ADDI TI VE FOR RESI ST AND RESI ST COVPCSI TI ON COVPRI SI NG SAVE 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 naterials from being | eached from
the resist filmin water during an inmersion |ithography process and
fornms a mcropattern of the resist filmwth 10excellent sensitivity

and hi gh rasotiyroR Kk ST LAY ROFPOS| EbRPoL PETOR! BEMPRES BREESAME
Description of the Related Art Wth higher integration

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

exposure |ight B%%C’%ﬁmﬁ%(%sgg{é %\fﬁﬂ%ﬁ on of resist patterns, a
I-11ne n

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

widely used. 2QHoweyers as Jt q}%‘q}eqltgiooql i nprovenent obt ai ned by
adj usting exposure wavel engt'h approaches physical limts, a nethod of

usi g shorter vel engt h s. introduced as .a finer patterning —
tec?mol ogy of \gq}p%o{)grgggpg.l o?n%i%rﬁplree?lae{:%r FggxcalpnéfF% gg‘erai{%ﬁglve

my ., an Qﬁﬁxﬁ%cEgggo%%%eﬁiy&goéggbkéggy of the surface of a resist
film to prevent materials from being leached from the
resist film in water during an immersion lithography
process and forms a micropattern of the resist film 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 sources 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 resclution  improvement cbtained 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




25havi ng a shorter wavelength than i-line (365 nm is being used.
In ArF imrersion |ithography using an ArF exciner |aser as a |ight
source, the space between a projection lens and a wafer substrate is
filled with water. According to 5 this nethod, 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 commonly
referred f9-@s i mersion |ithography. However, since a resist film
directly contacts water, acids generated by a photoacid 10generat or

or am ne conpouns acent ajpedsiBnt Nei FRSEBLpAT| Mash@ quengher pRYher
easily dissolved in water. Thus, the re5|s? pattern may be deforned

or may col/] e due f o sMellhfge OfhYaLLOUS ?@E@r&& §U§Po§‘§c?999! f8ns
may b y, a method ©

and wat er mar ks e generated.” 15Accordi ng ormng a

protectiv, (Iigmd%fﬁﬁnrn er. fil mbetpymen, 4 he; pgsi st film yﬁﬁiﬁaEB

prevent the resist romcomng in contact wth a nedi um suc

t h [ d d. LSt [ ' :
For fed on 5 oG CPT1 v whie vt B07 sl | rRE oo iy PetBalfive

Lransmittance, alet he exposure, wayel ength 50,85, NOLLOLLALEITUR p o
n the resis il m need to have

in %ﬁ ?f
exposure W thHout ~beirng i nternxed wt
and naintaup stabilit mﬁthoqg bei n Ieacq%d Qg a.nediun1§gch as_ . red
wat er dur%hg‘?ﬁcﬁﬁ%ﬁ?%ﬁﬁﬁ%i%ﬁl?1t%% raphy, "ahdChebd ¢3MBR %SFF%
di ssol ved in_an,al kal i, ZS%QHH}iO” Hpat iﬁ a devel oper duriqg st Fil
devel opne ‘asplimergion Tithography. owever, since a re&sis 1lm
directly contacts water, acids generated by a photoacid
10 generator or amine compounds contained in the resist f£ilm as
a quencher may be easily dissolved in water. Thus, the
resist pattern may be deformed cor may collapse due to
swelling, or various 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 be 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 to 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

10 Therefore, the present invention has been made in
view of the above problems, 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

15 in water during an immersion lithography process. While
the resist additive 1is 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.

20 It 1is another object of the present invention to
provide a resist composition including the resist additive
and a method of forming a resist pattern wusing the
composition.

In accordance with the present invention, the above

25 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 film15 in water during an i mrersion

| i t hography process. Wile the resist additive is dissolved in a
devel oper with a resist at exposed regions, the resist additive
remai ns W thdhe: reghstito feprracpatley ardns Lonvssisd to have
hydrophilicity by the devel oper at non-exposed regions. 20 It is
anot her obj ect ©f.the, pfesent invention to provide a resist
conposition including the resist additive and a nethod of formng a
resist pattern using, I n accordance
with the present (i ot her objiects can be
acconpl i shed by™T

group. y g p

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

het er oal kanediyl grdép, a 02-020 hBseroal kenediyl group, a 03-030
cycl oal kanedi yl grapp, a 03-030 cycl oal kenediyl 10 group, a 02-030
heterocycloalkanedéﬁ%: oup, and a 03-030 heterocycl oal kanedi yl group

in which at | east e @rogen atomis substituted with one group
sel ected fromthe group 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 gFetpilan lor gani @'3i Ri cBAYgrSupS@afid 1@ depegetpntly a
hydr ocarbon group. R5 nmay be an acid | abile group selected fromthe
rids Re hydrogen atom or a Cl-C8 alkyl group.
R; may be selected from the group consisting of a Cl-
C20 alkanediyl group, a C2-C20 alkenediyl group, a C1-C20
hetercalkanaediyl group, a C2-C20 heteroalkenediyl group, a
C3-C30 «cycleoalkanediyl group, a €3-C30 cycloalkenediyl
10 group, a C2-C30 heterocycloalkanediyl group, and a C3-C30
heterccycloalkanediyl group in which at least one hydrogen
atom is substituted with one group selected from the group
consisting of a CI-Cl0 alkyl group, a Cl1-CZ20 halocalkyl
group, and a C3-C30 cycloalkyl group or unsubstituted.
i5 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.

Ry may be an acid labile group selected from the




R Rab RbRa(Rd)q 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 (C1-C10 al kyl)cycl oal kyl
group, a 5 hydroxyal kyl group, a O -C20 al koxy group, a (Cl-C10

al koxy) al kyl group, an acetyl group, an acetyl al kyl group, a carboxyl
group, a (Cl-C10 al kyl)carboxyl group, a (CB C18 cycl oal kyl ) car boxyl

group, and a C3-C30 heterocycl oal kyl group, used togethg@ be%%een
adj acent 10 groups to forma C3-TI0 uragé‘ Cunsaturate

hydr ocarbon ring or a C2-C30 heter 3@# p nay be an integer
of 0 to 3, and q may be an int f 0tol q (ﬁ and

n are respeatd vebysndrbeys ©f the r at, unit a|n g baskbone, Ywher 8i n
| +mtn=1, 150<1/(1+mtn)<0.99, (1)m (1+m+n)<0.99, and 0<n/(1+m+n) 0. 20.

Here, o imm@n inieoel, of. 0208 Rk, hbEyodHss &acirdinsepnoeganic séldécond
group, and if ois 1, R4 is a Cl-C20 hal oal kyl group or a C3-C20

hydrocar han@r 48 group consisting of a C1-C20 alkyl group, a C3-

C30 cycloalkyl group, a (Cl-Cl0 alkyl)cycloalkyl group, a

5 hydroxyalkyl group, a Cli1-C20 alkoxy group, a (Cl1-Cl0

alkoxy)alkyl group, an acetyl group, an acetylalkyl group,

a carboxyl group, a (C1-Cl0 alkyl)carboxyl group, a (C3-

Ccls cycloalkyl) carboxyl groupg, 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 C2Z2-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+n+n=1,
15 0<1/ (14m+n)<0.99, 0<m/ (1+m+n)<0.9%, and O0<n/{l+m+n}<0.20,.
Here, o 1is an integer of 0 or 1. TIf o is 0, Ry is an
organic silicon group, and 1f o is 1, Ry 1is a Ci-C20
haloalkyl group or a C3-C20 hydrocarbon group.
Ry may be selected from the group consisting of a Ci-
20 Cl0 alkanediyl group, a C2-C10 alkenediyl group, a C1-Ci0
heteroalkanediyl group, a C2-Cl0 heterocalkenediyl group, a
C3-C18 cycloalkanediyl group, a C3-C18 cycloalkenediyl

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




R3 may be selected fromthe group consisting of a Cl- 20 Ci10

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

het er oal kanedi yl group, a C2-Cl0 heteroal kenedi yl group, a C3-Cl8
cycl oal kanedi yl group, a 03-Cl8 cycl oal kenedi yl group, a C2-Ci18
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 aliole g5,04p1 061 R2ALa990 baleal kil group of W‘l‘%‘%ﬁdﬂé’t@%rﬁéw

may be selected Tfromthe group consisting of - 010 fl uoroa

group, a gidyls Qr%lcﬁl?)1sta_LtQJ]teQiquﬂ}l§yLls'Cll3d01ngOé’ﬂ( ?130%0 di rbeaélﬂélo
branched al kyl group, a 014 rnonocyclic cycl oa ky group, a 08-0

dlcyC|IC6%¥fg£?% yl 968 p? Fagﬁbg%gth&p%%cllc cycl oal kyl group, and
oa

a 010-030 tetrac group R4 may be selected fromthe
group conS|st|qg gfaﬁkﬁa %$ éOEPOm ﬁhr'f&%% 0 1ﬂpﬁségﬁﬁu5f a Cl-

trimethylsilyl grou uoronet )|sop opyl group

pentaf | “Qir‘ﬂ?t 9%{%09 8%&@ ﬁo‘% epéa YaORLLRYS, 950U cﬁﬁ) g k?fsnyl

selécted from ing of pr ssc-' RC tec
group, a C€3-Cl10 linear or branched alkyl group, a C3-Cl4
monocyclic cycloalkyl group, a C8-Cl8 dicyclic cycioalkyl
group, a Cl0-C30 tricyclic cycloalkyl group, and a Cl10-C30
tetracyclic cycloalkyl group.

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

butyl group, a trifluoromethyl 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

oy Re & S?RC éfYO
- T
15 Ra Rb éaRb (Rd)q

’ , and P, Here, Ri, Ry, R and
Rqy may be each independently selected from the group
consisting of a CI1-Cl0 alkyl group, a C3-Cl4 monocyclic
cycloalkyl group, a CB8-C20 dicyclic cycloalkyl group, a
C10-C30 tricyclic cycloalkyl group, a C10-C30 tetracyclic

20 cycloalkyl group, a {C1-C5 alkyl)cycloalkyl group, a
hydroxyalkyl group, a Cl-Cl10 alkoxy group, a (C1-C5

alkoxy)alkyl group, an acetyl group, an acetylalkyl group,

a carboxyl greoup, 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 grouplCa EEL-GE I KYIJxdrdroxy| group ard a fug€8- Clogether
cycl oal kyl ) carboxyl group or fused together between adjacent groups
to form 6+C8 satjwatred @rrauysat urcat édrimydroc@bbomnsri sgtoraded or
C5-018 heterocyclic group, p may be an integer of 0 to 3, and q may
be an 5i ntregetudt&dt ohbdrocarbon Roinay be sel ected g omdther gt pupic
consisting of a t-butyl group, a trinethylsilyl group, a

hydr oxy- Zneflyy] group, Bel-avet hexypeepydf gmoupe @, and g may be an
1- met hoxy- 1 -net hyl et hyl group, a 1-ethoxypropyl group, a

1- et hoxy-ilir dwlet hyl £td0s5group, a 1-nethoxy-1-ethyl group, a

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

i Soput oxy- 1 6Ll ANOUP B0, 850408 SISSSRLEY BY.FOLTYLE® AR 4o

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 l-ethoxy-l-methylethyl
10 group, a l-methoxy-1l-ethyl group, a l-ethoxy-l-ethyl
group, a t-butoxy-2-ethyl group, a 1l-isobutoxy-l-ethyl

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




In Fornulae 2a to 2k, R, R' and R'"' may be each independently a
hydrogen atomor a C -Cl10 al kyl group, a and e may be each

i ndependently an integer of 0 to 15, b 5 may be an integer of 0O 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 i may be each independently an integer of
0 to 6, h my be an |nteger of 0 to 4, 0--c+d--17, and Cc+f-Cl5. 10A
repeat unit | y be sel ected fronlthe g%oup consi sting ofg“grelFbeatRCiIE
units repreg ed (B4, Formul ae 3a to 3 0A-70 0 cc 3
(3d) P “?/i Ya %¥Gb : /Jj

s

(2a) (2h)
e '?Ff"f"} !IFE Yo
(2d) (2f)
R (R"e.
AR AR
20k
2g) (2h} (21}

K
] >\r7 Ltk ¢ &ﬂg‘

(20 (2k)

In Formulae 2Z2a to 2k, R', R" and R"' may bkbe each

independently a hydrogen atom or a C1-C10 alkyl group, a

and e may be each independently an integer of ¢ 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, 0=2c+d=£1l7, and
O=c+f<15h,

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 mmay 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 nay be
contained in a copolyner of the resist additive in an anmount of 5 to
15 nmol % 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. Forrmula 5 10Fornula 6 Formula 8 Fornmula 9 Fornula 10

10

a wto .

O

Lo

(4h

(4

(4a)

(4e)

A repeat unit n of Formula 1 may be contained in a
copolymer 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 0 0 0 0
0 O
2 0
OJLCF3

Formula 7

10




Formula 11 Fornula 12 Fornula 13 Formul a 14 Formul a 15
Ann Fornmula 16

s
2OJ\CF3 %

Formula 8

0
OJ\CFg

Formula 92

ek

CF,
o CFs
=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+m+n) <0. 99, OW 1+mtn) <0. 99, and 0<n/ ( 1+m#n) 0. 20. A
pol ystyrene equi val ent wei ght average nol ecul ar wei ght of the resist
addi tive nmeasured 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 i ratio of thelresist additive
may be in the rang @an aspect of the
present invention, the 3 Bepacconpl i shed by
the provision of a res he resist additive,
a resi st base polyner, and a sol vent. 15The anobunt
of the resist additive/na of 0.05 to 5% by wei ght
based on the total wei @nposi ti on.

g CFs
O
Fﬁgﬁ:

Formula 11
0 0O o0 O
O 0]

O CF3

=0

F3C

Formula 12

|
O
O
o CF,
=0
FiC

Formula 13

12




The aci d generator may include at | east one conpound sel ected from

t hegroup consi sting of conpounds 20r epresented by Fornul ae 20 and 21
bel ow. Forrmula 20 Formula 21 In Fornmulae 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 thergg] i forma 03-030
saturated or unsat ring, @ Yl and Y2 are
fused to forma 03-030 ) at gFrate rocarbon ring

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

hal ogen group, a 01-0§' a 06-030 aryl group, a

t hi ophenoxy group, a}i‘r‘ group, a 01-020

al koxycar bonyl net hoxy group,

denotes an anion, may be OSQ2CF3,

pnbi nati on thereof. Z, which
agy/04F9, 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 0”0 0
0 O
0

PN

0" “CF,

Formula 16

o

0~ CF,

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

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

13




or a functional group represented by Formula 22 below. Fornula 22 5 0
Vi IlIH - 0-S-CGC-0-W-(W2)0-(W3)13-W4 111 0v2 In
Formula 22, V1 and V2 may be each independently a hal ogen atom W
may be -(C=0)- or -(SQ2)-. W may be a C -Cl0 al kanedi yl group. 10WB
may be selected fromthe group consisting of a C3- C30 cycl oal kyl
group, a C6-030 aryl group, a 07-C30 aral kyl group, a C6-C30 aryl oxy
group, a 108w @30l aryl t Hi<olgtbupinhnd. a5 C5- &mﬁgreiélﬁcynw@-éﬂoup. vénd
may be selected fromthe group consisting of a

0<n/ (L4m+n)<0.20.

A polystyrene equivalent weight average molecular
weight of the resist additive measured using gel
5 permeation chromatography may be in the range of 1,000 to
500,000 g/mol.
A weight average molecular weight/number average
molecular weight ratio of the resist additive may be in
the range of 1 to 5.

10 In accordance with an aspect of +the present
invention, the above and other objects can be accomplished
by the provision of a resist composition including the
resist additive, a resist base polymer, an acid generator,
and a solvent.

15 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
resist composition.

The acid generator may include at least one compound
selected from the group consisting of compounds

20 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 20of 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 weight of solids of the resist
conposi tion. The resist conposition may further include an
additive sel ected §%0n1the group consisting of an al kali sol uble
quencher, an acta8itfdsi on quencher, a surfactant, and any nixture
t hereof. 5In accorgdance wi th another aspect of the present invention,
there is provide thod of formng a resist pattern including
form ng a resistllfilmby”8oating the resist conposition on a
substrate, heati he resist film and exposing the resist filmto
light to form aXxLlOpredeterm ned pattern, and devel opi ng the exposed
pattern. h€4exposi ng may be performed using a |ight source
selected fromthe group consisting of a KrF excinmer |aser, an ArF
exci mer | aser, rapm@Xtareme ultraviolet |aser, an X-ray, and an

el ectron beam 15O her aspects, features, and advantages of the
present invention will be nore clearly understood fromthe follow ng
detail ed description. ﬁﬁWAILED DESCRI PTI ON OF THE | NVENTI ON

20Herei nafter, the presgnt_jynvention will be described

TR

| —— Y3
// /
Y Ys

In Formulae 20 and 21, X, Xz, Y1, and Y, may be each

5 independently selected from the group consisting of a
hydrogen atom, a Cl1-Cil0 alkyl group, an allyl group, a
perfluorcalkyl 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 Y5 may be each independently

selected from the group consisting of a hydrogen atom, a
Cl-C30 alkyl greup, a halegen group, a Cl1-C30 alkoxy

15 group, a C6-C30 aryl group, a thiophenoxy group, a C1-C30
thicalkoexy 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
followi ng detail ed description of the present invention is intended
to provide further explanation of the invention as cl ai ned.

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

chlorine, bromgme, Qi choHE OB JrtibESSmaheram 88ost Bl edoso,c,Fs,
The term' hetero' as used herein is intended to enconpass 1 to 3
13’

hetero atompcgel echedrtf Q”Nt('@%g)rgﬁ“ﬁ(%%ﬁiZSt&r(‘gFS’fa,Nc éﬁz%g andchr,) 5,

substituting for "carbon dtons, unl'ess othefw se state rexanpl e,
the termg.het er.oalkyln 40 o.98 %;5@%}@@@&8 89 ablywli19roupHin Johi ch 1
to 3 carbon atons are reﬁiao d the hetero at ons. The term
“al kyl group' as,Ms5ed ein 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)151a secondary al kyl group, and a tertiary alky
group. Exanpl es of ﬂhe{alk@l group include a nethyl group, an ethyl

group, a propyl.- gre8p-Can(J sOprdhw oup(W\ prAMI group, an isobutyl
group, and a t-butyl] grioup, butmgrémﬁgtllr§2ed thereto. 20The term
"cycl oal kyl group' @s V%ed herein refers to a C3-C30 cycl oal kyl

group, unless otherw se“stated, and includes nonocyclic, dicyclic,
tricyclic, and tetracyclic_al kyl groups. The cycl oal kyl al so jncludes
an adamantyl gr'dup’® %%?b%%nyxﬁgg%ﬁbf&aﬂﬁﬂh16%I§€§EIP@qﬁﬁﬂ Gy &
group 25i ncl udi ng a norbornyl group. The term ' al kanedi yl
group’ adtd<S¥HFThet'e?r refers to a dival ent atonic group derived from
al kanes by renoval of two hydrogen atons and nay be represented by
the general foMulay- &FH2HC=0Me Aerm 3@ )kenedi yl group' as used

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

10 W3 may be selected from the group ccnsisting of a C3-
C30 cycloalkyl 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 Cl-Cl10 alkyl group, a
Ci-C10 alkoxy group, a Cl-Cl0 haloalkyl group, a Cl1-Cl0
alkylthio group, a C6-C30 aryl group, and any combination
thereof.

Here, o is an integer of 0 to 1, and p is 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 compositicn.
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5 to a divalent atom c group derived from al kenes by renoval of two
hydrogen atons and may be represented by the general formula -CH.
The term ' aryl group' as used herein refers to a group including a
benzene ring and derivatives thereof, unless 10 otherw se stated. For
exanple, the aryl group includes toluene or xylene consisting of a
benzene ring with an al kyl side chain, biphenyl consisting of at

| east two benzemng ripgsicennecigd,vi@id, si pahe bondyhdtuorer8ude an
xant hene or ant hraqui none consisting of at |east two benzene rings 15

connect ed, ¢ & B, £YELoakkyl 9F QUp Qhemﬁf%&ﬁygbﬁéhﬁﬂiﬁ50&91a%m%lkali
napht hal ene or anthracene consisting of at | east two benzene rings

condensed, 41;£ach %&&Hché@' eSSyt heg%@e stated Nerel n.gddeasatyl

group refers to a Co-C30 aryl group. e term ' hydrocarbon group' as

used hergd}ﬁégégikﬁf%g@ %§§?mggguggngxgkgg%.hydrocarbon group

consi sting of car and ogen, unless otherw se stated, and may

I nciude an al i ghatic |\ neafcor A ”Cgﬁgftﬂt%%reoﬁ%g% g%%thﬁQdﬁ]esent

alicyclic hydrocarbon group.” Exanpl es o rocarbon grou

i ncl ude %ﬂﬂﬁ¥‘éi@HOuPhegeh%§}§$ﬁéwf%gﬁ g“n%&&%le%P“Pbr%?% n%pygesist
group, a decyl "group, an undecyl  group, "a dodecyl ~ group, |

cycl ohexyl_.group, .a phenyl group, a tolyl group,..a xylyl gro a
sl ty1 SRS YT i oupo R AP pheny Fet Ry G Va SoRERNG tne
triphenyl nethyl group, a styryl group, .a biphenyl grou d a .
napht hyl "Gro: STHE 46r M hetd oy cl WO e Used HEFE I o als talst
cyclic radical having 4 to 20 ring atons derived by substituti one
or nore, &g, f?dz,gépaFlﬁg Dot SHtisits %Fﬁﬁ‘hE?efb“ﬁpbn§P e?é?@ N}
0O, Por S unless otherwi se stated. The heterocycle includes a
séyhrate@ﬁqqﬁieﬁﬁ%ﬁﬁﬁu??%ﬁ?ynun%ﬁ@ugﬁyééoPﬂﬁQ,?ﬁ%ﬂ%ﬁ?%ﬁ%ﬁmﬂﬁ?ﬁ??%g,
i.e., a heteroaromatic ring having heteroatons oxidized or

quarterni zed t & or #¥PPBEneEx A ePeNFE ot Haaber rar y 1g8[Ft ssource

Substituted heterocycles include a carbonyl group and a heterocyclic
ring substgiaited! wxemahesgporiot yemsisting of a KrF excimer laser,

an ArF excimer laser, an extreme ultraviolet laser, an X-
ray, and an electron beam.

15 Other aspects, features, and advantages of the
present invention will be more clearly understood from the

following detailed description.

DETAILED DESCRIPTION QOF THE INVENTION
20 Hereinafter, the present invention will be described
in detail. However, descriptions of these example
embodiments are only provided for illustrative purposes, and
should not be construed as limiting the scope and spirit of

the present invention. The following detailed description
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15di scl osed herein. Exanpl esoft heheterocycl esi ncl ude pyri dyl,

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

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

pyri m di nyl, furanyl,thienyl, pyrrolyl, pyrazolyl,

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

i ndol yl , i ndol enyl , qui nol i nyl ,isoquinolinyl, benzimdazolyl,

pi peridi pyl, tﬂep@Q%Ekggﬂy|mv%ﬁ%ﬁ%%ldigy|lné%nded to provide further
pyrrolldonyl pyrrolinyl,tetrahydrofuranyl,

tetrahyd%%%ﬁb%%kh%ﬁl Ee%%%hﬁ%%@ﬁ%¥ﬁﬂ'%g'dngrmed

25decahydroqui noli nyl’, oct ahydr oi soqui nol i nyl", azoci nyl, triazinyl,
6H-1, 2, 5-thi adipggi ny, rmgH G115, 23 di ‘ﬁéfwﬁ?é‘é{' #J?ﬁfe”\é'g used herein
thlanthrenyl pyrany |sobenzofuranyl oneny xant heny ?

Bgrelnggglt %yl%' I’snéllg' Pﬁ%@({)yi?%"osgﬂoéﬁ}!é/'l » preRN 0! Yhy pi’é&‘fhé‘y'atoms,
5 unless 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, 5, and P substituting for carbon atoms,
unless otherwise stated. For example, the term “heteroalkyl

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 alkyl 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 c¢yecloalkyl group, unless otherwise stated, and
includes monocyelic, dicyclic, tricyclic, and tetracyclic
alkyl groups. The c¢ycleoalkyl also includes an adamantyl
group, a norbornyl group, and a polycyclic cycloalkyl group

25 including a norbornyl group.
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5 3Hindolyl, 1Hindazoly, purinyl, 4H quinolizinyl, phthal azinyl,
napht hyri di nyl, qui noxalinyl, quinazolinyl, cinnolinyl, pteridinyl,
4al- 1- carbazol yl, carbazolyl, p-

car bol i nyl, phenant hri di nyl , acri di nyl, piri m di nyl,

phenant hr ol i nyl , phenazi nyl , phenot hi azi nyl , f urazanyl ,

10phenoxazi nyl , i sochr omanyl , chromanyl , i m dazol i di nyl ,

i m dazol i nyl, pyifiazald Qi nmyd 1 i azoll nytoRh PeLAZL AWl  herein refers to a
i ndol i nyl ,isoindolinyl, quinuclidinyl’ norpholinyl, oxazolidinyl,

benzotri azo) ylenbenzisoxaglyh , aoXi NdQ! ¥ om PEMZOXZObY Nyl i §8LEROYY 0
and bi s-tetrahydrofuranyl’, which 15may be substituted or

unsubst i by ek I oxidies eneal J ofcoxamph oyl del ME0xide 201

qui nol i ny oxi de) O quater y salts thereo not

th to. Al l d j-t ' :
1oL, iy AnLETPRMICS R UL AL bogd RS TP

. Hop- .
substituted 6f unsubsti nl ess ’s t herwi se.

(oS, (e Lok ubet ke nleshen bt DU aagn s st
ano I‘OUIp a  ni

ot o 3By B SALPRIL. SHUB R SIS, SR 118, SHRUB By
nitrile qaﬂ%ﬁﬂjﬁchh—.

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

including a benzene ring and derivatives thereof, unless

106 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

anthraquincne consisting of at least two benzene rings

15 connected via a cycloalkyl 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 'hydrocarbon group' as used herein refers to

20 a C3-C20 monovalent hydrocarbon group consisting of carbon

and hydrcgen, unless otherwise stated, and may include an

aliphatic linear or branched hydrocarbon group and an

alicyclic hydrocarbon group. Examples of the hydrocarbon

group inclilude a hexyl group, a heptyl group, an octyl group,

25 a nonyl group, a decyl group, an undecyl group, a dodecyl
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25al dehyde group, an epoxy group, an ether group, an ester group, a
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 nati on thereof. The term
' conbi nation thereof' as used herein refers to at |east two

substi t ueptsybound-40; 6aERy 0t Bebuby 2 $inagla handior 2 dénki "gr8agiPa

or at |east two substltuen¥s condéensed to éach other, unless State

onHMs%yﬁﬁgmg&gwmg%IM@&@H9§§H$tt?”ﬂéﬁﬁﬁm%ﬁ%#VFa

a
i mrer si on graphy,” water is used in a light path on a photoreési st
filmin I S actjve .l . r, ids or a
comoundg&%?%%%ﬁﬁﬁﬁaaéﬂét fajl I %rlal?)gl%)éllysﬂg%}@ i ﬁ%%/g%e’r gi s%](C) gﬁl
bet ween j ecti 1 fer t d accordingly

t he projggﬁﬁg% V%Agﬂ%%y % %%ﬁgghﬁﬁﬁ?é%,n #@?é%@ig%oggttern may be
defprmed or collapse dye Lo puelling. or.yvariQus fefeehs sueh.as o o

may ratfed. Ac

bubbl es and watermarks e gen cor ing to
the present jnvention opol ymer , for an,20 additive functioning a

o or ot ect el 1 oreal EPeT I ah caftver (bl e* fgthavactived By
hydrophilicity is provided. An acrylic acid-derived repeat unit apd a
nal ei ¢ euﬁéhﬁ%%ﬁﬁ%éhQV%ﬁer85e5@rﬁmif*ébnta heg’iﬁ fﬁé‘@ao %no?g?ﬂﬁ
copol ymer farm carboxyl groups by a devel oper at non-exposed ,
25region§“§ﬂbhh?ﬁ§Fohy%ﬁ i Fcﬁ%y ot t e s%rfﬁbesof‘?ﬁé**%egFE?rVFFﬁ1
i's iInproved, therebﬁ i nhibiting defects of the copolyner, A ,

hydr ophobi@fibup cohfai REACAPTEREend6FU4SSi d8 cRafHreFethering, 2

copol ynmer inproves hydrophobicity of the surface of the resist film
duf@ng e%ﬁ%@iﬁ%@%b Epé@gﬁfated ring, and an aromatic ring, i.e., a

hetercaromatic ring having heterocatoms oxidized or
quarternized to form, for example, N-oxides or gquaternary
salts. Substituted heterocycles include a carbeonyl group
and a heterocyclic ring substituted with any substituent

15 disclosed herein.
Examples of the heterocycles include pyridyl,
dihydropyridyl, tetrahydropyridyl (piperidyl), thiazolyl,

tetrahydrothiophenyl, sulfur oxidized tetrahydrothiophenyl,

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

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

pyrrolidonyl, pyrrolinyi, tetrahydrofuranvl,
tetrahydrogquinclinyl, tetrahydroisogquinolinyl,
25 decahvyvdroguinolinyl, octahydroisoquinolinyl, azocinyl,

20




5 materials frombeing | eached fromthe resist filmduring inmersion
| it hography and is converted to a hydrophilic group during
devel opnent to provide hydrophilicity to the copol yner.
That is, a copol yner according to an enbodi nent of the 10present
invention is a multiblock copolynmer represented by Formula 1 bel ow.
In Fornula 1, Rl and R2 may be each i ndependently a 15hydrogen atom
or a O-GBalkMlygroup-1,2, 5-thidtBi 4BYnPe, sebgctgdr fsom fhen 950Uy 1,
consi sting of a C C20 al kanediyl group, a C2-C20 al kenediyl group, a
C"CQO|“%H¥éﬁ§$ﬁ”€ﬁi¥$tH£QH91,ag%%a 9, hetenaal kenedivl 9r O8Pomény1,
C3- C30 cycl oal'kanediyl group, a C3-C30 c¢ycloal kenedi'yl 20group, a
C2-C30 h aﬁﬁ?ﬁ%ﬁkpalka edi LQUR-; and ayQ3:,C304 ; hi 1vl
2{0 ﬂgxaQ %ﬁ&’ gg§¥ g isothiazolyl,

het er ocycl oal kariedi yl group in ch at oneyﬁydrogen atomis

cubst e A1 o oun ool eciod fomhe sfayD: eonot 06, dhoy
groyp or éH‘—SiUrPc%lb}l“t ed. qp_§ ggg@ € a %glgﬁcﬁ%;iﬁ@ ¢ grﬁ’Hg%ékagﬂ%nyl,

from t he group consisting o 20 hal group, organic

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

| abi | e grgﬁgpi% ‘ect¥ed friot ¢H&Eﬁ(ﬁﬁ?’éSsﬁ%ulgbxgﬁhnyy’ qulnazoglnyl’
cinneolinyl, pteridinyl, 4aH-carbazolyl, carbazolyl, G-

carbolinyl, phenanthridinyl, acridinyl, pirimidinyl,

phenanthrolinyl, phenazinyl, rhencthiazinyl, furazanyl,

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

benzoxazolinyl, 1isatinoyl, and bis-tetrahydrofuranyl, which

15 may be substituted or unsubstituted, N-oxides thereof (for

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

All compeounds 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 consisting

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

cyano group, a nitro group, an amino group, a thio group, a

methylthic group, an alkoxy group, a nitrile group, an

25 aldehyde group, an epoxy dJroup, 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)fay,boxYa HAHP, Andhif Odr 03Q thet eraays, 0l kyl o9 APoudf an

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

unsat ur at.gq ydcjf’&ﬁ% ’bog n?e%&%%{t/ar%a@%’yq?’%mlﬁr Ogy%bgﬁﬁgrlﬁfg& Frdmy, b

an i nteger 0O'to 3, 20be"an 1 nt eger of

Here, 1, h@ﬁ%%ﬁl%ra%]{ Sp&%@%xy?l ¥n”%§3§f?§9ﬁ%§)§ﬂe ée%ﬁgyggi&%ﬁiﬁ e

backbone, erel'n 1+mtn=1, (1+mt+ +mtn) <

0<n/(1+n§ﬂ%§é%ﬁ%“§f a heE@Egar?%L%r?Ppgn%g%ﬁ@%g}%%?%g%;E%éﬁébéF Qnd

R4 is an 0o 'i'con group,

hal ,0al kyl__group .ar C3-C20. h ocar bon group. I n Fornul a
1,f%i an@r%bcﬁﬁ§)rgﬁ€é%h |ﬁ3§%§%dently a 5 hydrogen atomor a Cl1-C4

al kyl group, preferably a hydrogen atom or et hyl gr.oup. . I n
For il 5 1. HEG L) Seodat Rrbhe EheTssat coer uePg Thired near et
al kanedi yl group, a - C10 al kenedi yl group, a d-C10

het er oal Kéhethi yieTou” £ 5 CI0 TG heT BFER| Kergt 'y 1© Jroug:Y o 3L edke
cycl oal kanedj yl group,,6a C3-Cl8 cycl oal kenediyl group, a C2-C18
het er ocy Q84 k&hediyl L HrbtpI &heP (35Eﬁ8aﬁetiﬁag§clg%?ka%%@ﬁ9}tﬁﬁ%ﬁﬁ
in which at | east one hydrogen atom_.jis substituted wwth a C-C10

al kyl gr 6@pEsgdCt-CRF HalTaRyl WHES ottUpsthitttete - More

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

15 and a wafer substrate, and accordingly the prcjection 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 o©f 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

met hyl ene group, an ethylidene group, a 1, 3-propyl ene group, a

1, 2-propyl ene group, a tetranethylene group, a pentanethyl ene group,
a 2, 2-di net hyl pent anet hyl ene group, a hexanet hyl ene group, a

hept amet 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

dodecanmetyd ene g1 oHP1 sa idgdecRiTetid 800, 95 AHPK i B et HRdecaEtdy | ene

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

heptadecqﬁﬁ%ﬁ_ngﬂ? grgumyd%%p%%&ﬁQﬁgfﬁﬁﬁﬁyE@H%aQEQHPznﬁ cne end of a

25nonadec t hyl ene group, a 1-net 3- propyl ene group, a

2- ”Ethy|é#é}F%ﬁ&?%ﬁg%g&gﬁgfﬂﬁﬁﬁﬁégil%m%r@&@%yh%@%o%%%%ﬁcf%%iof the

1- net hyl buty utyl ene group,
met hyl | de%fﬁf%[coup o2 F&rh%py'r'fggg% 9EQUR: auzlleﬁor%&ggsa@ggr%p,pﬁevent

1, 3- cycl obut yiene gr oup, 5cycl opentyl ene group,

1, 4; cycl rpaecxﬁyélanle TOUR 5P 1EKEha0CYLENS GLOWP By 1 ian aucs

1, 42 nor bornyl ene "gr oup nor ornylene group,
oot g s T I BGPTSR e B dz&%‘%@lhc
é%?ai%_%%_?@p_ %ngé 2 20@045(@@2 :320!5'2%}%(665% lﬂﬁ&f%;g})‘lE%ﬂﬁty to the
copolymer.
That is, a copolymer according to an embodiment of the
10 present invention is a multiblock copolymer represented by

Formula 1 below.

ﬁ:ﬁmﬁ:ﬁ S
}2:0

In Formula 1, R; and R; may be each independently a

15 hydrogen atom or & Cl1-C8 alkyl group.
Ry may be selected from the group consisting of a Cl-
C20 alkanediyl group, a €2-C20 alkenediyl group, a C1-CZ20
heteroalkanediyl group, a C2-C20 hetercalkenediyl group, a
C3-C30 cycloalkanediyl 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-, -CUY(CH2)CH, - C(CH2CH2) -,
CH2C0-, -CH2CH2C0-, - CU(CHACH2CO-, -CU(OH)-, -C(OH)(CH3)-, 15 cU
(Br)-, -CY Br)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

unsubst i tHe o d e R M rde di y Rdg ABMpbe rseliecdieda f r amalshte HOURydBogen
consisting of a C-C10 quoroaIEyI group, a silyl group, a d-C10

al kyl si | Wt gxoup, sap 681 GlBelii NQAEHOKLBY _@%ﬂ?_d Rt G otihm A KS- §24up
nonocyclic cycl oal kyl group, a C8-Cl8 dicyclic cycloal kyl group, a

C10- G30 taarwféﬂﬁlgsyqfoagkydngwyp,apaafl a Pl Q30 t ethaeyel i Galoalkyl
cycl oal kyl group, nore 25preferably selected fromthe group

consi st %&Iﬁ’agér%&dg yd?"‘%((ﬂ{%‘%ﬁm UOL QB Ay 1 QL QU i Buted.

trimethylsil a di | uor oret hyl ) 1 sopropyl group, a

n Formila 1, B ey B S0 el Ch T HECHPTER Rl el R
RbRa(Rd)%&nmdsting of a Ci-C20 halecalkyl group, an organic silicon
group, and a C3-C20 hydrocarbon group.
Rs may be an acid labile group selected from the group
&RC LR fYo
Ra Rb

h —
Ra > . (Rl

consisting of ' , and In this
190 regard, Ra, Ry, Rc and Rg may be each independently selected
from the group consisting of a Cl1-C20 alkyl group, a C3-C30
cycloalkyl group, a (Ci-Cl0 alkyl)cycloalkyl group, a
hydroxyalkyl group, a Cl1-C20 alkoxy group, a (Cl1-C10
alkoxy)alkyl greoup, an acetyl group, an acetylalkyl group, a
i5 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 groups to form a
C3-C30 saturated or unsaturated hydrocarbon ring cr 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 14+m+n=1,

0<1l/ (1l+m+n)<0.99, 0<m/ (l+m+n)<0.29, and C<n/ (1l4+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 cycloal 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 acet yeQ,0up,iana@cehybabkybrgnowy 1@ carpaxylsgopup, 8s an
(01-05 al kyl)carboxyl group, and a (03-010 cycl oal kyl ) carboxyl group

or fused 4pather atiween agdhagentada greups tie fermmpa, 06-018 c1-c20
saturated or unsaturated hydrocarbon ring or a 05-018 %eterocycllc

group, p HmEYPEAN dhg9esr of &31@@.n & PBYn ber@n, i nteger of 0 to
5. More preferably, R5 nay be selected fromthe group

consisting of & -pYiyh19rqup.ga 444 MRENYLSI Iyl GEEHP. idRndent1y a
hydr oxy- 2- et hyl group, a 1-rmethoxypropyl group, a

Lo IR Soapeiach SUGYRLON], AR o dydisere
T O R D T S T T o mut e 28 t6' 2k, R R and

oroup.a and e Way B3 TBAGN. ThduBendbnt | 3 an ICSOE of "ot aE.  BrHRY
“hteger 015 10 910 (haly o G B TGRSR, 4 GReC T iy kde®ish

i ndependent | an integer of 0 to 6, h be, 10i nteger of O
OC+dPC17fﬁT 0c+f45. —éﬁO heteroafﬁgneglff group, a &£~élo

10 heterocalkenediyl group, a C3-Cl8 cycloalkanediyl group, a
C3-C18 cycloalkenediyl group, a C2-Cl8 heterccycloalkanediyl
group, and a (C3-Cl8 heterocyclcocalkanediyl group in which at
least one hydrogen atom is substituted with a C1-C10 alkyl
group or a Cl1-Cl0 haloalkyl 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-1,3-prepylene group, a

25




Wien 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 nmaleic

anhydr i de—dertihyad ir, speatopyidnecontggidigd i n & he Adgidhiwe- 1,2 -propylene
ri ng- opened by the devel oper at the non-exposed regions to form

car boxyl ogtogps s® thaichygnophisbbgitty cofe t hgrsus f aca 1 -afedhel -1, 4-
resist filmis inproved. Thus, defects caused in hydrophobic surfaces
may be regd#gaene uhe o esdigty fiddnd s gfrermgd auqirragaaiﬂejerrﬁasig&toup, a
conposition including the additive, the additive is disposed on the
surface ofptrheynesicste fidrpuahi | @ t he yesistodfidymdrs f Q{ﬂ@gb,as df B 3-
separate 15 protective filmis forned on the resist filmto inprove
hydy ophobieinbyeaf yike sugf-ace  of 4t he, ﬁeéyéioflégpeﬁeer §hyupreventi ng
mat erial s from being | eached fromthe resist filmin water duri ng
liquid i i SR Jhisthhogr, ) - Lpaft ach _of

r epeat UEPFE congfituting t he 26ico%b?y%%$b8?€ %gﬂgesﬁgfu ddiﬁivéﬁm&
accordin se i.nventi,on ;wid_| riphed i re detajl
The acryﬁgggfgg l%@%eagﬁﬁhl' 1 ?ncﬁd ega%ﬁ§§§§5%%%icég?g§b hgviﬁae%n
el ectron w i gr to prevyide hy icity-.to the _ ~
copolyne?&hﬁﬁg%gggggyng?%@g’selngégfegaggﬁngfihg t%é 25pr%%%¥%ﬂion

of "the phejresist camposidjon dus tg chydrophobleidy.gnd,functigns,

as a p&otec ?Ye V!gn)o the 5ho;or sI's dpreyén ng in
S VP PR B PRI H 1R A8k <
't he dovBi(GherC { e ondpused Febr ot HonseerE ot Ry dropFabi c

group is_stripped off by a base to_be converted into a hydroxyl
r oup, 28 HRhyr OROM 19 T Ban;  aSC oA ST h React T ohpRHaIFE i1 o,

However, Reaction 10 Schene 1 below is exenplarg, and the present
i nvent i offP'sHaiot~GHzhfleed t1idketetHz—S-CHam,  ~CH{CHz) CH-,  —C(CH,CHz) -,

—-CH,CO-, ~CH,CH,CO-, -CH(CH3)CH,CO-, -CH(OH)-, -C(OH) (CH3z)-, -
15 CH(Br)-, -CH{(Br)CH(Br)-, -CH=CH-, -CH,CH=CH-, -CH=CHCH,—, -~
CH=CHCO-, -CsHe—-, and -CigHis— in which at least one hydrogen

atom is substituted with a Cl-C4 alkyl group or a
perfluorocalkyl group or unsubstituted.

In Formula 1, Ry may be selected from the group

20 consisting of a C1l-Cl0 fluoroalkyl group, a silyl group, a

Cl1-C10 alkylsilyl group, a C3-Cl0 linear or branched alkyl

group, a €3-Cl4 monocyclic cycloalkyl group, a C8-C18

dicyclic cycloalkyl group, a Cl0-C30 tricyclic cycloalkyl

group, and a Cl10-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 follow ng structures represented
by Formul ae 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 aci d-induced deprotection
reaction at the exposed regions as shown in Reaction Schenme 2. As a

result, the,addi hi ve-inay,be.easi}y di-sspl ved tﬂlﬁgﬁhﬁ§¥§h9@e@roup, a
However, Reaction Schene 2 belowis exenplary, and the present

i nventionyi g Mot daded § hef &30 ReRCt i PRo§Eheme, 2 pentafluoroethyl

group, and a heptafluoropropyl group.

In addition, in Formula 1, Rs; may be selected from the
;r‘ Rc é’g o)
><RC \S
I
Rb

Rdjy
, and ( )q
Here, Ra, Ry, Rc and Ry may be each independently selected

5} group consisting of
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

10 tetracyclic cycloalkyl group, a {Cl-C5 alkyl)cycloalkyl
group, a hydroxyalkyl group, a C1-Cl0 alkoxy group, a {Cl-Cb5
alkoxylalkyl group, an acetyl group, an acetylalkyl group, a
carboxyl group, a (Cl-C5 alkyl)carboxyl group, and a (C3-C10
cycleoalkyl)carboxyl group or fused together between adjacent

15 groups te 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 frem the group

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

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

ethyl group, a t-butcxy-Z-ethyl group, a l-iscobutoxy~l-ethyl
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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 maleic anhydri de-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
Reaction Schenme 3 bel ow, thereby inproving hydrophilicity of the
surface Qﬁxhﬂﬂléﬁﬁfﬁféd Mrdodacectheppodifhgdasurface basptheysane
characteristics as the devel oper, the devel opnent process i,S
facilitated. TFhus def ects caused i n hydrophobic surface§ﬁq- Q%%c

reduced. iever, - Mdacti on Scheme 3 b&hpw i s enpl ary, and
present inventi 6/ is not linmted thereg;z)i??t(i on Schenme 3 ) (R")d
op el. HO g | ’
(2a) (2] 26}
) Q! '
ey (R 4R R fj@ -
NS e S [ ~we
(2d) (26} (2f)
Jﬁ'RI{RW'
. (RY " G
R, R R SR
ajcﬂj( ! R
; | A
{(2g). (2h} (20)

AR
AT Fe 0
P L. W;N}_{Rf)i

20 (2K

In Formulae 2a to 2k, R', R" and R"' may be each
5 independently a hydrogen atom or a Ci-ClG alkyl group, a and
e may be each independently an integer of 0 to 15, b may be
an integer of 0 to 11, c¢ and d may be are 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
10 integer of 0 to 4, 0£c+d<17, and 0fc+££15.

When a resist film 1is 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 yner but

al so substitution rates that are degrees of the dissolution of the
copolymer 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, O0<ml (1+mtn)-<0.99, and 0<n/(1+m+n)<0. 20. When

the repealoiidis 158t | shy1thengbeve candidi ofgait Peer askst-diihhymimYthe
have hydrophobicity during liquid 15 i mrersion |ithography.

Parti cul eg;rﬂégeﬁ@efh&éwtf&mtﬁmug tch@ RSl rdride-denived-& epegt

unit nis less than 20 nol val ue may be reduced, thereby

reduci ng defects, {§ h@%SQQ%Qntl@fFBQedhr@aﬁeq' eqnhy%dgggerfe\e%t at

r epeat unit oni's greater than 20 nol % t tive may be di ssol ved

by 20 tho %hsegcpp% Abthe BBSEGEQQS%GAPQQQS 1 MR REGHRLADLY, 1{1199@

cont ent e nalel anhydri erived repeat unit n nay be I'n

range of I My rdj t
prebgent vaen pi%OSlnl avi ngbtyheastbra% ur%g[eg }é\gﬁ a% lg lq’eGEI 5&( the
randon1cqﬁgLyner or 2 raft cop

Y TROTRL e l%%srrpoundsg%rreprl‘lelsaern’tedh% maleic

hydrldéxﬂerlvegl£Q§e§£r%%5 éontazned in the additive is

copolyner a
Exanpl es ﬁﬁ%ﬁ%?%%p&i
For nul ae 5

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 1is improved. Thus, defects caused in
hydrephobic surfaces may be reduced. When the resist film
is formed wusing 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 is formed on the resist film 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 1is 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 liguid
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 1in the developer at the non-exposed regions.
However, the hydrophobic group is stripped off by a base to
be converted into a hydroxyl group, as a hydrohphilic group,
as shown 1n Reaction Scheme 1 below. However, Reaction

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

Reaction Scheme 1

HO” “CF,

’ﬂ‘ =3 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 Forrmula 11 F3C Fornmula 12

(30)

An acid labile group contained at cne end of another
acryl-derived repeat unit m is converted from a hydrophobic
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 Fornmula 16 5In Fornulae 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, Onl (1+m+n)<0.99, and

0<n/ (1+m+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 pl, Q0Q-4:0,1300,{400 o ivd fmdheMeof i thea£opol YOBT 1 hSthe

too low, interm xing nmay occur or elution using pure water nay occur

during i mmBfsi el theghaphy, Raaihs oot hemdandy ikathe Mv 9kehbeary,
copolynmer 1s too high, the
and the present invention is neot limited thereto.

Reaction Scheme 2

ig acid |
o — o *
' HO

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

& i wﬂ b
T

b

.

{(4d)
(4a) (4b)
(4e)

10 In addition, the maleic anhydride-derived repeat unit
n does not play any role at the expcosed regions but is ring-
opened by the developer at the non-exposed regicns 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 formed or alkali solubility may be
reduced. Preferably, the Mwv of the copolyner may be in the range of
2,000 to 100,000 g/nol 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 weightaverage

nol ecul ar 5 wei ght/nunber average nol ecul ar wei ght (Mv M) ratio, in
the rangejdfedid 0 Hud® € Bf efgl@aliphobilo 3udthckhe palecykar ughaby.
distribution is greater than 5, Iine edge roughness characteristics
may be def&rdrat etheaFIUS,, ascRRLY MBI having Mv and pnl-equl ap wei ght
distribution within the 10ranges described above is used as a
phOtpr?53§ﬂe§ Q?HJéﬁﬁHon is not limited thereto. )

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

t hermal resi st By i-ned. The copol yner according to
t he present in?%%%ion g%ﬁ%§&$ﬁ£ above-nentioned structure may be
prepared using 15 acryl Jagepgrgpnomer repregented by Formula 17

bel ow, an acryl - bhdse no ted Pf-Hor mj=g) 18 bel ow, and a
mal ei ¢ anhydrid@ represented by Forrrula}_EG1 bel ow by known
pol ymeri zation, such as bul k pol ynerization, §olM&tion polynerization,

suspensi on pol ynerization, bul k and 20suspensi on pol yneri zati on, and

enul si on pol ynerization. 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 given 1l+m+n=1, wherein

0<1/ (1l4+m+n})<0.99, O0<m/ (l+m+n)=0.99, and O0<n/{l4+m+n)<0.20.
When the repeat units satisfy the above conditions,
the resist film may have hydrophobicity during liquid
15 immersion lithography. Particularly, when the content of
the maleic anhydride-derived repeat unit n is less than 20
mel%, a CA value may be reduced, thereby reducing defects.
If the content of the maleic anhydride-derived repeai unit n
is greater than 20 meol%, the additive may be dissolved by
20 the developer at the non-exposed regions. More preferably,
the content of the maleic anhydride-derived repeat unit n

may be in the range cof 5 to 15 mol%.
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Formula 18 R2 0 R5 Fornmula 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 above may be a block copolymer, a
random copolymer, or a graft ccpolymer.
Examples of the copolymer may include compounds
5 represented by Formulae 5 to 16 helow. In the structural
formulae, the order of the repeat units may ke modified.

Formula 5

QOJJ\CF:),
Formula 6
O 0 070 0
O

0
(R

0

CF,

10

Formula 7

0~ ~CF,

Formula 8
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Preferably, the copol yner according to the present invention may be
pol ynmeri zed by radical polynerization. In 10 this regard, any

radi cal polynerization initiator comonly 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 without pbeing limted thereto. 15In
addition, a pol G Least one conpound
sel ected fromthe 'grouplconsi flol uene, xyl ene,

hal ogenat ed benzene, dFethyl et her, "-.c ur@n, esters, ethers,
| act ones, ketones, anpdes, and aICDhoIs nay be used. During

pol yneri zati on, poly r;gbtlon tenpgrature may 5 be appropriately

sel ect ed depending on{th@ type of catalyst enployed. In addition, the
nmol ecul ar wei ght distrip of prepared pol ymer may be adj usted
by nodi fying the anount of the pg grization initiator and reaction
i i i i p ed, unreacted nononers and
10byproducts renmaining in the reac¥ion m xture may be renoved via

sol vent precipitation. The copol yner according to the present

i nvention prepﬁred y djustlng the type and anmount of nononers

according to t atlon nmet hod descri bed above has 15 suitable

hydr ophobi ci ty. Thus t additive i$ added to a resist
ﬁﬁﬁﬁ?ﬁiéﬁﬁi%ﬁi;hnsparent to
tjqu osure during

composi tion, t H& P s
arious defects that may be caused

exposure light and i
liquid imersion |it
during 20exposure nay reduced.

CFs4
o CFy

=0

FsC

Formula 10

e

CFq
O CF3
)0
F3C

Formula 11
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Accordi ng to anot her enbodi nent 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 nay be contained
in the resist conpositjon in an anpunt ranging fromO0.05 to 5% by

wei ght based on..t. lonposition. When the
amount of the resi'st inth 38 described above,
appropri ate degree of “Oand thus a 10resi st
pattern with high res@l ution and $ensitivity nay be fornmed.

The resist base poly may be any-pokyner used as a base resin in
the formation of the fegipst film gut |imtation. Exanples of the
resi st base pol yner i ncl ude pol ynor bor nene, cycl ool efin

ri ng- opening netatheags<IﬁKmF§ pol ymeri zati on pol ynmers, hydrogenated
cycl ool efin ROW 20 p copol yners of hydroxyl styrene with one
selected fromthe g conS|st|ng of (meth)acrylic ester

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

" mﬂmmmn n
oooO

CFs
O>:%F3

F,C

Formula 13

5 @M@

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 anmount of the base polyner is |ess than 3% by
weight, a filmwith 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 tshegnRiiher:shand, if the anpbunt of the base polyner is
greater than 20% by wejght, the fi}jmis too thick so that
transmttance tgQ,. LAt i Avertical pattern may
not be obt ai ned. Nphot oaci d gener at or
(PAG, may include oni s g#ms@l ts, sul fonium

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

i mdes, preferably at _#Jeast gne of e sulonium salts 15represented
by Fornmul ae 20 and 2 re prefer tri phenyl sul f oni um nonafl at e.

Formula 20 Xi x2-S -

Formula 16

i
X

0~ “CF,

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

The copolymer according to the present invention may

have a polystyrene equivalent welight average molecular

10 weight {(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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20Formul a 21 In Formul ae 20 and 21, X1, X2, Y1 and Y2 may
be each independently selected fromthe group consisting of a

hydr ogen atom a O -Cl10 al kyl group, an allyl group, a d- 5 C10

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

to form a; G380 sat yhat gk 0heyRIabWat @0 hyge 0¢RIREN £108ed10X3, pXfe
X9, Y3, Y4 and Y5 may be each independently selected fromthe group
consi sting f,.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 thi oal kopty Group, o2 Qﬁecz@o@ I%ﬁxﬁ%”ﬁ(&?@@%éﬁ&&&ﬂgr g@gght

any 15conbi nation thereof. notes an anion, nma

CEECRS PRCHER SO ()5 D) 2 Gl G
F0r§U|a %&ﬂp é»%uﬁ%gfng§%£g%é)ﬁgléé&fg&-wéggﬁ%ofoﬁgg?Oré£¥§2FEXV he
range of 1 to 5, more preferably 1 to 3. If the molecular
welght distributicn is 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~menticoned structure may be prepared using
15 an acryl-based monomer represented by Formula 17 belcw, 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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[ 11 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 nay 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. W may be selected fromthe
group consisting of*ta 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 conbination thereof.
Here, o may be an/integer of 0 to 1, and p may be an 15 integer of O
to 2. I n Ehe acid generator, a diffusion length of acid in a
resist filmmay beéRgppropriately maintained short and the resist film
may have hi gh tr@ﬁsnittance by introducing a cyclic alkyl group to

the anions. As a es%ﬁ , a resist
o)
R4

Formula 18

Ro

In Formulae 17 to 19, Ry to R; 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 in the art, such as azoblisisobutyronitrile (AIBN),
benzoyl peroxide (BPO) , lauryl peroxide,
azobisisocapronitrile, azobisisovaleronitrile, and t-butyl
hydroperoxide 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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20w th high resolution may be obtai ned. Preferably, Z which
denotes an anion, in Fornmula 22 may be selected fromthe group
consi sting of functional groups represented by Fornulae 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 alcohols may be used.
During polymerization, polymerization temperature 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 completed, unreacted  monomers and
10 byproducts remaining in the reaction mixture may be removed

via solvent precipitation.

The copolymer according to the present invention
prepared by adijusting the type and amount of moncomers
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 liguid 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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Particularly, the resist composition includes the
resist additive, a resist base polymer, an acid generator,
and a sclvent.

The resist additive 1s the same as that described
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 is within the range described above,
appropriate degree of hydrophobicity is obtained, and thus a
resist pattern with high resolution and sensitivity may be
formed.,

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

limitation. Examples of the resist base polymer may include

(meth)acrylic acid ester polymers, (o—
trifluoromethyl)acrylic acid ester-maleic anhydride
copolymers, cycloolefin-maleic anhydride copolymers,

polynorbornene, cycloolefin ring-opening metathesis (ROMP)
polymerization polymers, hydrogenated cycloolefin  ROMP
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

resing, and mixtures thereof.
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In addition, in Fornmulae 20 and 21, a cationic portion may 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 not be formed due to too
low wviscosity of the compeositicon and a pattern loss may be
increased due to presence of a relatively large amount of
photoacid generator. On 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 1s decreased
and a vertical pattern may not be obtained.

The acid generator, as a photoacid generator (PAG),
may include onium salts such as ilodonium salts, sulfonium
salts, phosphonium salts, diazonium salts, pyridinium salts,
or 1mides, preferably at 1ieast cone of the sulonium salts
represented by Formulae 20 and 21, more preferably,
triphenylsulfonium nonaflate.

Formula 20
X1
XQ_S +-Z

AN
| ——X3

8

Xs X,

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

pol ynmer and the agi nefatofs may be dissolved in a sol vent having
an appropriate ev 6N rate and viscosity. Exanples of the

sol vent may incYgde: 15)lesters such as ethyl ene glycol nononethyl

et her, ethylene glycol anoethyl et her, ethylene glycol nonopropyl

et her, nethylcellosolve acetate, ethylcellosolve acetate, propyl ene
gl ycol nononet hyl ether. acetate, propylene glycgl nmpnoet hyl ether
acetate, and pggby %ﬂ%ub?ﬁc% ﬁ%ﬁgﬁ?gby 1btgé? gbagg a?%;xgﬁh}%%tgﬁgg
such as nethyl isopropyl ketone, cycl ohexanone, nethyl . .

S by dr oxy PG GHE L01 T Lo LRy dr bt cpronat EoU5. npahBhendet R1
I . [
bt R o Y3 ST B0 TR SR SRR 35T G O -

5 C10 perfluoroalkyl group, a benzyl group, a C6-C30 aryl

group, 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, Yi, Y4 and Y¥s may be each independently
selected from the group consisting of a hydrogen atom, a Cl-
C30 alkyl group, a halogen group, a Cl1-C30G 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.
Z, which denotes an anicn, may bhe O0S0,CYF;, 0502C4Fs,
0S0,CeF17, N(CF3) 2, N(CuFs5)z, N(CsFg)o, C(CF3)3, C(CyFs5)3, C(Cqls)sz, or
a functional group represented by Formula 22 below.

Formula 22

TRANT
2
- 0=8=C~C -0-Wi~(Wo— (Welp-Wy

- 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 depending on application such as

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

Exanpl es of theraddhthye, may i ARGl udey ap, alkal heselupl e quenchesn  ap o
acid 10 diffusion quencher, a surfactant, and a sensitizer, and the
addi ti ves, By, e alone or in conbination of at |east two

t her eof . IS e al kali sol uble quencher may be any al kali sol uble

quencher connnq%ymg egeia(bgghgtogoaqﬁgi Lons. Exanples of 15 the
y e

. 2 . . .
al kali sol ubl e quen%her may I nclu phefol or carboxylic acid

derivati ves. T ci-d _dif,f usi cher. suppresses diffusion
of acid generaﬁ%dmg§ E%egaggdegénéig %F gﬁgi goggﬁosure to the resist
filmand chem cal reaction in _non-expos regions. 20.Thr.ough use of
the acid di ffudbomequiticner Selel ER08; Shel BEVRR celaictantialvef &
resin co itions be_inprove oluti,on of the resi na

ot oved U YT e TR nSEaTP o FohOor TPne ode it vhr du? ngLar ey
period from exposu devel opnent may be jnhj bited. . The
Dot Al { (ORI GienERerD il berd BESTE cGmbcund ) ERdine o= e aghd
di ffusion gfencher may include: am nes such as ammoni a, nethyl am ne,
isopropyﬁh'§ﬂ§39r : %ﬁﬁ?&%cdy%Wﬁﬁentylaninez met hyl enedi ani ne,

et hyl enedi am ne, 5di net hyl am ne, dii sopropyl am ne, diethyl enedi am ne,
N, N- di met hyl métihylahedicans fiée KEREdi ethy [F8Enhy P BRBEI &ifithel5ting  of a

10 hydrogen atom, & halogen group, a Cl-Cl0 alkyl group, a Cl-
Cl0 alkoxy group, a Cl1-C1l0 haloalkyl group, a Cl1-Cl10
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
resist 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 cobtained.

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

groups represented by Formulae 23-1 tc 23-36 below.
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trimethylam ne,triethylamne, N NN ,6 N -

t et ramet hyl net hyl enedi am ne, NN N, N , N -

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

10t et ranet hyl t et r aet hyl enepent am ne, di net hyl et hyl am ne,
net hyl et hyl propyl am ne, benzyl am ne, phenethyl am ne,
benzyl di net fyl.am ne, tetranethxé nnDnlun1hydrOX|d8 Fanlllne
N, N-di net h }gQiU|d|ne tri phen a@1ne phenyl enedi nkpe
pyrrol e, ok&7al eciYoaxazol e, t hifa 50|E Psgkhlazole obe,
pyrazol e, romi ne, pyrrolldln i dazol i ne der|¢3t|VEs
inidazolldlne depinatives, pyridine ivatives, pyridazi
derivatives, pyrim/dine derlvatlvesiip razi ne derlvatl
derivatives, pyrazolidine derivatives, pyperidine deriv .
pi perazi ne depgmatives, 20and nnrﬁggjlne ni trogens; Lont {.ni/ng
conmpounds such as am nobenzoi c acid, |ndolecarboxyf|c acid, amno
acid derivatives (e.g., nicotinic aC|d al ani ne, arginine, and
aspartic acid), 3- pyridinesulfonic acid p- pyri di uni um
toluenesulfgnate 2- hydr oxypyrigdige, anmino cresol 9254-
25qui nol i nedi.at ; 2- (2- hydroxyeth Lﬁpy i di ne, and

hydr oxyet™ I%pl é? One; an1d§ Y éz-ﬂbs such & Bcwﬁg?f
N- et hyl f or mani de, / N, N—dlnethylfor 2 acet am de, ;

Nmet hyl acet am def N N—dlnethylaceta'f ropi oni ¢ am e
benzam de; or ini.de/derivatives such ht hal i m de ,
and mal ei m de.
(23-4) (23-3).
G\gl Pz Q E.s % E‘z
SR e -0-5 %0, 0 -0 g0

(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 weight of polyner solids. If the anbunt of the basic
conmpound is less than 0.01 parts by 10 weight, the pattern may be
deformed as a delay tinme after exposure increases. On the other hand,
i f the anount of _.the bas%c conpound |5 gr eat ef than 5 parts by

wei ght , rgigL#LLﬁ nsitivit béﬁdeberlorated Q
The surfa s-ode Sty d npr ov atr@g ﬁ???é?ties &5a§yﬂ1@ﬂ97gJ§“O

properties, and the | i"k&) Exanpl es of t he

sur fact ant mayi nc polyoxyethylenela yl et her, -

pol yoxyet hyl enes earylether pol yoxyet é%e and (25-15)
polyethyleneglycoldlIaurate but are not limted thereto. A resist
pattern that i qslng the resi$ t 20 canposition acchdlng t%

t he present “gg t as i nproved I| ETroughness oo Hz
characterlstlc n@‘ i ‘ ?%solut|6ﬁ” H and L/ S patferriscaho

addition, a wde proce s wi ndow pr ovi es an Excel I ent patt één prékid e
regardless of the t of the substrate and inproved contrast.
25Accordingly, Hé}%55|st conposi ti ond%iseful as a positive(@318)
chenicalIyanpl|f|edphotoreS|stconpOS|t|onhaV|ng phot osensitivity to
far ultraviol et bi ghy, sunh as is prodyceqibyca Kr F exwégﬁrcjas%r 5rF

exci mer | aspr,_ -0 A5 o =t :
reC c €. 520 g o FSC“C"D"C‘.C"ﬁ“O' c:‘-'?,'-o*c*c_-'%'-cr
2 20 Fz O Ha 0 Fa 0
0.
(23:19) (23-20) (23-21)
Q ..63 Q e O (e
= Hz ol HE. o o u He
50 B0 Crg-Boey r N-*'u-s*c-c;fﬁ-io Br————3-0-C-c-{-o
}_ Hz & Fz D O/ F2 Fz0
0
(23-22) 23-23) (23-24)
: 0 g 0 0]
i w9 a3 BN - O
0 _ED’CHCJ%HD‘ O 0 Cg~O - 5 SO S
2 0 ' e Fz 0 Fa O
(23:28) (23-26) (23-27)
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excimer |aser, X-rays such as synchrotron radiation, and 5charged
particle rays such as extrene ultraviolet (EW). According to
anot her enbodi nent of the present invention, a nethod of formng a
resist pattern using the resist conposition is provided.

Particularly, the nmethod includes formng a resist 10 filmby coating

the resist conposition on a substrate, heati the resist filmand
exposing th& resistSfilmto light to fgﬁzliiﬁﬁpdeterniﬁed pat t%ér n
and deveLQpﬁﬁ?'fhe"»cox‘d pattérg—o~~_%. The Sgb%%@affbfﬁ;h T _
waf er subst fafe, and | 15 coati by may be performed on the substrat
via spin coating, flowfcoating, roll .goating, or the |ike. 233

a

Particul arly, thez®esi st conposition i's coated on the substrate such
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 fer-dtto 10 minutes,
preferably at 80 toj 130E for F\lﬂgo 5m ute ThLF_en, t he iy esi st

filmis parfirarfyce to Yadidti 6f ra order to forgia o Ry
micropatterR. "An thislregard, e€xahples of the radiatidn Hay incl L
ultraviolet light suchy25as I-line, far ultraviolet |ight such asis

produced by a {3&&FexcFner |aser, ArFi€x&iner |aser, and F2(Z8%gel mer
| aser, X-rays, and charged particle rays such as el ectron beans, but
are not lincted thereto. The ragiati onogmy be appropri@ately adj us

H I 1
accordlngQL%HEhe\$y-e 0f the_8g§q:5g%pdtg£§r. _G,ﬁnc,khofl
i Fg O ] F';_; \© i F?
(23-34] (23-35) (23-36

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

may be represented by Formulae 24-1 to 24-16 below.
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Particularly, exposure is performed in an exposure dose of about 1 to

about 200 mid/ nR, preferably about 10 to about 100 mJ/nR. This is

fol |l owed by post exposure baking (PEB) at 60 to 150D for 1 to 5

m nutes, preferably at 80 to 10130D for 1 to 3 m nutes. After

exposure, the exposed resist pattern is devel oped with a devel oper

for 0.1 to 3 ni.putes, preferaMﬁ 0.5 to 2 mnutes by any con"y,entlonal
|

t echni ques s'.t'ﬂh[ s dip puddl'§ and spray teE‘ﬁnl ques

desired 15 atjjgrn is formed=oA the substra The devel op[sﬁ/ y be
an aqueo@ tion incl @g ?di um hydg ox\ , pot assi ' pxi de,
sodi um c najfe, sodi um\giliC sodi u

nmet hasi | i cat ni a, et hy ¥Ne, n- propyl’ am

triethylam nz t et r amet hyl am‘{i rrhydrOX| de, ZOtr&t r aet hyl amnr)(n

hydr oxi de, or ﬂ1e i ke, prefe p‘BI y tetranet hyffanmoni um hydr oX]
Optional |y, t hedevel oper mayf urdHeri ncl ude ad le ves such as:
surfactant or V\,fajter sol ubl e ahgﬁﬁ]ol S. ACCOI’d(L 'to the method of

formng the attern using 25t esi st conposi on accordi ng{-’c“o‘*the
present i nvenu\’n a mcro regsist pattern with excellent SEI]_SI tivity
u

and hi gh resgtutjon may be oiajned KHD R]
ant & @1
— =/ 1 ' T

o

O] 9N ) U
T

5

I i o T

F Cr“! : ElTr .-IT
(24-8) (24-10) (24-11) (2447
g . [

(24-13) ._ (24-16) 2416}
Q,IJED, (24-18)
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Hereinafter, the present invention will be described 5 nore fully
with reference to the foll ow ng exanples. However, the follow ng
exanpl es are capabl e of being enbodi ed through nodifications and
alternative forms, and there is no intent to limt the enbodinents to
the particular forns disclosed herein. 10Preparati on Exanpl e:

Synt hesi s of Pol ynmer Pol yner Synthesis Exanmple 1 A sol ution
prepared by di QJV'le&O %e r%t%%%hyuﬁﬁﬁylb% agi{dbq lone . or in

3-(2, 2, 2- trlfluoro acet oxy)-a anantan ester, 1 g of naleic

anhydrld r%ﬁ%hexylfOf af nPéQ% 5 %T% E%gac'dln 8dit10 the

1- |sopropy ester Tn i'oxane an

di met hy! reéﬁl bptyponitol %eﬁﬁ] )or %?a %é ”h% AhA gy eeoafdd(‘?%t%

a j acket and stirred e te ure € feactor ‘was
gradual | y d ncrease settln t ci.r r
659, and]f%epiﬁgreggtor ﬁ%s ‘st rredr%]iqP @ @u gr%ﬁf?) Wélght

e tion was termnate ﬁ% % r ctlo utlon S.RLE |p|tggﬁg
daing 3R it TETEhG £nbPetd B?%a{“l"@ ReFe P chfE e

drled in vacuun1% éﬁialn PoI . rep nted by the folgomnn
formul a. %X pBFyd g BLYVE en?tO]vaqu%h eraye B dcuPhr Wi g‘ﬁ?ld
(Mnv) of Pol ymer was 7, 500 g/ nol Polgner SyntheS|s Exang £
Pol yner IgFWeerr?rt&%rﬁSecgrtﬁﬁ“i 151 ot iR Flot Y & e pr epat e EThE Eheo
sanme manner as in Polymer Synthesis Exanple 1, except that ,
2- et hyl -aadﬁm@%dw 25 Wobk opY = R anRE SRS y 1 %t@“re VRS s eepnd, 1L
i nstead of 2-nethyl - acr¥llc acid 1- isopropyl-cyclohexyl ester in
Pol ymer Syt EeR W ExahplBel acAD st iatetie Byuit9ar et eiwof3 A5 §inerby
1 was 8,000 g/nol.

10 welght, flexibility of a pattern may be deteriorated.

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

15 esters such as ethylene glycol monomethyl ether, ethylene
glycol monoethyil ether, ethylene glycol monopropyl ether,
methylcellosolve acetate, ethylcellosolve acetate, propylilene
glycel monomethyl ether acetate, propylene glycol moncethyl
ether acetate, and propylene glycol monopropyl ether

20 acetate; and ketones such as methyl isopropyl ketone,
cyclohexanone, methyl 2-hydroxypropicnate, ethyl 2=
hydroxypropiocnate, 2-heptanone, ethyl lactate, and  y-

butyrolactone. These solvents may be used alone or in

combination cof at least two thereof.
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10 Pol ynmer Synthesis Exanpl e3 Pol ymer 111 represented by

the followng fornula was prepared in the same manner as in Polyner

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

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

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

Synthesi s Exanphg 4amount PRAt ynefe! Vséf@éﬁ*@en%ng? byt hey f o d M NG 1y
formul a was prepared in the sane manner as in Polyner Synthesis

Exanpl e 146%¢eRt éé@ér@lrﬁc}ft hyl Ms}’ié&l aﬁkgp%rlﬁﬁﬁe@y'o@d@%”tﬁ&r}@

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

cycl ohexyl . est%%152ﬁﬁgkﬁne%l§%%%g%%ho %ﬁaqmle Jpolystyrene

equi val ent "Mv o | V' was val uati on Exanple 1
Eval uation of TMgrOQ%%Q'%'t¥m§Qp051tlon 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 combination of at least
two thereof.

The alkali soluble guencher may be any alkali soluble
quencher commeonly used in resist compositions. Examples of

15 the alkali soluble quencher may include phenol or carboxylic
acid derivatives.

The acid diffusion 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 regsist pattern during a period from

exposure to development may be inhibited.
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Additive 1.0 g of each of the polynmers 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 i n Conpar@hibve Pl erds1d0 quEache0f rlhe s epared ikes Slpound.
protectivefilmconpositions was spin-coated onto a silicon substrate
and bakeg, 3330 JiOr 0 Secondse £ { of Tyl EREALPhAteAHNMEJd T Midd
a thickness of 50 nm 15Sliding angles and receding'contact angles of
Lhe resishchr QLeChiNG, f1) Mol Lahespectivply aaasited. SpRchfioally,
pped to r 8 et

50 Re of pure water was dro ofma dro on the silicon
substr at L OV it.h the resj rotective film whi s kept:
horizontgye&%¥ﬁg%§%§hgggrliconﬁgﬁ%gﬁf%§%ﬁﬁﬁggﬁ?aduaﬁ?ﬁgﬂﬁb f%edﬁﬁﬁqﬁé

anqge (Shﬁﬁé@gylamine, diisopropylamine, diethylenediamine, N, N-

dimethylmethylenediamine, N, N-dimethylethylenediamine,
trimethylamine, triethylamine, N,N,N'" N'"-
tetramethylmethylenediamine, N,N,N' N'-
tetramethylethylenediamine, N,N,N',N'-
10 tetramethyltetraethylenepentamine, dimethylethylamine,
methylethylpropylamine, benzylamine, phenethylamine,

benzyldimethylamine, tetramethyl ammonium hydroxide, aniline,

N, N-dimethyitoluidine, triphenylamine, phenylenediamine,
pyrrole, oxazocle, isooxazole, thiazole, isothiazole,
15 imidazole, pyrazole, pyrroline, pyrrolidine, imidazoline

derivatives, imidazolidine derivatives, pyridine derivatives,
pyridazine derivatives, pyrimidine derivatives, pyrazine
derivatives, pyrazoline derivatives, pyrazolidine
derivatives, pyperidine derivatives, pilperazine derivatives,
20 and morpholine; nitrogen-containing compounds such as
aminobhenzoic acid, indolecarboxylic acid, AMiNO acid
derivatives (e.g., nicotinic acid, alanine, arginine, and
aspartic acid), 3-pyridinesulfonic acid, p-pyridiunium
toluenesulfonate, 2-hydroxypyridine, amino cresol, 2,4-

25 guinolinediol, 2~ (2-hydroxyethyl)pyridine, and 1-(2-
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angle) at which the droplet started sliding down was neasured as wel |
as the receding contact angle. Results are shown in Table 1 bel ow.
Table 1 Polynmer as resist additive ng angle Sliding before

devel opnent (0) Recedi ng contact angle before

190

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 0.01 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 cof the basic compound is less than 0.01 parts by
weight, the pattern may be deformed as a delay time after
exposure increases. On the other hand, if the amount of the
basic compound is greater than 5 parts by weight, resolution
and sensitivity may be deteriorated.

The surfactant 1s used to improve coating properties,

developing properties, and the like. rxamples of the
surfactant may include polyoxyethyienelaurylether,
polyoxyethylenestearylether, polyoxyethylene, and

polyethyleneglycoldilaurate, but are not limited thereto.

A resist pattern that 1is formed using the resist
composition according to the present invention 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 type of the substrate and improved contrast.

Accordingly, the resist composition is useful as a positive
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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 1light such as 1is
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 ultraviclet (EUV).

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

Particularly, the method includes 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 composition is ccated 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 1s partially expcsed to
radiation in order to form a micropattern. In this regard,
examples of the radiation may include ultraviclet light such

ags I-line, far ultraviolet 1light such as is produced by a
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Synt hesi s Exanple 2 Polymer | Polynmer 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,
¥-rays, and charged particle rays such as electron beams,
but are not limited thereto. The radiation may be
appropriately adjusted according to the type of the acid
generator.

Particularly, exposure 1is performed 1in 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 technigues such as dip,
puddle, and spray technigues. As a result, a desired
pattern i1is formed on the substrate. The developer may be an

aqueous sclution including sodium hydroxide, potassium

hydroxide, sodium carbonate, sodium silicate, sodium
methasilicate, ammonia, ethylamine, n-propylamine,
triethylamine, tetramethylammonium hydroxide,
tetraethylammonium hydroxide, or the 1like, preferably

tetramethylammonium hydroxide.
Optionally, the developer may further include
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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79.6 43.6 Synthesis Exanple 3 Polynmer 111 94.6 80.8 77.9 45.5
Synt hesis Exanple 4 Polymer 1V

10

15

20

25

micro resist pattern with excellent sensitivity and high

resolution may be obtained.

Hereinafter, the present invention will be described
more fully with reference to the feollowing examples.
However, the following examples are capable of being
embodied through modifications and alternative forms, and
there 1is no 1intent to limit the embodiments to the
particular forms disclosed herein.

Preparation Example: Synthesis of Polymer

Polymer Synthesis Example 1

B solution prepared by dissolving 10 g of 2-methyl-
acrylic acid 3-(2,2,2-trifluoro-acetoxy)-adamantan-1-yl
ester, 1 g of maleic anhydride 1lg, and 15 g of Z2-methyl-
acrylic acid l-isopropyl-cyclohexyl ester in 255 g of 1,4-
dioxane and 1 g of dimethyl azobis butyronitrile (DMAB), as
an initiator, were added to a jacket reactor and stirred.
The temperature of the reactor was gradually increased by
setting the temperature of a circulator to 650, and the
reactor was stirred at 650 for 8 hours. After reaction was
terminated, the reaction solution was precipitated by adding
3.4 1L of n-hexane thereto. The precipitates were filtered
and dried in wvacuum to obtain Polymer I represented by the
following formula. A polystyrene equivalent weight average

molecular welght (Mw) of Polymer 1 was 7,500 g/mol.
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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 Z-~isopropyl-adamantan-
2-yl ester was used instead of Z-methyl-acrylic acid 1-
isopropyl-cyclohexyl ester in Polymer Synthesis Example 1.

A pelystyrene equivalent Mw of Polymer II was 8,000 g/mol.

10 (i)

Polymer Synthesis Example 3
Polymer III represented by the following formula was
prepared in the same manner as in Polymer Synthesis Example

i5 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 Polymner

Synthesi s, Bxaml£s Jsd@ Mhvwere;not negatiyely-irpfluenced. 1-isopropyl-
15Experi ment al Exanpl e: Formation of Resist Film and Measurenent ¥

Char act eri st f3.,0f1 Resist Fi b Bxanples 1 40114 F gof a jp
resi st p(héaer representea by For q&a 20 bégbmf??hs E3§ﬁ§l g/ nol ,

Ms Wn: 1. 7 gg? t t 1),
1.0 g of ea(,yh éarhémé %/Jnagirésr&pﬁgehb ?Pdlg{?%fynefr S@%t%ezzs g%%%l es
1to5, 0.315g¢g, ' ent ed by Fornula 21
bel ow, and 0.07 g QUencher, wer e added
to 80 g of propyl ene gj#Col nonoet hy-pet De (PGQVEA), and the
solution was filteredyusing a 0.2¢Kin polypropylene filter to form
phot oresi st fil m conposti ioqg. 10For#ul a 25

R

0~ “CF,

(I

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 2-methyl-acrylic acid 2-methyl-adamantan-2-yl
10 ester was used instead of Z-methyl-acrylic acid l-isopropyl-
cyclohexyl ester in Polymer Synthesis Example 1. A

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

e

O~ “CF,
(V)
15 Evaluation Example 1: Evaluation of Hydrophobicity of

Additive
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Formul a 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, exposgdsfi baenwese Elﬁ@sgel%ébsplsry%t%tselrzefdorlé Polymer
m nutes. That is, exposure was perforned using an ArF scanner 306 %

(N kon COJ}Hmhé\éﬁsO H8im n;?f/éé‘aif%é)”@ paskliand 1the SilﬁbS}ETaé eofva§ ﬂﬁéf‘ﬁﬁg

with pure vvater for 5 mnutes. The exposure was performed at

f 60 0 f d
or 60 Sesanda. 2 PERNAE,IORETT AN, A1 219eXELOPTERLYRS, 0.2 pn

per f orme
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 021
) O~
y v

Fach 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 P of pure water was dropped to form a
droplet on the gilicon 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 forned in the same manner as in 15Exanple 1,
that the resist additive was not used.

Conparative Exanple 2 were cut to evaluate sensitivity. The

Conpar ative Exanple 2 A

except

The silicon substrates
provided with the resist filnms parepared in Exanples 1 to 4 and

sensitivity corresponded to an exposure dose used to forma 65 nm

| i ne-and- e 2

Sensi ti Vigty, (UML) RXEMPLE 1 FoLYPBE by contact angle.

10

15

shown in Table 1 below.

! L/ SnPat t erge atg@pesol uli oncof 151 gResul §SwAT eyas
shown in Table 2 below. Table 2 Polymer as resist additive

Results are

Table 1
- Receding - Receding
Sliding angle contact angle Sliding angle contact angle
Polymer as before after
X o before after
resist additive | development devefopment
o development o development
( ) (0) ( ) (0)
Synthesis | po1mer 92.4 69.5 78.9 28.8
Example 1 B
Synthesis
Example 2 Polymer 1l 94.2 80.1 79.6 43.6
Synthesis | by er i 94.6 80.8 77.9 45.5
Example 3
Synthesis | po1vmer 1v 95.6 81.3 75 436
~ Example 4
Comparative
Example 1 Polymer V 89.7 69.1 849 66

Referring to Table 1, resist protective films

including the polymers prepared 1in 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 Polynmer 11 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 formed 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 ratic 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 dguencher, were
added to 80 g of propylene glycol monoethyl ether acetate
{PGMEA}, and the solution was filtered wusing a 0.2 um
polypropylene filter to form photoresist film compositions.

10 Formula 25

R it 3
D5

Formula 26

0

I
Qs+ . -05-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 polyners 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 ophobi city of the surface of a resist filmwhen added to a resist

conposi ti Qi prgyventnd eagiiNg di: Walelv i d NG i@XPosWL farN  The
i mrersion |ithography process and capable of formng a mcro resist

pattern witsdoaxceklent hsepshtiyi tyiand high g@solitbffs to form a
Al t hough the preferred enbodi nents of the present invention have been

di scl oseq, far, iddust ratiye, pyr poses; ckhose skilbed,hn the art wll

appreci ate that various nodifications, additions and substitutions

Mvention as dieTdoed I {he SCeonpamyi < arws. WAL s SAPRED
ISigl A resi s Ad) L1V, Se05 esenh &4, 0% FOrma i PEI Qe Syater for s
minutes. That 1is, exposure was performed using an ArF
scanner 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 11000 for 60 seconds, a PEB was

19 performed, and a develcopment was performed using 2.38% by

welght of TMAH developer for 60 seconds.

Comparative Example 2
A resist film was formed in the same manner as in
15 Example 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/S} pattern at a resolution of 1:1. Results are shown in

Table 2 below.

Table 2
Polymer as resist additive Sensitivity (mJfem?)
Example 1 Polymer | 48
Example 2 Polymer H 50.1
Example 3 Polymer HI 499
Example 4 Polymer IV 1 54.3
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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 kanediyl 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

cycloalkanedlyl group, a C3-C30 cycloalkenediyl group, a C2-C30

net e 00y Gl oK RUE Bt U and gy fedy 30 et et ey ol PR AR o OO 1P
..,(J.JL UTITC I_y yCII AL UIITr 1o SUMDOSUT T UL CTU \'J

selected fromthe group 15 consisting of a d-Cl10 al kyl group, a

Cl - C20 hal oal kyl group, and a C3-C30 cycl oal kyl group or

unsubsti t ut ed, efmné RY, ixsd valr opfiobi e aroup sel eeted. 110m then

m

group conS|st|ng 0 oal’ky group an organi c Si
group, o 3 CELR0 IV OGR hO SHOE (5, an pely Lo0TL e
e B S s S gy g 558 L B
5 shape resist pattern was formed since generated acid was
dissolved in walter. 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 1is 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 te prevent leaching in
water during exposure of an immersion lithegraphy process
and capable of forming a microc resist pattern with
15 excellent sensitivity and high resolution.

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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5 cycl oal kyl group, a (01-010 al kyl)cycl oal kyl group, a hydroxyal kyl
group, a Cl1-C20 al koxy group, a (Cl-Cl10 al koxy)al kyl group, an acetyl
group, an acetylal kyl group, a carboxyl group, a (01-010

al kyl ) carboxyl group, a (03018 cycl oal kyl ) carboxyl group, and a
C3-C30 10 heterocycl oal kyl group, or fused together between adjacent
groups to forma C3-C30 saturated or unsaturated hydrocarbon ring or
a 02-030 heterggwel te grauPeEpP ks an integer of 0 to 3, and q is an
integer of 0 to 10, 1, m and n are respectively nunbers of the
repeat 15units in a backbone, wherein | +mn=1, 0<1/(1+mtn)<0. 99,

Onf ( 1+m#n) <0. 99, and 0<n/(1+nwn)0 20, and ois an integer of O
or 1, wherein 4 r c d i IS
1, R4 is a 01- 820 %af B ag?&ﬁg“%rQ%%§§§%§f éﬁh() o%f%r%uéégag'
2. The resist addi %%'8‘ clain11 wherein R3 is selected fromthe
group consisting o 1- 010 alkanedlyl

gr oup, a02- Cl0al k
C2- C10 het er oalke

group, a
A~ group, a
anedi yl group,

and a C3-C18 het-ro'yéPo.|kaneo| olp | @7Whigh "89] Ireast one
hydr ogen S5atomi s §bbst|tuted mnﬁh a d -C10 aIkyI group or a d-C10
R3 Rs
Q
=9
5 Ry

wherein R; and R; are each independently a hydrogen
atom or a Cl1-C8 alkyl group,
R; 1s selected from the group consisting of a C1l-C20
alkanediyl group, a C2-C20 alkenediyl group, a Cl1-C20
10 hetercalkanediyl group, a C2-C20 heteroalkenediyl group, a
C3-C30 cycloalkanediyl group, a C3-C30 cycloalkenediyl
group, a 2-C30 heterocycloalkanediyl group, and a C3-C30
heterocycloalkanediyl group in which at least one hydrogen
atom 1s substituted with one group selected from the group
15 consisting of a ¢C1-C1l0 alkyl group, a Cl-C20 haloalkyl
group, and a C3-C30 cycloalkyl group or unsubstituted,
Ry 1s a hydrophobic group selected from the group
consisting of a Cl-~C20 haloalkyl group, an organic silicon

group, and a C3-C20 hydrocarbon group,
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hal oal kyl group or unsubstitut ed. 3. The resist additive of
claiml1, wherein R4 is selected fromthe group consisting of a d-C10
fluoroal kyl 10 group, a silyl group, a d-Cl10 al kylsilyl group, a
C3-Cl10 linear O branched al kyl group, a C3-Cl4 nonocyclic cycl oal kyl
group, a C8-C18 dicyclic cycloal kyl group, a Cl10-C30 tricyclic

cycl oal kyl group, and a Cl10-030 tetracyclic cycloal kyl group. 15

& ohe resist addit] ve ol ol Al b 1WheT L, Rech 8 RELPCHPEN T thfoup

group consistin roup
trlfluoronethylgroup,atrlﬁmﬁhylS|Iy grqqt 0O
di (trifluoronethyl)isoprop gigup entaf | uoroet hyl 720gxoup, and a

hept af | uor opr opyl group, i st additi fi,/claiml,
wherein R5 is rfss(SSRcR Rllj'ic caS| Rgtg&;a Ra @it of rom the
group corsiEtiHging of ' and wherein

Ra; By, Re and Ry are each independently selected from the
group consisting of a C1-C20 alkyl group, a C3-C30
5 cycloalkyl group, a (Cl-C1l0 alkyl)cyclecalkyl group, a
hydroxvyalkyl group, a Cl-C20 alkoxy group, a (C1-C1l0
alkoxy)alkyl greoup, an acetyl group, an acetylalkyl group,
a carboxyl group, a (Cl-Cl0 alkyl)carboxyl group, a (C3-
Cc18 cycloalkyl)carboxyl group, and a C3-C30
10 heterocycloalkyl group, or fused together between adjacent
groups to form a C3-C30 saturated oxr unsaturated
hydreccarbeon ring or a C2-C30 heterccyclic group, p 1s an

integer of 0 to 3, and g is an integer of 0 to 10,

1, m, and n are respectively numbers of the repeat
15 units in a backbone, wherein l+m+n=1, 0<1l/(1l+m+n)<0.99,
0<m/ (14m+n)<0.9¢, and 0<n/(l+m+n}<0.20, and
o is an integer of 0 or 1, wherein if o is 0, R4 1is
an organic silicon group, and if o is 1, Ry is a Cl1l-C20
haloalkyl group or a C3-C20 hydrocarbon group.
20
2. The resist additive of claim 1, wherein Rz is
selected from the group consisting of a Cl-Cl0 alkanediyl

group, a C2-C10 alkenediyl group, a Cl1-C10
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i ndependently selected fromthe group consisting of a d- C10 al kyl
group, a C3-Cl14 nonocyclic cycloal kyl group, a C8-C20 dicyclic
cycl oal kyl group, a Cl10-C30 tricyclic 5 cycloal kyl group, a Cl10-C30
tetracyclic cycl oal kyl group, a (Cl-05 al kyl)cycl oal kyl group, a
hydr oxyal kyl group, a O -Cl0 al koxy group, a (Cl-05 al koxy) al kyl
group, an acetyl group, an acetyl al kyl group, a carboxyl group, a

(C1- 05 aldei 9. bexyba 9y PUBroaRd & (BB-ElO ABtee¥ah@ahkyi:koarbaxyh, a

group or fused together between adjacent groups to forma 06-018
sat urat ectﬁrcmsaéw%gﬁkc@xgagg;@r b%@oh‘png Qr &3C@ls é}?éfé&fl)l&ﬂléélyl

group, p is an integer of t , d gis an integer of 0 to
156. The :ge:%éﬁ a d'dz' Yﬁathé’ éfgb}e:l}é@%%h@dR 1 Sgﬁ%—l};‘?ﬁ gflaf raonﬁc’éh@w
group consi sting of -butyl group, a trinethylsilyl group, a

hydr oxy- %é¥49g$§§f¢%F¥§nédlg? 2??% lwﬁﬁ@Hp?t least one hydrogen

1- et hoxy-1 grou oxypropy group

1-eth 0 ¢
L et noy edffy Yt el 9 %giutvglxéhzge%ryrgﬂ@oxavlgyf Qa\fl;ugr%l}fp &1-c10

1-i sobut gx roup and re resented by Formulae 2a to
2k bel o (%Qﬁoafkyf IREF ef h QES%Q% %' are each independently a

hydrogen atomor a O ClO aIkyI group, a and e are each independently
an integer of 0 to 15 b is an integer of 05 to 11, ¢ and d are

each independently an_integer of O t S an |nt ger.of Q to V,
and i are each% ndep&ﬁﬁéh? 3h @ﬁ?@’éﬁ“%fog g’ f s "B TEitegdt bg

O0to 4, 0.-c+d17, and (1%c+f15 107. The resi st addltlve of claln1%
wher ei n ée lected from the group consisting of a C1-C10 fluoroalkyl

10 group, a silyl group, a Cl-Ci0 alkylsilyl group, a C3-Cl10
linear or branched alkyl group, a C3-Cl4 monocyclic
cycloalkyl group, a C8-Ci8 dicyclic cycloalkyl group, a
ClLG-C30 tricyclic cycloalkyl group, and a Cl0-C30

tetracyclic cycleoalkyl group.

15
4. The resgist additive of claim 1, wherein Ry is
selected from the group consisting of a t-butyl group, a
trifluoromethyl group, a trimethylsilyl group, a
di(triflucromethyl}isopropyl group, a pentaflucroethyl
20 group, and a heptafluoropropyl group.

5. The resist additive of claim 1, wherein Rs is
Ny Rc
><RC féj\S!'
Re" Ry Ra
selected from the group consisting of , ,
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repeat unit 1 is selected fromthe group consisting of repeat units
O O F3 represented by Fornulae 3a to 3i bel ow F3C (3b) (3c)

10

15

20

égYO

—
and (Rdhl P , wherein Ri, Rg, Re and Ry are each
independently selected from the group consisting of a CIl-
C10 alkyl group, a C3-Cl4 monocyclic cycloalkyl group, a
C8-C20 dicyclic cycloalkyl group, a Cl0-C30 tricyclic
cycloalkyl group, a C1l0~-C30 tetracyclic cycloalkyl group,
a (Cl-C5 alkvyl)cycloalkyl group, a hydroxyalkyl group, a
C1-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 Rs; is
selected from the group consisting of a t-butyl group, a
trimethylsilyl group, a hydroxy~Z2-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-isobutoxy-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 claim1, 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 claiml, V\/nereigt e
resi st addi t| \Re eI ected fromthe gr gup consi sting of ¢
represente h;{” ?ae 5 to 16 bel owf‘*@(gu)b 2y
(2a) (2h)
(R“)E -, Rl R"
(21) (26) @0
VAT
i ! ) "
RE {f }E - /(Rm}f / 110
: B (R™)f
L
\V,J
(24). (2h) {2i}

;. Xf“ H{Q.t}e 3 \[?f?

(2)) k)

wherein R', R" and R"' are each independently a
hydrcgen atom or a C1-C1l0 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, £ is an integer of ¢ to 7, g and 1 are each
independently an integer of 0 to 6, h is an integer of 0

to 4, 0<c+d=17, and 0<c+f=15.

10 7. The resist additive of claim 1, wherein a

repeat unit 1 1s selected from the group consisting of
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10Formula 5 Fornmula 6

Formul a 7

Formul a 8

5Fornmul a 9

repeat units represented by Formulae 3a to 31 below:

I,

8. The

5 repeat unit m

resist

additive

4

=0
Q.
;’ - o)
.-';' a4 OIF_IJ\CFE

of c¢laim 1, wherein

a

is selected from the group consisting of

repeat units represented by Formulae 4a to 4d below:
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Formul a 10 Formula 11 Fornula 12 Fornmula 13 Formula 14 Fornul a
15

hﬂ ﬂkﬂ hn

O O =
5 O
{
(4d)
4a) (4b) a0
[dc
9. The resist additive of c¢laim 1, wherein a

repeat unit n of Formula 1 1is 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 5 to 16 below:

10 Formula b5

O O 9) 0 O
0]
0

a1

0~ —CF,

Formula &

0 O 0 9) 0]
0

0
2 0
OJ\CFg
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Formul a 16 wherein 1, m and n are respectively nunbers of the
repeat uni t si nabackbone, wher ei n1+m+tn=1, 0<1/(1+m+n) <0. 99,

(1) M (1+mtn) <0. 99, and 0O<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 mdditiye;of claim1l, wherein a weight average

nol ecul ar wei ght/ nunber, average nol egcul ar 10wei ght rati o of the
resist additive is|in e rangefof

0

Formula 8

. s W@j
a

O~ ~CF,

5 Formula 9

0] O o070 @)
O @)

% CF,4 _
O CF3

=0

C

Formula 10

Fs
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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 yner, an acid generator, and a solvent. 14. The resi st
conposition of claim 13, wherein the anbunt of the resist additive is
in the range of 0.05 to 5% by wei ght based on the total weight of the
resi st 20conposition. 15. The,resist conposition of claim 13,
wherein the acig.genera i.sed. s

fromthe group consi st ' _
and 21 below.  Fornul a 280X O

FiC

Formula 12

CF,
O>:%F3

FiC

Formula 13

11




I X5 x4 X3 Formula 21 ii y2-s -z Y5 Swherein 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 perfluoroal kyl
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 hydrocaybon ring, and Yl and Y2 are fused to forma

C3- C30 sat ur at eda.
O O 0
O O
O
O/H\CFg

Formula 14

WS

n
O (@)

Formula 15
0] 0 070 O
O 0
O

N

0" CF,

Formula 16

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

repeat units in a backbone, wherein 1l+m+n=1,
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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 C-C30 thioal koxy group, a d-C20

al koxycar bonyl net hoxy group, and any conbi nati on thereof, Z,
whi ch denotes an anion, is OSQ2CF3, 0S02C4F9, 0S02C8F17, N (CF3)2, N
(C2F5) 2, N CAF2a) @(@53)0%/@1@%5)@3990 (EAF Y (i ly) <0, 20.

functional group represent ed by Formula 22 bel ow. Forrml a 22 0 Vi

[1TH2 - OS-CGC -0-W-(WB)P-W |1l Ov2 wherein V1 and V2 are each
i ndependently a halogen atom W is -(C=0)- or -(SX)-
11. The resist additive of c¢laim 1, wherein a

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

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

1z. 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 comprising a @ resist
additive according to any one 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 composition,

15. The resist composition of claim 13, wherein the
acid generator conprises 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
consisting 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 d-C10

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

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

cycl oal kyl groumrma1X36-030 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 generatigor is in the range of 0.3 to 10 parts by wei ght
based on 100 parts wei_ght of solids of the resist conposition.
517. The resist c 03 T of claim 13, further conprising an
additive sel ected omthe group consisting of an alkali soluble
quencher, an acbé?p'ffusion quencher, a surfactant, and any m xture
thereof. 1018. A mettod of formng a resist pattern, the

Formula 21

Y

Y,~S+-7
Sy NS

l —— Vs
//O/ ==
Y
5 Y4
5 wherein X, X;, Y3, and Y, are each independently

selected from the grcup consisting of a hydrogen atom, a

Cl-C10 alkyl greocup, an allyl group, a perfluorcalkyl

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 Yy

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

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

selected from the group consisting of a hydrogen atom, a

15 Cl1-C30 atkyl group, a halogen group, a Cl-C30 alkoxy

group, a Cb6-C30 aryl group, a thiophenoxy group, a C1-C30

thicalkoxy group, a Cl-C20 alkoxycarbonylmethoxy group,

and any combination thereof,
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met hod conpri sing: formng a resist filmby coating the resi st
conposition according to claim13 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 nethod of claim 18, wherein the exposing is perfornmed using a
| i ght source selected fromthe group 20 consisting of a KrF exciner
| aser, an ArF exci meridaselsnateextaenmeatfibhavi aket olsaser;, anoes@F,,
and an el ectron beam

0502CeF17, N(CEF3) 2, N(CpFs)z, N(ChFg)2, C(CF3)3, C(CFs)3, C{C4Fg)}3,

or a functional group represented by Formula 22 below:

Formula 22

(l)i \I/1 Hy
- O“‘"ﬁ_?_c ~O—Wy=(Woo—(W3)p-\W,
; 0 V,
wherein V; and V; are each independently a halogen
atom,
W, is —{(C=0)- or —-(803) -,
Wy 1s a Cl-Cl0 alkanediyl group,
10 W3 is selected from the group consisting of a C3-C30
cycleoalkanediyl group, a C6-C30 arylene group, and a Cb-
C30 heterocycloalkylene group,
Wy 1s selected from the group consisting of a
hydrogen atom, a halogen group, a Cl1-Cl0 alkyl group, a
15 C2~-C20 alkenyl group, a C€1-Cl0 alkoxy group, a C1-Cl0
haloalkyl group, a (Cl1-C1l0 alkyl)thio group, a C3-C30
cycloalkyl group, a C6-C30 aryl group, a (Ce~-C30 arvl)oxy
group, a (C6-C30 aryl)thio group, a C5-C30 heterocyclic
group, and any combination 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

75




10

15

20

amount of the acid generator is in the range of 0.3 to 10
parts by weight based on 100 parts by welight of solids of

the resist composition.

17. The resist compoesition 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 c¢laim 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 light source selected from the group
consisting of a KrF excimer laser, an ArF excimer laser,
an extreme ultravicolet laser, an X-ray, and an electron

beam.
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