 dicyclic
cycl oal kyl group, a 010-030 tricyclic cycloal kyl group, a 010-030 10
tetracyclic cycl oal kyl group, a (01-05 al kyl)cycl oal kyl group, a
hydr oxyal kyl group, a 01-010 al koxy group, a (01-05 al koxy) al kyl

group, an acetye:@,0up,i @na@cehybabkybrgnowy, @ carfoaxy{sgnpup, 8s an
(01-05 al kyl)carboxyl group, and a (03-010 cycl oal kyl ) car boxyl group

or fused d.0pether hatiween adhagentalg greups tig ferma, 06-018 c1-c20
saturated or unsaturated hydrocarbon ring or a 05- 018 %eterocycllc

QYOUD, pH@ﬂYoaQ%yai” d89er of K(I@&Bn & FBYn be-@n, i nteger of 0 to
More preferably, R5 may be selected fromthe group

CO”S' sting of af- p&’fl}{ulgrun’Ra 354 MY h}ﬁ' Syl 8LeHP. iR ndently a
hydroxy 2-ethyl group, a -nethoxypropy group, a

net hox fg%$¥g oupqa thoxy EQ%%
1- ethoxyxé%et et yIngéu% C% n%tﬁ%ﬁ'g{ Hyl group Qil-et%%ﬁogﬁ?
ethyl gr group, a 1-isobutoxy-1-ethyl

E I ,q:pozm gozf |$?%%E(O§g(§]%ék I n Fornul ae 2a to 2k R, R' and
R" may be eacQ 5 %nq%%%ndeﬂtlyRa h droggn atqm %I %10 %Eky%r

group, a and e nay be “each i'hdepén eﬁily an |nteger o]

ot oner i i gl [ o AN R R P RS R %”Q%Pg?g %L%%gﬁa%
| ndependent Ly an | nteger_of, O 1, 6, . MRy, b9, 81 104pLS9eT O O L Ay

Oc+d- C17,9 0c+fA15.
10 heteroalkenediyl group, a C3-Cl8 cycloalkanediyl group, a

C3-C18 cycloalkenediyl group, a C2-Cl8 heterccycloalkanediyl
group, and a (C3-C18 heterocyclecalkanediyl group in which at
least one hydrogen atom is substituted with a C1-C10 alkyl
group or a Cl1-Cl0 halcalkyl group or unsubstituted. More
15 preferably, Rs; may be selected from the group consisting of
a methylene group, an ethylidene group, a 1,3-propylene
group, a 1,2-propylene group, a tetramethylene group, a
pentamethylene group, a 2,2-dimethylpentamethylene group, a
hexamethylene group, a heptamethylene group, an
20 octamethylene group, a nonamethylene group, a decamethylene
groﬁp, a undecamethylene group, a dodecamethylene group, a
tridecamethylene group, a tetradecamethylene group, a
pentadecamethylene group, a hexadecamethylene group, a
heptadecamethylene group, an octadecamethylene group, a

25 nonadecamethylene group, a l-methyl-1l,3-prepylene group, a
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When a resist filmis formed by using a resist conposition including
the resist additive according to the present invention having the
above-nentioned structure, the additive is dissolved in the devel oper
with the resist at exposed regions, but the additive is converted to
have 5 hydrophilicity by a base w thout being dissolved in the
devel oper at non-exposed regions. In particular, the maleic
anhydr i de—dertinyad 1r, speatopyridnecontegiaigd i n 4 he Additiywe-i S2-propylene
ri ng- opened by the devel oper at the non-exposed regions to form
car boxyl ogops s® t hakehygnephisbbgitty cole t hgrsusf aca 1 -afedhel -1, 4-
resist filmis inproved. Thus, defects caused in hydrophobic surfaces
may be regducednberud)e & essty fiddnd s ironmgd auﬁd_rr@:g)(iflrle_idrﬁaygﬁloup, a
conposi tion including the additive, the additive is disposed on the
surface ofptrh@nasiesle figdrmuMi | & t he Fesisitodidymdr | _cqlr&;b,afs 4f B 3-
separate 15 protective filmis formed on the resist filmto inprove
hydy ophobiyeibyeof ik esuphaes, of at he fesistohikyi=hBer gby,preventi ng
material s from being | eached fromthe resist fi min water during
l'iquid i pgensienyhishogr , _a 1,4-norbofRygLpaftgroypgach of the
repeat units constituting the 20 copolynmer of the resist additive
accordi ng 9 the present. . i nyent on (Wi | riped | re detaj ls_
The acrylgerfve %@%ea?hﬁh%¥ 1 %ncﬂd egmgﬁﬁggﬁgﬁ%%%icég?% b hgviﬁae%n
el ectron_ w i gr to previ de hy icity~to the _ _
copolyne?ﬁ%¥%g%g§%§%yng?%ﬁg’selngégfega ég?ggfihg t%é 25pr%%%¥%ﬂion
of the p resi st conpositjon due tQ ophohi.city and.functions,
E%*cgizéﬁz &gﬁ?ﬁ d, %%é 8 gﬂgfﬁ%,t Ot&%c‘ia @ H érﬁ’%%

as a protectrve film t he “phot oF ési’s prevént 'eaching 'in

S VERLIG LPR AR PR R R8RS
't he: dovEiGhel it nechonexpused rebront: Honsuerr ot Ny dropFobi o
group is_stripped off by a base to be converted into a h droxgl _
group, as™ & ﬁydroﬁ&ﬁﬁWq é“&?&ap: asCRadin S riReact 7ot TﬁhﬁgHi 10w,

However, Reaction 10 Schene 1 bel owis gxenplarg, and the present
i nvent i oRNPSTHGT (Hhilead tHerEHeCHz~5-CHa=, ~CH(Cho) CH-,  =Cl(CH,CHy) -,
-CH;CO-, ~CH,CH,CO-, -CH(CH3)CH,CO-, -CH(OH)~, -C(CH) (CH3)-, -

15 CH(Br)-, -CH{Br)CH(Br)-, -CH=CH~, -CHpCH=CH-, -CH=CHCH,-, -
CH=CHCO-, -CyHoe~, and -CjoHis— 1in which at least one hydrogen

atom is substituted with a Cl1-C4 alkyl group or a
perflucroalkyl group or unsubstituted.

In Formula 1, Ry may be selected from the group

20 consisting of a C1-Cl0 fluoroalkyl group, a silyl group, a

Cl-C10 alkylsilyl group, a C3-Cl0 linear or branched alkyl

group, a C3-Cl4 monocyclic cycloalkyl group, a €8-Cl18

dicyclic cycloalkyl group, a Cl0-C30 tricyclic cycloalkyl

group, and a Cl0-C30 tetracyclic cycloalkyl group, more

25 preferably selected from the group consisting of a t-butyl
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Reaction Schene 1 Particularly, the acryl-derived
repeat unit | may have 15one of the foll ow ng structures represented
by Formulae 3a to 3i bel ow An acid | abile group contained
at one end of another acryl-derived repeat unit mis converted froma
hydr ophobi ¢ 5group to a hydrophilic group acid-induced deprotection
reaction at the exposed regions as shown in Reaction Schene 2. As a

resul t, the,addi bi ve-imay,deasiJy 9k§§9|V%ﬂ tﬂlﬁgghﬁ@¥§h9@e@roup, a
However, Reaction Schene 2 bel ow i s exenplary, and e present

i nventionyd & ot JdWd&dh § hef &40 oRpact i o gcheme, 2 pentafluorocethyl

group, and a heptafluoropropyl group.

In addition, in Formula 1, Rs may be selected from the

&0

><Rc ‘ei& Re Y
e i,
b group congisting of , , and P
Here, Ri, Ry, R and Ry may be each independently selected
from the group consisting of a C1-Cl0 alkyl group, a C3-Cl4
monocyclic cycloalkyl group, a C8-C20 dicyclic cycloalkyl
group, a Cl0-C30 +tricyclic c¢ycloalkyl group, a C10-C30
10 tetracyclic cycloalkyl group, a ({Cl1-C5 alkyl)cyclealkyl
group, a hydrexyalkyl group, a Cl1-C10 alkoxy group, a (Cl1-C5
alkoxy)alkyl group, an acetyl group, an acetylalkyl group, a
carboxyl group, a (Cl-Ch alkyl)carboxyl group, and a (C3-Cl0
cycleoalkyl)carboxyl group or fused together between adjacent
15 groups to form a C6-Cl8 saturated or unsaturated hydrocarbon

ring or a C5-Cl8 heterocyclic group, p may be an integer of

0 to 3, and g may be an integer of 0 to 5.

More preferably, Rs may be selected from the group

consisting of a t-butyl group, a trimethylsiiyl group, a

20 hydroxy-2-ethyl group, a l-methoxypropyl group, a l-methoxy-
l-methyiethyl group, a 1l-ethoxypropyl group, a l-ethoxy-1-
methylethyl group, a l-methoxy-l-ethyl group, a l-ethoxy-1-

ethyl group, a t-butoxy-2-ethyl group, a l-isobutoxy-l-ethyl

27




Particularly, the acryl-derived repeat unit mnmay have one of the
foll owi ng structures represented by Fornulae 4a to 4d. (40 10In
addition, the mal eic anhydride-derived repeat unit n does not play
any role at the exposed regions but is ring-opened by the devel oper
at the non-exposed regions to form carboxyl groups as shown in

React i on Schene 3 below, thereby inproving hydrophilicity of the
surface ofrdhie S%(J%#énréﬁ%%£@ﬁ%é@ebpnﬁb£hﬁﬁaéUQBaﬁg basptheysanme
characterlstlcs as t evel oper, the devel opnent process i.S
faC|I|tated $ﬁus defects caused in hydrophobic surface§§q,

reduced. ek, (Reaction Scheme 3 bé oW i spexenpl ary, and .
present i nven i is not limted ther e.eac‘ti on Scheme (R")d
op el. :
(2a) (2] (26
- R'
vy (RO SR R Ffr—
R %»—(Ru.')d : m_(gm.}d .. /@M(Ru}e.
{2d) (21

(K "1"3

AR

. g—‘F ‘ =5
R ) f\,ﬁ@"}n

{2g). (2h) (20}

In Formulae 2a to 2k, E', R" and R"' may be each
5 independently a hydrogen atom or a Ci-Cl10 alkyl group, a and
e may be each independently an integer of 0 to 15, b may be
an integer of 0 to 11, ¢ and d may be are each independently
an integer of 0 te 9, f may be an integer of 0 teo 7, g and 1
may be each independently an integer of 0 to 6, h may be an
10 integer of 0 to 4, 0<c+d<l17, and 0Zc+f=£15.

When a resist fiim 1s formed by using a resist
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0 HO 5 Here, 1, m and n indicate not only the content of each
of the repeat units contained in the backbone of the copol ymer but

al so substitution rates that are degrees of the dissolution of the
copolynmer in the devel oper. The 10copol ymer according to the present
invention includes the repeat units 1, mand n given | +mtn=1, wherein
0<1/ (1+m+n) <0. 99, O<n (1+mtn)-<0.99, and 0<n/(1+mtn) <0. 20. When

the repea&nmﬁﬁéf%£§ﬁ'§£¥1u@§n@bQ%%‘%HgiéﬂCﬁ@dlﬁbﬁef%%b%&dﬁhb”HﬂﬁYthe
have hydrophobicity during liquid 15 i mrersion |ithography.

Parti cul %fﬂeyseﬂme{h&&@tf&mtﬁg{u C% Ehe R R M e - @@faaedré epegt

unit nis less than 2 val ue nmay be reduced, thereby

reduci ng defects, |4 BH%S%Q%%”HIW f,he 'é%'e@ Ee@cﬂ'\yﬁiﬁd%ggerﬂe@%t at

repeat unit n is greater than 20 nD % t tive may be dissol ved

by 20 th h b
y < %}seéch% oAbk ed” geemgHQSeéjdddﬁgix%‘s 1 MG RLGEerabLY, %Q@e

cont ent e mal ei"¢ “anhy erive repeat unit n nay be I'n

range of 3Khxx) le by a tmw&? %9%8 %qer % gr cﬂ in the

present on aV|ng he® stTlct ure shown a | ock

copolyner random.co olyner 0 raft cop .

Exanpl es 5? ]he)lbﬁi yner d?%%lu - Eoni ound§¥nfg}?%%%%1e%h% paleic
np p

Formul ae 5 %i%?egeerlvegl£gge§ r%%& contained in the additive 1s

ring-opened by the developer at the non-exposed regions to
form carboxyl groups so that hydrophilicity of the surface
10 of the resist film is 1improved. Thus, defects caused in
hydrephobic surfaces may be reduced. When the resist film
is formed using the resist composition including the
additive, the additive is disposed on the surface of the
resist film while the resist film is formed as if a separate
15 protective film dis formed on the resist f£ilm to improve
hydrophobicity of the surface of the resist film, thereby
preventing materials from being leached from the resist film

in water during liquid immersion lithography.
Hereinafter, each of the repeat units constituting the
20 copolymer of the resist additive according to the present
invention will be described in more detail. The acryl-
derived repeat unit 1 includes a hydrophobic group having an
electron withdrawing group to provide hydrophobicity to the
copolymer. The copolymer is self-~segregated during the

25 preparation of the photoresist composition due to
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formul ae, the order of the repeat units may be nodified. Formula 5
Formula 6 10 Formula 7

hydrophobicity and functions as a protective film on the
photoresist film to prevent leaching in water during ligquid
immersion lithography. In addition, the repeat unit 1 is
dissolved in the developer with the resist at the exposed

5 regions and forms a pattern with the resist without being
dissolved in the developer at the non-exposed regions.
However, the hydrophobic group is stripped off by a base to
be converted into a hydroxvyl group, as a hydrohphilic group,
as shown 1in Reaction Scheme 1 below. However, Reaction

10 Scheme 1 below is exemplary, and the present invention is
not limited thereto.

Reaction Scheme 1

HO” “CF,

’ﬂ\' OH

Particularly, the acryl-derived repeat unit 1 may have
15 one of the following structures represented by Formulae 3a

to 31 below.
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Formul a 8 Formula 9 Fornmula 10 Fornmula 11 F3C Fornmula 12

An acid labile group contained at one end of another
acryl-derived repeat unit m is converted from a hydrophobic
5 group to a hydrophilic group acid-induced deprotection

reaction at the exposed regions as shown in Reaction Scheme
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Formula 13 Formula 14 Formula 15 Formula 16 5In Formulae 5 to
16, 1, m and n are respectively nunbers of the repeat units in the
backbone. Here, |+mtn=1, 0<1/(1+mtn)<0.99, Onf (1+mtn)<0.99, and

O<n/ (1+mt+n) 0. 20. The copol yner according to the present
invention may have a pol ystyrene equi val ent wei ght average nol ecul ar
10 weight (Mw) neasured using gel perneation chromatography (GPC) in

the range of ply Q0Q-4:0,1900,:Q0 gl ivd fndhesMreofitheqcopol yoBr ifSthe

too_lom4 intern1X|pg may occur or elution using pure water may occur
during i mersi Ot i thegyapby. ®R.Lhe oot hemdandy ikithe Mv ofcfbeary,
copolymer 1s too high, the

and the present invention is not limited thereto.

Reaction Scheme 2

ic} acid
3 e o *
HO

Particularly, the acryl-derived repeat unit m may have
one of the following structures represented by Formulae 4a
to 4d.

R T O

s

N

{d4d)
(daj (4b)
(4e)

10 In addition, the maleic anhydride-derived repeat unit
n does not play any role at the exposed regions but is ring-
opened by the developer at the non-exposed regions to form
carboxyl groups as shown in Reaction Scheme 3 below, thereby
improving hydrophilicity of the surface of the resist film.

15 Since the modified surface has the same characteristics as

the developer, the development process is facilitated. Thus,
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15 filmmy not be appropriately forned or alkali solubility may be
reduced. Preferably, the Mv of the copolynmer may be in the range of
2,000 to 100,000 g/nmol to have excellent solubility in the devel oper
wi t hout being eluted in pure water. In addition, the copol yner
may have a nol ecul ar wei ght distribution,which isa wei ghtaverage

nol ecul ar 5 wei ght/ nunber average nol ecul ar weight (Mv Wn) ratio, in

the rangejdfeds 4 0 Hud®i € Bf efgablnobilo 3udfackhe pmlecylkar -ughghY .
distribution is greater than 5, |ine edge roughness characteristics

may be defgfdalat ethe FUS,H aseARQLY MBI havipg Mv and. pal.equl anwei ght
distribution wthin the 10ranges descri bed above is used as a

phot _OV?S'gp%ie OSifdMion is not limited thereto. _

provi di ngexcel | ent devel opi ngproperties, coating properties, and

t her mal resistq&ggz be. qhtai-ned. The copol yner according to
the present invention having the above-nentioned structure may be
prepared using 15 acryl dagepgrgpnomer repregented by Formula 17
bel ow, an acryl -bdse no gnt ed By)-FHor mi-4) 18 bel ow, and a
mal ei ¢ anhydri d& represented by Fornul__a.Pia bel ow by known

pol ymeri zation, such as bul k pol ynerization, €olFtion polynerization,

suspensi on pol yneri zation, bulk and 20suspensi on pol yneri zati on, and

enul si on pol yneri zation. Formula 17
Here, 1, m, and n indicate not only the content of

each of the repeat units contained in the backbone of the

copolymer but also substitution rates that are degrees of

the dissolution of the copolymer 1in the developer. The
10 copolymer according to the present invention includes the
repeat units 1, m and n glven l+m+n=1, wherein

0<1/ (14m+n}<0.99, O<m/ (1l4+m+n)<0,99, and 0<n/{1l4+m+n)<0.20.
When the repeat units satisfy the above conditions,
the resist film may have hydrophobicity during ligquid
15 immersion lithography. Particularly, when the content of
the maleic anhydride-derived repeat unit n is less than 20
mol%, a CA value may be reduced, thereby reducing defects.
If the content of the maleic anhydride-derived repeat unit n
is greater than 20 mol%, the additive may be dissoclved by
20 the developer at the non-exposed regions. More preferably,
the content of the maleic anhydride-derived repeat unit n

may e in the range cof b to 15 mol%.
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Formula 18 R 0 RS Fornula 19 5 In Fornmulae 17 to 19, Rl to
R5 and o are defined as descri bed above.

The copolymer according to the present invention

having the structure shown zbove may be a block copolymer, a
random copolymer, or a graft copolymer.

Examples of the copcelymer may include compounds

5 represented by Formulae 5 to 16 below. In the structural

formulae, the order of the repeat units may ke modified,.

E Wm
0 9] O 9] O
)

0]
e

Formula 5

Formula 6

O 0 070 0
0

0
(R

0

CF,

10

Formula 7

O

Formula 8

34




Preferably, the copol yner according to the present invention may be
pol ymeri zed by radical polynerization. In 10 this regard, any

radi cal polymerization initiator commonly used in the art, such as
azobi si sobutyronitrile (A BN), benzoyl peroxide (BPO, |auryl

per oxi de, azobi sisocapronitrile, azobisisovaleronitrile, and t-butyl
hydr oper oxi de may be used wi thout peing linmted thereto. 15In
addition, a pol L.&ast one conpound
sel ected fromthe flol uene, xyl ene,

hal ogenat ed benzene, d Ohyl et her, adyadeefur@n, esters, ethers,

| act ones, ketones, anpdes, and alcbhols may be used. During

pol ymeri zation, polynerization tenpgrature may 5 be appropriately

sel ect ed dependi ng on tgﬁbtype of G tal yst enployed. In addition, the
nmol ecul ar wei ght distrp prepared pol ynmer may be adj usted
by nodi fying the anount of e pg grization initiator and reaction
time. After polynerization is conp ed, unreacted nononers and
10byproducts renmaining in the reac¥ion m xture nmay be renoved vi a

sol vent precipitation The copol yner according to the present

i nvention prep g_ ﬁpjustlng t he type and anount of nononers
according to t 8 Btefarati on met hod described above has 15 suitable

hydr ophobi city. Thus, t additfve i$ added to a resist
ﬁﬁﬁﬁ%ﬁiﬁiﬁi%iiﬁhnsparent to
exposure light and i l§ qui osure during

conposi tion, tHETESI
liquid imersion |lithggraphy, andgyarious defécts that may be caused

during 20exposure may reduced.
CF4

O CFg
=0
F,C

Formula 10

CF3

Fgc

Formula 11
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Accordi ng to another enbodi ment of the present invention, a resist
conposition including the resist additive is provided.

Particularly, the resist conposition includes the resist additive, a
resi st base polyner, an acid generator, and a solvent. The resist
additive is the same as that described 5 above and may be contained
in the resist conpositjon in an anpunt ranging fromO0.05 to 5% by

wei ght based on..t. ZINATT =Y L henl.es onposi tion. Wien the
anount of the resi ditive li Wtthin th B descri bed above,
appropri ate degree of G%ophob|0|t Ds ast aigred;Oand thus a 10resi st
pattern with high res@l ution and $ensitivity nmay be forned.

The resi st base poly may be any-pohyner used as a base resin in
the formation of the Regit film gut limtation. Exanples of the
resi st base pol yner i ncl ude pdl ynor bor nene, cycl ool efin

ri ng- openi ng netatheaps<1$ﬁmmﬁ pol ymeri zati on pol ynmers, hydrogenated

cycl ool efin ROW 20 p copol ymers of hydroxyl styrene with one
selected fromthe g conS|st|ng of (nmeth)acrylic ester

derivati ves, styren V|nyl napht hal ene, vinyl anthracene, vinyl
pyrene, hydroxyvinyl naphthal ene, hydroxyvinyl anthracene, indene,
hydr oxyl i ndene,racgnaphthyl ene, and nor bor nadi ene, novol ac

LA

O O 0
CF5
OCF3
=0

FsC

Formula 13

by

Formula 14
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25resins, and m xtures thereof. The base pol yner nmay be
contained in the resist conposition in an anount in the range of 3 to
20% by weight. If the anobunt of the base polyner is |less than 3% by
weight, a filmwth a desired thickness may not be formed due to too
5 low viscosity of the conposition and a pattern | oss may be

i ncreased due to presence of a relatively |arge anount of photoacid
generator. On trhgmetikerithand, if the anount of the base polyner is
greater than 20% by wejght, the fiJjmis too thick so that
transmittance tgQ,. &Ll i yertical pattern may
not be obt ai ned. Nphot oaci d gener at or
(PAG, may include oni gonigqns@l ts, sul f oni um

sal ts, phosphoni um sahts, diazoni , pyridiniumsalts, or

i mdes, preferably at ast gne of e sulonium salts 15represented
by Fornul ae 20 and 2 re prefer tri phenyl sul f oni um nonaf | at e.

Formula 20 Xi x2-S -

Formula 16

0~ CF,

5 In Formulae 5 to 16, 1, m, and n are respectively
numbers of the repeat units in the backbone. Here, l+min=1,
0<1/ (1+m+n)<0.99, 0<m/ (l+m+n)<0.99, and 0<n/ (l+mt+tn)=<0.20.

The copolymer according to the present invention may

have a polystyrene equivalent weight average molecular

10 welght {(Mw) measured using gel permeation chromatography
(GPC) in the range of 1,000 to 500,000 g/mol. If the Mw of

the copolymer is tooc low, intermixing may occur or elution

using pure water may occur during immersion lithography. On

the other hand, if the Mw of the copolymer is too high, the

15 film may not be appropriately formed or alkali solubility
may be reduced. Preferably, the Mw of the copolymer may be

in the range of 2,000 to 100,000 g/mol to have excellent
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20Fornul a 21 In Fornmulae 20 and 21, X1, X2, Y1 and Y2 nmay
be each independently selected fromthe group consisting of a
hydrogen atom a O -Cl0 al kyl group, an allyl group, a - 5 Ci10

per fl uoroal kyl group, a benzyl group, a C6-C30 aryl group, and any
conmbi nation thereof. X1 and X2 nmay be fused to forma C3-C30
saturated or unsaturated hydrocarbon ring, and Y1 and Y2 may be fused

to formi%d%%ﬁ%i&§@1HhaﬁgﬁaOﬁe%QE%bQ&at@QtﬁagfOQﬁ£P%P E1RGed10X3, pdfe
X9, Y3, Y4 and Y5 may be each independently selected fromthe group
consi stingf,.a hydrogen atom a C C30 al kyl group, a hal ogen group

a O -C30 al koxy group, a C6-C30 aryl group, a thiophenoxy group, a
Cl- C30 thioal k ¥ - t
| oal Kopty c?iltplc%rf‘, Qhec@o%fmﬁﬁﬁ%gr%% Doxy1 QEQYR: g@gght

any 15conbi nation thereo notes an anion, na

CopCeS SSRGS LT | (F9)3 NIRER) 2Oy
Forgm a ngeibg(?}{to)’yiurrllzk%rrmall@erzazgg rh{ljlei:(ijt!lfgr _wgls%ﬁ 01&{%’5@{%? Oré‘&%? PELI\{V he
range of 1 to 5, more preferably 1 to 3. If the molecular
welght distributicon i1s greater than 5, line edge roughness
characteristics may be deteriorated. Thus, a copolymer
having Mw and molecular weight distribution within the
10 ranges described above is used as a photoresist composition
providing excellent developing properties, coating
properties, and thermal resistance may be obtained.

The copolymer according to the present invention
having the above-mentioned structure may be prepared using
15 an acryl-based monomer represented by Fermula 17 below, an
acryl-based monomer represented by Formula 18 below, and a
maleic anhydride monomer represented by Formula 19 below by
known polymerization, such as bulk polymerization, solution
polymerization, suspension polymerization, bulk and

20 suspension polymerization, and emulsion polymerization.

Formula 17
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I Il 0v2 20 In Fornmula 22, V1 and V2 may be each

i ndependently a hal ogen atom W may be -(0=0)- or -(SQ2)-. W2 may be
a 01-010 al kanediyl group. 5WB may be selected fromthe group
consisting of a 03- 030 cycl oal kyl group, a 06-030 aryl group, a
07-030 aral kyl group, a 06-030 aryloxy group, a 06-030 arylthio
group, and a 05-03Q, heterocyclic group. WI may be selected fromthe
group consisting of*a 10 hydrogen atom a hal ogen group, a 01-010

al kyl group, a 10 al koxy group, a 01-010 hal oal kyl group, a 01-010
al kylthio group, a 030 aryl group, and any conbi nation thereof.
Here, o may be an/integer of 0 to 1, and p may be an 15 integer of O
to 2. In Ehe acid generator, a diffusion length of acid in a
resist filmmay bedRgppropriately maintained short and the resist film
may have hi gh trqﬁsnittance by introducing a cyclic alkyl group to

the anions. As a es%s , a resist
0
R4

Formula 18

Ry

In Formulae 17 to 19, R: to Rs and o are defined as
described above.
Preferably, the copolymer according to the present
invention may be polymerized by radical polymerization. In
10 this regard, any radical polymerization initiator commonly
used 1in the art, such as azobisisobutyronitrile (AIBN),
benzoyl peroxide (BPO), lauryl peroxide,
azobisisocapronitrile, azobkisiscvalerconitrile, and t-butyl
hydropercxide may be used without being limited thereto.
15 In addition, & polymerization solvent including at

least one compound selected from the group consisting of
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20wi th high resolution may be obtai ned. Preferably, Z which
denotes an anion, in Forrmula 22 may be selected fromthe group
consi sting of functional groups represented by Fornmulae 23-1 to 23-36
below. 0 F2 CGH2 (23-1) 01 F2 - 025-C it 0 H2 (23-4)
benzene, toluene, xylene, halogenated benzene, diethyl ether,
tetrahydrofuran, esters, ethers, lactones, ketones, amides,
and alcchels may be used.
During polymerization, polymerization tTemperature may
5 be appropriately selected depending on the type of catalyst

employed. In addition, the molecular weight distribution of

the prepared polymer may be adjusted by modifying the amount

of the polymerization initiator and reaction time. After
polymerization is cempleted, unreacted  monomers and
190 byproducts remaining in the reaction mixture may be removed

via solvent precipitation.

The copolymer according to the present invention
prepared by adijusting the fype and amount of monomers
according to the preparation method described above has

15 suitable hydrophobicity. Thus, when the resist additive is
added to a resist composition, the resist film formed
therefrom is transparent to exposure light and immiscible
with a 1liguid for exposure during liquid immersion
lithography, and wvarious defects that may be caused during

20 exposure may be reduced.

According to another embodiment of the present
invention, a resist composition including the resist

additive is provided.
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(2377) (23-10) (23-25)(23-26)(23-27) -0 --- 0 F2
S r----- A - 20r 2

Particularly, the resist composition includes the
resist additive, a resist base polymer, an acid dgenerator,
and a sclvent.

The resist additive 1is the same as that described

5 above and may be contained in the resist composition in an
amount ranging from 0.05 to 5% by weight based on the total
weight of the resist composition. When the amount of the
regist additive 1s within the range described above,
appropriate degree of hydrophobicity is obtained, and thus a

10 resist pattern with high resclution and sensitivity may be
formed.

The resist base polymer may be any polymer used as a
base resin in the formation of the resist film without

limitation. Examples of the resist base polymer may include

15 {meth)acrylic acid ester polymers, {o—
trifiuoromethyl)acrylic acid ester-maleic anhydride
copolymers, cycloolefin-maleic anhydride copolymers,

polynorbornene, cycloclefin ring-opening metathesis (ROMP)
polymerization polymers, hydrogenated cycloolefin  ROMP
20 polymers, copolymers of hydroxylstyrene with one selected
from the group consisting of (meth)acrylic ester derivatives,
styrene, vinyl naphthalene, vinyl anthracene, vinyl pyrene,
hydroxyvinyl naphthalene, hydroxyvinyl anthracene, indene,
hydroxylindene, acenaphthylene, and norbornadiene, novolac

25 resing, and mixtures thereotf.
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In addition, in Formulae 20 and 21, a cationic portion nmay be
represented by Fornulae 24-1 to 24-16 below. (24-4) a. 11_ (24-8) S

+

10

15

20

(24-12)

The base polymer may be contained 1in the resist
composition in an amount in the range of 3 to 20% by weight.
If the amount of the base polymer is less than 3% by weight,
a film with a desired thickness may nct be formed due te too
low wviscosity of the composition and a pattern loss may be
increased due to presence cof a relatively large amount of
photoacid generator. Cn the other hand, if the amcunt of
the base polymer is greater than 20% by weight, the film is
too thick so that transmittance to radiation 1is decreased
and a vertical pattern may noct be obtained.

The acid generator, as a photoacid generator (PAG),
may 1include onium salts such as iodonium salts, sulfonium
galts, phosphonium salts, diazonium salts, pyridinium salts,
or imides, preferably at least one c¢f the sulonium salts
represented by Formulae 20 and 21, more preferably,
triphenylsulfonium nonaflate.

Formula 20
X1
XQ_S +-Z

[ x
i

5 X4

Formula 21
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rRj (24-16) The acid generators may be used alone or in
conbi nation of at |east two thereof. In addition, the anmpbunt of the
acid generator may be in the range of 0.3 to 15 parts by weight,
preferably 0.5 to 10 parts by weight, 5nore preferably 2 to 10 parts
by wei ght based on 100 parts by weight of polyner solids. If the
anount of the acid genegator is greater than 15 parts by wei ght,
verticality of a patternimay significantly decrease. On the other
hand, if the anmount ¥Bj—8he-dcid generator is less than 0.3 parts by
10weight, flexibility off a pattern nay be deteriorated. I n
order to uniform othly coat the resist conposition, the

pol ymer and the agi eneratofa my be dissolved in a sol vent having
an appropriate ev arizon rate and vi scosity. Exanples of the

sol vent may incYgde: 15/esters such as ethylene glycol nononethyl

et her, ethyl ene glycol XEnoethyl et her, ethyl ene glycol nonopropyl

et her, methylcellosol ve acetate, ethylcellosolve acetate, propylene
gl ycol nmononet hyl ether. acetate, propylene glycgl nonoet hyl ether
acetate, and pggby 2 ub??c%ﬂ ﬁ%ﬁgﬁ?gby 1@t%é? gba38@a3%;¥gﬁhlw%t8ﬁ82
such as net hyl isopropyl ketone, cycl ohexanone, nmethyl . .

S by dr oxy O HHETE L0 KT TSRy dr SRYBr o OnatEoT5. hepRahERENT e R 2
| act at n tyrol actone, T | vent | on roi
e I n o R EAEC" Eng TBEG BRSBTS G O s

5 Cl0 perflucoroalkyl group, a benzyl group, a C6-C30 aryl

greoup, and any combination thereof. X; and X; may be fused
to form a C3-C30 saturated or unsaturated hydrocarbon ring,
and ¥; and Y, may be fused to form a C3-C30 saturated or
unsaturated hydrocarbon ring.
10 X3, X4, X5, Ya, Y4 and Y5 may be each independently
selected from the group consisting of a hydrogen atom, a Cl-
C30 alkyl group, a halogen group, a CI1-C30¢ alkoxy group, a
C6-C30 aryl group, a thiophenoxy group, a Ci-C30 thicalkoxy
group, a Cl-C20 alkoxycarbonylmethoxy group, and any
15 combination thereof.
%, which denotes an anion, may be O0S0,CF;, 0S0,C4Fg,
0S0,CgF17, N{CF3) 2, N(CaFs)s, N(CuFq)z, C(CF3)3, C(CF5)3, C(C4Fs)3, or
a functional group represented by Formula 22 below.
Formula 22
ﬁ \1/1 H;
- 0—S8—C—C -0~W,~(W,)o— (Wa)p-W,

I

0 OV,
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The amount of the solvent may be appropriately adjusted according to
physi cal properties of the solvent, i.e., volatility, viscosity, and
the like. The resist conposition according to the present 5 invention
may al so include additives dependi ng on application such as

i mprovenent of coating properties. The additive may be any
additive commonly used in resist conpositions without limtation.

Exanpl es of the addbihyes may i RGl ude ap, alkpl heseluhl & quenchemt ap a
acid 10 diffusion quencher, a surfactant, and a sensitizer, and the
additiveqNEQ%KQ§ | al one or in conbination of at least two

t her eof . The al kali sol ubl e quencher nmay be any al kali sol uble

guencher commonly ed.in esist conmpaesitions. Exanples of 15 the
al kal i solubleﬂéugﬁ hgs né§ ?%clagengﬁeﬁol'or carboxylic acid

derivati ves. mgdmeyTE%egCEg”QEBfgik ge g&gﬁ gggiuppresses di ffusion

of acid generat aci d generator posure to the resist

filmand chem cal reaction Jn _non-expos regi ons. 20 .Thr.ough use of,
the acid di ffudbomguiiic e Seiel ER08; Shel BP008 celtictant bt &

resin co itions be_ i nprove ol ution of the resi na

ot oved Eand YT TRIR nSval P o Poh o TDne hae e i vr du? ng A Ty
period from exposu devel opment may be jnhjhited. . The
Do 0 Ty qReEHer iy bORH BRSTE combGUndy B i e aghd
di f fusion g%encher may i nclude: am nes such as anmoni a, methyl am ne,

i sopr opy @i Hie; > h-THebaA AU Tt S it Epent yl ani ne, net hyl enedi ani ne,

et hyl enedi am ne, 5di net hyl am ne, dii sopropyl am ne, diethy| enedi am ne,
N, N- di met hyl métihyanedicans fee Nt RE di ety [L8Ehy P BRBRI fifielsting of a

10 hydrogen atom, a halogen group, a Cl1-Cl0 alkyl group, a Cl-
Cl0 alkoxy group, a Cl-C1l0 haloalkyl group, a Cl-C10
alkylthio group, a C6-C30 aryl group, and any combination
thereof.

Here, o may be an integer of 0 to 1, and p may be an

15 integer of 0 to 2.

In the acid generator, a diffusion length of acid in a
resigst film may be appropriately maintained short and the
resist film may have high transmittance by introducing a
cyclic alkyl group to the anions. As a result, a resist

20 with high resolution may be obtained.

Preferably, 7 which denotes an anion, in Formula 22
may be selected from the group consisting of functional

groups represented by Formulae 23-1 to 23-36 below.
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trimethylam ne,triethylamne, N N N, N -

t et ramet hyl met hyl enedi amine, N, N, N , N -

tetramet hyl et hyl enedi am ne, NN NN , N -

10t et ranet hyl t et r aet hyl enepent am ne, di net hyl et hyl am ne,
met hyl et hyl propyl am ne, benzyl am ne, phenethylanine

benzyl di net; yI mne, tetrameth \noni um hydr oxi d Fanlllne
N, N- di et h gch|d|ne tri pheny a@1ne phenyl enedi nkpe
pyrrol e, 0&&7hl eci9oaxazol e, t hPazol &- Psgkhlazole 5. 1 ri-dazope,

pyrazol e, roW4n : pyrrolldlnéj Hai dazol i ne der|¢3t|v%s
|n|dazolld|ne derinati ves, pyrldlne<§ ivatives, pyridazir
e

derivatives, pyriun/dine derivativesy pyrazine derlvatl pyrazol i ne
derivatives, pyrazolidine derivativ pyperi di ne deriv S,

pi per azi ne deﬁgmatives, 20and norphe| i ne; nitrogens; f@ﬁ {_ni/ng
conmpounds such as am nobenzoi c aci d, |ndolecarboxyflc acid, anmino
acid derivatives (e.g., nicotinic aC|d al ani ne, arginine, and
aspartic acid), 3- pyrldlnesulfonlc aC|d p- pyridi uni um
toluenesulfgnate 2- hydr oxypyrigdigpe, anmino cresol 92;4
25qui nol i at; 22 (2- hydroxyeéth&py i di ne, and q
hydr oxyethyl }pi é? tne; am d Eﬁ tiares such 5% 5 ﬁ@.'
N- net hyl f or mani de, / N, N- di met hyl for “ acet am de, T
Nrret hyl acet am def N- di net hyl acet a .qﬁ, i
benzami de; or inidel derivatives such & Sphthalinide,
and mal ei m de.

(23-4) (23-5)
9 F 9 _F
; L i =T
-"!:'I""—" - -Q"‘"‘J,J, "‘,:-rO
L NN

(25.7) {23-9
c% F fg k
0 o
_g.‘l—A H ,_G R .-'_t‘;Tl:::
& ag 5 ?':13‘ )
OH
(23-10) {23-11) (23-12)
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The amount of the basic conpound may be in the range of 0.01 to 5
parts by weight, preferably, 0.1 to 1 parts by weight, based on 100
parts by wei ght of polyner solids. If the anmount of the basic
conpound is less than 0.01 parts by 10 weight, the pattern may be
deformed as a delay time after exposure increases. On the other hand,
i f the anmount of .t he ba§%c conmpound |§ gr eat than 5 parts by

wei ght , rgigL#LLﬁ nsitivit béﬁdeherlorated T
The surfa S~ Qeetia npr ove e atr@@ ﬁ???éfties &5a§yﬂT@ﬂﬁﬂgjﬁ“U
properties, and the |i'ké!Exanpl es of the
surfactantnaylnc polyoxyethylenela yl et her, -
polyoxyethylenes?garylether onoxyetE?ﬂéhe and (25-15)
polyethyleneglycoldlIaurate but are not limted thereto. A resist
pattern that igﬁ@or Q§|ng the resist 20 CET nposi tion acchdlng t%

n

the present 4nvepti off has i mproved |i; gdtf. roughness . & Hz 4§
characterlsg%c ne %§ solut|6ﬁ“%115 - H and L/ S patieiscahog

addi tion, a wiée proce s wi ndow provitles an Excel l ent pattePn proékid e
regardl ess of the type of the substrate and inproved contrast.
25Accordi ngly, tﬁéiﬁgslst conposi ti on@%seful as a positive@sisg
cheni cal | yanpl i fi edphot or esi st conposi ti onhavi ng photosensitivity to
far ultraviol et Blghq sunh as is prodyceq{byca Kr F erQE?eras%r

exci ner | aser,. = :
N Fc-0-Cogio C”ﬁ*O”C*C“%*G
Fz Fz EZJ Fo O Ha O Fo O
) o &)
(23-19) 23-20) {2321
0y, O ~§ o g 7 He
N O C{‘ W= 0-Cmp gy Br——5-0-C - 0
Hz O 20 ot Fz'C v} 20
(2322} {23-23) (23-24)
0 o O
Hs EI Hy ]
f*-@-*uﬂofchcfﬁhcr %'% JL'D C"C’ssa“'? —s-o Crg-fro
S Fz O
(23-25) (23-26) (23-27)
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exci mer |aser, X-rays such as synchrotron radiation, and 5charged
particle rays such as extrene ultraviolet (EW). According to
anot her enbodi ment of the present invention, a nmethod of formng a
resist pattern using the resist conposition is provided.

Particularly, the nethod includes fornmng a resist 10 filmby coating

t he resi st conp03|t|on on a substrate, heatl the resist filmand
exposi ng thé're3|st filmto Ilght to form pq det er m fled payﬁg;
and devel gpisng-the-exposed pattérg——0 The sub§tgates e

waf er subst Fafe, and 15 coati iy may be performed 00 fhe substrat
via spin coatlng, fl owsr"coat i ng, rollﬁgoaglng, or the like. ..
Particularly, tibeXesist conposition is ‘Coated on the substrafa- 3uch

as a silicon wafer to a thickness in the range of 0.3 to 2.0 km and

the coating_.is pre-baked at 60 20 to 1500 At o 10_mi nut es,
preferably t 80 t oj 130E for 1405 ntmggggizj/ THEn the"esist
filmis parti EHVue d to Yadiatien ao m‘tofﬁnﬁg 5
mcropatterR. "4n this regard, exanpl es of the radiation Tay |ncI
ultraviolet light suchy25as I-line, far ultraviolet light such as¥is
produced by a {XF} excFner |aser, Ar F (&3 mer | aser, and F22exel ner
| aser, X-rays, and charged particle rays such as el ectron beans, but
are not lintted thereto. The radi ati ongmay be appropruately ad’us

0 .

accordlngﬁté Lhe ty the acgd §ggndtw/

@ - IAI’S““I"‘“"*"I”I’J
|| Fg a| Fg i F?

2334} {23

o
i)
i)

T3

&
L3
ot

In addition, in Formulae 20 and 21, a cationic porticn

may be represented by Formulae 24-1 to 24-16 below.
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Hereinafter, the present invention will be described 5 nore fully
with reference to the foll owi ng exanples. However, the follow ng
exanpl es are capabl e of bei ng enbodi ed through nodifications and
alternative fornms, and there is no intent to limt the enbodinents to
the particular fornms disclosed herein. 10Preparation Exanpl e:

Synt hesi s of Polymer Pol yner Synthesis Exanple 1 A sol ution
prepared by di §sQl ving; 10 ¢g.0f r%t%hylrggriyl Le agidsg 1 |
3-(2,2,2-trifluoro- ace%oxy)%-eagarrant an-1-yl ester, 1 g o? ?rgieei cor o
anhydrid - de 5 f_2- - agryligc Facid L h
1-isopr ogcycingjclyc ooénxylgfgs ér nileéng%{sS tgj&%of T 55 gi'oxanlé1 aﬁgditécgf the
di met hyl ohi.s t NiLLE il ). inifi r, e t
a ] acket a?iéoé}é}tor(?%n%ﬁgt ?%?gd%%ﬁgﬁper 3?{}?% % ? g réa teor“r)aﬁdwad(g'Ol3 fo
gradual |y d ncreased by setting the t erat yure of circulator to
659, and ]tgnep‘if)&r’ eadt )(g“]rel\ﬁahst’st F?g%ra:?np}éSg' o(rac% %@u g.r%ﬁf{% r weight,

reaction was termnated, the reaction salution S.precipit b
Lt ng 3T o T TeNhG EnePery. T Dt BrOgl B RGPS PN { Kb dhEe
dried in_vacuumio obtain_ Polyner |, represented by the follow ng :
formul a. % pBF&g%‘{}réife 88&?@8¥erﬁojvﬂe‘{%ht erslye ZBIMPdcuPhr WS gRttd
(Mv) of Polynmer | was 7,500 g/ nol. Pol ymer. Synt hesi s Exanpl e, 2

Pol yner I9FTHdpt ésente P By tHe FotT ot rfba]%/tb? e & s or e]ﬁ%FgﬁC?%l‘f%eof
same nmanner as in Polymer Synthesis Exanple 1, except that ,
2- met hy| Sadtdf i hdiay 21 ¢obl opit b hdartRnt amee y1 Astldre Walsheisepnd, 1t
instead of 2-nmethyl-acrylic acid 1- isopropyl-cyclohexyl ester in

Pol yrmer Syt r@%@%ntEx(aﬁp?éBel.acA%cﬂ%%téﬁ’e Byul9aredtiaiw bf3 pAFerbY

Il was 8,000 g/ nol.
10 welght, flexibility of a pattern may be deteriorated.

In order to uniformly and smoothly coat the resist
compesition, the polymer and the acid generator may be
dissolved in a solvent having an appropriate evaporation
rate and wviscosity. Examples of the solvent may include:

15 esters such as ethylene glycol monomethyl ether, ethylene
glycol monoethyi ether, ethylene glycel monopropyl ether,
methylcellosolve acetate, ethylcellosolve acetate, propyiene
glycel monomethyl ether acetate, propylene glycol monocethyl
ether acetate, and propyviene glycol monopropyl ether

20 acetate; and ketones such as methyl isopropyl ketone,
cyclohexanone, methyl 2-hydroxypropionate, ethyl 2
hydroxypropicnate, 2-heptanocone, ethyl lactate, and  y-
butyrolactone. These solvents may be used alone or in

combination c¢f at least two thereof.
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10 Pol ynmer Synthesis Exanpl e3 Pol ynmer 111 represented by

the following fornula was prepared in the same manner as in Pol ymer

Synt hesi s Exanpl e 151, except that 2-nethyl-acrylic acid

1- net hyl - cycl ohexyl ester was used instead of 2-nethyl-acrylic acid
1-i sopropyl cycl ohexyl ester in Polyner Synthesis Exanple 1. A

pol ystyrene equi val ent Mv of Polyner 111 was 9,200 g/nol. 5 Polyner

Synthesis Examphe 4amount RA YBke! Vsé@@éﬁ‘@en;[ﬁ? byt he, ol o ng. 1y
formul a was prepared in the sane manner as in Polyner Synthesis

Exanpl e 148%¢eRt éé@ér&rﬁﬁt byl M&ié&l a?k@pér%%@'oﬁd%%m%\%r}@

10est er mas used i nstead 2-met hyl -acrylic acid 1-isopropyl -

cycl ohexyl .est le pol ystyrene
eqU|vaIe%t Nhlg?l EQk&ne&l%§%EH%§BO Eﬁa%% 1éééaluat|on Exanpl e 1:

Eval uation of kMgrOEQ%Q%%ItXmﬁqp081tlon according to the present

5 invention may also include additives depending on
application such as improvement of coating properties.

The additive may be any additive commonly used in
resist compositions without limitation. Examples of the
additive may include an alkali soluble guencher, an acid

10 diffusion quencher, a surfactant, and a sensitizer, and the
additives may be used alone or in cocmbination of at least
two thereof.

The alkali soluble guencher may be any alkali soluble
gquencher commonly used in resist compositions. Examples of

15 the alkali soluble gquencher may incliude phenol or carboxylic
acid derivatives.

The acid diffusicn quencher suppresses diffusion of
acid generated by the acid generator during exposure to the
resist film and chemical reaction in non-exposed regions.

20 Through use of the acid diffusion quencher, storage
stability of radiosensitive resin compositions may be
improved, resolution of the resist may be improved, and line
width wvariation of the resist pattern during a period from

exposure to development may be inhibited.
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Additive 1.0 g of each of the polymers synthesized in
Pol ymer Synthesis Exanples 1 to 4 was dissolved in 25 g of 4-nethyl
pentanol, and the solution was filtered using a 0.2 pm pol ypropyl ene
filter to prepare resist protective film5 conpositions. For
conparison with the additive according to the present invention in
terms of effect, Polyner V represented by the follow ng formla was
used in Conpara@hive Pl erds1d0 quEacheof rlaRe W epared ies $lpound.
protectivefilmconpositions was spin-coated onto a silicon substrate
and bakeg o130 Jeore S0 Seeendse 0q1 0 M REAL LPRALSGHAG Il Ty Hidd
a thickness of 50 nm 15Sliding angles and recedi ng'contact angles of
Lhe Tesistdbraleching, 1) mReereaneapect yglyaeanyned. Saechfi ey,
to roB et [

50 Re of pure water was droppe ofm a on the silicon
substr at LoVl i t.h the resj rotective filmwhi s kept.
hori zont glyg\}\%}éleg%g %\énm%gse ili con%lse&tt})lg'ti regl[egﬁve\%nsl%ger’aduaﬁqeyt%l@nlc |eneda?Tk the

an%!e (Shﬁgéggylamine, diisopropylamine, diethylenediamine, N,N-

dimethylmethylenediamine, N,N-dimethylethylenediamine,
trimethylamine, triethylamine, N,N,N'",N"~
tetramethylmaethylenediamine, N,N,N'",N'"~
tetramethylethylenediamine, N,N,N',N"-
10 tetramethyltetraethyienepentamine, dimethylethylamine,
methylethylpropylamine, benzylamine, phenethylamine,

benzyldimethylamine, tetramethyl ammonium hydroxide, aniline,

N, N-dimethyltoluidine, triphenylamine, phenylenediamine,
pyrrole, oxazole, isooxazole, thiazole, isothiarzole,
15 imidazole, pyrazole, pyrroline, pyrrolidine, imidazoline

derivatives, imidazolidine derivatives, pyridine derivatives,
pyridazine derivatives, pyrimidine derivatives, pyrazine
derivatives, pyrazoline derivatives, pyrazolidine
derivatives, pyperidine derivatives, piperazine derivatives,
20 and morpholine; nitrogen-containing compounds such as
aminobenzoic acid, indolecarboxylic acid, amino acid

derivatives (e.g., nicotinic acid, alanine, arginine, and

aspartic acid), 3-pyridinesulfonic acid, p-pyridiunium
toluenesulfonate, 2-hydroxypyridine, aminco cresol, 2,4-
25 guinolinediol, 2~ (2~hydroxyethyl)pyridine, and 1-(2-
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angl e) at which the droplet started sliding dowm was neasured as wel |
as the receding contact angle. Results are shown in Table 1 bel ow.

Table 1

Pol ymer as resist additive ng angle Sliding before

devel opnent (0) Receding contact angle before

10

15

20

25

hydroxyethyl)piperazine; amide derivatives such as formamide,
N-methylformamide, N, N-dimethylformamide, acetamide, N-
methylacetamide, N,N-dimethylacetamide, propionic amide, and
benzamide; or imide derivatives such as phthalimide,
succinimide, and maleimide.

The amount of the basic compound may be in the range
of 0.0 to b parts by weight, preferably, 0.1 to 1 parts by
weight, based on 100 parts by weight of polymer solids. If
the amount ¢f the basic compcound is less than 0.01 parts by
weight, the pattern may be deformed as a delay time after
exposure increases. On the other hand, 1f the amount of the
basic compound is greater than 5 parts by weight, resclution
and sensitivity may be deteriorated.

The surfactant is used to improve coating properties,

developing properties, and the Ilike, mxamples of the
surfactant may include polyoxyethylenelaurylether,
polyoxyethylenestearylether, polyoxyethylene, and

peclyethyleneglycoldilaurate, but are not limited thereto.

A resist pattern that 1is formed using the resist
composition according to the present inventicn has improved
line width roughness characteristics and high resolution in
both C/H and L/S patterns. In addition, a wide process
window provides an excellent pattern profile regardless of
the Lype of  the substrate and improved  contrast.

Accordingly, the resist compesition is useful as a positive

52




devel opnment (a) ding angle Sliding after devel opnent (a) Receding
contact angle after devel opnent (0) Synthesis Exanple 1

10

15

20

25

chemically amplified photoresist composition having
photosensitivity to far ultraviolet light such as is
produced by a KrF excimer laser, ArF excimer laser, or I
excimer laser, X-rays such as synchrotron radiation, and
charged particle rays such as extreme ultravielet (EOV).

According to another embodiment of the present
invention, a method of forming a resist pattern using the
resist composition is provided.

Particularly, the method inciludes forming a resist
film by coating the resist composition on a substrate,
heating the resist film and exposing the resist film to
light to form a predetermined pattern, and developing the
eXposed pattern.

The substrate may be a wafer substrate, and the
coating may be performed on the substrate via spin coating,
flown coating, roll coating, or the like.

Particularly, the resist compcesiticn is ccocated on the
substrate such as a silicon wafer to a thickness in the
range of 0.3 to 2.0 pm, and the coating is pre-baked at 60
to 1500 for 1 to 10 minutes, preferably at 80 to 1300 for 1
to 5 minutes.

Then, the resist film is partially exposed to
radiation in order to form a micropattern. In this regard,
examplies of the radiation may include ultraviclet light such

as I-line, far ultraviolet light such as is produced by a
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Synt hesis Exanple 2 Polymer | Polyner 1l 92.4 94.2 69.5 80.1 78.9

28.8

10

15

20

25

KrF' excimer laser, ArF excimer laser, and F; excimer laser,
¥X-rays, and charged particle rays such as electron beams,
but are not limited thereto. The radiation may Dbe
appropriately adjusted according to the type of the acid
generator.

Particularly, exposure 1is performed 1n an exposure
dose of about 1 to about 200 mJ/m?, preferably about 10 to
about 100 mJ/m?’. This is followed by post exposure baking
(PEB} at 60 to 1500 for 1 to 5 minutes, preferably at 80 to
1300 for 1 to 3 minutes.

After exposure, the exposed resist pattern is
developed with a developer for 0.1 to 3 minutes, preferably
0.5 to 2 minutes by any conventional techniques such as dip,
puddle, and spray technigues. As a result, a desired
pattern is formed on the substrate. The developer may be an

aqueous sclution including sodium hydroxide, potassium

hydroxide, sodium c¢arbonate, sodium silicate, sodium
methasilicate, ammonia, ethylamine, n-propylamine,
triethylamine, tetramethylammonium hydroxide,
tetraethylammonium hydroxide, cr the 1like, preferably

tetramethylammonium hydroxide.
Optionally, the developer may further incliude
additives such as a surfactant or water soluble alcohols.
According to the method of forming the pattern using

the resist composition according to the present invention, a
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10

15

20

mcro resist pattern with excellent sensitivity and high

resol uti on may be obt ai ned.

Herei nafter, the present invention will be described
nore fully with reference to the foll ow ng exanpl es.

Prepar ati on Exanpl e: Synthesis of Polyner

Pol ymer Synthesis Exanple 1

A solution prepared by dissolving 10 g of 2-nethyl-
acrylic acid 3-(2,2,2-trifluoro-acetoxy)-adamant an- 1-yl
ester, 1 g of maleic anhydride 1g, and 15 g of 2-nethyl-
acrylic acid 1-isopropyl-cyclohexyl ester in 255 g of 1,4-
di oxane and 1 g of dinethyl azobis butyronitrile (DVAB), as
an initiator, were added to a jacket reactor and stirred
The tenperature of the reactor was gradually increased by
setting the tenperature of a circulator to 65°C, and the
reactor was stirred at 65°C for 8 hours. After reaction was
term nated, the reaction solution was precipitated by addi ng
3.4 L of n-hexane thereto. The precipitates were filtered
and dried in vacuum to obtain Polyner | represented by the
following formula. A polystyrene equival ent wei ght average

nol ecul ar wei ght (Mw) of Polyner | was 7,500 g/nol.
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0O CF4
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Polymer Synthesis Example 2
Polymer II represented by the following formula was
5 prepared in the same manner as in Polymer Synthesis Example
1, except that Z-methyl-acrylic acid Z2~iscpropyl-adamantan-
2-yl ester was used instead o¢f 2-methyl-acrylic acid 1-
isopropyl-cyclohexyl ester in Polymer Synthesis Example 1.
A polystyrene equivalent Mw of Polymer II was 8,000 g/mol.
0O 0 o o @
O
1
0" “CF,
10 (1)
Polymer Synthesis Example 3
Polymer III represented by the following formula was
prepared in the same manner as in Pclymer Synthesis Example
15 1, except that Z-methyl-acrylic acid 1l-methyl-cyclohexyl
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Referring to Table 1,resist protective filns including the polyners
prepared in Polyner Synthesis Exanples 1 to 4 have high water
repellency, low solubility in water, and high solubility in alkal
solutions, and may 10 be easily renoved by an al kali devel oper
during developnent. In addition, it was identified that the sliding
angl e or receding contact angle of the polyners prepared in Pol yner

Synt hesi s, &Examl£s Jsd@® A el gy not imﬁﬁ%hyfiycfyil&egéfé 1- 1soprop¥1—
15Experi mental Exanpl e: Formation of Resist Film and Measurenent

Char act erc%@fl&hse 1 Reéé@érlz' !LH] E@%‘T&kﬂ%& 1 Sté&t‘}lem"s Exampl & Oi a A
resi st polyner presented by Fornufa 20 bel ow (Mwv. 8, 50 g/nDI

MV Wn: 1. { t
1.0 g of eacyhs'a}?r}%earhem)é l)/\%%&pgﬁe% %d‘g&%ﬁ@%yﬁn}e}f S‘Ey\/nt es?%v: anpl es

1to5, 0.315¢9.0 ger.at.or.rjepregented by Fornula 21
bel ow, and 0.07 g quencher, wer e added
to 80 g of propyl ene glyQol nonoet hylpet e (PGVEA), and the
solution was filteredjusing a 0.2cKin polypropylene filter to form
phot oresi st fil m conposti ioqé. 10Fo la 25

R

~07 “CF,

()

Polymer Synthesis Example 4
Polymer IV represented by the following formula was
prepared in the same manner as in Polymer Synthesis Example
1, except that Z-methyl-acrylic acid 2-methyl-adamantan-2-yl
10 ester was used instead of 2-methyl-acrylic acid l-isopropyl-
cyclohexyl ester 1in Polymer Synthesis Example 1. A

polystyrene equivalent Mw of Polymer IV was 7,100 g/mol.

.ﬂ%ﬁ
e

O CF;
(V)
15 Evaluation Example 1: Evaluation of Hydrophobicity of

Additive
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Formula 26 40S-cF2cF2cF20F3 0O A bottom anti-reflective
coating (BARC) with a 15t hi ckness of 90 nmwas fornmed on a silicon
substrate, and a photoresist filmconposition prepared as descri bed
above was coated on the substrate provided with the BARC The
substrate was backed at 1100 for 60 seconds to form a photoresi st
filmw th a thickness of 120 nm Then, i nordertorealizeliquidi mrersion

5l'i thography, exposgdofi LABLWese Em@sgglwngbspléry%t\f\@tsqrzefdorlrﬁ Polymer
m nutes. That is, exposure was perforned using an ArF scanner 306%:

(Ni kon C%rﬁwthé\é%sgrﬂ%a ﬁé@aﬂ%gnﬁ paskliand 1tRe sypsty aj eoW@ ﬁéﬂﬁ&ﬂ

Wi th pure water nut es. The exposure was perforned at

for 60 PEE 0 d
or 80 sefand, oty 45 /Odﬁg«ﬁhé pesfarimd, and 2;4dexslaPneni y@s, o.2 un

per forme
polypropylene filter to prepare resist protective film

5 compositions. For comparison with the additive according to
the present invention in terms of effect, Polymer V
represented by the following formula was used in Comparative

Example 1.

O O
O O@
0 O
" V)

Each of the prepared resist protective film
compositions was spin-coated onto a silicon substrate and
baked at 1000 for 60 seconds to form resist protective films
with a thickness of 50 nm.

15 Sliding angles and receding contact angles of the
resist protective films were respectively measured.

Specifically, 50 W of pure water was dropped to form a
droplet on the silicon substrate provided with the resist
protective film which was kept horizontal. While the

20 silicon substrate was gradually inclined, the angle (sliding
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wei ght of TMAH devel oper for 60 seconds.
resist filmwas fornmed in the same manner as in 15Exanple 1,
that the resist additive was not used.

Conparative Exanple 2 A
except
The silicon substrates

provided with the resist filnms parepared in Exanples 1 to 4 and
Conparative Exanple 2 were cut to evaluate sensitivity. The
sensitivity corresponded to an exposure dose used to forma 65 nm

i ne-and-
shown in Table 2 below. Table 2

Sensi ti Vi, JIAHE M) xRl € g—hgokél(g@&illwg contact angle.

10

15

shown in Table 1 below.

e 20{iL/ Qnpatt ere atg,p sl Wi oncoff 1sli gResUl §§wART ewas
Pol'ymer as resist additive

Results are

Table 1
- Receding - Receding
Sliding angle contact angle Sliding angle contact angle
Polymer as before after
; o hefore after
resist additive | development development
o development o development
Synthesis | b 1 mer 92.4 69.5 78.9 28.8
Example 1 | _ _
Synthesis
Example 2 Polymer il 84.2 80.1 79.8 43.8
Synthesis | by mer i 94.6 80.8 77.9 45.5
Example 3
Synthesis | g mer v 95.6 81.3 75 436
~ Example 4
Comparative
Example 1 Polymer V 89.7 69.1 84.9 66

Referring to Table 1, resist protective films

including the polymers prepared in Polymer Synthesis

Examples 1 to 4 have high water repellency, low solubility

in water, and high solubility in alkali solutions, and may
be easily removed by an alkali developer during development.
In addition, it was identified that the sliding angle or
receding contact angle of the polymers prepared in Polymer
Synthesis Examples 1 to 4 were not negatively influenced.
Experimental Example: Formation of Resist Film and

Measurement of Characteristics of Resist Film

Examples 1 to 4
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48 Exanple 2 Polyner Il 50.1 Exanple 3 Polyner 111 49.9 Exanple 4
Pol ymer 1V 54.3 Conparative Exanple 2Pol yner VNot neasurable at 65
nm Referring to Table 2, when a resist filmnot including a
protective filmwas fornmed as described in Conparative Exanple 2 and
rinsed with pure water after exposure, a T-top

5 g of a resist polymer represented by Formula 20
below (Mw: 8,500 g/mol, Mw/Mn: 1.75, and a molar ratioc of
the repeat units: =x:y:z:w=1:1:1:1), 1.0 g of each of the
polymers prepared in Polymer Synthesis Examples 1 to 5, 0.31

5 g of a photoacid generator represented by Formula 21 below,
and 0.07 g of triisopropanol amine, as a guencher, were
added to 80 g of propylene glycol monoethyl ether acetate
(PGMEA}, and the solution was filtered wusing a 0.2 @m
polypropylene filter to form photoresist film compositions.

10 Formula 25

. Wpﬂwng; ﬁw
" 3

Formula 26

0

Q3+ . -08~CF,CF,CF,CF;
0

A  bottom anti-reflective coating {BARC) with a
15 thickness of 90 nm was formed on a silicon substrate, and a

photoresist film composition prepared as described above was
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5 shape resist pattern was forned since generated acid was dissol ved
in water. However, the resist patterns were not deforned in Exanples
1 to 4 using the polynmers prepared in Synthesis Exanples 1 to 4 as
resist additives. As is apparent fromthe above description, the 10
present invention provides a resist additive capable of inproving
hydr ophobicity of the surface of a resist filmwhen added to a resi st

conposi tiihit&y Prgyentnd eaciiig-4ut Wahelviidd NG @0 arN  The
i mrersion |ithography process and capable of formng a mcro resist

pattern wi i dogxcellent ,senghtiyity and hHgh @solutiols to form a
Al t hough the preferred enbodi ments of the present iInvention have been

di scl osed,faro lddust rat,ye, pur POSEs; ctAose §kildedyhn the art will

appreci ate that various nodifications, additions and substitutions

o Do DL R OU BRIy e L spene o gphi L Pt PEion
ISig 1 ATEsI) A0 VeS80 eBLI €4, 0V FOr LA i P§! BWeSvater for &
minutes. That 1is, exposure was performed using an ArF
gscanner 306C (Nikon Corp., NA=0.78, 6% halftone mask} and
the substrate was rinsed with pure water for 5 minutes. The
exposure was performed at 1100 for 60 seconds, a PEB was

10 performed, and a development was performed using 2.38% by

weilight of TMAH developer for 60 seconds.

Comparative Example 2
A resist film was formed in the same manner as 1in
15 Exampie 1, except that the resist additive was not used.

The silicon substrates provided with the resist films
parepared in Examples 1 to 4 and Comparative Example 2 were
cut to evaluate sensitivity. The sensitivity corresponded
to an exposure dose used to form a 65 nm line-and-space

20 (L/3} pattern at a resolution of 1:1. Results are shown in

Table 2 below.

Table 2
Polymer as resist additive Sensitivity (mJ/fcm?)
Example 1 Polymer | 48
Example 2 Polymer Il 50.1
Example 3 Pmymefm 499
Example 4 Polymerlv 543
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wherein 121 and R2 are each independently a hydrogen atomor a C -C8
al kyl group, R3 is selected fromthe group consisting of a
Cl- C20 al kanedi yl group, a C2-C20 al kenediyl group, a d-C20 10

het er oal kanedi yl group, a C2-C20 heteroal kenedi yl group, a C3-C30
cycl oal kanedi yl group, a C3-C30 cycloalkenediyl group, a C2-C30

MMI\L.

het er ocycl Halkaneeioly s gup. and @, G, (30 heter ooy qloal kangdl ylegroup

in whic at aSt—one nydarogen atomi’s substitu

selected fromthe group 15 <consisting of a C-Cl10 al kyl group, a
Cl - C20 hal oal kyl group, and a C3-C30 cycl oal kyl group or

unsubsti tut ed, rring @&6&}13}] hy ro&{““]olpl ¢ 1% OHP: Sﬂﬁ%tr‘?&f{%ﬁg&g

gr oup con5|st|ng o oal'ky grou an or gani c Si

group, and a yd arbon ou RS i abi rou
seIectedé?rBEE?ﬁg%éygupf% R%%Dr%khaﬁs'ﬁﬁ {ﬁa q conS|s¢O%g Ebﬁ%
,, andk n ar h |ndependentl sel ect ed fron1t e

ot oup. coniT iy oA a e ‘qu?f? ATRH P stp & R gy Sxposure, e

5 shape resist pattern was formed since generated acid was

disscolved in water. However, the resist patterns were not
deformed in Examples 1 to 4 using the polymers prepared in
Synthesis Examples 1 to 4 as resist additives.
As 1s apparent from the above description, the
10 present invention provides a resist additive capable of
improving hydrophobicity of the surface of a resist film
when added to a resist composition to prevent leaching in
water during exposure of an immersion lithography process
and capable of forming a micro resist pattern with
15 excellent sensitivity and high resoclution.

Although the preferred embodiments of the present
invention have been disclosed for illustrative purposes,
those skilied in the art will appreciate that wvarious
modifications, additions and substitutions are possible,

20 without departing from the scope and spirit of the

invention as disclosed in the accompanying claims.
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1. A resist additive represented by Forrmula 1 bel ow

Formul a 1
Ry Ro
Ww
N
Q\ I Q\ mLO™ ™o |
R R

d,z 5
o

wherein Ry and R are each independently a hydrogen
atom or a Cl1-C8 al kyl group,

Rs is selected from the group consisting of a Cl-C20
al kanediyl group, a C2-C20 alkenediyl group, a Cl1-C20
het er oal kanedi yl group, a C2-C20 heteroal kenedi yl group, a
C3-C30 cycl oal kanediyl group, a C3-C30 cycloal kenedi yl
group, a C2-C30 heterocycl oal kanediyl group, and a C3-C30
het er ocycl oal kanediyl group in which at |east one hydrogen
atomis substituted with one group selected fromthe group
consisting of a Cl1-Cl10 alkyl group, a Cl-C20 hal oal kyl
group, and a C3-C30 cycl oal kyl group or unsubstituted,

R« is a hydrophobic group selected from the group

consisting of a Cl-C20 hal oal kyl group,
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Rs is an acid labile group selected from the group

& Rc \Si:RC r‘é 1/0
et Ra Rb I|2aRb (Rd)q KHZ :

consi sting of , , and , Wwherein
Re, R, Re and Ry are each independently selected from the
group consisting of a Cl1-C20 alkyl group, a C3-C30
cycl oal kyl group, a (Cl1-Cl0 alkyl)cycloalkyl group, a
hydr oxyal kyl group, a Cl1-C20 al koxy group, a (Cl-Ci10
al koxy) al kyl group, an acetyl group, an acetyl al kyl group,
a carboxyl group, a (Cl-Cl0 al kyl)carboxyl group, a (C3-
C18 cycl oal kyl ) car boxyl gr oup, and a C3- C30
het erocycl oal kyl group, or fused together between adjacent
groups to form a C3-C30 saturated or unsat ur at ed

hydrocarbon ring or a C2-C30 heterocyclic group, p is an

integer of O to 3, and q is an integer of 0 to 10,

I, m and n are respectively nunmbers of the repeat
units in a backbone, wherein |+mtn=1, O0<l/ (Il +mtn)<0.99,
osm/(1+m+n)<0.99, and O<n/(1+m+n)<0.20, and

o is an integer of 1.

2. The resist additive of claim 1, wherein Rs is
sel ected from the group consisting of a Cl-Cl0 al kanediyl
gr oup, a C2- C10 al kenedi yl group, a Cl-C10
het er oal kanedi yl group, a C2-Cl0 heteroal kenediyl group, a

C3-C18 cycl oal kanediyl group, a C3-C18 cycloal kenedi yl
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group, a C2-C18 heterocycl oal kanediyl group, and a C3-C18
het er ocycl oal kanediyl group in which at |east one hydrogen
atomis substituted with a C1-Cl0 al kyl group or a Cl1-C10

hal oal kyl group or unsubstituted.

3. The resist additive of claim1l, wherein Ri is a

Cl- C10 fluoroal kyl group.

4. The resist additive of claim 1, wherein Rs is
selected from the group consisting of a trifluoronethyl
gr oup, a di (trifluoronethyl)isopropyl group, a

pent af | uor oet hyl group, and a heptafl uoropropyl group.

5. The resist additive of claim 1, wherein Rs is
o Rc
><Rc é{“Si'
Ra | ERb
sel ected fromthe group consisting of Rb : Ra ,
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repeat unit 1 is selected fromthe group consisting of repeat units
0O O F3 represented by Formulae 3a to 3i bel ow F3C (3b) (3c)

10

15

20

£0
—

independently selected from the group consisting of a Cl-

and wherein Ra, Rp, R and Ry are each
C10 alkyl group, a C3-Cl4 monocyclic cycloalkyl group, a
C8-C20 dicyclic cycleoalkyl group, a Cl0-C30 tricyclic
cycloalkyl group, a Cl0-~C30 tetracyclic cycloalkyl group,
a (Cl-C5 alkvyl)cycloalkyl group, a hydroxyalkyl group, a
Cl1-C10 alkoxy group, a (Cl-C5 alkoxy)alkyl group, an
acetyl group, an acetylalkyl group, a carboxyl group, a
{C1l-C5 alkyi)carboxyl group, and a (C3-C10
cycloalkyl)carboxyl group  Or fused  together between
adjacent groups to form a C6-Cl8 saturated or unsaturated
hydrocarbon ring or a C5-C18 heterocyclic group, p is an

integer of 0 to 3, and g is an integer of 0 to 5.

6. The resist additive of claim 1, wherein Rz 1is
selected from the group consisting cf a t-butyl group, a
trimethylsilyl group, a hydroxy~2-ethyl group, a 1-
methoxypropyl group, a l-methoxy-l-methylethyl group, a 1-
ethoxypropyl group, a l-ethoxy-l-methylethyl group, a 1-
methoxy-1l-ethyl group, a l-ethoxy-l-ethyl group, a t-
butoxy-2-ethyl group, a l-iscbutoxy-l-ethyl group, and

groups represented by Formulae 2a to 2k below:
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1 (39)(ah)(3i) 8.The resist additive of claiml, wherein a 5repeat
unit mis selected fromthe group consisting of repeat units
represented by Fornul ae 4a to 4d bel ow 9. The resist
additive of claim1l, wherein a repeat unit n of Formula 1 is
conprised in a copolyner of 5the resist additive in an anount of 5 to

15 nol % 10. The resist additive of claim1, wherein t e
resist addl ti \m eI ected fromthe greup consisting of ¢
represente m{‘{\/f ?ae 5 to 16 bel Owb'(Rlljb
(2a) (21)
{R"E
—(R"d
(2d) (2e) (20
R ] ) =Y
DR oy AR N
R bk ‘//(R i A (R™)F b(ﬁ h
: i 0=
I \V,J e}
(2g) (2h) i)
R
X (R -s”s\['@,}
H ""'\-\m ¥ E .
a4 SR
(2)) (2K}
wherein R', R" and R"' are each independently a

hydrogen atom or a Cl1-Cl0 alkyl group, a and e are each
independently an integer of 0 to 15, b is an integer of O
5 to 11, ¢ and d are each independently an integer of 0 to
9, f£ dis an integer of 0 to 7, g and 1 are each
independently an integer of 0 to 6, h is an integer of 0

to 4, 0<¢+d<17, and 0Lc+f<15,

10 7. The resgist additive of c¢laim 1, wherein a

repeat unit 1 is selected from the group consisting of
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repeat units represented by Forrmul ae 3a to 3c bel ow

4, fh, 4,
N ' .

(32) =0

co

The resist additive of claim 1, wherein a
5 repeat unit m is selected from the group consisting of

repeat units represented by Fornul ae 4a to 4d bel ow

10

15
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Formul a 10 Formula 11 Fornula 12 Fornula 13 Formul a 14 Fornul a
15

hﬂ “ﬁn hﬂ

O O O
9/ 0
;
(dd)
4a) (4b) "
idc
9. The resist additive of c¢laim 1, wherein a

repeat unit n of Formula 1 is comprised in a copolymer of

5 the resist additive in an amount of 5 to 15 mol%.

i0. The resist additive of c¢laim 1, wherein the
resist additive is selected from the group consisting of
compounds represented by Formulae > to 16 below:

10 Formula b5

O O O 0 O
0 .
0

a1

0~ —CF,

Formula &

™ |Wﬁ”‘”
0 0000

0] 0
20
pS

0~ ~CF,
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Forrmul a 16 wherein 1, m and n are respectively nunbers of the
r epeat uni t si nabackbone, wher ei n1+mtn=1, 0<1/(1+mtn) <0. 99,

(1) m (1+mtn) <0. 99, and 0<n/(1+mtn) 0. 20. 11. The resi st
additive of claim1l, wherein a polystyrene equival ent wei ght average
nol ecul ar wei ght of 5the resist additive measured using gel
perneation chromatography is in the range of 1,000 to 500, 000 g/ nol.
12. The resist @dditiye;of claim1, wherein a weight average

nmol ecul ar wei ght / nunber, aver age nol ecul ar 10wei ght ratio of the
resist additive islin e range |of

ﬁ’\.l’\f\!
O
5 Formula 9
@) o o070 ~0
O 0]
CF,
O CF3
=0
F,C

Formula 10
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to 5. 13. A resist conposition conprising a resist
additive according to any one of clainms 1 to 12, a resist 15base

pol ynmer, an acid generator, and a sol vent. 14. The resi st
conposition of claim 13, wherein the anount of the resist additive is

in the range of 0.05 to 5% by wei ght based on the total
resi st 20conposi tion.

Formula 11

A, }WV\NVW\’V\/\I{NJWV
1 m n

O QO 00 @)
@) O
O CF3

O

Formula 12

CF;
O>:COFS

FsC

Formula 13

71
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Il X5 x4 X3 Formula 21 ii y2-s -z Y5 Bwherein X1, X2, Y1, and Y2
are each independently selected fromthe group consisting of a
hydrogen atom a O -Cl10 al kyl group, an ally' group, a perfluoroalkyl
group, a benzyl group, a C6-C30 aryl group, and any conbi nation

t hereof, wherein X1 and X2 are fused to forma 10 C3-C30 saturated
or unsaturated hydrocapbon rin and YI and Y2 are fused to forma
C3- C30 sat ur at ed.~ i

N
o oo 0

Formula 14

Formula 15

- | Ni mﬂw
0 0 070 0
O 0]
Q

A

0" CF,

Formula 16

| m no
O 0O oF 0 O
O
1

0~ CF,

wherein 1, m, and n are respectively numbers of the

repeat units in a backbone, wherein 1l+m+n=1,

72




X3, X4r X5, X-3, Y4, and Y5 are each independently selected fromthe
group consisting of a hydrogen atom a 15 d -C30 al kyl group, a

hal ogen group, a O -C30 al koxy group, a 06-C30 aryl group, a

t hi ophenoxy group, a O -C30 thioal koxy group, a d-C20

al koxycar bonyl met hoxy group, and any conbination thereof, Z,
whi ch denotes an anion, is OSQ2CF3, 0S02C4F9, 0S02C8F17, N (CF3)2, N
(C2F5) 2, QN CAFRN2n) @(@3)0%/@1@§25§k03,990 (AFQcsdh (Ofmfy <0, 20.

functional group represent ed by Fornmula 22 bel ow. For rrul a 22 0 Vi

[1TH - OS-CC-0-W-(WB)P-W |1l Ov2 wherein V1 and V2 are each
i ndependently a hal ogen atom W is -(C=0)- or -(SQ)-
11. The resist additive of c¢laim 1, wherein a

polystyrene equivalent weight average molecular weight of
5 the resist additive measured using gel permeaticon

chromatography is in the range of 1,000 to 500,000 g/mol.

12, The resist additive of c¢laim 1, wherein a
weight average molecular weight/number average molecular
10 weight ratio of the resist additive is in the range of 1

to 5.

13. A resist composition conprising a @ resist
additive according to any cone of claims 1 to 12, a resist

15 base polymer, an acid generator, and a solvent.

14. The resist composition of claim 13, wherein the
amount of the resist additive is in the range of 0.05% to
5% by weight based on the total weight of the resist

20 compositicon.

15. The resist composition of claim 13, wherein the
acid generator comprises at least one compound selected
from the group consisting of compounds represented by

25 Formulae 20 and 21 below:
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W is a C-Cl10 al kanediyl group, 10WB is selected fromthe group
consi sting of a C3-C30 cycl oal kanedi yl group, a C6-C30 aryl ene group,
and a CS-C30 heterocycl oal kyl ene group, W is selected from
the group consisting of a hydrogen atom a hal ogen group, a O -C10

al kyl group, a 15 C2-C20 al kenyl group, a C -Cl10 al koxy group, a

Cl - C10 hal oal kyl group, a (C1-Cl10 al kyl)thio group, a C3-C30

cycl oal kyl groumrmilCe-030 aryl group, a (C6-C30 aryl)oxy group, a
(C6-C30 aryl)thio oup, a C5-C30 heterocyclic group, and any

combi nation thereof,! 200 is an integer of 0 to 1, and p is an integer
of 0 to 2. 16. TAg—fesi-sf conposition of claim 13, wherein the anpunt
of the acid generatigr is in the range of 0.3 to 10 parts by wei ght
based on 100 partss wei ght of solids of the resist conposition.
517. The resist c 03l t of claim 13, further conprising an
additive sel ected omthe group consisting of an al kali soluble
guencher, an acbé?p'ffusion guencher, a surfactant, and any m xture

t hereof. 1018. A nmettod of formng a resist pattern, the

Formula 21

Y

Y,~S+-Z
T T

l —— Y
//C/ =
Y
5 Y4
5 wherein X;, X, Y;, and Y; are each independently

selected from the grocup consisting of a hydrogen atom, a

Cl-C1l0 alkyl group, an allyl group, a perfluorocalkyl

group, a benzyl group, a C6-C30 aryl group, and any

combination thereof, wherein X; and X, are fused to form a

10 C3-C30 saturated or unsaturated hydrocarbon ring, and Y:

and Y, are fused to form a C3-C30 saturated or unsaturated
hydrocarbon ring,

X3, X4, X5, Y3, Y4, and Ys are each independently

selected from the group consisting of a hydrogen atom, a

15 Cl-C30 alkyl group, a halogen group, a Cl-C30 alkoxy

group, a C6-C30 aryl group, a thiophenoxy group, a C1-C30

thicalkoxy group, a Cl1-C20 alkoxycarbonylmethoxy group,

and any combination thereof,

74




nmet hod conpri sing: formng a resist filmby coating the resi st
conposition according to claim 13 on a substrate;
heating the resist film and exposing the resist film15to light to
forma predeterm ned pattern; and devel opi ng the exposed pattern.
19. The net hod of claim 18, wherein the exposing is perforned using a
I ight source selected fromthe group 20 consisting of a KrF excinmer
| aser, an ArF exci méridrasefen@neextaenmeanlibnavi aket osaser;, andeI@yF,,
and an el ectron beam

0802CgF17, N(CF3)2, N(CyFs5)o, N(CyFg)z, C(CF3)3, C(CyF5)3, C{CsFg) 3,

or a functional group represented by Formula 22 below:

Formula 22

n 1 H,
- O—ﬁ—?—c 0= Wi=(Wo)o—(Wa)p-\Wy
; 0 V,
wherein V; and V; are each independently a halogen
atom,
W, is - (C=0)- or —-(80y)~—,
Wy is a C1-Cl0 alkanediyl group,
10 W3 is selected from the group consisting of a C3-C30
cycloalkanediyl group, a C6-C30 arylene group, and a C5-
C30 heterocycloalkylene group,
Wy 1s selected from the group consisting of a
hydrogen atom, a halogen group, a Cl-Cl0 alkyl group, a
15 Cz2-C20 alkenyl group, a C€l1-Cl10 alkoxy group, a Cl1-Cl0
halcalkyl group, a (C1-Cl0 alkyl)thio group, a C3-C30
cycloalkyl group, a C6-C30 aryl group, a (C6-C30 arvl)oxy
group, a (C6~-C30 aryl)thio group, a C5-C30 heterocyclic
group, and any combinatiocn thereof,
20 o 1s an integer of 0 to 1, and

p is an integer of 0 to 2.

16. The resist composition of claim 13, wherein the
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amount of the acid generator is in the range of 0.3 to 10
parts by weight based on 100 parts by weight of solids of

the resist composition.

17. The resist composition of claim 13, further
comprising an additive selected from the group consisting
of an alkali soluble quencher, an acid diffusion quencher,

a surfactant, and any mixture thereof.

18. A method of forming a resist pattern, the
method comprising:

forming a resist film by coating the resist
composition according to claim 13 on a substrate;

heating the resist film, and exposing the resist film
to light to form a predetermined pattern; and

developing the exposed pattern.

19. The method of claim 18, wherein the exposing is
performed using a l1ight source selected from the group
consisting of a KrF excimer laser, an ArF excimer laser,
an extreme ultraviolet laser, an X-ray, and an electron

beam.
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