ADDI TI VE FOR RESI ST AND RESI ST COVPOSI TI ON COMPRI SI NG SAME BACKGROUND OF
THE I NVENTION Field of the Invention 5The present invention relates to a
resi st additive which inproves hydrophobicity of the surface of a resist
filmto prevent materials frombeing | eached fromthe resist filmin water
during an i mersion |ithography process and is stripped off by a devel oper
during a 10 devel opnent process to i nprove hydrophilicity of the surface
of the resj filmand allow the surface of the resist filmto have a | ow

static corftAetTEAY TORSBEFRAT AR RESHET 1 ePHEGPITREN COMBRIBING, GAMA

excel lent sensitivity and high resolution can be forned, and a resist
15conposition including the additive. Description of the Related Art
Wth higher integration and higher speed of large scale integrated circuits

(LSI) in recenttHddtROUNEdir at'e POty Opat t erni ng of photoresist is

requi red. As exposure |ight sources used in the formati on of resist

patterns, a g-m%ﬁiﬁzﬂﬁiéhﬁ BrVe§ntidie (365 nm froma mercury | anp has been

wi dely used. However, as resolution inprovement obtained by 25adjusting

exposure wavel et hPagpedachesvpnysrealrdiaies, t@ aetleod séf adingishorter

wavel ength was introduced as a finer patterning technology of a

phot or esivgti CiFof mgxampsise, hed keFhekéi by |sethe2481mfmge anf Ak exel ser

| aser, or the |like having a shorter wavelength than i-line (365 nm is

bei ng film to prevent materials from being leached from the
resist film in water during an immersion lithography
process and is stripped off by a developer during a

10 development process to improve hydrophilicity of the

surface of the resist film and allew the surface of the
resist film to have a low static contact angle, so that a
micropattern of the resist film with excellent sensitivity

and high resolution <can be Lormed, and a resist

15 composition including the additive.

Description of the Relalted Art
With higher integration and higher speed of large
scale integrated circuits (LSI) in recent years, accurate
20 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.
However, as resclution inprovement cbtained by

25 adjusting exposure wavelength approaches physical limits, a



5used. In ArF imersion |ithography using an ArF exciner |aser as a
| i ght source, the space between a projection |ens and a wafer substrate is
filled with water. According to this nethod, a pattern may be forned using
a refractive 10 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 to as

i mrersion |ithography. However, since a resist filmdirectly contacts

wat er, acidshgenerated by a photoaci d generator or am ne conmpounds

cont ai ned"i"Phe st % PNMTAS I8 g rerice Maray Iie cshigd) adi ssol et i n
water. Thus, the resist pattern may be defornmed or may collapse due to
svel | i ng, PBFEGaPT00s 'GeFreeBU a3 BUBBPESSARE - wat e nerRIPAGY Ilse KrF
generated. Accordingly, a nmethod of formng a protective
filmor 263 UEPer 99m bet el t hé't eBF 5t ekClifeand agitlor ©b pheveritke he
resist filmfromconmng in contact with a medium such as water has been
i ntroduce@?BiBH rresFis’ pebt geriventithnst ineeditoibe fGGbedion asrésiisty film
whi | e having sufficient light transmttance at the exposure
wavel engt H588-as not to 25i nterrupt exposure without being interm xed with
the resist film need to have and maintain stability w thout being |eached
by a medi um suchlas®Wat errrfurdingn | ilguibe cirmpgrysi onihigt hagr aphy, candmmeed to
be easily dissolved in an alkali solution that is a devel oper during
devel opnehéses5PpioR AithPatentDecurkrt bpKoeearPatent ApplriocaidtdmrPullniscat i on
No. 2006- 0029280 (published on April 5, 2006)
and a wafer substrate is filled with water. According to
this method, a pattern may be formed using a refractive
10 index of water at 193 nm even when a lens having an NA of
1.0 or greater is used, and this method is commonly referred
to as immersion lithography. However, since a resist film
directly contacts water, acids generated by a photoacid
generator or amine compounds contained in the resist film as
15 a quencher may be easily dissoclved in water. Thus, the
resist pattern may be deformed or may collapse due to
swelling, or various defects such as bubbles and watermarks
may be generated.
Accordingly, a method of forming a protective film or
20 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 fiilm while having sufficient

light transmittance at the exposure wavelength so as not to

25 interrupt exposure without being intermixed with the resist



Pat ent Docunent 2: Kor eanPat ent Appl i cation Publication No. 2009-0108935
(publ i shed on Cctober 19, 2009) 10Pat ent Docunent 3: Kor eanPat ent Appl i cati on
Publ i cati on No. 2011-0084848 (published on July 26, 2011) SUWARY OF THE

| NVENTI ON Therefore, the present invention has been nmade in 15 view 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 frombeing | eached fromthe resist filmin water
during an®tHer SISG5 | FPhORR BPhy st oBlad8tang i stakdl sty ppddicofs byiag

devel oper_ during a devel opnent process to inprove hydrophilicity of the
surface of°3HeeFebiVsta fEHT &Rd SACNOW T heasarf st igfg t hedwesi stnBikarto have
a low static contact angle, so that a mcropattern of the resist filmwth
excel | ent: SENTEIRAYy aRd HIg reQolat iors Pocafipectvpfedn an alkajf js
anot her object of the present invention to provide a resist conposition

i ncl udi ng®¢-Het =i tive ahd? adwee helde bf dgbi i ngeacteBirgftpat tern using t he
conposi tion. . , I n accordance with the present invention, the above
5and ot her obj €t ®cdi¥be acconplished by the provision of a resist

additive represented by Fornula 1 below. Formula 1
Patent Document 1: Korean Patent Application

Publication No. 2006-0029280 (published on April 5, 2006)
Patent Document 2 Korean Patent Application
Publication No. 2009-0108935 (published on October 19, 2009
10 Patent Document 3: Korean Patent Application

Publication No. 2011-0084848 (published on July 26, 2011)

SUMMARY QF THE INVENTION
Therefore, the present invention has been made in
15 view of the above problems, and it is an obiject of the
present dinvention to provide & resist additive which
improves hydrophobicity of the surface of a resist film to
prevent materials from being leached from the resist film
in water during an immersicn lithography process and is
20 stripped off by a developer during a development process
te improve hydrophilicity of the surface of the resist
film and allow the surface of the resist film to have a
low static contact angle, so that a micropattern of the
resist film with excellent sensitivity and high resolution

25 can be formed.



In Fornulal, R ,R'and R'' may be each 10 independently selected fromthe
group consisting of a hydrogen atom a Cl-C4 al kyl group, a hal ogen group,
and a O -C4 hal oal kyl group in which one hydrogen atomis substituted with
a hal ogen group. R may be a hydrophobic group selected fromthe group 15
consi sting of a Cl1-C20 hal oal kyl group, an organic silicon group, and a
C3- C20 hydrocarbon group. If R is an organic silicon group, ois O, and if
R is a 01-020 hal oal kyl group or 03-020 hydrocarbon group, o is 1.
R2 may be sel ectied ¥% oﬁ\‘”tog%‘@g? o@picssi 6fi ngnof R 20020 ralekdriadi yitogr oup,
a 02-020 al kenediyl group, a Cl-C20 heteroal kanediyi group, a 02-020
het er oal KRheHi§F gr ol 1 at 030080 séyiéloral kamedi iy gkbap,a & ig3-080and a
cycl oal kenedj yl group, a 02-030 heterocycl oal kanedi yl group, and a 03-030
het er ocycl®alnkRénedi y2rafisgpa SRS ldrd R4 ey bes eag ht independentlynan aci d
| abi | e

In accordance with the present invention, the above

5 and other objects can be accomplished by the provision of

a resist additive represented by Formula 1 below.

Formula 1
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In Formula i, R, R" and R™! may be each
10 independently selected from the group consisting of a

hydrogen atom, a C1-C4 alkyl group, a halogen group, and a
Cl~-C4 haloalkyl group in which one hydrogen atom is
substituted with a halogen group.
Ry may be a hydrophobic group selected from the group
15 consisting of a C1-C20 haloalkyl group, an organic silicon
group, and a C3-C20 hydrocarbon group. If R, is an organic
silicon group, o is 0, and if Ry is a C1-C20 haloalkyl
group or C3-C20 hydrocarbon group, o is 1.
R; may be selected from the group consisting of a Ci-

20 C20 alkanediyl group, a C2-C20 alkenediyl group, a C1-C20



pi ss Rc group selected fromthe group consisting of Ra Rb i ndependent |y
sel ected fromthe group consisting of a C- 020 al kyl group, a 03-030

cycl oal kyl group, a (01-010 10 al kyl)cycl oal kyl group, a hydroxyal kyl
group, a O -C20 al koxy group, a (01-010 al koxy)al kyl group, an acetyl

group, an acetylal kyl group, a carboxyl group, a (01-010 al kyl ) carboxyl
group, a (03-018 cycl oal kyl ) carboxyl group, and a 03-030 heterocycl oal kyl
group or may be fused 15 together between adjacent groups to forma C3-C30
saturatedh%geﬁﬁ§éFéP§9édih- Bar bdnCerRg Vo et 003k d et bcyePie, geoup, p
may be an_integer of 0 to 3, and q nmay be an integer of 0 to 10. R5 may be
a hydr ogen’atom of Y102l o8 ngidkiyl gragupiP 20Her 531630 andl paakenediyl
respectively nunbers of the repeatunitsinabackbone, wherei nl +m+tn=1,

0<i / (1+m) BP9 2 0<mt ¢ A4 nPAY6.r20 Y Cavd L0<iiqdism - 8y <0r99 anghd® oCAmy3Be an

integer of 0 or 1. _ .
heterocycloalkenediyl group.

5 Ry and Ry may be each independently an acid labile

o

>< Rc
Ra

Rb

group selected from the group consisting of ,

V;‘\ Rc fs 0

Si. m
| "Rb —C
Ra (Rd)q p

and wherein R,;, Ry, R. and Ry are each
independently selected from the group consisting of a Cl-
C20 alkyl group, a C3-C30 cycloalkyl group, a {(Cl-C10
10 alkyl)cyclealkyl group, a hydroxyalkyl group, a C1-C20
alkoxy group, a (Cl-Cl0 alkoxy)alkyl group, an acetyl
greup, an acetylalkyl group, a carboxyl group, a {(Cl-C10
alkyl)carboxyl group, a (C3-Cl8 cycloalkyl)carboxyl group,
and a C3-C30 heterocycloalkyl group or may be fused
15 together between adjacent groups to form a C3-C30
saturated or unsaturated hydrocarbon ring or a C2-C30

heterocyclic group, p may be an integer of 0 to 3, and g
may be an integer of 0 to 10.
Ry may be a hydrogen atom or a Cl-C8 alkyl group.

20 Here, 1, m, and n are respectively numbers of the

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



In Formula 1, RI may be selected fromthe group consisting of a d-Cl10
fluoroal kyl group, a silyl group, a 5 d-C10 al kyisilyi group, a C3-Cl10

| i near or branched al kyl group, a C3-Cl4 nonocyclic cycl oal kyl group, a
C8-C18 dicyclic cycloal kyl group, a Cl10-C30 tricyclic cycloal kyl group, and
a Cl0-C30 tetracyclic cycloal kyl group. In Formula 1, RI may be sel ected
fromthe group 10consisting of a t-butyl group, a trifluoronethyl group, a
trimethylsilyl group, a di(trifluoronmethyl)isopropyl grouF, a
pentaflud?%b%h%?mépgﬁﬁ;93md %<%ébiémﬁﬂé§épﬁ&pyla@ﬂou%ﬁnfh ForAure- 22, R3 and
R4 may be each independently 15sel ectedfromthe group consisting of Ra,
12)" Re & R Ray be eachnting@eperddéntd’y sel ected from the group

consisting of a C- 010 al kyl group, a 03-014 nonocyclic cycl oal kyl group,
a In Formula 1, Ry may be selected from the group

consisting of a C1-Cl0 fluorcalkyl group, a silyl group, a

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

(3]

group, a C3-Cl4 monocyclic cycloalkyl group, a C8-Cl18

dicyclic cycloalkyl group, a Cl0-C30 tricyclic cycloalkyl
group, and a Cl0-C30 tetracyclic cycloalkyl group.

In Formula 1, R; may be selected from the group

10 consisting of a t-butyl group, a triflucromethyl group, a

trimethylsilyl group, a di(trifluoromethyl)isopropyl

group, a pentafluoroethyl group, and a heptafluoropropyl

group.,

In Formula 1, Rz and Ry may be each independently

:><,RC
A Ra Rb
15 selected from the group consisting of ,
. Rc éS‘YO
Si.
I "Rb RdT -
Ra (Rd)q p
and Ra, Ry, Re and Ry may be each

independently selected from the group consisting of a Cl-
ClC alkyl group, a C3~Cl4 monocyclic cycloalkyl group, a
C8-C20 dicyclic cycloalkyl group, a Cl0-C30 tricyclic
20 cycloalkyl group, a Cl0-C30 tetracyclic cycloalkyl group,

a (CL-C5 alkyl)cycloalkyl group, a hydroxyalkyl group, a



08-020 dicyclic cycloal kyl group, a 010-030 tricyclic 20cycl oal kyl group, a
010-030 tetracyclic cycloal kyl group, a (Cl1-05 al kyl)cycl oal kyl group, a
hydr oxyal kyl group, a C-Cl0 al koxy group, a (Cl-CS al koxy)al kyl group, an
acetyl group, an acetylal kyl group, a carboxyl group, a (Cl-05

al kyl ) car boxyl group, and a (C3-Cl0 cycl oal kyl ) carboxyl group or may be
fused together between 5 adjacent groups to forma C6-Cl8 saturated or
unsat ur at ge_ rocarbaon, ri a C5- _hete i up y an

i nt eger o?gob¥g 3%§§%%yq é@%“ﬁ% aﬁainﬁ%gé?§0f£8£¥%§gglgpg grBM%?e Q%

ferably, F b ' ' | { 4
oref o bl 9,y Ry becachadependenLly s ssLeg (rontig argue

consisting o group, a group; -‘a

group, a l1~,nethoxypr d u 1-met hoxy- | -met hyl et hyl groyp,, a_.1-
ethoxyproég}nggoup,E%qggé% %§§8¥Y§ethyf%ﬁﬂP ’grouﬁ?&a 1-‘%ethog§§lgé#hyl

group, a l-eth -l -ethyl grou a tbutoxy-2-ethyl group, a e
1-isobuto&¥$ﬁ9§?%yﬁ)895é x &n&ﬁT§§?oﬂﬁsmﬁépigééﬂ%gégbboé%YﬂﬁFaBLEHQPS 2k
bel ow. e In Formul ae 2a to 2k 4 oK. and R'' may be each
i ndapendeRt? § 5" hy drSgET ard 8F“beb1g%£%lglﬁﬁﬁuéﬁéﬁf%‘%yaHabétﬁﬁﬁtﬁg each
independentl¥ an Lnteggr of 0 to 15, % 5 qg¥ be an integer of 0 to 11, c
and d may b8 8EERCPRIETEWdeNt | § & THttedettafOBYE0 6, IFOREY Be BAYi Afeger
of 0 toV, g.and i na¥ Be ea%g i ndependently an integer of 0 to 6, h nay be
an i nt eget” of "BSPE 40 0Y<¢RdF7, At oy 5. an ot EdrruPh 2, tR3%and R4 may
be each independently selected fromthe group consisting of Fornmulae 3a to
3h More preferably, Rz and R4y may be each independently
selected from the group consisting of a t-butyl group, a
10 trimethylsilyl group, a hydroxy-Z-ethyl group, a 1-
methoxyprepyl group, a l1-methoxy-l-methylethyl group, a 1-
ethoxypropyl group, &a l-ethoxy~l-methylethyl group, a 1-
methoxy-l-ethyl group, a 1l-ethoxy-l-ethyl group, a t-
butoxy-2-ethyl group, a l-iscbutoxy-l-ethyl group, and

15 groups represented by Formulae Za toe 2k below.



bel ow. (3e) (3f)(3g)(3h) The resist additive may be
sel ected fromthe group 5consisting of conpounds represented by Fornul ae 4
to 11 below. Formula 4 Fornula 5

SR
R, s R N R
WJ\_TM‘X/?(R Ja ﬁ“"b/(lq")b %L(R"-}d
{ 7 e e
Tl N N/
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In Fermulae Z2a to 2k, R', R" and R"' may be each

independently a hydrogen atom or a C1-Cl0 alkyl group, a
and e may be each independently an integer of 0 to 15, b

5 may be an integer of 0 to 11, ¢ and d may be each
independently an integer of 0 to 9, f may be an integer of
O to 7, g and i may be each independently an integer of 0
to 6, h may be an integer of 0 to 4, 0<£c¢c+d<1l7, and
O0Sc+fL15,

10 In Formula 1, Rz and Ry may be each independently

selected from the group consisting of Formulae 3a toc 3h



Formula 6 Fornula 7 Formul a 8 Formula 9 Formula 10 5

below.
9@? NJJ \ﬁ\ﬂ JJ%/\\
= T D U
(3a) (3b) (3c) (3d)

e (30 (3g) (3h)

The resist additive may ke selected from the group
5 consisting of compcunds represented by Formulae 4 to 11

below.

Formula 4

U
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Formula 5
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Formula 11 In Formulae 4 to 11, 1, m and n are respectively
nunbers of the repeat units in a backbone. Here, 1+mtn=1, 0<1/(1+mtn)<0.99,
O<m (1+m+n)-00. 2, and 0<n/(1+m:n)<0.99. 5 The repeat unit mof Fornula 1
may be contained in a copolymer of the resist additive in an anount of 5 to

15 ol % A pol ystyrene equi val ent wei ght average nol ecul ar wei ght of
the resist additive neasured using gel 10 perneation chromatography may be
in the range of 1,000 to 20,000 g/ nol. A ratio of weight average

: FX i of the resist additive nmay
L3, 151 n jaccgrMiance A an aspect of the present
an%}g@Feo ohy can [ye acconplished by the provision
of a resist conpositihon Ancléding the resist, additive, a resist base

pol ymer, an acid gen-ré@or, and a solvent.“sﬁ anount of the resist

additive may be in tfie range of 0.03 to 5% by wei ght based on the total
wei ght of the resist jegpposition. he¢ aci d generator may include
at | east one conpoumy selected fromthe group consisting of Fornmulae 14 and

15 5bel ow. _T>MM

Formula 6

SVARN m “ n
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Formula 7
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Formula 8

10



Formula 14 Xi X2-S + - Z 74,;) X5 x4 Fornmula 15 vyi y2-s - z Y5 10In
Formul ae 14 and 15, XI, X2, Y1, and Y2 nay be each independently sel ected
fromthe group consisting of a hydrogen atom a O -Cl0 al kyl group, an
allyi group, a perfluoroal kyl group, a benzyl group, a 06-030 aryl group,
and any conbi nation thereof. X1 and X2 nmay be fused to

UWU\I\.’\{‘JJWV
C

CF3O o 0 o

C)

O

O

Formula 9

Formula 10

Z O
P}M

Formula 11

n

11



15form a 03-030 saturated or unsaturated hydrocarbon ring,
may be fused to forma 03-030 saturated or
x5, Y3/ yel/ and Y5 may be each independently selected fromthe

X3, X4,

and Y1 and Y2
unsat ur at ed hydrocarbon ring.

group consisting of a hydrogen atom a 01-030 al kyl group, a hal ogen group,
a 01-030 al koxy group, a 06-030 aryl group, a thlophenoxy group, a 01-030
5t hi oal koxy group, a 01-020 al koxycar bonyl net hoxy group, and any

conbi nati on thereof. Z, which denotes an ani on, may be 05020F3, 0S0204F9,
050208F0 N ( CF3)-M ! 4EQ
a functional grouf

10

15

20

Whei (C7F5) C ( CAF9)
orfftul a 16 ow. 10Formula 16 0 Wi

In Formulae 4 to 11, 1, m, and n are respectively
numbers of the repeat units in a backbone. Here, l+mtn=1,
0<l/ (14+m+n)<0.99%, O<m/ (l+m+n)<0.2, and 0<n/{l+m+n)<0.99,

The repeat unit m of Formula 1 may be contained in a
copolymer of the resist additive in an amount of 5 to 15
mols%.

A polystyrene equivalent weight average molecular
weight of the resist additive measured using gel
permeation chromatography may be in the range of 1,000 to
20,000 g/mol.

A ratio of weight average molecular weight/number
average molecular weight of the resist additive may be in
the range cof 1 to 3.

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 soclvent.

The amount of the resist additive may be in the range

12

or
iiiH2



In Fornmula 16, Vi and V2 may be each independently a hal ogen atom W may
be -(0=0)- or -(502)-, W may be a 01010 al kanediyl group, WB may be
selected fromthe group consisting of a 03-030 cycl oal kyl group, a 06-030
aryl group, a 07-030 aral kyl group, a 06-030 aryl oxy group, a 06-030
arylthio group, and a 05-030 heterocyclic group, WI may be sel ected from
the group consisting of a hydrogen atom a hal ogen group, a 01-010 al kyl
group, a 01-010 _ 20 al koxy group, a 01-010 hal oal kyl qroup, a 01-010

al kyl t hi o° réhﬁ%’aL%69636“hrV?lgPBuB?S§ﬁd‘ﬁhytﬁ%nﬁpﬁétidﬁa%%ﬁﬁeaf,t@enay be
an integer of 0 to 1, and p may be an integer of 0 to 2. The
amount of "ERéSaciF@ gETerater- 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 conposition.
The resist conpé8Pt PonhedfFurt HeF TARl héae lafsaddi 1¢vet seRecredrPram t he
group consisting of al kali sol ubl equencher, anaci ddi f f usi onquencher, a

sur f act anfe 1 gRECENY BTkt Lhe tHerwof consisting plackerdance 4 haafotlber
aspect of the present invention, there is provided a nethod of formng a
resicst 1bepavtern including formng a resist filmby coating the resist
conposition on ? subitrqte, heating the resist film and exposing the
resist filmto ?5WP foform a predeterm ned pattern, and devel opi ng the
exposed pattern. The exposing may be perforned using a |ight source 15
selected fromthe gxpup consisting of a KrF exciner |aser, an ArF exciner
| aser, an extrene uktrayiolet |aser, an X-ray, and an el ectron beam O her
aspects, feature$)2 and aftvant ages of the present invention wll be
nore clearly under od fromthe

| P X3
g

5 X4

Formula 15

Y

Y,—S+-Z
Ny N

| ~Ys3
///// =
Y
5 Y4
10 ITn Formulae 14 and 15, X,, X, Y, and Y, may be each

independently selected from the group consisting of a
hydrogen atom, a Cl1-Cl0 alkyl group, an allyl group, a
perfluorocalkyl group, a benzyl group, a C6-C30 aryl group,
and any combination thereof. X1 and ¥; may be fused to
15 form a C3-C30 saturated or unsaturated hydrocarbon ring,
and Y; and Y; may be fused to form a C3-C30 saturated or

unsaturated hydrocarbon ring.

13



20f ol | owi ng detail ed descri ption. DETAI LED DESCRI PTI ON OF THE | NVENTI ON
Hereinafter, the present invention will be described in
detai |l . However, descri ptions of these exanpl e 25enbodi nents are only
provided for illustrative purposes, and shoul d not be construed as
limting the scope and spirit of the present invention. The follow ng
detail ed description of the present invention is intended to provide
further explanation of the invention as clainmed. 5The terns 'hal o' or
'hal ogen atom 4% uSed herei'pr réfer o ¥1 UBRY ne @G i hedebeBAenéL vor
i odi ne atons, unless otherw se stated. The term'hetero' as used
herein i sSFPhEEREEd HIEPenEBApade P teoBShetépe atfons Seldected faoamt he group
10 consisting of N, 0, S, and P substituting for carbon atons, unless
ot her wi seC%r(gé@d.aicbylexaﬁﬁp@, t e hedmuthet ereabkyl agr 6upCt3Pef sisore an
al kyl group in which 1 to 3 carbon atons are replaced by the hetero atons.
The termY&aPRYl @gr Sifp*CHs ased keweim ref ehsopbeacxys drimegar ar Chr&hdhed
Cl -C30 al kyl group, unless otherw se stated, and the al kyl group includes a
pribhary atkypagkoup, @arsepondaryCht&yD gabkpxyvaadbanyémeiapyyal kybugroup.
Exanpl es of the al kyl group include a nethyl group, an ethyl group, a
propyl group, aap tswvpropylogr abgrestutyl group, an 20i sobutyl group, and a
t-butyl group, but are not limted thereto.

Z, which denctes an anion, may be 0S0,CF,, 0S0C4Fy,

0502Csl1y, N{CF3)2, N(CpFs)a, N(CyFg)a, C(CF3)s, C(C2Fs)s, C(CaFg)s,
or a functional group represented by Formula 16 below.

16 Formula 16

| [ Hp
- O‘ﬁ“(ﬁ“c ~O=Wy—(Wo)o—(Ws)p-W,

0 V,

In Fermula 16, V; and V; may be each independently a

halogen atom, W; may be - (C=0)- or -(S0;)~, W:; may be a Cl-

Ci0 alkanediyl group, Wiz may be selected from the group

15 consisting 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, W,

may be selected from the group consisting of a hydrogen

atom, a halogen group, a C1-CL0 alkyl group, a Ci-Cl0

20 alkoxy group, a Cl-Cl0 haloalkyl group, a C1-C10 alkylthio
group, a C6-C30 aryl group, and any combination thereof, o

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

to 2.
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The term | cycl oal kyl group' as used herein refers to a C3-C30 cycl oal kyl
group, unless otherw se stated, and includes nonocyclic, dicyclic,
tricyclic, and tetracyclic 25al kyl groups. The cycl oal kyl al so includes an
adamantyl group, a norbornyl group, and a pol ycyclic cycloal kyl group

i ncl udi ng a norbornyl group. The term ' al kanedi yl group' as used
herein refers to a divalent atomc group derived from al kanes by renoval of
two 5 hydrogen atons and nmay_be represented by the general formnula
-C,,H2,,-. The tefmeTa¥enedt yingrotpd §8nGded Hertdn pef éPsthe &adiarl ent
atom c group derived from al kenes by renoval of two hydrogen atons and may

be represént éd by-®? helgBAdtal Torwid @ht chesedoTie ¥ npaaky| byr ogg'ords used
herein refers to a group including a benzene ring and derivatives thereof,
unl ess ot Rér iPdd 9t atled-naFoie ekalhpf @reHEt 429+ group i ncl udes tol uene or

xyl ene consisting of a benzene ring with an al kyl side chain, biphenyl

consi sting of atPPeastetwpt bergapesis ikimgsnepnndectadas a ansindee bond,

fl uorene, xanthene or anthraqui none consisting of at |east two benzene
rings conaleiédvei asalepdleshal Kylongr dlye ol rivetcer ooyalicdlikyd  grioup,l karid.
napht hal ene or anthracene consisting of at |east two benzene rings
condensedsbtoubach othemchdnt .ess @t herakse 208t Afediber ei nuetbdear,yl group
refers to a C6-C30 aryl group. The term ' hydrocarbon group' as used
herei n refsréatsdaatC3-020 snpnoviat emte hytde oeaf bon group consi sting of carbon
and hydrogen, unless otherw se stated, and may include an aliphatic |inear
or branched hydincasboorgroup anttan 2vatheyclicpdydr asar o grewpebanpl es
of the hydrocarbon group include a hexyl group, a heptyl group, an octyl
group, a homghtgpoyp,tiestecylt @giowpdean Andeeybagaupsodniegdesyl-«greup, a
cycl ohexyl group, a phenyl group, a tolyl group, a xylyl group, a nesityl
gradp, a penrykngroupluaidgphesytieyhy geeupt artiniphepyldsmitylg greup, a
styryl group, a biphenyl group, and a naphthyl group.

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 exposing may be performed using a light socurce
15 selected from the group consisting of a KrF excimer laser,
an ArF excimer laser, an extreme ultraviolet laser, an X-
ray, and an electron beam,
Other aspects, features, and advantages of the
present invention will be more clearly understood from the

20 following detailed description.

DETATLED DESCRIPTION OF THE TNVENTION
Hereinafter, the present invention will be described
in detail. However, descriptions of these example

25 embodiments are only provided for illustrative purposes, and
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The term ' heterocycle' as used herein refers to a cyclic radical having 4
to 20 ring atons derived by substituting one or nore, e.g., 1, 2, 3 or 4,
carbon atons 10with hetero atons, e.g., N, 0, p or S, unless otherw se
stated. The heterocycle includes a saturated ring, a partially unsaturated
ring, and an aromatic ring, i.e., a heteroaromatic ring having heteroatons
oxi di zed or quarternized to form for exanple, N oxides or quaternary 15

salts. Subﬁti étedmhﬁ}eroc cles include a carbonyl group and a heterocyclic
ring substrttéd W't ‘%ﬁynéﬁﬁﬂ?qL@%tlHW§EF6§eHhﬁeF§PH¢ and spirit of
Exanplesot%heheterocyc[esingludepycidyl_ , o .
di hydr opy Fir8y P %t dhy 4R6pYF Ayt ( pilpsr i eyhd oW r@zepypiled description
20t et rahydr ot hi ophenyl, sul fur oxidized tetrahydrothi ophenyl,
pyrim di ngF, fuf@nAT i eny FDEFPFOPR | byr dZdigfided to provide further
i m dazol yl, tetrazol yl, benzof uranyl , t hi anapht hal enyl ,
i ndol ylI , i RdBLenglk gt RSl iRyl Lngegliimsl iawylclaimed.”  penzi mi dazol yI
pi peridinyl, 4- iperidonyIH pyrrolidingl, - .
25pyrrol i donyl , Byer diemyd | t'éerlatydpsf urlmyegen atom’ as used herein
decahydr oqui nol i nyl , oct ahydr oi soqui nol i nyl , azoci nyi, '
triazinyl f6HeIS2, Bot Hiddiaizigwi (ZHOBHCL 5p2odiinki azpnyliodine atoms,
unless otherwise stated.
The term ‘heterc’ as used herein is intended to
encompass 1 to 3 hetero atoms selected from the group
10 consisting of N, 0O, S, and P substituting for carbon atoms,
unless otherwise stated. For exanple, the term “hetercalkyl
group” refers to an alkyl group in which 1 to 3 carbon atoms
are replaced by the hetero atoms.
The term ‘'alkyl group' as used herein refers to a
15 linear or branched C1-C30 alkyl group, unless otherwise
stated, and the alkyl group includes a primary alkyl group,
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
20 isobutyl group, and a t-butyl group, but are not limited
thereto.
The term 'cycloalkyl group' as used herein refers to a
C3-C30 cycloalkyl group, unless otherwise stated, and

includes monocyclic, dicyclic, tricyclic, and tetracyclic

25 alkyl groups. The c¢ycloalkyl also includes an adamantyl
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thienyl, thianthrenyl, pyranyl, isobenzofuranyl, chronenyl,

xant henyl , phenoxat hi nyl , 21-1-pyrrolyl,isothiazolyl, i soxazol yl,

pyrazi nyl, pyridazinyl, indolizinyl, isoindolyi, 3Hindolyl, 1Hindazoly,
purinyl, 4H quinolizinyl, phthalazinyl, naphthyridinyl, quinoxalinyl,

qui nazol i nyl, cinnolinyl, pteridinyl, 4aH carbazolyl, carbazolyl, p-
10car bol i nyl, phenant hri di nyl , acridi nyl, pirimdinyl,

phenant hrol i n I,phqué%n I,ﬁhenothiazinyl,furazanyL,
phenoxazi fyl°iFsochr's ?¥T% rOhRMy |, PR daz eoHdicwL e cycloalkyl group

i m dazol i nyl , pyrazolidinyl, pyrazolinyl, pi perazinyl,
indoIinyI;ﬁaﬁﬁuﬁd@ﬁiﬁ&F?%ﬁ%QﬂiM#(ﬂﬁﬂHR'ﬁDrpholinyI, 15 oxazol i di nyl,
benzotriazol yl, benzi soxazol yi, oxindolyi, benzoxazolinyl, isatinoyl, and
hi s- t et r ahydr of 4P&nyEMwhitdifemgyityd SUisst 't wted sord ditsifbidt i taftas e oxi des
t hereof (for exanple, pyridyl N-oxide and quinolinyl N-oxide) or quaternary
sal ts thefFedflepit 24ra ot M99 &g itvsl dpem Z0AIdn oo Ui ol substia uent s
used herein may be substituted or unsubstituted, unless stated otherw se.In
t hi & regaPddrPRE Nt @lminss @ist ifaut & invdirssess achdty hydr ofereral formula

~CyHon~.  The term 'alkenediyl group' as used herein refers
to a divalent atomic group derived from alkenes by removal
of two hydrogen atoms and may be represented by the general
formula -C.H,-.

10 The term 'aryl group' as used herein refers to a group
including a benzene ring and derivatives thereof, unless
ctherwise 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

15 rings connected via a single bond, flucorene, xanthene or
anthraquinone consisting of at least two benzene rings
connected via a cycloalkyl group or heterocycloalkyl group,
and naphthalene or anthracene consisting of at least two
penzene rings condensed to each other. Unless otherwise

20 stated herein, the aryl group refers to & C6-C30 aryl group.

The term 'hydrocarbon group' as used herein refers to
a C3-CZ20 monovalent hydrocarbon group consisting of carbon
and hydrogen, unless otherwise stated, and may include an
aliphatic linear or branched hydrocarbon group and an

25 alicyclic hydrocarbon group. Examples of the hydrocarbon
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is substituted wth one selected fromthe group consisting of a hal ogen
atom a hydroxyl group, a carboxyl group, a 25cyano group, a nitro group,
an amno group, a thio group, a nethylthio group, an al koxy group, a
nitrile group, an al 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 5 heterocycloal kyl group, an
allyl group, a henzyl group, an aryl group, a heteroaryl group, any

deri vati v8LCHEr é6F - U4Rd Sam? XyanbiiTati-orf tiféYleds group, "anmgetgr roup,
"conbi nation thereof as used herein refers to at | east two substituents
bound to Badi'othefrByPa §i rti%e’ !l 10r88Rd 61 a199Kihgdgpenp, 2ordageddast
two substituents condensed to each other, unless stated otherw se.

Convent i oAAPMY, whéy d Fesist Patiier n2i BREBY eI BYPAr B itvreisicopup, a

| i t hography, acids or am ne conmpounds contained in a resist filmare

di ssol ved*YAYWat e? ' BePweer? a PEELEN ondTa8Pt ens® an@cazwaf er gsabBst r atde, and
accordingly the projection | ens may be contam nated, the resist pattern may
be def or nBdPHENTSIMEAPYE dasots. swel | Fagphenyvaetbus defeers suctstas ywubbl es
and watermarks may be generated. According to the present invention,in
liquid 20TPier i 6aPrhendgeaphy uttind 2i mgrdr WATF gexciover | aser having a
wavel ength of 193 nmas a |ight source and interposing water between a

proj ection | ensThfd e substedtee, oy alesi shsadds¢d verndmcirudicageasnotboranene
nmononer - deri ved repeat unit having a hydrophobic group is added to a resi st
conposi ti ogc25t0 obtidicalt hbagdmg efif ecto ala priotgectatvend i Idarfiorared on t he

substituting one or more, e.g., 1, 2, 3 or 4, carbon atoms
10 with hetero atoms, e.g., N, ©C, P or 8, unless otherwise
stated. The heterocycle includes a saturated ring, a
partially unsaturated ring, and an aromatic ring, i.e., a
hetercaromatic ring having hetercatoms oxidized on
quarternized to form, for example, N-oxides or quaternary
15 salts. Substituted heterocycles include a carbonyl group
and a heterocyclic ring substituted with any substituent
disclosed herein.
Examples of the heterocycles include pyridyl,
dihydropyridyl, tetrahydropyridyl {(piperidyl), thiazolyl,
20 tetrahydrothicphenyl, sulfur oxidized tetrahydrothiophenyl,
pyrimidinyl, furanyl, thienyl, pyrrolyl, pyrazolyl,
imidazolyl, tetrazolyl, benzofuranyl, thianaphthalenyl,
indolyl, indolenyl, guinclinyl, isoguinolinyl,
benzimidazolyl, piperidinyl, 4-piperidonyl, pyrrolidinyl, 2-

25 pyrrolidonyl, pyrrolinyl, tetrahydrofuranyl,
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resist filmto protect resist materials.In addition, a maleic

anhydri de-derived repeat unit is added to the backbone of a copol yner
obtained fromthe additive in an appropriate anmount such that the

hydr ophobi ¢ group may be 5 stripped off by a devel oper during a devel opnent
process to provide hydrophilicity, thereby reducing defects on the surface
of the resist film That is, a resist additive according to an
enbodi nent of the present invention is a nultiblock copolynmer 10represented
by For mul & & TBEYENC Gyt & ve - I n For nufaraby ol e R Y vay be
each independently sel ected fromthe group consisting of a hydrogen atom a
01- 15 0498y dgPsHdnod iaiogen @r%l?gwé%«r&la%muwmxﬂm kyl “asuigiiy whi ch
one hydrogen atom.is substituted with a hal ogen group. ~ RL may be
a hydr ophdbité ?gradp séllect-ed Fridrmate grotp cortsi Gt hg of -G gy L,

hal oal kyl group, an organic silicon 20group, and a 03-020 hydrocarbon
group. |f "REePglan tGtigahilerensyti corrgrvlp, 160Pbsngo faganye  RIcH momeicy-.C20
hal oal kyl group or a C3-C20 hydrocarbon group, o is 1. R7 may be
sel ect ed FPOMERY lgr oupprbenRsKksthagyds a ClC20valrkankdiyi igroup;azp G2-,.C20

al kenedi yi group, a Cl-C20 5het eroal kanedi yl group, a C2-C20
heteroalkéﬁ@éﬁyplgﬂouﬁyﬁ§2iﬂyl: pyridazinyl, indelizinyl, isoindolyl,

3H-indolyl, lH-indazoly, purinvl, di-quinolizinyl,
phthalazinyl, naphthyridinyl, quinoxalinyl, quinazolinyl,
cinnolinyl, pteridinyl, 4daH-carbazolyl, carbazolyl, G
10 carbolinyl, phenanthridinyl, acridinyl, pirimidinyl,

phenanthrolinyl, phenazinyl, phenocthiazinyl, furazanvyl,

phenoxazinyl, isochromanyl, chromanyl, imidazolidinyl,
imidazolinyl, pyrazolidinyl, pyrazolinyl, piperazinyil,
indolinyl, iscindolinyl, quinuclidinyl, morpholinyl,
15 oxazalidinyl, benzotriazolyl, benzisoxazolyl, oxindolyl,

benzoxazolinyl, isatinoyl, and bis-tetrahydrofuranyl, which
may be substituted or unsubstituted, N-oxides therecf (for
example, pyridyl N-oxide and quinolinyl N-oxide) or
quaternary salits therecf, but are not limited thereto,

20 All compounds or substituents used herein may be
substituted or unsubstituted, unless stated otherwise. In
this regard, the term 'substituted' indicates that hydrogen
is substituted with one selected from the group consisting
of & halogen atem, a hydroxyl group, a carboxyl group, a

25 cyano group, a nitro group, an amino group, a thio group, a
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C3- C30 cycl oal kanedi yl group, a C3-C30 cycl oal kenedi yl group,

aC2- C30het erocycl oal kanedi yl1group, and a C3- C30 het erocycl oal kenedi yl group.
R3 and R4 may be each i ndependently an acid | abile Rc 10group sel ected from
the group consisting of Ra Rb ,Rcissc- Rb Ra(Rd)q andHere, Ra, Rb, R and
Rd may be each independently selected fromthe group consisting of a Cl-C20
al kyl gr oup, aC3- C30cycl oal kyl group, a( C1- C10 al kyl ) cycl oal kyl group, a

hydr oxyal kyl group, a Cl-020 15al koxy group, a (ClI-Cl O al koxy)al kyl group,
an acetymeépggbplo group, an alkoxXy group, a nitrile group, an

aldehyde group, an epoxy group, an ether group, an ester
group, a carbonyl group, an acetal group, a ketone group, an

alkyl group, a perfluoroalkyl group, a cycloalkyl group, a

(@3]

heterccycloalkyl group, an allyl group, a benzyl group, an
aryl group, a heterocaryl group, any derivative thereof, and
any combination thereof.

The term 'combination therecf' as used herein refers
to at least two substituents bound to each other by a single
10 bond or a linking group, or at least two substituents

condensed to each other, unless stated otherwise.
Conventionally, when a resist pattern is formed by ArF
immersion lithography, acids or amine compounds contained in
a resist film are dissoclved in water between a projection
15 lens and a wafer substrate, and accordingly the projection
lens may be contaminated, the resist pattern may be deformed
or collapse due to swelling, or various defects such as
bubbles and watermarks may be generated.
According to the present invention, in liguid
20 immersion lithography utilizing an Ar® excimer laser having
a wavelength of 193 nm as a light source and interposing
water between a projection lens and a substrate, a resist
additive including a norbornene monomer-derived repeat unit
having a hydrophobic group is added to a resist compositicn

25 to obtain the same effect as a protective film formed on the

20



an acetyl al kyl group, a carboxyl group, a (Cl-Cl0 al kyl)carboxyl group, a
(C3-C18 cycl oal kyl) carboxyl group, and a C3-C30 heterocycl oal kyl group or
may be fused together between adjacent groups to forma C3-C30 saturated or
20unsat urat ed hydrocarbon ring or a C2-C30 heterocyclic group, p nmay be an
integer of 0 to 3, and q may be an integer of O to 10. R5 nmay be a hydrogen
atom or a 01-08 al kyl group. In addition, 1, m and n are
respectively nunbers of the repeat units in the backbone, wherein
1- f ml - n=1¢50%%/ (i1 +RP <02 199; e T<nf €3S ). Q0L alahd 04/ (AdR) 0. 99. I n
addition, o is an integer of 0 or 1. In Formula 1, R, R' and R"
may be eatheifdepehdenilg-sderésedd frcomathe Wridup tonseddedg bb athydr ogen
atom a 01- 10 04 alkyl group, a fluoro group, and a 01-04 fluoroal kyl in
whi ch one2 AdpBger fat mdcp csuistyi t elbediwk e h faroll ubhe grodp  ipref Br abhy
sel ected fromthe group consisting of a hydrogen atom a nethyl group, a
fluoro grlemporandta tmicindorenet hyhagr cup hpdeophebeéraldnypue hydy ogen at om
15In Formula 1, Ri may be selected fromthe group consisting of a 01-010
f1 Gor oal KyrigredporLfa Sivl i dpreupprer 01w010 ah ke selybrngnoupyroasd3- 020
| i near or branched al kyl group, a 03-014 nonocyclic cycl oal kyl group, a
08-018 dirycide cyefoabkyligionp, @@id:P30-¢duciyed i cladeeiteal kyl 28egr oup,
and a 010-030 tetracyclic cycloal kyl group, preferably, selected fromthe
group coxsirbaimgobfthetxbaiyt frowmp, a trifluoronethyl group, a
trimethylsilyl group, a di(trifluoromethyl)isopropyl group, a
pent af | uor oet hyihaigr baip, aand sd she ptcafiltuarcopropytdgi®upe an embodimkAtFor mul a
1, R2 may be selected fromthe group consisting of a C-Cl0 al kanedi yi
group, af2- Che alkeneehyi gnouprianCl-G10 het enorl kenesi yi cgpeupmea C2- C10
het er oal kenedi yl group, a C3-Cl18 cycl oal kanedi y1 group, a

10 represented by Formuila 1 below,

Formula 1

ot TR

m

" O O .
R- Ri !
=0
O
5\
RS
In Formula 1, R', R"™ and R"' may be each independently

selected from the group consisting of a hydrogen atom, a Ci-
15 C4 alkyl group, a halogen group and a Cl-C4 haloalkyl group
in which one hydrogen atom is substituted with a halogen
group.
Ry may be a hydrophobic group selected from the group
consisting of a C1-C20 haloalkyl group, an organic silicon

20 group, and a C3-C20 hydrocarbon group. If Ry is an organic
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5 C3-C18 cycl oal kenedi yl group, a C2-Cl8 heterocycl oal kanedi y1 group, and a
C3-C18 heterocycl oal kanedi y1 group, preferably nethylene, ethylidene,
propyl i dene, trinethylene, tetranethyl ene, pentanethyl ene, hexamnet hyl ene,

hept anet hyl ene, 2, 2- di net hyl pent anet hyl ene, - OCH2- ,

100CH(C1) -, - CO-, - COCH2- , - COCH2CH2- , - CH2- 0- CH2-, CH2CH2-, - CH2CH2-0-CH, -,

- CH2- 0- CH2CH2CH2- -GQGQ()OQOQ- - CH2CH2CH2- 0- CH2-, -C (CH3) 2CHz2-,
-CH (CH3) . CH2- _CH (CH2CH3 - OCH3)-C (CF3

(G:Hg) c)ﬁélgcéﬂzg roghp- 8- eﬁ)zéHz aﬂdc:H - Sﬁcﬂzgf,l Wﬁ)éﬂzhs-lgaé@{éuqz-qup

- CH2CH2- S- CH2CH2-, - CH2CH2CH2-

15S- CH2- OX R EFpfeft hyererpchpy- greH@GJoD l@Hécstoo CH( CH3) CH2C0- ,

-CHOH) -, -C(OH) -CH(E1)-, -CH(Hr)-, )CH(130- - CH=CH, - CH2CH- CH

_CH CHCH2-, - CRECMED e C?@A@cmdncfm@l “grqyp Fopmel at 1ng R3fand (R4 may be

each indegendently ij Re | W A
0 alkanediyl group, a C2-C20 alkenediyl group, a Cl-C20

5 heteroalkanediyl group, a C2-C20 heteroalkenediyl group, a
C3-C30 cycloalkanediyl group, a C3-C30 cycloalkenediyl group,
a C2-C30 heterocycloalkanediyl group, and a C3~C30

heterccycloalkenediyl group.

R; and Ry may be each independently an acid labile

g

>< Rc
Ra

10 group selected from the group consisting of Rb '

Vfs‘SRc é’j o)

Lo, wi ),

and Here, Ry, Ry, R: and Ry may be each
independently selected from the group consisting of a Cl1-C20
alkyl group, a C3~C30 cycloalkyl group, a (C1-C10
alkyl)cycloaikyl group, a hydroxyalkyl group, a C1-C20
15 alkoxy group, a (Cl-Cl0 alkoxy)alkyl group, an acetyl group,
an acetylalkyl group, a carboxyl group, a (C1-C10
alkyl)carboxyl group, a (C3-Cl8 cycloalkyl)carboxyl group,
and a C3-C30 heterocycloalkyl group or may be fused together

between adjacent groups to form a C3-C30 saturated or

20 unsaturated hydrocarbon ring or a C2-C30 heterocyclic group,
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20sel ected fromthe group consisting of Rb eRccsC 0 Rb Ra(Rd)g andln this
regard, RR, R R, and Rd nay be each independently selected fromthe group
consisting of a O-Cl0 al kyl group, a C3-Cl4 nonocyclic cycl oal kyl group,
a C8-C20 dicyclic cycloal kyl group, a Cl0-C30 tricyclic 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 -Cl10 al koxy group, a (Cl-05 alkoxy)alkyl group, an

tyl t.yl.al Kyl = I C
SRS U N S (% o

fused to ﬁ bet ween adj acent groups to forma C6-C18 saturated or
unsat ura ed ydrocarbon ring or a 1005-018 heterocyclic group, p nmay be an
integer of 0 to 3, and q nmay be an integer of 0 to 5. Mor e

preferably, R3Ranmtt:Rbgray Meleapin i sidependentd -Gl elcted dromt he group
consisting of a t-butyl group, a trinethylsilyl group, a hydroxy-2-ethyl
group, a 1- 15Imethoxypropyll,groupand b- rethoxysipeoet hylet hylbgreup,t a 1-
et hoxypropyl group, a 1-ethoxy-I-methylethyl group, a 1- methoxy-I-ethyl
gr bup, atleet hepest- ethyltgroup, athbebutexy@cethyl gheupina 1l+min=1,

1-i sobutoxy-1-ethyl group, and groups represented by Fornulae 2a to 2k
bel ow. 0<1/{1+m+hp<FoBful aem2altoa+2k<0R20, Ranand<R/" 1ray nbeeach
i ndependently a hydrogen atomor a C-Cl0 al kyl group, a arid e nmay be each
i ndependent |y am aafiegesnpfoO0itoadbinbegay be 0 or 1.
In Formula 1, R', R" and R"' may be each independently
selected from the group consisting of a hydrogen atom, a Cl-
10 C4 alkyl group, a fluoro group, and a Cl-C4 fluoroalkyl in
which one hydrogen atom is substituted with a fluoro group,
preferably selected from the group consisting of a hydrogen
atom, a methyl group, a fluoro group, and a trifluoromethyl
group, more preferably a hydrogen atom.
15 In Formula 1, Ry may be selected from the group
consisting of a Cl1-Cl0 flucroalkyl group, & silyl group, a
Cl-Cl0 alkylsilyl group, a C3~Cl0 linear or branched alkyl
group, a C3-Cl4 mcnocyclic cycloalkyl group, a C8-Cl8
dicyclic cycloalkyl group, a C1l0-C30 tricyclic cycloalkyl
20 group, and a C1l0-C30 tetracyclic cycloalkyl group,
preferably, selected from the group consisting of a t-butyl
group, a trifluoromethyl group, a trimethylsilyl group, a
di(trifiuoromethyl) isopropyl group, a pentafluocroethyl group,

and a heptafluoropropyl group.
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5 an integer of 0 to 11, ¢ and d may be each i ndependently an integer of O
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 may be an integer of 0 to 4, Oci-cl117, and 0.-c+fi<15.
More preferably, R3 and R4 may be each independently 10sel ected fromthe

group consisting of Formulae 3a to 3h bel ow. (3e) (3f)(3g)(3h) In
Formula 1, R5 may be a hydrogen atomor a C-C4 al kyl group, nore
preferably, a hydrogen atomor a nmethyl group. 5In general, in order to

i ncrease scan Speed ™5t atli.c FontBeY gl SIS edf A Fesitde f PFRiAeeds to
be greater than 900. However, a high SCA may cause bl ob defects during
devel opnehitsaf t eFJexposduré-CTRus kBneBidéf egpsrmay beé-Féfusédebypdisduci ng
the SCA of the surface of the resist 10 film In this regard, in the
copol yne#r@éRor diag t6lthedprebenerpavsanednylby opbibpi zi ng t hé2cembent of
t he mal ei ¢ anhydri de-derived repeat unit contained in the backbone, the
hydr ophobiee gpolbeiedsyti ppadirof f aby r(dvekbppéraléuchdasl2.@8%by wei ght
of trimethyl amoni um hydroxide (TMAH), 15 during devel opnent to be
cohvert ed3+tht® ayhydeokyhedipupgandppr avideCh§dhephkicbgiclyatdanhdiyl

copol ynmer. Thus, defects on the surface of the resist filmmy be reduced.
The addi¢iwer aceording I-¢ ltthehqgraasemic iowkemnani y hcyudes, aphydeophobi c
group having an el ectron wthdrawi ng group, such as a tri hal oacetyl group,
substi t utethatean, a- carddonyl idwrsy, t he addictilvelemsy, | mpr ovénbydydphebicity
of the resist filmto prevent materials of the resist filns from being

| eached tetramethyliene, pentamethylene, hexamethylene,
heptamethylene, 2, 2-dimethylpentamethylene, ~QCHs—, -
10 OCH(C1) -, -C0-, -COCH;—, —COCHCH,—, —-CHEs-0-CH,~, ~CHy=0O=

CH,CHyz—-, -CHoCHy-0-CHy—~, =~CHy~O~CH,CHyCHyz~, =CH,CH,;—0-CHyCHp~, -
CH,CH2CHy-G-CHy~-, -C(CH3),;CHz~, -CH{CH3)CH,-, -CH{CH,CH3)~, -
CH (OCH3) ~, -C{CFy) (OCH3) -, —CHy—S-CHy~, -CH-5-CH»CHy~, -
CH2CH,-S~CHz-, ~-CHz~85-CHpCH,CHy-, =-CH,CHy;=8~CH;CHy~, ~CHoCH,CH»-

15 5-CHy—, ~CH{CHy) CH-, ~C{CHaCHy ) -, ~CH-CO-, =CH,CH,CO—, -
CH{CHz)CH,CO~, =CH{OH)~, ~C(OH} (CH3}-, =-CH(F)}-, ~CH{(Br)-, -
CH(Br)CH(Br)-, -CH=CH~, =CH,CH=CH-, -CH=CHCH,-, -CH=CHCO-,
CqyHo—, and -CigHqis—.

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

Mﬂ
:><J?C
Ra Rb
20 selected from the group consisting of '
Si.
I Rb Rd”/#
Ra (Rd)q P S
and . In this regard, R;, Ry, Re and Ry

may be each independently selected from the group consisting
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5during liquid inmrersion |ithography. Particularly,in theresistadditive
copol yner according to the present invention, the hydrophobic group
contained in the norbornene-derived repeat unit 1 inproves hydrophobicity
of the surface of the resist filmduring 10 exposure to prevent the
| eaching in water during |ithography and stripping off by the devel oper at
exposed regions during devel opment to be converted into a hydroxyl group as
shown in Reaction Schenme 1 bel ow. Thus, the copolynmer has hydrophilicity,
and the &lrfacé&lofCltdheat 88l stafiduim has @3+6W IBI8CActiver ebylieeddvilng bl ob
defects. In addition, an acid |abile group, such as a t-butyl group,
at t achedstrevpne éndC@ﬁCQWe|ﬁﬂQMﬁk%me-@m¢1®@thbpearOupit 2 i €l00feért ed
from a hydrophobic group to a hydrophilic group via acid-induced
depr ot ectibayeeact rpnlatlkhé expopedar €§iCons) Astaacesuilit, cy20okiéyddditive
is easily washed by the devel oper. However, Reaction Scheme 1 belowis
exenpl argyoapnd theCprésent kiyhvegptilonliks ingtrchipm ted vthexetd k yReactiugn
Schene 1 In the copol yner, the mal ei c anhydri de-derived repeat
unbt mis réngzbpenedichyy t eodeyvel aperCatChon: Bxposedl tegi ens:g fanm
car boxyl groups as shown in Reaction Schene 52 bel ow. Thus, hydrophilicity
on the sactage @henﬁpfahSatﬁpymuedy$lQﬁeupheaﬁﬁdkbb&@lsq&bage hagcthe sane
characteristics as the devel oper, the devel opnent process is

C5 alkyl)carboxyl group, and a (C3-C10 cycloalkyl)carboxyl

group or may be fused together between adjacent groups Lo

form a C6-Cl8 saturated or unsaturated hydrocarbon ring or a

10 C5-C1l8 heterocyclic group, p may be an integer of 0 to 3,
and g may be an integer of 0 to 5.

More preferably, Rz and R; may be each independently

selected from the group consisting of a t-butyl group, a

trimethylsilyl group, a hydroxy-Z-ethyl group, a 1i-

15 methoxypropyl group, a l-methoxy-l-methylethyl group, a 1-

ethoxypropyl group, a Il-ethozy~l-methylethyl group, a 1-

methoxy~l-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 Za to Zk below.



facilitated. Thus,
Reacti on Schenme 2 below is 10exenpl ary,
limted thereto

r educed. However,
i nvention i s not

defects caused in hydrophobic surfaces may be

and the present
Reaction Schene 2 OH OH't devel oper 00
i nvention includes an

In addition, the copolymer according to the present
acryl
acid labile functional
froma hydrophobic group to a hydrophi

C group. As a res

-derived repeat unit n having an 15 acid |abile functional
group is deprotected during exposure to be converted
tR' t he

group. The

acid

| abile fun naI
regi ons. ﬁ;
the repeat uni
substitution r

8s that are degrees of
t he developer;ggpe copol ymer accordi ng @ the present invention
the repeat units 1, mand n given 1411b-n=1, wherein 0<1/(1+qf

 \When

(Rgroup is easily repghyv

Here, 1, m and n i ndj
contalned in the bac
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d durlng devel opnen
t€4Fn8t only the ce
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e dissolution of t

/}ﬂ?%e exposed
ofireach of

7SO0
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i ncl udes

fij <0. 9,

nte

0<n1(1+nwn)0 %@,and 0<n/ ( 1+m+n) <O0. 9
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b
I|R>Q\/\'::1.~ R" .;'fs"«-\_ “JI:}
Pl R [
ot (R
(2]) k)
In PFormulae 2a to Zk, R', R" and R'" may be each
independently a hydrogen atom or a C1-C10 alkyl group, a and
e may be each independently an integer of 0 to 15, b may be

an

integer of 0 to 9,
may be each independently an integer of ¢ to 6,

integer of 0 to 4,

Mor

10

below.

integer of 0 to 11,

0<c+ds17,

e preferably, Rj

2

and

and Ry

6

f may be an integer of 0 to 7,

n

OZc+fs15,

¢ and d may be each independently an

g and 1

may be an

may be each independently

selected from the group consisting of Formulae 3a to 3h



10 the repeat units satisfy the above conditions, the resist filmmy have
hydr ophobi city during the liquid imersion |ithography. Particularly, when
the content of the nal eic anhydride-derived repeat unit mis |ess than 20
nol % a CA val ue may be reduced, thereby reducing defects.If the 15content
of the mal ei c anhydride-derived repeat unit mis greater than 20 nol % the
hydr ophobi ¢ group nay be dissol ved by the devel oper at the non-exposed

regi ons. More prgperablyvﬁﬁhe cont efit of the~mal ei c anhydri de-derived

repeat unit m may\be in the-range-g to 15 . 20The resist additive
according to the present ition @ g the/strycture shown above may be
a bl ock copol yner, a random~Copol ynery” or a gr copol yner.

Exanpl es of the 89 |st addG% ve may | nclude co unds represented by
Forrmul ae 4 to 11 beIOM/In é struct¥flal 25for ae, the order of the
repeat units may be nodified. Formula 4 Fornmula 5 5Formula 6

o o o o

(3e)

-

(31) (39) (3h)

In Formula 1, Rs may be a hydrocgen atom or a Cl-C4
alkyl group, more preferably, a hydrogen atom or a methyl
group.

5 In general, in order to increase scan speed, a static
contact angle (SCA) of a resist film needs to be greater
than 90°. However, a high SCA may cause blob defects during
development after exposure. Thus, blob defects may be
reduced by reducing the SCA of the surface of the resist

10 film. In this regard, in the copolymer according to the
present invention, by optimizing the content of the maleic
anhydride-derived repeat unit contained in the backbone, the
hydrophobic group is stripped off by a developer, such as
2.38% by weight of +trimethylammonium hydroxide (TMAH),

15 during development to be converted into a hydrezxyl group and
provide hydrophilicity to the copolymer. Thus, defects on
the surface cof the resist film may be reduced. The additive

according to the present invention includes a hydrophobic
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Formul a 7 Formula 8 Fornula 9 Formul a 10 Formul a 11

10

20

group having an electron withdrawing group, such as a
trihaloacetyl group, substituted at an a-carbon. Thus, the
additive may improve hydrophobicity of the resist film to
prevent materials of the resist films from being leached
during liquid immersion ilithography.

Particularly, in the resist additive copolymern
according to the present invention, the hydrophobic group
contained in the norbornene-derived repeal unit 1 improves
hydrophobicity of the surface of the resist film during
exposure to prevent the leaching in water during lithography
and stripping off by the developer at exposed regions during
development to be converted into a hydroxyl group as shown
in Reaction Scheme 1 below. Thus, the copolymer has
hydrophilicity, and the surface of the resist f£ilm has a low
SCA, thereby reducing blob defects. In addition, an acid
labile group, such as a t-butyl group, attached to one end
of the norbornene-derived repeat unit 1 is converted from a
hydrophobic group to a hydrophilic group via acid-induced
deprotection reaction at the exposed regions. As a result,
the additive is easily washed by the developer. However,
Reaction Scheme 1 below is exemplary, and the present
invention is not limited thereto.

Reaction Scheme 1
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In Fornulae 4 to 11, 1, m and n are respectively nunbers of the repeat
units in the backbone. Here, li-nmd-n=1, 50<1./(1i-mtn)<0.99,

0<m (1d- mtn) 0. 20, and 0<n/ (1+mi -n)<0. 99. The resist additive
according to the present invention may have a pol ystyrene equival ent wei ght
average nol ecul ar wei ght (My) neasured using gel perneation chromatography
(GPC) in the range of 1,000 to 20, 000 g/mol. If the Mv of 10 the copol yner
is too | ow |nterWIX|ng may occur el ution by pure water may occur during
i mrersio yraphy. On the other Mv of the copolyner is too
hi gh, the tid xJnot be appropriatelly djor alkali sohubility nay be
reduced. Prekerab ﬁ%ﬁ F Nhggkgﬂgﬁvﬁopol may be 15 in the range of
2,000 to 10,000 g/ b h ent sol iL}Fy in thﬁm el-oper w t hout
belng el uted in/pure water- » | n addi t'{on, I he resi st &dditive may
have a nol ecul a melght di stribution, which |s a melght average nol ecul ar
20wei ght / nunber javer age nol ecul ar melght ( “#M1) ratio, in the range of 1
to 3, nore prefeerably 1 to 2. If the nol eculiar wei ght distribution is
greater than 3i2LLne edge roughness characLﬁ;Lstics may be deteriorated.
Thus, a resist Additive having Mv and nol ecul ar wei ght distribution wthin
t he ranges descri bed above is used as a photoresi st conposition providing
excel | ent devel oping properties, coating properties, and thermal

resi st ance. In th@¥heopesiystraddiltd ves betor dhngdt 0dtheécpl esantrepawent i on
havi ng the above-nenti oned structure nmay be prepared using a 10 norbornene
derivatiweitepresent ed hy-dormad a ¥?2 helowdea omipeirc arhydoindexppreder, and
an acryl nononer represented by Formula 13 bel ow by known pol yneri zati on,
such as bedkopsl yoetbzat icambos@llutdan ol ydresi@at | O, RSUSPEBSI BRheme

pol yneri zation, bul k and suspensi on polymerization, and 15emnul sion
pobynerizabieQmw .Formha, 12 ydrophilicity on the surface thereof is

improved. Since the modified surface has the same

characteristics as the developer, the development process 1s

facilitated. Thus, defects caused in hydrophobic surfaces
may be reduced. However, Reaction Scheme 2 below 1s
10 exemplary, and the present invention is not limited thereto.

Reaction Scheme 2

~  developer wg}w ﬂgv
.
070" 0 |, OH OH Im

In addition, the copolymer according to the present

invention includes an acryl-derived repealt unit n having an

15 acid labile functional group. The acid labile functional
group 1is deprotected during exposure to be converted from a

hydrophobic group to a hydrophilic group. As a result, the
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Formula 13 R5 0 C) R4 In Fornulae 12 and 13, R, R', R"", Rl to
R5 and o are defined as described above. Preferably, the copolyner
according to the present invention may be pol ynmeri zed by radi cal

pol ynerization. In this regard, any radical polynerization initiator
commonly used in the art, such as azobisisobutyronitrile (A BN, benzoyl
peroxi de (BPO), |auryl peroxide, azobisisocapronitrile,

azobi si soval er Etrlle and . t - bﬁtygrﬁédroperOX|de may be used wi thout being

i mited ?%ﬁiet 16° | huBdh; PR Pynepi zseﬁaﬁysovf@eﬁfwﬂnceaa.lﬁ@ at
| east on ngound selected fromthe group consisting of benzene, toluene,
xyl ene, %Y%b WAERH BenzBRe®*BPREHYFCELABFE; tetrahydrofuran, esters,
et hers, | actones, ketones, am des, and al cohols g be used. 15During
pol ymeri zat i onlCigdl yrier i%at PBA tenbRfafare My belRPprésr i @tEishsePéct ed
dependi ng on the type of catal yst enployed. In addition, the nol ecul ar
wei ght d?%%?lBétﬂéﬁ9o¥9@ﬁ@LpP@@éﬁedibﬁ1yﬂﬁ¥ﬁnh? b&eadjasstasm sy froiheyi ng
t he amount of the golynerlzatlon initiator and reaction tine. After 20
poPyneri¢apPbrin¢s Eofpl eted, suhpbactédononorters ahdtbyprodicdisceenaini ng in
the reaction mxture nmay be renoved via solvent precipitation.
The resi e addiagodetdeuor difngth® e ogrvesent innvient | drvprepared byhe
adjusting the type and anmount of nononmers 25according to the preparation
nmet hod desied} paer above dddsig to the present invention includes the
repeat units i, m  and n given l4min=1, wherein
0<l/ (1l+m+n)<0.9, O<m/ (l4+m+n)<0.2, and 0<n/(l+m+n)<0.9. When

10 the repeat units satisfy the above conditions, the resist
film may have hydrophobicity during the liquid immersion
lithography. Particularly, when the content of the maleic
anhydride-derived repeat unit m is less than 20 mcl%, a CA
value may be reduced, thereby reducing defects, If the

15 content of the malelc anhydride-derived repeat unit m is
greater than 20 mol%, the hydrophobic group may be dissolved
by the developer at the non-exposed regions. More
preferably, the content of the maleic anhydride-derived
repeat unit m may be in the range of 5 tce 15 mol%.

20 The resist additive according to the present invention
having the structure shown above may be a block copolymer, a
random ceopolymer, or a graft copolymer.

Examples of the resist additive may include compounds

represented by Formulas 4 to 11 below. In the structural

25 formulae, the order of the repeat units may be modified.
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sui tabl e hydrophobicity. Thus, when the resist additive is added to a
resist conposition, the resist filmfornmed therefromis transparent to
exposure light and imm scible with a liquid for exposure during liquid
i mrersion |ithography, and various defects that may be caused during
exposure may be reduced. Accordi ng to anot her enbodi nent of the
present invention, a resist conposition including the resist additive is
provi ded. 10Particularly, the resist conposition includes a resist base
pol ymer, an acid“@ehdrhtor, and a solvent in addition to the resist
additive. G sistadditiye ':.Lhﬁksane as that described above
and nmay be contAIHQgi' t he ref onposi $§|in an 15 anount ranging from
0.05 to 5% by wejght ?nszg: “the te \Aﬁé’g of the resist conposition.
3' s> ess than 0.05% by wei ght, the
otther hand, if the anount of
the resist additive is greater than 5% by wei ght, 20wat er marks may be
generated due to hi gk . The resi base pol yner may be any pol yner
used as a base resiyn in the formation of the resist filmwthout
limtation. Exanpl és of the resist base polyner may include (nmeth)acrylic
acid ester polyners], (a- 25trifluoronethyl)acrylicacidester-nmnalei canhydride
copol yrmer, cycl ool ef i n- mal ei canhydri decopol yners, pol ynor bor nene,
cycl ool efin ring-opening netathesis (ROW) pol ynerization pol yners,
hydr ogenat ed ciyetmoolafi n ROW pol yners, copol yners of hydroxyl styrene with
one sel ected gkjro t he consi stirng of (nmeth)acrylic ester
derivatives, stly eﬁéﬁ w1 ant hracene, vinyl pyrene,
hydr oxyvi nyl naphttia 'ﬁyl ant jir&tene, indene, hydroxylindene,
acenapht hyl ene, ‘ar ovol a@ resins, and m xtures thereof.
10The base pol yner yay be contained in fst

@)
3
5 Formula 6
& Fus @
~ YcrR,OT 00 g
. gt
O
O

Formula 7
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conposition in an anmount in the range of 3 to 20% by weight. If the anount
of the base polyner is less than 3% by weight, a filmwith a desired

t hi ckness nay not be fornmed due to too | ow viscosity of the conposition and
a pattern loss may be 15 increased due to presence of a relatively large
anount of photoacid generator. On the other hand, if the anount of the base
polymer is greater than 20% by weight, the filmis too thick so that

transmttance aL%Qnmhsngfgias@ﬂwanggfmyerticaI pattern may not be
Ig§nerator as’ @ phot oachd generator (PG, nay include
[ %‘Qﬁy osul foniuntsal ts, phosphoni um salts,
rﬁsalts

obt ai ned. 20Th2{®
or imdes, preferably at |east one of

onium salts such a
di azoniumsalts, p
*e esented by Fornul a and 15, nore preferably,
m nonafl ate. For nul X2-s + X5 x4 Fornmula 15 Yi 1

the sul oniumsalts
Y2-S + -Z 1/3 v 15Y%=0

25t ri phenyl sul fon

et g

cF @ 00

C)

© O
OW

Formula 9

Formula 10

‘o m “+”“TQEO

%(:Fso o0 g

_%_
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5In Formul ae 14 and 15, X1, X2, Y1 and Y2 may be each independently

sel ected fromthe group consisting of a hydrogen atom a d -C10 al kyl

group, an allyl group, a C Cl0 perfluoroal kyl group, a benzyl group, a

C6- C30 aryl group, and any conbination thereof. X1 and X2 may be fused 10
to forma C3-C30 saturated or unsaturated hydrocarbon ring, and Y1 and Y2
may be fused to forma C3-C30 saturated or unsaturated hydrocarbon ring.

X3, X4, X5, Y2 Y4 and. Y5 may be each independently selected fromthe group
consi sting of dDHVH&%gEh aton1 a dl- 15 C30 al kyl group, a hal ogen group,
a dl -d30 al koxyf.g A 30_ar.} Qup,..a..t hi ophenoxy group, a d-C30

i 3 Xy group, and any conbi nation
020F3, 0S0204F2, 0S0208F27, N
(CF3) 2, N (02F5) 0 (02F5) 3, C (C4F9) 3, or a
functlonal group représent ed by Formul a ow. Formula 16 5 0 Vi IH2 -
0-S-C-C -0-1/Vi-P2X0- (A13) 13-W4 | 0v2

thereof. Z, which A

In Formulae 4 to 11, 1, m, and n are respectively
numbers of the repeat units in the backbone. Here, l+4m+n=1,
5 0<1/(l+m+n)<0.99, 0<m/{l+m+n)<0.20, and 0<n/{(l+m+n)<0.99,
The resist additive according to the present invention
may have a polystyrene eqguivalent weight average molecular
weight (Mw) measured using gel permeation chromatography
(GPC) in the range of 1,000 to 20,000 g/mol. If the Mw of
10 the copolymer is too low, intermixing may occur or elution
by pure water may occur during immersion lithography. On
the other hand, if the Mw of the copolymer is too high, the
film may not be appropriately formed or alkali solubility
may be reduced. Preferably, the Mw of the copolymer may be
i5 in the range of 2,000 to 10,000 g/mol to have excellent
solubility in the developer without being eluted in pure
walter,
In addition, the resist additive may have a molecular
welight distribution, which is a weight average molecular

20 welght/number average molecular weight (Mw/Mn) ratio, in the
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In Fornmula 16, V1 and V2 nmay be each independently a hal ogen atom W may
be -(0=0)- or -(SQ2)-. 10WB nmay be a 01-010 al kanediyl group. W3
may be selected fromthe group consisting of a 03030 cycl oal kyl group, a
06- 030 aryl group, a 07-030 aral kyl group, a 06-030 aryl oxy group, a 06-030
aryithio group, and a 05-030 heterocyclic group. 15W nmay be sel ected from
the group consisting of a hydrogen atom a hal ogen group, a 01-010 al kyl
group, a C 010 al koxy group, a 01-010 hal oal kyl group, a 01-010 al kylthio
group, a-®89830arlyltyroupCafdPaRy cEaRbBIYnat i'oh £ her £bf theOHer-ecudamay be
an integer of O to 1. Here, p may be an integer of 0 to 2. In the
aci d genefatdf, casdirffusiion |ehgihedotencitdainn Ja resist e mrraghbess
appropriately maintai ned short and the resist filmmay have high

transm ttantechyriatidducivdy abeycldetaligialgedup tolhhe anfonsesAsta
result, a resist with high resolution may be obtained. Preferably, Z, which
denot es afcaht vA, "FHIFEr Myl &b B> ke ber sedegheddf sbmibheigrowp téénsi sti ng
of functional groups represented by Fornulae 17a to 171 and 18a to 18x
bePow. the ranges described above 1is wused as a pholtoresist

composition providing excellent developing properties,
coating properties, and thermal resistance.
The resist additive according to the present invention
having the above-mentioned structure may be prepared using a
10 norbornene derivative represented by Formula 12 below, a
maleic anhydride monomer, and an acryl monomer represented
by Formula 13 below by known polymerization, such as bulk
polymerization, solution polymerization, suspension
polymerization, bulk and suspension polymerization, and
15 emulsion polymerization.

Formula 12

O
"W ot
"R O 3
Rs Ri
=0
O\
Rs

Formula 13

Rs

g

O

A

R4
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OHO2'I-0'CF20 H 9 F20 oF20 (18b)(18c) C (i;H,9 CciS -c

In Formulae 12 and 13, R', R", R"', R; to Ry and o are
defined as described above.
Preferably, the c¢opolymer according to the present
invention may be polymerized by radical polymerization. In
5 this regard, any radical polymerization initiator commonly
used in the art, such as azobisisobutyronitrile (AIBN),
benzoyl peroxide (BPO), lauryl peroxide,
azobisisocapronitrile, azobisisovaleronitrile, and t-butyl
hydroperoxide may be used without being limited thereto.

10 In addition, a polymerization solvent including at
least c¢ne compound selected from the group consisting of
benzene, toluene, xylene, halogenated benzene, diethyl ether,
tetrahydrofuran, esters, ethers, lactones, ketones, amides,
and alcohols may be used.

15 Puring polymerization, polymerization temperature may
be appropriately selected depending on the type of catalyst
emplioyed. In addition, the molecular weight distribution of
the prepared polymer may be adjusted by modifying the amcunt
of the polymerization initiator and reaction time. After

20 polymerization is completed, unreacted monomers and
byproducts remaining in the reaction mixture may be removed
via sclvent precipitation.

The resist additive according to the present invention
prepared by adjusting the +type and amount of monomers

25 accerding to the preparation method described above has



Cl00 HO 11211 01l F20 H O ii2ll /oF20 (18k) (181) Ohi, 0

10

20

z25

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

According to ancther embodiment of the present
invention, a resist composition including the resist
additive is provided,

Particulariy, the resist compositicn includes a resist
base polymer, an acid generator, and a solvent in addition
to the resist additive.

The resist additive is the same as that described
above and may be contained in the resist compositicon in an

amount ranging from 0.05 to 5% by weight based on the total

weight of the resist conposition. When the amount of the
resist additive is less than 0.05% by weight, the effect of
the additive is negligible. On the other hand, 1f <the

amount of the resist additive is greater than 5% by weight,
watermarks may be generated due to high CA.

The resist base polymer may be any polymer used as a
base resin in the formation of the resist film without
limitation., Examples of the resist base polymer may include
{meth)acrylic acid ester polymers, (a—

trifluoromethyl)acrylic acid ester-maleic anhydride
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iig F2 0 hi, 0-4:51Lg -0-L'hCar0- F20 hiO , 0- g F2 0 08n) 0810( 180)

copolymer, cycloolefin-maleic anhydride copolymers,
polynorbornene, cycloolefin ring-opening metathesis (ROMP)
polymerization polymers, hydrogenated cyclooclefin ROMP
polymers, copolymers of hydroxylstyrene with one selected

from the group consisting of (meth)acrylic ester derivatives,

N

styrene, vinyl naphthalene, vinyl anthracene, vinyl pyrene,
hydroxyvinyl naphthalene, hydroxyvinyl anthracene, indene,
hydroxylindene, acenaphthylene, and norbornadiene, novolac
resins, and mixtures thereof.

10 The base polymer may be contained in the resist
composition in an amcunt 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 viscosity of the composition and a pattern loss may be

15 increased due to presence of a relatively large amount of
photoacid generator, On the other hand, 1if the amount of
the base polymer is greater than 20% by weight, the film is
too thick so that transmittance to radiation is decreased
and a vertical pattern may not be obtained.

20 The acid generator, as a photoacid generator (PAG),
may include onium salts such as iodonium salts, sulfonium
salts, phosphonium salts, diazonium salts, pyridinium salts,
or imides, preferably at least one of the sulonium salts
represented by Formulae 14 and 15, more preferably,

25 triphenylsulfcnium nonaflate.
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Sp)i]

SQ 08008v008x) In addition, in Fornulae 14 and 15, a

cationic portion may be represented by Fornulae 19a to 19p bel ow.
(1gg)(1gh) -::-...., I)a ,-- [0 --1

10

15

Formuia 14
X1
Xz_S +-Z

7

5 X4

Formula 15

Y
Yz"‘S + -7
Ny
! Y3
////’ =
Y
5 Y4

In Formulae 14 and 15, ¥X;, X;, Y, and Y, may be each
independently selected from the group consisting of a
hydrogen atom, a C1-Cl0 alkyl group, an allyl group, a Cl-
Cl0 perfluoroalkyl group, a benzyl group, a C6-C30 aryl
group, and any combinaticn thereof. X, and X; may be fused
to form a C3-C30 saturated or unsaturated hydrocarben ring,
and Y; and Y, may be fused to form a C3-C30 saturated or
unsaturated hydrocarbon ring.

X3, X4, X5, Y3, Ys; and Ys may be each independently
selected from the group consisting of a hydrogen atom, a Cl-
C3C alkyl greup, a halcgen group, a C1-C30 alkoxy group, a
C6-C30 aryl group, a thiophenoxy group, a Cl1-C3C thiocalkoxy
group, a Cl-C20 alkoxycarbonylmethoxy group, and any

combination thereof.
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-, r.11 1.0 L. c-1--T Brl (1gB(l k) (1E41) (1gn) The acid
generators may be used alone or in conbination of at |east two thereof.In
addition, the anpount of the acid generator may be in the range of 0.3 to
15 parts by weight, preferably 0.5 to 10 parts by weight, nore preferably 2
to 10 parts by wei ght based on 100 parts by weight of polymer solids. If
the anobunt of the acid 5 generator is greater than 15 parts bK meLghé f
verticality of ter significantl decre se. On the other hand, i

t he annuntyof fhe 38131 gﬁ@%b?Sr ﬁ§1I§§§O%h Cpar T &Ly wed Y,

[ i t ern na be deterlorated
flexibi g¥2csr1n B? % g?r" N{CyFg)z, C(CF3)3, C(CaFs)3, C(Cy4Fy)sy, ox

2

a functional group represented by Formula 16 below.

Formula 16

(6]

m 1
-0— ﬁ (l: ~C-0- W= {(Wo)o—(Wa)p-W,
0 V,

In Formula 16, V; and V; may be cach independently a
halcgen atom.
Wy may be ~(C=0C)- or ~{S0;)-
10 W, may be a Cl-Cl0 alkanediyl group.
W3 may be selected from the group consisting 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.
15 W, may be selected from the group consisting of a
hydrogen atom, a halogen group, a C1-C10 alkyl group, a Cl-
Cl0 alkexy group, a C1~Cl0 halocalkyl group, a C1-Cl0
alkylthio group, a C6-C30 aryl group, and any combination
therect.
20 Here, o may be an integer of 0 to 1.
Here, p may be an 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
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In order to uniformy and snoothly coat the resist 10 conposition, the
pol ymer and the acid generator nmay be dissolved in a sol vent having an
appropriate evaporation rate and viscosity. Exanples of the solvent may

i nclude: esters such as ethylene glycol nononethyl ether, ethylene glycol
nonoet hyl ether, ethyl ene glycol nonopropyl ether, 15 nethylcellosolve
acetate ethylcell osol ve acetate, propylene glycol nononethyl ether acetate,
propyl ene gl ycol nonoet hyl ether acetate, and propyl ene glycol nonopropyl
et her acE?gFéF d%gBWeW6He§“§U%hhégmﬂﬂWﬁWSW%%%FHﬁ?lk%étb%%¥o%®@ﬁ%%eﬁanone,
met hyl 2-hydroxypropionate, ethyl 2- 20hydroxypropi onate, 2- hept anone, et hyl
| act at e, 8HALYE Butyilol AEPBRe LPheske s8nveRes 5 pe usEdldlone sesilgt

conbi nation of at |east two thereof. ‘ The amount of the sol vent
may be apprbpfidberysadpuseednarcbrdiPhgatsephysi cal properties of the
solvent, 25i.e., volatility, viscosity, and the |iKke. The resi st
conposi tion ackerEengyPiy, t Be presentdeémventi en may cal.soii nEpudeladditti ves
dependi ng on application such as inprovenent of coating properties.

Thé addi Métve Ty sk eatiypdaddi vinve fcomapely usedsiatiegi sif cdmposiibnens

wi thout Iimtation. Exanples of the additive may include an alkali soluble
guencher granpacirgrdiefsfeudicsh guedcher,lazndl & supf actlananpdand a hec addixt i ves
may be used alone or in conbination of at |east two thereof. The al kal

sol ubl e guéneher may be any al kali soluble 10 quencher commonly used in
resi st conpositions. Exanples of the alkali sol uble quencher may include
phenol or carboxylic acid derivatives. The acid diffusion gquencher
suppresses diffusion of acid generated by the acid generator during
exposure to the
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15 resist filmand chem cal reaction in non-exposed regions. Through use of
the acid diffusion quencher, storage stability of radi osensitive resin
conpositions may be inproved, resolution of the resist may be inproved, and
line width variation of the resist pattern during a period from 20exposure
to devel opnent may be inhibited. The aci d diffusion quencher may be
a basic cogpound Exanpl es of the acid diffusion quencher may include:

am nes suc Q§ ammoni a, net hyl% nfne i sopropyl ami @ef» n- hexyl ani ne,
cyclopentykanrﬂeﬂ t hyl enedizaf Hew@eth | enedi ani-fe 0
25di et hyl afd nélp difF opropylanlmb diehh§¥ened|an1na} ﬁ{N%ﬂ
di net hyl net hyl e i am ne, N, N- di net et hyl enedi am ne,

trimethylam ne, tiri gthylamne, tetr thylnethylenedlaﬁlnié
m ne,

t et ranet hyl et hyl enedi anmi ne, 5tetranetfyl t et raet hyl enep

net hyl et hyl pr. | am ne, benzyl am ne, N,NNN,N N, N, N
y yip ﬂp}/ y (178) (17¢) -
O’}L E’E ?_l. Fg q Fg
& -C L
Q= e G=2" e O CO=ET T 0
él h: 0 }3;, ﬁi‘ - :’_Of E) I:R: e O
- £
(17d) (17&) (17f) *j
] F. Q Fz % Fs
i, B e
-0 -0 -0 -0, SR e
o H PO o A PO 5 H, 7°

(17]) (171 (171)
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N, N, N , N - di nethyl ethyl am ne, phenethyl am ne, benzyl di nethyl am ne,
tetranet hyl ammoni um hydroxi de, anili ne,

N, N- di et hyl t ol ui di netri phenyl am ne, phenyl enedi ani ne,

pyrrol e, oxazol e, i sooxazol e, t hi azol e, i sot hi azol e, 10 i m dazol e, pyrazol e,
pyrroline, pyrrolidine, imdazoline derivatives, imdazolidine derivatives,
pyridine derivatives, pyridazine derivatives, pyrimdine derivatives,
pyrazi ne derivaty ves, p@razolin rﬂ%atHyes pyrazolldlneCUerHvatmves
pyperi di ne—eeri T(jﬂ@@@,—ﬁp@-per amp% F-iow8t- Cvés@ 15andf QbLneEm

ni tr ogen- cont ai ni ng cbapolnds such as am nbbenzoi c acild, { ;dol ecaﬂfﬁt@xyl iC
acid,amno acid derivatives (e.g., nicotinic acid, alanlne, argi ni ne, and
aspartic acid), Sk%yrldlnesulfonlc aci(tisp- pyrldlunlun1 {18e)

t ol uenesul f onat e, 2- hydr oxypyri di ne, am no cresol, 2,4- 20 quinolinediol,

2- (2- hydr oxyet h¥,J ) pyridi ne, and hydr oxyet hyl ) pi perazi ne; am de derivatives
such as formarfilde, Nenefhyl for mam de? rum&dﬁﬁethylfornanldél aget am de,

Nmet hyl acet &b l,Cl‘dcl\la,clii‘r‘mirthyIace-tna‘m%ezl@ﬂCmvo‘gm[janlc anldeg,anﬁ @egz@q&de or

i m de derivatifyés sucﬁf@s phthallnlde 255uati ni mi de, an el ei nidé.
(1ed) (18] )
W o . .
KRS re-bor o SCmRe0-CeeoReo
. 2 20 Fi, & £ Q
O
(18g) (18h) 180
T%ﬁ 0 4, © N . H 9
NS C-S-0-Cae-S0r Df W b S . m,smo
0
5 (1K) (15)
ﬁ He | i He j_ Hy
e G- S fﬁ"j@"“ SO gt (e C o o By
F20 & F2 0 F20
{18rm) e 160
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The amount of the basic conpound may be in the range of 0.01 to 5 parts by
wei ght, preferably, 0.1 to 1 parts by weight, based on 100 parts by wei ght
of polymer solids. If the anbunt of the basic conmpound is |ess than 0.01
parts by 5 weight, the pattern may be defornmed as a delay tine after
exposure increases. On the other hand, if the anount of the basic conpound
is greater than 5 parts by weight, resolution and sensitivity may be
deteriorat ed. Q Thé surfaoran%/' used togi nprove: coati ng

+h

propertlesws éO«dev& opi_ng prpperLLesm li ke. qunplesjbf tthe
surfactantnéyFﬁcludepfplﬁxyethyFenﬁlaurylether i & Fs i
pol yoxyet hyl enest ear yhet pol yoxyet hyl ene, and i nE

pol yet hyl enegl yegl di | aurate, but are HSf linmited thereto. A riesist pattern
that is fornmed using the resist 15 conposition according to the present

i nvention has |nproved line width roughnessfghanagterlstlcs and hi gh

resol ution £'n both 4/ H and L/S,battern i agldi tion, @ wide process w ndow
provi des. antexeetd _pat t er-m-gi-afit-e- iega ss of £h£~ ¥Peg,. Q%
substrate andﬁdnprovdg o ntrasm.F20Accord|neg, the reéust conp sé#f

useful as a positive mcally anplified photoresist conpositi
photosensitivitygto fap ultraviolet Iight such as is producegby a KrE

exci ner laser, ArF excimer |aser, or F2 excimer |aser, X-rays such as
synchrotron“radlathon and 25charged partlcle rays suqh as expreii

ul travi ol et ji( EUV) Accor di ng m\ anot her enboq%nent of] the Bﬂesent
i nvention " a 5L3£i rn1ﬂg é;gesrst paffﬁﬁTﬂLwlng Qe res{if‘\
Vi

conp05|t|on |§ pro /J
s

18y {igw) i18%)

In addition, in Formulae 14 and 15, a cationic portion

may be represented by Formulae 1%a to 19p below.
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Particularly, the nmethod includes formng a resist 5 filmby coating the
resi st conposition on a substrate, heating the resist filmand exposing the
resist filmto light to forma predeterm ned pattern, and devel opi ng the

exposed pattern. The substrate may be a wafer substrate, and the
10coating may be perfornmed on the substrate via spin coating, flown

coati ng, roII coating, or the |ike. Particularly, the resist

conmposi tion j hanted on thF §Ebstrate sucgdqf a silicon ﬂa er to a

t hi ckness |n range of O 3 02.0wW he coatrng;ks pre- baked at 60
15t o 150 1 to 10 r;{r—t s, prefer ét 80 to Ifor 1to5

m nut es. ﬁ%e resist, _fj IS partr %posed t Sition in order to
forma mcro af@ern I n thi rILfgard exanpl s. of the radr on may i nclude
ul travi ol et X such 20 a line, far Itrbvrolet Irgﬁt guch as is

produced by a KrF exci mer | a§er, ArE excrneq | aser, and FZ excrner | aser,
X-rays, and charged particl etays such as el-ectron beans,. ut are not
limted thergty. The radiatiof,my be appq@@£|ately adjus ?g according to
the type of the acid 259enerator articularly,(é bosure IS
perfornmed in_an exposure dosge-.of about 1 tosabout 200 ml/ae, preferably
about 10 to g' t 100 nj /el Tﬁrs IS foIIo q by post exgosﬂre baki ng

(PEI - 3) ?i:g_jfo 1500 fzi:i_jo 5 nlnutesﬁ we erably<?L
; 7
o On  Ox
] ] 4 .
%___.J . L L]

QCH; o.M, Oy

T = i
<:>M5+ %+ 7N E+ & ;+
,_.-_ﬁ!" :_;:-J'--. = _,..::1'-\ — _:-_'."-L\.

:»,_:._‘_,.. R o - -::-_::' -~ -""'-C-';:"“ e ""\«.:::"' 'm"“:,«-“"-' N ot
(?Q!'ﬂ} '-‘L l{ (1,90) ng)

(19m)

The acid generators may be used alone or 1in

combination of at least two thereof. In addition, the
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51300 for 1 to 3 mnutes. After exposure,the exposed resist pattern is
devel oped with a developer for 0.1 to 3 mnutes, preferably 0.5 to 2

m nut es by any conventional techniques such as dip, puddle, and spray
techniques. As a result, a desired 10 pattern is fornmed on the substrate.
The devel oper may be an aqueous sol ution including sodi um hydroxi de,

pot assi um hydr oxi de, sodi um carbonate, sodiumsilicate, sodium

nmet hasilicate, a ni.a, et hyl am ne, n-
amount

| am ne,
triethyl ANYRBCt St amet KT %T%ﬁ%§§£gﬁgﬁgggggfbﬁﬁﬁﬁtﬁ@?%ﬁnﬁﬁi8n§ to

hydr oxi de,or_ _the |i ke, preferably tetranet anmoni_ um hydr oxi de. .
C%tioﬁglEﬁ,Pﬁé&gvékbpggﬁﬁgfurfﬁé Fﬁ@ﬁﬁ&é é%if?vé& §E€%“§sbé YgrPa¢rant or

wat er sol ubl e at_qhoL .. According to the method of formng the pattern
usi ng Z@OFﬁepFégF§? 38 SH?l%ﬁ BEELPAPHg 50 4 He REEentTi WBnPRERS a
mcro resist pattern wth excellent sensitivity and high resolution may be
obt aj ned?Y weight of polyparei Aefidr; thkl pléSemewventifontvf | BCBe
described 25nore fully with reference to the foll owi ng exanpl es.
5 generator 1s greater than 15 parts by weight, verticality of
a pattern may significantly decrease. On the cther hand, if
the amount of the acid generator is less than 0.3 parts by
weight, flexibility of a pattern may be deteriorated.
In order to uniformly and smoothly coat the resist
10 composition, the polymer and the acid generator may be
disscolved in a solvent having an appropriate evaporation
rate and viscosgity. Examples o¢f the solvent may include:
esters such as ethylene glycol monomethyl ether, ethylene
glycol monocethyl ether, ethylene glycol monopropyl ether,
15 methylcellosolve acetate, ethylcellosclve acetate, propylene
gilycol monomethyl ether acetate, propylene glycol meonoethyl
ether acetate, and propylene glycol monopropyl ether
acetate; and ketones such as methyl isopropyl ketone,
cyclohexancne, methyl Z2-hydreoxzypropionate, ethyl 2-
20 hydroxypropicnate, Z-heptanone, ethyl lactate, and  y-
butyrolactone., These solvents may be used alone or in
compination of at least two Lthereof.
The amount of the solvent may be appropriately

adjusted according to physical properties of the solvent,

25 l.e., volatility, viscosity, and the like.



However, the follow ng exanpl es are capabl e of being enbodi ed through

nodi fications and alternative forns, and there is no intent tolimt the
enbodi ments to the particular fornms disclosed herein. 5Preparation Exanpl e:
Synt hesi s of Monomer and Pol ynmer Mononer Synthesis Exanple 1

Synt hesi s of 3-bicyclo[2.2.1] hept-5-en-2-y1-3-(2, 2, 2-
trifluoro-acetoxy)-propionic acid tert-butyl ester (BHP-5) nononer 10 4
(1) 46.71 g of triethylam ne was slow y added to a solution prepare
by di ssol vi ng ﬁﬁ% gt6f8t bi8mﬁqﬁﬁéﬁﬂwufﬁﬁﬁqgé%ﬂﬁ2-&%-3§H§dr8%§§6P5pionic
acid tert- 15 butyl ester (BHP) Il, 105.75 g of trifluoroacetic anhydride
I, andlﬁ‘.’%l?t@%%/ diddt hyF 2 Yri ditHetUE S| - dfhid §PsL L dePoretityy ene™
chloride at_OH and the m xture was stirred at roomtenperature for 3
hours. TREP!&Saltaht SHak arfssoPvedeMAN500nfC8f 1het RyPERET&RFori de, washed

with acid and 20distilled water, and then an organic |ayer was separated. A
The additive may be any additive commdnly used in

5 resist compositions without limitation. Examples of the
additive may include an alkali soluble guencher, an acid
diffusion quencher, and a surfactant, and the additives may
be used alone or in combination of at least two thereof.

The alkali soluble quencher may be any alkali scluble
10 guencher commonly used in resist compesitions. Examples of
the alkali soluble quencher may include phenol or carboxylic
acid derivatives.
The acid diffusicn gquencher suppresses diffusion of
acid generated by the acid generator during exposure to the
15 resist film and chemical reaction in non-exposed regions.
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 variation of the resist pattern during a period from
20 exposure to development may ke inhibited.
The acid diffusion guencher may be a basic compound.
Examples of the acid diffusion gquencher may include: amines
such as ammonia, methylamine, isopropylamine, n-hexylamine,
cyclopentylamine, methylenediamine, ethylenediamine,

25 dimethylamine, diisopropylamine, diethylenediamine, N, N-
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sol vent was renoved fromthe separated organic layer to obtain 130 g of
BHP-5 (Conpound |I) as an internediate. 19-NVR (ppm 0.6(d, 1H), 0.82(d,
1H), 1.25(m 19), 1.42(m1H),1.58(s,19),1.1(m19),1.9(m 1H),2.08(m 5129),
2.15-2.6(m 39) 2.83(m 29), 4.7(m 19), 5.15(m 19), 5.25(m 19), 5.9(s,
19), 6.22(s, 19) Polymer Synthesis Exanple 1 15 g of BHP-5 prepared in
Monomer Synthesis Exanple 1, 10 as a nononer for polynerization, 1.24 g of
di mret hyl ,azobjsobutylrate, .and 12 g of 1, 4-di gxane were added to a flask
ond i xelo T ehY TPt LERE S PRLRE s Or apl adled R Mt FOgY ] (Gas. “Rrid et ho
flask maﬁ heaﬁgd until tenperature in the flask reached 75TI. Wen the
t enper at oF PP YA&™ MGsk 15 was 751 ¢t s81th%on prepar ed by di's&dlrvi ng 2
g of maleic anhﬁdr'de_ang 7 g.of 2-nmethyl-acrylic acid
2-i sopr opfiyadARaRY Wgéby-68§gé?mPH912 g of 1,4-di oxane was NsloWl'y Nadded to
the flask over 2 hours using a syringe punp. Then, polynerization was
further p8kfePredyiethhecsgreaidrferature 20for 3 hours and el Nated. The
resultant reaction solution was cooled to roomtenperature. The cool ed
redct i ontSbrafebhy Wagt prethpi-caceantisinhgean excessiofthylexandarang t he
precipitates were filtered. The filtrate was dried at reduced pressure to
obt ai n 12egh Bt POy yREPPTVERépResent elleby y2BThESt ol | owbhgnstthydaariak,
formul a. A pol ystyrene equi val ent

benzyldiméthylamine, tetramethyl ammonium hydroxide, aniline,

N,N-dimethyltoluidine, triphenylamine, phenylenediamine,
pyrrole, oxazole, isooxazole, thiazole, iscothiazole,
10 imidazole, pyrazole, pyrroline, pyrrolidine, imidazoline

derivatives, imidazolidine derivatives, pyridine derivatives,
pyridazine derivatives, pyrimidine derivatives, pyrazine
derivatives, pyrazoline derivatives, pyrazolidine
derivatives, pyperidine derivatives, piperazine derivatives,
15 and morpholine; nitrogen-containing compounds such as
aminchenzcic acid, indolecarboxylic acid, amino acld
derivatives {e.qg., nicotinic acid, alanine, arginine, and
aspartic acid), 3-pyridinesulfonic acid, p-pyridiunium
toluenesulfonate, 2-hydroxypyridine, amino cresol, 2,4-
20 quineolinediol, 2= (2-hydroxyethyl)pyridine, and 1-{2-
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 phthalinide,

25 succinimide, and maleimide.
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wei ght average nol ecul ar weight (My) was 6577 g/ nol, and a wei ght average
nol ecul ar wei ght/ nunber average nol ecul ar weight (Mv M) ratio was 1.6. 5
Pol ymer Synt hesi s Exanple 2 15 g of BHP-5 prepared in Mononer

Synt hesi s Exanple 1, as a nmononer for polynerization, 1.24 g of dinethyl
10azobi sobutylrate, and 12 g of 1, 4-di oxane were added to a flask and

m xed. The air
heat ed unti |

the flask was
anhydri de_and

of 1,4- d?6x8n8§wg§ Sl SRS

inthe flask is replaced with nitrogen gas, and the flask was
fl ask reached 750. When the tenperature in

t t i t
gggeé%ﬁgégl&&i6ﬂﬁbr%%%%%dcﬁ?p8p§§oW@Wh§“? " of PRafrérgels

of 1-ethyl-1-(1-nmethyl ene-allyloxy)- cyclohexane) in 12 g
%&H’ed”’ﬁijcﬁl?%e I?JF%%GRK"%@%Y' Zghbqu tsPAGLa $yringe

punp. Then, gglynerization was further performed at the sanme tenperature

for 3 holirs®

d” PerRfnared.CUTHE Hles Uy atie 1 9RAcPEoROIINGET §9120Was édol ed to

roon1tenPerature.The‘cooled reaction
che amount of the basic compound is less than 0.01 parts by

5 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,

10 developing properties, and the like. Examples of the
surfactant may include polyoxyethylenelaurylether,
polyoxyethylenestearylether, polyoxyethylene, and

polyethyleneglycoeldilaurate, but are not limited thereto.

A resist pattern that 1is formed using the resist

15 compositicn according to the present invention has improved

line width roughness characteristics and high rescluticn in

both

C/H and L/S patterns. In addition, a wide process

window provides an excellent pattern profile regardless of

the Lype of the substrate and improved contrast.
20 Accordingly, the resist composition is useful as a positive
chemically amplified photoresist composition having

photosensitivity to far ultraviolet light such as is

produced by a KrF excimer laser, ArF excimer laser, or F,

excimer laser, X-rays such as synchrotron radiation, and

25 charged particle rays such as extreme ultraviolet (EUV).
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solution was precipitated using an excess of n-hexane, and the precipitates
were filtered. The filtrate was dried at reduced pressure to obtain 13 g of
Pol ymer V represented by the followi ng structural fornula. A polystyrene
equi val ent 5Mv was 4500 g/ nol, and an MV Mh ratio was 1.5. (V) Polyner
Synthesis Exanple 3 15 g of BHP-5 prepared in Mononmer Synthesis Exanple 1,
10 as a nononer for polynerization, 1.24 g of dinethyl azobisobutylrate,
and 12 g of 1,§-gég§ane were added to a flask and m xed. The air in the

flask is repla thni Poget Yass - and™PREPERSK Wis hehAted PustEnt
tenperature in.the flask reached 7514. Wen the tenperature in the flask 15
was 751117%°Bbi Gl o gRebEred by RSV hg oSG Shf il e i anhyEsi décand 6 g
of 1-neth 171;(1-nethyLene-aIIéloxy)- cycl opentane in 12 g of 1, 4-di oxane
was sl owf §5480ed°rBoPhE Plragk BYEF*9eHours using a syringe punp. Then,
pol ymeri zation was, further perforned at the sane tenperature 20for 3 hours
and ter ni nat ed” @ TheC 341 ¥ ant™ headtGtdw s ol 0L BAS Swakoedblied @ o readmt
tenperature. The cool ed reaction sol ution was precipitated using an excess
of °n- hexGn&™ and S Pkt picat 6§5wete FPTR@REBioTheoti | r & shastéri ed at
reduced pressure to obtain 11 g of Polyner VI represented by

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

10 coating may be performed on the substrate via spin coating,
flown coating, rcll coating, or the like.

Particularly, the resist composition is coated on the
substrate such as a silicon wafer to a thickness in the
range of 0.3 to 2.0 um, and the ceoating is pre-baked at 60

15 to 150} for 1 to 10 minutes, preferably at 80 to 1301 for 1
toe 5 minutes.

Then, the resist film 1is partially exposed to
radiation in order to form a micropattern. In this regard,
examples of the radiation may include ultravieclet rays such

20 as I-line, far ultraviolet light such as is produced by a
Kr¥ excimer laser, ArfF excimer laser, and F; excimer laser,
X-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

25 generatoecr.
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5the follow ng structural formula. A polystyrene equival ent Mv was 5000
g/mol, and an MW Wh ratio was 1.6. (VI) 10Pol yner Synthesis Exanple 4

15 g of BHP-5 prepared in Monomer Synthesis Exanple 1, as a nononer for
pol ynmeri zation, 1.24 g of dinethyl azobisobutylrate, and 12 g of

1, 4-di oxane were added to a flask and m xed. The air in the flask is
replaced with 15 nitrogen gas, and the flask was heated until tenperature
inthe flask r acp_ed £5E When the tenperature in the flask was 7511, a
sol ution pr epa?%ja by UP §58I viHP S Y f ial BFE TRARGHr i e & @Xé)loéfvarécréljlg
acid 2-net hyl - adanant an-2-y1 ester in 12 g of 1,4-dioxane was slow y adde
to the Fﬁ%@é S0\t hjouFé GSPHG g%rW#ﬁ pUiE Eerridn. Y ﬁ?%rﬂ?aﬂigon_r\r/}vas
further perfor at_the sane tenperature for 3 hours and term nated. e
resul tan b?%%cgi%gn r%‘Jo(ltcﬂ]t'i on es toofedlPyerodin teler akBPeThe Pédongd
reaction solution was precipitated using an excess of n-hexane, and the
preci pi t af 88! wére o I'ttoerjé’d)."I])'Hcémf il thate WasuHPFedrgeferably at 80 to

) 1301 for 1 to 3 minutes.
After exposure, the exposed resist pattern is
developed with a developer for 0.1 to 3 minutes, preferably
0.5 to 2 minutes by any conventional techniques such as dip,
puddle, and spray techniques. As a result, a desired
10 pattern is formed on the substrate. The developer may be an

agueous solution including sodium hydroxide, potassium

hydroxide, sodium carbonate, sodium silicate, sodium
methasilicate, ammonia, ethylamine, n-propylamine,
triethylamine, tetramethylammonium hydroxide,
15 tetraethylammonium hydroxide, or the like, 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
20 the resist compositicn according to the present invention, a
micro resist pattern with excellent sensitivity and high

resolution may be obtained.

Hereinafter, the present invention will be described

25 more fully with reference to the following examples.
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reduced pressure to obtain 12 g of Polyner Vil
formul a. A polystyrene equival ent Mv was 6200 g/ nol

structural
Mv Mh ratio was 1.63. 10 (VI
g of B5P-5 prepared in Mononer

represented by the follow ng
and an
) Polyner Synthesis Exanple 5 15

Synt hesi s Exanple 1, as a nononer for

pol yneri zati on,

1.24 g of dinethyl

15azobi sobutyl rate,

and 12 g of

1, 4-di oxane were added to a flask and m xed. The air

in the flask is

repl aced with

and the flask was heated until

tenperature in

° ,
t he flaSQOWSXSEEdrggﬁf 3%%&%ﬂﬁ?qenﬁﬁﬁ%ﬁ{ﬁ% i AT ¢ heCFPAskEwWas 756 & d

sol ution di ssol vin

acrylic ﬁ@&g gég?ﬂgﬁgﬁﬁﬁhampgﬁ

%,2,%,of mal ei ¢ 20anhydride and 6.5 g of
12641 1088t e n 213 SFI6F 1Y 24- BP HRane ARdls

slowy added to the flask over 2 hours using a syr
pol yneri ZHEF8n wds frt Hért$3er f drPred! Bt t hets

and term nat ed. _.The resul t ant

i nge punp. Then,
%ne@@@ﬁ%émﬁﬁﬁﬁe fér 3hours
reaction solution was cooled to 5room

t enper at GRe-THE 8bol BN Fede FFOASEE! (EF6r ™was preci pitated using an excess

t he

of n-hexane, and )
5 Preparation Example:

Monomer Synthesis Example 1

Synthesis

Synthesis of Monomer and Polymer

of 3-bicyclo[2.2.1]hept-5-en-2-y1-3-(2,2,2~

triflucro-acetoxy)~propionic acid tert-butyl ester

(BHP-5)

monomer
10

0

PR

0

N

OH TEADKIAP

¥ o

" F5C7 07 TCF,

0 MC
)

X

(1

{1

46.71 g of <triethylamine was

solution prepared by dissolving

slowly

100

0
S—CF,
0

0

(I}

added to a

v of 3-

bicyclo[2,2,1)hept-b-en~2~yl-3-hydroxy-propionic acid tert-

butyl ester (BHPE) II,

ITT1,
methylene chloride at 0],
room Ttemperature for 3 hours.
i 500 ml

of methylene chloride,

20 distilled water,

and 4.67 g of dimethyl-pyridine-4-yl-amine in

and the mixture was

washed with

and then an organic layer was separated.

105.75 g of trifluoroacetic anhydride

1 L of

stirred at

The resultant was dissclved

acid and
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precipitates were filtered. The filtrate was dried at reduced pressure to
obtain 13 g of Polynmer VIII represented by the foll ow ng

structural formul a. A pol ystyrene 10equi val ent Mv was 5930 g/ nol, and an

Mv Mh ratio was 1.55. (VIII) Eval uati on Exanple 1: Eval uation of
Hydr ophobicity of Additive 151.0 g of each of the polyners synthesized in
Pol ymer Synthesis Exanples 1 to 5 was dissolved in 25 g of 4-nethyl
pentanol, and the solution was filtered using a 0.2 pm pol ypropyl ene filter
to prepaf®’ Y8BT st"a5t ot BEOVEE TP cdiSosPEPBRSLSFor CESMPET | SGWYEAI t ROt he
additive according to 20the present invention in terns of effect, Polyner

| X repredentedl By ¢heffBiPowi Agoferwfal { Me ZnodotgraeriaMa M 1.73, and
a nolar ratio of the repeat units: xiﬁgzzl'l: was used in Conparative

1101
Exanple 1. 5 IH-NMR: (ppm) 0.6(d, 0.82201, 1H), 1.25(m, 1H),
1.42(m, 1H), 1.58(s, 1H), 1.7(m, 1H), 1.9(m, 1H), 2.08(m,

12wy, 2.15~2.6{(m, 3H) 2.88{(m, 2H), 4.7{m, 1H}, 5.15{m, 1H),

N

5.25(m, 1H), 5.89{(s, 1H), €.22{(s, 1H)

Polymer Synthesis Example 1
15 g of BHP-5 prepared in Monomer Synthesis Example 1,
10 as a monomer for polymerization, 1.24 g of dimethyl
azobiscobutylrate, and 12 g cf 1,4-dioxane were added to a
flask and mixed. The air in the flask is replaced with
nitrogen gas, and the flask was heated until temperature in
the flask reached 7501, When the temperature in the flask
15 was 75l a soluticn prepared by dissolving 2 ¢g of maleic
anhydride and 7 g of 2-methyl-acrylic acid 2-isoprophy-
adamantan-2-yl ester in 12 g of 1,4-dioxane was slowly added
to the flask over 2 hours using a syringe pump. Then,
polymerization was further performed at the same temperature
20 for 3 hours and terminated. The resultanl reaction sclution
was cooled to room temperature. The cooled reaction
solution was precipitated using an excess of n-hexane, and
the precipitates were filtered. The filtrate was dried at
reduced pressure to obtain 12 g of Polymer IV represented by

25 the following structural formula. A polystyrene equivalent

o2



Eachof t hepr epar edresi stprotectivefil mconpositions was spin-coated onto a
silicon substrate and baked at 10011 for 60 seconds to formresist
protective filns with a thickness of 50 nm 10Sliding angl es and receding
contact angles of the resist protective filns were respectively neasured.
Specifically, 50 O of pure water was dropped to forma droplet on the
silicon substrate provided with the resist protective filmwhich was kept
horizontalhv%Lle the 15siljcon substrate was gradually inclined, the angle
(sliding"angle) 23 Wi I e Wrdipl BELgRar t8Y) s Mod n@ﬁ%mﬁ/méf méasured as
wel | as the receding contact angle. Results are shown in Table 1 bel ow.
Tabl e 1 TGpEL6F SEYBF AGS antt £° ¢ RECE PRy POT AMETO S befereld T oMed Gt vdiigl e

welght {(Mw/Mn) ratio was 1.6.

Q
Wcr, 07070 g
0

O

O
% {IV)

Polymer Synthesis Example 2
15 g of BHP-5 prepared in Monomer Synthesis Example 1,
as a monomer for pelymerization, 1.24 g of dimethyl
10 azobisobutylirate, and 12 g of 1,4-dioxane were added to a
Tlask and mixed. The air in the flask is replaced with
nitrogen gas, and the flask was heated until temperature in
the flask reached 75/ When the temperature in the flask
was /5LI, a solution prepared by dissolving 2 g of maleic
15 anhydride and 5 g of Il-ethyl-l-{l-methylene-allyloxy)-
cyclohexane) in 12 g of 1,4-dioxane was slowly added to the
flask over 2 hours using a syringe pump. Then,
polymerization was further performed at the same temperature
for 3 hours and terminated. The resultant reacticn solution

20 was cooled to room temperature. The <cooled reaction



Sl i di ng angl eRecedi ng aftercontact angle Referring to Table
1, the resist protective filnms including the polynmers prepared in Polyner
Synthesis Exanples 1 to 5 have high water repellency, low solubility 5 in
water, and high solubility in alkali solutions, and may be easily renoved
by an al kali devel oper during developnment. In addition, it was identified
that the sliding angle or receding contact angle of the polyners prepared
i n Pol yner S¥nthesis Exanpl es e%f S_were _not ne atlvg ﬁ bnfluenced 10
Experi mental - EXAmIPE: Hormdts GH- ot RetPet 2R ISHSEH slir BfgAEeof and

?;g{ act ey ot b;%,@gfpﬁﬁﬁg'g;g watd EXRDLES. T 102 AL e @ 088 5L, By

reduced pressure to obtain 13 g of Polymer V represented by
the following structural formula. A polystyrene equivalent
b Mw was 4500 g/mol, and an Mw/Mn ratio was 1.5.
(S
$cF, 07 07 70

nO

C

o O

‘)_v

Polymer Synthesis Example 3
15 g of BHP-5 prepared in Monomer Synthesis Example 1,
10 as a monomer for polymerization, 1.24 g of dimethyl
azobisobutylrate, and 12 g of 1,4-dioxane were added to a
flask and mixed. The air in the flask 1is replaced with
nitrogen gas, and the flask was heated until temperature in
the flask reached 75/]. When the temperature in the flask
15 was 750}, a sclution prepared by dissolving 2 g of maleic
anhydride and 6 g of I-methyl-l-(l-methylene-allyloxy)-
cyclopentane in 12 g of 1,4-dioxane was slowly added to the
flask over 2 hours using a syringe pump. Then,
polymerization was further performed at the same temperature

20 for 3 hours and terminated. The resultant reaction solution
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15 below (Mwv 8,500 g/nmol, Mv Mh: 1.75, and a nolar ratio of the repeat
units: x:y:z:w=1:1:1:1), 1.0 g of each of the polyners prepared in Polyner
Synthesis Exanples 1 to 5, 0.31 g of a photoacid generator represented by
Formula 21 below, and 0.07 g of tr isopropanol am ne, as a quencher, were
added to 80 g of propyl ene glycol nonoethyl ether acetate (PGVEA), and the
solution was filtered using a 0.2 pin polypropylene filter to form

phot oresi st fil np?sitions. 5Formul a 20 Formul a 21

C ) > | ) 2 . .
- 0S- CF2CE2ErF2€ER3 58 Aot FOMManti TSI e coal'PngCBARS W tRag tien
t hi ckness gfmgo nmwas formed on a silicon substrate, and a photoresi st
filmconpBsittiBR prepdted 4y o<t i Bedndhove SiEs Coat bdoRetABEsUBSEr at e
provided with the BARC. The substrate was backed at 110 I for 60 seconds to
form a phdfoPE&icdPifPAtmswitra t hi ERReds ofhg2d idhrate was dried at
reduced pressure to obtain 11 g of Polymer VI represented by
5 the following structural formula. A polystyrene equivalent

Mw was 5000 g/mol, and an Mw/Mn ratio was 1.6.

O .

W-cF, 07 070
¢!
0

{

10 Polymer Synthesis Example 4
15 g of BHP-5 prepared in Monomer Synthesis Example 1,
as a monomer for polymerization, 1.24 g of dimethyl

azoblsobutylrate, and 12 g of 1,4-dioxane were added to a

flask and mixed. The air in the flask is replaced with
15 nitrogen gas, and the flask was heated until temperature in
the flask reached 75/, When the temperature in the flask

was 75il, a solution prepared by dissolving 2 ¢ of maleic
anhydride and 6 g of acrylic acid 2-methyl-adamantan-2-yl
ester in 12 g of 1,4-dioxane was slowly added to the flask

20 over 2 hours using a syringe pump. Then, polymerization was
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15Then, in order to realize liquid imersion |ithography, exposed filns
were rinsed with pure water for 5 mnutes. That is, exposure was perforned
using an ArF scanner 306C (Ni kon Corp., NA-0.78, 6% hal ftone mask) and the
substrate was rinsed with pure water for 5 m nutes. The exposure was
performed at 110r1 for 60 seconds, a PEB was perforned, and a 5devel opnent
was perfornmed using 2.38% by wei ght of TMAH devel oper for 60 seconds.
Conpar at _iuveﬁgxanplef A rC{ssist filmwas forned in the same manner as in
10Exanpl e 106k c &t TEHAET het r L8P >3t tFURS WAEURBL Tided® nours apge
silicon substrates provided with the resist filns parepared in Exanples 1
to 5 and-Ebliparative BEXamptee 2l vithle EHECEOCBvAIUatE Fensit i GPeyedThe
sensitivity corresponded to an exposure _dose used to forma 65 nm

| i ne- and*SPAce TESPEIRSHFA t er nat Af es6PGEFEN dierdl Resul 81 Tabbe 2vbel ow.

Table 2 o ,
precipitated using an excess of n-hexane, and the

5 precipitates were filtered. The filtrate was dried at
reduced pressure to cbtain 12 g of Polymer VII represented
by the following structural formula. A polystyrene

equivalent Mw was 6200 g/mol, and an Mw/Mn ratio was 1.63.

B/L

10 (VI

Polymer Synthesis Example 5

15 g of BHP-5 prepared in Monowmer Synthesis Example 1,

as a monomer for polymerization, 1.24 g of dimethyl
15 azobisobutylrate, and 12 g of 1,4-dioxane were added to a
flask and mixed. The air in the flask is replaced with

nitrogen gas, and the flask was heated until temperature in
the flask reached 75[1. When the temperature in the flask
was 75i1, a sclution prepared by dissolving 2 g of maleic

20 anhydride and 6.5 g of acrylic acid 2-ethyl-adamantan-2-yl



Pol ymer as resist additiveSensitivity (mJ/cnR) are shown in 65 nm pattern
foam Exanple 1 Polyner |V 35.7 no standing wave Exanple 2 Polyner V 43.5
no standi ng wave

ester in 12 g of 1,4-dioxane was slowly added to the flask
over 2 hours using a syringe pump. Then, polymerization was
further performed at the same temperature for 3 hours and
terminated. The resultant reaction solution was cocled to
5 room temperature. The cooled reaction solution was
precipitated using an excess of n-hexane, and  the
precipitates were filtered. The filtrate was dried at
reduced pressure to obtain 13 g of Polymer VIII represented
by the following structural formula. A polystyrene

10 equivalent Mw was 5930 ¢g/mol, and an Mw/Mn ratio was 1.55.

?}m

Evaluation Example 1l: Evaluation of Hydrophobicity of

(V1)

Additive

15 1.0 g of each of the polymers synthesized in Polymer
Synthesis Examples 1 to 5 was dissolved in 25 g of 4-methyl
pentancl, and the solution was filtered using a (.2 um
polypropylene filter to prepare resist protective film
compositions. For comparison with the additive according to

20 the present invention in terms of effect, Polymer IX
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Exampl e 3 Polyner VI 52.4 no standing wave Exanple 4 Polyner VII 52.7 no
standi ng wave Exanple 5 Polyner VIII 48.5 no standi ng wave

represented by the following formula (Mw: 7,900 g/mol,
Mw/Mn: 1.73, and a molar ratio of the repeat units:

®xiyrz=1:1:1) was used in Comparative Example 1.

ot =k
g ORRee

(1X)

O

X

Each of the prepared resist protective film
compositions was spin-cocated onto a silicon substrate and
baked at 100ii for 60 seconds to form resist protective films
with a thickness of 50 nm.

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

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

15 silicon substrate was gradually inclined, the angle (sliding
angle) at which the droplet started sliding down was
measured as well as the receding contact angle. Results are

shown in Table 1 below.

Table 1
| Typeof | Sidingangle |  Receding Sliding angle Receding |
|_polymeras | before | contactangle |  after contact angle |
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Conmparative Exanple 2 49.2 serious roughness _

Referring to Table 2, when a resist filmwas fornmed of 20a resi st .
conposition not including the resist additive as described in Conparative
Exanple 2 and rinsed with pure water after exposure, a T-top shape resist
pattern was formed since generated acid was di ssolved in water. However,

the resist patterns.were nqt deforned..if.the polyners prepared in Synthesis
Bxamples 1 1o S Her g et 1T ey | G | developmentt
Es)fa”rté‘;z'sz Poi ymerV o1 790 58 442
Sy | Pomervi | sas | 7s G
_____ 5355?53&? | Popmervil [N RN SR B S

Referring to Table 1, the resist protective films
including the polymers prepared in Polymer Synthesis
Examples 1 to 5 have high water repellency, low solubility

5 in water, and high solubility in alkali solutions, and may
be easily removed by an alkalil 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 Lo 5 were not negatively influenced.

10
Experimental Example: Formation of Resist Film and
Measurement of Characteristics of Resist Film
Examples 1 to 5
S g of a resist polymer represented by Formula 20
15 below (Mw: 8,500 g/mcl, Mw/Mn: 1.75, and a molar ratioc of

the repeat units: x:y:z:w=1l:1:1:1), 1.0 ¢ of each of the
polymers prepared in Polymer Synthesis Examples 1 to 5, 0.31

g of a photoacid generator represented by Formula 21 below,
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As is apparent fromthe above description, the present invention provides a
resist additive which inproves hydrophobicity of the surface of a resist
filmto prevent 10 naterials frombeing | eached fromthe resist filmin

wat er during an inmersion |ithography process and is stripped off by a
devel oper during a devel opnent process to inprove hydrophilicity of the
surface of the resist filnland allow the surface of the resist filmto have
a low stati an so that .a micropattern of the resist film

Wi th excal? ert- L eng. (o B IGRE TR ElaotbeF o iy Be FGTTRE". wore
Althoughﬂé pref ed enbodlnents of the present invention have been

di scl osed f o7 |PI r%tP&eEHGﬂﬁ6§§§3 Phasel skianasd i thehart 2aeLpte
appreC|aEe t hat various 20 nodifications, additions and substitutions are
possi bl e! FWi'thout Hepar't'ihg FHoth e 4GSpe Land CEFEr | £56RIt he | hvention as
di scl osed in the acconpanyi ng cl ai ns. WHAT IS CLAIMED IS: 1. A resist

addi ti vep%m%m%@c@ #%?FruPﬁ fopel Pt Eeeriirh 1ibm composithhepein R,

R' and R"' are each independently selected fromthe group consisting of a
hydrogen at omF@rieitac4 &l kyl group, a hal ogen group, and a C1-C4 hal oal kyl

group in which one hyd ogVENato nmj#iUbStlt d wiit h a hal ogen group,
v‘g VJV'\J’U\IMN

O

o
FiC
)< HO=
CF,

Formula 21

O

1
@& . -0S~CF,CF,CF,CFs
0

A bottom anti-reflective coating {BARC) with a

10 thickness of 90 nm was formed on a silicon substrate, and a

photoresist film composition prepared as described above was

coated on the substrate provided with the BARC. The

substrate was backed at 1101 for 60 seconds to form a
photoresist film with a thickness of 120 nm.

15 Then, in order to realize ligquid immersion lithography,

exposed films were rinsed with pure water for 5 minutes.
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10 RE is a hydrophobic group selected fromthe group consisting of a

Cl- C20 hal oal kyl group, an organic silicon group, and a C3-C20 hydrocarbon
group, wherein if Rl is an organic silicon group, ois 0, and if R is a
Cl- C20 hal oal kyl group or C3-C20 hydrocarbon group, ois 1, 15 R2is
selected fromthe group consisting of a C-C20 al kanediyi group, a C2-C20
al kenedi yl group, a 01-020 heteroal kanediyi group, a 02-020

het er oal di.yl roup,  a 03-030 oal kanedi yi group, a C3-C30

cycl oal k E' i yﬁyq’g?%ﬁ% 4927630 %’%ﬁ?‘dﬁfil ‘dﬁi‘?én@g"i yﬁ”pﬁgr BEP"N&Ad 34 963- 030

20hetero koal enedl yll%%r(f eg % §8ﬂ§R4 are each mdePendentIy an acid
ro

| abi |l e group“gel-E¢tedf r EEOENGETS k) o3k LR RMYPRAARIS(Rd) g
,  Wher ei n Ra, .Rh, R .and Rd are each o
was rinsed with pure water for 5 minutes. The exposure was
performed at 1100 for 60 seconds, a PEB was performed, and a
5 development was performed using 2.38% by weight of TMAH

developer for 60 seconds.

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

The silicon substrates provided with the resist films
parepared in Examples 1 to 5 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

15 (L/8) pattern at a resolution of 1:1. Results are shown in

Table 2 below.

Table 2
F%ﬂwﬂerasresmtaddnwe Sensnvny(nnﬂcnn) 65run pauernfoaﬂl
Example1 | = Pmymef“/_____‘ , W,w357”mmmm“”m. ”Osm”dmgmﬁVe
. Example2 | PolymerV ..A85 .| nostandingwave
 Exampie3 | PolymerVi ””m524mmmmm”m ...ho standing wave
Example4 | Polymervi 52.7 o standing wave
Example 5 | POW”ErVWHWHWM__ 485 .| nostanding wave
Comparative .
______ Example2 | 42 serious roughness

Referring to Table 2, when a resist film was formed of

20 a resist composition not including the resist additive as
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i ndependently selected fromthe group consisting of a 01-020 5 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 acetylal kyl group, a carboxyl group, a (01-010 al kyl) carboxyl
group, a (03-018 cycl oal kyl ) carboxyl group, 10 and a 03-030

het erocycl oal kyl group or are fused together between adjacent groups to

forma 03: ;s urat ed or unsaturated hydrocarbon rin r a Q2-030
degt Bahoral e gmgﬁrﬁﬁféﬁ%r£éﬁm8XFo;§,d&ﬁh ﬁlpgegn‘?ﬂt gEMLSf 0 to

heterocycFlc group,”p i
10, RS i@a_egydr‘ggn atomor_a 01-0 | kyl group, 151, m and n are

respect i Vel § nutbers of e Fepeat Eﬁ?f’g iﬁﬁﬁp%ac%%%]n%? WHEFS T | MR- n=1,
0<1/(1i-g&n%<%.99h 0<n1%1-th5n)0v 0, ‘and 0<n/(1li-ni-n)<0.99, and o is an

i nteger of "0°0r “1!'“209°FREFEEi §C T AAHAEI Vo SSP YIRS L WaklieT-ei HORFEVES
selected_fron1tpevgroq$mgons[sting of a 01-010 fluoroal kyl group, a silyl
group, a"¢f- CiDehfky RIFYETIGP ouptt@ ERic1dt i@ ort thr diéhe@CaIIESgr oup,
a 83-C14 nnnocgéch cycl oal kyl group a C8-Cl18 dicyclic cycloal kyl group, a
C16- C30PEFPeyefi dlcyolbdlad s groahrland fa (G10° CBE tret /sy ci ¥ c r5eyekoal kyl
group. . 3. The resist additive of claim1, wherein Rl is selected
fromthe?gfbup’gdnsi sting of a t-butyl group, a t

i fl uoronet hyl group, atrinethyl silylgroup, a
As 1s apparent Tfrom the above description, the

present invention provides a resist additive which improves

hydrophobicity of the surface of & resist film to prevent

16 materials from being leached from the resist film in water

during an immersion lithography process and is stripped off

by a developer during a development process to improve

hydrophilicity of the surface of the resist film and allow

the surface of the resist film to have a low static contact

15 angle, so that a micropattern of the resist film with
excellent sensitivity and high resolution may be formed.

Although the preferred embodiments of the present

invention have been disclesed for illustrative purposes,

those skilled in the art will appreciate that various

20 medifications, additions and substitutions are possible,

without departing from the scope and spirit of the

invention as disclosed in the accompanying claims.
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10di (trifluoronethyl)isopropyl group, a pentafluoroethyl group, and a

hept af | uor opr opyl group. 4. The resist additive of claiml, wherein
R3 and R4 are each independently selected fromthe group consisting of

are each independently selected fromthe group consisting of a d-Cl10 al kyl
group, a C3-Cl14 nonocyclic cycl oal kyl group, a C8-020 dicyclic cycl oal kyl
group, a Cl10-030 tricyclic cycloal kyl group, a Cl0-C30 tetracyclic

cycl oal kyl group,..a.20.(¢Cl - kyl ) cycl oal kyl group, a hydroxyal kyl group,
a d C10 aikoxngéﬁu%g %£%%%§§s? I koxy) al kyl group, an acetyl group, an
acetyl al kyl group, a carboxyl group, a (Cl-05 al kyl)carboxyl group, and a
(C3-C10 cycl oal kyl)carboxyl group or are fused together between adjacent
groups to forn;a 06-018,sat%5,ted or unsaturated hydrocarbon ring or a 05-
018 heterocyclit dioup B i ¥ Gn 4 Ht g BTC0C 30 By Erehy 3 s! et eger of 0
to 5. 5.The resist addjtive of claiml1l, wherein R3 and R4 are each

i ndependent |y %%?%%f%d'fron1the group consisting of a t-butyl group, a

trinethylsinIN%roup, al hydr oxy- 2- et hyl R:
]' o [ ol kjﬁm

RSN
0 )

R, Ry

wherein R', R" and R"' are each independently selected
from the group consisting of a hydrogen atom, a Cl1-C4 alkyl
group, a halogen group, and a Cl-C4 haloalkyl group in which
one hydrogen atom is substituted with a halogen group,

10 Ry is a hydrophobic group selected from the group
consisting of a C1-C20 haloalkyl group, an organic silicon
group, and a C3-C20 hydrocarbon group, wherein if R; is an
organic silicon group, o 1is 0, and 4if Ry is a C1-C20
haloalkyl group or C3-C20 hydrocarbon group, o is 1,

15 Ry is selected from the group consisting of a C1-C20
alkanediyl group, a C2-C20 alkenediyl group, a Cl1-C20
heteroalkanediyl group, a C2-C20 hetercalkenediyl group, a
C3-C30 cycloalkanediyl group, a C3-C30 cycloalkenediyl group,
a C2-C30 heterocycloalkanediyl group, and a C3-C30

20 heterocycloalkenediyl group,
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group, a 1-nmethoxypropyl group, a 1-nethoxy-1-nethylethyl 10 group, a

1- et hoxypropyl group, a 1-ethoxy-I|-nethylethyl group, a 1-nethoxy-1-ethyl
group, a 1l-ethoxy-I-ethyl group, a t-butoxy-2-ethyl group, a

1-i sobut oxy-1-ethyl group, and groups selected fromthe group consisting of
Formul ae 2a to 2k below. (2g)(2h)(2i) -0 (2k) (2)) wherein R,
R' and R'' are each independently a hydrogen atomor a Cl-Cl0 al kyl group,
a and e are eagh ameﬁﬁng%t LY AN iiREeR8fqefc 10 1 19,2 h8n2fe! BLEGES of 0
to 11, ¢ and d are each independently an integer of 0 to 9, iS an integer
of Oto 7, g and i are each independently an integer of 0 to_6, h is an
integer of 0 to 4, Oci.d--17, and 6.The resist additive ofCl im1l,
wherein R3 and R4 are each independently selected fromthe éﬁgﬁ%cconsisting

of Formul ae 3a to 3h bel ow Rg
selected from the group consisting of Rb ,
. Rc é‘SYO
Si. L
I Rb Rd
Ra (Rd)q p : _
and , wherein R, Ry, R, and Ry are each

independently selected from the group consisting of a Ci1-C20
5 alkyl group, a C3-C30 cycloalkyl group, a {(C1-C10
alkyl)cycloalkyl group, a hydroxyalkyl group, a Cl1-C20
alkoxy group, a (Cl1-Cl0 alkoxylalkyl group, an acetyl group,
an acetylalkyl group, a carhoxyl group, a (C1-C10
alkyl)carboxyl group, a (C3-Cl8 cycloalkyl)carboxyl group,
i0 and a C3-C30 heterocycloalkyl group or are fused together
between adjacent groups to form a C3-C30 saturated or
unsaturated hydrocarbon ring or a C2-C30 heterocyclic group,
p 1s an integer of 0 to 3, and g is an integer of 0 to 10,
Rs 1s a hydrogen atom or a C1-C8 alkyl group,
15 1, m, and n are respectively numbers of the repeat
units 1in a backbone, wherein l4min=1, O0<1l/(l+m+n}<0.99,
O<m/ (L+min) <0.20, and 0<n/ (l+m+n)<0.99, and

o 1is an integer of 0 or 1.

20 2. The resist additive of c¢laim 1, wherein R, is

selected from the group consisting of a C1-Cl0 flucroalkyl
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(3a)(3b)(3c)(3d) (3e)(3f)(3g)(3h) VThe resist additive of claim1l, wherein
the resist additive is selected fromthe group consisting of conpounds
represented by Formulae 4 to 11 below Fornmula 4 10 Formul a 5

group, a silyl group, a CI1-Cl0 alkylsilyl group, a C3-Cl0
linear or Dbranched alkyl group, a (C3-Cl4 monocyclic
cycloalkyl group, a C8-CLl8 dicyclic cycleoalkyl group, a C10-
C30 tricyclic cycleoalkyl group, and a Cl10-C30 tetracyclic

5 cyclecalkyl group.

3. The resist additive of c¢laim 1, wherein R, is

selected from the group consisting of a t-butyl group, a
trifluoromethyl group, a trimethylsilyl group, a

10 di (trifluoromethyl)isopropyl group, a pentafluoroethyl group,

and a heptafluoropropyl group.

4, The resist additive of claim 1, wherein Ry and R,

are each independently selected from the group consisting of

Rc fs @)
Rc g
. L
Ra L Rb Rd
15 Rb Ra .4 (Rd)q P, wherein R,, Ry, R. and Ry

are each independently selected from the group consisting of
a Cl-Cl0 alkyl group, a C3-Cl4 monocyclic cycleoalkyl group,
a C8-C20 dicyclic cycleoalkyl group, a Cl0-C30 tricyclic
cycloalkyl group, a Cl0-C30 tetracyclic cycloalkyl group, a
20 (C1-C5 alkyl)cycloalkyl group, a hydroxyalkyl group, a Cli-
C10 alkoxy group, a (CI-C5 alkoxy)alkyl group, an acetyl
group, an acetylalkyl group, a carboxyl group, a (C1-C5

alkyl}carboxyl group, and a (C3-C10 cycloalkyl)carboxyl



Formul a 6 Formula 7 5 Formul a 8 Formula 9 Fornula 10

10

group or are fused together between adjacent groups to form
a Ce-Cl8 saturated or unsaturated hydrocarbon ring or a C5-
C1l8 heterocyclic group, p is an integer of 0 to 3, and g is

an integer of 0 to 5.

5. The resist additive of claim 1, wherein R:; and Ry
are each independently selected from the group consisting of
a t-butyl group, a trimethylsilyl group, a hydroxy-2-ethyl
group, a l-methexypropyl group, a Il-methoxy-l-methylethyl
group, a l-ethoxypropyl group, a L-ethoxy-l-methylethyl
group, a l-methoxy-l-ethyl group, a l-ethoxy-l-ethyl group,
a t-butoxy-Z-ethyl group, a l-iscbutoxy-l-ethyl group, and
groups selected from the group consisting of Formulae 2a to

2k below:
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Formula 11 wherein 1, m and n are respectively nunbers of the
repeat units in a backbone, wherein | +m n=1, 0<1/(1+mtn) <0. 99,

O<m (1+m -n)0.2, and 0O<n/(1+mul)<0.99. 8.The resist additive of claim1,
wherein a repeat unit mof Formula 1 is conprised in a copolyner of the
resist additive in an anount of 5 to 15 non. 59. The resist additive of
claim1, wherein a polystyrene equival ent weight average nol ecul ar wei ght

of the resist.additive neasured using | perneatlon chrompti®graphy is in
the range gf_J1, 00B":0 20,000 g/ ol . 1O10. resist additiv of (€ m 1,
wherein a wei gh aver age nol ecul ar wei Aﬁ er average r.meight
ratio of the ~f§|st additive is in therrange of 1 to 3. . A
resi st conpositi ﬁconpr|3|ngare5|st 15a ive according to any.oné of
claims 1 to 1024a resi st base polynmer, (am acid generator, andﬁﬁ)solvent.
m 5 RI
w;\f‘ II |> c R I:R ",'IL, ‘SL’“Y'M
7 x}\- —\'\\_ ua J_ m}*"*ﬂ:‘f"j&?
mﬁ ? I:? -5 \Li:I; “‘1R”M T
4
(2d) (2e) (2f}
R |
F\)' {FQ":I[: H \‘/ p {{R“:‘D PSIF R
‘ AR™K A " R"
; ST ﬁ — AR™ 4R,
P ( O g7
(2g] {2h) (2i)

_‘.55-\ B
"F%AZ/ (R")e ) IQ*}

@) (2k)

wherein R', R" and R"' are each independently a
hydrogen atom or a C1-ClC alkyl group, a and e are each
independently an integer of 0 to 15, b is an integer of 0 to

5 11, ¢ and d are each independently an integer of 0 to 9, f
1s an integer of 0 to 7, g and i are each independently an
integer of 0 to 6, h is an integer of 0 to 4, 0<c+d<17, and

0Sc+f<15,
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12. The resist conposition of claim1l, wherein the ambunt of the resist
additive is in the range of 0.05 to 5% 20by wei ght based on the total

wei ght of the resist conposition. 13. The resist conposition of
claim1l, wherein the acid generator conprises at |east one conpound

sel ected from 25t he group consisting of Fornulae 14 and 15 below. Formul a
14 )1(1 X2-s + - Z | X3 X5 x4

6. The resist additive of claim 1, wherein Ry and Ry
are each independently selected from the group consisting of

Formulae 3a to 3h below:

- oo T

(Sa) (3b) (3c) (3d)
(3e) 3
(30 (39) (3n)
5
1. The resist additive of <¢laim 1, wherein the

resist additive is selected from the group consisting of

compounds represented by Formulae 4 to 11 below:

”{ﬁﬁ‘m’"
Y cr, 0”0 o

Formula 4

C

10

Formula 5
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Formula 15 Yi Y2-S Z Y5V4 5Swherein X1, X2r Yt and Y2 are each

i ndependently selected fromthe group consisting of a hydrogen atom a

Cl 010 al kyl group, an allyl group, a perfluoroal kyl group, a benzyl group,
a 06-030 aryl group, and any conbi nation thereof, wherein XI and X2 are
fused to forma 03-030 10 saturated or unsaturated hydrocarbon ring, and
Y1l and Y2 are fused to forma 03-030 saturated or unsaturated hydrocarbon

ring, 4a Xk ; ach independently sel ected
fromthe group th@ ng of a/hydrBgen at a d- 15 030 al kyl group, a
hal ogen group, a OSSqugqx ot a og)o§% aryl group, a thiophenoxy
group, a 01-030 thival Koxy group, a 01-Q20%al koxycar bonyl net hoxy group, and
any conbination the eé?, Z, whi ch denot e on,is 0S020F3, 050204F9,
0S0208F17, N (CF3) ¥, N (02F5) 2, N (04F9) C (CF3) 3, 0 (02F5) 3, C
(C4F9) 3, or a functi#ghal group represente Formul a 16 bel ow. Fornula 16

O

%‘

Formula 6

0
M-cF 07070 g

O

O

5
Formula 7

n
!
\§/
i
t
I
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OvVi HH2 -1 I-0-W-(W2)0 - (W) p -W | 0Ov2 wherein Vi and V2 are each

i ndependently a hal ogen atom W is -(0=0)- or -(SQ2)-, W is a 01-010

al kanedi yl group, WB is selected fromthe group consisting of a
03-030 cycl oal kyl group, a C6-C30 aryl group, a 07-030 aral kyl group, a
06- 030 aryl oxy group, a 06-030 arylthio group, and a 05-030 heterocyclic
group, W is selected fromthe group consisting of a hydrogen atom
a hal ogen grou 8 10 al kyl group, a 01-010 al koxy group, a 01-010

hal oal kyl grougorﬁu $-610 al kyithio group, a 06-030 aryl group, and any

conbi nati on t hefk i i N&ﬁ% ~k and p is an integer of 0 to
Q§|t|on nnmll, ein the

2. 14. The resis
}—cr—*so oo

SRS

Formula 10

Ei)
(3
© =
-
<j/00§

Formula 11

Iz

et
O

C
>\~CF T om0 g
O 0
=0
wherein 1, m, and n are respectively numbers of the
repeat units in a backbone, wherein l4+m+n=1,

0<1/ (Ll4+m+n)<0.99, O<m/ (Il4m+n}<0.2, and 0<n/ {l4min)<0.99,

10
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parts by wei ght based on 100 parts by weight of solids of the resist
conposition. 15. The resist conposition of claim1l, further 5 conprising
an additive selected fromthe group consisting of an al kali sol uble
guencher, an acid diffusion quencher, a surfactant, and any m xture
thereof. 16. A nethod of formng a resist pattern, the nethod 10conpri sing:
formng a resist filmby coating the resist conposition according to claim
11 on a substrate; . heating the resist .fi.lm_ and exposing the resist
filmto light to forma B?éﬂé@e?%ﬁﬁé&vﬁaﬁﬁeFﬁﬁl d 18 §P6bﬁh§Qﬂﬁ?%mposed
pattern. 17. The %Et od of claim 16, wherein the exposing is perforned
using a Mgkt Bolice’ SETRtPed fromTHE Grotp 10 & COPSHSTSH nglof- "8 KrF
exci mer | aser, %g ArF excimer |aser, an 20extreme ultraviolet |aser, an

e

X-r ay ah8saR - fitdNSpedme amount of 5 to 15 mol%.

5 9. The resist additive of c¢laim 1, wherein a
polystyrene equivalent weilght average molecular welght of
the resist additive measured using gel permeation

chromatography is in the range of 1,000 te 20,000 g/mol.

10 0. The resist additive of claim 1, wherein a weight
average molecular weight/number average molecular weight

ratio of the resist additive is in the range of 1 to 3.

11. A resist composition comprising a resist
15 additive according to any one of claims 1 to 10, a resist

base polymer, an acid generator, and a solvent.

12. The resist composition of claim 11, wherein the
amount of the resislt additive is in the range of 0.05 to 5%
20 by weight based on the total weight of the resist

composition.
13. The resist composition of claim 11, wherein the

acid generator comprises at least one compound selected from

25 the group consisting of Formulae 14 and 15 below:
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15

Formula 14

Xs x,

Formula 15

Y
Y2"S + - Z
N
| Y3
///// e
Y
5 Y4

wherein X:, X,, Y3, and Y, are each independently
selected from the group consisting of a hydrogen atom, a Cl-
Cl0 alkyl group, an allyl group, a perfluorocalkyl group, a
benzyl group, a C6-C30 aryl group, and any combination
thereof, wherein ¥, and ¥, are fused to form a C3-030
saturated or unsaturated hydrocarbon ring, and Y; and Y, are
fused to form a C3-C30 saturated or unsaturated hydrocarbon
ring,

X3, X4y XKs, Y3, Y4, and Yy are each independently
selected from the group consisting of a hydrogen atom, a Cl-
C30 alkyl group, a halcgen group, a C1-C30 alkoxy group, a
C6~C30 aryl group, a thiophenoxy group, a C1-C30 thiocalkoxy
group, a Cl-C20 alkoxycarbonylmethoxy group, and any

combination thereof,

12



10

20

Z, which denotes an anion, is  OS0;CF3, 0S0:C4kFy,
030:CgFyq, N(CEF3) 2, N(CoFy),, N{CyFg)n, C{CF3)3, C(CyFs5)3, C(C4Fg)3, or
a functional group represented by Formula 16 below:

Formula 16

Nl
2

- O_ﬁ"?—c ~O-W;~(Wolo—(Wa)p-W,
0V,

wherein V; and V; are each independently a halogen
atom,

W, is - (C=0)- or -(850,) -,

W, is a Cl-Cl0 alkanediyl group,

W3 is selected from the group consisting 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 is selecled from the group consisting of a hydrogen
atom, a halogen group, a Cl-Cl0 alkyl group, a Cl-Cl0 alkoxy
group, a Cl-Cl0C haloalkyl group, a C1l-C1l0 alkylthio group, a
C6-C30 aryl group, and any combination thereof,

o is an integer of 0 to 1, and

p is an integer of 0 to 2.

14, The resist composition of claim 11, wherein the

amount of the acid generator is in the range of 0.3 to 10

73



10

15

20

parts by weight based on 100 parts by weight of solids of

the resist composition,

15. The resist composition of c¢laim 11, further
comprising an additive selected from the group consisting of
an alkali scluble quencher, an acid diffusion quencher, a

surfactant, and any mixture thereof,

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

forming a resist film by c¢oating the resist
composition according to claim 11 on a substrate;

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

developing the exposed pattern,

17. The method of claim 16, wherein the exposing is
performed wusing a light source selected from the group
consisting of a Krf excimer laser, an ArF excimer laser, an

extreme ultraviolet laser, an X-ray, and an electron bean.

14



